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IIpunoxenue
k npukazy MUC Poccun

ot 30.06.2009 Ne 382

METOIUKA
omnpeeeHUs] PACYETHBIX BeJIMYHUH MOKAPHOI0 PUCKA B
3MaHUAX, COOPYKEHUSAX M CTPOCHUAX PA3JITUYHBIX KJIACCOB (PYHKIMOHAJIbHOMI
MOKAPHON ONACHOCTH

|. O01HMe moJ10KeHus

1. Hacrosimias MeToauKa onpeiesIeHUs] paCUE€THBIX BEJTUYHMH MOXKApPHOT'O0 PUCKA B
3/TaHUSX, COOPYKEHUSIX U CTPOSHUSAX PA3TUYHBIX KJIACCOB ()YHKIIMOHAIBLHON MOXKApHON
omacHocTH (nmanee - MeToaMKa) YCTaHABIUBACT TMOPSIOK OINPEACICHUS PacueTHBIX
BEJIMYMH TI0XKAPHOTO PUCKA B 3[JaHHSX, COOPYKEHUSIX M CTPOCHUAX (anee — 31aHue) u
pacnpocTpaHseTcsl Ha 3[1aHus KJIacCOB (DYHKIIMOHAIBHOM MOKapHO ONaCHOCTH:

@1 — 3gaHus, NpeaHa3HAYEHHBIE AJIs1 MOCTOSIHHOTO MPOXXUBAHUS U BPEMEHHOTO
npeObIBaHUS JIIOJIEH, B TOM YHCTIE!

a) ®1.1 — 3pmaHUs JETCKUX JOMIKOJIBHBIX 00pa30BaTENIBHBIX YUPEIKICHUH,
CTECIUAIM3UPOBAHHBIX JJOMOB MPECTapeiblX U UHBAINAOB (HEKBapTHPHBIC), OOJBHUIIBI,
cnajbHble Kopiyca 00pa3oBaTENbHbIX YUYPEXKICHUW HMHTEPHATHOTO TUIA M JETCKUX
YUPEXKIACHUH;

0) ®1.2 — rocTUHUIBI, OOIICKUTHS, CHATbHBIC KOPITyca CAHATOPHUECB M JIOMOB
OTJbIXa 0OILIET0 THUIIA, KEMIIUHTOB, MOTEJIEH U MaHCUOHATOB,

B) ®1.3 — MHOTOKBapTUPHBIC JKUIIBIC IOMA,;

r) ®1.4 — 0IHOKBaPTUPHBIC KHUJIBIC JIOMA, B TOM YHCJIC OJIOKUPOBAHHBIC;

®2 — 31aHUA 3pEIUIIHBIX U KYJIbTYPHO-TIPOCBETUTENbHBIX YUPEKIECHUH, B TOM
quclie:

a) ®2.1 — TeaTpbl, KHHOTEATPbI, KOHIICPTHBIC 3aJIbl, KIIYObI, IUPKH, CIIOPTUBHBIC
COOpYKEHUs ¢ TpuOyHamu, OMOTUOTEKN U JPYTUE YUPEKIEHUS C PACUETHBIM YHCIOM
MOCaJI0YHBIX MECT JJIsl IOCETUTEIIEH B 3aKPBITHIX MOMEIIEHUSX;

0) ®2.2 — wmy3eu, BBICTABKH, TAHIICBAJIbHBIC 3aJbl W JPYrUe IMOA00HBIC
YUPEXKICHUS B 3aKPBITHIX TOMEIICHUSIX;

B) ®2.3 — TeaTphl, KHHOTEATPHI, KOHIIEPTHBIC 3aJIbl, KIyObI, IIMPKU, CIOPTHUBHBIC
COOpYKEHHUs ¢ TpuOyHamu, OMOTUOTEKN U JPYTUe YUPEKIEHUS C pACUETHBIM YHCIOM
MOCaI0YHBIX MECT JJIsl MIOCETUTENIeH Ha OTKPHITOM BO3yXE;

r) ®2.4 — wmy3eu, BBICTABKHM, TAHIICBAJIbHBIC 3allbl U JPYrHe TMOA0OHBIC
YUPEXKICHUS HA OTKPBITOM BO3JIYXE;

®3 — 31aHUs OpraHu3alyi Mo 00CTy>KUBAHUIO HACETIEHUS, B TOM YHUCIIE!

a) ©3.1 — 31aHus OpraHu3alyii TOProBIIH;

0) ®©3.2 — 3manust opraHu3anuii OOIECTBEHHOTO MUTAHHUS;

B) ©3.3 — BOK3aIHI;



r) ®3.4 — MOMUKIMHUKY U aMOYJIaTOpuH;

a) ®35 — mnomemeHus IS TOCETUTENCH oOpraHu3aliii  OBITOBOIO U
KOMMYHQJIBHOTO OOCIY)XUBaHUSI C HEPACUETHBIM YHUCJIOM TIOCAJOYHBIX MECT IS
IIOCETUTEIIECH

¢e) 3.6 — (U3KYIBTYpHO-03OPOBUTEIbHBICE KOMIUICKCHI W CIOPTHBHO-
TPEHUPOBOYHBIC YUPEKICHUS C MOMEIICHUSIMHU 0e3 TpuOyH sl 3puTesei, ObITOBBIC
IoMelleHus, 0auy;

®4 — 31aHUs HAYYHBIX U 00pa30BaTEIbHBIX YUPEKICHUM, HAYUYHBIX U MTPOCKTHBIX
OpraHu3aIii, OPraHoOB YIIPABIICHUS YUPEKICHHM, B TOM YHCIIE:

a) ®4.1 — 3manHus 00mEe00pa3oBaTENbHBIX YUPEKICHUH, 00pa3oBaTEeIbHBIX
YUPEKIESHUN JOTMOJHUTEIBHOTO O0pa3oBaHUsl JETeH, 00pa30BaTENIbHBIX YUPEkKICHUM
Ha4yaJIbHOTO MPO(GECCUOHAIIBHOTO U CpeAHEro npohecCHOHAIBHOTO 00pa30BaHus;

0) ®4.2 — 3nanus 00pa3oBaTEIbHBIX YUPEKICHUH BBICIICTO MPOHECCHOHATLHOTO
o0Opa3oBaHHUsS M JOMOJHUTCIBHOTO MPodhecCHOHAIBHOro oOpa3oBaHus (MTOBBIIICHHUS
KBaJIU(UKAIIMK) CTIICIIHATNCTOB;

B) ®4.3 — 31aHHAd OpPraHoB  yIPABICHHUS  YUYPCIKIACHHHA, IPOCKTHO-
KOHCTPYKTOPCKMX OpraHu3aiuid, HHPOPMAIMOHHBIX M PEIAKIIMOHHO-U3aTeIBCKUX
OopraHu3alyi, Hay4YHbIX OpraHu3aiuii, 0aHKoB, KOHTOP, OUCOB;

r) ®4.4 — 31aHuUs TOXKAPHBIX JIETIO.

2. PacueTbl 1o OLIEHKE TMOXAPHOTO pPHUCKA MPOBOJSATCS ITYTEM COIOCTABICHUS
PACUYETHBIX BEJIMYHMH MOKApPHOTO pUCKAa ¢ HOPMATUBHBIM 3HAYCHUEM IMOXKAPHOTO PUCKA,
ycTaHoBiIeHHOTO @DenepanbHbiM  3akoHOM oT 22 wutwisgs 2008 1. No 123-03
«TeXHHYEeCKHil pErAMEHT O TpeOOBAHMAX IOXKAPHOH 6esomacHOCTH» (mamee —
TexHUYECKUIT periaMeHT).

3. OnpeneneHue pacyeTHBIX BEIMYUH IMOXKAPHOTO PHCKA OCYIIECTBISETCS Ha
OCHOBAHUU:

a) aHaJIM3a MOXKAPHOUW ONMACHOCTH 3aHHiA;

0) ompeeneHUsT YaCTOTHI peaTr3al[iy M0XKapOOMaCHbIX CUTYaIUH;

B) IOCTPOCHUS IOJIeH OMacHbIX (DaKTOPOB IMOKapa IS Pa3jIMYHbIX CICHAPHECB
€ro pa3BUTHA;

I') OLICHKH TIOCJICICTBUI BO3/ICHCTBUS OMACHBIX (DAKTOPOB MOXKapa Ha JIFoAeH is
Pa3IMYHBIX CIIEHAPUEB €T0 Pa3BUTHS;

1) HAJIM4YUs CUCTEM 00€CIIeUeHHS MOXKapHO# 0€30MaCHOCTH 3aHHiA.

4. OnpeneneHne pacyETHBIX BEJIIMUUH MOXKAPHOTO PUCKA 3aKII0YAETCs B pacuere
WHJMBHUAYaJbHOTO TOXKAPHOTO PUCKA [JIs >KWIBLIOB, TEPCOHAlla M TOCETUTENeH B
3MaHUU. YWCICHHBIM BBIPAKCHUEM WHAUBUYATBLHOTO IMOXKAPHOTO PUCKA SBISETCS
94acTOTa BO3JICHCTBUSA OMAacHBIX (hakTopoB mokapa (mamee — O®DII) Ha yesnoBeka,
Haxonsmerocs B 3aaHuu. llepedenr O®II yctanoBneHn crathedt 9 TexHuueckoro
peryiaMmeHTa.

3 Cobpanue 3akoHomaTenbcTBa Poccuiickoit @enepanun, 2008, Ne 30 (wacts |), cr. 3579.



5. Yacrtora Bo3zeiictBus O®II ompenensiercs AJig MOXKapOOIMACHON CUTyaluH,
KOTOpasi XapakTepu3yeTcs HAauOOJBIICH OMacCHOCTBIO NJIsS JKU3HU U 3JI0POBBS JIIOJIEH,
HaXOJSIIMXCS B 3JIaHUU.

6. Jlma meneit HacTosmed METOAWKUA MCIOJB3YIOTCSI OCHOBHBIE TIOHSITHS,
YCTaHOBJICHHBIE CTaThel 2 TeXHUUYEeCKOoro perjiaMeHTa.

1. OcHOBHBIE pacyeTHbIE BeJIMYUHbI HHAMBUIYAJIbHOIO
MOKAPHOT'0 PUCKA

/. UnauBuyanbHbIN OKapHBIM PUCK OTBEUYAET TpeOyeMoMYy, €CIIu:
H
QB £ QB ’ (1)

H H
rie Qp — HOPMAaTUBHOE 3HAYEHWE WHAMBUYAJIBLHOTO MOXKAPHOT'O PUCKA, Q=
-6 1.
10" rox;
Qg — pacueTHas BeJIMYMHA WHIUBHUIYaJIbHOTO MOKAPHOTO PUCKA.

8. PacueTnas BennunHa HHAWBUAYAJIBHOI'O ITIOXKAPHOI'O PHCKA QB B KaXXJIO0M
3AdaHUHN PACCUUTBIBACTCA 110 (i)OpMy.]IC:

QB=QH>( 1_Ran) P np’( 1_P3) >( 1_Pn.3) ) (2)

Tac Qn — YaCTOTa BO3HHUKHOBCHUA IIOXKApa B 3JdaHHHM B TCUCHUC TI0/4,
OIIPCACIIACTCA Ha OCHOBAaHHUH CTaTUCTHYCCKHNX JaHHBIX, MMPUBCACHHBIX B

npuinoxkennu Nel k Hactosieit Meroguke. [Ipu Hanmuuum TaHHBIX O KOJIMYECTBE JTIOJICH
B 3JlaHWM HEOOXOJIMMO KCIOJIb30BaTh YTOYHEHHYIO OICHKY, & MPU UX OTCYTCTBUM —
OLICHKY B pacyere Ha OJHO YyupexaeHue. IIpu OTCyTCTBUM CTaTMCTHUYECKOM
uHpopManu ngomyckaercss npuHumath Qp = 4407 Il Kaxkaoro 3gaHus. OUEHKY
YAaCTOTHBIX XapaKTEPUCTUK BO3HUKHOBEHHMS IOKAapa TAKXKE JIOMYCKAETCS BBIMOJHATH
UCXOJISI U3 CTATUCTUYECKUX JAHHBIX, MyOJIMKYEMbIX B HaYYHO-TEXHHUYECKOM KypHaJe
«[ToxxapHast 6€301aCHOCTB;

Ran — BeposTHOCTH 2 (PEKTUBHOTO cpabaThIBaHMUsI YCTAHOBOK aBTOMATHYECKOTO
noxaporymenus (manee — AVIIT). 3nauenue mnapamerpa R,, omnpenensercs
TEXHUYECKOM HAAEKHOCThIO d3yeMeHTOB AVIIT, npuBoguMbIX B TEXHUYECKOU
TOKyMeHTauuu. [Ipu OTCYyTCTBUH CBEIEHUM MO MapaMETPaM TEXHUYECKON HANEHKHOCTHU

nomyckaercss mnpuHuMath R,; = 0,9. Ilpu oTcyrcTBUM B 34aHUM  CHCTEM
aBTOMAaTUYECKOr0 MOKapoTylIeHus! R,, MpuHUMaeTcs paBHON HYJIIO;
P, — BEpOATHOCTL NPHUCYTCTBUSA JIIOACH B 3]aHWM, ONpeAelnseMas U3

cooTHOMIEHUS Prp= tyya/ 24, T11€ Ly — BPEMS HAXOXKCHUS JIIO/ICH B 371aHUH B Yacax;
P, — BepOsATHOCTB 3BaKyalllH JIOACH;
P, ; — BeposTHOCTD 3(hPeKTUBHON PabOTHl CUCTEMBbI MPOTUBOMOKAPHOMN 3aLTUTHI,
HaIpaBJICHHOW Ha obecrieueHne 0e30MacHOM 3BaKyaluu JIIOAeH Npu moxape.



9. BepositTHOCTh 3Bakyarnuu P, paccunteiBator 1o ¢popmysie:

\I 0,8 ><t6J'I = tp
i " , ecmn t) <08%,, <t +t, ut, £6mun
1 H
P,={0,999, ccmu t +t, £08%, nt, £6umum
0,000, ecim t, % 08X, wm t, >6mun

rie t, —pacyeTHOE BpeMs dBaKyalluH JIIOJAEH, MUH,

t,, — BpeMs Hauaja 9BaKyaluu (MHTepBal BpEeMEHH OT BO3HUKHOBEHUS T0XKapa J0
Hayvaja 3BaKyaluu JIIO/ICH), MUH;

ts; — BpeMs OT Hauaja mokapa /10 OJIOKMpOBaHHS JBaKyallMOHHBIX IyTEeH B
pesyibTrate pacnpoctpaHeHus Ha HuX O®DII, uMeromux npenesbHo AOMYyCTUMbIE IS
Jrofiek 3HaueHus (BpeMst OJIOKMPOBAaHMS MTyTeH dBaKyallin), MUH;

t.c — BpeMs CyIIEeCTBOBaHUSA CKOIUICHHH JIIOACH Ha ydacTKax MyTH (IUIOTHOCTH
JFOICKOTO IMOTOKA Ha MyTSAX 3BaKyalMu mpessimacT 3HaueHue 0,5).

10. PacueTHOe Bpems »BBaKyalMH JroAcd t, W3 IOMEIIEeHMH W 37aHUM
ONPEIECIISICTCS HA OCHOBE MOJICIIMPOBAHUS JBUKEHUS JIFOJIEH 10 BBIXOAA HAPYKY OJHUM
U3 CJICAYIOIIHUX CITOCOOOB!

[0 YIPOIIEHHOW AHAJIUTUYECKOM MOJEIN JBWKEHUS JIIOACKOTO TIOTOKA,
MIpUBEJICHHON B mpwioxeHun Ne 2 k HacTosimeln Meroauke;

[0 MaTeMaTHYECKOW MOJICNIM WHAUBUIYaJIbHO-TIOTOYHOTO JIBHIKEHUS JIIOJECU W3
3aHus, IPUBEICHHON B mpuwiioxkeHun Ne 3 k HacTosmie MeTtoauke;

M0  MMHTAIIMOHHO-CTOXACTUYECKONW MOJEIN JBMXKCHHUS JIIOJCKUX TOTOKOB,
npuBeJIcHHON B mpwioxeHun Ne 4 k HacTosiel Meroauke.

Br160p crocoba omnpeaesieHus: pacdieTHOTO BPEMEHH 3BaKyallul MPOU3BOAUTCS C
y4eToM crenupruuecKux 0ocoOEHHOCTEH 00hEMHO-TUIAHMPOBOYHBIX PEIICHHUH 37aHus, a
TaKk)Ke 0COOCHHOCTEH KOHTHHTEeHTA (€ro OHOPOIHOCTH) JIFOJCH, HAXOIAIIMXCS B HEM.

[Ipu omnpeneneHnr pacyETHOrO BPEMEHU JBAKyallMd YYWTBHIBAIOTCS JAaHHBIE,
MIpUBEJICHHBIC B NpwiokeHuu Ne 5 k Hacrosmeid Meroauke, B YaCTHOCTH MPUHIIUITBI
COCTAaBJIEHUSI PACUECTHOM CXEMbl 3BaKyalldd JIOJCH, IapaMeTpbl JBUKECHUS JIIOJAECH
pPa3IUUHBIX TPYNI MOOWIBHOCTH, a TaKXe 3HAaueHUs IUIOMIaJAeH TOPU30HTAIbHBIX
MPOEKUMHN Pa3INYHbIX KOHTUHI€HTOB JIFOJIEH.

[Ipu npoBeeHUH pacyeTOB CIEAYET TAKKE YUUTHIBATh, YTO MPU HAUTUYUU JBYX U
OoJiee PBaKyallMOHHBIX BBIXOJOB OOIlasi MPOIYCKHAs CIOCOOHOCTh BCEX BBIXOJIOB,
KpOM€ Ka)KJIOTO OJTHOTO M3 HHX, JOJKHA O0ECIeuuTh OE30MacCHYI0 IBaKyalldi0 BCEX
JIIOACH, HAaXOAAIUXCS B ITIOMEILICHUM, HA ATa)XXe WJIM B 3JaHUM.

11. Bpems Hauana sBakyanuu ty, onpenensieTcsi B COOTBETCTBUH C IMYHKTOM
1 npunoxxenust Ne 5 k Hacrosimet Metoauke.

12. Bpems OnokupoBaHHS TyTeH 3Bakyaluu tg; BBIUMCISAETCS MyTeM pacdeTa
BpemeHu aoctkeHus ODII npenenbHO JOMYCTUMBIX 3HAYEHHM HAa JBaKyallMOHHBIX



MyTAX B pa3dyHble MOMEHThI BpeMmeHHU. [lopsmok TmpoBeneHUs pacdyeTa H
MaTeMaTHYeCKUE MOJICTH JJI ONpeeICHUsI BpEMEHH OJIOKMPOBAHUSI MMyTEH dBAKyalluu
omacHbIMU (haKTOpaMu ToKapa MpUBEACH B nMpuiiokeHUU Ne 6 k HacTosei Metoauke.

13. BepositHOCTB 3¢ (HEeKTUBHOI pabOThl CUCTEMBI TPOTHUBOIIOKAPHOM 3aIUTHI Py,
, HaIpaBJICHHON Ha oOecrieueHre 0e30MacHOM PBaKyalluu JIIOJACH, pacCUYUTHIBACTCS IO
bopmyie:

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

rie Ry — BEposATHOCTH 3(P(HEKTUBHOTO CpabaThbIBaHMS CHUCTEMBI TOKApHOU
CUTHAJIM3alMKU. 3HaueHHEe Tmapamerpa R, ompenenseTcss TeXHUYECKOW HaJIeKHOCTHIO
AJIEMEHTOB CHCTEMBI TOXKApPHOM CHUTHAJIW3allud, TMPUBOJUMBIX B TEXHUYECKOU
nokymeHTanuu. [Ipu OTCYyTCTBUU CBEICHHUH MO MapaMeTpaM TEXHUYECKOW HaJIeKHOCTH
nomnyckaercs npuHuMath Ry, = 0,8;

Rcoys» — ycioBHas BepoATHOCTh 3()GEKTUBHOTO cpadaThIBAHUS CHUCTEMBI
OTIOBEIICHUSI JIIOJIEH O TOoXape U YIpaBICHHS DBaKyalued JoAeld B clydae
3¢ PeKTUBHOTO cpabaThIBAaHUSI CUCTEMBI TTOKAPHOU CUTHAIIU3AIINH;

Rz — ycinoBHas  BepOSTHOCTh  A(P(QEKTUBHOTO  cpalbaThbIBAaHUS  CUCTEMBI
MIPOTUBOIBIMHOM 3aIUTHI B ciiydae d(hPEeKTUBHOIO cpabaThIBaHUSI CUCTEMBI TOKAPHOM
CHUTHAJIM3alIMU.

[Topsinok ouenku napameTpoB Ruew, Rcoys M Rz npusenen B pasnmene 1V
HacTosmen MeToauKku.

[11. [lopsanok npoBeeHUs1 pacyeTa HHIANBHUIYAIbHOT O
MOKAPHOT'0 PHCKA

Ananus HO)K&pHOﬁ OIIACHOCTH 34aHUA

14. Jlna npoBeAeHUs aHadu3a IMOXKAPHOW OMACHOCTH OCYIIECTBIsAETCS cOOp
JaHHBIX O 3/IaHUH, KOTOPHINA BKIIIOYAET:

00BEMHO-TJIAHUPOBOYHBIE PELICHUS;

TEIIO(PU3NYECKUEe  XapaKTEPUCTHUKUA  OTPAXIAIOUIUX  KOHCTPYKLUMHA |
pa3MeIIeHHOTro 000pyI0BaHUS;

BU/I, KOJIMYECTBO U pa3MEUIEHUE TOPIOYMX BEIIECTB U MaTEPUAJIOB;

KOJIMYECTBO U MECTa BEPOSITHOTO pa3MEIICHHUS JIIO/IEH;

CUCTEMBI TMOXKAPHOW CHUTHANU3AalMM U MOXAPOTYLIEHUS, POTUBOIBIMHON
3alllMThI, OMOBEIICHUS JIIO/IEH O MOKape U YIpaBIeHUs IBaKyallen o eu.

15. Ha ocHOBaHMM TOJYYEHHBIX JAHHBIX MPOU3BOJIUTCA aHAIU3 TOXKAPHOU
OMACHOCTH 3/IaHUs, IIPU 3TOM YUYUTHIBAETCS

BO3MOXHAasl JUHAMUKA Pa3BUTHS TI0Kapa,

COCTaB M XapaKTEPUCTUKU CUCTEMbI IPOTUBOMNOKAPHOU 3aIIUTHI;

BO3MOXHBIE TMOCJEICTBHS BO3ACHCTBUS TOKapa Ha JIOJEed M KOHCTPYKLHH
3/1aHUS.



OnpenesieHue YacTOThI PeaJIM3alMHU N0KAPOONACHBIX CUTYANM

16. Yacrora peann3anuy IMOKapOOIACHBIX CUTYalUil OIpEnesieTcsl 4acTOTON
BO3HUKHOBEHUS IMOKapa B 3[JaHUU B TeueHue rojaa. llopsaok ompeneneHus 4acTOThI
BO3HUKHOBEHHUS MOXKapa B 3/IaHUM NPUBEIEH B pasjnene || nacroseit Meroauku.

IocTpoenue mosei oNacHbIX (PAKTOPOB MOKAPA

AJIA Pa3/iIMYHBIX CHCHAPHEB €0 pasBuUTHA

17. ns mnocTpoeHUs TIOJNeH oOmacHbIX (aKTOpoOB TMOXKapa MPOBOJUTCS
AKCTIEPTHBIM BBHIOOpP CLIEHApUsS WIM CIICHAPUEB TMOXKapa, MPU KOTOPBIX OXKHUIAKOTCS
HaUXyJIIME MOCJIECACTBUS ISl HAXOAIIMXCS B 3[JaHUU JTIOJICH.

dopMyTUpOBKA CIEHApUsI Pa3BUTHS TOKapa BKIIOYAaeT B ce0s ClEeAYOIIue
JTaIIbI.

BBIOOp MeCTa HAXOXKJICHHS MEePBOHAYAIILHOTO Ovara rnoapa u 3aKOHOMEpHOCTEeN
€ro pa3BUTHS;

3aJjlaHUue pacyeTHOM oOmactu (BBIOOp paccMaTpuUBacMOW IMPH pacdyeTe CHUCTEMbI
MOMEIICHUW, ONPEJACICHUE YUYUTHIBAEMBIX IMPU PACUYETE DIEMEHTOB BHYTPEHHEH
CTPYKTYpPBI MOMEIIEHUH, COCTOSIHUS TPOEMOB);

3aJJaHUE TIapaMETPOB OKPYIKAIOLIECH Cpelbl U HAaYaJbHBIX 3HAUYCHUN MapaMeTpoB
BHYTPH TTOMEILICHUH.

B cooTtBerctBUU ¢ pwiioxkeHneM Ne 6 k Hactosmer Metoauke GhopmMyIupyeTcs
MaTeMaTH4eckasi MOJIeJIb pPa3BUTUA MoKapa W MPOBOJUTCS MOJICIMPOBAHUE €TO
JTWHAMUKHU Pa3BUTHSL.

Ha ocHoBaHuM pe3yiabTaTOB pacue€TOB OCYHIECTBIISIETCS IOCTPOCHHUE TMOJIEH
omacHbIX (DAKTOPOB MOXKapa U OMpPEACISIETCS 3HAaUCHUE BPEMEHHU OJIOKMPOBAHUS MyTe
sBakyanuu ODII tg,.

Ouenka mocjaeAcTBUIl BO3ACCTBUA ONACHBIX (PAKTOPOB MOKapa Ha JKoaei
JJIS1 Pa3JIMYHBIX CHEHAPHEB €ro pa3BUTHS

18. Ouenka mociencTBUN BO3JAEUCTBUS OoMacHbIX (PaKTOPOB MOKapa Ha JIIojaeH
3aKJIF0YAETCs B ONPEIEIICHUU BEPOATHOCTU 3BAKyalluu JIIOAEH U3 31aHUs IIPU IT0XKape.

BepositTHocTh 3Bakyanuu roneil ompenensercss mo ¢opmyne (3) Ha ocHOBe
COIIOCTABJICHUs 3HAYECHHMM pPACYETHOIO BPEMEHM DJBaKyallud JIOAEH U BPEMEHU
0JIOKUpOBaHUS MyTeH dBaKyallMu OMACHBIMU (PaKTOpaMu Mokapa.

Jis onpeaenenns pacueTHOr0 BPEMEHH DBaKyalluu JIIOAEH [, B COOTBETCTBHHM C
npuioxkeHussMu NeNe 2-5 k Hacrosinieit MeTosivke ornpeaensercs MOJENb 3BaKyaluu
JIOAEH W3 34aHus, [OPOBOAUTCA IIOCTPOCHHUE PACYETHOM CXEMbl HBAKyallUd U
OCYLIECTBIIACTCSA MOAEIUPOBAHUE IBAKYALUU JIIOJIEH.

19. B cootBerctBUM ¢ paznenoMm |l HacTtosmeld MeToauKH TNPOBOAMUTCS
ONpeJIeIeHHe PacYeTHOW BEJIWYUHBI MHAMBHUAYAJIbHOTO TMOXKapHOro pucka Q, u



COIIOCTABJICHHUC €€ C HOPMATHBHBIM 3HAUYCHUCM HHIAWBUAYAJIIBHOI'O ITOXKAPHOI'O PHCKaA

H
Qg -
Yder HaIM4uKMs cUCTEM O0ecreYeHU MOKAPHOH 0€3011aCHOCTH 31aHU S

20. Hamuuyme cuctem oOecrieueHuss TMOXKapHOW O€30MacHOCTH — 3/IaHMS
YYUTBIBACTCS B COOTBETCTBHH ¢ (hopMyioii (4) u monoxxeHusiMu paszzena |V HacTosmiei
Meronuku.

brok-cxema, WILTIOCTpUpYIOLLAs MOPSIA0K MPOBEEHUS pacueTa
MHIUBUIYaJIbHOTO MOKAPHOI'0 PUCKa, MIpeicTaBlieHa Ha puc. 1.
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Puc. 1. HOpHIIOK MMPOBCACHUA paCUYCTa HHIAUBUAYAJIBHOI'O IMOKAPHOTO PHUCKA



V. Ilopsiiok pa3padoTKH J0NMOJHUTEJIbHBIX IPOTHBOMOKAPHBIX
MepoNnpUATHIl PHU oNpeieIeHMU PACYeTHON BeJUYNHbI MHAUBHAYAJBHOI0
MOKAPHOT0 PHCKA

21. B cnyuae, ecnu pacueTHasi BEJMUYMHA WHIMBUAYAIBHOTO MOXKAPHOTO pHCKa
MPEBBIIIAET HOPMATMBHOE  3HA4Y€HUWE, B 3JaHUM  CIEAYEeT MPEeIyCMOTPETh
JIOTIOJTHUTEIIbHBIE TTPOTUBOTIOKAPHBIE MEPONPUSITHS, HANpaBICHHbIE Ha OOEcCIeueHue
0e30MacHOM dBaKyaIluy JIOJICH MpHU MmoxKape.

K 4ucny mpoTHBOMOKAPHBIX MEPOMNPUSATHIN, HAMPaBICHHBIX Ha OOECIeUeHUe
0e30MacHOM dBaKyalliy JIOIeH MpH MoKape, OTHOCSITCS !

MIPUMEHEHHUE JOTIOJHUTEIBHBIX 00BEMHO-TIJIAHUPOBOYHBIX PEIICHUM U CPECTB,
o0ecreurBalOINX OrPaHUYCHUE PACTIPOCTPAHEHUS MOXKapa,

YCTPOMCTBO  JOMOJHUTEIbHBIX  IBAKYAalIMOHHBIX  IYTEH, OTBEYAOIINX
TpeOoBaHUAM O€30MaCHON IBAKyallUU JIIOJICH TpH MoXKape;

YCTPOMCTBO CUCTEM OIMOBEILICHUS JIIOACH O MOXKape W yIpaBJICHUS 3BaKyaluei
JIFOJICH TTOBBIIIICHHOT'O THIIA,

MPUMEHEHUE CHUCTEM TMPOTUBOABIMHOM 3allUThl OT BO3JCHCTBUS OIMACHBIX
(haxkTOpOB MoOXKapa,;

OTpaHWYEHUE KOJMYECTBA JIIOACH B 3JIaHUU JO 3HAYCHHM, 00ECIeUYUBAIOIINX
0€301acHOCTh UX ABAKYyalluy U3 3/IaHMUS.

22. DP(DHEKTUBHOCTh KaXKJOI0 M3 IMEPEUUCICHHBIX BBIIIE MPOTHBOMOXKAPHBIX
MEPONPUATUN ONPENECIISIETCS CTENCHBIO BIMSHUA Ha mapameTpsl t, , t5; , by, a s
CHUCTEMBI MOKAPHOW CUTHAIM3ALMHY, TPOTUBOABIMHON 3aIIIMTHI U CUCTEMBbI OMOBEIICHUS
JOJIEH MPH TOXKAPE U YIIPABJICHUS BAKyalMEH JIFOJEH TaKKE€ YCIOBHOM BEPOSITHOCTHIO
BBINIOJTHEHUS 3a1auu npu noxape (Rosy, Rcoyn 1 Rz ).

23. IlpumeHeHue B  KayecTBE JOMOJHUTEIBHOTO  MPOTUBOIOKAPHOTO
MEpONPUATUS OOBEMHO-INIAHUPOBOYHBIX PEIICHUH W CPelCTB, OOECTICUMBAIOIINX
OTpaHUYEHUE PACIPOCTPAHEHUS TOXKapa, TOCTUTAETCA OOeCreYeHUEM HOPMHUPYEMBIX
MPEEIOB OTHECTOMKOCTHM M TIOHWKEHHOM TMOXKApHOM OMacHOCTH OOJIMIIOBOYHBIX
CTPOUTEIBHBIX MATEPUAIOB, HCHOJB3YEMBIX B  OrPaXKJAloOMMX KOHCTPYKLMSIX
MOMEIIIEHHUS, B KOTOPOM HAXOJIUTCSl BEPOSTHBIN OYar moxapa.

CreneHb BIMSHUS JAHHOTO JOMOJHUTEIBLHOIO MPOTUBOMOKAPHOTO MEPOIIPUATHS
Ha JWHAMUKY paclpOCTPAHEHHUs MOKapa M, COOTBETCTBEHHO, 3HaU€HUE NapameTpa g,
ompeAensieTcss NyTeM TNPOBEICHUA IMOBTOPHOrO pacyera 1, TMoOcie BHECEHUs
COOTBETCTBYIOIINX U3MEHEHHUH B CXeMY 00bEMHO-TNIAHUPOBOYHBIX PEIISHUM 37aHNS.

24. llpu npUMEHEHWHM B KauyeCTBE JIOMOJHUTEIBHOI'O MMPOTUBOIOKAPHOTO
MEpOIPUITUS YCTPOMCTBA JIONMOJHUTEIBHBIX HBaKyallMOHHBIX NYTE€H U BBIXOJOB
CJIEQyEeT BBINOJIHUTH TMOBTOPHBIM pacdyeT MO OlLEHKe Tmapamerpa t,, ¢ ydeToMm
OTKOPPEKTUPOBAHHBIX 00BEMHO-TIJIAHUPOBOYHBIX PEITCHUM.

25. llpu mnpuMeHEHWHM B KauyecTBE JIOMOJHUTEIBHOT'O MMPOTUBOIOKAPHOTO
MEpONPUSITUS YCTPONUCTBA CHUCTEMBI OIMOBELICHUS JIOJCH O TOoXape W YyHpaBlICHUs
ABaKyallMed JII0Je MOBBIIICHHOTO THUIA CJIEAYET BBINOJHUTH MOBTOPHBIA pACUET IO
OLICHKE mapameTpa l, ¢ yd4eToM mepepacupesesieHuss MOTOKOB JBAKYyMPYIOIIMXCSA U



W3MCHCHHUS CXEMBI D3BaKyalldd B 3aBHCHMOCTH OT CIICHAPUEB BO3HUKHOBCHHUS U
pa3BHTHS TIOXapa W, COOTBETCTBCHHO, ajropuTMa (YHKIIMOHMPOBAHHS CHCTEMBI
OITOBEIIEHUS JIIOJICH O IMoXKape W YIPaBICHUEM 3BaKyalluy JIFOICH.

3HadeHne napameTpa Reoys IS JaHHOTO TEXHHYECKOTO PEIICHHS ONPEIeiIsaeTCs
TEXHUYECKOW HAJIC)KHOCTHIO 3JIEMEHTOB CHCTEMBI OIOBCIICHHUS JIIOJCH O ToXKape W
yIIPaBJICHUEM 3BaKyalluu JIIOJIeH, MPUBOJAUMBIX B TCXHHUYECKOW JTOKyMeHTanuu. [lpm
OTCYTCTBUU CBEJCHUH 1O TapaMeTpaM TEXHHUYECKOW HAIEKHOCTH JOIYCKACTCs
npuHUMaTh Reoys = 0,8.

26. BnusHue cUCTEMBbI MPOTHUBOABIMHOKN 3alllUTHl HA YPOBEHb 00ECIICUEHHOCTH
0e30macHO HBaKyallMM JIIOJICH MPU T0XKape OICHUBACTCS IOCPEACTBOM pacdeTa
3HAYCHUS lg; C yUETOM TEXHUYCCKUX XapPaKTEPUCTHK MPUMEHIECMOTO0 BEHTHIISAIIMOHHOTO
o00OpyaOBaHUS TPOTHUBOJBIMHONW 3ammuThl. [log0op MmapaMeTpoB BEHTHIISIIMOHHOTO
000pyIOBaHUS OCYIIECTBISCTCS B COOTBETCTBUU C HOPMATHBHBIMH JOKYMEHTaMH IIO
MO’KapHOM Oe30macHOCTH. [Ipyu 3TOM IS BBITIOJIHGHHSI PAacUYCeTOB CIACAYET MPUMCHSITH
30HHYIO (30HAIBHYIO) WIIH MOJIEBYIO MOJICIIH.

3HavyeHue napamerpa Ry A8 JaHHOTO TEXHHUYECKOTO PELICHUs OMpeeliseTcs
TEXHUYECKOW HAJC)KHOCTBIO JJICMCHTOB aBTOMATUKH YIIPABICHUS TMPOTHUBOJIBIMHON
3aIIATHI, a TAKXKE TCXHUYECKOW HAJIEKHOCTHIO 3JICMEHTOB NPOTHUBOIBIMHON 3alllHTHI,
MPUBOJUMBIX B TCXHHUYECKOW JIOKYMCHTamWH. IIpw OTCYTCTBUHM CBEICHUH 10
napamMeTpaM TeXHUYEeCKOW HaJle)KHOCTHU AoIyckaercs npuHuMath  Rys = 0,8.

27. OrpanuveHHE KOJUYECTBA JIIOJICH B 3JTaHUH JO 3HAYCHHM, 00€CIICUNBAIOIINX
0€30MacHOCTh MX JBaKyallud W3 37aHUS TPH TOXKape, YYUTBIBACTCS TOCPEACTBOM
IOBTOPHOTO pacyeTa 3HaueHHs mapaMmeTpa t, NpH CYIIECTBYIOUIMX OOBEMHO-
TUIAHUPOBOYHBIX PEIICHUSAX W OTPAHUYCHHOM 3HAUCHHUU KOJMYECTBA IBAKYHPYIOUTUXCS
TIPH TTOXKape.

28. Jlng modydeHWs WCXOMHBIX JIAHHBIX, HEOOXOIUMBIX JUJIS TPOBCICHHS
pacyeToB, TPEIYCMOTPCHHBIX HacTOsIled METOOUKOH, CIeayeT HCIOJIb30BaTh
CIIPABOYHBIC HCTOYHUKH MH(DOPMAITUN U IPOSKTHYIO TOKYMEHTAIHIO 31aHUS.



[Tpunoxenue Ne 1
K MyHKTY 8 Meroauku

CraTucTuueckue AAHHBIC 0 YaCTOTC BOSHMKHOBCHMA I10Kapa B 3JaHUAX

Ne /o HanmenoBanue 31anus YacToTa BO3HUKHOBEHHMS 10Kapa B TEUCHUE
roja
B pacuere Ha onHO | YTOYHEHHAas OLICHKA
YUpEKACHUE

1. JleTcKue IOIIKOJIBHEIE 7,34%0° 9,7240°
yapexaeHus (IEeTCKHH caj, SCIH, (B pacueTe Ha

10M pebeHKa) OJIHOTO pebEeHKa)

2. O611e06pazoBaTeNbHEIE 1,164072 4,1640°

ydpexaeHus (Ko, IIKoJIa- (B pacuere Ha
WHTEpHAT, JICTCKUH JIOM, JIUIIEH, OJJHOTO YYaIErocs)
TUMHAa3HUsI, KOJUIEDK)

3. VupexIeHHs Ha4aaIbHOTO 1,98%072 4,59%0°
npoQecCHOHAIBHOTO 00pa30BaHus (B pacuere Ha
(mpodeccroHaIbHOE TEXHHYECKOE OJIHOTO Y4aIerocs)

YUUITUIIE)

4. VupexIeHUs CPETHETOo 2,69%07 2,9440°

npoQecCHOHAIBHOT0 00pa30BaHus (B pacuere Ha
(cpennee cnenmanbHOE yaeOHOE OJIHOTO yJallerocs)
3aBEJICHHE)

5. VupexIeHHs BBICIIIETO 1,398%0* 2,4340°
npoQecCHOHAIBHOT0 00pa30BaHus (B pacuere Ha

(BbICIICE YUeOHOE 3aBEACHNUE) OJIHOTO Y4aIerocs)

0. [Ipoune BHENIKOJBHBIE U IETCKUE 1, 52X 02 2,38>10'5

YUPESIKICHUS (B pacuere Ha
OJTHOTO yYaIlerocs)
7. JleTckue 0310pOBUTEIBHEIE 1,26%0° 3,2340°
Jlarepsi, IeTHUC ACTCKUC Ta9H (B pacueTte Ha
OJTHOTO
OTJIBIXAIOIICTO)
8. Boabuunel, rocnuTany, KIMHUKY, 3,66&0_2 2358)10‘4
POIMIIBHBIC I0Ma, (B pacuere Ha OJIHO
MICMXOHEBPOJIOTHYECKIE HHTEPHATHI KOIKO-MeCTO)
U IPYTHe CTallMOHAPBI
9. Canaropuw, JI0Ma OT/IbIXa, 299407 1,76740"
po(UITAKTOPUH, TIOMa TPECTAPEITBIX (B pacueTe Ha OJTHO
1 MHBAJINAIOB KOMKO-MECTO)
10. AMOynaTopuu, MOJUKINHUKH, 8,88&0_3 5,37>10’5
MUCTIAaHCEPhI, MCATYHKTHI, (B pacuere Ha OJTHO
KOHCYJIbTallH MOCEIICHNE
MAI[EHTOM)




Ne i/t

HaunmenoBaunue 3qa0us

YacToTa BOBHUKHOBCHHUS Imoxkapa B TCHCHHC

roja
B pacuere Ha onHO | YTOYHEHHAas OLICHKA
yUpEXICHNE
11. IIpenmpusaTst pO3HUYHON 2,03%07 1,579%0°
TOPTOBJIM. (B pacuete Ha
YHUBEpMAaru, IpoMTOBapHbIE OJIHOTO
MarasuHel, paboTaroiero)
YHUBEpPCaMBbl, ITPOI0BOJIECTBEHHBIE
Mara3uHsl,
Mara3uHbl CMEIIaHHBIX TOBAPOB,;
alTeKH, alTeYHbIE JTAPbKH;
IpOYNe 3/1aHNS TOPrOBIN
12. [IpenmpusTist ppIHOYHON 1,13%072 1,678%0°
TOPTOBJIH. (B pacuete Ha
KpPBITBIE, OTITOBBIC PHIHKH (U3 OJIHOTO
3IaHHI CTAIIMOHAPHOMN TOCTPOMKH), paboraromero)
TOProBBIC NMABMIBOHBI, KHOCKH,
JapbKH, NAJATKH, KOHTEHHEPHI
13. ITpennpusTust 00UIECTBEHHOIO 3,88%07 2,063%0°
IIHTaHHA (B pacueTte Ha
OJTHOTO
paboTaroIIEero)
14. I'ocTunuel, MOTEIHN 281407 3,25540%
(B pacuere Ha OJIHO
MECTO)
15. CriopTUBHBIE COOPYKEHHUS 1,83%0° -
16. KnyOHble u KynbTypHO- 6,9040° -
3pEIHIHbIE YIPESIKIACHUS
17. bubnuorexku 1,16%0° -
18. Mysen 1,38%07 -
19. 3penunHble yupexaeHus (TeaTpsl, 9,66X07 4,03407
LHPKH) (B pacuere Ha OJJHO
HOCEIIEeHNE

3pHUTENIEM)




[Tpunoxenne Ne 2
k nyHkTy 10 MeTtonuku

VYrpoileHHas aHATUTHYSCKas MOJICb JIBHYKSHHS JIFOJICKOTO TIOTOKA
(ompezeneHne pacyYeTHOIO BPEMEHH dBaKyalliu JIIOIeH U3 MMOMEIICHUHN U
3JIaHUH 110 pacyeTy BPEMEHH JBHIKCHHSI OHOTO MJIH HECKOJIBKUX JTFOACKUX
MIOTOKOB Yepe3 IBaKyal[MOHHBIC BHIXOBI OT HAN0OJICE YAaICHHBIX MECT
pasMeIeHHs JIIOCH)

PacuetHoe Bpems OSBakyauuu Jnoged t, W3 NOMEIIEHUWH M 3JaHHUM
YCTaHABIIMBAETCS IO pacyeTy BPEMEHM JBH)KECHHUS OJHOTO WJIM HECKOJIBKUX JIFOJCKHX
MOTOKOB Y€pe3 BaKyallMOHHBIE BBIXOJbI OT HauOoOJIee yNaJE€HHBIX MECT pa3MEelICHUs
JTIOEH.

IIpu pacueTe Bech MyTh JBHXKEHHUS JIOJCKOTO IOTOKA MOApPA3AEISAETCS HaA
y4dacTku (MPoxoJ1, KOPUIOpP, ABEPHON MPOEM, JICCTHUYHBIA Mapiil, TaMOyp) IIHHOMH | u
mupuHoM 0j. HayanbHbIMU ydacTKaMu SIBISIOTCS IPOXOJIbI MEXAY pabouuMH MECTaMH,
000pyAOBaHUEM, PSIIAMH Kpecell U T.II.

IIpn ompeneneHWn pacyeTHOrO BPEMEHU 3BAKyallMM JIOAEW IIMHY W IIHPUHY
KKJIOr0 y4YacTKa NYTH 3BaKyalUH ISl MPOEKTHUPYEMBIX 3JaHUN NPUHUMAIOT IO
MPOEKTY, a JJII MOCTPOEHHBIX — MO (PAKTUYECKOMY IMOJO0XKeHUI0. JIMHY MyTH 1O
JIECTHUYHBIM MaplliaM, a TakKe M0 NaHAycaM U3MEpPSIOT 10 JUIMHE Mapiia. JnHy nyTtu
B JBEPHOM NPOEME MNPUHUMAIOT paBHOW Hy0. IIpoeM, pacmoyioKEHHBIH B CTEHE
tonuuHo Oonee 0,7 M, a Takxe TaMOyp cCileAyeT CUMTaThb CaMOCTOATEIbHBIMU
y4acTKaMH TOPU30HTAILHOTO MyTH, HMEIOLTMMH KOHCUHYIO JUTUHY ;.

PacueTHoe BpeMs dBaKyallH JIIOAEH [, ClIeAyeT ONpeAeaTh KaKk CyMMY BPEMEHHU
JBUKEHUS JIFOJCKOTO TOTOKA 10 OT/IETbHBIM yYacTKaM MyTH t; mo ¢popmyiie:

tp=t1+t2+t3 +...+ 1, (HZ].)

rae t; — BpeMs JBFMOKEHHUS JIIOJCKOTO MOTOKa Ha repBoM (HavajabHOM) ydacTKe,
MUH,

t1, to, t3,...ti — BpeMs OBHKEHUS JIOACKOTO NMOTOKAa HAa KaXXJIOM M3 CIEAYIOLIUX
[OCJIe NEPBOTO yYacTKa IyTH, MUH.

BpeMss nBHKEHHS JIFOJCKOrO NOTOKAa MO MEPBOMY YYacTKy myTh t, MuH,
PacCUUTHIBAIOT IO opMyJIe:

L= (I12.2)

rie || — aimuHa mepBoro yyactka myTH, M;

V1 — CKOpOCTh JBHMIKEHHUS JIOJACKOTO IOTOKA IO TOPH3OHTAILHOMY IMyTH Ha
nepBoM ydactke, M/muH (ompemensercs 1o Tabmune I[12.1 B 3aBHCHMOCTH OT
mwiotHocTu D).

[110THOCTH OIHOPOJHOrO JIIOJACKOTO MOTOKa Ha NEepBOM yyacTke mnyTtu Dj
pPacCcUYMTHIBAIOT MO (popmyre:



_ Nl>f
11501

1 (I12.3)

rae N; —yucio moeit Ha IepBOM ydacTke, 4el.;

f — cpemHsas mIomAAh TOPU3OHTAIBHOM MPOCKIIMHA YEIIOBEKA, m?luer.,
MIpUHUMaeMasl B COOTBETCTBUU € IMMyHKTOM 6 npusnoxkeHust Ne 5 k Hacrosien Metonuke;

01 — IUPUHA MEPBOTO yyacTKa MyTH, M.

CKopocCTh V1 IBUKEHUS JTFOJCKOTO MOTOKA HA y4acTKax IMyTH, CIEAYIONIUX MMOCTe
MepBOro, MpUHUMarOT no Tabnuie [12.1 B 3aBUCHMOCTH OT UHTCHCUBHOCTH JIBUKEHUSI
JIIOJICKOTO MOTOKA MO KaXKIOMY U3 3THX YYaCTKOB IYTH, KOTOPYIO BBIYUCIISIOT JIJISI BCEX
Y4aCcTKOB ITyTH, B TOM YHUCJI€ U JJIsSI ABEPHBIX ITPOEMOB, 110 hopMmyJie:

qi = qI18)8I1 , (112.4)
i

rae Oj, 0j.; — IUPUHA PACCMATPUBAEMOTO I-T'0 M MPEAMIECTBYIOIIEIO €My ydacTKa
nyTH, M;

0, 0i-1 — MHTEHCUBHOCTH JIBM)KEHUS JIFOJICKOTO MOTOKA 10 PacCMAaTPUBAEMOMY -
My ¥ TpEAIICCTBYIONIEMY Y4YacTKaM IyTH, M/MUH (MHTCHCHBHOCTb JIBHXKCHHS
JIIOJICKOTO MOTOKA Ha MEePBOM y4yacTKe MyTu J = (.1 onpeaensercs no tabuuie [12.1 o
3HaveHuto D1, yctanosienHomy 1o ¢popmyie (I12.3)).

Ecnu 3nadyenue (f, onpenensemoe mo Gopmyie (I12.4), MeHblie WM PABHO Omax,
TO BpeMsl ABM)KCHHUS 10 YYaCTKY IyTH tj, MUH, paBHO:

|
t =4
i V.’ (I12.5)

[P 3TOM 3HAYCHUS (max, M/MHH CJICIyEeT IPUHUMATH PABHBIMHU:

16,5 — 17151 TOPU3OHTANBHBIX MYTEH;

19,6 — ny1s1 ABEPHBIX MTPOEMOB;

16,0 — 1 necTHUILBI BHAS,

11,0 — o151 AECTHUIIBI BBEPX.

Ecnu 3nauenwue g, onpeneiacaroe mo Gopmyie (I12.4), 605bIiie Qmax TO HIUPUHY O;
JAHHOTO y4YacTKa TYTH CIEAyeT YBEJIWYWBATh HAa TAKOE 3HAYCHUE, NPH KOTOPOM
cOOJTI0TaeTCS YCIIOBUE:

O = Omax - (I12.6)

[Tpu HEeBO3MOXKHOCTH BhINONHEHHS ycinoBus ([12.6) MHTEHCUBHOCTD U CKOPOCTh
JABIDKEHMSI JIFOJICKOTO TIOTOKA IO Y4YacTKy | ompenensior mo tabdaume [12.1 mpwu
3Hauenuu D = 0,9 u Gonee. [Ipu 3TOM ciielyeT yuuThIBaTh BPeMs 3a1€PKKU JIBHKCHUS
mojerd u3-3a 00pa3oBaBLIErOCSd UX CKOIUIEHUS, B COOTBETCTBUU C IYHKTOM 4
npuiioxkeHus Ne 5 k Hacrosiieit Metoauke.



Tabnuua [12.1

MHTEHCUBHOCTD U CKOPOCTb ABMIKCHUA JIFOJACKOTO ITOTOKA HA PA3HBIX YUACTKAX HYTeﬁ
9BaKyallun B 3aBUCHUMOCTH OT INIOTHOCTH

I'opu3oHTaNBHBIN
[Liot p .
oem yTh TlBepHoii JlecTHHNIIa BHU3 JlectHuua BBEpX
IIOTOK C )4l TIpoeM, C C
aD KOpoOCT | VHITEHCH | pyrencnsroc | MROPOCT | pryreyopproc |~ °PO" | Murencusroc
2 2 | Vi | BHOCTEG, | g q m/mmm bV, Th (], M/MHH bV, Tb (], M/MHH
MM vivun M/MUH M/MUH ' M/MUH '
0,01 100 1,0 1,0 100 1,0 60 0,6
0,05 100 50 50 100 50 60 3,0
0,10 80 8,0 8,7 95 9,5 53 53
0,20 60 12,0 13,4 68 13,6 40 8,0
0,30 47 14,1 16,5 52 15,6 32 9,6
0,40 40 16,0 18,4 40 16,0 26 10,4
0,50 33 16,5 19,6 31 15,6 22 11,0
0,60 28 16,3 19,05 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
2’90 "1 135 85 8 7,2 11 9,9
ojee
[lpumeyanne — MHTCHCUBHOCTH JBIKCHHUS B JBEPHOM IpoeMme npu MmioTHoctu motoka 0,9 u
Oosiee paBHas 8,5 M/MuUH, ycTaHOBJIEHA JUIS BEPHOro mpoema mupuHoit 1,6 M u Oojee, a npu
JBEPHOM IPOEME MEHbBINCH IIMPUHBI HHTCHCUBHOCTH JBMXKCHHUS CIEAYET OMPEACIATh 10
dopmyre g = 2,5 + 3,75%.
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1 — Hayaso yyacTka |
Puc. I12.1. Ciiusinue JIOACKHUX MOTOKOB

[pu cnusiHuK B HaYase i-ro yyacTka IByX M OoJiee JII0ACKKX MoToKoB (puc. I12.1)
WHTEHCUBHOCTH JIBWXKCHHS (j, M/MUH, PACCUMTHIBAIOT IO (hopmyiie:

o
Qi :aqi—l>6i—l , (HZ?)
Oi

r1e Gi.g — MHTCHCUBHOCTb JIBHDKCHHUSI JIFOJICKUX TTOTOKOB, CIUBAIOIINXCS B HAYaJe
I-ro yyacTtka, M/MUH;

Jj.1 — INIMPHUHA YYaCTKOB IYTH CIHUSIHHS, M;

i — NIMPUHA PACCMATPUBACMOr0 Y4acTKa My TH, M.

Ecnu 3nauenue (), onpenencHuoe mo gopmyie (I12.7), 605bIIe Qmax, TO IMIHPUHY
0i JAHHOTO Yy4YacTKa IyTH CJCIyeT YBEJIMYMBATh Ha TaKOEC 3HAYCHUE, YTOOBI
coomonainock ycnosue ([12.6). B 3ToM cnydae BpeMs IBHXKCHHS IO YYacTKy |
omnpenensor o ¢popmyie (I12.5).



[Tpunoxenue Ne 3
k nyHkTy 10 MeTtonuku

Marematuueckas MOACIIb MHANBUAYAJIbHO-IIOTOYHOI'O ABHIKCHUA JIIOIICﬁ n3 3JaHUA

PacuyeTHoe BpeMs 3BaKyalldu JIFOJCH M3 37aHHs YCTaHABIMBACTCSA MO BPEMEHHU
BBIXOJa U3 HErO IOCJIEIHETO YEI0BEKA.

[lepen HavagoM MOACIHMPOBAHMS IMpollecca OdBaKyallMd 3aJacTcs cxema
9BaKyallMOHHBIX MyTeH B 3JaHMU. Bce 3BaKyallMOHHBIC MYTH MOAPA3ICIAIOTCS Ha
9BaKyallMOHHBIC YYACTKU JJIMHON a W mupuHoi b. /InHa ¥ mupruHa KaXkI0To ydacTKa
OyTH DBaKyallMd IS TMPOCKTUPYEMBIX 3JaHUN NPUHUMAIOTCSA IO MPOEKTY, a ISl
MOCTPOCHHBIX — M0 (PaKTUICCKOMY IMOJIOKECHHIO. J[JTHHA yTH MO JECTHUYHBIM MapIiiam
U3MepseTCs 1o JIMHe Mapina. J[JIMHa myTH B JABEPHOM IIpOeMe MPHUHUMACTCS PaBHOM
HYJII0. DBaKyallMOHHBIC YYaCTKH MOTYT OBITh TOPH3OHTAJbHBIC W HAKIOHHBIC
(MecTHHUIIA BHU3, JICCTHHUIIA BBEPX U MAHIYC).

3a rabapuThl YejIOBeKa B IIaHE MPUHUMAETCS JJUIHAIC ¢ pa3Mepamu oceir 0,5 m
(mmupuHa yenoBeka B miedax) u 0,25 M (TosmmHa 4yenoBeka). 3adar0Tcsl KOOPIUHATHI
KaXJ0r0 YeJOBeKa X; — PacCTOSHUE OT LIEHTpa 3JUIMIICA 0 KOHIA 3BaKyallMOHHOTO
y4acTKa, Ha KoTopoM oH HaxomauTcs (puc. [13.1). Eciau pazHOCTh KOOPAUHAT HEKOTOPBIX
JIOJIeH, HAaXOSIIMXCS Ha HSBaKyallHOHHOM Yyd4acTke, cocTamiser MeHee 0,25, To
MPUHAMAETCS, YTO JIIOJU ¢ dTHMH KOOPAMHATAMHU PACIIONOKEHBI PSJIOM JIPYT C IPYrom
— cOoky oauH or apyroro (yciaoBHO: «B psa»). Ilpu 3TOoM, McXoas W3 rabdapuTOB
YellOBeKa B IUIAHE M Pa3MEpPOB HSBaKyallMOHHOIO ydacTka (IJMHA W IIMpUHA) IS
KQKI0r0 DBaKyal[MOHHOTO yYacTKa ONpPEACIISIIOTCS. MAaKCHMaJbHO  BO3MOYKHOE
KOJIMYECTBO YEJIOBEK B OJHOM PsAy COOKY APYr OT APyra U MakKCHMAalbHO BO3MOKHOEC
KOJIMYESCTBO JIFOJICH Ha ydacTKe.

KoopauHatel Ka)kaoro dejoBeka Xj B Ha4aJlbHbIH MOMEHT BPEMCHH 3aJal0TCS B
COOTBETCTBHH CO CXEMOM pacCTaHOBKH JIIOJIeH B moMeleHusAx (paboure Mecta, MecTa
JUTSL 3pUTEIIeH, ClallbHbIe MeCTa | T.I1.). B ciyyae OTCYTCTBHS TaKMX JaHHBIX, HAIIPUMED
JUIS MarasvHOB, BBICTABOYHBIX 3aJlOB W JIPyroe, IOMYCKaeTCs pa3MeliaTh JIOACH
pPaBHOMEPHO IO BCEH IUIOIIAIN MOMEIICHHS ¢ YI€TOM PacCTaHOBKH TEXHOJOTHYECKOTO
000opy10BaHUS.

Koopaunara kakaoro 4eloBeka B MOMEHT BpeMeHH t onpeensiercs mo Gpopmysie:

Xi(t) = xi(t-At) = Vi)t M, (I13.1)

rae Xi(t-At) — koopauHara i-ro yeoBeKa B MPEABIAYIINIA MOMEHT BPEMEHH, M;
Vi(t) — ckopocTh I-r0 YesoBeka B MOMEHT BpeMeHH t, M/c;
At — IPOMEKYTOK BPEMEHH, C.
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Puc. I13.1. KoopauHaatHas cxema pa3MelieHus JIFOACH Ha TMyTsIX
3BaKyaluu

CkopocTtsb I-ro yemoBeka Vi(t) B MOMeHT BpeMeHHu t ompenessieTcs mo TadJuie
[12.1 npunoxenus 2 k MeTouke B 3aBUCUMOCTH OT JIOKQJIbHOM IJIOTHOCTH MOTOKA, B
KoTOpoM OH JBrkeTcs, Dj(t) u Trma 3BakyariiOHHOTO y4acTKa.

JloxanbHas wWIOTHOCTH Dj(t) BhIUMCIIAETCS MO TPYIIE, COCTOSIICH U3 N YEIIOBEK,
o ¢hopmyiie:

Di(t) = (n(t)-1) % / (b>AX) MM, (I13.2)

r7e N — KOJUYECTBO JIIOJeH B IpyIIe, YeIOBEK;

f — CpeHsIs LIONIAAh TOPH3OHTATBHOM MPOCKINHI YeT0BEKa, MM,

b — mmprHa 3BaKyalMOHHOTO Y4acTKa, M;

AX — pa3HOCTb KOOPAMHAT MOCJIEAHETO U IIEPBOTO YEJIOBEKA B IPYIIIIE, M.

Ecnmu B MomeHT Bpemenu t koopaunHata dyenmoBeka Xi(t), ompeaencHHas 1o
dopmyne (I13.1), cTaHeT OTpHULIATEIBHON — 3TO 03HAYAET, YTO YEIOBEK JTOCTHUT I'PAHHUIIBI
TEKYUIEr0 9BAaKyallMOHHOTO y4yacTKa MW JIOJDKEH TMepedTH Ha  Cleayolui
3BaKyallMOHHBIA YYaCTOK.

B »TOM ciyuyae kxoopAMHaATa 3TOrO YEJIOBEKAa Ha CIEIYIONIEM 3BaKyallHOHHOM
y4acTKe OIpeaeseTcs:



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

riae Xi(t-dt) — koopauHaTa i-ro YejgoBeKa B MPEIbIAyIIH MOMEHT BpeMeHHu Ha (|-
1) sBaKyalMOHHOM Y4acTKe, M;

Vi(t) — ckopocTh i-ro uenoBeka Ha (J- 1)-oM 3BakyallMOHHOM y4acTKE B MOMEHT
BpemenH t, M/c;

g — AUIMHA |-TO YBaKyallMOHHOTO y4acTKa, M;

|j — xoopauHaTa Mecta cnuAHUS j-To U (j- 1)-TO 9BaKyalMOHHBIX y4YacTKOB -
paccTosiHUE OT Hayvaja j-T'o YBAKyallMOHHOTO Y4acTKa JJ0 MecTa ciusiHus ero ¢ (j- 1)-bim
9BAKYAIIMOHHBIM yYaCTKOM, M.

KosmuecTBo nroniei, MEpexoAsiiuX C OJHOTO HBAKyal[MOHHOTO y4acTKa Ha
APYrod B €IMHUILy BPEMEHH, OMPEIENISICTCS MPOMYCKHOW CIOCOOHOCTBIO BBIXOJA C

ydacTka Qj(t):
Q;(t) = q;(t) >t / (F60) qell., (I13.4)

rae (t) - MHTeHCUBHOCTH ABM)KCHHUS HA BBIXO/IC C |-TO 9BAKYaLHIOHHOTO Y4acTKa
B MOMCHT BpeMeHH t, M/MUH;

Cj - LIMPUHA BBIXOJIA C |-TO IBAKYAI[HOHHOT'O y4acTKa, M;

dt - mpoMexyToK BpeMeHH, C;

f - CpeHss [TOIAIh TOPU30HTAIBHOMN IPOSKIIMH YEIOBEKa, M.

MHTEHCHBHOCTD JIBMXKEHHSI HA BBIXOJE C |-TO dBaKyalHoHHOro y4actka Qj(t) B
MOMEHT BpeMeHH t orpesensiercss B 3aBUCUMOCTH OT IUIOTHOCTH JIFOJCKOTO MOTOKA Ha
sToM ygactke Dvj(t).

ITI0THOCTB JIFOJICKOTO MOTOKA Ha j-OM 3BaKyallMOHHOM ydacTke Dvj(t) B MoMeHT
BpeMeHH t onpesessiercst mo Gopmyoie:

Dv;(t) = (Npbdt) / (a%;) M/m?, (I13.5)

rae N;- uncio mozaeit Ha j-OM 3BaKyallMOHHOM ydYacTKe, 4Yell.;

f - CpemHSS IUIOIAAb TOPH3OHTAIBHOMN IPOCKINH YEIOBEKA, M;

g - JUIMHA J-TO 3BaKyaI[IOHHOT'O Y4acTKa, M;

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

dt - mpoMeKyToK BpeMeHH, C.

B mMoMeHT BpeMeHnu t ompejensercss KOJIUYECTBO JIIOJACH M ¢ OTpPHIIATEIbHBIMU
KOOpJIMHATAMU xi(t), OTIpeICIICHHBIMU 1o bopmyie (I13.12).
Ecim 3mavenme m < Q(t), To Bce M dUemoBeK MepexoisT Ha CIEAYIOMUIi
9BAKyallMOHHBIM YYaCTOK M WX KOOPAMHATHI ONPEACIAIOTCS B COOTBETCTBUH C
dopmymnoit (I13.3). Ecmm 3mauemme m > Q(t), TO KOIMYECTBO UEIOBEK paBHOE
3HaueHuto Q|(t) mepexonsT Ha CIEAYIOMNI SBaKyallHOHHBIN Y9aCTOK M UX KOOPIMHATHI
omnpenenstorcs B coorBeTcTBuM ¢ hopmynoit (IT 3.3), a konmvecTBO YeI0BEK, paBHOE
sHageHnto (M — Qj(t)), He mepexomdT Ha CleAYIONIMH HBAaKyallMOHHBIH YYacTOK



(ocTaroTcsl Ha JTaHHOM 3BaKyal[MOHHOM YYacTKe) M MX KOOpJHMHATAM IPHUCBAaWBAIOTCS
snauenus X;(t) = k¥,25 + 0,25,

rne K — HOMep psaa, B KOTOPOM OyayT HaXOIUThCs JrOAU (MaKCHMAJIbHO
BO3MOXHOE€ KOJIMYECTBO YEJIOBEK B OJHOM psay cOOKY ApPYr OT Apyra Ijs KaKJI0Tro
IBAKYaI[MOHHOTO y4YacTKa OMpEAesseTCs Mepei HadalaoM pacueToB). Takum oOpa3om,
BO3HUKAET CKOILJICHUE JIXOJIEN IIepe]l BBIXOJOM C 3BAKYal[MOHHOI'O y4acTKa.

Ha puc. [13.2 uzoOpakeHa OJIOK-CXeMa OIpEAeTeHUs PacyeTHOrO BPEMEHHU
ABaKyallly JIOAEH U3 31aHUS.

Ha ocHoBaHMM 3a/laHHBIX HAYaJbHBIX YCJIOBUI (HaYaJIbHBIX KOOPJMHAT JIFOJICH,
napaMeTPOB IBAKYAI[MOHHBIX yYaCTKOB) OMPEACISIOTCS IUIOTHOCTH JIFOJICKUX TTOTOKOB
Ha TMYTSAX OHBaKyallud MU MPOMYCKHBIE CIOCOOHOCTH BBIXOJOB C 3BaKyallMOHHBIX
y4dactkoB. Jlanee, B MoMeHT Bpemenu t =t + dt, onpenensiercs nanuane ODII Ha myTsax
sBaKyauuu. B 3aBUCHMMOCTH OT 3TOro BBIOMpAETCsl HAIpaBiCHHUE ABMXKCHHUS KaXKI0TO
YeJI0BEKa U BBIYUCIIETCS HOBAas KOOpAWHATA Kaxxaoro uenoseka. [locie aToro cHoBa
ONPEAEIAOTCA IUIOTHOCTH JIIOJACKUX IOTOKOB HA IYTAX DBAKyallUd U IPOITYCKHBIE
CMOCOOHOCTH BBIXOJIOB. 3aTeM BHOBb JlaeTcs MpHpaiieHue 1o Bpemenu dt u
ONPENEIATCS HOBBIE KOOPAHWHATBHI JroAed ¢ ydetom Hamumuuss ODII Ha myTsx
JBAaKyallMM B 3TOT MOMEHT BpeMeHM. llocie aroro mpouecc nosropsercs. Pacuerst
MPOBOJISTCS IO TE€X MOP, TIOKa BCE JIOAN HEe OyAyT IBaKyHPOBAHBI U3 3JJaHUS.



BBox MCXOIHBIX JAHHBIX

v

OrnpeneneHre Ha4YaIbHBIX
KOOPJAHMHAT JIIOJIeiH

v

OmnpeneneHne napamMeTpoB
9BaKYAI[MOHHBIX YIaCTKOB (ITyTeif)

v

Onpez[eneHI/Ie BpPEMCHHM Ha4dajia
OBaKyallul KaXa0ro 4€JI0BCKa

v

Orpenenenue MmIOTHOCTEN JIOACKUX MTOTOKOB

Ha 5BaKyallUOHHBIX Yy4aCTKax

CIOCOOHOCTH TIPOEMOB

v

BbIBO/I Ha TI€YaTh XapaKTEPUCTHUK
mporiecca IBaKyaruu

v

IMepexo K cAeayroneMy MOMEHTY BPEMEHH

!

Onpez[eneHI/Ie HalpaBJICHUA IBUKCHUA
KaXXJ10ro 4€jI0BCKa

v

Onpez[eneHI/Ie IIJIOTHOCTH JIFOJICKOT'O ITOTOKa NEPEA KaXKAbIM
YCIIOBCKOM (paCCTOHHI/Ie J10 UAYIIEro BICpeau ‘ICHOBEKa)

v

Onpez[eneHI/Ie CKOpPOCTHU ABUIKCHHUSA KaXKI0I'0 YCJIO0OBECKa

v

Onpez[eneHI/Ie KOOPJAWHATBI KAXKJI0T'0 YCITOBEKa

Omnpenenenue HpOHyCKHO1

v v

3BaKyaHI/IH HEC 3aBEpIICHA 3BaKyaHI/IH 3aBEpuicHa

I

OkoHyaHME pacyeTra

Puc. I13.2. binok-cxema onpeaesieHus: pacdeTHOTO BPEMEHH dBaKyarluu
JMIoAeH U3 3JaHus



[Tpunoxenue Ne 4
k nyHkty 10 MeTtonuku

I/IMI/ITaHI/IOHHO-CTOXaCTH‘IeCKaﬂ MOA€Jb IBM/KCHUA JIOACKHUX ITIOTOKOB

MHOeCTBO JI0/IeH, OTHOBPEMEHHO MIYIINX B OJJHOM HAaIPaBJICHUH 110 OOIIHM
ydacTKaM MyTH, 00pa3yroT JIOJCKON MOTOK. YdacTKaMu (POPMHUPOBAHUS JTFOACKHUX
MIOTOKOB B MIOMEIIECHHUSAX CJICIYET IPUHUMATH MPOXOIbI MEXKTy 000pyaoBaHHeM. J[s
MOCJICTYIONINX YYaCTKOB 3BaKYaIlMOHHBIX MTyTEH OHU MPEICTABIISIOT COOOH MEpBUYHBIC
WMCTOYHHKH JIFOJICKUX IMOTOKOB. Pacripenenenne N; yeloBeK Ha ydacTKax
dbopMUpOBaHUs, UMCIOIIKMX IUPUHY bj ¥ [IMHY |j, MpUHHUMaeTCs paBHOMEPHBIM.
[TosToMy B Ha4aabHBIH MOMEHT {p Ha KakJI0M 3JieMeHTapHOM y4uacTke Al;, 3aHnMaeMom
MMOTOKOM, IIJIOTHOCTB TTOTOKA
D' onpenernsiercs o popmyie:

D% = N / bpal; wen./m? . (I14.1)

Ipu majapHENIIEM IBHKEHUH JIIOACKUX ITOTOKOB U3 MEPBUYHBIX HCTOYHHKOB I10
00IIMM y4acTKaM IIyTH MPOUCXOANT UX ciusuue. OOpasyercs oOIIHii OTOK, YaCTH
KOTOPOT0 MMEIOT Pa3INYHYIO IFIOTHOCTh. IIpOMCXOANT BhIpaBHUBAHKE TUIOTHOCTEM

Pa3IMYHBIX YacTeH JTI0ACKOTro IOTOKa — ero nepedopmuposanue. Ciaeayer yYUTHBATh,
YTO €ro TOJIOBHAsI YacTh, HMEIOIIAs epe co00i CBOOOIHBIN IyTh, PACTEKAETCS —
JFOIN CTPEMSATCS UATH CBOOOIHO Ipu TUIOTHOCTH Dyo. 3a nHTEpBan BpeMenu At gyacthb
JrO/IEel TIEPEXOIUT C ITHX 3JIEMEHTAPHBIX YYACTKOB Ha IMOCIEAYIOIINE U IPOUCXOIHUT
HU3MEHEHHUE COCTOSIHMS JIFOJCKOTO MIOTOKA, €0 JIBIKCHHE.

CKOpOCTb JABMKEHHS JIFOACKOTO ITOTOKA MPH IIOTHOCTH Dj Ha i-oM oTpeske
y4acTKa MyTH K-ro BHaa ClieAyeT CYMTATh CIydailHON BeIuInHOM Vp k, HIMEIOMICH
YHCIIOBBIE XaPaKTEPUCTHKH

MaTeMaTHYeCKOe oxuaanue (cpeaHee 3HaUCHUE)

VD,k = VO,kX(l-ak*n Di /DO,k) m npu Di > DO,k ,

Vok=Vox  1pu D;<Dgg, (I14.2)

CpCAHCC KBAAPATHIHOC OTKIIOHCHHUC

G(VD,k) = G(VO,k) X(l-ak*n Di/DO,k) , (H43)

riae Vox 1 6(Vox) - MaTeMaTHYECKOE OXKHUIaHUE CKOPOCTH CBOOOHOTO JBUKCHHS
mrozeit B motoke (mpu Dj < Dgy) 1 ee cpeaHee KBaApaTHUHOE OTKIOHEHUE, M/MUH;
Dok — mpenensHoe 3HaY€HUE TUIOTHOCTH JIFOJICKOTO MOTOKA, 10 JOCTHKCHUS
KOTOPOI'0 BO3MOXHO CBOOOIHOE JABM)KEHHUE JIrojIeH 1Mo K-My By yTH (IUIOTHOCTH HE
BJIMSICT HAa CKOPOCTH JIBHDKCHUS JTFO/ICH);



8 — KOO GUIMEHT aJanTalUy JIFOACH K N3MEHEHHSIM IUIOTHOCTH MTOTOKA TIPU
JABKECHHUH TI0 K-My By MTyTH;
D; — 3HaYeHME TUIOTHOCTH JIFOJICKOTO MOTOKA Ha i-oM oTpe3ke (Al) yuacTka myTu
HIMPUHOH b, ger./m%;
M — k03P PUIIMEHT BIUSHUA NTpOeMa.

3HaueHUs MNEPCUYUCIICHHBIX MMAapaMCTPOB CIACAYCT IPUHUMATH 110 Ta6JII/II_IC I14.1.

Tab6numa I114.1
Bun nyru, K Vok o(Vok) Dok & m
M/MUH M/MUH yenr./m?
I'opu3oHTANBHBIIH 100 5 0,51 0,295 1
B 3JJaHUU
['opu3oHTANBHBIH 100 5 0,70 0,407 1
BHE 31aHUS
[Mpoem* 100 5 0,65 0,295 1,25-0,05D,
npu D 35
JlecTHnma BHU3 80 5 0,89 0,400 1
JlecTHHIIa BBEpX 50 5 0,67 0,305 1

* TIpu D = 9 wen./m® 3nauenns ¢ = VDo onpenemnsiiores mo Gopmyiie
g = 10%3,75+2,5%;), m/mun.

IIpu 11060M Bo3MOxHOM 3HaueHnu V' mou B kommdecte N'Oj, HaxosImmecs B
MOMEHT tp Ha I-OM 3JIEMEHTApPHOM y4YacTKe, JBHTalOTCS 10 HEMY U HAUMHAIOT
NEePEeXOAUTh Ha nocienyromuil yuactok (i+1) (puc. [14.1). Ha yuyactok i B cBOIO
ouepe/b IePEeXOIUT YacTh JItoAeH ¢ mpeAbiayiiero (i-1) ameMeHTapHOro yJacTka U U3
HUCTOYHHKA |.

ITo mpomectBun Bpemenu At k MOMeHTy t)= to+At TonpKO YacTh JItoaen Ntoi,i+]_ C
yuacTka i ycreeT nepeiitn Ha yuyactok (i+1). K atomMy MomenTy Bpemenu u3 N' mozei,
OBIBIIIMX Ha Y4aCcTKE | B MOMEHT lp, OCTaHETCs (Ntoi —Ntoi,i+1) moaen. X uncno
MIOTIOJTHSAETCS 32 CUET JII0JICH, YCTIeBIINX 3a ATOT HHTEPBAJI BpEMEHH TIePEeHTH Ha HETro C
pebIAYIIEro yuacTka — N'O.q; i M3 HCTOYHHKA Ntoj,i. Torma mIoOTHOCTH MOTOKA HA
y4dacTke | B MOMEHT {; Oyzer paBHa:

D™ = (N =N 0 + Ny + N©; ) / bpDl. (114.4)
CKOpOCTB JABUKCHUA JIIOILCﬁ, OKa3aBIIIUXCa HA yqaCTKe I B MOMCHT t1,

ornpenensercs no popmyie:

VY = Vo (1-a0tn Di/Doy). (114.5)
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Puc. I14.1. VI3MeHeHus: COCTOSHHS IOTOKA B MMOCJICAOBATCIIBHBIC MOMCHTBI BPCMCHU



CrnemyeT y4uThIBaTh, UTO U3MEHEHHUE IUIOTHOCTH MOTOKA Ha KaXKJIOM Y4YacTKE B
pa3IMyHbIE MOMEHTBHI BPEMEHH OTpa)kaeT mpollecc mnepedOpMUPOBAHUS PA3TUUHBIX
JacTel MOTOKa, U KaK YaCTHBIN CIydaid, MPoIecc pacTeKaHus MOTOKaA.

N3meHeHne TIUIOTHOCTH TOTOKAa Ha KaXXJIOM U3 DJEMEHTAPHBIX YYacTKOB B
MOCJIeI0BaTEIbHBIE MOMEHTBI BPEMEHHU 3aBUCHUT OT KOJMYECTBa JIIOACH, MEePEXOISIINX
yepe3 TpaHUIlbl y4yacTKoOB. B oOmieM ciyyae KOJIMYECTBO JIIOJEH, MEpPeXOAsIInX 3a
HMHTEPBaJ BpeMeHHU At ¢ yyacTka | Ha OCAeAYIONINI y4acToK I+1, cCoCTaBIIsIeT:

Ntli,i.;.l = Dtoi b} >DI>\/Hep>Dt. (T14.6)

CKOpOCTB rnepexoaa Vnep qepe3 rpaHulbl CMCKHBIX 3JICMCHTAPHBIX YYACTKOB
CICOAYCT IPUHUMATDL, PYKOBOACTBYICH CJICAYIOIIUMHA (1)OpMy.IIaMI/I:

Vtoia c€Clin Dtoi+1§ D npu max Vpik -+ D = Omax
Vnep =
Vtoi+1, eciIn Dtoi+1> D pu mMax VDi,k .D= Omax: - (H47)

Cnenyer y4uThIBaTh, YTO B TOT MOMEHT BpeMEHH t,, KOTra MIOTHOCTh MOTOKA Ha
y4acTKe | JOCTHUIJIA MAKCHUMaJIbHOW BEJIMUYMHBI, HA 3TOT YY4AaCTOK HE MOXKET MPUNUTH HH
OJIMH YEJIOBEK, HM C MNPEAIIECTBYIOUIETO y4dacTKa, HM M3 HUCTOUYHHMKA. B pesynbraTe
mepejl y4acTKOM | 3aJIep)KUBAaeTCs COOTBETCTBEHHO AN™; u AN™ jj Jmonei. B
CJICYIOIIUI MOMEHT BpEMEHH tp+1 aCTh JIIOJIEH C yyacTKa | IEPeXOoIuT Ha y4acTok I+1,
IJIOTHOCTH JIFOJICKOTO MOTOKA HAa HEM YMEHBIIUTCA U YaCTh CKONMBIIUXCS MEPEL €T0
TpaHULICH JIIOJEH CMOXET NepelTH Ha Hero. J[osig uX y4acTusi B TOMOJTHEHHUH JIFOJIbMU
y4acTKa | B MOMEHT tp+ ompesienssercs: opMytoi:

ANm’ tn+1i_1/ANtn,tn+1j — Dtn,tn+1i_1>th,tn+1i_1>bi_1/Dtn,tn+1j)th,tn+1j >bj. (H4.8)

dopmyisl (I14.4) - (I14.8) MOIHOCTHIO OMHUCHIBAIOT COCTOSHHUE JIFOJICKOIO MOTOKA
Ha 3JICMCHTAPHBIX YJYacTKaX M MX IEPEeXOJbl B MOCIEAOBATEIbHBIC MOMEHTBI BPEMCHHU.
COBOKYITHOCTh 3HAYEHHUH pACYETHOIO BPEMEHHM OJBaKyallMH, IOJYYEHHBIX IIpHU
pa3IM4YHBIX 3HAYCHHUIX Vok, GOPMUPYET SMIUPHUECKOE PACIIpPeICICHHE BEPOSITHOCTEH
3HayeHui Xt,. [lo 3TOMy pacmpeneseHuIo ClielyeT pacCUUTHIBATh 3HAUCHUE BPEMEHU
3aBepLICHHs 3BaKyalllH, COOTBETCTBYomee BepositHocTH P(t, ) = 0,999,



[Tpunoxenue Ne 5

k mynkTtam 10, 11 Meroauku

JlaHHbIe 1151 onpe/ie/IeHUs PACYeTHOI0 BpeMeHH IBAKY UM
1. 3nayeHue BpeMEHM Hauaja dBaKkyaluw U, JJIS TOMEIICHHUs odyara mokapa
cienyer npuHUMaTh paBHbBIM 0,5 MuH. J[JIs1 OCTaNbHBIX TOMEIIEHUN 3HAYCHUE BPEMEHU
Havasa 3BaKyaiuH t, cienyer onpenensats no tadnauue 115.1.

Tabnuna I15.1

i/t

Kiace (G YHKIIMOHATBHOU MO>KapHOH
OTMACHOCTH 3JaHMA H  XapaKTePUCTHKA
KOHTHUHIEHTA JIFOIeH

3HaueHue BpEeMEHH Havalla 3BaKyaluu JroAen
thy, MUH

3nanwus, 000pyAOBaHHBIE

CHCTEMOM OIIOBCIICHHS 1

YIPaBJIEHUS YBaKyalluen
JIIoJiei

3nanus, He 000PyIOBaHHBIC
CHCTEMOM OIIOBEIICHHS 1
YIPaBJIECHUS YBaKyalluen
JIroJiei

[-1l Tima

[l =V Tuma

3maHus IETCKUX JOIIKOJIBHBIX 00pa3oBa-
TENIbHBIX YIPSIKIACHUH, CIICIIUATUIHPO-
BaHHBIX JIOMOB ITPECTAPEIIbIX U MHBAIUIOB
(HexBapTUpHBIE), OOJBHHUIIBI, CITAIIEHBIC
KopITyca 00pa30oBaTeIbHBIX YUPEKIACHHI
MHTEPHATHOTO THIIA M JCTCKUX YUPexK ie-
HUI1; MHOTOKBapTHPHBIC KHUJIBIC IOMA;
OJTHOKBApTUPHbIE KHJIbIC IOMA, B TOM YHUCIIC
onokupoBanssie. (O1.1, 1.3, ®1.4). Jlronu
MOT'YT HAXOJUTHCS B COCTOSIHUM CHA, HO
3HAKOMBI CO CTPYKTYPO# 3BaKyaIl[HOHHBIX
ITYTE€N ¥ BBIXOJOB.

6,0

4,0

9,0

FocTuHMIEI, OOIIEKUTHS, CHATBHBIC KOP-
Iyca CaHaTOPUEB ¥ JIOMOB OTJbIXa OOIIEro
THUIA, KEMIIMHIOB, MOTEJICH ¥ MAaHCHOHATOB.
(®1.2) Kuiblbl MOTYT HAXOIUTHCS B
COCTOSHMM CHa M HE JOCTATOYHO 3HAKOMBI
CO CTPYKTYpOH O3BaKyallMOHHBIX IyTeH H
BBIXOJIOB.

3,0

2,0

6,0

3maHus  3pPENUINHBIX M KYJbTYPHO-
MPOCBETUTENIBHBIX ~ YUPEXKICHUN; 3AaHUS
OpraHH3aluii Mo 00CITYKUBAHHUIO HACETICHUS
(P2, ©3). Ilocerutenn  HAXOIATCS B
0O/IPCTBYIOIIEM COCTOSIHUH, HO MOTYT OBITh
HE 3HAKOMBI co CTPYKTYpOH
IBAKYaIIMOHHBIX MYTEH U BHIXOJIOB

3,0

1,0

6,0

3naHus  HayyHbIX U 00pa3oBaTeNbHBIX
YUPEXKJEHUN, HAYYHbIX U  IPOEKTHBIX
OpraHu3arui, OpraHoB YIIPaBJICHUS
yupexxnenuit (©4). INocerurenu HaxonaTCs
B OOJPCTBYIOLIEM COCTOSIHUM U XOPOIIO
3HAKOMBI CO CTPYKTYpO#l 3BaKyallMOHHBIX
ITYTE€N ¥ BBIXOJOB.

3,0

15

6,0




2. IIpuHIUIIBI COCTABIICHUS PACUCTHON CXEMbI IBaKyallHH.

PacueTHas cxema sBakyallly MPEJCTABISICT COOOH OTAEIBHO BBIMTOJHEHHYIO, HIN
BO3MOKHO HAHECEHHYIO Ha IIJIaH 3[aHHs CXEMY, Ha KOTOPOM OTPaKEHBI:

KOJIMYCCTBO JIIOJICH Ha HAYaJbHBIX y4acTKaX — MCTOYHHUKAX (IIPOXOIBI MEKIY
pabourMu MecTaMu, 000PYI0BaHUEM, PSIIaMH Kpecel U T. I.);

HanpapJIeHUE UX IBHKEHHS (MapIIpyThI);

reOMETPUUYCCKUE MapaMeTphbl yYaCcTKOB MyTH ([JIMHA, TUPHUHA) U BHIBI Y4aCTKOB
Iy TH.

PacueTHas cxema 5BaKyalldu JO0JKHA YUYUTHIBATh CHTYAIHIO, IIPU KOTOPOH XOTS
Obl OJMH 4YEJOBEK HAXOIWTCS B HamOoJiee yAaJCHHOW OT BBIXOAA U3 3JaHHMS,
COOPY)KCHHUS UM CTPOCHHUS TOUKE.

B pacuerHo#l cxeMe y4HTBHIBAIOTCS TOJBKO T€ MYTH JIBHUXKCHHS JIFOJICH, KOTOPBIC
OTBEYAIOT TPEOOBAHUAM, MIPEIBABISIEMbIM K ITyTSIM dBaKyalliu.

PaccMoTpeB KONMHMYeCTBO JIIOJCH Ha HA4YalbHBIX ydYacTKaxX IyTH, CIEIyeT
OIPEICIUTh HAMPABICHHE HMX JIBHXKCHHS. Y CTAHOBICHBI CIEAYIONIME HAOJ0aeMbIe
IpaBujia BIOOpA JIFOIBMH HaIpaBlieHUs (MapIipyTa) ABHKCHHS MIPH dBaKyallHu:

a) IBHKCHHE IO TOMY ITyTH, KOTOPBIM JIIOH MOMNAIH B 3/1aHHUE;

0) MCKIIOUEHHE MyTeH IBHMIKCHUS, MPOXOMISAIIUX PSIOM C 30HOW TOPEHHUs, XOTS
JIFOIM MOT'YT 3BaKyMPOBAThCS Uepe3 3abIMICHHBIC KOPUIOPHI;

B) BIMSHHE IMepcoHana. B 0OIIEeCTBEHHBIX 3[aHUAX, KaK MPaBHIIO, IMOCCTHTEIN
Opu  MOXKape CIEAYIOT YyKa3aHHWsAM I[EepCOHaa, Ja)Xe eCAd OTH YyKa3aHHs He
COOTBETCTBYIOT ONITUMAIIbHBIM;

I) IpY 3BAaKyalldd C MEPBOrO 3Ta)ka — JBMKEHHE K OTKPHITOMY BBIXOAY HAPYXKY
U3 3/1aHUSA;

) CJIOXKHAs JIOTMCTUYECKask 3aBUCMMOCTD, OIMCHIBAIOIIAs BEIOOP BBIXO/A C ATaXKa
3putenbHoro 3ana (puc. I15.5);

€) IpH MPOYMX PaBHBIX YCIOBHSX — IBHKEHHE K OIMKANIIEMy BBIXOMY.

Kpome TOro, wuMeromuecss gaHHBIC IIOKa3bIBalOT, YTO (haKTOpPOM BbhIOOpA
HAIPAaBJICHUS MOXKET OBITh MECTO MAPKOBKH JHUYHOI'O ABTOMOOWIISL, MECTO BCTPEUM
YJICHOB CEMbH | T. . OIpeie/cHre MIUPHUHBI IIYTH BBI3bIBACT 3aTPyIHECHUE TOJIBKO MPH
BBIXOJIC JIFOJICH Ha Y4aCTOK «HEOIPAaHHUCHHOW» MIUPUHBI, HAIPUMEpP B BeCTHOMOIL. B
TakoM ciydae mupuHa nmotoka (D) 3aBucur ot konmuectBa sogaei (N) u mmunbr (1)
yuacTtka: D=4 M npu N < 100 yen. u | <6 m; b = 6 M — B ocTanbHbIX ciiydasx.

CornacHO JaHHBIM HAaTYPHBIX HAOIIOACHUH YCTAHOBJICHO, YTO TIOBOPOTHI ITyTH HE
BJIMSIIOT Ha IMapaMeTphbl IBUKCHHS JIFOJICKOIO TTOTOKA.

Omnpenenenre JUIMHBI (BIOJIb OCH IYTH) OTIWYAETCSA JUISI TOPU3OHTAIBHBIX H
HAKJIOHHBIX IMyTel. K HaAKIIOHHBIM IIyTSAM OTHOCSTCS JCCTHHIIBI M MaHAychl. CBOOOIHAS
mprHa b HaKJIOHHOTO MyTH, HaMPUMEP, JCCTHUYHOTO Mapiiia, IPUHUMAETCS B CBETY:
oT mepws g0 creHbl. JnuHa HakimonHoro mytd L (puc. I15.1) mpunumaeTcs 1o
UCTUHHOMY €r0 3HAYCHHUIO. OTaKHbIC M MEXAYITaKHbIC IUIOMAAKH B IEIAX
YIPOILICHUSI W OOJICTYCHHs BBIYMCIICHHUM, YYHMTBIBAs KX HEOOJbIINE pa3Mepbl U
MEHBIIYIO CJIOKHOCTh IBFOKEHHS [0 HUM B CPaBHEHHH C JIECTHHYHBIMH MapIiaMH,



JIOIYCKAeTCsl OTHECTH K HAKJIOHHBIM IyTsIM. Torja cpeHsis AJMHa HAKJIOHHOTO MyTH B
npeesax OJHOro 3Taxa, C YYETOM JIBHXKEHHUS 10 IJI0IAIKaM, COCTaBUT:
L¢
cosa '
rae L¢ —ropu3oHTalIbHAsl MPOEKLUS ITTMHBI HAKIIOHHOTO MY TH, M;
0. — YroJl HaKJIOHa K TOPU30HTY;
HE JIOMyCKasi Cephe3HON MOTPEIIHOCTH, JUTUHY MYTHU MO ABYXMAapUIEBOH JIECTHUIIE
MO>KHO MIPUHUMATh PaBHOM €ro yTpoeHHoH BbicoTe H, T.e. L = 3H;

( «
2, L +LE+4%0.,

I ABYXMApHICBBIX JICCTHHIL L=

I TPEXMAPIICBLIX JICCTHUIL L=

cosa COSsa

Puc. T15.1. PacueTHas ajivMHa IMyTH 110 JICCTHUIIE:
a — IByXMapliiieBas JICCTHUIIA; O — TpexMapliieBasi JECTHULIA

[Manaycel, eciu MX HAKJIOH He3HauuTesneH (MeHbmie 1:8), MOKHO OTHOCHUTH K
TOPU3OHTAIBHBIM TYTSM, NMpU O0Jiee 3HAYUTEIbHBIX HAaKJIOHAX — K JieCTHUIAM. J[nHa
HAKJIOHHOTO MYTH TaKXe OMPEAEIAETCS M0 €r0 OCH.

[lytu paBwKeHHMsT B TIpeenax 3JaHus OOBIYHO TIEPECEKArOTCS JIBEPHBIMHU
MpoeMamMH, JEKOPATUBHBIMM TOpTajlaMHU, HMMEIOT CYKEHUS 3a CYET pPa3IMYHbIX
APXUTEKTYPHBIX WJIM TEXHOJOTMYECKUX DJIEMEHTOB, BBICTYINAIOUIUX W3 IJIOCKOCTH
orpaxaeHui. Takue MECTHbIE CYKEHHUS HE3aBUCHUMO OT MX XapakKTepa B JajbHEWIleM
Ha3bIBAIOTCS MpoeMaMu IupuHou b. [{nuHa mytu L B mpoeMe MOXKET He yYHUThIBATHCS,
ecau oHa He mnpeBbimaer 0,7 M, T.e. JJIMHBI OJHOTO Iara, B NPOTUBHOM Cllyyae
JIBI)KEHUE B MPOEME CIEAYET pacCMaTpUBaTh, KaK JIBUKEHHE HA CAMOCTOSATEIIbHOM
PacUE€THOM y4acCTKE TOPU30HTAIIBHOTO MYTH.



JIeCTHUYHEBIE KJIETKU SABJISIOTCS OCHTpaMHU TATOTCHUSA JIIOACKUX IIOTOKOB (IUISI IICpBOTO

9TaXa — BBbIXOJbI HaPY)KY), Ha BXO0AC, B KOTOPBIC 3aKaHYMUBACTCA BTOpOﬁ oTarl

9BaKyalu. HO3TOMy PaCUCTHBIC CXCMbI I_IeJICCOO6p33HO COCTABJIATH OJIA Ka)I(IIOﬁ qacTu

JTa)¥a, MO KOTOPOM JIOJM DJBAKYUPYIOTCA 4Yepe3 MNPEAyCMOTPEHHYIO [Js HHUX

JICCTHUYHYIO KJIETKY (BbIxon Hapyxky). Ha puc. I15.2 npuBeseH npumep COCTaBICHUS

pacquHoﬁ CXCMBbI 3BAKYyaIlUH JIIOIICﬁ I10 4aCTH 9TaKa 10 BXOI4a B JICCTHUYIHYTIO KIICTKY.
HUcrounuk 1

f——=—— N=20uen., | =10m,
Vuactox 1 ]! b=12m, bp=09m
[=12M,b=2M] .
A F Hcrtounnk 2
== N=20u4en, =10,
E b=15M,bp=09m
POIl 1 K
E E bw=135m
VYyacTtok 2 {
|=18M,b=21\‘:1 : /‘IaCTOK8 bp=12m
L e FMbRL2 PO 2
' S——— N — — N ——— \
'Vuactok 3 | Yuactok 4 | Yuactok 5 | Yuactok 6
| =3 M, | =5Mm, | =5 M, | =5Mm,
<l b=2wm b=2wm b=2wm b=2wm
\
16 uern. 7 yed. 7 yed. 7 yed. 7 yed.

Hauanphbie yuactku Ne 3 — 7 (MCTOYHUKH) -
POXOJIbl MEXK/Ty PA0OYUMHU MECTAMH,
000opyI0oBaHUEM, PsAAMU Kpecen | T. II.
|=10m,b=1,2M,bp=0,9Mm

Puc. I15.2. TIpumep cocTaBiieHHs paCU€THOM CXEMBbI IBaKyaIllu JTro/Iei
0 YaCTH 3TaXa J0 BXOJla B JICCTHUYHYIO KIETKY: N — KOJIMYECTBO JIIOEH;
b — mmpwuna; | — aymiHa; by— muprHa npoema



B 3puTenpHBIX 3a51ax ¢ MOCTOSHHBIMU MECTaMU JIJIsl IOCETUTENEeN pacipe/eeHre
JIOJIE TI0 HaIpaBJIEHUSM JBIDKCHHS K DBaKyallMOHHBIM BBIXOJaM II0Ka3aHO Ha
puc. [15.3 u I15.4.

L]

Puc. [15.3. MapuipyTtu3aius J1BUKESHHS JTFOICKUX MOTOKOB MPH dBaKyaIluu
13 3pUTEIIBHBIX 3aJ10B ¢ OOKOBBIMH (IIPOIOJILHBIMHE) MPOXOIAMH

£
G5y Gy
E =

OTTTTT

[TT 112
- .-uu.a

Ill’ 'F’

L Gk
Lﬁm STy

Puc. N5.4. MapwpyTm3auma ABUKEHUA NOACKMX NOTOKOB NPW 3BaKyaLum
13 3PUTEJIBHBIX 3aJI0B C TIONEPSUHBIM IPOX0I0M



Ecnu B pmanmpHeWIIeM JIOIM BBIXOAAT B (oiie WM BECTUOIONB, T.C. Yepe3
MOMEIICHHUS HE OTPaHWYMBAIONINEG, KaK KOPUIOp, IIUPHHBI JIIOJICKOIO TIOTOKA, TO
pacmnpeesieHue JIFOJICKUX MTOTOKOB MEXKY BO3MOKHBIMU 3BaKyallMOHHBIMHM BBIXOJIaMH,
KOT'/Ia OHU He OJIOKHPOBAaHBI, MTPOUCXOJUT COTJIACHO 3aKOHOMEPHOCTSIM, IPUBEICHHBIM
Ha puc. I[15.5, a, 6.

!
10 N ,
0 '--.J\ | _J .
& e e ol 4 —
f T Brixorsl ¢ 3Ta)ka B JIECTHUYHEIE
© 90 KiIeTku (U3 37aH¥s)
>
&2 1al ] al
ZF| 80 \ N2 N]_
I I, J Doiie
70 (BecTrO0OIB)
- "\
ol | L1 n

— —_— * r——
0,102 0,30,4050,6 0,70,8
3ajIpHOE TIOMEILIEHUE

Puc. I15.5, a. Yucno 3puteneit 1 BHIOOP BbIXO/1a MIPH 3BaKyalllH B JIBE JIECTHUYHBIE KIETKU
100 B IBE€ OTKPBHITHIE JIECTHUIIBI WJIH B JIBa BbIXoJa M3 3faHus: N — o0Iiee KoJTu4ecTBo
sBakyupymomuxcs; N; —uncio sBakyupyomumxcs yepes OnmkHuid BoixoJ; N, — uucio
IBAKYUPYIOIIUXCS Yepe3 MabHUI BBIXO; |1 — mmiHa myTH 10 OivbkHEro Bbixona; |, — amnHa
MyTH JI0 aJbHETO BhIXO/a

l
100
=z
& 95 A\
X \ BbIXo1 ¢ 9Ta)xka Ha BbIXo1 ¢ 9Taxka Ha
3;/' 90 OTKPBITYIO JIECTHUIY  JICCTHUYHYIO KIETKY
Z 1 J L I | L
85 | Nl
| ®doiie
80 5 1 I,
I '\\
7v i 1 |\' jrouy s .‘
0102 030405060708 |1, 0 ’

3ajpHOE TIOMEILIEHUE

Puc. I15.5, 6. Yucno 3puteneit 3BaKyHpyOMIMXCS [0 OTKPHITON JECTHHIIE:
N — o0riee KOIMYECTBO dBaKyUpyromuxcs; N — 4uciio 3BaKyupyoumxcs
0 OTKPBITOM JICCTHHUIIE; |1 — JTTMHA Ty TH 10 OTKPBITOH JICCTHUIIH;
|, — AyTMHA IYyTH 10 BBIXO/IA HA JIECCTHUYHYO KIIETKY



3. [Ipu ogHOPOAHOM COCTaBe JIOJCKOIO MOTOKA Tpynn MoOuiIbHOCTH M2, M3 1

M4 3nauenus BenuuuH D, V u  cinegyer nmpuHUMaTh B COOTBETCTBHM C JAHHBIMU
tabmuibl [15.2.

Tao6auna I15.2

PacueTHble 3HaYeHUs TapaMeTPOB sl TpyIn MoOuiIbHOCTH M2 — M4

Bup nyrn
MOgI/II)Jflr)::)aCTH D, Topusonraibubiii | Jlecrnuna Buu3 | JlecTHuna BBepx TManpyc BHU3 TManayc BBEpX
e |V a, Vv, a, Vv, a, Vv, a, Vv, a,
m/vun | v?m-vma | /v | v vevun | wivn | ovZvevas | ow/vns | v vemun | mivnn | /v muan
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 5,24 16,78 3,36 41,91 8,38 21,98 4,40
0,3 21,97 6,59 22,01 6,60 13,96 4,19 33,92 10,18 18,09 543
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 9,14 548 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 5,25 55,00 2,75
0,1 70,00 7,00 20,00 2,00 25,00 2,50 105,00 10,50 55,00 5,50
0,2 53,50 10,70 20,00 4,00 20,57 4,11 83,41 16,68 45,54 9,11
0,3 43,57 13,07 16,67 5,00 17,05 5,12 65,70 19,71 35,59 10,68
M3 0,4 36,52 14,61 14,06 5,62 14,56 5,82 53,13 21,25 28,54 11,41
05 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
05 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 — HeMmouIHbIC IO, MOOWJIBHOCTh KOTOPHIX CHW)KEHA H3-32 CTapeHUs
opranu3ma (MHBaJIHMIbI IO CTAapOCTH); HWHBAIWABI HAa TMPOTE3aX; HHBAJIMIBI C
HEJIOCTaTKaMU 3PCHUs, TMOJIB3YIONUEeCsS OOl TPOCThIO; JIIOJU C TMCUXUYCCKUMHU
OTKJIOHCHUSIMH,;

M3 — uHBaIWABI, KMCIOJB3YIONIME TNPHU JABMKCHHH JIOTOJIHUTEIBHBIC OMOPBI
(KOCTBLIH, MAJIKH);

M4 — uHBaNuIbl, NMEPEIBUTAIONIMECS HA KpeclaX-KOJIICKax, MPUBOIAMMBIX B
JBIDKEHHE BPYUYHYIO.

o 2
4, HJIOH_IaJIB TOPHU3OHTAJIbHONU IIPOCKIOHNHU YCJIOBCKA f, M 4el. MMPUHUMACTCA B
3aBUCUMOCTH OT COCTaBa HIOHCﬁ B IIOTOKC B COOTBCTCTBUU C NPUBCACHHBIMU HUHIKC
JaHHBIMU.

a) 6)

Puc. I15.6. [1nomans ropu30HTAIBHOM MTPOSKITUH YeTIOBEKA:
a) pacueTHas; 0) JeHCTBUTEIbHAS

Pasmepnl nroseil M3MEHSIOTCS B 3aBUCUMOCTH OT (PU3MYECKUX JIaHHBIX,
BOo3pacTa u ofexanl. B tabnunax I15.3, [15.4, T15.5 u Ha pucynke I15.7 npuBoasTcs
YCPEIHEHHBbIE pa3Mepbl JIIOJEH pa3HOro BO3pacTa, B Ppa3IMYHOW ONEKIE U C
pa3nuuHbIM rpy3oM. [lpu 3TOM npuBeneHbl 3HAYEHUS IUJIOIMIAAM TOPU30HTAJIbHOU
MPOEKIIUU MHBAIUJOB C HAPYIIEHUEM OMOPHO-ABUTATEILHOIO anmnapara.



Tabauya 15.3

| Tlnomaau ropu3oHTAIBLHON MPOEKIUU B3POCJIbIX JIIO/IeH

Tum oaex el

[llnpuHa a, m

TommuHaa ¢, M

[Imomaae ropu30HTATBHOM
2
MIPOEKITUH, M /e

JIETHAS 0,46 0,28 0,100
BECEHHE-OCEHHAS 0,48 0,30 0,113
3UMHSSI 0,50 0,32 0,125
Tabauya 5.4

IL1oa M ropu3oHTAJIBLHON NPOEKUMH JAeTeil U MOJAPOCTKOB

Tum oaexapl

Bo3spactasle rpynnsl

Mnanmas Cpennss Crapias
10 9 et 10 - 13 ner 14-16 ner
IOMALITHASA O 1a 0,04 0,06 0,08
JIOMAIITHSAS 0I€X/1a CO IIKOJIbLHOMN
CYMKOM 0,07 0,10 0,14
VIIMYHAs OJIeXK A 0,09 0,13 0,16
| [ o )
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Puc. I15.7. IInomaas ropu30HTATIBHON POEKIUY JIIOIEH ¢ pa3IunYHbIM

rpy3oM



Taonuua I15.5

. 2
1 MOOWJILHOCTBIO, M /4ert.
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4. Bpems 3amepxku 1, JBWKEHHMs Ha y4yacTKe | H3-3a 00pa30oBaBIIEroCs
CKOIUICHUSI JIIOJICH Ha TpaHUIle ¢ MocheayronmM ydactkoMm (i+1) ompenensiercs mo

bopmyie:
1 1

OupuD=0.9 Vi+1 i *0j

t=Nx X ), (I15.1)

rae N — KoJIMuecTBO JIIOIEH, Yell.;

f — mToma s ropU3OHTATBHOM HPOCSKIINH, M

Oppn D=0.9 - MHTEHCUBHOCTb JBIDKEHUs uepe3 ydacTok i+1 mpu mnotHoctu 0,9 u
oonee, M/MUH;

bi.1 — mmMpuHa ydyacTka, M, NPH BXOXKJICHHH Ha KOTOPBIH 00pa3oBajioCh
CKOIUIEHHE JIIOJIEH;

Oi+1 - MHTCHCUBHOCTD JBM)KCHHS Ha ydacTKe 1, M/MUH;

bi - muprHa npeaIIecTBYIONIETro yyacTka i, M.

Bpewms cyiectBoBanus cKoruieHHs t, Ha ydacTke | onpeensercs mno Gpopmysie:

- Nt (I15.2)
UrpuD=0,9 i 41

tCK

PacuéTHoe Bpemsl dBaKyallid IO YYacTKy i, B KOHIIE KOTOPOTO Ha TpaHHIE C
ydactkoMm (i+1) 00pa30BajoOCh CKOIUICHWE JIIOACH PaBHO BPEMEHU CYIICCTBOBAHHS
ckoruteHus t... PacuéTHoe BpeMsl 3BaKyallMu 10 y4acTKy | AOIMYCKACTCs OMPEIEIIATh M0

bopmyie:

.:I7i+ . H53
=y T (I15.3)



[Ipunoxenue Ne 6
K nyHKTYy 12 MeTtonuku

IHopsinok mpoBeAeHus: pacyeTa 1 MaTeMaTHYECKHEe MOJECJIH /IS ONpeae/IeHUs
BpeMeHHU OJIOKHPOBAHMS NYyTel IBAKyallUd ONACHBIMH (paKkTOpamMu moKkapa

|. Tlopsiiok npoBeaeHus1 pacyera

[IpousBoAMUTCS SKCHEPTHBINA BHIOOP CIIEHAPUS WM CLIEHAPUEB MOXKapa, MPU KOTOPBIX
OKUJAI0TCA HAUXYIINE MOCIEACTBUS Il HAXOASIINXCS B 3JaHUU JIIO/ICH.

dopMynUpoBKa ClieHapHsl pPa3BUTHs TOKapa BKJIOYAeT B cels clenyrouiue
ATaIbl:

BBIOOP MeCTa HaX0XkACHHs NePBOHAYAIBHOTO OoYara rnoxapa 1 3aKOHOMEepHOCTEMN
€ro pa3BUTHUS;

3aJ]aHie pacyeTHOU 001acTH (BHIOOp paccMaTpUBACMOM MPHU PACUETE CUCTEMBI
MOMEIICHHH, ONpeieNIieHne YYUTHIBAEMBIX IPU pacUeTe AIEMEHTOB BHYTPEHHEN
CTPYKTYpbI IOMEIICHHIA, 3aJ]aHUE COCTOSIHUS TIPOCMOB);

3aJlaHKe MMapaMeTPOB OKPYKAIOIIEH cpe/ibl U HavadbHBIX 3HAYEHUN apaMeTpOB
BHYTpPH IOMEUIECHUM.

Br160op MecTa Hax0XASHHUS oyara noxapa npou3BOAUTCS SKCIIEPTHBIM ITyTEM.
[Ipu 5TOM yUUTBHIBAETCS KOJIUYECTBO rOPIOYEH Harpy3Ku, €€ CBOICTBA U PacIoIOkKEHHUE,
BEPOSITHOCTh BO3HUKHOBEHHUSI 10XKapa, BO3MOXKHASI TMHAMHKA €r0 Pa3BUTHS,
PacroioKEHHE IBAKYAIMOHHBIX MyTEW U BBIXOJIOB.

Haubonee yacto mpu pacuetax pacCMaTpuBalOTCs TPU OCHOBHBIX BUJA Pa3BUTHUSA
Mo’kapa: KpyroBoe pacnpoCTpaHEeHHE MoXkapa Mo TBEpAOW roproyeil HarpysKe,
JMHENHOE paclpocTpaHeHue MoKapa Mo TBEPAOM roproyeil Harpyske,
HEYCTAHOBHBIIIEECS TOPEHHE TOPIOYEH KUIKOCTH.

CKopocCTh BBITOpaHHMsI IJIsl TUX CIy4aeB onpenaesnsercs GopMmyiaMu:

Iy Xxv?x% - uIst KPYrOBOTO PAacIpOCTpaHEHHs MoxKapa
S1Y 3 WX - s auHeiHOro PaclpOCTPAHCHHUS! MOXKapa , (I16.1)

t
! LY, X ' - U4 HCYCTaHOBUBIIECTOCs TopeHUs [ K
CcT

7€ Y y; — yAeIbHas CKOPOCTb BBITOPAaHHS (IS )KHIKOCTEH
ycTaHoBuBILIasics), Kr/(c%®);

V — CKOPOCTh paclpOCTpaHEHUS TIaMeHu, M/C;

b — mmprHa moI0Ckl roproYeii HArpy3KH, M;

t.; — BpeMs cTaOMIN3aly TOPEHUS FOPIOYEH JKUIKOCTH, C;

F — miomans oyara nmosxapa, M,

C yuyerom paszaena || JaHHOTO MPHIIOKEHUS BEIOMPACTCS METOI MOCIHPO-



BaHUd, QOpMynHpyeTcs MaTeMaThyeckass MoJielb, COOTBETCTBYIOIIAs JIaHHOMY
CIEHApHIO, M TPOU3BOJIUTCS MOJEIMPOBAHUE JWHAMUKU pa3BUTHUA TMoxapa. Ha
OCHOBAHHH TIOJYYEHHBIX PE3yJbTAaTOB PACCUUTHIBACTCS BPEMS JOCTHIKCHHS KaXKIbIM U3
OMACHBIX (PAKTOPOB MOXKapa MPEAETbHO JOMYCTUMOIO 3HAUECHUS Ha MyTAX dBaKyaluu.

Kputndeckoe Bpemsi o KaxJA0My U3 ONACHBIX (PAKTOPOB MoKapa Ompenesnsercs
KaK BpeMs JOCTHIKCHHS dTUM (PaKTOPOM IMPEJCIBHO TOMYCTUMOTO 3HAYEHHUS Ha MYTIX
ABaKyaluu Ha BbicoTe 1,7 M OT moa.

[IpenenbHO AOMYCTUMBIE 3HAUEHUS TIO KXKJIOMY U3 OMACHBIX (PAKTOPOB MOXKapa
COCTaBJISAIOT:

10 TOBBIIIEHHON Temmeparype — 70°C;

110 TEIIOBOMY [OTOKY — 1400 Br/m?;

1o norepe BuaAUMocTH — 20 M;

110 TIOHIDKEHHOMY COIEP)KaHMIO Kuciopoaa — 0,226 kr/v’>;

M0 KKJOMY M3 TOKCHYHBIX T'a3000pa3HbBIX MPOIYKTOB FOPEHHUSI
(CO,— 0,11 kr/m* CO —1,16-10° kr/m>; HCL — 23-10° kr/v®).

Heo0xonuMo 0TMETUTD, YTO MIPHU UCIIOJIB30BAHUU TMOJIEBOM MOJIENN ONpeesIeHne
KPUTUYECKOTO BPEMEHH HUMEET CYUIECTBEHHbIE OCOOCHHOCTH, CBSI3aHHBIE C TE€M, UTO
KPUTUYECKOE 3HAUYEHHWE B paA3JIMYHBIX TOYKAX TIOMEIIEHUS JIOCTUTAaeTCsl He
OJHOBpeMeHHO. /{7 moMemieHnii ¢ COM3MEPHMBIMU TOPU3OHTAIBHBIMH pPa3MepaMu
KPUTHYECKOE BpEMs OMpPEACIseTcs] Kak MaKCHMalbHOE W3 KPUTUYCCKUX BPEMEH ISl
HBAKYaIllMOHHBIX BBIXOJOB U3 JIAHHOTO TOMelIeHUs (BpeMsi OJOKMPOBaHUS TOCIICIHETO
BBIXO/Q).

Omnpenensiercs Bpemsi 6110kupoBaHus ts;:

ts, :min{t”- T o 92 t} (I16.2)

Kp 7 "Kp’ "Kp ' "Kp ' "Kp

1. Knaccupukanus u 06J1acTb NpMMeHEeHNsI METOL0B
MaTeMAaTH4YeCKOro MoeJIMPOBAHUSA MOKapa

Jljist onMcanusi TepMOra3oAMHAMUYECKUX TapaMeTPOB MoXxapa NPUMEHSIOTCS TPy
OCHOBHBIX TpYyNNbl JCTEPMUHUCTHUECKUX  MOJEJNeil. HHTerpaibHble, 30HHbIE
(30HaNBHBIC) U TIOJICBBIC.

Bb160p KOHKpETHOI MoJieNu pacueTa BpeMeHU OJIOKHPOBaHUS IMyTEH IBaKyalluu
CJeAyeT OCYIIECTBIATh UCXOS U3 CIEAYIOIIMNX MPEAITOCHUIOK:

UHMEZPAaNbHbIL MEemoo’

JUISL 3JaHUH, COZIEPIKAIUX PA3BUTYIO CUCTEMY MTOMEIIEHUI Manoro oobema
MIPOCTOI reoMeTpUIeCcKOr KOHPUTypaluy;

IUTs1 TOMEUIEHNH, T€ XapaKTEPHBIM pa3Mep odara rnoxapa COu3MEpUM C
XapaKTepHbIMU pa3MepamMu OMEILECHUS U pa3Mepbl IOMEIIEHUS] COU3MEPUMbBI MEXKIY
co0o¥ (JTMHEWHBIC pa3Mephl TOMEIICHUS OTIMYAIOTCS He Oosiee 4eM B 5 pas);

JUIS TIPEIBAPUTENIBHBIX PACUETOB C 1I€JIbIO BBISIBICHHUS HAauOOJIEe OMacHOI0
CLEHapus MoxKapa,



30HHbI (30HAILHBILL) MEmMOO:

JJI IOMEIIEHUN U CUCTEM IOMEILIEHUN TPOCTON T€OMETPUIECKOMN
KOH(UT'YpaliH, TUHEHHBIC pa3Mephbl KOTOPBIX COM3MEPUMBI MEXY CO00# (JIMHEHHbIC
pasMepbl IOMEIICHHUS OTIIMYAlOTCs He Ooiee YyeM B 5 pas), korja pasmep ouara rnokapa
CYLIECTBEHHO MEHBIIIE PA3MEPOB IMOMEILICHUS,

JUTs1 pabourX 30H, PACIOJIOKEHHBIX Ha Pa3HbIX YPOBHAX B MpejiesiaX OJHOTO
nomMenieHus (HaKIIOHHBIN 3pUTEIbHBIN 3271 KHHOTeaTpa, aHTPECONIH U T.J);

noneeol Memoo.

JUTS] TIOMEIIEHUN CITOKHOM reOMeTpUYECKOM KOH(GUTYpaITiH, a TAaKKe
MOMEIIECHUI ¢ OOJIBIIIMM KOJHUYECTBOM BHYTPEHHHX Iperpaj (aTpuyMbl ¢ CHCTEMOM
rajepei U MpUMBIKAIOIMKUX KOPUIOPOB, MHOTO(YHKIITMOHAIbHBIE LIEHTPHI CO CJIOXKHOM
CHUCTEMON BEPTHUKAJIbHBIX U TOPU30OHTAIBHBIX CBSI3CH U T.1.);

JUJI TIOMEIIEHNH, B KOTOPBIX OJWH U3 T€OMETPUYECKUX Pa3MEPOB ropas3ao
Oosbie (MEHbIIIE) OCTANBbHBIX (TOHHEH, 3aKPHIThIC aBTOCTOSIHKH OOJIBIION IIOMIAIH
U.T.J.);

JUTSL MHBIX CITy4aeB, KOTria MPUMEHUMOCTh WK HH)OPMATUBHOCTh 30HHBIX U
HHTErPabHBIX MOJIEJICH BBI3bIBACT COMHEHHUE (YHHUKATbHBIC COOPYIKCHHS,
pacrpocTpaHeHue moxapa 1o ¢acaay 37aHusi, HEOOXOAUMOCTh yueTa paboThl CUCTEM
MIPOTUBOTIOKAPHON 3aIIUThI, CHOCOOHBIX KAUYECTBEHHO U3MEHUThH KapTUHY IOXkapa,

U T.J.).

[Ipn uCmob30BaHUU UHTETPAITBHOW U 30HHOW MOJEIIEH JJIsl OMEIIEHUS, OAUH
13 JIMTHEHMHBIX pa3MEPOB KOTOPOTo Oojiee YeM B IISITh pa3 MPEBHIIIAET XOTs Obl OJUH U3
JBYX IPYTHX JTUHEHHBIX Pa3MepoOB, HEOOXOAMMO 3TO MOMEIIICHHE JICIUTh Ha YYaCTKH,
pa3Mepbl KOTOPBIX COM3MEPUMBI MEXKTy COOOM, U paccMaTpUBaTh YYaCTKU Kak
OTJIeJIbHBIE TTOMEIIEHUsI, COOOIIAOIIMECS TPOeMaMH, IUIOIIaAb KOTOPHIX paBHA
IUIOIIAM CEUYEHHUS HA TPAHUIIE YYaCTKOB. Vcnonb30BaHNEe aHAIOTMYHOM ITPOLEAYPHI B
cily4ae, Korja JBa JUHEWHBIX pa3Mepa MPEeBHIIIA0T TPETUil 60Jiee ueM B S pa3 He
JIOITYCKaeTCH.

[1l. UaTerpajibHass MaTeMaTH4YecKasi MoJieJib pacueTra ra3oo0MeHa B 3JJaHMH,
NP MoxKape

J51st pacyeTa pacrpocTpaHEHuUs MPOYKTOB FOPEHHUS 0 3[JaHUIO0 COCTABJISIOTCS U
peIIatoTCcsl ypaBHEHUsI a’palliu, TEIUIO U MacCOOOMEHa Kak sl KaXJI0ro MOMEUIEHUs B
OTJICJIbHOCTHU, TaK M JJIsl BCErO 37JaHUS B IEJIOM.

VYpaBHEeHUS ABUKCHHUS, CBSA3bIBAIOIINE 3HAUCHHS TIEPENaioB JaBJICHUM Ha
poeMax ¢ pacxojaMu ra3oB uepe3 MpoeMbl UMEIOT BU/I:

G; =sign(DP; ) xmxFx |2 >+DP“ : (I16.3)
rae Gji —pacxo[ ra3oB uepes mpoeM Mexay ABYMs (j-M U i-M) CMEXHBIMU
MIOMEIICHUSMHU, Kr/C;
M- ko3¢ durment pacxoaa nmpoema (M= 0,8 mis 3akpbIThIX IpoeMoB 1 M= 0,64
JUISL OTKPBITHIX);




2.
F —momank cedenus mpoema, M,
3.
' — INIOTHOCTH Ta30B, IPOXOIAIINX Yepe3 IpoeM, Kr/M™;
DP;i — cpexnmii epemnan MOMHBIX JaBICHUI MEXIY j-M U i-M noMemeHueM, I1a.

Hanpasnenne (3HaK) pacxona onpeznessieTcst 3HaKoM pa3sHocTH fasienuil DP;. B
3aBUCUMOCTH OT 3TOTO IJIOTHOCTH I TPUHUMAET PA3JINYHbIC 3HAUCHUS.

3Hak pacxoja ra3oB (BXOSIIUN B MOMEIIEHUE PACXO]] CUUTACTCS
MOJIOKUTEIBHBIM, BBIXOAIINN — OTPHUIIATEIbLHBIM) M 3HAUCHHUE I 3aBUCAT OT 3HAKa
repenaaa JaBJICHUM:

r=r;,npuDP<0

sign(DP),r = (I16.4)

N
7

1,
f+Lr =r,,npuDP>0 .

JInsi TPOTHO3UPOBAHMS TMAPAaMETPOB MPOAYKTOB TOpeHUs  (TeMmepaTypsl,
KOHIICHTPAIUil TOKCHYHBIX KOMIIOHEHTOB IIPOJYKTOB TOPCHHUS) B TOMEIICHUSIX
MHOT03Ta)XHOT'O 3[JaHUS Ha 3Ta)kaX, PaCHOJIOKEHHBIX BBIIIE ATaKa, HA KOTOPOM MOXKET
BO3HUKHYTh TIOXap, pPacCMaTPUBAIOTCS TMPOILECCHl PACHpOCTPaHEHUS MPOAYKTOB
TOPCHUS B BEPTUKAIBHBIX KaHANAX (JICCTHUYHBIC KJICTKH, IIAXThI JIM(TOB, BEHTKAHAIIBI
U T.IL.).

BepTukanpHyI0 MIaXTy MO BBICOTE Pa3EisIFOT Ha 30HBI, KOTOPBIE MPEACTABISIOT
y3JIbI B TUPABINYECKON CXeME 3/1aHus1. 30Ha 10 BHICOTE MOXKET OXBATHIBATh HECKOIBKO
sTaxkel 37aHus. B 3TOM ciydae pacxo raza MKy 30HaMH MOXKHO BBIPA3HUTh
dbopmyoii Bua:

Dp
G = ? ) (I16.5)

rae S= — XAPAKTCPUCTHUKA TUAPABINICCKOI'O COIIPOTUBJICHUA HA

2xg% XK 2
IPaHUIIC 30H;
F — mioma s monepeyHoro CEYCHUs MaxThi;
k —koa¢dummenT (romyckaercs mpuHIMATh paBHbM 0,05 ¢7/m);
g = 9,81 m/c* — yckopeHHe CBOGOIHOTO T1a/ICHHS,
Dp —mepenaj AaBICHUI MEXIy y3lIaMu.

31aHue MpeACTaBISIOT B BUJI€ THIPABINYECKON CXEMBbI, Y3JIbl KOTOPOM
MOJICTTUPYIOT OMEIICHUS, & CBSI3HM — ITyTH JBWXKEHUS TIPOJIYKTOB TOPEHUS U BO3TyXa.
Kaxxoe nmomenieHue 31aHusi OMUCHIBAETCS CUCTEMOUM YpaBHEHUH, COCTOSIIIICH U3
ypaBHeHUs OajlaHca MacChl, ypaBHEHUSI COXPAHEHHUS SHEPTUU U YPaBHEHUSI OCHOBHOTO
ra3oBoro 3akona (MenaeneeBa-Knaiinepona).



VYpaBHeHue O6anaHca Macchl Belpaxaercs (popMyInoi:

d(r;»v))/dt=y +§Gk' SGi» (116.6)

3.
riae Vj—o0beM NoMEIeHus, M,
t —Bpewms, c;

§Gk - CyMMa pacxoJi0B, BXOJSIIUX B IIOMEIIEHUE, KI/C;
S G, - cymMMa pacxofoB, BBIXOJSNIMX M3 IIOMEIIECHUs, KI/C;

Y — CKOpPOCTh BBITOPaHUS MMOKAPHON HArpy3KH, KI/C.
VYpaBHeHUE COXpaHEHUsI SHEPTUU BhIpaKkaeTcst POPMYIION:

d(C, | X, AT dt = CS (T Gy - C, TS G+ Q- Q,,, (116.7))

rae Cy, Cp — yaenbHas H30XOpHas U u300apHast TermioeMKocTH, K/ (kr¥K);
T;, T; — TemmepaTypsl Ta30B B i- M U |-M OMeIIeHHsX, K;
Qr — KOJIMYECTBO TerIa, BBIACISIEMOTO B IIOMEIICHUU IPU TOPEHUH, KBT;
Qw — TEIUIOBOM MOTOK, MOTJIONIAEMbI KOHCTPYKIIUSIMU U U3JIy4aeMbIil 4epe3
poeMsl, KBT.
Jlst momerieHus ouyara noskapa penrunHa Qr onpeaensiercs no Gopmyiie:
Qr =h>Q, +I,
riae h - K03 UIUEHT MOJIHOTHI TOPEHUS;
Qu — HH3IIIas TeIUI0Ta cropanus, KJHK/Kr;
| — sHTANBIMSA Ta3UUIIMPOBAHHON TOPIOYCH HATPY3KH.
Jlns octanbHbIX moMerienuit Qr = 0.
Koaddutment monuots! roperust h onpexaensercs mo Gopmyie:

h=h, K +(1- K)M, (I16.8)
Y«

OX

rae ha, — KO3pOUIMEHT TOJTHOTHI TOPCHUS B PEKHUME MOXKapa, PEryIupyeMOoM
roproyei Harpy3Koi, onpeensieMblil GopMyIIOoi:

h, =0,63+0,2%X, , +1500xX$ 116.9
a 0oXx,a

ox,a*

Koaddumuent K paccuutsiBaercs no popmyie:

.B
X, .0 & & X, .00
K:é oM > exp¢B L ~ M (I16.10)

ox,a @ 8 Xox,a 55

2
& X 0

rine B=¢_—*2__+;
Xox.a~ 0,0l,‘a

Xox,a — Ha4daJIbHasA KOHICHTpauA KUCJI0pOoJa B IIOMCINCHHUN o4ara Iioxapa,
Xox,m —TCKYIIas KOHOCHTPpAUA KUCJIOPOJa B IIOMCUICHUHN OYara Io;xapa.



VYpasuenue MenpeneeBa-Knaiinepona Beipaxkaercsa Gpopmynoil:
_ R
P=r T, XM, (I16.11)

rae P, — naBnenue rasa B j-M noMerenuy, [1a;

T, —Temneparypa rasa B j-M nomenienud, K;

R = 8,31 — yuuBepcanpHast razoBas nmocrosiuaas, Jx/(monpX);

M — mMounsipHast Macca rasa, MOJb.

[TapameTpbl ra3a B IOMEIIEHHH ONPEACISIOTCS U3 YpaBHEHHMs OaaHca Macc
OTACIBHBIX KOMIIOHEHTOB TIPOJIYKTOB FOPSHUS U KUCIIOPOJIa ¥ YpaBHEHHs OaiaHca
ONTHYECKOM IIOTHOCTH JIbIMA.

VYpaBHeHHE OalaHCa MacC OT/ICTbHBIX KOMIIOHEHTOB MPOTYKTOB TOPESHUS U
KUCIIOPOa:

d(Xp V) dt=y 3, +~E’(XL,|< G - XL, >§Gi : (I16.12)

rae X, XL j — KOHIeHTpanus L-ro KoMImoHeHTa IpOAYKTOB TOPEHHS B i- M U |-M
MIOMEIICHUSX, KI/KT;

L. — konndecTBO L-ro KOMITIOHEHTA MPOYKTOB TOpeHHsl (KUCI0poaa),
BBIICTISIONIETOCs (TIOTIIOMIAIOIEroCs) IPY CrTOPaHUH OJHOTO KUJIOTpaMMa MoKapHOH
Harpy3KH, Kr/KT.

VYpaBHeHHe OalaHCa ONTUYECKOMN MIOTHOCTH JIbIMA:

V;xdm/dt=y >om+§(m(>(3k)/rk- n]>iGGi/ri’ (I16.13)

rae M, M — ONTHYecKast ITOTHOCTb JbIMA B i- M 1 j-M HoMereHusx, Hos ™,

D — ABIMO0Gpa3yIOIas CIIOCOOHOCTH MOKAPHOI HAarpy3ki, Hmw/kr.

OnTHueckast IIIOTHOCTH JbIMa MTPH OOBIYHBIX YCIOBUSAX CBSI3aHA C PACCTOSTHUEM
npeeIbHON BUAMMOCTH B IBIMY (DOPMYITON:

I,y = 2,38/m. (116.14)

Jliis moMereHui 0e3 KCTOYHMKA Teruta cuctema ypaBHenwii (I16.6), (I16.7) u
(I16.8) ynporiraercst 1 IpeCTaBISICTCS B BUJIE:

G;j(t) =sign (DR (t)) Xm=Fx, (20 | XD (t)

G():o ’

(116.15)

_).:— —_——— —
Qo5

1 Iy
1 . .
Tae ry :2>‘{ri +9gn(DR;) 3 +r1; - sgn(DF?j)xrj].

[TepBoe ypaBHEHHE CBA3BIBACT MEpEIaibl JaBICHUN Ha COCIMHSIOMNX
MIOMEIIICHUE TPOEeMax ¢ pacXo/I0M rasa 4epe3 3Tu mpoeMbl. Bropoe — Beipaxaer
MOCTOSTHCTBO 00BbeMa I JaHHOTO MoMeleHus. TakuM 00pa3oM, JIJIst BCETO 3aHHsI
TpeOyeTcs pelrath CUCTEMY, COCTOSIIYIO U3 (M + Myc)),, HEIMHEWHBIX ypaBHEHUIH
suga (I16.12) u nyn,, muHelinbIx ypaBHeHuil Buna (I16.13). 3neck My 1 My —



COOTBETCTBEHHO YHCIIO TOPU3OHTAIBHBIX U BEPTUKAIBHBIX CBA3EH Ha dTaxke; Ny — YUCIIO
Y3JIOB; Ny — YUCIIO ATAXKEU.

Cucrema ypaBHeHHI BKIIOUaronias B ceos ypapaenus (I16.6), (I16.7) mst
nomeleHus oyara nokapa u (116.12), (I16.13) 11 ocTanbHBIX TOMEIICHUH U
ypaBuenue (I16.11), onuchiBaromas THIPABINIECKYIO CXEMY 3/IaHHUs, PEIIACTCS
YHCICHHO METOIOM MTEPAIIMH B COBOKYITHOCTH C METOJIOM CEKYIIHX.

OCHOBHBIC ypaBHEHHs IS ONPEACICHUS TEMIIEpPaTyphl ra3a M KOHICHTPALUU
HPOAYKTOB T'OPCHHUS B IMOMECINCHUAX 3aHUS IMOJYyYEHbl M3 YpaBHEHHH COXpaHCHHSI
SHEPIUH U MACCHI.

TemmnepaTypa raza B MOMEIIECHUH, TJI¢ OTCYTCTBYET Ovar rmoxapa omnpeaesercs
U3 ypaBHEHUS TEIIOBOro OajaHca, KOTOPOE MOYKHO TOJIYYUTh U3 YPaBHEHHUS
coxpanenus sHeprun (I16.7). dopmyna a1 onpeeieHns TeMIICpaTyphl ra3a B j-M
MOMEIICHUH 3[aHHSI B «N»-bIii MOMEHT BPEMCHH

n
o

ka (Cre X5k XTi) + Qj
— =1
T = ey mo9 m . . ¥
Cvr >@a Gk -a Gi++ Cpr a Gi +ajn >1:j1'1 +ajcc >1:jcc
k=1 i=1 a i=1
¢ 2 u
é a (Cre "G ka)+Qj u, (I16.16)
+ eT _ k=1 ux
é (n-1)j a;‘l Ln O gn * * l]
A C\,r>@a Gk' aGi++Cprxa Gi+ajn>1:jn+ajcc>1:jcc'
& €=1 i=1 @ i=1 tl
é 2D m o9 m . . u
é C\,R@a Gk' 'aGiT+Cp1-x'a Gi+ajn>1:jn+ajcc>1:jcc u
)expe_ Ek=1 i=z1 9 i=1 ﬂl;l
€ Cu ¥ jx\/j u

rac QJ — CyMMa UCTOYHUKOB (CTOKOB) TCIIJIA B O6’BCMC j-I‘O IIOMCIICHUA U TCILJA,
yXOooAamiero B orpaxxaaronumc KOHCTpYKI_II/II/I;
*_ éT(t)' TW(t)l:I v .
a =a Xéia — IIPUBCACHHBIN KOC—)(i)(i)I/II_II/IeHT TCILIOOTAA4U,
g TM)-Ty §

To — Ha4daJibHasA TEMIICpaTypa B IIOMCIICHUH,

|:jCT — IJI0IIaAb IOBCPXHOCTHU OI'pAKAA0OIUX KOHCTpYKI_II/Iﬁ B j-M IIOMCIICHUH.
KOC—)(i)(i)I/ILII/IeHT TCIUIOOTAAYU A MOXKET OBITH pacCUnuTaH 110 C—)MHI/IpI/I‘IeCKOﬁ

dbopmyie:
-‘1-4,07 8T - T, mpu T, £60°C
a=i . (116.17)
§11,63%exp[0,0023XT,, - T,)] mpu T, >60°C



KonueHTpanus oT1eIbHbIX KOMIIOHEHTOB I'a30BbIX CMECEN B TIOMEILICHUSAX
3/IaHUS BBIYUCIIAIOTCS M3 YpaBHEHMs OajaHca Macchl JaHHoro kommnoHenra (116.12).
Konrnenrparus L-ro KOMIOHEHTa IPOAYKTOB TOPSHHS B |-M ITOMEIIECHUH B «N»-bIi
MOMEHT BpeMeHI/I OHpeIIeJISIeTCH ypaBHeHI/IeM'

(X6 € a(x,e)? aGe *
Xuw =5+ Xy Ty DO W, Ot T (I16.18)

— J —

lile 8 ka=16k =g p

Orntryeckasi KOHIICHTPAIUS TbIMa B IIOMEIICHUSIX ONpeensieTcs u3 0aJaHCoOBOToO
ypaBuenus (I116.19). HatypanbHbIii TOKa3aTeNIb 0CIA0JICHUS CPEIbI B |-OM MOMEIIICHUN
B «N»-bIil MOMEHT BPEMEHU ONPEICIISICTCS YpaBHEHUEM

a(MmGy) ge a(mGy Q ge 4G 9 1619
=KX= + - k=L TxexpC- ><Dt‘ .
My = gG gn]n_m gGk : p(; r. ><\/ *
k=1 8 k=1 a 8 a

AHaJIUTHYECKHE COOTHOILIEHHUS IJIA ONPEaCICHUA KpI/ITI/I‘leCKOﬁ
MNPOAOJIZKHTCJIbHOCTH II0Kapa

JJist OTMHOYHOTO OMEIIEHHSI BBICOTOU He Oosiee 6 M, YOBIETBOPSIOLIETO
yCJIOBUSIM NMPUMEHEHUSI UHTETPAIbHON MOJIEH, TIPU OTCYTCTBUHM CUCTEM
MIPOTUBOTIOKAPHOM 3aIUThI, BIUSIONIUX HA pa3BUTHE MOXKapa, JOIMYCKaeTCs
OTPENIeNIATh KPUTUUECKUE BPEMEHA MO KaXJOMY U3 OMACHBIX (PaKTOPOB IokKapa C
TTOMOIIIBI0 AHATUTHYECKUX COOTHOIIICHHA:

10 TIOBBIIICHHOU TeMIepaType

.

(=i 5 n§1+7°'t05"'y, (116.20)
ATE (@T3+1) 2,

—_) — —

10 IOTCPC BUAUMOCTH

lB . & vxn(L05%a ><E)01%‘%
e = 4ndl- ay (116.21)
TA e Inp >B>43m Xz 9] b
IO MIOHM>XXCHHOMY COJACPKAHHUIO KHCJIOPOJa
T
. e u .
0 ={ Byng. 0044 ay (116.22)
'|'A € 6EBX|_02 o u T
. é §7+0,271><Zg .
P8 M 6 0y



10 KaXKIAOMY U3 I‘a3006pa3HBIX TOKCHUYHBIX ITPOAYKTOB I'OPCHHA

V %X u‘l%

zpr_} ><I§L ool | (116.23)

353xc._ A/
“p

a0,
Marepualia U CBOOOJHOTO 00beMa MOMEIIEHUs, KT

to — HavasbHAs TeMIlepaTypa Bo3ayxa B nomenienuu, °C;

N — mokasaTeyib CTENEH!, YYUTHIBAIOIINA U3MEHEHNE MACChl BBITOPAIOIIIETO
Marepuralia BO BpEeMEHH,

A — pa3MepHbIi TapaMeTp, YUUTHIBAIONIUN YACIbHYIO MAaCCOBYIO CKOPOCTh
BBLITOPaHUs TOPIOYETo MaTepuasa | IIomaab noxapa, kr/c’

Z — 0e3pa3MepHbI MapaMeTp, YUUTHIBAIONUN HEPABHOMEPHOCTh PACIPEICIICHUS
O®II 1o BBICOTE MOMENICHHUS,

Qu — HH3IIIas TEIUIoTa cropanus Matepuana, MJx/Kr;

C, — ynenbHas n3o00apHast TEILIOEMKOCTb ra3a, MJx/kr;

] — ko3¢ dunueHT TeronoTeps (MPUHUMAETCS 10 JaHHBIM CIIPABOYHOMN
JUTEPaTyphl, IPH OTCYTCTBUH JTaHHBIX MOXKET ObITh MPUHST paBHbIM 0,3);

h — koaddunmenT momHoTH ropenus (onpenensercs o popmyse 116.9);

V — cBOOOIHBIN 00BEM ITOMEIIEHNUS, M3;

a— k03h(PUITUEHT OTpaXKEHUS TPEAMETOB Ha MYTAX IBAKYyallUU;

E — HavanbHas OCBEIIEHHOCTS, JIK;

|, — IpenenbHas 1alIbHOCTh BUAUMOCTH B JBIMY, M;

Dim — ABIMOOGPa3yIoIast CIocOGHOCTH TOPSIIEro Matepuaia, Hios? /kr;

L — yeabHBIN BBIXO TOKCHYHBIX Ta30B MPHU CropaHuy 1 Kr MaTepuaia, Kr/Kr;

X —mpeaenbHO IOMyCTUMOE COAEPKaHUEe TOKCUYHOTO ra3a B TOMEIIEHUH, KT' M
(Xcoz =011 kr/m®; Xco = 1,1640° kr/m>; Xo =23%07° krin);

L o2 — yaebHBIN pacXxoj KUCIOpoa, KI/KT.

Ecnu nox 3nakom sorapudMa nojgydaeTcss OTpULIATEIFHOE YUCIIO, TO TaHHBIN
O®II He npeacTaBiIsieT ONACHOCTH.

[TapaMeTp Z BBIUUCTSAIOT IO opMyJie:

rae B= - paSMCpHBIﬁ KOMIIJIICKC, BaBI/ICHH_II/Iﬁ OT TCIUIOTHI CTOPAHUA

-3

= h >expgi4 ><£9 npu H £ 6m, (I16.24)
H e Hg

rine h— BeicoTa paboueii 30HbI, M;
H — BbicoTa moMeleHus, M.
Omnpenensiercs BbICOTa paboueid 30HbI:

h=h_+17- 05x, (116.25)

riae hy, —BbICOTa IUIOINAIKH, HAa KOTOPOM HAXOIATCS JIFOH, Hal MTOJIOM
MIOMEIIECHUS, M,



d — pa3HOCTH BBICOT 110J1a, paBHAs HYJIIO IIPU TOPU30HTAIIBHOM €T0
PaCIOIOKCHHH, M.

Crnenyer UMETh B BHY, YTO HAaMOOJIBIIICH OMMACHOCTH TPH MOKAPE MOABEPTarOTCsI
JII0TY, HaXoAsIuecs Ha 0ojiee BRICOKOH oTMeTKe. [loaToMy, Hanpumep, ipu
OTIpEeJICIICHIH HEOOX0AMMOT0 BPEMEHH dBaKyalluy JIOCH U3 MmapTepa 3pUTEIbHOTO
3aj1a ¢ HAKJIOHHBIM I10JIOM 3HaueHue h ciieayet HaXoAuTh, OpUEHTHPYSICH Ha HanboJiee
BBICOKO PacIOJIOKEHHBIC PsAIbI Kpecell. [TapameTpbl A ¥ N BEIYKUCIISIOT TaK:

JUTSI CITydasi TOPSHUS JKUKOCTH C YCTAHOBUBIIICHCS] CKOPOCTBIO:

A=y & n=l,

2.3,
e y,, — yJeldbHas MaccoBas CKOPOCTh BBITOPAHUs KMIKOCTH, KI/(M“X);

JUISL KPYTOBOTO PACIPOCTpaHEHHS MOXKapa:

A=105% , »?* n=3,

rae V — IuHeiHas CKOPOCTh PaCpOCTPaHEHUS IJIaMEHH, M/C;

ISl BEPTUKATBHOM WITH TOPU30HTAIBHOM MOBEPXHOCTH TOPEHHSI B BUJIE
IPSAMOYTOJIbHUKA, OJIHA U3 CTOPOH KOTOPOT'O YBETHUHUBACTCS B IBYX HAIPABJICHHUSIX 3a
CUCT PACMpPOCTPaHCHHUS TUIAMEeHHU (HAIpUMep, pacipoCTpaHeHHE OTHS B
TOPU30HTALHOM HAIPABJICHUH 110 3aHABECY MMOCJIE 0XBAaTa €ro IIaMEHEM M0 BCEi
BBICOTE):

A=y N n=2,
riae b — neprneHauKyISpHBIN K HaMpaBICHUIO ABM)KCHHUS TUIAMEHU pa3Mep 30HbI
TOPEHUS, M.

[Tpu oTCyTCTBUU crieIMaIbHBIX TpeOOBaHM 3HaUeHMs au E npuHuMaroTcs
paBHbIMH 0,3 1 50 1K COOTBETCTBEHHO, a 3Ha4YeHHUE |;,=20 M.

V. MaremaTuyeckasi IByX30HHAsi Mo/IeJIb M0OKApPa B 31aHUHN

[Tpu perieHun 3a7a4 ¢ MCIOJL30BAHUEM JIBYX30HHON MOJEIH IMOXKAp B 3MaHHUU
XapakTepU3yeTCs YCPEIHECHHBIMH [0 Macce M O0bEeMy 3HAYCHHUSIMH I1apaMeTPOB
3aJLIMJICHHOM 30HBI.

T —TemnepaTypa cpe/bl B 3aIbIMIICHHOM 30HE, K;

M— onTu4eckKas IIOTHOCTh abiMa, Ho/M;

Xj —MaccoBasi KOHIICHTPAIUS i-TOr0 TOKCHYHOTO MPOJIYKTa TOPSHHUS B
3abIMJIEHHON 30HE, KI/KT;

Xg, —MaccoBas KOHIIEHTPALUs KHCI0POa, KI/KT;

Z — BBICOTA HUYKHEH TPaHMIIBI CIIOSI IbIMa, M.

B cBoo odepenp mMepeyUCIICHHBIC MapaMeTpbl BBIPAKAIOTCSA Yepe3 OCHOBHBIC
HUHTErpalibHbIC MapaMETPhI 3aIbIMIICHHOM 30HBI C IIOMOIIBIO CIICIYIOIIHUX (GOPMYII:

)
Q, = gnee(T)xdT, (116.26)
0



X.=—1 x =K
| m ) K m ) (H627)
m:\f’, (116.28)
A
m v
r=——,z=H- % :
vy’ A (116.29)

rae m, m; — oOmas Macca JbIMa U COOTBETCTBEHHO I-T0 TOKCHYHOTO MPOAYKTa
TOpPEHUS B 3a/IBIMJICHHOU 30HE, KT;

M, — Macca KHCIIopoa B 3aIbIMJIICHHOH 30HE, KT

Q; — dHTANBNHS TPOAYKTOB TOPECHUS B 33 IbIMJIICHHON 30HE, K/[X;

S — ONITUYECKOE KOJIUYECTBO jbiMa, Hmw?;

— IUTIOTHOCTH JIbIMa Tipu Temreparype T, kr/m>;

V1 — 00beM 3abIMIICHHON 30HBI, M

H, A —BBIcOTa ¥ IJI0OIIAIL [IOMEILIEHUS, M,

Cp — yAeIbHAas TEIUI0EMKOCTh JbMa, KJDk/(KXr).

I[I/IHaMI/IKa OCHOBHBIX MHTCTPAJIbHBIX ITApaMCTPOB SaHBIMHeHHOﬁ 30HBbI
ONIPCACIIACTCA MHTCIPUPOBAHHUCM CUCTCMBI CJIICAYIOIUX 0aJIaHCOBBIX ypaBHeHHﬁ:

O6H.ICI>1 MacCChl KOMITIOHCHTOB SaHBIMHeHHOﬁ 30HBI C YYCTOM AbIMd, BHOCHUMOI'O B
30HY KOHBEKTHUBHOM KOJIOHKOM U AbIMa YyAAJICMOTI'0 UCpEe3 MPOCMBI B COCCITHUC
MMOMCILCHUA.

‘ZT -GGy, (116.30)

rae t—rtekymiee Bpems, C;

Gk, Gp — MaccoBbli pacxoJl JbIMa COOTBETCTBEHHO Yepe3 KOHBEKTHBHYIO
KOJIOHKY M OTKPBITBIC TPOEMbI B IIOMEIIICHHH, KI/C;

SHTAJIBIIUSA KOMIIOHEHTOB 3aJIbIMJICHHON 30HBI C yY€TOM TEIlJla, BHOCHUMOTO B
30HY KOHBEKTUBHOW KOJOHKOM, TEMJIOOTAaYM B KOHCTPYKIIMU U YHOCA AbIMA B IPOEMBI:

%(t? = QOO | (I16.31)

rne Qx, On, Qwu — TEmIoBas MOIIHOCTb, COOTBETCTBEHHO, BHOCHMAas B
3aIBIMJIEHHYIO 30HY KOHBEKTHBHOW KOJIOHKOW, yaaiseMas C JbIMOM 4epe3 OTKPBITHIC
POEMBI U TepsieMas B KOHCTPYKIINH, KBT;

MacChl KUCJI0OPO/Ia ¢ YY€TOM IOTePh Ha OKUCICHUE TIPOIYKTOB ITHUPOIIH3a

TOprOYMX BCIICCTB.

d;tK -0,23%Gx — %/ k) %G1 (116.32)

— IIOJIHOTA CTOPAaHUA TOPHOYCTOo MaTCpuajia, KI‘/KI‘;



Y — CKOPOCTh BBITOpPaHHS rOproYero MaTepuaia, Kr/c;

Lk — moTpeOcHue KHCIOpO/aa MPH CrOpaHUH €IUHHUIIBI MACChI TOPIOYETO
MaTepuaa, Kr/Kr;

ONTHYECKOr0 KOJIHMYECTBA JbIMa C YYETOM JBIMOOOPA3yIOIIEH CIIOCOOHOCTH
ropsIiero Marepuara;

9S_yp-g, (116.33)
dt p
rie D — npimoo6Opasyromasi cnocoOHOCTh TOprOYero MaTepuala, Hn
/(M*xr);
MAcCChI I-T0 TOKCHYHOTO MPOyKTa TOPEHUSI:
C:P =y A %G, (H634)

Tac Li — MaCCOBBIN BBIXO/[ I-r0 TOKCHYHOTO MMpOAYyKTa rOpCHUA, KI/KT.

Macca koMnoHeHTOB JibiMa Gy, BHOCUMBIX B 3aJBIMJIIEHHYIO 30HY KOHBEKTUBHOMN
KOJIOHKOM, OIICHMBAaeTCs C YYEeTOM KOJMYEeCTBAa BO3/JyXa, BOBJIEKAEMOTO B
KOHBEKTHBHYIO KOJIOHKY IO BCEHl €€ BBICOTE 10 HIKHEW TpaHMIlbl CJIos jabiMa. B
WH)KEHEPHBIX pacyeTax pacxoJ KOMIIOHEHTOB JIbIMa Yepe3 OCECHMMETPUUYHYIO
KOHBCKTHBHYIO KOJIOHKY Ha BBICOTE€ HIJKHEIO YPOBHS 3aJbIMJICHHOW 30HBI Z (B
3aBUCUMOCTH OT TOT'0, Kakasi 00JacTh KOHBEKTUBHOM KOJIOHKH WIH (pakesia morpyxeHa
B 33JIbIMJICHHYIO 30HY) 3a7a€TCsl TIOTY3MIUPHUECKON (HOPMYIION:

1 ,.0,566

|
. x
I 0,011>Q>§ i = i o0nactu pakena
i Qg
! 0,909
| &”Z 0
Gk =10,026 Q%= JUTs TIEpeXO0IHOi 06macTH (I16.35)
i Q g
i e 7 ,0,1,895
: 0124xQ 7% T IUTST 00J1aCTH KOJIOHKHA
2 9
[

rae Q —MOIIHOCTh oyara noxapa, kBT.

I[I/IHaMI/IKa MMapaMCTpOB odara rokapa onupeAciIsACTCA Pa3BUTUCM IUIOUIAAN
TOpCHUA C YYCTOM CJIOKHOTO COCTABA I'OPHOYUX MATCPHUAJIOB, UX PACIIOJIOKCHUA, MCCTA
BO3HMKHOBCHMS O4ara Imo’xapa 1 IOJHOTHI CTOPAHHA.

Q=hxy , Q1. (116.36)

[Torepu Temia B orpaxaaroniue KOHCTPYKIIMUA PACCUUTHIBAIOTCS C yUETOM
TEeMIEepaTyphl ropsueit CTpyu T, CKOPOCTH M U3ITy4aTeIbHOW CLIOCOOHOCTH CTPYH,
OMBIBAIOIICH KOHCTPYKIIMK U TIPOIpeBa caMoi i-0oi KoHCTpyKuuu Ti(Y) 1Mo ToJImuHe Y.
JI7151 3TOr0 YMCJIEHHO MHTETPUPYETCS HECTAIMOHAPHOE ypaBHEHUE Dyphe:



THly)_ 1 M (T)IT(y)

X

Tt = C(T) o P xy : (I16.37)
C T'PaHUYHBIMH U HAYAJIbHBIMHU YCJIOBI/IHMI/I:
it
(aK +an)>(Tc_ TW) =-1 w X# , (I16.38)
y=0
T,
(. +a,)4To- Ti(d)=-1 (T)% , (116.39)
y=d
T.(0,y)=T,, O£y£d, (116.40)

rne 8y, 8, — COOTBETCTBCHHO KOHBEKTHBHBIH M JIYYUCTBIA KO3(DPHUIIHMESHT
Terwootaaun, Br/(M*K);

d — TosmuHa orpaKIaroIIeiH KOHCTPYKITUH, M;

C(T) — TemIoeMKOCTh MaTepuana KOHCTPYKIMH Tipu Temmeparype T(y),
Tk /(kr?2K):;

| (T) — TeruionpoBOAHOCTh MaTepHaia KOHCTPYKIMU mpu Ttemmeparype T(y),
Bt/(m XK);

Tw, To— TemnepaTypa COOTBETCTBEHHO 00OTPEBaEMOIi YaCTH KOHCTPYKITUH U
cpeibl Y HeoOorpeBaeMoi moBepxHocTH, K;

I — IDIOTHOCTh MaTepuaia KOHCTPYKIIMH, KI/M.

TernnoBble U MACCOBBIE TOTOKU Y€pPE3 MPOEM B KK MOMEHT BPEMEHU
PacCUUTHIBAIOTCS € YYETOM TEKYLIETO MEPEIAIa TABIECHUS 110 BEICOTE IPOEMa, COCTaBa
U TeMIIepaTyphbl I'a30BOM Cpe/ibl M0 00¢ CTOPOHBI IIpoeMa (cxema pacdera Ha puc. [16.1).
Tak, MaccoBsIil pacxoj AbIMa U3 MOMEIIEHHS O4Yara rnoxapa B COCEJHEE TOMEILICHHE
PacCUMTHIBAETCA CIEAYIOIINM 00pa3oMm:

G, =Bxex § [2pAR(n)- B, (116.41)

Y

min

rae B — mupuna npoema, Mm;

X — a3poIMHAMHUYECKHi KO3 HUIIMEHT IIpoeMa;

P(h)-P, (h) — pa3auiia gaBineHuii B moMeeHUsAX Ha BbicoTe h;

' — INIOTHOCTH JIbIMA B 3abIMJICHHOHN 30HE COCEIHEr0 MOMEILECHUS TIPU
Temneparype apima T,
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Puc. T16.1. MaccomnoToku 4epe3 npoem

[Ipenenst unterpupoBaust Y max ¥ Y min BBIOUPAIOTCS B MpeJeax cTBOpa MpoemMa,
CJIOs1 IbIMa TIOMEIICHHS oYara Imoapa u Tam, rie u3osirounoe aapienue DP=(P(h)—
P(h)2)>0, kak 3To0 yka3zaHno Ha puc. [16.1.

HeoOxomumasi I71sl OIICHKH Mepernaja JaBIeHUs 110 CTBOPY MPoeMa 3aBUCHMOCTb
JaBJICHUSI OT BBICOTHI B I-OM IMOMEIIECHUH (C YY€TOM 33 IbIMJICHHOM 30HBI ATOTO
MIOMEIIICHHUS) OI[CHUBACTCS KaK:

Potp, 200 ecn h£Z,
()= " (116.42)
1P0+r xZ+ppgph ecm h>7Z,

rae Po — Tekyiiee gaBieHHE B i-OM TOMEINIECHHHM HA HYJIEBOW OTMeTKe (Miam
NPUBEICHHOC K HYJICBOH OTMETKE, €CJIM YPOBEHb I0Jia TMOMEIICHUS BBINIC HYJIEBOM
OTMETKH);

I o — IJIOTHOCTD BO3/lyXa MpH HadaibHOU Temmeparype To;

Z; — TeKyIas BHICOTA HE3abIMICHHOM 30HBI B I-OM MIOMEIICHUH.

PaccuntaHHbIe MapaMeTphl TEINIOMACCOOOMEHa B TMPOEME HCIOIBb3YIOTCS Kak
I'PAHUYHBIC YCIOBHS U1 COCETHETO MOMEIICHHS.

V. IloneBoit MeTO MOACTMPOBAHUS MTOXKapa B 3JaHUU

OCHOBOI 17151 TIOJIEBBIX MOJEJICH MOXKAPOB SBISAIOTCS YPABHEHMSI, BBIPAXKAIOILIUE
3aKOHBl COXpPaHEHUsI MacChl, HMMIYJbCa, OHHEPrUM U MacC KOMIIOHEHTOB B



paccMaTpUBaEMOM MaJiOM KOHTPOJIbHOM 00beMe.
YpaBHEeHHE COXpAHEHUS MACCHI:

ﬂr 1‘[
+ 1=0. l l .

YPaBHeHI/Ie COXpaHCHUs UMIIYJIbCa.

Tiosa)e T fousa)e. P M0
ﬂt(r><u.)+ﬂxj(r><u,><u.) B pe T (I16.44)

JInsi HBIOTOHOBCKHMX JKUAKOCTEW, NOMUMHSIOMUXCA 3akoHy CTOKca, TEH30p
BA3KUX HaNPsDKEHUH orpeaensercs GopMyIIon:

u; 0
;=m aﬂu' + 1 ‘—- g>¢m flu xd; . (I16.45)
YpaBHEHHE YHEPTUU:
R
1(r ><h)+i(r X, m):@+ & o ﬂq‘ (116.46)
It ix; it 9x; &8¢ ‘ﬂxjg ix;
rae h=hy+ d3p xdT + a (Y, xH,) - cratuyeckasi DHTAIbIIUA CMECH,
To
Hy — Temiora oOpa3oBanust K-ro KOMIIOHEHTa,;
C, =a Y\ X, — TEIIOEMKOCTb CMECH IIPH IIOCTOSHHOM JaBJIEHMHU;
k
q; — paJHUalMOHHbIIl IOTOK SHEPTHH B HAIIPABICHUH X; .
VYpaBHEHHE COXpaHEHUS] XUMHUECKOTO0 KOMIIOHEHTa K:
1 2 (r %y, )+ 1 T ><Yk)—i ;Y2 —+S< (116.47)
It ix; ix; x; &

Jlns 3ambikanust cuctembl ypaBHeHwit ([16.43) — (I16.47) wucnonb3yercs



YPAaBHCHHUC COCTOAHUA NACAJIBHOTO I'a3a. I[JISI CMECH ra30B OHO UMEET BHU.

bty Y (.48

k

Tac R() — YHUBCpCaJIbHA I'a30Basd IMOCTOsTHHAA,
M k —MOJIIPpHadg Macca k-ro kommoneHra.



