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| 4. UICXOOHBIE AHHBIE ANS PACYETA NOXAPHOIO PUCKA

| 4.1. XapakTepucTuka 06beKTa 3aWuTh

ObbekTbl 3aWunThl NpeacTaBnseT cobod Hexwnoe 3-3TaxHOe 3[aHue C MoABasiom,
obbeauHeHHOe B OAWH noxapHbit oTcek. CormacHo Tabn.21 Ne123-03[1] creneHb
orHecTonkocT 3aamus — lll. CornacHo Tabn.22 Ne123-03 [1] knacc KOHCTPYKTUBHOM MOXaPHON
onacHocth — C1. Knacc gyHKUMOHAmNBHOM NoXapHoW onacHocTu 3naHus ®1.2 Ne123-03 [1].

Mccneoyemoe 3gaHne 060pya0BaHO CUCTEMOW OMOBELLEHUS W yNpaBneHna aBakyauuen
nofen npu noxape 2-ro Tuna, aBTOMaTUYECKON NOXapHOW CUrHanu3auuen.

BbicoTa 30aHus He npeBbiLaet 28 m.

Bpems (hyHKUMOHMPOBaHWA 3haHust — 124 (HaxoXaeHWe B 34aHWM OXpaHbl U ApYruxX
COTPYOHUKOB BO BPEMSI, KOria OCHOBHOM BU[ AESTENbHOCTU HE OCYLLECTBIISIETCS, BO BPEMS
(PYHKLIMOHUPOBAHWSA HE BKIMOYAETCH).

IJBaKyaUus C HaA3EMHbIX ATAXEN OCYLLECTBNSETCSH YEPE3 HAPYKHYI0 NECTHULY 3-ro TUna
¢ 1-3 araxa, BbIxoa 13 nogBana obecne4YnBaeTcs No NeCTHULE XONn NepBoro araxa, oTTyaa
HenocpeaCTBEHHO HApPYXy.

toroeoe 41cno 3Bakynpyemoro KOHTUHIeHTa CoCTaBuo:

— MO0-3 oau TpypocnocobHoro BospacTa (18 — 60 neT) (3umHsas ogexaa) (M0-3) — 63
YernoBex.

Tabn.4. XapakrepucTuka aTaxen B 3aaHM

Atax BbicoTa, M
Moagan 3
JTax 1 3
AHTpeconb 1-ro ataxa 3
Yeppaak 3

Tabn.5. MNapameTpbl NECTHUAL, B 34aHUN

Jrax pynna ni’;?_:::; Pa3mep LLx[, m
Moggan 2 Wr.

NlecTHuua
NecTHuua 1 1,346 x 0,575

NectHnua
Necthuua 2 1,179 x 2,2
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— Temnepatypa B nometueHusx: 20 °C
— BnaxHocTtb Bo3ayxa: 40 %
— AtmoccepHoe gasnexue: 101325 Ma

PacuyeTHas obnactb AnA cueHapusa noxapa

PacuyetHas obnactb 4ns CueHapusi noxapa NpuHATa Kak Ans CUCTEMbI MOMELLEHWH,
YYUTLIBAEMbIX MPU PacyeTe SNEMEHTOB BHYTPEHHEW CTPYKTYPbl MOMELIEHWA. B pacyeTHyt
0bnacTb BXOAAT CreayoLLne STaxu.
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Puc.7. PacyetHas obnacte O®I1 «3tax 1» (CueHapuit 1)
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Puc.10. PacuyeTHas obnacts O «Yepaak» (CueHapui 1)

Tabn.5. PacyeTHas obnacTtb 3Taxa ¢ oyarom noxapa B «CueHapui 1»

PacyeTHan obnacTb

Lliar pacuyeTHO CeTKM, M

atax 1

0,5

CocTosiHME ABEpHbIX MPOEMOB NPUHUMAETCS OTKPbITHIMM.

Tabn.6. 3BakyaunoHHble Bbixoabl B «CueHapuit 1»

Jrax Boixop Pa3wmep WWxB, m
Orax 1 2Wr.
[eepb 11 (3oHa aBakyauuu 1) 1 %2
[Bepb 30 (3oHa 3Bakyauyum 4) 1x2

AHTpeconb 1-ro ataxa

1 wr.

I
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Tabn.10. OsakyaunoHHble BbixoAbl B «CLeHapui 2»

Jrax Beixoa Paamep LLUXB, m
[lBepb 22 (3oHa 3Bakyauuu 2) 1x2
Yepaax 1wr.
[sepb 23 (3oHa 3Bakyauum 4) 1x2

[Ona «CueHapuit 2» B 30aHMM He MPeLyCMOTPEHO 30H ©e3omacHOCTM ANS NAew,
OTHOCSILLMXCA K MAroMOBUIbHBIM rpynnamM HacemneHus.

| 4.4. Uicnonb3ayeMbIi METOA MaTeMaTU4ECKOro MOJIENMPOBaHUSA NoXapa

MoaennpoBaHue pacnpocTpaHeHUs OnacHbIX (PakTOPOB NOXapa Mo NOMELLEHUSAM 3aaHNS
NPy NoXape BbIMOMHSETCS N0 MONeBo MOLEeny.

Monesas modenb pacyeta BpemeHu OroKMpoBaHUA MyTen 3Bakyauuu BbiOMpaercs,
NCX0As U3 CNeayoLL X NPeanoChInok:

— ANA NOMELLEHUA CNOXHON FeOMETPUYECKON KOH(Urypauun, a Takke MOoMeLLeHui
C O0OMbWKUM  KONWUYECTBOM BHYTPEHHUX Mperpag (atpuymbl C CUCTEMOW ranepei w
NPUMBIKAIOLWMX  KOPUAOPOB, MHOTOMYHKUMOHANBHLIE LEHTPLI €O CMOXHOW  CUCTEMON
BEPTUKAMNbHBIX U TOPU3OHTANbHbIX CBA3EA U T. 4.);

— QNS NOMELLEHUA, B KOTOPbIX OAWH M3 reOMeTpuyeckux pasmepoB ropasgfo bonblue
(MEeHbLLE) OCTarnbHbIX (TOHHENN, 3aKpbITble aBTOCTOSIHKM BOMbLLION NNOWaau n T. 4.);

— ONA WHbIX Cnyvyaes, Korga MPUMEHUMOCTb WAWM  MHAOPMATUBHOCTb 30HHbIX U
WHTErpanbHbIX MOJENen Bbi3blBAET COMHEHWE (YHUKANbHbIE COOPYXEHUS, pacnpoCTpaHeHue
noxapa no cacagy 34aHus, HeoOXOAMMOCTb ydyeTa paboTbl CMCTEM MPOTUBOMOXAPHOM
3aLuThI, CNOCOOHBIX KAYECTBEHHO M3MEHUTb KapTUHY NoxXapa, 1 T. 4.).

OCHOBOII Ans NONEBbLIX MOAENEN NOXApPOB ABMAOTCS YPABHEHNS, BbIpaXatoLLe 3aKOHb!
COXpaHEHUst Maccbl, UMNyNbCa, S3HEPTUM U MacC KOMMOHEHTOB B pacCMaTpvuBaeMoOM Mariom
KOHTPONbHOM 0ObEME.

YpaBHEHWe COXpaHeHWs Macchbl:
ap

YpaBHeHue CoOXxpaHeHus wmnynbca.

d ( )+ d ( ) dap 9 at; » @)
— 'u. —_— lu. -u. -— )
0x; e 0x; i 31’} 6x} S
[Ins HBIOTOHOBCKUX KWAKOCTEW, NOAUMHSIOLMXCA 3akoHy CTOKCa, TEH30p BA3KMX
HanpsXeHun onpefenseTca opmysIoNn:

_ au£+3u 2 auk 5 3

YpaBHeHue 3Hepru:

d d dp d (A O0Oh aq),
FEAGHORE PR ")—‘aw—;@(g a—xj) 3%, (P
[ne
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h = hy + ITZ cp - dT + X (Yy * Hy) — CTaTU4eckas aHTanbnms CMecH,

¢p = Xk (Y * €p k) — TENNOEMKOCTb CMECH NPY NOCTOSHHOM AaBNeHuM,;
H, - Tennota 0bpa3oBaHust k — ro KOMMNOHEHTa;

qf — PafNaLMOHHbIA NOTOK SHEPrUW B HANPaBNeHuu x;.

YpaBHeHWe COXpPaHEHUS XMMUYECKOrO KOMMOHEHTa K:

Yi

a(1/+a( Y)—a p-2%) 4 5 6
t P k) ax} P uj K _ax} P ax} RJ()

[Ins 3amblkaHns cuctembl ypaBHeHWn (1) — (6) ucnonb3yeTcsi ypaBHEHUE COCTOSHUS
naeanbHoro rasa. [1ns cMecu rasos OHO UMEET BUA;

Yy
p=p-Ro-T- ) £i(7)
X K

roe
R, — yHWBepcanbHas rasoBas nocTosHHas,;
M, — monspHas mMacca k — ro KOMMOHEHTa.

HeobxomumMo OTMETUTb, 4TO MpKU WCNOMb30BaHUM MONEBOM MOAENM Onpeaerexue
KPUTMYECKOrO BPEMEHM WMEET CyL|eCTBEHHbIe OCOBEHHOCTW, CBA3aHHbIE C TEM, YTO
KPUTUYECKOE 3HAYEHMe B PasmMyHbIX TOUKaxX MOMELIEHWS [OCTUraeTcs He OfIHOBPEMEHHO.
[N NOMELLEHUIA C COM3MEPUMbIMIA TOPU3OHTAmNbHBIMA pPa3MepamMu KPUTUYECKOE BpeMms
onpefiensieTcs kak MakcumarnbHOe M3 KPUTUYECKMX BPEMEH ANS 3BaKyalMOHHbIX BbIXOAO0B
W3 AaHHOTO NoMeLLieHns (Bpemst GroKMpOBaHWUA NOCNEAHEro BbIXoaa).
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| 6. 3HAYEHWUA PACYETHbIX BENUYMH MNOXXAPHOIO PUCKA

| 6.1. PacueT BpemeHn GnoOKMpOBaHUA NyTel 3BaKyauum hakTopamm noxapa

MoaenupoBaHue pacnpocTpaHeHUs OnacHbIX (hakTOPOB NOXapa Mo NOMELLEHUSM 30aHNS
Npy noXape BbIMONHSETCS N0 NONEeBON MOLENM.

| 6.1.1. Cuenapm 1

MozaenupoBaHie pacnpocTpaHEHWs OnMacHbIX haKTOPOB NOXapa BbIMOMHANOCH B TEYEHUE
500 cex.

Mpu pacyeTe paccmMaTpuBaeTCsA KpYroBoe pacnpocTpaHeHue noxapa.

Bpems oxBaTa noxapom BCEl NOBEPXHOCTW TOPIOYEN Harpy3ku B MOMELLEHUA Npw
KPYrOBOM PacnpoCTPaHEHM:

tmax= 288 ¢

[ Ep—

J00 L0 ul &0
Byaan,c

Pwuc.15. HapacraHue mowHocTh noxapa (CueHapuit 1)

W00 Joo oo 410 00

Bpeun ¢

Puc.16. Maccoas ckopocTe Bbiropanus (CueHapun 1)

Ouar noxapa u cxema pa3MelleHns KOHTPONbHbIX TOYeK u3mepeHns 0D

Ha pucyHkax M300paxeHa pacyeTHas CXema 3Taxa 34aHnsa C MecTamu pasmellieHus
0YaroB MoXapa B NOMELLIEHNsX, PAaCYeTHbIMI TouKamu nameperus OO,
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Orgar noacapa 1

Perncrpatop 4
Permerparop 2 \

TNoscmenne 14

Permcipatop 1

IMosetmenne 17
Hosmemerme 16
“ Noseutenme 15

T I == Jneps 13
NMosemenne 19 N\ ! "_‘——'--.__,__J__- : 1 ________.—4—"'_";- — [lomemenne 18
Jlneps llf-_ | |4 /:,lm.'pl. 14
Jscps 30 ‘—3 2= _,jv——"'_:'!"' — Jsepn 1)
= . "_"'_‘—‘zh__._._______ [Tosenienmne 20
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-
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15 I
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Puc.17. Ovar noxapa v cxema pa3meLLeHnst KOHTPONbHbIX Touek uameperns ODI «3tax 1»

Mpachnkmn passutua OPI

Hwke npeacTasneHbl rpaduku KPUTUHECKOU NPOAOMKUTENBHOCTI NoXapa no Kaxaomy
13 razo0bpasHbIX NPOAYKTOB rOPEHUst B pacyeTHbIX Toukax uamepenuss OOM. MpeacrasneHsl
rpacpukm TONMBKO C KpUTUYECKUMM 3HaueHnsamm OOl

Perucrpatop 4
200 03
0.25
Y150
§ -: 0.2 210
3100 %015
L] e
E
H 50 L © o1
= 0,05
0 0
i} 100 200 300 400 500 0 100 200 300 400 500
Bpewms, Bpewms, ¢
00016 0,0003
0,004 0,00025
_ 00012 o
E 0,001 423 ?“ 0,0002
20,0008 %0,00015
& 0.0006 £ 0,0001
0,0004
0,0002 SE-05 ,
0 0
0 100 200 300 400 500 0 100 200 300 400 500
Bpema, ¢ Bpewmn, ¢
35
30
a2
£zs
520
=
5
51
210
s 206
0
0 100 200 300 400 500
Bpewms, ¢
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Perncrparop 2

0,00014 35
0,00012 30
-~ 0,0001 225
= £
S BE-0S 520
= [+]
o 6E-05 515
- ot
4E-05 Al
2E-05 & 4
0 0
0 100 200 300 400 500 0 100 200
Bpems, ¢ Bpewms, ¢

* — Bpemsi JOCTVKEHMS KPUTUHECKOTO 3HAYEHMS

PacnpocrtpaHenue OOl

Hwxe npeacTtasneHbl pucyHku, unmocTpupytolme pacnpegenenne OO B pasnuyHble
MOMEHTbI BPEMEHMW.

Slice
temp
C

405.8
367.2
328.7
290.1
2515
212.9
174.3
135.7
97.2

58.6

20.0

Time: 166.1 I |

Pwc.18. MosbiweHue Temnepatypbl 166 ¢, ypoBeHb 1,7 m, «3tax 1» (Cuenapun 1)

W g (495) 532-85-87
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Slice
temp

405.8
367.2
328.7
290.1
251.5
212.9
174.3
135.7
97.2

58.6

20.0

Time: 3321 E I

Puc.19. MNos.biwwexue temnepatypsl 332 ¢, ypoeeHs 1,7 M, «31ax 1» (CueHapui 1)

Slice
X_02
mol/mol

0.21
0.189
0.168
0.147
0.126
0.105
0.084
0.063
0.042
0.021
0.0

Time: 166.1 I )

Puc.20. CHwkeHure koHueHTpauuu kuenopoga O, 166 ¢, yposeHs 1,7 M, «3tax 1» (CueHapuit 1)
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Slice
X_02
mol/mol

0.21
0.189
0.168
0.147
0.126
0.105
0.084
0.063
0.042
0.021
0.0

Time: 3321 E I

Puc.21. CHuxerne koHueHTpauum kucnopoga O 332 ¢, yposeHb 1,7 M, «3tax 1» (CueHapwii 1)

Slice
rho_CO2
kg/m3

1.199
1.079
0.959
0.84
0.72
0.6
0.48
0.36
0.24
0.12
0.0

Time: 166.1 FEN I

Puc.22. MNoBbiweHnne KoHueHTpauum yrnekucnoro raza CO, 166 ¢, yposeHs 1,7 M, «3T1ax 1» (CueHapui 1)
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Tabn.11. MpeaenbHbIe 3HA4EHUS NO NOTEPE BUAUMOCTU

Jtax

KoHTponbHas To4ka

MNpenenbHas BUAUMOCTb, M

AHTpeconb 1-ro ataxa

MNomeuieHue 8
Perucrpatop 5 9,247
Yeppak
MNomeuieHue 6
Perucrpatop 3 6,116

B Tabnuue Hwke NpeacTaBneHo Bpems HrnokupoBaHus 3BakyaLMOHHbIX MyTEA W BbIXOL0B
B KOHTPOMbHBbIX TOYKAX N0 KaXaoMy W3 OnacHbIX hakTopoB noxapa. Ecnu 3HaueHue B ctonbue
HE yKa3aHo, T0 6roKMpoBaHMe B KOHTPOIBHOM TOUKE MO ONacHoMy (hakTopy noxapa Bo Bpems
MOZIENUPOBAHIUA HE MPOUCXONMNO.

Tabn.12. PeaynbTarel pacyeta spemeHn brnokuposanus OPI1 aakyaLmoHHbIX BbIX0A0B B «CLeHapuit 1»

Bpemsa 6nokupoBaHus onacHbIMK (hakTopamu noxapa, ¢
g | . 5 | ¢
KoHTponbHas Touka = S 2 %
o4 o O =
g | £ S| 8|3 | 2| 8| 8
= = = o
= = 3 V:
orax 1
MomeLeHve 14
Peructpatop 4 (1,7 m) | 210,57 | 205,65 | 209,50 5500 42257 | 163,09 5500 163,09
9 9 6 2 5 5
Momewenue 20
Peructpatop 2 (1,7 m) 5500 306,59 5500 5500 | >500 284,03 5500 284,03
6 9 9

B Mecte pacnonoxeHns Apyrx KOHTPOMbHbIX TOYEK, KpuTuyeckue 3HaveHus OPIT He
AO0CTUraKTCsd 3a BpemMA MOEenpoBaHus.

| 6.1.2. CueHapwit 2

MoaenupoBaHue pacnpocTpaHeHnst OnacHbiX hakTopoB NMoxapa BbINOMHANOCH B TEYEHNE

500 cex.

Mpw pacyeTe paccmMaTprBaeTCs KpyroBoe PacrpocTpaHeH e noxapa.

Bpemsi oxBaTa MOXapoM BCEil MOBEPXHOCTM TOPHOYEN Harpy3ku B MOMELLEHUM Npu
KPYrOBOM pacnpOCTPaHEHMM:

8 (495) 532-85-87
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i =] 200 {14 )
Bpseran, ¢

Puc.30. HapacrtaHue mowHoctv noxapa (CueHapun 2)

400 500

wm {00 o 0 500
Bpeum, ¢

Puc.31. Maccoeas ckopocTk Beiropanns (CueHapui 2)

Ouar noxapa u cxema pa3meLLeHnsi KOHTPONbHbIX ToOYeK uamepeHus Ol

Ha pucyHkax u3obpaxeHa pacyeTHas Cxema 3Taxa 3[aHus C MEecTamu pa3MelleHus
0Y4aroB noxapa B NOMELLEHUsIX, pacyeTHbIMU Toukamu nameperns OQr.

Perncrparop 5

Permctpatop |
Mosemenwe 14 " Perwetpatop 4
= -
weps 15 A T _‘,/" " Omar nosapa |
Mosenenme 19 N\ e g - " Tloscienmne 17
\
N\

neps 16
Anepu | RN

=~ lNomenicrne 16
Jimepn 30 N\ N
\

N\ Hoscntenme 15
\ \\\ — Jlmepn 13
L, e 3
\ N i Hoseuiesme 18
A ~—__Jloeps 14
e Aueps 11
~—__ Hosemenne 20
—_ /lnep 10
e Jucpn 12

(@]

Puc.32. Ouar noxapa v cxema pasmeLLeHnsi KOHTPONbHbIX Touek uamepenus ODI «3tax 1»
pacpukmn pazsutusa OPI

Hwxe npeacTaBneHbl rpachvkin KpUTUYECKON NPOAOIKUTENBHOCTY NOXapa Mo KaxkaoMy 13

ra3oobpa3sHblx NPOAYKTOB FOPEHWUS B pacyeTHbIX Toukax uamepenus OO[1. peacTtasneHbl
rpacmkn TOMNbKO € KpUTUYecKkumm 3HaveHnammn Or.
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Slice
VIS C

30.0
27.0
24.0
21.0
18.0
15.0
12.0
9.0
6.0
3.0
0.0

Time: 3321 I

Puc.44. Moteps Buanmocti 332 ¢, yposeHb 1,7 M, «3tax 1» (CueHapwii 2)

Pacuet Bpemenu 6nokvposaHua OPI1 aBaKyauMOHHbIX BbIXOAO0B

[MpeaenbHO A0MYCTUMbIE 3HAYEHMS MO KaKIOMY W3 OMacHbIX ()aKTOPOB NOXapa COCTaBMsioT:
— M0 MOHWMKXEHHOMY coaepxaruto kucnopoga: 0,226 kr/m?;

—no CO2: 0,11 kr/m3,

—no CO: 0,001 kr/m3;

—no HCL: 2,3 - 1075 kr/m3;

— no Tennosomy notoky: 1400 kBt/m?;

— no nosblweHHoi Temnepatype: 70 °C.

— no notepe Buaumoctn — 20 M (Ans cnyyas, korga 3dEKTUBHLIN AMAMETP NOMELLEHUS
MeHblle 20 M npeaenbHoe 3HayeHwe No noTepe BUAMMOCTW NPUHWMAETCS PaBHbIM Ero
3((EKTMBHOMY AMAMETPY).

Tabn.13. MNpeaenbHble 3Ha4€HUSA NO NOTEPE BUAMMOCTY

JTax KoHTponbHas To4ka MpegensHas BUAUMOCTb, M

Jrax 1

MomeLeHune 15

Perucrpatop 4 4,243

Momewenne 20

Peructparop 1 8,484

B Tabnuue Huxe npefcraBneHo Bpems ONokupoBaHWA 3BaKyaLMOHHbIX NyTeN U BbIXOA0B
B KOHTPOMbHbIX TOYKAX MO KaXa0My U3 OnacHbIX (hakTopoB noxapa. Ecnu 3Haverue B ctonbue

W g (495) 532-85-87
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BCeW NoLLaan NoMeLLeHns C y4eTOM PacCTaHOBKK TEXHOMOMMYECKoro 060pya0BaHus.
KoopamHata kaxgoro Yenoseka B MOMEHT BpeMeHu t onpegensetcs no gopmyne:
x;(t) = x;(t — At) — V;(t) - At m; (15)
rae x;(t — At) — KoopauHaTta i — ro Yenoseka B NpedblayLLUuit MOMEHT BpEMEHH, M;
V;(t) — ckopoCTb i — ro YenoBeka B MOMEHT BpeMeHH t, m/c;
At — NpOMEXyTOK BPEMEHH, C.

Y

0 X1, Xa Xs Xs Xe X7
X2

Puc.45. KoopavHatHas cxema pa3MeLLeHns nigen Ha nyTsax asakyauum

CkopocTb i-ro yenoeeka V;(t) B MOMeHT BpemeHu t onpegensercs no tabnuue 2.1
npunoxexns 2 kK MeToauke B 3aBUCUMOCTI OT NIOKanbHOW NNOTHOCTW MOTOKA, B KOTOPOM OH
asuxetcs, D; (t) 1 TMna 9BakyaLMOHHOro yyacTka.

NNoTHOCTb D; (t) BbYKUCNSETCA NO Ipynne, COCTOALLEI 13 N Yenosek, no opmyrne:
D; () = (n(t) — 1) f(bAx) m*/M* (16)

r4e N — KONWMYECTBO NIOGet B rpynne, YemnoBex;

f — cpeqHas NnoLaab ropU3OHTaNLHOIN NPOEKLMK YenoBeka, M2/yen;

b — WMPWHa 3BaKYaLIMOHHOIO y4acTka, M;

Ax — pa3HOCTb KOOPAVHAT NOCNEAHEro Y NEpPBOro Yenoseka B rpynne, M.

Ecnu B MOMEHT BpemeHu t KoopauHata yenoseka x;(t), onpeaeneHHas no dopmyne
(15), cTaHeT oTpuUaTenbHOM — 3TO O3HAYaeT, YTO YenoBeK AOCTUr rpaHULbl TEKyLLEero
9BaKyaLMOHHOr0 y4acTka 1 JOMKEH NepenTi Ha CNeayoLwni 9BaKyaLMOHHBIA Y4aCTOK.

B atoMm cnyyae koopauHata aToro YenoBeka Ha CregyrweM 9BakyalyoHHOM Y4acTke
onpesenseTcs:
x;(t) = [x;(t —dt) = V;(t)dt] + a; — [; m,(17)
rae x;(t — dt) - koopavHata i-ro Yenoseka B NpeabiayLLMA MOMEHT BPEMEHU Ha (j —
1) 3BaKyaLWUOHHOM Y4acTke, M;
V;(t) — CKOpOCTb i-f0 4enoBeka Ha (j — 1)-OM 3BaKyalLMOHHOM Y4acTKe B MOMEHT
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BPEMEHM t, M/C;
a; — ANVHA j — ro 3BaKyaLMOHHOTO y4yacTka, M,
l; - xoopawHaTa Mecta CnusHMS j — ro U (j — 1) — ro 3BaKyalMOHHbIX y4aCTKOB —

PacCTOsHWE OT Havana j — ro 9BaKyaLMOHHOrO y4acTka [0 Mecta cnmaHus ero ¢ (j — 1) —
bIM 3BaKyaLMOHHbIM Y4ACTKOM, M.

KonuyectBo ntogen, nepexogsdiimx C OAHOr0 3BaKyalWMOHHOrO yyactka Ha Opyrov B

eAVHULY BPEMEHW, onpesenseTcs NponyckHo CnocobHOCTbLIO BbIX0Aa C ydacTka Q;(t):
Q;(0) = q;(t) " ¢; dt/(f - 60) wen,  (18)

rAe q;(t) — WHTEHCUBHOCTL ABMXEHWUS HA BbIXOAE C j — ro 9BaKyaLMOHHOr0 y4acTka B
MOMEHT BPEMEHMU t, M/MUH;

Cj — LUMPWHA BbIXOAA C j — ro 9BaKyaLMOHHOTO y4acTka, M;

dt — NPOMEXYTOK BPEMEHM, C;

f — cpeaHasa nnoLlaab ropu3oHTanbLHOW NPOeKUMK YenoBeka, M2,

WHTEHCMBHOCTb ABWXEHMA Ha BbIXOAE C j — ro 9BaKyaLMOHHOTO y4acTka g ; (t) B MOMEHT
BpemeHun t onpegensercsa B 3aBUCUMOCTW OT NSIOTHOCTM NIKOACKOTO NOTOKA Ha STOM y4vacTke
Dv;(t).

MNOTHOCTb NKACKOTO MOTOKA Ha j-OM 9BaKYaLMOHHOM y4acTke Dv;(t) B MOMEHT BpEMeHM
t onpegensaetca no opmyne:

Dv;(t) = (N; - f - dt)/(a; - by) M*/M?,(19)

rae N; 4acno niofev Ha j — om 3BaKyalMoHHOM y4acTKe, Yen.;

f — CpeAHss nnoLaab ropu3oHTanbHOM NPOeKUKUM Yenoeeka, M2,

a; — [MHa j-TO 9BaKyaLMOHHOTO y4acTka, M;

b; — WWMPWMHA j-TO 3BaAKYALIMOHHOTO y4acTka, M,

dt — NPOMEXYTOK BPEMEHMU, C.

B MomeHT BpemeHu t onpegenseTcs KONMWMYECTBO NKOAEW M C OTpULATENBHBIMM
koopauHaTamu x; (t), onpeaeneHHbimu no opmyne (15).

Ecnn 3HaveHne m < Q;(t), TO BCE M YenoBeK MEpexoaaT Ha CreaytoLui
3BaKyaLMOHHbIA Y4acTOK 1 UX KOOPAUHATHI ONpeaensTcs B COOTBETCTBUM ¢ chopmynoit (17).
Ecnn 3HayeHne m > Q;(t), TO KONNYECTBO YErnoBeK paBHOE 3HaveHnio Q;(t) nepexoasT
Ha CneayroLwmd 3BaKyaLMOHHbIM Y4aCcTOK U UX KOOPAMHATLI ONPedenstTcs B COOTBETCTBUM
C (hopmynoit (17), a koNU4ecTBO YenoBek, paBHoe 3HaueHnio (m — Q;(t)), He nepexoaaT
Ha cneaylLmid 3BaKyauMOHHLIM Y4acToK (OCTalOTCA Ha AaHHOM 3BaKyaUWOHHOM y4vacTke)
W WX KOOpAUHATaM NpuCBauBarTCa 3HayeHns x;(t) = k- 0,25 + 0,25,

rae kK — Homep psiga, B KOTOPOM OyayT HaxoaUTLCA NOAKU (MakCUManbHO BO3MOXHOE
KONIM4YeCTBO YeroBek B OHOM psidy COOKY Apyr OT Apyra Ans KaX4oro aBakyalMoHHOro y4acTka
onpefensieTcs nepeq HadyanoMm pacyetoB). Takum 06pa3oM, BO3HMKAET CKOMMEHWe NKaen
nepeq BbIXO4OM C 3BaKyaLWOHHOr0 yyacTka.

Ha oOCHOBaHWM 3adaHHbIX HavanbHbIX YCNOBWMK (HavarnbHbIX KOOpAWHAT NHAen,

napameTpoB 3BaKyaLMOHHBIX Y4acTKOB) OMPEAENTCA NAOTHOCTM SIOLCKMX MOTOKOB HA MyTSX
3BaKyaLuu 1 MPONYCKHbIE CMOCOBHOCTY BbIXOAOB C 3BaKyaLMOHHbIX Y4acTKoB. [lanee, B MOMEHT
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BpemeHut = t + dt, onpegenserca Hanuune OOl Ha nyTsx aBakyauuu. B 3as1cumocTy ot
9TOr0 BbLIOMPAETCA HanpaBfEHWe [BWKEHWS KaXOOro YEnoBeka W BbIYUCMIAETCH HOBaf
KoopavHata Kaxporo 4enoseka. [locne 3TOr0 CHOBA OMpefenstoTcd MIOTHOCTU NHOACKNX
MOTOKOB Ha MyTAX 3BaKyauuu U NpOnyCKHble CrOCOBHOCTM BbIXOAOB. 3aTEM BHOBb [aeTcs
npupaLLeHre no spemenn dt n onpesenaioTca HoBbIE KOOPAUHATHI NMIOAENA C YHETOM Hannyus
O[T Ha nyTsdx 3BaKyauuu B 3TOT MOMEHT BpemeHu. [locre 3Toro mpouecc MoBTOPSIETCS.
PacuyeTbl NpoBOASATCA [0 TEX NOp, NOKa BCe NoAKN He ByayT 3BaKyMpoBaHb! U3 3AaHUS.

Tabn.15. OcHOBHbIE NapaMeTpbl 3BaKYALMOHHBIX NECTHUL,

Jrax NecTHuua WnpuHa, M
Mogsan
NectHuya 1 1,346
Necthuua 2 1,179

| 6.2.1. CueHapui 1

Tabn.16. OCHOBHbIE NapaMeTpbl 3BaKyaLMOHHbIX BbIXOAOB (NECTHUYHbIE KNETK, BbIXOAbI 13 3AaHUS HAPYXY)

Jrax Buixop Tun BbIXOga WnpuHa, m
Jtax 1
Neepb 11 Bbixog w3 3gaHns 1
Heepb 30 Bbixoa 13 3ganus 1
AHTpeconb 1-ro araxa
[lBepb 22 Bbixoa u3 3panus 1
Yeppak
[eeps 23 Bbixoa 13 3paHus 1

OnucaHne BapMaHTOB 3BaKyaLuu

B pgaHHOM pacyeTHOM CleHapuu paccmaTtpusancs Npouecc 3Bakyauwu nogen u3
MOMELLIEHWIA, PacnonoXeHHbIX Ha «[loasany, «31ax 1», «AHTpeconb 1-ro ataxay, «Yepaak».
OnacHble (hakTopbl NoXapa pacnpocTpaHsITCS B paccMaTpuBaeMom 06beme C nocneayoLmum
6r10KMpoBaHWEM 3BaKyaLMOHHbBIX BbIXOLOB.

MapameTpbl 3BaKyaUMOHHbIX NyTeH U BbIXOA0B

OBaKyaLUMOHHbIE BbIXOALI PACMonoOXeHbl Ha «3JTax 1», «AHTpeconb 1-ro araxan,
«Yeppak».
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Tabn.17. Bpems aBakyauum nogen no NectHuLam 1 Bpems Bbixoga U3 34aHus Hapyxy B «CueHapui 1»

Jrax Boixon 3HayeHue
Ueppak
[eepb 23 190 ¢ (21 yen.)
Mogean
Necthuua 2 189 ¢ (12 yen.)
Jtax 1
[eepb 11 183 ¢ (4 yen.)
[leepb 30 193 ¢ (21 yen.)
AHTpecons 1-ro
aTaxa
[lBepb 22 190 ¢ (17 wen.)
Mpadhmku 3Bakyauum niogen
70
£60
£50
%40
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220
S10
0 4
0 50 100
Bpewma, ¢
Pwc.50. [innamuka agakyauumn ntoaen w3 3ganus (Cuenapui 1)
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5 04 S
8 73 -
202 & e
: ‘| ¢ el
50'1 E 1
€ o L. So—
0 50 100 150 0 100 150
Bpemn, C Bpemn, c
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014 5
20,12 H
; 0.1 r E‘ P4
5 0,08 ‘ a3 F
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§0.04 2z _ —
5002 H 3! 1
c 0 0—
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Perncrparop 2
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MpuHATOE B pacyeTe KONMMYECTBO NOAEH

Cuenapun 1

Bcero M0-3 Jioan TpyaocnocobHoro Bospacta (18 — 60 net) (3umuss ogexaa) (M0-3): 63
Bcero: 63

I

| 6.2.2. Cuenapuit 2
Tabn.18. OcHoBHbIE NapaMeTpbl 3BaKyaLMOHHBIX BXOAO0B 1 BbIXOAOB (NECTHNYHbIE KNETKW, BbIXOAbI U3 3AaHNS)
Jrax Bbixop Tun BbIXOAa WupuHa, m
Jtax 1
[eeps 11 Bbixoa 13 3gaHus 1
[eepb 30 Bbixoa u3 3aaHua 1
AxTpecons 1-ro
aTaxa
[Bepb 22 BbixoAa 13 3paHus 1
Yeppak
[sepb 23 Bbixoa 13 3gaHus 1
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Mpadhukm n3meHeHNUsi napamMeTpPOB ABWKEHMA NMIOACKNUX MOTOKOB Yepe3 pacyeTHbIE TOHKM

50 100 150 200

Bpewms, ¢

Puc.55. uHamuka asakyauum niogen u3 anaqna (CueHapwii 2)
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Perncrparop 3

NnoTHOCTE NoToka, M/’
e o o0 28 ©
- (Y] (™ ' ("]
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KOnMuecTeo Yenosex

Qﬂuﬁ

50 100 150

Bpema, ¢

100

Bpemn, ¢

MpuHATOE B pacyeTe KONUYECTBO Niofei

CueHapun 2
Bcero M0-3 [Tioan TpyaocnocobHoro Bospacta (18 — 60 net) (3vmuss ogexaa) (M0-3): 63
Bcero: 63
Tabn.20. PacyeTHoe Bpems aBaKyauum Yepes KOHTPOnbHbIe ToYkM B «CueHapuit 1»
rax KoHTponbHas Touka tex, © KoHTuHreHT tp, C
J1ax 1
Peructparop 1 0
M0-3 3
Peructpatop 4 0
M0-3 2
Peructpatop 2 0
MO-3 13
AHTpeconb 1-ro ataxa
Peructpatop 5 0
M0-3 10
Yepaak
Peructpatop 3 0
M0-3 10
Tabn.21. PacuyeTHoe Bpems 3BaKyaLum Yepes KOHTPOnbHbIE TOYKM B «CLeHapuil 2»
Jrax KoHTponbHas Touka tex, © KOHTUHIEHT tp, C
Irax 1
Peructparop 1 0
MO-3 3
Peructpatop 4 0
Peructpatop 5 0
M0-3 13
AHTpeconb 1-ro ataxa
Peructpatop 2 0
MO-3 10
Yepaak
Peructpatop 3 0
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| 6.3. OnpefeneHue BEpOATHOCTU 3BaKyaLum nioaen U3 304aHNA Npy noxape

[lanee npuBedeHbl pe3ynbTaTbl pacyeTa BEPOATHOCTEN 3BaKyauwun NOAen, a Takke
BbIMOSIHEHNS YCNOBWNA DECNPEensTCTBEHHON U CBOEBPEMEHHOW 3BaKyaLWu NOAEN.

OueHka BpemMeHM cpabaTbiBaHWA CUCTEMbl  MOXapHOW  CUrHanM3auuu
W aBTOMAaTHU4ECKNUX YCTAHOBOK NOXapPOTYLIEHHS.

Bpems [OCTMXEHUS MOPOroBOrO 3HAYeHWs NapameTpoM, BO3AEUCTBYHLMM Ha
NoXapHblA W3BELLATENb, ONPEOEnseTcs Kak BPEeMs MOSIBMEHWS HA BbICOTE pPa3MELLEHMS
noXapHblX m3Bewateneir o06nactm ¢ 3(MEKTUBHLIM  AWAMETPOM,  NPEBbILLALMM
MaKcMManbHoe onpeaeneHHoe HOPMAaTUBHBLIMU OKYMEHTaMU PaccTOSHUE MEXAY NOXapHLIMM
U3BeLLaTensamMu, B KaXa0W TOYKE KOTOPOWN 3HaYeHWe BO3AEMCTBYIOLLEro napameTpa npesbiaeT
MoporoBoe.

[ina nomeLLeHnd, B KOTOPbIX AONyCKaeTcA YCTaHaBMMBaTb OAWH  NOXapHbIA
n3Bewlatens, Nrowaas AaHHON 06nacTi COOTBETCTBYET NIIOLAN NOMELLEHUS oYara noxapa.

[ns onpefeneHns BpEMeHU OOCTUMXKEHUS NMOPOrOBOr0 3HaYeHUs MomneBbiM MeTO4OM
NCNonNb3ykTCA 3Ha4eHUA NapameTpoB, Noy4YeHHbIe B pe3ynibTaTe pac4eTa.

| 6.3.1. CueHapwit 1

Onpenenel-me BPeMeHU Ha4ana aBaKyauuu

OueHka BpemeHu cpabaTbiBaHWS CHCTEMbI MOXAPHON CATHANM3ALMM U aBTOMATUYECKUX
YCTAHOBOK MOXAPOTYLLEHNS:

— Mcnonb3yemblid n3seLaTens: ToYeYHbI AbIMOBOW ONTUKO-INEKTPOHHbIN
— [Noporosoe 3HayeHue: 0,2 [16/m
— Pasmep 06nacti npUHUMaEeTCs PacCTOSHUI Mexay U3BeLLaTensamm: 5

Hwke npegcraeneH rpacduk nosienenust obnactv ¢ 3 eKTUBHLIM AMameTpoM A0
MOMEHTa BpEMeHI AOCTUKEHIS! MOPOTOBOr0 3Ha4YeHs cpabaTblBaHUs MOXapHOro U3BeLLaTens.

& &0 [ ) 100 120 140

Npesi

Puc.56. NameHeHne obnactv ¢ 3 dEKTUBHLIM AUaMETPOM

Bpemsi JOCTWKEHNst NOPOroBOrO 3Ha4EHMs NapameTpoM, BO3AEUCTBYHLUM Ha NOXAPHbINA
n3BeLLaTenb:

rnop = 149,513 C
Bpemsi 3a4epxku, CBA3aHHOE C MHEPLMOHHOCTBI0 CUCTEMDI OﬁH&pWKBHVlﬂ noxapa.
tunepy = 20c

[Ins paccmatpuBaemoro knacca 3gaHus «®4.3», He 060pyAOBAHHOMO CUCTEMONA
NOXapHOW CUrHanu3auum Ui CUCTEMON ONOBELLIEHNS W YNpaBneHUs 3Bakyauuen noaein npu
noxape, BpeMs Hayana 3sakyauuv B COOTBETCTBUM ¢ Tabnuuei 4.1 MeToauku cocTaBnser:

tis =180 C
PaccmatpuBaemoe 3paHue, 000pyaOBaHO CUCTEMOWM MNOXAPHOW CurHanuaauum (unum
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