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

MWHUCTEPCTBO POCCI/II7ICKO?I ®EOEPALIUU NO OENAM MPAXOAHCKON
OBOPOHbI, YPE3BbIYAWHLIM CUTYALIUSIM U IUKBUAOALIMU
NOCNEACTBUU CTUXMUHBIX BEACTBUN

NMPUKA3
ot 30 uroHsA 2009 r. N 382

Ob YTBEPXXOEHUU METOAUKN
ONPEAENEHUA PACYETHbIX BENMNMYUH MOXXAPHOIO PUCKA B 3[AHUAX,
COOPYXEHUAX U CTPOEHUAX PA3NIUYHbIX KITACCOB ®YHKLIMOHATNIbHON
MOXXAPHOW OMACHOCTU

(B pen. MNpukasa MYC PO ot 12.12.2011 N 749)

B cootBetcTBUM ¢ PepepanbHbiM 3akoHOM OT 27 aekabps 2002 r. N 184-d3 "O TexHM4YecKkom
perynupoBaHun" <*> u NoctaHoBneHnem lNpaeutensctea Poccuiickon ®egepaumm ot 31 mapta 2009 r.
N 272 "O nopsiake NpoBeAeHMs1 pacyeTOB MO OLIEHKE MOoXapHOro pucka" <**> npukasbliBato:

<*> CobpaHue 3akoHogaTenbctBa Poccunckon ®enepaumm, 2002, N 52 (vacts 1), cT. 5140; 2005,
N 19, ct. 1752; 2007, N 19, cT. 2293; 2007, N 49, cT. 6070; 2008, N 30 (yactb Il), cT. 3616.

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

YTBepAMTb Npunaraemylo MeTOAWKY OnpeferneHus pacyeTHbIX BEMNWYMH MOXAapHOro pucka B
30aHUSAX, COOPYXEHMUSX Y CTPOEHMSAX PasnnYHbIX KNaccoB OYHKLMOHANBbHONW NOXAapHOWM OMNacHOCTHU.

MuHucTp
c.K.Luoury

MpunoxeHune
Kk Mpukaszy MYC Poccun
ot 30.06.2009 N 382

METOOUKA
ONPEAENEHUNA PACYETHbIX BEJTMYMH NMOXXAPHOIO PUCKA B 3[AHUAX,
COOPYXEHUAX U CTPOEHUAX PA3NIMYHbIX KITACCOB ®YHKLIMOHAIIbHON
NMOXXAPHOW OMACHOCTU

(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)
[. OBwume nonoxeHus

1. Hactoswaa metoauka onpeneneHns pacyeTHbIX BENMYMH MOXAPHOro pucka B 30aHUSX,
COOPYXEHUSX U CTPOEHUSIX PasfUYHbIX KNaccoB (YHKUMOHANbHOW MOXapHOW omnacHocTu (panee -
MeToavka) ycTaHaBnmMBaeT MOPSAOK OnpedeneHnsl pacyeTHbIX BENMYMH MOXaPHOro pucka B 30aHUSX,
COOPYXXEHUAX U CTPOEHMUSAX (Oanee - 30aHne) N pacnpoCcTpaHsAeTCs Ha 34aHus KNaccoB YHKLMOHaNbHOM
nokapHO ONacHOCTHU:

®1 - 3gaHusA, npedHasHaveHHble AN MOCTOSIHHOrO MNPOXWBaHMS U BPEMEHHOro npebbiBaHUs
nogen, B ToM Yncne:

a) uckntoyeH. - Npukasz MYC P® ot 12.12.2011 N 749;

0) ®1.2 - rocTMHULBI, OBLLEXNTUS, CNarbHble KOoprnyca caHaTOPUEB M JOMOB OTAbiXxa o0Lero Tuna,
KEMMWHIOB, MOTENEN N NaHCUOHATOB;

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

r) uckntoyeH. - Mpukasz MUC PO ot 12.12.2011 N 749;
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®2 - 3gaHnA 3penmLLHbIX U KyNbTYPHO-NPOCBETUTENBHBIX YYPEXAEHWI, B TOM YMCHE:

a) ®2.1 - TeaTpbl, KNHOTEATPbl, KOHLEPTHbIE 3arnbl, KNybbl, LMPKN, CMOPTUBHbIE COOPYXEHUSA C
TpubyHamn, OUBNMOTEKM U JApyrve yuypexaeHuss C pacyeTHbIM YMCIOM MOCaAOYHbIX MECT Ans
nocetuTenemn B 3aKpbITbIX MOMELLEHUSIX;

6) #2.2 - my3en, BbICTaBkK, TaHLeBalbHble 3anbl U Apyrve nofobHble yYpeXAeHUs B 3aKPbITbIX
NOMEeLLEHUSIX;

B) ®2.3 - TeaTpbl, KMHOTEaTpbl, KOHLUEPTHbIE 3anbl, KNyObl, LUMPKW, CNOPTUBHbLIE COOPYXKEHUSA C
TpubyHamn, OmMbnmnotekn wn JApyrue y4upexaeHus C pacHeTHbIM YMCNOM MOCafOuYHbIX MeCT Ang
noceTutenen Ha OTKPbITOM BO3YXE;

r) ®2.4 - mysen, BbICTaBKkW, TaHUEBanbHbIe 3anbl U Apyrue nogobHble yypexaeHUs Ha OTKPbITOM
BO34yXe;

®3 - 3gaHna opraHnsauun No ob6Cny>KMBaHUIO HAaCeNeHnsi, B TOM Y1CHeE:

a) ©3.1 - 3gaHnNs opraHn3auui TOpProenu;

0) 3.2 - 3gaHusa opraHu3auuin obLLECTBEHHOIO NUTaHUS;

B) #3.3 - Bok3arbl;

r) 3.4 - noNVKNMHUKKM 1 ambynaTopuu;

a) ©3.5 - nomelleHna ona noceTuTenen opraHn3aumn 6bLITOBOrO U KOMMYHANbHOIO 06CNYy>XMBaHUS
C HepacyeTHbIM YMCMOM NOCaA04HbIX MECT ANd NoceTuTenen;

e) 3.6 - PU3KynNbTYpHO-0340POBUTENbHBIE KOMMIEKCHI M CNOPTUBHO-TPEHUPOBOYHbBIE YYPEXAEHNS
C nomeLleHusamun 6e3 TpnbyH ansa 3putenen, dObiToBble NOMeELLEHNs, BaHu;

®4 - 30aHMA Hay4dHbIX U 0Opa3oBaTeNibHbIX YYPEXOEHUN, Hay4YHbIX U MPOEKTHbIX OpraHu3auun,
OpraHoB yNpaBfieHNs YYPEXAEHUN, B TOM YUCHIE:

a) ®4.1 - 3gaHms obweobpasoBaTernbHbIX YYpeXaeHWn, obpasoBaTerbHbIX YYpexXaeHun
AOMOJSTHUTENBHOTO obpa3soBaHus aeten, obpaszoBaTenbHbIX yypexaeHun HayanbHoOro
npodeccuoHanbLHOro 1 cpegHero npodeccmMoHansHoro obpasoBaHus;

6) ®4.2 - 3paHua obpasoBaTeNbHbIX YUYPEXAEHUI BbICLLIErO NMPodeccnoHanbHoro obpasoBaHms 1
AOMNOJSTHUTENBHOIO NpodeccnoHanbHoro obpasoBaHuns (NOBLILLEHMS KBanudukalmmn) cneunanmncTos;

B) ®4.3 - 30aHMA OpraHoOB YMNpaBieHWUst y4pexaeHWn, NPOEKTHO-KOHCTPYKTOPCKUX OpraHu3auun,
WHOPMALMOHHBIX Y PpeAakuNOHHO-U3OaTeNbCKNX OpraHn3aLmin, Hay4yHblX opraHnsaumnmn, 6aHkoB, KOHTOP,
0PUCOB;

r) ®4.4 - 3paHna noxapHbIx 4eno;

®5 - noxapHble OTCEKM MNPOU3BOACTBEHHONO WIM CKMNAACKOrOo HasHadeHust C  Kateropuemn
NnomeLLieHMIA NO B3PbIBOMOXaAPHOW U noxapHon onacHoctu B1 - B4, I, [, Bxoaswme B coCTaB 34aHumM ¢
YHKUMOHANBHOM noXapHon onacHocTeio &1, ©2, ©3, ®4, B TOM umcne d5.2 - cTOsHKM AOns
aBTOMOGUNen 6e3 TeEXHNYECKOro 00CNYXNBaAHNA U PEMOHTA.

(ab3au BBegeH lMpukazom MYC PP o1 12.12.2011 N 749)

2. PacueTbl N0 oLEeHKe NOXapHOro pucka NPOBOAATCS NMyTEM COMOCTABMEHUS PACHETHBLIX BEMWYMH
MOXXapHOro pucka C HOPMAaTUBHbIM 3HA4YeHMEM MOXAPHOrO pucka, YcTaHoBreHHoro ®PegeparnbHbIM
3akoHOM oT 22 wutona 2008 r. N 123-®3 "TexHunyeckuin pernameHT o TpeboBaHUSX MNOXapHOW
©esonacHocTn" <*> (ganee - TEXHNYECKUI PErMAMEHT).

<*> CobpaHwue 3akoHogaTtenbcTBa Poccuiickon ®egepauun, 2008, N 30 (vacte 1), cT. 3579.

3. OnpepeneHune pac4yeTHbIX BENIUYMH NOXAPHOro pUCcka OCyLLECTBIISIETCA HAa OCHOBAHUN:

a) aHanu3a noXapHon ONacHOCTU 30aHUN;

0) onpegeneHns 4acToThl peanusaunm NoXapoonacHbIX CUTyauun;

B) NOCTPOEHMSA Nosien onacHbix (0akTOPOB NoXxapa And pasnuyHbIX CLEeHapUeEB ero pasBuTus;

) OouUEeHKM MOCReACTBUA BO3AEMCTBUS OMacHbIX (pakTopoB noxapa Ha nogen Ansd pasnuyHbiX
CLEHapuWeB ero pasBuUTus;

4) Hann4ust cuctem obecneyeHnst NoXxapHon 6e3onacHOCTM 34aHWN.

4. OnpefgeneHne pacyeTHbIX BEMWYMH MOXapHOro puUCKa 3aknNi4vaeTcs B pacueTe
WHOVBMAYANbHOrO MOXapHOro pucka Ans Niogen, HaxXoAsWuxcs B 34aHuu. YUCreHHbIM BblipaXxeHuem
WHOVBMAYANbHOrO MOXapHOro puUCKa SIBMSIETCA 4YacToTa BO3AEWCTBMS OnacHbiX pakTopoB noxapa
(nanee - OO®I1) Ha 4enoBeka, Haxopsdueroca B 3aaHun. [epeveHb O®I1 yctaHoBneH crtatben 9
TexHu4eckoro pernameHTa. Pe3dynbTatbl 1 BbIBOAbI, MOMYyYEHHbIE NMPU ONpPeAeneHnn NMoXapHOro pucka,
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ucnonb3yloTcs Ana oboCHOBaHWS MapaMeTPOB M XapaKTEPUCTMK 34aHWN, COOPYKEHWUA U CTPOEHWMN,
KOTOpble y4nThIBAOTCA B HacTosilen MeTtoauke.
(n. 4 B pea. NMpukaza MYC P® ot 12.12.2011 N 749)

5. Yactota Bo3gencteua O®PI1 onpegensetca Ans  nNoXxapoonacHOW CcuTyauun, KoTopas
XapaktepuayeTcs HanbonbLUuen onacHOCTLIO ANS1 XKM3HU U 300POBbS N0AEN, HAXOOALWMXCS B 34aHUN.

6. [Ana uenen HacToAwen MeToauKn UCNOMNb3YHTCS OCHOBHbIE MOHATUSA, YCTAHOBMNEHHbIE CTaTbewn
2 TexHn4eckoro pernameHTa.

[I. OCHOBHble pacyeTHble BENUYMHbI MHAMBUAYANBHOIO
ro)kapHoro pucka

7. iHanBmayanbHbIn NOXapHbIA pUCK oTBeYvaeT Tpebyemomy, ecrnu:

H
Q <=0, (1)
B B
H
roe 0 - HOPMATMBHOE 3HAUYEHME MUHIAMBUIOYAJILHOTO TOXAPHOTO PUCKAE,
B
H -6 -1
Qo =10 ron ;
B
Q - pacueTHasd BeJMUMHA MHOMBUIOYAJILHOTO IMOXAPHOTO PUCKA.

B

PacyeTHas BenuymMHa NoXapHOro pucka B 34aHWK, COOPYXEHUM UMK CTPOEHUU ONpeaensieTcs Kak
MaKcuMmarbHOe 3HaYeHMe NOXKapHOro pUcka N3 PacCMOTPEHHbIX CLiEHAapMEB noXxapa:
(ab3au BBegeH Mpukazom MUYC P® o1 12.12.2011 N 749)

Q, = Max{Qp s Qgyrvs Qg |
(ab3au BBegeH lMpukazom MYUC P® o1 12.12.2011 N 749)

roe QBi - pac4yeTHaa BeJiM4nHa NoXXapHOro pucka and i-ro CLeHapua noxapa,

(ab3au BBegeH lNMpukazom MUC P® o1 12.12.2011 N 749)

N - KONIMYEeCTBO PAaCCMOTPEHHbIX CLEHapueB noxapa.
(ab3au BBegeH lMpukazom MYC PP o1 12.12.2011 N 749)

CueHapuii noxapa npefgcraBnseT cobon BapuaHT pasBUTUSA Moxapa C y4eTOM MPUHATOro MecTa
BO3HMKHOBEHMSA W XapakTepa ero passutus. CueHapuii noxapa onpegensietcs Ha OCHOBE AaHHbIX 00
006bEeMHO-NNaHMPOBOYHbIX PELUEHNsIX, O pa3MeLLEeHUV roproyert Harpysku 1 nogen Ha obbekte. [Mpu
pacyeTe paccMaTpvBalOTCHA CLeHapuu noxapa, Mpu KOTOpbIX peanu3yloTcs Hauxydluve YCroBusa Ans
obecneueHnsa 6e3onacHocTn nmogen. B kauecTBe cueHapueB ¢ HanXyaWwWnMy yCnoBusaMY noxapa cregyet
paccmaTpuBaTth CLeHapuu, Xxapaktepusyemble Hanbonee 3aTpyaHEHHbIMM YCITOBUAMU 3BaKyaLuun Moaen
n (unun) Hanbonee BbICOKOW AUHaMukon HapacTtaHusa O, a MMeHHO noxapbl:

(ab3au BBegeH lNMpukazom MUC P® o1 12.12.2011 N 749)

B NOMELLEHNSIX, pacCYNTaHHbIX Ha eanHOBpemeHHoe npucyTcTene 50 n bonee yenosex;
(ab3au BBegeH lNMpukazom MUC P® o1 12.12.2011 N 749)

B CUCTeMax TMOMeLeHMn, B KOTOpblX Wu3-3a pacnpocTpaHeHns Ol BO3MOXHO 6bICTpoe
6nokmpoBaHue nyTen aBakyauum (KOpUaopoB, 3BaKyaLMOHHbIX BbIxogoB v T.4.). [pn aTtom ovar noxapa
BblbMpaeTcA B MomelleHun manoro obbema BOAM3M OT OOHOrO M3 3BaKyaUMOHHbIX BbIXOAOB, NGO B
nomMeLLeHnn ¢ GOoNbLIMM KONMYECTBOM TFOPHOYEN Harpysku, XapakTepu3yloLencsl BbICOKOW CKOPOCTbIO
pacnpocTpaHeHus NnaMmeHu;

(ab3au BBegeH lMpukazom MYUC P® o1 12.12.2011 N 749)

B MOMELLEHNSIX U CMCTEMAaX NMOMELLEHWUI aTPUYMHOrO TUNa;

(ab3au BBegeH lNMpukazom MYUC P® o1 12.12.2011 N 749)
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B CUCTEMax MOMELLEHUA, B KOTOPbIX WU3-3a HEOOCTATOYHOW MNPOMYCKHOW CMOCOOHOCTM NyTen
3BaKyaLMn BO3MOXHO BO3HMKHOBEHMWE MPOOOIIKUTENBHBLIX CKOMIEHWUI FTIOACKUX MOTOKOB.
(ab3au BeeaeH Mpukazom MYC PO ot 12.12.2011 N 749)

B cnyyasx, korga nepedncneHHble TUMbl CLEHApUEB HE OTpaXaltT BCex ocobeHHoCTen obbekTa,
BO3MOXHO PacCMOTPEHME UHbIX CLIEHapreB noxapa.

(ab3au BeeaeH Mpukazom MUC PO ot 12.12.2011 N 749)

B nomelieHun, umetowem asa M Oonee 93BaKyaUMOHHbIX BbIXOAA, oOyar noxapa cregyet
pasMewatb B6NM3M BbIXo4a, UMELEro HaMbornbLUylo NPOMYCKHYI0 CNOCOBHOCTb. [lpu 3TOM AaHHbIV
BbIXOJ cYMTaeTcs 6NOKMPOBaHHBLIM C MEPBbIX CEKYHA NoXapa U npu onpeaeneHnn pacyeTHOro BpemeHu
9BaKyauun He y4uTbiBaeTcs. B nomelleHun ¢ ogHUM 3BaKyaUMOHHBbIM BbIXOAOM BpeMsi GrokupoBaHus
BbIXOJa OnpeaernsieTcs pac4yeToM.

(ab3au BeeaeH Mpukazom MYC PO ot 12.12.2011 N 749)

CueHapwun noxapa, He peanuayemble Npyv HOPMarnbHOM peXUMe 3Kcrnnyartaumm obbekTa (TepakThbl,
NOMXOrY, XpaHeHue ropryent Harpysku, He MNpedyCMOTPEHHOW Ha3HayeHvem obbekta u T1.4.), He
paccMaTpuBaloTCS.

(a63au BeeaeH Mpukazom MYC PO ot 12.12.2011 N 749)

8. PacueTHas BenuuMHa MHOMBWAYanbHOTO noxapHoro pucka Qg. Ans i-ro cueHapus noxapa
paccuyuTbiBaeTCs No hopmyrne:

QB,i = Qn,i : (1_ Kan,i ) : Prlp,i : (1 - Pa,i ) ) (1 - Km,i ) ()

roe Q,, - yacToTa BO3HMKHOBEHWS! Moxapa B 30aHWW B TeYeHWe roAa ornpeaensieTcst Ha

OCHOBaHUM CTaTUCTUYECKMX AaHHbIX, NpuBedeHHbIX B npunoxeHun N 1 k Hactoswen Metoguke. MNpu
o —2

OTCYTCTBUM CTATUCTUYECKOI MHpopMaLmmn fgonyckaetcs npuHumate Q =4-10" ans kaxagoro 3gaHus;

K - KOSd)d)VILI,VIeHT, y‘-II/ITbIBaIOLLI,VIVI COoOoTBETCTBME YCTaHOBOK aBToMaTn4eCcKoro

ar,i
noxapoTtyLieHus (ganee - AYI) TpeboBaHWsaM HOPMATMBHBIX JOKYMEHTOB MO NoXapHow 6e30nacHoOCTu.
3Hayenne napametpa K . npuHumaetca pasHeiv K, . = 0,9, ecnm BhinonHaeTca xoTs Gbl 0AHO 13

crnegyloLwmux ycrnoBui:

30aHune obopygosaHo cuctemon AYT, cooTBeTcTBYylOLWEN TPeOOBaHMAM HOPMaTUBHBIX JOKYMEHTOB
no noXxapHon 6e3onacHoCTY;

obopygoBaHue 3gaHua cuctemon AYIl He Tpebyetca B coOTBETCTBMM C TpeboBaHUsSMU
HOpMaTMBHbIX AOKYMEHTOB MO noXapHon 6e3onacHocTu.

B ocrarnbHbix criywasix K npuHumaetcs pasHow Hymio;

Prlpi - BEpOATHOCTb TMPUCYTCTBUSI TNiofeil B 34aHWM, ornpedensiemMas U3 COOTHOLLEHUS!
Pmi = '[(:OYHKLLi 124, rpe t(bwm’i - BpeMsl HaxoXaeHusa Niofen B 34aHUM B Yacax;

P,. - BepoATHOCTb 3BaKyaLum noaei;

K, .. KO3(DPULMEHT, YUUTLIBAOWNIA COOTBETCTBME CUCTEMbI MPOTMBOMOXKaPHOW 3aLUUTHI,

HaﬂpaBJ’IeHHOIZ Ha obecnedyeHne 6GesonacHom 3BaKyauunun nogen npu noxape, Tpe6OBaHMﬂM
HOPMAaTUBHbIX OJOKYMEHTOB IO r|o>|<apH0|7| 6e3onacHocTu.
(n. 8 B pea. NMpukasza MYC P® ot 12.12.2011 N 749)
9. BepoATHOCTB 5BBakKyalumuyM P paccumTHBAaK0T 10 dQopmysie:
2
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0,8-t,, —
0,999 ————F,ecmu t, <0,8-t; <t +t, ut <6 wMuH.

HD

P,=40,999, ecimt +t, <0,8-t; nt, <6 muH. (3)

0,000, ecmu t, > 0,8 t;, wu t, > 6 MuH.

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

roe t - pacdueTHOe BpeMd sBaKyaluuu JIOIEN, MHUH.;
p
t - BpeMsa HauajJla 5BakKyaluyu (MHTEepBaJl BPEMEHM OT BO3HMKHOBEHMS IoXxapa
HD
IO Haualjla sBakKyaluM JioIen), MMUH.;
t - BpeMda OT Hadajla [oxapa OO OJIOKMPOBAHMSA DBaKYyalLMOHHEIX NYyTeM B
o
pesyJbTaTe pachOpocTpaHeHMd Ha Hux OOCI, uMeolMX OPenNesibHO NONYyCTUMBIE IJIS
JiIomelr 3HadeHud (BpeMsa OJIOKMPOBAHUA NyTeM 3Bakyaluu), MUH.;
t - BpeMdA CYyUWEeCTBOBAHMSA CKOIUJIEHMM JIOOEM Ha ydacTKax OyTM (IIJIOTHOCTb
CK
JIOINCKOT'O IOTOKAa Ha NyTaxX 5SBakyaluu IpeBemaeT 3HaueHume 0,5).
10. PacueTHOE BpeMsa 5BBakyauum Juomeym € M3 IIOMEeIeHUN U 3OaHUM
p

ornpenesidercd Ha OCHOBEe MOIEeJIMPOBaHMA OBUMXEHUA .HIO,D;eVI OO BEIXOIDa HapyxXxy OIOHVM
U3 CJenyK X CIIOCOOO0B:

MO yYMPOLLEHHOW aHanuTUYEeCKOW MOAENM [ABWKEHUS NI0ACKOro noToka, MPUBEAEHHON B
npunoxeHun N 2 k HacToswen MeTtoguke;

no MmaremaTMyeckom MOAENU WHAMBUOYANbHO-MOTOYHOrO ABWXKEHMS nioden K3 34aHus,
npueegeHHon B npunoxernun N 3 k HacToswen MeToauke;

N0 MMMWTAUMOHHO-CTOXaCTUYECKON MOAENN [OBWKEHUS JIIOACKUX MOTOKOB, MPUBEAEHHOW B
npunoxeHun N 4 k HacToswen Metoguke.

Bbibop cnocoba onpegeneHnss pacyeTHOro BPeMeHW 9Bakyauuu MpoOU3BOAUTCA C  Y4eTOM
cneumduryecknx ocobeHHocTel 06bEMHO-MNaHMPOBOYHBIX PEeLUeHWn 34aHus, a Takke OocobeHHOCTew
KOHTUHreHTa (ero o4HOPOAHOCTH) NioAen, HAXOOALWUXCA B HEM.

Mpn onpepeneHWn pacyeTHOro BPEMEHW 3BaKyauUW YYUTLIBAKOTCS [aHHble, NpUBEAEHHbE B
npunoxeHnn N 5 k HacTosiwen MeToauke, B YACTHOCTM MPUHLIAMNLI COCTaBMEHUSA PACYETHOW CXEMbI
9BaKyauuu nogewn, napameTpbl ABWKEHUS MOAEN PasfnyHbIX rpynn MOBUMBLHOCTM, a Takke 3Ha4YeHus
nnoLuagen ropmsoHTanbHbIX NPOEKL M Pa3fNYHbIX KOHTUHIEHTOB NI0AEN.

Ab63ay uckntoyeH. - Npukas MYC PO ot 12.12.2011 N 749.

11. BpemMmsa HauajJla »Bakyauum t onpemesigseTcsa B COOTBETCTBUM C INYHKTOM 1
HD
npusioxenus N 5 k Hacrosameyr MeTomuke.
12. BpeMmsa OJIOKMPOBaHMA NyTeM sBakyaumu t BEIUMCJISETCSA NyTeM pacuerTa
611

BpeMeHM nocTmxeHMusa OOIl mpenejibHO IOONYCTMMBIX BHAUEHMUM Ha 5BAKYAUMOHHBIX IYyTAX
B paSJ'H/II:IHbIe MOMEHTEHL BpeMeHI/I. HOpF[)Z[OK HpOBe)Z[eHI/IF[ pvaeTa M MaTeMaTHnuueCKrue
MO ImeJin OJidg ornperneJsieHnd BpeMeHU 6J'IOKI/IpOBaHI/IH HYTGVI SBaKyalunm OIla CHBIMIM
baxTOopamMmu mnoxapa NpMBeIOeH B NpujioxeHurM N 6 K HacTosameM MeToIuke.

13. KoadhdpuumeHT, yyuTbiBaOWNA COOTBETCTBUME CUCTEMbI MPOTUBOMOXAPHOW  3alUnThl,
HanpaBneHHoW Ha obecneyeHve 6es3onacHol 9Bakyauuu nOAer npu  noxape, TpeboBaHMAM

HOPMaTKBHbIX JOKYMEHTOB Mo noxapHon 6esonacHoctu, K . paccuutbiBaeTcsi no dopmyne:

Kn.3 :1_(1_K06H : KCOYQ)' (1_Koﬁn ’ KIZZB)’ (4)
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roe K06H - KO3(bPULMEHT, y4YUTbIBAKOLLMIA COOTBETCTBME CUCTEMbI MOXAPHOM CUrHanusauuu
TpeboBaHNsIM HOPMAaTUBHbIX JOKYMEHTOB MO NoxapHou 6e3onacHocTy;

Keoys - KOIMDMDULMEHT, yunTbIBaIOLMIA COOTBETCTBUE CUCTEMbI OMOBELLIEHNS MOfei O NoXape U
yrnpaBneHuns aBakyauuen nogen TpeboBaHMaM HOPMaTUMBHbBIX JOKYMEHTOB MO NOXapHON 6e3onacHocTy;

Kn):[3 - KO3(pPMLMEHT, Yy4nUTbIBAKOLLUMA COOTBETCTBME CUCTEMbI MNPOTMBOABIMHOW 3aLiUThbl

TpeboBaHNsIM HOPMAaTUBHbIX JOKYMEHTOB MO NnoxapHon 6e3onacHocTu.
Mopsinok oueHkn napametpos K .., Koy, u K3 npveeneH B paspene IV HacTosiwen

MeToaunku.
(n. 13 B pea. Mpukaza MYUC PP ot 12.12.2011 N 749)

[ll. Nopspok npoBeaeHMs pacyeTa MHAMBUAYaNbHOMO
MOXXapHOro p1cka

AHaﬂM3HOMapHOﬁOHaCHOCTMSAGHMﬂ

14. [Ina npoBefeHUs aHanu3a MoXKapHoW OMacHOCTM ocyllecTBnseTca cbop AaHHbIX O 3[4aHWK,
KOTOPbIN BKIHOYAET:

00BbEMHO-NNAHMPOBOYHbIE PELLEHUS;

Tennodunsnyeckue xapakTepUCTMKN OrpaxaatoLLmMx KOHCTPYKLMIA U pa3MeLLEeHHOro 060opyaoBaHus;

BMA, KONMYECTBO M pas3MeLLeHne ropoymnx BeLLEeCTB U MaTepuanos;

KONMMYeCTBO N MecTa BEPOSATHOrO pasMeLleHns nogemn;

CUCTEMbI MOXAPHOW CUrHanNM3aumMmM M MnoXapoTyLIEeHUs, NMPOTUBOABIMHOM 3aLiuTbl, ONOBELLEHUA
nogen o noxape u ynpasreHus aBakyaumen niogen.

15. Ha ocHoBaHMM nony4YeHHbIX aHHbIX NPON3BOANTCS aHaNmM3 NOXapHOW ONAaCHOCTW 34aHus, Npu
3TOM YYUTLIBAETCH:

BO3MOXHasi AUHaMuKa pa3BuTUA noxapa;

COCTaB M XapaKTEPUCTUKN CUCTEMbI MPOTUBOMOXKAPHOM 3aLLUTI;

BO3MOXHbI€ NMOCMNEACTBUSI BO3AENCTBUA NOXapa Ha NIoLen N KOHCTPYKUUN 34aHUS.

OnpegeneHne YacToTbl peanusaLmm NoXapoonacHbIX CUTyaLui

16. YacTtota peanusauum nNoOXapoonacHbIX CUTyauuin OMNpeaenseTcs 4YacTOTON BO3HWKHOBEHWS
noxapa B 3faHun B TedeHue roga. [lopsaok onpeaeneHms 4acToTbl BO3HUKHOBEHWUS rnoxapa B 3aaHuu
npusefeH B pasgene |l HacTtoswen Metoamku,

MocTpoeHune nornei onacHbiX hakTOpPOB NoXxapa AN pasfnyHbIX
cLeHapueB ero passuTus

17. Ona nocTpoeHWss Mnonen onacHblX (aKTOpOB MoXapa MNPOBOAUTCS 3KCMNEepTHLIA BbIOOP
CUeHapus WM CUEHapueB MoXapa, Mpu KOTOPbIX OXWMOATCSA HauxXydwue nocneacTsvs  ans
Haxo4ALMXCA B 34aHUN MOOEN.

dopmMynupoBka cLueHapusi pasBuTUsi Noxapa BKovaeT B cebsa cneayolume aTanbl:

BbIOOP MeCTa HaxoXAeHWsi NepBOHAYanbHOro ovara noxapa n 3aKOHOMEpPHOCTEN ero pas3BuTus;

3afjaHue pacyeTHonm obnactu (BbIOOp paccmaTpyMBaemMon Mpu pacyeTe CUCTEMbI MOMELLEHUN,
onpegeneHne y4ymTbiBaeMblX NPy pacyeTe 3f1EMEHTOB BHYTPEHHEN CTPYKTYpbl MOMELLEHWIN, COCTOSHUS
npoemoB);

3afaHve napameTpoB OKpyXatlwen cpedbl W HayamnbHbIX 3HA4YeHU napaMeTpoB BHYTPU
NnoMeLLeHNN.

B cootBetcTBUMM ¢ npunoxeHnem N 6 k HacToswen MeTtoauke dopmynupyeTcs matemaTunyeckas
MoZenNb pasBUTUA Noxapa v NPOBOAUTCH MOAENUPOBAHNE €ro ANHAMUKM Pa3BUTUS.

Ha OCHOBAHUMU pe3ysibTaToB pacueToB ocylmecCcTBJIdeTCHA IIOCTPpOEHME noJjiemn
OITaCHEIX @)aKTOpOB IIoXapa M ollperneJjyideTCAd 3Ha4YeHMe BPpEeMeHU 6J'IOKI/IpOBaHI/IFI Hy‘I‘eIZ
sBakyauumu OPII t

ol
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OueHka nocnegcTenii BO3OENCTBUSA ONacHbIX (*)aKTOpOB noxapa
Ha nogen ang pas3ninyHbIX CLueHapueB ero pa3suTtuA

18. OueHka nocneacTBU BO3AEWCTBMS OMacHbIX (DAKTOPOB MoXapa Ha fden 3aknoyaeTcs B
onpegeneHun BEPOATHOCTM 3BaKyaLmn niogen n3 agaHus npu noxape.

BepoaTHOCTb aBakyauum nogen onpegensietcs no dopmyne (3) Ha OCHOBE COMOCTaBreHUs
3HA4YeHMN BpPEMEHM 3Bakyauuu Inogen u BpeMeHu OnokMpoBaHuA nyTerW 3Bakyauun onacHbIMU
dakTopamu noxapa.

(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)
I1d onpenejieHus pacdeTHOI'O BpPEeMeHM BBaKyaluuu Jiome t B COOTBETCTBUM C
p
npusoxeHuamMmuy N N 2 - 5 k HacTodAmel MeToIuke omnpeneiaeTcsa MOIeJIb
S5BaKyaluum nmneﬁ 3 30aHmd, INpOoBOOMTCHA IIOCTPOEeHMrEe pvaeTHOﬁ CXeMbl 5BakKyaluum
M OCYUWEeCTBJIAETCHd MOIEJIMPOBaHME SBaKyalUulM nmneﬁ.

19. B cooreercTBMM C paszzesoM 11 Hacrosmen MeTOOMKM HOPOBOIUTCH

ornnperneJsieHue pvaeTHOVI BeJIMYMHEL VMHIVMBUOYAJIBHOT'O IIOXapHOT'O pucka Q )Z8

B
COIIOCTaBJICHUE ee C HOPMa TV BHBIM SBHAUYEHMEM VHIOVBYIOYAJIBHOI'O IIOXAPHOI'O PMCKa
H

Q

B

Y4eT Hannuns cuctem obecnedeHns noxapHon
6e3onacHOCTM 3gaHns

20. Hanuyme cuctem obecneveHnss noxkapHown 6e30nacHOCTU 30aHWS Y4UTbIBAETCH B COOTBETCTBUU
¢ cbopmynon (4) n nonoxeHmamm pasgena IV HacToawen MeTogukn.

Brnok-cxema, unniocTpupyloLlas MopsAoK NpoBeAeHWs pacdeTa WHAVMBWAYaNbHOrO MOXapHOro
pvcka, npeacTasneHa Ha puc. 1.

/ AHaJM3 NIOXapHOM ONAaCHOCTM 3Imauus /

/ /

\/

OnpeneneHme YaCTOTHE pealJiMm3alMM I10XaPOOIlaCHBEIX CMTyaHMﬁ

>

\/

[locTpoeHMe NOJIeM OIacCHHBX (GaKTOPOB IHoOXapa

BeiOop clueHapusa noxapa
dopMyIMPOBKA MaTeMaTUUEeCKOM MOHesM UM MOoIeJIMPOBaHUE
OVHaMUKM Pa3BUTUS IIOXapa
[IocTpoeHMe NOJIeM OIacCHHBIX GaKTOPOB IHOoXapa
OnpenejieHMe BpeMeHU OJIOKMPOBAHMA NyTeM s3Bakyalumn

PazpaboTka \/

IOOMNOJIHUTEJIbHEIX

IIPOTVBOIIOXAPHEIX OLeHKa IIOCJEenCTBMM BO3OEMCTBMSA ONACHHEX (aKTOPOB
MEPONPUATUN noxapa Ha Jioney
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/\ dopMYyIMPOBKA MATEMATUUECKOM MOIEJ N U
MOIENIMPOBaHMe 3BaKyaluM JIOOEeM U3 3OaHUI
IpM moxape
OnpenejsieHMe BpeMeHU OJIOKMPOBaHMA NIyTeM sBakyaluu
PacueT BEPOATHOCTM 3BaKyaluM JOOeN

| PacueT BeJMUMHE MHIVMBUIOYAJILHOTO
[IOXapHOTO pPHCKa

o —
~
o —
~

| PacueTHOe 3Ha4YeHME MNOXAPHOI'O PacueTHOe 3HadYeHME MNOXapPHOI'O |
PUCKa [peBHIIaeT HOPMaTMBHOE PUCKa He I[peBhllaeT HOPMaTMBHOE
| \/ \/ |
| BreiBOI : BreiBOI :
[IOXAaPHBEIM PUCK IIPEeBHIAET [IOXAPHEIM PUCK HEe I[IPEeBHUAET
| OONYyCTUMOE BHAaUYeHUEe IONIyCTMMOE 3HAaUeHUe |

Pwuc. 1. Nopagok npoBegeHns pacyeta MHOUBMAYaNbLHOIO
noXapHoro pucka

IV. MNopsagok pa3paboTkn ONOMHUTENbHbIX
NPOTMUBOMNOXAPHbLIX MEPONPUATAI MPK onpeaeneHnn pac4eTHoOn
BENUYMHbI NHANBUAYaANbHOIO NOXapHOro pucka

21. B cnyyae, ecnu pacyeTHas BenuyMHa MWHOMBWAYaNbHOTO MOXaPHOrO pucka npeBbiaeT
HOpMaTMBHOE 3HaveHue, B 34aHuWM criegyeT npedycMOTpeTb AONOSHUTENbHbIE MPOTMBOMNOXAapPHbIE
MEpONPUATUS, HanNPaBfeHHblE Ha CHUXKEHWe BeNMYMHbI MOXAapHOro pucka.

K 4mcny npoTuBOMOXapHbIX MepOnpUATUI, HanpaBfieHHbIX Ha CHWDKEHWE BerMYMHbI MOXapHOro
pucka, OTHOCATCS:

npnmMmeHeHne OOMNOJTHUTENbHbIX 06'beMHO-I'IJ'IaHVIpOBOLIHbIX peLueHvu7| n cpencTs, o6ecneqv|Barou.|,V|x
OrpaHu4eHne pacnpocTpaHeHns nNoxapa;

yCTpOI7ICTBO OONONHUTENbHbIX 3BaKyaLMOHHbIX nyTe|7| 1 BbIXOO0B,

YCTPONCTBO CWUCTEM OMOBELLEHUs Tmden O rnoxape W ynpasreHus SBakyauuen nonen
MOBbILLEHHOIO TUNA;

opraHu3aums NoaTanHon aBakyaLun nogen u3 3gaHus;

NpUMeEHeHNe CUCTEM NPOTMBOABIMHOM 3aLUNTDI;

YCTPOWCTBO CUCTEM aBTOMaTUYECKOrO NOXapOTYLUEHUS;

OorpaHMyeHne KonuuyecTBa fnioder B 34aHMM A0 3HayeHuin, obecneumBarolimx 6e30nacHOCTb UX
9BaKyauuun n3 3gaHus.

CrpaHuua 8 u3 90



O PEKTUBHOCTL AONOSHUTENBHBLIX MPOTMBOMOXAPHbLIX MEPOMNPUSATUIA [OMMKHA NOATBEPXAATbLCS
MOBTOPHbLIM pPac4eTOM BENUYUHBI MHOAWBUAYANBHOMO NOXAPHOMO pyCKa.
(n. 21 B pea. Npukasza MYC P o1 12.12.2011 N 749)

22. OdGPEKTMBHOCTb KaXkAOro M3 MEPEeYUCHEHHbIX BbIle MPOTMBOMOXAPHbLIX MepPOonpUaTUI
ONpefensieTcsi CTeneHbld BIUSHUSA Ha napamMeTpbl tp, t,,, l,, a ana cuctembl noxapHom
curHanusauum, nNpoTMBOABLIMHOM 3alUMUTbl U CUCTEMbI OMOBELLEHWS TOAEN Npu noxape n ynpaBreHus

K

npuHumaeTcs paBHbiM K

aBakyauven nogen Takke napametpamu K

oon » t~coyn Y Knm'

3HayeHve napameTpa K = 0,8, ecnu BbINONHSETCA XOTS Obl

00H,1 00H,1
OHO Y3 CreayLNX YCroBUN:

3gaHve obopyaoBaHO CUCTEMOM MOXapHOW CuUrHanusauuu, CooTBeTCTByKLWen TpeboBaHuAM
HOPMaTUBHbLIX JOKYMEHTOB MO NoXapHow 6e3onacHocTy;

obopygoBaHue 30aHWs CUCTEMOW MOXapHOW CurHanmsaumm He TpebyeTcsa B COOTBETCTBUM C

TpeboBaHNAMU HOPMATUBHbIX AOKYMEHTOB MO NoXapHow 6e3onacHocTu.
B octanbHbix cniyqasx K g, . npuHnmaeTtcs pasHoi Hymio.

(n. 22 B pega. MNMpukaza MYUC PP o1 12.12.2011 N 749)

23. TlpyMeHeHne B KavecTBe [OOMOMHUTENbHOIO MNPOTUBOMOXAPHOIO MEPONPUATUS OObEeMHO-
NNaHMPOBOYHbIX PEeLIEeHUN U CpeacTB, obecneyvBalOWMX OrpaHMYeHMe PpacnpoCTPaHeHUsa noxapa,
pocturaetcs obecrneyeHMeM HOpPMUPYEMbIX MpedenoB OrHeCTOMKOCTU W MOHMXKEHHOW MOoXapHOW
OMNacHOCTM OBNMLIOBOYHBIX CTPOUTENbHBIX MaTepuarnos, UCMOMNb3yeMbIX B OrpaXaaroLmx KOHCTPYKLMAX
noMeLLEeHnsl, B KOTOPOM HaxXOAMTCS BEPOSITHbIV ovar noxapa.

CTeneHb BJIMSHUA OAaHHOT'O IOOIIOJIHUTEJIBHOI'O IIPOTUMBOIIOXAPHOI'O MEPOIIPpMATUA Ha
IVIHaAMIURKY paclnpoCTpaHeHA I1oXapa 1, COOTBETCTBEHHO, 3HaYeHIMe IlapaMeTpa t

oI
ornpernesidercd InyTreM IIpoBeneHMA IIOBTOPHOTI'O pacueTa t Inocrie BHEeCEeHUHA
o
COOTBETCTBYKRIINX U3MEeHEeHUM B cxeMy O6%eMHO—HHaHMpOBOqHHX pemeHMﬁ 30aHm4Ag.

24. HpM IIPVMEHEeHUN B KauecTBe OOIIOJIHUTEJIBHOTI'O IIPOTUMBOIIOXAPHOT'O
MEepOoIIpmATA YCTpOﬁCTBa OOIIOJIHMTEJIBHEIX O5BAKYALIMMOHHBIX nyTeﬁ I BEIXOIOOB cCJjienyeT
BEITIOJIHUTbB HOBTOpHHﬁ pacueT 1o OlLlEHKe IIapaMeTpa t C yduyeTOoOM

p
OTKOPPEKTUPOBAHHEIX OOBEMHO-IIJIAHMPOBOUHEIX PEUEeHUN .

25. HpM IIPVMMEHEeHUN B KauecTBe IOOIIOJIHUTEJIBHOTI'O IIPOTUBOIIOXAPHOTI'O
MEepOoIIpmAaATmA YCTpOﬁCTBa CHrCTEMEBIL OIIOBEUEeHNA H@Heﬁ o IIoxape nM ylipaBJIEHUA
eBaKyauMeﬁ H@Heﬁ IIOBHIIEHHOTI'O TUIIa cJienyeT BEHIIOJIHUTDb HOBTOpHHﬁ pacueT II0

OLIEeHKe InapamMeTpa t C yueToM IlepepaclipenelieHMAa IIOTOKOB DJSBAKYUMPYRIMXCA U
P

M3SMEHEHNUA CXEMEBL SBakKyaluunum B 3aBUCHMMOCTIM oT ClLieHapmresn BO3HMKHOBEHNMA U

PasBuUTUA I1oXxapa nu, COOTBETCTBEHHO, ajiropmTMa @yHKHMOHMpOBaHMH CrCTEMBL

ONOBEUEeHUSA JIoOen o IIoxape nM ylipabBJIEeHVeM 3BakKyalluln Jonen .

3HaueHune napametpa K, npuHumaetcs pasHbim K = 0,8, ecnu BbINOMHSAETCA XOTS Obl

COYD,i
O[1HO U3 CreayoLLnX YCroBUN:
(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

30aHne 06opygoBaHO CUCTEMON OMOBELLIEHNS MIOAEN O NoXape W ynpaBreHns 3Bakyaumen nogen,
cooTBeTCTBYOLWEN TpeboBaHNAM HOPMATMBHBLIX JOKYMEHTOB NO NOXXapHOW 6e3onacHocTy;
(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)

obopyagoBaHve 340aHMA CUCTEMOW OMOBELUeHWs Fiodert O noxape W ynpaBneHWs 3Bakyauuen
nogen He TpebyeTca B COOTBETCTBMM C TpeOOBaHUSIMM HOPMATUBHbIX AOKYMEHTOB MO MOXapHOW
©esonacHocTw.

(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)
B ocTanbHbIX criyyasix Kcomi NPUHUMAETCS PaBHOWN HYMIO.
(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

26. BnusaHue CHrCTEMBL HpOTMBOHMMHOﬁ 3allITheL Ha YPOBEHb 0B6eCcrneuYeHHOCTU
fes0mnacHoOM SBaKyaluunum Jonemn npn Imoxape OLEeHMBaeTCHd IIoCpenCTBOM pacueTa
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3HAYEHUSA t c yueToM TeXHUUE CKUX XapaKTepnucTUK IPUMEHSEMOTO
611

BEHTUIIALMOHHOTO oBopynoBaHMUS NPOTUBOIBIMHOM  3amMUTH. [lomfop TapaMeTpoB

BEHTUJISLUMOHHOTO OOOpPYyIOBAHMSA OCYIECTBJISETCS B COOTBETCTBUM C HOPMATWBHBIMM

OOKYMEHTaMM I[I0 I[IOXapHOM 6e30macHOCTM. I[IpM 3TOM IJIS BHIIOJIHEHMS PACUETOB

crenyeT IPMMEHSTbL SBOHHYI (30HAaJIbHYIO)

3nauenve napametpa K,

OHO Y3 CreayLNX YyCroBUN:
(B pea. Npukaza MYC PP o1 12.12.2011 N 749)

npuHumaeTcs paBHbim K

VI IIOJIEBYID MOIEJIN.

B 0,8, ecnu BbINOMHAETCA XOTHA Obl

3gaHve 000pyaoBaHO CUCTEMOW NPOTUBOALIMHOM 3alnMThl, COOTBETCTBYKOLEN TpeboBaHUAM

HOpMaTMBHbIX OKYMEHTOB MO Mo)kapHoi 6e3onacHocTy;
(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

oGopyp,osaHVle 34aHNA CMCTEMOK I'IpOTI/IBOﬂ,bIMHOVI 3alnTbl He Tpe6yeTCFI B COOTBETCTBMUN C
TpeﬁoBaHVIFIMVI HOPMaTUBHbIX JOKYMEHTOB Mo no>+<apH0|7| ©e3onacHocTu.

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

B octanbHbIX criyyasx KHZBJ NPVHUMAETCS PaBHOW HYFHO.

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

27. OPpaHquHMe KoOJIMyecTBa nmneﬁ B 30aHUM 10O SHaquMﬁ, obecrneumBanx
6e30IacHOCTb nux SBaKyalum nus SHOAHMA IIPpM IIoXape, YUUTEBAETCH IIOCpeICTBOM
IIOBTOPHOTI'O pacueTa SHaA4YeHNA IlapaMeTpa t npn CylumecCTBYyKRIMX

p
O6"beMHO—HHaHI/IpOBOT~:{HbIX pemeHMmAax u OT'PaHMYEHHOM SHA4YEeHUN KoJIMuecTBa
SBaAKYyMPYyILMXCH IIPK IIoXape.

28. [ns nonyyeHus WCXOAHbIX [AaHHbIX, HeobXxoAMMbIX And MpOBEedEeHUs pacyeTos,
npegycMoTpeHHbIX  Hactodwen MeToamkon, cnegyeT  WCMNONb30BaTb  CNPaBOYHbIE  UCTOYHUKM
MHOPMaLMM 1 NPOEKTHYIO AOKYMEHTaLMIo 30aHus.

Mpunoxexne N 1
K nyHKTY 8 MeToankum
CTATUCTUYECKNE OAHHbIE

O YACTOTE BO3HMKHOBEHWA MOXAPA B 30AHUAX

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

N HamMeHOBaHME 3IaHUS YacToTa BOB3HMKHOBEHMS IOXapa B
n/n TeueHue Tola
1. |[OBmweobpaszoraTesibHBEIE yupexneHmusa -2

(mxoJsia, WKOJIA—-MHTEPHAT, IeTCKUM 1,16-10
ooM, JIMlLeM, T'¥MMHAa3Ua, KOJIJIeIX)

2. |YupexIeHus Ha4aJIbHOT'O -2
npodecCcrMoHaJIbLHOTO obpaszoBaHUS 1,98:-10
(mpodeccmoHanbHOE TEXHNUECKOe
YVUMIIALIE )

3. |[YupexmeHus cpenHeTro -2
npodecCcrMoHaJIbLHOTO obpaszoBaHUSI 2,69-10
(cpenHee creumajibHoOe yuebHOe
3aBereHue)
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4. |HOpoune BHEUKOJIbHEIE n meTckKue -2
ydupexneHusa 1,52-10
5. |JeTckue 03O0OPOBUTEJILHEE Jarepsd, -3
JIeTHME IeTCKMUe IJauu 1,26-10
6. |Carmaropumu, moMma oTOBIXa, -2
npobuiaxkTopUm 2,99 -10
7. |AmMbynaTopuu, MMOJNIMKJIIVIHVIKM, -3
OVCIIaHCEPH, MEeINYHKTE, 8,88:10
KOHCYJIbTaluumu
8. |[pennpusaTus PO3HUUHOM TOPTOBJIM : -2
YHUBEPMaITu, IIPOMTOBAaPHEIE 2,03-10
MaTasWHbL; YHUBEpPCaMHl,
NIPONOBOJILCTBEHHEE MaT'as3WHHL;
MaTas3WHEL CMeIaHHHX TOBAPOB;
anTexy, alTeuyHble JlapbKy; I[Ipouue
3IaHUS TOPITOBJIM
9. |lpennpusarus PBIHOYHOM TOPTOBJIN : -2
KPBITEHE, OIITOBEIE PHIHKM (M3 3OAaHUMK 1,13-10
CTalMOHAPHOM INOCTPOMKM), TOPITOBHE
IaBUJILOHHI, KMOCKH, JlapbKuU,
najlaTkM, KOHTEMHEPH
10. |IpennpuaTrsa OOLECTBEHHOTO NUTAHUS -2
3,88-10
11.|ToCcTUHMULE, MOTEJU -2
2,81-10
12. |[CDOPTMBHEIE COOPYXEHUS -3
1,83-10
13. | Kny6Hbee u KYJIb TYPHO—3pEJIMIIHEE -3
ydUpexneHmusa 6,90-10
14. |Bubamorexu -3
1,16-10
15. [Myzeu -2
1,38-10

YMPOLWEHHAA AHAITMTUYECKAA MOJEJTb
OBWMXEHUA NIOOCKOIO NMOTOKA (OMNPEAENEHME PACHETHOIO BPEMEHU
3BAKYALIMU NIOLAEN N3 MOMELLEHUM U 30AHU MO PACYETY BPEMEHU

Mpunoxexne N 2
k nyHkTY 10 MeToankum
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AOBWXXEHVA OOHOIO NN HECKONBbKKMX NTIOOCKMX NMOTOKOB
HYEPE3 OBAKYALIMIOHHBIE BbIXOAbl OT HAVBOJEE
YOANEHHbLIX MECT PASMELLEHWNA NIOOEN)

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

PacueTHOe BpeMda sBakKyalumum Jonen t us [IOMEUle HUM U 3OaHUM
p
YyCTaHaBJIMBAETCA I[IO PacueTy BPEMEHM IOBUXEHMS ONHOTO MJIM HECKOJIbKUX JIOICKUX
IIOTOKOB UYepes3 DBaKyallMOHHEE BHXONH OT HamubOoJiee yHOaJIeHHBIX MeCT pPasMelleHUs
JIOOEN .
[Ip pacueTe BeChb IyThb IBUXEHMS JIOICKOI'O IOTOKa [oIpasleligseTcs Ha
y4acTKM (Ipoxol, KOpuIOop, IOBEPHOM NpoeM, JIECTHMUUHEM Mapu, TamMOyp) OAIMHOM 1
i
¥ WMPMHOM HeJjibTa . HayvaJibHEIMM ydacCTKaMM SBJISIOTCS NPOXOIOE MexIny pabounmu
i
MecTaMy, OOOpyIOBaHMEeM, pPSOaMM Kpecej U T.II.

[Ipy omnpenesieHMM PaCUYETHOT'O BpPEeMEeHM »5SBaKyaluuMu JIoIeM OIMHY UM LUUPUHY
KaxIoTro ydacTKa OyTM 2SBaKyaluuM IJig [OPOeKTUPYEMBIX 3OaHUM [IPMHUMAIT 10
IPpOeKTy, a IJjsg TI[OCTPOEHHEX - 1[I0 (QaKTUMUeCKOMY IIOJIOXEHMIO. [IMHY OYyTH IO
JIe CTHNYHBIM MapumaM, a TakKxXe II0 IIaHOyCaM M3MepdT 10 OJIMHE Mapla. ,D;.HI/IHy IIyTm
B IBEPHOM IIPOEMe IPMHMMAaKT PaBHOM HYJO. I[IpoeM, PAaCIOJIOXEHHHY B CTeHe
ToJMHOM ©Oojyee 0,7 M, a Takxe TaMOyp ClenOyeT CUMTaTb CaMOCTOSTEJIbHBIMU

YHacCTKaMM T'OPM3OHTAJIBHOT'O IIYyTM, MMEKIVMM KOHEUHYIO IOJIVMHY 1.

PacueTHOe BpeMda 3BakKyaluum Jionen t

1
crylenyeT OoIlipenelyidTb KaK CYyMMYy BpPEMEHU

OBVMXEHMSA JIOOCKOTO I[IOTOKA I[I0 OTHOEJIBHEIM ydacTKaM OyTm t 1o @opMyne:

i
t =t +t + t + + t , (rm2.1)
P 1 2 3 i
roe t - BpeMs IOBMXEHUS JIOICKOTO INOTOKA Ha IIepBOM (HadaJlbHOM) ydacTke,
1
MUH. ;
t , t , t , ... t - BpeMsa IOBMXEHMUA JIOOCKOI'O MNOTOKAa Ha KaxXxIOoM U3
1 2 3 i
ClenypuMx IIOCJIe INepBOI0 ydacTKa IIyTM, MMH.
Bpemsa IOBMXeHMS JIOOCKOT'O IOTOKa IO IIepBOMYy Yy4YacTKy OyTm t , MMH.,
i
PacCUMTHBAKLT IO QopMyJie:
1
1
t = --, (I1.2.2)
1 \Y%
1
roe 1 - IJiMHa NEepBOTO ydacTKa NyTH, M;
1
\Y - CKOPOCTBb IBMWXEHMUSA JIOIOCKOT'O IIOTOKa IO TOPMU3O0HTAJIbLHOMY IIYyTHM Ha
1
nepBoM yuyacTke, M/MuH. (omnpemnesigerca mno Tabmauue I[12.1 B 3aBUCUMOCTU OT
JOTHOCTM D) .
[ITOTHOCTL OIOHOPOIHOTO JIOOCKOT'O IIOTOKA Ha IEepBOM yuacTke nyTtm D
1
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paccumTeBanT 10 dopmyre:

N x f
1
D = -——————--—-——- , (I12.3)
1 1l x menbTa
1 1
roe N - UMCJO JIOOEY Ha [NepBOM ydacTKe, uell.;
1
f - cpenmHas IUIOmAanab TOPMB3OHTAJIBHOM NPOeKUMM dJejioBeka, M2/uen.,
IpUHYMaeMas B COOTBETCTBMM C IYHKTOM 6 npuiioxeHus N 5 k HacTosmel MeTonuke;
oejbTa - WLIMPMHA [IE€pPBOTO ydyacTKa IyTH, M.
1
CxopocTh V IOBMXEHMS JIOLCKOIO IIOTOKa Ha ydYacTKax IyTH, CIeOYRIMUX I0CJe
1
InepBporo, IIPMHVMAKT I10 Ta6nmue [12.1 B B3aBUCHMMOCTU OT MHTEHCHUBHOCTU IOBUVXEeHUSA

JIIOOCKOI'O IIOTOKa 10 KaXIgomMy M3 9TUX Y4YacCTKOB IIyTHM, KOTOPYK BHEUMCIIAT IOJI4
BCeX Yy4"aCTKOB IIyTy, B TOM UMCJIe UM IIJId IBEPHBIX IIPOEeMOB, IIO @opMyne:

q X meJbTa
i-1 i-1
q = ——————————————— , (I12.4)
i meygbTa
i
rOoe mesbTa , IeJibTa - WMpMHAa paccMaTpMBaeMOI'O 1-To M HOpelmecTBYOIEeTO
i i-1
eMy ydacTKa NOyTu, M;
0;,0;; - WHTEHCMBHOCTM [ABWXEHWS IIOACKOrO MOTOKa MO paccMaTpuBaemMoMy i-My u

npegwecTByloWweMy yd4acTkam nyTv, M/MUH. (MHTEHCUMBHOCTb ABWXKEHWUSI MIOACKOro MoToKa Ha MepBOM
ydyacTke nytn (; onpegensetca no Tabnuue 2.1 no 3HaveHuto D,, ycraHoBneHHomMy no dopmyne

(N2.3)).
(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)
Ecin 3HaueHMe gq , omnpegenseMoe no dopmyse (lI2.4), MeHble VI PaBHO
i
q , TO BpeMAa IOBMXEHMA 10 YyYacTKy nOyTmM t , MMH., PaBHO:
max i
1
i
t = -- (I12.5)
i A
i
IIprM 3TOM 3HAYEHUA J 7 M/MMH., crlenyeT IIPVMHMMATL PAaBHBIMUA
max
16,5 - ons ropMsoHTanbHbIX NyTeu;
19,6 - ons ABepHbIX NPOEMOB;
16,0 - Ans NecTHULbl BHUS;
11,0 - ons NecTHULbI BBEPX.
Eciu 3HaueHue g , onpemejieHHoe 1o GopmyJe (I12.4), 6Gojybumwe g , TO
i max
IMPpMHY OeJibTa IOaHHOIT'O ydacCcTKa IIyTumM CjenyeT ybBeJlMdMBATh Ha TaKoe 3HadeHue,

i
Ip¥ KOTOPOM COOJIOaeTCAa yCJIOBME:
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q <=

i

q
max

(II2.06)

Ecnun sHavenune (;, onpegenexnHoe no dopmyne (M12.7), 6onbwe (., , TO WAPUHY 5i [aHHoro

yyacTka nyTu crnefyeT yBenuumBaTb Ha Takoe 3HadeHue, 4Tobbl cobnopganock ycnosue (I12.6). MNpwu
HEBO3MOXXHOCTW BbINofiHeHus ycnoBust ([12.6) MHTEHCMBHOCTb U CKOPOCTb ABWMXEHUSA JHOOCKOro noToka
no ydactky i onpegensawT no Tabnuue 2.1 npu 3HadeHun D = 0,9 n Gonee. lNpu aTom cnenyet
YYUTbIBATb BPEMS 3a€PXKKM ABMKEHUSA NMoaen u3-3a 0bpa3oBaBLIEroCsa X CKOMNMEHUSA B COOTBETCTBMU C
npunoxeHnem N 5 k HacToqawen Metoauke.

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

MHTEHCMBHOCTL U CKOPOCTb ABWMXEHUA
JTIOACKOIo noToKa Ha pa3HblIX y4acTKax I'IyTeVI 3Bakyauun

B 3aBMCUMOCTU OT NJIOTHOCTU

Tabnwuua M2.1

Mnot- OpU3oHTanNbHbLIN [BepHon JlecTHuua BHM3 JlecTHuua BBEPX
HOCTb nyTb npoem,
notoka CKO- WHTEHCWB- WHTEH- CKo- WHTEH- CKOpPOCTb WHTEHCUBHOCTb
D, pocTb HOCTb q, CVBHOCTb poCTb CVBHOCTb V, q, M/MUH.
M2/mM2 V, M/MUH g, M/MUH V, a, M/MUH.

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 un 15 13,5 8,5 8 7,2 11 9,9
bonee

MprMeYaHune - HTEHCUBHOCTb ABWXKEHWS B ABEPHOM NPOEME Mpu NIIOTHOCTM NOTOKa
0,9 n bonee, paBHas 8,5 M/MUH., ycTaHOBMNEHa AN ABEPHOro npoema LW1MpUHON

1,6 m n 6onee, a npy ABEPHOM NPOEME MEHbLUEN LUMPUHBI UHTEHCUBHOCTb ABWXEHUS
cnepyet onpegendatb no gopmyne q = 2,5 + 3,75 x genbra.

Puc. N2.1. CnuaHne niogcknx NoTokos (He NpMBOANTCS)

[Ipy CAMSHWM B Hadajle 1-T70 ydyacTkKa OBYX M 0OoJiee JIOICKUX IIOTOKOB (puC.
[12.1) MHTEHCUBHOCTbL OBWXEHUS q , M/MMH., PACCUMTHBAKT O GopMyJe:
i
SUM g X »OeJyibTa
i-1 i-1
g = —————————————————=== , (12..7)

i meybLTa
i

roe gq — MHTEHCUBHOCTBL IOBWXEHUA JIOICKUX IIOTOKOB,
i-1
i-ro yuacrtka, M/MMH.;

CJIIMBapmIMXCd B Hadale
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nesbTa - IMPVHA YYaCTKOB TNYyTHU CIUSHUS, M;
i-1
mejbTa - WLIMPMHA pPacCMaTpMBAeMOT'O ydacTKa IIyTH, M.
i
Eciu 3HaueHMe g , OIpenejieHHoOe 10 dopwmyJie (l12.7), Oorbume g , TO
i max
LMPUHY IeJIbTa ITaHHOTO ydacTKa IIyTH CcJlenyeT yBeJMUMBATL Ha Takoe 3HAaueHUe,
i
yTOBE CcOoBJOanock ycjoBmue ([I2.6). B sToM ciydae BpeMs OBWXEHUS [0 ydyacTKy i
onpenendamT no ¢opmyise (II2.5).

MpunoxeHne N 3
K nyHkTY 10 MeToanku

MATEMATWUYECKAA MOAEJb 3
NMHONBNOYANBHO-NMOTOYHOIO ABMXXEHNA NMIOAEN U3 30AHNA

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

PacyeTHoe BpeMA 3BakKyauumn J'IIOﬂ,GVI 13 30aHNA yctaHaBInMBaeTCA MO BpeMeHU BbiXxoada U3 Hero
nocneagHero 4yernoBeka.

I'Iepep. Ha4valnioM MoJernnpoBaHun4a npouecca a3Bakyauun 3agaeTcda cxema 3BaKyalMOHHbIX I'IyTeVI B
30aHNN. Bce 9BakKyauMOHHbIE NYTU Noapa3anenArTCA Ha 3BaKyaluMOHHbIEe y4aCTKU ,El,ﬂl/lHOVI aun LIJVIpI/IHOVI
b. OnvHa 1 wuprHa kaxgoro ydactka nyTu aBakyauuu AN npoeKkTupyembiX 34aHWW NPUHUMAloTCs Mo
NpoeKTy, a Anda NOCTPOEHHbIX - Mo CbaKTVILIeCKOMy MNONOXEHUH0. )J,nvma nyTn No NeCTHUYHbIM MapLiuam
usMmepsieTcs nNo AnuHe mapwa. [nvHa nytm B OBEPHOM NpoOeMe MPUHUMAETCS PaBHOW HYIHo.
3BaKyaLI,I/IOHHbIe y4acCTKn MoryTt ObITb rOpnU3OoHTalbHble N HAaKNOHHbIE (J'IeCTHI/ILLa BHU3, NeCTHULa BBepX U
naHayc).

3a TrabapuTH YeJiOBeKa B IIJlaHe IPMHUMAeTCs DBJUJIMIC C pasMepamu ocey 0,5 M
(mpmHa uyejioBeka B mjeuax) m 0,25 M (ToJjuMHa UYeJIOBeKa) . 3aZanTCcsad KOOPIOMHATH
KaXIOTO UeJIOBEKa X ~— PACCTOSHME OT LeHTpa BJJIMICAa IO KOHIA 5BaKyalMOHHOTO

i
ydacTKa, Ha KOTOpOM OH Haxommurcsa (pmuc. II3.1).
(B pen. Ipuxaza MUC PO or 12.12.2011 N 749)
KoopomHaTEl KaxXOoT'o UYeJiIoOBeKa X B HAUaAJIbHEIM MOMEHT BPEMEHM 3amalTCs B
i
COOTBETCTBMM CO CXEMOM pPacCCTaHOBKM JIOIEM B IOMelleHUAX (padboume MecTa, MecTa

oJa 3puUTesiel, CchoajlbHele MecTa U T.II.). B cllydyae OTCYTCTBUA TakMX INaHHHX,
HaopuMep IOJjsg MaT'a3MHOB, BEICTABOUHEIX 3aJIOB M Ipyroe, IOIyCKaeTCsd pas3MellaTb
Jonemn PaBHOMEDPHO 1o BCEM jomwany IIOMelleHMs C Yy4Y4eTOM pPacCCTaHOBKU

TEXHOJIOTUMYECKOI'O O@Opy,HOBaHI/IF[.
KOOp,D,I/IHaTa KaXkJoro yenoseka B MOMEHT BpeMeHu t onpeaensieTcs no cbopmyne:

X (t) = x (t - IOenpTa t) - V (t) x IenbrTa t, M, (I13.1)
i i i
roe x (t - HenebTa t) - KOOpPIMHATA 1-TO UeJIOBEKA B npenunymmn MOMEHT
i
BpPEMEeHN, M;
V (t) - ckopoCThb 1-T0 uejioBeKa B MOMEHT BpeMmeHu t, M/cC;
i
JenbTa t - ODpoMexyToOK BpeMeHMr, C.
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Puc. M3.1. KoopgmHaTHas cxema pasmeLleHuns nogen
Ha NyTsIX 3BaKkyaumu (He npMBoanTCs)

CkopocThb i-T0 uesyioBeka V (t) B MOMEHT BpeMeHM t onpezmejssgeTrcs o Tabiauiie
i
[12.1 npuyioxeHus 2 kK MeTonMke B BaBUCUMMOCTM OT JIOKAJIBHOM IIJIOTHOCTM I[IOTOKAa, B
KOTOpOM OH nemxetTcs, D () m TUna 3BaAKyalMOHHOT'O ydYacCTKa.

i
JlokanbHasa TIIJIOTHOCTBL D (t) BHIUMCJIIETCS [0 TpYyIIe, cocToAmeM M3 n
i
yeJIOBEK, IO bopMmyJie:
D (t) = (n(t) - 1) x £ / (b x Henbra x), M2/M2, (I13.2)

rge n - Kofim4yecTtBo J'II'OD,GVI B rpynne, 4enoBek;

f- cpenHada nnowanb FOpVI3OHTaJ'IbHOI7I npoeKkunmn 4Yenoseka, M2;
(B pea. MNpukaza MYUC P® o1 12.12.2011 N 749)

b - LnpHa aBakyaunMoOHHOro y4yacTka, M,

)J,eana X - pa3HOCTb KOOpAMHAT nocregHero 1 nepBoro 4YenoBeka B rpynne, m.

Ecim B MOMeHT BpeMeHM L KoOOpIOMHATa dYejioBeka X (L), omnpenesieHHas IO

i

bopmysie (II3.1), cTaHeT OTPMLATEJIBHOM - B3TO O3HaAYaeT, UYUTO UYeJIOBEeK IOCTUT
TPaHMLUH TeKyller'o 5SBakKyallMOHHOTO YyYacTKa ¥ IOOJDKeH I[epeyTy Ha CJenyolni
5BaKYyalMOHHHM y4YacCTOK.

B atom cnydyae KoopaguHaTta 3TOro 4ernoBeka Ha cnegywouwem 3BakyauuMOHHOM  y4dacTke
onpegenseTcs:

Xx (t) = [x (£t = dt) -V (t) xdt] +a -1, M, (I13.3)
i i i 3 3
roe x (t - dt) - xoopmmHaTa i-TO yYejyioBeKa B MNPEIHIOYWMY MOMEHT BpPEeMeHU
i
Ha (Jj-1) »BakyalMOHHOM ydYaCTKe, M;
V (t) - ckopocTh 1i-T70 uyesyioBeka Ha (j-1)-oM »BaKyalMOHHOM ydacCTKe B
i
MOMEHT BpeMeHu t, M/c;
a - ImaMHa Jj-TO0 ®BAaKyalUMOHHOTO ydacTKa, M;
]
1 - xoopIoMHaTa MecTa CIMSHMSA Jj-T0 U (j-1)-T0 BBaKyalLUMOHHHEX Y4YaCTKOB
J

- pacCcTosHMEe OT Hauajla J-TI'0 5BaKyaluMOHHOTO ydacTkKa OO MecCTa CJMUSHUS eTo C
(j—1) -BIM 5BaKyalUMOHHEM YYaCTKOM, M.
KomnuecTBO Ji0Oelt, MNEepexXonsalMxX C OINHOT'O SBAKYAalLUMOHHOTO ydyacTkKa Ha OpyIon

B eIMHMIY BPEMeHM, ONpenesigeTCs NPONYCKHOM CHOCOBHOCTBIO BHXOIA C ydacTKa
Q (t):
J
Q (t) = g (t) x ¢ xdt / (f x 60), uemn., (I13.4)
J J J
roe g (t) - MHTEHCMBHOCTL IOBMXEHMS Ha BHXONE C J—T'0 3BaKyalLMOHHOTO
J
ydJ4acTKa B MOMEHT BpEeMeHM t, M/MUH.;
C - WMPpMHAa BHIXOHA C J-TI'0 3BAKyaUMOHHOTO ydacTKa, M;
J

dt - npomexxyToK BpeMeHHu, C;
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f- cpenHAad nnowanb FOpMSOHTaﬂbHOVI npoeKkunmn 4Yernoseka, M2.
VHTEHCVBHOCTBL IBMXEHMS Ha BHXOIE C J-T'O 3BaKyalMOHHOTO yyacTka g (t) B
J
MOMEHT BPEMEHM t oNpenesyiseTcsad B BaBUCHMMOCTM OT IIJIOTHOCTM JIOOCKOI'O IIOTOKAa Ha
oTOM ydyacTke Dv (t).
J
[IJIOTHOCTB JIOICKOTO IIOTOKAa Ha Jj-OM 3BaKyalMOHHOM yyacTke Dv (t) B MOMEHT

J
BpeMeHU t ompemesnseTcs no dopmye:

Dv (t) = (N x £ xdt) / (a x b ), M2/mM2, (I13.5)
] ] ] ]
rone N - UMCJIO JIOOEeM Ha Jj-OM BBakyalMOHHOM ydyacTke, uell.;
]

f - cpenHsas nJjomanb TOPM3OHTAJILHOM MPOEKLUMM uYeJjioBeka, M2;

a - ImiMHa Jj-TO0 ®BAKYyaUMOHHOTO ydacTKa, M;

]

b - mmprHa Jj-T0 »BakyalMOHHOTO ydyacCcTKa, M;

]

dt - OpoMexyTOK BpeMeHM, C.

B MOMEHT BpeMeHM t omnpemessgeTcsd KOJIMUECTBO JIOOEM m C OTpMLAaTeJlbHBMU
koopmmHaTaMu x (t), omnpeneseHHEIMM 110 dopmyJie (I13.1) . Ecam 3HaueHmMe m <=

i
Q (t), TO BCe m UYeJIOBEK IepexOnAT Ha CJeOyolMM SBaKyalUMOHHBM YyYaCTOK M MX
]
KOOPIMHATHE ONPenesifioTCsa B COOTBeTCTBMM C dopmysom (II3.3). Ecam 3HaueHMe m >
Q (t), TO KOIMUECTBO UYeJIOBEK, paBHOe 3HaueHuo Q (L), HnepexolomuT Ha CJlenyroumi
] ]
5BaKyalUMOHHHM YYaCTOK M WUX KOOPIOMHATHE OIPelesiIioTCss B COOTBETCTBUM C
bopmysion (r13.3), a KOJIMUECTBO UYEeJIOBEK, PaBHOe 3HaueHMioO (m - Q (t)), He
]
nepexonuT Ha Crle nyommn DBaKYyaLVOHHEMN ydyacTok (ocTamwTcsa Ha OaHHOM
DBAKYyalMOHHOM YydYacCTKe) M MX KOOpIMHATaM I[IpMCBaMBAaTCH 3HaueHua x (t) =
i
k x 0,25 + 0,25,

rae k - HOMeEp pAaa, B KOTOPOM 6yﬂ,yT HaxogunTbCA noan (MaKCVIMaJ'IbHO BO3MOXXHO€E KOJIM4YeCTBO
4yesnioBek B OOHOM pAny C60Ky Opyr ot Apyra Anda Kaxaoro aBakyalMOHHOro y4acTtka onpenendetca
nepeg Ha4anom pacquOB). Takum o6pa30M, BO3HUKAET CKonneHune nrop,eﬂ nepeg BbIXogomM C
3BaKyalMOHHOro y4acTka.

Ha puc. 3.2 nsobpaxeHa bnok-cxema onpegeneHns pacyeTHOro BpeMeHn 3Bakyauun rnogen us
30aHuS.

Ha ocHoBaHuM 3afaHHbIX HavamnbHbIX YCNOBUM (Ha4vamnbHbIX KOOpPAWHAT MAen, napameTpos
3BaKyaulOHHbIX yHaCTKOB) onpenenarTca MNIOTHOCTU JIOACKMX MOTOKOB Ha NyTdx 3Bakyauum wu
NPONYCKHble CNMOCOBHOCTU BbIXOOOB C 3BaKyaLMOHHbIX ydacTkoB. [lanee, B MOMEHT BpemeHn t = t + dt,
onpegensietcs Hanudne Ol Ha nyTax aBakyauumn. B 3aBMCMMOCTM OT 3TOro BeIbMpaeTcs HanpasneHve
OBWMXEHNA KaXXO0ro 4yenoseka 1 BbIYUCITAETCA HOBaA KOOpAMHaATa KaXXaoro 4enoBeka. Nocne aToro cHoBa
onpenenAarTCd NOTHOCTU JMIOACKMX NMOTOKOB Ha NMyTAX 3BakKyauun U NponycCkHbIe cnocobHocTn BbIXOO0B.
3arem BHOBb AaeTca npupalleHne no BpeMeHun dtn onpenendrTcAa HOBble KOOpAMHAaTbI J'IPO,EI,GVI C y4eToMm
Hanmumna ODI1 Ha nyTax 3BakKyauunm B 3TOT MOMEHT BpPEeMeEeHW. MNocne atoro npouecc noBTOpAETCA.
PacueThl npoBOAATCA A0 TeX nop, Nnoka Bce nogn He 6y£l,yT 3BaKymnpoBaHbl U3 30aHUA.

BBOO MCXOIHEIX IAaHHEIX

\/
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OnpegnesieHre Ha4YaJlbHEIX KOOPIMHAT JIOOEN

\/

OnpenejieHMe HapaMeTPOB 2BakyalMOHHEIX YJYaCTKOB (IyTei)

\/

OnpenesieHMe BPEMEHM Haudajla SBakKyalMM KaXIOI'O dYeJIOBEeKa

\/

OnpernejieHue IMJIOTHOCTEM JIOACKMX [TOTOKOB Ha 5BaKYyaLUMOHHHX ydaCTKax

\/

OnpenejieHMe MNPOINYyCKHOM CIOCODHOCTM NIPOEMOB

\/

BEIBOI Ha IeyaThb XapaKTepMUCTMK Mpollecca SBakyaluM

\/

[lepexol K CJenyoleMy MOMEeHTY BpeMeHU

\/

OnpeneneHme HalpaBJIEHMA IOBUXEHMA KaXIOI'O 4YeJIOBEKa

\/

OnpenejyieHre IIJIOTHOCTM JIOICKOTO IIOTOKAa Iepel KaXIbBM UYeJIOBEKOM
(paccTogHMe @O MAOyWeT'O BIepenu dYejoBeKa)

\/

OnpeneneHme CKOPOCTM IOBMXEHMA KAXIOI'O UYeJIOBEKAa

\/

OnpeneneHme KOOPIOIMHATHE KaXOgoIr'o YeJIOBEKa
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\/ \/

OBaKyalusa He 3aBeplleHa OBaKyalusa BabBeplieHa

\/

OKOHUaHMe pacuerTa

Puc. M3.2. bnok-cxema onpegeneHnst pacHeTHOro BpeMeEHM
3BaKyauuu niogen 13 agaHus

Mpunoxexune N 4
K NyHKTY 10 MeToankn

NMUTALIMOHHO-CTOXACTUYECKAA MOJEJb
OBWXXEHWA NIOAOCKNX NMOTOKOB

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

MHOXeCTBO Jomewu, OOHOBPEMEHHO MIOYyLMX B OHOHOM HAalpaBJIEHMM II0 OOMMM
yyacTKaM IIyTH, oBpaszyonT JIOLCKOM I[OTOK. VYdacTkaMu OGOpMMPOBAHMUS JIOACKMUX
IIOTOKOB B I[OMEUEeHUAX CJelyeT NIPMHMMATL OPOXOIb MexIny obopynoBaHMeM. s
IocJeIyolMx YYaCTKOB SBaKYalMOHHEIX IYyTEM OHM NPEeNCTAaBJILAIT CODOM IepBUUHLHE

MCTOUYHUKU JIIIOCKUX IIOTOKOB. Pacnpenesnenne N YyeJIOBEK Ha ydacTKax
i
bopMMpPOBaHMA, MMemMx WMPMHY b »u  OJaIuHy 1l , IpMHUMaeTCs PaBHOMEDPHBIM.
i i
[losTOoMy B HauaJlbHHM MOMEHT T Ha KaxIOM DBJIeMeHTapHoM YyuacTke HejasTa 1 ,
0 i
t0
3aHMMAaeMOM IIOTOKOM, IIJIOTHOCTBL NOTOKa D omnpernesnsgeTcsa no dopmyse:
i
t0 t0
D =N / b x HOenbra 1 , uejn./m2 (rm4.1)
i i i i

[Ipy nDajbHeMeM OBWXEHUM JIOOCKMX I[IOTOKOB M3 IIE€PBMUHEIX MCTOUHMKOB I10
obmyM ydacTKaM [OYyTM [OPOUMCXOOUT MUX camsaHMe. OOpasyeTcsa obmmi MNOTOK, YaCTU
KOTOPOTO MMET pPa3JIMUHYy IJIOTHOCTL. I[IpOMCXOOWUT BHEPABHMBAHMUE IIJIOTHOCTEM
PaBJIMUHLEIX YacTey JIONCKOT'O IIOTOKa — eIro IepedopMupoBaHMe. CllenyeT yUMUTHBATE,
YyTO ero TOJIOBHAS YacThb, MMeKlas nepel cobo¥ CBOOOIHEIM NyTh, pacTeKaeTcs -
JIOOV CTPEeMATCA MAOTM CBOOOOHO MNpM MJIOTHOCTM D . 3a mMHTepBaJ BpeMeHM [esbTa t

0

YacThb JIoney InepexomuT C  DTUX BJIEMEeHTAapPHBIX y4acTKOB Ha I[ocJjenymoumye u
IPOMCXOOUT M3MEHEHMEe COCTOSHMSA JIOIOCKOI'O NOTOKa, €TI0 IBUXEHME.

CKOPOCTH IBWXEHMS JIOOACKOT'O IIOTOKa IIpM I[WJIOTHOCTM D Ha 1i-oM oTpeske

i
ydyacTka OyTM k-To BuIa CJelyeT CUMTaTb CJIydaMHOM BeJUUYMHOW V , vMewumemn
D,K

UMCJIOBBIE XAPAKTEPUCTUKN:
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mMaTeMaTundecKkoe oxnagaHmne (cpep,Hee 3Ha‘-IEHVIe)

v =V npu D <= D ; (I14.2)

cpenHee KBagpaTtn4yHoOe OTKITOHEeHne

curMa (V ) = curMma (V )y x (1 —a x1InD /D ), (I14 . 3)
D,k 0,k k i 0,k

roe V n curMma (V ) - MaTeMaTHMUYeCKOoe OXMIaHMEe CKOPOCTM CBOOOIHOTO
0,k 0,k
OBMXEHMSA JIoOeM B IIOTOKe (mpm D <= D ) M ee cCcpenHee KBaIpaTUUHOE
i 0,k
OTKJIOHEHMEe, M/MUH.;
D - IpeleJyibHOE 3HAueHMe IIJIOTHOCTM JIOICKOI'O INOTOKAa, OO IOOCTWXEeHMUS
0,k
KOTOPOT'O BO3MOXHO CBOOOIHOE IOBMXEHMEe JIoIey [0 k-My BUAY OYyTM (IIJIOTHOCTBL He
BIMSET Ha CKOPOCTL IBMXEHMUS JoneM) ;

a -  ko2dduuMeHT amanTauMy JIOOeM K M3MEeHEeHMUSIM I[IJIOTHOCTM [NOTOKa IIpu
k
IOBUMXEHUM [0 k-My BUIOY OIYTH;
D - 3HAaUeHMe IIJIOTHOCTM JIOACKOI'O IIOTOKa Ha 1-OM OTpe3ske (OenbpTa 1)
i
yyacTka NOyTu WUpuHOM b , dYes./m2;
i
m - KO”0OMUMEeHT BJIMAHMA IpoeMma.

3HaveHns nepeydncneHHbIX NapameTpoB cnegyeTt npuHMMaTh no Tabnuue M4.1.

Tabnuua M4.1

Bun nyTm, k \% , curma (V ), D a m
0,k 0,k 0,k k
M/MUH . M/MVH . ues. /M2
T'OprBOHTAaJIbHEMN 100 5 0,51 0,295 1

B 3IJaHUMn

T'OpUBOHTAaJIbHEM 100 5 0,70 0,407 1
BHE B3IaHus

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

JlecTHMIIa BHU3 80 5 0,89 0,400 1
JlecTHMIla BBEpPX 50 5 0,67 0,305 1
<*> Mpu D = 9 wuen/m2 3Hauenns (,=V,-D,, onpepensiotca no dopmyne

q; :10-(2,5+3,75'bi), M/MUH.
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(cHocka B peg. Npukaza MYC PO ot 12.12.2011 N 749)

t0 t0
[lpr JI0OOM BOSMOXHOM 3HadueHUM V JIonou B kKoamuecTee N, Haxomdaummecsa B
i
MOMeHT t Ha 1-oM »BJIEMEHTApHOM YydacTke, IBMTAKTCH IO HEMY M HAUMHAT
0
IepexoImMTh Ha Nocjenyommy yuyacTok (i+l) (pmc. T4.1). Ha ydyacToOK 1 B CBOK

ouepenb MEepPexolIMT UYacCThb JIIel C npensaymero (i-1) sJeMeHTapHOTO ydacTKa U
M3 UCTOYHMUKA J.

[Io mnpomecTBMM BpeMeHM JlenbTa t K MOMeHTy t =t + HesbTa t TOJIBKO
I 0
t0
yacTe Jiomem N Cc yuyacTka 1 ycneer mnepeuTy Ha ydyacTok (i+l). K sTomy
i,1i+1
t0
MOMEHTY BpeMeHu us3 N Jomer, OBBIMX Ha ydyacTke 1 B MOMEHT t , ocTaHeTcs
i 0
t0 t0
(N - N ) JIOnen . VX UMCJIO TIOINOJIHAEeTCS 3a CuUeT JiolIel, YCIeBIMX 3a
i i,i+1
t0
3TOT MHTEPBAaJl BPEeMeHU IIepeMTM Ha HeIrOo C Openpaymero ydacTka - N u us
i-1,1i
t0
MCTOUHMKa N . Torma TIIJIOTHOCTBR IIOTOKA Ha YyyacTke 1 B MOMeHT t Oymer
i, i 1
paBHa:
tl t0 t0 t0 t0
D = (N - N + N + N )y / b x IHenepra 1. (T14.4)
i i i,i+1 i-1,1 3,1 i

CKOpOCThb IOBUMXEHMS Jiomgel, oKas3aBIKMXCd Ha ydyacTke 1 B MOMeHT t ,
1

omnpenessgeTcsa no dopmyJie:
v =V (1l - a x1lnD /D ) . (I14.5)

Puc. M4.1. 'ameHeHns coCcTosiHMSA NOTOKa B nocreaoBaTenbHble
MOMEHTbI BpEMEHU (He NpUBOANTCS)

CnenyeT y4nTbiBaTh, YTO M3MEHEeHMe NJIOTHOCTU NOTOKa Ha KaXAOM Yy4dacTke B pasfinyHble
MOMEHTbI BpEMEHU OTpaXxaeT npouecc I'Iepe(bopMVIpOBaHI/IFI pPa3fIn4YHbIX yacTen NOoTOKa, M KaK YacTHbIN

cnyqaﬁ,npoueccpaCTeKaHMHHOTOKa

MameHeHne nMoTHOCTM MOTOKAa Ha Kaxaom wu3 ANIeMEeHTapHbIX Yy4aCTKOB B MocleaoBaTesibHbie
MOMEHTbI BpEéMEHUN 3aBUCUT OT KoJNn4yecTtBa nogen, nepexogAaumnx 4epes rpaHnubl y4acCTKOB. B obwem
Ccny4ae Konn4ectso niogen, nepexogdawmx 3a nHTepean BpeMmeHun Henbtatc y4yacTka i Ha I'IOCJ'Ieﬂ,yPOLLI,I/IVI

yyacTok i+1, coctaBnser:

t1 ¢
N, =D -biVHep At . (N4.6)
(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

CxopocTb mepexozma V yepes TPaHMIUE CMEXHBIX B3JIEMEHTAaPHEIX ydJaCTKOB
nep
cJlenyeT NPMHUMMATL, PYKOBOICTBYSACH CJleIylmyMy GopMyJiaMmm:
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t0 t0
vV , ecim D <= D mpm max V x D =qg
i i+1 Di, k max
\Y = <
nep t0 t0
\Y% , ecau D > D npu max V x D =qg . (14.7)
i+1 i+1 Di, k max
CllenyeT y4YMTEHBATL, YTO B TOT MOMEHT BpeMeHM t , KOIIa IJIOTHOCTH IIOTOKA
n

Ha ydJacTke i JocTuUnia MaKCMMaJlbHOM BEJIMYMHEL, Ha 9TOT Yy4YacCTOK HE MOXeT
HpI/HZTI/I HM OIOVH JeJIOBEK, HM C IIpeluecTBy Iero ydYacCTKa, HM M3 MCTOYHMKA. B

tn
pesyibTaTe Iepeln YydYacTKOM 1 3amepXxmuBaeTCcss COOTBETCTBEeHHO [JesbTa N n
i-1
tn
IenbTa N Joneri. B crenyommy MOMEHT BpeMeHUu t YacTh JIOIEeN C ydacTKa
J,1 n+1

i mepexomIMT Ha ydacToOK i+l, MJIOTHOCTBL JIOICKOT'O [IOTOKA Ha HEM yMEHBLUIMTCS U

YacTb CKONMBUIMXCS Iepel eT0o TPpaHulel JoIel CMOXeT IepelTr Ha Hero. Jojsa ux

Yy49acTysg B INOIOJIHEHMM JIOObMM ydacTka 1 B MOMEHT t onpenenseTcsa QOPMYJION:
n+l

tn, tn+l tn, tn+l tn, tn+l tn, tn+l tn, tn+l tn, tn+l
IensTa N / IHenbTa N =D x V x b / D x V x b . (4.8
i-1 J i-1 i-1 i-1 3 3 3

dopmysiel  (I14.4) - (I14.8) MOJIHOCTBIO ONMCHBAKT COCTOSHME JIOICKOTO IIOTOKAa

Ha DJIEMEeHTAPHHX ydYacTKaX M UX [epexOonbl B IIOCJIeNOBAaTEJIbHHE MOMEHTH BPEMEHN.

COBOKYINHOCTb 3HAUEeHUN PacyYeTHOTO BPeMeHM DBaKyaluMy, [OJIydeHHBEIX MNpu

Pa3JIMYHEIX 3HAYEHMAX V , bopMupyeT SMIMPMUECKOe PpaclpelelieHre BepOsSTHOCTEN
0,k

3HaueHur SUM t . Ilo sToOMy paclnpenejieHuo crenyetT PacCCUMUTHBATE 3HaUeHue

P
BPEeMeH!M 3aBepleHMS 2BakyaluM, COOTBETCTBYyKIlee BePOSTHOCTM P (t ) = 0,999.
p.5B

MpunoxeHne N 5
K nyHktam 10, 11 MeTtoguku

OAHHbIE
OnA OnNPEAENEHNA PACHETHOIO BPEMEHW 3BAKYALINA

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

1. 3HaveHue BpeMeHn Ha4ana 3BaKyauuun tH3 (C) Onda nomMeuwleHuna o4ara noxapa cneayert

onpenenaTb no opmyne:
(B pea. Npukaza MYC P® o1 12.12.2011 N 749)

t,, =5+0,01-F,
(B pea. MNpukasza MYUC P® o1 12.12.2011 N 749)

roe F - nnowaab nomellenns, m2.
(B peq. Mpukaza MYUC PO o1 12.12.2011 N 749)

[ns ocTanbHbIX MOMELLEHUI 3HaYeHe BpeMeHn Hadana asakyauun {5 cnepyet onpepenste no
Tabnuue M5.1.
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(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

Tabnwuuya M15.1

N Knacc byHKUMOHAJILHOM I1OXAapPHOM 3HauyeHMe BpPeMeHM Hauaja
n/mn OMaCHOCTM 3IOaHUM U XaPaKTepuCcTUKa SBakKyauuu Jomem t  , MMUH.
KOHTMHITEeHTAa JIoIen HD
3maHuga, 31aHusa, He
O0OpPynOBaHHEE O0DbOpPymOBaHHEE
cucTeMomn cucTeMomn
ONOBEUEeHUS U ONOBEUEeHUS U
yIpaBJIeHUA yIpaBJIeHUA
SBakKyaluen JIen SBakKyalmuemn
Jonemn
I - II |III -V
TUIa TUIa
1 |UckioueH. - Ilpukaszs MUC PO or 12.12.2011 N 749
2 |T'ocTuHMLE, OOWEeXUTUA, ClaJibHLEEe 3,0 2,0 6,0
KOpIlyCca CaHATOPMEB U IOMOB OTOHIXA
oBbmero Turna, KeMIMHTOB, MOTeJel u
naHcuoHaToB (®1.2). XMJAbLUBE MOTYT
HaxXOIMTHLCSI B COCTOSHUM CHa U He
OOCTaTOYHO 3HAKOMEl CO CTPYKTYPOMU
9BAKYAILMOHHEIX IIYTEeM ¥ BHXOIOB
3 |3maHusa 3PEesIMIHEIX M KYJIbTYPHO-— 3,0 1,0 6,0
IPOCBETUTEJILHEX YUPEXIEeHUN,; 3OaHUSI
opraHmM3auuy no OOCJYyXMBAHMUIO HaCeJIeHUS
(®2, ®3). IlloceTuTesM HAXOOATCHS B
fOoOpCTBRyMIEM COCTOSHUM, HO MOIT'YT OBITH
He BHAKOMBl CO CTPYKTYpPOM
3BAKYAaLMOHHEIX IIYyTEeM M BHXOIOB
4 |3maHusa HaydyHHX UM O00pa30BaTeJIbHBEIX 3,0 1,5 6,0
YUPEXIEeHUM, HAYUHEX UM IPOEKTHHX
opraHMszauuyi, OpPraHOB YyIpaBJIeHUSD
yupexneHuy (04). IloceTuTesM HaAXOOATCH
B OOIPCTBYKIEM COCTOSHUM M XOPOIO
3HAKOMH CO CTPYKTYPOM 3BaKyalMOHHHX
IyTey M BHEXOIOB

2. MNpvHUMNBI COCTaBNEHUS PACYETHON CXeMbl IBaKyaLmu.

PacuyeTHas cxema aBakyauuv npeactaBnseT COOOM OTAENbHO BbIMOSIHEHHYIO, WM BO3MOXHO
HaHEeCeHHyI0 Ha NnaH 34aHusi CXxemy, Ha KOTOPOW OTPaXeHbl:

KONMYeCTBO Mtogew Ha HadanbHbIX y4acTKax - UCTOYHMKAxX (Mpoxodbl Mexay paboyMmu mectamu,
obopygoBaHvem, psgaMu Kpecen u T.N.);

HanpasneHne nx ABMXeHUS (MapLupyThl);

reoMeTpuyecKkMe napameTpbl y4acTKoB NyTW (ANMHA, LWUMPUHA) U BUAbI y4aCTKOB MyTy.

PacuyeTHasa cxema aBakyauuu OOMKHa y4UTbIBaTb CUTYaLMIO, MPU KOTOPOWN XOTA Obl OOMH YenoBek
HaxoguTcs B Hanbonee yganeHHON OT BbIXOAa U3 3A4aHUSA, COOPY>KEHNUS UM CTPOEHNS TOUKeE.
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Mytm gBwxeHus nogen n Bbixodbl BblicOTOM MeHee 1,9 M u wupuHom meHee 0,7 M npwm
COCTaBMEHUN pacYeTHOW CXeMbl 3BaKyaUUM He YYUTbIBAKOTCH, 3@ WCKIYEHMEM  Cry4yaes,
YCTaHOBMEHHbBIX B HOPMaTUBHbIX JOKYMEHTaX Mo NoXxapHon 6e3onacHoCTy.

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

PaccMoTpeB KOnMYecTBO MAEW Ha HauvamnbHbIX ydacTkax MyTu, cregyeT onpegenutb
HanpaBneHne ux AOBWXEHUs. YCTaHOBMeHbl cnefywowuve Habniogaemble npasuna Bbibopa noabMu
HanpaeneHus (MapLupyTa) ABMXKEHUSA NPU 3BaKyaLmu:

a) ABWXXEHMEe No TOMY MyTU, KOTOPbIM MIOAM Nonanu B 34aHue;

0) ucknioveHne nyTen OBWXKEHUS, NPOXOOALWIMX PAOOM C 30HOW TOPEeHus, XOTS Man MOryT
3BaKyMpoBaTbCH Yepes 3aAblMIIEHHbIE KOPUAOPbI;

B) BNuaHMe nepcoHana. B obwecTBeHHbIX 34aHWsX, Kak NpaBurio, noceTutenu npu noxape
crnegyoT yKasaHUsaM nepcoHarna, gaxe ecnv 3TW yKadaHUsi He COOTBETCTBYHOT ONTUMAarsibHbIM;

r) Npy 9BaKyaLmmn C NepBOro ataxa - ABWXEHUE K OTKPbITOMY BbIXOAY HapyXy U3 30aHus;

) CnoXHas fnormctunyeckasi 3aBMCMMOCTb, OMMCbIBaKoLWasa BbIOOp BbIXOA4a C 3Taxa 3pUTENbHOro
3ana (puc. 15.5);

€) NPV NPOYUX PaBHbIX YCIOBUSX - ABWXKEHME K Bnvpkanwemy BbIxoay.

Kpome Toro, nmerojmecs gaHHble MoKasbIBakoT, YTO hakTopom BbiGopa HanpaBreHnss MOXeT ObITb
MECTO MapKOBKW JINYHOIO aBTOMOOUNA, MECTO BCTPEUM UNEHOB ceMbm 1 T.n. OnpegeneHne WnpuHbl NyTm
BbI3bIBAET 3aTPyAHEHMNE TONbKO MPU BbIXO4E MN0Aen Ha y4acToK "HeorpaHuyeHHON" LWMPUHbI, Hanpumep B
BecTubonb. B Takom crniyyae wvpuHa notoka (b) 3aBucut ot konnyectsa nogen (N) n gnuubl (1) yyacrtka:
b=4mnpnN <100 4en. nl <=6 m; b =6 M - B ocTanbHbIX Crny4asx.

CornacHo [aHHbIM HaTypHbIX HabMAEHWI YCTAHOBMEHO, YTO MOBOPOTbI MYTU HE BIMSAIOT Ha
napameTpbl OBWKEHUS NTIOACKOrO NoTokKa.

OnpepgeneHune anvHbl (BAOMb OCK NMYTWU) OTNMYAETCA ONA FOPU30OHTarbHbIX M HAKMOHHbLIX NyTen. K
HaKIMOHHbLIM NYTAM OTHOCATCH NECTHMUBI 1 NaHgyckl. CBobGoAHasA WMpuHa b HaKNoOHHOro NyTW, HanNpumep
NEeCTHUYHOro Maplua, NPMHMMAETCH B CBETY: OT NMepun A0 CTeHbl. OnuHa HaknoHHoro nytu L (puc. 15.1)
NPVHUMAETCS MO UCTUHHOMY €ro 3HaYeHM0. ATaXKHbIE U MEXOYITaXKHbIE NIOLWAaAKN B LENsX yNpoLleHus
N obrneryeHns BbIMUCIIEHWIA, yYMTbIBast X HebomnbLUME pa3Mepbl U MEHbLUYH CIIOXKHOCTb ABMXKEHMS MO
HUM B CPaBHEHUM C NTECTHMYHBIMW MapLUaMu, AOMyCcKaeTCa OTHECTU K HaKIOHHbIM NyTAM. Toraa cpegHasi
OJIMHA HaKMOHHOrO MyTW B NpeAenax O4HOro 3Taxa, ¢ y4eToM ABWKEHUS No nnoLllagkam, COCTaBuT:

OJig OBYyXMaplleBHX JieCcTHuu L = —-———————— ,
cos anbda

roe L' - ropusoHTanbHas NpoeKkunst AfMHbI HAKMOHHOTo NyTu, M;

anbda - yron HaknoHa K ropusoHTy;

He [onyckas Cepbe3HOW MOrpellHocTn, AMWHY MyTU MO OBYXMapLIeBOW fEeCTHULE MOXHO
NpUYHUMaTb PaBHOW ero yTpoeHHon BbicoTe H, T.e. L = 3 - H;

OJI4 TPpexXMapleBEX JIeCTHML L = ——-—-—————— + - + L" + 4 x b.
cos aJbbda cos aJbbda

Puc. NM5.1. PacyeTHada anuHa nyTu no nectHuue:
a - AByxMapLueBas necTHuua; 6 - TpexmapLueBast nectHuua
(He npuBoauTCcS)

MaHaychbl, ecnu MxX HaKMoH He3HauuTeneH (MeHble 1:8), MOXHO OTHOCUTb K FOPU30OHTarbHbIM
nytam, npu Oonee 3HAYUTENbHbBIX HaKMoOHaxX - K fecTHUMuaMm. [OnuHa HaKMoOHHOrO nyTu Takke
orpeaensieTcs no ero ocu.

Mytv pOBwkeHWs B npegenax 3gaHusi  0OObIMHO MepecekalnTcs  ABEPHbIMM  MpPOEMamu,
AeKopaTMBHbIMK NopTanamu, UMEKT CYXKEHUS 3@ CHET PasfNYHbIX apPXUTEKTYPHbBIX UMM TEXHONOMMYECKMX
SMEMEHTOB, BbICTYMALWMX M3 NIMOCKOCTU OrPaXAEHUN. TakMe MECTHbIE CYXXEHUS HEe3aBWCUMO OT UX
XapakTepa B AarbHeiilleM HasblBatoTcs npoeMamy wupuHon b. OnuHa nytu L B npoeme MOXeT He
Y4MTbIBaTLCA, €CMU OHa He npeBbiwaeT 0,7 M, T.e. ANUHbI OOQHOTO LWara, B NPOTUBHOM Cllyyae ABUXEHWe
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B MpoemMe cregyeT paccMaTtpuBaTb Kak [ABWKEHWE Ha CaMOCTOATENbHOM pacyeTHOM y4yacTke
FOPU30OHTanNbHOro MyTHU.

NecTHUYHbIE KNETKM SABNSAITCA LEHTpaMu TArOTEeHUS NIOACKUMX MOTOKOB (ANs MepBOro ataxa -
BbIXOAbl HApPYXy), Ha BXOAE B KOTOpble 3aKkaH4MBaeTCs BTOPOW 3Tan 3Bakyauun. MoaToMy pacyeTHble
CXeMbl LieriecoobpasHO COCTaBMnATb AfS KaXAOW YacTu 3Taxa, No KOTOPOW MoaM 3BaKympyloTcs vepes
NPeayCMOTPEHHYI0 ANS HWUX NECTHUYHYK KNeTky (BbIxod Hapyxy). Ha puc. I15.2 npuBegeH npumep
COCTaBMEHUs pacyeTHOW CXeMbl 3BaKyaLMmn Niogen No YacTun aTaxa A0 BXOAAa B NMECTHUYHYIO KIeTKy.

Puc. II15.2. IpuMmep COCTaBJIEHUS PaCUeTHOM CXeMbl ®BaKyaluu
JIOIEM IO YacCTM 3Taxa OO BXOHa B JIECTHUYUHYI KIIETKY:
N - xoJmmuecTBO Jiomew; b - mmpuHa; 1 - OJIMHA;
b - mmpmHa npoema (He NPUBOOUTCS)
0

B 3puTenbHbIX 3anax C MOCTOSHHbLIMM MeCTaMu Ans noceTutenen pacnpegeneHve niogen no
HanpaBneHUsM ABWXEHMWS K 9BaKyaLMOHHbIM BbIXxo4am nokasaHo Ha puc. 5.3 n 15.4.

Puc. 115.3. MapLpyTusaums ABMXEHNSA NIOLCKNX NOTOKOB
npuv 9BaKyaLumn N3 3puTenbHbIX 3arnoB ¢ 60KOBbIMU (MPOAOCMALHBIMM)
npoxogamu (He NPMBOAMNTCS)

Puc. 15.4. MapLpyTusaums ABMXKEHNSA NIOLACKNX NOTOKOB
npu 3BaKyaLum 13 3puTenbHbIX 3anoB C NonepeYHbIM NPOXoa0M
(He npmBoaunTCSA)

Ecnv B panbHenwum noan BbIXOAAT B ¢hovie unv BecTubionb, T.e. 4Yepe3 MOMEeLLeHUus, He
OorpaHuyMBaloLLMe, Kak KOpMAOp, LUMPWHBbI JIIOACKOrO MOTOKAa, TO pacnpedeneHve noacKMX MOTOKOB
MeXay BO3MOXHbIMW 3BaKyaLMOHHbIMWU BbIXO4aMK, Korga OHM He OMnoKMpoBaHbl, MPOUCXOAUT COrNacHO
3aKOHOMEPHOCTSIM, NpuBeAeHHbIM Ha puc. I15.5, a, 0.

Puc. II5.5, a. Uucio 3puresen
¥ BHOOP BHIXOHIA [PM 3BakKyalMM B IBE JI€CTHUYHHE
KJIETKM JIMOO B IBE OTKPHITHE JIECTHMIE MJIM B IBa BHEXOIA

3 3maHusa: N - oflee KOJIMUECTBO BBAKYUPYOUMUXCSH;

N - UMCJIO 3BakKyUPyOUMXCS udepes OJVMXHUM BBXOI;
1

N - UMCJIO 3BakKyUPYyOUMXCS Udepes IajlbHUM BHXOI;
2

1l - mnomHa nyTtu o OJMXHEeTrO BHIXOIAa; 1 — IOJMHA
1 2

IIyTM OO IOaJIbBHEI'O BBEIXOIAa (He HpMBO,IU/ITCFI)

Puc. II5.5, ©. UYucio 3pureinein,
BBAKYUPYRIMXCSA IO OTKPEITOM JecTHuule: N - ofbumee
KOJIMUECTBO SBaAKyMpyomMxCcs; N - UMCIIO 3BaKyUPYKOIMXCS

1
II0 OTKPBITOM JieCcTHMUe; 1 - IJMHa OYyTM OO OTKPLEITOM
1
JIECTHUUE; 1 - OJMHA [OyTM IO BHEXOIA Ha JIECTHUUHYIO
2
KJIEeTKY (HEe NPUBOOUTCS)

3. MNpun ogHOpoAHOM cocTaBe NOACKOro MoToka rpynn mobunbHoctv M2, M3 n M4 3HayeHus
BenuumH D, V n q cnegyet npyHMaTth B COOTBETCTBUM C AaHHbIMU Tabnuupl 15.2.

Tabnwuuya M15.2
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PacuyeTHble 3HayeHunss napameTpoB Ang rpynn MobunbHocTn M2 - M4

Mpynna Bug nytu

MoBUnb- D, ropU3oHTanbHbIN NecTHuUa BHU3 NecTHuuUa naHayc BHM3 naHayc BBepx

HOCTU M2/M2 BBEpPX

v, a, v, q, v, q v, a. v, d
M/MUH. M2/m M/MUH. M2/m M/MUH. M2/m M/MUH. M2/mM M/MUH. m2/
X MUH. X MUH. X MUH. X MUH. X MUH.

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 5,71 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
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

Ctpanuua 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

Ctpanuua 27 u3 90



MNpumeyaHwue:

M2 - HeMoOLLHble Noan, MOOUIBHOCTb KOTOPLIX CHXKEHA M3-3a CTapeHUsi opraHnama (MHBanuabl no
CTapoCTun); UHBaNMabl Ha NpoTe3ax; MHBanuAbl C HeJoCcTaTkamMu 3peHns, nonbayrLumecs 6enon TPoCTbIO;
NIOAN C NCUXUYECKMMUN OTKITOHEHUAMN,

M3 - uHBannapl, CNONb3yloLNE NPU ABMKEHUN OONONHUTENbHbIE ONOPbI (KOCTLINK, Nanku);

M4 - nHBanuapl, NnepeasuraloLLMecs Ha Kpecnax-konsickax, NPMBOANUMbIX B ABUXEHWUE BPYUHYIO.

4. MNMnowaab ropMs3oHTanbHOW nNpoekumm venoeeka f, m2/4yen., npuHMMaeTca B 3aBUCUMOCTU OT
cocTaBa ftofen B NOTOKe B COOTBETCTBUM C NPUBEAEHHBIMU HUXKE AaHHbLIMM.

Puc. 15.6. MNnowaab ropusoHTanbHON NpoeKkunmn Yyenoseka:
a) pacyeTHas; 0) gencTBuTENbHas (He NPUBOANTCS)

Pasmepbl niogen namMeHstoTca B 3aBUCUMOCTU OT (OM3MYECKMX OaHHbIX, BOo3pacTa M ogexabl. B
Tabnuuax [15.3, 15.4, 115.5 n Ha pucyHke [15.7 npuBoASATCA yCcpeOHEeHHble pa3mepbl Nogen pasHoro
BO3pacTa, B pasfnMyHON ofexae M C pasnunyHbiM rpy3oM. [pu 3TOM npuBedeHbl 3HAYeHWUst nrowaam
ropM30oHTaNbHOW NPOEKLUN NHBANMAOB C HApYLLEHWEM OMOPHO-ABUraTenbLHOro annapara.

Tabnuua M5.3

Mnowaan ropusoHTanbHON NPOeKLMU B3pOCHbIX noaen

Tun oznmexnel lmpuHa a, M TommmvHa C, M IInomwanb TOPU3O0OHTAJIBHOM
npoexkumm, M2/del.
JIeTHAS 0,46 0,28 0,100
BeCeHHE—-0OCEeHHSAas 0,48 0,30 0,113
3YMHSAS 0,50 0,32 0,125

Mnowaau ropusoHTansHoON NPoeKkuun geTen n noapoCTKOB

Tumn onexIbl Bo3pacTHEE TPYIIIBE
MJlamma s cpenHsasa crapmas
no 9 gjer 10 - 13 gmer 14 - 16 gjer
IooMallHAad omexIa 0,04 0,06 0,08
OoMallHsAsg omexla CO WKOJbHOM 0,07 0,10 0,14
CYMKOM
yandHasa omexmna 0,09 0,13 0,16

C pasnuyHbIM rpy3om (He NpuBOAMTCSH)

Pwuc. M5.7. MNnowanb ropm3oHTansHon NpoeKkLmm roaemn

Mnowanb ropu3oHTanbHOM NPOEKL MM Noaen C OrpaHNYEHHON
MOOUMNBHOCTbLIO, M2/4ern.

Tabnwuua 5.4

Tabnwuua M15.5




300POBEIE Crtensle C nopaxeHueM OINOPHO-OBUI'ATEJIbBHOI'O alnapara

Jogu, cJja-
Bocusamme, nepensyu- |NepelnBu— [lIepenBu- |NepelBu— |TpPaHCHIOP- |TpPaHCIop-—
C OoTpaHu- rapmyMecsa |raomuecs |raouMecs |TapomMecs |THUpyeMble | TUpYyeMbe
YyeHUEM YyM-— 6es C OnOHOM C IOByMS Ha Ha Ha
CTBEHHOM OOIOJIHM~ |HOMNOJIHM— |IONOJIHM- |Kpecjlax— |HOCUJIKax [KaTajKax
nesaTeib-— TeJIbHBIX TeJIbHOM TeJIbHBIMU | KOJISICKaX
HOCTHU Oomnop omnopou onopamm
1 2 3 4 5 6 7
PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK
(He npuBo- | (He npu- | (He npmu—- | (He npu- | (He npu- | (He npu- | (He npu- | (He npu-
OUTCSA) BOIMUTCH) BOIMUTCH) BOIMUTCH) BOIMUTCH) BOIMUTCH) BOIMUTCH) BOIMUTCH)
cxeMa cxeMa cxeMa cxeMma cxeMma cxeMma cxeMma cxeMma
(He npuBo- | (He npu- | (He npm—- | (He npu- | (He npu- | (He npu- | (He npu- | (He npu-
OUTCSA) BOIMTCH) BOIOIMUTCH) BOIMUTCH) BOIMUTCH) BOIOMUTCH) BOIOIMUTCH) BOIMTCH)
a = 0,28 a =0,72|a =0,40|a = 0,50(a = 0,50|a = 0,80(b =0,50|b = 0,75
1 2 3 4 5 1 2
c = 0,46 c =0,82|c =0,75(c = 0,65|c =0,90|c =1,20|le = 2,10fle = 2,10
1 2 3 4 5 1 2
£f =0,10 f=20,40 |£f =0,25 |£ = 0,20 |£f=0,30 |£=0,9 |f=1,05 |f = 1,58
4. Bpemsa 3amepxku t OBMXXEHMS Ha ydYacTke 1 m3-3a 0o0pasoBaBlLIETrOCSH
3

CKOIUJIEHMS JIOIEeY¥ Ha TI'paHMle C [IoCcJelyomyM ydacTkoMm (i+l) omnpenesysercs 1o
dbopmyTie:

1 1
t=Nx f x (————————===--——- - —————— ), (I15.1)
a x b a x b
npmu D=0, 9 i+1 i i
roe N - KOJIMUYECTBO JIOHeM, dueil.;
f - nyomwanmb TOPMBOHTAJIBHOM NPOEKLUM, M;
q - MHTEHCMBHOCTB IOBMXEHUs uyepes yuacTok i+l npm njmorHocTtm 0,9
npmu D=0, 9
u Gojsiee, M/MUH.;
b - umMpMHa ydacTka, M, I[IPpM BXOXIEHMM Ha KOTOPEM 00paz30BajioCh
i+1
CKOIIJIeHMe JIoIen;
q - MHTEHCMBHOCTL IBWXEHMS Ha ydacTKe 1, M/MMH.;
i+l
b - mMprHa NpenmecTByOIEro ydacTka i, M.
i
BpeMs cymecTBOBaHMUA CKOIJIEHMA T Ha yudacTke 1 ompemnensercs no dopmyJie:
&3
N x f
t = . (I15.2)
CK q X b
npu D=0, 9 i+1

PacueTHOe BpeMs 5SBakKyaluuM IO ydacTKy 1, B KOHIle KOTOPOT'O Ha I'paHulle C
ydacTkoM (i+l) oBOpa30BajioCh CKOIJIEHMe JIoIelM, PaBHO BPEMEHM CYIEeCTBOBaHUSA
CKOIIJIEHUA t . PacueTHOe BpeMs ®Bakyalum 0O YydacCTKy 1 »momyckaeTcs




CK
ompenessaTs 10 dbopmye:

t =--4+t . (I15. 3)

MpunoxeHue N 6
K NYHKTY 12 MeToanku

MNOPAOOK
MPOBEJEHUA PACHETA N MATEMATUYECKWE MOJENW ONA ONPEJENEHNA
BPEMEHW BJTIOKMPOBAHWA MYTEW 3BAKYALIMN OMACHbIMW
®AKTOPAMU NMOXAPA

(8 pea. MNpukaza MYUC PP o1 12.12.2011 N 749)
I. Nopsgok npoBegeHns pacyeTa

MponsBoanTCA 3KCNEPTHbIN BbIOOP CLEHapUs uUnu CueHapreB noxapa, Npu KOTOPbIX OXMAAKTCS
Hauxyglune NnocneacTBms ANs HaXo4sALWMXCA B 34aHNN NOAEN.

dopmynunpoBka cueHapusi pasBuTus noxapa BkItodaeT B cebs crneayoLlume aTanbl:

BbIOOp MecTa HaxoXAeHWsi NepBOHaYanbHOro ovara rnoxapa u 3akOHOMEPHOCTEWN ero pas3BuUTuS;

3agaHve pacyeTHon obrnactu (BbIbOp paccmaTtpuBaeMoW NpW pacyeTe CUCTEMbl MOMELLEHUNA,
onpeaeneHne y4uTbiBaeMblX MpU pacdeTe 3f1eMEHTOB BHYTPEHHEN CTPYKTYpPbl MOMELLUEHWUR, 3agjaHue
COCTOSIHMS MPOEMOB);

3ajaHne napamMeTpoB OKpyxawLen cpedbl W HayamnbHbIX 3HA4YeHUW MapamMeTpoB BHYTPU
MOMELLLEHUN.

Bbibop MecTa HaxoxgeHus odara noxapa MpouM3BOAUTCA 3KCNnepTHbIM nyTem. [lpy aToM
YUMTbIBAETCH KOMWYECTBO T[OpKYEen Harpysku, ee CBOMCTBA M pacrnonoxeHue, BepOSTHOCTb
BO3HWKHOBEHUS MoXapa, BO3MOXHasa AMHaMUKa ero passBuTUS, PacrnosioXXeHne 3BaKyauMOHHbIX MyTen u
BbIXO0B.

Hanbonee 4yacto npu pacuyetax paccMaTpuMBalTCs TPUM OCHOBHbLIX BMAa pasBUTUS NoXxapa:
KpyroBoe pacnpocTpaHeHue noxapa no TBEepAoW ropryen Harpyske, NUHENHoOe pacnpocTpaHeHue
noxapa rno TBepAon roprodeit Harpyske, HeyCTaHOBMBLLEECS FOpPeHNe roproyen XXnaKocTu.

CkopocCTb BblropaHus Ans aTux criydaes onpegenseTcs hopmynamu:

2 2
ncu X IM Xx Vv X t - IOJa KpyI'OBOI'O PACHIPOCTPaHEeHMA IoxXapa
vy
ncu X 2 x v X t x b - njgsa JIMHEMHOTO pacHnpocTpaHeHusa noxapa ([16.1)
ya
ncu = <
/t
ncum X F x /—-=-- - IJsg HeyCTaHOBMBIIETOCHS rTopenusa I'K,
va / t
\/ cT




Toe Icu - yIOeJibHas CKOPOCTb BHI'OpaHMA (IOJIS XMIKOCTEM yCTaHOBMBLIAACH),
v

c X M2);

V — CKOPOCTB PacCHpOCTpPaHeHMs IJlaMeHu, M/cC;

b - mmpmHa NOJIOCH TOpPIUEN HaATPy3KM, M;

t - BpeMsa cTabunmsaluuu IOpeHMSs Iopluer XUIOKOCTH, C;

xr/ (

cT

F - momwalb odara oxapa, M2.

C yuetom pasgena Il gaHHoro npunoxeHus BelbupaeTca MeTod MoaenupoBaHns, opMynmpyeTcs
mMaTtemaTu4eckass Mopesfb, COOTBETCTBYHOLLAA AaHHOMY CLEHapuio, U NPOoM3BOAWUTCA MOAENMpOBaHWe
AVHaMUKM pasBUTMA noxapa. Ha OCHOBaHMM MOMy4YeHHbIX pe3ynbTaToB pPacCcYMTbIBAETCS Bpems
JOCTVXXEHNA KaxablM M3 onacHbIX (akToOpoB Mnoxapa npeaenbHO AOMYCTUMOrO 3HayeHus Ha MyTax
3BaKyaumu.

KpuTnyeckoe Bpemsi MO Kaxgomy M3 onacHbiX (DakTOpoB Moxapa onpenensietcsi kak Bpems
AOCTVXEHNS 3TMM (haKTOpOM MpeaenbHO AOMYCTMMOrO 3HAYeHWs Ha NyTAX 3BaKyauun Ha BbicoTe 1,7 M
OT nona.

MpenenbHO AONYCTMMbIE 3HAYEHMS MO KaXA0MY M3 OnacHbIX (DakTOPOB NoXapa COCTaBMSAOT:

(B pea. MNpukaza MYUC P® o1 12.12.2011 N 749)
no noeblleHHoW TeMnepaType - 70 °C;

(B pea. Npukaza MYUC P® o1 12.12.2011 N 749)
no TennoBomy noToky - 1400 B1/m2;

(B pea. Npukaza MYUC P® o1 12.12.2011 N 749)

no notepe Buammoctn - 20 m (gnsa cnydas, korga oba ropusoHTanbHbIX MMHEWHBLIX pasmepa
nomMelleHns MeHblie 20 M, npedenbHO OOMYCTUMOE PacCTOsiHWE MO MNoTepe BUMAUMOCTU crneayeT
NPUHMMaTb PaBHbIM HaUbObLLIEMY FOPU3OHTANBHOMY NIMHEAHOMY pa3Mepy);

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

MO NOHWKEHHOMY coaepkaHuto knucnopoga - 0,226 kr/m3;

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

MO KAXAOMY 13 TOKCUUHbIX ra3006pasHbIX NPOAYKTOB ropeHusi (CO2 - 0,11 kr/m3; CO—-1,16-10"°

kr/m3; HCL—23-10"° kr/m3).
(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)

HeobxogMmo OTMEeTUTb, YTO MPM UCMONb3OBaHWUU MOMEBOW MOAENU onpederieHne KPUTUYECKOro
BPEMEHN MMeEeT CyLeCTBEHHble OCODEHHOCTM, CBS3aHHble C TeM, YTO KPUTUYECKoe 3HayeHue B
pasnMyHbIX TOYKaxX MOMELLUEeHUs OOCTUraeTcs He OAHOBpPEeMEHHO. [ns nomeleHun ¢ CoM3meprMbIMU
rOPU3OHTanNbHLIMU pa3MepamMmn KpUTUYeckoe BpeMs onpenenseTcs Kak MakCMMmaribHOe M3 KPUTUYECKUX
BPEMEH [ONA 39BaKyaUMOHHbIX BbIXOO4OB M3 AaHHOro nomeweHus (Bpems 6nokupoBaHus MnocrnegHero

BbIX04a).
OnpemengeTcsa BpeMsa OJIOKMPOBaHMA t
on
| 0 1
| I.B T T.T. 2 T.I |
t = min <t , £, t , £, t > (I16.2)
oI [ Kp Kp Kp Kp Kp J

[I. Knaccudgukaums n obnactb NpUMeEHEHMS1 METOO0B
MaTemaTU4eCckoro MOAenMpoBaHNs noxapa

Ona onucaHua TepmMmorasognHaMmn4ecknx nmnapamMeTpoB nMnoxapa MNpUMEeHAKTCA TpU OCHOBHbIX
rpynnbel eTepMUHUCTUYHECKUNX Moaenemn: MHTEerparnbHble, 30HHbIE (3OHaJ'IbeIe) M nonesble.




Bbibop KOHKpeTHOM MoAenn pacdeTa BpemMeHu OrokMpoBaHUS NyTen 3BakKyauun criepyet
OCYLLIECTBNSATb UCXOAA U3 CreayoLWmMX NPeanochiiok:

WHTErpanbHbli METOA;:

ONna  34aHWMKA, coAepXalwux pasBuTYl0 CUCTEMY MOMelleHuMr Manoro obbema npocTom
reomeTpmn4eckon KoHdurypawmu,

ONs NOMELLUEHUR, rOoe XapaKTepPHbIM pasMep ovara noxapa COU3MEpUM C XapakTepHbIMU
pasmepamMu MOMELLEHUA U pasmepbl MOMELLEHUSI COU3MEpPUMbl Mexay cobon (NMHenHble pasmepbl
nomeLLeHns oTnuyatoTes He 6onee vyem B 5 pas);

Ons npeaBapuUTenbHbIX pacHeToB C LIeNbto BbiSIBNEHMS Hanbonee onacHOro cueHapus noxapa;

30HHbIV (30HANbHbIN) METOA;:

Ons NoMeLLUEHNA N CUCTEM MOMELLEHUA MPOCTON FeoOMETPUYECKOM KOoHdUrypauuun, nMHEnHble
pa3mepbl KOTOPbLIX COM3MEPUMbI Mexay cobol (NMMHeNHbIe pa3Mepbl NMOMELLLEHMS OoTnnYyatoTcs He Bonee
yem B 5 pas), korga pasmep o4ara noxapa CyLeCTBEHHO MEHbLLE pa3mMepoB MOMELLEHNS;

ans paboymx 30H, PacrofyIOKEeHHbIX Ha pasHbIX YPOBHSAX B Mpedenax OQHOro MOMELLEHMUS
(HaKMOHHbIV 3pUTENbHBIN 3an KMHoTeaTpa, aHTpeconu u T.4.);

noneeown metoa;

ONS NOMELLEHUI CITOXXHOW reoMEeTpPU4ecKor KoHdurypaumm, a Takke nomMelieHun ¢ 6onblinm
KONMNYECTBOM BHYTPEHHUX nperpag (aTtpuymbl C CUCTEMOM raneped u npuMbIKaloLWmMX KOpuaopos,
MHOTrO(YHKLUMOHAMNbHbIE LIEHTPbl CO CIOXHOW CUCTEMOWN BEPTUKANbHbIX U FOPU3OHTAsNbHbLIX CBA3EN U
T.0.);

ONsl NOMELLEHUA, B KOTOPbIX OOMH M3 reOMETPUYECKUX PpasMepoB ropasfo Gonblie (MeHbLUE)
ocTasnbHbIX (TOHHENW, 3aKpbITble aBTOCTOSIHKM GONbLUOW Nnowaan u T.4.);

AN MHbIX CnyyaeB, korga MPUMEHMMOCTb WM WMH(OPMATMBHOCTb 30HHBLIX W WHTErpasnbHbIX
Moenew BbI3bIBAET COMHeEHME (YHWMKanbHble COOPYXEHMWSl, pacnpocTpaHeHue mnoxapa no dacagy
3[4aHus, HeobxoouMMOCTb yyeTa paboTbl CUCTEM NPOTUBOMOXAPHOW 3alUTbl, CMOCODHBIX Ka4yeCTBEHHO
N3MEHMWTb KapTUHY noxapa, 1 T.4.).

Mpn ncnonb3oBaHWM MHTErpanbHOM M 30HHOW Mogenen Ang MOMELLEHUs, OOUH U3 JIMHEWHbIX
pasmepoB KOTOporo 6onee 4yem B MNSATb pa3 nNpeBbilaeT XOTs Obl OOWH U3 OBYX OPYrMX NUHENHbIX
pasmepoB, HEOO6XOAMMO 3TO MOMELLEHUEe OeNUTb Ha Y4acTKW, pasMepbl KOTOPbIX COU3MEPUMbI MeXay
cobow, 1 paccmaTpvBaTb y4acTKM KakK OTAENbHble MOMELLEHMs, cooblialwmeca npoemamum, nnowaib
KOTOPbIX paBHa MMoOLWaan CEeYEeHWUst Ha rpaHuLe y4acTkoB. Vicnonb3oBaHWe aHanormyHom npouenypbl B
cnyyae, Korga ABa NMHENHbIX pa3Mepa NpeBbilaloT TpeTun bonee Yyem B 5 pas, He JOMyCcKaeTcs.

[ll. MHTerpanbHasa maTemaTuyeckasi Mogesb pacyeTta rasaoobmeHa
B 34aHWW, Npu noxape

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

Ona pacyeTa pacnpocTpaHeHUs MpOAYKTOB TFOPEHUs MO 30aHUI0 COCTaBMNSKTCS U peLuakTes
ypaBHEHUsI aspaumu, Tenno- U MaccoobMeHa Kak Ans KaXAoro NoMeLeHMs B OTAENbHOCTM, TaK U Ans
BCEro 34aHus B LIEIOM.

YpaBHeHUs ABUXEHNS, CBA3bIBalOLLME 3HAYeHUs NepenagoB AaBfeHuin Ha NpoeMax ¢ pacxodamMu
rasoB Yepes NpoeMbl, UMEIOT BUL;

G; =sign(AP; )-&-F -JZ-p-‘APji‘ , (M6.3)

roe Gji - pacxoa ra3os 4epes npoem Mexay osyma (j-M n i-M) CMEXHbBIMW NOMELLEHNUSIMN, Kr/C;

& - koappuumeHT pacxopa npoema (& =0,8 pna sakpbiteix npoemoB u & =0,64 ans

OTKPbITbIX);
F - nnowaab ceyeHnst npoema, m2;
p - MMOTHOCTb ra3oB, NPOXOAALLMX Yepes NPoeMm, Kr/M3;




APJ.i - cpegHuin nepenag, NonHblX AaBrneHUn Mexay j-M 1 i-M nomeLleHuem, lMa.

HanpasneHue (3Hak) pacxofa onpeaensercsa 3HakoM pasHOCTU AaBrneHumn APJ.i .

B 3aBMCMMOCTM OT 3TOro NSIOTHOCTb P NPUHUMAaET pas3finvHblE 3HA4YEHUA.

3Hak pacxoda ra3oB (BXOﬂ,ﬂUJ,VIVI B NMomMelleHne pacxon cHMUTaeTCA NoJIOXKUTENbHbIM, BbIXOAALWMN -
OTpVILI,aTeJ'IbeIM) M 3Ha4yeHne p 3aBUCAT OT 3HaKa nepernaaa OaBneHun:

-1Lp=p;, apu AP <0
sign(AP),p = £=P 1P , (N6.4)
+1, p=p,, npu AP >0

[lna nporHo3npoBaHUsi NapaMeTpPoB NPOAYKTOB ropeHus (TemnepaTtypbl, KOHLEHTPAaLMIA TOKCUYHBIX
KOMMOHEHTOB MPOAYKTOB FOPEHMs) B MOMELLEHNSAX MHOMO3TaXKHOMO 34aHWsi Ha 3Taxax, pacrnosfioKeHHbIX
Bbllle 3Ta)ka, Ha KOTOPOM MOXET BO3HMKHYTb MOXap, pacCMaTpuBatoTCA MPOLECChl pacrnpocTpaHeHust
NPOAYKTOB rOPEHUsI B BEPTUKAIbHbIX KaHanax (JIECTHUYHbIE KIETKM, WaxXTbl NMATOB, BEHTKAHanb! U T.1.).

BepTukanbHyto LWaxTy MO BbICOTE pasdensalT Ha 30Hbl, KOTOpble NPeAcCTaBnsAlT Y3nbl B
rmopaBnmnyeckon cxeme 3gaHuda. 3oHa No BbICOTE MOXET OXBaTblBaTb HECKOSbKO aTaXew 3aaHus. B aTom
Crnyyae pacxof rasa Mexay 30HaMun MOXHO BbIpa3nTb (hOpMyrnon Bnaa:

A
o= [P , (M6.5)
S
1
roe S = m - XapakTepUucTtuka rmapaBsiin4eCckoro conpoTmerieHnA Ha rpaHunLe 30H;

F - nnowaab nonepeyHoro ceveHus WaxTbl;

k - koadbdpuumeHT (gonyckaeTtcs NnpuHUMaTh paBHbiM 0,05 c2/m);

g = 9,81 m/c2 - yckopeHue cBob6oaHOro nageHus;

AP - nepenag AaBneHuit Mexay yanamu.

3paHve npeacTaBnsAloT B BUAE r’MAPaBMYECKON CXeMbl, Y3rbl KOTOPOW MOAENMPYIOT NOMELLEHUS,
a CBA3W - NyTW OBWKEHUs NMpPOAYKTOB ropeHus u Bo3gyxa. Kaxxgoe nomelleHve 3gaHus onucbiBaeTcs
CUCTEMON ypaBHEHWN, COCTOsLLEeN M3 ypaBHeHMSA GanaHca MacChbl, YpaBHEHUS COXPaHEHUS 3Hepruv u
ypaBHEHNs OCHOBHOrO ra3oBoro 3akoHa (MeHgeneesa-KnawvnepoHa).

YpaBHeHuve 6anaHca Macchl BblpaxaeTcs OpMynon:

d(p;-V;)/dt=y+> G - G, (M66)
k i

roe \/J - 06beM nomeLleHus, m3;
t - Bpems, c;

Z G, - cymma pacxofoB, BXOAALMX B NMOMELLEHUE, KI/C;
K

ZGi - CyMMa pacxofoB, BbIXOOSALLMX U3 MOMELLEHUS, Kr/C;
i

\ - CKOPOCTb BbIFOPaHWS MOXapHOMN Harpysku, Kr/c.
YpaBHeHVe coxpaHeHUs aHeprun BbipaxaeTcs hopMYyoii:

d(Cv-pj-Vj-Tj)/dtZCp (T Gy )-C, T, DG, +Q.—Q,, , (N6.7)
k i




roe CV , Cp - yoenbHasi u3oxopHas n nsobapHasa tennoemMkocTtu, kKx/(kr-K);

Ti , TJ. - TemnepaTypbl ra3oB B i-M U j-M nomeLleHusix, K;
Q| - KonuuecTBo Tenna, BLIAENAEMOrO B MOMELLEHUN NPU FropeHni, KBT;

Q,, - TENOBOM NOTOK, NOFOLWAEMbIi KOHCTPYKLMSMU M N3My4aeMblil Yepes Npoembl, KBT.

[lns nomeLlleHna ovara noxapa BenuynHa Qr onpefenseTca no opmyne:

Qr=(-Q,+Nv,
roe 77 - ko3aMOULMEHT NOMHOTLI FOPEHNUS;
QH - HM3LWasa TennoTa cropaHus, KIXK/Kr;
| =C, -T - sHTanbNUA rasuuULMPOBAHHON roproden Harpyaku, KIK/kr;

C, - YAenbHas TennoemKocTb NPOAYKTOB NMPONN3a, kx/ (kr-K);
T - TemnepaTtypa npoaykToB nuponusa, K.
[ns octanbHbix nomeweHnit Q. =0.

KoadhdnumeHT NonHoTLI ropeHnst 77 onpeaenseTtcs no gopmyne:

Z Xo><,k ’ Gk

n=1,K+(1-K)~———,(16.8)
\Il.

roe 7, - koadULMEHT NONHOTLI FOPEHNSA B peXMMe noXxapa, perynnpyeMom roptoden Harpyskow,
onpegensiembii POPMYron:

7, =0,63+0,2-X,, , +1500- X° ;. (M6.9)

KoadhduumeHT K paccunteiBaetcs no opmyne:

B

Xoxm Xoxm
K ™| exp| B-| 1-—=2" ||, (M6.10)
X X

ox,0

ox,0

2

X
rme B=| ——%%

X,.0—0,01

X
X

ox.0 - Ha4anbHasa KOHUEHTPpaUMA Kucrnopoaa B noMelleHnn o4ara noxapa, Kr/Kr;
oxm - TEKyllas KOHUEHTpaunsa Kncnopoaa B noMeLleHN o4ara noxapa, Kr/Kr;

L,, - konuuecTso kucropoaa, NOrfowaeMoro Npu cropaHnmn 1 Kr roptoyert Harpyaku, Ki/Kr.
YpaBHeHne MeHgeneesa-KnarinepoHa Bbipaxaetca (oopMynoii:

R
Py =py Ty (M6:11)




roe Pj - faBneHue rasa B j-M nomeLleHuu, la;

Tj - TeMnepartypa rasa B j-M nometieHuu, K;

R = 8,31 - yHuBepcanbHas rasoBasi NocTosiHHas, hx/(monb-K);

M - MmonsipHasi macca rasa, Moflb.

MapameTpbl rasa B MNOMELLEHUN OMNPEAENnsoTCs M3 ypaBHeHusi GanaHca Macc OTAenbHbIX
KOMMOHEHTOB MPOAYKTOB FOPEHUS U KUCNOpoAa M ypaBHeEHNs GanaHca onTUYECKON NNOTHOCTM AbiMa.

YpaBHeHune BanaHca Macc oTAeNbHbIX KOMMOHEHTOB NPOAYKTOB FOPEHUSI U KMCNopoaa:

d(Xy;p;- Vi) /dt=y-L + (X, -G )X DGy, (16.12)
k i

rae X i, X

j - KOHLeHTpauus L-ro KOMMNOHeHTa NPOAYKTOB FOPEHUSI B i-M U j-M MOMELLEHUSX,

KI/KT;
LL - KonunyectBOo L-ro KomMnoHeHTa nNpoOYKTOB TrOpeHus (Kucnopoda), Bblaensioerocs

(mornowatoLerocs) Npm cropaHMn OJHOro KMIorpaMmMma noXKapHowm Harpysku, Kr/Kr.
YpaBHeHuve 6anaHca OnTUYECKON NNOTHOCTM AblMa:

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

. . -1
roe H;, ],lj - onTnyeckKkaa NioTHOCTb AbiMa B I-M U J-M NOMELLUEHUAX, Hmo-m )

D, - abimooBpasytowias cnocobHOCTL NOXapHOI Harpysku, Hi-m2/kr.
OnTuyeckasi NAOTHOCTb AbiMa MPWU OObIYHBLIX YCHOBMUSIX CBA3aHa C PacCTOSIHMEM MpenenbHOw

BUOMMOCTM B AbIMy OOPMYFON:

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

[nsa nomelleHnn 6e3 MCTOYHMKA Tenna cuctema ypasHeHun (I16.6), (M6.7) u (M16.8) ynpowaetca u

npeacraendeTcd B Buae:
G,(n= sign(APij (r))-;,qu [2-p, ~‘APij (r)‘

: Gi'(T)
2 --0
; Py

, (N6.15)

roe p, :%-[pi +sign(APij)-pi +p; —sign(APij)-pJ.

I'IepBoe ypaBHeHNE CBA3bIBaET nepenabl 0aBrEHUI Ha COEAMHAILWNX NoMeLleHne npoemMax c
pacxoaom rasa 4yepes 3T npoembl. BTOpOG - BblpaXaeT NOCTOAHCTBO obbemMa ans gaHHOro NoMeLLeHus.

aT

Takum ob6pasom, Ans Bcero 3gaHusa TpebyeTcA pelaTb CUCTEMY, COCTOSILLYO U3 (mrc+mm)-n
HenvHenHblX ypaBHeHun Buaa (16.12) un n,-n, NHenHbIX ypaBHeHun Buga ([16.13). 3pecb M. nu
M. - COOTBETCTBEHHO YNCNO FOPU3OHTANbLHbLIX U BEPTUKANbHbIX CBA3E Ha aTaxe; N - YMCIO y3roB;

B

N_ - y4ncno ataxen.

3T




Cuctema ypaBHeHWi, Bkntodawowas B cebs ypaBHeHus ([16.6), ([16.7) ans nomeleHus oyara
noxapa u (M6.12), (M6.13) ana ocTtanbHbIX nomMeweHnn u ypaBHeHue (I16.11), onwucbiBatowas
rMOpaBNYECKYI0 CXEMY 3[aHUWsl, pellaeTcsl YUCIIEHHO METOAOM MTepaumm B COBOKYMHOCTU C METOOOM
CEeKyLLUX.

OcHoBHblE ypaBHeHWs Aa onpeAeneHns TemnepaTypbl ra3a U KOHLEHTpaLMu NpoayKToB ropeHust
B MOMELLEHUSIX 34aHUSI NOMNyYeHbl U3 YpaBHEHWIA COXPAHEHUSI SHEPTUN N MaCChbl.

TemnepaTtypa rasa B NoMeLleHUW, rae OTCYTCTBYET ouvar noxapa, onpefensieTcs U3 ypaBHEeHus
Tennosoro BanaHca, KOTOPOe MOXHO MOMy4UTb U3 ypaBHEHUSA coxpaHeHus aHeprum ([16.7). dopmyna

Onda onpenerneHna temnepartypbl rasa Bj-M nomMeLleHnn 3ganus B "n"-bIn MOMEHT BpeMeHN:

T — k=1 +
nj n m m
CV? [;Gk_zle +Cp ZGI—I—a*jn an+a*[CT F[CT
Z(CPB'GK Tk)+QJ
+ Ty~ ; —a - -, (M6.16)
C.. (lek —Z;Gi}cw Z;G +a*, F,+a*, F.,

roe Qj - CyMMa MUCTOYHUKOB (CTOKOB) Tenna B obbeme j-FO nomMeweHna n tenna, yxogduero B

orpaxgatoLime KOHCTPYKLUNK;

T(1)-T,(7)

T(t)—TO

a*=a- - NPUBEAEHHbIN KO3 DULMEHT TennooTaauu;

TO - Ha4valnibHaa TeMnepartypa B nNoMeLleHnn;

F _ - nnowanab NoBepXHOCTM OrpaxnaroLLmx KOHCTPYKLIWIA B j-M NMOMELLEHUN.

jer

KoadhpunumeHT Tennootaayun & MoxeT OblTb paccymMTaH Mo SMNUPUYECKON hopMyne:

4,07-3T_-T, mpu T, <60 °C
a= . (M6.17)
11,63-exp[ 0,0023-(T,, ~T,)| mpu T, >60 °C

KoHUeHTpaums oTAenbHbIX KOMMNOHEHTOB ra3oBbiX CMECen B NOMeLLEHUSX 30aHNs BbIYUCNAETCH 13
ypaBHeHusa 6anaHca macchl gaHHoro komnoHeHTta ([16.12). KoHueHTpaumsa L-ro KoMnoHeHTa npogyKToB
ropeHus B j-M NomeLLeHUn B "n"-bIi MOMEHT BpeMEeHU onpeaenseTcsl ypaBHeHNeM:




Z(XLk'Gk) Z(XLk'Gk) ZGK
XLJ'(n):kﬂn—"' XLj(n-l)_k:ln— -exXp KL A7 |.(M6.18)
ZGk ZGK PV
k=1 k=1

OnTuyeckas KOHUEHTpauunAa AbiMa B MNMOMELleHUnAX onpenendeTtca us ©anaHcoBoro yYpaBHEHUA

(M6.19). HatypanbHbI NokasaTenb ocrnabneHus cpedpbl B j-OM MOMELLEHUN B "N"-blli MOMEHT BPEMEHU
onpegensieTcs ypaBHEHNEM:

Z(“k'Gk) (h-Gy) ZGk
H(n)j:k:ln—"' “’(n—l)j_k:ln— -CXp —kzl—V-AI . (M6.19)
ZGk ZGK Pi- Vi
k=1 k=1

AHanuTMyeckme COOTHOLLEHNS AN onpeneneHuna KpVITI/I‘-IGCKOVI
NpPoAOITKUTESNTIbHOCTU NMOXKapa

[na ogMHOYHOro NomMeLleHnst BLICOTON He Bonee 6 M, yAOBNETBOPAOLLErO YCIOBUAM NPUMEHEHUS
WHTErpanbHOM MoAenu, nNpu OTCYTCTBUM CUCTEM MPOTUBOMOXAPHOW 3aLLMTbl, BAUSIOLWUX HA pasBuTME
noxapa, 4ONyCKaeTCcs OnpeaensTb KpUTUYEeCKUe BpeMeHa Mo Kaxaomy U3 onacHbIX bakTopoB noxapa ¢
MOMOLLIbKO aHANUTUYECKMX COOTHOLLEHWIA:

Mo MOBbILLIEHHOW TeMnepaType

%
P =B P AV , (M6.20)
(273+t,) 2

no nortepe BMANMOCTHU

n

-1
= B in[1.V:In(1,05-0-E ,(M6.21)
» 1A |, -B-D, -z
Nno NOHWXeHHOMY CoepXaHUK Kucrnopoaa
P4
B 44
t% =4 —.In|1- 0.0 , (M6.22)

° A B-L
[02 +0, 27j-z
\Y;

no Kaxxgomy m3 r83006pa3HbIX TOKCUYHbIX NMPOAYKTOB ropeHus




"y

. |B V-X
o =1—-In|1-—— , (M6.23)
A B-L-z
353~cp -V
rae - - pasmeprlﬁ KoOMMNnekc, 3aBI/ICF|LL|,I/Il7I OT TennoThl CFOpaHVIFl MaTepMana n
(1-9)n-Q,

cBOoOOAHOro o6 bLEMa NOMELLEHNS, KT,
t, - HauanbHas TemnepaTypa Bo3gyxa B nomeLleHuu, °C;

N - nokasaTenb CTENEeHW, Y4YUTLIBAKLIMA M3MEHEHME MacChl BbIrOpaloLlero matepuana Bo
BPEMEHU;

A - pasMepHbI NapameTp, YYUTbIBAOWMIA YOENbHYI0 MacCOBYH CKOPOCTb BbIrOpaHUs roptoyero
MaTepuana v nrowags noxapa, Kr/c";

Z - 6e3pasmepHbIii NapameTp, Y4YMTbiBalOLMiA HepaBHOMEpPHOCTL pacnpeaenernus OPI1 no BeicoTe
NoMeLLEHNS;

QH - HM3LWaga TennoTa cropaHna matepuana, MIpx/kr;

Cp - yaenbHas usobapHas TennoemMKoCTb AbiMOBbIX ra3oB, M[x/(kr-K) (qonyckaeTca npuHuMmaTh

paBHOW TEMNSIOEMKOCTM Bo3ayxa npu 45 °C);

@ - koadbpuumeHT Tennonotepb (MPUHMMAaETCA MO AAHHLIM CNPaBOYHOW NMTepaTtypbl, Npu
OTCYTCTBMM OaHHbIX MOXET ObITb MPUHAT paBHbIM 0,55);

M - KOSPDULMEHT NOMHOTLI ropeHus (onpegensetcs no gopmyne 16.9);

V - cBo60OOHbIV OOBEM NOMELLEHUS, M3;

a - K03 PULIMEHT OTpaXkeHNs NpeaMETOB Ha NyTAX 3BaKyaLuu;
E - HavyanbHasi 0CBEeLLEHHOCTb, I1K;

l,, - MPeaensHas AanbHOCTb BUAMMOCTY B AbIMY, M;
D,, - AbiMooGpasytoLuas cnocoGHOCTb ropsilero marepuana, Hm-m2/kr;
L - yAenbHbIN BbIXOA TOKCUUHbIX ra30B NPY CropaHum 1 Kr matepuana, Kr/kr;
3
X - MpeAenbHO [OMYCTUMOE COAEpXKaHMe TOKCUYHOTO rasa B nomellennn, KI/M~ (X, =0,11
krm3; Xoo =1,16-107° krim3; X, =23-107° kr/m3);
Lo, - yAenbHbIA pacxop Kucnopopa, Kr/kr.

Ecnu nog 3Hakom norapudma nonyyaeTcs oTpuuatenbHoe 4ucro, TO AaHHbii OPI1 He
npeacTasnsieT onacHoOCTW.

MapameTp z BbIYMCNAT Mo hopmMyre:
h h
Z :ﬁ.exp 1,4-ﬁ npu H <6 M, (M6.24)

roe h - Beicota paboyein 30HbI, M;
H - BbICOTa NOMELLEHMNSA, M.
OnpepenseTcs BbicoTa pabo4yer 30HbI:

h=h_+17-0,5-, (N6.25)

roe hm - BbICOTa NMoLafKku, Ha KOTOPOW HaxXoaAaTCs Moan, Haa NomNoM NoMeLLEeHUs, M;

0 - pasHOCTb BbICOT Mona, pasHasi HyIo Npyu ropM3oHTaNbHOM €ro PacronoXeHK, M.




CnepyeT vMMeTb B Buay, 4TO Haubosblue OMacHOCTM MNpu Moxape MoABeprawTcsa noau,
Haxopswmecs Ha Gonee BbICOKOW oTMeTke. [loaTomy, Hanpumep, npu onpeaeneHnn Heobxoammoro
BPEMEHU 3BaKyauuun niogern M3 naprepa 3pUTENbHOMO 3ana C HaKMOHHbIM NOofioM 3HayeHue h cnegyet
Haxo4WTb, OPUEHTMPYSICb Ha Hamboree BLICOKO pacrnosfioXeHHble psabl kpecen. MapameTpbl A M n
BbIYMCISIOT TakK:

ONsi cry4vast ropeHust XXMAKOCTU C YCTAHOBUBLLENCS CKOPOCTbHO:

A=y, -Fn=1,

roe Wy;l - yaelnbHaa MaccoBada CKOPOCTb BblIrOpaHUA XNOKOCTH, KI'/(MZ‘C);
Ona cnydaa ropeHunsa XXnakoctm c HeyCTaHOBI/IBLIJeIZCH CKOPOCTbIO:

A 087y, F
t

cm

n=15,

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

rae V - nnHenHasa CKopoCTb pacnpoCTpaHeHns nnameHu, m/c;

ANs BEPTUKaNbHOW UMM rOpU3OHTasrIbHON NOBEPXHOCTU FOPEHUs B BMAE NPSMOYronbHMKa, ogHa u3
CTOPOH KOTOPOro YBENMYMBAETCH B OBYX HaNpaBMeHUsX 3a CHET pacnpocTpaHeHns nnameHu (Hanpuvep,
pacnpocTpaHeHne OrHs B ropu3OHTanbHOM HamnpasneHuu No 3aHaBecy Mocre oxeaTta ero ninameHem no
BCEW BbICOTE):

A=y, -V-bn=2

roe b - nepneHAnKyNsipHbIA K HAaNnpaBreHWo ABWKEHUS NaMeHn pasMep 30Hbl FOPeHUs, M.
Mpwn oTcyTcTBMM cneumanbHbiXx TpeboBaHMM 3HavyeHus a n E npuHmumatrotca pasHbeivmn 0,3 n 50 nk

COOTBETCTBEHHO, a 3HauYeHue |Hp =20 wm.

IV. MaTemaTtnyeckas O0BYX30HHaA Moerlb noXapa B 34aHun

Mpu pelieHnn 3aday ¢ UCMONb30BAHMEM OBYX30HHOW MOZENW Moxap B 34aHUM XapakTepusyeTcs
yCpeAHEHHbIMM MO Macce U 0GbeMy 3HaUYeHUSIMU NapamMeTPOoB 3a4bIMIIEHHO 30HbI:
T - Temnepatypa cpefbl B 3a4bIMIIEHHOI 30HE, K;
MIO - orTMYecKas NIoTHOCTb AbiMa, Hn/wm;
X - MacCCoBasd KOHLI,eHTpaLU/IF[ i—TOI‘O TOKCHUMUHOTI'O npo;:[yKTa I‘OpeHI/IH B
i
Sa,ILBIMﬂeHHOIz 30HE, KI‘/KI‘,’
X - MaccoBas KOHLEHTpaluusa KUCJopoma, KI'/KT;
K
Z - BbICOTa HWXKHEW rpaHuLbl criost apiMa, M.
B cBol ovepedb nepedyvcrieHHble MapamMeTpbl BbIPaXalTcs 4epe3 OCHOBHble WHTerpanbHble
napameTphbl 3a4bIMIEHHON 30HbI C MOMOLLbIO CrieayroLLImMX opmMyn:

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




i K
X = --, X = --, (I16.27)
i m K m
S
MO = —--—, (116 .28)
\Y
b
Y
m I
po = --, Z =H - ——, (I16.29)
\Y A
bif
rme m, m - ofmwas Macca IOeMa M COOTBETCTBEHHO 1-T0 TOKCHMYHOTO NPOOYKTa
i
TOpEeHMsa B 3aIObIMJIEHHOM 30HEe, KI';
m - Macca KMCJopoIa B 3ambMJIEHHOM 30He, KI';
K
Q - »PHTaNbIMA NPOOYKTOB TOPEHMS B BaObMIIEHHOM 30He, KIX;
3
S - omnTMUeckoe KOJIMUeCTBO mOuMa, Hm X M2;
PO - IJIOTHOCTL mOeIMa Npu Temrnepatype T, Kr/m3;
V - obbeM 3ambIMJIIEHHOM 3OHEBl, M3;
pas
H, A - BECOTa M IJIOWanb IIOMEIEeHUSd, M;
C - yIeJjibHad TeIUJIOeMKOCTb mnemMa, kIx/ (K X kD).
p

[vHaMmnka  OCHOBHBbIX MHTErpanbHbIX MNMapamMeTpoB 3a4bIMMEHHON  30HbI onpegenaeTca
MHTErpnpoBaHnMeM CUCTEMbI CriegyrLnx ©anaHcoBbIX ypaBHeHMVI:

obLen Mmaccbl KOMMNOHEHTOB 3a4bIMITEHHOW 30HbI C y4€TOM [AbiMa, BHOCMMOIO B 30HY KOHBEKTMBHOM
KOFTOHKOW 1 abiMa, yoandaemoro 4yepes npoemMbl B cocegHNUE NOMeLLEHNA:

dm
- =G -G, (ITe.30)
dt K I
roe t - Tekyllee BpeMmdA, C;
G , G - MaCCOBEM pacxoI IObMa COOTBETCTBEHHO Uepes KOHBEKTMBHY KOJIOHKY
K II

W OTKPBITEIE IIPOEMEl B IIOMEUeHUN, KI‘/C,‘
3HTaNbNNA KOMMOHEHTOB 3a4bIM/IEHHON 30HbLI C y4yeToM Tenna, BHOCUMOIo B 30HY KOHBEKTMBHOM
KOJTOHKOW, TeNnooTAa4n B KOHCTPYKUUN N YHOCa ObiMa B NPOEMbI:

do
--=0Q0 -0 -2Q ’ (I16.31)
dt K 1 KOH

roe Q , Q , 0 - TernJjioBasd MOIHOCTL, COOTBETCTBEHHO BHOCHUMAas B

K II KOH
3anbIMJIEHHYI0 3O0HY KOHBEKTMBHOM KOJIOHKOM, YyIajideMas C IEIMOM udepe3 OTKPEHITHE
IPOEMEl M TepsdeMas B KOHCTPyKUuM, KBT;
MaccChbl Kucnopoaa c y4eTom notepb Ha OKUCIeHne NpoayKToB NMposin3a ropro4vmnx seLlecTBs:




dm,,

=0,23-(G,—n-y-L, )—x, -Gy, (N6.32)
(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

T - NONHOTa CropaHnsa roproYero Matepuana, Kr/kr;
(B pea. Npwukasa MYC PO o1 12.12.2011 N 749)
\ - CKOPOCTb BbIrOPaHWA roproyero Mmatepuana, Kr/c;
(B pea. Npukasa MYC PO o1 12.12.2011 N 749)
L, - notpebrenve k1cropoha Npy CropaHi eanHULLI MacChl FoproYero Matepumana, Kr/kr;

(B pea. Mpukasza MYUC P® o1 12.12.2011 N 749)
ONTUYECKOro KonnyecTsa AbiMa C y4eToM AbIMoobpasytoLlen cnocobHOCTU ropsiLLero matepmana:
(B pea. Mpukasza MYUC P® o1 12.12.2011 N 749)

E:a,//-Dm —G, £ (me.33)
dt p

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

rae D,, - abiMmooBpasyowas cnocobHocTs roprodero matepuana, Hn/(m2-kr);

(B pea. MNpukaza MYUC P® o1 12.12.2011 N 749)
Macchbl i-ro TOKCUYHOTO NPOAYKTA FOPEHUS:

dm
i
--—— =qncuw x L - x x G, (I16.34)
dt i i I
rme L. - MACCOBHM BHIXOI 1-T'0 TOKCHMUHOTO MNPOOYyKTa TOPEeHMs, KI'/KI.
i
Macca KOMIIOHEHTOB JeMa G , BHOCKUMEX B S3aIHMJIEHHYK 30HY KOHBEKTUBHOM
K
KOJIOHKO, OlLleHMBAETCH c yyeToM KOJMUYeCcTBa BO3IyXad, BOBJEKAEMOTO B
KOHBEKTMBHYK KOJIOHKY TIIO BCEM €€ BHCOTE IO HMWKHEeM TI'PaHMUB CJIOS IbBMa. B
MHXEHEPHEIX pacueTax pacxon KOMIIOHEHTOB ObMa uYepe3 OCEeCHUMMETPUUHYIO
KOHBEKTUBHYI KOJIOHKY Ha BBCOTE HMXHEI'O YPOBHS SBaIbBIMJIEHHOM 30HE Z (B
3aBUCYMOCTU oT TOTrO, kakasa o06JjlacTb KOHBEKTUMBHOM KOJIOHKM MM Odakesa

IOTPYyXEeHa B 3aIbIMJIEHHYIO 30HY) 3aldaeTcsda IOJIySMIMPUUECKOM GOopMyJIoNn:

Zz 0,566
0,011 x Q0 x (———-) oysa objnacTu dakelia
2/5
Q
z 0,909
G = <0,026 x Q x (———-) IoJig [epexonHoM objacTu (I16.35)
K 2/5
Q
Z 1,895
0,124 x Q x (———-) oJis obJjacTU KOJIOHKH,
2/5




roe Q - MOLWHOCTL o4vara noxapa, kBT.

IdnHamuka napameTpoB o4yara no)kapa onpenenseTcsi pasBUTUEM NNoLWaan FOPeHUs C y4eToMm
CMNOXHOrO COCTaBa roptoyMx MaTepuanoB, MX PacriofioXeHWUsi, MecTa BO3HMKHOBEHMSI o4yara noxapa u
MOSHOTbI CropaHus:

Q=7n-v,-Q,-F(t).(n6.36)
(8 pea. Mpukasa MUC PO ot 12.12.2011 N 749)

[loTepu Ternsa B orpaxianmye KOHCTPYKLMM PaCCUMTHBATCS C Y4YETOM
TeMnepaTypsl Topddeit cTpyu T , CKOPOCTM M M3JIydaTeJIbHOM CIOCOOHOCTM CTPYyH,
c
OMHIBAKIEY KOHCTPYKLMM UM IPOTpPeBa caMo¥ 1-¥ KOHCTpykumm T (y) IO TOJIIMHE V.
i
IJIsT ®TOTO UMCJIEHHO MHTETIPUPYEeTCs HeCTalMOHAPHOE ypaBHeHue Oyphbe:

dT (y) d mambna (T) x dT (y)

—————— . T e (6.37)

C rpaHN4YHbIMU N Ha4YallbHbIMU YCINOBUAMMW:

dT (y)
i
(ampda + aypda ) x (T - T ) = -maMbma X —--————-— , (I16.38)
K J c W W dy
y=0
dT (y)
i
(ampda + ambda ) x (T - T (menbra)) = -aambma(T) x —-————-— , (I16.39)
K J 0 i dy
|y:neana
T (O,y) =T , 0 <=y <= genbra, (I16.40)
i 0
roe anbba , anbda — COOTBETCTBEHHO KOHBEKTMBHHEIM M JIYUUCTEIN KO3QbMLMEeHT
K J

Tenmoormaur, Br/ (M2 X K);

AenbTa - TOMNWWHa orpaxaatoLent KOHCTPYKLUNUA, M;

C(T) - TennoemMKoCcTb MaTepuana KoOHCTpyKuuu npu Temnepatype T(y), Ox /(kr2 x °K);

nambaa(T) - TennonpoBOAHOCTb MaTepuarna KOHCTpyKummn npu Temnepatype T(y), Bt/(m x °K);

T, T - TeMInepaTtypa COOTBETCTBEHHO OOOTpeBaeMOM YacTyM KOHCTPYKLUM U

w 0
cpenbl y HeoboTI'peBaeMoM IIOBepxHOCTM, K;

PO - MOTHOCTb MaTepuana KOHCTPYKUUN, Kr/M.

TennoBble U MaccoBble MOTOKM Yepe3 MPOoeM B KaKAbli MOMEHT BPEMEHW paccyUTLIBAOTCH C
y4eTOM TeKyLlero nepenaga gasneHus no BbICOTE NpPoeMa, cocTasa U TemrnepaTypbl ra3oBon cpefbl No




o6e CTopoHbI Npoema (cxema pac4yeTta Ha puc. [16.1). Tak, MaccoBbIii pacxod AbiMa U3 NOMEeLLEHUs oyara
noxapa B COCeHee NoMeLlLeHne paccumTbiBaeTCs Creayrowmnm obpasom:

Y

max  =—=—————memm e
G = B x kcu x mHTerpas \/2 x po x (P(h) - P (h)) x dh, (116.41)
II Y 2

min

roe B - wupuHa npoema, wm;
KCW - a3poanHaMmn4eckuin KoadpumumeHT npoema;
P(h) - P (h) - pazHuua HDaBJIeHMN B I[IOMEUIEHMAX Ha BHCOTe h;
2
PO - NNIOTHOCTb AbiMa B 3aD,bIMJ'IeHHOI7I 30HE coceaHero nomMelweHna npun temnepartype abima T.

Pwuc. 16.1. MacconoTokn 4yepes npoem (He NpMBOANTCS)

[Ipenesiel MHTETPUPOBaHMA Y nyY BEIOMPAKTCA B Npenejiax CTBOpa IpoeMma,
max min
cyiosa IOBeIMa [IOMelle S ouara Imoxapa ¥ TaM, TOe u30HTOUHOE IaBJIEHUE
Oenvra P = (P(h) - P(h) ) > 0, xak »TOo ykKaszsaHO Ha puc. I6.1.
2

Heobxogumasa gns oueHKkn nepenaga gaBneHusa No CTBOPY MpoemMa 3aBUCUMOCTb LaBrieHus oOT
BbICOThI B i-M MOMELLEHMM (C Y4EeTOM 3a4bIMIIEHHOM 30HbI 3TOMO MOMELLEHUS) OLLEHUBAETCS Kak:

P —p -0-h ectmh<Z
P(h)=1 " Po 8 ', (N6.42)
Po—0,-9-Z —p;-g-h eciuh>Z

(B pea. Npukaza MYC P® o1 12.12.2011 N 749)

roe P - TekKyllee IJaBJIeHMEe B 1-M IIOMeEUIeHMM Ha HYJIEBOM OTMeTKe (UIu
i0
IpMBEeIEHHOEe K HYJIEBOM OTMEeTKe, €eCJM YyPOBEHb IIoJjla IIOMEUleHMsS Bhlle HYJIeBOM
OTMETKM) ;
PO - IUIOTHOCTbL BO3IOyxa IIpPM HadaJIbHOM TeMiepaType T ;
0 0
7 - TeKylas BBEICOTA He3aNOHMJIEHHOM 3O0HE B 1-M INOMEIEeHUN.

i
PaccuntaHHble napamMmeTpbl TennoMmaccoobmeHa B npoemMe NUCnosib3yrTCA KaK rpaHn4YHble YyCITioBUA
ana cocegHero nomelleHuns.

V. MNonesoin MeToa MOAENUPOBaHUSA NoXapa B 3g4aHun
OcHoBOM aOnsa noneBblX MOLENEN MOXapoB SABMSATCA YpPaBHEHWs, BblpaXkalllMe 3aKOHbI
COXpaHeHMs1 Macchbl, UMMynbCca, S3HEPrN U MacC KOMMOHEHTOB B pacCMaTPUBAaEMOM MarioM KOHTPONbHOM
obbewme.
YpaBHeHMe coxpaHeHusi Maccehbl:

dpo d
-—— + -——— (po x u ) = 0. (116.43)

YpaBHeH ne coxpaHeHua nMmnynbca:




-— (poxu) +-— (pOXU xXUu) =- ——+ —————— + po x g . (I16.44)

ONs HbIOTOHOBCKUX >KWMOKOCTEN, MOAYMHAIOLMXCS 3akoHy CTOKCa, TEH30p BS3KMX HaMNPsPKEHWUN
onpeaensieTcs opmMynon:

du du du
i 3 2 k
Tay = MO X (—-—— 4+ -—-=-) - - X MO X ——-—- X @»gejbTa . (I16.45)
ij dx dx 3 dx ij
J i k
YpaBHeHuWe 3Hepruu:
R
dq
d d dp d sambna dh Jj
-—(po x h) + -———(poxu x h) = -+ ——(-—————- X —-==) - -=-=, (I16.46)
dt dx 3 dt dx c dx dx
] J p J J
T
roe h = h + wmHTerpanm ¢ dT + SUM (Y x H ) - craruueckas DHTAJLINSA
0 T P k k k
0
cMecu;
H - Tensora of®paszsoBaHMa Kk—-I'O KOMIIOHEHTA;
k
c = SUMY x c — TEeIJIOEMKOCTbL CMeCHU IIPU [NOCTOAHHOM IOaBJIEHUN;
P kK k p,k
R
d - paIvMaluMOHHBINM NOTOK SHEPI'MM B HaAIpPaBJIEHUM X .
J J
YpaBHeHme COXpaHeHnAa XMMn4eckoro KOMrnoHeHTa k:
dy
d d d k
-—-(poxY) + -——(poxu xY)=-—(po xDx -—-) + S . (I16.47)
dt k dx 3 k dx dx k
J J J

Ona 3amblikaHua cuctembl ypasHeHun (I16.43) - (16.47) ucnonb3yetcs ypaBHEHWE COCTOSHUS
ngeanbHoro rasa. [ing cmecu ra3oB OHO MMeET BUA;

Y
k
p=pro xR xTzx SUM --, (I16.48)
0 k M
k
rne R - yHuBepcajibHas TraszoBas [OCTOSHHASA;

0




M - MoJigApHas Macca k-To KOMIIOHEHTA.
k

3apeructpupoaHo B MuHnctepctae HOctuumm PO 6 asrycta 2009 r. N 14486

MWHUCTEPCTBO POCCUACKOW ®EOEPALINY MO AENAM MPAXAAHCKOW
OBOPOHbI, YPE3BbIYAAHbIM CUTYALIMAM U NUKBUOALUU
NOCNEONCTBUA CTUXUNHbIX BEOCTBUN

NMPUKA3
ot 30 uroHa 2009 r. N 382

OB YTBEPXXOAEHUN METOOUKU
ONPEAENEHUNA PACYETHbIX BEJIU4YUH NOXXAPHOIO PUCKA B 30AHUAX,
COOPYXEHUAX N CTPOEHUSAX PA3JIUYHbIX KITACCOB ®YHKLIMOHAIIbHOMN
MOXAPHOW OMACHOCTH

B cootBetctBUM c PegepanbHbiM 3akOHOM OT 27 gekabpsa 2002 r. N 184-93 "O TexHuyeckom
perynupoBaHun" <*> u NMoctaHoBneHnem lNpasutensctea Poccuiickon ®egepaumm ot 31 mapta 2009 r.
N 272 "O nopsiake NpoBeAeHMs1 pacyeTOB MO OLIEHKe MOoXapHOro pucka" <**> npukasbliBato:

<*> CobpaHue 3akoHogaTenbctBa Poccuickon ®enepauun, 2002, N 52 (vacts 1), cT. 5140; 2005,
N 19, cT. 1752; 2007, N 19, cT. 2293; 2007, N 49, cT. 6070; 2008, N 30 (4actb Il), cT. 3616.
<**> CobpaHue 3akoHogaTenbcTBa Poccunckon ®egepaumn, 2009, N 14, cT. 1656.

YTBepaouTb npunaraemyrd MeTOAMKY OfpeferieHnsi pacyeTHbIX BENWMYMH MOXaPHOMO pucka B
3[aHNAX, COOPYXKEHMSIX U CTPOEHUSIX Pa3NNYHbLIX KNaccoB (OYHKLMOHANbHOM NoXKapHOW ONacHOCTMY.

MwuHucTp
c.K.Luoury

MpunoxeHune
k Mpukazy MYC Poccun
ot 30.06.2009 N 382

METOZMKA
OMNPEQENEHUNA PACYETHbIX BEIMYMH MOXKAPHOIO PUCKA B 30AHUSX,
COOPYXXEHWSX I CTPOEHWUSAX PA3IIMYHbBIX KIACCOB ®YHKLIMOHANBHOWM
MOXAPHOW OMACHOCTU

|. ObLwue nonoxeHus

1. Hactosdwaa metoauka onpefeneHns pacyeTHbIX BeriMYMH MNOXapHOro pucka B 30aHUSX,
COOPYXEHUSIX U CTPOEHUAX PasfMYHbIX KNacCoB (OYHKLMOHANBbHOM MOXAapHOW OnacHocTM (ganee -
MeToavka) ycTaHaBnMBaeT MOPSAOK OMnpedeneHnsl pacyeTHbIX BEITMYMH MOXaPHOro pucka B 30aHUSX,
COOPYXXEHUSAX U CTPOEHMSAX (Oanee - 3gaHne) 1 pacnpocTpaHAeTCs Ha 34aHus KNaccoB YHKLMOHaNbHOM
NoXXapHOM OMacHOCTHU:




®1 - 3gaHus, nNpegHasHayeHHble AN MOCTOSIHHOrO MPOXWBAHUS U BPEMEHHOro MnpebbiBaHUS
nogen, B TOM Y1che:

a) ®1.1 - 30aHNA OEeTCKUX OOLUKOJSIbHbIX OBpa3oBaTernbHbIX YYpeXAeHWN, Cneunanm3npoBaHHbIX
OOMOB MnpecTapernbiX U MHBanuaoB (HEKBaApTUpPHbIE), BONbHULI, CnarnbHble Kopryca obGpa3oBaTenbHbIX
yyYpexaeHUn MHTEPHaTHOrO TUMa U OEeTCKUX yYpexaeHui;

6) ®1.2 - rocTMHULBI, OBLLEXNTUS, CNarnbHbIEe KOpryca caHaTOpUeB 1 JOMOB OTAbixa obLero Tuna,
KEMMWHIOB, MOTENEen U NaHCUOHATOB;

B) ®1.3 - MHOroKBapTMpPHbIE XWMble A0OMA;

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

®2 - 3gaHnA 3penmLLHbIX U KyNbTYPHO-NPOCBETUTENBHBIX YYPEXOEHWI, B TOM YMCHE:

a) ®2.1 - TeaTpbl, KNHOTEATPbl, KOHLEPTHbIE 3arnbl, KNyObl, LUMPKA, CMOPTUBHBIE COOPYXEHUSI C
TpubyHamn, OuBNMOTEKM W JApyrve y4pexaeHus C pacyeTHbIM YWCIIOM MNOCadOoYHbIX MeCT Ans
noceTuTenemn B 3aKpbITbIX MOMELLEHUSIX;

6) #2.2 - my3en, BbICTaBKK, TaHUeBasbHble 3anbl U Apyrve nofobHble yYpeXOeHUs B 3aKPbITbIX
NOMEeLLEHUSIX;

B) #2.3 - TeaTpbl, KNHOTEATPbI, KOHUEPTHbIE 3anbl, Kydbl, LUUPKK, CMOPTUBHbLIE COOPYXEHUS C
TpubyHamn, OmMbNMoTekn w Jpyrue YyypexgeHuss C pacyeTHbIM YUCIIOM MNOCAaLOYHbIX MeECT Ans
noceTUTenen Ha OTKPbITOM BO3OYXE;

r) 2.4 - myseu, BbICTaBKK, TaHUeBarbHble 3anbl U Apyrve nogobHble yupexaeHus Ha OTKPbITOM
BO34YXe€;

®3 - 3gaHna opraHnsauun No obCny>KMBaHUIO HAaCeNeHnsi, B TOM Y1CHE:

a) ®3.1 - 3gaHmsa opraHn3auun TOproenu;

6) 3.2 - 3gaHna opraHn3aLmn oOLLEeCTBEHHOIO NUTaHNS;

B) ®3.3 - Bok3ansl;

r) ®3.4 - NONUKNMHUKM 1 amBynaTopuu;

) ©3.5 - nomelleHna ona noceTuTenen opraHnsaumn 6bITOBOrO U KOMMYHANBHOIO 0BCNYy>XUBaHUS
C HepacyeTHbIM YMCMOM NOCaA04HbIX MECT AN NOCETUTENEN;

e) 3.6 - PU3KynbTYpHO-0340POBUTENbHbBIE KOMMIEKCHI U CNOPTUBHO-TPEHUPOBOYHbBIE YYPEXAEHNS
C nomMeLleHusamun 6e3 TpnbyH ansa 3putenen, ObiToBble NOMeLLEeHUs, 6aHu;

®4 - 30aHMA Hay4dHbIX U 0Bpa3oBaTeNibHbLIX YYPEXOAEHUN, HAay4YHbIX U MPOEKTHbLIX OpraHu3auun,
OpraHoB yMpaBieHUs yuYpEeXaeHUn, B TOM YuChe:

a) ®4.1 - 3gaHms  obweobpasoBaTernbHbIX YYpeXOeHWn, obpasoBaTefbHbIX YYpexXaeHun
AOMOJSTHUTENBHOTO obpa3soBaHus aeten, obpaszoBaTenbHbIX yyYpexaeHumn Ha4yanbHoOro
npodeccUoHanbLHOro 1 cpegHero NpodeccrMoHansHoro obpasoBaHus;

6) ®4.2 - 3paHMa obpasoBaTeNbHbIX YUYPEXAEHUI BbICLLIErO NMPOogecCcnoHanbHoro obpasoBaHms 1
AOMNOJSTHUTENBHOIO NpodeccnoHanbHOro 06pasoBaHus (NOBbILIEHUS KBaNMdUKaLumn) cneLmanmcTos;

B) ®4.3 - 30aHUA OpraHoB ynpaeneHus ydpexaeHuin, NPOEKTHO-KOHCTPYKTOPCKUX OpraHusauuin,
WHPOPMALIMOHHBIX N peaakLMOHHO-U3aaTENBCKUX OpraHM3aL i, Hay4YHbIX opraHnsaumi, 6aHkKoB, KOHTOP,
0ou1COB;

r) ®4.4 - 3paHna noxapHbIx 4eno.

2. PacyeTbl N0 OLEHKEe MOXapHOro pyUcka NpOBOAATCS MYyTEM COMOCTABMEHUS PaCYETHbIX BEMUYUH
NMoXapHOro pucka C HOPMAaTUBHbIM 3HAYEHMEM MOXAPHOrO pucka, ycTaHoBreHHoro ®depepanbHbIM
3akoHOM oT 22 wuong 2008 r. N 123-®3 "TexHudeckuin pernameHT O TpeboBaHMAX MOXapHOW
OesonacHocTn" <*> (ganee - TEXHNYECKUIA PEFMAMEHT).

<*> CobpaHnwue 3akoHoaaTtenbcTBa Poccuiickon ®egepauun, 2008, N 30 (vactb 1), cT. 3579.

3. OnpepeneHune pacyeTHbIX BENUYMH NOXapHOro pUcka oCyLLecTBNAeTCA Ha OCHOBaHUN:

a) aHanu3a noXxapHon ONacHOCTU 30aHuiA;

0) onpegeneHns 4acToThl peanusaunm NoXapoonacHbIX CUTyauun;

B) MOCTPOEHMS NOJien onacHbIX OakTOpPOB NoXapa Ans pasnuyHbIX CLLIEHAapUEB €ro pas3BuUTuS;

) OuUEeHKM MOCMeACTBUMA BO3AENCTBMS OMAacHbIX (DaKTOPOB MoXapa Ha ngen And pasnunyHbiX
CLEeHapuWeB ero pasBuUTus;

) Hanmumns cuctem obecnedeHns NoXkapHonm 6e30nacHOCTU 30aHNN.




4. OnpegeneHve pacyeTHbIX BENWYUH MOXapHOrO pucka 3akmnwyaetcd B pacuyeTe
WHAMBUAYANbHOIO MOXapHOro pucka AN XWMbLOB, NepcoHana v nocetutenen B 3gaHun. YncneHHbIm
Bblpa)X€HMEM WHAMBUOYaNbHOrO NOXAPHOrO pucKa SIBASIETCA 4YacToTa BO34EWCTBUSI ONacHbIX (hakTopoB
noxapa (ganee - O®I1) Ha YenoBeka, Haxogdwerocs B 3gaHuu. NepeyveHb OPI1 ycTaHoBREH ctaTben 9
TexHn4eckoro pernameHTa.

5. Yactota Bosgencteua OO®PI1 onpepensetcs AnNd MNoXapoonacHoOW cuUTyauun, KoTopas
XapakrepusyeTcs HanbonbLuen ONacHOCTbIO NS XXU3HU U 300POBbS MN0AEN, HAXOAALWMXCSA B 34aHUN.

6. [Ana uenen HacToAwen MeToauKkn UCNONb3YHTCHA OCHOBHbIE MOHATUS, YCTAHOBIMEHHbIE CTaTben
2 TexHn4eckoro pernameHTa.

[I. OcHOBHbIE pac4eTHble BeJIMYNHbI HOMBUAOYaJ1bHOIo
NnoXXapHOoro pucka

7. iHanBmayanbHbIN NOXapHbIA pUCcK oTBeYaeT TpebyeMomy, ecrnu:

roe Q - HOPMATVMBHOE SHaA4YeHue MHINBMIOYAJIBHOTI'O IIOXAaPHOT'O pucka,

Q — PpacCueTHaAd BeJIMYMHA MVMHIMBJYIOYAJIBHOI'O IIOXAaPHOIT'O PMCKa.

8. PacueTHasa BeJIM4YMHa MHINBUIOYAJIBHOTI'O IIOXapHOTI'O pucka Q B KaXIaooM
B
SBOAHVNM PACCUMTBEIBAETCHA II0 @opMyne:

0 =0 x (L-R )xP x(L-P)x (L-P ), (2)

roe Q - JacToTa BO3HMKHOBEHUA I1oxapa B SOaHUM B TedyeHme roma,

onpenesyigeTCcsa Ha OCHOBAHMM CTATUCTUUECKMUX IAHHBIX, IPUBEINEHHBIX B NpuUJIOXeHUM N
1 x HacTodAmeMm MeTomukKe. IlIpM HaJIMUMM IOaHHEIX O KOJIMUECTBe JIoIel B 3IaHUMU
HeOoOXOOMMO MCIIOJIb30BAaTh YTOUYHEHHYI OLEHKY, a IPpUM MX OTCYTCTBUM — OLIEHKY B
pacueTe Ha OOHO YyupexieHue. IlpM OTCYTCTBMM CTATUCTMUUECKON MHOOpMaLUM
-2
nonyckaerTcs nOpuHmMats Q = 4 x 10 oJa Kaxnoro 3naHusa. OLeHKYy YacCTOTHBIX
I

XapaKTEepPUCTUK BO3HMKHOBEHMA I[OXapa TaKXe INONyCKaeTCH BBIIOJHATH MCXOOA U3
CTATUCTUUECKMX HOAaHHBIX, NYOJIMKYeMBEX B HAY4YHO-TEXHMYECKOM XypHaJse "lloxapHasa
OeszonacHoCTL";

R - BEepOATHOCTb »0PeKTHMBHOTO cpabaTHBaHMUSA YCTAaHOBOK aBTOMAaTUUECKOIO

an
IOXapOTYIEeHNA (masnee - AYIIT) . 3nHaudueHMe napamerpa R omnpernesdgeTcda
an
TEXHUUECKOM HaIeXHOCTBIO BJIEMEHTOB AYIT, IPUBOIOVMEIX B TexXHUUYEeCKOMU
IOOKyMeHTauum. [Ipu OTCYTCTBUM CBEeIEeHUM [0 INapaMeTpaM TeXHUUYECKOM HaIeXHOCTU
IomnycKaeTcs IPUMHVMATH R = 0,9. Ipu OTCYyTCTBMM B 3IOAHUU CUCTEM
an

aBTOMATUUECKOTO NOXapoTylWeHusa R IIPUHYMAETCS PaBHOM HYIJIO;




amn
P - BEPOATHOCTL MNPMUCYTCTBMSA JIoOey B 3OaHuUM, oIopenejsgeMas U3
np
COOTHOWeHua P =t / 24, 1me t - BpeMd HaxXxOXIeHud JIoIel B 3I3aHUU
np bynxi bynxi
B 4Yacax;
P - BEepOSATHOCTL BBakKyaluy JIOOEN;
3
P - BEPOATHOCTb 30PeKTUBHON PaBbOTH CUCTEMH NPOTMBOIOXAPHOM BallMTEH,
o.3
HalpaBJIEHHOM Ha obecrneueHue ©Oe30MIACHOM »BakyalUMM JIOOeM IIpM Ioxape.
9. BeposdaTHOCTHL 5BBaKyaluy P pacCumMTHBAT 10 dopMmyJie:
3

—————————————— , eccim t < 0,8 x t < t + t n t <= 6 MUH.
t P o P HD CK

e} 0,999, ecomm t + t <= 0,8 x t u t <= 6 MUH.
P HD o CK

0,000, ecim t >= 0,8 x t unu t > 6 MMH.,
o) o CK

roe t - pacueTHOe BpeMs »SBaKyaluM JIOOEV, MUH.;
p
t - BpeMs Hauvajla sBakyaluu (MHTEepBaJl BPEMEHM OT BOBHMKHOBEHMSI IIOXapa
HD
IO HauvaJla BBaKyaluuu JIoOew), MUH.;
t - BpeMa OT Hauajla [oxapa 0o OJOKMPOBAHMSA DBaKYalMOHHEIX NIyTeM B
611
pesyJbTaTe paclIpoCcTpaHeHMd Ha Hux OOCI, uMenlMX OpenesibHO NONYyCTUMBE IJIS
Jionelr 3HaueHud (BpeMsa OJIOKMPOBAaHUA NyTeM 3Bakyaluu), MUH.;

t - BpeMda CYWEeCTBOBAHMSA CKOIJIEHMM JIOOEM Ha ydacTKax OyTM (IIJIOTHOCTb
CK
JIOOCKOTO IOTOKa Ha MNyTAxX SBakKyaluuuM npebblnaeT 3HadeHue 0,5).
10. PacueTHOE BpeMsa 5SBakyaumum Jojer t 13 [OMEUeHUNM U 3OaHUM’
P

onpenejsidercd Ha OCHOBE MOIEeJIMPOBaHMA OBUMXEHUA mo,ueﬁ OO BEIXODAa HapyxXxy OIOHVM
n3 CJenyomyx CIOCODOB:

Mo YMpOLEHHOW aHanUTUYEeCKON MOAEeNnu [ABWXEHUSA JOACKOro MoToka, MpuBefeHHON B
npunoxeHun N 2 k HacToswen MeTtoguke;

no maTemMaTuU4eckoM MoAernv WHANBUAYanbHO-MOTOYHOrO [ABWXEHUS nogen u3  3gaHus
npueegeHHon B npunoxernun N 3 k HacToswen MeToauke;

no WMMUTALMOHHO-CTOXaCTUYECKON MOAENU [OBWXKEHUS JIIOACKMX MOTOKOB, MNpUBEOEeHHOW B
npunoxeHun N 4 k HacToswen MeTtoauke.

Beibop cnocoba onpegeneHnss pac4yeTHOr0 BpPEMEHM 3BaKyauun MpPOU3BOAUTCA C  Y4ETOM
cneumduryecknx ocobeHHocTel 06bEMHO-MNaHMPOBOYHBIX PEeLUeHWU 34aHus, a Takke OocobeHHocTew
KOHTUHreHTa (ero o4HOPOAHOCTU) NoAen, HAXOOSALWMNXCSA B HEM.

Mpn onpepeneHWn pacvyeTHOro BPEMEHU 3BaKyaLUW YYUTHLIBAOTCH [aHHble, MNpUBEAEHHbIE B
npunoxeHnn N 5 k HacTtosiwen MeToauke, B YACTHOCTU MPUHLMNLI COCTaBMEHUS PaCYETHON CXeMb




3BaKkyauuu niogen, napaMmeTpbl OBWKEHUS TIOAEN pasfnUYHbIX FPynn MOOWUNBHOCTY, a Takke 3HaYeHUs
nnoLagen ropu3oHTanbHbIX NPOEKLMIA Pa3NIMYHbLIX KOHTUHIEHTOB NOOEN.

Mpn npoBedeHWn pacyeToB CcriegyeT TaKke YyYuTbiBaTb, YTO MpM Hanmuvuum OByxX M Oonee
3BaKyaLMOHHbIX BbIXOAOB 00OLLas NponyckHasi CNocoBHOCTb BCEX BbIXOOOB, KPOME KaXAoro ogHOro u3
HUX, JomkHa obecneunTb Be30nacHyo 9BaKyaumio BCeX Moaen, HaXOASLWUXCS B NOMELLEHUN, Ha STaxe
N1 B 30aHUN.

11. BpemMma Hauajna BBakyauumum t onpenesyiieTcsa B COOTBETCTBUM C IIYHKTOM 1
HD
npunoxeHusa N 5 Kk HacToswelr MeTonuke.
12. Bpemsa OJOKMPOBaAHMUA NyTeM sBakyauum t BHIUMCJIIETCS IIyTeM pacueTa
o1

BpeMeHU nocTmxeHus OOl mpelejlbHO IOOINYyCTHMMEIX SBHAUEHMM Ha DBaKyalMOHHEX IIYyTAX
B pas3JIMUHHE MOMEHTE BpeMeHM. [lopAOok MNPOBeIeHUS pacueTa M MaTeMaTUudeckue
MOIeJIM NOJid OIpeneJieHMs BpeMeHM OJIOKMPOBAaHMSA INIyTe¥ BSBakyaluuM OllaCHBEMU
bakTopaMM moxapa IPMBENeH B NpuiioxeHur N 6 K HacTodmey MeTonauke.

13. BeposaTHOCTb 3bbexTMBHOM paboOTH CUCTEMBl NPOTMBOIOXaPHOM 3amMTH P,

ns

HaNpaBJIEHHOM Ha obecrnedeHue 0Oe30MNaCHOM B»BaKyaluM JIOOEM, PaCCUMTEIBAETCS I10
dopmyie:

P =1- (1 -R x R ) x (1 - R x R ) (4)
13 o6H COoY3 o6H nns
roe R - BepoOATHOCTL 5bdexTUBHOTO CcpabaTEBaHMSA CUCTEMEl [IOXAPHOM
0o0OH
CUTHaIM3auMM. 3HaueHMe IIapameTpa R onpenesyiseTCcsda TEXHMUECKOM HAaIeXHOCTLIO
00OH
BJIEMEHTOB CUCTEMH IOXapHOM CUTHaIM3auuu, IPUBOIMUMEIX B TEeXHUUYECKOMU
OOKyMeHTauumu. IIpu OTCYTCTBMM CBEIEHMM IO IapaMeTpaM TEeXHMUECKOM HaIeXHOCTHU
OonyCcKaeTcsa IPMHMMAaTb R = 0,8;
0o6OH
R - YCJIOBHAA BEPOSATHOCTL 20OeKTMBHOTO cCcpabaTHBaHUSA CUCTEMEL
Coya
OIIOBEleHUI Jnen O Ioxape M YylpaBJjieHMa sBaKyalueM Jiomey B Cclydae
50bexTUBHOTO cpabaTEBaHMS CUCTEMEl IOXAaPHOM CUITHaIM3aLUML;
R - yCJIOBHAS BEPOSTHOCTb 50bexTUBHOTO cCcpabaTEBaHMS CUCTEME
nns

OPOTMBOOEIMHOM 3alMUTH B ciydae »50QeKTMBHOTO cpabaTHBaHUSA CUCTEMEl IIOXAPHOM
CUTHaIM3alun.
[lopamok OULeHKM [napamMerpoB R ; R n R npueeneH B paszese IV
OOH Coya a3
Hacrosmeyn MeTOOUKM.

[ll. Tlopspaok npoBeAeHUs pacyeTa MHAMBUOYANbHOMO
noXapHOoro pucka

AHaﬂM3HOXBpHOﬁOﬂaCHOCTM3ﬂaHMH

14. [Ins npoBegeHuss aHanmM3a MoXXapHOW OMaCHOCTU OCYLLECTBSeTCA cOOp AaHHbIX O 34aHWM,
KOTOPbIN BKIOYaET:

00BbEMHO-MMAaHMPOBOYHbIE PELLEHUS;

Tennodunanyeckne xapakTepUCTMKN OrpaXkaatoLLMX KOHCTPYKLUUIA U pasMeLLeHHoro obopynoBaHums;

BMA, KOSIMYECTBO M pasMeLLeHne roproumnx BeLecTs U MmaTepuarnos;

KONUYECTBO U MeCTa BEPOSATHOIO pasMeLLeHNs Nioaen;




CUCTEMbI MOXAPHOW CUrHanmMsauuu 1 MNoXapoTyLEeHUsl, NMPOTUBOABLIMHOM 3aLlnThl, OMOBELLEHMS
noaen 0 noxape n ynpasneHns aBakyaumen niogen.

15. Ha ocHoBaHMM Nony4YeHHbIX aHHbIX NPON3BOAUNTCS aHanmn3 NOXapHOW ONacHOCTU 34aHus, Npu
3TOM YYUTLIBAETCH:

BO3MOXHasi AMHaMu1Ka pas3BMTUSA NOXapa;

COCTaB U XapaKTepUCTUKN CUCTEMbI NPOTUBOMNOXKAPHOW 3aLLUThI;

BO3MOXHbI€ NOCNeACTBMSA BO3AENCTBUS NOXapa Ha NoAen U KOHCTPYKUMM 34aHus.

OnpeaeneHve 4acToTbl peanvaaunm noXxapoonacHbIX CUTyaLni

16. YactoTa peanusaummM NoXxapoonacHbIX CUTyauUWUin onpedenseTca 4acTOTOM BO3HWKHOBEHUS
noxapa B 3gaHunM B TevyeHue roga. [lopsaok onpefeneHns 4acToTbl BO3HMKHOBEHUS MoXapa B 34aHumn
npusegeH B pasgene |l HacToswen Metoanku.

lMocTpoeHme nonewn onacHbix hakTOPOB NoXapa ANng pasnuyHbIX
CueHapueB ero passuTust

17. [Ona nocTpoeHuWst nonenm onacHbiXx akTOpPOB MnoXapa MNPOBOAUTCS IKCNEpPTHbIN BblIGOp
cueHapus WnM CcueHapueB Moxapa, Mpu KOTOPbIX OXWOAKTCA Havxyglwuve MOoCNeacTBus Ans
HaxoAsLMXCH B 34aHWKN NoAen.

dopMmynMpoBKa CLeHapus pasBUTUS Noxapa BkNoyaeT B ceba cneayolime aTanbl:

BbIOOp MecTa HaxoXaeHNs nepBoHavYanbHOro oyara noxapa v 3aKkOHOMEPHOCTEN ero pasBuUTUS;

3adaHne pacveTHom obnactu (BbIGOp paccMaTpvMBaemon Npu pacdeTe CUCTEMbl MOMELLEHUN,
onpeeneHve y4nTbiBaeMbIX NpU pacyeTe 3IEMEHTOB BHYTPEHHEN CTPYKTYpbl NOMELLUEeHWUA, COCTOSHNA
npoemMoB);

3aJjaHne napameTpoB OKpyxarwllen cpedbl W HavarnbHbIX 3HAYEeHUN MapamMeTpoB BHYTPU
noMeLLeHu.

B cootBetcTBUM ¢ npunoxennem N 6 k HacToswen MeTtoguke dopMmynupyeTcs matematmyeckas
MoZenNb pasBUTUSA Nnoxapa v NPoBOAUTCH MOAENMPOBaHNE ero ANHaMUKM PasBUTUS.

Ha ocHoBaHuMM pes3ynbTaToOB pacyeToB OCYLLECTBMSETCH MOCTPOEHWE Monen
onacHbIX (pakTopoB noxapa u onpegensieTcs 3HavyeHne BpeMmeHun 6NoKMpoBaHns nyTemn
aBakyauum Ot .

on

OueHKa nocneacTsunin BO34enNCcTBMS onacHblx hakTopoB Noxapa
Ha niogen ons pasnuyHbIX CLEHapUeB ero pasBuTus

18. OueHka nocneacTBu BO3AEWCTBMS OMacHbIX (DAKTOPOB MoXapa Ha Mden 3aknoyaeTcs B
onpefeneHnn BEpOATHOCTW 3BaKyauun nogen n3 3gaHusa npu noxape.

BeposaTHOCTb 3Bakyauun niogen onpegensetcs no dopmyne (3) Ha OCHOBE COMOCTaBMEHUSA
3HaYeHWN pacHeTHOro BPEMEHW 9JBaKkyauuwn noaen 1 BpeMeHn OrnokupoBaHus nyTern 3Bakyauuun
onacHbIMKU pakTopamm noxapa.

,I[.HF[ OonperneJyieHrd PacCueTHOI'O BPEMEHM SBaKyaluMn moneﬁ t B COOTBEeTCTBUM C

p
npuiioxeHusaMy N N 2 - 5 k HacTosdmel MeToIuke omnpenesnfgeTca MOIeJlb
SBaKyalumn J'IIO,ILeVI "3 30aHuA, IIpOoBOOUTCA IIOCTPOEHMEe pacquHOVI CXeMBl SBaKyallr
 OCYUEeCTBJIAeTCHA MOIEJIMPOBaHME SBaKyalllM J'IIO,I[eVI.

19. B coorBercTBMM Cc paspegoM IT HacToawmwey MeTonouku MNPOBOOUTCSHA
onpeneJsyieHue PacyeTHOM BeJMUMHB MHIMBUIYAJIBHOT'O I[IOXAPHOTO pucCKa Q n

B
COIIOCTaBJIECHHUE ee C HOPMa TV BHBIM BHAUYEHMEM VHIOVMBMIOYAJIBHOI'O IIOXAPHOI'O pPHUCKa
H

Q

B




YyeT Hannuus cuctemM obecneyeHust FIO)KapHOVI
©e3onacHoOCTU 3gaHus

20. Hanu4ue cuctem obecneveHnss noxapHon 6e30nacHOCTU 34aHUS y4UTbIBAETCA B COOTBETCTBUM
¢ chopmynon (4) n nonoxeHnamm pasgena IV Hactosawen Metoauku.

Bnok-cxema, wnnioocTpupylowas nopsgok MNpoBeAeHus pacdeTa MHOUBMAYarNbHOMo MOXapHOro
pucka, npeacrtaBneHa Ha puc. 1.

/ AHANMU3 [OXAPHOM ONACHOCTM 3maHus /

/ /
|

\/

OnpeneneHme WYaCTOTHEl peanm3alny I10XapOoOoIllaCHEIX CMTyauMﬁ

>

\/

[locTpoeHMe MOJIel ONacHEX (aKTOPOB IoXapa

BeIOOp clLeHapusa noxapa
dopMyIMPOBKa MaTeMaTMYeCKOM MOAesM M MOAeJIMpOBaHMe
IVHaMMKM PasBUTUA IoXapa
IIocTpOeHMe MOoJIel ONaCHEX (aKTOPOB HNOXapa
OnpenesieHre BpeMeHM OJIOKMPOBAHMA NyTeN S>BakKyaluUmn

Paspaborka \/

OOTIOJIHUT€JIb HEIX

PO TUE OTIOXaPHBIX OLeHKa [OCJIENCTBUM BO3IOENCTBMSA ONACHHX (aKTOPOB
MEepOonpusaTni rnoxapa Ha Jionen

/\ POpPMYyIMPOBKa MaTeMaTUYEeCKOM MOIeNu u

MOIeJIMpOBaHMe 5BaKyaluuy JiOOel M3 30aHuA
npy mnoxape
OnpenesieHre BpeMeHM OJIOKMPOBAHMA NyTel B>BaKyalun
PacueT BepOSATHOCTM 3Bakyaluu Juonen

| \% |

| PacueT BeNMUMHBI MHIOMBUIOYAJIBHOIT'O
IIOXAapHOT'O PMCKa

| \/ \/ |
| PacueTHOe 3Ha4eHME IIOXapPHOTO PacueTHOe 3Ha4eHME IIOXapPHOTO |
puCKa MPEBBIIAET HOPMaTMBHOE puCKka He IMpPEeBHIIAET HOPMaTMBHOE
I \/ \/ |
| BeiBOI @ BeiBOI @
TIOXAaPHBEI PUCK IIPEBHIIAET TIOXAaPHEI PUCK HE IIPEeBHIIaeT
| IOOMyCTMMOE 3HadeHMe IOOMyCTMMOE 3HadeHMe




Puc. 1. MNopsagok npoBeaeHUs pacyeTta MHONBUOYaNbLHOTO
NoXXapHoro pucka

IV. NMopsgok pa3paboTku AOMOMHUTENbHBIX
NPOTMBOMNOXAPHbLIX MEPONPUATUN NPU onNpeaeneHnn pacieTHoOn
BENUYMHbI MHANBUAYANBHOIO NOXapHOro pucka

21. B cnyyae, ecnu pacyeTHas BenuuMHa WHAMBMAYANbHOMO MOXAPHOr0 pucka npeBblLaeT
HOpMaTMBHOE 3HayeHwe, B 30aHUM criegyeT npeaycMoTpeTb AOMOMHUTENbHbIE MNPOTUBOMNOXAapPHbLIE
MeponpusaTUS, HanpaBfeHHbIe Ha obecneveHne Ge3onacHoOW aBakyaummy Niogen nNpu noxape.

K uucny npoTvBOMOXapHbIX MEPOMpUATMIA, HanpasfeHHbIX Ha obecneveHne ©GesonacHom
3BaKyauuu rnogen npun noxape, 0OTHOCATCSA:

NpMMeHeHVe OONOSTHUTENbHBIX 06 bEMHO-NNaHMPOBOYHBLIX PELUEHUA U CPEACTB, obecnevmBaroLLmnx
orpaHnyeHue pacnpocTpaHeHus noxapa;

YCTPOWCTBO [AOMOSIHUTENbHbLIX 3BaKyaUMOHHbLIX MNyTen, oTsevarwmx TpeboBaHuam GesonacHon
3BaKyauuu nogen npu noxape;

YCTPONCTBO CMCTEM OMOBELUEHMS Moderd O MoXape W yhnpaBrneHus 3Bakyauuen nwogen
MOBbILLIEHHOrO TUMA;

NPUMEHEHNE CUCTEM NPOTMBOABIMHOW 3aLLMTbl OT BO34ENCTBUSI ONACHbIX (haKTOPOB NMOXapa;

orpaHM4eHne KonuyecTBa Noden B 3O0aHWM OO 3HayveHuir, obecnedvmBarowmx 6e30nacHOCTb KX
3BaKyaLuu us sgaHus.

22. 3@@@KTMBHOCTB KaXnooIro nus3 IIepeduNrCIJIEHHBIX BhHIIIES IIPOTUMBOIIOXAPHEIX
MEPONIPUATHUN ONpeleyiseTCsd CTeNeHbI BIMSAHMSA Ha HapameTpel £t , t , t  , a ong

P (ol HD
CHUCTEMEBIL noxapHoﬁ CUT'Haamn33aumm, HpOTMBOHHMHOﬁ 3allMTEI M CUCTEMEBEI OIIOBEUIEeHUMA
nmneﬁ IIpm rnoxape " YylpaBJIEHUA eBaKyauMeﬁ nmneﬁ TaKXe YCHOBHOﬁ BEPOATHOCTEBIO
BBIIIOJIHEHMSA 3amauy nopu noxape (R ;, R n R ) .
obH [610)'4C) a3

23. TlpumMeHeHne B kavyecTBe [AOMOMHUTENbHOIO MNPOTMBOMOXAPHOrO MeponpuaTua o6bEMHO-
NMNaHUPOBOYHBLIX PELIEeHMN N CpeAacTB, obecneuvmBaloMX OrpaHuMYeHMe pacnpocTpaHeHus noxapa,
pocTturaetcs obecnevyeHMem HOPMUPYEMbIX MNPenesioB OrHECTOMKOCTM W MOHMXXEHHOW MOXXapHOW
ONacHOCTM O6NMUOBOYHBLIX CTPOUTENBHBIX MaTepuarnos, UCMOMb3yeEMbIX B OrpaxaarLmnx KOHCTPYKLUSIX
nomeLLieHns, B KOTOPOM HaxXOAMTCS BEPOSATHLIN oyar noxapa.

CreneHb BIIMSAHUSA JAHHOT'O IOOIIOJIHMTEJIBHOI'O IIPOTUMBOIIOXAPHOI'O MEPOIIPMATHMA Ha
IVIHaAMURKY pacrnpocTpaHeHA I1oXxXapa 1M, COOTBETCTBEHHO, 3HaYeHUMe IlapaMeTpa t

oI
onpenejsidercd nyTremMm IIpoBEenEeHMA IIOBTOPHOTI'O pacueTa t I1ocrJie BHeCeHUA
oIt
COOTBETCTBYKIIMNX U3MEHEHUN B cxeMy O6%eMHO—HHaHMpOBOQHHX pemeHMﬁ 30aHmAa .

24. HpM IIPVMMEHEHUN B KauecTBe IOOIIOJIHUTEJIBHOTI'O IIPOTUMBOIIOXAPHOT'O
MEPOIIPMATUA yCTpOﬁCTBa JOIIOJIHUTEJIBHBEIX SBaAKYAILIMOHHBIX nyTeﬁ M BEIXOIOB CJlengyeT
BEIIIOJIHUTb IIOBTOPHEI pacuer no OLIeHKe napamMeTrpa t ] yueToM

p
OTKOPPEKTNPOBAHHEBIX O6%eMHO—HHaHMpOBOQHHX pemeHMﬁ.

25. HpM IIPVMMEHEHUN B KauecTBe OOIIOJIHUTEJIBHOTI'O IIPOTUMBOIIOXAPHOT'O
MEPONIPMATNA yCTpOﬁCTBa CHUCTEMEBI OIIOBEUIEeHMA nmneﬁ o Imoxape m ylnpabJIEHUA
eBaKyaumeﬁ nmneﬁ IIOBHIIEHHOTI'O THUIIa CjienyeT BBIIOJIHUTH HOBTOpHHﬁ pacueT 110
OlLleHKe IIapaMeTpa t C YHeToOM IlepepaclipeneieHMAa IIOTOKOB 3SBAKYMPYIMXCA U

p
BMEeHeHNA CXeMEBL SBaKyalun B 3aBUCHMMOCTIU oT ClLieHapmresn BO3HMKHOBEHMA U
PasBuUTMA moxapa m, COOTBETCTBEHHO, ajropmTMa @yHKHMOHMpOBaHMH CHUCTEMEBL
OIIOBEUEeHMA nmneﬁ O Irnoxape " YyIpaBJIECHMEM OSBaKyalUln nmneﬁ.
3HaAuUeHue IIapaMeTpa R IJid OAaHHOT'O TEeXHMUEeCKOI'O pelleHMA OllpenejideTCcA
COoy3




TEXHUUECKOM HAOeXHOCTBI DBJIEMEHTOB CHUCTEMH OIOBEUeHMS JIOOeM O I[HoXape u
yhOpaBJIeHMeM 5SBaKyauuM Jionel, IOIPUBOAMMEIX B TEeXHUUYECKOM NOKYMEHTAaLMM. llpu
OTCYTCTBUMN CBeIeHMuM [0 I[lapaMeTpaM TeXHUUYECKOM HaIeXHOCTM HOONyCKaeTCs
IPUHYMATE R = 0,8.

(G10)4C)

26. BIusaHME CHUCTEMbl [IPOTMBONBIMHOM 3allMTH Ha YPOBEHL OOECIeYeHHOCTU

6es30MacHOM SBaKyauuu JHOAEM MpM [oXape OlIeHMBAETCHS [IOCPEACTBOM pacuera
3HAUEHUI t c yueToM TEeXHUUECKUX XapPaKTEPUCTUK IPYMEHSEMOTO

611

BEHTUJIAUMOHHOTO 0BopPymOBaHMUS IPOTMBOIEIMHOY  3alMTH. [lonfop mDapaMeTpoB
BEHTUJIAUMOHHOTO OOOpPYyIOOBAaHMSA OCYUECTBJISETCSA B COOTBETCTBUM C HOPMATUBHBMU
OOKYyMEHTaMM IO IOXapHOM 6es30omacHOCTM. I[Ipy 3TOM IJIsS BEHIIOJIHEHMS PACUETOB
cJenyeT NPMMEHSATH BO0HHYK0 (30HAJIbHYW0) WM IIOJIEBYK MONEJIM.

3HaueHUe InapamMeTpa R OJid OaHHOI'O TEeXHMUECKOI'O pelleHMA OllpenesideTCcda

nas3

TeXHUYEeCKOM HaOeXHOCTBhI SJIEMEHTOB AaBTOMATMKM YHOPaBJIEHUS NPOTUBOIBMHOM
3alMTH, a TakXe TEeXHMUYECKOM HaOeXHOCTBI SJIEMEHTOB MNPOTMBONBIMHOM 3allMTH,
IIPUBOIOUMEIX B TEeXHUYEeCKOU OOKyMeHTauumu. IIpu OTCyTCTBMM CBEHOEeHMUM IO
napaMeTpaM TeXHMUYeCKOM HAaIeXHOCTM IOOINyCKaeTCs NPMHMMAaTbk R = 0,8.

a3

27. OPpaHquHMe KOJIMUeCcTBa Jiogey B 3OaHUM OO 3HaquMﬁ, obecrneurBanlmMx

fes0IacHOCTE MX BSBaKyaluuMy M3 3IaHMS [P [IoXape, YUYMUTHBAETCS IOCPEeLnCTBOM
IIOBTOPHOTO pacuera 3HaUYEHUI rnapaMeTpa t npu CylEeCTBYRIMX

P

O6EeMHO—HﬂaHMpOBOQHHX pemeHmAax n OT'PaHMYEHHOM SHA4YEeHUN KoJIMyeCcTBa
SBaAKYyMPYyILMXCH TPV IIoXape.

28. [Ons nontiydeHna  UCXOoAHbIX  AaHHbIX, HeobxoouMMbIX  Ans npoBeageHna pacyeTos,

NpeayCMOTPEHHbIX — HacTosAwei MeToaukol, cnegyeT WUCNONb30BaTb  CMPaBOYHbIE  UCTOYHUKM
MHOPMaLIMK 1 MPOEKTHYIO AOKYMEHTAaLMIO 34aHusl.

Mpunoxexne N 1
K NyHKTY 8 MeTogukm

CTATUCTUYECKNE OAHHbLIE
O YACTOTE BO3HMKHOBEHWA MOXAPA B 30AHUAX

n/mo

HamMeHOBaHMEe 3OaHUSA JacToTa BO3HUKHOBEHUSA I1oxapa B
TeueHre Ironga

B pacdeTe Ha YTOUHEHHAas OlleHKa
OIOHO ydYpexIeHUue

1. JeTckme OOWKOJIbHEIE YUpeXIeHUA -3 -5
(meTcxuy can, sdcnau, OoM pebeHKa) 7,34 x 10 9,72 x 10
(B pacueTre Ha
onHOT'O pebeHKa)
2. ObmeobpaszoBaTeJIbHEE yUpexXIeHUS -2 -5
(mxoJia, WKOJa-MHTEPHAT, IeTCKUM 1,16 x 10 4,16 x 10

oM, JIMLelN, THUMHasusdg, KOJIJIEeIX) (B pacueTe Ha




OOHOTO yyalerocs)

3. YupexneHrs HadaJlbHOT'O -2 -5
npodeccroHaJIbHOTO OD0pasz0OBaHUSA 1,98 10 4,59 x 10
(mpodeccroHallbHOE TEeXHUUEeCKOoe (B pacueTe Ha

YUUIIALIE ) OIOHOTO yuYalleTroCs)

4. YupexneHuUs CpenHeTro -2 -5

npodeccrmoHaJIbHOTO OOpaz30BaHUA 2,69 10 2,94 x 10
(cpenmHee crneumasibHOe yuebHOE (B pacueTe Ha
3aBegeHue) OOHOTO yualerocsd)

5. YupexOeHrs BEICILIETO -1 -5
npodeccroHaJIbHOTO O0pasz0OBaHUSA 1,398 10 2,43 x 10

(BrICHIIEE yuebDHOe 3BaBemeHue) (B pacueTe Ha
OIHOTO YyuameTrocs)
6. [I[pouMe BHEWKOJIbHBIE U OEeTCKUE -2 -5
YUpeXneHus 1,52 10 2,38 x 10
(B pacueTre Ha
OIHOTO YyuameTrocs)
7. IeTckMe O3I0OPOBUTEJILHEIE Jareps, -3 -5
JIETHUE IOeTCKMUEe IOauu 1,26 10 3,23 x 10
(B pacueTre Ha
OIHOTO
OTIOBEIXanIeTro)
8. BOJIBHUILIEI, TOCIOMUTAJM, KIMHUKU, -2 -4
pPOIMIIbHBEIE IOMa, 3,66 10 2,358 x 10
IICUXOHEBPOJIOTHUUECKYE MHTEPHATH U (B pacueTe Ha OIHO
OpyTHUe CTalMOHAaPH KOMKO—MECTO)
9. CaHaTopMM, IoMa OTIBIXA, -2 -4
NpodMIIakKToOpmUM, HOOMa INPEeCTapeJblx U 2,99 10 1,767 x 10
VIHBAJIMOOB (B pacueTe Ha OXIHO
KOMKO—-MEeCTO)
10. AMOyJIaTOPUM, MNOJUKIMHUKHA, -3 -5
OMCIIAHCEPBl, MEeIIyHKTH, 8,88 10 5,37 x 10
KOHCYJIb Talumu (B pacueTe Ha OIHO
noceleHue
nauyeHTOM)
11.| HpennpusATUSa PO3HUYUHOM TOPTOBJM: -2 -3
YHUBEPMaIry, OPOMTOBAPHLBE MaIl'a3MHE; 2,03 10 1,579 x 10
YHUBEPCAMHE, [IPOIOBOJIbLCTBEHHLE (B pacueTre Ha
Maras3WHE,; MaT'a3WHE CMellaHHBIX OIHOT'O
TOBApPOB; alTeKM, allTedHBEe JIapbKU; paboTamnmero)
npouye 3OaHUS TOPIOBJIM

12. [IpennpusaTKUs PHHOYWHOM TOPTOBJIM: -2 -3

KPBITHIE, OIITOBBIE PHHKM (M3 3IaHUMN 1,13 x 10 1,678 x 10
CTalMOHAPHOM MNOCTPOVKM), TOPITOBHE (B pacueTre Ha
IaBUJIbOHBEl, KUOCKM, Japbky, OLOHOTO




najjaTky, KOHTEMHEPH paboTamnmero)
13. |[IpennpuaTusa OOWLECTBEHHOTO NMUTAHUS -2 -3
3,88 x 10 2,063 x 10
(B pacueTe Ha
OIHOTO
paboTanmero)
14. T'oCcTUMHMLIEI, MOTEeJU -2 -4
2,81 x 10 3,255 x 10
(B pacueTe Ha OIHO
MEeCTO)
15. CHOPTHUBHEIE COOPYXEeHUHI -3 -
1,83 x 10
16. Knny6OHEIE M KYJIbTYPHO-3PEJIMIHEE -3 -
YUpEeXIeHUs 6,90 x 10
17. BubnmoTexu -3 -
1,16 x 10
18. My3eu -2 -
1,38 x 10
19. 3pesuiHEe yUpPEeXIOeHUs (TeaTp:, -2 =7
LVPKHK) 9,66 x 10 4,03 x 10
(B pacueTe Ha OIHO
rnocelueHmue
3pUTesieEM)
Mpunoxexune N 2
K nyHkTY 10 MeToaumku
YMNPOWEHHAA AHAITMTUYECKAA MOOENb
OBMXEHNA J'HO,EI,CKQFO MOTOKA (OﬂFjE,D,EJ'IEHI/II? PACYETHOIO BPEMEHM/
OBAKYALUN NOOEN N3 MOMELWEHUAU N 30AHUW MO PACHETY BPEMEHN
OBWXEHWA OOHOIO UJTN HECKONBbKUX JTTOOACKNX NMOTOKOB
HEPES3 3BAKYALIMOHHBIE BbIXOAbl OT HAUBOJIEE
YOANEHHBLIX MECT PASMELLEHUA NIOOEWN)
PacuetTHOE BpEMd SBaKyauum Jonemn t us3 [IOMEele HUM n  3IaHuUM

P

yCTaHaBJIMBaeTCHd 10 pacueTy BpPEeMeHM IOBUMXEHMA OIOHOI'O MJIM HECKOJIbKUMX JIIOIOCKUX

IIOTOKOB Uepes BSBakKyallMOHHEE BHXONH OT HauboJiee yIaJIeHHHX MEeCT pasMelleHUI
Jonen .

HpM pacuerTe BeCb IIyThb IBUXEHMA JIIOOCKOI'O IIOTOKa ImogpasnesideTCcd Ha

YYaCTKM (MPpOXOH, KOPMAOP, IOBEPHOM NpOeM, JIECTHUYHBI Mapll, TamMOyp) IJIMHOM 1

i




Y  WMPUMHOM HejbTa . HauvaJIbHEMM ydYacTKaMM SBJISOTCS MNPOXOIH MEeXOy padourMm
i
MecTaMy, OOOpyIOBaHMeM, paOaMM Kpecej U T.II.

[Ipy omnpenesjieHMM PaCUETHOT'O BPEMEeHM SBaKyaluuMu JIIeM OJIUHY M WUUPUHY
KaxIoTOo YydacCTKa IOYyTM BBaKyaluM IJIS [OPOEKTUPYEMHX 3OaHUM [OPVWHUMAKT 10
NPpOeKTy, a IJsa TI[OCTPOEHHEX - MO0 (QaKTUUeCKOMY IIOJIOKEHMI. IWMHY OYTU II0
JIECTHMYHLEIM MapiiaM, a TakKxe [0 MNaHOyCaM M3MepsSiT OO0 IJMHEe Mapma. HIMHYy OyTH
B IBEPHOM I[IpOeMe IIPMHMMAaKT pPaBHOM HYJIO. IIpoeM, PaCIOJIOXEHHEM B CTeHe
ToJimmHOM ©Gojyee 0,7 M, a Takxe TaMOyp CcJenyeT CUMTaTb CaMOCTOATEJIbHEMU
yYaCcTKaMy TOPMBOHTAJIBHOTO MNYTHM, MUMERIMMMU KOHEUHYI IJIMHY 1 .

i
PacueTHoOe BpeMs 5Bakyaluu JOIel t cjenyeT onpenesyiaTh KaK CyMMYy BpPeMeHU
P
OBWXEHMS JIONCKOT'O IIOTOKA I10 OTIEJIbHEIM ydacTkaM OyTu t 1o dopmyJie:
i

t =t +t +t+ ...+t , (12.1)

roe t - BpeMs IOBMXEHUS JIOIOCKOTO NOTOKA Ha IIepBOM (HadaJlbHOM) ydacTke,
1

MMH. ;

t , t , t , e t - BpeMsa IOBUMXEHUS JIOOCKOI'O IIOTOKAa Ha KaxXIoOM M3

1 2 3 i

cllenmyuMx IIOCJle IIepBOT0 ydYacTKa IyTH, MMH.

BpeMsa OBWXEeHMSA JIOOCKOT'O I[IOTOKa IO IepBOMy YydYacTKy noyTu t , MuH.,

i

PacCcUMTHBAKLT 10 QopMyJie:

1

1
t = -- (I.2.2)

1 \Y4

1

rge 1 - OjamMHa HepBOTrO ydYacTKa OyTH, M;
1
4 - CKOPOCTb HOBMXEHMA JIOACKOTO IOTOKa IO TOPM3OHTAJBHOMY IIYyTM Ha
1

nepBoM ydacTke, M/MuH. (omnpegmesnsercsa mno Tabmuie I12.1 B 3aBUCUMMOCTM OT

njJoTHOCTMU D) .
[IJIOTHOCTb OIHOPOIHOT'O JIOICKOI'O I[IOTOKa Ha I[IepBOM ydacTke nOyTu D
1
PacCUMTHBAKLT IO QopMyJie:

N x £
1

D = - ’ (I12.3)

1 1l x meneTa

1 1

rge N - dWMcJO JI0OeM Ha [epBOM ydacTKe, dYell.;
1

f - CpenHsas IUIOWANb TOPMBOHTAJIBHOM NPOeKLUMM UejioBeKa, M2/uyed.,

IIPMHVIMaeMasda B COOTBETCTBUM C IIYHKTOM 6 IIPMIJIOXEHM A N 5 x HacTosmey MeTormuke;




eJibTa — WMPMHa IIepBOIr'0 ydacTKa nIyTmu, M.

1
CkopocTs V IBWXEHMSA JIOOACKOTO IIOTOKa Ha ydYacTKax IMIyTH, CJeIyoIMx IOCJe
1
IepBOTO, [PMHMMAKLT 1o Tabjauie I[12.1 B 3aBUCUMMOCTU OT MHTEHCUBHOCTM IBUXEHUS

JIOICKOTO IOTOKAa IO KaxXIoOMy M3 DTUX YUYaCTKOB NYyTH, KOTOPYK BHUMCIISIOT IJIS
BCexX Yy4YaCTKOB MNYyTM, B TOM UMCJIe M IJiS IOBEPHHX IPOEeMOB, O bopmyre:

q X ImejbTa
i-1 i-1
q = ——————————————— , (12.4)
i oesbTa
i
Toe mejnTa , IOeJbTa - IMpPVHAa PacCMaTPMBAEMOTO 1-TO M IpedmecTBYOIEeTO
i i-1
eMy ydacTka OyTu, M;
q q — VMHTEHCUMBHOCTM IOBMXEHMA JIOIOCKOI'O IIOTOKa IIO0 paccMaTpMBaeMOMYy
i i-1
i-my U IOpenmecTByolEeMy ydyacTkaM 0OyTu, M/MUH. (MHTEHCUBHOCTL OBUXEHUS
JIOONCKOT'O IIOTOKa Ha [IepBOM YydYacTke OyTu g = J ompezesseTcs 1o Tabmule
i-1
[12.1 no 3HaueHMBO D , yCTaHOBJIEHHOMY IO dopmyse (I12.3)).
1
Ecim 3HadveHue q , olpeznenseMoe no oopwmyne (II2.4), MeHble ZnpeZi PaBHO
i
q , TO BpeMsa IBWXEeHMS 10 ydacTKy OyTu t , MMUH., PaBHO:
max i
1
i
t = --, (I12.5)
i v
i
IpM 3TOM 3HAUEHUS g , M/MUH., CcJeOyeT NPUHUMATL PAaBHBIMM
max
16,5 - ons ropMsoHTanbHbIX NyTeu;
19,6 - ons ABepHbIX NPOEMOB;
16,0 - Anga NecTHULbl BHU3;
11,0 - gns NecTHULbI BBEPX.
Ecin 3HaueHMe g , OIpenejieHHOe 10 dopwmyJie (I12.4), ©Gojypme q , TO
i max
LYPYHY OejibTa HOaHHOTO YydYacTKa NyTH CJelyeT yBeJMuMBaTh Ha TaKoe 3HaueHUue,
i
IpM KOTOPOM coBJiomaeTcsa yYyCJIOBUE :
q <= g . (I12.6)

Mpn HEBO3MOXHOCTU BbIMONHeHMs ycnoBus (12.6) WMHTEHCMBHOCTb WM CKOPOCTb ABWXEHMS
NOACKOro NMoToKa No y4acTKy i onpegensatoT no Tabnuvue M2.1 npu 3HadeHmm D = 0,9 1 6onee. MNMpn aTOM
cnegyeT yyuTbiBaTb BpeMS 3a4epXKU ABWXKEHUS Moden n3-3a obpasoBaBLUErocs WX CKOMMEHUs B
COoOTBeTCTBUU C NyHKTOM 4 npunoxeHus N 5 k HacTosawen MeTtoauke.




WNHTEHCMBHOCTb 1 CKOPOCTb ABUXEHUSI
NOACKOro NOTOKa Ha pasHblX y4acTKkax nyTen aBakyauuu
B 3aBUCMMOCTU OT MIIOTHOCTU

Tabnwuua M2.1

Mnot- [Opn3oHTanbHbLIN [BepHon JlecTHuua BHU3 JlecTHuua BBEPX
HOCTb nyTb npoem,
noToka CKo- WHTEHCUB- WNHTEH- CKo- WHTEH- CKOPOCTb WHTEHCUBHOCTb
D, pocTb HOCTb (, CUBHOCTb pocCTb CUBHOCTb V, q, M/MUH.
mM2/m2 Vv, M/MWH g, M/MVH Vv, a, M/MUH.

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 53
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 19,05 245 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

MpumeyaHue - MHTEHCUBHOCTb ABWKEHUS B ABEPHOM NpoeMe Nnpwu NIOTHOCTU NOTOKa
0,9 n bonee, paBHas 8,5 M/MUH., ycTaHOBMNEHa AN ABEPHOro npoema LWNMpUHON

1,6 m n bonee, a npn ABEPHOM NPOEME MEHbLLEN LUMPUHBI UHTEHCUBHOCTb ABWXEHUS
cnenyer onpegenstb no dopmyne q = 2,5 + 3,75 x genbTa.

[Tpn

CIIMAHUNA

Puc. M2.1. CnusHue noackmMx NOTOKOB (HEe NPMBOANTCS)

B

Hauvaje i-To ydyacCTKa IBYX U BoJjiee JIOACKMX [IOTOKOB

[12.1) MHTEHCUBHOCTL OBUXEeHUS q , M/MMH., PACCUMTHBAWT [0 QopMyJe:

Toe g

i-ro yuac
neJjipT

oeJsibTa

1

— VMHTEHCMBHOCTB IBUXEHMA JIIOOCKMX IIOTOKOB,

i-1

TKa,

a
i-1

M/MMUH. ;
- WMpPMHA YUYACTKOB MYyTU CJIUSHUA,

My

oeJjibTa — WMPMHAa paccMaTpMBaeMOor'o ydacTkKa IIyTr, M.

Ecmnm

1

3HaA4YeHNe

S
i

OonnpeneJsIeHHOE

10

bopmysie

(12

(puc.

(12.7)

CJIMBapIMXC4d B HadalJle

1)y

IMpPpUVHY nOeJibTa IOJaHHOT'O y4YacCTKa IIyTM CcJlenoyeT yBeJIMdMBaAaTb Ha TakKoe

1

4yTOOR COOJIOOAJIOCE YCJIOBUE

(I2.6) .

Oosipmie g ,

TO
max
3HAUEeHMre,

B sToM crayuae BpeMda IBMXEeHMA II0 YydacCTKYy i




onpenendamT no ¢opmyie (II2.5).

MpunoxeHne N 3
K nyHkTY 10 MeToamku

MATEMATUYECKAA MOOEJb 3
NMHONBNOYANBHO-NMOTOYHOIO ABWXXEHNA NMIOAEN U3 30AHNA

PacuyeTHOE BpeMA 3BakKyauumn J'IIO,EI,EVI M3 30aHNA yCTaHaBIIMBaeTCAd MO BpeMeHU BbiXOOa M3 HEro
nocrnegHero 4yejioseka.

I'Iepep. Ha4vyalnoMm MoJennpoBaHunda npouecca 3BakKyauun 3agaeTcd cxema 3BaKyalMOHHbIX nyTe|7| B
30aHUNn. Bce 9BakKyauMOHHbIE NYTU Noapa3anenArTCcA Ha 3BaKyauMOHHbIe y4aCTKU ,EI,J'II/IHOVI amun LIJVIpI/IHOVI
b. ,D,J'II/IHa N WNpUHa Kaxgoro y4dacTtKa nyTh aBakyauun OnAa nNpoeKkTupyembixX 3D,aHVIl7I NMPUHNMalOTCA Mo
NpoeKTy, a Anda NOCTPOEHHbIX - Mo (*)aKTVILIeCKOMy MONOXEHUHO. )J,nlea nyTn No NeCTHUYHbIM MapLuam
usMmepsieTcs nNo AnuHe mapwa. [nvHa nytm B OBEPHOM NpoOeMe MPUHUMAETCS PaBHOM HYIHO.
3BaKyaLI,I/IOHHbIe y4acCTKn MoryTt ObITb rOpn3oHTarbHbl€ N HAKNOHHbIE (J'IeCTHI/ILLa BHU3, NecTHuULa BBEPX U
naHayc).

3a rabapuTH YeJIOBeka B IIJIaHe I[IPMHMMaeTCs DBJIIMIC ¢ pasMmepamu oceymt 0,5 M
(mpmHa uyejoBeka B Ijeuax) u 0,25 M (ToJjuMHa UYeJIOBeKa) . 3alZalnTCsa KOOPIOMHATH
KaxOooro dYeJloBeKa X - PacCCTOSHME OT leHTpa D3JUJIMICAa IO KOHLla 2BakKyalMOHHOI'O

i

ydacTkKa, Ha KOTOpOM OH Haxomurcsa (puc. I[I3.1). EcaM pa3HOCTL KOOPAMHAT
HEKOTOPHIX JioIeM, HaxOoOdAmMXCsS Ha DBaKyalMOHHOM ydacTKe, COCTaBJIgeT MeHee
0,25 M, TO MOPMHMMAETCs, UYTO JIOOM C DTUMM KOOPIOMHATaMMU PaCIOJIOXKEHH PAIOM
Opyr C gpyroM — cOOKy OOMH OT Opyroro (ycjoBHo: "B pan"). I[Ipm »sTOM MCXOns
13 r1abapuTOoB YeJIOBEKAa B MJIaHE M pasMepoB 3BaKyalMOHHOTO ydacTKa (IOJIMHa U
mMprHA) OJIg KaxOoro 5BaKyalMOHHOTO YydacTKa ONpenesidlnTCa: MaKCUMaJlbHO
BO3MOXHOE KOJIMUECTBO UYeJIOBEK B ONHOM pAny COOKy IOpyT OT IpyTa M MaKCHMMaJlbHO

BO3MOXHOE KOJIMUECTBO JIOIe)M Ha ydacTKe.
KoopouHaTEH KaxIOT'O dYeJiIoBeka X B HaudaJIbHBE MOMEHT BPEMEHM 3aIalTcs B

i
COOTBETCTBMM CO CXEMOM pacCCTaHOBKM JIOIEM B MNOMeleHMAXx (padoume MecTa, MecTa

OJi  3pUTeJiel, ClHajibHEe MecTa U T.II.). B cilyyae OTCYTCTBUS TaKMUX NAaHHHX,
HarpmuMep OJ14 MarasrMHOB, BEICTABOYHEIX 3aJIOB M IOpyroe, OOIyCKaeTCd pa3MellaTb
Jonemn PaBHOMEDPHO 1o BCEN jomwany IIOMelleHMs C YyY4eTOM pPacCTaHOBKU

TEXHOJIOTNYECKOI'O O60py,I[OBaHVIH.
Koopaunara kax1oro yenoBeka B MOMEHT BpeMEHHU t orpenensieTcs no popmyie:

X (t) = x (t - IODenpra t) - V (t) x IenbrTa t, M, (I13.1)
i i i
roe x (t - HenepTa t) - kKOOpIMHATA 1-TO UeJIOBEKA B npenenymmn MOMEHT
i
BpeMeHUr, M;
V (t) - CKOpOCTb 1-T'0 uUejioBEeKa B MOMEHT BpeMeHu t, M/cC;
i
JenbTa t - ODpoMexyTOK BpeMeHMr, C.

Puc. M3.1. KoopanHaTHas cxema pasmeLleHuns nogemn




Ha MyTsIX 9BaKyauuu (He NpUBOANTCS)

CkopocThb 1-T0 uejsyioBeka V (t) B MOMEHT BpeMeHM t onpezmejisgeTcs o Tabjauile
i
[12.1 npuiaoxeHus 2 K MeToImMke B 3aBUCUMOCTM OT JIOKAJIbHOM IIJIOTHOCTM IIOTOKAa, B
KOTOPOM OH IBMXeTcs, D (t) M Tuna sBakKyalMOHHOTO y4YacCTKa.

i
JlokanpHasa nJOTHOCTBE D (t) BHUMCIdeTCd O TIpylne, CcoCTodWeM M3 n
i
yeJjioBek, no dopwmyre:
D (t) = (n(t) - 1) x £/ (b x JOenbTa x), M2/M2, (I13.2)

rge n - Konnm4yecTtBo nrop,e|7| B rpynne, 4enoBek;

f - cpegHasa nnowanb ropu3oHTanNbHOM NPOEKUMM YenoBeka, M2/M2;

b - LpHa 3aBakyaunMoHHOro y4yacTka, M;

,El,eana X - Pa3HOCTb KOOpAuHAT nocneaHero n nepBoro 4YefnoBeka B rpynne, M.

Ecim B MOMeHT BpeMeHM t KOOpIOMHATa dYejioBeka X (L), omnpenesieHHas IO

i

bopmysie (II3.1), cTaHeT OTPMLATEJIBHOM - B3TO O3HaYaeT, UYUTO UYeJIOBEeK IOCTUT
I'PaHMLEL TeKymeIro S5BAKYaAallMMOHHOTI'O yYyyacCTKa )Z8 IOOJIXKEeH HepeﬁTV[ Ha CJ’Ie,HyIOH.U/IﬁI
9BaKyaLU/IOHHI::Iﬁ Y4uacCTOK.

B sTom CJIyda€ KOOpAHHATA JTOTO0 YCJIOBCKa Ha CIICAYIOIICM 3BAKYAlITUOHHOM YY4CTKE

OIpCaACIIACTCA:

x (t) = [x (£t - dt) -V (t) xdt] +a -1, M, (I13.3)
i i i 3 3
roe x (t - dt) - xoopamHaTa i-rTo uUejyioBeKa B NPEIHIOYWMM MOMEHT BpPEeMeHU
i
Ha (Jj-1) »BakyalUMOHHOM ydacCTKe, M;
V (t) - ckopocTh 1i-T70 uyesyioBeka Ha (j-1)-oM »BaKyalMOHHOM ydacCTKe B
i
MOMEHT BpeMeHu t, M/c;
a - ImaMHa Jj-TO0 SBAaKyalUMOHHOTO ydacTKa, M;
]
1 - xoopIoMHaTa MecTa CIMSHMS Jj-T0 U (j-1)-T0 BSBaKyalLUMOHHHEX YYaCTKOB
J

- paccTosHMEe OT Hauajla J-T'0 5BaKyaluMOHHOTO ydacTkKa OO MecCTa CJMUSHUS eTo C
(j-1) -BIM 5BaKyalUMOHHEM YYaCTKOM, M.
KonmuecTBO Jiomed, NEPexXOondallMxX C OIOHOT'O SBaKyalMOHHOTO ydacTKa Ha IpyIon

B eIMHMIY BPEMeHM, ONpenesigeTCs NPONYCKHOM CHOCOBHOCTBIO BHXOIA C ydacTKa
Q (t):
J
Q (t) = g (t) x ¢ xdt / (f x 60), ues., (I13.4)
J J J
roe g (t) - MHTEHCMBHOCTL IOBMXEHMS Ha BHXOINE C J—T'0 3BaKyalLMOHHOTO
J

yJyacTka B MOMEHT BpPEeMeHM t, M/MUH.;

C - WMpMHa BBEIXOHA C J-TI'0 3BAKyaUMOHHOTO ydacTKa, M;

]




dt - NpoMeXyTOoK BPEMEHMW, C;

f- cpenHdad nnowanb FOpMSOHTaﬂbHOVI npoeKkunmn 4Yernoseka, M2.

VHTEHCVBHOCTHL IBMXEHMS Ha BHXOIE C J-TO 3BaKyalMOHHOTO yyacTka g (t) B

J
MOMEHT BpPEeMeHM t omnpemesigeTcd B 3aBUCUMMOCTM OT MJIOTHOCTM JIOOCKOTO INOTOKa Ha
oTOM ydyacTke Dv (t).
J
[IJIOTHOCTB JIOICKOTO IIOTOKAa Ha Jj—-OM 3BakKyalMOHHOM yuyacTke Dv (t) B MOMEHT

J
BpeMeHM t omnpezensercs 1o dQopmysie:

Dv (t) = (N x f xdt) / (a x b ), mM2/M2, (I13.5)
J J J J
rone N - UMCJO JIOOey Ha Jj—-OM 5BakKyalMOHHOM ydyacTkKe, uell.;
]

f - cpemHss mIomWanb TOPM3OHTAJIBHOM NIPOEKUMM UeJIOBekKa, M2;

a - ImiMHa Jj-TO0 ®BAKYyaUMOHHOTO ydacTKa, M;

]

b - mmpmHa j-T0 3BAKYAUMOHHOTO ydacTKa, M;

]

dt - npoMexyTOK BpPEeMeHM, C.

B MOMEHT BpeMeHM T onpezesserTcs KOJMUYECTBO JIOIEeM M C OTPHULATEJIbHEMM
xoopomHaTamMu xX (t), onpezneseHHBMM O dopMyJie (I13.1) . Ecam sHauveHMe m <=

i
Q (t), TO BCe m UYeJIOBEK I[epexOnAT Ha CJenyolMuM SBaKyalUMOHHBM y4d4aCTOK M UMX
]
KOOPIMHATHE ONPenesifioTCs B COOTBeTCTBMM C dopmysom (II3.3). Ecam 3HaueHMe m >
Q (t), TO KOIMUECTBO UEJIOBEK, paBHOEe 3HauUeHMIO Q (L), NepexoIMT Ha CJenyolul
] ]
5BaKyalUMOHHHM YYaCTOK M WUX KOOPIOMHATHE OIPelesiSioTCss B COOTBETCTBUM C
bopmysonn  (I13.3), a KOJIMUECTBO UEJIOBEK, PaBHOe 3HaueHuM®o (m - Q (t)), He
J
nepexonuT Ha CIIe oYMt 5BaKYyalMOHHEIN y4acToK (ocTanTcs Ha IJaHHOM
5BaKyalUMOHHOM YydYacCTKe) M MX KOoOpIMHATaM MIPMUCBAMBATCSA BHaueHMda X (t) =
i
k x 0,25 + 0,25,

rae k - HOMeEp pdaaa, B KOTOPOM 6yﬂ,yT HaxogunTbCA noan (MaKCMMaJ'IbHO BO3MOXXHO€E KOJTIM4YeCTBO
YenoBek B OOHOM psady cOOKy Apyr OT Apyra Ofs KaXAoro 9BaKyauWOHHOro yvacTka onpeaensercs
nepen Hadanom pacyeToB). Takum oOpas3oMm, BO3HUKAET CKOMMeHwe nogden nepes BbIXO4OM C
3BaKyaLlMOHHOro y4acTka.

Ha puc. 3.2 nsobpaxeHa 6nok-cxema onpegeneHns pacyeTHOro BpeMeHn dBakyauun rnogen us
30aHus.

Ha ocHoBaHuM 3afaHHbIX HavamnbHbIX YCNOBUM (HavanbHbIX KOOPAVHAT MOAen, napameTpos
3BaKyauUNOHHbIX y‘-laCTKOB) onpenenAarTcd MIOTHOCTU JOACKMX MOTOKOB Ha nNyTdx 3Bakyauum u
nponyCKHble cnocobHocTU BbIXOO0B C 3BaKyalMOHHbIX y4aCTKOB. ﬂanee, B MOMEHT BpPEMEHMU t=t+ dt,
onpegendaeTca Hanun4dune Ol Ha nyTax 3BaKkyauun. B 3aBucuMoCTM OT 3TOro BbI6VIpaeTCﬂ HanpasneHne
OBWMXEHNA KaXXa0ro 4yefnoseka 1 BbIYUCITAETCA HOBaA KOOpAMHaATa KaXXaoro 4enoBeka. Nocne aToro cHoBa
onpenenAarnTCcd NOTHOCTU JNMOACKMX NMOTOKOB Ha NyTAX 3BakKyauun U NponycCkKHbIe cnocobHoCcTU BbIXOO0B.
3aTtem BHOBb JaeTcs npupalleHme no BpemeHu dt n onpegensioTcs HOBble KOOPAMHATbI NOAEN C y4ETOM
Hannuns O®PIT Ha nyTAX 9BaKyauum B ITOT MOMEHT BpemeHu. [locrne aToro npouecc noBTopseTcs
PacueTbl npoBoOAATCA OO0 TeX nop, Nnoka ece nogu He 6y.ElyT 9BaKymnpoBaHbl 13 30aHUA.

BBOI MCXONHEIX IaHHBIX




|
\/

OnpeneneHme HadaJIbHEIX KOOPpIOMHAaT Jonen

\/

OnpeneneHme IIapaMeTpOB 3JSBaKYaALMOHHBIX YWYaCTKOB (nyTeﬁ)

\/

OnpeneneHme BpPEMEHM HadajJla 3BakKyallMM KaXIOoI'O dYeJIOBeKa

\/

OnpegneJieHMe IJIOTHOCTEM JIOOCKMX IIOTOKOB Ha B3BakKyalLMOHHEX ydacTKax

\/

OnpeneneHMe HpOHyCKHOﬁ CIIOCOBHOCTHU IIPOEMOB

\/

BEIBOI Ha NedaThb XapaKTepMCTUK IIpolilecca 3BaKyalun

\/

I[lepexon k crenywoueMy MOMEHTY BpPEMEeHU

\/

OnpeneneHme HallpaBJIEHMA IOBMXEHMA KaXIOoI'O dYeJIOBEeKa

\/

OnpepesieHyre IJIOTHOCTM JIONCKOTO IOTOKAa Mepel KaxXIbM YeJIOBEKOM
(paccToanme OO MAYWEeIrO BIOepenu 4YeJiOBeKa)

\/

OnpeneneHMe CKOPOCTHM IOBMXEHMA KaXIOI'O dYeJIOBeEKa

\/

OnpeneneHMe KOOPIOMHATEI KaXOoI'0 dYeJIOBeEKa

\/ \/
OBaKyalLys He 3aBeplieHa OBaKyaluus 3aBeplieHa
\/

OkOHYaHMe pacdera




Puc. M3.2. bnok-cxema onpegeneHns pac4eTHOro BpeMeHu
9BaKyauuu niogen 13 agaHus

Mpunoxexue N 4
K nyHkTY 10 MeToanku

NMUTALIMOHHO-CTOXACTUYECKAA MOJEJb
OBWXXEHWA NIOACKNX NMOTOKOB

MHOXeCTBO JIoOel, ONHOBPEMEeHHO UIYyNMX B OIHOM HalpaBJIEHUM IO OOIUM
yyacTkaMm 0yTH, o00pas3yilT JIOOCKOM I[IOTOK. YyacTkaMu GOPMUPOBAHUS JIOICKMUX
IIOTOKOB B I[OMENEHMAX CJleOyeT [IPMHMMATL NPOXOIH Mexny ofopymoBaHMeM. [Jyisa
IOoCJIenyIMX YYACTKOB SBaKYalMOHHHEX IIYyTEM OHM NPEeICTAaBJADT COOOM IepBUUHHE

MCTOUYHUKA JIOOCKMX IIOTOKOB. PacnpegnesneHue N JeJIoOBEeK Ha ydacTKax
i
bopMMpPOBaHMA, MMERNMUX MWIMPUHY DL ¥ OJIMHY 1l , nDpuHUMaeTcsa PaBHOMEPHBIM.
i i
[IoosTOMy B HadaJlbHEM MOMEHT t Ha KaXIOM D3JIEMEHTapHOM YydacTke JesasTa 1 ,
0 i
t0
3aHMMaeMOM IIOTOKOM, IIJIOTHOCTB IHOTOKa D ompegesigeTca 1o QopMmyJie:
i
t0 t0
D =N / b x Jenbra 1 , ues./mM2 (Im4 . 1)
i i i i

[lpy @[majibHeMeM IBWXEeHMM JIOOCKMX I[IOTOKOB U3 IMIEePBUYHEIX MCTOUHMKOB I10
ofmyM ydacTkaM OYyTM [OIPOUCXOIOUT MUX CcausaHue. OBpasyercsa ofmmii IOTOK, YacCTU
KOTOPOTO MMEKT Pa3JMUHYD I[IJIOTHOCTL. I[IPOMCXOIOUT BHPABHMUBAHME IIJIOTHOCTEMN
Pa3JIMUHEIX YacTel JIOICKOTO IMOTOoKa - ero nepebopmmporBanme. ClenyeT YUUTHBATH,
YTO ero TOJIOBHAs YacCThb, MMewmas nepen coboi CBOOONHEIM NYyTh, pPacTeKaeTcs -
JIOOV CTPEeMSATCS MOTM CBOOOIHO MNpPM IJOTHOCTM D . 3a mHTepBay BpeMmeHu JenbTa t

0
YyacTb JoOer [nepexonmMT C @ 3TUX BJIeMeHTAaPHHX YYaCTKOB Ha [OocJenywilme u
IPOUCXOIUT MBMEHEeHMVEe COCTOAHMSA JIDICKOTO INOTOKa, €Tr0 IBWXeHME.
CKOPOCTL IOBWXEHMS JIOONCKOTO I[IOTOKa NIpM IJIOTHOCTM D Ha i1-om oTpeske

i
yyacTka OyTM k-To BuIa CJelyeT CUMTaTb CJIydarHOM BeJUUYMHOW V , ¥vMewmemn
D, K
UMCJIOBEIE XaPaKTEePUCTUKMA :
MaTemMaTun4eckoe oxunagaHume (cpe/J,Hee 3HaquMe)
v =V x (1 —-a x1InD /D ) X m npu D > D ,
D,k 0,k k i 0,k i 0,k
\Y =V npu D <= D ; (I14.2)

CcpegHee KBagpaTU4HOE OTKIIOHEeHue




curMa (V ) = curMma (V )y x (1 —a x1InD /D ), (I14. 3)

D,k 0,k k i 0,k
roe V n curma (V ) - MaTeMaTHUyeCKoe OXMIaHMe CKOPOCTM CBOOOIHOTO
0,k 0,k
OBMXEHMSA JIoOeM B IIOTOKe (mpm D <= D ) " ee cCcpenHee KBaIpaTUUHOE
i 0,k

OTKJIOHEeHMue, M/MUH.;

D - IpenesyibHOE 3HAUEHMEe IIJIOTHOCTM JIOICKOT'O IIOTOKA, IO IOOCTWXEeHMUS

0,k

KOTOPOI'O BO3MOXHO CBOOOIHOE IOBMXEHMEe JIoIey [0 k-My BUAY OYyTM (IIJIOTHOCTBH He
BJIMAET Ha CKOPOCTbH IOBWXEHMS JIOIEN) ;

a -  KO®0bmMuMeHT amanTauMy JioOe¥ K MB3MEeHEHMSAM IIJIOTHOCTM IIOTOKAa IIPpHU
k
IOBUXEHUM [0 k-My BUIOY OYTU;
D - 3HauUeHMe IIJIOTHOCTM JIOACKOT'O IIOTOKa Ha 1-OM OTpe3ske (OenbpTa 1)
i
yyacTka NOyTu WUpuHOM b , dYes./m2;
i
m - KO20OMUMEeHT BJIMAHMA IpoeMma.

3HaveHns nepeyncneHHbIX NapameTpoB cneayeT npyHumaTth no Tabnuue M4.1.

Tabnuua M4.1

Bun nyTu, k \Y , curMma (V ), D a m
0,k 0,k 0,k k
M/MUH . M/MMVH . uej. /M2
T'oprBOHTAaJIbHEMN 100 5 0,51 0,295 1

B 3IaHUMN

T'oOprBOHTAaJIbHEM 100 5 0,70 0,407 1
BHE 3IaHuga

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

JlecTHMIIA BHMU3 80 5 0,89 0,400 1
JlecTHMLla BBEpPX 50 5 0,67 0,305 1
<*> Ipu D = 9 uesy./M2 3HaueHus g =V x D onpemesialTCcAa IO popmyie
i i 0,k
q =10 x (3,75 + 2,5 x b ), M/MuH.
i i
t0 t0
[Ipr J000M BO3MOXHOM 3HadeHUM V JIoOM B koJmMdYecTBe N, HaxopAmmecsa B
i
MOMeHT t Ha 1-oM »BJeMeHTaAapHOM ydYacTKe, IOBUITATCHA [0 HEMYy M HAUMHAWLT

0




IepexoImMTh Ha Nocjenyommy yuyacTok (i+l) (pmc. TI4.1). Ha ydyacTOK 1 B CBOK
ouepenb MEepPexolIMT UYacCThb JIIel C npensaymero (i-1) sJeMeHTapHOTO ydacTKa U
M3 UCTOYHMUKA J.

[lo mnpomecTBMM BpeMeHM JenapTa t K MOMeHTy t =t + HesibTa t TOJIBKO
I 0
t0
yacTe Jiomem N Cc yuyacTka 1 ycneer mnepeuTy Ha ydyacTok (i+l). K sTomy
i,1i+1
t0
MOMEHTY BpeMeHu us N Joger, OBBIMX Ha ydyacTke 1 B MOMEHT t , ocTaHeTcsd
i 0
t0 t0
(N - N ) JIonen. VX UMCJIO TIOIOJIHAEeTCS 3a CcueT Jiodel, YCIeBIMX 3a
i i,1i+1
t0
3TOT MHTEPBAaJl BPEeMeHU IIepeMTM Ha HeIOo C Npenpaylero ydacTka - N u us
i-1,1i
t0
MCTOUHMKa N . Torma TIIJIOTHOCTHR IIOTOKA Ha YyyacTkKe 1 B MOMEeHT t Oymer
i, i 1
paBHa:
tl t0 t0 t0 t0
D = (N - N + N + N )y / b x IHenepra 1. (T14.4)
i i i,i+1 i-1,1 3,1 i

CKOpOCThb IOBUMXEHMS JioOgel, oKas3aBIKMXCd Ha yyacTke 1 B MOMeHT t ,
1

omnpenesnsgeTcsa o dopmyJie:

v =V (1l - a x1lnD /D ) . (I14.5)

Puc. M4.1. ameHeHnsa cocTosiHUS NOTOKa B nocriegoBaTeribHble
MOMEHTbI BpEMEHU (HE NPUBOANTCS)

CnepyeT yu4nTbiBaTb, YTO W3MEHEHME MNIIOTHOCTM MOTOKA Ha KaXAoM y4yacTke B pasfnyHble
MOMEHTbI BpeMeHU oTpaxkaeT npouecc nepedOpMMPOBaHUS pasnMyHbIX YacTen NoToKa, U Kak YacTHbI

cnyyau, npouecc pactekaHusa noToka.

MiamMeHeHMe NMOTHOCTW MOTOKa Ha KaX[dOM W3 3reMeHTapHbIX y4YacTKOB B MocnefoBaTteribHble
MOMEHTbI BPEMEHW 3aBUCUT OT KONMYecTBa fnogen, nepexogawux Yyepes rpaHulbl yqyacTtkos. B obwem
crny4ae KonvMyecTBO niogen, nepexogsaLmx 3a nHtepsan spemenn flenbta t ¢ yyacTtka i Ha nocneayoLnin

y4yacTok i+1, cocTaBnserT:

tl t0
N =D x b x JenpTa 1 x V x JeneTa t. (I14.6)
i,i+1 i i nep
CkopocTh mnepexoma V yepes TPaHMLE CMEXHHX 3JIEMEHTAPHEX YyJYaCTKOB
nep

cJlenyeT NPVMHMMAaThb, PYKOBOACTBYSACH CJeIyluyrMy GOpMyJIaMu :

t0 t0
v , ecom D <= D npu max V x D =g
i i+1 Di, k max




nep t0 t0
\Y% , ecmu D > D npu max V x D =qg . (14 .7)
i+1 i+1 Di, k max

CnenyeT y4YMTEBATbL, YTO B TOT MOMEHT BpeMeHu t , KOT'ma IIJIOTHOCTB IIOTOKAa

n
Ha ydJacTke i oocTuUnia MaKCMMaJlbHOM BEJIMYMHEL, Ha 9TOT y4YacCTOK HE MOXeT
HpVIﬁTVI HM OIOVH JeJIOBEK, HM C IIpeluecTBy lero ydYacCTKa, HM M3 MCTOYHMKA. B

tn
pesyibTaTe Iepeln YydYacTKOM 1 3amepXxmuBaeTCss COOTBETCTBEeHHO [JesbTa N n
i-1
tn
IenbTa N Joneri. B crenyomyi MOMEHT BpeMeHUu t YacTh JIOIEeN C ydacTKa
J,1 n+1

i nepexomIMT Ha ydacToOK i+l, MJIOTHOCTB JIOICKOI'O IIOTOKA Ha HEM YMEHbUIMTCS U

YacThb CKONMBUMXCS [epen ero I'PaHMulel JIolei CMOXeT I[IepelTr Ha Hero. Josa ux

y4acTys B IOINOJIHEHUM JIOObMM ydacTKa 1 B MOMEHT t onpenensaeTcsa QOPMYyJION:
n+1

tn, tn+l tn, tn+l tn, tn+l tn, tn+l tn, tn+l
IensTa N / IHenbTa N =D x V x b / D x
i-1 3 i-1 i-1 i-1 b

dopmysiel  (I14.4) - (I14.8) MOJIHOCTBIO ONMCHBAKT COCTOSHME JIOICKOTO IIOTOKAa
Ha DOJIEMEeHTAPHHX ydYacTKaX M UX [NepexOonbl B IIOCJIeIOBATEJIbHHE MOMEHTH BPEMEHN.
COBOKYIHOCTb 3HAUEeHUN PacyYeTHOTO BPeMeHM DBaKyaluMy, [OJIydeHHBEIX MNpu
Pa3JINUHEIX 3HAYEHUAX V , dopMMpyeT sMOMpMUYecCKOe paclpelejieHMe BepPOsSTHOCTEN
0,k
3HaueHur SUM t . Ilo sToOMy paclnpenejieHMo crenyetT PacCCUMUTHBATDH 3HaUeHue
p
BPEeMeH!M 3aBepleHMS 2BakyaluM, COOTBETCTBYyKIlee BePOSTHOCTM P (t ) = 0,999.
p.%B

tn, tn+l
x b . ([4.8)

MpunoxexHne N 5

k nyHkTam 10, 11 MeTtoaumku

OAHHbIE
OnA ONPEOENEHNA PACHETHOIO BPEMEHW SBAKYALUUNA
1. B3HaueHMe BpeMeHM Haudajla oSBakyauum t I0Jis TIOMEIeHMS ouara noxapa
HD
cyenyeT nOpuHMMaTb paBHEM 0,5 MMH. [IJIS OCTAaJIbHEIX IIOMEIEeHUN SBHAUEHMEe BPEMEHU
Hadajla Sepakyauum t cllenyeT olpenesaTbh o Tabiuue II5.1.
HD
Tabmumna I15.1
N Kiacc OyHKUMOHAJIBHOM IIOXAapPHOM 3HaueHMe BpPeMeHM Haudaja
n/mn OIIaCHOCTM 3IaHUM U XapakTepUCTUKa SBakyauuu Jiomey t , MUH.

KOHTUMHITEeHTAa JIoIOen

HDS

3maHuA,
0060pPYyIOBAaHHEE

0060pPYyIOBAaHHEE

3MaHusa, He




CUCTEMOM CUCTEMOM
ONOBEIEHNS U ONOBEIEHNS U
yIpaBJIeHUA yIpaBJIeHUA
SBakKyalumeu Jonemn sBakKyaumemn
JIIOemn

I - 1IT |IIT -V
TUla TUla

1 |3maHmMs ODeTCKMX IOMKOJIbLHBEIX 6,0 4,0 9,0
oBpaz30BaTeJIbHEIX YUYpeXIeHUN,
CreuMaJiM3UPOBaAHHEIX IOMOB IIPeCTapeJibixX
¥ MHBaAJMIOOB (HEKBAPTUPHEE), OOJBbHULEH,
CIlaJIbHEIE KOpIlyca ObOpasoBaTeJibHBIX
yUpexXxIneHUM MHTEPHATHOIT'O TuUIla U
OEeTCKUX YUPEeXIOeHUM; MHOT'OKBAapPTUPHBIE
XWUJIBle IOOMa; OINHOKBAPTUPHEIE XUJIEIE
moMa, B TOM uucjie OJIOKMPOBAHHHE
(®1.1, ®1.3, ®1.4). Jooou MOTYyT
HAaXOOMTLCS B COCTOSHMM CHa, HO
3HaKOMEH CO CTPYKTYpPOM 3BakyalMOHHHX
nyTelr U BHEXOIOB

2 |TocTuHMLE, OOWEeXUTUSA, ClaJibHHEe 3,0 2,0 6,0
KOpIlyCca CaHATOpPMEeB ¥ IOOMOB OTIOHXa
ofumero Tula, KEeMIMHTOB, MOTeJIel U
naHcuoHaToB (®1.2) . XMJAbLUBE MOTYT
HAaxXOOMTECS B COCTOSHUM CHA M He
OOCTaTOYHO 3HAKOMEl CO CTPYKTYPOMU
9BAKYALMOHHEX IIYTEM M BHXOIOB

3 |3maHusa 3PEesIMIHEIX M KYJbTYPHO-— 3,0 1,0 6,0
IPOCBETUTEJILHEIX YUPEXIEeHWM; 3OaHUsA
opraHmM3auuy no OOCJYyXMBAHMUIO HaCeJIeHUS
(®2, @©3). IloceTuTesM HaAxXOOATCS B
foOpCTByMIEM COCTOSHUM, HO MOI'YT OBITH
He BHaKOMHBl CO CTPYKTYpOM
9BAKYAILMOHHEIX IIYTEM ¥ BHXOIOB

4 |3maHMsa Hay4dHHX UM o0pa30BaTeJibHBIX 3,0 1,5 6,0
YUPEXIEeHUM, HAYUHEIX UM IPOEKTHHX
opraHMszaluuyi, OpPraHOB YyIpaBJIeHUSD
yupexneHur (&4) . IoceTuTenm HaxOOATCH
B OOIPCTBYKIEM COCTOSHUM M XOPOIO
3HAaKOME CO CTPYKTYpPOM 3BakKyalLMOHHHX
IyTey M BHEXOIOB

2. MNpyHUMNBI COCTaBNEHUS PACYETHON CXeMbl 3BaKyaLmu.

PacyeTHasa cxema aBakyauuu npeactaBnsetr cobon OTAENbHO BbIMOMHEHHYIO, WM BO3MOXHO
HaHECEHHYI0 Ha MNMnaH 34aHns CXeMy, Ha KOTOPOW OTPaKeHbI:

KONMMYeCTBO MNoJder Ha HavanbHbIX y4yacTKax - MCTOYHUKaxX (Mpoxodbl Mexay pabounmu mectamum,
obopyaoBaHueM, psgamu kpecen v T.n.);

HanpasreHne nx ABMXeHUS (MapLpyThl);

reoMeTpuyecKkMe napameTpbl y4acTKoB NyTw (4NMHA, LWMPUHA) U BUAbI y4acTKOB MyTy.




PacuyeTHasa cxema aBakyauuu JOMKHA yYUTbIBaTb CUTYaLMIO, MPU KOTOPOWM XOTS Obl OOMH YenoBek
HaxoauTcs B Hanbonee yganeHHoM OT BbIXOAa U3 3A4aHUs, COOPY>KEHNUSI UINTN CTPOEHNS TOUKeE.

B pacyeTHOM cxeme y4uTbIBAOTCA TONMbKO TE€ MNyTW [ABWXKEHUS fOAEN, KOTopble OTBeYalT
TpeboBaHVaM, NpeabABNAEeMbIM K MYyTAM 3BaKyaL .

PaccmoTpeB KOnMMYEeCTBO nNoderd Ha HavanbHbIX ydacTkax nyTu, cregyeT onpegenntb
HanpaBneHne WX [OBWKEHWs. YCTaHOBMeHbl crnegylowme Habniogaemble npasuna Bbibopa nogbMu
HanpasneHus (MapLipyTa) ABMKEHUS NPy 3BaKyaumm:

a) ABWXKeHne No TOMY NyTW, KOTOPbIM MOAM nonanu B 3gaHue;

0) ucknouveHne nyTen AOBWXKEHWS, NPOXOOAWMX PAOOM C 30HOW FOPEHWs, XOTA JOAM MOryT
3BaKyMpoBaTbCH Yepes 3aAblMIIEHHbIE KOPUAOPLI;

B) BnMsiHME nepcoHana. B obwecTBeHHbIX 3OaHuaX, Kak MnpaBuio, MOcCeTUTenu npu noxape
crnegyoT yKasaHUsaM nepcoHarna, gaxe ecnv 3TW yKadaHUsi He COOTBETCTBYHOT ONTUMAasibHbIM;

r) Npy 9BaKyaLuMun C NepBOro aTaxa - ABWXEHUE K OTKPbITOMY BbIXOAY HapyXy U3 30aHus;

) CnoXxHas fnormctnyeckasl 3aBMCMMOCTb, OMNMCbiBaoWas BbIOOp Bbixoga C 3Taxa 3pUTENbHOro
3ana (puc. 15.5);

€) NPV NPOYUX PaBHbIX YCNOBUSAX - ABWXKEHME K Brvkanwemy BoIxoay.

Kpome TOro, umetoimecs gaHHble NoKasbiBaloT, YTO pakTopom BbibOpa HanpasreHNss MOXET ObITb
MECTO MapKOBKM JIMYHOIO aBTOMOBMIIA, MECTO BCTPEYM YNEHOB cembm 1 T.N. OnpegenexHme WuprHbI NyTr
BbI3bIBAET 3aTPyAHEHMNE TONbKO MPU BbIXO4E M0Aen Ha y4acToK "HeorpaHuyeHHON" LWMPUHBI, Hanpumep B
BecTnbonb. B Takom crniyyae wvpuHa notoka (b) 3aBucut ot konnyectsa nogen (N) u gnvuel (1) yyacrtka:
b=4mnpuN<1004en. nl<=6m; b =6 M - B OCTanbHbIX Cry4yasix.

CornacHo paHHbIM HaTypHbIX HaOMNAEHUA YCTAHOBMEHO, YTO MOBOPOTHI MYTU HEe BIUSAOT Ha
napameTpbl OBWKEHUSI NTIOACKOro NoToKa.

OnpepgeneHune anviHbl (BAOMb OCK NMYTWU) OTNMYAETCA AN FOPU30OHTarbHbIX M HAKMOHHbLIX NyTen. K
HaKIMOHHbLIM NMYTAM OTHOCATCS NECTHULbI U NaHaycbl. CBOGOAHas WMpMHa b HAaKMOHHOro NyTW, HaNpUMep
NEeCTHUYHOro Maplua, NPMHMMAETCs B CBETY: OT MEpUn 4O CTeHbl. OnuHa HaknoHHoro nytv L (puc. 115.1)
NPVHUMAETCS MO UCTUHHOMY €ro 3HaYeHMI0. DTaXKHbIE U MEXOYITaXKHbIE NIOLWAaAKN B LEeNsx ynpoLeHus
N obreryeHns BbIMUCIIEHWN, y4nTbIBast X HebombluMe pasmepbl U MEHbLUYO CIOXHOCTb ABWKEHUS Mo
HUM B CPaBHEHUN C NTIECTHUYHBIMM MapLuamMm, AOMNYyCKaeTCs OTHECTU K HAKMOHHbIM NyTAM. Torga cpegHss
ANVHA HaKIMOHHOMO MyTK B Npedenax O4HOro aTaxa, C y4eTOM ABWKEHNs No NnoLiagkam, COCTaBuT:

OJI9 IOBYyXMapUeBEIX JIeCTHMI L = ———-—————— ,
cos anbda

roe L' - ropusoHTanbHas Npoekuns AfMHbI HAKMOHHOTo NyTu, M;

anbda - yron HaknoHa K ropusoHTy;

He [Jornyckasi Cepbe3HOW MOrpellHoCTN, AfIMHY NyTU N0 [ABYXMapLUeBOW NECTHULE MOXHO
NpYHUMaTb PaBHOW ero yTpoeHHon BbicoTe H, T.e. L = 3 - H;

OJId TPpexXMapleBEX JIeCTHML L = ——-—-———-——— + - + L" + 4 x b.
cos anbda cos anbda

Puc. NM5.1. PacyeTHada anuHa nyTu no nectHuue:
a - AByxMapLueBas necTHuua; 6 - TpexmapLueBast nectHuua
(He npuBoauTCcS)

naHﬂ,bel, €CInn X HaKIoH He3Ha4duTerneH (MeHbLLIe 1:8), MOXXHO OTHOCUTb K FOpPWU3OHTalrbHbIM
nyTam, npu Oonee 3HauYUTENbHbLIX HaAKMOHax - K nectHuuam. [LOnuMHa HaKNOHHOro nyTn TakKke
onpepnendeTca no ero ocu.

|_|yTI/I OBMXeHna B npegenax 30aHUA 00bl4HO nepecekarwTcd AOBEPHbIMKU NpoemMaMu,
OeKopaTMBHbIMU nopTanamMmun, UMerT CyXXeHUA 3a CHET Pa3fIMYHbIX apXUTEKTYPHbIX UMK TEXHOJITOMMYeCKnxX
ANNleMeHTOB, BbICTynakwLwnx M3 MNJIOCKOCTU orpa>|<,u,eHvu7|. Takne MecTHble CyXXeHna He3aBUCUMO OT UX




XapakTepa B darnbHeWlweM HasblBaloTCsa npoemamu wvpuHon b. OnvHa nytm L B npoeme MOXeT He
YYnUTbIBaTLCS, €Cnn oHa He npesbiwaeT 0,7 M, T.e. ANWHbBI OOHOrO Lwara, B NPOTUBHOM Clyyae ABWXeHune
B MpoemMe criegyeT paccMaTpuBaTb Kak [ABWKEHWE Ha CaMOCTOATENbHOM pacyeTHOM y4yacTke
FOPU3OHTarbLHOIO MyTHK.

JleCTHWYHbIE KMETKM SABMSIOTCH LEHTpaMu TAroTEHUs FIOACKUX MOTOKOB (ONA NepBoro ataxa -
BbIXOAbl HapyXy), Ha BXo4e B KOTOPble 3akaH4MBaeTCs BTOPOM 3Tan aBakyauuu. Mo3ToMy pacyeTHble
CXeMbl LieriecoobpasHo COCTaBNATb AMS KaXAOW YacTu 3Taxa, No KOTOPOKM Moan 3BaKympyloTcs vepes
NPeayCMOTPEHHYIO ANS HWUX NECTHUYHYI KNeTky (BbIxod Hapyxy). Ha puc. I15.2 npuBegeH npumep
COCTaBMEHUs pacyeTHOWN CXeMbl 3BaKyaLMmn NI0Len No YacTn aTaxa A0 BXOAA B NIECTHUYHYIO KIETKY.

Puc. I15.2. IlpuMep COCTaBJIEHMS PaCUETHOM CXEeMb 3Bakyaluu
JIOIEM IO YacCTM 3Taxa OO BXOHa B JIECTHUUHYI KJIIETKY:
N - xojsmuyecTBO Jjiomey; b - mmpumHa; 1 - OIMHA;
b - mmpmHa npoema (He NPUBOOMTCH)
0

B 3puTenbHbiX 3anax C MOCTOSHHbBIMM MeCTaMu Ans noceTutenen pacnpegeneHve niogen no
HanpaBneHnsIM ABUXEHMWS K 9BaKyaLMOHHbIM BbIXo4am nokasaHo Ha puc. 15.3 n 15.4.

Pwuc. 115.3. MapwpyTtunsaumnsa ABuKeHUs NI0ACKMX NOTOKOB
npu 3BaKyauun 13 3puTesbHbIX 3aroB ¢ 6OKOBbIMM (NPOAOIbHBIMMN)
npoxogamu (He NPMBOAMNTCS)

Puc. 1M5.4. MapLpyTusaums ABMXEHNSA NIOLCKNX NOTOKOB
npv 3BaKyaLum 13 3pUTENbHbIX 3anoB C NonepeYHbLIM NPOXoa0oM
(He npuBoaMTCA)

Ecnv B panbHenwum noan BbIXOAAT B ¢ovie mnm Bectubionb, T.e. 4epe3 MNOMELLEHUs, He
OorpaHnyMBaloLLMe, Kak KOpMAOp, LUMPWHbI JIIOACKOrO MOTOKAa, TO pacnpedeneHve noacKMX MOTOKOB
MEXay BO3MOXHbIMW 3BaKyaLWUOHHbIMW BbIXOA4aMK, KOrga OHW He BrokMpoBaHbl, NPOUCXOAUT COrfacHo
3aKOHOMEPHOCTSM, NpuBeAeHHbIM Ha puc. [15.5, a, ©.

Puc. 1I15.5, a. Umuciyio 3pureien
1 BBHIOOP BEIXOIA MNPM SBaKyalMM B IBe JIECTHMUHBE
KJIETKM JIMOO B IBEe OTKPHITHE JIECTHMIE MJIM B IBa BHEXOIA

n3 3paHudg: N - oflee KOJIMUECTBO 3BAKYyMPYOIMUXCSH;

N - UMCJIO 3BakyUPyOUMXCS udepes OJMXHUM BBXOI;
1

N - UKMCJIO 3BaAKYyUPYKRUMXCH dYepes3 OaJIbHUM BHXOX;
2

1 - miMHa OyTu 0o OJNMXHEeIO BEXOHa; 1 - IJMHa
1 2

IIyTM OO IOaJIbHEI'O BEIXOIAa (He HpMBO,IU/ITCFI)

Puc. II5.5, ©. UYucio 3pureinein,
3BAKYUPYOUMXCHA IO OTKPHETOM JiecTHulLe: N - ofuee
KOJIMUECTBO BBaKyMpyoUMXCsa; N - UMCJIO 3BaKyUPYOUIMXCS

1
IO OTKPHITOM JiecTHMUe; 1 - IJKMHa NOYTU OO OTKPHTOM
1
JleCcTHULE; 1 - IOJAMHaA OYyTM OO BHXOIA Ha JIECTHUUHYIO
2
KJIETKY (HEe NPUBOOUTCS)




3. Mpu ogHOpOOHOM cocTaBe MIOACKOro NoToka rpynn mobunsHoctn M2, M3 n M4 3HaueHust
BenunuuH D, V n q cnegyet npuHyMaTth B COOTBETCTBUM C AaHHbIMK Tabnuubl 15.2.

Tabnuua 5.2




Pac4yeTHble 3HauYeHnss napamMeTpoB AN rpynn MoobunbHocTn M2 - M4

pynna Bua nytn

mobunb- | D, ropu3oHTarnbHbIN necTHuua BHU3 nectHuua naHayc BHU3 naHgyc BBEpPX

HOCTH M2/mM2 BBEPX

V, q! V, q! V1 q V1 Q! V: q,
M/MWH. M2/m M/MWH. M2/m M/MWH. M2/m M/MWH. M2/m M/MWH. m2/
X MUH. X MUH. X MUH. X MUH. X MUH.

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

Crpanuua 71 n3 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

Crpanuua 72 n3 90



MpumeyaHue:

M2 - HemoLWHbIE NOAN, MOBUMNBHOCTb KOTOPbIX CHUXXEHA M3-3a CTapeHus opraHusma (MHBanugbl N0 CTapocTu);
MHBanNWAbl Ha NpoTe3ax; UHBanNuAbl C HeJocTaTkamMu 3peHus, nonb3ywwmecss 6enon TPoCTbio; NI0AN C NMCUXUYECKUMU
OTKINOHEHNsMMY;

M3 - HBanMAabl, NCMONb3YOLNE NPY ABWKEHWUM OONOMHUTENbHbBIE OMOPbI (KOCTbINW, Nanku);

M4 - HBanuAabl, NepeaBuraloLnecs Ha Kpecrax-Kossickax, NPpUBOOUMbIX B ABWXEHUE BPY4HY!HO.

4. Mnowagb I'OpVI3OHTaJ'IbHOl7I npoeKkunn 4enoseka f, m2/uen., npuHMMaeTCcA B 3aBMCMMOCTU OT COCTaBa niogen B
NOTOKE B COOTBETCTBUU C NpnBeaEeHHbIMWN HWXXe AaHHbIMW.

Puc. INM5.6. MNnowanb ropu3oHTansHON NpoeKL MM Yenoseka:
a) pacyeTHas; 6) gencTBuTeNnbHAas (He NPUBOANTCSH)

Pa3mepbl ntogen N3MeHsItoTCsl B 3aBUCUMOCTU OT (bM3MYECKMX AaHHbIX, Bo3pacTa un ogexabl. B Tabnuuax 5.3,
5.4, 1N5.5 n Ha pucyHke 5.7 npnBoaATCA yCpeaHEHHbIE pasMepbl No4en pa3HOro Bo3pacTta, B pasfinyHoOn ogexae 1 ¢
pasnuyHbiM rpy3oM. [NMpu 3TOM NpuBeAEHbl 3HAYEHUsT MOWaaM ropu3oHTanbHOM NPoOeKUMn MHBaNWAOB C HapyLUEHWEM
OMopHO-ABUraTenbHOro annapara.

Tabnuua 5.3

Mnowaam ropu3oHTaneHON NPOeKL N B3pOCHbIX Nogen

Tun oznexnre llmpmuHa a, M TomumHa c, M [Inomwanb I'OPUBOHTAJILHOM
NpoeKLmn, M2/ded.

JIeTHAS 0,46 0,28 0,100
BEeCEeHHEe—-OCEeHHAd 0,48 0,30 0,113
BUMHASA 0,50 0,32 0,125

Tabnuua N5.4

Mnowaam ropnsoHTanbLHOM NPoeKkUnn aeTen u NoagpoCTKOB

TU OHEXIE Bo3pacTHEE T'PYIIIE
MIIaOuma s cpenHsas crapuas
no 9 jer 10 - 13 seT 14 - 16 gseT
IoMallHg g omexmia 0,04 0,06 0,08
IOMallHsas OomexHOa CO IMKOJILHOM 0,07 0,10 0,14
CYMKOM
yIMUHAS omexmaa 0,09 0,13 0,16

Pwuc. M5.7. MNnowanb ropm3oHTansHon npoekummn rnoaemn
C pasnuyHbIM rpy3oMm (He NPUBOAMTCS)

Tabnuua N5.5

Mnowanb ropu3oHTanbHON NPOEKL MM Nogen ¢ orpaHN4YeHHOM
MOOUMNBHOCTbLIO, M2/4ern.

300pOBHE Criemnsle C nopaxeHueM OIOPHO-IBUIATEJIEHOT'O alllapaTa




Juoou, cia-

OocJslamme , nepenBu- |NepenBu- |[nepensBu- |MIepenBu— |TPaHCIOP- |TpPaHCIOp—

C oTr'paHu- rapuMecs |ramoummecs |rawomyecs |TapoumMecs |TUpyeMble |THUpyeMBe

YEeHUEM YyM-— 6es C OnHOM C IOByMs Ha Ha Ha

CTBEHHOMU IOOINOJIHM— |OONOJIHM- |IOOIOJIHM- |Kpecjlax— [HOoCMJIkax |KaTajkax

neareib-— TEeJIbHEIX TEeJIbHOM TEJIbHEIMM | KOJIICKAaX

HOCTU orop OIIOPOM ornopamm

1 2 3 4 5 6 7 8

PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK

(He npmBO-— (He npu- (He npu- (He npu- (He npu- (He npu- (He npu- (He npu-

IMTCSH) BOIUTCSH) BOIMUTCSH) BOIUTCSH) BOIMUTCSH) BOIMUTCSH) BOIMUTCSH) BOIUTCSH)

cxeMa cxeMa cxeMma cxeMma cxeMa cxeMma cxeMa cxeMma

(He mnpmBO-— (He npu- (He npu- (He npu- (He npu- (He npu- (He npu- (He npu-

IMTCSH) BOINTCSH) BOIMUTCSH) BOIMTCSH) BOIMTCSH) BOIMUTCSH) BOIMUTCSH) BOIMUTCSH)

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

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

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

4. BpeMsa 3aIepxkmu t OBMXEHMS Ha YydacTke 1 m3-3a obpasoBaBUETOCH
3
CKOIUJIEHMS JHOOEeM Ha TI'paHulle C [NOCJenyolmMM ydacTkoM (i+1l) omnpememnsercs mo
bopmysie:

1 1
t =Nx f x (——m——==="----—- - —————— ), (I15.1)
aq X b g xb
npu D=0, 9 i+l i i
rge N - KOJIMYECTBO JIomel, dedl.;
f - nmjomanbs TOPMBOHTAJIBHOM NPOEKUUM, M;
q - MHTEHCMBHOCTBL IBMXEHUS uepes ydacTok i+l npm njorsoctm 0,9
npu D=0, 9
n GoJjiee, M/MMH.;
b - mMpMHa ydyacTkKa, M, [IPUM BXOXIEHUM Ha KOTOPBEIM 00paz30BajioCh
i+1
CKOIIJIeHMre JioIen;
q - MHTEHCMBHOCTL IBMXEHMsS Ha ydacTke 1, M/MuH.;
i+l
b - mmpuHa OpenmecTByOIEro ydYacTka i, M.
i
BpeMs cylmecTBOBaHMUS CKOIJIEHUsa T Ha ydacTke 1 ompenessgeTcs no dopmyse:
CK
N x f
t = —mm e . (I15.2)
CK q x b
npmu D=0, 9 i+1

PacueTHOe BpeMs »BakyaluM IO ydaCTKy 1, B KOHIe KOTOPOTO Ha I'paHule C
YUYaCTKOM (1+1) 0oBpas0BajIOCh CKOIJIeHMEe JIoIeM, PaBHO BPEMEHM CylLleCTBOBAaHUS
CKOIJIEHUA t . PacueTHOe BpeMsa B»BaKyauuyu I[IO YydYacTKy 1 momnyckaeTcs

CK
onpemenaTe o dQopwmyse:




t = --4+t . (II5.3)

MpunoxeHue N 6
K NyHKTY 12 MeToankm

MNOPAOOK
MPOBEJEHUA PACHETA U MATEMATWUYECKWE MOJENW ONA ONPEJENEHNA
BPEMEHW BJTIOKMPOBAHWA MYTEW 3BAKYALIMN OMACHbIMU
GAKTOPAMW MOXAPA

I. Nopsgok npoBegeHus pacyeTa

MpousBoanTCs 3KCMEPTHLIV BbLIGOP CLEHapWst UNM CLEHapUEB MNoxapa, Mpu KOTOpbIX OXWAAKTCA Hauxygliue
NoCneacTBUS AN HAXOASALIMUXCS B 30aHUM NOAEN.

dopmynMpoBKa cLeHapusi pasBUTUSI NoXapa BKIoYaeT B cebsl crieayoLme aTansbi:

BbIGOp MeCTa HaxoXAeHWs NepBoHaYaribHOro oYara roxapa U 3akOHOMEPHOCTEN ero pasBuTHS;

3afjaHue pacuyeTHoW obGnactu (BblbOp paccMaTpuBaemol MNPV pacyeTe CUCTEeMbl MOMELLEHWIA, onpenerneHne
YyYMTbIBAEMbIX MPU pacyeTe 3NIeMEHTOB BHYTPEHHEN CTPYKTYpbl NOMELLEHWI, 3aaHne COCTOSIHUSI TPOEeMOB);

3afaHue NapaMeTpoB OKpYyKatolel cpeapbl Y HayanbHbIX 3Ha4YeHWI NapamMmeTPOB BHYTPU NMOMELLEHWIA.

BbiGop MecTa HaxoxaeHWUs oyara noxapa npousBoAUTCS IKCNEePTHLIM NyTeM. [pu 3TOM y4YMTbIBAETCS KONMMYECTBO
roptovei Harpysku, ee CBOWCTBA M pacrofioKeHne, BEPOSITHOCTb BO3HWMKHOBEHWS MOXapa, BO3MOXHasi AMHaMuKa ero
pa3BUTUSI, PaCMONOXEHNE 3BaKyaLIMOHHBIX MYTeN 1 BbIXOOOB.

Hanbonee uwacto npu pacdeTax paccMaTpuBalOTCs TPU OCHOBHbLIX BMAA pPasBUTUS MoXapa: KpyroBoe
pacrnpocTpaHeHve noxapa no TBepAOoW roproyelt Harpyske, NIMHEMHOE pacnpoCTpaHeHVe noXxapa no TBEepPAoW roproyer
Harpyske, HeyCTaHOBUBLUEECS FTOPEHNE FOPOYen JKUAKOCTH.

CKOpPOCTb BbIrOpaHUsi As 3TMX cly4aeB onpeaensieTcs hopMynamu:

2 2
ncu X oM X v X t - OJsa KpyT'OBOT'O PACIPOCTPAaHeHMS Ioxapa
ya
ncu X 2 x v x t x b - Ojng JMHEMHOTO paclpocTpaHeHMus noxapa (II6.1)
ya
ncu = <
/t
ricu x F x /—-—-- - InJg HeycTaHoBMBUIETOCHS Topenus I'K,
Ng:! / t
\/ cr
roe ICu - yIHeJbHas CKOPOCTB BEII'OpaHusa (OJsa XMIKOCTEM yCTaHOBMBIIALCH),
ya

xr/ (c x M2);
V — CKOPOCTH PAaCHpPOCTPAaHEeHMA IJlaMeHu, M/C;
b - mMpMuHa [IOJIOCH TOpPKUEel HAT'Py3KM, M;




t — BpeMA C‘I‘a@MJ'IMBaLLMM I'OopeHMnA I'opfoquZ XMaorocCcTm, C;,

cT

F - njomwanlb ouara noxapa, M2.

C yuetom pasgena |l pgaHHoOro npunoxeHust BbiOMpaeTcsd MeTOA4 MOoAenupoBaHusl, dopMynupyeTcs
mMatemaTudeckasa Mopefnb, COOTBETCTBYHOLWAS [aHHOMY CLEeHapuio, W MPOU3BOAUTCA MOAENUPOBaHUE OUMHAMUKN
pa3BuTna noxapa. Ha oCHOBaHUKM MOSTYYEHHbIX PEe3yNbTaToOB PacCYUTbIBAETCS BPEMS OOCTMXKEHUS KaXablM M3 ONacHbIX
bakTopOoB NoXapa npeaenbHO JONYCTUMOro 3Ha4YeHMs Ha NyTSX 9BaKyauun.

Kputnueckoe Bpemsa Mo Kaxaomy M3 onacHbiX DakTOpOB noXapa onpeaensieTcsl Kak BpeMsa OOCTUXKEHUA 3TUM
¢hakTopOM npeaenbHO JONYCTMMOro 3Ha4YeHUs Ha NyTsX 3BaKyalumm Ha BeicoTe 1,7 M OT nona.

MpenenbHO JONYCTUMBIE 3HAYEHUA MO KaXXOOMY M3 OnacHbIX hakTOPOB MoXapa COCTaBMsAoT:

no noBblLLeHHOW TemnepaType - 70 °C;

no TennoBomy noToky - 1400 B1/m2;

no notepe BnammocTu - 20 m;

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

10 KaxXIOMy M3 TOKCUYHEIX TI'a3000pasHBIX IIPOOYKTOB TopeHusa (CO - 0,11

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

Heobxoanmo OTMETUTb, YTO MpPU MCMNOSIb30BaHMM MOMEBON MOAENN onpedeneHne KpUTUHECKOro BpeEMEHN NUMEET
CYLLIECTBEHHbIE OCOOEHHOCTM, CBSI3aHHble C TeM, YTO KPUTMYECKOE 3HAYeHUe B pPasfUYHbIX TOYKax MOMeLLeHUs
OOCTUraeTcsa He O4HOBPEMEHHO. [Ns NOMELLEHUN C COU3MEPUMbBIMU FOPU3OHTANBbHBIMU pa3mMmepamMmn KpUTU4eckoe BpeMs
onpegenseTca kak MakCUMarbHOE W3 KPUTUYECKUX BPEMEH AN 3BaKyaUMOHHbIX BbIXOAOB M3 OAHHOTO MOMELLEeHUs
(Bpems 6nokMpoBaHMsA nocrnegHero Boixoaa).

OnpegnensgeTrcsa BpeMs OJOKMpPOBaHMA t

BJ1
[ 1
0
o.B. T T.D. 2 T.I.
t = min <t , £, t , £, t > (I16.2)
OJ1 [ Kp Kp Kp Kp Kp J

[I. Knaccudgukaums n obnactb NpUMEHEHMS METOO0B
MaTeMaTU4EeCKOro MOAENMPOBaHNS NoXxapa

Ona onucaHus TepMOrasogMHaMW4YeckMx MapameTpoB noxapa MNPUMEHSATCS TPW  OCHOBHbIX  Fpynnbl
OETEPMUHUCTMYECKUX MOAENEN: MHTerparnbHble, 30HHbIE (30HanNbHbIE) 1 NONEBbLIE.

BbiGop kOHKpeTHOM Mogenu pacyeta BpeMeHn 6oKMpoBaHna NyTen aBakyaumm cnegyeT OCyLWeCcTBNATbL Ncxoas U3
crnepyoLwmnx npeanocbisiok:

WHTerparnbHbln METOA:

Ons  34aHWiA, codepXaluuMx pasBUTYI0O CUCTeMYy MOMelleHWA manoro obbema MpoCTOl reoMeTpUYEecKow
KOHUrypauuu;

ONS NOMELLEHNI, TAe XapaKTepHbIN pasMep ovara noxapa CoM3mMepuM € XapakTepHbIMU pa3mepamMu NoMeLLeHNs 1
pa3mepbl NOMELLEHUsI COM3MEPUMbI Mexay cobon (NMMHenHble pa3Mepbl MOMELLEHNS OTNInYatoTcs He 6onee Yyem B 5 pas);

ONS npegBapuTenbHbIX PAcYeTOB C LeNblo BbiABMEHNS Hanbonee onacHoOro cueHapus noxapa;

30HHbIW (30HanNbHbIV) METOA:

Ona NMOMEeLeHUn U CUCTEM NOMEeLLEHUIA NPOCTON reoMeTPUYECKon KOHUrypauun, nNMHENHbIE pa3mMepbl KOTOPbIX
COM3MepVMbl MeXay cobow (NMMHenHble pa3Mepbl NOMELLEHNs oTnu4YatoTcd He 6onee yem B 5 pas), Korga pasmep ovara
noxapa CyLeCTBEHHO MeHbLLE pa3mMepoB NMOMELLEHNS;

Ans pabourx 30H, PacrnonoXeHHbIX Ha pasHbIX YPOBHAX B Npedenax 0AHOro noMeLleHns (HaKnoHHbIA 3puTenbHbIN
3an KMHoteaTpa, aHTPeconu u T.4.);

noneBoW MeToA;:




Ons NOMELLEHMN CMOXHOW reoMeTpuyYeckon KOoHdurypauum, a Takke noMelleHUn ¢ 6onblIMM KONMUYEeCTBOM
BHYTPEHHUX nperpag (aTpMyMbl C CUCTEMOM ranepen 1 NpUMbIKaLWnX Kopruaopos, MHOrOYHKUNOHAmMbHbIE LEHTPbl CO
CMNOXHOW CUCTEMOWN BEPTUKANbHbIX U TOPU3OHTArbHbBIX CBSA3EN U T.4.);

01151 NOMELLIEHWIA, B KOTOPbIX OAMH U3 reOMeTpUYECKMX pasMepoB ropa3fgo 0orblie (MeHbLUE) OCTanbHbIX (TOHHENN,
3aKpbITble aBTOCTOSIHKM OOMbLLOW nnowaaun u 1.4.);

AN MHBbIX Cry4YyaeB, Korga NpUMEHUMOCTb UM MHPOPMATUBHOCTb 30HHBLIX M MHTErpasnbHbIX Mogernen Bbi3biBaeT
COMHeHMe (YHUKarbHblE COOPYXEHUS!, pacnpocTpaHeHMe noxapa no dacagy 3gaHus, HeobXoaAMMOCTb ydeTa paboThbl
CUCTEM MPOTMBOMOXAPHOWN 3aLLMTbI, CNOCOOHbIX KAYECTBEHHO M3MEHUTbL KAPTUHY NoXapa, U T.4.).

Mpn ncnonb3oBaHUN MHTErparnbHOM U 30HHOW MoAenen Ans NOMeELLEeHUs!, OONH U3 JIMHENHBIX pa3MepoB KOTOPOro
bonee 4Yem B NATb pa3s npesbillaeT XoTa Obl OAMH U3 ABYX OPYruMX MUHENHbIX pa3mMepoB, HEOBXOANMO 3TO NoMeLLeHNe
OenuTb Ha y4acTku, pasMepbl KOTOPbIX COM3MEpUMbl Mexay cobol, M paccMaTpuBaTb Y4YaCTKU KakK OTAernbHble
nomelleHus, coobliawoumecs npoemMamy, nnowiadb KOTOPbIX paBHa MMOWAAM CeYeHUs Ha rpaHule  Yy4acTKOB.
Vicnonb3oBaHve aHanorMyHon npouenypbl B cnyyae, Koraa ABa NUMHENHbIX pa3Mepa NpeBbIWatoT Tpetun 6onee yem B 5
pas, He JonyckaeTcs.

lll. MHTerpanbHas maTemaTuyeckas MOAeNb pacdeTa rasoobmeHa
B 34aHWUM Npu noxape

[ns pacyeTa pacnpocTpaHeHUs NPOAYKTOB FOPEeHUsi Mo 34aHMI0 COCTaBMNATCA U PeLlalTcs ypaBHEHUS aspauun,
TEnmno- n MmaccoobMeHa Kak Ans KaXXgoro rnomelleHus B OTAENbHOCTHU, Tak U AN BCEro 34aHus B LeNOM.

YpaBHEHU1 OBWKEHUS, CBS3blBalOLLME 3HAYEHMs1 NepenagoB AaBneHWin Ha Mpoemax C pacxogamu rasoB Yepes
npoemsbl, UMelT BUa;

G = sign(enpTa P ) x Mo x F x \/2 x po x |Heana P |, (I16. 3)
Ji Ji Ji
roe G - pacxom Tas0B uepes IpoeM MexIny OByMS (Jj-M M 1-M) CMEeXHBMM
ji
nIoMeleHuaMn, Kr/c;
MO - ko2bbuumeHT pacxoma mnpoema (Mo = 0,8 IJig B3aKPBEITEIX [NPOEMOB U MO =
0,64 nja OTKPEITHIX) ;
F - nJjomanbs cedyeHus npoema, M2;
PO - IUJIOTHOCTHL Tas30B, NPOXOOAlMX uepes npoem, KI/M3;
IenbTa P - CcpenHuM [epemnan I[IOJIHEIX HOaBJIEHUM MexOy J-M U 1-M
3i
rnomMeueHuem, Ila.
HampaBjieHre (3HaAK) pacxola onpeneseTrcsd 3HAaKOM pasHocTu OaBJICHUN
IOenerTa P . B 3aBUCUMOCTM OT 3TOTO IJOTHOCTH PO I[PUHMMAET pasyryHBEe
ji
3HAUEHMA .

3HaKk pacxoja ra3oB (BXOJJIIMH B TOMEILIEHHE PAacXoJl CUUTACTCSA IOJIOKUTENBHBIM, BBIXOJSAMINUN -
OTpHULATENIbHBIM) U 3HAYEHHE PO 3aBUCAT OT 3HaKa Mepenaa JaBIeHUM:

-1, po = po , npm JenbTa P < O
J
sign (HOemevTaP), po = < . (I16.4)
po , npu HenbTta P > 0
i

+

i
o]
O
Il

—

Ons NMPOrHoO3npoBaHUA nNapameTpoB HpOﬂyKTOBFOpeHMﬂ(TeMﬂepaTypr KOHueHTpaHMﬂ TOKCUYHbIX KOMMOHEHTOB
npoAyKTOB ropeva) B NMOMeLWEeHNAX MHOrodTa)KHOro 3gaHunA Ha 3TaXax, pacnosioXXeHHbIX Bbille 3TaXa, Ha KOTOPOM




MOXET BO3HWKHYTb MNOXap, pacCcMaTpuBAlOTCS MPOLIECChbl pacnpocTpaHeHus MPOLYKTOB TOPEHUst B BepTUKaNbHbIX
KaHanax (NeCTHWUYHbIE KNeTKW, LaxTbl NMTOB, BEHTKaHanbl 1 T.1.).

BepTukanbHylo WWaxTy No BbICOTE pasfensioT Ha 30Hbl, KOTOpble NPeaCTaBnsT y3rbl B rMapaBnMyeckon cxeme
34aHusA. 30Ha MO BbICOTE MOXET OXBaTbiBaTb HECKOSbKO 3Tael 34aHus. B 3Tom cnyyae pacxod rasa mexay 30Hamu
MOXHO BblpasnTb (OOpMyrion Buaa:

G = ) —mmmmo , (I16.5)

rge S = ——————————————————— - XapakKTeprucTrTmurka I'MOpaBJIMYECKOI'O

2 X g X po x k x F

COIIPOTUBIIEHNMA Ha I'PaHMIEe 30H;

F - nnowaab nonepe4yHoro ceyeHuns WwaxTol;

k - koadhpumumeHT (ponyckaetcs npuHumaTth pasHbiMm 0,05 c2/m);

g = 9,81 m/c2 - yckopeHune cBo60OAHOro NageHus;

OenbTa p - nepenag gaBneHuin Mexay y3namu.

3QaHvie NpeacTaBnsaloT B BUAE MMOPABANYECKOW CXeMbl, Y3bl KOTOPOM MOAENUPYIOT MOMELLEHUS, a CBA3M - NyTH
ABWXXEHNS NPOAYKTOB ropeHns 1 Bosayxa. Kaxxgoe nomelleHne 3aaHns onvcbiBaeTcs CUCTEMOW YpPaBHEHWIA, COCTOSLLEN
M3 ypaBHeHWss GanaHca Maccbl, ypaBHEHUS COXPaHEHWS 3JHEePrun W YypaBHEHUss OCHOBHOTO rasoBOr0 3aKoHa
(MengeneeBa-KnannepoHa).

YpaBHeHue 6anaHca Macchbl BblpaxaeTcs (opmMyrion:

d(po x V) / dt = ncu + SUM G - SUM G , (I16.6)
I I k k i i

roe V. - oOBeM IMoMeleHusa, M3;

]
t - Bpewma, c;
SUM G - cyMMa pPacxoloB, BXOIAWMX B IIOMelleHue, KI/C;
k k
SUM G - cyMMa pacxXOIOB, BHXONANMX U3 IOMENEeHUs, KI'/C;
i i

lMcu - cKkopOoCTb BbIrOPaHUS NOXapHOW Harpysku, Kr/c.
YpaBHeHVe COXpaHeHNs SHEPrun BolpaxkaeTcs popMyIrion:

d(C xpo xV xT) /dt=C xSUM (T xG)-C xT xSUMG +Q -Q, (I6.7)
v 3 3 3 P k k k o) 3 i i T W

rne C , C - ymejbHas M30xopHaa M ms3obapHasa TermyoeMkocTu, kIx/ (kr x K);
v p
T , T - TeMmMnepaTypH T'a30B B 1-M ¥ j-M HOoMeumeHusax, K;

Q — KOJIMYEeCTBO TeIljla, BBIOEJIAEMOI'O B IIOMEUWEHUM IIPpUM T'OPEeHUN, KBT;

Q - TEenJoBOM IIOTOK, IO TJIOA E MBI KOHCTPYKUMAMN 129 MsnyqaeMHﬁ uepes
W

npoemel, KBT.
g moMmelweHrsa ouara MoxXapa BeJMuMHa Q omnpegesgeTrcsd no Qopmylie:
T

Q =o»37a x Q + I,
r H




roe sTa — KOBOOMUMEHT I[IOJIHOTE I'OPEeHMSA;

Q - HMBWAA TeloTa cropaHmud, KIX/KD;
H
I - sHTaNLNMA Ia3zudUUMPOBAHHOM TOpIUYel HaTPy3KU.
IJIa OCTaJIbHEIX IoMmemeHumr Q = 0.
T

KoaddumreHT moTHOTH TOpEeHUs 3Ta onpeaessieTcs: o popMyIe:

X x G
ox,a a
s7a = 5274 X K+ (1 - K) x —————————= , (I16.8)
a e x L
ox
Tme 3Ta -  KO20OMUMEHT IHNOJIHOTE I'OPEHMS B PexMuMe [oxapa, peryMpyeMoM
a
ropoYel Harpys3KoM, onpenejseMslt QopMyJioNn:
6
sta = 0,63 + 0,2 x X + 1500 x X . (116.9)
a ox,a ox,a

Koaddunuent K paccuntsiBaercs no dpopmyie:

X X
ox,m B oxX,m
K= (-——-- ) exp(B x (1 - -———- )) ., (I16.10)
X X
0X,a oxX,a
X
oxX,a 2
rone B = (-——————————- ) ;
X - 0,01
o0X,a
X - HavajibHas KOHIEHTpalus KUCJIOpOoIa B IIOMENeHMM oudara noxapa;
oX,a
X - Tekyllas KOHIEeHTpAalMsa KUCJIOoPpOoIa B IOMENeHMM oudara Ioxapa.
oX,m

YpaBHeHve MeHpgeneesa-KnainepoHa Bbipaxaetcs oopMynoun:

R
P =po xT x -, (Il6.11)
J J j M
roe P - @maBJjieHMe Trasa B Jj-M noMmemeHwmu, Ila;
J
T - TeMmnepaTypa Taza B Jj-M nOoMemeHun, K;

]

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

M - monapHasa macca rasa, Morsib.

MapameTpbl rasza B NOMELLEHWNN ONPEAEnsoTCS U3 ypaBHeHUs 6anaHca Macc OTAeNbHbIX KOMMNOHEHTOB NPOAYKTOB
ropeHusi n Kucrnopoga v ypaBHeHust banaHca onTU4eCcKon NIOTHOCTU AbIMa.

YpaBHeHue 6anaHca Macc OTAeNbHbIX KOMMNOHEHTOB NPOAYKTOB FOPEHNs U Kucrnopoaa:

d (X Xx po x V) / dt = ncum x L+ SUM (X x G ) - X X SUM G , (I16.12)
L,j g g L k L,k k L,j ii




roe X , X — KOHLEeHTpauud L-T70 KOMIIOHEHTAa IPOOYKTOB T'OPEHMA B i-m

L, i L,J
¥ j-M NOMemeHusIx, KI'/KD;
L - KOJM4ecTBO L-T'O KOMIIOHEHTa NPOIOYyKTOB TOpeHMA (kucjopoda),
L
BRIOEJIANUIETOCS  ([NOIJIOWAKIMErOoCsa) MNPM CIOpaHuM OOHOTO KuMUJoT'paMMa [IOXapHOM

HATPy3KM, KI'/KI.
YpaBHeHMe ©anaHca onTUYeckom NNOTHOCTU AbiMa:

V xdvo / dt =nmcu x D + SUM (Mo x G ) / po - Mo x SUM G / po , (I16.13)
J Jj m k k k k J i i Jj
rge Mo , MO - onTmueckas IIJIOTHOCTb HeIMa B 1-M M J-M IOMENEeHMUIX,
i j
-1

Ho x M ;

D - memMooOpasynlas CIOCOOHOCTHL I[OXAPHOM HATpy3KM, Ho X M2/Kr.

m

OnTnyeckas NNOTHOCTb AbiMa Mpu 0BbIYHBLIX YCMOBUSIX CBA3aHa C pacCTOstHUEM MpeAenbHOW BUOUMOCTU B AbIMY
dopmynon:

1 = 2,38 / M. (I16.14)
np

Ons nomeweHun 6e3 ucTodHMKa Tenmna cuctema ypaBHeHun ([16.6), (16.7) wn ([16.8) ynpowaeTtca u
npeacTaBnseTcs B BUAE:

G (ray) = sign (HenbTa P (ray)) x Mo x F x \/2 x po x |HeﬂbTa P (Tay)|
ij ij k ij
< G (Tay) (II16.15)
n ij
SUM —-—-—=———— =0,
i=1 po
k
1
roe po = - x [po + sign(OesbTa P ) X Po + po -
k 2 i ij i 3
- sign(HOenbTa P ) x po ].
i3 J
[lepBOoe YypaBHEeHME CBA3LIBAET Iepenansl OaBJIEHUM Ha COeNMHSIMX IOMelleHUe
npoemMax C pPacxoIoM TIasa dYepes BTU IPOeMHE. BTopoe - BEpPaxaeT IOCTOSHCTBO
obbeMa IJis IOAaHHOTO [oMemeHusa. TakuMm obpasoM, IJisS BCeTro 3maHusa TpebyeTcs
pemaTrb CUCTEMYy, COCTOAWlyld M3 (m + m ) xXxn HEeJIMHEMHBIX ypPaBHEHUN BMIA
TC BC 3T
(Il6.12) M n X n JIVHEMHEIX ypaBHeHmit Bunma (I[16.13). 3mecs m M m -
y 3T TC BC
COOTBETCTBEHHO UMCJIO I'OPM3OHTAJIBHEIX UM BEPTMKAJILHEIX CBA3EM Ha DTaxe; n -
N
UMCJIO Y3JIOB; N - YUMCJIO BTaxemn.
3T

Cuctema ypaBHeHWI, BKMovatowasa B cedbs ypaBHeHus ([16.6), (M6.7) ona nomelleHns ovara noxapa u (6.12),
(M6.13) onsa octanbHbIX NomelleHu 1 ypasHeHue (IM16.11), onucbiBaloLas rmapaBnMyeckylo CXxemy 3aaHus, pellaeTcd
YUCNEHHO METOAOM MTEpPAaLMN B COBOKYNMHOCTU C METOLOM CEKYLLMX.




OcCHOBHblE ypaBHEHUs1 ANs onpeaeneHns TeMmnepaTypbl ra3a M KOHLEHTpaumn NPpOAYKTOB rOPeHUs B NOMELLEHUAX
3[4aHu1s Nony4eHbl U3 ypaBHEHUIN COXPaHEHUS SHEPrUM U Maccehl.

Temnepatypa rasa B nomeLleHWn, roe OTCYTCTBYET o4var noxapa, onpefensieTcsa u3 ypaBHeHUs TEMroBOro
GanaHca, KOTOpOE MOXHO MONyYUTb W3 ypaBHeHMs coxpaHeHus 3Heprum (16.7). dopmyna ans onpegeneHus
TemnepaTypbl rasa B j-M NOMeLLeHUN 3gaHns B "n"- MOMEHT BPEMEHM:

k=1 PB k k Jj
T = \—\— - ——————————— +
nj n m m * *
C x (SUM G - SUM G ) + C x SUM G + anbbda x F + anbda x F
VT k=1 k i=1 i pr i=1 i jn jn jcc jcc
n
SUM (C x G x T ) +20Q
k=1 PB k k j
+ |T - T ———— X
(n=1)7 n m m * *
C X (SUM G - SUM G ) + C x SUM G + anbda x F + anbda x F
v k=1 k i=1 i pr i=1 i jn jo jcc jcc
n m m * *
C x (SUM G - SUM G ) + C x SUM G + amnbbda x F + anboda x F
VT k=1 k i=1 1 pr i=1 1 jo jo jcc jcc
X eXp|[————mmmm e x JenesTa Tay|, (16.16)
C X po x V
VT J J
roe O - CcyMMa MCTOYHMKOB (CTOKOB) Temnjla B OoObeMe Jj-TO INOMENEHUS U

Tella, yXomAmero B or'paxnamiye KOHCTPYKLWMM;

T(ray) - T (Tay)
* w

aneba = anpda x |-——————————————-— - IPMUBEOEHHEI xo5bOUIIMeHT

T(ray) - T
0
TEelJjooTIonaum,;
T — HadajJlbHad TeMIlepaTypa B IIOMEUEHUNM;
0
F — IJIomanb IMOBEPXHOCTM OI'PaXIaklmMX KOHCprKLU/HZ B j—M IIOMEeleHUN .
jer

KoachduumeHT Tennootaaum anbga MoxeT ObITb paccymTaH No amnupudeckon opmyre:

4,07 x \/T - T mpu T <= 60 °C
m w m
anbha = < . (16.17)
11,63 x exp[0,0023 x (T - T )] mpm T > 60 °C
m 0 m

KoHueHTpaLumsa oTaenbHbIX KOMMNOHEHTOB ra3oBblX CMeCcel B MOMELLEeHUAX 30aHUSA BbIMMCMSIOTCH U3 YpaBHEHUs
6anaHca maccbl jaHHoro kKomnoHeHTa (I6.12). KoHueHTpaums L-ro KOMNoHeHTa NPOAYKTOB FOPEHUst B j-M NMOMELLEHUM B
"n"-n MOMEHT BpeMeHU onpeaenseTcs ypaBHEHNEM:

n n n
SUM (X x G ) SUM (X x G ) SUM G




X = —mmmmmm———— o + (X - e ) X exp(- ————————- x JlenbTa Tay). ([16.18)

SUM G SUM G 3 3
k=1 & k=1 &

OnTuyeckasi KOHUEHTpauus [ObiMa B TMNOMELLEHUsX onpeaensietcs w3 OGanaHcoBoro YypaBHeHus (116.19).

HaTypanbHblii nokasatenb ocnabnennst cpepl B j-OM NOMELLEHUN B "n"-1 MOMEHT BpeMeHW ONpPeLENnsSeTCsl ypaBHEHNEM:

n n n
SUM (Mo x G ) SUM (Mo x G ) SUM G
k=1 k k k=1 k k k=1 k
MO = - + (M0 - mmmm——————— o ) X exp(- ———————-- x HenpTa Tay). (I16.19)
(n)Jj n (n-1)7 n po x V
SUM G SUM G j j
k=1 k k=1 k

AHanuTnyeckme COOTHOLLIEHNS ANs onpeneneHua KpVITM‘-IeCKOﬁ
NpoAOITKUTENTIbHOCTU NoXXapa

[ns ogMHOYHOro NomeLleHNst BbICOTOM He Bonee 6 M, yOOBMNETBOPSAIOLLErO YCNOBUAM NPUMEHEHWS NHTErparnbHOn
MoZenu, npu OTCYTCTBUM CUCTEM NPOTMBOMOXAPHOW 3alUuTbl, BRAMSIOWIMX HA pas3BUTME noXxapa, AonyckaeTcs
onpenenaTb KPUTMYECKME BpPEMEHA MO KaXAOMY W3 OMnacHbiX (PaKTOpoB Mnoxapa C MNOMOLLbK aHaNUTUYEeCKUX
COOTHOLLEHWIA:

no NOBbILLEHHOW TeMnepaType

1/n
70 - t
T B 0
t =<-x1In [1 + —————————————- 1> , (I16.20)
Kp |A (273 + t ) X z |
[ ° ]
10 HOTepC BUINMOCTHU
1/n
-1
I.B. B V x In (1,05 x anvda x E)
t = <- x In[l - === 1 >, (M6 .21)
Kp |A 1 x BxD x z
[ e " J
10 TIOHW)KCHHOMY COACPIKAHUIO KUCIIOPpOaa
1/n
0 -1
2 B 0,044
t = |- x In[l - ———————————————————— ] , (I16.22)
kp  |A B x L |
< (6] >




10 KaXX/I0MYy U3 l"a3006pa3HBIX TOKCHYHBIX ITPOAYKTOB I'OPCHUA

1/n
-1
T.D B V x X
t = <- x 1In[l - ————————- 1] >, (Il6.23)
Kp LA Bx L x z J
353 x ¢ x V
p
roe B = - Pa3MEPHHM KOMIIJIEKC, SBaBUCALMM OT TEMNJIOTH
(1 - du) x sTa X Q
H
CropaHmusa MaTepualna M CBOOOIHOTO oObeMa I[IOMEUeHMS, KI';
t - HauvanbHaA TeMIepaTypa Bo3Oyxa B IIOMEIEeHUM, °c;
0
n - [okas3aTeyib CTeleHM, YUYUTHBAIMM M3MEeHEeHMEe MAaCCH BHEIOPAKIeIro
MaTepMaljia BO BPEeMEHU;
A - Pa3MepHBM IapaMeTp, YYUTHBAOMLUY YIEJbHYID MacCCOBYI CKOPOCTDH
n
BHITOPAHMSA TOpUEero MaTepuala M IJomalb noxapa, kr/c ;
Z - Oes3pas3MepHElM IapaMeTp, YYMTHBAUMM HEPaBHOMEPHOCTL paclpelelieHUs
O®Il mo BBEICOTE [IOMEUWEHUS;
Q - HMBIAag TeloTa CIropaHua Mmarepuasaa, MIx/xr;
H
C - ymenbHas m300apHas TENJIOEMKOCTb rasa, MIx/kr;
p
()% - KO30dMLIMEeHT TeNJIONOTEPD (mpuHMMaeTCsa IO IaHHBEM CIPaBOYHOM
JIUTEPaTypPH, IPM OTCYTCTBUM HOAHHEIX MOXeT OBThL HPpMHAT paBHemM 0, 3);
5Ta - KOo5bOMUMEHT NOJIHOTHE TOpeHMs (onpemesysercs no dopmyse 116.9) ;
V - cBOOOOHHIM OOBEeM IOMelleHMud, M3;
a - xo30dULUMEeHT OTpaxXeHMs NPpeIMeTOB Ha NyTAX SBakyaluu;
E - HadajbHas OCBEUEHHOCTb, JIK;
1 — HnpenejibHafd OAJIbHOCTb BUIMMOCTM B IBIMY, M;
op
D - memMoofpasymas CIOCOOHOCTL TOpAWero Marepmuajia, Ho x M2/KID;
m
L - yIOeJbHEM BBIXOI TOKCHUHBEIX T'a30B IpM cropaumu 1 KT Marepuana, KI/KT;
-3
X - mpemesibHO IONYyCTHMOE COIepXaHMe TOKCUUHOT'O I'a3a B I[OMEUEeHMUM, KI' M
-3 -6
(X = 0,11 xr/mM3; X =1,16 x 10 xkr/M3; X = 23 x 10 xr/mM3) ;
CO CO HCL
2
L - YIOeJBbHBEIM pacxol KUCJIOopOoma, KI/KT.
0
2

Ecnn nog sHakom norapwcbma nony4yaeTca oTpuyartesribHoe 4ncno, 1o paHHbIn OPI1 He npencrtaBndaeT onacHoOCTU.




MapameTp z BbIYMCNISIOT NO hopmyre:

z = - x exp(l,4 x -) npu H <= 6 M, (I16.24)

roe h - Bbicota paboyeit 30HbI, M;
H - BbICOTa NOMELLEHNS, M.
OnpepensieTcsa BbicoTa pabo4yelt 30HbI.

h =nh + 1,7 - 0,5 x mensbTa, (116 .25)
1

roe h - BEICOTa IJjiomanokm, Ha KOTOpOVI HaXogmAaTcAa JIIOOV, Hazd II0JIOM
I1J1
IIoMelleHmsa, M,

AenbTa - pa3HOCTb BbICOT MOMa, paBHas HYMIO0 MPU FOPU3OHTaNbHOM €ro PacrofioXeHUn, M.

CnegyeT umeTb B BUAY, YTO HanborbLLEN ONacHOCTM NpY NoXxape NoABepralTcs nogun, Haxogswmecs Ha bonee
BbICOKOMN OTMeTke. [MoaTomy, Hanpumep, npu onpeaeneHun HeobxoAMMOro BpeMeHW 3Bakyauuwn nogen vu3 naprepa
3pUTENBHOrO 3ara C HakMOHHbIM MNOMOM 3HaveHwe h cnegyet HaxoOwWTb, OPWEHTUPYSACb Ha Haubornee BbICOKO
pacnonoxeHHble pagbl kpecen. MNapameTpbl A U N BbIYUCASAOT Tak:

Ans cryvasi ropeHnst XXMAKOCTM C YCTaHOBUBLLIENCSI CKOPOCTbIO

A = ncu x F, n=1,
Yy

roe rncu - yIOeJsibHAs MacCoBad CKOPOCTBb BEIIOPAHUSA XMOKOCTMU, KI'/ (M2 X C);
ya
ONA KpYroBoro pacnpocTpaHeHus noxapa:

A = 1,05 x ncmu xV , n=3,
YA

roe V - NUHeHas CKOPOCTb pacnpocTpaHeHUs NameHn, M/c;

NS BepTMKaNbHON U TOpU3oHTarnbHOM NMOBEPXHOCTU FOpeHUsi B BUAE NPSIMOYroNbHMKa, OfHa U3 CTOPOH KOTOPOro
yBENUYMBaETCA B OBYX HamnpaBfieHUsiX 3a cYeT pacnpocTpaHeHWs MnaMeHu (Hanpumep, pacrnpoCTpaHeHWe OrHs B
ropu3oHTanbHOM HanpaBrieHUn No 3aHaBecy Mocrie oxBaTta ero rniameHeM Mo Bceii BbiCoTe):

A = ncu xV x b, n= 2,
N

rac b - HepHeHI[PIKyHHpHBIﬁ K HaAIIpaBJICHUIO ABUKCHUS IIJIAMCHU pa3MCpP 30HbI TOPCHUS, M.
[Ipy OTCYTCTBUM CHEeUMAJIbHHX TpeboBaHMI 3BHAUYeHMs a M E NpuHMMAnTCS
paBueMu 0,3 m 50 JIK COOTBETCTBEHHO, a 3HaueHue 1 = 20 wm.
np

IV. MaTemaTnyeckas AByX30HHas Moferb noxapa B 34aHun
Mpu peweHnn 3agad ¢ UCNONb30BaHUEM [BYX30HHOW MOLENW NoXap B 34aHWUM XapakTepusyetcsa ycpeLHEeHHbIMN

no mMacce U 0Gbemy 3HauyeHUsIMU NapamMmeTpoB 3a4bIMIIEHHON 30HbI:
T - Temnepatypa cpefpl B 3aabIMNEHHON 30HE, K;




MIO - ONTHUYEecKasa NNoTHOCTbL AbiMa, Hn/m;

X - MaccoBasg KOHIEHTpaumMs 1-TOoro TOKCHMUHOTO INpPOAyKTa TOpPEeHus B
i
3aIOEIMIIEHHOM 30He, KI/KD;
b4 - MaccoBas KOHLEHTpauusa KUCJIOoOpoma, KI/KT;
K

Z - BbICOTa HUXXHEN rpaHuLbl Cnos abiMa, M.
B cBol ouvyepedb nepeyvmcneHHble napamMmeTpbi
3a4bIMINEHHON 30HbI C MOMOLLLIO CrieayloLWwmnXx opMyr:

BblpaXakTCA 4epel3 OCHOBHblE WHTErpalbHble

T
Q = mHTerpan m x c (T) x dT, (I16.26)
3 0 o)
m m
i K
X = --, X = --, (I16.27)
i m K m
S
MO = —--—, (I16.28)
\
b
\
m I
po = --, Z =H - —-—, (I16.29)
\ A
b
Trne m, m - ofmas Macca OeMa M COOTBETCTBEHHO 1-T'0 TOKCUYHOTO MNPOOYyKTa
i
TOpeHMs B 3aIBMIIEHHOM 30He, KI';
m - Macca KUCJopoIa B 3albIMJIEHHOM 30He, KI';
K
Q - DBHTANBNMA NPOIOYKTOB TOPEHMS B BaIOBIMIIEHHOM 30He, KIX;
3
S - omnTuueckoe KOJMUeCTBO IrMa, Hm x M2;
PO - IUJIOTHOCTL IeMa Npu Temneparype T, kr/m3;

V - ofbeM 3ampMJIEHHOM 3O0HEI, M3;
bif

H, A - BHICOTA ¥ IJOWAaIb [IOMENEeHUSI, M;

C - yIOejbHada TelJIOEMKOCTbL meMa, kKIx/ (K x Kr).
p

napameTpbl

[nHamMnka OCHOBHbIX MHTEerpanbHbIX NapamMeTpoB 3a4bIMSTIEHHOWN 30HbI onpepgendaeTca MHTerpuposaHnemMm CUCTeMbl

cnepyowmnx 6anaHcoBbIX YpaBHEHWIA:

obwen Maccbl KOMMNOHEHTOB 3a4bIMITIEHHON 30HbI C y4eTOM AbliMa, BHOCUMOIO B 30HY KOHBEKTMBHOW KONMOHKOWN 1

ObIMa, yaansiemMoro 4Yepes nNpoemMbl B COCeaHMEe NOMeLLEeHMS:

dm
--=G -G, (II6.30)
dt K II

Tme t - Tekymee BpeMs, C;

G , G - MacCOBHM pacxol OsIMa COOTBETCTBEHHO Uepe3 KOHBEKTUBHYI KOJIOHKY




K I1
M OTKPEHITBEIE IIPOEMEI B IIOMEUEeHUN, KI‘/C,’

3HTaNbNUA KOMMOHEHTOB 3aAblMSIEHHOM 30HbI C y4eToM Tenia, BHOCMMOIo B 30HY KOHBEKTUBHOW KOMOHKOW,
Tennootaayn B KOHCTPYKUMN 1N YHOCa ObiMa B NMPOEMbI:

do
-—— =0 -0 -0 , (I6.31)
dt K 11 KOH

roe Q , Q , Q - TerJioBasd MOIHOCTE, COOTBETCTBEHHO BHOCHUMAas B

K I KOH
3aIBIMIIEHHYIO 30HY KOHBEKTMBHOM KOJIOHKOM, yIajigseMas C OEIMOM uYepes OTKPHITHE
OpOeMEl U TepseMas B KOHCTPpyKUuu, KBT;
MacCcChbl Kncrnopoga C y4eToMm noTepb Ha OKMUCIIeHne NpoaOYyKTOB NMNpPOoJin3a ropro4vmnx BeLecTB:

dm

K
--—-=0,23 x (G - s7ra xncrw x L ) - x x G, (I16.32)
dt K K K II

3Ta - NOJIHOTa CropaHunAa ropro4ero martepmuana, KF/KF;
NCKU - CKOPOCTb BbIFrOpaHuA ropro4yero matepumana, KF/C;
L - HnoTpeObJjieHMEe KMCJIOpOHa I[PpM CITOPaHMM EIVMHMUIEL MacCCH T'OPOYETro
K
MaTepuana, KI/KT;

ONTUYECKOro KONMYyecTBa AbiMa C y4eToM AbiMoobpasytoLLeli CocoOHOCTM ropsiLero marepuana:

ds MIO
-— =mnacm x D -G x --, (I16.33)
dt I Po

rae D - neiMoo6pasyrorast CliocoOOHOCTh TOproUero Mmarepuana, Hm/(M2 X kr);
Macchl i-r0 TOKCHYHOTO NPOIYKTa TOPESHUS .

dm
i
-—— =ncm x L - x x G, (I16.34)
dt i i I
rme L. - MACCOBBIM BBIXOI 1-T'0 TOKCUUHOTO MPOOYKTa TIOPEeHUs, KI'/KT.
i
Macca KOMIIOHEHTOB JbiMa G , BHOCUMBEIX B SaIbMIIEHHYIO S0HY KOHBEKTUBHOM
K
KOJIOHKO, OlleHMBAETCH c yyeToM KOJMUeCcTBa BO3IyxXa, BOBJIEKAEMOTO B
KOHBEKTMBHYK KOJIOHKY TIIO BCeMV €€ BHCOTE JO HWKHEM I'PAaHMIE CJIOS IOeMa. B
VHXEHEPHEIX pacueTax pacxon KOMIIOHEHTOB IObMa depes OCEeCHUMMETPUUHYIO
KOHBEKTUBHYI KOJIOHKY Ha BEICOTE HMXHEI'O YPOBHS 3aIBMIJIIEHHOM 30OHH Z (B
3aBUCHMOCTHU OoT TOTO, Kakasg of0JlacTh KOHBEKTMBHOM KOJIOHKM WK Gdakeja

NOTPyXeHa B 3aIbIMJIEHHYIO 30HY) 3aIaeTCcsda [NOJIySMIUPUUYEeCKOM OGOopMyJIon:

z 0,566
0,011 x Q x (-—-—--) nynsa obnacTtu dQakesa
2/5




Q
z 0,909
G = <0,026 x Q x (-——-) pati
K 2/5
Q
Z 1,895
0,124 x Q x (-——-) ot
2/5
Q

roe Q - MOWHOCTL o4ara noxapa, kBT.

[vHamuka napameTpoB ovara rnoxapa onpefensieTcs passuTMeM NnoLaan ropeHns ¢ y4eTom CroXKHOro cocrasa

g rnepexonHoy obJjacTu (I16.35)

g ofbJlacTM KOJIOHKU,

roprovnx maTepuarnosB, UX pacrnosioXeHusl, Mecta BO3HUKHOBEHMS ovara noxapa u nofiHOTbl CropaHus.

Q = 3Ta X IOCu X Q

g
[IoTepu Tersa B OoT'paxinapomye KOH
TeMIepaTypsl Topgdey cTpyu T , CKOPOCTH

c
OMEIBAIEY KOHCTPYKLMM M IpoTpeBa camou i

g 5TOT'O UMCJIEHHO MHTeTI'prpyeTCda HeCTalun

dT (y) d samb
i 1
______ e g mmmm
d Tay C(T) x po
C rpaHNYHbIMAN N HaYalbHbIMU yCJ'IOBI/IFlMI/I:
(ameda + anpda ) x (T - T ) =
K JI e} w
(ameda + anpda ) x (T - T (menbTa)) =
K JI 0 i
T (OIY) =T, 0 <= Y
i 0
e ajdbda , ajlbdPa - COOTBETCTBEHHO
K JI

Teryioornaum, BT/ (M2 x K);

P

x F(t). (6. 36)
H
CTPYKUMM PAaCCUMTEIBATCS C YYEeTOM
Y MBJIydYaTeJIbHOM CIOCODHOCTHU CTPYX,
- kKOHCTpykumm T (y) 0O ToJmMHE V.

i
OHapHOE ypaBHeHMre dypbe:
na(T) x dT (y)
i
—————————————— , (Im6.37)
2
d xvy
dT (y)
i
-nambma X —-———--—- , (I16.38)
w dy
y=0
dT (y) |
i
-nambpa (T) x ——-——--—- , (II6.39)
dy
y=meJybTa

<= pmeJybTa, (I16.40)

KOHBEKTUBHLI U JIYUMCTEIM KO3OOULIMEHT




JenbTa - TONWMHA OrpaxkaatoLLen KOHCTPYKLMK, M;

C(T) - TennoemKoCTb MaTepuana KoHCTpykuun npu temnepartype T(y), [x /(kr2 x °K);

nambpa(T) - TennonpoBOAHOCTL MaTepuarna KOHCTpykummn npu Temnepatype T(y), Bt/(m x °K);

T, T - TeMIepaTypa COOTBETCTBEHHO OOOTpPeBaeMOM UYaCTU KOHCTPYKLUUM U

W 0
cpenbl y HeoborpeBaeMOM NOBepxXHoOCTH, K;

PO - NSTIOTHOCTb MaTepuana KOHCTPYKLUN, Kr/M.

TennoBble M1 MacCoBblE NMOTOKM Yepe3 NPOEM B KaXXAbIA MOMEHT BPEMEHWN PACCUUTLIBAKOTCA C YY4ETOM TEKYLLEero
nepenaga AdaBreHus No BbICOTe Mpoema, CocTaBa M TemnepaTypbl ra3oBon cpedbl No obe CTOpoHbl npoema (cxema
pacdeta Ha pwuc. [16.1). Tak, MaccoBbll pacxo [ObiMa M3 MNOMELLEHWs Ovara fnoxapa B cocegHee MoMeLleHne
paccunTbiBaeTcs crnegyowmm obpasom:

Y

max ———mm—mm e m———— -
G = B x kcu x mHTerpas \/2 x po x (P(h) - P (h)) x dh, (I16.41)
II Y 2

min

roe B - wupuHa npoema, m;

KCU - a3p0oanHaMmN4eCckuin KoadppmumeHT Nnpoema;

P(h) - P (h) - pa3HMlLa IOaBJIeHUM B [IOMEUIEHMAX Ha BHCOTE h;
2

PO - INIOTHOCTL AbIMa B Ba,HLIMHeHHOﬁ 30HC COCCAHCTO ITOMCUICHUA TP TEMIICPATYPC AbIMa T.

Puc. 1M6.1. MacconoToku Yyepes npoem (He NpuBoanTCS )

[lpenesiel MHTEIPUPOBAHUA Y ny BEIOMPAKTCHA B MNpenejlax CTBOpa IpoeMa,
max min
cJioda OBIMa [IOMEIleH A ouara Imnoxapa ¥ TaM, TOe wu30BTOYHOE IaBJIEHUE
IODeneTa P = (P(h) - P(h) ) > 0, xak »To ykasaHO Ha puc. I6.1.
2

Heobxoaumasi ons oueHKu nepenaga AaBreHusi Mo CTBOPY NPOeMa 3aBUCUMOCTb AaBfieHMsl OT BbICOTbl B i-M
NMOMeLLEHMM (C y4eTOM 3a4bIMIIEHHON 30HbI 3TOrO NOMELLLEHMS) OLLEHMBAETCS Kak:

{P + po x g xh ecnn h <= 2
| i0 0 i
P (h) =< , (I16.42)
i P + po xgxZ +po xgxh ecmmh>72Z
{ io0 0 i i i
roe P - Tekyllee HaBJIeHME B 1-M IIOMENEHMUM Ha HYJIeBOM OTMeTKe (uim
i0
NpMUBEOEHHOE K HYJIeBOM OTMEeTKe, eCJM YyPOBEHBb IIOJla INOMENEHMs BHIIE HYJIEBOM
OTMETKU) ;
PO - IUJIOTHOCTH BO3OyXa INPM HadaJIbHOM Temmneparype T ;
0 0
7 - Tekyllas BBICOTA HEe3aNBIMIIEHHOM SOHH B 1-M IOMEMEeHWM.

i
PaccuntaHHble napamMmeTpbl TennomaccoobmMeHa B npoemMe UCNosnb3yrTCA KaK rpaHU4YHbIe yCnoBuA OnA coceaHero
nomMeLleHun4.

V. MNoneson mMeTod MOAENMPOBaHMSA NoXapa B 3g4aHnn




OcHoBon ans nonesbiXx Moaenen noXapoB ABNAOTCA YypaBHEHWUA, BblpaXkakowne 3akKOHbl COXpaHeHUA Macchl,
nMmnynbca, 3Heprmm N macc KOMNOHEHTOB B paccMaTpnBaeMoOM MarioM KOHTPOJIbHOM obbvewme.
YpaBHeHMe COXpaHeHNnA Maccehbl:

dpo d
--— 4+ --=- (po x u ) = 0. (I16.43)
dt dx 3

J

YpaBHeHMe COXpaHeHnAa nvnynbca:

-—- (poxu) + -——— (pOoxXUu xXxu)=--———+ —————= + po x g . (I16.44)

[N HbIOTOHOBCKUX >KWMOKOCTEN, MOAYMHAIOWMXCS 3akoHy CTOKca, TEH30p BSA3KMX HaMpsKEeHW onpepensieTcs
dopmynom:

du du du
i 3 2 k
Tay = MO X (-——— 4+ --=-) - - X MO X —--—- X pgejJbTa . (I16.45)
ij dx dx 3 dx ij
J i k
YpaBHeHMe SHEPIrnn:
R
dqg
d d dp d nambza dh J
--(po x h) + -———(poxu x h) = -+ ——(-—————- X —-==) - ---, (116.46)
dt dx 3 dt dx c dx dx
J J P J J
T
rone h = h + mHTerpan ¢ dT + SUM (Y x H ) - craruueckasd SHTaJIbNNAa
0 T P k k k
0
cMecwu;
H - TemyoTa ofOpasoBaHMsa K—-I'O KOMIIOHEHTA;
k
c = SUMY x c - TEeIJIOEMKOCTBL CMEeCHU NPpM [NOCTOAHHOM JaBJIEHUN;
P k k P,k
R
d - paIMYalMOHHBEIM NOTOK B2HEPIMM B HalpaBJIEHUM X .
J J
YpaBHeHme COXpaHeHnAa XMMn4eCcKoro KOMnoHeHTa k:
dy
d d d k
-—-(poxY) + ———(poxu xY)=-—-—(poxDx-—) + S . (I16.47)

dt k dx J k dx dx k




[na 3ambikaHns cuctembl ypaBHeHui ([16.43) - (16.47) ncnonb3yeTcsi ypaBHEHWE COCTOSIHUA MAearnbHOro rasa.
[ns cmecy ra3oB OHO UMeEET BUA;:

Y
k
p=po xR xTzx SUM --, (I16.48)
0 k M
k
roe R - yHMBepcalsibHasa rasoBasg [NOCTOSHHAS;
0
M - MoJsgpHas Macca Kk-To KOMIOHEHTAa.

k




