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BHECEHO WameHeHne N 1, yTBepxxaeHHOE 1 BBeAeHHoe B AencTBue MNoctaHoBneHnem Komuteta ctaHgaptmsaumm m
meTponorum CCCP ot 27.12.91 N 2197 ¢ 01.07.92

M3meHeHne N 1 BHeceHo narotoButenem 6a3bl AaHHbIX no Tekcty MYC N 4, 1992 rog,

HacTtosawwmin ctaHgapT pacnpocTpaHSAeTcs Ha cunoBble TpaHcdopmaTopbl obuwero HasHadeHus no FOCT 11677-85 u
ycTaHaBnuBaeT o6beM, YCroOBUSA M METOAbl UCMbITAHUS Ha Harpes, a Takke TpebGoBaHUSA K M3MEpeHUIo TemnepaTtyp
3N1eMEHTOB TpaHCHOPMaTOPOB U OKpYXKatoLLen cpeapl.

MeToabl  MCNbITAHWIA, YCTAHOBMEHHbIE HACTOSLWMM  CTaHZApTOM, MPUMEHSIIOT Takke Ans  cneyuanbHbIX
TpaHcOpMaToOpOB, ECINMN 3TO NPEAYCMOTPEHO CTaHAAPTaAMM UIN TEXHUYECKUMU YCIIOBUSIMU Ha 3TW TpaHcdopmaTopbl.

(N3meHeHHas pepakums, Mam. N 1).

1. OB BEM U YCITIOBUSA NPOBEAEHUA UCTbITAHUN

1.1. VcnbiTaHua 3aknoyarTcs B HarpeBe TpaHcgopmaTopa O4HMM W3 METOAOB B COOTBETCTBUM C pasf.2 u
M3MepeHMn NPeBbILLEHNA TeMnepaTyp ero afieMeHTOB Haf TemMrnepaTypor oxnaxgawLlen cpeibl C Lerbio NPpoBEpKN Nx
COOTBETCTBMA HOpMaM Harpesa.

1.2. MNpv wuvcnblITaHUM Ha Harpee ONpPeaensloT MpeBbilleHus Temnepatyp OOMOTOK, a Ansa  MacnsHbIX
TpaHcopMaTopoB, KPOME TOro, M BEPXHUX CIIOEB Macrna Hag TemnepaTypoi oxnaxaatowwen cpegbl Npu HOMUHAanNbHbIX
YCMOBUWSAX MO HArpeBy 1 OXNaXKAEHWIO.

Heo6xoaAMMOCTb M3MepeHUsl MpeBbILEeHUs TemnepaTypbl MOBEPXHOCTU MarHUTHOW CUCTEMbl, MecCTa YCTaHOBKU
Tepmonap 1 AaT4nKoB A1s U3MEPEHUI onpeaenseT pa3paboTunk TpaHchopmaTopa.

B TpexdasHbix TpaHcopmaTtopax, UMEILNX HOMWHanNbHyto MowHocTb 125 MB-A n 6Gonee, n ogHodasHbIX,
umewLlwmx MowHocte 63 MB-A u Gonee, cnepyetr onpedensTb Takke MPEBbILEHUS TemnepaTtyp SMNeMeHTOB
MeTanmnoKoHCTpykumn. O6bemM M MeToauky 3dTUX UW3MEepeHun onpegenset paspaboTumk  TpaHcdopmaTopa.
HeobxoamMmMocTb n3mepeHns NpeBbILLEHUI TeMnepaTyp 3NEeMEHTOB MEeTannoOKOHCTPYKUMA TpaHCOpMaTopoB, MMEIOLLINX
MOLLIHOCTM HUXKe YKa3aHHbIX, Takke onpegenseTt paspaboTtunk TpaHcopmaTtopa.

(N3meHeHHas pegakums, Mam. N 1).

1.3. 3a HOMUHarbHbLIE YCNOBUSI OXNAXAEHUS NMPUHMMAIOT Takue, KOTOpble COOTBETCTBYT HOPMarbHbIM YCIOBUSM
paboTbl TpaHchopmaTopa Npu cneaywmnx akTopax BHELWHeN cpeabl:

Temnepartypa oxnaxgatouiero sosgyxa - ot 10 go 40 °C, abcontoTHas NorpeLlHoCcTb ee onpeaeneHns - B npegenax +1
o .

TemMnepaTypa oxnaxzawwen BoAabl Yy Bxoda B oxnagutenb - oT 5 go 33 °C, abcontoTHasi MOrpelHocTb ee
onpegeneHus - B npegenax 1 °C;

OTHOCUTENbHAasi BNaXHOCTb Bo3dyxa - oT 45 po 80%, npu Temnepatype oxnaxgatowero so3gyxa Bbiwe 30 °C
OTHOCUTENbHAA BNaXHOCTb He AOmKHa ObiTb Bbilwe 70%, abcontoTHas MOrpeLlHOCTb ee onpedeneHvs - B npegenax
+5%;

aTMocdepHoe gasneHue - oT 84,0 o 106,7 klMa (630-800 mm pT.cT.), abcontoTHasi NOrPELLIHOCTL ero onpeaenexHus - B
npenenax +0,666 klMa (5 mm pT.CcT.);

BbICOTa YCTAHOBKM Hag YPOBHEM Mops - He 6onee 1000 M, kpoMe TpaHCchOpMaTopoB Knacca HanpsbkeHnst 750-1150
kB, ana kotopbix - He 6onee 500 m, abconTHast NOrPELUHOCTL €€ onpeaeneHns - B npegenax 50 wm;

BO34eNCTBUA O0XASA, BETPA, CONTHEYHOM UMW APYron TENMOBOW paanaumnm OTCYyTCTBYIOT.

1.4. 3a HOMMHambHble YCNOBUS MO HarpeBy MPUHUMAIOT Takue, MPW KOTOPbIX MOTEpU B TpaHcopMaTope pasHbI
CyMMe MoTepb KOPOTKOrO 3aMblKaHus PK@P , U3MEPEHHBIX B OMNbITE KOPOTKOrO 3aMbIKaHWsi HA OCHOBHOM OTBETBIIEHU U



npuBeneHHbIX B cootBeTcTBUM ¢ TOCT 3484.1-88 kK HOMUHANbHOMY TOKY frn:um M pacyeTHOW TemnepaType E‘JP, "

XOJnocCToro xoaa PD, N3MEPEHHDbIX B OMNbITE XOJTOCTOro Xo4a npv HOMMUHalIlbHOM HanpsAXeHun UHI:IH .

PesynbTaTbl UCMBITAHUIA PACNPOCTPaHSIOTCS Ha BCe Nocrneaylowme TpaHcqopMaTopsbl 3TOro TUna, UMerLLMe noTepu
He Gonee 1,1 (PHEP + 5 ), a pesynbTathl, NpuBEAEHHbIE K HOPMUPOBAHHON CTAHAAPTOM MMM TEXHUYECKAMMU

YCNOBUAMU Ha OTAENbHblE TUMbI TPAHC(OPMATOPOB CyMME MOTEPb KOPOTKOrO 3aMblKaHWs U XONOCTOro XoAa
Fowom T Fomm (663 fonycka), pacnpoctpaHsioTes Ha BCe TpaHchopMaTopbl 3TOro TUNa, UMetoLye NoTepy He Bbilue

11+ {PKI-I]:IH + PDI-ID]'.'[}'

[Mpu nenbiTaHun TpaHchopmaTopoB Mo N.2.3 AONycKaeTCs 3a HOMUHarbHbIE YCIOBWUS MO Harpesy MpuHMMaTh Takue,
npu KOTOPbIX NOTEPW B TpaHcopmMaTope paBHbl CyMMe NoTepb PK e PI:I mon (6€3 gonycka).

PesynbTaTbl UCMbITaHUIA PacpOCTPaHAKTCA Ha BCe TpaHcdopmaTopbl 3TOr0 Tuna, MMEKLWWe MNMoTepu He Bbille
1'1(PKI-I]:I]'|'[ + ‘DI:I HoM )-

1.5. Ina TpaHcopMaTopoB, 3arnofHEeHHbIX MacnoM, AoMyckaeTcsl NpeBbilLeHe TemMnepaTypbl BEPXHUX CIIOEB Macra
onpenensite Npy NoTepsix MeHbLUUX, Yem Pnﬁlp + F, HO paBHbIX He MeHee 80% 3TOrO 3HAYEHWsl, a MPU MOLLHOCTM

TpaHcdopmMaTopa Bbilwe 250 MB-A no cornacoBaHui0 Mexay W3rotoBuTenem M notpebutenem npu notepsix B
TpaHcdopMaTope, paBHblX He MeHee 60% (PHBP +P|:| ) (B yKasaHHbIX cry4asx MorflydeHHoe Mpu UCMbITaHMAX

npeBbILEeHNE TemMnepaTypbl cneayeT NprBoAUTb K HOMUHANBHBIM YCIIOBUSIM No 1.1.4).

1.6. OnpegeneHne npeBbIEHWA TeMnepaTypbl KaX4on u3 OoOMOTOK U 3NEeMEeHTOB MEeTannoKOHCTPYKUMIA cregyet
NpoBOAMTbL B YCMOBUSIX, MPU KOTOPbIX TOKM B OBMOTKax WCNbITyeMoro TpaHcdopmaTopa paBHbl HOMWHaMbHbIM, a
OTKIMOHEHWNE YacToTbl OT HOMUHanNbLHOW B nNpeaenax +2%.

[onyckaeTca npeBbilleHne TemnepaTtypbl Kaxaon M3 oOMOTOK M 3NEeMEHTOB METansIoKOHCTPYKLUUIA onpeaendTtb npu
TOKax B OOMOTKax, OTMMYHbIX OT HOMWHAmbHbIX, HO paBHbix He meHee 90% u He Gonee 110% HOMMHaNbLHOrO; Npu
MOLLIHOCTK TpaHcdopMaTopa Bbiwe 250 MB-A no cornacoBaHWio MeXay M3roToBUTENEM N NOTPeEOUTENAMU Npy ToKax He
MeHee 75% HOMUWHarbHOro; AN TpaHCOPMaTopOoB, 3aMOTHEHHBIX MAcroM, - MPK TOKax, 06ecnevymMBatloLLMx CyMMapHble

noTepu PHE"P + Ay

Bo Bcex cniyvasix, korga TOKM B OOMOTKax OTMMYATCH OT HOMMWHANbHOrO, MOflyYeHHble pesynbTaTthbl crepyet
NPUBOANTb K HOMWUHAMbHBIM YCIIOBUSIM.

(N3meHeHHas pepakums, Mam. N 1).

1.7. OnpegeneHve npesblleHNA TeMnepaTypbl NOBEPXHOCTU MarHUTHOW CUCTEMbI criedyeT NpOBOAUTL B YCNOBUSIX,

Koraa K ogHow u3 o6MOTOK noaBeneHo npakTm4yeckn CMMMeTpUYHOE U CMHyconganbHOe HOMUHarbHOE HanpsaXXeHue npu
4acToTe, KOTopaa He OO0JKHa OTNn4YaTbCA OT HOMWHanbHoOM 6onee yem £1%.

2. METOAbl UCNbITAHUA HA HATPEB

2.1. MeTop HenocpeaCTBEHHOWM Harpy3ku

K ogHo wn3 oOMOTOK TpaHcgopmaTopa MOABOAAT HOMMUHANbHOE HanpshkeHue, BTOPYK MOAKMYalT K
COOTBETCTBYIOLLEN Harpyske Tak, 4YTobbl B HEW YCTAHOBWICA HOMWHANbHBIM TOK. KOHTpONb TEnrnoBoro pexvMa B
npoLuecce UCNbITaHUA OCYLLECTBASIOT NYyTEM U3MEPEHUS TOKa Ha CTOPOHE Harpy3ku 1 NOABEAEHHOIO HaMPSXXEHNs.

2.2. MeToq, B3aUMHOW Harpys3ku
McnbiTyembii  TpaHcpopmatop 1 coeauHSAOT B COOTBETCTBMM C YepT.1 napannenbHo €O BCMOMOraTesbHbIM

TpaHcopMaTopoM 2 MOLLHOCTbIO HE MeHee MOLLUHOCTU wucnbiTyemoro. [peanovtntenbHo, 4YTobbl HOMWHAaMbHbIE
HanpspkeHWs W rpynnbl coeanHeHnsa obomx TpaHcopMaTopoB ObinvM OAMHAKOBbLIMU. B KOHTYp OGMOTOK BbICLUErO MNn



HW3LLEro HanpshKEHWST BKIIOYAIOT MPOMEXYTOUHBIA TPaHCHOPMaTop 3 MOLHOCTLIO He MeHee (2 &' UK )% MoOLLHOCTU
UCMbITyeMOro TpaHcpopmaTtopa, a Knacc ero HanpshkeHvss 1 JonyCTUMbIA TOK 0OMOTOK JOMKHbI COOTBETCTBOBAaTbL TOMY
KOHTYPY MapannensHO BKMIOUYEHHBLIX 0BMOTOK, B KOTOPbIA OH BKMoYeH ([ - koathULUMEHT, yunTbiBaKOLWMIA NaaeHre

HanpsbkeHns Ha TpaHcdopmatope 3; L7y - HanpshkeHMe KOPOTKOTO 3amMbikaHUs).

K ucrownuky toka

Y

K wemiounu s if masa

1 - ucnbITyeMbln TpaHcdopmaTop; 2 - BcnoMoraTernbHbIi TpaHcdopmaTop; 3 - NPOMEXYTOUHBIN TpaHchopmaTop

YepT.1

K napannenbHO BKMOYEHHbIM  TpaHcdopmaTtopaMm MOoABOAAT  HOMMHAmNbHOE  HanpsiKeHne  UCMbITYeMoro
TpaHcdopMaTopa, a HanpsxeHue, NoABoAMMOE K NPOMEXYTOMHOMY TpaHcdopmaTopy 3, perynupyloT Tak, 4Tobbl B
obmoTKe umcnbiTyemoro TpaHcdopmaTopa 1, COeQMHEHHOW HEMOCPEeACTBEHHO C TpaHcopMaTopoMm 2, YCTaHOBMIICA
HOMUHanbHbLIA TOK. KOHTpOMb TEnnoBOro pexuvMa B MNpouecce MUCNbITaHUA OCYLLECTBASIOT NyTeM MW3MepeHus
NMoABEAEHHOrO HaMpPsHKEeHUs U TOKOB B 0GMOTKax MCMbITyemMoro TpaHcdopmaTopa (6e3 npsMoro nsmepeHusi noTepsb).

Ecnu HanpsikeHnst 060Mx UCTOYHMKOB TOKA HE CUHXPOHHBI, TO HEOOXOAUMO, YTOObI YacToTa UCTOYHMKA, NUTAKLLEro
TpaHcdopmaTop 3, oTnuyanack Ha 2-4 'L OT 4acTOThbl APYroro WCTOYHMKA [NS UCKMIOYEHUA BNUSHWUSA BueHnn Ha
nokasaHus npnbopos.

Mpn ucnbiTaHnm TpaHchopmMaTopoB M aBToTpaHchopMaTopoB € 6GOMbLUMM YMCNIOM OTBETBREHWN ANA CO3AaHWA
HeobX0AMMOro LIMPKYNMPYHOLLEero Toka AOMnyckaeTcs He BBOAWUTb B KOHTYp OOMOTOK TpaHcdopmaTop 3, a BKI4YaTb
06MOTKM Ha pa3Hble OTBETBIIEHUS, ECINN NPW 3TOM BbIMONHAKTCA AONYCTUMbIE YCNOBUS Mo n.1.6.

[onyckaeTcs HanpspkeHue posbanaHca nofnyyatb MyTeM BKMOYEHUS napannenbHo ¢ TpaHcgopmaTopom 1
BCNoMoraTenbHoro TpaHcdopmatopa 2 ¢ KO3(MOUUMEHTOM TpaHcopMaumu, rpynrnon COeAVHEHUs!, OTIIMYHBIMU OT
TpaHcdopmaTopa 1.

2.3. MeTopq KOpPOTKOro 3aMblKaHUs 1 XONOCTOro xoaa

2.3.1. B vcnbiTyemom TpaHcgopmMaTope oAHy M3 OGMOTOK 3aMblKaloT HAKOPOTKO MPW MOMOLLM 3aKopauuBaloLLero
YCTPOWCTBA C CEYEHUEM He MeHee CeyeHusi 3aKopaymBaemoil 06MoTkn. OcTaBnAs ocTasribHble 0GMOTKA PasoOMKHYTHIMM,
KO BTOPOI OGMOTKE NOABOAAT HanpsiKeHWe, YacToTa KOTOPOro He JOSKHa BbIXOAMTb 3a npeaenbl £2% HOMWHAnNbHOW, 1
perynvpytoT ero Tak, YToGbl B 0OGMOTKE YCTAHOBMIICA TOK, NPU KOTOPOM MoTepu B TpaHcdopmaTope Gbiniv Gbl paBHbI
CyMMapHbIM NoTepsam Mo n.1.4. KoHTpornb TENMOBOro pexuMa B NpoLecce UCTbITaHuii 4OMyCKaeTCs OCYLLECTBNATL NyTeM

! -
n3MepeHws Toka (6e3 NPsSIMOro N3MepEeHHs NOTEPb), MPX 3TOM YCTaHABIMBAIOT TOK £, paccunTbiBaeMblii Mo hopmyrie
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@
roe ZP - CyMMapHble notepu no n.1.4.

2.3.2. MNpwn ncnbITaHUAX METOAOM KOPOTKOIO 3aMblKaHWsi 1 XONOCTOr0 XoA4a MpeBbILLeHNe TeMnepaTypbl NOBEPXHOCTH
MarHUTHOWM CUCTEMBbI CrieayeT onpeaensiTb B OMbiTe XOMNOCTOro xoaa B cooTBeTcTBUM € Nn.1.7; 1.4.

B TpaHcdopmaTopax ¢ NpuHyAUTENBHOW LMPKYNsaumnen Bo3ayxa u Macna (B TOM YMcne € HanpaBneHHbIM ABMKEHNEM
mMacna) ocTtaenalT paboTalowyMMn Hacockl Fpynnbl XONocToro xopa, obecneumBarolume ABwxkeHWe macna B 6Gake



TpaHcgopmaTtopa. [pu 3TOM pekoMeHAyeTcs OCTaBMATb paboTalolleit Takyl 4YacTb BEHTUMSATOPOB CUCTEMB
OXTaXkAeHWs, NPU KOTOPOM MOXKHO MOJSy4YnTb TEMMNepaTypy Macsa, MPMMEPHO PaBHYIO MOJTyYeHHON NpY HarpeBe B OMbiTe
KOPOTKOrO 3aMblKaHuS.

2.3.3. Ans macnsHbiX TpaHcopmMaTopoB, UCMbITYEMbIX METOAOM KOPOTKOrO 3aMblkaHWs M XOMOCTOro xoda, npu
onpefeneHnn npeBbIWEHUn TemnepaTypbl OOMOTOK, 3NEMEHTOB MeEeTanIoKOHCTPYKLUWIA, MOBEPXHOCTU MarHUTHOW
cMCTeMbl B pe3ynbTaTbl UCMbITaHWIA criegyeT BHOCMTb MOMnpaBku B COOTBETCTBUM C pasg.5. OTu nonpasky 06ycroBneHsbl
pasnuuvMeM cpegHen TemnepaTypbl Macna, Temnepatypbl Macna B6nM3v 3NeMEHTOB METamNOKOHCTPYKUMIA U BEPXHUX
CrNoeB Macna B OMbITE KOPOTKOrO 3aMblkaHWs MPU CyMMapHbIX MOTEPSX M B OMblTax KOPOTKOTO 3amblKaHus npwu
HOMWHaINbHOM TOKE, U B OMbITaX XONMOCTOrO XOAa - NPU HOMWHANBHOM HAaMNPSKEHUN UMW NMPU HOPMUPOBAHHBIX NOTEPSX

PDI-ID]'.'['

2.4. MeTop ycnoBHOI Harpy3ku (Mo cornacoBaHuMio Mexay U3rotoButenem u notpeburenem)

2.4.1. MeToa ponyckaeTcs NPUMEHNATb AMS UCTbITaHUS CYXMX 3alUULLEHHbIX U He3allMLEeHHbIX TpaHCcHopMaTopoB
mMowHocTeo Bbiwe 1000 kB-A C ecTeCTBEHHbIM BO3AYLUHbIM OXSIaXAEHWEeM, €CnvM pacnonaraloT TOSNbKO OAHUM
NCNbITYEMbIM TPAHCOPMaTOPOM W ECINN NPUMEHEHE METOA0B HEMOCPEACTBEHHONM HArpy3ku UM B3aMMHOWM Harpysku
orpaHMyYeHO BO3MOXXHOCTAMMW UCMbITATENbHOW YCTAaHOBKM.

McnbiTaHve NpoBOAAT Kak ABa crnegylwwux oavH 3a ApYrMM Harpesa: B pexume XOnocToro xofa B COOTBETCTBUM C
n.1.7 Npy noTepsix XoNnocToro xoAa no n.1.4 n B onbITe KOPOTKOro 3aMbIKaHUS - NPV HOMUHANbLHOM TOKe B OOMOTKaXx.

3. TPEBOBAHUA K UIBMEPEHUIO TEMIEPATYP
3.1. TepmomeTpbl ANA M3MepeHns Temnepartypbl

[nsa nameperua temnepatypbl oT 10 go 180 °C B pa3HbIX TOUKax TpaHCopMaTopa 1 OxnaxaalLlen cpene cneayet
NPUMEHSTb TEPMO3JNIEKTPUYECKME TEepPMOMETpbl (TepMmonaphbl), M3roTOBMEHHbIE B COOTBETCTBMU C MNPUIOXeHnem 1,
PTYTHbIE U CNMPTOBBIE TEPMOMETPbI, ANEKTPUYECKME TEPMOMETPbLI CONPOTUBIEHNS UNW Apyrue TepmonpeobpasoBaTenu,
paBHOLEHHbIE MO TOYHOCTU.

3.2. UamepeHre TemnepaTypbl OXnaxaatoLlen cpeabl

3.2.1. TemnepaTypy oxnaxgatoLien cpeabl (Bo3gyxa) U3mMepsitoT ¢ MHTepBanom He 6onee 1 4 Npu NomoLm Tpex nnu
bonblie TepmMoMeTpoB (Tepmonap), PacnofioXeHHbIX onpefeneHHbIM 06pa3om BOMM3M TpaHcdopmartopa wnm
oxIlaXaatoLLero yCTpocTBa, B 3aBUCUMOCTM OT BMAA CUCTEMbI OXITaXAEHWS.

Kaxgbln TepmomeTp (cnav Tepmonapbl) cregyeT noMeliaTb B HamnofHEHHbIW XUAKOCTbIO (TpaHchopMaTOpHbLIM

. 3
macriom) cocyd, uMmetowmin oobem He meHee 0,001 M~ . NoBepXHOCTb cocyaa AOMMKHA XOPOLIO OTpaxaTb TEMnnoBoe
nsnyyeHve, AN Yero ee MOKPbLIBAOT, Hanpumep, anomuHueBon donbron. Cocya He [OSkeH nogsepraTbes
BO34ENCTBMIO NPUHYAUTENBHBLIX BO3AYLUHBIX MOTOKOB, B TOM YMCIe CO34aBaeMbIX TPAHCHOPMAaTOPOM.

[nga TpaHchopmMaTopoB C ECTECTBEHHON LMPKyNSaumMen Bosayxa (cuctemamu oxnaxgenuns sngos M, H, C, C3, CI', ML}
n HML) cocyabl ¢ TepmomeTpamu pacrnonaralT HE MeHee 4eM C Tpex CTOpPOH TpaHcdopmartopa, MPUMEpPHO Ha
cepefvHe ero BbICOTbI, HAa PACCTOSAHMM OT 1 40 2 M OT OXnaxaatoLLen NOBEPXHOCTU.

[na TpaHcdopMaTopoB C NPUHYAWUTENBHOM LIMPKYNAumMen Bo3gyxa (cuctemamm oxnaxaenvs sugos O, HAO, AU, HOL,
HHO v C) npn HanM4mMn HanpaBreHHOro NOTOKa BO34yXa M3 OKPYXatoLLero NpocTpaHCTBa K BXoAaM oxnaauTtenen u npu
OTCYTCTBUM 3HaYMTENBHON 06paTHON LMPKYNALMN HarpeToro Bo3ayxa cocyabl C TepMOMeTpamu cnegyeT ycTaHaBnmBaTb
Ha Bxo4e BO3gyxa B oxNnaguTenb. TepMoMeTpbl AOMKHbI ObiTb yAaneHbl OT noBepxHocTu 6aka u oxnaguTenen Ha
pacctosHue oT 1 0o 2 M, 4ToObl M3bexaTb BO3OEeNCTBUSA TENNOBOrO U3Ny4YeHUs.

B cny4vadx, Korga uMeeTCd 3HaduTernbHadA OﬁpaTHaﬂ UMPKYyNnALunAa HarpeTtoro BO3gyXa, TepMOMeTpbl cnenyet
yCTaHaBnmBaTb B Te€X MeCTax BOKpPyr TpaHcopmaTopa, rae OTCYTCTBYIOT NMOTOKU 06paTHOI7I LMpKynaumum Bo3ayxa,
npenmmyLecTBeHHO CO CTOPOHbI TpaHcopmaTtopa, He UMetoLLEN oxnaauTenen (ecnm Takasa VIMeeTCﬂ).

3.2.2. Bo Bpems ucnbiTaHuiA, 0COOEHHO B nocriegHen YeTBepTy nepuoaa UCMbITaHWI, TemnepaTypa oxnaxaawoLero
BO34yxa OOIMKHA OCTaBaTbCA MO BO3MOXHOCTW NMOCTOSIHHOM (HE AOMKHa U3MeHATbeca 6ornee yem Ha 1 °C B yac). B atom

criyyae 3a TemnepaTtypy oxnaxaatowero Bodgyxa . BO BPEMsl UCTIbITAHUIN MPUHAMAIOT CpeAHee apudMeTnyeckoe
TemnepaTyp, U3MepeHHbIX TepMOMeTpamu, YCTaHOBIIEHHbIMU BOKpPYr TpaHcdopmaTtopa B cooTBeTcTBuM c n.3.2.1, B



KOHUe nepuona nCrnbITaHUNA.

Ecnu B nocrnenHer 4eTBepTY Nepuoaa UCMbITaHWM TeMnepaTypa oxXnaxaatoLero Bo3ayxa 3MeHsietcs bonee Yem Ha
1 °C B yac, Ho He Gornee YyeM Ha 5 °C, To 3a TemnepaTypy oxnaxgatowern cpebl MPUHUMAIOT cpeaHee apudMeTuyeckoe
TemnepaTtyp, M3MEPEHHbLIX B COOTBETCTBUM C N.3.2.1 yepe3 paBHble MPOMEXYTKM BPEMEHU B TeuyeHue nocrneaHei
YyeTBepTU Nneproaa UcnbiTaHUNA.

Ecnn 3HaveHus TeMnepaTtyp oxnaxgakwLwero so3ayxa, U3MepeHHble B KOHUe nepuoaa UCNbITaHUA 3HaYUTENbHO
otnuyatotca (6onee 4yem Ha 5 °C) OT cpegHero apudmeTMyecKoro TemnepaTtyp 3a MocriefHow 4eTBepTb nepuopa
UCMbITaHNA, TO PEKOMEHOYETCs OnpefensTb 3KBMBANEHTHYH TemnepaTtypy OX/ax[alwLlen cpefbl B COOTBETCTBUM C
NPUIIOXeHNeM 2.

3.2.3. Onsa TpaHcdopmaTopoB € cuctemamu oxnaxaeHnus Ll n HL, Temnepatypy oxnaxpgatowen cpegbl (Boabl)
cnepgyeT u3MepsTb Ha BXofde B oxnagutens, ANA Yero TepMoMmeTp (cnav Tepmonapbl) MOMeLalT B Unbay,
npefHasHayYeHHylo NS U3MepeHus TemnepaTypbl oxnaxgalolen BoAbl, NpPeaBapuUTenbHO 3anOfHEHHYO BOAOW UNn
macrnom. 3a TemnepaTtypy oxnaxgalolen BoAbl NPUHMMAaOT cpeaHee apudmMeTnyeckoe 3HaveHue, no KpamHen mepe,
Tpex U3amMepeHuii, NPOBOAMMbIX Yepe3 NPMMEpPHO paBHble, HO He Bonee 1 4, NPOMEXYTKN BpEMEHUN B TeYeHne nocnegHemn
YeTBEPTU Nepuoaa UCMbITaHWN.

3.3. smepeHne TemnepaTypbl BEPXHUX CIOEB Macna

3.3.1. [na TpaHcopmMaTopOB C €CTEeCTBEHHOM UMpKynsuven macrna TemnepaTtypy BepXHWX CroeB Macna 'E'r.{

N3MePSIIOT TEPMOMETPOM (TEPMONAPOii), MOMELLEHHBIM B TUNb3Y, NpeaHa3HauYeHHyo AN TepPMOMETPUYECKOTo AaTymnka u
pacnonoXeHHyl0 Ha Kpblllke Gaka, UM, MNpu ycTaHOBKe oxflaguTenen oThenbHO OT TpaHcdopmaTopa, B BbIXOAHOM
TpyGe, No KOTOPOit HarpeToe Macsno NocTynaeT B oxnaguTerb, BO3ne ee NpucoeauHeHus K 6aky.

BannoH TepMomeTpa (cnan TepMonapbl) NOrpyatoT B MMnb3y, NpeABapuTENbHO 3anofIHEHHYD MacroMm, Ha rnyouHy
5-10 cM HWXe YpPOBHS KPbILWKN 6aka. Ecnn KOHCTPYKUMSA Mnb3bl MMEeT BbICTynarolimMe Haj KpbILLKOW 6aka 4actu, To ux
crnefyeT NOKpbiBaTb TENMOU3ONMPYIOLLMM MaTepranom. YpoBeHb Macna B runb3e AOSHKeH coBnagaTb C YPOBHEM Macna
B Gake.

Mpu ncnbiTaHum TpaHcdopmaTopoB ¢ cucteMamu oxnaxgeHus M n H, koTopble He KOMNMEKTYTCA rMnb3on Ans
TePMOMETPUYECKOro AaTynka, TemnepaTypy BEpXHUX CNOEB Macna U3mepsioT NpyM NoMoLLM TepMonapbl, yCTaHOBNEHHOM
B BEPXHEM Croe macna noj Kpbiwkon 6aka Ha rnybuHe He meHee 10 cM OT ee NOBEPXHOCTMW.

3.3.2. Ina TpaHchopmMaTopoB C MPUHYAUTENBbHOW LMPKYNSauuen macrna TemnepaTtypy BXOASLEro U BbIXOAALWEro u3
6aka macna (BepXHUX W HWXHWUX CIOEB) U3MEpSIoT Mpu MOMOLLM TepMornap, Crnau KOTOpbIX NOMEeLLalT B Tb3bl,
pacrnonoXeHHbIe HAa MacrnonpoBoAe BO3re Bxo4a M Bbixoaa ero us 6aka.

Ona TpaHcdhopmaTopoB C MPUHYAWMTENbHOM LMPKYyNSauMen macna, KOTopble He KOMMMEKTYIOTCH runb3amu,
TemnepaTtypy BXOASLLEro 1 BbIxoasLwero n3 6aka macna (BEpXHUX U HUXHUX CrIOEB) U3MEPSIOT MpU NOMOLLM Tepmonap,
cnan KOTOpbIX 3aBOAAT B MacnonpoBod (natpybok) mexay dnaHuamu C pes3vHOBbIMM MpOKnagkamm B MecTax
npucoeavHeHnst ero Kk H6aky Tak, 4ToObl cnan He Kacamncsi MOBepxXHOCTU MeTanna. [onyckaeTcs Takum ke obpas3om
n3MepATb TemnepaTtypy macna B TpaHcopmaTopax ¢ cuctemamm oxnaxaenns M un [1 co cbeMHbIMK pagmaTtopamu.

(N3meHeHHas pegakums, Mam. N 1).

3.4. OnpepeneHuve cpegHern TemnepaTypbl Macna

3.4.1. CpegHioto TemnepaTtypy macna 'E'JH_,:P criegyeT paccuMTbIBaTb Kak pasHOCTb TemrnepaTypbl BEPXHWUX CHOEB

macna 'E'JH M MOMOBUHBLI PasHOCTVM TemnepaTyp macna Ha BXoAe 'E'B 1 Bbixoae 'E'H N3 CUCTEMbl OXNaXAeHust no
dopmyne

@H.Cp =By -—=—*, ©)

npyn 3ToM pasHocTb Temnepatyp &y — B, onpegensiot:

Ans TpaHcdopMaTopOB C NPUHYANTENBHOW LMPKYAUMER Macna 1 oxnaxagaroLero Bosgyxa, no pasHocTn Temneparyp
Macna Ha BXoAe B oxnaxgawllee YCTPOWCTBO M Bbixoge M3 Hero. [onyckaeTcsa Takum xe obpa3om onpeensitb
pas3HOCTb TemnepaTyp B TpaHcopmaTopax ¢ eCTECTBEHHOM LUMPKynsunen macna u eCTeCTBEHHOW M NpUHYAMTENbHON



LI,VIpKyJ‘IﬂLIMGﬁ oxnaxagawlLuiero sosayxa, nMmerowmnx 6aKkn co CbeMHbIMU pagnaTopamu;

Ans TpaHcopMaTopoB C €CTECTBEHHOM W NPUHYAMTENbHOM LMPKYNSUMEn oxnaxgarlolero BO3gyxa, MMELmnX
TpybyaTble 6akn nnn Gakm c pagmaTopamu, MO PasHOCTN TeMnepaTtyp HapYXHbIX MOBEPXHOCTEN BEPXHEM U HWDKHEN
YyacTen oxnaxgarowen Tpyoku nnm BepxHero n HwxkHero natpybka pagmnaTtopa B Mectax ux npucoegmHeHns K 6aky, npu
3TOM Tpybka unu paguaTop AOMKHbI ObiTb PACMONOXEHb! KaKk MOXHO Bnunxe K cepeavHe paccMaTpyBaeMOn CTOPOHbI
6aka:

Ons TpaHcopMaTopoB C rMagkuMmn 1 BONMHUCTbIMUM Bakamuy No pasHOCTV TeMnepaTtyp Hapy>XHOW NoBepxHOCTu 6aka Ha
BbICOTaX, COOTBETCTBYHLLMX BEPXHEMY U HUXKHEMY Kpasim 0OMOTKM.

(N3meHeHHas pegakums, Mam. N 1).

3.4.2. ina TpaHcdopmaTopoB MOLLHOCTLIO A0 2500 kB-A ¢ ecTecTBEHHbIM OXNaXaeHWeM, € rnagkumMm, BOMHUCTbIMU U
TpybyaTbiMn Gakamu unu c Gakamu, umerowMMK paguaTopbl 6e3 pasbema, JOnyckaeTcs NPUHUMATb CPEAHIo
Temnepartypy macna pasHow 0,8 TemnepaTypbl BEPXHUX CIOEB Macna.

3.4.3. [na Bcex BMOOB OXNaXOEHUS CpeaHIon TeMnepartypy mMachna BONM3mn Pa3HbIX 0OMOTOK ponyckaeTtcA

paccunTbiBaTb No popmyne (24) ons conpoTUBNEHUs Ré , KOTOpOEe ONpeaensitoT, kak ykasaHo B M.2.1.2 npunoxeHus 3.

3.5. NamepeHune Temnepatyp aNeMeHTOB METanNOKOHCTPYKLMIA

3.5.1. [Ina n3aMepeHus TemnepaTypbl MOBEPXHOCTEN 3MEMEHTOB METanNOKOHCTPYKLUMIA MpK NMOMOLM TepMmornap Mx
cnau npunaueatoT, NpMBapuBatoT UM 3aMpPeCcCOBbLIBAOT B crielparbHble 0TBEPCTUS.

3.5.2. [Ina n3MepeHus TemnepaTypbl MOBEPXHOCTU Gaka M NaTpybKOB CUCTEMbI OXNaXAEeHWs cnan Tepmonapbl
[JonyckaeTcs npueapvBaTth WM npunaveaTb HEe K CaMOi MOBEPXHOCTM, @ K TOHKOW MeTannmnyeckon NnacTUHKe Wiu

2
¢honbre pa3amepom He MeHee 2x2 cM . 3aTeM MMAacTUHKY MPWKMNEUBAKOT MMM MAOTHO MPWXMMAIOT K NpeaBapuTenbHO
OYMLLEHHON OT Kpacku MOBEPXHOCTU, TLLATENbHO M30NMUPYIOT Tennousonsuuen (acGecT unm peauHa) OT OKpyXatoLlen
cpefbl.

3.5.3. [Ina wnsmepeHuns TemnepaTypbl MOBEPXHOCTU B BEPXHEW YacTW MarHUTHOW CUCTEMbl crnan Tepmonapsbl
yCTaHaBNMBaT MeXAy NUCTaMu LeHTpanbHOro naketa Ha rmybuHy 15-25 mm.

3.5.4. ins n3mepeHuss TeMnepaTtypbl mMacna BOM3M areMeHTa MeTarfTOKOHCTPYKLMM Mpu MOMOLLM Tepmonapbl ee
cnai 3akpennsawT Ha pacctosHuM 30-60 MM OT MecTa YCTaHOBKM TepMmonapbl Ha MOBEPXHOCTU 3reMeHTa
MeTanoKOHCTPYKLMM Tak, YTOObI OH HE Kacarcs rpetoLLencsl MoBEepPXHOCTH.

3.5.5. Tpn wucnbiTaHnM Ccyxux TpaHcpopMaToOpoB ANs onpedeneHus HacTynuBLUEro TEMNIoBOrO PaBHOBECUSI
yCTaHaBnu1BalT TepMonapbl B CreayoLwmnx Mecrax:

AN 3alULLEHHBIX U HEe3aLUULLEHHBIX TPAaHCOPMAaTOPOB - B LIEHTPANbHOW YacTn BEPXHETD ApMa;

ONa repMeTUYHbIX TpaHcopMaTopoB M TpaHCHOPMaToOPOB, MOMHOCTBI NMOMELLEHHbBIX B repMeTU4ecKum KOXYyX, - B
LleHTpe BEPXHEN YaCTW NOBEPXHOCTM KPbILLKN U B LLEHTPE ©0oKoBOI YacTu NOBEPXHOCTN repMeTUHHOro KoXyxa.

3.5.6. MecTta ycTaHOBKM Tepmonap Ha MOBEPXHOCTSX 3NIeMEHTOB MEeTannoOKOHCTPYKLUMA, Tpacca UX MpOXOXAeHUs
BHYTpu Oaka, cnocob BbiBeAeHMs M3 Gaka 3a npegernbl TpaHcopmaTopa AOMKHbI ObITb onpeaeneHsl pa3paboTyMkoM
TpaHcdopmaropa.

3.6. OnpepneneHue cpegHen TemnepaTypbl 06MOTOK

3.6.1. CpepgHiolo TeMnepaTtypy 06MOTOK onpeaenstoT METOAOM U3MEPEHUS UX COMPOTUBIIEHUA NOCTOSIHHOMY TOKY B
cootBetcTBuM ¢ TOCT 3484.1-88 npu nomowm mocta wnu nNyTeM OAHOBPEMEHHOIO M3MEpEeHVs Toka U nageHus
HanpspkeHWs Ha 06MOTKe, UK NafeHVIn HanPsKeHNA Ha 0OMOTKe 1 3TanoHHOM COMPOTMBAEHUW NPY 3a4aHHOM paboyem

TOKe. [N 3TOro M3mepsT CONPOTUBNEHNS OOMOTOK B "XONOAHOM COCTOSIHUM" - Rx npu U3BECTHON TeMnepaType 'E'x
ot 10 go mn 40 °C, KOTOpYIO U3MEPSIOT NpPU 3adaHHbIX YCMOBUAX OOAHOBPEMEHHO C U3MepeHVeM Rx- B3arem, nocne
HarpeBa TpaHcchopmaTopa, M3MepsloT COMPOTUBIEHUS OOMOTOK B "HarpeTom COCTOSiHUK" - RD npy HEW3BECTHbIX

(onpenensieMbix) Temneparypax o6motok & = B COOTBETCTBUM C NPUMOXEHNEM 3.



Temnepatypy obOMOTKM B "ropsiyem COCTOSIHUM" - 'E'DISH onpepensaT no dopmyne (24) npunoxeHuns 3 no

n3MepeHHbIM 3HaveHusm K, , B, n K.

3.6.2. 3a cpegHo0 TemnepaTypy 06MOTOK CyxOoro TpaHcopmMaTtopa B "X0N04HOM COCTOSIHUM" - 'E':'x, HaxogsLerocs

He MeHee 16 4 B MOMELLEHMN MPU eCTECTBEHHO M3MEHSIIOLLENCA TeMmnepaType oxnaxaaroLlero Bo3ayxa He 6onee 4em Ha
1 °C B 4ac, He BKMOYaBLUErocs U He NoABEpraBLUErocs HarpeBy OT CTOPOHHEro MCTOYHUKA Tenna 3a 3T0 BpeMs, cneayet
NpUHMMaTb CpefHee apudMeTVyYeckoe nokasaHui AByX TEPMOMETPOB, YCTAHOBMEHHbIX Y BEPXHEro M HWDKHEro Kpaes
©OKOBOW MOBEPXHOCTU OAHOW M3 HAPYXXHbIX 0BMOTOK (Ans TpexdasHbix TpaHCOopPMaTopoB - a3kl B).

Ons cyxux repMeTUUHbIX TpaHCOpMaTopoB U TPaHCHOPMATOPOB, MOSHOCTHIO NMOMELLEHHBIX B TEPMETUYECKUN KOXYX,
Mpy Bbille yKasaHHbIX YCMOBUSIX 3a CpedHiol Temnepatypy obmortok &', ponyckaetcs npuHumaTth cpenHee

apugmeTMyeckoe nokasaHuii AByx TepMonap (TEPMOMETPOB), YCTAHOBIIEHHbIX Y BEPXHENO U HWDKHEro Kpaee GOKOBOW
NOBEPXHOCTY KOXyXa.

HaligeHHast cpegHsin TemnepaTypa 06MOTOK B "XONOAHOM COCTOSIHUK" MPU M3MEHEHUM TEMMepaTypbl OXNaXXaatoLero
Bo3gyxa He 6onee yem Ha 1 °C B yac formkHa ObITb paBHa TemnepaType oxiaxdalwLwero Bo3ayxa, M3MepeHHON B
COOTBETCTBUM C M.3.2, C OTKIIOHEHUEM B npeaenax =2 °C.

3.6.3. 3a cpepHiolo TemnepaTypy 06MOTOK E'Jx MacnsHoro TpaHccopmaTtopa npu U3MepeHun Mx CornpoTUBIEHU B
"X0NI04HOM COCTOSIHMU" MPUHUMAIOT CPeaHIo TeMnepaTypy Macna, UsMepeHHyo B COOTBETCTBUM C N.3.4.

[nga TpaHchopMaTopoB, HE BKIMIOYMBLUUXCH W HE MOABEPraBLUMXCS HarpeBy B TeveHue He meHee 20 4, usmepexue
COMpOTUBNEHN OBMOTOK B "XOMOAHOM COCTOSHUW" criegyeT MPOBOAUTL HE paHee 4em Yepe3 6 4 mocne 3anvBku
TpaHcchopmaTopa Macnom nNpu Temnepartype cpefHux cnoes macna He 6onee 40 °C.

Mpwv 3anveke TpaHcgopMaTopa ropsiyMM MacrioM Wiu, ecnvu OH NpeaBapuTENbHO Harpesarcs Ans 6onee GbICTPoro
AOCTUXKEHWsI YCrIOBUI Ansi uamepernsi &, n B, fonyckaetcs BKkrloyaTb cucTeMy oxnaxaeHus. B atom cnyuae

nsmeperust K, n &, nposogsT He paHee 4em uepes 1 4 MoOCre OTKIIOYEHMSI CUCTEMbI OXMAXAEHWS (LMPKYNsLMS
Macra npu 3ToM He npekpatiaeTcs).

3.6.4. MNepBoe M3MepeHne conNpoTMBEHNS OOMOTKM MOCIe OTKIYeHUs TpaHcdopmaTopa OT UCTOYHMKA NUTaHus U
Harpysku JOMKHO BbITb MPOBEAEHO Kak MOXHO paHbLue (06bi4HO Yyepes 60-120 ¢ nocne oTknYeHns), 4Tobbl obmMoTKa He
ycnena 3ameTHO OCTbiTb. C 3TOW Lenblo cxemy Ans U3MEpPeHUs CONpPOTMBIEHUS MPeAnoyTUTeNnbHO cobupatb npu
MOMOLLM CneumanbHblX pasbegnHuTenen (C TOKOBbIMW M MOTEHUMaNbHLIMU MOMOCaMU), PACCHNTAHHBIX HA HEOOXOAUMBIVA
TOK 1 HanpsieHue.

3.6.5. N3amepeHne conpoTtueneHnss o6MOTKM B "XornogHoMm" u "HarpeTom" COCTOSHMAX credyeT npoBoAuUTb C
UCMOMNb30BaHWEM OOHMX M Tex e NpubopoB M 3MEMEHTOB W3MEPUTENbHOW CXeMbl MpU OOHOM M TOM Xe 3HayYeHun
NMOCTOSAHHOIO TOKa U ero NoNsApHOCTU.

3.6.6. Ecnn npu uamepeHun conpoTMBneHus oOMOTKM He yaaeTcs yooBneTBopuTb TpebosaHve n.3.6.4 B yactu
BPEMEHM MPOBEAEHUSA NEPBOrO U3MEPEHWS, TO MPUHUMAIOT MEpPbI NS CHWKEHUS BPEMEHU MepexXofHOro npouecca B
N3MEPUTENBHOW LLenn Unn BHOCAT NOMNPaBKN B COOTBETCTBUN C NPUMOXEHNEM 3.

3.6.7. Ecnu namepeHue cpefHen TemnepaTtypbl 0GMOTKM MO COMPOTMBIIEHNIO HEMPUEMIIEMO, Hanpumep Ans 0GMOTOK,
B KOTOpbIX MEPexofHOe COMPOTUBIEHUE KOHTAKTOB COM3MEPMMO C UX aKTUBHbIM COMPOTUBIEHWEM, TO CPEHIOH
TemnepaTypy OOMOTKM [oOMyckaeTcsi onpefenstb Tepmonapamu. [Mpy UChbITAaHUM CyxXMX TPaHC(HOPMAaTOPOB MOXHO
NPUMEHSITb CTEKMNSAHHbIE CNIMPTOBLIE TEPMOMETPbI.

3a cpegHiolo TemMnepaTypy 06MOTKM NMPUHUMAIOT CpeaHee apudMeTMYeckoe NokasaHuin He MeHee AByX nap TepMonap

(TEpMOMETPOB), YCTAHOBMEHHbIX HA NPOTUBOMOMOXHbLIX CTOPOHAX €€ BEPXHErO U HIDKHEro kpaes. MNpu 3ToM fonyCcTUMOe
npesbIleHe TemnepaTtypbl 06moTku - no FOCT 11677-85.

4. NOCNEQOBATEJIbHOCTb NMPOBEAEHUSA UCTNbITAHUA

4.1. VicnbiTaHWio Ha HarpeB NOABEPralT MOMHOCTLI0 cobpaHHble TpaHcdopmatopskl. [onyckaeTcss HE MOHTUMPOBATbL
SMEMEHTbI, HE BNUSIOLLME Ha TENSOBOW PEXMM TpaHcdopmMaTopa, Hanpumep UCKPOBbIE NMPOMEXYTKN Ha BBOAAX.



TpaHchopmaTopbl criefyeT UCMbITbIBATL C COGCTBEHHON CUCTEMOI OXTNaXKAEHUS.

TpaHcdopmaTopbl C NPUHYAUTENBHOW LMPKyNSauMen macna [onyckaeTcs WCMbITbiBaTb Ha Harpes, NOAKMYas K
TpaHcopMaTopy CTaLMOHaPHYIO UCMbITATENbHYIO CUCTEMY OXNaXAeHUss BMECcTO ero cobCcTBeHHOW. B atom cnyvae
MPeBbILEHNS TeMnepaTypbl BEpPXHWX CMOEB Macna W cpedHen TemnepaTypbl Macna onpeaensioT pacyeToMm no
pesynbTataM WCMbITaHWUA OXxnaguTenen oTAensbHo oT TpaHcdopmaTopa. lMpu npoBeAeHUMM 3TUX UCMbITaHWA cnepyeT
PYKOBOACTBOBATLCS YKa3aHUSIMU B COOTBETCTBUMN C MPUINOXEHNEM 4.

Mo BbIGOpY M3roToBMTENSA TpaHCOPMATOPbl UCMbLITHIBAOT OOHUM M3 MeTodoB no nn.2.1, 2.2, 2.3 gna macnsHbIX
TpaHcdopmaTtopoB 1 nn.2.1; 2.2; 2.4 - Ana cyxux TpaHcdopmaTopoB. [Na yckopeHus HarpeBa AONyckaeTcs B Havane
UCMbITaHWUSI NPU BKITKOYEHMU C "XONOOHOrO COCTOAHMA" yCTaHaBNMBaTb B 0OMOTKaxX yBEINMYEHHbIN TOK, HO He Bonee 150%
HOMMHaNbHOrO TOKa, B TeyeHue 2-3 4 And macnsiHbiX TpaHCOpPMaToOpoB M B TeuyeHue He Goree 1 4 - ANA Cyxux
TpaHcdopMaTopoB. [lonyckaeTcst yxyalwaTb YCIOBUS OXMaXOEHUs, OTKMYaTb 4YacTb OXNaguTenen unu BC CUCTEMY
oxnaxgeHusa. MNo pgoctmxkeHun 70% OXMAAEMOro KOHEYHOro MpeBbILEHUs TemnepaTypbl KOHTPONUPYEMOrO 3feMeHTa
OOIMKHbI ObITh BKITHOYEHbI OTKIMIOYEHHbIE OXNaAUTENM U BOCCTaHOBMEHbl HOMUHATbHbIE YCITOBUS OXNaXOEHNS1 U Harpy3ku.

Mpy uMcNbITaHUM Cyxux TpaHCOPMATOPOB NPOAOIKUTENBHOCTL TEMMOBOrO peXuma C  YCTaHOBIEHHbLIMM
ucnblTaTenbHbIMM TOKaMM B OBMOTKax MOXeT ObiTb COKpalleHa, ecrnv npeABapuTenibHo, [0 YCTaHOBIIEHWS TOKOB,
MPOBECTMN MX HarpeB B OMbITE XONOCTOrO X0Aa B Te4YeHne He MeHee 12 .

YKasaHHble MeponpuaTUs OOMYCKalTCs, ECM OHWU He NMpoTMBOpeYaT TpeboBaHWsSIM TEXHUYECKOW AOKYMEHTauuu Ha
TpaHcdopmaTop.

4.2. B npouecce ucnolTaHUa Ansa onpeaeneHns ero NPoAoIKUTENBHOCTN HEOBX0AMMO KOHTPONMPOBaTh:

AN CyxXux TpaHc(opMaTopoB - MPEBbILIEHUS TEMNEpPaTyp NOBEPXHOCTU MarHWTHOM cucTeMbl (TpaHcdopmaTopbl €
cuctemamu oxnaxaenuns C, C3, CL) unu koxyxa (TpaHccpopmaTtopbl ¢ cuctemon oxnaxaeHus CI) u obmoTok (npu mx
N3MEPEHUN HANOXEHHBIM NOCTOSIHHBIM TOKOM) HaZ TeMMepaTypoi OXnaxaatoLLlero Bo3ayxa;

ONa  MacnsHbIX TpaHCOpMaToOpoB - MPEBbIWEHWE TemnepaTypbl BEPXHUMX CrOEB Macna Hajg TemnepaTypown
oxnaxpgaroLlen cpeabl;

Onst MacnsiHbiX TpaHCOPMaTOpOB, MUCMbLITLIBAEMbIX B OMbITE XOMOCTOFO XOAa - MpEBbIEHWE TeMmnepaTypbl
MOBEPXHOCTU MarHUTHOWM CUCTEMbI HaZ TeMMEpPaTypoii BEPXHUX CNOEB Macna.

4.3. VcnbiTaHua no no6oMy 13 METOAOB B COOTBETCTBUM C pasd.2 criegyeT nNpodorkaTte A0 Tex rnop, noka He 6yaet
BbINOMHEHO O4HO U3 CreayHLLMX YCIOBUIA:

B YCT@HOBMBLUEMCS TEMNMOBOM pEXUME KOHTPONMpyemMoe B COOTBETCTBUM C M.4.2 npeBbllleHVWe TemnepaTypbl
usMeHseTca He 6onee 4yem Ha 1 °C B 4ac B TeyeHMe 4YeTbipex MocrefoBaTenibHbIX WM3MEPEHWN, BbINOMHAEMbIX C
WHTEpBAarnom He MeHee 1 y;

KOHTpOnnpyemoe npesblilleHne TeMmnepaTtypbl BEPXHUX CIIOEB Macia NaMeHAeTCA MeHee YeM Ha 3 °C B vac, npu aTom
KOHEe4YHOe npesBblilleHne TeMmnepaTypbl onpenendarT rpacdhnyeckn B COOTBETCTBUM C 4epT.2. [1ns 3TOro BO BpeMs Harpesa
TpaHcdopmaTopa unm Cpasy Xe nocrne ero OTKN4YeHnsA Heobxoanmo N3MEepUTb Yepe3 paBHble NMPOMEXYTKN BpeMeEeHU

¢ npesblwenns TemnepaTypbl £4E); saTem HaliT npupalueHns npesbilweHunit Temnepatypbl Ay, AL u T4

NMoCTPOUTb rpadovk 1 onpeaenuTb KOHEYHOE NPEBLILLIEHNE TemMnepaTypbl &E‘JH . Mpun atom, ecnu n3mepeHnst NPoBoaAT
B NpoLiecce Harpeea, TO NEPBOE N3MEPEHHOE MPEBLILEHNE TeMMNepaTypbl HE JOIMKHO ObiTb Gonee 25-30% oxupaemoro
3HaYeHus &@H , B Ka4YecTBe KOTOPOro A0MNycKaeTcsi UCMonb30oBaTh pacyeTHoOe 3HaveHue. Ecnu nsmepeHusi npoeoasT B
npouecce OXnaXaeHusl nocre OTKIoYeHUs TpaHcdopMaTopa, TO NocneaHee 3MepeHHoe MpeBbIleHe TeMnepaTypbl
[OIMKHO ObITb He 6onee 25-30% pacyeTHOro 3HaYeHust &@H .
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Ecnn cHavyana wcnbiTaHue nposoaAT npu OTKITIOYEHHOW YaCTUYHO WM MNOJSTHOCTbIO CUCTEME OXNaXKOaeHus,
yBEJIMYEeHHOM TOKe, TO Nnocne BOCCTaHOBMIEHNUA HOMWUHAlbHbIX yCJ'IOBVIVI no oxnaxaeHwr U Harpyske ncnblitaHne cnegyet
npoaonxatb A0 YyCTaHOBMBLUEroca TennoBoro pexuva.

4.4, lMpu ucnblTaHnax no nn.2.1, 2.2 Harpes, MO BO3MOXHOCTW, NPOJOSIKAT A0 AOCTUXKEHWA YCTaHOBUBLLErocs
TENmnoBOro pexunma B COOTBETCTBUM C N.4.3, nocrne Yero onpeaensaoT NpeBbILUEHNS TeMnepaTypbl BEPXHUX CIIOEB Macna,
NMOBEPXHOCTM MarHUTHOM CUCTEMBbI, ANIEMEHTOB METarNOKOHCTPYKUMIA M MPEBbLILIEHNS CpeaHen TemnepaTtypbl 0OMOTOK
(Npv M3mepeHUn nx CONPOTUBNEHNI HANOXEHHBLIM MOCTOSAHHLIM TOKOM) HaJ TeMMepaTypour oxnaxaaroLlen cpeabi.

Ecnun uamepeHue conpoTnBneHnin 06MOTOK NPOBOAAT MOCME OTKMYEeHMs TpaHcopMaTopa OT UCTOYHUKA NUTaHUA, TO
ANsi onpefeneHns npesblLLeHNsa TeMnepaTypbl BTOPOn o6MOTkM (NocneayroLmx o6MoToK) crnegyeTt noBTOpUTb Harpes B
TeyeHne He MeHee 2 u.

4.5. Mpu WCNbITaHWUSAX MacnsHbIX TpaHCc(OpPMaTOpoB MO N.2.3 HarpeB CyMMapHbIMU MOTEPSIMU MPOAOIKAT A0
BbINOMHEHUS yCrnoBuid n.4.3, nocne Yyero onpeaensioT NpeBbilleHe TeMnepaTypbl BEPXHUX CIOEB Macrna U ero cpefHen
TemnepaTypbl HaZ TeMNepaTypoin oxnaxgaoLlen cpeap.

3aTem Ons onpeaeneHus npesbllUeHUs TemnepaTypbl OOMOTOK M 3NEMEHTOB METansoKOHCTPYKUMA yCTaHaBnNmnsawT
TOK, paBHbI HOMUHaNbLHOMY WKW B COOTBETCTBUM C N.1.6, N NpofomkalT HarpeB B TedeHne He meHee 1 4. Mepeq
OTKIIOYEHWEM OnpedensioT MNpeBbIleHNs TeMmrnepaTypbl BEpXHUX CrOeB Macna, cpefgHen TemnepaTypbl Macna,
TemnepaTypbl 3NEMEHTOB METasNOKOHCTPYKUMIA M macna BOnM3M HuX, cpefgHei TemnepaTtypbl OOMOTOK (Mpu WX
N3MEPEHUN HamnoXeHHbIM MOCTOSIHHBIM TOKOM) HaA TeMnepaTypoi oxnagarowen cpefbl W, HeNnocpeaCTBEHHO Mnocne
OTKIIOYeHMs TpaHcdopmaTtopa, ONpeaenstoT CPeAHIo TeMmnepaTypy OAHOM M3 06MOTOK B cooTBeTCTBUM C n.3.6, ecnn
OHa He M3mepsanach HanoXeHHbIM MOCTOSHHLIM TOKOM B NpOLecce UCNbITaHUN.

Ecnu cpegHiolo TemnepaTtypy o6MOTOK ONpeaensitoT B ABYX MUIM HECKOJbKUX MOCIeA0BaTeNbHbIX PeXuMax Harpesa
HOMUWHaIbHbIM TOKOM, TO Ansl ONpefeneHust NpeBbIeHUs TeMrepaTypbl BTOPOM OOMOTKM (MOCreaytoLmx oBGMOTOK)
crefyeT MOBTOPUTb HarpeB TpaHcdopmaTtopa CyMMapHbIMKM MOTEPSIMU B TEYEHUE He MeHee 2 4, Nocne 3Toro
YCTaHOBUTb B 0BMOTKE HOMMWHAIbHBIA TOK M NPOAOIKMTL HarpeB B TeYeHME He MeHee 1 4, Mocre 4ero onpeaenuTb
npeBbILLEHNE TemMnepaTypbl BTOPOW (CrieaytoLLeit) 06MOTKM.

Ecnu cpegHioto TemnepaTypy 06MOTOK MU3MEPSIIOT B NPOLECCE HAarpeBa METOLO0M HaNOXEHMS MOCTOSIHHOIO TOKa Ha TOK
Harpysku B COOTBETCTBUM C NPUIOXKEHMEM 3, TO NOBTOPHbIE BKITIOYEHUS HE TpebytoTcs.

4.6. Tpu uvcnbiTaHMAX Cyxux TpaHcOpMaTopoB MO N.2.4 HarpeB B PeXUME XONOCTOro XoAda MpoAdorKkalT Ao
nony4vyeHnsa yctaHoBMBLUErTroCd TensiIoBOoro COCToAHUA no n.4.3 un 3atem N3MepAT NpeBbIlLeHNA TeMmnepaTypbl MarHuTHOWN

' '
CUCTEMDbI .&@M n oB6MOTOK '&@DEH' HenocpeacTBeHHO nocre UCNbITaHWUsS B peXmnme XOSIoCTOro xXoda MnpoBOASAT

ncnbiTaHne B ONbITE€ KOPOTKOro 3aMblKaHUA TMpu TOKE B obmoTke, K KOTOPOW NoABEOEHO HanpsikKeHne, paBHOM
HOMUHanbHOMY. McnbiTaHne NpoaormkatT A0 NOMyYEHUS YCTaHOBUBLLEIOCS TEMMOBOro COCTOSHUA No n.4.3, nocne yero

% o "
MOBTOPHO U3MEPSIHOT MPEBbILLEHNS TEMMEPATYP MarHnTHOM cuctembl A, . 1 obmoTok A = .

4.7. VicnbiTaHus Ha HarpeB MHOTOOGMOTOYHBIX TPAHCHOPMAaTOPOB, BO BPeMSl paboTbl KOTOPbIX OAHOBPEMEHHO MOTYT
HarpyxaTtbcsl 6ornee aByx 0GMOTOK, criedyeT NpoBOAWUTb OTAENBHO AN KaX4ow napbl OGMOTOK.



B cnyyasix, korga HOMMHalbHble MOLHOCTU OTAEeNbHbIX OOMOTOK He MO3BOMSAT MPOBOAUTL  UCMBITAHUA
TpaHcopmaTopa MpyM CyMMapHbIX MOTEpsiX, TO MPeBbILIEHNEe TemnepaTypbl BEPXHWX CMOEB Macna OonpeaensioT B
onbITe, MPY KOTOPOM TOK MpOTEKaeT no napam obMOTOK, ANA KOTOPbIX CyMMapHble NoTepu Hambonblume, N U3MEepPeHHoe
MPY MEHbLUNX NOTEePSAX NpeBbILLIEeHNe TeMnepaTypbl 4ONYyCKaeTCs NPMBOANTL K HOMMHAMbHBIM YCIOBUSM B COOTBETCTBUN
¢ pasa.5.

MpeBblweHne TemnepaTypbl OTAeNbHbIX 0GMOTOK MHOTOOGMOTOUYHBIX TPAHCGOPMaTOPOB ONpeaensioT B OnbiTax, npu
KOTOPbIX TOKM MPOTEKAIOT MO napam oGMOTOK, a B UCTbITYyeMOi 06MOTKE TOK paBeH HOMWHASbHOMY UMW COOTBETCTBYET
ykasaHHoMy B N.1.6. MNpeBbilleHWe TemnepaTypbl OTAeNIbHOM OGMOTKM MpU HauGoree KeCTKOM ANl Hee coyeTaHuu
Harpysok B MHOTOOOMOTOYHOM peXxuMe CcriegyeT paccyuTbiBaTb Mo doopmyne (9) nyTem npuBedeHUs MpPeBbllLeHNs
TemnepaTyphbl, MOMYYEHHOrO B MapHOM PEXWME, K TOKY, COOTBETCTBYHLLEMY MO A0GABOYHbIM U BUXPEBbLIM MOTEPSIM
YCroBUsSIM HanGoree TSHKENOro pexvma.

4.8. [na wn3MepeHus npeBbllLEHW TemnepaTypbl OOMOTOK, HEe MWMEWLWMUX BHELUHUX MPUCOEAMHEHUA, ecnn
nporpaMMon MCNbITaHUA NpegycMaTpyMBaeTCa U3MepeHne ux TemnepaTypbl OTAenbHO OT OBMOTOK, K KOTOpPbIM OHU
NpUCOEdVHEHbI, Ha Mepuod WUCMNbITaHUA crnegyeT YCTaHOBWUTb OOMONMHUTENbHBIN 3aXUM  (32XUMbI), K KOTOPOMY
NPUCOEANHSIIOT OTBOA YKa3aHHON 0BMOTKM.

4.9. OnpepneneHne cpegHero HarpeBa 0OMOTKM, COCTOSALLEN N3 0OMOTOK a3 (CTepPXKHEN), oNyCKaeTCsl NPOBOAUTL Ha
o6moTKe dhasbl (CpeAHEero CTEPXHS) UM Ha obmoTKax AByX a3 (KpalHero u cpefHero CTEpPXHeN), coeauHaeMblX npu
NU3MEepEeHMN COMPOTUBIEHUS MNOCneaoBaTenbHO, €CnvM 3TO NO3BONSET CxeMa coeauHeHus OOMOTOK. [lonyyeHHbIn
pe3ynbTaT pacnpocTpaHsieTcs Ha BCO OOMOTKY, €Cnu pacyeTHbIi HarpeB OOMOTOK OLHOrO HanpshkeHus Bcex a3
(cTepxxHen) ogMHAKOB.

B TpaHcopmaTtopax C NpUHyOWUTENbHOW LMPKYNAUMEN C HanpaBneHHbIM MOTOKOM Macrna W3MepeHusl cpefdHero
npeBbILEeHUst TeMnepaTypbl 06MOTKM crefyeT NpoBoAUTb Ha 0GMOTKax Bcex a3 (CTepXKHeN).

4.10. B TpaHcopMaTopax ¢ KOHLEHTPUYECKMMM OOMOTKaMM C BEPTUKANbHBIMU OCSIMU CTEPXKHSA U 0OMOTOK, ecnv aBe
unu 6onblUe MAEHTUYHBIX OOMOTOK pasMelleHbl O4Ha Hag APYroMr, MpU UCMbITAHUAX HA HarpeB MOEHTUYHbIE OOMOTKM
OOrMycKaeTca CoeanHATb nocrneaoBaTenbHO. M3amepeHHoe cpefHee npeBbIleHNe TemnepaTypbl 3TUX NOCregoBaTeNbHO
COeIHEHHbIX 0OMOTOK He AOMKHO NpeBbIWaTh 3HayYeHus, gonyctumoro no NOCT 11677-85.

4.11. WcnblTanust Ha HarpeB TpaHCOPMAaTOPOB C pacLLenfieHHbIMU 0OMOTKaMU HU3LLErO HaMpshkeHWs JonyckaeTcs
npoBOAUTb, COEANHMB UX YacTK NocnegoBaTeNnbHO UM NapannenbHo Tak, YToObl TOKM B 06MOTKaX Oblii HOMUHANBHBIMA
nnmn cootBeTcTeoBanu n.1.6.

3a cpegHee npeBbilleHWe TemnepaTtypbl OOMOTKM HW3LIEro HanpsbkeHus OOMyckaeTcs NpuUHMMaTh cpedHee
apndmeTM4ecKoe NpeBbILLEHNA TeMNepaTyp ee YacTen, U3MepPEeHHbIX pasgenbHo.

4.12. MNpwu ncnbITaHUAX TpaHcopMaTOpPOB HOMUHaNbHOM YactoTon 60 'y oT ucTtouHukoB YacTtoton 50 My crnepyet
PYKOBOACTBOBATLCS YKAa3aHUSAMU NMPUIOXKEHUS 5.

4.13. MeTodbl WUCMbITAHUI Ha HarpeB MaclsHbIX TPaHC(OPMAaTOPOB CreayeT MPUMEHSTb TakkKe MNpU UCMbITaHMSAX
TpaHCcgOPMaTOPOB, 3aMOSHEHHbIX APYIMMU FTOPHOYMMU U HEFOPIOYMMU U XUAKUMU ONINEKTPUKAMU, C y4eTOM TpeGoBaHuii
FOCT 16555-75.

5. MPUBEOQEHUE PE3YJIbTATOB UCMNbITAHUA HA HATPEB
K HOMUHAJIbHbIM YCITOBUAM

5.1. OnpepeneHne KOHEYHOTO NPEBLILLIEHUS TEMMNEPATYp SNEMEHTOB CyXOro TpaHcdopmMaTtopa

5.1.1. lMpeBblweHusi cpegHen TemnepaTtypbl 06GMOTKM &E‘JDEH M TemnepaTypbl MOBEPXHOCTU MarHUTHON CUCTEMbI
ﬂ@m ONs 3alMLLEeHHbIX U He3alMLeHHbIX TpaHcopMaTopoB WM TeMnepaTtypbl BepXHEW KpbILWKU ﬂ@xp n

Bokosort yacTn Bz, KoXyxa Ars repMeTUUHBIX TPaHCOPMATOPOB CIEAYET ONPELEnsiTh Kak PasHOCTH:

Ay = Boay ~ Do

AByr = Sr ~ B



AB, =8~ 8o

Abgy =Hgy -8

0xI

roe IEIDE]'.'[ - TeMnepaTypa 0OMOTKM, n3mepeHHas no n.4.4 B cootBeTcTBum ¢ n.3.6, °C;
'E'er - TeMnepaTtypa MarHuTHON cMCTeMbIl, U3MepeHHas no n.4.4 B cootsetctauu ¢ n.3.5, °C;

'E'Kp 7 'E'E.n: - TemnepaTypa COOTBETCTBEHHO MOBEPXHOCTU KPbILLKM U DOKOBOW YacTu KoXyxa, M3amMmepeHHas no n.4.4
B cooTBeTcTBUU C 1.3.5, °C;

'E'Dm - TeMnepaTypa oxnaxaatoLlen cpeabl, UaMmepeHHas Npu UCMbITaHUSAX B cooTBeTcTBUM ¢ n.3.2, °C;

5.1.2. Mpyn HarpeBe o6MOTKM TOKOM ', OTAMYAIOLMMCS OT HOMMHANMBHOTO B COOTBETCTBUM C N.1.6, N3MepeHHoe
’
npeBbIlIeHNne TeMnepaTypbl &@nﬁm nepecyMTLIBAOT K HOMUHAMNBLHOMY TOKY IHDH no chopmyne

-
Al gy = A8 gy % ; 3

roe ¢ NpUHMMAlT PaBHbIM:
1,6 - ANs TpaHCHOPMAaTOPOB C ECTECTBEHHON LIMPKYNSLMEN OXnaXKaatoLlero Bo3ayxa;
1,8 - ANs TpaHCHOPMAaTOPOB C NPUHYANTENBHON LIMPKYNSLMEN OXIaxaatoLero Bosayxa.

5.1.3. Mpun ucnbitaHuax no n.2.4 obwee npesbilEHNE TemnepaTypbl Kaxaon M3 obmMOToK ‘ﬁ@uﬁm N MarHUTHOW

cuctembl AL PN HOMUHANBHBIX YCHOBMSIX MO N.1.4 ONPEAEnsioT Ha OCHOBAHUW PE3YrbTATOB, MOSyYEHHbIX BO
BpeMmsl ABYX OTAemNbHbIX UCMbITaHU B COOTBETCTBUM C N.4.6, No dhopmynam:

I - LB =1
A8y = A8 g |1+ mj 1 (4)

A= AR -1+ 28y 1
mar S par | mj - ©)

5.2. OnpepeneHne KOHEYHOrO MPeBbLILLEHUS TeMNepaTypbl ANEMEHTOB MacnsaHOro TpaHcopmaTopa

5.2.1. MpeBbileHUs TemMnepaTypbl BepxHUx crioes Macna i, | cpegHux cnoes macna &@H_cp 1 TemrepaTypbl

Macna B6nv3aun anemeHTta MeTanNoKOHCTPYKUNn ﬂi@m NPy HOMUHaNbHbLIX YCINOBUAX MO Harpesy cnenyetT onpenendrtb
KaK pa3HOCTU:

ABy =8, -84,

AB & &

Mcp S MCp oMo



A =8, -8

ox

roe 'E'JH - TemnepaTtypa BepxXHUX CroeB Macna, uamepeHHasi no n.4.4 unu 4.5 npu cymmapHbix NOTEPSIX B COOTBETCTBUM
cn.3.3, °C;

@H.cp - CpedHsia TeMnepaTtypa Macna, uamepeHHas no n.4.5 npm cymmapHbIx NnoTepsix B cooTBeTcTBMM € N.3.4, °C;
'E'Jm{ - TemnepaTtypa macna B6rnv3u aneMeHTa MeTanoKOHCTPYKLMK, U3MepPeHHas no n.4.5 npu cymmapHbIX NoTepsix
B cooTBeTcTBUM Cc n1.3.5.4, °C.

5.2.2. Tpu ycnoBusix MO HarpeBy, OTMNYHBIX OT HOMMWHAMLHBLIX, MOMYYEHHbIE MPU UCTLITAHWUAX MPEBbILIEHNS
’ ’ ’
Temnepatypbl SEL ﬂ@mcp n AEL cneayeT npuBOAMTBL K HOMMHAMBHBLIM YCTIOBUSIM MyTEM YMHOXEHUS Ha

Ko dpULMEHT

X

TP
E+h

roe P;{ + PE, - CyMMa noTepb KOPOTKOrO 3aMblKaHWS U XONOCTOro Xo4a Npu UCNbITaHNAX;
X - NpMHMMaeTCs paBHbIM:
0,8 - ans TpaHchopMaTOPOB C €CTECTBEHHON LMPKYNSLMEen OxnaxaaoLero Bo3ayxa;
1,0 - ana TpaHcopMaToOpPOB C NPUHYAUTENBHON LMPKYNALMEN OXNaxaaoLwWwero Bo3ayxa v npu oxnaxaeHmn Bogow.

5.2.3. lMpu wucnbiTaHuax no n.2.1, 2.2 npeBbllEHNs cpegHen TemnepaTtypbl 0B6MOTOK &E‘JDEH , Temneparyp

ANIeMEHTOB MeTallJIOKOHCTPYKUMn ﬂ@K 1 NOBEPXHOCTU MarHMTHOW CUCTEMbI ﬂ@m NpU HOMUHAnNbHbIX YCINOBUAX MO
HarpeBy cnenyetT onpenendTtb Kak pa3HOCTU:

ABgy = Bogy ~ Yo
AR, =8, -8B,
Ay =8, — 8,0,

rae B, - TemnepaTypa NOBEPXHOCTU BMEMEHTa METarfioKOHCTPYKLMM, W3MepeHHas no n.4.4 npu CyMMapHbIX

notepsx ZP B cooTBeTcTBUM ¢ N.3.5, °C.

o !
5.2.4. MNpu ucnbiTaHnax No n.2.3 NpeBbllEHNA cpeaHen TemnepaTypbl 0OMOTOK &@nﬁm , TemnepaTtypbl 3f1eMeHTOB

'
MeTaNnImOKOHCTPYKLUMNN &BK cnepnyet onpenendaTtb B KOHUe nepuoga Harpesa HOMUHallbHbIM TOKOM B COOTBETCTBUU C

o L
n.4.5, a npesblleHNe TeMMepaTypbl MOBEPXHOCTU MarHUTHON cucTeMbl M. . - B cooTetcTBuM € n.2.3.2 npu
cobnogeHnn ycrosust no n.4.3; Ux onpeaensitoT Kak pasHOCTU:

AG o = Bl — @

ofim ofize 03I
Al = 'E';c - @::um;
&@;.rar = 'E';.-rar - @,;m ,



.
roe 'E'cuﬁr.-: - Temnepartypa obMoTku, n3mepeHHas no n.4.5 8 coorsetcteum ¢ n.3.6, °C;
’
'E'JK - TeMmnepartypa NoBEepXHOCTU aNeMeHTa MeTannoKOHCTPYKUMK, n3mepeHHasa no n.4.5 B cootseTctsuu ¢ n.3.5, °C;
L -
E‘JM - TeMnepaTypa MarHuTHON CMCTEMbI, U3MepeHHas no n.2.3.2 B cooTBeTcTBUM € n.3.5, °C;

. o
. - TeMnepaTypa oxnaxaaollen cpeabl, U3MepeHHas no n.4.5 npu notepsix B TpaHCOPMaTope OTNUYHbLIX OT

> F BcooteetctBMM C 11.3.2, °C.

B nonyyeHHble pe3ynbTaTbl B COOTBETCTBUM C N.2.3.3 criegyeT BHECTY NOMpaBkK Mo hopmynam:

L85y = L85y ~ '&@;‘[.Cp + '&@H.Cp’ (6)
AR =ABL -ABL - +AB @
AR = AR AR+ A ®)

’
roe &'E'nﬁm " &E‘JDEH - NpvBeaeHHOe N M3MepeHHOe COOTBETCTBEHHO MpeBbilleHne TemnepaTypbl 0GMOTKU Haf
TemnepaTtypol oxnaxgatoLlen cpeasl, °C;

. -
'&@H.Cp n '&@H.Cp - NpuBeaeHHoe N n3MepeHHoe COOTBETCTBEHHO NpeBbilleHune cpeaHen Temnepartypbl Macna

Hag TemnepaTypoun oxnaxgatowen cpegsl, °C;

’
ﬂE'JK " &@K - NpuBEeAEHHOE U W3MEpPEHHOe COOTBETCTBEHHO MpEBbIlUEHWEe TemnepaTtypbl 3feMeHTa
MEeTannoKOHCTPYKLUMM Hag TeMnepaTypoun oxnaxgatoLlen cpeqbl, °C;

!
AR v ABL - npuBedeHHoe M M3MEpEHHOE COOTBETCTBEHHO NPEBbILIEHME TemnepaTypbl Macna B6ruau
3neMeHTa MeTannoKOHCTPYKLMU HaZl TeMnepaTypol oxnaxaatoLen cpeasl, °C;

.
&'E'mr " &E‘JM - NpuBeAeHHOEe U M3MEpeHHOe COOTBETCTBEHHO MpeBbIlEHNe TemnepaTypbl NMOBEPXHOCTU
MarHUTHOW CMCTeMbl Ha[ TeMnepaTypor oxnaxaatollen cpesbl, °C;

!
ﬂ@m n &@H - NpMBEAEHHOE N N3MEePEeHHOe COOTBETCTBEHHO MpeBbIlLEHNe TemnepaTypbl BEPXHUX CrOeB Macna
Hap TemnepaTypow oxnaxgarowen cpegel, °C.
5.2.5. Ecnn onpepeneHne npeBbllUeHUA TemnepaTypbl OOMOTOK U ‘ﬁ@uﬁm N 3reMEHTOB METannoKOHCTPYKLUNA
ﬂ'E'K NPOBOAAT MNPV UCMbITAHUAX TOKOM NO M.1.6, OTAINYHLIM OT HOMMWHANBLHOIO, TO MOMyYEHHbIE MPWU UCMbITAHUAX
! !
NpeBbILLEeHNS TeMnepaTypbl &@nﬁm n &@K crnedyeT NpPMBOANTbL K HOMUHASbHBLIM YCIOBMUAM NO hOpMyfam:
i g

£Bggy = (A8 gy — ﬂ@;ﬁ_cp:’ % + "ﬁ@rﬁ.cp ' ©

Y
M

+AB, (10)

!
a@K=(a@;—ﬁ@;g[ “

roe IHDH u I’ - HOMUHanNbHbI TOK OBMOTKM 1 TOK B 06MOTKE MNP UCTIbITaHUSIX, A;

¥ - npuHMMaeTcsa paBHbIM:



1,6 - gna TpaHchopMaTOpOB C €CTECTBEHHOW W MPUHYAUTENBHOW UMPKYNAUMEN Macna, HO C HeHamnpaBlieHHbIM
MOTOKOM;

2,0 - ans TpaHcOpMaTOPOB C NPUHYAUTENBHOM LIMPKYNALMEA U HanpaBneHHbIM NOTOKOM Macna.
5.3. OhopmneHne pesynbTaTtoB UCNbITaHUIA

[aHHble HabnoaeHn n pesynbTaThl UCNbITAHUIA cneayeT odopmnATs B Buge npotokona no FOCT 16504-81.

6. TPEBOBAHUA K CPELJCTBAM VIC!'IbITAHVIVI
N TOYHOCTU USMEPEHUWN

6.1. McnbiTaHns, KOHTPOMb MapaMeTpoB WCMNbITATENbHbIX PEXMMOB (MOTEPb, TOKA, HAMPSXEHWs, 4acToTbl) WU
U3MepeHMe COMpoTMBNEHNS OBMOTOK MOCTOSIHHOMY TOKYy [AOJDKHbI MPOBOAWTL C WUCMONb30OBaHWEM CXEM, CPEACTB
ucnbiTaHnm n mamepeHmn B cootBeTcTBUM ¢ FTOCT 3484.1-88, obecneumBaroimx WCMbITATENbHBIE PEXUMbI NPU
oaHOasHOM U TpexdasHOM NPaKTUYECKN CUMMETPUYHOM U CUHYCOMAANbHOM HanpsXXeHUM HOMUHANbHOW YacToTbl Npu

HOMUHANbHBIX HAarpyakax ¢ MaKCUManbHO AOMYCTUMBIMUA HEUCKMIOYEHHBIMI MOTPELLHOCTAMM U3MepeHUsl noTeps - g7 ,
Toka - {}, Hanpskenus - [Sp; , vacToTbl - .Sf B npepenax: Ogr = $3,3%; ) = +1,5%; Sy = +1,5%;
&g § T10,5%.

B cxemax wucnbiTaHus c HanpsxkeHueMm 6onee 35 kB gns uaMepeHuss Toka, HanpsbKeHWsl, NoTepb AonyckaeTcs
UCnonbL3oBaTb N3MepUTENbHbIE TPaHCHOPMaTOpPbI Knacca TOYHOCTU He Huxe 0,5.

[nsi namepeHns conpoTuBreHnss obMOTOK MOCTOSIHHOMY TOKy B COOTBETCTBMM C M.3.6.1 gonyckaeTcs NpUMEHSTb
OANHAPHO-ABONHON MOCT Kracca TOYMHOCTU He Huxe 0,1; amnepmeTp 1 BONbTMETP Kracca TOMHOCTU He Huxke 0,2. Mpu
onpefeneHun conpoTUBEHNA OOMOTKM MyTEM U3MEPEHUS NafeHUs HanpsKeHus Ha 06MOTKe M 3TanoHHOM pe3ucTope
cnegyeT NPUMMEHSATb BOMbTMETP Krnacca TOYHOCTM He Huxe 0,2 u obpasuoBbii pe3ncTop, COOTBETCTBYHOLLMIA Kraccy
TOYHOCTM He Hxe 0,2 (fonyckaeTcs NPUMEHATb CaMOoNULLYLLMA NOTEHLMOMETP Knacca TodHoCcTH He Huxke 0,5). Bo Bcex

cny4asx HeWCKMYeHHas MOrpellHOCTb U3MEepPEeHUsT COMpOTUBMEHUA OOMOTOK MNOCTOSIHHOMY TOKY ﬁR DOIKHa
HaxoauTbcs B npegenax +1%.

6.2. AN n3mepeHus TemnepaTypbl Macna v oxnaxgatoLlen cpeapl cnegyeT NpuMeHsiTe nabopaTopHble TEpMOMETPbI
¢ ueHown genexHuns 0,1 °C.

[onyckaeTcs NpUMEHATb CTEKNSIHHbIE CMUPTOBbIE M PTYTHblE TEPMOMETPbLI, KOTOpble MMENT LWKanbl B npegenax
(0-100) °C, ueHy genexusa He bonee 1 °C, npegens! AonyckaeMbIX NOrpeLLHOCTEN Noka3aHni KOoTopbIx - +1 °C.

Bo BCex Cry4asix HEMCKNIOYeHHas MOrPeLIHOCTb U3MepeHus Temnepatypbl Gl fomkHa HaxoauTbcs B Npeaenax
+1 °C.

[paHnLbl OTHOCUTENbHOW HEUCKIIOYEHHOW MOrpeLIHOCTM '8'91“ , ﬁ@M, ﬁ@mm B MNpoLEeHTax onpeaeneHus 'E'JT,

oy gy CreayeT paccunTbiBaTh No hopmyse

fo, -6, ~Beo, -+oor 190 an
oy ~Pey “Ha, T '

o AB,
roe A - Hopmupyemoe npeBbileHME TemnepaTypbl UCTIbITYeMOro anemeHTa TpaHcgopmartopa no OCT

11677-85;
i - ycnosHoe 0603HaYeHVEe UCTBITYEMOrO arieMeHTa TpaHcdopmaropa.
6.3. Mpu namepeHun TemnepaTypbl Macna, oxnaxgarollen cpedbl, 3IeMEHTOB MEeTannoKOHCTPYKUMA Npu NOMOoLUn

TepMonap Krnacc TOYHOCTU NPUMEHSAEMOro ¢ HUMK npubopa (MUNIMBONLTMETPA UMW NOTEHUMOMETPA) AOMKEH ObiTb He
Hwxke 0,5, a ero BHyTpeHHee CONPOTMBIIEHWE AOMKHO NpeBbILLAaTh CONPOTUBIIEHNE TepMonapbl He MeHee Yem B 200 pas.



[loBepuTenbHbIE TPaHNLbI HEUCKIIOYEHHON aBCOMIOTHONM MOTPELIHOCTM M3MepeHus Temnepatypsl OET B atom
cnyyae Heo6XxoaMMOo onpeaensaTs cneayowumM o6pasom:

no M3MepeHHoW npubopom Tepmo-3OC U-j;[ C YY4eTOM rpaHuL, JonyckaeMolr abGCoNoTHOM MOrpewHocT nprbopa

+ L7, cnepyet onpenenuTb ee BO3MOXHbIE rpaHNLbI Ur-['- n U7 no dopmynam:
+ _ - = — .
o= UTn +al, on U —UTH T

" - +
no rpapyvpoBoyHoil 3aBucumoctn Ly = F{ET] cneayeT onpepenvTb BO3MOXHbIe 3HaueHns TemnepaTypbl Hi

- + -
" 'E'JT, COOTBETCTBYHOLUME 3HAYeHUsIM Tepmo-OC UH " UH :

+
abCoNoTHas HeNCKITIYeHHas MOrPeLLHOCTb N3MepeHns TemnepaTypsl & paBHa nonypasHocTu Temnepatyp &
n E7 n gomkHa HaxoguTbcs B npegenax =1 °C, a rpaHnLbl OTHOCHTENbHON HEMCKITKOYEHHOI MOrPeLHoCT '8@‘1"

namepeHns Temnepatypbl E'r kakoro-nn6o anemeHTa TpaHchopmaTopa criefyeT paccuuTbiBaTh No dopmyne (11).

6.4. Mpu onpedeneHnn NPeBbILLEHUSI TEMMEpaTypbl Kakoro-Mnbo snemeHTa TpaHcdopmaTtopa Haf TemnepaTypoit
oxnaxgatoweii cpeabl (L, '&@H.Cp AL, AB . ABLL ) OLeHKY AOBEPUTENbHBIX FPAHNILL HENCKITIOYEHHOM

CMUCTEMATUYECKON MOrpeLlHOCTN pesynbTata M3MepeHun cnepyeT nNpoBOAUTb B npoueHTax B cooTtsetctBum ¢ TOCT
8.207-76:
1) ana AE, n '&@H.Cp [0BEpUTENbHBIE PaHULIbI Pe3yNbTUPYIOLLVX MOrPeLLIHOCTEV .3;_.‘@“ " 'Bﬂ@m.cp B oBLem

crnydae crnefyeT paccuMTbiBaTh No hopmyne

2 2 2 2 2 2
= =+ + + + + +
Bae, = Baeyy = ¥11,J68, +63 , +65, +65, +63, +53, . (12)
roe ﬁ@m - OTHOCMTENbHas HEUCKIIOYEHHas MOrpeLlHOCTb onpeaeneHns TemnepaTypbl oxnaxgaroLwero Bo3ayxa,
paccuuntbiBaTh Mo opmyne (11), %;
ﬁ@w - OTHOCUTENbHAas HEWCKIIYEeHHas MOrpeLlHOCTb, BHOCKMMAsi MpW KOHTPOMe pexuMa Mo notepsiM, kotopasi

NPUHUMAaETCS paBHOWM .ISW, %;

b ; - OTHOCWTErIbHas HevCKIio4eHHas MOTPeLLHOCTb, BHOCMMAs MpU KOHTPOMe pexuma no Toky, koTopas
npuHUMaeTcs pasHol ~ 2 H 1, %;

ISIE'U n ﬁ@f - OTHOCUTEIIbHbIE HEUCKITHOYEHHbIE NOrpellHOCTN, BHOCUMbIE NPU KOHTPOJ1Ee peXnMa no HanpAaXeHuto,

O6yCﬂOBﬂeHHbIe NorpelwHoOCTAMU N3MepeHNna HanpsaxXeHna n 4acTtoTbl, KOTOpble NPUHUMAKOT paBHbIMU COOTBETCTBEHHO

,ISU "n 'Sf'%'

Mpwv pacyeTe norpelHoCcTV No dopmyre (12) B 3aBUCMMOCTU OT MapaMeTpa, Mo KOTOPOMY KOHTPOMUPYIOT TENnoBoM
pexum, crnegyeT NpMHUMaTh:

.3@! = .S@U = '8@_;? = 0 - NPV KOHTPOME peXX1Ma Mo NOTEPSIM;



Fa

W ﬁ@U = '8'3';- = 0 - Npu1 KOHTpONe pexuma Mo ToKy;

ﬁ@U = ﬁ@f = 0 - Npy UCMbITAHUSIX CYMMapHbIMU NOTEPSIMM MO N.2.3 U KOHTPOIE pexuma no TOKy;

Fa

7 = ﬁ@ W = 0 - NpWU KOHTPOIE pexnma no Hanps>KeHuo;

2) ans ABEL noseputenbHble rpaHmubl norpelwHocTy & @, CrNE/lyeT paccunTbIBaThL No opmyne

Bam, = £L1,[68, + 88, *Bo, + 68, *B8 (139

roe '8@1; , ﬁ@m , ﬁ@m - OTHOCHTENbHBIE HENCKIIOYEHHbIE MOrPeLIHOCTY UaMepeHus Temnepatyp &, &

@nm , KOTOpble paBHbI ﬁ@r n onpegenstoTca no dopmyne (11), %;

ﬁ@f - OTHOCUTEelbHaA NOrpeLlHoCTb, 06ycnosneHHa$| OTKITOHEHNEM 4acTOTbl OT HOMWHANbLHOW, npuHMMaeTcA

paBHoM ﬁn flzﬁ:f )2 +.8§r- , %, roe .S:f - OTKIMOHEHWE YACTOThl OT HOMUHAMBHOWN NMPU UCTILITAHUAX, %;

3) ans Al s, AoBepuTenbHbie rpaHNLibl NOrpeLLHOCTH il Am, CNEAYeT paccunTeiBaTh no hopmyrne

_+11 |82 7 a2 .52 .a2
roe ﬁ@i-ﬁ'l:l-'lﬂxj - HEeuckKn4eHHasa OTHOCUTEeNnbHasdA MNOrpPeLIHOCTb, 06ycnosneHHa$| NorpeLHoCTbiO onpeaeneHns
OTHOLLEHMS CONPOTUBIIEHUI 00OMOTKM B rops4YeM 1 XoNnogHOM COCTOSIHUAX, KOTOpasi NPUHUMaeTCs paBHOM +2,5%;

IS@MEP - OTHOCUTENbHAA HEWUCKNiYeHHaA NOrpelHOCTb U3MepeHna TemnepaTypbl @H.Cp' KOTOpasa npuHMMaeTCcd

paBHOMN '8'3'1" n onpegensetca no opmyne (11), %;

'S@IH - NOrpeLHoCTb, 06ycn03neHHa$| HanoXeHnemM NoCTOAHHOIo U3MEepPUTENIbHOIo TOKa Ha TOK Harpy3ku, Kotopas

MMeeT MeCTO MpU U3MEPEHWSIX METOAOM HamnOXEHWUs, MPUHUMAETCS! PaBHON = 2 'ﬁjn , %, roe .Sjn - OTHOLLEHMne

NOCTOAHHOIO N3MEPUTESIBHOIO TOKa K TOKY Harpy3ku, %;

4) ana AE . nosepuTenbHble rpaHuubl norpewHocTn & 4, crepgyeT paccuuThiBaTb No ropmyrne

'S":"@rmr - il’l J‘Bz@nmr +'8%M +'8"%'mm +'82@U +'82@fm ! (15)

roe ﬁ - HEeUCKIN4YeHHaa OTHOCUTESlbHaA MOrpelHoCTb n3MepeHua TtemnepaTtypbl NMOBEPXHOCTU MarHuTHOWN
'E'r.'mr

CUCTEMbI, KOTOpasi paBHa '8'3'1" n onpepgensetcs no dopmyne (11), %.

Mpu ucnbiTaHuax no nn.2.1, 2.2 n Npu UCNbITAHUSX CYXMX TpaHCOpMaToOpoB COCTaBnsoLas "3@“ 13 copmynbl

NCKITIO4YaeTCA.

HangeHHole no cdopmynam (12-15) posepuTernbHbIE rpaHvLbl HEUCKIIOYEHHBIX CUCTEMaTUYECKUX OTHOCUTENbHBLIX



norpeiHoctedt onpepenerns Ay, Al o AB, ABlg, nomkHbl HaxoauTscs B npedenax 5%, a LB -

B npegenax +4%.

7. TPEBOBAHUA BE3OMNACHOCTHU

McnblTaHna cnegyeT MpoBOAUTbL B COOTBETCTBMM C  TpeboBaHnusimu "lpaBun  TexHWYECKOW akcnnyataumm
3MeKTPOyCTaHOBOK noTpebutenen™ un "lMpaBun TexHukn 6Ge3onacHOCTU Mpu  3KChnyaTauum SneKTpoyCTaHOBOK
notpebutenen"**, yreBepxaeHHbIX [OcaHeproHagsopom 21.12.84, a Takke MPOU3BOACTBEHHLIMU WHCTPYKLMUSAMMU,

yTBEPXKAOEHHbIMU Ha NpeanpuaTnn, nposogdllemM ncnblTaHna.

* Ha tepputopumn Poccuiickonn depepauum aeicTBytoT "lMpaBuna TEXHUYECKOW 3JKCMfyaTauun 3reKTpoyCTaHOBOK
notpebutenen", yreepxxaeHHsle npmkazoM MuHaHepro Poccum ot 13.01.2003 N 6;

** Ha Ttepputopun Poccunckon ®depepauun genctsyloT "MexoTpacnesble npasuna no oxpaHe Tpyda (npasuna
6e3onacHocTn) npu akcnnyatauun anektpoyctaHosok" (MOT P M-016-2001, PO 153-34.0-03.150-00). - MNpumevaHue
nsrotoeutens 6a3bl AaHHbIX.

MPUNOXEHWE 1
CnpaBo4Hoe

TEPMOMNAPbI, NIPUMEHAEMBIE OJ1A U3MEPEHUA
TEMNEPATYPbI JIEMEHTOB TPAHC®OPMATOPA

[ns namepeHns TemnepaTtypbl NPy UCNbITaHUAX TPaHCOPMaToOPOB crnedyeT NPUMEHSITb TepMOonaphbl, U3rOTOBMNEHHbIE
13 napbl NPOBOAOB (NPEeAnoYTUTENBHO XpoMmenb-konens) AnameTtpom ot 0,1 Ao 1 mm. Kaxabim u3 napsl NpOBOAOB
3aKMoYaloT B MacrocTovkyl (And Tepmonap, MpUMEHSIEMbIX MPU UCMLITAHMAX MAaChsaHbIX TpaHCcHOpMaTopoB) W
TepmocTonkyto nsonsumio (180 °C), a 3aTeM Mx CKpy4MBatoT ¢ warom 5-15 mm.

MpoBoda paspesaloT Ha OTpesku Tpebyemon AnuHbl (0GblMHO OT 2 Ao 20 M) M nocne NPOBEPKU LENOCTHOCTU
U30MIAILMM MeXay NPoBoAaMM CBapMBatoT UK 3ananBatoT OAMH M3 KOHLOB Napbl NPOBOAOB.

[ns onpepeneHnst 3aBUCUMOCTM MeXAy nokasaHusmu npubopa, NOAKMYaeMoro K TepMonape, U TemnepaTypou,
BbIpaXX€HHOW B rpagycax, MOCTYNarT yka3aHHbIM HuKe crnocobom.

M3 rpynnbl TepmMonap oAMHAKOBOWM ANMWHbLI ¢ AonyckoM +10%, U3roTOBMNEHHbIX U3 OAHOW NapTUM NPOBOAOB YKa3aHHbLIM
cnocoGoM, BbIGMPaIOT ABE UK TpU. 3anaunBaioT Ui 3aBapvBaloT BTOPOW KOHEL, Napbl NPOBOAOB (paHee He 3anasiHHbIN),
a 3aTeM OAUH M3 NPOBOAOB NepepesaloT U NosyyYeHHble OTBOAbI NOAKMIOYAOT K M3MEPUTENBHOMY NMPUGOPY NooYepesHo
npu NOMOLLM NepekntoyaTens.

OanMH w3 cnaeB MOMYyYEHHOW Tepmonapbl MOMELWAlT B COCYA C  XUOKAM  OMSMEKTPUKOM  (Hanpumep
TpaHcdopmaTopHOe Macno), Temnepartypy koToporo nopgaepxuBaiwoT 0 °C, a gpyron - B XUOKUA [AUINEKTPUK,
TemnepaTtypy KOTOPOro KOHTPONUPYIOT PTYTHBIM TEPMOMETPOM ¢ LeHon aenenus 0,1 °C.

MameHs0T TemnepaTtypy xuakoro avanektpuka B gnanasoHe oT 0 go 180 °C u yepes kaxgble 3-5 °C 3anucbiBatoT
nokasaHusi U3aMepuTenbHOro npubopa 1 TepMomMeTpa.

[MonyyeHHble pesynbTaTbl MNPUMEHSAT ANA  MNOCTPOEHWS rpaduMyeckon 3aBUCUMOCTM  MeXOy MOoKa3aHUsSMM
naMeputensHoro npmbopa n TepMomeTpa, KOTOPYH UCMONb3yT B AanbHENWeM ANA nepeBofa nokasaHui npubopa B
rpagychbl Llenbcus.

Mpumeuanmve. MNpyu NpUMeHeHWM TepmMonap, W3roTOBMEHHbIX M3 MPOBOAOB XPOMENb W KoMenb, AonyckaeTcs Ans
nepesofa nokasaHun npubopa B rpagycsl Lienscusa ncnons3oBatb Tabnuubl, cocTaBneHHble no aaHHeiM FTOCT 3044-84,
1 NPUMEHSTb NPMOOPEI, LLKana KoTopbix NporpagyupoBaHa B rpagycax Lienbcus ans xpoMenb-konenesbIx TepMonap.

B atux cnyyasix criegyeT NpoBOAUTL COMOCTaBMEHNe TabrMYHbIX AaHHbIX U NMokasaHwui rpadyMpoBOYHOro npubopa c
rokasaHusiIMW, NOMy4YeHHbIMU NPU NOMOLLM TepMonap, 3TanoHHOro nNpubopa u nabopaTopHOro TepMoMeTpa.

MNPUNOXEHWUE 2



PekomeHaoyemoe

MUCNbITAHUA HA HAFPEB METOJOM HENOCPEACTBEHHOW HAIPY3KU
1. 3TOT MeTOA cregyeT NPUMEHATb NPU N3MEHSIOLWENCs TemnepaType oxnaxgaroLen cpeabi.
2. PerynupoBaHue noaBoAMMOrO HanpshkeHWUs 1 Harpy3ku NpoBoAsaT B COOTBETCTBUM C N.2.1.

3. B npouecce ucnbiTaHUi NPOBOASAT U3MEPEHUS Yepe3 paBHble NPOMEXYTKU BPEMEHU, HO He Gonee yem yepes 1 y,
’ o L o
Toka { , HanpskeHns L7, TemnepaTypbl BepxHux croes Macrma ly, , MarHUTHON cucTembl i » OXNAXAAMOLE

' '
cpeabl @Dm n cpegHunx remnepartyp obmMoTOoK IEIDEH , NIPUN NX namepeHnn HanoxeHHbIM NOCTOAHHbIM TOKOM.

Bpemsi BbIMOMHEHUst cepun NOCREAHNX N3MEPEHVIn BbIBUpaT Takum obpa3om, YTOObl OHU MPOBOAUMUCE B TEYEHWEe
npomexyTka BpeMeHu (okoso 1 4), korga Temnepartypa BEpXHUX CroeB Macna n3MeHsnach 6bl He 6onee yem Ha 1,5 °C n
4yTOObl ONUTENBHOCTb WCMBITATENBHOIO pEeXUMa [0 BbINOMHEHUA NOCNeAHWX u3mepeHuid Obina He MeHblue

YUYETBEPEHHOTO 3HAYeHMsi TOCTOSIHHO BPeMeHU Harpera TpaHcdopmaTtopa (4 7).

MpvmeyaHue. Ecnu usmepeHue cpepHeit TeMnepaTypbl OGMOTOK HE MOXeT ObiTb MpoBedeHO Mon Harpyskoit, To
HaCTOSILLMIA MeToL WCMOoNb3ylT AN OnpefeneHuss MpeBblleHUA TemnepaTypbl Macna, MarHUTHOM CUCTEMbl U
3M1EMEHTOB METaIIOKOHCTPYKLMNA.

4. YcTaHoBMBLUEECH MPEBbLILLEHNE TeMNepaTypbl Kakoro-nnbo anemeHTa TpaHcdopmaTtopa ﬂ@i Haj TemnepaTypown

oxnaxaarolueit cpeabl B, paccunTbiBaloT Mo dopmyse
A, =8, -8, (16)

roe E'J!- - cpefHee apudMeTMyeckoe 3Ha4YeHUe TemnepaTypbl, BbIMUCIIEHHOE MO pe3ynbTaTam W3MepeHun B
nocrnegHui Yac ncnblTatenbHoro pexumva, °C;

- aKBMBareHTHas TeMnepaTtypa oxraxaatoLLeil Cpefibl, KOTopyio onpeaensioT no opmyrne (18).

! o
YCTaHOBMBLUEECS MPEBLILIEHUE TEMMEPATYPbI Kakoro-nbo aremeHTa TpaHcdopmatopa S Hag Temnepartypoit
CpefHMUX CIoeB Macria paccumTbiBatoT No opmyne

AB] =8 ~ By o, (17)

roe B, 'E'H.Cp - cpefdHve apudMeTUYeckMe TemnepaTypbl, BblMUCMEHHbIE MO pesdynbTaTtaM WU3MEepeHuin B

nocrneaHnn Yac UCnblTaTeNbHOro pexnma, °C.

5. OkBUBaNeHTHyO TeMnepaTypy oxnaxgatoLien cpeasbl 'E'a paccunTbiBatoT No opmyne
—_ ! —
B, =8, -4, (18)
’ -
roe 'E'JK - KOHeYHasi TemnepaTypa oxnaxgatoLLen cpefbl, U3BMepeHHas! B KOHLe UCMbITaTeNnbHOro pexuma, °C;

& - nonpaBka Ha MOCTOSIHHYIO BPEMEeHM TpaHcdopmaTopa, KoTopas yYWThiBaeT 3anasfblBaHve Mo BpeMeHu B
U3MEHEHUN TeMnepaTypbl Macna no OTHOLLUEHWIO K U3MEHEHUIO TeMnepaTypbl OXNaxaatlolwen cpefpl; paccynTbIBalOT No
dopmyne



At ; (PH-) At

eT —1|'Tag e T (19)

5=
Fi¥, i=1

rone I - NOCTOsHHas BpeMeHu Harpesa TpaHcopMaTopa;
ME - MHTepBan BpeMeHn Mexay NocrneayioLLM 1 NpeabiayLMM U3MEPeHUsIMI TeMnepaTyphl OXNaxaaloLLen cpefsl;
A =& — 8, - anreGpanyeckasi pasHOCTb MeXAy NOCHEAYIOLWMM W MPeAbIAYLLIMM pesynbTaTamu n3mMepeHiii
TemnepaTypbl oxnaxaatoilei cpeal, °C;
F - nopsigKoBbIi HOMEP NOCNEeAHEro N3MepeHNs:;
i - NOPALKOBbLI HOMEP N3MEPEHUS!, HauMHAsA CO BTOPOTO M3MEPEHMUS Ha NMEepBOM UHTEpBare.

Mpwv popcupoBaHuK Harpeea TpaHcopmaTopa 3a Havano ucnbiTaHui (£ = 0) NPUHUMAlOT MOMEHT BpeMeHu, koraa B
TpaHcgopMaTope yCTaHOBMEHbI TOK U YCIOBUS OXJ1aXAeHMUs, COOTBETCTBYIOLME 3a4aHHOMY UCTIbITATENBHOMY PEXUMY.

MNPUNOXEHWE 3
PekomeHagyemoe

M3MEPEHUA CONPOTUBIIEHNA OBMOTOK MNMPU UCTbITAHUUN HA HATPEB

1. M3mepeHne conpoTneBneHus 0OMOTOK METOAOM HanoXXeHUs MOCTOSIHHOMO TOoKa

1.1. MeTog HanoXeHWs MOCTOSIHHOTO TOKa MPUMEHSIOT MPU UCNbITaHUM Ha HarpeB (Kak Npy KOPOTKOM 3aMblKaHuM, Tak
W NpW Harpyske B YCINOBMSIX 3KCrfyaTauuu) npuv  OGOMbLIONW MOCTOSIHHOM BpPEMEHU OBMOTKM  MUCMbITYEMOrO
TpaHcdopmaTopa M M3MEepUTENBHOW LEenu M Npu OTCYTCTBUM BO3MOXHOCTM HayaTb M3MEpEeHWsi HEMeAMNeHHO nocre
OKOHYaHWA Harpesa TpaHcopmaTopa.

1.2. MMpu aTom meToAe conpoTMBeHne obMOTOK TpaHcopmMaTopa N3MepPSIOT Ha NOCTOSAHHOM TOKe, HaknagbiBaeMoM
Ha NepeMeHHbI TOK Harpysku.

[MOCTOAHHBIN TOK MOXET OblTb BKMOYEH B TEYEHME BCErO nepuoga MCnblTaHUA NN TONbKO Ha BpeMms, HeobOxoavmMoe
ana naMmepeHus. 3HayeHne NOCTOSAHHOIO ToKa He JOJMKHO npesBbillaTb 2% HOMMHanNbLHOro Toka namepsieMmon 0OMOTKM.

1.3. ConpoTuBneHne o6MOTKMN U3MEPSIOT NPY NOMOLLM ABOWHOrO MOCTa UNM BONbTMETPa M aMmnepMeTpa no ogHoON us
CXeM B COOTBETCTBUM C 4epT.3-6.




1 - namepsiemast obmoTKa; 2 - perynupyemelii peauctop; 3 - pesnctop; 4 - duneTp; 5 - ranbBaHOMeTp;
6 - KOMMNEHCHPYOLLMIA TpaHcopMaTop; 7 - akkymynaTopHas 6aTtapesi; 8 - gpoccernb;
9 - pasgenuTenbHbIA KOHOEeHcaTop

YepT.3

a) u3aMepeHUsi NPU KOPOTKOM 6) n3sMepeHue NPy KOPOTKOM
3aMbIKaHUW U Harpyske 3aMbIKaHUK

1 - nuTalowmn TpaHcdopmaTop; 2 - uamepsieMasi oomoTka (nepBuyHas); 3 - MMKpoamnepmeTp; 4 - BblktoyaTernb;
5 - ounbTp; 6 - WYHT; 7 - punbTp; 8 - MUNNMBONLTMETP; 9 - akkyMynaTopHasa baTapes;
10 - gpoccenb; 11 - MHAYKTUBHOCTYU; 12 - n3amepsiemasi oomMoTka (BTOpUYHas)

YepT.4

E-_{--: 8 —F

1 - nuTaoLwmn TpaHcdopmaTop; 2 - LWYHT; 3 - u3MepsieMast 0OMoTKa; 4 - MHAYKTUBHOCTb; 5 - pe3ncTop;
6 - M1KpoamMnepmeTp; 7 - KoHAeHcaTop; 8 - akkyMynsaTopHas 6atapes; 9 - Bblkno4YaTensb;
10 - munnusoneTmeTp; 11 - gpoccens; 12 - punbTp

YepT.5



lem
Th

1 - nuTarowmin TpaHcopMaTop; 2 - WYHT; 3 - nsmepsiemasi 0OMOTKa; 4 - UHOYKTUBHOCTL; 5 - punbTp;
6 - MukpoamnepMeTp; 7 - punbTp; 8 - MUNIMBONLTMETP; 9 - akkymynaTopHasa 6atapes; 10 - BbikntoyaTens;
11 - gpoccenb

YepT.6*

* YepT.6. NameHeHHasa pepakums, Mam. N 1.

1.4. N3mepeHnsa KOpOTKO3aMKHYTOM OBMOTKM (Npu Harpese MeToAOM KOPOTKOrO 3aMblKaHWs) MPOBOAAT NO CXeme B
COOTBETCTBMM C 4epT.3 B Cnyvyae COedMHEHUs WUCMbITyeMo OBMOTKM B 3Be3dy C AOCTYMHOW HEenTpanbio, npu 3TOM
'
conpoTuBneHne mexay Toukamu ! — (' aBnseTcs cpegHMm conpoTuBreHWeM Tpex a3 OBMOTKM, BKMKOYEHHbIX
napannensHo.

B wunameputenbHyto guaroHanb MocTa 4epes TpaHcdopmatop 6 C koapduumeHToM TpaHcdopmaumn 1 nogatoT
HanpspkeHve, COOTBETCTBYHOLLEE HANPSKEHUIO Ha M3mMepsieMon 06MOTKe, HO C 06paTHbIM 3HakoM. [JoNOMHUTENBHO B 3Ty
uenb BBOAAT hunbTp 4.

1.5. NamepeHusi o cxemam @@ M £ B COOTBETCTBUM C YEPT.4 MPOBOASIT B TOM Cllydae, Korga [OCTYMHbI HeATpanm y

nsmepsieMbix OOMOTOK WM y nuTalowero TpaHcdopmaTopa (reHepatopa). Mpu M3MepeHuu onpenensioT cpefgHee
COMPOTUBIIEHME TPEX (ha3 OGMOTKHM, BKIMHOYEHHBIX NapasnesibHo.

[MOCTOSIHHBIN TOK, HaKNaAblBaeMbI Ha UCNbITYeMble 0BMOTKM, N3MEPSIOT NPY MOMOLLM LWYHTa 6 1 MUIMBOMbLTMETPa
8 ¢ punbTpom 7.

MageHne HanpspkeHUst MOCTOSIHHOTO TOKa Ha 3TUX 0OMOTKax M3MEPSIOT ranbBaHOMETPOM C (punbTpom 5.
BmecTo uHaykTMBHOCTEN 11 AonyckaeTcs NPUMEHSATb COOTBETCTBYIOLLME TPAaHC(HOPMaTOPbl HaNPSXKEHUS.

lMpyMeHseMble B cxeme punbTpbl AOMKHBI B MUKpOaMnepMeTpe M MUNMBONbTMETPE OrpaHnMuMBaTh MEepPeMEHHYo
COCTaBISAOLLYI0 HaNpsXXeHUs OO 3HaYeHWs, He MPeBbILAtOLWLEro NOCTOSAHHYI0 cocTaBnsoLwyto. Mpu ycTaHoBKe LWyHTa B
(hbasoBOM NpoBoAe NEPBUYHON OOMOTKM 2 U NPUMEHEHUN OJHOro TpaHcdopmMaTopa HanpsbkeHnsa 11 MOXHO nsmepaTb
conpoTuBneHne oaHoW asbl, HO MPU 3TOM YYUTbIBATbL, YTO LUYHT U MUANMBONLTMETP OyAyT HaxoauTbLCHA MOA MOMHbIM
nepemMeHHbIM HanpskeHnem. B aTom cnyvae Heo6XoaMMO MPUHATL Mepbl AN UCKMIOYEHUS BAUSHWUS 3MNEKTPUYECKOro
Mons Ha Mokas3aHWs MUNNMBONbLTMETPa (Hanpumep NyTem 3KpaHuWpoBaHws). [Npu 3TOM NokasaHWs MWMAMMBOMLTMETPA
OTCYMTBLIBAIOT MPY NOMOLLM OMTUYECKMX CPEACTB C PacCTOSHWSA, NpeayCMoTpeHHoro TpebosaHmaMM 6e3onacHocTH.

CpenHee conpoTusnienne [ A Tpex a3 nepsuyHON 0BMOTKM 2 paccumMTLIBaIOT (ANA CXeMbl ¢ ) Mo chopMmyne

g _1BR+R)

20
7 (20)

roe i - TOK, U3MepsieMblil MUKPOamnepmeTpoM 3;

R’ - cymmapHoe conpoTuenenme unbTpa 5, apoccens 10 1 MukpoamnepmeTpa 3;



Ra - COMpOTUBIEHNE UHOYKTUBHOCTEN 11;

J - NOCTOSHHBIN TOK, HaKNaabIBaeMbIi Ha NEPBUYHY0 0BMOTKY 2.

CpepnHee conpoTusnenmne [ Aa) Tpex das BTOPUUHOI 0BMOTKN 12 paccunTLIBaKOT (415 CXEMbI £ ) no dopmyrne

Rg = %, (21)

M~
roe K" - cymmapHoe conpoTueneHmne dunbTpa 5, apoccens 10 1 MUkpoamnepmeTpa 3.
1.6. lamepeHns no cxeme B COOTBETCTBMU C YepT.5 NMPOBOAAT B pPEXMME KOPOTKOrO 3aMblKaHUSt U Harpysku B TOM
cnyyae, korga o6MOTKM MUCMbITyeMOro TpaHcdopmaTopa CoeduHeHbl B TPEYrofbHUK unn B 3Be3fdy 6e3 BbiBeAeHHON
HenTpanu.

Ecnu y nuTatoLlero TpaHccopmatopa (reHepaTtopa) HeT BbIBEAEHHOW HelTparnu, To UCMOoNb3YT ApYryto dasy cXxembl,
3a3eMIMB ee Yepes AOCTATOUHYIO MHAYKTUBHOCTb.

MOCTOSIHHBIN TOK MOAAIT yYepe3 ofHy U3 a3. Mpu N3MEPEHUM MOCTOSIHHOTO HanpshkeHust Mexay BbiBogom A u
BoiBogjamn 5 u 7 pesuctopbl 5 B azax B u T pgomkHbl obecneunBaTb HaMMeHbLUEE PacXOXOEHUE Mexay
CYMMapHbIMM CONPOTUBAEHUsIMU B chasax B n ' - MHOYKTUBHOCTL 4 NMOC Pe3ncTop 5 CooTBETCTBYIOLLEN (hasbl.

Cpennee conpotuenenne (&) neyxdas A u B paccuutsisaiot no popmyne

R =%(2£H +Ry), (22)

roe I - TOK, N3MEpPEHHBIN MUKPOAMMNEPMETPOM;
J - NOCTOSHHBIN TOK, HakNaabIBaeMblii Ha asbl & u B ;

K - cymmapHoe conpoTusneHme NHAYKTUBHOCTY 4, peanctopa 5 1 Mukpoamnepmetpa B hase L ;

Kp - cymmapHoe conpoTusneHme MHAYKTUBHOCTY 4 1 peancTopa 5 B chaze B .

LWyHT 2 pomkeH ObITb paccuntaH Ha paboumit Tok obmoTkM 3. OcTanbHble YCMOBUS W3MEPEHUS [AOIMKHbI
cooTBeTcTBOBaTh n.1.5.

1.7. N3amepeHnst no cxeme B COOTBETCTBUM C YepT.6 NMPOBOASAT B PEXUME KOPOTKOrO 3aMblKaHUS M Harpysku npu
OTCYTCTBUM BbIBOZA HEUTpanu y UCMbITyeMoii OGMOTKM M MUTAIOWEro TpaHcopmatopa (reHepaTopa) B TOM criydyae,
€Ccrnv JonycTMO 3a3eMIleHe OHOro M3 (hasHbIX MPOBOAOB. VaMepeHue NpoBoasaT Ans 0GMOTOK 3, COeAMHEHHbIX Kak B
3Be3fy, Tak U B TPEYTONbHUK.

Mpn namepeHun conpoTUBNEHUs OOMOTOK, COEAMHEHHbIX B 3Be3dy, OnpeensioT 3HayeHne COnpoTMBIIEHUS [R;)

a3 & u B | koTopoe paccuuTbiBatoT no copmyne
Ri=_ (23)

roe I - TOK, N3MepEHHBIN MUKPOAMMNEPMETPOM;
J - NOCTOSHHBIN TOK, HakNagblBaeMblii Ha casbl & u B ;

X - cymmapHOe conpoTUBIeHnE UHOYKTUBHOCTY 4, punbTpa 5 1 MUkpoamnepmeTpa 6.



1.8. [INA yMEHbLUEHUS] BIUSIHVSI TEPMOSNEKTPUYECKOTO 3hheKTa B KOHTaKTaX LUYHTOB U MEPEXOAHbIX MPOLECCOB B
TpaHcdopMaTopax Ha TOYHOCTb U3MEPEHWS CONPOTUBIIEHNSI PEKOMEHAYETCS NMPUHUMaTb criefytowmne Mepbi:

1) ymeHbLIaTb Harpes LWYHTOB (MyTeM BbIOOpa COOTBETCTBYIOLLIEIO CEYEHNS MPOBOAHMKOB LUYHTA N OXITaXAEHUS);
2) BbIHOCWTb U3 30HbI HAarpeBa KOHTaKTbl LUYHTA, €CM OHW 13 Pa3HOPOAHbLIX METannos;

3) yBenuumBaTb NOCTOAHHYIO BPEMEHU OUbTPOB U3MEPUTENbHBIX NPMBOPOB, CTAabMNUM3NPOBaTL PeXnM Harpesa.
2. OnpepfeneHune cpeaHen TemnepaTypbl 0OMOTOK HEMOCPEACTBEHHO MOCHE OTKIHYEHNS

2.1. Mo oKOHYaHMKM UCMbITAaHUSI HA HarpeB TpaHcOpPMaToOp OTKIIOYaKT OT UCTOYHUKA Toka. B TpaHcdopmaTtopax ¢
WUCKYCCTBEHHbIM OXNaXgeHuem OOHOBPEMEHHO OTKIIOYaT BEHTUMATOPbl UMW  MpeKpallawT UUPKYMSUMio BOAbI.
Linpkynauuio mMacna (B TOM 4uCre HanpaBneHHOe [ABWXEHWEe Macra) COXPaHsT Ha BeCcb nepuoa npoBeAeHus
uamepeHun. Beneg 3a oTknioveHnem TpaHchopmaTtopa U3MepSsoT COMPOTUBMEHNE OOMOTKM MO UCTEYEHUN BPEMEHW,
[OCTaTOYHOro ANs MCYe3HOBEHUS MEepexoaHOro npouecca B Lenu M3mMepuTenbHOro Toka. MiamepeHusa noBTopsoT yepes
NPOMEeXYTKN BpeMeHn anutenbHocTbio 30-60 c.

lMonpaBky Ha npeBbilleHVWe TemnepaTypbl, 0OYCMOBNEHHON W3MEHEHWeM COMpoTUBMEHMA OOMOTKM 3a Bpems OT
MOMEHTa OTKIIIOYEHMSA OT UCTOYHMKA MUTaHWA OO MOMEHTa Hayana W3MepeHWin, BHOCAT MeToAamMu 3SKCTpanonsumm
KPMBbIX M3MEHEHNSI CONPOTUBIEHNSA BO BPEMEHU C NPUMEHEHWEM nonynorapmdMmnyeckon Lwkansl (nepsbii METOA) U C
NPUMEHEeHNeM NIMHENHON LKanbl (BTOPON MeToA).

2.1.1. Tlo nepBomy MeTOAy W3MEPEHUs CONPOTUBIIEHWN Rl , Rg, Rg M T.O. NOBTOPSIOT 4Yepe3 MPOMEXYTKU

BpemeHn i, £7, i3 wT.4. anutensHocTbio 30-60 ¢ Ao 10-12-1 MuHYTLI, 3aTem cnycTs ewle 10-15 MUH AOMOMNHUTENBHO

N3MepSItOT COMpOTUBIEHNe 06MOTKM X, (rocreaHuit otcyer).

Ha ocu aBoumce B COOTBETCTBIM C YepT.7 OTKNaabIBaloT OTPe3ku BpeMeHn £{, £5, 1 T.4. Ao 10-12-i MUHYTHI, cuMTas
OT MOMEHTa OTKIIOYEHWS!, @ HAa OCU OPAWHAT (B KPYMHOM FIMHEIHOM MacluTabe) - norapucMbl COOTBETCTBYIOLWMX UM
pasHocteit Ky — R, , Rq — K, v 1.4 wwm (8 norapudmuyeckom maclitabe) - COOTBETCTBYIOLME UM PasHOCTM

B -R,, By - K, nta
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I'Ipm 3TOM GepyT Takoe 3Ha4deHue CconpoTusrieHnA R?‘J’ npn KOTOPOM NUHUA, coedUHAKLWaA TOYKM UCNbITaHUA,

. 1
ABMSETCA npakTn4ecku npsmon. [ns aToro gonyckaetcs RJ‘! NMPUHUMaTb paBHbIM COMNPOTUBIIEHUIO 00OMOTKM RD no
BTOPOMY MeTOoAYy, KOTOpOe COOTBEeTCTBYET MOMEHTY OXnaXXOeHud, Korga cpegHue temMmnepatypbl obmoTkM M macna



CpaBHMBAlOTCA.

Uepes HaHeCeHHble TOYKM MPOBOAST MPsSIMYH, KOTopasi, Oyoyyn NpodoskeHa, OTCeYET Ha OCU OpAMHAT OTPEe3oK,
paBHbIi norapudmy pasHoctn R — K, , rae K - conpoTuereHne o6MOTKI B MOMEHT OTKITIOYEHMS.

Ecnun HeckonbKo HavanbHbIX TOYEK OKAXXETCH BHE NPSMON, TO MPU MNOCTPOEHUM UX HE YYUTLIBAIOT.

[lonyckaeTcst NPUMEHSITb aHanUTUYECKUil METOZ, ONpEeaeneHnst 3HayeHnst K[, COOTBETCTBYIOLUMA M3NIOKEHHOMY
Bbille rpacnyeckomy MeToay.

2.1.2. Tlo BTOpOMY MeTOAy OnpeAeneHust UCTUHHOTO 3HaYeHWUsi COMPOTUBIIEHUS OOMOTKM B ropsideM COCTOSHUM B
MOMEHT OTKIIOYEHUS Harpy3kn M3MepPeHns CONPOTUBIIEHUIA NPOBOAAT Yepes paBHbIe NMPOMEXYTKA BPEMEHW HENpPepPbIBHO
A0 27-30 MWH. DKCTPanonsaumnio BPEMEHHOW 3aBMCUMOCTM COMPOTUBIEHNS OBMOTKM K MOMEHTY OTKITHOYEHNS NPOBOASAT B

COOTBETCTBUM C 4epT.8, rae MaMeHewus conpoTuereHns ARy, Al AR, onpepensiotcs yepes pasHble

NPOMEXYTKN BpeMeHn £LE .

|
i
|
|
|
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Bperia, M

YepT.8

YMeHbLUeHns conpotueneHns SRy, Afs ARs M T.A., COOTBETCTBYIOLLME OAMHAKOBBIM MHTEPBArNaM BPEMEHM,
OTKNaAbIBaloT BNIEBO OT OCM OpANHAT W NPOBOASAT NpsMylo . . CoeanHMe Touky Sy ¢ Toukoil .11, onpeaensioT yron

&, nnog yrnom o, U3 TOYKU ..-'-'Ern NPOBOAAT NPSAMYH0 A0 NnepecedeHnst ¢ OCbto opanHart. MNMonyyeHHas Touka RD Aaet

1
conpoTtueneHune OOMOTKM B MOMEHT OTKIIOYEHUs, a Touka RD paeTt conpoTtueneHune 0BMOTKM, COOTBETCTBYyHOLLEE
cpe,quﬁ TeMnepartype mMacna BONN3M OGMOTKM B MOMEHT €€ OTKITHOYEHUS.

2.1.3. CpepHiolo Temnepatypy o6MOTKM s, B MOMEHT, HEMOCPEACTBEHHO MPEALIECTBYIOWMIA OTKITIOYEHMIO
Harpysku, paccuuTbIBaloT Mo hopmyne



R
Soow = oo (T +8,)-T. @

X

roe Rx n 'E'x - COOTBETCTBEHHO COMNpPOTMBMEHWe OBMOTKM U ee cpefHsasi TemnepaTypa, usmepeHHble no n.3.6 B
"xonogHom coctosHMU" TpaHcopmMaTopa;

REI - COMPOTUBMEHNE OOMOTKM B MOMEHT OTKITFOYEHNS Harpy3ku no n.2.1.1 unu 2.1.2 HaCcTOSALLEro NPUNOXEHNS;
T . KoapuLmeHT, paBHbii 235 °C anga mean n 225 °C onsa antoMmnHus.

2.1.4. TpeBbilueHne cpefHeit TemnepaTypbl OBMOTKM Haj TemnepaTypoil oxnaxgdawowen cpedbl £
onpeaensitoT B COOTBETCTBUM C pasa.5.

ofm

2.2. ins macnsiHbIX TpaHCOPMaTopoB C yAenbHbIMY NoTepsiMu B 0OMOTKe 13 MegHoro nposoaa He 6onee 66 BT/kr, a
B obmoTke u3 anoMuHuMeBoro nposogja He ©Oonee 20 BT/kr gonyckaeTcsa no COrfacoBaHWIO M3roTOBUTENst C
noTpebuTenem NPUMEHsITb METOA, NOMPABOYHbIX KO3 ULMEHTOB.

MamepsitoT conpoTBneHne obMOTKM Cpa3dy Mocre OTKIIOYEHUS U pacCyvTbIBalOT TemnepaTtypy oOMOTKM 'E'nﬁr.{ no
dopmyne

R
B ot =R—D(T+@x)—T+ﬁ@, (25)

¥
roe K, - conpoTuBneHre oGMOTKM, U3MEPEHHOE Yepes BpeMs He 6oiee 4 MUH MOCIIE OTKIIOYEHNS Harpy3Ku;
F - pacueTHble yaenbHble noTepu B 06MoTke, BT/KT;

5 - koadbpULMEHT, 3aBUCALLMIA OT BpeMeHU £, MPOLUEALIero OT MOMEHTAa OTKIIOYEHWS! Harpy3kM [0 MOMEHTa

n3MepeHuna conpoTmeieHnA R .

KoapuumeHT [F BbIGUPatOT B COOTBETCTBUM C Tabn. 1.

Tabnuua 1
Bpems, MuH |'3
ans mMeam ANs antoMUHUs
1,0 0,09 0,032
1,5 0,12 0,045
2,0 0,15 0,065
3,0 0,20 0,091
4,0 0,23 0,113

2.3. Mpu ncnbITaHUsAX TpaHCOPMAaTOPOB C GOSbLUOK MOCTOSHHOM BPEMEHU YCTAHOBIIEHMS TOKA B U3MEPUTESNbHOM
uenun B cOOTBETCTBMM € N.3.6.6 B pe3ynbTaTtbl MU3MEPEHWI crieayeT BHOCUTbL NOMpPaBKy.

MonpaBky BHOCAT cneayowmnm obpasom:



Mpy U3MEpPeHUN COMPOTMBIIEHUS OOMOTKM B "XONMOZHOM" COCTOSIHUM OTMEYaloT BpeMsi OT MOMEHTa 3aMblKaHWs
W3MEpUTENbLHOM LenM [0 MOMEHTa CHATUA MokasaHuii ¢ npubopos & . VIHTepsanmbl BpemeHu Mexay
nocreoBaTenbHbIMM U3MEPEHUSMU PEKOMEHAYETCS BbIOMPaTb NMPUMEPHO OAMHaKOBbIMM M paBHbiMM 30-60 c. 3aTem
HaXOAAT PasHoOCTU Mexdy R; (KaXabiM W3 W3MEPEHHbIX COMPOTUBIMEHMIN) U (HaKTUYECKUM COMPOTUBIEHUEM J A

N3MEepeHHbIM, Korga 3HavyeHue Toka B U3MEepUTENbHOWM Lienu CYUTAaoT YCTaHOBMBLUMMCH. Ha OCHOBaHWM MOMyYeHHbIX
pe3ynbTaToB (PasHOCTEN COMPOTUBIEHWUIA, NOMYYEHHbIX MPU CHATUX OTCYETOB B PasfnyHble MOMEHTbI BPEMEHW) CTPOAT
rpadmyeckyto 3aBMCMMOCTb B COOTBETCTBUN C 4epT.9.

4R, ARy ARy AR, AR: AR

Onr

Pasnocme conpamulise-
Hud iR

I | .
rf 1y [] f, 1 ) f; f‘ f, Eﬂlﬂ"ﬂ' . [

YepT.9

B n3mepeHHble 3Ha4YeHUs COMPOTUBIIEHMI TOW e OOMOTKM B "ropsyem” COCTOSIHMM BHOCSIT MOMpaBKy, UCMOMb3ysi
NoMyYeHHyo rpadnyeckyto 3aBUCUMOCTb.

BHeceHve nonpaBok BO3MOXHO, ECNN BCE N3MEPEHUS B "ropsadem” 1 "XonogHoM" COCTOSHUAX NPOBOAUIIMCE MO OOHOM
N TOW X€ CXeEMe B COOTBETCTBUM C TpeboBaHmamU n.3.6.5.

2.4. MNpwv onpepeneHun cpefHen Temnepatypbl 0GMOTOK HENOCPEACTBEHHO NOCHE OTKMIOYEHUS C LENbio yMEHbLUEHNS
BPEMEHM YCTaHOBMEHWS Toka MocrefoBaTenbHO C OBMOTKOWM BKMYaloT AobaBouvHbI pesucTop. ConpoTtusneHue
pesncTopa AOMKHO ObiTb 4OCTAaTOYHO CTabWmbHBIM M NPaKTUYECKM HE OOMMKHO M3MEHATbCS Npu NPOTEeKaHWU Mo Hemy
Toka. [lonyckaeTcs B kavectBe [06aBOYHOro pesvcTopa MPUMEHATb Namnbl HakanvBaHWs, €Crn OMbITHbIM MyTem
AoKasaHa cTabunbHOCTb MX COMPOTUBIIEHWS B YCTAHOBMBLLEMCS TENNIOBOM PEXUME, a BPeMs, B TEYEeHWe KOTOpOro
TemnepaTypa HUTU HakanuBaHWs NMpUHUMaeT YCTaHOBMBLUEECH 3HaYeHue, He JONKHO npesbiwate 3-5 c. [JonyckaeTtcs
KpaTKOBPEMEHHO LUYHTMPOBaTb pe3ncTop, noka Tok He gocturHet 0,2-0,9 yctaHoBuMBLUErOCS.

HanpsskeHne Ha 3axvMax WCTOYHMKOB MOCTOSIHHOTO TOKa, MPUMMEHSIEMbIX MpU 3TUX W3MEpPEeHusx, B mnpouecce
M3MEpPEHM [OOIDKHO oOcTaBaTbCA CTabunbHbiM. [Ona obecnedyeHus STOro  yCrnoBuUS  OOIDKHbI - MPUMEHSITLCSA
aKKyMynaTopHble 6aTtapen Gonblioi emkocTW. [onyckaeTcss nNpUMEHsiTb B KayecTBe WCTOYHWKA NUTaHWA
BbINPAMUTENBHOE YCTPOMCTBO C NynbcauMen HanpshkeHns Ha Bbixoae He 6onee 1%.

C uenblo YMEHbLUEHWUS BPEMEHW YCTAHOBMEHUS TOKa B W3MEPUTENbHOW Lenu MPUMEHSIIOT Takke CXEMb,
orpaHuuuMBalLLMe HamarHM4MBaHME MarHUTHOM CUCTEMbl 3a CYeT MPOTUBOBKIOYEHUS MOCTOSHHOTO TOKa B 4acTaX
UCMbITYEMON OOMOTKM TMpU  WM3MEPEHUW €€ COMNpoTMBrEHUs. Hanpumep, npuv U3MEPEHMWsIX, BbINOMHAEMbIX Ha
MHoronapannesnbHbix 06MoTKax, YTobbl 0becneunTb NPOTUBOBKMIOYEHUE, OAUH N3 NPOBOAOB OTCOEAUHSIIOT OT OTBOAA U
NnoaKnyaT K 3TOMY Xe OTBOAY NpW MOMOLM pasdbeanHutens. Mpu M3MepeHnn COnpOTUBIEHWUS yKa3aHHbIA NPOBOA
BKIOYAETCA NocnefoBaTenbHO C OCTanlbHOW 4acTbid OOMOTKWM, COMPOTUMBMEHWE KOTOPOW M3MepsieTcs, ANsi 3TOro

Heobxoanmo Pa3OMKHYTb pa3beanHUTEnb. [lns BbIBOga oTCOEQUHAEMOro nposoga u3 baka TpaHcgopmaTopa Ha Bpems
MCnbITaHUA yCTaHaBnmBatroT OONOSTHUTENbHbIN BBOA,

MPUNOXXEHWE 4
PekomeHpoyemoe

UCNbITAHUA HA HATPEB TPAHC®OPMATOPOB C NPUHYOUTENBHOWU
LUMPKYNAUMEN MACJIA BE3 COBCTBEHHOU CUCTEMbI OXNAXOEHUA

Mo XapakTepuctmke ogHOro oxnaautens (3aBI/ICI/IMOCTb TennoBoro noToka Q OT pa3HOCTW TemMnepaTyp Macna Ha



% ’
BXOAE B OXNnaguTenb W oxnaxaawolen cpefbl SuE ='E'JH _@nm ), MUX uuCcny B cCUCTeMe OXIaxaeHus

TpaHcdopmaTopa ¥ CyMMapHbIM MOTEPSIM PK@p + Fjj onpefensitoT npeBbllLEHNe TeMMepaTypbl Macrna Ha BXofe B

cUCTeMy oxmaxaeHus Haj TemnepaTypoil oxnaxaaroleil cpeabl. HaiinenHoe aHadenve &, aBnsetca KoHeuHbiM
NpeBbILEHNEM TEMINEpPaTypbl BEPXHMX CIOEB Macrna B TpaHcopMaTope Hag TeMnepaTypoi oxnaxaatowen cpeap.

3aTeM onpeaensioT pasHOCTL TeMNepaTyp Macna Ha Bxofe u Buixofe u3 oxnaautens £ no hopmyne

£@=L, (26)
oo

roe ' - TennoBoit NoTok oxnagutens, BT;

3
o npon3BoaANTESNIbHOCTb HAcoCoB, M /c;

o, C - COOTBETCTBEHHO MMOTHOCTb W yAernbHas TenoeMKOCTb Macna, onpeaensgemble B 3aBUCMMOCTU OT CpeaHen
TeMmnepaTtypbl Macra B oxrnagutene B COOTBETCTBUU C Tabn.2.

Tabnuua 2
Temnepatypa macna, °C Y- KF/M3 YpenbHas TennoeMkocTb, BT-c/kr-°C
40 873,1 1807
50 866,7 1868
60 860,3 1928
70 854,0 1988
80 847,6 2048
90 841,3 2109

[ns npoMexyTouHbIX TemnepaTyp Macna 3Ha4yeHusl NNOTHOCTU U yAernbHOW TENI0eMKOCTU onpeaensioT NIMHENHbIM
WHTEPMNONMPOBaHNEM.

TemnepaTypy Macna, KOTopyto crieqyeT NoaAepXkMBaTh Ha BXode B TpaHCOpMaTop Npu onpeaeneHum npeBblleHus
cpeaHeit TemnepaTypbl 0GMOTOK 1 3NIEeMEHTOB MeTanmnoKoHCTpYKuni B, 1, paccunTeiBatoT no dopmyne

B, = AB, —AB+ 8, (27)

roe &@H - KOHEYHOE MpeBbIllEHNE TemnepaTypbl BEPXHUX CIOEB Macra B TpaHcdopMaTope, HalgeHHoe
pac4yeTHbIM nyTem, °C;

AE - Pa3HOCTb TeMnepaTyp Macria Ha BXoAe U BbiXoAe U3 oxnagutend, °C;

@Dm - MakcumanbHas Temnepartypa oxnaxgatowen cpefbl no FOCT 15150-69 B 3aBUCUMMOCTI OT KIIMMAaTUYECKOrO
MCNonHeHus ncnblTyemoro TpaHcgpopmaTopa, °C.

lMpn npoBegeHWM WCNbITAHUA COEAMHSIOT OXNaAUTENbHYH YCTAHOBKY C WCMbITbIBAEMbIM TpaHCOpMaTopoM B
cooTBeTCcTBMM C YepT.10.



MpuHUMNUanbHas cxema yCTaHOBKM ANA UCTbITAaHUWA TpaHchopMaToOpoB
C NPUHYAUTENbLHOM LUMPKYIsiLMen Mmacna 6e3 co6CTBEHHOM cUCTEMbI OXITaXaAeHUs

Koasexmap Kagpemoeo Macaa

! 2
Tenngol- Teneoel-
Hrod BHNL Brad UK
Buirod * Boixod 1'

graawdaowed cpedel | oxaawaaiiel cpedy
Konsexmop 0XAaMIern020 Macng

| 1

CMecy mensibd
MERAGOTMERNL 1

T 3
F & |

i

HensimuBaermeli
MPaAHCPaPMamop

1, 2 - Hacochbl UCNbITATENBHOW CUCTEMbI OXITaXOEHUS;
3, 4 - Hacochbl, obecnevmBaroLLme LMPKYNAaLMIO Macna;
5, 6 - namepuTenbHble aAnadparvbl

Yept.10

Mpy nomoLm KamepHbIX n3ameputenbHbix anadparm no FTOCT 26969-86 n3aMepstoT U yCTaHaBNMBAKT pacxo Macna,
nocTynaroLLero n3 oxnagutenbHOW yCTaHOBKM B TpaHcpopmaTop, Takon Xe, kak U npu paboTe COOCTBEHHOW CUCTEMbI
oxnaxaeHuss TpaHcdopmartopa. Ecnu  rmgpaBnvyeckoe conpoTvMBneHue TpyGOMpOBOAOB MEXAY CMeCUTENbHbIM
TennoobmeHHnkom un 6akom TpaHcdopmaTopa MNPUMEPHO COOTBETCTBYET MOPaBNNYECKOMY COMPOTUBIEHUIO
TpybonpoBoaoB Mexay COOCTBEHHOW OXNaauTenbHON YyCTaHOBKOM 1 GakoM TpaHcdopmaTopa, TO pacxod Macna MOXHO
cunTaTh paBHbIM, €CNU PaBHO YMCIIO HACOCOB OAMHAKOBOW MPOU3BOAUTENBHOCTU B 3TOM KOHTYpPE MpPW UCMbITaHUAX U B
COBCTBEHHON cUcTEME OXnaxaeHus TpaHcdopmartopa.

B onbiTax KOPOTKOro 3amMmbikaHWs, NPOBOANMbIX B COOTBETCTBMM C pa3a., perynmpyroT pa60Ty TennoobMeHHMKOB Tak,
4yTOObI B npouecce oOnbiToB TemMnepartypa Machna, noctynawuwero B TpaHchopmaTop (TeMHepaTypa mMacna B

CMeCUTEeSIbHOM TeI'IJ'I006MeHHVIKe), ocTaBanacb NOCTOSAHHOW W paBHOM IEIH

[onyckaeTcst yckopsATb MPOLIECC MUCMbITAHWIA MyTEeM MPeKpaLleHns LMPKYNauMn oxnaxgaroowen cpefbl B YacTu unm
BCeX TennoobmeHHUKax, noka Temnepartypa macrna B CMeCcUTEeNlbHOM TEMNoobMeHHUKe He JOCTUrHET 3HaveHust Ha 5-10
°C HWXe 3HavYeHns, paccunTaHHOro no copmyne (27).

B ycTaHOBMBLUMXCS TEMMOBLIX pEXMMax OMPeAensitoT MPEBbLILEHUSs CPeAHUX Temnepatyp OOMOTOK Haj cpenHen
TemnepaTypoi mMacna, pacCYMTbiBAEMON B COOTBETCTBMU C M.3.4, u TemnepaTtyp 3reMeHTOB MEeTaroKOHCTPYKUMIA Hag,
TemnepaTtypor Macna Bbnunsm Hux, nsmepsieMoin B cooTBeTcTemm ¢ n.3.5.4.

AHanorMyHo MpoBOAAT WCMbITAHMA Ha HarpeB TpaHCOpPMaTOpOB C HanpaBfeHHbIM ABWKEHMEM Macna,
OOMOMHUTENBHO YCTaHABNMBAas pacxo Macrna u3 NpoMeXXyTO4HOro (CMecUTenNbHOro) TeNNOobMeHHKa K 0OMOTKaM.



MPUNOXEHWE 5
CnpaBoyHoe

UCNbITAHUA HA HATPEB MACIIAHBIX TPAHC®OPMATOPOB
C HOMUHAJIbHOU YACTOTOU 60 'l OT UICTOYHUKA C HACTOTOM 50 'L}

MeTog npvMeHsIlOT B TOM cryyae, ecrnv 4o6aBoyHble NOTepu B ANeMeHTax MeTannoKOHCTPYKUMI TpaHcdopMaTopoB
cocTaBnsoT He 6onee 30% NoTepb KOPOTKOrO 3aMblkaHUsi COOTBETCTBYIOLLEN Napbl 0OMOTOK.

[na npoBeAeHUs MUCNbITAHUA Ha HarpeB U3MEPSIIOT MPU HOMUHANbLHOW YacToTe TpaHcdopmaTopa noTepu B OnbiTe
KOPOTKOroO 3ambIKaHUs, KOTOPbIE NEPECYUTBLIBAKOT K HOMUHANbHOMY TOKY M pacyeTHON Temnepartype {PK@P]I , M notepm

B OMbITE XONOCTOro Xo4a Npu HOMUHAINbLHOM Hanps>KeHUn ':PEI:' . Namepenusa nposogat no NOCT 3484.1-88.

Mpy wncnbiTaHMAX — JonyckaeTcs  MPUMEHSATb  U3MepUTENbHble  TpaHCOPMAaTopbl  TOka W HaMpshKeHus,
npegHasHadyeHHble ans paboTbl npu yvactote 50 Iy, yunTbiBas NpuM HEOOXOAMMOCTU WX YIMOBble MOrpPeLHOCTH,
onpepeneHHsle npu yactote 50 IMu.

YcTaHoBMBLLEECS NPEBbILEHNE TeMNepaTypbl Macra OnpeaensioT B ONbiTe KOPOTKOro 3amblikaHus npu YacToTe 50 Iy,
PErynnpys HanpspkeHue Tak, YTobbl B 0BMOTKax YCTaHOBUIICS TOK, MPU KOTOPOM noTepu 6binn 6bl pasHbl Sy + PK@P .

WcnbiTanus npoaosrkaroT A0 AOCTUXKEeHNA YCTaHOBUBLLETOCA npeBbilleHNA TeMnepaTypbl BEPXHUX CIlToeB Macna.

3aTeM perynupyloT HanpsbkeHue Tak, uTobbl B o6MoTkax yctaHosuncs tok f =1.0957 . roe S -

HOMUWHasIbHBIA TOK MUTaemMon OBMOTKM TpaHccopmaTopa MNMpu HOMUHarbHOW 4acToTe. [Mpy 3TOM Toke onpenensoT
YCTaHOBMBLUMECS MPEBLILEHUS TemnepaTypbl MOBEPXHOCTEN SNIEMEHTOB METAINOKOHCTPYKLUUIA M3 (heppoMarHUTHbIX
mMaTepuanoB Hag TemMnepaTypol Macna.

YCTaHOBMBLLEECS MPEBLILLEHNE TeMnepaTypbl NOBEPXHOCTEl 3MEMEHTOB MEeTanOKOHCTPYKLIMA M3 MaroMarHUTHbLIX
MaTepuanos (OTHOCUTENbHAs MarHUTHast IPOHULAEMOCTb 6rnka k eauHuLe) onpeaensiot npu toke [ = 1,27, .

YcTaHOBMBLUEECS NPEBLILLIEHNE CpefHeln Temnepatypbl 0OMOTOK Hazg CpefHel TeMnepaTypoll Macra onpegensior,
yCTaHoBMB TOK J , B amnepax, paccunTbiBaeMblit Mo chopmyne

, (28)

rae £y U Pmﬁ - pacyeTHble OCHOBHbIE M A0GABOYHbIE NOTEPM B OGMOTKE, NPEBLILLEHWE TEMMNEpaTypbl KOTOPOW
onpenensieTcs B 4aHHOM onbiTe, BT.

OnNEeKTPOHHbLIN TEKCT JOKYMEHTA

nogrotoeneH 3A0 "Kopekc" n cBepeH no:
odunumansHoe n3gaHve

TpaHcdopmaTopbl CUMOBBIE.

MeTogbl ucnbitaHuii n namepenuin: C6. FOCTos.. -
M.: U3pgaTtenbcTBO cTaHgapTos, 1989

Pepakunsa gokymeHTa C y4eTom
M3MEHEHU U OOMOJTHEHWUI
noarotosneHa 3A0 "Kogekc"
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