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BBenenue

[lpm  pa3paboTKe HACTOAMMX METOAMYECKUX  pEKOMEHIarmit  ObutH
WCIIOJIb30BAHBl MAaTepHAaIbl HAyYHBIX HCCICIOBAHMIN, B TOM YHCIE BBIIOTHEHHBIX
aBTOpaMM HACTOSIIMX METOJAMYECKIX peKoMeHaiwmi [1]-[16], a Takxe 3apyOexHbIii
OTBIT MPUMEHEHHS TEIUTOHACOCHBIX CUCTEM C UCIIOIB30BAHUEM TEIIOTH TPYHTOBOTO
maccuBa [17]-[19].

Hacrosimme MeToanueckue PEKOMEHIAIUH apecOBaHBl IIHPOKOMY KpPyry
CTICIMAIMCTOB, Ybs JICATENLHOCTh CBSI3aHA C MPOEKTUPOBAHMEM, CTPOHTEIBECTBOM
3aHUN M COOPYXXCHHH Pa3NMYHOTO HA3HAYEHMS, B TOM UUCIE PYKOBOTUTEISAM M
CTICLHATUCTAM:

- IPOEKTHBIX U M3bICKATETBCKIAX OpPTraHU3anuii;

- OpraHu3aryii u ciiy»0 3aKa3urKoB (3aCTPOUIIHUKOB),

- TOCY/IAPCTBEHHBIX U MHBIX OPTaHOB SKCIEPTHU3EI X COTJIACOBAHUSI;

- HAA30PHBIX CITYKO0 B chepe IPUPOJOI0IL30BAHNS, OXPAaHbl BOAHBIX PECYPCOB,
3aIIUTHI IPaB U HHTEPECOB MOTPEOUTENEH;

- OPraHOB JEKJIAPHPOBAHUS U OLIEHKHA COOTBETCTBUSI.

[TpumerHeHre HACTOSIIMX METOAMYECKMX PEKOMEHIALMM MO3BOIUT MOBBICUTH
Ka4eCTBO W COKPATUThH CPOKH BHITIOJNHSAEMBIX MPOCKTHBIX M CTPOUTENBHBIX padoT 3a
CYET WCMOJIb30BAHHS THUIOBBIX €AMHBIX IMPAKTHYECKUX TMOIXOAOB K BBHIOJHEHHIO
paboT Ha OCHOBE YHH()HMIUPOBAHHBIX METOMUK M TEXHONOTHH, a TaKKe CTaHET
OCHOBO# ISl TPOBEJCHMS HE3aBUCUMBIX 3KCIIEPTHBIX OLEHOK BEITIOHEHHBIX PadoT,
YTO MPUBEICT K MOBBIICHHIO KAYECTBA CTPOUTEIBHBIX 00BHEKTOB.

Hacrosimme  MeToanveckue pPEeKOMEHJAMKM  pa3pabOTaHBl  aBTOPCKHM
koiektiBoM OAO «UHCOJIAP-UHBECT» (M.M. Abyes, n-p TeXH. HaykK
I'Il. Bacunves, B.®. ['opnoe, xaun. TexH. Hayk A.C. [opwxos, M.B. Konecosa,
B.A. Jleckos, H.A. IOpuenxo).



1 OdnacTs, npHMeHeHHsl

Hacrosimme MeTtomuyeckne pPEeKOMEHJALMM NPEICTaBAsIOT [PAKTUYECKOE
PYKOBOJICTBO MO MCMONB30BAHUIO TEJIOTH M XJIa0pecypca TPYHTOBOTO MaccHBa, B
TOM YICJIE C HOMOIIBIO TETUIOBBIX HACOCOB.

MeTtoquueckie  pPeKOMEHAAMM  PACIPOCTPAHSIOTCS  Ha  TPYHTOBBHIC
TEIMI000OMEHHUKH TpH UX UCMOJB30BAHUH B COCTABE I'COTCPMAJIbHLIX TCIJIOHACOCHBIX
cucreMm temtoxnanocHadkeHus (I'TCT) teruoBoit momHOCTHIO cBBImE 20 KBT 1
YCTAHABJIHUBAIOT PEKOMEHAAINH K UX NPOCKTUPOBAHHIO U YCTPOUCTBY.

Hacrosmme MeToamyeckne pPEKOMEHJANMHA HE PACIPOCTPAHSAIOTCS Ha
BBICOKOTEMITEPATYPHY0 TEOTCPMANBHYIO SHEPIETHKY, BBIPAKACMYIO TEPMAHAMHA
«Te0TepPMABHAS SHEPTHS) M «TEOTEPMISD) 1 II0/IPa3yMEBAOIIYI0 TOIEKO SHEPIHIO,
KoTOpas:

- SBIIETCS IPOM3BOAHBIM OT TEIUIOBOTO MOTOKA W3 TIyOOKHX HEP 3EMIIH,

- HaxoAuTCs MO0 B OYEHb TyOOKMX CKBRKWHAX, JAOO B OMpPEACIICHHBIX

cnemuUUYECKUX MECTaX 3eMHOM KOPbI (11K 00a 3TUX ciyYas).

2 HopmaTHBHBIE CCBLIKH

B HacTOAMMX METOAMYECKUX PEKOMEHIAIMSIX MCHOIB30BAHEl HOPMAaTHBHEHIE
CCBUIKH Ha CJISIYFOIIE JOKYMEHTHL:

TOCT 12.1.019-2017 Cucrema cragmaptoB 0€30macHOCTH  TpyAa.
Onexrpobe3onacHocTh. OOmme TPeOOBAHIS 1 HOMEHKIIATYPA BUIOB 3aIUTE

TOCT P 54865-2011 TemnocHaOxeHne 3aaHud. MeToamka pacyera
JHEPronoTpeOHOCTH U 3(PGHEKTUBHOCTH CHCTEMBI TEIUIOTCHEPAINH C TEIIOBBIMU
HacocaMu

ITOCT P 56295-2014 OneproaddextuBHOCT: 3maHmMit. MeTtomuka
SKOHOMMYECKOM OIIEHKH 3HEPIEeTHIECKHX CHCTEM B 3JaHMSX

T'OCT P 56503-2015 CucteMbl KOHIUIIMOHMPOBAHMS BO3ayxa. Pacuer 3arpar
OHEPrUU

TOCT P EH 15459-2013 OueproaddexruBHocTh 31aHui. MeTomuka

IKOHOMHYECKOH OLICHKUA OHCPre¢THICCKUX CUCTCM B 3JaHHUAX



CIT 25.13330.2012 «CHull 2.02.04-88 OcHoBanusi W (yHIAMEHTHI Ha
BEUHOMEP3IBIX TPyHTax» (C m3MeHEHUAMH Ne 1, No 2. Ne 3, Ne 4)

CIT 30.13330.2016 «CHwull 2.04.01-85* BHyTpeHHHiI BOJONpPOBOA H
KaHaM3auus 3aaauin» (¢ nameneHrueM Ne 1)

CIT 60.13330.2016 «CHull 41-01-2003 OrtomjicHHE, BCHTHIALMSA H
KOHIMLIMOHUPOBAHNE BO3Ayxa» (C n3MeHeHneM Ne 1)

CIT 73.13330.2016 «CHulII 3.05.01-85 BHyTpeHHHE CAaHUTAPHO-TEXHUYECCKHE

CHCTEMBI 31aHui (¢ u3meneHueM Ne 1)

IIpumeuanue — [lpy MOIB30BAHMM HACTOAIIUMH METONMYECKHMH PEKOMEHIALMSIMH
L[eJIecO00pa3sHO MPOBEPUTh JEHCTBUE CCHUIOYHBIX JOKYMEHTOB B HH()OPMALMOHHOI CHCTEME
o01ero noyb30BaHusA — Ha ouLHanbHOM caiiTe (enepaIbHOro OpraHa HCIOJHUTENbHOMN BJIAacTH B
cdepe cranmapTuzaiuy B ceTd VIHTEpHET MM 1O €XErofHOMY HH(GOPMALMOHHOMY YyKa3aTelo
«HanuonanpHbIE CTAHAAPTHD, KOTOPHIH OMyOIMKOBAH MO COCTOSIHUIO Ha 1 sTHBapsi TEKyILero roaa,
U IO BBIIyCKAM €XEeMECSYHOro MH(OpMalMoHHOro ykasarens «HaluoHanbHbIE CTaHAApThbD» 3a
TeKymui ron. Eciu 3aMeHeH cChUTOYHBIHA JOKYMEHT, Ha KOTOPBIH AaHa HeNaTUPOBAHHAS CCbUIKA, TO
PEKOMEHyeTCsl HCIOJIb30BaTh ASHCTBYOIIYIO BEPCUIO STOTO JOKYMEHTa C Y4€TOM BCEX BHECEHHBIX
B JAHHYIO BEpCHI0O H3MeHeHuil. Ecim 3aMeHeH CCbUIOYHBIH HOKYMEHT, Ha KOTOpBIH [aHa
JaTHPOBAHHAs CCBIIKA, TO PEKOMEH/YETCsl MCIOJb30BaTh BEPCUIO 3TOrO JOKYMEHTA C yKa3aHHbIM
BBIIIE TONOM YyTBepkAeHMs (mpuHATHs). Ecim mocne yTBEpXKOEHHs HACTOSLIMX METORHYECKHX
pPEKOMEHJaUnil B CCBUIOYHBIN JOKYMEHT, Ha KOTODbIA JaHa JaTHPOBAHHAS CCbUIKA, BHECEHO
HM3MEHEHHE, 3aTparuBaiolliee IOJIOKEHHE, Ha KOTOPOE JlaHa CChUIKA, TO 3TO MOJIOXKEHHe
PEKOMEHIyeTCsl IPUMEHATD Oe3 ydera AaHHOro u3MeHeHus. Eciy cChIIOUHbIH JOKYMEHT OTMEHEH
6e3 3aMeHBI, TO TONOXKEHHE, B KOTOPOM JaHA CCHUIKA HA HETO, PEKOMEHAYETCs IPHMEHSTh B YaCTH,
He 3aTparusarolneii 5Ty ccbliky. CBefieHus O AeHCTBHH CBOROB IPABILI LieIecO00pa3HO MPOBEPUTD

B PenepanbHOM MH)OPMALIMOHHOM LIEHTPE CTAHAAPTOB.

3 TepMuHBI 1 oTIpeNeIeHUsI

B HacTOsImMX METOAWYECKHX PEKOMEHAALMSX MPUMEHEHBI CJIeIyIONIHe
TEPMHHBI ¢ COOTBETCTBYIOLIUMH OTIPEICIICHASIMHU:

3.1 Gax-axkymyasitop: Pe3epByap Aisi HAKOIUICHHS M XPAHCHUS HArpeToro
WA OXJIAKAEHHOTO TETJIOHOCUTENS.

3.2 BTOpHYHBIC 3Heprernyeckue pecypcbl; BIOP: TemmoBbie BHIOPOCH!



KOMMYHAJIBHEBIX, 6I>ITOBI>IX, JKWJIBIX U OPYIUX O6T>CKTOB, a TAKKC TCXHOJIOTHYCCKHX

MPON3BOJCTB.
ITpumevyanue — Hocurensimu BOP SBs0TCS BBITSOKHOH BO3MYX BEHTHJIALMH, CTOYHbIE

BOABI M T. II.

3.3 rpyHTOBBIii HCTOYHHK TeIJIOThI: [ IpHIIOBEPXHOCTHBIE CIIOH IPYHTOBOIO
MAacCHBA, HCIOJNB3YEMBIE U M3BICYEHHS HHU3KONOTCHIMAIBHOW TEIUIOTHL IIPH
MOMOLLH TETIIOOOMEHHEBIX YCTPOICTB.

3.4 rpyHTOBBIii TEIIOOOMEHHHK: TEXHUYECKOE YCTPOICTBO, PaCIONIOKEHHOE
B TPYHTOBOM MAacCCHBE TIODHU3OHTANBHO, BEPTHKAILHO MM HAKJIOHHO M
obecneunBaromee TEI000MEH MEXIY TPYHTOM M LMPKYJIHPYIOMIUM 4Y€pe3 JaHHOE
TEXHHYECKOE YCTPOHCTBO TETTIOHOCUTETIEM.

3.5 reorepmMajibHasi TEIUIOHACOCHAS CHCTEMa TeILIOXJIaA0CHAOKeHus ;
I'TCT: TennonacocHas cuCTEMa, UCIONB3YIOMAA B KAYECTBE HU3KOIOTCHIMAIBHOTO
HCTOYHMKA NIPEUMYILECTBEHHO TEIUIOTY TPYHTOBOTO MAaCCHBA.

3.6 B0300HOBAsIEeMbIe HCTOYHHKH 3Heprur; BHUJ: Hcrounmkm sHeprum,
o0pasyoImuecss Ha OCHOBE MOCTOSHHO CYIIECTBYIOIIMX WA [EPHOAMYCCKH
BO3HUKAIOIMX MIPOLECCOB B IPHPOAEC, MCIOJB3YEMBIE KaK albTEPHATHBA 3HEPIHH,

[OJIy4aeMOi OT TPAAULIMOHHOTO UCKOTIAEMOTO TOILINBA.
IIpumeuanue — K BUD orHOcsTCS CONHEYHAsA, BETPOBAsi SHEPTHsl, SHEPTHs BOAHBIX

MOTOKOB, TEILIOTA aTMOC(EPHOro BO3AyXa U IPyHTA, SHEPrusi OHOMACCHI U T. II.

37 k03¢ punmenT npeoOpa3oBaHus (Tpancdopmanun)
NAapOKOMIIPECCHOHHOTO  TEIVIOBOT0  Hacoca:  COOTHOIIEHHE  KOJIMYECTBA
BHIPAOOTAHHOW TETJIOBOM JHEPTUM K KOJIMYECTBY NOTPEOJICHHOM 3IIEKTPHYECKOM
SHEPTHH.

3.8 HH3KOMOTeHIHAJbHAs Tem10Ta: TeloTa Ha TEMIEPaTypHOM YpOBHE,
HEJOCTAaTOYHOM ISl HEOCPEACTBEHHOTO UCTIONB30BAaHKS B TEIIIOCHA0KECHUH.

3.9 TamnoHax: 3arojIHCHUE 1IEMEHTOM, TJIMHON MM OUTYMOM CKB&)KHMH IS
W30JIALUHA OT BOAOHOCHBIX TOPH30HTOB.

3.10

TemsioBoi Hacoc; TH: VYcrpolicTBo Juisi mepeHoca TEIUIOBOH 3HEPruu OT

WCTOYHHKA HU3KOMOTECHIMAIBGHOM TEIUTOBOH SHEpPruu (C HHU3KOM TeMIeparypoii) K
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norpedbutento  (TEIUIOHOCHTENMI0) ¢ Oomee  BBICOKOH  TeMmeparypoil.
TepMoaMHAMAYECKHI UK TETUTOBOTO HACOCA MPEACTABIAET coO0H 0OpaTHBIM UK
XOJIOAWILHOM MAIIMHEL, B KOTOPOM KOHAEHCATOPOM SIBIAETCS TEIDIOOOMEHHBII
aImapar, BHIACSIOIIH TEIUIOTY I HOTPEOUTENS, a HCIapUTeIeM — TEMNOOOMEHHBIH
anmnapar, — yYTHIM3WUDYIOmMY  HHM3KONMOTCHIMATBHYIO  TEIUIOTY:  BTOPUYHBIC
SHEPTETUICCKUE PECYPCHl W (WIIH) HETPAAULHOHHBIE BO30OHOBIIAEMBIE HCTOYHHUKH
SHEPTHH.

[CIT 60.13330.2016, myHkT 3.39]

3.11 temnonacocHasi cucreMa TtemnoxiaanocHaOxkenns; TCT: Cucrema,
obecneunBaromas cHabKeHHe 3MaHHit B COOPYIKCHWI TEIUIOTOI (TETUIOBO# 3HEeprueii)
Y XOIIOAOM, OCHOBAHHAs HA NPUMECHEHUH TEIUIOBBIX HACOCOB.

3.12 remmoHacocHblil Temtosoii mynkt; TTII: Kommekc o0opyaoBaHus,
PacToyIoKeHHBI B 000COOMEHHOM TMOMELIEHUH, BKIIOYAIOLMIA TEIUIOBOH HAacoc,
BCIIOMOTATENbHbIE TEXHUUECKHE YCTPONCTBA M CHCTEMBI, MPEJHA3HAYCHHBIA ULl
mpeoOpa3oBaHusl HHU3KOMOTEHLMANBHON TEIIOTHl B TEIUIOTY MOTPEOUTENLCKOIO
TEMIIEPATyPHOIO NOTCHIUANIA.

3.13 tenmnoHocuTeab: Kuakocts, mupkynupyromas B TCT u nepeHocsmas
TEIUIOTY OT UCTOYHMKA TEIUIOTEL K IOTPEOUTENIAM.

IIpumeuanue — B kadectBe Teronocurensi B TCT MOXeT mpUMeHsATbCS BOAA HIH
aHTH(PU3 Ha BOASHOMN OCHOBE.

3.14 TenNOMPOH3BOAUTENHLHOCTh TEILIOBOIO Hacoca (TemsioBass WJIH
XOJOAMIBHAS MOINHOCTB): TEIUoTa, OTAaBacMas MM OTOMpaeMas TEIIOBBIM
HACOCOM TEIUIOHOCUTENO (OT TEIUIOHOCKUTENIS) B €AMHUIYY BPEMEHH.

3.15 Tepmoreonorusi: OTpacib re0J0TUH, U3y JarOIas TEIIOBBIE TPOLECCHL B
TPYHTOBOM MAacCCHBE.

3.16  TepmMockBaxHWHA: EMVHWYHBIA ~ TPYHTOBBIM  TEMIOOOMEHHUK,
PAacIONIOKEHHBI BEPTUKAILHO WM HAKJIOHHO, YCTAHABIMBACMBbIA B OYypOBYIO
CKB&KUHY.

3.17 ycTpOHCTBO TENJOHACOCHON CHCTEMBI TEIJIOXJAA0CHADKEHHS:

Kommnnekc pa60T MO CO3JAHMIO TEMTOHACOCHOM CUCTEMBI TEILIOX/Ia0CHAOKEHHUS OT
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oTana nmMpoCKTUPOBAHUA A0 CAAYN TCXHHYCCKOMY 3aKa3uuKy.

IIpumeuanue — KoMmmiekc pabor BKIIOYaeT, B TOM YHCIC, MOHTaX, HCIBITAHHI,
IyCKOHAJaA04YHble Pa0OThl H KOHTPOJIb BBITIONHEHHUsE paboT.

3.18 sBanopuTsr: O0IIee HA3BAHWE XEMOTEHHBIX TOPHEIX MTOPO/T, BOHHKIIHX B
apuIHbIX YCIOBUAX B PE3YNbTAaTe BBHIMAACHUS B OCAJOK MHUHEPAJLHBIX CONEH NpH
BBITIAPHBAHNH PACTBOPHTEIS.

IIpumedanne — CKIOHHBI K My4EHUIO NPH BOLAOHACHILLECHHH.

4 O0wHe MOJI0KeHHs!

Hacrosimue MeToIMYeCKHEe PEKOMEHIANA TIPEACTABISIOT coboif mocobue 1mo
peammzaruy TpeGoBaHuil K 3HepreTudeckoit 3P HeKTUBHOCTH 3/IaHIH W COOPYKEHMI
3a CYCT BOBJICUCHHS B UX JHEPreTHUCCKHI OalaHC HU3KOMOTEHIHANBHOMN TETIIOBOM
SHEPrUM IPyHTa U IPEAHA3HAUCHBI U151 yYACTHUKOB TIPOILIECCa CTPOUTENBCTBA HA BCEX
9Tamnax B IENMX 00eCIeYeHNS WX METOMMYECCKAMHI MaTepHaJIaMi, KOTOPHIE MO3BOJISIOT
pazpadarbiBaTh U MPUMEHATH dHEProddQeKTUBHBIE TEXHOIOTHH, 00ECTICUMBAIOIIIE
CHIDKEHUE TIOTPEOIEHNS TPATUIIAOHHBIX BH/IOB SHEPTUK IyTeM BHeapenus I'TCT.

MeTtoaudeckie pekOMeHJauy pa3paboTaHbl B PA3BUTHE MOJNOKEHHUH pasziena
11 CII 60.13330.2016 B 4acTé HCIOIB30BAHHMs TEIUIOTHI IPYHTA, B TOM YHCIE C
TIPEMEHEHHEM T€0TEPMABHBIX TEIUIOHACOCHBIX CHCTEM, IS TETUTOXIAN0CHAOKEeHUS
3panuit u paszgena 10 CIT 30.13330.2016 B yactu skoHomuu sHepruu ['BC, s
peanu3army TpeOOBaHUIA [0 MOBIMICHUIO SHEPTeTHYECKOH Y GeKTHBHOCTH 30aHMM 1
COOPY>KEHUH) U CHIDKEHUIO YISIBHOIO FOJIOBOT0 PACX0Aa SHEPIETHYECKHUX PECYPCOB.

5 OcHOBHBIC METOABI H3BJICUEHHSI TEIUIOTHI TPYHTOBOTO MACCHBA

5.1 T'eoTepmaibHasi TEILIOTA H OCHOBLI TEPMOI€0JI0THU

B HacTOAIIMX  METOAMYECKUX  PEKOMEHIAIMSAX  TIPH  OIHCAHWH
HU3KOTIOTCHIHATEHON! TEIOTH TPYHTOBOTO MaccHBa OYAyT WCHOMB30BaHEI, B
OTIMUME OT TEPMHHA «TE€OTEPMUs», OTHOCAIIETOCS K BHICOKOTEMIIEPATYPHOM
ryOMHHOM TEIUIOTE, TEPMHHBI «TPYHTOBBIH MCTOYHMK TEmIoTE» (3.3) w
«repmoreoorus» (3.15).

TepMoreonorus MMeeT JelI0 ¢ ABYMs TNapaMeTpaMu, JOCTATOYHO XOPOLIO

ONKCHIBAOIINME TPYHTOBBIA MACCHB € TOYKH 3PCHHSI COXPAHCHHS M MPOBOIMMOCTH



Terma. 310 00BbEMHAS TETNIOEMKOCTE Syc W TETIONPOBOAHOCTH A. [1epBhiit mapameTp
OMKCHIBAET, CKOJIBKO TEILIA BBIACNAETCSA H3 €AUHUYHOTO 00BEMA MOPOBI B PE3YIIBTATE
CHIDKEHUA Temmeparypsl Ha 1 K, a BTopoit onpenensieTcs 3akoHoM Dypee:

0 = -2A(d0/dx), G
rae O — MOTOK Teria, BT;

A — TEIJIOIMPOBOAHOCTL MaTepuana, Br/(m-K);

A — TIOIANE TIOTIEPETHOTO CEUEHHS PACCMATPHUBAEMOTO OIIOKA MaTepraia, M?;

6 — remneparypa °C (K);

X — KOOpAUHATa B CTOPOHY YMEHBILNCHUS TEMIEPaTryphl (ciaeayer oOparurhb
BHUMaHHE, 4YTO TEIUIOTA TEYET B CTOPOHY YMEHBLICHHS TEMIEPaTyphl:
CJICIOBATEIIBHO, B YPABHEHUU OTPULIATEIIBHBIN 3HAK),

d6/dx — TeMnepaTypHblit rpagueHt, K/m.

JUTs OLEHKH T€0NOTHYECKOH CHTYai TPEOYIOTCS CIIEYFOIHE TaHHBIE:

- THI TPYHTA, €r0 TBEPAOCTH (1t OypEHHs), TETUIOBBIE XapaKTEPHUCTUKHI IPyHTA
(nns paboter I'TCT),

- TaHHBIE O TPYHTOBHIX BoAax (m1g OypeHus u skciutyaramuu I'TCT).

JUTst M3BICKaHMH CITeIyeT MCIIONB30BATh HH(OPMALHIO U3 TEOJIOTHYCCKIX KapT,
JaHHBIE 10 NPOOYpPEHHEIM paHee B O3TOH MECTHOCTH CKBaKHUHAM, JAHHBIC
PETHOHANBHEIX TeoornueckuX ciry’x0. Heo6xomiMo nMeTh faHHbIE MO JIATONOTHH
rupporeosiornd. Ha ocHoBe muTOnmOrmdyeckoid HMH(GOPMAIME IpeIBapHTEIBHO
OLICHWBAKT TIPEATOUYTHTEIEHYI0 TEXHONOTMIO OypeHHs H  Termou3ndecKue
HapaMeTpel TpyHTa. Temmou3udeckue napaMeTpbl I pasHBIX TUIOB IHOPOA
npuseaeHs! B Tabnuue B.8 npunoxenus b CIT25.13330.2012.

5.2 I'pyHTOBBIi HCTOYHHK TeILIA H reoTepMaJibHasl SJHeprusi

B reoxmumarmdeckux — ycnoBusix  Poccmifckoit  ®epmepanmu  Hambonee
crabmibHEIMA 1 d¢dextuBabiMu sBisitorca ['TCT, ucmonme3yromue B KadecTBe
UCTOYHNKA HM3KOMOTCHIUAIBHON TEIUIOTH IOBCEMECTHO AOCTYIHBIH HCTOUHUK —
TPYHT.

@DaKTHUCCKH TPYHT IPEICTABIECT COOOH TEIIOBON aKKyMyJATOp, TEIIOBOM
PEeKUM  KOTOPOTO OTpENENsieTCs BO3ACHCTBHEM JBYX OCHOBHBIX (DaKTOpOB:
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TOCTYMAFONICH COJHEYHOM SHEPrUM M MOTOKA TeIUia M3 3eMHBIX Heap. [lamaromas Ha
3eMHYIO TIOBEPXHOCTH COTHETHAS SHEPTUS M CE30HHBIE M3MEHEHHUS €€ HHTCHCHBHOCTH
OKAa3BIBAIOT BIMSHUC HA TCMIICPATYPHBIM PEXKUM TPYHTA, HAXOIAIIErocs Ha TITyOnHaX,
HE MPEBBINAMIX, Kak npaBuwio, 10—15 M. Hike 3T0ro ypoBHS HaXOAATCS CIIOH, HE
TIOABEPKEHHBIC CE30HHBIM KONCOaHHUAM TeMITEpaTyphL.

Tlone3Hass HU3KOMOTCHIMANGHAS TeOTEpPMajIbHAS JSHEPTHs MMEET HECKOIBKO
HCTOKOB:

- TEOTEPMANBHBIN TITyOMHHEINA TOTOK M3 HEIp, NAIONMA CPEeIHEe TOBHIIICHIC
TeMmneparypsl (reorepmuueckuid rpaaueT) 3 °C Ha 100 M nIyOMHBL, a MNOTHOCTh
MOTOKA TeTIa Ha MOBEPXHOCTH 3eMik konebnercst ot 30 go 100 MB1/m?;

- TIOTTIOIIEHHOE COJTHEYHOE M3NYICHHE 1 TETUIOBOM IMIOTOK C TIOBEPXHOCTH;

- IEpeMeELIEHIE TPYHTOBOM BOJBL,

- TEIUIOEMKOCTh TOPOIB — CPEOHSS TEIUIOEMKOCTh CKANBHOH IOPOMIEI
cocrapyser mpuMepHo 0,65 KBT-9/(M>-°C);

- WCKYCCTBEHHAs Tiepe3apska (pereHepanus) TPyHTOBOTO MacChBa COPOCHOM
TEIDTOTON TIPOLECCOB KOHAMIMOHHUPOBAHUS, OXJIAKACHUS, H3JMIIKOB COMHEYHOM
SHEPrud A T. I,

['my6uHa TIPOHMKHOBEHHS IOTOJHO-KIMMATHYECKOTO BINSHHSA Konebnercd B
npesenax 0T HECKOJABKUX JECATKOB CAHTUMETPOB 10 1,5-2,0 M.

Tennonepenaya B rpyHTOBOM TEIIOOOMEHHUKE MOXKET OBITh PAa3/ICIICHA HA /IBE
CTanH:

- Tiepezaya B TPyHTE BOKPYT CTBOJIA CKBAKHMHBI, 3aBUCSIIAs MIABHBIM 00pa3oM
OT TEMIONPOBOJHOCTU IPYHTA;

- mepegada OT CTCHKH CTBOJIA CKBAXWHBI TEIUIOHOCHTENIO BHYTPH TPYO,
omnpeeaseMas TUIIOM TAMIIOHKHOTO MarepHaa, MaTepraioMm TpyOBI, reoMeTpueit
CTBOJIa CKBAKWHEI M TPyOHBI ¥ T. T1., 34JaHHAs CYMMApPHBIM TapaMeTPOM — TEIJIOBBIM
COMPOTHBIICHIEM TEPMOCKBKIHHI 7, K-M/BT.

COBCpIICHCTBOBAHHC KOHCTPYKIMHM TEPMOCKBKMHBI BIHMSIET TOJNBKO Ha
mapaMeTpel BHYTPH CKBAKHHEI (TEOMETPUI0, CKOPOCTh MOTOKA U T. IL.), IIPUBOIA K

Oonee HU3KOMY 3HAQYCHUIO TCILIOBOT'O COMMPOTUBJICHUS Fb. B naeansHOM ciy4dac, Kkoraa



OCYILECTBIICTCS HEIMOCPE/CTBEHHBIH TEIII00OMEH MEXIY CTEHKOW CKBAKHHBI H
XKUAKOCTBIO, #p, = 0 K-M/BT. JlaHHOE 3HAYCHHE MOXET OBITb JOCTMIHYTO TOJBKO
TEOPETHUECKH W CIIYXHT STAIOHOM JUIS ONpeneneHus >PQEKTUBHOCTH peanbHOM
KOHCTPYKLHUH CKB)KUHHOI'O TEMJIOOOMEHHHKA.
5.3 OcHOBHbIE MeTOABLI H3BJICUCHHS TEMJIOBOH JIHEPIrHM TPYHTOBOTO
MaCCHBA

Temnora rpyHTOBOrO MaccHBa MOKET OBITh HCIIOIB30BaHA IMOCPEACTBOM
HECKOJIBKUX PA3NIMYHBIX CTOCO0OB. IlepeueHb BO3MOXHBIX YCTPOMCTB  JUISA
OpraHu3aluy TeIw1000MeHa ¢ IPYHTOM BKJIIOYAET:

- TOpH30HTaJIbHBIE TPYHTOBHIE TEINIO00MEHHHUKH Ha ryoune 1,2-2.0 m;

- CKBOXWHHBIE TEINIOOOMEHHHKH NTyOnHOM oT 10 10 250 M (BepTUKaJIbHBIE U
HAKJIOHHBIE),

- SHEPreTUYECKHE cBaU MIIyOUHOM OT 5 10 45 M;

- BOJ103a00pHBIE CKBAXKUHBI TTyOUHOI 0T 4 10 50 M 1 Oonee;

- BOJBI U3 1UAXT U TYHHECH.

CuicTeMBl, HCIIOMB3YIONME TEINIOOOMEHHUK B TPYHTE W IPeIyCcMaTpPUBAIOIIHE
H3BIICYCHUE M3 TPYHTA TONBKO TEIUIA, HA3BIBAIOTCA 3AKPBITHIMM, & CHCTEMBI,
Ipe Iy CMaTPHUBAFOIIIE U3BJICYECHHUE BOBI U3 3EMIIH, HA3BIBAKOTCS OTKPHITHIMH.

3aKpBITBIC CUCTEMBI B LIEIOM IPHMEHHMEBL JUIL BCEX THIOB HOpox. OmHako
TEIUIOBBIE CBOMCTBA IPyHTa U IPOONEMEL, CBS3aHHBIE C NMpPOBEACHUEM OypeHHs B
HEKOTOPBIX T'€0JIOTUYECKHX YCIOBHUSIX, MOTYT OBITh OTPAaHHIHBAIOIIMM (HaKTOpOM.

OTKpBITEIC CHUCTEMEl (OCHOBAHHBIC Ha IEpEKAUMBAHUK TIDYHTOBBIX BOJ)
TPeOYIOT HAIMYHS OJHOTO WM HECKONBKHX BOJOHOCHBIX TOPH30HTOB, TPU 3TOM
reOMETPHYECKUE ITapaMeTPsl BOJOHOCHOIO TOPU30HTA, TMAPABINYECKUE CBOMCTBA U
XUMUYECKUH COCTaB BOJABI MOTYT OBITh OIpaHWUMBAIOUIMME (paKTOpaMu Ha JIoOOM
yuacTke.

B nacTogmmx METOAMYECKUX PEKOMEHJALUIX PACCMOTPEHBI TOIBKO 3aKPHIThIC
CHCTEMBI, IOCKOJIBKY COOPY>KEHHE OTKDBITBIX CHCTEM BO MHOIOM aHAJIOTUYHO
YCTPOHCTBY BOA03a0OPHBIX CKB&KHMH, & 3aKPBITEIE BO MHOTOM CIIEIU(UYHBI U MTPH

STOM B MEHBIIEH CTENEHN 3aBHCST OT TAPAMETPOB TPYHTOBBIX BOJI.
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3aKpbITble cuCTeMbl cbopa TENNOTLI FPYHTA XapaKTepU3yoTCcs pa3MeLLeHEM B
rpyHTe Ten1006MEeHHWKOB TOMN WM WHON KOHCTPYKUWMW, U3BNEKAKOLWMUX U3 FPyHTa
TO/IbKO TEM/OTY.

Temnepatypa rpyHta 06bIYHO ABASETCA MOCTOAHHOW Ha rnybumHe 10-15 M.
Hanpumep, ana MockBbl 1 MOCKOBCKOI 06nacTM oHa coctaenset 6 °C - 8 °C.
Temnepatypa rpyHTta B [aHHOM pervoHe Ha MeHblMX rnybuHax npuBefeHa B
Tabnuuyax 5.1 n 5.2, a TakXke Ha pucyHke 5.1. JaHHble Tabnuy nokasbiBaroT, 4YTO NO
Mepe yrnybneHus TemnepaTypa TpyHTa MpeTepneBaeT MeHblUMe Ce30HHble
KonebaHns, T. €. B MeHbLUel CTeneHW 3aBUCUT OT KAMMAaTUYeCKMX W MOrOAHbIX
YCNOBMUIA.

MpuBefeHHbIe Ha pUCYHKe 5.1 pe3ynbTatbl U3MepeHUa TemnepaTypbl rpyHTa no

rogam nokasblBalOT ABHYH TEHAEHLUMIO K €€ NMOBbILLEHUIO.

TPYHT-OTONEHHBIN y4acToK BO34yX Ha 2M ~*-[PYHT-eCTECTBEHHbII y4acToK

Bpems, rogbl

PucyHok 5.1 - MiameHeHne TemnepaTypbl FpyHTa B MockBe 1 M OCKOBCKOI 06n1acTu Ha
rnybuHe 160 cmM noj yyacTKammn C eCTECTBEHHOI W OFO/IEHHON NOBEPXHOCTbIO 1 TemnepaTypbl

BO34yxa 3a nepuog c 1955 no 2012 r.



Tab6auua 5.1 - Cpeaneaexaanasi TeMnepaTypa rpyHTa Ha pa3JHuHbIX IJIyGHHAX
3a mepuox 1982-2011 rr. Ha orofenHoM yuacTke (6e3 AepHAa B Tenblii MepHox n
0e3 cHera B X0J10/1HbIii), I. MockBa

Howmep T'ny6una, cm
Mecsi

ACKapl 80 120 160 | 240 320 400

1 -0,1 22 3.9 6,8 8.4 9,2

SluBaps 2 -0,6 1,6 33 6,3 8.0 8,7
3 -1,0 1,1 2.8 5.8 7,5 8.4

1 -1,7 0,7 24 53 7,1 82

deBpab 2 22 0,1 1,9 4,9 6,8 8,0
3 -2.0 -0,1 1,6 4,6 6.4 N

1 -1,7 -02 14 43 6,1 7.4

Mapt 2 -1,0 0,0 1,3 4,0 5,9 7.2
3 -0,5 0,2 1,3 3,8 5,6 7.0

1 0,0 0.4 13 3,7 54 6,9

Ampenb 2 0.9 0,9 1,6 3.6 5.3 6,8
3 2.8 1,9 2.2 3.8 52 6,9

1 5.8 3,8 34 4,2 53 7.1

Maii 2 8,7 6,5 54 5,0 5,6 7,6
3 11,1 8.8 74 6,1 63 8,1

1 13,5 11,1 9.4 74 7,1 8,6

Hionb 2 14,8 12,6 | 109 | 8,6 8,0 9,1
3 15,7 13,7 | 121 9,7 8,9 9,6

1 16,9 14,8 | 13,1 | 10,7 9,7 10,1
Hionb 2 18,0 159 | 14,1 | 11,6 | 104 10,8
3 18,6 16,7 | 151 | 12,5 | 112 11,3
1 18,6 17,1 157 | 132 | 119 11,7

ABrycT 2 18,0 17,0 | 159 | 13,7 | 125 12,1
3 17,1 16,5 157 | 140 | 129 12,4
1 15,8 15,7 | 153 | 14,1 13,2 12,5
Centa6pb 2 14,1 14,6 | 146 | 140 | 133 12,5
3 12,6 13,3 13,7 | 13,6 | 132 12,4
1 10,9 12,0 | 12,7 | 132 | 130 12,3
Oxra6pb 2 9.4 10,7 | 116 | 126 | 127 12,0
3 7,5 9,2 104 | 119 | 123 11,7
1 5,8 7,7 9,2 11,1 11,8 11,4

Hostps 2 4,5 6.4 8,0 103 | 112 11,1
3 34 54 7,0 9,5 10,7 10,7
1 24 4,5 6,1 8.8 10,1 10,3

JTexabpb 2 1,7 3,7 54 8,1 9,5 9.9
3 0,7 2.9 4,6 74 9,0 9,5




Tabnuua 5.2 — CpeaHesexaaHasi TeMnepaTypa rpyHTa Ha pa3;iHuHbIX [IyOHHAX

3a mepuog 1982-2011 rr. Ha y4yacTke ¢ TPaBsiHbIM NOKPOBOM (I€pH He Bbille 5

cM), . MockBa

Homep I'nybuna, cm
Mecs

mexamer | 80 | 120 | 160 | 240 | 320 | 400 | 480
1 23 | 33 | 46 | 60 | 70 | 77 | 80
STupaps 2 21 | 31 | 42 | 56 | 67 | 74 | 7.7
3 19 | 28 | 39 | 52 | 63 | 70 | 75
1 18 | 26 | 37 | 49 | 60 | 68 | 74
Despans 2 17 | 25 | 35 | 47 | 57 | 66 | 72
3 16 | 23 | 33 | 45 | 55 | 64 | 7.0
1 16 | 23 | 32 | 43 | 53 | 62 | 68
Mapr 2 15 | 22 | 3.0 | 41 | 5.1 | 59 | 65
3 17 | 22 | 30 | 40 | 49 | 57 | 64
1 22 | 25 130 ] 39 | 48 | 56 | 653
Anpens 2 35 | 33 | 35 | 39 | 47 | 55 | 63
3 53 | 46 | 43 | 43 | 48 | 55 | 62
1 72 | 61 | 54 | 49 | 50 | 55 | 62
Maii 2 86 | 75 | 66 | 57 | 54 | 57 | 653
3 99 | 87 | 76 | 65 | 59 | 60 | 64
1 114 [ 100 ] 87 | 73 | 65 | 63 | 66
Hiions 2 126 | 11197 | 81 | 7.1 | 67 | 68
3 135 | 120 | 106 | 88 | 77 | 72 | 7.1
1 133 | 120 | 114 | 96 | 83 | 77 | 75
Vo 2 152 | 137 121 | 102 | 89 | 81 | 7.8
3 158 | 144 | 129 | 109 | 95 | 86 | 81
1 150 | 147 | 134 | 115 | 100 | 90 | 84
Abryer 2 157 | 147 136 | 119 | 105 | 94 | 87
3 152 | 145 | 136 | 122 | 108 ] 98 | 9.0
1 144 | 140 | 134 | 123 | 1,1 | 100 | 92
CentsiGps 2 133 | 133 | 130 | 122 | 112 | 102 | 93
3 120 [ 123 | 24| 119 [ 112] 103 | 95
1 109 | 113|117 | 115 [ 110] 103 | 95
Oxrsi6ps 2 97 | 103 | 109 | 110 | 108 | 103 | 9.5
3 82 | o1 | 100 104 | 105 ] 101 | 95
, 1 68 | 78 | 90 | 97 | 101 | 99 | 94
HosGpe 2 55 | 66 | 79 | 90 | 96 | 96 | 93




3 45 [ 57 [ 71 ] 83 [ 90 | 92 [ 9.1
1 37 | 49 | 63 | 76 | 85 | 89 | 88
JlexaGpb 2 31 | 43 [ 57 70 | 80| 85 | 85
3 27 | 38 | 51 | 65 | 75 | 81 83

5.4 Tunbl PYHTOBBIX TEMI000MEHHHKOB

Kak npaBuso, B 1:000M BiIE T€OJOTUYECKIX YCIOBUN MOTYT OBITH BBITIOTHEHBI
HECKOJIbKO THUIIOB T'PYHTOBBIX TEMIOOOMEHHUKOB.
TpeOOBaHMs Pa3NUYAlOTCSd B 3aBMCUMOCTH OT TOTO, KaKOW TWN JOJDKEH OBITh
YCTAHOBJICH.

Ha pucyHke 5.2 mpeactaBieHEl BO3SMOYKHBIE CXEMBI BHYTPEHHETO YCTPOHCTBA

3aKPBITBIX TCOTCPMAJIBHBIX CUCTEM. OHn pa3invdarOTCA TUIIOM TCIUIOHOCHUTCIIA U TCM,

KakK 3Ta CX€Ma COCJUHCHA C TCIVIOBBIM HACOCOM.
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UnpkynauuvwoHt Hu it

HOCOC

1
FeoTepManbHbIi
KOHTYD (BOAa,

paccon)

6)

[cpu3oHTanbHasa netTnsa

HacoC

2
OxXnaxpatwuwwni

KOHTYPp (koHTyp
XnajareHTta)

TennoBoM

3
HarpeBsaewmbiii

KOHTYPp (koHTyp
oTonneHunsa)

UnpkynsayuuvnoHHBI i Tennasowu
HacocC HacocC
1 o
o HarpeBsaewmsblil
[eoTepmanbHbIn Oxnaxgawuyunu
KOHTYp (KOoHTyp
KOHTYDp (BOAa, KoHTyp (KoHTyp OTOHﬂeHMﬂ)
poccon) XnagareHTta)
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Tennosoit
Hacoc

TennoobMeHHNK

1 2 3
KouTtyp Oxnaxgawowwnii HarpeBaembiit
TENNOBON koHTYp (KOHTYp KOHTYp (KOHTYp
Tpy6bI XnagareHta) oTOMNNEHUs)

TennoBolii
Hacoc

PucyHOK 5.2 - BO3MOXHble CXeMbl TPYHTOBbIX TENNTO0OMEHHUKOB: MPOMEXYTOUYHbIN KOHTYp

LMPKYNALUN XUAKOCTN ANS BEPTUKaNbHbLIX (a) U TOPU3OHTaNbHbIX (6) TENN1006MEHHUKOB,

KOHTYp TennoBoi TPpy6bl 419 BEPTUKAIbHOW TEPMOCKBaXWHbI (B) U C HENOCPEACTBEHHbLIM
nucnapeHnemM ANs ropu3oHTanbHOro Tennoo6MeHHuKa (r)

CuncTeMbl C HEMOCPEACTBEHHbLIM MCNAPeHNEM NpeanonaratT, YTO ABYX(a3Hbli
MOTOK X/lafoHa, COAepXaljnii XUAKOCTb M nap, UWPKYIMPYeT BHYTPU FPYHTOBOrO
KOHTYpa. ITpEMMyUAECTBO TaKoli CUCTEMBI 3aK/io4aeTca B OTCYTCTBUN
UMPKYNALUMOHHOIO Hacoca W nMoTepb Tenaa B MNPOMEXYTOUYHOM  KOHType
TEN/IOHOCUTENA MEXAY FTPYHTOM U XON0AN/TbHBIM KOHTYPOM, 04HAaKO0 YacTb MOLLHOCTHU

Komnpeccopa TH 3aTpauynBaeTcs Ha UMPKYAAUMUIO XNafareHTa 4epe3 rPYyHTOBbIiA
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TEIUI00OMEHHHK, W TTPH 3TOM BO3HHKaeT pobiemMa Bo3Bpara Maciia B komnpeccop. Ha
NPaKTUKE HENOCPEIACTBCHHOE MCHapeHue ycnemdo mnpuMensercs B I'TCT ¢
TOPU30HTABHBIM TPYHTOBBIM TETIOOOMEHHUKOM.

CucreMbl C HENOCPEICTBEHHBIM MCIAPCHHEM B BHIOE TEIUIOBEIX TpyO
WCMONB3YIOT ABYX(a3HyI0 Cpely BHYTPH KaKHOH BepTuKanbHO!N TpyOwl. PaGogas
cpela ¢ HU3KOM TeMIepaTypoii KHIeHHs HcmapsaeTcs o JeiiCTBHEM TeIia 3eMITH B
HIDkHeH vactu TpyOrl. OOpasyrommiics map H3-3a €ro MEHBIIEH IUIOTHOCTH
HOJHUMAETCA BBEPX MO TPyOe H MEPEemacT TEIUI0 B KOHTYP OXJIAKICHHS dYepes
Tel000MeHHNK. [Tap oxnaxkgaeTcsa, KOHACHCUPYETCH, CTeKad B SKMAKOH ¢opme mo
CTeHKe K HIDKHeit yacTu TpyOhl, H BHOBB HcmapsieTca. B To BpeMs Kak CHCTEMEI €
JKAAKAM TEIUIOHOCHTETIEM H CHCTEMBI C HEMOCPENCTBEHHBIM HCHAPEHHEM MOTYT
HCIONB30BAThCA KaK /IS OTOIUICHHS, TaKk M IId OXJNAKICHHA, TeIUloBas Tpyda
IPHUroHA TONBKO A7 000TPeBa, TaK Kak ABH)KEHHE paboveii cpeibl BHYTPH TEIIOBOH
TPYOBI IPOMCXOMUT TOIBKO B OXHOM HAIMlPaBIeHUH MOA JeHCTBUEM CHITHI TPABUTAIIAM.

JUTst cpaBHEHWS PA3IAYHBIX THIIOB IPYHTOBBIX TEITIOOOMEHHHKOB HCTIONIB3YIOT
VIETBbHBIM TEINOChEM — MAKCHMAIBHYIO TEIUIOBYIHD MOINHOCTH HA HCHApHTENE
TEIUIOBOTO Hacoca (XOJONOMPOU3BOANTENBHOCTD), ACICHHYI0 Ha OOMYIO JUIHHY
TPYHTOBOTO TEILIOOOMEHHHUKA, HM3MEpAeMyl0 B BarTax Ha MeTp (Br/M). [ng
TIpEeIBApPUTENHEHOM OLEHKH PEKOMEHAYETCS MPUHUMaTh 3HaueHue 50 Br/m. OnHako
(akTHUeCKHil YIEIBHBIA TEMIOChEM B ONPEICICHHOM IPOEKTE CHIBHO 3aBUCHT OT
COCTOSIHHSI TPYHTA (TEILIONPOBOAHOCTH), CHCTEMHBIX TpeOoBaHMIl (4achl pabOTEI),
pasMepa CHCTEMEI (YMCIIO0 TPYHTOBBIX TEIIO0OMEHHUKOB U PACCTOSHUS MEXKIY HUMM),
HaJIM4usl PasHoro poja momex u T. 1. [T03ToMy KpyHnHYIO CHCTEMY TE€PMOCKBAKUH
CIIedyeT MPOSKTHPOBATh HA OCHOBE TIIATEIBHOTO PACYETa C HCIOIb30BAHUEM JaHHBIX,
MIOJTYYEHHBIX TPY TEMJIOBBIX UCTIBITAHUSX IPOOHON CKBAXKIHEL

VrnenbHas BENMMYMHA TEIUIOBOM HArpy3Kd Ha €AMHHIY [UIMHBI [PYHTOBOTO
TEIULIOOOMEHHUKA pacTeT C YBENMYCHHEM TEIUIONPOBONHOCTH W 00BEMHOM
TEIUIOEMKOCTH I'PYHTA.

HaubGornee pacmpocTpaHEHHBIM BAPHAHTOM SBJLETCS HCIOIb30BAHHE KU IKOCTA

B KAueCTBE IPOMEKYTOUHOTO TETUIOHOCHTENS (OOBIYHO BOABI € HOOABICHMEM
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aHTu(pusa), KotTopas LUPKYNIUpyeT 4epe3 rPyHTOBble Tenj006MEeHHUKWM 3a cueT
paboThbl LUPKYNALUOHHbLIX HACOCOB.

5.5 TllpaAamoe wucnonb3oBaHWe TensoTbl W X0n0j4a rpPyHTa B CUCTEME

BEHTUNALUNW 30aHWNI

[pyHTOBbIA MaccuB Ha rnybuHe 1-2 M OT MOBEPXHOCTW 3eMAU 06nagaer
3HaYUTENbHbIM MOTEHLMANOM C TOUYKM 3pPEHUS MNacCUMBHOrO WCMONb30BaHUA ero
TENOTbl A1 YaCTMYHOIO NOAOrpeBa Hapy>XHOro BEHTWMNALMOHHOIO BO3JyXa B
X0NOAHbIA nepuog rofa W ero OoxnaxgawLlleil cnocobHOCTU [ANf  CHUXEHWUSs
TemnepaTypbl MPUTOYHOIO BO3AyXa B NeTHee BpeMsa (cMm. Tabnnubl 5.1, 5.2).

B [20] paccmMOTpeHO TexHWYecKoe pelleHne Mo WUCMOAb30BaHUIO
3HEPreTMYECKOro NOTeHLUMana rpyHTa Ha HY>X[Abl BEHTUNALUOHHBLIX CUCTEM NyTeM
BK/IIOYEHNA B WX CXEMbl TFPYHTOBOro TennoobMeHHMKa B BUe BO34YXOBOLOB,
BbIMO/IHEHHBIX M3 NNACTUKOBbLIX TPY6 AvamMeTpom 50 MM 1 601ee 1 NPONOXKEHHBIX Ha

rny6uHe 1-1,5 M 0T 3eMHO NOBEPXHOCTU (PUCYHOK 5.3)..

1- nuKoBbIii forpesaTenb; 2 - yTUAM3ATOP TeNNOTbl; 3 - QUALTP; 4 - TPYHTOBLIA TENNO0BMEHHNK;
5 - B0O34yx03ab0pHbIi 0ros0BoK

tvx.] — TemnepaTypa BbITSXKHOTO (YXOASsLLEro) Bo3fyxa A0 peKynepauuu, tyx.2 - TemnepaTtypa
BbITSXKHOrO BO34yXa Noc/e pekynepauum, tnp.~ Temnepatypa NpUTOYHOTO BO3AyXa,
tnp.l - TemMnepaTypa NPUTOYHOrO BO3AyXa MOC/Ie MPOXOXAEHMS MOA3EMHOM YacTy BO3AYXOBOAA,

tnp.2 - TemnepaTypa NMpPUTOYHOrO BO3ZyXa MOC/e PeKynepauuu, tn - TemmepaTypa HapyXHOro

BO3ayxa, h, M — ray6rHa NpoKnagku MoA3eMHON 4YacTW BO3AYX0BOAa, [ M - NPOTSHXKEHHOCTb

MoA3eMHOI YacTW BO34yX0BOAA

PucyHok 5.3 - MpuHUMNuanbHas cxema BEHTUSALMMN 3aHNs C yTUIN3aUneld TennoTbl rpyHTa
1 BbITSXXHOIO BO3Ayxa
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BenmnunHa moAoTpeBa 3aBMCHT OT Iepenaja TEeMIEpaTryp IPyHTa W BO3yXa,
yCIIOBHi TeIiooOMeHa B KaHanaX M TEIMOGH3WYECKHX CBOWCTB I'DYHTA, d TAKKE
TTPOJOIDKUTETBHOCTH NMEPHO/A UCTIONB30BAHUS IPYHTA.

JUts KIMMAaTHYeCKUX YCI0BUIA IEHTPANbHOI 9acT Poccuiickoi denepauyu npu
TypOYICHTHOM PEXUME ABIKCHUS BO3AyXa B TPyOax Ko3(huUUEHT Teronepeaadu
OT TPyHTa K BO3AyXy COCTaBISeT OkoJo 6 Br/(M*- °C) mpum OpopoSKUTENBHOCTH
UcmoNp30Banus rpyaTa 1000 4 u nopsiaka 4 Br/(m?- °C) mpu 3000 4.

Hns 3¢ dexkruroro rennoodbmena ¢ rpyatoM (mpu KITJT > 50 %) noBepxHOCTH
TEIUIONEPENaYH MOA3EMHOTO BO3MYXOBOA CIEAyeT TPUHUMATh HCXOA M3 4—6 M2 Ha
kaxaeie 100 M*/4 Hapy>KHOTO MPUTOYHOTO BO3AyXa. [Ipu auamerpe Tpy6 100 MM ux
TpedyeMas uiuHa cocTaBut 13—10 m.

Hapsany ¢ sHeprocOeperarommm 3GQGEKTOM, NpH UCMOIB30BAHUU IPYHTOBOIO
TEIUIO0OMEHHHAKA HCKIIIOYAIOTCS MPOOIEeMEl ¢ KOHJCHcaluelf BOJAHBIX MapoB H
o0Mep3aHieM TETUIOY THIU3aTOPOB MO JIMHUH BBITSHKHOTO BO3AyXxa npy Beicokux KIT/T

yrwm3armu (Gonee 75 %).

6 IIpeanpoeKkTHBIE PAaGOTHI

6.1 UcnoaHnTtean padoT

B co3maHud Te0TePMATBHEIX TETUTOHACOCHBIX CHCTEM HA PA3NIMYHBIX CTAIMIX
yYacTBYET HECKOJIBKO PA3IIMYHBIX TPYIII CIEIHATHACTOB:

- IPOCKTUPOBINHMKH, BBHIMOJHSIONME TEXHUKO-PKOHOMUYECKHE M IPOEKTHBHIC
nccneoBanns, o0iaaatomue oOIIMI 3HAHUSMHA B 00JIACTH Te0JIOTHH;

- IPOEKTUPOBILHKH, BEIOJIHAOMIE padodee NPOEKTUPOBAHUE;

- OypWIbLIMKH, KOTOpblE OypAT CKB@OKMHBI M MOHTHPYIOT TPYHTOBBIE
TEMI000OMEHHHKY,

- MOHT&KHHKH, BBIIOJHSIOLINE YCTAHOBKY OCHOBHOTO oOopymoBaHus TTII,
TpyOONPOBOAHYIO OOBSI3KY, CHCTEMBI JJIEKTPOCHAOKEHHAS H AaBTOMATHKH,

- CHEUUANUCTHI-HAIAUAKH, OCYIICCTRIIAIONIME MyCKOHANAN0YHbIE PaboTHl U

caaty obBekTa 3aKa34uuKy.



6.2 O0uHe noIoKeHnst

Ha cramguu npeanpoekTHbIX paboT MPOBOAAT cOOpP HCXOAHBIX MAaHHBIX H
MpeIBapUTENbHOE TPOSKTHPOBAHWE C OTNpPENCTICHAEM HEOOXOMHMOH TeTIoBOi
MOIIHOCTH TPYHTOBOTO TEILIOOOMEHHUKA.

Tpu peanu3aniy TEOTCPMATEHONH CHCTEMBI CIIEyCeT YUIUTBIBATH HE TOJBKO
TEXHUYECKUE AETAIN MPOCKTA, HO U NPABOBBIE ACNIEKTHI UCIIONB30BAHUS IPYHTOBOTO
MaccuBa. B xo/ie peanm3anmu mpoekTa (McClieIoBaHre, IPOSKTUPOBAHNE, BHEAPEHHUE,
TECTUPOBAHKE U CAA4a B HKCILTYaTALMIO) CIEAYET PACCMOTPETH BCE COOTBETCTBYIOIINE
HOPMATHBHBIE JIOKYMEHTH W  CTaHAAPTH, B TOM UHCIE  Kacaroluecs
9Hepro3PHeKTHBHOCTH KaK MPHUMCHACMOTO OOOPYNOBaHWS, TaK M BCErO 3JaHUS B
LETIOM.

Hcnons3oBanue TETUTOTH TpyHTOBOTO MaccuBa utst [ TCT TpebyeT npoBeacHNs
MpeIBAPATENBFHBIX 00CIeIoBaHNi W Pa3pabOTKH TPOTpPaMMBI C TIEPBOHAYATHHOM
OTICHKOM pa3MepoB OYAyNIMX WHBSCTHIINI W CPOKOB X OKYTAEMOCTH.

Pa3paboTka MCXOIHBIX AAHHBIX OCYILECTBISETCS B IBa I1ara:

- IPOBOJIAT TEIUIOBBIE PACUETHI M ONPENETIAIOT TETUIOBBIE HArPY3KH 00BEKTa,

- aHANM3HUPYIOT rpaduKy CIPoca Ha TEIUIOBYIO SHEPTHIO U XONO.

OTH 7ABa IMara ONPENeNsOT pa3Mepbl CHCTEMEBI, OCHOBAHHOW HA TPYHTOBBIX
TETUT00OMEHHUKAX.

OmnpezneneHue PpacdeTHBIX HArpy30K BBIIOJHIKOT B COOTBETCTBHM C
JIEHCTBYIOIMME HOPMATHBHEIMHU JOKYMCHTAMH.

JlO/mKHBI ObITH U3BECTHEI CIIEAYIOIINE OCHOBHEIC JAHHBIC O 3JaHUU:

- BENIMYMHA SHEPTeTHUECKIX HArPy30K IIPH PacUeTHBIX YCIOBUAX, KBT;

- TOIOBOM pacxon sHepruu, MBT-u;

- TeMIepaTypHbEle TpeOOBaHWS WHXKCHEPHBIX CHCTEM 3JaHus (OTOIUICHWE H
oxnaxaenue), °C,

- TOZOBEIE TpadMKN W3MEHEHHS HATPY30K; /IS KPYITHBIX MPOEKTOB (C TETIOBOM
WM XOJOAWIBbHOH MoumHocThi0 Oonee 200 kBT) MuHMMAallbHBIMU TpPeOOBaHHUSIMH
SBISIOTCS €KEMECSUHBIC SHEPreTUYECKUEe HArpy3Kd IO CHCTEMaM M MHKOBBIE

Harpy3Ku.
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B obmem ciyuae mpoekt I'TCT noibkeH y4uThIBaTh ClAeAyromue (paxTopsl,
Kacalolecs 00beKTa TeI0CHA0KEHHUSL:

- BHYTPEHHAE YCIIOBUS, KOTOPBIC TOJDKHBI OBITH 00€CIEUCHBI B 30aHUH,

- BIIMSIHUE KIIMMATUYECCKUX YCIIOBUI U OKPY KaIOLIEH Cpeabl,

- KpUTEpHMH M mpaBWia OE€30MacCHOCTH M PALMOHATIBHOIO HCIIOJIBb30BaHMs
SHEPrUM B 3JAHUH.

JUns cHU>KEHUS TEITIOBBIX HArPY30K M CBSI3aHHBIX € 3THM KallUTABHBIX 3aTPar
PEKOMEHAYETCS MPUMEHATH B MPOEKTE SHEprocoeperatoime Meponpusatus. Ilpu stom
JOITyCKACTCsl OKPHITUAE OTACNIBHBIX HArPY30K C UCIOIb30BAHUEM TEILIOBOH HHEPLHHU
3/1aHUs, TIPUMECHEHUE CHUCTEM AaKKYMYJMDOBaHUS TEIUIa M XOJOAA, €CIM TakKue
pelmicHusl HE IPOTHBOpPEYaT TpeOOBAaHUAM COOTBETICTBYIOIUX JCHCTBYIOMIUX
HOPMATHBHBIX JIOKYMEHTOB.

JUis 3naHmii B COOpPY>KEHUH, BO3BOAUMBIX B PaliOHAX ¢ PACUECTHBHIMH JICTHAMH
TeMIeparypaMH Hapy>KHOTO BO34yxa Bhlwe ITtoc 25 °C, npu npoexktuposanui I TCT
clielyeT NpeAyCMaTpUBaTh €€ HCHOIb30BAHNE I OXJIAXKICHHS HOMEIIECHHUIT.

Tawke TpeOyIOTCs JaHHBIE, KOTOPHIE HAPAMYIO HE CBA3aHBI ¢ HOTPEOICHUEM
TelIa U XO0JNO0Ja, HO 3aTParuBarOT BOMPOCH!, CBA3AHHBIE C OCBOSHHEM TEPPUTOPHH,
HapUMep, OOCTYIHAs IUIOIAAb JUIsl OYypeHUs, [OA3EMHBIE KOMMYHHKAMU U
COOPY’)KEHHS ¥ aHAIOTHYHBIE TOTIOTHATENFHBIEC OTPaHUICHHUS TI0T MIK HaJl 3eMIICH,

6.3 CTpykTypa 1 ocHOBHbIe KoMnoHeHToI ' TCT

B obmem ciiygae I'TCT coaepuT:

- TTII ¢ TH u BcnoMorarenbHbIM 000pYAOBAHUEM;

- cucTeMy cOOpa HH3KONOTCHIMANBHOM TEMNIOTHl TPYHTA, BKIFOYAIOLLYIO
TPYHTOBEIE  TEIJIOOOMEHHMKH M  BHYTPHIUIONIANOYHBIC  IMPKYJISIHMOHHEIC
TPyOOIPOBO/IBI TEIIIOHOCHTEIS ¢ COOTBETCTBYIOIIEH apMaTypoif.

@axtuuecku TTI1 06benuHseT OOBIMHBIA HHIMBHIY ATBHBIA TEIIOBOH MYHKT U
MYHKT XJIAA0CHA0KEHNS CUCTEM LIEHTPAIbHOI'O KOHAMLIMOHHPOBAHHS.

ITpu npoextuposanun TTII pekoMeHayeTCs TPy CMaTPUBATh:
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- PpalMOHATbHYI0 IUIAHHUPOBKY pasMeIlCHUs 00OpyJOBaHHS B  ILENAX
COKpAILEHHS JUTMHBI UPKYISLUOHHEIX TPYOOTpoBOAOB NpH odecneyeHud ya00HOro
J0CTyTna K OCHOBHOMY 000pYIOBaHHIO U ICMEHTaM CHCTEMBI,

- 3¢pexTUBHY IO TETIOBYIO U300 TPYOONPOBOAOB M apMaTyphl;

- IYMO- W BUOPOH30JIAIMIO 000py JOBAHHUS,

- TNPUHYAMTENBHYIO BEHTHIALMIO B COOTBETCTBUM C TPeOOBaHUAMH K
HNOMEIIEHUSM JUIS XJIATOHOBBIX XOJIOAWIBHBIX MALIUH;

- THPOM30JISILMIO BBOJA BHY TPHILTOMIAAOYHLIX TPYOONPOBOIOB.

OCHOBHBEIM KOMIIOHEHTOM CUCTEMBbl COOpa HM3KONOTCHIMAIBLHON TEIUIOTHI
IPYHTa SIBJISIOTCA TPYHTOBbIE TEIJIOOOMEHHUKHM — Haubonee crnenupuueckas
cocrapmsfomas  I'TCT, sBnsmomaics OCHOBHBIM —IPEAMETOM  PacCMOTPEHHS
HACTOSIIMX METOAMYECKIX PEKOMEHAALM.

Momrroct HarpeBa M oxjakaeHus, obecneumBaembie ['TCT, mOMKHBI
COOTBETCTBOBATH CYMME BCEX PACCIATAHHBIX TCIIOBBIX HArpy30K C YUETOM MOTEPh
Tera Mpu pacnpeacieHu.

IIpu  npoekrupoBanmm I'TCT peKOMEHOyeTCs CHIDKATh — PacuUCTHYIO
TEIUIONPOU3BOANTENFHOCT TEIUTOHACOCHOTO OOOPYIOBAHHA 32 CYET MPAMEHCHHS
IIMKOBOIO A0BOAYUKA. PEKOMEHIyEMOE COOTHOLIEHUE TEIUIOBBIX MomHocTeidl TH u
IMKOBOTO AOBOJYMKA MOXKET BApbUPOBATbCA B AOCTATOYHO LIMPOKHX Mpejenax B
3aBUCUMOCTH OT KIMMAaTHYECKMX YCJIOBHH, CTPYKTYpBl Harpy3ok, TapuoB Ha
JNEKTPUYECKYK0 DJHEPrHI0 M TOIUIMBO (B ClIy4ae NPUMEHEHHs JOBOMYUKOB,
paboTaroIMX HAa roproyYeM TOIUIMBE). [ LEHTPaIbHBIX perdoHoB Poccuiickoii
Qenepalil ¢ YMEPEHHBIM KIMMATOM MOLIHOCTH NHKOBBIX JOBOJYUKOB OOBIMHO
coctaiseT oT 30 % no 40 % Harpy3kH, IpH 3TOM JAOJI 3aTPAT YHEPrUM MUKOBHIMHU
JOBOMYMKAMH B 3TOM ciIydac He npesbimaet 15% — 20 % o6mux rofoBeIx 3arpar, a
rogoBoit ¢ona Bpemenu He mnpepbimaer 10 %. ITpu npoexrtupoBanuu I['TCT
PEKOMEHAYETCA  MAKCAMAIBHO  HCIOJIB30BATH  BO3MOXHOCTH  IIACCHBHOTO
xyafgocHaOkeHHsT 00bEKTa B JICTHHWII HEPHON 3a CUeT XJajopecypca TpPyHTa —
€CTECTBEHHOTO WJIM HAKOIICHHOTO B TPYHTOBOM MAacCHBE 3a OTONMTENbHbINA MEPHOL

npu pabdore 'TCT B pexxnme TeruiocHaOKeHHS. IIpH 3TOM 3meKTprYecKkas SHeprus
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pacxomyeTcs TOMbKO Ha NMPUBOA LMPKYJIAIMOHHBIX HACOCOB, TOTAA KaK B OOBIYHOM
BapuaHTE [jsl 3TOr0 MPUXOAUTCS 3amyCcKaTh TEIUIOHACOCHOE HITH XOJIOMUIBHOC
o0opy1oBaHnE, SIEKTPONOTPEONEHNe KOTOPOro Ha ONMH-/BA HOPsIKA BhIme. Kpome
TOro, TaKO¢ PCIICHUEC TIOBLIIACT TCMIICPATYPY I'PYHTA K Ha4dally OTOMUTCIIBHOTO
Mepuoja, 4YTO, B CBOK OYepedb, MPUBOAMT K TOBBILICHHWIO Kod(dumuenta
MpeoOpa3oBaHusl U CHIDKCHUIO JNEKTPOMOTPEONIECHUS! B PEXXAME TEIIOCHAOKEHHS.
Taxoit mox0/] MO3BOJISET AOTIOTHUTENHHO SKOHOMUTD 7 % — 10 % 3Hepruu.

6.4 Onpenejnenne Heo0X0AMMOiIl Tel/I0BOHi MOIIHOCTH TIPYHTOBBIX

TeN/J1000MEHHHKOB

[TpenpapuTenbHYO OLEHKY HEOOXOMMMOW TEIUIOBOM MOIIHOCTH TPYHTOBBIX
TEINIOOOMEHHIKOB BEHIMOJHAIOT HA OCHOBE IPEIBAPUTENIBHOTO pacueTa TEIUIOBO#
Harpysku 3J1aHus.

Iempi0 OTIEHKHM TEIUIOBON MOITHOCTH SIBJSIETCS OnpejiefieHne HeoOXOMMMBIX
MapamMeTpOB TPYHTOBBIX TETIIOOOMEHHHKOB M MX KOH(Urypauum.

B 0CHOBY OLICHKH 3aKJ1a/IbIBACTCsA OKUAAEMbIH K03 (punueHT nmpeodpazopanus
TEIIOHACOCHOTO 000PYIOBAHHUSL:

Kip = Ouud W, 6.1)
rae Kyp — kKoaduiuent npeodbpa3oBaHus;

O — TEWIOBasi MOLIHOCTD TEIUIOHACOCHOTO 000PYIOBAHMS, PaBHAs TEILIOBOM
Harpy3ke 00beKTa TenaocHabkeHus, KBT;

W — JJEKTpHYeckas MOLIHOCTb, NOJaBacMas Ha NPHBOJ TEIIOHACOCHOTO
obopynoBanusi, KBT.

TemnoByro  Harpy3ky  oObekTa  TemnocHaGkeHMs () ONpPEENsIoT
TPAIUIAOHHBIMH ~ METOJAMH HAa OCHOBE COOTBETCTBYIOIUMX HOPMATUBHBIX
JOKYMEHTOB B 3aBHCHMOCTH OT THTa OObeKkTa M THHa Harpysku. Koaddurment
npeoOpazoBaHus Ky, PEKOMEHIyETCs Ha 3TOM cTamuu MpHHUMAaTh coracuo I'OCT P
54865-2011 (npunosxenus E u XK).

TemmoBas MOIIHOCTb TEIUIOHACOCHOTO 00OpyJOBaHMA B OOIIEM clydae

OPEJCTABISCT COO0H CyMMy TEIUIOBON MOIIHOCTH HCTOYHWKA HA3KONMOTEHIHAIBHOM
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TEIUIOTHl W HOTPEONIIEMOM INEKTPHIECKON MOIHOCTH (C TOYHOCTHIO A0 TEIUIOBBIX
MOTEPB):

Om= Ou+ W, (6.2)
rae Oy — TEIIOBas MOHIHOCTh MCTOYHMKA HM3KOMOTEHIMATBHOW TEIUIOTHL, T. €.
[PYHTOBBIX TEMIOOOMEHHUKOB, KBT.

CoBMecTHOE penieHue ypaBHenuii (6.1) u (6.2) maet cnemyioliee BbIpKEHUE
JUIS1 OLEHKH TETUTOBOI MOIIHOCTH IPYHTOBBIX TETNIOOOMEHHHKOB:

On= Om (1= 1/ Krp), (6.3)

Ilpn pa3MellleHHH TPYHTOBBIX TEIDIOOOMEHHHKOB B TPYHTaX C HHU3KHMH
TEIUIONPOBOHOCTBIO H TEIUIOEMKOCTBIO JUTS YBETHICHUS 3P (HEKTHBHOCTH MPOLIECCOB
TEMTOoOOMEHa MeXKIy TpPYHTOM W CaMHUM TEIDIOOOMEHHHKOM PEKOMEHIYETCs
paccMaTpUBaTh BO3MOKHOCTH VBIOKHEHWS CIIOEB TPYHTA, HAXOIAIMXCS B
HETNOCPENCTBEHHO} 6IM30CTH K TPYHTOBOMY TEIUIOOOMEHHHUKY.

ObdexturOCTs pabotel 'TCT B 3HAYATENHHOM CTENEHH ONPEACHAETC
TeMIIepaTypaMu IPyHTa. B cBOIO ouepenp, TEIUIOBOM PEXHUM IPYHTA U3MCHAETCHA B
poLecce SKCIUTyaTalli, B TOM YHCIE M B MHOTOJIETHEH mepcnekTuBe. OmHaKo K
NATOMY TOJy U3MEHEHUE TEMIIEPATYPhI IPYHTA 3aMEUIAECTCS, ¥ €70 TETUIOBOM PEIKHM

NprOIIIKAeTCs K ePHOIMIeCKOMY (PHCYHOK 6.1).
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t°c

CeHT Okt Hosa6  [lek FAHB Ddesp Mapt  Anp Maii Mo Viionb  ABr

PucyHok 6.1 - MogoBoe M3MeHeHNe TemnepaTypbl FPYHTOBOI0 MaccuBa C MepBOro (BepxHsas

KpnBas) No NATbii (HUXHAA KpUBas) rogbl aKcnayatauum

6.5 OueHka 06bema 1 3hPeKTUBHOCTU NHBECTULINIA

Ha npeanpoekTHON cTagum 00beM MHBECTULMIA (KanWUTasibHbIX BAOXEHWIA)
OLeHMBAOT NO 00606LIEHHbIM MOKa3aTenaMm. YctpoiictBo TTI BO MHOrom no
CTOMMOCTUN aHa/IOMMYHO YCTPOMCTBY TEMIOBbLIX MYHKTOB W MYHKTOB LEHTPasibHOro
XNafoCHabXeHNSA U MOXET ObITb OLEHEHO MO M3BECTHBLIM aHasoram.

Hanbonee cnoXHoi TPYAOEMKOI sBNSeTCA OLEHKa CTOMMOCTWU YCTPOICTBa
FPYHTOBbIX TENN006MEHHUKOB.

6.5.1 OueHKa CTOMMOCTM YCTPOCTBA FPYHTOBbIX TEN/006MEHHNKOB

YCTpONCTBO TPYHTOBbLIX TENJI006MEHHUKOB $BASETCA BecbMa 3aTpaTHOM
COCTaB/IAOLLEN KanUTaNbHbIX BAOXEHWA, LOCTUTAIOWENA B OTAEeNbHbIX ciy4dasx 50 %
06LLMX KanuTaNbHbIX 3aTpaT Ha co3gaHue F'TCT.

Mpu  yCTpOWCTBE TPYHTOBbIX TENNOOOMEHHUKOB C  BEPTMKa/bHbIMU

TEPMOCKBaXXWUHaMN H606XO,CI,I/IMO YUnTbIBaThb Cneayroumne MOMEHTDI.
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CrouMocTs OypeHus 3aBUCUT OT IIPUMEHSIEMON TeXHOIOTUH OypEeHUsi, TUIIOB
CPYHTOB U LIEJIOT0 Psiia IPOYUX YCIOBHA.

CTOMMOCTB YCTPOMCTBA CUCTEMBI cO0pa HU3KOIIOTEHIIMAIBHOM TETUIOTH TPYHTA
B [IEIOM 3aBUCHT OT 4YHCJIAa W TIyOMHBI TEPMOCKBAKHH, OMNpPEACISIEMBIX Ha
MPEATPOCKTHOM cTasuu. KpoMe TOTo, yUMTHIBAIOT OPHUEHTHPOBOYHYIO CTOMMOCTB
YCTPOMCTBA  BCIIOMOTATENIbHBIX ~ CHCTEM:  LMPKYJSIIMOHHBIX  TPyOOIPOBOZOB

TCILUTOHOCHUTCIIA, 3aH0pH0ﬁ n per.HI/Ip}IIOH_Ieﬁ anmapartypsl.

TlpumeuaHnue — s npeABAPUTEIBHOMN OLCHKH AOIYCKACTCS IPUHSITh, YTO CKBAKMHA Iy OHHOM
60 M u guamerpoMm 90 MM, MPOOYPEHHAS B CBSI3HBIX PBIXJIBIX [IOPOAAX, MOXKET CTOHTH mopsaka 1500-2000
py6./M (zo 30 €/m). B cayuae ycTpoHCTBa 3aKPHITBIX BEPTHUKATBHBIX TSPMOCKBAXKUH B IIACTaX C BBICOKOH
cKkopocTeio mpoxoaku (Gonee 100 m/aeHp) pacxoasr Ha Oypenue gexar B ananmaszoHe 20 — 40 €/m. Taxke
pasiMuMs B CTOMMOCTH 3aBHCAT OT PETHOHA M YCJIOBHM DBIHKA: COCTOSHHE OKOHOMHKH, CIIPOC,

YHHBEPCAIBHOCTh 000PYJOBAHMS H T. 1.

6.5.2 Ouenka >¢(eKTHBHOCTH MHBECTUIIHNI

Ha mpennpoexTHOW cTamuy PEeKOMEHIYETCsl OLEHUTh OXKUIaeMble 00beM M
s dextuBHOCT MHBECTULIMH. C 3TOM LIENbIO HA OCHOBE HCXOIHBIX AAHHBIX 10 3AAHHIO
(coopyxenuro) paszpadareiBaroT kKonuennuio ['TCT, B o0meMm ciydae coaepkammas
CIIEAYIOMYIO JaHHbIE:

- KoH(Qurypaums, pasMep © CTOMMOCTh VCTPOMCTBAa TI'PYHTOBBIX
TEILTIOOOMEHHHUKOB,

- XapakTepuCTHKa M CTOMMOCTh IUIAHHPYEMOTO K  NPUMEHEHUIO
TEIJIOHACOCHOTO 000PYA0BaHMS,

- KOJINYECTBO BHIPA0ATHIBAEMBIX 32 I'0J1 TEIIOBOM SHEPTUH U XOJIO/a,

- TOIOBOI#1 pacxon, notpednsemoii Ha ipuBoa [ TCT, ayiekTpuyecKoi SHEPT UM,

- OpHEHTHPOBOYHBIE 3HAYEHHS OXHJAEMBIX CYMMAPHBIX KalMTABHBIX
BJIO>KEHHH Ha OCHOBE 000OIIEHHBIX CTOMMOCTHBIX OIICHOK COCTABJISIOIINX HIEMEHTOB
ctpykrypsl I'TCT;

- OPHCHTHPOBOYHBIE JIOMOJIHUTE/ILHBIE KAMTATILHBIE BIOXKEHHS 110 CDABHEHUIO
¢ 3aMenTaemMoii (0a30B0if) CHCTEMOIT TEIIIOCHA0KEHUS,

- TOJIOBOI pacxoi TEIJIOBOI SHEpruu, 3aMernacMmoil (0a3oBOi) cucTeMoi

TeII0CHA0XKEHH S,
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- MECTHBIE TApHU(EL HA TEIUIOBYIO U AJIEKTPHUECKYIO SHEPIHIO.

B nensx cHwKeHus KanutaabHbIX 3arpar Ha yerpoiictBo I'TCT nenecoobpazno
PacCMOTPETH CENYIOLIHUE MEPOIIPUATHSL:

- npuMeHenue Hapsay ¢ TH JonmomHuTeIbHOTO HCTOUHIKA TEMIOBOM SHEPTUH B
KaueCTBE MHMKOBOTO JIOBOJYUKA, YTO MO3BOJNIUT CHU3UTH YCTAHOBJIEHHYIO TEILIOBYIO
MoIHocTh TH, cyMMapHY0 NPOTSHKEHHOCT TPYHTOBBIX TEILIOOOMEHHHUKOB H OOLITYIO
CTOMMOCTb CHCTEMBI;

- HapsAy C WCIOJIb30BAHMEM TEIUIOTHI TPYHTOBOTO MAaCCHBA B KAuCCTBE
HU3KOMOTEHIMAJbHBIX MCTOYHUKOB TEIUIOTHL  JOMOJHUTEIBHO  WCHOJIB30BATh
BTOpPUYHBEIE (COpocHBIE) OHepreTwueckme pecypebl (BOP) 3mamms:  Ttemiory
BEHTWJIALIMOHHBIX BHIOPOCOB, CTOYHBIX BOA, a Takxke Apyrme BHUD: Temnory
aTMOC(EpHOTO BO3[AyXa, TEILIOTY BOJAOEMOB W TPUPOTHBIX BOMHBIX IOTOKOB,
COJHEYHYTO SHEPTHUIO | T. I

Onenky 3 (PEeKTUBHOCTH MHBECTHIMI MPOBOAT B CPABHCHUU C 3aMEIIaeMbIM
(Oa30BBIM) BapHAHTOM TEIUIOXJIAJOCHAOXKECHUS B BUAE CPOKa OKYMAaeMOCTH
JOTIOJTHATENBHEIX KaNWTAIBHBIX 3aTpar Ha ycTpoiicTtBo I'TCT 3a cuer sxkoHomMum
SHEPTUH U CHIKEHUS COOTBETCTBYFOIMX IKCIUTYaTal[MOHHBIX 3aTpar.

Croumocts ycrpoiictea ['TCT u 3aMeniaemoii CHCTEMBI TEIIOCHAOKECHHS
OTIPEAENAETCA TI0 YKPYITHEHHBIM ITOKA3aTeNsIM. [ '0TOBYI0 SKOHOMHIQ SHEPTETHUECKUX
PECYPCOB OMPENENSIOT MPEABAPUTEIHHBIM TEIVIOBBIM PaCYETOM.

Ha ocHOBaHMM TEXHUKO-5KOHOMHMYECKOHW OLEHKH JCIAT BBIBOX O
[eJ1eco00Pa3HOCTH AbHE WX nHBeCTHIHIA B co3aanue [ TCT.

B cnayyae ecmu I'TCT maet SKOHOMHUIO KalUTAJIBHBIX 3aTPar MO CPABHEHUIO C
3aMelaeMbiM (0a30BEIM) BApHAHTOM, 1eNecO00Pa3HOCTh ANbHEHIMX MHBECTULIMI

O4YCBHUIHA.
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7 UnKkeHepHBbIe H3BICKAHHS 110 YCTPOICTRY IPYHTOBBIX TEILIO0OMEHHHKOB

7.1 O0ume nooKeHHs!

JlaHHBIC, IOMYYEHHBIE Ha MPEANPOCKTHOH CTaaud, TMO3BOJIAIOT OMPEACIHTH
HEOOXOOUMBIH  pa3Mep, COCTaB W  KOMIOHOBKY CHCTEMBI  T'DYHTOBBIX
temoooMennukoB mis ['TCT. OrneHka yCTaHOBICHHON MOIMHOCTH CAMHUYHOM
TepMOCKBaKHHBL NIyOuHOI 100 M HaxomuTes B mpeaenax ot 3—4 kBT, a B OTAEIBHBIX
ciyyasx, 10 15 kBT B 3aBUCHMOCTH OT IF€0JIOTHYECKUX M THIPOIOTMYECKHX YCIOBHIA,
a TAKOKE IPUMEHACMBIX TEXHUYECKUX PELLCHUHA.

IIpenBapurenbHyl0  OIIGHKY  NapaMeTpoOB  TE€OTEPMaJibHOW  CHCTEMEI
OCYIIECTBILIIOT TOJBKO Ha MNPEANPOEKTHON craauu. KOHKpeTHas KOHCTPYKLMSA
J0JIKHa OCHOBBIBATECS HA PE3YJILTATaX WHXKCHEPHBIX W3BICKAHWI M HA PEAIBHBIX,
HOJIyYEHHBIX B X0/ U3MEPEHUH, NaHHbIX MO MapaMeTpaM rpyHTa U pacCUUTHIBATHCS
€ IOMOIIBFO MTPOMHUIBHOT0 MPOTPAMMHOTO 00ECIEUCHHS.

Crnenyer uzberath YCIOKHCHHUS CHCTEMBI TPYHTOBBIX TETUIOOOMEHHHKOB 06€3
JOCTATOYHBIX OCHOBAHWH.

7.2 O0cJienoBaHue IVIOIAAKH CTPOUTEIBCTBA H Ne0JIOrMUECKHE YCTOBHS

JaHHBIE 1O TE€0JOTMYECKOMY CTPOCHMIO IUIOIIAAKU CTPOMTENLCTBA JOJDKHBL
ObITh yuTeHbl Ipu paspabotke I'TCT ¢ mepBoro 3Tama, U CleyeT MPHHAMATh WX BO
BHMMAHHUE HA NPOTHKEHUU BCETO MPOLECCa NPOEKTUPOBaHNsL. I'€010rus NpsMbIM 1Wiu
KOCBEHHBIM IyTEM BIIHSCT:

- HA TEPMUYECKUE CBOWCTBA TPYHTA, TPYHTOBBIX BOJ,

- cnocod OypeHus CKBAKHHBI,

- OTPaHMUYEHHS 110 YCTPOUCTBY IPYHTOBOTO TEIUIOOOMEHHUKA B LIETIOM,

- BKOJIOTHYECKHE TIPOOITIEME.

J11 yTOUHEHUS TIONYYEHHBIX HAa MPEANPOSKTHOM CTaguu IIapameTpoB
TPYHTOBBIX TEMIOOOMEHHUKOB CIEAYET MPOBOMUTE OOCIENOBAHME INIOINA/IKH
CTPOMTENLCTBA B LENAX OIEHKA XapaKTEPUCTUKHA TPYHTOB H  BO3MOXKHBIX
TE€0JIOTHYECKHUX NIOCIEICTBUMN mporecca OypeHus.

HJ’[H 9TOTO MPOBOIAT CJICTYIOIMINC U3bICKAHUA.
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a) pazpaboTka mnaHa oOecredyeHUs 340pOBbs M OE30MACHOCTH NEPCOHANA C
y4YETOM PHCKOB IpH OYPEHHH WK HHBIX 3eMJISHBIX paboTax;

6) BbIsABICHHUE BCEX MOA3EMHEIX KOMMYHUKALUIA, C KOTOPBIMH €CTh BEPOSTHOCTD
CTOJIKHYTBCS BO BpeMsi OypeHMs WIM BbleMoK rpyHTa. [log noaseMHbiMu
KOMMYHUKALUAMHI MOTYT IIOAPa3yMeBaThCs (HO HE OrPAaHUYUBATECS HMH):

1) BOIOTIPOBOIHEIE U KaHATH3ALHOHHBIE TPYOHI,

2) ra3ompoBOIH,

3) anexTpHUecKue Kadeny,

4) TeneKOMMYHHKALMI U BOJIOKOHHO-ONTHYECKHE Kabenn,

5) MarucTpaIbHbIE Ta30IPOBOIBI WK TPAHCTIOPTHEIE TPYOOMPOBOAKI TOMINBA,

6) mom3eMHbIE Pe3epByaphl AN XPaHEHUs,

7) TPAHCTIOPTHBIE TOHHENH, IIOJ3€MHBIE >KENC3HBIE JOPOTH, MOA3EMHBIE
noMelueHus (Hanpumep, OyHKEPEI, TEIUIOBBIC KAMEPEI),

8) maxTel M M3BECTHBIE TEUIEPEl (0COOEHHO, €CITM OHM HCMONB3YIOTCA s
PEKpEaMoOHHBIX Leeit),

9) apxeoa0ruuecKue mIaACThL

Iepen HayanmoMm OYpeHHS WM BHIEMKW TPYHTa PEKOMEHIyETCs HCCIIEN0BaTh
TPYHTOBEI MACCHB C MCTIOJIb30BAHIEM HHCTPYMEHTA JUIs TIOMCKa kKabeneli CHauana Ha
TIOBEPXHOCTH, & 3aTEM B OCHOBAHHH HETITyOOKOM BEIPBITOH BPYYHYIO HHCIIEKITHOHHOI
MBI, JJs TOTO YTOOBI YOEOUTHCA B OTCYTCTBHH 3ariTyOJIEHHBIX KOHCTPYKIIHIA.
H3bickaHUS HPOBOMAT TOJBKO KBAIM(HMIMPOBAHHEIM, MPOIICAINM O00ydueHHe
[EPCOHATIOM.

Taxoke TOKHBI OBITH TPHHATHL BO BHUMAHME JIFOObIE Ha3eMHBIE COOPY>KEHH,
HAMpUMEpP TMOJBECHBIC JJIEKTpUYecKue Kadenmu WiM TeneoHHBIE JIMHUM, U
ycTaHoBIeHO OesomacHoe pabouee paccTOsIHHE OT 3THX COOpykeHuit mo Oypopoit
YCTaHOBKH WM SKCKaBaTOPA.

7.3 IlpoOnas CKBaXKMHA M HCOBLITAHHA HA TEIVIOTEXHHYECKHE

XapaKTepHCTHKH
7.3.1 TIpoOHas CKBa)KMHA SBISETCI OAHHM W3 HAMOOJee pacHpOCTPAHEHHBIX

HHCTPYMCHTOB T'€OJIOTHYCCKHX HCCNCA0OBAaHUN 11 BECPTHKAIBHBIX T'PYHTOBBIX
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TEOTEPMATBHEIX CHCTEM. BypeHue NpOGHONH CKB&)KMHBI, OCYLIECTBISEMOE IOZ
JODKHBIM ~ [E€ONIOTUYECKMM  KOHTPONIEM, MPEIOCTABNIACT IIOJHYI0 OLCHOYHYIO
HH(OPMALHIO TTO CIIEAYIOINM JaHHBIM:

a) COCTaB U CTPYKTypa OCaJ0YHBIX MOPOL,

6) cTeneHb pa3pyIIeHus IOPO/I,

B) TMIAPOre€0NIOrts, B YaCTH:

1) cocTosiHuE TPYHTOBBIX BO/I,

2) pacnoioyKeHue BOJOHOCHBIX TOPU30HTOB,
3) ruApoXuMus,

4) BBIOOD 3aMOJTHHUTEIS,

I') mapaMeTpsl, HE0OXOUMBIE T OyPEHUS:

1) cTabUIBHOCTH (hopMaruif, IMEIOIIIeCs B TIOPOJIE MyCTOTEI,
2) ynobctBo Oypenus,

3) nuameTpel OypeHus,

4) oTpeOHOCT BO BCIIOMOTaTENbHOI 06canxke,

5) ckopocTh OypeHus,

J[) CTOMMOCTh OypEeHHSL.

Tlomy4eHHble [aHHBIE MO CTPYKTYpe H COCTaBy TIPYHTOB MO3BOJIAIOT
TIPEIIBAPATETEHO OIICHUTH TEIUIOTEXHUYECKHE XapaKTEPHUCTHUKH TPYHTA.

B uensx yTo4HeHHUs TEIUIOTEXHUYECKUX XapaKTePUCTUK B MPOOHON CKBa)KUHE
pa3MeInarT TEITOOOMEHHUK I NPOBEICHHS €r0 TEIUIOBHIX HCmbITaHWil. [Ipu
HEOOXOAMMOCTH B OTHAJICHUM OypsAT JONOJHUTENBHYIO CKBOKHHY UL 3aMepa
HEBO3MYIIEHHON TEMIEpaTypbl TPYHTa W TEMIIEpPaTypel IO, BO BpPeMs U TOCie
TEIUIOTEXHUYECKUX HCTBITAHUH, a Takke /g HPOBEICHUS JpPYI'MX BHJOB
reouU3HIECKUX 3aMEPOB.

7.3.2 IlpoBegeHHe TeMJIOTeXHUICCKAX HCIIBITAHAH

Tpw MCTBITAHAN TETUIOBBIX XapaKTEPHCTHK MPOBOAT CICAYIOIIHC ACHCTBHS:

- H3MEPSIOT CCTECTBEHHYIO HAYANIbHYIO CPEAHION0 TeMIleparypy rpyura 7o;

- 3aTeM MOAAaloT (WM W3BJICKAOT) TEIUIOTY B IPYHTOBBIA TEINIOOOMEHHUK C

MOCTOSTHHON HHTEHCHBHOCTBIO ¢ Ha TPOOYPEHHBII METD;
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- U3MEPSIOT PEAKINI0 TPYHTOBOIO MACCHBA HA BO3ACHCTBUE IyTEM M3MEPEHHUS
CpeAHEl TeMIepaTyphl MAPKYJIUPYIOMEro TEMIOHOCHTENS. 7 B 3aJaHHBIE MOMEHTBL
BPEMEHH 7,

- UTS K&KIOTO MOMEHTA BPEMEHH / BEIYUCILSIIOT «TEIUIOBOE CMEILECHUE» B BUJIE
Pa3HOCTH TEMIIEPATYPHI XKAAKOTO TeIOHOCHTENs U rpyHTa 1 = Ty, — 7.

B 6onplIMHCTBE yCTAHOBOK Ui TEIUIOBBIX HCIBITAHWH WCTOYHMKOM TEILIA
SIBJISIETCS] OJTMH MJTH HECKOJIBKO JIEKTPOHArPEBATENEH, MOIHOCTH KOTOPBIX U3BECTHA.
(Ecmi mpoBOJAT TeCT HAa W3BIICUEHHE TEIUIA, KaK NpaBHio, HCHonb3ytor TH).
Tunu4nas ycTaHOBKa IJIsl UCTIBITAHUM IPUBEIEHA Ha PUCYHKE 7.1.

B Xome WCHBITAaHUS PErvCTPHPYETCS TeMOepaTypa TEIIOHOCHTENS (0OBITHO
HCIIONB3YEeTCsl BOJA) HA BXOAE B TPYHT 7Tuown M BBEIXOAE U3 IpyHTa Ty, Pacxon
TENJIOHOCUTENSL [7 DPETUCTPUPYETCs, Kak MPaBWJIO, C IOMOIUBID BCTPOECHHOT'O
pacxomomepa. Tenmoras MOIIHOCTh, IE€peldaHHAas B TPYHT, OMPEIENseTcs II0
MOKa3aHUsAM 3IIEKTPOCUETUHKA (32 UCKITIOUEHHUEM ITOTEPh TEILIA ¢ IOBEPXHOCTH TPYO
1 000PYIOBAHWS) HITH PACCUUTHIBACTCS 110 POpMYIIe

O = (Taown — Tup) Viicwatl", 7.1
TI€ VHcwat — YASTBHAS TEIUIOEMKOCTE TEIUIOHOCHTENS-BOABI 4,19 k/Ix /(xr-K).

CpemHiolo TeMIleparypy TEIIOHOCHTENS T; PpaCCUMTHIBAIOT —CIIEIYIOLIAM
oGpazom:

To = (Taown + Tup) /2. 7.2)
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Pacxogomep

PucyHok 7.1 - Cxema yCTaHOBKMW TEMNOTEXHUYECKUX UCMbITAHWA

[ns npoBeAeHNs cTaHAAPTHON Npoueaypbl UCMbITaHUA HEOO6XO0AMMO CNeAoBaTh
HKEN3NOXEHHbIM PEKOMEHAALNAM:

a) peKoMeHayemas AUTeNbHOCTb MPOBEAEHUA UCMbITAHWIA cocTaBnsAeT oOT 36 A0
48 y;

6) cTaHAAPTHOE OTK/OHEHWE B NOABOAMMOI MOLLHOCTY He A0/MHKHO MPEBbILLIATD
15 % cpeaHeli MOLWLHOCTM, a CKaykM He A0/MKHbI 6biTb Bbile 10 % cpeaHeit
MOLLHOCTH;

B) TEMMNOBYH MOLLHOCTb MPUHMMaOT M3 pacyeTa oT 50 Ao 80 BT Ha 1 m
NPo6YypPeHHO NPOGHOIA CKBaXKMHBI;

r) MMHUMYM 5 CYTOK [AO/DKHO MPOATW MeXAy 3aBeplUeHMEM LeMeHTaumm

CKBa)XMHbI N Ha4a/IOM UCTMbITaHUA;
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) HavaJIbHOE H3MEPEHIE HEBO3MYLICHHOM TEMIIEPaTyphl TPYHTA JOJKHO OBITH
BBITIOJIHEHO B KOHIIE NIEPHO/a YPABHOBECIIUBAHKSL:

1) tu60 HENOCPEACTBEHHBIM BBEJACHHEM 30HIOB BHYTPb 3aMKHYTOT'O
KOHTYpa TemI00OMEHHMKA Ha Pa3IM4HbIX [ITyOuHaX,

2) mnb0 M3MEPECHHEM TEMIIEPATYPhl TEIJIOHOCHUTENS HA BBIXOJAE B Havaie
TeCTa C MOCTPOSHUEM TTPOPUIIL TEMIEPATYPBI IO NIyOHHE CKBOKUHBL,

€) CKOpPOCTh TOTOKa TEIUIOHOCHTEN JO/DKHA o0OecneunBaTh  PasHOCTb
TeMmeparyp Bxoaa u Beixoga ot 3 °C no 7 °C.

YcraHoBKa 1omkHA OBITE Pa3MeEIIeHa KaK MOKHO OJIMKE K OTOJIOBKY CKBaKMHBI,
HACKOJIBKO 3TO BO3MOJKHO, ITPH 3TOM HarpeBareilb YCTAHOBKH M HAI3E€MHBIE YacTH
KOHTYpPa TEIUIOHOCUTENS JOJDKHBEI OBITh XOPOLIO M30JIMPOBAHBI, YTOOBl OTPAaHUYHTH
MOTEpH TEIIa MeHee 2 % oOImero moasoga TEIUIa IIPH MHHUMAJIBHON BEPOATHOM
TEMIIEPATYPE HAPYKHOTO BO3yXa BO BPEMSI HCIILITAHHUS.

Ecnu ecTb HEOOXOAMMOCTh B MEPE3AMYCKE HCIBITAHMA, TEMIEpaTypa LHKIA
[epen IOBTOPHBIM 3aIlyCKOM HCIIBITAHUS JODKHA €CTECTBEHHBIM ITYTEM BEPHYTHCS K
HA4YIBHOMY YPOBHIO B mpenenax 0,5 °C 0T ncXoIHOH HEBO3MYIIECHHOM TEMIIEPATY PhL.
ITocne 48-4acoBOro UCHBITAHUS IEPUO/T, HEOOXO MBI TS CTAOMITM3AIH TEMIOBOTO
COCTOSIHUSI TPYHTa TIE€peji MOBTOPHBIM HCIBITAHMEM, B TIAcTax ¢ OoJee BBICOKOM
TEIJIONPOBOJHOCTRIO cocTaBngeT 10-12 cyr, a B mnactax ¢ Oonee HH3KOM
TEILUTONPOBOIHOCTRIO — 14 CYT.

CxopocTh IOTOKa TEMIOHOCHUTENS [OJDKHAa oOecneunBarb TYpPOYJIEHTHBII
PEeXUM TEYEHHS Ha TMPOTSHKCHHM BCEr0 MCHBITAHMS W MCKIIOYATh JIAMHHAPHOE
TeueHue. IIpoBeaeHne HCIBITAHNUS C TAMAHAPHBIM MOTOKOM Oy IET UMETh TEHACHIUIO
K 3aBBIIICHAI0 3HAYCHHS TEIUIOBOTO CONMPOTHBIIECHHS CKBAKHHBL

Hsmepenue nauanvHoti memnepamypul

H3mepenne Ha4aIbHOW CpeiHEl TeMIieparypbl rpyHTa 7o BAOJb JUIMHBI CTBOJA
CKBKHHBI C 3aMKHYTHIM KOHTYPOM CIEJyeT BBHIMOJIHATH MyTEM «IOTPYKEHHSI» B
CTBOJI CKBKUHBI TEPMOIAp HAa IPaAyMpPOBAHHOMN JIEHTE, MPUHAMAs CPEAHEE 3HAUCHHUE

noKa3zaHHui Ha KQOKIBIX 2 M.
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ANbTEPHATVBHO MOXET OblTb OpPraHW30BaHa LUPKYNSLWS TEMIOHOCUTENS MO
BCEMY KOHTYpy (6e3 nogBofa Tenna). TemmepaTypa BO3BPATHOW XXMAKOCTU MOXET
HabNAATbCA B TEYEHWE AUTENBLHOCTM OAHOO LKA LMPKYNALUN XUAKOCTN Yepes
KOHTYp (pucCyHOK 7.2). CpefHss TemnepaTypa BO3BpaTa XUAKOCTW B TeYeHMe 3TOro

cpoka 6ygeT npubamkarbes K To.

PucyHok 7.2 - Mpumep pacnpegeneHns Temneparyp no rnyomHe CKBaXKMHbI

WcnbiTaHue Ha Harpes

Mocne TOro Kak Harpeeartefin BKAKOYAKOTCA B MOMEHT BpeMeHu t = 0, cpefHss
TemnepaTypa XWUAKOCTM CHavana 6bICTPO pacTeT, 3aTeM TeMn pocTa 3ameansieTcs ¢
yBeNMYeHneM BpeMeHW. pumep W3MeHEHWs cpefHeil TemnepaTypbl XXULKOCTA BO
BPeMeHW MoKasaH Ha puUCyHke 7.3.

YpaBHeHUe nepegayn Tenna BHYTPU TEPMOCKBaXMWHbI NpU paboTe Harpesatesns
BbIFNAAWT CNefytolwmMm o6pasom:

Tv-To=

rge q - yfaenbHas Tennosas Harpyska, B1/wm;

X- TennonpoBOAHOCTb rPyHTa, (BT/(M K);

S\Vc - 06beMHast TennoemMKocTb rpyHTa, (x/(M3K);
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Rb - paanyc CKBaXMWHbI;
E - KomMnneKcHasi nofiMHoMMasnibHast (yHKLUUS;

M- TEPMUYECKOE COMPOTUBJ/IEHNE CKBXWUHbI, KM/BT.

Mpu 6onbwnX 3HayeHMAX t (06bIYHO t > 10 4) 3TO ypaBHEHWE BO3MOXXHO

YyNpOCTUTb [0 /IOrapuMUYECKOT0 BbIPaXKeHUS
Tb- To=(g/4nX){\n [(LL/(Ab2Svc)] - 0,5772} +qrb, (7.4)

Temnepartypa xugkoctu, 0C,
1 CKOPOCTb MOTOKA, JI/MUH TeopeTVIHeCKaFI KpuBasa TENTOTEXHNYECKUX UCMNbITaAaHNN

LG ‘9L00HITION

PucyHok 7.3 - TUNWUYHOE N3MEHEHNE TeMMepaTypbl XXUAKOCTU NPU TEMNOTEXHNYECKUX

ncnbiTaHnaX (Mgeann3npoBaHHas Kpusas)

Taknm 06pa3oM, Ha MOCTPOEHHOM rpajMike pasHOCTU TemrepaTyp
T=Tb-To (7.5)
B 3aBMCMMOCTW OT HaTypasibHOro forapudma spemeHn 1n(?) BO3MOXXHO MOCTPOUTL
NPAMYIO /IMHUIO, HaK/IOH KOTopol paBeH (/4nk. Ha pucyHke 7.4 Hak/oH rpacguka

coctaBnset 2,3957. MNpn mowHOCTU Harpeea 6 KBT u rnybuHe ckBakuHbl 100 m
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3Ha4yeHune yaenbHOro cbpoca Tensa coctasnsetr = 60 BT/m, n TennonpoBoAHOCTb
onpegensieTca no gopmyne
1=60 (B1/m)/(4-3,1415-2,3957 K) = 1,99 BT/(M-K). (7.6)
Ecnn n3BecTHO 3HauveHWe OOGBLEMHOW TEMJIOEMKOCTW TpyHTa SVC, KoTopas
06bIYHO He CU/IbHO pas3/INYaeTcs 419 BOAOHACHILLEHHbIX C/10eB (Kak Npasuiio, oT 2 A0
2,5 Mx/(M3-K)), To fonycKaeTcsa TakXe UCMOIb30BaTb TOUKY MepeceyeHns rpafuka
C OCblO0 Y ANA BbIYUCNEHNA 3HAYEHUS TEPMUYECKOI0 CONPOTUBEHUA CKBaXKUHBI Tb, B
K-m/BT, KOTOpOe, Kak npaswu/o, HaxoauTcsa B gnanasoHe mexay 0,06 n 0,50 K-m/BT.
Bce uvcnblTaHUs TepMOCKBaXWH, rAe WCMNOMb3YHT 00bIYHbIE 3aMONHUTENU, JaloT
3HayeHusa M>He Hxe 0,12 K-m/BT, B TO BpeMsl KaK TEPMOCKBaXWUHbI, 3aro/IHEHHbIE

TepPMUYECKM YNy4LLEeHHbIMW pacTBopamu, aaroT 3HayeHna ot 0,06 go 0,08 K-m/BT.

TeopeTnyecKasa Kpmnead TeN/I0TEXHUYECKUX ncnbliTaHUA

Bpems, MyH

PucyHok 7.4- TUNUYHOE N3MEHEHME TeMMepaTypbl XXUAKOCTU B TENNOTEXHNYECKUNX
NCMbITaHMAX, NPeACTaBIEHHOE Ha rpaduKe KaK CMeLL,eHNe TeMMepaTypbl OT JIMHEAHOTO

rpagmka (MaeanbHoOM KpUBOIA)
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icnbiTaHne TennoBoro BOCCTAaHOB/IEHNA

B KOHUE NPOBOAMMOrO WCMbITAHUA Ha HarpeB WCNbITaHWA Ha Harpes
HarpeeBaTe/In BbIK/IKOYAKOTCA, a Temrnepatypa TernjioHOCUTeNA BO3BpallaeTca K
Haya/lbHOW TemnepaType rpyHTa MO KPMBOW, KOTOpas MOYTU TOYHO 3epKasibHO
OTpaXkaeT KpMBYK Harpesa (PUCYyHOK 7.5). CnepyeTt nNpMHUMaTb BO BHUMaHWe, 4YTO B
(hase BOCCTaHOB/EHMS Bce ewle 6yaeT HebonbLLOK nogsog Tenna (MoXeT 6biTb, 100-
300 BT) OT UMPKYISALUMOHHOIO Hacoca Uan NoTepb OT TPEHUS XUAKOCTU B Tpyoe.

KpuBasi BOCCTaHOB/IEHUA TeMnepaTypbl XXULKOCTU MOXeT ObITb MCMO/Ib30BaHa
0N aHanm3a, ec/iM MOCTyMn/jieHue  Tenja OoT  UMPKYNAUWMOHHBLIX — HAcoCoB

NpUBAN3NTENBHO U3BECTHO, C MOJTyYEHMEM NPOBEPOYHbIX 3HAYEeHUA X U M.

TeopeTnyeckas Kpnsast TEMI0TEXHUYECKUX UCTbITAHNI
20
18
16
14
12

[EY
o
™ T O

o N B~ O @

Bpewms, yac

PucyHok 7.5- TeopeTVI‘-IECKI/Ie KpuBbI€ NSMEHEHNA TEMMNeEPATYPbl XXNAKOCTW BO BPEMA
TENNOTEXHUYECKUX UCTIbITAHN U nocneayrowero ncnbitTaHna Ten0BOro BOCCTaHOB/IEHUA

TOYHOCTb pe3yNbTaTOoB TeNN0TEXHUYECKUX UCTbITaHUA
PesynbTaTbl  TEN/IOTEXHUYECKUX  UCMbITAHWUIA  AO0/HKHbI  COMPOBOXAATHCS
COOTBETCTBYHLLINM yKazaHnem TouHocTn: X=2,0 £ 0,2 BT/(m-K).

YpoBeHb TOYHOCTU pe3y/ibTaToB NNHEMHOr0 aHasmM3a Ten0TeXHUYECKNX

NCNbITaHW, KaK NpaBuo, cocTaBnseT nopsgka 10 % (9 %o no Xu 14 % no ).
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ITpu 6onee xkpymHbIx I'TCT 3atparsl Ha MpeBapUTENIEHOC HHCTPYMEHTATIBHOS
HCCNEJOBaHAHE MECTHOCTH SBIAOTCA Oonee 1enecooOpasHbIMH, T. K. IPOBOJATCA JUIL
6onee TOYHOTO ompenencHUs (AKTHICCKAX TPYHTOBBIX THAPOTCONIOTMYECKHX |
TEPMOTEO0JIOTHYECKUX YCIIOBHI.

7.3.3 Tepmuveckoe cONPOTHBICHHE TEPMOCKBAKHH

TepmockeaxcuHvl KOAKCUAILHO20 MUnd

TepMudeckOoe  CONPOTUBICHHE TEPMOCKBAXKHMH  KOAKCHAIBHOIO  THIIA,
OIPENEIICHHOE B HEKOTOPBIX JKCIEPHUMEHTAX, MOPOBEACHHBIX B IOCYJAapCTBaX

EBpomnefickoro cor3a, IpuBeicHo B Tabimue 7.1.

Tabnuna 7.1 — TepMmudeckoe CONMPOTHBIEHHE TEPMOCKBAXKAH KOAKCHAILHOTO

tuna, K-m/Br

Ty, 3an0THATEND Tepurricckoe
conportusieHue, K-M/Bt
OtkpeiTas 0,01
Tpy6a-B-Tpybe (cTanb), mecok 0,09-0,13
Tpy0a-B-Tpy6e (pudensrit), 6eToxn 0,09
Tpyba-B-Tpybe 0,09
Tpyba-B-Tpybe, nex 0,09
Tpy6a-B-Tpybe, KBapiieBHIit MECOK 0,09
Tpy0Oa-B-TpyOe, Boj1a 0,11
MynbTuTpyba 0,01-0,03
MynbTuTpyba 0,03*
* PacueTHasi BEJINYHHA.

Tennosble XapaKTEPACTHKN TEPMOCKBAXIH KOAKCHATIGHOTO THIIA 3aBHCAT:

- oT (opMBI KaHAIOB MOTOKA (KOJIbIIEBAs, MHOMOKAMEPHas, MHOTOTpyOHas,
CTHpAab),

- Matepuaia o6cagHoi TpyOHI,

- Marcpuralia 3armoIHCHUA CKBAXKHHBI.

36



OTKpEITas CKBaXXHWHA C KOHIIEHTPHYECKOH BHYTPEHHEH TpyOoii MMeeT camoe
HU3KOE TEIJIOBOE COMPOTHBIECHUE W3 BCEX PACCMOTPEHHBIX CKBAKMHHBIX
TemI000MeHHUKOB. [IperMyImecTBo 3Toi KOHCTPYKIUH COCTOUT B TOM, YTO JKMIKUH
TETMJIOHOCHTENb HAXOAUTCS B HENOCPEACTBEHHOM KOHTAKT€ € IPYHTOM, HYIO IPH
TypOyJIeHTHOM XapakTepe NOTOKa OAeT OYEHb BBICOKMH pE3yJbTal B YaCTH
3t dekTHBHOCTH Temionepenayd. TepMOCKBRKMHA TAKOr0 THIA OYEHb IIPOCTa B
M3TOTOBIIEHUM U MOHTAXKE.

Tepmockgascurvl ¢ U-0bpaznvivu mpybamu

OmuHOYHEIE U-ob6pasHble KOHCTPYKIIMH SIBIISIFOTCS Hanbomee
pacpoCTpaHE€HHBIM THITOM TEPMOCKBAKHH, HCTIONBb3YEMBIX B MUPOBO# npakTuke. Hx,
KaK IPaBWIO, MOMEIMAKT B CKBAXKUHEI, 3JUTHIE TEIUIOMPOBOJHBIM 3AIIOIHUTEIIEM.
Taroke peKOMEHIyeTcs WCIOIb30BaTh PACITOPKH, YTOOBI JiepkaTe BETBH TPyO Ha
PacCTOSIHUM APYT OT Apyra U OJIMKe K CTEHKE OYPOBOM CKBAXKHHBL.

CKBa)KWHBI OCTABIISTIOT 3aMTOTHEHHEIMU TPYHTOBBIMHM BOAaMH. Bojia B CKBaKWHE
MOXKET 3aMEP3HYTh B IMKOBbBIE EPUObI U3BIECUEHHS TEILIA.

TepMudeckiie CONPOTHUBIICHUS OAMHOYHBIX U-00pasHbix TPyO TPUBENEHB B

Tabmue 7.2.

Tabnuma 72— TepMmuueckoe cONPOTHBIeHHe ONHHOYHBIX U-00pa3HbIX TPYO,
K-m/Br

3anorHATENh TepMudeckoe CONPOTHBIICHHUE,
K-M/Bt
BenTonuT 0,13-0,15
TennonpoBoHEL HEMEHTHELA PacTBOP 0,09-0,10
Bona 0,05-0,06
Jlen 0,09

TepMHUYECKOE CONMPOTHBIIEHUE OTAENBHEIX U-00pa3HBIX TPYO 3aBUCHT
- OT TPYOHI — €€ AUaMeTpa, TONIIHHEL CTEHKH, TSIIOTPOBOIHOCTH;

- IIOTIOXKEHHSA TPYO — PACCTOSHUS MEXIY BETBSIMI,
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- MaTepHrana — 3anoJHUTEN CKBaKUHBL

B ckBakmHAxX, 3aIMTHIX HEMEHTOM, CICAYET HUCMONB30BATh MOJMAITUICHOBYIO
TpyOy muamerpom 32—40 mM. DTi TpyOBI UMEIOT TEPMUUECKOE conpoTuBiieHue 0,075
0,078 K-mM/Bt. Onna U-00pa3Has KOHCTPYKLHMS C TAKUMH TPyOaMH, YCTaHOBIICHHBIMH
C pacrnopkaMu, B COYETAHHM C 3aMOJIHUTENIEM BBICOKOH TemnonpoBogHoctu (2,4
B1/(M'K)) moxxer umers TepMuueckoe comporuBieHue okojio 0,08 K-m/Bt (6e3
pacnopok npu — npumepHo 0,09 K-M/BT). [lonustuneHoBsie TPYOBI C MOJOBHHHBIM
TEPMUUYECKAM COMPOTHBIICHUEM CHWXKAIOT O0IIEEe TEPMHUUYECKOE COMPOTHUBICHHE
koHcTpyknmu 1o 0,06 K-m/BT.

B 3amonHeHHBIX BOJNON CKBOKMHAX MPOMCXOMUT Oojiee aKTHBHAs Tepenada
TeI1a MeXKAY TpyOaMu B CTEHKOH CTBOJIA CKBKHHBI 32 CHET KOHBEKIIMH CKBAYKUHHOMN
BoAbl. DTOT 3((deKT cTaHoBHTCS 3aMeTHee NpH OoJee BHICOKHX TEMIEpaTypax,
KO3 uIIMeHTax TEIIONepeayd M pacxoqax BOAbl. 3HAYCHWUS, MMOMYUECHHBIE B XOJIE
WCTIBITAHMI TETJIOBBIX XapaKTEPUCTHUK MpH cOpoce Teruia, jJexar B auanazone 0,05—
0,07 K-M/Bt (am1st Tpy6 ¢ auamerpom 40 mm). Eciu 5TH 3HaUeHUs] CKOPPEKTHPOBATH C
yueToM OOJiee HU3KOM CKOPOCTH MPOKAYKH KHIKOCTH BO BpeMs (PaKTHIECKO# pabOTHI,
10 muamazoH coctaBuT 0,06-0,08 K-M/BT. Bo BpemMs H3BIICUEHHs TEIUIa, KOTaa
BIIMSHUE €CTECTBEHHOM KOHBEKIIMM CTAHOBUTCA HUXeE, 3HaUeHus coctasat 0,08—0,10
K-M/BT. [Ipon3BOIUTENEHOCTE 3aMIOIHEHHOM BOJOH CKBaXKUHBI JIyullie (¢Opoc Teria)
WM CONOCTaBUMA (U3BIICUCHUE TEIIIA) CO 3HAYCHUAMH, MOTyYaeMbIMH 1715 OqHOH U-
00pa3Hoii TPyObI ¢ paciopkaMy B 3aIOJHATENIE C BEICOKOH TETIOMPOBOAHOCTHIO.

JlBoiinbie U-00paszHble KOHCTPYKIHMH HCHONB3YIOT B OYPOBBIX CKBaXKHUHAX,
3QJIUTHIX [IEMEHTOM. TepMHUYECKHE CONMPOTUBIECHUS KOHCTPYKUMH ¢ IBOHHBIMU U-
o0pasHeIMU TPyOaMu IPUBEICHEL B TaOHIE 7.3,

TepMudeckoe COmpoTHBIICHNE HECKOMBKIX U-00pa3HBIX TPYO 3aBUCHUT:

- or Tpyd — KomuuectBa TPyO, WX JMAMETPA, TOJILMHBI CTEHKH,
TEILTONPOBOTHOCTH,

- IOJIO’KEHUS TPYO — PACCTOSHUSL MEXIY BETBSIMU;

- Marc¢puajia — 3anoJTHATECIIA CKBaOXKAHBL.
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Tabnuna 7.3 — Tepmuueckoe conporusiienue ABoiiHbIX U-06pa3HbIxX TPYO,

K-m/Br

T Tepmuueckoe
W11, 3aTO0JIHUTEIb

conporusienue, K-M/Bt
U2, Boaa, HarpeBaHue 0,035-0,055
U2, Boja, OXJTOKACHHE 0,04
U2, 6EHTOHUT 0,13
U2, GEHTOHUT, pacmopka 0,12
U2, 6eHTOHUT/TIECOK, pacropKa 0,11
U2, kBapueBblii MECOK, pacnopka 0,08
U2, OEHTOHUT, pacropka 0,10-0,11
U2, OeHTOHHT 0,10-0,13
U2, TenyionpoBoIHBIN IEMEHTHBIN pacTBOP 0,06-0,08

JBoiieeie  U-00pa3HBle KOHCTPYKIMH, Kak TPABMIO, W3TOTOBISIOT W3
MOJMUATWIEHOBEIX TpyO mumamerpoM 32-40 mM. TpyObl pacnojiok€HbI BOKPYD
NEHTPaNbHOM TpexXOoBOM TpyOBlI, WCHOMB3yEeMOW [ HATHETAHWS IIEMCHTHOTO
pacTBOpa B CKBakuHY. TpexoBas TpyOa 4acto ocraercs B CkBaxuHe. J[Boiinas U-
obpasHast TpyOa ¢ paclopKkaMM M TEIIONPOBOAHEIM 3AllOJHHATENIEM OOBMHO MMEET
TepMHudeckoe compoTuieHne okomo 0,05 K-m/Bt. ITonusTuneHoBBIE TpyOBl €
[IOJIOBUHHBIM TEIUIOBBIM CONPOTUBICHHEM CTE€HKM TPYOBI MOTYT CHU3UTH 0OLice
TEPMHIECKOE COIPOTURICHNE KOHCTpyKImu 10 0,035 K-M/BT.

TeNIOTEXHUYECKUE UCIBITAHNS, BBIIOJHEHHBIE HA ABONMHBIX U-00pa3sHbIX
Tpyb6aXx B 3aHONHEHHBIX BOMOI CKB@XWHAX, [Al0T 3HAYECHHE TEPMHYCSCKOTO
conporusnenns 0,03-0,04 K-mM/Bt. Ecnu 311 3HaYeHUs] CKOPPEKTUPOBATh C YUETOM
HAMHOI0 0o0Jice HU3KMX CKOPOCTEH MPOKAYKH KUIKOCTH BO BpeMs (aKTH4YECKOH
paboTsl, To amanason coctaBut 0,03-0,05 K-M/Bt npu cOpoce temma u 0,05-0,07
K-M/Bt BO Bpems u3BneueHus. [Ipon3BoMTENBPHOCTD 3a0IHEHHON BOAOH CKBOKIHBI
nyume (cOpoc Temwna) WM aHatormdHa (0T6op Temma) ABOHHBEIM U-006pazHBIM
KOHCTPYKIHSIM € PacIOPKaMH B TEILIONPOBOAHOM 3allOJIHUTEILE.

WneansHEI TPYHTOBBIN TEII00OMEHHHK MMeeT 7, = 0 K-M/BT. Ota BemmuauHa
CIY)KUT O3TQjJOHOM UL OmpeneieHns 3(PdeKTHBHOCTH (HaKTHIECKOH CHCTEMBI

TPYHTOBBIX TEILIO0OMEHHHUKOB. T2 3 (EKTUBHOCTH HA3BIBAETCS «I(P(PEKTUBHOCTD MO
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XenbcTpemy» TH W OnpefensieTca Kak BO3MOXHas yCToWumMBas TensooThadva B
onpefeneHHom npoekrte npu . =0.

BennunHa i gns TeopeTuyeckoro Makcumyma pasHa 100 % (pucyHoK 7.6).

MpumeyvaHune - Tlpy Bbl6paHHbIX NapamMeTpax MakKCUManbHas WHTEHCUBHOCTb
TennooThayy npu TeopeTnyeckom makcumyme aH = 100 % He MOXeT npesbiwatb NpumepHo 85
BT/m. M3 - MonuatuneHosas Tpy6a;

PucyHOK 7.6 —Y genbHblil TeN10CHeM (KOpUYHeBas Kpueas) U 3pheKTUBHOCTb M0

XenbcTpeMy (opaHXeBasi KpMBas) Kak (yHKL WA TeNA0BOro ConpoTMBAEHNS TEPMOCKBaXKMH

Pa3MNYHbIX TUNOB B UHAMBUAYa/TbHOM XW/10M JOME B YMEPEHHOM K/inMaTe

8 OueHKa 93KO/IOrMYecKUX MOCNeACTBUIA  UCNONb30BaHWUS  TEMNOThI

FPYHTOBOIo MmaccmBa

8.1 O6uwme NoNoXeHUs

Jkonornyeckoe BosgeicTene yctpoiictea FTCT aosko. C 04HON CTOPOHbI,
BOB/iIeUeHNE B 3HepreTM4Yeckunini 6anaHc BU3 n nonyTHOe COKpalieHue CXKUraHus

MCKOMaeMoro TOMAMBA CMOCOGCTBYET Y/YYLIEHUIO 3KONOTMYECKOW CUTyauun B
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nenom. C Apyroif CTOPOHEI, YCTPOMCTBO TPYHTOBBIX TEMIOOOMEHHHMKOB CBS3aHO C
SKOJIOTHYECKUMU PUCKAMH B paiioHE CTPOUTETILCTBA.

8.2 Oxonornuecknii 3¢ ekt or npumenenus I'TCT

HcnonbzoBanne BUD, K KOTOpbIM OTHOCUTCA TEIIOTA I'PYHTA, CTABUT CBOEH
IENBI0  CHIDKCHME TOTPEOTIEHNST WCKOTIaeMOro TOIUIMBA, BIEKYIIEro 3a coboit
BbIOPOCHI BpEIHbIX BELIECTB U NaryOHOE BO3ACHCTBUE Ha OKPYIKAIOILYIO CPELy.

HWcnonszosanue I'TCT s TEIUIOXIaA0CHAOKEHYS 3IaHUH U COOPY>KECHUH NAET
TOJIOXKATENBHBIA  3KOIOTHIECKMM d((PEKT, MOCKONbKY HCMONb30BaHUE TEIUIOTHI
TPYHTOBOTO MaccuBa I SHEProCHAOXKEHMUS 3[aHMs MO3BOJSIET M30ekaTs BHIOpoca
BPEIHBIX BEIIECTB B aTMOC(EPY, SBISIOMIErOCsS HEOTHEMIIEMON YaCThIO TPOU3BOACTBA
SHEPIUM NPY CXKUTAHUY TPAJUIIMOHHBIX BUAIOB TOILIUBA.

[Ipu TpOBENCHHM TEXHWKO-3KOHOMHYECKHX PAacdyeTOB Ha MPEANPOCKTHOH M
IPOEKTHOM cTagusx pa3paboTKd C ONPEACIICHUEM CpPOKOB  OKYIAaeMOCTH
reOTePMATBHBIX CHCTEM II0 CPaBHEHHIO C JAPYTHMH CHCTEMaMH TEmo- H
XﬂaﬂOCHaGDKeHI/ISI PEKOMEHOYETCA YYUTHIBATH CTOUMOCTH KOMIICHCAllUU
3KOJOTHYECKOro yiepoa, B IEPBYIO 0YEPEAD CBI3AHHOIO ¢ BEIOPOCOM 3arpsI3HAIOLIMX
BCIICCTB B aTMOC(l)epy, JUIA KQKJI0ro M3 pacCMarpuBaCMBIX BapHaHTOB CHCTEM.
CTOMMOCTh KOMIICHCAIUM SKOJIOTHYCCKOro ymepda pacCUMTHIBAIOT HA OCHOBE
neﬁcmy}oumx HOPMATUBHBIX MTOKYMCHTOB, COINTACHO KOTOPBIM ONPCACITAIOT LECHY

IUIATHI 32 BBIOPOCHI.

8.3 DxoJorauecKkne PHCKH YCTPOICTRA IPYHTOBBIX TEINIOOOMEHHHKOB

DKOJIOTHYECKIE PHUCKA YCTPONCTBA TPYHTOBBIX TEIUNIOOOMEHHUKOB €
TEPMOCKBKMHAMHA COCTOST B CICAYIOIMIEM:

a) PUCK CTOJKHOBEHHS ¢ HAMOPHBIMH (apTE3MAHCKUMHE) TPYHTOBBIMHM BOAAMH,
HEKOHTPOJIMPYEMBIE MOTEPH KOTOPBIX MOTYT OBITh DACIICHEHBI Kak HAapyIICHIE
SKOJIOrMYECKOro OanaHca ¢ COOTBETCTBY IOIMMH CAHKIMAMHE. OHAKO HAMOPHBIE BOIBI
MOTYT KOHTPOJIHPOBATbCS ONBITHBIM OYPHIJIBIIMKOM WCIIOJB30BAHHEM HAJEKHOM

00caHOM TPYObI, MOAXOAAIIETO MaTEpHANIA 3AIIOTHUTENS U CIIOCO0a TAMITOHAXKA,
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6) pUCK BCTPETHTH HECKOJBKO HE3aBUCHMBIX BOJOHOCHBIX T'OPHU30HTOB,
HEKOHTPOJIMPYEMOE THIPABIMYECKOE COCAMHEHUE KOTOPBIX MOXKET NPOTHBOPEYUTH
SKOJIOTHIECKOMY 3aKOHOJATENBCTRY. Takwe TOPWU30HTHI MOTYT OBITH COXPaHEHBI
MyTEM MCIOJIb30BAHUS HAZICKHOIM 00caHOM TPyObl M TAMIIOHAXKA,
B) BEPOSATHOCTD BCTPETUTH TOJICTHIA CJIOM 3BamOpUTOB (HANPHMEp, TANHT,
AHTUPUT, TUIIC), KOTOPBIE HECYT B ce0€ PUCK BCOYYMBAHUS MOBEPXHOCTY ILIOLIAJKI
CTPOHTENBCTBA IIPH PACTBOPESHAH YTEUKAMH ITO/[3EMHBIX BO/JI BJIOJIb CTBOJIA CKBAXKUHEI,
€CIIM HE UCMONB3YIOTCS CTPOTHE TEXHONOTUM OYPEHUS U IEMEHTHPOBAH UL,
T') PHCK CTOJIKHYTHCS HA IDTOMIA/IKE CTPOHMTENHCTBA C 3arPsA3HCHHBEIM TPYHTOM
WA 3arps3HCHHBIMA TPYHTOBBIMH BOJaMH. LlenecooOpasHO W3YYHTh WCTOPHIO
3eMJICHOJIE30BAHMS HA IDIOMA/KE CTPOMTENLCTBA. ECTH pHCK €CTh, TO BOZHHKHYT
JIOTIOTHATEITBHBIC TTPOOIEMBI ¢ OXPaHO# 3/I0POBBS U OE30MACHOCTEIO JUTS TIEPCOHANTA
Ha IUIOIAJKE CTPOMTENHCTBA. JKENATeNbHO CBS3aThCA C PETHOHATHHEIM OPraHOM
HaJ30pa Mo OXpaHe OKPY’KaroIIei CPEIB! MITH OPraHOM MECTHOTO CaMOYTIPABJICHHSI TIO
BONPOCY Pa3pabOTKU METOAOB OYPEeHMs M HPOBEACHHS 3EMIISHBIX PabOT ¢ TOYKH
3peHnst OE30MaCHOCTH M OTCYTCTBHS pHCKa JANBHEHIETO pPacIpoCTpaHCHUS
3arpa3Henus. KpoMe toro, Jiro0bie OTXOAB! U3 CKBKHHBI MITH BEICMKa TPYHTa MOTYT
OBITH PACCMOTPEHBI KaK OIACHBIE OTXOAbI U OHHM JODKHEL 00pabaThIBATBECA H
YTUIIM3UPOBATHCS HAIJIEKAIIIM 00pa3oM;
JI) PUCK TOTO, YTO IPOBOAUMEIC OypOBBIE U 3eMIIsIHBIE PAOOTHI IO YCTPOMCTBY
IPYHTOBOIO TEII000OMEHHIKA OTPHIIATENIBHO CKaXKyTCS Ha JIAHAMA(PTHEIX YCIOBHAX:
1) HapyIIeHHE COCTOSHUS TIOBEPXHOCTHBIX BOJIOEMOB,
2) HapymlIeHHe cpenbl 0OUTaHus (IPUPOIHBIA 3aITOBETHIK, 0C000 OXpaHseMas
MIPUPOIHAS TEPPUTOPHS U T. I1.),

3) HapylIeHHe MOBEPXHOCTHON HHDPACTPYKTYPHI,

4) papymenne 3a0opa MOA3EMHBIX BOA B 1LENIX BOJOCHAOXKCHHS (B
Onm3nexKaIx KoNoALaxX WM Bof03a00opax) U CHIDKSHHE KadeCTBa BOJIE,

5) HapylieHHe padOTBHl COCETHMX TEeOTePMANBHBIX CHCTEM HarpeBa H

OXJTKICHUS,
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€) PUCK M3MEHEHHS penbeda B 30HE padOThl IPYHTOBOIO TENIOOOMEHHUKA, B
YaCTHOCTH:

1) 3HAUMTEIFHOE 3aMOPAKWBAHME TPYHTA MOJXKET NPUBECTH K MOPO3HOMY
Iy YCHUIO,

2) meperpes rPyHTA MPH XJTaT0CHAOKEHHH B TEUCHUE JANUTENbHBIX MEPHOIOB
MOXKET NIPUBECTH K TEIJIOBOMY PACLIMPEHHUIO I'PYyHTA, KOTOPOE B XYALIUX CIIydasx
MOKET IPEBEIIATE 10 MM,

3) TennoBoe paciiMpeHre NOPOBBIX BOJ IIPX HArPEBE, BPEMEHHOE YBEIUUCHHIE
MOPOBOTO JaBJICHHS, KOTOPOE MOXKET CHU3UTE CTa0OMIBHOCTH O0CAJ09HBIX MTOPO,

4) mpocagka TONIW OCAJOYHBIX TIOPOA TPH MHOBTOPSIOMMXCSA IHKIAX
3aMOpaKUBAHNS M OTTANBAHHS,

5) omacHOCTE TIOBPEKACHUS 3aIONHHUTENS CKBDKMHBI H HOTEPH LEIOCTHOCTH
IIEMEHTHOTO PACTBOPA NP HOBTOPSIOMIMXCS IUKIIAX 3aMOPAKUBAHHUA W OTTaHBaHHSL.

Bcee 3TH prCKH ClieAyET OLEHUTh HA CTaJMH WHXKCHEPHBIX U3bICKaHMIA.
9 Illpoextuposanne I'TCT

9.1 O61ue moJIosKeHus1

IIponecc mpoextupoBanuss TIII BO MHOTOM aHANOTHYEH MpPOLEAYPE,
XapaKTePHOH I MIPOEKTUPOBAHUS TEIUIOBBIX IYHKTOB U IYHKTOB XJIaJ0CHAOKCHUS
CHCTEM LEHTPAIBHOIO KOHAMLMOHMpOBaHHs. CrenuuueckuM SBISETCS TOJBKO
IOPOCKTUPOBAHUE U YCTPOMCTBO TPYHTOBBIX TEILIOOOMEHHHKOB, 4YTO Tpedyer
IPHBIICYECHAS TPOQHITBHEIX CIEUATNCTOR, TOMYIMICHHEIX K POBEICHATIO TAKHX PaboT
B IOPAAKE, YCTAHOBJICHHOM JAEHCTBYIOIIMM 3aKOHOJATENbCTBOM Poccuiickoii
Oenepanu.

Ha craguu npoekTMpoBaHMs YTOYHSIOT MCXOMHBIE AAHHBIC M TEXHUYCCKUE
pELIeHNs, 3AJI0KEHHBIE HA TIPS AIIPOEKTHOH CTauu.

CrnennanucT, BBIIOIHSIOMMN padOTEl [0 IPOESKTHPOBAHWIO TI'PYHTOBBIX
TEINIO0OMEHHNUKOB, JO/DKEH YMETh UMTaTh FEOJOTHIECKYIO KapTy, 3HATH OCHOBHYIO
KJ1acCU(PMKALMIO TOPHBIX MOPOJ U ObITh B COCTOSHUM OTIPEJIETUTH OCHOBHEIE THITHI

[opoJ B paiione cBoeit padoTsl. KpoMme Toro, OH JOMKEH 3HATH OCHOBBI CTPYKTYPHOM
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TEOJIOTMH ¥ IIOHMMAarh TE€ONOTHYECKHE COOTHOLIEHHS MEXKIY Pa3IUdHBIMU
TPYHTOBBIMU MaT€pHalaMy, UX OPHEHTALUIO U Ae(HOpMAaIMOHHbIE IIPOLIECCHI.

JU1s KpymHBIX CHCTeM TpeOyercst ydacThe NpOo(UIBHOIO CIELUAINACTA B
00J1aCTH T'€0JI0TUH U TOPHOTO JIeNa.

HauGosnee BaXHBIMM KPUTEPHSIMH, KOTOPBIE TPOEKTUPOBIIMK JOJDKEH
YUUTHIBATH IMpH npoekTupoBannul [ TCT, ABIAIOTCS Clie My FOIITHE;

- BBICOKAs IPOM3BOAUTEIBHOCTD,

- BBICOKasl HAIE)KHOCTB;

- BRICOKAs 0€30MaCHOCTh CUCTEMEI

- DKOHOMHYHOCTB.

['nmapHEbIit mpUHIMI Tporiecca pa3paboTKH — MPOCTOTA, YTO MO3BOJIAET CHAZHTH
KalnmuTaJIbHBIC BJIOXKCHUSA KU CBCCTH K MHHHMYMY OTKasbl CHCTCMBI B IIPOLCCCE
SKCITyaTanuu.

9.2 OCO0EHHOCTH TEILIOBOI0 PACYETA

B ocnose temroBoro pacdera I'TCT nexxur pacuer W3MEHEHHs TEMJIOBOTO
COCTOSIHHS TPYHTOBOTO MaccHBa B 3aBUCUMOCTH OT 3HAU€HHMil, Xapakrepa u rpaduka
TETUIOBBIX (M XOJOAMILHBIX ) HArPY30K 3/1aHHUS.

I'pyHTOBBEIl MaccuB NpeaCTaBIET COOOH CIOKHYIO KamWLLIPHO-IIOPHCTYIO,
3a49acTyI0 BOJOHACHIIIEHHYIO, CTPYKTYPY, TEIJIOBOE COCTOSIHUE KOTOPOH 3aBUCHUT HE
TOJIBKO OT HArpy30K 3aHusi, HO H OT KIIMMATHYECKUX YCIIOBUII PETHOHA, IIOTOJHBIX
YCIIOBUH ¥ IPOYMX BHELIHUX (DAKTOPOB.

TTockompKy KOPPEKTHBIN yUeT IIPU BEINOJIHEHUN MH)KEHEPHBIX pacyeToB BCETO
MHOXKECTBA BJIMAIOIIMX HAa TEIUIOBOE IOBEAECHHE TPYHTOBBIX TETNIOOOMEHHUKOB
(axkTopoB, TaKUX Kak (a30Bbe TIEPEXOAbl IOPOBOI BJIATH B TPYHTE U YUET CKPBITOM
TEIUIOTH (ha30BBIX IIEPEXO0/I0B, N3MEHEHHE TETUIOTEXHUUECKNX XapaKTEPUCTHK rPYHTa
IIpA 3aMOPXKUBAHUU U OTTaMBaHWH, 4 TAKXKC B3aMMHOC TCIIOBOC BIIMAHHUC IPYHTOBBIX
TEIIIOOOMEHHUKOB, KpaifHe ClIOXeH, JaHHas MHOTrO(akTOpHAas 3ajada peIaercs ¢
MOMOLIBI0 MATEMATHYECKOTO MOJECINPOBAHUS CHCTEMBI, O3BOJISAIOMIETO YUUTEIBATE

BCC YKa3aHHEBIC CpaKTOpLI, a TarkoKC MOaHHBIC II0 KIMMAaTH4YCCKUM YCJIOBHAM, II0
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TEMJIOBBIM TapaMeTpaM 3JaHUs W XapakTepy WX M3MEHEHUS, MO TEIUIOBBIM
XapaKTEPUCTUKAM [PYHTa.

MaremaTuueckoe  MOJICITMPOBAHWE  OCYIICCTBIAETC € TOMOILBIO
MPOrpaMMHOT0 06eCceueH s, KOTOPOE PELIAET 3aa4y O TEIUIONEPEHOCE B TPYHTOBOM
MAaCCHBE U TEIUTOOOMEHHUKE M PACCUMTHIBACT TEMITEPATYPHI TETUIOHOCHTENS H TPYHTA
IJIsl 3aJaHHBIX TOYEK MO [UTHHE KaHalla IPYHTOBOTO TEMJIOOOMECHHMKA B 3aJaHHBIC
MOMEHTHI BpeMeHW. [Ipm >TOM B ClydYasx BO3MOXKHOH pabOTBI TPYHTOBBIX
TeMNOOOMEHHHKOB € OTPHLATENLHBIMH TEMIEPATypaMy TEIUIOHOCUTEN CIEAyeT
VUUTHIBATh BIMSHHE HA TEIUIOOOMEH MpOLIECCOB 3aMEp3aHUs U TasHUS TPYHTOBOI
BJIar¥l B OKPECTHOCTH 'PYHTOBOIO TEINIOOOMEHHHKA.

Kak mpaBuno, s pacyera I'PYHTOBBIX TEIIOOOMEHHUKOB JOIOJHHUTEIBHO
WCTIONB3YIOT ~ CNIEAYIOIINE HCXOAHBIC JAAHHBIC: TeIUTo(H3NUECKHe IapamMeTphl
TETJIOHOCHUTEJIS; TEXHUUYECKIE XaPAKTEPHCTHKH TEMJIOHACOCHOH YCTaHOBKH; PEKUMBI
paboThI TEIIOHACOCHOH YCTAHOBKH, KIMMATHUYECKHUE AAHHBIE M JAHHBIC O TECIUIOBBIX
XapaKTEePUCTUKAX 3[aHUM, U1 KOTOPOTO MPOBOIST pacyeT. OTH JaHHBIE TPeOyrOTCA
JUISL pacyeTra 3HAUCHMI CPEHEro MOTOKA TElia MEeKAY TPYHTOM M TETUIOHOCHTENIEM
IUTS 33JaHHBIX WHTCPBAOB BPEMEHH. DTH 3HAYCHUS 3aTEM HCTONB3YIOT B PacueTHOM
YacTH TPOTPAMMHOTO OOecTieUeHHs Ui pacdeTa TEMIEPaTyp TEIUIOHOCUTENS H
TpyHTa.

IlpuMep pacuera KOHKPETHOrO 0ObEKTa IpPH IOMOIIM OTEYECTBEHHOIO
MPOrPaAMMHOTO KOMITIEKCA TIPHBEICH B MPHJIOKCHUH A.

9.3 [IpoexTHpPOBaHHE IPYHTOBOI0 TEMJI00OMEHHHKA

9.3.1 Texnuueckue pecypchbl, HEOOXOJAUMBIE U 3TOTO 3Tana, pas3iu4Hbl B
3aBUCHMOCTH OT Macuitaba npoekta. J{jis ycTaHOBOK HEOOJBIINX pa3MepoB (MEHee
20 kBT TemnoBo#t MOIIHOCTH), JOCTaTOYHO JAHHBIX, HMEIOMINXCA B PETHOHAIBHBIX
TeOJIOTHUECKUX OPraHu3alusiX, B KOTOPbIX COACPIKUTCS IMOJHAsA AOKyMEHTALUs O
MecTe pabOTHl — TEOJOTHYECKHE W THAPOTEOJOTMYecCKHe KapThl, 0a3bl JaHHBIX
TIO3EMHBIX BOM, PHCKH 3arpsi3HCHNS TPYHTOBBIX BOJI, TOYBEHHBIE U penbe(hHbIE KapTHI

u 1. 1. Kpome toro, nogobHy0 MHGOPMALMIO MOXKHO MONYYUTH B PETHOHAJIBHBIX



OypOBBIX OpraHU3aLMAX — JAHHHIE 0 JIATOJIOTHH, F€0TOTHYECKHE KOJIOHKH, MPOTHO3
HaJIU4Yus U l".]'[y6I/IHBI 3aJICraHuA TPYHTOBBIX BOO U T. 1.

Jna Gonee KpymHBIX YycTaHoBOK (6onee 20 kBT TemnoBoil MOLIHOCTH)
TpeOytoTcs Oomee rnybokme u 0Oojee KOHKPETHBIE TIEOJIOTMYECKHUE 3HAHUS
OpoUIBHOTO CHENWATNCTA M TIPOBEICHHA COOTBETCTBYIOIIMX HHYKEHEPHBIX
U3BICKaHNUH, TpeOyIOIMX BKIIOYATE B KOMaHAY HPOEKTa THAPOTEONora.
IIpodeccuoHanbHEIE ypOBEHb TaKHX CIEHHUAINCTOB [OIDKEH COOTBETCTBOBATH
OIpeIENeHHON TEMATHKE: T€0JIOTHS, TOPHOE JIENO0 HIIH IPAKAAHCKOE CTPOUTENBCTBO C
XOPOIIUM 3HaHUEM THPOreOIOTHH.

ITpoekTHpOBIMK  BHIMOJIHEHHS OypoBHIX paboT momkeH  oOnajaars
JOKYMEHTaMU, HOATBEPKIAIOIIMMY 3HAHUS B 00JIaCTU I€OJIOTUM, TOPHOM JICNE WU
TPaKIAHCKOM CTPOMTENBCTBE, B TOM YHC/IE HMETh 3HAHUS O TPYHTOBBIX MOPOAAX.
Kpanuukanus 3Toro cnequaiucta I0/oKHa MO3BOJIUTE BHIOpaTh crocod Oypenus ¢
HCIO/Ib30BaHNEM HAWMEHBIIET0 BO3MOXKHOTO AHAMETpa CKBaKHHEI, MO3BOJISIOIIETO
OCYIIECTBUTH IPABIIBHYIO YCTAHOBKY BBHIOPAHHOTO TPYHTOBOTO TETIIOOOMEHHHKA C
HANMCHBIIMMMU BO3MOXXHBIMHA 3aTPaTaMU.

IIpu npoextupoBanur I'TCT, TpYHTOBBIE TEIUIOOOMEHHUKHM KOTOPOH
pacmojlararoTcsi B IMYYHMHHUCTBIX TPYHTAX, CIENYET BBIIONHATE PAcHYeT YPOBHS
MOJHATHA [HEBHOM NOBEPXHOCTH MNPH 3aMOPOKHBAHMM TPYHTAa B pE3yJbTaTe
skcrutyatauuu ['TCT.

Mopo3HOE IMy4eHue TPYHTa IPH Pa3sMENICHUH TPYHTOBBIX TEIIOOOMEHHUKOB B
30HE BIMSHUA Ha (yHIAMEHTBI X OTIOPBI, IOJ3EMHBIE COOPYKEHHS X KOMMYHUKAITIH,
a Taloke Ha TPAHCIOPTHEIE OOBEKTHI HE JOMycKaeTcs. [Ipi pasMemIeHNH IPYHTOBBIX
TEIUTIOOOMEHHUKOB B YKa3aHHBIX 30HAX TPeOyeTcs BBIONHATH NMOBEPOUHBIH pacdeT
TPYHTOBBIX TeII000MeHHHKOB Ipu padore I'TCT TONBKO HA M3BIEUCHHE TEILTA U3
TPyHTa, P 3TOM 3aMOPa’KMBAHHUE TPYHTA B Mpejeiax CXAMAECMOM TOIIIM W 30HEI
BITUSHUS Ha (DYHAAMEHTH M ONOPHI, MOJ3EMHEIC COOPYXKECHHSI M KOMMYHUKAIWH, &
TAKKE Ha TPAHCIIOPTHBIC OOBEKTHI HE JIOMYCKACTCS.

IIpu npuMeHEHH COBMEIEHHEIX KOHCTPYKLUH, BEITONHSIOMMX (PYHKIIHIO KaK

HECYIIUX 3JIEMCHTOB 3JaHWs WIN COOPYIKECHUS, TaK U TPYHTOBBIX TEIJI000OMEHHHKOB
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(TepmocBan), cienyeT BBINOMHATH IIPOBEPKY HX HECyHIeH CMOCOOHOCTH € YUETOM
M3MEHEHMS BJIKHOCTH IPUIETAOMIEr0 I'PYHTA BCJIEACTBIE MUArPALIMK TIOPOBOH BIaru
B CTOPOHY 30HbI TIOHM>KEHHBIX TEMIIEPATYP, BO3HUKAIOLIEH IPH M3BJICUEHUH TEIUIA U3
TpyHTA.

IIpy TMPOEKTHPOBAaHNH TI'PYHTOBHIX TEILIOOOMEHHUKOB CIEAYET TPH BEIOOpE
HCIIONIBb3yEMbIX MAaTEPUAIOB U H3AECIHA, a TAKOKE CIIOCOOO0B UX COCAMHEHHS YU ThIBATH
BHYTPCHHEE JaBJICHHEC B TPYHTOBEIX TEIUNIOOOMEHHUKAX, SBJAIONIEECS CyMMOMH
M30BITOYHOTO JABICHUS HA MOBEPXHOCTH U THAPOCTATHYECKOTO AABJICHUS,
BOZHUKAIOIIETO0 NOJ JACHCTBHEM TIpaBUTAlUHU. IIpH OIpEAENeHUd 3HAUCHUS
THAPOCTATHYECKOTO JABJICHUS CICAYET YUYUTHIBaTh IUIOTHOCTH HCIOJB3YEMOT0O
TEIUIOHOCUTEILSL.

9.3.2 Tunbl TEPMOCKBAKHH

HawuGomnee pacnpoCTpaHEHHBIMH SBJIOTCSA CIIEAYIOIMME KOHCTPYKTUBHBIC
CXEMBI BEPTHKAITBHBIX TPYHTOBBIX TEIUIOOOMEHHUKOB (PUCYHOK 9.1):

- KOaKCHaJIbHbIE — BHYTPH 00CaHOI TPyOBI COOCHO pacrioyiaracTcs mnoJaromas
TEIUIOHOCHUTENL TPYOa, a MOTOK TEMJIOHOCUTENS, BO3BPAILAIOIIUICS O MEXTPYOHOMY
3a30py, HAXOMUTCS B COCTOSIHMH TEIUIOOOMEHA C IPYHTOM 4Yepe3 CTEHKY 0OCamHOil
TpyOBI,

- U-06pa3Hble — 10 OAHOH BETBU TCILIOHOCUTENb HOJAETCI BHHU3, 4 IO APYroii
BO3BpaIIAeTcs 00paTHO; IPU 3TOM TEILIOOOMEH C TPYHTOM IPOHCXOIMT 110 BCel AUHE
Tpy0. M3-3a MEHBUIMX OWaMeTpoB TpyO (OpW TOM K€ AUAMETPe CKBAKHHEI)
HOBEPXHOCTH TEIIO0OMEHA IOJy4acTCs CYHIECTBEHHO MEHBLIE, YeM B MPEABLIYILEM
BapuaHrte. [ KoMmeHcaruu 3Toro s¢dekxra nmpuMeHsOT ABokHbIE U-00pasHbie

TPYHTOBEIE TEIIIOOOMEHHUKH.
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Pucynox 9.1 — U-o6pa3Has (@) M KOAKCHANBLHAS (§) KOHCTPYKIHH TEPMOCKBAKHH

KoarcuaneHulii mun mepmockeaicuH

XapakTepUCTUKONH KOAKCUAIBHOIO THINA TEPMOCKBAKHMH SBIIETCA TO, YTO
TEMJI000MEH MEKY JKHUAKOCTbIO M 3eMJIel MPOMCXOMUT MPU HANPaBJICHUH TIOTOKA B
kaHayie b0 BBepX, 1100 BHU3.

KoakcuanbsHas TepMOCKBaykiHA OOBITHO TIPUMEHSETCS B CITyH9ae HEY CTOMINBO#M
CTCHKH CKBOKHHBI WM K3-32 TCOXMMHYECKMX MpPOONEM, OJHAKO OHAa MOXKET
WCIOJIB30BATBCA U 1O APYTUM OCHOBAHWSM. 3aMKHYTHIH KOJIBIIEBO KaHall 00pa3oBaH
IIOCPEACTBOM 00CaJKM CKBaKMHBI HEMPOHHUIIAEMBIM MarepuanoMm. M3-3a BBHICOKOTO
TEIJIOBOTO CONPOTHBIICHHS 3AIIOJIHAIOIIEr0 MAaTEPUAd, PACHOIATAOIETOCT MEXKILY
HapykHOH TpyOOH M CTEHKOW CTBOJIA CKB@KHHBI, WM3MEPEHHOE TEIUIOBOE
CONPOTHBJICHHE TAKMX KOHCTPYKLMI NPUOIM3UTEIBHO COOTBETCTBYET 3HAYECHUSIM
TEIUIOBOIO CONPOTUBIICHHUS Goyee MpocThIX OJMHOYHBIX U-06pasHbix Tpy6. OmHaKo
HCIIONIb30BAHHE BEPTHKAIBHONH KOAKCHAIBHOM TpPyObl B IIyOOKHX TJIMHHUCTBIX
00pa3oBaHUAX MMEET JOMOJHUTENHHOS TPEHMYIIECTBO, TaK KakK TJIHHA BOKPYT
Hapy>XHOH TPyOBl B OONBIIMHCTBE CIy4YaeB TOCTETICHHO BXOAWT B KOHTaKT C

MOBEPXHOCTBIO TPYObI, M HET HEOOXOIMMOCTH B 3aMONHSIONIEM MaTepHaJe.
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OpuHouHast U-06pasHast Tpy6a cpacrnopkamu
TennoBble XapaKTEPUCTUKN OfMHOYHON U-06pasHoii Tpy6bl MOBbILIAKOTCS,
Korga TpyGbl pacronoxeHsbl 6/IM3KO K CTEHKe CTBOMIA CKBXWHBI. ITO MOXET BbITh

OOCTUTHYTO 3a CYET NCNO/Ib30BaHNA Pacrnopok.

[BoiiHble U-o6pasHbie Tpy6bl

[JBoiHas U-o6pasHas Tpy6a (prcyHOK 9.2) No CpaBHEHWIO C OfUHapHbIMK U-
06pasHbIMK Tpy6aMK MMeeT 60nbLUY0 3PDEKTUBHYIO NNoLaab Tenaonepeaaym, npu
3TOM BAWSIHWE OTHOCWUTENbHO 6O/bLIOr0 TENIOBOrO COMPOTUBAEHWUS MAaCTUKOBbLIX
Tpy6 yMeHblUaeTCs. YMeHbLUAeTCs BAUSHWE KOHBEKTUBHOIO  Ko3adduumeHTa
Tena00TAaum, YTO NO3BONSET CHU3NTb CKOPOCTL MOTOKA MPU PacyeTHbIX Harpyskax u

obecneunTb HEKOTOPOE CHMXXEeHMEe NOoTepb AaB/IEHNA B Tenno006MeHHMKe.

PucyHok 9.2- [iBoiiHaa U-o6pa3Has Tpyba ¢ pacnopkamu

AKTUBHble U-06pasHble TepMOCKBaXKMHbI

AKTVBHbIE TEPMOCKBaXWHbI MPeAyCMaTPVUBAOT BO3MOXHOCTb YB/IOKHEHUS
MPUErarLLero rpyHTa B Lensx YBefMUYeHUs ero TennonpoBogHocTM. OcyLecTBss
YBAXXHEHUE TPYHTA, BO3MOXHO B HEKOTOPbIX Npefesax yrnpaBisiTh UHTEHCUBHOCTbO

Tenaockema 1 TeNI00TAAYMN B FPYHTE.
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[ns  peanusauuMy  OMMCAHHOTO MPUHUMNA B KOHCTPYKLWWM — aKTUBHOM
TEPMOCKBaXWHbI  MpeaycMaTpuBaeTcs  [OMOMHUTENbHAas Tpy6a -  CMYTHUK,
nepghoprpoBaHHas ¢ OMpefesieHHbIM LaroM Mo [JIHe, M0 KOTOPO B CKBaXWHY
NOAAeTCs BOAA ANS YBNKHEHNS.

OG6LWii BUA aKTUBHOM TEPMOCKBXWHBI MPeACTaBeH Ha pucyHke 9.3.

MPUHLUMN  aKTUBHOTO BO3AEWCTBMS HA BAAKHOCTb TFPYHTA MOXET 6biTh
peann3oBaH He TOMbKO B BEPTUKA/bHbIX KOHCTPYKLMSIX, HO W B FOPU30HTaNbHbIX

TPYHTOBBIX TEMI006MEHHMKAX.

PucyHok 9.3 - AKTUBHaa TepMockBaxkmHa na FTCT (no ueHTpy - Tpyba nogayun Bogbl Ans

YBNAXKHEHUsI FPyHTA)

Pacrnono>keHue Tpy6 B CKBa>KNHE

TepMuueckoe COMPOTUBNEHUE CKBaXMHbI 3aBUCUT OT MOMOXEHWs BeTBeil U-
06pa3HOro Tennoo6MeHHMKA B CKBaXXKMHE 1 BO3PACTAET C YBE/MUYEHVEM PACCTOSHUS
MeXZy Tpy6amm 1 CTEHKOI CTBOMA CKBXMHBI. Ha pucyHKe 9.4 npefcTaBieHa oLeHKa
TEPMUYECKOrO CONPOTUBAEHUS TUMNYHON OAMHOYHOI U-06pasHoii Tpy6bl Ans Tpex

PasnnyHbIX NOJSIOXKEHWNIA BETBEN 1 TennonpoBoAHOCTU 3an0IHUTENA.
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MpuBeaeHbl TpY pa3nnyHble KOHQUIypaLuun: BeTBM COMPUKACAKOTCA B LEHTpe
oteepcTus (KoHpurypaums A), OAMHAKOBOE PaCCTOSAHWE MEXAY BETBAMU U MEXOY
BETBAMMW W CTEHKOIN CTBOMA CKBaXWHbI (KOH(Urypaunsa B) 1 kaxaas BeTka KacaeTcs
CTEHKM CTBOMIA CKB&XWHbI B  [AMAMETPa/IbHO  MPOTUBOMOMIOXKHBLIX — TOYKax
(KoHurypauus C).

KoHpurypaums A nMeeT camMOe BbICOKOE TepMUYECKOe COMpPOTUBIIEHUE U
ABNAETCA HauMeHee 3PMEKTUBHLIM MPOEKTHbIM pelueHvem. KoHdurypauma C
npefcTasnseT coboi oNTuManbHoe pasMeLLleHe BETBEN, HO ero HeBO3MOXHO JOCTUYb
no Bceli rNy6UHE CKBAXWHbI, €CA He WMCNONb30BaTb pasfenuTenn ans gukcaumu
paccTosHus Mexgy BeTBAMW. KoHurypaums B npegnonaraeT  pasyMHbll
KOMMPOMWUCC B  KOHCTPYKUWW, TMPUMEHUMbIA B 6O/bLIMHCTBE CUTyauuin 6e3

ncnonb3oBaHUA pasaen nTene.

PucyHok 9.4 - Tepmunyeckoe cONpoTUB/IEHME CKBaXXWHbI, K’M/BT ans ogHoi U-obpasHoli
Tpy6bl B 3aBMCUMOCTW OT TEMNI0NPOBOAHOCTU MaTepuana-sanonHuTens, Bt/m-K, gnsa tpex

pasnnuYHbIX NONoXeHWI BeTBen U-06pasHoii Tpy6bl npu TypbyneHTHOM noToke (Re ~ 3000)

PucyHok 9.4 TakkKe WNNHOCTPUPYET  MPEUMYLLECTBO  UCMO/b30BaHWS
TENnJIONPOBOAHOIO 3anofIHATENA C KO3PPUUMEHTOM TensonposBogHocTn 1,5-2,0
BT1/(M-K) BMecTO cTaHAapTHbIX BEHTOHWUTOBLIX 3aNOAHWUTENEN (TeMI0NPOBOLHOCTL -
0,7-0,8 B1/(m-K)).
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9.3.3 3anoHMTENb CKBAKHHBI

B BepTHKANBHBIX CKBAKUHAX OOBIYHO HPUMEHSIOT CHELHATBHBINH MaTeprat s
3aM0JHEHUs MPOCTPAHCTBAa MEXKAY TPyOaMM M CTCHKOM CTBOJA CKBAKHMHEI, B TOM
YHCIIE B LENAX MOBLIIEHHUS TEMJIOBOTO KOHTAKTa ¢ OKPYIKAIOIUM FPYHTOM. JIpyrum
BKHBIM MOMEHTOM SIBJIIETCA TEPMETH3AIMs CKBAKUHBL Ul OrPaHUYCHUS
BEPTUKAJIBHOIO IEPETOKA I'PYHTOBOH BOABI BAOJIb CTBOJA CKBAKUHBI, TaK KaK JTO
MOJKET BBI3BATh HEXKETIATEIIbHBIE IKOIOTHUECKHE MTOCIICICTBUSL.

JUid 3TUX uenedl UCMONB3YIOT CHELUAIBHBIE CMECH, WMEIOLIME AAre3HI0 K
CTEHKE CTBOJIA CKBAKUHEI U Tpy6aM. OHU JOJDKHEI OBITH TEXHOJIOTUYHBI U JOMYCKAaTh
MEPEKAYUBAHUE B ITPOLECCE YCTAHOBKH, MMETh HEOONBIIYIO YCaAKy B ITpoHecce
orBepkacHUS. IIpu CHIBHOH ycagke MOIYT MOSBHTBCA TPEIOWHBL M IIOJIOCTH,
CITy>Kallye My TSIMA MATPAIIH >KHAKOCTH. OOBIYHBIE PaCTBOPEL, TAKUE Kak OCHTOHHT,
Kak MPaBWJIO, MMEIOT HU3KYIO TEIUIONPOBOJHOCTD. TEMIOMPOBOJHOCTE HEKOTOPBIX
PacTpOCTPaHEHHBIX IIOMOMPOBOYHBIX MAaTCPHAIOB-3ANONHUTENCH INPUBCICHA B

Tabmme 9.1.

Tabnmua 9.1 — TemwionpoBoAHOCTh CKBAKAHHBIX IIOMOHPOBOYHBIX

MaTepHaios, Br/m-K

Marepuan TemnonpoBoaaOCTH, BT/(M-K)
Tlecox, rpasuii — cyxoit 0,4
Bopaa (cTosuasn) 0,6
Bentonur 10 %, Boga 0,7
Benronut/meMent/mecok, 9 %/9 %/20 %, Bona 0,7-0,8
Ilecok, MOKpbIii 1,0
Bentonut 10 %, 3aMOpOKEHHBII 14
BenTonut/KBapieBkiii necok, 12 %/50 %, Boga 1,5
I"paBuii, HachIIICHHBIH BOOO# 1,8
Jlen 2.3
Llement/mecok, 27 %/58 %, Boaa 24
KeapiieBsiil IeCOK, HACKIIEHHBIH BOJO 24-27
LemenTHO-TpaduTOBast cMech 2,0
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Bo u3bexxanne 06pa3oBaHus IyCTOT PacTBOP MPEANMOYTHTENBHO 3aKAUNBATH B
CTBOJI CKB@KWHBI ITOJ] NABIICHHEM Hepe3 MHIKCKLUHOHHYIO0 TpyOy IOCIE NPOMBIBKH
IIPOKAYKOH BOBI MU APYToil OYPOBOH KHUAKOCTH.

3anoMHUTENs C BBICOKOM TEIUIONPOBOAHOCTBIO 3HAYMTEIBHO CHEXKACT
TEPMHUIECKOE CONPOTHUBIICHHE CTBONA CKBAXKWHHL. B 00IMEeH CIOXKHOCTH DPasHOCTb
TEMIIEPATYP MEXAY TEIIOHOCHTENEM M HEBO3MYIUEHHBIM TI'PYHTOM 3aBHCHT OT
KOHCTPYKIMM TEPMOCKBKHAHBI M TEPMHYECKOTO COIPOTUBICHHS CAMOIr0O TPYHTA.
Haubospmiee BiIMsHME Ha COKpamieHWe TpeOyeMoH UIMHBL — [PYHTOBOIO
TEIULTIOOOMEHHNKA OKA3bIBACT IOBBIIIECHHUE TEMJIOMPOBOAHOCTA TpyHTA. Tam, rae
TEILTIONPOBOJHOCTH 3AIIOHUTENS U TPYHTa ONU3KH, AHaMETP CKBKHHBI HE ABIACTCS
OIPEAEIAIOMIM (AKTOPOM IS OIPENETCHIS pa3Mepa IPYHTOBOIO TEINI00OMEHHHKA.
Ecnay TemnompoBOJHOCTE TIPYHT@ BBINIE, YEM TEIUIONPOBOIHOCTEL 3alIOJHHUTEN,
GonpIIMi AMAMETP CKBKMHBI JACT OOJee BEICOKOE CYMMAapHOE TEPMHYECKOE
COTIPOTHBJICHIE CKBAKWHBI W TPYHTA. MEHBIIHE MO AHaMETPy CKBAKHHBI TPEOYIOT
MEHBIIIET0  KOJNMYECTBA PpACTBOPA 3alOJIHATENS M HMMEIT 0olee HU3KOE
conpoTusieHue. Takum oOpa3oM, 1MaMeTpP CKBAKUHBI BIUAET Ha SKOHOMHUKY IIPOEKTA
KaK C TOYKH 3pEHUS TIEPBOHAYANBHBIX BIOKEHUH], TAK U C TOUYKH 3PEHHS TOCIIE LY FOIIEH
OKCIUTYaTalliH.

Hmwxe npuBeaeHBl HEKOTOPblE MATEPHAIBI-3AMOJHUTENN C OMHCAHUEM HX
OCHOBHBIX IIPEUMYIIECTB U HEJAOCTATKOB.

Lemenmueie pacmeoput

IIperMyInecTBa: BBICOKAs BJIArONPOHULIAEMOCTD, JIETKO INEPEKAYMBAIOTCA H
CMEINMBAIOTCS, TOAXOMAT IS OONBIIMHCTBA THUIOB TE€OIOTHYECKOTO CTPOCHHH,
CBONCTBA KOTOPBIX MOTYT OBITh H3MEHEHBI JOCTYTHBIMU FOTOBBIMH J00ABKaMH.

Henocrarku: ycagka, OONroe BpeMs OTBEPXKACHUSA, BBICOKAas IUIOTHOCTH
NPHUBOAAT K OTEPE (POPMEL, BBIAETIAETCS TEIIOTA THAPATALMH, 3aBUCHMBI OT KA4eCTBA
BOJIBL.

benmonum

IMpenmymecTa: m00as BOJOIPOHMIIAEMOCTh B 3aBHCHMOCTH OT Pa3MEpOB

TBECPAOIr0 HAIOJIHUTECIIA, 663yca}:[0qHBII71 H CaMO3AJICUNBAIOIIMIACS B BOJJOHACHIIICHHOM

53



cpeme, He BRIEIACT TeEIUIa THApPATAIWM, HHW3Kas IUIOTHOCTh, HET BPEMCHH
OTBEPIKICHHUSI.

Henoctatku: mpexaeBpeMeHHOe HalyxaHue, motepst (GOpMBEI KaK CIIEACTBHE
BBICOKOH TMTOTHOCTH, BBEICOKAs BSI3KOCTB, TPYXHO 3aMeINMBarh, OOJbIIas ycaaka B
Cyxolf cpeme, CHIbHas UyBCTBHTENBHOCTh K JelicTBmio Mopo3a. Korma
BOJOHACHIIICHHBIH OCHTOHUT CHadajga 3aMep3acT W 3aTeM OTTaHMBaeT, TO BOJA
OTHESETCS OT CMECH, 3aMOPKMBAHHE OCHTOHHWTA NPH HHU3KON IMPOHHUIIAEMOCTH
CMECH C BEICOKMM COAEP)KaHMEM BOIBI MOKET TPUBECTH K JABICHHIO COKATHA HA
Tpybax 3a cueT 00bEMHOTO PaCIIMPEHHUs HA (Pa30BOM MEpPEexo/e BOAa—JIE N, YTO MOXKET
CKaTHeM MOBPEAUTH TPYOH! M TIPHBECTH K MPOTEUKAM.

9.3.4 CkopocTh MOTOKA TEMJIOHOCHTEJIsS

KoHBEKTUBHEI} TEMITO00MEH B TPYOe OT )KUAKOCTH K BHYTPEHHEN CTEHKE TPYOb
MOXKET OKA3BIBATH CYIICCTBEHHOE BIWAHHE HA TEPMHYECKOE COMPOTUBIICHUC
IPYHTOBEIX TEINIOOOMEHHHKOB B YCIOBHUSAX JIAMHHAPHOTO TIOTOKA, KOTAA OHO
COCTAaBNIAET OKOJO TIOJOBUHBL OT OOIIEr0 TEPMUYECKOTO  COIPOTHBICHWS
TEIUIOOOMEHHNKA.

Kpome Toro, mpu onpeaeiacHnd 3QHeKTHBHOTO TEPMIIECCKOTO CONPOTHBIICHHUS
CledyeT YUUTHIBATH BIMSHUE BHYTPEHHETO TEINIOOOMEHA MEXAY KaHATAMH
HHCXOJSIIET0 M BOCXOASIIEr0 IIOTOKOB (TEIUTOBOE KOPOTKOE 3aMBIKAHWIE), KOTOPOES
BO3pacTacT C YBEIMUYCHUEM [IyOMHBI CKBXMHLI U CHIDKEHHEM CKOPOCTH MOTOKA.
Ilpumep  cocTaBmOmMX  3(GEKTHBHOrO  TEPMHYECKOTO  COMPOTHUBIICHHS
TEPMOCKB2KMHBI B 3aBUCHMOCTH OT CKOPOCTH MOTOKA ITOKA3aH HA PUCYHKE 9.5.

Jlons TEIIOBOTO COTMPOTHBICHUS MaTepHaga TPYOB W KOHBEKTHBHOTO
TerooOMeHa BHYTpU TPyObl HEBENMUKa. Bknaa conmpoTHBIECHUS MaTepuaia TpyObl B
of1Iee TepMHIECKOE COTIPOTHBIICHUE CKBXXWHEI BETIMK TS OHOM U-00pa3Hoit TpyOs!

13 NOJIMATIUIEHA, HO OOBIYHO YMEHBIIAETCS C POCTOM YUCia TPYO B CKBAKHHE.

54



MpumeyaHmne - Ha HacTofILLEM PUCYHKe PacCMOTPEHa CKBaXWHa raybuHoin 100 m n
anametpom 0,14 m, cHabXeHHYto ofHol U-06pa3Hoil Tpy6oii, COCTOsALLE M3 NONNITUIEHOBLIX TPYO
anametpom 40 MM ¥ 3anonHWUTens TennonpoBogHocTbio 2,0 BT/(MK). TennoHocutens - 28 %
pacTBop 3aTtaHos-Boga npu 0 °C.

PucyHok 9.5 - KOMNOHEHTbI TEPMUYECKOr0 CONPOTUBMEHUS CKBaXXMHbI, K*M/BT, 4nsa ogHoM

U-o06pasHoii Tpy6bl B 3aBMCMMOCTU OT CKOPOCTW MOTOKa TensioHocuTens, n/c.

TepMnyeckoe COMPOTUBNEHNE CKBaXWHblI BO3pacTaeT C YMeHbLUEHUEM
CKOPOCTM MOTOKa 3a CYeT JIaMUHAPHOIO TEYEHMSt U C YBEMYEHUEM TEMIOBOrO
KOPOTKOTO 3aMblKaHWUs MEXAY HUCXOAAWMM W BOCXOAAWMM noTokamu. [Mpu
3aflaHHO WMHTEHCMBHOCTM O0TBOAA Tenna 3TOT 3(PQeKT CHUXKAET TeMmnepaTypy
NCTOYHMKA M KO3h(MLUMEHT npeobpa3oBaHUs Tenno0BOro Hacoca. bonee BbiCOKMe
CKOPOCTM NOTOKA NOBbILWAOT 3(h(heKTUBHOCTb TENONEPEAAYMN, HO 3TO NPEUMYLLECTBO
C ONpesiesIeHHOro MOMeHTa HUBENMPYETCS 60/1ee BbICOKUM MOTPE6NEHNEM SHEPTUN HA
NpvBOA  UMPKYNALUMOHHOTO  Hacoca,  Tpebyemas  MOLLHOCTb  KOTOPOro
MPOMNOpLMOHaNbHa TPeTbel CTEMEHN CKOPOCTM NOTOKa.

Mepenag AaBneHUs Ha ofHoil U-o06pasHoii Tpybe Ans NpWBELEHHOrO Bbille

npumMepa (CM. pUcyHoK 9.5) npuBefeH Ha pucyHke 9.6.
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0o 01 0,2 0,3 0,4 05 0,6 0,7 0,8 0,9 1
CKOpOCTb NoTOKa, N/c

MpnmMmeyvaHmne - Ha HacTOALLEM PUCYHKE PacCMOTPeHa CKBaXMHa rnyouHoi 100 m ¢
0fHON U-06pasHoii Tpyboi, cocTosAwas W3 MNOAUITUNEHOBLIX Tpy6 AuvameTpom 40 Mwm.
TennoHocutens - 28 % pacTtsop staHon-soga npu 0 °C.

PucyHok 9.6- 3aBMCMMOCTb MafeHus aasneHuns (KMa) B rpyHTOBOM Ten/1006MeHHMKe

OT CKOPOCTM MOTOKa Xugkoctn (n/c).

[ns vHTeHCMMKaumMm Ten1i006MeHa PeKOMEHAYEeTCS MpU NPOeKTUPOBaHWM
obecneunTb 3Ha4YeHWe yncna PeiHonbAaca B npegenax 2500-3000 (pucyHok 9.7), uTo
obecrieunBaeT GanaHC MeXay 3(MEKTUBHOCTLIO TEM0BOIO Hacoca U Pacxofom

3HEPruM Ha NPVBOL LMPKYNALMOHHbIX HACOCOB.

CKopocTb NOTOKa, N1/c

PucyHoK 9.7- 3aBUCUMOCTb R e OT CKOPOCTU MOTOKA XXMUAKOCTU, N/c B 25 MM, 32 MM U1 40 MM

NoAM3TUNEHOBLIX TPy6ax; TennoHocuTeNb - 28 % pacTBop aTaHon-Boga npu 0 °C (30Ha CR e
2500-3000 BblgesieHa CUHUM LBETOM)
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9.3.5 OnpeaesieHHe IKBABAJICHTHO#H TEIJIONPOBOIHOCTH IPYHTA

IIpu BHIMOJHEHWM TEMJOBBIX PACUYETOB TPYHTOBHIX TEIIOOOMEHHHKOB
HEOOXOQUMO YYMTHIBATh H3MEHEHHMS (Da30BOTO COCTOSHHSA IOPOBOM  Bar,
coAepXKaIlelicss B TPYHTE, T. K. BIMSHUE JTHX MPONECCOB OKA3BIBAETCA BEChMa
CYIICCTBEHHBIM W MOKET B 3HAUHTENBHON Mepe BIMATE HA CyMMAapHYIO
HPOTSHKCHHOCTD T'PYHTOBBIX TEIUIOOOMCHHHKOB M Ha SKOHOMHUYECKHE MapaMeTphl
[IPOEKTa.

MopenipoBaHie M pacyeT TEMIOOOMEHHBIX MPOMECCOB TaKOM  CIIOKHO#M
CHCTEMBI KaK IPYHTOBBII MACCHB IIPEICTARIAET COOO0li BECbMa HEMPOCTY O 33134y, TaK
Kak B CTPOroii MOCTaHOBKE TPEOYET yueTa M KOPPEKTHOTO MATEMATHUECKOTO OTUCAHMS
MHOKECTBA MEXAHH3MOB HX OCYIIECTBICHUS:

- TETIOTIPOBOAHOCTH BHYTPH OTHEITBHOM YaCTHIIEL,

- TEIUIONEpeaaud OT OJHOM YacTUIBI K APYroil P UX KOHTAKTE,

- TIepe/lavn TeIUla B Cpefie, 3aoNHAIOLIEi TPOCTPAHCTBO MEK/LY JaCTHIIAMME,

- JBIDKEHUS [Iapa W BIIATH, COOCPKAIMXCA B MOPOBOM TIPOCTPAHCTBE;

- U3MEHEHUsI ~ arperarHoro  COCTOSHAS ~ TOpPOBOM  BIarm ¢
BBIICIICHAEM/TIOTIIOMIEHNEM CKPBITOH TEINTOTH (ha30BOTO MEpexoa.

W3menenue ($Ha3oBOro COCTOSHHUA MOPOBOH BJIArd B FPyHTE B OOMIEM CIlydae
MMEET ABa CICACTBUS!

1) mpum nepemermenuy rpanuubl ¢a3z BeLAENIETCS (MO0 TOTJIOIIACTCS) CKPBITAs

TemoTa (Ga3oBoro mepexona;

2) IpH 3TOM U3MEHSIOTCS TEMNO(PU3NUECKIE TAPAMETPEI TPYHTA.

IIpu 3aMopaxuBaHMM TpyHTa OOBEMHYH TEIIOTY (Ha30BOr0 MEpEXoaa

BO3MOJKHO OTIPENIETHTD 1o Gopmyne
Lyv=mop, ©.1)
rae Ly— o0beMBas Tennora (azoeoro nepexoaa, Br-a/m>;

m — NOPUCTOCTh T'PYHTA, AOJH €1,

o — TemyioTa (ha3oBoro nepexoa (KPUCTaLIM3auK ) BO/bl, paBHast 93 BT-u/kr;

P — INIOTHOCTH BOMBL/JIBIA, KI/M>,
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[pu 3amep3aHuy MOPOBOM BJATH P TPUHUMAKOT paBHOM 920 kr/m>, a mpu
orrauBaniu — 1000 kr/m>.

BenmuunHy 3KBUBAJICHTHOHW TEIUIONPOBOJHOCTH, YYMTHIBAKOIICH BIIMSHUE
nporeccoB  (ha30BBIX  MEPEXOAOB MOPOBOH  BjarM Ha  TEWIO(H3HYECKUE
XapPaKTEPUCTUKH TIPYHTA, ONPEACIAOT W3 PACCMOTPEHMS 3aa4M SKCIUTyaraluuu
I'PYHTOBOIO TEIJIOOOMEHHUKA, PACUETHAS CXEMA KOTOPOTO MPEJICTARICHA HA PUCYHKE
9.8, rne paccMarpuBacTCs HEOTPAHWYCHHBIM MAaCCHB TPYHTa € LAJIMHIPUYCCKOM
nos1ocThio. I1py 3TOM B nponecce paboThl FPYHTOBOTO TEIUIOOOMEHHHMKA TIPOUCXOIUT

(ha3oBblii mepexos MOPOBOI BIArk, KOTOpas B JAHHOM CITy4ac 3aMep3aer.

Ry — rpanuia npomMep3aHus rpyHTa, M;

gst — TUIOTHOCTb TEIUIOBOTO MOTOKA, MNPHBEICHHA K €AWHHLE [UIMHBI TPYHTOBOrO
TermnoobMeHHrKa, B1/Mm;

Ip — TEMIIepaTypa Ha MOBEPXHOCTH LMIMHAPHYIECKOii nonocti, °C;

1o — TeMIiepaTypa KpUCTaJUTH3aLKH HOpoBoi Biiary, £ =0 °C,

r — TemmepaTypa IpyHTa Ha OECKOHEYHOM YAACHHM OT LHIMHAPHYECKOTO TPYHTOBOTO
TeII00OMEHHHUKaA (€CTECTBEHHAs! HEBO3MYy LLIEHHasl TeMIleparypa rpyHra), ° C,

Ro — paguyc rpyHTOBOTO TeMI00OMEHHNKA, M

Pucynox 9.8 — PacueTHasi cxemMa 3aJa4H 3KCILIYATAIIHH IPYHTOBOIO TEMI000MEHHHKA

YpaBHEHHE TEIIOBOro Oananca 11 pacCMaTpUBAEMOTO CITy4asi 3alMChIBAIOT B

dopme
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G = gt gn, 9.2)
L€ gt — IPUBEACHHEI K | M JJIMHBI TEIIOBOM IOTOK K TPYHTOBOMY TEITIOOOMEHHUKY,
Br/Mm;

st — IPUBEACHHBIM TEIIOBOM MOTOK U3 HE3aMEP3ILEro IpyHTa, Br/Mm;

@i — IPHBEACHHEIH TETUTOBOH MOTOK, 00pa3yoIHiica B PE3YJIbTaTe BEIACICHHS
CKPBITOM TEMIOTH (pa30BOro Nepexo/a MoPoBoi BIary B 3aMep3atoIieM IpyHTe, B1/M.

AHAITOTHYHBIM 00pa30M BBEIBOJIST BHIPAKEHUE VTS HAXOKICHHUS SKBUBAICHTHOU
TEIUIONPOBOIHOCTH TPYHTA:

helv = Ag + A, (9.3)
T1€ Ackv — OKBHBAJICHTHAS TETUTOMPOBOJHOCTH TPYHTA, YUWTHIBAIOINAS BEIIEJICHHE
CKPBITO# TeIIOTH (ha30BOTO TEPexo 1a Py 3aMep3aHuy TopoBoit Biaru, Br/(m-°C);

Ag — TETUTOTIPOBOTHOCTE Mep3iIoro rpyHTa, BT/(M-°C);

Af — YCIOBHAA TEIUIONPOBOJHOCTE TPYHTA, OTBEUAIOMAS 33 MPOLECCH
BBIICTICHHUS/TIOTIIOMEHHS CKPBITOI TETTOTH (a3oBBIX TEPEXOIOB TTOPOBOI BIIATH,
Bt/(m-°C).

TToCKOTBKY TEIUIOMPOBOAHOCTE MEP3JIOTO TPYHTa B OOJBIIMHCTBE CIy4ach
MoxHo ompexesmte mo CIT 25.13330, pans  HaxokAaeHUs SKBUBAJICHTHOI
TEIIONPOBOJHOCTH, YUUTHIBAIOIIEH CKPHITYIO TEIUIOTY (ha30BBIX NMEPEXOAOB MOPOBOit
BJIarv, HEOOXOANMO BEIYHCITHTE Ag IO lopmyIie

M= [Lv & (R — Ro*)2 7 t(to — 1) Jin (Ri/Ry), .4
TJIe T — BPeMs, 9, 32 KOTOPOE 3aMep3acT TPYHT B PagHyce Ry, a caM paanyc Ri MOXET
ObITh OMpPEENEeH MyTEM MUTEPALMA.

OKBHBaJIEHTHAS TEIUIONPOBOJHOCTH TPYHTA OUYEHBb CJIab0 3aBUCHUT OT MEpHOAa
U3BJICYCHHUs TEIUIOTHl W3 TPYHTA M HE3HAYMTENIBHO CHIDKAETCS C POCTOM €ro
TOPOAOJDKUTETIFHOCTH.  AHAJIOTMYHO M C  TEMIEPATypoif:  SKBHUBAJIEHTHAS
TETITOMPOBOAHOCTh I'PYHTA HE3HAYUTENHLHO MEHSETCS C M3MEHEHHEM TeMIEpaTyphl
TEIUIOHOCHTENS, TIPHYEM HYeM HIDKE TEMIEparypa TEIUIOHOCHTEINS, TeM HIDKE U
SKBUBAJIEHTHAS TEIUIONPOBOAHOCT IPYHTA.

OKBUBJICHTHYIO TEMJIONPOBOAHOCTh TPYHTA CIIEAYET WCIOIb30BAaTh IPU

pacueTe TEMNOTCXHHYCCKNX XapaAKTCPUCTUK IPYHTOBBIX TEIMTIOOOMCHHHUKOB IpH YUCTC
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(hazoBBIX MEPEXOA0B IOPOBOH BIIAr B IPYHTE.

[TockonbKy npy BbINOJHEHUH WH)KEHEPHBIX PacueTOB 3aTPYAHUTENBHO YUECTh
BCE (PAKTOPEI, BIMAFOMINE HA TEIUIOBOE MOBEACHHE TPYHTOBHIX TEIUIOOOMEHHMKOB,
clienyeT NpUMEHATh NpodUIbHOE TPOrpaMMHOE 0OeCTICUCHHE, VINTHIBAOIIEE, B TOM
YUCIIE, U YYACTHE CKPBITON TEMIOTHI (pa30BEIX TIEPEXOI0B TIOPOBO# BIIArH B TPYHTE HA
TEMJIOTEXHUYECKUE XapaKTEPUCTUKH IPYHTOBBIX TEMNIOOOMEHHHUKOB. [IprMep pacuera
KOHKDETHOI0 OO0BEKTa € IHOMOIIBI0 IIPOTPAMMHOIO KOMIUIEKCA OTEYECTBEHHOU
Pa3paboTKU NPUBEACH B MPUIOKEHUH A,

9.3.6 IupKyASIHHOHHBIE KOHTYPBI TPYHTOBOIO TEMJIOOOMEHHUKA

LMpKynSUMOHHBIE KOHTYPHI BBINIOJHSIOTCS B BHAE BHYTPUILIOIAJOYHBIX
cerel, OOBEAUHSAIOMMX B OOUH IMPKYJSUMOHHBIA  KOHTYP TI'PYHTOBBHIC
TEMIOOOMEHHUKH U coeuHsromux ux ¢ TTIL. B ciydae mpAMEHEHHUS B KaueCTBe
TEIUIOHOCUTENST BOBI TPYyOOIPOBOABI NMPOKNAABIBAIOT HA IIyOHHE HIDKE TITYOWHBI
CE30HHOr0 IIPOMEP3aHKs IPYHTA.

IIpu 3HAYUTENBEHOM KOIMYECTBE IPYHTOBBIX TEMIOOOMEHHHKOB PEKOMEH Ty €TCSI
00BeMHATE TOCHEHAE B OJOKHA € BBIBOJIOM TPYOONPOBOMOB B MPOMEKYTOUYHBIE
KOJUIEKTOPHBIE KOJIOJUBI, OCHAIIEHHBIE paclpelNesMTeNbHBIMA KOJJIEKTOpAaMA U
3aIIOPHON apMary poi.

Bo BHYTpUILIOIAAOUHBIX TPyOONpOBOAaX, OCOOEHHO IPOKIIAIBIBAEMBIX
OeckaHanbHO B IPyHTE, BO M30e)KaHME YTeYEK TETJIOHOCHTENS HE JOMYyCKAeTCs

MPUMCHCHUC Pa3bCMHBIX COCTMHCHUIA.

9.3.7 Ten/10HACOCHBIIi TENIOBOI IyHKT

Bo muorom (TTII) ananoruueH OOBLIYHOMY TETJIOBOMY MYHKTY 3/aHMs, HO
KpoMme oObIYHOTr0o 000py0BaHUS OH COJMEPXKUT TH, TEXHONOrHYECKH aHAJIOTHYHEIE
XOJIOAUIILHBIM MALIUHAM CHCTEM KOHIMLIMOHUPOBAHHS.

IIpn nmpoextuposanun TTII cnenyer npegycMarpuBars:

- PalMOHATBHYIO TJIAHMPOBKY OOODYIOBAHMS B IENISIX COKPAICHHS JTHHBI
LUPKYIALIAOHHBIX TPYOOHNPOBOAOB IpH OOecmedeHHn yAoOHOTO J0CTyma K

OCHOBHOMY 000PYIOBaHHIO U HJIEMEHTAM CHCTEMBI,
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- 3 (heKTUBHYO TEIUIOBYIO H30JIAIHIO TPYOOPOBOIOB B apMAaTypHI,

- IIyMO- U BUOPOU3OJIALII0 000PYAOBAHUS,

- MPUHYAMTEJIbHYIO BCHTHIAIMIO B COOTBETCTBHH C TpPeOOBaHWSIMM K
MOMETIEHUSAM JUTS XJIANOHOBBIX XONOMMIBEHBIX MallWH;

- THAPOM30JIALHIO BBOA BHY TPHILIOIIAJOYHBIX TPYOOIIPOBOOB.

ITpw poeKTHPOBaHNM PEKOMEHIYETCS PyKOBOACTBOBATHCA [21].

9.4 TexHHKO-3KOHOMHYECKHIi pacuer

Texanko-sxkoHOMIYeckue nokazatenu ['TCT onpenensrorcest JOTMOIHUTENBHBIMU
(0 CpaBHEHHWIO C 3aMELIAEMBIM BAapUAHTOM TEIJIOCHAGKEHUS) KaNUTATBHBIMA
3atparaMid Kir ¥ CHIDKEHMEM SKCIUTyaTallMOHHBIX 3arpar Ha TEMIOCHAO)KEHHE
noTpeduTeNnei TemmoBoit SHeprud Or.

Croumocts Kiwer ycTpoiicta I'TCT onpemenseTcsi BHINOIHACMBIM B COCTaBe
MPOEKTA CMETHBIM pPacdeTOM B COOTBETCTBMM C TPEOOBAHMAMH HOPMATHBHBIX
JOKYMEHTOB. CTOMMOCTB 3aMemaeMoii (6a30Boif) cHCTeMBl TernmocHaOkeHus (|
CHCTEMBI XJIaTOCHAOKEHHS, €CIA OHA MPEIYCMOTPEHA MPOEKTOM) OMpPEALIISIETCs M0
0000IIEHHBIM TOKA3ATEISAM.

B KamWTalpHEIX 3arparax ClIeoyeT Y4ecTh MOMOJHUTEIBHYIO I[UIaTy 3a
TEXHOJIOTHYECKOE IPHCOCIWHEHHE K DJIEKTPUYECKHMM CETSM Ui  OPHBOJA
obopynoBanus [ TCT.

IpuMedanue — B ciyyae ecnu NPOEKTOM NPeayCMOTPEHO KOHAMIIMOHMPOBAHUE BO3MYXa

W XJ'Ia,ElOCHaG)KeHHe, CICAYEeT y4CCTh CHHIKCHHME IIATHI 3a IMPUCOCIMHEHHYIO 3JIEKTPHYECKYIO

MOITHOCTDb 3aMe€Iae€MOro XO0J0aujIbHOTO 060py):[013aH11;1.
JIOTIOTHUTENBHbIE KAUTAALHBIE 3aTPATHI IIPH 3aMEIEHHH OOBIMHONW CHCTEMEI
TEIUIOCHAGKEHHST MOYKHO OIICHUTH 110 (hopMyIte
Krrer = (Krrer + C*rrer) — (Kser + CPaer), 9.5)
rae K, — kamuraneeie 3aTparsl B I TCT mo cmetromy pacuery, pyo.;
C®rrer — NOTONMHUTENBHAS TUTATA 32 [PUCOCIMHEHHE K 3JIEKTPOCETAM Ha
mpuBoa obopynosanus I'TCT, py6.;
Kser — CTOMMOCTE 3aMEIIACMOH CHCTEMBI TETIOCHAGIKEHHS, ONIPeAcIEHHAs

110 0GOOIMIEHHBIM TTOKA3aTENSIM, Pyo.;
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C™3cr — CTOHMOCTb HPHCOCAMHCHHA K BHEIIHAM HCTOYHHKAM SHEPIUU
3amenaeMoii (6a30B0it) CHCTEMBI TETUIOCHAGKEH)S, PYO.

Ecnu npoekToM IpenycMOTpEHa CHCTeMa KOHAWLMOHWPOBAHMA 3JaHHSA, TO
(opmyna nprobpeTaeT BII

Krrer = (Krrer + C*°rrer) — (Kser + C™ser + Kaex + CPsex), 9.6)
rae Ksex — KanWTanbHBIE 3aTpaThl HA 3aMELIAEMYI0 CHUCTEMY XJTaJOCHAOKCHWS,
OIpEICNICHHBIE 0 00OOIUIEHHBIM MOKa3aTeNsM, Pyo.;

C™3cx  — CTOMMOCTD MPHUCOSIMHEHHE K OJIEKTPOCETAM  3AMEIaEMOro

XOJIOAUIILHOTO 060py IOBaHHS, pyo.
OKOHOMHIO FOJOBBIX IKCILTYaTalIOHHBIX 3aTpaT D npH ucnojib3oBannu I TCT
ompeaensaeoT no gopmyne
3= 35— D5 — D — Dot .7
rae O, — rofoBas SKOHOMHS 3aTpaT Ha TEIDIOBYH) SHEPrHIO OT 3aMEIaeMOro
UCTOYHHKA, pyO./TOx;

35, — FOI0BBIE JONOIHUTENBHBIE 3aTPAThl HA HJIEKTPOIHEPTHUIO (TIPU HAJIMYKMH B
NPOEKTE KOHIUIMOHWPOBAHHS — 33 BEIUSTOM T'OJIOBHIX 3aTPAT Ha YIEKTPOIHEPTHIO VT
IIprBOJIa XoIoauIbHoro obopynosanus mo TOCT P 56503), py06./rox;

Oav — TOMOBBIE AMOPTH3AMOHHEIE OTUUCIICHUS OT CTOMMOCTH 000pYI0BaHUS
I'TCT, py6./rox;

Dos — TOMOBEIE 3aTPaThl HA 00C/Y)KMBAHUE U TEKYIIUA PEMOHT 000pYIOBaAHUS
I'TCT, py0./rox;, npuaIMaroTcs B pasmepe 2 % — 3 % oT KarmuTaiabHbIX 3aTpar K.

T'0/10BY 0 3KOHOMIIO 3aTPaT HA TEIUIOBYIO SHEPTHIO O, OMPENEISIOT IO hopMyIIe
Om= erTCT‘TTa, (9.8)
rne O'rer — TOHOBas BhipaboTka TemuoBoi sHeprun ' TCT, MBT 4 (onpenensercs B
coorserctBuu ¢ 'OCT P 54865),
Tts — yaenbHas cTouMocTh (WM Tapu() Ha TEIUIOBYIO YHEPTUIO OT 3aMEILAEMOro
HCTOYHMKA, py0./(MBT ).
JIOTIONTHNTENIBHEIE — 3aTpaThl  HAa  OJCKTPOSHEPrHI0 3., ThIC. pyO./rof,
pacxonyemyto Ha padoty I'TCT, onpenensror 0o GopMyie
O = Witer Too, (9.9)
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rae Ts — Tapu() Ha SNEKTPOIHEPTHUIO, THIC, py6/(MBT u);

Wier — TOAOBOM pacxol dIAEKTPO3Heprum Ha mpuBox obopynosanus ['TCT,
MBrT-4 (onpenensrot B cootBeTcTBHN ¢ [OCT P 54865).

Wusectunuonnyo d¢dextuBnocts ['TCT pexkoMEHIYETCs ONPEAcniTh Kak
MPOCTOH CPOK OKYNaeMOCTH 7o B Tojax JOIMOJHUTEIBHBIX KANWTAJIBHBIX 3aTpaT Mo
(bopmyne

To = Krrer/ O, (9.10)

PexoMeHAyeTCsl TaKoKe MPOBOAUTE OIEHKY 3KOHOMHYECKOH 3(dekTuBHOCTH C

yueToM auckoHTHpoBanus B coorBeTcTBHM ¢ [OCT P 56295 u TOCT P EH 15459.

10 MoHTaxHbIE padoThI

10.1 O0mue noJ10KeHust

MownTax ['TCT Bkirouaer Montak TTII u rpyHTOBOrO TerioooMeHHuka. Eciu
MoHTa TTTI BO MBOTOM aHAJIOTHYEH MOHTaXKY HHIUBUIYAJTBHOTO TEIIOBOTO MyHKTA
U IyHKTa LEHTPAJIBHOIO KOHAWIMOHMPOBAHHMA, TO MOHT&K TPYHTOBBIX
TEITO0OMEHHNKOB BO MHOTOM CHenMrdeH.

10.2 OcoGeHHOCTH YCTPOICTBA TPYHTOBBIX TENJIO0OMEHHHKOB

102.1 bByperue t1peOyeT BHICOKOKBAIM(UIMPOBAHHOIO IIEPCOHANA U
Joporocrosimiero obdopyaosanus. ITpu pa3paboTke mporpamMMbl OypeHUs clEayer
AenaTh pa3IuuMe MEXAy WHAABHAYAIBHEIMH OBITOBBIMH  T'€OTEpMATLHBIMH
MPOEKTAaMH MOIIHOCTEIO MeHee 20 kBT n kpynHeiMu mpoektamu oT 20 kBT.

Jlns mepBoro MokeT OBITh JOCTATOYHO OMBITA PabOTHl C PETHOHAIHHBIMH
OpTaHU3aALUSIMHU, IMEIOLIAMH OMBIT B HHTEPECYIOLLEH 001aCTH, HAMPUMEDP YCTPOHCTBO
BOJ03a00PHLIX CKBKWH. Takue OpraHuszaluu 3HAKOMBI C YCIOBHSAMU OYpeHHS,
PUCKaMH X HEOOXOAUMBIMH pa3peLleHUsIMU ISl paboThl B COOTBETCTBYIOLLEN 00MacTh
U, TaKKUM 00pa3oM, MOTyT CHaOAUTh MPOSKTUPOBLIMKOB HEOOX0AMMO# 1H(pOpMATTHEH.

J11 xpynHeIXx npoekroB oT 20 kBT B KadecTBe MNEPBOro Iiara IpoeKTa
PEKOMEHAYETCS BHITIONTHEHNE HAa CTAANHM WHKCHEPHBIX HM3BICKAHWH pPasBeIOUHOM

CKBAKHHEI, npo6ypeHH0171 TIOJT COOTBETCTBYIOMIUM TCOJOTHYCCKUM KOHTPOJIEM,
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TIO3BOJISIONIEN OMPEAEITUTE JUTOJNIOTHI0, CKOPOCTh MPOXOAKH, HAIMYME BOJOHOCHBIX
TOPW30HTOB, TIOJIO)KEHHE YPOBHS [PYHTOBBIX BOA, KOIQQUIMEHT TEKyyecTu
TPYHTOBO#M BOJBI, a TAKXKE NaTh JIOOYIO APYTyi0 HHMOPMALHIO, HEOOXOAUMYIO ISt
BBIOOpA HAWITyIIcH mpOTrpaMMbl OYPEHUS U JUIS OLIEHKHU 3aTpar.

Takyl0 CKBOXHHY Le/ecOOOpPa3HO COBMECTHTH C TEILIOTCXHUYECKUMHU
ACTBITAHUSMH IO OMPENETIEHHIO TETUIOBBIX XapaKTEPUCTUK IPYHTOBOIO MacCHBa, KaK
yKkazaHo B 7.3.2.

10.2.2 BypeHue CKBaXHH

MOHT@X rPyHTOBOTO TEIUIOOOMEHHUKA M TAMIIOHAK CKBOKHHBI HMEIOT TaKOE
JKE BKHOC 3HAYCHUE IS 3aBEpILCHUS MpoekTa W Oymymeil padoThl CHCTEMBI, Kak
camo OypeHue Wi NOAKTIOYEHHUE TEPMOCKBAXKUHEI K TEIJIOBOMY HAcCOCY.

IIpw BBITONHEHUH PaboOT HEOOXOJMMO MMETh B BHIAY CICAYIOLINE KIIIOYEBbIC
MOMEHTBL:

a) CKBOKWHA JO/DKHA OBITH OTKPHITA, MOKA HE 3aKOHYUTCA TamnoHax. Ecim
MPUMEHSIOT BCIIOMOTATENEHYI0 00CaKy, TO OHA MOXKET OBITh yIaJieHa TOJIBKO II0Cie
TaMIIOHAKA,

6) TpyOBl TEPMOCKBOKWH W3 TIONMMEPHBIX MATepUaIoB TPeOYIOT OYCHBb
OCTOPO>KHOTO 00paIeHHs TP TPAHCIIOPTUPOBAHMY, XPAHEHNH H MOHTAXKE;

B) TaMMOHaX TpeOyeT o0co00ro BHWUMAHUA. TpH OCHOBHBIE (DYHKLMH
3aMONHUTES:

1) ynioTHeHHE CKBRKHUHBI Ul TIPSIOTBPAILCHUS JIIOOBIX BEPTHUKAILHBIX

MEPETOKOB BOJBI BAOJIL TEPMOCKBKUHBI (3IUTA TPYHTOBBIX BOJ),
2) o0ecrieueHrE XOPOIIET0 TEMIOBOTO KOHTAKTA MEXKIY CTEHKAaMH TPYHTOBOTO
TermnooOMEHHHKA 1 OKPY>KaIOLIMM IPYHTOM (TEILIoBast (PyHKIuUS),
3)3ammTa Tpy0 TPYHTOBOTO  TEMJIOOOMEHHHKA OT  MEXaHHMYECKHX
MOBPEKACHAN,

r) OypoBble pPabOTHl BBITIOJHSIIOTCS OMBITHBIM  OYPHJIBLIMKOM, HO TOA
ABTOPCKUM HAJ30pOM IIPOEKTUPOBLIMKA.

PaznuualoT ABa OCHOBHBIX MeTOJa OypeHWs: YIApHBEI U BpAIATEIbHBIA, a

TaKKe KOMOMHHPOBAHHBIE METO/IBI, HATIPUMED, YAApHO-BpAIIATENbHbIA. BHeAPSIOTCS
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HOBBIE TEXHONIOTMH OYpeHWs, KOTOpHIE, HECMOTPS Ha CBOE TPOUCXOXKIECHHE OT
npedplIylIMX METOAOB, UMEIOT CBOM B@KHBIE OCOOCHHOCTU: 3BYKOBOE OypeHme,
TOPHU3OHTAJIBHO-HATPABIICHHOE OYPEHAE U T. JI.

Yoapnuwiii memoo

HanbGonee pactipocTpaHeHHBIM BapHaHTOM JUTS OYPEHHS B TBEPIBIX MOPOAAX U
CIIO>)KHOH MECTHOCTH SsBIIETCS YyAapHOe OypeHHME NONOTOM. YiapHoe Oypenue
J0JI0TOM OYEHb 9aCTO JOCTHTaeT CKOPOCTH OypeHHs, MIPEBOCXOAAIIEH 25 M/4, ipH
qvaMerpax Oypenust ot 127 mo 140 mMm. ['nyOuHa B OTAENBHBIX CITy9asdX MOMKET
npeBaImaTh 150 M.

ITo cBoei CyTH 3TOT METOA TPEACTABNSCT COOOM HANpPABJICHHBIH ITPOKOIL.
OnHako u3-3a OrPaHMYEHHOTO WCTIONB30BaHMS OoJiee MoapoOHO OH B HACTOSIIMX
METOIMIECKIX PEKOMEHAAMAX He paccMarphBaercs. CTOMT OTMETHTH TOJNBKO JBa
acIekTa:

- B HACTOfIIEE BpeMs JUIs TNPOKOJA MNPUMEHSIOT MPEABAPHTENIBHO
M3TOTOBJICHHBIE CBau (3ariyOsieHHbIE OCHOBaHHS (PYHIAMEHTa, MPOTAJKMBAEMEIE B
3eMII0 MyTEM TOBTOPHEIX YAApOB A0 TeX MOp, MOKa AalbHeHmmas mpoxoaxa Oyner
HPEACTABIATECS HEBO3MOXHOI), KOTOphle JMOO BKIIOYAOT B CeOs CHCTEMY
TemnooOMeHa, 00 HMEIOT MOMYI0 CEPAICBHHY IS PasMEIICHHsS BHYTPU Hee
LMPKYISILIMOHHOTO KOHTY A,

- B ONpPEAENCHHBIX CIy4asX YCTPOMCTBO TPYHTOBBIX TEMIOOOMECHHWKOB C
HCIOJb30BAHUEM TEXHOJIOTHMH HANIPABICHHOTO MPOKOJIA CTAaHOBHUTCA BCe Ooiee
a@¢pexTreHEIM. HampuMmep, 3TOT cnoco0 MoxeT ObITh KOHKYPEHTOCTIOCOOCH TP
MOHTaK€ KOAKCHAIBHBIX TEINTOOOMEHHUKOB B HEYIJIOTHEHHBIX TPYHTAX.

Bpawamenviierti Memoo

BONBIIMHCTBO BpAIMaTeBHEIX METOJOB WCIONB3YIOT B KauecTBE OYpPOBOrO
pacTBOpa B CTBOJIE CKBAKUHEL [VIMHY M NOAPA3ACIAIOTCS HA CHCTEMBI C MPAMOM HITH
00paTHO LMPKYIALKEl B 3aBUCHMOCTH OT HAIPABIICHHS TOTOKA OYPOBOr0 PacTBOPa:

- TIpu IpsAMOH IWMPKYIAOMH OYpoBOM pacTBOp 3aKauMBAeTCSA B OYpPUIBHYIO
TpyOy, oumimas THO OTBEPCTHS C MHOMOLUBKD COIUIA Ha KoHie Oypa. Illiam

BO3BpAIaeTCsd K MOBEPXHOCTH Hepe3 KOJBIEBOC MPOCTPAHCTBO MEKIY OYpOBOM
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CKBKIHO# 1 OyprITbHO# TpyOoii. BypoBoit maM HeceT 00IOMKH TTIOPOIbI K3 HUYKHEH
YacTH CKBKUHBL [IpsMas LUMPKYJALUS XOPOLIO MOAXOAWT IJISi CKBaKHH Majoro
Juamerpa, meHee 300 MM, a TakKe B INTOTHBIX MOPOJAX C MPeAesioM HPOYHOCTH TPH
cxxarum 10 150 MIla;

- B clly4ae oOpaTHOH UPKYJISIMKA PACTBOP 3aKaUUBAETCS BHU3 MO KONBIEBOMY
NPOCTPAHCTBY M BBIBOAUTCA OOpaTHO BBepX depe3 OypuwibHyI0 TpyOy. JlaeneHue
BHYTPH NOJIOCTH OypHIIBHOH TPyOBI IIOHMKAETCS, YTO MO3BOJIAET MEPEMEIATh IIjIaM
[0 HANPAaBJIEHUIO K OBEPXHOCTH, IIE OH OCAKAAETCS B OTCTOMHHKE. DTH CHCTEMBL
HCIIONIB3YIOT B CKBAKMHAX OO0JIBINOTO /iuamMeTpa, 6omnee 300 MM, U B PBIXJIBIX IIIACTAX.

B peixabix  oOpasoBaHMsSX —TpAMas UHPKYJISIAS  MOXET — OKa3aThes
HEBO3MOXKHOH, TaK KaK 3T0 IPUBOJUT K 00pa3oBaHUIO 00BanoB. YacTo mMpUHAMAIOT
pEIICHHE YCTAHOBHTH BPEMEHHYIO 00cafHyl0 TpyOy M 3aTeéM YMCHBUIUTh AUAMETP
CKB@KHMHBI (TEJIECKOMUYECKOE OypeHHE), OJHAKO 3TOT METOA MOKET YABOWTH
CTOMMOCTB OypeHMS.

OO6parHas LUPKYJALHS TAkOKe MOXET PEIHTH 3Ty MpoOieMy, HO moTpedyer
ropazgo Ooniphiero AuaMerpa OypeHHsA, M, KaKk MPaBWJIO, MPUTOTOBJICHHS
cnenManbHoro OypoBOro pactBopa. IIpM STOM YBENWYMBAIOT JUAMETP, 00BEM
OypwibHOTO areHTa W OYpOBOTO IUIaMa, U, CJIEJOBATENBHO, CTOMMOCTh CKBAyKHHBI
BO3PACTAET.

Yoapno-epawamenvrutii Memoo

Yoapno-epawyamenvnersi MeTol B HacTOsIIEEe BpeMs sBILieTcs Haubonee
PacmpoCTpaHeHHbIM METOAOM OypeHHs IS YCTPOWCTBA T€OTEPMANTBHBIX CKBAKHH,
OOBEIMHSAIOMMUM 3IEMEHTHL YJAPHOTO M  BpALIATEIbHOIO METOAOB. BypoBoif
HUHCTPYMEHT — YIapHHUK SBIAETCS aHaJoroM OTOOMHOTO MOJIOTKA Wit
THAPABINYECKOrO MOJIOTA, KOTOPBIM pa3pylIiaer NOpody € 4YacTOTOW YOapoB,
koneOmomeiicas mMexay 500 m 2000 yaapaMu B MHHYTY. YTapHBIA HHCTPYMCHT
aKTUBHpYeETCs uepe3 OypuibHyt0 TpyOy U BHEAPSETCS B MOPOAY 33 CYET KPYTAIMIETO
MOMeHTa. OH MOCTOSHHO MEHSET TOUKY yaapa, u30eras TakuM 00pa3oM 3aKIMHUBAHUS
MHCTPYMEHTa, 00nerdas paspylleHue mopo U 0becnednBas BEPTUKATBHOCTD CTBOJIA

CKBA)KHUHBI.
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OOGJIOMKHA TIOPOJBI JOCTABJIAIOTCA HA INOBEPXHOCTH C MOMOIIBIO BOABL WIIH
CKaTOro BO3AyXa.

byposwie pacmeopbi

BaxkHoii yacThlo mpoiecca OypeHus ABISETCS NMPABUIBHBIN BEIOOP OYpPOBBIX
pactBopoB. OOBIYHO 5TO BOAA MM PAcTBOP, OCHOBAHHBIM HAa CMECH BOAbL U
OGCHTOHHMTOBOM IIMHLL. TeM He MeHee B 3aBHCMMOCTH OT MHHEPAJIOTMH MECTHOCTH,
COCTaBa TPYHTOBBIX BOJ WM IDIACTOBOTO JABIECHHWS MOTYT OBITh TIPUMEHEHBI

paznuyYHbIE TUIBL OYPOBBIX PACTBOPOB, IPUBEACHHEIE B Tabmine 10.1.

Tabnuua 10.1 — Tunsl GypoBLIX pacTBOPOB

Bozayx
OcHOBaHHBIE Ha BO3/IyXE Bozayx/Bona
Bosayx/nonumMep

Bopa

Bopa/monumep
OcHOBaHHbIC HAa BOJE Boaa/6eHTOHHUT (11171aM )
CrienuabHbINi TIIHHACTHIN:
- BBICOKO# IJIOTHOCTH

- HACBHILEHHBII

- YIJIEBOAOPOAHBIIL

- CTaTOYHBIE LHPKYIHPYIONIHE
MaTepHaJIbl

OcHOBaHHEIE HA BOJIE

B xauecTBe OYpHIIBHOTO areHTa TakXKe IMIMPOKO PACHPOCTPAHCH BO3AYX MOX
BBICOKHM [aBJICHHEM. B BO3IyX BIIPHICKWBAIOT BOAY, [/ TOTO 9TOOBl YMEHBIINTH
nbUIe06pa3oBaHye, JOOABISIOT TIEHOOOPA3yOIIHE MPOAYKTHI TS YIATNCHHUS UIaMa |
HOIBEMA BOJIBI, & TAKKE B KAYSCTBE OUHCTUTEIIS.

BypoBEIe pacTBOPHI CITY KAT [T PA3THYHBIX [EICH, B OCHOBHOM 3TO:

- oXJIXKJeHUEe OypOBOTO A0J10Ta (OCHOBHAS (DYHKIIMSA);

- YAaJIeHue ITaMa TIo Mepe ero o0pa3oBaHus Ha 3a00€;

- TPAQHCTIOPTUPOBAHME 11IIAMA K YCTBIO CKBKMHBL.

Kpome ToT0, OHE 9acTO UCIOTB3YIOTCSL:

- U1 YKPETIEH sl CTBOJIA CKBAKUHEI B IIENSX TPEIOTBPAILEHHs 00BaIOB;

- MUHUMU3AIAH YT€UKH IIACTOBOM JKUAKOCTH B CTBOJ CKBAKWHEL,
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- MUHHMH3ALUN yTeuek OYpHIIBHOTO pacTBOPa B pa30ypHBacMBbIE IJIACTEL,

- cMa3ku OypoBoro Hacoca, Oypa W 3aloNHEHUs KOJbLEBOrO MPOCTPAHCTBA
MeKTy OYpHITEHOI KOJIOHHOM W CTCHKON CKBAKWHBI WITH 00CaTHOM KOJIOHHEL,

- YMEHBIUEHUA KOPPO3UH OYPUIIbHON KOJIOHHBL,

- YJEP>KUBaHHU 1IJIaMa B PACTBOPE B IIEPUOABI OTCYTCTBHS LUPKYJISLMY,

- TPAHCIIOPTHPOBAHKS U aHANIU3a 00PA3LOB INOPOAbl U COCTABJICHUS AMArpaMM
re0JIOTHYECKOr0 Pa3pesa;

- BbIHOCA 1IJIaMa B OTCTOMHUK.

10.2.3 MoHTa3K I'PYHTOBOI0 TeILIOOOMEHHHKA

Tpw coopy>keHHH TEPMOCKBAKWH BEPTHKAJIBHBIE TPYOUaTHIe TETUIOOOMEHHUKH
YCTaHABIMBAIOT B MpeABApUTEIbHO TPOOYpEHHBIE CKBaKHHBEL Yamie Bcero
MPUMEHSIOT BpalATeIbHOE WM IIHEKOBOe OypeHue ¢ MNpoMeiBKOil. [Ipu
BpalaTebHoM OypeHMH ¢ IIPOMBIBKOH HEOOXOAMMO TNPELYCMOTPETH MEPBI
(MCTIONMB30BaHME CTANBHBIX OOCAmHBIX TpyO, TNIMHM3aIKA), YTOOBI CKBAKHMHHI
OCTABAINCh OTKPHITHIMH JOBOJIHO 3HAYMTENBHOE BPEMS, JI0 TOTO, KaK B HUX OyAyT
BCTaBJIEHHI TPYOBl TETNOOOMEHHNKA.

I'epmeTnuHEI TeUI00OMEeHANK (HarpuMep, U-00pa3Hblii, NI KOAKCHAIBHOTO
THIA), TIPEIBAPUTENILHO HCIBITAHHEIA MOJ NABICHHEM, MOTPY)KalOT B CKBAXKAHY.
Tlepen TOTpY>KCHHEM B CKBRKAHY TEIUIOOOMEHHUK 3allONHAKT BOJOHM, YTOOBI
OpPeJOTBPATHTH €r0 BCIUIBITHE NPH HOrpy>kKeHNH B OypoBoit pactBop. /s riyOoKkmx
CKB&KWH K HIDKHEMY KOHLY TEMJIOOOMEHHUKA NO/ABEINMBAIOT JOMOIHUTENbHBLHA IPY3.

OrBepcTusi B BBICTYNAIOLIMX HAA 3eMJIEH vacTaX TpyO 3aKphIBarOT
TEXHOJIOTHYCCKAMH 3arjTylIKaMi, 9T00bl B TCIUNIOOOMEHHHK HE IMOMANW TPYHT M
JpYTHUe 3arpsA3HUTENN.

Tepmockpaxkunsl U-00pasHOro Tamna 13 MOJMMEPHBIX TPYO PEKOMEHIYETCS BO
u30eKaHUE OBPEKICHHI YCTAHABIIMBATH C HCIOJIB30BAHMEM MOHTa)KHOTO OapabaHa,

Kak T0Ka3aHo Ha pucyHke 10.1.
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1 — MoHTaxHbIH GapabaH; 2 — rpyHTOBBIIT TeTUI00OMEHHHUK; 3 — OypoBasi CKBaXXHHa; 4 —
[IPOCTaBKa, 5 — IITOK GYPOBOIl yCTAaHOBKH
Pucynox 10.1 — Cxema monTaxka U-06pazHoro TenjiooGMeHHHKA H3 NOIHMEPHBIX TPYO

€ MCIOJIb30BAHHEM MOHTAXKHOrO 0apabdana

3aKITFOUMTENBHBIH 3Tan PaboT MO COOPYKEHHIO TPYHTOBOTO TEINIOOOMEHHHKA
TociIe 3aBepuieHus OypoBbix padoOT BKIOYAET B ceOF COEIMHEHWE BHIMTYCKOB
BEPTUKAIBHBIX  TEIUIOOOMEHHUKOB B IUPKYJ/SIUOHHBIA KOHTYD M BBOZ
LUAPKYJAITAOHHBIX pr60]'[pOBOZ[OB B 31aHUC YCPE3 OTBCPCTUA B (1)yH)13M€HT€.

10.2.4 CoryiacoBaHue U JIMIICH3UPOBAHHE

TepMOCKBa)KI/IHBI O CYTH ABJIAIOTCA MOA3CMHBIMU COOPYXKCHUAMU, U YHACTKHA
HEeIp I MX PasMEIICHUs IPEJOCTABIIOTCS B IOJIB30BAHUE [UIS CTPOUTENLCTBA U
SKCIUTyaTAIlMy ITIOO3EMHBIX COOPYXKCHHH, HE CBA3aHHBIX C JOOBIYEH MOJE3HBIX
uCKomaeMBIX. OCHOBAaHHEM NPENOCTABICHUS IPaBa IONB30BAHUA YYACTKOM HEZD
MCCTHOTO 3HAYCHUA MUIA CTPOUTEIBCTBA W OKCILTyaTaluy IMOA3CMHBIX COO’py)KGHI/Iﬁ
MECTHOTO H PETMOHAIBHOIO 3HAUEHMS, HE CBS3aHHBIX € JOOBIYEH IIOME3HBIX
HCKOMACMBIX, SBJISICTCS pELICHUE COOTBETCTBYIOIIETO OpraHa IOCYyJapCTBEHHOH
ByracTH cyobekra Poccuiickoif denepanwm. [IpenocTaBieHne HeAp B MOJIb30BAHIE, B

TOM YHCJIC TIPCAOCTABIICHNE NX B MOJB30BAHNEC OpraHaMmn FOCyHapCTBeHHOﬁ BJIaCTH
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cy0BekTOB Poccniickoit denepann, oGopMisieTcs: CIENHATBHEIM FOCYAapCTBECHHBIM
Pa3pEILECHUEM B BUE TULIEH3UI.

Kax mpaBuio, pazpeneHne Ha OypeHHe TEPMOCKBKHH OTPAaHHYHBAET TITyOHHY
BEMMYMHOM, HE NpeBbIUAOEH T[NIyOMHBI PpacHOJIOXKEHHUS! KpPOBIH BEPXHETO
BOJOHOCHOTO TOPH30HTA XO3SiICTBEHHO-MUTHEBOTO BOXOCHAOKCHHS.

Korga rpyHTOBBI TENNOOOMEHHHK YCTaHOBIICH, PEKOMEHIYeTCs Nepenarh
JeTaI KOHCTPYKINH, KapTy PACIIONOXKEHUS U 3alUCH 0 OYPEHHH B KOHTPOJIBHBIE H
HAaO30pHbIE OPraHbl, OTBETCTBEHHBIE 32 MCHONBL30BAHME HEOp M MPOKIAIKY

MMOA3CMHBIX KOMMyHHKaJ_[Hﬁ.

10.3 MonTa:x 060pyAOBaHHSI TEILIOHACOCHOTO TEIIOBOI0 MyHKTA

10.3.1 Opranuzauuss MoHT@XHbIX paboT TTII coOTBETCTBYET aHATOTHYHBIM
paboTaM HO YCTPOMCTBY HMHAMBHAYAIbHBIX TEIUIOBBIX IYHKTOB U XOJOJUIBHBIX
LEHTPOB CUCTEM LICHTPATIBHOTO KOHNLIHOHNPOBAHHS.

10.3.2 MoHTaK TeNJIOMeXaHHYECKOro 000py/1I0BaHHSA

ObopynoBanue TTII cremyer MOHTHPOBAaTh B TEXHMYESCKOM MOMEHICHHHM,
cooTBeTcTBYIOmEM TpeOoBanusiMm  CI160.13330.2012 (mynkr 9.22) B wactu
obopynoBaHus aBapuitHoN BeHTWILIMEH. [Ipu 3TOM 00s3aTeNB-HO JOIDKHA OBITH
ofecnieyeHa mojava MPATOYHOTO BO3YXa, PaBHAs 00BEMY YIANSIEMOTO BHITSIKHOTO
BO3/yXa.

Ocnamenue nomemenust TTIT oTomwieHneM, BOAOMPOBOAOM U KaHaIM3auuei
JOJDKHO OBITH MPEAYCMOTPEHO B COOTBETCTBUY ¢ TpeGoBanuamu [21, pazgen 6].

MoHnTax Texnonoruyeckoro o6opyaosanus TTII, apmarypsl u Tpy6onpoBoIOB
PEKOMEHAYETCSA NPOBOAMTD C yUeTOM TpeboBaHuit [22, noapasaensi 6.1, pazgensi 7, 8,
9, 10], [23, pa3znen 9] u B yacTu 6e3omacHocTH paboT — TpeboBanwmii [24, pazaen 13].
IIpu >TOM momkeH ObITh ObOecHedeH CBOOOMHBIH HOCTYN K OOOPYAOBAHHIO IPH
MPOBEICHUM MOHTaXa, OKCIUlyaTalud M JEMOHTaXa corjacHo paboueit

JOKYMCHTAITHH.

70



PacrionosxkeHHble B NOA3EMHBIX 3TaKax WIM HA IEPBOM dTaxe 31aHus TTII
JODKHBI MMETh BBIXOJ HEMOCPEICTBEHHO HAapyXy. TpeOoBaHHS K YCTPOMCTBY
BBIXOZOB CIEAYET ONPENesTh COrnacHo [21, myHkT 2.16].

Monrax TTII BKIOYaeT yCTaHOBKY:

- TH 1 mupKyJISIUMOHHBIX HACOCOB, OYEPHBIX U aKKyMYJIHPYIOIINX EMKOCTEIH;

- TpyOOIPOBOIOB U 3aMIOPHO-PETYIUPYOLIEii TpyOOIPOBOHOM apMaTypH,

- YCTPOMCTB CHCTEMBI ABTOMATUKY U YIIPABICHHUS.

Ilepen naganoM MoHTaka TTII, mpu HEOOXOAMMOCTH, CIEAYET BBITOIHUTH
(byHaamMeHTHI o 000pYA0BaHUE COTTIACHO paboueli JOKYMEHTALIUH.

TTocne ycTaHOBKU ()yHAAMEHTOB B COOTBETCTBHM ¢ paboueif NOKYMEHTAIme
BBIIIONTHSIOT MOHT&X OCHOBHOIO 0OopynoBaHus: TH M HUPKYISIMOHHBIX HACOCOB,
OyepHBIX U aKKyMYJIUPYIOLIMX EMKOCTEH.

TTocne 3TOro BEHIIOIHSIOT TPYOOHMPOBOAHYIO 00BSA3KY 000pYAOBAHHA, BKIFOUASL
TpyOOITPOBOAHYIO apMaTypy.

JUTs repMeTH3aIMH Pa3beMHBIX Pe3b00BBIX coeuHeHui TpyGonpoBoxoB B TTII
C TEIIOHOCUTEIIEM, COLEPKAIMM BOJHBIE PACTBOPBI STWICH- WM IPOIMIECHIIUKOL,
CJIENyeT MCMONb30BATh B KAUECTBE YIUIOTHUTENS JIBHSAHYIO NpSfb, MPOMHUTAHHYIO
TCpPMOCTOMKAM TIepPMETHKOM Ha OCHOBE CHJIMKOHA. B KayecTBe YIUIOTHHTENA
(IaHIEBEIX COCTMHEHNH HWCTMONB3YIOT MPOKIAAKHA W3 MAapoHWTa, (TOPOIUIAcTa MU
PE3UHEL, CTONKOH K ciupTam. [lepe MOHTaXKOM ITPOKJIaaKa JoJbKHA ObITh 00paboTaHa
TEPMOCTOMKHAM reépMETHKOM Ha OCHOBE CHJIMKOHA.

Ilo 3aBeplieHMM MOHT&XKAa TPYOONPOBOAOB  MNPOBOIAT  UCIBITAHUS
TAIPABINIECKIX KOHTYPOB HA TEPMETHYHOCTH B COOTBETCTBHU € TPeOOBaHUSIMH
paboueii JOKYMEHTALMH U MO PE3YJIbTaTaM COCTaBIIAIOT akT o GopMe, IPUBEICHHON
B CIT73.13330.

ITocne npoBeaeHUs TIUAPABIMYECKHX HMCIBITAHHA BCEX  COEAMHEHUIA
tpybonposomoB B TTTI, Bce OTKPBEITHIE YUacTKH TPyOOHPOBOJOB M MX (haCOHHBIE

YacTH MOKPBIBAKOT TEIJIOU30JIAINOHHBIM MaTCpPHATIOM.
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B cootBercTBuM ¢ ruapaBandeckoil cxemoit TTII B pabouelt JoKyMeHTaUUH
BEITIONTHSIOT MapKUPOBKY 00OpyIOBaHMS M TpPyOOIPOBOJOB C HAHECEHHEM Ha
TpyOOIIPOBOBI CTPENOYHBIX YKA3aTeNel HaNpaBIeHNs ABIKECHNS TEMIIOHOCHTETISL.

B nomemiennu TTII BHIBEIIMBAIOT IUIAKATEL C YKPYIHEHHBIM HU300paKEHUEM
THPABIIMUECKO 1 TEKTPUIECKOH CXEM.

ITo 3aBepIIEHMH MOHT)KHEIX PabOT IPOU3BOALT COOTBETCTBYIOLIYIO 3aMKCh B
JKypHaJIe paboT ¢ YKa3aHUEM Pe3yJIbTaTOB IPOBEPKU HA FEPMETHUHOCTS.

10.3.3 MoHTa:K CHCTeMbI 2J1eKTPOCHAGKEHUS], ABTOMATHKH U YIPaBJIeHHSs

ONeKTPOMOHTKHEIE PAOOTHI CHJIOBBIX M CTa00TOUHBIX CeTell PeKOMEHIYETCS
BBITIONTHATE B COOTBETCTBMH C PYKOBOJAIIMMHU JOKYMEHTaMH, ¢ 00sS3aTElbHBIM
KOHTPOJIEM BBIIOTHEHUS paboT B COOTBETCTBUU ¢ TpeOoBaHMsIMHE [25, mpusnioskenue [,
tabmuma 1.3, myskTH 4.1-4.3].

IIpu mpOBEAECHAH TEKTPOMOHTKHEIX PaboT 3IIEMEHTOB IEKTPOYCTaHOBOK 1
ABTOMATHUKM MPESXKIEC BCETO PEKOMEHIyeTcs OOECHeYnTh 3IIEKTPOOE30MacHOCTh
anekTpoyctanoBok cornacio 'OCT 12.1.019, a npm BomonHeHun padoT —
PYKOBOJICTBOBATECS TpeGoBaHusAMY [26], [27, pasnen 7] u [28].

I'eoTepmainbHas TEMIOHACOCHAA CUCTEMA TEILUIOXJIAAOCHAOXKEeHHMs paboTacT B
HOJIHOCTBEO ABTOMAaTHYECKOM PEXKUME.

B TITCT ycranapnuBaroT paboTaloliMe MO 3aJaHHOMY  aJrOpUTMY
UCIOJIHUTENIbHbIE MEXAHU3MBI, IMOJYYAONIME COOTBETCTBYIOLIME KOMAHABI OT

MCHTPAJIBHOTO KOHTPOJUICPa o C1aboTOUHBIM DJICKTPUYCCKUM CCTAM.

11 ITyckoHana04HbIe padOThI

11.1 O01mue moJ10KeHust

Ilenblo MycKOHANMANOYHEIX PabOT ABISAETCS NOCTHXKECHWE M TIOATBEPKICHUE
napameTpoB padotel I'TCT B COOTBETCTBUM C JAHHBIMM TEXHMYECKOrO 3aJaHHA Ha

IPOCKTHPOBAHHE M MIPOCKTA.
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Bce onmepaumm mno mycky W Hamagke MPOBOAATCS AaTTECTOBAaHHBIM W
UHCTPYKTUPOBAHHBIM IE€PEA HCHBITAHUAMH TEPCOHANIOM C YYE€TOM OCOOCHHOCTEM
HATXKHBAEMOTO 000PYIOBAHMS.

B cocraB Opurajpl, Kak MpaBujo, BKJIOYAOTCS:

- HATATYUK KOHTPOJBHO-U3MCPUTEITBHBIX l'[pI/I60p0B W aBTOMATHUKH

- HaJIAAYMK HACOCHOTO 000PYI0BaHUS;

- cliecapb-PEMOHTHIK;

- HaJIAJYMK XOJIOJMIbHOTO 000PYy I0BaHuUS;

- JJIEKTPHK, UMEIOIUI KBATHPUKAMOHHYIO TPYIINY TI0 3JIEKTPOOE30MacHOCTH
He Hwke [T mo [28];

- BJIEKTPOMOHTAXKHHK,

BBITIOJIHSIIOIIME PabOTHl B COOTBETCTBHM C OSKCIUTYaTAMOHHON NOKYyMEHTaLHeH,
JOJDKHOCTHEIMH MHCTPYKIMSIMU M CITyKEOHBIMU 00S3aHHOCTAMHU.

Ins sHeOombmmx cucteM (A0 20 kBT TemmoBo#t MOIIHOCTH) AOMyCKaeTcs
COBMCILICHHUC cneumanbuocmﬁ HaJIag4UMKOB, B HEO6XOI[I/IMLIX Clly4dasx MPUBJICKACTCA
JUIL  KOHCYJNbTalMii  BBICOKOKBAIM(MIMPOBAHHBIA  NEPCOHaN  MPOQHIBHBIX
OpraHusanuii.

TTepen Hauamom padoT nepcoHaTy HEOOXOIUMO:

- 03HAKOMHUTBCA C TECXHHYCCKOH I[OKyMCHTaHHGﬁ, nacropramMu TEIUIOBOTO H
JNMEKTPOOOOPYAOBAHUS,  HHCTPYKUMAMH W PYKOBOJACTBAMH  HPEATIPHATHIA-
W3TOTOBUTETIEH;

- TpOBEpUTL COOTBETCTBHE (hakTHueckoro cocrosHus cucteM [TCT
HCTIONHUTENBHON JOKYMEHTAIUK (IIPOEKTY ), TEXHUUECKUM YCIOBHAM IPeANPUATHS-
HU3rOTOBUTCIIA,

- IPOBEPUTH KAUECTBO BBIIOIHEHNS MOHTAXKHBIX PAOOT U MPOBECTH MOY3IIOBYIO
IpEEMKY 00OPYIOBaHUS; MPOBEPUTH HAIMYNE 3a3EMIICHHS SIICKTPONOTPEOISIONMEro
0o0opyJoBaHNs; O3HAKOMUTHCS C UCIOIHUTEIBHONW AOKYMEHTAlLMEH, akTaMd Ha
OCBHIETENLCTBOBAHUE  CKPBITBIX ~ pa0OT,  aKkTaMH  TPOMEBIBKH,  aKTaMH

TAAPOCTATUYCCKUX WJIIX MAaHOMETPUHICCKUX WUCIIBITAHWI Ha TCPMCTUIHOCTD,
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- IPOBECTU PEBU3UI0 3a00PHO-PETYIHUPYIOLIEH apMarypel,
3JEKTPOOOOPYJOBaHUA U CHUCTEM YIPABICHHS, CPEACTB Y4€Ta MU aBTOMATHYECKOTO
PEryIMpPOBaHUS;

- mnposect 3amnoyHeHue TpyOompoBojoB I'TCT  cooTBeTCTBYIOINMHU
TEMJIOHOCHTEIISIMH.

PaboThl IO CTIBITAHKIO W HAJIAJKE CHCTEMBI BHIIONHSIOT B JBE CTAIUH:

- MHIWBUAYaIbHEBIE HMCIBITAHUA OOOpPYIOBaHWS M MOACHCTEM (B MpoLecce
BBHITIOJTHEHHAS. MOHTKHBIX paboT);

- KOMIUICKCHOE¢ OnpoOOBaHWE W HalajJKa BCEW CHCTEMBbI (TOCTE TIOJNHOTO
3aBEPUICHUS MOHTKHBIX padoT).

HeOonbume cucreMbl TEmnoBOd MOIHOCTEIO 10 20 kBT gomyckaercs

WCTIBITHIBATH M HAIAKHUBATH B OJIHY CTAHIO.

11.2 UapuBuayaIbHBIE HCOBITAHHSI 000PYAOBAHNS M NMOICHCTEM

11.2.1 HuamuBumyanpHbIE WCHBITaHUS 00OpYNOBAHUS PEKOMEHIYETCS MO
BO3MOXKHOCTH MPOBOAMTH B MPOLIECCE BBHIMONHEHHUS MOHTAKHBIX paboT MO Mepe
3aBEpPIICHAS MOHTaKa TOTO MIM MHOro oOopynoBanus. HMHaMBUAYyanbHBIM
UCIBITAHUSAM TIOABEPraroTcss 000PYyJOBaHUE TEILUIOHACOCHOTO TEIUIOBOIO MYHKTAa W
CUCTEMBI cOOpa HHU3KOMOTEHIMANBHON TENJOTHl, B YAaCTHOCTHM — TPYHTOBBII
TEII000OMEHHUK.

11.2.2 UaauBHAyaIbHbIC HCOBITAHAS] 000PYI0BAHHUS TENJIOHACOCHOTO
TEIJIOBOr0 MyHKTAa

B o6miem ciyuae TTII copepoxur:

- TH;

- IMPKYJISALHAOHHBIE HACOCHL,

- GaKHU-aKKyMYJISATODBL,

- pacuIMpuTeNnbHbIE OaKu;

- TyONMMpPYIOWAA TPAAMIMOHHBINA HCTOYHUK TEJa (HapuMep, JMEKTPHYECCKUIH
KOTe);

- TpyOONPOBOAHYIO 3aIIOPHYIO U PETYIIUPYIOIIYIO apMaTypy.
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HnpuBunyanbHble HCHBITAHMS TEMIOMEXaHWueckoro obopynmoBanus TTII,
KpPOME TETIOHACOCHOTO 000pYAOBaHMS, SABNSIOTCS TPAAHLHOHHBIMU IS OOBIYHEIX
TEILUIOBBIX ITyHKTOB M IPOBOJSATCS B COOTBETCTBHH C [29].

Wnmernyanshsle uenbitanus TH mpoBOAST Ha 3aKITIOYMTENBHON CTamuw
MOHT)KHBIX PaboT, KOrZa YK€ CMOHTHPOBAaHBI BCE CHCTEMBI W 00OpyIOBaHHE,
HEe0OXOIMMEIE IS IIPOBECHHS STUX UCHBITAHUI.

WnmuBunyarensle neneitanus TH, BBAAY MX OPUHIMIMAIBHOIO CXOICTBA C
XOJIOJMILHBIMA MAIIMHAMU CUCTEM LEHTPAILHOTO KOHAULMOHWPOBAaHUS BO3IYXa,
MPOBOAATCS CIIEIMAIMCTOM II0 XOJONWIBHOH TEXHUKE, NMPH 3TOM PEKOMEHJyETCs
MOJIL30BATECS  IPOTPaMMOfl  —  METOAMKOH  WCNBITaHWil, COOTBETCTBYIOIIEH
TpeOoBanusIM [29, monpaszmen 7.1].

TenmnoBol Hacoc MOMKEH OBITH YCTAHOBJECH M MOAKIIOUEH B COOTBETCTBUH C
HHCTPYKIUSAMHM IO MOHTOKY M OKCIUTyaTalllM, NPHCOCAMHEH K TIPYHTOBOMY
TEIUTOOOMEHHHKY W MOJKITIOUEH K BHY TPUAOMOBBIM CHCTEMAM TETUIOCHA0KEHUSL.

Hcneltanusa pekoMeHyeTcsl IPOBOAUTH B TAKOH NOCIEA0BATENBHOCTH:

- IPOBEPKA N'ePMETUYHOCTH XOJIOAMILHOTO KOHTYPA ¢ HOMOIIBIO TEYEHCKATENS,

- NPOBEPKA KOHLEHTPALMM W TEMIEpaTypbl 3amep3aHus aHTudpuza (mpH
HaymunK nocnenHero B koHtypax ['TCT) ¢ moMomipio pepakTomMerpa;

- IPOBEPKa 3alpaBKH XJIAJArcHTOM MO TMOKAa3aHWSM YCTaHOBJICHHBIX (WA
HOICOEAMHEHHBIX ) MAHOMETPOB Ha XOJOWIBHBIX KOHTYPaX YCTaHOBKH 110 METOHKE,
IPUHATOR U1 XONOAWIBbHBIX MALINH;

- IOPOBEPKA OPU OTKIIOYECHHOM DIICKTPONUTAHUM B LIUTE YIPABJICHUS
JNMEKTPUUECKHUX COCMHEHNHN, TEXHHYECKOTO COCTOSHHS YIIPABILAIOIIX KOHTPOJLIEPOB
W aBTOMATHKH,

- BKJIFOUCHHUE 3JICKTPOIMTAHUSA M NPOBEPKA HAIMYKS W 3HAYCHH HANPSDKEHUS,
cpabaTbIBaHHs pelie BEICOKOTO AaBJICHHS, cpabaTbiBaHUS CPEICTB YIIPABISAIOMEH |
3aIATHON ABTOMATHKH, HACTPOMKHA MPOrPAMMHOTO OOECHICUEHHs YIPABIAIOMIECTO
KOHTPOJUIEPA,

- IPOBEPKA MO YIPABISIOIIEMY KOHTPOJLIEPY BKIOYECHHS IIOJOTPEBA Macna B

KapTepe;



- TIpOBEpPKAa YCTAHOBOK W 3HAYECHHH TMapaMeTpOB CHUCTEMBI ABTOMATHKH
TEMIOBOro HACOCa,

- BKJTFOUEHHE LHPKYJISLUOHHBIX HACOCOB UCHAPUTENBHOTO W KOHACHCATOPHOTO
KOHTYPOB (He MeHee ueM 3a 30 ¢ 10 3ammyCcKa TEIIOHACOCHOH YCTaHOBKH, YTOYHSCTCS
B COOTBETCTBHHM ¢ TpeOOBaHUSIMU H3rOTOBUTENS TEMJIOHACOCHOTO 0O0PYIOBAHUS) CO
LIMTA YIIPABICHUS TUPKYISLMOHHBIMU HACOCAMM,

- BKJIIOYEHHE TEIUIOHACOCHOH YCTAHOBKM (HE paHee ueMm uepe3 12 4 mocne
BKJIIOUEHUSI TIPOrpeBa Macja, YTOYHAETCS B COOTBETCTBMH C TPeOOBAHHUAMHU
U3rOTOBUTENLS TEILIOHACOCHOTO 000Dy JOBAHMUSL.

UYepes HECKOIBKO CEKYHJ 3ally CTHTCS KOMITPECCOP.

TTocne BBIXOHA TEMJIOHACOCHOH YCTAHOBKM Ha pexuM (crabuiu3auuu
TEMIEpaTyp 1 JaBIeHNH) HEOOXOAUMO U3MEPUTD TIAPAMETPHI:

- (pakTHUECKKE TEMIIEPATYPY U AABICHUE TCINIOHOCUTENS KOHTYPa UCIIAPUTENS
Ha BXOJIC M HA BBIXOJIE M3 UCTIAPHTEIIS,

- (hakTHYECKHI pacXo. TCIUIOHOCUTENS KOHTYPa ACTIapHTEIS,

- (haKTH9ECKYIO TEMIIEPATy Py TSIUIOHOCHTEIS HA BXOJE B KOHICHCATOP,

- (hakTHUECKOE NaBJICHHE KOHACHCAMA KOMITpeccopa  mo Tab/uiaM epeBoaa
[apaMeTpoB, IPUMEHEHHOIO XJIAJOTCHTAa OINpPEACHHTh (aKTHYECKOEe 3HAUCHHE
TEMIepaTypel KOHJACHCALMH XJIaarcHTa,

- IABJICHUE HA BCACHIBAHUU (J1aBJICHUE UCTIAPEHUS);

- (haxTHUECKYIO TEMIIEPATYPY HCTIApeHUs (KUTIEHH ) XJIaareHTa (TemMmeparypa
HAa BCACBHIBAHMU KOMIIPECCOPA),

- (axTHueckoe MAABICHHE MCIApeHUs (KUIECHWs) XJIaJarcHTa Ha BXOJE B
uchnapurenb U Mo TadAMLAM TEPEBOAA ONPEACTUTH COOTBETCTBYIOINEE 3HAUCHHE
TEMIIEPATy PBL UCTIAPEHUS (KUIICHUS),

- (haKTHUECKYIO TEMIIEPATYPY KOHASHCAIMH Ha BBIXOJIC JKHIKOTO XJIAIAreHTa U3
KOHJICHCATOopa.

Pesynprarel Hanagku camoro TH npusHaroT yI0BIETBOPUTETBHBIMY, €CIIU €T0
pabounii pexkuM XapaKTepU3yeTcs CIAESAYIOMUMHA MOKa3aTeNIMH:

- OTCYTCTBHE TMOCTOPOHHHX CTYKOB B KOMIIpeccopax, BHOpaIrMu KopIryca
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YCTaHOBKU,

- OTCYTCTBHE YTEUEK XJIaareHTa U Maca,

- OTCYTCTBME KONEOAHWH CTPENOK MAHOMETPOB, OTCYTCTBHE HCKPEHHS B
KOHTaKTax JaT4MKOB-PENe U MATHUTHOTO ITy CKATENS,

- OTCYTCTBUE YTEUKH TEMJIOHOCHTENS U3 KOHTYPa UCTTapUTEILs,

- OTCYTCTBUE YTE€UKM TEIUIOHOCUTENS U3 KOHTYPa KOHJIEHCATOPa,

- CHCTEMa aBTOMATUKH TEIUIOHACOCHON YCTAHOBKU OOECIEUMBACT MOJICPIKKY
3aJaHHbIX MapaMeTPOB PabOThl TEMIOHACOCHOH YCTAHOBKY,

- IIPOEKTHOE KOMMYECTBO TEIUIOHOCUTENS HArpeBacTcs [0 IIPOECKTHOMH
TEMIIEPATyPEI HA BBIXOJE U3 KOHAEHCATOPA,

- TeMIeparypa KOHACHCALUM BBINIEC 3HAYCHUS TEMIECPATyphbl TEIUIOHOCHTEIII
KOHTYpa KOHIEHCATOPa Ha BXOJ€ B KOHAESHCATOP Ha BeymumHy 0T 2 °C 1o 10 °C;

- TeMmeparypa WHCIapeHus (KUIEHUS) XJaJarcHra HIDKE TeMIlepaTypsl
TEITOHOCUTEIS KOHTYPa UCIIapUTENTs Ha BBIXOJE U3 HCIIAPUTENS HA BenunHy ot 2 °C
a0 10 °C;

- TEMIIEpaTypa CXKATOro XJIaJar¢HTa Ha HarHETAaHUW KOMIIpECcopa B Mpeeax
ot 80 °C no 95 °C u BBIIIE TEMNEPATYPHI KOHACHCALMA HA BBIXO/E U3 KOHAECHCATOPA
Ha BenuuuHy oT 30 °C no 50 °C.

Temmoro#t Hacoc, HeMpepbIBHO oTpaboTaBmMid Oe3 aBapuifHBIX OTKIIOYEHUH B
TEUEHHE 4 U, CUUTACTCS BbLACP)KABLIMM MCIBITAHUE.

11.2.3 UnguBUAya bHBIC HCIBITAHAS TPYHTOBOIO TEIMIO00OMEHHHKA

ITpumep coctaBa 000PYIOBAHMS AN HCIBITAHUS TPYHTOBOIO TEILIOOOMEHHUKA

mpuBeneH Ha pucyHke 11.1.
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Pacnpenenurenbubit
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TeIUIOCHA0XKEHU

TerutoBoit Hacoc

U-o6pa3Hble TepMOCKBaKIHBL

Pucynox 11.1 — Ilpumep HaGopa 0Gopyar0BaHHUS AJISI HCIBITAHHS FPYHTOBOTO

TeNnJI000MEeHHHKA

HcnbiTanre FPYHTOBOIO TEMIOOOMEHHUKA COCTOHUT M3 ABYX JTAMOB:

- UCTIBITAHUE NIEPETIafa IaBICHUS,

- UCTIBITAHNE HA TEPMETUYHOCTD (MCIIBITATEIIEHOE AABICHUE ).

Ilepen npoBeneHWEM HCHBITAHUN HEOOXOOMMO IPOMEITH TPYyOBI I'PYHTOBOIO
TETUI000MEHHUKA TPOKAYKON YACTON BOABI ITPEATIOUTUTENBHO C 00EHX CTOPOH, YTOOBI
OYUCTHUTH TEPMOCKBKMHBI M BEIMBITB T'PSI3b WITH APYTHE 3arpsi3HEHUS U3 TPYO.

A) UcnblTanne Ha nepenaj AapIcHus

Ilenp wuCHBITAHWST — TIPOBEPUTH, YTO TECTUPYEMBbIi KOHTYp HE HMMEET
NIOBBIIEHHOTO IIepenaga [aBieHHWs, T. €. IOBBIICHHOIO THIPABIMYECKOTO
COIPOTHBIICHUS IIPH PACIETHOM PACXOE TEILTIOHOCUTEILA.

Hebonbmoe cxxarie TpyO BO BpEMsl yCTAaHOBKH B TPYHT MOXKET NMPUBECTH K UX
IeopMarui ¢ BHIPRKEHHONW OBAJIBHOCTBIO M MEHBIIEH IJIOIIAABIO CEUEHUS. DTOT
3¢ ¢eKT yBennuMBacT IOTEPU MOABIEHMS, UYTO MOTPeOyeT YyBEIMUYCHUs Hamopa

IUPKYJILMOHHOTO HAcOca TSl 00ECIIEIEHIS PACUETHOTO PACXO/a.
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Cxema YCTpOﬁCTBa HU3MEPECHUA TICpEana HaBJICHUSA NPUBCACHA HAa PHUCYHKC

11.2.

Paznocth JaBJICHUA BXOJa W BBIXOZA npn MOCTOSHHOM CKOPOCTH TIOTOKaA HE

JIOJDKHA NPEBBINATh ONpelelICHHOE TEOpeTHUecKoe 3HaueHHWe (pucyHok 11.3).

HcneTanue MoxeT OBITh 00BEIMHEHO C IPOMBIBKOM TPYO.

2 wamonetpa 0-4 Gapa mme §-6 Sap
Pervaarep Pacxoaousp wim

./

Pucynok 11.2 — Cxema H3MepeHHsI Nepenajga AaBJeHHAs
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Pucynok 11.3 — Teopernveckoe MAKCHMAJBHO A0NYCTUMOE aeHue JaBJT
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Pacxon B kouTYDE, J1/4

00pa3HOil TEpMOCKBAKHHE, TPYObI THaMeTpoM 40 X 32,6 Mm

B) McmeiTanue Ha MPOYHOCTh M T€EPMETHYHOCTh

Cxema ucnbITaHus NpUBEJCHA HA pUCYHKE 11.4.
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IepBbiit 5Tan MCNBITAHKE POBOAST A0 YCTaHOBKH TEINIOOOMEHHHIKA B 6YPOBYIO

CKBKUHY. McrbiTareNnbHbIe JaBICHIUS TpUBEIeHb B Tabmuue 11.1.

Tabnuma 11.1 — 3Ha4YeHHMs] HCHBITATEJIBHOTO AABJEHHSI A0 YCTAHOBKH
TeIUI000MEHHHKA
JlmiHa TermiooOMeHHrKa, M HcnbiTaTenbHOE AaBlieHHE, Oap
60 16,0
80 20,0
100 24,0
120 29,0

Bropoii 3Tan HCMBITaHWH IIPOBOJSAT MOCIE MOTPY>KEHUS TEINIOOOMEHHHKA B
OypOBYI0 CKB@KMHY H  BBIIONHEHHMS BCEX CONYTCTBYIONIMX  OMEpauuil.

VcheITaTeNnbHbIe aBICHHS TIPUBEACHE! B Tabmuie 11.2.

Tabnuma 11.2 — 3HaueHHS HCNBITATENILHOTO JABJIEHHS MOC/IEe YCTAHOBKH

Tem1000MeHHAKA
HcnbiTaTensHoe AaBIeHHE, KI/cM?
I'nmyOuna
IIPY IWIOTHOCTH TAMIIOH&KHOTO PACTBOPA, KI/M’
TIOTPY KEHUS, M

1200 1400 1600 1800 2000
60 8,0 8,0 9,0 10,0 11,0
80 8,0 9,0 10,0 12,0 14,0
100 8,0 9,0 11,0 14,0 17,0
120 8,0 10,0 13,0 17,0 21,0

VcnblTanmst CUMTAIOTCS MOJNHOCTBIO 3aBEPIICHHBIMH, €CITH  yCTaHOBIEHA
rePMETHYHOCTD U NEPETIA/ JABJICHHS HA TEPMOCKBKHMHAX COOTBETCTBYET PACUETHBIM
3HAYCHUSM.

B cimywae ecnm OKOHUATENBHOE TIOAKIIOYEHHE TepMockBaxuH k I'TCT

INTAHUPYETCA I1032KE, OT HECKOJIBKUX JTHEH JT0 HECKOJIBKUX MECALCB, TCPMOCKBKUHEI
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CIIEMyeT 3allUTHTh OT CIY4aliHOrO MOBPEXKACHUS BO BpeMs AalbHEHIIEro
cTpouTenbcTBa. OKOHEYHHKH TPy TEPMOCKBAXWH JOJDKHBEI OBITH CHAOMXKEHDBI
HAJSKHBIMHA 3arTyITKaMy U TPOMapKUPOBaHEL.

11.3 KomniekcHoe onpoGoBaHNe U HAJIAIKA

KowmmiekcHoe ompoOoBaHWe U HalaiKy BCelf CHCTEMBI IIPOBOAAT IIOCIE
MOJTHOTO 3aBCPIICHUA MOHTRKHBLIX W CTPOUTEIIBHBIX pa60T B COOTBECTCTBHH C
IIPOEKTOM, & TAKXKE [TOCIIE 3aBEPIICHNS UHIUBUYATBHEIX HCIBITAHUYM 000py 10BAHUS,
V3II0B PETYJIPOBAHUS H CPEACTB 00eCIeUeHHUS (3IEKTPOCHAOKEHNS, ABTOMATHKH ).

Ilenbr0 KOMILIEKCHOTO ONpOOOBaHUS SBISETCA MpoBepKa paboTHI BCEro
TEXHOJIOTUUECKOTO 0060pyJ0BaHNS B KOMILIEKCE C TEIUIOBEIMH CUCTEMaMHK 00OBEKTa B
PEXHUME PEATHHOTO TEIIONOTPeOsIeHNS B TeUEHHE 24 1.

Tepen HauaIOM KOMILIEKCHOTO OIIPOOOBAHUS CIEIYET:

- IPOBEPUTH TOTOBHOCTH CUCTEMBI K IIPOBEACHUIO M3MEPEHUH, ONpeciuTh
MecCTa 1 BHIbl U3MEPEHUM, THCII0 U MOCTIEI0BATENbHOCT UX BHITIOMHEHNS,

- YCTaHOBUTH MECTA UBMCPUTCIILHBIX TOYCK;,

- HA OCHOBAaHMM MPOEKTa ONPEHEINTH WANa30H 3HAUCHWI H3MEPSEMBIX
BCJIIMYHH B BBI6paHHBIX TOYKaX U3MCPCHUS

- OIpEIEIuTb HEOOXOUMBIE [ IPOBEACHUS U3MEPEHHI IPUOOPEL HCXOS U3
TpeGoBaHHMIT I3MEPEHMI W TEXHMYECKUX XapaKTePHUCTHK TPHOOPOB,

- U3YYHTh TEXHHYCCKHE OMUCAHUSA HEOOXOMUMBIX MPUOOPOB M MpaBWia MX
TMPUMCHCHU A,

- IOJTOTOBUTH MPUOOPHI K N3MEPEHUSM;

- IOATOTOBHTH BCIIOMOTATENEHBIE MHCTPYMEHT, 000PyA0OBaHNE, pabodre MECTa;

- 00ecrneyuTh HEOOXOAUMBIEC PEKUMBI paOOTHI CHCTEM;

- COCTaBUTh Tpaduk BHITONHEHHS palbOT, COMVIACOBaB €ro €O CIyxOamu,
KOTOpBIE HEOOXOJMMO NPHBJICUb K paboTam;

- MPOBECTH U3MEPEHUS COITIACHO [29, paszmen 5].

KommiekcHoe ompo6GoBaHNe CHCTEM BKJTIOYAET CIIEAYIOIIE pabOTHI:

- IPOBEPKY (PYHKIMOHMPOBAHHMS YCTPOMCTB ABTOMATWKH, CUTHAIM3ALMH U

YipaBJICHHUA, 3allIATHBIX yc’T‘pOﬁCTB CHCTCM aBTOMAaTH3alluH,
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- [POBEPKY airoputMa paboThl CHCTEMBI ABTOMATH3ALMU U MPOXOXKACHUS
KOHTPOJIbHBIX CHTHAJIOB;

- IPOBEPKY paOOTHl CHCTEMBI ABTOMAaTH3aLM NP MMHUTALUM Pa3IdYHbIX
ABAPUIHBIX CUTYALMIA,

- onpoOOBaHNE MPOU3BOAMTETLHOCTH TH, HACOCOB BHYTPEHHHX M BHELIHHX
TUAPaBINYECKUX KOHTYPOB;

- OLIEHKY padOTOCTIOCOOHOCTH CUCTEMBI TEIIOCHAOKEHNUS, aBTOMATH3aLNHY IIPU
MPOEKTHBIX pexKuMax paboTHI.

ITpu BeImoHEHNH PabOT PeKOMEHIYETCS PYKOBOACTBOBAThCS [22, pazmen 11],
[29, paznen 12], [30, pazzen 16].

IIpu IPOBEIEHUN UCTIBITAHUIT HEOOXOAUMO COOTIONATE TIpaBHIIa O€30IIaCHOCTH.

IyckoHananounele padOTHI CYUTAIOTCS YCIEITHO BBINOMHEHHEIMH, e I'TCT
ycnemHo npopaCoTada B TeueHMe 24 4 U NPU 3TOM BbLIECpXKATa IPOCKTHHIC
MapaMeTpsl, 9TO TODKHO OBITH 3a(MKCHPOBAHO COOTBETCTBYFOIIMM aKTOM.

11.4 Cpaya B 3KCIIyaTalMI0 H MOHHTOPHHT

Ha ocHOBaHMM akTa BBHIIOJNHEHUS MycKoHananouHslx pabor I'TCT mo
OTHENBHOMY aKTy MepemaeTcs 3aKa3uuKy (IKCIUTyaTalMOHHOMY HEPCOHATY WIH, MO
yKa3aHUIO 3aKa3uiKa, CEpPBUCHOM OpraHu3alyy).

PexoMmeHIyeTCS IPOBECTH ¢ MPHUBICUCHUEM KBATU(PULIMPOBAHHBIX KCIEPTOB
OLCHKY KOMIICTCHTHOCTH JKCITyaTaluOHHOI 0o epcoHaia C BI:IJla‘{eﬁ
COOTBETCTBYIOIIETO MOATBEPKACHUA. [Ipu HEOOXOAMMOCTH CHEAYET HPOBECTH
oOydeHne. PEKOMEHAYETCs Takke IEPHOAMYECKH IPOBEPATh KOMIETCHTHOCTH
HepcoHana.

B TTII pekoMeHAyeTCS BHIBECHTH TUTAKAT C M300POKEHUEM NMPUHLUMOHATLHOMN
cxemel I'TCT u Tabnuiieii, coaepxarieii OCHOBHBIE TAPaMETPhI:

- rog nocrpoiiku ' TCT;

- HAaUMEHOBaHKe OypOBOl OpraHU3aluy;

- THCIIO TEPMOCKBKHH, JUTHHA U PACCTOSHUE MEXKY HHMU;

- IUIMHa W JWaMeTpsl TpyO mnomadm/Bo3Bpara Mexxaxy TH u rpyHTOBBIM

TEII000MEHHIKOM;
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- Mapka, COCTaB TEIUIOHOCUTENS TPYHTOBOTO TEIUIOOOMEHHMKA W TOYHOE
OIMUCAHUE NPOAYKTa,

- 00BEM KOHTYpa TPYHTOBOTO TEMTOOOMEHHHUKA,

- PacXo[ ¥ Harop UMPKYISIIOHHBIX HACOCOB,

- Mapka TH u TouHOC HaMMEHOBAHNE TTOCTABINNKA,

- TEMJIO- W XJIaJOMPON3BOIUTENRHOCTL TH IIpH pacueTHO TeMneparype;

- DJneKTpuyeckas MOIMHOCT TH, IMPKYISNMOHHBIX HAcoOCOB M IPYTUX
HOTpeOnTENEH HNEKTPOSHEPT UM,

B HavanpHbIH EPHOJ SKCILTyaTalluy PEKOMEHAYETCS IIPOBOUTE CEAYIONITE
IPOBEPKH:

- cucrtemMa paboTaeT yAOBIETBOPUTEILHO 1 O€3011aCHO;

- BCE KOMIIOHEHTEI CHCTEMEI PaboTatoT B COOTBETCTBUH C IPOSKTOM;

- COOTBETCTBHE HACTPOEK IIapaMeTpaM YIIpaBlIeHHUS.

HeoOxoauMo BeCTH JKYpHAT SKCILTyaTallii M 3aHOCHTH B HETO BCE COOBITHS,
npoucxopsaume ¢ I'TCT B mporecce 3KCILTy aTaliH.

PexoMeHIyeTCs B IPOLIECCE HKCILTYATAMy BECTH MOHUTOPHHT CUCTEMBIL.

CucrtemMa MOHMTOPHHTA OOecreudBacT OCHOBY Oyaylieidl ONTHMH3aLUH
cucteMbl. CrcTeMa MOHHTODHHIA JOJDKHA 3alACHIBATH M XPAHUTh CIICAYIOIHE
MapaMeTphl CHCTEMBI:

- o01ee BpeMs paboTHI;

- MHMHHMMajbHaAsd TEMIIEpaTypa IOJaYd M BO3BpaTa KOHTYpa TI'PYHTOBBIX
TEIUIOOOMEHHUKOB;

- TEMIepaTypa MoJaul ¥ BO3BpaTa KOHTYpa MOTpeOIICHNS TeInIa,

- ToTpebIeHNE NEKTPOIHEPIUH.

JU1s  KpymHBIX YCTAaHOBOK, TEMJIOBOM MomHOCTEI0O Gonmee 200 kBr,
PEKOMEH/TY10TCs O0JIee IETANBbHBIN HEPEPHIBHBINA U ABTOMATU3HPOBAHHBIN KOHTPOJIb,
perucTpanys U 3aMuch TEKYIUX MapaMeTpoB, HEOOXOMMEIX 1 (PMKCAHH PEKAMA
pabotel m oueHku s¢dexktBHOCTH T'TCT. B chyuac oOCTy>KHBaHWS CHCTEMBI
CEPBHCHON OpraHM3anueii peKOMEHIYETCsl BOCMONL30BATECA CUCTEMOI YIAJICHHOTO

MOHHUTOPHHTA.
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Mpumep MHTepdeiica cucTeMbl gucneTyepusaln C yAaneHHbIM LOCTYNOM
KOHTPONS 06LLero cocTosHMA NOAOGHON CUCTEMbI W ee 3HepreTnyeckoro 6anaHca
npvBefeH Ha pucyHke 11.5.

Ha pucyHke 11.6 npuBefeH nHTepdeic yaaneHHoro 4OCTyna K MOHUTOPUHTY,
YNpaBNeHnio, KOHTPOMO PEXMMOB U OTAENbHLIX NapameTpoB paboTbl CUCTEMbI CO
CTOPOHbI CEPBUCHOW CTY>XObl.

[N MeHbLLUEA MOLLHOCTU BO3MOXKEH YNPOLLEHHbIA KOHTPO/b, HO B HaYasbHbIN
nepuog, ofaHa-ABe Hefenu, TaKKe PEKOMEHAYETCS perncTpaLns TeKyLuxX napameTpos
eXe[HeBHO; B fanbHeliluem, npy CTabUIbHOCTU 3HAYEHWIA PErucTpUpyeMbIX
napamMeTpoB, LOCTaTOYHO E€XEeMEeCAYHON WM exekBapTanbHOW 3anucu. Ecnu HeT
aBTOMAaTWYECKOro perncTparopa [faHHbIX, 3TWU [aHHbIe W3B/IEKAIOT W3 CUCTEMbI

YNpaB/ieHNs U 3aHOCST B XXYPHa aKcnayaTauuu.

Pucyrok 11.5—1pmmep nHTepeiica cucTeMbl AUCNETHEPU3ALMMN C YAaNEHHbIM A0CTYNOM

KOHTPO/IS 06LLLEro COCTOSIHUS U aHepreTuyeckoro 6anaHca FTCT
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PUCYHOK J1.6- Mpumep nHTepdeiica yaaneHHOro 4ocTyna MOHUTOPUHTA KOHTPOSIS PEXUMOB

1 napameTpoB paboTbl CUCTEMbI

12 OueHKa BAUSHUS UCMOMb30BaHWs TEMsOTbl FPYHTOBOrO MaccuBa Ha
CHWXKEHMe  YAe/bHOr0  rofoBOTO  3HEPromoTpe6/ieHWs U Ha

YCTaHOB/IEHME K/lacca 3HepreTUUecKoin apeKTUBHOCTM 30aHUS

12.1 O6Lme NoNoKeHNS

OueHKy BbIMOMHAOT Ha OCHOBE MONOXeHWIA [31], ycTaHaBMBatoLLero 6asosble
3HaYeHNs YLeNbHOro noTpebneHns 3HepPreTMYecKMX PecypcoB MHOMOKBapTUPHbIX
xunbix  gomoB  (MKJ) wu npaBuna onpefeneHns Knacca 3SHEpreTUYecKoi
3heKTUBHOCTMK.

12.2 MeToguka pacyeta yAeNbHOr0 rofOBOr0 3SHEPronoTpebneHus wu
onpegeneHns Knacca 3HepreTUYecKom addeKTUBHOCTY
MHOTOKBaPTMPHOI0 XXMI0ro JOMa, UCMO/b3YIOLLEro TEMIOTY FPyHTa

Mpw Hanuuun B MK/, TeNnonocTynneHnii 0T TeNIOHACOCHOM ycTaHoBKM (THY)
Knacc aHepreTuyeckoin adgektnsHocT MK/ cnefyeT ycTaHaBnuBaTb MCX0Aa U3
CPaBHEHWS pacyeTHOro 1 6a30BOr0 3HAYeHWUW YAEeNbHOr0 rOfOBOrO pacxofa

3HepreTnyeckmx pecypcos B MK/, BK/IKOUalOWEro CyMMapHbIii yaebHbIA ro40BoiA
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pacxod TEIUIOBOM OHHEPrWM Ha OTOoIjieHue, BeHTWwanuio, I'BC, a Takke Ha
00IIEe IOMOBEIE HY I B pacdeTe Ha 1 M? miomaau noMemeHnii MKJI, He OTHECEHHBIX
K 00memMy umytmectsy MK/

BbazoBbie 3HaUCHUS YJIENBHOTO TOJOBOTO PacXoAa IHEPreTHYECKUX PECYPCOB B
MKl ¢%p, kBr-u/(M*-Ton), npuaumaior mo [31, Tabmvna 1] B 3aBHCHMOCTH OT

ITAKXHOCTH 3JaHMS M TPalyCO-CYTOK OTOMUTENBHOTO nepuoaa (Tabnuna 12.1).

Tabnuna 12.1 — basoBblii ypoBeHb YAEIBHOTO TOJOBOIO Pacxoaa
sHeprernyeckux pecypcos B MKJ/l, orpaxkamommii cymMMapHblii yAeJbHBIH
roJ0BOii pacxol TEIUIOBOH JHEPrHH HAa OTOILICHHE, BEHTHWIALHIO, ropsyee

BONOCHAOKEHHE, 2 TAKXKe HA 00mea0MoBbIe Hyxabl MKJI, kBr-u/m?

°C-cyT BTaXHOCTH MHOTOKBAPTHPHOTO

HauMeHoBaHWe MOKazaTeNsi | OTOMWT. JaoMa

nepuoga | 2 4 6 8 10 (> 12
2000 215 (206 | 203 | 201 | 199 | 198
3000 228 | 216 | 212 | 208 | 205 | 203
4000 256 | 239 | 234 | 229 | 225 | 223
5000 284 | 263 | 256 | 251 | 245 | 242
6000 312 | 287 | 278 | 272 | 265 | 262
8000 370 | 337 | 326 | 317 | 308 | 304
10000 | 426 | 384 | 370 | 359 | 348 | 342
2000 67 | 56 | 44 | 42 | 40 | 39
3000 100 | 83 | 67 | 63 | 60 | 58

Pacxon TermioBoit sHEprun Ha
OTOIUICHHE, BEHTWIALHUIO,
I'BC u 5nmekTposHEpIUn Ha
00I1Ie TOMOBBIE HYKIBI*

B ToM umncie 4000 133|111 | 8 | 84 | 8 | 78
TEIUTOBO SHEPTHH Ha 5000 167 | 139 | 111 | 106 | 100 | 97
OTOIIJICHUE 1 BEHTHIIAIIHIO 6000 200 | 167 | 133 | 127 | 120 | 117

8000 253 1211 | 169 | 160 | 152 | 148
10000 317 | 264 | 211 | 201 | 190 | 185

IIpumevyanue — ba3oBelll ypOBEHb YIENBHOTO TOHOBOTO PACXOHa JIEKTPHIECKOM
SHEprUd Ha OBIIeIOMOBBIE HykabI paseH 10,0 kBT u/m> MKJI, o6opynoasHbx mudrom. Eciu
MK/ #e obopynosaH mu(pToM, 6a30BEIi YPOBEHD YAENBHOIO FOA0BOI0 PACXOMA DJIEKTPUUECKOM
9HEPryM Ha OOIIENOMOBBIE HYXKIBI paBeH 7 KBT u/M? U U3 YKa3aHHBIX B HacTOsLIEH Tabnuie
TOKasaTeNelt cenyer BordecTs 3 KBT-u/M?.
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PacueTHOE 3HaY€HHE YAEIBHOTO TOJOBOTO PacXoa SHEPreTHUECKUX PECYPCOB
B MK]I, ocnameHHoM reotepmanbhoii THY, 9%, kBT-u/M%, paccumThIBaroT 110
dhopmyiie

q*» = (Qos *+ QOrsc + Osn - Q) Axan 12.1)

rae QJop — CyMMAapHBIf TOJOBOM pacxo] TCIUIOBOM OJHEPrHM Ha OTOIUICHHE H
BEHTHJISALMIO, KBT 4;

Orec — CyMMapHbIii TOJIOBOIi pacxXoj TEIIOBOM SHEPrUM Ha Topsdee
BoAocHaOxkeHue, KBT u;

(Jon — CyMMapHBIii TOOBOM PacX0[ AIECKTPHYECCKOM IHEPIHH Ha 0OIIECIOMOBEIE
HYXBI, KBT49;

(Qm — cymMmMapHad BeIpaboTka Temioroii sHeprun THY Ha otoruenue u ['BC,
KBT4;

Ay — Turomaau noMemieHuit MKJI, He OTHECEHHBIX K OOIIEMY HMYIIECTBY
MK]JI, M2,

IIpumedaHnue — 3arpaThl JJIEKTPUUESCKOH SHEPriUK Ha OOMENOMOBbIE HY Kbl BKJIFOYAIOT
3aTrpaTbl Ha MPUBOABI HACOCHOIO M HHOTO HHXXCHEPHOIO 060pyI[OBaHI/Iﬂ, B TOM 4YHCJIC

IPeHa3HAUeHHOro [l Ucnoib3oBanus THY B 3mMaHMW, U PACCUMTHIBAIOTCS MO MeTtoauke [32] ¢

yueTrom q)aKTH‘ieCKOﬁ NPOAOJKUTEIBbHOCTH SKCIUTyaTallMl B TCYCHUE KAJICHAAPHOIr O roja.

Knacc snepretnueckoit apdexruproctn MK]l ycTaHaBIMBAIOT HA OCHOBAHUU
JAHHBIX, TPEJICTABICHHBIX B Tabmmie 12.2, mo BenwuwmHe OTKIOHEHHS &(gor), %,
3HAYEHUS] PACUETHOTO YIENBHOTO TOJOBOTO PACXO0Ja SHEPreTHUECKMX PECYPCOB OT
0a30BOr0 YPOBHSI:

&(qo») = [(q" - q"or)/q°] 100 (12.2)

e g% — TO e, uTo U B hopmyie (12.1), kBr-u/m?;

¢p — TO 3Ke, uTo U B Tabmume 12.1, kBT u/m?.
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Ta6bnunma 12.2 — Knaccel 3neprernyeckoii 3ppeKTHBHOCTH

O6o3navyeHue HanMeHoBaHue BenwunHa OTKIIOHEHUS 3HAYCHMIT
KJacca KJacca PacUeTHOTO YAEIBHOTO I0JIOBOTO
JIHEPreTHYECKOIA SHEPreTHUECKOM pacxofa SHEPreTAYESCKUX PECYPCOB
3¢ QeKTUBHOCTH 3((HEKTUBHOCTH oT 6a30Boro ypoBHs:i, %
A ++ Bricoyaiimmit — 60 BKIIIOYUTEIILHO K MEHee
A+ Bricouaimmii Ot — 50 BKJIFOUMTENBLHO 10 — 60
A OueHb BHICOKHIA Ot — 40 BRIIIOUHTENBHO 10 — 50
B Bricokuii Ot — 30 BKIIOYUTENBHO 10 — 40
C [NoBBIIEHHBIH Or — 15 BxmounTensHO 10 — 30
D HopmanbHsrit Or 0 BKIIFOUMTENBHO 10 — 15
E INoumxkeHHbIH Ot + 25 BKIIOYHTEIBHO A0 0
F Hu3kwmid Ot + 50 BKIIFOUHTENBHO 10 + 25
G OueHb HU3KHIA Bomee + 50

B coorBercTBuu ¢ TpeOoBaHuaME [33, myHkT 15.1, nognyHkT a)] ¢ 1 sHBaps
2018 r. He gomyckactca npoektHpoBaHue MKJl kigacca HEPreTHYECKO#
s¢pdexruBHOCTH D M HIKe, ¢ 1 ssuBapst 2023 . He onyckaetcst npoektiupoBanue MK/
Kjacca JHepreTudeckoil s¢dexktuBHOCTE B M Hmoke, ¢ 1 suBaps 2028 r. He
nomyckaercs npoektuposanne MK kimacca sHepreTdeckoit 3¢ dekTuBHOCTH A 1

HIDKC.

12.3 Onenka BAUSTHUA HCNOJIb30BAHHS TEIWIOTHI TPYHTOBOI0 MacCHUBa

Cornacuo [31, nyHKT 26] 3HepreTHYECKHE PECYPCHL, NOMy4YaeMble n3 BUD, ne
TIO/UIEKAT YHUEeTy IIPH pacdeTe YIEIbHOTO TOJOBOIO IOTPEONECHHS SHEPreTUYECKUX
pecypcoB, ecnu BblpadarbIBatoliee UX 00OpPYZOBaHME BKIIOYCHO B WHKCHEPHBIE
cuctemel MKJI. B cBA31 ¢ 9THM B OCHOBE HACTOAIIEH OLEHKH JIEKUT ONPEACTICHAE
3HAYEHUs YJEIBHOTO TOAOBOTO TMOCTYIUICHHMS HHU3KOIOTEHIMANLHON TEILIOBOH

SHCPIUH U3 I'PYHTOBOT'O MacCHUBaA.
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Jnsg OLEHKH BIUSHUS WCIONB30BAHUS TEIUIOTHI I'PYHTOBOIO MAacCHBa Ha
CHIDKCHHME YJIEIBHOTO TOXOBOTO DHEPronoTpeONICHMs B  KAuecTBe IpUMEPa
paccemotpen 10-staxasnii MK/, pacnionoKeHHbIH B MOCKOBCKOM DETHOHE.

B Tabmume 12.3 npuBencHsl 3HaYeHHUS 0a30BBIX M HOPMATHBHGLIX,
COOTBETICTBYIOIMX  KJIacCaM  JHEpPreTHueckodl  d¢dexruBHOCTH,  3HAUCHHI
CYMMapHOTO YJENBHOTO TOMOBOrO pPacxoja TEIUIOBOH SHEPrHH HAa OTOILICHHE,
BeHTWIAIMIO, ['BC, smekrpudeckoif SHeprud Ha oOuienoMoBeie Hykael MK,
paccunTaHHble 471 yciouit . Mockssl (I'COIL = 4551 cyt-°C) ana MK]] paznuuHoit

OTAXKHOCTH.

Tabnuma 123 — bBa3oBble W HOPMATHBHBIC, COOTBETCTBYKIIHE KJIACCAM
3HeprodpdexruBHocTH Aasi r. MOCKBBI, 3Ha4eHHSI CYMMAPHOIO YAeJbHOTO
TOI0BOI0 pacxoja TeILIOBOHl 3HEPrHH HA oOTomjeHue, Bentwiauuw, I'BC n

IEKTPHYECKOH IHEPrHA HA 001eA0MOBbIe Hy:KAbI MKJI

Kmacc A++ | A+ | A ‘ B | C ‘ D E | F ‘ G
Bemuuuna otknoneHus, %
DT1a
basoBrrit max | max | max max | max | bomee
JKHO Menee | max max
YPOBEHB —40 | 30 | —15 +25 | +50 +50
CThb —60% | —50 % 0%
% % % % % %
2 2770 110,8 | 138,5 | 166,2 | 193,9 | 235,4 | 277,0 | 346,2 | 415,5 | 415,5
4 257,0 102,8 | 128,5 | 1542 | 179,9 | 218,4 | 257,0 | 321,2 | 385,5 | 385,5
6 250,5 100,2 | 1252 | 150,3 | 175,3 | 212,9 | 250,5 | 313,1 | 375,7 | 375,7
8 2455 98,2 12277 | 147,3 | 171,8 | 208,7 | 245,5 | 306,8 | 368,2 | 368,2
10 240,0 96,0 120,0 | 144,0 | 168,0 | 204,0 | 240,0 | 300,0 | 360,0 | 360,0
12m
BEI 2372 94,9 118,6 | 142,3 | 166,1 | 201,6 | 237,2 | 296,5 | 355,8 | 355,8
me

Cormacuo Ta0mune 12.3 Ga3oBblif  mokaszaren YIEIBHOTO  TOJOBOTO

sHepromorpebncHus paccMarpuBaeMoro MKJ[ ¢%: cocrasnsier 240 kBTw/M%, B TOM
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uucne 10,0 kBr-w/M? ONEKTPHUCCKOW JHEPrHM Ha OOMICAOMOBBIC  HYIKIBL
CriefioBaTeiTbHO, 6a30BBIH Pacxo TEIUIOBOM SHEPruK cocTaBut 230 KBT-9/(M2-Toj)

Jlanee B KadecTBe Tmpumepa paccMarpuBaror rumorernyeckyio I'TCT
aBTOHOMHOTO, Ha MOJHYIO TEMJIOBYIO HATPY3KY, TEIIOCHAOKEHUS 30aHKsl, YACIbHAs
TCIUIOBAs MOIHOCTh B KOTOPOH pacrpenensercs cieayrommM obpasom: 67 %
obecreunBaeTcst HermocpeACTBEHHO rpPyHTOBbIMU TH, a 33 % — uKOBBIM JOBOAUHKOM.

I'opoBoii poHa BpeMeHH pabOTHI MUKOBOTO J0BOJYMKA OlleHHBaeTcs B 15 %,
CJIEIOBATENIBHO, €r0 oIS 00l ro0BO# BEIPaOOTKH TEIIOBOM 3HEPrHMU COCTABUT
0,33-15 = 5 %, a, COOTBETCTBEHHO, TPYHTOBBIMH TEILIOBEIMH Hacocamu — 95 %, 4rto
cocTasut 2185 KBTu/M2.

Bxknag B a1y BBIpaGoTKy BHD ompesensercs Ce30HHBIM KO3(duIeHTOM
s¢dexTuBHOCTH K%y (cpemHeromoBeM ko3 dummenTom mpeodpasorarus I'TCT) no
T'OCT P 54865, koTOpBIit IPUHAMAIOT PaBHBIM 2,8.

Ipumeuanue —B KOHKpeTHOM npoekTe Ky OMpenensieTcs CTpyKTypoii, 000pynOBaHAeM

U PeXMMaMH PabOoThI TEIIOHACOCHON CHCTEMBI.

Tennosoii Bxian BUD, cooTBETCTBYIO1IME CHMDKEHUIO TOJOBOTO MOTPEOICH s
SHEPrOpeCcypecoB, PaBeH:

G = Grma (1= 1/ K5p) = 218,5- (1 — 1/2,8) = 1405 xBr-u/™?,

TAE ¢mp — YJACIbHAS TEIUIOBAS SHEPTHs, M3BJCUCHHAS W3 TPYHTOBOTO MAacCHBA B
TeUEHHE rofa, KBT-u/m;

qrm — YACIBHAS TEIUIOBAs SHEPrHs, BIpaboTaHHAs TPYHTOBBIMU TH B Teuenue
roga, KBT-u/m%;

k°p — ce30HHBIH KO3 DuIeHT 3PHEKTHBHOCTH (CpeqHEro0BOM KO3 duIIeHT
mpeobpa3oBaHus).

Taxum 00pasom, yAeTbHELH roA0BOM PACX0/1 SHEPIETHUECKHX PECYPCOB 9%, | 3
BbIYETOM TCTIOBOM SHEPIHMH, U3BICYCHHOM U3 [PYHTOBOI'O MACCHBA, COCTABUT

9% = 4% — qup= 240 — 140,5 = 99,5 xBr-u/M%.
OTo 3HAYCHHE BKITIOYAET PACXO SNEKTPOdHepruu Ha mpueox THY, paGory

IHAKOBOTO JOBOAYMKA U MPOYUE O6H.[C,Z[OMOBI>IC HYKIBL.
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OTHOCHTENBFHOE CHIDKEHIE 3HAYEHHS PACUETHOTO YACIBHOTO TOA0BOTO Pacxo/a
SHEPreTHYECKIX PECYPCOB OT 6a30BOTO YPOBHL £(g3p), %0, COCTABILET:
&(gor) = [(g"op - ¢Pop)/qP>0] 100
&(qop) = [(99,5 - 240)/240]-100 = — 58,5 %.
B COOTBEeTCTBAM ¢ JaHHBIMH TaOmumel 12.2 MOXKHO OXHAATH, YTO 3IaHME,
crabxkennoe I'TCT na mnOKpeITME TONHOM TEMIOBOW — HArpysku, OyaeTr

COOTBETCTBOBATH KIIACCy DHEPreTHUecKoi 3)GEKTHBHOCTH A+,
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lpunoxenne A

IIpuMep mpeABaPUTEILHOIO PACYETA Te0TEPMATLHON TENJIOHACOCHOM CHCTEMBI

A.1 HcxonHble naHHBbIE

A.1.1 XapakTepucTHKa 31aHUS

IIpoexTupyemoe 3naHme pPacIonokeHO B MOCKOBCKOM pernoHe. B tabnuue A.1 npuseneHs
OCHOBHBIE TEXHUKO-DKOHOMUYCCKHE ITOKA3aTCIU 3TaHUA.

B Tabmuie A.1 npuBeneHb! OCHOBHbIE TEXHUKO-0KOHOMHUYECKHE MOKA3aTe ! 3MaHHs.

Tabou ma A.1 — OcHOBHbIE TEXHHKO-3KOHOMHYECKHE MOKA3ATEIH 3AaHUA

HaumeHoBanue En. uzm. 3Hauenue
IInomane yyactka M 4721
ITnomane 3acTpOHKH M? 2600
O6mas mIomans 30aHus Ve 26342
OO61mas moians moasaia M? 2504 4
DTaXHOCTb 3T. 8 HaZ3eMHbIX + MOIBA
CrpoutensHEIi 06beM M 96737,576

A.1.2 MHKeHepHbIE CHCTEMBI

Tennocnaboicenue. TlpenycMOTpEeHO aBTOHOMHOE TeIulocHaOxeHue 3haHus. MCTOMHMKOM
TerocHaOxkeHust sipsercst reorepmanphas ['TCT, oOopynoBaHHe KOTOpOi pa3meriaercs B
MTOMELIeHNH HHANBHAY aJIbHOTO TEILTOBOTO IyHKTA, PACMONOKEHHOTO B IIO/(BAJIE.

Omonnenie. B 30aHMN CIPOEKTHPOBaHA HU3KOTEMIIEpaTypHAas LIEHTPAJbHAs CHCTEMA
OTOILIEHHs] HA OCHOBE 00OrpeBaeMbIX TOBEPXHOCTEII.

Benmunayua. B 3maHuM CIpOEKTHPOBAaHBI LIEHTPAJIbHBIE CHCTEMBI MPUTOYHO-BBITSDKHOIL
BEHTIWJLILMU BO3JyXa C MeXaHH4eCcKUM moOyxaeHueM. IIpenycMoTpeHa ycTaHOBKa POTOPHOrO
pereneparopa ¢ 3¢dextuBHOCTbIO 60 %. B ycTaHOBKaX MPUTOYHOI BEHTHIISILIMK HPETyCMOTPEHBI
CEKLUH OXJIaXKACHUSL.

Xnaoocnaborcenue. B 3JaHUN 3aMpoOEeKTHPOBaHA cucremMa HEHTPaJIbHOTO
KoHAuIMOHMpoBaHus. CucrteMa OXNaxOeHHs B 3JaHUMM  MHoroctyneHdartas. (OCHOBHBIM
norpebureneM  SBISIIOTCA — OXJakaaeMble moBepxHocTH. Kpome Toro, mpemycMmoTpeH
JOMONHUTEILHBIH OTPEOUTEIb X1aJ0CHA0KEHHUS — CHCTEMa BEHTUJIATOPHBIX JOBOXYUKOB.

Onexmpocnabocenue. LIeHTpanu30BaHHOE.

B Ta6nnue A2 NMPpUBEACHBI OCHOBHBIC DHEPTCTUUCCKNE HArpy3Ku 3JaHUsl.
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Tabnuua A2 - OcHOBHBbIE JHEPreTHYECKHE HATPY3KH 31AHUS

Haumenosanue En. wsm. 3HaueHue
OGorpesaemble TOBEPXHOCTH kBT 375
IIpuToUHBIE YCTAHOBKH (C YYETOM pPeKy IeparLiin) kBT 980
BoznymHo-Ternnosele 3aBeChl kBT 80
Cucrema I'BC (mo cpemHeuacoBOMy 3a CyTKH
kBt 100

pacxony)

Hroro no temny: kBt 1535

CucreMa KOHIULIIMOHUPOBAHUS

OxnaxnaemMble MOBEPXHOCTH kBt 800
BenTuisiropHbIe TOBOTUYUKH kBT 1130
OxnasxaeHne MPUTOYHOTIO BO3AyXa kBT 240

Hroro no xomony: kBT 2170

A.1.3 I'pyHTOBBIii TeNJI000MEHHUK

I'pyHTOBBI TEINIOOOMEHHUK ITPEIIONAraeTCsl yCTPOUTD M3 TEPMOCKBAXKHIH, PACTIONONKEHHBIX
Ha NpHIeraroeil K 30aHUI0 TEPPUTOPUH. [ PYHTOBBIE TEINOOOMEHHHKH PA3MEINAOTCS YACTHYHO B
IIaXMaTHOM, YACTHYHO B OPTOTOHAIEHOM TIOPSIZIKE C IIAroM 6 M.

KOHCTPYKTHBHO TPYHTOBBIC TEIUIOOOMEHHWKH BBIONHEHbI NBOWHBIMH U-00pasHbIMH U3
Tpy® IOuamerpoMm 32 MM Mpu TONIMHE CTeHKH 3 MM. Marepuan TpyO — HONUSTUIEH HH3KOTO
naenenus. ['nybuna Oypenus — 100 M. OOpaTHOe 3alONHEHHE CKBA)KHH BBINOJIHIOCH OYpPOBBIM
PacTBOPOM.

A.1.4 KnuMaTH4YecKHe H FHAPOre0J0rHIeCKHe 0CO0EHHOCTH PAHOHA CTPOHTEILCTBA

IIpupoonvie  ycnosus,  mecmononodcenue U aanowagmuoe  30nupoeéanue. B
reoMopQoONIOrMIeCKOM  OTHOIUEHHWH  HCCIEAyeMbId  y49aCTOK  pAcCHONIOKeH Ha  CKJIOHE
(IoBHOISIIMANIBHON PaBHUHBI, KOTOpasi mpope3aHa noimoi p. Mocksa. AOCOMIOTHbIE OTMETKH
pesnbeda MOCTENeHHO CHIKAIOTCS OT BOZOpaszena K pyciy p. MOCKBa U €€ PUTOKOB.

Knumam. Knumat TeppuTOPHM THIMYEH Ui YMEPEHHOro MUpOTHOro mosica Pycckoii
paBHUHBL. XapaKTEePU3YeTCs TEIUIBIM JIETOM, YMEPEHHO-XOJIOMHOM 3UMOH C YCTOHIUBBIM CHEXXHBIM
NOKPOBOM M XOpOLIO BbIpakeHHbIMHU ce3oHaMu. CpemHeronosasi TemmepaTtypa Bosayxa +4,1 °C.
XonoaHelii mepuos — ¢ Hauana HosiOpst 10 KOHLIa MapTa.

Teonozuueckoe cmpoenue. WHbOpMaLE O TIeONOTHYECKHX OCOOCHHOCTSIX —paifoHa

CTPOUTENIbCTBA MPECTaBIeHa Ha pUCyHKe A 1.
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NHn

eonornye
cKan OnucaHvie rny6 Mou

KOJIOHKA nopog WHa  HOCTb /A

CKBaXKMHbI

MyHa

Mecok

CyrnvHoK

MnHa

1 Mecok

[Mnkka aerexan

"NHa ropcKKag,

l|/|3BeCTHFIK

PucyHok A.1- Jlutonornyeckas KosioHKa

Ypo
BeHb

[aHHble Mo reosiorMY4ecKOMy CTPOEHMIO YyyacTKa, HEMOCPELCTBEHHO MNPUMbIKAKOLWeEMY K

niowagke CTPOUTENbCTBA, MpeAcTaBieHbl B Tabnuue A.3, a B Tabnuue A.4 nNpuBeAeHbI

rMaporeoNiornyeckass XxapakTepucTuka rpPyHTOBOFO MaccuBa M/oWafKu CTPOMTENbCTBA B6N3N

MPOEKTUPYEMOTO 3/jaHNS

Tab6nuua A3 - JaHHble Mo reoslorM4ecKOMy CTPOEHUIO y4acTKa

Homep cnos
oT MoLHoCTb
MOBEPXHOCTU crnos, m
rpyHTa
1 0-2
2-3
3-10
10-20

Tun 1 xapakTepucTuka rpyHta

CoBpeEMEHHbIE TEXHOTEHHbIE OT/IOXKEHUSA: MeCOK
BNIXHbI C CYyrMHKamu

NMWHa TyronnacTuyHas

Meckn cpegHein BAAXXHOCTK

CyrIMHKM C MPOC/IO/iKaMM NeCKOoB, BNaXKHble

[MNOTHOCTD,
Kr/m3

1920
1810
1980
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Oxonyanue mabnuyer A.3

5 20-22 CyTIIHHKH NONyTBEPAblE MAJIOBJIAXKHbBIE 2050
CyrnuHky nonyTeepaple, ¢ IMH3aMH [ecka

6 22-29 2080
00BOIHEHHOTO

7 29-35 Cynecu 1iacTUYHbBIE CPEeOHE BIaKHOCTH 1860

8 35-36 I'nuHbI oMy TBEpABIE 1880
Cyrnecu ¢ mpocnoiikaMu CyrIHHKOB, CpefHei

9 36-42 1860
BOJOHACBIMIEHHOCTU
Cyrnecu rulacTu4HeIe, cpenHei

10 42-56 1830
BOJIOHACBIIIIEHHOCTH

11 56-58 Cymecs mnactudHas 1790

12 58-65 I'nuna nonyteepnas 1830

Tabnuna A4 -T'uaporeoorudeckne XapaKTePUCTHKH IPYHTOBOI0 MACCHBA IIOIAAKH

CTPOMTEJIBCTBA
Hanuune rpyHTOBBIX BOA I'nyOuna 3aseraHus, M Harop, M
BononocHe1it cnoti 1 6-10 besnanophblii
BononocHsli cnoii 2 14,2-24.5 Hamnop 0-10,9 m
BonoHocHbI# cnoii 3 34,7-40,7 Hamnop n0 22,2 m

A.2 TexHuYecKHe TIPENJIOKEHHS MO TeoTePMAJILHOH TeNMJIOHACOCHOH cHcTeMe
TEIJI0XJIAX0CHADKeHHsI

A.2.1 O0mue noJ1oKReHHsI

OcuoBubivu coctasisitouumu [ TCT sisysitorest TH 1 cucrema cOopa HU3KOMOTEHLHAIBHOM
TEIUIOThI TPYHTA, COMleprKallasi PYHTOBbIE TEMIOOOMEHHUKH.

Jltst cOopa TemIoThl TPYHTA MCHONB3YIOT TPYHTOBBIC TEINIOOOMEHHHUKH, MPEICTABIAIIINE
co00¥i OMEIIEHHbIE B [lyXHe BepTHKAJIbHbIE CKBa)XKUHBI inamerpoM 151 mm ase U-oOpasHble netiu
U3 TONUSTHIEHOBBIX TPyO HapyKHbIM JuamMeTpoM 32 MM, BHYTPHM KOTOPBIX LIMPKYJHpPYyeT
TemioHocutenb (40 %-Hblit BOXHBIA paCTBOP MPOMUICHIIMKOIS) Oe3 MaccooOMeHa ¢ OKPYIKAIOIUM
IPYHTOBBIM MaccuBoM. Ilpumenenne aHTHU(pu3a OOYCIIOBJIEHO BO3MOXKHOCTBIO paboTHl B
OTPULIATENLHOM JIMANa30He TeMIepaTryp TemsioHocuTens. Mcnonb3oBaHue NPONHMIIEHTIMKOINS

00yCIIOBIICHO ero 6oJblieii 0 CPABHEHHIO C STHIICHIINKOIEM 3KOJIOTHIECKOH 6e30MacHOCTBIO I

96



YeIOBeKa W OKpy»Karoimell cpenbl, Y4UTbIBas OJNM30CTb BOJOHOCHBIX T'OPU30HTOB ITHThEBOTO
Ka4ecTBa.

A.2.2 OneHka 3KCIUTyaTALIMOHHBIX XaPAKTEPHCTHK IPYHTOBBIX TEMI000MEHHHKOB

Ha Texymem »dTame DpPOM3BOASAT IPEABAPUTENBHOE  OLIEHOYHOE  OIpEAeseHHe
OKCIUTyaTALIOHHBIX XapaKTEPHCTUK TPYHTOBBIX TEIUNIOOOMEHHUKOB WCXOISl K3 YCPETHEHHBIX
MapaMeTPOB yASNBHOIO TEINIOChEMa U YAENbHOrO cOpoca Telua B rpyHT. Jis mpenBapuTeIbHBIX
pac4eToB ObUIO NPHHSTO 3HAYEHME YAEJIbHOrO TerocheMa, paBuoe 40 Br/m. B mambHeiimem 3To
3Ha4YEHHE MOJICIKUT YTOYHEHHIO B XOZI€ MPOBEACHHS YHCICHHOTO MOIEINPOBAHIUS PEXKUMOB pabOTHI
TPYHTOBBIX TEINIOOOMEHHHUKOB.

JU1 OLIeHKY Y IebHBIX IoKa3aTeneit 3¢ eKTUBHOCTH IPYHTOBBIX TeIIOOOMEHHHUKOB IIPH HX
paboTe B pexxume cOpoca Temia B IPYHT IS IPEIBAPHTEIbHBIX PACIETOB ObIIO MPUHATO 3HAYEHHE
yrenpHOro TemiocOpoca, paBHoe 20 B1/M. DTO 3HaueHUWE MEHBINE aHAJOTMYHOTO 3HAYCHHS IS
TEIUIOCHEMA, TAK KaK B ciIydae cOpoca Tema B IPYHT NPOUCKOAUT BBICBIXaHHE NPIJIETalOINero K
IPYHTOBOMY TEIUIOOOMEHHHMKY MacCHBa T[PYHTa C COOTBETCTBYIOI[VM CHIDKEHHEM €ero
TEIJIOMPOBOJHOCTH. B ,I[aJ'IbHefILHeM NPUHATOE 3HAUYCHUE Y ACIbHOIO Termoc6p0ca TaKXKe IMOAJIC)KUT
MPOBEPKE U YTOYHEHHUIO.

Pe3ysbTaThl OLIEHOUYHBIX PACUETOB IPYHTOBOIO TEMIOOOMEHHHKA NPUBeeHbI B Tabmune A.S.

Tab6nuua A5 — Pe3yabTaTbl OLEHOYHBIX PACYETOB MPYHTOBOr0 TEMI000OMEHHHKA

Haumenosanue En. usm. Benuuuna

Yucno cKBaXKUH IT. 450
I'ny6una ckBaxuH M 95
VY nenbHbII TEMIOChEM C IOTOHHOTO MeTpa (3UMHHMA

Bt/m 40
pexum)
MoHocTh TerIooOMeHHHKa (3UMHHI pexXuM) kBt 1710
VYaenbHast Harpy3Ka Ajs pexumMa cBOOOIHOTO

B1/m 20
OXNaXKIACHHS
MoOIHOCTE «TACCUBHOTO» OXNAXKACHHS kBT 855

A.3 YucjeHHOE MOJEJIHPOBAHHE PERUMOB PAGOTHI CHCTEMBI

A.3.1 lanHble N0 MJIOIAAKE CTPOUTEIbCTBA

B pacdere mpUHATHI JaHHBIE MO TEOJIOTHYECKOMY CTPOCHHIO Y9acCTKa, HEMOCPEICTBEHHO
MIPUMBIKAKOLIEMy K IUIOIIaAKe CTPOUTENbCTBA, IPUBENeHHbIE Ha pucyHKe A.1 u B Tabiuuax A.3 u
A4, a Take [aHHBIE IO TEIUIONPOBOJHOCTH U 00beMHOU TeruoeMkocTH B TajoM (Am u Cm) u
Mep3noM (Ar u Cr) COCTOSIHUH CJIO€B TPYHTA, MpUBeAeHHBIE B Tabinie A.6 M HCIIONB30BAaHHBLIE B

JAIBHEHIINX pacueTax.
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Ta6nuuya A.6 - JaHHble N0 TeN/JIONPOBOAHOCTM M 06BEMHOI TENSI0EMKOCTU B TasioM
M MEepP3/10M COCTOSIHUM C/I0EB FPyHTA
TennonpoBOAHOCTb FPYHTa, O6beMHas TeNnN0eMKOCTb FPYHTa,

BT/(MC) KOx/(m3-C)

1,64 1,8 2753 2279

A.3.2 OueHKa MHTEHCUBHOCTU M3B/IEYEHNS TENMOBON 3HEPTUN U3 TPYHTA

Mpyv oOuUeHKe W3BAeYEeHWA Tenj0BOW 3JHEPrnum u3 TrpyHTa B KayeCTBe T[PYHTOBOrO
TennoobMeHHMKa Oblna paccMoTpeHa TEPMOCKBaXKMHA C TeENJIOOOMEHHUKOM B BufAe ABOWHON U-
06pa3HOi NONM3TUNEHOBON TPYObI.

MpumeyaHne — YNUCNeHHble 3KCNEPUMEHTbI MO OLEHKE BAUAHWUA  KOHCTPYKTWUBHbIX
0COOEHHOCTEW TEPMOCKBAXWH HA UHTEHCUBHOCTb M3BNEYEHMWS TEN0BON 3HEPT UM U3 TPYHTA NPOBOAUIUCH Ha
MOAensx W nporpammHom obecnedeHun Insolar HeatPump, paspaboTtaHHoM W npuHagnexawem OAO
«MIHCONAP-UHBECT».

Pe3ynbTaTbl pacyeTta npejcTaB/ieHbl HA pUcCyHKe A.2. PacyeTbl NPOBOAUAN ANA TEMNepPaTypbl

rpyHTta natoc 8 °C u Temnepatypbl TennoHocutens muHyc 8 °C.

MoTok B TpybbI Ha Fny6uHe 50 M

KpacHaa nuHusa - nafileHne NUHTEHCUBHOCTMW YAeNbHOI0 TenJoCbemMa TEPMOCKBAXUHbI BO BPEMEHMU;
yepHas NMHNSA - KoaKcuanbHas KOHCTPYKLUWA; CUHAS NMHUA - ofnHapHaa U-o6pa3Has KOHCTPyKLUuMA
PncyHok A.2 - MafjeHne MHTEHCUBHOCTMU Y/4e/IbHOI0 TenjocbeMa TEPMOCKBaXUHbl BO

BpPEMEHU
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A.3.3 OueHKa B3auUMHOro B/IUAHUA TePMOCKBaXXMH B Npefenax nofs rpyHToOBOro
TennoobMeHHUKa

Mpu oueHKe COBMECTHOW paboTbl TEPMOCKBAXWH, PaCMO/IOXEHHbIX B MOfie TPYHTOBOIO
TennoobMeHHuKa, 6blna paccmoTpeHa Bbl6opka nons pasmepom 10 Ha 20 TepMOCKBAXWH,
pacnosioXXeHHbIX C Warom 6 m.

UncneHHOe MOAeNnpoBaHNe MPOBOAMIOCE HA MOAENAX 1 NporpaMMHOM obecneyeHun Insolar
HeatPump. (cm.A.3.2).

PesynbTaTbl pacyeToB MpefcTaB/eHbl Ha pucyHkax A.3-A.5.

Ha pucyHke A.3 npefcTaB/ieHa KapTUHa pacnpegesieHns TemnepaTyp B noje TepMOCKBaXKUH
Ha KOHeL, OTOMUTE/IbHOrO Ce30Ha.

Ha pucyHkax A.4 n A.5 yepHas NyYHKTMPHasa NUHNSA - OAMHOYHAS TEPMOCKBaXMHA TaKOW e
KOHCTPYKUUW (3TANOH).

Aavr, Amin, ATax ~ OCPeHEHHbI, MUHUMa/bHbIA N MaKCUManbHbI COOTBETCTBEHHO MOKa3aTenun
3 (EKTUBHOCTU TEPMOCKBAXWUH MO MO0 TEPMOCKBaXKUH; pa3HbIMU LiBeTaMn 0603HayeHbl pa3Hble

pAAbl TEPMOCKBaXKUH.

PucyHok A.3 - TageHne NHTEHCMBHOCTMW YAE/bHOI0 TEMN/0CbEMa TEPMOCKBAXXUH BO

BpeEMeHM (NepBblii HOMep - HOMEP B «CTPOKe», BTOPOI - B «CTON6LE»)
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PlllcyHOK/l.4- MajgeHne MHTEHCUBHOCTW YAe/IbHOr0 TenaocbeMa TEPMOCKBaXXUH BO BPEMEHU

(nepBbIA HOMEP - HOMEP B «CTPOKE», BTOPO - B «CTO/6LE»)

mecal 6:£aM= 0.96, £nin=0,96,£nax=0,98

095 1 1
O 50 100 150 200

oy,

PucyHok A.5 - 3meHeHMe nokasatens apheKTUBHOCTU K BO BPEMEHU

Sar, KTT, &Tax - OCpeAHEHHbIﬁ, MWUHUManNbHbIA U MaKCMManbHbI COOTBETCTBEHHO MOKa3aTeNn

SqJ(beKTVIBHOCTVI TEPMOCKBaXXUH NO MO0 TEPMOCKBaXXUH; pasHbIMN LIBETaMU 0603HaYeHbI pa3Hble

pPAAbl TEPMOCKBaXKUH.
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PesynbTaTh! pacueTos, mpeacTaBieHHbIe Ha rpadHKax, JOCTATOMHO HATISITHO MMOKA3bIBAIOT,
4TO MPU COBMECTHOW paboTe TEPMOCKBaKHUHBI, HAXOMSLIMECS B LIEHTPE MOJS, MOTYT HMETh
TeTIoCheM Ha 4 % HIKe, UeM y eXHHUYHON TEPMOCKBAXKHUHBI B TEX XK€ YCIIOBHSIX.

A.3.4 PacyeT TenJioBOro pe:kHMAa TePMOCKBAXKHH H TEIJIOHACOCHOH CHCTEMBI B LIeJIOM

MaremMaTn4yeckoe MOAENMPOBAHUE OCY LECTBILIOCH C IOMOLIBIO TPOrPAMMHOIO KOMILIEKCA
Insolar HeatPump.

ITpu MozmenupoBaHHH TEMIOBOTO PEKHUMA TEPMOCKBAXHH pacdeThbl MPOBOIMIKCH IJIs1 ONHON
TePMOCKBaKHHBI JBOHHBIM U-00pasHbIM TemIOOOMEHHHKOM, K KOTOPOii, COOTBETCTBEHHO, ObLTH
MPUBEAECHBI BCE HarPy3KH.

PacueTs! Besich AJ1s MO TEPMOCKBAXUH pabodeii THHOH 95 M.

Ileny mooderupoeanua. llenvio MPOBENEHUS YHCIEHHOTO MOAEIUPOBAHUS SIBJISETCS
yTOYHEHHE HEOOXOANMOTO KOJIMYECTBA TEPMOCKBAXHH ISl pa0OTHI CHCTEMBI B PEKUMAX

- U3BJIEUEHUE TeIIa U3 TPYHTa,

- cOpOoC B IPYHT TeIia ¢ KOHAEHCATOPOB TEIUIOBBIX HACOCOB;

- KTTACCHBHOE» OXJaXKIEHUE.

Pacuersl MpOBORUINCE I CETYIOMNX Y CITOBHIA:

- TeruiocHaOkeHNe U ITACCUBHOE OXJIAXKAECHHE 3a CYET XJIaZiopecypca IPyHTOBOrO MacCUBa;

- MOIIHOCTb TaccuBHOro oxinaxnaeHus 800 kBt, temmeparypHsiii pexxum 17 °C — 20 °C,
TETUIOHOCHUTEJNb — BOIHBIM PACTBOP MPOMUICHT IUKOJIS,

- TeIJIOBast Harpy3ka coctasnser 1535 kBT, u3 Hux 100 kBt — Harpyska I'BC;

- Harpys3ka X0JI0Z0CHabXKeH!s OXIakaaeMbix noBepxuocrei 800 kBT Ha pexume 17 °C — 20
°C:

- Harpy3Ka OXJIAXACHUS IPUTOUYHOTO BO3AYXa U BEHTHIHATOPHBIX JoBOA4YHKOB 1370 kBT Ha
pexume 7 °C — 12 °C.

Oepanuyenusn. Tlpu NpOBEOEHUM pacyeToB ObUTH NMPHHATHI CIEAYIOLIHE TEMIIEpaTypHbIC
OIrpaHUYCHUA.

- B 3MMHEM pEXHME pacydeT NPOBOAMTD U3 YCIIOBHUS HEJOIYIEHHUs 3aMOPAXXHUBAHNs TPYHTa,
TIPpU 5TOM AOMYCKAECTCA CHUXKEHHUE TEMIICPATYPbl TCIIJIOHOCUTEIST HAXKE HYJIA (B OPHUEHTHUPOBOYHBIX
npenenax muayc 1 °C — munyc 3 °C);

- B JIETHEM PEKMME HE JOIMYCKAETCs 1107a4a B rPyHT TEIUIOHOCUTEIIS C TEMIIEPATyPOi BbILIE
35 °C (npu cObpoce Temia ¢ KOHASHCATOPOB XOJOIUILHOTO 000pY I0BaHMs);

- B PEXKHME ITACCHBHOTO» OXJA)KACHHUS IPYHTOBbIIl MACCHB HE JOJDKEH IPOTPEeBaTHCS BHILIE

15°C.
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Haepyska na cucmemsl oxaancoenusi. B Hanbonee sxapkuii mepHoz rofa, a UMEHHO JIETOM U

YaCTUYHO B Mae U CEHTOpe, 0a30BOi CUCTEMOI OAAYH X0j101a Oy YT OXJIaXKJaeMble TIOBEPXHOCTH,

a BEHTHJLITOPHbIE TOBOIYMKH M BOAYXOOXJIAAUTENN Oy AT BKIIOHATHCSA TOIBKO MO MOTPeGHOCTH.

Pacuers! MpOBORUIUCE IS ABYX BAPHAHTOB!

- BapuaHT 1: TemnocHaGeHNe U TACCUBHOE OXJIAXIACHUE,

- BapuaHT 2: TerIocHaOXKeHe 1 C6pOC TEIUIa C KOHACHCATOPOB TEIJIOBBIX HACOCOB.

Jlnst oborx BapUAHTOB pacyeTHas TEIIOBasi Harpy3ka cocrasisieT 1535 kBT, u3 Hux 100 kBt

—Harpy3kaI'BC.

Harpy3ku cucteM X0nonocHa0KeH s, IPUHATbIC I pacyeTa, NpHBeNeHbl B Tabmune A.7.

Tabnuua A.7— Harpy3ku cucTeM X0.1000CHAOKEHHsI, IPHHATBIE MJIs pacuera

Mecsig I v A% VI VIl A1 IX X
Bapmuanr 1
Harpyzxka Ha | Jlenp 0 0 50 100 100 100 40 0
OXJIaKIaeMBbIe
HoBepXHOCTH, % Hour | O 0 50 100 100 100 40 0
Harpyska Ha | JleHp 0 0 400 800 800 300 320 0
OXTAKABCMBIC How | 0 [ © 400 | 800 | 800 | 800 | 320 | o
MIOBEPXHOCTH, KBT
Cpenmemecsiras  Harpyska | 0 400 | 800 | 800 | 800 | 320 | o
1o xoa01y, KBt
Cpemnemecsunpiii — copoc | 0 400 | 800 | s00 | s00 | 320 [ o
Tenuaa, KBr
Bapuanr 2

Harpyska Ha
CHCTEMBI Hens | 10 20 40 60 90 80 30 10
OXJIKICHUSI
OPUTOYHOTO
BO3/lyXa M BeHTH- | Hous | 0 0 0 0 0 0 0 0
JISSTOPHBIX
JIOBOIUMKOB, %
Harpyska 1a Tenn | 137 | 274 548 822 | 1233 | 1096 | 411 | 137
CHCTEMBI
OXJIKICHUSI
MIPUTOYHOTO
BO31yXa U Houb 0 0 0 0 0 0 0 0
BEHTHJIITOPHBIX
JIOBOJUUKOB, KBT
CpenHemecsiyHasi Harpy3Ka
Ha CHCTEeMBbI OXJIAXKICHUS
NPUTOYHOTO BO3AYXa U 68,51 137 274 411 | 616,5 | 548 [205,5] 68,5
BEHTHJIITOPHBIX
JIOBOIAYUKOB, KBT
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OKoHuaHue Tabnuybl A. 7
CpefHemecsuHbIl cbpoc
Tenna oT CUCTEM
OXNaXAeHUsA NMPUTOUYHOTO 82,6 1652 330,5 4957 7435 6609 2478 82,6
BO3[yXa WU BEHTUMATOPHbIX
[oBOAUMKOB, KBT
CpeaHemecaYHbIn copoc
Tenna oT CUCTeMb!
OXNaxnaembix
noBepxHoCTen, KBT
CyMMapHbIil cpefHeMe-
CAYHbIW cbpoc Tenna, KBT

0,0 0,0 460,4  920,7 920,7 920,7 3683 0,0

82,6 1652 790,8 14164 1664,3 15816 616,1 82,6

A.3.5 PacueTHble Harpysku v pesynbTaTbl pacyeToB

BapuaHT 1

Ha pucyHkax A.6 n A.7 npefcrtaBfieHbl pe3ynbTaTbl pacyeToB rpagMkoB TemnepaTyp
TENIOHOCUTENA U FPyHTa COOTBETCTBEHHO. KaXKAblii U3 napameTpoB BbluucfieH ans 1-ro u 5-ro

CE€30HOB 3Kcn/yaTayun CUCTEMBI.

v cksaknHa OBK 1 M'BC. Copoc Tenna ¢ KoHaeHcaTopa TH: Temnepatypa tennoHocutens, °C, 1rog, L=0;
ckeakmHa OBK v 'BC. Copoc Tenna ¢ KoHgeHcaTopa TH: Temnepatypa TennoHocutens, °C, 5rog. L=0

OkT Hos Jex fAHB ®esp Mapt  Anp Maii  WioHb  Wiomb Asr CeH

PucyHok A. 6 - [T010BOE M3MEHeHWe TeMMepaTypbl TEM/IOHOCMTENSI B cMCTeMe Tenoc6opa

103



ckBakmHa OBK 1 MBC. C6poc Tensa ¢ KoHAeHcaTopa TH: TemnepaTypa TennoHocuTens, °C, 1rog, L=0;
ckBaknHa OBK 1 MBC. C6poc Tenna ¢ KoHaeHcaTopa TH: TemnepaTypa TensioHocuTens, °C, 5 rog, L=0

Okt Hoa  [ek A4  ®eBp Mapt Amp  Main WoHb Wiomb  Aer CeH

PucyHok A. 7- 0f0BOE M3MeHeHWEe TeMNepPaTypbl FPYHTa HA KOHTaKTe C TEPMOCKBaXUHaMu

(Harpyska OBK n 'BC: 1-ii u 5-ii rogbl akcnayaTtayum)

Kak BUHO 13 NPUBEAEHHbIX rPatinKoB, TEMMNepaTypa rpyHTa npu paccmMatprusaemMom pexxume
paboTbl TeMnJIOHaCOCHOW CUCTEMblI He OMYCKAeTCH HUXE HYyNsd, 4TO rapaHTUpPYeT OTCYTCTBME
LONONHUTENbHON HAarpy3Kkn Ha yHAaMeHTbI 34aHUIA, CBA3aHHOW C MOPO3HbLIM MYyYEHUEM FPYHTa Npu
ero 3amopaxmBaHun. OLHOBPEMEHHO C 3TUM TeMMepaTypHbll PeXWM FPYHTa B NETHWUW Nepuoj
TaKoB, YTO obecneymsaeT (YHKLMOHNPOBAHNE CUCTEMbI B PEXMME «MACCUBHOI0» OXNaXAeHNs.

BapuaHT 2

Ha pucyHkax A.8 n A.9 npeacTtaBneHbl pesynbTaTbl pacyeToB rpauMKoB TemmnepaTyp

TeMNJIOHOCUTENS U TPYHTa COOTBETCTBEHHO. Kaxfblli M3 napameTpoB BblumcieH ansa I-ro u 5-ro

Ce30HOB aKcnnayaTtauun CcUCTeMbl.
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ckBaxxmHa OBK n 'BC. Cbpoc Tenna ¢ KoHaeHcaTopa TH: Temnepatypa TennoHocutens, °C, 1rog, L=0;
ckBaxknHa OBK 1 'BC. C6poc Tenna ¢ koHaeHcaTopa TH: Temnepatypa tenaoHocutens, °C, 5 rog, L=0

PucyHok A. 8 —F 040B0O€e N3MeHeHMe TemnepaTypbl TENJOHOCUTENA B CUCTEMe Tensocbopa

(Harpy3ska OBK 1 'BC —c6poc Tenna ¢ KoHaeHcaTopa TH: 1-i1 u 5-4 rofbl akcnayaTauum)

X°C ckBaxxnHa OBK n 'BC. Cbpoc Tenna ¢ KoHAeHcaTopa TH: Temnepatypa rpyHTa, °C, 1rog, L=0;
cksaxxmHa OBK v 'BC. Cbpoc Tenna ¢ koHaeHcaTopa TH: TemnepaTypa rpyHta, °C, 5 rog, L=0

Okt Hos6 Jex AHB ®eBp Mapt  Anp Mai VoHB Wonb  ABr CeHrt

PucyHok A.9 — oloBOe n3MeHeHMe TeMNepaTypbl FPyHTa Ha KOHTaKTe C TEPMOCKBaXKMHaMU

(Harpy3ka OBK n 'BC —c6poc Tensa ¢ KoHaeHcaTopa TH: 1-1 1 5-i1 roabl aKcnayataumn)
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MpuBefeHHble Bbile rpauMKu MNOKasbiBalOT, 4TO, Kak W B MpeablaylieM BapuaHTe,
Temnepatypa TrpyHTa TMpu TakoM pexume paboTbl TensOHACOCHOW CUCTEMbl  OCTaeTcs
NONOXMUTENbHON, YTO rapaHTUpPyeT OTCYTCTBUE AOMONHUTENIbHON Harpy3Kn Ha PyHAaMEHTbI 34aHNUMN,
CBSI3aHHOW C MOPO3HbIM My4YeHWeM FpyHTa MNpWY €ero 3amopaxumeaHuu. OJHOBPEMEHHO C 3TUM
TeMnepaTypHbIi peXXMM FpyHTa B NIETHMIA Nepuog TakoB, 4TO cOpoc Tenmna C KOHAEHCATOpOB
TEMNIOBbIX HACOCOB MPeACTaBMSETCS BO3MOXHbIM (C TOYHOCTHIO [0 WM3MEHEHUS BAXHOCTHOIO
COCTOAHMA NPUNEravLWmnx K rpyHTOBbIM TeNJI006MEHHUKAM C/I0EB TPYHTA).

A.3.6 MoBepoUHbIii pacyeT Npu HepaboTaloLLel cucTeMe KOHAULMOHMPOBaHUSA

B 3TOoM pacueTe paccMaTpMBaeTCsi HaMXYAWMWIA C TOYKW 3PEHUs rapaHTUPOBAHHOMO
obecrneyeHnUss TennoCHabXeHWsA peXxum paboTbl FPYHTOBOro Tenjoo6MeHHMKa. B aToM pexume
OTCYTCTBYeT COpOC Temna B FPYHT B /IeTHWIA Nepuoj, TO ecTb BOCCTAHOB/EHWE TEMMEPaTypHOro
peXunma rpyHTa BO3MOXHO TOJIbKO 3a CUET eCTECTBEHHOI0 NPUTOKA Ten/ia U3 OKpy>XKatoLlero Maccuaa
rpyHTa, pagnoreHHoOro Tenaa U3 HXKHUX CNOeB U Tensa, NOCTYNarLLEero 0T CO/IHEYHOTO U3/yYeHus.

Ha pucyHkax A.10 u A Il npegctaBneHbl pesynbTaTbl pacyeToB rpankoB TemnepaTyp
TENJIOHOCUTENA W TPYHTA COOTBETCTBEHHO. KaxAblii 13 napameTpoB BbluMcneH and 1-ro u 5-ro

CE30HOB 3KCMayaTaunn CNCTEMbI.

t, °C — ckBaxxvHa OBK 1 MBC. C6poc Tensna ¢ koHAeHcaTopa TH: Temnepatypa TennoHocuTens, °C, 1 rog, L=0;
ckBaxknHa OBK 1 MBC. C6poc Tenna ¢ koHaeHcaTopa TH: Temnepatypa TennoHocuTens. °C. 5 rog, L=0

Okt Hos6 ek fAHB ®esp  Mapt  Anp Mal WioHb  Wionb Asr CeH

PucyHok A. 10 - 0/]0BOE M3MeHeHVe TeMnepaTypbl TEMIOHOCUTENS B cUCTeMe Tenoc6opa

(Harpyska Tonbko OB 1 'BC: 1-i1 n 5-1i rogbl akcnayaTaymn)
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PucyHok /1. 11 - 0f0BOe M3MeHeHMe TeMMePaTypbl FPYHTa HA KOHTAKTe C TEPMOCKBaXUHaMU

(Harpyska Tonbko OB 1 'BC: 1-ii 1 5-i1 rogpl akcnayartawmm)

Takum 06pa3omM, BUAHO, YTO TemnepaTypa rpyHTa B Hanbonee He6NaronpuATHOM peXxume
paboTbl TEMIOHACOCHOW CUCTEMbI OCTAeTCH MOMIOXMTENBbHON faXe Npyu ANNTENbHOW 3KCnayaTauun
CUCTEeMbI B TAKUX YC/TIOBUAX.

MpeasapuTenbHble BbIBOAbI

PacyeTbl, OCHOBaHHble Ha [aHHbIX FE0NOrMYECKUX W3bICKaHW (80 rny6uHbl 65 M npu
rnybuHe rpyHTOBbIX TennoobMeHHWKOB 100 M) MO CMeXHOMY C paccmaTpyMBaemoi NAoLLafKoi
CTPOMTENbCTBA YYacTKy, NOKasbiBaloT, 4T0 300 CKBaXXWMH [ABOWHON U-06pasHOi KOHCTPYKLMK
CNocobHbl 06ecneynTb KOPPEKTHOE (YHKLMOHMPOBaHWE TeMN/I0OHACOCHON CUCTEMBI.

Pe3ynbTaTbl pacyeToB AO/MKHbI 6bITb CKOPPEKTUPOBAHbLI HA OCHOBAHWW YTOYHEHHbIX faHHbIX
reos0rmMyecknX MccnefoBaHunii, KOTopble JOMKHbI ObITb NPOBEAEHbl NMEHHO Ha paccmaTpyBaemoit
nnowaake n Ao rayéuHsl 100 M, a Takxe Mo pe3ynbTaTaM HaTYPHbIX WCMbITAHWA TPYHTOBbIX
Tenn006MeHHUKOB.

A.4 TToBepOYHbIN pacyeT Mo YTOUHEHHOW MHpopmaLum

PekomMeHAyeTCA BbINOAHWTL MOBEPOYHbIA pacyeT MO YTOYHEHHOW WHGopMauum o
reosorM4yeckoM CTPOEHUM MNOLWAAKN CTPOMTENbCTBA UM pe3ynbTaTaM HaTYpPHbIX WCAbITaHWi

FPYHTOBOTO Tenno0O6MeHHMKaA.
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