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NMHdopmMmauma o KOMNaHUM.

«3aBoa «KALUUPA-NMJIACT», ocHoBaHHbIM B 2006 roay siBnsercs
BbICOKOTEXHO/IOMMYHbBIM MPOU3BOAUTENEM
MeTanononmMepHbix Tpy6 «COMPIPE™ .

Lenbto  aeaTenbHOCTM  npeanpusaTus
apnserca  obecneyeHne - CTPOMTESIbBHOMO
koMmnaekca n XKX Poccum oTeyecTBEeHHOM
NnpoayKUMENn BbiCOYAWLLEro eBpOnencKoro
KayectBa, MeTanaononnMepHoiMn PEX(b)-
Al-PEX(b) Tpybamu, npeagHa3Ha4Ye€HHbIMU
ans obycTpomncrea BHYTPEHHUX
WHXXEHepPHbIX cucTtem oTOon/IeHNs "
BOAOCHabXxeHus, TENNbIX nosos,
naHenbHOro oTonNeHus, nogorpesa
OTKPbITbIX NJIOLWAA0K.

MpoV3BOACTBO MeTannononuMmepHoix Tpyb6 «COMPIPE™>» ocyuwecrensercs Ha 6ase
Npon3BOACTBEHHOIrO0 KOMMJeKca, pacnosioxeHHoro B r. Kawupa (MockoBckas o6nactb) u
BkNtovarowero 5000 M.KB. TexHo/AorMyeckonm nnowaam m 6onee 1000 Mm.kB. nabopaTtopHo-
nccnenoBaTesibCKOro LeHTpa.

Ha 3aBoge «KALWUUPA-MNJIACT» Bnepsble B Poccmn nponssoaCcTBO MeTan10NnoanMepHbIX
Tpy6 oOpraHuM3oBaHO Ha aBTOMATU3UMPOBAHHOM nuHMK, cdhopMMpoBaHHOM Ha 6ase
akcTpyaepos «Maillefer» (LUsenuapusa) v texHonorum TIG-cBapku «Dreistern» (FepmaHus).
OcHOBHblEe NpenMmyLlecTBa 060pyaoBaHMS - 3TO BbICOKas NPOM3BOAUTENbHOCTb, A0 15 MAH.
mMeTpoB Tpyb6 B rog m BbicO4dallee KadecTBO npoayKuwmu. locneposaTenbHas NMHENHas
CTPYKTYypa NpOW3BOACTBEHHOro npouecca AaéT BO3MOXHOCTb Ha BCeX TEXHONOrMYecKmx
cTaamnsax npou3BoACTBa OCyLLeCcTBAATb HenpepbIBHbIN KOHTPOJb KayecTBa
MeTannononnMMepHoix Tpy6 «COMPIPE™»  ynbTpasByKOBLIMM WM NasepHbLIMU MeToAaMu
HepaspylawLwero KoHTpons. lpun 3TOM B pexXmMme peasibHOr0 BPEMEHU OTCNEXUBaKTCA
Takme BaxHenwmne napameTpbl Tpyb, Kak AnaMeTpbl U TOJLWMHA CNOEeB, KOHUEHTPUYHOCTb,
OBaNlbHOCTb, Ka4eCTBO CBApPHOro LIBA.

He wMmelowee aHanoros B Poccunm npou3BOACTBO MeTasIONOJIMMEPHbIX Tpy6
CoYeTaeTcs C yHUKanbHbIM nabopaTopHoO-uccneaoBaTesibCkuM LeHTpoM (JINL) no nsydyeHuio
XapaKTePUCTUK W KOHTPOJIKO KadecTBa rOTOBOM MPOAYKUMM W WUCXOAHOro cbipbs. JINL
OCHaLWéH caMbiMK COBpeMeHHbIMW npubopamn 1 obopyposaHueM mn3 EBponbl. JlabopaTopuu
CTaTUYECKMUX U LUMKINYECKUX TEPMOrMapaBanYeCcKUX UCMNbITAHUA, MEXaHNYECKUX UCTMbITaHWUN,
onpefeneHnss XMMUYECKMX WU @U3MYeckux CBOWCTB MaTepuasnoB, METPOSOrM4ecKkoro
KOHTPONS MO3BOMSAOT NPOBOAUTL UCMbLITAHUSA MeTanononnumepHoix Tpy6 «COMPIPE™>» Ha
COOTBETCTBUE HEe TONIbKO poccuimickmm NOCTam n TY, HO U MeXAyHapoAHbIM CTaHAapTaM.
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1. BBepaeHnue

TexHn4yeckMn KaTtanor MeTtanaononuMmepHolx Tpy6 Compipe COAEPXNUT  KpaTkue
peKoMeHgaumMm no pacyety m noabopy MetannononmmepHbix Tpy6 m dacoHHbIX AeTanen K
HMM, NO BbIBOPY CUCTEMDI, MO KOHCTPYKTUBHbIM peLleHMsIM NpOoKNaaKn Tpyb B noMellueHusx,
HEKOTOpble CrpaBO4YHble MaTepuvasbl, MOMe3Hble MNpu MNPOEKTUPOBAHUM CUCTEM U3
MeTannonosMMepHbIX Tpyb.

Mpwn pa3paboTke AaHHOro Katanora UCrnosib30BaHbl MaTepmasibl 3aBOA0B-U3rOTOBUTENEN, a
TaKXe NO0XEHNS AENCTBYOWMX HOPMAaTUBHbIX AOKYMEHTOB!:

1. CHul 2.04.01-85* «BHYTpeHHMI BOAONPOBOA WU KaHan3aumnsa 3aaHnm».

2. CHull 2.04.05-91 «OTonneHmne, BEHTUNALUSA N KOHOAULMOHUPOBAHUE».

3. CM 40-102-2000 «MpoekTnpoBaHue n MOHTax TpybonpoBoAOB CMCTEM BOAOCHA6GXEHUS 1
KaHanusaumm M3 NosIMMEpHbIX MaTepmnanos. Obwme TpeboBaHmnsa».

4. Csopg npaswui No npoekTnposaHuio n ctpontenbctey. Cl 40-103-98 «lpoekTupoBaHume um
MOHTax TpybonpoBoAOB BHYTPEHHUX CUCTEM XOJIOAHOIo U ropsyero BOAOCHabXeHUs C
NCNONb30BaHNEM METANNIONONIMMEPHbIX TPYH>».

5. Ceoa npaBwua no npoekTupoBaHuio n ctpoutenbctBy. CIM 41-102-98. «[1poekTupoBaHmne um
MOHTax TpybonpoBOAOB CUCTEM OTOMNIEHUS C UCMOJIb30BAHMEM METaINIONOSIMMEPHbIX TPY6».

2. MetannononmmepHbie Tpy6bl Compipe™.

2.1 O6nacrtb NpMMEeHEeHns MeTaslJIoNoJIMMEpPHbIX Tpy6.

MeTannononumepHbole Tpybbl Compipe NpMMEHSIOTCA B CUCTEMaxX XOJIOAHOTO M rops4yero
BOAOCHAbXeHUSI B XWNbIX, aAMUHUCTPATUBHbLIX W TMPOMbIWIEHHbIX 34aHUAX, B CUCTEMaX
paAnaToOpPHOrO W HaMoJIbHOFO OTOMJIEHUsl, B TEXHOMNOrnyeckux Tpybonposoaax Ans
TPAHCMOPTMPOBKN XWUAKUX W Tra30006pasHbiXx cped, B CUCTEMAxX BOAOMOArOTOBKM, ANs
OTOMJIEHMSI OTKPbITbIX MJOWAaA0K W JIECTHUYHbIX CXOAOB, CTaAMOHOB, 6accelHOB, a TakXxe
ANl cMCTeM noJorpesa rpyHTa B TENMUAxX U opaHxepesx.

MeTannononnMepHble Tpy6bl MOryT MPUMEHSTbCA KakK OTAENbHO, TaK M B COYETaHUW C
ApyruMn Buaamm Tpye6.

2.2 KOHCTPYKLMSA MeTaJUu10nosiMMepHbiX Tpy6 Compipe™.

- BHELWIHEro nonnMepHoro cnosd,
BbIMOJIHEHHOIO TaKXe n3 cwumToro

MeTannononuMmepHasa Tpyba npeacraBnseT
P Py P nonnatuneHa PEX.

cobo  NATUCIONHYIO  KOHCTPYKUMIO U
COCTOMUT U3 CNeayloWmnx 31eMeHTOB:

- BHYTPEHHEro NOMMEPHOIro cnos,
KOTOpbIA M3roTaB/MBAETCS M3 CLUUTOro
noNIMaTUNEHA PEX(NHA BbICOKOW
NAOTHOCTU, METOA CLNBKU-6);

- BHYTpEHHEro aaresanBHOro cnosd

(cBA3biBaeT Mexay coboil BHYTPEHHUM 1 2_,- 4 5
NOJIMMEPHBIN  CNOM W MeTalJIMYeCcKyto 1 . /a—.mr l a
OCHOBY); b — |

- aAloMUHMEeBON Tpybbl, CBApeHHOW BCTbIK . ¥
aproHo-AyroBsoun (TIG) CBapKoMn, 5
obecneunBatoLlei A dy3nMoHHY0

HEeNpPOHMLAEMOCTb, MPOYHOCTL W Masnoe 1 - Hapy>XXHbIA C/ION U3 CLUMTOrO
NWHelnHoe Tensosoe pacwunperme MIT; nosinaTUIEHa

2 - cnon knes

3 - cnov antoMUHKS

4 - cnomn knes

5 - BHYTpPE€HHMI CNoM U3 CLUMTOro
nonnaTuaeHa

- BHELLHEero aAresnBHOro cnost
(rapaHTupyet CBA3b BHELLHEro
NOJIMMEPHOro CNOSt U aflloMUHUA);



™

Compipe

2.3 Npoussoacrteo Tpy6 Compipe™

MeTannononmmepHbie Tpy6bl Compipe™ BbiNycKaloTcs Ha aBTOMATUYECKOW IMHUM KOMMaHWM
Maillefer SA (LUBeruapus), MMpPOBOro nuaepa wn Beaywero npomssoautenss obopyaoBaHus
A1 MTPOM3BOACTBA NJ1IaCTMacCoBbIX TPyH 3KCTpy3uen.

N3rotoBneHne KOMMNO3UTHOM Tpybbl OCYLLECTBSETCS 3a OAWH NMpoxo4. Takue onepaumu, Kak
3KCTPY3MS BHYTPEHHEro Cfos, HanoxeHue aaresuea, opMupoBaHue M cBapka AL neHThl,
HaJlIO)XKEeHNEe BHELWHEro agresvBa, 3KCTPY3ust HapyXXHolh ob6onodykm m obpaboTka roToBoOro
npoAyKTa,NnponM3BoAsTCS nocnegoBaTenbHoO.

dopMupoOBaHME aJIlOMMHMEBOM JEeHTbl M CBapka BCTblIK nNo TexHonormm TIG (cBapka
BO/Ib)paMOBbIM 3/1EKTPOAOM B Cpefe rennus uaum cCMecu renmst m aproHa) BbIMOSHAETCS Ha
obopynoBaHMn repMaHCcKoM kKomnaHwuu Dreistern, ssnsiowencs seaywimm npouMsBoauTenem
obopypoBaHus B obiactn GopMUpPOBaHMS M CBAapKM MeTaannyeckmx Tpy6. CBapka antoMmMHUS
BCTbIKk obecneumBaeT 60nee BbICOKOE COMPOTUB/IEHME AABJIEHMIO W HATSXKEHMUIO, KOTOpoe
BO3HMKAeT B MecTax u3rnbos Tpybbl. CBapHOW LWOB C/I08 allOMUHUA SIBASIETCS Hambonee
NPOYHbIM MECTOM aJtOMUHUEBOrO SINCTa.

PaszpeneHne asTanoB wu3rotosneHns Tpybbl B MNpOCTpaHCTBE M BO BPEMEHWU, a Takxe,
OCHalleHne  nHUKU KOMMbOTEPN3NPOBAHHOMN CUCcTemMolr  ynpasfieHus nossonseTr
KOHTPOJINPOBAThb BCe TexHonormn4yeckume NMpoueCChbI n BbIMYCKaTb npoaykuuto,
COOTBETCTBYHOLLYIO MEXAYHapoAHbIM CTaHAapTaM.

Ona npoussoacTtBa Tpyb MCNONb3yeTcss BbICOKOKauYeCTBEHHOE Cbipb€é BeAyLlMX MUPOBbIX
npoussoauTenen:

e Cuwuntbin nonmnatuneH (PEX-b) Polidan komnanuu Solvay Padanaplast (UTanus)

e Agaresms Plexar(R) komnaHum Equistar Chemicals (CLUA)

e AnoMuHueBas donbra komnaHuuini Aleris International, Inc (Benbrms) wu Alcan
(KaHapga)

Mpu npomssoacTee Tpy6 Compipe™ B KauecTBe MCXOAHOrO Chipbsi UCMOMb3YETCA NOAUSTUNEH
(PEHD) ¢ cunaHoBbIM TUMOM CLUMBKK, Haubonee pacrnpocTpaHeHHbIM Ha cerogHs. CuwuvBaHue
NOAN3TU/IEHa MNPOUCXOAUT B Mpouecce 3KCTpy3uu Tpyb no TexHonorum Sioplas, koTopas
OCHOBaHa Ha MWMMJaHTauum BUHWACUAHA C MEPOKCUMAOM B MNOJAN3TUAEH A0 3arpysku B
3KCTpyAep. DTO roToBoe Cbipbé€ c aobaBneHWeM KkaTanusatopa noaaéTtcs B 3KCTpydep U
npespawaetca B Tpyby. OkOHuaTenbHas cwusBka Tpyb npoucxoauT B naposon baHe npu
BbICOKOW TeMrnepaType B TEYEHUUN HECKOSIbKUX YacCoB.

CreneHb MAW NJOTHOCTb CLIMBKWM U3MepsSieTCs B MNpOLEeHTax W MnoKasblBaeT A0/ CBSA3El
MeXxAay MofiekynaMmum nonuatuneHa. PekomeHayeMoe 3HauyeHue 3Toro nokasartensa ansa PEX-b -
65%.

bnarogapa TakoMy MOAeKyAsspHOMY cTpoeHuto Tpybbl PEX obnagatoT uUenbiM  psaoMm
YHUKaNbHbIX CBONCTB

2.4 CBOMACTBaA U NpenMyLLeCcTBa METAJIJIONOJINMEPHbIX TPYy6

e MHoOrocnomHole Tpybbl, M3roToBfieHHbIE M3 cwuToro nonmatuneHa (PEX), umerotr 6onee
BbICOKME 3KCMAYTAUMOHHbIE XapaKTEPUCTUKM MPU UCMOMb30BaHMN B BbICOKOTEMMNEPATYPHbIX
cuctemax Ao 95°C, Kak, HanpuMep PpaAMaToOpHbIX, MO CPaBHEHUIO C MHOTOC/IOWHbLIMM
HecwuTtbiMn Tpybamn (PERT, nonunponuneH), PEX 1 nonunponuneHosbiMu Tpybamu

e [lokaszaTenb TenJoBOro pacwmpeHns 61M30K XapakTepucTMkaMm MeTanimvyeckux Tpyb u
rapaHTupyet 6onee ctabunbHylo reomeTpuio TpybonNpoBOAOB OTOMAEHUS W roOpsYero
BoAocHabxeHus B cpaBHeHuun ¢ PEX n nonunponuneHoBbiMn Tpybamm

e BblcOKas CTOMKOCTb K KOppO3umu, K 06pa3oBaHUIO COMEBbIX OTNOXEHMn, 6MoN0rMyeckomy
3apacTaHuio obecneumBaloT ANTENbHbBIN CPpoK akcnyaTaunm (50 net n 6onee)
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e Manblit Bec, rmMbKoCTb, CoOXpaHeHne (OopMbl, MPOCTOTA MOHTaXa CYLIECTBEHHO CHUXalT
TpyAo3aTpaTbl NPU BbINMOJIHEHUN MOHTaXHbIX paboT

e Bbicokas yCTOMUMBOCTb K BO3AEWCTBMIO arpeccMBHbIX cCpei, B TOM 4uClie x/jopa B
cucTeMax nojayuun NUTbEBOM BOAbI

e HuskMn KO3(PPUUMEHT rMAPABAMYECKOrO COMPOTUBIIEHUS COXPAHSIETCA B TEYEHUM BCEro
cpoka aKcnayaTaumm

2.5 TexHN4YeckKne XxapaKTepuCTUKHN.

HapyxHbin 16 20 26 32

avameTp, MM

TonwmHa CTeHKMN, 2.0 2.0 3.0 3.0

MM

TonuwmHa

aJIlOMNHNEBOIO 0.3 0.35 0.4 0.45
cnosl, MM

OnunHa 6yxTbl, M 100/200 | 100 50 50

Bec meTpa, rp 129 166 318 401

Bopoemkocte, 0,113 | 0,201 | 0,314 | 0,531
n/m

Min pagnyc

n3rmba 80 100 130 160
NPYXWHOW, MM

2.6 dPuznueckme n MexaHmyeckume XapaKTEPUCTUKN.

KoadpduumeHT nuHeiiHoro | 2,3x107°(K™)

pacwmpeHmns

TennonpoBOAHOCTb R=0,004
M%KBT

MakcumanbHas pabouas | 95°C

TeMmnepaTypa

MakcumanbHoe pabouyee naBneHue 10 6ap

MakcuManbHas KpaTKOBPEMEHHO 110°C

jonyctuMmas TemnepaTtypa

LLlepoxoBaToCTb E=0,004 MM

KucnopogonpoHuuaemoctb, mg/I*d 0

MAOTHOCTb 1,47 rp/cm®

2.7 XMmMMnuyeckKkasi CTOMKOCTb

Mpu npoekTMpoBaHUM TpyboONpoOBOAOB BaXXHOM XapaKTEPUCTUKOM SBNSETCS XUMUUECKas
cToiKocTb. Tpy6bl Compipe™ xapakTepusyloTcs AMTENbHON YCTOMUMBOCTBIO K BO3AENCTBUIO
X/l0pa B cMCTeMax nogaydn NUTbeBOM BOAbl, @ TaKXe BbICOKOW YCTOMUYMBOCTbLIO K BO34AENCTBUIO
arpeccuBHbIX cped Npu pasfinydHbIX TeMnepaTypax.
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MpaBunbHOCTb Bbi6Opa MaTepuana TpybonpoBoaOB MOXHO npoBepuTb Mo Tabnuue
XUMn4yeckomn ctorkoctun (MpunoxexHune 1).

3. HoMeHKnaTypa MeTaJlJIoNnoJIMMEpPHbIX Tpy6

HanmeHoBaHue | ApTukyn | Pasmep | YnakoBka ‘ En. nam.
| 1620100 | 16,0x2,0 | 100M | .M
| 1620200 | 16,0x2,0 | 200M | .M
| 2020100 | 20,0x2,0 | 100Mm | m.m
{ }/ | 2630050 | 26,0x3,0 | 50m M
' ' | 3230050 | 32,0x3,0 | 50Mm | nm

4. DUTUHIN

4.1 O6wme cBeaeHusn

CerogHs Ana MOHTaxa MeTannononMMepHbix Tpy6 Hambonee pacnpocTpaHeHbl ABE rpynmbl
dUTUHIOB: KOMMNpeccMoHHble (pe3bboBbie C pa3pe3HbiM KonbLoM) Puc.1 v npeccosbie Puc.2.

Ob6wee B KOHCTPYKUMM ABYX TUMOB (PUTUHIOB 3TO Hanuuue "3aeplwéHHoro" wTyuepa
[Pnc.1 (1) v Pwuc.2 (1)] c ogHUM nnm AByMs
PE3NHOBbLIMW  YMAOTHUTESIbHBIMM  KObLAMM
(2), KOTOpbIN BCTaBNseTCsa BO BHYTPb Tpyb6bl n
AN3NEeKTPpUYECKOomn npoKaaku (3),
WCKJ/TI0YaKoLWENR NpAMON KOHTAKT aJlloOMUHUEBOM
Npocnonkm Metanna GuUTUHra, TeM CaMbiM
npegoTepaLlas 3NEKTPOXMMUNYECKYIO
KOppO3uio.

PenbedHass MNOBEPXHOCTb LWITYLEPa CAYXUT
ONs  yaepxaHuss Tpybbl B npouecce eé
aKcnyaTaunu.

MOHTaX  KOMMPECCUOHHbIX (UTUHIOB  He
Tpebyet crneunanbHoOro MHCTPYMeEHTa,
[OCTaTOYHO ABYX raeyHbiX Ktoyen (0aMH KoY ANa 3aTarMBaHuUs raimku, BTOPOM KoY ANs
yaepxXaHus UTUHra).

Mpn MoOHTaxe 4yepe3 KOHUYECKYH MNOBEPXHOCTb ramkum [Puc.l (4)] npoucxoauTt oxaTue
paspe3Horo konbua [Puc.1 (5)], koTopoe obxunmaeT Tpyby Ha wTyuepe duTUHra. Takon Tun
COeaMHEHU NpuUMeHsieTCs NpuM  OTKPbITOM npokfnagke Tpyb6, npucoeanmHeHMss uxX K
KonsektopaMm W paavatopaM, BEeHTUIaM W Ap. 3arnopHO-perynupylowen apmaTtype, He
AONyCcKaeT 3aMOHONMYMBAHUA coeauHeHuin B 6eToH m TpebyeT OTKpbITOro AocTyna Ans
obcnyxmneaHus (NOATArMBaAHUSA) COEAMHEHMIN B MpoLecce aKcnyataumm CUCTEMbI.

B cnyyae ¢ npecc-pUTUHIOM coeauHeHue
poocturaetcs nyTém obxuma Tpybbl BOKpyr
wTyuepa cneuuanbHoOW runb3on [Puc.2 (4)].
370 Aenaetcs C NMOMOLLbIO npecc-
WHCTpYMeHTa: 3NEeKTPU4ecKoro,
NMHEBMAaTMYECKOro UN Py4HOro.

Mpecc-OUTUHIN ABNSIOTCA HEPa3bEMHbLIMU, He
TpebytoT AanbHenwero obcnyxunsaHus,
B/INSIHME yenoBeyeckoro dakTopa Ha
KayecTBO MOHTa)ka CBeAEeHO A0 MMHMMYyMa.
KOHCTPYKTMBHO OHW COCTOAT M3 CleAyoLWmnx
yacten (CM. pMCyHOK): kopnyc ¢utmnHra (1) co
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BCTaBnsieMbiM B Tpyby wTyuepom (2), MMewWMM pABa YMJIOTHUTENbHbIX Konbua (3),
ob6xunmHas runb3a (4) n nsonupytoulee peamHoBoe konbuo (5).

Mpecc-bUTnHMM NMO3BONSAIOT  OCYLLECTBNATb  He  TONbKO  OTKPbITYHD  MPOKIaaky
MeTanIonoaMMepHbIX Tpy6, HO N CKPbITYO: B MOy, CTeHax, NoToNKe.

4.2 PekoMmeHAayeMble (PUTUHIM ANA MOHTaXKa

[ns MoHTaxa MmeTannonnumepHbix Tpy6 Compipe™ MOXHO NpUMEHATb (GUTUHIU NH06bIX
npoussoauTenein, npeaHasHadveHHblx ana MMNT c pasmMepamn 16,0x2,0; 20,0x2,0; 26,0x3,0 n
32,0x3,0. Hanbonee wu3BecTHble npousBoauTenn Takux ¢utnHros: Henco (benbrus),
Prandelli (MTanug), Comap (®paHuus), RBM (Utanua), Comisa (Utanusa), Unidelta (UTanus),
COES (MUTanus) v op.
3aBog «Kawwupa-Mnacrt» pekomMeHAyeT K MpUMeHeHuo npecc-putuHrn Compipe™, koTopble
nMerT cneayrowme ocob6eHHOCTH:

- Hannume ABYXCAOMHOIo 3aWMTHOrO MOKPbITUS (Meab+0n10BO)

- CbeMHble M'MAb3bl Npecc-hUTUHIra NO3BOAAIOT KOHTPOIMPOBATb MPaBUIbHOCTb YCTAHOBKM
dUTUHIra OTHOCUTENBHO TPYOHbI.
OUTUHIM Npownun ceptudukaunto B Nepmannm (SKZ n DVGW) u oTBeyatloT caMbiM CTPOrnM
TpeboBaHMAM, NpeabABASEMbIM K FEPMETUYHOCTU U COOTBETCTBUIO MEAULIMHCKUM HOpMaM.
Kaxablh 2aneMeHT @GUTUHrA A0/KEH WMMEeTb MapKUPOBKY  YTOMNIEHHbIMKM  IMTEpPaMM,
obo3HavalOWmMMM ceputo M napaMmeTpbl GUTUHrAa - Ha KOpnyce, HaKWAHOMW ramke, Ha
06>XMMHOM KoNbLie.

4.3 HomeHknaTtypa (pMTUHIoB

| | ApTukyn | HanmeHoBaHue
87.10.160 MydTa npecc paBHOCTOpOHHSAA 16x16 Compipe
@i W '\ 87.10.200 MydTa npecc paBHocTopoHHAA 20x20Compipe
87.10.260 MydTa npecc paBHOCTOpPOHHSAA 26x26 Compipe
| 87.10.320 | MydTa npecc paBHOCTOPOHHSASA 32x32 Compipe
| 87.11.201 | MydTa npecc nepexogHaa 20x16 Compipe
i | 87.11.260 | MydTa npecc nepexogHas 26x16 Compipe
@B; % Q | 87.11.263 | Mydra npecc nepexoaHas 26x20 Compipe
| 87.11.320 | MydTa npecc nepexoaHas 32x16 Compipe
| 87.11.322 | MydTa npecc nepexoaHasa 32x20 Compipe
| 87.11.325 | MydTa npecc nepexogHas 32x26 Compipe
| 87.12.160 | MydTa npecc ¢ Hapy>xHon pe3bboi 16x1/2" Compipe
| 87.12.164 | MydTa npecc ¢ Hapy>xHon pe3bboin 16x3/4" Compipe
RN | 87.12.200 | MydTa npecc ¢ Hapy>xHon pe3bbon 20x1/2" Compipe
@\"y | 87.12.201 | MybTa npecc ¢ HapyxHoii pe3bboit 20x3/4" Compipe
| 87.12.255 | MydTa npecc ¢ Hapy»XHoW pe3bbon 26x1/2" Compipe
| 87.12.260 | MydTa npecc ¢ HapyXHoW pe3bboin 26x3/4" Compipe
| 87.12.261 | MydTa npecc c HapyxHon pe3sbbor 26x1" Compipe
| 87.12.320 | MydTa npecc ¢ HapyxHon pe3bbor 32x1" Compipe
| 87.12.321 | MydTa npecc c HapyxHol pe3bbor 32x1 1/4" Compipe
| 87.13.160 | MydTa npecc c BHyTpeHHel pe3bboit 16x1/2" Compipe
| 87.13.164 | MydTa npecc c BHyTpeHHel pe3bboit 16x3/4" Compipe
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| 87.13.200 | MydTa npecc ¢ BHyTpeHHen pe3bbon 20x1/2" Compipe
| 87.13.201 | MydTa npecc c BHyTpeHHeit pesbboli 20x3/4" Compipe
/ | 87.13.260 | MydTa npecc ¢ BHyTpeHHen pe3bbon 26x3/4" Compipe
= | 87.13.261 | MydTa npecc ¢ BHyTpeHHel pe3bbon 26x1" Compipe
| 87.13.320 | MydTa npecc ¢ BHyTpeHHel pesbbon 32x1" Compipe
| 87.13.321 | MydTa npecc ¢ BHyTpeHHen pe3bbon 32x1 1/4" Compipe
- | 87.14.160 | YronbHUK MNpecc paBHOCTOPOHHMI 16x16 Compipe
;.ig .I | 87.14.200 | YronbHMK Mnpecc paBHOCTOPOHHMI 20x20 Compipe
@/ | 87.14.260 | YronbHUK MNpecc paBHOCTOPOHHMI 26x26 Compipe
| 87.14.320 | YrofbHMK MNpecc paBHOCTOPOHHMIA 32x32 Compipe
| 87.16.160 | YronbHMK Npecc ¢ HapyHon pe3bbor 16x1/2" Compipe
- | 87.16.200 | YronbHUK Mpecc ¢ Hapy>Hon pe3bbon 20x1/2" Compipe
&m | 87.16.201 | YronbHUK Npecc ¢ HapyXHoi pe3bboit 20x3/4" Compipe
- | 87.16.260 | YrofbHUK Mpecc € HapyXHon pe3bboi 26x3/4" Compipe
| 87.16.320 | YronbHMK Npecc ¢ Hapy»Hon pe3bbor 32x1" Compipe
| 87.17.159 | YronbHWK Npecc ¢ BHyTpeHHen pe3bbor 16x1/2" - 33mMm Compipe
s ‘ 87.17.160 ‘ Bér(;cl)g;rpv;l( npecc C BHyTpeHHel pe3bbon 16x2-1/2"-25 Mm
/ # "Jg | 87.17.200 | YronbHUK npecc ¢ BHyYTpeHHen pe3bbon 20x1/2" Compipe
‘Q | 87.17.201 | YronbHUK Npecc c BHyYTpeHHen pe3bbort 20x3/4" Compipe
| 87.17.260 | YronbHUK Npecc C BHYTpPeHHeln pe3bboi 26x3/4" Compipe
| 87.17.320 | YronbHUK npecc ¢ BHyTpeHHen pe3bbon 32x1" Compipe
| 87.18.160 | TPONHMK Npecc paBHOCTOPOHHUI 16x16x16 Compipe
hm ‘ | 87.18.200 | TPONHMK Npecc paBHOCTOPOHHUI 20x20x20 Compipe
d/‘ o | 87.18.260 | TPONHMK Npecc paBHOCTOPOHHUI 26x26x26 Compipe
| 87.18.320 | TPONHMK Npecc paBHOCTOPOHHUI 32x32x32 Compipe
| 87.19.201 | TponHuk npecc nepexogHo 20x16x20 Compipe
| 87.19.261 | TponHMK Npecc nepexonHon 26x16x26 Compipe
| 87.19.263 | TpoiiHuk npecc nepexoaHoii 26x20x26 Compipe
| 87.19.320 | TpoiiHuk npecc nepexoaHoii 32x16x32 Compipe
| 87.19.322 | TpoiHuMK npecc nepexogHon 32x20x32 Compipe
1—3 | 87.19.326 | TpOMHKK npecc nepexogHon 32x26x32 Compipe
hm B | 87.20.202 | Tpoihmk npecc nepexoaHoit 20x16x16 Compipe
d’: = | 87.20.206 | TponHuMK npecc nepexogHon 20x20x16 Compipe
| 87.20.260 | TpolHMK npecc nepexogHon 26x16x20 Compipe
| 87.20.264 | TpoiiHuk npecc nepexoaHoli 26x20x16 Compipe
| 87.20.265 | TpoiiHuKk npecc nepexoaHoli 26x20x20 Compipe
| 87.20.269 | TpoVHWK Npecc nepexoaHon 26x26x16 Compipe
| 87.20.270 | TPOMHKK npecc nepexofHon 26x26x20 Compipe
| 87.20.320 | TpOMHKK npecc nepexofHon 32x20x26 Compipe
| 87.20.325 | TpoVHWK Npecc nepexoaHon 32x26x26 Compipe
| 87.20.326 | TporHWK Npecc nepexoaHon 32x32x20 Compipe
| 87.20.329 | TpOMHKK npecc nepexofHon 32x32x26 Compipe
| 87.21.161 | TporiHWK Npecc nepexoaHon 16x20x16 Compipe
| 87.21.201 | TporiHWK Npecc nepexoaHon 20x26x20 Compipe
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| 87.21.260 | TpolHMK npecc nepexoaHon 26x32x26 Compipe
| 87.22.160 | TPOMHMK npecc C Hapy>XHon pe3bbor 16x1/2"x16 Compipe
| 87.22.200 | TPOMHMK Npecc C HapyXHol pe3bbor 20x1/2"x20 Compipe
: | 87.22.201 | TpOMHWK Npecc C Hapy>XHol pe3bbort 20x3/4"x20 Compipe
E_;"'i' S ~,- | 87.22.260 | TPpOMHWK Npecc C Hapy>XHoW pe3bbort 26x1/2"x26 Compipe
: %.% | 87.22.261 | TPOMHMK Npecc C HapyXHoW pe3bbon 26x3/4"x26 Compipe
| 87.22.262 | TpOMHWK Npecc C Hapy>XHoW pe3bbort 26x1"x26 Compipe
| 87.22.320 | TPpOMHWK Npecc C Hapy>XHoW pe3bbort 32x3/4"x32 Compipe
| 87.22.321 | TpONHMK Npecc C HapyXHol pe3bbol 32x1"x32 Compipe
| 87.23.160 | TPONHMK Npecc C BHyTpeHHel pe3bbonn 16x1/2"x16 Compipe
| 87.23.200 | TpOMHWK Npecc C BHYTpeHHen pe3bbort 20x1/2"x20 Compipe
; | 87.23.201 | TPOMHMK Npecc C BHYTpeHHel pe3bboint 20x3/4"x20 Compipe
E . ;., | 87.23.260 | TPOMHMK Npecc C BHyTpeHHel pe3bbon 26x1/2"x26 Compipe
- - "ﬂ | 87.23.263 | TPOMHMK Npecc C BHYTpPeHHel pe3bboint 26x3/4"x26 Compipe
| 87.23.320 | TPONHMK Npecc C BHyTpeHHeln pe3bbon 32x1/2"x32 Compipe
| 87.23.321 | TPOWHMK Npecc C BHyTpeHHel pe3bbon 32x3/4"x32 Compipe
| 87.23.322 | TpOMHMK Npecc C BHyTpeHHel pe3bbon 32x1"x32 Compipe
< 87.24.160 Ség%'l;rpv:; Npecc HaCTeHHbIN - KOpoTkui 16x1/2" (H.39 MM)
) h 87.24.200 Bér(;cl)g;rpv;l( Npecc HaCTeHHbIN - KopoTkui 20x1/2" (H.52 MM)
d 87.24.201 Bér(;cl)g;rpv;l( Npecc HaCTeHHbIN - KopoTkui 20x3/4" (H.52 MM)
| 87.31.160 | 3arnywka npecc 16
\‘ | 87.31.200 | 3arnywka npecc 20
,\\ | 87.31.260 | 3arnywka npecc 26
| 87.31.320 | 3arnywka npecc 32
| 87.39.160 | Mpecc EBpokoHyc 16x3/4" Compipe
| 87.39.200 | Mpecc EBpokoHyc 20x3/4" Compipe
| 88.20.580 | Mpecc EBpokoHyc 16x1/2" Compipe
| 88.20.585 | Mpecc EBpokoHyc 20x1/2" Compipe
| 87.42.150 | MydTa npecc ¢ HakuagHow ravkon 16x1/2" Compipe
| 87.42.160 | MydTa npecc ¢ HakuagHow ravkon 16x3/4" Compipe
| 87.42.200 | MydTa npecc ¢ HakugHowm rarikon 20x3/4" Compipe
| 87.42.260 | MydTa npecc ¢ HakugHon ravkon 26x1" Compipe
| 88.01.405 | MydTa KOMMNpeccnmoHHas paBHOCTOPOHHAS 16x16 Compipe
| 88.01.410 | MydTa KOMMNpeccnoHHas paBHOCTOPOHHAS 20x20 Compipe
‘ 88.01.415 ‘ MydTa KOMMNpeccmoHHasi paBHOCTOPOHHAS 26x26 Compipe
| 88.01.420 | MydTa KOMNpeccrmoHHasi paBHOCTOPOHHAA 32x32 Compipe
| 88.01.425 | MydTa KomMnpeccMoHHas nepexogHas 16x20 Compipe
| 88.01.450 | MydTa KOMNpeccnmoHHast C Hapy>Hol pe3bbon 16x1/2" Compipe
| 88.01.455 | MydTa KOMNpeccnoHHast C Hapy>Hol pe3bbon 16x3/4" Compipe
f% | 88.01.460 | MydTa KOMNpeccMoHHas € HapyxHou pesbbonn 20x1/2" Compipe
Qf | 88.01.465 | MydTa KOMNpeccMoHHas € HapyxHou pesbbon 20x3/4" Compipe
| 88.01.466 | MydTa KOMNpeccnmoHHast C Hapy>Hol pe3bbon 26x3/4" Compipe
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| 88.01.470 | MydTa KOMNpeccMoHHas € HapyxHoi pesbboni 26x1" Compipe
| 88.01.475 | MydTa KOMMNpeccmoHHast C Hapy>Hol pe3bboii 32x1" Compipe
88.01.505 MquT?_:l KOMMpPeCcCUoHHas C BHyTpeHHel pe3bbon 16x1/2
Compipe
-~ 88.01.515 MydTa KOMNpeccMoHHas C BHyTpeHHen pe3bboi 20x1/2"
-\ e Compipe
A
Q‘ L )' MydTa KOMNpecCcMoHHas C BHyTpeHHen pe3bboit 20x3/4"
g 88.01.520 -
: Compipe
88.01.525 MquT?_:l KOMMpPeCcCUoHHas C BHyTpeHHel pe3bbon 26x3/4
Compipe
| 88.01.530 | MydTa KOMNpeccMoHHas ¢ BHyTpeHHen pe3bboli 26x1" Compipe
| 88.01.535 | MydTa KOMNpeccMoHHas ¢ BHyTpeHHen pe3bboii 32x1" Compipe
~ | 88.01.580 | YronbHUK KOMMPECCUOHHBIN paBHOCTOPOHHUI 16x16 Compipe
&‘? | 88.01.585 | YronbHUK KOMMPECCUOHHBIN paBHOCTOPOHHMUI 20x20 Compipe
s | 88.01.590 | YronbHMK KOMMPECCUOHHbIN PaBHOCTOPOHHMI 2626 Compipe
| 88.01.595 | YronbHMK KOMMPECCUOHHbIM paBHOCTOPOHHMI 32x32 Compipe
88.01.605 yFOJ'Ib!-WIK KOMMPECCUOHHBIN C HAapYy>HOW pe3bbon 16x1/2
Compipe
88.01.610 yronb_HMK KOMMPECCUOHHBIV C Hapy>HOW pe3bbon 16x3/4
Compipe
88.01.612 yronb_HMK KOMMPECCUOHHBIV C HapYy>HOW pe3bbon 20x1/2
Compipe
88.01.615 yFOJ'Ib!-WIK KOMMPECCUOHHBIV C Hapy>xHoWn pe3bbon 20x3/4
Compipe
88.01.620 yronb_HMK KOMMPECCUOHHBIV C HapYy>HOW pe3bbon 26x3/4
Compipe
88.01.630 YronbHMK KOMMPECCUOHHbIN C Hapy»XHoM pe3bboi 32x1" Compipe
88.01.655 yronb_HMK KOMMPECCUOHHbIV C BHYTpeHHel pe3bbon 16x1/2
Compipe
YronbHMUK KOMMPECCUOHHbIN C BHYTPeHHen pe3bboii 20x1/2"
88.01.665 Compipe
88.01.670 yFOJ'Ib!-WIK KOMMPECCUOHHbIV C BHYTpeHHel pe3bbon 20x3/4
Compipe
88.01.675 YFOJ'Ib!-IMK KOMMPECCUOHHbIV C BHYTPeHHeN pe3bbon 26x3/4
Compipe
YronbHMK KOMMPECCUOHHbIN C BHYTPeHHel pe3bboii 26x1"
88.01.680 Compipe
88.01.685 yFOJ'Ib!-WIK KOMMPECCUOHHBIV C BHYTpeHHeW pe3bbon 32x1
Compipe
88.01.705 YronbHUK KOMMPECCUOHHbIA HacTeHHbIn 16x1/2" Compipe
88.01.715 YronbHMK KOMMPECCUOHHbIN HacTeHHbIn 20x1/2" Compipe
| 88.01.755 | TPOMHMK KOMMPECCUOHHbIA PaBHOCTOPOHHMI 16x16x16 Compipe
| 88.01.760 | TPOMHMK KOMMPECCUOHHbIA paBHOCTOPOHHMI 20x20x20 Compipe
| 88.01.765 | TPOMHWMK KOMMNPECCUOHHbI paBHOCTOPOHHUI 26X26X26 Compipe
| 88.01.780 | TPOMHMK KOMMPECCUOHHbIA paBHOCTOPOHHMI 32x32x32 Compipe
88.01.905 TpOVIH.VIK KOMMPECCUOHHbIV C BHYTPEHHEN pe3bboni 16x1/2"x16
Compipe
88.01.910 '(I;pOMH_MK KOMMNPECCUOHHbIV C BHYTpeHHen pe3bboit 20x3/4"x20
ompipe
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TPOMHWK KOMMPECCUOHHbIN C BHYTPeHHel pe3bboii 26x3/4"x26

“‘!& - TPONHMK KOMMPECCUOHHbIN C BHYTpeHHel pe3bbori 32x1"x32

p- ) 88.01.925 .
6,-. Compipe
— /
o 20x1/2"x20

TPOMHMK KOMMPECCUOHHbI C BHYTPEHHEN pe3bboi

88.01.930 Compipe

88.01.855 TpOVIH_VIK KOMMPECCUOHHbIN C Hapy>HOoM pe3bbon 16x1/2"x16
Compipe

88.01.860 TpOMH_MK KOMMPECCUOHHbIM C Hapy>HoW pe3bboir 20x3/4"x20
Compipe
TPOMHMK KOMMPECCUOHHbIN C Hapy>XHOWN pe3bboit 26x3/4"x26

88.01.865 Compipe

88.01.875 TpOVIH_VIK KOMMPECCUOHHbIN C Hapy»XHoM pe3bbort 32x1"x32
Compipe

88.01.880 TPOMHMK KOMMPECCUOHHbIN C Hapy>HoW pe3bboit 20x1/2"x20

Compipe

5. MoHTa> MeTannonoamMepHbix Tpy6 Compipe™

5.1 HopMaTuUBHbIE AOKYMEHTbI.

OcHoBHOe TpeboBaHuMe nMpu BbIMNOJHEHMNW MOHTaXHbIX paboT C uMCnonb3oBaHMEM
MeTansonoMMeEpHbIX TPy6 - 3TO KynbTypa MOHTaxa, cobnogeHne MOHTaXHbIX TEXHOMNOMMNA.
B Poccum npeactaBrieHo 60NbWNHCTBO €BPOMNENCKUX NPOM3BOAUTENEN MeTanonoNMEpPHbIX
Tpy6. [llpenoctaBnas rapaHTUO Ha CBOK MNpoAYKUMIO, OHK TpebylT oT noTtpebutens
BbIMO/IHEHUSA 3aBOACKUX MpeAnuMcaHuin, KOTOpble B MOSIHOM 06bEMe OTpaxeHbl B CBOAAX
npaswus Mo NMPOEKTUPOBaHUID M MOHTaxy cucteM otonnaeHunsa (Cr 41-102-98) n Xono4HOro u
ropsiyero BHYTPEHHEro BOAOCHabXxeHus (cn 40-103-98) C  WCMONb30BaHMEM
MeTanfononMepHbIX Tpy6.

MeTtannononuMmepHole Tpybbl, 0bbeanHuMBWME B cebe cBoMCTBa MeTasia (MPOYHOCTb,
NNacTMYHOCTb, COXpaHeHne GopMbl nNpu  uM3rnbe, HU3KUIA KOIPDULMEHT JIMHENHOro
paclWMpeHns, HenpoHMLAeMOCTb AN KUcaopoda) M nnactuka (KOppO3MOHHAs CTOMKOCTb,
AO/ITOBEYHOCTb, JIErKOCTb, OTCYTCTBME 3apacTaHusl, HMU3Kasi TeNJIONPOBOAHOCTb, MOroLWeHns
WyMa BOASHOrO TMOTOKa) HaxoaaT Bcé 6onee npeanoyTUTENbHOE MpPUMEHEHUe Mpu
obycTpoinctBe BHYTPEHHUX CaHUTApPHO-TEXHUUYECKUX CUCTEM OTOMJIEHMS U BOAOCHAbXeHWS.

MOHTaXX MeTannono/MMEpHbIX Tpyb He CNOXeH. OH He TpebyeT cBapo4HOro u
TpybornbouHoro obopypoBaHus, noxapobesonaceH, MO  OKOHYaHuM  paboT  HeT
Heo6xo0AMMOCTM KpacuTb TPybbl, MPaKTUYECKN OTCYTCTBYIOT Tpybo3aroToBuUTebHble paboThl,
He3Ha4yMTeNbHbl TPAHCNOPTHbIE 3aTpaTbl. BCé 3TO No3BOMSET CyLLEeCTBEHHO CHU3UTb 3aTpaThbl
Ha MOHTaX WM BbINOMHATbL ero B 3-5 pa3 6bicTpee, YeM MOHTaX CUCTEMbI U3 CTanbHbIX Tpy6.

5.2 NMNocnepoBaTesIbHOCTb MOHTAaXXa coeAMHEeHUMN.

MoOHTaXX  MeTanfnononmMMepHblx  Tpyb  HeobxoAuMMO  BbINOMHATE B ClEAYHOLLEN
nocnefoBaTeNbHOCTU:
2. OtkanubpoBaTtb Tpyby n CHATb
1. OTpesaTtb (noa yrnom 90°) Tpyby dacky.
cneumasnbHbIM pe3akoM.
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3. HageTb Ha Tpyby ranky u 5. HaxaTb Ha KHOMKY npecca.

pa3pesHoe KosbLo

KOMMPEeCCUOHHOro GUTUHra unm
06XMMHYI0 rMNb3y npecc-buTuHra.

—=g

6. inn 3aBepHyTb ranky
KOMMPECCUOHHOIro huUTnHra
KJ1IOYOM

4. BctaBuTtb B Tpyby wtyuep
dUTHMHra, He noBpexaas
YANOTHUTESNbHbIX Kosel,.

Bce onepauuu Heob6XxoaMMO BbIMOJIHATL C NPpUMEHEHNEM I'IpOd)eCCMOHaJ'IbHOFO MHCTPYMEHTA.

5.3 NHCTpyMEHT AN MOHTaXa

HoxxHuubl ana pe3ku Tpyb. MpyxuHa ana narnba Tpy6HhHI.

KannbpaTtop-3eHkep.

Mpecc-uHCTpyMeHT (nNpecc-knewmu Tmn H)

13



Compipe™

5.4 O6wume TpeboBaHMA K MOHTaXxy MIMT.

BosHukawwme wnHOraa npeTeH3nm K KadecTBy COeAMHEHUMW npakTuyecku Bceraa
CBSi3aHbl C HEOBPEXHOCTbIO U HecobntaeHNeEM NpaBmMa MOHTaXa, NO3TOMY MPU BbIMNOJIHEHNUN
BCEX ornepaumMi o4YeHb BakHbl aKKypaTHOCTb, BHUMaHMe, YNCTOTA M TLHATEJIbHOCTb
pa6oTbl.

Mepen HayanoM MOHTa)xa pabouyee MecTO AOMKHO OblTb OYMLLEHO OT CTPOMTENBLHOMO
Mycopa. HemocpeacTBEHHO K MOHTaxy creAyeT npucTtynaTbe NMWb NOC/Ae TOro, Kak Ha
06bekTe 3aKkOH4YEeHbl BCe CBapoyHble paboTbl, YCTAHOB/EHbl 3/1EMEHTbl KpenaeHus, a npwu
OTKpPbITOM NpOK/agKke — 3aKOHYEHbl OTAEN04YHble paboThl.

MOHTaXX MeTannono/IMMEpPHbIX Tpy6 MOXHO MPOBOAMTbL MpPU TeMmrnepaType OKpyxXatoweh
cpenbl He Huxe 10°C.

PasmeTky Tpy6 pgenawT KapaHaawoM wanm MapkepoM. He pgonyckaetcs pa3smeTka
HaHeceHMeM pUCOK MM HaApe30B Ha MOBEPXHOCTb TPyObl.

Tpy6bl cneayeTt npoknaabiBatb cBo6oaHO, 6€3 Haxuma, KpensieHuss (XOMyTbl) AOJSIKHbI
3axuMaTtb Tpybbl, He pJonyckasas CMATMS M He NpensaTCTBYs MX MepeMeweHutd mnpwu
TemMnepaTypHOM YASIMHEHUN.

Pagnyc wn3rmba Tpybbl goskeH 6biTb HE MeHee NATM HapyXHbIX OMAMETPOB TPyObl
Tpyba HyXHbIM o0bpa3oM Bbirmbaerca pykamu. Ong u3rnboB C MMHUMaNbHbLIMW pagnycamm
NCMONb3yeTCs KOHAYKTOPHasa MNpyXuHa. Onsa yaobcTtBa BbIHUMAHUSA MPYXWHbI, MPUBSXUTE K
HEN NecKy WM MNPOYHbIA TOHKMIN LWHYPOK. Mcnonb3oBaHMe MNpPYyXWHbI Mo3BosseT nlbexartb
onacHocTH crnawmeaHusg Tpybbl Npu narnbe ¢ MUHUManbHbIM paanyCcoM.

Mpoknaaky Tpy6 cneayet Bectn 6e3 cKpyumBaHUs W HaTdara, cBob6oAHble KOHLbI
3aKpblBaTb 3arnyLlwkKamm Bo usbexaHue nonagaHus rpsasm n mycopa B Tpyby.

PaccTtoaHne B CBeTy MeXxAy HapyXHOW MOBEpXHOCTbD TPybbl M CTPOUTENbHOM
KOHCTPYKLMEN A0/KEH BbiTb HE MeHee 20MM,

MeTannononmMmepHble TpybonpoBoabl OTOMNEHUS U ropsvyero BOAOCHabeHus cneayer
NpokfaAbiBaTb Ha pacCTossHUM He MeHee 50MM Bblwe oCTasibHbIX TPY60NpoBOAOB.

0na npoxopa vyepes CTpouTesbHble KOHCTPYKLUMU HEOBXOANMMO NPUMEHSTb NS1aCTUKOBbIE
dyTnspbl, 3awmwatowme MIMT 0T MEXaHMUYECKUX MOBPEXAEHUN.

Mpu 3aMoHoNMumBaHuM MIMT B CTeHbl WAWM MO MNPeArnoYTUTENIbHO WCMOJIb30BaHMe
3aWMTHOM roppupoBaHHOM Tpybbl Ha BCHO ANIMHY MPOKIagku n obs3aTenbHbIM €€ BbIXO4O0M
M3 pactesopa - Ha anuHe 20-30 cM.

Bcs 3anopHoO-perynupytowas apmatypa n nameputenbHble npmbopbl, yCTaHaBIWBaeEMbIe
Ha MeTanaononnMepHole Tpybbl, AOMKHbI MMeTb COBCTBEHHbIE KpenaeHUs K KOHCTPYKLUMAM
BO u3bexaHne nepegayun ycunumin Ha Tpybsl.

MunHuManbHoe paccTossHMe OT OCen OTBOAOB UM TPOWMHUKOB A0 KpenjeHuih cnepyet
NpUHUMATb C YYETOM TeMrnepaTypHOro M3MeHeHuns ANuHbl Tpybbl, Mpu 3TOM coeanHUTENbHbIE
AeTann AO/MKHbI pacnosiaraTbCs Ha pacCTossHMM He MeHee 50MM OT KpenneHui.

5.5 OuarpaMmmMa yanmHeHui 10 MeTpoB TPy6bl Npu NOBbILLEHUUN

TeMnepaTtypbl Ha 50°C

PE (100MM) |

PP (90MM) |

PB (75Mm) |

MMOT (11,5vm) I

Meab (8,5mMm) [
Cranb (5,7MM) .

KoadbdpununeHt nmHenHoro pacwumpeHms Tpy6  MeTannononmMMepHbix 61130k K
KoadduuneHty Metannmdeckmx Tpyb6, KW, B OTAMYME OT APYrnX MOAMMEPHbIX Tpyob,
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coctaBnsieT 23x10-6 K-1 , T.e. ogMH MeTp Tpybbl npu pasHuue Temnepatyp 10 rpaaycos
yannHsaeTca Ha 0,23MM.

5.6 KoMmneHcauma TeMnepaTypHbIX U3MEHEeHUN

KoMmneHcauus TemMnepaTypHbIX

YANMHEHUIA MOXET ObITb OCYLUECTBNIEHA 3a "

cuet caMoKOMMeHcaLmum y4acTkoB L He menee 10r

TpybonpoBoaa, yCTaHOBKOW

KOMMEHCaTopoB n npaBuIbHOM

paccTaHOBKOM HEenoABMXHbIX 7

CKOMb3SLWKMX onop. %
B Kayectee KOMMeHCcaTopoB

NpeanoyTUTENIbHO  WUCMOAb30BaTb  YIbl
noBopoToB TpybonpoBogoB. Ha npsambix
y4yacTkax Tpybonposoaa Heobxoanmo

npegycMaTpmBeaThb M-o6pa3Hble, r-
obpasHble, netnesble " apyrue
KOMMEHCaTopbl, PacCTOSIHUS Mexay

KOTOPbIMW OMpenensanTCca pacyeToM.
B kauvecTBe HenoaBMXKHbLIX OMNOP MOryT

6bITb MCMONBb30BaHblI AepxaTtenu ansa Tpy6,
3aKpenJieHHble Ha CTPOUTENbHbIX KOHCTPYKLUMAX, UM YKPENSIeHHbIE B HUX KPOHLUTENHbI.

5.5.1 YanuHeHune oTpeska Tpybonposoaa npuv UM3MEHEHWU TeMnepaTypbl TeN/IOHOCUTENS
N OKpYyXKatoLen cpeabl onpegensiercs no dopmyne

Al = 0,023 - L - At, (1)

roe Al — uaMeHeHue anHbl Tpybbl, MM;

L — pnunHa ydactka Tpybonposoga npwu

2,5r

TeMmnepa-
Type MOHTaxa, M; 2) e L _,.]
At — nepenag TeMmnepaTtyp Mexay
TeMnepaTypon BO34yXa B MOMELEHUWN MNpu Al Al
MOHTaXe 1 akcnayaTtaumm, °C; ™ 1
0,023 — kKo03dDUUMEHT JIMHEMNHOrO
pacwmpeHus Tpybbl, MM/M.

5.5.2 Pacuet KOMMNEHCUpyoLwlen
cnocobHocTtn [M-06pa3HbiX KOMMNEHCATOPOB
n [-obpasHbix 3nemeHTOB Tpybonposoaa
npomssoauTca no ¢popmyrne (pucyHok A)

L, =30./d, -Al, (2)

roe LK — Bbl1IET KOMMeHcaTopa;

d,, — Hapy>XHbIn gnameTp Tpybbl, MM;

Al — “3MeHeHMe ANMHbI yyacTka TpybonpoBoga npu M3MeHEeHUM TemMnepaTypbl BO3A4yXa
Npyv MOHTaXe M 3KCnayaTaumu; 30 — ko3 DUUMEHT 2N1aCTUYHOCTUN ANS

NOANMEpPHbIX Tpyb.

3)

OnuHa oTpe3ka L onpependerca ot
TOYKM  HenoaABWXHOM  onopbl  (X) Ao
rnosopota. TennoBoe  YyAJIMHEHWE N
BbI3blBaeT Aedopmauuio, T.H. MNPYXMHUCTOE
nneyo (BbLieT KoMmneHcatopa). Ero anvHa
perynupyetcs MeCToM pacnonoxeHus v
NOABWXHOM onopbl (=) W [omkHa O6bITb X —X

noaobpaHa TakK, YTo Npu yasIMHEHUM OTpe3Ka
L Ha yanuHeHne N He 6b1710 NPEBLILWEHO AOMYCTUMOE Hanpsi)XeHMe Ans maTepuana Tpyb.
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PucyHoxk A —  YcTpolicTBo
KOMMEeHCaTopoB

1 — T[-obpa3sHbin; 2 — T-
obpasHbiii; 3 — netneobpasHbin; a
— nosoxeHune Tpy6bI npw
MaKCcMManbHOM TemMnepaTtype; B —TO
e, NMpu MWHWUMANbHOW; Ly— BblIeT

KOMMeHcaTopa; X —
HEMnoABMXXHAs OMnopa; = CKOMb3ALlas
5.7 KpenneHune Tpy6onposoagos onopg pa; W
MpyY MOHTaXe MEeTasonoIMMepPHbIX Tpy6 Mo v
cTeHe paccrosiHue Mexay KpenneHuamm apyH npw npw
noabupaeTcs B 3aBUCMMOCTM OT AnameTpa Tpy6bl. biv ropusoHTane | BepTikaib
PaccTaHOBKa  KpenJieHMi  OCYyLUEeCTBNAEeTCA p,maM6eTp How Hom
TakMM 06pasoM, 4Tobbl WCKIOUUTbL MpeaenbHO TPyOb npoknaake npoknaake
[IONYCTMMbIE HaMpsXXeHus B MaTepuane Tpybbl OT
JIMHENHbBIX TemnepaTypHbIX YOMHEHWN o 16 500-650 1000
TpybonpoBoaa.
PaccTosiHMe Mexay KpenneHusasMmu crneayer 20 600-800 1500
NPUHUMATL COrNacHo Tabnuue
HeobxoauMo npeaycMaTpuBaTh KpernsjeHus Ha 55 250-1000 1800
NMOBOPOTax U OTBETB/IEHMAX TPYHOMNPOBOAOB.
32 900-1100 2000

3anopHo-perynupytolyo  apMaTypy W pacnpeaenuTesnbHble  KOJIEKTOpbl  cneayeT
3aKpensiaTb C MOMOLLbID CaMOCTOSATE/NbHbIX HEMOABUMXHbBIX KpenneHuii Ana ycTpaHeHus
nepeaayn ycunuii Ha Tpy6onpoBoa B NpoLECCe 3KCMyaTauuu.

I
Ona ycTpolicTBa HEMOABWXHbIX OMOp O6bIYHO MPUMEHSAIOTCS
MeTan/IMyeckne KpOHLWITEWHbI C XOMYTaMM WU PE3NHOBbLIMM
npokiaakamu.

B kayectBe noABUXHbIX (CKOMb3SAWMX) OMNOP AN KpenjieHus
METansIonosIMMEpPHbIX  TPy6  MCMonb3yoTcs bukcaTtopbl -
naacTMKoBble KPOHLUTENHbI COOTBETCTBYHOLLErO anametpa,
Jonyckatowme cBobogHoe NpoaosibHOE NepeMelleHne Tpybbl.

Mpu ycTpoWcTBe <«TensblX MOAOB» ANsl  KpenfeHusa Tpyb K
TENI0M30M5LMN UCNONb3YIOTCSA CheLnanbHble SIKOPHble CKOGbI.

5.8 Tennousonsuyua Tpyébonposonos

HeobxogmMMocTb B TennoBoih u3onaumm TpybonpoBOAOB M3 METa/sIONoSMMepHbIX Tpyb
onpegenseTcsa pacdeToM Ha NOTepu Tensa WAM Ha BbiNageHune KoHaeHcaTa (cMm. pasgen 8).
Tennosasa M30a9UMSA, KaK NpaBuno, NpeaycMaTpuBaeTCs B CliegyowWwmx cnydasx:

- Npun npoknagke Tpy6 B Mony nepBoro aTaxa MO FPyHTY WM Hah He OTarIMBaeMbIM
noanosibem;

- NpWY NPOXOXAeHNM TpybonpoBoAOB Yepes He OoTan/iMBaeMble NMoOMeLEeHNs ;

- Npu npoxoxaeHun TpybonpoBOAOB Y HAPYXHbIX ABEPHbIX MPOEMOB, FAe BO3MOXHO
npomMmep3aHue;

- CTOSIKM ropsiyero BogocHabxeHns n oTonneHus;
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- CTOSIKM XOSIOAHOrO BOAOCHAbXeHMs Npu OTKpbITOM npoknagke (4ns 3awutbl OT
KoHAeHcaTa)

B kauecTBe Tennomsonauum 4ns MeTasasionosIMMepHbIX TPy peKoMeHAYyeTCs MCnosb30BaTh
cneunanbHylo, 3M1acTU4YHY0 TpyOHYHO M30NSUMI0 M3 BCMEHEHHOro MoamaTuneHa ¢
KoaddununeHToM TennonpoBoaHOCTM He MeHee 0,05 BT/MK u TonwmHoM, obecneuymBatoLlen
Ha NMOBEPXHOCTU TENMOU30MALMMN TeMmepaTypy He Bbie 40°C

5.9 O6wume npaBuia TPAHCNOPTUPOBKM U XpaHeHus MMT.

TpaHcnopTUpoOBKa, MOrpy3ka W pasrpy3ka [A0J/IKHbl OCYLLECTBAATLCA MpuU TemnepaType
HapY>XHOro Bo3Aayxa He Huxe -20°C

B cnydyae xpaHeHus wan nepesBo3ku Tpyb nNpu oTpuuaTenbHOW TemnepaType nepej
HayasoM MoHTaxa MIT HeobxooMMO BblaepXaTb He MeHee CyTOK TMpu TemnepaTtype,
AO0NyCTMMOM AN MOHTaxa

Tpybbl Heobxogmmo obeperaTb OT MexaHM4YeCKMX TMOBPEXAEHMN, 3anpellaeTcs Uux
cbpacbiBaTb C TpaHCNOpPTHOro cpeactBa. XpaHutb MIT cneayeT B rFOPU3OHTaNlbHOM
MOJSIOXKEHWUN, B 3aKpPbITbl MOMELEHMUAX Ha pacCTOAHUMN He MeHee 1 MeTpa OT HarpeBaTesibHbIX
npnbopoB, a B YCNOBUAX CTPOUTENbHOW Mnowaaku noa HaBecoM, obeperas OT MNpPsiMbIX
COJTHEUHbIX Ny4Yen.

5.10 PekoMeHaauum no rmapaBJind4eCKUM UCnbiTaHNSAM CUCTEM.

lMocne BbINOAHEHUA MOHTaxHbiXx pabot B cooTBeTcTBUM co CHul 3.05.01-85 cnepyet
nposecTn cnegytowme paboThbi:

-UCMbITaHWE CUCTEMbI OTOMSIEHUSA, BHYTPEHHEro XOJ0AHOro W ropsyero BOAOCHabXeHus
rMApoOCTaTUYECKUM UM MAaHOMETPUYECKUM METOAOM C COCTaBNIEHNEM aKTa;

-NpOMbIBKA CUCTEMBbI;

-TensI0Boe UCMbITaHNE CUCTEMbI;

-UHAMBUAYabHbIE UCMbITAHUA CMOHTUPOBAHHOIO 060pyA0BaHUS C COCTaB/IeHMEM aKTa.

NcnblTaHMe cucTeMbl Ha repMeTUYHOCTb MNpPOBOAMTL MNPW  AaBNE€HWM, MNpeBbilaoWweM
pabouee B 1,5 pasa, HO He MeHee 0,6 MTa.

CMOHTMpOBaHHasa cucTeMa JAOJ/DKHA 3anosiHATbCS BOAOWM MeAsIeHHO nMNpU  OTKPbITbIX
BO34YXOCMNYCKHbIX YCTPOMCTBaX, YTObbl BCe BO3AYLWHbIE MPObkK 6blnn yaaneHsol.

MmapaBnmMyeckoe UCNbITaHME CUCTEMbl HAMOMbHOIMO OTOMAEHNA HEO6XOAMMO NPOBOAUTL A0
3anuBkun TpybonpoBoaoB 6eTOHOM.

Mpwn 3anueke 6eToHOM Tpyba AofkHa HaxoaAnTbCH noa aasneHuem 0,3 Mlla.

MO OKOHYaHUWM WUCMbITAHWA MPOU3BOAUTCSA MpPOMbIBKa TPybONpPOBOAOB XOJI0AHOMO W
ropsiuero BoaocHab>xeHns BoAOM B TedeHMe 3 4acos.

5.11 TexHnka 6e30MacHOCTM.

Mpn MOHTaxke cucCTeM OTOMNEHUS W3 MeTanNononMepHbix Tpyb cneayet cobnopaTtb
TpeboBaHMA TexHUKM 6e30MacHOCTU B CTPOUTENbCTBE MO AENCTBYHOLWEA HOPMaTUBHOM
OOKYMeHTaumu.

Mpn 3aroToBUTE/IbBHOM  MPOM3BOACTBE W  MOHTaXxe  3anpellaeTcsds MNpouM3BOAUTb
3NeKTpocBapoyHble paboTbl Ha pacCcTOsSiHUM OT MeTansIonoJsIMMepHbiX TpybonpoBoaoB MeHee
2-X MeTpOB.

MeTannononnMepHble Tpybbl OTHOCATCS K KaTeropuu roprumnx, TpyAHOBOCM/IaMEHSEMbIX
MaTepuarsnos.
CpeacTBa NoXapoTyLIEHUS: pacnblieHHas BoAa, Necok, NeHa, KowMma.

MeTannononuMepHble Tpybbl B MPOLIECCE MOHTa)Xa W 3KCAyaTauuu He BbIAENSAT B

OKpYy>Xawulyto cpeny TOKCUYHbIX BEWECTB U HE OKa3biBAlOT BPEAHOINo BJINAHUA HA OpraHuU3Mm
yenoBeKa npwu HenocpeaACTBEHHOM KOHTaKTe.
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MOHTax  MeTaJUyIoNnoNMMEpPHbIX Tpy6  AO/MXHbI  MPOBOAUTL  ClleCapu-CaHTEXHUKM,

npoweawmne cneuvanbHoe obydyeHMe M 03HAKOMJIEHHbIE CO cneuudukon obpaboTkm Takux

Tpyb.

PaboTbl MO MOHTaxy BHYTPEHHUX CUCTEM OTOMJIEHUA M3 3TUX Tpy6 paspeluaercs
NpPOVM3BOAMTbL TOJMIbKO WCMPaBHbIM  MHCTPYMEHTOM, TMpu COBMIOAEHUN  YCIIOBUIA  ero
3KcnyaTaumm.

MMapaBnnyeckoe WUCMbITaHUE CUCTEM CheayeT Mpou3BOAUTb B MPUCYTCTBMM MacTepa WU
npouvsBoauTenss pa6oTr. Cnecapu, NpoBOASIWME UCMbITAHUS, [AO/KHbI HaxoAUTbCS B
6e30nacHbIX MECTax Ha C/lyyali BbiI6MBaHUA 3arnyllek.

6. Nncbopmaumna ona NpoeKTMpoBaHnA

6.1 O6wume ykasaHusn

MeTannononmMMmepHble Tpybbl MPUMEHSAIOT MPU MPOEKTUPOBAHUM CUCTEM LIEHTPasnbHOro,
MECTHOro OTOMNEHUS XWIbIX, aAMUHUCTPATUBHO-O6bLITOBLIX W MPOMbIWEHHbIX 3A4aHUIA C
napameTpaMy TEMMIOHOCUTENs: pacyeTHas TemnepaTypa He npesbiwaeT 90°C, naBneHue B
Tpyb6ax He 6onee 1,0MMMa.

He ponyckaeTtcs npuMeHaTb Tpybbl B MOMELWEeHUSaX N0 NOXapHOM onacHoCTM kateropuu T,
a TaKkKe B MOMELeHUSX C WCTOYHMKAMMU TemmoBbiX M31y4yeHwit c TnosepxH 150°C.
Mpoknaaka Tpy6 AonxHa npeaycMaTpuMBaTbCA CKPbLITOM B MAWHTYCe, wTpobax, KaHanax u
waxtax. JonyckaeTcs OTKpbliTas NpokfiajKa B MecTaX, rae UCKYaeTCca X MexaHuyeckoe
N TepMMYECKOoe NOBpEeXAEHNE U NMPAMOE BO3AENCTBUE YbTPadPUOSIETOBOro U3TyYEeHUS.

MeTtoanky pacuyeTtoB, u3noxeHHyto B CIl 40-102-2000 Ha YpOBHE WHXEHEPHOWN
HaZleXXHOCTU MOXHO YCMeLwHOo NMPUMEHATb A1 OonpeaeseHns rmapaBinyecknx XxapakTepmucTmk
NOSIMMEPHbLIX U MeTan/IM4eCKnx CTOSIKOB M MOABOAOK CUCTEM ropsyero BOAOCHabXeHusa u
BOASIHOrO OTOMJIeHMs. PacnpocTpaHeHwe 3TOW MEeTOAMKW Ha MNpOoBeAeHWe rnmAapaBnyecKmnx
pacyeToB BCEX BHYTPEHHUX CAHTEXHUYECKUX CUCTEM (ropsAYero n XonoAHOro BoAOCHabXeHus
N BOASIHOIO OTOMJEHWUS) BMOSHE AONYCTUMO. DTO MO3BOJISIET OCYLECTBAATb ONTMMasbHbIN
Bolbop Tpy6 u3 MeTanna nmbo M3 nonmMMepa Kak OAMHAKOBOro ANs BCeX CUCTEM, TaK W
pa3fIMYHOro 455 pa3HbiX CAHTEXHUYECKUX CUCTEM.
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6.2 BoaocHab>xeHue
6.2.1 Bbibop cxembl.
Mpun BbIBOpPE BapMaHTOB CXEMbl MPOKIaAKM BOAOMNPOBOAHbLIX CETEN CrieAyeT yunuTbiBaThb :

aKCnnyaTauuMoHHble  cBoWcCTBa (ymobcTBO  06CnyxuBaHMS); 3aTpaTbl Ha  MOHTax
(NpoTshkeHHOCTb TpybonpoBOAOB, KOMMYECTBO COEAWMHEHWIA); SKOHOMWYHOCTb (CTOMMOCTb
MaTepuanos)

Pacuer BHyTpeHHel BOAOMPOBOAHOM CUCTEMbl, YCTAaHOBKY TpybomnmpoBOAHOM apMaTypbl
cnenyet npovM3BOAUTb B CCOTBETCTBMWM C TpeboBaHUSIMU CTPOMTENbHbIX HOPM W CBOAOB
npasun (Hanpumep, CHul 2.04.01-85, CHwu1IM 3.05.01-85 1 CIT 40-103-98 n np.), B KOTOPbIX
onpegeneHbl HopMaTMBHble TpeboBaHWs, Kacalwowmecs MeTasIoNnoANMMEpPHbIX Tpyb6 M ux
paboune napameTpsbl:

AN XONOAHOrO BOAOCHabXeHUs — TeMnepaTypa Boabl He 6onee 20°C, pabouee naBneHue
0,6MMNa

ANS ropsyero BoAOCHabXeHWs — TemnepaTypa BoAbl He 6onee 75°C, pabouyee nasneHue
0,6Mla

6.2.2 OnucaHune cucTem.

-KOJ/I1eKTOpHas (c NCNONb30BaHNEM
pasgenutenen) PacnpegenuTenbHbIA KOEKTop
MOXeT wuMeTb ABa unm 6onee oTBOASAWMX
WwTyuepa W YyCTaHaB/IMBAETCS B KBapTuMpe, Ha
OTBETB/IEHMN OT MoJaloWero Ccroska nocne
(wapoBoro) BeHTUS, MexaHMu4eckoro gunibTpa,
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BOAOCYETUMKA. KonnekTtopHble  Tpybonposoabl |
SABNAOTCS TYNMUKOBBLIMKU, HE MMEIOT obLiero |

y4yacTka (o1 cTosika no npubopa) "
XapaKTepusyoTcs napannienbHbiM MOAKIOUYEHNEM
Toyek Bogopasbopa. [lo3BoNAsAET WUCMNOSIb30BaTb
Tpy6bl Masioro AnameTpa.

-TpaguumonHasa (C WCNONb30BaHWEM TPOWHMKOB)
XapakTtepHon 0cob6eHHOCTbIO TPaaMLMNOHHOM
(TPOMHMKOBOW)  pa3BOAKW  ABNASIETCA  Hannyume
obuwero yyacrtka oT CTOsika A0 MepBOi TOo4yku Bogopa3bopa, KOTOpbIA MMEET MOCTOSHHOE
rmapaBnMyeckoe COMpOTMBIIEHME, 3aBucsllee OT AMHbI WU AMAMETpa YydyacTKa, a Takxe
nMeeM HepaBHOMEpPHOE AgaBneHme no npunbopam.

-nocnegoBatenbHas (C  MCMNOb30BaHWMEM  BOAOPO3ETOK) Mpn  UCNONb30BaHUU
nocnenoBaTesibHOW CXeMbl Pa3BOAKM C WUCMNO/b30BAaHMEM MPOXOAHbIX BOAOPA3BOPHbIX
poO3eToK, nosyyaeM 60nee 3KOHOMWUYHYK MO
CTOMMOCTM MaTepuanoB CUCTEMY, HO MWMeeM
HepaBHOMEpHOEe AasfieHue no npubopam.

-KOJibLleBas - TOYKM Bogopasbopa coeanHsoTCA
nocnefosaTenbHO ApYyr C APYroM, a nocneaHss
noaka4aeTcs pacnpegenutento. Takoh Tuvn
npefoTeBpallaeT 3acTtoM  BOAbl, TaK  Kak
OTKpbIBaHWE OHOM TOYkM Bogopaszbopa npusoanT
ABMXeHne BClo Boay B Tpybonposoge.
PekomeHayeTCa  NpUMEHATb  ANS  CaHTEXHWYECKUX  YCTaHOBOK C  OAHOBPEMEHHbIM
NCNonb30oBaHWeM (Hanpumep,LKonbl)

6.2.3 MeToauka pacyeTa.

CornacHo ynomsaHyTbiM CHulaMm, pacyeT ceTeln BeAeTCa B CAeAylLlen nocnenoBaTelbHOCTU.
OnpepensaioTcsa rmapasnmMyeckne Harpyskum OT CaHUTapHbIX NPUBOPOB: YMbIBaSIbHUKK, MOIKW,
AylieBble, CMbIBHble 6aukm - pacuyeTHble pacxoabl o™ (obwme o, KaK COBOKYMHOCTb
pacxoAoB XOMOAHOM W ropsyvyen BoAbl NpubOpoM). DTU  BeNUYUHbI  OnpeneneHbl B
npunoxeHun 2 «Pacxoa BoAbl caHUTapHbiMu npunbopamm» CHull 2.04.01-85%*.

Janee no metoamke TOro ke CHull onpegenseTcsas MakCMManbHbIN CEKYHAHbIA pacxog q, f/c,
N COOTBETCTBEHHO MaKCMManbHbIM 4YacoBOW pacxosd q, M3/4yac. MNpu pacyeTe AO0MKHbI 6bITb
obecneyveHbl cBobogHble Hanopbl nepes npubopamum cornacHo npunoxeHuto 3 «HopMbl
pacxoga Boabl notpebutenamu» CHull 2.04.01-85*. lMocne 4ero npomssoamTca noabop
AnameTpoB TPy6 Ha OCHOBAHWUU FMAPABANYECKNX XapaKTEPUCTUK MeTaslsIonoIMMepHbIX Tpyo,
NCXOAS M3 IKOHOMUYHbBIX CKOPOCTEN ABUMXKEHUs xumakoctm B Tpybax, 0,5-2,0 M/c, HO He
6onee 2,5m/c.

MponssoanTCs rmapaBfnyeckui pacueTt CUCTEMBI, No3BOJISAIOLL NI onpenenuTb
rmapasavyeckne rnoTepu Ha pacyeTHbIX ydyacTkax. [loTepu Hamopa H, M, Ha yu4acTkax
TpybonpoBoga onpeaenstTcs no popmyne:

H=RxL(1+KL), raoe
R - noTepwn paeneHus;
L - AnnHa pacyeTHOro y4vacTtka,

KL - k0oa(pdUUMEHT, yunTbIBAOWMA NOTEPU Hamnopa B MEeCTHbIX conpoTtuBneHusax (0,3 - ans
ceten xonogHon soabl, 0,1 - Ang Boaopa3bopHbIX CTOAKOB 6e3 LMPKYNSALMOHHbBIX CTOSIKOB U
nonoteHuecywutenen, 0,2 - Ana nojawowmMx U UUPKYNSAUMOHHbIX pacnpeaennTenbHbIX
Tpybonposopoe, 0,5 - ana BoaopasbopHbLIX CTOAKOB C NOMOTeHuecywutenamn). Onsg
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MONNMEPHbIX pr60|‘IDOBOLI,OB CUNCTEM BO.CI.OCH66)K€HVIFI noTepun Hanopa B CTbIKOBbIX
coeamHeHnsx Tpyb n B MeCTHbIX CONPOTUBEHUSX AonycKaeTcs npmHmMMaTb oT 20 o 30 % ot
noTepb Harmopa Ha TpeHue no aAnnHe Tpybonposoaa.

Mpn NpoeKkTMpoBaHMW BHYTPEHHEro BOAOMPOBOAA PEKOMEHAYEeTCS MpPUMeHATb Tpybbl Ans
CTOSKOB AMaMeTpoM He MeHee 20MM. [loaTaxHoe rnpucoeamHeHue K CTosikaM crnegyet
BbINOMHATb, KaK NpaBmno, U3 Tpyb HapyXHbIM AnaMeTpoM 16 MM yepes pacnpepenuresnbHble
KONJIEKTOPHbI.

6.2.4 YpenbHble NOTEpW Hanopa no AJIMHEe U CKOPOCTb TeYeHUs BOAbl B 3aBUCUMOCTUN OT
pacxoga Boabl B TpybonpoBoaax pasnmyHbiX TUNoB Tpy6 npmBeaeHsl B Tabnuue

MoTepu aaBnexust. TemnepaTtypa Bogbl 10°C

| 16x2,0 | 20x2,0 | 26x3,0 | 32x3,0
Fg,c;(;)? ‘ CKoOpoCTb, n;ﬂ:ﬁ:ﬂ ‘ CKOpOCTb, ‘qgl;;r:ﬁ:ﬂ ’ CKOpoCTb, Ag;;:ﬁ:ﬂ ’ CKopoOCTb, p:Bc;reer?:ﬂ
V. m/c R, Ma/m ' V. m/c R, Ma/m ' V. m/c R, Ma/m ' V. m/c R, Ma/m '

[ 0,05 | 0,44 I 330 [ 0,25 | 97 [ 0,16 | 29 | [

[ 0,10 | 0,88 I 1100 | 0,50 | 317 [ 0,32 [ 97 [ 0,19 [ 28

[ 0,15 | 1,33 [ 2150 [ 0,78 | 630 [ 0,48 [ 195 | [

| 0,20 | 1,77 | 3552 | 1,00 | 1050 | 0,64 | 315 | 0,38 | 91

| 0,25 | 2,21 | 5255 | 1,32 | 1495 [ 0,80 | 464 | |

[ 0,30 | 2,65 | 7243 | 1,49 | 2141 | 0,96 | 639 | 0,57 | 184
[ 03 | 3,10 [ 9507 | 1,84 [ 2708 | 1,11 | 835 | |

[ 0,40 | 3,54 [ 12040 | 2,10 [ 3320 | 1,27 | 1057 [ 0,75 | 303
[ 045 | 3,98 [ 14833 | 2,34 [ 4273 | 1,43 | 1298 | |

[ o050 | 4,42 [ 17833 | 2,59 | 5267 | 1,59 | 1562 | 0,94 | 448
[ 055 | 4,86 [ 21185 | 2,91 [ 6235 | 1,75 | 1848 | |

[ 0,60 | 5,31 [ 24733 | 3,18 | 7574 | 1,91 | 2155 | 1,13 | 617
[ 065 | 5,75 [ 28524 | 3,44 [ 8382 [ 2,07 [ 2483 | |

[ 0,70 | 6,19 [ 32556 | 3,71 [ 9564 [ 2,23 [ 2830 | 1,32 | 810
| 0,80 | 6,63 | 36825 | 3,97 | 10813 | 2,39 | 3198 | |

| 0,85 | | | 4,24 | 12192 | 2,55 | 3586 | 1,51 | 1025
| o090 | | | 4,50 [ 13512 | 2,71 | 3993 | |

[ 0,95 | | | 4,77 | 14962 | 2,87 | 4420 | 1,70 | 1263
[ 1,00 | | | 5,03 | 16477 | 3,03 | 4866 | |

[ 1,05 | | | 5,30 | 18057 | 3,18 | 5330 | 1,88 | 1522
[ 1,10 | | | 5,83 [ 21411 | 3,50 | 6316 | 2,07 | 1802
[ 1,20 | | | 6,36 [ 25020 [ 3,82 [ 7376 [ 2,26 [ 2103
[ 1,30 | | | | [ 4,14 [ 8508 [ 2,45 [ 2424
[ 1,40 | | | | | | [ 2,64 [ 2766
[ 1,50 | | | | | | [ 2,83 [ 3128
[ 160 | | | | | | | 3,01 | 3509
[ 1,70 | | | | | | | 3,20 | 3910
[ 1,80 | | | | | | [ 3,39 [ 4330
[ 190 | | | | | | | 3,58 | 4769
[ 2,00 | | | | | | [ 3,77 [ 5227
[ 2,10 | | | | | | [ 3,9 | 5704
[ 2,20 | | | | | | | 4,14 | 6199
[ 2,30 | | | | | | [ 4,33 [ 6713

KoaddruUMeHTbl MECTHOrO COMPOTUBIIEHUS COEAMHUTENbHbLIX AeTanein Ans BogonpoBoda U3
MeTansononMMepHblx Tpyb cneayeT npuHMMaTh no Tabnuue n.7.10.

KomneHcaums TemnepaTypHbIX YAJIMHEHWUIA OO/KHA OCYLWECTBAATbCS, KakK NpaBuio, 3@ cyeT
CaMOKOMMEeHCaUnM OTAENbHbIX y4acTKoB TpybonpoBoda: MOBOPOTOB, M3rnboB, MpoKiaaku
Tpy6 "3Mmelikon". DTO AOCTUraeTcs NpaBMIbHON PacCTaHOBKOWM HEMOABMXHbLIX KpernaeHun,
Aensawmx TpybonpoBoa Ha He3aBUCUMMbIE y4acTKu, AedopMauuns KOTOPbIX BOCMPUHMMAETCSH
nosopoTamm Tpybonposoaa.
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Mpwn paccTaHoOBKE HENOABWMXHbIX KPEnJeHUn cneayeT yunuTbiBaTb, YTO nepemelleHue Tpybol B
NJIOCKOCTW, NepneHAUKYASpHOM CTeHe, OrpaHM4YMBaeTCs pacCToOSsHMEM OT MNOBEPXHOCTU
TPpybbl A0 CTeHbl. PaccTosiHMe OT HEenoABWMXHbLIX OMOP A0 CTEHbl AOMKHO 6bITb HE MeHee 2
AnameTpoB TpybonpoBoaa.

YCTaHOBKY KOMMEHCATOpOB CleAyeT npeaycMaTpuBaTb MPU HEBO3MOXHOCTM KOMMEHcauuu
YOMHEHWI 3@ CYET NOBOPOTOB TPpy6ONpPOBOAOB.

6.2.5 MpnbnnxeHHbIN MeToA onpeaesieHns pacxonoB

PacueTHble CEKYHAHblEe pacxoflbl XO/NOAHOW M ropsyeir BoAbl C AOCTATOYHOW TOUHOCTbIO
MOXXHO OMpeAenuTb CieAyoLWMM yrpoLeHHbIM CNoco60M:

1. Mo Tabnuue (CHwuM 2.04.01-85, npunoxeHune 2) oOnNpeaensitotcsa CeKyHAHble pacxoabl
Kakxgoro npmbopa

Yoi , n/C.

2. OnpenensieTca CyMMapHbIi CEKyHAHbIM pacxod OT BCeX NpuBopoB, 06CTYyXMBaEMbIX
NaHHbIM YYaCTKOM:

qu=z qoi'Ni (J'I/C)
Mo Tabnuue 1 onpeaenseTcs pacyeTHbIN pacxoa q, f/c.

Tabnuua 1
‘ quTf/g)oi'Ni ‘ q, n/cek qz“?f/?)“'Ni | q, n/cex ‘ qonnZ/é])m Ni I q, n/cex
I 0.1 I 0.1 | 4,6 | 1,22 I 20 I 2,48
| 0,2 | 0,2 | 4,8 | 1,24 | 21 | 2,54
| 0,3 | 0,3 | 5,0 | 1,27 | 22 | 2,61
| 0,4 | 0,36 | 5,5 | 1,32 | 23 | 2,67
| 0,5 | 0,38 | 6,0 | 1.38 | 24 | 2,72
| 0,6 | 0,40 | 6,5 | 1,42 | 25 | 2,78
| 0,7 | 0,43 | 7,0 | 1,48 | 26 | 2,85
| 0,8 | 0,48 | 7,5 | 1,55 | 27 | 2,91
| 0,9 | 0,50 | 8,0 | 1,6 | 28 | 2,96
| 1,0 | 0,55 | 8,5 | 1,64 | 29 | 3,02
| 1,1 | 0,58 | 9,0 | 1,69 | 30 | 3,07
| 1,2 | 0,60 | 9,5 | 1,74 | 32 | 3,18
| 1,3 | 0,63 | 10,0 | 1.78 | 34 | 3,29
| 1,4 | 0,65 | 10,5 | 1,82 | 36 | 3,40
| 1,5 | 0,67 | 11,0 | 1.88 | 38 | 3,51
| 1,6 | 0,70 | 11,5 | 1,92 | 40 | 3,62
| 1,7 | 0,73 | 12,0 | 1,95 | 45 | 3,88
| 1,8 | 0,75 | 12,5 | 1,99 | 50 | 4,12
| 1,9 | 0,78 | 13,0 | 2,04 | 55 | 4,38
| 2,1 | 0,80 | 13,5 | 2,06 | 60 | 4,62
| 2,2 | 0,83 | 14,0 | 2,09 | 65 | 4,86
| 2,4 | 0,86 | 14,5 | 2,13 | 70 | 5,08
| 2,6 | 0,91 | 15,0 | 2,17 | 80 | 5,54
| 2,8 | 0,93 | 15,5 | 2,2 | 90 | 5,98
I 3,0 I 0,98 I 16,0 I 2,24 I 100 I 6,42
| 3,2 | 1,02 | 16,5 | 2.28 | 110 | 6,85
| 3,4 I 1,05 | 17,0 | 2,3 | 120 | 7,27
I 3,6 I 1,07 I 17,5 I 2.33 I 130 I 7,69
| 3,8 | 1,10 | 18,0 I 2.38 I 140 | 8,10
| 4,0 I 1,12 | 18,5 | 2,4 | 150 | 8,5
| 4,2 I 1,15 | 19,0 | 2,42 | 160 | 8,91
| 4,4 | 1,18 | 19,5 | 2,26 | 170 | 9,31

22



Compipe™

Hanpumep: OnpeaennTb pacyeTHbIN pacxoh X0No4HOM BOoAbl HAa BBOAE B KBapTUPY, KOTopas

obopypnoBaHa YyHWUTa30M,

MOCyZ1IOMOEYHOMN MalLUMHOWN.

YMbIBaJIbHUKOM,

BaHHON,

CTUpPanbHOM MallMHOM,

MOMKON 1

OnpepensieM cekyHAHble HOpPMATWUBHbIE pacxoabl an6opaMM, noaACyYUTbIBAEM CYMMaprIﬁ

pacxoa v no Tabnuue 1 HaxoamMMm 3Ha4YeHme pacyeTHoro pacxoga q=0,50 n/c
HopMaTuBHbIN CyMMapHbIn N
o o pacyeTHbIN
CEKYHAHbIN Konnyectso CEeKYHAHbIM acxon q, n/c
Mpubop pacxoa npubopos, N, pacxog, P a )
npubopom, qoi, wT. J50=2 oi*Ni ,
n/c n/c (n3 Tabnnubl 2)
YHuTa3 0,1 1
YMbIBaNbHUK 0,09 1
0,62 0,4
BaHHa 0,18 1
CtupanbHas 0,25 1
MallMHa
6.3 OTonneHue
6.3.1 Bbibop cxembl.
MpoekTMpoBaHNWE CUCTEMbI OTOMJIEHMS BKkAOYaeT B cebsa Bblbop TuMna Tpyd u

COOTBETCTBYIOWMX COEAUMHUTENbHbLIX AeTasien W apMaTypbl, MapamMeTpoB TenaoHoCUTens,
BbIMOMIHEHUS TEMnJI0OBOro M rMAPaBAMYECKOro pacdeToB, Bblbop cnocoba npoknagkm wu
MOHTaxa. HopMmaTuBHble AOKYMEHTbl, Ha KoOTopble cneayer obpatuTb BHUMaHue: CHwull
2.04.05-91 n CHuI 41-01-2003 «OTonneHue, BEHTUNAUUSA U KOHAMUMOHUPpOBaHme», CI1 41-
102-98 «lMpoekTnpoBaHne U MoOHTaXx TpybonpoBOAOB CUCTEM OTOMJIEHMS C UCMOJSIb30BAHUEM
MeTa SIoONONMMEPHbIX TPY6>.

Moaxon MpPOEKTUPOBLUMKA K BbIBOpPY TOM WM MHOWM CXEMbl AOJIXEH OCHOBbLIBATbCS Ha ABYX
OCHOBHbIX MpuHUMNax. Bo-nepBbix, HEO6X0ANMMO MNoAAepXXaHMEe TeMnepaTypHOro pexuma B

nomeLLeHnn ans BbINOIHEHUS
TpeboBaHUIA  CTPOUTENbHBLIX HOPM U
npasun, BO—BTOpPbIX, HeobxoaMMO
co3aaTb KOMMOPTHbie  yCnoBuUA  Ans

XXNU3HW B 3TOM NOMELLEHNN HeloBeKa.

HoBbiM npuHUMNaM 3HeprocbepexeHus
NOSTHOCTbIO COOTBETCTBYIOT
npoekTupyemble CUCTEMBI n3 ®
MeTanonosMMepHblX Tpyb - 3akpbiTble
CUCTEMbI OTOMMIEHUS C MPUHYAUTENBHOM
umpkynsumen TensoHocuTens, C ®
TepMoperysiMpoBaHuemM n
aBTOMaTM4YeCKUM ynpasneHneMm paboThbl i
KoTenbHoM. CucrtemMa  UeHTpasbHOro
OTOMNJIEHNSA AOKHA 6bITb
HU3KOTEMNepaTypHON, OTKPbITON WUN 3aMKHYTOMN.

OTonneHne noMeLweHnn MmoxeT 6biTb OCyLWeCTB/1IEHO MO pa3HbIM NMpUHUMUNMNAJIbHBIM CXEMaM:
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1.ByxTpybHas nAMHTYCHas;
2.0ByxTpybHasa KonnekTopHas;
3.CMellaHas cmucrtema;
4.0aHOTpYbHas cuctema;

5.HanonbHoOe oTonsieHne

6.3.2 OnucaHue cucrtem

B HacTosiwee BpeMsi, 60/blIOE KOMMYECTBO CUCTEM OTOMJIEHMS B MHOMO3TaXHbIX AOMax
ABNSAKTCA OAHOTPYOHbLIMU C BEPXHEN WU C HUXKHEN pa3BOAKOW.

OTOT BMA NpoKnaaku Tpyb xapakrepusyeTcs nocnenoBaTesSibHbIM NMOAKIOYEHNEM NMPUOOpPOB,
npuyem Tpyba obpaTHas C oAHOro oTonuTeNnbHoro npubopa, SBNSETCA Mnopatwowen ansg
nocneaytowero. Moryt 6biTb Kak C 3aMblKalOWMM y4yacTKoM, Tak U 6e3 Hero. Bo3MOXHOCTb
peryanpoBKK OTCYTCTBYeT. PacueTHbI nepenag TemMnepaTtyp B pagmatope ATp=AT/N, roe AT
— pacyeTHas pa3Huua TemrnepaTyp Mexay npsimon n obpatHon MarucTtpanbtko, N- KONM4YecTBo
sTaxxen(npmbopos). o cpaBHeHMIO C ABYXTpybHOM cCuUCTEeMOM pacxon TensoHoCuTens B
ctosike 6onbwe B N pa3. TemnepaTypa TenjioHOCUTENst B BepxHeM(NepBOM) OTOMUTESIbHOM
npnbope Bbile, YeM B NOCAEAYIOLWMX.

Onsa BbinonHeHuss TpeboBaHUM MO yCTaHOBKE
TEPMOPErynsiTopos Ha OTOMUTENbHbIE
npmbopbl W oOpraHMsauMm MNOKBAPTUPHOIO
yyeTta Tenna, cneayet MpPUMEHATb CUCTEMbI
OBYXTPYybOHbI€: KOIEKTOpPHbIe (Ny4yeBbie) uUau
C rOpPM30HTaNIbHOWM pa3BoAKOM (MJMHTYCHbIE).

KonnektopHaa  cuctemMa -  LEHTpasbHO
pacnosioXeHHble CTOSIKM, oT KOTOPbIX
ocyLecTsnseTcs nogaya  TennoHocuTens
yepes KOJINEeKTopbl (paspenurtenu) K

oTonuTenbHbiM Npmnbopam. Cucrtema sABASAIOTCA
yAo6HOon B OTHOLLEHUN BO3MOXHOCTEWM
perynvpoBku, Hambonee 3>KOHOMUYHOM B
akcnayaTauun. Kaxxgas noasoaka K npubopy
pacCcuyMTbIBAE€TCA Ha MpPOMYCK TEenOHOCUTENS
TONIbKO OA4HOIr0 KOHKpeTHoro npuéopa.

ManHTYyCcHasa — pa3soaka B BUAe ABYXTpYHHOM
neTam no nepumeTpy KBapTupbI, C
NOAKJIIOYEHMEM HECKO/IbKUX paguMaTopoB OT
ctosika. [lpu 3aknagke TPOMHMKOB B MNOM CreAyeT npuMeHaTb npecc-dutuHrn. Cucrtema
TakXe MNO3BONSAET OpraHW3oBaTb Yy3en y4yeTa TensoBoW 3Heprun. [Opu30OHTasbHas
MarncTpasib pacCyMTbiBAeTCs Ha MNPOMyCK CYMMapHOro pacxoja TernsioHocuTens Ans BCeX,
pacnosiIoXEeHHbIX NO XO4Y TennoHocuTens, npnbopos.
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6.3.3 JonycTuMble CKOPOCTU ABUXEHUSA TenJoHOCUTENS.

B ropusoHTanbHbiX TpybonpoBoaax, NpoxoAswmx B KOHCTPYKUMM Nona UAM 3a MJMHTYCOM,
cneayer NpuHMMaTb 3HauyeHuMe CKOpocTu He Huxe 0,11M/c, n 3HavyeHus, COOTBETCTBYOLWMNE
9KOHOMWYHbIM FMApPaBANYECKMM CONPOTUBNEHUAM

(Rskonom =150250 Ma/m):

@16*2,0 V=0.25...0.35M/c
©20%*2,0 V=0.40...0.60M/c
@26*3,0 V=0.50...0.65m/c
@32*%3,0 V=0.25..0.40M/c

7. T'mapaBnyeckue XxapakTepucTUKM MeTaslJionoJiIMMepHbIX Tpy6

7.1 [lpn rugpaBnMyeckoM pacuete nageHue pasneHna AP B CUCTEME OTOMJeHus
CKJlaablBaeTcsl U3 NOTEepb AaB/EHUS Ha TpeHue no AnuHe Tpybonposoaa / n noTepb AaBneHus
Ha NMpeoaosieHNne MEeCTHbIX COMPOTUBNEHUN

AP=RI|+Z, (1)
roe R — yaenobHas nMHENHasa noteps AasfieHns Ha 1 M anuHel, Ma/m;
Z — noTeps AaBAeHUs Ha MeCTHoe comnpoTueneHune, MNMa/m.

MmapaBnmMyeckme xapakTepucTtmku MetannononuMmepHoix Tpyb npu t = 80 °C npeacrasneHsbl
B Tabnuue 5.

7.2 [oTepu AasneHus no anuHe, MNMa/M, MoXHO onpeaennTtb no dopmyne

_awv?

2d,

R 107, (2)

roe L — KoaddMUMNEHT CONPOTUBIIEHUS MO AJSINHE;
V — CKOpOCTb TeyeHus BoAabl, M/C;
dp — pacueTHbI AnamMeTp TpyObbl, M.
7.3 KoadhduumeHT conpoTUBNEHMS Mo ANnHE A cneayeT onpenensaTtb no dopmyne
b . 1312(2-b)lg3,7d , /K,
2 lgRe, -1
3,7d,
K

El

05
. (3)

Ja =
Iy

rae b — uncno nogobus pexnMoB TeYeHUs BOAbI;

Ta6bnuua 2
TemnepaTyp Koadpdbumumnent
a Boabl, °C KMHEMaTU4EeCKOM
BA3KOCTU BOAbI Vi
M2/c
35 0,73-10°
40 0,66 - 10°®
45 0,6 -10°
50 0,55-10°
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K ;— KO3 DULUNEHT 3KBUBANEHTHOM LLEPOXOBATOCTU, M; 55 051 .10
Reg — uncno PeinHonbaca akTUYeckoe. '
60 0,47 -10°
65 0,43-10°
70 0,41-10°
7.4 TpuBeneHHbIn (BHYTPEHHUN) pgmameTp d, cneayeT 0.36 . 10°
onpeaenaTtb no gopmyne 80 199"
dp = 0,5 (ZdH +AdH -4S - ZAS), (4) 90 0,32 . 10-6

raoe d, — HapyXHbIn gunameTp Tpybbl, M;

Ad,— [BONYCK Ha HapyXHbI gnameTtp Tpybbl, M;
S — TonwmMHa CTEeHKU TpybbI, M;

AS — [0OMNYCK Ha TOJILWWHY CTEHKM TpyObl, M.

7.5 ®aktnyeckoe uncno PeinHonbaca Regy,, onpeaensercd no dopmyne

Re, =——, 5
€y v, (5)

roe vi — KoadduuMeHT KnHeMaTUyeckon BSA3KOCTU BOAbI, MZ/C, onpepensemMblii no Tabnuue
2.

7.6 UYwncno PenHonbaca Re,; COOTBETCTBYHWLWIEE Haudany KBagpaTuuyHoh obnactum
rmapaBaMyecKMX COMpPOTUBAEHUN Npu TypbOyneHTHOM ABWXEHWM BOAbI, onpeaenseTcs no

dopmyne
_ 500 -dp
@ K

3

(6)

KoadpdnumeHT aKkBMBaNEHTHOWM LLEPOXOBATOCTHU

(paBHOMepHO3epHUCTOCTN) K3, M,

npuHMMaeTcs pasHbiM 1,0 - 107 M.

7.7 Yncno nogobuma pexmmos TeveHus Boabl b onpepensietrcs no gpopmyne
IgRe,

7
Ig Re )

b=1+

7.8 [Ilpn cpeaHen TemnepaType TenfnoHocuTens, otnuyHon ot 80 °C, cnepyer ydecTb
cornacHo Tabnuue 3 nonpaBo4YHbIM KO3IPUUMEHT a K 3HayeHussM R, nNpuBeaeHHbIM B
npunoxeHun (Npu t = 80 °C)

Rt=R-a, (8)

rae Ry — yAenbHbIA nepenag AaBNeHuss nNpu  CpedHen pacyeTHOM TemnepaTtype
TennoHocuTens mn pacxoge G, Ma/m;

R — 3HauyeHwne yaenbHOro nepenaga gasneHus (npunoxenue b) npu t = 80 °C 1 npu ToM xe
3Ha4YeHumn

Temnepartypa

Tabnuua 3 |renronocutens B 90 80 70 60 50 40
Tpybax, °C
KoagpoduumneHt a 0,98 1,0 1,02 | 1,05 | 1,08 | 1,11
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7.9 T[lageHue AaBfeHWs NpU NPeoAoSIEHNMM MECTHbIX COMPOTUBAEHWUI Z, Ta, MOXET 6biTb
onpeaeneHo U3 3aBUCUMOCTU

V2
Z=3E—p, (9)

2
rae Y & — cymMMmMa KO3(hdUUMEHTOB MECTHbIX COMPOTUBIEHWA Ha PacCYUTbLIBAEMOM y4dacTke
TpybonpoBoaa;

V — ckopocTb TenjaoHocuTens B Tpybonposoae, M/c;
p — MNIOTHOCTb XWAKOCTU MpU TeMnepaType TennoHocuTens, kr/m>.

MmapaBnnyeckMe XapakKTEPUCTUKU  OTOMUTENbHbIX NpuMOOPOB: BEHTW/EN, KanaHos,
BKJ1tOYAa TepMocCTaTU4yeckume, NpeactaBfieHbl B CNPaBOYHbIX U3A4aHUAX (BGUPM-U3roTOBUTENEN
M pa3paboTumMkoB HOPMATUBHOM AOKYMEHTaLWUN.

OpMEHTUPOBOYHbIE 3HayeHUss KO3I(PMOULMEHTOB MECTHbIX COMPOTUBMEHUIA COEAUHUTENBbHbIX
AeTanen npusegeHsl B Tabnuue 4.

7.10 KoachbdhuumneHTbl MECTHbIX conpoTtuBneHuin (Tabnuua 4)

N° Hetanun CxemaTtnyeckoe 3Ha4yeHune
m. n3obpaxxeHne agetanemn KoapdnuneHT
mn. a
1 |OtBOA C paanycom §
3aKpyrnenms » 5 d: 54,
90° . 0,3-0,5
45¢°
2 |TpONHUKMU: - -
Ha npoxoAa ' 0,5
3 |Ha oTBeTBneHune 90° —_— 1,5
[l
4 |Ha cnusHue 90° = = 1,5
ly
5 |Ha pa3aeneHue noToka ﬂ_l 4 3,0
+
6 |KpectoBuHa: { 2,0
Ha npoxoz, L
7 |Ha oTBeTBMieHNE —_— 3,0
{
8 |OTcTyn __/— 0,5
9 |0O6xoa 1-0
—O—
e = |
CyXeHue T 0,5

7.11 NMoTepw naBNeHus B MeTa/U10NOIMMEPHbIX Tpy6ax «Compipe™»
TeMmnepaTtypa TennoHocurens 80°C (Ta6bnuua 5)

MoTepy | 12/16 | 16/20 | 20/26

AaBNeH |  CkopocTb Pacxopn CkopocTb Pacxopn CKopoCTb Pacxon
uAa Ha OBUXEHUS |TENJIOHOCUTE | ABUXEHUS |TENJIOHOCUTE | ABUMXEHUSA |TEn/IoOHOCUTE
TPEHWE |tennoHocute | na G, n/u |TennoHocuTe | na G, n/d4 |TennoHocute | na G, n/y
R, Ma/M | nqaV, m/c na 'V, m/c na 'V, m/c

| 0,49 | | | 0010 | 664 | 0010 | 11,25
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| 098 | o000 | 395 | 0020 | 13,27 | 0,020 | 22,50

| 1,96 | 0020 | 790 | 0,030 | 1991 | 0,030 | 33,74

| 392 | 003 | 11,84 | 0,040 | 2655 | 0,050 | 56,24

| 588 | 0040 | 1579 | 0,060 | 3982 | 0,070 | 78,73

| 784 | 0050 | 19,74 | 0,070 | 4646 | 0,080 | 89,98

| 981 | 0060 | 2369 | 008 | 5310 | 0,100 | 112,48
| 1962 | 0,100 | 39,48 | 0,120 | 79,64 | 0,150 | 168,71
13923 | 0,150 | 59,22 | 0,180 | 119,47 | 0,220 | 247,45
| 5884 | 0,190 | 7502 | 0,230 | 15265 | 0,280 | 314,93
| 78,45 | 0,220 | 868 | 0,270 | 17920 | 0,330 | 371,17
| 98,06 | 0,250 | 98,71 | 0,310 | 20575 | 0,370 | 416,16
117,68 | 0,280 | 11055 | 0,340 | 22566 | 0,410 | 461,15
137,29 | 0,310 | 122,40 | 0,370 | 24557 | 0,450 | 506,14
156,90 | 0,330 | 130,29 | 0,400 | 26548 | 0,480 | 539,88
176,52 | 0,350 | 138,19 | 0430 | 28539 | 0,520 | 584,87
196,13 | 0,380 | 150,03 | 0,450 | 298,67 | 0,550 | 618,62
| 215,74 | 0,400 | 157,93 | 0,480 | 318,58 | 0,580 | 652,36
235,36 | 0,420 | 16583 | 0,500 | 331,85 | 0,600 | 674,85
| 254,97 | 0,440 | 173,72 | 0,520 | 34513 | 0,630 | 708,60
| 274,58 | 0,450 | 177,67 | 0,550 | 365,04 | 0,660 | 742,34
/313,81 | 0,490 | 193,47 | 0,590 | 391,58 | 0,710 | 798,58
1333,42| 0,510 | 201,36 | 0,610 | 404,86 | 0,730 | 821,07
/353,04 | 0,520 | 20531 | 0,630 | 418,13 | 0,760 | 854,81
|372,65| 0,540 | 213,21 | 0,650 | 431,41 | 0,780 | 877,31
392,26 | 0,560 | 221,10 | 0,670 | 44468 | 0,800 | 899,80
411,88 | 0,570 | 22505 | 0,690 | 457,95 | 0,820 | 922,30
/431,49 | 0,590 | 23295 | 0,700 | 464,59 | 0,840 | 944,79
451,10 | 0,600 | 23690 | 0,720 | 47787 | 0,870 | 978,54
470,72 | 0,610 | 24084 | 0,740 | 491,14 | 0,890 | 1001,03
1490,33 | 0,630 | 248,74 | 0,750 | 497,78 | 0,910 | 1023,53
/509,94 | 0,640 | 252,69 | 0,770 | 511,05 | 0,930 | 1046,02
/529,56 | 0,660 | 260,59 | 0,790 | 524,32 | 0,940 | 1057,27
/549,17 | 0,670 | 264,53 | 0,800 | 530,96 | 0,960 | 1079,76
/568,78 | 0,680 | 26848 | 0,820 | 544,24 | 0,980 | 1102,26
/588,40 | 0,700 | 276,38 | 0,830 | 550,87 | 1,000 | 1124,76
608,01 | 0,710 | 280,33 | 0,850 | 564,15 | 1,020 | 1147,25
627,62 | 0,720 | 28428 | 0,860 | 570,78 | 1,040 | 1169,75
| 647,24 | 0,730 | 28822 | 0,880 | 584,06 | 1,050 | 1180,99
| 666,85 | 0,750 | 296,12 | 0,890 | 590,69 | 1,070 | 1203,49
686,47 | 0,760 | 300,07 | 0,910 | 603,97 | 1,090 | 122598
| 706,08 | 0,770 | 304,02 | 0,920 | 610,61 | 1,110 | 1248,48
725,69 | 0,780 | 307,97 | 0,940 | 623,88 | 1,120 | 1259,73
745,31 | 0,790 | 311,91 | 0950. | 630,52 | 1,140 | 1282,22
| 764,92 | 0,800 | 31586 | 0,960 | 637,15 | 1,150 | 1293,47
| 784,54 | 0,820 | 323,76 | 0980 | 650,43 | 1,170 | 1315,96
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|804,15| 0,830 | 327,71 | 0,99 | 657,06 | 1,190 | 1338,46
/829,76 | 0,840 | 331,65 | 1,000 | 663,70 | 1,200 | 1349,71
/862,99 | 0,860 | 339,55 | 1,030 | 683,61 | 1,230 | 1383,45
/882,60 0,870 | 343,50 | 1,040 | 690,25 | 1,250 | 1405,94
/902,22 | 0,880 | 347,45 | 1,060 | 703,52 | 1,260 | 1417,19
MoTep | 12/16 | 16/20 | 20/26

AaBNeH |  CkopocTb Pacxopn CkopocTb Pacxopn CkopocTb Pacxon

uAa Ha OBWXXEHUSA |TEMSIOHOCUTE | ABMXXEHUA |TENJIOHOCUTE | ABUXEHMUSA |TEnoHOCUTE
TPEHWE |TtennoHocute | na G, n/u |TennoHocuTe | na G, n/4 |TennoHocute | na G, n/y
R, Ma/M | nqaV, m/c na Vv, m/c na Vv, m/c

921,83 | 0,890 | 351,40 | 1,070 | 710,16 | 1,280 | 1439,69
| 941,44 | 0,900 | 35534 | 1,080 | 716,80 | 1,290 | 1450,93
961,06 | 0,910 | 359,29 | 1,090 | 723,44 | 1,310 | 1473,43
/980,67 | 0,920 | 363,24 | 1,100 | 730,07 | 1,320 | 1484,68
'1019,90| 0,940 | 371,14 | 1,130 | 749,98 | 1,350 | 1518,42
11059,12| 0,960 | 379,03 | 1,150 | 763,26 | 1,380 | 1552,16
11098,35| 0,980 | 38693 | 1,170 | 776,53 | 1,410 | 1585,90
'1137,58| 1,000 | 394,83 | 1,200 | 796,44 | 1,430 | 1608,40
11176,80| 1,020 | 402,72 | 1,220 | 809,72 | 1,460 | 1642,14
11216,03| 1,040 | 41062 | 1,240 | 82299 | 1,480 | 166464
11255,26| 1,060 | 418,52 | 1,260 | 836,26 | 1,510 | 1698,38
11294,48| 1,080 | 426,41 | 1,280 | 849,54 | 1,540 | 1732,12
11333,71| 1,000 | 430,36 | 1,310 | 869,45 | 1,560 | 1754,62
11372,94| 1,110 | 43826 | 1,330 | 882,72 | 1,590 | 1788,36
'1412,16| 1,130 | 446,15 | 1,350 | 896,00 | 1,610 | 1810,86
'1451,39| 1,140 | 450,10 | 1,370 | 909,27 | 1,630 | 1833,35
11490,62| 1,160 | 458,00 | 1,390 | 922,55 | 1,660 | 1867,09
11529,84| 1,180 | 46590 | 1,410 | 93582 | 1,680 | 1889,59
11569,07| 1,190 | 469,84 | 1,430 | 949,09 | 1,700 | 1912,08
11600,30| 1,210 | 477,74 | 1,450 | 962,37 | 1,730 | 1945,83
1647,52| 1,230 | 48564 | 1,460 | 969,00 | 1,750 | 1968,32
11686,75| 1,240 | 489,59 | 1,480 | 982,28 | 1,770 | 1990,82
11725,98| 1,260 | 497,48 | 1,500 | 99555 | 1,790 | 2013,31
11804,43| 1,290 | 509,33 | 1,540 | 1022,10 | 1,840 | 2069,55
'1843,66| 1,300 | 51528 | 1,560 | 103538 | 1,860 | 2092,04
'1882,89| 1,320 | 521,17 | 1,570 | 1042,01 | 1,880 | 2114,54
11922,11| 1,330 | 525,12 | 1,590 | 105529 | 1,900 | 2137,03
11961,34| 1,350 | 533,02 | 1,610 | 1068556 | 1,920 | 2159,53
2010,37| 1,370 | 540,91 | 1,630 | 1081,83 | 1,950 | 2193,27
12059,41| 1,390 | 54881 | 1,650 | 109511 | 1,970 | 2215,77
12108,44| 1,400 | 552,76 | 1,670 | 1108,38 | 2,000 | 2249,51
12157,47| 1,420 | 560,65 | 1,700 | 112829 | 2,020 | 2272,01
12206,51| 1,440 | 56855 | 1,720 | 1141,57 | 2,050 | 2305,75
12255,54| 1,460 | 576,45 | 1,740 | 1154,84 | 2,070 | 2328,24
12304,57| 1,470 | 580,40 | 1,760 | 1168,12 | 2,100 | 2361,99
12353,61| 1,490 | 588,29 | 1,780 | 1181,39 | 2,120 | 2384,48
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12402,64| 1,510 | 596,19 | 1,800 | 1194,66 | 2,140 | 2406,98
12451,67| 1,520 | 600,14 | 1,820 | 1207,94 | 2,170 | 2440,72
12500,71| 1,540 | 608,09 | 1,840 | 1221,21 | 2,190 | 2463,21
12549,74| 1,560 | 61593 | 1,860 | 1234,49 | 2,210 | 2485,71
12598,77| 1,570 | 619,88 | 1,870 | 1241,12 | 2,240 | 2519,45
2647,81| 1,590 | 627,78 | 1,800 | 1254,40 | 2,260 | 2541,95
2696,84| 1,600 | 631,72 | 1,910 | 1267,67 | 2,280 | 2564,44
2745,88| 1,620 | 639,62 | 1,930 | 1280,94 | 2,300 | 2586,94
2794,91| 1,640 | 647,52 | 1,950 | 1294,22 | 2,320 | 2609,43
2843,94| .1,650 | 651,46 | 1,970 | 1307,49 | 2,350 | 2643,17
2892,98| 1,670 | 659,36 | 1,990 | 1320,77 | 2,370 | 2665,67
2942,01| 1,680 | 663,31 | 2,000 | 1327,40 | 2,390 | 2688,16
2991,04| 1,700 | 671,21 | 2,020 | 1340,68 | 2,410 | 2710,66
13040,08| 1,710 | 67515 | 2,040 | 1353,95 | 2,430 | 2733,15
3138,14| 1,740 | 687,00 | 2,070 | 1373,86 | 2,470 | 2778,15
13187,18| 1,760 | 694,90 | 2,000 | 1387,14 | 2,490 | 2800,64
13236,21| 1,770 | 698,84 | 2,110 | 1400,41 | 2,510 | 2823,14
13285,24| 1,790 | 706,74 | 2,130 | 1413,69 | 2,530 | 2845,63
Motepw | 12/16 | 16/20 | 20/26
AaBneH | CkopocTb Pacxoa CkopocTb Pacxoa CkopocCTb Pacxoa
ns Ha ABUXEHUNSA TeNIOHOCUTE ABUXEHUA TENIOHOCUTE ABUXEHUA Tena1oHoCcuUTe
TPEHWE |tennoHocute | na G, n/u |TennoHocuTe | na G, n/d4 |TennoHocute | na G, n/y
R, Ma/M | nqaV, m/c na 'V, m/c na 'V, m/c
13334,28| 1,800 | 710,69 | 2,140 | 1420,32 | 2,550 | 2868,13
3383,31| 1,810 | 714,64 | 2,160 | 1433,60 | 2,570 | 2890,62
13432,34| 1,830 | 722,53 | 2,180 | 1446,87 | 2,590 | 2913,12
3481,38| 1,840 | 726,48 | 2,190 | 1453,51 | 2,610 | 2935,61
3530,41| 1,860 | 734,38 | 2,210 | 1466,78 | 2,630 | 2958,11
3579,44| 1,870 | 738,33 | 2,230 | 1480,06 | 2,650 | 2980,60
13628,48| 1,880 | 742,28 | 2,240 | 1486,69 | 2,670 | 3003,10
3677,51| 1,900 | 750,17 | 2,260 | 1499,97 | 2,690 | 3025,59
13726,55| 1,910 | 754,12 | 2,280 | 1513,24 | 2,710 | 3048,09
13775,58| 1,920 | 758,07 | 2,290 | 1519,88 | 2,730 | 3070,58
3824,61| 1,940 | 76596 | 2,310 | 1533,15 | 2,750 | 3093,08
13873,65| 1,950 | 769,91 | )2,320 | 1539,79 | 2,770 | 3115,57
13922,68| 1,960 | 773,86 | 2,340 | 1553,06 | 2,790 | 3138,07
14020,75| 1,990 | 785,71 | 2,370 | 1572,97 | 2,820 | 3171,81
14118,81| 2,020 | 79555 | 2,400 | 1592,88 | 2,860 | 3216,80
14216,88| 2,040 | 80545 | 2,430 | 1612,80 | 2,900 | 3261,79
4314,95| 2,070 | 817,29 | 2,460 | 1632,71 | 2,930 | 3295,53
4413,01| 2,000 | 82519 | 2,490 | 1652,62 | 2,970 | 3340,52
14511,08| 2,120 | 837,03 | 2,520 | 1672,53 | 3,000 | 3374,27
14609,15| 2,140 | 844,93 | 2,550 | 1692,44 | |
4707,22| 2,170 | 856,78 | 2,580 | 1712,35 | |
4805,28| 2,190 | 864,67 | 2,610 | 1732,26 | |
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8. TennoBble XapakTepucTuku Tpybonposoaos

8.1. Aina npaBunbHoro nog6opa oTONUTENbHbLIX NMPUEOPOB, U30NALMM U PacUYeTHbIX PacXoaoB
LUMPKYNALMOHHOro TpybonpoBoaa CreayeT yunMTbiBaTb NOTEPU TEMA caMuMmn Tpybamu.

TennoBol MNOTOK MeTanaonoMMepHbix Tpy6 anvHom /, M, MOXHO onpeaensTb No crenyowen
3aBUCMMOCTM  OpUEHTUPOBOYHbIE 3HaueHUss KO3(MdOUUMEHTOB MECTHbIX COMPOTUBJIEHWUN
COeAMHUTENbHbIX AeTaNlell 91EMEHTOB CUCTEMbI OTOMJIEHUS NpuBeAeHbl B Tabnuue 5.

P (el

T 23lgd id)

- -1

T ad) v 157 Blgd fd)+ (/a4 (1)

@

roe - TeMnepaTypa Ha BHyTpeHHell noBepxHocTu Tpy6onposoaa, ~C;
t. - TeMnepaTypa Ha Hapy>XHol noBepxHocTK TpybonpoBoaa, °C;
Q - TensioBOM NOTOK, BT;

| - onnHa Tpyb6hI, M;

t - TeMnepaTtypa TennoHocuTens, °C;

t;; - TeMnepaTypa Bo3ayLWHON cpeabl, °C;

a , - kK03PdULMEHT HapyXHOW TennooTaaumn, Br/m? © K;

d, - HapyXHbIi anameTp Tpybbl, MM;

A - k03 dpuumeHT TennonposoaHocTn, Bt/m ° K;

d; - BHYTPEHHUN agnameTp Tpybbl, MM;

a 5 - KO3 DULUMEHT BHYTpPeHHeN TennooTaaum, Bt/m? © K;

8.2 Tlpu oueHKe BO3MOXHOCTM BbIMaZeHUs KOHJEHCATa Ha MOBEpPXHOCTU Tpybbl HEO6X0AMMO
onpefennTb TeMrnepaTypy HapyXHOW CTEHKKN TPyObl M COMOCTaBUTbL €€ C TEMNEPATypon TOUKM
pocbl tp.

()

roe t;; - TeMnepaTypa Bo34yLWwHoOM cpeabl, °C;
a . - K03(DULNEHT HapyXHoii TennooTaaun, Br/m? ° K.
BbinageHns KoHaeHcaTa He 6yaeT npu ycnosuu te. > tp,.

8.3 Tpn wncnonb3oBaHUW TENAOU30AAUMW TEMJOBOW MOTOK TENA0M30/UPOBaHHON TPy6bl
npnbanxxeHHoO MoxeT bbITb oNpeaeneH No cneayrLwen 3aBMCcMMoCTH

A&E -
I . 1 L5 4 115 4,

Tl + T g

.'.ﬁu f.'g;dn K d' ;'L_ d (3)

Q:

roe d,; - HapyXXHbI AMaMeTp Us3onsunn, M;
A s - KO3 PULMEHT TenaonpoBoAHOCTM nsonaumm, Bt/m° K.

DTO COOTHOLWIEHWE CrpaBeA/IMBO MPU YCNOBUM MAEaNbHOro0 KOHTaKTa Hapy»>XHOW MOBEpPXHOCTU
Tpybbl C wm3onauuen. [Npu HaknagHoh wusonaunm o6bIYHO YyCroBME He cobniogaeTca wu
BO34YLUHAs NMPOC/0OAKa UrpaeT posib AOMNOSIHUTENBHOMO C/10S.

8.4 B Tabnuuax 6 n 7 (AaHHble HUWN CaHTexHuKW) npeacrtaBieHbl pe3ynbTaTbl Tens0BbIX
WCMbITAaHUA METaNIoNoNMMeEpHbIX Tpy6 B BuAE 3aBUCMMOCTU SIMHENHOW MAOTHOCTM TEN/0BOro
notoka g, BT/M, oT TemnepaTypHoro Hanopa 6, °C, npu ropmsoHTasibHOM pacnoa0XeHUU
OTKPbITO MPONOXKeHHbIX Tpyb6 Ha BbicoTe 100 MM OT Mosia U BEPTUKANIbHOM pPacrofioXXeHUn
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Tpy6. B cpeaHeMm TennoBoi NOTOK ¢, BT/M, 3aBUCUT OT aKTMYECKOro TeMnepaTypHOoro
Hanopa 08, °C, B cteneHu 1,2, T.e.

i

Q'C[ﬁ]m, (4)

roe C - koadduumeHT, NpuHUMaeMbin Aasi pasnnyHbliXx gmametpoB Tpy6 no cronbuy “6” B
Tabnmuax 6 1 7 npn 6 = 70 °C, B1/m;

70 - HopMaTMBHas pa3HOCTb TeMnepaTyp (TemnepaTypHblii Hanop), °C;

8.5 dakTnyeckas pa3HOCTb cpeiHeapnudMeTUUYecKkoin TeMnepaTypbl TENIOHOCUTENS B Tpybe u
pacyeTHoOI TeMnepaTypbl Bo3ayXa B noMelleHnmn, °C, paccumTbiBaeTcs rno dopmyne

:f:+f=r

S )

roe t, u ty - COOTBETCTBEHHO HayasibHagd U KOHeYHasa TemMnepaTtypa TeN/IOHOCUTENS;

t, - TeMnepaTypa Bo3Zyxa B NMOMELLEHUN.

8.6 lMonesHbIM TEn/I0BOM MOTOK OTKPbITO MPOSIOXKEHHbIX METas/IONOSIMMEPHBbIX Tpy6
yunTbiBaeTtcs B npegenax 90-100 % npuBeaeHHoro B Tabnunuax 6 n 7 (B 3aBUCUMOCTU OT
cnocoba npoknaakmn).

Mpu Npoknagke ropusaoHTanbHbIX TPY6 Noa NOTONKOM pekoMeHayeTcs yumnTbiBaTb 70-80 % ux
pacyeTHOro TenJoBOro NoToka.

TennoBoW NOTOK BEPTUKASbHLIX TPYO CHUXKAETCA B CPeAHEM:

- NpU 3KpaHNPOBaHUN OTKPbLITOro CTodKa U3 NMOJIMMEPHbIX pr6 MeTanIn4eCKnMM 3KpaHOM Ha
25 %;

- MpW CKpbITOM nNpokniagke B rnyxon 6oposae Ha 50 %;

- MPW CKPbITON NMpoKaaaKke B BeHTUnupyemon 6oposae Ha 10 %.

8.7 O6wunii TennoBon MNOTOK OT OAMHOYHLIX TPyO, 3aMOHOSIMYEHHbLIX B MEXAY3TaXHbIX
NepeKkpbITUAX OTanJINBaeMbliX MOMELWEHUA M BO BHYTPEHHUX MeEpPEropoakax M3 TSAXKENoro
6etoHa (A ser > 1,8 BT/MOK, peer > 2000 kr/mM*), yBenuumnsaetcs B cpegHem B 2,0 pasa (npwu
oknenke cteH oboamum -B 1,8 pasa).

8.8 O6wunin TennoBoM MOTOK OT OAMHOYHbLIX TPy6 B HAPYXHbIX Orpa>KAeHUAX M3 TAXKeNoro
6etoHa (A ser > 1,8 BT/M ° K, p 6er > 2000 kr/mM%) yBenuumnsaeTcs B cpegHeM B 1,6 pasa (npu
oknenke cteH obosmu - B 1,4 pasa), NpuYeM MONE3HLIA TEN/0BOM MOTOK MpU HanMyum
3 PeKTUBHOM TEMON30AUUN MeXAY TPYbol 1 Hapy>XHO NMOBEPXHOCTbID CTEHbI COCTaBSET
B cpegHeM 90 % obuiero.

Ta6bnnua 6 TennoBoi NOTOK 1 M OTKPbITO NPOJZIOXKEHHbIX
FOPU3OHTAJIbHO METaJI/IONOJIMMEPHbIX TPY6

d, o, Tennosol Notok 1 M Tpy6bI, BT/M, yepe3 1 °C

mMieCl o | 1 | 2 | 3 | 4 |5 |6 | 7 | 8 |09
16| |20,5|21,4 22,2 (23,0 (23,9 24,7 |256 26,4 |27,3 28,2
120(30| 24,8 | 25,8 | 26,8 | 27,8 | 28,8 [ 29,9 | 30,9 | 31,9 | 33,0 | 34,0
26| [29,4 30,6 |31,8 33,0 34,2 |35,4 |36,6 37,8 39,1 40,3
16| [29,0 29,9 |30,8 |31,6 |32,5 (33,4 34,3 |35,2 36,1 37,0
120|40| 35,0 | 36,1 | 37,2 | 38,2 | 39,3 | 40,4 | 41,4 | 42,5 | 43,6 | 44,7
26| |41,5 42,8 | 44,0 45,3 |46,6 47,8 | 49,1 |50,4 |51,7 53,0
16| [37,9 /38,8 (39,8 40,7 |41,6 |42,5|43,4 | 44,4 |45,3 |46,3
120|” | 45,8 | 46,9 | 48,0 | 49,1 |50,2 | 51,4 | 52,5 | 53,6 | 54,7 | 55,9
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26| |54,3|55,6 |56,9 58,2 59,5 (60,9 | 62,2 63,5 64,9 |66,2
16| |47,2 |48,2 49,1 50,0 |51,0 52,0 52,9 |53,9 54,9 |55,8
120/60| 57,0 | 58,2 | 59,3 | 60,4 |61,6 [ 62,8 | 63,9 | 65,1 | 66,2 67,4
26| |67,6 |68,9|70,3|71,6 |73,0|74,4|75,8|77,1|78,5|79,9
16| |56,8 57,8 |58,8 59,7 |60,7 |61,7 62,7 |63,7 | 64,7 |65,7
120|70| 68,6 | 69,8 | 71,0 | 72,1 | 73,3 | 74,5 | 75,7 | 76,9 | 78,1 | 79,3
26| |81,3(82,7|84,1 (85,5 (86,9 88,3 89,7 91,2 (92,6 |94,0
16| |66,7 |67,7 68,7 69,7 |70,7 | 71,7 |72,7 | 73,7 | 74,8 | 75,8
120(80| 80,5 | 81,7 | 82,9 | 84,2 |85,4 | 86,6 | 87,8 |89,0 | 90,3 | 91,5
26| |95,4 (96,9 |98,3 (99,7 [101,2(102,6(104,1(105,5(107,0(108,4
16| |76,8|77,8 /78,8 (79,9 (80,9 81,9 83,0 84,0 /85,1 86,1
120(90| 92,7 | 94,0 | 95,2 | 96,5 | 97,7 | 99,0 [100,2(101,5(102,7[104,0
26| [109,9(111,4[112,8(114,3|115,8/117,3(118,8(120,2(121,7[123,2

Tab6nuua 7 TensioBoOM NOTOK 1 M OTKPbITO NPOJIOXKEHHbIX BEPTUKAJIbHO
METaJIJIONoJ/IMMEPHbIX TPY6

d, | o, Tennoson NoTok 1 M Tpy6bI, BT/M, yepes 1 °C
MM|°Cl o0 (1|2 3 |4|5 |6 |7 |8 |29
|16 | [18,5(19,2(20,0(20,7|21,5|22,2 | 23,0 | 23,8 | 24,6 | 25,3
|20 |30 [21,8(22,7(23,6(24,5|25,4| 26,3 | 27,2 | 28,1 | 29,0 | 29,9
|26 | |25,3/26,3|27,3|28,4[29,4|30,4 | 31,5 | 32,5 | 33,6 | 34,6
|16 | [26,1[26,9(27,7(28,5[29,3|30,1 30,9 |31,7 | 32,5 | 33,3
| 20 |40 |30,8/31,8(32,7|33,634,6| 35,5 | 36,5 | 37,4 | 38,4 | 39,3

|26 | |35,7/36,8(37,9/39,0(40,0| 41,1 | 42,2 | 43,3 | 44,4 | 45,6
|16 | |34,1/35,0(35,8|36,6(37,4| 38,3 | 39,1 | 40,0 | 40,8 | 41,6
|20 |50 [40,3(41,3(42,2(43,2(44,2| 45,2 | 46,2 | 47,2 | 48,2 | 49,2
|26 | |46,7|47,8/48,9/50,1|51,2|52,3 |53,5 | 54,6 | 55,8 | 56,9
|16 |  |42,5(43,3|44,2(45,0(45,9| 46,8 | 47,6 | 48,5 | 49,4 | 50,2
|20 | 60 [50,251,2(52,2(53,2|54,2| 55,2 | 56,2 | 57,3 | 58,3 | 59,3
|26 | |58,1|59,3/60,4|61,6(62,8| 64,0 65,2 |66,3 |67,5 | 68,7
|16 | |51,1(52,0(52,9|53,8|54,6| 55,5 | 56,4 | 57,3 | 58,2 | 59,1
|20 | 70 |60,4|61,4|62,4|63,5|64,5| 65,6 | 66,6 |67,7 | 68,7 | 69,8

|26 | [69,9(71,1(72,3|73,5(74,7| 76,0 | 77,2 | 78,4 | 79,6 | 80,8
|16 | |60,0/60,9(61,8|62,7/63,6| 64,5 | 65,4 | 66,4 | 67,3 | 68,2
| 20 |80 |70,8/71,9(73,0|74,1|75,1| 76,2 | 77,3 | 78,4 | 79,4 | 80,5
|26 | |82,1/83,3/84,5/85,8/87,0|88,3 | 89,5 90,8 |92,0 [93,3
|16 | |69,1|70,0(71,0(71,9|72,8| 73,7 | 74,7 | 75,6 | 76,6 | 77,5
|20 |90 |81,6(82,7(83,8|84,9(86,0| 87,1 | 88,2 | 89,3 | 90,4 | 91,5
|26 | [94,5(95,8(97,0(98,3(99,6(100,9(102,1(103,4(104,7(106,0

8.9 TMpu cKpbITO nNpoknagke OAMHOYHbIX Tpyb, 3aMOHOMMYEHHbIX B JflerkoM 6eToHe C
nNaacTMdnKaTopoM, pacyeTHbIM TENN0BOW NOTOK yBennuymeaertca B 1,1-1,15 pasa.

Mpu npoknagke Tpy6 B CcTaHAapTHbIX wWTpobax, MOMHOCTLIO 3aNO/IHEHHbLIX CaMOTBEpAeoLen
NEHUCTON M3onsaumMent, TeNI0OBOM MNOTOK TPYO CHMXKAETCs B Cly4vae pasMellueHMs B HapyXHbIX
cTeHax Ha 15-20 %, BO BHYTpeHHUX neperopoakax - Ha 5-10 %.
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9. Cucrtema «Tennbiit non>» (HanoJsibHOEe OTOMNJIeHne)

Hapsay ¢ TpaaMUMOHHBIMW CUCTEMAaMM OTOMJIEHMS B MOCAeAHME roAbl LWMPOKO MPUMEHSAIOTCS
cuctembl «tenaoro nona» (TM) BoasiHble. HagexHble n a3 EKTUBHbIE CUCTEMbI HaMOJIbHOIO
OTOMNIEHUS [AeT apXWUTEeKTOpaM BbICOKYK CTeneHb cBo6oAbl, pacWMUpseT BO3MOXHOCTU
AN3aiiHa, OHWM 3alUULLEHbl OT MOBPEXAEHUI, YTO MO3BOJISET CBECTU K MMHMMYMY 3aTpaTbl MO
obcnyxuBaHuio. MoaxoauT NpakKTMYeckKn Ans BCEX BMAOB MOJ0B. TensioBbie MNOTOKM
MWUHUManbHbI 1 MNbllb HE UMPKYMPYET, YTO Y/IYYLLAET M’MrMeHy NoMeLLEHMS.

B permoHax ¢ OTHOCUTENbHO TeMN/1bIM K/IMMATOM MOXHO MCMONb30BaTb CUCTEMY «Tennbin Noa»
Kak OCHOBHOe oTonneHne. B ceBepHbIX pernoHax npeanoyTuTesibHee rpuMeHeHue
KOM6VIHVIpOBaHHbIX CUCTEM OTOMJEHMUSA: Tenablh non + paanaTtopHoe oTonneHne, T.K.
TeNsooTaAa4a TeMJblIX MNMOJIOB MOXET He MNOJIHOCTbKO KOMMEHCUMPpOBATb TeErnJionortepu
nomMeLweHnsa.

Cnctema TN npeactaBnser coboil HM3KOTEMMNEPATYPHYIO C MPUHYAUTENBbHON UMPKYISUNEN
3aKpbITYI0O CUCTEMY, COCTOSILLYIO M3 nojarowero u obpaTHOro KOMNEKTOPOB, CHABXEHHbIX
BEHTUNSIMUN, PEryJNPYIOLWLMMM NOTOKM BOAbI KaXA0M NeTn-3MmeeBnKa.

MOHTa>)y Tensoro rnosja [AO/HKHa NpealecTBOBaTh pa3paboTka NMpoeKTa, B KOTOPOM [OJXKHbI
coaepxaTbcs:

- TENJIONOTEPU KaXaoro noMeweHns
- pacyet pabounx napametpos TI1

cnocob yknagku TENJOBOro KOHTypa, paccrtosiHue (war) mexay Tpybamm, annmHa KOHTYpoB

TN N XapaKTEPUCTUKN NUCNONb3YEMbIX MaTEPUMAIOB

npaBuia c60pku, YCTAHOBKU U PErySIMPOBKM CUCTEMbI

9.1 MoHTaX«

9.1.1 YcnoBus MOHTaxa.

Mepea yknaakom TennabiX NosioB HEO6X0AMMO BbIMOMHUTL cneaytowme TpeboBaHus:
-yCTaHOBUTb OKHa 1 ABepu
- 3aBEpPWMUTb BHYTPEHHNE WITYKATYpPHbIE N U30/ISILMOHHbIE paboThl
- 3aBEepWUTb NOAK/IIOYEHNE INEKTPUYECKON CETU U YCTAaHOBKY CaHTEXHMYECKMX Npnbopos
- BbIMOSIHUTb HULLIKW AN YCTAaHOBKW KOJIIEKTOPHbLIX WKadoBs

- NOArOTOBWTb MOBEPXHOCTM Mofa ANA yKNaaku Tennaousonsauum (OYMCTUTb U BbIPOBHATb
NOBEPXHOCTWU, BbIHECTU MyCOp)

- TeMnepaTypa BO34yXa B NoMelweHnn gosxkHa bbiTb He MeHee 5°C

9.1.2 YKasaHusa No MOHTaXy.

Ha ouuweHHylo noBepXHOCTb nona (NepekpbiTUa) YAOXUTb NAUTbl  TENA0U30NALMn
(dbonbrupoBaHHbLIA MEHOMOJUCTUPOST C HAHECEHHOW CETKOM W 3aluTHOM nneHkon). Baonb
CTEH MNpOSIOXKUTbL KpaeByl wusonauuo (aemndepHyto neHTy). Tpybbl yknaabiBaTb Ha
NEeHOMoONMUCTUPO C WaroM u crnocobom yknaaku, onpeneneHHblM B MPOEKTe, U 3aKpennsTb
NpyY NOMOLUN SSKOPHbIX CKOH, BO6UTbIX HEMOCPEACTBEHHO B MEHOMONNUCTUPOS.

Mepen 6eToHMpoBaHMEM HeobXOAMMO MPOBECTU MCMbITaHMS AaBfeHneM 6 aTM. B TedeHue 24
u.

BeTOHHYI0 3anmMBKy Ha Tpybbl BbINOAHATL W3 KayecTBeHHoro 6etoHa c pgobasneHuem
nnactuukartopa TOMWMHOM He MeHee 30MM Hag noBepxHocTbio Tpyb. Bo Bpems
6eToHMpoBaHUa Tpybbl A0/KHBI 6bITb NOA AaBNEHNEM.

OedopMaumnoHHble (pa3genutenbHble) WBbl HE06X0AMMO yCcTpamBaTb, €Cin AnnHa 6eTOHHOMN
NanTbl npesbiwaer 8 M, uan pa3Mep nona cebiwe 40 M.KB., MMHUMasbHas WWPUHA LWBa
AomkHa coctaenatb 0,5¢cM. lMepeceveHune wBa Tpybol OCyWeCcTBAATb B NpeAoXpaHUTENbHbIX
Tpybkax anuHon 0,5Mm.
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3anyck obopyaoBaHWs OCYLWECTBSIETCA MOCAe 3aTBepaeBaHuss 6eToHa, T.e nocne 21-28
AHell. HauanbHas TeMmnepaTypa He pfoskHa npeBbiwate 20°C, nocne KaXAoro AHS
3KCNyaTaumMnm HeobxoAMMO MOBbIWATL TeMnepaTypy Ha 5°C, noka He 6yaeT AOCTUrHyTa ee
npoeKkTHas Benn4ynHa.

9.1.3 PerynunpoBka TemMnepaTypbl.

MpnMeHeHne KOM6VIHVIpOBaHHbIX Cncrtem oTonneHuna npeanonaraeT ncnonb3oBaHuMe
TEN/IOHOCUTENS C BbICOKOWN TeMnepaTypoﬁ, n agna CUCTEMbl <«Tenaoro nosa» Tpe6yeTc;|
yCTaHOBKa AONOJIHUTENBbHOIO O60py,CI,OBaHMF| Ana  CHUXEHUA TeMNepaTtypbl MNogayn Ha
3MeeBuK. [puMepHaa cxema rnpeacraBiieHa HUXe.

1-TepMocTaTnyeckmin TpeEXX0A40BOM KanaH.

2-TepMocTaTMyecKkas rosoBka ¢ AaT4MKOM

3-UMpKynsumMoHHbIN Hacoc

4-2NeKTpUYECKUn AaTunK

5-lllapoBon kpaH

6-TepMmomMeTp

TepMoCTaTUYECKNIA TPEXXOA0BON PEryIMPOBOYHbIN KlanaH C MPUXMUMHbIM AaTyMKOM Ha Tpybe
ucrnonb3yercs, 4tobbl TemnepaTypa MOCTynalwlwer BOAbl HE nMpeBbillana 3adaHHON
TeMrepaTypbl B KOHType. TemnnoBoii nepeksoyaTenb Hacoca npu TemnepaType Ha 5°C Bblle
B CPaBHEHWM C YCTAHOBKOW Ha TepMOrosloBKe, OTK/IlOYAaeT HacoC A0 BblpaBHMBaAHUSA
TemnepaTtyp

Mpy HaMoOAbHOM OTOMJIEHMM MOXHO MCMONb30BaTb HECKONIbKO CMoco60B perynMpoBaHus
CUCTEMBI:

C MPUMEHEHNEM HaCTEHHbIX PEry/iMpoBOYHbIX Moaynen (Ans HeboNbWNX KOHTYPOB);

C MOMOLLbI0 TEPMOCTATUUYECKUX KOJIIEKTOPOB MO3BONAKLWMUX PerynnpoBaTb TemnepaTypy B

OTAEe/IbHbIX NMOMeLleHNAX.

PerynupoBka ¢ NomMoLLso
TEePMOCTaTHHECKOTO KnanaHa

OTaenbHble 3MeeBUKMN,
WUCMONb3yLWMecs, Hanpumep, 4N
BaHHOWM KOMHaThblI, MOX>HO

perynMpoBaTb JI0KanbHO, C MOMOLLbIO
HACTEHHbIX PErysMpoOBOYHbIX MOAYEN,
060pyA0BaHHbIX TEPMOCTAaTUUYECKUM
K/flanaHoM, py4YHbIM OTBOAOM BO3A4YXa,

Pacnpepenutens
—
—

TepMocTaToM. Moaynb MOMelleH B C
NAacTUKOBYD KOPOBKY M KpenuTcs Ha
CTeHe. YcTaHaBnMBaeTCs Ha BO3BpaTe
3MeeBMKa.

HanonsHoe otonnexue

Mpu Heob6xoanmMocTu He3aBMUCUMMOW
perynmpoBKu TemMnepaTypbl 3MeeBMKOB
«Tennoro rnona» B OTAEJIbHbIX MOMELLEHUNAX,
NPUMEHAIDT pacnpegenuteny (KONIeKTopbl)
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CO BCTPOEHHbIMWN TEPMOCTAaTUYECKUMWN KNnanaHaMmun. PerynuposaHue npom3BoaAUTCHA C MOMOLLbIO
KOMHATHOro TepMoCTaTa C 3/1IEKTPOTEPMUYECKNM CEPBOMOTOPOM.

l-wapoBon kpaH; 2-Konnektop nogayn CO BCTPOEHHbIMM TepMoksanaHamu; 3-Konnektop
BO3BpaTa CO BCTPOEHHbIMU peryampyrowmMmnm py4vyHbiMKM KianaHamu; 4-TepMoronoBska C
BbIHOCHbIM AATYMKOM WM 3NEeKTPOTEPMUYECKUI CcepBOMOTOpP; 5-KOMHaTHbIA TepMocTaT;
6-aBTOMaTU4YECKMN BO3AYXOOTBOAUMK.

9.2 NMNapameTpbl cucteMbl «Tennbiii non»

Mpu pa3spaboTke NpoeKkTa Heo6X0AMMO OPUEHTMPOBATLCA Ha CleayiollMe napamMeTpbl:

- cpefHsis TeMnepaTypa MOBEPXHOCTM Mofa He fo/kHa npesblwaTth 29°C (onTuManbHas
o o o [o] ~
Temnepatypa 24-26 C, B BaHHbIXx KOMHatax 29 C, 6acceirHbl 33 C, B KpaeBOW 30He
o [o]
nomeweHums 35 C, npu nokpbiTUM rnona m3 napketa 27 C)

- BXOAHas TeMnepaTypa nojayn He AoSXHa npesbliwaTtb 55°C

- PasHuUa TeMnepatyp Ha BXOAE U B BO3BPATHOM KOHTYpe Ans XWUNoi 3oHbl At = 10°C, B
KpaeBomn 30He At = 6 C (ans KpaeBoW 30Hbl NCNOJIb30BaTb OTAE/bHbLIA 3MEEBUK.)

- CKOpOCTb TeyeHus Boabl B Tpybax 0,15-0,6 m/cek

- ANVHa oTpe3ka Tpybbl TennoBoro KoHTypa (gl6MM) He [o/mkHa npesBblwatb 120 M
COMNpPOTUBAEHME LUUPKYNAUMN B OTAENBbHOM 3MeeBuKe Ap = 20 klla.

- ana obecneyeHns B MOMELEHUM TeMmnepaTypbl 20°C pacyeTHas TernsooTAada Ha
noBepxHOCTM nona cocrasnsdet 80 BT/M.KkB.

- MMHMMasIbHOE PAacCTOsIHME YKNaAKN 3MeeBMKa OT CTeHbl noMeweHnsa pasHo 0,15M

- B Tabnnue 10 gaHbl TeMnepaTypbl Mosa v NAOTHOCTb TEMNJIOBOro MOTOKa ANA TeMmnepaTypbl
o v v [e]
nomeweHmns 20 C; ana noMmeweHun c  Temnepatypon 25 C  TpebyeTrcs K BenunumHe
[e]
TemnepaTtypbl nona gobasnte 4 C

- WWMPUHA KpaeBoMn 30Hbl cocTaBnseT 0,6-1M.

Cnocobbl packnaakun 3MeeBUKa TeEnJ1oro nosa
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3MeeBUK popmMe MeaHapa 3MeeBUK B opMe cnupanu

36



Compipe™

B Mectax ¢ 60nbWMMKM TENNOBbIMW MOTEPSAMU, MNPU HaIUYMKM BONbLINX OKOH M ABEPHbIX
MpoOeMoB, MCMONb3YIOT KpaeBYyl 30HY LWMPUHOM OKOMIO 1 M BAOMb HApPYXHbIX CTeH, rae
yKnaabiBatoT Tpybbl ¢ warom 100MmM.

d
23
PRy ‘o'c‘o'c‘v‘o‘v‘o‘v‘o‘&'o'o"":’:
AR PR

el

9.3 KOHCTpYyKLMA TEernJioro nosa

KOHCTPYKTMBHO non npeacrasnseTr coboli HeCKONbKO CNOEB:
- CNIoW Tennomn3onsaumm

- CNon ruapounsonsaunm (NonN3TUNEHOBAs MEeHKa)

- rpetowas nauTta ¢ Tpybamm

- MOKPpbITME Nona

Mpetowast 6eToHHaa nNavTa npeacTaBnseT cobor «nnaBaloWwmnii SNeMeHT», T.e. NaMTa A0/KHA
6bITb OTAE/IEHA OT KOHCTPYKLUMWN AOMa pasaennTeNbHbIM WBOM (KpaeBasi u3onsauus).

MNepexpbiTLe

CTenHa

Cnom Temnouaonsaumm
Cnom rmagponzonaumnm
BeToHHos za/nvpka
Nonosoe nokpbITUE
Kpoeraos vzonauua
MM TpyBC

. 3axXUM 4Na TPYGL

\
30 min

|~
<)

80-100

WD N U W

|
W
e}
oo |

54 18

9.4 MeToauka pacuyeTta

9.4.1 PaccuuTaTb noTpebHocTn Tenna Q AN 3a4aHHOr0 NOMELLEHUS, a TakxXe NpeacTaBuTb
MoBepXHOCTb F 1 reomeTputo nona (C y4eTOM BHYTPEHHEN 3aCTPONKN)

9.4.2 B 3aBMCMMOCTM OT MOKPbITUS MNofia Bbi6paTb COOTBETCTBYIOLIEE 3HAYEHME TEMNI0BOro
conpoTmerieHns R ns Tabnuupl 3.

9.4.3 OUEeHNTb OPMEHTUPOBOYHYIO MJIOTHOCTb TEMIOBOrO NOTOKA Ha 1 M.KB. nJowaamn nona.
dor = Q/F [BT/M2]

(or — OPMEHTMPOBOYHASA MNAOTHOCTb TEMSIOBOro NoToka [BT.M2]

Q - noTepu Tensaa nomelleHns [BT]

F - npeaycMaTpmBaeMas naowaab NOBEPXHOCTM nosna Ans nogorpesa [M2]

B panbHeMwunx pacyeTax MPUHMMAETCs MOMELLEHNE, B KOTOPOM (or Hambosnblwas (3a
WCKJIIOYEHMEM BaHHbIX KOMHAT, rae 4aule Bcero Tpebyercs Mcnosb3oBaHMe AO0MOSIHUTENbHbIX
Harpesartenemn).
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9.4.4. 3apaTb TeMnepaTypy BOAbl Ha BXOAE M Bbixode M3 060pyAOBaHWSA U paccuuTaTb
CPeAHIo0 pasHuLy TeMmnepaTyp

t, = (Lt + tp)/2 -t

tss - ycpeaHEéHHas pas3Huua TemnepaTyp Mexay GakKTopoM HarpeBa W TemnepaTypomn
nomMewienms [K]

t, - TeMnepatypa nogaun [°C]

t, - TeMnepaTtypa Bo3BpaTa [°C]

t; - TemnepaTypa BHyTpu nomeuenms [°C]

3HaveHuns Ats ons Hanbonee TUNUYHbIX CllydaeB NpuBeaeHbl B Tabn. 2.

9.4.5. N3 Tabn. 6 Heo6xoAMMO BbIGpaTb MOAY/b YKNaAKuM Tpyb a, ANA KOTOpPOro q ~ dor, U
KpOMe TOro He MpeBbIaeTca AonyCcTMMas Temnepartypa nona.

9.4.6. Onpepenntb oTAady Tenna ot 1 nor. M 3MeeBUKa
q: = q x a [BT/M]

q: — oTAaya Tensa oT 1 nor. M 3MeeBuka [BT/M],

q - akTUuyeckas NAOTHOCTb NoToka Tenna [Bt/m?],

a — Moaynb yknagku tpy6 [M].

9.4.7. Bbluncnutb Tpebyemyto AnmMHy 3mMeeBumka L:
L=Q/q1[M]

L — AnvHHa 3MeeBuka [M],

Q - noTepu Tenna nomewieHus [BT],

(: — oTAaya Ternsia oT 1 nor. M 3MeeBuka [BT/m].

OpueHTUpoBoYHas NMoTPeBbHOCTb ANMHHbLI TPybbl B 3@aBUCMMOCTM OT MOAYNSA YKIaAKu AaHa B
Tabn. 1.

9.4.8. Echm L > 120 nor. M 3MeeBMKa, TO ero Heob6xoamMo pasgennTb Ha HECKONbKO
KOHTYPOB, A9 KOTOPbIX MNPOBOAAT OTAENbHble pacdeTbl MO Tenay W ruapaBanyeckuMm
napameTpamM, onpeaensisa KoAM4yecTBo Tenaa, oTaaBaemMoe Npu NOMOLM 3TUX 3MEEBUKOB

Qi = Q (Fi/F) [BT]
Q; — Tenno, otaaBaeMoe i-biM 3MeeBUKOM [BT],
Q - MNoTepun Tenna nomewieHms [BT],
F, — NMoBepxHOCTb Nona, 3aHMMaemas i-bIM 3MeeBuKkoM [M?],
F — CyMMapHas n/owaab NoBepxHocTu nona [M?].
TeMnepaTypa noga4yv Ans CBSA3aHHbIX 3MEeBUKOB O4MHaKOBaA.

9.4.9. Mpu BbIYUCNEHMWN TEMNOBOW MNPOU3BOAUTENBHOCTM HarpeBaTe/lbHbIX 3MEeBUKOB
NMOMELWEHNA, Yepe3 KOTOpble MPOU3BOANTCA TPpaH3UTHaA nepepada, NpuUHMUMaeTCAa TennoBasd
noTpebHOCTb [AHHOro TMOMEWEeHUss C Y4YeTOM MOJyyYeHMs Tenna oOT  TPaH3UTHbIX
TpybonpoBoAoOB:

Q=Q-Quw=Q- (L« xqy) [BT]
Q’ - TennoBble noTepu noMeweHna C Yy4deTom nony4yeHna Tenna OT TPaH3UTHbIX
Tpyb6onposogos [BT],

Qi — NoNyyeHHoe Tensio OT TPaH3UTHbIX y4acTKOB 3MeeBuka [BT/M],
Q - noTepu Tenna nomMellenms [BT],

Ly — AMHHA TPaH3UTHbLIX YY4acTKOB 3MeeBuka [M],

q: — oTAaya Tenna 1 nor. M 3MeeBuka [BT/mM].

9.4.10. HapucoBaTb 3MeeBMK NOMeELLEHUS.

9.4.11. BbluncnumTb MaccoBbIN pacxos BoOAbl:
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G = (Q x 0.86)/ At [kr/u]
G — MaccoBbIli pacxoa Boabl [Kr/u]
Q - TensioBbie NOTepu nNoMeweHus [BT],
At - pasHuua TemMnepaTyp Mexay nogayen n Bo3BpaToM B yCTponcTBe HarpeBa [K].
9.4.12. BblUNCINUTb CONPOTUBIIEHNE LUPKYIALMN BOAblI Yepe3 3MeeBuUK:
Ap = RI + Z [MNa]
Ap - conpoTuBAEHUE UMPKYNaUMn yepes 3meeBuk [Ma],
RI - yaenbHbI NMHENHbIN cnag aasnenus [Ma/m], B cooTBeTCcTBUM C Tabn. 5,
I - AnnHHa 3MeeBuka [M]
Z - MecTHoe conpoTtuBneHue [Ma].

Mpn pacyeTe nokKanbHbIX COI'IpOTVIBJ'IeHMl‘;I Heobxoanmo NMPUHATDb KO3¢)CbMLl,MeHT NNOKanbHOIro
conpoTuBEHNA E = 0,5 Ang oTaenbHOro KosieHa 3MeeBuKa:

Z=2, x& [MNa]
Z - MecTHoe conpoTtuenaeHue [la],
Z; - eANHNYHOE MEeCTHOE CONpoTUB/IEHNE AAHHOIO 3MeeBuKa,
& — MHOXWUTENb JIOKaNbHOIrO CONMPOTUBIIEHNA B COOTBETCTBUU C Tabn. 6.

Echn Ap>20 klla, TO 3MeeBUK HeobxoamMo pas3nennTb Ha 6onee KOPOTKME Yy4dacTKM WU
MOBTOPMTb PacyeT Mo Tenny U rmapaBNYeCcKUM XapakKTepPUCTMKAM ANS KaXAoro U3 HuX.

9.5. MeToaMKa pacueTa CUCTEMbI A4JiIS NMOMELLEeHU C yYeTOM KpaeBoi 30HOM

9.5.1. PaccuutaTtb noTpebHoCcTb Tenna Q AnS 3a4aHHOro MOMELWEHUS B COOTBETCTBUU CO
CHull, a Takxe npeaoctaBuMTb MNOBEpPXHOCTb F M reomeTpuio nona B COOTBETCTBUM C
APXUTEKTYPHbIM MPOEKTOM (C YUETOM BHYTPEHHEN 3aCTPOIKN).

9.5.2. BbibpaTb MOKpbITUE MoOJSla B COOTBETCTBUM C TMOXENAHMEM 3aKa3uumka, U 3aTeM
oTcumTaTb M3 Tabn. 3 oTBevalolee eMy 3Ha4yeHMe R, 4nsa TensioBoro conpoTMBAEHUS.

9.5.3. JononHuUTeNnbHO NPUHATbL, YTO KpaeBasi 30Ha M XWash HarpeBaktTCs OAHUM U TEM Xe
3MEEBUNKOM.

9.5.4. Onpepenntb NOBEPXHOCTb Fyp, KOTOpyl 3amMMET KpaeBas 30Ha (OHa AOMKHa O6bITb
paBHOWM AJIMHE Hapy>XHOM CTEeHbl M MO WUpUHe coctaenatb oT 0,6 mgo 1,0 M), a Takxe
NOBEPXHOCTb Fp, KOTOPYO 3aHMMAET Xunas 30Ha.

F, — nnowaab Kpaesoi 30Hbl [M?],
A, - nnowaab XuWnow 30Hbl [M?].
9.5.5.Pacuntatb cpegHIO0 pa3HoOCTb TemnepaTtyp tg — cM. .Mn. 9.4.4.

9.5.6. MpuHAaTe Moaynb yknagkm Tpy6 0,10 nmnbo 0,15 M, onpenensa m3 tabn. 4 NNOTHOCTb
Tens0BOro NOTOKa B KpaeBoW 30He gy [BT].

Henb3s npeBsbillaTh MakCUManbHyo TemnepaTypy nona B Kpaesoii 3oHe 35 °C.
9.5.7. PaccuuTtaTb TENNOBYIO OTAAYy HarpesaTens nosia B KpaeBol 30He
Qb = qp X Fp [BT]
Qp — oTpada Tenna HarpesaTesnis KpaeBok 30HbI [BT],
d, — NJIOTHOCTb TEMJI0OBOr0o NOTOKAa B KpaeBol 30He [BT],
F, — niowaab KpaeBoi 30HbI [M?]
9.5.8. BbluncnuTtb oTaayvy Tenna ot 1 nor. M. 3MeeBUKa B KPpaeBOM 30He
dib = qp X @p [BT/M]
dip — OTAA4Ya Tenna ot 1 nor. M. 3MeeBMKa B KpaeBol 30He [BT/M],

(o — PaKTMYeCKM NNOTHOCTb NOTOKA TenJa B KpaesBon 30He [BT/M],
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ap — MoAy b yknaaku Tpyb B kpaeBon 30He [M].
9.5.9. BblUNCcAnTb ASINHY 3MEEBUKA B KPAEBOW 30HE:
1, = Qu/q1b [M]
Qp - oTAaua Tensia HanoJIbHOro HarpeBaTens B XWon 30He [BT]
1, - ANVHHa 3MeeBMKa B KpaeBon 30HE [M]
(ip— OTAA4a Tenna ot 1 nor. M. 3MeeBUKa B KpaeBol 30He [BT/M]
9.5.10. BblunMcnmtb OoTAAYy Tensa HanoJibHOrO HarpesaTens B XWI0M 30He
Q= Q- Qs [BT]
Q, — oTAaya Tensa HanosIbHOro HarpesaTesis B XWUI0M 30He [BT]
Q - noTepu Tensaa nomelleHms [BT]
Qp - oTAava TenJsa HamnoJIbHOro HarpeeaTensl B KpaeBoi 30He [BT].
9.5.11. BbluMCANTb OPUEHTUPOBOYHYHO MJIOTHOCTb TEMIOBOr0O NMNOTOKA A1 XKUOWN 30HbI
qpor = Qp/ Fp [BT]
Jpor — OPUEHTMPOBOYHAA MIOTHOCTb NOTOKA Tenaa AN XUNon 30HbI [BT/M2]
Q, — TennooTAaya HaMosIbHOro HarpeeaTens B Xunoin 30He[BT]
Fp — niowanb NoBEPXHOCTU XUNOM 30HbI[M2]
[anee pacueTbl NpoaoMKaTb B COOTBETCTBUM C N. 9.4.5.-9.4.7
9.5.12. CymMapHasa anvHa 3MeeBuKa
L=L,+L,
L - cymMMapHasa anvHa 3meeBukal[Mm],
L, — ANMHa 3MeeBMKa B KpaeBow 30He[M],
L, - ANMHa 3MeeBMKa B XWUI0iA 30He[M]
9.5.13. N'napaBnuyecknii pacyeT BeayT aHanormdHo n. 9.4.10-9.4.12

Ecnn anvHa 3MeeBMKa BMecTe C Kpaesow 30oHoM L > 120 nor. M, nubo ero conpoTmBnieHune
umpkynsaumm npesbiwaetr Ap>20 klla, To 3MeeBUMK HeobxoamMmMo pa3buTb Ha HECKOSbKO
KOHTYpOoB. KpaeBylo 30HYy HeobXoAMMO OCYLWECTB/SATb OTAE/bHbIM KOHTYpOM (ANs KpaeBoi
30Hbl NpeayCcMOTPETb NajeHne TeMnepaTypbl Boabl At=6K)

Tabnuua 1
OpneHTUpoBOYHbIN pacxod Tpy6 @16*2,0 B 3aBUCUMOCTH OT MOAY/IS1 yKAaAKu Tpy6ornposogoB
HaroJsiIbHOro OTOMNJAeHuUs

PaccTtossHue mexay Tpy6amu a,

(M) 0,10 0,15 0,20 0,25 0,30 0,35

Konnuyectso Tpy6 B Nor.m/M.KB.

10 6,7 5,0 4,0 3,35 2,85
nona
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Tabnuua 2

Compipe™

BennunHbl cpeagHesi pasHuubl Temnepatyp ts Mexagy TemrnepaTtypoii MCTOYHMKA HarpeBa u

TEMIEpaTypoi MNOMELEHUS /151 PA3/TNYHbIX 3HAYEHUI t;

At [ K] | t/t, [ C] | te
| ti=25°C ti=16°C ti=8°C
35/31 8 13 17 25
40/36 13 18 22 30
4 45/41 18 23 27 35
50/46 23 28 32 40
55/51 28 33 37 45
35/29 7 12. 16 24
40/34 12 17 21 29
6 45/39 17 22 26 34
50/44 22 27 31 39
55/49 27 32 36 a4
35/25 5 10 14 22
40/30 10 15 19 27
10 45/35 15 20 24 32
50/40 20 25 29 37
55/45 25 30 34 42

ter =(t,+ t,)/2-t; -ycpenHEéHHasa pa3Huua TeMnepaTyp Mexay hakTopoM Harpesa u

TemnepaTypoi nomeweHus [K]
t, - TeMnepatypa nogaun [°C]
t, - TemnepaTypa Bo3BpaTa [ C]
t; — TemnepaTypa BHyTpu nomeenus [°C]
At=t,-t,

Tabnuua 3

|_|pVI6ﬂM)I(eHHbIe 3Ha4YeHUA TenaoBOro COnpoTMBieHNs Ry, B 3aBMCMMOCTM OT TUMNa HaApPY>XHOro

MOKPbITUA NoJa

TeppakoTa, nautka (10mm),

Tun MpaMop, NpUpPOAHbIA TOHKWI NapkeTt
NOKPbITUSA KameHb (25MM), (8o 10MM Kosep (5mM)
nnHoneyMm,nnntkm NBX
| Ry(M2K/BT) | 0,02 | 0,05 0,09

Tabnnua 4. MNOTHOCTb TENJIOBOro NOTOKA, NepeaaBaeMoro Yepes non
B 3aBUCUMMOCTU OT TEMJIOBOIO COMNPOTUBAIEHUSA U MOAYNSA yYKNaaku Tpy6
Anga TemnepaTtypbl noMeweHusa t = 20 °C

BHumaHume! [na temnepatypsl nomeujeHus t; = 25°C paccynmTaHHyrO BEIMYUHY TeMepaTypbl

Heobxoanmo yBennyuntb Ha 4 C. 10THOCTb rioTtoka Tenaa ( G ) He MEHSIETCS.
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_ ts[K]
&
S | 12| 13| 14 |15 | 16 | 17 | 18 | 19 [ 20 | 21 | 22 | 23
s q [BT/M7]
é tooal
| a=0,10 [m]
002 | 53 |56 |68 |74 [ 82 | 90 | 97 [103 |110 |120 | 125 |131
' 26. 126.8 127.3 127.8 128.2 | 28. 129.0 129.4 [29.8 [30.3 | 30. [30.9
005 | 45 |51 |58 |63 |65 | 76 | 81 |87 | 93 |100 | 106 |112
'~~ 125.8 126.1 126.3 126.9 127.0 | 27. 128.1 [28.3 128.7 129.2 | 29. [30.1
009 | 40 | 45 |50 |53 |61 |67 |73 |78 | 82 |89 | 95 |100
"7 124.0 124.3 124.7 126.2 |25.6 | 25. [26.2 [26.6 |27.0 127.3 | 27. [28.2
| a=0,15 [M]
002 | 48 |51 |62 [69.]78 | 83 |89 |95 102 100 | 117 |122
' 26. 126.4 127.1 127.5127.9 | 28. 128.5 129.0 129.4 129.7 | 30. | 30.
005 |40 | 47 | 53 |59 |65 |71 |77 |82 | 87 [ 94 |100 |107
’ 25. | 25, 26.6 127.0 | 27. 127.7 128.1 128.4 128.8 | 29. [29.6
009 |36 |40 |44 |50 |57 [ 60 |67 | 71 | 76 | 82 | 87 | 92
"7 123.7 124.0 124.3 124.7 125.2 | 25. [25.8 | 26. 126.5 126.9 | 27. |27.6
| a = 0,20 [M]
002 |33 |42 |54 (60 |69 | 73 |80 |87 | 98 [100 |106 |111
"~ 126.0 | 26. 126.8 |.27. 127.4 | 278 128.1 128.4 [28.9 129.2 | 29. [29.8
005 |29 |39 |47 [ 53 [59 |64 |70 |76 |86 |88 | 92 | 99
'~ 125.2 1253125, 126, 126.5 | 26. 127.3 127.7 128.3 128.4 | 28. [29.2
009 |27 |34 [39 [44 [49 [ 52 59 [62 [68 [ 73 [ 77 | 83
"7 123.2123.6 123.9 124.3 [24.6 | 24. |25.3 [25.6 |25.8 | 26. | 26. [26.9
| a = 0,25 [m]
0.02 50 | 54 |63 | 68 |72 |79 |85 |91 | 97 |101
’ 26.5 126.8 127.2 | 27. 127.7 127.9 128.4 128.8 | 29. (29.3
0.05 40 | 47 | 52 | 58 [ 63 | 69 73 | 78 | 83 | 89
’ 25.6 | 25. | 26. | 26. 126.8 127.2 127.5127.8 | 28. [28.5
0.09 36 |40 [44 [ 49 [ 53 [ 58 [61 [ 67 [ 70 [ 75
' 23.7 123.9 124.3 | 24. | 24, [25.2 |25.6 125.8 |26, [26,4
| a = 0,30 [m]
0.02 30 |48 | 53 [ 59 |63 |69 | 74 |80 | 87 | 90
’ 26.0 126.3 | 26, | 26. 127.2 127.4 | 27. 128.1 | 28. [28.7
0.05 30 | 38 |43 | 50 |55 |60 |63 |69 | 72 | 79
’ 25.0 125.4 125.7 | 26. | 26, [26.7 126.8 127.1 | 27. [27.9
0.09 30 (33 [ 38 [ 42 [ 47 [495[ 54 [ 58 [ 62 [ 66
’ 23.3 123.7 123.8 | 24. | 24, |246 | 25, 125.2 | 25. [25.7
| a = 0,35 [mM]
0.02 42 | 48 | 53 |58 |63 |70 | 72 | 79
’ 26.2 | 26. | 26. [26.8 [27.3 12761 27. [27.9
0.05 30 | 37 | 45 |50 |53 | 59 | 62 | 68
' 25.0 | 25. 1 25. 126.0 126.2 126.5 | 26. [27.2
0.09 30 | 33 |39 (41 |46 | 50 | 53 | 57
' 23,2 |23,7123,9 (24,2 24,3 |24,7 | 24, [25,2
npoaosmxeHue Tabnuubl 4
a - wMmoaynb yknagku Tpy6 [M],

Ry - TenjoBoe CONpoTUBNEHWE NOKPbLITUA nona [M?K/BT],
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Compipe™
ts - cpeaHsia pa3HMUa TeMnepaTyp MexAy UCTOYHMKOM HarpeBa M TemrepaTypon
nomelleHms [K]

l ter K]

| 24 |25 | 26 |27 | 28 |29 |30 | 32|35 |36 | 37| 39| 40
q[Br/M]

t noan[C°]

| a=0,10 [M]

140 | 147 | 155 | 163 | 170 [ 177 | 184 | 191 | 194 |[195 |196 |199 | 199
31, (31,7 132,2 32,7 |33,0 |33,3 |33,8 | 34, |35,8 |36,2 |36,6 |37,2 |37,6

118 | 124 | 130 | 136 | 142 | 148 | 154 | 166 | 185 | 190
30, (30,7 (31,2 31,7 |31,9 {32,3 |32,7 | 33, |34,6 |35,1

105 | 110 (117 | 122 {128 | 132 | 139 | 150 | 167 | 173 |176 | 188 | 193
28, | 28, [29,2| 29, |30,0 30,4 (30,8 | 31, |32,8 |33,3 |33,6 |34,3 [34,7

| a=0,15 [M]

130 | 136 | 145 | 151 | 158 [ 163 | 170 | 183 | 192 (193 |194 |195 | 196
30, (31,2 31,6 (32,0 | 32, |{32,8 |33,0 | 33, |34,9 |35,3 |35,7 | 36, [36,7

110 | 118 [ 123 | 130 | 136 | 141 |147 | 159 | 177 | 182 | 188 [190
30, (30,3 (30,7 |31,2 (31,4 (31,9 |32,3 | 32, |34,3 |34,6 |34,9 |35,7
97 100 [107 [110 [117 [121 [128 | 138 [153 [159 [163 [173 | 190
27, 28,2 (28,6 |28,7 |29,3 (29,7 |30,0 | 30, |31,8 |32,2 32,6 |33,2 |33,7
| a = 0,20 [M]

118 | 125 | 131 | 140 | 143 | 150 | 157 | 170 | 190 | 191 [192 |193 | 193
30, /30,6 |130,9 31,3 |31,7 |31,9 |32,2| 33, |34,2 |34,4 |34,8 | 35, |35,7

104 | 110 | 115 (121 | 127 |132 (138 | 150 | 167 | 172 |178 | 189
29, |29,8 |30,2 |30,7 | 31, |31,4 (31,7 | 32, [33,6 | 33, [34,2 35,0

87 | 90 | 97 |100 | 105 |110 |116 | 125|139 |144 | 149 | 157 | 162
27, |27,4 27,8 |28,2 (28,4 |28,9 |29,2 | 29, |30,8 |31,3|31,5 | 32, |32,5
| a = 0,25 [M]
107 | 113 [ 120 | 126 | 132 | 138 | 142 | 154 | 170 | 178 | 183 [191 | 191
29, (29,9 (30,3 (30,6 (30,9 |31,2 |31,5| 32, |33,1 (33,3 (33,7 |34,2 |34,6
93 [ 99 [103 [110 [114 [119 [123 [ 133 [150 [154 [160 [170 [ 175
28, |29,1 (29,5 /29,9 (30,2 |30,4 |30,8 | 31, 32,4 (32,8 |33, |33, [34,1

78 | 82 | 88 | 91 95 | 99 [103 | 112 [ 126 | 130 | 134 [142 | 147
26, 26,9 |27,2 |27,4 (27,8 |128,1 |28,3 | 28, [29,8 |30,2 |30,5 | 31, |31,3

| a = 0,30[m]

97 |101 {109 |113 | 118 | 123 | 129 | 140 | 158 |162 |168 | 180 | 186
29, 29,3 29,7 |29,9 |30,2 30,4 |30,8| 31, 32,2 {32,6 |32,8 |33,6 |33,8

84 | 88 |92 | 98 |[104 | 108 |112 | 121 | 137 |140 |144 |155 | 160
28, /28,3 /28,7 (29,1|29,5(29,7 |130,0| 30, | 31, (31,8 |32, |32, |33,2

69 | 73 | 78 | 81 86 | 89 | 93 | 101 |113 |118 |120 |128 | 132
26, | 26, |26,6 (26,9 |27,1 (27,3 |27,7 | 28, 29,1 |29,3 |29,6 |30,2 |30,3

| a = 0,35 [M]
82 | 90 | 93 |100 |102 | 110 |114 | 126 | 140 | 146 |150 |160 | 166
28, 28,7 (28,9 (29,2 29,3 /29,7 | 30 | 30, |31,3|31,7 |31,9 | 32, |32,8
73 | 77 | 81 | 86 | 90 | 97 |100 |108 | 122 |[128 |130 |140 | 146
27, | 27, |28,1 (28,3 /28,6 (28,9 |29,2 |29.7 |30,7 |30,9 31,2 | 31, [32,2

60 | 64 | 69 |72 |75 | 79 | 82 | 90 |[102 |105 (109 |117 | 125
25, 25,7 |25,9 |26,2 | 26, [26,7 |26,9 | 27, | .28, (28,5 (28,7 |29,2 |31,6
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Tabnuua 5. YaenbHoe nageHune gasneHnss R B MHOrocsomHbIxX Tpybax

ONs1 HanoJsIbHOro OTOMJIeHUS
G - pacueTHbI MOTOK BOAbl, [Kr/4], R - ya. conpoTuBneHmne notoka soabl, [Ma/m]
W - CKOpPOCTb TeyeHus Boabl, [M/cC]

| G | 16x2 | G | 16x2 | G | 16x2

| | R [ w | | R [ w | | R [ w
| Kr/4 |I'Ia/M | M/c | Kr/4 |I'Ia/M | M/cC | Kr/u |I'Ia/M | M/c
| 3 | 09 |0.007| 14 | 44 |0.034| 8 | 77.9 |0.212
| 3.2 | 1.0 |0.008| 16 | 5.0 |0.039 | 90 | 80.9 |0.217
| 34 | 1.1 |0.008| 18 | 5.6 [0.043| 92 | 84,1 |0.221
| 36 | 1.1 [0.009 | 20 | 6.2 |0.048 | 94 | 87.2 [0,226
| 3,8 | 1.2 |0.009| 22 | 6.8 [0.053| 96 | 90,5 [0,231
| 4 | 1.2 |0.010| 24 | 7.5 |0.058 | 98 | 93.8 |0,236
| 42 | 1.3 |0.010 | 26 | 8.1 [0.063 | 100 | 97.1 [0:241
| 44 | 1.4 |0.011| 28 | 8.7 |0.067 | 120 |133.3 [0.289
| 46 | 1.4 |0.011| 30 | 9.3 |0.072 | 140 [174.4 |0.337
| 48 | 1.5 |0.012| 32 | 9.9 |0.077 | 160 |220,4 |0.385
| 5 | 1.6 |0.012 | 34 | 10.6 [0.082 | 180 [271.0 |0.433
| 52 | 1.6 |0.013| 36 | 11.2 |0.087 | 200 |326;4 |0.481
| 54 | 1.7 |0.013| 38 | 11.8 [0.091 | 220 |386.3 |0.529
| 5.6 | 1.7 |0.014 | 40 | 12.4 |0.096 | 240 [450.7 |0.577
| 5.8 | 1.8 |0.014 | 42 | 13.1 |0.101 | 260 |519.6 |0.625
| 6 | 1.9 |0.014 | 44 | 13.8 |0.106 | 280 |592.9 |0.674
| 6.2 | 1.9 |0.014 | 46 | 14.8 |0.111 | 300 [670.7 |0.722
| 6.4 | 2.0 |0.015| 48 | 16.3 |0.116 | 320 |752.7 |0.770
| 6.8 | 2.1 |0.016 | 50 | 18.1 |0.120 | 340 |839.1 [0.818
| 7 | 2.2 |0.017| 52 |20.4 |0.125| 360 |929.7 |0.866
| 72 | 2.2 |1.017| 54 | 23.0 |0.130 | 380 |1024. [0.914
| 74 | 2.3 |0.018 | 56 | 26.1 |0.135| 400 |1123. [0.962
| 78 | 2.4 |0.018 | 58 |29.4 |0.140 | 420 |1227. [1.010
| 78 | 2.4 |0.019| 60 | 33.0 |0.144 | 440 |1334. |1.058
| 8 | 2.5 |0.019| 62 | 36.7 |0.149 | 460 | 1446.5|1.107
| 8.2 | 2.5 |0.020 | 64 | 40.6 |0.154 | 480 |1562.5|1.155
| 84 | 2.6 |0.020 | 66 |44.3 |0.159 | 500 | 1682.5|1.203
| 86 | 2.7 |0.021 | 68 | 48.0 |0A64 | 520 | 1806.8 |1.251
| 88 | 2.7 [0.021| 70 | 51.4 |0.168 | 540 |1935.1 |1.299
| 9 | 2.8 [0.022| 72 |54.6 [0.173 | 560 |2067.51.347
| 9.2 | 2.9 |0.022| 74 |57.6° |0.178 | 580 |2204.1 [1.395
| 9.4 | 29 [0.023| 76 | 60.5 [0.183 | 600 |2344.7 |1.443
| 9.6 | 3.0 [0.023| 78 | 63.2 |0.188 | 620 |2489.4 |1.491
| 9.8 | 3.0 |0.024| 80 |66.1° [0.192 | 640 |2638.21.539
| 10 | 3.1 |0.024 | 82 |68.9 |0.197 | 660 |2791.0 |1.588
| 12 | 3.7 |0.029 | 84 | 71,8 |0.202 | 680 |2947.9 |1.636

Compipe™
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| 14 | 44 |0.034| 86 | 74.8 [0.207 | 700 |3108.9 |1.684|

Tabnuua 6

3HauyeHna MeCTHbIX CONpoTUB/IeHun Z;, [Ma]

CkopocCTb BOAbI Conpotusnenne | CkopocTb Boabl, | ConpoTuBneHue
[M/c] Zy, [Ma] [M/c] Z;, [Na]
| 0,05 | 1 | 0,55 | 147
| 0,10 | 5 | 0,60 | 175
| 0,12 | 7 | 0,65 | 205
| 0,14 | 10 | 0,70 | 238
| 0,16 | 12 | 0,75 | 273
| 0,18 | 16 | 0,80 | 310
| 0,20 | 19 | 0,85 | 350
| 0,25 | 30 | 0,90 | 393
| 0,30 | 44 | 0,95 | 438
| 0,35 | 59 | 1,00 | 485
| 0,40 | 78 | 1,05 | 510
| 0,45 | 98 | 1,10 | 588
y 0,50 y 121 | 1,15 | 700

MpunoxeHne 1. Tabnmua XMMMUYECKOMN CTOMKOCTH

‘)KVI,D,KOCTVI | XuMuyeckas dopmyna | KoHLEeHTpauust | 60° | 20°
[ ApynuHosas kucnota | HOOC -(CH,)4 -COOH |  Hacbiw. P-p [ na | ga
| A3oTHas kvcnoTa | HNO; | 25% [ na | na
| A3oTHas kucnota | HNO; | oT 50% f0 100% | Het | Her
[ Akponeut | C3H40 | - [ Her [ mer
| AnnunoBbiit cnupt | H,C=CH-CH,-OH | 96% | ner | na
| AntoMuHuMst, cynbdaT | AL(SO4)s | macbiw. P-p [ na || &a
[ AntoMuHmMs, xnopua | AICI3 [ Hacbiw. P-p [ ma || nma
| AMunauerar | CHs;COO(CH»)s | 100% | ner | na
| AMUHOGeH30N | CsHsNH; | 100% [ na || &a
[ AMMmuak | NH; | 100% [ na | na
|AMMuaka, ras | NH; | 100% [ na | ga
| AMMOHUSI, HUTPaT | (NH4)NO; | Hacbiw. P-p [ mpa || ga
[ AMMOHWs, cynbdaT | (NH4)2S04 | HacbIw,. P-p [ na [ na
| AMMOHMS, cynbdua | (NH4)5S | pacTeop [ npa | pa
| AMMoHUs, dbTopUa | NH4F | pacTsop [ mpa || ga
[ AMMOHMs, xnopua | NH4CI | Hacbiw,. P-p [ na [ na
| AHvnuH | CsHsNH; | 100% [ ner | pa
| ApcvHoBas kucnoTa | H3AsO, | Hacbiw. P-p [ mpa || ga
[AueTtanbaerng | C,H,O | [ her | ga
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[ AueToH | CsHesO | 100% [ Her [ Her
| AueToHuTPUA | CoHsN | [ Her | Her
[Bapusi, ruapat | Ba(OH); | HacbIw,. P-p [ na [ na
| Bapusi, kap6oHaT | BaCOs [ Hacbiw,. P-p [ pa | na
| Bapus, cynbat | BaSO, | Hacbiw. P-p | na || ma
| Bapusi, xnopua | BaCl, | macbiw. P-p | na || pa
| BeHsanbaerva | CsHsCHO | 100% | ner | na
|5eH3V|H | | | HeT | na
| BeH31H, anudaTuyeckue yrnesoaopoas! | | | wer | ga
| BeHsoaT HaTpus | CsHsCOONa | H | na || na
| BeHsoiHast kncnoTa | CsHsCOOH [ Hacbiw. P-p [ na | na
| Benson | CeHs | 100% | Her | wer
| BepTonetoBa conb | KCIO3 | Hacbiw,. P-p | na || na
|BopHas kucnoTa | H3BO3 | Hacbiw. P-p [ mer | wHer
| Bpom -ras | Br, | 100% | ner | Her
| BpoMm -xuaKocTb | Br, | 100% | ner | Her
|Ep0M, KUOKNIA | Br | 100% | HeT | HeT
| Bpom, cyxoit ras | Br, | 100% | Her | wer
|5p0MVICTOBOp,0p0,qHaﬂ Kucnota | HBr | 100% | na | na
| BpoMUCTBIN 3TUN | C,HsBr | 100% | ner | na
[Bypa [ Na.B40,-10H.O0 |  Hacbiw. P-p [ na | na
[ByTaaven-1,3 | C.Hs | - [ Her | Her
|ByTaH -ras | [ | 100% | ma || na
[ByTaHon | CH3(CH,)30H | 100% [ na || na
[ByTunen | 0O2H 5014—0142 | 100% [ Her | Her
| ByTunoBbIit cnupt | CHs(CH,);0H | 100% | ma | na
|BVIHHa5'-| KUCoTa | - | pacTeop | na | na
[Bumn [ - [ - [ na [ na
|Bona | H,0 | [ na || na
[Bomopoa | H, | 100% [ na | na
|FenTaH | CrHyy | 100% | ner | pa
| FuapokcuykeycHas kucnota | HOCH,COOH | H | na | na
[ TuapoxuHoH | C,H4(OH), [ Hacblw. P-p [ ma | na
|nay6eposa comb | NazS04 |  wacbw.P-p | ga | na
| FnukoneBas kucnota | HOCH,COOH | pacTeop | na | na
[FrnuepuH | HOCH,CH(OH)CH,OH | 100% [ na || na
[Tntoko3a | CeH1206 [ nacbiw.P-p [ pa | na
| DekarnapoHadTaneH | C10H18 | 100% | Het | Her
[ Dekanun | C10H18 | 100% [ Her | Her
[ DekcTpuH | (CsH1oOs)n | pacTBop [ na || na
| Anuzonponunossiit ahup | CeH10 | - | mer | mer
[ Annzo6yTnnkeToH | CgH-igo | - [ Her | mer
|,EI,V|MeTV|J1aMV|H | CyHsN | - | HeT | HeT
|,EI,MMeTmncyan)aT | C,H604S | | HeT | HeT
| AumeTundopmamua | CsH,NO | | ner | mer
| AnokcaH | CaH30; | 100% [ ma || na
|,ﬂmxnopMeTaH | | 100% | HeT | HeT
| AuxnopataH | CoHlCI | | wner | wer
| AnaTnnkeToH | CsH100 | [ ner | wer
| An3TnnoBbIN 3dnp | CaHyo0 | [ et | mer
[ Apoxokm | ne | pacTBop [ na | &a
| Apoxokm | np | 100% | wer | pa
|Em<oe Kanu | KOH | H | na | na
[XKenesa, nutpaT (III) | Fe(NOs); | pacTBop [ na | &a
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|>Kene3a, cynbdart (II) , cynbdat (III) | FeS0,, Fey(S04)s3 | Hacbiw,. P-p | na | na
[>Kenesa, xnopua (1), xnopua (III) | FeClI,, FeCls [ maceiw. P-p | ma || na
[>KenTas kpossiHas conb | K4[Fe(CH)e] | H [ ma || na
| Kanuii, xenesocnHepoancTbii | K4[Fe(CH)s] | Hacbiw. P-p | na | &a
|Kanus,6ukap6oHaTt | KHCO3 |  wHacblw.P-p | npa | na
|Kanus, 6ucynbdat | KHSO4 | Hacbiw. P-p | na || na
|Kanusi, 6ucynbdua | NaHSO; | Hacbiw. P-p | na | &a
[Kanus, 6uxpomat | K,Cr,0; | pacTBop [ na | &a
|Kanus, 6pomat, 6poMmna | KBrO;, KBr |  wHacblw.P-p | npa | na
|Kanusi, rugpat | KOH | 10% | na | &a
[Kanus,ruapookuce | KOH [ Hacbiw. P-p [ na | &a
|Kanus,runoxnopua | KCIO | pacTBop | ma || na
|Kanus,kap6oHaT | KiCO3 | Hacbiw. P-p | na || na
|Kanus,HnTpaT, opTodocdat | KNO3, K3P04 | Hacbiw. P-p | na | &a
[Kanus, nepmanranat | KMnO, | 20% [ na | &a
[Kanus, nepcynstart,nepxnopat | [ maceiw. P-p [ ma || na
[Kanus, cynbdat | K2SO4 | Hacbiw. P-p | na | &a
[Kanus, deppounanuna | Ks[Fe(CH)e] [ Hacbiw. P-p [ na | &a
[Kanus, dbTopua, xnopat, xnopua | [ Haceiw. P-p [ ma || na
|Kanomens | Hg.Cl, | Hacbiw. P-p | na | &a
|Kanbuns kap6oHaT, runoxaopua, | | Hacbiw. P-p | na | &a
[Kanbums xnopaT, cynbtat, xnopua | [ Hachbiw. P-p [ ma || na
|Kanbuuns, rugpat, HUTpaT | | Hacbiw. P-p | na | &a
[Kamdopa | C-(CHs);0 | - | mer | mer
[KacToposoe macro | - | - [ Her | mer
[KBacuibl | - | [ ma || na
| Kepocun | - | 100% | mer | mer
[KeTeH | GH.0 | | mer | mer
[Kucnopoa | 0, | 100% [ ma || na
|Kpesonosas kucnota | CeH4(OH)CH; | 100% | mer | mer
|KpemHedTOpUCTO-BOAOPOAHAS KMCOTa | - | 40% | na | &a
[Kcunew, Kennon | - | 100% [ Her | mer
|J'IV|M0HHa;| Kucnorta | HOCC(OH)(CH,COOH), | Hacbiw,. P-p | aa | ha
[Nannc | AgNOs; | H | na | &a
[>nakoctn [ Xumnueckast dopmyna | KoHueHTpaums | 60° | 20°
[Maruus, rugpat | Mg(OH), [ Hacbiw. P-p [ ma || na
[Marnus, kap6oHaTt | MgCOs |  wacew.P-p | na | na
[Marnus, HuTpat | Mg(NOs), | wacelw.P-p | na | na
[Marnus, xnopua | MgCl, [ waceiw.P-p | na | 1a
|MaJ'IEVIHOBaH KucnoTa | HOOCHC=CHCOOH | HacbIw,. P-p | na | na
[Macna | - | - | na | &a
[Macna u xupsi | - | - [ wer | &a
[MeaHbIii kynopoc | CuS0,5H,0 | H [ ma || na
[Menucca | - | pabou.KoHu. | na | na
|MeTtaHon | CH;OH | 100% | wer | pa
| MeTunmeTakpunat | CsHsO, | - [ et | mer
[Monoko | - | - [ na | &a
|Monounas kucnota | - | 100% | ma | na
[Moua | - | - [ ma || fa
|MouesunHa | - | pacTeop [ ma || na
[HaTpus rugpat | NaOH | pacTsop | mna | na
|HaTpus, 6ukap6oHaT | NaHCO; |  wacblw.Pp | npa | pa
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|HanVI$I, bucynbut | NaHSO; | pacTBop | na | na
|HaTpus, 6pomua | NaBr |  wacbw.Pp | na | na
|HaTpus, ruapookunce | NaOH | 40% [ ma || na
[HaTpus, ruapookmce | NaOH |  wacelw.P-p | wer | [a
[HaTpus, runoxnoput | NaCIO [ 15% xnopa | ner | na
|HaTpus, kap6oHaT | Na,CO; |  wHacblw.P-p | na | na
[HaTpus, HuTpaT | NaNOs; | wacew.P-p | na | na
[HaTpus, opTodocdart | NasPO, [ waceiw.P-p | na | na
|HaTpus, cynbdat | Na,SO0, |  wacbw.Pp | na | na
[HaTpus, cynbdua | Na,S | wacew.P-p | na | na
[HaTpus, dbeppounana | Nau[Fe(CH)e] [ Haceiw. P-p [ na | &a
|HaTpus, dpTopua | NaF |  wacbw.Pp | na | na
|HaTpus, xnopat | NaCIO; |  wHacbw.P-p | na | na
[HaTpus, xnopua | NaCI | wacelw.P-p | na | na
[Hukens, HuTpaT | Ni(NO3),6H,0 [ wacelw.P-p | na | na
|Hukens, cynboar | NiSO4 |  wacbw.Pp | na | na
[Hukens, xnopua | NiCI, | wacelw.P-p | na | 1a
[HukoTMHOBas kucnoTa | - | 20% [ wer | &a
[O30H | 0s | 100% [ et | mer
| OpTodocdopHas kucnota | HsPO, | 50% | na | &a
| OpTodocdopHas kucnota | HsPO, | 95% | na | &a
[Nepekuce Bomoposa | H,0, | 30% [ ma || na
[Nepekucs Bonopoaa | H.0, | 90% | mwer | na
[Muso | - | - | na | &a
[MukpuHosas kucnota | CeH(NO,);0H [ waceiw.P-p | na | 1a
[Mupnann | CsHsN | 100% [ ma || na
| MponnoHosas kucnota | C,HsCOOH | 100% | na | &a
|MposiBuTens doTorpaduyeckuii | - |  pabou.konu. | npa | na
[PTYTH, HUTpaT | Hg(NOs), | pacTBop [ ma || na
| PTyTn, xnopua | Hg,CI, | wacew.P-p | na | na
[PTyTH, Unanua | Hg(CN), | wacew.P-p | na | 1a
[PTyTH | Hg | 100% [ ma | &a
|Canmumnosaﬂ KucnoTa | CsH4(OOCCH3)COOH | HacbIw,. P-p | na | na
|CBuHUa, aueTaT | Pb(CH;C00),3H,0 | Haceiw.P-p | Her | 1a
[>nakoctn [ Xumnueckast dopmyna | KoHueHTpaums | 60° | 20°
[Cepe6pa aueTaT | AgCH5CO0 [ macbw.P-p | na | na
|Cepebpa Hutpat | AgNO; |  wacew.P-p | na | na
|Cepe6pa, aueTat | AgCH;CO0 | H | na | &a
[CepHas kucnota | H,S0, | 10% [ mna | &a
[CepHas kucnoTa | H,S0. | 50% [ na || nfa
|CepHas kucnota | H,S0, | 98% | na || na
[CepHas kucnota | H,S0, [ pbivawasca | wer | mer
|CepHMCTa9| KucnoTa | H,SO3 | 30% | Oa | na
| CepHucThiit aHrnapua cyxoit | SO, | 100% | na | &a
| ConsiHasi kucnota | HCI | 10% | ma | na
|ConﬂHaﬂ KucnoTa | HCI | 80% | na | Oa
[Tvonuna, xnopua | SOCIL, | 100% [ mer | mer
[Tonyon | CeHsCH; | 100% | ner | mer
| TpuxnopaTunen | CCL,=CHCI | 100% [ ner | wer
|TpM3TVIJ1aMVIH | (CHs)sN | pacTsop | HeT | na
|Yrnepoaa, asyokunce | CO; | 100% [ na | &a
|Yrnepona, ancynbona | CS, | 100% | ner | wer
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|anepo,qa, cynbdua | Cs | 100% | HeT | HeT
|Ykcyc nuwesoit | - | - | ma || na
|YkcycHas kucnota | CoH40; | 10% [ ma || na
|YkcycHas kucnoTa (neasiHas) | C,H40, | >96% | ner | na
| YkcycHblit anbaerna | CH5CHO | 100% | wer | na
| ®enHon | CeHsO | pacTeop | na | na
| opmanbaervna | CH,0 | 40% | na | &a
[®TOp, ras | F. | 100% [ wer | mer
| ®TopucToBOAOPOAHAs KMCNOTa | HF | 40% | ma || na
| dTopucToBOAOPOAHas KncnoTa | HF | 60% | na | &a
| ®ypdypuposeiit cninpt | CeHeO: | 100% [ na | &a
[Xnop, cyxoit ras | cl, | 100% [ netr | mer
[XnopuposaHHas Boaa | cl |  wHacbiw. P-p | Her | Her
[Xnopodopm | CHCI; | 100% | mer | mer
[Xpomosas kucnoTa | H,CrO0, | 20% [ wer | na
[XpomoBas kucnota | H,Cr0, | 50% | ner | na
|Llapckasi Boaka | HCI/HNOs; | 3/1 | mer | mer
[LmknoTtekcaHon | CeHy,OH | 100% [ Her | mer
[UnHka, kap6oHaT | ZnCO; [ macbw.P-p | na | na
[UmnHka, okcun | Zn0 | waceiw. P-p | na | &a
[UmHka, cynbdat | ZnSO. | wacelw.P-p | na | na
[Unrka, xnopua | ZnCl, [ macbw.P-p | na | na
[LlaBenesas kucnota | - | naceiw. P-p | na | &a
[3TaHon | C,HsOH | 40% [ wer | &a
[3Tunauerat | C4HsO, | 100% [ wer | &a
|3TVIJ'I€HFJ'II/IKOJ'II: | HOCH,CH,OH | 100% | na | Aa
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MpunoxeHne 2. Cxema npoesaa
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Mageneukui %‘0% ey
BOK3an LLno3oBas
na6epexuan
A.6, ap.4

GPS koopauraTs:: N 55°43.788"
E37°38.736'

GPS koopauHatebi: N 54°48.757' 0
E 38°15.235'

‘ MpumepHo 800 M NpaMo, Noka cresa

He Ha4HyTCs CUHUE Liexa 3aBoAa, B KOHLUe
HeToHHOrO 3ab0pa cepoe KII1
C OHOCKaTHOW KpblILLEei.
MNoBopaymBaem K Lnarbaymy, npuexanu.
Yepes 5-7 kM Bbe3xaeMm B A. AnagbunHo,
Ha nogbeme B kKoHUe fepeBHU nepeg A3C
NOBOPa4YMBaEM Haseso.
(Mepep crennon «LleHTponuT).

3asog B'
L\eHTpOnMT‘*"

@ B r. Kawuvipa nepsbivi cBeToop
‘ npsMo, Ha BTOPOM Hamnpasgo.

@ MNepen noctom AN |
HanpaBo, Ha MOCT, 1
Bbe3xaeM B . Kawmpy.

@ Enem Bce Bpems npamo, f
|

nepecekaem peky «Oka»,  Frito lays
noAHUMaeMcs B ropy
K nocty FAW.

@ Mpoe3xaem nog tpaccon M-4,
v BbIxoAMM Ha «CTapyto Kalumpky».

@ Enem no 3Haka «CTynuHo-Cairatoso»
npumepHo 105 kM. (3Hakm «CTynnHO-10 km» | Canratoro

¥ «CTYNUHO-3 KM» MUMO). »

W yxo4vm BNpaeo Mo ykasaresiio. {
e N e e-—CTynuHo10 —————————
@ C MKAla HaT?accy M-4

(MOCKBa -[oH

“TAN ‘ L

| ﬂ yn. Jlnneukas

3

| —
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