3apernctpupoBaHo B MuHiocte P® 6 aBrycta 2009 r. N 14486
MWHUCTEPCTBO POCCUIACKOW ®EAEPALIMM MO AEJIAM IPAXXKAAHCKOW
OBOPOHbI, YPE3BbIYAWHbIM CUTYALIUAIM U JIMKBUOALNN
MOCJNIEACTBUA CTUXNIAHDBIX BEACTBUIA
NMPUKA3
ot 30 utoHs 2009 r. N2 382

OB YTBEP)XAIEHUU METOIMKW ONPEAEJIEHNS PACYETHbIX BEJINUUH MOXXAPHOIO
PUCKA B 3[JAHUSAX, COOPY)XEHUSIX U CTPOEHUSIX PA3JTUUYHbIX KJIACCOB
®YHKLUMOHANBbHOI NMOXXAPHOIA ONMACHOCTH

B cooTBeTcTBUM C DeaepanbHbIM 3aKOHOM OT 27 aekabps 2002 r. N2 184-P3 «O TexHU4YeCcKoM
perynnpoBaHum»[1] n noctaHoBneHvem MpaeuTtenscTea Poccuickor ®epepaumn ot 31 Mapta 2009 r. N2
272 «0O nopsake npoBeAeHNs pacyeToB MO OLIEHKE NOXapHOro pucka»[2] npu ka3 bl Balto :

YTBEpAUTL NpuUnaraeMyo METOAMKY OrnpeaeneHns pacyeTHbIX BENNYUH NOXapHOro pucka B 34aHUSX,
COOPYXEHNAX N CTPOEHUAX Pa3/IMYHbIX K1laCCOB dDYHKLlMOHaﬂbHOVI I'IO)KE]pHOVI OnacHOCTU.

MuHucTp

C.K. Wowry

[1] CobpaHue 3akoHoaaTenbcTBa Poccuiickor ®epepaumnn, 2002, NQ 52, (yacTb I), cT. 5140; 2005, N2 19,
CT. 1752; 2007, N2 19, cT. 2293; 2007, N2 49, cT. 6070; 2008, N2 30 (4acrtb II), cT. 3616.

[2] Cobpanue 3akoHogdaTenscTBa Poccuickon ®epepaumnn, 2009, N2 14, cT. 1656.

IIpunoxenue
k npukazy MUC Poccun

ot 30.06.2009 Ne 382

METOIUKA
onpeeeH!s] PACYETHBIX BeJIMYHUH MOKAPHOI0 PUCKA B
3MaHUAX, COOPY/KEHUSAX M CTPOCHUAX PA3JTUYHBIX KJIACCOB (PYHKIMOHAJIbHOMN
MOKAPHON ONACHOCTH



|. O01IHMe moJ10KeHuS

1. Hacrosimass MeTroauka OINpEAENIeHHs PACUYETHBIX BEIUYUH IOXApPHOIO
pUCKa B 3JIaHUAX, COOPYKEHHUSIX U  CTPOEHHUSAX pa3IMUHBIX  KJIACCOB
(GYHKIIMOHATBHON TOXapHOW omacHocTH (manee - MeToauka) ycTaHaBIMBAET
MOPAJIOK  OMNPEJEICHUS] PACUETHBIX BEJIMYMH TMOXAPHOIO PHUCKA B 3/IaHHUSX,
COOPY)KCHHUSX M CTPOCHHUAX (Hajiee — 3/aHUE) W PACIPOCTPAHICTCS Ha 3aHUS
KJIaCCOB (DyHKIIMOHAJIBHOM MOKapHON OMacCHOCTH:

®1 - 371aHuda, NOpelHa3HAuYCHHbIE JJIi MOCTOSHHOIO NPOXKUBAHMS U
BPEMEHHOT0 peObIBaHUS JIFOJIEH, B TOM YHUCIIE!

a) ®1.1 — 31aHUs ACTCKHUX JIOIIKOJBHBIX 00Pa30BaTENIbHBIX YUYPEKICHUH,
CTCHIUAIM3UPOBAHHBIX JIOMOB TMPECTApENbIX W HMHBAJIUAOB (HEKBApPTUPHBIE),
OOJBHUIIBI, CHAJIbHBIE KOpIyca o0Opa30BaTelIbHBIX YUPEKIACHUN HHTEPHATHOTO
TUIA U JETCKUX YUPEKICHUMH;

0) ®1.2 — rocTUHHIIBI, OOIICKHUTHS, CIAJIbHBIC KOPIyCa CAHATOPUECB H
JOMOB OT/IbIXa OOLIEro TUMa, KEMIIMHIOB, MOTEJIEH U MAaHCUOHATOB,;

B) ®1.3 — MHOTOKBapTHPHBIC JKUIIBIC IOMA,;

r) ®1.4 — oTHOKBAPTUPHBIC KHUIIBIC IOMa, B TOM YHCIIe OJIOKMPOBAHHBIC,

®2 — 31aHUS 3pENMILHBIX U KYJbTYPHO-IIPOCBETUTENBHBIX YUPEXKICHUM, B
TOM YHCIIE!

a) ®2.1 — Tearpnl, KHHOTEATPbl, KOHIEPTHBIC 3ajbl, KIyObI, IHUPKH,
CIIOPTUBHBIE COOPYXEHHUS C TpUOYHaAMH, OMOJIMOTEKHM U JIPYrUe€ YUPEKIEHHUS C
pacyeTHbBIM YMCJIOM TIOCAJIOYHBIX MECT JJsi TOCETHTENed B  3aKpbITHIX
MOMEIICHUSX;

0) ®2.2 — my3eH, BBICTABKH, TaHICBaJbHBIC 3allbl M JPYrde IMOJIOOHBIC
YUPEXKACHUS B 3aKPBITHIX TOMEIICHUX;

B) ®2.3 — Tearpbl, KHHOTEATpPbl, KOHIIEPTHBIC 3allbl, KIyObl, IUPKH,
CIIOPTUBHBIE COOPYXEHUS C TpUOYHaAMH, OUOJIMOTEKH U JIPYrUe YUPEKIEHHUS C
pacyeTHBIM YHCIIOM MOCAJ0YHBIX MECT JJIsl IOCETUTENIEH Ha OTKPHITOM BO3JIYXE;

r) ®2.4 — My3eH, BBICTABKH, TAHIEBAJIBHBIC 3aJIbl M JIPYTHE IOJ0OHBIC
YUpeXACHHUS HAa OTKPBITOM BO3/YXE;

®3 — 31aHUs OpraHu3alMii Mo 00CTyKUBAHUIO HACETIEHUs, B TOM YHUCIIE!

a) ©3.1 — 31aHus opraHu3alyii TOProBIIH;

0) ©3.2 —31aHus opranu3anuii O0IIECTBEHHOTO TUTAHNUS;

B) ©3.3 — BOK3aHI;

r) ®3.4 — MOMUKIMHUKY U aMOyJIaToOpuH;

n) ®3.5 — mnomemieHus IS TOCETUTENICH OpraHu3aluii OBITOBOTO U
KOMMYHaJIbHOTO OOCIY>KMBaHMSI C HEPACUETHBIM YHUCIOM IMOCAJ0YHBIX MECT JJis
MOCETUTEIICH

e) ®3.6 — GuU3KYILTYPHO-0370POBHUTEIbHBIC KOMILICKCHI M CIIOPTHBHO-
TPEHUPOBOYHBIE YUPEXKACHHUS C MOMEHIEHUsIMU O0e3 TpuOyH sl 3pUTENeH,
OBITOBBIE IOMEIIEHUS, OaHU;

®4 — 31aHMS HAy4YHBIX U OOpPA30BATENIbHBIX YUPEXKACHHM, HAYUHBIX U
MPOEKTHBIX OPraHU3alUid, OPraHOB YIPABICHUS YUPEKACHHUH, B TOM YHCIIE:



a) ®4.1 — 3nanus 001Ie00pa30BATENBHBIX YUPESIKICHHM, 00pa30BATEIbHBIX
YUpEXKACHUN  JIOMOJIHUTENBbHOTO  oOpa3oBaHMsl  JeTel, 00pa3oBaTeIbHbIX
YUpEXKACHUN HA4YaJbHOTO MPO(PECCHOHAIBHOIO U CPEJHEro MpopecCHOHAIBHOIO
oOpa3oBaHus;

0) ®4.2 — 3pganms 00pa3oOBaTENbHBIX  YUPEKICHHHA  BBICIIETO
npoeCCUOHAILHOTO 00pa30BaHUs M JIOMOJHHUTEIHHOTO TPO(PECCHOHATHLHOTO
oOpa3oBanusi (MOBBIIICHUS KBATH(DHUKAIINU) CIICITUATUCTOB,;

B) ®4.3 — 31aHus OpraHoOB YOpPAaBICHHS YYPEKICHHUH, MPOCKTHO-
KOHCTPYKTOPCKMX  OpraHu3auui,  HMHQOPMALMOHHBIX M  PENaKI[MOHHO-
M3/1aTeIbCKUX OpraHU3alui, HAyYHbIX OpraHu3aluuii, 0aHKOB, KOHTOP, O(PUCOB,;

r) ®4.4 — 31aHUs TIOXKAPHBIX JICTIO.

2. PacyeTsl 10 OLIEHKE TI0KapHOT0 pUCKa MPOBOASATCS MYTEM COMOCTABICHUS
pacyeTHBIX BEJIUYMH MOKAPHOTO PUCKA C HOPMATHUBHBIM 3HAYEHUEM IOKAPHOIO
pucka, ycranoBiaeHHoro denepanbupiM 3akoHOM OT 22 utofiss 2008 r. No 123-D3
«TeXHUUECKUH pEraMeHT O TpeGOBaHMAX MOXKAPHOM Oe3omacHocTH»' (mamee —
TexHUYECKUIT periIaMeHT).

3. Onpezenenre pacyeTHbIX BEJIMUMH MOKAPHOTI'O PUCKA OCYILECTBISETCS Ha
OCHOBaHHU:

a) aHaJIM3a MOXAPHOW ONACHOCTH 3JaHHiA;

0) ompe/eeHus YaCTOThl PeaTM3aliy MOXKAPOOACHBIX CUTYAIIHIA;

B) TIOCTPOCHHs TMOJIEH OMacHbIX (HAaKTOPOB TOXapa I Pa3IUIHBIX
CLIEHApHEB €0 Pa3BUTHUS;

I) OIECHKHU IOCIEJACTBUN BO3JCHCTBHS OMACHBIX (DAKTOPOB IMOXKapa Ha
JOJeH JJI pa3InYHbIX CLIEHAPUEB €ro Pa3BUTHS;

) HAJIMYHSL CUCTEM O00ECTICUSHHS MTOKAPHOI 0€30MacCHOCTH 3aHUM.

4. OmnpeneneHue pacuETHBIX BEJIMYMH MOKAPHOTO PHUCKA 3aKJIIOYaeTcs B
pacuere WHIUMBUIYAIbHOI'O IMOXKAPHOIO pHUCKa IS SKWIBLOB, IEpcoHaNa U
noceTurenel B 31aHUU. UUCIEHHBIM BbIpa)KEHUEM MHAMBUAYAJIbHOTO MOKAPHOTO
pHCKa SIBIISICTCS YaCTOTa BO3JIEHCTBHS onacHbIX (hakTopoB noxapa (nanee — ODIT)
Ha yesoBeka, Haxojsmerocss B 31anuu. llepeuenr O®DII ycranoBien cratbeid 9
TeXHUYECKOro perJaMeHTa.

5. Yacrora BozaeictBus O®Il omnpenensiercs a8 MOXKapooONacHOM
CUTYalluH, KOTOpas XapaKTepU3yeTcss HAuOOJbIIEH OMACHOCTBIO ISl KU3HH M
3J10pPOBbSI JIFOJIEH, HAXOAIIUXCS B 3/IaHUU.

6. g uenedt HacTOAIIEW METOAMKU HCIOJIb3YIOTCS OCHOBHBIE MOHSTHS,
YCTaHOBJIEHHbIE CTaThell 2 TeXHUYECKOro perjaMeHTa.

1. OcHOBHBIE pacyeTHbIE BeJIMYUHbI HHAMBUAYAJIbHOIO
MOKAPHOI'0 PUCKA

7. UnauBuayanbHbIN OKapHBIM PUCK OTBEYAET TpeOyeMoMYy, €CIIu:

QB £ Qg ’ (1)

! Cobpanue 3axkoHomaTenbcTBa Poceuiickoit denepanuu, 2008, Ne 30 (yacts 1), cr. 3579.



H
rac QB - HOpMaTI/IBHOC 3HAQUCHUC I/IHI[I/IBI/II[yaHBHOFO HO)KapHOFO pI/ICKa,
H 6 -1,
Qp= 10" rox™;
QB - pacquHaﬂ BCJIMUUHA I/IHI[I/IBI/II[yaHBHOFO HO)KapHOFO pI/ICKa.

8. PacueTHas BeIMYMHA WHIMBHUYAJIbHOTO MOXAPHOrO pucka Q, B KaxaoM
3JJaHUU PACCUMUTHIBAETCA 1O (HopMyIIe:

QB:QH%l_RaH) >Pnp>(1_P3) )(1_Pn.3) ) (2)

rac Qn — 4YJaCTOoTa BO3HHUKHOBCHHUA IIOXKapa B 3JJaHMM B TCUYCHHUEC TIOJ4,
onpeAcisICTCAd Ha OCHOBAHHMM CTATHCTHYCCKUX JAHHBIX, TMPUBCACHHLIX B

npunoxennn Nel K Hacroswmen Meroauke. 1Ipy Hamuuuu NaHHBIX O KOJIMYECTBE
JOJed B 3JaHUM HEOOXOJMMO HCIOIb30BaTh YTOUHEHHYIO OLICHKY, a IpH HX
OTCYTCTBUM — OILIEHKY B pacuere Ha OJIHO YyupexnaeHue. Ilpm orcyrcrBumn
CTATHCTHYECKON MH(bOPMAIMH J0MycKaeTcs mpuHuMath Q = 4407 st KaxI0ro
3naHus. OLEHKY YacTOTHBIX XapaKTEpPUCTUK BO3HUKHOBEHMS I0Kapa TaKkKe
JIOIYCKAeTCsl BBIMOJIHATh HUCXOJ U3 CTATUCTUYECKUX JAHHBIX, MYOIUKYEeMBIX B
HAy4YHO-TEXHUUYECKOM )KypHaje «lloxapHas 6€30MacHOCTb;

R —  BeposTHOCTH 3 (exTUBHOro  cpabaTbiBaHHUS  YCTAHOBOK
aBToMatndeckoro moxapotymenus (manee — AVYIIT). 3naueHue mapamerpa Ry,
ONpenesAeTCs] TEXHUYECKOM HaJeKHOCThO 3yeMeHTOoB AVIIT, nmpuBonuMbIX B
TEXHUYECKOW JOKyMeHTauuu. IIpu OTCyTCTBUM CBEAEHMU 10 Iapamerpam
TEXHUYECKON HaJIeKHOCTH AoIycKaeTcs npuHuMath Ry, = 0,9. Ilpu orcyrcTBun B
3JaHUU CHUCTEM aBTOMATUYECKOro MOXapoTylleHus R,; NnpuHuMaeTrcs paBHOU
HYIIIO;

P,, — BEpOATHOCTHL NPHUCYTCTBHUA JIIOJAEW B 31aHHMM, OIpEIeaseMas W3
COOTHOWEHUS Pyy= tpyma/24, THE thyma — BPEMSI HAXOKACHHA JIIOJICH B 37aHUU B
qacax;

P, — BEpOsATHOCTH 3BaKyallUU JIIOJEH;

P, — BepodTtHOCTh 3(PPeKTUBHOU padOThl CHUCTEMBI MPOTHUBOMOKAPHOM
3alllMThI, HAMpaBJIEHHOM Ha oOecreyeHue Oe30macHOM 3BaKyallMHM JIOJEH Npu
nokape.




9. BeposatHocTh 3Bakyanuu P, paccuuThIBalOT Mo Gopmyrie:
0,8 XtGJI = t
t

b, ecmm t <08%, <t +t, ut, £6mun

HD

i : 3)

riae {, — pacyeTHOe BpeMs DBAaKyallMH JIOJEU, MUH,

t,, — BpeMs Hauaia dSBakyanuu (MHTEPBAI BPEMEHH OT BO3HUKHOBCHHS
noJkapa J10 HayaJia dBaKyaliu JIOfCH), MUH;

tsx — BpeMs OT Hayasia moxapa /10 OJIOKMpOBaHUS 3BAaKyallMOHHBIX IMyTEH B
pesynbrate pacnpoctpaneHuss Ha Hux O®II, umeromux npeaeabHO JONMYyCTUMbIE
IS JTROJIeH 3HaueHMsl (BpeMst OJIOKUPOBAHHUS MyTeH dBaKyalliH), MUH,;

t.c — BpeMs CyLIECTBOBAaHMUSA CKOIUICHMM JIXOJEM Ha Y4YacTKax IyTH
(TUTOTHOCTH JIFOJICKOTO TIOTOKA HA MYTIX dBaKyaluu npessbiiiaet 3Hauenue 0,5).

10. PacuetHoe BpeMs 5BaKyallMM JIoAcH t, M3 IOMEIICHUH M 37aHUN
ONpENEIAETCS HA OCHOBE MOJEIMPOBAHMS JBWKEHUS JIOJCH J0 BBIXOJA HAPYKY
OJIHUM U3 CJIETYIOIIMX CITOCOOOB:

[0 YNPOUIEHHOM AHAJUTUYECKOW MOJENIH JBHXKEHHUS JIOJICKOTO IOTOKA,
MPUBEJICHHOW B npmiioxennn Ne 2 K HacTosAwen Metoauke;

10 MAaTEMATUYECKON MOJIENIM UHAUBHUIYAJIbHO-TOTOYHOI'O JBHXKECHUS JIFOAEH
W3 3J1aHus, MpUBEACHHON B puioxkennu Ne 3 k HacTosieln Meroauke;

[0 HMMHUTAMOHHO-CTOXAaCTHYECKON MOJENIN JBHKEHHMS JIFOJACKHX MOTOKOB,
npuBeJIeHHON B npwioxeHuu Ne 4 k HacTosiieln Meroauke.

Bribop cmocoba  ompeneneHuss — pacueTHOTO  BPEMEHHM  HBaKyalluu
NPOU3BOJUTCS €  Y4YeTOM  creuuuyeckux  OCOOEHHOCTEH  0OBEMHO-
IUIAHUPOBOYHBIX PEIICHUH 3/1aHusl, a TaKkKe OCOOCHHOCTEeW KOHTHUHreHTa (ero
OJTHOPOJTHOCTH) JTFOJICH, HAXOASIINXCS B HEM.

IIpn onpeneneHn pacyETHOIO BPEMEHU DBAKyallUM YYHUTBIBAIOTCS JTaHHBIE,
IIPUBEJICHHBIE B npuiokernn Ne 5 K HacTosAme MeTroauke, B 4aCTHOCTH TPUHLIATIBI
COCTAaBJICHUSI PACUYE€THOM CXEMBI DBaKyalUH JIIOIEH, NapaMeTpbl JBMIKCHUS JIFOJACH
pPa3IUYHBIX TPy MOOWJIBHOCTH, a TAK)KE€ 3HAYEHMS IJIOLIAJeH TOPU30HTAIbHBIX
MPOEKIUI PA3IUYHbIX KOHTUHT€HTOB JIFOJIEH.

IIpn npoBeneHUN pacyeToOB CIIENYET TAKXKE YYUTHIBATh, YTO NPU HAJUYUU
IBYX W 0oJiee 3BaKyallMOHHBIX BBIXOJIOB OOIIasi MPOIyCKHAas CIIOCOOHOCTh BCEX
BBIXOJIOB, KpOME€ KaXX[O0ro OJHOr0 W3 HHX, JOJDKHA 00ecneuuTbh Oe30MacHyIo
ABAKyalMIO BCEX JIFOAECH, HAXOISIIMXCS B TOMEILEHUH, HA 3TAKE WIN B 3JJaHUH.

11. Bpems Hauana »5Bakyauuu 1, ompenensieTcsi B COOTBETCTBUHU C
yHKTOM 1 npunoxenns Ne 5 k Hacrosiieit Meroauke.

12. Bpems O6s0kupoBaHuUs yTel 3BaKyaluu ts, BBIYUCISIETCS IyTEM pacdyeTa
BpeMeHu  gocTvkeHus O®PIl  mpenenbHO  JONYCTUMBIX — 3HAYEHMM  Ha
DBAKYyal[MOHHBIX MYTIX B pa3IMUYHbIE MOMEHTHI BpeMeHH. llopsanok nmpoBeaeHus




pacyera ¥ MaTeMaTUYECKHE MOJENU JUIsl ONpeleNieHUsT BPEeMEHH OJIOKMPOBAaHUS
MyTe »BaKyallud OMACHBIMU (paKTOpamMH MoXkapa NPHUBEAECH B mpunoxkennn Ne 6 K
Hactosuen Meroauke.

13. BepostHOocTh 3((PEeKTUBHOM pabOThl CHUCTEMBI MPOTHUBOIMOKAPHOU
3amuThl P, , HampaBieHHOM Ha oOecredyeHre OEe30MacHON JBaKyalluH JIOJEH,
paccuMThiBaeTcs 1o popmyne:

Priz = 1- (1- Rogu >Reovn) (- Rogu *Ripz), (4)

rae Ry — BepossTHOCTH 3PPEKTUBHOrO cpadaThbIBaHUSI CUCTEMBI MOKAPHOU
CUTHAJIM3allMK. 3HaueHue mapamerpa Ry, omnpenensercs TEeXHUYECKOH
HAJIe)KHOCTBIO 3JEMEHTOB CHCTEMbl MOXXAPHOW CUTHAJIM3ALMH, MPUBOAUMBIX B
TEXHUYECKOW JOKyMeHTauuu. IIpu OTCyTCTBUM CBEAEHMM @0 Iapamerpam
TEXHUYECKOW HaIC)KHOCTH JIOMYyCKAeTCsl MPUHUMATh Rygy = 0,8;

Rcoy» — ycnoBHast BeposTHOCTh 3(h(PEKTUBHOTO CpabaThIBaHUSI CHUCTEMBI
ONOBELICHUS JIIOJEH O MOXape W YNPABICHUS DBaKyallMEHd JIOJAEH B Clydae
3¢ (pexTUBHOrO cpabaThiBaHUs CUCTEMBI IOKAPHOM CUTHATU3ALINH;

Rz — ycinoBHast BepOSTHOCT A (EKTUBHOTO CpabaThIBaHUS CHCTEMBI
NPOTUBOABIMHONW 3alIUTBl B ciy4yae 3(P(EKTUBHOrO cpadaTbIBaHUS CHCTEMBbI
MOKAPHOM CUTHAJIM3ALIUU.

ITopsinok oueHku napameTpoB Roey, Rcovs B Rz npusenen B paznene |V
HacTosed MeToauku.

[11. Ilopsanok npoBeeHus pacyeTa HHANBHIYAJTbHOT O
MOKAPHOI'0 PUCKA

AHAJIN3 MOKAPHOI ONMACHOCTH 31aHUS

14. JIns npoBeeHUs aHalu3a MOXAapHOW OMACHOCTH OCYIIECTBIIAETCS cOOp
JaHHBIX O 3/IaHUM, KOTOPBINA BKIIFOYAET:

00BEMHO-TJIAHUPOBOYHBIE PELICHUS;

TEMIO(PU3NYECKHE  XapaKTEPUCTUKH  OrpaXkJarolMMX KOHCTPYKLUHUH U
pa3MeIeHHOro 000pyJ0BaHU;

BU/I, KOJIMYECTBO U pa3MEUIEHUE TOPIOYHMX BEILIECTB U MAaTEPUAJIOB;

KOJINYECTBO U MECTA BEPOSITHOI'O Pa3MEIIECHUS JIIOAEH;

CUCTEMBI MOXAPHOW CHUTHAJIU3aLMU M TOXKAPOTYIIEHUs, MPOTUBOIBIMHON
3alUThI, ONIOBEILLEHU JIIOICH O II0XKape U yIIPaBIICHUS dBaKyalley JIFOAEH.

15. Ha ocHOBaHMM MOJYYEHHBIX JAHHBIX MPOU3BOJIUTCA aHAINU3 MOKAPHON
OMACHOCTH 3/IaHUs, IPU 3TOM YUYUTHIBAETCS

BO3MOXHAasl JUHAMUKA Pa3BUTHS M0Kapa,

COCTaB M XapaKTEPUCTUKU CUCTEMbI IPOTUBOMOKAPHOU 3aIIUTHI;

BO3MOXHBIE MOCJIEICTBUS BO3JAEHCTBUS MOKapa Ha JIOAEH U KOHCTPYKLHH
3/1aHUS.



OnpenesieHue 4acTOTHI pean3alluM M0KAPOONACHBIX CUTYaLHi

16. Yacrtora peanuzaluy MOXKAPOOIMACHBIX CHUTYyallMd OMNpeaesieTcs
JacTOTOM BO3HMKHOBEHHUS TIOKapa B 3JaHUM B TedeHWe roma. llopsaok
OTIpEJICIICHHS] YacTOThl BO3HUKHOBEHUS TOXKapa B 3JJaHUU NpUBeIeH B pazjaeine ||
HacTosed MeToauku.

IMocTpoenue mosei onacHbIX (PaKTOPOB MOKAPA
JJIS PA3JIMYHBIX CIIEHAPHEB €ro Pa3BUTHS

17. JIns mocTpoeHusi MoOJIEW OMAacHbIX (AKTOPOB IMOXKapa MNPOBOAUTCS
AKCIIEPTHBIM BHIOOP CLEHApHs WK CLUEHAPUEB MOXKapa, NpU KOTOPBIX 0XKHUIAIOTCS
HauXyAIIAE MOCIEACTBUSA ISl HAXOIAIIMNXCS B 31aHUU JIFOJEH.

dopMyIIMpOBKaA CLIEHApUs Pa3BUTHS MOXKapa BKIIOYAET B ce0s CIeAyIoLue
JTaIbI:

BBIOOD MecTa HAxXOXIEHUS [EepBOHAYAIILHOIO odara IMoxapa H
3aKOHOMEPHOCTEH €T0 Pa3BUTHUS,

3aJjaHle pacdyeTHOW obOsactu (BBIOOpP paccMaTpuUBaeMOW TIPU pacueTe
CUCTEMBI IIOMEIICHMI, OIPENEIICHNE YUYUTHIBAEMBIX IPH pPACUETE DIEMEHTOB
BHYTPCHHEH CTPYKTYPhI IOMEIIEHHIA, COCTOSIHUS TIPOSMOB);

3aJlaHue TMapaMETPOB OKPYKAIOWMIEW CpEAbl M Ha4daJIbHbIX 3HAYEHUH
[1apaMeTPOB BHYTPU IIOMEILLCHUM.

B cootrBercTtBUM ¢ nmpunoxkenuem Ne 6 K Hacrosmien Metoguke
bopMmynupyeTcss MaTeMaTtuyeckas MOJENIb pa3BUTHS TOXKapa M IMPOBOJUTCS
MOJETUPOBAHUE IO TUHAMUKH Pa3BUTHSL.

Ha ocHOBaHuM pe3yJNbTaTOB PacYETOB OCYLIECTBISIETCS MOCTPOEHUE MOJEN
OMacHBIX (PAKTOPOB MOKapa U ONpEJENsieTCs] 3HaUY€HUE BPEMEHU OJOKUpPOBAaHMS
nyted sBakyanuu O®II tg;.

Ouenka mocjaeAcTBUI BO3ACCTBUA ONIACHBIX (PAKTOPOB MOKapa Ha
Jroaei 1Ji pa3InYHbIX CHeHAPUEB ero pa3BUuTUA

18. Ouenka nocneACTBUN BO3JAEHCTBUSA ONACHBIX (DaKTOPOB MoOXKapa Ha
JIOACH 3aKIIIOYAETCsl B OMPECIICHUH BEPOSITHOCTH SBaKyalldu JIOJEH U3 31aHUA
IpH TOKape.

BeposiTHOCTB 3Bakyanuu Jiojeit onpeaensercs no Gopmyse (3) Ha ocHOBE
COTIOCTABIICHUSI 3HAYEHHI pPACcYeTHOTO BPEMEHHM D3BaKyallud JIOACH W BpEMEHU
OJIOKUpPOBaHUS MyTeH IBaKyalli ONacHBIMU (haKTOpaMu MoKapa.

Jlns  ompeneneHus pacyeTHOrO BpPEMEHM JBaKyaluu Jojed t, B
cooTBeTCTBHH ¢ mpuioxkeHussMU NelNe 2-5 k Hacrosimelt MeToauke omnpenemnseTcs
MOJIeJIb IBaKyalllH JIFOICH U3 3/1aHUs, POBOIUTCS MOCTPOCHHUE PACYCTHON CXEMBI
IBaKyalllH U OCYIIECTBISIETCS MOJICTUPOBAHUE IBAKYyallUH JIFO/ICH.

19. B cootBerctBuu c pazaenom |l Hacrosmedr Mertoauku mpoBOAUTCS
OTIpe/ieTICHNE PacueTHOW BEIWYUHBI MHIMBHUIYATBbHOTO MOXKapHOro pucka Q, u
COTIOCTABJICHUE €€ C HOPMATHBHBIM 3HAUYEHHEM HWHANBUAYAIBHOTO IOXXAPHOTO
pucka Q.



Yder Hasiu4uMs cMCcTEeM o0ecreyeHHs MOKAPHOM 0€30IIaCHOCTH 31aHU s

20. Hamuuue cucrem obOecnedeHUs MOXKapHOHW O€30MaCHOCTH 3AaHUs
YYUTBIBAETCS B COOTBETCTBHH C (opMmyioir (4) u mosokeHusiMu pasznena |1V
HacTosed MeToauku.

brok-cxema, WITIOCTpUpYIOLLAs MOPSIA0K MPOBEEHUS pacueTa
MHIUBUIYAIHOTO MOKAPHOI'O PUCKA, MTpeIcTaBlieHa Ha puc. 1.



AHAIN3 N0KAPHOH ONMACHOCTH 31aHUSI

L

OnpesesneHne 4YacTOThI Peaan3aliy M0KAPOONACHBIX CUTYAINH
L
N
IlocTpoeHue moJieil ONAcHbIX (PAKTOPOB N0OKApPa
Br16op crierapus moxapa
@opMyJIMpOBKA MaTEMAaTUYECKON MOJIEIIN U MOJICIIMPOBAHUE
JUHAMMKHU Pa3BUTHS MOXKapa
[TocTpoenwue moselt omacHbIX (HaKTOPOB MoKapa
Onpenenenne BpeMeHU OJ0KUPOBAHUS ITyTEH dBaKyalliu

Pa3paGoTka . v
JIOTIOTHATENBHBIX OlleHKA N0C/Ie/ICTBUI BO3IEHCTBISA 0nacHbIX GAKTOPOB
IPOTUBOTIOKAPHBI Ho:kapa Ha JIOACH

@opMyJIMpOBKA MaTEMAaTUYECKON MOJIEIIN U MOJICIIMPOBaHUE

X MEPOIIPUATHN 2
9BAKYallMM JIFOJEH U3 3[1aHUs IIPU IIOKaApe

Omnpenenenne BpeMeHU OJ0KUPOBAHUS ITyTEH dBaKyalllu
Pacuer BeposSTHOCTH HBaKyaliu JrOAeiH
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Puc. 1. Tlopsaok npoBeeHus: pacueTa WHAUBHU1YaIbHOTO MOXAPHOTO pUCKa



V. Ilopsiaok pa3padoTKH JONMOJHUTEJIbHBIX IPOTHBOMOKAPHBIX
MepoNnpUATHIA MPHU oNpeieIeHHN PACYeTHON BeJJUYNHbI HHAUBHAYAJIBHOT 0
MOKAPHOT0 PUCKA

21. B cayuae, eciau pacyueTHash BEIUYMHA WHAUBUAYAJBHOTO MOKAPHOTO
pUCKa NPEBBIIIAET HOPMATUBHOE 3HAYEHWE, B 3JAHUU CIEAYET NPEAYCMOTPETH
JOTIOJIHUTENIbHBIE ~ NPOTHUBOMNOKAPHBIE  MEPONPHUSATHUS,  HANPABICHHBIE  HA
obOecrnieueHue OE30MacCHOM dBaKyalldy JIOJICH IpH MoxKape.

K uncny npoTuBomnokapHbIX MEpONPUATHIA, HAIIPABIECHHBIX HA 0OecTieueHne
0e30MacHO dBaKyalliy JIIeH Ipu MoKape, OTHOCSITCS

NPUMEHEHUE JOMOJHUTENbHBIX OOBEMHO-TUIAHUPOBOYHBIX pEIIEHUH U
CpelCTB, 00ECTIeUNBAIOIINX OTPAHUYEHUE PACTIPOCTPAHECHHUS TOXKAPA;

YCTPOWCTBO  JONOJIHUTENIBHBIX 3BAaKyallMOHHBIX IYTEH, OTBEYAIOIINX
TpeOoBaHUSIM O€30MacHON IBaKyalllH JIFOJIEH NP MOKape;

YCTPOMCTBO CHUCTEM OIIOBELIECHMS JIIOAECH O TMOoXKape U yIpaBICHUS
ABaKyalMeH J0IeH MOBBIIIEHHOIO THUIIA,

MIPUMEHEHUE CHCTEM NPOTUBOABIMHOW 3aIUTBI OT BO3AECHCTBHS OINACHBIX
(haxTOpOB MOXKapa,;

OrpaHUYE€HHE KOJMUYECTBA JII0ACH B 3JaHUU 1O 3HAYECHMM, 0OecrieunBaroInX
0€30MacHOCTb WX 3BaKyalllu U3 31aHUS.

22. D(pPpeKTUBHOCTD KAXI0T0 U3 MEPEUUCICHHBIX BBILIE MPOTHUBOMOXKAPHBIX
MEPONPUATUN ONPENEIAETCS CTENEHBIO BIMAHUA Ha napaMmeTpsl iy , tey, tw, a 14
CUCTEMBI IMOXKAPHOW CUTHAIM3alMM, NPOTUBOJABIMHOW 3alIUTBl M CHUCTEMBI
ONOBELIECHUSA JIOJEH MpPU MOXKape W YIPABICHHUS DJBaKyallMed JIIOJEH TaKke
YCJIOBHOHM BEpOSTHOCTHIO BHITTONHEHHUS 3a1a4n ipy oxkape (Roew, Recoys 1 Rz ).

23. IlpumeHeHune B KayecTBE JIOMOJHHUTEIBHOIO MPOTUBOMOKAPHOTO
MEepOMpUsATUs 00BEMHO-TUIAHUPOBOYHBIX PELIEHUI U CPelCTB, 00ECIeYnBaIOIINX
OTpaHUYECHHUE  pACIpPOCTPAaHEHHUs  MOXKapa,  JOCTUTaercss  o0ecreyeHUueM
HOPMHUPYEMBIX IPEAEIOB OTHECTOMKOCTH M INOHMKEHHOM MOKapHOM OIIACHOCTH
OOJIMIIOBOYHBIX CTPOUTEIBHBIX MAaTEpPHUAOB, HCIOJNb3YEMbIX B OrpakIaroIIUX
KOHCTPYKIMSAX OMELIEHUS, B KOTOPOM HAaXOJUTCS BEPOSATHBIN Ovar rnoxapa.

Crenenp BIMSHUS JaHHOTO  JONOJIHUTEIBHOTO  MPOTHUBOIIOKAPHOTO
MEpONPUATUS HAa JUHAMUKY paclpOCTPaHEHHs N0XKapa M, COOTBETCTBEHHO,
3Ha4YEeHHUE napamerpa ts; onpenensercs myTeM MPOBEACHNs IOBTOPHOIO pacyera tg;
MOCJIE  BHECEHMsS]  COOTBETCTBYIOIIMX H3MEHEHHUH B CXeMy OOBEMHO-
IJJAHUPOBOYHBIX PEIICHUI 31aHUS.

24. Tlpu NpUMEHEHUH B KA4ye€CTBE JIONOJHHUTEIBHOIO MPOTHUBOIMOKAPHOTO
MEpONPUATUS YCTPOMCTBA JONOJHUTENBHBIX 3BAKYallMOHHBIX MYTEH M BBIXOJOB
CIIElyET BBINOJIHUTL INOBTOPHBIM pacyeT IO OLEHKE mapamerpa i, ¢ y4deTom
OTKOPPEKTUPOBAHHBIX 00 BEMHO-TNIAHUPOBOYHBIX PELICHUH.

25. Ilpy npUMEeHEHUH B KadyeCTBE JIONOJHHUTEIBHOIO MPOTHUBOIMOKAPHOTO
MEpONPUATUS YCTPOMCTBA CUCTEMBI ONOBELIECHHUS JIFOJIEN O NOKAPE U yIPABICHUS
JBAKYyallMEH JIFOAEH IOBBIIICHHOIO THUIIA CIEAYET BBIIIOJIHUTH ITOBTOPHBIM pacueT
10 OLICHKE MapameTpa t, ¢ ydeTom nepepacnpesiesieHus HOTOKOB 3BAKYHUPYIOIIMXCS
Y WU3MEHEHMS CXEMBbI DBAKyallud B 3aBUCUMOCTH OT CLICHAPUEB BO3HUKHOBEHHUS U



pa3BUTHUA TMOXKapa U, COOTBETCTBEHHO, alrOpuTMa (PYHKIIMOHUPOBAHUSI CHUCTEMBI
OTIOBEILECHUS JIIOAEH O MOXKAPE U YIPABICHUEM SBAKYalUU JTOJICH.

3HayeHue mnapameTpa Rcoys M9 TaHHOTO TEXHUYECKOTO PEIICHUS
ONpPEAEACTCS TEXHUYECKOW HAAEHKHOCTHIO D3JIEMEHTOB CHUCTEMbI OMOBEIICHUS
JIFOZEU O TIOXKAPE U YNPABICHUEM 3BAKyalLlUU JIFOJEU, MPUBOAUMBIX B TEXHUYECKOU
NOKyMEHTauuu. lIpy OTCYyTCTBHM CBEIEHHUM [0 TapamMerpaMm TEXHUYECKOH
HaJIe)KHOCTH JoNycKaeTcs npuHuMath Reoys = 0,8.

26. BnusHue cucTeMbl NPOTHUBOJBIMHOM  3alllUThl HA  yYPOBEHb
oOecrie4yeHHOCTH O€30MacHOM »HBaKyalluW JIIOACH TMpU TMOXKape OICHUBACTCS
MOCPEJICTBOM pacueTa 3HaYeHHs lg; C y4EeTOM TEXHUUYECKHUX XaAPAKTEPUCTUK
MPUMEHSIEMOTO BEHTUJISIIIMOHHOTO OOOPYJIOBaHUSI MPOTHUBOJLIMHON 3alllHUTHI.
[logbop mnapamMeTpoB BEHTWIAIMOHHOTO OOOPY/IOBaHUS OCYIIECTBISIETCS B
COOTBETCTBUM C HOPMATUBHBIMH JIOKYMEHTAMHU MO MoKapHOU Oe3onacHoctu. [Ipu
STOM JIJISl BBIMIOJTHCHHUS PACUETOB CJICAYEeT MPUMEHATH 30HHYIO (30HAJIBHYIO) WIH
MIOJIEBYIO MOJIEIIN.

3HaueHue mapameTpa Ry A4 JAHHOTO  TEXHMYECKOIO  pELICHMS
ONPEAEIACTCS TEXHUYECKON HAJEKHOCTBHIO 3JIEMEHTOB ABTOMATHUKU YIPAaBIICHUS
MPOTUBOJABIMHOM 3aIUTHI, @ TaKXe TEXHUYECKOW HAJAEKHOCTHIO SJIEMEHTOB
MPOTUBOJIBIMHOM 3allUThl, MPUBOAUMBIX B TEXHHMYECKOW AOKyMeHTauuu. [Ipu
OTCYTCTBHHM CBEJECHUN MO MapaMeTpaM TEXHUYECKOW HAAEHKHOCTH JIOMYCKAETCs
npuHuMate Ry =0,8.

27/. OrpanuyeHue KOJWYeCTBa JIIOAEH B 3JaHUM JO 3HAYCHH,
oOecreynBaOIUX O€30MaCHOCTh WX 3BaKyalldd U3 37aHus MpU  TOXKape,
YUUTBIBACTCA IOCPEINCTBOM IIOBTOPHOIO pacuera 3HA4yeHHA napaMerpa f, npu
CYILIECTBYIOIIUX 00BEMHO-TUIAHUPOBOYHBIX PEHICHUSIX U OTPAaHUUYCHHOM 3HAYCHUU
KOJINYECTBA 3BAKYUPYIOUIUXCS TIPU MTOKAPE.

28. Jlnsg mosydeHus: MCXOAHBIX JAHHBIX, HEOOXOAUMBIX JJIsi MPOBEICHUS
pacyeToB, MPEAYCMOTPEHHBIX HacTOslen MEeTOaUKOW, CIeayeT HCIOJIb30BaTh
CIIPaBOYHBIC UICTOUHUKU MH(POPMAIIUU U MMPOSKTHYIO JOKYMEHTAIIUIO 3/IaHMUS.



[Tpunoxenue Ne 1
K 1. 8

CraTucTuyeckue AAHHBIC 0 YaCTOTC BOSHUKHOBCHUA IT0Kapa B 3JaHUAX

Ne n/m HanmenoBanue 31anus YacToTa BOSHUKHOBEHHMS 1105Kapa B TEYCHUE
roja
B pacuere Ha onHO | YTOYHEHHas OLICHKA
YUpeKJICHUE
1. JleTckue JOIIKOIbHbBIS 7,34*10° 9,72*10°
yupexJIeHus: (IeTCKHi cal, siCiH, (B pacuere Ha
JI0M peOcHKa) 0JTHOTO peOeHKa)
2. Oo6meobpa3oBaTeNbHBIE 1,16%10° 4,16*10°
yupexaeHus (1Koa, MKoJa- (B pacuere Ha
WHTEPHAT, IETCKUM J0M, JIULIEH, OJTHOTO yJaIerocs)
TUMHA3UsI, KOJUICDK)
3. HavansHOTO TIpOhecCHOoHaIBHOTO 1,98*10° 4,5910°
oOpasoBanus (mpodeccuoHaIbHOES (B pacuete Ha
TEXHHYECKOE YUUIIUIIIE) OJTHOTO yYaIlerocs)
4, Cpennero npodeccuoHaILHOTO 2,69*10” 2,94*10°
oOpaszoBanus (CpeaHee crenuaibHoe (B pacuete Ha
y4eOHOE 3aBe/ICHHE) OJTHOTO y4aIlerocs)
5. Bricmiero mpogeccrHoHanbHOTO 1,398*10* 2,43*10°
oOpaszoBanus (BbIciee yueOHOE (B pacuete Ha
3aBeJICHHE) OJTHOTO yYaIlerocs)
6. [Tpoune BHEMIKOJIBHBIC U IETCKUE 1,52*10* 2,38*10°
YUPEKICHUS (B pacuere Ha
OJTHOTO y4aIlerocs)
7. JleTckuii 0310pOBUTETHHBIN 1,26%10° 3,23*10°
Jareph, JICTHSS ICTCKasl [ada (B pacuere Ha
OJTHOTO
OTJIBIXAIOIIETO)
8. BosbHAna, rocnurans, KIMHUKA, 3,66*107 2,358*10™
POMIIBHBIN JIOM, (B pacuete Ha OJTHO
IICUXOHEBPOJIOTHYECKUI UHTEPHAT U KOMKO-MEeCTO)
Jp. CTAIlMOHAPEI
9. Canaropwuii, IOM OT/bIXa, 2,99*107 1,767*10"
npo(pHUIAKTOPHIL, JOM PECTAPEITBIX (B pacuere Ha OJIHO
Y MHBAJIUIOB KOHKO-MECTO)
10. AMOynaTopusi, TOJUKIMHIKA, 8,88*10° 5,37*10°
JHCTIaHCEeP, MEIITYHKT, (B pacuere Ha OJIHO
KOHCYJIbTaIHsI MOCEIICHHE)
11. [TpenmpusiTist pO3HUYHON 2,03*107 1,579*10°
TOPTOBJIH: (B pacuete Ha
yYHUBEpMAr, IpOMTOBAPHBII OJHOTO
MarasuH; paboTaroIero)
YHUBEpCaM, MPOI0BOJIbCTBEHHBIN
MarasuH;

Mara3vH CMEIIaHHBIX TOBApOB;
arTeKa, arTeYHbId Japek;
MpOYME 31aHUS TOPTrOBIIU




12 [IpenmpusTusi ppIHOYHON 1,13*10° 1,678*10°
TOPTOBJIH: (B pacuete Ha
KPBITHIi, ONITOBBIN PHIHOK (13 OJHOTO
3JTaHHI CTAIIMOHAPHOMN TIOCTPOMKH) paboTaroIero)
TOProBbIil MaBUIILOH, KHOCK,
JIapeK, najgaTka, KOHTEHHep
13 [TpenmpusiTrs 00IIECTBEHHOTO 3,88*107 2,063*10°
MUTAHUS (B pacuete Ha
OJTHOTO
paboTaroIero)
14 I'ocTHHULIBI, MOTETN 2,81*10% 3,255*10™
(B pacuere Ha OJIHO
MECTO)
15 CrnopTHBHBIE COOPYKEHUS 1,83*10°
16 KnyGHble 1 KynbTypHO- 6,90*10°
3pEIHIIHBIC YIPSIKICHUS
17 Bubnmorexn 1,16* 10°
18 Mysen 1,38*107
19 3penuIHble yupexaeHus (TeaTpsl, 9,66* 10 4,03*10"
IIUPKH) (B pacuere Ha OJIHO

MOCEIICHHUE)




[Tpunoxenue Ne 2
k . 10

VYrpoineHHas aHaIUTHYECKast MOJICITb IBUXKCHHUS JTFOJICKOTO rmoToka (OmnpeneneHue
pacyeTHOrO BPEMEHM ABAKYAIUU JIFOJICH U3 MOMEIICHUI U 3JaHUI 110 pacyeTy
BPEMEHU JIBU>KEHUS OJTHOTO MJIM HECKOJBKHUX JIFOJCKUX ITOTOKOB YEPE3
ABaKyaIl[MOHHBIC BBIXOJIbI OT HAHOOJIEE YIATCHHBIX MECT Pa3MEIICHHUS JIFO/ICH )

PacueTHoe BpeMs »5Bakyaluu Jrofed t, W3 NOMEIIEHMH M 3JaHHM
YCTaHaBIMBAIOT II0 pacyeTy BPEMEHU [BWKEHUS OJHOIO WIM HECKOJIBKUX
JIIOJICKUX MOTOKOB Y€pe3 IBAKYyallMOHHBIE BBIXOJIbI OT HanboJiee ylaJeHHbIX MECT
pasMELICHUS JIFOJEH.

IIpu pacuere Bech IyTb ABMXKEHHUS JIFOJCKOIO IOTOKA ITOAPA3AEiIsIOT Ha
y4acTKH (IPOXO0J, KOPUIOP, IBEPHOM MPOEM, JISCTHHYHBIN MapIil, TaMOyp) JUTHHOM
li u mwmpunoii §;. HauanbHBIMU yYacTKaMH SIBISIFOTCSI TIPOXOJIbI MEXKIY PabOuuMU
MecTaMu, 000pYJOBaHUEM, PSIIAMH KPECEII U T. 1.

IIpu onpeneseHny pacyeTHOrO BPEMEHU JUIMHY U IIUPUHY KAXKIO0I0 y4acTKa
IIyTU DBAKYyallUU Il IPOCKTUPYEMBIX 3JaHUM NPUHUMAIOT II0 MPOEKTYy, a I
MOCTPOEHHBIX — MO (PAKTUYECKOMY MOJIOKEHUIO. JJIMHY MyTH MO JIECTHUYHBIM
MapliaMm, a TaKXke I0 MaHAycaM HM3MEpAT I0 JUMHe Mapa. IMHy nyTu B
JIBEPHOM IIpOE€M€E INPUHUMAIOT PaBHOU HYIH0. IIpoeM, pacrosoXeHHbIM B CTEHE
tonmuHoi Oosnee 0,7 M, a Takke TaMOyp CleAyeT CUUTATh CAMOCTOSITEIbHBIMU
y4aCTKaMH TOPH30HTAIBHOTO MyTH, UIMEIOIUMH KOHSUHYIO JUTHHY ;.

PacueTHoe BpeMs dBakyaluu Jrofen l, cieayer onpenensaTbh Kak CyMMmy
BPEMEHHU JIBMIKCHUS JIFOACKOTO IOTOKAa IO OTAEIBHBIM ydacTKaM myTu i 1o

dbopmyne
tp:t1+t2+t3 +,...- + 1, (H21)

rae t; — BpeMs ABWKCHHS JIIOJACKOTO IMOTOKA Ha TEpBOM (HAYaIbHOM)
Y4aCTKE, MUH;

t, t, t3 ,..., i — BpeMs ABWXKEHUS JIOACKOrO IIOTOKA HAa KaXIOM W3
CIIEAYIOLIMX [MOCJIE NIEPBOr0 YYacTKa YTH, MUH.

Bpems naBukeHMs JFOACKOTO MOTOKA MO IEPBOMY YYacTKy IyTH i, MWUH,
paccUYMTHIBAIOT MO (hopmyie

L
Vi
rie |1 — uMHa mepBoro y4yactka myTH, M;
V1 — CKOpOCTh JBUKEHUS JIOJCKOIrO MOTOKA MO TOPU30HTAIBHOMY IyTH Ha

nepBoM yuvactke, m/muH (ompenenstor mo Ttabmume [12.1 B 3aBUCHMOCTH OT
wiotHocTu D).

t, =

(112.2)

[110THOCTH OIHOPOJHOrO JIIOACKOTO MOTOKA Ha MEepBOM ydacTke myTH Dj
paccUYMTHIBAIOT MO (hopmysie



(112.3)

rae Nj —4uciio Jiroiei Ha epBOM y4yacTKe, Yel,;

f — CcpedHss IUIOMAAb TOPH3OHTANBHOI MPOCKIHH YeNOBEKa, M-/dellL,
MpUHUMaeMasi B COOTBETCTBUU C IMMyHKTOM 6 npuioxkeHust Ne 5;

01 — IUPUHA MEPBOTO yyacTKa MyTH, M.

CxopocTh Vi IBUKEHUS JIFOJICKOTO MOTOKA HA y4acTKax IMyTH, CIETYIOIIUX
MocJjie MepBOro, NpUHUMAIOT 1o Tadnuie [12.1 B 3aBUCUMOCTH OT UHTEHCUBHOCTHU
JIBIDKCHHS JIIOJICKOTO TMOTOKA MO KaXXJAOMY M3 3THUX YYacTKOB IMYTH, KOTOPYIO
BBIYUCIISIIOT JIJISI BCEX YYaCTKOB MyTH, B TOM YHUCIIE€ U JJIS JABEPHBIX MPOEMOB, MO

dbopmyne

_ 049,
oF 5

([12.4)

rae Oj, 0j.1 — NIMPUHA PACCMATPHBAEMOTrO I-T0 M TMPEAMIECTBYIOIIETO eMy
y4acTKa MyTH, M;

0, Q-1 — UHTCHCHUBHOCTH JBWXCHHS  JIFOJCKOTO  TOTOKa IO
paccMaTpuBaeMOMYy I-My H TPEANISCTBYIOIIEMY ydacTKam TyTH, M/MUH
(MHTEHCUBHOCTh JIBHXKCHHS JIFOJICKOTO MOTOKA HAa MEPBOM ydyacTKe MmyTd ( =01
onpenensaoT no tadnuie [12.1 no 3nauenuto D1, ycTraHoBiaeHHOMY MO (hopMmyre
(I12.3)).

Ecnu 3nauenue ¢ onpenensiemoe no opmyse (I12.4), MeHbIle WiIH paBHO

Omax, TO BPEMS IBUPKEHUS 110 yYAaCTKY NIYyTH tj, MUH, paBHO:

t.

_
= V_. (I12.5)

IIPH STOM 3HAYCHUS (max, M/MHH, CJIEIyeT IPUHUMATh PABHBIMHU:

16,5 — 1151 TOPU3OHTANBHBIX MYTEH;

19,6 — ny1s1 ABEPHBIX MTPOEMOB;

16,0 — 11 necTHULBI BHAS,

11,0 — o151 AECTHUIBI BBEPX.

Ecnu 3nauenue Q;, ompenencHHoe mo dopmyne (I12.4), Oonbie Qmax TO
HIMPUHY O TAHHOTO y4acTKa MyTH CJICyeT YBEINYMBATh HA TAKOE 3HAYCHHE, TIPU
KOTOPOM COOJTIOJTAETCS YCIIOBHE

Oi = Omax (I12.6)

[Tlpu HeBo3MOXKHOCTH BbITIOMHEHUS ycioBusi ([12.6) WHTEHCHBHOCTH U
CKOPOCTh JIBMDKEHUS JIFOJICKOTO MOTOKA MO YYacTKy | ONpEAeIsioT Mo Taliuiie
[12.1 npu 3nauenuun D = 0,9 u OGonee. Ilpu 3TOM creayeT y4UTHIBATH BpeMs



3aJIep’KKH JBUKEHUS JIIOJIeH U3-32 00pa30BaBIIErOCs CKOIUIEHUSI B COOTBETCTBUH C
yHKTOM 4 npunoxenust Ne 5.

Tabnuua [12.1

MHTEHCUBHOCTD U CKOPOCTb ABUKCHUA JIFOACKOI'O ITIOTOKA HAa Ppa3HBIX Y4aCTKax
HYTefI 9BaKyallH B 3aBUCUMOCTHU OT INIOTHOCTH

Tor | I OPM3OHTANLHEI o JlecTHuIa BHU3 JlecTHuna BBepx
Hoctp | HYTP JlsepHoii

HOTOK | Ckopocr | UuTencu Eﬁgzﬁmmc Ckopocr Ckopoct

aD HnTencuBHOC HnTencuBHOC
M/ 1‘1’[2 ;[/\II\:II/IH 34}/113[1?; | 0 wlhas ;[/\II\:II/IH ™ g, M/vun ;[/\II\:II/IH ™ g, M/vun
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

0550 |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

gioe? 15 13,5 8,5 8 7,2 11 9,9

[Tpumevyanne — VIHTEHCHBHOCTH ABHMKEHHUS B JBEPHOM IpoeMe IMpH IuioTHOCTH moToka 0,9 u
Oosee, paBHas 8,5 M/MuH, ycTaHOBIIEHA JUTS IBEPHOTO TpoeMa mupuHoi 1,6 M u Oosnee, a mpu
HBepHOM HpOGMe MGHBHIGI\/JI HII/IpI/IHBI HNHTCHCHUBHOCTL ABHUXCHHUIA cne)lyeT OHpGHGJISITB 110

dopmyne = 2,5+ 3,756
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1 — Havaso yyacTka i

Puc. N2.1. CnusaHue nrogckux noTtokoB

[lpy cnusHMM B Havajie ydvacTka | JOBYX M 0oJjiee JIOJACKHMX TOTOKOB
(puc. I12.1) MHTEHCUBHOCTH JBUXKECHHS (j, M/MUH, PaCCUUTBHIBAIOT 1O (opMYyJie

q =& %d
| 6 1

(112.7)

rae Q. — MHTCHCUBHOCTH JIBMIKCHHS JIFOJICKUX MOTOKOB, CIMBAIOIIMXCS B
Hayvaje yJacTka i, M/MHUH;

0j.1 — IIMPHHA YIaCTKOB MYTH CIHUSHUS, M;

dj — IUPUHA PACCMATPUBACMOr0 yJacTKa MyTH, M.

Ecnu 3Hauenue ( ompexaeneHHoe mo dopmyne (I12.7), Gombine Qmex TO
HIMPUHY Oj, TAHHOTO y4YacTKa MyTH CJIEAyeT yBEJIMYMBATH HA TaKOE 3HAUYCHHE,
4yro0bl cobOmomanock ycnosue ([12.6). B 3TOoM ciiydae Bpemsi IBWKEHHS IO
y4dacTKy | onpenenstot o hopmyne ([12.5).



[Tpunoxenue Ne 3
k . 10

MaremaTuueckas MO/1€JIb HHIANBUAYAJTBbHO-IIOTOYHOI'0 IBUKCHUHA J'IIO)Ieﬁ Hu3
3AJaHUA

PacueTHoe BpeMs »sBakyalud JIOE€M W3 3[aHUS YCTAaHABJIMBAETCA IO
BPEMEHHU BBIXO/Ia U3 HETO MOCIEIHETO YEIOBEKA.

Ilepen HavamoM MOJEIHMPOBAaHMS IpoOLEcCca HBAKYAllMM 3aJaeTCs CXeMa
ABAKYalIMOHHBIX MyTEH B 3/1aHUU. Bce 3BaKyallMOHHBIE MYTH MOAPA3ACISIOTCS HA
IBAKyallMOHHBIC YYaCTKU JUIMHOW @ W mupuHou D. J[nvHa M mmpuHa Kaxkaoro
y4acTKa IMyTH 3BaKyallMH JJIsl MPOCKTUPYEMBIX 3JaHUI TPUHUMAIOTCS 10 MPOEKTY,
a Il TOCTPOEHHBIX — IO (akTHUUecKOMYy TIOJNIOKEHHIO. JlmMHa myTH 10
JECTHUYHBIM MapliiaM H3MepsieTcd mo JIMHe Mapiia. JinHa myTd B JABEPHOM
npoemMe NPUHUMAETCS PaBHOM HYJI0. DBaKyallMOHHBIE YYacCTKHM MOTYT OBITh
TOPU30HTAIbHBIC U HAKIIOHHBIC (JIECTHUIA BHU3, JICCTHHUIIA BBEPX M MAHIYC).

3a rabaputhl 4yeloBeKa B IJIaHE MPUHHUMAETCS BJUIMIIC C pa3MepamMu ocei
0,5wm (mmpuna vemoBeka B miedax) u 0,25 M (TonmuHa yernoBeka). 3amaaroTcs
KOOPJMHATBI KaXJA0TO YEJIOBEKa X; — paCCTOSIHUE OT LIEHTPA JAHHOIO YEJIOBEKA J0
KOHI[Aa 3BaKyallMOHHOTO y4acTka, Ha KoTopoM oH Haxoautcs (puc.[13.1). Eciu
Pa3HOCTh KOOpPJAMHAT HEKOTOPBIX JIIOJIEH, HAXOMSIIMXCS HA 3BAKyal[MOHHOM
ydyactke coctaBiasier Menee 0,25M, mnpuHUMaeTcs, 4YTO JIIOAHM C JTUMH
KOOpJAWHATAMU PACIIOJIOXKEHBI PAJIOM JIPYT C JPYyroM — COOKY OJUH OT JAPYroro
(ycrmoBHO: «B psia»). [Ipu 3TOM, HMcxXonas W3 TabapuTOB YeloOBeKa B IUIAHE H
pa3MepoB JBAaKyallMOHHOIO y4yacTka ([IMHA ©W I[IHPUHA), JUIS  KaKIOro
ABAKYALIMOHHOTO y4YaCTKa OMPEAEISIOTCA. MAKCUMAIBHO BO3MOKHOE KOJIUYECTBO
YeJIOBEK B OJIHOM psily COOKYy Jpyr OT Jpyra M MakCHMaJlbHO BO3MOKHOE
KOJIMYECTBO JIFOJIEW HA YYACTKE.

KoopaunaTtel Kaxaoro 4eiaoBeKa X; B HayajdbHbIA MOMEHT BpPEMEHU
3aJ]aI0TCSI B COOTBETCTBUM CO CXEMOM PACCTAaHOBKHU JIOAEH B TNOMEIIEHUAX
(paboune Mmecrta, MecTa JUId 3pUTENCH, CHalbHble MecTa W T.1.). B ciyuae
OTCYTCTBHSI TAKMX JAHHBIX, HAPUMED 11 Mara3uHOB, BLICTABOYHBIX 3aJIOB U JP.,
JOIYCKAaeTCAd pa3MELaTh JIOJAEH PAaBHOMEPHO IO BCEM IUIOLIAAM IMOMEIICHUS C
Y4E€TOM PAaCCTAaHOBKH TE€XHOJOTHYECKOr0 000PYI0BaHMUS.

Koopaunara kaxaoro 4enoBeka B MOMEHT BpeMeHM t ompexpensiercss 1o
bopmye:

Xi(t) = X (t-At) — Vi(t) XAt ™, (I13.2)

riae Xi(t-At) — koopauHaTa I-ro 4eJoBeKa B MPEIbIIYIHHA MOMEHT BPEMEHH,
M,

Vi(t) — ckopocTh i-r0 YenoBeka B MOMEHT BpeMeHH t, M/c;

At — IpOMEKYTOK BPEMEHH, C.
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Puc. M13.1. KoopanHaTtHas cxema pa3meLleHus nogemn Ha nyTax
9BaKyaluu

Ckopocth I-ro vemoBeka B MoMeHT Bpemenu t — Vi(t) ompenensiercss mo
tabmune [12.1 npunoxxenust 2 B 3aBUCUMOCTH OT JIOKAJIbHOM MJIOTHOCTH MOTOKA, B
KoTOpoM OH JBrkeTcs, Di(t) u Tuma sBakyariiOHHOTO y4acTKa.

JloxanbHass miotHocTh Dj(t) BhUMCHsieTcss mo Tpymme, COCTosmed U3 N
YeJoBeK, 1o hopmyie:

Di(t) = (n(t)-1) xf / (b XAX) MoV, (I13.2)

rje N — KOJMYECTBO JIIOJICH B TPYIIIE, YeT0BEK;

f — Cpe/IHsIs UIOIIAah TOPH30HTAIBHOI MPOCKIHH YeIOBeKa, M2/M°;

b — mupuHa 3BaKyariMOHHOTO y4acTKa, M;

AX — pa3HOCTh KOOPJUHAT TIOCJICAHETO U IEPBOTO YEIOBEKa B IPYIIIE, M.

Ecimu B MoMeHT Bpemenu t koopauHata denoBeka Xi(t), ompeneiacHHas 1o
dopmyne (I13.1), ctaHeT OTpUIIATENBHOW - 3TO O3HAYAET, YTO YEIOBEK JOCTUT
TPAHUIIBI TEKYIIETO IBAKYAI[MOHHOTO yYacTKa M JIOJDKEH MEPEeHTH Ha CIIeAYIOIIUit
JBAKYALIMOHHBIN YYaCTOK.

B 3ToM ciaydae KoOpauMHATA 3TOrO  YEJOBEKAa HA  CICAYIONIeM
9BAKYaIlMOHHOM y4YacTKe OIpPEeCIseTCs:



Xi(t) = [xi(t-dt) — V(1) xdt] + aj - |j M, (I13.3)

rae X(t-dt) — koopauHaTa I-ro YeNoBeKa B MPEIbIIYIINA MOMEHT BPEMEHH
Ha (j-1) PBaKkyal[MOHHOM Y4acTKe, M;

Vi(t) — ckopocth i-ro dyemoBeka Ha (j- 1)-oM 3BakyallMOHHOM YYacTKEe B
MOMEHT BpeMeHH t, M/c;

g — AUIMHA |-TO YBaKyallMOHHOTO y4acTKa, M;

l; — koopauHata mecta ciustHUSA J-T0 H (j- 1)-TO 9BaKyallMOHHBIX Y4aCTKOB -
paccTosiHAE OT Hayvaja |-T0 JBaKyallMOHHOTO y4yacTKa JI0 MECTa CIUSHUS €ro C
(j- 1)-pIM 3BaKyalMOHHBIM yYaCTKOM, M.

KonmuecTBo stojiei, mepexoasnux ¢ OJHOTO IBAKYallMOHHOTO y4acTKa Ha
APYrod B €IUHHILY BPEMEHH, OMPEIEIICTCS MPOIYCKHOW CTOCOOHOCTBIO BBIXOA C

ydactka Qj(t):
Q;(t) = q;(t) xc; xdt / (f x60) qer, (I13.4)

rae j(t) - MHTEHCHBHOCTH ABMKEHHS Ha BBIXOJAE C J-TO 3BaKyalIOHHOTO
yd4acTKa B MOMEHT BpeMeHH {, M/MUH;

Cj - IIMPHHA BEIXOAA C |-TO IBAKYALMOHHOT'O yJIaCTKa, M,

dt - mpoMexKyTOK BpeMeHH, C;

f - CpemHSs IUIOIAAb TOPH3OHTAIBHOMN IPOSKIMHI YEIOBEKa, M.

VHTEHCUBHOCTh JABW)KCHHUS HA BBIXOJIC C |-TO BAKyallMOHHOI'O y4acTKa B
MOMeEHT BpemeHH t - (i(t) ompenensercss B 3aBUCUMOCTH OT IUIOTHOCTH JIFOJICKOTO
IIOTOKa Ha 3ToM y4acTtke Dv(t).

[T1OTHOCTD JIFOJICKOTO MOTOKA Ha |-OM 3BaKyal[HOHHOM Y4YacTKE B MOMEHT
Bpement t - Dvj(t) onpenensercs nmo popmyie:

Dv;(t) = (N; xf xdt) / (g xby) m/m?, (I13.5)

rae N;- dncio mozeit Ha j-OM 3BaKyallMOHHOM y4acTKe, 4Yell.;

f - CpeHss [TOMAh TOPU30HTAIBHOMN MPOEKIIAH YENOBEKA, M,

& - JUIMHA |-TO 3BaKyallHOHHOT'O Y4acTKa, M;

bj - mumpuHAa j-ro 9BaKyannOHHOTO y4acTKa, M,

dt - mpoMeKyTOK BpeMeHH, C.

B MomeHT BpemeHu t ompenensercs KOJUYECTBO Jroed M ¢
oTpHIaTeIbHBIMU KoOpauHaTamu Xi(t), ompeaenenusiMu 1o dopmyne (I13.1).
Ecmm 3navenme m < Qj(f) To Bce M uenoBeK MNEpexoAsIT HaA CIEAYIOLIHH
9BAaKYaIlMOHHBIA y4YaCTOK M MX KOOPAMHATHI OMPEACISIOTCS B COOTBETCTBHH C
dopmymnoit (I13.3). Ecimu 3nagenne m > Qj(t) To KOIMYECTBO YEIOBEK PaBHOE
sHaueHnto Qj(f) mepexonsT Ha cremyrOmMi 3BaKyal[MOHHBIH y4YacTOK M HX
KOOPJMHATHI ONPEACAIOTCA B cooTBeTcTBHM ¢ popmynoi (IT 3.3), a komudyecTBO
4enoBeK, paBHoe 3HaueHHoo (M — Q(t)), He mepexoasIT Ha CIEAYIOIIUH
9BAKYaIlMOHHBIA y4acTOK (OCTAIOTCS HA JAHHOM ABAKYall[MOHHOM y4acTKe) W HMX
KoopauHaTaM npucBanBatotcs 3nadenus Xi(t) = (k - 0,25 + 0,25),



rne K — HoMep psga B KOTOpOM OyayT HAaXOIUTHCS JIIOAU (MaKCUMAIIbHO
BO3MOKHO€E KOJIMYECTBO YEJIOBEK B OJTHOM psAy COOKY APYT OT Ipyra sl KaxI0ro
HBAaKYallMOHHOTO Yy4YacTKa OIpeaesieTcs INepea HadaloM pacdeToB. Takum
00pa3oM, BO3HUKAET CKOIUICHHE JIOACH Mepel BBIXOJOM C 3BaKyallMOHHOIO

y4acTKa.
Ha puc. [13.2 u3o00pakeHa OJ10K-cxema OmpeesieHUs] PACYETHOTO BPEMEHH IBAKYaIUH JIFOIeH

n3 3J1aHus.

Ha ocHOBaHWM 3aJlaHHBIX HAYaJIbHBIX YCJIOBHH (HAYaJIBHBIX KOOPIWHAT
JrO/ied, TMapaMeTpoB 9JBAaKYAIMOHHBIX YYaCTKOB) OINPEACISIOTCS TUIOTHOCTH
JIOJICKUX MOTOKOB Ha MYTAX 3BaKyallUH M MPOIYCKHbIE CIIOCOOHOCTH BBIXOJOB C
IBaKyallMOHHBIX y4acTKoB. Jlanee, B MoMeHT Bpemenu t = t + dt, onpenensiercs
Hannure O®PIl Ha nyTsax sBakyauuu. B 3aBUCUMOCTH OT 3TOro BbIOMpaeTCs
HaIPaBJICHUE [BUXXCHMS Ka)XKJIOI'0 YEJIOBEKA M BBIYMCIIAETCA HOBAas KOOpAUHATA
Kaxzaoro denoseka. [locie 3TOro cHoBa ONpENENArOTCS IUIOTHOCTH JIIOJACKHMX
MOTOKOB Ha MYTSAX ABAKyallUH U MPOMYCKHbIE CIOCOOHOCTU BBIXOJIOB. 3aT€M BHOBb
JaeTcst pupamieHue o BpeMenu Ot u onpenenstoTcss HOBbIE KOOPIUHATHI JIFOJICH ¢
yaetoM Hamnuusg O®DII Ha myTsax sBakyalMu B 3TOT MOMEHT BpeMeHu. llocie
3TOT0 IIPOLECC MOBTOpsAETCA. PacdyeTsl MpOBOAATCA 10 TEX IOP, MOKA BCE JIOAU HE
OyIyT 2BaKyMpPOBAHbBI U3 3/IaHMUS.



BBox MCXOIHBIX JAaHHBIX

v

OrmpeneneHrie Ha4YaIbHBIX
KOOPAMHAT JIIOJIeH

v

Omnpenenenne napamMeTpoB
9BAKYAI[MOHHBIX YYaCTKOB (ITyTei)

v

Onpez[eneHI/Ie BPEMCHH Ha4dajia
OBaKyallun KaKJa0ro 4€JI0BCKa

v

Orpenienenue MmIOTHOCTEN JIOACKUX MTOTOKOB
HA 3BAKYaIlMOHHBIX y4acTKax

y
OnpeneneHre NpornycKHON
CIOCOOHOCTH TIPOEMOB

v

BBIBOZ[ Ha Ne4aThb XapaKTCPUCTUK
mnmpornecca 5BaKyallunu

v

[Mepexo/ K cneayroneMy MOMEHTY BPEMEHH

A
Onpez[eneHI/Ie HalpaBJICHUA IBUKCHUA
KaXXJ10ro 4€JI0BCKa

v

Onpez[eneHI/Ie IJIOTHOCTH JIFOJICKOT'O ITOTOKA NEPE KaKAbIM
YCIIOBCKOM (paCCTOHHI/Ie J0 UAYIIEro BICpeau ‘IeJ'IOBeKa)

v

Onpez[eneHI/Ie CKOPOCTU ABUIKCHHUS KaXKI0I'0 YCIOBCKaA

v

Onpez[eneHI/Ie KOOPJAWHATBI KAXKJ0T'0 YCITOBEKA

v

HET HpOB €pKa 3aBCPUICHUA 3BAKYyalluH

JAa

OKOHYaHHE CUeTa

Puc. [13.2. bnok-cxema onpeneneHus pacie€THOI0 BPEMEHHU IBaKyaluu
JOJEH U3 31aHUA
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I/IMI/ITaHHOHHO'CToxaCTH‘IeCKaﬂ MOA€Jb IBM/KCHUA JIOACKHUX ITIOTOKOB

MHOXKECTBO JIIOJIcH, OJHOBPEMEHHO HIYIIMX B OJHOM HAmpaBJICHUH IO
OOIIMM ydYacTKaM IyTH, 00pa3yrloT JIFOACKOW MOTOK. YdacTKaMu (OPMHUPOBAHHUS
JIOACKUX TIOTOKOB B IOMCIICHUAX CJACAYeT HPUHUMATh IPOXOIbI MEKIY
obopymoBanueM. JlJis TOCICAYIONIMX YYacTKOB JBaKyallMOHHBIX IyTCH OHM
MPEICTABISIOT COOOW MEPBUYHbBIC HCTOYHHUKH JIIOJICKUX IMOTOKOB. PacmpenencHue
N; demoBek Ha ydacTkax (OpMHpOBaHHS, MMCIOIIUX IMMPUHY by u mamuny i,
NPUHAMAETCS PaBHOMEPHBIM. [l03TOMYy B HadajabHBIHK MOMEHT t, Ha KaXI0M
3JIEMEHTapHOM ydacTke Alj , 3aHHMaeMOM TOTOKOM, TUIOTHOCTH MoToka D o,

yer./m?
D =N"/b;xAl;, (114.1)

[Ipu nanpHeleM ABUKEHUHU JTIOJCKUX TOTOKOB U3 MEPBUYHBIX HCTOYHUKOB
Mo OOIIMM y4acTKaM IMyTH MPOUCXOAUT UX ciausinue. OOpa3yercs oOIuii MOTOK,
YacTH KOTOPOTO HMMEIOT Pa3IMYHYyK IUIOTHOCTh. IIpoMcCXoauT BbIpaBHHUBaHHE
IUIOTHOCTEN pPa3iaM4HbIX YacTeil JIOACKOro MOTOKa — €ro mnepeopMUpOBaHUE.
CrnemyeT yduThIBaTh, YTO €TI0 FOJIOBHAS YacCTh, UMEIOIIas niepea co0oi cBOOOHBII
MyTh, pPacTeKaercs — JIOAU CTPEeMATCS HUIATH CBOOOAHO mpH IIoTHOocTU D, 3a
MHTEpBal BpeMeHU At 4yacTh JNrofell MepexoquT € 3TUX IIEMEHTAPHBIX Y4aCTKOB
Ha TMOCJIEYIOUIME — MPOUCXOJUT U3MEHEHUE COCTOSHHUA JIIOJCKOr0 MOTOKA, €ro
JBUKEHUE.

CKOpOCTh JIBUKEHUS JIOACKOTO MOTOKA MpH IIoTHOCTU D Ha i-oM oTpe3ke
ydJacTKa MyTH K-ro BHJA CJIeyeT CUUTATh CIIy4alHOW BeTMUMHOU Vp k, UMEIOIICH
YHCJIOBbIE XapaKTEPUCTUKHU

MaTeMaTHYeCKOe Oxuaanue (cpeaHee 3HauCHuE)

VD,K: VO,k (1—ak In Di/Do,k)m npu Di > Do,k,
VD,K: VO,k IIpu Di < Do,k (H42)

cpelHee KBa[PaTHYHOE OTKIOHEHHE
o(Vok)=6(V o) (1-&ln Di/D), (114.3)

rne, Vox U o(V) - MaTeMaTHYECKOEe OXKHIAHHE CKOPOCTH CBOOOHOIO
naBWKeHus mroged B motoke (mpu pi < Dgk) M ee cpeaHee KBaapaTHUHOES
OTKJIOHEHHE, M/MHUH.

Dok — IpeienbHOE 3HAYCHHE TUIOTHOCTH JIFOJICKOTO TIOTOKA, JIO JTOCTHKCHHUSI
KOTOPOTO BO3MOYKHO CBOOOHOE JIBIXKECHHE JTFojied 10 K-My Buay myTH (IUIOTHOCTH
HE BIIUSICT HA CKOPOCTH JIBUXKCHUS JTFOJICH);

& — K03 (GUIMEHT ajanTalyy JIOACH K M3MEHCHHSIM IUIOTHOCTH MOTOKA
NPH JBHOKCHHUH 110 K-My By MTyTH;



D; — 3HaueHue TIOTHOCTH JIIOJCKOTO MOTOKA Ha i-oM oTpe3ke (Al) yuactka
g 2.
MyTH MAPUHOM D j, gen./m;
M — K03(pPULIMEHT BIUSHUA NTPOEMa.

3HaueHUs TMEPEUYHUCICHHbIX MMAapaMeTpPOB ClEAyeT NMPUHUMATH MO Tabiauue

[14.1.
Tab6muma I14.1
Bun mytu, k V ok M/MUH. o(Vok) Dok ver./m” & m
M/MUH.
I'opuzoHTaNBHBIN 100 5 0,51 0,295 1
B 3JIJaHUU
I'opusoHTaTBHBIH 100 5 0,70 0,407 1
BHE 3/1aHUS
poem’ 100 5 0,65 0,295 1,25-0,05D,
npu D 35
JlecTHuIa BHU3 80 5 0,89 0,400 1
JlecTHHIa BBEpX 50 5 0,67 0,305 1

* Ipu D = 9 uen./m” snaucuns Vi* Dok = G onpeensorcs 1o popmyie
g =10 (3,75 + 2,5b), uen.m/muH.

[lpu moGoM Bo3MOkHOM 3Hauenun V' moam B komumdectBe N |
HAXOJISIINECS B MOMECHT t, Ha I-OM 2JIEMEHTApHOM Y4YaCTKE, IBUTAFOTCS IO HEMY U
HAYMHAIOT MEPEXOIUTh Ha ocienyromui yyactok i+1 (puc. [14.1). Ha yuacTtok i B
CBOIO OYepe/b MEPEeXOJUT YacTh JiroJed ¢ mpensiaymiero (i-1) aieMeHTapHOTro
y4acTKa U U3 UCTOYHHKA |.

ITo npomectBun Bpemenu At k MmomeHnty t;=to+ At TOIBKO YacTh MrOAEH
N % i+1 ¢ yuacTka i ycmeer nepeiTi Ha yuactok i+1. K 3ToMy MOMEHTY BpeMeHH
n3 N toi JrOfICH, OBIBIIMX HA ydacTKe | B MOMEHT tp, octanercss N toi ~-NP i i+l
moaed. VX 4Mcio momoiHseTcs 3a cueT JIOAEH, YCHEBIIMX 3a 3TOT HHTEpBal
BPEMEHH MEpPEHTH Ha HETo ¢ mpeabIaymero ydactka — N i i, u u3 ucrounnka N
j,i- Torna mioTHOCTh MOTOKA Ha y4acTke | B MOMEHT {; OyzeT paBHa

D= (N - N s+ N1+ N )/ by xDl (114.4)

CKOpOCTh JABWKCHHS JIIOJCH, OKa3aBIIMXCS HA ydacTKe | B MOMEHT 1 |
onpenensercs no ¢popmyse

V%= Vor(1-al n D' /Do) (I14.5)
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Puc. [14.1. IsmeHeHUs COCTOSHUS ITOTOKA B IIOCIEN0BATEILHBIE MOMEHTEI

BPEMEHH.



Cienyer y4YuTHIBATH, YTO M3MEHEHHE IUIOTHOCTH IMOTOKA HAa KaXKIOM
yyacTKe B  Ppa3jiM4YHble MOMEHTbI BpPEeMEHHM  OTpPakaer mnpouecc
nepeopMUpPOBAHUSA PA3JIUYHBIX YACTEH IMOTOKA, M KAK YACTHBIA CJIy4ai,
NMpoLeCcC PACTEKAHUS MOTOKA.

HN3MeHeHne mI0THOCTH MOTOKA Ha KaXIOM U3 DJIEMEHTAPHBIX YYACTKOB B
MOCJIEAOBATEIbHBIE MOMEHTBI BPEMEHH 3aBUCUT OT KOJIMUYECTBA JIOAEH,
MepexoIAIINX Yepe3 rpaHullbl yuacTkoB. B o0iieM ciiyyae KOIU4eCTBO JIHOJEH,
MEPexXOAIIMX 32 HHTEPBaJ BpeMeHU At ¢ ydacTka | Ha MOCIeAYIONUN y4acTOK
i+1, cocTaBiisieT

N s2=D"% b D V ep. Dt (I14.6)

Ckopocts mnepexoga Vi, 4Yepe3 TIpaHUIBl CMEKHBIX 3JIEMEHTapHBIX
Y4aCTKOB CJIe1yeT IPUHUMATh, PYKOBOJICTBYSICh CIEAYIOIIUMHU COOTHOIICHHUSIMH

Vtoi, ec D41 <D ipu MaX Vpik-'D = Qmax
Vnep =
V.1 ecim D%1> D nprr maxX Vpik.-D = Omax (114.7)

Cnenyer yuuThIBaTh, YTO B TOT MOMEHT BpPEMEHHM 1, & KOraa IUIOTHOCTH
MOTOKA Ha Y4YacTKe | JOCTHIJIA MAaKCUMAJbHOW BEJIUYMHBI, HA ITOT Y4YaCTOK HE
MOXXET MPUUTH HU OJMH YEJIOBEK, HU C MPEALISCTBYIOLIErO0 y4dacTKa, HU U3
MCTOYHHKA. B pesynbTarte mepes y4acTkoM i 3aaepxuBaercs cootBeTctBeHHO AN™
i1 1 AN™ jj Tofei. B ciemyronii MOMEHT BpeMEHH tniq 9acTh JIOJCH C y4acTKa |
NEPEXOJIUT Ha YYacCTOK i+1, MIOTHOCTH JIFOJICKOTO MOTOKA HA HEM YMEHBIIUTCS U
4acTh CKOIMBIIMXCS IIEPE] €ro TPaHULEH JIFOAEH CMOXKET IeperTr Ha Hero. Jloiid
UX y4acTusi B TOMOJIHGHUM JIOJBMU y4acTKa | B MOMEHT lni OmpeaensieTcs
COOTHOILICHUEM:

ANtn, to+1 i-1/ ANtn, to+1 J — Dtn, tn+1i_1lvtn, to+1 i1 bi_llDtn, to+1 J .th, tr1+1j bj (H48)

Cootnomienus (I14.4) + (I14.8) mOIHOCTHIO OMUCHIBAIOT COCTOSIHUE JIFOACKOTO
IIOTOKAa HA DJJIEMEHTApPHBIX Yy4YacTKaX M MX MEPEXOAbl B IOCIEI0BATEIbHBIC
MOMEHTBI BpeMeHH. COBOKYNHOCTh 3HAYEHHHM PacyeTHOTO BPEMEHH JBaKyalluH,
MOJIYYEHHBIX TPU PA3IUYHBIX 3HAauYeHUAX V,i, GOPMHUPYET 3SMIMPUYECKOE
pacnpeeineHue BEpOATHOCTEN 3HayeHun X t,. I1o sToMy pacnpenesieHuio ciaeayer
paccuMThIBaTh 3HAYEHHE BPEMEHM 3aBEPIICHUS DBAKyallUH, COOTBETCTBYIOLIEE
BepositHOocTH P (1,5:) = 0,999.



[Tpunoxenue Ne 5
k .. 10, 11

/laHHble a1 onpeaeﬂeHuﬂ pacuemHoco epemMeHU eaKyayuu

1. 3nadeHue BpeMeHU Havasia dBaKyaluu t,, 71 moMelIeHrs oJara mnoxapa
cienyer npuHuMmaTh paBHbIM 0,5 MuH.. [[1s OCTaldbHBIX MOMEIICHUN 3HAYCHUE
BPEMEHM HavaJia dBaKyaluu ty , cieayeT onpenensars no tadiaune [15.1.

Tabnuua 5.1

i/t

Knacc  dyHKIMOHANBEHOW  TOXapHOM
OMACHOCTH 3JaHUH W XapaKTEePUCTHKA
KOHTUHITEHTA JIFOIEH

3HaueHue BpEMEHH Havajla 3BaKyaluu JoAeH
iy, MUH.

3maund,
000py/TIOBaHHBIE
CHUCTEMOU OMOBEUIECHHUS
Y yIIpaBJICHUS
ABAKyallUel JIFAEeH

3manusd, He
000py/TIOBaHHbIE
CHUCTEMOU OMOBELIECHHUS
U yIpaBIICHUS
ABAKyalUeH JIFAEeH

[l =V tuma | |- Tuma

3nanus JETCKUX
00pa30BaTeIbHBIX
CTIeMATM3UPOBAHHBIX
npecTapebix u WHBAJINIOB
(nexBapTHpHBIE), OOJBHHUIBI, CHATBHBIC
KOpIyca 00pa3oBaTeIbHBIX YUPEIKICHUI
HHTEPHATHOTO TMIA  H JIETCKUX
YUPEKJACHUH; MHOTOKBAPTHUPHBIC JKUIIbIC
JI0Ma; OJHOKBApPTHPHBIC >KUJIBIE JIOMa, B
ToM uncie OnokupoBannsie. (O1.1, ©1.3,
®1.4) Jlroqu MOTYyT HaxOIWTbCA B
COCTOSSHUM  CHa, HO 3HAaKOMBI  CO
CTPYKTYpPOM 53BaKyallMOHHBIX MYyT€H U
BBIXOJIOB.

JOIKOJIBHBIX
YUpEXKACHUM,
JOMOB

9,0

FocTuHMIBI,  OOUICKHUTHS,  CIaJbHBIC
KOpITyca CaHATOPHEB W JIOMOB OT/bIXa
o0Iero THIA, KEMIIMHIOB, MOTENEH |
nancuonaroB. (®1.2) JKwuibisl Moryr
HAXOJUTHCS B COCTOSIHUM CHa W HE
JOCTaTOYHO 3HAKOMBI CO CTPYKTYpO#
IBAKYaIIMOHHBIX MYTEH U BBIXOJIOB.

2,0 3,0

6,0

3maHust  3PENMIMHBIX WU KYJIBTYpHO-
MIPOCBETUTENBHBIX YUPEXKICHUH; 371aHus
OpraHu3aIui 1o 00CITy)KUBAaHUIO
HaCeJICHUS (D2, ©3). [Tocerurenu
HAXOJATCS B OOJPCTBYIOLIEM COCTOSIHUH,
HO MOTYT OBITh HE 3HAKOMBI CO
CTPYKTYpPOM 53BaKyallMOHHBIX MYyT€H U
BBIXOJIOB

6,0




3naHusi HAyYHBIX H  00pa3oBaTEIbHBIX

YUpPEXKICHUN, HAy4YHBIX M IPOEKTHBIX

OpraHu3alnuii,  OpraHoB  YIpPaBJICHUSA
eXXJICHUI D4). Iloceturenu

ZIZEOZ[SITCSI B 60[[pC(TByI)OH1€M COCTOSIHUU U Lo 30 o0

XOpOIIO  3HAaKOMBI  CO  CTPYKTYpOH

9BAKYaIlMOHHBIX IIyTEN U BBIXOJIOB.

2. IIpuHIUIIBI COCTABIICHUS PACUCTHON CXEMbI IBaKyaIlHH.

PacueTHas cxema sBakyanuu NpeACcTaBisieT CO00M OTEIBHO BBITIOJIHEHHYIO,
WM BO3MOXXHO HAHECEHHYIO Ha IJIaH 3JIaHUsI CXeMY, Ha KOTOPOH OTPaXKCHBI:

KOJIMYECTBO JIIOJICH HAa HAYalbHBIX Y4YacTKaX — HMCTOYHHKAX (IPOXOJIbI
MEXy pabOYMMH MECTaMu, 00OPYAOBaHUEM, PSAAMU KPECen U T. I1.);

HAIMpaBJICHUE UX JIBUKCHUS (MapIIPYThI);

IrCOMETPUYCCKUE TMapaMeTPbl YYacTKOB MyTH (IUIMHA, IIHPHHA) W BHUJIBI
Y4YaCTKOB ITyTH.

PacueTHast cxema 3BaKyaluu JOJDKHA YYUTHIBATh CHTYAIlHIO, IPH KOTOPOW
XOTsI OBl OJIH Y€JIOBEK HAXOJIUTCS B HanOoJiee YAaJCHHOW OT BhIXOJA U3 3JIaHMS,
COOPYIKEHHSI WJIH CTPOCHHS TOUKE.

B pacueTHOM cXeM€ YYUTBIBAKOTCS TOJBKO T€ IIYTH JABWXEHUS JIOJIEH,
KOTOPBIC OTBEUYAIOT TPEOOBAHMSIM, MMPESABSIBIAECMbIM K IMTyTSIM 3BaKyaIlHH.

PaccmoTpeB koiM4ecTBO NIOAEH Ha HAYaJIbHBIX YYaCTKaxX IyTH, CIEAYET
ONPENCNIUTh  HAMpPaBICHHE WX  JIBIXKCHHS.  YCTAHOBICHBI  CJICIYIOIIUE
HaOJr0/1aeMble TIPaBUiIa BBIOOpA JIFOJBMH HAIpaBlieHHs (MaplipyTa) IBUKCHHUS
IIPH dBaKyaI[1u:

a) JBMDKEHHE IO TOMY ITYTH, KOTOPBIM JIFOJIH TOTAJN B 3/1aHUE;

0) UCKIIOYCHHE MyTeH JBHMOKEHHsI, MPOXOISIIUX PSIOM C 30HOW TOPEHUs,
XOTsI JIFOJM MOTYT IBAKYHPOBATHCS Yepe3 3aIbIMICHHBIC KOPHIIOPHI;

B) BIHMSHUEC TMepcoHaa. B OOIIECTBEHHBIX 3laHUSIX, Kak MPaBUIIO,
NOCETUTENN MPH TOXape CICAYIOT YKa3aHUSIM TEepCOHANa, JaKe €ClId JTH
yKa3aHUsI He COOTBETCTBYIOT ONITUMAIBHBIM;

r) IpU 3BaKyallMd C MEPBOT0O dTaka — JIBHKCHHE K OTKPBITOMY BBIXOIY
HApYKy U3 3JIaHUS;

1) CJOXHAsl JIOTUCTUYECKAas 3aBUCHMOCTb, OTHCHIBAIOIIAsT BEIOOP BBIXONA C
3Ta)Kka PACIIOJIOKECHHUS 3pUTEIBHOTO 3aja (cM. puc. I15.5);

¢) IPH IPOYMX PABHBIX YCIOBHSIX — JABMIKEHHE K OJIMKAMIIIEMY BBIXOTY.

Kpome TOro, mmeromuecsi NaHHbIE MOKa3bIBAIOT, 4TO (DAaKTOpOM BHIOOpPA
HAIPaBJICHUS] MOXKET OBITh MECTO MAPKOBKU JTMYHOTO aBTOMOOHJISI, MECTO BCTPEUH
YJICHOB CEMbH U T. I. OTpe/ieJICHNe IIMPUHBI TyTH BhI3BIBACT 3aTPYAHEHUE TOJIHKO
IOpH BBIXOJE JIIOACH HA Y4YaCTOK «HEOIPAaHWUCHHOW» IIUPUHBI, HAIpUMEp B
BecTHOIOJNIb. B TakoMm cityyae mupuHa motoka (D) 3aBHCHUT OT KOJHMYECTBA JIFOJCH
(N) u mmsbr (1) yuactka: b =4 M npu N < 100 wen. u | <6 M; b=6 ™M — B
OCTAJILHBIX CITydasX.

CornacHo JaHHBIM HATYPHBIX HAOJIIOJICHUH YCTAHOBJICHO, YTO IOBOPOTHI
MYTH HE BIMSIOT HA MTAPAMETPhI JIBUKCHHS JFOJICKOTO IMTOTOKA.




OmnpenenceHue JUMHBI (BIOJIb OCH IMYyTH) OTIUYACTCS JIJISI TOPU3OHTAIBHBIX U
HaKJIOHHBIX MmyTed. K HaKIOHHBIM TyTSIM OTHOCSTCS JIECTHUIBI M MAaHIYCHI.
CBoOoymHas MIMpPWHA D HAKJIOHHOTO MyTH, HANPUMEP, JECTHUYHOTO Maplia,
NPUHUMAETCS B CBETY: OT MEPHII 0 cTeHbl. [linHa HakinonHoro iyt L (puc. I15.1)
NPUHUMAETCS MO HMCTUHHOMY €ro 3HAauY€HUI0. OTaXHble MU MEXJIYITaKHbIE
IUIOWAAKA B LENSAX YNPOIIEHUS M OOJIeTYeHUs BBIYMCICHUN, YYMUThIBAasg HX
HeOOJIbIINE pa3Mepbl U MEHBIIYIO CIOKHOCTh JIBUJKEHHSI IO HUM B CPaBHEHHUH C
JIECTHUYHBIMUA MapllamMH, JOIMYCKAaeTCs OTHECTHM K HAKJIOHHBIM MyTaM. Torna
CpelHssl JUIMHA HAKJIOHHOT'O MYTH B MPEJENax OJHOrO 3Taxa, C yUeTOM JIBHIKEHHUS
0 IJIOUIa/IKaM, COCTaBUT: b

L(
JUIsE  AByXMapiieBeix JectHuly, L =——, roe L( — ropusonTanbHas
cosa

MPOEKIUS JUIMHBI HAKJIOHHOIO MYTH, M; O — YroJ HakjoOHa K TOPU30HTY; HE
JOMyCKasi Cepbe3HOM MOTrPEelIHOCTH, JUIMHY IMYTH HO JIBYXMaplIeBOW JIECTHULE
MO>XHO IPUHUMATh PAaBHOM €ro yTpoeHHo# Beicote H, T. e. L = 3H;

2L¢ L«

JUIS TPEXMapIIeBbIX JIeCTHUI[ L = + +L¢+4b.
cosa Cosa

Puc. T15.1. PacueTHas njivHa MyTH M0 JIECTHULIE:
a — IByXMapiiieBasi JICCTHUIIA; 6 — TpexmapliieBasi JECTHULA

[Tanaycel, eciv UX HAKJIOH He3HauuTeNeH (MeHble 1:8), MOXKHO OTHOCHTD K
TOPU3OHTAIBLHBIM TMYTSM, MpU 00Jiee 3HAYUTEIBHBIX HAKIOHAX — K JICCTHHUIAM.
JIMMHa HAKJIOHHOTO MYTH TAKXKE OMPEIENISIETCS IO €r0 OCH.

[lytu nBuxkeHus B mpejenax 3JaHUs OOBIYHO MEPEeCceKaroTCs JIBEPHBIMU
MpOEMaMH, JAEKOPATUBHBIMU MOPTaJaMH, UMEIOT CYXEHHS 32 CUET Pa3IM4YHBIX
APXUTEKTYPHBIX WM TEXHOJIOTHMYECKHX JIEMEHTOB, BBICTYMAIOMINX U3 MIOCKOCTH
orpaxkieHui. Takue MECTHbIE CYXEHHMS HE3aBUCHUMO OT HX Xapakrepa B



JabHEHIIIEM Ha3bIBAIOTCS MpoeMamu mupuHoit b. [lnmuaa mytu L B mpoeme moxet
HE YUYUTBHIBaTbCA, €ciii oHa He mpesbiiaeT 0,7 M, T. €. AJMHBI OJHOTO Iara, B
IIPOTUBHOM CJIy4yae JABHKECHUE B IPOEME CIIEAYET pacCMaTpuBaTh, KaK JBUKCHUE
Ha CaMOCTOSTEJIbHOM PACYETHOM y4aCTKE TOPU30HTAIBHOIO ITYTH.

JlecTHUYHBIE KJIETKU SBISIIOTCA LEHTPAMHU TATOTEHUS JIFOACKUX IOTOKOB
(171 mepBOTrO ATayka — BBIXOJBI HAPYXKY), HA BXOJIE B KOTOpHIC 3aKaHYMBACTCS
BTOpOI1 ATan 3Bakyanuu. I109TOMy pacdeTHbIE CXEMBI LENECOOOPA3HO COCTABIIATH
UL KaXZOW 4YacTh DdOTaxka, II0 KOTOPOH JIIOAM DBAKYUPYIOTCS  4epes
NPEIYCMOTPEHHYIO Il HUX JISCTHUYHYIO KJIeTKY (BbixoJ Hapyxy). Ha puc. I15.2.
IIPUBEECH IPUMEDP IIPEACTABICHUS PACYETHONU CXEMBI 3BAKyallMOHHBIX ITyTEH.



Hcrouynuk 1

——=—— N=20uen., | =10m,
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Hauanphbie yuactku No3 — 7 (MICTOYHHMKH) - TIPOXOJIBI
MEX]ly pabOYUMH MECTaMH, 000pYyI0BaHUEM,
psiiaMH Kpecel | T. II.
|=10mM,b=1,2m,bp=09 M

Puc. I15.2. TIpumep cocTaBiieHHs paCY€THOM CXEMBbI IBaKyallH JTro/IeH
TI0 YaCTH ITaXa JI0 BXOJIa B JIECCTHUUHYIO KJIETKY: N — KoJIM4yecTBo Jtozel;
b — mmpwuna; | — aymiHa; by— mmprHa npoema



B 3purenpbHbIX 3amax ¢ TOCTOSSHHBIMM MECTaMHU IS [OCeTUTeNen
pacrpejiesieHue JIFoed 10 HampaBJICHUsIM JIBXKCHUSI K DBAKYal[MOHHBIM BbIXOJ1aM
nokaszano Ha puc. [15.3. u [15.4.

s

Puc. [15.3. Mapuipytuszaius JBUKESHHS JIFOICKUX MOTOKOB MPH dBAKyaIluu
13 3PUTEIIBHBIX 3aJI0B ¢ OOKOBBIMH (IIPOIOJIBLHBIMHE) MPOXOIAMH
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G5 Gy
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Puc. M5.4. MapwpyTusaumna AsmMxKeHNA Nt04CKMX MOTOKOB NPU 3BaKyauum
W3 3pUTEIIBHBIX 3aJI0B C MIOIIEPEUYHBIM ITPOXOA0M



Ecnn B manpHeWmuMm oA BBIXOAST B ¢oiie WU BECTHUOIONb, T. €. 4epe3
MOMEIIEHNS HE OTPAHUYUBAIOIINE, KAK KOPHUAOpP, IIMPUHBI JTIOACKOTO MOTOKA, TO
pacnpeiesieHue JIFOACKUX TOTOKOB MEXJIY BO3MOXHBIMM 3BaKyallMOHHBIMHU
BBIXOJIaMHM, KOTIJla OHM  HE  OJIOKUPOBaHbl,  MPOUCXOJUT  COIJIACHO
3aKOHOMEPHOCTSIM, MPUBEACHHBIM Ha puc. [15.5., a, 6.

!
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ZH ] BBIX0/IBI C 3TaXa B JIGCTHUYHBIC
(\2 90 KJIETKH (U3 371aHUs)
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3ajpHOE TIOMELIEHUE

Puc. I15.5., a. Yucno 3puteneil u BIOOP BBIXOJIa IPU IBAKYAIIUU B JIBE JIECTHUYHBIE
KJIETKU JTMOO B JIB€ OTKPBITHIE JIECTHUIIBI WIIM B JIBa BbIxoJa M3 34anus: N — oliee
KOJIMYECTBO 3BaKyupyromuxcs; Ni — yucio sBakyupyronmxcs yepe3 OJuKHUN BbIXO;
N, — 9HCII0 3BaKYUPYIOIIUXCS Yepe3 JalbHHUI BBIXOM; |; — JITHMHA Ty TH 10 OJIMKHETO
BBIX0/1a; |, — JITIMHA Ty TH 10 JadbHETO BHIXO/A
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3ajpHOE TIOMEILIEHUE

Puc. I15.5., 6. Uucno 3puteneil 3BakyupyOIUXCS IO OTKPBITOM JIECTHULIE:
N — o0riee KOIM4ECTBO IBaAKyUpyrouxcs; N — 4uciio 3BaKyUpyOUIUXCS
110 OTKPBITOM JICCTHHIIE; |1 — JTMHA Ty TH 10 OTKPBITOH JIECTHUIIE;
|, — anmvHA My TH 10 BBIXO/A B JICCTHUYHYIO KJIETKY



3. [Ipy OAHOPOJHOM COCTaBE JIIOJCKOI0 MOTOKAa TPy MOOMIBHOCTH M2,
M3 u M4 3nauenus BenuuuH D, V u ( cienyer npuHuMarh B COOTBETCTBUU C
JTaHHbIMU TaOmuIkl [15.2.
Ta6mau—~ "15.2

PacueTHble 3HaYeHUs TapaMeTPOB AJIsl TPy MoOuiIbHOCTH M2 — MA4.

Bua nytn
Mogpfl’g:]:)acm D, Topusontanbubii | Jlecrnuna Buu3 | JlecTHuna BBepx Maunayc BHU3 IMaunayc BBepx
e | Vs a v, a v, a v, g, v, )
s/vmn | v?vemin | os/von | ov@ivemun | oswivomn | vy | iy | v vevmn | sy | v mevan
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
01 30,00 3,00 30,00 3,00 20,00 2,00 45,00 4,50 25,00 2,50
0,2 26,05 521 26,22 524 16,78 3,36 41,91 8,38 21,98 4,40
03 21,97 6,59 22,01 6,60 13,96 4,19 33,92 10,18 18,09 5,43
M2 04 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 1041 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
09 10,93 9,84 10,61 9,55 6,32 5,68 12,27 11,04 7,54 6,79

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 1,25 105,00 525 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 20,57 411 83,41 16,68 45,54 9,11
0,3 43,57 13,07 16,67 5,00 17,05 512 65,70 19,71 35,59 10,68
M3 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
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
M4 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




IIpumeyanue:

M2 — HeMoIllHbIC JIF0J1, MOOWJIBHOCTh KOTOPBIX CHIDKCHA W3-3a CTAPCHUS
opranu3ma (MHBaJHMIbl IO CTApOCTH); WHBAIWABI HAa TMPOTE3aX; WHBAIUIBI C
HEJIOCTaTKaMU 3PEHUs, MOJIb3YIOMIUECss O€JI0N TPOCTHIO; JIFOJIU C NMCUXUYCCKUMHU
OTKJIOHCHHSIMH.

M3 — uHBaIUIBI, UCIIOJIB3YIOIINE TP JBUKCHUU JIOTIOJTHUTEIBHBIC OMOPBI
(KOCTBILIH, MAJIKH).

M4 — uHBaMUIbI, IEPEABUTAIONINECS HA KPECIaX-KOJISICKaX, MPUBOJAUMBIX B
JBIDKEHHE BPYUYHYIO.

. 2

4. [Tnomaap TOPU3OHTAIBHOW MPOEKIUU uenoBeka f, M/den. nmpuHuMaeTcs B
3aBUCHMOCTH OT COCTaBa JIOJEH B IIOTOKE B COOTBETCTBUM C NPUBEIECHHBIMU HUKE
JAHHBIMU.

a) 6)

Puc. I15.6. [1nommaas ropu30HTAIBHOM MTPOEKIIUHN YETOBEKa:
a) pacueTHas; 0) JIeHCTBUTEIbHAS.

Pa3mepsl mrofeil M3MEHAIOTCA B 3aBUCHUMOCTH OT (PU3MYECKHX JTaHHBIX,
Bo3pacTta M onexasl. B tabmmmax II. 5.3, I1.5.4. 11.5.5 u Ha pucynke I1.5.7
IIPUBOJATCA YCPEAHEHHBIE pa3MeEphl JIOAEH pPa3sHOrO BO3pacTa, B Pa3IMYHOU
OEXKIE U C Pa3NM4HbIM rpy3oM. IIpm 3TOM mnpuBeneHBl 3HAYEHHUs IJIOLIAAU
TOPU30HTAJBHOW MPOEKIIMM MHBAJIWJI0B C HAPYLIEHUEM OIOPHO-IBUIATEIBHOTO
ammapara.



Tabauya 15.3.

Mnowaam ropMsoHTaNbHOM NPOEKL MU B3POCAbIX lloaeit

Bospacr uenoseka

[MIupwuna, a, M

Tomnmuna, ¢, M

[Tmomaae ropu30HTATBHOM
2
MIPOEKITUH, M /aen

B3pocusblii B ogexne:

JeTHel (B mOMeIeHHHN) 0,46 0,28 0,100
BECEHHE-OCEHHENR 0,48 0,30 0,113
3UMHEN 0,50 0,32 0,125
Tabauya 15.4.
Mnowaamn ropusoHTaIbHOM NPOEKL MU aeTeid U NOAPOCTKOB
[Inomans ropu30HTAIBEHON Bospactasle rpynnsl
MPOEKIUH, Mlaen Munamgmas Cpennsis Crapmas
7-9 ner 10 - 13 ner 14-16 ner
B nomamuen onexae 0,04 0,06 0,08
CO MIKOJIBHOW CYMKOM 0,07 0,10 0,14
B ynu4HOM oexk e co MKOJIBHOU
CYMKOM 0,09 0,13 0,16
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Puc. I15.7. I1nomaas ropu30HTAIbHON IPOEKIUH JIIOIEH C pa3IuYHbIM
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4. Bpemst 3amepkku t, IBMJKEHHS Ha ydacTKe | HM3-3a 0Opa30BaBHICTOCS
CKOTUICHUS JTIOJICH Ha TPaHMIIe ¢ MOCieaytomuM ydacTkoM (i+ 1) onpenensercs o

dbopmye:
1 1

qn])uD:0.9b| +1 qi bl

t = Nf ( ) (I15.1)

rae, N — koIm4decTBo JTI0OAEH, YeT,

f — rmuToma s ropU3OHTANTBHOMN TPOCSKIINH, M

Onpu D=0.9 - HTHTEHCUBHOCTb ABIXXEHHS yepe3 ydacTok i+ 1 mpu mnotnoctr 0,9
u 6onee, M/MUH;

b1 — mmpuHa y4acTka, M, NMPH BXOXKJICHHU Ha KOTOPBIH 00pa30BaioCh
CKOIUJICHHUE JTIOAEH,

0i+1 - MHTEHCUBHOCTD JBM)KCHHS Ha ydacTke 1, M/MUH

bi - mmprHa npeIIecTBYONIEro y4acTka i, M ;

Bpemsi cyiecTBOBaHMSI CKOIUICHHS L, Ha ydacTKe | ONpPEIeNseTcsl I0

dbopmye:
Nf
= — (I15.2)
qnpuDZO,Qle
PacuétHoe Bpems 9BaKyallMM 10 Y4acTKy i, B KOHIIE KOTOPOr0 Ha TPaHMIIE C
yuacTkoM (i+1) oO0pa3oBanoch CKOIJICHUE JIIOACH PaBHO BPEMEHHU CYIIIECTBOBAHHUS
ckomieHus t,. PacuérHoe BpeMs »dBaKyallMd [0 YYacTKy | JOMYyCKaeTcs

onpenensTh no Gopmyie:

t = L +t3 (H53)
\2



[Tpunoxenne Ne 6
K 12

IHopsinok mpoBeAeHus: pacyeTa ¥ MaTeMaTHYECKHE MOJECJIH JJI5 ONpeae/IeHUs
BpeMeHHU OJIOKHPOBAaHMS NyTel IBAKyallUH ONACHBIMH (paKkTOpamMu moKkapa

|. Tlopsiiok npoBeaeHuss pacyera

[Tpon3BOANTCS SKCIIEPTHBIN BRIOOP ClIEHAPHS MM CLIEHAPUEB MOXKapa, MPH KOTOPBIX
0>KMJIAI0TCSl HAUXYIINE MOCIEICTBUS Ul HAXOJAIIUXCS B 3JaHUU JTFOACH.

dopMyJIMpOBKaA CLIEHApUs Pa3BUTHUS MOXKapa BKIIOYAET B ce0s CIeAyIoLue
dTallbl.
BBIOOp MeCTa HAXOXKACHHUS TIEPBOHAYATILHOTO OYara 1mokapa 1 3aKOHOMEPHOCTEH ero pa3BUTHSA;
3aJlaHue pacueTHOM 00acTH (BBIOOP paccMaTpUBAEMOM NIPU pacyeTe CUCTEMbI IOMEIICHUH,
OIIPEJIETICHUE YYUTBIBAEMBIX IIPU PACUETe dJIEMEHTOB BHYTPEHHEN CTPYKTYpBI IOMEIICHUH,
3aJ]aHue COCTOSIHUSI TPOEMOB);
3a/laHHe ITApaMeTPOB OKPYXKAIOLIEH CpeAbl U HAYAIbHBIX 3HAYEHUN [TapaMeTPOB BHYTPHU
IMOMEILICHU .
Br160p MecTa HaxoKJeHUs oyara mokapa Mpou3BOAUTCS SKCIIEPTHBIM myTeM. [Ipu aTom
YYHUTBIBACTCS KOJIMYECTBO FOPIOYEH HArpy3KH, €€ CBOMCTBA U PACIIOJIOKEHUE, BEPOATHOCTD
BO3HUKHOBEHMS 110Kapa, BO3MOXKHAs AMHAMUKA €r0 Pa3BUTHS, PACIIOIOKEHHUE dBAKYAIIMOHHBIX
IIYTE€N U BBIXOOB.
Hawubouee yacTo npu pacueTax paccMaTpHUBAIOTCS TPU OCHOBHBIX BUA Pa3BUTHS TOXKapa:
KpYroBO€ paclpoCTpaHEHHE MOKapa 10 TBEPAOU rOPrOYEH Harpy3Ke, JUHEHHOE
pacIpoCTpaHeHHe MoXkKapa 110 TBEPAOU roproYel Harpy3Ke, HEYCTaHOBUBIIIEECS TOPEHUE
TOPIOYEN KHUJIKOCTH.
CKOpOCTb BBITOpaHUS [UISI 3TUX CIIY4aeB ONPEAEIAETCS 3aBUCUMOCTSIMHU

i
i Y pvit? - 01151 KPY208020 PACNPOCMPAHEHUS NOHCAPA
Y={ y,Xuvb - OJ151 TUHEUHO20 PACNPOCMPAHEHUS NOHCAPA (I16.1)
: :
oy ,,xF o - 0714 HeycmaHnosugue2ocs 2openust I 7K
1 em

e Y o — yIeIbHask CKOPOCTh BBITOpaHUS (JUTS )KUJIKOCTEH YCTAaHOBHBIIASICS), K/ (c?);

V — CKOPOCTb PaclpoCTpaHEHUs IIaMeHu, M/C;

b — mupuHa nosock! roproueit Harpy3KH, M;

tem —BpeMs CTaOMIIM3AIMK TOPEHUS TOPIOYEH KUIKOCTH, C,

F — miomaas ouara noxapa, M

C yuerom pazgena |l gaHHOrO TPUIOKEHUS BBIOUPAETCS  METO[
MOJIeTHpOBaHus, (GopMyIaHpyeTcss MaTeMaTHdeckas MOJENb, COOTBETCTBYIOIIAS
JAHHOMY CILIEHApUI0, W IIPOM3BOAUTCSA MOJECIUPOBAHUE JIWHAMHUKHA pPa3BUTHUI
noxapa. Ha OCHOBaHMH TIOJNIYYEHHBIX PE3YJbTATOB PACCUUTHIBAETCS BpeEMs
JIOCTHXKEHUSI KaXKJbIM M3 OMacHBIX (haKTOPOB MoOkKapa MpeaeabHO TOMYyCTUMOIO
3HAQYEHUS Ha NYTIX DBaKyalluH.



Kputnueckoe Bpemss MO KaXJOMY U3 ONACHbIX (PaKTOpoB Mmoxapa
OmpeNeNsaeTCsl Kak BpeMs JOCTIKEHUS 3TUM (DAKTOPOM MPEAENIbHO JOMYCTUMOTO
3HAYCHMS Ha MyTSAX IBAKyalluu Ha BbIcOTE 1,7 M OT mona.

[IpenensHO MOMYCTHUMBIE 3HAUEHUS 110 KaXKJJOMY U3 OMAaCHBIX (DaKTOPOB MOKapa COCTaBIISAIOT:
10 TOBEIIIEHHOM TeMmeparype — 70°C;

110 TErIoBoMy oToKy — 1400 Br/m?

o norepe BuguMocTu — 20 Mm;

0 MIOHWKEHHOMY COJIepkaHuto kuciopoaa — 0,226 kr M3
M0 KaXXJAOMY M3 TOKCHUYHBIX T'a3000pa3HbBIX POJTYKTOB TOPEHUS

(CO2—0,11 kr:m®; CO —1,16:-10° kr-m %, HCL — 23-10° kr-m).

Heob6xoauMo OTMETUTH, YTO TMpPU MCIOJB30BAHUM TOJIEBOM MOJIENU
OMpeNIeJICHNEe KPUTUUECKOTO BpPEMEHU HMEET CYIIECTBEHHbIE OCOOEHHOCTH,
CBSA3aHHBIE C TEM, YTO KPUTHUYECKOE 3HAYECHHUE B PA3JINYHBIX TOYKAX MOMEIICHUS
JOCTUTAeTCsl HE  OJHOBPEeMEHHO. /[l TMOMEelmeHuid C  COU3MEPUMBIMU
FOPU30HTAJIBHBIMU  pasMepaMud  KPUTHUYECKOE BpeMs  ONPEHENIETCs  Kak
MakCUMAaJIbHOE U3 KPUTHYECKUX BPEMEH [JIsI DBAKyal[MOHHBIX BBIXOJOB W3
JTAHHOTO TIOMeIeHuUs (BpeMsi OJIOKHPOBAHHUS MTOCIICTHETO BBIXO/A).

Onpenensiercs BpeMs 0J10kupoBaHus ts;,

g, = minfee tl tme 102 o} (M6.2)

1. Knaccupukanus u 06J1acTb NpMMeHEHNsI METOL0B
MaTeMAaTH4YeCKOro MoJeJIMPOBAHUSA MOKapa

Jnga  onMcaHuss ~— TEPMOra3oJMHAMUYECKUX  IMAPaMETPOB  MOXkKapa
MPUMEHSIIOTCA  TPU  OCHOBHBIX TPYyNIbl  JETEPMUHHUCTHYECKUX  MOJEIEH:

WHTErpalibHbIC, 30HHBIC (30HAJIbHBIC) U TOJICBBIC.
Bb1060p KOHKpETHOW MOJIENTH pacueTa BpeMeH! OJIOKMPOBAHUS MyTel IBaKyalluu CIeayeT
OCYIIECTBIISITh HCXOIS M3 CIEIYIOIUX MPEIOCHIIOK:
UHMe2PAaNbHbIL Memoo.
ISl 3AHAHN, COAEPIKAIMX Pa3BUTYIO CHCTEMY MOMEIICHUH Majioro o0beMa mpocToi
reOMETPUIECKOI KOH(UTypaIny,;
TSl TIOMEIICHUH, T/1e XapaKTepHBII pa3Mep ouara rmoxapa COu3MEpUM C XapakTepHbIMU
pa3MepaMu MOMEIICHUS U pa3Mepbl TIOMELICHUS] COM3MEPHMBI M1y COO0H (JTMHEIHbIC
pa3Mephl IOMEIICHUS OTIMYAKOTCS He OoJiee 4yeM B 5 pa3);
IUTSL TIPEABAPUTEIBHBIX PACYETOB C LIEJbIO BBISBICHUS HanOOJIee OMacHOTO CIICHApHs MoXKapa,
30HHbLI (30HATLHBLIL) MEMOO:
TSl TIOMEIICHUH B CUCTEM TIOMEIIEHUH MPOCTON reOMEeTpHUYECKON KOH(PUTYpalluH, INHEHHbIE
pa3Mepbl KOTOPBIX COM3MEPUMBI MEXKIY CO00H (JTMHEHHBIC pa3Mephl TIOMEIIECHHUS OTIMYAIOTCS HE
Oouiee yeM B 5 pas).

B oTnuune OT MWHTErpanbHBIX MOJEJIEH 30HAIBHBIA METOJ MOXKET

HUCIOJIb30BaThLCA.
ISl TIOMEUICHUI 00JIBbIIIOro 00bheMa, KOTIa pa3Mep ovara rokapa CyIlecCTBeHHO MEHbIIIE
pa3MepoB TIOMEIICHUS;



ISt pabOYMX 30H, PACIOJI0KEHHBIX Ha Pa3HbIX YPOBHSX B MPEEIaX OAHOTO MOMEIICHHS
(HAKJIOHHBIH 3pUTENBHBIN 331 KHHOTEATPa, aHTPECONIH | T.JI);

no1egol Memoo:.

JUTSL TIOMEIICHUH CII0KHOM reoMeTpuYecKoil KOH(UTypaIy, a Takke NOMEIIEHUH ¢ 00TbIINM
KOJIMYECTBOM BHYTPEHHHUX Iperpas (aTpuyMbl ¢ CUCTEMOM rajiepeil 1 MPUMBIKAFOIIUX
KOPHUJOPOB, MHOTO(QYHKITHOHATIBHBIE IIEHTPBI CO CII0KHOM CUCTEMOM BEpTHKAIBHBIX U
TOPU30OHTANBHBIX CBSI3EH U T.J1.);

ISl TIOMEUICHUH, B KOTOPBIX OJIMH M3 TEOMETPUIECKUX pa3MEpOB ropasio 0oiblie (MEHbIIE)
OCTaJTbHBIX (TOHHEIH, 3aKPBIThIC ABTOCTOSHKH OOJIBIION TUIONIAIHU U.T.11.);

ISt MHBIX CITy4aeB, KOTJAa IPUMEHHUMOCTh WIH HHPOPMATUBHOCTH 30HHBIX M MHTETPAJIbHBIX
MOJIeJIeH BhI3BIBACT COMHEHHE (YHUKAIBHBIC COOPYKEHHS, PaCIPOCTPaHEHUE MoXkapa 1o ¢acaiy
3/IaHMsI, HEOOXOIMMOCTh y4eTa paboThl CUCTEM MPOTHUBOTIOKAPHOH 3aIIUTHI, CIIOCOOHBIX
Ka4eCTBEHHO U3MEHUTh KAPTHUHY MMOXKapa, U T.1I.).



[1l. UaTerpasibHas MaTeMaTu4decKasi MoJieJIib pacueTa ra3oo0MeHa B 3[JaHHH,
NpHU MoxKape

Jliis pacueTa pactpOCTpaHEHHS TPOIYKTOB TOPEHHS 110 3JaHII0 HEOOXOMMO COCTaBUTh U
PEIINTh YPaBHEHUS adpallii, TeIUIO- U MacCOOOMEHa Kak IS KaKI0TO TIOMEIICHHS B
OTAENBHOCTH, TaK U JJI BCETO 3/]aHUS B 1IEJIOM.

VYpaBHEHUsI IBIKEHMUS, CBSI3bIBAIOIINE 3HAUEHUS TIEPENaI0B IaBJIICHUI HA ITpoeMax ¢ pacxoamMu
ra3oB uepe3 MPOEeMbl UMEIOT BU]T

G; =sign(DP,) mF,[2r [ (116.3)

rae Gji —pacxo ra3oB yepes mpoeM MexIy ABYMs (j-M U i-M) CMEKHBIMH OMEIIECHHSIMH, kr/c™;
M— ko3 durtnent pacxoaa npoema (M= 0.8 st 3akpeITHIX TpoeMoB 1 M= 0.64 17151 OTKPHITHIX);
F — miomans ceuenus npoema, M,

I — IIOTHOCTH T'a30B, POXOISIINX Yepe3 MIPOEM, KI'M ;
DPji — cpennuii nmepenaj MOJHBIX JaBICHUN MEXIY |-M | I-M oMelneHueM, [1a.

Hanpagienue (3HaK) pacxoja onpeaesnsiercsi 3HakoM pasHocTtH gasinenuii DPji. B 3aBucumoctu
OT DTOI'0 IUNIOTHOCTE I MNPUHUMACT PA3JIMIHBIC 3HAYCHUS.

3HaK pacxo/ia ra3oB (BXOSIINN B MOMEIICHHE PACXO/1 CUYUTACTCS MOJOKUTEILHBIM, BHIXO TSI
— OTPHUIIATEIBLHBIM) U 3HAYCHHUE I 3aBHUCAT OT 3HAKA Mepernaia JaBIcHHUM

) i-1,r=r;,npuDP<0
sign(DP),r =
1+Lr =r,,npuDP>0

(116.4)
JInst IPOrHO3UPOBAHUS MAPAMETPOB MPOJIYKTOB TOpPEHHS (TeMIeparyphl,
KOHIICHTPAIUIl TOKCUYHBIX KOMIIOHCHTOB TPOJYKTOB TOPCHHUsSI) B TOMEIICHUSIX
MHOT'O3T2)KHOI'O 3[1aHMSI Ha 3Ta)ax, PacloOJIOKEHHBIX BBIIIE 3TaXKa, HA KOTOPOM
MOXET BO3HHMKHYTHb II0Xap, pacCMAaTPUBAIOTCS MPOLECCHl PACHPOCTPAHEHUS
NPOJYKTOB TOPEHUS] B BEPTUKAIBHBIX KaHallaX (JCCTHUYHBIC KICTKH, IIAXThI
1 TOB, BEHTKAHAIIBI U T.II.).
BepTI/IKaJ'IBHy}O [axTy MO BBICOTC pasAC/IAOT Ha 30HbI, KOTOPLIC MMPEACTABJIAIOT Y3JIbI B
FHZ[paBJ’IH‘ICCKOfI CXEMC 31aHu. 30Ha 110 BBICOTE MOXKET OXBATBLIBAThL HECKOJIBKO dTaXKEH 3JaHUs.
B stom CJIydac pacxo rasa Mexay 30HaMHU MOKHO BBIPa3suThb 3aBUCUMOCTBIO B A

_ PP , 116.5
G (7169

e S= — XapaKTepUCTHUKA MM IPABINUECKOTO CONPOTHUBIICHHS HAa TPAHHUIIE 30H;

1
29gr kF?
F — mutomaib monepeyHoro ceueHust MaxThl;

k — koo urent (nomyckaercs npuHIMath pasab 0,05 ¢/m);
0= 9,81 M/c? — ycKOpeHHe CBOGOIHOTO T1aCHNS,
DP —nepenan naBieHuil MEX1y y3aamu.

31aHue NPe/ICTABISIOT B BUJIE THAPABINYECKON CXEMBI, Y3JIbI KOTOPOH MOACIUPYIOT
MOMEILIEHUS, a CBSI3U — ITYTH JBHKEHUS MPOIYKTOB rOpeHus 1 Bo3ayxa. Kaxnoe noMmenienrne
3JIaHUs OTMCHIBAETCS CHCTEMOU YpaBHEHUM, COCTOSIIEH U3 ypaBHEHUs OallaHCa MacCHI,



YpaBHEHUS COXpaHECHHUs SHEPTHU M YPaBHEHHs OCHOBHOTO T'a30BOro 3akoHa (MeHieneeBa-

KunaiinepoHa).
VpaBHeHHe OaaHca Macchl BEIpaXkaeTcsl 3aBUCHMOCTBIO

d(rivp/dt=y +SG,- SG;>

rze Vj - 00beM oMenieHus, M3;
t - Bpems, c;

§Gk - CyMMa pacxoJiOB, BXOJSIIUX B IIOMEIICHUE, KI/C;
S G, - cymMMa pacxofioB, BBIXOISNIMX M3 IIOMEIIEHUs], KI/C;

Y — CKOpPOCTh BBITOpAHUSs TOKAPHON HArpy3KH, Kr/C.
VYpaBHEHHE COXpaHEHUS SHEPTHH BhIpaXaeTcsi PopMyInoit

d(C,r VT)/dt= CD§Tk G.- C,T, iSGi +Q,.- Q,

rae Cy, Cp—ynenpHas H30X0pHas M m300apHas TerioeMkoct, KJx/(krK);
Ti, T; — TemmepaTypsl ra3oB B i- M H |-M IIOMEIIeHUX, K;
Qr — KOJIMYECTBO TEIUIa, BBIICISIEMOT0 B IOMEIIEHUHU TIPU TOpPEeHHH, KBT;

(I16.6)

(116.7)

Qw — TEII0BO MOTOK, MOTJIOMIAEMBI KOHCTPYKIIUSMH U U3ITy4aeMbIii 4epe3 MpoeMsl, KBT;
Jlnst nomeneHus ovara rmoskapa Benuunnaa Qp onpenensercs o opmyne Q. =hQ, +1,

rie h - ko3 uImreHT MoTHOTH TOPEHHS;

Q. — Hu3MIas TerutoTa cropanus, kJx/xr

| —sHTanbNUs ra3uduIupPoOBaHHON roprOYel Harpy3KH.
Jlnst octanbHbIX TomerneHui Q=0.

Koaddunuent monnotsl ropenus h onpexaensercs no popmyie:

oxaGa
h=h K+ (1= K) "2

(0):¢

rne hy — KOXPOUIMEHT TOJIHOTHI TOPEHHS B PEKUME
PEryIMpyeMOM rOprOYENd HArpy3KOU, OIIPEAEIISIEMBIN COOTHOLIEHUEM |

h, =0.63+0.2X,,, +1500X° ,
Koapdumuent K paccunteiBaercs mo gpopmyiie:

X, o X, o0
K:§ I expGBgl- T

oxaﬂg

ox,a

(116.8)

nosxapa,

(116.9)

(116.10)



.2
e X 0
rae B= §°X’a T
Xoa - 0.015
Xox,a — HadYaJIbHas KOHIIGHTpaIII/ISI KI/ICJIOpOZ[a B IOMCIICHUHU Oo4yara HO)Kapa;
Xoxm —TEKYIasi KOHIIEHTpAIUsl KUCIOpOia B TOMEIIEHUH OYara rnoxapa.

VYpaBuenune Menneneepa-Knaiinepona BbIipaxaeTcsi 3aBUCUMOCTBIO

R
Pi=r T, — 16.11
=ity (I16.11)

rie Pj — JIaBJICHHUE ra3a B |-M nomerienu, [1a;
Tj — TeMIepaTypa rasza B j-M nomenieHuu, K;

R =8,31 — ynusepcanbnas razosas nocrosunas, Jx/(mons K);
M — monspras macca rasa, MOJIb;

[TapameTpsl ra3a B MOMEIEHUN OTIPEIENISIOTCS U3 YpaBHEHUS OanaHca Macc OTIETbHBIX
KOMIIOHEHTOB TPOJIyKTOB TOPEHUS U KHCIOPOAa U YpaBHEHHsI OajlaHCa ONTUYECKON TIIOTHOCTH
JbIMa.

VYpaBHeHHe OaaHCca Macc OTIEIbHBIX KOMIIOHEHTOB MPOYKTOB TOPEHHSI U KUCIIOPOIa

d(XL’jI‘ JVj)ldt =y LL +§XL,k Gk_ XL,jSGi’ (H612)

rae Xi; , XLj — KOHIEHTpaIys L-ro KOMIOHEHTa IPOLyKTOB TOPEHUS B i- M U |-M
[IOMEILEHUAX, KI/KT;

L. — koynm4ecTBO L-ro koMIoHEHTa PO IyKTOB TopeHus (KHUCI0POo/ia), BBIACISIONIET0Cs
(morIomaroIerocs) Mpyu CropaHuy OJTHOTO KHJIOTpaMMa TI0KapHOM Harpy3KH, KI/KT.
VYpaBHeHue OanaHca ONTUYECKOH TNIOTHOCTH JbIMa

vVidm/dt=yD, +SmG,/r .- MmSG/r . (116.13)

rae M, N —onTuyeckas MI0THOCTE AbIMa B I- M | j-M MOMEIICHHSX, HH'M'l;
N 2. -

Dm — neiMoo0pa3syrommast ciocoOHOCTh MOKapHOH Harpy3kd, Hmm® 'kr.
OnTtHyeckas IIOTHOCTH AbIMa IIpUu OOBIYHBIX YCJIOBUAX CBA3aHa C paCCTOAHUECM HpeHGHBHOﬁ

BUJIUMOCTH B ABIMY COOTHOIICHHUEM

lp = 2.38/m (I16.14)

Jlnst momerenuii 6e3 ucrouHuka teria cucrema ypasuenwii (I116.6), (I16.7) u (I16.8)
YIIPOIAETCs U MIPE/ICTABIISETCS B BUIE

{:G” (t) = sign(DP, (t ) mF,/2r ,|DP, ¢ )| (I16.15)
I n N )
+a G:(t)zo (116.16)

1 : :
roe Ik :E[ri +sign(DR;)ri +r j - sign(DRj)r j]



[TepBo€ ypaBHEHHE CBSI3BIBACT MEPEIIAIbl TABICHUI Ha COSTUHSIONIMX MOMEIIEHHE TIPoeMax ¢
pacxo/IoM rasa 4epes 3TH IpoeMbl. Bropoe — BeIpakaeT MOoCTOSIHCTBO 00beMa JIJIsl JAHHOTO
noMerneHus. Takum 00pa3oMm, ISl BCEro 3JIaHusi TpeOyeTcs peliaTh CUCTEMY, COCTOSIIYIO 3
(Mye + Mye)«N,, HenmmHeWHBIX ypaBHeHHH Buaa (116.12) u ny«N,, TMHEHHBIX ypaBHEHHUI BHIA
(I16.13). 3nech My ¥ My, — COOTBETCTBEHHO YMCIIO TOPU3OHTANBHBIX U BEPTHKAIBHBIX CBS3CH
Ha 3Taxe; Ny — YHCIIO Y3JI0B; Ny~ YHUCIIO ATAKEH.

Cucrema ypaBHeHMit BKitouatomas B ce0s ypasuenus (I16.6), (I16.7) s nomenienus ovara
noxapa u (I16.12), (I 6.13) s ocransHbIX oMerieHuit u ypasHenue (I1 6.11), onuceiBarommas
THIPABINYECKYIO CXEMY 3/IaHHsl, PEIIaeTCs YUCICHHO METOI0M UTEPAIUU B COBOKYITHOCTH C
METOJ/IOM CEKYIIUX.

OcHOBHBIE  ypaBHEHHUSA JJis  ONpENeNieHUus TeMmIepaTrypbl Ta3a U
KOHIOCHTPAOIUMU MPOAYKTOB TOPCHHA B IMOMCHICHHUAX 3JaHHA IIOJIYUYCHLBI U3
YpaBHEHUI COXpaHEHUs] SHEPTUU U MACCHI.

Temneparypa ra3a B HOMEIIEHHH, TJIe OTCYTCTBYET OUar IMokapa OnpeessieTcsl U3 ypaBHeHHUs
TEIJIOBOTO OajaHca, KOTOPOe MOXKHO MOJIYYHTh U3 ypaBHeHHs coxpaHeHus suepruu (I16.7).

BeipaskeHue Juist onpeieNieHns: TeMIIepaTyphl ra3a B J-TOM MOMEIIECHHHU 31aHUsI B «>-bIii MOMEHT
BPEMEHH:

é CPBGka+Qj
— k=1
Tom § 6, ~ & : : '
Cvegéle - a—‘l Gi;-*-sz_a_iGi +a jn F jn +a jem F jem

¢ g u
g a CPBGka+Qj lil (H617)
+€T - KL Ux
gl (-pj = d 5 Ju . R a
_é Cvega Gk- a iT+Cp2a Gi +a jn an +a jem chml,;J
e €k=1 i=1 a i=1 1]
é o e 0 g . . U
e Cveg Gk- _a'GiT+Cp2_a' Gi+ajnan+ajcijcm l;l
)expg_ €k=1 i=1 9 i=1 Dt H
é C.1 J'Vj a
é a
riae Qj — cyMMa HCTOYHHUKOB (CTOKOB) TeIUIa B 00beMe |-T0 MOMELICHHS U TeIIa,
YXOJISIIIETO B OTPaXIAIOIINE KOHCTPYKIINH,
. €T(t)- T, (t)u .
=a éMQ - IPUBEJICHHBIN KOA(PPHUIIMEHT TEII00TIauH,
e Tt)-Ty ¢
To —HauanpHas TEMIIEpaTypa B MOMENICHHH,
Fijem — 0121 TOBEPXHOCTH OTPAYKAAIONINX KOHCTPYKIMH B j-M HOMEIIECHHH,
KoadduimeHT TemmooTaun a8 MOKeT ObITh paCCUUTaH 10 IMITHPUIECKOM popmyie:
14.073T - T npu T_£60°C;
a=| mo v § (116.18)

$11.63exp[0.0023(T,, - T,)] 1upuT, >60°C;

Konrnentpanus oTaenpHBIX KOMIOHEHTOB T'a30BBIX CMECEH B MOMENICHUSX 3/1aHUS BBIYHCIISIOTCS
U3 ypaBHeHHUs OanaHca Macchl JanHoro komrnoHenTa (I16.12). Konnenrpanus L-ro kommnoHeHnTa
MPOJIyKTOB TOPEHUS B -TOM MOMEIIEHUN B «N»-BIii MOMEHT BPEMEHH OIIPEIEIISAETCS
YpaBHEHHEM:



g & S o] ® ¢ o)
a_ XLka C a_ XLkaT C a_ Gk -

X L) — k_lcpi + (;XLj(n-l) - k_lgif)expg' Ir(__lv Dt _ (116.19)
aG. & aG o g 7§

OnTudeckast KOHIIGHTPAIIHS TbIMA B OMEIIEHUSIX OTIPEIENSIeTCS U3 0aIaHCOBOTO YPaBHEHUS
(116.20). HarypanbHbIi TIOKa3aTeNnb 0CIa0ICHUS CPEIbl B |-TOM MOMEIICHUU B «N»-bIii MOMEHT
BpPEMEHU OIpeJIeNsIeTCsS YpaBHEHUEM:

g e g 0 ®e J 0
amG, ¢ amG:-~- ¢ aG, -
m :|<:1—+Qm - '<:1—T>expg- k=L Dt © (116.20)
n)j 3 ¢ (nDj 8 S A YA
aG. ¢ aG. = ¢ Vo=
k=1 k=1 %] e

AHAIUTHYECKHE COOTHOILIEHUS AJIsI onpenejacHus KpHTH‘leCKOﬁ
MNPOAOIZKUTECJIbHOCTH IOKapa

JIist OTMHOYHOTO MOMENICHHS BEICOTON He Ooiee 6 M, yIOBIETBOPSIOLIETO YCIOBUIM
IIPUMEHEHMSI UHTErPAIbHON MOJIENH, IPU OTCYTCTBUU CUCTEM ITPOTUBOIIOKAPHOM 3aIIMTHI,
BIIUSIIOLIMX HA Pa3BUTHUE M0XKapa, T0MYCKAETCsl ONPEAEIATh KPUTHUECKHUE BpEMEHA 110 KaXI0MY
U3 OTACHBIX (PAKTOPOB MOKApa ¢ TOMOIIBI0 AHATTUTUYECKUX COOTHOIIICHHA:

T10 MOBBILIEHHOW TEMIIEPATYPE

B, é 70- tg g@%

.
tT =2 na+ 116.21
o =g (273+tg) 2t} (f6.21)
10 HOTepe BUIANUMOCTHU
lg & vxnosag)u "
tEpB'::'—Inél- n( )u{, (116.22)
'A% | BDwz g ?
{ e op=='m Qb

10 MOHMKCHHOMY COACPIKAHNIO KUCIJIOpOAa
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;', (116.23)
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M0 Ka)/J0MYy U3 ra3000pa3HbIX TOKCUUHBIX POJTYKTOB FOPEHUs

t

\ L
o 1B & vxyHm

=i—|nAl- PR [16.24
Kp -'fA“? BLzH | (116.:24)

353>cp>v
S @-j)hQ,

CropaHusi MaTepualia i CBOOOJHOTO 00beMa MOMENIeHUs, KT;

t, — HayasbHAs TeMneparypa Bo3ayxa B nomeenud, °C;

N — 110Ka3arelib CTEIEHH, YYUTHIBAIOIIUN U3MEHEHUE MACChl BBITOPAIOLLIETO
Marepuasia BO BpEMEHY,

A —pa3MepHBI TapaMeTp, YUYUTHIBAIOIINN YEIbHYIO MAaCCOBYIO CKOPOCTb
BBITOPAHKS TOPIOYETO MATEPUasa M ILIOIAb 0XKapa, KI ¢

Z — 6e3pa3MepHblil mapaMeTp, YYUThIBAIOUIUN HEPABHOMEPHOCTh
pactpenenenus ODII no BeIcOTE MOMEIIEHUS;

Qu — HUM3IIas TeIIoTa cropanust Mmatepuana, MJIx Kr'l;
C, — yaenpHas n300apHas TEIUNIOEMKOCTb raza MJIx KT

] —xo3ddunueHT TeronoTeps (MPUHUMAETCS 110 TaHHBIM CIPABOYHON
JUTEPATYPBI, IPU OTCYTCTBUU JTAHHBIX MOKET ObITh PUHAT paBHbIM 0,3);

h — ko3 unmenT momHOTH roperus (ONpeaeNsIeTcs: i3 COOTHOIICHHS
16.9);

V — cBOGOIHBIN 00BEM TIOMEIIEHHS, M°,

a— Ko3(pPUIUEHT OTpakeHHs IPEIMETOB Ha MyTIX dBAKYAIUH,
E —HavanpHas OCBEUIEHHOCTS, JIK;
|, — IpenenpHas AanbHOCTh BUANMOCTH B JBIMY, M;

rae B — pa3sMepHbIA KOMIUIEKC, 3aBUCAIIUN OT TEIJIOTHI

2
D — apiMoo6pasytoias ciocoOHOCTh ropsiinero Mmarepuana, Hom M” kr.

L — yaenbHBIN BBIXO/ TOKCUYHBIX FA30B MPU cropaHuu 1 Kr mMatepuana, Kr
Kr'l,

X —IpeiesIbHO JOIMYCTUMOE COAEPKAHME TOKCUYHOIO T'a3a B IOMEIIEHUH,
KT M (Xco2 =0, xr M Xeo = 1,16-10° kr M5 Xy =23x107° kr M's);

Loz — yIenbHBINA pacxo1 KUCIopoa, KT KL,

Ecnu non 3nakom norapudMa noaydaercsi OTpULATeIbHOE YUCIIO, TO
nanabli O®@II He peacTaBiseT OMACHOCTH.

[TapameTp Z BHIYUCISAIOT MO PopmyJie
z= hexpé,4h9 npu H £ 6m (116.25)
H e Hg

riae h— BeicoTa paboyeii 30HbI, M;

H — BrIcoTa momMenieHus, M.

Omnpenensiercs BbIcOTa paboyeid 30HbI

h=h,, +17- 0,5d (116.26)

rie hy; —BbICOTa TUTOINAIKK, HAa KOTOPOM HAXOIATCS JIFO/IH, HaJ MTOJIOM
IIOMEIICHUS, M;



d — pa3HOCTH BBICOT I0JIa, paBHAS HYJIFO PU TOPU3OHTAIIBHOM €0
pacIIOIOKEHUH, M.

Crnenyer uMeTh B BUlY, 4YTO HAaUOOJBIIEH OMACHOCTHU NPH MOXKape
MNOABCPIraroTCs JIIOAW, HAXOAAIIHUCCS Ha 60Hee BBICOKOU OTMETKE. H03TOMy,
HaIpUMeED, MPH ONPEEICHUH HEOOXOAUMOT0 BPEMEHH 3BaKyaluu JOAeH 13
napTepa 3puTCIbLHOTO 3ajla C HAKJIIOHHBIM ITOJIOM 3HAYCHHUC h CJICaAyCT HaXOAUTh,
OpPUEHTUPYACH Ha HanOoJiee BBICOKO PACIOIOKEHHbIE psiibl Kpecen. [lapamerps A
U N BBIYUCIIAIOT TaK.

JJIA CJIyanI FOpeHI/IH KHUJIKOCTH C YCTaHOBHBHlefICH CKOpOCTBIO

A=y i F: n=1,

2 -1
r7ie Y F — y/IeJIbHAs MacCcOBasi CKOPOCTh BBITOPAHHMSI JKUJIKOCTH, KT - M~ - C
JUTSI KPYTOBOT'O PacIpOCTPaHEHUS MoXKapa

A =105y yﬂvz; n=3,

re V — JIMHENHAasi CKOPOCTh pacpOCTPAHEHUS INIAMEHU, M ch

JUI1 BEPTUKAJIBHOM MJIM TOPU30HTAIILHOM ITIOBEPXHOCTU F'OPEHUS B BUJIE
IPSAMOYT'OJIBHUKA, OJTHA U3 CTOPOH KOTOPOI'0 YBEIUYNUBACTCS B IBYX
HAIMpaBJICHUSIX 33 CYET PACIPOCTPAHCHHUS TUTAMEHU (HAIpUMep, paclpOCTPaHECHUE
OTHs B TOPU30HTAJILHOM HAIIPaBJICHUU I10 3aHABECY I10CIIEC 0XBaTa €ro miaMeHeM
110 BCEH BBICOTE)
A=y y,vb; n=2,

rie b — neprnenauKyISpHBIN K HAIPABICHUIO IBHKCHHS TUTAMEHU pa3Mep
30HBI TOPEHUS, M.

[Ipu oTcyTCTBUM crienuaibHbIX TpeOOBaHUM 3HaUeHUs a U E npuHumarorcs
paBubIMH 0,3 11 50 1K COOTBETCTBEHHO, a 3HaueHHUE |;,=20 M.

V. MaremaTudeckasi IByX30HHAsi Mo/leJIb MOKAPa B 31aHUN

[Ipu pewmieHnu 3ama4 ¢ MCHOJB30BAHUEM JABYX30HAJIBHOM MOJEIH IMOXKap B
3MaHUU XapaKTepU3yeTCs YCPEIHEHHBIMH 10 Macce M 00beMy 3HauYCHUSIMU
apaMeTpOB 3abIMIIEHHOW 30HBbI:

T —TemniepaTypa cpe/ibl B 3aIbIMJICHHOM 30HE, K;

-1,
M — onTruYecKasd MJIOTHOCTh JIbIMA, Ho M

Xj —MaccoBas KOHLCHTpAus I-TOr0 TOKCHYHOTO MMpOAYKTa rOPCHUA B 3aZ[BIMJI€HHOﬁ 30HC, KT KT
1.

1.
Xi; —MacCcoBas KOHICHTpALWs KUCIIOPOJa, KI' KT

Z — BBICOTA HWYKHEN TPAHUIIBI CJIOS IbIMA, M.

B cBoto ouepenb nepeunciaeHHbIE MapaMeTPhl BRIPAKAKOTCS Y€PE3 OCHOBHBIE
MHTErPaJbHBIE TMAPAMETPhl 3aJBIMICHHOW 30HBI C MOMOIIBIO CIEAYIOLIUAX
COOTHOIIICHUH.

Q, = gmc,(T) dT, (116.27)



X =X = (116.28)
m m
_s
m= (116.29)
m \Y
r :7,Z:H- ﬂ, (H630)
v, A

rme m, my — oOmas macca IbIMa M COOTBETCTBEHHO I-TOrO0 TOKCHUYHOI'O

MPOJIYKTa TOPEHUS B 3a]IbIMJIICHHOM 30HE, KT
M, —Macca KUCIIOpo/ia B 3a/IbIMJICHHOM 30HE, KT
Q; — SHTAJIBIUSA MPOTYKTOB TOPEHUS B 3aIbIMJICHHO 30HE, KJ[X;
S— onTHYECKOE KOJMYECTBO AbiMa, Hit M2
3

[ — INIOTHOCTB JbIMA IIpU Temneparype 1, Kr M,
V; — 00beM 3abIMIIEHHON 30HBI M

H, A —BBICOTA ¥ IIJIOIIAAL IOMEIIECHHS, M;

Cp — yICIIbHAsA TEIUIOEMKOCTD IbIMa, KK oKt kr™.
JliHaMKKa OCHOBHBIX MHTETPAJIbHBIX TapaMeTPOB 3abIMJICHHON 30HbI OTIPEEIIAETCS
MHTETPUPOBAHUEM CHUCTEMBI CIIETYIONINX OAaTaHCOBBIX YpaBHEHHIA:

o0m1eit Macchl KOMIOHEHTOB 33JIbIMJIIEHHON 30HBI C Yy4ETOM JIbIMa, BHOCUMOTO B 30HY
KOHBEKTHBHOU KOJIOHKOH U JBIMA yIAJIEMOI0 4epe3 MIPOEMBbI B COCEIHUE TTOMEILCHHUS

‘ZT - GGy, (116.31)

rae  U—rTexyuiee Bpems, C;

Gk, G — MaccoBblif pacxoj JbIMa COOTBETCTBEHHO U€pe3 KOHBEKTHUBHYIO
KOJIOHKY U OTKPBITBIE TIPOEMBI B TTIOMEIIICHHUH, KT ct:

SHTAIBIHS KOMIIOHEHTOB 3abIMJICHHON 30HBI C YIETOM TEIlIa, BHOCUMOTO B
30Hy KOHBEKTHBHOH KOJIOHKOH, TEIJIOOTAA4YM B KOHCTPYKIIMM W YHOCA JbIMa B
MIPOCMBI:

C;? = QK_QH _QKOH ) (H632)

rne  Qgx, Qm Quon — TEmI0Bas MOIIHOCTH, COOTBETCTBEHHO, BHOCHMAs B
3abIMJIEHHYIO 30HY KOHBEKTMBHOM KOJIOHKOHM, yjnaiseMas ¢ JbIMOM 4Yepes

OTKPBITBIE TPOEMBI U TEPsIEMasi B KOHCTPYKIMH, KBT;
MAacCChI KMCJIOpOJa € YYC€TOM HOTCPh HA OKUCIICHUEC IPOAYKTOB IIMPOJIN3a TOPIOYUX BEIICCTB.

M =0.23 (G -hy L) *Gn (116.33)

h —oMHOTA CropaH s roproYero MaTepuana, Kr Kr

Y — CKOPOCTb BHITOPAHHS TOPIOYETO MaTepHaa, KT ¢

Lx — moTpe6IeHne KHCIOPO1a IPH CrOPAHNH CIMHHIbI MACCHI TOPIOYEro MaTephana, K& Kr
ONTHUYECKOTr0 KOJIMYECTBA JbIMAa C YUYETOM JIBIMOOOpa3yroliei cCrnocoOHOCTH

ropsmero Marepuasia.



E =y D - GH —, (H634)
rie D — npiMooOpasyromiasi CHocOOHOCTh TOPIHOYEro  Marepuana,
Ho m™2 Kr'l;
MAcCChI I-TOr0 TOKCHYHOTO MPOTYKTa TOPCHHS
d”‘ -y L, %G, (116.35)

o -1
rac Li — MAaCCOBBIH BBIXOJ |'TOFO TOKCUYHOI'O ITPOAYKTA IT'OPCHU, KI' KI'

Macca komnoHeHTOB JbiMa (g, BHOCHUMBIX B 3aJbIMJIEHHYIO 30HY
KOHBEKTUBHOM KOJIOHKOW, OIIEHMBAETCA C YYE€TOM KOJIMYECTBA BO3/yXa,
BOBJIEKAEMOI'0 B KOHBEKTUBHYIO KOJIOHKY IO BCEN €€ BBICOTE A0 HUKHEU IPaHULIbI
cinos nabiMa. B HMHXKEHEpPHBIX pacyerax pacxoJl KOMIIOHEHTOB JbIMa YeEpe3
OCECUMMETPUYHYI0 KOHBEKTHBHYKO KOJIOHKY Ha BBICOTE HHXKHETO YpPOBHS
3aJIbIMJICHHOW 30HBI Z (B 3aBHCHMMOCTH OT TOr0, Kakas 00JIaCThb KOHBEKTHBHOMW
KOJIOHKM Wi (Qakela TMOrpyKeHa B 3aJbIMJICHHYIO 30HY) 3aJaeTcs
MOJIYDMIIUPUYECKUM COOTHOLLIEHUEM

0566
% (0]
| 0.011" g = st obnactu dakena
1]
I ae 60'909
G, : 0.026 g = IS IepeX0/IHOM 0671acTH (I16.36)
1 (%]
T %7 61.895
10.124° Q = 171 00J1aCTH KOJIOHKH
{ g ]

rae Q —MOIIHOCTh oyara noxapa, kBr.

HI/IHaMI/IKa nmapaMETpOB O4dara rnoxapa ornpeaAcsiCTCsa pasBUTUCM ILJIOIIAaAU TOPCHHUSA C
YUCTOM CJIOKHOTO COCTaBa roproymux MaTtepuajioB, UX pacCIlOJIOKCHHUA, MCCTa BOBHUKHOBCHH A
odara mosapa ¥ IO0JHOTEI CrOpaHus.

Q=hy y, Qx F(t). (116.37)

[MTotepu Teruia B orpaXJarolie KOHCTPYKIIUH PACCYUTBHIBAIOTCS C YUETOM TEMIIepaTyphI
ropsiaerd cTpyd T, CKOPOCTH M U3JTy4aTeIbHOM CIIOCOOHOCTH CTPYH, OMBIBAIOIIEH KOHCTPYKIIUU
U TporpeBa camoii i-oit koHcTpykiuu Ti(y) mo Tommuae Y. J{ist 7TOro YMCiIeHHO HHTETPUPYeTCst
HecTalMoHapHoe ypaBHeHHe Dypbe:

Ty _ 3 Tl) - T (Tﬂ)JLT ) | (116.38)

C r'paHUYHBIMHU U HAaYaJIbHBIMH YCJIOBUSIMU




T
(o ra T T) =10 (1639
y=0
T
(aK+an)>(To-Ti(d)):-|(T)w § (16.40)
-
T(0y)=T,, OLy£d, (I16.41)

r1e a8y &, — COOTBETCTBCHHO KOHBEKTUBHBIA WM JIYYUCTBHIH KOA(DHUIIMECHT
TemnooTaauu, BT M2 °K'1;

d — ToJIIMHA OrpaXkaaoiel KOHCTPYKIIUH, M;

C(T) — rterutoeMkocTh MaTepualia KOHCTpYKnuu npu temmeparype T(y),
Jx k2 oK™

| (T) — TemonpoBoIHOCTE MaTepuaia KOHCTPYKIHH pH Temmeparype T(y),

Brumte K'l;

Tw, To— TemnepaTypa cOOTBETCTBEHHO 000TPEBAEMOI YaCTH KOHCTPYKIIMH U CPEIBI Y
HeoOorpeBaeMoii moBepxHoctH, K.

[ — IUIOTHOCTH MaTepHaIia KOHCTPYKIIHH, KT M .

TennoBsle 1 MacCOBBIE IOTOKH Y€PE3 IMTPOEM B KaXK bl MOMEHT BPEMEHHU
PACCUUTBIBAIOTCA C YUCTOM TCKYLICTO MEpCraja JaBJICHHA 1O BBICOTC MMPOCMa, COCTaBa U
TEMIIepaTypbl Fa30BO# Cpejibl 1o 00e CTOPOHBI MpoeMa (cxema pacuera Ha puc. [16.1). Tak,

MacCOBBII pacxoJl IbIMa U3 MOMEIICHHUs ovara rokapa B COCeJHee OMEIICHUE PACCUUTHIBACTCS
CIIEYIOINM 00pa3oM:

6, =B% /2P~ R dh, (116.42)

Y,

min

rae B —mupuna npoema, m;
X — a’dpoAMHAMUYECKUi K03()(HUITHEHT TIpoeMa;
P(h)-P. (h) — pa3Huna gaBieHuit B noMeneHusx Ha BeicoTe h;
I 2 — ITIOTHOCTH AbIMa B 33/IbIMJICHHON 30HE COCEHEro MOMELIeHHs P TeMIeparype apima 7o.
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Puc. I16.1. MaccomoToku uepe3 mpoemM

[Mpenenbl uHTErpUPOBAHUS Ymax M Ymin BRIOUPAIOTCS B TIpE/ieNiaX CTBOPA IMPOeMa, CIIOosl JbMa
MOMEIICHHS 0vara Toxapa u tam, e u3osirounoe aasnerarne DP=P(h)—P(h),>0, kak 3To
yka3zaHo Ha puc. [16.1.

HeoOxoaumast uist OLIEHKH Tiepernajia JaBJIeHuUs 10 CTBOPY IpoeMa 3aBUCHMOCTD JIABJICHHS OT
BBICOTHI B I-TOM IOMEIICHUH (C YY4ETOM 33 JbIMIICHHOM 30HBI 3TOTO MOMEIICHHS) OI[CHUBACTCS
Kak:

P

1P+ pgh hEZ
(h)= l Ped s (116.43)
|

P,*tr,9Z+p,gh ecniu h>Z'

riae P, — Tekylee gaBiieHne B I-TOM MOMEIEHUH Ha HYJIEBOM oTMeTKe (MiTH
MPHUBEICHHOE K HYJICBOM OTMETKE, €CJIM YPOBCHB MOJIa MIOMEIIICHHS BBIIIC HYJICBOU
OTMETKH);

I' o — IJIOTHOCTB BO3/1yXa IIpU HadaJIbHOU TeMmneparype 7o;
Z; — TeKyIasi BbICOTa HE3aIbIMIICHHOM 30HBI B I-TOM MOMEIICHHH.

Paccuurannbie napamMeTphbI TeriomaccooOMeHa B IMpOCME€ HCIIOJB3YIOTCA
KaK I'paHUYHBIC YCJIOBUA AJIA COCCAHCTO MOMCIICHUS.

V. IloneBoiit MeTOA MOIEJMPOBAHUSA MOKAPA B 3TAHUMN

OcHOBOI I MOJEBbIX MOJENEH TO0XAPOB SBJISIOTCS  ypaBHEHUS,
BBIPAKAIOIIME 3aKOHbl COXPAHEHHS MAacChl, HUMITYJIbCA, HHEPrUM U Macc

KOMIIOHCHTOB B paCcCMaTpnuBacMOM MaJIOM KOHTPOJIbHOM ooneMe.
YpaBHEHME COXPAHEHUS MACCHI.



fr | 1 _
‘ﬂt+‘ﬂx(ruj)_0’ (116.44)

YpaBHEHHUE COXPAHEHHUS UMITYJIbCA!
t,
Lru)+ - (ruy)=- P+ 20y pg (116.45)

JIns. HBIOTOHOBCKHUX KUJKOCTEW, MOAUMHAIOMNXCS 3akOHY CTOKCa, TEH30p
BSI3KUX HAINPSIKEHUN ONPENECIISIETCS BBIPAXKEHUEM

ﬂui ﬂUj 0 2 ‘Huk

t,=mk_ "+ ~T-—m_~“d,. 116.46
ij néﬂxj ﬂX, a 3 ﬂxk ij ( )

YpaBHEHUE SHEPTUU

o 147
Tien)e T (rup)=TP, 1@ o T4 (116.47)
it fix; it ‘ﬂx c, Ix; 5 X
-
rae h=hy + ocpdT + a Y Hy - craTndeckas SHTaJbINUS CMECH;
To
Hy — TerioTa 00pa3oBanus k-ro koMrnoHeHTa,;
C,= é Y C,x - TETUIOEMKOCTb CMECH MPH MOCTOSHHOM JIABJICHUH;
k
g jR — paJuanMoOHHBIA MOTOK SHEPTUH B HAIIPABICHUU X|
YpaBHEHHE COXPAHEHUS XUMHUECKOTO KOMIIOHEeHTa K
Y, 9
Tev)+ Tt M(ruy,)= N &pl "—+S~K (116.48)
fit fx; fx; ‘ITX, P

Jlns 3ambikanus cuctembl ypaBHenui (I16.38) — (I16.42) ucnomb3yetcs
ypaBHEHHE COCTOSIHUS MIeaIbHOro ra3a. J[iisi cMecu ra3oB OHO UMEET B!

p=rRT& - Yi (116.49)



rae Ry — yHuBepcanbHas ra3oBasi IOCTOSTHHAS,
My — MoJsipHast Macca K-ro KOMITIOHEHTa.



