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3. PACUYETHI
3.1 PACYUET MACCBI I'OTB (CO,) — 00beMHOE OKAPOTYIICHHE

M; =Ky [Mp+ My + Mp X 1],

rae:

K1 —xoaddunuent, yaursiBaromnuii yreuku ['OTB u3 emxoctu, = 1,05

M,= 2Ky M -renr

Mp —mMmacca I'OTB, npeanazHaueHa Ui co3gaHus B 00beMe IOMEIEHHS OTHETYIIAIeH
KOHIICHTpAIINH,

Konnentparus CO,: 34,9 %

Ks- koapbumment, K4 =1,3 m1s Tymenus Oymaru

Mmp —Macca ocratka 'OTB B TpyOonpoBoaax, Kr

M, —wmacca octatka I'OTB B emMkocTH, KT

N — KOJI-BO €EMKOCTEMN

Mp-remr = Vp ® p1* (1 + Ky) » In[100/(100 — Cy)], xr

rae:

V|, = pacueTHbIM 00BEM 3aIIUIAEMOI0O IIOMEIICHUS, M

p1 = WIOTHOCTH Ta30Boro 'OTB ¢ yyeToM BBICOTHI 3alIMINAEMOT0 00bEKTa OTHOCUTEIHHO
YPOBHS MODSI [Tl MEHHMAJIBHOI TeMIepaTypsl B momernennd Ty, kr/m®

p1=po* (To/Tw) * Ks

rae:

po — wioTHOCTH napoB 'OTB CO, mpu Ty = 293 K (20 °C) atmochepHOM JaBIeHUN
101,3 kPa, po = 1,88 kr/m°

Ty —MHUHUMaIbHAs TEMIEpaTypa Bo3AyXa B 3alUMIIa€MOM MoMelieHnu, K

Ty =283 K

K3 — mornpaBouHbIit KOADPHUITMEHT, YIUTHIBAIOIINI BBICOTY PACIIONIOKEHHOTO O0BEKTA
OTHOCUTEIFHO YPOBHS MOPS 3HAYEHHS KOTOPOTO MpUBEIeHBI B Tabsmiie 11 npunoxkenue S
—HITb 88-2001*

Ks=1
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p1=po* (To/Tw) * K3 =1,88 ¢ (293/278) « 1 = 2,01 kr/m°

K3 = koapuruent, yuntsiBatonuii norepu ['OTB depes npoemsl momenieHus
Ko=TT*8* Teqne VH

rae

[] - mapameTp, yuuThIBaIOIIUI paCONOKEHUE TPOEMOB TI0 BBICOTE 3aIUILAEMOT0
IIOMEIIECHHS,

[1=0,4

5= (XF)/V,

Texn = HOpMaTHBHOE Bpems nogaun ['OTB, 60 cek

H = BbIcOTa 3a11I11a€MOT0 MOMELIEHUS

Cy = HOpMaTuBHas o0ObeMHas KoHteHTparwsi, % (00.), Cy = 34,9 npu TymieHnn H-renTaHa
I\/Imp = Vmp ® Prorss KT

rje:

V mp — 00BEM Beell TpyOOIIPOBOIHOM Pa3BOJKH YCTAHOBKH, M

Prors — IIOTHOCTH ocTatka ['OTB npu naBneHuu, KOTOpoe UMeeTCst B TpyOOIPOBOIE MOCIE
OKOHYaHUs UCTEYCHHI MACChI Ia30BOro BelecTsa M B 3a1muiiaeMoe MoMeLCHHE, Kkr/m>
Mb: Vb. Prors

rjae:

V- 00beM EMKOCTH, M

Prors — INIOTHOCTH ocTaTka 'OTB npu gaBneHnn, KOTOpoe UMeeTcs B EMKOCTH MOCIIE
OKOHYaHMs UCTEYECHHUS MacChl ra30Boro Beniectsa My B 3amuimaemMoe oMenieHue, Kkr/m>
Bpewms nogaun CO,: 1 muH

[TPUMEYAHMUE: I1pu pacuére kon-sa ['OTB 3a onunakoBsie 10 pazmepy U 00bEMY
3allMIIaeMble TOMEIICHUs, ObLT UCTIOMB30BaH pacyeT caMmoro yaainéHHoro ot YI'TIT
3alIUAIIAEMOTO TOMEIIICHHUS.

3.1.1. Pacuer M,, ApxuB-3oHa 1 :

M; =Ki [Mp + My + My X 1]

M, = 1,05(4131+475+32)= 4867 kr

[Mpuanmaercs M, = 5200 kr

Mp-rerr = Vp® pre (1+Ky) ¢ In[100/(100-Cyy)] = 1805 2 « (1+0,021) « IN(100/(100-34,9)) = 1589 kr
Emxocts CO, 3anonnena ocHoBHBIM 1 100% pe3epBM 3anacom

M,= 20Ky M -renr

Mp =2 x 1,3x1589= 4131 kr

V,=18,7x19,3x 5 =1805 »°
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p; =1,981

Ko=T]*8* Ten® VYH =0,4«0,0004 « 60+ \5=0,021

rac

[] - mapameTp, yunuThIBarOmUiA pacioioKEHUE MPOEMOB MO BHICOTE 3aLIUIIIAEMOTO
nomerienus, [| = 0,4

8 = (XFn) / V, = 0,72/ 1805= 0,0004

C,= 34,9

3.2. TUAPABJIMYECKH PACUET

['unpaBnuyeckuii pacueT MajeHus JIaBlICHUS B TPYOOMPOBOE BBHIIIOIHEH B COOTBETCTBUU
¢ npunoxkeruem / — HITb 88-2001* .
Pacuetnoe Bpems Boimycka CO,: 60 ¢
1. Cpennee naBijienue 3a Bpems nogaun CO, B u3oTrepmmuueckoii emkocru p,, MPa

omnpeaesercd no popmy.ie:

pPu=0,5°(p1+p2)

re

p1 — AaBieHue B pe3epByape npu xpanenuu CO,, MPa

P2 — JaBJICHHUE B pe3epByape B KOHIIE BBIITyCKa pacueTHOro komndecta CO,, MPa
2. Cpennuii pacxon CO,, Q,, kr/c onpenensiercsi mo ¢popmyJie:

Q. =wM/t

['ne

M — pacdeTHoe konmdecTBo CO, KT

T — HOpMaTuBHOE Bpems nojgauu CO, ¢

3. BHyTpeHHMii THaMeTp MUTAIOIIEro Tpyoonposoaa di, M ompenessiercs 1o gpopmyJie
di=9,6 « 107« (k) *(Q)° * 1]

rae

K4 — MHOXKUTEIIB, ONPEACIIACTCS 0 TaOIUIIC

Pm, MIla 1,2 1,4 1,6 1,8 2,0 2,4
Muoxwuresnb Ky 0,68 0,79 0,85 0,92 1,0 1,09
l; - mrHA mUTaronero TpyoonpoBoIa Mo MPOSKTY, M
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4. CpeaHee 1aBjieHHe B MUATaIOIEeM (MAaruCTPaJIbLHOM) TPYOONIPOBO/iEe B TOYKE BBOAA

€ro B 3alUIIaceMo€ NMOMECIICHUE PACCUYUTHIBAKOTCH U3 YPABHCHHUSA

7

-11 2
ps(p4)=2+0,568>4ng1_- 2X0 " XQ, f* A,

e ([@)PPdk)

rie |, — 5KkBUBaJICHTHAs JJTMHA TPYOOIPOBOIOB OT H30TEPMHUUECKON EMKOCTH JI0 TOYKH, B

(Y e @]

KOTOPOM OIPEEISACTCS TaBJICHUE, M:
1,2
l,=1,+69+ 0" eg,

r7ie € — cymma Ko3hOUIIMEHTOB COMMPOTUBIICHUS (PACOHHBIX YacTel TPyOOIpPOBOIOB.

5. CpenHee n1aBJjieHHe COCTABJISIET

Pm =05 (ps + ps)

e

P3 — IaBJCHUE B TOYKE BBOJIA MUTAIOIIETO (MarkCcTpaJbHOr0) TPYyOOIpOBOIa B
3anuiraeMoe nomenieHue, MPa;

P4 — TaBJICHUE B KOHIIC MUATAIOMIETO (MarucTpajibHOro) Tpydoonposoaa, MPa

6. Cpeaunii pacxos yepe3 Hacamok Q,, Kr/c, onpexesiercst o popmy.ie
Qn =4,1+10% e ks * Az s Vexp(1,76  pm)

rae

1L — K03 (HUIIMEHT pacxo/ia Yepe3 Hacaa0K

A3 — IIIIOIIA b BBITYCKHOTO OTBEPCTHS HACAIKH , M

Ks — koad durment, onpenenseMslii mo Gopmyie

0,03
1,025- 0,5%p m

k; =093+

7. KostnuecTBO Hacaaok &; onpenesisiercs no gpopmyie
&l = Qm/Qm
8. BHyTpeHHMIi TUaAMeTP paclpeIeJuTeJTbHOro TpyoonpoBoaa di, m,

PACCUUTHIBACTCH U3 YCJIOBUA
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d >1,4edeg,
TIe

d— nuameTp BBITYCKHOTO OTBEPCTHSI HACAIKH

3.2.1. TUIPABJIMYECKHNN PACYET, Apxus-3ona 1
3.2.1.1 CEKIMS: KOJUIEKTOP (EMKOCTb-PACIPEAEJIMTEJILHBIN KITAITAH)

- Cpennee naBJienue 3a Bpems nogaun CO, B uzorepmuyeckoii emkoctu p, MPa:
Pm=0,5¢(p1+p2) =05+ (2,1+1,83)=1,96 MPa
- Cpennmii pacxox CO,, Q,, kr/c
Qm=m/t
Qm = 2065/60 = 34,4 kr/c
- BHyTpeHHUii 1uaMeTp nmuTa0ero Tpyoonposoaa d;, m
d=9,6°102¢ [(Ka)Z* (Qum)?*11]*°=9,6 103 [(0,98)% « (34,4)* » 30]**° = 0,0708 m
Bri6pano: /Iy 80

- CpenHee 1aBJjieHHE B TOYKE B MUTAKWIIEM (MarucTpajbHOM) TPyOonpoBoe :

€ 2X0 " {34,4)° x4U
= 2+0,568Xngl - ! 7
Pa(p.) g (0,08)°* {098)° &

=1,775 MPa
- CpenHee 1aBjieHHe COCTABJISACT:

Pm = 0,5 (ps + ps) = 0,5 (1,96+1,775) = 1,87 MPa

3.21.2 CEKIWA: PACIIPEJIEJMTEIBHBIN KJIATIAH-3AIIMIIIAEMOE HOMEIIEHUE

- CpenHee 1aBJjieHHe B MUTaIOIEM (MATHCTPAJILHOM) TPYOONIPOBO/IE:

& 0 € 2x10 ™ X34,4)° 30U
+=1,87+0,5684ngl - ’ :
psgpe i 1 gl (0,08)5’25 ><(O,97)2 H

P5(p6) - 1,55 MPa

- CpenHee 1aBjieHHe COCTABJISACT:

Pm = 0,5 (ps + pe) = 0,5 (1,87+1,55) = 1,71 MPa
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3.2.1.3 CEKNIUS: SAHIMITAEMOE ITOMEIIEHUE- Bepxauii Tpy0onmpoBoO
Qm=34,4/2=17,2 xrlc

- CpenHee 1aBJjieHHe B MUTaIOEM (MATHCTPAJILHOM) TPYOONIPOBO/IE:

é 20" H17,2)* x23U
=171+ 0568Xndl - ! '
Pr(ps) =1 Sl (0,08)°% 40,95 §

pz(ps) = 1,657 MPa
- CpenHee 1aBjieHHe COCTABJISACT:

Pm = 0,5 (p; + ps) = 0,5 (1,71+1,657) = 1.683 MPa

3.2.1.4 CEKNIUS: SAHIMITAEMOE ITOMEINEHUE-Maructpaiauii TpyoonpoBOI
Qm=34,4/4 = 8,6 kr/c

- CpenHee AaBJjieHHe B MUTaIOIEM (MATHCTPAJILHOM) TPYOONIPOBO/IE:

é  2x10 " H8,6)° x0U
= 1683+ 0,568 4Nl - ! 2
Po(Pio) =1, Sl (0,065)°* 0,94)° §

Pa(P10) = 1,649 MPa

- CpenHee naBjieHHMe COCTABJISIET.

Pm = 0,5 (P + P1o) = 0,5 (1,683+1,649) = 1.67 MPa

3.2.15 CEKIOUIA: SAIIIMITITAEMOE ITOMEHIEHUE-Berka tpybonpoBoia

Qm=34,4/8 = 4,3 krlc

- CpeaHee 1aBJjieHHE B MUTAIOIIEM (MATHCTPAJILHOM) TPYOONPOBO/IE:

é  2x10°" K4,3)* 47U
=167 +0,5684nAl - . 4
P11 ( P12 ) 1 ngl (0’ 04)5,25 ><(O,9 4)2 H

Pll(plZ) = 1,57 MPa
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- CpenHee 1aBjieHHe COCTABJISACT:

Pm = 0,5 (P11 + p12) = 0,5 (1,67+1,57) = 1,62 MPa

- Cpennuii pacxox uepe3 Hacaaky Qp, , Kr/c

Qn=41°10%¢ pokses AzeVexp(1,76 « pn) =

=4,110%+ 0,75+ 1,07 * 5,99+ 10 » Vexp(1,76 * 1,62) = 2,2888 xr/c
rac

0,03

k, =093+ :
1,025- 0,5%p m

0,03 =107
1,025- 0,5%,62

k = 0,93+

- KostuvecTBO Hacanok &;
&1 = Qn/ le =
& =344/081=424
Bri6pano 48 nacagok O.C.11.
- BHyTpeHHUil 1uaMeTp pacnpenaeJuTeJIbHOro Tpydoonposoaa di, m,
d>14+deVg
> 1,4+ 0,0087 * \6 = 0,029
Bri6pannsiii quametp Jly32
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3.2.6. TMJIPABJIMYECKU PACYET - PACYET ILTIOINAJIM ITIPOEMA JIJISI

CBPOCA N3GBITOYHOI'O TABJIEHUSA

cs Ko KM, r, _&F
c 0,7 K tm r, , , %) +p 60,2857 u
7710°° Pg——"% -10
% P o H

rie:

F. — mmomaaes npoema, M

P, —n30bITOuHOE naBnenue, MPa,
Ps — IVLIOTHOCTH BO3/TyXa, KT/M>

K; = 1,2 - xoaddumment 3amaca
K3=1 - koaddurment

t o5 —BpeMst mogauu ['OTB, ¢

2
é F— mIomaab MOCTOSHHO OTKPBITBIX IIPOCMOB, M

3 12" 1" 2065 13
¢ 07 105 60" 188 02857
27 10° lgga@0048+01 ]

(%)

- 0,36

i EC'

F.> 0,35-0,36= - 0,01

He Hy»XHO nIpy1yCMOTpETh MpoeM JjIsl cOpoca H30BITOUYHOTO JIABJICHHUS.
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