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BeBegeHve

MexayHapoaHblli ctaHgapT IEC 60034-2A:1974. KOTOPOMY MAEHTUYEH HacToAWMIi cTaHAapT, ABAS-
eTcsa gononHeHuem K IEC 60034-2 ¢ nameHeHnem 1:1995 n 3ameHsieT cogepxxaHne pasgena 17.

KanopumeTtpuueckuii MeTo MOXeT ObITb MCNOB30BaH 4715 onpeesnieHns koadduumeHTa nonesHo-
ro genctena (KMA) Bpallaomnxca 3N1eKTPUYECKUX MalLVH:

- Npy onpeaeneHnn NOMHbIX NOTePb NO4 Harpy3Kou;

- Npy onpejenieHnn oTAelbHbIX NOTEPb U. C/efoBaTesIbHO, CTaHAaPTHbLIX MOJSIHbLIX NOTEPb CYMMUPO-
BaHMeM OTAe/bHbIX NoTepb.

KaniopumeTpuyeckne namepeHuns mMoryT 6bITb caesnaHbl AByMSA crocobamu:

- U3MepeHVEeM Be/IMYMHbI U NPEeBbILLEeHN TeMnepaTypbl oxnaxgatolleli cpegbl (NPSAMOA MeToa);

- K&/INGPOBKOW NpeBbILEHNA TeMnepaTypbl oxfaxaatolei cpeabl.

KanopumeTtpuyeckne nsmepeHus criefyet NnpoBoAUTb OTAE/IbHO A1 KaXA0ro KOHTypa OXfaxaeHus
- UM NEPBUYHOTO, UAN BTOPUYHOTO.

MeTogbl onpefeneHnsa noTepb, NpUBeeHHbIe B HACTOALWEM cTaHAapTe, Oblin pa3paboTaHbl rnas-
HbIM 06pa3oM A1 60/1bLUMX reHepaTopoB, HO MOTYT 6bITb MPYMEHEHbI U ANA APYTUX MaLLWH.

YcnoBHble 0603HaYeHNSA

B HacToswem cTtaHgapTe NpMMeHeHbl YC/IoBHble 0603HauveHus, npuHATble B IEC 60034-2 (noagpas-
nen 3.1), a Takxe cnegytowme:

P,— noTepu Ha KOHTPONNPYEMOI MOBEPXHOCTY;

Pa- noTepu BHe KOHTPONPYEMOW MOBEPXHOCTU:

P, - noTepn, KOTOpble paccenBarOTCA B OX1aX[AOWMX KOHTYpax B BUAe TeNs0Tbl U KOTOPble MOryT
ObITb N3MEPEHbI KASTOPUMETPUYECKUM METOLOM,;

P2- notepwu, He nepepatomecsa B OXnaxparoLlyo cpegy, HO KOTopble paccemBaroTCa Yepe3 NpoBO-
OALYIO KOHTPO/IMPYEMYHO MOBEPXHOCTb NYTEM KOHBEKLUUW, U3JTYHEHUS, YTEUKU U T. 4.;

Ccp- yAesibHas TeM/10eMKOCTb OXMaxaaloLwen cpepl;

Q - 3HayeHve nogaun oxnaxpaarllen cpeapbl;

p - M/IOTHOCTb Ox/laxAatoLleli cpegpbl;

AT - npeBbilleHne TemnepaTypbl OX/axaalolwen cpefbl AN pasHOCTb Temnepatyp Mexay KOHTpo-
NMpyeMoi NOBEPXHOCTHLIO MallMHbI U BHELWHEW TeMnepaTypoii okpyxatoLen cpeapl;

V - CKOPOCTb Ha BbIXOAe OXx/axaatoLeli cpeapl;

a - KoahpchmumneHT pacxoaa;

€ - NOrpewHOCTb NpU N3MepeHnn NoTepsb;

h - koadhchnymeHT Tennonepegayu;

[ p- pa3HOCTb MexAy CTaTU4eckum AaBfieHNEM BO BMYCKHOM COMJIe N OKPYXaloLWnM AaBleHNEM;

A - nnowaab nornepevyHoro cevyeHus BMYCKHOrO consa.

M-Temnepartypa,;

t, - Temnepatypa Ha BXofe oxnaxgatolieli cpegbl:

<L- TemnepaTypa Ha BbIXOfe Ox/iaxjatoLein cpegpl:

b - 6apomeTpuyeckoe AaBneHuve.
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M E X IO CVY 4 APCTUBETHTH®B I C TAHOLAPT

MALWWHbI 9NEKTPUNYECKNE BPALWAKLWNECA
YacTb 2

MeToabl onpeAeneHnsi NOTepb U KO3 ULMEHTA NOME3HOr0 AeNCTBUS BpalalLnxcs
3/1eKTPUUYECKUX MALUUH NPU UCTbITAHUAX
(McknoYas MawmrHbl ANt TATOBbIX TPAHCMOPTHBLIX CPeACTB)

Mi3amepeHne noTepb KaloOpUMETPUYECKUM METOL0M

Rotating electrical machines
Part 2
Methods for determining losses and efficiency of rotating electrical machinery from tests
(excluding machines for fraction vehicles).
Measurement of losses by the calorimetric method

Jarta BBefeHus — 2014—07—01

Paszgen 1. O6ume NoNoOXeHUs

1 Lna knaccuukaummn nosiHbIX NoTepb HEO6XOANMO ONPeae/nTb, UTO Takoe «KOHTPosiMpyemas no-
BEPXHOCTb» /151 MalUVHbl. TO NMOBEPXHOCTb, NMOMHOCTLIO OKPYXatolwas MallvHy, Tak 4To BCe NoTepu, Nony-
YeHHble BHYTPU 3TOI NOBEPXHOCTM PK paccenBaloTCs CKBO3b HEE K BHELLHEN CTOPOHE (CM. PUCYHOK 1).

MosiHble NOTEPU MaLWHbI COCTOST U3:

- NOTepPb BHYTPU KOHTPONIMPYEMO NoBepXHOCTU P\

* MOTEPb BHE KOHTPO/IMPYEMOWi NoBepxHOCTM P,,.

rMoTepn BHYTPW KOHTPONIMPYEMOV MOBEPXHOCTU P, MOryT 6biTb NpeAcTaBfieHbl B BuAe ABYX KaTero-
pwi:

P>= PN +P*,

roe P, - notepu, KOTOpble MOTMYT 6biTb U3MepPEHbI KasIlOpUMETPUUECKUM MeTOAO0M U KOTopble pacce-
MBalOTCA B BUAE TEMIOTbI OX1XAAWNMM KOHTYpaMn. OHU COCTaBSAIOT GOJbLUYIO YacTb NOTepb (BHYTPEH-
HWe NoTepPU, KOTOPble MOTYT 6bITb U3MEPEHDI);

P2- notepu, KoTopble He NepeAarTCa oxNaxaatolleli cpefe U KOTopble paccenBaloTCsl CKBO3b NpPo-
BOAVMYIO KOHTPO/IMPYEMYIO MOBEPXHOCTb MyTeM KOHBEKLMU, U3TyHEHUS, yTeukn 1 T. 4. OHM cocTaB/isloT Ma-
Y10 YacTb NOJIHbIX NOTEPb U MOTYT 6bITb paccunMTaHbl (BHYTPEHHWE NOTepU, KOTopblie He MOryT 6bITb U3Mepe-
Hbl).

MpumMmeyaHue - 3HayeHne P- MOXeT GbiTb OTPULATE/bHBIM U MO3TOMY BbIMMTAETCS, KOTAa TersioBoi
MNOTOK NOCTYNAeT BHYTPb KOHTPO/IMPYEMOii MOBEPXHOCTY.

MoTepu, BHewWwHne K KOHTpOJ‘II/IpyeMOVI NnoBepxHOCTN P,,, MOryT COCTaB/IsATb 4YaCTb YCTaHOB/IEHHbIX MO-
Tepb 1 TOrga A0/MKHbI ObITb U3MEPEHbI OTAENbHO.

MpumeuvaHue - lNoTepy B NOAWMMHAKAX BHYTPY KOHTPO/IMPYEMOIA NMOBEPXHOCTY BK/IOHEHbI B NoTepm P..

2 Onpepgenernne notepb Pl namepeHnem CKOPOCTU U3MEHEHUA MNOToKa U rnpe-
BbILLEHUA TeMMepaTypbl oxfiaxgatoLen cpeabl

B ycTaHOBMBLUMXCSI paGoymx YCMoBUsIX, KOraa AOCTUIHYTO TEnsioBoe paBHOBecue, MoTepu, paccemBae-
Mble oxnaxjatoLleli cpefoii, COCTaBNsAOT:

M3paHue ouymansHoe
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P,=CpP O 4T, kBT.

rae cp- yAesibHasi TeM/I0EMKOCTb OXnaxaatoLeli cpefbl Npu gasneHun p, KO/ (kr-K):

O - nopgaya oxnaxpgatouwen cpeabl. m3c;

p - NJIOTHOCTb OX/aXaatoLeli cpefbl Npy TemnepaType B TOUKe M3MePeHNs NapamMeTpoB MoTokKa, Krim3;
At- npeBbilleHne TemnepaTypbl oxnaxgatollen cpegbl. K.

Ecnn oxnaxgatoleli cpefoii ABsSieTCA BOAA, TO NPUMEHSIIOT METOA, U3MEPEHUS, ONUCAHHbIN B pas-
aene 2. Ecnu oxnaxaarowas cpea - BO3ayX, TO NPUMEHSIIOT METOA U3MEPEHUs, ONcaHHbIl B pasgesne 3.

MpumeuvyaHune - MNoTepn B NOAWMUMHUKAX MOTYT 6bITb N3MepPEHbI NPU NCNob30BaHUK Macsia Kak oxna-
)K,qﬁlOLLIﬁI‘/‘I cpefbl, HO NpeAno4YTUTE/IbHO UCNOMb30BaTb MaCl'IHHO-BO,CI'ﬂHOI‘/‘I oxnaguTesib, NOTOMY YTO TEN/10BblE XapakTe-
PUCTUKM BOAbI Ny4ylle N3BECTHbI.

3 MoTtepun Pi, n3amepeHHbIe C NCMNO/Ib30BAHUEM Ka/IOPUMETPUYECKOTO Kasnb-
poBOYHOro Metoga

3.1 O6uwme NoNoXeHns

B gaHHOM MeTofe KpvBas MNonpaBoOK, CBA3bIBalOLWLAA MNpeBbllleHVe TemMnepaTtypbl oxnaxpatowe
cpegbl C MOTepsMU, paccerMBaeMbIMW B MallMHe, onpejesieHa C MOMOLLbIO UCTMbITaHUA, BbINO/HEHHBIX NpU
Takux yCnoBusx, 4To notepu P, MOTryT 6bITb U3MepeHbl HENOCPeACTBEHHO 3N1EKTPUYECKUMUM MeTogaMn. [aH-
Hbli MeToA, He TpebyeT BblYMC/IEHMA MOTepb H2, ob6ecneynBaeMbiX NPaBUIbHO OTPery/iMpoBaHHbIMU YC/0-
BUSIMW B TeYeHMe UCMbITaHWi, 1 MOXET OblTb MCMO/Ib30BaH, KOrga nNpsiMoe KanopuMeTpuyeckoe nsMepeHune
OX/TaXAatoLLero KOHTypa HeBO3MOXHO W/M BbI3bIBaeT TPYAHOCTU MPU ero NpoBeAeHUN.

3.2 Co3gaHue notepb A1 KaMbpOBKN

MoTepy MawWwuWHbI AOMKHbI ObITb NOJTyYEHbI OT 3/IEKTPUUYECKOTO0 MCTOYHNKA MOLLHOCTU A5 TOro, YTOo-
6bl 6bITb M3MEPEHHbLIMW TOYHO. OHM MOrYT GbITb NPOM3BEAEHbI B MalUMHE: UK a) - B (hopmMe HOPMasIbHbIX
noTepb MallnHbl, TO €CTb MPU MUCMOMb30BAHUN MaLUVHbI MPU HOPMa/lbHbIX YCNOBUSX U NpU ynpas/eHun B
HEHarpy>XeHHOM WM Harpy>XeHHOM COCTOSIHUM B 3aBMCUMOCTU OT 3afaHHbIX NoTepb, nnun b) - B popme Ten-
NOBbIX NOTEPb OT CMeunasibHOro COnpoTUB/IEHNS, BMOHTUPOBAHHOIO B MalnHy A8 UCMbITAHUA Takum me-
TOAOM, YTO MNOTEepU MPOU3BOAAT TEN/I0BOM MOTOK, MNOAOGHbLIV TOMY, KOTOPbIA MOSABNSETCA B MallnHe npu
HOPMaJIbHbIX YC/I0BUSAX.

CyLecTBEHHO, YTO NpU MakCUMasibHOW TOYHOCTM aMnAuTyAa NoTepb MCNONb3YeTCs A/ NONyYeHus
KPUBOW MOMpaBOK, OXBaTbIBaloLel BeNUYUHbI, KOTOPble HEOOXOAMMO U3MEPUTb KaUIOpPUMETPUYECKUM Ka-
NIMGPOBOYHBIM METOAOM. Ae 9TO He MOXeT ObITb AOCTUrHYTO, 3KCTPAnosALMa KPUBOM MOMPaBOK AO/HKHA
O6bITb NPeAMETOM COrnalleHuns.

3.3 IamepeHne pakTnyecknx notepb

Korga kpuBasi nonpaBoK NoslyyeHa, mMallnHa paboTaeT npu Tex Xe camblX YC/10BUsX, HO C NoTepsamu,
KOTOpble NoyyatoTCs Npu 3TOM U KOTOpble HEOBXOAUMO U3MePUTb. I3MepeHne NpeBbILLEHNA TemnepaTypbl
oxnaAnTena n Ha4aslbHOWM TOYKM Ha KPMBOW MONpaBOK NO3BOJISIET 3TO cAenaTb.

3.4 YcnoBusa, KOTOpble A0/KHbl 6bITb BbINO/IHEHbI 8 Npouecce KaIM6POBKN U UCAbITaHUSA

MawunHa fo/mKkHa 6bITb B O4MHAKOBbLIX (DU3NYECKUX YC/IOBUAX BO BPEMS 3TUX MPOLECCOB, TO eCTb C
TEM Xe caMbIM KOXYXOM, OX/IaX[eHWEeM W CXeMOoli pacrnosioxeHus y3nos. Okpyxawuias Temnepartypa u
OKpyXXamlLne ycnoBmusa OO/MKHbI TakKe COXPaHATbCA HACKO/IbKO BO3MOXHO OAWHAKOBbIMU. MOTOK XfiagareH-
Ta [O/HKEH COXPaHATLCA HACKONIbKO BO3MOXHO OfMHaKOBbIM CEro «oxjaxaallWwmnmm» Temneparypamu.

Mi3mepeHne KOHeYHbIX BENUYUH MO JaHHOMY MeToAy AOJ/HKHO MPOBOAUTBLCSA B YCNOBUAX, onpege-
JNleHHbIX B pasgenax 1 -2 nocne AOCTUXEHUS YCTaHOBUBLLErTOCA COCTOSIHUSA, Kak onucaHo B pasgene 4.

4 YcTaHOBUBLLEECS COCTOAHME

Ecnu ycnosus akcnslyatauMy u TemrnepaTtypa oxaaxjalowen cpefbl Ha BXoAe A0CTaTOY4HO YCTOW-
YMBbI. TEMN/IOBOE PaBHOBECUE MOXET 6bITb JOCTUIHYTO, KOrAa 3Ha4eHUs MNpeBbIEHNs TeMnepaTypbl U BeNu-
UYMHBbI MHTEHCMBHOCTM NOTOKa OX/1axalolen cpefbl ykasbiBatoT, YTO NOTEPU MOCTOSIHHbI B npegesnax + 1%
B TeYeHMe 2 Y. UK Korga npesbilleHre TeMnepaTypbl oxnaxjarollei cpefbl He u3meHsieTca 6osee Yem Ha
+ 1% yepes 1 4. a BeNIMUNHA UHTEHCUBHOCTY NOTOKa AABSIETCA MOCTOSHHOW.

Ecnu TemnepaTypa oxnaxpgatolleli cpefibl Ha BXoJe U TemrnepaTtypa 06MOTOK U3MeHsieTcs 6oree
yem Ha * 0,3 °C B 4ac, O4YeHb C/IOKHO AOCTUTHYTb TEM/I0BOro paBHOBECUSA. B TakuMx criyyasix Hy>XHO cTpe-
MUTbCA K 60slee HU3KOW BenuuuHe. [N Ka/lOpMMeTPUYEeCKOro U3MepeHus BO3fyXa 3TO YC/iI0BUE MOXET
6bITb pacLEeHeHo Kak KpUTepuili TepMUYecKoli ycTolumsocTy. [N onpeAesieHns MoMHbIX NOTepb AN Koraa
npy M3mMepeHun He TPebyroTCA XeCcTKue A0oMyCKN, 40NyCTUMbI n3MeHeHus + 0.5 °C B yac.
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Ecnn TemnepaTtypa oxnaxjarowen cpefbl Ha BXOAe He COOTBETCTBYET YC/I0BUAM, YCTaHOB/IEHHbIM
Bbllle, MOXeT OblTb HEOOXOAMMbIM OT/I0XUTb UCMbITaHUS, NMoKa He 6yayT npeobniagaTb COOTBETCTBYHOLWME
ycnosus.

Ana ceefeHnsa: NPoAO/HKUTENBHOCTL UCMNbITAHUA M3MEHSETCH B 3aBUCMMOCTM OT MeToja U3MepeHnus
noTepb 1 MOXeT 6bITb 0T 10 A0 20 4 A4NA onpeAeneHna NOTepb NPU NpeaesibHOM Harpyske u NpueAN3nTeNbLHO
o1 15 go 30 4 Npu onpegeneHnn NoTepb 6e3 HarpysKku.

5 MoTepun P2, He nepefaBaeMble B OXNaxgaloLLyto cpeay

3TV NOTepu COCTOAT U3:

- NoTepb, paccerMBaeMblX B CTaHMHaxX U Ha OCY TOKOMPOBOJA; OHW OObIYHO He3HauYUTe/IbHbI, U UX
OYeHb TPYAHO N3MepUTh;

- NoTepb, BbI3BaHHbIX KOHTAKTOM BHELUHMX MOBEPXHOCTEN MalluMHbl C OKpyXatollei aTtmoctepoi
(KOHBEKLNSA) N C KOXYXOM (MU3/1yHeHue);

* NoTepb B pe3y/ibTaTe U3MEeHEHUs1 KMHETUYECKONM 3Hepruv oxsaxpjarollero Bosgyxa, LUpKyvpyto-
Lero B MallviHe, UMeloLLeli Pa30OMKHYTYHO CUCTEMY OXaXAeHns. OTU NoTepy Masibl, HO MOTYT 6bITb paccuu-
TaHbl no chopmy e

o
p= %%oo' 2 KBT

roe O - nopgaya BOo3gyxa. M7c;

p - NJIOTHOCTb BO3AyXa, Kr/M3;

V - CKOPOCTb BbIXofa BO3gyxa, M/C.

YMeHbliaa notepu P2 (BkNtoyas NosiydeHHble B pe3ysibTare yTeyku) A0 MUHMMYMa, YC/I0BUSA UCHbI-
TaHuii MOryT ObiTb y/yulleHbl, U3MEHAS WX BeSIMYMHY nojadn noToka, Wiv TemnepaTypy oxnaxjatoliein
cpefbl, YTOGbl YMEHbLWNUTb Pa3HOCTb TemnepaTyp MeXAy CUCTEMOW M OKpyXaloWuM BO34yXOM. [O/MKHbI
6bITb MPUHATBLI MePbl NPEAOCTOPOXHOCTU A1 rapaHTUM TOro, YTO Ha TOYHOCTb M3MEPEeHUs TemnepaTypbl He
OKasblBaeT BO3felicTBMe TemnepaTtypa OKpyxawwein cpefbl. 3TN NPefoCTOPOXHOCTU CYLEeCTBEHHbI Npu
M3MepeHnn oTAe bHbIX NoTepb.

MoTepun P2 MOryT 6bITb YMeHbLLEHbI COOTBETCTBYIOLWEN U30AUMNEl U3/TyvaloLWmnX NOBEPXHOCTEN nm
YyacTeil MawwWHbl C WM3BECTHbIMW CBOWCTBaMM Temnjionepefayn martepuana O6WMBKW, NPUHMMaeMbiMU BO
BHUMaHMe Npu BblYUCIEHUAX. DTOT METO[ OCO6eHHO NoaxoAuT ANS MecCT, rae TPpyAHO NoAasBuTb BHELUHWNA
NOTOK BO3/yXa W/ COXPaHUTb OTHOCUTE/IbHO NMOCTOSIHHbIE 3HAYEHWNSI TeMMepaTypbl OKpYXXatoLLein cpefbl.

MpoBoAA nChbITaHMA TakMM Crnocobom, 4To notepu P2 coctaBnsatoT meHblle 2.5 % notepb P,, nsmepen-
HbIX NPV NpefenbHON Harpyske, U MeHblle 5 % notepb PuonpeaeneHHbIX METOA0M OTAe bHbIX U3MepeHuii
notepb, YUYMTbIBAIOT TOJ/ILKO MOTEPU, paccenmBaemMble Ha MOBEPXHOCTU MalUWHbI. DTU MOTEPU MOTYT ObITb
paccuntaHbl no oopmyne

notepu P2=h * nnowagb (M2) * N?(K).

roe A/- pasHOCTb MexAay TemnepaTtypoli KOHTPO/MPYeMOW NMOBEPXHOCTM MallWHbI
1 BHeLIHeli TeMnepaTypoii oKpyxatoLein cpeabl.

OnpegeneHo, 4to h Ana notepb, paccevBaemblX MOBEPXHOCTbIO, Haxogutcst Mexay 10 BT u
20 BT/(M2 K), Hanbosnee nprvemsieMoe umcno coctasnset 15 BT1/(m2+K) B cnyvae, Korga NpuHATLI Mepbl 415
YyCTpaHeHUsi BO3AYLUHbIX MOTOKOB MO MPOBOASALMM MOBEPXHOCTSAM. KO3(hdMLMEHT, KOTOpPbI UCMONb3YIOT,
[OJIKEH GbITb COMNacoBaH MeXAy U3roToBUTENIEM U NMoTpebuTesnem.

Mpumepbl ANs onpegeneHns h ansi notepb, paccenBaemMblX Yepes MOBEPXHOCTU, HaxoAsinecs B
KOHTaKTe C BO3[YyXOM:

- ANSA BHELIHNX NOBEPXHOCTeA

h=11+3 v, BT/(M2 K),

rOe V - CKOPOCTb OKPYXaloLero noToka, mic;
- ANS NOBEPXHOCTEN, NOMIHOCTLIO HAXOAAWNXCSA B NpeAesax BHelWHel NoBepXHOCTM MallnHbI:

N=5+3 vy, BT/(M2uK),

r4e vV - CKOpOCTb OX/1aXAaloLwero Bo3ayxa, M/c (CM. pUCYHOK 1).
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6 BHelLLHVe nNoTepu KOHTPO/IMPYEMOii NOBepXHOCTU Pe

MoTepn POCOCTOAT rnaBHbIM 06pa3oM 13 CrieAyoLWwmxX:

*NoTepu B peocTaTte B [1aBHON Lenu BO3OYXAEHNS, B PErynsaTope HanpsXXeHus, TOKOOTBoJax U ue-
nax BO36Y)XAEeHUSA, HE3aBUCUMbIX OT BO36yauTens:

-noTepu B BO3byAuTEeNnle M KOHTAKTHbIX KOJbLAX, KOrda MX KOHTYPbl OX/1aX[eHUs He3aBUCUMbl OT
rNaBHOW MallUVHbI;

- NOTeEPU Ha TPEHME B MOALWMUNMHUKAX, MOMHOCTBIO UAN YAaCTUYHO 3aBUCUMbIE OT TOrO, MOJIHOCTbLIO NN
OHM WM YACTUYHO HaxoAATCA BHE KOHTPOIMPYEMO NOBEPXHOCTW.

BblweynomMsiHyTble NMOTepW, OLEHEHHble OTAe/IbHO, AO/MKHbI ObITb A06aBfeHbl K BHYTPEHHUM MoTe-
psam P;.

Pasgen 2. Boga B kavecTBe oxsaxgatoleii cpepbl

7 MNpuknagHas 1 OCHOBHasA 3aBUCUMOCTb

JTOT MeToA NPUMEHVM TONbKO K MallMHaM, OCHALLEHHbIM 3aKpbITO NepBUYHON CUCTEMOI oxna-
XAEHUS 1 UCMOMb3YIOLWMM BOAY Kak BTOPUYHbIN X/1afareHT, HO Ha npakTuke 3To TpebyeT TOYHOro MeToaa m3-
MepeHus. TUMWUYHbIE CXeMbl COeAUHeHWl A71a napanfieflbHoro 1 noc/iefoBaTeslbHOr0 MNPUCOeANHEHUS
oxnaguTens npuBefeHbl Ha PUCYHKaX 2 1 3.

MoTepu, paccerBaembie B BOZe, ONPeAENsioTCA Mo criefyoleii oopmyne:

P,=cppg O st, kBT.

rae cp ygenbHas TensoeMKOCTb BOAbl (MpM MOCTOSHHOM AasneHun p = 0,1 MH/M2), kx/(kr-K),
onpefesieHHas U3 PUCYHKa 4 Kak KOMM/IeKCHas cpefHaa BennunHa cOmexay TemnepaTypoli Bodbl Ha BXofe
1 Temnepatypoli BoAbl Ha Bbixoge t2\
p - MIOTHOCTb BOAbI, KI/M3, MoKa3aHHas Ha Kp1BOW Ha pycyHKe 4 B Touke, rae namepeHa nogaya O. m3c;
[(- npeBbiweHve TemnepaTypbl Bogbl. K.

Korga ectb Kakasi-nn6éo HeonpeaenieHHOCTb OTHOCUTE/IbHO TOUHOCTU KO3((ULMEHTOB, UCMOMb3YeMbIX
Ansa cOm p, 0COBEHHO EC/IN OX/IAXAAIOLWAs BOAA COAEPXKMUT COMN, TO BO3HMKAET HEOGXOAMMOCTL U3MEPEHUs Cp U
P-

TO4YHOCTb, C KOTOpOIi U3MepeHus 6yayT caenaHbl, BMecTe C KaM6POBKO M3MepUTEsIbHbIX NpU6o-
pOB SIBASIETCA pellaroluM hakTOPOM B NOJSTYHEHUN TOUHbIX Pe3y/IbTaToB.

8 W3mepeHme nogaun Boapbl

YT0o6bI noslyynTb NEerko nsmepsaemoe rnpesblilleHne TeMmnepatypbl, NOTOK BOAbI A0/TXEH ynpaBnAaATbCA
KfanaHoM, NOMeLLEHHbIM 3a Pacxol0MepOoM.

Mogaya BoAbl MOXET ObITb M3MepeHa MocpefCTBOM:

- KaNIMbpoBaHHbIX pe3epByapoB;

* BOJOC/IMBOB 1 BOAOC/IMBOB CO CTaHAapPTM3MPOBaHHbIMUK 3aTBOpaMu:

- Ka}'IVI6pOBaHHbIX CYETUMKOB OObema:

* 3/1eKTPOMArHUTHbIX WX NIONACTHbIX PACX0L40MEPOB;

- N3MepuTeNbHON Auadparmbl, TPyokM BeHTypu wnv comsa B COOTBETCTBUM C peKkoMeHAauuer
ISO Recommendation R541.

8.1 PekoMmeHpaunn aonsa namepeHmns KonmyecTsa BoAbl

8.1.1 IamepeHue KannbpoBaHHbIMU pe3epByapamu

O61bem pesepByapa fl0/IXeH ObITb TaKUM, YTOObI BPEMS 3amnos/IHEHUSA 6bII0 HE MeHee 1 MUH.

Pasmepbl pesepByapa, koraa ero o6bemM onpeaenaeTcs TO/IbKO BblUNC/IEHNEM, AO/MKHbI ObITb Taku-
MU, UTOObI N3MEHEHWNS 3HaYeHWI B pe3ynbTate AaBneHuns BoAbl 66111 meHee 0.02 %.

3HayeHve nogavn BOAbl B CUCTEMY OXNaXAEHUS Heb3s U3MEHATb BO BpeMs M3MepeHus. Bpewms
Heo6X0AMMO M3MepATb, NUCNOMb3YS UAWN ABa XPOHOMETpa O4HOBPEMEHHO, UM 3IEKTPUYECKOe pefie BpeMme-
HW.

8.1.2 amepeHns ¢ NCNO/b30BaHMEM pPacxonoMepoB 06bEMHOrO UM CKOPOCTHOTO Tuna

YcTaHOBKa pacxofioMepoB 06beMHOro WM CKOPOCTHOrO Tuna B Tpyb6ax AoJ/hkHa ObiTb B COOTBET-
CTBUM C UHCTPYKUMSAMWU N3rOTOBUTENS (HAa MPSIMOM y4dacTke TpyObl BBEPX WAN BHU3 MO TEUYEHUIO, NOSIOXEHNE
N T. A4.) N AO/DKHBI ObITb NPUHATBLI Mepbl NPeA0CTOPOXHOCTH, YTOObLI NPeAoTBpaTUTbL 06pa3oBaHne B BOAe BO3-
OYWHbIX Ny3bIpeil.

4
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PekoMeHAyeTCs MCMo/b30BaTh Ka/IMGPOBaHHbIE A0 U NOC/e U3MEPEHUn n3MepuTesibHble Npuéopbl
B YC/IOBUSIX, NOAOGHbLIX TeM. KOTOpble NPeo6aafalnT B TeyeHne namepeHuii, 0CO6EHHO eCIM HEBO3MOXHO
BbINO/IHUTL METO/, YCTAHOBKM, PEKOMEHA0BaHHbIV N3roToBUTEleM nNpueopa.

B cnlyyae 06beMHbIX U3MepPeHuii Bpems fLO/HKHO GbITb N3MEPEHO ABYMSI XPOHOMETPaMy 0AHOBPEMEHHO
WM NoCcpeacTBOM 3M1EKTPUUECKOTO pesie BPEMEHWU. Bpemsi M3MepeHusi AO/MKHO 6biTb AOCTATOYHO NPOAOS-
XUTE/IbHBIM. YTO6bI raPaHTMPOBATb AOCTATOUHYIO TOUHOCTb, U AO/HKHO 6bITb HE MeHee 5 MUH.

ECnu n3mepeHve BbINOJIHEHO PacXOAOMepoM MPSIMOro OTcuyeTa, AO/HKHO 6biTb cAenaHo npuénsu-
TeNbHO 20 3aMepoB U NPUHATO CpedHee 3HaueHue.

MpumeuvaHune - XenaTefbHo onpefeiMTb B COOTBETCTBUN C COrNALLEHNEM MEX/Y N3roToBUTeNIeM 1 no-
Kynatenem pasninyHble TOUYKN U3MEPEHUs, KOr4a onpejesieHa Cxema aHepreTnieckoii yCTaHoBKY.

Mpun HEKOTOPLIX YC/IOBUSAX MOXHO BK/IIOUUTL METO/, N1 YCTaHOBKW U NepeMeLLeHNst N3MepUTesIbHOro npuéopa,
He npepbiBas paboTbl MaLLKHbI (CM. PUCYHOK 9).

9 VI3mepeHue npeBbIWeHNA TeMnepaTypbl BOAbI

MN3mepeHne MoXeT ObITb CAe/1aHO OAHMM U3 CReAyoWnX MeToA0B:

* TepmMonapbl AN Pe3UCTMBHbIE JAaTYMKN TeMnepaTypbl, NpeAnoyYTUTeNbHO NNaTMHOBbIE, MOMeLLatoT
npsAMoO B BOAY WX B Mac/IOHanos/IHEHHbIE W/b3bl TEPMOMETPOB W MPOTMBOMOJIOXKHO OTHOCUTE/IbHO ApYr
apyra, 4Tob6bl NONY4YUTb HEMNOCPeACTBEHHO AaHHble MpeBbileHna Temnepatypbl BoAbl. Bonbliasa To4YHOCTb
noslyyaeTcs Npu NCNOMb30BaHUN MIAaTUHOBLIX PE3UCTUBHBLIX A4aTYMKOB TemnepaTtypbl:

- MpeuM3noHHble TEPMOMETPbI MOMELAT B MacC/IOHANOJ/IHEHHbIE TU/Ib3bl TEPMOMETPOB. YTOGbI
YMeHbLWNTb MNOrPeLHOCTb, TEPMOMETPbI A0/MKHbI 3aMEHATBCA MOC/e KaxAoro U3MepeHns 1 Macso O/HKHO
noAJepXxmBaTbCs Ha 3aflaHHOM YPOBHe.

M3mepuTenbHble NPUG0OPbI [OMKHBI BbITb KAMGPOBaHbI A0 U NOC/e UCMNbITaHUA.

M3mepeHne TemnepaTypbl BKOYAET pa3HOCTb TeMnepaTtyp B pe3yfibTaTe NoTepb B OX1aauTensax u
CBSA3aHHOW cucTemMe Tpy6onpoBOAOB MexXAy TOYKaMu 3amMepa U AO/DKHO ObiTb 1 °C AN nageHus nasneHus
4.2 MH/m\ MNoTepun, COOTBETCTBYIOLLNE NAfEHUIO AaBNeHus, cnefyeTt BblUMTaTb M3 NOJIHbIX NOTEPb, U3Me-
PEHHbIX C UCMO/Ib30BaHNEM JAHHOI0 MeToaa.

PekomeHpgyeTCs MCMOMb30BaHe caMmonuilyLero npuéopa, ecnm No3BoasieT MeTos N3MepPeHus.

9.1 PacnonoxeHue rnsib3 TepMomMeTpoB (CM. PUCYHOK 5)

MMNb3bl TEPMOMETPOB A0/DKHbI GbITb PACNOIOXKEHbI HACKO/ILKO BO3MOXHO 6/IM3K0 K LWaxTe ruapore-
HepaTopa. HO Ha TakOM PacCTOSAHUW OT LWaxTbl, YTOObl MOXHO Obl/1I0 YCTAHOBUTbL CTABUNN3NPYIOLWNIA 3KpaH,
YNOMSIHYThI HUXe.

Fne Heo6x0ANMO, AO/MKHBbI HaxoAUTbCA TPYObl ¢ BOAOM, UTOOLI M3bexaTb Tensonepegadm K BHeLl-
HeW CTOpOoHe.

TemnepaTtypa Bogbl B MeCTe PacnosioXeHUs b3 TEPMOMETPOB A0/KHA ObITb NMOCTOSIHHOM. CTa-
BUNN3NPYIOLWLNIA 3KPaH AO0/IKEH ObITb YCTAaHOBMAEH ANA NOMYyYEeHUS O4HOPOAHOro notoka. OH AO/IXKEH UMeTb
OAMH NNW ABa KOJMeHYaTbIX NaTtpy6ka, COrHyTbIX nog yriaom 90'- BMecTe ¢ Tpy6Ol A/IMHOW NPUGIN3NTESNIBHO B
20 pas 60nblueli, Yem ee anameTp. Korga nveercsa 60/blle OAHOIO OXN1aAMTesNs, BOAHbLIN MNOTOK OT KaXA0ro
oxnagnTensa AOJ/IXKEH perynmpoBaTbCs, 4YTOObl 06ecneynTb OAMHAKOBYIO TeMnepaTypy Ha BbiXoAe; Kpome
TOro, NapameTpbl oxnaauTesnei MOryT 6bITb M3MepPeHbl OTAE/bHO.

BbicoTa runb3bl TepMoMeTpa A0/HkHa 6biTb 0T 0.6 A0 0.8 anameTpa Tpy6bl. CTEHKN MM/b3bl AO/DKHbI
ObITb HACKO/IbKO BO3MOXHO TOHKME U U3 MaTepuana, UMerLero BbICOKOYAe/IbHYIO TeN0NPOBOAHOCTb.

9.2 YcTaHOBKA U3MEPUTENbHOIO YCTPOWCTBA B TM/1b3e TepMomMeTpa

M3mepuTenbHoOe YyCTPOMCTBO A0/IKHO OblTb NOMELLEHO HACKONbKO BO3MOXHO O/IM3KO K CTEHKE MU/lb-
3bl. KOTOpPas A0/MKHA ObITb YHACTUYHO 3arosIHEHA MAc/IOM /151 YyULIEeHUA TePMOKOHTaKTa. 1 n3bexaHusa Ten-
noo6mMeHa ¢ BO34yXOM rmnb3a A0/1XHa ObITb CHabXeHa LwTencenem.

Korpa Temnepatypa namepsieTcs nocpefCcTBOM Tepmonap Wan pe3ncTUBHBIX faTYMKOB Temrnepary-
pbl. NPOBOAHUKNA A0/MKHbI ObITb NMOMELLEHbl B KOHTaKTe C BHeELIHeli NOBEPXHOCTbI TPyObl HA PacCTOSHUU
25 cM 1 TensoM3onnpoBaHbl (CM. PUCYHOK 5).

10 TOYHOCTb U3MepeHUs

TOYHOCTb NpV onNpefesieHMn NoTepb KalopuMeTpUYeCcKUM MeTOAOM 3aBUCWUT OT MOrpeLiHoOCTU uc-
nonb3yeMoro mMetoja M3MepeHusi, TUna MUCMosib30BaHHbIX NPUOGOPOB M APYrMX MOFPeLHOCTen Npu OLeHke
notepb P2. [1Be kaTeropun norpeLuHocTel nsmepeHns npueegeHbl B Tabnuue 1:

* KaTeropusa A siBnsieTcs LenecoobpasHoii N8 caMoli BbICOKOM AOCTUXKMMOWM TOYHOCTU;

- Kateropus B siBnsieTca uenecoobpasHoi A8 NpUeMsIEMON CTeMeHN TOYHOCTM, COOTBETCTBYHOLLEN
60MbLUNHCTBY CNy4aeB.
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Ecnun ecTb BepoOAATHOCTb, YTO OTHOCUTEsIbHAsA MOrPeLHOCTb P,, BbI3BaHHas MOrpewHocTbo B Pr. 6y-
net 6osiee yem 1,5 % B cnyyae ana kareropum A nnm 6onee yem 3 % gnsa kateropuun B, ucnonbsosBarb Ka-
NopuMeTpuYecKnii MeTo[, He peKoMeHayeTCs.

HekoTopble NOrpeLHocTn ABASAITCA 06WMMN /19 BCEX METOL0B M3MePEeHUs, HarnpruMep OTHOCUTESb-
Hble pasMepHOCTU NPN N3MEPEHNN CKOPOCTU, HaMNpPsXKeHNA, NHTEHCUBHOCTU U T. 4.

NMpumeyaHune - Vi3vepeHus, BbINOMHEHHbIE NPV Ka/IOPUMETPUPOBAHUM BOZOW, AAIOT GOMEB TOUHbIE pe-
3y/bTarbl. YeM CAeaHHble C KCMosb30BaHMeM Bo3gyxa. ECnv B BoAe NpYCYTCTBYIOT My3bIpu rasa (OHW MoryT GbiTb 06-
HapyXeHbl Yepe3 OKHO HabMAEHWS), NPEANOYTUTENBHO YCTPaHUTL WX, C TeM YTOGbI MUCMO/ML30BaTb Ka/lopuMeTpude-
CKVIA MeTOZ, C BOAOW, @ He C BO3yXOM.

Ta6nuuya 1- MNorpewHoOCTb N3MEPEHMS NPU KaJIOPMMETPUPOBaHNN BOAON
3HaYeHVE MOrPELLHOCTY €. BbIPaKEHHO

TYHKT HanmeHoBaHVe napamMeTpa B%OT P.
Kareropusa A Kareropusa B
4 TennoBoe paBHOBecKe £1
7 YpenbHasa Ten/10eMKOCTb * MAOTHOCTb BOAb! £1
8 3HayeHue nogayn £1
9 MpeBblweHne TemnepaTypbl £1
5 OueHka notepb P22 Meos £3
vV 15
MoTtepu P, c noBepuTenibHOM BEPOATHOCTLIO 95 %
£2.5 £5

Mpegesnbl NOrpeLwHocT =

Ecnm Tennosoe paBHoBecKe He 6bU10 JOCTUMHYTO, MOrPELLUHOCTL MOXET ObITb CYLLECTBEHHON.
*' MeHblLLIee YnC/I0 AeliCTBUTE/IBbHO, €C/IN MPUHATBI BCE MEPbI, OMNMCaHHble B MyHKTe 5. Boribluee 4ncio 415 Karero-
puii eicTBUTENBHO NPY YCNOBUK, YTO PX MeHbLLE YeM 5 % oT P,

Paznen 3. Bo3ayx B KauecTBe oxnaxaatollein cpedbl. IsmMepeHunst, caenaHHble
B MEPBUYHOM KOHTYpe

11 MNpwuknagHasa n OCHOBHasA 3aBUCUMOCTb

M3MepeHne B NepBUYHOM KOHType TpebyeT omnbiTa B NPUKNaAHOM aspoavHamuke. MeTon usmepe-
HUS, KOTOPbIA NCNONb3YeTCA, U3MEHAETCH COr/1acHO pasmMepy YCTaHOBKU U TUMY NPUMEHSAEMON BEHTUNALMN.

KanopumeTpupoBaHue BO34yXOM MMeeT MPevMMyLLecTBO B TOM. YTO MOXET 6biTb MPMMEHUMO KO
BCEM CUCTEMaM BEHTW/SLMU B OTKPbITOM WM 3aMKHYTOM KOHType. HeT Heo6xoAuMOCTU BCTpauBaTb Crneuu-
aNbHbIi N3MepUTENbHbI NPMGOP B MallMHYy B npouecce MOHTaxa. 1o 3TOW nNpuuvHe U3MepeHusl, caenaH-
Hble C MOMOLLbIO Ka/IopMMeTPUPOBaHNS BO34YXOM, MOTYT Takke ObITb MPUHATbI Ha MallMHaXx, YXXe YCTaHOB-
NEeHHbIX Ha MecTe 3Kcnyartauum 1 KoTopble He 6blnn cneunanbHO paspaboTaHbl ANA 3TOro Tuna uamMepe-
Hus. CneayeT NogvepkHyTb, YTO HEKOTOpPble TPYAHOCTU NPY U3MEPEHUN MOTYT BO3HUKHYTb M3-3a HEPaBHbIX
CKOpOCTeli BO3A4YyLUHbIX MOTOKOB CKBO3b U3MeEpPSIEMOe CeYeHne WM N3-3a HepaBHbIX TeMnepaTyp.

KanopumeTtpuueckuii MeTos ¢ NCNosb30BaHeM BO3yXa PEKOMeHAyeTCs UCMO/b30BaTh:

- ec/i MalnHa MOJIHOCTbIO OTKPbITA, KOHTYP OXMaXAEH W Kak crefcTBMe BTOPUYHbBIA BOASHOW KOH-
Typ He aKkTUBUPOBaH;

- eCNN BTOPUYHbI/ BOAAHOW KOHTYP COAEPXWUT My3bIpU WAK rasbl, HEBO3MOXHO MPOM3BECTU TOUYHOE
M3MepPEHNE BOAHONO NOTOKA U HE MPUMEHUM HUKAKO METO/ M3MEPEHUS BOAHOMO MOTOKA;

* @C/IN HMKAKOe YCTPOICTBO He NOAXOAMUT ANsi BTOPMYHOIrO BOASIHOTO KOHTYpa, YTo6bl N3MEPUTbL KO-
NN4YecTBO BOAbI 1 TeMNepaTypy, U ecv nocnegoBaTesibHas yCTaHOBKa Takoro npuéopa 6yaeT HEBO3MOXHA.

Kak ¢ kanopumeTpupoBaHMeM BOAOM, 3TO HEOB6XOANMO AN [OCTMXKEHUSA TENNOBOrO paBHOBECUS.

Bo3ayliHble NOTOKM B MEPBUYHOM KOHTYpE MeXAy ropsuMM M XOSI04HbIM BO3A4YXOM He BO34elicTBY-
10T Ha Kas/lopuMeTpuyeckoe n3MepeHne npu ycnoBun, YTo NPOUCXOAUT MOJHbIA BO34YyXO0OMEH BHYTPU KOH-
TponMpyemoii NoOBEPXHOCTHU.

Llenblo KaniopuMeTpupoBaHus BO3AYXOM SIBAsSieTCS M3MepeHue notepb P, (pasgen 1). Ytobbl go-
CTU4Yb 3TOrO, HE0BX0AMMO ONpeaennTb:

- MaccoBblli pacxog Bo3ayxa (p O);

* MpeBbIWEHNE TemMNepaTypbl Bo3ayxa At.
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- yAeNbHYI0 Tens0eMKoCTb CPBO3ayxa nNpyu NoCTOAHHOM AaBflIeHUN.

12 OnpepeneHve MaccoBOli Mogaun Bo3ayxa

UTo6bI OnpefensaTb MaccoBbI pacxof Bo3ayxa, cnegyet nsmepuTb 06beMHY0 nogadvy Bosgyxa O,
a NMOTHOCTb BO3AyXa BblbpaTb U3 gnarpamMbl Ha PUCYHKe 7 B TOYKe, rge npov3BoanTCsa U3MepeHue.

12.1 N3mepeHne nogayum Bo3gyxa

Mogava Bo3gyxa O MOXeT ObITb onpegenieHa NyTeM BBOAA B BO3AYLWHbIA KOHTYP KasiMbpoBaHHOro
aspoMHaAMNYECKOro COMPOTUB/IEHUS, HanpuMep, KaJimbpoBaHHOIo ApPOCCenbHOro akpaHa (12.1.1) nyTtem
M3MepeHNs CKOPOCTM BO3AyXa Ha y4yacTke, CKBO3b KOTOPbIA NPOXOAMWT MOMHbLIA BO34YLUHbIV NOTOK, NN Me-
TOAOM CpPpaBHEHUS.

12.1.1 MpaBUIO U3MepeHUs KaimbpoBaHHbIM a3pPoANHAMUYECKUM CONPOTUBIEHNEM

[Ona npuMeHeHWsa 3TOro npasuna ApOCCebHbIA 3KpaH NOMeLaoT B NepBUYHOM KOHTYpe U onpege-
NAT Nepenag AasneHus. ocpefcTBOM KaIMOpPOBKM, COOTHOCA 06 beMHbI BO3AYLUHbIV MOTOK C Nepenagom
[aBrieHns, 3amMepAatoT nafeHus AasrieHus, No3BO/SAOLWMe onpesenMTb MaccoByko nogady sosgyxa. Kanué-
poBKa AelicTBUTEeNIbHA TO/IbKO A5 AaHHOM MAI0THOCTU BO3AyXxa. 3TO HE06X04MMO ANA nodayun, NoslyyYeHHoN’
3KCTpanoniaumeli OT UCNpaBfIeHHOW KPUBOMW, pacyeT KOTOPOW CKOPPEKTMPOBaH /19 MMOTHOCTU BO34yXa,
npeo6nagatoLien Ha MOMEHT U3MepPEHUS.

3KpaH, cocToAWMi M3 NepopMpoOBaHHOIO NINCTa, WCMO/Ib3YeTCA Kak M3MepuTeNbHbI Apoccesib
(CM. p1CyHOK 6). JIUCTbI, KOTOpPble AO/MKHbI MMETb paBHble pasMepbl U ObiTb KanMbpoBaHbl, AO/MKHbI ObITh
pacnosioxeHbl NeprneHAnKYNAPHO K BO3AYLWHOMY MOTOKY M WCMO/b30BaTbCA B [OCTATOYHbIX KOSIMYecTBax
Tak. 4TOoGbI nepenag™ gaBfieHUS NPU HOMWHa/ILHOM BO34YyLWHOM MOTOKe Obl1 U3MepsieMOi BesIMYNHON
(100 H/m2 = 10,2 kr/mM5= 10.2 MM BOA.CT.).

UT06bI M36eXaTb YPe3MepHOro YMeHbLUEeHUs BEeHTUIALMU MallviHbl, fepenaj AaBfieHUs [OJIKeH
6bITb He 60/blle Be/IMUYMHbI, NPUBELEHHO BbILLE.

OTOT MeTof ABNSAETCA OCOO6EHHO NOAXOAAWMM A1 MaWWH C OTKPbITbIM BEHTUNALNOHHBLIM KOHTY-
pom. 115 TOro 4tob6bl paccunTarb nogadvy sosgyxa O npu Apyrvmx 3HavyeHusIX MI0OTHOCTU BO3gyxa, cnegyet
ncnonb3oBaTb hopmyny

Q = Qi'\]i>Jp r-

MpaBuno BKIOYEHUS a3pOANHAMUYECKOTO COMPOTUB/EHUS B BO3AYLUHbIA KOHTYp TpebyeT usmepe-
HUSA nepenaga gasneHuns. 1 aTol uenun cnegyeTt UCMNOMb30BaTb MaHOMETP CO BCTPOEHHOW TPyOKOW wuin
MaHOMEeTp, OTrpaZynpoBaHHbIi Ha H/M2 c AOCTaTOYHO pacTsiHyTo wkanol (x 1 H/m2).

B 3aMKHYTOl Lenu oxnagutenn NoAxXoAAT ANSA 3TOW Lenn, HO UX TPyAHO OTKanimbpoBaTthb.

12.1.2 WN3mepeHUA c NOMOLWbIO BMYCKHOrO conJsa

[ONs MawmnH ¢ BO3AYLWHbIM OXNaXAeHWEM nojada Bo3gyxa MOXeT ObiTb Takke M3MepeHa B OTBep-
CTUKN ANA Brycka BO3AyxXa C MOMOLLbIO BMYCKHOMO conna.

B aTOM criyyae Ansa pacyeTtoB NMPUMEHSIOT CeAyoLLLYy0 hoOpMyy:

Q=a2/ly ™ Ap A, M3c,

rae A - nonepeyHoe ceveHue BYCKHOro conna, M2;

p - NokanbHasa MJI0THOCTb BO3AyXa, Kr/m3;

Ap - pa3HOCTb MexAy CTaTU4yeCcKnM faB/ieHneM BO BIYCKHOM COrJIe U OKpYXatoLwmm gasneHnem. H/m2.
KoathdmumeHT a = 0.98 gna cTaHOapTHOrO BYCKHOTO COMia U He 3aBUCUT OT BO3AYLUHOrO MOTOKA.
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Mnowanb NonepeyHoOro ceyeHWst conna n 3afaHHOe YUC/O CTaHAAPTHbIX comnes 3aBUCAT OT nepe-
naga pgaBieHUdA, KOTOpoe 6y,qu N3MepeHo, onTnMasibHasa BeJ/IMd4MHa KOTOPOro HaxogutcAa B npegenax
100 H/m2.

12.1.3 MeTopn cpaBHeEHUA

B 3TOM MeToAe YCTPOMCTBO MOMELLEHO B OX/1aXAaltoLeM KOHType MalUuuHbl, YTOObl AaTb BO3MOX-
HOCTb BBECTU M3BECTHble NoTepu P. KBT. KOTOpble COOTBETCTBYIOT M3MeEPSEMOMY MpPEBbILEHNIO TemnepaTy-
pbl At. K. oxnaxgatoLeii cpefbl. Korga yaenbHas Ten/i0eMKOCTb Cp. KK/Kr-K, B mpoLiecce n3mMepeHnst N3BecTHa,
nojava Bosfyxa MOXeT ObITb paccunTaHa no dopmyne

pE?= ~1 eKrlc.
c Ar

12.2 "'3mepeHMe NJOTHOCTU BO3ayXa

MnoTHocTb BO3gyxa p - (PyHKUMA dhakTieckoro atmoctepHoro gaBneHus b. Temnepatypbl t 1 OT-
HOCUTE/IbHOWM BNaXHOCTU BO3AyXa B MecTe, [i/11 KOTOPOro cAeflaHoO n3MepeHne MacCoBOro pacxoja.

ATmocdhepHoe faBsieHne B MeCTe U3MEPEeHUss MacCoBOro pacxofa 3HauyuTesIbHO He OT/invyaeTcs oT
aTtmocdepHoro gaBsieHnUs B6M3M yCTaHOBKW, KOTOPOe MOXeT 6biTb M3MepeHO 6apoMeTpoOM WIn NoyyYeHo
OT JIOK&/IbHOM METeopOosIorMyecKkoin craHumn. ATMOCepHoe JaB/ieHne [0/DKHO ObiTb [eACTBUTESIbHbIM
3HayYeHVeM, a He BEe/IMYUHOW, NpBeAEHHON K YPOBHIO MOpsl. TeMnepaTypa B MecTe M3MepeHnss MacCoBOro
pacxoga MoxeT 6bITb onpejesieHa A0CTaTO4HO TOYHO NOCPeCTBOM KONGOBOro TepMomeTpa.

[Ona onpepeneHns MAOTHOCTM BO3AyXa, KOrga ox/afuUTesin UCMONb3YHT A1 U3MEpPeHUs MoTokKa,
Heob6xoAMMO B35iTb BeNUYMHY CpefHero apuMeTUYEeCKOro MeXay BXOAHOM W BbIXOAHOW TemnepaTypori
oxnaguTens.

CnepyeT ncnonb3oBaTh CleunasibHbIl TMTPOMETP A1 N3MEPEHUS B/IXKHOCTU.

Ha pucyHke 7 nokasaHa Nj0THOCTb CYXOro BO3fyXa W B/1&XHOro BO3yxa B 3aBMCMMOCTW OT Temnepary-
pbl.

BnvsHue atMocdepHOro gaBneHns MoXeT ObITb paccuMTaHo Mo cregytouleli popmyne:

rae bo= 1,013 k 105 HYm2
13 VamepeHue npeBbIWeHnd TeMnepaTypbl BO3a4yxa

M3mepeHne TemnepaTypbl MOXeT ObITb CAeNaHO NOCPeACTBOM 3/IEKTPUYECKUX U3MEPUTE/IbHbIX Ae-
TEKTOPOB (TepMOMETpPbl CONPOTUBMEHNS, TepMonapbl WM TepMUCTOPbI). ECnnM pasHoOCTb TemnepaTtyp Haxo-
aonTea B npefenax 10 OC, goctatoyHass TOYHOCTb MOXeT ObITb MOJslyYeHa C PTYTHbIMW TEpMOMETpamMu C Le-
HOW neneHns B AeCATbIX AONAX rpagyca.

13.1 "'3mepeHMe C OTKPbITbIM BEHTUMALVOHHbBIM KOHTYPOM

Ana mawunH, oxnaxgaembiX OKpYXalowuMm BO34yXOM, TemrepaTypa BO3fdyxa Ha BXofe W Bbixofe
[O0/MKHA 6bITb M3MepeHa. PacnpegeneHue Temnepatypbl MOXET 3Ha4YUTEe/IbHO U3MeHATbCA. AN 6onbluei
TOYHOCTU BbIXOAHOE OTBEPCTME AO/MKHO pPa3fenAaTbCs, HanpumMep, MPOBOJIOYHOM CETKOW € sAvelikamMn pasme-
pom npu6nmn3suntensHo 0.1 x 0.1 M. TemnepaTypa BO3gyxa A0/DKHA ObITb M3MEpeHa B Kaxaol siuelike meTo-
[OM. ONUCaHHbIM B 13.

[lo/mkHbI 6bITb NPeANPUHATBLI Mepbl MPeAOCTOPOXHOCTU AN o6GecrneyeHns rapaHTUii TOro, YTO CKO-
pOCTb BO3yXa Ha n3MepsieMOM yyacTke NocTtosiHHa. Korga cKopocTb BO34yXa He NMOCTOSAHHA, 9KpaH [0J/hKeH
6bITb NPUCNOCO6/EH, YTOObI YypaBHMBATbL CKOPOCTU BO3A4yXa; TO/IbKO TorAa A0/MKHbI ObITb CAenaHbl usamepe-
HUA 1 onpefeneHa CpefHsAsa BenmumHa. IKpaH MOXHO paccMaTpvBaTb Kak yCpeaHsowmii TensioBoOM 3KpaH,
1 3TO AO/HKHO BbITb 06ecneyeHoO NOCPeACTBOM TEMN/I0M30/IMPOBaHHbIX OMop.

13.2 I3mepeHune C 3aMKHYTbIM BEHTUTALNOHHBLIM KOHTYPOM

ANA MaWwmnH € 3aMKHYTbIM BEHTU/IALLMOHHBIM KOHTYPOM MOTEPW, MOI/IOWEHHbIE OX/1aguTenem, onpe-
[eneHbl Kak pa3HOCTb Mexay TeMnepaTypoli Tensioro Bo3gyxa u Temnepartypoli XoNo4HOro Bo3gyxa Ha BbIXO-
ne oxnagurens.

Korga cTtopoHa Tensioro BO3gyxa OxnaguTens AOCTyrnHa, Temnepatypa MOXeT 6biTb M3MepeHa
PTYTHbIMW TepMOMeTpamMu. Temrnepatypa Ha BbIXOAe AO0/DKHA ObiTb M3MepeHa B HECKOSIbKUX TO4kax, Mo-
CKOJIbKY TeMrepaTypa BO3yXa MOXeT U3MEHATLCA Ha pas/iMyHbIX ydacTKax MU3-3a NpeBbllUeHns Temnepary-
pbl BOAbI.
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Korga cTopoHa Tensoro Bo3ayxa Ox/agutens HefoCTyrnHa, TeMneparypa Tensjaoro Bo3gyxa Ao/hkHa
6bITb M3MepeHa MOCPEACTBOM 3/IEKTPUYECKMX OATUMKOB TemrepaTtypbl, MOMELLEHHbIX MeXAy OX/axAar-
WUMK pebpamyi OXNaauTensi, HO He B KOHTaKTe C HUMU.

14 OnpegeneHve yaenbHOM TEN/I0EMKOCTU BO3ayxa

YpenbHasi Ten/10eMKOCTb BO3AyXa Cp Npuv MOCTOSAHHOM AiaB/fIeHUN NPaKTUYeCKn NOCTOSAHHA A/19 TeM-
nepatyp ot 7 °C go 70 °C n gnsa cyxoro Bo3fyxa UMeeT criefyroliee 3HadyeHve:

cp= 1.01 k[x/(kr-K).
[ns BNnaxHOro Bosfgyxa 3HauyeHus1 6011ee BbICOKME (CM. PUCYHOK 8).

15 TOYHOCTb N3MEPEHW

TOYHOCTb NpW onpefeneHn NoTepb KaIOPUMETPUYECKUM METOL0M 3aBUCUT OT UCMOJSIb3YEMOro Me-
TO4a N3MEepeHUA.

MorpewHoCcTb U3MEPEHNA A1 K&KAO0W KaTeropMm Metoga U3MepeHUs B 3aBMCMMOCTU OT UCMOJ/b30-
BaHHOIO MeTofa W BE/IMUMHbI Pa3HOCTW Temnepartyp gaHa B Tabnuue 2.

Ta6nuuya 2 - MNorpewHocTb N3MEPEHUS NPU Ka/TOPUMETPUPOBAHMN BO3LYXOM

HavmeHoBaHWe napameTpa MorpelwHocTb. %

YpenbHasa TensioeMkocTb c0 +0.5
MnoTHOCTL BO3ayxa p +0.5
MoTok BO3Ayxa, N3MepsieMblii:
* ipOCCEe/IbHbIM 3KpaHOM +2.5
- aHEMOMETPOM WM 3N1EKTPUYECKUM NPUGopOM +3.0
- Tpy6koli Muto +3.0
- BMYCKHbIM COMIOM +15
MpeBbiWweHre TemnepaTypbl 4(A4108 PTYTHbIX UKW 3/1IEKTPUYECKMX TEPMOMETPOB B
MHTepBase TemnepaTyp:

5°C<At< 10°C +2.0

10°C< Ar<20 C +1.0

20 C< At +0,8

MeTopa, KoTopblli 6yaeT oTo6paH A1 ueneli UcnbITaHnsA, AO/DKEH MO3BOJSATb AOCTUraTb TOYHOCTMU
n3mepeHusa B npegenax 2.5 % ans kateropum A B npegenax 5 % gnsa kateropun B (cm. 10), ecnn He co-
rnacoBaHo MHOe.

Pa3gen 4. MNMpakTnyeckne acnekrbl

16 MogrotoBka K Ka/IOPUMETPUYECKUM U3MEPEHUAM C XUOKUMU XnajareHTta-
MU

KanopumeTpuyeckne nsmepeHus JO/DKHbI ObiTb BbINO/IHEHbI OTAENBLHO A1 KaXA0ro KOHTypa oxna-
xaeHusi. C x/1afgareHToM O4HOPOAHONM cpefbl HEO6XOAVMbI OAVH WN 60siee KasTopMMETPOB A1 Mac/ISHbIX
NoAWNMHNKOB, OAHOrO KaslopymeTpa AOCTaTOYHO A/19 OXJaxAalowen BoAbl 415 BO3AYLIHbIX WM rasoBbIX
oxnaguteneli (CM. pUCYHOK 2). Micnonb3oBaHvie ABYX NMepBUYHBLIX X/N1afareHToB, Harnpumep BOAopoAa W YMCcTol
BOAbl, TPebyeT OJHOIO NN HECKOJIbKMX KaSIOpMMETPOB B 3aBUCMMOCTM OT COefMHEHVS oxaguTenein n Bos-
MOXHOCTUN U3MepeHmns (CM. PUCYHOK 3).

)XenatenbHO ycTaHOBWUTL MyTW A4/1 U3MEPEHMNS MOTOKOB Macsia U BoAbl M TOYEK U3MepeHUs Temne-
paTypbl MpU NPOEKTUPOBaHUN PAacrosIOXKeHUs TPyO6, TakK Kak AOMOSIHEHUS WAN U3MEHEHMS B KOHCTPYKUUU
YCTAaHOBKM B fasibHellleM SB/IAOTCA He TOMbKO AOPOroCTOSWMMU, HO U MOTYT MPUBECTU K 3arpsi3HeHuto
Mac/sHbIX MOALNMHUKOB N KOHTYPOB C BOAOV BbICOKOI YNCTOTbI.

M3-3a TOro, 4to ycTpoiicTBa M3MepeHUss napamMeTpoB MOTOKa, Hanpumep n3mMeputesin TYpOUHHOro
TMNa uam ApoccesibHble YCTPOWCTBa B KOHTYpe C TEXHUYECKOl/ BOAON, 6bICTPO TepsAloT TOYHOCTb U3-3a Mpu-
Meceil mecka WM KOppo3un, OHN JO/KHbI ObITb YCTaHOB/IEHbI TOILKO Ha Nepuoj u3MepeHus. YTobbl 6bina
BO3MOXHOCTb MepeMellaTb YCTaHOBKY, He npepbiBas paboTbl, UCMO/b3YIOT ABe NapasifiesibHble TpyObl, Kak
MoKasaHO Ha PUCYHKe 9, KOTopble MOTyT 6bITb N30/MPOBaHbl C 060MX KOHLIOB. OHWU AOMKHbI y4ecTb AJIVHbI
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CcBOGOAHOrO Xxo4a Mexay 30/10THUKOBbIM K/lanaHoOM U pacxXofoMepoOM U UMEKT crefytoume MUHUMasIbHble
pasmepbi:

- Ha Bxofe S1: /a 10-kpaTHasi HOMUHasIbHas LWNPUHA:

* Ha BbIxoge S2: /5 5-kpaTHasi HOMUHa/IbHAas WNPUHA.

Manbi knanaH S5 [O/DKEH OCyLecTBATb KOHTPO/b TOro, YTOGbl HUKakas oxfaxparouias soja
He npoxoamnna MMMo pacxogomepa Q. TO eCTb YTO 30/10THUKOBbIE KnanaHbl S3 1 S4 NI0THO 3aKpbITbl.

Heob6xoaMmMo pacxofoMepHble YCTPOWCTBA, BK/HOYAOWME CMEXHbI MOTOK, BO3AENCTBYIOWMA Ha
OUTVHIN 1 CBAA3aHHbIe UMMY/IbCHbIe NepefaTyuky, YCUANTeNIM N U3MepuTenun, ecsim TakoBble BOOGLLE MMe-
l0TCA. KannbpoBaTb nepej UcnbiTaHnem. Tpyba no BCel ANvHe Mexay Toukamu 3amepa Temnepatypbl Ans
onpegeneHvs NpeBbileHNs TemMnepaTypbl AO/HKHA CHabxaTbca Tensonsonsauner. He oTBevatowas Tpebo-
BaHNAM TeNn/0M3019UNA MOXET 6bITb MPUYMHON NOrpeLHOCTen B 060MX Cnyyasx.

Ecnn oxnagutenn sABAAKOTCA BHEWHWMW MO OTHOLUEHUIO K KOXYXY MallWHbI, KanopumeTpuyeckoe
n3MepeHne MepBUYHOIO XnagareHta MoxeT ObITb CAenaHo, ec/im BO3fylluHble KaHa/lbl NO3BOMAIOT pasme-
CTUTb NpMBOpPbI, Heo6XoAuMble ANA NPaBUIBLHOTO U3MepeHus. MHauye roBops, AO/kHa obecneunmBaTbCcs
yA,0BeTBOPUTENIbHAA TeN0U30MAUUA BO3AYLIHbIX KaHa/I0B MeXAy MalVHOW 1 oxfiaguTensMn Ans nony-
YeHNs NPaBWUIbHOIO N3MEPEHWUS BO BTOPUYHOM KOHTYpe OxXnaxAaeHus. Tpybbl U KOXYyX OO/MKHbI ObITh TLia-
Te/IbHO repMeTU3NpoBaHbl, YTOObI U36eXaTb yTeukn Bo3gyxa.

17 CoevHeHNss 1 06GOpyAoOBaHUE A1 Ka/IOPUMETPUYECKUX W3MEPEHUA C
XUOKMMUW XnagareHTamm

Ha pucyHke 2 nokasaHbl YETbIPE ra30BO-BOASAHbIX OX/1AANTESS, COeAUHEHHbIE Napasifie/lbHO Ha CTOPOHE
BoAbl. MoMHbIE MOTEPU MOLIHOCTW, pacceMBaemble OXNaxpaaloleli BoAOW, MOMy4YeHbl NMyTem W3MepeHusi
3HauYeHusa nogaun Boabl Q v NpeBbIWEeHNs TemnepaTypbl At.

Pe3ynbTaT He 3aBUCUT OT pacnpoCTpaHeHWsi BOAbl B NMapasifie/lbHO COeAMHEHHbIX OXnaauTensix, pac-
NPOCTPaHEHUs ra3a ¥ pacnpocTpaHeHUsi NOTepb B OTAENbHbIX MNOTOKAaX rasa OT O4HOro A0 YeTbipex. Heo6-
XoAvMa TenIoU301sUUsA BOAsSHbIX TPY6 MexXay ToukaMu 3amMepa TemnepaTypbl (cM. Takke 9.1).

Ha puvcyHke 3 nokasaHo nocfiegoBaTtesibHOE COefUHeHWe oxnagutenieit Ansl UCMOMb30BaHWs C
ox/laauTeNnsaMmn ¢ ABymMs cpegamu. CymMmMa paccemBaemMbiX NoTepb MOXET 6biTb onpegesieHa npv U3mMepeHum
3HauYeHNs1 noJaun ox/laxiarlleii BoAbl U CYMMapHOro npeBbIWEHUsI TeMMepaTypbl. Heo6xoauma Tenso-
N30/15UMA BOASHBLIX TPY6.

Ecnn cnoco6bl TENOU30ASILUMN HEIKOHOMUYHBI, MOXHO 060/TUCL 63 MOC/ef0BaTENIbLHOIO COean-
HeHusi oxnaguTenei, n3mepss akTmyeckoe 3HauyeHve nogadun oxnaxgatouleii Bogbl O. HO MHANBUAYANBHO
onpeaenss 4acTUuHble NPeBbIWeHUs Temnepatypbl A5, u A2, unM n3mepsis HeNOCPeACTBEHHO MOTEPIO MOLL-
HOCTUW. paccenBaeMyl0 BOAOV BbICOKOW YMCTOTbI B OX/1aXAAlOWeM KOHType. Mofo6Hble MeToabl TpebytoTcs
AN oxnaauTeneil, coefHeHHbIX NapaniesnHo.

UTo6bl yBeNMUMBaTb TOYHOCTb W3MEPEHUS] MPEBbILEHUS TeMnepaTypbl XnafareHta, MWCnbiTaHue
[O/MKHO GbITh CAEMNAHO C MaKCMMasIbHO BO3MOXHbLIM NPEBbIWEeHEM TemnepaTypbl. [1na 3Tol Lenn noTok xna-
[areHTa MOXHO YMEHbLUUTb HACKOMIbKO BO3MOXHO MaKCUMasibHO, He MpeBbIlas AonycTuMble npeaenbl Tem-
nepatypbl. 3To 60/iee peasibHO C XOJIOAHONM OXJlaxAatoLeli BoAOW, YeM MPU UCMNOMb30BaHNM KOHAEHcaTa B
KayecTBe x/agareHTa.

Korga npeBbilleHVe TeMMepaTypbl oxnaxaatoleii cpeibl C/IMWKOM Masio U HEBO3MOXHO M3MEHUTb
3HaveHve nogauv {Harnpumep, MacsisiHbIA NOALWMMHKK), UMEET CMbIC/ MPU U3MEPEHMMN BbIAENATb NOoTepu B
06BOHbIX YACTSX LMPKY/IMPYIOLLEro NOTOKa XUAKOCTU B COOTBETCTBMU C PUCYHKOM 10 U 3aMeHATb Xnaja-
TEHT YaCTUYHbIM MOTOKOM, OX/1XAAeMbIM BM/IOTb 0 HU3KOW TeMNepaTypbl U 3To npeAnoaraet 4OCTaTOYHO
HU3KYI0 TeMMepaTypy BTOPUYHOIO X/afdareHTa.

OTa 06BOAHAs Ka/IOpPUMETPUsi feslaeT BO3MOXHOW 6O/IblUyl0 pa3HOCTb Temnepatyp Ar W. cliefoBa-
TE/IbHO. YBENMYMBAET TOYHOCTb M3MEPEHMIA. [lpoccenvpytollee YCTPONCTBO MO3BOJISIET pauMoHasibHO pac-
npeaennTb NOTOK Ha NapasieNbHbIX JIMHUSIX.

Ecnu puanyeckn npaBUIbHOE BbINOJIHEHWE COEAMHEHUS, KaK MOKa3aHO Ha PUCYHKE 2. ABMsIeTCS He-
BbINO/IHUMbIM 13-32 /IOK&/IbHOrO PAcMoIOXKEHUsI TPYObl U TEMIOU30ALMN, KOMBUHUPOBaHHAA KaslopyuMeT-
pusi MOXeT 6bITb UCNO/Ib30BaHa, KOrAa U3MepeHHbI NOMHbIA NOTOK YMHOXEH Ha CPeAHIO BEJSIMUMHY U3Me-
PEHHBIX VHAVBUAYaSIbHBbIX MPEBBIWEHUI TeMMNepaTyp KaxAoro oxnagauTensi (CM. pucyHok 11). B atom cny-
Yae Heo6X04UMO OTPEry/NNPOBaTb YACTUUHBLIE MOTOKM A0 U3MEPEHUS NMOCPEACTBOM HaXOAALMUXCA HUXKE Mo
TEUYEHMIO K/anaHOB TakK. 4YTOObl MPEeBbIWEHUS TeMnepaTypbl oT A/, U J4 6bIM NOYTU OAMHAKOBLI. Yem
60/blle TOYHOCTb, C KOTOPOI 3TO CAEe/aHO, TeM MeHblUe MOrpewHOCTb B OLeHKe noTepb NOCPesCcTBOM
cpefHero npesblWeHUss Temnepatyp. MakcMMasibHO AOMNYyCTUMAas PasHOCTb MexAay BenvunHamu At fosiKHa
6bITb NPeAMETOM coralieHnsi. MoXHoO 060/TUCL 6e3 TennousonALnn Tpy6bl.

10
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MnockocTb ynpasneHus
M3nyueHne yepe3 060104Ky
KoHBekLus B BO34yX
OkpyxatoLLasn atmocepa

NaBHbIiA
oxnagutenb

TennonpoBoaHOCTb TennonpoBogHOCTL poTopa
hyHaameHTa rMapOTYPOUHbI

PucyHok 1 - KoHTponupyemas noBepxHOCTb

Boga

PucyHok 2 - lMapannenbHoe coefnHeHNe oxnagutenei
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HeounweHHas
BOAA

PucyHok 3 - MocneposaTesisHoe CoeAUHeHVe oxnaguTeneii

12
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PucyHok 4 - XapakTepHble 3Ha4YeHus f/151 YACTOW BOAbI Kak (hyHKLMM TeMnepaTypbl

13
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PUCYHOK 6 - M3mepuTesnbHble 4pOCCeN, PAcofOXeHHbIE B OX/IKAAIOLEM KOHTYpE Ha MecTe akcnayartauum

14
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PUCYHOK 8 - YaenbHasi TENN0EMKOCTb C, BO3MyxXa A/ Pa3/NuHbIX 3HAYEHMI BNIXXHOCTM 1 TemnepaTypsbl

16
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PucyHok 9

O - u3mepuTenb NOTOKA;

1, - TemnepaTypa X0/104HOro oxnaauTens;

L - Temnepatypa, Npu KOTOPOIi YacTb NOTOKA X/1afareHTa HaxoanTCa BHYTpY 0GBOAHOI YacTw;
b- KombuHupoBaHHas Temnepartypa s Lu L.

PucyHok 10
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KntoueBble cnosa: cnoBa: MallMHbl 3M1EKTPUYecKMe Bpaljatolmecs, KoadduumeHT nonesHoro aeincrens
(KNA4), notepu
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