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BBEAEHUE

Coxwmxennblid npupoaubiid raz (CII') 3aHMMaeT MpoYHbIE MO3UIIMU
Ha MEXIYHApPOJHOM pbIHKE »HeproHocuteneil. CTpaHbl, CHaOXEHUE
KOTOPBIX MPUPOJHBIM Ta3oM IO TPyOONpoBOAaM 3aTPYJHEHO WIH
HEBO3MOXXHO, PAa3BWJIA TEXHOJIOTHUIO CXIKEHUS NPUPOAHOIO raza H
TPAHCIIOPTUPOBKE €r0 B JKUIKOM BHUJIE B CHEHHATBHBIX pe3epByapax. Jlis
3TOro  ObUIO  pa3padOTaHO  COOTBETCTBYIOUIEE  TEXHOJIOIMYECKOE
00Opy/ZIOBaHHWE:  MOIIHBIE  YCTAHOBKM  CXKI)KEHHUS, TaHKEPbl  C
TEIUIOU30JIMPOBAHHBIMU  pE€3€pByapaMH, KpPYMHBIE HU30TEPMUUYECKUE
XpaHWJIMINA, KPUOTEHHbIE TPYyOONPOBOMbI, HACOCHI ISl TEPEKAYKHU
KPUOTEHHBIX XKUJKOCTEH, ra3u(pUKaTOPHI.

Pa3zButne TOIUIMBHO-3HEpPreTHUECKOM oTpacaun B Poccun B
Ommkaitimue roabl OyAeT Hepa3phbIBHO CBS3aHO C 0o0Jiee IMIMPOKUM
MCMOJIb30BAHUEM CHKMKEHHOIO MNPUPOAHOro rasa. B mociienHue rojbl
pazpabaTeiBaroTcsa nporpaMmmbl ipousBojictBa CIIIT u ero npuMeHeHus B
[EIIX KOMMYHAJIbHOTO Ta30CHA0KEHHUSI HACEJICHHBIX ITYHKTOB, B KAUECTBE
KOTEJIbHOTO TOIUIMBA HA MPEANPUATUAX TOILUIMBHO-YHEPTETUYECKOTO
KOMIUIEKCA, JJISI CO3JIaHHUSl CHCTEM PE3EPBUPOBAHMUS ras3a, a TaKXkKe B
KaueCTBE MOTOPHOTO TOIUIMBA JJIsl aBTOMOOMIIBHOTO, YKEJIE3HOI0POKHOTO,
BOJTHOT'O M BO3IYIIHOT'O TPAHCIIOPTA.

Ucnonw3oBanue CIII' 00ycClOBIEHO TEXHUKO-2KOHOMUYECKUMU
PEUMYIIECTBAMU IO CPAaBHEHUIO C TMPOKIAAKOM Tra3onpoBoaoB. B
NEPBYI0 O4YEepe/lb 3TO KacaeTcs HACEJIICHHBbIX IYHKTOB U OOBEKTOB
TOIUIMBHO-3HEPTETUYECKOTO KOMILJIEKCa MaJIOU MOIIHOCTH,
PACHOJIOKEHHBIX HAa 3HAYUTENBHBIX PACCTOSHUSAX OT MAaruCTPalbHbBIX
razonpoBojioB wiau BHE 30HBI AeictBus ['PC. Ilpu paccrosHum ot
MarucTpajbHbIX Ta30MNpOBOJOB J0 moTpedutens Oosnee 40 km
MPUBEJICHHBIC 3aTPaThl HA ra30CHA0XKEHHUE TAKMX OOBEKTOB C MOMOIIbIO
CIII' oka3bpIBalOTCSI HWIXKE, YeM JJIsi CETeBOro BapuaHTa. Kpome Toro,
ucnonb3zoBanue CIII" MoxkeT paccMaTpuBaThCs U Kak BPEMEHHBIN c10co0
razuuKaliu ~ HACEJNEHHBIX  IMMYHKTOB,  BKJIIOYEHHBIX B  IUJIaH
TpyOOIPOBOIHOM ra3u(puKaIuu.



3AJJAHME K PACUETHOM PABOTE

Homep reHepanbHOro ImjaHa BBIOMpAeTCs MO MPUIOKEHUIO 2,
OCTaJbHBIC  WCXOAHBIE  JAHHBIC  BBIJAIOTCA  IPENOJABATEIEM
WHIUBUYAJIbHO.

1. Homep renepanpHOro miana

2. Homep I'PC

3. T'opon

4. Homepa »uIibIx KBapTajoB:

A - C TOpAYMM BOJOCHA0XEHHEM OT paOHHOMN
ra3oBOM KOTEJbHOW MU LIEHTPAJIbHBIM OTOIIEHHEM (9 -
ATa)KHas 3aCTPOUKA)

b — 6e3 ropsiyero BOAOCHA0KEHHSI C OTOILUICHUEM OT
WHIUBUAYaJIbHBIX OTOMUTENBHBIX yCcTaHOBOK (1 -
ATaXKHas 3aCTPOMKA)

B - ¢ ropsuuM BOJOCHAOKEHHMEM OT MPOTOUYHBIX
BOJOHArpeBaTesiel U LEHTPaJbHBIM OTOIJIeHuEM (5 —
ATa)KHasl 3aCTPOMKA)

5. PalioHHas ra3zoBasi KoTenapHast; kBaprai No

6. Xnebo3aBo1; kBapTay Ne

7. banHo-npayeyHbIil KOMOMHAT; KBapTai Ne

8. IlpoueHt oxBata ra3udukaiueldn oOLIECTBEHHBIX
3IAHUU U COOPYKEHUM

9. YnenpHas ky0aTypa >KHIbIX 3JaHUN

10. IIpoMbIlIIIIEHHBIE TPEATPUATHS:

a) TpexcmMeHHOe TpPOU3BOJACTBO (IUIaBKa OpOH3BI);
KBapTas Ne
nl
Py

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

B) OpnocmeHnHoe TMPOM3BOJACTBO(OOKHUT  KHPIHYA);
KBapTas Ne
n3

I1. ILnoTHOCTP HacCENEHUs KUJIOM YacTh pParoHa
razuukammm; n




IHPUMEP PACUYETA
1.1 XapakTepucTHKA PalOHA CTPOUTEIHCTBA

1.1.1 T'eoepaghuueckue oanHvie u KiuMamuyeckue yCioeus

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

PacuerHas TeMIieparypa HapY>KHOTO BO3/lyXa LISt
NPOEKTUPOBAHUSI OTOIUICHHS ITPUHATA PaBHOU ty = - 26°C [18].

CpenHsas TeMieparypa HapyXHOTO BO3[lyXa OTOMUTEIbHOTO
nepuoa:

to T=-2,4°C[18].

[TpoIomKUTENBHOCTE OTOMUTENBHOIO TIepHuoaa: N, = 198 cyt [18].

1.1.2 Konuuecmeo scumeretl 8 Kaxcoom Keapmaie.

N ;=F;xn, (1)

raie F' ; - mmomans kBaprana, Tra, ONpeAeNsieTCs MO TeHIIaHy
paiioHa ropoaa (cMm. JIMCT 1 rpaduUecKoi YacTH AUIIIIOMHOTO MPOEKTA);

N - IUIOTHOCTh HACEJIEHUs >KWJIOW 4YacTH paiioHa rasudukaiuu,
yeJ/ra.

JloJist HaceNeHus KaK0ro KBapTaja OT HaceJleHHUs pailoHa

razuukaluu:
p- N

i n )
!
ZNi
i=l1

rae ZN;' - o0liiee KOJIMYeCTBO KUTENEH B palioHe ra3u(puKaIiu.
Tabmuma 1.1 - Xapakrepuctrka paiiona razudukanuu

(2)

No kB- 1 2 3 4 5 6 7 8
J1a
F/ ra | 17,20 | 6,48 | 18,81 | 9,44 | 17,63 | 12,40 | 11,97 | 13,86
o, 180
yen/ra
N/, gen| 3096 | 1166 | 3386 | 1699 | 3173 | 2232 | 2155 | 2495
Z N/, 19402
qeil
P’/ |0,160 ] 0,060 | 0,175 ] 0,088 | 0,164 | 0,115 | 0,111 | 0,129




1.2 XapakrepucTHKa ra3oo0pa3sHoro TomjimBa

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

Qu° = 357,97 CHs + 636,39 C,Hs + 912,72 C;Hgt+ 1189,05
C4Hipt+ 1465,38CsHjp+ +590,34C,Hs+ 858,29C;Hgt+ 1134,62C,Hs+
108,02H,+ 126,44CO+ 234,46H,S , (3)

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

CoctaB W IUIOTHOCTh MPUPOAHOTO Ta3za BBIOMpAEM IO
npuwioxkennto 1 (em. Ttabmumy I 1.1) s MectopoxieHus

OpeHnOyprckoe.
Tabmuma 1.2 - CocTaB 1 MJIOTHOCTh MPUPOAHOTO raza, % oobema
Py H.Y.
IImotnocts | CHy | CoHg | C3Hg | C4H o | CsHyn | CO, | H,S | Ny
rasa, Kr/m> 5
Ap-
0,84 851 49 | 1,6 | 0,75 | 055 | 0,6 | 1.3 | 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 = 37 625
kJDr/M = 37,625 MJTx/M.

1.3 Omnpenesienne rogoBoii MOTPeOHOCTH B rase
CyMmapHOe rofoBOoe MOTpeOJieHHEe Ta3za palioHOM Ta3H(UKaINH
BBIUHKCIIAEM 110 cieayroniei gpopmyre [5]:
Qron= Q1 T Q2+ Q3+ Qs+ Qs, (4)
rae Q; - OpITOBOE MOTpeOIeHHE ra3a 3a IO/, M/TOJL;
Q, - romoBoe moOTpedJeHUE Tra3a KPYMHBIMU KOMMYHJIbHO-
GBITOBBIMHY HPEAIPHATHSIME PAiioHa ra3subUKaImm, M /TOL;

Q; - romoBoe  moTpebiieHME ~ Ta3a  OOIIECTBEHHBIMH
hod 3
OPEANPUATHIMHA B COOPYKECHUSIMHU palioHa ra3uukanuu, M°/TOI;
Q4 - TOmOBOM pacxoj Ta3a Ha OTOINIGHHE | Topsdee

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

Qs - rogoBOM pacxol Tra3a MPOMBIIUICHHBIMUA TPEANPUATUIMHU
paifoHa ra3uduKaIym, M /TO.
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1.3.1 [Toooeout pacxo0 2aza Ha omonieHue u 2opavee
8000CHADICEHUE OM KOMENbHOIL:

Qrox = Qo+ Quse » (5)

< 3
rae Q, - roJ0BOM pacxo/ ra3a Ha OTOIJIEHUE, HM /TOJ;
Qrsc - TOJIOBOM pacxo]i raza Ha ropsiuee BojgocHaOxenue ot PI'K,

HM® /Ton.

1.3.1.1 T'o0osoti pacxoo eaza Ha OmonjieHue on KOMeIbHOU.
Q, =g, V,, 2N, [t —t7,) 24n, - KL (6)
Q. "M

r7e g - yAe/IbHas OTONUTENIbHASI XapaKTEPUCTUKA 3aHUMN.

s r. Kypck ¢ ¢, = - 26°C:

—  JUIA KBapTaJIOB C S5-3TaxXHOM 3actpoukont gy = 1,77 x/lx
/(m’2°C) [5];

— JUIsl KBApTAJIOB C l-3TaxHOM 3acTtporikont gy = 3,12 kJlx
/(m’2°C) [5];

Vyx - ylenbHas KybaTypa >KUIIBIX 31aHUM, M>/der, V=47 M>/deiL.

2N, - 4YHMCIIO XUTEJIEd B KBapTajax, oTamimBaeMbix OoT PI'K
(KkBapTasbl ¢ 5S-3Ta)KHOU 3acTpoiKoil), uen., XN, = 14305 yer.

tsy - TEMIlepaTypa BO3JyXa BHYTPU NOMEIICHUS, NPUHUMAETCA
paBHO# 20°C;

tio? - CpemHss ~TeMIleparypa Hapy)KHOIO BO3ayxa 3a
OTOIUTEIbHBINA NEPUO/I,

tao 7= -2,4 °C;

Ny - TPOJOKUTEIIBHOCTh OTONMUTENBHOIO MEpuoAa, CyT, n,=198
CyT,

ki - xo>dPUIMEHT, YYUTHIBAIOIIMI pacxo]l raza Ha OTOIUICHHE,
npuHuMaetcs paBHbIM kg = 0,25;

1« - KIIJI xotenbHOM, 77, = 0,85.

Q, =1,77x47x14305x (20— (-2,4)) x 24 x 198 x

14025 4951059
37625x 0,85

M /ro.

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

Qch = Zrac X ZNI / QHC ’ (7)
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II€ g — TlOAOBas HOpPMA MOTPEOJNIEHUS Tra3a Ha ropsdee
BojocHaOxenue ot PI'K, MJIx;
XN; - of0mee 4YHCIO JKUTENEM B KBapTajlax C TOpAYUM

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

Crpe = 24xq,, x{no +(350—n0)x%

X3

XB}L, (8)

MNrs

IA€ (s — YKPYIIHEHHBIM IOKA3aTellb CPEIHEYACOBOIO pacxoia
TEIJIOTHl Ha ropsiuee BOAOCHAOXKEHHE, NMpuHUMaeTcss paBHbiM 1310
kJDx/(4-uen), cMm. ipui.S [5];

B —x03hPUIIMEHT, YYUTHIBAIOIIMN CHUKEHHE pacxojia Topsuei
BOJIbI B JIETHUM NIEPUOA, MpUHUMAETCS paBHBIM 0,8;

tys, txy — TEMIIEPATYPBl BOAONPOBOAHOM BOJBI B OTONUTEIBHBIA U
JIETHHI TIEPHOJIBI, IPUHMUMAETCS PAaBHBIM COOTBETCTBEHHO 5 1 15°C;

Nrs — KT/ palioHHOM ra30BoM KOTEIbHOM, paBHbIN 0,835;

N, — NPOAOJKUTEIBHOCTh OTONMUTEIBHOIO MEPUOAA, CYT, n,=198

CyT;
55-15 1
85 =24x1310x| 198 + (350 —198)x s <08 |x o =10921886 K TIne(

qen-ron);
Qrsc = 10921886 x 9655 /37625 = 2802679 M /TOI.

1.3.1.3. Bwviuucnsgem 200060t pacxod eaza HaA OmMoONJieHue u

2opsauee gooocHaboicernue om PIK:
Qron '~ =4951059 + 2802679 = 7753738 m°/ro.

1.3.1.4. I'o0o6o1i pacxoo eaza Ha omonjieHue om UHOUBUOYANbHBIX
OMONUMENILHBIX YCMAHOBOK:

20 c 1
Quyg = gOVyOZNk(tGH - tuop )24 X no 077 ° (9)
n " luno

rae XNy - 4YMCII0 KUTENEN B KBapTanax ¢ 1 - 3TaXKHOM 3aCTPOMKOM,
yenr, XN=9723 uemn;

Nunn - KIII AHAMBUAYaTbHBIX OTONMUTENIBHBIX YCTAHOBOK, Myyy =
0,75.
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1

Qi 52 =312x47x1166% (20— (-2,4)) x 24 x198 X —————— = 644967
37625x0,75
M3/I‘OI[;
QU s = 312X 47X 1699 (20 ~ (-2.4)x 24x198x3 - =939794
47625x0,75
M3/I‘OI[;
Qi w6 = 312x47x 2232 x (20— (-2,4)) x 24 x198 % 3 ! =1234620
47625x0,75
M°/TOLL.

Hroro, ronoBor pacxo/ raza Ha OTOIUIEHUE OT MHAWBUIYAIbHBIX
OTOMUTEINIBHBIX YCTAHOBOK:
QU9 = QU = 644967 + 939794 + 1234620 = 2819381 M /TOJI.

1.3.1.5 [Tooosoti pacxoo eaza Ha omonieHue u 2opsuee
8000CHAbI}CEHUE OM KOMETIbHOU U OM UHOUBUOYANbHBIX OMONUMETbHBLX
YCMAHOBOK

. PI'K AH]

Q4 - QFOZl + QFOIL > (10)

TIE anPFK - TOJIOBOM pacxoji Traza Ha OTOIUICHHE M Tropsidee
BogocHaOxeHue ot PI'K, M /TOR;

Qron ' - TOMOBOM pAacXoj rasa Ha OTOIUICHHE M Tropsdee
BOJIOCHAOKEHHE OT WHAWBUYAJbHBIX OTOMMUTEIBHBIX YCTaHOBOK,
M°/TOI.

Qs=Qrox"  + Quog™ = 7753738 + 2819381 = 10573119 m’/ron.

1.3.2 bvimoeoe nompeonenue 2aza
beiTOBOE TOTpeOJieHHE Ta3a pacCUUTBHIBACTCS IO CJEIYIOLIEH

dbopmyne [5]:
QIZZQi+ZQj+ZQk, (11)
i=1 j=l k=1
rae Y QQ-moTpeOieHHe rasa Ha INPUTOTOBJICHHE TMIIA B

KBapTajiax ¢ ropsyuM BojocHaOxkenuem ot PI'K (paiioHHON ra3oBoii
oy 3
KOTEJIbHOM), M /TOI;
> Q -moTpebiieHMe ra3a Ha MPUTOTOBJICHME MHIMM M TOpSYEi
J

BOJbl B KBapTaJlaX C Ta30BBIMH BOJOHArpPEBATEIISIMA W Ta30BBIMH
3
IJINTaMH, M /TOJ;
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> Q,-moTpebieHne rasa Ha NPUTOTOBJICHHC IMHIIM M TOPSYCH

BOJIbI B KBapTanax 0e3 ropsdero BOAOCHA0KEHHS TIPH HATMYHH Ta30BOM
IUIUTHI, M3/I‘OI[.

1.3.2.1. Ilpuecomoenenue nuwu 6 KeaApmaiax ¢ 20pA4UM

sooocHabxcenuem om PI'K om paitonnou eazosou komenvroti (PI'K):
ngNi

2Q="g". (12)

rie g; - rojoBas HOpMa MOTPEOJICHUS Tra3a Ha MPUTOTOBJICHUE
NUIIK Ha 1 YenoBeKka B KUJIbIX KBApTajaax ¢ TOPSYUM BOJIOCHAOKEHUEM
ot PI'K, g; = 2800 M [Ix;

>N; - KOJIMYECTBO IKWUTEJIEM B KBapTajlax C TOPSYUM
BogocHaOxenueM ot PI'K,

Q; *™'=12800 x 3096 / 37,625 = 230400 m’/rox;

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

Q; > =2800 x 3173 / 37,625 = 236130 m’/rox.

CyMMapHBbIil pacxoj] raza Ha IPUTOTOBJICHUE MUIIM B KBapTaJlaX C
KBapTajax ¢ ropsuuM BojocHadkenuem ot PI'K:

>Q; = 230400 + 251981 + 236130 = 718511 m*/rox.

1.3.2.2. Ilpucomoenenue nuwu u 2opsueti 800bl 8 KEAPMALAX C
2a308bIMU B00OHACPEBAMENAMU U 2A308bIMU NAUMAMU.

2.Q =%, (13)

rie g, - rojloBas HOpMa MOTPeOJEHUS ra3a Ha MPUTOTOBIICHUE
nuimM Ha | 4YenoBeka B JKWIBIX — KBapTalaX C  Ta30BbIMH
BOJIOHArPEBATEISIMU U Ta30BbIMU IUIUTaMu, g, = 8000 M/Ix;

2N; - KOIMYECTBO JKMTEIEM B KBapTajlax C Ta30BBIMHU
BOJOHATPEBATEISIMU U TA30BBIMU IIJIUTAMU.

Q7 =8000 x 2155 / 37,625 = 458206 m’/rox;

Q** = 8000 x 2495 / 37,625 = 530498 m’/ro.

CyMMapHBIi pacxoJ ra3a Ha IPUTOTOBJIEHUE MUY B KBapTaJlax C
ra30BbIMH BOJIOHArpeBaTEISIMUA U Fa30BbIMU ININTAMMU:

YQ; = 458206 + 530498 = 988704 m’/rox.



12

1.3.2.3. Ilpucomosnenue nuwu u copsdet 600bl 8 Keapmanax oes
20psAUe20 8000CHADICEHUS NPU HATUYUU 2A3080U NAUMDbL!

> Q, =%, (14)

r7e g; - ToJ0Bas HOpMa MOTpeOJieHHs] ra3a Ha MPUTOTOBJICHHE
nun  Ha 1 4YenoBeka B KWMJIBIX  KBapTalax 0e€3  Tropsdero
BoJI0CHaOXeHus, g3 = 4600 M J[x;

>Ng - KOJMYECTBO JKUTEJIEH B KBapTajax O0e3 Tropsuero
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.

CyMMapHBIf pacxoj ra3a Ha MPHUTOTOBJICHUE IMHIIM B KBapTaiax
0e3 ropsiuero BoJI0CHaA0KEHUSI: 2Q = 142554 + 207718 + 272882
= 623154 m/rop.

1.3.2.3. Umoeo, bbimosoe nompebaenue 2aza cocmagum.
Q= 718511 + 988704 + 623154 = 2330369 M /TOI.

1.3.3 Ilompeobnenue 2aza KpynHolMu KOMMYHAbHO-0bIMOBLIMU
npeonpusamuamu paiiona 2azuguxkayuu [S]:
_ np 0 X.3.
Q2 - Qrozl + Qroz[ + Qroz[ 5 3 (15)
r1e Qron ' - TOIOBOE MOTPEOIEHHE T'a3a IPAYEIHBIMHU, M /TOJI;
6 3
Qrox - TOOBOE MOTpeOIEHKE ra3a B OaHAX, M /TO; .
Qrox - TOIOBOE MOTPEOIEHHUE ra3a Ha XJe603aBojIe, M /TOI.

1.3.3.1. I'00060e nompebnenue eaza npaveyHvIMU:
p __ C

Qrox™ = 1,2 gupx by x Ny / Qi (16)

II€ g, - TO0Basg HOPMa IOTPEOJCHUS ra3a Ha CTUPKY Oellbs B
npadyeyHou Ha 1 uenosexka, g,, = 8800 M/Ix;

b, — rogoBasi HopMa cyxoro Oenbst Ha 1 yenoBeka B rof, by =0,1
T/4en-To, cM. mpwiL.5 [5];

Nip - YMCIIO0 KHTENEH pailoHa ra3su(puKannu, KOTOPBIE MOJIb3YIOTCS
yCJIyraMu MpavyeyHoM, BEIUUCIAETCS 10 cleayromiel hopmyie:

Npp = ZN;'—m; x(ZN; +2N;); (17)

rae m; = 0,5 - mons HaceleHWs, HE MOJIb3YKOLIETOCS YCIyraMu
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IIPAYECYHOU;
Ny = 19402 - 0,5x[(3096+3386+3173)+(2155+2495)] =
12250 xurenei;
Qron™ = 1,2 x 8800x 0,1x 12250 / 37,625 = 343814 v’/rox.

1.3.3.2. ['00060e nompebneHnue caza 6 Oausx.

Qroxl6:kxg6XN6/QHca (18)

riae k - Hopma nocenieHus 6aHu 1 4eI0BEKOM B TOJl, MPUHUMACTCS
k=52 paza B rox;

g - TOI0Basi HOpMa NoTpedsieHus raza B 0ane Ha | yenoBeka, g =
40 M/Ix;

N - uuci0 )KuTeNel paioHa ra3udUKaii, KOTOPhIE MOJIb3YHOTCS
ycliyraMu OaHu, BBIYUCIISIETCS IO CeAyIole popmyre:

N6 = ZNi’ - mz(ZNi +2NJ) (19)

rae my = 0,5 - 1075 HacelleHHs, HE MOJb3YIOLIETOC YCIyramu
OaHWU;

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

me‘ =52 x 40x 12250/ 37,625 = 677209 v’/roq.

1.3.3.3. ['0o0060e nompebnenue caza Ha xieb603agooe:

(Qroz[x'3 = Zx3 X b2 X 2I\Iil/ QHC > (20)

rie g¢; - roJoBas HOpMa NOTpPeOJeHUs Tra3a JJisl BBIICUKH
XJIe00OYJIOUHBIX M3JeNMil Ha 1 4eloBeka B TOJl, BBIUUCIAETCS IIO
dbopmye:

gxz = Oa6gx+ 0,3 1g6 + OangI/I 5

T7I€ x5 Z6 5 Sxu - TOJIOBBIE HOPMBI OTPEOJICHUSA Tra3a Jisl BHITICUKH
xJie0a, OyJIOK U KOHAUTEPCKUX M3eIui Ha | yernoBeka,

g = 2500 M/Ix, g = 5450 MIx, g = 7750 MIx.

g, = 0,6x2500 + 0,31x5450 + 0,1x7550 = 3964,5 M/ x;

b, - TO0Basgs HOpMa BBINEUKH XJI€OO00YJIOYHBIX U3JEIUi B T Ha 1
YeJI0BEKa,

b, = 0,292 T1/49en [5];

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

1.3.3.4. Umoco, nompebrenue 2aza KpynHoIMuU KOMMYHAIbHO-
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OBbIMOBLIMU NPEONPUAMUAMU PAUOHA 2A3UDUKAUUU
Q, = 343814 + 677209 + 596955 = 1617978 m*/rop.

1.3.4 Tooosoe nompebdnenue 2aza  00ULECMBEHHBIMU
RPeONnPUAMUAMU U COOPYHCEHUAMU PATIOHA 2a3udukayuu

Q3 = (Q6H + QHK + Qun( + Qrc +QCT+ QHy)XPn / 100% ) (21)

rae P, = 30% - npouenT oxsara rasupukanyen oOLIICCTBEHHBIX
3[aHUN U COOPYKEHUM;

Qgy - TOZIOBOE MTOTpEOICHKE ra3a O0JIbHUIIAMU, M3/r0;:[;

Qux - TOZI0OBOE TTOTpEOJICHUE Ta3a MOJIMKINHUKAMU, M3/r0;:[;

Qu - TOAOBOE OTPEOJICHUE Ta3a IIKOJIaMU, M/TOJI;

Q¢ - roIoBO€ MOTPEOJICHUE Ta3a TOCTUHUIIAMH, M3/r0;:[;

Q¢ - TogoBoe MOTpPeOJSICHWE raza CTOJIOBBIMM U PECTOpPaHAMH,
M°/TOJL;

Quy - TOIOBOE NOTPEOIIEHNE ra3a HEYYTCHHBIMU IIOTPEOUTENSAMH,
M>/TOL.

1.3.4.1. I'00060e nompebnenue eaza 6OIbHUYAMU:

Q6H = Zou X b6H X ZNll/lOOO QHC ’ (22)

Ie ggy - TrojoBas HopMa TOTpeOJeHUs raza Ha 1 KOWKY
OOJIBHUIIBI, BEIYUCIISCTCS 10 CISAYIONIeH popmyie:

gou — gnp.n+ gp + ger6 5 (23)

TOE€ Cupn 5 Sup 5 Lers - TOJOBBIE HOPMBI IOTpPEOICHUS rasza Ha
NPUTOTOBJCHNWE THIHA, MPOBEACHHWE TMPOIEAYp M CTHUPKY Oe€jbs
COOTBETCTBEHHO, Znpn = 3200 MUk, gy, = 9200 Mk, g+ = 8800
M/JIx.

25: = 3200 + 9200 + 8800 = 21 200 M/Ix;

bg, - Kom4ecTBO Koek B OonpHHUIIC HAa 1000 yeloBeKk HaceJIeHHUs,
bex = 9 "en, cm. pui.S [5];

Qex =21200 x 9 x 19402 / (1000 x 37,625) = 98389 M>/TOJL.

1.3.4.2. I'00060e nompebieHue 2a3a NOJUKTUHUKAMU.
— C
QHK_ Znx X anX ZNI,/IOOO QH s (24)
rie g, - TOoAoBas HOpMa mMOTpeOJeHHs Ta3a Ha IIOCCIICHHUE
MOJUKIMHUKM | 4YeJIOBEKOM B TOJ, BBIUMCISECTCS IO CJIEIyOIIEH

dbopmye:
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gk = gnp + ger6s (25)
I'AC Lup, Ler.c -~ TOAOBBIC HOPMbI HOTp€6J'ICHI/I$I ra3a Ha IpoOBCACHHUC

NPOLEAYD U CTUPKY O€llbs COOTBETCTBEHHO, g;p,=9200 MJIXK, g¢;s=8800
M/Ix.

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

by - KOJIMYECTBO MOCEIICHUN MOJMKIMHUKA | 4eT0BEKOM B TO/I,
by = 10, cm. ipuin.5 [5];

Que = 18 000 x 10x 19402 / (1000 x 37,625) = 92820 m’/ro.

1.3.4.3. ['00060€e nompebneHue 2aza WKOAAMU.

Quix = e X bue X ZN;'/1000 Q,°, (26)

e gu - T'oJloBasi HOpMa MOTPEOJICHUsI ra3a Ha OJHO MECTO B
KOJIE, Ze =00 MJIx;

b - KoimmuecTBO MKOJIHUKOB Ha 1000 uenoBek HaceeHus, by, =
150, cm. ipui.5 [5];

Qux =50 x 150 x 19402 / (1000 x 37,625) = 3868 M>/TOI.

1.3.4.4. I'00060€e nompebierue 2aza 20CMUHUYAMU.

Qrc = Erc X brc X z:I\I{/1000 QHC 5 (27)

rie g. - ToJ0oBas HOpMa MOTpeOJeHUs] Ta3a Ha OJHO MECTO B
TOCTUHHIIE,

g =3570 MJIx;

b, - KomuecTBO MecT B roctruuuie Ha 1000 yeroBex HaceleHUs,
berc = 5 wen, cM. nipuit.5 [S];

Qrc = 3570 x 5% 19402 / (1000 x 37,625) = 9205 M/TOJL.

1.3.4.5. I'0o0060e nompebiernue 2aza cmoio8bIMUL:

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

r7e g., - TOJ0OBasgs HOpMa MOTPEOICHUs ra3a sl IPUTOTOBIICHUS
MWLM, TOTpeOysieMoii 1 4YelmoBEeKOM B CTOJIOBOM, BBIYHCISAETCS IO
dbopmye:

Bor =8 T8 =8 t&, (29)

rae 2 , 8o, &y - TOomoOBas HOpMa IOTPeONCHMs Trasa Uil
NPUTOTOBJICHUS 3aBTpaka, o0eJa M yKHWHA COOTBETCTBEHHO Ha |
4eJIoBeKa, g, = g, = 2,1 Mk, g, = 4,2 M/Ix.

g =2,1+42 =63 M/Ix;
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b, - KoIMuecTBO mocemeHnid cronoBoil Ha 1000 gegoBek B roj,
ber =250 gen. [5];
Q. = 6,3 x365%x 250 x 19402 / (1000 x 37,625) = 296445 M/ToL.

1.3.4.6. T'o0osoe nompebieHue easa HeyumeHHbIMU
nompeoumensamu: ;
QHy = 0,1(Q1 + Qroz[ + Qrozlnp) s (3 O)

roe Q; , me , Qo " - TOIOBOE TIOTPEOJIEHHE ra3a Ha OBITOBHIE
HYKJIbI, B 0aHSX U B IIPAYCYHBIX COOTBETCTBEHHO.
Quy = 0,1x(2330369 + 343814 + 677209) = 335139 M/TOJL.

1.3.4.7. Hmoeo, 200060e nompebnenue 2aza o00WecmeeHHbIMU
NPeOnpUAMUAMU U COOPYHCEHUAMU PAUOHA 2A3UPUKAYUL:

Q; = (98389 + 92820 + 3868 + 9205 + 296445 + 335139) x 30/
100 = 250760 m’/rox.

1.3.5 Cymmapnoe 200060e nompebdienue 2aza O0mMoeabHbIMU
Keapmanamu u paiioHom 2a3upuxayuu
1.3.5.1. Cymmapnoe 200060e nompebneHue 2a3a pauoHOM
easugurayuu;
Qron = Q1 + Q2+ Q3+ Q4 M /oI
. Qrox = 2330369 + 1617978 + 250760 + 10573119 = 14772226
M /rox.

1.3.5.2. CymmapHnoe 2000680e nompebrenue 2aza OmoenbHbIMU
K8ApMaiamu:

QFOHKB — QIKB + Q3KB + QHHHKB ) (3 1)

rae Q" ' - rogoBoil pacxoi rasa Ha IPUTOTOBJICHHE IMINU U
ropsueii Boabl (B KBapTajax 03 IICHTPAIM30BAHHOIO TOPSYETo
BOJOCHA0KEHNU ), KaXKI0T0 KBapTana OTACIBHO, M3/ro,u;

Q3! - rogoBoii pacxox raza OOIIECTBEHHLIMU NPEANPUATHIMHA U
COOPYKEHUSIMHU paiioHa ra3uuKaIim, HEOOXOIUMBII TUIA
YIOBJICTBOPCHHS HYXKJ HACEICHHUS Ka)KJIO0TO KBapTalia B OTJCIbLHOCTH,
M/rom:

Q"' =Q; x Py, (32)

rae P; - nosst HaceneHus Kaxa0ro KBapraia OT HACEJICHUs PaloHa
ra3uuKannm, CM. Ta0auIry 5;
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Quu™ © - TOmOBOM pacxox rasa Ha OTOIUICHHE M ToOpsdce
BOJIOCHA0KEHUE OT MHAMBUAYAJIbHBIX OTONMUTEIBHBIX YCTAHOBOK JJIS
KaXJI0ro KBapTaja OTJEIbHO, M>/TOI.
Pacyer romoBoii mMOTpeOHOCTHM B Ta3e OTACIbLHBIMHU KBapTajiaMu

Ta6nuua 1.3 - CymMmapHoOe rogoBoe moTpedieHue raza
OTJICJILHBIMU KBapTajgaMu

No

L 2 3 4 5 6 7 8

Tajla

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

0 4 1 0 6 8

Q;™1] 40122 15046 | 43883 | 22067 | 41125 | 28837 | 27834 | 32348

Quu | - |644967| - [939794| - [1234620] -

kB k

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

1.4 OnpenesieHne pac4eTHO-4aCOBBIX PACXO0J0B ra3a u
NMPON3BOAUTETbHOCTH YCTAHOBKH CAKHKEHUS

PacuerHbie yacoBbI€ pacXO/bl Ta3a CIYXKAaT UCXOAHBIMUA JTaHHBIMU
I ONPENCIICHUs NPOU3BOIAUTEIBHOCTU  YCTAHOBKU  CHKUMKEHUS
IIPUPOIHOTO Ta3a.

1.4.1 Pacuemmno-uacosvlie pacxoovl 2a3a 6 Keapmauax ¢

OmoneHuem om UHOUBUOYAIbHHIX OMONUMETbHBIX YCIAHOBOK [ 5]
KB __ KB KB KB

Qp - (Ql + Q3 )X kx.6. + QI/IHI[ X kOT) (33)

rae Ky - K03 dUIMEHT 9acOBOro MaKCHMAaJIBHOTO pacxojia rasa
Ha XO3MCTBEHHO-OBITOBBIC HYXKJIbI, BBIUYHCISICTCA II0 CJCAYIOIIEH
dbopmye:

kx.6. =1 /mx.6 s (34)

I7IC M 4 - YACJIO YAaCOB HMCIOJIH30BAHUS MAaKCHMAaJIbHOTO Pacxo/ia

rasza Ha XO3sMCTBEHHO - OBITOBBIC HYXIbI, CM. TIPUIOK.6 [5];
ki =1/1833, 1/a (mms xkB.Ne2);
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ky5=1/1940, 1/9 (ny1s1 xB. Ne4);

ky5=1/2012, 1/9 (ny1s1 kB. Neb);

Kor. - KO3 PUIIMEHT YacOBOro MaKCMMaJbHOIO pacxoja rasza Ha
OTOIUJIEHUE, BBIYUCIISIECTCA 1O CAEAYOE hopmyIe:

Kor =1/ mgy, (35)

I71I€ My, - YACJIO YaCOB MCIOJIb30BAHUS MaKCHUMAaJIbHOIO pacxoja

ra3za Ha XO3sICTBEHHO - OBITOBBIC HYK/IbI, BRIYUCIISICTCS 11O CIACAYIOIICH
dbopmye:
_ 24 xn(t,, —t,.)
ST
rae t,, - TeMmIeparypa BHYTPH MOMEIICHHUH, NMPUHUMACTCS ty, =
20°C;

tio - pacyeTHas TeMmmepaTypa HapY»XHOrO Bo3dyXxa Ui
IPOEKTUPOBAHMS OTOILIEHUS, t, , = -26 °C;

tio” - CpemHsAs TeMIeparypa HapyXHOro BO3AyXa 3a
OTOIUTENBHEIN IepHox, t, o © = -2,4 °C;

Ny - NPOJOJDKUTEIBHOCTh OTOMUTEIBHOTO MEpUoja, CyT, ng = 198

(36)

CyT.
24 x198(20 — (—2,4))

T (20~ (-26))
Boeruucinum paCdCTHO-9aCOBBLIC pPACXOAbl TI'ada3a B KBapTajdaXx C
OTOIIUICHUCM OT HHAWBHUAYAJIbHBIX OTOIIMTCIIbHBIX YCTAHOBOK
Q, ™ = (142554+15046)x (1/1833) + 644967x(1/2314) = 365
3
M /4g;
Q,™ = (207718 + 22067)x(1/1940) + 939794 x (1/2314) = 525
3
M /4g;
Q™ = (272882 + 28837)x(1/2012) + 1234620 (1/2314) = 684

3
M /d.

=2314 v,

1.4.2 Pacuemmno-uacosvlie pacxoovl 2a3a 6 Keapmauax ¢
UEHMPAIUZ0BAHHBIM OMONTCHUEM U 20PAYUM 86000CHADICCHUEM

Q KB — Q KB k (37)

p ron *Kx6

rae kyg = 1/ mys - KO3DPUIIMEHT YaCOBOr0 MaKCHMAaJIbHOTO
pacxoja ra3za Ha X03sMCTBEHHO-OBITOBBIC HYXK/IbI;

m 4 g - YUCJIO YaCOB MCTOJIb30BAHUS MAaKCUMAJIBHOTO pacxoja rasa
Ha XO3SMCTBEHHO - OBITOBBIC HYXKJIBI, CM. PHIIOXK.6 [S];

Q, ™' =270522x(1/2052) = 132 M’/ w;
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Q"% = 295864 x (1/2060) = 144 wm’/u;
Q. =277255x(1/2054) = 135 M’/u.

1.4.3 Pacuemmno-uacosvlie pacxoovl 2a3a 6 Keapmauax ¢
UEHMPATUZ0BAHHBIM OMONTICHUEM U 2OPAUUM 6000CHADICEHUEM OM
HPOMOYUHBIX 6000HAZpesameeil

QpKB = Qrox xkys, (38)

rae kyg = 1/ mys - kK0dhPUIUEHT YaCOBOr0 MaKCHUMAJIbHOTO
pacxoja raza Ha X03sIiCTBEHHO-ObITOBBIC HYXK/IbI;

M 4 g - YACJIO YaCOB HUCMOJIb30BAHUSI MAKCUMAJIBHOTO pacxo/ia rasa
Ha XO3SMCTBEHHO - OBITOBBIE HYXK/IbI, CM. IPUIIOK.6 [S];

Q," " = 486040 x (1/2008) = 242 M'/1;

Q,"® = 562846x(1/2025) = 278 m’/u.

1.4.4 Pacuemmno-uacoevie pacxoovl 2a3a HA KOMMYHAIbHO-
OblM 0BBIX NPEONPUAMUAX PATIOHA 2a3upuKayuu

1.4.4.1. Pacuemno-uacosoi pacxoo 2a3a 8 NpavyeyHol.

Qpnp = Qron "/ Myp (39)

IJI€ My, - YUCIO YaCOB MCIIOJIB30BaHUA MAaKCUMAJIbHOIO Pacxona

rasa Juid mpayeuHslx, my,=2900 4, cM. npuiiox. 6 [5];
QpHp =343814 /2900 = 119 m°/u.

1.4.4.2. Pacuemno-uacosoiil pacxoo 2aza 8 bawe.

6 _ 6
Qp - Qroz[ /m6 5 (40)
IIE Mg - YKUCJIO YaCOB MCIOJb30BAaHUSI MAaKCHMAJIbHOIO pacxoja

rasa g 6anb, mg= 2700 4, cM. nipusioxk. 6 [5];
Q,’ = 677209 / 2700 = 251 M’/u.

1.4.4.3. Pacuemmuo-uacosou pacxoo 2a3a Ha xa1ebo3asooe:
Q) = Qrog /My, (41)

TJ€ My, - YUCJIIO YaCOB HCIIOJb30BAHUS MAKCUMAJIBLHOTO pacxoja

rasa Ha xye003aBoje, my; =6000 4, cM. mpuitoxk. 6 [5];
Q,"* = 596955 / 6000 = 100 m°/x.

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

PIK __ PI'K
Q = Qrox /My, (42)
rac myy - 4YMCJIO 49aCOB HUCIIOJIB30BAHUA MAKCHUMAJIbBHOI'O pacxo/a
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rasza KOTeJIbHOMU, onpeaensieM no ¢popmyne (36): my,=2314 u.
Q, = 7753738 /2314 = 3351 m/u.

1.4.5 Cymmapnstii uacoeoii pacxoo 2aza 6cemu MHCUAbIMU
Keapmanamu:

ZQPKB: QpKBl + QpKB2 + Q KB 3 + QpKB4_|_ QpKBS + QpKB6_I_ QpKB7_|_
0, " + QP+ Q.+ Q) +Q, ¥ =132+ 365 + 144 + 525 + 135 + 684
+242 4+ 278 + 119+ 251 + 100 + 3351 = 6326 m*/u.

1.4.6  Onpedenenue  mpeodyemou  nNpPouU3800UMENbHOCHLD
YCHAHOBKU CHCUNCCHUSL:

1.4.6.1 Onpedenum mpebyemyro npouzeoo0umeIbHOCmMy YCMaHo8KU
COHCUIICEHUS NPUPOOHO20 2a3d, M/CYm.

CyMMapHoe TroJoBO€ OTpeOIeHrE ra3a pailOHOM ra3u(puKaIIu:

Qron = 14772226 v/ron.

I'onoBoe notpedsenne CIII paitoHOM razu@ukanuu COCTaBUT:

3
oI _ %90{) _ 14757921226: 24995(M°/TON), (43)

rae 591 — xoaduIMeHT, yYUTHIBAIONIUN YMEHbIIEHHE O0beMa

IPUPOHOTO ra3a MpU CKUKEHUHU.
Cyrounoe notpedsienne CIII" paiioHoM razudukanuu COCTaBUT:

CIir

car _ Q50 24995 3
= - 2_685 (M/CyT). 44
ogir = Gon 2% _ x5 (w/cyT) (44)

Htoro, Tpedyemasi Ipor3BOAUTEILHOCTh YCTAHOBKHU COKMDKCHUS:

OS5I oenr  685-4245
Geir _ = =2 > =24 (T/CcyT 45
cm 1000 1000 ( )’ ( )

rae pcpr — otHocth CIIT, KF/M3, IIPUHUMAEM PABHOM TIOTHOCTH
XKuJkou (a3pl MeTaHa Kak ocHoBHOro kommoneHnta CIII, pcyr =424.5
xr/m [17];

1.4.6.2 Onpedenum MaKCUMAIbHYIO YACOBYI0 HOPM) NOmMpeobaenus
CIIT, m/’:

por 222 8336 _ 10,7 (v fa),

591 591

1.4.6.3 Onpeoensiem MAKCUMATLHYIO mpeobyemyro

NPOU3BOOUMEILHOCHL YCIMAHOBKU CHCUNCEHUS, M/

crir
G}fﬂf — w .24 = w .24 =109 (1/4).
1000 1000
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Htoro, TpeOyemass MpOU3BOAUTEILHOCTh YCTAHOBKU CHKMDKCHHUSI
coctaBut 109 1/cyT.

1.5. Onpenenenne o0ueit morpedHocTu B CIII'. Boioop
pe3epByapa aisa xpanenus CIIT

1.5.1 I'o0osoe nompebaenue 2aza patioHom ca3ugukayuu:
Qrox = Q1 + Q2 + Q3 + Qu, M’/ron (46)
Qrox = 2330369 + 1617978 + 250760 + 10573119 = 14772226
3
M /TO[I.

1.5.2 Tpebyemasn emecmumocms XpaHuauya 2a3a 8 CHCUNCEHHOM
cocmosanuu (CIIT):
14772226 3
yer = Qo _ =24995 (m”/ron), 47
200 591 591 ( 21) ( )
rae 591 — xoadPuImeHT, yYyuThIBAIOIIUN YMEHbIIEHUE O0beMa

IMPpUPOAHOIO rada Ipu CKM>KCHHUU.

Puc.5.1. IlpuniunuanbHas cxema xpanenus u 3anpasku CIII ¢
MU30TEPMUYECKUM PE3EPBYAPOM
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IIpoekTupyem J1Ba M30TEPMUUECKUX pe3epByapa JUisi XpPaHCHUS
CIII" (oxuH pe3epBHbIN) BMecTUMOCTBIO 110 30000 M3 KaXKIbIH.

NATPYEKM
B KPBILUE |

KPBIWA

JIOKU

/B KPHILE

AAOWALKY
/ HAKPBILLE

CTEHKA_

\NECTHUUA

JHOKM-NIASH

NATPYBKW

[BCTEHKE

BCTEHKE =1:100

1

i

armue /

Puc.5.2. N3oTtepMuueckue pe3epByapsbl CO CTAIIMOHAPHBIMU KPbIIIAMU

Ta6muna 1.5. - PesepByap o6bemom ot 10000 M 0 30000 m°

HoMmuHanabHBIA 00bEM, M 3 10000 | 10000 | 20000 | 30000
Buytpennuii nnamerp ctenku, MM | 34200 | 28500 | 39900 | 45600
BricoTa cTeHKH, MM 11920 | 17880 {18000 | 18000
KonugecTBO OSACOB, IIT 8 12 8 8
OpueHTupoBOYHasE Macca
KOHCTPYKIM, KT
Crenka 105000 | 130000 | 232000 | 280700
JHuie (c npuiyckom Ha 43000 |31800 |62000 |81800
KOppo3uio 1 MM)

Kppia 72000 | 57900 |96000 | 134000
JlecTHu1la 1300 |2100 |2300 |2500
I1momaaku Ha Kpbllie 6000 |4500 |7000 |8000
JItoku, maTpyOKku 2500 | 2500 |3500 |4000
Kommekryronime KOHCTpYKIIMHU 2700 2200 |3200 |4000
YnakoBka 12500 | 14000 | 24000 |30000
BCEI'O 245000 | 245000 | 430000 | 545000
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1.6. Pac4éT TOJNIUHBI CTEHKH BHYTPEHHEH éMKOCTH
xpanusmma CIIT

OnpenenuM TpeOyeMyro TOJIIUHY CTEHKH pe3epByapa €MKOCThIO
30000 M mst Gesomacuoro xpanenust CIIT. JIast pacuéra HCIOIb3yeM
CJIEYIOIIHE TAHHBIC:

. CTEHKa BHYTPEHHEW EMKOCTH BBINOJHEHA U3 CTajud MapKu
X18HI9T ¢ HOPMATHBHBIM COIPOTHBICHHEM PACTSDKEHHIO 05=52010"
klla;

. IMaMeTp BHYTpPEHHETO pe3epByapa Dy, =45,6 Mm;

. BBICOTA 3aJIMBA BHYTPEHHETO pe3epByapa H=18,0 m;

. BAKYYM B MEKCTEHHOM npocTtpancTee Pp=0,2 klla;

. M30BITOYHOE JaBJICHWE BO BHYTpPEHHEM pesepByape P,=15
klla.

HcnbiTanust pe3epByapa Ha THAPOCTATUYECKYIO  HArpy3Ky
OPOBOJASIT C TOMOILBIO BOABL. [ ompeneneHusi TOJMIIUHBI CTEHKHU
UCIIOJIb3YEM BBIPAXKEHHUE ISl KOJIBLIEBBIX HANPSsHKEHUN O0€3MOMEHTHBIX
UIMHAPUYECKUX 000JIOUEK:

[y, -(H 23.63;2: R,]-D,, , (M) (48)

IJIE J,c — YAEBHBIN Bec BOBI, KIc/M, 7,.=10 kH/M;

k. — ko3 dunmeHT ycnoBuii padoTsl, k.=0,8;

x=0 M, T. K. HauOONbIIINE HANPSKEHUS B CTEHKE BO3HUKAIOT MPU
BBICOTE€ CTOJI0A KUAKOCTH PAaBHOM MaKCHUMaJIbHOMY  YPOBHIO
3aI0JIHEHHUSI pe3EpByapa.

5o [10-(18 —0)+15+0,2]- 45,6

2-0,8-520-10°

[IpyuHrmMaeM I8  BHYTPEHHEM €MKOCTH  HM30TEPMHYECKOTO
pe3epByapa jaucthl ctamu Mapku X18HOT tommuuoin 12 MM u
pa3zMepoM 6x2 M.

o2

~0,011 (m) (49)
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1.7. Pacuér Temiosoi usouasiuuu xpanmwiuma CIT
1.7.1. Pacuém mennoeoit uzonayuu cmen xpanunuwa CIII

[IpocTpancTBO  MEXIy CT€HaMH  pe3epByapa  3arojiHseM
BCIIYYCHHBIM TMEPJIUTOM. Y HEro ¢ TMOHWXKEHUEM TeMIepaTypbl u
JaBJICHUS yMEHbIIAeTCs] KOI(P(PUIMEHT TEIIONPOBOIHOCTH, KPOME
TOT0, OH OTHECTOCK.

Pacuér nmpoBouM 1Mo JOMYCTUMOM BEJIMYMHE TEIMJIOBOTO MOTOKA B
pe3epByap, KOTOPYIO OMpENeNsieM UCXOJs U3 JOIMYCTUMON BETUYMHBI
ucnapenus CIII' B peszepByape 0,03-0,05 (%/cyt) oT nmonHoro odbema
CIII" B xpanunue [16].

Onpeodensiem  OONyCMUMbILL  MENIONPUMOK  4epe3  6ce
ocpaxcoarouwjue  KOHCMPYKYUU C  YYemom  3A0aHHOU  BeNUYUHDI

ucnapenus CIII" 6 cymku:
06m:0,0005~V-p-[cp~(T2—T1)+r],(BT) (50)
24-3600

rae 0,0005 (umu 0,05%/cyr) — nmonss wucnapenuss CIII B
pesepByape ot obmiero oobema CIII', xpaHndiierocss B pe3epByape,
%/cyt [13, 1];

V — o6weém CIII, xpamsimerocs B pesepByape, M°, V =24995 n;

p — maotHocth CIII, KI/M, IIPUHUMAEM PABHOU IIJIOTHOCTH
KHUJKOM (ha3bl MeTaHa Kak ocHOBHOTo komrioneHTa CIII', p=424,5 KT/M®
(21, 1];

¢, — Ttemioémkocts CIIT, x/Dk/(xr°C), mpuHUMaeM paBHOM
TeIUIOEMKOCTH XKUIKOH da3bl MeTaHa, ¢, = 3450 Ix/(xr°C) [1];

r — temnoTa uctnapenus CIIT, kJx/kr, ropr = 509,54 xJIx/kr [1];

T’} — navansHasg Temneparypa CIII' B xpanmnuiue, K, npuaumaem
T=111,52K[6];

T, — Temneparypa kuneHus CIII' mpu naBiieHHMM B XpaHWIIWIIE
p=1,150ap, K, 7,=113,21 K [1].

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

Lonycmumule mennonpumoku 6 pezepgyap uepe3 CmeHbsl, Kpbluly,
OHUuje pacrpenensieM MPONOPIMOHATIBHO WX TUIOHIAJSIM MMOBEPXHOCTH
o opMmye:

=31645 (BT)
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F.
Qi :Qoﬁu;._l9 (BT) (51)
F;)ﬁm
rae F; — mmom@anb orpakaarolneil KOHCTPYKIMH pe3epByapa
cTeH, Kymona, namuma), M F,;,, — o0Omas IUIOm@aas BCEX
y w

OrpaXKIAIOLINX KOHCTPYKIHIT pe3epByapa, M.

IInowaob menioomoarowux CmeHok peszepsyapa onpeoesiem no
Gopmyne:

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

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

I1Inowaoe mennoomoaiowux cmen pe3epsyapa pasHa:

F. =314-456-18=2577,3 (M)

ITnowaowe nodsecnoil Kpvlui U OHUWA 6HYMPEHHE20 pe3eps8yapd
xpanunuwa CIII' cuntaeM OJTMHAKOBBIMH H OIIPEICseM 110 popmyie:

F, =F, =r-D/4=314-456"/4=16323 (M") (53)

Buiuucnsem obwyro niowadv mennonepeoavu  02paricoaroujux
KOHCMPYKYUU:

F=F, +F, +F, =25773+16323+1632,3=5841,9 (M") (54)

oow

Onpeoensiem  0ONyCmumbsliL. ~ MENJIONPUMOK  4epe3  CHeHbl
peszepsyapa no (48):
F 25773
= e —31645- 2222~ = 13961 (BT
Qcm Qoﬁm F 5841 9 ( )

[ b

Onpedensem mpebyemoe coOnpomusiieHue menjionepeoaie Cmem
pesepgyapa:

Rmt:("‘e‘fm)'QEm'Kwd, (M>°C)/Bt (55)
rae t, — cpenuss temmeparypa CIII' B xpamwmume, °C,

BBIYKCIISIEM 110 hopMmyIe: 7, =1 ;tz _ 11321 ; HL52 73— 160,64 (°C);

[, — TeMmIepaTypa HapyXHoro Bosayxa, °C, mis pacuéra
NPUHUMAEM CPEIHIOI MaKCUMaJbHYI0 HauOoJiee KapKoro Mecsdila,
1,=24 °C [18];

, F.,, — mioiaap Terionepeaayy CTeH pe3epByapa, M2, A=2577,3
M

(Q; — NOMYCTUMBIN TEIJIONPUTOK B pe3EpByap 4epe3 CTeHbl, BT,

0.»,=13961 Br;

K,eq — KOI(PPUIIMEHT, yIUTHIBAIOUIUN JOTMOJHUTEIBHBIA MOTOK
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TEIJIOTHI Yepe3 OMOpPhl, MPUHUMAEM IO JOMOJHEHUIO K Tabnuie 4 [16]
Kredzl,l.

R, = (24- (_16()1’§g?1' 25773 L1 _ 37 49 (M*°C)/Brt

Onpe@eﬂ}zeM mepmudeckoe conpomuejieHue menjiou3oniiayuu Cmen
pesepsyapa:
1 2.
R,=R, ——-R , (M °C)/Bt (56)
o

e

rae R,, — CONpPOTUBIIEHUE TEIUIONEpeaye CTEH pe3epByapa,
(M*°C)/BT, R,,;/=37,49 (M>°C)/BT; 0, — K03 PHUIMEHT TEIUIOOTAAYN OT
HAPYXKHO# MOBEPXHOCTH M30iALHH, BT/(M>°C), mpuHIMaeM 110 Tabuie
9 [16] mpu Temmeparype uzoampyemoii mosepxuoctd 19 °C u Hibke
2,=29 B1/(M*°C);

R, — TepMHUUYECKOE€ CONPOTHUBJICHUE METALIMYECKON CTEHKHU
pesepByapa, (M>°C)/Bt, mpeneGperaeM 5TOi BETHYHHON B BHIY ¢
MaJIOCTH.

R, =37,49 - % ~37,46 (M~°C)/Br.

Tonwuny mennogol uzonayuu onpeoensieM no gopmynam Ois
NJIOCKOU NOBEPXHOCTIU:

O = Ay "Ry s (M) (57)

rae Ax — KO3 hUIueHT TEIUIONPOBOIHOCTH
TEIUIOM30JIAIUOHHOr0  citosg, B1/(M°C), mnpuHMMaeM B KauecTBE
TEIUIOU30JSALUA TIECOK IEPIUTOBBIA BCIIYYEHHBIA MEJIKAM B MEIIKaX,
I'OCT 10832-83, mapku 75, ¢ KOd(PPUIHUEHTOM TEIIONPOBOJHOCTH
1x=0,043 B1/(Mm°C) [16];

Ry — TepmMuuecKkoe COIPOTHUBIIEHUE TEIUIOU3OJALMOHHON
xoucTpykuu, (M °C)/BT;

Sy = Ay - Ry =0,043-37,46=1,61 (M).

Onpeoensiem menjionpumox K pe3epeyapy uepe3 U30IupoBaHHble
CMeHbl:

t’ B twm ’ F::m ’ K}"E:‘C
0, - -tu) FuKu (By) (58)
“K4+R +—
K ae
rac F em —— IuomaAab IMOBCPXHOCTH  TCILUIONCPCAAYN CTCH

pesepByapa, M>, 4=2577,3 Mm".
0 - (24 - (-160,64))-2577,3- 1,1 _ 13968 (BT)
(1,61/0,043) +(1/29)
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[TonydeHHas BenMYMHA TPUOIUBUTEIBHO pPaBHA MPUHATOU B
Hayvaye pacdera 13961 Bt, cinegoBaTenbHO, pacyeT BEPEH.

Onpeoensiem NOBEPXHOCMHYIO NIOMHOCHb MENJI08020 NOMOKA,
Bm/w’:

9=0u/F,>» (59)

g =13968/2577,3 =542 BT/MZ, yTO0 MeHblue 18 BT/Mz, COIJIACHO
HOpMaMm  IUIOTHOCTM  TEIUIOBOTO  TOTOKAa 4Yepe3  IOBEPXHOCTh
TETJIOU30JISIIIUA 000PYJI0OBaHUS U TPYOONPOBOJOB C OTPUIATEILHBIMU
TeMmneparypamu [ 16].

1.7.2. Pacuém mennoeoiut uzonayuu kpvtuwiu xpanuauwia CIITI
Pacuér mnpoBoaMM aHAJIOTMYHO MPEABIAYIIEMY pacuery IO
dopmynam (50) - (59). Kpeima pesepByapa XpaHWIMIIIA COCTOUT M3
METALTUIECKUX KOHCTPYKIIHH C TEIUION30JISIIuEH u3
MOPOIIKOOOPA3HOTO MaTepuajga B MEIIKaxX: TIECOK TMEPIUTOBBIN
BcermyueHHbId Menkuii, ['OCT 10832-83, mapku 75, kodpduimeHt
TEILIONPOBOIHOCTH KOTOPOro paseH Ax=0,043 Bt/(m°C) [16].
Jonycmumuiti menjionpumox uepe3 no08ecHy10 Kpvluty pesepsyapa
onpeoeisieM no opmyne:

F 16323
- L _31645. > 8842 (BT
pr Q()ﬁm 5841 9 ( )

obwy >
Conpomueﬂeﬂue menﬂonepedaqe Kpblihu XpaHujiuwia evliucijiem
no (54):

! 0, 8842
Tepmuueckoe conpomueiienue meniousoNAYUY Kpbluu XpaHuiumua
onpeoeisiem no opmyne:

R =R, - —R =37.49- L —3746 (M>°C)/BT
a 29

e

_(.-1,,) Fy Ky (24-(-160,64))-1632,3- LL_ 37 49 (M*°C)/Br

TOJZLL;L!HCI menjousoyAyuu  Kpoblidu XpaHuauuia esblyuciiem no
Gopmyne:
S, = Ay - R, =0,043-37,46 = 1,61 (M)
Tennonpumox uepe3 Kpvluly XpaHuIuia Haxooum no opmyine:
(= t,) Fy Ko (24— (-160,64))-1632,3- 11

0, = 5/ vy +/ (1,61/0,043) + (1/29)

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

= 8846 (B71), 4TO
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n3HavyaiabHO (8842 BT), ciienoBaTenbHO, pacyeT BEPEH.
Buvluucaum nosepxHocmuyio niomuocms menioo20 NomoKa:
2 2
q=0,/F, =8846/16323=542 (B1/™M"), uyro wmenmpme 18 Br/M’,

COIIACHO HOpPMaM IUIOTHOCTH TEIUIOBOTO IOTOKAa 4Yepe3 MOBEPXHOCTh
TEIJIOU30JISIMKA 000PYIOBAHUSL U TPYOONPOBOJIOB C OTPUILIATEIbHBIMHU
TeMmneparypamu [ 16].

1.7.3. Pacuém mennoeoit uzonayuu onuuia xpanuauuwia CIINT

JInst mpeqoTBpallleHus TPOMEP3aHusl TPYHTA MpeaycMaTpuBaeM
TETJIOM30JIAIMIO JTHUIIA pe3epByapa. Kpome Toro, npokiaasiBaeM MO
JHUILIEM pe3epByapa TPYyOOINpPOBOJbl C IUPKYJIUPYIOIIEH TopsUei
BOJIOM, 4TOOBI HE JIONMYCTUTh BCHYyYMBAHHWE TPYHTA U, KaK CJECACTBHUE,
OTPOKHUJIBIBAHUE pE3epByapa.

Pacyer TONIMIMHBI TETMJIOU3OJSIUOHHOTO CJIOS TPOBOAUM TIO
dbopmynam  (50) - (59). [duuiie pe3epByapa MNPOCKTUPYEM U3
OpeABApUTEIBHO  HAIpPSOKEHHOro  Jkene3o0eroHa. B kauecte
TEIUIOM30JIAIMYA  JHUIIA  pe3epByapa IMPUHUMAEM  IIEHOCTEKIO
FOAMGLAS.

Jonycmumviti  mennonpumox — yepe3  OHUWeE  pesep8yapad
onpeoeisiem no opmyne:

0y, =005 £y, =31645-£i’; =8842 (BT)

ooy H

Conpomusnenue menionepeoaie OHUWA XPAHUIUWA HAXOOUM HO
Gopmyne:

Rtot = (te _ twmg Ft)u ) Kred (MzOC)/BT
OH

rie t, — TeMIeparypa TpyHTa Ha TJyOMHE 3aJI0KEHUS
¢ynmamenTa Mmenbinme 1,6 M, °C, OpUHUMaeM paBHOM BBICIIEH
CpeIHEMECIYHOM TeMIIEpAType 3a JeTHHi nepuox, £,=13,8 °C [16];

Conpomusenenue menjionepeoaie OHUWA XPAHUTUUA DABHO:

R, = (138- (_16(;’862)' 1632.3-11 _ 3545 (M°C)/Bt

Tepmuueckoe conpomusnerue Hcene300emMoOHHbIX KOHCMPYKYULL
OHUWA XpaHUIUWa onpeoeisem no popmyie.

R, =2n  (M*°C)/Br (60)

A

m

rie o0, — TOJNIIMHA >KEeJIe300€TOHHOW KOHCTPYKIIMH, M,
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npuHUMaeM 0,=0,22 M;
Am  — KO3(DPUIHUEHT TEIJIONPOBOJHOCTH KEJIE300€TOHa TI0
napamerpam b, Br/(m°C), 4,,=2,04 Bt/(Mm°C);

_022_ 611 (M*°C)/Br.
2,04

9

m

Omnpenensiem no Tadauie 9 [16] koapdunreHT TerwiooTaaqyu o, OT
HapY>KHOW NOBEPXHOCTU U30ALMU. [IpH pacrionoxeHnu u3oiImpyemMon
NOBEPXHOCTH B  MOMEUIEHUM W  TEMIEpaType  HU30JUPyEeMOi
nmoBepxHoctd 19 °C u Hmke KOIPPHUIMEHT TemiooTnaun o~=11
Bt/(M*°C)/Br.

Tepmuueckoe conpomuénenue meniousoIAYUOHHOU KOHCMPYKYUU
OHUWA XPAHUTUWA BLIYUCTAEM NO opmye:

R, =R, — . R, =3542— 1 o11=3522 (M2'°C)/BT
a 11

Tonyuny  meniousonAYUOHHO20  CIOSL  OHUWA  pe3epsyapa
onpeoeisieM no opmyne:

Ox =g Ry (M)

rie Ax — KO3(Q(PUIMEHT TEIIONPOBOJIHOCTUA TEIIOU30JISAIINU
(menoctexna FOAMGLAS), Bt/(M>°C), 1,=0,043 B1/(mM”°C).

5, =0,043-3522=1,51 (M)

Tennonpumox uepe3 OHUWe pesepsyapa onpeoeisiem no opmyne:

_(t—t,,) F) Ky _ (138-(-160,64))-1632.3-11 _ o0 o (Br),

Q()H -
5—K+Rm+i 151 +0,11+i
Ax a, 0,043 11

qTOo HpH6JIH3HT CJIbHO COBIIaacT C BEJIMUNHOHN TCIUIOIIPHUTOKA,
NpUHATON M3HavasbHO (8842 Br).

Onpedeﬂww NOBEPXHOCMHYKO NJIOMHOCMb mMeNnjlo6020 nNOmMoKdA,
Bm/w’:

q=0,, /F, =8869/1632,3 =543 (Br/™m°), uto MeHbIe 18 Br/™M’,

COIJIACHO HOPMaM IUIOTHOCTH TEIJIOBOIO MOTOKA YEPE3 MOBEPXHOCTH
TEIJIOU30JISIIMKA 000PYIOBaHUSI U TPYOOIPOBOJIOB C OTPUIATEIHLHBIMU
Temrneparypamu [ 16].

Obwue mennonocmynjieHusi 8 pe3epgyap uepes U30JUPOBAHHbIE
KOHCMPYKYUU pe3zepayapa (cmemwvl, KynoJ u OHUWe) cocmassim:

Oy =0., 0, +0,, =13968+8846 + 8869 =31683 (BT), ut0

COMOCTaBUMO C JOMYCTUMOM BEJIMYMHBI TEIJIONPUTOKA B PE3EPBYap,
OPUHSTON 1)1l pacuera u3HavyanbHo (31645 Br).



30

1.8. TemioBoii pac4€éT X0/10AMJIBHON YCTAHOBKHU

Hns  cHwxennss BennunHbl ucnapenus CIIIT B xpynmHOM
XpaHWJIMIIE, KPOME TEIUIOU3OJISIAN, PUMEHSAEM CXEMY KOHJICHCALUH
napoB CIII" 3a cuet TermooOMeHa ¢ KuJIKUM a30ToM (cM. puc. 18) [1].

1.8.1. s onpeoeieHusl X0J1000nPOU3800UMENbHOCMU
YUDKVTISIYUOHHOU — XOJOOUTbHOU — YCMAHOBKU — HE0OX00UMO  3HAMb
Menuogyro Hazpy3Ky Ha XOA00UTbHYI0 MAUUHY:

Or =0, +0, + 05 + 0, + 05, (BT) (61)

rae Or — TemnoBas Harpy3Ka Ha XOJOAWIbHYIO MalivHa, BT;

(; — TEIUIONPUTOK K pe3EpByapy dYEpe3 OrpakIarouiue
KOHCTPYKIMH, BT;

(), — TOCTyIUICHWE TEIUIa B XPAHWIHILE C XKUAKOU (a3oH,

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

(3 — MOIIHOCTh XOJOJWJIbHON YCTAaHOBKM Ha CXKI)KEHHUE Tasa,
UCIapsAIONIerocs B pesepByape, BT;
(J, — KOJIMYECTBO TEIUJIa, BHOCUMOE 4Yepe3 H30JUPOBAHHBIC

MOBEPXHOCTH TPYyOOIPOBOOB, BT;

()5 — npoyre TEIIONPUTOKH, HEMTOAAAIOUIUECS TOUHOMY PacyeTy,
Br.

1.8.2 Onpedensem  menionpumoxk K pezepsyapy  uepes
ozpasdicoarouwjue KoHcmpyKyuu, Bm:

O =k-F-(t,—t,), (62)

rae k — xodhUIMEHT Terionepeaayu 4Yepe3 CTeHKY K JKHUJIKOM
dase, Br/(m*-°C);

t, — cpenusas temneparypa CIII' B xpaHuuine, npUHUMAEM 7, = -
160,64 °C;

f, — TeMmIepaTypa HapyXHoro Bosayxa, °C, musd pacuéra
NPUHUMAEM CPEIHIOI MaKCUMaJbHYI0 HauOoJiee KapKoro Mecsdila,
,=24 °C [18];

F — TOMnHAas HApY’KHAsI TOBEPXHOCTD PE3epBYapa, M-, OIPEIeIIsieM
o opMmye:

2
F=ﬂ-D-H+2-%,(M2) (63)

rne D — npumamerp pesepByapa, M, D=45,6 m; H — BbIcOTa
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pesepByapa, M, H =18 m;
BeruucngeM mNOMHYI0 Hapy»KHYH ITOBEPXHOCTh pe3€pByapa Mo
dbopmye (63):

2
F=314-456.18+2. 244507

=5841,9 (M)

Koaddunuent termnonepenauu onpeaeiisieM 1o Gopmysie:

k=—1 Br/(M>°C) (64)
Rtot
rae R,, — CONPOTHBIEHHE TEILIONEPENAUE OrPaKIArOIIUX
KOHCTPYKIHI pesepByapa, (M °C)/BT, R,,=35,42 (M>°C)/Br;
k=t =1 0008 Br/(m2°C)
R, 3542

OmnpeznenseM TEILUIONPUTOK K pe3epByapy dYepe3 Orpaxaaroline
KOHCTPYKIIUHU 110 Gopmyiie (62):
0, =0,028-5841,9- (24 —(~160,64)) = 30202 (BT)

1.8.3 Onpeoensiem koauuecmeo menia, 6HOCUMOE C HCUOKOU
@ azoti uz mpancnopmHwvix cocy0os8 no gopmyne:

0,=v,-c, (t,—t), (BT) (65)

e v, — CKOPOCTb HAIOJIHEHUS pe3epByapa, KI/4, IPH CIUBE TPEX
KEJIE3HOJOPOKHBIX IUCTEPH paBHA 33-35 1/4, v,=35 1/4;

¢, — Ttemioémkocts CIIT, x/Dk/(xr°C), mpuHHMaeM paBHOM
TEIUTOEMKOCTH XKUIKOH (asbl MeTaHa, ¢, = 3450 x/(xr°C);
t, — Ttemneparypa skuakoir ¢aser CIII B 1mcrepue, °C,

npuHuMaeM paBHOM Temmepatype kunenus CIII' mpu atmocdepHOoM
naBnenuy, f, =-161,3 °C;

t, — cpenusas temneparypa CIII' B XpaHWIHIIlEe, TPUHAMAEM 7, = -
160,64 °C;

Breruncrnsiem TemionpuToku, BHOCUMBIE ¢ kuakoi dazoit CII u3

TPAHCIIOPTHBIX COCYAOB 110 hopMmyie (65):
0, = % -3450-(— 160,64 — (- 161,3)) = 22138 (BT)

1.8.4 Onpeodensem MmowHOCMb XOJNOOUNLHOU YCMAHOBKU HA
COCUIICEHUe 2a3a, UCNAapAIowWe20Ccsl 8 pe3epsyape, o popMyie:

0, - 202 Jex . (Br) (66)
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rae 0,0005 (umu 0,05%/cyr) — pona wucmapenuss CIII' B
pesepByape ot ooOmero oobema CIIIT, xpaHsiierocs B pe3epByape,
%/cyt [13, 1];

r — ternota ucnapenus CIIT, kJx/kr, repr= 509,54 xJlx/kr [1];

Gpyx — kommuectBo CIII' B pesepByape, Kr, ompenensieM Io
dbopmye:
Gp =Vo Penr > (KF) (67)

rae V — o6bém CIIT, xpansuierocs B pesepsyape, M°, V =24995
M

p — maotHocth CIII, KI/M, IIPUHUMAEM PAaBHOU IIJIOTHOCTH
XKUJKOM (ha3bl MeTaHa Kak ocHOBHOTO kommioHeHTa CIII', p=424,5 KT/M®
[21, 1];

G, =24995-424.5=10610377,5 (KT)

BrruncisieM MOIIHOCTh XOJOAWJIBHOM YCTAaHOBKH Ha CXKMKCHHE
rasa, McrapsroIierocsi B pesepByape mno dhopmyie (66):

0, - 0,0005-1061;);77,5-509,54 _ 112634 (BT)

1.8.5 Konuuecmeo menna, 6HOCUMOE uYepe3 U30AUPOBAHHbLE
nogepxHocmu mpyoonposooos, onpeaeisieM mno gopmyse:

Oy =94, Ly, (BT) (68)

I1€ ¢; — HOPMUPOBaHHAs JIMHEHHAd IUJIOTHOCTh TEMJIOBOTO
noToka ¢ 1 M UIMHBI TEMJIOU30JMPOBAHHOTO TpyOonpoBoaa, BT1/m,
npuHMMaeM 1o tabmune 6 [16] mpu nuamerpe tpydonposona d,=100
mMm 1 Temneparype CIIT ¢, =-161,3 °C temnoBoit moTok paBeH g,=22
Bt/™m;

Ly — pmuna tpyOompoBoaos CIII', M, mpuHMMaeM paBHOMH
LTZIOO M.

0, =22-100 = 2200(Bm)

1.8.6 Ilpouue mennonpumoku, He nooOarOWUecs MOYHOM)
pacuemy:

05 =b-(0, +0,), (B) (69)

rae b — xkoaddumment, mpu Q; 6onee 250000 kkan/a mpuHEIMaeM
b=1,05

Os =1,05-(30202 +22138) = 54957 (Br).

1.9.7 Tennosas nacpy3ka Ha XON00UTIbLHYIO MAWUHY (mMpedyemas
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MOWHOCMb XON0OUTbHOU MAUUHDL):
Or=30202 + 22138 + 112634 + 2200 + 54957 = 222131 (B1) =
222 kBT.

1.8.8 Omnpeoenum mpebyemviii pacxoo xiadazeHma — HCUOKO20
a30ma Ha X0100UIbHYIO0 YCIAHOBKY:

_ Or , (xr/c), (70)

B Ty, +cp(tcm —th)

rjae ry; — TemioTa nmapooOpa3oBaHusl a3oTa, ry; = 197,6 kJDx/kr

Ny

[1];

c, — W300apHasg MaccoBas TEIUIOEMKOCThb a3ora, ¢, = 1,955
K JIx/(kr-°C);

tcnr — cpenssist temnepatypa CIII B XxpaHwiuiie, mpuHUMAaeEM ¢y
=-160,64 °C;

ty; —TeMIlepaTypa KHUIEHHUS a30Ta MpU aTMOC()EpHOM AaBJICHUH,
IIPUHUMACM In>=
-195,65°C;

Berancnsiem tpedyemblii pacxoa azora st oxyaxiaenus CIII B
XPaHWIHUIIE:

Gy, = 222,151 =0,835 (xr/c).
*197,6+1,955(— 160,64 — (—195,65))

1.8.9  Onpeoenum  mpebyemyro  niowadb  NOBEPXHOCMU
menioooMeHa KOHOeHCamopa.

Or 2

T (71)

rne k, — kodbuuueHT TermIonepenayn  KOHJIEHcATopa,
B1/(M*-°C), OpUEHTHPOBOYHO IPHHEMAEM k,, = 800 B1/(M-°C);

At — cpemHuii TemmeparypHblii Hamop, °C, oIpenenaseM o
dbopmye:

At =tepr—tyy = -160,64 - (-195,65) = 35,01 °C

Brruncisiem TpeOyeMy1o MOBEPXHOCTH TENI000MeHa
KOH/JIeHCaTopa:

222131 2
F = =7.93 (m
™ 800-3501 (M)
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1.9. Bbi0op nucrepusl 1is tpancnopruposku CIIT

Onpenenum Tpebyemyro BenuuuHy 3aBo3a CIIIT u BwiOepem
€MKOCTb LUCTEepHbl iA TpaHcnoptupokn CIII'. HM3BectHO, UTO
IPOJIOJKUTENBHOCTh PA00Thl YCTAaHOBKU CxkMkeHUs 330 CyTOK B roay
(OmMH Mecsll YCTaHOBKAa JIOJKHA HAaXOJIUTHCS HAa MPOQPUIAKTUYECKOM
pemonre) [1].

Onpeoensiem eenuuuny 3aeoza CIII' 6 cymKku ucxoos us 3mux
VCILOBUUL:

_Var o3
Vewr =530 > (M7/CyT) (72)

rae vz — rogooe notpedsenue CIII, M /ToAd, COTJIACHO PacueTy
B 1.1.7.2 2 =24995 M /TOLL.

TpeOyemas BennuuHa 3aBo3a CIII' B cyTku paBHa:

Vi = % = 7574 (M/CyT)

1.10. PacyéT TemioBoii u3oassuuu Tpydonposogos CIIT

Ilepemaua CIII' U3 TpaHCHOPTHBIX LUCTEPH B CTALMOHAPHBIN
pe3epByap  OCYHIECTBISIETCS O  TPyOONpoBOJaM  HEOOJbIION
OPOTSKEHHOCTH.  ECTECTBEHHO, MPOIECC  OCYLIECTBISETCS  MPH
KPUOTEHHBIX TEMIIepaTypax; CJeA0BaTelbHO, CTalb Js TpyO
BBIOMpAETCSl COOTBETCTBYIOIIAsA, a camMa TpyOa BO u30eKaHHE
MHTEHCHUBHBIX TOTEPh «XOJIOAa» W TMOABJICHUS JBYX(a3HOTO IMOTOKA
J0JIKHA UMETh 3((DEKTUBHYIO TETIOBYIO HU3OJISIIUIO.

Pacye€r TOMIMHBI TEMIOU3OJSIIUOHHOTO CJIOS MPOU3BOJHUM IO
HOPMHUPOBAHHOM IJIOTHOCTH TEILUIOBOTO MOTOKA Y€pe3 U30JUPOBAHHYIO
MTOBEPXHOCTH [16].

1.10.1 Tonwuny meniou3onayuoHHo20 Cclosi onpeoensiem no

Gopmyne:

5 =2 (B-1), () (73)

rae d, — HapyXHBIM TUaMETp H30JUPYyEMOro TpyOONpoBOJa, M,
d,=108 Mmm=0,108 M;

B — OTHOIIEHUE HAPYXHOTO JAUaMETpa H3OJSIMOHHOTO CJIOS K
Hapy>KHOMY JAHaMETPy U30JIupyeMoro TpyodornpoBoaa, B=d; /d,.
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1.10.2 Ilapamemp B onpeoensiem no gpopmyne:
1

mB:z'”'ﬂK'{r’”’_rm_ae.;z.(dquo,l)}

rie 7, — CONPOTHUBJICHUE TeIUonepeaaye Ha | M JJIMHBI
TEIUIOM30JIAIIMOHHOM KOHCTPYKIUHU Tpyborpososa, (M °C)/Br;

¥m — TEPMHUYECKOE COIPOTHUBJIIEHUE CTEHKU TpyOOnpoBoja,
Br/(M°C), yuuThIBaeTcs TpH TNPUMEHEHHH  HEMETAUTHYECKHX
TpyOONIPOBO/IOB, B JI@HHOM CJIy4a€ HCHOJb3YIOTCS METALTNYECKUE
TpyOBI, T03TOMY cuntaeM r,=0 B1/(m°C);

(74)

Ak — KO3(DPUUMEHT TEIIONPOBOJHOCTH TEIJIOU30JIAIIMOHHOTO
ciost, Br/(m°C);
0, — KO3(Q(DUIMEHT TEIUIOOTIauYd OT Hapy>KHOM MOBEPXHOCTU

rertomsoisinny, Br/(M°C), npurHMMaeM corimacHo [16]  mpm
TemIeparype wusojmpyemoii mosepxnoctd 19 °C u Humke 0,=29
Bt/(M*°C).

1.10.3  Onpedensem  conpomusienue  menionepeoave  no
HOPMUPOBAHHOU IUHEUHOU NJIOMHOCMU MENI08020 NOMOKA.:

. If( , (M°C)/Bt (75)

tot

/ 1

rae t, — cpennsis remneparypa CIII' B XxpaHumnuiie, IpUHUMAEM 1,
= -160,64 °C;

f, — TeMmIepaTypa HapyKHOro Bosayxa, °C, mIs pacueéra
NPUHUMAEM CPEIHIOI MaKCUMaJbHYI0 HauOoJiee XKapKoro Mecsdila,
1,=24 °C [18];

¢; — HOPMUPOBAHHAS JIMHEWHAsS MJIOTHOCTh TEIJIOBOIO MOTOKA C 1
M JUIMHBI TEIJIOU30JMPOBAHHOTO TpyOompoBoaa, BT/M, npuHuMaem 1o
Tabmuue 6 [16], mpu d,=100 mm u ¢, = -160,64 °C TemnoBOil MOTOK
q,=22 Bt1/™m;

K; — K03(pGUIMEHT, YYUTHIBAIOIINN pailoH CTPOUTEILCTBA U
croco0 MPOKJIaAKU TPyOOmpoBoaa, MpUHHUMAeM corjiacHo [16]; mis
EBpomnelickoro pailoHa CTpOUTENbCTBA U MPOKJIAIKH TPyOONpoOBOa HA
oTKpbITOM Bo3ayxe K;=1,0.

Brrancnsiem conpotuBieHue Terionepeaayde mo gopmyie (75):

v, = 24—(—160,64) _ 8,39 (M20C)/BT
22-1,0

Hns  Temmou3onsuuu  TpyOONmpOBOJAOB €  OTPHUIIATEIIBLHBIMU
TEMIEPATypaAMU CIEAYET MPUMEHSITh TEIUIOU3OJSALUOHHBIE MaTEPHUAIIBI
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co cpemHeil IUIOTHOCTBIO He Oomee 200 Kr/M® ©  pacueTHOI
TEIIONpOBOAHOCTEIO He Oonee 0,05 B1/(M°C). TlosToMy nmprHUMAEM B
KauecTBe Teron3onsuuu neHononunyperan [11Y-331/3 (3anuBouHblii)
¢ KO3 PHUIUEHTOM TEILIONPOBOgHOCTH Ax=0,034 B1/(M°C) [16].

1.10.4 Bviuucnsem napamemp B no ghopmyne (74):

1
= 1,78 OTKYJla
29-3,14-(0,108 + 0,1)} ’ ’ yAa

In B =2-3,14~0,034-{8,39—0—

B=¢"%=593

1.10.5 Bovluucnsiem moawuny meniou3oiAYyuOHHO20 Closi No
dopmyne (73):

S, = 0’1208 -(593-1)=0,266 (M)

1.10.6 [luamemp mpybonposooda c uzonsayuei cocmasum.

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

B Tenmnon3onsiuoHHON KOHCTPYKIIMU CJAEAYET MpeaycMaTpuBaTh
NapOM3OJIAIIMOHHBIA ~ CJIOM  TpU  TEMIepaType  H30JIUPYEeMOM
nosepxuocty Huke 12°C. Ipunumaem 1o Tabnuie 1 mapou3oNsanui0 u3
nomdTIIIeHOBOM TICHKU ['OCT 10354-82 Tommmumnon 0,21-0,3 MM B 3
cios [16].

[Ipu npokianke TpyOompoBoJa Ha  OTKPBITOM  BO3IyXe€
OpeayCMaTpUBaeM TIOKPOBHBIA CJIOM M3 OIMHKOBAHHOM CTalud C
HenpepbiBHBIX JauHU ['OCT 14918-80 Tommmuon mmcrta 0,5-0,8 mMm
coryacHo [16].

OHpeI[eﬂﬂeM KOJIMYCCTBO TCIlIa, BHOCHUMOC qcpe3
M30JMPOBAHHYIO TIOBEPXHOCTH TPYyOOIPOBOIa 110 PopMyJIe:
Ly -(t, —t,

+ -In
a,-d, 21, d

rae Ly — anmuHa TpyoonpoBoaa, M, Ly=100 m; In(d/d,)=InB=1,78.
0, - 3,14-1100-(24— 1(—160,64)) _ 2210 (Br)

2

+ .

29-0,64 2-0,034

[IpoBepuM  TpPaBWIBHOCTH  pacuye€ra  Ha  COOTBETCTBHE
HOPMHUPOBAHHOM TUIOTHOCTH TEIUIOBOTIO MOTOKA YEPE3 U30JUPOBAHHYIO

MOBEPXHOCTb:
0,, 2210 B/ .
g === =22 (B1/M), 4TO COOTBETCTBYET HOPMHPOBAHHOW
T

JUHENHOW MIOTHOCTH TEIJIOBOTO MOTOKA, IPUHATOM 1o [16].
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HPUJIOKEHHUE 1

Tao6muma I1 1.1 - CocTaB rasa u €ro rmioTHOCTh

Ilom-
Ba- HOCMb
pu- | Cocmas zasa, % no oovemy K2/M>
aHT pu
=0°C
P=101,3
CH4 C2H6 C3Hg C4H10 C5H12 CO st Hz klla
I {951 2,3 0,7 04 0,8 0,2 - 0,5 0,77
2 186,99 6,0 1,6 1,0 0,5 1,2 - 2,8 0,88
3 198.71033| 0,12 | 0,04 | 0,01 0,1 - 0,7 0,73
4 86,1 2,0 0,6 | 0,34 | 0,35 | 8,5 - 2,0 0,87
5 199,01 0,1 [0,005 - - 0,095 - 0,8 0,72
6 (93,01 3,6 | 0,95 0,25 | 0,35 | 04 - 1,3 0,78
7 174,8| 8,8 39 1,8 6.4 - - 43 1,04
8 198,310,451 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
10 193,0| 3,1 0,7 0,6 - 0,1 - 2,5 0,77
11 1932 2,1 1,2 1,0 1,2 0,8 - 0,5 0,81
12 | 85,6 4,6 16 | 0,75 | 0,55 | 0,6 | 1.3 | 5,0 0,85
13 89,4 6,0 | 2,0 0,7 0.4 1,0 - 0,5 0,82
14 89,6242 | 0,7 | 0,27 | 1,16 | 1,68 |0,25] 3,93 0,63
15 [80,2(264 | 1,15 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
17 195,210,04 |10,006|0,001| 0,1 0,3 - 4,5 0,58
18 [87,21398 | 1,34 | 0,75 | 0,23 | 1,73 - 4,77 0,58
19 | 78,9453 | 234 | 1,02 | 0,27 | 1,02 - |11,84 0,68
20 98,5 0,2 | 0,05 10,012]0,001 | 0,5 - 0,7 0,72
21 197,6| 0,1 | 0,01 - - 0,3 [ 0,11 1,95 0,73
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IMPUJIOKEHUE 2
BapuaHThI reHepaJIbHOTO IJIAHA
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