1. Цели и задачи курсового проекта
 
Курсовой проект выполняется с целью закрепления знаний по дисциплине “Теплоснабжение” и развития навыков самостоятельного проектирования системы теплоснабжения района города.
Задачами курсового проекта являются:
· практическое овладение методикой проектирования систем теплоснабжения населенных пунктов;
· анализ вариантов схематических решений прокладки тепловых сетей и выбор оптимального решения;
· получение элементарных навыков конструкторского проектирования систем теплоснабжения;
· освоение методов расчета различных видов теплового потребления;
· изучение способов регулирования отпуска теплоты;
· выполнение гидравлических расчетов трубопроводов тепловых сетей, теплового и механического расчетов теплопроводов;
· приобретение практических навыков оформления и выпуска конструкторской документации в соответствии с ГОСТ.
Для решения перечисленных задач необходимо знание не только курса “Теплоснабжение”, но и ряда смежных дисциплин, изучаемых в 1-7 семестрах, а также умение пользоваться действующими нормативными документами и справочной литературой [1-16].
2. Основные требования к курсовому проекту
2.1. Тематика курсового проекта
 
В соответствии с вариантом задания необходимо запроектировать систему теплоснабжения района города. Основное внимание должно быть уделено выбору оптимального варианта схемы тепловой сети, обоснованному способу регулирования отпуска теплоты потребителю, технологии выполнения гидравлических расчетов трубопроводов тепловых сетей, методике теплового и механического расчетов теплопроводов, изложенной в действующих нормативных документах.
2. Основные требования к курсовому проекту
2.2. Исходные данные к курсовому проекту
 
Исходные данные для выполнения курсового проекта содержатся в задании на курсовое проектирование.
2. Основные требования к курсовому проекту
2.3. Объем курсового проекта
 
Проект состоит из расчетно-пояснительной записки и графической части.
Графическая часть работы выполняется на одном листе формата А1 и должна содержать:
1. генплан и принципиальную схему системы теплоснабжения;
2. монтажную схему теплопроводов;
3. пьезометрический график при расчетном режиме;
4. компоновку сечения канала или бесканальной прокладки;
5. компоновку тепловой камеры;
6. компоновку компенсаторной ниши;
7. конструкцию изоляции.
Пояснительная записка должна содержать следующие разделы:
1. определение расчетных расходов теплоты;
2. построение графика продолжительности тепловой нагрузки;
3. расчет и построение графиков регулирования отпуска тепла;
4. построение графика суммарного расхода воды в тепловых сетях;
5. определение расходов сетевой воды;
6. гидравлический расчет водяных тепловых сетей;
7. подбор сетевых и подпиточных насосов;
8. конструирование тепловой сети (выбор трассы, размещение основного оборудования, обоснование способа прокладки, компоновка элементов оборудования);
9. механический расчет теплопроводов;
10. тепловой расчет теплопроводов.
2. Основные требования к курсовому проекту
2.4. Защита курсового проекта
 
Курсовой проект подписывается руководителем к защите, если его объем и содержание соответствуют настоящим указаниям. После этого проект отдается на рецензирование одному из преподавателей кафедры.
Защита курсового проекта студентом производится в назначенные сроки перед комиссией. В процессе защиты студент должен кратко доложить результаты каждого из этапов выполненного им проекта и ответить на вопросы членов комиссии. Оценка курсового проекта производится в соответствии с уровнем знаний, выявленным в процессе защиты и качеством выполненной работы.
В случае неудовлетворительной оценки студенту выдается новое задание на проектирование.
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1. При расположении изолируемых поверхностей в тоннеле к нормам плотности следует вводить коэффициент 0,85
2. При применении в качестве теплоизоляционного слоя пенополиуретана, фенольного поропласта ФЛ, полимербетона величину qe определяют с учетом коэффициента k2.
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3. MeTOANYECKMNE Ynasannz 11v DomIVIINGANIV Ry PLUBUI U IpuShia

3.2.MocTpoeHMe rpachika NPOAONKUTENBHOCTH TEMNOBOM Harpy3KM

117 noCTpoeHWA rpachuka MPOROMXUTENLHOCTA TENMOS0ii HATpYaK Paiiona (pHc.2) UCTonLayioTCa sagmcumocTH (1)(6), N0 KOTOpsIA CTPORTCR
OTAENLHIE AU UIMEHEHMA TEMNOELIX HarPyI0K BCEX EWIOR NOTpEGWTEnei. 3aTeM OPIUMATSI STHX rACHKOR CYMMMDYIOTCA (Nesas uacte
rpachuka Ha puc 2). TTpi NOCTpOEHNH TPAQHIKA CYMIAPHOTO 4aCOB0T0 Pacxona Tenna (SQ) HEOBXOAUMO YUUTLIEATS MOTEpH TENNa & CETAX, KOTOpSIE

cocTagnsioT 4-8% OTYuEHHOMO TeNna o CTanuyw. [InA 3TOr0 HEOBXODMMO PACHETHOE TENMOBLIE HATPY3KH, onpeaenAemsie o dopiynai (1)-(6).
‘COOTBETCTEEHHO YEENMUHTS Ha JOTHO TENNONOTEPS & CETRX.
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Puc.2. MpachuK MpOOGTXUMETHOGMY MenTosol HAZpy3Ky.
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3. MeToauyeckue yKa3zaHusi 0 BbINOMHEHMIO KyPCOBOrO NpoeKTa

3.3. PacueT 1 NOCTPOEHHe rpadhvKoB PerynupoBaHs oTycKa TennoThl

MaKcuuansHan pacieTsan TEUNEPATYPa CETEE0M BONLI HA ESXOE US WCTOUHIKA TEMNAOTH, B TENNOBHX CETAX M MDUEMHMKAX TENMOTs!
YCTAHAEIUEAETCA HA OCHOSEHHH TEXHHKO-3KOHOMINECKHX PACHETOR.

MiHWuansHER TEMMEPaTYPa CETEE0i B0l HA BLXONE W3 WCTOMHUKE TEMAOT U B TEMMOBLIX CETAX MDH HAMMAWN & AKDSITEX CACTEMEX
TeNnOCHaGeHMR HATPYSKA TODANEN0 BONOCHAOKEHMR AOMHME OBSCeWMEATS BOJMOKHOCTS MONOrPESA EOfsI, MoCTynawwel a ropauee
onocHaGeHIe, 50 HOPMYPYEMOTD YpOBHA.

T pacueTe rpachIkos TeUNepaTyp CETeS0l S0l & CHCTEMEX UEHTDANMZ0BEHHOTD TENMOCHAGKEHUR TEUNEPaTYPa HaPYAHOrD B03yXa Hasana
4 KOHUa OTOMVTENHOT NepHORa COTacHO [1] NPHHHMAETCA NpH CPEHECy TOUHOT! TeHINEPaTyPS HAPYHHOT B03AYXa:

+8 °C & paiioax ¢ pacveTHOM TEMMEPATYPOi HAPYXHOTO E03yXa ANA MPOSKTWPOSAHNA OTONNEHMA 40 -30 °C U YCpenHeHHO PacieTHoN
TeMnEpaTYDOT BHYTPEHHEND E03yXa KUTLIX 1 OBLIECTEEHHSX OTANMMEAEMSIX 3naHWH 16 °C:

+10 °C & paiioax ¢ PacueTHOI TEMNEDATYPOTi HAPYXHOTO E03AYXA ATEA TPOEKTWPOSAHUS! OTOMNEHHA Htke -30 °C W YCPERHeHHOI pacieTHoil
TeNePaTyPOA BHYTPEHHED B02Ay¥a T ¥ OBLLSCTESHHLX OTANTHEAEMSIX 3aHii 20 °C.

Tl OTCYTCTEMM y NPHEMHIKOS TENMIOTHI B CHCTEMEX OTOMMEHUR U BEHTANALYIN AETOMATUMECKX UHIVBHAYANbHSIX YCTPOCTE PErynHpoBaHHA
TeMnepaTY DS BHYTPH NOMELLEHU] & BOAHLIX TENNOBLX CETX MOKET NDUMEHAETCR LISHTDAINILHOS STy MpOB3HAE TeMMEpATYDS TENNOHOCHTENA

Bauy TOT0, STO WHAMEWIYANHMW JaNGHUSMMA KA MPOGKTHPOBAHME MPEAYCMOTPEHs CHCTEMSI TENNOCHAGHEHWA C PasHOpORHLIMMA
ROTPEGITENAMM Tenna, HeoGXonM BLIGOP LEHTPANLHOT PeryIMPOBHAR PESHOPOLHOT HaTpy3K

BLi60p LSHTPaNsHOTO PETy/UpORaHIA OTNYCKa Tenna NPOWSEOZMTCA B JABUCAMOCTA OT COOTHOLIGHWR HATPY20K Ha OTOMTEHHE W ropAdce
080CHaGHEHWE, OT CXEM! NOKTIONEHHA GEOHEHTCKIX Y3NOB B80T 1 TWIDAETMUECKOT YCTOMMBOCTA CHCTeM. TToCTE YCTaHOSNEHWR CODTHOIEH
Tennosuix Harpysok OFF /O] U MpHHATR [7] MO TOMY COOTHOLIBHIIO THMNOBO CX@I! MPHCOBAVHEHIA K TENMOBEIM CSTAM NOAOrpesaTeneii ropAuero

080CHAGHEHUR HAMEUAETCH CTIOCOS PETyIMpOSAHIA Harpy3K. [lanee COCTAENAETCA MDAHUMHANLHAR CEMA TENMOCHAGKEHUR 1, ADOUSBEOINTCR
7IOCTDOSH#E TPACHKOS TEMNEPATYP 1 PACXO]A CETeBOM B0/l ANA KEKI0TO BHAE HATDYSKA
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3.3.1. LieHTpankHoe perynupoBaHie pasHopOAHOM HArPy3KM 3aKPLITLIX CHCTEM M0 OTOMMUTENLHONM Harpy3ke
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LieHTpanLHoe perynuposaHHe PasHOPORHOR HATPY3KH N0 OTONMTENLHOR HTPY3KE NPUMEHAETCH NP CPEAHEYACOSOM PACXORE TENNa Ha ropAjee
‘sonocHabxenwe e Gonee 15% 0T pacueTHOro pacxaa Tenna Ha oTonnewe & paone (7]

Tpacwar TeunepaTyp, PaCioA08 TeNNa u CETESO BRI Ha OTOMIEAUE NPUBSEHS! Ha AC. 3. VauEHSHHe PACXOR08 Tenna § oTonTentHL
nepwo HaxoauTCa no popiuynam (116).

Tpyt YeHTPansHOM perynupoBaHwM TeNNOBON HArPy 3K TemnepaTypa B0as! 8 Noawem TpySonposoge onpegenaeTca no Gopuyne:
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¢ ~ paciermuii nepenan Teuneparyp ceTesoi sos, Jt' = 7 ~ T, |
§' — pacueTHuIi Nepenaa TemnepaTyp CeTesoit B0k B CuCTeMe oTonneHuA, & = T — T3,
7} — pacieTHaR TenepaTypa CETes0i 8oL NOCNE CMECHTENA 8 CHCTeMe aTonnesn, °C;
4, ~ PaCIETHaR TewNepaTypa CeTes0 8O NOCne CHCTEIS oTonnens, °C.
TeunepaTypa cereBoi 803! Nocne TonNeHA, Npi OGO APYTOR TEMNEPETYP HAPYXHOTO BO3AYXA ONPEAENAETCA N0 Gopiye
T =ty + AAORE -0,560, (10)
OTHOCHTENLHaR BEnWIKA TENNOBO HATPY 3K Ha TONTEHNHE A PAITHHLLX TEUNSPATYP HaPYXHOTD BOAYXa KaXORTCA N0 opuyne
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Puc. 3. Mpacpury meunepamyp, pacxodos memna u cemeeo sodu: wa omonnenue: MKP - wecmwoe KonuvecmeswHoe pezynuposasue; LIKP—
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Mo MusMaNEHO AoNYCTUMOR TeunepaType B04s! & nofaiowem TpyGonposode 70°C HaXOAMTCA TEMNEPATYPa HAPYXHOTO BO3AYXA 4y B TouKe
Wanoma TemnepaTypHoro rpacwika (7= 70°C = canst ).
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Puc. 4. Mpacpuxu meunepamyp, pacio308 mena u emesod 80ds: #a seAMUTALLKD (peeyUpOsBHUE PACIO30M Gemeeod sods)
Tpachwor TewnepaTyp, Pacxona Tenna  CeTeB0i B3I Ha fOPAYEE BOAOCHABKEHHE NPHBSEHS! Ha A5 W PHC 6.

TpA UEHTPATLHOW PeryTWpOBaHIN N0 OTOTMTENLHOR HATPY3KE TPEIOUER B0%a NOCTYNAST & NOROTPEBATENH TOPAETD BOROCHAGHEHAR
TeNGPITYPO, HIEHROWIEHCA MO oTomuTensHoMY pacby. Mocne noorpesaTeneit fOPRYEID BO0CHIGKEHR TEMNEPTYPa CETeS0 BOZs! Ty
ONPENENAETCA B JABHCHMOCTH OT CXEMSI NOAKTIOEHIA NoRorpesaTenei.
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G - pacxoa ceresoil soasi Ha ropAuee BoaocHaKeHwe, onpeReneii no Gopuyne

Lo fetn 360
OF=Or e @)

Bo Il auanasore pacxoa Oy  TeMnepaTypa CeTesoil BOA! T, ONPEAENAETCA METOROM NOAG0PA HA OCHOBE COBMECTHOMD PELEHIA PABEHCTS:

O _ o0 (Feu=ts)

o @) @
Grar +0;tho = (Or +0; ) @)
Qi = egcGpa (% ~tn )= <G, (tr =) =<Cr (5 - ar) @

e &7, &7 ~ GeapaepHE TeNNIOBLIE XAPAKTEPUCTHEN NEpEOit i BTOPOY CTynenei;
i, G~ MEHSLLIE HaNEHHA PACXOR0B TENTIOHOCHTENA B NSpEOI! W BTOPOT CTYNHRX.
T = TEMNSDATYD CHeLLAHHOT CETEBOR BORSI NOCAE BTOPO CTYNeH U OTONTIHHS Ha EXORE B NPEYI CTyTeHs NOOrPESaTens.

Tpw pacuere, rpawkos Ha pc. 6 creayeT nons30eaTsCA pexowengaLyau (7]
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3.3.2. LieHTpanbHoe PerynupoBakie PasHOPOAHOM HArpY3KM 3akpbiTbIX CUCTEM MO CYMMapHOW Harpyske
OTONMEHMs! U FOPRYETO BOAOCHABKEHHS
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LeHTpansoe perynuposasue N0 CyuMapHOi HArySKe (0 MOBLILLEKHOMY TEMNEPATYPHOMY (DAQKY) NMDHMEHAETCA D CPEIHE4ACOSOM
pacxone Tenna wa ropruee sodocaGkenme Gonee 15% PACUETHOTO PACKONa TENMa Ha oTomneswe paiowa. IpW TAKOW perymMpOEEHMA
IO0TPESATENM FOPAUEr0 BO10CHEGHEHHR AOMHHS! NPUCOSMHATLCH K TENNOBSIM CETAM 10 ASYXCTYNEHaTOR NOCREn0BaTeNsHOM Cxeme (puc.7). Tipn
1o ecnn & LTI wnn T suecto perynsropos otonniesws (PO) YCTaHOSNess! PErynATOpS! PACKORa, To USHTPANEHOS DETYAMDOSaHHE MO
noSsesHOMY PAGHIKY AONYCKASTCA § CYUEAX, KOTIA ASYXCTYNEHIaTEIE NOCTEN0BATENLHSIE NOJOTPESATENN YCTaHORTEH! He MeHee, uen 8 5%

Pu
=

anasit & paiiose.

LT
Puc7. Mpucosduresue nodozpeeamentl 20priez0 6030GHGKEHUS 110 deyXCyneryaIMO M0GREd0eamensHol Greue

117 NIOCTPOHHR MOSSIIEHHOMD TEMMEPTYDHOTD TPAQKA SHauane HeoGXOIMMO NOCTPOWTS OTOMMTENsHO-Be080M rpaduk o dopuynau (9).
(10). 3aTem wajiTH TeunepaTypPS! 0! & MORGHOLEM W OBPATHOM TPYGONDOSOREX NpH NOSILEHHOM rPadwKe:

q=Te+8 @)
-5 @)

e &,8; ~nepenas TeunepaTyp CeTeB0 B0 B0 STOPOV # & NEPS0/ CTYMEHAX NOJOTpesaTENA.

‘OBuyii nepenan TenepaTyp CeTEB0M B0k 8 CTYTEHAX

s=ae= L) e en

= 70 -Banancosuit packoa Tenna a ropaee sofocHaGHeHME:
¥~ Banawcossi KoXbAMMEHT, NpHMMASHLI PaBHs 12 D OTCYTCTEWN Ha BSOAX GKKYMYMATOPOS OpAdei B0Mki W passsm 1 npH ux
.
160
T
)

120

100

TEU

T

60

L0

20

0
8 8 10 -0 T te
| ]

L f

Puc. 8. [pachuK meunepamyp UEHMPANsHO20 PezyUPOaHUS 10 CYMMBDHOD HEEDY3KE OMONTERUS U 20PAHE20 E0J0HABKEHUS € JBKDSIMO

cucmeme mennockabxeHus( noesiweNI” MemnepamypHsl 2paduK): Ti, , Ty, — OMONUMENsHO-GaIM080] ZDaGUK PEEYTUPOSEHUR: T, T3 —
noesiesl epaduK.

B | aanasore nepenan TemnepaTyp CeTR0/ 203! 8 NEPSOT CTYNEHH OTIDENENAETCH N0 3ABHCHMOCTH

@8

me o = 5, ~(5-10°C)
‘3uauerute niepenasa TEMNIEPATYPS! B0Zs! B0 BTOPO/i CTYMeH COMMACHO PaseHCTEY (32) HaXOQUTCA KaK PasHOCTL.
a=s-¢of @)

Bo l awanasose nepenaj TeMnEpaTyp CETER0i B0 B NIEEO CTYExM ONPEAENASTCA NEPECHEToM N0 hopiyne

30

a Nepena TennepaTyp 2031 20 ETOPOCTyeH HaXORNTCA 0 paseHCTay (27).

Tlph UEHTPanSHOM PerynMpOEaH PASHOPORHOR HArDYSK TDACKN PETYTMDOBAHAR BEHTUTALIIOHHON HATDY3KH PACCHUTLIEAKITCA W CTDORTCA
@HANOTIUHO PACCHOTDEHHOMY Ha DHC.4, HO MDA MOBSILLISHHLIX IHAUEHUAX TEMNEPATYD CETeSON 0N & Mojakouien TpyBonposote. PeaynsTars
DCHETa CEOATCH B TAGN5 U O HiM CTPOWTCA rPadwK TeumepaTyp (puc.8).
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3.3.3.LleHTpankHOE perynupoBaHHe OTKPBITLIX CUCTEM N0 OTOMUTENLHOM Harpyske
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Lepanstios peryniiposasite N0 OTONMTENSHO HaTPY3Ke MPHMEHAETCA NPi CPEJHEHACOSOM PACXORE TeNNOTs! Ha fopAkes BogocHaBKeHve.
pueHRETCH Npu cooTHowekwn OFF /07, <0,15 1 OCYLUECTANASTCA MO OTOMUTENsHO-GSITOROMY TeMnepaTypHOMY Pacitry C TOKOR Hanoma Npu
172 60" C - B3TOM Cyae MECTHSIe CHCTEMS! OTOTEHH 1 CHECHTENM FOPAYETD BOJ0CHAGKEHHR NDACOSIMFSAIOTCH K TENTIOBLM CETAM 10 NPHHLAY
HECBR3HOTO peryIUpoBais. PaCieT W NOCTPOSHHS MECTHLX IACHKOS PETyTUPOBAHIA TENNOBOMD NOTPEGNSHMR Ha OTONMGHME W BEHTHNALINO
"MOKIBOQUTER TaloKe, KaK AR JANPSITLX CHCTEM TENNOCHAGHEH, 3 MDAV BHAMOTH! MDECTABNEKHLMA Ha PUC. 3 1 Ha PHC.4.

Pacuer rpaquKoB Pery/pOB3KA HarPY3KN TOPRIEFO BOROCHAGKEHIR (PAC. ) CEORTCR K ONPEANEHIO PACXORE CETSBOH BORbI Ha HYKAS!
‘sonopasbopa.

B | awanasone perynuposass S010paxBop Ha rOpANEE SOMOCHAGHEHME NPOMSEQITCA TONSKO W3 NOJANLLEND TPYGONPOSORa, PACKOA CeTesol
80! NPy 3TOM ONpeaenAeTcA no opuyne.
_ 3600-0F

Gr=0f=> oo

an

e G - 0Buth Pacion ceTesoit BRI Ka ropAee BOR0CHAGHEHMe, KT,
GF - pacxop ceesoil B0 Ha ropAuee B0R0CHAGKEHAE NPH NOMHOM B0A0Pa3B0pE U3 NOAaIOLLEND TPYGONPOSORa, KT,
OF - pacueTHsii pacxoa ceTesoi soas va ropades sogockaGKeswe, kBT,

t, - TeunepaTypa B0k Ha ropRiee BOAOCHAGKEHME, NPHIMACMas B | AManasoe pasHoil TemnepaType CeTesoit Boas! 1, f
0 ]
T

120

BG -pG. | 3
{TH er 2

0 -0

6 20 T,

GI1-PIG.

Puc.9. Mpacbury meunepamyp u pacxoda cemesod eods! Ha 2pAee sodocHaGKeHUE
DU UEHMDATSHOM KBEGMIGEHHOM DE2yNUPOSaHUL 110 OMONUMENSHO HaZDYSKE
Bo Il quanaowe peryiMpOBaHR B WHTEDEANE HAPYXHLX TEMNEPATYD 45 —1y" C MOSSULGHMEM TEMNEPATYDS! CETES0R 200k 8 NOJAOWEM
TPYGONPOSOAE 7 > 6 C E0A0PaSEOP OCYISCTENAETEA 3 NOGAOUEND i OGPATHOrD TPYGONPOBOI0S OFHOBPSIEHHO B TAKOW COOTHOLLEHIN, 4TOBs!
nocne cueciHTen TeMnepaTypa ropruei B0k & B010paIBOPHLX CTOAKAX Geina He HItKe 65°C.

Boaopad5op s ORISR0  OGPATHOTO TPYGTPOSA03 OTpeAEnRETcA o Gopusyan:

360007
GE = fGr = .
H= B0 =Py ©
Gt =(1- A)Gr )
L k7Y
B=3 34

i~ T

e G}, G — PACXOA CeTesoll 803! Ha ropAYee BOROCHABKEHHE, KT,
£ - ponn sogopasbopa u3 nopaiouero TpyBonposoaa.

B 1l uanasone npu ' 1 vioee, K73 TeMNSpaTYPa = OBATHOM TPYGOTPOSORE AOCTITAET AR 7, = 60 65° . SOROA0P BeASTCR
TonKo w3 oBparkoro TpyBonposoga u S=0

B ViTepsane HapyxEX TOUNSPATY 4 Lo . KOTAA 7, > 60 65 C . PACXOR CeTes0fl E0Rs! 3 05paTHOrD TpyGonposoza (nocne cicTes!

‘OToNNEHUR) Ha FOpAUEE BOAOCHAGKEHHE YMEHSUIAETCA NPOIOPUHOHAIISHO COOTHOIEHO

36000F

@

T )

PeayLTaTL! pacieTa aNHCLIBAIOTCA & TaGN 6  CTDORTCA rPacutiat PACXOa S04s! Ha ropAYee BoR0CHaBHeHMe (pHC.9).

Tabnuua 6. Pacrod cemeeod eods: Ha 20pee €030GHIBKEHUE € OMKDAITILX CUGTISUAX
Sieiats hsasserphforghdiion ool

@)
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3.3.4 LleHTpanbHoe PerynupoBaHMe OTKPLITBIX CUCTEM MO CYMMAPHO Harpyske OTOMMEHUR W roOpsdero
BopocHabxeHns
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LjexTpansHoe perynuposasine 1o CXOPPEKTHPOBHHOMY PAcHKY MPUINEHAETCA NPH CPERHEaCOBOM PACKOA® TeNNa a fopAsee BOR0CHaGKEHME
Gonee 15% pacieTHOTO PCXORA TEMNa Ha OTOEHWE B PAROHS W NDHCOSTHHEKIH CACTEM OTONNEHA  TODAYETD BOROCHABKEHHA N0 NHHLIATY
CaR3HHOTO perynWpoBaH#A. DA JTOU PeryTMpOBaHWM Ha BCOHEHTCKOM 83006 NOMISPUBAETCA MOCTORHHL PACXDR CETEB0 BOSI, PABHH
PacueTHoy PacKoay 803! Ka OTONNEHHE, KOTOPLI NOAISPHMBIETCA, PeryRATOpaH Pacxona (pHc.10).

11R N0CTPOEHHA CXOPPEKTWPOBAHHOTO TPacHKa TeMNEpaTyp HEOBXORMMO NOCTPONTS OTOMMTENSHL FPACPH PErYTMPOBEHIA 1 Ha HEM HAMETHTS
peens: KoppeKTHpOSaKIA, Te. HaTH TEUNEPATYPY HAPYXHOTD BO3YXA 5" . HICKE KOTOpO BOROPa330D NPOIEOIMTCA Mewee 15% pacieTHord
pacxona Tenna Ka oronnewe 8 paiiowe.

‘CROPPeKTWpOBaKHLIE IHauEHHA TEUNEpaTYp ONPENENAIOTCA o hopuynal:
38)

@n

=
YT A B A o

G-t O -t @7

me oy -%,g,. 20ff + 7 - Ganancosuit roxdduyenT pacxona Tenna, 7= 11.

G - oTvocuTenssiuil pacion ceTesoit Bogs: 8 nogakuwiem TpyGonposoge, G 'g%
3~ 7o xe 8 obpaHom TpyGonposage, Q-;ﬁ:

5! - OTHOCHTENS LR AOMOMHTENsHLIA PACXOR CETES0 20351 A TopALee BOROCHAGHEHME 8 NORaKEM TPyBONposoze, & =

G2~ OTHOCHTN i PACKOR FOpAEHl 80 3 OGPATHO Tk, a..%:{.,
"PeaysTaTe: pacieTos CBOIATCA 8 Tan. 7 Mo HiM CTPONTCA CXOPpEKTMpoBaK pacx Teunepayp (puc. 10 a 10 6).

Tatinuua 7. Paciem GoppeKmUpOsaH020 2pachua
y ameaos aoow v omoense s soomiee sotocHaBEmLe
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3. MeToauYeCKME Ynasannn nennU RypLUbL

3.4.TlocTpOEHMe rPachUkoB CYMMApHOTO PAcXoaa BOAL B TEMNOBbIX CETAX

Tpadbuk oBusero packona eogei (puc.11) CTPOTCA MO AakHSIM PACXOI08 BOZM MO KAXAOMy SWAY TEMNOROTO noTpeGneHnA. 3T AaHHeie
DUHAETCA U3 rpachk0s Ha puc. 3-10

a al
6 T

~ & |
/ ~}\
I

|
|
s

6 [
5}
[ —
81 M ;
-— - |

Puc. 11. [pachurs cymuapHozo pacxoda cemesol eods! & 3aKpeimx (2) U OmKpIMs (6) CuCMeNaX mennocHabKeus
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3. MeToauueckue yKazaHusi BbIMNOSIHEHUIO KYPCOBOIO NpoekTa

3.5. OnpeneneHie pacxonos ceTesoi BOAbI




image19.png
Pacuermsii Pacxon CeTeso B0gs: KTk, A ONPEXNHIA AMAUETPOS TPYG B SONAHSLX TENNIOSLIX CETAX NpH KANECTBSHHOM PeryIMPOBaHI
‘omyexa TemnoT cornaco [9,10] creayeT oNpEAENATS OTAENLHO AR OTONNEHHS, SEHTHTALYMA 1 TOPAErD BOROCHAGKEHWA N0 hopuynan:

a) Ha oTonnenwe.

_ 369
e &
b) va sevmunLs0
360
@) “
) Ha ropAves BOI0CHAGKEHWE B OTHPTLX CACTEMEX TENNOCHIGHEHHA
cpeaneacosoi
3,6 0F
Radrmery @
warcuansH
3,6 OF°
2= 2
) @
d) Ha ropAvEe BOROCHAGHEHME B JAKPAITLIX CHCTEMAX TENNOCHABHEHIR
CpeaHe|aCOR0, NPH NApANNENsHO CXeMe MPHCOBIHHEHMA BoRonoorpesaTensii
JELT @)
)
Re O = 2,407
CPeaHE|aCORO, NPH ABYXCTYMEHATBX CXEMAX NPHCOSIVMEHHA EORONOROTpEBaTENei
_ 3607 i
T [55~Ic +0,2 )
MaKCHMANGHBI, NPH ABYXCTYNEHIATEX CXBMAX NPHCORMHEHHA BOAONOAOTPEEaTENeit
3,6.0,55 OF™
GF =222 Sl (46)
7 ) (6)

B hopuynax (39)(46) paciersle TennoBie NOTOM! NpUBSAEHS 8 BATTaX, < npuwaeTca paswoi 4,198 KIbe/(r°C )

(CyMuapHsie pacieTHLIe PaCKons CeTeBOi B0, K74, B ABYXTpYGHLOX TENNOBLX CSTAX 8 OTKPAITLIX W 3AKPSITLOX CHCTENAX TENTOCHAGKEHHA MDA
KauECTBeHHOM eryTAPOSAHIW OTIYCKA TENNOTH! CneayeT onpeensTs no hopuyne

Gy + G +k, CF «n

KospmupienT , . yuMTHEOUM QOO CPEAMENACOSOT0 PACXORA BOASI A FOpAYEE BOJOCHAGHEHWE NpH PETyIMPOSaHAN N0 HArpyaKe
oTonneHuR, CreayeT npuHAaTS N0 Tab. 8.

TlpH peryTMpOgaHII N0 COBMECTHO HATPY3KE OTONREHR W FOPAYETD BOAOCHABKEHIA KOSDMUMEHT K, MPHHAMASTCA PAEHLIM HYIO.
Tabnuua 8 Suaenus

‘OTepaiTan ¢ rennoesu nororow 100 n Gonee MBT

eree 100 MBT
‘3axperTan ¢ Tennoss norosou 100 n Sonee MBT 10
enee 100 MBT 12

PACX0 ceresoii 803 N0 KE3pranalt PACTPEASTAGTEA NPONOPLHONATSHO PACKDAM TeNNa (PacpedenexLe Mmennossix KaspyoK U paciodos

Ppacuemmsx Tpu
Xun020 howda & KeapMane Ha 620 MOWAdE.) B KEApTaNaX:

Gy
"Teor

1Grg =OF

.(.)-Go ZQp G = ZQ;

e Qiw). Qi(x)- Q) - Packons: Tenna e xeapranax. npwaeiie w2 1abn 2;

306,20 3 OF ~ Cyumapssie pacioas! Tenna s paione, npuacne w3 Tabn.1;
G, Gy, GF - cymmapHLie pacxoas ceTeso 8oa.

[lanwsie paCueToB pacnpeaeneHis CeTes0it B0 0 EAPTANaM 3aHOCAT 8 Tabn. 9.
Te6inus 9 Pacrods: cemesod eods: o,

oro [:3 a o q

Mocne 3asepuesn PacieTos MPeAAYUMX PAAENOE MOXHO MPUCTYTHTS K PaspaboTve TPAccsl W NPODWNA CeTel U SwINOMHEHHo
uapanMIECKOro pacieTa TpyGONPoS0sE.
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3. MeToauyeckue yKka3aHusi 10 BbillOfIHEHMIO KypPCOBOIO fpoeKTa

3.6. TMAPABNMHECKW PACHET BOASHBIX TENNOBbIX CeTelt

Tepen BLnoNHesweM MAPABMIHMECKOT0 PACHETa PA3PABATHIEAIT PACHETHYHO CXeMY TeNNoBLX ceTeii. Ha Heli IPOCTAENAOT HOMEpa YuacTKos
(cHauana no MagHO/i MATVCTPANW, & MOTOM MO OTBETENEHMAM), PACXOLI TEMMOHOCHTENA, ANMHS! YaCTKOB. TTpH STOM MEHO/i MATHCTPANkIo AENAETCA
HauBOnee DOTAHEHHAR U HATDYXEHHAR BETB! CET O HCTOUHMIKA TENMOTS (TOUKH NOZKIKUEHAR) A0 HAUBONEE YAaNIeHHOro NoTpEGUTENA

OcHosHOM sagadeil MAPAEUIECKOTD PACHETA ABNASTCH ONpEZeneHe AMAMETPOB TPYGONPOBOOS, & TAKKE NOTEph AGENEHHA HA YUACTKAX
Tennossix cereii. Mo pesynTaTam MWAPAEMUMECKX PACNETOR PaspabATBAIOT TWAPAEUMECKHE PEXIMLI CHCTEM TENMOCHABKEHHR, NOXBMpaioT
CeTeBbie 1 MOAMATONHIE HACOCH, ABTOPETYATOPS, APOCCENbHEIE YCTPOICTE, 0BOPYR0BHIE TEMOBLIX MTYHKTOS.

TWapaEnECK i ACUET BLMOMHAIT Mo TAGMLAM 1 HOMOTpaMMan, MpeacTaanexti & [7.9,10] CHauana SMonMAIT Pacier rmason
warcTpani. To USBECTHLIM PACKORAM, OPHEHTUDYRCS Ha PEKOWEHIOSAHHKIE BEMMIHL YENsHLIX NOTeps AaBMeHUs Ry ONpeaensior AMaMeTps!
ToyGonposonos D, x S dkxS, dhakTiseckue yaensHsie noTepuaaanenu Ry, Mall, a TaKKe CKOPOCT ASWHEHUR TENNOHOCHTENR, @ M/c. YenoeHuii
7IDOXOR TPY5 HESEEUCHMO OT PACUETHOTO PACXOZA TEMNOHOCHTENA AOMKEH NPUHUIATSCA B TENNOBX CETAX He MeHee 32 . CKOOCTS ASWKeHHA
20851 He Aomka Gums Bonee 35 e Onpeaenua AMaMETPs! TPYGONDOS0A0S, HAXONAT KOTUIECTEO KOMNEHCATOPOE Ha YUACTKaX U ApyIie BHls!
MecTHeiX ConpoTuane. loTepy AASMEHWR B MECTHSX CONPOTUENEHWAX OMPEENAOT Mo hopHynan, npuseaekHum & [7]. 3atew onpenensor
MOMHele MOTEpM AAENEHWA HA YUBCTKEX MMABHOM MATICTDANA W CYMMapHUE Mo BCeli ee Anuve [lanee SSMOMHAIT MWPaSMMYECKi pacieT
OTBETENEHIT, YERSLIBAA NOTEPA AABNEHNA B HYIX C CODTEETCTEYOUMMMA UACTA MSHOM MATVCTDANN (OT TOUKM AEMEHUA MOTOKOS [0 KOHUEBLX
noTpeGiTenel). YaR3Ky NOTEph AAENEHHA CTIEAYET BLIMONKAT NOGOPOM AMAMETPOB TPYGONPOB00E oTeeTanexMil. Hearska He Aomkwa GuiTs Gonee
10%. ECi TaKan YERGKa HESO3MO¥HE, TO MATWLLHWA HGNOD Ha OTEETBMEHMWRX OMIXEH OhTh NOTAWEH COMMEM 3MESATOOS, APOCCEMLHSIMM
AvabpariAaiy v aEToperyRRTOpaMy noTpEGATene

TabMusi 1 HOMOTPaWMSI TWIPEENWIECKOr paceta, npeepessisie & [910] COCTaBNeMl ANA S(EHBANEHTHOM WEPOXOBETOCTA TPYG
K5=0,5um . Tlpn pacuere TpyGONDOSONOE C APYrOfi WEPOXOBATOCTHIO K IHAUEHUAM YASMGHLX MOTepL ABMEHMR Ry Creayer npuuats
nonpasoust koaddpent 8 (c. [8.Ta6n. 4.14]) [MameTpL) noAaoLLEro n 0BPaTHOrD TPYGONPOE0A0E ASYXTPYGHAIX BORAHLIX TENOBIX CETeH! Dy
COBMECTHO/i N0gaYE TeNNOTL! Ha OTOMNEHME, SSHTHNALYIO U OPAYEE BOJOCHAGKENHE AOMHaHSI MDHHIHIATSCA, KaK PSSO, OAMHAKOBLMM

T Hew3BeCTHOM pacTonaraemion nepenane AAEEHIR § Hadane TENMOTPCCH! YASTLHSIE NOTEPH AGENEHHA Ry B MATHCTPANSHEX TENAOSEN:
CeTRX MOryT BiTs NPHAHATS Comaco pexomenaLysm [10]
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) Ha yuacrkax ragsion warucTpan 20-40, Ho we Gonee 80 Malhs:
) Ha oTBeTEEHUAX N0 paCTOnaraeMony nepenaay AREneHu, Ho He Gonee 300 Mal
Pesynitary pacera ceogaTca 8 Tabmy 10.

Tebinuua 10 Mudpaenuueckuil pacvem eodsoil mennosol cemy
Tunpasnuseckwii pacter

Pacxon ceresoi flnuwa no  MpensapuTenti
Eone! ‘nnany pacser

Oronsatenchuih pacier oo oPh

Yuactok
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3. MeToauyeckue yKa3zaHusi 0 BbINOMHEHMIO KyPCOBOrO NpoeKTa

3.7. TWApaBNMHecKie PEXUMbI BOASHBIX TENNOBbIX CeTeit

1177 B0AAHSIX TeNNOBLIX CeTell MOTYT PaspABATLIEATSCA CrRyIOLME TMAPAENHIECKHE PEXHIL

= PACHETHBIA — 110 PACYETHLIM PACXOAM CETER0i S0fs:

= SMHWI — DU MaKCHNLHOM OTEOpE E03k! Ha FopAee B0J0CHaGexwe 13 oBpaTHoro TpyGonposona;

~ MepeXoHBIf — DK MAKCHIANHOM 0TGOPE B0k HA FOpAUee BOT0CHAGHEHME I3 NOJaLLEr0 TPyGOnpoEaa;
~ PETHWR ~ DA MAKCHIIGNSHOT HATPY3KE OAYERD BOMOCHAGHEHWA B HEOTOTHTESHLIA NepHon:

~ CTATWECKWA ~ NPH OTCYTCTEMH LPKYMALIN TENMOHOCHTENS & TeNnog0ii ceTu

- aapuiHLIR.

‘BeuBANEHTHYIO WIEOXOEATOCTS BHYTEHHEH NOBSXHOCTH HOSSIX CTANsHX TPY AR BONRHLX TeNMoBsIX CeTell k, CeayeT npuHimars
pasroi 0,005 .

TWapaEMECKve PeXYIALI BORAHLIX TeNnoBLIX CeTeil (Tse3oMETpHIECHHE rpadiu) PaspaBaTLIBAIOTCH AN OTONMTENSHOO 1 HEOTOMUTENHOTD
nepnonos.

TMoesomerpuecii rpaduk. NOSEONAET: OMPEAENTS HaNops! & NoAakoEem W OBPaTHOM TRYGONPOEOREX, @ Taioke pacnonaraewiii Hanop &
n0BOR Touke TennOROM CETU, C yueToM penbecha MECTHOCTH, PACTONATGEMOrD HAMOA W BHICOTSI JAHMI BHGPATS CXEMbI MPUCOSTMHEHNA
noTpeGiTeneli; nonoGpaTs ABTOPEryNATOPS, CONNA 3NEBATOPOS, APOCCENbHSIE YCTPORCTER ANA MECTHSIX CACTEM TeNNONOTpEGneHMs; NoA0BpaTs
ceTeBsie 1 NOATMTOUHSIE HACOCH.

Tloes0merpueciite pacmk CTPORTCA ANA MaTUCTPANsHAX 1 KEAPTANHAIX TENMoBLIX ceTel. [IA MArUCTPaNHSX Tennoskix ceTeli MoryT Baire
ApUHATL MaCUITaBs ropu3owTansHei M 110 000, eprikansisii M g 11 000; Ans keapranswuix Tennossix cereii: 3 11000, M5 1:500.

Moesouerpueciite padiu CTDORTCA ANA MAPOCTATYMECKOMO 1 MAPORMMAMAMECKOTO PEXAMOB CHCTEMSI TennocHaGenys, 33 Hasano,
KOOPIMHAT & MAUCTPANHEX CETRX NPHHAMBIOT WeCTononoxesie T3LL B APUHATHIX MACLITABEX CTPORT NPOGHNs TPACCH! 1 BSICOTH! MPHCOSAVHERHAX
noTpeGiTeneii. 3a Hyneayio OTIETKY OCH OPIWHET (OGH HANOPOB) MIPUHUMAKOT OGSO OTUETHY HAGLLEA TOUKI TENIOTPACCH! WA OTIETKY CETEBLK
Hacocos. CTPORT MO CTATYMECKORO HANODA, BENVYMHA KOTOPOTO AOIKHA GhiTS SSILIE MECTHSIX CACTEM TeNNONOTPEGEHNR HE MEHSE Ual Ha 5 .

0BeCrie|BaR 1X 3AUYTY OT “ONOPOXHEHUR', 1 & TO Xe BPEMA AOMKHA GuiTs MeHee Ha 10 1 (W Gonee) SeMiuys! MBKCUMANsHOTO PaBodero Hanopa
A7R MeCTHEX CHCTeM.
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Beniuma MaKCAMGNsHOTO PABONET0 HANOPA MECTHLIX CHCTEM TENMONOTPEGNIEHNA COCTABNAET: AMIA CHCTEM OTOMMEHHA CO. CAmHuMA
HarpesaTensHLIA MPUGOpaMA 1 ANR KaNOpUEpOS — 80 I ANIA CHCTEN OTOMEHUA C UTyHHSIU PAZVATOPaMM — 60 M AR HEAEUCHMLIX CXeM
DHCORAUHEHHS C NOBEPXHOCTHSINMN TennooGuesskai — 100 1

TWapoCTaTYMECKMi HaNIOp & CHCTEMaX TENNOCHAGKEHVA NPW TENMOHOCTENE B07e AOMHEH ONPEENATSCA ANA TEMMEPATYpLI CETeR0M B0aL.,
paswioii 100°C.

‘3aTen NPHCTYNEHT K NOCTPOEHIKO TPAKOS HANIOPOS ANA TWIDOZMHAMUIECKOTD Pexuna. Ha 0CH OpAHHAT OTkNaLIEaKkT TpeByenti Hanop y
scacuiBatouyx naTpyGKos CeTestix Hacocos (30-35 M) & 3ABUCHMOCTH OT MAPKH Hacoca. [laENeHMe U TeMMEpaTYPa B0 Ha BCACHBAILYIX NATPYGKaX
CeTeBX, MONTUTONHSX, MOMKAUMEAIUYIX 1 CHECHTENSHLX HACOCOS HE AOMXHSI GSTo HAXE AGENHWA KESHTALWM W He OM¥HbI MDESHIUTL
ROMYCKa@MSIX 3HauEHHT N0 YCTOEUAM NPONHOCTH KOHCTPYKLUE HACOCOE

Ilanee, MCONb3yA PESyMLTATL MAPAEMUMECKOTO PACHETA, CTPORT NWHAK MOTEPS Hanopa OBPATHOA MATMCTanu. Bemun<a Hanopos &
OGpATHO MANICTPANA AOMAHA COOTBETCTEOEATS TPEGOEAHHAN, YK3AHHLIM BSILE DU MOCTDOGHH MMM CTATYMECKOMO Hanopa. Hanop 8oas! &
o6paTHLIX TPYGONPOROJAX SOARHLIX TENNOSLX CETEll NP TWIPOMUHAMWECKOM PEXUME AOMKEH GiiTs WIBSTOUHSIM (He MeHee 5 u), Guims Bl
MECTHSIX CUCTEM TEnnONOTPEGNEHH He MeHee uem Ha 5 1, OBECTEWBER VX JAYTY OT «OTIOPOXHEHHAY, 1 B TO Xe BPeMR AOMKeH GuiTs MeHbwe Ha
10 1 (u Gonee) BeNMUWHLI MAKCAMANHOTD PAGOYERD HANOPa ANA MECTHSIX CHCTeM TennonoTpebnena. flanee CTPOWTCA NWHWA paCTonaraeioro
HaNOpa AN CUCTeMb! TEnMOCHaGEHUR PACHETHORO KBAPTaNa, BENVuMHa KOTOPOro MOXET GuiTs npukATa 40-50 .

‘3aTen CTPOUTCR AWHUR NOTEpL HANIOPa NIOAEI0LLET TPYBOTPOEOZA, A TAKKE MMHMA NOTEPS HATIOPA B KOMMYHUKALYRX UCTOUHWKA TennoTs! (TOL).
Tpn oTcyTCTEMM AaHeX noTepw Hanopa & kowwyHkaLAx TOL| MoryT Germs npukaTl paskisimin 25-30 1. Hanop 80 Bcex Toukax nogaiouero
TDYBONPOE0Ra, MCKORR 3 YCTIOBW €70 MEXZHUNECKO NPONHOCTH, He AOTTKeH npeesiuaTs 160 1

CrieqyeT Take yuUTHEATS, 4TO HANO & NOLGOUIX TPYBONPOEOJAX BONAHSIX TEMMOBLIX CETell MpW PaOTe CETBSX HACOCOR AOMKEH
oBecrieuTs HeaCHNarIE" B0 MPH €8 MAKCAMANsHOM TemnepaType.

Tloes0meTpueciii Tpadhyi NpW USMEHEHWM HANOP IOZTMTONHOTD HACOCA MOXET GLiTh NEPeMelLIeH NapannenHo ceBe Bepx U B3, ecnn
EO3HUKAET OMACHOCTS “ONOPOXHEHUS W *Pa3GENMBAHAR MECTHSX CHCTEM TennonoTpeGnerUs.

oA Nse30METpUMECHIN TaCMKOM PACTONATAKT CTPAMNEHHYHO OZHOMMHEITHYKO CXeMY TENMOTPACCS! C OTEETENEHWALM, YKE3SIERIT HOMEPE M
A7V YUBCTHOS, AMAMETD! TDYBONPOSOR0E, PACKOAS! TENNOHOCUTENA, PACTIONaragMIE HANOpLI 8 Yanoesix Toukax. Ha nbesomeTpiiectom rmadke
FTiaEHOM MATUCTPANM CTPOUTCA rPaCMK PACHETHOTO OTEETaNeHMA.
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TocTpogHHE rpachuka rMAPOAUHAMYYECKOTD PEXHIa MOXET BLIMOMHATECA U AYTUMN METOAGMM, HINOXeHHsIM 8 [7].

Moesomerpueciite padmen (o ykasawwo npenofasaTens)uoryT GsiTe NOCTPOSHS! 1 ANA HeoTomuTensHOo neprona. Mpu 3Tou AnA
onpeneneks NOTEpL HaNOpa & NOaKUleM U 0GaTHOM TPYGONPOBOAX MaskON METUCTDANN OTKDSTSIX W 3BKDETLIX CHCTEM TennoCHaGKeHNA &
HEOTONMTENSHAI MEPO MO¥HO BOCTON30EATLCA METOMUKOM HINIOXEHHOT & [15]

TIoTepi HaNOpa & KOMMYHKALIAX UCTOUHAK, A TaIKe PACTIONATAEHE HANIOP Ee PACHETHSIN KEAPTANON MPHHUMAKOT TaKUMWA &, Kak i AT
oTonuTERLHOrO nepHosa

B [7] Mpusenies NPHMED TWAPABNHYECKOT0 PACNETa S3PUaHTA TENnOSoli CETH C MOCTPOEHIEM Ne30METDHIECKORD Pk
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3. MeTOANYECKMNE Ynasannz 11v DomIVIINGANIV Ry PLUBUI U IpuShia

3.8. TIoAGOp CETeBbIX U MOAMUTONHBIX HACOCOB

Hanop cerestix Hacocos Hey CMenyer MDHMAMATS PABHSM CyMue NOTeps Hanopa B oGOPYAOBaHWN WCTOMHMKE TenmoTsi AH jr. &
nogaowemn AH oz, n obpatHom AFpgp TpyGONDOSOAEX MNUCTDANsHAX TEMMOELIX CETel OT HCTONHKE TENNOTSI A0 HAWBONEe YAaneHHoro

¥eapTana u & cucTeme TennockaGxenws KeapTana Ay (SKTIoNaR NOTEPH B TENMOBLIX MYHKTEX  HACOCHSIX) MDYCYMIMADHSIX PACHETHEX PACKOAAX
08510 cneayloueit chopuyne:

Hegy = MH yer + AH o +AH ogp +AHyg (9)

TIoTepi HaNOpa & KOMMYHIKALIAX UCTOUHVKA TEMMOTS! NPH OTCYTCTBIH GONIee TOUHLIX AGHHSIX MOTYT GuiTh MPUHATL! pagkuviA 25-30 m. MoTepn
Hanopa & KeapTANbHOR CACTEMe TENNOMOTPEGNEHNA CIEAYET MpUHAMATs He Wewee 40-50 w. MoTep Wanopa © nosaiuem  OGpaTHOM
TDYBONPOE0REX AN OTONUTENLHOTO NIEPHOAE NPHHMIMEIOT M0 PE3YMSTETEM TWIPEENMIECKOrO PACHETA PH MPOMYCKE CYMMAPHLIX PACHETHSIX PACXO0B
c0as., onpenenentix & pasaene 35 MeTouka ONpenenewuA noTeps HANOPa ANA HEOTOMUTENSHOO MEPHOZA OTKPATSIX M JAKDSTLIX. CHCTEM
‘TennockaGes wanoxena e [15]

Togavy (MpOH3E0RHTeNsHOCTS) PaGOuWX HACOCOE CEAYET NpHHNMETS

- CeTeskix HACOCOS AU CHCTEM TENMOCHABKEHNA & OTONHTEsHAIi MEPHOL - 1O CYMMADHOMY PACHETHOMY PACXOAY BOLS, OMPEAETAEMONY 10
bopuyne (47);

- CeTeskix HACOCOR AR CHCTEM TENNOCHaGHEHIA & HEOTONHTENLHLI NEPHOR - 10 MKCUMANSHOMY PACXORY BOAL! Ha ropAUee B00CHaGKeHMe
& HeoTONUTENLHS nepoa, onpenenRemoiy o bopiyne (47)

HHEAO CETeBLIX HACOCOS CTIEAYET NPHHWMATS HE WeHee AEYX, OIUH U3 KOTOPLX PeaepeHti. [Ipi AT PAGOUMX CETeBIX HACOCAX, COBMMHERHLX
fiapannenso & 0ZHOM MPyNe, AONYCKASTCA PesepeHLlli HACOC He YCTaHABNMBATS.

TloanvTouHsie HACOCk! MOAGMPEIOTCA N0 PACXOIY MOANMTONHOT EOS!  CTATIECKOMY HANOpY 8 CHCTeMe.
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KOMUMECTS0 MOATMTOUHON BOTI COOTBSTCTEYET BEMMMUHE YTEuK UEPEs HEMMOTHOCTH CHCTeMs! W Padbopy Ha ropauee sofocHaBKeHe
Pacuetnan senuunva yreun 73 cocrasnser 05..0,75 % or obbeua Bods B TPYGONPOOAAX CET B MECTHBIX CHCTeNaX BOAONOTpeGneHvs.
VaensHuii 0Bbem B0, 3anOMHROWEIi TPYGONPOROLSI CeTeM, NPHMAMAIOTCA W [7] VaCNHsi 0GbeM 00! & MECTHSX CHCTEMaX OTOMneHws,
BEHTVNALMM U TOPAYET0 BOZOCHABKEHMA MPUHMMAETCA OPUEHTMOEOUHO pasHeim 0,03 w3 Ha 1 kBT Tennoeoii Harpyaxw [15]. OBuin pacxos
IONVITONHOM BOAL! MPHHIMBETCH

KOMUECTS0 MOAMTOUHON SO0 COOTBSTCTEYET BEMMMUHE YTEuK UEpes HEMMOTHOCTH CHCTeMs! W padbopy Ha ropauee sojocHaBKeHue
Pacuetnan senuunva yreun 73 cocrasnser 05..0,75 % or obbeua Bods B TPYGONPOOAAX CET B MECTHBIX CHCTeNaX BOAONOTpeGneHvs.
VaensHeii oGben Bonsi, sanonkAioLEi TpYGONPOBOAL! CETeR, MPUHAMEIOTCA U3 [T]. VASRHUIA 05BEM S0Mk B MECTHBIX CUCTEMAX OTONNeHW:,
BEHTVNALMM U TOPAYET0 BOZOCHABKEHMA MPUHMMAETCA OPUEHTMOEOUHO pasHeim 0,03 w3 Ha 1 kBT Tennoeoii Harpyaxw [15]. OBuin pacxos
IONVITONHOM BOAL! MPHHIMBETCH

An sakpuTx cerelt

Vp=vy=

007577 (50)

An oTkpaiTeiX ceTeit

Vi =VH+VF (61)
TAE /j; — PACXOA NOATHTONHOI BoRs, M,
3] — Benitauna yTedKi BRI U3 CETEHl (3 OTKPLITLIX CHCTENAX YMTLIBAETCA 0BLe B0/l & MECTHSIX CACTEMAX FOPRIETD B0A0CHABKEHHS), iy
V3 — cpepresacos0li PAcxon BOAs! Ha ropAee BoJoCHaBKeHHe, Uy;

¥ — obbem Bonsl B TpyGonpoBOAaX TennoBov ceT, M.
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Hanop MoAMUTOuHEX HACOCOB OMPEAENAETCA MO Mse30METPMMECKoMy rpadwiky Npu Tewnepatype ogsl Ao 100°C M MposepAeTeA Ha
HesCKAMaKMe & NojaloleN TDYGONPOSONE B OTOMMTENSHLIA U METHAR neprons. KOMWMECTEO MOAMMTONHSIX HACOCOS B 3AKDSITBIX. CACTEMX
MIDHHAGETCA He MeHee X, B OTHDLITLX — HE MEHES TDEX, U3 KOTOPLIX O pesepaHsil. N1oABOP CETEELX U NOATHTOUHEIX HACOCOR MPOIEOTNTCH U3
1]
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3. MeToauyeckue yKa3zaHusi 0 BbINOMHEHMIO KyPCOBOrO NpoeKTa

3.9. KOHCTPYHpOBaHHe TennoBoi cetn

B COOTBETCTBMM C PACTIONOXEHHEN KEAPTANOB Ha reHNNaHe, UCXOLA 3 TPEBoaHHTi HOpM NPOEKTYpoEaHA [1], HaweuaeTcA Tpacca Tennoce
Ha TeppHTOPHI HACENEHHLIX MECT TPACCa ELGHPASTCA NAPANNENLHO MPOE3AaM W KPACHSIM MMHARM JACTPOEK & C20G0ZHO NOTIOCE, OTBeAEHHO ANA
IDOKAKN WHKEHEPHLIX KOMMYHIKBLIN, Te. BHe MPOESKeli YacTH A0pOr I 3eneHsix Hacaxaeswi. B Mnae TPacca A0MKHa LT N0 BOIMOKHOCTA
ADAMOMHEIiHOA W NPONEraTs & ONHO CTOPOHE OT NPOS3Aa Wk 3ACTPOTiAH, TaK KaK YaCTSIe M1EPEceueHytA MUki FOPOAICKOTO TPEHCTIOpTa YAOPOXEKT
ceru. TlepecedeHis TennosLIMA CETAMM PeX, AOPOT U COODYXEHWAMM PAINMUHOTO HAIHRUEHHA AOTIHLI BLINONHATLCA NOZ MPAMSIN YITIOM W &

CKTIOWITENSHLIX Cyasnx oA Yo He Meres 45°

Pasyieky Tpaccs! CneayeT npoBoUTS ¢ S5iGopOM MPOMNA. VKON Tennoskix CeTeli 0Ke BT He Menee 0,002, OTBETENEHMR K OTAENEHAM
AR BSIMOTHRIOTCA C YKNOWOM OT 3aawwii & GriXaliwed kamepe. [P 3TOM JOM¥HLI ELJEPXUBATLCA 3amyGnewyA Tennosex ceteii oT
08EpXHOCTH 3e1h He mewee: 0.5 1 - 20 BepXa NeperpLIT Karanos: 0,3 A0 Bepxa NepexpuTli kawep: 0.7 1 - 20 8epxa 0BonoukM BeckanansHuX
IDOKRGAOK. YieHblLEHIe 3aMyGNeHNA CeTell ONYCKEETCR MLl MpH BSICOKOM YPOBHE PyTOSSX 203 [1]. TlowaHsii Mpodns U uaCTee M0B0poTS!
TPACCS YAOPOKaIOT CETH U3-32 YCTPOWCTER KAMED ANA PASMELLIeHIA BO3AYLLHHKOS, APEHAXE 1 ADYTVIX SNEMEHTOS AN o6CnyXHBaHWR ceTeil. B caran
€ 3TUM 477 HCTIONHEHVA MPUHUMAETCA BAPHEHT C MUHUMENLHSIMA WCTIOM KAWED Ha TPACCE, ¢ MAKCHUANsHLIM NDABRXEHVEN NDOUTA K MpAMOR
KU C YKTOHOM € K FODHSONTY MIDH MIUHHINBTISHOM OBLEME JEUNFHLIX PaBOT

i £1/60pe CXeMs METMCTPaHSIX TEMMOELIX CETel HEOBXOMMINO YUHTLIEATS OBECTEdeHE HAAEXHOCTH U SKOHOMNHOCTU X paboTsl. CrieayeT
CTDEMVTLCA K HaUMEHBUIE MPOTAXEHHOCTH TNNOBLIX CETel, K MEHSLLEMY KOMMMECTEY TeNnOBX KaMEp, DHMEHAR, 10 BOSMOXHOCTH, AEYXCTOpOHHEE
nogkniouesie keapranoe. Tpw NPOKTaAKe & PaioHe rOPOa AEYX  G0MIee KDYMHLIX METUCTDANE 0T OHOTO MCTOUHIKA CTEAYET NPERyCIaTpHEATS,
DU HEOBXOZMOCTH, YCTPOICTED PE3ePEHLIX MEPEMSIEK MEXy MATCTpansy. Bonakule TENMOSSE CETW CEAYET MPUHMMAT, Kak Mpasuno,
[REYXTPYGHSIMM, NIOAKILYIAN TENNOHOCTEINS OTHOBPEMEHHO Ha OTONNEHHE, BEHTUNALYID, FOPANEE EOJOCHACHEHHE 1 TEXHOMOTIMECKHE HyXab.
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3. MeToauyeckue yKa3zaHusi 0 BbINOMHEHMIO KyPCOBOrO NpoeKTa

3.9.1. PaspaBoTka MOHTaXHOI CXeMbl TENNONPOBOAOE

MosTaxtan cxema TennoBLIX CeTell BLMEPUUEASTCA B COOTEETCTEWN C yKa3aHMsM 0 ocbopunesio ueprexeii [16]. Cuauana Bsepansaetca
0CE8R TWHUA TENMOTPACCS, 3ATEM MOHTEXHAR CXeMa TPYGONPOSOSI0B CO ECEMH OTEETENEHAAMM

Ha MOHTaHOT! CXete CeTH yKaamEaioTcR

« TpyGONpORORsI U X 0GO3HauEHHe, BDUTYPA, KOMMEHCATODSI, HEMOZSMKHSIE ONOpSI YLl NOBOPOTOE, OMYCKH TPYG, TOuKN ApeHaxa
TpyBonposooe;

~ MADKHPOBKY NEMEHTOB CETel 1 X HYMEpaLYIO;

- anpasnenue ykroka;

= UM CEKYILIX NNIOCKOCTE MONEpesHX PA3PE30S 1 UX HYMEPaLYI;

~ PACETHLIE HaTDY3HO! Ha HEMOTEIHHLIE OTIOpS (TPH HEOBXOBMMOCTH).

'PACCTORHWA MEXaY KEMEPENM, HIGUM, OTEETENEHVAY W HEMOZIKHLIMA ONOPaMY YKaILIBEIOTCA 10 OCEE0/i MMHUM TennoTpaces:
Tpn pacpaGoTe MoxTaxsO/ cxewi TpyGONPOBOA0E creayer:

- pasweusaTs noakouii TpyGONOS0A Cpasa, a 0BpaTHeI - cnesa (ecn cioTpeTs o ToL):

« MECTa YCTaHOBKW HEMOZBIHHLIX OTIOP COBMELATS C Y3NaM GTBSTEREHUT] TPYD, MECTaUM YCTaHOBKI Ha TDYBONPOS0RaX 3aNOpHOR ApUATYPS,
CaNLHUKOBLIX KOMMEHCATOPOS, TPAISSUKOR 1 ADYTOrO 0GOpYAOEAHI;

= PACCTORHUR MEXay HENOABIXHSIM ONOpaMI NPAHAMATS & cooTeeTCTam ¢ [T]

+ 3aN0PHYK) APMATYPY YCTAHABNWEATS Ha OTESTENEHWAX OT MATUCTPANA U HA MATVICTPANIA AN CEKLMOHUPOBAHUR S8 Ha BPEN PEMOHTA U
oMLK,

+ Ha TpyBONpOBOAAX C YCn0BHEIM NPOXoA0M 500 v U Gonee yCTaHaRNHEATS 38K C NEKTPONPUEOIOM;
+ T1-06pasHsie KOMNIEHCATOPL! YCTAHABIMEATS & CePeAHHe YUACTKOB MEXLY HEMOABILKHEIMM ONOpaMA.

HoMEpa Kaep Ha MOHTaXHOM Nake AOMXsl COOTBSTCTEORATS HOMEPaM KaWEp Ha feHTnae.
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3.9.2. BbiBop criocoba npoknaak

B 10DORaX 1, HACENEHHLIX NYHKTaX TENNONPOBOAL! MPOKNATIEAIOTCA GECKAHANEHO WIH & HenpoXonHsix kananax. Tennossie cem Dy < 50046
pexouenayeTcn [1] npoxnansieas GeckanansHo. Ha MECTHOCTA C CHISHO NepeceueHHsil MPOCMITEN AONYCKAETCR HALEHAR NPOKNAAKA Ha CTOTKAX

KoCTpyKTHBHSIe pasheps! BeCkaHansHeiX NPOKNAROK NpHBeaeHs! & nuTeparype (29,10 Crewin KaHanos i i CoBMpaIOTCA U3 COOpHAX
KeNe30BETOHHSIX 2N1EMEHTOR W USTOTOBNAIOTCA 13 GeToHa

KOHCTYKM DEXOMEHAOSEHHLIX THTIOBSX XENes0BeTOHHLX SMIEMEHTOS MPUHMUAOTCA B S3BUCHMOCTH OF AMEMETDOS MDOKNGHEAEHSX
‘Tennonpoe0gos [7,10,14]. Tpn KOMNOHOBKe TENMODUKALYIOHHEX KaMED HEOGXOMMMO MOMS30EATCA TWIOESIMM PASMEPAMM KaMEp W GOKOE, W3
¥oTopsix cobupatorca kamepsi [7,10,14]

VKON TpyS monyTHOTO ApeHaka npHKMMAETCA He wewee 0,003,
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3.9.3. BiBOp cMoco6a KoMMEHCALMM TeMnepaTypHbIX AedhopMaLimii

Kounescauys Teunepatypssix AechODMayi & TENNOBSX CETAXOBECMEUMSSETCH  KOMMEHCATOPEM CAMSHAKOBSIMM, CUTschOHHSI,
DaAVANHLINM, @ TAKKE CMOKOMNEHCALIENE — HCONIS30B3HHEN YUCTHOE NIOBOPOTOR TEMMOTPACCS. CAMSHUKOELIE KOMMEHCATOPS! WIEIOT Gonbuyio
KOMTIEHCHPYKOLLYH0 CTOCOGHOCT, MANYK0 METANMOSUKOCTS, OZHAK TPEBYIOT MOCTORKHOMO HABMIOQEHA U OBCTYXUBAHAR. B MECTaX pasewennn
CaNSHUKOSLX KOMMEHCATOPOS NP MOSSSHHOi MPOKNAAKe AOMXHSl GhiTh MDENYCMOTPEHS TENNOBE KaMEps. CAMSHUKOELIE KOMMEHCATOpS!
sunyckaioTc Dy =100~ 140046 wa ycnoswoe aaenenme 20 25MMa n Temneparypy 40 300°C, 0BHOCTOpOHHIE M ABYXCTOPOKHWE. CanbHikoBsie
KOMNIEHCATOpLI ¥ENATENSHO MPUMEHATS Ha MDAMOMUHEAHSIX YUGCTHEX TPYGONPOBOA0B C GOMUMIMI AMEMETDaMM. CHIShOHHLIE KOMMEHCATOpS!
BLINYCKaIOTCR AN TPYGONPOS0A0B AUaMETPOM oT 50 40 1 000 . Ok He TREBYIOT OBCAYWERHHA U MOTYT NPAMEHATLCA MpH MHOGHX COCOBaX
MpOkRanK. ONHAKO OWA UMEIOT CDASHUTEMSHO HEGOMBILYIO KOMMEHCHDYIOLLYI COCOGHOCTS (20 100 W), W WX AONYCKAETCH MDHMEHFTS C
cnons3oeaHmen Hanpaenouyx onop. (LMOKOE NpiMEHEHVE NOMYUMA pagvanHsie (8 0cHOEHOM [1-0BpasHEE) KoMMEHCaTOps. PanansHeie
KOMTIEHCATOPLI MOTYT MPUMEHATSCA AR MoGLIX AMEMETDOS, OHM He TPEGYKOT OBCTYKHEAHIR, OIHAKO METANMOGUKN, UMEROT SHAUITENSHYHO 0CEByI0
peakLyio 1 GOnsilee MAPAEIECKOS CONPOTWENEHHE N0 CPABHEHWIO C CANSHUKOSSIMM W CHNapoKHLIMM. [P PELLHMM BOTIDOCOE KOMMEHCALYM
TeunepaTypHeX ASHOPMALMA B TENMOBSIX CETAX B MEPEY0 OMEPEdb HEOBXOZMO WCTONS08aTS ANA CAMOKOMMEHCALYM ECTECTEGHHSIE YIsi
11020pOTa TPACCH, U X SATEM MDUMEHATS CTIELANIHEIE KOMEHCAPYIOUIME YCTPOTiCTER.
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3.9.4. MexaHu4eckuii pacyeT Tennonposoaos

B NpoeKTe NPEANara€TCR BMONHMTS PACHET OHOM MODSWKHON U OZHOM HEMOZSWXHO OMOPL. PACTIONOXEHME HEMOREWKHON OMops! Ha
MONTEXHOM MNake TDYGONPOBOZOS, ANA KOTOPOW PACCHMTHESETCR HATDY3Ka, CTYASHT SHGUDAST CaMOCTORTensHO. MeTomura pacera onop
npusenexa s nurepatype [7.10]

T pacueTe yUaCTKOB CaMOKOMMEHCAI OMPEAENAOTCA PASMEpHI Med Ha YTax NOBOPOTOR TPYG, NPH KOTOpSIX MPeAensHsie WaruBaroLye
HNDRXEHAR HE MPEBSIIAKT AONYCTWMLX. W PACTODHSIE YCATWA, MEPENaEacbe HA HEMONSWAHSIE OMOPSI. PACYET YUacTkos pasnudon
KORGHTYDALYM MPOSEOZNTCH C HCTION30BZHHEM HOMOTPaNM, NpHEeaeHH&iX B nuTepaType [10]. B NpoeKTe NPEANGraeTCA SLMONKUT PaCeT 0gHoro
w3 yuacTros cem
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3.9.5. TennoBoi pacueT TennonposoAos
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Tenn080ii packeT TeNNONPOSOAE ELNONHASTCH C UENSIO ONPEAENEHHA TONLHHE! OCHOBHOTO CIOR TENNOBOM HIONALY U NAEHHR TeMNEpaTyPSl
TENNOHOCHTENA & Ce. OCHOBHSE TPSGOBIHHA K HCTONLIYEMSIA TENNOAIONALMOHHSI MATEDHANAM NDH KBHANLHOA W GECKAHANLHOW NPOKNAZKe
TPyBonpoBoAoe #anaxeHs! & [2,3] PacseT TonuyHe TeNnosoil wonALM TPyGONPOSOACE BLINONMAETCA B cooTeeTcTaMM ¢ [3]. B kypcosow nposxte
NPeANaraeTcA BHINONHUTL PacueT TONUHG! TeNNOsoil M30MALMM TPYGONPOBOAa N0 HOPMMPYEMOl NNOTHOCTM TENNOBOTD NOTOKA ANA BapHaTa
KaKans oM Wik GecKanansHOR NPOkRAZH (10 B560py CTyaeHTa).

Pacuer TonysI TenN0SO H0NAM TPYGONPOSOAOB Sy 1O HOPMMPOSAKHOTi NIOTHOCTH TENIROTO NOTOKA BSINOTKAGT 10 opMye

d(8-1
=

& (52)

TRe d — Hapy#wei AaueTp TpyBonposoaa, u
B~ OTHOWEHWE HaPYXHOrD AMGMETPA WIOMAMORHOTD CNOR d; K AMaweTpy TpyGonposona d (5= d; /d ).

Beniamy B onpegenwt no opuyne.
Bt 3)

@ &~ OcHOBAHWE HATYPANKHOTO NOTApHIa,
gz ~ KOSQXDAYEHT TENNIONPOBOZHOCTH TENMOHSONALMORHORO CNOR, OnpeaenAewsi no npwn. 7 8, Bi( °C)
Ry ~ Tepuiiecroe conpoTenese cnon uionaLy, (s °CYBT, BendH KOTOPOr onNpeAnAIoT no opiyne
Re=Ru-TR.
e Rg— CYMMaPHOE TEPIECKOR CONPOTENEHHE CIOR HIMALYM W APYTHX AOTOTHTENLHX TEPMINECKOX CONpOTWENEKAH Ka NYT TENNOBOrD
noToxa, onpegensemoe no opuyne
-t
%k

€ G, - HOPUWDOSAHHaR NAHEAMEA NNOTHOCTS TeNNIOB0T NOTOKa, B/, NpHHHMaSHEA 10 [2] ki 1o NAN.6;
1, - CPRAHAR 33 N1GPHOA HKCANYATALYM TEMIEPATYPA TENIOHOCHTENR;
i~ KoxppupHT, NpAMaEHS 10 DA 9
1, = CPEHENOA08aA TEMNSPATYPa OXPy AU CPRaS.

Bor= (54)

Ty NossewH0/i NPOKNAKe ¢, CPeHErnaoBan TeMnepaTypa rPYKTa, KOTOPaR ANA GONIUMHCTEA OPOROS HAXOAUTCA B Npenenax ot +1 40 +5°C.
'BUas! A0NONHHTENLHLIX TEPUUECKHX CONPOTHENEHWH 3, K, 38BUCAT OT c0COGA NPOKNAZKM TeNNOBLIX CeTei.
Ty nosemoit kawaneHo# npoxnaare.
TR =Rpe+(1+y) (R + R+ Rpp ) 5)
Ny nogaewroit Gecxanansroit npoxnagxe.
ZE = Rep+ Ry 6)
B popuynax (55)  (56) Ry - TepuINIECKos CONPOTHENEHHE NOBEFXHOCT HIOMAHOHHORD CoA, (1 °CYBY, onpeaenensoe o Gopiayne

1
o= e @von’ 6N
e, - KOSPAMUMEHT TeNN0OTAANM C NOBEPXHOCTH TeNNOBOI MIONALMH B OKPY XK Bo3ayX. Br/(u? °C) xoTopsiit cornacHo [2) npusimaeTca npn
npoknaake 8 kawanax o = 8Em/ (W C"):
d - Hapywwest uameTp TpyGonposoaa, M.
Ry ~TEPHINECKOR CONpOTHEIEHH NIOBEPYHOCTH KaHaN, OTPEAENAEHOS N0 GopUyTe.

R"'Md &
A8, ~ KOXXDULIEHT TENNOGTAZUM OT BO3AYXa K BHYTpeseieH NogepiocTH Kanana i, =& Amf(u? ©
5 — BHyTpRHH HBHEANGHTHLIR AWAIKETP KaHAa, M, ONPeRENAeUH N0 hopuyne
LA
dgs =" ©9)
Re P - EHyTpeHee ceuerite kaHana, u%;
P~ NeWMAETP CTOPOH CaeHIR KaHGNa 10 BHyTPEHHIM PAMEPANM, 1.
Ry ~ Tepuiecioe ConpoTHENEHE CTeHN KaKaNa, ONPEASTASMOR 10 OpHYTe:
1 d,
Berrag e ©

e Ay - TENNONPOBOAHOCTS CTewN KaHaNa, AN wenesoBeTona 4 = 2,04 Bm/(w? - C*):
dy, - HAPYHHE HEUBANEHTHSI AMBMETP KaHANE, ONPEASNASHE 10 HAPYXHEAM PASHEPAM KAHANA, 1.

1 21 Jar?
R”=Wm[dm+ d—,-l] )
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e Ap XoXbAMUEHT TENNONPOBOIHOCTH TPYHTA, JABUCALY OT €0 CTPYKTYPS! ¥ BNAXHOCTH. M OTCYTCTEMM AaHHLX JHaUEHHE Arp MOXHO
npusAMaTS ANA Bnaxs e rpywTOR 2.0-2.5 B/(1 °C), AnA cyxux rpywToe 11,5 Br/(m2 °C).
- IYBWHa 3aNONEHIR OCH TENNONPOBOAA OT NOSSPXHOCTIN ISMM, M;
R, - A06B04H08 TEPUMIECKOR CONPOTHENEHHE, YWHTLIEAIWIEE BIAMUHOS BNUFHIE TPYG NPH BECKaHANLHOA NPOKNAAKe, BEMIHY KOTOPOrD
onpeaensIoT no hopuynam:
A nogaiowero TpyBonposoaa
1 fan?
=Yg——1In 1.
BTt 62)

1 fan?
cyy— [P
Rz Y2 T (63)

e J - myBawa 3anoxenws oceit TpYGONPOSOA0S, M
b - PaCCTORHWE MEXaY OCAMM TPYGONDOSOROS, M, MPHHMAGEIOE © ABHCHHOCTH O WX AMGMETPOS YEIOBHOTD NPOXOAA Mo Ta6n 1.
4,2 - KOXDOULEHTS, YUHTHBIOUNE E3BHIHOS ENHAHHE TEUNSpaTYPHSX NoNei COCORHHX TENMONPOO0s, onpeaenAetie 1o opuynam

e u,Gez - HOPMWPOSEHHLIE TWHEiHIe TVIOTHOCTH TETIOBIX NOTOKOS COOTBETCTBEHHO ANA MOZSKEND W 0BPaTHOrO TpyGonposogos, Bk,
npamaeisi no (2]
Tebinuua 11. Peccmossue wexdy ocauy

5080 100 125150 200 250 300 350 400 450 500 600

buw 3% 400 S0 S50 600 650 700 800 %0 1000 1300

Pacuenyio seniruy CA10R & KOHCTPYKLYIAX TeNNIOBOR H3ONALYM Ha OCHOBE BONOKMICTEX MATEPHANOS W WIAENWT (MaT0S,
T, XONCTOR) CRERYET OKPYFAATS R0 SHaueHw, kpaTHsix 10 Mt

B KOHCTpYXLYX Ha 0CHOBE MIHHEPANIOBATHEDX NONYLHTWHAPOS, ¥ECTIHX AUEHCTSIX ATEPATOR, METEPHANIOR U3 BCTIHEHHOTO CAHTETHUECKOTD
KayuyKa, NEHONONMSTINEHE H NEHONNACTOR CERYET NPAMAMATS GTICKAALYIO K PACUETHOR TOMUYHY WIZEIWR N0 HOPMATHEHSM AOKYEHTEN Ha
cooTeeTcTEyIOUYHE MATEpUaSL

[ECAM PACYETHAA TONLLYIHA TENNOHIONALMIOHHOND CTIOA HE COBNAAACT HOMEHKNATYPHOI TONLLYIHON BLGPAHHOND MATEpUANa, CREaYeT MPHHIMATS
10 aeiiCTeyi0ujeR HoMeHKNaType GrKaMLYIO GOnee BLICORYIO TONLHY TENMOHIONALHOKHOTD MATEpHANa
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3. MeToauyeckue yKa3zaHusi 0 BbINOMHEHMIO KyPCOBOrO NpoeKTa

3.9.6. KOMMOHOBKa SMEMEHTOB 0GOPYAOBaHHA

PaspaBareisan packnaaxy TPYG & KaWanax, HLaX, Ha NOSOPOTAX TPACE, & KAWEPaX HEOBXOMMO MDUHNINATS PACCTORHWR MEXay TpyGauM u
CTDOUTENLHIM OTPEXTEHUAA He MeHes YCTaHoaRerHuX Hopu [1.10]. MpuHATLIe CB0GOZHEIE 330Dk, & CBETY AOMKHE 0BECTEWMBETS CE0BOTHOS
YAnHeHWe TPy, NpenBapATENLHyio PACTAXKY. PasheleHie TPYG & CeueHNAX NPOKTAZOK A0TIKHO OTBENATS MPGENNaM U TPEGOBIHURM, HITIOXEHHLIM
& pyrosoacTeax [1.10] BeicoTa ¥eNea0BeTonHIX MoAYLIEK 107 NOJBHXHLIMMA OTIOPENI AOTKHA MDHHHIETLCA He WereeT00 M 417 TYS Diy<300
150t - 372 TY6 Dyy>3001m.

'VCTPOCTEO 1 ra6DATLI MOR3EHHLIX KaMED A0HHSI 0GECTENMBATS Y10BCTB0 U Ges0nacHOCTs oBCTyXUBaHMR. BLCOTa KaMEps! BLBHPAETCA He
eee 8 - 2 1, myGua - Taka OBPA3OM, 4TOGkI 0BECTEUHTS CB0BOHYH0 BLICOTY MEX(Y HASOM TENMONPOBOSIOB M AHULEN Kawepu! He nenee 1100
. KaXaan kawepa nnowansio A0 6 12 AOMHA VMETS He MeHee A8y BSXOHSX MHOKOS, PACTIONOXEHHLIX 10 AWATOHaNH, Nph Gonbuwert nnowia -
ueTipe nioka. Paduepul MOK0S MPUHAMAKTCA N0 [2]. MukUMansHule PACCTORHAR & CBETY MeXay 0GOpyaOSakMeM, TPYBaMM W OTpaXaeHMAMM,
ApeayCMOTpeXHLIe ANA YA0GCTEA TEXHIIECKOT0 OBCTYXHBAHIR & KaMEPEX, PHHMMAKTCA 0 CPaBouKoii nuTeparype [2,10].
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Mpunoxexnunsa

Mpunoxenue 1

Voensisie pacx0ds! Merna Ha OMONTEHUE U 6EHMUNAUR0 MPOMSILIEHHsX 30aHUT PU t,=-30C

2
JP— YaenHbie xapakrepucrik, Brim C

Haswasenwe snanus obkem anakns,

ThiCM?

Oronnese, X, Bestunaunn, X

Cranemieinsie uen 1050 03470292 1110973
Tepunsccre uen Dot 04720347 153138
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Mpunoxeue 2

Temnepamypa €0l & MeNNOBOI GEMU Pl KEEGMEEHHOM PE2yUPOAHUL OTOMUMENSHOU HEEPY3KU U
sa6UGUNOI CXewe MPUGOSAUHEHUS OmONumesHol yomaroeky mpu t;=16°C
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Mpunoxeue 3
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Mpunoxeue 4

VKDY THeHHS€ MOKESEIMENU MAKCUMENSHOZ0 MEMO0Z0 MOMOKE Ha OITONNEHUE KTl 0HU

a 1 u? obued nnowadu ,, Bm.
I nocTpoinn g0 1985 .
12 Besperamempenn 148 154 160 205 213 20 23 27 242 285 271
34 weprocSeperaoux 95 102 109 117 126 134 144 150 160 169 179
Subonee eponpri e 0 77 79 s & % M2 19 15 12
1-2 Cyeroumempo W7 153 160 194 201 218 22 25 230 242 257
£ sweprocSeperaou 90 97 103 11 119 128 137 40 12 180 71
5w Gonee. weponpusTIit 6 6 73 75 & 8 w2 9% 103 109 116
Iinm nocTpoin nocne 1985 .
12 ws 12 159 e 173 177 180 17 14 200 208
3 Mowemunmossm 74 & o1 & 1 W5 w9 16 12 130
Susonee s s & 70 73 s & & 8 W0 12 108

Mpumesanme

1. GHeprocSeperaiouye MEPONPUATA OBECTEUMEAIITCA NPOBEIEHNE PABOT N0 YTenneHMio S0aHA DA KATMTANHLIX U TKYUIX DEMOKTAX.
HaNDAEMEHHLIX Ha CHYKEHIE TENNOBSIX NoTepS.

2. VipynHeHHble MOKG3ATenM 34aHMA MO HOBLIM TMTIOBKNA MPOGKTAl MPUBSREHSI C YSSTOM BHEAPSHWR MPOTPECCHBHbIX APXIHTEKTYPHO-
ANBHUDOBOUHSIX PELEHUTi 1 NDAMEHEHIHA CTPOMTENHLIX KOHCTPYKLAH C YMYUUIEHHEINA TENMOGUINIECHUMI CEOTICTEAMM, 0BECTEUMERILIMA
CHItKeHMe TENOBLIX NoTeps.
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Mpunoxetue 5
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Mpunoxetue 6
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TMpumesanmne

(Cpenwan TemnepaTypa TeNNOMIONALYIONHOM CnoR. °C:

£ = (6, +40)/ 2 - Ha OTXPLITOM 5030yXe & NETHeE BPEUS, B NOMSLIEHI, B KHANAX, TOHHETIRX, TEXHINECHNX NOBNONSFX, Ha YEPAAKAX H B
nogsanax sasw

fn=t, /2 - Ha OTKPSTOM BO3AYXe, BOJAYXE B IMMEE BPEMS, A 1, - TeMNEPATYPa CPEAbl BHYTPH WIOMMPYeMOro 0GOPYAOBAHIR
(pyGonposana)
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Mpunoxenue 9
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Mpunoxetue 10
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Mpunoxenue 11
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3. Becka-wanwsii e ‘BaupTHe —10 N 2 MDANCKEHKS, KDONE HSONa N0 HSOTEHOT MACTHKE
{ann s0get n napa)
Mpumesanus

1. ECn 38800-H3rOTOBMTENN BHINYCHAIOT MOKDTWA C MSLLMMU TEXHHKO-3KOHOMIMECKUMA NOKESETENAMM, YAOBNETSOPAOUME) TPEGOBaHHAM
50T & TeNNOBLIX CETRX, TO 3TH NOKPLITHA AOIXHS NPHIEHATLCA BIAMEH YKE3AHHLIX B AZHHOM NANOXEHA

2. TIpi NpHMEHeH¥IA TENNONZONALYIOHHLIX METEPUANOR T KOHCTDYKLYT, HCKTIOHBIOIIX. BOUOKHOCTS KOPPOSWH MOBEPXHOCTH TPYB, SauiTHoe
IOKPLITHE OT KOPPO3MA MPEAYCHATPHEETS He TpEGyeTca
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3.1.0npegeneHme PacHeTHbIX PACXOAOB TENNOTh!
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Tennossie Harpya NOTPEGHTENSR ONPEIENROTCA MO YYPyTHEHHSM NOKASETENAM. PACHeTHuE PACKONs! TEMNa Ha CTOMMEHWE XMTLX W
‘0BieCTRe: X 332k OTPEAENAIOTCA 10 ChopUyTal:

Do) = 9F : Qo) = #y) [0}

e Do) . Difo) — PacueTHule pacxomsi Tenna va oTonnere. HUNEOX 1 OBLYECTBEHHLX 38aHMR, KBT,
G~ yRensHLi PaCUETHI PACHOR TEMNA Ha OTONNEHHE, ONPENENREMSIH N0 PAC.1 WM N0 NPHN. 4 S SBBUCAMOCTH OT TEMEPATYPS! HAPYHOTD

 ~ KOSXDULYIEHT PACKOA TEMNA Ha OTONNEHHE OBUIECTBEHHEX JA3HWH, NDAHMaEUSIH pasksm 0,25
Kounas nnowsans e paiiose onpenenseTc no Gopuyne
Femf @

e - uncno wene

f —Hopua oBued nnouany Ha uenosexa, npuMacsi12. 15 147uen

PacueTHuil PACKOA TENNa K2 OTONNEHHE NPOMSLLNEHHLX JA3HWH ONPENENAETCA N0 A3HHSM NDOSKTHOR AOKYWEHTALYM, 3 NDH WX OTCYTCTEM —
10 Y¥pyTiHEsHLIM BETOMCTEEHHEIM HOPIAM PACKOAA TENNa.

60 70 80 90 M0 120 B0 Bm/M

q—

PacueTHuii pACXO TeMna Ha BesTHNALYIO OBUIECTEEHHAX 313HWH ONPEaeNAETcs 1o opuyne:
L =h). @
e — KOXDOULMEHT PACKONA TENNA Ha SEHTUALYNO OGULIECTSEHHSX 30aHIT, NDH OTCYTCTEN A8HHSX NpHHMMAETCR 0.4

Pacxogs! Tenna Ha OTONMEHME W SSHTNAUNO MDA PAIMUHSX TENSPATYPAX HAPYXHOTO SO3AYXE, OTIMMAOUNCH OT PACIETHEX ANA
"MDOSKTHPOSAHR OTONNEHHR H BEHTUNALYN, HAXOZATCA NEPECHETOM 10 OpUyNaM:

@

1R £, ~ TeryL4an TeUMEpPaTYPa HAPYXHORD B033YXa, MPH KOTOPOT: OTPERETASTCH PAcXoR Tenna, °C.

(CpenHedacosoit Pacxod Tenna 3a OTONMTENLHLN! NEPHOA Ha TOPAYES BOAOCHAGHKEHME KUNLXX M OGLISCTEEHHLX 33aHW ONPEAENAETCA N0
Gopuyne.

an(gh, +2)(tr-2) p12

3624100

e ®

e ¢ — Tennoemxocrs sossi, Kb/ °C).
i, ~HOPHa PACX0RA ropAeli S0 M TEMEPRTYPE +55 °C AR Koumx SAaHII 3 ORHOT0 YeN0EKa B YT, MUCYT.

b~ Hopua paciona ropAuel ST AR OBWECTBSHHLX 313k PARONa rOPOTA (TpH OTCYTCTEWN A3HHLX NDAHMMASTCA 25 TUCYT Ha 0BT
wenosexa)

£ — Tewneparypa ropei 803k, NpuHMAaSIaR pagoii 55 °C;

£, ~ TeUNEPaTYPa X000/ SOTONPOEOTHO S0 B OTONMTENSHL NEPHOL (NPHHAMAETC PaskoR 5°C):

2~ nnoTHocTs 0s! npy TewnepaType 55 °C. s %

1.2~ OSMUEHT, yuHTSEGOUIE TENMOOTAEHY S NOWELLEHHA 0T TPyGONPOSO0S FOPAYERD B010CHAGHEHWA (A SaKPLTLX CHCTeM).

Hopiay pacxona ropaeli S0 & X3ANsiX SOWaX MOXHO TpHEMATS PasHoTi[4]

* & paifonax HoBO 2aCTPOI gl = 110~ 130a/gm

« paiionax craporo xunoro owaa gft, = (55 +45)ajcym - TAe f —oobdmuenT oxeara sarHsmm (ipurmacTcs ot 0.1 20 0.6)
(CpenHedacosoit pacxoa Tenna Ha roprRuee BOAOCHAGKEHHE B NETHAI! NIEPHOA NEPECYNTLIEAETCA N0 (hopuyne

-5
Lok

o gz

®

e OF ~ cpempesacoS0 pacxon Temna, onpeaeTRei o Gopuyre (5), 1B
£~ TeNEPaTYPa X000 SOIONPOSOHO SO 8 NETHA NEPHO (TpHHMAETCA PasHoi 15°C).

£ ~ ¥o3pIIEHT CHKEHIR PACKONa ODRYSR SO 8 NETHI NEPHOR (pHIABETCH passism 0.8, @ AN NDEANPHATH, KYDOPTOS i K0
roponos—1.0).

Maxcumans+Li pacxos Tenna Ha ropAvee B0a0cHaGxeHue onpeenseTca no dopuyne
o =k OF o

, — KOSDHLYIEHT 4aCOS0T HepaSHOMEPHOCTH 5070Pa350pa [8] (1 ¥0im 1 OBLECTEEHH=X 3naH| NPHHMBETCH passn 0T 220 2.4)

Mo Haiigesi PACXOREM TeNna COCTAENAETCR Caoman Tagn 1
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Mocne onpegeness TennoSLX HArPy30K Paiioa HEOSKOMMMO PACTPEENHTS TENMOSYi0 HarPyaKy No KeapTanau. [InA 3T0r0 OnpeaenseTca
01433 3ACTPOI KBIPTANOR  TENN0BAR HATPY3Ka PACTPEACTRETCA MPONIOPLIIOHANSHO MTOLARAM IACTPOSK:

Qi) = Qéz i = Z 0= o7 & sF ®

e Ol(x).2x)- OFy) ~ PACHETHLIE PACKOALI TeNna Ha OTONNEKHE, BEKTUTALYA 1 FOp4ES BOROCHAEHEHIE ORHOTO KeapTana, BT
F, — nnowans 3acTpoiin keapTana, e’
3 7 - 0bujar nnousans 3aCTPOiH paiioka, 1.

Haiigex0 pacnpeaenese PACXOR08 TeNNa HO KEAPTANaM I3HOCHTCA B CBOAHYIO Tabn 2.
Tebnuua 2.





