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MeTtoauka
onpeaeneHus pacyeTHbIX BEJIMYMH NOXapPHOIro pUCKa B 34aHUAX, COOPYKEHUAX U
CTPOEHUSAX Pa3fIM4YHbIX KnaccoB PYHKLMOHANbHOM NOXAaPHOW OMACHOCTH

. O6wme nonoxeHuns

1. HacTtoswas metoguka onpeerneHuss pacyeTHbIX BenWYMH MOXapHOro pucka B
30aHNAX, COOPYXEHUSX W CTPOEHUSX pPasfnU4YHbIX KraccoB (YHKUMOHANbLHOW MOXapHOW
onacHocTu (ganee - Metoamka) yctaHaBnueaeT NOPSAOK onpeaeneHns pacyeTHbIX BENNYUH
NMOXapHOro pucka B 30aHUAX, COOPYXEHUSIX W CTPOEHUsaX (danee - 34aHve) M
pacnpocTpaHAaeTCa Ha 30aHNA KIaccoB (PYHKLMOHANbLHOW NoXapHOM ONacHOCTY:

®1 - 3paHus, npefHasHayeHHble AN MOCTOAHHOIO MPOXUBAHUA W BPEMEHHOro
npebbiBaHUA Ntogen, B TOM Yucne:

a) ®1.1 - 30aHMA  [EeTCKMX  OOWKOMbHbIX  0oBpasoBaTenbHbIX — yYpexaeHun,
cneumnanmsaMpoBaHHbIX OOMOB MpecTapenbiX U WHBANUAOB (HEeKBapTUPHbIE), OO0MbHULbI,
cnanbHble Koprnyca ob6pasoBaTefibHblIX YYPEXOEHUN WHTEepPHATHOrO Tuna W AEeTCKMX
yupexaeHum;

6) ®1.2 - roCcTUHULBI, OBLLEXNTUNA, CnanbHble Kopnyca caHaToOpMeB U AOMOB OTAbIXa
oOLero TMna, KEMMNUHIroB, MOTENEN U NAHCUOHATOB;

B) ®1.3 - MHOrOKBapTUPHbIE XUIble A0M3;



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

d2 - 3gaHna 3penULLHbIX U KyNbTYPHO-NPOCBETUTESbHbBIX YYPEXOEHUIN, B TOM YUCTIE:

a) ®2.1 - TeaTpbl, KMHOTEATPbl, KOHUEPTHbIe 3anbl, Krybbl, LMPKMA, CMOPTUBHbIE
COOpyXeHnsa ¢ TpubyHamn, GUOBNMOTEKM U OpYyrne YYpeXOeHUa C pacyeTHbIM YMCIIOM
nocago4HbIX MECT Ansl NOCeTUTENEN B 3aKPbITbIX MOMELLEHUSX;

0) ®2.2 - my3en, BbICTaBKK, TaHUEBasnbHbIE 3arnbl U Apyrne nogobHble ydYpexXaeHnsa B
3aKPbITbIX MOMELLEHUSX;

B) ®2.3 - TeaTpbl, KMHOTEeATpbl, KOHUEPTHble 3anbl, Kybbl, LMPKUA, CNOPTUBHbLIE
COOpPYXXeHUs C TpubyHamu, 6ubnmMoTekn n gpyrue ydpexgeHuss C pacyeTHbIM YUCIIOM
nocago4HbIX MECT A5 NOCeTUTENEN Ha OTKPbITOM BO34YXE;

r) ®2.4 - my3en, BbICTaBKM, TaHUEBamnbHbIE 3anbl U Apyrine nogobHbIe yupexaeHust Ha
OTKPbLITOM BO34YXE€;

®3 - 3gaHMa opraHnsaumin No 06CNYXMBaAHUIO HAacesneHnsi, B TOM Yucrne:

a) ®3.1 - 3gaHns opraHnsauui TOproenu;

0) #3.2 - 3gaHna opraHnsaumim obLLEeCTBEHHOIO NUTaHWUS;

B) 3.3 - BOK3anbl;

r) ®3.4 - NONUKIMHUKK 1 amBynaTopuu;

a) ©3.5 - nomeweHnss ana NoceTuTenen opraHMsaunin GbLITOBOrO U KOMMYHanbHOro
o6CcnyXMBaHNA C HepacyYeTHbIM YMCIIOM NOCAAO0YHbIX MECT A4S NOCeTUTENEN;

e) 3.6 - Pur3KyNbTYPHO-0300POBUTENBHbLIE KOMMIIEKCHI U COPTUBHO-TPEHNUPOBOYHBLIE
yypexneHusi ¢ nomeleHnsMmn 6e3 TpubyH ansa sputenen, boiToBble NomeLeHns, 6aHu;

®4 - 30aHMA HayyHbIX U OOpasoBaTENbHbIX YYPEXOEHUW, HAYYHbIX U MPOEKTHbIX
OopraHu3auuin, opraHoB ynpaBneHnsa yYpexaeHnn, B TOM Yucne:

a) ®4.1 - 3gaHma  obuweobpasoBaTenbHbIX ydpexaeHun, obpasoBaTesibHbIX
yuypexneHun OOnonHuTenbHoro obpasoBaHus geTen, obpasoBaTenbHbIX YyYpexaeHUn
Ha4anbHOro NPodeCcCUoHanbLHOro 1 cpeaHero NnpodeccnoHanbHOro obpa3oBaHus;

0) ®4.2 - 3paHuMs obpasoBaTesnbHbIX YYpeXAeHUW BbiCcLero npodecCuoHanbHOro
obpasoBaHnss U OONOMNHUTENbLHOrO npodeccnoHanbHoro obpasoBaHus (NOBbILEHUS
KBanudukauum) cneumnanunucTos;

B) ®4.3 - 30aHMs OpraHoB YMNpaBIiEHUS YYPEXOAEHUN, NPOEKTHO-KOHCTPYKTOPCKNX
opraHusaunn, MHMOOPMALUMOHHBIX M pPedaKUMOHHO-U3AATENbCKNX OpraHM3aumi, Hay4HbIX
opraHusaunn, 6aHKoB, KOHTOP, 0OMCOB;

r) ®4.4 - 3gaHnsa NoXxapHbIX 4eno.

2. PacyeTbl MO OUEHKE MOXapPHOroO puUCKa NPOBOAATCA MNYTEM COMOCTaBNEHUS
pacyeTHbIX BENWYUH MOXAPHOrO0 pUCKa C HOPMATMBHbLIM 3HAYEHWEM MOXAPHOro pucka,
ycTaHoBneHHoro ®epepanbHbiM 3akoHOM OT 22 uona 2008 r. N 123-03 "TexHunyeckui
pernameHT o TpeboBaHusX noxapHon 6e3onacHocTn"* (ganee - TeXHNYECKNN perfnameHT).

3. OnpepeneHne pacyeTHbIX BESIMYMH MOXAPHOr0 pPUCKA OCYLLECTBSETCA Ha
OCHOBaHWW:

a) aHanunsa NoXapHOW ONACHOCTU 34aHUN;

6) onpeaeneHnsa 4acToThbl peanu3aunmn NoXXapoonacHbIX CUTYaUni;

B) NOCTPOEHMS NOSien onacHbIX PaKTOPOB MoXapa ANA pasnU4YHbIX CUueHapueB ero
pasBuTUs;

r) OLEHKM MNOoCneacTBMMA BO3OENCTBUSA OMacHbiX (PakTOPOB MoXapa Ha nogen ans
pasnn4HbIX CLLEHapUEB €ro pasBUTUS;

A) Hanuuua cuctem obecneveHnst NoxxapHon 6e3o0nacHOCTU 30aHUN.

4. OnpepeneHne pacyeTHbIX BEMNUYMH MOXaAPHOro puUCKa 3akni4yaeTcs B pacyeTe
WHOMBMAYANbHOIO MOXapHOro pucka Ans XUnbLOB, NepcoHana n nocetTutenen B 3gaHUN.
UnCneHHbIM  BbIpaXXEeHWEM WHOAMBMAOYAINbHOrO MNOXAapPHOIO puUcKka SBNAETCA 4YacToTa
BO34ENCTBMA onacHbiX ¢haktopoB noxapa (ganee - O®I1) Ha yenoBeka, HaAXOASLLErocs B



3gaHun. MNepedeHb OPI1 ycTaHoBMEH cTaTben 9 TexHMYeckoro pernaMmeHTa.

5. Yactota Bo3gencteuss O®PI1 onpepensietca Ans NOXapooOnaCHOW CcuUTyauuu,
KoTopasi xapakTepusdyeTcs Haubornblieh OnacHOCTbI ANS XU3HWM M 340pOBbSA foden,
Haxo4sALWMXCsa B 30aHUN.

6. [Ona uenen HacTosWwen METOOMKM MUCMOSIb3YKOTCA OCHOBHblE  MOHATUS,
YyCTaHOBJIEHHble cTaTben 2 TexXHMYEeCKoro pernameHTa.

Il. OcHOBHbIe pacyeTHble BefIM4YUHbI MHOUBUAYANTbLHOIO NOXapHOro pucka
7. HamBmayanbHbI NOXapHbIA PUCK OTBEYaeT TpebyemMomy, ecrnu:

QBSQI;’ (1)

H
rge QB - HOpMaTuMBHOE 3Ha4veHune nHanBmnayaribHoro Nno>XapHoro puckKka,
-6 -1
Qn=10 "rox .

Qs . pacyeTHas BenuunHa UHAMBUAYaNbHOIO NOXapHOro pUcka.

8. PacueTHas BennynHa nHOnBMAOyanbHOro noXXapHoro pucka QB B KaXXgoM 34aHNnN
paccynTbiBaETCA MO d)opmyne:

QB:Qn '(1_Ran) 'Pnp '(1_P3) '(1_Pn.3.) , (2)

roe Qn . 4yacToTa BO3HMKHOBEHMS MOXapa B 34aHUM B TedeHue roaa, onpeaensercs
Ha OCHOBaHWM CTATUCTUYECKUX OaHHbIX, NpuBeAeHHbIX B npunoxeHun N 1 Kk HacTosiLen
meToauke. Mpu HanMuMM gaHHbIX O KONUYECTBE NoAdel B 30aHNM HeobXoaMMOo UCNONb30BaTh
YTOYHEHHYIO OLIEHKY, @ MPU UX OTCYTCTBUW - OLIEHKY B pacyeTe Ha ogHo y4ypexaeHue. [Mpu

—1.10 2
OTCYTCTBMM CTaTUCTUYECKON WHGOpPMaUMn [OnyckaeTca nNpUHUMaTb Q,=4-10 ans
Kaxgoro 3gaHusa. OueHKy 4acTOTHbIX XapakTepUCTUK BO3HWKHOBEHUSI MoXapa Takke
AonyckaeTcs  BbIMOMHATb  MCXOOA M3 CTATUCTMYECKMX  AaHHbIX, NyOGnvKyembix B
Hay4YHO-TEXHMYECKOM XypHare "lNoxapHaa 6e3onacHOCTb";

Ran BEPOSATHOCTb 3(pPeKTUBHOrO cpabaTbiBaHMS YCTAHOBOK aBTOMAaTUYECKOro
noxapotyweHuna (ganee - AYIT). 3HavyeHne napameTtpa Ran onpeaenseTca TeEXHUYECKON
HageXHocTblo anemeHtoB AVYIT, npuvBOoAMMBLIX B TexXHUYeCKOW AokymeHTauun. [lpwu
OTCYTCTBMM CBEAEHMI MO napamMeTpaM TEeXHUYECKOW HaAEeXHOCTW AonycKaeTcsa NpUHUMaThb

Ry =09 Mpn OTCYTCTBMM B 34aHUM CUCTEM aBTOMATMYECKOrO MOXXapoTyLUEHUs Ran
NPUHMMAaETCs PaBHOWN HyIo;

PHP - BEPOATHOCTb NPUCYTCTBUA niogen B 3gaHum, onpependemMad U3 COOTHOLLEHUA
P =ty 24

P

Py BEPOSATHOCTb 3(pEKTUBHON PabOTbl CUCTEMbI MPOTMBOMOXKAPHOW 3aLLMTHI,
HanpaBneHHoW Ha obecneyeHne 6e3onacHo 3BaKyaumu foae Npy noxape.

, roe Cpyrmar BpeMsi HaxoXaeHus nogen B 34aHUm B Yacax;

> - BEPOSITHOCTb 3BaKyauuu Nnoaen;



9. BeposaTHOCTb 3BaKkyauum P, paccuyuTbiBalOT No oopmyre:

08 %,
tﬂ—’ ecmu 1,<0,8 4, <t +1, n <6 Mun
P,= i
° 10,999, ecmu t,+1,,<0,8 4, 1 t, <6 mun
0,000, ecmu 1,>0,8 1, mim {,>6 muH

, (3)

roe b . pacyeTHOE BpeMsi 3BaKyaLuu foaen, MuH;

b BpeMmsi Hayana 3Bakyauuun (MHTepBan BpeMeHM OT BO3HUKHOBEHWSI MoXapa Ao
Hayana aBakyauun fnogen), MuH;

b . BpeMs OT Hayana noxapa Ao OrokMpoBaHWs 3BaKyaUMOHHbIX MNyTen B
pesynbTaTe pacnpocTpaHeHns Ha Hux OPl1, nmerowmnx npegensHo AonycTuMble Ang niogen
3Ha4veHus (Bpems 6noknpoBaHusa nyTen aBakyauumn), MuH;

tCK - BpemMAa cyuwiecrtBoBaHUA CKOMMeHnn nogen Ha ydacTkax nyTtu (I'IJ'IOTHOCTb
JIIOACKOro NOoToKa Ha NyTdXx aBakyauuu rpeeblllaeT 3Ha4eHne 0,5 )

10. Pac4yeTHOe BpeMsa aBakyauun niogen b N3 NoMeLeHNn N 30aHNN onpeaenseTcs
Ha OCHOBE MOAENMPOBaHUS OBWXEHUS nogen 00 BbiXOoAa HapyXy OLHUMM U3 Criedytowmx
cnoco0boB:

Nno yrnpoLIEHHOW aHanMTUYEeCKOM MOAENN ABWMXKEHUS JOACKOro noTokKa, NpuBedeHHON
B npunoxeHun N 2 K HacTodawen Metoauke;

no maTeMaTu4yeckon MoAenn WHOMBUAYANbHO-MOTOYHOIO ABWXKEHUS nogen u3
34aHus, npueeaeHHon B npunoxeHnn N 3 k HacTosiwen Metoguke;

no  UMUTALUUOHHO-CTOXaCTUYECKOW  MOAenn  OBWXEHUA  TNIOACKUX  MOTOKOB,
npueegeHHon B npunoxeHnn N 4 kK HacTodwen Metoauke.

Bbibop cnocoba onpeageneHusi pacdeTHOro BPEMEHM 3BaKyauuu MNpou3BOAUTCS C
y4yeToMm cneundudecknx ocobeHHoCTeEM OOBbEMHO-NMAaHMPOBOYHLIX pPeLUeHU 34aHus, a
Takke 0COOEHHOCTEN KOHTUHIeHTa (ero OAHOPOAHOCTN) NOAEN, HAXOASLLMXCA B HEM.

Mpn onpegeneHnn pacyeTHOro BPEMEHM 3dBaKyauuu YYUTbIBAKOTCA [AaHHble,
npuBegeHHble B rnpunoxeHun N5 K Hactoswen MeToguke, B 4YaCTHOCTM MPUHLMNGI
COCTaBIIEHUS pacYeTHOM CXeMbl 3dBakKyauuu Jo4en, napameTpbl OBWXKEHUS  Toaen
pasnuyHbIX rpynn MOGUNBLHOCTM, a Takke 3Ha4YeHUsi NNOLWaAen ropM3OHTarnbHbIX MPOEKLUIA
PasnUYHbIX KOHTUHIEHTOB NOAEN.

Mpn npoBegeHMn pacyeToB cregyeT Takke YYUTbiBaTb, YTO MNPU HanMuMm OBYX U
Oonee 3BaKkyaUMOHHbIX BbIXOOOB 0b6Llas MponyckHasi CnoCOBHOCTb BCEX BbLIXOAOB, KpOME
Ka)Xgoro OoOHOro M3 HUX, AoImkHa obecneunTb 6e30nacHy0 SBakyauuro BCEX JOOEMN,
HaxoAdsALWMXCS B MOMELLEHUN, HA 3Ta)Xe UM B 34aHUN.

11. Bpemsa Hayana aBakyauuu b onpegensieTcs B COOTBETCTBUM C MNyHKTOM 1
npunoxenuna N 5 kK HacToswen Metoguke.

12. Bpemsa OnokumpoBaHust nNyTen 3dBaKyaumu o BblUMCHAETCA MNyTeM pacyeta
BpemeHn goctmkeHns OPI1 npegenbHO AONYCTUMBIX 3HAYEHUA Ha 3BaKyaUMOHHbIX MyTSX B
pasnuyHble MOMEHTbI BpeMeHW. [MopsiaoK NpoBedeHnsa pacyeTa U MatemaTuyeckme Mogenu
AN onpegenennsa BpeMeHn 6nokMpoBaHus nyTen aBakyauumn onacHbIMK chaktopamm noxapa
npmeeneH B npunoxeHmn N 6 K HacToawen Metoauke.



13. BeposiTHOCTb ahpekTMBHOM paboTbl CUCTEMbI MPOTUBOMOXAPHON 3aLUUTbI P m
HanpaBfieHHOM Ha obecneyeHne 6e3onacHOM 3BakKyauuu JOAEN, paccyYMTbIBAeTCs Mo

cdopmyrne:
pn3:1—(1—R06H-RCOy3)'(l—RoﬁH'RHZB) L (4)

roe Rogu BEPOATHOCTb 3PPEKTUBHOrO cpabaTbiBAHUS CUCTEMbI MOXAPHOW
curHanuaaumm. 3HaveHne napameTpa Ros onpeaenseTca TeXHUYECKOW HaAeXHOCTbH
3NIEMEHTOB CUCTEMbI NOXaPHOW CUrHANM3aumm, NPUBOANMbIX B TEXHUYECKON JOKYMEHTaLMMW.
Mpn oTcyTCTBMM CBeAeHuM no napamMeTpaMm TexXHUYECKOM HaLeXHOCTUM [oryckaeTcs
npUHUMaTb RO'51{_0’8;

Reova ycrnoBHasi BEPOATHOCTb 3 dEKTMBHOrO cpabaTbiBaHUA  CUCTEMBDI
OnoBeLLeHUs Mgen o noxape n ynpasreHns aBakyaumen niogen B criydae agdekTUBHOMo
cpabaTbiBaHUSA CUCTEMbI NOXAPHOW CUrHann3auuu;

Rogs . YyCroBHasi BEPOATHOCTb  3PeKTMBHOro cpabartbiBaHUsi  CUCTEMbI
NPOTUBOALIMHON 3aluTbl B criydyae 3dEKTUBHOMO cpabaTbiBaHUS CUCTEMbI MOXapPHOW
CUrHanuasaumn.

R

MopsgoKk OueHKn napameTpoB — o6u | Reovs n Rins npuBegeH B pasgene |V

HacToswen Metoanku.

lll. Mopsgok npoBeaeHNUsA pacyetTa MHAUBUAYalIbHOrO NOXapHOro pucka

AHanus noxapHou onacHOCTU 3a4aHusA

14. [Ins npoBeAeHUs aHanms3a noXxapHom ONacHOCTW ocyLecTBnaeTcs cbop AaHHbIX O
34aHUKN, KOTOPbIN BKNOYaeT:

00BbEMHO-MNAaHNPOBOYHbIE PELLEHNS;

TennoMuanyeckne xapakTepUCTUKM OrpakaalolmMX KOHCTPYKUMA W pasMeLleHHOro
obopynoBaHus;

BMNA, KONMMYECTBO N pa3MeELLEHNE FOPOYNX BELLECTB 1 MaTepMarnos;

KONIMYECTBO M MecTa BEPOSATHOrO pasMeLLeHuns Nogemn;

CUCTEMbBI MOXAPHOM CUrHaNIM3auunm 1 MoXapoTyLeHUs, NMPOTMBOABIMHOM 3aLUUTHI,
OnoBeLLeHUs Ngen o noxape 1 ynpaBreHns aBakyaumen Niogen.

15. Ha ocHOBaHuM Norny4YyeHHbIX AaHHbIX NPOU3BOAUTCSH aHanu3 noXxapHom onacHoCTU
34aHnsd, Npu 3TOM YYUTbIBaAETCS:

BO3MOXHaA AMHaMuMKa pas3BUTUSA Noxapa;

COCTaB W XapaKTEPUCTUKN CUCTEMbI MPOTUBOMOXAPHOM 3aLUMUThI;

BO3MOXHbIEe MOCreACTBUSA BO3OENCTBUA NoXapa Ha nogemn U KOHCTPYKUMU 30aHUS.

OnpepgeneHne 4acToThbl peanusauum NoXxapoonacHbIX CUTyauui

16. YacTtoTa peanusauum noXapoonacHbIX CUTyauun onpenensieTcsa 4acTtoTon
BO3HUKHOBEHUSA MoOXapa B 34aHMM B TedeHwe ropa. [lopsgok onpeneneHns 4acToTbl
BO3HWKHOBEHWSA NoXapa B 34aHum NpuBedeH B pasaene |l HacTtodawen MeTtoamku.



MocTpoeHue nonen onacHbIX PakTOPOB NoXxapa AN pas3fMyYHbIX cLueHapueB ero
pa3BuTUA

17. [Ana nocTpoeHnsa nonen onacHbiX (PpakTOpoB Moxapa NPOBOAUTCH 3KCNEPTHbIN
BbIOOp cuUeHapusi WM CueHapuveB NoXapa, nNpu KOTOPbIX OXuAawTca Hauxyglue
nocneacTBys ANs HaXOOAWMXCA B 34aHUKN N04eMN.

dopmynupoBKa cueHapust pasBuUTUA Noxapa BKNovaeT B cebs cnenytowime atansl:

BbIOOpP MecTa HaxoXaeHus nepBoHa4aribHOro ovara noxapa u 3aKOHOMEpPHOCTEN ero
pasBuTuS;

3afjaHvMe pacdeTHouM obnactu (BbibOp paccmaTtpvBaemMon MNpu pacyeTe CUCTEMbI
nomeLLeHnn, onpegeneHne yuynTbiBaeMblX NpU pacyeTe 3reMeHTOB BHYTPEHHEWN CTPYKTYpbl
NoMeLLEeHNn, COCTOSIHUA NPOEMOB);

3afjaHve napamMeTpoB OKpyXalllerh cpefbl M HayamnbHbIX 3HAYEHUN NapamMeTpoB
BHYTPU NOMELLIEHNNA.

B cootBeTctBUM C npunoxeHnem N 6 K Hactoswen Metoauke dopmynupyeTca
MatemaTuyeckass Modenb pa3BUTUS NoXxapa M NpPoBOAUTCA MOLENMPOBaHWE ero MHaMUKM
pasBuTuUS.

Ha ocHoBaHWM pe3ynbTaToB pacyeToOB OCYLLECTBNSAETCS NOCTPOEHWE Nofier onacHbIX
daKkTopoB noxapa wn onpegenseTcsa 3HayeHne BpemeHn OrnoKMpoBaHWA NyTen 3Bakyauuu

oon %

OueHka nocneacTBMM BO34EeMCTBUA OonacHbIX (hakTOpPOB NoXkapa Ha noaen ans
pPa3nNnyYHbIX CUEeHapueB ero pa3BUTUA

18. OueHka nocneacTBMi BO3OENCTBUS OMACHbIX (DAKTOPOB MNoXapa Ha nogen
3aKn4vaeTcs B onpeneneHnn BepoaTHOCTM 3BaKyaLmn N0aen n3 agaHus npu noxape.

BepoaTHocTb 3Bakyauuu nwogen onpegenderca no dgopmyne (3) Ha OCHOBe
COMOCTaBIIEHNUS 3HAYEHWA pacyeTHOro BPEMEHU 3BaKyauuum JIOOAen U BPEMEHMU
OGnoknpoBaHNA NyTen sBakyauum onacHbiMM doakTopamm noxapa.

[ns onpepeneHnsa pacyeTHOro BPEMEHM 3BaKyauum nogen & B COOTBETCTBUU C
npunoxeHnamm NN 2-5 Kk HacToswen MeTtoguke onpenenseTca MoAesib 3Bakyaumn niogen
M3 34aHund, NpoBOAMTCHA MOCTPOEHME pacyYeTHOM CXeMbl 3dBaKyauun U OCyLLlecTBnsieTcH
MOAENMpOBaHNE 3BaKyaunn nogen.

19. B cooTtBeTcTBUM C pasgenom |l HacTosiwen MeToankn npoBoauTCAa onpeaeneHne

pacquHon BEJIMYUNHBbI MHOMBUAOYArIbHOIo MOXapHOro pucka QB M cornocTtaBlieHne ee C
H
HOPMaTuUBHbIM 3Ha4YeHnemM nHanBmayaribHoOro nNoXXapHoro purcka QB .

YyeT Hanuumsa cuctem obecnevyeHms noxxapHom 6e3onacHOCTU 3aaHuUsA

20. Hanun4yne cuctem obecneyeHuns noxapHon 6e30nacHOCTM 34aHUSA yYnTbIBAeTCs B
COOTBETCTBUU C hopmyrnon (4) n nonoxeHnsamu pasgena |V Hactoswen Metoguku.

Brok-cxema, wvnnocTpupyowasa nopsagok npoBefeHUs pacyeTa MHAMBMAOYaNbHOro
NnoXapHOro pucka, npegcrasneHa Ha puc. 1.




AHANM3 TOXAPHOM ONAaCHOCTM 3HaHUSA

v
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Puc. 1. I'Iopnp,ox npoeeaneHuUs pacyeta nHANBMAyanibHOro noXxapHoro puckKa




IV. Mopspgok pa3paboTku AONONHUTENbHbIX NPOTUBOMOXAaPHbLIX MEPONPUATUN NPU
onpeaeneHnun pacyeTHON BefIMYNHbI UHANBUAYASNILHOIO MOXapHOro pucka

21. B cnyyae, ecnu pacyeTHas BeSfiMMMHa WHAMBMAOYanbHOrO MOXAapHOro pucka
npeBbIlIaeT HOPpMaATUBHOE 3HA4YeHWe, B 34aHUM crnegyeT npeaycMOTpPeTb AOMOMHUTENbHbIE
NPOTMBOMNOXAapPHbIE MEPONPUATUS, HanpaeneHHble Ha obecnevyeHne Ge3onacHon 3aBakyaumm
nogen npu noxape.

K uucny npoTuBOMOXapHbIX MEpoNnpuATUA, HanpaBfeHHbIX Ha obecneveHve
©Ges3onacHoun aBakyauum fngen npy noxape, OTHOCATCS:

NPUMEHEHNEe AOMOMHUTENbHbIX OOBLEMHO-NMAHMPOBOYHbLIX pPELUEHMN W CPEACTB,
obecneynBaroLLMX orpaHMyYeHne pacnpocTpaHeHns noxapa;

YCTPOWCTBO [OMOSTHUTENbHbBIX 3BaKyaLMOHHbIX MyTEeW, OTBevallwmx TpeboBaHUAM
©es3onacHon aBakyauuu fngen npu noxape;

YCTPOMCTBO CUCTEM OMOBELLEHNA I0AEN O NoXape 1 ynpaBreHns 3Bakyaumnen nogen
NOBbILLUEHHOro TMNa;

NPUMEHEHNe CUCTEM NPOTMBOALIMHOM 3aluUTbl OT BO34EMCTBUA OMACHbLIX DaKkToOpoB
noxapa;

orpaHvyeHue Konuyectsa nwaen B 34aHUM 00 3HadYeHun, obecnedmBaroLnx
6e30nacHOCTb UX 3BaKyaLMn U3 30aHus.

22. OM@PEKTUBHOCTb KaXOoro W3 MNepeyvucrieHHbIX Bbllle MPOTUBOMOXAaPHbIX

MeponpuaTUA onpeaenseTcs CTeneHbo BNNSHUS HA NapaMeTpbl b : G : b , @ ANs CUCTEMBbI
MOXapHOW CUrHanMsaumm, NPOTMBOALIMHOM 3alUMTbl U CUCTEMbI OMOBELLEHUs Moaen npu
noXxape W ynpaeneHusi 3Bakyauuven nioden Takke YCNOBHOW BEPOSTHOCTbI BbIMNOSIHEHUS

3agayv npu no>Kape(R06H, Reova n R“Il3).

23. lpryMeHeHNe B KayecTBe [OMOSIHUTENbLHOIO MNPOTUBOMOXAPHOIO MEPONPUATUA
00BbEMHO-MNAHNPOBOYHBIX  peleHnn W cpeacts, obecneynBaloWwmMx  orpaHuyeHue
pacnpocTpaHeHus noxapa, AocTuraetcd obecrneyeHnem HOpPMUpPYEMbIX Mpeaenos
OFHECTOMKOCTM W MOHWMKEHHOMW MNOXapPHOW OMacHOCTM OBMMUOBOYHBIX CTPOMUTENbHbIX
MaTepuarnoB, WCMNOMb3yeMbIX B Orpaxgatolmx KOHCTPYKUMSX MNOMELLEHUs,, B KOTOPOM
HaxXoAMTCS BEPOSITHbIM oYar noxapa.

CteneHb BNUAHWUS OAHHOTO AOMOMHUTENBHOMO NPOTUBOMOXaPHOrO MEpOonpUATUSA Ha
5

JI

AMHaMWUKY pacnpoCTpaHeHWsl noxapa W, COOTBETCTBEHHO, 3HayeHWe napameTpa

onpegensieTcs nNyteM nNpoBedeHUss MOBTOPHOrO  pacyeTta %1 nocne BHeceHus
COOTBETCTBYHOLLMX UBMEHEHUIN B CXEMY 0OBHEMHO-MMAHNPOBOYHBIX PeLUEeHNI 34aHNS.

24. Tlpy nNpUMeHeHMNn B KayecTBe OOMOSIHATENBHOrO  MPOTMBOMOXAPHOIO
MEpPONPUATUA YCTPOMUCTBA AOMOMHUTENBHbLIX 3BaKyauUWOHHbIX NYTEN U BbIXOAOB crefyeT

BbIMOMHUTbL MOBTOPHbLIA pacyeT Mo OLeHke napameTpa tp, C Y4ETOM OTKOPPEKTUPOBAHHbIX
06 beMHO-NNAaHNPOBOYHbIX PELLEHMN.

25. Tlpy npvMeHeHMM B KayecTBe [AOMONHUTENBHOrO  MPOTUBOMOXaPHOrO
MeponpuaTUst YCTPOMCTBA CUCTEMbl OMOBELUEHMSI JIOOE O Moxape W ynpaBneHust
aBaKyauuel nogen NoBbILEHHOTO TUMa criedyeT BbiNOMHUTbL MOBTOPHbLINA pacyeT Mo OLeHKe

napamMmeTpa tp C ydeToM nepepacnpeneneHna noToKoB 3BaKynpyrwnMXca n U3MeHeHud
CXemMbl 3BaKyauun B 3aBUCUMMOCTU OT CUeHapuneB BO3HUKHOBEHUA U Pa3BUTUA MOXKapa U,
COOTBETCTBEHHO, arnroputmMma (byHKLl,I/IOHVIpOBaHI/IFI CUCTEMbI OMOBELLEHNSA NIOAEN O noxape "
ynpasreHnem sBaKkyauunu nogen.

R
3HayeHMe napameTpa = COY2 AnA OaHHONO TEXHUYECKOro pelleHus onpeaenseTcs



TEXHUYECKON Ha[EXHOCTbIO 3MEMEHTOB CUCTEMbl OMOBELLEHUs fogern O noxape wu
ynpaBneHvem 9Bakyauun nofaen, MNpuBOAMMbIX B TEXHUYECKOW [AoKymeHTauun. [lpu
OTCYTCTBUWM CBEAEHUA MO NapameTpam TEXHUYECKOW HaOEeXHOCTW [OoMycKaeTcsl NpUHMMaTh
Reoy»=0.8

26. BnuaHne cuctembl NPOTUBOABIMHOWM 3alinMTbl Ha YpPOBEHb OGecrneyYeHHOCTH
BGes3onacHon 3Bakyauuu NL4en Npu noxape oueHuBaeTcss NOCPEeACTBOM pacyeTa 3HayYeHus

G ¢ YY4ETOM TEXHUYECKUX XapaKTEPUCTUK MPUMEHSEMOro BEHTUNALNMOHHOIO 06opyaoBaHuMs
npoTMBOAbIMHOM  3awmTbl. [logbop napameTpoB  BEHTUNAUMOHHOrO  ob6opyaoBaHWUA
OCYyLLEeCTBNAeTC B COOTBETCTBUM C HOPMATUBHbLIMKM [OOKYMEHTaMuM MO MOXapHOW
B6esonacHocTu. [lpM 3TOM ANA BbLINOMHEHMA pacyeToB credyeT MNPUMEHSTb 30HHYHO
(30HanbHY) UK NonNeBy Moaenu.

3HaveHue napamMeTpa RHH3 Ona gaHHOro TeXHUMYeCKoro pelleHuda onpegendaeTca
TEXHUYECKON HAOEeXHOCTbIO 3fIEMEHTOB aBTOMAaTUKK ynpaBleHud I'IpOTMBO,EI,bIMHOVI 3alunThl,
a TaKkKe TEXHMYECKON HAOEXHOCTbH 3NEMEHTOB ﬂpOTVIBOﬂ,bIMHOVI 3alunTbl, NPUMBOANMbBIX B
TEXHUYECKOW OOKyMEeHTaLlunn. an OTCYTCTBUMN cBegeHnn no napamMmeTpam TEXHUYECKON

HageXHOCTU JonyCcKaeTca NpuHUMaTh RHHS‘_O’S .
27. OrpaHunyeHne konunyecTBa noL4en B 30aHMM OO 3HayeHun, obecneudmBaroLLmnx
0e3onacHOCTb WX 3BaKyauuu W3 34aHUA Npu  Noxape, YydYuTbiBaeTcs MNOCpencTBOM

NMOBTOPHOTO pacueTa 3HayeHus napameTpa & npu CYLLECTBYHOLLMX
OOBbEMHO-NNAHUPOBOYHBLIX  PELUEHUSX U OrPaHMYEeHHOM  3HayYeHuM  Konu4yecTBa
9BaKyMpYOLLIMXCS NMpK noxape.

28. [Ins nony4YeHust UCXoOHbIX AaHHbIX, HEOBXOAMMbIX AN NPOBEOEHUs1 pacyeToB,
npeaycMOTPEHHbIX HacTosilen MeToamkon, cnegyeT UCMNOMb30oBaTbh CNPaBOYHbIE UCTOYHMKU
NHGOPMAaLMKN 1 NPOEKTHYI0 AOKYMEHTaLMI0 34aHUS.

*

cT. 3579.

CobpaHue 3akoHogaTenbctBa Poccunckon Pepepauum, 2008, N 30 (vactb ),

MpunoxeHne N 1
K nyHKTY 8 MeTOANKMN

CratucTnyeckue AaHHbIe O YacTOTe BO3HUKHOBEHUS noxapa B 3aaHuAX

N H/H HamveHOBaHMe 3OaHUA YacToTa BOBHUMKHOBEHUSA I1oxapa B
TedeHMe Iroma

B pacuere Ha YTOUHEHHAasa OLIeHKa
OOHO yUpexIOeHMne

1. IeTckMe OOMKOJIbHEE 7,34 x 10 (-3) 9,72 x 10(-5)
yuypexneHmus (OeTCkKuM cam, (B pacueTe Ha
acnu, OoM pebeHkKa) OonHOTO pebOeHKa)

2. OBbumeobpasz3oBaTeJIbHEE 1,16 x 10(-2) 4,16 x 10(-5)
yupexneHus (wukoJja, (B pacueTe Ha
MKOJIa—MHTEPHAT, IETCKUM OOHOTO yualmerocs)

ooM, JuiieMn, TIUMHAa3Us,
KOJIJIEIX)




YupexneHMsa HadaJIbHOTO
npodecCcrMoHaJIbLHOT'O
obpaszoBaHUAa
(npodeccuoHanbHOE
TEeXHUUECKOe YUMJIIMIIE )

1,98 x 10(-2)

4,59 x 10(-5)
(B pacueTe Ha
OOHOTO ydYalerocs)

4., YypexneHrs CpenoHeIro 2,69 x 10(-2) 2,94 x 10 (-5)
npodeCcCcrMoHaJILHOTO (B pacueTe Ha
obpaszoBaHua (cpenHee OIOHOTO YydYalerocsd)
crneumajbHoe yudyebHoe
3aBegeHue)

5. YupexneHMs BHEICLIETO 1,398 x 10(-1) 2,43 x 10 (-5)
npodeCcCcrMoHaJILHOTO (B pacueTe Ha
obpaszoBaHuUa (BHCLIEEe OIOHOTO ydYalerocsd)
yuebHOEe BaBemeHue)

6. [Ipoure BHEWKOJIbHBIE U 1,52 x 10(=-2) 2,38 x 10(-5)
IOEeTCKUE YyUPEeXIeHUS (B pacueTe Ha

OOHOTO yualerocsd)

7. IeTcKMe O3I0POBUTEJILHEIE 1,26 x 10(=3) 3,23 x 10(-5)
Jareps, JIeTHUE IeTCKUue (B pacueTe Ha
oaum OOHOTO OTIRIXAKIETO)

8. BOJILHMILE, TOCHUTAJX, 3,66 x 10(-2) 2,358 x 10(-4)
KJIVHUKM, POIMUJIbHEIE IOMa, (B pacueTe Ha OIHO
IICUXOHEBPOJIOTUUECKHUE KOMKO—MECTO)
VMHTEPHATE U OpyTue
CTaUMOHAPEL

9. CaHaTopuM, IoMa OTIHXA, 2,99 x 10(-2) 1,767 x 10(-4)
npoduiIaxkTopuUM, Inoma (B pacueTe Ha OIHO
IpecTapelblXx M MHBAJIUIOB KOMKO—-MECTO)

10. AMOyJaTopum, OOJNUKIIVHUKY, 8,88 x 10(-3) 5,37 x 10(-5)
OVCIIaHCEPR, MENIYyHKTH, (B pacueTe Ha OIHO
KOHCYJIbTalUun nocemneHue

nalueHTOoM)

11. IpennpuaTrsa PO3HUUHOMN 2,03 x 10(-2) 1,579 x 10(=-3) (B
TOPTOBJIM: YHMBEPMAaTH, pacueTe Ha OOHOTO
NIPOMTOBAPHEIE MaT'a3WHEL; paboTamnmero)
YHUBEPCAMH,

IPOIOBOJILCTBEHHEE
Maras3MHB; Mal'a3UHE
CMENIaHHEIX TOBAPOB; AalTEKMU,
anTeuHBE JIaPbKM; MIpOoUYMe
3I0aHUS TOPI'OBJIMU

12. [IpennpusaTUs PEHOYHOM 1,13 x 10(-2) 1,678 x 10(-3) (B
TOPTOBJIM: KPHITHE, OITOBEE pacueTe Ha OOHOTO
PBIHKM (M3 3O0aHUM paboTamnmero)
CTalMOHAPHOW INOCTPOVKU) ,

TOPI'OBEE I[1aBWUJIbOHEL,
KMOCKM, JlapbkM, IajlaTKH,
KOHTEMHEPEL
13. IpennpuaTusa OOLECTBEHHOIT'O 3,88 x 10(-2) 2,063 x 10(=-3) (B

IIMTaHnAa

pacueTe Ha OIOHOI'O




paboTanmero)

14. T'oCcTUHUIIE, MOTEJIN 2,81 x 10(-2) 3,255 x 10(-4)
(B pacueTe Ha OIOHO
MEeCTO)

15. CIIOPTHUBHEE COOPYXEeHMS 1,83 x 10(-3) -
16. Kny6Hele U 6,90 x 10 (=-3) -
KYJIb TYPHO—3pEeJIMIIHEE
YUpexXIeHms
17. Bubnmorexku 1,16 x 10(-3) -
18. My3eu 1,38 x 10(-2) -
19. BpenuiHble yUpexXIeHUs 9,66 x 10(-2) 4,03 x 10(=7)
(TeaTprl, LUPKM) (B pacueTe Ha OIHO
nocemneHue
3pUTETIEM)

MpunoxeHune N 2
K NyHKTY 10 MeTOoauKN

YnpolieHHasa aHanuTu4Yeckaa moaenb ABUXEeHUSA NOACKOro noToka (onpegeneHue
pacyeTHOro BpeMeHM1 3BaKyauuu nogen n3 nomMeLleHnn u 3gaHun no pacyeTty
BPeMeHU OBMKEHUS OQHOIroO UMM HeCKOJTbKUX JTOACKUX MOTOKOB Yepes
3BaKyaLMOHHbIe BbIXOAbl OT HAaubonee yaaneHHbIX MeCT pa3MeLLeHnsa naen)

Pac4yeTHoe Bpemsa aBakyaumn ntogemn & N3 NOMELLEHUN N 30aHMN YCTaHaBNMBaETCS
Nno pacyeTy BPEMEHN AOBWKEHUS OOHOMO WNMU HECKONbKUX JHOACKMX MOTOKOB 4epes
3BaKyaLMOHHbIE BbIXOAbl OT Hanbornee yaaneHHbIX MecT pasMeLleHns ngen.

Mpn pacyeTe BeCb MyTb OBWXEHUS IOACKOrO MOTOKA NoApasfdensieTcs Ha yvacTKu

(npoxopn, KoprMaop, OBEPHON NPOEM, NECTHUYHbIN MapL, Tambyp) ANMHOM b N LUMPUHOWN o .
HavanbHbiMM1 y4acTkammn SBNATCA NpoXoabl Mexay pabounmm mectamun, o6opyaoBaHUEM,
psgamum Kpecen v T.n.

Mpn onpeaeneHnn pacHeTHOro BpEMEHM 3BaKyauun Nogen AvHY U LUMPUHY KaXKaoro
yyacTka NyTU 3BaKyauun Ons NpOEKTUPYEMbIX 34aHUA MPUHMMAKT MO MPOEKTy, a Ans
MOCTPOEHHBIX - MO (PAKTUYECKOMY MNOSIOXKEHUIO. [nMHY nNyTM MO NEeCTHUYHbIM MapLiam, a
TaKke NO naHaycaMm W3MepsaloT NO ANUHe Mapwa. [OnuHy nyTm B ABEpPHOM npoeme
NPUHMMAIOT paBHOM HyMto. [1poeM, pacnonoXeHHbln B CTeHe TonwmHou Gonee 0,7 m, a
Takke Tambyp cnegyet cuMTaTtb CaMOCTOATENbHBIMW Yy4YacTKaMu FOPU3OHTANbHOIO MNyTw,
UMEOLLMMN KOHEYHYIO OJTUHY y :

PacueTHoe Bpems aBakyauuu nogen b cnenyeT onpenensitb Kak CymMMy BpeMeHU

ABWXKEHUS MIOACKOro NoToKa No oTAeNbHbIM y4acTkam nyTu b no cdopmyne:

R ANz X)

roe b BpeMsi ABUXEHMUS NIOACKOrO NOTOKa Ha NepBOM (HavarbHOM) y4acTke, MUH;



tl, tz, t3, L BpeMsi ABWXKEHWUSI NOACKOro NMoToka Ha KaXaom W3 crneaylolmx

nocne NepBoro y4acTtka nyTu, MUH.

Bpems gBuxeHUsA NoL4CKOro NoToka No NepBoMy y4acTKy nyTu E , MWUH, paccyuTbiBaloT
no goopmyrne:

ly

tl:vl

,(N2.2)

roe b ANViHa NepBOro yyactka nyTu, M;

Vi CKOPOCTb [OBWXXEHUS JIOACKOrO MOTOKa MO FOPU3OHTanNbHOMY MyTWM Ha MEPBOM
y4yacTke, M/MuH (onpegensietca no tabnuue 2.1 B 3aBMCUMMOCTM OT NfoTHocTH D).

MNoTHOCTb OAQHOPOAHOrO FIKOACKOrO MOTOKA Ha MepBOM  yyacTke MyTu D,

paccyMTbiBalOT No hopmyrne:

D=3
1L ((n2.3)
rge Nl - YUCIio J'IPO/J,GVI Ha rnepBoM y4acCTKe, 4erl.,

2
f - cpeaHss nnowanb ropu3oHTanbHOM Npoekunn Yenoseka, M [gen. , NIpMHMMaemas B
cooTBeTCTBUM C NyHKTOM 6 npunoxeHus N 5 k HacToswen MeToauke;

Kommenmaputi TAPAHTa
lNo-eudumomy, 8 mekcme rnpeodbiOywe2o absaya OornyweHa oredamka. Mimeemcs 8 audy
nyHKkm 4 npunoxeHusi N 5

o . LUIMPVHA NEepBOro y4acTka nyTu, M.
V.

CKOpoCTb ! [OBMXEHMS TOACKOro MOTOKa Ha ydyacTkax MyTWu, credyrolux nocrne
nepBoro, nNpuHMMaloT no Tabnuue [12.1 B 3aBUCUMOCTM OT WHTEHCUBHOCTU [ABWXKEHUS
MIOACKOro MOTOKa MO KaXAOMY M3 3TMX Y4YacTKOB MyTU, KOTOPYK BbIMUCIAT ANA BCEX
y4acTKOB NyTW, B TOM YMChe U AN ABEPHbIX NPOeMoB, No hopmyne:

CGiog 9

0
% , (M2.4)

-0, .
roe 8', =1 - WwmnpuHa paccmaTpuBaemoro i-ro U npeaLwecTBYyOLWEro eMy y4yacTka

nyTu, m;

4 ) Gi-1 - UHTEHCUBHOCTU OBWXEHNA JTIOOCKOIro noTtoka no paccmarpmBaemMomy i-My n
npegwecTteyroieMy ydacTtkam nyTu, M/MWH (l/IHTeHCI/IBHOCTb OBWXeHnaA niogckoro noTtoka Ha

NnepBoM Yy4yacTKke MyTu 4701 onpegensietca no Ttabnuue [12.1 no 3Ha4YeHuto D, ,

ycTaHoBrneHHoMy no opmyrne (I12.3)).



Ecnu anayenmne Ji onpegensemoe no copmyne (2.4), MeHbLLE NN paBHO Imax | 10

t;

BpeMaA ABUXEHUA MO y4acTKy Nyt ', MUH, paBHO:

i (N2.5)

npv 9TOM 3Ha4YeHuA max , M/MWH crnegyeT NpUHUMaTh PaBHbIMMU:
16,5 - ansa ropnsoHTanbHbIX NyTeu;

19,6 - ona ABepHbIX NPOEMOB;

16,0 - onsa NecTHULUbl BHUS;

11,0 - ona necTHMUbI BBEPX.

Ecrim sHavenue Ji, onpegerneHHoe no dopmyne (M2.4), 6onbLue Omax 10 LLUMPUHY 9,
AaHHOro yvacTka nyTu cnegyeT YyBenuumBaTb Ha Takoe 3HadeHue, nNpu  KOTOPOM
cobntogaeTcs ycrnosue:

Gi=0max  (M2.6)

[Mpy HEBO3MOXHOCTU BbINOMHEHNs ycnoBus ([12.6) MHTEHCMBHOCTbL M CKOPOCTb
ABWKEHMS NOACKOro noToka Mo y4vacTKy i onpegenstoT no tabnuue 12.1 npn 3Ha4yeHuun
D=0,9 n 6onee. MNpu aTOM cnegyeT yudnTbiBaTh BPEMSA 3aLepXXKN OBWXKEHUS nogen mns-3a
obpa3oBaBLUErocs WX CKOMMEHUs,, B COOTBETCTBUM C MNyHKTOM 4 npunoxeHna N5 kK
HacToswen Metoguke.

Tabnuua M2.1

MHTEeHCUBHOCTL U CKOPOCTb ABUNXEHUA NIOACKOIo NOoToKa Ha pa3HbIX y4YacTKaxX nyTEﬁ
dBaKyauuum B 3aBUCUMOCTU OT MNJTIOTHOCTU

IInoTr— |T'OPM3OHTAJILHEM | JBEepHOM JlecTHMLla BHU3 JlecTHMLIa BBEpX
HOCTb nyThb npoemM,
[IOTOKA VMHTEHCUB—
D, Cko- |MHTeH- HOCTB (d, CxopocThe |IlHTEeHCUB- Cko- |MHTeHCUB-—
M2/M2 |pocThb CUB~- M/MMH V, M/MMH| HOCTL J, |pOCTb HOCTB (,
v, HOCTBb M/ MUH v, M/ MUH
v/ MUH d, M/ MUH
M/ MUH
0,01 100 1,0 1,0 100 1,0 60 0,6
0,05 100 5,0 5,0 100 5,0 60 3,0
0,10 80 8,0 8,7 95 9,5 53 5,3
0,20 60 12,0 13,4 68 13,6 40 8,0
0,30 47 14,1 16,5 52 15,6 32 9,6
0,40 40 16,0 18,4 40 16,0 26 10,4




0,50 33 16,5 19,6 31 15,6 22 11,0
0,60 28 16,3 19,05 24,5 14,1 18,5 10,75
0,70 23 16,1 18,5 18 12,6 15 10,5
0,80 19 15,2 17,3 13 10,4 13 10,4
0,90 n 15 13,5 8,5 8 7,2 11 9,9
Boree
lIpyMeuaHMe - MHTEHCUBHOCTL IOBMWXEHMS B IBEPHOM NPOEME MPU IIJIOTHOCTH

notoka 0,9 u Gosiee paBHasg 8,5 M/MUH, YyCTaAHOBJIEHA [JIS OBEPHOTO IIpoeMa
mypuHOoM 1,6 M u Oojiee, a NIpPKM IBEPHOM IPOEMe MEeHbIeM WMMPUHE
VHTEHCUBHOCTL IOBWXEHMS CJenyeT onpeneysaTb no dbopmyne q = 2,5 + 3,75 x
neJybTa.




| — Hagayo yJacTka 1

Puc. [12.1. CistHuE MIOACKHX TOTOKOB

Mpn cnuaHum B Havane i-ro yydactka AByx u bonee nwoackux notokos (puc. 12.1)

MHTEHCUBHOCTb ABWMXXEeHUNA 4 , M/MUH, paccynTbiBalOT Mo cbopmyne:

Zqi—l'Si—l

==

% ,(M2.7)

roe Gi-1 - MHTEHCUBHOCTb ABWKEHUSA NIOACKMX MOTOKOB, CIMBAKOLLMXCA B Hayane i-ro

y4yacTka, M/MUH;



S
=1 - luMpuHa y4acTKOB MyTW CIIUSIHUS, M;
O LUMPMHA paccMaTpuBaemMoro y4acrtka nyTu, M.

Ecru sHaverne Ji , onpeaeneHHoe no dgopmyne (IM2.7), 6onblie Gmax , TO LUMPUHY o
AAHHOro y4yacTka nyTu cnefyeTt yBenuuMBaTb Ha Takoe 3HadeHue, 4Ttobbl cobnioganoch
ycrioue (IM2.6). B aToM cnyyae Bpemsi OBWXEHUSI MO y4acTKy i onpedenstoT no dopmyre
(M2.5).

MpunoxexHune N 3
K nyHKTYy 10 MeToAuKKN

MaTtemaTu4yeckas mogenb nHAnNBMAyarnbHO-MOTOYHOIro ABUXEeHUA noaen n3 s3paHns

PacyeTHoe Bpems 3Bakyauuwn nogen u3 30aHus yCTaHaBnMBaEeTCs MO BpPEMEHM
BbIXOa M3 HEro nocregHero Yenoseka.

Mepea HayanoM MoOOEnNUMPOBaHWA Mpouecca 9Bakyauuum 3ajaeTcs  cxema
3BaKyaUMOHHbIX nNyTen B 340aHuMW. Bce 3BakyauMOHHble nNyTM nogpasfenstoTca  Ha
3BaKyauUWOHHble y4acTKM ONIMHOM a N WUpnHOW b. [nvHa 1 WupuHa Kaxgoro ydyacTtka nyTtu
3BaKyauuu nsi NpoeKkTUpyemMbIX 34aHUN NMPUHUMAKOTCS MO NPOEKTY, a AN NOCTPOEHHbIX - MO
dhakTyeckoMy MNonoXxeHuto. [nvMHa Nyt No NEeCTHUYHbIM MapLlam u3mepsieTcs no AfvHe
Mapwa. [OnuHa nytm B ABEPHOM MNpoemMe MNPUHUMAETCs PaBHOW HyI0. OBaKyalMOHHble
y4acTku MOryT ObITb FOpM3OHTarbHbIE U HaKIOHHbIE (fleCTHMLa BHU3, NecTHMLa BBEpPX U
naHayc).

3a rabapuTtbl YyenoBeka B NnaHe NpuUHMMaeTcs annunc ¢ pasmepamm ocen 0,5 m
(wvpuHa 4enoeeka B nnedvax) u 0,25 m (TonwuHa 4enoBeka). 3agatTcs KoopAuHaThbI

KaX[Oro YenoBeka ' - paccTOsIHME OT LieHTPa 3Nnunca 4o KOHLA 9BaKyaLMOHHOrO yyacTka,
Ha KOTOpPOM OH Haxogutcs (puc. [13.1). Ecnn pasHOCTb KoopauHAT HEKOTOpbIX moaen,
Haxo4sLWUXCA Ha 3BaKyaLUMOHHOM y4acTke, cocTtaBnseT meHee 0,25 M, TO NpMHUMaETCS, YTO
nan ¢ 3TUMKU KOOpAMHaTaMM pacnosioKeHbl PSAOM ApYr ¢ ApYroMm - cOOKy OAUH OT Apyroro
(ycnosHo: "B psag"). Mpu atom, mcxogs wu3 rabaputoB 4YenoBeka B MNnaHe M pasmepos
9BaKyaUMOHHOIo y4vacTka (OfiMHa W WupuHA) ANs KaXOoro 3BaKyauMOHHOro yyacTka
ONpeaensitoTCa: MakCMMarnbHO BO3MOXXHOE KONMYECTBO YENOBEK B OAHOM psay cOOKy Apyr OT
Apyra n MakcMmMmarnbHO BO3MOXHOE KONIMYECTBO NMoAEeN Ha ydacTKe.

KoopauHaTbl KaXaoro 4enoBeka ' B HauvalbHbli MOMEHT BpeMeHW 3a4aloTcsi B
COOTBETCTBUM CO CXEMOI pacCTaHOBKM NoAeln B noMelleHusx (paboune mecTa, mecta ans
3puTenen, cnanbHble Mecta M T.n.). B cnyyae oTcyTCTBUS TakMX OaHHbLIX, HAanpumep Ans
MarasuHOB, BbICTaBOYHbIX 3a0B M ApYroe, AonyckaeTcs pasMellaTh fnioaein paBHOMEPHO Mo
BCEN nrowaan NoMeLLEHMs C y4eTOM pacCTaHOBKM TEXHOOMMYECKOro 060pyA0BaHMS.

KoopavHata kaxaoro YerioBeka B MOMEHT BpeMeHu t onpeaenseTcs no dopmyne:

x(t)=x{t—at) - v{(t)- At m, (M3.1)

- KOOpAMHATA i-ro Yenoseka B NpeablayLLUIA MOMEHT BPEMEHW, M;
Vi(t)

- CKOPOCTb i-r0 YerioBeka B MOMEHT BpeMeHM t, M/C;
At _ npomexyTok BpeMeHMm, C.



-
®seenn®

...l.."..
~

24
(_a(u
&
X

0 X1y Xa

Puc. I13.1. KoopanuartHas cxema pa3sMemeHus JII0eH Ha ITyTIX
3BaKyalluy

CKopocCTb i-ro yenoseka Vi(t) B MOMEHT BpeMeHu t onpegensietcs no tabnuue M2.1
npunoxeHus 2 kK Metoguke B 3aBMCMMOCTU OT flOKarbHOM NNOTHOCTM NMOTOKA, B KOTOPOM OH

OBUNXETCH, Di(t) N Tna aBakyauMOHHOIo y4acCTKa.

JlokanbHasa nNoTHOCTb Dilt
dopmyrne:

BblHUCIIAETCA No rpynne, COCTOSILLEN M3 N YerioBEK, MO

D{t)=(n(t)-1)-f/(b- Ax) MM (113.2)

roe n - KONMYecTBO Noaen B rpynne, YenoBek;

2 2
f - cpegHss Nnowaab ropM3oHTanbLHOM Npoekuun Yenoseka, M Im ;
b - wWnpuHa sBakyaUMOHHOrO y4acTka, M;

AX . basHOCTb KOOpPAMHAT NOCIEAHETO M MEPBOTO YENOBeKa B rpynne, M.

Ecnv B MOMEHT BPEMEHM t koopaMHaTa yerioBeka i t , onpegeneHHas no dopmyne
(M3.1), ctaHeT oTpuuaTenbHOM - 3TO O3HAYaeT, YTO YenoBeK AOCTUI rpaHuLbl TEKYLLEero
9BaKyaLMOHHOr0 y4acTKa 1 JOIMKEH NepenTn Ha credyowmin 3BakyaunoHHbIN y4aCTOK.

B aTom cnyyae koopanHaTa 9TOro YyerioBeka Ha crnefyrowemM 3BakyaunoHHOM y4acTke
onpegensieTcs:

>



xi(t)=[>q(t—dt)—vi(t)'dt] TR (M3.3)

rge Xi(t_dt) - KoopanHaTta i-ro YenoBeka B I'Ipe,El,bI,D,yLLl,I/IIZ MOMEHT BpeMeHN Ha (j_l)
3BaKyalUMOHHOM y4acCTKe, M,

vi(t)

BpemeHun t, m/c;

4 . pnuHa j-ro aBaKyaLMOHHOrO yyacTka, M;

. KoopAnHaTa MecTta CnnaHus j-ro 1 (j-1)-ro aBakyauMOHHbIX Y4aCTKOB - pacCTOsiHUE
OT Hadana j-ro aBaKyauMOHHOro yyactka A0 MecTa crnmsiHuA ero ¢ (j-1)-biM 9BaKyaLMOHHbIM
y4acTKOM, M.

KonuyecTtBo ntogen, nepexogdawimx ¢ OOAHOro 3BaKyaUMOHHOro yyacTka Ha Apyron B

CKOPOCTb i-ro 4enoBeka Ha (j-l)-OM 9BakKyaluyMOHHOM Yy4acCTke B MOMEHT

eanHuLy BpeMeHu, onpeaenseTcs NponyckHOM cnocobHOCTLIO Bbixoda C yYacTka Qjit

Q{t)=q{t)-¢;-dt/(f-60) yen., (M3.4)

roe qi(t) - MHTEHCUBHOCTb ABWXEHUSI Ha BbIXOo4e C j-ro0 3BaKyaLMOHHOro y4yacTtka B
MOMEHT BpeMeHH t, M/MUH;

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

dt - NpomMeXXyTOK BpEMEHMU, C;

2
f - cpeaHsa nnowanb ropu3oHTanbLHOM NPOEKUUN Yernoseka, M

MHTEHCMBHOCTbL ABUXEHNA HA BbIXOAE C j-ro 3BaKyaLMOHHOro y4yacTka qi(t) B MOMEHT
BpemMeHu t onpegenseTcd B 3aBUCUMOCTU OT MSIOTHOCTU JIIOACKOrO NOTOKa Ha 9TOM y4acTke
va(t) _

M . Dv-(t)

NOTHOCTb JIIOACKOrO MOTOKa Ha j-OM 3BaKyaLMOHHOM Yy4acTke ] B MOMEHT
BpeMeHu t onpegensaeTcs no gopmyne:

Dvjt=(N;-f-dt)/(a;-by) m?/v , (N3.5)

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

2
f - cpeaHaA Nnowaab ropu3oHTanbLHOM NPoeKUun Yenoseka, M ;

4 . pnuHa j-ro sBaKyaLMOHHOrO yyacTka, M;

bj . LUMPVUHA j-rO 3BaKyaLMOHHOIo y4acTka, M;

dt - npoMeXyTOK BpeMeH!, C.
B MomeHT BpemeHu t onpegensieTcss KONMMYECTBO NOAEN M C oTpuuaTtenbHbIMU

g <(0).
KoopAauHaTtamu X'(t) , onpegeneHHbiMu no dopmyre (M3.1). Ecnu 3HavyeHne m= Ql(t) , TO BCe
M YemnoBeK MnepexogAaT Ha Crneaywunn 39BaKyaUMOHHbIM y4acTOK M UX  KOOpAWHATbI

o >0).
onpegenstTca B cooTtBeTcTBUM C hopmynon ([13.3). Ecnu 3HayeHue m>Qjit , TO

KONMMYECTBO 4YeroBeKk paBHOE 3HaYEeHUIo Qjit NepexoasT Ha crieaylLlmin 3BaKyaLMOHHbIN



y4yaCcTOK W WX KOOpAuMHaTbl onpefensaiTca B cooTBeTcTBuMM C  dopmynon (M13.3), a

m-Q|(t)) .
KOINMM4YeCTBO YeJlioBeK, paBHoe 3HAYEeHNO ( QJ( ) , He rlepeXO,El,FlT Ha Cﬂeﬂ,yl‘OLU,VlM
3BaKyaLMOHHbI Yy4acTOK (OCTalTCS Ha AAHHOM 3BaKyaLMOHHOM Y4acTKe) 1 UX KOopAvMHaTam

MPVCBaNBAIOTCS 3HAYEHUS x(t)=k-025+025 :

roe k - Homep psga, B KOTOPOM ByayT HaXoAMTbCA Noan (MakCUmaribHO BO3MOXHOE
KONM4YeCTBO YerioBeK B OOHOM psdy COOKy Apyr OT Apyra AN KaK4oro dBaKyauWOHHOro
yyacTka onpefenserca nepen Hadanom pacyeTtoB). Takum obpas3om, BO3HUKaAET CKOMIeHue
nogen nepen BbIXOAOM C 3BaKyaLUMOHHOMO yyacTKa.

Ha puc. T[13.2 wn3obpaxeHa Ofnok-cxema onpedeneHnss pacyeTHOro BpeMEHMU
3BaKyauuu nogemn n3 sgaHus.

Ha ocHoBaHMM 3afaHHbIX HavanbHbIX YCMNOBUW (HavarnbHbIX KOoOpAWHAT JOAEewN,
napaMeTpoB 9BaKyaLUMOHHbIX Y4acCTKOB) ONpeaenstTca MIOTHOCTU FOACKUX MOTOKOB Ha
nyTAX 3BaKyauum u NponyckHble CNOCOBHOCTN BbIXOLAOB C 3BaKyaUMOHHbIX y4yacTkoB. [lanee,

B MOMEHT BpeMeHU t:t+dt, onpegensetrca Hanuuve OPI Ha nyTax aBakyauun. B
3aBMCUMOCTM OT 3TOro BblbMpaeTca HanpaBneHWe [OBWXEHUA Kaxdoro u4erioBeka U
BbIYMCISETCHA HOBas KOOpAMHaTa Kaxaoro yenoseka. [locne aToro cHosa onpegensoTcd
NAOTHOCTU FOACKMX MOTOKOB Ha MyTSAX 3BaKyauuu M MPOMyCKHble CMOCOBHOCTM BbIXOAOB.
3ateM BHOBb JaeTcs npupalleHve no BpemeHu dt u onpenensioTcsl HOBble KOOpAMHAThI
nogen ¢ yyetom Hannuma OPIl1 Ha nyTsax aBakyaumm B 3TOT MOMEHT BpemeHu. [locne atoro
npouecc nosTopsieTcs. PacyeTbl npoBogAaTca A0 Tex Mnop, Nnoka Bce nogu He byayt
3BaKympoBaHbl U3 30aHVS.

BBOII MCXOIOHBEIX IAHHBIX

v

OnpenesyieHMEe HAa4YaJlbHEIX
KOOPOMHAT JIonemn

v

OnpegnesieHre HapaMeTpoB
3BaKyalMOHHEX YUYacCTKOB (nyTen)

v

OnpenesieHMe BpPeMeHM Hadala
5BaKyaluM Kaxnoro dYeJjyioBeKa

v

OnpeneﬂeHMe IJIOTHOCTEM JIOACKMX IIOTOKOB Ha
OBAKYAUMOHHEIX Yy4YaCTKaXx

v




OnpegnesieHMe MNPOIIYCKHOM
CIIOCOBOHOCTM MNPOEMOB

v

BelBOI Ha [eyaTh XapaKTepUCTUK
npolecca sBakyalun

v

[lepexon kK CJenyoilieMy MOMEHTY BpeMeHM’

\4

OnpeﬂeneHme HallpaBJIEHMA IBUMXEHNMA
KaXgoI'o dYeJjIOBEeKa

\4

OnpenejyieHye IJIOTHOCTM JIOOCKOTO IIOTOKAa Iepen
KaxXIBM UYeJIOBEKOM (pacCTOSHME IO MIOYyWEeIOo BIepelu
yeJjioBeka)

\4

OnpeneﬂeHme CKOPOCTHM IBMXEHMA KaAXIOI'O dYeJlIOBeKa

\4

OnpeneneHme KOOPAOMHATEI KaXIOOoI'o dYeJIOBEKa

[ |
v v
SBaKyaums He OBakyalus 3aBeplleHa
3aBeplueHa
I
v

OKOHUaHME pacueTa

Puc. N3.2. Bnok-cxema onpeaeneHUa pac4eTHOro BpeMeHu aBaKyauuu nogen ms3
3aaHus

MpunoxeHue N 4



K nyHKTYy 10 MeToauku
MMuTaumoHHoO-cTOXacTuyeckas Mmoaenb ABUKEHUS NTIOACKUX MOTOKOB

MHoXecTBO ntogen, OQHOBPEMEHHO WAYLWIMX B OAHOM HanpasfieHuM Mo OobLMM
yyactkam nyTu, obpasytoT NOACKON MOTOK. YyacTkaMu hOpMUPOBaHMS JIIOACKMX NMOTOKOB B
noMelLieHusiX criegyeT MpuHMMaThb npoxoabl Mexay obopygoBaHueM. [Onsi nocrenyroLuimx
Yy4YaCTKOB 3BaKyaLUMOHHbIX NyTen OHW NpeacTaBnsitoT cobor NepBUYHbIE MCTOYHWUKU FOLCKUX

N; b

noTokoB. PacnpeneneHne 1 YernoBek Ha yvacTkax (DOPMMUPOBaHUS, UMEIOLLMX LLUMPUHY i

N ONUHY Ii, NPUHUMaeTCA paBHOMEPHbLIM. [103TOMY B HadasibHbIA MOMEHT b ha KaXgoMm

t0
afleMeHTapHOM Yy4yacTke Ali, 3aHMMaeMOM MOTOKOM, MSIOTHOCTb NOTOKa Di onpegenseTcs
no dgoopmyrne:

DI°=N%/b; - Ak wen./m* . (M4.1)

Mpy panbHenLWeM OBUKEHWUM TTIOACKUX NOTOKOB M3 NEPBUYHBLIX NCTOYHMKOB MO 00LWMM
yyacTkam nyTu npomcxoaut mx cnusHmne. ObpasyeTcs obLumi NOTOK, YacTu KOTOPOro UMeKT
pasnuYHyt0 MMAOTHOCTb. [lpoucxoanT BblpaBHMBAHWE MAOTHOCTEN pPasfUYHbIX 4YacTen
NACKOro noToka - ero nepecdopmmnpoBaHme. CrnegyeT yunTbiBaTb, YTO €ro rofloBHas 4acTb,
nmetowasa nepeq cobon cBoboaHbIM NyTb, pacTekaeTcs - Noan CTpemMsaTca uatm csobogHo

npyu MNIOTHOCTU Do 3a wnTepsan BpemeHn Al yacTb niogeit nepexomuT C  3TUX
3rIeMeHTapHbIX Y4acTKOB Ha MocreayrLimMe 1 NponucxoauT U3MeHeHNe COCTOSIHUSI NOACKOro
NnoTokKa, ero ABMXeHue.

CKOpOCTb OBWXEHWS NOACKOrO MOTOKa MpU NMOTHOCTM Di 1 i-om oTpeske y4yacTka

nytm Kk-ro Buaa cnegyet cuyutatb CryvyarHOM BeNUYMHON Vo ,

XapaKTepPUCTUKU:
MaTtemaTuyeckoe oXxugaHue (cpegHee 3HayeHue)

UMeKLLen 4YncroBble

Vox=Vox 1pu Di=Doc (N4.2)

cpegHee KBagpaTu4Hoe OTKITOHEHNE

o Vox)=0(Vok) (1~ InDi/Dyy) (M4.3)

Vo 6(Vo k)
roe 0k p K] - MaTremaTuyeckoe OXugaHue CKOpPOCTU CBOOOOHOro OBWKEHMS
o . <
nogen B NoToke (nNpu Di=Do )
Dok - npenenbHoe 3Ha4YeHne NNOTHOCTM JNOACKOro NOTOKAa, A0 AOCTUXKEHMUSI KOTOPOro
BO3MOXHO cBOOOAHOE ABMXeHue nogen no k-my Bugy nytM (NAOTHOCTb He BRMSIET Ha
CKOPOCTb OBWXEHUS Ntoaen);
a

N ee cpeaHee KBaapaTUYHOE OTKIIOHEHUE, M/MUH;

- KoabpuuMeHT agantauum ngen K M3MEHEHUsIM MAOTHOCTM MNoToka npwu



OBWXEHUM Mo K-my BUAY NYTU;
Di . 3HayeHue MMOTHOCTU JIOACKOro MoToKa Ha i-OM oTpeske (AI ) ydacTtka nyTtu
) 2
LUMpMHOM bl, yelr./M :
m - KO3 PULMEHT BNUAHNA Npoema.
3Ha4vyeHnsa nepeYvncrieHHbIX NapamMeTpoB criegyeT NnpuHMMaTh no Tabnvue M4.1.

Tabnwuua M4.1

Bun nyTtm, vV 0,k curma (V_0O, D 0,k a_k m
M/MUH k) ™/MmH yeJs. /M2

ToOpUBOHTAJb— 100 5 0,51 0,295 1

HEIV B 3IaHUMU

TOpMBOHTaNb— 100 5 0,70 0,407 1

HEIMI BHE

30aHUSa

[Ipoem* 100 5 0,65 0,295 1,25-0,05D, npm
D>=5

JlecTHMULIA 80 5 0,89 0,400 1

BHUS3

JlecTHMLIA 50 5 0,67 0,305 1

BBEPX

2 .=V/.-
* Mpu D=9 HYeIM  3yayenns 6i=Vi Dok onpegensitotcss  no  dopmyrne
0;=10-(3,75+2,5-by) —
t0 FO
Mpn MoGoM BO3MOXHOM 3HaueHun Y mioguM B KOMMYECTBE 1, HAaXOASLUMECS B

MOMEHT © Ha i-om 3N1eMEeHTapHOM Yy4acTKe, ABUratoTCs MO HEMY U HaYMHAKOT NEepexoauTb
Ha nocneaywowmn ydacTtok (i+1) (puc. IM4.1). Ha yyacTok i B CBOKO o4yepeab NEPEXoanT YacTb
nogen ¢ npegblaywero (i-1) anemMeHTapHOro yyacTtka u U3 UCTOYHMKA j.

to
=1+ o ..
L=t AL TONbKO YacTb noaen Nijs1 c

to
yyacTka i ycneeT nepentn Ha ydvactok (i+1). K aToMy MOMEHTY BpeMeHu u3 Ni nogen,

to to
ObIBLUMX Ha y4acTKe i B MOMEHT o , OCTaHeTcs (Ni Nijra ) ntogen. Mx ymcno nononHsieTcs

3a cyeT noaei, yCneBlMX 3a 3TOT MHTepBan BpeMeHW NepenTu Ha Hero ¢ npeablayLiero
N© NO . t
yyactka - FLi 1M M3 ncrtoyHuka i, Torga NNOTHOCTb MOTOKA Ha yyacTke i B MOMEHT 1

Oynet paBHa:

Mo npowecteun Bpemenn Al k momeHTy

Dglz(N}O—N}f§+1+N§f’1,| +N§,°|)/bi'A' (N4.4)

CKOpOCTb OBWXEHUS NMoAeNn, OKa3aBLUMXCS Ha y4acTKe | B MOMEHT b , onpegensierTcs
no goopmyrne:



V§1=Vo,k (1—ak- In D}/Do,k) . (N4.5)



MoMeHT BpeMeHR A

ir 1

MomexT BpEMEHH tl = to + At

't" o1 t t ¢ L
D'=(N'-N +N ' i+Nj"_)/bAl;Vl =(D.")

i+ | i~1,

Vj® ,ecnu D °<D,
. po_ i

t
V®,eenwuD ¢ >D
i ] q

max

to tl = 10 tO
NO-N' =N°Q-V,°AuAl;
max

1‘ to to tl to Vto
. Nl-l,i _Nl-l VA AYAL Nj.l=Dj b; C ar
Hong yuactas npH 00pa30BaHHH CKOI/ICHHN HA Y9aCTKE /
t tl Il l' :l tl l‘| ti
aN'mn'=P'P'=sD' v s mD'V'e
ol i 1 J i [ A B |

i 5 M L] i

Puc. I'14.1. U3MeHeHHUT COCTOSIHES OTOKA B IIOCJIeI0BATEIbHbIE MOMEHTHI
BpPEMEHHU

Cne,qyeT yuynTbiBaTb, 4YTO WU3MEHEHMEe MNIIOTHOCTU TMMOTOKa Ha KaXAoM y4acTKke B
pa3findyHble MOMEHTblI BpeMeHN OTpaXaeT npouecc I'IGpGCbOpMI/IpOBaHI/IFI pa3nnyHbIX yacTen



NnoToKa, U Kak YaCTHbIN Cry4ain, NpoLecc pacTekaHnsa noToka.

M3meHeHMe nNoTHOCTM NOTOKa Ha KaxaoM W3  3fIEMEHTApHbIX Y4acTKOB B
nocnegoBaTenbHble MOMEHTbl BPEMEHM 3aBUCUT OT KOMWYEcTBa Naen, nepexoasmx
yepes rpaHnLbl y4acTkoB. B obem cnyyae KONMYecTBO NoLeEN, Nepexoasaiumx 3a nHrepaan

BpEMEHMU At ¢ y4acTka i Ha nocreayrouimMim y4acTok i+1, coctasnser:

t1 - to. . . .
Ni,i+1_Di bi AI Vnep At ) (|—|46)

CKOpOCTb nepexoga Vnep 4Yyepes3 rpaHunubl CMEXHbIX 3JIeMEeHTapHbIX Y4aCTKOB
cnegyet npuHMMaTbhb, PyKoBOoACTBYACH crieAyrwnMmn (*)OpMyJ'IaMI/IZ

VtO

t0
i» ecmn Dy <D nmpu max Vi, - D=0 4

V =

nep. t0 t0
Vi, ecmn Dy > D mpu max Vi - D=0,y (M4.7)

CnepnyeT y4uTbiBaTb, YTO B TOT MOMEHT BPEMEHMU tn, korga MroTHOCTb MOTOKa Ha
yyacTke i JOCTUINa MaKCMMarnbHON BENUYMHBI, Ha 3TOT Y4acTOK HE MOXET MPUATM HU OOUH
4enoBekK, HY C NPeaLLEeCTBYHOLLIEro y4acTka, HU U3 UCTOYHMKA. B pe3ynbTaTte nepen y4acTkom

AN ANY

i 3agepKuBaeTcsl COOTBETCTBEHHO -1y it mopgen. B cnegyowmin MOMEHT BpeMEHM

t o , .
n+1 yacTb noaen € ydacTtka | nepexoaunT Ha ydacCToOK i+1, NNOTHOCTbL NOACKOro NOTOKa Ha
HEM YMEHbLUUTCA N YaCTb CKOMUBLUUXCA nepen ero FpaHVILl,eVI niogen cMmoxeTt Hepel7|TVI Ha

. t
Hero. [ons ux y4acTusi B MOMOSIHEHWM FMoAbMU y4YacTka i B MOMeHT "*1 onpepensieTcs
doopmyrion:

tn, tn+1 tn, tn+l _ ~tn, tn+l \ tn, tn+l tn, tn+l \ An, tn+1
AN T IAN T =D i1 Dpa/D; Vi b (M4.8)

®opmynel (M4.4) - (M4.8) NOAHOCTLIO OMUCLIBAKOT COCTOSIHME MOACKOro MoToka Ha
3ANieMeHTapHbIX Yy4yacTkax W WX nepexodbl B nocregoBaTeribHble MOMEHTbl BpPEMEHM.

COBOKyI'IHOCTb 3HaYEHUN pacyeTHOro BpemMeHu 3SBaKyauuun, noJTydeHHbIX Npun pas3finyHbIX

. - t
aHaueHmax Yok , bopMupyeT amnupuryeckoe pacrnpeaerneHme BEPOSATHOCTEN 3HAYEHUN 2 P
Mo aTomy pacnpegeneHuio crieqyeT pacCYUTbiBaTb 3HAYEHWE BPEMEHW 3aBeEpLUEHUS

3BaKkyauuu, COOTBETCTBYIOLLEE BEPOATHOCTU P(tp.BB):o,ggg .

MpunoxeHune N 5
K nyHktam 10, 11 MeTtoamnku

HdaHHble ans onpegeineHunsa pac4eTHoOro BpemMeHum apakyaumm

1. 3HauveHune BpeMeHn Ha4dana J3BaKyalunun t“3 ana rnoMeweHna odara noxxapa
cneagyeTt npuHMMaTtTb paBHbIM 0,5 MuH. [na ocTtanbHbIX NOMELLEHUN 3HAYeHue BpeEMEHN

Ha4ana sBakyauum buo cnepfyet onpefendatb no tabnuue M5.1.



Tabnwuua 5.1

N n/no

Knacc GyHKUMOHAJIBHOM IIOXAaPHOM
ONaCHOCTM 3IaHUM U
XapaKTePUCTUKA KOHTUHI'eHTa
Jonen

3HaueHMe BPEeMeHM Hauajla ®BaKyalumn
jgonert t H3, MUH

BnaHusa, oOopyHOBaHHBE | 3maHmuUa, He
CHCTEMOM OIIOBEeleHUsa U |oDopyImoBaH—
yIIPaBJIeHUS DBaKyallMel |Hbele CUCTEeMOM
Jonen OTIOBEIIEHUS U
yIpaBJleHUsA
aBakKyaluem
Jonemn

I-II Tuna |(III-V Tuna

3IaHusa OeTCKUMX IOOMKOJIbHBIX
oBpasoBaTENbHEX YyUYpEeXIeHUN,
cllelMaNu3MPOBaHHEX IOMOB
IpecTapesitlx M MHBAJIUIOB
(HexBapTHUpPHEE) , OOJILHULIH,
CHaJIbHEIE KOopIlyca
oB0pasoBaTEJIbLHEIX YyUpPEXIeHUM
MHTEPHATHOTO TUIA U HOEeTCKUX
YUPEXIOEeHUM; MHOT'OKBapTUPHEE
XUJIBIE IOMa; OIHOKBaPTUPHEE
XKMJIBIE IOMa, B TOM UMCJIe
BroxkupoBaHHee. (®1.1, ©1.3,
®1.4) Jooym MOTYT HAXOIUTHCS B
COCTOSHMM CHa, HO 3HaAKOMBI CO
CTPYKTYPOM 2BaKyallMOHHEIX IIyTelN
¥ BRIXOIOB.

6,0 4,0 9,0

TOCTMHMLE, OOWEXUTUS, CIaJjibHBE
KOpIlyCca CaHaTOpMEB U IOMOB
oTIeIXa OOWero Tula, KeMIMHIOB,
MOTeJIeM M IaHcuoHaToB. (®1-2)
XMapLE MOTYT HaxOOUTBCH B
COCTOSAHMM CHa M He HOOCTATOYHO
3HAaKOMEl CO CTPYKTYPOM
5BAKYAUMOHHEX [IyTelV M BBIXOHOOB.

30aHMAa 3PEeJIMIHEX U

KyJIb TYPHO-IIPOCBETUTEJIbHBIX
YVUPEXOeHMM; BOaHUsa OopTaHmU3aluyi
o oBCHyXMBaHMIO HacejeHus (©2,
®3) . IoceTuTenM HaAXOOSATCS B
fdoOopcTByKUEM COCTOAHUM, HO
MOTYT OEITH HE 3HAKOMEL CO
CTPYKTYPOM 2BakKyallMOHHEIX IIyTelN
Y BHIXOIOB

30aHMa Hay4YHBIX U
oBpasoOBaTEJNILHEX YyUYpexIeHUM,
HAYUYHBEIX U TIIPOEKTHBIX
opraHmM3auMi, OpPIaHOB
yhnpaBJjieHus yupexieHur (04) .
[loceTUTeN HaxXOOATCHS B
fompCcTByKIEM COCTOSHUM U
XOPOWO BHAKOMEI CO CTPYKTYPOMU




| |3BaKyaLLMOHHI:IX HyTeﬁ M BEIXOIOB.

2. [MpUHUMNBI COCTaBMNEHUSA pacYeTHOM CXeMbl 3BaKyaLmu.

PacyeTHass cxema a3Bakyaumm npeacTtaBnget cobon OTAENbHO BbINOMIHEHHYIO, WUIK
BO3MOXHO HAHECEHHYIO Ha NNaH 30aHNSA CXeMy, Ha KOTOPOMW OTPaXKeHbI:

KONMYeCTBO NOAEN Ha HavamnbHbIX Y4yacTkaxX - WCTOYHMKaX (NPOXOAbl MeXay
paboynmn mectamu, obopyaoBaHNeEM, psiaamMm Kpecesn 1 T.n.);

HanpaBneHne Ux ABMXKEHNS (MapLpyThbl);

reomeTpu4eckme napaMmeTpbl y4acTKOB MyTu (4nMHa, LWMPUHA) U BUObI y4aCTKOB NYTU.

PacyeTHass cxema aBakyauumn OOMKHA y4uMTbiBaTb CUTyauMto, NPy KOTOPOW XOTS Obl
OLMVH YenoBeK HaxoauTcs B Hauboree yaaneHHOW OT BbIXxo4a U3 30aHUs, COOPYXEHUA Unm
CTPOEHMSA TOYKE.

B pacuyeTHOM cxeme y4uumTbIBaAlOTCA TOSILKO Te MyTU OBWXEHUS Nogeun, KoTopble
oTBeYalT TpeboBaHMsM, NPeabaABSEMbIM K MyTAM 3BaKyaLun.

PaccmoTpeB KONMYeCTBO NI0AEN Ha HayarbHbIX yd4acTkax nyTu, cnegyeT onpeaenutb
HanpaBneHve UX OBWXKEHWUSA. YCTaHOBMEHbl cneywuwme Habniogaemble npasuna Bbibopa
nabMN HanpaeneHus (MapLupyTa) ABMXKEHMS NPU 3BaKyaLnn:

a) ABWXKEeHWe Mo TOMy NyTW, KOTOPbLIM MOAN Nonanu B 34aHue;

6) uCKNoYeHne nyTen OABWMXKEHUS, MPOXOAALMX PSAOOM C 30HOW FOPEHUs, XOTA Noan
MOryT 3BaKyMpoBaTbCA Yepes 3afbIMeHHbIe KOpnaopsbl;

B) BNUsSIHME nepcoHana. B obuwecTBeHHbIX 34aHWsIX, Kak nNpaBuio, NOCEeTUTENN MNpu
noxape cregylT ykasaHusM nepcoHana, faxe ecnu 3TU yKasaHusi He COOTBETCTBYIOT
ONTUManbHbIM;

r) Npy 3Bakyauun C NEepBOro ataxa - ABWKEHME K OTKPbITOMY BbIXOLY Hapyxy K3
3[4aHus;

A) CnoxHasa nornctnyeckas 3aBMCUMOCTb, OMMCbIBalOLWaa BbIOOP BbIxoda C dTaxa
3putenbHoro 3ana (puc. 15.5);

€) Npu NPoYNX PaBHbIX YCIOBUSAX - OBWXKEHNE K Bnvkanwemy Bbixoay.

Kpome Toro, nmerowinecs gaHHble nokasbliBatoT, YTO dakTOpoM Bblibopa HanpaBneHus
MOXEeT OblTb MECTO MapKOBKM JIMYHOIO aBTOMOOMMS, MECTO BCTPEYMU YFIEHOB CEMbM U T.M.
OnpegeneHne WNpUHbI NYTK Bbi3bIBAET 3aTPyAHEHME TONMLKO NPY BbIXOAE M0AEN Ha y4acToK
"HeorpaHM4yeHHON" WNPWHBI, Hanpuvep B BecTMOonb. B Takom cnyyae wupuHa notoka (b)

3aBucuT oT Konuyvectea nogen (N) n anunel (l) yyactka: b=4 m npu N<100 yen. n 1=6 M,
b=6 M - B OCTanbHbIX Criy4asx.

CornacHo AaHHbIM HaTypHbIX HabMAeHWA YyCTaHOBIIEHO, YTO MNOBOPOTHI MYTU He
BNUAIOT Ha NapamMeTpbl ABWKEHUSA NIOACKOro NOTOKa.

OnpepeneHve AnuHbl (BOOMb OCUM  MYyTW) OTNAMYaeTCsa AN FOPU3OHTalbHbIX W
HaKMOHHbIX nyTen. K HakMNoHHbIM MNYyTAM OTHOCATCA necTHuubl U naHgycbl. CBoboaHas
lWMpMHa b HaKMOHHOrO NyTW, HanpuMmep, FIECTHUYHOrO Maplua, NMPUHUMaeTCca B CBETY: OT
nepuvn Ao cteHbl. [nnHa HaknoHHoro nytn L (puc. 15.1) npuHMMaeTcs Nno UCTUHHOMY ero
3HaYEeHUID. JTaXHble U MeXOyaTaXHble nrowanku B Uensx ynpoweHus u obrnerdeHus
BbIYMCMNEHUN, Yy4UTbIBas UX HebonblUME pasMepbl U MEHbLUYIO CIIOXHOCTb ABMXEHUS MO HAM
B CPaBHEHUMU C NIECTHUYHBIMW MapLuamu, JOMNYCKAeTCsd OTHECTU K HaKMOHHbIM NyTaM. Toraa
CpedHss OfiIMHa HaKMOHHOro MyTW B Mpefenax OAHOro aTaxa, C y4eToM AOBWXKEHWUS Mo
nnowagkam, CoCTaBuT:

L’

ANs ABYXMapLUEBbIX NECTHUL, cosa

'
roe L' . ropu3oHTasnibHaa npoekund AnnHbl HakKNnoHHOIo NyTn, M,



O - yron HaKknoHa K ropu3oHTY;
He [onyckasi cepbe3HOM MNOrpeLwHoCcTU, OMAWHY MNyTU Mo [BYXMapLlUeBOW IeCTHULe
MO>XHO MPUHMMaTb PaBHOW ero yTpoeHHOW BbicoTe H, T.e. L=3-H,
2-L" L"
+
coso.  COSo.

+L"+4-b

Ana TpexmapLieBblX NIECTHUL,

~z
4
1
i

Puc. I15.1. PacueTHas anuvHa IyTH 110 IECTHUILIE:
a — OByXMaplIleBas JeCTHHUIIA, 6 — TpeXMaplleBas JIECTHHLIA

MaHgycbl, ecnn WX HaKNoOH He3HauuTerneH (MeHbwe 1:8), MOXHO OTHOCUTb K
rOpU3oHTanbHbIM NyTaM, Mpu 6Gonee 3HauYUTENbHbIX HAKMOHAxX - K necTHuuam. [nuHa
HaKMOHHOro NyTU TaKXe onpeaenseTcs no ero ocu.

MyTn aBuMxeHus B Npegenax 3gaHus obbl4HO MepecekalTca ABEPHbIMM NpoemMamu,
AEKOpaTUBHbLIMW MopTanaMn, UMEeKT CYXEHUs 3a CYET pPasfUYHbIX apXUTEKTYPHbIX WM
TEXHOIMOrMYECKUX 3rEeMEHTOB, BbICTYNAKLWMX M3 MIMOCKOCTU OrpaxaeHuin. Takne MecCTHble
CY)XEHNS He3aBMCUMO OT MUX XapakTepa B JanbHerweM HasblBaloTCs npoemMamu WupuHom b.
AnuHa nytn L B npoemMe MOXeT He y4nTbIBaTbCs, ecrnn oHa He npesbiwaet 0,7 M, T.e. ANUHbI
OfHOro wara, B NPOTMBHOM Criydyae [ABWXeHWe B MNpoeme crefyeT paccMaTtpuBaTtbh, Kak
ABWXEHVE Ha CaMOCTOATENBHOM PacYETHOM y4acTKe ropu30OHTaIIbHOro MyTHw.



JlTeCTHUYHbIE KNEeTKN ABNATCA LEeHTpaMu TAroTeHUs JOACKMX MOTOKOB (NS nNepsBoro
aTaxa - BbIXOAbl HapyxXy), Ha BXO4e B KOTOPble 3akaHYMBaeTCHA BTOPOM 3Tan 3BaKyauuw.
MoaTomy pacdeTHble CXembl LenecoobpasHO COCTaBnATb ANS KaXAOW 4YacTu aTaxa, no
KOTOPOM Noaun 3BaKympyoTca Yepes NpeyCMOTPEHHYIO AN HUX NECTHUYHYO KNEeTKy (BbIXOA
Hapyxy). Ha puc. [15.2 npuBegeH npumMep COCTaBEHUS pacYeTHOM CXeMbl 3dBaKyauun
noaen No YacTy aTaxa Ao BXo4a B NNECTHUYHYIO KINETKY.

Hcroamexk 1
o N=20ugen,/=10Mm,

— _ _
Vaacrox 1 | E b=12mM b,=09M
l=12M,b=2M{: !
il Ucrourmk 2
grz_j —— N=204uen,/=10wm,
¥ b=1,5M, by=09 M
P31 g
d1: bpy=1,35Mm
VyacTox 2 % E _i_
I=18M’b=2ME E Vaactok 8 by=12M
E E T Vaacroxk7 =15, b6=12M
1| S N ’SM”Z __________ _ Pom2
Yyacrok 3 VyacTok 4 YHacTok 5 VY4acTok 6
I1=3Mm, I1=5M, [=5M, I=5Mm,
{ b=2wM™ b=2wm b=2m b=2Mm
\J
16 gen. 7 gen. 7 qen. 7 gen. 7 den.

HavanmsHble yqacTki Ne 3 — 7 (MCTOYHHKH) - IMPOXOXBI MEXKIY
pabouumu MectaMH, 060pyIOBaHHEM, PAAAMH Kpecel B T. .
I=10M,b=12M,b,=09M

Puc. I15.2. [IpuMep cocTapiIeHHUs pacYeTHON CXEMBI 3BaKyallly JIXOIeH
II0 9aCTH 3TaXa JO BXO/a B JIECTHIYHYIO KIETKY: N — KOIMYIECTBO JIOACH;
b — umpuHa; [ — WHa; by— MHUpHHA poeMa

B 3pUTENIbHbLIX 3aJjilaxX C MNOCTOAHHbIMKU MeCTaMu AOnA noceTutenen pacnpeneneHune
niogen no HanpaselieHnAaAM OBMXXEHUA K 3BaKyalUMOHHbIM BbiXOA4aM MNMOKa3aHO Ha puUC. 5.3 n
5.4.
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Puc. I15.3. Mapmpyrra3amys ABIKEHUS JFOACKUX TOTOKOB IMPH 3BaKyalii
U3 3pUTETHHEBIX 3a10B ¢ 60KOBBIMY (IIPOAOIBHEIMH ) IPOXOAAMHU
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Puc. I15.4, MapmpyTr3aiys ABIDKEHHS JIOACKIX IOTOKOB IIPH 3BaKyalliu
M3 3PUTENBHEIX 3aJI0B C TIONEPETHBIM IIPOXOZIOM



Ecnun B ganbHenwmm nogu BeiXxogaT B doore unm Bectubronb, T.€. Yepes NoMeLLEHUs
He orpaHnymMBaloLme, Kak Kopuaop, LWMPUHLI NIOACKOro NoToKa, TO pacnpeaenieHne Niackux
NOTOKOB MeEXAy BO3MOXHbIMW 3BaKyaLMOHHbIMW BbIXO4aMW, KOraa OHW He OnoKnpoBaHbl,
NPOMCXOOMUT COrnacHoO 3aKOHOMEPHOCTAM, NpuBeAeHHbIM Ha puc. [15.5, a, 6.

100} 4\
90 . \ + BEIXO/TBI € 3TaXa B IECTHAYHEIE KIETKH (M3
e 3 - 3naHng)
80

Ni(B % oT )

70 .
i - Doite
(BecTHOOIE)
60 ISEE

NI

0,102 0,3040,50,6 0,70,8091,0

3aJlLﬂoe TIOMeINeHre

Puc. I15.5, a. Hucno 3putenei u BEIOOp BEIXO/A INPH 3BaKyalld B ABE JIECTHUYHEIE KIIET-
K4 100 B IB€ OTKPHITHIE JICCTHHLBI MM B (Ba BEIXOAa M3 34aHWA: N — obmee Konuye-
CTBO 3BaKyHpYOIMXcA; N) — 9MCII0 SBAKyHPYIOIMXCH depe3 OIKHUM BRIXon; N —
YHCIIO HBaKyHPYIOIIUXCA Yepe3 AAIbHUH BRIXOL; [, — AIMHA ITyTH 10 OJIMDKHEro BEIXOJIa;
l, — AnvHA IMyTH A0 JANBHEIO BRIXOJa

100l

o
% 95 A\
.c; 90 Brxo ¢ 3Taxa Ha BrIxXoJ ¢ 3Taka Ha
) \ oncpmyro JIECTHAITY nec-rmfmzy}o KIIETKY
=

85
80 doiie
\\
75
‘&
| N

0,102 0,30,4050,60,70,80,91,0 hllz

3aJ'II:HOB TIOMCIICHHE

Puc. I15.5, 6. Yucno 3pureneii 5BaKyUpyIOMMUXCcs 110 OTKPHITOH JIECTHHUIIE:
N — obmee KOJIM4YECTBO IBaKyHpYIOmMUXcs; N| — 9MCI0 3BAKyUPYIOLIMXCS
IO OTKPHITO# JIECTHULE; /; — JUTMHA ITYTH A0 OTKPHITOH JIECTHULIE;

[, — nMHA ITYTH 10 BRIXOMA HA JIECTHUYHYKO KIETKY



3. lNpn ogHopoaHOM cocTaBe fACKOro noToka rpynn mobuneHoctn M2, M3 n M4
3HayeHus BennyuH D, V 1 q cnegyeTt npyHUMaTh B COOTBETCTBUN C AaHHbIMU Tabnuubl 15.2.

Tabnwuua 5.2

PacyeTHble 3Ha4yeHMA napaMmeTpoB Ans rpynn mod6unbHoctn M2 - M4

I'pynna Bun nytm
MOOWMIIb —
HOCTU D, T'OpPMBOHTAJIb HEI JlecTHMLIA BHU3 JlecTHMLa BBEPX ITaHOoyCc BHU3 Illanoyc BBepx
M2 /M2

v, q, M2/m |V, M/muH|q, M2/M v, q, M2/M|V M/MuH|q, M2/M v, q, M2/M

M/MUH X MUH X MUH M/MUH X MUH X MUH M/MUH X MMUH

M2 0,01 30,00 0,30 30,00 0,30 20,00 0,20 45,00 0,45 25,00 0,25
0,05 30,00 1,50 30,00 1,50 20,00 1,00 45,00 2,25 25,00 1,25

0,1 30,00 3,00 30,00 3,00 20,00 2,00 45,00 4,50 25,00 2,50

0,2 26,05 5,21 26,22 5,24 16,78 3,36 41,91 8,38 21,98 4,40

0,3 21,97 6,59 22,01 6,60 13,96 4,19 33,92 10,18 18,09 5,43

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

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

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

0,7 13,46 9,42 13,22 9,25 8,07 5,65 17,22 12,05 9,95 6,97

0,8 12,12 9,69 11,83 9,47 7,14 5,71 14,59 11,67 8,67 6,94

0,9 10,93 9,84 10,61 9,55 6,32 5,68 12,27 11,04 7,54 6,79

M3 0,01 70,00 0,70 20,00 0,20 25,00 0,25 105,00 1,05 55,00 0,55
0,05 70,00 3,50 20,00 1,00 25,00 1,25 105,00 5,25 55,00 2,75

0,1 70,00 7,00 20,00 2,00 25,00 2,50 105,00 10,50 55,00 5,50

0,2 53,50 10,70 20,00 4,00 20,57 4,11 83,41 16,68 45,54 9,11

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

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

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

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

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

0,8 19,54 15,63 7,717 6,21 8,54 6,83 22,86 18,28 11,53 9,23

0,9 16,65 14,99 6,70 6,03 7,52 6,77 17,71 15,94 8,64 7,78

M4 0,01 60,00 0,60 - - - - 115,00 1,15 40,00 0,40
0,05 60,00 3,00 - - - - 115,00 5,75 40,00 2,00

0,1 60,00 6,00 - - - - 115,00 11,50 40,00 4,00

0,2 50,57 10,11 - - - - 99,65 19,93 35,17 7,03

0,3 40,84 12,25 - - - - 79,88 23,97 28,36 8,51

0,4 33,93 13,57 - - - - 65,86 26,34 23,52 9,41

0,5 28,58 14,29 - - - - 54,98 27,49 19,77 9,89

0,6 24,20 14,52 - - - - 46,09 27,65 16,71 10,03

0,7 20,50 14,35 - - - - 38,57 27,00 14,12 9,88

0,8 17,30 13,84 - - - - 32,06 25,65 11,88 9,50

0,9 14,47 13,02 - - - - 26,32 23,68 9,90 8,91




NMpumeyvaHue:

M2 - HemoOLLHble noan, MOBUNBHOCTb KOTOPLIX CHWXEHa U3-3a CTapeHusa opraHusma
(vHBanuAbl MO CTapOCTW); WUHBaNUAbl Ha NpoTe3ax; WMHBanuMAabl C HegocTaTKamMu 3peHus,
nonb3yowmeca 6enon TPoCTbIo; NIOAN C MCUXNYECKUMWN OTKIIOHEHUSMN;

M3 - nHBanugbl, Ucrnonb3ywmne Npu ABMXKEHUN OOMNOSTHUTENbHbIE ONOPbl (KOCTbINN,
narnkmn);

M4 - nHBanuabl, NepeaBuraloMecs Ha Kpecrax-konsckax, NpUBOAUMbIX B ABUXKEHNE
BPYYHY!O.

2

4. lMnowagb ropuM3oHTanbHOW nNpoekunn 4enoseka f, M"/uen. npMHUMaeTcs B
3aBMCUMOCTM OT cOCTaBa JOAeN B MNOTOKE B COOTBETCTBUM C MNPUBELEHHLIMU HUXKE
JaHHbIMWN.

i

AP

a) 6)

Prc. 115.6. I1nomans ropr30HTATEHON IPOEKUUU YEIOBEKaA:
a) pacdueTHad, 0) neHCTBATENLHASA

Pasmepbl niogen M3MeHsitoTCs B 3aBUCMMOCTU OT (PU3MYECKNX AaHHbIX, BO3pacTa u
ogexabl. B tabnuuax [15.3, 1M5.4, 115.5 n Ha pucyHke [15.7 npuBogATCs yCpeOHEHHbIe
pasmMepbl NIOAEN pa3HOro Bo3pacTa, B pasnunyHom ogexae v ¢ pasnnyHbiM rpy3om. [pu aTom
npuBedeHbl 3HAYEeHUs nnowaan ropu3oHTanbHOM MNPOEKUMN MHBANUAOB C HapyleHUeEM
OMOpPHO-ABUraTenibHOro annapara.

Tabnwuuya 5.3



Mnowaan ropusoHTanbHON NPoeKLUn B3pPOCHbIX foaen

Tun onmexnsl

mpmHa a,

M

TonumHa ¢, M| IJomanbs I'OPM3OHTAJILHOM

npoexkuum, M2/des.

JIeTHAA

BeCeHHe~-OCeHHA4

SVIMHAA

0,100
0,113

0,125

Mnowaan

Tao6nuua 5.4

ropu3oHTarIbHOW NpPoeKLuun aeTen n NoApoOCTKOB

Tun oOIexXIH

BospacTHEE TPYIIIIE

Mnangmas no 9 Cpenuas 10-13 Crapmas 14-16
JeT JeT JeT
OoMallHag omexia 0,04 0,06 0,08
OoMalHgasg omexia CoO 0,07 0,10 0,14
MKOJILHOM CYMKOM
yJIMYHAaS Omexma 0,09 0,13 0,16
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Puc. I15.7. IInomaas ropH30HTaNBEHO

rpy3oM

Ta6nuua 5.5

OMNBbHOCTLIO,

M NpoeKuun nrgen ¢ orpaHM4eHHOn Mo

19

Mnowaab ropnsoHTanbHO

M /4gen.



3noposie monH, C mopaceHueM ONIOPHO-IBHTaTeNFHOTO annapara
cnabocneima-
mue, ¢ OrpaHu- Cnemnsle repeBUraro- NepeaBUra- nepeABHra- NepefBHTalO- | TpaHCHOpTHpYe- | TPaHCTIOpTHpYe-
HEHHEM YMCT- muecs Ges no- mHecs ¢ ONHOMH IHecs ¢ ABYMA | IWecs Ha Kpec- MEIE Ha MbIE Ha
BEHHOM Jest- MONHHATENBHEIX | HONMONHHTENBHON JONOJHATENb- | JAaX-KOJACKAX HOCHIIKax KaTankax
TENBHOCTH onop onopoi HBIMH ONOpaMH
1 2 3 4 5 6 7 8-

a =028 2;=0380 b; =030 B7=075

T =04 =120 =210 ;=210

/=010 7 =096 J=1.05 T 7=138
Kommenmaputi TAPAHTa

Hymepauyusi myHKmo8 rpueodumcsi 8 CoOomeemcmeuu C UCMOYHUKOM

4. Bpemsa 3agepxkm 4 ABWXKEHUS Ha yyacTke i n3-3a obpasoBaBLUErOCs CKOMIEHUS

noaen Ha rpaHuue ¢ nocneayrowmm yyactkom (i+1) onpeaensiercsa no oopmyne:

1 1
q opu D=0.9- bi+l qi : bi

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

roe N - konuyecTso nogen, Yyen.;

2
f - nnowank ropusoHTanbHOM npoekuun, M ;

QpuD=0.9 - pHTEHCHMBHOCTD OBWXEHUS Yepes yyacTok i+1 npu nnotHocTn 0,9 n 6onee,
M/MWH;
b

nogewn;
Gi+1

*1 - WwuMpuKHa y4yacTka, M, NpuU BXOXOEHMM Ha KOTOPbIN 0Opas3oBariocb CKOMMeHue

- NIHTEHCUBHOCTb OBUWXEHUA Ha y4acCTKe i, M/MUH;

bi - WMpUHa npeawecTtByroLlero y4actka i, M.

t

Bpems cyliectBoBaHNA CKOMNEHUST ¢ Ha y4yacTke i onpeaenseTcs no gpopmyrne:

‘= N-f
" q mpu D=0,9 b,

.(N5.2)

PacuyeTHoe BpeMsi aBaKyaLUn Mo y4acTKy i, B KOHLe KOTOPOro Ha rpaHuULE C y4acTKOM

(i+1) obpasoBanocb CKOMMeHue niOen paBHO BPEMEHW CYLLECTBOBAHUS CKOMMEHUN o
PacueTHOe Bpem4a aBakyauum no yyacTKy i JonyckaeTca onpenendatb no gopmyrne:



MpunoxexHune N 6
K NYHKTY 12 MeToauku

Mopspok
npoBeAeHNA pacyeTa U MaTeMmaTuyeckme moaenu Ans onpeaereHns BpeMeHu
GnokupoBaHuA NyTen 3BaKyaLum onacHbIMU thakTopamm noxapa

I. Mopsinok npoBeAeHUA pacyeTa

Mpon3BoauTCAa aKCNEPTHbLIN BbIOOP CLEHapuUst Unu CLEeHapueB noxapa, npu KOTOpbIX
OXMAAKTCA HauxyaLlme NocneacTBmsa ANsi HAXOASLWMXCA B 34aHMM Nogen.

dopmynupoBKa cLueHapus pa3BuTUs noxkapa BkoyaeT B cebsa cnegyrowime atanbl:

BbIOOp MecTa HaxoXOeHus1 NepBoHaYanbHOro o4ara noxapa u 3aKOHOMEpPHOCTEN ero
pas3BuTUs;

3ajaHue pacyeTHoum obnactu (BblbOp paccmaTpuBaeMon Mpu pacyeTe CUCTeMbI
NOMELLEHNI, ONpeaeneHne yYnTbiBaembliX Npu pacyeTe 3NEMEHTOB BHYTPEHHEN CTPYKTYPbI
nomeLLeHN, 3agaHne COCTOSIHNA NMPOEMOB);

3ajaHne napamMeTpoB OKpPYXaloLen cpedbl M HadarbHbIX 3Ha4YeHur napameTpoB
BHYTPY MOMELLEHWIA.

Bbibop mMecTa HaxoxgeHus oyara noxapa npou3BOAMTCHA 3KCNepTHbIM nytem. [pu
3TOM Y4YMTbIBAETCHA KONMMYECTBO TFOPHYEN Harpy3kn, ee CBOWCTBA W pacrnofiokKeHue,
BEPOATHOCTb BO3HMKHOBEHUSA MOXapa, BO3MOXHasA OMHAMUKA ero pa3BuUTUs, PacrosioXXeHne
9BaKyaUMOHHbIX NYTEN 1 BbIXOO0B.

Hanbonee 4yacto npu pacyetax paccMaTpmMBaloTCsi TPU OCHOBHbIX BuAa pasBUTUSA
noxkapa: KpyroBoe pacnpoCTpaHeHMe Mnoxapa No TBEPAOW roproyen Harpyske, NIMHEeNHoe
pacnpocTpaHeHMe noxapa No TBEPAOW roptoden Harpys3ke, HeyCcTaHOBMBLUEECH TOpeHue
rOpHOYEN XXNOKOCTH.

CKOpOCTb BbIrOpaHus anst 3TUxX criydaeB onpegensieTca popmynamm:

Y, Vo - JUI1 KPYTOBOI'O paclpOCTPAaHEHUs I10XKapa
P Y, 2vt b - IJIs IMHEWHOTO paclpoCTpaHEHHUsI IoxkKapa
t
W F- - - 1 HeyctaHoBuBIEerocst ropenust 12K
“ , (IM6.1)
roe Py . yaenbHasi CKOpPOCTb BbIrOpaHWa (4N KWOKOCTEN YCTaHOBMBLUASCS),

wllcw?).

V - CKOPOCTb pacrnpoCTpaHeHust NnameHu, M/c;
b - WunprHa nonockl roproyert Harpysku, m;

tCT - Bpem4d crabunusauum ropeHumns roproqe|7| XMUOKOCTH, C;



2
F - nnowaapb ovara noxapa, M

C ydyetoM pasgenall gaHHOroO MpPUMOXeHUs BbIOMpaeTCs MeTo4 MOLENMPOBaHUS,
dopmynmnpyeTca maTematuyeckad MoAeNb, COOTBETCTBYHLWAA AAHHOMY CLEHapuio, Wt
NPOM3BOANTCS MOAENMPOBaAHME OUHAMUKM Pa3BUTUS Noxapa. Ha ocHOBaHMM NOMNy4YeHHbIX
pe3ynbTaToB pacCyYnTbiBaeTCa BpeMS AOCTWXKEHUSA KaXkOblM M3 OonacHbiX (bakTopoB mnoxapa
npeaenbHO A0MYCTMMOro 3HAYEHUsT Ha NyTSX 3BaKyauun.

Kputnueckoe Bpems no Kaxgomy M3 onacHbiX hakTopoB noxkapa onpefensieTcsl Kak
BpeEMsSi OOCTWXKEHMS 3TUM (PaKTOPOM MpefenbHO AOMYyCTUMOrO 3HA4YeHWst Ha nyTax
3BaKyaumu Ha BbicoTe 1,7 M OT nona.

MpenenbHO [ONYCTUMbIE 3HAYEHMSI MO KaXAOMy W3 OnacHbIX (hakToOpoB MnoXapa
COCTaBNSAoOT:

no nosbllLeHHOM TemnepaTtype - 70°C;

2
Mo Tennosomy noToky - 1400 Br/M"
no notepe BUOUMOCTU - 20 M;

3
Nno NOHWXEHHOMY coepkaHuto kucnopoaa - 0,226 Kr/m ;

3
No KaXxaoMy U3 TOKCUYHbIX ra3006pasHbIX NPOAYKTOB rOpeHNs (C02 - 0,11 kr/m ; CO
-3 -6
- 116-10 Cwr/n’ yop - 23-10 " wr/v’y,

Heob6xooMmMo OTMETUTb, YTO MpPU WUCMOMb30BaHWWM MOMEBON MoOAENnu onpegeneHve
KPUTUYECKOTO BPEMEHM WMEET CYLIEeCTBEHHblIE OCOOEHHOCTM, CBSI3@HHblE C TeM, 4TO
KpUTUYECKoe 3Ha4YeHWe B PasfiMyHbIX TOYKaxX MOMELLEHUs] OOCTUraeTCa He O4HOBPEMEHHO.
[ns nomewleHnn ¢ COM3MEPUMbBIMW TFOPU3OHTANbHBIMKU pa3MepaMy KPUTUYECKOE BpeMS

onpegenseTcs kak MakCMMarnbHOE U3 KpUTUYECKNX BPEMEH ANS 9BaKyaLMOHHbIX BbIXOA0B U3
AAaHHOro NoMeLLeHns (Bpems 6r1oKMpoBaHMs NOCNEAHEro BbiXxoaa).

OnpepensieTcsa Bpemsi 61oKMpoBaHus G -
o n.e. T ,rr. O .1
t6n—m|n{t,Cp B O G AR } (16.2)

Il. Knaccudmkauma n obnacts npuMeHeHUs1 MeTo40B MaTeMaTU4YeCKoro
MogenupoBaHUA noxapa

Ona onucaHus TepmMora3ogMHaMUYecKUX MapaMeTpoB Moxapa MPUMEHSITCS Tpu
OCHOBHbIX Fpynnbl 4eTEPMUHUCTUYECKMX MOAENEN: UHTerpanbHble, 30HHbIE (30HArbHbIE) U
nonesble.

Bbibop KOHKpeTHOM MoAenu pacyeta BpeMeHu OrokuMpoBaHus MyTen 3dBakyauuu
cnefgyeT OCYyLLeCTBNASATb UCXOAS U3 cnefyoLwwmx npeanochInok:

WHTEerpanbHbIN METOA:

ANSA 30aHUN, coaepXalumx pasBuUTYO CUCTEMY MOMELLEHMI Manoro obbema npocTon
reoMeTpu4eckon KoHdurypaumm;

ANs  NOMeLWEeHW, TrOe XapakKTepHbl pas3Mep o4ara noxapa COuM3MepuUM C
XapaKTepPHbIMU pasMepammn NoOMeELLEHNSA U pa3Mepbl MOMELLEHNS COU3MEPUMbI MexXay cobon
(NMMHenHbIE pa3mepbl NoMeLLeHnss oTnn4aroTcs He 6onee Yyem B 5 pa3s);

ANSA NnpegBapuTenbHbIX PacyeToB C LieNblo BbiBNEHNS Hanbonee onacHoro cueHapus
noxapa;

30HHbIV (30HaNbHbIN) METOA:



ANs noOMeweHun N CUCTeM MOMELLEHUA MNPOCTOM FeoOMEeTPUYECKOn KOHurypaumm,
NNHENHbIE pa3Mepbl KOTOPbLIX COM3MEPUMbI MeXOy COOON (NMUHENHbIE pa3Mepbl MOMELLEHUS
oTnuyatoTca He Gonee 4Yem B 5 pas), koraa pasmep odvara noxapa CyLleCTBEHHO MeEHbLUE
pa3MepoB NOMeELLEHUS;

Ana paboymx 30H, pPacnofioXKEeHHbIX Ha pasHbiX YPOBHAX B npegenax OAHOro
nomMeLLeHnNs (HaKMOHHbINA 3pUTENbHbBIN 3aN KWHOTeaTpa, aHTPEeCONn U T.4);

norfieBon MeToA;

AN NOMELLEHUN CINOXHOW reoMeTpUYeCcKon KOHurypauum, a takke NnoMeLLeHun ¢
OONMbWMM  KONMMYECTBOM BHYTPEHHUX nperpag (atpyuymbl C CUCTEMOW ranepen w
NPUMbIKAKOLWMX KOPUOOPOB, MHOrOYHKUMOHAmNbHbIE LEHTPbl CO CIOXHOW CUCTEMOW
BepTUKANbHbIX U TOPU3OHTasbHbIX CBA3EN U T.4.);

ANS NMOMELLUEHUN, B KOTOPbIX OAMH M3 reOMeTpUYECKMX pasmMepoB ropasgo donblue
(MeHbLUue) ocTanbHbIX (TOHHENN, 3aKPbITble aBTOCTOSHKM 60NbLLOK Nnowaaun u.T.4.);

ANS WHbIX CcryvaeB, Korga MNPUMEHUMOCTb WM MHAOPMATUBHOCTb 30HHbLIX U
WHTerpanbHbIX MOAesSen Bbl3blBaeT COMHEHUE (YHUKanbHbIe COOPYXXEHUS, pacnpocTpaHeHne
noxapa no dacagy 3gaHud, HeobxoaMMOCTb y4veTa paboTbl CUCTEM MPOTMBOMOXAPHOWN
3aLWmThbl, CNOCOBOHbLIX KAYECTBEHHO U3MEHUTb KapTUHY noxapa, U 1.4.).

Mpn ncnonb3oBaHUN NHTErpanbHOM M 30HHOW MoAenen Ans noMmeweHusa, OauH U3
NNHENHBIX pa3MepoB KoToporo bornee 4yem B MsATb pa3s npesbilaeT XoTa 6bl OAWH U3 OBYX
APYrMX NMHENHbIX pa3MepoB, HEOBXOANMMO 3TO NMOMELLEHNE OENUTb Ha y4acTKu, pasmMmepbl
KOTOpPbIX COM3MEPUMBbI Mexgy cobon, W paccmatpvMBaTb Y4YaCTKM KaK OTAeSNbHble
nomMeLleHns, coobuiatomecs npoemamu, nNnowaib KOTOPbIX paBHaA MNnowann CedYeHus Ha
rpaHuLe y4acTkoB. WMcnonb3oBaHWe aHanorm4yHoW npouenypbl B crydae, Korga [fBa
NNHENHbIX pasmepa npesbiwatT TpeTur bonee 4yem B 5 pas He gonyckaeTcs.

lll. MHTerpanbHas MatemMaTnyeckaa Mmoaersb pacyeTa ra3oobmMeHa B 34aHUKU, Npu
noxape

[ns pacyeTa pacnpocTpaHEeHUsI MPOAYKTOB FOPEHUSI MO 34aHMKI0 COCTaBMAKTCS U
peLlalTCa ypaBHEHUs asapauuu, Tenno- U mMaccoobMeHa Kak Ansl KaXaoro MOMEeLLeHust B
OTAENbHOCTU, TaK U ANA BCEro 3a4aHus B LIESIOM.

YpaBHEeHUs1 OBUXKEHMS, CBSA3bIBAOLLME 3HAYEHUS NepenanoB AaBreHUI Ha npoemax c
pacxogamu ra3oB Yyepes Npoembl, UMeoT BUA:

Gij:sign(APji)'u'F'm , (M6.3)

roe Gji . pacxod rasoB u4epe3 npoem mexay AOByMs (j-M U i-M) CMEXHbIMU

nomMeLLeHnsaMMU, Kr/c;

B - koadpdpuumeHT pacxopa npoema (H=08 nns sakpbitbix npoemos n #=0.64 nng
OTKPbITbIX);

2
F - nnowaab cevyeHust npoema, M

3
P - NNOTHOCTL ra3oB, NPOXOASALLMX YEPE3 NPOEM, Kkr/m”

APji cpeaHun nepenaz NonHbIX AaBNeHUn Mexay j-M u i-Mm nomeleHuvem, lMa.

HanpaBneHue (3Hak) pacxoga onpenensdercs 3HAKOM PasHOCTU AaBreHUn APJ'i. B

3aBUCMMOCTU OT 3TOrO NNOTHOCTb P NPUHNMaET pa3rinyHblie 3Ha4YEHUA.



3Hak pacxoga rasoB (BXoAsiLMIA B NOMELLEHME pacxon CYATAETCS MONOXUTENbHbIM,
BbIXOASLLMIA - OTpULATENbHbLIM) U 3HAYeHNe P 3aBUCAT OT 3HaKa nepenaga AaBneHUNn:

—1, p=pj, npu AP<0

slgn(AP), p= +1, p=p;, IpH AP>0

.(N6.4)

[ns  nporHos3vMpoBaHWsi napaMeTpoB  MPOOYKTOB  ropeHus  (TemnepaTypbl,
KOHLIEHTPALMIA TOKCUYHbIX KOMMOHEHTOB NPOAYKTOB FOPEHNst) B MOMELLEHUSX MHOTO3TaXXHOrO
30aHMsA Ha 3Ta)kax, PacnoSIOKEHHbIX BbILE 3Taxa, Ha KOTOPOM MOXET BO3HWMKHYTb Noxap,
paccmaTpuBaloTCs MPOLECChl PacrnpOCTPaHEeHUs1 MPOAYKTOB TFOPEeHUsi B BepTUKarbHbIX
KaHanax (NeCTHUYHbIE KNETKW, LaxTbl NMMETOB, BEHTKaHarnbl 1 T.M1.).

BepTukanbHyto LIaxTy Mo BbICOTE pasfensitoT Ha 30Hbl, KOTopble NpeacTaBnsaoT y3nbl
B rMapaBfM4eckon cxeme 3aaHus. 30Ha Mo BbICOTE MOXET OXBaTbliBaTb HECKOSIbKO 3Taxew
3naHus. B aToM cnyyae pacxopn rasa Mexay 30HaMy MOXXHO BblpasnuTb (oopMyriol Buaa:

A
6=|/ =
(M6.5)
S:;2
roe 2:9-p-k-F XapaKkTepucTuka rMapaBnNYeckoro COMPOTMBIIEHUS Ha

rpaHuuUe 30H;
F - nnowaab nonepeyHoro cevyeHus LWaxTbl;

2
k - K0achpUUMEHT (qonyckaeTcst NpUHUMaTh paBHbiM 0,05 © Im );

2
g=9,81 m/c” yCckopeHne cBobOOHOro NageHus;

Ap . nepenag AaBneHun Mexay y3namu.

30aHue NpeacTtaBnAaAlT B BUAE MOPaBMYECKON CXEMbI, Y3Ibl KOTOPOW MOAENUPYIOT
NMOMELLIEHNS, a CBA3M - MYTW ABMXKXEHUS NPOAYKTOB ropeHnst n Bosayxa. Kaxgoe nomelyeHune
34aHNSA ONUCLIBAETCSA CUCTEMOWM YpPaBHEHW, COCTOSILLEN U3 ypaBHEHMst BanaHca macchl,
YPaABHEHUSA  COXPAHEHWS  3HEpPrMM U ypaBHEHUS  OCHOBHOIO  ras3oBOr0  3akoHa
(MeHpeneeBa-KnannepoHa).

YpaBHeHue 6anaHca Macchl BblpaxkaeTcsa (hopMyomn:

d(p;-V))/dt=y+ ) G~ ) G,
k

i (16.6)

_ 3
roe Vi - o6vem nomewenuns, M ;

t - Bpems, c;

e
e

V' - ckopoCTb BbIropaHUsi NoXKapHOW Harpysku, Kr/c.

- CyMMa pacxonos, BXoadwnx B noMeLlieHue, Kr/c;

- CyMMa pacxofoB, BbIXOOALLMX U3 NMOMELLIEHUS, KI/C;



YpaBHeHVe COXpaHEHNA 3HEPrMn BblipaxkaeTcs (OOpMyIion:

d(CypyVy ) /dt=C, - D (T -Gy )=C, Ty D G+ Qr-Q,,
k i , (M6.7)

e &, v - ypenbHas nsoxopHas u nsobapHas Tennoemkocty, MUK/ (1K) ;
T Ty TemnepaTypbl ra3oB B i-M U j-M nomeLleHusx, K;
Qr . kormuectso Tenna, BbiAensemMoro B noMeLLeHnm npu ropeHnu, kBT;

Qu _ TENSI0BOM MOTOK, MOrnowaembli KOHCTPYKLUNAMU N N3fTydaeMbll Yepes NpoeMbl,
KBT.

[lnsa nomeLlleHns ovara noxapa BenuynHa Qr onpenenseTca no gopmyne:

Qr=n-Qu

roe N - KoadhdOULUMEHT NONHOThLI FOPEHUS;

Qu . HU3LWas TennoTa cropanus, KIDk/Kr;
| - SHTaNbLNNA rasnduULMpPoOBaHHOM FOPOYEN Harpy3Kku.

[1na ocTanbHbIX NOMELLEHN Qr=
KoadhdpmumeHT nonHoTel ropeHns 1 onpegensetcsa no opmyne:

K (1 K) Xox,a'Ga
= . + — ¢ —
n na \P'LOX
, (M6.8)
rme - KOS(PPULMEHT NOSMHOTBHI TFOPEHUS B pexmme noxapa, perynmpyemom

roproYven Harpyskomn, onpegensiemoii popmMyron:

M,=0,63+0,2- X, ,+1500-XJ, , (M6.9)

KoadhdpumumeHT K paccumtbiBaeTca no oopmyne:
K _ Xox,m N Xox,m
- XOX a eXp B . 1 - XOX a
’ ’ , (M6.10)

B Xox,a ?
\ x,,.,-001
o :
X

0x.a - Ha4anbHaa KOHLEHTpauna Kncrnopoda B NnoMeLLeHU o4ara noxapa,

ra

Xox,m -TeKyllaa KOHUEeHTpauuna Kucriopoda B noMeLlleHnn o4ara noxapa.



YpaBHeHve MeHgeneeBa-KnannepoHa BbipaxaeTca hopMyion:

2|

, (M6.11)

roe Py AaBneHuve rasa B j-M nometleHun, Ma;

T . TemnepaTypa rasa B j-M nometieHuu, K;

R = 8,31 - yHuBepcarnbHas rasoBasi NOCTOSIHHas, ﬂ"‘/(MOJH"K) :

M - monapHaga macca rasa, Mofb.

MapameTpbl rasa B MOMELLEHUN OMNPedensaTca U3 ypaBHeHus 6anaHca Macc
OTAENbHbIX KOMMOHEHTOB MPOAYKTOB TOPEHUs W KWUCHopoda W ypaBHeHust GanaHca
OMTUYECKOW NMOTHOCTU AbIMa.

YpaBHeHVe 6anaHca MacC OTAerbHbIX KOMMOHEHTOB MPOAYKTOB T[OPEHUs U
Kucnopopaa:

d( X0y V) dt=y L+ (X G) =Xy ZGi

k ! , (M6.12)
roe X'-'i, X - KOHUEeHTpaumna L-ro KOMNOHEHTa MPOAYKTOB FOPEHUs B i-M WU j-M
NOMELLEHUSIX, KI/KT;
I—L

- KonmyectBO L-ro  KOMMOHEHTa MPOAYKTOB ropeHus  (kucrnopoda),
BblAgenswouweroca (NOrnoLiarLLerocsi) npyM  CropaHMM OLHOro  Kurorpamma noXxapHom
Harpysku, Kr/Kr.

YpaBHeHue 6anaHca onTM4YeCcKon NIIOTHOCTU AbiMa:

Vi duj/dt=y Dt ) (1 G iy ) Gily
k i ,(M6.13)

-1

roe M, Mi - ontuyeckas nnotHOCTL AbiMa B i- M 1 j-M nomeLueHusXx, Hm - M

2
D AbiMoobpa3sytoLlas cnocoBHOCTbL NOXKAPHOW Harpy3Kku, Hi-m* /x|
OnTnyeckass MNOTHOCTb AblMa MNPU OObIYHBLIX YCMOBUSIX CBSi3aHa C PaCCTOSIHUEM
npegenbHON BUOMMOCTU B AbIMY (DOPMYSION:

1,,=238/1 (g 14)

AOna nomeweHnn 6e3 UCTovHMKa Tenna cuctema ypaBHeHun ([16.6), (16.7) n (16.8)
yrnpoLliaeTcs v npeacTaBnseTca B Buae:

Gij(r :Sign( APij(r)) wF- /2 py |APij(t)|

i Gij(kf) o

p

, (M6.15)



=5 [prrsin(aPy) - pit o —sian(aPy) -
roe

MNMepBoe ypaBHeHWEe CBSA3blBaeT nepenagbl OAaBNEeHUA Ha COEAMHSIIOLMX NMOMELLEHME
npoemax C pacxofloM rasa 4yepes 3Tu NpoemMbl. BTopoe - BblpaxaeT NMocTosHCTBO obbema
Ans AaHHOro nomelleHus. Takum obpasom, Ans Bcero 3gaHus TpebyeTcs pellatb cuctemy,

+ ) 5 5 ' .
COCTOSALLYIO 13 (mrc M) Y HenuHeitHbix ypaBHeHun Buaa ([16.12) w Ny e AuHenHbIX

ypaBHeHun Bupa (I16.13). 3gecb Me y Me - cooretcTBEHHO YO rOpU3OHTarnbHbIX ”

BepTUKalibHbIX CBSA3EN Ha aTaxe; ny - YACJ10 Y3JI10B; LI 4YMCIO ATaXeEN.

Cuctema ypaBHeHUn Bkrtovatowas B cebsa ypasHenns (I16.6), (M16.7) ons nomeweHus
oyara noxapa u (16.12), (16.13) gnsa ocTanbHblX NomMelweHnn n ypasHeHue ([16.11),
onucbIBaloLLas rmapaBfNYecKylo CXemy 34aHus, peLllaeTcs YMCNEeHHO MeTogoM uUTepauum B
COBOKYMHOCTU C METOAOM CEKYLLMX.

OcHOBHblE ypaBHeHWs ONs onpeferieHns TemnepaTypbl rasa WM KOHUEHTpauum
NPOAYKTOB rOpeHnsi B MOMELLEHUSIX 30aHUSA NOSTyYeHbl U3 YpaBHEHUN COXPaHEHUSA SHepPrun u
Maccsbl.

TemnepaTypa rasa B NnoMeLleHuun, rge OTCYTCTBYET oyar noxapa onpenensietcs u3
ypaBHeHUs TennoBoro HanaHca, KOTOpOe MOXHO MOMyYUTb U3 YpaBHEHWA COXpaHeHUus
3Heprum ([16.7). dopmyna ana onpefeneHvus Temnepartypbl rasa B j-M NoMeLLeHUN 34aHns B

N"-bIn MOMEHT BPEMEHM:

nj—

k=1
* Tnj n m m
Cvr ZGk_ZGi +Cpr ZG|+aJn an+a1cc chc
k=1 i=1 i=1
n m m
Cir ZGk_ZGi +Cpr ZG|+(XJH FJ +0‘jCC chc
k=1 i=1 i=1 A
expy — .
g CVFp]V] i

, (M6.16)

roe Qj . CyMMa WCTOYHMKOB (CTOKOB) Ternmna B obbeme j-ro nomelleHus n Tenna,
YXOASLLEro B OrpaxkgaroLime KOHCTPYKLUNN;

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

- NpUBEAEHHbIN KO3PULUNEHT TENOOTAAYM;



To . HavanbHas Temneparypa B NOMELLEHNN;
Fier . nrowiaab NOBEPXHOCTU OrpaaatoLLUMX KOHCTPYKUMI B j-M NMOMELLEHMWMN.

KoadhdpmumeHT Tennootaaum * moxeT BbiTb paccymTaH No aMnmpuyeckon opmyne:

3
o= 4,07 va_TW npu TmSGOOC

11,63 exp[0,0023+ (T, ~Ty)| mpu T,,>60°C (M6.17)

KoHueHTpauusa oTaenbHbIX KOMMOHEHTOB ra3oBblX CMECEW B MOMELLEHUAX 34aHus
BbIYMCNAKTCA U3 ypaBHEHMs BanaHca maccbl JaHHOro komnoHeHTa (I16.12). KoHueHTpauus
L-ro0 KOMMOHEeHTa nNPOAYKTOB [FOpPEHUs B j-M MOMeweHMM B "n"-1 MOMEHT BpEeMEHMU

onpenensieTcs ypaBHEHNEM:

n

Z(XLk'Gk) (XLk'Gk) kZi:le

k=1 k=t . _ Xzt
XLj(n)_ n + X|_j(n—1) n €Xp B At
.G 2. G
= = .(M6.18)

OnTnyeckas KOHUEHTpauusa AbiMa B MNoMelleHuax onpegenseTrca u3 6anaHcoBoro
ypaBHeHus (I16.19). HaTypanbHbIn nokasatenb ocrabneHus cpedbl B j-OM MOMELLEHUU B

“n"-N MOMEHT BpeMeHn onpeaenseTcs ypaBHeHneMm:

Kommenmaputi TAPAHTa
[Mo-eudumomy, 8 mekcme npedbidyuwe2o ab3aua dornyuweHa oriedamka. Mimeemcs 8 audy

ypasHeHue (I16.13)

n

n
2. (m6y) (1 Ge) 2. G
_ k=1 k=1 k=1
— "l Mmoo e PJ_V

Hn)i= ™ o n J
2. G 2. G
k=1 k=1

At

.(M6.19)

AHanuTUYeckue COOTHOLLEHUS AN onpeaeneHnsa KpUTUYEeCKon NPoaAoCKMTENLHOCTH
noxapa

Ana oouHOYHOro NoMeLLeHNs BbICOTON He Bonee 6 M, yOOBNETBOPSIOLLErO YCIOBUSAM
NPUMEHEHUS MHTerpanbHOW MOoAEenu, NpPU OTCYTCTBUM CUCTEM MPOTUBOMOXAPHOW 3aLLUTHI,
BMUAIOLLMX Ha pasBWTUE TMoXapa, OOMNyckaeTcs onpeaensTb KpUTUYEcKMe BpemeHa Mo
KaXkgoMy U3 onacHbIX (hakTopoB noxapa C NOMOLLbI aHaNUTUYECKUX COOTHOLLIEHWIA:

Mo MNOBbILLEHHOW TemnepaType



.
B 70—t
tf}l;: X |n[1+T]
(273+%) 2 , (M6.20)

no notepe BManMOCTH

1/n

. 4B ven(105-0-E) |
Sl Iy '”[1 |, B D,z ]
, (N6.21)

no NMNOHMXeHHOMY CcoepPXXaHNK KMCopoaa

.
0,044 !

2

0 B
=) —-Inj1-
bb=d A B
+0,27 ]z
, (6.22)

Nno KaXxgomy ns F83006pa3HbIX TOKCUYHBIX NMPOAYKTOB ropeHuA

l/n

, (M6.23)
B= 353‘cp'V
(1—@5'n'QH 5 .
rge - pa3|v|eprw| KOMMNINeKCc, 3aBUCALLUN OT TernsioThbl CFOpaHI/IFl

mMartepuana n ceobogHoro o6bema NoMeLLEeHUs, Kr;

b . HavanbHaga Temneparypa Bo3gyxa B nomewieHmmn, °C;

N - NokasaTenNb CTENEHW, yYUTbIBAOLLMA N3MEHEHNE MACChl BbiropatoLLero matepmana
BO BpEMEHM;

A - pasmMepHbIN napameTp, yYnTbiBarOLWMA yOESTbHYI0 MacCOBYKO CKOPOCTb BbIrOpaHus

n
roproyero Matepuana v nnowaab noxapa, Kkr/c :
Z - Gespa3mepHblii napamMeTp, Y4uTbIBAKOLWWUIA HEPaBHOMEPHOCTb pacrnpeneneHust
O®I1 no BbiCOTE MOMELLEHUS;

Qu . Hu3wasa TennioTa cropaHusa martepuana, MIx/kr;

G . yaenbHas nsobapHasa TennoemMkocTb rasa, MI/Kr;

? - koadhduuMeHT TennonoTepb (MPUHUMAETCS MO AaHHLIM CNPaBOYHONM NMTEpaTypsl,
NpW OTCYTCTBUM AaHHBLIX MOXET ObITb MPUHAT paBHbIM 0,3);

N - ko3 PMLMEHT NOMHOTLI ropeHust (onpeaensieTcs no copmyre 16.9);

3
V - cBOGOOHbLI 06BbEM nomelleHus, M ;

a- KOSCb(bI/ILl,I/IeHT OoTpaxXeHuna npegmMeToB Ha NyTAX 3BakKyauuu,
E - HayanbHasa oCBELLEHHOCTb, JIK;



I“p - npeaesibHaa ganbHOCTb BUOAMMOCTU B AbIMY, M;

2
D [bIMOOGpa3yloLast COCOBHOCTb ropsiLuero Matepuwana, Hi M /kr.
L - yaenbHbIN BbIXOA TOKCUYHBIX ra3oB Npu cropaHun 1 Kr matepuana, Kr/Kr;

X - npefenbHO OONyCTUMOE cofepXaHue TOKCUYHOro rasa B MOMELLEHUMU, KM

_ -3 _
(XCOZ = 0,11 Kr/MS; XCO_1’16'1O KF/M3; Xy =23-10 ° Kr/ M );

Loz yAenbHbIA pacxod Kucrnopoaa, Kr/kr.

Ecnun noag 3Hakom norapudgpma nosiydyaeTcs oTpuuaTenbHoe Yucro, To AaHHbin Ol

He npeacTaBfisieT OnacHOCTMU.
[MapameTp z BbIMUCNAT N0 hopmyne:

h h
Z:ﬁ “exp 1,4'ﬁ
npu HS6 i (M6.24)

roe h - BbicoTa paboyen 30HbI, M;
H - BbiICOTa nOMeLLeHus, M.
OnpepensieTcsa BbicoTa paboyen 30HbI:

h:hl'ln+1’7_0’5.6 ’ (I—|625)
roe hrm - BbICOTa njiowaagku, Ha KOTOpO|7| HaxogATcAa noau, Hag noJyioM nomMmeLwieHunA,

8 . pa3HOCTb BLICOT NOJia, PABHAs HYITIO MPY FTOPU3OHTANTEHOM €0 PACTIONOKEHUN, M.

CnepyeT vMeTb B BMAY, YTO Hambonbluen onacHOCTU NpW Moxape MNoABeprarTcs
noau, Haxogsilmecs Ha Gonee Bbicoko oTMeTke. [MoaToMy, Hanpumep, Npu onpeaeneHnun
Heo6XxoaAMMOro BpeMEeHW 3BaKyauuu fogen M3 naptepa 3pUTENbHOro 3ana C HakKMOHHbIM
nonoM 3HayeHne h cnegyeT HaxoAuTb, OPWEHTUMPYSICb Ha Hauboriee  BbICOKO
pacnonoXeHHble psiabl kpecen. MNapameTpbl A U N BbIYUCTIAIOT TakK:

ANs criyyYasi ropeHnst XXMOKOCTU C YCTaHOBMBLUEWCS] CKOPOCTbHO:

A=y, -F n=1 ’

2 )
roe Vya - ynenbHas MaccoBasi CKOPOCTb BbIrOPaHMst KUAKOCTMH, Kr/ (M ¢l

AN KPYroBoOro pacnpocTpaHeHus noxapa:
A=1,05-y,,-V* n=3

roe V - nMHenHas CKOpOCTb pacnpoCTpaHeHus nnamMmeHun, M/c;

AN BEepTUKANbHOW UMM TOPU3OHTaNbHOMW MOBEPXHOCTM TOpeHuss B  BuAe
NPAMOYrofibHMKa, OfHa U3 CTOPOH KOTOPOro yBennyMBaeTCs B [BYX HarnpasreHusax 3a cuyet
pacnpocTpaHeHust nfiaMeHn (Hanpumep, pacnpoCcTpaHeHWe OrHA B TOPU3OHTanbHOM
HanpaBneHMM No 3aHaBeCy Nocre 0OxXBaTa ero niaMeHeM Mo BCeu BbICOTE):



A=y, "V-b n:2’

raoe b - nepnenHavKynsipHbIA K HanpaBrieHUIO OBWXKEHWUS MNiaMeHn pasmep 30Hbl
ropeHusi, M.
Mpw oTCyTCTBMM crneuunanbHbix TpeboBaHU 3HaveHns a u E npuHMmMaroTcss paBHbIMM

0,3 n 50 Nk cOOTBETCTBEHHO, a 3Ha4YeHne IHP_ZO M.

IV. MaTemaTnyeckas AByx30HHaA MoAesib Noxapa B 34aHUN

Mpn peweHun 3agavy C MCMNONb30OBaHMEM [OBYX30HHOW MOAenvM noxap B 34aHun
XapakTepuayetca ycpegHEeHHbIMW N0 Macce UM 0Obemy 3HayYeHuMsMW napamMeTpoB
3abIMINIEHHON 30Hbl:

T - Temnepartypa cpeabl B 3a4bIMNEHHON 30HE, K;

K - onTnyeckasi NNOTHOCTb abima, Hn/wm;

X MaccoBasd KOHUEeHTpauunsa i-TOr0 TOKCUYHOro npoaykTta ropeHud B 3a4bIMSIEHHON

30He, KI/Kr;

X< - MaccoBasi KOHLEHTPaLWMS KUCTIOPOAA, KI/KT;

Z - BbICOTa HWDKHEN rpaHuLbl Crost AbiMa, M.
B cBOl ouvepedb MepeyvucrieHHble napaMeTpbl BbIPaXalTCs Yepe3 OCHOBHbIE
MHTerpanbHble NapameTpbl 3a0bIMIEHHO 30HbI C MOMOLLIBIO CrieayoLMX opmyn:

, (M6.26)
>q=ﬂ szﬁ
m m  (n6.27)
Mzi
Vi (ne.28)
Y,
a , (1M6.29)

m: .
rge m, i - obwas macca gbiMa M COOTBETCTBEHHO i-r0 TOKCUYHOIO npoAaykTa
ropeHuns B 3ablMNEHHOWN 30HE, Kr;

M _ macca Kucrnopoaa B 3a[bIMINEHHOW 30He, KT;

Q, . SHTanbNMs NPOAYKTOB rOpeHus B 3a4bIMIEHHON 30He, KIX;
2

S - ONTMYECKOE KONMYECTBO Abima, HI "M -

3
P - nnoTHocTb Abima npu TemnepaType T, Kkr/M”



3
Vi . obbeMm 3aabIMNEeHHON 30Hbl, M ;
H, A - BbicoTa 1 nnowaaib NoMeLLeHUs, M;

v - ynenbHasi TennoemMkocTb AbiMa, KH’K/(K'KF) .
[IMHaMmMKa OCHOBHbIX MHTErparnbHbIX NapaMeTpoB 3aAbIMIEHHOW 30HbI onpeaenseTcs

WHTErpMpoBaHNEM CUCTEMbI CeayoLWmMX 6anaHCoBbIX YpaBHEHWUIA:
obLen Mmaccbl KOMMNOHEHTOB 3a4bIMIIEHHOW 30HbI C Y4ETOM AbiMa, BHOCMMOIO B 30HY

KOHBEKTUBHOW KONOHKOW 1 AblMa yaoanaemoro 4yepeas ripoembl B CoCceaHNE NOMELLEeHNA:

dm
ot =Gx—Gypy
, (IM6.30)

roe t - Tekylwiee Bpewms, c;
GK, Gn . MaccOBbIM pacxof AbiMa COOTBETCTBEHHO Yepes3 KOHBEKTUBHYH KOSTOHKY U

OTKpPbITblIE NPOEMbI B NOMELLEHNN, Kr/c;
3HTanNbNMa KOMMNOHEHTOB 3adblMNEHHON 30HbI C y4yeToMm Tenia, BHOCMMOIo B 30HY

KOHBEKTMBHOW KOJSTOHKOW, TEMMOOTAAYN B KOHCTPYKUUN N YHOCaA ObiMa B NPOEMbl:

d
d_(t? :QK_QH_QKOH
, (M6.31)

roe Qk , Qn , Quon - TennoBass MOLLUHOCTb, COOTBETCTBEHHO, BHOCMMas B
3a4bIMMEHHYIO 30HY KOHBEKTMBHOW KOJIOHKOW, ygansemasi C ObIMOM 4epe3 OTKpbITble

npoembl U TepsieMasi B KOHCTPYKUMK, KBT;
Maccbl KMcropoda C y4eToM MOTepb Ha OKUCIeHME NPOAYKTOB NUPONM3a roprYmX

BELLECTB:

d_mK:0’23'(GK_1"I'\V'|—K)_XK'GH

dt , (M6.32)

" - nonHoTa cropaHusi roptodero matepuana, Kr/kr;
V' - ckopoCTb BbIropaHusi roproyero maTepuana, Kr/c;
Lic noTpebneHune kucnopoda npv cropaHnuy eavHULbl Macchl ropodero matepuana,

Kr/Kr;
ONTMYECKOro KONMMYecTBa AbiMa C y4eToM AbiIMooOpasyroLen CnocoOHOCTU ropsiwero

MaTtepumana:

HH/(MZ'I(F).

roe D - D,bIM006p33yPOLU,a$I CNocoBHOCTb roptoyero Mmatepuana,
Macchbl i-ro TOKCU4YHOro npoAayKTa ropeHunA.



dm,
ot -V L% Gn
, (M6.34)

roe Li MacCCOBbIM BbIX0O[, i-r0 TOKCUYHOIO NPOoAYyKTa roOpeHus, Kr/Kr.

Macca KOMMNOHEHTOB AblMa GK, BHOCUMbIX B 3a[bIMITIEHHYIO 30HY KOHBEKTUBHOW
KOJMIOHKOW, OLeHMBaeTCA C y4eTOM KOfMyecTBa BO3[4yxa, BOBMEKAEMOro B KOHBEKTUBHYIO
KOJTIOHKY MO BCEW ee BbICOTE [0 HWXHEW rpaHuubl crios AbiMa. B mHXeHepHbIX pacyeTax
pacxoq KOMMOHEHTOB AblMa 4Yepe3 OCECUMMETPUYHYIO KOHBEKTUBHYKO KOMOHKY Ha BbICOTE
HWKHEro YPOBHA 3agblMfeHHOM 30Hbl Z (B 3aBMCUMMOCTM OT TOro, Kakass obnacTb
KOHBEKTMBHOM KOSMOHKM unu (pakena norpyxeHa B 3adbIMIEHHYIO0 30HYy) 3ajaeTcs
nosTlyamnmpu4eckon opmMysion:

~ 0,566
0,011-Q- e i obnactu (akena
Q
~ 0,909
Gk=10,026-Q- T JUTSI TIEPEXOAHON 00IacTH
Q
Z 1,895
0,124-Q- Q2 = JUTSL 00JIACTH KOJIOHKH

, (IM6.35)
roe Q - MOLWHOCTL o4vara noxapa, KBT.

[vHamuka napameTpoB o4ara rnoxapa onpeaensieTcsi pa3suTvem nrowanm ropeHust ¢
Yy4ETOM CINOXXHOIO COCTaBa roproyMx MaTepuanos, UX PacrionoXeHus, MectTa BO3HUKHOBEHMS
ovara noxapa v NosIHOTblI CropaHus:

Q=n"vy, Qu-Flt) (16.36)

MoTepn Tenna B oOrpaxgallmMe KOHCTPYKUMM pPacCUUTLIBAKOTCH C  Y4ETOM

TemnepaTtypbl ropsiyert CTpyu T , CKOPOCTW W Wu3ny4yaTenbHOM CMOCOBGHOCTM CTpyw,

OMbIBalOLLIEN KOHCTPYKUMW M NporpeBa CamMon - KOHCTPYKLUK Ty no TonwmHe y. [ns
3TOr0 YNCMEHHO UHTErpPUPYyeTCa HecTaunoHapHoe ypaBHeHue dypbe:

otly) 1 al1)-atfy)
ot c1)-p &y

, (M6.37)

C rpaHn4YHbIMN N Ha4aJ1bHbIMU YCITOBUAMMW:

_ _5Ti(}’)
e U



(o) (To+T(8))= 2 aTéEIY)

y=5  (I16.39)

T(0, y)=To.  0<y<8 (g 40)

roe %o O . COOTBETCTBEHHO KOHBEKTMBHBLIN U NyYUCTbIn KO3 PULNEHT

TennooTAauw, BT/(M2 K)

o . TOoJNwKnHa orpam,uarou.leﬁl KOHCTPYKUNA, M;

2.0
C((T)) - TENSIOEMKOCTb MaTepuana KoOHCTPyKUun npu temnepatype T(y), I[’K/(KF ' K) ;
MT

Br/ (M‘OK) .
T,, T, .
- TemnepaTypa COOTBETCTBEHHO 060rpeBaemMon YacTu KOHCTPYKUUKN U cpeabl Y
HeoborpeBaemomn NnoBepxHocTu, K;

TENsIoNPOBOAHOCTL MaTepuana KOHCTPYKUuMM npu  Temnepatype T(y),

P - nnoTHOCTb MaTepuana KOHCTPYKLUW, Kr/M.

TennoBble M MaccoBble MOTOKM 4epe3 MNpoeM B Kaxabld MOMEHT BpPEMEHMU
paccunTbIBalOTCA C y4eTOM TEKyLlero nepenaga faBreHuUs Mo BbICOTE NpoemMa, CocTasa U
TemnepaTypbl ra3oBoun cpedbl Mo obe CTOPOHbI Npoema (cxema pacyeTa Ha puc. [16.1). Tak,
MaccoBbLI pacxod AbiMa M3 TMOMELEeHMs1 o4vara noxapa B cocedHee mnoMelleHne
paccunTbiBaeTCsa crnegyowmm obpasom:

Yinax
Gy =B-&- J. VZ-p-(P(h)—Pz(h)) -dh
Yimin , (M6.41)

roe B - wupuHa npoema, wm;

< - aspoMHaMUYeCKUn KoapruneHT npoema;

P(h)_PZ(h) - pasHuLa AaBreHnin B NoMeLLIeHUSAX Ha BbicoTe h;

P - nNoTHOCTb AblMa B 3abIMIIEHHOWN 30HE COCEAHEro NoMeLLLeHMs Npy TeMnepaType
abima T.
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Puc. I[16.1. Macconoroku depes mpoeM

max 1 Y min BblbMpaloTcs B npeaenax crBopa npoema,

noxapa W Tam, rge wu3bbITOYHOEe [OaBneHue

Mpeapenbl MHTErpupoBaHus Y
cnos  gbiMa MNOMELLeHUs oyara

AP=(P(h)-P(h,))>0
, KaK 9TO ykasaHo Ha puc. [16.1.
Heobxoanmasi ons OuUeHKM nepenaga gasBfieHMs MO CTBOPY MpoemMa 3aBUCUMOCTb
AaBreHns OT BbICOTbI B i-OM NMOMeLeHUN (C y4eTOM 3a[blMIEHHOM 30HbI 3TOr0 NMOMELLIEHNS)
OLIEHMBAETCH KakK:

Pi(h):|Pi0+p°.g.h

Pio+p,9-Z+pi-g-h ecim h>Z

ecmn h<Z

, (M6.42)



P. . _
rae 0 - Tekywlee [aBneHWe B i-OM MOMELLEHUM Ha HyneBoW OTMETKe (Mnu
npuBe4eHHOE K HyNeBOW OTMETKe, €Cnv ypoBeHb MNofia MOMELLEHMS Bbllle HyNneBowu
OTMETKN);

Po . nnoTHocTb Bo3dyxa Npu HayanbHoOW TeMnepaTtype To ;

Zi - TeKyLlada BbICOTa He3aabIMNEHHON 30Hbl B i-OM MOMELLEHUMN.

PaccuntaHHble napameTpbl TennomaccoobMeHa B MNPOeMe WUCMoNb3ylTcsa  Kak
rPaHNYHblE YCIOBMS ANsi COCeQHEro NOMELLEHUS.

V. NMoneBoun MeToa MoAenMpoBaHUs NoXxapa B 34aHNKU

OcHoBoW AONs noneBbiX MOAENeN NoXapoB SABMSKTCSH YpPaBHEHWS, BblpaxatoLime
3aKOHbl COXpPaHEeHWs1 Macchbl, UMMyrbca, 3HEPrnM U Macc KOMMOHEHTOB B paccMaTpuBaeMoMm
MarnoMm KOHTPOSIbHOM OGbeME.

YpaBHeHNE COXpaHEeHUs1 Maccehbl:

op 0
-+ —(p . Uj) =0
o (M6.43)

YpaBHeEHNE COXpaHeHUst MMnynbcea:

0 0 e/ ST
e u)tso(pyu)=—3e+ 5+
ot OX; 0% OX; . (M16.44)

[ns HbIOTOHOBCKUX XMAOKOCTEW, MNOOYUHAIOWNMXCA 3akoHy CTOKca, TEeH30p BS3KUX
HanpsbkeHun onpeaensieTcs oopmMyIrion:

oy 0u; 2 Ouy
S 7 R
i oK X

Tij—

. (M6.45)

YpaBHeHWE 3HEePruu:

R
Olon)e 2oy =L, 0 [2 oh) %
P h)J’axj(p uh)= 5t J( ) ox;
. (N6.46)

T

h=ho+ [ cp-dT+ Y (Vi Hy)

To k

roe - CTaThn4yecKkad SHTalbMNnAa CMecu;

He _tennota 06pas3oBaHus k-ro KOMMOHEHTA;

Cp: ZYk'Cp,k
k

- TeNnNoeMKOCTb CMeCH npun NOCToOAHHOM OaBJITIEHUN;



R
qj - pa,El,l/IaLl,I/IOHHbIIZ NOTOK 3HEPI1N B HarlpaBJieHNN X] .

YpaBHeHMEe CoOXpaHEHNA XMMUYECKOro KOMNoHeHTa K:

0 oYy

5 _ 0
= -Yk)+a—Xj(P'Uj‘Yk)‘a_xj(p'D‘ OXj )+Sk . (M6.47)

[Ons 3amblkaHna cuctembl ypasHeHun ([16.43) - ([16.47) ucnonb3yeTcsi ypaBHEHME
COCTOSIHMSA naeanbHoro rasa. [na cMecu ra3oB OHO UMEET BUA;

Yk
Mk
k , (N6.48)

P:p.RO.T.

roe Ry . YHUBepcarbHas razoBasi NOCTOsIHHAS,

My MonsipHasi Macca k-ro KOMNoHeHTa.



