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M3meHeHune N 1 BHeceHo nsrotosutenem 6asbl gaHHbIx no Tekcty MYC N 4, 1992 rog

Hactoswuin craHgapT pacnpoCcTpaHseTcs Ha cunoBble TpaHcdopmaTopbl obuero HasHaveHuss no FOCT 11677-85 wm
yCcTaHaBnvBaeT obbeM, YCrnoBuMs M MeTodbl WUCMbITAHWUS Ha HarpeB, a Takke TpeboBaHMSA K WM3MEPEHWI0 TemnepaTtyp
3MeMeHTOB TpaHCOPMaTOPOB 1 OKpYXKatoLLen cpeabl.

MeToabl ucnbiTaHui, YCTaHOBJ1€HHbIE HAaCTOALLMM CTaHOApPTOM, NPUMEHAIT TakKe OANnA cneunanbHbIX TpaHC(*)OpMaTODOB,
€CIn 3TO NpeaycMOoTpeHO CTaHAapTaMn Unnm TeXHN4eCKMMun ycrnoBnamMm Ha 3mmn TpaHC(*)OpMaTOpr.

(NameHeHHas pegakums, Nam. N 1).

1. OB BEM M YCNIOBUSA NMPOBEAQEHUA UCMNbITAHUA

1.1. WcnbiTaHnsa 3aknovatoTcs B Harpese TpchcbopmaTopa OOHMM N3 MeToaoB B COOTBETCTBUU C pas,u,.2 n n3mepeHun
npesBbllEeHnA TeMnepaTtyp ero a3fieMeHToB Hag TeMHepaTypoﬁ oxnaxaatoLlen cpeabl C Uenbl NpPoBEPKM UX COOTBETCTBUA
HOpMaM Harpesa.

1.2. Mpun UcnbITaHMM Ha HarpeB onpeaensioT NpeBbileHUs TeMnepaTyp oOMOTOK, a ANs MacnsiHbIX TpaHCHOpMaTopoB,
KpOMe TOro, M BEPXHMX CIIOEB Macra Haj TeMmrnepaTypoi oxnaxgatoweln cpefbl NpyM HOMUHAmNbHbIX YCIOBUSX MO Harpesy M
OXNAXOEHUIO.

Heo6xoauMocTb U3MEPEHMST NPEBbLILLEHNS TEMMepaTypbl MOBEPXHOCTU MarHUTHOM CUCTEMbI, MECTa YCTAHOBKM Tepmonap
N 4aTYUKOB ONst U3MepPeHUii onpegensieT paspaboTymnk TpaHcdopmaTopa.

B TpexdasHbIx TpaHchopMaTopax, MMerLmMX HOMUHaNbHY MowHocTb 125 MB-A n 6onee, n ogHodasHbIX, UMEIOLLNX
MoLHocTb 63 MB-A n 6onee, cnefyet onpefenaTb Takke NPeBbILEHUS TemnepaTyp SMeMeHTOB MeTarnfoKOHCTPYKLMA.
Ob6bem n MeToauKy aTUX U3MEPEHUIA onpeadenseT paspaboTyunk TpaHcopmaTopa. Heo6xoauMOCTe M3MEePEHUsT NPEBbILLEHWI
TemnepaTyp aM1eMeHTOB METaNIOKOHCTPYKLMIA TpaHCOpPMaToOpOB, MMEILLMX MOLLHOCTM HIDKE YKa3aHHbIX, Takke onpegenset
pa3paboTynk TpaHcdopmarTopa.

(NameHeHHas pepakums, Nam. N 1).

1.3. 3a HOMMHamnbHble YCMOBUSI OXNaXAEHWSI MPUHMMAIOT Takue, KOTOpble COOTBETCTBYIOT HOPMarbHbIM YCMOBUSIM
paboTbl TpaHcopmaTopa Npu creayoLwmnx akTopax BHELLHEN cpeapl:

TemnepaTtypa oxnaxgatoLlero sosayxa - ot 10 go 40 °C, abcontoTHasi NOrpeLlHoOCTb ee onpeaeneHus - B npegenax +1 °C;

TemnepaTypa oxnaxgaroLLlei Boapl Y BxoAa B oxnagutens - oT 5 o 33 °C, abcontoTHas NOrpeLlHoCcTb ee onpeaeneHns -
B npepenax 1 °C;

OTHOCMTENbHas BRaXHOCTb Bo3gyxa - oT 45 po 80%, npu TemnepaType oxnaxgatwowero Bosgyxa Bbiwe 30 °C
OTHOCUTENbHas BNAXHOCTb He AoSMkHa 6bIThb Bhiwe 70%, abcontoTHasa NorpeLlHoCcTb ee onpeaeneHus - B npegenax +5%;

aTmocdepHoe aaeneHune - ot 84,0 go 106,7 kMa (630-800 mm pT.CcT.), abcontoTHast NOrPELLHOCTb ero onpeaeneHns - B
npegenax 0,666 klMa (5 mm pT.CT.);

BbICOTa YCTaAHOBKM Haj, ypoBHEM Mops - He 6onee 1000 m, KpoMe TpaHcdopmaTopoB knacca HanpsxeHus 750-1150 kB,
Ans KoTopbIX - He 6onee 500 m, abcontoTHas NOrpeLUHOCTb ee onpeaeneHus - B npegenax +50 m;

BO3ENCTBUS JOXKASA, BETPA, CONHEYHON UMy ApYyroi TennoBoW paguaumm oTCyTCTBYHOT.

1.4. 3a HOMVHanbHbIE YCIOBUS MO HarpeBy MPUHUMAIOT TakuMe, NP KOTOPbIX NOTepu B TpaHcopmaTope paBHbl CymMMe
noTepb KOPOTKOrO 3amblKaHUSA PK@p , UBMEPEHHbBIX B OMbITE KOPOTKOrO 3aMblkaHNSA Ha OCHOBHOM OTBETBMIEHUM U NPUBELEHHbIX
B cootBeTcTBUU C[OCT 3484.1-88 K HOMWHaANbLHOMY TOKY f.. W pacyeTHOW TemrnepaType GJP, M XonocToro xoga F&;,
M3MEPEHHbIX B OMbITE XONOCTOro XoAa Npy HOMUHaNbLHOM HanpPsHkeHun i, .

Pesynbrathbl UCMbITaHUIA PACMNPOCTPAHSAOTCSA Ha BCe nocreayolme TpaHcdopMaTopbl 3TOro Tvna, UMeloLLe NoTepu He
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Goree 1,1 (Fw, * ), @ pesynbratbl, NPUBEAEHHbIE K HOPMUPOBAHHOM CTaHAAPTOM MMM TEXHUYECKUMW YCMOBUAMM Ha
oTAenbHbIe TUMbl TPAHCOPMATOPOB CYMME MOTepPb KOPOTKOrO 3aMbIKaHMsl U XOMNOCTOrO XOAa &y ww + Fomm (6€3 gonycka),

pacnpoCTpaHaTCsa Ha Bce TpaHcopmaTopbl 3TOro Tuna, umetowme notepu He Bolwe 1,12 (& i + Fo o) -

Mpu ncnbiTaHny TpaHcdopMaTopoB No n.2.3 AonyckaeTcs 3a HOMUHanNbHbIE YCNOBUS MO HarpeBy NPUHUMAaThL Takue, npu
KOTOpbIX NOTepu B TpaHcopmaTope paBHbl CyMMe NOTEPb £ i + Fnmn (06€3 gonycka).

Pe3yanaTb| MCNbITaHWM pacnpoCTpaHATCA Ha BCe TpaHCdDOpMaTOpr 3TOro Tnna, nMvewlLimne noTepu He Bbllle 1,1

(PKHDM +PDHDM)'
1.5. [Ina TpaHcdopmaTopoB, 3anofHEHHbIX MacsioM, OONyCKaeTcs NpesbllieHne TemnepaTypbl BEPXHUX CoeB Macra
onpefenatb Npu noTepsx MeHbLUNX, YeMm P@P +F5,, HO paBHblX He MeHee 80% 3TOro 3Ha4yeHusi, a MpU MOLLHOCTM

TpaHcgopmaTopa Bbiwe 250 MB-A nNo cornacoBaHWlo Mexay W3rotoButeneM u notpebutenem npu noTepsx B
TpaHcdopmaTope, paBHbIX He meHee 60% (PNBP +Fy) (B ykasaHHbIX Criyyasix MoslydeHHOE MPU UCMbITAHUSIX MpPeBbILEHNE

TemnepaTypbl criegyeT NpuBOAUTbL K HOMUHArbHbLIM YCroBuAM no n.1.4).

1.6. OnpepeneHve npeBbIEHUA TemnepaTypbl Kaxaoh M3 OOMOTOK W 3MEMEHTOB MEeTanrfoKOHCTPYKUMWA cneayet
NPOBOAMUTL B YCNOBMUSAX, NPU KOTOPbLIX TOKM B OBMOTKaxX UCMbITYyeMOro TpaHcopmarTopa paBHbl HOMUHArMbHLIM, @ OTKNOHEHNe
4YacToTbl OT HOMUHanbHOW B Npefenax +2%.

[JonyckaeTcs npeBbilleHre TeMnepaTtypbl KaXaowm U3 0OMOTOK 1 3NeMEHTOB METasNIOKOHCTPYKUMIA ONpeaensTb NPy ToKax
B 0OMOTKax, OTNIMYHbLIX OT HOMWHambHbIX, HO paBHbiXx He MeHee 90% n He Gonee 110% HOMMWHANBHOrO; NPU MOLLHOCTU
TpaHcdopmaTtopa Bbiwe 250 MB-A no cornacoBaHuio Mexay U3rotoBuTeneMm u notpebutensamm npu Tokax He MeHee 75%

HOMWHAarbHOro; AnA TpaHC(*)OpMaTOpOB, 3anoJIHEHHbLIX MacsioM, - NpuU TOKax, obecneynBaroLLnNX CyMMapHble noTtepu P@P + 5

Bo Bcex cny4vadx, Korga TOKu B obOMoTKax oTnmyatTcs oT HOMUHArbHOro, NoJjiy4eHHble pe3yrnbraThl crieayeT NpuBoAnNTb K
HOMWHAIbHbIM YCITOBUAM.

(N3meHeHHas pegakums, Nam. N 1).

1.7. OnpeneneHve NpeBbILLEHNsI TEMNepaTypbl MOBEPXHOCTU MarHUTHOW CUCTEMbI CNeAyeT NPOBOAWTL B YCMNOBUSAX, KOrda
K OOHOM M3 0OMOTOK NMOoABEAEHO NPaKTUYECKM CUMMETPUYHOE M CUHYCcOMZAanbHOE HOMUWHArbHOE HanpshKeHue Mnpu yactoTe,
KoTopasi He A0MKHa OTNMYaTbCs OT HOMUHanNbHoW 6onee Yyem +£1%.

2. METOAbl UICNbITAHUA HA HATPEB

2.1. MeToq HenocpeACTBEHHOW Harpy3ku

K ogHon n3 o6MoTok TpaHcdopmaTopa NoABOAST HOMWHANBHOE HaNpshKeHMe, BTOPYHO MOAKIIYAT K COOTBETCTBYIOLLEN
Harpyske TaKk, 4YTOObl B HeW YCTaHOBWNCS HOMWHarnbHbI TOK. KOHTpOMb TEMMOBOro pexvMa B Mpouecce WCMbITaHUN
OCYLLECTBMAIOT NyTEM U3MEPEHMS TOKA HA CTOPOHE Harpy3ky 1 NoABEAEHHOr0 HaNpPsHXXEHUS.

2.2. MeToq B3anMHOWN Harpysku

Mcnbityembln  TpaHcgopmatop 1 COeanHAT B COOTBETCTBMM C  4YepT.1 napannenbHO CcO BCnomMoraTenbHbIM
TpaHcOpMaTOPOM 2 MOLLHOCTBIO HE MEHee MOLLHOCTM UCnbITyeMoro. MNpeanodtuTensHo, YTOObl HOMUHANbHbIE HaNPsPKEHUS
W rpynnbl coeguHeHns obounx TpaHcopMaTopoB Bbinv 0aNHAKOBBIMU. B KOHTYp 06MOTOK BbICLLErO UMM HU3LLETrOo HaMnpshXKeHUs
BKIIOHAIOT NPOMEXYTOUHbIN TpaHchopmaTop 3 MOLHOCTLIO He MeHee (2 P+ T/, )% MOLLHOCTM UCMbITYEMOro TpaHcdhopmaTopa,
a Kracc ero HamnpshkeHus U OOoMyCTUMbIA TOK OBMOTOK JOMMKHbI COOTBETCTBOBATb TOMY KOHTYPY MapanfenbHO BKIMHOYEHHbIX
OBMOTOK, B KOTOPbIA OH BKMIOYEH (7 - KO3MULIMEHT, Y4UTbIBAIOWUIA NadeHne HanpsbkeHuss Ha TpaHcdopmatope 3; I -
HanpsikeHne KOPOTKOro 3aMblKaHNS).
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K ucrownuky ToR®

K uemovnuny mona

1 - ucnbITyeMbIi TpaHcopmaTop; 2 - BcnoMoraTenbHbIn TpaHcdopMaTop; 3 - NPOMEXYTOYHbIN TpaHcdopmaTop

YepT.1

K napannensHO BKMOYEHHbIM TpaHchopmaTopam NoABoAAT HOMUHAMNbHOE HanpshXeHne UCTbITyemMoro TpaHcdopmaropa,
a HanpskeHwe, NoABOAMMOE K MPOMEXYTOYHOMY TpaHcdpopmatopy 3, perynupyloT Tak, 4Tobbl B 0OMOTKE MCNbITyeMoro
TpaHcgopmaTopa 1, coeguHEHHON HemnocpeacTBEHHO C TpaHCOPMaToOpoOM 2, YCTAHOBWUIICSA HOMMUHaInbHbIN TOK. KOHTpomnb
TeNnsoBoro pexuma B Mpouecce MCNbITaHWA OCYLWECTBASAT MyTeM W3MepeHusl NoABEeOEHHOro HamnpshKeHUs U TOKOB B
obmMoTKax ucnbITyemoro TpaHcgopmaTopa (6e3 NpsiMoro N3mepeHnsi NOTepb).

Ecnu HanpsikeHuss ob6oMX UCTOYHMKOB TOKa HE CUHXPOHHbI, TO Heobxoammo, 4Tobbl YacToTa MCTOMHWKA, NUTaloLero
TpaHcgopmaTop 3, oTnuyanach Ha 2-4 'y OT YacToTbl APYroro UCTOYHMKA AN UCKIMIOYEHUS BIMAHUSA OMEHUI Ha MoKasaHus
npnbopos.

Mpn wncnbiTaHn TpaHchoOpMaTOPOB M aBTOTPaHCHOPMATOPOB C OONbLUMM YUCIIOM OTBETBMEHMW ANs CO34aHMSA
HeobXxoQUMOro LUPKYNMpYIOLLLEro Toka JOMyCKaeTcsl He BBOOUTbL B KOHTYp 06MOTOK TpaHcdopmaTtop 3, a BKNtoyaTb 0OMOTKM
Ha pasHble OTBETBMNEHUS, €CINN MPU STOM BbIMONHATCA A0NYyCTUMbIE ycnoBus no n.1.6.

Honyckaetcs HanpsbkeHue posbanaHca nonyvyaTb NyTeM BKMOYEHUS napannenbHo ¢ TpaHcdopmaTtopoM 1
BCnomMoraTtesnbHOro TpaHcdopmatopa 2 C Ko3a(huunmeHToM TpaHcgopmaumm, Trpynnon COeauHEHUs, OTIIMYHbIMK OT
TpaHcgopmaTopa 1.

2.3. MeToq KOpOTKOro 3aMblkaHusi U XONOCTOro xoaa

2.3.1. B wucnbiTyemom TpaHcdopmaTtope ofHy M3 OOMOTOK 3aMblkatoT HaKoOpOTKO MNPV MOMOLLM 3aKOpadMBaloLLErO
YCTPONCTBA C CEYEeHMEM He MeHee ceyeHus 3akopaudvBaemon o6MoTkuM. OcTaBnsas ocTanbHble OOMOTKM PasoMKHYTbIMU, KO
BTOPO/ OOMOTKE MOABOAAT HanpshKeHue, vacToTa KOTOPOro He AOMKHa BbIXxOAMTb 3a npefenbl 2% HOMWHaNbLHOMW, U
perynupyroT ero Tak, 4Tobbl B OOMOTKE YCTaHOBWUIICA TOK, MPU KOTOPOM MOTepu B TpaHcdopmartope Obinm Obl paBHbI
CyMMapHbIM notepsam no n.1.4. KoHTponb TENnoBOro pexuma B Mpouecce UCMbITaHUA AOMnycKaeTcs OCyLecTBAATb nyTemM
naMepeHus Toka (6e3 npsiMoro n3amMepeHus NoTeps), NpU 3TOM yCTaHaBMNMBAKOT TOK /', pacCuYUTbiBaeMbIi No hopmyne

. F
I [=5 (1)
By,

roe * F - cymmapHble notepu no n.1.4.
2.3.2. Tlpn ucnbiTaHUAX METOAOM KOPOTKOro 3aMblKaHMA M XOMOCTOro xoda NpeBbILEHMEe TemnepaTypbl MOBEPXHOCTH
MarHUTHOM CUCTEMbI crieayeT onpeaensTb B OMnbiTe XONOCTOro Xxofa B cooTBeTCTBUM € Nn.1.7; 1.4.

B TpaHchopmaTopax ¢ NpUHYAMTENbHON UMpKynsuuen Bo3dyxa U macna (B TOM Yucne € HanpaBneHHbIM ABUXKEHUEM
mMacra) ocTaBnsiloT paboTarlWwmMn Hacockl TPynnbl XOMOCTOrO xofda, obecrneumBaiolwme [ABWXeHUMEe Macna B bGake
TpaHcgopmaTopa. [Npu 3ToM pekoMeHAyeTcsi OCTaBnsATb paboTatollel Takyl YacTb BEHTUIISITOPOB CUCTEMbI OXNaXAEHMs,
npyv KOTOPOM MOXHO MOSMyYUTb TemnepaTypy Macna, NpuMepHO paBHYH MOMYyYEeHHOW MpW HarpeBe B OMbiTE KOPOTKOro
3aMblKaHus.

2.3.3. na macnsHbIX TpaHcOpMaTopOB, MCMbITYEMbIX METOAOM KOPOTKOrO 3aMblKaHUs U XOMOCTOro Xxoda, npu
onpeneneHnn NpeBbILEHU TemMnepaTypbl 0GMOTOK, 3MEMEHTOB METANMOKOHCTPYKLMIA, MOBEPXHOCTU MAarHUTHOW CUCTEMBbI B
pe3ynbTaTbl UCMbITaHWII CrieqyeT BHOCWUTbL MOMPaBKM B COOTBETCTBMM C pasa.5. OTu nonpasBku 0GYCMOBMEHbI pasnuunem
cpeaHel TemnepaTtypbl Macna, TemnepaTtypbl Macra BOMM3M 31eMEHTOB MEeTasfoOKOHCTPYKLUMIA Y BEPXHUX CIOeB Macna B
OMbiTe KOPOTKOrO 3aMblKaHUs MPU CYMMapHbIX MOTEPAX M B OMbiTax KOPOTKOrO 3aMblKaHWA MNPV HOMUHAlbLHOM TOKe, U B

[okymeHT coxpaHeH ¢ noptana docs.cntd.ru — anekTpoHHoro oHaa us 6onee 25 000 000 HopMaTMBHO-NPABOBLIX Y HOPMATUBHO-TEXHUYECKUX
[OKYMEHTOB


http://docs.cntd.ru/

FOCT 3484.2-88 TpaHcdopmaTopbl curnoBble. VicnbiTaHust Ha Harpes (¢ 3ameHennem N 1) CtpaHuua 5
OCT om 30 aseycma 1988 e. Ne 3484.2-88

onbITax Xo0CTOro XxoAa - NP HOMUHANBHOM HaNPS>KEHUU UK NPU HOPMUPOBAHHbLIX NOTEPSAX £ sy -
2.4. MeToa yCNOBHOW Harpy3sku (Mo COrfacoBaHUio Mexay U3rotoButenemM u notpeburenem)

2.4.1. MeTtog Aonyckaetcd npuMeHATb ONA UCMbITaHUA CyXuX 3alULEeHHbIX U He3alWMULWEeHHbIX Tpchd)opmaTopOB
mMowHocTbto Beiwe 1000 kB-A ¢ ecTecTBEHHbIM BO34YLIHbIM OXnaxXgeHuem, ecnm pacnonarakloT TOJIbKO OAHUM UCMbITYEMbIM
TpchcbopmaTopOM nnn ecnn npmMMmeHeHme mMetTonoB Hel'lOCpe,lJ,CTBeHHOI?I Harpys3km wmnm B3anMHOMN Harpy3ku orpaHun4eHo
BO3MOXXHOCTAMW UCMbITaTENBbHON YCTaHOBKMW.

WcnbiTaHne NpoBOAAT KakK ABa crefyruwmx oAuH 3a ApyrMMm Harpesa: B peXnmMme XOJioCToro xoga B COOTBETCTBUU C n.1.7
npu nNoTepsax XoJioCcToro xoaa no n.1.4 v B onbiTe KOPOTKOIro 3amMmbikaHu4 - npy HOMMUHaArIbHOM TOKe B obMoTKax.

3. TPEBOBAHUA K UBMEPEHUIO TEMIMEPATYP

3.1. TepMmomMeTpbI AN n3MepeHns Temnepatypbl

Onsa namepeHns temnepatypbl oT 10 go 180 °C B pa3HbIX TOYkax TpaHcopmaTopa M oxnaxgawllen cpefe criegyet
NPUMEHSITb TEPMO3MEKTPUYECKME TEPMOMETPLI (TEpMONaphbl), U3rOTOBINEHHbIE B COOTBETCTBUMN C NPUIOXEHMEM 1, pTyTHbIE U
CnnpToBble TEPMOMETPLI, 3NEKTpU4eCkme TepMoMeTpbl CONPOTUBIEHNA UNU Opyrue Tepmonpeo6pa3OBaTenm, paBHOLIEHHbIE
NO TOYHOCTWU.

3.2. UsamepeHue TemnepaTypbl oxnaxgatoLlen cpeapl

3.2.1. TemnepaTypy oxnaxpgatolleln cpefbl (Bo3gyxa) M3MepsT C MHTepBanoMm He Gonee 1 4 npu nomowm Tpex wunu
Gonblue TepMOMETPOB (TEPMONap), PACNONOXEHHbIX onpeaeneHHbIM 0b6pa3om BOMM3n TpaHcopMaTopa Unm oxnaxaaroLlero
YCTPOWCTBA, B 3aBMCMMOCTM OT BMAA CUCTEMbI OXITaXOEHUS.

Kaxgbin TepMmomeTp (cnam Tepmonapsl) cnegyeT noMmellatb B HanomnHEHHbIN XUAOKOCTbI0 (TpaHCchOpMaTOpPHbLIM Macrom)
cocy, nmewlmii oobem He meHee 0,001 m3. MoBepxHOCTb cocyaa OOIMKHA XOPOLUO OTpaXaTb TEMroBoe M3nyveHue, Ans
Yero ee NOKPbLIBAKOT, HaNpuMep, antMUHUEBON donbro. Cocyn He OOSMKEH MoaBepraTbCs BO3OEWCTBUIO MPUHYOAUTENbHBLIX
BO34YLUHbIX MOTOKOB, B TOM YMCIe CO34aBaeMbIX TpaHCHOPMaTOPOM.

[nsa TpaHchopmaTopoB C eCTECTBEHHOWN LMPKynsLUmMen Bo3gyxa (cucteMamm oxnaxaerus sugos M, H, C, C3, CI', ML n
HML) cocyabl ¢ TepmMoMeTpamMun pacrionaraloT He MeHee YeM C Tpex CTOPOH TpaHcdopmaTopa, NPUMEPHO Ha cepeauHe ero
BbICOTbI, HA paccTosiHMM OT 1 40 2 M OT OXNaXkaatoLLen NOBEPXHOCTM.

[nsa TpaHccopmMaTopoB C NPUHYAMTENBHOW LMpKynauuen Bosgyxa (cuctemamu oxnaxageHusa smgos O, HA, AU, HOL, HHA
n C[) npu HanMyuum HanpasfeHHOro MNOTOKa BO34yxa M3 OKpyXawlwero nNpocTpaHcTBa K Bxogam oxrnaguTtenen u npu
OTCYTCTBMM 3HAUUTENBbHOW O0OpPaTHOM LIMPKYNSALUMM HarpeToro Bo3gyxa cocyabl C TepMOMETpaMU cnegyeTt ycTaHaBnMBaTh Ha
BXOZle BO3Zyxa B oxraguternb. TepMOMeTpbl AOMKHbI ObITh YAaneHbl OT NOBEPXHOCTU Baka n oxnaauTenei Ha paccTosiHne oT
1 00 2 M, 4TOObI N3GexaTb BO3AENCTBUSI TEMMOBOIO N3MYyYEHMS.

B cnyvyasix, korga uMeeTcsl 3HauuTenbHast obpaTHas UMPKynsuMst HarpeToro Bo3dyxa, TepMOMEeTpbl cregyet
yCTaHaBnMBaTb B TeX MecCTax BOKpyr TpaHcdopmartopa, Fde OTCYTCTBYIOT MOTOKM 0OpaTHOWM ULMPKYyNsaUMM BO34yXa,
NpenMyLLLEeCTBEHHO CO CTOPOHBbI TpaHcdopmMmaTopa, He NMeIoLLEN oxaanuTenen (ecnu Takas nmeeTtcs).

3.2.2. Bo Bpemsa ucnbiTaHWiA, 0COOEHHO B MOCNedHeN 4YeTBEpPTU Mepuoda WCMbITaHUA, TemnepaTypa OXNaxaatoLlero
BO34yXxa [OJPKHaA ocTaBaTbCs MO BO3MOXHOCTU MOCTOSHHOW (He OOoJPKHa uameHaTbes H6onee yem Ha 1 °C B vac). B atom
cnyyae 3a TemriepaTypy oOxnaxgawoulero Bosdyxa &, BO BPEeMS UCMbITAHWA MNPUHUMAIOT cpedHee apudmMeTnyeckoe

Temneparyp, M3MepeHHbIX TEPMOMETPaMiu, YCTaHOBMEHHbIMM BOKpYr TpaHcdopmaTopa B COOTBETCTBUM ¢ N.3.2.1, B KOHLe
nepuoaa UCMbITaHW.

Ecnu B nocnefHen yeTsepTy Neproda MCMbiTaHWii TemMnepaTypa oxnaxaatolero Bo3ayxa nsaMeHsietcss 6onee yem Ha 1
°C B yac, Ho He Gornee 4Yem Ha 5 °C, To 3a TemnepaTypy oxnaxaaroLiei cpefbl NPUHUMAIOT cpedHee apudMeTnyeckoe
Temneparyp, U3MepeHHbIX B COOTBETCTBMM C N.3.2.1 Yyepe3 paBHble MPOMEXYTKM BPEMeHU B TeYeHue nocrneaHen YeTBepTy
nepuoaa UCMbITaHW.

Ecnu 3HaveHusi TemnepaTtyp OXnaxZdawoLWero BO3[4yxa, M3MEpPEHHble B KOHLE Mepvoda WCMbITaHUA 3HAYUTENbHO
oTnnyatotcs (6onee yem Ha 5 °C) oT cpefHero apudmMeTM4ecKoro TemnepaTyp 3a NOCIeAHIO YeTBEPTL Nepuroaa UCnbiTaHui,
TO PEKOMEHAYETCS ONpPeaensiTe SKBUBANEHTHYHO TEMNEPaTypy OXnaxaaroLLen cpefbl B COOTBETCTBUM C MPUINOXKEHNEM 2.

3.2.3. [Ina TpaHcgopmaTopoB ¢ cuctemammu oxnaxaexusa L n HLL Temnepatypy oxnaxgatowen cpegbl (Bogbl) crnenyet
N3MepsTb Ha BXOAE B OXNaguTenb, ANs Yero TEPMOMETP (cnan Tepmonapbl) NoMeLLaloT B b3y, nNpedHasHavyeHHylo ans
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n3MepeHust TemnepaTypbl Oxnaxjatolleid BoAbl, NPeABapUTENbHO 3aMofIHEHHYD BOAOW WMNM MacrioM. 3a Temneparypy
oxnaxaatowen Boabl NPUHUMAOT cpeaHee apudMeTMyeckoe 3HadeHue, Nno KpamHelh Mepe, Tpex U3MEepeHUi, NPOBOAUMbIX
Yyepes NPVMMepPHO paBHble, HO He Goree 1 Y, NPOMEXYTKM BPEMEHW B TeYeHue nocrieqHel YeTBepTu Nepmoaa UcnbITaHum.

3.3. iamepeHune TemnepaTypbl BEPXHMX CNOEB Macna

3.3.1. Ansa TpaHchopMaToOpoB C eCTeCTBEHHON LMPKyNsiuMei Macna TemMnepatypy BEpPXHUX CrioeB Macna &, u3MepsioT
TEPMOMETPOM  (TEPMOMNApPON), MOMELLEHHbIM B TWNb3y, MNpedHasHayeHHyl AN TepMOMETPMYECKoro JdaTyvMka WU
pacnosioKeHHYI0 Ha Kpbllwke 6aka, Unu, Npy yCTaHOBKe oxnaguTernen oTaeNbHO OT TpaHcdopmaTopa, B BbIXOAHOW Tpybe, no
KOTOPOW HarpeToe Macro MocTyrnaeT B OXnaauTenb, BO3Ne ee NpUcoeamHeHmns K 6aky.

BbannoH TepmomeTpa (cnan TepmMonapbl) NOrpy»KatT B b3y, NpeaBapuUTENbHO 3anofIHEHHYO MacnoM, Ha rnybuHy 5-10
CM HWXEe YPOBHSA KpbIlWKM Gaka. Ecrniv KOHCTpYKUMA rMnb3bl MMeeT BbICTyNarolimMe Haj KpbILWKOW Gaka 4yactu, To ux criegyet
MOKPbIBaTb TEMMOM3ONMPYOLLMM MaTepmanom. YpoBEHb Macna B runb3e JOMKeH coBnajaTtb C ypoBHEM Macna B bake.

Mpn wncnbiTaHMn TpaHcopmaTopoB C cuctemamu oxnaxgeHmss M mn H, KoTopble He KOMMMEKTYKTCA Mnb3on Ans
TepMOMETPUYECKOro AaTyuka, TeMnepaTtypy BEPXHWX CMOEeB Macra M3MepsoT npu noMoLun Tepmonapbl, YCTaHOBMEHHON B
BEPXHEM CIoe Macna nog Kpbilwkon 6aka Ha rnyonHe He meHee 10 cM OT ee NOBEPXHOCTMU.

3.3.2. [Ins TpaHchopMaTopoB C NPUHYAUTENBHON LMPKYNSAUMEn Macna Temnepatypy BXOASLWEro 1 BbIXOASALEro u3 baka
mMacna (BEpXHUX M HUXHUX CMOEB) M3MEPSAOT NpM NOMOLLM TepMonap, cnav KOTOPbIX MOMELLAT B FMNb3bl, PACNONOXeHHbIe
Ha MacnonpoBoje Bo3rne BXoAa U BbixoAa ero n3 baka.

[nsa TpaHcopmMaTopoB C NPUHYAMTENBHOW LMPKYNSAUMENn mMacra, KOTopble He KOMMMEKTYTCA rmnb3amu, TeMmneparypy
BXOASLLEro M BbixoAswero n3 6aka macrna (BepXHUX U HWKHUX CIOEB) U3MEPSOT MpU NOMOLLM Tepmonap, crnam KOTOpbIX
3aBogAT B macnonposof (natpybok) mexay cnaHuamm ¢ pe3vHOBbLIMW MPOKMNagkamy B MecTax MpUcoeavHeHus ero kK baky
Tak, 4ToObl cnam He kacancs MoBepxXHOCTU MeTanna. [JonyckaeTcs Takum xe obpasoM M3MepsiTb TemnepaTtypy macna B
TpaHcopmaTopax ¢ cucteMamm oxnaxaeHms M m [l co cbeMHbIMKn pagmuatopamu.

(NameHeHHast pegakums, Mam. N 1).
3.4. OnpegeneHne cpeaHeln TemnepaTtypbl Macna

3.4.1. CpefHiolo Temnepatypy Macna &y, CrefyeT paccynTbiBaTh Kak pa3HOCTb TEMMEePaTypbl BEPXHUX CMOEB Macra
&, VM MOMOBWHbI Pa3HOCTW TeMnepaTyp Macna Ha Bxoge &, M BbIXoge &, U3 CUCTEMbI OXNaxaeHus rno dopmyne

By ———1, 2)

Mpy TOM pasHOCTb TeMNepaTyp &, — &, ONpeaensioT:

Ansa TpaHcopMaTopOB C NPUHYAMTENBHOM LUMPKYNAUMen Macna u oxnaxgarollero Bosgyxa, no pasHoCcTU Temnepartyp
Macrna Ha BXoZe B OxNaxjarollee YCTPOMCTBO U Bbixode U3 Hero. [JonyckaeTcs Takum e obpa3oM onpeaensitb pasHoCTb
TemnepaTyp B TpaHcopmaTopax C eCTeCTBEHHOM LUPKynaumen macna u eCTeCTBEHHOW U MPUHYAUTENbHOW LMPKynsumen
OXNaxgarwLLero Bo3ayxa, MMerLLMX 6akM CoO CbeMHbIMU paguaTopamu;

ana TpchcbopmaTopOB C eCTECTBEHHOM 1 I'Ipl/lHyﬂ,I/ITeJ'IbHOVI LLI/IpKynFlLI,I/IeI;I oXnaxaarwuiero so3ayxa, MMeromnx pr6'~|aTbIe
Gakm unm Gakm c pagnatopamMmu, no pa3HOCTU TemMnepaTtyp Hapy>XHbIX I'IOBerHOCTeI;I BerHeVI N HWKHEN 4acTen
oxnaxgaroLlen pr6Kl/I N BepxHero n HM>xHero nany6Ka pagnatopa B MecTtax nx npucoeanHeHund K 6a|<y, npum 3Tom pr6|<a
nnn pagmnatop A0JKHbI ObITb pPacnosioXeHbl Kak MO>XHO onuxe K cepeaouHe paCCManMBaeMOVI CTOPOHDBI Oaka:

ana Tpchd)opmaTopOB C magkmmvm n BOJTHUCTbIMU Gakamu no Pa3HOCTN TeMmnepartyp Hapy>+(H0|7| NnOBEpPXHOCTU Oaka Ha
BbICOTax, COOTBETCTBYHOLLUMNX BEPXHEMY U HWXKXHEMY KpadaM 0OMOTKMU.

(N3meHeHHas pegakums, Nam. N 1).
3.4.2. [Insa TpaHcdopmaTopoB MoLHOCTbIO 40 2500 KB-A C eCTEeCTBEHHbIM OXNaXOEHWEM, C rMagKMMmn, BOSTHUCTBIMU Y
Tpy64aTbiMy Gakamu nnu ¢ 6akamu, MMeKLLIMMN pagmaTtopbl 6e3 pasbema, OonyckaeTcs NPUHMMAThL CPEAHIo TemnepaTypy

Macna paBHou 0,8 TemnepaTypbl BEPXHUX CIIOEB Macra.

3.4.3. ,D,J'IFI BCeX BMOOB OXNaXXaeHNd CpeaHIo TeMnepartypy Macha BOMM3n Pa3HbIX obmoTOoK OO0nyckaeTcd pacCynTbiBaTb
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no cdopmyne (24) ons conpoTUBMEHMUS Ré, KOTOpOEe onpenenstoT, Kak ykasaHo B n.2.1.2 npunoxeHus 3.
3.5. UsamepeHune Temnepatyp aNemMeHTOB METANNOKOHCTPYKLNIA

3.5.1. ,D,J'IF-I n3MepeHna TemMmnepartypbl ﬂOBerHOCTeI7I ANeMeHTOoB MeTaJ'II'IOKOHCprKLI,I/IVI npu nomMouin Tepmonap mx cnau
npunameBarT, NpuBapmBardT U 3anpeccoBbiBalOT B CreunanbHbie OTBEPCTUA.

3.5.2. na uamepeHuss TemnepaTypbl MOBEPXHOCTU 6aka M naTpyBGKOB CUCTEMbl OXMaXOeHUst crnail Tepmonapbl
[IoMycKaeTcs NpuBapuBaTth UMM NpunaMBaTh HE K CAMOW MOBEPXHOCTU, @ K TOHKOWN MeTannmyeckon nrnacTuHKe unm donbre
pa3MepoM He MeHee 2x2 cMm2. 3ateM MnacTUHKY NMPUKIEenBaoT UMW MMNOTHO NPYXKUMAIOT K NpeaBapuTenbHO OYMLLIEHHON OT
Kpacku NoBEPXHOCTH, TLATENbHO U30NUPYIOT Tennounsonsaumen (acbect nunm peamHa) oT oKpy»KatoLLe cpeabl.

3.5.3. [Ona usMepeHuss TemnepaTypbl MOBEPXHOCTM B BEPXHEW YacTM MarHATHOM CUCTeMbl craih Tepmonapsbi
yCTaHaBNMBaloT MeXay NUCTamu LeHTpanbHOro naketa Ha riyeuHy 15-25 mm.

3.5.4. Ina n3MepeHna TemnepaTtypbl Macna Bonv3n anemMeHTa MeTanyioKOHCTPYKLMM MpY MOMOLLM TepMmorapbl ee cnai
3aKpennsaT Ha paccTosHuM 30-60 MM OT MecTa YCTaHOBKM TepMonapbl Ha MOBEPXHOCTM 3f1leMeHTa MEeTanIoKOHCTPYKUMK Tak,
YTOGbI OH He Kacarcsl rpetoLencs NoBepXHOCTH.

3.5.,5. MMpu ucnbITaHUM Cyxux TpaHCOPMaTOPOB [ONA OfNpederneHnss HacTynMBLUEro TEemnnoBOro paBHOBECUs
yCTaHaBnvBaloT TepMonapbl B CrieayoLmMx MecTax:

Aana 3alnleHHbIX N He3alnLWeHHbIX TpchcbopmaTopOB - B LEeHTparibHOW YacTu BepXHEro apmMa;

AN TepMEeTUYHbIX TPaHC(OPMaTOPOB M TPaHCHOPMATOPOB, MOMHOCTHI0 MOMELLEHHbIX B FepMeTUYEcKU KOXYX, - B
LIeHTpe BepxHei YacTy NOBEPXHOCTU KPbILKA U B LIeHTpe GOKOBOW YacTW NOBEPXHOCTU repMeTUYHOTO KOXKYXa.

3.5.6. MecTa ycTaHOBKM TepMonap Ha NOBEPXHOCTSX 3NEMEHTOB METaNIoOKOHCTPYKLMIA, Tpacca UX NPOXOXKAEHUS BHYTPU
Gaka, cnocob6 BbiBeaeHuss K3 Gaka 3a npedenbl TpaHcdopmartopa [OMKHbl GbiTb OnpeaeneHbl  pas3paGoTyMKOM
TpaHcopmaTopa.

3.6. OnpegeneHne cpeaHern TemnepaTtypbl 0GMOTOK

3.6.1. CpegHioto Temnepatypy OOMOTOK OMpefensitoT MEeTOAOM M3MEPEHMSI UX COMPOTUBIIEHWUA MOCTOSIHHOMY TOKY B
cootBeTcTBMM ¢ [OCT 3484.1-88 npu noMmoLm MocTa Unn NyTeM O4HOBPEMEHHOIO M3MEPEHMSA TOKA U MAAEHUSA HanpsKeHus
Ha oOMOTKe, UNu NageHUn HanpsPKeHUss Ha OOMOTKE M 3TaNlOHHOM COMPOTMBIEHWUN NPY 3a4aHHOM paboyem Toke. [ina aTtoro
M3MepsAIT CONPOTUBIIEHNs OOMOTOK B "XONOAHOM COCTOSHMM" - R, Npu u3BecTHon Temnepatype &, oT 10 go n 40 °C,

KOTOPYIO M3MEPSIOT MPU 3aAaHHbIX YCOBUAX OQHOBPEMEHHO C u3MepeHueM Z,. 3aTeMm, nocne Harpesa TpaHcdopmaTtopa,
N3MepPSIOT CONPOTMBIEHNSI OBMOTOK B "HarpeTom CocTosiHUK" - &, NPW HEU3BECTHBIX (onpeaensembix) Temrnepatypax o6MoToK
& g,y B COOTBETCTBUU C NPUNOXKEHNEM 3.

fali) ' ¢

Temnepatypy obmoTkM B "ropsyem cocTostHun" - &
3HaYeHusIM R,, B, 1"

W5m OMIPEOEnsIoT no dopmyne (24) NpUnoxeHns 3 No U3MEePEHHbIM

JL
3.6.2. 3a cpefHiolo TemnepaTtypy o6MOTOK Cyxoro TpaHcdopmaTopa B "XONOAHOM COCTOSHMM" - &, , HaxoasLlerocs He
MeHee 16 4 B NOMeELLIEHNM NpU eCTECTBEHHO U3MEHSIIOLLEVICS TeMMepaType oxnaxaatoLero Bo3gyxa He 6onee yem Ha 1 °C B
Yyac, He BKIMOYaBLUEroCsi U He NOABEpPraBLUErocsl HarpeBy OT CTOPOHHEro MCTOYHMKA Tenna 3a 3To BpPeMs, crieqyeT NpuHuMaTh
cpefHee apudMeTUYeckoe roKasaHu [BYX TEPMOMETPOB, YCTAHOBIIEHHbIX Y BEPXHEr0 W HUXHEro KpaeB OGOKOBOM
NMOBEPXHOCTN OOHOW N3 HApYXXHbIX 0OMOTOK (4ns TpexdasHbIX TpaHcopmaTopos - dhasbl B).

ONs Cyxux repMeTuyHbIX TPaHCHOPMAaTOPOB M TPaHCOPMAaTOPOB, MOSTHOCTLIO MOMELLEHHBIX B FepMETUYECKUIA KOXYX,
npy BbllLie yKa3aHHbIX YCMOBWSIX 3a CPEAHIo TemnepaTypy o6MOTOK &, AomyckaeTcs MPUHUMaTh cpeaHee apudmeTndeckoe

nokasaHuii AByx Tepmonap (TEPMOMETPOB), YCTAHOBIEHHbIX Y BEPXHENO U HUXKHETO KpaeB GOKOBOWM NOBEPXHOCTU KOXYXa.

HanpeHHasa cpeaHas TemnepaTypa OOMOTOK B "XOMOAHOM COCTOSHUM" MPU M3MEHEHMU TemnepaTypbl OxnaxaarLlero
Bo3gyxa He Gonee yem Ha 1 °C B yac AomkHa ObITb paBHa TemnepaType oOXraxgawLlero BO3ayxa, U3MEPEHHOW B
COOTBETCTBUM C M.3.2, C OTKMNOHEHWEM B npegenax +2 °C.

3.6.3. 3a cpegHiolo TemnepaTtypy OBMOTOK &, MacnsiHOro TpaHcdopmaTtopa npu U3MepeHWn WX COMpOTUBREHWUA B

"X0Mn0QHOM COCTOSIHUK" MPUHMMALOT CPeHIo TemnepaTypy Macna, U3SMEPEHHYI0 B COOTBETCTBUM C M.3.4.
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Ons TpaHcgopmaTopoB, HE BKIIOYMBLUMXCH W HEe MOABEPraBLUMXCS HarpeBy B TedeHWe He MeHee 20 4, n3mepeHue
COMPOTMBMEHN OOMOTOK B "XONMOAHOM COCTOSIHUM" crnegyeT MpoBOAMTL He paHee 4Yem 4vepe3 6 4 nocre 3anvBku
TpaHcgopmaTopa Macnom nNpu TemnepaType cpegHux crnoes macna He 6onee 40 °C.

Mpn 3anuBke TpaHcdopmaTopa rops4um MacfioM WM, ecnuv OH NpeaBapuTenibHO Harpesasncsa ans 6onee 6bicTporo
[OCTWXEHUA YCNOBUIA AN U3MepeHnst B, 1 & ., 0MycKaeTCs BKIoYaTb CUCTEMY OxnaxaeHus. B aTom crniyyae nsmepenuna &,
W &, NPOBOAAT He paHee 4eM 4Yepe3 1 Y Mocne OTKMIOYEHNS CUCTEMbl OXNaxaeHus (LUMPKYnsauuMs Macna npu 9ToM He
npekpaLlaetcs).

3.6.4. lNepBoe nsMepeHue COMpoTUBNEHMS OOMOTKM MOCMe OTKMIYEeHUs TpaHcdhopMaTopa OT WUCTOYHWMKA MUTaHusA U
Harpysku OOMmkHO B6blTb NPOBEAEHO Kak MOXHO paHblie (06blMHO Yepe3 60-120 ¢ nocne oTknoYeHus), 4Tobel obMoTka He
ycnena 3amMeTHO OCTbITb. C 3TOW Uenbio CXeMy ANS U3MEPEHUss COMPOTUBIEHUSA NPeAnoYTUTENbHO cobupaTtb Npyu MOMOLLM
cneumanbHbIX pasbeguHuTenen (C TOKOBbIMWM U MOTEHUManbHbIMW MOMCaMu), pacCYMTaHHbIX Ha HeobXOAMMBbIN TOK W
HanpsbkeHue.

3.6.5. WN3mepeHne conpotueneHms obmoTkn B "xonogHom" u  "HarpeToM" COCTOSHMAX chneayeT npoBoAWUTb C
MCMNOMb30BaHMEM OAHUX W TeX >Xe NpubopoB M 3SMEMEHTOB U3MEPUTENbHOW CXeMbl MpU OAHOM W TOM >Xe 3HavYeHwuu
NMOCTOAHHOrO TOKa 1 ero NonspHOCTM.

3.6.6. Ecnu npu namepeHumn conpotmeneHns obMOTKU He yaaeTcs yaoBNeTBopuTb TpeboBaHune n.3.6.4 B 4acTu BpeMeHU
NpoBeAeHNs1 NepBOro U3MEPEHUs, TO NPUHUMAIOT Mepbl AN CHWKEHUS BPeMEeHW MepexodHOoro rnpouecca B U3MepUTENbHON
Lenu unm BHOCAT NONpaBKkM B COOTBETCTBUU C MPUNoXeHuem 3.

3.6.7. Ecrin n3mepeHume cpe,u,HePl TeMnepartypbl obmMOoTKKM No CONpoTUBIIEHUIO HENMpuemMmnemo, Hanpunmep ans obmoTOoK, B
KOTOPbIX NepexoaHoe COonpoTuBilieHNE KOHTAKTOB COM3MEPUMO C UX akKTUBHbIM COMPOTUBIIEHUEM, TO CPEOHIOO TemMnepaTtypy
0bMOTKM AonyckaeTtcd onpenendatb TepMonapamn. I'IpM NCMNbITaHUN CYyXnUX TpaHC(*)OpMaTOpOB MOXHO NPUMEHATb CTEKIAHHbIE
cnnpToBble TEPMOMETPbI.

3a cpefHIo TemnepaTypy oOMOTKU MPUHMMAIOT cpefHee apnudMeTUdecKkoe rnokasaHui He MeHee ABYX nap Tepmonap
(TepMOMETpPOB), YCTAHOBMNEHHLIX HA MPOTMBOMOMOXHBLIX CTOPOHAaX €e BEpXHEero U HmxHero kpaes. [Npu 3ToM gonycTumoe
npesblLeHne TemnepaTypbl 06MoTkM - no FTOCT 11677-85.

4. MOCNEQOBATENBLHOCTb NMPOBEOEHUSA UCMNbITAHUNA

4.1. UNcnbiTaHuio Ha Harpes noaBeprarT MNOJTIHOCTbIO COGpaHHbIe TpaHCCbOpMaTOpr. ,D,OI'IyCKaeTCFI HEe MOHTMpPOBATb
3MIEMEHTHI, HE BANSIOLLME Ha TEMSIOBOM pexumum TpchdaopmaTopa, HanpumMep NCKPOBbIE NMPOMEXYTKN Ha BBOAAX.

TpchdaopmaTopbl cnenyet ucnblTbiBaTtb C CcobCTBEHHOW cUCTEMOMN oxnaxaeHwuA.

TpchcbopmaTopbl C I'IpVIHy,D,VITeJ'IbHOI;I Ll,I/IpKyJ'IﬂLI,I/IeVI Macna p[onyckaeTtcda WuCnblTbiBaTb Ha Harpes, NOAKMKYaA K
TpchcbopmaTopy CTaUMOHApPHYK UCMbITATElIbHYIO CUCTEMY OXNnaXxXgeHuAa BMEeCTO ero cobcTBeHHON. B atom crny4yae
npeBbllEeHNA TemMnepaTtypbl BEPXHUX CIroeB Macia u cpe,u,He|7| TeMnepartypbl Macra onpenendrT pac4eToM Nno pesylbratamMm
UCnbITaHUSA oxnaguTenen oT4enbHO OT Tpchd)opmaTopa. I'Ipvl npoBeaeHunn 3Tnx ncnblTaHUN cnenyeTt pykoBoACTBOBaTbCA
YKa3aHnAaMun B COOTBETCTBNU C NPUTTOXKEHNEM 4,

Mo BbIOGOpY M3roToBUTENS TpaHCOPMATOPbl UCMBLITHIBAKOT OAHUM M3 MeTodoB no nn.2.1, 2.2, 2.3 Ona MacnsiHbiX
TpaHcgopmaTopoB U nn.2.1; 2.2; 2.4 - ana cyxux TpaHcdopmaTopoB. [ns yckopeHus HarpeBa [OMycKaeTcs B Havane
UCMbITAHUS NPU BKITYEHUN C "XONMOAHOrO0 COCTOSIHMA" yCTaHaBnMBaTb B OOMOTKax yBeNMYEeHHbIW TOK, HO He Gonee 150%
HOMMHANbBHOIO TOKA, B TedeHue 2-3 4 Ans MacnsHbIX TpaHcOpMaTopoB M B TeveHue He Ooree 1 4 - Ons cyxux
TpaHcopmaTopoB. [onyckaeTca yxyawaTtb YCMOBMS OXMaxAeHus, OTKMYaTb YacTb oxfaguTenen unu BCHO CUCTEMY
oxnaxgenus. Mo goctvkeHun 70% 0XnOaeMoro KOHEYHOro NPEBbILLEHNST TEMMEPAaTYPbl KOHTPONIMPYEMOrO SreMeHTa JOJKHbI
ObITb BKIMOYEHbI OTKIMIOYEHHbIE OXIAAUTENU U BOCCTAHOBIEHBI HOMUHATBHBIE YCMOBUST OXITaXOEHUS U Harpy3Ku.

I'Ile ncnbiTaHMmM  Cyxmx TpchdaopmaTopOB NPOAOJIKUTENIbHOCTE  TEnyioBOro  pexumma C  yCTaHOBJIEHHbIMU
ncnbiTaTenbHbIMM TOKaMN B 0OMOTKaxX MOXET ObITb COKpaLleHa, ecnu npensaputeribHO, 40 YCTaHOBJITIEHUA TOKOB, NMPOBECTU UX
Harpes B OMNbiTe XOJI0OCTOIo Xxoga B Te4eHne He MmeHee 12 u.

YKasaHHble MeponpusaTUst OOMYCKAKTCs, €CNM OHM He MpoTMBopedaT TpPeboBaHMSM TEXHUYECKOW [OOKYMEHTauuMu Ha
TpaHcgopmaTop.
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42.B npotecce ncnbiTaHna ana onpeaeneHna ero npoaoJNKUTENbHOCTU Heobxoaumo KOHTpOJMpoBaTh:

ONsi CyXMX TpaHCOPMaTopoB - MPEBbILEHUs TemnepaTyp MOBEPXHOCTM MarHWTHOM cuctembl (TpaHcdopmaTopbl C
cuctemammn oxnaxgenuna C, C3, C) vnm koxyxa (TpaHcdopmaTopbl ¢ cuctemon oxnaxagernumss CIN) n obmoTtok (npu mx
N3MEepPEHNN HarnoXXeHHbIM NOCTOSIHHBIM TOKOM) HaJ TeMMepaTypon OXnaxaarLLero Bo3ayxa;

AN MachnsHbIX TpaHcGopMaTopoB - MPEeBbilleHWEe TemrepaTypbl BEpXHWX CroeB Macna Hag TemnepaTypoi
oxnaaatoLlen cpeasl;

ana MmacnaHbiX TpaHC(*)OpMaTODOB, NCNbITbiIBaeMbIX B OMNbITE XOJIOCTOrNo XoAda - npeBbilleHne TeMmnepaTypbl NOBEPXHOCTU
MarHUTHOM CUCTEMbI HaZ TemMnepaTypon BEPXHUX CNOeB Macna.

4.3. UcnbiTanns no moGomy M3 MeTogoB B COOTBETCTBUU C pa3/:|,.2 cnenyet npoaosukatb A0 TeX nop, Nnoka He 6yp,eT
BbIMOMHEHO OOHO U3 CrneayoLwmx YCoBUN:

B YCTaHOBUMBLLUEMCA TEMJIOBOM peXNUMe KOHTPOJIMpyemMoe B COOTBETCTBUN C n.4.2 npesbllleHne TeMmnepaTypbl USMEHAETCA
He bonee 4yemM Ha 1 °C B Yac B TeyeHue yeTbIpex nocrnefoBaTenbHbIX U3MEPEHUN, BbIMOMHAEMbIX C UHTEPBANIOM HE MeHee 1
Y,

KOHTpONMpyemMoe MpeBbILIEHWe TeMNepaTypbl BEPXHUX CIMOEB Macna M3MeHsieTcs MeHee 4yem Ha 3 °C B yac, npu aTom
KOHEeYHOe NpeBbILLIEHNE TeMMepaTypbl OnNpeaensitoT rpacuyeckn B COOTBETCTBMU C YepT.2. [ns 3TOro BO Bpemsi Harpesa
TpaHcopmaTopa WM cpasy e Mocrne ero OTKIYEHUss HeoBXOAUMO U3MEpPUTb Yepe3 paBHbIE MPOMEXYTKU BPEMEHU i
npeBbILLEHNS TEMNEPaTypbl 4G ; 3aTEM HANTW NpUpaLLEeHns NpeBbILEeHUn TemnepaTtypbl Ady, A8, W T.4.; NOCTPOUTL rpaduk
1 onpefenqTb KOHEYHOe MpeBbllleHne TemnepaTtypbl A, . [pyn 3ToM, ecnum nsmepeHns NpoBOASAT B NpoLecce Harpesa, TO
nepBoe N3MepeHHoe MpeBbILeHNe TeMnepaTypbl He AOMKHO BbiTh 6onee 25-30% oxmaaeMoro 3HadeHuss A, , B kKayecTse
KOTOpOro [ornyckaeTcsl MCNomnb3oBaTb pacyeTHoe 3HadveHue. Ecnu namepeHusi npoBoasT B npouecce Oxnax4eHust nocre
OTKMYeHNsA TpaHcdopmaTopa, To nocrnefHee U3MepeHHoe MnpeBbllleHne TemnepaTtypbl AOmkHO BbiTb He Gonee 25-30%
pacyYeTHOro 3Ha4YeHusa Ad, .
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Ecnu cHavana vcneiTaHne npoBOAAT NpU OTKMOYEHHOW YaCTUYHO UMK MOMHOCTLIO CUCTEME OXSTaXOeHus, yBEINMNYEHHOM
TOKe, TO Mnocrie BOCCTaHOBITIEHNA HOMUHalbHbIX ycnosvu7| Nno oXnaxaeHuto N Harpyske uUcnblTaHne cneayeT npoaosnkaTtb A0
YCTaHOBUBLLUEIOCA TENSI0BOro pexmnma.

4.4. Mpwn ncnbiTaHnsix no nn.2.1, 2.2 Harpes, MO BO3MOXHOCTW, NPOSOIIKAIOT 40 AOCTUXKEHNS YCTAHOBUBLLETOCS TEMTOBOrO
pexvmMa B COOTBETCTBUM C M.4.3, nocne 4Yero onpenensaT NpeBblleHUss TeMnepaTypbl BEPXHUX CMOeB Macna, NoBepXHOCTU
MarHUTHOM CUCTEMbI, SNIEMEHTOB METanoKOHCTPYKUMIA N NPEBbILLEHNS cpeaHen TemnepaTypbl 06MOTOK (MpU M3MepeHun nx
COMNPOTUBIEHWUI HANOXEHHbBIM NMOCTOSIHHLIM TOKOM) HaZ TemrnepaTyporn oxnaxaatoLlen cpeapl.

Ecnn namepeHne conpoTmMBneHnin obGMOTOK NPOBOAAT NOCHE OTKYEHUsT TpaHcdopMaTopa OT UCTOYHMKA MUTaHUSA, TO
ONs onpefeneHus npesblleHns TemnepaTypbl BTOPOM OOMOTKM (nocnegylowmx obMOTOK) criegayeT MOBTOPUTb Harpes B
TeyeHne He MeHee 2 u.

4.5. lMpn wucnblITaHUAX MacnsHbIX TpaHcdopMaTtopoB Mo M.2.3 HarpeB CyMMapHbIMKM MOTEPSIMW NpOoJoskKaT [0
BbIMOMHEHNS ycnosuin n.4.3, nocne 4yero onpegendatT npeBbllleHMe TemnepaTypbl BEPXHUX CNOEeB Macra W ero cpegHen
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TemnepaTypbl Hag TemnepaTypol oxnaxaarolen cpeapl.

3aTteM A4ns onpedeneHyst NpeBbileHnst TemMnepaTypbl 0GMOTOK 1 3/1EMEHTOB MeTaslfIOKOHCTPYKLUMIA YCTaHaBNMBaloT TOK,
paBHbIA HOMUHASIBHOMY MM B COOTBETCTBUM C N.1.6, U NpoaosKatloT HarpeB B TedeHne He MeHee 1 4. MNepen oTKMoYeHUEM
onpeaensioT NpeBbllEHNs TemnepaTypbl BEPXHUX CIOEB Macna, cpedHen TemnepaTypbl Macna, TeMnepartypbl 3/1eMeHTOB
MeTannoKOHCTPYKLUMIA M Macna BGNU3nM HUX, cpeaHei TemnepaTypbl 0GMOTOK (Npu UX U3MEPEHUN HAMNOXKEHHbIM NOCTOSAHHBIM
TOKOM) HaZ TemnepaTtypoi oxnaxaatoLlei cpedbl W, HEMOCPEACTBEHHO Mocse OTKIYeHUs! TpaHchopmaTopa, onpenensioT
CpefHiol0 TemnepaTypy ofdHOM U3 OBMOTOK B COOTBETCTBMU C M.3.6, €CNi OHa He M3Mepsifiacb HaroXeHHbIM MOCTOSIHHBIM
TOKOM B MPOLECCe UCTIbITaHWA.

Ecnu cpepgHiolo TemnepaTtypy OOMOTOK ONpefensitoT B OBYX WM HECKOMbKUX NOcrnefoBaTefibHbIX peXxmnMax Harpesa
HOMUWHanbHbLIM TOKOM, TO AN OnpeferneHns NpeBbileHNs TemMnepaTypbl BTOPO 06MOTkM (Mocneaytowmx o6MoTokK) cnegyet
NOBTOPUTL HarpeB TpaHcdopMaTopa CyMMapHbIMU MOTEPSIMU B TEYEHWE HE MeHee 2 4, MoCcre 3TOro yCTaHOBUTbL B 06MOTKe
HOMUWHanbHbLIA TOK U MPOAOIKUTL HArpeB B TeYeHMe He MeHee 1 4, nocrne 4Yero onpefenuTb NpeBbilleHne TemnepaTypbl
BTOpON (cnegytowen) oOMoTKuN.

Ecnn CpegHI TemMnepartypy obmoTOoK NM3MePAT B Npouecce Harpeea MeETOOOM HalloXXeHUA NMOCTOAHHOIo TOKa Ha TOK
Harpys3ku B COOTBETCTBUU C NPUSTIOXKEHNEM 3,70 NOBTOPHbIE BKITIOYEHUA HE Tpe6y+0Tc;|.

4.6. Mpu MCnbITaHMAX CYyXUX TpaHCGOPMaTOpoB Mo M.2.4 HarpeB B pexrMme XOSIOCTOro XoAa NpodoskatoT A0 NosyyYeHus!
yCTaHOBVBLLETOCS TENMOBOrO COCTOSIHUS MO M.4.3 1 3aTeM U3MepsItoT NPeBbILLEHUS TEMNepaTypbl MarHUTHOW CUCTEMbI A&, .

1 0bMOTOK A8/, . HenocpeacTBEHHO Nocne MCNbITaHWst B PeXMME XOMOCTOro Xo4a NPOBOAAT UCTbITaHNE B OMbITe KOPOTKOTO

3aMbIKaHUA NPpU TOKE B obmoTKe, K KOTOpOVI noaeeneHo HanpsaxeHue, paBHOM HOMUHallbHOMY. McnbiTaHne npoaospkaroT Ao
nony4yeHuna yctaHoBMBLLErocd TenyioBoro COCToAHUA Nno n.4.3, nocne vero NOBTOPHO U3MEPAKT NpeBbILLEHUA TemMneparyp

MarHuUTHOW cucTeMbl A . M OBMOTOK ABS, .

4.7. NcnbiTaHMa Ha HarpeB MHOrOOOMOTOYHbLIX TpaHCOPMaTopoB, BO BpeMsi paboTbl KOTOPbIX OOHOBPEMEHHO MOryT
HarpyxxaTbcs 6onee AByx 0OMOTOK, crieqyeT NPoBOAUTL OTAENbHO AN KaX0W napbl 06MOTOK.

B cnyyasix, korga HOMUHaNbHbIE MOLLHOCTU OTAENbHBLIX 0OMOTOK He MO3BOMISOT NPOBOAUTL UCTbITaHWS TpaHcdopMaTopa
npyY CyMMapHbIX MOTepsiX, TO MPeBbILEHNE TEMNEPATYpbl BEPXHUX COEB Macrna onpeaensitoT B onbiTe, MNPy KOTOPOM TOK
npoTekaeT Mo napam OOMOTOK, A1l KOTOpPbIX CyMMapHble MoTepu HaubomnbluMe, U M3MEpeHHOe MpU MeHbLUMX MoTepsiX
npeBbILLEHNE TEMNEPATYpbl A4OMYCKAETCs NPUBOAUTL K HOMUHASBHBLIM YCIIOBUSIM B COOTBETCTBUM C pa3a.5.

MpeBbiweHe TemnepaTypbl OTAEMNbHBIX OOMOTOK MHOrOOGMOTOYHLIX TpaHCKOPMaTOpOB OMNpedensiioT B OnbiTax, npu
KOTOPbIX TOKW MPOTEKAT MO napam OBMOTOK, a B MCMbITYeMON OOMOTKE TOK paBeH HOMMHANbHOMY WM COOTBETCTBYET
ykasaHHoMy B .1.6. MpeBbilLeHNe TemnepaTypbl OTAENbHON 0GMOTKM NpU Hanboree XXeCTKOM AMNs Hee codeTaHUM Harpy3oK B
MHOrOOGMOTOYHOM pexumMe crieqyeT paccuuTbiBaTb No copmyne (9) nyTeM npuBEAEHUs MPEBbILEHUST TemnepaTypbl,
MOSIy4EHHOrO B MapHOM pPeXuMme, K TOKYy, COOTBETCTBYIOLLEMY MO A06aBOYHLIM M BUMXPEBbLIM MOTEPSIM YCNOBUSIM Hanbornee
TSDKENOro pexuma.

4.8. [Ina namepeHns npeBbllLEHN TemnepaTypbl 0OMOTOK, HE UMEHOLLMX BHELLUHUX MPUCOEANHEHUIN, €Cn NPOrpaMmon
UCMbITaHUI NpeaycMaTpmBaeTCsl M3MEpPEHUe UX TemnepaTtypbl OTAENbHO OT OOMOTOK, K KOTOPbIM OHW MPUCOEAMHEHbI, Ha
nepuoa ucnblTaHU crnefyeT YCTaHOBUTb AOMNOMHUTENbHbBIN 3aXUM (3aXUMbl), K KOTOPOMY MPUCOEAUHSIIOT OTBOA yKa3aHHON
0BMOTKM.

4.9. OnpegeneHvne cpegHero Harpeea OOMOTKM, COCTOALLEN M3 0OMOTOK ha3 (CTepHeRn), gonyckaeTcs MpoBOAUTb Ha
obmoTke pasbl (cpeaHero CTepXHsl) unm Ha obmMoTkax ABYyX a3 (KparHero u CpeaHero CTepXHeW), CoeguHsAEeMbIX npu
N3MEepEeHNn COMPOTMBMNEHNSA MocreaoBaTeNnlbHO, ECNN 3TO NO3BOMSIET CXemMa COeAUHEHNUs 0BMOTOK. Mony4veHHbIN pesynbsraT
pacnpocTpaHaeTCsa Ha BCO 0OMOTKY, €Cnu pacyeTHbIN HarpeB 06OMOTOK O4HOIO HanpsiKeHUst Bcex ¢has (CTEPXXHEN) OAMHAKOB.

B TpaHcopmaTopax C MNpUHYOUTENBHOM UUPKYNAUMEnW C HanpasBfieHHbIM MOTOKOM Machia W3MepeHus cpegHero
NpeBbILLEHNS TEMMNepaTypbl 0OMOTKM creayeT NPoBOANTbL Ha 0OMOTKax Bcex a3 (CTepXKHEN).

4.10. B TpaHchopmaTopax ¢ KOHLEHTPUYECKUMU OOMOTKaMK C BEPTUKANbHLIMU OCSIMU CTEPXHSA U OOMOTOK, ecnn ase nnm
6onblue MOEHTUYHbIX 0BMOTOK pasMellleHbl OHa Haa APYron, Npu UCMbITaHUSAX Ha HarpeB MaeHTUYHble 06MOTKM AonycKaeTcs
coeauHATb nocnegoBaTenbHO. VIamepeHHOe cpedHee npeBbilleHue TemnepaTtypbl 3TUX MOcnefoBaTenbHO COEAMHEHHbIX
0OMOTOK He OOMMKHO MpeBbiWwaTh 3HaYeHud, gonyctumoro no FOCT 11677-85.

4.11. VcnblTaHnsi Ha HarpeB TpaHC(OPMAaTOpOB C pacLlensieHHbIMU 0BMOTKaMM HM3LIEro HanpsbkeHWs 4OoMycKaeTcs
NPOBOAUTL, COEAMHUB KX YacTW NMOCNefoBaTeNbHO UMW NapannenbHO Tak, YToObl TOKM B 06MOTKax Gblniv HOMUHAMNBHBIMY Ui
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cooTBeTcTBOBanu n.1.6.

3a cpegHee MpeBbllEHWE TemnepaTypbl OBMOTKM HM3LIErO HanpshkeHust [JonyckaeTcsa NpuHMMaTh cpefHee
apudMeTMYecKkoe NpeBbILLEHN TeMnepaTyp ee YacTei, M3MepPEHHbIX pasaesnbHo.

4.12. Mpn ucnbITaHUAX TpaHCHOPMaTOPOB HOMMHaNbHOW YactoTon 60 Iy oT McToyHMkoB 4actotonm 50 Iy cneayet
PYKOBOZCTBOBaTbLCS YKa3aHUAMU NPUIOXKeEHNs 5.

4.13. MeTogbl MCMblTaHUA Ha HarpeB MacrsiHbiX TpPaHcGoOpMaTopoB credyeT MPUMEHsATb Takke NpPU UCMbITaHUAX
TpaHcOpPMaTopPOB, 3aMOSIHEHHBIX APYTMMU TOPIOYMMU U HETOPOYUMU W XKUOKAMU OUSMEKTPMKAMK, C y4eTOM TpeGoBaHMii
FOCT 16555-75.

5. MPUBEOEHUE PE3YJIbTATOB UCIMbITAHUA HA HATPEB
K HOMUHAIIbHbIM YCITOBUAM

5.1. OnpegneneHne KOHEYHOIo NPEBLILLEHMS TEMMepaTyp 3NIeMEHTOB CyXoro TpaHcdopmaTopa

5.1.1. lMpeBblleHna cpedHen TemnepaTypbl 0BMOTKM AB . W TeMnepaTypbl NOBEPXHOCTU MAarHUTHOW CUCTEeMbl A&,

ANS 3aLMLLEHHbIX U HE3ALUMLLEHHBIX TPaHC(OPMATOPOB MM TeMNepaTypbl BEPXHEN KPbILLKN AB, 1 GOKOBOM YacTu Ay,
KOXyXa Ansi FepMETUYHbIX TPaHCOPMaTOPOB CrieayeT ONpeaAensiTh Kak pa3HoCTy:

ABogy = Boay ~ Do

‘5‘@1\'&&1' =®m=.|r - @nm;

ABy, = By = B

L85y =By ~ Boy s
rae &g, - Temnepartypa obMOTKK, n3mepeHHas rno n.4.4 B coorseTcTeum ¢ n.3.6, °C;

8, - TEMNepaTypa MarHUTHOM CUCTeMbI, n3MepeHHas no n.4.4 B coorsetcteum ¢ n.3.5, °C;
By W B, - TEMNEpaTypa COOTBETCTBEHHO MOBEPXHOCTW KPbILKM 1 GOKOBOM 4acTu Koxyxa, u3mMepeHHasi no n.4.4 s
cootBeTcTBUM ¢ N.3.5, °C;

8, - TemnepaTypa oxnaxnaroLen cpeibl, \dMepeHHas Nnpu UCMbITaHUAaX B cooTBeTcTBum ¢ n.3.2, °C;

5.1.2. Tpn HarpeBe OOMOTKM TOKOM ;*, OTNMYAIOLWMMCA OT HOMWHANBHOMO B COOTBETCTBUM C M.1.6, M3MepeHHoe
npesbllLEHe TeMnepaTtypbl A8, . NepecynTbIBalOT K HOMUHANLHOMY TOKY 7. no dopmyne

I g
A8l = a@’m[%] : 3)

roe ¢ NpUMHMMaloT paBHbIM:
1,6 - anga TpaHcOpMaTOPOB C €CTECTBEHHOM LIMPKYNaUuen oxnaxaatoLlero Bo3ayxa;
1,8 - anga TpaHcopMaToOpPOB C NPUHYAUTENLHOM LIMPKYNAUMEen oxnaxaarLlero Bo3ayxa.

5.1.3. MNpu ncnbiTaHKsx no n.2.4 obliee npesbilleHne TemnepaTypbl Kaxaon n3 06MOTOK Az, W MarHUTHOW CUCTEMbI
A@, . NPU HOMUHanNbHbIX YCnosuax no n.1.4 onpenensioT Ha OCHOBaHWM Pe3yrbTaToB, MOMyYeHHbIX BO Bpems ABYX
OTAESNbHbIX UCMbITAHUIW B COOTBETCTBUM C N.4.6, No hopmynam:

0.2
. L2571~
AB gy , (4)
Aa!

ofm

AB gy = A5y |1+
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1257%7

AE
A8 =480 |1+ M : ()
M ar A

5.2. Onpe,ueneHvle KOHEYHOro npesbilUeHna TeMnepaTtypbl 3J1EMEHTOB MaCIiAHOIo TpchcbopmaTopa

5.2.1. TpeBblleHns TemMnepaTypbl BEPXHUX COeB Macrna A, , CPeAHUX Crloes macna Adh, ., W Temnepatypbl Macra

n

BOMM3M aneMeHTa MeTannoKOHCTPYKLUMKN AB, . NPYU HOMUHASBbHBLIX YCMOBUSIX MO HAarpeBy crneayeT OonpeaensiTb Kak pa3HOCTH:

L8y =8y -8B,
‘ﬂ@w{.cp = @M.cp = Bom;
LBy = 8y B,

roe &, - TemnepaTypa BepXHUX CroeB macna, n3amepeHHas no n.4.4 vnu 4.5 npu cyMmMapHbIX NoTepsix B COOTBETCTBUWN C
n.3.3, °C;

Bycp - CPEOHSIS TEMNEpPATYpa Macna, MsMepeHHas o n.4.5 npu CyMMapHbIx NoTepsix B cooTseTcTsum ¢ n.3.4, °C;

8, - Temnepatypa macna BONM3u anemeHTa MeTannoKOHCTPYKLMK, n3MepeHHast no n.4.5 npu cymMMapHbIX NoTepsix B

cooTBeTCcTBUM € N.3.5.4, °C.
5.2.2. Mpu ycnoBumsax no HarpeBy, OTIIUYHBIX OT HOMUHAINbHbIX, NONYyYeHHbIE MPU UCMLITAHUSAX NPEBbLILLEHWS TeMnepaTypbl
A8, A8y M AB CriefyeT NPUBOAUTL K HOMUHANBHBIM YCIIOBUAM MYTEM YMHOXEHMUS Ha KO (UUUEHT

X

TP
i

rae Fp+ Fj - CyMma notepb KOPOTKOrO 3aMblKaHWs U XONOCTOro XoAa npu UCTbITaHnsX;
x - MPUHUMAETCH PaBHbIM:
0,8 - Ang TpaHcopMaTOPOB C €CTECTBEHHOM LIMPKYNAUuen oxnaxaaroLlero Bo3ayxa;

1,0 - anga TpaHchoOpMaTOPOB C NPUHYAUTENBHOM LIMPKYNAUMEn oxnaxaarLlero Bo3ayxa u npyu oxnaxaeHnm sBogon.
5.2.3. lMpu ucnbiTaHnax no n.2.1, 2.2 npesbllleHNs cpedHen TemnepaTtypbl OBMOTOK A8, .., TemnepaTyp 3/1eMeHTOoB

MeTanfoKOHCTPYKLMN AB, U NOBEPXHOCTU MAarHUTHOM CUCTEMbI A, MPU HOMWHanNbHbLIX YCMOBUSAX MO Harpesy criedyet
onpeaensaTb kak pasHOCTU:

LBy = Boay ~ B
L8, =8y - B,
‘5‘@1\'&&1' = ®I\‘|BI‘ - @nm )

roe &, - Temnepatypa noBepxHOCTU 3fieMeHTa MeTarfIoKOHCTPYKLNK, n3MepeHHas no n.4.4 npu cyMmapHbix notepsax > F B
cooTtBeTcTBMU € N.3.5, °C.

5.2.4. MNpu ucnbiTaHnax no n.2.3 NpeBbllleHNs cpefHei TemnepaTypbl OBMOTOK AL, , TemnepaTypbl 3/1eMeHTOB
MeTannoKOHCTPYKLMKN A, criegyeT onpefensTb B KOHLUE nepuoja Harpesa HOMUHarbHLIM TOKOM B COOTBETCTBUM € Nn.4.5, a
npeBbILLeHe TemnepaTypbl MOBEPXHOCTU MarHUTHON CUCTEMbI AB,.. - B COOTBETCTBUM C N.2.3.2 npu cobnogeHnn ycnosus

no n.4.3; nx onpenendarT KakK pa3HOCTU:

ofim
'&EK = @;{ - @Bm )
AEL =@l —al
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roe &g, - Temnepartypa obMOTKK, namepeHHas no n.4.5 B cooreeTcTeum ¢ n.3.6, °C;

8, - TemnepaTypa NoBEPXHOCTU dfieMeHTa MeTanmnoKOHCTPYKLUMN, nsmepeHHas no n.4.5 B cootsetctBun ¢ n.3.5, °C;

8. - TeMnepaTypa MarHMTHOM CUCTeMbI, n3MepeHHas no n.2.3.2 B cootsetcTauu ¢ n.3.5, °C;

@a

oI
cooTtBeTcTBUM € N.3.2, °C.

- TemnepaTypa oxnaxaatoLlei cpeabl, UsMepeHHast no n.4.5 npy noTepsix B TpaHcopMaTope OTNUYHLIX OT 3 F B

B nonyyeHHble pe3ynbTaTthl B COOTBETCTBUM € N.2.3.3 criefyeT BHECTU nonpasky No dopmynam:

ABlggy, = "—\@5511 - ‘F—\“@;{.cp + ﬂgm.cpa (6)

MBS = ABL - AB L+ AB (7)
AB, = AR - AR+ AB, (8)

n AR - NPUBEAEHHOe N U3MepPEeHHOe COOTBETCTBEHHO NpeBbILLeHe TemMnepaTypbl OOMOTKM Haj TeMnepaTypoi

roe A8 s,
oxnaxpgawoluen cpeasbl, °C;

&@M.Cp " ﬂ@),’“lcp - NpuMBeLeHHOE N U3MepPeHHOe COOTBETCTBEHHO MpEeBbILEHNE cpedHen TemnepaTtypbl Macrna Hag

TemnepaTypon oxnaxgatoLlen cpeasl, °C;

ABL M ABY - TPUBEOEHHOE N N3MEPEeHHOEe COOTBETCTBEHHO MPEBbILLIEHNE TemMnepaTypbl afieMeHTa MeTannoKoOHCTPYKLMK
Haj TemnepaTypon oxnaxaatowen cpeapl, °C;

A8, W AL - MPUBEOEHHOE N M3MepeHHoe COOTBETCTBEHHO MpeBbilleHWe TemnepaTypbl Macna BObnusu anemeHTa
MeTanMOKOHCTPYKUMM Hag TeMnepaTypoii oxnaxgatollen cpeapl, °C;

A8
CUCTeMbl Haf TemnepaTypoun oxnaxgatowlen cpesbl, °C;

n AB: . - NPUBEAEHHOE U U3MEPEHHOEe COOTBETCTBEHHO MPEBbILUEHWE TeMnepaTypbl NOBEPXHOCTM MarHUTHOM

A, W AB, - NMPUBEAEHHOE U M3MEpPEHHOE COOTBETCTBEHHO MpEeBbILLEHVE TeMnepaTypbl BEPXHUX CIOEB Macna Hap
TemnepaTypon oxnaxgatoLlei cpeasl

, °C.

5.2.5. Ecnn onpepeneHvne npesbilleHWi i TeMnepaTypbl 0OMOTOK W A, W 9NIEMEHTOB METaNMOKOHCTPYKUMA A8,

npoBOAAT MPU UCNbITAHUAX TOKOM MO n.1.6, OTNIMYHBIM OT HOMMWHANBLHOIO, TO nony4yeHHble npu ncnblTaHUAX npeBbllUeHUA

TemnepaTtypbl ABL, W A cnegyeT NpMBOAMTbL K HOMUHAMbHLIM YCMOBUSM NO hopMmynam:

, RN
ABlgy = (A8 — ‘&E)M.cp) [%] + ‘&@M.cp ’ ©)
i J
AB =(a@;—.&@;m)[ Z‘f“] +AB, (10)

roe f, W 7' - HOMVUHanbHbIA TOK 0BMOTKM M TOK B OBMOTKE NpU UCTILITaHUSX, A,

Y - IPUHUMaETCs paBHbLIM:
1,6 - ansa TpaHcOpPMaTOPOB C ECTECTBEHHOW U NPUHYOUTENBHOM LMPKYNALUMEN Macra, HO C HeHanpaBreHHbIM NMOTOKOM;

2,0 - anga TpaHchopMaTopoB C NPUHYOUTENBHON LMPKYNAUMEN U HanpasfieHHbIM NOTOKOM Macna.
5.3. OdhopmneHne pesynbTaToB UCMbITAHWI
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[aHHble HabnogeHnn n pesynbTaThl UCNbITaHWIA cneayeT odhopMnsaTb B Buae npotokona no [OCT 16504-81.

6. TPEBOBAHUA K CPEACTBAM VIC['IbITAHI/IVI
N TOYHOCTU USMEPEHUU

6.1. NcnblTaHus, KOHTPONb NapaMeTPoB UCTbITATENbHbLIX PEXUMOB (NOTEPb, TOKa, HaNPsHKEeHWUs, 4acToThbl) U U3MepeHne
CONPOTUBIEHNST OBMOTOK NOCTOSAHHOMY TOKY AOSMKHBI NPOBOANTL C UCMOSMb30BaHWEM CXeM, CPEACTB UCTbITaHUN U U3MepPeHUi
B cootBetcTBUM C[OCT 3484.1-88, obGecneuvBarolux MUCNbITaTeNbHblE PeXuUMbl NpyU OAHOMA3HOM U TpexdasHoM
NpaKkTM4eckn CUMMETPUYHOM W CUHYCOMAANBHOM HanpPsHKeHUM HOMWHANbHOW YacToTbl MPU HOMUHAmMbHbLIX Harpyskax cC
MaKkcuUMarbHO [OMYyCTUMbIMA HEUCKMTHOYEHHBIMU MOrPELLHOCTAMU U3MEPEHUsA NOTEPb - Sy, TOKA - §;, HaNpPsKeHusa - S,

vacToThl - §, B npefenax: =+3,3%; 5; =%1,5%; gi; =%1,5%; B =10,5%.

B cxemax wucnbiTaHusa c HanpsaxXeHnem oonee 35 kB aona Mn3MepeHua TOoKa, HanpsaxXeHud, notepb AonyCKaeTcAd
MCnonb30BaTb U3AMEPUTETIbHbIE TpchcbopmaTopbl Kriacca TOYHOCTU He Huxe 0,5.

[ns n3mepeHusi cCoOMpoTMBEHMS OOMOTOK MOCTOSIHHOMY TOKy B COOTBEeTCTBMM C M.3.6.1 gonyckaeTcsl MpUMEHSITb
OANHAPHO-ABOMHOM MOCT Knacca TOYHOCTM He Hwxke 0,1; amnepMeTp M BONMLTMETP Kfacca TovyHoCcTU He Hmxke 0,2. Mpwu
onpegeneHnM COmnpoTUBIIEHUS OOMOTKM MyTEM U3MEPEHUs] MaJeHusi HanpshkeHust Ha oOMOTKe U STaNoHHOM pe3ncTope
crnefyeT NPUMEHSTb BOMBLTMETP Kracca TOYHOCTM He Huke 0,2 n obpasLoBbIfi pe3ncTop, COOTBETCTBYHOLLMIA KIaccy TOYHOCTU
He Hwke 0,2 (gonyckaeTcs NPUMEHATb CaMOMULLYLLUIA NOTEHUMOMETP Krnacca TOYHOCTU He Hwxke 0,5). Bo Bcex cny4vasix
HEWCKMNIoYEeHHas NOrpeLlHOCTb 3MEPEHUst CONPOTUBEHNS 0BMOTOK NOCTOSIHHOMY TOKY (5 AOMMKHA HaxoAuTbCs B npeaenax
+

1%.

6.2. [Ins namepeHus TemnepaTypbl Macna 1 oxnaxgarlen cpeabl crnegyet NpUMeHaTb nabopaTopHble TEPMOMETPbLI C
ueHon genenus 0,1 °C.

[JonyckaeTca NPYMEHsTb CTEKMNAHHbIE CMMPTOBLIE U PTYTHBIE TEPMOMETPbI, KOTOpble MMEIOT LKanbl B npegenax (0-100)
°C, ueHy agenexus He 6onee 1 °C, npegensl AonyckaeMblx NOrpeLHOCTEN NokasaHuii koTopbix - +1 °C.

Bo Bcex cny4asX HeMCcKntoYeHHast NOrpeLlHOCTL U3MEpPEHUst TEMNepaTypbl && ¢ AOMMKHA HAXoAUTbCA B nNpeaenax +1 °C.

lpaHWUbl OTHOCWUTENBHON HEUCKITIOUYEHHOW NOrPelHoCTN S, , &a, , Sa B NPOLEHTax onpefeneHus @y, @, U &
crnepyeT paccuntbiBaTh No dopmyne

0

de ¢ 100
Bor =Be, =B =t i, (1)

!

roe A8, - HopMUpyemoe npesbllleHne TemnepaTypbl UCTbITYeMOro anemeHTa TpaHcdopmaropa no FTOCT 11677-85;

i - ycrnoBHoe 0603HavYeHre NCMbITYeMOoro aneMeHTa TpaHcgopmaTopa.

6.3. Mpu n3aMepeHnn TemnepaTypbl Macna, oxnaxnaloollei cpefpbl, SMEMEHTOB MEeTannoKOHCTPYKLUMA MpU MOMOLLIM
Tepmonap Krnacc TOYHOCTM MPUMEHSAEMOrO C HUMM NpuBopa (MUNMMBONETMETPA UMK NOTEHLMOMETPA) AOMKeH BbiTh HE HUXE
0,5, a ero BHyTpeHHee COMPOTUBIIEHME OOIMKHO NPEeBbILLAaTh CONPOTMBIIEHNE TepMonapkl He MeHee YeM B 200 pas.

NoBepuTtenbHble rpaHuLbl HEUCKITIOYEHHOW abComnMioTHOW MOrpeLHOCTN U3MepeHUst TemnepaTypbl &85 B 3TOM Cryvae
Heo6XxoaMMOo onpeaensiTb CrneayroLwmM obpasom:

no usmepeHHoun npubopom Tepmo-3C Uz c y4eTom rpaHuL, fornyckaemorn abcomoTHOM norpelHocTv npubopa =+ &7,

crnefyeT onpenenutb ee BO3MOXHbIE rpaHuLbl Ur’[r n - no dopmynam:
Uy =Urp +8Uy M Ug =Up - 8Ug;

Mo rpaflyupoBOYHOM 3aBUCUMOCTW iy = f(8r) CriedyeT OnpeaenvTb BO3MOXHbIE 3HAYeHUsi Temnepatypbl &t W gr,
COOTBETCTBYIOLLME 3HaYeHUsIM TepMo-OC i+ v 17—;
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abContoTHasH HEeNCKIMIOYEHHas MOrPELLHOCTb N3MEepPeHUs TeMnepaTypbl &8y paBHa NonypasHoCTV TemnepaTtyp @ U gr 1
AOKHa HaxoauTbca B npegenax =1 °C, a rpaHuubl OTHOCUTENbHOW HEUCKIHOYEHHON MOrPeLIHOCTY g, W3MepeHus
TemnepaTypbl @y kakoro-nmbo afiemMeHTa TpaHcdopmaTopa crneayeT paccuuTbiBaTb no dopmyne (

11).

6.4. Tpu onpefgeneHnn npesbilleHUs TemnepaTypbl Kakoro-nMbo anemeHTa TpaHcdopmaTtopa Hag TemnepaTypou
oxnaxpatowlen cpeabl (A, ABy, AB., A8, A8, ) OUEHKy [OBEPUTENbHbIX TPaHWL  HEWUCKIYEeHHOW

CMCTEMATMYECKOW MOrPELLHOCTU pe3ynbTaTa U3MepeHnin crnegyeT NpoBoAnTb B NpoueHTax B cooTBeTcTBum ¢ TOCT 8.207-76:

1) ana A, w 4By, [OBEPUTENbHbIE rPaHULbl PE3YNETUPYIOWMX MOrPELIHOCTEN Sim U ﬁﬁ@m B obem cnyvae
crieyeT paccyuTbiBaTh No opmyne

Buey, = Bao,y = H11 68, +65,, +53, +63, +63, +83, . (12)

roe g, - OTHOCWTENbHAst HEUCKIIOYEHHast MOrPeLIHOCTb OnpefeneHus Temrnepatypbl OXNTaXAaloLero BO34yxa,
paccunTbiBaTth no dopmyne (11), %;

fa, - OTHOCUTENbHAs HEMUCKIIOYEHHAs MOrpeLIHOCTb, BHOCMMAsi MpU KOHTPOMe pexuma Mo noTepsiM, KoTopas
NPUHUMAaETCHA PaBHON Sy, %;

fia, - OTHOCUTENbHAA HEWCKIIOYEHHas NOrPeLLHOCTb, BHOCUMAs NpU KOHTPOMe pexiMa Mo TOKy, KoTopasi NPUHUMAaeTcs:
paBHON .25}, %;

fay; W g, - OTHOCUTENbHbIE HEUCKIOYEHHbIE MOTPELLHOCTH, BHOCUMbIE MPWU KOHTPOME PEeXuMa Mo HaMpsiKeHuto,
06yCrnoBneHHble NOrpeLHOCTAMM U3MEPEHNS HaNPSKEHNS 1 4acTOTbl, KOTOPbIE NPUHUMAIOT PaBHBLIMWU COOTBETCTBEHHO &;; U
By, %.

Mpn pacyeTe norpewHocT no copmyne (12) B 3aBUCUMOCTU OT nNapameTpa, MO KOTOPOMY KOHTPOMUPYIOT TEMMOBOW
pexum, creayeTt NpuHMMaTh:

fa, =Fa, = Ffa, =0 - Npy KOHTPOIE PeXIMa MO NOTEPSIM;

fay = Fa, =Fa, =0 - Npu KOHTPONE pexuma Mo Toky;

fey =Fe, =0 - NPy NCMILITAHUAX CYMMaPHBIMK MOTEPSIMM MO 11.2.3 U KOHTPOIIE PeXI1Ma Mo TOKY;
fa, =8e, =0 - Npy KOHTPONE pexuma Nno HanpPsHKEHWIO;

2) ans A8, [NOBEPUTENbHbIE rPaHNLbI MOrPELUHOCTU s CREAYeT paccunTbIBaTh Mo opmyse

Bae, =Ll Jﬁ%x B2 B By b (13)

roe ﬁ@x, ﬁ@m, ﬁ@m - OTHOCUTENbHbIE HEWUCKNIOYEHHbIE MOrpeLHOCTU U3MepeHnsa TeMmnepaTtyp = =] & m» KOTOpble

K’ ME

paBHbl g, 1 onpeaensoTcs no opmyne (11), %;

B pye - OTHOCUTETBHAS MOTPELLHOCTb, OBYCIIOBIIEHHAS OTKIIOHEHWEM YACTOTbI OT HOMUHANBHOM, MPUHUMAETCS PABHO

NG E(,.s},f +,.3J% , %, roe ﬁ} - OTKMOHEHWE YacTOTbl OT HOMUHAMNBHOW NPU UCNbITaHUAX, %;

3) AN A8, [OBEPUTENbHbIE rPaHMLbI MOrPELHOCTU g CIEAYET paccyuTbiBaTh Mo opmyne

ofm
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Fu = 11 J"Sg@mom*: +|82®M.Ep +'8%mm +"32®; +"3E25"&[ ’ (14)

roe '8@'(20."&1 - HEeWCKrn4YeHHada OTHOCUTeslbHaA NOrpellHOoCTb, O6yCJ'IOBJ'IeHHaﬂ NOrpeLwHOCTb0 onpeaeneHna OTHOLEeHUA
COI'IpOTI/IBJ'IeHVII7I 0OMOTKM B ropa4emM n XxonogHoM COCTOAHUAX, KOTOpasa NpUHMMaeTCA paBHOVI +2,5%;

ﬁ@m_cp - OTHOCUTEJIbHAaA HEeWUCKITIo4eHHasd NorpewHoOCTb U3MepeHna TemneparTypbl @M-CP’ KOTOpaaA npuHMMmaeTca paBHOI7I

fa, v onpegensetcs no cdopmyne (11), %;

fig, - NOrpelHOCTb, 0BYCMNOBNEHHAs HANOXEHEM MOCTOSIHHOMO M3MEPUTENBHOTO TOKa Ha TOK Harpysku, kotopas uvmeet
MECTO MpU U3MEPEHUSIX METOAOM HaroXeHUsi, MPUHMMAETCsl pPaBHOM ﬁ-.ﬁ‘;ﬂ, %, rae S - OTHOLUEHWEe MOCTOSHHOTO

N3MEPUTENIbHOIO TOKa K TOKY Harpy3kwu, %;

4) ons A8, [OBEpUTENbHbIE IPaHNLbl NOrPELIHOCTN g . CMEAYeT paccuuTbiBaThb Mo (opmyre

Eatgy = H11 60,y +B, Bl + By B (15)

rae fg,. - HEUCKNIOYEHHAs OTHOCWTENbHAs MOrPELIHOCTb W3MEPEeHUsi TemnepaTtypbl MOBEPXHOCTM MarHUTHOW CUCTEMbI,
KoTopas paBHa Sg, W onpenensetcs no dgopmyne (11), %.

Mpn uncnbiTaHuax no nn.2.1, 2.2 ¥ nNpu UCMbITAHUSX CyXMX TpaHcgopmaTopoB cocTaBnsowas s 13 opmynbl
UCKMYaeTcs.

HanpeHHble no dopmynam (12-15) pgoBepuTenbHblE TPaHMLbl HEUCKTHYEHHBIX CUCTEMATUYECKMX OTHOCUTENBHbLIX

norpeluHocTe onpefenerns A, , A8y .., A8, A8 AOIMKHLI HAXOAWUTLCA B Npefenax +5%, a Ay, - B npeaenax +4%.

7. TPEBOBAHUA BE3OMNACHOCTH

WUcnbiTaHust cnegyeT npoBoAWTb B COOTBETCTBMM C  TpeboBaHuamy "lpaBun  TEXHWYECKOW  3Kcnnyataumm
3NEKTPOYyCTaHOBOK noTpebutenen™ un  "lMpaBun TexHukn ©Ge3onacHOCTM NpuM  3KChfyaTaumm  3NEKTPOYCTaHOBOK
k%

notpebutenen™*, yrtBepXaeHHbIX [0OcaHeproHag3opom 21.12.84, a Takke nNPOU3BOLACTBEHHBIMU  UHCTPYKLMAMM,
YTBEPXKAEHHLIMY Ha NPeanpUsiTUK, NPOBOASLLEM UCMbITAHUS.

*

Ha Ttepputopun Poccuickon depepaumm gencteytotr " [NpaBuna TExXHUYECKOW 3IKchayaTaumv 3MeKTPOYCTaHOBOK
notpebutenen”, yteepxaeHHble npukaszom MunaHepro Poccun o1 13.01.2003 N 6;

** Ha Ttepputopum Poccuickon depepaumm gencteyloT "MexoTpacnesble npasuna no oxpaHe Tpyga (npasuna
6esonacHocTn) npu akcnnyaTauum anektpoyctaHoBok" (MOT P M-016-2001, PO 153-34.0-03.150-00). - [MpumevaHne
N3rotoBmTEnNs 6a3bl AaHHbIX.

NMPUNOXXEHUE 1
CnpaBo4Hoe

TEPMOMNAPbI, NTPUMEHAEMBIE AN U3SMEPEHUA
TEMNEPATYPbI JIEMEHTOB TPAHC®OPMATOPA

[ns namepeHus TeMnepaTtypbl NpU UCMbITAHUAX TPAaHCOPMATOPOB crefyeT NPUMEHATbL TepMonaphbl, U3rOTOBMNEHHbIE U3
napbl NPOBOAOB (NPeanoYTUTENBHO XpoMenb-konenb) avameTpom oT 0,1 go 1 mm. Kaxabii n3 napbl NpoBOAOB 3aKnioyaT B
MacrocTolkyto (anst Tepmonap, NPUMEHSIEMbIX MPU UCMbITaHUSIX MacnsiHbIX TpaHCOpPMaToOpOB) U TEPMOCTOMKYIO U30NSLMI0
(180 °C), a 3aTem 1X CKpy4YMBatoT C Wwarom 5-15 mm.

MpoBoga paspesatoT Ha oTpe3kn Tpebyemorn anuHbl (06bl4HO OT 2 o 20 M) M Nocne NPOBEPKM LIENOCTHOCTM M30NALmnm
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Mexay nposogamMu cBapuBaloT U 3anamBaroT oAMH U3 KOHLOB Napbl NpoBOAOB.

Onsa onpepeneHna 3aBUCUMMOCTU MeXAy MoKa3aHnAMU an6opa, NoaKIoyaeMoro K Tepmoriape, M TemnepaTtypown,
BblpaXXeHHOW B rpagycax, NoCcTynatT yKasaHHbIM HUXe crnocobom.

M3 rpynnbl Tepmonap OAMHAKOBOW ANWHbI ¢ Aonyckom +10%, U3rOTOBMEHHbIX U3 OAHOW MapTuK NPOBOAOB YKasaHHbIM
cnocobom, BbIGUpaloT ABe unu Tpu. 3anavBaloT UM 3aBapyBaloT BTOPOWM KOHeL, Napbl NPOBOAOB (paHee He 3anasiHHbIii), a
3aTeM OAMH U3 NPOBOAOB NepepesaloT U NoslyYeHHble OTBOAbI MOAKMHYAT K M3MepUTensHOMY npubopy nooyepedHo npu
MOMOLLM NepekroyaTens.

OpuH 13 cnaeB MNoMyyYeHHON Tepmonapbl MOMELLAT B COCYA C XWUOKUM OUINEKTPUKOM (Hanpumep TpaHchopmMaTopHoe
macro), TemnepaTtypy kotoporo nogaepxusatoT 0 °C, a Apyrow - B XXUOKWUIN OUSNEKTPUK, TEMMNepaTypy KOTOPOro KOHTPONMPYHOT
PTYTHBIM TEPMOMETPOM C LieHom faenenus 0,1 °C.

M3MeHsI0T TemnepaTtypy Xuakoro amanektpuka B guanasoHe oT 0 go 180 °C wm 4vepes kaxgble 3-5 °C 3anucbiBaloT
nokasaHusi U3aMepuUTEeNbLHOro nNpubopa 1 TepMomMeTpa.

MonydyeHHble pesynbTaTbl NPUMEHSIIOT AN MOCTPOEHUA  rpadpuyeckort  3aBMCMMOCTM  MexXay —MoKasaHWsIMU
“3MepuTeNnbLHOrO npubopa M TepMoMeTpa, KOTOPYH MCMOMb3yloT B AanbHeilleM [Ons nepeBofa nokasaHui npubopa B
rpagychbl Lienbcusi.

Mpumedanwue. Mpn NpUMeHeHNM TepMonap, U3roTOBMEHHBLIX U3 NPOBOAOB XPOMENb M KONeMb, A0MNycKkaeTcs ANsi nepeBoa
nokasaHui npubopa B rpagycel Llenbcus ncnonb3oBaTb Tabnuubl, cocTaBneHHble No AaHHbiM TOCT 3044-84, n npuUMeHATb
npubopel, LWKana KoTopbIX NporpagymMpoBaHa B rpagycax Llenbcusa ans xpomenb-konenesbix Tepmonap.

B atmnx cnyyadax crnenyet npoBoAuTb conocTaBlieHune TabnMYHbIX aHHbIX M MoKa3aHWn rpagynpoBo4HOro an6opa Cc
nokas3aHnAamMun, nony4eHHbIMM npu NomMoLLm Tepmonap, 3TajfloHHOro npm6opa n naﬁopaTopHoro TepMomMeTpa.

NMPUNOXXEHUE 2
PekomeHayemoe

MUCNbITAHUA HA HAFPEB METOJOM HENOCPEQCTBEHHOW HAIPY3KU

1. OTOT MeTOZ cneayeT NPUMEHSITL NMPU U3MEHSIIOLLECa TeMNepaType oxnaxaatoLen cpeabl.
2. PerynupoBaHue NoABOAUMOTO HaMpPSPKEHWS U Harpy3Kku NMPOBOASAT B COOTBETCTBUM € N.2.1.

3. B npouecce vcnbiTaHWi NPOBOAST N3MEPeHUs Yepes paBHble MPOMEXYTKM BpeMeHU, HO He Bonee Yem yepes 1 4, Toka
I, HanpsbkeHusa [, TemnepaTtypbl BEPXHWX CMOeB Macna &, , MarHUTHOM CUCTeMbl &) ., OXMnakdaluwen cpedbl &, U

cpegHuxX temneparyp 06MOTOK @:35“, npn nx n3amepeHnn HarioxXeHHbIM NOCTOAHHbIM TOKOM.

Bpemsi BbINOMHEHWS cepumn nocrnegHux M3MepeHun BbIOMpaloT TakuM ob6pa3om, YTOObl OHM MPOBOOWMMMCH B TeYeHWe
npomexyTka BpeMeHun (okono 1 4), korga Temnepatypa BEPXHUX CMOEB Macna mameHsnacb 6ol He 6onee 4yem Ha 1,5 °C n
4YTOObI ANUTENBLHOCTL UCMBITATENBHOIO PEXUMAa [0 BbIMNONIHEHWUS NOCMNEAHUX U3MEPEHWU Oblna He MeHbLUE y4eTBEPEHHOro
3Ha4YeHMs NOCTOSIHHOW BpeMEHU HarpeBa TpaHcdopmaTopa (4 7).

Mpumeyanve. Ecnu unamepeHue cpepgHeit TemnepaTypbl OOMOTOK He MOXeT ObiTb MPOBeAEeHO MNofd Harpyskoi, To

HaCTOALMIN MEeTOA WCMOoNb3yT ANA onpeaeneHnsl NpeBbIlEHNA TeMnepaTypbl Macra, MarHUTHOM CUCTEMbl U 3TIEMEHTOB
MeTasnIoKOHCTPYKLIMIA.

4. YcraHoByBLUeeCs MNpeBbILLEHNe TemnepaTypbl Kakoro-nubo anemeHTa TpaHcdopmaTopa A, Had TemnepaTypow
oxnaxjaroLlen cpeabl &, paccunTbIBaloT no dopmyrne

ABy =8 -8, (16)

roe @!- - cpeagHee apmbmemquKoe 3HayeHue TemnepaTypbl, BbIYUCIIEHHOE MO pesynbrataMm U3MepPEeHWn B rnocneHum vac
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ncnbiTaTenbHOro pexunma, °C;

@, - 9KBMBamNeHTHas TemnepaTtypa oxnaxziaroLei cpeabl, KOTopyto onpeaensioT no gpopmyne (18).

YcTaHoBMBLUEECS MNpPEBbILEHNE TemnepaTypbl Kakoro-nMbo anemeHTa TpaHcdopmartopa AB; Had TemnepaTypon
CpefHuX CnoeB Macna paccyuThiBaloT no opmyne

LB =8 - @M.Cpl (17)

rae 8;, 8., - CpeaHve apudmeTMyeckme TemnepaTypbl, BbIYMCIIEHHbIE MO pesynbTatam W3MEpeHUA B MOCrefHui Yac

ncnbiTaTenbHOro pexunma, °C.
5. OKBMBaNEHTHYIO TeMnepaTypy oxnaxaaroLlei cpeabl &, paccunTbiBalOT No hopmyne

8, =8, -3, (18)
roe @ - KOHeYHas TemnepaTtypa oxnaxgatoLlen cpefbl, U3MepeHHasi B KOHLIe UCTbITaTeNbHOro pexuma, °C;

& - Nonpa.ka Ha NOCTOsIHHYIO BpeMeHW TpaHcdopMaTopa, KoTopasi y4UThIBaeT 3anasabliBaHne no BpeMeHV B U3SMEHEHUM
TeMnepaTypbl Macra no OTHOLLEHMIO K M3MEHEHUI0 TeMnepaTypbl OXMaxaatoLei cpeapl; paccunTbiBaloT Mo hopmyne

o [ A P (P4 af

vl | LT (19)

=1

roe T - NOCTOsIHHAs BpeMeHu HarpeBa TpaHcdopmaTtopa;
At - HTepBan BpeMeHW Mexay nocrneayowmm u npeabiaywmnm n3smepeHmsiMm TeMnepaTtypbl oxnaxaatoLern cpeapl;

ABy =8, -8,; - anrebpanyeckas pasHOCTb MeXay MOcMneaylwWwnM W npedblaylym  pesynsraTtaMmn  U3MepeHui
TemnepaTypbl oxnaxaatolen cpeasbl, °C;

2 - NOPSIAKOBLIN HOMEp MoCcNeaHero NsMepeHus;
i - NOPSAOKOBbLIA HOMEP U3MEPEHUs], HaUMHAA CO BTOPOro U3MepeHusi Ha NepBoM MHTepBarne.

Mpu dopcupoBaHuK Harpesa TpaHcdopMaTopa 3a Havano UchbiTaHuii (¢ =0) NPUHUMaOT MOMEHT BpPeMeHW, Koraa B
TpaHcopmaTope YCTaHOBIEHbl TOK U YCIIOBUS OXNaXAEHWs, COOTBETCTBYIOLLME 3aAaHHOMY UCTIbITATENBHOMY PEXMMY.

NMPUNOXXEHUE 3
PekomeHayemoe

MU3MEPEHUA COMPOTUBINEHUA OBMOTOK NMPU UCINbITAHUN HA HATPEB

1. VlamepeHme conpoTueIieHnA 0OMOTOK METOAOM HaNOXEHWNSI NOCTOSIHHOIO TOKa

1.1. MeToa HanoXeHUs NOCTOSAHHOIO TOKa NMPUMEHSAOT MPU UCMbITAHUU Ha HarpeB (Kak npy KOPOTKOM 3aMblKaHUW, Tak U
npu Harpyske B YCMOBUSIX 3KCnnyaTauuu) npy GONbLIOW MOCTOSIHHOW BpeMeHU OOMOTKM UCMbITyeMOoro TpaHcdopmaTtopa u
n3MepuTenbHOM LUenu WM npuv OTCYTCTBUM BO3MOXHOCTW HayaTb W3MEPEHUs HeMeOsleHHO MOCne OKOHYaHus Harpesa
TpaHcdopmatopa.

1.2. MNpun 3TOM MeToAe CONpPOTMBIIEHNE 0OMOTOK TpaHcdopMaTopa M3MepsItoT Ha MOCTOSTHHOM TOKe, HaknaablBaeMoM Ha
nepemMeHHbIN TOK Harpy3Ku.

MoCTOSIHHBIN TOK MOXET ObITb BKIIOYEH B TEYEHWE BCETO NEpUofa UCMbITaHUIA UMM TOSMbKO Ha Bpemsi, HeobxoaumMoe ans
n3mMepeHns. 3HadeHne NOCTOSIHHOTO Toka He JOJMKHO MpeBbIwaTh 2% HOMUHAMNBHOMO Toka U3MepsieMolt OGMOTKM.

1.3. ConpoTuBneHne ob6MOTKA M3MePSAIOT NMPU NMOMOLLM ABOMHOrO MOCTa WM BOSIETMETPa U amnepmeTpa Mo OAHOW 13
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CXeM B COOTBETCTBUM C 4epT.3-6.

1 - nsamepsiemas o6MoTKa; 2 - perynupyembin pesnctop; 3 - peanctop; 4 - punbTp; 5 - ranbBaHOMETP;
6 - KOMNeHcHpyoLWLMA TpaHcdopmaTop; 7 - akkymynsTopHasi 6atapest; 8 - gpoccens;
9 - pasgenuTenbHbIA KOHAEHCATOP

YepT.3

a) UamepeHust NpPU KOPOTKOM 6) M3MepeHne Npu KOPOTKOM
3aMbIKaHUM M Harpyske 3aMblKaHUn

1 - nuTarowmn TpaHchopmaTop; 2 - uamepsiemast 0oMoTka (nepBuyHas); 3 - MMKpoamMnepMmeTp; 4 - BblkMo4YaTensb;
5 - unbTp; 6 - WyYHT; 7 - uUnbTp; 8 - MUNNMBONBLTMETP; 9 - aKKyMynsaTOpHasi 6aTapes;
10 - gpoccenb; 11 - UHQYKTUBHOCTK; 12 - namepsiemas 0OMoTka (BTopu4Has)

YepTt.4

1 - nuTarWwmn TpaHcdopmaTop; 2 - WYHT; 3 - nsmepsieMasi 06MoTKa; 4 - UHAYKTUBHOCTb; 5 - pe3uncTop;
6 - MuKpoamnepmeTp; 7 - KOHAeHcaTop; 8 - akKymynsiTopHasi 6atapes; 9 - BblkrntoyaTenb;
10 - munnmeoneT™MeTp; 11 - gpoccens; 12 - punbTp

Yept.5
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\

1 - nuTarWwmn TpaHchopmaTop; 2 - WYHT; 3 - nsmepsiemast obmMoTKa; 4 - UHAYKTMBHOCTb; 5 - unbTp;
6 - MukpoamnepmeTp; 7 - punbTp; 8 - MUNNNBONLTMETP; 9 - akkyMynaTopHasa 6atapes; 10 - BbiknoYaTens;
11 - gpoccenb

YepT.6*

* YepT.6. I3ameHeHHas pegakuus, Nam. N 1.

1.4. MamepeHns KOpOTKO3aMKHYTOW OBMOTKM (MpW HarpeBe MeTOoAOM KOPOTKOrO 3amblkaHWs) MPOBOASAT MO CXeMe B
COOTBETCTBUM C YepT.3 B Cly4ae COedVHEHUst UCMbITyemMol OBMOTKM B 3Be3fy C AOCTYNHOW HeWTpanbio, Mpu 3TOM
COMPOTUBNEHNE MEXAY TOUYKaMU () — (' SBMSAETCSA CPedHNM COMPOTUBIEHMEM TpeX ha3 0BMOTKM, BKITHOYEHHbIX NapannensHo.

B wun3amMepuTenbHylo gmaroHanb MocTa 4epe3 TpaHcdopmatop 6 ¢ KoapduumeHTom TpaHcdopmaumm 1 nogatoT
HanpskeHne, COOTBETCTBYIOLLEE HaMNPSXKEHUIO Ha n3MepseMon obmoTke, HO ¢ 0bpaTHbIM 3HakoM. [lIononNHUTENLHO B 3Ty Lienb
BBOAAT pmnbTp 4.

1.5. iamepeHusas no cxemam @ M § B COOTBETCTBUM C YEPT.4 NpoOBOAAT B TOM Cryyae, KOrga AOCTYMHbI HEATpanu y
nsMmepsieMblx OOMOTOK M y nuTawoLlero TpaHcdopmatopa (reHepatopa). [lpy u3mepeHun onpenensioT cpegHee
conpoTuBneHne Tpex a3 0OMOTKM, BKITKOYEHHbIX NapanmensHo.

[MOCTOSIHHBIV TOK, HAaKNaAblBAaEMbIA Ha UCMbITyeMble 0OMOTKN, M3MEPSIOT NPWY NOMOLLM LWYHTa 6 1 MunnmneBonsTMeTpa 8 ¢
cunbTpom 7.

MageHve HanpskeHUs NOCTOSIHHOIO TOKa Ha 3TUX OOMOTKax M3MepPSIIOT ranbBaHOMETPOM C PUNbTPOM 5.
BmecTo nHgykTmBHocTen 11 gonyckaeTcs NpUMEHATb COOTBETCTBYOLLME TpaHCOPMaTOPbl HaNPsKEHWUS!.

MpumeHsiemble B cxeme UNbTPbl OOMKHbI B MUKpPOaMnepmeTpe U MUINMBOMLTMETPE OrpaHU4MBaTh MNEpPEMEHHYHO
COCTaBMAIOLLYIO HaMpsPKEHUST 0O 3HAYeHUs, He NpEeBbILIAOLEro NOCTOSHHYK cocTaBnswLlylo. [pu ycTaHOBKe LyHTa B
¢das3oBOM npoBoAe MEPBUYHOM OOMOTKM 2 M MPUMEHEHMU OAHOro TpaHcdopmaTopa HanpsbkeHns 11 MOXHO WM3MeEpSTb
COMpPOTUBMEHNE OOHOW (hasbl, HO MPU 3TOM YYUTbIBATb, YTO LUYHT M MUNNMBONBTMETP OyayT HaxoauTbCA Mo MOSHbIM
nepemMeHHbIM HanpsbkeHneM. B aToM cnyvyae Heob6XxoauMO NPUHATL MepPbI AN UCKITIOYEHUS BISHUSA 3NEKTPUYECKOro nons Ha
nokasaHusi MUNNUBONbTMETPA (Hanpumep NyTeM aKpaHMpoBaHus). [py 3TOM NokasaHWst MUNNIMBONBLTMETPA OTCHUTBIBAKOT NpU
MOMOLLIM ONTUYECKUX CPEACTB C PacCTOsIHUSA, NpeayCMOTpeHHOro TpeboBaHMAMN 6e30MacHOCTH.

CpegnHee conpoTuBneHne (&) Tpex a3 nepBMYHON OOMOTKM 2 paccynThIBaIOT (41151 CXeMbl @ ) no hopmyne

_i(3R'+R,)
—

R

roe i - TOK, U3MepsieMblil MUKpoaMnepmeTpom 3;
R - cyMMapHoe conpoTtuereHne cdounsTpa 5, gpoccens 10 u mukpoamnepmeTpa 3;

R, - conpoTuBreHne nHayKtnueHocten 11;
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7 - NOCTOSAIHHbIV TOK, HaKMNafblBaeMblii Ha NEPBUYHYI0 0BMOTKY 2.

CpepnHee conpoTtusneHue (R} Tpex as BTOpUYHON 0BMOTKM 12 paccunTbiBaloT (AN Cxembl &) no popmyne
Ry =22, (21)

roe ®* - cymMmapHoe conpoTusneHune unbTpa 5, gpoccensa 10 n mukpoamnepmeTtpa 3.
1.6. iamepeHuns no cxeme B COOTBETCTBUM C HEPT.5 NPOBOAAT B PEXMME KOPOTKOro 3aMblKaHUsl M Harpy3kn B TOM criyvae,
korga oOMOTKM MCNbITYeMOro TpaHcopMaTopa CoeQUHEHbI B TPEeYronbHUK unu B 3ee3ay 6e3 BolBeAeHHOW HeWTpanu.

Ecnn y nutatowero TpaHcgopmartopa (reHepatopa) HET BbIBEOEHHOW HEWTpanu, TO UCMOoNb3yloT APYryto dasy cXembl,
3a3eMmMB ee Yepes A0CTaTOUHY MHOYKTUBHOCTb.

[MOCTOAHHBIM TOK nojarT 4yepe3 ofHy M3 das. lNpn n3amepeHun NOCTOSHHOIO HanpsHKeHUs Mexay BbIBOAOM A4 WU
BblBO4AMWU & U ¢ pe3nctopbl 5 B paszax E U ¢ OOMkKHbI obecrnevrBaTb HaMMEHbLLEe pacxoxaeHue mMexay CyMmapHbIMU

CONpoOTUBREHMAMU B ba3ax B U C - MHOYKTUBHOCTL 4 Noc pe3nucTtop 5 cooTBeTCTBYOWEN hasbl.

CpenHee conpoTtuenienne (R;) AByx a3 4 W E paccuUuTbIBAIOT Mo popmyne
R =§(2RA +Rg), (22)

roe i - TOK, U3MepeHHbIN MUKpOaMNepMeTpomMm;
[ - MOCTOSIHHbIN TOK, HakNagblBaembIv Ha asbl 4 U E;
R, - CymMmapHoe conpoTuBIeHne NHOYKTUBHOCTU 4, pe3nctopa 5 n MukpoamnepmeTpa B hase 4 ;
Ry, - cymmapHoe conpoTuBeHne MHOYKTUBHOCTU 4 1 pesnctopa 5 B pase E .

LLyHT 2 gorkeH ObITb paccunTaH Ha pabounini Tok 06MoTkM 3. OcTanbHble YCNOBUS U3MEPEHMST AOMKHbI COOTBETCTBOBATL
n.1.5

1.7. N3amepeHns nNo cxeme B COOTBETCTBUM C YepT.6 MPOBOAAT B pPeXMME KOPOTKOrO 3aMblKaHUA W Harpysku npu
OTCYTCTBMM BbIBOA HEWTpanu y UCMbITyeMO OOMOTKM U nuTarollero TpaHcdopmaropa (reHepaTopa) B TOM cryyae, ecnu
OOMyCTMMO 3a3eMIieHe 04HOro n3 dasHbIX NPOBOAOB. M3amepeHne npoBoasaT Ans 0OMOTOK 3, COeAMHEHHBIX Kak B 3Be3fy, Tak
N B TPEYrosbHYK.

Mpyn M3MepeHnn conpoTUBNEHNSI OBMOTOK, COEAVHEHHBIX B 3BE3AY, ONPEAEnsitoT 3Ha4YeHe CONpPoOTUBMEHNst (R} das 4
U E, KOTOPOE PacCYUTLIBaIOT Mo hopmyne

Ry ==, (23)

rae i - TOK, U3MEPEHHbIN MUKPOaMMNEPMETPOM;

1 - NOCTOSHHBIN TOK, HaKNaablBaeMbll Ha ¢asbl 4 U E;

£ - CyMMapHO€e CONpOTMBIEHUE UHOYKTUBHOCTU 4, comunbTpa 5 1 MukpoamnepmeTpa 6.

1.8. [Ins yMeHbLUEHUS BRUSIHWUS TEPMOSNEKTPUYECKOro adpdpekTa B KOHTaKTax LUYHTOB WM MEePexXoAHblX MpOLeccoB B
TpaHcopmMaTopax Ha TOYHOCTb M3MEPEHUsI COMPOTUBNEHUSI PEKOMEHAYETCS MPUHUMATL CreayoLLne Mepbl:

1) yMeHbLUaTb HarpeB LWYHTOB (MyTem BbiGopa COOTBETCTBYIOLLETO CEYEHNUS MPOBOAHWUKOB LUYHTA U OXNaXAEHUS);

2) BbIHOCUTb 13 30Hbl HAarpeBa KOHTaKTbl WWyHTa, €CJ1In OHN U3 Pa3HOPOOHbIX MEeTassioB;

3) yBenn4nBaTb NOCTOAHHYIO BpEMEHU (*)I/IJ'IprOB N3MepuTenbHbIX I'IpI/I60pOB, CT86VIJ'II/I3I/IDOBaTb PeXnm Harpesa.
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2. OnpegeneHve cpedHer TemnepaTtypbl 0OMOTOK HENOCPEACTBEHHO MOCHE OTKIOYEHMS!

2.1. Tlo OKOHYaHWWM MCMbITAHWSI Ha HarpeB TpaHcdOpPMaTOpP OTKMOYAKT OT MCTOYHMKA Toka. B TpaHcdopmaTopax ¢
NCKYCCTBEHHbIM OXNaXAeHNeM OHOBPEMEHHO OTKMIOYAKT BEHTUMATOPLI UMW NpeKpaLLaT LMpKynauuo Boabl. Lipkynsuuio
mMacna (B TOM 4uCrne HanpaBneHHoe [OBWXEHWe Macna) COXpPaHslT Ha BeCcb nepuog nposedeHus usmepeHuin. Becnep 3a
OTKMYeHMeM TpaHcdopmaTopa M3MepsiloT COonpoTuMBreHWe OOMOTKM MO  WUCTEYEeHUMU BpPEMEHM, [AO0CTaTO4YHOro Ansg
NCYE3HOBEHMS NMepexodHoro npolecca B Leny N3MeputenbHOro Toka. MiamepeHuns noBTOpsOT yepes3 NPOMEXYTKN BpeMeHu
anutenbHocTbo 30-60 c.

lMonpaBKy Ha npeBblleHne TeMnepaTypbl, 00YCNOBNEHHON U3MEHEHNEM COMPOTUBIEHNS OOMOTKM 3a BpEMsi OT MOMeHTa
OTKIMOYEHUS OT UCTOYHUKA NMUTaHWUS A0 MOMEHTa Hayana M3MepeHuin, BHOCAT MeTO4aMUn 3KCTPanonsaumm KpyBbIX U3MEHEHUs
COMPOTUBIEHMS BO BPEMEHN C NPUMEHEHNEM MOSyNorapndMmMYecKon Lwkanbl (NepBbIN MeTod) U C NPUMEHEHNEM FIMHEAHON
LKanbl (BTOpoOn MeToA).

2.1.1. Mo nepBoMy MeToaly U3MEPEHUs COMPOTUBNEHNA &y, Ry, R; W T.[. NOBTOPSAIOT Yepe3 NPOMEXYTKN BPEMEHW i, iy,
t W T.0. anutensHocTblo 30-60 ¢ go 10-12- mMuHyTel, 3atem cnycta ewe 10-15 MUH [ONOMHUTENBHO M3MEpPAT
conpoTuereHne obMoTkM R, (NOCreaHuin oTcHeT).

Ha ocu abcumcc B COOTBETCTBUM C YepT.7 OTKNAAbIBAOT OTPE3KN BPEMEHU i, i, U T.4. A0 10-12-N MUHYTHI, cumTas ot

MOMEHTa OTKIIOYEHMUS], a Ha OCY OpAMHAT (B KPYNHOM NHENHOM MmacLuTabe) - norapudmMbl COOTBETCTBYIOLLMX UM pasHOCTEN
R -R,, Ry - R, WT.A. UK (B Nnorapmmm4eckom maclutabe) - CoOoTBETCTBYIOLLNE UM Pa3HOCTU Ry — &, , Ry - R, UT.A.
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I"Ile 9TOM 6epyT Takoe 3HavyeHune CconpoTuBieHUA Rn’ Npn KOTOPOM JIMHUA, coeanHAoaa TOYKN UCMbITaHUA, ABNAETCA
NnpakTn4ecKkun I'IpFIMOVI. Ona atoro AonyckaeTtca Rn NpMHUMaTb paBHbLIM COMPOTUBIIEHUIO 0oBbMOTKM Rél no BTOpOMY MeToAay,
KOTOpPOE COOTBETCTBYET MOMEHTY OXNnaxaeHud, Korga cpegHne temMmnepartypbl 0OMOTKM 1 macna CpaBHMBAKOTCA.

Yepes HaHeceHHble TOYKM NMPOBOAST NpsiMyto, KoTopasi, Byay4n NpoaoIHkeHa, OTCEeYET Ha OCU OPAMHAT OTPE30K, PaBHbIN
norapudMy pasHoCTU & - &,, TAe R - CONPOTMBIIEHe 0OMOTKV B MOMEHT OTKITIOYEHNS.

Ecnn Heckonbko HavarnbHbIX TOYEK OKaXKETCH BHE I'IpHMOVI, TO NPU NOCTPOEHUN UX HE YHUTbIBAIOT.

[lonyckaeTca NPUMEHSTL aHanMTUYeCcKUd MeTo[ onpefenieHVs 3HauyeHust R;, COOTBETCTBYHOLUWUN WU3NOXKEHHOMY Bbille
rpadpuyeckomy meTony.

2.1.2. Mo BTOpPOMY MeTOAy onpeaeneHnst UICTUHHOTO 3HAYEeHWUsI CONPOTMBIEHUSA OOMOTKN B ropAYeM COCTOSHUN B MOMEHT
OTKMOYEHUS Harpy3kn U3MepeHusi COnpOTUBIIEHUI MPOBOASAT Yepe3 paBHble NMPOMEXYTKM BpeMeHu HenpepbiBHO o 27-30
MWH. QKCTPanonsaumio BpEMEHHOW 3aBUCUMOCTY COMPOTUBIIEHNSI OOMOTKM K MOMEHTY OTKIMIOYEHMS NPOBOAAT B COOTBETCTBUM
C 4epT.8, rae M3MEHEeHUs CONPOTUBINEHNA ARy, ARy, AR; ONPEOEnsTca Yepes paBHbIe MPOMEXYTKN BpEMEeHN At .
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ubwie 88, MLy
%mu&rem#, I bpens,

YepT.8

YMeHbLUEHNs1  COMPOTMBREHUS ARy, ARy, ARz W TJ., COOTBETCTBYIOLUME OAMHAKOBLIM WHTEpBanaMm BPemeHMu,
OTKMafblBaloT BEBO OT OCW OpAMHAT 1 NpoBoaaT NpsMyto J7 . CoeanHMB TOUKY | C TOuKOW JI;, OnpedenstoT yron c, 1 noj
Yrnom c, U3 ToYkM J;; NMPOBOAAT MPsAMYIO [0 NepeceyeHnst ¢ ocblo opauHar. lNonyyeHHas Touka R&; AaeT conpoTuBrieHne
OOMOTKM B MOMEHT OTKMIOYEHNS], a ToYKa Ré OaeT conpoTuBIeHne 0OGMOTKM, COOTBETCTBYIOLLIEE CpeHE TeMnepaType Macna
BONM3M OOMOTKM B MOMEHT €€ OTKIoY

eHuA.

2.1.3. CpegHiolo TemnepaTypy OOMOTKM &
paccuuTbIBalOT No hopmMyre

o5m B MOMEHT, HenocpeACTBEHHO MNpe/LLEeCTBYIOWMNIA OTKITIOUYEHNIO Harpyskiu,

R
& s =R—D(T+E-)x)—?’, (24)

X

rae A, W @, - COOTBETCTBEHHO COMPOTUBIEHNE OBMOTKM U ee CpelHss Temnepartypa, M3MepeHHble no n.3.6 B "XonogHom
COCTOSIHUKN" TpaHcdopMaTopa;

Ry - conpoTusneHne obMOTKM B MOMEHT OTKITOYEHUS Harpy3ku no n.2.1.1 unm 2.1.2 HacTosALLero NpunoxeHus;

T - K03(hPUUMNEHT, paBHbin 235 °C ana meam n 225 °C gnsa anioMuHus.

2.1.4. MNpeBbiWeHne cpedHen TemnepaTtypbl OOMOTKM HaZ TemnepaTypor oxnaxaawlen cpegbl A8
COOTBETCTBUM C pa3g.b.

2.2. Ina macnsiHbix TpaHcopMaTopoB C yAernbHbIMKU NOTEPsiMM B 0OMOTKE M3 MegHOro npoesoga He bonee 66 BT/kr, a B
obmoTke M3 anoMuHMEBOro nposoga He 6onee 20 BT/kr gonyckaeTcs MO COrnacoBaHWUIO M3rOTOBUTENSI C NoTpebutenem
NPUMEHATb METOA NOMPaBOYHbIX KOIPPULMEHTOB.

onpegenalT B

obm

N3mepsitoT conpoTuBreHMe OOMOTKM cpasy Mocne OTKIYEHUS M pacCcuuTbiBalOT TemrepaTtypy OOMOTkM &
dopmyne

ofn no

Buon = (T +8,)=T 418, (25)

x

rae R, - conpoTmBreHne obMoTkM, N3MepeHHoe Yepes BpeMsi He 6onee 4 MUH Nocre OTKIIOYEHNS Harpy3Ku;
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AE=PF g,
P - pacyeTHble yaernbHble notepu B 0bmoTke, BT/kr;

5 - KO3(hMUMEHT, 3aBUCHLLMIA OT BPEMEHM ¢, NpOLIeALEro OT MOMEHTa OTKIIOYEHUs] Harpy3ku 40 MOMEHTa U3MEPEHUS
COMpPOTUBNEHUS & .

KoadhdunumeHT § BbiOMpatoT B COOTBETCTBUK C Tabn.1.

Tabnuua 1
Bpewmsi, MuH 8
ans meam Onst anoMuHKs
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. Tpwu ncnbiTaHnsax TpaHcopMaTopoB ¢ 6OMbLLON NOCTOSAHHON BPEMEHW YCTAHOBMEHUS TOKA B U3MEPUTENBHON Lenu B
COOTBETCTBMM C N.3.6.6 B pe3ynbTaTbl U3MEpPeHUi criegyeT BHOCUTbL NOMpPaBKy.

MonpaBKy BHOCAT creayowmum obpasom:

Mpn un3MepeHun conpoTMBNEHNST OOMOTKM B "XONMOAHOM" COCTOSIHUM OTMEYalT BpPeMss OT MOMEHTa 3aMblkaHus
M3MepUTENbHON Lenu A0 MOMEHTa CHATUSA nokasaHun ¢ NpuBopos ¢. VIHTepBarnbl BpeMeHW Mexay nocrnegosaTesibHbIMU

“3MepeHMsaMN pekoMeHayeTCs BblIbupaTb NPUMEPHO OAMHAKOBBIMU U paBHbIMK 30-60 c. 3aTem HaxodAT pasHOCTU Mexay A,
(kaxxOblM U3 U3MEPEHHbIX COMPOTUBIEHUI) U (haKTUYECKMM COMPOTMBIIEHUEM &', U3MEPEHHbIM, KOrga 3HAYeHWe Toka B
N3MEPUTENBHOM LIEMW CUMTAOT YCTaHOBMBLUMMCS. Ha OCHOBaHUM MOMyYeHHbIX pPe3ynsTaToB (pasHOCTEN COMPOTUBMEHMWIA,

MONYYEHHbIX NPY CHATUW OTCYETOB B PasfMyHblE MOMEHTbI BPEMEHW) CTPOSIT rpacuyecKyto 3aBUCMMOCTb B COOTBETCTBUM C
YyepT.9.

AR, DRy AR, AR, ARs AR,

Pasrocms conpomubre-

HuG R;-R,Om

|
|
!
Tf by [ f, 1, § L f, .F'MH:I, C

YepT.9

B n3amepeHHble 3Ha4yeHMsi COMPOTUBMEHMIA TOW e OOMOTKM B "ropsyemM" COCTOSIHMM BHOCAT MOMpaBKy, MCMOMb3ys
NonyyYeHHyto rpadmnyeckyto 3aBUMCMMOCTb.

BHeceHne nonpaBok BO3MOXHO, €CNU BCE U3MePEHNS B "ropsidem” 1 "XonogHoM" COCTOAHUAX NPOBOAUIIMCE MO OAHOW U
TOW € CXeMe B COOTBETCTBUU C TpeboBaHusAMM n.3.6.5.

2.4. Mpwn onpegeneHnn cpegHen Temnepatypbl 0OMOTOK HENOCPEACTBEHHO MOCIE OTKMOYEHUS C LENblo YMEHbLUEHUS
BpEeMeHU YCTaHOBIEHNs Toka nocrnefoBaTenbHO ¢ 0OMOTKON BkntoyaloT 4o6aBoyHbIN pednctop. ConpoTuBneHne pesmcropa
OOMKHO BbITb JOCTATOYHO CTabWMBbHBIM U MPaAKTUYECKN HE OOIMKHO U3MEHATLCS MpU NpoTekaHMn No HeMy Toka. [lonyckaeTcs B
KayecTBe A006aBOYHOrO pe3ncTopa MPUMEHATb Namrbl HakanvBaHus, ecrnv OnblTHbIM MyTeM [oka3aHa CTabunbHOCTb WX
COMPOTUBMEHNST B YCTAHOBMBLLEMCS TEMMOBOM peXMMe, a BpeMsi, B TeYeHWe KOTOpOro TemnepaTtypa HUTW HakanMBaHus
NPUHUMAaET YCTaHOBMBLUEECH 3HadeHue, He [OIMKHO npeBblwaTe 3-5 c¢. [onyckaeTca KpaTKOBPEMEHHO LWYHTUPOBaTb
pesuctop, noka Tok He gocturHet 0,2-0,9 ycTaHOBMBLLETOCS.
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HanpspkeHne Ha 3axMmMax MCTOYHMKOB MOCTOSIHHOrO TOKa, NMPUMEHSIEMbIX MPU 3TUX U3MEPEHUSX, B MPOLIECCE U3MEPEHUI
OOMMKHO OcCTaBaTbCsl CTabunbHbIM. [ns obGecneyeHusi 3TOro YCroBUSI AOSMKHbI NPUMEHSITbCA aKKyMymnsiTOpHble GaTtapeu
GonbLioi emkocT. [lonyckaeTcsl NPUMEHNATb B Ka4eCTBE UCTOYHMKA MUTAHUS BbINPSIMUTENIbHOE YCTPOWMCTBO C Nynbcauumen
HanpskeHnsa Ha Bbixoae He bonee 1%.

C uenbio YMEHbLUEHNS BPEMEHW YCTAHOBMEHUS TOKa B W3MEPUTENbHOM Lenu MNPUMEHSIOT TakKe CXeMbl,
orpaHvyuBallWne HaMarHM4MBaHWEe MarHUTHOM CUCTEMbl 3a CYET MPOTMBOBKIIOYEHNA MOCTOSHHOMO ToKa B YacTax
UCMbITYyeMon 06MOTKM npn un3MepeHnmn ee CconpoTuBieHUA. Hanpmmep, npu MU3MepeHndax, BbINOJNTHAEMbIX Ha
MHOronapannenbHbIX obmoTkax, 4Tobbl obecneunTb NPOTMBOBKITIOYEHNE, OOWMH M3 NPOBOAOB OTCOEAUHAKOT OT OTBOAA U
nogkKnK4arT K 3TOMY Xe oTBoAy Mnpu nomMmown pasbeanHUTENA. I'IpM NM3MepeHnn CONPOTUBMEHUSA YKa3aHHbIN NPOBOS
BKIOYAETCA NocneaoBaTenbHO C OCTanbHOM YacTblo OOMOTKM, COMPOTUBIEHNE KOTOPOW n3MepseTcs, Ans 3Toro Heobxoanumo
Pa30MKHYTb pa3bedVHUTENb. [na BbIBOOa OTCOEAMHSAEMOrO nposoga w3 baka Tpchd)opmaTopa Ha BpeMdA uChblTaHWUn
yCTaHaBMBaloT AOMONHUTENbHbLIV BBOL.

NMPUNOXEHUE 4
PekomeHgyemoe

UCNbITAHUA HA HATPEB TPAHC®OPMATOPOB C NMPUHYOUTENbHON
LUNPKYNALUMEN MACIIA BE3 COBCTBEHHOU CUCTEMbI OXNAXXOEHUA

Mo xapaKTepucTuke ogHOro oxnaautens (3aBUCHMOCTb TEMNSIOBOrO MOTOKA ! OT pasHOCTM TemnepaTyp Macna Ha BXofe B
oxnaguTenb U oxnaxaaroollen cpedbl AR =&, - & ), UX YACIY B CMCTEMEe OXNaXaeHust TpaHcdopmatopa 1 CyMMapHbIM

notepsim £, +F; on e[ensoT NpeBbllleHNe TemnepaTypbl Macna Ha BXOAE B CUCTEMY OXNaXOeHWs Hag TemnepaTypon
¥y

oxnaxgarLein cpegbl. HangeHHoe 3HavyeHne A8, ABNSAETCA KOHEYHbIM MpEBbILEHUeM TemnepaTypbl BEPXHUX CIOeB macna
B TpaHcdopmaTope Haf TemnepaTypon oxnaxgatoLlen cpeabl.

3aTtem onpenendarT pa3HOCTb TeMnepaTtyp Macsa Ha BXoae U BbiXxode U3 oxnagutena A= no cbopmyne
rB=—K (26)

roe ¢ - TennoBown NOTOK oxnagutend, BT;
" - NPON3BOAUTENBHOCTL HACOCOB, M 3/C;

&, (7 - COOTBETCTBEHHO MJIOTHOCTb U yAelnbHad TenyioeMKOCTb Macha, onpenendemble B 3aBUCMMOCTU OT cpe/J,He|7|
TeMnepartypbl Macna B oxnagurtenie B COOTBETCTBUN C Tabn.2.

Tabnuua 2
Temnepatypa macna, °C | noTHocTb Macna, kr/m3 | YaenbHasa TennoemMkocTb, BT-c/kr-°C
40 873,1 1807
50 866,7 1868
60 860,3 1928
70 854,0 1988
80 847,6 2048
a0 841,3 2109

D,J'IFI NPOMEXYTO4YHbIX TemMmnepatyp Macrna 3Ha4YeHUA MNIIOTHOCTU U y/J,eanon TEenoeMKOCTU onpeaenarnT NNHENHBIM
MHTEpPnoJInpoOBaHNEM.

TemnepaTypy Macna, KOTOpylo crnegyeT NoAdepXuBaTb Ha BXofe B TpaHcdopmaTop npu onpeneneHnn npeBbileHns
cpeaHel TemnepaTypbl OGMOTOK 1 35IEMEHTOB METANNOKOHCTPYKLUMIA (8, ), paccunTbiBalOT No dhopmyne

[okymeHT coxpaHeH ¢ noptana docs.cntd.ru — anekTpoHHoro oHaa us 6onee 25 000 000 HopMaTMBHO-NPABOBLIX Y HOPMATUBHO-TEXHUYECKUX
[OKYMEHTOB


http://docs.cntd.ru/

FOCT 3484.2-88 TpaHcdopmaTopbl curnoBble. VicnbiTaHust Ha Harpes (¢ 3ameHennem N 1) Ctpanuua 26
OCT om 30 aseycma 1988 e. Ne 3484.2-88

B, = A8, —AS+E ., (27)

roe .f_'\@m - KOHe4YyHoe npeBbllleHne TemnepaTypbl BEPXHUX CIrioeB Macrna B TpaHC(bopmaTope, Ha|7|,u,eHHoe pacyeTHbIM I'IyTeM,
o
C;

A@ - pasHOCTb TEMMepaTyp Macna Ha Bxode M Bbixoge 13 oxnagutens, °C;

8, - MakcumanbHas Temnepatypa oxnaxpatowen cpeabl no FOCT 15150-69 B 3aBMCUMOCTM OT KNMMAaTUHYECKOro
NCNOMNHEHNST UCNbITYEMOro TpaHcgopmaTopa, °C.

Mpn npoBeAeHWM WCMbITAHWUIA COEOUHSAIOT OXNaAMTENbHYI YCTaHOBKY C WCMbITbiIBaeMbIM TpaHcopmaTopoMm B
cooTBeTCTBMM C 4epT.10.

MpuHUMNManbHasa cxema yCTaHOBKU ANsl UCMbITaHUN TpaHcchopmaTopoB
C NPUHYAUTENbLHOMW LMpKynsauuen macna 6e3 co6CTBEHHOM CUCTEMbI OXNaXAEeHUA

—{  Koanenmop naspemoeo wacra |

! 2
TensonD- Tenaool-
Brod NI Brod HHLN
Beixald ' Boixod !

erAamdagwed cpeds | oraawizigued coedsi
Konsexmop oxnawdensoes Macnd ]

{ !

CMecu mensield
JIEAAOTMERNL K

L g

HensimuBaerbiil
MPAHC@PIIMATIT

1, 2 - HAcoCbl UCMbITATENbHOW CUCTEMbI OXNaXKAEHUS;
3, 4 - Hacocbl, obecneunBaoLLme LMPKYTALKUIO Macna;
5, 6 - amepuTensHble agnadparmsl

YepT.10

Mpu nomowm kamepHbIX n3mepuTenbHbix anadparm no FTOCT 26969-86 M3MepslOT 1 yCTaHaBNMUBAOT pacxod Macrna,
MOCTynawLLero M3 OxnaguTernbHOM YCTAHOBKM B TpaHcopmaTop, Takon Xe, kak M npu pabote COOGCTBEHHOW CUCTEMBI
oxnaxpgeHunss TpaHcdopmatopa. Ecnm  rmppaBnmnyeckoe  conpoTvMBneHME  TpyOOMPOBOAOB MEXAYy CMeCUMTENbHbIM
TennoobmMeHHKOM 1 6akom TpaHcopmaTopa NPUMEpPHO COOTBETCTBYET IMApPaBMYECKOMY COMPOTUBIIEHUIO TPYOONPOBOAOB
Mexay cOOCTBEHHOW OXNaauTenbHOW YCTaHOBKOW M GakoM TpaHcdopmartopa, TO pacxod Macna MOXHO CYMTaTb pPaBHbIM,
€CNY paBHO YUCIIO HAaCOCOB OAMHAKOBOW MPOU3BOAUTENBHOCTU B 3TOM KOHTYpE MpU UCMbITaHUSX U B COBCTBEHHON cucteme
oxnaxgeHusa TpaHcdopmartopa.

B onbiTax KOpPOTKOro 3amblkaHusl, NPOBOAMMBIX B COOTBETCTBUM C pasd.l, perynvpytoT paboTy TennooOMEeHHMKOB Tak,
4yTOObI B MpoLlecce OMbITOB TeMnepartypa mMacra, noctynawLlero B TpaHcdopmartop (TemnepaTypa mMacna B CMECUTEITbHOM
TennoobMeHHKe), ocTaBanacb NOCTOSHHON U paBHOMN &, .

[onyckaeTca yckopaTb nNpouecc UCNbITaHU NyTeM NpekpalleHus LMpKynaummM oxnaxaarowen cpefbl B 4acTu unm scex
TennoobMeHHUKax, Moka Temnepartypa mMacrna B CMECUTENIbHOM TennooOMeHHUKe He JOCTUrHeT 3HayveHus Ha 5-10 °C Huxke
3Ha4yeHus, paccunTaHHoro no dopmyne (27).
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B ycTaHOBMBLUMXCA TEMMOBbLIX PeXMMax OMNpeaensioT MNPeBbILEeHUs CpefdHuMx TemnepaTyp OOMOTOK Had cpedHen
TemnepaTtypoli Macrna, paccuuTbiBaemMon B COOTBETCTBUM C N.3.4, U TemnepaTyp SNEMEHTOB MEeTasnfoKOHCTPYKUUA Hag
TemnepaTypoi mMacra B6runsu H1X, MsmepsieMol B cooTBeTcTBuMM ¢ N.3.5.4.

AHanornyHo npoBOAAT UCNbITAHNA Ha Harpes TpaHC(*)OpMaTOPOB C HanpaslieHHbIM ABWXeHWeM Macna, OONOJTHUTENbHO
yCTaHaBIiMBasaA pacxod mMacra 13 NnpoMexyTo4Horo (CMeCMTeJ'IbHOI'O) TennoobMeHHUKa kK 0bMoTKaM.

NMPUNOXEHWUE 5
CnpaBo4Hoe

UCNbITAHUA HA HATPEB MACHISIHbIX TPAHC®OPMATOPOB
C HOMUHANNbHOU YACTOTOM 60 't OT NICTOYHUKA C HACTOTOM 50 I'L,

MeTog npumeHsOT B TOM criydae, ecnvm JobaBouvHble MOTepu B 3MeMeHTax MeTarnfoKOHCTPYKUMIA TpaHcopMaTopoB
cocTaBnsioT He 6onee 30% noTepb KOPOTKOrO 3aMblkaHWsi COOTBETCTBYHOLLIEN Napbl OGMOTOK.

[Ons npoBegeHWs UCMbITAHWW Ha HarpeB WM3MEPSIOT MPUM HOMMHANBHOM YacToTe TpaHcdopmatopa noTepu B OnbiTe
KOPOTKOrO 3aMblKaHWsl, KOTOPbIE MEPECUUTBIBAKOT K HOMUHANbHOMY TOKY U pacyeTHOWM TeMmnepaType (PK%) , W NoTepu B OnbITe
XOJ1I0CTOro XoJa fnpv HOMWHarNbLHOM HanpsbkeHun (5. Nameperus nposoaAat no [OCT 3484.1-88.

Mpu ncnbITaHUsIX JOMYyCKaeTCcs NPUMEHSITb U3MepuTenbHble TpaHCOPMAaTOpbl TOKa U HaMpsKeHUs!, NpeAHa3HauYeHHble
ans pabotbl npu Yactote 50 'y, yuntbiBas nNpu HEOOGXOOUMOCTM UX YITIOBblE MOrPELIHOCTH, onpeaerneHHble npu YacTtote 50
.

YcTaHoBMBLUEECH NPEBbILLIEHME TeMNepaTypbl Macna onpeaensioT B OnbiTe KOPOTKOro 3amblkaHusa npu vactote 50 Iy,
Perynupys HampsbkeHue Tak, 4Tobbl B 0OMOTKax YCTAHOBMIICS TOK, MPW KOTOPOM MoTepu Obinu 6bl paBHbl £ + PK@p.
McnbiTaHns npoformkatoT A0 JOCTUXEHUS YCTaHOBUBLLEroCs MpeBbILLEHNS TeMnepaTypbl BEPXHUX CNOeB Macna.

3artem perynupyloT HanpsbkeHue Tak, 4tobbl B 06MOTKax ycTtaHoBunca ToK [ =10957, ., e .. - HOMUHAnNbHbLIA TOK
nMTaemor OOMOTKM TpaHcdopMaTopa npyM HOMMHANbHOM 4acTtote. [lpy 3TOM TOoke onpefensitoT yCTaHOBMBLUMECSH
NnpeBbILWEHNA TemnepaTypbl MOBEPXHOCTENW SMNEMEHTOB MEeTanfoKOHCTPYKUMIA U3  (beppoMarHUTHbIX MaTtepuanoB Haj
TemnepaTypon macna.

YcTaHOBUMBLUEECS MNPEBbILEHNE TemnepaTypbl MOBEPXHOCTEN 3SMEMEHTOB METANfIOKOHCTPYKUMA U3 ManoMarHUTHbIX
maTepuanos (OTHOCUTENbHAs MarHUTHas MPOHNLAEMOCTb Brn3ka K eAMHULLE) ONPeAenstoT Npu Toke 7 =127, ..

YcTaHOBMBLUEECS MPEBbILLEHVE CpedHel TemnepaTypbl OOMOTOK Haj CpedHel TemnepaTypol macna onpenensior,
YCTaHOBMB TOK j, B aMnepax, paccymTbiBaeMblil No goopmyre

roe P, W FPps - pacyeTHble OCHOBHble U [06aBoyHble noTepu B OOMOTKE, MNpeBbllEHWE TemnepaTypbl KOTOPOW

onpepnendeTcd B JaHHOM OnbiTe, BT.

OneKTPOHHbIV TeKCT OOKYMEeHTa

noarotoeneH 3A0 "Kogekc" n cBepeH no:
odmumanbHoe nsgaHue

TpaHcdopmaTopbl cUnoBble.

MeToabl ucnbitTaHuin n namepenuii: C6. FOCTos. -
M.: MspaTenbcTBO cTaHgapTos, 1989
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Pepakunst LOKyMeHTa C y4yeToMm
N3MEHEHMNN 1 OOMNONHEHUI
noarotosrieHa 3A0 "Koaekc"

Vupopmanus npegocrasnena "MK "Tedect”
Ycnyru anektponabopaTopun 1 IpoeKTUPOBaHNUA 10 Beelt Poccyn

https://ik-gefest.ru
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