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BBEAEHUE

Coxwmxennblid npupoaubiid ra3 (CII') 3aHMMaeT mpoYHbIE MO3UIIMU
Ha MEXIYHApOJHOM pbIHKE »HeproHocuteneil. CTpaHbl, CHaOXEHUE
KOTOPBIX MPUPOJHBIM Ta3oM IO TPyOONpoBOAaM 3aTPYJHEHO WIH
HEBO3MOXXHO, PAa3BWJIA TEXHOJIOTHUIO CXIKEHUS NPUPOAHOTO Traza H
TPAHCIIOPTUPOBKE €r0 B JKUIKOM BHUJIC B CHEHHATBHBIX pe3epByapax. [l
3TOro  ObBUIO  pa3padOTaHO  COOTBETCTBYIOUIEE  TEXHOJIOIMYECKOE
00Opy/ZIOBaHME:  MOIIHBIE  YCTAHOBKM  CXKI)KEHHUS, TaHKEPbl  C
TEIUIOU30JIMPOBAHHBIMU  pE€3€pByapaMH, KpPYMHBIE HU30TEPMUUYECKUE
XpaHWJIMIIA, KPUOTEHHbIE TPYyOONpPOBOMbI, HACOCHI ISl TEPEKAYKHU
KPUOTEHHBIX XKUJKOCTEH, ra3u(pUKaTOPHI.

Pa3zButne TOIUIMBHO-3HEpPreTHUECKOM oTpacaun B Poccunm B
Ommkaitimue roabl OyAeT Hepa3phblBHO CBS3aHO C 0oJiee IIMPOKUM
WCMOJIb30BAHUEM CHKMKEHHOIO MNPUPOAHOro rasa. B mociienHue rojbl
pazpabateiBatoTcsa nporpaMmmbl ipousBojictBa CIIIN u ero npuMeHeHus B
[EIIX KOMMYHAJIbHOTO Ta30CHA0KEHHUSI HACEJICHHBIX ITYHKTOB, B KAUECTBE
KOTEJIbHOTO TOIUIMBA HA MPEANPUATUAX TOILUIMBHO-YHEPTETUYECKOTO
KOMIUIEKCA, JJISI CO3JIaHHUSl CHCTEM PE3EPBUPOBAHMS ras3a, a TaKXkKe B
KaueCTBE MOTOPHOT'O TOIUIMBA JJIsl aBBTOMOOMIILHOTO, YKEJIE3HOI0POKHOTO,
BOJTHOT'O M BO3YIIHOT'O TPAHCIIOPTA.

Ucnonw3oBanue CIII' 00ycClOBIEHO TEXHUKO-2KOHOMUYECKUMU
PEUMYIIECTBAMU [0 CPAaBHEHUIO C TMPOKIAAKOM Tra3onpoBoaoB. B
NEPBYI0 O4YEpe/lb 3TO KacaeTCs HACEJIICHHBbIX IYHKTOB U OOBEKTOB
TOIUIMBHO-3HEPTETUYECKOTO KOMILJIEKCa MaJIOU MOIIHOCTH,
PACIOJIOKEHHBIX HAa 3HAYUTENBHBIX PACCTOSHUAX OT MAaruCTPalbHbBIX
razonpoBojioB wiau BHe 30HBI AeiictBus ['PC. Ilpu paccrosHum ot
MarucTpajbHbIX Ta3oNpOBOJOB J0 moTpedutens Oosnee 40 kM
PUBEJICHHBIC 3aTPaThl Ha ra30CHA0XKEHHWE TAKMX OOBEKTOB C MOMOIIbIO
CIII' oka3bIBalOTCSI HWIXKE, YeM JJIsi CETeBOro BapuaHTa. Kpome Toro,
ucnonb3zoBanue CIII" MoxkeT paccMaTpuBaThCs U Kak BPEMEHHBIN c1oco0
razuukaliu ~ HACEJNEHHBIX  IMMYHKTOB, BKJIIOYEHHBIX B  IUJIaH
TpyOOIPOBOIHOM ra3u(puKaIUu.



3AJJAHME K PACUETHOM PABOTE

Homep renepanbHOro miaHa BBIOMpAeTCsl MO MPUIIOKEHUIO 2,
OCTAJIbHBIE  WCXOJHBIC JAaHHBIE  BBIJAIOTCS  MPENOJABATEIIEM
WHIMBUIYaJIbHO.

1. Homep renepanpHOro miana

2. Homep I'PC

3. T'opon

4. Homepa »KnJibIX KBapTaJoB:

A - C TOpAYMM BOJOCHA0XEHHEM OT PpaOHHOMN
ra3oBOM KOTEJbHOW M LIEHTPAJIbHBIM OTOIIEHHEM (9 -
ATa)KHasl 3aCTPOUKA)

b — 6e3 ropsiuero BOAOCHA0KEHUSI C OTOILUICHUEM OT
WHIUBUAYaJIbHBIX OTOMUTENBHBIX yCcTaHOBOK (1 —
STa)KHAs 3aCTPOMKA)

B - ¢ ropsumM BOJOCHAOXEHHMEM OT MPOTOUYHBIX
BOJOHArpeBaTesiel U LEHTPaJbHBIM OTOIUIeHuEM (5 —
ATa)KHasl 3aCTPOMKA)

5. PalioHHas ra3zoBasi KoTenpHast; kBaprai No

6. Xnebo3aBo1; kBapTas Ne

7. banHo-npayeyHbIil KOMOMHAT; KBapTai Ne

8. IlpoueHnt oxBata ra3udukaiueldn oOLIECTBEHHBIX
3IAHUU U COOPYKEHUM

9. Y nenpHasa Ky0aTypa >KHIbIX 3JaHUN

10. IIpoMbIlIIIIEHHBIE TPEATPUATHS:

a) TpexcmMeHHOe TpPOU3BOJACTBO (IUIaBKa OpOH3HI);
KBapTas Ne
nl
Py

b) JIByXCMeHHO€ TPOU3BOJCTBO (OOXKHUI KHUPIIAYA);
KBapTas Ne
n2

B) OpnocmenHoe MPOM3BOJACTBO(OOKHUT  KUPIHYA);
KBapTas Ne
n3

I1. ILmoTHOCTP HaceNEHUs KUJIOM YacTh pParoHa
razudukamuu; N




IIPUMEP PACUYETA
1.1 XapakTepucTiKa pailoHa CTPOUTEIbCTBA

1.1.1 I'eoepaghuueckue danuvle u KIUMamMuyecKue ycioBusl

Paiion crpoutensctBa — moOceNnok ropoackoro tuna Kypckon
00J1acTH, pacroyOKEHHbIN Hemoaaneky ot r. Kypck.

PacuerHas TeMIieparypa HapY>KHOTO BO3/lyXa LTSt
POEKTUPOBAHUS OTOIUICHHUS MIPUHsITA paBHOU t,,= - 26°C [18].

Cpennsas TeMieparypa HapyXHOTO BO3[lyXa OTOMUTEIbHOTO
nepuoa:

t.o "=-2,4°C[18].

[Tpo10IDKUTENBHOCTh OTOMUTEIIBHOTO TIepuoa: N, = 198 cyt [18].

1.1.2 Koauuecmeso dscumenetl 8 Kaxcoom Keapmaie.

N’i:F’ixn, (1)

rae F' j - mmomanae KBapTaia, Ta, ONPEACNSIeTCS MO TEeHIIaHy
paiioHa ropoja (cMm. JIUCT 1 rpaduyeckoi 4acTu AUIIJIOMHOTO MPOEKTA);

N - TJIOTHOCTh HACEJICHUWS KWJIOM 4YacTh paiioHa razuduKalind,
yeJ/ra.

JloJist HaceNeHHs KaK0ro KBapTaja OT HaceJieHUs pailoHa
razuukaluu:

P/ = nN; ,
2N
i1

rae XN’ - o0liiee KoJIMYeCTBO KUTENEH B paliloHe ra3u(puKaIiu.
Tabmuma 1.1 - XapakrepucTtrka paifona razudukanuu

(2)

Nokgs-| 1 2 3 4 5 6 7 8
J1a
F',ra | 17,20 | 6,48 | 18,81 | 9,44 | 1/,63 | 12,40 | 11,97 | 13,86
, 180
yeJi/ra
N;, gen| 3096 | 1166 | 3386 | 1699 | 31/3 | 2232 | 2155 | 2495
Z N, 19402
qeil
P’ 0,160 | 0,060 | 0,275 | 0,088 | 0,164 | 0,115 | 0,111 | 0,129




1.2 XapakTepucTuKa ra3000pa3Horo TomjinBa

Husmas temiora cropanus CyxXoil Macchl ra3000pa3HOro TOIIMBA
onpenensercs no ciaeayrouiei Gopmyiie:

Q4° = 357,97 CH, + 636,39 C,Hs + 912,72 CzHg+ 1189,05
C4Hiot 1465,38CsHqp+ +590,34C,Hi+ 858,29C3Hg+ 1134,62C,Hg+
108,02H,+ 126,44C0O+ 234,46H,S , (3)

rae 357,97; 636,39... 234,46 - nuzmasg temiora cropanus 1%
CyXOH Macchl COOTBETCTBEHHO M€TaHa, 3TaHa, MpolaHa, OyTaHa u Jip. B
OPOLICHTaX M0 00bEMY.

CoctaB W IUIOTHOCTH MPUPOAHOrO Ta3za BBIOMpAEM IO
npwioxkenuto 1 (cm. Tabmuy 11 1.1) nmns mecTopoxmeHwHs

OpeHnOyprckoe.
Tabmuma 1.2 - CocTaB 1 IMJIOTHOCTh NPUPOAHOTO raza, % oobema
py H.Y.
[InotHOCTH CH4 C2H6 C3H8 C4H10 C5H12 COZ HZS N2
rasa, Ko/M° 5
Ap-
0,84 85149 |16 | 0,/5]05 |06 |13]| 5

Qu° = 357,97x85 + 636,39x4,9 + 912,72x1,6 + 1189,05x0,75 +
1465,38x0,55 + 108,02x5 + 126,44x0,6 +234,46 x 13 = 37625
kJlr/M° = 37,625 MJTx/M.

1.3 OnpenesieHue roJ0Boi NOTPEOHOCTH B rase
CyMmapHOe rofoBO€ MOTpeOJieHHEe Ta3za paioHOM Ta3H(UKaLNH
BBIYHCIIIEM I10 ClIeayroliei gpopmyie [5]:
Qron = Q1+ Q2+ Q3+ Qs+ Qs (4)
rae Qg - OpITOBOE MOTpeOIeHHE ra3a 3a o/, M3/FO,Z[;
Q. - romoBoe moOTpeONCHHME Ta3a KPYMHBIMH KOMMYHAJIBHO-
GBITOBBIMH IPEIPUSATHIME paifoHa ra3uUKaLUi, M /TOL;

Q3 - romoBoe  moTpebiieHME ~ Ta3a  OOIIECTBEHHBIMH
o 3
IPSANPHUATHIMHA U COOPYKESHUSIMHU paiioHa ra3u@uKaIim, M /TO/;
Qs - TOmOBOM pacxoj Ta3za Ha OTOINICHHE U Topsdee

BogocHaOxeHue ot  korenpHoM (PI'K) w®  uHIuBMAyanbHBIX
OTOIHUTEIBHBIX YCTAHOBOK, M /TOL;

Qs - TomoBOM pacxoj raza MPOMBIIIJICHHBIMUA MPEANPUATHIMU
paifoHa rasu(uKanum, M /TOf.
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1.3.1 Tooosoit pacxoo czaza Ha omonneHue u opsauee
8000CHADICEHUE OM KOMENbHOIL:

QFOZ[PFK = QO + QFBC ! (5)

< 3
rae Q, - TOJIOBOM pacxo/i ra3a Ha OTOIUICHHUE, HM /TOJ;
Qrsc - TOMAOBOM pacxoj ra3a Ha ropsiuee BojocHadx)eHue ot PI'K,

HMS/I‘OI[.

1.3.1.1 T'ooosoti pacxoo eaza Ha omonieHue om KOMeIbHOlL.
Qu =9, Vi 3N, (1, —t7,)- 24n, - = (6)
Q. M.

r7e (o - YAeNbHas OTOMUTENbHAS XapaKTePUCTHUKA 3/TaHUM.

Jms r. Kypek ¢t , = - 26°C:

— U1 KBApTAJIOB C S5-3TaXXHOM 3acTpouikonl (g = 1,77 xJlx
/(m*4°C) [5];

— IJIL KBapTaAJIOB C |-3TakHOW 3acTpoiikorl (o = 3,12 kJlx
/(m*4°C) [5];

Vy, - ylenbHas KybaTypa >KUIIBIX 31aHUH, M°/der, V,,=47 M>/deI.

2N, - YHMCIIO XUTEJIEHd B KBapTajax, oTamimBaeMbix OoT PI'K
(KkBapTasbl ¢ 5-3TaKHOU 3acTpoiKoil), uen., XN, = 14305 yer.

t,; - TemmepaTypa BO3[yXa BHYTPHU IOMEUICHHUS, NMPUHUMAETCS
paBHo# 20°C;

t.o’ - CpemHss TeMIeparypa HapyXKHOTO BO3AyXa 3a
OTOIUTEIbHBINA EPUO/I,

to = -2,4 °C;

N, - MPOJAOKUTEILHOCTh OTONMMUTEIBLHOIO Tepuoaa, cyT, N,=198
CyT,

Ky - kK03 duImeHT, yIUTHIBAIONIMA pacXoj ra3a Ha OTOILICHHE,
npuHUMacTcs paBHbIM K; = 0,25;

1. - KIIJI xotenbHOM, 77, = 0,85.

Q, =177 x 47 x14305x (20 — (—2,4)) x 24 x 198 x

1+0,25

——— =4951059
37625x 0,85

M3/FOI[.

1.3.1.2. Bwluucisiem 200080t pacxod 2asza Ha 2opsuee
8000CHADICEHUE OM KOMENbHOI.!

Qch = Orpe X Z:NI / QHC ) (7)
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rne Ome — TroAOBas HOpMa MOTpeOJeHUsT raza Ha Topsuee
BojocHaOxenue ot PI'K, MJIx;
YN; - ob0mee u4wucio >XKUTENEW B KBapTalax C TOpPAYUM

BogocHaOxeHueM oT PI'K, e, XNi=9655 ge.
['omoBast HopMma OTpeOIEHUA ra3a Ha ropsiuee BOJOCHA0KEHHE OT
PT'K paccuutbiBaetcs 1o popmyse:

55—t 1
Orsc = 24%0,, {n0 +(350 - Ny )x S XB}— (8)

Moy

rae Oy, — YKPYIHEHHBIM MOKAa3aTelb CPEIHEYACOBOTO pacxonaa
TEIJIOTHl Ha ropsiuee BOAOCHAOXKEHHE, NMpuHUMaercs paBHbIM 1310
kJx/(qa-gei), cm. mpui.5 [5];

B —kxosdduiimeHT, yUYUTHIBAIOMIMN CHUXEHHUE pacxoja ropsuei
BO/JIbI B JICTHUM MEPUO/T, MpUHUMAETCS paBHbIM 0,8;

txs Lxr — TEMIEpaTyphbl BOAOIPOBOAHOM BOJbI B OTOIUTEIIbHBIA U
JIETHHM IEPUOJBI, IPUHUMAETCS PAaBHBEIM COOTBETCTBEHHO 5 1 15°C;

Nrs — KT/ palioHHOM ra30BoM KOTEIbHOM, paBHbIN 0,85;

N, — IPOJOKUTEILHOCTh OTONMMUTEILHOIO Mepuoaa, cyT, N,=198

CyT;
gch: 24 x1310x |:198 + (350 — 198)>< F;S —15

X3

1
0,8 [x —— =10921886
x }x 085 K JIx/(

4el Tof);
Q.se = 10921886 x 9655 / 37625 = 2802679 m°/rop.

1.3.1.3. Bwiuucnsgem 200060t pacxod eaza HaA OmMONJIeHue u

eopsauee gooocHaboicernue om PIK:
Qro = 4951059 + 2802679 = 7753738 m*/rox.

1.3.1.4. I'o0o6o1i pacxoo eaza Ha omonjieHue om UHOUBUOYANbHBIX
OMONUMENbHBIX YCIMAHOBOK:
025 = & TNyt = 2)245m, o, 9)
u " luno
rae XNy - uncio xxuTenei B kBapTanax ¢ 1 - 3TaXKHOM 3aCTPOMKOM,
yenr, XN=9723 uemn;
Nunz - KIII MHAMBUAYaTbHBIX OTONMUTENBHBIX YCTAHOBOK, My, =

0,75.
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1

Qi w2 =312x 47 %1166 x (20 — (—2,4)) x 24 x198 x ————— = 644967
37625x 0,75
M3/roz[;
Q1% 0 =312x47x1699x (20— (~2,4)) x 24x198x 3~ — 939794
47625x 0,75
M3/roz[;
Qi ks = 312347 x 2232 x (20 — (-2,4)) x 24 x198 x 3; =1234620
47625x 0,75
M>/roj.

Hroro, ronoBor pacxo/ raza Ha OTOIUIEHUE OT MHAWBUIYAIbHBIX
OTONUTENIbHBIX YCTAHOBOK:
Qe = QU = 644967 + 939794 + 1234620 = 2819381 M/ roJ.

1.3.1.5 [Tooosoti pacxoo eaza Ha omonieHue u 2opsuee
8000CHAO}CEHUE OM KOMEIbHOU U O UHOUBUOYANbHLIX OMONUMETbHBLX
YCMAHOBOK

Q4 = Qroz[PFK + (?roz[HHz1 ) (10)

Te QmPFK - TOJIOBOM pacxoj rasa Ha OTOIUICHHE M Topsdee
BogocHaOxeHue ot PI'K, M3/FO,Z[;

Qron ' - TOMOBOM pAacXoj rasa Ha OTOIUICHHE M Tropsdee
BOJOCHAOKCHHE OT WHIAWBUIYANIbHBIX OTOINMTEIBHBIX YCTaHOBOK,
M>/roj.

Qs = Quol ™ + Q0™ = 7753738 + 2819381 = 10573119 m¥/ron.

1.3.2 bvimoeoe nompebnenue 2aza
beiTOBOE TOTpeOJieHHE Ta3a pacCUUTHIBACTCS IO CJEIYIOLIEH

dopmyie [5]:
Ql:ZQi+ZQj+ZQk, (11)
i=1 =1 k=1
riue ZQi -moTpeOJieHHe Ta3a Ha MPUTOTOBJICHHE TMHIMUA B

KBapTajiax ¢ ropsyuM BojocHaOxkenuem ot PI'K (paiioHHON ra3oBoii
L\ 3
KOTEJIbHOM), M /TOI;
ZQj-HOTpe6neHHe raa Ha MPUTOTOBJICHHE NHUIIA U TOpsUei

BOJbl B KBapTaJlaX C Ta30BBIMH BOJOHArPEBATEIIIMA W Ta30BBIMH
3
IJINTaMH, M~ /TOJI;
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ZQK-HOTPCGHCHI/IC rasa Ha IIPUTOTOBJICHUE IHUIIM W TOpSAYEH

BOJIbI B KBapTanax 0e3 ropsdero BOAOCHA0KEHHS TIPH HATMYHH Ta30BOM
IUIUTHI, MS/I‘OI[.

1.3.2.1. [Ilpuecomosnenue nuwu 6 KEAPMAIAX C 20PAYUM
sooocHabxcenuem om PI'K om paitonnou eazosou komenvroti (PI'K):

2.Qi = ngﬂ , (12)

riae g; - rojgoBas HOpMma NOTPEOJICHUS Tra3a Ha MPUTOTOBJICHUE
NUIIK Ha 1 YeoBeKka B KUJIbIX KBApTajaax ¢ TOPSYUM BOJIOCHAOKEHUEM
ot PI'K, g1 = 2800 M/Ix;

>N; - KoIM4YecTBO IKWTEJIEM B KBapTajlax C TOPSYUM
BogocHaOxenueM ot PI'K,

Q; **'= 2800 x 3096 / 37,625 = 230400 m>/rox;

Q; > = 2800 x 3386 / 37,625 = 251981 m°/rox;

Q; **>= 2800 x 3173 / 37,625 = 236130 m*/rop.

CyMMapHBbIi pacxoj raza Ha IPUrOTOBJIEHUE MUY B KBAPTAJIAX C
KBapTajax ¢ ropsuuM BojgocHadkenuem ot PI'K:

YQ; = 230400 + 251981 + 236130 = 718511 m*/rop.

1.3.2.2. Ilpucomosnenue nuwu u 2opsueti 800bl 8 KEAPMALAX C
2a308bIMU 8000OHADEBAMENAMU U 2A308bIMU NAUMAMU

2.Q= Q%Nj , (13)

rae g, - roxoBasg HOpMa MOTpeOJEHUS ra3a Ha MPUTOTOBIICHUE
nun  Ha 1 4YermoBeka B KWIBIX  KBapTajaX C  Ta30BBIMU
BOJIOHArPEBATEISIMU U Ta30BbIMU IUIUTaMu, ¢, = 8000 M/Ix;

2N; - KOJMYECTBO OKUTENEH B KBapTajax C Ta30BbIMU
BOJIOHArpEBATENISIMU U Ta30BbIMU TITUTAMH.

Q7 =18000 x 2155 / 37,625 = 458206 m°/rox;

Q;>* = 8000 x 2495 / 37,625 = 530498 m*/rox.

CymMmapHbIid pacxo/l ra3a Ha MPUTOTOBJICHHUE MUILIM B KBapTaJlax ¢
ra30BbIMHU BOJIOHAIPEBATEISIMU U TA30BBIMU ILTUTAMH:

YQ; = 458206 + 530498 = 988704 m°/rox.
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1.3.2.3. Ilpucomosnenue nuwu u 2opsqeti 600vl 8 Keapmanax des
20pAue20 8000CHAOIHCEHUS NPU HATUYUU 2A3080U NIUMDbL.

> Q =%—Nﬁ (14)

rae (s - TooBas HOpMa MOTpeOJieHHWs ra3a Ha MPUTOTOBJICHHE
ouImM  Ha 1 dYenmoBeKa B OKWIBIX  KBaprTajaxX 0Oe3 Topsdero
BOJIOCHAOXeHus, 3 = 4600 MJIx;

>Nk - KoauuecTBO JKuTEJIeH B KBapTajax ©0e3 ropsuero
BOJIOCHA0KEHUS.

Q™= 4600 x 1166 /37,625 = 142554 m°/rox;

Q™= 4600 x 1699 /37,625 = 207718 m*/rox;

Q™° = 4600 x 2232 / 37,625 = 272882 m°/rox.

CyMmMapHBI pacxoJ Tra3a Ha MPUTOTOBJICHUE IMHIIKA B KBapTallax
0e3 ropsiuero BoJI0CHaA0KEHUSI: 2Qx = 142554 + 207718 + 272882
= 623154 m*/rog.

1.3.2.3. Umoezo, 6bimosoe nompebaenue 2aza cocmagum.
Q= 718511 + 988704 + 623154 = 2330369 M>/TOI.

1.3.3 Ilompebnenue 2aza KpynHoIMu KOMMYHAIbHO-0bIMOBbIMU
npeonpusmusamu paiiona 2azugpuxauyuu [5):
— np 0 X.3.
QZ - Qroz[ + Qroz[ + Qroz[ y 3 (15)
r1e Qron ' - TOIOBOE MOTPEOIEHHUE T'a3a IPAYEIHBIMHU, M /TOJI;
6 3
Qrox - TOOBOE MOTpeOIECHNE ra3a B OaHsAX, M /TO; ,
Qrox - TOIOBOE MOTPEOIEHHE ra3a Ha XJe603aBojIe, M /TOI.

1.3.3.1. I'0o0060e nompebnenue caza npaveyHvIMU:

Qrox " = 1,2 gupx by x Ny / Qi (16)

rae Onp - TOOBasg HOpPMa IOTPEOJCHUS ra3a Ha CTUPKY Oellbs B
npadyeyHor Ha 1 yenoseka, gy, = 8800 M/Ix;

b, — rogoBast HopMa cyxoro Oenbst Ha 1 demoBeka B roja, by =0,1
T/4eNn-To, cM. npui.5 [5];

Npp - 4MCII0 KHTENEel pailoHa ra3u(puKannu, KOTOPIE MOJIb3YIOTCS
yCJIyraMu NMpavyeyHoM, BEIUUCIIAETCS MO cleayoniei opmyie:

an = ZNi’—mlx(ZNi +2Nj); (17)

rae My = 0,5 - 1075 HaceleHus, HE TMOJIb3YIOMIETOC YCIyraMu
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IIPAYCYHOWU;
Ny, = 19402 - 0,5x[(3096+3386+3173)+(2155+2495)] =
12250 xurtenei;
Qo = 1,2 x 8800x 0,1x 12250 / 37,625 = 343814 m®/rox.

1.3.3.2. ['00060e nompebaerue caza 6 6AHAX.

Qro;[6 =Kk x Os X N6 / QHC ] (18)

rie K - HopMa mocenieHust 6aHu 1 4eJI0BEKOM B I'0Jl, TPUHUMACTCS
k=52 pa3a B rox;

Js - rogoBasi HOpMa notpedIieHus raza B 0ane Ha | yenoBeka, g =
40 M/Ix;

N - 9ucyI0 KuTeeH paiioHa ra3u(uKanu, KOTOPBIE MOJIb3YIOTCS
ycllyraMu OaHU, BBIYUCIISAETCS T10 CISAYIOMmen Gpopmyie:

Ns = ZN;' - mz(ZNi +2Nj) (19)

rome M, = 0,5 - 107 HaceleHHs, HE TMOJb3YIOMIETOCs YCIyraMu
OaHmU;

Ns = Ny, = 19402 - 0,5x[(3096+3386+3173)+(2155+2495)] =
12250 xurenei;

Quor” = 52 x 40x 12250 / 37,625 = 677209 m°/rop.

1.3.3.3. I'00060e nompebnenue caza Ha xieb603agooe:

Qroz[X'3 = Oxs X b2 X ZNil/ QHC ] (20)

rie Ox; - roJoBas HOpMa NOTpeOJeHUs Tra3a JMJisl BBIICUKH
XJIEOOOYJIOUHBIX M3JeNMil Ha 1 4emoBeka B TOJl, BBIUUCIAETCS IIO
dbopmye:

O, = 0,6, + 0,315 + 0,10,

r71€ Ox ; U6 3 Jxw - TOJIOBBIE HOPMBI OTPEOJICHUSA Tra3a JJisl BHITICUKH
xJie0a, OyJIOK U KOHIAUTEPCKUX M3eIui Ha | yernoBeka,

gx = 2500 MIx, g5 = 5450 MK, Qi = 7750 MIxk.

0w = 0,6x2500 + 0,31x5450 + 0,1x7550 = 3964,5 M]Ix;

b, - romoBass HOpMa BBITICUKH XJICOOOYIIOUHBIX M3/CIUN B T Ha 1
YeJI0BEKa,

b, = 0,292 1/4en [5];

Qron? = 3964,5 x 0,292 x 19402 / 37,625 = 596955 m*/rox.

1.3.3.4. Umoeco, nompebrenue 2aza KpynHbIMU KOMMYHAIbHO-
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OBbIMOBLIMU NPEONPULMUAMU PAUOHA 2A3UDUKAUUU
Q, = 343814 + 677209 + 596955 = 1617978 m*/rox.

1.3.4 Toooéoe  nompebnenue 2aza  0OUWLECHMBEHHBIMU
RPeONnPUAMUAMU U COOPYHCEHUAMU PATIOHA 2a3uukayuu

QS = (Q6H + QHK + QHIK + Qrc +QCT+ QHy)XPn / 100% ) (21)

rae P, = 30% - mpoueHT oxBaTa razsu(puKanuel OOMIECTBEHHBIX
31aHUM U COOPYKEHUM;

Qgx - TOI0BOE TTOTpeOIIeHHE ra3a OOJLHHUIIAMH, M3/1“021;

Qux - TOJI0BOE TTOTpeOIeHNE ra3a MOJUKIMHUKAMH, M3/1“021;

Quix - TOZIOBOE TOTpeOICHNE Ta3a MKOJIaMH, M3/FOI[;

Qyc - TOO0BOE TIOTpeOICHNE Ta3a TOCTUHUIIAMM, M3/1“021;

Q. - romoBoe MOTpeOJieHWE raza CTOJIOBBIMM U PECTOpPaHaAMM,
M3/r011;

Quy - To0BOE NMOTPEOIIEHNE ra3a HEYYTCHHBIMU IIOTPEOUTEISAMH,
M/TO.

1.3.4.1. I'o0o60e nompebnenue caza 6OIbHUYAMU:

Q6H = Jou X b6H X 2N|’/1000 QHC ] (22)

rie Jsy - roJoBas HopMma IIOTpeOJieHMsT ra3a Ha | KOMKY
OOJILHUIIBI, BEIYUCIISECTCS 110 CIAEAYIoIIeH dhopmyiie:

Oou = gnp.n + gnp + Jer6 s (23)

TA€ Oupn 5 Onp 5 Uers - TOJOBBIE HOPMBI IOTpPEOJICHHUS rasza Ha
NPUTOTOBJCHNWE THUIHU, MPOBEACHHWE TMPOIEAYp M CTHUPKY Oe€jbs
COOTBETCTBEHHO, Jnpn = 3200 MK, Oy, = 9200 MJIX, g = 8800
M/JIx.
Jsx = 3200 + 9200 + 8800 = 21 200 M/Ix;
bs, - KommuecTBO KOek B OonpHuIE Ha 1000 denoBek HaceaeHHUs,
bew = 9 wen, cm. ipui.S [5];

Qs: =21 200 x 9 x 19402 / (1000 x 37,625) = 98389 M/rop.

1.3.4.2. ['00060e nompebierue 2a3a NOJUKTUHUKAMU.
rie Qu - TOAOBas HOpMa MOTPEOJNICHHS Ta3a Ha IOCCIICHHE
MOJIMKJIMHUKK | YeIIOBEeKOM B TOJ, BBIUMCIACTCS IO CICAYIOIICH

dbopmye:
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gnK = gnp + gCT.6 ’ (25)
rac gnp; Jcr.6 - TOOOBBIC HOPMBI HOTp€6J'ICHI/I$I ra3a Ha IpoOBCACHHUC

IpOLENYP M CTUPKY O€lbsi COOTBETCTBEHHO, J;p=9200 Mk, g.rs=8800
M/Ix.

Juc = 9200 + 8800 = 18 000 M/Ix;

Dy« - KOTMYECTBO IMOCEIICHUH MOJUKIMHUKA 1 9CIIOBEKOM B TOJI,
by = 10, cm. mpun.5 [5];

Q. = 18 000 x 10x 19402 / (1000 x 37,625) = 92820 m°/rop.

1.3.4.3. ['00060e nompebaeHue 2a3a WKOAAMU.!

Quix = Jue X buge x ZN;’/1000 Q.. (26)

i€ gy - ToJloBasi HOpMa MOTPEOJICHUsI ra3a Ha OJHO MECTO B
mKoae, Jue =50 MJDX;

b« - KommuecTBO mKOILHUKOB Ha 1000 uenoBek Hacenenus, b, =
150, cm. ipui.5 [5];

Qu = 50 x 150 x 19402 / (1000 x 37,625) = 3868 m°/rop.

1.3.4.4. '0o0060e nompebierue 2aza 20CMUHUYAMU.

Qre = e x b x TN{'/1000 Q,°, (27)

rine (.. - ToJloBas HOpMa IMOTPEOJICHUS Ta3a Ha OJHO MECTO B
TOCTHHHIIE,

Ore =3570 MJIx;

b, - KonmuecTBO MecT B roctuHHIle Ha 1000 yeaoBeK HaceIEHHUS,
bere = 5 wen, cm. mpui.5 [5];

Q. = 3570 x 5x 19402 / (1000 x 37,625) = 9205 M/rop.

1.3.4.5. '0o0060e nompebiernue 2aza cmoio8bIMU:

Qcr = ger X 365 x b, x XN;'/1000 Q,°, (28)

rie (. - TOJ0Bas HOpMa IMOTPEOJICHHS Ta3a JJIsS IMPUTOTOBICHUS
UMY, MOTpeOIseMoi 1 YEIIOBEKOM B CTOJIOBOM, BBIUMCISCTCS IIO
dbopmye:

Oer =0s + 0o = 0o *+ 0y, (29)

rie 0, , Jo, Oy - rogoeas HoOpMa IOTpeOJEHUS rasa Uil
IPUTOTOBJICHNS 3aBTpakKa, oOeda W YKHMHA COOTBETCTBEHHO Ha |
4eJIoBeKa, g, = gy = 2,1 MJIx, g, = 4,2 M/Ix.

Jor =2,1 +4,2 =6,3 M]Ix;
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b., - KonumuecTBO mocemenuil ¢croioBoil Ha 1000 4denoBek B rox,
ber =250 yen. [5];
Q.. = 6,3 x 365x 250 x 19402 / (1000 x 37,625) = 296445 m*/rox.

1.3.4.6. T'o0osoe nompebneHue  2asd HeY4YmeHHbIMU
nompeoumensamu: ;
QHy =0 1(Q1 + Qroz[ + Qro,u ) y (30)

rae Qp , Qml , Qrox T - TOJIOBOE MOTPeOIIEHKE Ta3a Ha OBITOBBIE
HYIbI, B OaHSIX U B PAY€YHBIX COOTBETCTBCHHO.
Quy = 0,1x(2330369 + 343814 + 677209) = 335139 m*/rox.

1.3.4.7. Umoeo, 200060e nompebieHue 2aza 00UeCMBEHHbIMU
NPeOnpUAMUAMU U COOPYHCEHUAMU PAUOHA 2A3UPUKAYUL:

Qs = (98389 + 92820 + 3868 + 9205 + 296445 + 335139) x 30 /
100 = 250760 m*/rox.

1.3.5 Cymmapnoe 200060e nompebdnenue 2aza OmoeIbHLIMU
Keapmanamu u pamoHom 2azuguxayuu
1.3.5.1. Cymmapnoe 200060e nompebnenue 2a3a pauoHOM
easugurayuu’
Qroxn = Q1 + Q2+ Q3 + Qq, M/ron
; Qron = 2330369 + 1617978 + 250760 + 10573119 = 14772226
M /Tox.

1.3.5.2. Cymmapnoe 200080e nompebiieHue 2a3a 0moerbHbIMU
K8ApMaiamu:

QFOHKB = Q.lKB + Q3KB + QI/IHHKB 1 (31)

rne Qi® ' - romoBoil pacxoj rasa Ha NPHUIOTOBJIECHHE NHINU H
ropssueii Boabl (B KBapTajax 03 IICHTPAIM30BAHHOIO TOPSYETo
BOJIOCHA0KEHU ), KAKI0T0 KBapTaja OTAEIbHO, M3/FO,Z[;

Q3! - rooBoit pacxos raza oOLIIECTBEHHBIMU MPEANPUATHAMH H
COOPYKEHUSIMHU paiioHa ra3u(uKaIym, HEOOXOIUMBIIA TUIA
YIOBJICTBOPCHHS HYXKJ HACEICHHUS Ka)KJIO0TO KBapTalia B OTJCIbLHOCTH,
m/rom:

Q3= Q3 x Pj, (32)

riae Pj - Mo HacelleHUsT Ka)K0ro KBapTaja OT HacelleHHus pailoHa
ra3uuKannm, CM. Ta0auIry 5;
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Qui™ ¥ - romosoll pacxon rasa Ha OTOINIGHME M ropsdee
BOJOCHAOXKCHUE OT WHIWBHUAYAJIbHBIX OTOMHUTEIBHBIX YCTAHOBOK IS
KaXKI0T0 KBApTAIa OTICIBHO, M /O,

Pacyer romoBoii mMOTPeOHOCTHM B Ta3e OTACIbLHBIMM KBapTajiaMu
cBoauM B Tabmuity 1.3:

Tabmuma 1.3 - CymmapHoe rogoBoe noTpedieHue ra3a
OTJICJILHBIMU KBapTajgaMu

No

e 2 3 4 5 6 7 8

TaJjla

Q7| 23040 | 14255 | 25198 | 207718 | 23613 | 272882 | 45820 | 53049

0 4 1 0 6 8

Q7| 40122 | 15046 | 43883 | 22067 | 41125 | 28837 | 27834 | 32348

Quun | - |644967| - [939794| - [1234620] -

kB k

Quor | 27052 | 80256 | 29586 | 116957 | 27725 | 153633 | 48604 | 56284
» 2 7 4 9 5 9 0 6

1.4 OnpenesieHue pacueTHO-4aCOBBIX PACX0/J0B ra3a u
NMPOU3BOAUTETbHOCTH YCTAHOBKH CoKUKEHUSI

PacuerHbie yacoBbI€ pacXO/bl Ta3a CIYXKAaT UCXOJAHBIMUA JTaHHBIMU
IJI1  ONPENCIICHUs IPOU3BOIAUTEIBHOCTU  YCTAHOBKU  CHKUKEHUS
IIPUPOIHOTO Ta3a.

1.4.1 Pacuemno-uacoevle pacxoodvl 2a3a 6 Keapmanax ¢
OmonieHuemM om UHOUBUOYAIbHbIX OMONUMENbHBIX YCMAHO0B0K [5]

QPKB = (QlKB + QBKB) xKys + QHHﬂKB x Ko, (33)

rae Ky - K03 (GUIHUEHT 4acOBOr0 MaKCHMMAaJIbHOI'O pacxoja rasa
Ha XO3MCTBEHHO-OBITOBBIC HYXKJIBI, BBIUHCISICTCA II0 CJCAYIOIIEH
dbopmye:

kx.6. =1/m x.0 1 (34)

re M 4 - YACJIO YaCOB HMCIOJIH30BAHUS MAaKCHMAaJIbLHOTO Pacxo/ia
ra3a Ha XO3SMCTBEHHO - OBITOBBIC HYXIbI, CM. IPUI0K.6 [5];

K. =1/1833, 1/9 (mst kB.Ne2);
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Ky5=1/1940, 1/u (mns xB. Ned);

Ke5=1/2012, 1/u (mns xB. Neb);

Kor. - KO3(h(UIIMEHT 9acOBOrO0 MaKCHMAaJbHOTO pacxoja Tras3a Ha
OTOIUJIEHUE, BBIYUCIISIETCA 1O CAeAyoei hopmyIe:

Kor. =1/ My, (35)

rae My, - YACIO YacOB MCIIOJIb30BAaHUSI MaKCUMAaJIbHOTO pacxoia
ra3a Ha XO3sIMCTBEHHO - OBITOBBIE HYK/Ibl, BRIYMCIISIETCS 110 CIAEAYIOIIEH
(dopmye:

_24xn,(t,, —1,)
Tt t,)

rae ty; - TeMmeparypa BHYTPU IIOMEIIEHHUM, NpUHUMAETCA lg, =

20°C;

: (36)

t.o - pacueTHas TeMIlepaTypa HapY)KHOTO BO3JayXa IS
IPOEKTUPOBAHMS OTOILIeHUS, t, , = -26 °C;
t.o” - CpemHss TeMIEparypa HapyXHOIo BO3QyXa 3a

OTONUTENBHEIN nepuon, t, . ¥ = -2,4°C;
No - IPOJOIDKUTENLHOCTE OTOIUTENLHOrO IEPUOa, CyT, Ny = 198
CYT.
24 x198(20 — (—2,4))
(20— (-26))
BELIUMCIIMM  pacyeTHO-9acoBBIE pacXoibl Ta3a B KBaprajgax C
OTOILJIEHHEM OT UHIMBHYaJIbHBIX OTOIMMTEIBHBIX YCTAHOBOK

Q™ = (142554+15046)x (1/1833) + 644967 (1/2314) = 365

3
M /g;

My, = = 2314 q.

Q,™ = (207718 + 22067)x (1/1940) + 939794 (1/2314) = 525

Q,° = (272882 + 28837)x (1/2012) + 1234620« (1/2314) = 684

1.4.2 Pacuemno-uacoevle pacxoodvl 2a3a 6 Keapmanax ¢
UEHMPAIUZ0BAHHBIM OMONTCHUEM U 20PAYUM 86000CHADIHCEHUEM

Q KB — Q KB k (37)

p ron X Rx.6

rae Keg = 1/ My - k03D PHUIHMECHT YacOBOr0 MaKCHMAaJIbHOIO
pacxoja raza Ha X03sMCTBEHHO-OBITOBBIC HYXK/IbI;

M g - YUCII0 YACOB MCITOIH30BAaHMSI MAaKCHUMAJILHOTO pacxo/ia ra3a
Ha XO3SHUCTBEHHO - OBITOBBIC HYX/IBI, CM. TIPHITIOK.6 [5];

Q, ™! = 270522 (1/2052) = 132 Mm%/ u;



19

Q, "’ = 295864 x (1/2060) = 144 m*/u;
QpKB 5 277255 x (1/2054) =135 MS/LI,

1.4.3 Pacuemno-uacoevle pacxoovl 2a3a 6 Keapmauiax ¢
UEHMPATUI0BAHHBIM OMONTICHUEM U 2OPAUUM 6000CHADICEHUEM OM
HPOMOYHBIX 6000HAZpesameel

QpKB = QFOZIKB x Ky 61 (38)

rne Keg = 1/ Mg - kodpPuIMEeHT YacoBOro MaKCHUMAabHOTO
pacxoja raza Ha X03sliCTBEHHO-ObITOBbIC HYXK/IbI;

M 4 g - YUCJIO YACOB MCIOJIb30BaHUSI MAKCUMAaILHOIO pacxojia ra3a
Ha XO3SMCTBEHHO - OBITOBBIC HYXK/bI, CM. IPHIIOK.6 [5];

Q,"7 = 486040 x (1/2008) = 242 m°/u;

Q,"* = 562846 x (1/2025) = 278 m*/u.

1.4.4 Pacuemno-uacoevie pacxoovt 2a3a HA KOMMYHAIbHO-
OblM0BBIX NPEONPUAMUAX PATIOHA 2a3upuKayuu

1.4.4.1. Pacuemno-uacosoil pacxoo 2a3a 8 npavyeyHou.

Q™= Quos™/ My, (39)

rae My, - YMCIO YaCOB MCIIOJIB30BaHUA MaKCUMAJIbHOIO Pacxona

rasa Juis padyedHsIx, M,,=2900 u, cM. npuinox. 6 [5];
Q, " =343814/2900=119 M/,

1.4.4.2. Pacuemno-uacosoii pacxoo 2aza 8 bawe.

6 _ 6
Qp - Qroz[ /m6; (40)
re Mg - YUCJIO YacOB HCIOJb30BaHUS MAKCHMAJIBHOTO pacxoia

raza g 6anb, M= 2700 u, cm. ipmtok. 6 [5];
Q,° = 677209 / 2700 = 251 m*/u.

1.4.4.3. Pacuemmno-uacosoui pacxoo 2a3za Ha xa1ebo3zasooe:
Q" = Qrox /My, (41)

rae My, - YUCJIO YaCOB HCIIOJIb30BAHUS MAKCUMAJIBLHOTO pacxoja

rasa Ha xiebo3aBoze, My, =6000 4, cMm. mpuinox. 6 [5];
Q,** = 596955 / 6000 = 100 m*/u.

1.4.4.4. Pacuemno-uacosotui pacxoo 2aza om PI'K:

PIK _ PI'K
Qp - Qroz[ / mOT ] (42)
IPI(S mOT - YUCJIO 49aCOB HCIIOJIB30BAHUA MAKCHMAJIBHOT'O pacxoda
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rasza KOTeJIbHOMU, onpeensieM no ¢popmyne (36): m,,=2314 u.
Q, = 7753738 /2314 = 3351 m/u.

1.4.5 Cymmapustii uacoeoii pacxoo 2aza 6cemMu MHcUiabiMu
Keapmtmamu:

ZQPKB — QpKBl + QpKB2 + PKB?) + QpKB4 + QpKB 5 + QpKB 6 + QpKB 7 +
Q=P+ Q™"+ Q.+ Q"+ Q" =132 + 365 + 144 + 525 + 135 + 684
+242 +278 4+ 119 + 251 + 100 + 3351 = 6326 M /.

1.4.6  Onpeoenenue  mpebyemoii  RPOU3EOOUMETbHOCHLD
YCHMAHOBKU CHCUNCCHUA:

1.4.6.1 Onpeodenum mpebyemyro npouzeo0umeIbHOCmMs YCMaHo8KU
COHCUIICEHUS NPUPOOHO20 2a3d, M/CYm.

CymmapHoOe ToJI0BO€ MOTpebIeHne Ta3a pailoHOM ra3uduKaIuu:

Quon = 14772226 m°/rop.

I'onoBoe notpedsenne CIII paitoHOM ra3u@ukanuu COCTaBUT:

cnr _ Qoo _14772226_, 3
= = —24995(M"/TO 43
Qeoa 591 591 ( ru)a ( )

rae 591 — xoadPuIMeHT, yYUTHIBAIONIUN YMEHbIIEHHE O0beMa
IPUPOHOTO ra3a MpPU CKUKEHUMU.
Cyrounoe notpedsienne CIII" paitoHoM razudukanuu COCTaBUT:

cnr _ QS _ 24995 _ 3
Quym = et =550 —685 (M°/cyT). (44)

I/ITOFO, Tpe6yeMa5[ NMPpOU3BOAUTCIIBHOCTb YCTAHOBKU CKUIKCHH S

QI ocnr 685-4245
gcir _ =am =25 ® _24 (T/C 45

rae pcpr — mnotHocTh CIIT, kr/ M3, IIPUHAMAEM PABHOM TNIOTHOCTH
XKuJKkou (a3pl MeTaHa Kak ocHoBHOro kommonenta CIII', pcyr =424,5
xr/m° [1];

1.4.6.2 Onpedenum MaKcUMaibHyO YaCO8YI0 HOPM)Y NOmpeobaeHus
CIT, m/4>:

ver 2228826 _ 10 7 (v,
591 591
1.4.6.3 Onpeoensiem MAKCUMATLHYIO mpebyemyro

npou%odumeﬂbﬂocmb YCMAHOBKU COHCUINCECHUA, m/u:

Clir
Gar — Ve Per o4 _ 10,7-424,5 24 =109 (1/4).

r 1000 1000
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Htoro, Tpebyemasi MPOW3BOAUTEIHLHOCTh YCTAHOBKH CXKMKCHHUS
coctaBut 109 1/cyT.

1.5. Onpenenenne oomen norpednoctu B CIII'. Boioop
pe3epByapa aia xpanenus CIIT

1.5.1 I'o0osoe nompebaenue 2aza parloHom ea3ugukayuu.
Qron = Ql + Q2 + Q3 + Q47 MS/FOH (46)
; Qrox = 2330369 + 1617978 + 250760 + 10573119 = 14772226
M /TOJI.

1.5.2 Tpebyemas emecmumocms XPAHUIUWA 2430 8 CHCUNCEHHOM
cocmosinuu (CIIT):
cr  Q.,, 14772226 5 3
= = = 24995 (M°/Trox), 47
200 591 591 ( I[) ( )

rae 591 — xoaduImeHT, yYyuTHIBAIONIUI YMEHbIIEHUE O0beMa
IPUPOAHOTO ra3a MpHU CHKIKEHUU.

‘ [ Peepayap [ l """""""
vt xpanenns CITT

Kononka cavpa-HaTHea

KENCTHOROPORHEIX Konoxxa HanHea
arperaron

‘ Ady YpOBHA |
________________________ ' | / ! i TPYHTORBIX 1aMPABNINKOR
P! ) [ /el 14 ? |
; dIB : Y Jarsmx 4
| = —H| [ nasnenus ||| | | ! &) (B
| 5 | :
i

Jarauk

Hd Jlarunx v W
TeMNepaTyps | '
id 4 ‘

P ) Hs B E _Morpy*Ho# | : 1=
: H—H4~ wHacoc ! i
' —-

Cranumne | e
CRMREHMR .

npKpoa- ! lasoo6pasusd azor |

Horormxw! o 0920000 tTmmEmssses R o v s e '
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[IpoekTupyem J1Ba M30TEPMUUECKUX pe3epByapa sl XpPaHCHHS
CIII" (onuH pe3epBHbIN) BMecTUMOCTBIO 110 30000 M3 KaXKIbIH.

NATPYEKM
B KPBILUE |

KPBIWA |\

/
/

JIOKU

/B KPBILLE

MACLLIAQKW
/ HAKPHILLE

CTEHKA_

\_MECTHWUA

NATPYBKW

BCTEHKE

= 1:100

H

i

armue /

THOKWA-SIAJA
/B CTEHKE

Puc.5.2. M3oTepmudeckue pe3epByapbl CO CTAIlMOHAPHBIMU KPBILLIAMU

Ta6uuma 1.5. - Pesepsyap o6bemom ot 10000 M° 10 30000 m°

HoMHHAILHBII 06beM, M ° 10000 | 10000 | 20000 | 30000
Buytpennuit nuamerp crenku, MM | 34200 | 28500 | 39900 | 45600
Bricora cTeHKH, MM 11920 |17880 |18000 |18000
KonuuecTBO 1105ICOB, IIIT te 12 8 8
OpueHTupoBOYHas Macca
KOHCTPYKIMW, KT
Crenka 105000 | 130000 | 232000 | 280700
JHuie (c npuiyckom Ha 43000 |31800 |62000 |81800
KOppo3uio 1 MM)
Kppimma 72000 | 57900 |96000 |134000
JlecTHuna 1300 2100 |2300 |2500
[momaaku Ha KpbIiiie 6000 4500 7000 8000
JItoku, matpyOku 2500 [2500 |3500 |4000
Kommekryronme KOHCTpYKIINHU 2700 [2200 |3200 |4000
VYnakoBka 12500 | 14000 |24000 |30000

BCEI'O 245000 | 245000 | 430000 | 545000
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1.6. Pac4éT TOJNIUHBI CTEHKH BHYTPEHHEH éMKOCTH
xpanusmma CIIT

OHgCHGﬂHM TpeOyeMyI0 TOJIIMHY CTEHKH pe3epByapa EMKOCTHIO
30000 m” mgys 6e3onmacHoro xpanenus CIII. [lnsa pacuéra ncnosib3yem
CJeNlytonue JaHHbIE:

"  CTEHKAa BHYTPEHHEW EMKOCTH BBINOJIHEHA U3 CTajJd MapKH
X18H9T ¢ HOpPMATHBHBIM CONPOTUBICHHEM pacTsKeHHo o5=52010°
klla;

"  JMaMeTp BHYTpPEHHeEro pesepByapa D,,=45,6 m;

u BBICOTA 3aJIMBa BHYTpeHHETo pe3epByapa H=18,0 m;

. BaKyyM B MEXCTEHHOM npocTtpancTtBe Pz=0,2 klla;

. n30BITOYHOE JaBJICHHE BO BHYTpeHHeM pesepByape P,=15
klla.

HcnbiTanust  pesepByapa Ha  TUAPOCTATUYECKYIO  HATPy3Ky
NPOBOJAT C TIOMOIILI0 BOJABL. JIyisl ompeneneHus TOJIIUHBI CTEHKU
MCIIOJIb3yeM BBIpAKEHHUE ISl KOJBIIEBBIX HANPSDKEHU O€3MOMEHTHBIX
MUJIUHIPUYECKUX 000I0UEK:

5> [y, -(H=x)+P, +P,]-D, , (M) (48)

2-k, -0,

T71€ ). — YJEIbHBIN BEC BOJIBI, Krc/MS, V=10 KH/M3;

K. — koaddunment ycnosuii padotsl, K.=0,8;

X=0 M, T. K. HAMOOJIbLIINE HANPSDKEHHUSI B CTEHKE BO3ZHUKAIOT IPU
BBICOTE€ CTOJI0A KMAKOCTH PAaBHOM MaKCHUMaJIbHOMY  YPOBHIO

3aM0JIHEHUS pe3EpBYyapa.

5:[10-(18—o)+15+o,§]-45,6:0’011 () (49)
2-0,8-520-10

[IpyHuMaeM 11 BHYTPEHHEM €MKOCTH  M30TEPMHYECKOTO

pesepByapa maucthl ctamu Mapku X18HOT tommuuoin 12 MM u

pa3zMepoM 6x2 M.
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1.7. Pac4éT TemioBoil u3ouasinuu xpanumiauma CIIT
1.7.1. Pacuém mennoeoi uzonayuu cmen xpanunuwia CIIT

[IpocTpancTBO  MEXJIy CT€HaMH  pe3epByapa  3arojiHseM
BCITYYEHHBIM TIEPJIUTOM. Y HEro ¢ TOHMXCHHUEM TeMIIepaTyphl H
JaBJICHUS] yMEHbINAeTCs KO3(POUIIMEHT TEIUIONPOBOIHOCTH, KpOMeE
TOT0, OH OTHECTOCK.

Pacuér npoBoyM 10 AOMYCTUMOM BEIMYMHE TEIJIOBOTO IMMOTOKA B
pe3epByap, KOTOPYIO ONpENeNsieM UCXOJs U3 JOIMYCTUMOM BETUYUHBI
ucnapenusa CIII' B pezepByape 0,03-0,05 (%/cyt) ot monHoro oobéma
CIIT" B xpanumuie [16].

Onpedensiem  OORyCmMuUMblli  MENIONPUMOK  4epe3  6ce
ocpaxcoaroujue KOHCMPYKYUU C  YYemom 3A0aHHOU  BelUYUHDI

ucnapenus CIII" 6 cymku:
o 0,0005-V - p-[c, (T, - T,)+r] _(B1) (50)
24 -3600

rae 0,0005 (umu 0,05%/cyr) — nmonss wucnapenuss CIII B
pesepByape ot obmiero oobéma CIIIT, xpandiierocss B pes3epByape,
%/cyt [13, 1];

V — 06bém CIIT, xpamsimerocs B pesepByape, M°, V =24995 u°:

p — maotHocth CIII, Kr/M>, IIPUHUMAEM PABHOU IIJIOTHOCTH
KUJKOM (ha3bl MeTaHa Kak ocHOBHOro komroneHTa CIII', p=424,5 KT/M°
[21, 1];

¢, — Ttemioémkocts CIIT, x/Dk/(xr°C), mpuHHMaeM paBHOM
TeIUIOEMKOCTH XKUIKOH (a3bl MeTaHa, ¢, = 3450 Ix/(xr°C) [1];

r — temtota ucnapenus CIII, kJx/kr, regr = 509,54 xJx/xr [1];

Ty — navanwHasg Temneparypa CIII' B xpanwuiue, K, npuaumaem
7= 111,52 K [6];

T, — Temneparypa kuneHus CIII' mpu naBiieHHMM B XpaHWIIWIIE
p=1,156ap, K, 75=113,21 K [1].

o - 0,0005- 24995 - 4245 - [3450 - (113,21 - 111,52) + 509540]
oo 243600

Llonycmumole menionpumoku 6 pezepgyap uepe3 CmeHbsl, Kpbluly,
OHUuje pacrpenessieM MPONOPIMOHATIBHO WX TUIOMIAJSIM MMOBEPXHOCTH
o hopMmye:

=31645 (BT)
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F
Qi=Q06u;._I)(BT) (51)

Foﬁm
rne F — mromans or]zjaxcz[afomeﬁ KOHCTPYKIIMM pe3epByapa
(cren, Kymoma, aHMma), M-, F,, — o0mas momans BCeX

OrpaxJaroluX KOHCTPYKIIUKA pe3epByapa, M2,

Ilnowaos menioomoarowux cmeHox pesepsyapa onpeoessiem no
Gopmyne:

F. =z-D-H, (M) (52)

rne D — numamerp pesepByapa, M, D=45,6 m; H — BbIcOTa
pesepByapa, M, H =18 m;

IInowaos mennoomoarouux cmen pezepeyapa pasHa.

F. =314-456.18 = 2577,3 (M)

IInowaos noosecHotl Kpviuu U OHUWA BHYMPEHHEe20 pe3epsyapad
xpanunuwya CIII' canTaeM oTMHAKOBBIMU U OIIpEaeIsieM 1o Gopmyiie:

F, =F, =z D?/4=314-456°/4=16323 (M°) (53)

Buiuucnsem obwyro niowadv mennonepeodavu  02paricoaroujux
KOHCMPYKYUU:

Fo=F,, +F, +F, =2577,3+1632,3+1632,3=5841,9 (M?) (54)

Onpeodensem  OOnycmumbvlii  Menjionpumox  uepe3  CHeHbl
pesepsyapa no (48):

F 2577,3
=Q _ .—m =31645. ,
QCm Qoom 5841 9

Foﬁu; 1

=13961 (BT)

Onpedensem mpebdyemoe cOnpomusieHue menionepeoaie Cmem
pesepgyapa:

S U )'Qch Kis  (M*°C)/Br (55)

rae t, — cpemuss rtemmeparypa CIII' B xpamwmumge, °C,
BBIYHCIISIEM IO hopMmyTIe: t, = tl;tz =113’21“;111’52—273:—160,64 (°C);

te — Temmeparypa HapyxHoro Bo3ayxa, ‘C, s pacuéra
NPUHUMAEM CPEIHIOI MaKCUMaJbHYI0 HauOoJiee KapKoro Mecsdila,
te=24 °C [18];

F., — IIolaap Terionepeaayr CTEH pe3epByapa, MZ, A.,=2577,3

2.
M,

Qi — IOmMyCTUMBIN TEIUIONPUTOK B pe3epByap 4depes3 CTEeHbI, BT,
Q.,»,=13961 Br;

Kred — KO3(DUITMEHT, yUYUTHIBAIOIIUN JOMOJHUTEIBLHBIA MOTOK
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TCIUIOTHI Yepe3 OMOPHI, IPUHUMAEM TI0 JOIMOJHEHUIO K Tadnuie 4 [16]
Kred:]-,l-

R - (24 - (-160,64))- 2577,3-11 _ 3749 (M*°C)/Bt
13961

Onpeéeﬂﬂem mepmuquKoe conpomueﬂeHue menJlOMS’OJZ}lMMM CMEH
pesepsyapa.
R, =R, ———R_, (M*°C)/BT (56)
(04

e

rne Ryt — CONpOTHBIICHHE TeIUIONEepenaue CTEH pe3epByapa,
(M*°C)/BT, Ri=37,49 (M>°C)/BT; 0f¢ — K0 QHUIMEHT TEIUIOOTAAYN OT
HAPYKHOM TOBEPXHOCTH H30/siuH, B1/(M>°C), IpUHIMaeM 110 TaGiuIe
9 [16] mpu Temmeparype uzoampyemoii moBepxHoctd 19 °C u Hibke
2e=29 B1/(M*°C);

Rn — TepMHUuYecKoe COIMPOTHUBIICHUE METATUMYECKON CTEHKH
pesepByapa, (M>°C)/BT, mpeHebperaeM STOil BEIMYHHOW B BHIY €&
MaJIOCTH.

R, =37,49— 2—19 37,46 (M~°C)/Br.

Tonwuny mennogol uzonayuu onpeoensieMm no opmynam Ois
NJIOCKOU NOBEPXHOCIIU:

Ok = A "Ry (M) (57)

rae Ak — KO3 UIueHT TEIUIONPOBOIHOCTH
TEIUIOM30JIAMOHHOr0  citog, B1/(M°C), mnpuHMMaeM B KauecTBE
TEIUIOU30JISALUNA TIECOK IEPIUTOBBIA BCIIYYEHHBIW MEJIKAM B MEIIKaX,
I'OCT 10832-83, mapku 75, ¢ KOd(PPUIHUEHTOM TEIIONPOBOJHOCTH
x=0,043 Bt/(Mm°C) [16];

Rk — TepMuyeckoe CONPOTUBICHUE TEIJIOU3OISAIMOHHON
xoucTpykuu, (M~ °C)/BT;

S =y -Re =0,043-37,46 =161 (M).

Onpeodensiem menjionpumox K pe3epeyapy uepe3 U30JupoBaHHble
CMeHbl:

-t )F K,
Qcm — (e 5 Wm) cm 1 d , (BT) (58)
K
—+R, +—
K ae
e ch — IIJ1omiaab HOBerHOCTH TeHHOHepeI[an/I CTCH

pesepByapa, M°, A=2577,3 m’.
0 - (24 - (—160,64))- 2577,3-1,1
™ (1L61/0,043) + (1/29)

=13968 (BT)
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[TonydeHHas BenWYMHA TPUOIUBUTEIBHO pPaBHA MPUHATOU B
Hadasie pacuéra 13961 BT, cnegoBarenbHO, pacu€T BEPEH.

Onpedeﬂ;zem NOBEPXHOCMHYIO NJIOMHOCMb MeNi068020 NOMOKA,
Bm/w’:

a=Q,,/F,., (59)

q=13968/2577,3 =5,42 BT/MZ, YyTO MEHbIIEe 18 BT/MZ, COIJIaCHO
HOpMaM  IUIOTHOCTH  TEIUIOBOTO  TIOTOKa  4Yepe3  IOBEPXHOCTH
TEIJION30JISIIIKA 000PYIOBaHUS W TPYOOIIPOBOJIOB C OTPHIATEIHHBIMHU
Temreparypamu [16].

1.7.2. Pacuém mennogoii uzonayuu kpviwu xpauuauwia CIIT
Pacuér mnpoBoaMM aHAJIOTMYHO MPEABIAYIIEMY pacuery IO
dopmynam (50) - (59). Kpeima pesepByapa XpaHWIMIIIA COCTOUT M3
METATUIECKUX KOHCTPYKIIH C TETUION30JISIIUEH u3
MOPOIIKOOOPA3HOTO MaTepuajga B MEIIKaX: TIECOK TMEPIUTOBBIN
BcryueHHbId Menkui, ['OCT 10832-83, mapku 75, kod(pduimeHT
TEILIONPOBOIHOCTH KOTOpOro paseH Ax=0,043 Bt/(m°C) [16].
Lonycmumuiti menjionpumox uepe3 no08eCHy10 Kpvluly pesepsyapa
onpeoeisieM no opmyne:

F, 1632,3
= —®_ =31645-—-"=8842 (BT
Q= F 58419 (Br)

obwy d
Conpomueﬂeﬂue menﬂonepedaqe Kpblidu Xpanujiuwia evluucijiem
no (54):

n _(—tn) Fy K (24-(-16064))-1632,3- 113740 (M2°C)/B1

ot Q, 8842

Tepmuueckoe conpomueiienue meniousoIAYUY Kpbluu XpaHuiuma
onpeoeisiem no opmyne:

R, =Ry —— —R =37,49— 2—19 ~3746 (M~°C)/Bt
(94

tot
e

TOJZZ/L!ZJHCI menjaousoyiAyuu  Kpoblidu XpaHuauwia eoblyuciiem no
Gopmyne:
S, = A -Re =0,043-37,46 =161 (M)
Tennonpumox uepe3 Kpvluly XpaHuIuuia Haxooum no gopmyne:
t, —tun)-Fo - Kieg
(t. —tym)- _(24-(-16064))-16323-11 _ oo, (Bn),

kp_5/ +R +}/ (161/0043)+(1/29)

HpI/I6J'H/I31/ITCJ'II)HO paBHO BCIIMYHUHC TCILJIOIIPUTOKA, HpHH?ITOfI

qTo
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n3HavyaiabHO (8842 BT), ciienoBaTenbHO, pacyET BEPEH.
Buiuucaum nogepxnocmmyro niomHocms meniogo20 NOMoKa:
q=Q, /F, =8846/16323=542 (B1/M°), uto Mempme 18 Br/M’,

COTJIACHO HOpMaM IUIOTHOCTH TEIIOBOTO TMOTOKA 4Yepe3 MOBEPXHOCTh
TETUTON30JIAIUYA 000PYIOBAaHUS U TPYOOIPOBOJIOB C OTPHUIATEIILHBIMU
Temmepatypamu [16].

1.7.3. Pacuém mennoeoit uzonayuu onuwia xpanuauwa CIIT

Jlns mpenoTBpallieHus OpOMEP3aHUsl TPYHTa IpelycMaTpUBaeM
TEIUIOU30JAALUI0 THUIA pe3epByapa. KpoMe Toro, mpokiagsiBaemM Mo
JHUILIEM pe3epByapa TPYyOOINPOBOJbI C IUPKYJIUPYIOLIEH Topsuei
BOJIOM, 4TOOBI HE JIONMYCTUTh BCHYyYMBAHHWE TPYHTA U, KaK CJICACTBHUE,
ONPOKUBIBAHUE PE3EPBYaApA.

Pacuér TONIMIMHBI TEIUIOU3OISLMOHHOTO CJIOSI MPOBOJAWM IO
dbopmynam  (50) - (59). [uuiie pe3epByapa MNPOCKTUPYEM U3
NpeBApUTEILHO  HAmpsDKEHHOTO — Jkene3obeTtoHa. B kadecTse
TEIUIOM30JIAIMYA  JHUIIA  pe3epByapa IMPUHUMAEM  IIEHOCTEKIO
FOAMGLAS.

Honycmumviti  mennonpumox — uyepe3  OHUWeE  pesep8yapad

onpeoeisieM no opmyne:

F, 1632,3
Q, =0Q .- =31645-——— =8842 Bt
oH oowy F 5841 9 ( )

am d

Conpomusnenue menionepeoaie OHUWA XPAHUIUWA HAXOOUM HO
Gopmyne:
R

ot = (te _twmg F()u ) Kred (M2'OC)/BT

rie ty — TeMmmeparypa TpyHTa Ha TJyOMHE 3aJIOKEHUS
¢ynmamenta Mmenbime 1,6 M, °C, OpUHHMaeM paBHOM BBICIIEH
CpeIHEMECIYHOM TeMIIEpaType 3a JeTHuii nepuox, t,=13,8 °C [16];

Conpomusnenue menjionepeoaie OHUWA XPAHUTUUA DABHO:

R - (138 - (—16(:3,:2;)-1632,3 11 a5 (M°C)/Bt

Tepmuueckoe conpomusnerue Hcene300emMoHHbIX KOHCMPYKYULL
OHUWA XPaHUIUwa onpeoeisem no popmyie.

R, = j_ , (M*°C)/Br (60)

rie o0, — TOJIIMHA >KEeJIe300€TOHHOW KOHCTPYKIIMH, M,
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npuHUMaeM 0,=0,22 m;
Am  — KO3(DPUUIUEHT TEIJIONPOBOJHOCTH KEJI€300€TOHa TI0
napamerpam b, Br/(m°C), 4,,=2,04 Bt/(Mm°C);

R, = 2%2_011 (M*°C)/Br.
2,04

Omnpenensem no Tadbnuie 9 [16] koahdUMeHT TeNI00TIaYH 0 OT
HapY>KHOW NOBEPXHOCTU U30ALMU. [IpH pacrionoxeHnu u3oiImpyemMon
NOBEPXHOCTH B  MOMEUIEHUM W  TEMIEpaType  HU30JUpPyeMOi
nmoBepxuoctd 19 °C u Hmke KOdIPHUIMEHT TeIIooTHaYn 0e=11
Bt/(M*°C)/Br.

Tepmuueckoe conpomuenenue meniousoIAYUOHHOU KOHCMPYKYUU
OHUWA XPAHUTUWA BLIYUCTAEM NO opmye:

R =R 1 R, =3542— 131 ~011=3522 (M2'°C)/BT

tot
e

Tonwuny  meniou3onayuoOHHO20  Cl0s  OHUWA  pe3epsyapa
onpeoeisieM no gopmyne:

Ok = A "Ry (M)

rie Ax — KOADPUIMEHT TEIUIONPOBOJHOCTH TEIJIOU3OJISIINU
(nenoctexna FOAMGLAS), Bt/(m>°C), 1,=0,043 B1/(:”°C).

5, =0,043-3522 =151 (M)

Tennonpumok uepe3 OHuue pezepgyapa onpeoensem no gopmyne:

(t,—ty.)F,, K. (138-(-160,64))-1632,3-11
Qo =""5 - 151 1 -8869 (BT),

K 4+R, +— +011+—
Ay a, 0,043 11
YTO MNPUOIHU3UTEIBHO COBMAJAET C BEJIUYMHOW TEIUIONPUTOKA,
NpUHATON M3HavasbHO (8842 Br).
Onpedenum nOBEPXHOCMHYIO NIOMHOCMb MENI08020 NOMOKA,
Bm/v®:
q=Q, /F, =8869/1632,3 =543 (Br/M°), uto Menbme 18 Br/m’,
COIJIaCHO HOpMaM IUIOTHOCTH TEIUIOBOTO IMOTOKAa Yepe3 MOBEPXHOCTh
TEIUIOM30JISIUMKU 000pYJOBaHUsI U TPyOOIPOBOJIOB C OTPHUIATEIbHBIMU
Temrepatypamu [16].
Obwue mennonocmynjieHusi 8 pe3epgyap uepes U30JUPOBAHHbIE
KOHCMPYKYUU pe3epayapa (cmemwvl, KynoJ u OHUWe) cocmassim:

Q= Q. +Q,, +Q,, =13968 + 8846 +8869 = 31683 (Br), uro

COMOCTaBUMO C JOMYCTUMOM BEJIMYMHBI TEIJIONPUTOKA B PE3EPBYap,
OPUHATON 111 pacuéra u3HavyanbHo (31645 Br).
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1.8. TenJioBo# pacyéT X0J10ANJIBHON YCTAHOBKH

Hns  cHwxennss BennunHbl ucnapenuns CIIIT B xpynmHOM
XpaHWJIMIIE, KPOME TEIUIOU3OJISIAN, IPUMEHSAEM CXEMY KOHJICHCALUH
napoB CIII" 3a cuer TeriooOMeHa ¢ KUAKUM a30ToM (cM. puc. 18) [1].

1.8.1. s onpeoeieHusl X0J1000nPOU3800UMENbHOCMU
YUDKVTISIYUOHHOU — XOJOOUTbHOU — YCMAHOBKU — HE0OX00UMO  3HAMb
Menuogyro Hazpy3Ky Ha XOA00UTbHYIO MAULUHY:

Qr =Q +Q; +Q3 +Q, +Qs, (BT) (61)

rne Qr — TerioBas Harpy3Kka Ha XOJOAWIBbHYIO MaliuHa, BT;

Q1 — TEIONPUTOK K pe3epByapy uepe3 OrpakIaroliue
KOHCTPYKIMH, BT;

Q, — mocTyIuieHHE Terula B XpaHWIMIIE € KUAKOH (a3oi,

MOJIaBa€MOM ISl HAIIOJHEHUSI pe3epByapa M3 TPAHCIOPTHBIX COCY/IOB,
BT;

Q3 — MOIIIHOCTh XOJOAWIBHONM YCTAaHOBKM Ha CHKMKEHUE Tasa,
UCIIapAIONIerocs B pe3epByape, BT;
Qs — KOJIMYECTBO TeEMJia, BHOCUMOE Yepe3 H30JUPOBAHHbBIC

MOBEPXHOCTH TPYyOOIPOBOOB, BT;

Q5 — mpoyue TEMIONPUTOKH, HEMOAAAIONIUECS TOUHOMY PacyeTy,
Br.

1.8.2 Onpedensem  menaonpumox K pe3epgyapy  uepes
ozpasdicoarouwjue KoHcmpyKyuu, Bm:

Q =k-F-(t, —ty), (62)

rne K — koaddunmeHT Terionepenayn yepe3 CTEHKY K HKHIKON
hase, Br/(m*-°C);

tn — cpennsist temnieparypa CIII B XpaHunuiie, npuHUMaeM ty, = -
160,64 °C;

te — Temmeparypa HapyxHOro Bo3myxa, ‘C, s pacuéra
NPUHUMAEM CPEIHIOI MaKCUMaJbHYI0 HauOoJiee KapKoro Mecsdila,
te=24 °C [18];

F — moJIHast Hapy’KHAsI IOBEPXHOCTh PE3epBYapa, M°, OIpPeAeIsieM
o hopMmye:

T D2 2
F=7Z'-D-H+2-T,(M) (63)

rie D — pmamerp pesepByapa, M, D=45,6 m; H — BbIcOTa
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pesepByapa, M, H =18 m;
BeruucngeM mNOMHYI0 HapyKHYH ITOBEPXHOCTH pe3€pByapa Mo
dbopmye (63):

2
F=314.456-18+2. w ~5841,9 (M%)
Koaddunuent tenmnonepenauu onpeaeiisieM 1o Gopmysie:
k=—1, Br/(m2°C) (64)
RtOt
rae Ryt — CONpOTHBIEHHE TEILIONEPENAUe OrpakKJaroIuX
KOHCTPYKIHI pesepByapa, (M °C)/BT, Rixi=35,42 (M>°C)/Br;
k=t -1 _0028 Br/(M2°C)
Rot 3542

OnpenensieM TEIIONPUTOK K PE3EPByapy Uepe3 Orpakaaroliue
KOHCTPYKIIUHU 110 opmyiie (62):
Q, =0,028-5841,9- (24 —(~160,64)) = 30202 (BT)

1.8.3 Onpeoensem ronuuecmeo menia, 6HOCUMOE C HCUOKOU
@ azoti uz mpancnopmHulx cocyoos8 no gopmyne:

Q, =vy ¢, (t, ~t,), (BT) (65)

r1e v, — CKOPOCTb HAIIOJHEHUS pe3epByapa, KI/4, IpU CIUBE TPEX
KEJIE3HOJOPOKHBIX LIUCTEPH paBHa 33-35 T/4, v,=35 1/4;

¢, — Ttemioémkocts CIIT, x/Dk/(xr°C), mpuHHMaeM paBHOM
TeIUIOEMKOCTH XKUIKOH (asbl MeTaHa, ¢, = 3450 Ix/(xr°C);
t, — Ttemneparypa skumkoit ¢aser CIII' B wuctepre, °C,

npuHuMaeM paBHOM Temmepatype kunenus CIII' mpu atmocdepHOoM
nasnenny, t, =-161,3 °C;

tn — cpennsist temnieparypa CIII' B Xpanunuiie, npuHuMaem ty, = -
160,64 °C;

Brruncrnsem TemionpuToku, BHOCUMBIE ¢ kuakoi ¢dazoit CII u3

TPAHCTIOPTHBIX COCYAOB 110 hopMmyie (65):
Q,= % -3450-(—160,64 — (- 161,3)) = 22138 (BT)

1.8.4 Onpeodensem mowHoCmMb XOJNOOUNLHOU YCMAHOBKU HA
ColCUudICeHUe 2a3d, UCNAPAIOWe20cs 8 pezepsyape, o hopmyrie:

Q-2 2ol (Br) (66)
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rae 0,0005 (umu 0,05%/cyr) — npona wucmapenuss CIII' B
pesepByape ot ooOmero oobéma CIIIT, xpaHsiierocs B pe3epByape,
%/cyt [13, 1];

r — temtota ucnapenus CIII, xJx/kr, regr = 509,54 xJbx/xr [1];

Gpix — xomuuectBo CIII' B pesepByape, Kr, OmpeaeisieM I10
dbopmye:
Grx. =V Penrs (KF) (67)

rae V — o06wém CIIT, xpamsimerocst B pesepByape, M°, V =24995
M

p — maotHocth CIII, Kr/M>, IIPUHUMAEM PABHOW IIJIOTHOCTH
XKUJKOM (ha3bl MeTaHa Kak ocHOBHOTO kommoHeHTa CIII', p=424,5 KT/M®
[21, 1];

G, . =24995-424,5=10610377,5 (KI)

BeranciseM MOITHOCTh XOJOMMJIBHOW YCTAaHOBKM HAa CIKIDKCHHE
rasa, McrapsroIierocsi B pesepyape mno dhopmyie (66):

Q, - 0,0005-10612277,5-509,54 112634 (BT)

1.8.5 Konuuwecmeo menna, 6HOCUMOe uepe3 U30IUPOBAHHbBLE
nogepxHocmu mpyoonposooos, onpeaeisieM mno Gopmyse:

Q=0 -Lr, (Br) (68)

rie (y — HOPMHpPOBaHHAs JIMHEWHAS IUJIOTHOCTh TEIUIOBOTO
noToka ¢ 1 M IMHBI TEMJIOU30JMPOBAHHOTO TpyOonpoBoaa, B1/m,
npuHUMaeM 1o tabiauue 6 [16] mpu auamerpe Tpyodomposozaa d,=100
mMm 1 Temneparype CIIT t, =-161,3 °C TtemnoBoit moToK paBeH (=22
Bt/™m;

Ly — nmuHa TpyOonpoBogoB CIII, M, npuHuMaeM paBHOM
L7=100 m.

4 = 22-100 = 2200 (Bm)

1.8.6 Ilpouue mennonpumoku, He nNOOOAOWUECS MOYHOMY
pacuéemy:

Qs =b- (Ql +Q, )9 (Bt) (69)

rae b — xoaddunment, npu Q, 6onee 250000 Kkayl/d4 MpUHUMAEM
b=1,05

Q. =1,05-(30202 + 22138) = 54957 (BT).

1.9.7 Tennosas Hacpyska Ha XOA00UNbHYIO MAWUHY (mpebyemas
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MOUWHOCHb XONOOUILHOU MAWUHDBL):
Qr = 30202 + 22138 + 112634 + 2200 + 54957 = 222131 (Bt) =
222 xBrT.

1.8.8 Onpeodenum mpebyemviii pacxoo xnadazeHma — HCUOKO20
a3zo0ma Ha XoJ100UIbHYI0 YCIMAHOBKY:

Q , (Kr/C), (70)

T ¢t 1t )

rjae Iy — TemioTa nmapooOpa3zoBaHusl azora, Iy, = 197,6 kJDx/kr

N,

[1];

C, — H300apHas MaccoBas TEIUIOEMKOCTb a3ora, C, = 1,955
K JIx/(kr-°C);

ter — cpennsia temneparypa CIII B xpanunuiie, npuaumaeM tey e
= -160,64 °C;

tyo —TeMriepaTypa KHUIEHHUSI a30Ta IMpU aTMOC(EpHOM [1aBJICHHH,
IIPUHUMAEM thno=
-195,65°C;

Brerancnsiem tpeOyembiii pacxoa azora st oxnaxiaenus CIII B
XpaHWINLIE:

G, = 222131 =0,835 (xr/c).
> 197,6+1,955(— 160,64 — (—195,65))

1.8.9  Ompeoenum  mpebyemyro  niowadb  NOBEPXHOCMU
mennioooMeHa KOHOeHcamopa.

Q; 2

F, = T (M°) (71)

rne K, — Ko3pdHUIMEHT Temionepenadyd  KOHIACHCATOPA,
Br/(M°-°C), oprenTipoBo4HO mpuHmMaeM k,, = 800 Br/(m*-°C);

At — cpenHuii TemmeparypHblii Hamop, °C, oIpenenaseM 1o
dbopmye:

At = ter— tye = -160,64 - (-195,65) = 35,01 °C

Brruncisiem TpeOyeMy1o MOBEPXHOCTH TENI000MeHa
KOHJIeHCaTopa:

F o= 222131 ~7.93 (MZ)
”800-35,01
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1.9. Boi6op nucrtepHsl Ajs TpancnoptupoBku CIIT

Onpenenum Tpebyemyro BenuuuHy 3aBo3a CIIIT u BbiOepem
€MKOCTh HUCTEepHbl iA TpaHcnoptupokn CIII'. HM3BectHO, 4TO
IPOJIOJKUTENBHOCTh PA0OThI YCTAaHOBKU CxkMkeHUs 330 CyTOK B roay
(OmMH Mecsill YCTaHOBKAa JIOJKHA HAXOJUTHhCS HA MPOPUIAKTUYECKOM
pemonte) [1].

Onpeoensiem eenuuuny 3aeoza CIII' 6 cymku ucxoos us 3mux

VCIOBUUL:
Véir (vl
Ve =Y (wlcyr) (72)

rjae vz, — rogooe notpedsenue CIIT, M3/FOI[, COTJIACHO pacuéry
B 11.1.7.2 Vi = 24995 M°/TOL.

TpeOyemas BenmnuuHa 3aBo3a CIII' B cyTku paBHa:

V,,, = % = 7574 (M°/cyT)

1.10. PacuéTt TensioBoii nzoasiuuu Tpyodonposogos CIIT'

Ilepenaua CIII' U3 TpaHCHOPTHBIX LUCTEPH B CTALMOHAPHBIN
pe3epByap  OCYHIECTBISIETCSI O  TPyOONmpoBOJaM  HEOOJbIION
OPOTSHKEHHOCTH.  ECTEeCTBEHHO, TMpolecc  OCYIIECTBISIETCS — MPHU
KPUOT€HHBIX TEMIIepaTrypax; CJelOoBaTelbHO, CTalb 1 TpyO
BBIOMpAETCSl COOTBETCTBYIOIIAsA, a camMa TpyOa BO u30eKaHHE
MHTEHCHUBHBIX TIOTEPh «XOJIOAa» W TMOABJICHUS JBYX(a3HOTO IMOTOKA
J0JIKHA UMETh 3((DEKTUBHYIO TETIOBYIO HU3OJISIIUIO.

Pacyér TONIMMHBI TEMIOU30JSIIUOHHOIO CJIOS MPOU3BOJHUM IO
HOPMHUPOBAHHOM IJIOTHOCTH TEILUIOBOTO MOTOKA Y€pe3 U30JUPOBAHHYIO
TIOBEPXHOCTH [16].

1.10.1 Tonwuny meniou3onayuoHHo20 Ccilos onpeoensiem no

Qopmyne:

5= %-(B-1), (M) (73)

rae d, — HapyXHBIH JuaMeTp H30JIMPYyeMOro TPYyOOIpOBOJa, M,
d,=108 Mm=0,108 Mm;

B — oTHOmIIEHHE HApPY)XHOTO AWAaMeTpa H30JISIIMOHHOTO CIIOS K
Hapy>KHOMY JHaMETPy H30JUpyeMoro Tpyoomnporosa, B=d; /d,,.
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1.10.2 Ilapamemp B onpeoensem no ghopmyne:

InB:z.ﬁ%K'{r‘°‘_rm_ae-7z-%d+0,l)}’ (74)

rae Iyt — CONPOTHUBJICHHE TeIionepeaaye Ha | M JJIMHBI
TEIIOM30JIAIIHOHHOM KOHCTPYKIUHU Tpyborpososa, (M °C)/Br;

m — TEPMUYECKOE COMPOTUBIICHHE CTEHKU TpPyOOIpOBOJA,
Br/(M°C), yuuWThIBaeTcs TpH TNPUMEHEHHH  HEMETAUTHUECKHX
TpyOONIPOBOJIOB, B JI@HHOM CJIy4a€ HCIMOJb3YIOTCS METALTNYECKUE
TpyOBI, 03TOMY cuntaeM =0 B1/(Mm°C);

Ak — KO3(DPUUIMEHT TEIUIONPOBOJIHOCTH TEIJIOU30JSAIIMOHHOTO
ciost, Br/(m°C);
0 — KOI(Q(DUIMEHT TEIUIOOTIauyd OT Hapy>KHOW MOBEPXHOCTHU

rertomsoisinny, Br/(M°C), npurHMMaeM cortaceHo [16]  mpm
Temieparype usojupyemoii mosepxHoctd 19 °C u Humke 0,=29
Bt/(M*°C).

1.10.3  Onpeodensem  conpomusnienue  menionepeoave  no
HOPMUPOBAHHOU IUHEUHOU NJIOMHOCMU MENI08020 NOMOKA.:

o= s (M°C)/Br (75)

| 1

rae ty, — cpennsis remneparypa CIII' B xpanumnuiie, npuHuMaem tn,
= -160,64 °C;

te — Temmeparypa HapyxHoro Bo3ayxa, ‘C, s pacuéra
NPUHUMAEM CPEIHIOI MaKCUMaJbHYI0 HauOoJiee KapKoro Mecsdila,
te=24 °C [18];

i — HOpMUpPOBaHHAas JIMHEWHAS JIOTHOCTH TEIJIOBOTO MOTOKA C 1
M JUIMHBI TEIUJIOU30JIMPOBAHHOTO TpyOompoBoaa, BT/M, npuHuMaem 1o
Tabmuue 6 [16], mpu d,=100 mm u t, = -160,64 °C TemIoBOM MOTOK
i=22 B1/™m;

Ki — koddduiiuent, y4uThIBAIOMIMN palloH CTPOUTENTHCTBA M
croco0 TpOKJIaAKu TPyOOmpoBojaa, MpUHHUMAaeM coriacHo [16]; s
EBpomnelickoro paiioHa CTpOUTENbCTBA U MPOKJIAIKH TPyOONpOBOa HA
oTkpbeiToM Bo3ayxe K;=1,0.

Brrancnsiem conpotuBieHue tertonepeaayde mo gopmyie (75):

rwt _ 24 — (—160,64) _ 8,39 (M20C)/BT
22-10

Hns  Temmou3onsuuu  TpyOONmpPOBOJOB €  OTPHUIIATEIILHBIMU
TEMIEPATypaAMU CIEAYET MPUMEHITh TEIUIOU3OJSALUOHHBIE MAaTEPUAIIBI
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co cpemHell IUIOTHOCTBIO He 6omee 200 Kr/M° M pacuéTHOl
TEIIONpOBOAHOCTEIO He Oonee 0,05 B/(M°C). TlosToMy nmprHUMAEM B
KauecTBe Terson3onsuuu neHononunyperan [11Y-331/3 (3anuBouHblii)
¢ koaddunuerTom reronposogaoct Ax=0,034 Bt/(Mm°C) [16].

1.10.4 Boiuucnsem napamemp B no gpopmyne (74):

1
29-314-(0,108+0,1)

InB = 2-3,14.0,034-{8,39—0—

B=¢"0=5,93
1.10.5 Bwiuucnsem monyuny meniousoIAYUOHHO20 CA0sL NO

dopmyne (73):

S = 108 (593-1)=0,266 (M)

}: 1,78 , oTkyna

1.10.6 /Juamemp mpybonposooa c uzonsayuei cocmasum.

d, =B-d =593-0,108=0,640 (M)

B Tennon3onsiuoHHON KOHCTPYKIIMU CJEAYET MpeaycMaTpuBaTh
NapOM3OJIAIMOHHBIA  CJIOM  TpU  TEMIepaType  H30JUPYEeMOU
nosepxaocty Huke 12°C. Ipunumaem 1o Tabnuie 1 mapou3oNsanuio u3
nomdTIIIeHOBOM THIEHKM ['OCT 10354-82 Tommmunon 0,21-0,3 MM B 3
cios [16].

[Ipu npokinanke TpyOompoBoJa Ha  OTKPBITOM  BO3IyXe€
OpeayCMaTpUBaeM TIOKPOBHBIA CJIIOM M3 OIMHKOBAHHOM CTalud C
HenpepbiBHBIX JauHU ['OCT 14918-80 Tommmuon mmcra 0,5-0,8 mMm
coracHo [16].

OHpeI[eﬂﬂeM KOJIMYCCTBO TCIlJIa, BHOCHUMOC qcpe3
M30JMPOBAHHYIO TIOBEPXHOCTH TPyOOMPOBOa 10 GopMyJie:
P/ A | R

+ JIn—%
a,-d, 2- A d

rine Ly — mmmHa Tpybonposoaa, M, Ly =100 wm; In(di/d,)=InB=1,78.
Q, - 314-100- (24 — (-160,64)) _ 2210 (Br)

1 + 1 -1,78
29.0,64 2-0,034

[IpoBepyuM  NpPaBWIBHOCTH  pacu€Ta  Ha  COOTBETCTBHE
HOPMHUPOBAHHOM IUIOTHOCTH TEMJIOBOTO MOTOKA YE€PE3 M30JUPOBAHHYIO

MIOBEPXHOCTh:
Q,, 2210 B/ -
I=I__=W=22,1 (BT/M), 4TO COOTBETCTBYET HOPMHPOBAHHOU
T

JTMHEHHOM IJIOTHOCTHU TEIUIOBOI'O MTOTOKA, MPUHATOM 110 [16].
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IMPUJIOKEHHUE 1

Tao6muma I1 1.1 - CocTaB rasa u €ro rmioTHOCTh

Ilnom-
Ba- HOCMb
pu- | Cocmas 2asa, % no oovemy K2/
aHT Tpu
t=0<C
P=101,3
CH4 C2H6 C3H8 C4H10 C5H12 CO HZS Hg klla
1 [951| 2,3 0,7 0,4 0,8 0,2 - 0,5 0,77
2 186,9| 6,0 1,6 1,0 0,5 1,2 - 2,8 0,88
3 198.7/033(10,12 | 0,04 | 0,01 | 0,1 - 0,7 0,73
4 186,1| 2,0 06 | 0,34 | 0,35 | 8,5 - 2,0 0,87
5 199,01 0,1 |0,005 - - 0,095 - 0,8 0,72
6 93,00 36 | 095 025|1035]| 04 - 1,3 0,78
7 |74,8| 8,8 3,9 1,8 6,4 - - 4.3 1,04
8 198,31045| 0,25 | 0,3 - 0,1 - 0,6 0,73
9 193,3| 4,0 0,6 0,4 0,3 0,1 - 1,3 0,77
10 93,0 3,1 0,7 0,6 - 0,1 - 2,5 0,77
11 [93,2| 2,1 1,2 1,0 1,2 0,8 - 0,5 0,81
12 [85,6| 4,6 16 | 075105 | 06 |13 50 0,85
13 [89,4| 6,0 2,0 0,7 0,4 1,0 - 0,5 0,82
14 [89,6|1242| 0,7 | 0,27 | 1,16 | 1,68 [0,25| 3,93 0,63
15 [80,2|264 | 1,25 | 0,7 | 0,71 | 0,73 - 13,8 0,69
16 [93,1]| 2,0 0,4 0,2 0,3 - - 4.0 0,60
17 195,21 0,04 |0,006|0,001| 0,1 0,3 - 45 0,58
18 [87,21398| 1,34 | 0,75 | 0,23 | 1,73 - 4,77 0,58
19 [78,9|1453| 2,34 | 1,02 | 0,27 | 1,02 - 111,84 0,68
20 1985( 0,2 | 0,05 (0,012,0,001| 0,5 - 0,7 0,72
21 |97,6| 0,1 | 0,01 - - 0,3 {01 1,95 0,73
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