3apeructpupoaHo B MuHiocte PO 6 aBrycta 2009 r. N 14486

MWHUCTEPCTBO POCCI/II7ICKO!7I ®EOEPALIUU NO OENAM MPAXOAHCKON
OBOPOHbI, YPE3BbIYAUHbLIM CUTYALIUAM U NTNKBUAOALIUA
NOCNEACTBUUN CTUXUNHBIX BEACTBUU

NMPUKA3
ot 30 uroHA 2009 r. N 382

OB YTBEPXOEHWN METOOUKAU
ONMPEAENEHUA PACYETHbIX BENUMYUH MOXXAPHOIO PUCKA B 3[AHUAX,
COOPYXEHUAX U CTPOEHUAX PA3NNYHbIX KIACCOB ®YHKLIMOHAINILHON
NOXXAPHOW OMACHOCTU

(B pea. Mpukaza MUC PO ot 12.12.2011 N 749)
B cootBetctBUM C DepepanbHbiM 3akoHOM OT 27 pgekabpa 2002 r. N 184-©3 "O TexHuMyeckom

perynupoBaHumn" <*> u NMoctaHoBneHuem MNpasutensctBa Poccuickon ®epepauyum ot 31 mapta 2009 r. N 272 "O
nopsiike NpoBefeHUs pac4yeToB MO OLeHKEe NOXapHOro pucka" <**> npukasbiBato:

<*> CobpaHue 3akoHogaTenbcTBa Poccuiickon ®epepauun, 2002, N 52 (vactb 1), cT. 5140; 2005, N 19, cT.
1752; 2007, N 19, cT. 2293; 2007, N 49, cT. 6070; 2008, N 30 (4acTb Il), cT. 3616.
<**> CobpaHue 3akoHogaTenbcTBa Poccuickon Pegepaumm, 2009, N 14, cT. 1656.

YTBEpPOUTE MNpunaraeMyto MeTOAUKY OnpedernieHuss pacyeTHbIX BENUMYMH MOXAPHOIO pucka B 34aHusX,
COOPYXEHUAX U CTPOEHUSAX PasNNUYHbIX KNacCcoB PYHKLMOHAMNbHON NOXapHOM ONacHOCTH.

MuHucTp
c.K.Luoury

MpunoxeHune
Kk Mpukaszy MYC Poccun
o1 30.06.2009 N 382

METOOUKA
ONPEQENEHNA PACHETHbLIX BEJTUYUH NMOXXAPHOIO PUCKA B 3O0AHUAX,
COOPYXEHUAX U CTPOEHUAX PA3NIMYHbIX KITACCOB ®YHKLIMOHAIILHON
MOXXAPHOW OMACHOCTU

(B pea. Mpukaza MUC PO o1 12.12.2011 N 749)
|. OBwue nonoxeHus

1. Hactoswasa meTtoavka onpedeneHns pacyeTHbIX BEMMYUH NMOXApPHOIO pycka B 34aHUSX, COOPYXKEHUSX U
CTPOEHUSAX PasfMYHbIX KNaccoB (PyHKLMOHANBHOW MOXapHOM onacHocTn (ganee - Metoauka) ycTaHaenuBaeT
nopsaoK onpefeneHns pacyeTHbIX BENUYMH MOXapHOro pucka B 30aHUAX, COOPYXEHUsIX U CTPOeHusX (danee -
3[laHnNEe) N pacnpoCcTpaHSAETCA Ha 30aHUA KNaccoB PYHKLUNOHANBLHON NOXapHON OMacHOCTH:

®1 - 3gaHuA, NpefHasHayYeHHble Ans MOCTOSAHHOTO MPOXMBAHUS U BPEMEHHOro npebbiBaHust Nniogen, B TOM
yucne:

a) ncknwyeH. - NMpukasz MYC P® ot 12.12.2011 N 749;

6) ®1.2 - rocTMHMUbI, OOLLEXWNTUS, CNanbHble KOprnyca caHaTopueB W AOMOB OTAbIxa obuiero Tuna,
KEMMNWHIroB, MOTENen N NaHCNOHAaTOB;

B) MckrtoyeH. - Mpukasd MYC PO ot 12.12.2011 N 749;

r) UcknoyeH. - Npukasz MYC PO ot 12.12.2011 N 749;

®2 - 3gaHNsa 3penuLLHbBIX U KyNbTYPHO-NPOCBETUTENBHBIX YYPEXOEHNI, B TOM YMCHE:

a) ®2.1 - TeaTpbl, KMHOTEATPbI, KOHLEPTHbIE 3arbl, KNybbl, LUPKKX, CIOPTUBHbIE COOPYXEHUsI C TpubyHamu,
OubnuoTekn M Apyrme ydpexaeHwsi C pacyeTHbIM YMCIIOM MOCAfOYHbIX MECT ANns NoceTUTenen B 3akpbITbIX
NoMeLLEeHuUsX;

0) ®2.2 - myseun, BbICTABKW, TaHUeBamnbHble 3anbl WM ApyrMe noJoOHble y4YpexaeHus B  3aKpbITbIX
NoMeLLEeHusX;



B) ®2.3 - TeaTpbl, KWNHOTEATPbI, KOHLEPTHbIE 3anbl, KNybbl, LMPKK, CMOPTUBHLIE COOPYXXEHUSI C TpUbyHamu,
oubnuoTekn u Apyrme yypexgeHus ¢ pacyeTHbIM YMCIOM MOCAAOYHbIX MECT AN MoceTUTernen Ha OTKPbITOM
BO3OYXE;

r) 2.4 - my3sewn, BbICTaBKM, TaHUEeBarnbHbIE 3arbl U Apyrne NogobHble yYpexaeHUs Ha OTKPLITOM BO3AYXE;

@3 - 3gaHns opraHusaumn no ob6Cry>KMBaHUIO HACENEeHNsl, B TOM YMChe:

a) ®3.1 - 3gaHnsa opraHu3auunin TOProenu;

6) 3.2 - 3gaHua opraHm3auun obLLECTBEHHOrO MUTaHUS;

B) ®3.3 - BoKk3ansl;

r) ©3.4 - NONUKNMHUKN 1 ambynaTtopuu;

a) ®3.5 - nomelleHus Ons noceTuTenen opraHuM3auunm 6bITOBOTO M KOMMYHarbHOro OOCNYyXMBaHUSA C
HepacYeTHbIM YACNOM NOCAA0YHbIX MECT ANs noceTuTenen;

e) 3.6 - PU3KyNbTYpHO-0300POBUTENBHBIE KOMMMEKCHl U CMOPTUBHO-TPEHUPOBOYHBIE YYpexXaeHus cC
nomeLleHmamMm 6e3 TpnubyH ons 3putenemn, 6biToBble NOMELLEHNS, OaHu;

®4 - 3gaHMa HaydHbIX M obpasoBaTerbHbIX YYPEXAEHWA, HAYYHbIX W MPOEKTHbIX OpraHu3alun, opraHoB
yNpaBreHnst y4pexaeHuin, B TOM Yucre:

a) ®4.1 - 3gaHua obweobpasoBaTenbHbIX y4pexaeHun, obpasoBaTenbHbIX YYPEXAEHUA AONONHUTENBHOMO
obpasoBaHua geTen, ob6pas3oBaTeNnbHbIX YYPEXOEHWW HayanbHOrO  NPOMECCMOHANbHOr0 U CpeadHero
npodeccuoHanbHoOro obpasoBaHus;

0) ®4.2 - 3gaHuA obpasoBaTenbHbIX YYpEXOEHWN BbICLLEro npodeccuoHansHoro obpasoBaHua U
OONOMNHUTENBbHOrO NpodeccnoHanbHOro obpasoBaHus (NOBLILLEHUSA KBanumkaLmm) cneLumnanmncTos;

B) ®4.3 - 30aHMA  OpraHoB yNpaBfeHUs  ydYpexaeHwin, MNPOEKTHO-KOHCTPYKTOPCKUX —OpraHu3aluu,
WH(POPMALIMOHHBIX U peaakLUNOHHO-U3AaTENbCKMX OpraHn3aunin, Hay4HblX opraHm3aLmi, 6aHKoB, KOHTOP, OYUCOB;

r) ®4.4 - 3gaHnsa noxapHbIX 4eno;

@5 - noxapHble OTCEKM MPOU3BOACTBEHHOIrO MMM CKMAACKOr0 Ha3HayeHusl C KaTeropuen MoMeLLeHun no
B3pbIBONOXapHOW M noxapHon onacHoctn B1 - B4, I, [1, Bxoaswme B cCoCTaB 34aHUN C (PYHKUMOHANbHOM
noxapHorn onacHoctbto ®1, ®2, ®3, ®4, B ToMm uucne P5.2 - cTosHKM OnNsi aBTOMOOMNENn 6Ge3 TEXHUYECKOro
obCcnyXvMBaHWsa N peMOHTA.

(ab3au BeeaeH lMpukaszom MYC P ot 12.12.2011 N 749)

2. Pac4yeTbl MO OUEHKE TMOXapHOro pucKka MNPOBOAATCA MyTEM COMOCTABIEHNS PaCYETHbIX BENNYUH
MoXapHOro pmMcka ¢ HOPMaTMBHbBIM 3HAYEHMEM MOXAPHOro pucka, yctaHoBrneHHoro deaepanbHbiM 3aKOHOM OT 22
mons 2008 r. N 123-®3 "TexHudeckuin pernamMeHT o TpeboBaHuWsx noxapHom GesonacHocTn" <*> (ganee -
TexHNYeCcKMn pernamMmeHT).

<*> CobGpaHue 3akoHogaTenbcTBa Poccuinckon depepaumm, 2008, N 30 (vacTb 1), c1. 3579.

3. OnpepeneHne pac4eTHbIX BENUYMH NOXAPHOro pUCKa OCYLLEeCTBIISIETCA HAa OCHOBaHWUN;

a) aHanu3a noXxapHow ONacHOCTU 34aHWN;

©0) onpegeneHns YacToTbl peanuaaLmmn NoXapoonacHbIX CUTYauuii;

B) NOCTPOEHUS Noren onacHblx pakTopoB noxapa Ansa pasnuyHbIX CLleHapueB ero pasBuTus;

r) OLLeHKN NOCneACTBUI BO3AENCTBUS onacHbIX (hakTOpPOB Noxapa Ha nden Ana pasnuyHbiX cLeHapues ero
pas3BuTuS;

4) Hanuuns cuctem obecneveHns noxapHom 6e3onacHoOCTU 30aHNN.

4. OnpepeneHne pacyeTHbIX BEMWYUH MOXaPHOIO pUCKa 3akmyaeTcs B pacyeTe MHOAMBUAOYANbHOMO
NnoXapHOro pucka Ans naen, Haxoaawmxcsa B 34aHun. YMcneHHbIM BbipaXXeHNeM UHOAUBUAYANIbHOIO NOXXapHOro
pucka ABnsieTCa YacToTa BO3AENCTBMS onacHbIX hakTopoB noxapa (ganee - O®I) Ha yenoBeka, HaxoAsLWErocs B
3gaHun. NepeyeHb Ol ycTaHoBneH ctatben 9 TexHnyeckoro pernameHTa. PesdynbTtaThl 1 BbIBOAbI, NOMYyYEHHbIE
npu onpefeneHny NnoXapHoro pucka, UCMonb3ylTca Ans ob6OCHOBaHUSA MapamMeTpoB U XapaKTepUCTUK 34aHWN,
COOpPYXEHUI 1 CTPOEHUI, KOTOPbIE Y4MTbIBAOTCA B HacToswen Metoauke.

(n. 4 B pea. Npukaza MYC P® o1 12.12.2011 N 749)

5. Yactota Bo3sgencteua OPI1 onpegensieTcs AN NoOXapoornacHOW CUTyauun, KOTopas xapakTtepusyeTcs
HanbonbLuen ONacHOCTLIO ANS XXMU3HU U 300POBbSA N0AEN, HAXOOALWMXCS B 30aHUN.

6. Ona uenen HacTtosiwen MeTOAMKM MWCMOMb3YIOTCS OCHOBHbIE MOHATUSA, YCTaHOBMEHHble cTaTben 2
TexHn4yeckoro pernameHTa.

[I. OcHOBHble pacyeTHble BENUYUHbI UHAMBUAYANbHOIO
MoXXapHOro pucka

7. NnauBmayanbHbIN NOXapHbLIA pUCK OTBeYaeT Tpebyemomy, ecnu:
H

Q <=0, (1)

B B



roe 0 - HOpPMATMBHOE 3HAauYeHMe MUHIMBUIYAJIbLHOTO I[IOXAPHOTO pPUCKAa,
B
H -6 -1
Q =10 rom ;
B
Q - pacueTHas BeJMUMHA MHIVMBUIOYAJLHOTO IOXAPHOTO PUCKA.

B

PacueTHasi BenuMyMHa MNOXaApPHOrO puUCKa B 3[4aHUKW, COOPYXEHUW WNU CTPOEHUWM onpedenseTcs Kak
MaKCMMaribHOe 3Ha4YeHne NoXapHOro pucka U3 pacCMOTPEHHbIX CLIEHapUEB Mnoxapa:
(ab3aL BeegeH Npukazom MYC P® ot 12.12.2011 N 749)

Q,= maX{QB,l""’QB,i""'QB,N}
(ab3av BeegeH Npukazom MYC P® ot 12.12.2011 N 749)

roe QBJ‘ - pacyeTHast BENMYMHA NOXapHOro pucka Anst i-ro cueHapusi noxapa,

(ab3aL BeegeH Npukazom MYC P® ot 12.12.2011 N 749)

N - KONNMYECTBO PACCMOTPEHHbIX CLEHapneB noxapa.
(ab3aL BeegeH Npukazom MYC P® ot 12.12.2011 N 749)

CueHapuii noxapa npefacTaBnsieT cobOM BapuaHT pas3BUMTUS MoXapa C Y4EeTOM MPUHSTOTO MecTa
BO3HWKHOBEHWUSI U xapakTtepa ero pas3sutus. CueHapui noxapa onpegenserca Ha OCHOBE [JaHHbIX 00
06 BEMHO-MNAHUPOBOYHBIX PELLEHMSAX, O pPas3MELLEHMN TopltoYen Harpyskum u nwogen Ha obwbekte. [Npu pacuete
paccmMaTpuBalOTCA CLeHapuy noxapa, npyv KOTOpbIX peanu3ylTca Hauxyalwuve ycnoBusa Ans obecneveHus
G6e3onacHocT nogen. B kadecTBe cLeHapueB C HauxygwMMM YCIOBMSIMKW MoXapa crnegyet paccmatpyBathb
cLeHapuu, xapaktepu3yemble Haubonee 3aTpygHEHHbIMM YCMNOBUAMW 3Bakyauuu nwogen u (unu) Haubonee
BbICOKON AuHamMukon HapactaHusa OPl1, a MeHHO noxapsbl:

(ab3au BeeaeH Mpukaszom MYC P® o1 12.12.2011 N 749)

B MOMELLEHUSIX, pacCYNTaHHbIX Ha eanHoBpeMeHHoe npucyTcTeue 50 u 6onee Yyenosek;
(ab3au BeeaeH Mpukaszom MYC P® o1 12.12.2011 N 749)

B CUCTEMax NOMELLEHNI, B KOTOPbIX U3-3a pacnpocTpaHeHns OPI1 Bo3mMoxHO BbicTpoe bnokuposaHue nyten
3BaKyaluumm (KOpMAOPOB, 3BaKyaLUWOHHbIX BbIXOAOB M T.4.). [lpn aTOM oyar noxapa BbibupaeTca B MOMELLEHUM
mManoro oobema BOMM3N OT OOHOrO M3 3BaKyaUMOHHbIX BbIXOOOB, MMOO B MOMELLEHNM C GONbLUMM KONMYECTBOM
rOproYen Harpy3ku, xapakTepuayoLLEeNCcsl BbICOKOWM CKOPOCTbIO PacnpoCTpaHEHUs! MNaMeHu;

(ab3au BeeaeH Mpukaszom MYC P o1 12.12.2011 N 749)

B MOMELLEHUSIX U CMCTEMAX NMOMELLEHWI aTPUYMHOIO TUNa;
(ab3au BeeaeH lMpukaszom MYC P ot 12.12.2011 N 749)

B CUCTEMax MOMELLEHWA, B KOTOPbIX M3-3a HeOOCTaTOYHOW MPOMYCKHOM CMOCOBHOCTW nyTen a3Bakyauuu
BO3MOXXHO BO3HWKHOBEHME NPOOOIDKUTENbHBIX CKOMMEHWIN NMIOLACKUX MOTOKOB.

(ab3av BeeaeH MNpukazom MYC P® ot 12.12.2011 N 749)

B cnyyasx, korga nepeyvmcrneHHble TUMbl CLeHapMeB He OTpaxalT BCcex 0CODeHHOCTeN 06bekTa, BO3SMOXHO
paccMOTPEHMNE MHbIX CLieHapueB noxapa.

(ab3au BeeaeH Mpukaszom MYC P® o1 12.12.2011 N 749)

B nomelleHnun, nmetowem apa n 6onee aBakyaUmMOHHbIX BbIXOA4a, o4ar noxapa crnegyet pasmMellartb BOnmaun
BbIXO4A, WMELWEero HaubomnbLyl MNPOMYCKHYK CMOCOOHOCTb. [lpM 3TOM  [aHHLIM  BbIXO4 CYUMTaeTCs
GrOKMpPOBaHHBIM C MEPBLIX CEKYH MOXapa ¥ Npu onpegeneHMn pac4eTHOro BpEMEHN 3BaKkyaunn He YYUTbIBAeTCS.
B nomelleHnun ¢ ogHMM 3BaKyaLUMOHHLIM BbIXO4OM BPeMsi BNTOKMPOBaHNS BbIXO4A ONpeaenseTcs pacyeToM.
(ab3au BBeaeH Mpukaszom MYC P ot 12.12.2011 N 749)

CueHapwuui noxapa, He peanuayemble NPY HOPMANbHOM peXUMe aKcnnyaTauumn obbekTa (TepakTbl, MOOXKOIN,
XpaHeHue roproden Harpyskn, He NpegycMOTPEHHON Ha3HavyeHreM obbekTa 1 T.4.), He paccMaTpmBaloTCS.

(ab3au BBegeH Mpukaszom MYC P® o1 12.12.2011 N 749)
Qs

8. PacuyeTHas BenuuMHa WHOUBUAOYANbHOIO MOXAPHOrO pucKa ' Onsa  i-ro  cueHapus noxapa
paccunTbiBaeTCcs No chopmyne:

QB,i = Qn,i : (1_ Kan,i ) : Pnp,i : (1 - Pa,i ) : (1 - Kn.s,i ) 2

roe Q“’i - YyacToTa BO3HUKHOBEHWS Moxapa B 34aHMM B TeyeHue roga onpefensieTcs Ha OCHOBaHUU
CTaTUCTMYECKNX [aHHbIX, MpuBedeHHbIX B npunoxeHnn N 1 k Hactoswen Metoauke. [lpu oOTCyTCTBMM



=4.102

CTaTUCTMYECKOW MHDOpMaLMK JonycKaeTCcs NpUHMMaTh Q. ONSA KaXxaoro 3gaHus;
ai _ koaPPULMEHT, YUNTBLIBAIOLLUIA COOTBETCTBME YCTAHOBOK aBTOMATMYECKOro NoXapoTyLleHns (danee -
2 :Kmi
AYT1) TpeboBaHMAM HOpPMAaTMBHbIX AOKYMEHTOB MO MoxapHow 6e3onacHocTn. 3HadeHue napameTpa ’

NpUHUMaETCS paBHbIM K = 0,9, ecnv BbINOMHAETCS XOTA Obl OAHO U3 CreayoLLMX YCIOBUIA:

3gaHve obopymoBaHo cucTemoi AYI, cooTBeTCTBylLWEN TpeGoBaHWAM HOPMAaTWMBHbIX [OKYMEHTOB MO
noxapHoi 6esonacHocTy;

obopynoBaHve 3gaHusi cuctemon AYI He TpebyeTcss B COOTBETCTBUM C TpeGOBaHWUSIMM HOPMAaTWBHbIX
[OKYMEHTOB MO NoXkapHoi 6e30nacHOCTy.

B ocTanbHbIX criydasix ~ *™' npuHMMAaeTCcsi paBHOW HYIHO;

124

. P .=t _
P . BEPOATHOCTb MPUCYTCTBMA MIOAEN B 30aHUM, onpeaensieMast U3 COOTHOLEHNs P4y , roe
t . _
bymani BpeMSA HaxoXOeHus Nniogen B 34aHun B vacax;
> - BepOATHOCTb 9BaKyaLuu Mioaeir;

13- koadppULMEHT, YUYUTBIBAKOLLNA COOTBETCTBME CUCTEMbI MPOTMBOMOXAPHON 3aLuuThl, HANpaBreHHOWN
Ha obecneyeHne OesonacHOW 3BaKyauuu nogen npu noxape, TPeOOBaHUSIM HOPMATMBHBIX OOKYMEHTOB MO
nokapHor 6e3onacHocTu.
(n. 8 B pea. MNpukaza MYUC P® ot 12.12.2011 N 749)
9. BepodTHOCTB BBakyauuu P paccumTEBaALT O Qopmye:
€]

0,8-t, —t

0,999- ~ecmnt, <0,8-t, <t +t ut <6wmun

H3

P,=40,999, eciut +t, <0,8-t; nt, <6 muH.

0,000, ecnu t, > 0,8-t;, mu t_ >6 MuH.

3)
(8 pea. Mpukaza MYUC P® o1 12.12.2011 N 749)

rne t - pacueTHOe BpeMA sBaKyaluM JIOOey, MUH.;
IS
t - BpeMsd Hauajla ®»Bakyaluuu (MHTEepRaJl BPeEMEHM OT BO3HMKHOBEHMUSA IoOXapa
HD
OO HauaJjla 2BaKyaluuu JIoOen), MUH.;
t - BpeMsa OT Hauajla Hoxapa IO OJIOKMPOBAHMSA 3BaKyalMOHHEX IIyTeM B
671
pes3yJibTaTe pachopocTpaHeHusa Ha Hux OOIl, wmMenmMX NpelesibHO IONYyCTUMEE IJII
Joney sHadeHusa (BpeMsa OJIOKMPOBaHMA NyTeM sBakyaluM), MMUH.;
t - BpeMs CyWLeCTBOBaAHMSA CKOIJIEHUM JIOIEM Ha ydacTkax NyTu ([IJIOTHOCTHb
CK
JIOOCKOT'O INOTOka Ha NyTaxX B3Bakyaluy OpeBbmaeT 3HaueHue 0,5) .
10. PacueTHOoOe BpeMsa DBBakyauum Jwoneu t U3 TIOMEUeHMM U 3IOAaHUM
IS

onpenejideTrcHd Ha OCHOBe MOIEeJIMPOBAHMA IBMXEHNMA nmneﬁ OO BEHEIXOIIla HAPyXy OIOHMM
"3 cilenymnmmx CcriocoBboB:

Mo YMpOLLEHHOW aHaNUTUYECKON MOLENWN OBMXEHWSA JHOOCKOro NnoToka, NpuBefeHHoN B npunoxeHun N 2 k
HacToswen MeToguke;

no MaTemaTMyeckon MOLENN WHOVBUAYarNbHO-MOTOYHOIO ABWXKEHMS Nodew M3 34aHus, NpuBeeHHON B
npunoxeHnn N 3 K HacTosilen MeTtoauke;

Nno UMUTALMOHHO-CTOXACTUYECKON MOAENN ABMXKEHUS MOACKUX NOTOKOB, NpMBeaeHHon B npunoxeHun N 4 k
HacToswen MeTtoguke.

Bbibop crnocoba onpenenenHnss pacyeTHOro BPEMEHM 3BaKyauun MpoM3BOAUTCH C y4eTOM cneunduyeckux
0cobeHHOCTEN OOBEMHO-NITAHUPOBOYHBIX pPELUeHUA  30aHusA, a Takke OCOOEHHOCTEM KOHTUHreHTa (ero
OAHOPOLHOCTM) NI0AEN, HAXOOSALLNXCS B HEM.

Mpn onpegeneHnn pacvyeTHOroO BPEMEHM 3BaKyaLUKN YYMTbIBAKTCA AaHHbIE, MPUBEAEHHbIE B NpunoxeHun N



5 Kk HacTosWwen MeToauke, B YaCTHOCTM MPUHLMMBI COCTaBMEHNS pacHeTHON CXxeMbl 3BaKyauuun ngen, napameTpbl
OBWXKEHMSA NIOOEN pasnuyHbIX rpynn MOOWSMBHOCTM, a TakkKe 3Ha4YeHuWs nrowiagen ropyM3oHTasbHbIX MPOEKLMNA
pasnMYHbIX KOHTUHIEHTOB JTHOAEN.

A63au nckntoyeH. - NMpukaz MYC PP ot 12.12.2011 N 749.

11. Bpems Hauajla »Bakyauum t onpenesigseTcsa B COOTBETCTBUM C IIYHKTOM 1
HD
npujaoxeHua N 5 k HacTodaweM MeTonuke.
12. BpemMmsa OJOKMPOBAaHMA NyTeM sBakyaumum t BEIUMCJIISAETCA NyTeM pacueTa
011

BpreMeHNr IOJOCTUMXEeHWUA OdI1 npengeJyIbHO OOITYy CTUMMBIX 3HAUEeHUM Ha SBAKYALIMOHHEIX IIYTAX
B pasJiMUHBIE MOMEHTEl BpeMeHM. [[OopAaOoK NPpOBEeIeHMd pacueTa M MaTeMaTUdeCcKHue
MO OeJIin IJIA ornpenejyieHnsd BpEeMeHN GHOKMpOBaHMH HyTeIZ SBakKyalun OIla CHBIMM
bakTopaMu mnoxapa NpuBeleH B NpuioxeHuMr N 6 kK HacTosmel MeToIukKe.
13. KoadhdpuumneHT, yuntbiBaloWmMi COOTBETCTBME CUCTEMbI MPOTMBOMOXAPHOM 3aLlMTbl, HanpaBneHHOW Ha
obecneyeHne 6e3onacHoM aBakyaLmm nogen npy noxape, TpeboBaHMAM HOPMATMBHBIX JOKYMEHTOB MO NOXapHON

K
BesonacHocTn, = ™ paccynTbiBaeTCs No hopmyre:

Kns =1- (1_ KU6H ' KCOYS). (l_ K06H ’ Kﬂﬂ?) (4)

K y y
rge obm KOS(*)(*)I/ILI,I/IeHT, y4nTbiBalOLWNN COOTBETCTBME CUCTEMDbI NMOXXAapHOWU CUTHaAnNn3auun TpeGOBaHMﬂM
HOPMaTMBHbIX OJOKYMEHTOB MO no>|<apH017| ©e3onacHocTy;

K y y

coys KOSd)d)VILI,VIeHT, y4uTbiBaroWMM COOTBETCTBME CUCTEMbl OnoBeELWlEeHNA ngen o noxape wu
ynpasJieHnda SBaKyal_lVleVI J'II'OD,GVI Tpe6OBaHVI9|M HOPMAaTUBHbIX OOKYMEHTOB Mo no>|<apH0|7| 663OI'IaCHOCTVI;

Knﬂ3

KOS(*)(*)I/ILI,I/IeHT, y‘-IVITbIBaIOLLI,l/IIZ COOTBETCTBNUE CUCTEMDI ﬂpOTI/IBO,CI,bIMHOVI 3alnTbl Tpe6OBaHVI$|M
HOPMaTMBHbIX OOKYMEHTOB Mo no>|<apH017| ©e3onacHocTu.

K Kl‘[]l3

MopsiAoOK OLEHKM NapaMeTpoB K°6H, Co¥s p npueeaeH B pasaene |V HacToswen Metoaunku.
(n. 13 B pea. Mpukasza MYC P ot 12.12.2011 N 749)
[ll. Mopsagok npoBeAeHns pacyeTa MHANBUAYAIbLHOIO

noXapHOro pucka

AHanmns noXxxapHom onacHOCTW 34aHus

14. [Ina npoBefeHUs aHanM3a MoXXapHOW OMacHOCTM OCYLLECTBSETCS cOOp OaHHbIX O 34aHUKU, KOTOPbIN
BKITIOYAET:

06BEMHO-NNAHNPOBOYHBIE PELLEHUS;

TennounanyecKkme XxapakTepUCTMKN OrpaXkaaLLmx KOHCTPYKLMIA 1 pa3meLLeHHoro obopyaoBaHus;

BM, KONMMYECTBO N pasMeLLeHne ropoymnx BeLecTB 1 MaTepuanos;

KOSNIMYEeCTBO M MeCTa BEPOSATHOIo pasMeLLeHns nioaen;

CUCTEMbI MOXapPHOM CUrHanusauum M NOXapoTyLIeHUd, NPOTMBOALIMHOW 3aliuTbl, OMOBELLEHUS No4en o
noxkape v ynpasneHus aBakyaumen nogen.

15. Ha ocHOBaHWM MOMyYEHHbIX AaHHbIX NPOU3BOAMTCS aHanu3 MoXXapHOW OMacHOCTM 34aHus, Npu 3TOM
y4uTbIiBaETCS:

BO3MOXHas AMHaMKKa pas3BuUTUSA Noxapa;

COCTaB N XapaKkTepUCTUKN CUCTEMbI NPOTUBOMNOXAaPHOW 3aLUUTHI;

BO3MOXHbI€ NOCMeACTBUSA BO3AEUCTBUSA NoXapa Ha noaen U KOHCTPYKUUKU 30aHNS.

OnpegerneHne 4acToTbl peanuaaLmmn NoXapoonacHbIX CUTyauuin
16. YactoTa peanusauumn noxapoonacHbIX CUTyauuin onpegenseTcs 4acToTOM BO3HUKHOBEHWUA MnoXapa B
34aHuKn B TeveHne roga. lNopagok onpegeneHns 4actoTbl BOSHUKHOBEHWS NoXapa B 34aHun npueBedeH B pasgene

Il HacTosawen MeToanku.

lMocTpoeHne nonein onacHbIX akToOpoB noXxapa Ansd pasnuyHbIX
CLieHapu1eB ero passuTus

17. NS NOCTPOeHWs Mornei onacHbIX (PakTOPOB MoXapa MPOBOAMTCA IKCTEPTHbIN BbIGOP cueHapust unu



cLueHapueB noxapa, Npyu KOTOPbIX OXNOATCA HavxyaLmne nocneacTsns Ansg HaxoasaLwWwmxcs B 3gaHUm niogen.

dopmynmpoBka cLeHapus pa3BuTKs noxapa BKoyaeT B cebs cregyloime atanbi:

BbIOOp MecTa HaxoXAeHUs NepBoHaYanbHOro o4ara noxapa v 3akOHOMEpPHOCTEWN ero pa3BuUTUS;

3agaHve pacyeTHon obracTtu (BbIbop paccmaTpvMBaeMon Npu pacyeTe cUCTeMbl MOMELLEHUI, onpeaeneHne
YYUTBIBAEMbIX MPU pacyeTe 3N1EMEHTOB BHYTPEHHEN CTPYKTYPbl MOMELLEHUIN, COCTOSIHUSI MPOEMOB);

3ajjlaHue napameTpOoB OKpYXatoLlen cpedbl U HavarnbHbIX 3HAYEHU NapaMeTpPoB BHYTPU NOMELLEHUIA.

B cootBetctBUM ¢ npunoxennem N 6 k Hactosawen MeTtoauke copmynmpyeTca mMatemartmyeckass Mogernb
pasBuTUSA NOXapa U NPOBOAUTCS MOAENMPOBAHUE ero ANHaMUKN Pa3BUTMS.

Ha OCHOBAHUMN Pe3yiyibTaTOB pracueToB ocyumecCTBJIdeTCA IIOCTPOEHNME rnoJjien
ONacCHHX GakTOPOB IoXapa M OlIpelesyigseTCsa BHAUeHMEe BPEeMeHUM OJIOKMPOBAHUSA IIyTeNn
sBakyaumum OOl t .

671

OueHka nocneacTesunin BO3OENCTBUS ONMacHbIX hakTopoB noxapa
Ha niogen ons pasnuyHbIX CLEHapMeB ero passuTust

18. OueHka nocrnefcTBMIN BO3AENCTBMS ONACHbIX (hakTOPOB NoXxapa Ha Niogen 3aknoyaeTcs B onpeaeneHmm
BEPOATHOCTM 3BaKyauuun nogen u3 3gaHus npu noxape.

BeposiTHoCTb 9Bakyauuwn niogert onpegensietcss no dopmyrne (3) Ha OCHOBE COMOCTAaBIEHUS 3HAYEHUN
BPEMEHM 3BaKyaLmm noaen n BpemeHn 6nokMpoBaHns nyTen aBakyauumn onacHeiMy oaktopamu noxapa.
(8 pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

IOnsa onpenejieHMsa pacyeTHOI'O BpPeMeHM sBakyauuu Jimomel L B COOTBETCTBUM C

IS

npujoxenuamMmuy N N 2 - 5 k HacrTogmeM MeToluke omnpenendeTcd MOIEJb
SBaKyalln nmneﬁ "3 3naHu4a, IINPpOoBOOMUTCA IIOCTPOEHN e pacquHoﬁ CXeMBbl SBakKyallMr
M OCYylleCTBJIAETCA MOIOEJIMPOBAHME JSBaKyalMM nmneﬁ.

19. B cooreercTBUMM C pazgenoM II HacTrosAmenr MeTOoOMKM HNIPOBOIUTCSH
orperneJjyieHne pacquHoﬁ BeJIMMUVHBL VMHIVBMIOYAJIBHOTI'O IIOXAapHOT'O PUCKa Q n

B

COIIOCTaBIJIEHUE ee C HOPMa TVIBHBEIM SHAUEeHMEeM VHIMBYIYAJIBHOIT'O IIOXapHOIT'O PHMCKa
H
Q .

B

YyeT Hannuus cuctem obecnedeHus HO)KapHOVI
©e3onacHOCTU 3aaHns

20. Hannumne cuctem obecnevyeHuns noxapHon 6e30MacHOCTU 34aHUS YYMTbLIBAETCH B COOTBETCTBUM C
dopmynon (4) n nonoxeHuammn pasgena IV HacTodawen MeToguku.

Brnok-cxema, wnnocTpupylowas nopsagok npoBedeHus pacdeTa WHAMBUAYANbHOrO MOXAapHOro puUCKa,
npencraeneHa Ha puc. 1.

/ /
/ AHANIU3 MOXAPHOM ONACHOCTM 3HaHusa /

/ /
|

\/

OnpenejyieHMe YaCTOTHE peajM3alMM [10XapOOIaCHEX CUTyalWM

>

\/

[IocTpoeHMe IMOJIEM OIacCHHEIX QaKTOPOB IIOXapa

BeiOOp clLeHapusa Hoxapa
dopMyIMPOBKAa MaTeMaTUMUYeCKOM MOIeJlM M MOIeJIMpOBaHMe
OVHaMMKV Pas3BUTUA I1O0Xapa
[IocTpoeHMe IMOJIEM OIacCHHEX QaKTOPOB IIOXapa
OnpenejieHre BpeMeHU OJIOKMPOBAHUSA IIyTey BBakyaluu




PaspaboTka \/
IOOIIOJIHUTEJIbHEIX
IPOTUBOIIOXAPHBIX OlLeHKa IIOCJENCTBMM BOBLOEMCTBMS OIaCHHEX (akKTOpoOB
MEPONPUATUN noxapa Ha Jiwonemn
/\ dopMyJIMPOBKAa MaTeMaTUUeCKOM MOIeJuM U
MOOeJIMPpOBaHMe 3BaKyaluM JIOIOEeV M3 3OaHUSA
opu rnoxape
OnpenesieHre BpeMeHM OJIOKMPOBAHMA IIYyTeM sBaKyaluu
PacueT BEPOATHOCTM 3BaKyaluM JIOOen
r- - - - — — — — — — - - —— — — — — — —/ —/ /1
| \/ |
| PacueT BEeJIMUMHE UHIOUBUIYAJIBHOT'O
IOXAapHOTO pHUCKa
| \/ \/ |
| PacueTHOEe 3HaueHME [IOXaPHOIT'O PacueTHOEe 3HaueHME [IOXapHOIO |
PMUCKa IIpeBHIIaEeT HOPMaAaTMBHOE prUCKa He IIpeBhllaeT HOPMAaTVMBHOE
| \/ \/ |
| BriBon : BriBon :
IIOXAPHEI PUCK IIPEeBHIIAET IIOXAPHEI PMUCK He [peBhllaeT
| OONyCTMMOE 3HadeHUue OONyCTMMOE 3HadeHue |
|

Puc. 1. Mopsiaok npoeeaeHnst pacdeTa UHANBUAYaTNbHOIO
MoXapHoro pucka

IV. MNopsgok pa3paboTkm 4ONOMHUTENbHbIX
NPOTMBOMNOXapHbLIX MEPONPUATUI NPU onpeaeneHnn pac4yeTHoOm
BEITMYUHbI UHOMBUAYAITLHOIO NOXapHOro pucka

21. B cny4yae, ecnu pacyeTHas BenvuYUHA MHOMBUOYaNbHOrO NOXapHOro pucka npesbillaeT HopMaTUBHOE
3HaveHuve, B 30aHUn criegyeTt npeaycMoTpeTb JONOMNHUTENbHbIE MPOTUBONOXAaPHbLIE MEPONPUATULA, HanpaBneHHbIe
Ha CHUWXXEHME BENUYNHBI MOXXaPHOro puUckKa.

K uucny npoTmBOnoOXapHbIX MepOonpuUATUA, HarpaBneHHbIX Ha CHWKEHWE BenWYuHbl MOXAapHOro pucka,
OTHOCATCS:

NPUMEHEHNe OOMNOMHUTENbHBIX OOBEMHO-MNAHMPOBOYHbIX PEeLeHnA W cpencTs, obecneunBaroLmnx
orpaHuyeHne pacnpocTpaHeHus noxapa;

YCTPOMUCTBO OOMNOSTHUTENbHbIX 3BaKyaLMOHHbIX NyTEen U BbIXOOO0B;

YCTPOMCTBO CUCTEM OMNOBELLEHUS IoAen 0 noXxape 1 ynpasrneHnsa aBakyaumen niogemn noBbILLEeHHOro TUna;

opraHusaums nNo3TanHoW aBakyauuun nogen us agaHus;

npUMeHeHNe CUCTEM NPOTUBOLLIMHON 3aLUNTHI;

YCTPOWMCTBO CUCTEM aBTOMATUYECKOrO NOXapOoTYLLEHWS;

OrpaHUYeHne KONM4ecTBa Noden B 3gaHum 4O 3Ha4YeHui, obecneunBatoLLmx 6€30nacHOCTb UX 3BaKyauun n3
34aHu4.

AP DEKTUBHOCTb AONOSHUTENBHBLIX NPOTUBOMOXAPHBIX MEPOMNPUATUA OOIMKHA NOATBEPXKAATLCS MOBTOPHBLIM
pac4eToM BenuunHbl MHOMBUAYANbHOMO MNOXapHOro pucka.

(n. 21 B pea. MNpukasza MYC PO o1 12.12.2011 N 749)



22. O(pheKTUBHOCTb KaXXOOro M3 NepeymcrieHHbIX BbIle MPOTMBOMOXAPHbLIX MEPONpUATUA onpeaensercs

t, t t . y
CTEeneHblo BNUAHUS Ha mapameTpbl P, 1 "™ 3 nng cucTeMbl MOXapHOW CUrHaNM3auuu, NpoTMBOALIMHOWM
3aWWTbl U CUCTEMbI OMOBELLEHUS NIOAEeN NpU noxape M ynpaBneHWsi aBakyauuen noden Takke napametpamu

KOﬁH' KCOY3 " KHiB_

K _ . K_.
3HavyeHne napameTpa  °% npuHuMMaeTcs paBHbIM  °% = 0,8, ecnu BLINOMHAETCA XOTH Obl OAHO U3
crnegyLwmux yCroBui:
30aHne o6opygoBaHO CUCTEMOW MOXAapHOW CUrHanv3auuv, COOTBETCTBYOLWEN TpeboBaHUAM HOPMAaTUBHbIX
OOKYMEHTOB M0 Nno)kapHow 6e3onacHocTy;
o6opyaoBaHue 34aHns CUCTEMOWN NOXapHOW curHanusauumn He TpebyeTcsa B COOTBETCTBMM C TpeboBaHMAMM
HOPMAaTUBHbIX JOKYMEHTOB MO NoXxapHow 6e30nacHOCTW.

B ocTanbHbIX criydasx Ko NPUHUMAETCS PABHOMN HYMIO.
(n. 22 B pea. MNpukasza MYC PO o1 12.12.2011 N 749)

23. MpumeHeHune B KayecTBe OOMNOSTHUTENBHOIo NPOTUBOMNOXapHOro MeponpuaTNA
00BbEMHO-NNAaHMPOBOYHbIX pPELUEHUA U CPeacTB, obecneumBalolLMx OrpaHWyeHWe pacnpocTpaHeHus noxapa,
JocTturaetca obecnevyeHMeM HOPMUpPYyeMbIX MpPedenioB OrHECTOMKOCTU U MOHUMXXEHHOW MOXapHOW ONacHOCTU
0BMNMLIOBOYHBLIX CTPOMUTESNbHBIX MaTepuarnos, MCMNOMb3yeMbIX B Orpaxaarolmx KOHCTPYKUMSIX MNOMELLEHUs, B
KOTOPOM HaxoOuTCS BEPOATHBIN o4ar noxapa.

CreneHb BJIMAHMUSA JAaHHOT'O IOOIIOJIHUTEJIBHOTO IMIPOTUMBOIIOXAPHOT'O MEPOIIPMATUMA Ha
OVHAMUKYy PaclIpOCTpPaHeHrsa I[oxapa M, COOTBeTCTBEHHO, 3HAaueHMe lapaMeTrpa t

o
ornpenejyidercsd nyreM InpopeneHmMA IIOBTOPHOTI'O racueTa t I1ocJie BHeCeHUd
611
COOTBETCTBYKIINMX M3MEeHEeHUM B cxeMy O@EGMHO—HHaHMpOBOqHHX pemeHMﬂ 3O0aHMA.

24. [Mpu NprMeHEeHUN B KauvecTBE OOINOJIHUTEJIEHOI'O I[MPOTUBOIIOXAPHOI'O
MEPOIIPUATNA yCTpOﬁCTBa OOIIOJIHUTEJIbHEIX S5BAKYALVMOHHBIX HyTeﬁ I BEIXOIOOB CJlemyeT
BBEIIIOJIHUTD IIOBTOPHEIN pacuetT 1o OLIEHKe napameTpa t c yueToM

b
OTKOPPEKTMPOBAHHBIX O6EeMHO—HﬂaHMpOBOHHHX pemeHMﬁ.

25. HpM IIPVIMEHEHUIN B KauecTBe JOIIOJIHUTEJIBHOT'O IIPOTUMBOIIOXAPHOTI'O
MEPOIIPUATNA yCTpOﬁCTBa CHCTEMEBL OIIOBEIUleHMHA nwneﬁ O Inoxape m ylipaBJIEHUA
SBaKyaumeﬁ nmneﬁ IIOBBILIEHHOTI'O TUIIa cJlegyeT BEHIIIOJIHUTH HOBTOpHHﬁ pacueT II0

OLIEHKEe IlapaMeTpa t C yYH2eToM IlepepaclipelieJieHMa [IOTOKOB 3BaAKYyUMPYKIMXCAH U
p

M3MEHEeHUA CXeMEbL SBaKyalum B 3aBUCUMOCTU oT CLleHapmes BO3HMKHOBEHMA U

PasBuUTMA Imoxapa m, COOTBETCTBEHHO, aJjiropmTMa @yHKHMOHMpOBaHMH CHrCTEMEBL

OTIOBEIEHUS JIOIEM O Inoxape mM ylpabJIEHVMEM DSBaKyalln JIOIEN .

3HayeHune napameTpa Keovs, NPUHUMAETCS PaBHbIM Keovas - 0,8, ecrnun BLINOMHAETCA XOTA 6bl OOHO U3
creayoLwmx yCcroBui:
(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)

30aHve obopyaoBaHO CUCTEMOW OMOBELLEHUS Nogen O noxape W ynpaBreHus dBakyauuen niogew,
cooTBeTCTBYIOLEN TPebOBaHNAM HOPMaTUBHbLIX JOKYMEHTOB MO NoXapHoWn 6e30nacHOCTY;
(8 pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

obopydoBaHWe 34aHUsA CMCTEMOW OMOBELLEHWS fModer O MoXape W ynpaBfeHus dBakyauuen niogev He
TpebyeTcs B COOTBETCTBUM C TpeboBaHNAMM HOPMaTUBHBIX JOKYMEHTOB MO noxapHown 6e3onacHocTu.
(8 pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

ICCOY3i y
B ocTtanbHbIX cnyyasx ' NPUHUMaeTCst PaBHOM HYIIHO0.
(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)

26. BaMaHME CMCTEeMBl [IPOTMBOINEIMHOM SallMTH Ha yPOBEHb OOECIEeYEeHHOCTHU
0e30macHOM 3BaKyaluumM JIOOeM OpM IoXape OlLEeHMBaeTCsa IIOCPelCTBOM pacueTa
SHAUeHNd t C yyeTOoM TEXHUNUECKUX XapaKTepmUuCTUK IIPVMIMEHAEMOT'O

OJt
BEHTUJIALMOHHOTO oBOopyInOBaHMUSA NPOTMBOINEIMHOM  3amMTH. [logfop NapaMeTpoB
BEHTUJIALUMOHHOTO OOOpyHOBaHMA OCYULECTBJISAETCSA B COOTBETCTBMM C HOPMaTMBHEMU
OOKYyMEHTaMM II10 TIIOXapPHOM ©0es30MlaCHOCTM. I[lpM 3TOM IJiS BHIIOJIHEHMSA PaCuUeTOB

cyjenyeT NPUMMEHATH SBOHHY (30HAJIBHYIK) MM IIOJIEBYK MOIEJN.

K.\ K.
3HayeHne napametpa Y3 ppuHumaetcsa pasHbiv - 3 = 0,8, ecnu BbinonHseTcs xoTs 6bl OOHO U3
cnegyoLmnx ycrioBum:



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

3a0aHne 06opyaoBaHO CUCTEMOM MPOTMBOALIMHOW 3alUUTbl, COOTBETCTBYIOLLEN TpeboBaHNAM HOPMaTUBHbIX
OOKYMEHTOB MO NoXapHou 6e3onacHoCTy;
(8 pea. MNMpukaza MYC PO ot 12.12.2011 N 749)

obopynoBaHve 30aHUs CUCTEMOW NMPOTMBOABLIMHOW 3alUMThl He TpebyeTcsl B COOTBETCTBUM C TpeboBaHUsIMM
HOPMaTMBHbIX LOKYMEHTOB MO NoXapHoi 6e3onacHoCTw.
(8 pea. Mpukaza MYUC P® o1 12.12.2011 N 749)

Kis; y

B octanbHbIx criydasx 34 npyHumaeTca paBHOM Hymio.
(B pea. Npukasa MYUC P® ot 12.12.2011 N 749)

27. OI‘paHquHMe KoJIMyeCcTBa J'IIO,JIeIZ B 30aHuUM 1o SHaquMIZ, O6eCHeqMBaIOLLLMX
6es30MIacHOCTb nux SBakKyalum nus S3OaHMA IIPpM IIoXape, YUMTEIBAEeTCHd IIOCpeCTBOM
IIOBTOPHOT'O pacueTa 3HaUYEeHUS napameTpa t opu CyWEeCTBYIMX

p
O6’BeMHO—HJ’[aHMpOBOquIX pemeHmAax u OI'PaHNYEHHOM SHAYeHUM KoJIMyeCcTBa
3BAKYMPYKRIMXCA [IPKM IIOXape.

28. [na nony4eHns MCXOOHbIX OaHHbIX, HeobxoAWMbIX ANA MNPOBEAEHUS pacyeToB, NPedyCMOTPEHHbIX
HacTodwen MeToamkon, cnegyetT WCNONb30BaTb CMNPAaBOYHbIE UCTOYHUMKM  MHGOPMALUU U NPOEKTHYIO
OOKYMEHTaUMIo 30aHus.

Mpunoxexne N 1
K NyHKTY 8 MeToankn

CTATUCTUYECKME OAHHBIE
O YACTOTE BO3HMKHOBEHWNA MOXAPA B 30AHUAX

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

N HamMeHOBaHME 3OaHUA YJacToTa BO3HUMKHOBEHMs IOXapa B
n/n TeueHMKe Trona
1. |Obumeobpa3zoBaTellbHEE yUpexIeHUI -2

(wmkoJya, WKOJIAa-MHTEpHAT, OeTCKUM 1,16-10
IOOM, JMLEM, I'MMHAas3Usg, KOJIJIeIX)

2. |YupexmeHusa Had4aJIbHOT'O -2
npodeCCrMOHaIbHOT'O obpasoBaHUA 1,98-10
(mpodeccmoHanbpHOE TEXHNUECKOe
YUMIIAILIE )

3. [YupexmeHusa cpenHero -2
npodeCCrMoOHaIbHOT'O obpasoBaHUA 2,69-10
(cpenHee crieuraJibHOE yuebHOe
3aBegeHue)

4. [Ipoune BHEUKOJIb HEIE " oeTCcKue -2
y4apexneHmsa 1,52-10

5. |JeTckue 03IOOPOBUTEJILHEIE Jarep4d, -3
JIeTHME OeTCKMe Oauu 1,26-10

6. |[Canaropum, ooma OTIEIXA, -2
npobuiakTopum 2,99-10

7. |AMOyJaTopuu, NONUKJIIVMHUKY, -3
OVCIIaHCEPH, MEeINyHKTH, 8,88:-10
KOHCYJIbTaluUM




8. |I[pemnpusaTmsa POIHUUHOU TOPTOBJIM : -2
yHMBepMaru, IIPOMTOBAaPHEIE 2,03-10
MaTasWHEL; YHUBEPCAaMEH,
IPONOBOJIECTBEHHEIE MaI'a3MHEL;
MaTas3MHE CMellla HHEIX TOBAPOB;
anTexy, alTeuHBe JIapbkKy; [OIpouue
3IaHUSA TOPIOBJIU

9. |lpemnnpuarmsa PBEIHOYHOM TOPTOBJIN : -2
KPBITEIE, OIITOBBIE PHIHKM (M3 3OAHUN 1,13-10
CTalUMOHAPHOM IOCTPOMKM) , TOPTOBEHE
1aBUJIbOHHI, KMOCKM, JlapbKM,

InajiaTkm, KOH‘I‘eIZHepr

10. |[lpennpusaTus OBWECTBEHHOTO NMUTAHUSA -2
3,88-10

11. | ToCcTUHULIE, MOTENU -2
2,81-10

12. |CIOPTUBHEE COOPYXEeHUS -3
1,83:-10

13. | KnyOHEEe u KYJIb TYyPHO—3pEeJIMUIHEE -3
yyupexIneHusa 6,90-10

14. |Bubamuorexu -3
1,16-10

15. |Myzen -2
1,38:-10

Mpunoxexne N 2
K nyHkTY 10 MeToankm

YMPOWEHHAA AHATTMTUYECKAA MOJEJSb
AOBVXEHUA NTIOOCKOIO NMOTOKA (OMNPEOENEHNE PACHETHOIO BPEMEHU
SBAKYALIN NIOOEWV 3 MOMELLEHNW 1 30AHNW MO PACYETY BPEMEHM
ABVMXEHWA OQHOIO UM HECKOJIbKMX NMIOACKMX NMOTOKOB
YEPES3 3BAKYAUMOHHbLIE BbIXOObl OT HAMBOIEE
YOANEHHBIX MECT PASMELLEHUSA NIOAEN)

(B pea. Npukaza MYC PP o1 12.12.2011 N 749)

PacueTHOE BpeMda 3BakKyalun Jonen t ns3 IIOMEIEHUM M 30aHun
p

YCTaHaBJIMBaETCsa MO pacdeTy BPEMEHM IBMXEHMS ONHOTO MM HECKOJBKMX JIOOCKMUX
[IOTOKOB dWepes3s 5BaKyalMOHHBIE BEXOIE OT HamboJiee yIOaJIeHHHIX MeCT pa3MelleHUA
Jnen.

[Ipy pacueTe BeCb OYyThb IOBMXEHMA JIOACKOI'O I[OTOKAa IoOpasfelideTcsa Ha
y4acTkM (NPOXOod, KOPMIOP, IOBEPHOM NPOEeM, JIECTHMUYHBM Maplm, TamMOyp) IOJaMHOM 1

i
¥ WMPMHOM OenbTa . HadaJbHEMM ydacTKaMM SBJISIOTCA NPOXONE MeXIy padoummm
i

MecTaMy, ODOpyHOBaHMeM, pAdaMM Kpecej U T.II.

[Ipy onpenejyieHMM PaCUYeTHOT'O BPEMEHM 5SBakyaluM JIOIeM OIMHY M LUPUHY
KaXIOoTOo ydYacTKa NOyTM SBakKyaluuy IOJ8 OPOEKTUPYEMBIX 3IOaHMM [OIPMHMMAKT 10
NIPOeKTy, a IJa IOCTPOEHHEX - [0 (QaKTUUeCKOMY IIOJIOXeHMIO. [IMHY OYyTH 10



JIECTHMYHEIM MaplmaM, a TaKxe [0 INaHOyca
B IBEpPHOM I[IpoeMe I[IPUHMMAKT pPaBHOU
ToJummHOM ©Gojyiee 0,7 M, a Takxe Ta

Yd4acTKaMM T'OPM3OHTAJIBHOTO IIyTU, NVMEKIN

PacueTHOe BpeMs sBaKyaluuu Jioment t

p
IBUMXEeHNMA JIOOCKOI'O IIOTOKa II10 OTIeJIbHBIM

M M3MEPSKT IO OJMHE Mapma. HIMHYy OYyTH

HyJo. I[IpoeM, pPAacCIOJIOXeHHE B CTeHe

MOypP CJlelyeT CUMTaTb CaMOCTOSTEJIbHBIMMU
MM KOHEUHYK IJIMHY 1 .
i

cJlenyeT ONpelelidTh KaK CyMMYy BpeMeHU

ydJacTkaM noytu t no dbopwmyse:

i
t =t +t +t+ ...+ t, (I12.1)
P 1 2 3 i
rone t - BpeMsa IOBMXEHUS JIOIOCKOTO NOTOKAa Ha IIepBOM (HadaJlbHOM) ydacTke,
1
MMH. ;
t , t , t , ... t - BpeMAa OBMWXEHMA JIOOCKOI'O IIOTOKAa Ha KaxXIoM M3
1 2 3 i
cllenymomyx IIOCJe IIepBOT0 ydacTKa IyTH, MMH.
BpeMsa IOBMXEHMSA JIOOCKOTO IIOTOKa [0 [NEepBOMy YydYacTKy Oyt t , MHMH.,
i
pPacCcuMTEBAT IO QopMyJie:
1
1
t = -- (I1.2.2)
1 \
1
rone 1 - OJjMHa [NEepBOTO ydYacTKa OyTH, M;
1
\ - CKOPOCTBb IOBIVIXEeHMA JIDOCKOTI'O IIOTOKa IO T'OPMI3OHTAJIBHOMY IIYTM Ha
1
epBoM yuacTke, M/MuMH. (omnpemesigercd no Tabauie I[12.1 B 3aBUCUMMOCTU OT
IIJIOTHOCTM D) .
[IJIOTHOCTE OIOHOPOIHOT'O JIOOCKOT'O IIOTOKa Ha I[epBOM YydyacTke 0OyTu D
1
PacCUMTEBAKT IO QopMmyJie:
N x f
1
D = -—————---———- ’ (I12.. 3)
1 1l x menbTa
1 1
roe N - 4UMcJO JIOOEM Ha [IepBOM ydacTke, UYell.;
1
f - CpenHss IUIoWanb TOPUBOHTAJIBHOM [POeKUMM UejioBeka, M2/uyed.,
IprHMUMaeMas B COOTBETCTBMM C NyHKTOM 6 npuioxeHusa N 5 Kk HacTodmey MeToauke;
oeJbTa - WMPMHA [IEePBOI'O ydacTka IyTH, M.
1
CxopocTb V IOBMXEHMS JIOICKOT'O INIOTOKA Ha ydacTkKax NyTH, CJIeIyo IMX I10CJe
1
IepBOT'0, [NOPMHMMAKLT 10 Tabmnuie I[12.1 B 3aBUCUMMOCTM OT MUHTEHCUBHOCTM IBUXEHUS
JIOOCKOT'O IIOTOKa IO KaxXIoMy U3 2TUX YyYaCTKOB NIYyTHM, KOTOPYI BHUMUCISIOT IJII

BCeX Yy4YaCTKOB IIyTM, B TOM UYMCIIEe U IOJI4

X

IOBEPHEIX [IPOEeMOB, IO dopMmyJe:

oeJibTa

(I12. 4)

IoeJibTa

1



Toe pmeybTa , OeJybTa - WMPMHA pacCMaTpMBaEeMOTI'O 1-To M NpenmecTBYIEeIO
i i-1
eMy ydacTka OyTH, M;
qi’qi'l - MHTEHCMBHOCTU OBWXEHUA NMKOCKOro rnoTtoka no paccmatpmBaemMomy i-My n npegwecreyowiemy
y4acCTKamMm nyTu, M/MWH. (VIHTeHCI/IBHOCTb OBWXEHUA NoACKOro NOTOKa Ha nepBoOM y4yacTKe nyTu ql onpeaendeTca

no Tabnuue M2.1 no 3HaveHuo Dl, ycTaHoBreHHoMy no dopmyne (MM2.3)).
(8 pea. Mpukaza MYUC P® o1 12.12.2011 N 749)

Ecnim 3HaueHue g , omnpemejysgemoe 1o oopmyse (I12.4), wMeHble NI PaBHO
i
q , TO BpeMs IBUXEHMS I[I0 ydacTKy NOyTu t , MUH., PaBHO:
max i
1
i
t = -- (I12.5)
i v
i
Ipy 2TOM BHaAUeHUS , M/MUH., CJenyeT NPUHUMATH PaBHBIMU :
max

16,5 - 4nsa ropmMsoHTanbHbIX NyTewn;

19,6 - onsa ABepHbIX MPOEMOB;

16,0 - ans NecTHULbl BHUS;

11,0 - gna necTHULbI BBEPX.

Ecnm 3HaueHuMe ( , OIpelejyieHHoe 110 OdopMmyne (II12.4), O6ojbume g , TO

i max
HWMPVHY IOeJibTa JaHHOTI'O YYacCTKa IIyTM cliengyeT yBeJIMdMBaTb Ha TaKoe 3HadeHUe,
i

Opy KOTOPOM COOJIIAETCS yCJIOBME:

qa <=4 . (I12.06)

Mpu HEBO3MOXXHOCTY BbINONHeHUs ycnosus (M12.6) MHTEHCUBHOCTb U CKOPOCTb OBWKEHWST NIOACKOro MOTOKa
no y4yacTky i onpeaenstoTt no tabnuue M2.1 npn 3HaveHnn D = 0,9 n Gonee. MNpu 3TOM cnegyeT y4nTbiBaTb BPEMS
3a0epXKKN OBWXKEHUS NOAeN u3-3a obpa3oBaBLUErOCs MX CKOMSIEHUSA B COOTBETCTBMM C MYyHKTOM 4 npunoxexus N 5
K HacTosien MeTtoauke.

Tabnwuua M2.1

MHTEHCUBHOCTb 1 CKOPOCTb ABWKEHMUS
MOACKOro NOTOKa Ha pasHblX y4acTkax nyTen aBakyauuu
B 3aBMCUMOCTM OT MIOTHOCTY

[lnoT- TOpPM30HTAJIbHBIM IBepHOM JlecTHMIla BHUS3 JlecTHMLIa BBEpPX
HOCTb nyTh npoew,
IIOTOKA VHTEeH-
D, CKO-— MHTEHCUB~ | pmioemp CKO-— VHTEH- CKOPOCTBL | MHTEHCUBHOCTD
M2 /M2 pocTh HOCTb d, q, M/MuH pocTh CMBHOCTb v, q, M/MUH.
v, M/MUH v, a, M/MMVH .
M/MUH . M/MMH. |M/MMH.
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 u 15 13,5 8,5 8 7,2 11 9,9
BoJiee
[I[pyiMeyaHMe - MHTEHCUBHOCTL IBMXEHMS B IOBEPHOM IIPOEMe IPM I[IJIOTHOCTM IIOTOKAa
0,9 m Gomsee, paBHasg 8,5 M/MUH., YCTAHOBJIEHA IJIg OBEPHOI'O MNpOoeMa WMPUHOM
1,6 M u Gojylee, a OpMU IOBEPHOM MNpOEeMe MeHbIeMV WVMPUHE MHTEHCUBHOCTL IBMXEHUS
cJylenyeT olpenesyaTb o dopmyse q = 2,5 + 3,75 x merybTa.

Puc. M2.1. CnvsHne ntogckux NOTOKOB (HE NPUBOAUTCS)

Ipy CcaMSHMM B Hadajle 1-To ydacTka IOBYX M 0oJiee JIOICKUX IIOTOKOB (pHUC.

[I12.1) MHTEHCUBHOCTbL OBUXEHMSA q , M/MMH., PACCUMTHEBAT [0 GopMyJe:
i
SUM g X OeJsibTa
i-1 i-1
q = —————————m—————————— , (I12..7)
i nenbTa
i
Toe g - VMHTEHCUBHOCTL IOBMXEHUS JIOICKUX [NOTOKOB, CJMBAKNIMXCS B Hauaje
i-1
i-ro yuacTka, M/MMH.;
neyibTa - WMPMHA YyYaCTKOB IIYyTM CJHAMUSHUSA, M;
i-1
oejbTa - WMpPMHA PAacCMaTPMBAEMOT'O ydyacTKa [OyTM, M.
i
E G O 5
cnu 3HadyeHme ', onpegeneHHoe no copmyne ([12.7), 6onbwe , TO LWNPUHY [aHHOro yyacTtka

nyTM criegyeT yBenuuMBaTb Ha Takoe 3HaveHwe, 4Tobbl cobmoganocb ycnosue ([12.6). Mpu HEBO3MOXHOCTU
BbINonHeHns ycnosus (M2.6) MIHTEHCMBHOCTb 1 CKOPOCTb ABWXEHUS MIOACKOro NOTOKAa MO y4YacTKy i onpeaensitoT no
Tabnuue M2.1 npn 3HavyeHun D = 0,9 n Gonee. MNpu 3TOM crneayeT yunTbiBaTb BPEMS 3a4€PXKKU OBWXKEHUS Nioaen
n3-3a 06pa3oBaBLLErocs NX CKOMNMEHUS B COOTBETCTBMM C npunoxeHnem N 5 k HacTosiwen MeTtoguke.

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

Mpunoxexne N 3
K nyHkTY 10 MeToankum

MATEMATWUYECKAA MOOEJb 3
NHOMBMOYANBHO-NMOTOYHOIO ABMXXEHWA NOOEN N3 30AHNA

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

PacueTHoe Bpemsi aBakyauum nogen u3 3gaHusl yctaHaBnNmnBaeTCsl N0 BPEMEHW BbIXOA4A U3 HEro nocreaHero
Yyenoseka.

Mepen Hayanom MogenVMpoBaHMS MpoLecca dBakyalun 3a4aeTcsl cxema 3BaKyalLMOHHbIX NMyTel B 34aHWU.
Bce aBakyaunoHHbIE NyTW NOAPA3LAENSAOTCS Ha 9BaKyaLMOHHbIE YYacTKu AMMHOM a U LUMPUHOW b. [invHa 1 wupuHa
Ka)goro yyactka nyTu aBakyauuu Ansi NPOeKTUPYEeMbIX 30aHUIA NPUHUMAKOTCS MO NPOEKTY, a AN NOCTPOEHHbIX -
no dhakTU4ecKoMy NOMoXeHuo. [nMHa nyTu no NeCTHUYHLIM MapLuaM M3MepsieTcs No AnNvHe mapwa. AnvHa nytu
B [ABEPHOM MNpoeMe MNPUHMMAETCsl pPaBHOW HymMo. OBaKyaUWMOHHbIE Y4acTKM MOryT OblTb TFOPU3OHTamnbHbIE U
HaKMoHHble (NecTHULA BHW3, NMECTHMLA BBEPX U NaHAYC).

3a I‘a@apM‘I‘BI JeJjioBeKa B IJlaHe IIPMHMMaeTCA 3JIJIMIIC C pasMepaMn ocen O, 5 M

(mprHa dYeJioBeka B Iledax) u 0,25 M (ToJjuMHa dYeJjloBeKa) . 3alainTcsa KOOPAMHATEHL

KaXImoTo UYeJIOBEKa X — PAaCCTOSHME OT LEeHTpa DJJIMICa OO KOHIa SBaKyalMOHHOTO
i

ydyacTKa, Ha KOTOPOM OH HaxomuTcsa (puc. MI3.1).

(B pen. Ilpukaza MUC PO ot 12.12.2011 N 749)
KoopomHaTH KaxXIOT'O UYeJjloBeka X B HadaJIbHEM MOMEHT BpPEeMeHM 3aIalnTcsa B
i



COOTBETCTBUM CO CXEMOM PAaCCTAaHOBKM JIOLEM B IIOMeleHUAX (paboume mecTa, MecTa

oJjiss  3puTejyielr, CchoajbHHEe MecTa U T.I.). B ciydae OTCYTCTBUS TaKMX IOAHHHX,
HanpuMep IOJjisg MaTra3MHOB, BHCTABOUHLEIX 3ajiOB M IOPyroe, IOMNyCKaeTCs pasMelaTh
Jonen PaBHOMEPHO o BCeM JIomany TOMEUEHVsS C YUeTOM PaCCTaHOBKU

TEXHOJIOTMUECKOTO ODOpyInOBaHMA.
KoopauHaTta kaxxgoro YenoBseka B MOMEHT BpeMeHu t onpegensieTcs no popmyne

x (t) = x (t - ODenpTa t) - V (t) x IenspTa t, ™, (I13.1)
i i i
rne x (t - HDe;nbpTa t) - koopIMHATa 1-T0 uUeJioBeka B Ipenslaymmni MOMEHT
i
BpeMeHMu, M;
V (t) - ckopocThr 1-T0 uejioBeka B MOMEHT BpeMeHu t, M/C;
i
HenmeTa t - NpPOMEeXyTOK BpPEeMeHM, C.

Puc. M3.1. KoopanHaTHas cxema pa3mMelleHns nogen
Ha NyTAX aBakyauuu (He NpnBoANTCS)

CkopocTes 1i-170 uesyioBexa V (t) B MOMeHT BpeMeHU t omnpemessgeTcs o Tabiuie
i
[I2.1 npuioxeHud 2 K MeToIuMKe B 3aBUCHMMOCTM OT JIOKAJIbHOM I[JIOTHOCTM [IOTOKA, B
KOTOpPOM OH IOBmWXeTcs, D (t) m TMna 5BakyalMOHHOTO yudacTKa.
i
JlokasbHasg MJOTHOCTL D (t) BBHIUMCJIAETCH [0 Tpylle, cocTofme w3 n
i
yeJIOBEK, IO dopMmyie:

D (t) = (n(t) - 1) x £/ (b x HenepTa x), M2/M2, (I13.2)

roe n - KONMYECTBO NMOAEN B rpynmne, YeroBek;

f - cpegHasa nnowaab ropnsoHTanbHOM NPOEKUNN YernoBeka, M2;
(8 pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

b - wunpmHa aBakyaLMOHHOro yyacTka, Mm;

JenbTa X - pa3HOCTb KOOPAMHAT NOCNEAHEro U NepBOro Yenoseka B rpynne, M.

Ecay B MOMEHT BpeMeHM L koopIMHaTa uejioBeka X (t), onpeneseHHas IO

i

dbopmysie (I1I3.1), cTaHeT OTPULATEJIEHOM - BTO O3HAYaeT, UTO UYeJIOBEK IOCTUT
T'PaHUILEL TerymeIro SBAKYyallMMOHHOI'O ydacTKa )z IOOJIXEH nepeﬁTM Ha cneny}ommﬁ
SBaKyaLLMOHHBHZ yYydyacCTOK.

B aToM cny4ae koopauHaTa 3Toro YenoBeka Ha crieiytoLeM 3BaKyaLMOHHOM yyacTke onpefensieTcs:

x (t) = [x (£t - dt) -V (t) x dt] +a -1, wm, (m3.3)
i i i Jj Jj
roe x (t - dt) - xoopamHaTa 1i-T0 YeJyiOBEeKa B MNPEIHIOYNMY MOMEHT BpeMeHU
i
Ha (j-1) »BakyauMOHHOM ydacCTKe, M;
V (t) - ckxopocTb 1i-ro uejyoBeka Ha (j-1)-oM 5BakyallMOHHOM Yy4YacCTKe B

MOMEHT BpeMeHu t, m/c;
a - InJMHa J-T0 ®BakKyallMOHHOTO ydacTKa, M;
J
1l - xoopmvHaTa MecTa CIMSHMS J-T0 ¥ (j-1)-Tro »BaKyalMOHHEX Yy4Y4aCTKOB
J
- paccTosHME OT Hauvajla J-T'0 5BakKyalMOHHOTO ydYacTKa OO MeCcTa CJUSHUS eTo C
(j-1) -pIM P»BaKyalMOHHBIM y4YacCTKOM, M.
KonmnuecTBO Ji0IElM, [IepexXOomdllMxX C OIHOI'O »BaKyallMOHHOI'O ydacTka Ha IOpyIon
B eIMHMUIlY BpPEeMeHM, OlpeleligdeTCs IIPOINYyCKHOM CIOCOOHOCTBIO BHIXOIA C ydacTka



Q (t) =g (t) x ¢c xdt / (f x 60), ues., (I13.4)
J J J
roe g (t) - MHTEHCUMBHOCTL IOBMXEHMSA Ha BEIXOHE C J-TI'O 3BaKyalUMOHHOTO

yyacTka B MOMEHT BpeMeHu t, M/MUH.;

C - WK¥pMHAa BHXOIa C J-I'0 ®BaKyallMOHHOI'O ydacTKa, M;

J

dt - NpoMeXyToK BpeMeH!, C;

f- cpenHdad nnowanb rOpVI3OHTaJ'1bHOl7I npoeKkunn 4yerioseka, M2.

VIHTEHCUBHOCTBL IBUMXEHMS Ha BHXOIE C J-TO ®BaKyallMOHHOTO ydacTka g (t) B

J
MOMEHT BpeMeHM t onpenesigeTcda B 3aBUCUMMOCTM OT IIJIOTHOCTM JIOOCKOI'O IIOTOKAa Ha
3TOM y4dyacTke Dv (t).
J
[IJIOTHOCTH JIOACKOTO IIOTOKA Ha J-OM 3BakKyallMOHHOM ydyacTke Dv (t) B MOMEHT

J
BpeMeHM t ompenenseTcs MO dopMmyJie:

Dv (t) = (N x £f xdt) / (a x b ), M2/M2, (I13.5)
J J J J
rone N - 4UuMCJO JIOOEM Ha J-OM 3BakKyallMOHHOM ydacCTKe, ueJl.;
J
f - cpeznHss miomanb TOPMU3OHTAJIBHOM MNPOEKLUM YejioBeKa, M2;
a - IJMHa J-T0 ®BaKyallMOHHOT'O ydacTKa, M;
J
b - mmpmHa Jj-T0 3BakyalMOHHOT'O ydacCcTKa, M;
J
dt - npoMexyTOK BpPeMeHHu, C.
B MOMeHT BpeMeHM T omnpenensgeTcsd KOJIMUECTBO JIOAEY m C OTpHULaTeJlbHBMU
KoopamHaTaMu X (t), omnpezmejieHHEMM 1[I0 dopMyJie (I13.1) . Ecam sHaueHMe m <=
i
Q (t), TO BCe m UeJIOBEK [EepexXOnAT Ha CJenyolrlM 3BaKyalMOHHBIM ydacTOK U UX
J
KOOPAMHATE ONPEeNesigaioTCa B COOTBeTCTBUM C dopMmyrom ([I3.3). Ecam 3HaueHMe m >
Q (t), ToO KOIMUECTBO UeJIOBEK, paBHOe 3HaueHMO Q (L), NepexoIMT Ha CJenyouuMl
J J
5BaKyalUMOHHHY YYaCTOK ¥ MX KOOPIMHATH OIPeleJyIglnTCs B COOTBETCTBUM C
dopmysionm  (I13.3), a KOJIMUECTBO UYEJIOBEK, PaBHOe 3HaueHuw (m - Q (t)), He
J
nepexonmuT Ha cJienyommn 3BaKyalMOHHEIM ydyacTok (ocTalTcsa Ha OaHHOM
3BakKyalMOHHOM Y4YacCTKe) ¥  ¥MX KOOpIMHaATaM I[IpMCBAaMBAKTCA 3HadeHusa x (t) =
i
k x 0,25 + 0,25,

roe k - HoMep psifa, B KOTOPOM GyAyT HAaxoQUTLCA NOAM (MaKCMManbHO BO3MOXXHOE KONMYECTBO YerloBek B
odHOM psiy cOOKy Apyr OT gpyra Ans Ka[oro 3BaKyaLMOHHOro yyacTka onpefensietcs nepep Havyanowm

pacyeToB). Takum 06pa3oM, BO3HMKAET CKOMNeHWe Mnoaen nepes BbIXOAOM C 3BaKyaLMOHHOrO y4yacTka.

Ha puc. 3.2 nsobpaxeHa b6nok-cxema onpegeneHus pacyeTHOro BpeMeHU aBakyauuv nogen ns sgaHus.

Ha ocHoBaHWM 3aaHHbIX HaYanbHbIX YCOBUIA (HaYanbHbIX KOOPAUHAT NoAEeN, NapamMmeTpoB 3BaKyaLMOHHbIX
y4yacTKOB) onpeaenstoTcs NAOTHOCTY MIOACKMX NOTOKOB HA MyTSX 9BaKyaLMu 1 NPOMYCKHblE CMNOCOOHOCTM BbIXOJOB
C 9BaKyaLMOHHbIX y4yacTkoB. [lanee, B MOMeHT BpemeHu t = t + dt, onpegensetca Hannine ODI Ha nyTax
9Bakyauuu. B 3aBUMCMMOCTU OT 3TOro BblOMpaeTCs HanpaBrieHWe ABWXEHUS KaXAoro YeroBeka W BbluMCrsieTcs
HOBasi KOOpAMHAaTa Kaxaoro yenoseka. MNocne aToro cHoBa onpeaensoTcst NNOTHOCTM NIOACKMX NOTOKOB Ha NyTsAX
3BaKkyaluuM U MpOMnyckHble CrnocobHOCTU BbLIXOAOB. 3aTeM BHOBb [aeTca npupallieHue no BpemeHu dt u
onpefensioTcs HOBblE KOOPAMHATLI NoAel ¢ y4eToM Hanuyimna OPIT Ha nyTax 3BakyaLun B 3TOT MOMEHT BPEMEHW.
Mocne aToro npotecc nosTopsieTcsi. PacyeTbl NpoBoAsiTCst 40 TEX NOp, Noka Bce Moan He ByayT aBakyupoBaHbl U3

30aHus.

BBOIO MCXOIHBIX IOaHHEBEIX
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OkKOHUaHMEe pacyeTa

Puc. M3.2. bnok-cxema onpefeneHnsa pac4eTHOro BpemMeHu
3BaKyauwuu nogen n3 agaHms

Mpunoxexue N 4
K nyHKkTY 10 MeToaumku

NMMNTALUNOHHO-CTOXACTUNYECKAA MOJEJb
OBWXXEHWA NIOOCKNX NMOTOKOB

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

MHOXeCcTBO Jiomel, ONHOBPEMEHHO MUIOyIMX B OIHOM HalpaBJIeHUM IO OOIMM
yyacTkam IIyTu, ofbpasylnT JIOICKOM I[OTOK. YudacTkaMu OQOpMUPOBAHMUS JIOACKUX
IIOTOKOB B IIOMEUEeHMAX CcJjledyeT I[IPMHMMATh [NPOXOIE MexOy obopynoBaHueM. s
NOCJIeIyK X YyY4aCTKOB 5SBaKyalUMOHHBIX IIyTelM OHM NPenNCTaBJIANT COOOM [IepPBUYHLE

MCTOUYHUKN JIIOOCKUX IIOTOKOB . Pacnpenenenmne N yeJIOBEK Ha ydacTKax
i
bopMMpPOBaHNSA, VMEenUMX WUPMHY b ¥u  OJIuHy 1l , nDpuHMMaeTcsa PaBHOMEPHBIM.
i i
[IoaToOMy B HaudaJIbHEIM MOMEHT T Ha KaxXIoOM »BJIEMEeHTapHOM YydacTke [enasTa 1 ,
0 i
t0
3aHMMAaeMOM IIOTOKOM, IIJIOTHOCTE HOTOKa D omnpenesnfgeTcsa 0 dopmyJie:
i
t0 t0
D =N / b x HenevrTa 1 , uemn./M2 (14 .1)
i i i i

[lpy nDajbHeMueM JOBMXEHMM JIOOCKMX I[OTOKOB M3 IEPBUYHEIX MCTOUYHMKOB II10
obmMM ydacTKaM [OyTM [OPOUCXOIUT UX camsaHue. OOpalyeTcsa obmmy NOTOK, UYaCTU
KOTOPOT'O MMEKT Pas3JIMUHYyl ILJIOTHOCTL. I[IPOMCXOIMUT BHPaBHMBAHMUE I[IJIOTHOCTEMN
PAa3JIMUHEIX YacTeM JIOACKOT'O [IOoTOoKa — ero IepedopMupoBaHMe. ClenyeT YUMUTHBATE,
uTO ero TOJIOBHAS 4YacCThb, MMeKumas nepexn coboy CBOOOIOHBEIM IIyTh, pPacTekKaeTcd -
JIIOOV CTPEMATCS MATM CBODOOIHO MNPM IJIOTHOCTM D . 3a mHTepBall BpeMeHU [JesbTa t

0
JacTb JIOIEeM IepexXOoOUT C B2TUX D2JIeMEeHTapPHEX Yy49acCTKOB Ha [Nocjenyouye u
NPOMCXOOUT M3MEHEHMEe COCTOSAHMSA JIOICKOI'O IIOTOKa, €TI0 IBMXEHUE.
CKOPOCTBE HOBMXEHMS JIOIOCKOTO IIOTOKa OPM IJIOTHOCTM D Ha 1-OM OoTpeske

i
ydyacTka OyTu k-Tro BuIa clelyeT CUMTATh CJIydaVHOM BeJMUMHOM V , VMepmemn

D,K

UMCJIOBEE XaAPaKTEePUCTUKN :
MaTeMaTn4eckoe oxumaaHve (CcpegHee 3HaveHue)

v =V Xx (1 —-a x1InD /D ) X m npu D > D ,

D,k 0,k k i 0,k i 0,k
v =V npu D <= D ; (14.2)

cpegHee KBagpaTtu4HoOe OTKITOHeHne



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

D,k 0,k k i 0,k
roge V n curma (V ) - MaTeMaTHudyecKoe OXMIaHMe CKOPOCTM CBODOIHOTO
0,k 0,k
OBMXEHMS Jiogey B IIOTOKe (mpm D <= D ) M ee cCcpemHee KBaIpaTUUHOE
i 0,k

OTKJIOHEHMe, M/MMUH.;

D - [penejsibHOe BHaueHMe IIJIOTHOCTU JIOLOCKOT'O IIOTOKAa, OO HOOCTUXEHMUS

0,k

KOTOPOI'O BO3MOXHO CBODOOIHOE IOBMXEHME JIIel IO k-My BUOy NOyTM (IIJIOTHOCTHL He
BJMSAET Ha CKOPOCTH IOBWXEHMUS JIOIEN) ;

a -  ko2QdMLUMEeHT amanTauuM JIoIeM K M3MEHeHMSAM ILJIOTHOCTM [NOTOKa IIpu
k
OBVXEHUM II0 K-My BUIY IYTHU;
D - 3HaueHMe IIJIOTHOCTM JIOACKOT'O I[IOTOKa Ha 1-oM oTpeske (JenmbTa 1)
i
yyacTka NyTW WMpuHOM b , ues./M2;
i
m - KO30dMUMEHT BIAMSHMSA IpOeMa.

3HauyeHns nepevmcneHHbIX NnapaMmeTpoB cnegyeT npuHumath no Tabnuue M4.1.

Tabnwuua M4.1

Bun nyTtu, k \Y , curMa (V ), D a m
0,k 0,k 0,k k
M/MWH . M/MWH . yes. /M2
TOpPMBOHTAaJb HEIM 100 5 0,51 0,295 1

B 3IaHUMN

T'OpPMBOHTAJIE HEIM 100 5 0,70 0,407 1
BHE 3IaHUdgd

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

JlecTHMLIA BHUS3 80 5 0,89 0,400 1

JlecTHMLla BBEpPX 50 5 0,67 0,305 1

qi=\4'DQk i

<*> [lpn D = 9 yen./M2 3Ha4yeHus
M/MUH.
(cHocka B pega. Npukaza MYUC P® o1 12.12.2011 N 749)

onpegenslTca nNo dopmyne

t0 t0
[Ipy J1I000M BO3BMOXHOM 3HaueHUM V JIoM B koJimuecTBe N, Haxomsmmecs B
i
MoMeHT t Ha 1-oM »JeMeHTapHOM YydacTke, OBUTALTCHA I[I0 HEeMy M HaUMHAWT
0
nepexonuTh Ha Oocjenyoumy ydyacTok (i+1l) (pmc. I4.1). Ha yuacTok 1 B CBOK

ouepenb MNepexOonUT YacTh JIOIelr C npemenymero (i1i-1) »JIeMeHTapHOTO ydacTKa U
13 UCTOUHUKA J.

[lo mnpomwecTBMM BpeMeHM JlenbTa t K MOMeHTy t =t + JesbTa t TOJBKO
I 0
t0
yacTh Jiomey N C yyacTka 1 ycmeeT mnepemTM Ha ydyacTok (i+l). K sTomy
i,i+1

t0

q,=10-(2,5+375-b;)



MOMEHTY BpeMeHu u3 N Jgoner, OwBHIIMX Ha yyacTke 1 B MOMeHT t , ocTaHeTcd

i 0
t0 t0
(N - N ) Jomer. VX uUMCcJio IOMNOJIHAEeTCsS 3a CueT JIoIel, YCIeBIMX 3a
i i,i+1
t0
3TOT MHTEepBAaJl BPEMEHM IIepelTM Ha HeIo C Npenenymero ydacTka — N u us
i-1,1
t0
MCTOUHMKaA N . Torma IIJIOTHOCTB I[IOTOKA Ha ydyacTke 1 B MOMeHT t 6Oymer
i, i 1
paBHa:
tl t0 t0 t0 t0
D = (N - N + N + N ) / b x HDenpTa 1. (14 .4)
i i i,1i+1 i-1,1I 3,1 i
CxropocThb OBUXEeHUSA JIoOeu, OKal3aBUIMXCS Ha ydacTtke 1 B MoMeHT t ,

1
onpenenseTcsa no dopwmyJe:

\% =V (1 - a x1InD /D ) . (114 .5)

Puc. M4.1. NameHeHnsa cocTosiHUA NOTOKa B NocriegoBaTerbHble
MOMEHTbI BpEMeHW (He NPUBOANTCS)

CnegyeT y4yuTbiBaTb, YTO WM3MEHEHWE MMOTHOCTM MOTOKA Ha KaKAOM y4vacTke B pasfvyHble MOMEHTHI
BPEMEHM OTpaxaeT npouecc NepedopMMPOBaAHUA Pa3fMYHbIX YacTen NOTOKA, M KaK YacCTHbIA Cnydan, npouecc
pacTekaHus NoToKa.

M3meHeHne NNOTHOCTM MOTOKA Ha KaKAOM M3 3MeMeHTapHbIX y4acTKOB B MOCreAoBaTeribHble MOMEHThI
BPEMEHW 3aBUCUT OT KOMMYECTBa MoAen, nepexoadux Yepes rpaHuubl y4acTkoB. B obuwem criydae konnyecTso
nogen, nepexoasawmnx 3a nHTepsan spemeHmn [ensta t ¢ yyacTtka i Ha NnocneaylLWUn y4acTok i+1, cocTaBnseT:

=D bV, At

Het . (N4.6)
(8 pea. Mpukaza MYUC PO ot 12.12.2011 N 749)
CxopocTh mnepexonma V yepes TPAaHMIE CMEXHBX DJIEMEHTAPHEIX Yy4acCTKOB
nep
crlenyeT NPMHMMATH, PYKOBOACTBYSACH clenylummy GopMmysaMiu :
t0 t0
vV , ecmm D <= D nmpm max V x D =qg
i i+l Di,k max
\% = <
nep t0 t0
\ , ecau D > D npu max V x D =g . (I4.7)
i+l i+l Di, k max
CrenyeT yuMTHIBATHL, YTO B TOT MOMEHT BpeMeHuM t , KOTIa MJOTHOCTHL IIOTOKA
n
Ha ydYacTke 1 @pmocTurya MaKCMMAJIbHOM BEeJIMYMHB, Ha B3TOT Yy4YaCTOK He MOXeT
OPMITY HM OOMH UYeJIOBEeK, HM C [IpeIuecTBYOIEero ydacTKa, HM M3 MCTOYHMKA. B
tn
pesysbTaTe Iepen ydJacTKOM 1 3amepxmBaeTCs COOTBEeTCTBeHHO JesnbTa N "
i-1
tn
IenvTa N Jomeri. B crenyoumii MOMEHT BpeMeHu t YacThb JIOOEN C ydacTkKa
J,1 n+1

i nepexoouT Ha Yy4YacCTOK i+1, IIJIOTHOCTE JIOOCKOI'O IIOTOKa Ha HeM YMEHBUIMTCH U

JacTb CKONIMBUIMXCA IIepen e€I0 I‘paHMLLeﬁ .HIOZLeﬁ CMOXeT HepeﬁTM Ha HeTOo. ,HO.HF[ nx

ydacTHUs B IIONOJIHEHMM JIOObBMM ydacCcTKa 1 B MOMEHT t onpenensgeTcsa GopMyJIONn:
n+l

tn, tn+l tn, tn+l tn,tn+l tn, tn+l tn, tn+l tn,tn+l
IenbTa N / DemepTa N =D x V x b / D x V x b . ([14.8)
i-1 3j i-1 i-1 i-1 b b b



dopmysel  (I14.4) - ([I4.8) MOJHOCTBI OMNMCHBAKT COCTOSHME JIOICKOTO INOTOKAa
Ha 9SJIEMEHTAPHHX Yy4YacCTKaX M MX [IepexOoIbl B II0CJIEeNOBATEJIbHBIE MOMEHTH BPEMEHMU.

COBOKYINIHOCTB 3HAUEHUN pacueTHOT O BPeMeHMr 3Bakyaluu, [IOJIYYEHHBIX I[IPU
PasIMUHEIX 3HAaYeHUsax V , bopMmpyeT sSMIMpPMUECKOEe paclpelejleHMe BEepPOSTHOCTEN
0,k
3HaueHuy SUM t . Ilo aToMy pachnpeneyeHMO crenyeT PacCCUMUTEIBATH 3HaudYeHue
P
BPEMEHM 3aBeplleHMs BBaKyalyry, COOTBETCTByKllee BeposaTHOCTM P (t ) = 0,999.
p.3B
MpunoxeHne N 5
k nyHktam 10, 11 MeTtoamku
OAHHbIE

OnA ONPEQENEHUA PACYHETHOIO BPEMEHW 3BAKYALINA
(B pea. Mpukasa MYUC PO o1 12.12.2011 N 749)
1. 3HayeHne BpeMeHM Havana sBakyaumm b (c) Ans nomeLLeHWs1 ovara noxapa crnenyeTt onpeaensTb no

dopmyne:
(8 pea. Mpukaza MYC P® ot 12.12.2011 N 749)

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

roe F - nnowaab nomelleHus, m2.
(8 pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

y t
[1na ocTanbHbIX NOMELLEHWI 3Ha4YeHNE BpeMeHN Ha4vana saBakyauun H3 cneayet onpenendTtb no Tabnuue

Ms.1.
(B pea. MNpukasa MYC PO ot 12.12.2011 N 749)

Tabnuua M5.1

N Kyacc OyHKLUMOHAJIBHOM I[IOXAPHOM 3HauyeHMre BPEMEHM Hauala
n/mn OINACHOCTM 3HOaHUM UM XapaKTepuUCTUKa sBakyaluum Jionem t , MUH.
KOHTMHTEeHTa JIoIen HD
30aHUS, 30aHUS, He
000pPyIOBaHHEE 000pPyIOBaHHEE
cucTeMoMu cucTeMoMn
OIIOBEUEeHMS U OIIOBEUEeHS U
yIpaBJieHUs yIpaBJieHUs
sBakyalmren JoIen sBakKyalmemn
Jonemn

I - IT (III -V

TUIa THIAa
1 |UcknoueHn. - Ilpukaz MUC PO ot 12.12.2011 N 749
2 |TocTuHMLE, OOMEXUTUS, CIaJibHEE 3,0 2,0 6,0

KOopIllyca CaHaTOpMEB M IOMOB OTIHXA
ofbmero Tuna, KeMIVMHI'OB, MOTeJIeV U
nmaHcruoHaToB (®1.2) . XMJIbLE MOTYT
HAXOIUTHCS B COCTOSHMM CHaA M He
OOCTATOYHO 3HAKOMH CO CTPYKTYPOM
5BAKYALMOHHEIX [IYyTEM UM BHXOIOB




3 |3maHusa 3pesMUHBIX Y KYJIbTYPHO- 3,0 1,0 6,0
IPOCBETUTEJILHEIX YUPEXIeHWYV; SBOaHUI
opraHmMs3alui [0 ODOCIYyXMBAHUI HaCEJIeHUS
(®2, ®3). lloceTUTeNV HAXOOATCS B
foIpCTBYyWIEM COCTOSHMM, HO MOTYT OBITH
HE BHAKOMEI CO CTPYKTYPOMU
5BaAKYALUMOHHEX MIyTelV ¥ BHXOIOOB

4 |3pmaHMsa HaAy4YHHIX M 0OpaszsoOBaTEeJIbHBIX 3,0 1,5 6,0
yUupexneHMi, Hay4dHEIX U [NPOEKTHHX
opraHms3aumii, OPIaHOB YyIpPaBJIEHUA
yupexneHun (&4) . IoceruTenm HaxoOaATCH
B OOIPCTBYKINEM COCTOAHMM M XOPOLO
3HAaKOMEl CO CTPYKTYPOM 3BaKyalMOHHEIX
IyTel U BEXOIOB

2. MpyHUMNbI COCTaBNEHNA pacyeTHOW CXEMbl 3BaKyaLuu.

PacueTHas cxema aBakyauun npeacraBnseT cobon OTAENbHO BbIMNONHEHHYIO, UMM BO3MOXHO HaHECEHHYHO
Ha nnaH 3gaHns Cxemy, Ha KOTOPOW OTPaXKeHbI:

KONMMYeCTBO FMIOAEN Ha HayanbHbIX Y4yacTKax - WCTOYHMKaX (nMpoxogbl Mmexgy pabovmmu mMecTamu,
obopygoBaHueMm, psagamu kpecen v T.n.);

HanpaBneHne Ux ABWKeHWS (MapLUpyTbl);

reoMeTpuyecKne napamMeTpbl y4acTKOB NyTH (4NIMHA, LUMPUHA) U BUObI Yy4aCTKOB MyTU.

PacueTHaa cxema 9Bakyauuu [OMKHa YYuTbIBaTb CUTyauuio, MpU KOTOPOW XOTs Obl OAMH 4enoBek
HaxoauTcsa B Hanbonee yganeHHon oT BbIXOA4A U3 34aHUsl, COOPYXXEHMWS UM CTPOEHMST TOYKE.

Myt gBwxeHWst nogen M BbIXoAbl BbICOTOM MeHee 1,9 M n wupuHon meHee 0,7 M Npu cocTaBfeHUN
pacyeTHON CXEeMbl 3BaKyaLUW HE Y4YUTbIBAKOTCH, 3@ MCKIIOYEHWEM CIy4yaeB, YCTAHOBMEHHbIX B HOPMATMBHbIX
OOKYMEHTax no noxapHou 6e3onacHocTu.

(8 pega. Mpukaza MYUC PO ot 12.12.2011 N 749)

PaccmoTpeB konuuecTBO NnOgEN Ha HadvamnbHbIX yyYacTkax MyTu, criegyeT onpejenvTb HampasfeHue KX
OBMXeHMs. YCTaHOBNEHbl cnegywowume Habniogaemble npasuna Bblibopa noabMyM HanpasneHus (MapLupyTa)
OBWXEHMS Npy 3BaKyaLUu:

a) ABWXKeHMEe No TOMY NyTW, KOTOPLIM f0AM Nonanu B 34aHNeE;

©0) vcknioYeHne NyTen OBWKEHUS, MPOXOOALLMX PSIAOM C 30HOW rOpeHUsl, XOTH MoAM MOTyT 9BaKyMpoBaTbCs
Yepes 3aablMfeHHbIE KOPUAOPbI;

B) BnusiHME nepcoHana. B oOwecTBeHHbIX 34aHusAX, Kak NpaBuIio, NOCeTUTENW Npu noxape crneaywoT
yKasaHusaM nepcoHana, gaxe ecnu aTu ykasaHust He COOTBETCTBYIOT ONTUMAarbHbIM;

r) Npy 3BaKyauum C NepBOro ataxa - ABMXKEHNE K OTKPbITOMY BbIXOAY HapYXy U3 34aHus;

A) CrnoXHasi NMormcTnyecKkas 3aBUCUMOCTb, OMNMCbIBatoLas BbIGOp BbiIxoda C dTaxa 3puTenbHOro 3ana (puc.
M5.5);

€) NP1 NPOYMX PaBHbIX YCMOBUSX - OBWXKEHME K Brivbkanemy Bbixoay.

Kpome TOro, umetowimecs gaHHble nokasblBaloT, YTO (PakTOpoM Bblibopa HanpasneHuss MoxeT ObiTb MeCcTo
NMapKoOBKW MWYHOro aBTOMOOWIS, MECTO BCTPEYM YneHoB ceMbu U T.n. OnpegeneHne WWpWHbI NyTU Bbl3biBaeT
3aTpydHEHUE TOMbKO NPW BbIXOAE NOAEN Ha y4acToOK "HEeorpaHU4eHHOW" LWIMPWUHBI, Hanpumep B BecTuOlonb. B
Takom criyyae wupuHa notoka (b) 3aBucut ot konuyectea nogent (N) u anunel (1) ydactka: b = 4 m npu N < 100
yen. nl <=6 m;b =6 M - B ocTanbHbIX criyyasx.

CornacHo AaHHbIM HaTypHbIX HabnoaeHWA YCTAHOBIEHO, YTO MOBOPOTHI MYTU HE BIUAOT Ha napameTpbl
OBWXEHMWS I0ACKOro noToka.

OnpegeneHne AnuHbl (BOOMb OCU MNyTU) OTNAMYaETCA ANA TOPU3OHTANbHbIX U HaKMOHHbIX nyTten. K
HaKMOHHbIM MNYTAM OTHOCATCHA NeCTHMUbl M naHgycbl. CBobogHas wWwWpuHa b HakNoHHOro nyTW, Hanpumep
NEeCTHUYHOro Maplua, nNpuHMMaeTcd B CBeTy: OT nepwun A0 CTeHbl. [nvHa HaknoHHoro nytu L (puc. M15.1)
NMPUHUMAETCA NO UCTUHHOMY €ro 3Ha4YeHuo. OTaXHble U MexXAydTaxHble MrowaikM B Lensdx YnpoweHus u
obrneryeHnss BbIMUCNEHUN, Y4UTbIBas MX HebonbluMe pasmepbl U MEHbLUYID CHOXHOCTb OBWXEHUS MO HUM B
CPaBHEHWWN C MECTHUYHBIMW Mapluamu, [OMyCKaeTCs OTHECTW K HaKMOHHbIM MNyTsAM. Torga cpegHss gnuHa
HaKMOHHOro NyTWU B NpeJenax O4HOro ataxa, ¢ y4eToM [ABWXKEHWUS Mo nnoLlaakam, COCTaBuT:

OJid OBYyXMaplUeBBEX JIeCTHMUI [, = ———-—————-— P
cos ansbda

rae L' - ropun3oHTaribHaa npoekuna AnMHbl HAKIMOHHOIO NyTU, M;



anbda - yron HakroHa K ropu3oHTY;
He Jornyckasi cepbe3HON NOrpeLHoCTH, ANMHY NyTW NO ABYXMapLUEBON NEeCTHULE MOXHO NPpMHMMaTb PaBHON
€ro yTpoeHHomn Bbicote H, T.e. L =3 - H;

OJI TPexXMapleBHEX JIECTHMUI L, = ————-———-—-— + —— + L" + 4 x b.
cos anboda cos anboda

Pwuc. 15.1. PacyeTHas anvHa nyTu nNo nectHuue:
a - AByxXMapLueBas nectHuua; 6 - TpexmaplueBas nectHuua
(He npuBoauTcs)

MaHaychl, ecnM Ux HakMoH He3HayuTeneH (MeHblue 1:8), MOXXHO OTHOCUTb K FOPM3OHTaNbHbLIM MYTSAM, NpwU
bonee 3HaYMTErNbHbBIX HAKIMOHaX - K fleCTHMUaM. [IrMHa HaKkNoOHHOIo NyTU Takke onpeaenseTcs no ero ocu.

Myt pBwXeHWss B npegenax 34aHuMs OObIMHO MepecekalTcsl ABEPHbIMU NpoemamMu, OeKopaTUBHbIMU
noptanamy, MWMEKT CYyXEHUss 3a CYEeT pasfINYHbIX apXUTEKTYPHbIX WIM  TEXHOJOMMYECKUX 3SJIEMEHTOB,
BbICTYNaoLWMX U3 MAOCKOCTU OrpaXaeHuin. Takme MeCcTHbIe CYXXEHUS HE3aBMCMMO OT UX XapakTepa B JarnbHelLlem
Ha3blBalOTCA NpoeMamu LWnpuHon b. [nvHa nytn L B npoeme MoXeT He yuuTbiBaTbCs, €CNN OHa He npeBbilaeT
0,7 M, T.e. ANVHbI OQHOrO Wara, B NPOTMBHOM Cry4ae ABMXEHUe B NpoeMe crefyeT paccMaTpuBaThb Kak ABUKEHUE
Ha CaMOCTOATENBHOM PacCYETHOM y4YacTKe rOPM3OHTaNbHOro NyTu.

JIeCTHUYHbIE KNETKN SBMSIOTCA UEHTpaMyn TAroTeHWs MIOACKUX MOTOKOB (AN MEepBOro ataxa - BbIXoAbl
HapyXy), Ha BXOAe B KOTOpble 3akaH4MBaeTCA BTOpPOW 3Tan 3Bakyauuu. [1o3TOMy pacyeTHble CXeMbl
LenecoobpasHo COCTaBNATbL ANSA KaXXAoW YacTu aTaxa, Mo KOTOPOW N0AM 3BaKyMpYHTCs Yepe3 NpeayCMOTPEHHYIO
ONsl HUX NECTHUYHYIO KNeTKy (Bbixogd Hapyxy). Ha pwuc. I15.2 npuBegeH npumep COCTaBNEHUS pacHeTHOW CXEMb
3BaKyalum NoAaen No YacTu aTaxa 40 BXo4a B NIECTHUYHYHO KIETKY.

Puc. II5.2. IIlpuMMep COCTaBJIEHUS PaCUeTHOM CXeMH 3BakKyaluM
JI0OEeN MO YacTM B3TaxXa OO BXOIa B JIECTHMUHYK KIIETKY:
N - xoJmMuecTBO Jomey; b - mmpuHa; 1 - OamMHA;
b - mmpmHa npoema (He NPUBOOUTCH)
0

B 3puTenbHbIX 3anax ¢ NOCTOSAHHbIMU MecTamu AN NOCeTUTENEen pacnpeneneHne niogen no HanpaeneHnsam
OBWXEHMS K 9BaKyaLMOHHbIM BbIXxo4am rnokasaHo Ha puc. 15.3 n 15.4.

Pwuc. 115.3. MapwpyTtunsaumnsa gBmKeHUs NI0ACKUX NOTOKOB
npuv 3BaKyaLmmn 13 3putenbHbIX 3anoB ¢ 60KOBbIMM (MPOAObHBIMM)
npoxogamu (He NPMBOAMTCSA)

Puc. M5.4. MapwpyTusaumns ABMXEHUSA NIOACKUX NOTOKOB
npuv 9BaKyaLumn N3 3puTerbHbIX 3ar0B C NONepeyHbIM NPOXo40M
(He npuBoauTCcS)

Ecnu B ganbHenwmnm nogu BeIXOAAT B hoe Unm BeCTUGIOMb, T.€. Yepe3 NOMELLEHUS], He OorpaHnyMBaoLLme,
Kak KOpWAOp, LWMPWHbI JIIOACKOrO MOTOKa, TO pacnpefeneHve MacKMX MOTOKOB  MeXAy BO3MOXHbIMU
9BaKyaUMOHHbIMW BbIXOAAMMW, KOrada OHM He OrnokupoBaHbl, MNPOUCXOOWUT COMMAacHO 3aKOHOMEPHOCTSM,
npvBeaeHHbIM Ha puc. 15.5, a, 6.

Puc. II5.5, a. Ymciyo 3puresen
n BI:I@Op BEIXOIIa HpM SBaKyallM B IBe JIECTHMYHEIE
KJeTky OO B IBEe OTKPBITHE JIECTHMLE MJIM B IBa BHXOIA

3 3naHuga: N - oflee KOJIMUECTBO 3BAKYyUPYOUMXCSH;

N - uKCcJO 3BakyUPYyRUMXCHa udepes3 OJNVMXHUM BBIXOI;
1

N - UMCJIO D3BaKyUPYKRUMXCHS dYepe3 IaJiIbHUM BHEIXOI;
2

1 - mamHa OyTM 0o OJNMXHeIo BEXOIa; 1 - IOJIMHa
1 2

OyTM OO IaJIbHETO BHXOIA (He NIPUBOIMUTCH)

Puc. I15.5, ©. Umciyo 3puresen,
5BaAKyUPYRIMXCSA IO OTKPHEITOM JieCTHMuLe: N - obmee
KOJIMUECTBO »Bakyupywomuxcs; N - UMCIJIO 2BaKyUPYOIUXCSI



1
10 OTKPBITOM JieCcTHMUe; 1 - IJiMHa HOYyTU IO OTKPHTOMN
1
JIECTHMUEI; 1 — OJIMHA OYTM OO BBIXOIOA Ha JIECTHUUHYI
2
KJIETKY (He NpMBOOUTCS)

3. lNpu ogHOpoAHOM coCTaBe NMACKOro NoToka rpynn MobunbHocTn M2, M3 u M4 3HaveHusa sennyuHd D, V 1
g cnegyeT NpYHMMaTh B COOTBETCTBUM C AaHHbIMK Tabnuupl 15.2.

Tabnwuuya M15.2

PacuyeTHble 3Ha4YeHUsa napaMeTpoB Ang rpynn MobunsHoctn M2 - M4

I'pynna Bun nytmn
MOOUIIb —
HOCTM D, TOPU3OHTAJb HEI JIECTHULIA BHUS JlecTHMUIIA NnaHgyCc BHUS3 NnaHgyCc BBEpPX
M2 /M2 BBEpPX
V’ q’ V’ q’ V’ q V’ q’ V’ q’
M/MUH . M2 /M M/MUH . M2 /M M/MUH . M2 /M M/MUH . M2 /M M/MUH . M2/
X MMH. X MMH. X MMH. X MMH. X MMH.
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 | 18,009 5,43

0,4 |19,08 7,63 19,03 7,61 | 11,96 4,78 | 28,25 11,30 |15,32 6,13

0,5 16,84 8,42 16,71 8,36 10,41 5,20 23,85 11,93 13,18 6,59

0,6 15,01 9,01 14,82 8,89 9,14 5,48 20,26 12,16 11,43 6,86

0,7 |13,46 9,42 13,22 9,25 8,07 5,65 | 17,22 12,05 9,95 6,97
0,8 |12,12 9,69 11,83 9,47 7,14 5,71 | 14,59 11,67 8,67 6,94
0,9 |10,93 9,84 10,61 9,55 6,32 5,68 | 12,27 11,04 7,54 6,79
M3 0,01 |70,00 0,70 20,00 0,20 |25,00 0,25 |105,00 | 1,05 55,00 0,55
0,05 |70,00 3,50 20,00 1,00 |25,00 1,25 |105,00 | 5,25 55,00 2,75
0,1 |70,00 7,00 20,00 2,00 |25,00 2,50 |105,00 | 10,50 |55,00 5,50

0,1 53,50 10,70 20,00 4,00 20,57 4,11 83,41 16,68 45,54 9,11

0,3 43,57 13,07 16,67 5,00 17,05 5,12 65,70 19,71 35,59 10,68

0,4 |36,52 14,61 |14,06 5,62 | 14,56 5,82 |53,13 21,25 |28,54 11,41

0,5 |31,05 15,53 |12,04 6,02 |12,62 6,31 |43,39 21,69 |23,06 11,53

0,6 26,59 15,95 10,38 6,23 11,04 6,62 35,42 21,25 18,59 11,15

0,7 22,81 15,97 8,98 6,29 9,70 6,79 28,69 20,08 14,81 10,37

0,8 |19,54 15,63 7,77 6,21 8,54 6,83 |22,86 18,28 | 11,53 9,23
0,9 |16,65 14,99 6,70 6,03 7,52 6,77 | 17,71 15,94 8,64 7,78
M4 0,01 |60,00 0,60 - - = = 115,00 | 1,15 40,00 0,40
0,05 |60,00 3,00 - - = = 115,00 | 5,75 40,00 2,00
0,1 |60,00 6,00 - - - - 115,00 | 11,50 | 40,00 4,00
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 - - - - 46,00 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
MpumeyaHue:

M2 - HemoOLlHble nOAM, MOBUNBHOCTbL KOTOPBLIX CHWXEHa u3-3a CTapeHusl opraHusma (MHBanuabl nNo
CTapoCTK); MHBaNUAbl Ha NpoTe3ax; UHBaNUAbl C HeJoCTaTKaMu 3peHus, Nonb3yloLmnecs 6enon TPoCTbIo; NAN C
NCUXNYECKUMUN OTKITOHEHUSIMU;

M3 - nHBanMabl, MCMOb3YHOLLINE NPU ABWKEHUN JONONHUTENbHbIE ONOpbl (KOCTBINN, Nanku);

M4 - nHBanuabl, NnepeaBuraloLMECs Ha Kpecrnax-Konsckax, NPUBOANMBIX B ABMKEHNE BPY4HYHO.

4. MNnowaab I'OpVI3OHTaJ'IbHOVI npoekunn 4enoseka f, M2/uen., NnpUHMMaeTCcAaA B 3aBUMCUMMOCTU OT COCTaBa
nogen B NOToke B COOTBETCTBUM C npuneeaeHHbIMU HWXE OaHHbIMW.

Puc. IM5.6. MNnowanb ropu3oHTansHoON NpoeKkLmmn Yenoseka:
a) pacyeTHas; 6) gencTeuTenbHas (He NpUBOANTCH)

Paamepbl nogen N3amMeHsITCca B 3aBUCUMOCTU OT OM3MYECKMX AaHHbIX, Bo3pacta v ogexabl. B Tabnuuax
M5.3, 5.4, N5.5 n Ha pucyHke 5.7 npMBoaATCA ycpeAHeHHble pa3Mepbl Noaen pa3Horo Bo3pacTa, B pasnmyHom
oAexnae v ¢ pasnuyHbIM rpy3oM. [Npu aToM NpMBeAEHbl 3HAa4YeHMS NIoLaan ropn3oHTanbHOM NPoeKunn NHBanNMaoB
C HapyLleHNeM OMOpPHO-ABUraTeNbHOro annapara.

Tabnwuuya 5.3

Mnowaan ropu3oHTanbLHOM NPOEKLMN B3POCTbIX Noael

Tun onmexnw llnprHa a, M ToymmvHa Cc, M [Iyomans TOPU3OHTAJIbHOM
npoekuun, M2/dest.
JIeTHAS 0,46 0,28 0,100
BEeCEHHEe—-OCEeHHAad 0,48 0,30 0,113
3UMHSI A 0,50 0,32 0,125

Mnowaan ropu3oHTanbHOM NPoeKUMn aeTein U NoApPOCTKOB

Tabnwuua 5.4

TUO OIEXIE Bo3pacTHEE TPYIIINHE
MJIammas cpenHsasa cTapmas
no 9 jer 10 - 13 gjyerT 14 - 16 jerT
OoMamHsasg omexia 0,04 0,06 0,08
OOMAalHSAS OHmexZIa CO WKOJIbHOM 0,07 0,10 0,14
CYMKOM
yJIMUHAS OIexma 0,09 0,13 0,16

Puc. 5.7. Nnowaab ropnsoHTanbHON Npoekunn noaen
C pasnunyHbIM rpy3oMm (He NpuBoaMTCS)

Tabnwuua 5.5

Mnowanb ropu3oHTanbHOM NPOEKL MM Nogen C OrpaHNYeHHON
MOBUNBHOCTbLIO, M2/4ern.

Cremnele C nopaxeHMeM OIIOPHO-IOBUI'ATEJIBHOT'O alnapaTa

‘3HOpOBHe
I I I I I

Joon, cja-




Bocaenamme , IepenBu— |NepenBU- |NepenBMr- |[IepenBu— |TPaHCIOP-|TpaHClIop-—

C OT'paHu-— rapumMecs |ramnmMecs |ranmyecs |Traoumecs |TUpyeMBe |THupyeMbe
YeHueM yM-— tes C onHOUI C OByMS Ha Ha Ha
CTBEHHOM OOIIOJIHM— | OOIOJIHM— |[IONIOJIHM— |[Kpecjlax— |HOCMJIKax |kKaTaJjikax
oearesb-— TEeJIbHBIX TeJILHOM TEeJILHEIMM | KOJISICKax
HOCTU Oonop OHOpPON onopamu
1 2 3 4 5 6 7
PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK
(He npmuBO- (He npu- (He npu- (He npu- (He npm- (He npu- (He npu- (He npu-
OUTCS) BOIOUTCS) BOOUTCS) BOOUTCS) BOIOUTCS) BOIOUTCS) BOOUTCS) BOOUTCS)
cxeMa cxeMa cxeMa cxeMma cxeMma cxeMma cxeMma cxeMma
(He npuBO- (He npu- (He npu- (He npwu- (He npwu- (He npu- (He npu- (He npu-
OUTCS) BOOUTCS) BOOUTCS) BOIOUTCS) BOOUTCS) BOIOUTCS) BOIOUTCS) BOIOUTCS)
a = 0,28 a =0,72]la = 0,40|a = 0,50la = 0,50fa = 0,80(b = 0,50]b 0,75
1 2 3 4 5 1 2
c = 0,406 c =0,82|c =0,75|c = 0,65|c =0,90|lc = 1,20le = 2,10]e 2,10
1 2 3 4 5 1 2
f = 0,10 f=0,40 |£f = 0,25 |£f = 0,20 |£f =0,30 |£f =0,96 |£f =1,05 |f = 1,58
4. Bpemsa 3Bazmepxku t OBMXEHMS Ha YydyacTke 1 m3-3a obpaszsoBaBlIETOCH
3

CKOIJIEHMs JIOIeM Ha TpPaHulle C [IDoCJenyomyMmM ydacTkoM (i+1l) onpenensgercs 1o
dbopmyTie:

1 1
t=Nx f x (-———————--——--- - ——————= ), (II5.1)
q x b g xb
npu D=0, 9 i+1 i 1
rne N - KOJIMYECTBO JIOOEM, Yell.;
f - njomanbs TOPMBOHTAJIBHOM MNPOEKLMUM, M;
q - VMHTEHCMBHOCTB IBMXEHUSA Udepes3 ydacTok 1+l npwm nmorHoctm 0,9
npu D=0,9
n 6oJsiee, M/MUH.;
b - umMpuMHa YydyacTka, M, IIPYM BXOXIOEHMM Ha KOTOPHIN 0BpaszoBajioCh
i+1
CKOIlLJIEHME JIOEeNn;
o} - UHTEHCUBHOCTL IBMXEHMUS Ha ydacTke 1, M/MMH.;
i+l
b - mmprHa OpenmecTBYOUETrO ydYacTka 1, M.
i
BpeMsa CymecTBOBAaHUSA CKOIJIEHMS T Ha ydacTke 1 omnpenernsgercs no dopmyse:
CK
N x £
t = e . (I15.2)
CK q x b
npm D=0, 9 i+1

PacueTHOe BpeMsa DBakyaluy IO ydacTKy 1, B KOHIe KOTOPOI'O Ha I'paHule C
yuyacTkoM (i+l) oOpasoBajioCh CKOIJIEHME JIOIEM, PAaBHO BPEMEHU CYHECTBOBAHMSI
CKOTIJIEHUNS t . PacueTHOe BpeMs 5SBakyaluuMy IO YUYaACTKy 1 »OomyckKaeTcs

CK
onpenesyiaTh O QopMyJie:




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

MpunoxeHue N 6
K NYHKTY 12 MeToamku

NMOoPAQOK
MPOBEAEHWNA PACHETA U MATEMATUYECKWE MOLOENW ONA ONPEAENEHNA
BPEMEHW BNOKNPOBAHUA MYTEW SBAKYALIMN ONMACHbIMA
SAKTOPAMU MNMOXAPA

(B pea. Mpukasa MYUC PO o1 12.12.2011 N 749)
I. Mopsgok npoBeaeHnst pacyeTa

MponssoanTCs aKCNepTHbIV BbIOOP CLeHapus nnv cueHapreB noxapa, Npu KOTOPbIX OXUAATCA HaMxyaLlune
nocneacTsms AN HaxoasWMXCa B 30aHUN NoOeN.

dopMynupoBKa CLeHapusa pa3BuTus noxapa BKoYaeT B cebs cneayowime atanbi:

BbIOOP MecTa HaxoX4eHWsi NepBOHaYanbHOro ovara noxapa v 3aKOHOMEpPHOCTEN ero pa3BuUTuUS;

3afaHune pacdeTHol obnactu (BbIbop paccmaTpuBaeMon Npu pacyeTe cUCTEMbI NMOMELLEHUIA, onpeaeneHne
YYUTbIBAEMbIX NPY pacyeTe SNEMEHTOB BHYTPEHHEN CTPYKTYPbl MOMELLEHUI, 3aaHNE COCTOSIHUS NPOEMOB);

3ajaHune napameTpOB OKpYXaloLen cpeabl ¥ HaYarbHbIX 3HAaYEHWIN MTapaMeTPoB BHYTPY NMOMELLIEHUIA.

Bbibop MecTa HaxoxaeHus oyara rnoxapa Npou3BOAUTCS SKCMEpPTHbIM MnyTem. Mpu STOM yuuTbiBaeTcs
KONMYECTBO rOptoYeElt Harpy3ku, ee CBOMCTBA 1 pacnonoXeHWe, BEPOSITHOCTb BO3HMKHOBEHUS NoXapa, BO3MOXHas
OVMHaMKKa ero pasBuUTUs, PacnosioKeHWe 3BaKyaLNOHHBIX NyTEN U BbIXOLOB.

Haunbonee 4acto npu pacyeTax paccMaTpuBalOTCsi TPU OCHOBHbIX BMAa PasBUTMSA Moxapa: KpyroBoe
pacnpocTpaHeHre noxapa Mo TBEPAOW roprodeln Harpyske, NMHENHOEe pacrnpoCTpaHeHue noxapa no TBepaoun
roproden Harpyske, HeyCTaHOBMBLLEECS TOPEHNE TOPIOYEN KMOKOCTU.

CkopoCTb BbIrOpaHusa A5 9TUX cnyvaes onpegensierca hopmynamu:

2 2
ncu X oM x v X t - »nja KpyrrOBOI'O PACIPOCTPaHeHMA [oXapa
ya
ncu X 2 x v X t x b - nJga JIUMHEMHOTO pacHpoCTpaHeHus noxapa ([I16.1)
Yy
ncu = <
/t
ncu x F x /=--- - IJIa HeyCTaHOBMUBIETOCs ropeHus I'K,
v / t
\/ cr
Te Icm - yIeJyibHas CKOPOCTHL BHITOPaHMA (IOJI8 XMIOIKOCTEM YyCTaHOBMBUIAACH),
va
kr/ (¢ x M2);
V - CKOPOCTH PAaCIpOCTpaHeHMud I1JlaMeHu, M/C;
b - wmpuHa IIOJIOCH I'OpoYelN HaIpPy3KM, M;
t - BpeMsa cTabunm3auuy TOPEeHMS TopodeM XMAKOCTHU, C;
cT
F - njomanme ouara mnoxapa, M2.

C yuyeTtom pasgena |l gaHHOro npunoXeHust BblOMpaeTcs MeTo4 MOAENUPOoBaHus, dOopMynMpyeTcs
maTemaTnyeckass MoAenb, COOTBETCTBYIOLLAA OAaHHOMY CLEHapuio, ¥ MPOU3BOAMTCA MOAEnupoBaHWe OMHAMUKU
pa3BuTMS noxapa. Ha ocHoBaHUM MOMyYeHHbIX Pe3yrnbTAaTOB PACCUMTLIBAETCH BpPeMsl AOCTWKEHUS KaAbIM U3
onacHbIX (hakTOPOB MoXkapa NpeaesibHO AONYCTUMOrO 3HAYEHUs Ha MyTsIX 9BaKyaLmWu.



KpuTuyeckoe Bpems Mo KaxgoMy M3 OMacHbIX (PakTOpOB MoXKapa OnpeaensieTcs kak BpeMsi JOCTUXKEHMUS
3TMM PaKTOPOM npeaenbHO AOMYCTMMOrO 3HaYeHMs Ha NyTAX 3BaKyauun Ha BbicoTe 1,7 M OT nona.

MpegenbHO AonycTMMbIE 3HAYEHWS MO KaXkOOMY M3 OnacHbIX hakTOpOB NMoXapa COCTaBMSHOT:
(8 pea. MNMpukaza MYC PO ot 12.12.2011 N 749)

no NoBbILEHHOW TemnepaType - 70 °C;
(8 pea. Mpukaza MYC PO ot 12.12.2011 N 749)

no TennoBomy noToky - 1400 B1/m2;
(8 pea. Mpukaza MYUC P® ot 12.12.2011 N 749)

no notepe Bugmmoctn - 20 m (onsa cnyyasd, korga oba ropu3oHTanbHbIX JIMHENHBIX pa3Mepa NOMeLLEeHMUS
MeHble 20 M, npedenbHO AOMYCTUMOE pacCTosiHMe MO noTepe BUAMMOCTU crnefyeT MNpuMHMMaTtb pPaBHbIM
HambornbLlEMY rOPU3OHTaNbLHOMY TIMHEVNHOMY pasmepy);
(8 pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

Mo MOHMKEHHOMY cofepXaHuto kucnopoaa - 0,226 kr/m3;
(8 pea. MNMpukaza MYC PO ot 12.12.2011 N 749)

CO-116-10"°

Nno KaXgoMy M3 TOKCUYHbIX ra3oobpasHbix npogyktoB ropenHus (CO2 - 0,11 kr/m3; Kr/m3;

HCL-23-10° Kr/m3).
(8 pea. Mpukaza MYUC Pd ot 12.12.2011 N 749)

H606XOJJ,I/IMO OTMEeTUTb, 4YTO I'Ipl/I NCnofb3oBaHNnN I'IOJ'IeBOIZ mMoaenn onpep,eneHme KpI/ITVI‘-IeCKOFO BpeMGHI/I
nMeeT CcyuleCTBeHHble OCO6eHHOCTl/I, CBA3aHHblE C TEM, 4YTO KpUTUYECKOE 3Ha4deHne B pPa3finyHbiX TOYKaX
nomMeweHnda gocturaeTtca He ogHoOBpEeMEHHO. ,D,J‘IFI I'IOMeLLI,eHVIl7I C COM3MEPUMbIMN TOPU3OHTAJIbHbIMU pa3MepamMiu
KPpUTNUYECKOE BpEMA onpenendeTcda Kak MakCumalsibHoe U3 KPUTUHECKUX BpEMEH AON1A 3BaKyauMOHHbIX BbIXOO40B U3

AaHHOro nomeleHunsa (BpeMﬂ 6HOKVIpOBaHI/IFI nocrneagHero BleOﬂ,a).
Onpepensercs BpeMs OJOKMpOBaHMS t

o))
@)
n.B T T.T. 2 T.II
t = min <t , t , t , t , t >. (116.2)
011 LKp Kp Kp Kp Kp J

[l. Knaccudmkaums n obnacte npMMeHeHUs METOA0B
MaTeMaTU4eckoro MogennpoBaHus noxapa

Ons onucaHua TepmorasogMHaMMYeCcKux napaMeTpoB noXapa MPUMEHSIOTCA TPUM OCHOBHbLIX TPYyMMbl
OETEPMUHUCTUYECKUX MOAENEN: MHTErpanbHble, 30HHbIE (30HarnbHbIE) U NOMEBbIE.

Bbibop KOHKpeTHOW Mogenwu pacdeTa BpeMeHW GnokvpoBaHMA MyTew 3Bakyauuu crnegyeT OCyLeCTBNSATb
ncxoas U3 criefyoLmnx npeanochiiok:

WHTerpanbHbln MeTOA:

ANa 30aHWIA, codepXalux pasBUTYI0O CUCTEMY MOMeLLeHW Maroro obbema NpOCTOW reoMeTpUYecKown
KOHUrypaumu;

ANsi NOMELLeHWW, rae XapakTepHbld pasMep oyara noxapa COU3MepuMM C XapakTepHbIMU pasmepamu
NoOMeLLEeHNs U pasmepbl NOMELLEHNS COM3MEPUMbl MeXay cobon (NMMHenHble pasMepbl MOMELLEHUs OTNNYaKTCH
He 6onee yem B 5 pa3s);

ANsi npeaBapuTeNbHbIX PaCYeTOB C Liefbio BbIIBNIEHWUS Hanboree onacHoro cueHapus noxapa;

30HHbIN (30HaNbHbLIN) METOA:

ANA NOMeLLUeHUn U CUCTeM MOMELLEHUA MNPOCTON reoMeTpUYecKon KOoHdUrypauum, rnuHenHble pasmepbl
KOTOpPbIX COM3MepuMbl Mexay cobon (NMHeNHble pa3mepbl NoOMeLLeHnsa oTnnyatTca He 6onee vyem B 5 pas), korga
pas3Mep ovara noxapa cyLeCTBEeHHO MeHbLLE pa3mMepoB MOMELLLEHUS;

Ana paboumx 30H, PacrofioXeHHbIX Ha pasHbiX YPOBHHAX B mnpedenax O4HOro nomelleHust (HaKmOHHbIV
3puTenbHBIN 3an KMHOoTeaTpa, aHTPeconn U T.4.);

nosrieBo MeToA;:

AN NOMELLEHUI CMOXHON reoOMeTpMUYEeCcKOn KOHUrypaumm, a takke nomMeLeHun ¢ 60MbLWLnM KONMYecTBOM
BHYTPEHHUX nperpag (aTtpMyMbl C CUCTEMOW ranepen v MNpUMbIKalOLWNX KOPUAOPOB, MHOrOMYHKLUMOHArbHbIE
LEHTPbI CO CMOXHOW CUCTEMOMN BEPTUKAIbHbLIX U FOPU3OHTAaINbHbIX CBA3EW 1 T.4.);

ANsi NOMEeLLEeHW, B KOTOPbIX OAUH M3 FeOMeTPUYECKMX pa3mMepoB ropasgo Gonblie (MeHbLue) oCTanbHbIX
(TOHHENMW, 3aKpbITble aBTOCTOAHKM O60OMbLLON Nowaan 1 T.4.);

ANs WHbIX CryyaeB, Korga NPUMEHUMOCTb WU MHAOPMATUBHOCTb 3OHHBIX WM WMHTErpanbHbIX MOAernen
BbI3bIBAET COMHEHME (yHMKarnbHbIE COOPYXEHWS, pacnpocTpaHeHe noxapa no dacagy 3gaHus, HeobxoanmocTb
yyeTa paboTbl CMCTEM NPOTUBOMOXAPHOM 3aLUUTbI, CNIOCOOHBIX KA4ECTBEHHO M3MEHUTb KApTUHY Noxapa, u T.4.).



Mpyn ncnonb3oBaHUM MHTErpanbHOM M 30HHOW MoAenien AN NoMeLleHusl, OOMH U3 NMHENHbIX pa3mMepoB
KoToporo 6onee Yyem B NATb pa3 NpeBbIWAET XOTA Obl OANH M3 OBYX OPYIMX JIMHENHbBIX pa3mMepoB, HE06X0OUMO 3TO
noMeLleHve OenUTb Ha y4acTku, pasmepbl KOTOPbIX COM3MEPMMbl MeXdy COOOW, U paccMmaTpuBaTb Y4acTKuM Kak
oTOenbHble MOMeLLeHns, cooblarwmecs npoeMamMu, nnowanb KOTOpPbIX paBHa MIOWaAuM CEeYEeHUsl Ha rpaHuue
y4acTkoB. /icnonb3oBaHWe aHanorMyHon npoueaypsbl B crydae, Korga Asa fMMHENHbIX pasMepa NpeBbiatoT TpeTum
bonee yem B 5 pas, He gonyckaeTcs.

[ll. NHTerpanbHasa matematnyeckasa Moenb pacyeTa ra3oobmeHa
B 34aHUKn, Npu noxape

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

Ons pacyeTa pacnpoctpaHeHunAa NpoayKTOB ropeHunA no 34aHUi0 COCTaBIIAKOTCA U pellalTCA ypaBHEHUA
aspauum, Tenrno- n MaccoobMeHa Kak st Kagoro noMeLLeHns B OTAENbHOCTU, TaK U A5l BCEro 34aHust B LIESIOM.
ypaBHEHMﬂ AOBWXEHNA, CBA3blBaloWMe 3Ha4YeHunA nepenagos JaBneHun Ha npoemMmax C pacxogamu ra3oB

vyepes npoembl, UMEKT BUAO:
G, =Sign(AP, )-£-F-,[2-p-|AP)| 63)

G. . .
rae ' - pacxop rasoB Yepes npoem Mexay ABYMSl (j-M U i-M) CMEXHbBIMU NOMELLEHUAMU, Kr/C;

S . KoahULMEHT pacxoda npoema (5 =0,8 ONS 3aKpbIThIX NPOEMOB 1 ¢=0,64 AN OTKPbITbIX);

F - nnowagb ceveHus npoema, mM2;
P . nnotHocTs raso., NPOXOAALLNX Yepes3 NPoeM, Kr/M3;

AP.. . . . .
- cpepHwnii nepenan nonHbIX AaBNeHUiA Mexay j-M U i-M nomelleHnem, Ma.

P.
HanpagneHue (3Hak) pacxoga onpeaensieTcsi 3HakomM pa3HOCTU AaBNEHWI L
B 3aBUCMMOCTI OT 3TOTO MAOTHOCTb P MPUHUMAET pasfnyHble 3HAYEHMS!.
3Hak pacxoda rasoB (BXoAsWwWi B MNOMELLEHME pacXod CYMTAETCS MONOXUTENbHbIM, BbIXOAALMIA -

OTpVILJ,aTeJ'IbeIM) N 3Ha4YeHune P 3aBUCAT OT 3HaKa nepenaga OaBreHui:

=1L p=p,apu AP <0
Sign(AP),p = £ =Py TP

+1,p:pi,anAP>0’(n6_4)

[ns nporHosmMpoBaHWs napamMeTpoB MNPOAYKTOB TOpPEeHUs (TemnepaTtypbl, KOHUEHTPauuMn TOKCUYHbIX
KOMMNOHEHTOB MPOAYKTOB FOPEHWs1) B MOMELLEHMAX MHOTO3TaXHOTO 3[aHUA Ha dTaxax, pacrofioKeHHbIX Bbille
3Taxa, Ha KOTOPOM MOXET BO3HWKHYTb MOXap, paccMaTpuBaloTCs MPOLIECChl pacnpocTpaHeHus MpoAYyKTOB
ropeHusi B BepTuKanbHbIX KaHanax (NeCTHUYHbIE KMETKM, WaXTbl NMMATOB, BEHTKaHarnb!l 1 T.1.).

BepTukanbHyto WaxTy Mo BbICOTE pas3fensioT Ha 30HbI, KOTOpble NPeacTaBnAlT y3nbl B rmapaBrivyecKomn
cxeMe 3gaHus. 30Ha MO BbICOTE MOXET OXBaTblBaTb HECKONbKO dTaxew 3gaHusa. B atom cnyvae pacxop rasa
MeXay 30HaMn MOXHO BbIpasuTb popmyrnon suaa:

A
G= _p
S | (n6.5)
B 1
; 2-9-p-k-F? _
ae - XapakTepucTtumka rmapaBJjin4eCcKoro ConpoTmueiieHNA Ha rpaHuLe 30H;

F - nnowaab nonepe4yHoro ceYeHnst waxTbl;
K - KoadpdmumeHT (aonyckaeTcs npuHnumaTh paBHbiM 0,05 c2/m);
g = 9,81 m/c2 - yckopeHune cBo60AHOro NageHus;

Ap . nepenag AaBreHUiA Mexay y3namu.

3aaHue NpeacTaBnsAlT B Buae rmapasnnyeckoil CXeMbl, y3rbl KOTOPOW MOAENMPYIOT NMOMELLEeHWs, a CBSA3N -
NyTU OBWXEHUS NPOAYKTOB ropeHusi 1 Bosayxa. Kaxaoe nomelleHve 34aHMs onucbiBAeTCsl CUCTEMOW ypaBHEHUN,
COCTOSILLIEN U3 ypaBHeHMs GanaHca Maccbl, YpaBHEHWUS COXPaHEHWS SHEepPrMn U ypaBHEHUS OCHOBHOIO rasoBOro

3akoHa (MeHgeneeBa-KnavinepoHa).



YpaBHeHne GanaHca Macchl BbipaXxkaeTcsl hOpMYIIon:

d(p;-V,)/dt=y+> G, -G
k i (M6.6)

V.
roe ! - o6bem nomelueHus, mM3;
t - Bpems, c;

2.Gx
k

2.6,
i - CyMMa pacxoaos, BbIXogAWKNX N3 NnoMeLleHnA, Kr/c;

Vo CKOPOCTb BbIFOpaHWs NOXapHOW Harpy3ku, Kr/c.
YpaBHeHVEe COXpaHEHUS AHEPTrUK BblpaXkaeTcs hopMyron:

- CyMMa pacxofoB, BXOAALLNX B NMOMELLEHWE, KI/C;

d(C,p;-V;-T;)/dt=C,- 3 (T, -G,)-C, - T;- > G, +Q, -Q,
k i

, (M6.7)
roe C" , - ynenbHas nsoxopHas n nobapHas TennoemMkocTu, kx/(kr-K);
Ti , 1 - Temnepatypbl rasos B i-M 1 j-M nomeLleHusix, K;
Qr - KONMYECTBO TeNna, BblAensaemMoro B MoOMeLLEHNN Npu ropeHuu, kBT;
Qu

- TensI0BoN NOTOK, NOrnoLwaemMbli KOHCTPYKUUAMUN U I/I3J'Iy‘-laeMbIl7I Yyepes npoembl, KBT.

[nsi nomeLleHns oyara noxapa BenmynHa Qr onpepensieTcsi No oopmyne:
Q- =-Q,+ v

roe 7 - KO3 PULIMEHT MOMHOTLI FOPEHNS;

Q” - HM3LWaga TennoTa cropaHus, KIx/Kr;

l=c_-T . .
P - 3HTanbMNMA rasnduLMpoBaHHON roprodert Harpysku, KIX/kr;

C
P - yaenbHas TeNNoemMKoCTb NPOAYKTOB nuponuaa, kx/(kr-K);
T - TemnepaTypa NpoAyKTOB Nuponuaa, K.

Q=0
[nsa ocTanbHbIX NOMELLEHUI .
KoadhpmumneHT NnonHoOThLI ropeHus n onpefenseTcda no opmyne:

( )Zxox,k'Gk
n=n, K+(1-K)*—o
V-lo  (nes)

roe T KO3(P(PULMEHT MNOMNHOTLI FOPEHMS B pexume noxapa, peryrnmpyeMoMm roplyen Harpyskow,
onpeensemMbin opmMyrnon:

+1500- X?

Mo = 0,63+0,2- Xox,o ox0 (M6.9)

KoadhduumeHT K paccuntbiBaeTcs no popmyrne:

B

Xoxm Xoxm
K ' exp| B+ 1-—=
X

0x,0 ox,0

, (M6.10)



2

Xox,O

X,,,—0,01
roe ' )

*0 . yayanbHas KOHLEHTPaLMA KUCNIOPOoAa B MOMELLEHWUM oYara noxapa, Kr/kr;
%M _ Tekyllas KOHLLEHTpaLUsa KMcropoaa B MoOMeLLeHUU odara noxapa, Kr/kr;

0X - KOMMYECTBO KMCMNOPOAa, MOrfoLaemMoro npu CropaHun 1 Kr roptodert HarpysKku, Kr/Kr.
YpaBHeHne MeHgeneeBa-KnannepoHa Bbipaxxaetcs hopMyrion:

P. .
roe | - naenedue rasa B j-M nometlleHuu, Ma;

I - temnepatypa rasa B j-m nomeleHuu, K;
R = 8,31 - yHuBepcanbHas rasoBasi noctosiHHas, hx/(monb-K);
M - MonsipHasi macca rasa, Mosb.
MapameTpbl rasa B MOMELLEHMM ONPeAenstoTCs U3 ypaBHeHWst HGamnaHca mMacc OTAEeNbHbIX KOMMOHEHTOB
NPOAYKTOB rOPEeHUst U KUcriopoaa v ypaBHeHUs 6anaHca onTU4YecKon NnoTHOCTU AbiMa.
YpaBHeHue GanaHca Macc OTAeNbHbIX KOMMNOHEHTOB NPOAYKTOB FOPEHUst U Kucropoaa:

d(xu ;e V;)/dt=y-L_+> (X, -G,) X, DG,
K i (M6.12)

X, . X, . , .
rae S, 7Y - koHueHTpaums L-ro KOMMNOHEHTa NPOAYKTOB FOPEHUS B i-M 1 j-M NOMEeLLEHUsX, KI/Kr;

L - konuyecTBo L-ro KOMNoOHeHTa NpoayKTOB ropeHust (kucnopogda), Bolaensiollerocs (nornowaroLwerocs)
MpW CropaHumn OJHOMO KUorpaMmMa noXkapHow Harpysku, Kr/Kr.
YpaBHeHue GanaHca ONTUYECKON NAOTHOCTM AbiMa:

\/j'duj/dt:W'Dm-'_Z(uk'Gk)/pk _Hj'zGi/Pj
k i . (M6.13)

. . . ) 1
roe Hi , i onTnyeckasl MNOTHOCTb AbiMa B i-M U j-M NMOMELLEHUSIX, Ho-m™,

m - abiIMoobpasytoLas cnocobHOCTb NoXapHOW Harpysku, Hn-m2/kr.
OnTuyeckas NNOTHOCTb AbiMa MpK OObIYHBLIX YCIOBUSIX CBA3aHa C PacCTOAHMEM MNpeaeribHON BUOAUMOCTU B
AbIMy opmyrion:

bo =238/ 1t (6 14

Ona nomelieHmnn ©6e3 MCTOYHMKA Tenma cuctema ypaBHeHun ([16.6), (M6.7) n (16.8) ynpowaetca wu

npencraeBnaeTcd B Buae:
G;(n)= sign(APij (T))'},L'F-, ’2-[3k -‘AP”. (r)‘

Zn:Gij(T) ~0

=1 Pk , (M6.15)

1 ) )
Pk :_'[pi +Slgn(APij)'pi *+P; _Slgn(APi')'pj]
roe 2 :
MepBoe ypaBHEeHWe CBSA3bIBAET nepenagpl AaBreHuin Ha COeaMHSIIOLMX NOMELLEHNE NPOeMax C PacxoaoM



rasa yepes 3T NpoemMbl. BTopoe - BbipaxaeT MoCTOSAHCTBO o6bema ANA AaHHOro nomelleHus. Takum oBpasom,

m_ +m )-n
( re BC) T HEenUHENHbIX ypaBHEHWI Buaa

n -n
(M6.12) n Y °° nuHenHblx ypasHeHun Buaa (M6.13). 3gech M, " AL COOTBETCTBEHHO 4UCIIO

Ona Bcero 3gaHusa Tpe6yeT09| pewaTtb CUCTemMy, COCTOALLYHO N3

FOPM30OHTAanNbHbIX 1 BEPTUKArbHbLIX CBA3EN HA 3Taxe; y . 4YNCNO Y3MOB; N 4YNCNO ITaxXeEN.

Cuctema ypaBHeHWN, Bknovawwasa B ceba ypaBHeHus (16.6), ([16.7) ona nomMelleHnsa odara noxapa u
(M6.12), (M6.13) ana ocTtanbHbIX NomelleHun n ypaBHeHue ([16.11), onucbiBaWasg rMOPaBANYECKYIO CXEMY
3[aHus, peLllaeTcs YUCNEHHO METOOOM UTEpaLny B COBOKYMHOCTN C METOAOM CEKYLLMX.

OcCHOBHble ypaBHEHUS ONS ONpedeneHuss TemnepaTypbl ra3a WM KOHUEHTpauuMuM NpPOAYKTOB TOPEeHUsl B
NMOMELLEHMAX 30aHMS MONyYeHbl N3 YpaBHEHWUA COXPaAHEHMWS SHEPTUN 1 MaccChbl.

Temnepatypa rasa B NOMeLLeHMW, rAe OTCYTCTBYET oyar noxapa, onpegensercs u3 ypaBHEHUs TEmnnoBoro
GanaHca, KOTOpPOEe MOXHO MONMyYUTb M3 ypaBHEHUS coxpaHeHusa 3aHeprum ([16.7). Popmyna ans onpegeneHus

TemMmnepartypbl rasa Bj-M nomMeLLeHnn 3gaHus B "n"-bIn MOMEHT BpEMEHN:

n

Z(CPB 'Gk 'Tk)+Qj

T = k=l +
nj n m m
CVe ( Gk_ZGi]—i_Cpe ZGI +a*jn Fji1+a*JCT FjCT
k=1 i=1 i=1
(CPB G, 'Tk)"‘Q,
k=
H Ty — . —= m
C.. G, ->.G, j +C,.- > .G +a*, -F, +a* F.
k=1 i=1 i=

, (M6.16)

roe Qj - CyMMa WCTOYHMKOB (CTOKOB) Tenna B obbeme j-FO nomMeuwieHna un Tenna, yxogdulero B
orpaxgawtiine KOHCTPYKUNu;

T(1)-T,(v)

* — .
S O

- puBeAeHHbIN KO3 UUMEHT TennooTaauu,

0 - HavanbHas TeMnepartypa B NOMeLLEHUN;

It _ nnowwaab NOBEPXHOCTM OrpaxaaloLLmMX KOHCTPYKLWIA B j-M MOMELLEHNN.
KoadpdpmumeHT Tennootaaum & moxeT BbiTb paccunTaH no amMnupuyeckoin opmyre:

4,07-3T T, mpu T, <60 °C

11,63-exp| 0,0023-(T,, - T,)| mpu T, >60 °C

. (M6.17)

KoHueHTpauma oTAerbHbIX KOMMOHEHTOB ra30oBbIX CMeCcel B MOMELLeHUAX 34aHUs BblYMCNSeTCs U3
ypaBHeHus 6banaHca maccbl JaHHOro komnoHeHTa (16.12). KoHueHTpaums L-ro KoMnoHeHTa NpoAYyKTOB rOpeHus B
j-M nomMeLLeHuu B "n"-bii MOMEHT BPEMEHM OnpeaensaeTcs ypaBHEHNEM:

_ k=1 k=1 k=1
Xip="——""+ XLj(n-l)_— -EXp _T'AT

k=1 k=1 . (N6.18)



OnTuyeckas KOHUEHTpauusi gbiMa B MOMELLEHUsAX onpegenserca m3 6anaHcoBoro ypaBHeHus ([16.19).
HaTtypanbHbIi nokasaTtenb ocrabneHus cpebl B j-OM MOMeELLeHUM B "n"-bll MOMEHT BPEMEHW onpenensieTcs
ypaBHEHUEM:

n n n
(Hk'Gk) Z(“k'Gk) ZGk
Ry =+ By = |- exp —MT'AT
> G, 3G, Pi~ Y
k=1 =

.(M6.19)

AHanuTMyeckme COOTHOLLIEHNA ANs onpeneneHua KpI/ITVI‘-IECKOVI
npoaoJIKNUTESNTbHOCTU NMoXapa

[na OAMHOYHOrO NOMELLEHNss BbLICOTOM He 6onee 6 M, yOOBMNETBOPSIOLIErO YCNOBUAM MNPUMEHEHWUS]
WHTEerpanbHOW MoAenu, Npu OTCYTCTBUM CUCTEM MPOTUBOMNOXAPHOW 3aliuTbl, BAMAIOLIUX HA pas3BuUTME Noxapa,
Jonyckaetca onpefensTb KPUTUYECKME BpeEMEHa MO KaXAOMY W3 onacHblX (PakTOpOB Mnoxapa C MOMOLLbHO
aHanNNTU4YECKNX COOTHOLLIEHWIA:

no NOBbILLEHHOW TeMnepaType

A
th = E.m 1+&
A (273+t,)-z
, (M6.20)
no notepe BMammMocCcTu
B | ok
oo 1By, VINL05 0
RN |, -B-D, -z
, (N6.21)
NO NOHMXXEeHHOMY coaepXaHUK Kncnopoaa
1k
0 — %In - I_0,044
— % 40,27 |z
V
, (M6.22)
Mo KaXgoMy U3 rasoo6pasHbiX TOKCUYHbBIX MPOAYKTOB ropeHus
. |B vx T
=12 n|1- 2
P A B-L-z
, (M6.23)

B 353~cp-v

(1-¢)7- ) )
roe ( (0) n QH pa3mMepHbIKn KOMMJEKC, 3aBUCALLMM OT TennoTbl CropaHuna mMmatepuana u
cBobogHOro o6bema NoMeLLeHUs, Kr;

t
0 - HavanbHas TemnepaTypa Bo3gyxa B nomelieHum, °C;
N - nokasaTtenb CTENEHU, YYUTbLIBAKOLNN U3MEHEHE MACChl BbIrOPalLLErO MaTeprana Bo BPEMEHM;
A - pasMepHbIil NapamMeTp, y4YMTbIBaOLWUA yaoerbHY0 MacCOBYH CKOPOCTb BbIrOpaHusi ropoyero marepuvana

n
“ nnowaab noxapa, Kr/C ;
Z - Gespa3mepHbli MapameTp, Yy4uTbiBaKOLWWA HepaBHOMEPHOCTb pacnpegenedus O®I no BbeicoTe



NOMELLEHNS;
QH - HU3Waga TennoTa cropaHns maTtepuana, MIx/kr;

C y
P - ypenbHas usobapHasi TeNNOeMKOCTb AbIMOBbIX rasoB, MIx/(kr-K) (gonyckaeTcs npuHMMaTb paBHOM

TennoemkocTu so3ayxa npwu 45 °C);

¢ . KoadpuUMEHT TennonoTepb (MPMHUMAETCS MO OaHHbIM CMPaBOYHOW NuTepaTypbl, NPU OTCYTCTBUU
OaHHBIX MOXeT ObITb NPUHAT paBHbiM 0,55);

n. KoadhpmuUMeHT NONHOTLI ropeHnst (onpeaensietcsi no dopmyne 16.9);

V - cB06OAHbIN 00bEM NomeLleHns, M3;

a - K03a(pPULMEHT OTpaKeHNs NPegMEeTOB Ha MyTAX 3BaKyauuu;

E - HayanbHas OCBELLEHHOCTb, f1K;

I
™ - npenenbHasa AanbHOCTb BUAVMOCTU B AbIMY, M;

Dm
- AbIMoo6pasytoLlas crnocobHOCTL ropslero matepuana, Hn-m2/kr;
L - yaenbHbIf BbIXO[ TOKCUYHbIX ra3oB Npu cropaHun 1 Kr matepuana, Kr/kr;
3 X.n =0,11
X - npegenbHO OOMYCTUMOE COoAep)XaHWe TOKCUYHOTO rasa B MOMELLEHUMU, KI/M (7 C0: ' Kr/m3;

— . _3 = . _6
XCO —:Ll6 10 Kr/Ms; XHCL - 23 10 Kr/M3);

L .
O2 - ypenbHbIN pacxoq KMcnopoaa, Kr/kr.
Ecnu nog 3Hakom norapudgma nonyyaetcsa oTpuuaTenbHoe Yucno, To AaHHbin O®I He npeacTasnseT

OMacHoCTU.
MapameTp z BbIYMCASIOT N0 hopMyne:

z—ﬂ-exp 1,4-£ mpu H< 6 m
H H

, (M6.24)

roe h - BbicoTa paboyeit 30HbI, M;
H - BbiICOTa NOMeELLIEHUS, M.
OnpegensieTcs BoicoTa paboyen 30HbI:

h=h, +17-0538 oo

roe ™' - BblCOTa nnowagku, Ha KOTOpOI7| HaxogAaTca noan, Haa nosioMm nomMelweHusa, Mm;

5 . pa3HOCTb BbICOT NoMa, paBHas HymM NPY rOPU3OHTaNbHOM €ro pacnosnoXeHUu, M.

CrnenyeT MMmeTb B BUAY, YTO Havbornblue onacHOCTU MpU Noxape NoABEPralTcs Noan, Haxoasiwmecs Ha
6onee BbICOKOW OTMETKe. [03TOMy, Hanpumep, Npu onpeaeneHMn HeobxoanMoro BpeMeHU aBakyauuu noaen ns
napTepa 3puTeNnbHOro 3arna C HaKMoHHbIM MOMOM 3HaveHue h crnegyeT HaxoOWTb, OPUEHTUPYSCL Ha Haubonee
BbICOKO pacroNoXeHHbIe psaabl kpecen. MapameTpbl A 1 N BbIMUCASIOT Tak:

ANs cny4vasi ropeHns XMOKOCTU C YCTaHOBUBLLEWCS CKOPOCTbHO:

A:\VYH.F n:l]

roe Vi yaenbHas MaccoBasi CKOPOCTb BbIFOPAHUS XUOKOCTU, Kr/(M2-C);

On4a cny4vaa ropeHusa Xnakoctm c HeyCTaHOBI/IBLIJeVICﬂ CKOpPOCTbHO:

B 0,67-1//y0-F

\/g n=15,

ONA KpyroBoro pacnpocTtpaHeHuna noxapa:

A=105y, V"



roe V - NnnHeHas CKopoCTb pacnpoCTpaHEeHUs NITaMeHu, M/C;

ANsi BepTUKanbHOW UMM FOPU3OHTaNbHOW MOBEPXHOCTM FOPEeHUs B BUAE NPSAMOYrofbHMKa, OdHa U3 CTOPOH
KOTOpOro yBenuuMBaeTCd B [BYyX HaMpaBMneHMsX 3a CYeT pacrnpocTpaHeHWss nnameHu (Hanpumep,
pacrnpocTpaHeHWe OrHA B FOPU3OHTANlbHOM HampaBfieHMM MO 3aHaBecy Mocflie oxBaTa ero nramMeHeMm Mo BCen
BbICOTE):

A=y, -V-b n=2,

roe b - nepneHAnKyNSapHbIN K HanpaBneHUo ABMKXEHUS NNaMeHn pasMmep 30Hbl FOPeHUs, M.
Mpn oTcyTcTBUM cheumanbHblX TpeboBaHwui 3HaveHua a n E npuHumatotes pasHbiMu 0,3 n 50 nk

=20
M.

I
COOTBETCTBEHHO, a 3Ha4yeHne ™
V. MaTemaTunyeckas ABYX30HHAsA Moerb noxapa B 34aHun

Mpun peweHWn 3agady C MWCNOMb3OBaHWEM [ABYX30HHOW MOAENV MoXap B 34aHUM XapakTepuayeTcs
yCpeOHeHHbIMM No Macce 1 06bemy 3Ha4YeHUAMY NapameTpoB 3a4bIMIEHHON 30HbI:
T - Temnepartypa cpefpl B 3a4blMIIEHHOW 30He, K;
MIO - OnTMYeckas NAOTHOCTb AbiMa, Hn/m;
X - MaccoBasd KOHLeHTpaum4da i-Toro TOKCHMYHOT'O nponykKTa TopeHnd B
i
BaJIT:IMJ'[eHHOﬁ 30HEe, KI‘/KI‘,’
X - MaccoBasd KOHLEeHTpaluda KMucjopona, KI'/KI';
K
Z - BbICOTa HWXHEW rpaHunLbl cnos Abima, M.
B cBo ouepenb nepeuncrieHHble napameTpbl BblIpaXalTCA Yepe3 OCHOBHble WHTerpanbHble napameTpbl
3a4bIMINEHHOW 30HbI C MOMOLLLIO CrieayoLwmnx opMyn:

T
Q = mHTerpan m x c (T) x dT, (I16.26)
3 0 P
m m
i K
X = --, X = --, (I16.27)
i m K m
S
MO = —--, (116.28)
Vv
I
Vv
m p1s
po = --, Z =H - —-—, (I16.29)
\ A
I
Tne m, m - obmas Macca OeMa M COOTBETCTBEHHO 1-T0 TOKCUYHOTO MNPOAYKTa
i
TOpeHMs B 3aIBMIIEHHOM 30He, KI';
m - Macca KUCJopoIa B 3albIMJIEHHOM 30He, KI';
K
Q - DBHTANBNMA NPOIOYKTOB TOPEHMS B BaIOBIMIIEHHOM 30He, KIX;
3
S - omnTHUUeckoe KOJIMYEeCTBO nbMa, Hm x M2;
PO - IUJIOTHOCTL IeMa Npu Temneparype T, kr/m3;
V - ofBbeM BambMIIEHHOM 3O0HB, M3;
pas
H, A - BrICOTA U IJollanb IIOMEIEHMI, M;
C - ymeJbHasd TeIlJIOeMKOCThL mOmMa, kIx/ (K X kIT) .



JMHamMyKa OCHOBHbIX WHTErpanbHbIX NapaMeTpoB 3adbIMIIEHHONW 30Hbl OMpPenenseTcs WMHTErpypoBaHuem
CUCTeMbI criefytoLmx 6anaHCcoBbIX YpaBHEHWIA:

oblleit Maccbl KOMMOHEHTOB 3afbIMIEHHON 30HbI C Y4eTOM [blMa, BHOCMMOIO B 30HY KOHBEKTUBHOW
KOJIOHKOW U AbIMa, YAanseMoro Yepes npoemMbl B COCeHVE NOMEeLLEHUs:

dm
--=G -G, (II6.30)
dt K II
roe t - Tekyuee BpeMs, C;
G , G - MACCOBHI pacxom OeiMa COOTBETCTBEHHO Uepes3 KOHBEKTUMBHYI KOJIOHKY
K II

M OTKPEITEIE IIPOEMElI B IIOMEUWEeHUN, KI‘/C,‘
QHTanbMNMA KOMMOHEHTOB SGHbIMHeHHOVI 30Hbl C Yy4€TOM Tenia, BHOCMMOIo B 30HY KOHBEKTMBHOMN KOJ'IOHKOIZ,
Tennootaayn B KOHCTPYKUMKN U YHOCa AbiMa B NMPOEMbI:

do
-—— =0 -Q0 -0 , (II6.31)
dt K I KOH

roe Q , Q , Q - TemnJjoBasg MOIWHOCTE, COOTBETCTBEHHO BHOCHMMAA B

K II KOH
3aObIMJIEHHYIO 30HY KOHB@K’I‘MBHOﬁ KOJ‘IOHKOﬁ, yoalligdeMad C IOBEIMOM qepes O’I‘Kpr’I‘bIe
HpoeMbI n Tepgemag B KOHC’I‘pyKLLMM, KB’I‘,’
MacCChbl Kncropoga Cc y4eTomMm noTepb Ha OKMUCI1eHne NpoaYyKTOB NMNpPOoJin3a ropro4mnx BeLecCTB:

dm,,

:O’ 23(GK _n.w'Lox)_Xox .Gl_l
, (M6.32)
(8 pea. Mpukaza MYUC P® o1 12.12.2011 N 749)

" - nonHoTa cropaHus ropioyero matepuana, Kr/kr;
(B peq. Npukasa MYC P® ot 12.12.2011 N 749)

V' - ckopocTb BbiropaHusi roprotero matepuana, Kr/c;
(8 pea. Mpukaza MYUC P® o1 12.12.2011 N 749)

Lo - noTpebneHne kucnopoaa npy CropaHum eanHULbLI Macchl ropoyero MaTepuana, Kr/Kr;
(8 pea. Mpukasza MYUC P® o1 12.12.2011 N 749)

ONTUYECKOro Konm4yecTBa AblMa C y4eTOM AbIMo0o6pasytoLen cnocobHOCTM ropsLlero matepvana:
(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

dt "
(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)

§=l//'D -G, 2
P (n6.33)

D )

roe ™ - gpimoobpasytoLas cnocobHOCTL roptoyero matepmana, Hn/(m2-kr);
(B pea. MNMpukaza MYUC PO o1 12.12.2011 N 749)
Macchl i-ro TOKCUYHOIO MPOAYKTa rOPEHUS:

dm
i
-—— =ncum x L - x x G, (I16.34)
dt i i I
rme L. - MaCCOBBIM BBIXOI 1-T'0 TOKCUUHOTO MPOOYKTa TOPEeHUs, KI'/KT.
i
Macca KOMIIOHEHTOB JbiMa G , BHOCUMEIX B SaIbMJIEHHYIO B0HY KOHBEKTMBHOM
K
KOJIOHKO, OlleHMBAETCH c yyeToM KOJMUeCcTBa BO3IyxXa, BOBJIEKAEMOTO B

KOHBEKTUMBHYIO KOJIOHKY II0O BCEeM ee BHECOTEe IO HMWXHEeM I'PaHMLUL CJIOS IbMa. B
VIHXEHEPHBIX pacueTax pacxon KOMIIOHEHTOB OelMa 4Yepes OCEeCHUMMETPUUHYI



KOHBEKTMBHYK KOJIOHKY Ha BEICOTE HMXHETO YPOBHS 3aIbBIMIEHHOM 30HH Z (B
33aBUCUMOCTHU oT TOTO, Kkakas oO0JlacTb KOHBEKTMBHOM KOJIOHKM WM dakeja
HOTpyXeHa B 3aIbIMJIEHHYID 30HY) 3aldaeTcsd NOJIySMIMPpUYEeCcKOM GopMyJion:

z 0,566
0,011 x Q9 x (—-——--) njsa obnacTtu dQakesa
2/5
Q
z 0,909
G = <0,026 x Q x (=-——--) IoJis I[IepexolHoM obJjacTu (I16.35)
K 2/5
Q
Z 1,895
0,124 x Q x (—-—-—--) nJia oBbJlacTu KOJIOHKU,
2/5
Q

roe Q - MoLLHOCTL o4Yara noxapa, KBT.
[vHaMnKka napameTpoB o4vara noxapa onpenensieTcs pasBuTUeM MNMOoLLAAN FOPEHUs C Y4eTOM CMOXKHOro
cocTaBa roplo4Ymx maTepuarnos, X pacrnonoXeHns, Mecta BOSHUKHOBEHMS o4vara noxapa 1 NonHoTbl CropaHus:

Q=7-v,-Q,-F(t)

(8 pea. Mpukaza MYUC P® ot 12.12.2011 N 749)

. (M6.36)

lNoTepn Tenmua B oOTrpaxiaplye KOHCTPYKLUMM pPacCCUMTEIBAIOTCHA C YYeTOM
TeMNepaTyps Topader cTpyn T , CKOPOCTU U M3JIy4daTeJIbHOM CIOCOOHOCTM CTPyH,
c
OMEIBAIEY KOHCTPYKLMM M IporpeBa caMoM 1-¥ koHcTpykumm T (y) IO TOoJMHE V.
i
I 3TOrO YUMCJIEHHO MHTEeTPMPYeTCs HecTalMOHapHoe ypabBHeHHue Odypbe:

dT (y) d nambma (T) x dT (y)

—————— e T (116.37)

C rpaHNYHbIMN N HaYalnbHbIMU YCIOBUAMMU!

aT (y)
i
(anmpda + axpdpa ) x (T - T ) = -jpaubga X —-———-- , (I16.38)
K JI c w w dy
y=0
dT (y)
i
(anmpdpa + axpda ) x (T - T (menbra)) = -nambma(T) x —------ , (I16.39)
K J 0 i dy
y=nenbTa
T (O,y) =T , 0 <=y <= pmensra, (I16.40)
i 0
roe anbda , adbdPa - COOTBETCTBEHHO KOHBEKTMBHEIM M JIYUMCTHIM KODPOUIMEHT
K JI

TenynooTmaunr, BT/ (M2 x K);
[enbTa - TOMNWVHA Orpa)xaaloLein KOHCTPYKLUA, M;



C(T) - TennoemMkocTb MaTepuana KoHCTpyKumm npu temnepatype T(y), Ik /(kr2 x °K);

nambga(T) - TennonpoBOAHOCTb MaTepuana KoHCTpyKuun npu temnepatype T(y), BT/(m x °K);

T, T - TeMIepaTypa COOTBETCTBEHHO O0OOI'peBaeMOM UYaCTU KOHCTPYKLUM U

4 0
cpenrl y HeoborpepaeMmoy HoBepxHOCTH, K;

PO - NIIOTHOCTb Matepuana KOHCTPYKLUN, Kr/M.

TennoBble U MaccoBble MOTOKU yepes3 npoem B Ka)K,EI,bIﬁ MOMEHT BpeMeHU pacCHUTbIBAKOTCA C Yy4eTOM
TeKyLlero nepenaga AaBleHusi Mo BbICOTE MPOEMa, CocTaBa M TemnepaTypbl ra3oBov cpefbl Mo 0be CTOPOHbI
npoema (cxema pacyeta Ha puc. 16.1). Tak, maccoBbIi pacxoq AbiMa U3 NOMELLEHNsT o4ara noxapa B cocegHee
nomeLLeHne paccumTbiBaeTcs criegyowmm obpasom:

Y

max = = —mm—mm—m—m——m————————————————
G = B x kcu x mHTerpas \/2 x po x (P(h) - P (h)) x dh, (I16.41)
II Y 2

min

rge B - wupuHa npoema, Mm;
KCM - aspoauHaMmn4ecknin KoadhduumMeHT npoema;
P(h) - P (h) - pas3HuMUa »OaBJIeHUN B IIOMEUIEHMAX Ha BbICOTe h;
2
PO - NIIOTHOCTb AbiMa B 3a4bIMIIEHHON 30HE COCEAHEro NOMELLEHUA Npu Temnepartype geima T.

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

[lpenesiel MHTeTPUpoOBaHua Y ny BHOMpATCS B Ipelejiax CTBoOpa Ipoema,
max min
CJI04g IObBIMAa InmoMelmeHmAa ouara Imoxapa n TaM, roe M3OBITOUHOE IOaBJIEeHUE
HOensra P = (P(h) - P(h) ) > 0, xak »TO ykKaszaHo Ha puc. I6.1.
2

Heobxooumas ans oueHkn nepenaga AaBreHUst No CTBOPY NPOema 3aBUCUMOCTb AaBMNeHWsl OT BbICOTbI B i-M
NOMeLLEeHMM (C y4EeTOM 3a[bIMIEHHON 30HbI 3TOrO NOMELLEHUST) OLIEHMBAETCS Kak:
P, (h)= Po—p,-g-h ecmh <7,
i =
Po—=P-9-Z—p;i-g-h ecnuh>7,
(8 pea. Mpukaza MYUC P® o1 12.12.2011 N 749)

, (M6.42)

roge P - Tekylmee IOaBJIeHMEe B 1-M IIOMEmeHUM Ha HYJIEBOM OTMeTKe (Miau
i0

IpUBEIEHHOE K HYJIEBOM OTMEeTKe, eCcyy ypPOBEHb IIoJla I[IOMEUleHMS BhHlle HYJIeBOM
OTMETKU) ;

PO - IJIOTHOCTbL BO3IyXa NIPM HaudaJIbHOM TeMmInepaTtype T ;

0 0

7 - TeKylasd BHCOTA He3anOubMJIEHHOM SOHHE B 1-M IIOMEIEeHUN.

i

PaccuyntaHHble napameTpbl TennomaccoobmeHa B npoemMme WUCNoONb3yKTCA KaK rpaHW4YHble YycnoBua OnNA
cocepnHero nomMmeweHuns.

V. MNonesoi mMeTod MOAENMPOBaHMSA NoXxapa B 3g4aHun

OcHoBOM AN MoneBbiX MOAENEN MNOXApPOB SABMSKTCA YpaBHEHUS, BblpaXkalolne 3aKOHbl COXpPaHEeHWUs
Macchbl, UMMyrnbca, 3HEPTUN U MacC KOMMOHEHTOB B pacCMaTpMBaeMOM MarloM KOHTPOJibHOM obbeme.
YpaBHeHWe coxpaHeHNs Macchl:

dpo d
-—— + -—— (po x u ) = 0. (I16.43)
dt dx 3

J

YpaBHeHme COXpaHeHuA nMmnynbca:



d d dpo ij
-— (poxu) +-—— (pOoXUu xu)=- -———+ —————= + po x g . (II6.44)
dt i dx I i dx dx i

J i J

[nsi  HbIOTOHOBCKMX >KWUOKOCTENW, MoguvMHAWMNXCS 3akoHy CTokca, TEeH30p BSA3KMX  HaMpsKEHWN
onpegenseTcs OoOpMYyron:

du du du
i 3 2 k
Tay = MO X (-—— + ---) - - X MO X —--—- X @OeJbTa . (I16.45)
ij dx dx 3 dx ij
3 i k
YpaBHeHWE 3HEPIuK:
R
dg
d d dp d naubnoa dh 3
--(po x h) + ---(po xu x h) = -—— + —=——(-————- X —-==) - ---, (I16.46)
dt dx 3 dt dx c dx dx
J J p J J
T
roe h = h + mHTerpan ¢ dT + SUM (Y x H ) - craTruueckas DHTAJILIINA
0 T o) k k k
0
cMecu;
H - TemsoTa ofOpasoBaHMsa K—-I'O KOMIIOHEHTA;
k
c = SUMY x cC - TEeIJIOEMKOCTb CMECU [IPpM [IOCTOSAHHOM IaBJIEHUN;
P kk p,k
R
g - paIMalMOHHEIM NOTOK B2HEPIMM B HalpaBJIEHUM X
J J
YpaBHeHME COXpaHEHMSI XMMMYECKOrO KOMMOHEHTA K:
day
d d d k
-—-(poxY) + ———(poxu xY)=-—(poxDx-—) + S . (116.47)
dt k dx Jj k dx dx k
J J J

[na 3ambikaHua cuctembl ypasHeHuin (I16.43) - (I16.47) ucnonb3yeTcs ypaBHEHWE COCTOSHUSA MaeanbHOoro
rasa. [lns cMecu rasoB OHO MMeeT BUA!

Y
k
p=po xR x Tx SUM --, (I16.48)
0 k M
k
roe R - yHMBepcasbHas TasoBasg [NOCTOSHHAS;
0
M - MoJyigpHas Macca k-ro KOMIIOHEHTA.

k




