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MeTtoauka
onpeaeneHus pac4yeTHbIX BEJIMYMH MOXapPHOro pMcka B 34aHUAX, COOPYXKEHUAX U
NoXapHbIX OTCEKaX pa3fInyHbIX KrnaccoB (pyHKLNOHANbHOW NOXapHOM ONAacHOCTU

. O6wme nonoxeHus

1. Hactosiwas meTtoauka onpeaeneHns pacyeTHbIX BEeNIMYMH MNOXapHOro pucka B
30aHUSIX, COOPYXEHMAX W MOXapHbIX OTCeKax pasfvyHbIX KNaccoB (yHKUMOHaNbHON
noXxapHOM onacHocTu (ganee - Metoamka) yctaHaBnmBaeT NOPSA0K onpeaeneHns pacyeTHbIX
BENNYMH NOXXAPHOIO pMUcKa B 30aHUSAX, COOPYXEHUSAX N MOXapHbIX OTCEKax (ganee - 3gaHue) u
pacnpocTpaHAaeTCsa Ha 30aHNA KIaccoB (PYHKLMOHANbLHOW NoXapHOM ONacHOCTY:

1.1. ®1 - 3paHM4, npeaHasHa4vyeHHble AS1s1 MOCTOAHHOIO MPOXWMBAHUS U BPEMEHHOIO
npebbiBaHUA nogen, B TOM Yucne:

a) ®1.1 - 3gaHnA JOWKONbHbIX 06pasoBaTenbHbIX OpPraHn3auni, cneunann3npoBaHHbIX
AOMOB nMpecTapenbiX W WHBanNMAoB (HEKBaApTMpHbIE), OONbHWUbLI, chanbHble Koprnyca
obpa3soBaTenbHbIX OpraHM3aunn ¢ Hann4YnMeM MHTEpHaTa N OETCKUX OpraHM3aumnm;

0) ®1.2 - rocTMHMLbI, OOLLEXNTUSA, CnarnbHble KOpryca caHaTOpMEB U OOMOB OTAbIXa
obuero TMna, KEMMNUHIroB, MOTENEN U NAaHCUOHATOB;

B) ®1.3 - MHOroKBapTUPHbLIE XWIble OMA;

r) ®1.4 - ogHOKBapTUPHbIE XuUNble 4OMa, B TOM Yucrie 6OKMPOBaHHbIE;



1.2. ®2 - 30aHUA 3penunLLHbIX U KyNbTYPHO-MPOCBETUTENBHbLIX YYPEXOAEHUA, B TOM
yucne:

a) ®2.1 - TeaTpbl, KMHOTEATPbl, KOHUEPTHbIE 3anbl, Kybbl, LUUPKWA, CNOPTUBHbIE
COOpYXeHuss C¢ TpubyHamu, OuBNMOTEKM W Apyrve YYpexaeHuss C pacyeTHbIM YUCIIOM
nocago4HbIX MECT A4Sl NOCeTUTENEN B 3aKPbITbIX MOMELLEHUSX;

0) ®2.2 - my3eun, BbICTaBKW, TaHLEBanbHbIE 3anbl U gpyrne nogobHble yypexaeHus B
3aKPbITbIX MOMELLEHUSX;

B) ®2.3 - TeaTpbl, KMHOTEaTpbl, KOHUEPTHble 3anbl, KnyObl, LMPKA, CHOPTUBHbIE
COOpYXeHUs ¢ TpubyHamu, 6ubnuotekn u Jpyrne y4ypexaeHWss C pacyeTHbIM YMCIOM
nocago4HbIX MECT A5 NOCeTUTENEN Ha OTKPbITOM BO34YXE;

r) 2.4 - my3ewn, BbICTaBKW, TaHUEeBarnbHbIE 3anbl U Apyre NnogobHble yupexaeHus Ha
OTKPbLITOM BO34YXE€;

1.3. ®3 - 3gaHnsa opraHM3aunin No 0BCNYXMBAHUIO HAaceNeHus, B TOM Yucne:

a) ®3.1 - 3gaHns opraHnsauui TOproenu;

0) #3.2 - 3gaHna opraHnsaumim obLLEeCTBEHHOIo NUTaHWUS;

B) 3.3 - BOK3anbl;

r) ®3.4 - NONUKIMHUKK 1 amBynaTopuu;

n) 3.5 - nomelwleHns ons nNoceTUTenen opraHusauui GbITOBOrO M KOMMYHarbHOIo
00CnyXnBaHnsa ¢ HepacyYeTHbIM YUCNIOM MNOCaA0YHbIX MECT ANSA noceTuTenen;

e) ©3.6 - PuaKynbTypHO-0340POBUTENBHbLIE KOMMEKCHI U CMOPTUBHO-TPEHUPOBOYHbIE
yypexneHusi ¢ nomeleHnsmmn 6e3 TpubyH ansa sputenen, 6bIToBble NoMeLeHus, 6aHu;

1.4. 4 - 3naHMs 06pasoBaTenbHbIX OpraHn3auuni, Hay4HbIX U MPOEKTHbLIX OpraHM3auni,
OpraHoB yNpaBfeHUs Y4pexaeHui, B TOM Yncne:

a) ®41 - 3p0aHua  obuweobpasoBaTenbHbIX  OpraHM3auuin,  opraHu3aumm
AOMNONHUTENbHOro 0bpasoBaHus AeTen, NpodeccrnoHarnbHbiXx 06pasoBaTefibHbIX OpraHM3auUuni;

0) 4.2 - 3gaHusa obpasoBaTeNibHbIX OpraHn3auuni Boiclero obpasoBaHns, opraHmM3aumi
AOMONHUTENBHOIO NpogeccrMoHanbHOro obpa3oBaHus;

B) ®4.3 - 3maHMA OpraHoB YNpaBneHUs1 YYpeXOAEeHWUn, MPOEKTHO-KOHCTPYKTOPCKMUX
opraHusauun, MHPOPMALMOHHBLIX W pPeAakLMOHHO-U3OaTENbCKUX OpraHu3auumn, Hay4vHbIX
opraHusaunn, 6aHKoB, KOHTOP, 0OUCOB;

r) ®4.4 - 3gaHns NoXapHbIX 4eno;

1.5. ®5 - noxapHble OTCEKM NPOU3BOLCTBEHHOrO WM CKNAACKOro HasHayeHusi C
KaTeropmen noMeLLEeHN No B3pbIBONOXaPHOW 1 NoxapHon onacHocTu B1-B4, I, [, Bxoaswme
B COCTaB 3[aHnN C (PYHKUMOHANbHOM NoXapHon onacHoctblo ®1, 2, O3, 4, B TOM yucne
®5.2 - cTosAAHKM Aons aBToMobunen 6e3 TeXHNYECKOro 06CnyXxmMBaHna n peMoHTa.

2. Pac4yeTbl N0 OLEeHKe NOXXapHOro pucka NpoBOAATCA NyTEM CONOCTaBEHNA pacyYeTHbIX
BESIMYUH MOXKAPHOro pucka C HOPMATUBHBIM 3HAYEHMEM MOXAPHOr0 pUCKa, YCTaHOBNEHHOIO
depepanbHbiM  3akoHOM oT 22 wutonsg 2008 r. N 123-®3 "TexHu4eckui pernameHt o
TpeboBaHUAX noxapHon 6e3onacHocTn"* (aanee - TeXHUYECKNn pernameHT).

3. OnpepneneHne pacyeTHbIX BENWYMH MOXAPHOrO pucKa OCYLLUECTBISETCA Ha
OCHOBaHUW:

a) aHanunsa NoXapHOW ONACHOCTU 34aHUN;

0) onpeaeneHus YacToTbl peanusaumm NoXapoonacHbIX CUTYauUun;

B) MOCTPOEHMS NOfien onacHbiX PakTOPOB MoXxapa ANs pasnuyHbIX CLEeHapueB ero
pasBuTUs;

r) OUEHKU NOCrneAcTBUM BO3OENCTBUS OMACHbIX (PaKTOPOB noxapa Ha nogen aong
Pa3nnYHbIX CLIEHAPMEB €ro pPasBuUTUS;

A) Hannuua cuctem obecneveHns noxxapHon 6e3o0nacHOCTU 30aHUN.

4. OnpegeneHne pacyeTHbIX BENMYMH MOXAPHOro pUCKa 3akniyaeTcs B pacyeTte
MHOUBMOYANbHOIO MOXAPHOro pucka Ana NoAen, Haxogsawmxcs B 34aHuu. YncrneHHbIM



BblpaXXeHMeM NHOUBUAYANbHOIO MOXapHOro pucka SBMAsSeTCs YactoTa BO3OENCTBUA OMaCHbIX
dakTopoB noxapa (ganee - O®PIl1) Ha yenoBeka, Haxoaswerocs B 3gaHun. NepeyeHb O
yCTaHOBIeH cTaTben 9 TexHn4eckoro pernameHTta. PesynbTaTbl U BbIBOAbI, MONYYEHHbIE NPU
onpeaeneHnn MoXapHOro pucka, WUCnonb3yTcs Anss 0oDBOCHOBAHWA napameTpoB U
XapaKTePUCTUK 30aHUN, COOPY>XEHUA W CTPOEHWUN, KOTOpblEe YYUTBLIBAOTCA B HacCTOSALLEN
MeToauke.

5. Hactota Bo3gencteua ODI1 onpegenserca ong noXxapoonacHoOW cutyaunmmn, Kotopas
XapakTepuayeTtcsa HanbornbLlen ONacHOCTbIO AN1s1 XXU3HN N 300PO0Bbs Nogen, Haxogawmxcsa B
30aHUM.

6. [Ona wuenenM HacTosWweWn METOOMKM UCMNOSMb3YHTCA OCHOBHbIE  MOHATUA,
YyCTaHOBIIEHHble CTaTben 2 TexXHMYecKoro pernameHTa.

Il. OcHOBHble pacuyeTHble BeNIMUYMHbI MHAUBUAYaANILHOIO NOXapPHOro pucka

7. inguemayarnbHbI NOXapHbLIN pUCK oTBeYaeT Tpebyemomy, ecnu:

H
Q<Qp (1)
H H_,
o Qg =10"
roe - HOpMaTMBHOE 3HaAaYeHUe MHOuBUAOyaribHOro noXXapHoro pucka,

ron

Q& pacyeTHas BenMuMHa MHAMBMAOYaNbHOrO NOXapHOro pucka.

PacuyeTHaa BenuuvMHa MHOMBMAOYaANbHOMO MOXAPHOIO pUcka B 34aHUW, COOPYXEHUU U
NoXXapHOM OTCeKe oOonpeaenseTcs Kak MakCcumanbHOe 3Ha4YeHue MOoXKapHOro pucka u3s
PacCMOTPEHHbIX CLieHapueB noxapa:

Q=max{Q Qo Qv } @)

roe Qi pacyeTHasi BenmymnHa noxapHoro pucka ans i-ro cueHapus noxapa,

N - KONNM4YeCTBO PaCCMOTPEHHLIX CLieHapueB noxapa.

CueHapuin noxapa npefcTaBnsieT coboW BapuaHT pasBUTUS MNoxapa C Yy4eToM
NPUHATOrO MecCcTa BO3HWKHOBEHUS W Xapaktepa ero passutmda. CueHapui noxapa
onpegenseTcs Ha OCHOBE AaHHbIX 06 06bEMHO-MNAaHMPOBOYHbBIX PELLUEHMSAX, O pa3MeLLEeH
roptoyen Harpysku un nogen Ha obbekTe. Npu pacyeTe paccmaTpuBalOTCA cLeHapum noxapa,
Mpy KOTOPbIX peanuayrTcs Hauxyawme ycnosusa anga obecneyveHusa 6esonacHocTn nogen. B
KayecTBe CLeHapveB C HanxyALuMu yCroBuaMU Noxapa criefyeT paccMmaTpyBaTh cLeHapuu,
Xapaktepudyemble Haubonee 3aTpyAHEHHbIMW YCMOBUMAMM 3BakKyauuum nwogen u  (unu)
Hanbonee BbICOKON AnHaMuKon HapacTtaHus OPI1, a UMeHHO noXapsbl:

B NOMELLEHUAX, pacCYMTaHHbIX HA eauHoBpeMeHHoe npucytcTeme 50 n bonee YenoBex;

B CMCTEMax NoMeLLeHNn, B KOTOPbIX U3-3a pacnpoctpaHeHns OPI1 BO3MOXHO ObicTpoe
6rnoknpoBaHve nyTen aBakyauumn (KopuaopoBs, IBaKyaLMOHHbIX BbIXOA4O0B U T.4.). [1py aToM ovar
noxapa BblbupaeTca B NOMeLLleHUn Manoro obbema BO6NM3N OT OOHOMO U3 dBaKyaLUOHHbIX
BbIxogoB, nmMbo B nomeweHun C  BOonblWKMM  KOMMYECTBOM  TOPHYEN  Harpysku,
XapaKTepuayrLencs BbICOKOM CKOPOCTbIO pacrnpoCTpaHeHUs nnamMmeHu;

B NMOMELLEHUSX N CUCTEMAX NOMELLLEHUN aTPUYMHOro TUNa;

B CUCTEMaXxX NMOMELLEHNA, B KOTOPbIX M3-3a2 HE4OCTAaTOYHOW MPOMYCKHOM CMOCOBHOCTH



nyTen aBakyaumm BO3MOXXHO BO3HUKHOBEHWE NPOLOIMKUTENBHbLIX CKOMMEHWUI NTIOACKNX MOTOKOB.

B cnyyasx, korga nepeyvmcrneHHble TUMbl CLlEeHaApMEB He OTpaXatoT BCeX 0CODEHHOCTEN
06beKTa, BO3MOXHO PAaCCMOTPEHNE MHbIX CLEeHapueB noxapa.

B nomeLleHnmn, umetoLiem aea n 6onee aBakyaLMOHHbIX BbIXxoAa, oyar noxapa cnegyet
pasmellaTtb BOMM3M BbIXxOAa, MMeEKLEro HanbonbLLyo NPOMYCKHYO CNOCOBHOCTL. Mpu aTOM
AaHHbIA BbIXOA, cuMTaeTcsa G6MOKMPOBaHHBIM C MEPBbLIX CEKYHA MOXapa, U Npu onpeaeneHun
pacyeTHOro BpeMeHM 3BaKkyaLmm He Y4nTbIBaeTCs.

B nomeweHnn ¢ ogHMM 3BaKyaLMOHHbIM BbIXOAOM, BpeMsi OMOKMpOBaHWS BbIxoda
onpeaensieTcs pac4yeToMm.

CueHapum noxapa, He peanuayemble Npy HOpMarnbHOM peXxnme akcnnyaTauum obbekTa
(TepakTbl, MOMAXOrW, XpaHEHWE TrOpKYEen Harpyskd, He npeayCMOTPEHHOW Ha3Ha4YeHnem
obbekTa 1 T.4.), HE paccMaTpMBalOTCA.

8. PacueTHas BenuuMHa WHOMBUAYaANbHOMO MOXAPHOIMO puUcka Ans i-ro cueHapus

noxapa QB,i B 34aHUSAX, YKasaHHbIX B ryHkTe 1 (3a UCKMYEeHMEM KnaccoB (PYHKLMOHAbHOM
noxxapHown onacHoctn ®1.1, ®1.3, ®1.4) paccumTtbiBaeTca nNo popmyne:

Qu=Qu (1Ko ) P (1-P) - (1K) (3)

roe Q"i - YaCToTa BO3HMKHOBEHUA NOXapa B 34aHUN B TE€YEHMEe roga, onpeperndemas
Ha OCHOBaHWUMN CTaTUCTUYECKUX [OaHHbIX, NMPpUBEOEHHbIX B MPUITOXEHUN N 1 Kk HacTosieN
MeToauke. |-|pl/l OTCYTCTBUU CTaTUCTUYECKOW I/IH(bOpMaLI,I/IM gonyckaetca npuHMMaTb

Q=410 ° _
: OJ1S1 KaXXO0ro 30aHus;

Kani KO9(PPULMEHT, Yy4UTbIBAKOLLNA COOTBETCTBME YCTAHOBOK aBTOMAaTU4YECKOro
noxapotyweHunsa (ganee - AYI) TpebGoBaHMAM HOPMATMBHbLIX AOKYMEHTOB MO MOXapPHOM

B6esonacHocTn. 3HadeHne napameTpa Kan, NPUHUMAETCA pPaBHbIM Kan =09 , €ecnu

BbINOSIHAETCA XOTS Obl OQHO M3 CNeayLMX YCIOBUIA:

3gaHne obopynoBaHo cuctemon AYT, cooTBeTCcTBYOWEN TPEOOBAHNAM HOPMATUBHBIX
AOKYMEHTOB MO NoXkapHon 6e3onacHocTy;

obopynosaHue 3gaHus cuctemon AYIl1 He TpebyeTcs B COOTBETCTBUM C TpeboBaHMSAMHA
HOPMAaTMBHbIX JOKYMEHTOB MO NOXapHOW 6e30nacHOCTW.

K

B octanbHbIX cnyyaax ami npUHUMaeTCs paBHOW HYNIO;

Pup.i . BEPOSITHOCTb NPUCYTCTBUSA NoAen B 34aHun, onpegensemasl u3 COOTHOLLUEHUS
Pﬂp,i_tfbymai/ 24 , roe Gpymai BpPEMSI HAXOXOEHUS NIAEN B 34aHUN B Yacax;

P . BEPOATHOCTb 3BaKyaLmMu Noaen;

Kisi KO3 PULUMNEHT, YYMTbIBAKOLINA COOTBETCTBME CUCTEMbI MPOTUBOMNOXAPHOMN

3almMTbl, HanpaBfeHHOM Ha obGecneyeHue GesonacHOW 3Bakyauuu nOe npu noxape,
TpeboBaHUAM HOPMAaTUBHLIX JOKYMEHTOB MO MOXXapHoW 6e30MacHOCTMW.

9. BeposATHOCTb 3Bakyauuu P, N3 30aHUN, YKasaHHbIX B nyHkTe 1 (3a MCKNoYeHnem

34aHWNI KnaccoB OyHKLUMOHaNbHON noxapHon onacHoctn ®1.1, ®1.3, ®1.4), paccumTbiBaloT No
dopmyrne:



0’8.t6n_tp
0,999 - tﬂ_,ecm/ltp<0,8'T6n<tp +{, ut, <6mun
—_ c]

Pa,i (4)
0,999, ecim tp +1,<08 't nt <6mun
0,000, ecim tp >0,8t;, uma t, >6 mun

roe b pacyeTHOe BpeMS 3BaKkyauun nogen, MuH;
b BpeMsi Hayana aBakyauuu (MHTepBan BpeMeHW OT BO3HMKHOBEHWS noxapa OO
Ha4ana aBakyauuu ngemn), MuH;

b BpeMs OT Hayarna noxapa 0 610oKMpoBaHMs 3BaKyaLMOHHbIX MyTEW B pe3yrnbTaTe
pacnpocTpaHeHus Ha Hux Ol nmerowmx npegenbHO OONYCTUMbIE ANSA NIOAEN 3HAYEHUS
(Bpems 6riokMpoBaHus NyTen aBakyauun), M1H;

b BpeMs CyLLLeCTBOBaHWUSI CKOMIEHWI NoAen Ha ydacTkax nyTu (NNOTHOCTb JIIOACKOro

2, 2
NMoTOKa Ha NyTAX 3BakyaluuMu npesblwaeT 3HavyeHne 0,5 M Im ).

10. PacuyeTHoe Bpems aBakyauuu nwogemn b N3 NMOMELLEHUN N 3O0aHUN onpeaenseTcs
Ha OCHOBE MOAENUPOBAHUA ABWXKEHMUS NIOAEN OO0 BbIXOAA HAPYXy OAHUM U3 CreayrLmx
cnocoboB:

Nno YNPOLLEHHON aHanNMTUYECKON MoLEeNN ABMXEHUSA NOACKOro NoToka, NpuBeaeHHOM B
npunoxeHnn N 2 kK HacToswen Metoguke;

no MaTemMaTMyeckon MOAENN NHONBUAYANbHO-NOTOYHOIO ABWXEHUS NIOAEN U3 34aHUS,
npueegeHHon B npunoxeHun N 3 Kk HacTodwen Metoauke;

No MMUTALMOHHO-CTOXaCTUYECKON MOOEeNn OBMXEHUS NOACKMX NOTOKOB, NPUBeaEHHON
B npunoxeHun N 4 K HacTodawen Metoguke.

Bbibop cnocoba onpegeneHusi pacy4eTHOro BpeMEHM 3dBaKyauum MpomsBOAUTCS C
y4yeToM crneunduyeckmx ocobeHHocTeNn 06BEMHO-MNAHNPOBOYHBIX PELLEHUI 34aHUS, a Takke
0COBEHHOCTEN KOHTUHIEHTa (ero OQHOPOAHOCTU) N0AEN, HAXOOSALWMNXCHA B HEM.

Mpn onpegeneHMnM pacyeTHOro BPEMEHW 3BaKyauuMW YYUTbIBAKOTCA OaHHbIE,
npueeneHHble B npunoxeHun N5 Kk Hactosdwen MeTtoamke, B 4acTHOCTM MNPUHUMMbI
COCTaBIIEHNSI PaCYETHOM CXEMbI 3BaKyauuun nogen, napaMmeTpbl ABMKEHUS NMoAen pasnnyHbIX
rpynn MOBUNBLHOCTK, a TakkKe 3HadYeHWst Nowanen ropu3oHTasnbHbIX NPOEKUUA PasfmnyHbIX
KOHTUHIEHTOB MOAEN.

11. Bpema Havana aBakyauuu b onpegensieTcs B COOTBETCTBUM C MMyHKTOM 1
npunoxeHuns N 5 k Hactosawen MeTtoguke.

12. Bpems 6r10kMpoBaHus nyTen aBakyauum b souncnsieTcs nyTem pacyeTta BpeMeHu
aoctmkeHus OPI npegenbHO AONYCTUMbIX 3HAYEHUN HA 3BAKyaLMOHHbIX NYTSX B pa3fiMyHble
MOMEHTblI BpemMeHu. [lopsgok npoBedeHna pacdeTa U MatemaTudeckue Mogenu ans
onpegeneHnss BpemeHn OGroKMpoBaHWA MyTEW 3BaKyauuum onacHbiMU hpakTopamu noxapa
npuseeH B npunoxeHun N 6 k HacTosAwen MeToauke.

13. KoahbpurUMEHT, yunTbIBAIOLLNA COOTBETCTBME CUCTEMbI MPOTUBOMOXAPHOW 3aLUUThI,
HanpaBneHHoM Ha obecneyeHne Be3onacHOM 3BaKyauun NOL4EN Npu noxape, TpeboBaHUAM

HOPMaTUBHbIX AOKYMEHTOB NO NoXapHon 6e3onacHoCTy, Kasi paccunTbiBaeTcs no popmyne:

Kns,i :1_( 1_K06H,i ) Kcoy3,i) ’ ( 1_K06H,i ' Knil3,i) , (5)

roe Kosmi - KOO PUUMNEHT, YYMTHLIBAKOLWINN COOTBETCTBUE CUCTEMbI MOXaAPHOM



CUrHanimsauumm Tpe6OBaHVI$IM HOPMAaTUBHbIX JOKYMEHTOB MO HO)KapHOVI BGesonacHocTy;

Loyai - KO3 PULIMEHT, YYUTbIBaIOLMIA COOTBETCTBME CUCTEMbI OMOBELLEHUS N0LEN O
noxape W ynpabreHus aBakyauuen nogen, TpeboBaHWMAM HOPMATMBHbLIX LOKYMEHTOB MO
noxxapHon 6e3onacHoCTy;

K KO9(PPULMEHT, Yy4YMUTbIBaOLLMA COOTBETCTBME CUCTEMbI MNPOTUBOLABLIMHOWN
3aWwuTbl, TpeboBaHMAM HOPMAaTUBHbBIX JOKYMEHTOB MO NOXapHOM 6e30nacHOCTMW.

[MopagoK OueHKU napameTpoB Kogn.i , Loy " Kipsi npueeneH B pasgene |V
HacToswen Metoanku.

14. PacyeTHaqa BenvymMHa UHOMBUAYANbHOIO NOXapHOro pucka QBJ ans i-ro cueHapus
noxapa B 34aHuMax krnacca yHKUMOHanNbHOW noxapHon onacHoctn ®1.1, ®1.3, d1.4
paccunTbiBaeTcsa no popmyne:

Qi= Qm[l - ( Pt ( 1-P,; )Pcn,i ) ] (6)

roe Qui - YacToTa BO3HMKHOBEHUS NoXapa B 34aHUN B TEYEHME roda onpegenseTcs Ha
OCHOBaHUN CTaTUCTUYECKUX [aHHbIX, NpuBeAeHHbIX B npunoxeHnn N 1 kK HacTosAwen
MeTopguke;

Py BEPOATHOCTb 9BaKyauuun nogeu;
Peni BEPOSATHOCTb CnaceHuns nogen.

15. BeposATHOCTb 3BaKyauuu Py M3 3gaHMn knacca QYHKUMOHANbHOW MOXapHOM
onacHoctn ®1.1, ®1.3, ®1.4 paccuntbiBatoT NO opmyne:

Ne . — .

_ i HEIB,1
Pa,i i Va— -0,999 (7)

i
Ny | N
raoe X' - obuwee KONMMYECTBO IOOEN, 3BaKYMPYKOLLIMXCSA B paccMaTpuBaemMom
cueHapwuu;

NH“BJ - KOJIM4eCTBO HE 3SBaKynpoBaBLUUXCA mop,e|7|. Onpe,u,enﬂemﬂ nyTem

CYMMUpPOBaHUS MO BCEM y4yacTkaM nyTel 9Bakyauuu nopen, He YCneBLUMX MNOKUHYTb
yKa3aHHbIN y4acToK OO0 ero GrokMpoBaHMsi onacHbiMW dbakTopaMu noxapa (anst KoTopbiX

+t_>0,8" . >
6 +1,>08 %, ), ¥ No4eNn, NoNaBLUMX B CKOMSEHNE NPOAOIPKUTENBbHOCTLIO Bonee 6 MUH (tCK 6
MUH);

b . pacyeTHoe Bpems 3BaKyauuu nogen, MuH (onpegenseTcss B COOTBETCTBUM C
nyHkTom 10);

b BpeMsi Hadana aBakyauuu (MHTepBan BpPeMEHW OT BO3HMKHOBEHUS noxapa Ao
Ha4ana aBakyauuu ngen), MMH (onpegensieTca B COOTBETCTBUM C NMyHKTOM 11);

b BpeMs OT Hayarna noxapa o 61oKMpoBaHWS 3BaKyaUMOHHbIX MyTen B pesynbTaTe
pacnpocTtpaHeHus Ha Hux O®l1, nmerowmnx npenenbHO OONYCTUMbIE ANA NIOAEN 3HAYEHUS
(Bpems 6GriokupoBaHus NyTen aBakyaumm), MUH (onpeaensieTcs B COOTBETCTBMM C NMyHKTOM 12);

b BPEMSI CyLLECTBOBAHMSI CKOMNSIEHUIA NOAEN Ha y4acTkax NyTu (MNOTHOCTb NFOACKOro



2, 2
NnoToKa Ha NyTaAX 9Bakyauumu npesblwaeT 3HavyeHne 0,5 M Im ).

16. BepodaTHOCTb cnaceHusi Pen, onpenenseTcda no gopmyne:

Po.i= 1_( 1-K..; )( 1-Konc; )( 1-Ky; )( 1-K,,; ) , (8)

roe Kisi KOS(PPULMEHT, yYMTbIBAOLNMA COOTBETCTBUE CUCTEMbI NMPOTUBOMOXAPHOWN
3awmThl, HanpaBneHHonM Ha obecnedeHne ©Oe3onacHOW 9BaKyauuwn nOern Npu noxape,
TpeboBaHNAM HOPMATUBHbBIX OJOKYMEHTOB MO MoXapHow 6e3onacHoCTW, onpegenserca no

cbopmyne (5);
Konci KOS(PPULMEHT, yunTbIBaAKOLWMA OUCAOKAUMIO noApasfefieHnn  noxapHom

OXpaHbl Ha TEPPUTOPUN NOCENEHUI U TOPOACKUX OKPYIOB, MPUHUMAETCS paBHbIM Konc;=0.95
B Cry4yae coOTBeTCTBUS ee TpeboBaHMsAM TexHMYECKOro perfamMeHTa W HOPMaTMBHbIX

OOKYMEHTOB No no>|<apH0|7| ©e3onacHocTu. |_|pl/l 3TOM BpeEMHA tﬁ“’i NPUHUMaAETCA B COOTBETCTBUN
C pacyeToM Nno rpurioxxeHmto 6 K HacTodwen Metoamke ona OaHHOro CueHapuma pa3BnTuA

noxapa. B octanbHbIx crniyyasx Konci NPUHMMaETCA PaBHOM HYIO.
Koi KO PULMEHT, YyUMTbIBAKOLNIN KNAacC PYHKUMOHANbHOM MNOXapHOM OnacHOCTU
3gaHund. 3HadeHne napameTpa Ko NPUHUMAETCS paBHbIM Ki=0.75 B CneayoLmnx cnyyasx:
ana 3gaHmi knacca ®1.1 B cnydyae cobnogeHuss TpeboBaHM  HOPMATUMBHbIX
AOKYMEHTOB MO noxapHou 6e30nacHOCTM K OCHALLEHW0 MNepBUYHBbIMU  CpeacTBaMm
NoXapoTyLUEeHWS;
ana 3paHMi knacca 1.3 B crniydyae cobnogeHuss TpeboBaHMM  HOPMAaTUBHbLIX
AOKYMEHTOB MO NoXapHon 6e30MacHOCTU K YCTPOMUCTBY aBapuiHbIX BbIXOO0B;
Ansa 3agadunin knacca ®1.4 - Bo Bcex cny4vasx;

K‘b’l

B ocTanbHbIX cnyvasax ans 3gaHun knaccos ®1.1. ®1.3 NPUHUMAETCA paBHOM

HYHO;

Koni . KO3 PULMEHT, YyYMTbIBaKOLWMIA COOTBETCTBME MyTEN 3Bakyauuu TpeboBaHUAM
HOPMAaTUBHbIX JOKYMEHTOB MO NoXapHon 6e3onacHoCTH.

3HauyeHve napameTpa Koni NPUHUMAETCA PaBHbIM K.ni=08 cnyyae cobnogeHus

TDGGOBaHI/IIZ HOPMAaTUBHbIX OKYMEHTOB MO r|o>|<apH0|7| ©e3onacHoCTu K nyTam aBakyauuu.

K

B ocTanbHbIX criydasx —°® NPUHMMAaETCs PaBHOW HYIHO.

lll. NMopsaok npoBeaeHUA pacyeTa UHAMBMAYaNbHOIO NOXXapHOro pMucka

AHanus noxapHou onacHOCTU 34aHuUA

14. [Ina npoBefeHus aHanusa noXapHoW OnacHOCTM ocyLlecTBnaeTca cOop AaHHbIX O
3[@aH1K1, KOTOPbIV BKIHOYaET:

06BbEMHO-NNAHNPOBOYHbIE PELUEHNS;

TENNOMU3NYECKNE XapPaKTEPUCTUKN OrpaxaaroLmnx KOHCTPYKUUN W pasMeLleHHOro
obopyaoBaHus;

BM, KONMMYECTBO U pa3MeLLeHne ropoymx BeLecTs n maTepuanos;

KONMYEeCTBO U MecTa BEPOSATHOro pasmeLleHuns naeu;



CUCTEMbI MOXAPHOW CUrHanmMsauum Ku MnoXapoTyLeHUa, MPOTUBOABIMHOM 3aluuUThl,
OMOBELLIeHUS NI0AEN O NnoXape 1 yrnpasneHnsa aBakyaumen nogen.

15. Ha ocHOBaHMM MOMNyYeHHbIX AaHHbIX NPOU3BOAUTCS aHanu3 noXxapHom onacHOCTH
34aHuNA, NPU 3TOM YYUTbIBAETCA:

BO3MOXHasa AMHaMMKa pa3BuUTUSA Noxapa,

COCTaB U XapaKTEPUCTUKN CUCTEMbI MPOTUBOMNOXAPHON 3aLUUThI;

BO3MOXHbIEe MOCeACTBUSA BO3OENCTBUA NoXKapa Ha Nogemn U KOHCTPYKUMU 30aHUS.

OnpepeneHne 4acToThbl peanu3auum NoOXapoonacHbIX CUTyauun

16. YactoTa peann3daunnm noxapoonacHbIX chyaLu/uZ onpependaeTcsa YacToToun
BO3HMKHOBEHUA MNOXapa B 30aHMM B Te4dYeHue roa. I'Iopsm0|< onpepeneHna 4actoTbl
BO3HMKHOBEHUA NMoXapa B 34aHUn npuBeaeH B pasgene |l HacToswen MeToanku.

MocTpoeHne nonen onacHbIX (hakKTOPOB NoXxapa ANA pa3NUYHbIX CLLeHapueB ero
passuTuA

17. [na nocTtpoeHus noren onacHblX (PakTopoB Mnoxapa MPoOBOAMUTCA 3KCNEepPTHbIN
BbIGOp cLeHapua nnu cueHapues noxapa, Npyu KOTOPbIX OXXUAAKTCA HanxygLlune nocneacTens
AN HAXoOsALWMNXCA B 30aHUM NOOEN.

dopmynupoBKa cLeHapusa pa3BuTUA noxkapa BknyaeT B ceba cneytowime atanbl:

BbIOOp MecTa HaxoXAeHus1 NepBoHaYarbHOro o4yara noxapa v 3aKOHOMEPHOCTEN ero
pas3suTus;

3agaHne pacyetHom obnactn (Bblbop paccmaTtpuBaemMon MNpU pacyeTe CUCTEMBbI
noMeLLeHnn, onpegeneHne ydnTbiBaembiX Npu pacyeTe 3fIEMEHTOB BHYTPEHHEW CTPYKTYpbl
NOMELLIEHNIN, COCTOSAHUSA NPOEMOB);

3ajaHne napameTpoB OKpyXKatoLen cpeabl M HavarnbHbIX 3HAYEHUN NapamMeTpPOB BHYTPH
MOMELLEHNN.

B cootBetctBUM C npunoxeHvem N 6 K Hactoswen MeTtoguke dopmynupyeTcs
MaTtemaTuyeckass ModeNnb pas3BUTUSA NoXxapa v NPOBOAUTCA MOAENUPOBAHME €ro AMHAMUKU
pas3suTus.

Ha ocHoBaHWM pe3ynbTaToB pacyeToOB OCYLLECTBNSAETCS MOCTPOEHME MONen OnacHbIX
hakTOpOB NoXapa u onpeaenseTcs 3HadyeHne BpemeHun 6rokmpoBaHus nyten apakyauum Ol

to

OueHka nocneacTBuUM Bo3AeUCTBUA OnacHbIX (hakTOpPOB NoXapa Ha naen ans
pa3nuyHbIX CUeHap1eB ero pa3BuTUA

18. OueHka nocneacTBMi BO3AEWCTBUS onacHbIX (bakTopoB Moxapa Ha nwgen
3akno4vaeTcs B onpeneneHnn BepoaTHOCTY 3BaKyaLmu Niogen n3 sgaHus rnpuy noxape.

BepoaTHOCTb 3Bakyauun nwogen onpegensetca no ¢opmyne (3) Ha ocHoBe
COMOCTaBIEHNA 3HAYEHUA BPEMEHW 3BaKyauuu noaen n BpemeHu O6noKMpoBaHus nyTen
3BaKyaLuMm onacHbIMK (bakTopamu noxapa.

[ns onpegeneHns pacyeTHOro BPEMEHM 3dBaKyauuwn Ioaen 5 B COOTBETCTBUM C
npunoxexHnamm NN 2-5 k HacTosawen MeToanke onpenenseTca Moaenb 3Bakyaunn niogen ms
34aHNSA, NPOBOAUTCA MNOCTPOEHWE pacYeTHOW CXeMbl 3BaKyauum U OCyLLeCcTBSeTcH
MOAeNnMpoBaHMe aBakyauun Noaen.



19. B cooTtBeTcTBUM C pasgeriom |l HacToswen MeToamkm npoBoguTcs onpeneneHue

pacquHon BeNMIMYUHblI MHOMBUAOYaAlIbHOIO MNOXapHOro pUCKa QB M conocrtaBlieHne ee C

Qs

HOPMaTUBHbLIM 3HaYE€HNEM UHOMBUOYANBbHOMO NOXAapHOro pucka
Y4yeT Hanuuua cuctem odecnevyeHuUs NoxxapHom 6e3onacHOCTM 34aHUA

20. Hannuue cuctem obecnedeHnss noxapHon 6e3onacHOCTM 34aHNs y4nTbiBaeTcs B
COOTBETCTBUM C chopmyrnon (4) n nonoxeHnammn pasgena |V HacToswen Metoauku.

Briok-cxema, uvnnicTpupylowass nopsigok npoBedeHnd pacdeTa WHOAMBUAYaNbHOro
NoXXapHOro pucka, npeacraBneHa Ha puc. 1.

Axnanms HOXapHOﬁ OIIaCHOCTM 3IOaHWMHA

v

OnpemeJsieHMe YaCTOTHE peayM3aluM I10XapOoollaCHBIX
CUTyalumum

»
»

v

[locTpOeHMe IMOJIeM OIAacCHEX (QaKTOPOB IOXapa
BelOOp clLeHapMsa ooXapa
dopMyIMpOBKa MaTeMaTUUYECKOM MONeJIM U
MOIOEeJIMPOBaAHME IOMHAMMKYM PaA3BUTUMA I10Xapa
[locTpOeHMe MHOoJeM ONacHHEX (QaKTOPOB HOXapa
OnpegnesyieHVe BpPeMeHU OJIOKMPOBAaHUA IyTeM

5BaKyalun
I
Paszpaborka v
HOOIIOJIHNUTEJIb —
HBIX OLeHKa I[OCJIEOCTBUNM BO3NEMCTBMA OIACHBIX
IIPOTUBOIOXAP— baxkTOpPOB IOXapa Ha JInIeun
HBIX dopmynMpoBKa MaTeMaTUYECKOM MOOEeNIU U
MepPONPUATUN MOIEeNIMpOBaHMe 3BakKyaluy JIOOeV M3 3OaHUd IIPpU
roxape
A OnpeznesyieHre BpeMeHM OJIOKMPOBAHMA NyTeM
5BaKyalun

PacueT BEepPOSTHOCTM BSBaKyalMVM JIOIeM

| PacueT BeJIMUMHEL
MHIOUBUOYAJIEHOTO |
| MOXapHOTO pPUCKa




| v v
| PacueTHOEe 3HaueHUMe PacueTHOEe 3HaueHUe
IIOXapHOTO pPHUCKA IIOXapHOT'O pUCKa He |
| IpPEeBBIIAET HOPMAaTMBHOE IpEeBBIIAET HOPMAaTMBHOE
v v |
BrirOI X Brirom:
| IIOXAPHEIM PMUCK I[IPEBHIAET [IOXapHBIM PUCK HE
OONIyCTUMOE 3HaueHUe OpeBHIIaeT OONYCTUMOE |
| 3HaAUYEeHUEe

Puc. 1. Nopagok npoBeaeHust pacyeta MHAMBUAYaNbHOIoO NOXapHOro pucka

IV. NMopsanok pa3paboTku AONONMHUTENbHbLIX NPOTUBOMNOXAaPHbIX MEPONMPUATUN NPU
onpeaeneHun pacyeTHOU BeNMMYNHbI MHANBUAYANIbHOIO NOXXapHOro pucka

21. B cnyyae, ecnu pacdeTHasi BefiMYMHA MWHOVBUAYASIbHOMO MOXapHOro pucka
npesbllLaeT HOpMaTMBHOE 3HayeHue, B 34aHun criegyeT NpefycMoTpeTb AOMNONHUTENbHbIE
NPOTMBONOXAaPHbIE MEPOMNPUATUS, HAaNpPaBfeHHbIE HA CHUXKEHWE BENNYMHBI NMOXAaPHOro pucKa.

K uncny npoTMBONOXapHbLIX MEPONPUATUA, HarnpaBfeHHbIX Ha CHWXEHWE BerUYMHbI
NoXapHOro pucka, OTHOCATCS:

NPUMEHEHNE AOMNOSHUTENBbHbLIX O0BbLEMHO-MNAHUPOBOYHBIX pPELUEHUA U CPeacTs,
obecneunBaloLLmMx orpaHMyeHne pacnpocTpaHeHns noxapa;

YCTPOMCTBO OOMNOMHUTESNbHbBIX 9BaKyaUNOHHbIX MyTEN U BbIXOAOB;

YCTPONCTBO CUCTEM OMNOBELLEHNA NIOAEN O NOXape U yrnpaBneHnsa aBakyauunen noaemn
NOBbILLEHHOrO TUNAQ;

opraHu3aums no3TanHom dBakyaumn nogemn n3 3gaHus;

NPUMEHEHNE CUCTEM NPOTUBOABIMHOM 3aLUNTHI;

YCTPOWCTBO CUCTEM aBTOMATUYECKOro NOXapOTYyLUEHUS;

orpaHuvyeHne KonvyecTBa nwaen B 34aHUM OO0  3HaYeHun, obecneymBatoLmx
6e30nacHOCTb UX 3BaKyaLMm U3 30aHus.

OPPEKTUBHOCTL  AOMOMHUTENBHBLIX  NPOTUBOMNOXAPHbLIX ~ MEPONPUATUN  OOSTKHA
nogTeepxaaTbCs NOBTOPHbLIM Pac4YeTOM BeNUYMHbI MHANBMAYaNbHOMO NOXapHOro pucka.

22. OM@EKTMBHOCTb KaXOoro U3 MNepedYncrieHHbIX Bblle MNPOTMBOMOXAPHbLIX

MepOHpMﬂTMﬂ onpependaeTca CteneHbtlo BIIMAHNA Ha napameprltP, %“, Ea,a,qnﬂ CUCTEMDbI
no>|<apH017| curHanmsauumn, ﬂpOTMBOD,bIMHOI?I 3alWunTbl U CUCTEMbI OMOBELLEHUS JOOEN npu

noxxape 1 ynpasrneHus aBakyauuen nogen takke napamerpamu Kosn , Keovs n LSITE .

K o K ,;=08
3HauyeHne napameTpa  °°*i npuHMMaeTcs paBHbIM  °0Hi , €CN BbINOSHAETCS

XOTs1 Obl OQHO U3 CreayLNX YCITIOBUIA:
3gaHve 00OpyaoOBaHO CUCTEMOW MOXapHOW  CUrHanu3auuu, COOTBETCTBYHOLLEN
TpeboBaHNAM HOPMATUBHBLIX AOKYMEHTOB MO NOXXapHon 6e3onacHoCTy;



obopyaoBaHUs 34aHMs CUCTEMOW TMOXapHOW curHanusauum He Tpebyetca B
COOTBETCTBUM C TPEBGOBAHMSAMN HOPMATUBHbIX AOKYMEHTOB MO NOXapHoW 6e3onacHoCTw.

B ocTanbHbIx crnyyasx Kogui NPUHMMAaETCS pPaBHbIM HYIHO.

23. lNpvMeHeHMe B KayecTBe [OOMOMHUTENbHOIO MNPOTUBOMOXaPHOro MepOoNnpUATUS
0ObEeMHO-NNaHMPOBOYHBIX  pelleHnid U1 cpeacTs, obecnedvBaloWmMX — OrpaHuyeHue
pacnpocTpaHeHusi noxapa, pocturaeTcs obGecrnedeHMeM HOpMUpYeMbIX Npeaenos
OTHECTOMKOCTU W MOHWXEHHOW MOXaPHOM ONacHOCTM OOMMUOBOYHBLIX CTPOUTENbHbIX
mMaTepuarioB, WCMONb3yEMbIX B Orpakaalolmx KOHCTPYKUMSX MOMELLEHUS, B KOTOPOM
Haxo4uMTCs BEPOATHbIA o4ar noxapa.

CTeneHb BRMSIHUS [AaHHOIO AOMNOSHUTENBHOrO NPOTMBOMNOXAPHOrO MEpPONpUSATUS Ha

ONHaMUKy pacrnpocTtpaHeHud TroXapa W, COOTBETCTBEHHO, 3Ha4YeHWe napamMmeTpa t6”

onpegenseTca nyTeM NpoBedeHMs MOBTOPHOro  pacyeTa % nocne BHeceHus
COOTBETCTBYIOLLMX UBMEHEHUI B CXEMY 0O BEMHO-NNAHNPOBOYHBIX PELLEHWI 3aaHUS.

24. Mpn NPUMEHEHMN B Ka4eCTBE OOMOSNTHUTENBHOMO NMPOTUBOMOXAPHOIO MEPONPUATHUS
YCTPOWCTBa [OMOSHUTENbHBLIX 3BaKyaLMOHHbIX NyTeli W BbIXOAOB CriedyeT BbINOMHUTL

MOBTOPHbLIN pacyeT MO OueHKe napameTpa b ¢ y4eTOM  OTKOPPEKTUPOBAHHbIX
06BbEMHO-NNAHNPOBOYHBIX PELLEHNNA.

25. Npu npyMeHeHnn B KadecTBe AOMNOSTHUTENBHOIO NPOTMBONOXAaPHOrO0 MepOoNpUATUS
YCTPONCTBA CUCTEMbI OMOBELLEHUS J0gen O noxape W ynpaBrieHUs 3Bakyauuen nigen

NOBbLILLEHHOrO TWMNA creayeT BbINOSIHUTbL MOBTOPHLIM pacyeT MO OLEHKe napameTtpa & c
y4yeToM nepepacnpeneneHns NoToKOB 3BAKYMPYHOLLUMXCA U U3MEHEHUSA CXEMbl dBaKyauun B
3aBUCMMOCTU OT CLEHapuMeB BO3HUKHOBEHUSI W pa3BUTUSA MoXapa W, COOTBETCTBEHHO,
anroputMa YHKUMOHUPOBAHUSA CUCTEMbI OMOBELLEHUS NOAEN O MNoXape U ynpaBrneHnem
3BaKyauuu niogen.

3HayeHne napameTpa Keovo NPUHMUMaETCS paBHbIM Keoys=08 , €CNK BbINosHAeTCA
X0Ts Obl O4HO U3 CNeayrLNX YCITOBUIA:

3gaHMe obopyaoBaHO CUCTEMOW OMOBELLEHUA Nogerd O noxape W ynpaBneHus
3BaKyauuen nwgen, COOTBETCTBYWOLWENW TpeboBaHMSAM HOPMATUBHBLIX [OOKYMEHTOB MO
noxxapHon 6e3onacHocCTy;

obopyaoBaHMe 34aHWs CMCTEMOW OMOBELLEHMS fogen O noxape W ynpasreHus
9BaKyaumen nwgen He TpebyeTca B COOTBETCTBUM C TpebOBaHUAMM HOPMATUBHBIX
AOKYMEHTOB MO NoXXapHon 6e30nacHOCTMU.

KCOYSi Y
B ocTanbHbIX crniyyasx I MpUHUMaeTcsa paBHOM HyTHO.
26. BnusaHue cucTeMbl NPOTUBOALIMHOW 3alUMThl Ha YpPOBEHb 0GECne4YeHHOCTU
GesonacHol aBakyauuu noger npy noxape oueHVMBaeTcsl NocpeacTBOM pacyeTa 3HayeHust

G ¢ YY4ETOM TEXHUYECKUX XapakTEPUCTUK NPUMEHAEMOro BEHTUNALMOHHOrO o6opynoBaHnS
nNpoTMBOAbIMHOM  3awmTbl. [logbop napameTpoB  BEHTUNASUMOHHOIO  0b6opyaoBaHMWS
OCYLLIECTBMNSIETCA B COOTBETCTBMM C HOPMATUBHbIMM  OOKYMEHTaMM MO NOXapHOMW
G6esonacHocTu. [lpy 3TOM [Ons  BbINOSIHEHUS pacyeToB crieqyeT MNPUMEHATb  30HHYH
(30HanbHy) UK Nonesy Moaenu.

(G K ::=0,8
3HavyeHne napameTpa 31 npuHMmaeTcsa paBHbiM - A3 , €CIN1 BbIMNONHAETCA
XOTS Obl OZIHO N3 CrNeayHLLMX YCIOBUIA:
3gaHve 0obopydoBaHO CUCTEMOWM NPOTUBOABIMHOM — 3alimTbl, COOTBETCTBYIOLLEN
TpeboBaHMAM HOPMATUBHbIX JOKYMEHTOB MO NOXapHON 6e30nacHOCTY;
obopyaoBaHus 34aHMS CMCTEMOW MpPOTMBOAbIMHOWM 3awuTbl He Tpebyetca B



cooTBeTCTBUU C Tpe6OBaHI/IFIMVI HOPMAaTUBHbIX OKYMEHTOB IO r|o>|<apH0|7| GesonacHocTMw.

K. .
B octanbHbIx cnydasx — A3 npuHuMMaeTcs paBHbIM HYIHO.
27. OrpaHuyeHue KonuyecTBa NoAen B 34aHMM OO 3Ha4vyeHun, obecneymBatomx

6e30nacHoOCTb nx 9BaKyauunun 13 3fgaHnaAa npu noxape, ydntbiBaeTcAa nocpencrsomM noBTOPHOIo

pac4yeTa 3Ha4YeHnA napameTpa tp npu CywecTBYyOLWNX O6'beMHO-I'IJ'IaHVIpOBO‘-IHbIX peweHnAax
n orpaHnM4eHHOM 3Ha4YeHUn KorindecTBa 3BaKynpyrLLUNXCA MPU noxape.

28. [Ans nony4YeHns UCXOAHbIX AaHHbIX, HEOOXOAMMbIX ANs MPOBEAEHMSI PacyeToB,

npeaycMOTPEHHbIX HacToswen MeToamkon, crieayeT MCnosb3oBaTh CNPaBOYHbIE UCTOYHUKM
NH(OPMaLMKN 1 NPOEKTHYI0 AOKYMEHTaLMIO 34aHUS.

*

CobpaHue 3akoHogaTtensctBa Poccunckon depepaumn, 2008, N 30 (4actb ),

cT. 3579.

MpunoxeHne N 1
K nyHKTY 8 MeTOAMKN

CtatucTtuyeckue AaHHble O YacTOTe BO3HUKHOBEHUS noxapa B 34aHnAxX

N HaumeHoBaHue 3aaHus YacToTa BO3HUKHOBEHUSA
n/n noxxapa B Te4eHue roga
1. | ObweobpasoBaTernbHble opraHM3aumm 116-10 2
2. | OpraHusaumm Ha4anbHOro NpoeccnoHanbLHOro 198-102
obpasoBaHua (NpodeccrmoHanbHOEe TEXHMYECKOE YYUNULLE)
3. | OpraHusauun cpegHero npogeccrMoHanbHoro obpasoBaHus 269102
(cpegHee cneumanbHoe y4ebHoe 3aBefeHNE)
4. | DowkonbHble obpa3oBaTenbHblE OpraHn3aumm 13-10°2
5. | [eTckme 0300pOBUTENBHBIE Nareps, NeTH1e geTckue gayun 126-10" 2
6. | CaHatopuu, goma oTapixa, NaHCUOHATDI 209-10 2
7. | AMBynaTopun, NONUKINHWKK, AUCNAHCEPbI, MEOMNYHKTbI 888102
8. | 3gaHns pO3HWYHOW TOProBIu: 203-10 2
yHMBEpMaru, NpoOMTOBapHbIe MarasvHbl; yHUBEPCaMbI,
NPOAOBOSbCTBEHHbIE MarasuHb;
MarasvHbl CMeLUaHHbIX TOBapOB;
anTeku, anTeyHble NapbKu;
9. | 3maHus pbIHOYHOW TOProBMu: 113-10 2
KpbITble, ONTOBbIE PbIHKM (M3 34aHMI CTauMOHapHOM
MOCTPOWKM), TOProBbl€ NaBUSbOHbI, KMOCKW, NapbKy,
nanaTku, KOHTeNHepbI
10. | 3@aHusa opraHusaumi obLLEeCTBEHHOrO NUTaHUs 388-10 2
11. | F'ocTUHULbBI, MOTENN 281-10 2
12. | CnopTuBHbIE COOPYXEHUSA 183-10 3
13. | 3aaHusa 3penunLHbIX U KyNbTYPHO-NPOCBETUTENBHbIX 6.90-10" 2
yuypexgeHum
14. | Bubnuotekn 3

1,16-10




15. | Mysen 138-10 2
16. | bonbHuLbI 13-1072
17. | ObpasoBaTenbHble OpraHnM3aummn ¢ HanmyMem uHTepHaTa 77.10"%
18. | CneumanuavpoBaHHble JOMa NpecTaperbiX U HBanuaoB 77103
19. | [loma Xurble MHOroKBapTUPHbIEe 26102
20. | Joma xunble oaHOKBApPTUPHbIE 19-10°3

MpunoxeHune N 2
K nyHKTY 10 MeTOoAUKMK

YnpouweHHas aHanuTuyeckas moaernb ABUXKEHUA NIOACKOro NoToka (onpeaeneHue
pacyeTHOro BpeMeHu 3BaKyauum niogen n3 noMeLeHninn 1 3aaHun no pacyety BpeMeHun
OBWXEeHUS1 OQHOro UM HeCKONbKUX JNTIOACKUX MOTOKOB Yepe3 3BaKyaLMOHHbIe BbIXoAbl

OT Hauboree yaaneHHbIX MeCT pa3MeLleHns naen)

Pac4yeTHoe BpeMs aBakyaLun niogen 5 N3 NoOMeLLeHN 1 30aHNN yCTaHaBNnBaeTCcs Nno
pacyeTy BpEMEHN ABMXEHNSA OAHOMO UM HECKOSTbKNX NIOLACKNX MOTOKOB Yepe3 3BaKyaLNOHHbIE
BbIXO4bl OT Hanbosnee yaaneHHbIX MECT pa3MeLLEeHNa Naen.

Mpn pacyeTe BeCb NyTb ABWXKEHUS NIOACKOrO MOTOKa Noapas3fensdercs Ha yyacTku

(npoxopn, kopmnaop, ABEPHON NPOEM, NECTHUYHBLIA MapLl, Tambyp) AnNnuHOM h N LUMPUHOMN 8i.

HavanbHbiM1 yyacTkamu SBNAOTCA NPOXoAbl Mexay paboynmu mectamm, obopygoBaHueM,
psgamm Kpecen u T.n.

Mpu onpegeneHnn pac4eTHOro BpEMEHN 3BaKyauuu Noaen AnuHy 1 LWUPUHY Kaxaoro
ydyacTka nyTM 9BaKkyauum Ang NpoekTUpyembiX 34aHUK MPUHUMAaOT Mo NPoekTy, a Angd
NMOCTPOEHHbIX - N0 (PakTU4YECKOMY NOSIOXKEHWUIO. [1NIMHY NyTW NO NECTHMYHBIM MapLlaMm, a TaKkke
no naHgycam n3mMepsitoT No AnuHe mapwa. [nvHy nytn B ABEPHOM NpoemMe NpUHUMatoT paBHOM
Hynto. [Mpoem, pacnonoXeHHbIn B cTeHe TonwmHon 6onee 0,7 m, a Takke Tambyp cneayet
CYMTaTb CaMOCTOATENbHBIMU Y4aCcTKaMU rOPU3OHTANbHOrO NyTU, UMEKOLLMMUN KOHEYHYIO ANUHY
I _

PacueTHoe Bpemsa aBakyauuu nogen b cnefyet onpefensTb Kak CyMMY BpPEMEHMU

ABWXKEHUS MIOACKOro NoToKa No OTAENbHbIM yYacTkam nyTu b no cdopmyne:

tp:tl+t2+t3+"'+ti , (n21)

roe Lo, BpeMsi ABUXKEHUS NIOACKOro NOTOKa Ha NEPBOM (Ha4yarnbHOM) y4acTKe, MUH;

b , b , & R b BpeMSs OBUXEHUS NM0ACKOro NOTOKa Ha KaX QoM U3 cneayroLwmnx nocre

nepBoro ydacTtka nyTtu, MuH.

Bpemsa aBuxeHUs nNiogckoro notoka no nepBoMy yyacTky nyTu b , MVH, paccunTbiBaloT
no dpopmyrne:



roe b ANVHa NepBoro yyactka nyTu, M;

Vi CKOPOCTb ABWXEHUS NIOACKOrO MoTOoKa MO FOpU3OHTarlbHOMY MyTWM Ha MEepPBOM
y4yacTke, M/MUH (onpegensietca no tabnuue 2.1 B 3aBUCMMOCTM OT NNoTHOCTH D).

MNoTHOCTb OOHOPOAHOrO NKOACKOrO MNOTOKAa Ha MepBOM  y4yacTke MyTu D

paccynTbiBakOT NO cbopmyne:

Nl'f
|1'61

D,=
, (M2.3)

roe Ny . 4YMCIIO NIAEN Ha NepBOM yyacTKe, Yern.;

2

f - cpegHasa nnowaab ropu3oHTanbHOM Npoekumnn vyenoseka, M [gen npuHMMaemas B
COOTBETCTBUM C nyHkTamun 4, 5 npunoxeHna N 5 K HacToswen Metoauke;

o . LUMPUHA NEPBOrO yyYacTka nyTn, M.

Vv

CkopocTb 1 [OBWXEHUSA FLCKOrOo MOTOKA Ha yyacTkax nyTu, crneayrwux nocre
nepeoro, npuHMmaroT no Tabnuue [12.1 B 3aBUCUMOCTM OT WHTEHCUBHOCTU ABWXEHUS
NOACKOro NOTOKA MO KaXXA0MY M3 3TUX y4aCTKOB MyTU, KOTOPYH BbIYMCIIAIOT A5l BCEX Yy4aCTKOB
nyTW, B TOM Yncrie 1 4nsa ABepHbIX NpoeMoB, No opmyne:

0o 9

Qi
o , (M2.4)

0. .
roe 8', =1 - wupnHa paccmaTpuBaemoro i-ro U npeLlecTByOLWEro eMy y4yacTtka

nyTu, m;

%91 _ yurencusrocTm ABWXXEHUS! MIOACKOro MOTOKa MO paccMaTpuBaemMoMy i-mMy U
npeawecTByoLWEeMY yd4acTkam nyTu, M/MUH (MLHTEHCUBHOCTb ABWXEHWUS MOACKOro Nnotoka Ha

nepBOM y4yacTKe nyTu G onpegensietcs no tabnuue 2.1 no 3HayYeHuto D , YCTAHOBJIIEHHOMY
no dopmyrne (M2.3)).
Ecrv 3HaveHve Ui , onpegensiemoe no gopmyne ([2.4), MeHbLLEe U1 paBHO Gmax , TO

BpemMaA ABUXEHUA MO y4aCTKy NyTn ti , MUH, PaBHO:

<

i (M2.5)

npv 9TOM 3Ha4YeHnA Amax , M/MWH cnegyeT NpUHUMaTb PaBHLIMMU:
16,5 - Ansa ropnsoHTanbHbIX NyTeu;

19,6 - ona ABepHbIX NPOEMOB;

16,0 - ansa necTHULUbl BHUS;

11,0 - ona necTHUUbl BBEPX.



Ecnm 3naverve di onpeaeneHHoe no dopmyrne (M2.4), bonblie Umax 10 LUMPUHY o
AaHHOTO yyacTka nyTu cnegyeT yBenMyunBaTb Ha Takoe 3HavYeHue, Npu KOTopom cobnogaeTcs
ycrnosue:

4i=0max  (M2.6)

Mpy HeBO3MOXHOCTU BbINONHEHUA ycrnosusa ([12.6) WMHTEHCUMBHOCTb M CKOPOCTb
ABVKEHUS JIIOACKOro NoToKa no y4acTtky i onpegenstoTt no tabnuue M2.1 npy 3HavyeHmn D = 0,9
n 6onee. lpu 3TOM cnegyeT yyuTbiBaTb BpPeMs 3a4epXKU ABWXKEHWUs nogen u3-3a
obpasoBaBLUErOCs X CKOMNMNEHWUS.

Tabnwuua M2.1

MHTEHCUBHOCTb U CKOPOCTb ABUXEHUA NMIACKOro NoToka Ha pa3HbiX y4YacTKax nyTeﬁ
dBaKyauunum B 3aBUCUMOCTU OT NMNJTIOTHOCTU

MnotHoc | MopU3OHTasNbHLIN [BepHomn JlecTHMua BHU3 JlecTHUua BBEPX
Tb nyTb npoem,
notoka | Ckopoc | MHTeHcn | uHTeHcuBHO | CkopocT | MHTeHcmBHO | Ckopoc | VIHTEHCUBH
D, b BHOCTb CTb Q, b CTb q, M/MUH Tb OCTb q,
M2/M2 V, g, M/MUH M/MWH V, M/MUH V, M/MUH
V/MUH 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
Gonee

MpumeyaHue - NHTEHCMBHOCTb ABWXEHUS B ABEPHOM NpoemMe npu NAoTHOCTM noTtoka 0,9 n
6onee paBHaga 8,5 M/MUH, ycTaHOBNEHa ANa ABEPHOro npoema wupuHon 1,6 m 1 6onee, a npm
OBEPHOM MPOEME MEHbLUEN LUMPUHBI MHTEHCUBHOCTL ABWMXXEHUSA criegyeT onpenensite no
dopmyne q = 2,5 + 3,75 x genbTa.




81-1

1 — Hagano ydacTka i
Puc. I12.1. Ciustaue MOACKUX IIOTOKOB
Mpn cnusHMM B Havane i-ro yyactka AByX M ©onee noackux notokoB (puc. [12.1)

MHTEHCUBHOCTb ABWMXXEeHUNA 4 , M/MUH, paccynTbiBaloOT Mo (bopmyne:

Zqi1'5i1
5

4==——

i ,(N2.7)

roe Gi-1 - UHTEHCUMBHOCTb ABWKEHUSA NOACKUX MOTOKOB, CMMBAOLINXCS B Ha4vane i-ro

y4yacTka, M/MUH;

5.
=1 - luMpuHa y4acTKOB MyTW CIUSIHUS, M;
O _ LUIMPUHA paccMaTpuBaemoro y4actka nyTu, M.
Bpemsa 3agepxku 5 ABWXKEHUS Mogen Ha yyacTke i u3-3a obpasoBaBlUerocs mx
CKOMMEHNs Ha rpaHuue ¢ nocreayoLmm ydactkom (i+1) onpeaensietcs no popmyne:

1 1
t=N-f- -
( qnpuD:O,g.b|+1 G h ) (I_I28)

roe N - KonuyecTBo nogen, Yen.;
2
f - nnowaab ropnsoHTanbHON NpoeKkumn Yyenoseka, M [4en :

Qopup=09 _ WMHTEHCMBHOCTb ABWXEHUS Yyepes yyacTok i+1 npy nnotHoctn 0,9 n 6onee,
M/MWH;

b -
*1 - wmpuHa y4acTka, M, NMpU BXOXOEHUN HaA KOTOpPbIA 0BGpasoBanocb CKOMMeHune
nogen;



G+1 . pHTeHcMBHOCTL ABWXEHUS Ha ydacTke i, M/MUH;
b LUMPWHA NpeaLIecTBYHOLLEro y4acTka i, M.

BpeMFI cyweCTBOBaHUA CKOMneHnd tCK Ha y4dacCTKe i onpegendaeTca no cbopmyne:

N-f

= (M2.9)

qnpuDzovg'Q+1

Pac4éTHoe Bpems aBakyaummn No y4acTKy i, B KOHLIE KOTOPOro Ha rpaHuue ¢ y4acTKOM

(i+1) obpasoBanocb CKOMMeHue nwaen paBHO BPEMEHU CYLLECTBOBAHUS CKOMIEHUS b
Pac4éTHoe Bpemsi aBaKyauum No y4acTKy i JonyckaeTca onpenendartb no dopmyne:

u=ii+g (M2.10)

MpunoxeHne N 3
K nyHKTY 10 MeTOAMKM

MatemaTu4yeckasa moaenb nHanBunayasibHO-NOTO4YHOro ABNXXeHunsa nogen n3 3gaHns

PacueTHOe Bpems aBakyauuu nogen u3 3gaHus yctaHaBnmBaeTCs No BpeMeEHU BbIxoga
M3 Hero NocriegHero YenoBeka.

lMepen Havanom MoAeNUPOBaHMS npouecca 9BakKyauuu 3agjaeTcs  cxema
3BaKyaUMOHHbIX nNyTen B 3gaHun. Bce 3BakyauuMoOHHble MyTU nogpasgenstoTca  Ha
9BaKyaLUMOHHbIE YYaCTK/ ANUHOM a U wupuHon b. [JnnHa v WwmnpuHa Kaxgoro yyvactka nytum
3BaKyauum Ong npoekTMpyeMbiX 34aHUN NPUHUMAOTCS MO MPOEKTY, a AN NOCTPOEHHbIX - MO
hakTU4eckoMy MonoXxeHuto. OnnHa nytm nNo NecTHUYHbIM Mapliam U3MepsieTca no AfiMHe
Mapwa. [JnnHa nyTn B ABEPHOM NpPOeME NPUHMMAETCA PaBHOW HyI0. OBaKyaLMOHHbIE YY4aCTKM
MOryT BbITb FOPU3OHTAasTbHbIE U HAKIMOHHbIE (JIECTHULA BHU3, IECTHULA BBEPX W NAHOYC).

3a rabaputbl 4yenoBeka B nNfiaHe NPUHMMAaeETCs annunc ¢ pasmepamu ocen 0,5 m
(wvpuHa yenoseka B nneyax) 1 0,25 m (TonwmHa YenoBeka). 3a4arTcs KOOPANHATLI KaXaoro

YyerioBeKa X pacctoAaHne OT UeHTpa annunca OO KOoHuUa 3BaKyaluMOHHOro y4acTKa, Ha

KOTOPOM OH HaxoauTtcs (puc. IM13.1).

KoopauHaTbl Kakaoro 4eroBeka | B HayanbHbi MOMEHT BpeMeHW 3afaloTcs B
COOTBETCTBUM CO CXEMOW pacCTaHOBKM foaeln B nomelleHusix (pabouve mecta, mecta ans
3puTenen, cnanbHble MecTa U T.n.). B cnyyae OTCyTCTBUSI Takux OaHHbIX, Hanpumep Ans
MarasuHOB, BbICTABOYHbIX 3aN0OB U Apyroe, AonyckaeTcs pa3mellaTthb foaen paBHOMEPHO Mo
BCEN nriowaan NoMeLLEHNs C y4eTOM pacCTaHOBKM TEXHOOMMYECKOro 060pyA0BaHMS.

KoopavHata kaxzaoro Yyenoseka B MOMEHT BpeMeHu t onpepensietcs no dopmyre:

xi(t):Xi(t—At)_Vi(t) "At M, (M3.1)

rne x{t-At)

- KOOpAMHAaTa i-ro Yenoseka B NpeablayLLni MOMEHT BPEMEHW, M;
Vi(t)

- CKOpPOCTb i-ro YerioBeka B MOMEHT BpeMeHH t, M/c;



At NPOMEXYTOK BpEMEHMN, C.

a

0 X1X X3 Xa Xs Xs X7
2

<

v

<

Puc. IT3.1. KoopauHatHas cxeMa pa3MelieHus JIIoAed Ha ITyTIx
9BaKyalu#

CKopocTb i-ro yenoseka Vi(t) B MOMEHT BpemeHu t onpegensetcs no tadtnuue 2.1
npunoxenunsa 2 n tabnvuam [15.7, 5.8 npunoxenns N 5 k MeTtogmke B 3aBMCUMOCTU OT

noKanbHOM MMOTHOCTU MOTOKA, B KOTOPOM OH [BWXKETCS, Q(t) M TUNa 3BaKyaLMOHHOro
yyacTka.

JlokanbHas NNOTHOCTb Di(t) BblYMCNIAETCS NO rpynne, COCTOSILLEN M3 N YenoBekK, No
dopmyrne:

D{t)=(nlt)-1) F/(b-ax) w2rne (N3.2)

raoe n - KoNMYecTBO Noaen B rpynne, YenoBek;

2
f - cpegHsa Nnowaab ropM3oHTanbLHOM Npoekunn Yenoseka, M ;

b - lWMpMHa 9BaKyaLMOHHOIO y4yacTka, M;

Ax pasHOCTb KOOpAMHAT NMOCNeaHero 1 NepBoro Yenoseka B rpynne, M.

Ecnv B MOMEHT BpPEMeHM t koopauHaTa yeroBeka i t , onpegerieHHasa no dgopmyne
(M3.1), cTaHeT oTpuUATENLHON - 3TO O3HaYyaeT, YTO YerioBeK AOCTUT rpaHuLbl TeKyLero
9BaKyaLMOHHOro y4acTKa 1 JOIMKEH NepenTn Ha credyowmin 3BakyaunoHHbIN y4aCTOK.

B aToM cny4ae koopauHaTa 3TOro YyerioBeka Ha crnefyloliemM dBaKkyaLMOHHOM yyacTke
onpegensieTcs:

x(t)=[x{t—dt)-Vi(t) - dt] +a;1, M, (M3.3)

roe Xi(t_dt) - KOOpAMHAaTA i-ro YenoBeka B NpeablayLnini MOMEHT BpEMEHM Ha (1_1)
3BaKyaLMOHHOM Yy4acTKe, M;



Vi(t) - CKOPOCTb i-ro yenoseka Ha (j-1)-oM 3BaKyaUMOHHOM y4acTKe B MOMEHT BPEMEHMU

t, m/c;

4 . pnuHa j-ro aBaKyaLMOHHOrO y4acTka, M;

/. koopAmHaTa MecTa CnusiHUS j-ro 1 (j-1)-ro aBakyaLUMOHHbIX Y4aCTKOB - PpacCTOsIHME

OT Hayana j-ro 9BaKkyaumoHHOro yvacTtka A0 MecTa cnusiHus ero ¢ (j-1)-biIM aBakyaunoHHbIM
y4acTKOM, M.
KonuyectBo nogen, nepexogsawmx ¢ OOHOro 9BaKyaLMOHHOro yyacTka Ha apyron B

Qfft).

eanHuLYy BpeMeHu, onpeaenseTcs NponyckHOM cnocobHOCTLIO BbiIxoda C yvacTka

Q/{t)=ay(t)-¢;-dt/(f-60) wen., (N3.4)

{t ,
roe ql( ) - VHTEHCMBHOCTb ABWXEHUSI Ha BbIXO4Ee C j-f0 3BaKyaUMOHHOro y4yacTka B
MOMEHT BpeMeH t, M/MUH;

‘j - WMpUHa BbIXOAA C j-TO 3BAKYALIMOHHOIO yyacTka, M;

dt - NpOMEXXYTOK BPEMEHMN, C;

2
f - cpegHsa Nnowanb ropu3oHTanbLHOM NPoeKUMKN YenoBeka, M

, it
NHTEHCUBHOCTbL ABMXEHUA Ha BbIXOAE C j-r0 3BaKyaLMOHHOro y4acTtka ql( ) B MOMEHT
BpeMeHu t onpegenseTca B 3aBUCMMOCTM OT MMOTHOCTM JOACKOro NMoTOKa Ha 3TOM y4acTke
va(t)

. Dv.|t
MNOTHOCTE NIOACKOrO MOTOKa Ha j-OM 3BaKyaLMOHHOM Yy4yacTke J() B MOMEHT
BpemMeHu t onpegensieTca no popmyne:

Dv;t=(N;-f-dt)/(a;-b;) M/ (M3.5)

roe NJ - YACNO NoLEN Ha j-OM 3BaKyaLMOHHOM yyacTKe, Yyen.;

2
f - cpeaHaA nnowaab ropu3oHTanbLHOM NPoeKUUn Yernoseka, M ;

4 . nnuHa j-ro aBaKyaLMoHHOTO yyacTka, M;

bj LUMPUHA j-rO 3BaKyaLMOHHOIO y4acTka, M;

dt - npoMeXyTOK BpeMeH!, C.
B MoMeHT BpemeHn t onpegensieTca KOnMYeCcTBO Mgen m C oTpuuaTeSibHbIMU

. m<0.lt
KoopAauHaTtamu X'(t) , onpegeneHHsiMu no copmyre (M3.1). Ecnu 3HayeHne —QJ( ) TO BCe
M 4erioBeK MepexoaaT Ha cneaylwmin  3BaKyauMOHHbIM y4acTOK WM UX KoopAuHaTbl

. m>Q;lt
onpeaensaTcsa B cooTBeTCTBUM ¢ hopmyrnon ([13.3). Ecnu 3HayeHune Q; , TO KONM4ecTBO

At o .
4yerioBek paBHOE 3HaYEeHUIo QJ( ) nepexogaT Ha cnefylowmin 3BakyaunoHHbIA y4acToK U MX
KoopAuHaTbl ornpeaensoTcs B cooTBeTcTBUM ¢ popmyron (M13.3), a KONMYecTBO YEnoBeEK,

m-Q|(t)) 3 3

paBHOE 3HAYEeHMIO ( QJ( ) , HEe nepexoasT Ha creylowuin 3BakyauMOHHbIN y4acTok
(OCTaI'OTCFI Ha JaHHOM 3BaKyalMOHHOM y“laCTKe) N NX KoopanHaTtam npmceamBaroTCcA 3Ha4YE€HUA
x(t)=k-0,25+0,25



roe k - Homep psga, B KOTopom OyayT HaxoauTbCa Noan (MakCMManbHO BO3MOXHOE
KONMMYEeCTBO 4YeroBek B Oo4HOM psay cOOKy Apyr OT gpyra Ansi Kaxaoro 3BaKyauWoHHOro
yyacTka onpegensaeTcsa nepen Hadanom pacyetoB). Takmm obpa3om, BO3HWKAET CKOMMeHue
nogen nepeq BbIXO4OM C 3BaKyaLUMOHHOMO yyacTKa.

Ha puc. 3.2 nsobpaxkeHa 6nok-cxema onpeaeneHnsa pacHeTHOro BpeMeHu 3BaKyauum
nogen na3 3agaHus.

Ha ocHoBaHUM 3afaHHblIX HavarnbHbIX YCHOBUMA (HavasibHbIX KoopAuMHAT mogeu,
napamMmeTpoB 3BaKyaLNOHHbIX Y4aCTKOB) ONpeaenstoTcs NAOTHOCTM MIOACKMX MOTOKOB Ha NyTAX
9BaKyaumMm WU MNpOMNyCKHble CMOCOOHOCTN BbIXOOOB C 9BaKyaLMWOHHbIX y4yacTkoB. [anee, B

MOMEHT BpeMeHW t=tdt onpegensieTcsa Hanuume Ol Ha nyTax aBakyauun. B 3aBucumocTtm
OT 3TOro BblGMpaeTcs HanpaBreHWe OBMXKEHUSI KaXKOoro 4enioBeka W BblYMCNSETCS HoBast
koopAMHaTa Kaxaoro yenoseka. [Mocrne 3Toro cHoBa onpeaensitoTcs NMOTHOCTU FHOACKUX
MOTOKOB Ha MyTaX 3BaKyaLMW W MPOMYCKHble CMOCOBHOCTU BbIXOAOB. 3aTeM BHOBb JaeTcst
npupalleHve no sBpemern dt n onpeaensioTcst HoBble KOOpAMHATbLI NOAEN C y4eTOM Hanmuus
O®I1 Ha nyTsx aBakyauuMm B 3TOT MOMEHT BpeMeHu. [locne aToro npouecc NoBTOPSieTCS.
PacueTbl NnpoBOAsATCS 4O TeX Nop, Nnoka Bce Noan He ByayT aBaKynpoBaHbl U3 34aHus.

BrOO MCXOIOHBIX ITaHHBIX

v

OnpenesyieHMEe HAa4YaJlbHEIX
KOOPAOMHAT JIonemn

v

OnpegnesieHre HapaMeTpoB
PBAKYALMOHHEIX YYaCTKOB (mIyTen)

v

OnpenesieHMe BpPeMeHM Hadaja
5BaKyaluM Kaxnoro dYeJjioBeKa

v

OnpeneﬂeHMe IJIOTHOCTEM JIOACKMX IIOTOKOB Ha
SOBAKYAUMOHHEIX Yy4YaCTKaXx

v

v

OnpenmejieHMe MPOIYyCKHOM
CIIOCODHOCTM MPOEMOB




BeIBOI Ha INedaTk XapaKTEePpUCTUK
npouecca seakyalun

[lepexon k cCJllegyolleMy MOMEHTY BPEMEeHU

OnpeneneHme HalpapJIEHMA IOIBMXEHUMA
KaXgoI'o dYeJiIOBEKa

OnpenesyieHMe MJIOTHOCTM JIOACKOTO IOTOKa Iepen
(paccTogHMe OO MAOyWEero BIepenu
yeJjioBeka)

KaXIbIM YeJIOBEKOM

OnpeneneHme CKOPOCTM IOBMXEHMA KaAXIOI'O UYeJIOBEKA

OnpeneﬂeHme KOOPAMHATE KaXIOOI'O dYeJIOBeKa

[
v

SBakyalumsa He
3aBeplleHa

|
v

OBakKyalMsa 3aBepleHa

|
v

OKOHUaHMEe pacueTa

Puc. 3.2. bnok-cxema onpeaeneHusa pac4eTHOro BpeMeHu 3BaKyauuu noaen n3

MpunoxexHue N 4
K nyHkTy 10 MeTOoAuMKM

MMuUTaumMoHHO-CcTOXacTUYeCKaa Mmoaersb ABMKEeHUA NOACKUX NOTOKOB

MHOXecTBO noaen, OOHOBPEMEHHO MAYyWMX B OAHOM HanpaefeHun no obuimm



yyacTtkam nyTu, obpasytoT NoACKOM NOTOK. YyacTkaMu (POPMUPOBAHUS FOACKUX NMOTOKOB B
noMeLLeHusiX cnegyet MpuHMMaTb MpoxoAbl Mexay obopyaoBaHvem. [ns nocrnegyloLmx
Yy4acTKOB 3BaKyaLMOHHbIX MyTel OHW NPeAcTaBnsitoT coboi NEPBUYHBIE UCTOYHUKU NOACKMX

N; b,

NMOTOKOB. Pacnpep,eneHme ' YenoBeK Ha y4acTKax (bOpMI/IpOBaHI/IFl, MMEeLwnX WNpuHy n

ANVHY h , MPUHMMaeTCs paBHOMEpPHbIM. [03TOMy B HavasnbHbIA MOMEHT b ya KaXkgom

t0
rnemMeHTapHOM y4acTKe Ali , 3dHMMaeMOM MOTOKOM, NINOTHOCTb NMOTOKa Di onpependeTcd no

cdopmyne:
D}OzN}O/bi Al yen. /M . (N4.1)

Mpy ganbHenwem OBMXEHUN NMIOOCKMX MOTOKOB U3 MNEPBUYHBLIX MCTOYHUKOB MO O6LLMM
yyacTkam nyTu npoucxoguT ux cnusiHne. ObpasyeTtca obLmii NOTOK, YacTn KOTOPOro MMEKoT
pasnUYHyt0 MNIOTHOCTb. [lponcxoAnT BblpaBHMBAHWE MIIOTHOCTEM pPa3fUYHbIX YacTen
NACKOro NOoTOKa - ero nepedopmupoBaHne. CrnegyeT yuntbiBaTb, YTO €ro rofloBHasi 4acTb,
nmetoLlasa nepeq codbor cBo6oaHbIN NyTb, pacTekaeTcs - NIAN CTPEMATCA MATU CBOBOAHO npu

nrotHocTn 20 . 3a uHTepsan Bpemen Al yacTb niopein nepexoauT ¢ aTUX BnNeMeHTapHbIX

y4yaCTKOB Ha nocrneaywuwme n nponcxoaunt ndMeHeHme COCTOAHUA JOACKOro nortoka, ero
OBUWXEHUE.

D.

CKOpOCTb OBWXEeHUs nogckoro NOoToka npu MnoTHOCTM ~ ' Ha i-oM OTpe3Ke y4dacCTKa

nytm k-ro Buaa cnegyet cuyutaTb Crly4anHOW BeENUYMHOM VD’K, MMerLen 4YmcnoBble
XapaKTepUCTUKU:
MaTemaTu4eckoe oXxngaHue (cpegHee 3HayeHue)

VD,kZVO,k '(1_ak : In Di/DO,k) ‘m HpI/I Di> DO,k’

Vox=Vox 1pu Di=Doc (M4.2)
cpeaHee KBaapaTU4YHOE OTKIOHEHMe

o Vox)=0(Vox)(1-aInD;/Dy) (4.3)

Vo G(Vo k)

rae o0k n K] - maTtemaTtumyeckoe OXuaaHue CKOpOCTU CBOBOAHOro OBMKEHUSA
o . <

nogen B notoke (nNpwm Di=Dox ) N ee cpeaHee KBagpaTUYHOE OTKITIOHEHME, M/MWUH;

Do . npenenbHoe 3HayYeHue NIOTHOCTU MACKOrO MOTOKa, A0 AOCTUXKEHUS KOTOPOro
BO3MOXHO cBoGoaHOe nOBwkeHWe nogen no k-my Buay nytu (NAOTHOCTb He BRMSIET Ha
CKOPOCTb ABWXXEHUS noaen);

. KOSCbeI/ILl,I/IeHT agantaumn nogen K "aMeHeHUsIM NSI0OTHOCTM NOToKa npun aBMXXeHnm

no k-my Buagy nytu;

Di . 3uauenve nnotHocTn NMIOACKOrO MOTOKa Ha i-OM OTpeske (AI) yyactka nyTu

2 0 uem/m?
LWMpUHOW i, TCIL/M

m - KOAPPULUMEHT BNUAHNA Npoema.



3Ha4vyeHNs nepeYncrieHHbIX NapamMeTpoB creagyeT npuHMMmaTh no tabnvue M4.1.

Tabnwuua N4.1

Bua nytun, K V_0,k curma(V_0,k D 0,k a k m
M/MWH ) M/MVH yen./m2
"OpM30OHTarnbHbI 100 5 0,51 0,295 1
1 B 30aHUn
"OpM30OHTarnbHbI 100 5 0,70 0,407 1
1 BHe 30aHus
Mpoem* 100 5 0,65 0,295 1,25-0,05D, npwm
D>=5
JlecTHMua BHU3 80 5 0,89 0,400 1
JlecTHMLa BBEPX 50 5 0,67 0,305 1
2 =V.:-

*MNpn D = 9 uen./M gpauenms Vi Do onpegensTcs no copmyne

qzlo.(2’5+3’75.q),M/MMH.
t0 t0
Mpn nOOGoM BO3MOXHOM 3HAYEHUU V" niogn B konuuecTBe Vi, HaxoasiMecs B

MOMEHT © Ha i-om 3NleMeHTapHOM y4acTke, ABUraloTCs MO HEMY U HAYMHAKOT NepexoamTb Ha
nocnegywowmn yyactok (i+1) (puc. M4.1). Ha yyacTok i B CBOK o4yepeab nepexoauT YacTb
nogen ¢ npegblaywero (i-1) anemeHTapHOro ydyacTtka u U3 UCTOYHMKA j.
to
At L=h%+AL Tonuko yacTb nogen Nijva c
N;°
yyacTka i ycneeT nepenTtn Ha yyactok (i+1). K aTomy MOMeHTy BpemMeHu u3 ' nogen,
to to

ObIBLUNX Ha [ b N;™=Nijin 7

yyacTke i B MOMeHT 0, octaHeTcs ( 1) nogen. Nx ymcno nononHsaeTcs 3a
cyeT nigen, yeneBLnX 3a 3TOT MHTEpBan BpeMEHU NEPENTU Ha HEro C NpeablayLlero y4acTka

N, N'S : t

- FLi yum3uctodyHuka i, Torga NNOTHOCTL NOTOKA Ha yYacTke i B MOMEHT 1 GyaeT paBHa:

Mo npoliecTBMM BpeMeEHM K MOMEHTY

D}1=(N}°—N}f§+1+ NS+ N}f’,)/bi Al

. (N4.4)

CKOpOCTb ABWXXEHWS NI0AEN, OKa3aBLUMXCS Ha y4acTKe | B MOMEHT b , onpegenseTcs no
dopmyre:

Vi =V, (1—ak-ln D}/Dolk) (M4.5)



MomesnT spemenn ?

Nto t 4
_D'_° =Ni° /bl_Al

NN

i+ 1

MomexT BpPEMEHH t‘ = to + At

N t1 1 t t t 4
D"=(Ni -N +N" ’_+Nj'i)/bAl;Vl =¢(D")

1,iv { [

Vt0= po={ "' mm
4 K
Ve ,ecmD® >D
i T R

t L
- 0 ¢
! Vi ,ecnn Di < Dq

Nk =N1°] VtoA[/A[)' . VCO= [ ; max
T N B a-v, ’ V°,eemmD °>D
i / 7 max
L Lk ! , 4
Nl-l,i =NI-‘I VA AL NJ.I=DJ bJ VC a

Hong yuactaa npx 06pa3oBaHHH CKROIJIEHHA HA YYacTKe /
t tl tl ll ‘r t( t| tl

AN'/maN'=p' ' ¥v' b5 ID'V'b
] J [ER il il [ A A
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!

Puc. I14.1. U3MeHeHHA COCTOSHHUS ITIOTOKA B ITOCIIeI0BaTeIhbHbIE MOMEHTHI
BPEMEHHU

CneagyeT yuyuTbiBaTb, YTO M3MEHEHME MMIOTHOCTM MOTOKA Ha KaXdoM y4yacTke B
pasnuyHble MOMEHTbI BPEMEHM OTpaXKaeT npouecc nepedopMUPOBaHUS PasnUYHbIX YacTewn

NMOTOKa, N KaK YaCTHbIN Crnyyaun, NpoLecc pacTekaHus noToka.
M3meHeHMe nnOTHOCTM NOTOKa Ha KaXdoM U3  dfeMeHTapHbIX Yy4acTKoB B

nocrniegoBsartesyibHbie MOMEHTbl BpeMeHW 3aBUCUT OT KOJTn4eCTBa nogemn, nepexogdawmnx 4yepeas



rpaHnubl y4acCTKOB. B obwem Cclniydae KoJ1n4ecCTBO nogen, nepexogdwmnx 3a WuHTepBar

At

BpeMeHU C yyacTKa i Ha nocneaylLwmn y4acTok i+1, coctaBnger:

N =pf°- BV, At (M4.6)

Li+1

CkopocTb nepexopa Viep Yyepes rpaHunLbl CMEXHbIX 3fIeMeHTapHbIX y4acTKoOB crieqyeT

NPUHMMAaTb, PYKOBOACTBYSICb creaylowmMmm hopMynamm:

t0
V',

mep.— ] | 10 t0 _
Vi, ecmn Dy >D mpn max Vi - D=0

t0
ecii D iy <D npu max Vi - D=0,y

, (M4.7)

Cne,u,yeT yynTbiBaTb, YTO B TOT MOMEHT BpPEMEHU tn , Korga nryoTHOCTb MOTOKa Ha
y4yacTke i gocTurna MakcMmaribHOW BENWYUHBLI, Ha 3TOT y4aCTOK HE MOXET ﬂpVIVITI/I HW OAWH
YeJioBeK, HU C npeauwecTByrolero ydacTtka, HA U3 UCTOYHUKA. B pesynbTate nepe y4aCcTkoMm [

3aJepXuBaeTcs COOTBETCTBEHHO " It niopei. B cneayownii MOMEHT BpeMeHu

t < . .
n+1 yacTb NOAen ¢ ydyacTka i nepexoauT Ha y4acTok i+1, NNOTHOCTb NOACKOro NOTOKa Ha HEM
YMEHbLUUTCA M YacTb CKOMMBLUMXCS Mepen ero rpaHuuen noaen cCMoXeT NepenTi Ha Hero.

, t -
,D,OJ'IFI nx ydacTtuna B NONOJIHEHNN NTIOAbMIU yHaCTKa | B MOMEHT n+1 onpependeTcd C*)OpMyJ'IOI/IZ

tn, tn+1 tn, tn+l _ ~tn, tn+1 n, tn+l tn, tn+1 'n,tn+1. )
AN AN T =D b, /D] V, b (na.8)

®opmynel ([14.4) - (I4.8) NONHOCTLIO OMUCLIBAKOT COCTOSIHME JIKOACKOrO MOTOKa Ha
3ANleMeHTapHbIX Yy4acTkax M WX nepexodbl B nocnegoBaTeflbHble MOMEHTbl BpPEMEHM.

COBOKYMNHOCTb 3HAYEHUI pacyeTHOro BPEMEHW 3BaKyaLuW, MOMy4YeHHbIX NPU pPasfnUYHbIX

. . t
aHaueHmsx Yok , bopmUpyeT amnmpuyeckoe pacrnpeneneHme BEpoOSTHOCTEN 3HAYEHUI 2 P
Mo aToMy pacnpedeneHnto crnegyet paccyuMTbiBaTb 3HAYeHWE BPEMEHU 3aBepLUeHUst

3BaKyaLun, COOTBETCTBYHOLLEE BEPOSTHOCTU P(tp.aB):O’ggg _

MpunoxeHne N 5
K nyHkTam 10, 11 MeToaukun

OaHHble ana onpegerieHnAa pac4yeTHoOro BpemMeHun aBakyaumm

1. 3HayeHMe BpemeHu Hayana aBakyauuu b (c) ons nomelleHns odara noxapa
cnegyet onpenendatb rno oopmyne:

t,=5+0,01-F
2
roe F - nnowanb nomelleHns, M
B cnyyae ecnu Bpems Hayana 3Bakyauuu, pacCcYMTaHHOEe MO yKasaHHOW dopmyre,
npeBbIlLAeT BPEMS Hayana dBakyauuu, onpegenieHHoe B cooTBeTcTBuM ¢ Tabnuuen [15.1,
BpeEMS Hayana aBakyauuMuM M3 NoMeLeHUs oyara noxapa crnegyet npuvHuMartb no tabnuue



Mns.1.

[na ocTanbHbIX NOMELLEHUN 3HAYeHWe BpeMeHW Hadvana aBakyauum b cnegyet
onpenenatb no tabnuue 5.1,

Tab6nwuua 5.1

n/n

Knacc ¢yHKUNOHaNeHOM NoXXapHon
ONacHOCTU 34aHWI U XapaKTepucTmka
KOHTUHreHTa nogen

3HaueHVe BpEMEHW Ha4ana aBakyaLmm
nogeit b, MuH

30aHus, 3paHus, He
obopynoBaHHbIe obopyaoBaHHbIE
cucTemom cucTemom
OMOBELLIEHNA U OMNOBELLIEHNA U
yrnpaBreHus yrnpaBrneHus
aBaKyauuen nogemn 9BaKyauunemn nogen

-1l Tuma | Il -V Tuna

34aHns AOLKONbHbIX
obpasoBaTenbHbIX OpraHn3auun,
crneumanmsaMpoBaHHbIX JOMOB
npecTapenbix U UHBaNM4oB
(HekBapTMpHbIE), BOMNbHMLbI, CNanbHbIE
Kopnyca obpasoBaTesibHbIX
OpraHu3auun ¢ HanMynem nHTepHarta u
AETCKNX OpraHn3aumni;
MHOIOKBapTUPHbIE XWUnble A0M3;
OAHOKBAPTUPHbIE XWible 4oMa, B TOM
yncne 6nokmpoBaHHbie (P1.1, ©1.3,
®1.4). Iliogn MoryT HaxoanTbCS B
COCTOSIHUM CHa, HO 3HAKOMbI CO
CTPYKTYPOM 3BaKyaLUMOHHbIX NyTEN U
BbIXOA0B.

6,0 4,0 9,0

oCTMHUUBI, OBLWEXNTUSA, cnanbHbIe
Kopnyca caHaTopueB 1 AOMOB OTAbIXa
obLero Tuna, KeMMNUHroB, MOTeNen U
naHcuoHaTtoB (P1.2). XXunbubl MoryT
HaxoAnUTbCS B COCTOSIHUW CHa U
He3HaKOMbl CO CTPYKTYpPOW
9BaKyaUMOHHbIX MYTEN U BbIXOLOB.

3,0 2,0 6,0

34aHns 3penuLHbIX U KyTbTYpPHO-
NPOCBETUTENbHbIX YYPEXOEHUN; 3aaHNS
opraHusauun no obcnyxmBaHuo
HaceneHus (®2, ®3). NoceTntenu
HaxogaTca B 6ogpcTeytoem
COCTOSIHUM, HO MOTYT BbITb HE3HAKOMbI
CO CTPYKTYpPOW 3BaKyaLNOHHbIX NyTEN U
BbIXO40B

3,0 1,0 6,0

3paHns obpasoBaTenbHbIX
OopraHmM3aunn, Hay4YHbIX Y MPOEKTHbIX
opraHvM3auun, opraHoB yrnpasneHus

yupexgeHun (P4). Nocetntenu

3,0 15 6,0




HaxogaTca B 6oapcTeytoLEM
COCTOSIHAM M XOPOLLIO 3HAKOMbI CO
CTPYKTYPOM 3BaKyaUMOHHbIX NyTEN U
BbIXOJ0B.

5 | MNMoxapHble OTCEKN NPOM3BOACTBEHHOIO 2,0 0,5 6,0
W CKNaacKoro HasHavyeHus ¢
KaTeropmen nomeLLeHnn no
B3pPbIBOMNOXapHOM N NOXapHOW
onacHoctu B1-B4, I, [1, Bxogswune B
cOoCTaB 3[aHNN C PYHKLNOHANbHOW
noXxxapHoun onacHocTbio ®1, 2, O3, O4,
B TOM vucne ®5.2 - cToaHkn ans
aBToMobunen 6e3 TeXHNYeCcKoro
obcnyXnBaHusa U peMoHTa

2. [MpUHUMNbI COCTaBMNEHUSA pacYeTHOM CXeMbl 3BaKyaLmu.

PacueTHass cxema aBakyauuu npencraBngeT cobon OTAENbHO BbINOSIHEHHYO, UMK
BO3MOXHO HaHECEHHYIO Ha NraH 34aHusa CXeMy, Ha KOTOPOW OTPaXeHbl:

KONMYEeCTBO NI0AEN Ha HayarbHbIX y4acTKax - UICTOYHMKaxX (Npoxoadbl Mexay padoymmm
MecTamu, 0bopyaoBaHNEM, psiaamMum Kpecen 1 T.M.);

HanpasfieHe NX OBMXEHNSA (MapLIpyThbl);

reomeTpu4eckme napaMmeTpbl y4acTKOB NyTu (4NvHa, LWMPUHA) U BUObl YH4ACTKOB MyTW.

PacueTHass cxema aBakyauuMum LOSMKHA yYUTbIBaTb CUTyauuio, NPy KOTOPOW XOTSA Obl
OOVH YenoBeK HaxoauTca B Hambonee yaaneHHOW OT BbIXxo4a U3 30aHWUA, COOPYXEHUS Unu
CTPOEHUS TOYKE.

[MyTn OBmXKeHus ngen n Bbixogbl BolCOTON MeHee 1,9 M 1 wunpnHon meHee 0,7 M npwu
COCTaBIIEHUN paCYETHOW CXeMbl 3BaKyauuu He YYUTbIBAKOTCS, 3a WUCKMOYEHWEM Crly4yaes,
YCTaHOBSEHHbIX B HOPMAaTMBHbIX JOKYMEHTaX Mo NoXxapHon 6e30nacHoCTH.

PaccmoTpeB KONMYeCTBO Nogen Ha HadvanbHbIX y4acTKkax nyTu, cregyeTt onpenenntb
HanpaBneHve WX OBWXEeHUdA. YCTaHOBMeHbl cnefywouwme Habnwogaemble npasuna Bblbopa
noabMu HanpaesneHus (MapLlpyTta) ABMKEHUA Npu aBaKyauuu:

a) ABWXKEHWe No TOMY NyTW, KOTOPbLIM MOAN Nonanu B 34aHue;

0) ucknyeHne nyTen OBMXKEHUS, NPOXOOALWMNX PSAOM C 30HOW FOPEHUs, XOTSa Noan
MOryT 9BaKyMpoBaTbCA Yepes 3agbIMiIeHHbIE KOPUOopbI;

B) BNUsiIHWE nepcoHana. B obLlecTBEHHbIX 34aHUAX, Kak NpaBunio, NoceTutenu npu
noxape crnegyloT yKa3aHUsM nepcoHana, daxe ecrnv 3TUM yKa3aHus He COOTBETCTBYIT
ONTUMasbHbIM;

r) Npy 3BaKyauumm C NEPBOro dTaxa - ABMWKEHNE K OTKPbITOMY BbIXOAY HapPYXy 13 34aHus;

) CroXHas normctmyeckas 3aBMCMMOCTb, OMUCbiBalLWas BbIOOp Bbixoda C 3Taxa
3puTenbHoro 3ana (puc. 15.5);

€) NpU NPOYNX PaBHbIX YCIOBUAX - OBUXKEHUE K Bnivbkaniemy BbiIxoay.

Kpome TOro, nmewwmecs gaHHble nokasbiBaloT, YTO hakTOpoM Bbibopa HanpaBrieHus
MOXeT OblTb MECTO MapKOBKW FIMYHOrO aBTOMOOMMA, MECTO BCTPEYM YSIEHOB CEMbWU U T.M.
OnpepeneHve WWpWHbI NYTU BbI3bIBAET 3aTpyAHEHME TONbKO NPY BbIXOAE NOAEN Ha y4acTOK
"HeorpaHMyeHHON" WNPUHBLI, Hanpumep B BecTMboNb. B Takom cnyyae wupuHa notoka (b)

3aBucuT ot konuyectaa nogen (N) n anuxel (1) yyactka: b=4 m rnpu N<100 yen. p 1=6 M; b=6

M - B OCTaJlbHbIX Clty4asxX.
CornacHo JgaHHbIM HaTYpPHbIX HabnaeHun YCTaHOBJIEHO, 4TO MOBOPOTblI NYyTUN HE
BIMAKOT HA NapaMeTpbl ABUXEHUNA NMIOACKOIro NoToKa.



OnpepgeneHve anuHbl (BOOMb OCK MYTU) OTNIMYAETCA ANSA FOPU3OHTAaSTbHBIX N HAKIMOHHbIX
nyten. K HaKMNOHHbIM MNYyTAM OTHOCATCA NeCTHUUbl U naHaycbl. CBobogHas wupuHa b
HaKITOHHOro NYTW, HAaNpUMep NeCTHUYHOro MapLua, NPUHMMAaeTCs B CBETY: OT Nepwun 4O CTEHbI.
AnuHa HaknoHHoro nyTu L (puc. I15.1) npuHMMaeTcst N0 UCTUHHOMY €ro 3Ha4YeHUH0. TaXHble U
MEeXAyaTaXHble NMowankn B LENAxX ynpoweHus n obnerdeHnst BbIMMCNEHNN, YyYUTbIBAA UX
HebonbLUMe pa3mMepbl N MEHbBLUYIO CIOXHOCTb ABUWXEHUS MO HUM B CPaBHEHUW C NECTHUYHbLIMM
MapLuamu, AonyckaeTcs OTHECTU K HAKITOHHbIM NYTSM. Torga cpegHsasa AnnuHa HaknoHHOro NyTu
B Npegenax ogHOro ataxa, ¢ y4eToM OABWXKEHNS Mo nrowankam, COCTaBuT:

L’
L=—
Anst ABYXMapLUEBbIX NECTHUL cosa
!
roe Lt ropu3oHTarnbHasi NPOEKUMS ANNHbI HAKMOHHOTO NMyTH, M;

o« Yron HaknoHa K rOpU30HTY;
HE Jonyckad cepbe3H0|7| norpewHoOCTn, oAnNnHy NyTn no uByxmapmeBon J1eCTHULEe MOXHO

NPUHUMATL PABHOI €ro yTpoeHHo Bbicote H, T.e. L=3H.
7 n
L= 2L L AL +4-b
coso.  Cosa

Onda TpexmapLueBblX JTECTHUL,

Puc. I15.1. PacyeTHas mjivHa ITyTH 110 JIECTHHIIE:

a — IByXMaplieBas JIECTHUIIA; 6 — TpexMaplleBas JIECTHUIIA

lMaHgycbl, ecnu WX HakMoH He3HadnteneH (MeHbwwe 1:8), MOXHO OTHOCUTHL K
ropu3oHTanbHbIM MNyTAM, Npyu 6Goree 3HayuMTeNbHbIX HaKMoOHax - K necTtHMuam. [nuHa
HaKITOHHOrO NyTU Takke onpeaenseTcs no ero ocu.

MyTn aBwxeHus B npegenax 3gaHus obbl4HO MepecekarTCa ABEPHLIMU NpoeMamMu,
AeKopaTUBHbIMK MnopTanaMn, MMEKT CYXEHUS 3a CYeT pPasfUYHbIX apXUTEKTYPHbIX Wn
TEXHONOMMYECKNX 3NIEMEHTOB, BbICTYMNAOLWMX M3 MNIIOCKOCTU OrpaxkaeHun. Takme MeCTHble
CY)XEHUSA HEe3aBUCMMO OT UX XapakTepa B AaribHenlweM HasbliBalTCA NpoeMamu LLUMPUHON b.
AnvHa nyty L B npoeme MOXeT He y4uTbiBaTbCs, €Criv OHa He npesbiwaeT 0,7 M, T.e. ASIHbI
OAHOro LWwara, B NPOTUBHOM Crlydae OBWXEHME B MNpoeMe criegyeT paccMatpmBaTtbh, Kak
ABWXEHME Ha CaMOCTOATESNTbHOM pacYeTHOM y4acTKe ropu3OHTarbHOro nyTu.

JIeCTHUYHbIE KNETKM SABASAIOTCA LEHTpaMU TATOTEHUS MOACKMX MOTOKOB (4NA NepBoro
aTaxa - BbIXOAbl HapyXy), Ha BXo4e B KOTOpble 3akaH4YMBaeTCs BTOPOW 3Tan 3BaKyauuw.



[Mo3TOMy pacyeTHble CXeMbl Lienecoobpas3HO COCTaBNATb ANS KaXOoW 4yacTtu 3aTaxa, no
KOTOPOW NIOAM 9BaKyMPYIOTCH Yepes3 NpeayCMOTPEHHYIO ANA HUX NTECTHUYHYIO KNeTKy (BbIxoa
Hapyxy). Ha puc. [15.2 npuBefeH npumMep COCTaBNeHUs pacHeTHON CXeMbl aBaKyauun nogemn
Mo YacTu aTaxka 4O BX04a B NNECTHUYHYIO KNETKY.

Hcrounmxk 1
7 N=20ugen.,/=10M,
Vaacrok 1 | 5 Y b=12M b5;=09M
I=12m,b=2m7]"
il K HUcrourmk 2
& N=20%en,!=10m,
e b=15M, b6,=09 M
P3II 1 E E
il by=135Mm
VyacTok 2 {E
I=18M’b=2ME E Vuactox 8 by=12M
E E T Vaacrok7 =15, b=12M
1| K N o N P3II2
' ~v R ARVt S ----r
Vyactok 3 Vyactok 4 Vaactox 5 Vuaacrok 6
I=3mMm, I=5mMm, I=5M, I=5Mm,
< b=2wm b=2m b=2m b=2M
\{
16 gen. 7 qen. 7 qen. 7 gen. 7 gen.

HagansHbie yaacTki Ne 3 — 7 (MCTOYHHKH) - HPOXOXBI MEXIY
pabouuMu MecTaMH, 060pyIoBaHHEM, PANAMH Kpecenl | T. II.
I=10M,b=12M, 5y=0,9Mm

Puc. I15.2. TIpumep cocTaBiIeHHs paCI€THON CXEMBI 3BaKyalluy JIFOJEH
TI0 9aCTH dTaXa 10 BXOJa B JIECTHHYHYIO KIIETKY: N — KOJIMIECTBO JIFOJIEH;
b — mmpuHa; [ — mmHa; by— MMpHHA MpoeMa
B 3puTenbHbIX 3anax ¢ NOCTOSIHHLIMU MecCTamu Ansi noceTuTenen pacnpeneneHve

nogen No HanpaBrneHUsIM OBMXKEHMST K 3BaKyaLMOHHbIM Bbixog4am mnokasaHo Ha puc. 5.3 n
Ms.4.
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Puc. I15.3. MapmpyTu3aims ABIKEHNS JIOACKHX IIOTOKOB IIPH 3BaKyallui
U3 3pUTEIHHBIX 3aJI0B ¢ 60KOBBIMY (TIPOJIOJILHBIMH) IPOXOJaMHU
/i | sd
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Puc. I15.4. MapmpyTr3aiys ABIKEHHs HOACKUX OTOKOB IIPH 3BaKyaliy
U3 3pUTEIBHEIX 3aJI0B C IIONEPEIHBIM IIPOXO0OM

Ecnu B ganbHenwum nogm BeIXxogaT B one unm Bectubronb, T.€. Yepes NOMELLEHUS He
orpaHuYMBalOLLMe, Kak KOpMAOP, LUMPUHbLI FIKOACKOrO MOTOKa, TO pacnpedenieHne noackux
NOTOKOB MEXOY BO3MOXHbIMWU 3BaKyaUWMOHHbIMM BbiXO4aMW, Korga OHM He OGrOKMpOBaHbI,
NPOUCXOLMUT COrfiacHO 3aKOHOMEPHOCTSAM, NpMBEAEHHbIM Ha puc. [15.5, a, 6.
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Puc. I15.5, a. Yucno 3pureeil u BRIOOP BEIXO/A MPH 3BaKyallH B {BE JIECTHUIHEIE KIIET-
K# TU00 B JIBE OTKPHITHIE JIECTHUIHI WM B BA BEIXOAA M3 3xaHus: N — ofmiee Koiuye-
CTBO 3BaKyMpYIOIUXCS; N — 9UCHIO 3BaKyHUPYIOMMXCs depe3 OMDKHUN BEIX0; N, —
YHCIIO 3BaKYHUPYIOIIUXCSA 9epe3 AATbHUM BBIXON; [ — AIHHA IMyTH 10 GJIMKHETO BBIXO/a;
|, — pvHA MyTH A0 AAJBHETO BEIXO/AA
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3aJIbH08 TNIOMeIIeHHe

Puc. I15.5, 6. Yucno 3pureineii 3BaKyupyrOIMUXCs 110 OTKPHITON JIECTHULIE:
N — obIee KOJIMYECTBO 3BaKyHPYIOMMUXCS; Nj — 9HCI0 3BAKyUPYIOIMXCS
I10 OTKPHITOM JIECTHULIE; /) — JUIMHA TyTH X0 OTKPHITON JECTHUIIE;

[, — BnyHA MyTH 0O BRIXOJIa HA JIECTHUYHYIO KJIETKY

3. MNpu oagHOpoAHOM coCTaBe MOACKOro MoToka rpynn mobunbHoctn M2, M3 n M4

3HayeHus BennyuH D, V 1 q cnegyeTt npyHUMaTh B COOTBETCTBUM C AaHHbIMKU Tabnuubl 15.2.
Ta6bnuua N5.2

PacyeTHble 3HaYeHMA napamMeTpoB ANA rpynn MmoounbHocTtn M2 - M4



Mpynna

Bug nytn

MOOWUNbH D, ["'OpM30OHTanbHbIN JlecTHMua BHU3 JlecTHMLa BBEPX MaHgyc BHM3 [MaHgyc BBepx
oCTHn M2/mM2 V, g, M2/Mmx | V, M/MUH | q, M2/M | V, M/MUH | Q, M2/M \Y g, M2/m x | V, M/MUH | q, M2/M X
M/MWH MWH X MUH X MUH M/MWH MWH MWH
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
0,2 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
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




NMpumeyvaHue:

M2 - HemoLLHble NoaM, MOBUMNBHOCTL KOTOPLIX CHUXEHA M3-3a CTapeHus opraHuama
(vHBanuAbl NO CTaApoCTW); MHBaNWAbl Ha NpoTesax; WMHBanNuAbl C HegoCTaTKaMU 3pPeHUs,
nonb3yowmeca 6enon TPoCTbIo; NIOAN C NCUXNYECKUMWN OTKIIOHEHNSIMN;

M3 - nHBanugbl, UCNONb3yKOLLME MPU OBWKEHUU OONOSTHUTENbHbIE OMopbl (KOCTbINN,
narnkmn);

M4 - nHBanuabl, NepenBuraroLLMecs Ha Kpecrnax-konsickax, NpMBOANUMbIX B OBUXEHUE
BPYYHYIO.

2
4. lnowagb ropu3oHTanbHOM npoekuun 4enoseka f M [gen npMHUMaeTcs B
3aBMCUMOCTU OT COCTaBa ftoAen B NOTOKE B COOTBETCTBMM C NPUBEAEHHBIMWN HUXE AAaHHBbIMM.

a) 6)

Puc. 5.6. NMnowaab ropusoHTanbHON NPoOeKLUMU YernoBekKa:
a) pacyeTHas;
6) oencreutenbHas

Pasmepbl nogen M3MeHSAITCS B 3aBUCMMOCTU OT (PU3NYECKUX AaHHbIX, BO3pacTta u
ogexabl. B tabnmuax 5.3, 5.4, I15.5 v Ha pucyHke [15.7 npuBoasaTCSa yCpeAHEHHbIE pasmepsbl
nogen pasHoro Bo3pacTta, B pasfnnyHom oaexae v ¢ pasfimyHbiM rpy3oM. [pn aTom npuBegeHs!
3Ha4yeHns  nnowagun  ropus3oHTanbHOW  MNPOEKUMWM  MHBANMOOB  C  HapyweHuem
OMOpPHO-ABUraTeribHoro annapara.

Ta6bnwuua N5.3



Mnowaan ropusoHTaanoﬁ npoeKunn B3pOoCribiX noaen

Tun ogexabl Wnpwuna (a), m | TonwwuHa (c), m | MNMnowaab ropmsoHTanbHoOm
npoekuuy, M /uen
NeTHASA 0,46 0,28 0,100
BECEHHE-OCEHHSS 0,48 0,30 0,113
3UMHSA 0,50 0,32 0,125

Tabnwuua 5.4

Mnowaan ropwsoHTaanoﬁ npoeKkuunn aeten m noapocTKoB

Twun opgexabl

BospacTHble rpynnbl

Mnaawas go CpeaHss Crapwasa

9 net 10 - 13 net 14-16 net
JoMalLHAsA ogexaa 0,04 0,06 0,08
AOMaLLHAS ofexaa Co LWKOMbHOW CYMKOW 0,07 0,10 0,14
ynn4Hasa ogexga 0,09 0,13 0,16




2

f'cF’; 0,729

fc; 0,32

Puc. 5.7. NMnowaab ropM3oHTanbHOW NPOEKLUN Noaen ¢ pasnnyHbIM rpy3omM

Tabnwuua 5.5

Mnowaab ropnsoHTanbHOM NPoOeKUun naen ¢ orpaHUN4YeHHOMN MOOUIbHOCTLIO,

2
M /gen






»;

85 1= £

§0°Tw £

S5 0=

DEG=

DL~ £ §T0= 4 0o~ f 0i0= £
01g=71 org=11 pE =5 060 ="2 {9 =52 (Lp=22 go=1s D=2
£L0=7q 050= ¢ 080 =5 0¢D =12 0D =¢P 0pD =20 ZLo =10 €o=0_

P
4
=
.
8 4 - ¢ t 3 Z 1
THA : T OO [ ONMITar prerrep—
XENIBLEA KeNUHIOH «xeipady | -HMronow ¥W  |-MMrouoy you | -HRIOUOY WOHHShHH
uH orawaAd eH srmadd BH BOOHIMT | ~AHY 3 500HIM | <O O ¥IOHM | €20 KIOHIMO! ~ud10 o ‘oum
~pxdowonedy | ~urdonodwedr | -oimaradau| -oismmavadou | -omangradou | -vararadau ML) ~BHUTEO0D
— =B10 'HUOH
~BARULE OJOHIHIIBIHAT-OHAOUO WAHHOREAOU 1) sraodorrg




4. Bpems 3agepxku 4 ABWXKEHUS Ha ydacTke i u3-3a obpas3oBaBLUErOCHA CKOMIEHUS
nogen Ha rpaHuue ¢ nocrneayrowmm yyactkom (i+1) onpeagensietcs no oopmyne:

1 1
qupu D=0.9-b;,;  0;-b;

t=N-f-
,(N5.1)

roe N - Konn4ecTBO NOAEN, Yern.;

2
f - nnowanp ropusoHTanLHOM npoekuun, M ;

Qipu D09 - PHTEHCMBHOCTL ABMKEHUS yepes yyacTtok i+1 npu nnotHoctn 0,9 n Gonee,

M/MWH;

by LWMPUHA ydacTka, M, NPU BXOXOEHUM Ha KOTOPbIM 0BpasoBanocb CKonreHue
nogewn;

Gier . WHTEHCUBHOCTb ABWXEHUSA Ha ydacTKe i, M/MUH;

b.

' - lWWMpUHa NpeaLwecTByOLLEro y4acTtka i, M.

Bpewms cyuiectBoBaHNA cKkonneHust b na y4acTke i onpegensaeTcda no gpopmyne:

_ N-f
~ qupu D=0,9-b,,,

CK
.(M5.2)
PacyeTHoe BpemMA aBaKyauun no y4acrtky i, B KOHLIE KOTOPOro Ha rpaHuue c y4acCTtkom

(i+1) obpasoBanocb CKOMfeHwe naen paBHO BPEMEHM CYLIECTBOBAHMUS CKOMMEHUS o
PacyeTHOe BpeMs aBakyaLMm No y4acTKy i gonyckaeTcsa onpeaenaTts no dopmyrne:

2. PacyéTHble 3Ha4YeHUs NapamMeTpoB ABMXKEHMUA NIOACKMX NOTOKOB B 3aHUSX Knacca
pyHKLMOHaNbLHOW noxapHon onacHoctu ®1.1.

. : A
5. 3HayeHus  BenMuMH A | D " 0j npu  MCMONb30BaHUM

UMNTALMOHHOCTOXacTUYECKOM Modenn npeactaBneHsl B Tabnuue 1 5.6.

Tabnwuua I 5.6

Bug nyTtw 3 Doi  wen/m? Voi | m/MuH G(VOJ') M/MUH

[eTn powKonbHOro Bo3pacTa (34aHnA AOLWKONbHbIX 0Opa3oBaTesibHbIX OpraHM3aLun)

["Op130OHTarbHbIN 0,275 0,78 60 10
lNpoem 0,350 1,20 60
JlecTHMUa BHM3 0,190 0,64 47



garantf1://71196390.560/

JlecTHULa BBEPX

|

0,275 | 0,76

| 47

|

Oetnc orpaHn4eHHbIMN BO3MOXHOCTAMMU (cneuwanusprBaHHble AoMa VIHBanI/IFIOB)

"OpM30OHTanNbHbIN 0,29 0,60 51 20
Mpoem 0,30 0,67 47 26
JlecTHMua BHU3 0,21 0,63 23 12
JlecTHMua BBEPX 0,30 0,69 20 8

Iroan Tpyaocnoco6Horo Bo3pacTta B cTauMoHapax 6onbHuUL (cTauuoHapbl 60nbHUL)

"OpM3OHTanbHbIN 0,414 0,77 44 10
Mpoem 0,345 0,57 38 8
JlecTHMua BHU3 0,422 0,96 24 7
JlecTHMua BBEPX 0,313 0,74 14 5
MpecTapensie noau (cneuuanuanpoBaHHble AOMa NpecTapenbiX)
"Op130OHTanNbHbIN 0,428 0,96 25 5
Mpoem 0,456 1,02 20
JlecTHMUa BHM3 0,505 1,26 20
JlecTHMua BBEPX 0,338 0,56 20
lMaHgyc BHU3 0,353 0,58 25
[MaHgyc BBEPX 0,368 0,72 15

Cnenble u cnaboBugswme noam (cneumanusnpoBaHHbI

e AoOMa MHBanuaoB)

"OpM3OHTanbHbIN 0,371 0,73 26 7
Mpoem 0,271 0,77 17 6
JlecTHMUa BHM3 0,519 0,97 21 6
JlecTHMua BBEPX 0,387 0,82 18 6

Fnyxue u cnabocnbiwalyme noagu (cneunanmsMpoBaHHble AoMa UHBanNuaoBs)

"Op130OHTanNbHbIN 0,301 0,58 82 15
Mpoem 0,328 0,73 82 15
JlecTHMUa BHM3 0,380 0,91 82 15
JlecTHMua BBEPX 0,344 0,72 54 15

6. 3HayeHNs NnapaMeTpOB ABWXEHUS NIOACKUX NOTOKOB AN pacyeTa nyTein aBakyauum
Mo YMNPOLWEHHOW aHanuTUYeckon W WHAMBUAOYaNbHO-NMOTOYHOW MOAENsM MpPUBEAEHbl B

Tabnuuyax 5.7 -1 5.9.

an/l onpegeneHnn niioTHOCTU JIIOOCKOIro noTokKa

2
npoekumn 4enoseka f M [gen o

npmnsegeHHbIMU HWXXe OaHHbIMW!

D

2
3HaueHne f M /uen

2
0,03 M /9en _ nng fneTeit AOLIKONBHOTO BO3pacTa;

2
0,15 M [ben . AnNs geten ¢ orpaHNYeHHbIMU BO3MOXHOCTAMMU;

I yepes nnowaab ropu3oHTanbHowM

npuHNMMaeTcA B COOTBETCTBUU C

2
0,2 M /uen _ AN nogen TpygocnocobHoro Bo3pacta B CTaumoHapax 6onbHuL;

2
0,1 M [gen Ans cnenbiX 1 cnaboBnaaLLnX Noaeln;

2
0,1 M /He _ nng ryxux n cnabocnblalmx noaei;




2
0,2 M /49el _ nng npecrapenbix Moaeir;

2
0,13 M [gen _ Ans 6epeMeHHbIX KEeHLLWH.

Tabnwuua I 5.7

D, M*/u? ["Opu3OHTarbHbIN Mpoém JlecTHMua BHK3 JlecTHUMua BBEPX
nyTb
V, q, M/MUH. q, V, g, M/MUH. | V, M/MUH. g, M/MUH.
M/MW/H. M/MUH. | M/MUH.

[eTn powKonbHOro Bo3pacTa (34aHnA AOLWKONbHbIX OOpa3oBaTesfibHbIX OpraHM3aLuun)
0,01 60,00 0,60 0,60 47,00 0,47 47,00 0,47
0,05 47,19 2,36 2,66 38,36 1,92 36,96 1,85
0,1 35,75 3,58 3,85 32,17 3,22 28,00 2,80
0,2 24,31 4,86 4,80 25,98 5,20 19,05 3,81
0,3 17,62 5,29 4,64 - - - -
0,4 12,88 5,15 3,77 - - - -
0,5 9,19 4,60 2,37 - - - -

HeTn c orpaHM4eHHbIMU BO3MOXHOCTAMM (cneumanuanpoBaHHble JOMa UHBaNnaoB)
0,01 50,59 0,51 0,47 23,33 0,23 19,94 0,20
0,05 50,59 2,53 2,34 23,33 1,17 19,94 1,00
0,1 48,97 4,90 4,68 23,06 2,31 20,19 2,02
0,2 38,88 7,78 7,42 19,64 3,93 16,02 3,20
0,3 32,97 9,89 9,41 17,64 5,29 13,57 4,07
0,4 28,78 11,51 10,93 16,22 6,49 11,84 4,74
0,5 25,54 12,77 12,08 15,12 7,56 10,50 5,25
0,6 22,88 13,73 12,96 14,22 8,53 9,40 5,64
0,7 20,64 14,45 13,60 13,46 9,42 8,47 5,93
0,8 18,69 14,95 14,04 12,80 10,24 7,67 6,14
0,9 16,98 15,28 14,30 12,22 11,00 6,96 6,26

JTroau Tpyaocnoco6Horo Bospacta (craumMoHapbl 605nbHUL)
0,01 44,03 0,44 0,38 24,09 0,24 13,69 0,14
0,05 44,03 2,20 1,88 24,09 1,20 13,69 0,68
0,1 44,03 4,40 3,77 24,09 2,41 13,69 1,37
0,2 44,03 8,81 7,53 24,09 4,82 13,69 2,74
0,3 41,42 12,43 11,30 20,37 6,11 13,24 3,97
0,4 36,18 14,47 14,39 17,44 6,98 12,01 4,80
0,5 32,11 16,05 16,54 15,17 7,59 11,05 5,52
0,6 28,79 17,27 18,42 13,32 7,99 10,27 6,16
0,7 25,98 18,18 20,09 11,75 8,23 9,61 6,73
0,8 23,54 18,83 21,57 10,40 8,32 9,04 7,23
0,9 21,40 19,26 22,89 9,20 8,28 8,53 7,68
MpecTapenbie noau (cneunanuanpoBaHHble AOMa nNpecTtapenbix)
0,01 25,00 0,25 0,20 20,00 0,20 20,00 0,20
0,05 25,00 1,25 1,00 20,00 1,00 20,00 1,00




0,1 25,00 2,50 2,00 20,00 2,00 20,00 2,00
0,2 24,56 4,91 4,00 20,00 4,00 16,08 3,22
0,3 20,22 6,07 4,94 18,24 5,47 13,34 4,00
0,4 17,15 6,86 5,54 15,33 6,13 11,39 4,56
0,5 14,76 7,38 5,91 13,08 6,54 9,89 4,94
0,6 12,81 7,68 6,10 11,24 6,74 8,65 5,19
0,7 11,16 7,81 6,13 9,68 6,78 7,61 5,33
0,8 9,73 7,78 6,03 8,33 6,67 6,71 5,37
0,9 8,47 7,62 5,82 7,14 6,43 5,91 5,32

Cnenble u cnaboBugswue noam (cneyunanuanpoBaHHble AOMa UHBaNuaoB)

0,01 26,34 0,26 0,17 21,37 0,21 18,00 0,18
0,05 26,34 1,32 0,85 21,37 1,07 18,00 0,90
0,1 23,26 2,33 1,58 21,03 2,10 16,62 1,66
0,2 16,49 3,30 2,52 13,34 2,67 11,79 2,36
0,3 12,53 3,76 3,22 8,85 2,65 8,96 2,69
0,4 9,72 3,89 3,77 5,66 2,26 6,96 2,78
0,5 7,54 3,77 4,19 3,18 1,59 5,41 2,70

Fnyxue n cnabocnbiwalwme noam (cneumanmsmpoBaHHble AOMa UHBaNMAoB)
0,01 82,36 0,82 0,82 82,36 0,82 53,81 0,54
0,05 82,36 4,12 4,12 82,36 4,12 53,81 2,69
0,1 68,86 6,89 7,39 79,41 7,94 47,73 4,77
0,2 51,67 10,33 11,03 57,72 11,54 34,90 6,98
0,3 41,62 12,49 13,25 45,03 13,51 27,39 8,22
0,4 34,49 13,80 14,56 36,02 14,41 22,07 8,83
0,5 28,96 14,48 15,19 29,04 14,52 17,94 8,97
0,6 24,44 14,66 15,27 23,33 14,00 14,56 8,74
0,7 20,62 14,43 14,90 18,51 12,96 11,71 8,20
0,8 17,31 13,84 14,15 14,33 11,46 9,24 7,39
0,9 14,39 12,95 13,05 10,64 9,58 7,06 6,35

Mpumeyanue: B Tabnuue [ 5.7 npeactaBneHbl AaHHble O NapameTpax OBUMXEHUS
npectapenbix nogen, nepeasuralmnxca 6e3  OOMONMHUTENbHBIX OMOP W C  OOHOW
[OMOSNTHUTENBHOW OMNOPON, a Takke AeTel C OrpaHNYeHHbIMU BO3MOXHOCTSAMMU, CMOCOBOHbLIX K
CaMOCTOSATENbHOWN 3BaKyaLUM.

Ta6nuua N 5.8. PacyeTHble 3Ha4YeHUs1 NapamMeTpPOB ABMXKEHUSA NO NaHaycam
npecrapenbix fnoaen B cneumanusnpoBaHHbIX AOMaxX npecTtapenbIiX

[MaHgyc BHU3 [Manayc BBepx
D, w?/m? V, M/MUH q, M/MVH V, M/MUH g, M/MVH
0,01 25,00 0,25 15,00 0,15
0,05 25,00 1,25 15,00 0,75
0,1 25,00 2,50 15,00 1,50
0,2 20,19 4,04 13,19 2,64
0,3 16,61 4,98 10,95 3,28




0,4 14,08 5,63 9,36 3,74
0,5 12,11 6,05 8,13 4,06
0,6 10,50 6,30 7,12 4,27
0,7 9,14 6,40 6,27 4,39
0,8 7,96 6,37 5,53 4,43
0,9 6,92 6,23 4,88 4,40

Ta6nuua N 5.9. PacyeTHble 3aBUCUMOCTN MeXAY NIIOTHOCTbI U UHTEHCUBHOCTbLIO
OBWXEHUSA NI0ACKOro noToKa, COCTOsALEro U3 noaeun, nepeasuraromxcs Ha
Kpecrnax-Konsackax

MNOTHOCTL MoToka. D. M°/? MHTEeHCUBHOCTb ABUXEHUS, q, M/MUH
0 0
0,1 15,2
0,2 22,7
0,3 24,2
0,4 215
0,5 18,4
0,6 16,1
0,7 13,9
0,8 12,4
0,9 11,0
0,96 9,7

Mnowanb ropM3oHTanbHOM NPOEeKunn BepeMEHHbIX XEHLUH cnegyeT nNpuHMMaTthb Mo
AaHHbIM puc. [15.8 u tabn. 1 5.10.



Puc. 1 5.8. NMnowaab ropM3oHTanbHOU Npoekunn 6epemMeHHON xeHwuHbl f = 0,13

2
M [uen

Ta6nuua N 5.10. 3HavyeHusn a, b, ¢, d gna pacyeTa nnowaan ropu3oHTarIbHOM NPoeKLUn
60epeMeHHOM XeHLUUHbI

O603Ha4veHne Paamep, m
a 0,355
b 0,56
c 0,30
d 0,205

7. Ona niogen pasnuyHOro Bo3pacTta, HeCnoCobHbIX K CaMOCTOATENbHON 3BaKyaLuumm
(Banee - HemobunbHblE NOAKN), HEOOBXOAMMO ONpenensTb pacyeTHOEe BPEMS CrnaceHuss u3
neyebHO-NPOMNAKTUYECKNX N COLManbHbIX YY4PEXOEHMI NPU MOMOLLIN HOCUITOK.

Mpn pacdeTe aBakyauum HeoBXOOUMO YYUTbIBATb TPAHCMNOPTUPOBKY HEMOOUIIbHbBIX
nogen n3 ne4yebHo-NpoduUnakTUYECcKNX N coumnanbHbiX YYpeXaeHui cunamm nepcoHana npwm
MOMOLLIM HOCUJTOK.

PacyeTHOe BpemMsi TPaHCNOPTUPOBKM HEMOOMUIbHbLIX OAEN C ONpPedeieHHOro aTaxa



3naHus onpegensieTcs no opmyne:

_ L., h, ) M (L)L
tPCﬂ_ tl+t2+Vi+V(2:+Vl+V2 0,5'Nnepc (V1+V2) (rl51)

roe b

b

- BpeM4 yKrnaablBaHUA YermoBeKa Ha HOCUITKN, MUH;

- BpeMs nepeknagbiBaHMs YeroBeka C HOCMITOK Ha MOArOTOBMEHHY NMOBEPXHOCTb,
MUH;

NHM - KONMMYECTBO HEMOBUITbHBIX NOAEN;
nepe - KONnnM4ecTBO MepcoHana,

Ll - ANnHa Nyt cnaceHund rno ropnu3oHTasrnu, Mm;
L
2

Vi CKOPOCTb MEepeaBMKeHUs MeanepcoHana no ropus3oHTanuM ¢ Hocunkamu 6es
cnacaemoro 4yenoseka, M/MUH;

VC

1. CKOPOCTb MEepedBWKeHUs MeanepcoHana Mo FOpU3OHTanM CO crnacaembiv
YeIIoBEeKOM, NnexallMMm Ha Hocunkax, M/MUH;

Va | CKOPOCTb NMEepeaBMKeHus MeanepcoHana no nectHuue BBepxX C Hocunkamn 6es
cnacaemoro 4Yyenoseka, M/MUH;

VC

2 . CKOPOCTb MNepeaBwKeHns mMegnepcoHana no NecTHUUe BHM3 CO cnacaemMblM
YernoBeKkoM, Nexallyum Ha Hocurnkax, M/MUH.
Mpn oTCcyTCTBUM HEOBXOAMMbBIX WCXOAHbIX AaHHbIX ANs OnNpedeneHus CKOpOCTU
NepeHoCKM MepcoHarioM HOCWUITIOK C YenoBEeKOM, criedyeT BOCMOMb30BaTbCA AaHHbIMU
npueegeHHbIMN B Tabrnvue M 5.11.

- ANVHAa NyTU cnaceHusi No NecTHuUe, M;

Ta6bnuua N 5.11. CKopocTb ABMXKEHUS NepcoHana npu nepeHocke HOCUSIOK C
yenoBekom, M/MUH

Bug nytu C yenosekom bes yenoseka
["Opu3oHTarnbHbI NYTb 70 100
JlecTHyua BHM3 30 80
JlecTHMUa BBEpPX 20 60

Mpn ocylwecTBneHN NEPEHOCKM HEMOOWIBbHbLIX NIOAEN NO NECTHULE C pasfnyHbIX
3Taen 34aHusl, KOSIMYECTBO PENCOB, OCYLLECTBSIEMbIX OLHOW Mapon 4YerioBeK M3 4ucna
nepcoHana, cnegyet onpenenatb no tabnuue M 5.12.

Ta6nuua N 5.12. KonnyecTBO pencoB N0 NepeHOCKe HEMOOUILHbIX NOAEN Ha HOCUITKaX
C pa3fiMYHbIX 3TaXXeWn 34aHnsA, oCcyLlecTBIIeMOoe OAHOWN Napoun YesioBeK U3 Yucna
nepcoHana



dTax MakcnmarnbHOe KONMYeCcTBO PENCOB A1 NEPEHOCKN HEMOBUIbHBIX NOAEN Ha
HOCUITKaX
15 1
14 1
13 1
12 2
11 2
10 2
9 2
8 2
7 3
6 3
5 5
4 5
3 8
2 11
1 20

Bpemsa yknagblBaHUs 4ernoBeka Ha HOCUMKU WUNW NepeknagbiBaHUs C HOCWUMOK Ha
NoAroTOBMEHHYIO MOBEPXHOCTb, OCYLLUECTBISIEMOE OOHOM Napou 4YernoBek U3 4ucna
nepcoHana, coctasnset 0,15 MuH.

MpunoxeHne N 6
K NyHKTY 12 MeToAanKu

Mopspok
npoBeAeHUA pacyeTa U MaTeMaTU4YeCKue moaenu Ansa onpeaerieHus BpeMeHu
GNOKMpPOBaHMA NyTen 3IBaKyaLMu onacHbIMU hakTopamMm noxapa

I. Mopsapok npoBeaeHUA pacyeTa

Mpon3BoauTcAa 3KCNEepTHLIN BbIOOP CLEeHapus UM CueHapueB noxapa, Npu KOTOpPbIX
OXMOarTca Hanxyawme NocneacTBms Ans HAXoOALWMNXCa B 30aHUM NIOAEN.

dopmynupoBKa cLeHapus pa3BuTUSA Noxapa BkNo4vaeT B cebs cnepytowme atanbi:

BbIOOp MecTa HaxoXOeHusi NepBOoHa4YanbHOro o4vara noxapa u 3aKOHOMEPHOCTEN €ro
pas3BuTus;

3ajaHue pacdeTHom obnactu (BbIbOp paccmaTpuMBaeMoW nNpu pacyeTe CUCTEMDI
NOMELLEHNI, onpeaeneHne ydnTbiBaeMbiX NMpu pacyeTe 3rEeMEHTOB BHYTPEHHEW CTPYKTYpbl
nomMeLLeHnin, 3agaHne COCTOSAHNSA MPOEMOB);

3a4aHne napameTpOoB OKpYKatoLEen cpeabl M HavanbHbIX 3HAaYEeHWI NapaMeTPOB BHYTPU
MOMELLEHNNA.

Bbibop MecTa HaxoxgeHus ovara noxapa nponsBoanTCs SKCNepTHbIM nyTem. [MNpu aTom
YYMTbIBAETCHA KONMMYECTBO FOplOYEn Harpysku, ee CBOWCTBA WM pacrofioXeHne, BEPOSTHOCTb
BO3HWKHOBEHWS Noxapa, BO3MOXXHas ANHAMMKa ero pasBuUTUSA, PacnofioXXeHNe 3BaKyaLNOHHbIX
nyTen n BbIXOO0B.

Hanbonee 4yacto npu pacyeTax paccMaTpuMBalroTCs TPU OCHOBHbIX BuOa pasBUTUSA
noxapa: KpyroBoe pacrnpocTpaHeHue noxapa Mno TBEPAOW roprYen Harpyske, fMHenHoe
pacrnpocTpaHeHMe MnoXxapa No TBEPAOW FOpHYEN Harpyske, HEeyCTaHOBMBLLEECHA FOpPEeHue



roOprOYENn XXNOKOCTH.
CKOpOCTb BbIrOpaHus nst aTUX criydaeB onpegensietTca opmMynamm:

2
Y, Voot - JUI KPYTOBOT'O paclpOCTPAaHEHUsI IoXKapa
p= Y, 2vt b - JUIsl ITHEWMHOTO PacipoCTpaHEeHU s moXKapa
¥, F- - - U1 HeycTraHoBuB1erocs ropenus 1K
< , (M6.1)
b4 -
roe YA - yaenbHasi CKOPOCTb BbIFOPAHWUS (4NA XMOKOCTEW YCTaHOBMBLUASACSH),

2

Kr/(c-M
V - CKOPOCTb PacnpoCTPaHeHWs NnaMeHu, M/c;
b - WmMpunHa Nonockl roproYen Harpysku, M;

br Bpemsi CTabununsaumm ropeHns roploYen XuaKocTu, c;

2
F - nnowapab oyara noxapa, M

Mpn HanMnuum B NOMELLEHMM oOyara noxapa YCTAHOBKM aBTOMATMYECKOro
NnoXapoTyLLUEeHWs, COOTBETCTBYOLEN TpeboBaHNAM HOPMATUBHbLIX JOKYMEHTOB MO MOXapHOM
Ge3onacHOCTM, NpW MNPOBEAEHUN pPacYeTOB 3HAYEHME CKOPOCTM BbIFOPaHUSA MPUMHUMAETCS
YMEHbLUEHHbIM B 2 pasa.

C yyeTtom pasgenall gaHHOro NpunoOXeHus BblIOMpaeTca MeToa MOAEeNnMpOBaHMWS,
dopmynmnpyeTca MaTtemaTudeckass Monenb, COOTBETCTBYKLWAA [aHHOMY CLEHapuio, W
NPOM3BOANTCS MOOENMPOBAHWE OUHAMUKMA PasBUTUS Noxapa. Ha ocHOBaHMM MOMyYeHHbIX
pe3ynbTaToB pPacCYMTbIBAETCA BPEMSI OOCTMXKEHMSA KaXOblM M3 OnacHbIX (hakTOpOB Moxapa
npeaenbHO A0MYCTMMOro 3HAYEHNsT Ha NyTSX 3BaKyauun.

Kputnueckoe Bpemsi Mo KagoMy M3 OnacHbiX PakTOpOB MoXapa onpeaensercs Kak
BPEMSI AOCTMXKEHUSA 3TUM (PakTOpOM NpeferibHO AOMYCTUMOrO 3Ha4YeHMs Ha NyTAX 3BaKyauun
Ha BbicoTe 1,7 M OT nona.

MpenenbHO OOMyCTMMbIE 3HAYEHUS MO KaXAOMYy M3 OMnacHbIX (hakTOpoB NoXapa
COCTaBN4AOT:

no nosblLLEHHOM TemnepaTtype - 70°C;

Mo TennoBoMy MoToky - 1400 Br/u’ .

no notepe sugumoctn - 20 m (gna cnydas, korga oba ropusoHTanbHbIX JIMHENHbBIX
pasmepa nomelleHnss mMeHbwe 20 M, npedenbHO [OMNYCTUMOE pPacCTosiHMe Mo noTepe
BMOMMOCTM cnefyeT MpuHUMaTb paBHbIM HanbonbLleMy TFOPU3OHTaNbHOMY JIMHEMHOMY
pasmepy);

3
Mo NOHMXEHHOMY COAEepXaHuIo kucnopoaa - 0,226 kr/M”
CO,-0,11 K/

no KaXxaomy W3 TOKCUYHbIX Fa3006pa3HbIX NnpoAyKTOB TropeHud (
-3 -6
CO-116-10 ~wr/m’. HCL-23:10 " wr/m’ .
HeO6XOD,I/IMO OTMETUTb, 4YTO NpPU UNCNOJIb3OBAHUN nonesoun mMoaennm onpeaeneHune
KPUTN4YEeCKoro BpeEMEHU UMeeT CyLlleCTBEeHHbIe OCO6eHHOCTVI, CBA3aHHblE C TeM, 4TO
Kputn4yeckoe 3HavyeHne B pa3rinyHbIX TOYKax noMeweHnda goctmraetcqda He OaHOBPEMEHHO. ,D,J'IFI

MOMELLEHUA C COU3MEPUMBIMM FOPU3OHTAsNbHBIMW  pa3MepaMu KpPUTMYECKOE Bpems
onpenensieTcsa Kak MakcumarnbHOe U3 KpUTUYECKUX BPEMEH AONS 9BaKyaLMOHHbIX BbIXOAOB U3



[AaHHOro nomMelleHus (Bpemsi 6rioKMpoBaHNs NOCIEeAHEro Bbixoaa).

OnpepensieTca BpeMsi 6r10KMpoBaHnNS G -

. 402

%“:min{tg&’ tIP’ tll;pr ! ! t'Tq)H} . (|'|62)

Il. Knaccudmkaumsa u obnactb npuMeHeHUss MeTo40B MaTeMaTU4ecKoro
MoaenMpoBaHMA Noxapa

[Ons onucaHua TepMorasoguHaMMYecKMX MNapameTpoB MoXapa NPUMEHSATCS Tpu
OCHOBHbIX Tpynnbl JeTEPMUHUCTUYECKNX MOLENen: NHTerpanbHble, 30HHble (30HarbHbIE) U
nonesble.

Bbibop KOHKpeTHOM Mogenn pacyeTa BpeMeHu ONoKMpoBaHUA nyTen dBaKyauun
cnefyeT OCYLLECTBNATb UCXOAS U3 CrieayoLwmx NpeanochIsok:

WMHTEerparnbHbIi MeToA;

ANa 30aHWIA, codepXKallumx pasBUTYDO CUCTEMY MOMELLEHU Manoro obbema nNpocTomn
reoMeTpu4eckon KoHurypaumm;

ANs NOMELLEHWIA, TAE XapaKTEPHbIN pa3Mmep o4yara noxapa COu3MepumM C XapakTepHbIMn
pasMepamu MOMeLLEeHUs U pasMepbl MOMELLEHUS COU3MepUMbl Mexay cobon (NUHenHble
pasmMepbl MOMELLEHUS OTNMYatoTca He Bonee 4yem B 5 paas);

Ans npeaBapuTenbHbIX pacyeToB C LEnbio BbiBNEHUs Hanbonee onacHoro cueHapus
noxapa;

30HHbIN (30HarbHbLIN) METOA:

ANs MOMELLUEHUN M CUCTEM MOMELLEHUN MPOCTON FeOMEeTPUYECKON KOHdUrypaumm,
NNHENHbIE pa3Mepbl KOTOPbLIX COM3MEPUMbI MeXay COOOM (NMMHEeNHbIe pasmepbl MOMeLLeHUs
oTnnyarTca He Bonee 4em B 5 pas), koraa pasmep oyara noxapa CyLWEeCTBEHHO MEHbLUe
pa3mepoB MOMELLEHUS;

Ans pabo4ynx 30H, pacrnosioXXEHHbIX Ha pa3HbIX YPOBHSX B Npeaenax 04HOro nomMeLLeHns
(HaKMNOHHbIN 3pUTENbHbIN 3an KMHOTeaTpa, aHTpeconu u T.4.);

rnosieBon MeTof;:

ANs NOMELLEHUA CITIOXKHOW FreOMEeTPUYECcKOM KOHUrypauumn, a Takke MOMeLLeHUn c
O0NbLUMM KONMYECTBOM BHYTPEHHUX Nperpag (atpnuyMbl C CUCTEMOM ranepemn 1 NPUMbIKaoLLMX
KOpUaopoB, MHOMOYHKUMOHASNbHbIE LEHTPbl CO CMOXHOWM CUCTEMOW BepTUKASIbHbIX U
rOpU3oHTarbHbIX CBA3EN U T.4.);

Ans NMOMELLEHUN, B KOTOPbIX OOMH M3 reOMEeTPUYECKUX pasmepoB ropasgo donbuie
(MeHbLuEe) ocTanbHbIX (TOHHENW, 3aKpbITble aBTOCTOAHKM 6onbLION nnowaan n 1.4.);

ANS MHbIX CrydaeB, Korga MnPUMEHUMOCTb WU MHAOPMATUBHOCTb 30HHbLIX U
WHTErpanbHbIX MOAeNen Bbl3blBAET COMHEHUE (YHWUKarbHblE COOPYXEHWs, pacnpoCTpaHeHne
noxapa no dacagy 3gaHusi, HeobxoaMMOCTb yyeTa paboTbl CUCTEM MNPOTUBOMNOXAPHOM
3aLWKUTbl, CNOCOBHbBIX KAYECTBEHHO U3MEHUTb KApPTUHY noXxapa, n 1.4.).

Mpn Mcnonb3oBaHUM MHTErpanbHOM M 30HHOM MoAenen Ans noMeweHusi, OauH K13
NMMHENHBIX pa3MepoB KOTOporo 6ornee yem B NATb pa3 MpeBbiaeT XOTs Obl OAWH U3 OBYX
APYrMX NMHENHbIX pa3mMepoB, HEOBXOAMMO 3TO MOMELLEHME AEeNUTb Ha ydacTku, pasmepbl
KOTOPbIX COM3MEPUMbI Mexay cobOoMn, N paccmaTpuBaTb YY4aCTKM Kak OTAENbHbIE MOMELLEHMS,
cooOLwiatowmecs npoemamu, nnowagb KOTOPbIX paBHA MMOWAAW CEYeHUst Ha rpadHuue
y4acTkoB. icnonb3oBaHne aHanorm4Hon npouenypbl B cryyae, Korga Asa JIMHENHbLIX pasmepa
npeBsbIWaT TpeTun bonee 4Yem B 5 pas, He AOMNyCKaeTcA.



lll. MHTerpanbHasa maTtemaTu4yeckasa Mogesb pacyeTa ra3oo6mMeHa B 34aHMM NpU Noxape

[ns pacyeta pacnpocTpaHeHUs MNPOAYKTOB TOPEHUS MO 34aHUI0 COCTaBMAKTCA U
peLlanTcs ypaBHEHUS1 aspauuu, Tenno- U maccoobmeHa kKak Ans KaXAoro MoMelleHust B
OTAENbHOCTK, Tak U AN BCEro 34aHusi B LIEJTOM.

YpaBHEeHUs1 ABUXKEHWS!, CBA3bIBAlOLLME 3HAYEHUS NepenagoB OaBMeHUI Ha npoemax c
pacxogamu ra3oB Yyepes Npoembl, UMEIOT BUA:

Gji:sign(AP,-i)-§~F~ V2-p-|AP,-i| (M6.3)

roe:

Gii pacxof rasoB yepes nNpoem mexay AByMS (j-M U1 i-M) CMEXHbIMU NOMELLEHUAMMU,
Kr/c;

S - Koa(hpuumeHT pacxoga npoema (<§ = 0,8 on4a 3akpbITbIX NPOEMOB " S = 0,64 ons
OTKPbITbIX);

2
F - nnowaapb ceyeHns npoema, M ;

3
P - NAIOTHOCTb ra3oB, NPOXOASLLMX Yepes npoem, KO/M

Apii - cpegHu nepenag NosHbIX AaBAeHnn Mmexay j-M u i-m nometteHuem, a.

HanpasneHue (3Hak) pacxoga onpeaenseTcs 3HakoM pa3HOCTU AaBIeHWI AP
B 3aBMCMMOCTYM OT 3TOr0 NNOTHOCTL P NpMHUMMaET pasnuyHble 3HaYeHus.

3Hak pacxofa rasoB (BXOASLLMIA B MOMELLEHME pacxXond CYMTAETCS MONOXUTENbHbIM,
BbIXOALLMIA - OTpULIATENbHLIM) 1 3HaYeHne P 3aBUCAT OT 3HaKa nepenagaa AaBMneHui:

. _J —1,p=pj,npu AP<0
S|gn(AP),p—{ +1 p=pi. mpu AP >0 (rne.4)

[lnsi NporHo3npoBaH1s NapamMeTPoB NPOAYKTOB FOpeHust (TemMnepaTypbl, KOHLEHTpaLUuii
TOKCMYHbIX KOMMOHEHTOB MNPOAYKTOB FOPEHUs) B MOMELLEHUSIX MHOFO3TaXKHOro 34aHus Ha
aTaxax, pacrofioXeHHbIX Bbllle 3TaXa, Ha KOTOPOM MOXET BO3HWKHYTb MoXap,
paccmaTpuBaloTCs NPOLIECCh pacnpoCTPaHEHUS MPOAYKTOB FOPeHusi B BEPTUKambHbIX KaHanax
(NecTHMYHbIE KNeTKK, WaxTbl NMTOB, BEHTKaHarbl 1 T.1.).

BepTukanbHyto WaxTy No BbICOTE pa3aensitoT Ha 30Hbl, KOTOPbIe NPeacTaBnstoT yanbl B
rMAPaBNMYECKON CXeMe 34aHusl. 30Ha MO BbICOTE MOXET OXBaTblBaTb HECKOMbKO 3Taxewn
3naHus. B aToM cnyyae pacxopn rasa mexay 30HaMy MOXXHO Bblpa3vTb (QOpMyrion Buaa:

. I/% | (16.5)

roe:

= 1

- 2
2:9-pk-F° XapaKkTepucT1Ka rmapaBnmMyeckoro CONpoTMBIIEHUS Ha FPaHNLIE 30H;
F - nnowaab nonepeYyHoro Ce4eHns LWaxThbl;



2
k - koadbprLMEHT (gonyckaeTcs npuHuMaTh pasHbim 0:09 ¢ Im );

_ 2
9=9.8Lm/c” . yCcKkopeHune cBo6OQHOro NageHus;

Ap . nepenag AaBneHnn Mmexay ysnamu.

34aHve npeacTaBnsloT B BUAE MMMOpaBfIMHECcKOM CXembl, y3rbl KOTOPOW MOLEnvpyoT
NMoMeLLEeHNs, a CBA3M - NyTN OBWXEHUA NPOAYKTOB ropeHus n Bosgyxa. Kaxagoe nomelleHve
30aHNSA OMUCbIBAETCS CUCTEMOW YpaBHEHWW, COCTosLWEen u3 ypaBHeHWss GanaHca macchl,
YPaBHEHUS  COXPaHEHUS  SHEepPrMM W  ypaBHEHWS  OCHOBHOIMO  ra3oBOro  3akoHa
(MeHpeneeBa - KnannepoHa).

YpaBHeHue 6anaHca Macchbl BblipaxxaeTcs hopMyIion:

d(pj-Vi)/dt=y+2 G- 2.6 (16.6)
roe:
V. 3
j - obbem nometlleHus, M ;
t - Bpems, c;

s
e

V' - ckopocTb BbIropaHusi NoXapHOW Harpysku, Kr/c.

- CyMMa pacxofoB, BXOASALWMX B MOMELLEHME, Kr/c;

- CyMMa pacxogos, BbiXxoaAwnx n3 nomMmeLleHnA, Kr/c;

YpaBHEHME COXpaHEHNSA SHEPrum BblpaxkaeTcst oopMyrion:

d(Cpy vy Ty)/dt=Cy Zkl(Tk-G«)—Cp-TJ'Z(GWr—QN) (N6.7)
roe:
G G yaernbHas M30xXopHas 1 n3obapHas TennoeMKocTy, /(1K) ,
Ti : Ti . TemnepaTypbl ra3oB B i-M U j-M NomeLleHusix, K;
Q . konuuecTso Tenna, BLIAENAEMOrO B MOMELLEHMH npu ropeHnn, kBT;
Qu

- TennoBou NOTOK, NOrNoLaemMbli KOHCTPYKUMAMN U U3fydaeMbl Yepes npoembl,
KBT.

[l NoMelLieHust ovara noxapa Benvunta & onpegensietcs no cdopmyne:
Qr:(ﬂ -Q,+1 )‘P

roe:
N - k0O3PDULMEHT NOMHOTLI FOPEHUS;

Q . HM3LWas TennoTa cropaHuns, KIPK/Kr;



=6 T _ HTanNbLNNA rasnduLMpoBaHHON roptoYen Harpy3kun, KIDK/Kr;

% . ypenbHasi TENNOEMKOCTbL MPOAYKTOB MMPONN3a, i/ (k- K :
T - TemnepaTypa npoaykToB nuponuaa, K.

[ns ocTanbHbIX NOMELLEHUN Q=0 .

KoadpdmumeHT nonHoThl ropeHus I onpepensetcs no opmyne:

2o (16.8)

k

n=no'K+(1—K) L
X

roe:

o - koahpMLMEHT MOSHOTLI FOPEHUS B peXxuMe Moxapa, perynvpyeMoM roproyeil

Harpyskou, onpezgensiembii oopMyrnon:

Kr/Kr.

6
Mp=0,63+02" X, o +1500- X o (M6.9)

KoadhpmumeHT K paccumtbiBaeTca no popmyne:

Xoxm | Xosym (N6.10
K=| —= B-(1-— '
(22 ) ool (- 52)) )

roe:

0x,0

XOX,070,01

X
o0 - HayanbHas KOHLEHTpauuMs KMCNopoaa B NMOMELLEeHUN oYara noxapa, Kr/Kr;

X
oxm . Tekyllas KOHLEHTpaUMUsa Kncnopoga B NoOMELLEHNN ovara noxapa, Kr/Kr;

Lox - konmuectso KMcrnopoaa, Nornowaemoro npu cropaHumn 1 Kr roptodent Harpysku,

YpaBHeHue MeHaeneeBa - KnannepoHa BbipaxaeTca popMynou:

R Me6.11
Pi=pi-Ti 3 ; 6
roe:
IDJ' - JaBrfeHue rasa B j-M nomeleHuu, la;
T.

] - TemnepaTtypa rasa B j-M nomeieHuu, K;
q I[}K/(MOJIL-K) :

R = 8,31 - yHuBepcanbHasi ra3oBasi NOCTOsIHHA
M - MonsipHas macca rasa, Morlb.



MapameTpbl rasa B MOMELLUEHUM onpenenstoTcs U3 ypaBHeHWss GanaHca Macc
OTAEeSbHbIX KOMMOHEHTOB NMPOAYKTOB FOPEHUS M KUCTopoAa U ypaBHeHNUst 6anaHca onTu4eckomn
MAOTHOCTM AbIMa.

YpaBHeHve 6anaHca macc oTAeNbHbIX KOMMOHEHTOB NPOAYKTOB rOPEHUs U Kucnopoaa:

d (X i Vi) rdt=u-ter Y (%G )%, 26 §I‘I6.12
k 1
rae:
XL , X KOHLEHTpauus L-ro KOMMOHEHTa MNpOAYKTOB [OPEeHUst B i-M U j-M

NnoMeLLeHnsaX, Kr/Kr;

L . onmuectso L-ro komnoHenTa NPOAYKTOB ropeHus (KMcnopoaa), BblaensitoLerocs
(nornowatoLerocst) Npy CropaHnUm OAHOrO KMnorpaMmma rnoXxXapHowm Harpy3ku, Kr/Kr.
YpaBHeHne 6anaHca onTMYeckomn NIIOTHOCTU AbliMa:

Vi-dpj/dt=y D+ D (e G/ pe—pj- DL G/pj ;I_I6.13
k i

rge:
1

Hi M - onTuyeckast NNOTHOCTb AbIMA B i-M UM j-M NOMeLLeHusix, HI"M

2
Dy . nbiMooBpasyiowas croco6HOCTL nokapHoit Harpyaky, Hil-M™/xr

OnTnyeckas NNOTHOCTb AbiMa MPU OObIYHBLIX YCMNOBUAX CBf3aHa C PaCCTOSAHMEM
npegensHoM BUAMMOCTU B AbIMY (DOPMYIION:

1,=238/u (M6.14
)

[nsa nomelwieHnn 6e3 UCTouHMKA Tenna cuctema ypasHeHun ([16.6), ([16.7) n (16.8)
ynpoLllaeTcs v npeacTaBnsieTcs B Buae:

Gj(t)=sign (aPy(t))-u-F- VZ'Pk'|APu'(T)|

n

(- (N6.15

i=1

Pk:% '[Pi"'Sign(APij) 'Pi"'Pj_Sig”(APij) 'Pj]
roe

MNMepBoe ypaBHEHVE CBSA3bIBAeT nepenagbl AaBNEeHUA Ha COedVHSIIOLMX MoMeLLeHne
npoemMax C pacxodoMm rasa yepes aTu nNpoemMbl. BTopoe BbipaxaeT NOCTOAHCTBO o6bemMa Ans
AaHHOro nomewleHusi. Takum oGpasom, Ons Bcero 3gaHus TpebyeTcs peluatb CUCTEMY,

COCTOSALLYIO U3 (mf°+mB°)'n3T HernvHerHbIX ypaBHeHuUn Buaa ([16.12) u VD AuHerHbIx

ypaBHeHun Buaa ([16.13). 3pecb My Mee . COOTBETCTBEHHO, YUCMO OPU3OHTarNbHbIX U



BepTUKaIbHbIX CBA3€EN Ha aTaxe; V' - 4ucro Y3r0B; N - Gucno ataxen.

Cuctema ypaBHeHUI, BkrovatoLwasa B cebs ypaBHeHus (16.6), ([16.7) ana noMmeLleHuns
ovyara noxapa u ([16.12), ([16.13) onsa ocTanbHbIX NomMeweHnn u ypasHeHune ([16.11),
ONUCbIBaIOLLAs MTMOPaBANYECKYI0 CXeMYy 30aHWUA, pellaeTca YNCIIEHHO MeToAoM uTtepaumm B
COBOKYMHOCTU C METOZAOM CEKYLLUX.

OCHOBHble ypaBHeHWs [Ona onpefeneHvus TemnepaTtypbl rasa WM KOHLUEeHTpauuu
NPOAYKTOB ropeHnst B NOMeLLEHNAX 30aHUS NoslyveHbl U3 YPaBHEHUN COXPaHEHUS 3HepPrun u
Maccsbl.

TemnepaTtypa rasa B nomMmelleHuun, rage OTCyTCTBYET oyar rnoxapa, onpegensercs u3
ypaBHEeHUsA TenmnoBoro 6anaHca, KOTOpoe MOXHO MOSy4nuTb M3 ypaBHEHUS COXpaHeHUus
aHeprum (I16.7). dopmyna ons onpegeneHvus TemnepaTypbl rasa B j-M MOMeLleHUn 30aHns B

N"-n MOMEHT BPEMEHM:

(Gon "G Ti)+Qy
k=1
Tnj_ n m m * * *
o (kglq_gla)+Cpr ;ijnﬁnmjﬂ Fer
CP G(Tk +Q.
;( p G T )+ Q (16.16
+ T( - ¢ )

roe:

Q . CyMMa UCTOYHMKOB (CTOKOB) Tenna B 06beme j-ro nomeLeHms u Tenna, yxogawero
B OrpaxgatoLLme KOHCTPYKUUNK;

. [T(r)TW(r)]
R B

Ty

- NpUBEAEHHbIN KO3 MUUMEHT TENNOOTAAYN;
- HavanbHaga TeMmnepaTypa B MOMELLEHNU;

F. L
let - nnowaab NOBEPXHOCTM OrpaXaatoLUmMxX KOHCTPYKLUUIA B j-M MOMELLEHUMN.
KoadbdpuumeHT Tennootaadun ¢ moxeT BbITh paccunTaH no aMIUMpUHecKoin opmyrne:

0=4407 SVTm—TW nipu Ty <60°C (ne.17
11,63 exp[0,0023+ (T =T, )| mpu Ty >60°C )

KOHLl,eHTpaLIMFI OTAESNIbHbIX KOMIMOHEHTOB ra30BblIX CMECeW B MNOMELLEHUAX 30aHUs



BbIYUCNAOTCA U3 ypaBHEHUA GanaHca Maccbl AaHHOro koMmnoHeHTa ([16.12). KoHueHTpauna
L-ro KOMMOHEHTa NPOAYKTOB TFOPEHUs B j-M MOMeLWeHMn B "n"-bIn MOMEHT BpeEMEHMU
onpegensieTcsl ypaBHEHNEM:

. At (MNe6.18
PjVj )

OnTuyeckaa KOHUEHTpaumsa AbiMa B MOMELLEHMAX onpegensietcs u3 6HanaHcoBOro
ypaBHeHus ([16.19). HaTypanbHbIi Nnokasatenb ocrnabneHmst cpebl B j-OM NoMeLLeHnn B "n"-1
MOMEHT BpEeMEHM onpeaenseTcs ypaBHEHNEM:

Zn:(uk'(i) > (wG) Z:G‘

k=1 k=1 k=1

Moot R T P AT (1619

Pj Vi )

AHanuTM4YeCcKue COOTHOLLEHUS ANs onpeaeneHns KPUTUYECKON NPOAOTIKUTENIbHOCTH
noxapa

[lns oAMHOYHOrO NOMELLEHMS BbICOTON He Gonee 6 M, YOOBNETBOPSIOLLErO YCNOBUSM
NPUMEHEHUS UHTErpanbHOM MOoAEenu, npu OTCYTCTBMM CUCTEM MPOTUBOMOXKAPHON 3aLLMThl,
BMMSAIOWMNX Ha pasBUTME noXapa, OOMyckaeTcsl OnpedensTb KpUTUYEecKne BpemeHa Mo
Ka)xgoMy M3 onacHbIX hakTopoB noxapa C NOMOLLbI aHaNUTUYECKUX COOTHOLLEHWIA:

Mo NOBbLILEHHOW TemnepaType

S-

T B 70—t (Me.20
t =9 = Injl+ 7—— )
| A (273+) -2
Mo noTepe BUAMMOCTM:
1
(B _ E~I 7V'|n(l,05-a-E) o (M6.21
w | A 1, BDy 2 )
Mo NMOHWKEHHOMY COAEPXKaHMI0 Kucrnopoaa:
1
-] B. 0044 - (M6.22
Kp .




Mo KaXXAoMy M3 ra3o00pa3HbIX TOKCUYHbLIX NMPOAYKTOB FrOpPeHus:

S

1 (M6.23
TI. _ B nl 1 V- X
B-L-z

roe:
353-¢,-V

B=
zl—wj'n'Q{ y .
pa3|v|eprw| KOMMJ1IeKC, 3aBUCALLMM OT TenmnoThbl CI'OpaHl/Iﬂ
mMartepwuana n ceobogHoro ob6bema NoMeLLeHus, Kr;

b _ hauanbhas TemnepaTtypa Bo3ayxa B nomeLeHum, °C;
N - nokasaTernb CTEeMNeHW, yYUTbIBaOLWMIA N3MEHEHNE MaCChl BbiropatoLero matepuana
BO BPEMEHW;

A - pasmeprlﬁ napamMeTp, y‘-lVITbIBalou.l,VIVI yAerbHYHO MacCOBYHO CKOPOCTb BblIFrOpaHuUA

n
roproYero Matepuana v nnowaab noxapa, Kr/c

Z - 6e3pa3mMepHbI NapamMeTp, y4nTbIBaOLWMA HepaBHOMEPHOCTL pacnpeaeneHmst Ol
Nno BbICOTE NOMELLEHNS;

Q . HM3LWas TensoTa cropaHus matepuana, MIx/«kr;

G yaenbHass usobapHas TEnnoeMKOoCTb AbIMOBbIX  [a3oB, I°M’K/(KP'K)
(oonyckaeTcsa NpUHMMAaThL paBHOM TEMNOEMKOCTHN Bo3ayxa npu 45°C);

? - koadhdpuUMEHT TennonoTepb (MPUHMMAETCA Mo AaHHBLIM CrPaBOYHON NUTEpPaTypH,
Npu OTCYTCTBMM AAHHbIX MOXET ObITb NPUHAT paBHbIM 0,55);

N - KoadhPULMEHT NONHOTLI ropeHus (onpeaenseTca no dopmyre 6.9);

3
V - cBOOOAHBIN 06BbeM nomeweHus, M ;

a - KO3 PULIMEHT OTpaKeHUs NpeaMETOB Ha NyTAX dBaKyaLUW;
E - HayanbHasa ocBeLEeHHOCTb, JK;

by npeaenbHasi 4anbHOCTb BUAMMOCTU B AbIMY, M;

2
Dn . AbiIMoobpa3syoLlas cnocobHOCTL ropsiLLero Matepuana, Ho - v /xr :
L - yaenbHbIN BbIXOA TOKCUYHbIX Fa30B Npu cropaHum 1 Kr matepuana, Kr/Kr;

-3
X - npegenbHO OONyCTMMOE COAepXaHWe TOKCMYHOrO rasa B MOMELLeHUH, Kr/m (
Xoo, =011 kr/m’ | X0=1,16-10 > kr/m’ . xHCL:23-1o*6Kr/M3).

Lo, yAenbHbIA pacxon kucrnopoaa, Kr/Kr.

Ecnv noa 3Hakom norapudgma nonyyaeTcs oTpuuaTenbHOE YMCno, To AaHHbIn Ol He
npegcraBnseT onacHOCTW.
MapameTp z BblMMCNAKT Mo opmyrne:

Z:%'eXp(lA'%)HpHHSGM §|_|6.24

roe:



h - BbicoTa pabo4yein 30HbI, M;
H - BbicoTa nomMeLleHuns, M.
OnpepenseTca BbicoTa paboyen 30HbI:

h=h_+17-05-3 (Me.25

roe:
M BblCOTa Mriowankn, Ha KOTOPON HaxXoAsaTCs Noaun, Hag NONOM NOMELLEHMS, M;

5 . Pa3HOCTb BbICOT NoSa, paBHasi HyJto NPY rOPU30HTaNbHOM €ro PacnonoXeHUU, M.

CnepnyeT MeTb B BMAY, YTO HanborbLUel ONacHOCTM NpuU NoXxape noaBepratTcs noau,
Haxogswmecss Ha Oonee BbiCOKOM OTMeTKe. [loaTomy, Hanpumep, npu onpegeneHun
HeobGXoaMMOro BpeMeHM 3Bakyauuu noger u3 naptepa 3puUTENbHOro 3ana C HaKMOHHbIM
nonom 3HayeHve h cnegyeT HaxoAWTb, OPUEHTUPYSICb HA Hanboree BbICOKO PacMoNOXeHHbIe
psiabl kpecen. MapameTpbl A U N BbIMUCNSIOT Tak:

ANs criydas ropeHnst XXMOKOCTU C YCTaHOBMBLUEWCS] CKOPOCTbHO:

A=y,,-Fn=1

roe:

2 )
Vya - ynenbHas MaccoBasi CKOPOCTb BbIFOPaHWS! KUAKOCTMY, KF/(M cl.
ANs Cryvasi ropeHns XMOKOCTM C HEYCTaHOBUBLLENCS CKOPOCTbIO:

2087w F

n=1,5,
tcm

OS5 KPYroBOro pacnpocTpaHeHus noxapa:
A=1,05-y,,-V>n=3

roe:

V - NMHerHasa CKOpOCTb pacnpoCTpaHeHUst NnameHu, M/c;

ANs  BepTuMKanbHOW WMAM  FOPU3OHTanbHOW  MOBEPXHOCTW TOpPeHus B  BuAe
NPSIMOYronbHMKa, OAHA M3 CTOPOH KOTOPOro YBENWYMBAETCS B ABYX HanpaBMneHUsiX 3a cyeT
pacnpocTpaHeHus nnameHn (Hanpumep, pacnpocTpaHeHWe OrHsa B OPM3OHTaNbHOM
HanpasneHuM No 3aHaBeCy Nocrie oxeaTa ero nNameHeM no BCew BbICOTE):

A=y, -V -bn=2 ,

roe:
b - nepneHanKynapHbIA K HANpaBneHUIO ABMXXEHUSA NNIaMeHN pa3Mep 30HbI FOPEHUS, M.
Mpu oTcyTCTBMM cneynanbHbix TpeboBaHu 3HavYeHns a u E npuHumatotcsa pasHbimm 0,3

|, =20

1 50 NK COOTBETCTBEHHO, a 3HA4YeHne M.

IV. MaTemaTunyeckas AByX30HHasA MoAernb noxapa B 3gaHUun

Mpn peweHnn 3agay C MCNOMb30BAHMEM [BYX30HHOW MOAENW Mnoxap B 34aHuu
Xapaktepusyetca YCpedHEHHbIMM N0 Macce UM obbeMy 3HayYeHuUsSMW napamMeTpoB
3a4bIMITEHHOW 30HbI:



T - Temnepatypa cpeabl B 3abIMIEHHON 30He, K;
M - onTuuyeckas nnoTHoOCTb Abima, Hn/wm;

X _ maccoBas KOHLIEHTpAaLMs i-TOr0 TOKCUYHOrO MPOAYyKTa ropeHusi B 3aAblMiIEHHOM
30He, KI/Kr;

%< - MaccoBasi KOHLIEHTpaLWsi KUCIIOPOAa, KI/KT;

Z - BbICOTa HWKHEW rpaHuLbl Cnosi AbiMa, M.
B cBolo o4yepeab MepeyncrnieHHble MapaMeTpbl BbIpaXKatoTCsl 4Yepe3 OCHOBHbIE
NHTEerpanbHble napaMeTpbl 3a4bIMIIEHHON 30HbLI C MOMOLLLIO crieayowmux dhopmy:

. (M16.26)
mom
5= %
. (M6.27)
u—i
Vi (n6.28)
n . (M6.29)

roe m, m obuwas macca gbiMa U COOTBETCTBEHHO i-r0 TOKCMYHOIO NpoAyKTa ropeHns
B 3a4bIMITIEHHOW 30HE, KT;

M . macca Kucrnopoaa B 3aAbIMINEHHOW 30He, KT;

Q. . 3HTanLNMS NPOAYKTOB rOpeHMs B 3abIMAEHHON 30He, KIDK:
2
S - ONTUYECKoe KONMMYECTBO AbiMa, HI "M -

3
P - nnoTHocTb AbiMa npu Temnepartype T, Kr/M”
3
Vi . obbem 3aabIMNEeHHON 30Hbl, M ;
H, A - BbicoTa 1 nnowaab NoMeLLeHUs, M;

v - ynenbHas TennoemkocTb AbiMa, KIbK/(K'Kr) .

[MHamVKa OCHOBHbIX MHTErpanbHbIX NapamMeTpoB 3abIMIIEHHON 30HbI onpeaenseTcs
VHTErpMpoBaHMeM CUCTEMbI CReayoLLMX BanaHCoBbIX YPaBHEHWIA:

obLLeit Maccbl KOMMOHEHTOB 3aAbIMMEHHOM 30HbI C YH4ETOM AbiMa, BHOCMMOIO B 30HY
KOHBEKTMBHOW KOSIOHKOW 1 AblMa YAanseMoro Yepes npoemMbl B COCEAHNE MOMELLEHUS:

dm
Gt - Cx Cn
, (M6.30)

roe t - Tekyuiee Bpems, c;
GK, Gi . maccosnbiii pacxof OblMa COOTBETCTBEHHO Yepe3 KOHBEKTUBHYIO KOMOHKY U



OTKPbITble NPOEMbI B MOMELLLEHUM, KI/C;
9HTanbNMsl KOMMOHEHTOB 3aAbIMIIEHHON 30Hbl C y4eTOM Tenna, BHOCMMOMO B 30HY
KOHBEKTMBHOWN KOJTOHKOW, TENNOOTAAUYN B KOHCTPYKLMKN U YHOCA AbiMa B NPOEMbI:

d
& = Q- Q- Qun
. (N6.31)

roe Q : Qn : Qun - Tennosas MOLLHOCTb, COOTBETCTBEHHO, BHOCKMMasi B
3abIMNEHHY0 30HYy KOHBEKTUBHOW KOJIOHKOW, yaansiemas ¢ AbIMOM Yepe3 OTKPbITble NpOeMb
N TepsieMast B KOHCTpYKUUK, KBT;

Maccbl Kucnopoga C y4eTOM MNOTepb Ha OKWUCMEHWE NMPOAYKTOB MMPONN3a FOpHYMX
BELLECTB:

roe:

dmhy

T:0y23'(ek_11'\|!'|-ox)_)%x'ch (Me.32

: )

' - nonHoTa cropaHus roproyero matepuana, Kr/kr;
V' - ckopocTb BbIropaHusi roptoyero matepuana, Kr/c;

box notpebneHne kucrnopoga nNpu cropaHn eavHULbl Macchl roproYero matepuana,
Kr/Kr;

ONTMYECKOro KONMMYecTBa AblMa C y4eToM AbiMooOpasyoLllen cnocobHOCTM ropsaLero
MaTepuana:

_ (M6.33
P )

2
roe Dw . AbiMoobpasytoLas cnocobHOCTb ropoyero Matepuana, HH/(M 'Kr) .

Maccbl i-ro TOKCUYHOIo NPoAYyKTa ropeHus:

dm,
ot -V L% Gn
, (IM6.34)

roe Li _ maccosiii BbIXOZ i-r0 TOKCMYHOIo NpoayKTa ropeHus, Kr/Kr.

Macca KOMMOHEHTOB AbimMa Gy , BHOCUMbIX B 3aQbIMMEHHY0 30HY KOHBEKTUBHOM
KOJTOHKOM, OLIeHMBaeTCss C Y4eTOM KONMUYecTBa BO3[yXa, BOBMNEKAEMOro B KOHBEKTMBHYIO
KOJTOHKY MO BCEW €€ BbICOTE 10 HWXKHEW rpaHuUbl crost AbiMa. B MHXeHepHbIX pacyeTax pacxoa
KOMMOHEHTOB [IbiIMa 4Yepe3 OCEeCUMMETPUYHYIO KOHBEKTUBHYIO KOJNOHKY Ha BbICOTE HUKHEro
YPOBHSI 3abIMIEHHO 30HbI Z (B 3aBUCUMOCTU OT TOTO, Kakasi 0611acTb KOHBEKTUBHOW KOJTOHKM
nUnu cpakena norpyxeHa B 3afbIMNEHHYI0 30HY) 3a4aeTcsa NonyamMnMpuyiecko opmyno:



Z
215

0,011-Q (

0,566
st obnmactu (hakena

Q

Z
215

G,=10,026-Q (

0,909
JUTSI TIEPEXOAHOM 00IacTu

Q

Z
215

0,124-Q (

1,895
JUTSL 00JIaCTH KOJIOHKHA

Q , (M6.35)

roe Q - MOWHOCTbL oYara noxapa, kBT.

D,I/IHaMI/IKa napamMmeTpoB o4ara noxapa onpegendaeTtcda pa3sntnem nrowaanm ropeHnd ¢
y4eTOM CJ1I0KHOIo CoCTtaBa roproymx martepunasnoB, UX pacrnosioxXeHnd, mecta BO3HUKHOBEHUA
o4ara noxapa u NoJIHOTbl CropaHn4.

Q=n-v,,-Q, F(t) (M6.36);

nOTepI/I Tenna B orpaxgarwme KOHCTPYKUUN paCcCHNUTbIBAKOTCA C y4EeTOM TeMnepaTypbl
FOpFILIeVI cTpyun TC , CKOpoCTn ¢ Msnyaneanof/'l CNocoBbHOCTH CTpyu, OMbIBaKOLLEN

KOHCTPYKUMN 1 NporpeBa CamMou i-l KOHCTPYKLNK Ty no TonwuHe y. [ins atoro YNcneHHo
WHTErpypyeTcsa HecTaunmoHapHoe ypaBHeHne Pypbe:

oly) 1 aln)-onfy)

o c{T)p &y (M6.37)
C rpaHn4YHbIM N Ha4al1bHbIMU YCITOBUAMMW!
T.

(arva) (1T, T
Y b=0 (n6.38)

(%"’%)'(To"’Ti(s)):_;“T‘ o ly)
% ly=5  (ne.39)

T(0, y)=T,, 0<y<? (116.40)

roe % % . COOTBETCTBEHHO KOHBEKTUBHBIN M NYYUCTbIN KOIPPULMEHT TennooTaaun,
Br/ (M2 K)
)

- TONLWWHA orpaxkaatoLLelt KOHCTPYKLMK, M;

2.0
C(T) - TennoeMKocTb MaTepuarna KOHCTPYKUMK npu Temnepatype T(y), I[H(/(Kr ’ K)

MT) TENMONPOBOAHOCTL MaTepuana KOHCTpyKUuu npu Temnepatype T(y), Br/(m-°K)



T To TemrnepaTypa COOTBETCTBEHHO 06OrpeBaeMon YacTh KOHCTPYKUUWN U cpeabl Y

HeoborpeBaemon NoBepxHoCTy, K;
P - nnoTHOCTb MaTepuana KOHCTPYKLUMU, KI/M.

TennoBble M MaccoBble MNOTOKM 4epe3 MNpoeM B Kaxablh MOMEHT BpEMEHU
paccuMTbIBAlOTCHA C y4eTOM TeKyllero nepenaga [aBrieHUs Mo BbiCOTE Mpoema, cocTaBa U
TemnepaTypbl ra3oBow cpefbl Mo 06e CTOpoHbI Npoema (cxema pacdeta Ha puc. [16.1). Tak,
MaccoBbIi pacxod [AbiMa W3 TMOMELleHUs o4ara noxapa B cocefgHee MoMeLleHue
paccunTbiBaeTCA crieqyowmm obpasom:

Ym ax

G =Bt I J/2-p-(Ph)-P;n]] -dh
o , (N6.41)

roe B - wvpuHa npoema, wm;

S . a’pOoANHaAMUNYECKNN KOIPDULIMEHT Npoema;

P(h)_PZ(h) - pasHuua AaBrieHnn B NOMeLLEHNAX Ha BbicoTe h;

P - nnoTHOCTb AbiMa B 3a4bIMIIEHHOM 30HE COCEHEro NMoMeLLEeHNs npu Temneparype
abimva T.

OO L TR

PRI ATIINIT eTRTETCY < coeTT
S A T S R S S T e e aieeyy

Puc. I16.1. MacconoToku 4epe3 npoemM
Ymax A Y

max

Mpenensl MHTErPUPOBaHMUSA min pIGUPal0TCA B Npeaenax cTeopa npoema, crost

AP=(P(h)-P(h,))>0
OblMa NnomMeLlleHna odara noxkapa v Tam, rae n30bITOYHOE gaBlieHune

3TO yKa3aHo Ha puc. [16.1.

, KaK



Heobxoammas nns oueHkM nepenaga AaBrieHUs No CTBOPY Mpoema 3aBUCUMOCTb
[AaBIeHNs OT BbICOTbI B i-OM MOMELLEHUN (C Y4ETOM 3a[bIMIEHHOW 30HbI 3TOr0 NMOMELLIEHUS)
oLleHMBaeTCca Kak:

R(h ):{P""% 9-h cemh=<2 (N6.42
' Po—po-9-Z—pi-g-h ecmh>Z )

P. . .
rae 9 - Tekywlee [OaBneHWe B i-OM MOMELUEHUMW Ha HyneBOM OTMeTKe (Unu
npuBeLeHHOE K HyNeBON OTMETKE, ECNIN YPOBEHb NOJa NOMELLEHNS BbilLe HYNeBOW OTMETKN);

Po - nnotHocTb BO3yXxa Npu HavanbHou TemnepaTtype To ;

Zi . TekKylllasi BbiCOTa He3abIMIEHHOW 30HbI B i-OM NMOMELLIEHUN.

PaccunTaHHble napamMmeTpbl TennomaccoobmeHa B npoemMe UnCNnoJIb3yrTCA Kak
rPaHn4HblE YCITOBUA A1 coCceaHEro nomMeLleHuns.

V. MNoneBoun meToa MoaenupoBaHUA NnoXxapa B 34aHUKU

OcHoBOW [ns MoneBbiX MOLENEN MOXapPOB SABMAITCA YpPaBHEHUS, BblpaXkawolimne
3aKOHbl COXpaHeHUs1 Maccbl, UMMNynbca, d3HEPrMN U Macc KOMMOHEHTOB B paccMaTpvBaeMoM
MarnoMm KOHTPOSIbHOM 0O6beMe.

YpaBHeHE COXpaHEeHUsA Macchbl:

», 0
ot " ox, o (pru)=0
. (M6.43)
YpaBHeHne coxpaHeHus UMMynbeca:
0 5‘p aTu

E(p‘%)"‘%(p'uj'ui): 0% 8x PG
J . (6.44)

[na HbIOTOHOBCKUX XWAOKOCTEN, MOAYUHALWMXCA 3akoHy CTOKca, TEeH30p BSA3KUX
HanpsKeHun onpegenseTca popmMynomn:

ou;,  Ou; 2 ou

_ i j O
i~ H a_x+8_ 3 Mo 'O

j X; X

YpaBHeHWe 3Hepruu:

L DR VCIYSURR. SIS I W
(P )+ o (U )= +ax-(c ox; ) ox



T

h=hy+ [ cp-dT+ Y (Y, Hy)
rne To k - cTaTMYecKas SHTanbNUs CMecK:;

Hi Tennota o6pa3oBaHMs K-ro KOMNOHEHTA;

Cp: ZYK : Cp,k
k
X

R
9 . paAvaunoHHbIA NOTOK 3HEPTUM B HanpaeneHun .

- TernJ10eMKoOCTb CMeCu npn nOoCToAHHOM AaBJIEHUN,

YpaBHeHMEe CoOXpaHEeHNA XMMUYECKOro KOMNoHeHTa K:

oY,

[Ona 3amblikaHua cuctembl ypaBHeHun ([16.43) - (16.47) ncnonb3yeTcs ypaBHEHUE
COCTOSIHMS naeanbHoro rasa. [Ina cMecu ra3oB OHO UMEET BUA;

Yk
Mk
k , (M6.48)

P:p'RO'T'

roe Ry . yHUBepcarbHas razoBasi NOCTOSIHHAS,

M. MonsipHasi macca k-ro KOMNoHeHTa.



