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COOPYKEHHMAX U CTPOCHUAX PATHYHBIX KJIACCOB (PYHKIMOHAIBHOU
MOKAPHOU ONACHOCTH

ABTOpPCKHI KOJUIEKTHUB: A-p TeXH. HayK, npo¢. M.A. bonoapsn, kana. TexH. Hayk A.A. Kocaues,
KaHJ. TexH. HayK A.B. Kapnos, /I.B. Ymakos - ®enepanbHoe rocyaapCTBEHHOE YUPEKICHUE
"Beepoccuiickuii opaena "3nak [lodera" HayuyHO-HCCI€10BaTENbCKUN UHCTUTYT
npotuBonoxapHoit o6oponst" (PI'Y BHUUIIO) MUC Poccuu; kana. Texs. Hayk [ A.
CamomH - Akagemus ['ocynapcTBeHHOM npoTuBonoxapHoi ciry:k0e1 MUC Poccun; a-p TexH.
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I1.M. Komxos, B.C. T'opmikos - JlenaprameHT Hag3opHoii aeareiabHoctd MUC Poccun.

VYrBepxkaena npukazom MYC Poccun ot 30 utons 2009 r. Ne 382 (3apeructpupoBad B MuHiocte
Poccun 6 aBrycrta 2009 r. Perucrparnmonnsiii Ne 14886).

Meroauka onpeneneHus pacueTHbIX BEJIUYHMH MOKAPHOTO PUCKA B 3IaHUSX, COOPYKEHHUSIX U
CTPOEHUSX Pa3IMYHBIX KJIaCCOB (PYHKIMOHAIBHOM MMOXKApHOI OMACHOCTH.

Pazpaborana B cootBercTBUM ¢ DeaepanbHbIM 3akoHOM Poccuiickoit deneparuum ot 22 uromist
2008 r. Ne 123-03 "TexHu4eckuil periiaMeHT o TpeOOBaHUIX MOKapHOH Oe30macHoCTH" 1
nocranoBieHueM [IpasurensctBa Poccuiickoit @enepannu ot 31 mapra 2009 r. Ne 272 "O
MOPSIJIKE MTPOBE/ICHUS PACYETOB I10 OLIEHKE MOKapHOIo pUcka'" U mpeaHa3HaueHa IS
IIPOBEJICHUS PACYETOB I10 OLIEHKE MOKapHOI'0 PHUCKa B 3[JaHUIX KJIACCOB (PYHKIIMOHAIBHOMN
nokapHoi onacHocta @1, ©2, O3, ©4.

HpC)ICTaBJ'IeHI)I PACUCTHBIC COOTHOIICHHUA AJIA OUCHKU BCIIMYKWHBI HHAWMBUAYAJIbHOTO IMOXKAapHOIo
pHUCKa, MMOPAIOK €€ ITPOBCACHU S, 4 TAKKEC JaHBI OITMCAHUE U PCKOMEHJAIUHU 110 TIPUMCHCHHIO B
Mponecce OUCHKU METOJ0B MATEMATUICCKOTO MOJACITIMPOBAHUA IT0Kapa U 3BaKyalluu J'IIOI[GI\/'I.



Conep:xanue

1. O0ume noJIoKEHMS

1I. OcHOBHBIE pacUETHBIE BEINYNHLI HHANBUIYAIHHOTO TMOKAPHOTO PHUCKA

1I1. TTopsaaok IpoBeEIEHNU pacyeTa HHANBUIYAILHOI'O HOXKAPHOI'O PUCKA

1V. Iopsimok pa3zpaOOTKH AOTIOJTHUTEIBLHBIX IIPOTHUBOIIOKADHBIX MEPDOIPUATHH TIPU
OIIPEJIETICHUN PACUETHOMN BEJINYNHBI MHINBUIYAILHOTO ITOKAPHOTO PHUCKA

Ipunoxenne Ne 1 x nyakry 8 Meromkn CTaTHCTHUYECKUE JTAHHBIE O YACTOTE BO3SHUKHOBEHUS
ooykapa B 3JaHUIX

ITpnnoxkenne Ne 2 x myHkTy 10 Metommku YroponieHHas aHaTRTHYSCKasd MOACSIb IBIKCHHS
JIFOJICKOT'0 ITOTOKA (OIpeSICHUE PACUSTHOIO0 BPEMEHHN dBAKYAIIUM JIIOJCH U3 ITOMEIICHHUHI 1
3JIaHUH TI0 pacueTy BPEMEHH JIBIKCHHS OQHOTO MM HECKOIBKHMX JIOJCKUX MOTOKOB Yepes
DBAKYAI[MOHHBIE BHIXObI OT HAMOO0JIEE VIAIEHHBIX MECT Pa3MEIIECHUS JTIOACH )

Ipunoxenune Ne 3 k nyakty 10 Metoauku MaremaTnueckast MOJAEIb HHANBUIYAIbHO-
OOTOYHOI'O JBUKEHUS JIOAEH 13 3J1aHUs

Ipunoxenne Ne 4 x nyakry 10 Metoankn UMATAIIHOHHO-CTOXACTUYECKA MOJIEIb JIBHYKCHUS
JIFOJICKMX HOTOKOB

Tpunoxenne Ne 5 k myakram 10, 11 Metoauku JlaHHble UL OOpeIeIEHUs pACUETHOTO BDEMEHH
SBAaKyalluu

Ipunoxenne Ne 6 x nyakry 12 Meromukn [Topsaaok IpoBeIeHNs pacyeTa U MATEMATUUYECKHUE
MOJENM UTd OIPEACIICHNUS BPEMEHHN OJOKUPOBAHMS IVTEI DBAKVaIlUH OHACHBIMU (DAKTOpaAMU
noskapa

I. OIIUE ITOJIOKEHUA

1. HaCTOSIHIaSI MCTOAMKA OMPEACTICHUS PACUCTHBIX BCIIMYXH IMOXKAPHOI'O PUCKA B 3JaHUAX,
COOPYKEHMSIX Y CTPOCHUSIX Pa3IMUHBIX KIacCOB (PYHKIIMOHAIBHOM MOXKapHOU onacHOCTH (najee
- MCTOI[I/IKa) YCTaHAaBJIMBACT NOPAAOK OMPCACIICHUA PACUCTHBIX BCJIWMYHH IMOKAPHOI'0 pUCKa B
3JIaHUSIX, COOPYKEHUSAX U CTPOCHUSX (Aajee - 3JaHUE) U PacCIpOCTPAHAETCS Ha 3[JaHUs KIIACCOB
(G YHKIIMOHAJILHOM MMOKapHOM 0NAaCHOCTH:

@1 - 3gaHus1, IpeiHa3HAYEHHbIE I TOCTOSIHHOTO MPOKUBAHUS U BPEMEHHOTO MPeObIBAHUS
JIIOAEH, B TOM YHCIIE:

a) @1.1 - 37aHUs JETCKUX AOUIKOIbHBIX 00pa30BaTENIbHBIX YUPEKICHHH, ClielnaTIn3upOBaHHbIX
JIOMOB IIPECTAPEIIbIX U UHBAIMJIOB (HE KBapTUPHBIE), OOJIBHUIIBI, CHIAJIBHBIE KOpITyca
00pa30BaTeNIbHBIX YUPEKICHUM UHTEPHATHOTO TUMA U JETCKUX YUPEKICHUI;

6) ®@1.2 - rocTUHUIBI, OOIIEKUTHS, CIIAJIbHBIE KOPITyCa CAHATOPUEB U IOMOB OT/IbIXa OOLIEro
THIIa, KEMIIMHTOB, MOTEJIEH U NaHCUOHATOB;



B) @1.3 - MHOTOKBapTUPHBIE KUIIbIE I0OMa;

r) @1.4 - 0AHOKBAPTUPHBIE JKUJIbIE IOMA, B TOM 4HCIIe OJOKUPOBAHHBIE;

@2 - 37aHMS 3PETUIIHBIX U KYJIbTYPHO-IIPOCBETUTEIBHBIX YUPEXKICHUN, B TOM YHCIIE:

a) @2.1 - TeaTpbl, KHHOTEATPbI, KOHLIEPTHBIE 3aJIbl, KIYObl, IUPKH, CIIOPTUBHBIE COOPYKEHUS C
TpuOyHamMu, OMOIMOTEKU U IPYTHE YUPEKIEHUS C PAaCUETHBIM YHCIOM MOCAJ0YHBIX MECT JJIst

IIOCETUTEIICH B 3aKPLITBIX TIOMCUHICHUAX,

0) ©2.2 - My3eH, BbICTaBKH, TaHIEBAJIbHbIE 3aJIbl U IpYrUe MOJ00HBIE YUPEKICHHS B 3aKPBITHIX
ITOMELICHUSX;

B) ©2.3 - TeaTppl, KHHOTEATPbl, KOHIEPTHBIE 3aJIbl, KIIYObl, IUPKU, CHOPTUBHBIE COOPYKEHHUSI C
TpuOyHaMu, OMOIMOTEKU U IPYTHE YUPEKIEHUS C PACYETHBIM YHCIIOM ITOCAI0YHBIX MECT JIIs

MOCETUTENEN HA OTKPBITOM BO3/YXE;

r) ©2.4 - My3eu, BBICTaBKH, TaHIIEBAJIbHbBIE 3aJIbl U IPYrUe MOJOOHBIE YUPEKIEHUS HA OTKPHITOM
BO3lyX€;

@3 - 3gaHKs opraHu3aluii 1o 00CIyKMBAHUIO HACEJICHUS, B TOM YHUCIIE:
a) @3.1 - 3gaHus OpraHu3alnii TOPrOBIIH;

0) ®3.2 - 3manus opranu3aiuii OOECTBEHHOTO MUTAHMS;

B) @©3.3 - BOK3aJIBI;

r) @3.4 - NOJMKIMHUKY U aMOyJIaTOpUU;

1) @3.5 - nomelieHus 1Jis OCETUTENe opraHu3anuil ObITOBOIO0 U KOMMYHAJIBHOTO
00CIyKMBaHUS C HEPACUETHBIM YHCJIOM MOCAJOUYHBIX MECT JUISl IOCETUTEIIEH;

e) ©3.6 - pu3KyIbTYpHO-037J0POBUTEIHHBIC KOMIUIEKCHI U CIIOPTHBHO-TPEHUPOBOYHBIE
YUPEKICHUS C TTOMEIICHUIMU 0€3 TPUOYH sl 3pUTENIeH, ObITOBBIC TOMEIIEHUS, OaHM;

@4 - 31aHKs HayYHBIX U 00pa30BaTENIbHBIX YUPEKACHUM, HAyYHBIX U MPOEKTHBIX OpraHu3allui,
OpPraHOB YIIPABJICHUS YUPEKICHUN, B TOM YHUCIIE:

a) ®4.1 - 3panus o0eo0pa30BaTENbHBIX YIPEKACHNUNU, 00Pa30BATEIBHBIX YUPEIKICHUN
JIOTIOTHATEIFHOTO 00pa30BaHus JeTel, 00pa30BaTeIbHBIX YIPEHKICHUN HAYAILHOTO
poheCCHOHAIBHOTO M CPEIHETO MPOGECCHOHATBHOTO 00pa30BaHNs;

0) ®4.2 - 3manus 06pa3oBaTEIBHBIX YUPEKICHUA BBICIIETO MPO(HeCcCHOHATHLHOTO 00pa30BaHUs U
JIOTIOJTHUTEIBHOTO MPO(ecCHnOHaIbHOTO 00pa30BaHus (OBBIIICHHS KBATU(PUKAILUIH)
CHEIHaJIUCTOB;

B) ®4.3 - 31aHUs OPraHOB YIPABJICHUS YUPEKICHUHN, IPOEKTHO-KOHCTPYKTOPCKUX OPTraHU3allHi,
MH(OPMALIMOHHBIX U PEAAKIIMOHHO-U3/1aTeNbCKUX OpraHu3aluil, HayYHbIX OpraHu3alui,

0aHKOB, KOHTOp, 0(pHCOB;

r) ®4.4 - 31aHUs NOKaPHBIX JIETO.



2. PacueTsl 110 OIIEHKE TIO’KAPHOTO PHCKA IMPOBOJIATCS IYTEM COITOCTABJICHHUS PACUSTHBIX
BEJIMYHH T0’KAPHOTO PUCKA C HOPMATHBHBIM 3HAYCHHEM IT0KAPHOTO PUCKA, YCTAHOBJICHHOTO
®denepanbHbiM 3aKk0HOM OT 22 utodist 2008 r. Ne 123-D3 "TexHudeckuii periiaMeHT o
TpeOOBaHUAX MOKApHOU Oe3omacHoCTH"* (nanee - TeXHHUeCKuil perJaMeHT).

* - CoOpanue 3akoHogarenbcTBa Poccuiickoit denepaunun, 2008, Ne 30 (uacts I), cT. 3579.
3. Onpenenenne pacyeTHBIX BEMYHUH MOKAPHOTO PUCKA OCYIIECTBISETCS HA OCHOBAHUU:

a) aHAJIN3a TI0KAPHOW OTTACHOCTH 3/IaHU;

0) ompeeneHrs YacTOThl peaTn3alliy MOKapOOTIaCHBIX CUTYAIIH;

B) IIOCTPOEHUS MOJIEH OMACHBIX (PaKTOPOB MOKapa JUIsl pa3IMYHbIX CLIEHAPUEB €0 Pa3BUTHUS;

I') OLICHKHU HOCJIEACTBUI BO3ACHCTBUS ONAacCHBIX (PaKTOPOB MOKapa Ha JIFOAEH Ul pa3InuHbIX
CLIEHAPHUEB €r0 Pa3BUTHS;

1) HAUTMYUS CUCTEM O0EeCTIeYeHHS TTO’KapHOH 0€30MacHOCTH 3JaHUH.

4. OnpeneneHne pacyeTHBIX BEIMYMH MOXKAPHOTO PUCKA 3aKIFOYAETCs B pacueTe
WHIMBUIYAITBHOTO TTOKaPHOTO PUCKA JIJIS )KHJIBIIOB, IEPCOHAJA U TOCCTUTEIICH B 31aHHU.
YuciaeHHbIM BBIPAKCHUEM WHANBUAYAJIBHOTO IMOXKAPHOI'O0 PUCKA ABJISACTCS 4aCTOTa BOSI[GﬁCTBI/ISI
omnacHbIX (hakTopoB mokapa (nanee - ODII) Ha yenoBeka, HaxoasAIIerocs B 37aHUU. [lepedenn
OOII ycranoBiieH cratbeit 9 TeXHMUECKOTO perJamMeHTa.

5. Yacrota Bo3neictBuss ODII onpenensiercst 1uist 0KapoonacHOM CUTyalluu, KOTopast
XapaKTepU3yeTcs HauOOJbIIeH ONaCHOCTBIO JUISl )KU3HU U 3/I0POBBS JIIO/IEH, HAXOASIIUXCS B
3JIaHUH.

6. [l uenei HacToOsIILIENH METOUKU UCIIOJIB3YIOTCSI OCHOBHBIE MTOHATHS, YCTaHOBJICHHbBIE
craTbell 2 TeXHUYECKOro perjiaMeHTa.

II. OCHOBHBLIE PACYUETHbBIE
BEJIMYUHDbLI UHAWUBU/IYAJIBHOI'O
IHHOKAPHOI'O PUCKA

7. UHquBuAyalIbHBIN TOKapHBIN PUCK OTBEYAET TPeOyeMOMY, €CIIU:

H
Op£Q", (1
H H _ 106 1,
rae Q' p - HOPMATUBHOE 3HAYCHUE MHIMBUIYAJIBHOTO MOXAPHOTO prcka, Q 5= 107 rox ;
QB - pvaCTHafl BCJIMYMHA I/IHI[I/IBI/II[yaHI)HOFO HO)KapHOFO pI/ICKa.

8. PacueTHas BenmurMHa UHAMBUAYAJIHLHOTO MOXKAPHOTO prucka Op B KaXJI0M 3JaHUU
paccyuThIBaeTCs 1o hopMyIie:

O = OnX(1-Ran) *Prp*(1-P) X(1-Py), )



rac Qn - 4aCTOTa BO3BHUKHOBCHHU IIOKapa B 3JaHUU B TCYCHUC IoJia, OIIPCACIACTCA HA
OCHOBAaHHHU CTATUCTUYCCKUX NAHHBIX, IPUBCACHHBIX B IIPUJIOKCHUN Nelk HaCTOSIIlIeﬁ
Metoauke. [Ipy Hanumuum JaHHBIX O KOJIMYECTBE JItO/IeH B 3JJaHUM HEOOXOIUMO HUCTIOIh30BATh
YTOYHEHHYIO OLIEHKY, a IIPH UX OTCYTCTBHMHM - OLIEHKY B pacdeTe Ha OJIHO yupexaeHue. [Ipu
OTCYTCTBHM CTaTUCTUUECKON MH(OPMaLMU AOMyCKAaeTCs MPUHUMATh Oy = 4X 107 f1st KaXI0TO
3aHUA. OIICHKy YaCTOTHBIX XapaKTCPHUCTUK BOSHUKHOBCHHS IMOXKapa TaKKE JOIYCKACTCA
BBITIOJIHATH UCXOOA U3 CTaTUCTHUYCCKUX NJaHHBIX, Hyﬁ]’[HKyeMBIX B HAYYHO-TCXHUYCCKOM
xypHaiue "[loxxapHas 6e301macHOCTh";

Ran - BeposSITHOCTH 3(hPeKTUBHOTO cpabaThIBaHUSI YCTAHOBOK aBTOMATHYECKOIO MOKAPOTYILIEHUS
(manee - AVIIT). 3nauenue napametrpa Ry, ONpeaenseTcs TEXHUIECKON HaIeKHOCTHIO
anemeHTOB AVIIT, npuBOAMMBIX B TEXHMYECKOU ToOKymMeHTauuu. [Ipyu oTcyTcTBHM CBEACHUH O
napaMeTpam TEXHUYECKOM HaJe)KHOCTH JIOMyCcKaeTcss NpUHUMAaTh Ry, = 0,9. [Ipu otcyrcTBUN B
3JaHUM CHUCTEM aBTOMATHYECKOTO MOKAPOTYIIEHUS R,y IPUHUMAETCS] PABHOW HYIIIO;

Py, - BEPOSITHOCTD IPUCYTCTBHS JIIOJACH B 30aHUH, OIIPEIEIAeMas U3 COOTHOIIEHUA Py, =
pyuy/ 24, TAE Ly - BPEMSI HAX0XKJICHHS JIIO/IEH B 3[aHUU B Yacax;

P, - BeposITHOCTD 3BaKyallly JIFOJEH;

Py 5 - BeposTHOCTH 3P PeKTUBHOI pabOTHI CUCTEMBI TPOTUBOIIOKAPHOM 3AIUTHI, HAPABICHHON
Ha oOecrieueHrne 0e30MMacHON IBAKyallUH JIFOJICH MPH T0XKape.

9. BeposiTHOCTB 3BaKkyaluu P, pacCUUTHIBAIOT 1O (popmyie:

(0,84, — ¢, .
!,,—' ECHIH £, <0384, <.ﬁr +i, i, L6 MHE
B =20999, ecnu £, +£,, $08¢, nt, $6 mun
0000, ECTH £, 208 g, unu i, » 6 MHH
\ (3)

TZ€ ¢, - paCYETHOE BpEMs DBAKyallU! JTHOACH, MUH;

t; - BpeMs Hayaja 3BaKyaluu (MHTepBaj BPEMEHU OT BOSHUKHOBEHHUS I10Kapa /10 Havyana
9BaKyalllH JIFO/ICH ), MUH;

f6, - BpEMs OT HayaJia oxkapa 10 OJIOKHUpOBaHUS 3BAKYallMOHHBIX ITyTEH B pe3ysibTaTe
pacnpoctpanenus Ha HUX ODII, nMeroux npeaeabHo TOMyCTUMbIE JJIs JTI0IeH 3HaUEHUs
(Bpemst O10KMpOBaHUS MyTeH dBaKyalluu), MUH;

fcx - BPEMS CYIIECTBOBAHMSI CKOIUICHHM JIIOJIeH Ha yyacTKax IMyTH (IJIOTHOCTb JIFOJICKOTO MOTOKA
Ha IyTSAX 3BaKyalluu mpessiaeT 3HaueHue 0,5).

10. PacueTHOE BpeMs 9BaKyallMH JIIOACH ¢, U3 IOMEILECHUN U 3JaHUI OIIPENENIEeTCA Ha OCHOBE
MOJENUPOBAHUS JBMKEHHUS JIFOJEH 10 BBIX0JIa HAPYXKY OJHUM U3 CIEIYIOLIUX CIIOCOO0B:

10 YIPOILIEHHON aHAJTUTUYECKON MOJIEIN ABUKEHUS JIIOJICKOTO MOTOKA, MPUBEICHHOU B
npuaoxkeHnu Ne 2 k HacTosmeir MeToauke;




110 MaTEMaTUYECKON MOJEII WHINBHUIYAIBHO-IIOTOYHOTO JBVKEHUS JIIOJAEH U3 3/1aHMS,
IIPUBEJICHHOM B IpuiioxkeHuu Ne 3 k Hacrosmen MeTtonuke;

110 UMUTAIMOHHO-CTOXACTUYECKON MOJENH ABUKEHHUS JIFOJCKUX MIOTOKOB, IPUBEICHHOM B
opuwioxkenuu Ne 4 x Hactosdieit Meroauke.

Br160op cniocoba ompeenieHust pacCueTHOTO BPEMEHH ABAKyaI[H MPOU3BOUTCS C YIETOM
CHEM(PUICCKIX 0COOCHHOCTEH 00hEMHO-TUIAHUPOBOYHBIX PEIICHUN 3/IaHUS, & TAKKE
0COOEHHOCTEN KOHTHHTEHTA (€T0 OJTHOPOTHOCTH ) JTFOJCH, HAXOIAIUXCS B HEM.

[Ipu onpeneneHny pacueTHOrO BPEMEHH 3BaKyallMy YYUTHIBAIOTCS TaHHBIE, IPUBEICHHBIC B
npuiokeHnn Ne 5 k HacTosmen Meroauke, B 4aCTHOCTH IPUHLIMIIBI COCTABJIEHHS paCYETHON
CXEMbI 3BaKyallly JIOACH, TapaMeTphl IBMKEHUS JIIOJEH pa3IuyHbIX IPyMHI MOOMIBHOCTH, a
TaKKe 3HaYEHUS IJI0MIAIeH TOPU30HTAIBHBIX TPOCKIUI Pa3INYHbIX KOHTUHI€HTOB JIFOCH.

[Ipu npoBeaeHUN pacyeTOB CIEAYET TaK)KE YUYUTHIBATh, YTO MIPU HAJIMYUU ABYX U OoJiee
9BaKyal[MOHHBIX BBIXOJIOB 00111asi MPOITYCKHAs CIIOCOOHOCTH BCEX BBIXOJI0B, KPOME KaXI0I0
OJIHOTO U3 HUX, JOJKHA 00eCeUnTh O€30MacHyI0 IBaKyalllI0 BCEX JI0AEH, HaXOAIIMUXCS B
ITIOMELIEHNH, HA ITAXKE WU B 3/1aHUH.

11. Bpems Hauana 3BaKkyaluu f,, ONpeaeIsieTcs B COOTBETCTBUM € IIYHKTOM 1 mpuitoxxeHus Ne 5
K Hacrosmed Meroauke.

12. Bpems 610kupoBaHus MyTeil 3BaKyallH ¢, BBIUUCISETCS IIyTEM pacdyeTa BpeMeHU
noctrxenuss ODII npenenbHO JOMYCTUMBIX 3HAUEHUHN Ha 9BAKYal[MOHHBIX IYTSX B pa3jiHyuHbIe
MOMEHTHI BpeMeHHU. [lopsAiok mpoBeeHus pacuera 1 MaTeMaTHYECKUE MOJIEIH IS
onpe/iesieHusl BpeMeHH OJIOKMPOBaHUS IyTeH SBaKyalluu ONMACHBIMH (aKkTopaMu Hoxapa
NpUBEAEH B npuiioxkeHu Ne 6 Kk HacTosiend MeTtouke.

13. BeposrHocTs 3¢ dhekTHBHON pabOThl CUCTEMBI TPOTHUBOTIOKAPHOM 3aITUTHI P,
HarpaBJIeHHOH Ha o0ecrieueHne 0e30MacHOM IBAKyaIluH JIIOJIEH, PACCUUTHIBACTCS 110 GOPMYIIE:

Pos=1-(1-Rogu*Rcovs) *(1-Roeu *Riyp3), )

r7i€ Rosy - BEPOSITHOCTD 3(PPEKTUBHOTO CpadaThIBaHUSI CUCTEMBI IIOKAPHON CUTHAIM3ALUH.
3HaueHue napamerpa Rz, ONpeaenseTcss TEXHUUECKOU HaJeKHOCTBIO JIEMEHTOB CUCTEMBI
M0’KapHOM CUTHAJIM3aLMHY, IPUBOJUMBIX B TEXHHUUECKON JoKyMeHTauuu. [Ipu oTcyrcTBun
CBEJICHUH IO NTapaMeTpaM TEXHUYECKON HaZACKHOCTH JOMYCKAeTCsa MpUHUMATh Ry5, = 0,8;

Rcoys - ycnoBHasi BeposTHOCTb 3 (EKTUBHOTO CpadaThIBaHUs CUCTEMBI OTIOBELEHUS JIFOJIEH O
M0’Kape U yIpaBJeHUs 3BaKyaluen Jtoaei B ciydae 3(pPpexTUBHOTroO cpadaTbIBaHUs CUCTEMbI
MOYKapHOW CUTHAJIM3AIINH;

Ry13 - yciioBHas BEpOSITHOCT 3(PPEKTUBHOTO cpabdaThIBaHUSI CUCTEMbI IPOTUBOIBIMHOM 3aIlIUThI
B cirydae 3 (HeKTUBHOTO CpadaThIBAHUS CUCTEMBI TIOKAPHON CUTHAIM3AIUH.

[Topsnok ouenku napameTpoB Rosu, Rcoys U Ry ipuBenieH B pasaene 1V HacrosAmen
Metoauku.



II. ITOPAAOK INPOBEJEHUA PACUHETA
NHIAUNBUAYAJIBHOI'O ITIOKAPHOI'O
PUCKA

Anajau3 nomapﬂoﬁ OIMACHOCTHU 31aHUsA

14. Jlns npoBeeHNs aHATIU3a OYKAapPHOM OMaCHOCTH OCYILECTBIIsETCS COOP TaHHBIX O 3/1aHUMU,
KOTOPBIHA BKJIFOUYAET:

00BEMHO-TIIIAHUPOBOYHBIE PELLICHUS;

TETTI0(OU3NIECKUE XaPAKTEPUCTUKHI OTPAXKIAONTUX KOHCTPYKIIUHA U Pa3MEIIEHHOTO
000pyI0BaHMUS;

BH/[, KOJIMYCCTBO U PasMCUICHHUEC IOPOYNX BCUICCTB U MAaTCPHUAJIOB,
KOJIMYCCTBO U MECTA BEPOATHOI'O PAaSMCIICHUA J'IIO}ICfI;

CHUCTEMBbI nomapHoﬁ CUTHaJIM3allv1 U ITOKapOTYHICHUA, HpOTI/IBO}II)IMHOI\/'I 3alIUThI, OIIOBCUICHUA
JIIOJIEN O MOKape W YIPABICHUS dBaKyalllueu JIIOJCH.

15. Ha ocHOBaHMM MOJIyY€HHBIX TAHHBIX MPOU3BOJUTCS aHAIU3 MOKAPHOW OMMACHOCTH 3/IaHHS,
MPY 3TOM YYUTHIBAETCS:

BO3MOXHasl IMHaMUKa pa3BUTHUS M0Kapa;

COCTaB U XapaKTEPUCTUKHU CUCTEMbI IPOTUBOIOKAPHON 3aLUTHI;

BO3MOXHbIE TIOCTIEICTBUS BO3/ICHCTBUS NOKapa Ha JI0/Iel U KOHCTPYKIIMH 30aHHUSL.
OnpenaesneHue 4acTOThHI peaaTu3aliy MOKAPOONACHBIX CUTYalU

16. YacToTa peanu3aluu NOXKapooacHbIX CUTYallui ONpeesieTcsl 4aCTOTONM BO3ZHUKHOBEHUS

Mo’kapa B 3JJaHMM B TedeHue roja. [lopsgok onpeeneHus 4acToTbl BO3HUKHOBEHUS TI0XKapa B

31aHUM NpuBeseH B pazzaene Il Hacrosmen Metoauku.

IlocTpoenue nmoJieil onacHbIX GaKTOPOB MOKAPa AJIsl PAa3JIMYHBIX CIIeHAPHUEB ero pa3BUTHS

17. lns noctpoeHus noJiei onacHeIX (GakTopoB MOXKapa MPOBOIUTCS SKCIIEPTHBINA BHIOOD

CLIEHapus WIH CLIEHAPHUEB M0Xkapa, Py KOTOPBIX 0XKUAAI0TCA HauXyAIINe MOCIEACTBUS s

HaxOJAIINXCS B 31aHUH JIFOJICH.

dopMmynHpOBKa CLIEHApHs pPa3BUTHSI I10Kapa BKIIIOYAET B c€0sl CIEAYIOIINE dTaIlbl:

BBIOOp MeCTa HaX0X/I€HUs [IEPBOHAYAIILHOTO OYara rnokapa 1 3aKOHOMEpPHOCTEHN €ro pa3BUTHSI;

3a/laHle pacyeTHOM 00nacTu (BHIOOp paccMaTpUBAaEMOM MPHU pacueTe CUCTEMBI TIOMEIIICHUH,

OIIPENIETICHUE YYUTBIBAEMBIX IIPU PACUeTe JIEMEHTOB BHYTPEHHEN CTPYKTYpPHI TIOMELIECHUH,
COCTOSIHUS IIPOEMOB);



3aJlaHuE MapaMETPOB OKPYKAKOUIEH CPEJIbl U HAYaJIbHBIX 3HAUEHUI [TApaMETPOB BHYTPHU
HOMEIEH M.

B cootBercTBuHM ¢ npusoxenuem Ne 6 k Hacrosiel Meroauke popMmynupyercs
MaTeMaTnu4decKasi MOJeIb pa3BUTHUS NI0KApa U IPOBOANUTCA MOJEIMPOBAHNE €0 TMHAMUKHU
pa3BUTHA.

Ha ocHoOBaHuu pe3ynbTaToB pacyeTOB OCYILECTBIIAETCS IOCTPOECHUE MOJIEH ONAaCHBIX (PaKTOPOB
[o’Kapa 1 onpeJieNsieTcs 3HaueHue BpeMeHu O0siokupoBanust myreit sBakyaruun ODII #5,.

OneHka nocieACcTBUM BO3IEHCTBUS ONMACHBIX (PaKTOPOB IOKapa Ha JIIOJEH JUIs pa3IudHbIX
CLIEHapUEB €ro pa3BUTHUS

18. Onenka nocneacTBUA BO3ACHCTBUS OMACHBIX (PaKTOPOB MOXKapa Ha JIIOJIeH 3aKJII0YaeTcs B
OTpe/IeNIEHUU BEPOSATHOCTH IBAKyallH JIFOJCH U3 37aHusl IpU TOXKape.

BeposTHOCTB 3BaKyanuu el onpenensercs no GopMyie (3) Ha OCHOBE CONIOCTaBJIECHUs
3HAYEHUH PacYeTHOIO BPEMEHM 3BAKYallUH JItOJIel U BpeMEHU OJIOKMUPOBAaHUS ITyTEH IBaKyalluu
OMAaCHBIMH (paKTOpaMu HoOXkKapa.

JUa onpeesieHnss pacCueTHOTO BPEMEHH 3BAKyallu! JIOACH 7, B COOTBETCTBUM C IPUIIOKCHUAMHU
NoNo 2-5 k HacTosmen Meroauke onpeaesieTcss MOJIeb dBaKyalllt JIFOAEH 13 3/IaHHus,
MPOBOJUTCS TOCTPOCHUE PACUETHON CXEMBbI IBAKYAIIMU U OCYLIECTBIISETCS MOJAECIMPOBAHUE
ABaKyallUH JIFOJEH.

19. B cooTBercTBUU ¢ pazaenom I HacTosmeit MeToAuKN NPOBOIUTCS ONPEIeIeHUE pacueTHOM
BEJIMYMHBI MHIMBUIyaIbHOTO MOXKAPHOTO pucka O U COMOCTaBJICHHUE €€ C HOPMATUBHBIM

H
3HaYEHUEM MHJIMBUIyaJIbHOTO MOKapHOTO pucka O p.

Yder Hau4us cucTeM odecriedeHUs! MOKAPHOI 6e30I1aCHOCTH 31aHUSA

20. Hannuue cucreM obecniedeHust Mo>kapHO 6€3011aCHOCTH 3/JaHHs YUUTHIBACTCS B
COOTBETCTBUU ¢ (PopMyinoit (4) u nonoxxkeHusamu pazaena [V Hacrosimeit Metoauku.

brok-cxema, wimocTpupyoLas Mops,IoK IPOBEACHHS pacyeTa HHANBUIYaJIbHOTO MOXKapPHOTO
pHUCKa, IpeJCTaBIeHa Ha puc. 1.



/ AHANMS NOMAPHOH ONACHOCTH 30aHWA /
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MocTpostke noned
Beafiop cuessEpUA NOEKEPa
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Puc. 1. Ilopsanok npoBeaeHus pacuyera NHIMBUIYAIBHOTO MOKApHOTO PUCKA

IV. HOPA1OK PASPABOTKHA
JOINMOJTHUTEJIBHbBIX
ITPOTUBOITIOKAPHbBIX
MEPOIIPUATUU TPU ONPEJAEJEHUN
PACYETHOMU BEJIMYUNHBI
NHIAUNBUAYAJIBHOI'O ITIOKAPHOI'O
PUCKA

21. B cirydae ecnu pacueTHas BEIMYWHA MHAWBUAYAIBHOTO IOKAPHOTO PUCKA IIPEBBIIIAECT
HOPMAaTUBHOE 3HAUYECHUE, B 3JaHUU CIIEAYET MIPEAYCMOTPETh JONOJHUTEIIbHbIE
[IPOTUBOIOKAPHbIE MEPOTIPUATHS, HANPaBIIEHHbIEC Ha oOecrieueHne 0e301acHOM ABaKyalun
JIIOZIEHN TIpU TTOKape.



K yncny npoTuBonoxapHbeIX MEPOIIPUSITUIA, HAIIPAaBICHHBIX HAa oOecriedeHre 0e30nacHon
9BAKYallMH JIFOJEH IPU NOKape, OTHOCATCS:

MIPUMEHEHHE JTOTIOJIHUTEIBHBIX 00hEMHO-TIJIAHUPOBOYHBIX PEIICHUHN U CPEJICTB,
00ecTeunBarouX OrpaHNYCHIE PACITPOCTPAHEHHUS MTOXKaPa;

YCTPOICTBO JOTOTHUTEIbHBIX 3BAKyallMOHHBIX ITYTEH, OTBEYAIOIIUX TPEOOBAHUSIM O€30TIaCHON
ABAKYyallUH JIFOAEH MPHU MOXKapE;

YCTPOMCTBO CUCTEM OIOBEIICHUS JIOJICH O MOXKape U YIPaBICHUS dBAKyaIlMen JII0AeH
IIOBBIIIICHHOI'O THIIA,

IMPUMCHCHUE CUCTEM HpOTHBOI{BIMHOfI 3allluThI OT BOBI[GﬁCTBH?[ OITaCHBIX q)aKTOpOB moxapa,

OTpaHWYEHHUE KOJUYECTBA JIFOACH B 3[JaHUU JI0 3HAUCHUM, 00ECIIEYMBAIOIINX O€30TTaCHOCTh MX
9BaKyallMH U3 3/1aHUS.

22. Db (hHEeKTUBHOCTH KXKJIOTO U3 MEPEUUCICHHBIX BBIIIEC MPOTHBOTIOKAPHBIX MEPOTIPHUITHI
ONpEeACIsICTCA CTCICHBIO BIMSHUS HA IAPAMETPBI £, 5, Ly, @ IJIS1 CACTEMBI H0>I<apH0171
CUTHAJIM3ALUH, IPOTUBOIBIMHON 3alIMTHI U CUCTEMbI OMOBEIICHUS JIFOACH TP MOKape 1
YIIPaBJICHUS ABAKyallMe JIFOAEH TaKKe YCIIOBHOM BEPOATHOCTHIO BBIMOJHEHUS 3a0a4K TPU
moxxape (Rogﬂ, Rcoy3 u Rnﬂg).

23. [IpuMeHeHre B KaYECTBE JIOTIOJHUTEILHOTO MPOTUBOIOKAPHOTO MEPONIPUATHS 00BEMHO-
IUTAHUPOBOYHBIX PEUICHUH U CPe/ICTB, 00ECIeUNBAIOIINX OTPAHUYEHHE PACIIPOCTPaHEHUS
M0’Kapa, I0CTUraeTcst o0ecrieyeHuEM HOPMUPYEMbIX NPEAEIOB OTHECTOMKOCTH U MOHMKEHHOM
MI0’KapHOM OMTACHOCTH OOJIMIIOBOYHBIX CTPOUTENBHBIX MAaTEpUAJIOB, UCIIOJIb3YEMbIX B
OTPaXXAAKOIINX KOHCTPYKLUAX ITOMEUIEHUs, B KOTOPOM HAaXOJUTCs BEPOATHBIN OYar moxapa.

CreneHp BAUSHUS JaHHOTO JIOTIOJHUTEIBLHOTO MPOTUBOIIOKAPHOTO MEPOTIPUATHS HA TUHAMUKY
pacIpoCTpaHEHUs NOKapa U, COOTBETCTBEHHO, 3HAYCHUE ITapAMETpa f5; OIPEACIIAETCS IIyTeM
IIPOBEJECHUS TOBTOPHOIO PacyeTa #5, MOCIE BHECEHNSI COOTBETCTBYIOLIMX U3MEHEHHI B CXEMY
00BEMHO-TIJIAHUPOBOYHBIX PELICHUI 3AaHMUSIL.

24. [Ipu npUMEHEHUH B KAYECTBE JIOMOJHUTEIBHOTO IPOTUBOMOKAPHOTO MEPOTIPUSATHUS
YCTPOKCTBA JOIOJHUTENIBHBIX 3BAKYALIMOHHBIX ITyTEW U BBIXOJ0B CIEAYET BBIITOJIHUTH
IIOBTOPHBIN pacyeT 0 OLIEHKE NapaMeTpa f,, C y4eTOM OTKOPPEKTUPOBAHHBIX 00BEMHO-
IIJIJAHUPOBOYHBIX PEIICHUM.

25. Ilpy npuMEHEHNHN B Ka4€CTBE JOMOIHUTEIBHOIO IPOTUBOIIOKAPHOTO MEPOTIPUATHS
YCTPOWCTBA CUCTEMBI OITOBELIEHUS JIIOJEH O MOXKape U YIPABJICHUS dBaKyallMen J0AeH
MTOBBIIIEHHOTO THIA CJIEAYET BBIIIOIHUTH IOBTOPHBIA PAcyeT 10 OLICHKE MapaMeTpa £, C y4eTOM
IepepacipeaeseHus II0TOKOB DBAKYUPYIOMINXCA M U3MEHEHUS CXEMBI DBaKyallMy B 3aBUCUMOCTHU
OT CHCHApHUECB BOSHUKHOBCHUA U pa3BUTUA ITOKapa U, COOTBETCTBCHHO, AJITOpUTMaA
(YHKIIMOHUPOBAHUS CUCTEMBI OIMOBEILEHHUS JIIOIEH O MOXKape U YIPaBJICHUEM IBaKyallluu
Jrozen.

3naueHue napamerpa Rcoys Ui JAHHOTO TEXHUYECKOTO PELICHUSI OIIPEENISIeTCS TEXHUYECKON
HAaJIe’KHOCTBIO 3JIEMEHTOB CUCTEMBI OITOBEIEHUS JIFOEH O I0XKape U YIPABICHUEM dBaKyalluu
JIOJIeH, IPUBOJUMBIX B TEXHUYECKOM JOKyMeHTanuu. [Ipn oTcyrcTBUM CBEAEHUH IO
rapaMeTpaM TEXHUYECKON HAJEHKHOCTU JIOMYCKAETCS NPpUHUMATh Rcoys = 0,8.



26. BnusiHue cucteMbl IPOTUBOIBIMHOM 3aIIUTHI HA YPOBEHb 00€CIIEUEHHOCTH 0€301acHON
9BaKyallUH JIFOJEH IIPU MOKapPE OLEHUBAETCS IOCPEICTBOM PacyeTa 3HAUYEHU 5, C y4ETOM
TEXHUYCCKUX XapPaAKTCPUCTUK NPUMCHACMOTI'O BEHTUIIAITHUOHHOI'O o6opy)1013aHH51
MPOTUBOABIMHOM 3amuThl. [lo160p mapaMeTpoB BEHTUIISILIMIOHHOTO 000pYI0BaHUS
OCYIICCTBJIIACTCA B COOTBCTCTBMU C HOPMATHBHBIMU JOKYMCHTAMH I10 HO)I(&pHOﬁ 0€e30I1acHOCTH.
[Ipu >TOM n7151 BBITIOJIHEHHSI PACUETOB CJIEIYET MPUMEHSTH 30HHYIO (30HATIBHYIO) WU MOJIEBYIO
MOJEIIN.

3HaueHue napamerpa Rz 115 JaHHOTO TEXHUYECKOTO PEIIEHUs ONPEAEsAeTCs TEXHUUECKOU
HAaJIeKHOCTBIO 2JIEMEHTOB aBTOMATUKH YIIPABJICHHS IPOTUBOABIMHON 3aIHUTHI, a TAKKE
TEXHUYECKON HAZICKHOCTBIO MIEMEHTOB POTUBOABIMHON 3aILUTHI, IPUBOJIUMBIX B TEXHHUECKOU
NoKymeHTauuu. [Ipy oTCyTCTBUYM CBEIEHHH 110 TapaMETPaM TEXHUYECKON HAJIEKHOCTH
JOIyCKaeTcst npuHUMarh Rz = 0,8.

27. OrpaHu4eHHe KOJIMYECTBA JIIOJIeH B 3/JaHUH JI0 3HAYE€HUH, 00ecreunBaomux 0e301acHOCThb
HX 5BaKyalluu U3 3JJaHUA IIPU 1IOKAPE, YYUTBIBACTCA MMOCPCACTBOM IMTOBTOPHOI'O pacucTa
3Ha4eHHUs NIapaMeTpa ¢, IpU CYILECTBYIOUINX 00BbEMHO-INIAHUPOBOYHBIX PEIICHUSAX U
OrpaHMYECHHOM 3HAYEHUHU KOJIUYECTBA IBAKYUPYIOLINXCS IIPH MOXKapE.

28. Jlns momyueHust HICXOAHBIX JAHHBIX, HEOOXOUMBIX /ISl IPOBEJCHUS PACUETOB,

IIPEAYCMOTPEHHBIX HacTosed MeToInKOM, CleayeT UCII0Ib30BaTh CIIPAaBOYHbIE HCTOUYHUKH
nH(pOPMAaLIUU U TPOEKTHYIO TOKYMEHTALIUIO 3aHHUS.

Ipuiaoxenue Ne 1
K NVHKTY 8 MeToauKn

CrarucTrudyeckKkue JaHHBIE O YACTOTE
BO3HUKHOBEHHS MOKapa B 31aHUSIX

Ne n/mt HanmenoBanue 31anns YacToTa BO3HUKHOBEHMS 110Kapa B
TEYeHHUE rojia
B pacuere Ha ogHO YTouHeHHas
yUpexaeHUE OIICHKa

1 JleTckue TOMKOJIbHBIE YUPEKICHUS 7,34'10° 9,72'10” (B
(merckuit cam, siciu, oM peOeHKa) pacdeTe Ha OJTHOTO

pebenka)

2 O6meo0Opa3oBaTenbHbBIC YIPEIKICHUS 1,16'10™ 4,16'10° (B
(mIkoJta, MIKOJIa-MHTEPHAT, NETCKUN pacuere Ha OJTHOTO
JIOM, JIUIIeH, TUMHA3HS, KOJIJIEIK ) y4anerocs)

3 VYupexaeHnus HadyaabHOTO 1,98'10~ 4,59'10” (B
npodeccuoHalIbHOTO 00pa3oBaHUs pacuere Ha OJJTHOrO
(mpodeccroHaIbHOE TEXHUYECKOE y4auierocs)
YUUJIHUILE)




Ne i/t

HaunmenoBaunue 3qa0us

YacToTa BOBHUKHOBECHUS Imoxxapa B
TCUYCHHUEC I0JJa

B pacuere Ha ogHO YTouHeHHas
yUpexaeHuE OIICHKA

4 VYupexxaeHus cpeaHero 2,69'107 2,94'10° (8
npodeccuoHalIbHOTO 00pa3oBaHUs pacuere Ha OJJTHOrO
(cpenuee crienuaibHOE yueOHOE y4amerocs)
3aBeJICHUE)

5 VYupexaeHus BbICILIErO 1,398'10 2,43'10° (8
npodeccruoHalIbHOTO 00pa3oBaHUs pacuere Ha OJJTHOrO
(BpICIICE YUeOHOE 3aBEICHUE) y4anerocs)

6 [Ipoune BHEMIKOJBHBIE U IETCKUE 1,52'10'2 2,38'10'5 (B
YUPEKIACHUS pacuere Ha OJTHOTO

y4anerocs)

7 JleTckue 0310pOBUTEIIBHBIE JIareps, 1,26'107 3,23'107 (B
JICTHUE JICTCKUE JTaun pacuere Ha OJTHOTO

OT/IBIXAFOIIIETO)

8 BoapHMITEL, TOCIIUTANIH, KIIMHUAKH, 3,66'107 2,358'107 (B
POIMIIBHBIC JI0OMa, pacuere Ha OJTHO
MICUXOHEBPOJIOTHYECKUE HHTEPHATHI U KOHKO-MECTO)
Jpyrue CTalHOHapbI

9 Canaropuu, JoMa OT/AbIXa, 2,99°'107 1,767°'10™ (B
po(UITAKTOPUH, TIOMA TIPECTAPEIBIX U pacuere Ha OJTHO
WHBAJIAJIOB KOMKO-MECTO)

10 AmOynaTopuu, MOJTUKINHUKH, 8,88'107 53710 (B
TMCTIAHCEPBI, MEAITYHKTHI, pacuere Ha OJTHO
KOHCYJIbTaIHH MOCEeIICHNE

MAIUEHTOM)

11 [IpenmnpusTist pO3HUYHON TOPTOBIIH: 2,03'107 1,579°10° (8
YHHBEpPMaru, MpOMTOBapHbBIE pacuere Ha OJTHOTO
Mara3uHbl; YHUBEPCaMbl, paboTarouiero)
MIPOJIOBOJILCTBEHHBIE Mara3HHI,

MarasuHbl CMEIIaHHBIX TOBApOB;
anTeKH, alTeYHbIe TAPbKU; IPOYne
3JTaHHSI TOPTOBJIH

12 [IpennpusiTist ppIHOYHON TOPTrOBIIM: 1,13'107 1,678'10° (B
KPBITBIC, ONITOBBIC PHIHKYU (M3 31aHUHA pacuere Ha OJTHOTO
CTallMOHAPHOMN MOCTPOUKH ), TOPTOBBIE paboTarouiero)
MaBWJIBOHBI, KHOCKH, JIAPBKH, TTaJIaTKH,

KOHTEWHEPHI

13 [IpenmnpusTs 00111ECTBEHHOTO 3,88'10™ 2,063'10° (B
MUTAHUS pacuere Ha OJTHOTO

paboTaromiero)




Ne n/mt HanmenoBanue 31anns YacToTa BO3HUKHOBEHMS 110Kapa B
TEYeHHUE rojia
B pacuere Ha ogHO YTouHeHHas
yUpexaeHuE OIICHKA
14 I"'ocTuHUIEI, MOTETH 2,81'107 3,255’10 (B
pacuere Ha OJTHO
MECTO)
15 CriopTUBHBIE COOPYKEHUS 1,83'107
16 KinyOHble 1 KylnbTYpHO-3peIHIIHbIE 6,90°'10”
YUPEKACHUS
17 | bubnuorekn 1,16'107
18 Mysen 1,38'107
19 3penuuiHbie yIpexaeHus (TeaTpsl, 9,66'107 4,03'107 (B
IUPKH) pacyere Ha OJIHO
MOCEeIICHNE
3pUTENIEM)

IHpuiioxenne Ne 2
K nVHKTY 10 MeToauku

YnpoueHHass aHAJTUTHYECKAS MO/Ie/Ib
ABUKEHHUS JIIOACKOI0 MOTOKA (onpeaeeHue
PACYETHOI0O BPEMEHHU IBAKYyallMH JIIOAeH U3
MOMEIICHUH U 3JaHUH 110 pacyeTy BpeMeHHU
JABUKEHUS OJHOT0 WM HECKOJbKHUX JIOACKHX
MOTOKOB Yepe3 IBAKYAlHOHHbIE BBIXOAbI OT
HauOoJ1ee YIaJeHHbIX MeCT pa3MeleHusI
JIKOJIe)

PacyeTtHOE BpeMs 3BaKyaluu JIFOAEH f, U3 IOMEUICHUH U 31aHUN yCTaHABIMBACTCS 110 PACYETY
BPEMEHU JIBH>KEHHUSI OJTHOTO MJIM HECKOJIBKUX JIFOACKHX MOTOKOB YEPE3 IBAKYAIMOHHBIE BBIXO/IbI
0T HauboJjee yAaJeHHbIX MECT pa3MeLICHU JII0IeH.



[Ipu pacuere Bech MyTh IBUKEHUS JIFOJICKOTO IOTOKA MOIpa3esisieTcsl Ha y4acTKU (IIPOXO[,
KOPHUI0D, ABEPHOM MPOEM, IECTHUUHBIM Mapiil, TaMOyp) ATUHOM /; u mupuHOH d;. HauansHbiMu
y4acTKaMH SIBJISIFOTCSI IPOXO/IbI MEKY pabOUMMU MeCTaMH, 000pYA0BaHUEM, PsiIaMU Kpecell U
T.IL

[Ipu onpeneneHny pacueTHOrO BPEMEHH 3BaKyallMy JIFOACH JJIMHY U IIHPUHY KaXA0T0 y4acTKa
IIYTH 3BaKyallly JUIsl IPOCKTUPYEMBIX 3JaHUN IPUHUMAIOT 110 MPOEKTY, a I IOCTPOCHHBIX - TI0
(baKTI/ILICCKOMy II0JIOKECHHUIO. I[J'II/IHy IIYTH 110 JICCTHUYHBIM MapiiaM, a TaKKe€ 110 maHaycam
M3MEPSIOT IO JUIMHE Mapiia. /[IuHy MyTH B JBEPHOM NpOeMe IPUHUMAIOT PABHOM HYJIIO.
[Ipoem, pacnonoxkeHHbIN B cTeHE ToJIHHOM Oosee 0,7 M, a Takxke TaMOyp ClielyeT CUUTaTh
CaMOCTOATCIIbHBIMH Y4aCTKaMH T'OPHU30HTAJIBHOI'O ITYTH, UMCIOINMMU KOHCYHYIO JJINHY l,'.

PacueTHOe BpeMs BaKyaliy JIOAEH £, CIelyeT ONPeeaTh KaKk CyMMY BPEMEHU JIBUKEHHUSI
JIFOJICKOTO TIOTOKA MO OT/IEIbHBIM y4acTKaM IyTH ¢; 1o (opmyie:

=ttt 1, (I12.1)
€ {; - BpEMs JBIKEHHUS JIFOJICKOTO OTOKA Ha MEPBOM (HAYaIbHOM) Y4acTKE, MHH;

t, 62, 13, ..., ; - BpeMsI IBMOKCHHUS JIFOJCKOTO MTOTOKA HAa KAXKJAOM M3 CJICAYIOIIHUX II0C/IEC IEPBOIO
y4acTKa IyTH, MUH.

BperI ABWIXKCHUA JIIOJACKOI'0 ITIOTOKA IO IIEPBOMY YHACTKY ITYTHU l‘,’, MWH, PaCCHUTBIBAIOT 110
dbopmyme:

(I12.2)
rje /; - JVIMHA IEPBOTO y4acTKa MyTH, M;

Vi - CKOpOCTh ABMKEHUS JTFOJCKOTO MOTOKA MO0 TOPU30HTAIBHOMY ITyTH HA IMIEPBOM y4acCTKe,
M/MuH (onpezensercs o Tadumie [12.1 B 3aBUCUMOCTH OT IUIOTHOCTH D).

[T10THOCTH OJHOPOTHOTO JIFOJCKOTO IMOTOKA Ha IMMEPBOM YYaCTKe MyTH [D; paCCUUTHIBAIOT TI0
dbopmyre:

g (12.3)
rae N; - Yucio JIFAEH Ha MEPBOM Y4YacTKe, Yell.;

o 2
f - cpennsist IIOMAh TOPU3OHTATBHOM MPOEKIIMK YEJIOBEKA, M~/4ell, TpUHUMaeMas B
COOTBETCTBHH ¢ MYHKTOM 4 mipuaokeHus Ne 5 x HacTosmied Metoauke;

d; - LIMpUHA NEPBOTO Y4acTKa MYTH, M.

Ckopoctb V; nBUXkeHUs JII0JICKOT0 MOTOKA Ha yYacTKax MyTH, CIEAYIOIIHUX I0Cie IEPBOTO,
MPUHUMAIOT 10 Taduwiie [12.1 B 3aBUCUMOCTH OT HHTEHCUBHOCTH JBUKEHUS JIFOJICKOTO TIOTOKA
0 KaXKJIOMY U3 3TUX yYaCTKOB IyTH, KOTOPYIO BBIUYUCIISIOT JIJISl BCEX YYaCTKOB IyTH, B TOM
YHUCJIEe U 7151 IBEPHBIX IIPOEMOB, 110 GOpMYyIIe:



g, = fi’s-lﬁ'ﬁj-l ,
i (I12.4)

rae d;, di.; - IupuHa pacCMaTPUBAEMOTroO i-I0 U MPEeAIIECTBYIOIIEro eMy yyacTKa IyTH, M;

qi, ¢i-1 - AHTEHCUBHOCTH JIBFDKCHHS JIFOJICKOTO TIOTOKA TI0 PacCCMaTPUBAEMOMY i-MY U
MPEANIECTBYIOMIEMY Y9acTKaM MyTH, M/MUH (MHTEHCUBHOCTD JIBHKEHHUS JIFOJICKOTO TIOTOKA Ha
MEPBOM y4YacTKe MYTH ¢; = ¢;.; onpenensiercs no tadauue [12.1 nmo 3Havenuro Dy,
ycTanoBJaeHHOMY 110 hopmyre (112.3)).

Ecnu 3nauenue ¢;, onpenensemoe 1o dhopmyse (112.4), MEHbIIIE WU PABHO gy, TO BPEMS
JIBYDKEHUS [0 YYacTKy IIyTH #;, MUH, PaBHO:

!
4 ==,
i (112.5)

IIPH 3TOM 3HAYCHUS (qx, M/MHUH CIICYET IPUHUMATHh PABHBIMHU:
16,5 - A0 TOPU30OHTANIBHBIX ITYTEH;

19,6 - st ABEPHBIX TPOEMOB;

16,0 - 11 JISCTHUIEI BHU3;

11,0 - nyist neCTHULIBI BBEPX.

Ecnu 3nauenue ¢;, onpenenennoe o gopmyie (I12.4), 60b111€ ¢y TO TTUPUHY d; TAHHOTO
y4JacTKa IYTH CJIeyeT YBEIMYMBATh Ha TAKOE 3HAUCHUE, TPH KOTOPOM COOJIOIACTCS YCIIOBHE:
qi «£ Qmax- (H26)
[Ipu HeBO3MOXKHOCTHU BbINOJHEHUS yciioBUA (I12.6) HNHTEHCUBHOCTD U CKOPOCTH JIBHXKEHUS
JIFOJICKOTO TIOTOKA 10 YYacTKYy i onpenensitor mo tadauie [12.1 npu 3Havennu D = 0,9 u Gonee.

[Ipu sTOM ClleyeT yauThiBaTh BpEMs 3aICP>KKH JBUKEHUS JIIOJIeH U3-3a 00pa30BaBIIETOCS HX
CKOIIJICHHS, B COOTBETCTBUH ¢ NYHKTOM 4 mipuytoxkeHus Ne 5 k Hactosmern Metoauke.

Taonua I12.1

MNHTEHCUBHOCTE N CKOPOCTH ABHMXKCHUA JIFOACKOI'O IMTOTOKA HA Pa3HbIX Y4aCTKax HyTCfI
OBaKyalluH B 3aBUCUMOCTH OT IIJIOTHOCTHU

I'opu3oHTANBHBIN TYTH JlecTHuna BHM3 JlectHuiia BBepx
JIBepHoit
TIPOEM,

IInotHOCTH Nurencus- | MHTECHCUB- HUnrencus-
notoka D, | CkopocTh HOCTb ¢, HOCTb ¢, CKOpOCTh HOCTb ¢, MHaTeHCcHBHOCTH

MM V, v/mMun M/MUH M/MUH V, M/MuH M/MHH CkopocTb V, M/MHUH q, M/MUH

0,01 100 1 1 100 1 60 0,6

0,05 100 5 5 100 5 60 3




0,1 80 8 8,7 95 9,5 53 5,3
0,2 60 12 13,4 68 13,6 40 8
0,3 47 14,1 16,5 52 15,6 32 9,6
0,4 40 16 18,4 40 16 26 10,4
0,5 33 16,5 19,6 31 15,6 22 11
0,6 28 16,3 19,05 24,5 14,1 18,5 10,75
0,7 23 16,1 18,5 18 12,6 15 10,5
0,8 19 15,2 17,3 13 10,4 13 10,4
0,90 u
Goree 15 13,5 8,5 8 7,2 11 9,9
IIpumeuyanue. UHTEHCUBHOCTb JBMKEHMSI B IBEPHOM IIpOEME IIPU MIOTHOCTH noToka 0,9 u
Oosee paBHas 8,5 M/MUH, ycTaHOBJIEHA JUIsl IBEPHOTO NpoeMa mupuHoit 1,6 M u Oosee, a npu
JIBEPHOM IIpOeMe MEHbILIEN IMPUHBI HHTEHCUBHOCTD ABM)KEHHUS CIIEAYET ONPENENITh 110
dbopmyne g = 2,5+3,757d.
[Ipu cnusiHuyM B Hayvase i-ro yyacTka JABYyX U 0oJiee JI0ACKUX NOTOKOB (puc. [12.1)
MHTEHCUBHOCTb JBWKEHHUS ¢;, M/MUH, PACCUUTHIBAIOT 110 (OpMYIIE:
_ Zfi’i-l d,
“ e
i (I12.7)

T/I€ ¢;-1 - ”HTEHCUBHOCTD JIBM)KCHHUSI JIFOJICKUX IMMOTOKOB, CJIMBAIOIIUXCS B HaYaJje i-r0 y4acTKa,
M/MMH;

dl'_] - IIMpHUHA YYaCTKOB ITyTU CIUAHUA, M;

d; - mypuHa pacCMaTPUBAEMOTO yJacTKa IMyTH, M.

P

| — Hayamo y9acTea i

Puc. 112.1
Causiaue JIOACKUX TOTOKOB



Ecnu 3nauenue ¢;, onpenenennoe o gopmyiie (I12.7), 607bIIE ¢jnqx, TO TTUPUHY d; TAHHOTO
y4dacTKa MyTH CJIeAyeT YBEIMUMBATh HAa TaKOE 3HaUeHue, 4To0bl cobmonanock yenosue (112.6).
B sTom ciyuae BpeMmst IBUXKEHUS IO y4acTKy i onpeenstor no hopmyie (112.5).

IHpuioxenune Ne 3
K nVHKTY 10 MeToauku

MaremMaTu4eckas MoaeJdb HHAMBHUAYAJIbHO-
MOTOYHOI0 ABM/KEHUSA JIOAEN U3 3MaHUSA

PacueTHoe BpEMs 3BaKyallun J'II-OI[GI\/'I M3 3JaHH YCTaHABJIMBACTCs IO BPEMCHH BbBIXOJa U3 HET'O
IOCIIEAHETO YCIIOBCKA.

[Iepen HayanoM MOAEIMPOBAHUS IIPOLIECCA IBAKYALMH 34/1a€TCS CXEMa IBAKYallMOHHBIX ITyTEH B
31aHMM. Bce aBakyallmOHHBIE IIyTH MTOAPA3EISIOTCS HA DBAKYallMOHHBIE YYACTKU JUIMHOMN a 1
HIMPUHON b. JITMHA U MIMpUHA KaXI0T0 ydacTKa IIyTH 3BaKyallly JUIsd IPOCKTUPYEMBbIX 3/1aHUN
MIPUHUMAIOTCS 110 IPOEKTY, a JJIsl HOCTPOCHHBIX - [0 (PaKTUUECKOMY MOJIOKeHuo0. J{iuHa mytu
I10 JIECTHUYHBIM MapIliam U3MepseTcs 0 JJIMHE Mapiia. J[IuHa nyTy B IBEpHOM IIpoeMe
MIPUHUMAETCS PaBHOM HYJII0. DBAaKyallHOHHBIE YYACTKU MOTYT OBbITh TOPU30HTAJIbHBIE U
HAKJIOHHbIE (JIECTHUIIA BHU3, JIECTHUIIA BBEPX U MAHIYC).

3a rabapuThl YeIOBEKA B IJIaHE IPUHUMAETCS JUIUIIC ¢ pazMepamu ocelt 0,5 M (mupuHa
yenoBeka B miedax) u 0,25 M (TonmuHa yenoBeka). 3a1atTcs KOOPIUHATHI KaXKI0ro YeJIOBEeKa X;
- pacCTOSIHME OT LIEHTpa JLIUIICA JI0 KOHIIA BAKYal[MOHHOT'O y4acTKa, Ha KOTOPOM OH
Haxoautes (puc. [13.1). Ecnu pa3HOCTh KOOpIMHAT HEKOTOPHIX JIFOICH, HAXOASIIUXCS Ha
ABAKYyallHOHHOM Yy4acTke, coctaBisieT MeHee 0,25 M, TO IPUHUMAETCS, YTO JIFOJH C ITUMHU
KOOpJIMHATaMH PacrojIOKEHbI PSAOM JAPYT C APYroM - COOKY OJIMH OT ApYyroro (ycioBHO: "B
psaa'"). Ilpu aToM, ucxoas U3 rabapuToB YeIOBEKa B IJIAHE U Pa3MEPOB IBAKYAIIMOHHOTO y4acTKa
(1MHA ¥ WIMpPUHA) AJIS KaXKI0T0 IBAKyallMOHHOTO y4acTKa OMpPENEsOTCS: MaKCUMaIbHO
BO3MOYHO€ KOJIMYECTBO YEJIOBEK B OJHOM Psily COOKY APYT OT APYyra U MaKCUMaJlbHO
BO3MOYHO€ KOJIMUECTBO JIIOJIEH Ha yJacTKe.

Puc. I13.1
Koopannatnasi cxema pa3menieHus Jirojieil Ha MyTAX IBaKyauu

KOOp)II/IHaTBI KaXXJ10Tr0 4€JI0BEKa X; B HadaJbHBIH MOMEHT BPEMCHH 3aJal0TCA B COOTBETCTBUU CO
CXEMOM pacCTaHOBKH JIFOICH B IOMEIICHHIX (pabodre MecTa, MecTa JJis 3puTesieH, ClialbHbIC



MecTa U T.I1.). B cilydae oTCyTCTBHS TaKUX JaHHBIX, HAIPUMED JUII Mara3uHOB, BEICTABOYHBIX
3aJI0B U JIpYroe, A0IyCKAaeTCs pa3MeliaTh JIF0Ieil paBHOMEPHO 110 BCEH IUIONIa 1 TOMEIIEHHUS C
Y4€TOM PacCTaHOBKHU TEXHOJIOTMYECKOT0 000pyJOBaHHUS.
Koopaunara xaxx/1oro yeinoBeka B MOMEHT BPEMEHH f oTipesensieTcs no Gopmyle:
Xi(t) = xi(t-Dt)-Vi(t) XDt, m, (I13.1)

rae x;(t-Dt) - KoopJInHATA i-TO YEJIOBEKa B MPEABI YU MOMEHT BPEMEHH, M;
Vi(t) - cKOpOCTb i-TO 4eI0BeKa B MOMEHT BPEMEHHU £, M/C;
Dt - mpoMexyTOK BPEMEHH, C.
CkopocTs i-ro 4esoBeka Vj(t) B MOMEHT BpeMEHH ¢ oripeaenseTcs mo tadumie [12. 1 mpunosxxeHus
2 x MeTtojuke B 3aBUCUMOCTH OT JIOKQJIIbHOM MJIOTHOCTHU MOTOKA, B KOTOPOM OH JABMKETCS, D;(1)
U TUIIA 9BAKYal[MOHHOIO y4acTKa.
JlokanbHas mIOTHOCTH D;(?) BEIYUCIISIETCS TIO TPYIINE, COCTOSIIEH U3 /1 YeI0BEK, 1o popmyre:

Di(t) = (n(t)-1) xf/(bxDx) m*/m* (I13.2)
/1€ 1 - KOJIMYECTBO JIIOJIEH B IpyIIE, YEI0BEK;
f - CPeHSS [IOMIA/[h TOPH3OHTATBHOMN IPOSKIINA YeT0BEKa, M°/M*;
b - muprHa 3BaKyallMOHHOTO Y4acTKa, M;
Dx - pa3HOCTh KOOPAMHAT MOCIEAHETO U MIEPBOrO YEJIOBEKA B IPYIIIIE, M.
Ecnu B MOMEHT BpeMeHH ¢ KOOpIMHATA YeJIOBEKa X;(2), onpeaenennas no Gopmyne (I13.1),

CTaHET OTPULIATEIILHOM - 3TO 03HAYAET, YTO YEJIOBEK JOCTUT I'PAHUIIBI TEKYILETO
9BAKYallMOHHOI'O Y4aCTKa U JOJDKEH MEPEUTH Ha CIEAYIOINN 3BaKyallMOHHBIA y4acTOK.

B stom CJIydya€ KOOpJAuHaTa 3TOro 4€JI0BCKa Ha CICAYIOIICM 3BAKYAallTMOHHOM Y4YaCTKE
OMMpCACIIACTCA:

xi(t) = [xt-Do)-Vift) xDil a1y w, (I13.3)

rze x;(t-Dt) - koopAMHATA [-T0 YeJIOBEKa B MPEeAbIAYIINA MOMEHT BpeMeHH Ha (j-1)
IBaKyallMOHHOM Y4YacTKe, M;

Vi(t) - ckopocTs i-ro yenoBeka Ha (j-1)-oM 3BaKyallHOHHOM y4acTKe B MOMEHT BPEMEHH f, M/C;
aj - JUIMHA j-T0 9BaKyallUOHHOT'O Y4acTKa, M;

[; - koopAMHATAa MECTA CIUAHUA j-TO U (j-1)-ro sBaKyallMOHHBIX Y4aCTKOB - PACCTOSIHUE OT
Hayaja j-ro 3BaKyallMOHHOTO y4acTKa J0 MECTa CIUSHUSA ero ¢ (j-1)-bIM 3BaKyallHOHHBIM

Y4aCTKOM, M.

KommuectBo moaei, nepexoasiiux ¢ 0JHOTO YBAKyallMOHHOTO YJacTKa Ha APYroi B €AUHUILY
BPEMEHH, OIIPEJEIAETCS IPOIYCKHOM CIIOCOOHOCTBIO BBIX0/a € yuacTka Qj(1):



Oi(t) = gj(1) *c;*Dt/(f*60) gen., (I13.4)

IZie ¢j(t) - ”HTEHCUBHOCTb JIBU)KEHUS HA BBIXOJIE Cj-T'0 3BAKYaLIHUOHHOI'O Y4acTKa B MOMEHT
BPEMEHH f, M/MHH;

¢j - IIUPHUHA BBIXOJA Cj-TO 3BAKyallHOHHOTO Y4acCTKa, M;
Dt - mpoMexyTOK BpEMEHH, C;

. 2
f - cpenHss oA b TOPU30HTAIBLHOM MPOEKIIUU YEJIOBEKa, M.

VHTEHCUBHOCTD ABMKEHMSI HA BBIXOJE C j-I'O 9BAKYal[IOHHOT'O y4acTKa ¢j(?) B MOMEHT BPEMEHU ¢
OIIpENIeNAETCs B 3aBUCMMOCTH OT IUIOTHOCTH JIFOJICKOTO ITOTOKA HA ATOM ydacTke Dv(t).

[110THOCTB JIFOACKOIO IOTOKA HA j-OM BAaKyallUOHHOM ydacTke Dvj(f) B MOMEHT BPEMEHH ¢
omnpenensiercs mno hopmye:

Dyi(t) = (NAD *P/(a<b) m*e’, (I13.5)
rae N, - 4ucio I0AeH Ha j-OM DBAaKyallMOHHOM y4acTKe, Yell.;
f - cpeansis IIOMAh TOPU3OHTATBHOM MPOEKIIMH YEIOBEKA, M2;
aj - JUIMHA j-T0 9BaKyallUOHHOT'O Y4acTKa, M;
bj - IMpHHA j-TO YBaKyallMOHHOI'O y4acTKa, M.

B MOMEHT BpeMeHHU ¢ OTIpeieNsieTcsi KOJMIECTBO JIOJIEH 71 ¢ OTPULIATEIbHBIMU KOOPIMHATAMHU
xi(t), onpeneneHHbiMu 1o Gopmyae (I13.1). Ecnu 3nauenune m£Q;(t), To Bce m 4enoBeK
MEPEeXOAiT Ha CIEAYIOIIUI 9BaKyallHOHHBIA Y9aCTOK ¥ UX KOOPMHATHI ONIPEIEIISIOTCS B
cootBercTBUU ¢ (hopmynoi (I13.3). Eciu 3nauenue m>Q;(t), TO KOJINYECTBO YEIOBEK PABHOE
3Ha4eHUI0 Qj(t) IepexoadT Ha CIEAYIOIUI 3BaKyallMOHHBIN Y4aCTOK U UX KOOPAUHATHI
OTPEENATCA B COOTBETCTBUU ¢ popmynoii (I13.3), a konuyecTBO YeI0BEK, paBHOE 3HAYCHUIO
(m-Qj(t)), He Nepexo AT Ha CIEIYIOINNA YBaKyallnOHHbIH y4acTOK (OCTalTCs Ha JaHHOM
HBaKyallMOHHOM YYaCTKe) U UX KOOPAWHATAM MPUCBAUBAIOTCS 3HAYCHHS

xi(t) = kx0,25+0,25,

rae k - Homep psAza, B KOTOPOM OyIyT HAXOJUTHCS JTIOAN (MaKCUMAJIBHO BO3MOYKHOE KOJIHMYECTBO
YeJIOBEK B OJHOM PsIly COOKY JPYT OT Apyra Jjsl Ka)/10r0 ABaKyallHOHHOTO y4acTKa
onpezensercs nepe] HauajaoM pacueToB). TakuM o6pa3oM, BOZHUKAET CKOIUICHUE JIIO/IEN nepe]t
BBIXOJIOM C 3BaKyal[MOHHOTO y4acTKa.

Ha puc. I13.2 nzo6pakena 010K-cxemMa OnpeaesieHrus paCieTHOTO BPEMEHH IBAKYaIluu JIIOJIEH 13
3/1aHUS.
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Puc. I13.2.
brok-cxema ornpeeieHus: pacueTHOrO BPEMEHH 3BaKyallu JIFOICH U3 31aHus

Ha ocHoBaHuu 3ajaHHBIX HAYAJIBHBIX YCIOBUH (HayaJIbHBIX KOOPIUHAT JIIOJIEH, TapaMeTpoB
9BaKyal[MOHHBIX YUYAaCTKOB) ONPEAEIAIOTCS IUIOTHOCTH JIFOICKMX IIOTOKOB Ha MYTSAX dBaKyalluu U
MIPOITYCKHBIE CIOCOOHOCTHU BBIXO/IOB C 3BaKyallMOHHBIX Y4acTKOB. /lanee, B MOMEHT BpeMeHHU ¢ =
t+Dt, onpenensercsa Hanuuue ODII Ha myTax 3Bakyauuu. B 3aBUCMMOCTH OT 3TOr0 BhIOUpaeTCs
HaIpaBJIEHHE JABMXKEHUS KayKJIOTO Y€JIOBEKA U BBIUUCIISIETCS HOBask KOOPAMHATA KaXKIOrO
genoBeka. [locie 3Toro cHoBa ONPEENAOTCS INIOTHOCTH JIFOJCKUX IMOTOKOB HA ITYTAX
ABaKyallMy U MPOIYCKHbIE CIIOCOOHOCTH BBIXOJOB. 3aT€M BHOBB JA€TCS MPHUPAIIEHUE T10
BpeMeHU Df 1 ONpeesIIoTCsl HOBbIE KOOPAUHATHI JTtoel ¢ yuetoMm Hanuuust ODIT Ha myTsix
9BaKyallMM B ’TOT MOMEHT BpeMeHH. [locne 3toro npouecc nopropsercs. PacueTsl nmpoBoasTCS
710 TeX TOP, NOKA BCE JIFOJU HE OyyT 9BaKyHPOBAHBI U3 3/1aHUSL.

Ipuiaoxenue Ne 4
K nVHKTY 10 MeToauku




NMuUTAIIHOHHO-CTOXACTHYECKA MOEJb
ABHIKEeHU JIIOACKUX IMIOTOKOB

MHo03k€ecTBO JIt0J1el, 0 JTHOBPEMEHHO WIYIINX B OJHOM HalpaBiICHUH 10 OOIIUM y4acTKaM IyTH,
00pa3yroT JIFOJICKOM MOTOK. YYacTKaMu (POPMUPOBAHUS JFOJICKUX TOTOKOB B TTIOMEIICHUSIX
clieyeT IPUHUMATh MTPOXO0Ibl MEXIY 000pyI0BaHUEM. {7151 IOCIeyIOMMX Y9aCTKOB
OBAKyallMOHHBIX HYTGIZ OHHU IMPCACTABJIAIOT coboit NEPBUYHBIC HCTOYHUKH JIIOACKHUX ITOTOKOB.
Pacrnipenienenue NV, yenoBek Ha yyacTkax (OPMUPOBAHUSI, UMEIOLIUX IIUPUHY b; U JUTUHY /;,
IIPUHUMAETCS] paBHOMEPHBIM. 1103TOMy B Ha4aJIbHBIN MOMEHT #) Ha KaXKI0M 2JIEMEHTapHOM
yuactke DI;, 3aHEMaeMOM MOTOKOM, IIIOTHOCTH moToka D'; ompenensiercs mo dopmyre:

D" = N /bxDl; uen./m. (I14.1)

[Ipu nanbHeIeM ABMKEHNUH JIFOICKMX TTOTOKOB U3 MIEPBUYHBIX HCTOUYHUKOB MO 00IIUM
y4acTKaM IyTH MPOUCXOIUT uX causiHue. O0paszyeTcst oOmuii moToK, Y4acTU KOTOPOTO UMEIOT
Pa3IMYHYIO TUNIOTHOCTD. [IponcxoauT BeIpaBHUBaHKE MJIOTHOCTEH Pa3IMUHBIX YacTEeH JIF0JICKOTO
MOTOKa - ero nepedopmupoBanue. Cieayer yUuThIBaTh, 4YTO €0 roJIOBHAS 4aCTh, UMEIOIIAs
nepea co00il CBOOOTHBIN MyTh, PACTEKACTCS - JIFOAW CTPEMSITCS HATH CBOOOHO MPH TJIOTHOCTH
Dy. 3a nnrepBan BpemeHu Dt 4acTb JIIOJEH MePEeXoaAUT € ITUX dJIEMEHTAPHBIX YYaCTKOB Ha
MOCJIEYIOLUE U POUCXOAUT U3MEHEHUE COCTOSIHUSI JIFOJICKOTO TIOTOKA, €0 JIBUYKEHUE.

CKOpOCTh IBMKEHUS JIIOJICKOTO IMMOTOKA MPH TUIOTHOCTH D; Ha i-OM OTPE3KE ydacTKa IMyTH k-TO
BHUJA CJIEAYET CUUTATh CIIy4YalUHON BETUUUHON Vp k, UMEIOIIEH YUCIIOBBIE XapAKTEPUCTUKU:

MaTeMaTH4eCKOe OXHuIaHue (CpeiHee 3HAaUCHUE)
Voi = Vorx(1-arxInDi/Dy i) xm ipu D; > Dy,
Vo= Vorupu D; £ Dy, (I14.2)
CpeaHee KBaJpaTHIHOE OTKIIOHCHUE
s(Vpx) = s(Voi) (1-axxInDy/Dy ), (I14.3)

rae Vo u s(Vyx) - MaTeMaTHIECKOE OKUaHNE CKOPOCTH CBOOOTHOTO JBMKCHUS JIFOACH B
notoke (ipu D; £ Dy ) u ee cpeaHee KBaApaTUIHOE OTKIIOHEHUE, M/MUH;

Dy - mpesiesIbHOE 3HaY€HNE INIOTHOCTH JIFOJCKOTO MOTOKA, 10 AOCTHKEHHSI KOTOPOrO BO3MOXKHO
CBOOOJHOE ABWKEHHUE JIOICH 10 A-My BUJLY ITYTH (IUIOTHOCTH HE BIIMSET HA CKOPOCTh JIBMKEHUS

Jroiei);

ay - Ko3hOUIMEHT aanTaiyy Jto1el K I3MEHEHHSIM TUIOTHOCTH MOTOKA MPHU ABHMKEHUU TI0 k-My
BUIY ITyTH;

D; - 3HaYeHue TUIOTHOCTH JIFOJCKOTO TTOTOKA Ha i-oM oTpeske (D/) yuacTka myTu mupuHou by,
2
yel./M”;

m - K03 PUIMEHT BIUSHUS IIpOeMa.

3HaueHusl NEePEUUCIICHHBIX TapAMETPOB CIeAYeT NpUHUMATh 1o Tadnuie [14.1.



Taonura [14.1

Vo s(Vox) Do

Bun nyrn, £ M/MUH M/MUH ye./Mp ak m
['opuzoHTaNIBHBIN B
30aHUN 100 5 0,51 0,295 1
['opu3oHTaNbHBINM BHE
3JaHUS 100 5 0,7 0,407 1

1,25-0,05D,

[Tpoem™ 100 5 0,65 0,295 pu D 35
JlecTHHna BHU3 80 5 0,89 0,4 1
JlecTHuna BBEpx 50 5 0,67 0,305 1

* - TIpu D = 9 4eir./m” 3HaueHus ¢; = V;xDy, onpenersitores o popmyie g; = 10x(3,75+2,5xby),

M/MUH.

[Tpu 1r060M BO3MOKHOM 3HAYCHUH o JIFOIU B KOJTnuecTBe N’ 0[, HaXOAIIHECS B MOMEHT fp Ha i-
OM BJICMCHTAPHOM YYAaCTKC, ABUTAIOTCA 110 HEMY M HAYMHAIOT MMEPEXOAUTH HA HOCJ'IGIIYIOHII/Iﬁ
yuactok (i+1) (puc. [14.1). Ha ygacTok 1 B cBOIO ouepe/ib EPEXOIUT YacTh JOACH ¢

npenpiaymero (i-1) aneMeHTapHOro yyacTka U U3 MICTOYHHKA .
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Puc. I14.1
HN3meHeHusl cOCTOSIHMSI MOTOKA B MOC/I€10BATEIbHbIE MOMEHTHI BpeMEeHHU

Io npourecTBuu BpeMenu Dt K MOMEHTY ¢; = to+Dt ToJIbKO YacTh mozueii N' oi,iﬂ C y4acTka i
ycreer nepeiitu Ha yuactok (i+1). K aTomy MoMenTy Bpemenu u3 N' U nmroieii, GHIBIINX HA
y9acTKe i B MOMEHT fy, octanercst (N - N' oi,iﬂ) moaei. VX 4ucio nonoHsAeTCs 3a CYET JIF0AEH,
YCIEBIINX 33 5TOT HHTEPBAT BPEMEHH MEPEHTH Ha HETO C IPEIBLIYIIEro yuacTka - N';i,; u u3
HCTOYHUKA N’oj, ;. Torga mioTHOCTH MOTOKA HA yYacTKE | B MOMEHT /; OyJleT paBHa:

Di:l =( in_ 5 +}'E:i]_j+j"ﬁ£5)-'fbi'ﬂ.

i+l (I14.4)
CKOpOCTh IBWKCHHS JIIOJICH, OKA3aBIINXCS HAa YU4ACTKE | B MOMEHT 7, ONIPEIIEISICTCS 110
dbopmyme:
= _ . 4
P? - Kl.k':l a; In L) IDDJ::' (I14.5)

CJ'[G)IyCT YUUTBIBATh, UYTO USMCHCHUC ITJIOTHOCTH IIOTOKA HA KaXKIOM Y4AaCTKE B pa3JIMYHBIC
MOMEHTBI BpEMEHH OTPaXaeT Mpoliiecc nepeopMupoBaHus pa3InyHbIX YacTeil MOTOKA, U KaK
YaCTHBIN ClIydai, IIPOLECC pACTEKaHUs NIOTOKaA.

HM3MeHeHMe TNIOTHOCTH ITIOTOKA Ha KaXXI0M M3 2JICMCHTAPHBIX YYACTKOB B IIOCJICA0OBATCIILHBIC
MOMCHTBI BpEMCHH 3aBUCHUT OT KOJIMYCCTBA J'II-OI[@I\/'I, MNEPEXOAAMIUX YEPE3 I'paHHU bl YIaCTKOB. B
o011eM cilyyae KOJIMYECTBO JIF0JEH, MePEeX0oIsIUX 3a HHTEpBal BpeMeHu Dt ¢ ydacTKa i Ha
ITOCJIEAYIOINN y4acToK i+1, cocTaBiser:

0
N =D bV 22 (114.6)



Ckopoctb nepexoja V., 4epe3 rpaHULbl CMEXHBIX JIEMEHTAPHBIX Y4aCTKOB CJIEAYET
[IPUHUMATh, PYKOBOJACTBYSCH CIEIYIOIIUMH (POPMYITaMHU:

pil

H =
v, oecnu DY) S Donpu max Vi c D=q,

I+1

Ry % % . _ '
Vi, eomm L > Doopu max Voo D =g,

(I14.7)

Crnenyer y4uThIBaTh, 9TO B TOT MOMEHT BPEMEHH 1, KOT/1a INIOTHOCTH MIOTOKA HA y4aCTKE I
JIOCTUTJIa MAKCUMAJIbHOW BEJTMYUHBI, HA ATOT Y4aCTOK HE MOKET IMIPUUTH HU OJIMH YEJIOBEK, HU C
MPEIIECTBYIOIIEr0 y4acTKa, HU U3 UCTOYHMKA. B pe3ynbprare nepes yuacTkoM i 3aIep>KUBAETCS
cootBercTBeHHO DN 1t DN”f,; ; Moziel. B cnenyrommii MOMEHT BPEMEHH f,+1 YaCTh JIFOAEH C
y4acTKa [ IepeXOUT Ha y4acTOK i+1, MIIOTHOCTH JIFOJCKOTO MOTOKA HA HEM YMEHBIIUTCS U
YacTh CKOMMBIIMXCS MEPE]] €ro IPAHMILICH JIOJEH CMOXKET MEPEUTH Ha Hero. JloJid uX ydacTus B
MIOTIOJITHEHHH JIFOJIbMH Y9aCTKa [ B MOMEHT 1+ OTpeaesieTcs: opMymou:

¥ ndwt o Fylnded | T dad | Tl | TPt |
"'—\J"‘?-l"“f‘ﬂ"'j = Dy v by D ‘T{: " by (I14.8)

Dopmyiisl (114.4)-(114.8) MOIHOCTHIO OMUCHLIBAIOT COCTOSIHUE JIFOACKOTO IIOTOKA Ha
QJICMCHTAPHBIX YJaCTKaX U UX MNEPEXOAbI B MMOCICA0BATCIIBHBIC MOMCHTEI BPpECMCHU.
CoBOKYIHOCTh 3HaYEHHUH pacueTHOTO BPEMEHH ABaKyalllH, OJIyYEHHBIX PU Pa3IMUHBIX
3Ha4eHUsAX Vi, GOpMUPYET IMIIUPUUECKOE PACIIPENICIIEHUE BEPOSITHOCTEN 3HauUeHui St,. I1o
3TOMY pacIpeleIeHHIO ClIeAyeT paCCUMTHIBATh 3HAUEHUE BPEMEHU 3aBEPIICHUS IBAKyallUH,
COOTBETCTBYIOLIEE BEPOSITHOCTHU P(%),,) = 0,999.

IHpuiioxenue Ne 5
K nyHkTam 10, 11 MeTonukn

JlaHHBIE 114 oNIPeIeICHUS PACYETHOIO
BPEeMEHHM IBaAKyalluu

1. 3HaueHre BpEMEHHU Havaja 3BaKyalluu f,, I IOMEIIEHUs oJara rokapa cieayeT IpuHUMaTh
paBHbIM 0,5 MuH. J[JIs1 OCTAIBHBIX MOMEIIEHUN 3HAUEHUE BPEMEHU Havalla dBaKyaluH
cnenyet onpenensaTs mo tabmure [15.1.



Taomura I15.1

n/n

Krnacc GyHKIIMOHATBHOM MOXXapHOH
OMAaCHOCTH 3JaHUN U
XapaKTEPUCTUKA KOHTUHT'€HTa
moei

3HaveHue BpeMEeHU Havalla dBaKyalluu JoJeH ¢,,, MUH

3nanus, 000pyIOBaHHBIC CHCTEMOiT

OIIOBECUICHHUSA U YIIPaBJICHUA 3Ba1<yau1/1e171

Jroaei

3naHus, He
000pyTIOBaHHBIC
CUCTEMOH
OIOBEIICHHS U
yIIpaBJICHUS
aBaKyalen aoaei

I-1I Tuma III-V tnna

31aHus IETCKUX JAOMIKOIBHBIX
00pa3oBaTENbHBIX YUPEKICHUH,
CHeLUaTM3UPOBAaHHBIX TOMOB
TIpecTapebix 1 MHBAINIOB
(HeKBapTHPHBIE), OOIBHHUIIBL,
CrHajbHbIE KopITyca
00pa3oBaTEeNBHBIX YUPEHKIACHUN
WHTEPHATHOTO TUTA U JIETCKUX
YUYPEXKICHUH; MHOTOKBAPTHUPHBIE
KHJIBIE JIOMa; OJJHOKBAPTHUPHBIE
KUJIBIE JIOMa, B TOM YHUCIIE
6nokuposannsie. (P1.1, D1.3, ©1.4)
JIromy MOT'YT HaXOJUTHCS B
COCTOSIHMH CHa, HO 3HAKOMBI CO
CTPYKTYpPOH 3BaKyallMOHHBIX MyTei
1 BBIXOJIOB.

6 4

T'ocTuHUIB, OOIIEKUTHS, CIIAJIEHBIE
KOpITyca CaHaTOPUEB U JIOMOB
oT/bIXa OOIIero THIIa, KEMITUHTOB,
Moreneil u mancuoHaros. (D1-2)
JKWiTbIibl MOTYT HAXOAHUTHCS B
COCTOSIHMM CHA U HEZOCTAaTOYHO
3HAKOMBI CO CTPYKTYpoOi
9BaKyallMOHHBIX YTEH U BBIXOJIOB.

31aHusl 3pEHIIHBIX U KYJIETYpPHO-
MIPOCBETUTENLHBIX YUPEIKICHUM;
3JIaHMs1 OpTaHU3alui 110
obcmyxuBanuto HaceneHus (D2,
®3). [NoceTuTenu HAXOIATCS B
OONPCTBYIOIIEM COCTOSHHH, HO
MOT'YT OBITh HE 3HAKOMBI CO
CTPYKTYpPOH 3BaKyallMOHHBIX MyTei
U BBIXOJIOB

31aHus HayIHBIX U
00pa3oBaTeNbHBIX YUPEKICHUH,
HAYYHBIX U MIPOEKTHBIX
OpraHH3alfi, OPTaHOB yIPABICHHS
yupexxaenuii (D4). [locernrenn
HAXOMATCS B OOIPCTBYIOIIEM
COCTOSIHMHM M XOPOILIO 3HAKOMBI CO
CTPYKTYpPOH 3BaKyallMOHHBIX MyTei
1 BBIXOJIOB.




2. IIpyHIMIBI COCTABIEHUS PACUETHON CXEMBI 3BaKyallMH.

Pacuernas cxema sBaKkyaluu mpeJcTaBiIsieT coO0H OTEIbHO BBIMOIHEHHYIO, HIIK BO3MOXKHO
HAHECEHHYIO Ha IUIaH 3/I1aHUs CXEMY, Ha KOTOPOIl OTpayKEHbI:

KOJIMYECTBO JIt0JIel Ha HayaJIbHbBIX Y4aCTKax - HCTOUYHUKAX (IIPOXO/Ibl MEKIY pabounMu
MecTaMu, 000pyJOBaHHEM, PSAAMH Kpecenl U T.11.);

HaIpaBJIEHUE UX JBMKEHUS (MapILpPYThI);
reOMEeTpPUYECKUE MTapaMeTphl yHaCTKOB MyTH (JJIMHA, IIUPUHA) U BUABI YYaCTKOB ITYTH.

PacuerHas cxema sBaKyaluu A0JKHA YYUTHIBATh CUTYAlLIHMIO, P KOTOPOH XOTS Obl OJJUH
YeJIOBEK HaxOIUTCs B HauboJiee yIaJleHHOM OT BbIX0/1a U3 3/1aHUs, COOPYKEHUS UIH CTPOCHUS
TOYKE.

B pvaCTHOﬁ CXEMC€ YUUTBIBAOTCA TOJIBKO TC ITYTU ABHUIKCHUS J'IIOJI@I\/II, KOTOPBLIC OTBCYAIOT
TpC6OBaHI/I$IM, NpCABABIACMBIM K ITYTAM 3BaKyalllH.

PaccmoTtpeB KommMyecTBO JIOAEH Ha HAYaJIbHBIX YY4aCTKaX IIYTH, CIEAYET ONPEICIUTh
HaIpaBJIEHUE UX JBWKEHUS. Y CTAaHOBIIEHBI CIIeAyIOIIe Ha0Io1aeMble paBuia Beioopa
JIIOJIbMU HampaBiieHus (MaplipyTa) ABHKEHUS TP dBaKyaliu:

a) IBUYKEHUE 110 TOMY ITYTH, KOTOPBIM JItOJIU NIOTAIH B 3[aHUE;

0) UCKIIIOYEHHE MyTeN JBUKEHHUS, IPOXOIALIUX PSAOM C 30HOM TOPEHUS, XOTS JIFOAU MOTYT
9BAKyHPOBATHCS Y€pe3 3abIMIICHHBIE KOPUAOPHI;

B) BJIMAAHHC IICPCOHAIA. B O6HI€CTB€HHLIX 3AaHUAX, KaK I[IPaBUJIO, ITIOCETUTCIIN IIPHU IMOXKAPEC
CJICAYIOT YKa3aHUAM IICPCOHANIA, IaXKE €CJIN 3TU YKa3aHHA HC COOTBCTCTBYIOT OIITUMAJIbHBIM,

I') [IPY 3BaKyalluy C MIEPBOTO 3TAXa - JBUKEHUE K OTKPHITOMY BbIXOAY HAPYXKY U3 3aHUS;

)1) CJIOKHAaA JIOTUCTHYCCKAs 3aBUCUMOCTD, OIIMChIBAKOIIaA BBI60p BbIXOJa C 9TaxKa 3pUTCIIbHOIO
3aina (puc. [15.5, a, 6);

€) NP MPOYUX PABHBIX YCIOBUSX - ABMXKEHUE K OJIMKaiIlIeMy BBIXOY.

Kpome Toro, nMeromiuecs: JaHHBIE IOKAa3bIBAOT, YTO ()aKTOPOM BBIOOpA HAIIPABICHHSI MOYKET
OBITh MECTO TAPKOBKHU JIMYHOTO aBTOMOOMIISI, MECTO BCTPEUH WICHOB CeMBH U T.11. Otmipeienenne
[IMPUHBI IIYTH BBI3BIBACT 3aTPyTHEHHUE TOJBKO MPU BBIXOJIE JIIOACH Ha Y4ACTOK
"HeorpaHMYEHHOM" NMPUHBI, HATPUMEDP B BECTHOIb. B TakoMm ciyyae mupuHa notoka (b)
3aBUCHUT OT KoJimuecTBa Jtonei (N) u amunsbl (/) yaactka: b=4mnpu N<100uen.ul/£ 6 m; b =
6 M - B OCTaJIbHBIX CIyYasX.

CornacHo JaHHBIM HAaTYPHBIX Ha6.]'II-O]I€HI/II\/'I YCTaHOBJICHO, YTO IIOBOPOTHI ITYTH HE BJIUAIOT HA
nmapaMeTpbl ABMKCHUA JIFOJCKOTO ITOTOKA.



Omnpenenenue JUIMHBI (B10JIb OCH IyTH) OTJIMYAETCA JUIsl TOPU3OHTAIBHBIX U HAKJIOHHBIX ITyTEH.
K Hak/IOHHBIM IyTSAM OTHOCATCS JIECTHULBI U TaHAycbl. CBOOOHAS MIMPHHA b HAKIIOHHOTO
IyTH, HAIPUMEP JIECTHUYHOT'O Mapllla, IPUHUMAETCS B CBETY: OT IIEPUJI 10 CTEeHBI. J[irHa
HakJIOHHOTO nyTH L (puc. I15.1) npuHUMaeTcs N0 HCTUHHOMY €r0 3HAaY€HUI0. DTaXKHbIE U
MEXAYITaXKHBIE IJIOIAIKHU B LEJIAX YIPOLIEHUS U 00JIerYeHus! BEIUMCICHUN, YIUTBIBAs UX
HeOOJIbIINE pa3Mepbl U MEHBIYIO CJI0KHOCTh JABHYKEHUS 1I0 HUM B CPABHEHUH C JIECTHUYHBIMU
MapIllaMy, JOMYCKAeTCs OTHECTH K HAKJIIOHHBIM IyTAM. Torja cpeansist JUIMHAa HaKJIOHHOTO IyTH
B IIpeJesIaX OJITHOTO 3TaXa, C y4eTOM JIBUKEHHUS 110 IUIOMAJAKaM, COCTaBHT:

I ABYXMApPUICBBIX JICCTHUIL

Ln’

Cos &y

L=

rac L¢ - FOPHU30HTAJIbHAasA IMPOCKUUA JJITUHBI HAKJIOHHOI'O ITIYTH, M,

a - YroJl HaKJIOHa K TOPU30HTY,

HE JIOIyCKasi Cephe3HON MOTPELIHOCTH, JJIUHY IYTH 0 IBYXMAapIIEBON JIECTHUIIE MOKHO
[IPUHUMATh PaBHOW €ro yrpoeHHo# BricoTe H, T.e. L = 3-H,

I TPEXMAapPIICBLIX JICCTHHUILL

L=2IL.'+ L.\-
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Puc. I15.1
PacyerHasi JiMHA MYTH 10 JeCTHUIIE:
a - AByXMapiuieBas JieCTHUIA; 0 - TpexMapiieBasi JeCTHULA

[Tangycel, ecay UX HAKJIOH HE3HAa4YUTeNeH (MeHblIe 1:8), MOKHO OTHOCUTH K TOPU30HTAIbHBIM

IIyTsaM, IIpH 0oJice 3HAYNTEILHBIX HAKIIOHAX - K JICCTHHUIIAM. HJ'II/IHa HAKJIOHHOT'O ITYTH TAKXEC
OIMpCACIISACTCH IO €T0 OCH.



[lytu nBUXKEHUS B Ipeaesiax 3aHus 0ObIYHO NEPECEKaloTCs JBEPHBIMU ITPOEMaMH,
JNEKOPaTUBHBIMU NOPTAJIAMH, UMEIOT CY>)KEHHS 3a CUET PA3IUYHBIX apXUTEKTYPHBIX WUIU
TEXHOJIOTMYECKUX 3JIEMEHTOB, BBICTYIIAIOIINX U3 IUNIOCKOCTH OrpakaeHui. Taknue MecTHbIE
CYXEHHS HE3aBUCHMO OT MX XapaKkTepa B JajbHEHIIeM Ha3bIBAIOTCS IIPOeMaMH IIUPUHOM b.
JlivHa mytu L B mpoeMe MOKET He YUUTBIBAaThCs, €CIM OHa He npesbimaeT 0,7 M, T.€. JJIMHbI
OJIHOTO IIara, B IPOTUBHOM CIIy4ae JBHKEHUE B IIPOEME CIIETyeT pacCMaTpHUBaTh, KAK ABUKEHUE
Ha CaMOCTOSITENIbHOM PaCYETHOM y4aCTKE FTOPU30HTAIBHOIO ITyTH.

JlecTHUYHBIE KIIETKH SIBJISIOTCS LIEHTPAMU TATOTEHUS JIFOJICKUX TTOTOKOB (/17151 IEPBOTO ATaXa -
BBIXO/Ibl HAPYXKY), Ha BX0JI€ B KOTOPbIE 3aKaHUMBAETCS BTOPOI! aTan 3Bakyauuu. [loaromy
pacyeTHBIE CXEMBI L1€J1€CO000Pa3HO COCTABIATH JUI KaX /101 yacTu 3Taxa, 0 KOTOPOH JI0U
ABAKYHPYIOTCS Yepe3 MPeayCMOTPEHHYIO /Ul HUX JIECCTHUUHYIO KJIETKY (BbIX0JA Hapyxy). Ha
puc. I15.2 nmpuBeaeH npuMep COCTABICHUs paCYETHOM CXEMBI 3BaKyalluy JIOJAEH 110 YaCTH dTaxa
JI0 BXOJIa B JIECTHUYHYIO KIIETKY.
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Hrgameusie yancTen M 3 = 7 (HCTOSHHKR) = IRoX0mk Memay
paboTHME MecTaME, o50pyIoBAHBEM, PRABAME EPecEl H T, .
= 10m, b= 12w 8= 0.9 u

Puc. I15.2
IIpumep cocTaBiieHUs] pACYeTHOH CXeMbl IBAKYalMH JIIOJeH 10 YaCTH 3TaKA /10 BX0/Ja B
JIECTHUYHYIO KJIeTKY: /V - KOJM4ecTBO Jwjaei; b - mupuHna; [ - nnmna; by - mupuHa npoema

B 3putenbHbIX 3aj1aX ¢ MOCTOSHHBIMU MECTaMU ISl IOCETUTENEN pacpeiesieHue JIto1eH 1o
HaIpPaBJICHUSAM JBUKEHUSI K 3BaKyallMOHHBIM BbIX0JaM IoKa3aHo Ha puc. [15.3 u I15.4.
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Puc. I15.3
MapupyTu3auus IBUKEHHUS JIOACKHX IOTOKOB IPH IBAKYALMHU U3 3PUTEIbHBIX 3AJI0B C
00KOBBIMH (IIPO0JIBLHBIMH) IPOXOAAMH
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Puc. I15.4

Mapmpmiam/m ABUKCHUSA JIOACKHUX IMOTOKOB IIPH 3BAKYAllUM U3 3PUTCJIbHBIX 34J10B €
MONMEPECYHBbIM IMMPOXOaA0M

Ecnu B nanpHeimeM 1roau BEIXOAAT B oiie Wi BECTUOIONb, T.€. Uepe3 MOMEIIEeHUS He
OTPaHUYMBAIOIIME, KaK KOPUIOP, IIUPUHBI JIFOACKOTO TOTOKA, TO pACIPEACIICHUE JTIOJICKUX
MTOTOKOB MEX Iy BO3MOKHBIMU 9BAaKyallUOHHBIMU BBIXOJIaMU, KOT/1a OHU HE OJIOKHPOBAHBI,
MIPOUCXOAUT COTIIACHO 3aKOHOMEPHOCTSM, MTPUBEIEHHBIM Ha puc. [15.5, a, 6.
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Puc. II5.5, a
Yuciio 3puresieil 1 BLIOOP BbIX0/1a MPH IBAKYALMHU B IBe JIECTHHYHbIE KJIETKH JI100 B IBe
OTKPBbITHIE JIECTHUIIBI MJIM B IBA BbIX0/1a U3 3/1aHus: [V - o0lee KOJIU4eCTBO
IBAKYHPYIOIIUXCH; N7 - YHCJI0 IBAKYUPYIOIIMXCA Yepe3 OJIMKHUI BBIX0A; NV, - UM CJI0
IBAKYHPYIOIIMXCA Yepe3 TaJbHUI BBIX0A; /7 - IJIMHA MYTH 10 OJMKHEr0 BbIX0Aa; [ - IUIHHA
MYTH 10 JaJ1bHEr0 BbIX0/1a
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Puc. I15.5, 6
YucJio 3puTesieil 3BaKyUPYIOIIUXCS M0 OTKPBITOI JiecTHHLE: NV - o011ee KOJIUYeCTBO
IBAKYHPYIOIIUXCA; N7 - YMCJI0 IBAKYUPYIOIIMXCH MO OTKPBHITOM JieCTHUILE; /7 - IVINHA MY TH
10 OTKPBITOM JIECTHUIIBI; [ - IVINHA MMYTH 10 BHIX0/Ja HA JIECTHHYHYIO KJIETKY

3. Ilpu 0AHOPOAHOM COCTaBE JIFOACKOTO MOTOKA Tpyri MoOmIbHOCTH M2, M3 1 M4 3naueHus
BenuuuH D, V' U g cnefyet npuHUMAaTh B COOTBETCTBUU € JaHHBbIMU TaOmuipsl [15.2.



Taonura I15.2

PacueTHble 3HaYeHUs1 MapaMeTPOB JJisl Tpynn ModuiabHocTu M2-M4

Bun nytu
l'opuzonTanisH JlectHuna JlectHuna
I'pynma BIH BHU3 BBEPX ITanyc BHU3 ITanayc BBepx
MOOHITB-
HoeTH g, v, g, v, g, V g,
D, v, MM | MM | MM | mima | MM | MM | MM v, q,
MY/M | m/MuH | MuH H MUH H MUH H MUH M/MHH | M%/M MuH
0,01 30 0,3 30 0,3 20 0,2 45 0,45 25 0,25
0,05 30 1,5 30 1,5 20 1 45 2,25 25 1,25
0,1 30 3 30 3 20 2 45 4.5 25 2,5
0,2 | 26,05 | 521 | 2622 | 524 | 16,78 | 3,36 | 41,91 | 8,38 21,98 4.4
0,3 21,97 | 6,59 | 22,01 6,6 13,96 | 4,19 | 33,92 | 10,18 18,09 5,43
M2 0,4 19,08 | 7,63 | 19,03 | 7,61 | 11,96 | 4,78 | 28,25 | 11,3 15,32 6,13
0,5 16,84 | 8,42 | 16,71 | 8,36 | 10,41 5,2 23,85 | 11,93 13,18 6,59
0,6 15,01 | 9,01 | 14,82 | 8,89 9,14 5,48 | 20,26 | 12,16 11,43 6,86
0,7 13,46 | 9,42 | 13,22 | 9,25 8,07 5,65 | 17,22 | 12,05 9,95 6,97
0,8 12,12 | 9,69 | 11,83 | 9,47 7,14 5,71 | 14,59 | 11,67 8,67 6,94
0,9 10,93 | 9,84 | 10,61 | 9,55 6,32 5,68 | 12,27 | 11,04 7,54 6,79
0,01 70 0,7 20 0,2 25 0,25 105 1,05 55 0,55
0,05 70 3,5 20 1 25 1,25 105 5,25 55 2,75
0,1 70 7 20 2 25 2,5 105 10,5 55 5,5
0,2 53,5 10,7 20 4 20,57 | 4,11 | 83,41 | 16,68 | 45,54 9,11
0,3 43,57 | 13,07 | 16,67 5 17,05 | 5,12 65,7 | 19,71 35,59 10,68
M3 04 | 36,52 | 14,61 | 14,06 | 562 | 14,56 | 582 | 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 9,7 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 | 1499 | 6,7 6,03 7,52 6,77 | 17,71 | 15,94 8,64 7,78
0,01 60 0,6 - - - - 115 1,15 40 0,4
0,05 60 3 - - - - 115 5,75 40 2
0,1 60 6 - - - - 115 11,5 40 4
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 04 |3393 | 1357 | - - - - | 65,86 | 26,34 | 23,52 9,41
0,5 | 28,58 | 14,29 - - - - 54,98 | 27,49 19,77 9,89
0,6 242 | 14,52 - - - - 46,09 | 27,65 16,71 10,03
0,7 20,5 | 14,35 - - - - 38,57 27 14,12 9,88
0,8 17,3 | 13,84 - - - - 32,06 | 25,65 11,88 9,5
0,9 14,47 | 13,02 - - - - 26,32 | 23,68 9,9 8,91




IIpumeyanue:

M2 - HeMOlIHBbIE 01, MOOUIILHOCTh KOTOPBIX CHUYKEHA U3-3a CTApEeHUs OpraHu3Ma (MHBaJIHIbI
110 CTapOCTI/I); HWHBAJIUJbI HA IPOTE3aX; MHBAJIMAbI C HCAOCTATKaAaMH 3pCHUS, ITOJIB3YIOIIHUECAH
0eJI0i TPOCTBIO; JIFOH C IICHXUYECKUMH OTKIOHCHUSIMU;

M3 - uHBaNIM/IbI, UCIIOJIB3YIOUIUE MPU JBHXKEHUN JOMIOJHUTEIbHbIE ONOPbI (KOCTBUIH, MANIKN);

M4 - HHBAJIUIbI, ICPCABUTAIOIINECS Ha KPECIaX-KOJACKax, IPUBOJUMBIX B ABHXKCHUC BPYUYHYIO.

o 2
4. Tnowmaas ropu30HTANIBHON NpoeKuu yenoseka (puc. [15.6) £, M”/4en., npuHuMaeTcs B
3aBUCHUMOCTH OT COCTaBa J'II-OI[GfI B IIOTOKC B COOTBCTCTBHUHU C ITPUBCACHHBIMH HUXKC JJaHHBIMH.

Puc. I15.6
IL1omaas ropu3oHTAIbHON MPOEKIIUM YeJI0BeKa:
a) pacyeTHas; 0) HelicTBUTeIbHAas

PasmMepsl sro/1eit H3MEHSIOTCS B 3aBUCUMOCTH OT (PM3UYECKUX JAaHHBIX, BO3PAcTa U OJSKIbI. B
tabnuuax [15.3, I15.4, I15.5 u Ha pucyHke [15.7 npuBoaATCS yCpeIHEHHbIE pa3Mephl JIOeH
pa3HOro BO3pacTa, B PA3IMYHON 0/IeXK/IE M C Pa3IMIHBIM Ipy30M. [Ipu 3TOM IpHuBECHEI
3HAYCHUS TUIOIIAAN TOPU30HTAIFHON MPOCKIIMHA HHBATUIOB C HAPYIIEHHEM OTIOPHO-
JBUTATEILHOTO ammapara.

Taomuma I15.3

Ils1omaam ropu3oHTAIBLHOM NPOEKUUH B3POCJIbIX JIIOACH

[lmomaae ropu30HTATIBHOM

Tum oxex bl Iupuna a, m Tommuua c, M )
MIPOEKINH, M~ /4ell.
Jletnss 0,46 0,28 0,100
Becenne-ocennss 0,48 0,30 0,113
SuMHSSA 0,50 0,32 0,125

Taonua I15.4

ILnomagn FOpH30HTaJ’IbH0ﬁ MPOCKIUHU JeTeH u MmMOAPOCTKOB



Tun oxex bt

miagnias g0 9 jer

JloMamrHss ok aa 0,04
JlomarHsist oJ1e’k/1a CO IMIKOJIbHOM 0.07
CYMKOU ’

Vinnguas onexna 0,09

Bo3spacThsle rpynmst

Taomumna I15.5

o o . 2
ILromaan TOPU30HTAJIBHOU NMPOCKIUH JIOI€H C OTPAHUICHHOU MOﬁI/IJ'lI)HOCTI)IO, M“/aelI.

JNOpoRkie MOAH, C nopaseHEed o00pHD-TEHMATENLROT ANNApETa
cnafaCABIIE-
T
ke, € OTPiXHH- Cremmiz OEDeABKIARN- NEpeInHIa- MEpe NI NEpeliBArag- | TPAHCIOPTHRYE- | TPAHCTOPTHPYE-
SEHHEM YMCT- wiecs Geg no- | mmeca ¢ onHod IHECH C ABYMA | THECH §iE Kpec- MEIE JEY MBIE B
BeHHo qeA- MONHHTENEHEIN | SOMMTHATEABHON|  DONONHHTENL- | NEX-KOMECKAX HOCHTEE KATANKAX
TENRHOCTH onop oIpoil MBMH ONOpasMH
1 i 3 4 3 [ T ]
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. ] [ ] ;
i
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g =018 ay =012 ay=1040 ag=050 by =0,50 Ey=0,75
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Puc. I15.7
IL1omaas ropu30HTAIBHON MPOEKIIUH JIOJIel ¢ Pa3JIMYHbIM I'PY30M

5. Bpewms 3a5iepikKu £; IBUKEHUS HA yJaCTKE i M3-32 00pa30BaBIIETOCS CKOTUICHHUSI JIFOICH Ha
TpaHMIIE C MOCIEAYIOMUM ydacTkoM (i+1) onpenensercs mo Gopmyie:

cpen



1 1
Hroper paos B @ ’

(I15.1)
rjae N - KOTU4ecTBO JI0JEH, Je.;
f - IIOIA b TOPH30HTANBHOMN IPOSKINH, M,
Qupn D=0,9 - THTEHCUBHOCTb JIBJKEHUS uepe3 ydacTok i+1 npu motHoctu 0,9 u 6011ee, M/MUH;
bi+; - MUpUHA y4acTKa, M, IPU BXOKJIECHUH Ha KOTOPBI 00pa30Baioch CKOIUICHUE JIFO/IEH;
¢i+1 - ”YHTCHCUBHOCTH JIBI)KCHUS HA y4acTKe i, M/MHH;
b; - mMprHa NPEIIIECTBYIOIIETO Y4acTKa 7, M.

Bpewmst cyiiecTBoBaHMS CKOTUICHUS £, HA YIACTKE 1 OTIpenessieTcs mo Gopmysie:

N-y
b = ————
Frpe Da0 9 "By (T15.2)

PacuetHoe Bpems 3BaKyalluu 10 y4acTKYy i, B KOHIIE KOTOPOTO Ha I'paHulle ¢ yyacTkoM (i+1)

00pa30BaioCh CKOIUIEHHUE JII0/IeH PAaBHO BPEMEHH CYILIECTBOBAHUS CKOIUIEHUS /... PacueTHOE
BpeMsl IBaKyalllH 10 YYacTKY i AOMYCKAeTCsl ONpeaeisaTh o Gopmyie:

Sy,
{ (T15.3)

IHpuioxenue Ne 6
K NYHKTY 12 MeToauku

Ilopsaaok mpoBeaeHUs pacuera u
MaTeMaTH4YeCKHue MOIEJH AJIH oNpeae/ieHus
BpeMeHH 0JIOKMPOBAHUSA MyTeH IBAKYAMU
ONMACHBIMH (PAKTOPAMHU IOKAPA

I. Illopsinok nmpoBeaeHus1 pacyera

[IpousBoanTCS IKCIEPTHBIIN BHIOOP CLIEHAPUS WK CLIEHAPUEB M0XKapa, IPU KOTOPHIX
0’KMJIAF0TCS] HAUXYIINE MOCIECACTBHS Ul HAXOJAIIUXCA B 3JaHUU JIFOACH.

®opMyIupoOBKa CLIEHAPHS Pa3BUTHS [10Kapa BKIIOYAET B €051 CIEAYIOLUE TallbL:

BBIOOp MeCTa HaX0X/I€HUs [IEPBOHAYAIILHOTO OYara rnokapa 1 3aKOHOMEpPHOCTEHN €ro pa3BUTHS,



3a/laHle pacyeTHOM o0nacTu (BEIOOp paccMaTpUBAEMOM MIPH pacyeTe CUCTEMBI IIOMEIICHUM,
OIIPE/IETICHUE YYUTHIBAEMBIX IIPU PACUETE 2JIEMEHTOB BHYTPEHHEN CTPYKTYpPHI IOMELIEHUM,
3aJlaHuE COCTOSIHUSI IIPOEMOB);

3aJlaHue MapaMETPOB OKPYKAKOLIEH CPEJlbl U HAYAJIbHBIX 3HAUEHUI [TApaMETPOB BHYTPH
HOMEIEH M.

Br160op MecTa HaxoxAeHUs ovara noxapa npou3BOUTCS SKCIEpTHBIM myTeM. [1pu aTtom
YYHUTBIBAETCS] KOJIMYECTBO F'OPIOYEH HArpy3KH, €€ CBOMCTBA U PACIIOJIOKEHUE, BEPOSTHOCTD
BO3HUKHOBEHMS [10Kapa, BO3MOKHAs AMHAMUKA €0 pa3BUTHUS, PACIIOIOKEHHUE dBAKYALIMOHHBIX
ITyTE€N U BBIXOJOB.

Haubonee yacTo npu pacuerax paccMaTpuBarOTCsS TPU OCHOBHBIX BUJA Pa3BUTHS MOKapa:
KpYTrOBO€ pacIpOoCTpaHEHHE M0XkKapa [0 TBEPAOU roprodel Harpy3ke, TMHEHHOE
pacnpoCTpaHEHueE M0XKapa M0 TBEPAOU TOPIOYEH HArpy3Ke, HEYCTAaHOBUBIIEECS TOPEHUE
TOpPIOYEH KUJIKOCTH.

CKOpoOCTb BBITOpaHUS ISl 3TUX CIy4aeB OINpeaesseTcs: GopMyaamu:

wm'ﬂ-vi-fg = V1A KPYTOBOrO pacmpocTpaHeHHA Moxapa

W=y 20y b - ana nuHeRHOro pacnpocTPaHeHUA oK Apa,

— ANA HeYCTAaHOBHEINEToCA ropeHHA [K

Wi F
L (116.1)

. 2
/1€ Yy - YIebHasi CKOPOCTb BHITOpPaHUs (IUIs )KUAKOCTENH yCTaHOBUBLIASCS), KI/(CXM”);
V - CKOPOCTb paclpoCTpaHEHUs IJIaMEHU, M/C;
b - muprHa NOJ0CHl rOproYeit Harpy3KkH, M;
fem - BpEMS CTAOMIIM3A[MU TOPEHUS TOPIOYEH KUAKOCTH, C;

2
F - miomane oyara noxkapa, M”.
C yuerom pazjiena Il raHHOTO NPUIIOKEHUS BBIOMPAETCS METO]T MOJCIUPOBAHMUS,
dbopMynupyercs MaTeMaTHuecKas MOJiellb, COOTBETCTBYIOLIAs JAHHOMY CLIEHAPUIO, U
MIPOM3BOIUTCS MOJIEIMPOBAHUE TMHAMUKY pa3BUTHUS Nokapa. Ha ocHOBaHMY MOTy4EeHHBIX
PE3yJIbTaTOB PACCUMTHIBAETCS BPEMsI IOCTUXKEHUS KaXK/IbIM U3 OMACHbIX (PaKTOPOB IMOXKapa
IpesielbHO JOMYCTUMOIO 3HAUYEHUS Ha MyTAX 3BaKyallH.
Kputnueckoe Bpems 0 Ka)KJOMY U3 OMACHBIX (PaKTOPOB I0Kapa OIpeesieTcs KaKk Bpemst
JOCTHXKEHHS 3TUM (PaKTOPOM IPEJEIbHO AOMYCTUMOIO 3HAaYEHMsI Ha ITyTSAX 3BaKyalluu Ha
BEIcOTE 1,7 M OT 1I0J1a.

[IpenenbHO NOMyCTUMbIE 3HAYEHUS 110 KaXJA0MY U3 OMACHBIX (PaKTOPOB MOXKapa COCTABIISAIOT:

10 TIOBBINIEHHOH TemriepaType - 70°C;



110 TEIIOBOMY MOTOKY - 1400 Br/Mm?;
10 IOTEpE BUAUMOCTH - 20 M;

3.
0 IOHKEHHOMY CoJiep KaHuto kuciopoaa - 0,226 kr/m’;

110 KaXIOMY W3 TOKCHYHBIX ra3000pasHbIx mpogyktos ropenus (CO, - 0,11 kr/m’; CO -
1,16x107 xr/m’; HCL - 23x107° xr/ar).

Heo06xo01uM0 0TMETHTB, YTO IIPU UCIIOJIB30BAHUHU 10JIEBOI MOJIENIN ONpEie/ieHue KPUTHUECKOTO
BpEMEHHU UMEET CYLIECTBEHHbIE 0COOCHHOCTH, CBSI3aHHBIE C TEM, YTO KPUTHUECKOE 3HAUCHHE B
Pa3IMYHbBIX TOUKAX MOMEILIEHHS JOCTUTaeTCcsl He OAHOBpeMeHHO. J{Jis moMeleHuil ¢
COM3MEPUMBIMU TOPU30HTAIBHBIMU pa3MepaMu KPUTHUECKOE BPEMsI OIIpeiesieTcs KaK
MaKCHUMAaJIbHOE U3 KPUTUYECKUX BPEMEH JJISl 3BaKyallMOHHBIX BBIXOJIOB U3 JJAHHOT'O MOMEILECHUS
(Bpemst OJI0KMpPOBaHUS MOCIIEIHETO BBIXOA).

Ompenensercs Bpemsi OJIOKUPOBAHHUS 15,

JTE ,r rr .o, IO
:z,%%}

%wm@,w#

(116.2)

I1. Knaccudukauus v 06,1acTh NPUMEHEHUsI METOI0B MATEMATHYECKOT0 MOIEJTHPOBAHUS
no:kapa

Jlist onrcaHus TEPMOra3oJMHAMUYECKHUX TapAMETPOB M0XkKapa MPUMEHSIOTCS TP OCHOBHBIX
IPYIIIbI AETEPMUHUCTHUECKUX MOJIENIEN: HHTErpaibHble, 30HHbIE (30HAIbHbBIE) U MOJIEBBIE.

Bb160p KOHKpETHOM MOJIeNI pacueTa BpeMEHU OJIOKUPOBaHUS ITyTel IBaKyalllH CIEAyeT
OCYILIECTBIIATh UCXO/S U3 CIEIYIOIUX IPEINOCHIIOK:

UHMeZPANbHbLIL MEMOO:

IUIS 30AHUHN, COAEPKALIUX PA3BUTYIO0 CUCTEMY TOMELIEHUH MaJIoro 00bemMa IpocTon
reoMeTpUYecKoi KOHPUTypaluu;

JUIs IOMEIIEHUH, TJIe XapaKTepHBI pa3Mep oyara mokapa COu3MepHUM C XapaKTEpHbIMU
pa3zMepamu OMEIIEHUsS U pa3Mepbl IOMEIICHHS] COU3MEPUMBI MEX 1y cO00W (JIMHEHHbIE
pa3Mepsl MOMEILEHUs OTINYAIOTCs HEe OoJiee ueM B 5 pa3);

JUIS TIpEeIBApUTENBHBIX PACUETOB C LIEJIbI0 BBISIBICHUS HanboJee OMacHOro CLiEHApHs 10XKapa;
30HHbLI (30HATIbHBLIL) MEMOO:

U1 IOMEIIEHUN U CUCTEM MOMEILEHU I MPOCTON TeOMEeTPUYECKON KOHpUTrypaliu, TUHEHbIE
pa3Mepbl KOTOPBIX COU3MEPUMBI MEXY CO00 (JIMHEHHbIE pa3Mephl TOMEIICHUS OTJINYA0TCs He

Oosee yeM B 5 pa3), KOrja pa3Mep oyara oxapa CyliecCTBEHHO MEHbIIE pa3MepOB IIOMEIIECHHUS;

U1 pabovMX 30H, PAaCHOJIOKEHHBIX Ha PAa3HBIX YPOBHSX B Mpeeaax 0JHOTO OMEUICHUS
(HaKJIOHHBIN 3pUTENbHBIN 321 KUHOTEATpa, aHTPECOJIN U T.]);

noJeeoit Memoo:



U1l IOMEIIEHUH CII0KHON T€OMEeTpUYECKON KOHPUTypaluy, a TakKe OMELIeHUH ¢ 00JIbIINM
KOJIMYECTBOM BHYTPEHHHUX MPErpaj (aTpuyMbl C CUCTEMOM ranepeil 1 NpuMbIKaroIIuX
KOPHUI0POB, MHOTO(QYHKIIMOHAIbHbBIE LIEHTPBI CO CI0KHOM CHCTEMOM BEpTUKAIbHBIX U
TOPU30HTAJIBHBIX CBS3EH U T.1.);

JUIS IOMEIEHUHN, B KOTOPBIX OJIMH U3 T€OMETPUUYECKUX Pa3MEPOB ropasio 0oJblIe (MEHBIIIE)
OCTaJIbHBIX (TOHHENH, 3aKPBITHIE aBTOCTOSHKY OOJIBIION IUIOMIAN  T.]1.);

JUIS UHBIX CIIy4aeB, KOTJa MIPUMEHUMOCTh WJIM HHPOPMATUBHOCTb 30HHBIX U MHTETPAJIbHBIX
Mo/ieJiel BbI3bIBAET COMHEHUE (YHUKAIbHBIE COOPYKEHHUSI, paCIIPOCTPaHEHUE MoXkKapa 1o Qacary
3/1aHus1, HEOOXOAUMOCTh yyeTa paboThl CUCTEM IPOTHUBOIIOKAPHOM 3aIlUThI, CHOCOOHBIX
KayeCTBEHHO MU3MEHMUTh KapTUHY II0Kapa, U T.1.).

[Ipu mcronb30BaHUK UHTETPAIIBHON M 30HHOM MOJIENEN I IOMEIEHNs, OAWH U3 JIMHEHHBIX
pa3MepoB KOTOPOTo 00Jjiee YEM B MSTh pa3 MPEBBIIAECT XOTs Obl OJIMH U3 JBYX JAPYrUX JUHEHHBIX
pa3MepoB, HEOOXOIUMO 3TO MOMEIIEHUE ACTUTh Ha YYaCTKU, pa3Mepbl KOTOPBIX COU3MEPUMBI
MeX]ly co00M, M pacCMaTpUBATh YYAaCTKU KaK OTJIEJIbHbIE IOMEIIEHUS, COOOIIAI0IINECS
IIpoeMaMHu, IUION[aJb KOTOPBIX PaBHA IIJIOIIAM CEYEHUS HA TPAaHUIIEe y4acTKOB. Mcronbp3oBanue
aHAJIOTMYHOM MpOoLIeyphl B CIyvae, KOI/ia JBa JIMHEHHBIX pa3Mepa MpeBbIIIatoT TPETHil Ooliee
4eM B 5 pas, He TOIyCKaeTCsl.

III. UaTerpanbHas MaTeMaTHYeCKas MOJIeJIb pacyeTa razo00MeHa B 31aHUM, IPH MOKape
Jlist pacueTa pacnpoCcTpaHEeHUs IPOIYKTOB TOPEHUS 10 3JaHUIO COCTABIIFOTCS U PEIIAOTCS
yYpaBHEHUS adpalliu, TEII0- 1 MacCOOOMEHa KakK IS KaXKJI0T0 MOMEIIEHUS B OTJACIBHOCTH, TaK

n 1J1d BCETO 3aHUA B LICJIOM.

VYpaBHEHMsI IBUKEHUS, CBSA3bIBAIOLINE 3HAUEHU NIEPENaioB IaBJIECHUM Ha TpoeMax ¢ pacxo aMu
ra3oB 4epe3 IPOeMbl, UMEIOT BU/I:

Gy =sen(85) 4 P 2 o B (116.3)

rzae Gj; - pacxo/i ra30B 4epe3 IMpoeM MEeXy ABYM (j-M M i-M) CMEKHBIMU IIOMEIIEHUSMH, KI/C;

m - ko3hdummeHT pacxoaa npoema (m = 0,8 myst 3akpeITHIX TpoeMoB U m = 0,64 nms
OTKPBITHIX);

2
F - muiomaaes cedeHus nmpoema, M

7 - INIOTHOCTb Ia30B, MPOXOIALINAX YEPE3 MPOEM, KT/M ;

DRj; - cpennmii nepenan MOJIHBIX AABJICHUN MEXIY j-M U i-M NoOMeleHneM, Ia.

HanpasieHue (3HaK) pacxoja onpeAesseTcss 3HakoM pa3HocTu naBieHuil DRj;. B 3aBucumoctu
OT 3TOTI'O IIJIOTHOCTD 7 IPUHUMACT PA3JIMIHBIC 3HAYCHH .

3HaK pacxoja ra3oB (BXOJSIINI B IOMEIIEHUE PACX0]] CUUTACTCS MOJIOKUTEIbHBIM, BBIXO AN
- OTpHLIATEIbHBIM) U 3HAUEHUE ¥ 3aBUCAT OT 3HAaKa Iepenaaa JaBIeHUA:



-1, o= P npu AP L0

UL P41, p= g, npu AP 0. 1164

Jljis IpOTrHO3MPOBAHUS TAPAMETPOB MIPOIYKTOB FOPEHUS (TeMIlepaTypbl, KOHIIEHTpALil
TOKCUYHBIX KOMIIOHEHTOB ITPOJIYKTOB FOPEHUs) B IOMEIICHUSIX MHOTO3TaKHOT'O 3/1aHUS Ha
3Ta’kax, pacroJIO’KEHHBIX BbIIIE ATa)Ka, HA KOTOPOM MOYKET BO3HUKHYTH MOXap,
paccMaTpuBarOTCA MPOLIECCHl PaCIPOCTPaHEHUs IPOAYKTOB TOPEHMSI B BEPTUKAIbHBIX KaHallaX
(JlecTHUYHBIE KJIETKH, IIaXThl TU(TOB, BEHTKAHAJBI U T.I1.).

BCpTI/IKaJ'H)HYIO IIaxTy MO BBICOTE pasAC/IAIOT Ha 30HbI, KOTOPLIC IMTPCACTABJIAIOT Y3JIbl B

FHHpaBHH‘{CCKOﬁ CXEME 31aHus. 30Ha 110 BEICOTE MOKET OXBATBIBATHL HECKOJILKO dTaAXKEN 3JaHUs.
B sToMm ciyuae pacxon raza Mexay 30HaMH MOYKHO BBIPa3UTh (GOpPMYIION BUIA:

G- [

2

S (116.5)
raec

_ 1
ve ke B3
gk F
- XapaKTEepUCTHKA THIPABINYECKOTO COIIPOTUBIICHHS HAa IPAHULIE 30H;
F - muomaap nonepevyHoro ceueHus MaxThl;
2
k - xoapunuent (nonyckaercs npuHUMaTh paBHeIM 0,05 c/Mm);
2
g=9,81 M/c” - yckopeHue cBOOOTHOTO TaJICHNUS,
Dp - nepenan TaBI€HUNA MEXKIY Y3JIaMU.
31aHue IpeICTaBISIIOT B BUAE TUAPABIMUECKON CXEMBI, y3JIbl KOTOPOH MOAETUPYIOT
MOMEILIEHHUS, a CBSI3U - ITyTU JBUKEHUS MPOJTYKTOB TOpeHUs U Bo3ayxa. Kaxxnoe nomernienue
3/1aHMSI OTMCHIBACTCSI CUCTEMOU YpaBHEHUH, COCTOSIIEH U3 ypaBHEHUs OanaHca MaccChl,
YpaBHEHHUS COXPAHEHUS SHEPTUU U YPaBHEHHs] OCHOBHOT'O ra30Boro 3akoHa (MeHneneeBa-

Kiaiimepona).

VYpaBHeHue OanaHca MaccChl BeIpaxkaeTcs (popmymoit:

dlo; ¥y )ide=w+ Y G, -G,
gz =' (116.6)

rzae V; - ooObeM nomelneHus, M

¢t - Bpems, C;

2.6

k - CyMMa pacxoJI0B, BXOIAIINX B IOMEIIICHHE, KI/C;



>a

i - CyMMa pacxoJI0B, BEIXOSIIUX U3 TTOMEIICHHUS, KI/C;
Y - CKOPOCTh BBITOPAHUSI IOKAPHOU HArPY3KH, KI/C.

VYpaBHEHHE COXpAaHEHUS SHEPTUU BbIpaxaeTcst POpMYIIOii:

alc, oy ¥y Thdt=Cy (5 G)-Cp Ty Y G+ Qr -0,
: ; (116.7)

rae C,, Cp, - ynenbHas U30X0pHas U n300apHas TennoeMkocTH, KJx/(krxK);
T}, T; - TemnepaTypsl Ia3oB B i-M H j-M IOMEUICHUAX, K;
QOr - KOJIMYECTBO TEI1a, BHIJEIIEMOr0 B IOMEUIEHUH NIPU TOpeHuu, KBT;
O, - TEIIOBOH MOTOK, MOTJIONIAEMbI KOHCTPYKIUSAMHU U U3ITydaeMblil yepe3 Mpoemsbl, KBT.
JIist moMetenust ouara roxapa Beuauaa Qr onpeaensercs mo Gopmyie:
Or = hx0xy+l,
rjae h - ko3 UIUEHT MOTHOTHI TOPEHUS;
O, - HU3MIas TemoTa cropanus, KJx/kr;
I - >HTANBNNS Ta3U(OUIIMPOBAHHON TOPIOYEH HATPY3KH.
Jlst ocranbHbix momenienuid Or = 0.
Koaddumnment nmomHOTE ropeHus - onpenensiercs no Gopmyse:
n =?}E'K+(1_K)' Xa:,a'Ga,
w L, (T16.8)

rjae h, - K03(pPUIHMEHT MOJHOTHI TOPEHUSI B PEXKUME MOKapa, PEryaIupyeMoM roproueit
Harpy3Kkoi, onpenensiemMblid GopMyoii:

_ ) , 1l
7, =063+0,2" X, , +1500" X, ,. (116.9)

Koadpunuent K paccuutsiBaercs no popmyse:

¥.]
X X
K:[ *’*-"‘] exp B.[l——"”’] ,
Xﬂ’.ﬂ Xﬂr.ﬂ
(116.10)

rac



X

—_ ax, 2

X001

Xoxq - HadaJIbHAsl KOHLIEHTPAIMS KUCJIOPO/ia B MOMEIIEHUH OovYara moskapa;
Xoxm - TEKyIasi KOHIIEHTPAIMs KHCIOPO/1a B TOMEIICHUH ovara moapa.

VYpasuenue Menneneera-Knaiinepona Beipaxkaercs hopmymnoii:

R
P=po, T —,
M (116.11)

rze P; - naBieHue rasa B j-M nioMeriexuy, [la;

T; - TeMniepatrypa rasa B j-M nomelueHu, K;

R = 8,31 - yauBepcanbHas razoBas nocrosaaasi, Jx/(monbpxK);

M - mosnsspHas Macca rasa, MoJib.

[TapameTpsl raza B HOMEIIEHUU ONPENEISIIOTCS U3 ypaBHEHHUS OajaHca MacC OTAEIbHBIX
KOMITIOHEHTOB IIPOJYKTOB FOPEHUS U KUCIOPOJa U ypaBHEHUS OajaHca ONTHYECKON TNIOTHOCTU

JTBIMA.

VYpaBHeHue OanaHca Macc OTAEIbHBIX KOMIIOHEHTOB MPOAYKTOB TOPEHUS U KUCIOpOa:

Xy oy Vi lde=w L+ (K4 G- Xy DG

k

(116.12)

rnae Xi;, X1, - KOHIEHTpalus L-ro KOMIOHEHTA IIPOAYKTOB TOPEHHUS B i-M U j-M IOMEIICHUSX,
KI'/KT;

L - XOIM4ecTBO L-T0 KOMIIOHEHTA MPOIYKTOB TOPeHHS (KHUCIOPO/Ia), BBIISISIOMIETOCS
(moroIaerocs) Npyu CropaHuy 0JHOTO KUJIOTpaMMa MOKapHOU Harpy3KH, KI/KT.

VYpaBHeHue OanaHca ONTUYECKOM MIIOTHOCTH JIbIMA!

Virduglde =y Dy + > (Gl g — 14 D Gl oy,
T ; (I16.13)

. . -1
rae m;, m; - OIITUYICCKASA IJIOTHOCTDL JAbIMa B I- M U j-M IIOMCHICHUAX, Hirxm 5

o 2
D, - npiMooOpa3yroias crnocoOHOCTh MOKapHOU HArpy3ku, Hoxm /kr.

OnTruyeckas MIOTHOCTH JAbIMa MPH OOBIYHBIX YCIOBHUSX CBSI3aHA C PACCTOSIHUEM MPEICIIbHOM
BHIMMOCTH B JIbIMY (DOPMYIION:

Ly =2,38/m. (116.14)



Jlnst nomerennii 6e3 ucTouHuKa Teria cuctema ypapaeHui (116.6), (116.7) u (116.8)
VIIPOIIACTCS U TPE/ICTABIISACTCS B BHJIE:

Gy(r) = sgn(AR(D) 1 P+ [2° o, |ABy(D)|

® G‘!H[T) -0 .

=T P (116.15)

rac

et =%'[,q- +sm(88) o+ p; - smm(85) o)

[lepBoe ypaBHEHHE CBA3BIBACT NIEPEMAIbl JABICHUN HA COCTUHSIONIMX TTOMEIICHHUE MPOEMax C
pacxoIoM rasza 4epes 3TH MpoeMbl. BTopoe - BeipakaeT mocTossHCTBO 00beMa sl JAHHOTO
nomenieHus. Takum oOpa3om, i BCETo 37aHusl TpPeOyeTCsl pelarh CUCTEMY, COCTOSIIIYIO U3
(mrctmpc) XnoHr HEMMHEWHBIX ypaBHeHn Buaa (116.12) u nyxXnyr TUHEHHBIX ypaBHEHUHN BHIA
(I16.13). 3neck myc ¥ mpc - COOTBETCTBEHHO YHCJIO TOPU30HTAIBHBIX U BEPTUKAIBHBIX CBSI3CH HA
ATaXe; Ny - YUCIIO y3JIOB; N57 - YUCIIO ITAKEH.

Cucrema ypaBHeHU BKIItovaroast B ce0st ypasHeHus (116.6), (116.7) nis noMerienus ouara
nokapa u (116.12), (I116.13) s ocranbHbIX omenieHui 1 ypasaenue (116.11), onuceiBarorast
TUIPaBIMYECKYIO CXEMY 3JJaHMs, pelIaeTcs YUCIEHHO METOI0M UTEpAllui B COBOKYITHOCTH C
METO/IOM CEKYLIHUX.

OcHoBHEIE YPaBHCHHA IJI OIIPEACTICHUA TEMIICPATYPHI I'a3a 1 KOHUCHTpalKU IMIPOAYKTOB
rop€HuA B IOMCIICHUAX 3J]JaHUSA TTOJTYYCHEBI U3 ypaBHeHI/Iﬁ COXpaHCHUA SHECPIruu U MacCcChbl.

Temneparypa raza B HOMEUIEHHUH, T/Ie OTCYTCTBYET Ouar rnoxapa ornpeensercs U3 ypaBHEeHUS
TEIJIOBOTO OajlaHca, KOTOPOE MOXKHO MOJYyYUTh U3 YpaBHEHUs coxpaneHus sHepruu (116.7).
dopmyna Juis ONpeeTIeHUs TEMIIEpaTyphl Ta3a B j-M IIOMEILEHNUH 3aHus B "n"-blii MOMEHT

BpEMEHU:

X

2.(Cos G L)+ 0,

Te=

k=1
X » i
wa' ;Gk_zq +pr.§q+&_;rlﬁ}m+ﬂ;mligm

M
Z[CFB' Gy )+ (s
TE K=l +

=1 " " m
Cw' ZG.E_ZGE +Cp!'.zc;i+&_;rlﬁ}m+&;mlFm
k=l i=l i=l

A b »
Cw' ZGE_ZG:' +C’P'ZG?- +ﬂ;n'ﬁ:r'x +£r;m‘iﬁ:r'm
_ k=l 1=l 1=l C T
C, 0V, ’

 exp

(116.16)



rzae (Jj - cyMMa HCTOYHHMKOB (CTOKOB) TEIJIa B 00bEME j-I0 MOMEILEHHS U TeIlIa, yXOSIIEro B
Orpa)<1arolIe KOHCTPYKIUH;

* T[T) -7 [‘.r)

w

(o)~ T,

- IPUBEJCHHBINA KOAPPUIIUEHT TEII00TIauH;

T) - HauanbHAs TEMIIEpaTypa B IOMEIICHHH;

Fiem - TUIOIAb TOBEPXHOCTHU OIPaXIAIOMINX KOHCTPYKIUH B j-M IOMEIEHUH.
Koaddumument tennootnaun a MOKeT ObITh pacCUUTaH 0 SMIUPUIECKON Gopmyre:

0
0

40747, - T, npu T, £

o= =
11,63 exp[0,0023 (T, - T;)] npu T, >

6
6
(I16.17)
KoHuenTpauys oTaeabHbIX KOMIIOHEHTOB Fa30BbIX CMECEH B MOMEIEHUAX 3aHUsI BBIYUCIISIOTCS
13 ypaBHeHHUs OasiaHca Macchl JaHHoro kommnonenra (116.12). KonnenTtpanus L-ro KOMIOHEHTa

MIPOJIyKTOB FOPEHUS B j-M IOMEIIEHUH B "n"-if MOMEHT BPEMEHH ONPEEIISIETCS YPaBHEHUEM:

i[XLI; "G,) NZ(XQ ' Gs-,) NZGJ;

X-G"(?‘:' = 2= m + X‘G"I:!—l:l_ CEER _L'.&T .
2 G
k=l

k=l
ZGP« Ly 'P:'
kel (116.18)

OnTudeckast KOHIICHTPAIHSI IbIMa B IOMEIICHUSX OIpeeisieTcs u3 0aTaHCOBOTO ypaBHEHUS
(I16.13). HarypanpHbIii TOKa3aTesb O0CIa0JIeHUs CPEbI B j-OM IOMEIICHHUH B "'1'"'-if MOMEHT

BPCMCHHU OIPECACTIACTCA YPaBHCHUCM:

i[f’"&. ' G.t:] i(ﬂk ' Gs-,) igs;
'M(ﬂ:'.i" = HH— + Hl—l:lj e % "EEpR| T el AT

Z Gk Z Gk pj. . E?;
k=1

f=1 (I16.19)
AHanuTH4eCcKrne COOTHOLIECHHUS JUISl ONPEEIEHUS KPUTHYECKON ITPOIOJKATEIBHOCTH TI0OKapa
Jlji OAMHOYHOTO OMELIEHUS BBICOTOM He 0osiee 6 M, yI0BIETBOPSIOLIETO YCIOBUIM
IIPUMEHEHHS] HHTETPAIIbHOW MOJIENH, IPU OTCYTCTBHM CUCTEM IPOTUBOIIOKAPHOM 3aILUTHI,
BIIMSIOIINX HA PAa3BUTHE MOKApa, TOIMYCKACTCS ONPEIEIATh KPUTHYECKHE BPEMEHA 110 KaXKI0MY

13 ONacHBIX (PAKTOPOB MOXKapa € MOMOIIbIO AHATTUTUYECKUX COOTHOILIEHUI:

IO MOBBIIIEHHOW TeMIIepaType



n

P F PO
7 o]4 (273+2) 2

I10 MOTEPEC BUIUMOCTHU

RALL
7 _ |8 Voin(1,05 @ E)
=4—In|l-
# A by B D,z

10 MOHMKECHHOMY COJACPIKAHHUIO KHCJIOPOda

-13 1in

S L 0,044 }

* 14 B 1L,
T 40272
=

110 KEDK)IOMy u3 ra3006pa3HI>IX TOKCHUYHBIX HpO,I[yKTOB FOpeHI/IH
=1 /=

= L A :
A B-Lz

rac

353 ¢, V"
(1-@) 9 Qx

(116.20)

(116.21)

(116.22)

(116.23)

- pa3MepHbI KOMIUIEKC, 3aBUCSIINHA OT TEIJIOTHI CrOpaHUsl MaTepuaia u cBOOOJHOro oobema

IIOMEIICHUS, KT;

fp - Ha4YaJpHas TeMIepaTypa Bo3ayxa B nomerienuu, °C;

n - I1I0Ka3aTejib CTCIICHU, y‘II/ITI)IBaI-OHII/Iﬁ HN3MCHCHHEC MACCHI BRII'OPAIOICTO MaT€pHraia BO

BpEMEHU;

A - pa3MepHBIN apameTp, YYUTHIBAIOIIMMI YAEIbHYIO MAaCCOBYIO CKOPOCTh BBITOPaHUS TOPIOYETO

Marepualia v IIoImaIs moxapa, Kr/c';

Z - 6e3pa3MepHBIN MapaMeTp, YIUTHIBAIONINI HepaBHOMEPHOCTH pactpenenenus ODII mo

BBICOTE [TOMEILEHUS;
Qn - HU31IAd TeIUIoTa cropanus matepuana, MJk/kr;

C, - yaenbHas n3obapHas TEIIOEMKOCTb raza, MJIk/kr;

J - K03 puimeHT TerionoTeps (MPUHUMAETCS 110 JAHHBIM CIIPABOYHOM JIUTEPATYPHI, IPU

OTCYTCTBHH JJaHHBIX MOKET ObITh NPUHSAT paBHbIM 0,3);



h - ko3¢ duLUEeHT NOIHOTHI ropeHus (onpenensercs no gopmyse [16.9);
V - cBOGOIHBIN 06BEM MTOMELIEHHS, M,
a - K03 HUIUEHT OTpaKEHUS MPEIMETOB Ha ITYTSAX dBaKYallHH;
E - HaganmpHast OCBEIIEHHOCTb, JIK;
I,y - IpEAeNbHAS TATBHOCTh BUAUMOCTH B ABIMY, M;
2
D,, - npiMoo0pa3yroias crnocoOHOCTh ropsiiero Marepuana, Hoxm /kr;

L - ynenbHbIN BBIXOJ TOKCUYHBIX FA30B IIPU CTOPaHUM | KI MaTtepuaia, KI/Kr;

3, Ko
X - penenbHO JOMYCTUMOE COJIepKaHne TOKCUYHOTO raza B oMeIeHuu, krxm ™ (& "= 0,11
KF/M3; Xco = 1,16><10'3 KF/M3; Xyer =23%x107 KF/M3);

% _ ynenbHBIA Pacxo KMCIOPOaa, KI/KT.

Ecnu nox 3Hakom norapudma nosrydaercs OTpuiaTebHoe uncio, To AanHbpid ODIT ve
MIPEACTABIISIET OMMACHOCTH.

[TapameTp z BEIYUCIISIOT TIO hOpMYyIIE:

i
H

Z=—"exp 1,4'% mpH H £ 6 A

(IT6.24)

rjae / - BeicoTa paboueit 30HbI, M;
H - BBICOTA ITOMEIICHHS, M.
Omnpenensercs BbicoTa pabovel 30HBIL:

h=h,,+1,7-0,5xd, (IT6.25)
/1€ A, - BBICOTA TUIOIIAIKH, HAa KOTOPOH HAXOATCS JTFO/IH, HAJ| II0JIOM TIOMEIICHHS, M;
d - pa3HOCTB BBICOT T10J1a, paBHAS HYITIO IIPH TOPU30HTAIIEHOM €T0 PACIIONIOKEHUH, M.
Crnenyet UMETh B BHJTy, YTO HAaUOOJIbIIICH OIMTACHOCTH IPH IOKAPE TIOIBEPTAOTCS JTFOIH,
HaxoJsIIuecs Ha 0ojiee BRICOKOHW oTMeTKe. [ToaToMy, HanpuMep, TpH ONpeaeTIeHUN
HE0OX0IMMOTO BPEMEHH dBAKYyaIlMH JIIOJICH U3 TapTepa 3pUTSIIBHOTO 3aJIa ¢ HAKJIOHHBIM IT0JIOM
3HAUYEHUE /i CIIeIyeT HAaXOAUTh, OPHEHTUPYICH HAa HAM00JIee BEICOKO PACIIOJIOKCHHBIE PSIJIBI
kpecelr. [Tapamerpsl 4 ¥ 77 BBIYUCIISIFOT TaK:
JUTSL CITydasi TOPSHUS KUAKOCTH C YCTAHOBHUBIIICHCS CKOPOCTHIO:

A :yngF, n= 1,

2
/1€ Yy - YIeNbHasi MaccoBasi CKOPOCTh BBITOPAHUS KHUAKOCTH, KI/(M~%cC);



JUISl KPYTOBOTO PacipoCTpaHEeHUs M0Kapa:
2

A= 1,05nygXV , n=73,
rjae V - nuHeiHasi CKopoCTh paclpoCTpaHEHUs IJIaMEeHH, M/C;
JIIsL BCpTHKaHBHOﬁ HIIN FOpI/ISOHTaHBHOﬁ IMOBCPXHOCTHU IT'OPCHUA B BUAC IPAMOYI'OJIbHUKA, OJJHA
N3 CTOPOH KOTOPOT'O YBCIIMYUBACTCSA B ABYX HAIIPABJIICHUAX 34 CHCT PACIIPOCTPAHCHHS IIJIAMCHU
(HampuMmep, pacpoCTpaHEHUE OTHs B TOPU30HTAIILHOM HAlpaBJICHUH 110 3aHABECY MOCJIe OXBaTa
€ro IJIAMEHEM I10 BCEH BBICOTE):

A =YX be, n :2,

rac b - HCpHCHHI/IKy.]'IflpHBII\/’I K HaITpaBJICHUIO ABUKCHUS IIJIAMCHH PasMEP 30HBI TOPCHUA, M.

[Ipu oTcyTcTBUU crielallbHBIX TpeOoBaHU 3HaUeHus a u £ npuHumarotcst paBubivu 0,3 u 50
JIK COOTBETCTBEHHO, a 3Ha4eHue /,, = 20 m.

IV. MaremaTn4eckasi AByX30HHasl MOIeJIb
MOKapa B 31aHUU

HpI/I pEeIICHNHU 3aaa4 C UCIT0JIb30BAHUEM HBYXSOHHOﬁ MOJCIIN MMOXKap B 3AaHUU XapaKTCPU3YyECTCA
YCPECAHCHHBIMHU 10 MacCC U 06T)€My SHAYCHUAMMU IIapaMETPOB SaZ[BIMJIeHHOf/II 30HBI:

T - Temniepatypa cpebl B 3aIbIMIICHHOM 30HE, K;

m - ONTUYECKas INIOTHOCTH JbiMa, Hi/m;

X; - MaccoBasi KOHIIEHTPAIHs i-TOTO TOKCUYHOTO MPOAYKTa TOPSHMSI B 3aJIbIMIICHHOM 30HE, KI/KT;
Xy - MaccoBasi KOHIICHTPAIIUs KUCIOPO/Ia, KI/KT;

Z - BBICOTA HWYKHEW TPaHULIbI CIIOS JbIMA, M.

B cBoto ouepenp nepeunciaeHHbIe TapaMeTPhbl BRIPAXKAIOTCS Y€pPe3 OCHOBHBIE MHTETPATIbHBIC
rapaMeTpsl 3a/IbIMIIEHHOM 30HbI C TOMOIIBIO CIEAYIOIUX POpMYII:

r
0, =JM'6F[T)'Q’T,
(116.26)
=M g =2
m m (116.27)
ya s
Va

(116.28)



."::}:V_: Z =H—?:
z (116.29)

rae m, m; - 00IIasi Macca IbiIMa ¥ COOTBETCTBEHHO i-I'0 TOKCUYHOTO MPOJIYKTa TOPEHUS B
3aJIBIMJICHHOM 30HE, KT,

Mg - Macca KUCJIOpOJia B 3aJIbIMJIEHHOM 30HE, KT

Q3 - BHTaIBIUS NPOAYKTOB TOPEHUS B 3a/IbIMIIEHHON 30HE, K/[K;
S - ONTHYECKOE KOMMYECTBO apiMa, Hixm?;

7 - INIOTHOCTH JIbIMa Tpu Temiiepatype 7, KT/M;

Vi - 00beM 3abIMIICHHOM 30HBI, M :

H, A - BpIcOTa M IJTOIIAah IOMEIICHHS, M;

Cp - YA€TbHAs TEINIOEMKOCTh JIbIMa, KJK/(Kxkr).

JIlnHaMKKa OCHOBHBIX MHTETPAJIBHBIX [TaApaMETPOB 3abIMICHHON 30HBI ONPEAEIISIETCS
MHTErPUPOBAHUEM CUCTEMBI CJIETYIOIUX 0aTaHCOBBIX YPaBHEHUM:

O6IHCI>1 MacCChl KOMIIOHEHTOB SaI[LIMJIeHHOfI 30HBI C YUCTOM JbIMAd, BHOCUMOT'O B 30HY
KOHBEKTHUBHOM KOJIOHKOHN B AbIMa yJaI1€MOro 4€pe3 MpoOEMEBI B COCCTHUEC IMTOMCIICHU A

i -G -G
a5 (116.30)

rae ¢ - TeKyuiee Bpems, c;

Gk, Gz, - MaccoBbIM pacxo/ IbIMa COOTBETCTBEHHO Uepe3 KOHBEKTUBHYIO KOJIOHKY U OTKPBIThIE
IIPOEMBI B IIOMEIIEHHH, KI/C;

OHTAJIBIINA KOMIIOHCHTOB 33I[I>IMJ'I€HHOI71 30HBI € YUETOM TCILJIa, BHOCUMOI'O B 30HY
KOHBEKTHUBHOM KOHOHKOﬁ, TCIJIOOTAAYU B KOHCTPYKIHWH U YHOCA JbIMa B ITPOCMBI:

@ _5 -0 -
df Q_{ Q.f.? Q:w:u’ (H631)

rae Ok, O, Okon - TETIIOBAS MOIITHOCTh, COOTBETCTBEHHO, BHOCUMAS B 33/IbIMJICHHYIO 30HY
KOHBEKTHBHOW KOJIOHKOH, yAajisieMas C IbIMOM Uepe3 OTKPBITHIE IPOEMBI U TepsieMasi B
KOHCTpyKUUH, KBT;

MacCCBhI KUCJIOpOaa € YYETOM IMOTEPh HA OKHUCJICHUEC ITPOAYKTOB IMUPOJIU3a TOPIOYUX BCIICCTB!

dmy

=023 (G -7y Ly)- 2, Gy
dt (I16.32)

h - IONHOTA CropaHus roprOYero MaTepuaa, Kr/Kr;



¥ - CKOPOCTb BBITOPaHMsI TOPIOYETO MaTepuaa, Kr/c;
L - notpebnenue Kuciopoja npu CropaHuy €AMHULIBI MacChl TOPIOYEro MaTepuana, Kr/Kr;

ONTUYECKOTO KOJIMYECTBA JIbIMA C YYETOM JIBIMOOOpPa3ykolell CHOCOOHOCTH TOPSIILEro
MaTepuana:

ds

U
— =y D-CGy =,
T & T 0

(I16.33)
e D - [pIMOo0Gpasyromas CII0COGHOCTb ropiodero Marepuaia, Hi/(M*Xkr);

MACCBHI i-T'0 TOKCHYHOT'O IIPOJyKTa TOPEHUS:

.
Em‘=w'£.,-—x,-‘f3ﬂ.
(I16.34)

rae L; - MacCOBBIN BBIXO/I i-T'O TOKCHUYHOTO TIPOYyKTa TOPEHUS, KI/KT.

Macca KOMIIOHEHTOB abIMa G](, BHOCHMBIX B 3a/IIMJICHHYIO 30HY KOHBEKTUBHOU KOHOHKOI\/'L
OIICHUBACTCS C YIETOM KOJMYECTBA BO3/[yXa, BOBJIIEKAEMOTO B KOHBEKTUBHYIO KOJIOHKY 10 BCel
€€ BBICOTEC 0 HUOKHEN T'paHUIBbI CJI0S AbIMa. B HHKXCHCPHBIX pacu€Tax pacxoa KOMIIOHCHTOB
AbIMa 4€PE3 OCCCUMMETPHUYHYIO KOHBCKTHBHYIO KOJIOHKY Ha BBICOTC HUXXKHET'O YPOBHA
3aHBIMJICHHOI>'I 30HBI Z (B 3aBUCUMOCTH OT TOI'O, KaKast 00J1acTh KOHBEKTUBHOM KOJIOHKH MJIU
(hakena rmorpyxeHa B 3aIbIMJICHHYIO 30HY) 334a€TCs TIOJIyDMIUPUIECKON (OPMYIIOiA:

[ r 30, 566

0,011 O

ona obmacTH daxena

'} 7 y 0.90%

G 0,026- 0 F INA NepexofHOM oblacTH,
v .

f 3 1295

ona oblacTH KONMoHKH

0,124 Q-
L S (116.35)

rae O - MOLIHOCTh ouara nosapa, kBT.

I[I/IHaMI/IKa mapaMETpPOB Oo4dara 1mokapa onpeacIACTCAa pa3BUTUEM ILIOITaAU T'OPEHUA C YHECTOM
CJIOJKHOT'O COCTaBa roproymux MaTcpuaaioB, UX paClOJIOKCHUA, MCCTAa BOSHUKHOBCHHU A odara
Imoxapa ¥ IOJIHOTBI CrOpaHus:

[ToTepu Temia B orpakaaroniue KOHCTPYKIIUU PACCUUTHIBAIOTCS C YYETOM TEMIIEPATyphI
ropsiueit ctpyu 7., CKOPOCTH U U3Ty4aTeIbHON CIOCOOHOCTH CTPYH, OMBIBAIOIIECH KOHCTPYKIIUN
Y MIPOTpeBa CaMoM i-it KOHCTpYKUuH 7;(y) 1o ToJaumHe y. J{Js 3TOro 4ncieHHo HHTErpupyeTcs
HecTaMOHapHOe ypaBHeHne Dyppe:



it CT)re 3y (116.37)

C 'pPaHUYHBIMHA 1 HAYAJIbHBIMU YCJIOBUSAMMU:

(@ + an) (T -T,)= -3, 50|
g (116.38)
(@ +a) 15 ~7(@)--ar) B,
o (116.39)
T0y)=T),0£y £ d (I16.40)

TJ€ dk, d;7 - COOTBETCTBEHHO KOHBEKTHUBHBIN M JIYIHCTHIA KOI(PPHUITUEHT TEIUIOOTAAYH,
2
Bt1/(Mm"*xK);

d - TONIIUHA OTpaXAAONIeH KOHCTPYKIIUH, M;
C(T) - TEII0eMKOCTh MaTepHalIa KOHCTPYKIHMH pu Temmeparype 7(y), Jox/(kr*xK);
[(T) - TerI0OPOBOAHOCTH MaTepuaa KOHCTPYKIUHU ipu Temneparype 7(y), Br/(mxK);

T, Ty - TeMriepaTypa COOTBETCTBEHHO 000OTPEBAEMON YaCTH KOHCTPYKIIMH U CPEJIbI Y HE
oborpeBaeMoii noBepxHocTu, K;

¥ - INIOTHOCTh MaT€puajla KOHCTPYKIIUH, KI/M.

TemmoBrle 1 MacCOBBIE IOTOKH 4cpes3 MMpocM B Ka)K)IBII\/II MOMCHT BpEMECHHU paACCUUTHIBAIOTCA C
YUETOM TEKYIIETO Mepernaa JaBlIeHus 10 BRICOTE MPOEMa, COCTaBa M TEMIIEpaTyphl Ta30BOU
cpenbl o 00e CTOPOHBI Mpoema (cxemMa pacuera Ha puc. [16.1). Tak, MaccoBbIif pacXxo/1 ApIMa U3
MIOMEIICHHS OYara roxapa B COCeJHee MOMEIICHUE PACCUUTHIBACTCS CIEIYIOIIUM 00pa3oM:

Gp=5¢ TJE- o [20)- B dn,
. (116.41)

rae B - mmpuHa npoema, M;
X - a3POAMHAMHUYECKUN KOAPPUIIUEHT POEMa;
P(h)-P>(h) - pa3Hulia JaBlIeHUI B TOMEILIEHUAX HA BBICOTE /;

r - IIJIOTHOCTH AbIMA B Sa)IBIMHGHHOfI 30HC COCCAHCTO MMOMCIICHH A ITPU TEMIICPATYPEC AbIMa T.
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Puc. 116.1
Macconoroku yepe3 npoemM

[Ipenenbr uHTErpUPOBAHUS Yypax U Yinin BBIOMPAIOTCS B MPEJEIIaxX CTBOPA MpOeMa, CII0s JbIMa
MMOMEIIEHHUS ovara rokapa u Tam, rie u3osirounoe gasienue DP = [P(h)-P,(h)] > 0, xak 310

yKa3zaHo Ha puc. [16.1.
HeoOxoaumast 17151 OLIEHKH Teperaja JaBlIeHus 110 CTBOPY MpOeMa 3aBUCHMOCTb JaBIICHUS OT

BBICOTBI B i-OM IIOMEILCHUH (C YUeTOM Sa]ILIMJIeHHOfI 30HBI 3TOT'O HOMCHIGHI/I?[) OLICHUBACTCA
KakK:

B.+pgh, ecnn h £ Z,
Aln) = ;+pn-g-z+ gk B>z
w T E LT A TE A, BUIH i (116.42)

rae Py - Tekylee 1aBjeHue B i-OM IIOMEIEHUH Ha HYJeBON OTMETKe (WM IPUBEIEHHOE K
HYJIEBOM OTMETKE, €CJIM YPOBEHb 110J1a IOMEIIEHHUS BbIIIE HYJIEBOH OTMETKH);

7o - ITNIOTHOCThH BO3/yXa MPY Ha4YaJIbHOU Temrieparype Ty;
Z; - TeKyl1as BbICOTA HE3aIbIMJIICHHOUN 30HBI B i-OM TOMEILCHHUH.

Paccuurannnie mapaMETpuI TemIoMaccooOMeHa B IMPOCME UCIIOJB3YIOTCA KaK 'PAaHUYHBIC
YCII0BHA 1A COCCAHCTO IMOMCIICHU .

V. IlosieBOi MeTO MOJCJIUPOBAHMS M0KAPA B 31JaHUHU
OcHOBO¥ 14 MOJIEBBIX MOJIEJIEH MOXKAPOB SABJISIOTCS YPABHEHMSI, BbIPAKAIOIINE 3aKOHBI
COXpaHCHUA MACChl, UMITYJIbCa, SHEPTHUHU U MaCC KOMIIOHCHTOB B pacCMaTpuBacMOM MaJIOM

KOHTPOJIBHOM 00beMeE.

YpaBHEHHE COXPAHEHUS MACCHI:

[ R T
ar+ax.LG”~*') 0

(116.43)

YpaBHEHHE COXPAaHEHMS UMITYJIbCA!
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i ¢S (116.44)

JIJIs1 HBFOTOHOBCKHUX JKUKOCTEH, TIOTIMHSFOIIHIXCS 3aKoHy CTOKCa, TEH30p BSI3KUX HAMPSKCHHMA
onpenensiercs Gopmynoii:

du, + a"".r‘ —E',u' duy, |
dx, dx | 3 dx,

Ti.i'- = L
(T16.45)

YpaBHEHHE dHEPIrUu:

3 3 3 ala an) dgr
—[P'h)*—ta'uj-k)=_p+_ = - qJ,
’ " woole ) (T16.46)

raec
r
b=y +JC"’ AT+ (¥, Hy)
i &

- CTaTU4YCCKaA SHTAJIBIIUA CMCCH,

Hj, - Terutota o6pazoBanus k-ro KOMIIOHEHTA;

€y =Z}1'cm

- TCIJIOEMKOCTb CMECH ITPH IMTOCTOSAHHOM JTaBJICHHUU,
R o
q j - paIallMOHHBIU ITOTOK SHEPI'MH B HAIIPABJICHUMU X;.

VYpaBHEHHE COXpAHEHUS] XUMUYECKOTO KOMIIOHEHTA A

d 3 3 ax
PR E R Ll v A1
' ’ ! (116.47)

Jliia 3ambikanust cuctemsl ypaBHeHu# (116.43)-(116.47) ucnonb3yeTcst ypaBHEHHE COCTOSIHUS
ujeanbHOro rasa. Jljias cMecu ra3oB OHO MUMEET BUJL

¥
=o' Ry T L,

PO =M
k (116.48)

rae Ry - yauBepcanbHas ra3oBasi IOCTOSIHHAS,
M}, - MmonsipHas Macca k-ro KOMIOHEHTA.

Texcm ()OKymeHma coomeemcecmeyem UCmO4YHUKY






