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BBEREHUE

HacTosWwMiA cTaHaapT paspabotaH Ha ocHoBe M3K 76-2-1993 C Lenbio NPSAMOrO NPUMEHEHUs
MEXOYHapOL4HOro CTaHAapTa C AOMNONHUTEeNbHBIMW TPEBOBAHNAMY, OTPaXAIOWUMKU NOTPEeBHOCTN Ha-
POLHOMO XO3AACTBA.

HacToawumin cTaHpapT gononHeH npunoxedusmn b, B, I, E, X, N1, M, H, copepxalimMMu ronoxe-
Hua FOCT 3484.2, koTtopsie o6ner4aioT npuMeHeHne HacTosLLero ctaHaapTa.

Hacroswumi ctaHaapT A0NONHEH npunoxeHuvem K, B KOTOPOM nNpuseaeHa MeToaMKa nepecyera
noTeps NPy UCNLITAHWW Ha HarpeB MHOro0BMOTO4HbLIX TPAHCHOPMATOPOB.

Paspgen, copepxalywin METOOb UCNbITAHWA Ha Harpee, AONOSAHeH NosoXeHuamMn 06 obweme n
YCNOBUSIX NPOBEASHUS UCNEITAHUA. KOHKPETU3UPOBaHEI METOAL! U3MEpPEeHUs1 TeMnepaTypel Macna B
BEPXHUX N HUXHUX CNOAX, a TaloKe NPUBEeLEHEI METOAE! U3MepeHus TeMnepaTypsl SNeMEeHTOB MeTan-
NOKOHCTPYKLNA.
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MEXIOCYAAPCTBEHHbIA CTAHOAPT

TPAHC®OPMATOPbLI CUINTOBbLIE
AonycTumbie NpeBbIlIeHNA TeMnepaTypbl U MeToAbI UCNbITAHUA Ha Harpes

POWER TRANSFORMERS
Permissible temperature rise and methods of test heat

ara sBegeHunn 2005-10-01

1 OBNACTb NPUMEHEHUA

HacTosiuumit craHaapT ycTaHaBnuMBaeT AONMYCTMMbIE MNpEBbILEHUA TeMnepaTypbl, Tpe6oBaHus k
MeTOoAAM UCTILITaHWIA Ha HarpeB, a Talke K U3MEPEHUIO NPEBbILLEHW TemnepaTypbl.

CraHpapT pacnpocTpaHsieTcsi Ha curoBble TpaHcgopMartopbl no FOCT 11677.

HacrosiumiA craHgapT pacnpocTpaHsieTcsl NOMHOCTLI0 UMM YacTUMHO Ha creuuanbHble U MHOTo-
06MOTOuYHbIE TpaHcopMaTopbl, ECAU 3TO NPEAYCMOTPEHO CTaHAAPTaMU UNU TEXHUYECKUMU YCNOBU-
SIMU HA 3TU TpaHchOpPMaTOopbl, UIU ECIIN HA HAX HET OTAESbHbLIX CTaHAapToB.

2 HOPMATUBHDIE CCbIJIKU

B HacTosILeM cTaHaapTe MCNOosb3oBaHbl CCbISIKU Ha crieaylolmne cTaHAapTh:

F'OCT 8.207-76 NocyaapcTBeHHas cucteMa obecneveHns eauHCTBa uamepeHuit. MNpsMbie name-
peHusi ¢ MHOrokpaTHbIMU HabniogeHusMu. MeTtoabl 06paboTku pesynsTaTtoB HabnoaeHuin. OCHOBHbIE
MoSoXeHUsA

FOCT 3484.1-88 TpaHcdopmaTopbl cunosble. MeToabl 3MeKTpOMarHUTHbLIX UCTIbITaHWA

FOCT 8865-93 (MOK 85-84) Cuctema anektpuyeckor msonsauun. OueHka HarpeBOCTONKOCTH
1 Knaccudukauus

FOCT 11677-85 TpaHcdopmaTopkl cunosble, O6LUME TEXHUYECKUe YCnoBuUs

FOCT 14209-97 (M3K 354-91)* PykoBoACTBO MO Harpy3ke CUnoBbIX MacnsiHbix TpaHcthopmaTo-
poB

FOCT 15150-69 MawuHbl, npubopbl U Apyrie TexHudeckue magenus. icnonHeHus ans pasnuui-
HbIX KNMMaTUYeCcKUX paioHoB. KaTteropuu, ycnosus akcnnyaTauvm, XpaHeHUs: U TpaHCNOpTUPOBaHUS B
4YacTU BO3[EWCTBUSA KMMaTU4eCKUX chakTopoB BHELLHEN cpefbl

FOCT 30221-97 (M3K 905-87) PykoBoACTBO MO Harpy3ke CUNoBbIX CyXuUX TpaHcopmaTopos

FOCT 30297-95 TpaHccopmaTopbl CUNOBLIE Cyxue. TexHudeckue TpeboBaHus.

* Ha Tepputopun Pecny6nuku Benapychk geiicteyetr FOCT 14209-85.

W3paHue ochuumansHoe
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3 O6O3HAYEHUA TPAHCOOPMATOPOB NO BUAY OXNAXAOEHUA

TpaHchopmaTopbl cnegyeT 0603Ha4aTh B 3aBUCUMOCTY OT NPUMEHAEMOro BUAa OXNaxaeHus.
YcnoBHoe 0603HaveHUe BUAa oxnaxneHus B 0603Ha4eHun Tuna TpaHchopMaTopOB A0NXHO BKAIO-
4aTb HUXe NpuBeAeHHbIe YeTbipe BYKBbI.

Mepeas 6yksa 0603HA4YAET BHYTPEHHIOKD OX/1aXaaioLwyio cpeay, KOHTaKTUpylowyio ¢ obMoTkamu:

O — MUHepanbHOe Macno UM CUHTETUYECKAs W30NUPYIOWANR XUAKOCTb C TOYKOW BOCNNaMeHe-
Hus 0o 300 °C BKNIOYUTENBHO;

K — U30AMpYIoLLAs XNOKOCTb C TOYKOW BocnnameHeHus 6onee 300 °C;

L — n30nmpyiowan XunakocTe C HeM3MepsEMOA TOUKOW BOCNNaMeHEHUs!;

A — BO34yX;

G—ras.

Bropas 6yksa 0603HavaeT BMA LMPKYNSLMW BHYTPEHHEeR oxnaxaalowei cpeabt:

N — eCcTeCTBeHHas UNPKYNSLUS;

F— NpuHyauTeNbHas UMPKYISLUS;

D — npuHyauTensHas LMPKYAsiuMs C HanpaeieHHbIM NOTOKOM OxJiaxaaloLlei cpeapi.

TpeTbs 6ykBa 0603Ha4YaeT BHELHIOIO OXN1aXaaloLyio cpeay:
A — BO3ayX;
W — sopa.

YeTBepTas 6yksa 0603Ha4YaeT BUA UMPKYISLMW BHELWHeR oxnaxaaiowei cpeasl;

N — ecTeCTBEHHas KOHBEKLMUS;

F— npuHyauTenbHas LMPKYNSLUS (B@HTWASTOPLI, HACOCHI).

Ons TpaHcdopmaTopoB MoXeT GbiTe NPeayCMOTPEeHO HeCKONbKO BWOOB OxnaxaeHwusi, B aTom
cny4ae B TeXxHU4eCKUX yCNoBusX N Ha Tabnnyke AOoNXHa 6bITb yKa3aHa MOLWWHOCTb ANa Kaxnoro svaa
oxnaxaeHus, NPy KOTopon cobnioaaloTcs AONYCTUMbIE NPEeBbieHUa TemnepaTtypbl. Hanbonblsas
MOLLHOCTb M3 yKa3aHHbIX ANR BUAOB OXNaXAeHUs NPUHWMAETCA 3a HOMWHANbHYIO MOLHOCTb TPaHC-
dopmaropa.

PaannyHbie BUObl CUCTEM OXNAXAEHUS NepevuCsioT B NOPAaKe BO3pacTaHus Mx oxiaxaaloLeit
cnocoBHocTH.

lMpumepei

ONAN/ONAF. TpaHcdopMaTop MMeeT rpynny BEHTUAATOPOB, KOTOPbIe MOTYT GbiTb BK/IOYEHI
B cny4ae HeoBXx0aMMOCTW NPY BbICOKOM Harpyake. B 060oux cayyasx UMPKysuWsi Macna oCyLLecTBs-
€TCs TONLKO 3a cyeT TepmocudoHHoro addexra;

ONAN/OFAF. TpaHchopMaTop MMeeT oxnaxgaaiowiee yCTPONCTBO C HACOCaMWn U BEHTUAATOpa-
MW, HO B TO X€ BPEeMA CHUXEHHYIO MOLLIHOCTb NPW eCTeCTBEHHOM OXJ1aXaeHuu.

4 [ONYCTUMDIE NMPEBBILUEHUA TEMNEPATYPbI

4.1 O6me NonoxeHusn

3a pabouyio TeMnepaTypy OTAENbHOro aneMeHTa TpaHcdopmaTopa NPUHUMAIOT CyMMy Temne-
paTypbl oxnaxpalowein cpeabl (OKpyXalowero BO3ayxa wan oxnaxgaiouieil BOAs) U NpeBbilueHns
TeMnepaTtypsl AaHHOTO aneMeHTa TpaHcdhopMarTopa.

Ons macnaHbix TpaHCPHOPMATOPOB, NPpeAHa3HAYEHHbIX ANA PaboTbi B HOPMANbHLIX YCNOBUAX (TEM-
nepatypa oxnaxaaolueli cpefbl 1 BbiCoTa Haf, yposHem Mops no MNOCT #1677), 3HaueHus npesbiwe-
HWA TemnepaTypbl 3NeMeHToB TpaHchopmaTopa Npu UCNLITAHUAX, NPOBOAWMBLIX B COOTBETCTBUM C
pa3aenoMm 5, He AONXHLI NPeBbIlaTh 3Ha4YeHWiA, yKka3aHHbix 8 Tabnuue 1.

3HaueHWn nNpesbileHW TemnepaTypbl ABANAIOTCA XapaKTepucTMkamn TpaHchopMaTopa, rapaH-
TUPOBAHHLIMW M3roTOBUTENEM WU NOATBEPXAEHHLIMW UCNLITAHUSIMW NPU 3a4aHHbLIX ycnoBusax. Ecnmn
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Mexay narotosutenem u notpebutenemM He OroBopeHbl CneuuansHbie YCNoBua paboTbl, IPUHKUMAIOT-
CA HopManbHLIe A0NYCTUMbIE NPEeBLILUeHUA TeMnepaTypol. B gpyrux caydasx gonycTumeie npessbillie-
HUA TemnepaTypbi A0MKHbI ObiTb CKOPPEKTUPOBaHLI B COOTBETCTBUM C 4.3,

YsennyeHve AonyCTuMbIX NpeBbilieHniA TeMrnepaTypbl He paspeLlaeTcs.

4.2 CtaHpapTHbie AONYCTUMbIE NPEBLILIGHUA TeMnepaTypsbl

Onsa TpaHcdopmaTopa, umeiowero o6MOTKY C OTBETBNEHWSAMU U AUana3oHOM PeryninpoBaHus,
npesbialowmM = 5 %, AonycTUMble NpeBbilUeHUA TemMnepaTypbl PACNPOCTPAHAIOTCA Ha BCe OTBETB-
NeHUs NpU COOTBETCTBYIOLLUX KaXAOMY OTBETBNGHUIO MOLLHOCTU, HANPAXEHUU U TOKe.

B TpaHchopmaTopax ¢ KOHUEeHTpUYeckMMu 06MOTKaMK ABe AN HeCKONbKO 06MOTOK AoNYyCKaeT-
cs pacnonaraTb OgHy Hag apyroi. Ecam atn 06MOTKM MAEHTUYHBI, cpeaHee apudmMeTuyeckoe 3Have-
HUEe U3MepeHHbIX NPeBbLIWeHUA X TemnepaTyp He A0NXHO GbiTb Bhille 3HAYeHWHA, yKasdaHHbLIX B Tab-
avue 1. Ecnn 06MOTKM HeMAaeHTUYHb!, TO METOA OUEHKU YCTaHaBAMBAETCS NO COrnacoBaHUIO MexXay
MarorosutTenem u notpebutenem.

Huxe npuBeaeHHbie AOMNYCTUMbIE NPEBLILEHWS TeMnepaTypbl YCTaHOBAEHb! Ana TpaHchopma-
TOPOB C TBEepAoW usonsaumeii knacca A, no FOCT 8865, norpyxeHHbiX B MMHEpanbHoe Macno uam
CHMHTETMYECKYIO XMAKOCTb C TOYKOM BOCNAameHeHus He Bolwe 300 °C.

[onycTumble nNpeBbiLeHUs TeMnepaTypbl TpaHCHOPMATOPOB, UMEIOLLMX M3onaumio 6onee BbiCo-
KOro Knacca HarpeBOCTOMKOCTU, M (MNK) NOTPYXEHHbIX B XUAKOCTb ¢ 6onee BLICOKON TemnepaTypon
BOCNNaMeHeHus, cneayeT yCTaHasMBaTh MO COrlaCoOBaHUIO MexXay M3roToBuTenem u notpebutenem.

JonycTuMble npesbileHWUs TeMnepaTypbl Ans Cyxux TpaHchOpMaTopoB C pa3nuyHbIMU M30Na-
UMOHHbIMUW cucTeMamu — no TOCT 30297.

Ta6bauua 1 — [lonycTMMbIe NPeBbIIeHUA TeMnepaTyp AN MacnsiHbix TPaHCHOpPMaTopoB

AnemeHTH TpaHchopmaTopa MNpessilweHne TeMnepaTypsl, °C

Macno B BepHuUx cnosx 60
ObmoTku:

— NpPU €CTeCTBEHHOW UNN NPUHYAUTENBHOW uup- 65
KyNsUuUKU C HeHanpaseHHbIM MOTOKOM Macna,

— NP NPUHYAUTENLHOM LIMPKY/IALMKA C HanpaBneH- 70
HbIM NOTOKOM Macna.
MarHuTHaa cucTema, anemMeHTbl MeTaIOKOHCTPYKLMW Temneparypa HN B KOEM Cy4ae He A0JKHA
M COMpUKacaloLMecs N3ONALMOHHBLIE MaTepuabl AO0CTUraTb 3HAYEHURA, NPU KOTOPOM BO2MOXHO NO-

BpeXAeHne CaMoii MarHUTHOM CUCTeMb!, APYrux
3M1E@MEHTOB UKW CONPUKACAIOWMNXCH C HUIMWU U30-
NAUMOHHLIX Matepuanos

MpuMeuanue — MpesLilLeHUe TeMnepaTyPsl 0GMOTOK ONPEAENSIOT METOZIOM M3MEHEHWA CONPOTHBACHNA OGMOTOK
NOCTORHHOMY TOKY (NpeBbilueHne CpeaHel TemnepaTtypbl 06MOTOK) o 5.4,

Ona TpaHcHOPMaTOPOB GONBLLLIOK MOWHOCTU NO COrNacoBaHMIO MEXAY N3roToBuTeNeM v noTpe-
6uTenemM MoxeT GbiTb nposegero cneunanbHoe ucnbiTaHne NO NPUNOXEeHUI0 A.

4.3 UameHeHUn AONYCTUMbIX NPeBLILLeHWH Temnepa'rypu B ycnosusix pa6oTsl,
OT/INYAIOLLUXCH OT HOPMANbHbIX

4.3.1 TpeGosaHna K CyxuM TpaHchopmaTopam — no TOCT 30297

4.3.2 MacnsHble TpaHChOPMaTOPL! C BO3AYLIHBIM OXNaXaeHUeM

Ons cunosbix TpaHCHOPMATOPOB NpeaenbHbIe 3HaYeHUsA TEMMNEPaTYPbl OKpYXatoLLei cpeabl MUHYC
25 °C 1 40 °C. Onsa TpaHchopMaTopoB C BO3AYLIHLIM OXNaxneHneM TemrnepaTtypa Bo3ayxa B MecTe
YCTaHOBKU He AO0/XHA NpeBbillaTh:

30 °C cpepnHemecsyHOW TemnepaTypsl CaMOro XapKoro Mecsua;

20 °C cpeaHeronosoii.
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Ecnm TpancopMaTop npeanasHaveH s paboTsl Npu TeMnepaType oxXnaxaalollero Bosayxa,
NPEeBbLIAIOWEH 0AHO W3 YKA3aHHbIX 3HAMEHWiA, TO AOMNYyCTUMbIe MNPEBLILWEHAS TeMnepaTypol TPaHC-
$opMaTopa A0NKHE BbiTh YMEHBLLEHS! Ha YUCSO rPAYCOB MOBLILEHWA TeMNepaTypbl OXhaxpaouLe-
ro Bo3ayxa. Yncna cnegyet OKpyrniTb 0 Ganxkaiiwero Lenoro Yucna rpagycos.

fMpumesanue — CpegHemecsyHan TeMNEPaTypa: NOMYCYMMa CPEAHBCYTOYHBIX MakCUManbHOA U MUHUMAALHONA TeM-
neparyp onpeheneHHoro Mecaua 8 TeH8HUe HaCKONLKNX NeT.

CpepnHeronosan temneparypa:

1/12 cymMil cpenHeMBCAYHbIX TEMREpaTyp.

[na TpaHchoOpMaTopoB, NpesHasHavYeHHbIX BAsi paboTbl Ha BuicoTe Gonee 1000 M Haa yposHeM
MOpA, HO UCNbLITHIBAEMbIX HA OOLIYHBIX BLICOTaX, AONYCTUMBIE NPEBLILIEHUA TEMMEPATYPbi, YKa3aHHbLIe
B TaGnuvue 1, AoMKHbI GbiTb yMeHblueHsb Ha 1 °C:

— AnA TpaHCHOPMATOPOR C ©CTECTBEHHLIM BO3AYLLIHLIM OX1aXAeHWeM Ana Kaxanix 400 m csbl-
we 1000 m;

— AnA TPaHCGHOPMATOPOB C NPUHYAUTENbHLIM BO3AYLUHLIM OXNaXGeHNEM LA Kaxabix 250 m
cebiwe 1000 m.

Ecnn TpaHcdopMaTophl npegHadHa4veHs ans paGoTbl Ha BuiCoTe HuKe 1000 M, HO MX UCNbITLIBa-
10T Ha BeicoTax 6onee 1000 M, uamMepeHHbie NpeBbILLeHUst TeMNepaTypbl [SOMXKHbI GbiTb CHUXEHb! Ha
BbilWeyKa3aHHbIe 3HaYeHUs.

3HayeHne KOPPEKTUPOBKW M3-3a BLICOTEI OKPYT/IAIOT A0 LUENoro yucna rpaaycos.

Ecnu ponyctuMmble NpesbilieHrs Temneparypbt TpaHchOpPMaTOpa yMeHblleHbl U3-3a NOBbILWEeH-
HOW TemneparTypbl HaPY>XHOR OXiaxAaoLeln cpeast, NM60 n3-3a yCTaHOBKW Ha GONbiLKX BbICOTaxX, TO
3T0 Heo6Xx0AUMO yKa3aTb Ha TaGnuuke.

4.3.3 MacnsHble TpaHCGOPMATOPbl C BOAAHBIM OXJlaxaeHnem

HopmanbHaa TemnepaTypa oxnaxaanuien soasl, no FOCT 11677, He nonxHa npesbiwats 25 °C.
Ecnu Temnepatypa oxnaxpaioieii Boas: 6onblie, To A0NYCTUMOE NPeBLILLeHNe TemnepaTypbl TPaHC-
¢opmaTopa [0NXKHO BbiTb YMEHbBLIEHO Ha YXCNO rPafyCoB NOBLILLEHUS TeMNepaTypbl 0XnaxaaoLlen
BOAbl. YMCNa CredyeT OKPYrAsTb A0 LeNnoro 41cna rpanycos.

Bnvsxue OTAMHAIOWMXCA OT HOpManLHOW TeMnepaTyphl OKpyXaloulei cpeabl uAu BLICOTHI YCTa-
HOBKM Ha Ka4yeCTBO BO3AYLLIHOro oxnaxgeHus 6aka He3HauyuTenbHO,

5 UCNbITAHUA HA HATPEB

5.1 O6veMm # yCNOBUA NPOBEAEHNA UCTIBITAHMIA

5.1.1 McnbiTaHus 3aK04aIOTCS B Harpeae TPaHCHOPMAaTOpa OOHUM U3 MeTon0B no 5.2 v uame-
peHWM NpeBbilleHns TeMNEepaTyp ero 3IEMeHTOB Hall TeMNepaTypoi oxnaxanamluen cpensl ¢ uenblo
NPOBEPKM UX COOTBETCTBUS HOpMaM Harpesa.

§.1.2 Mpu ucnbiTaHWK Ha HAarpes ONPeLEensaioT NPeBbileHus TemnepaTtypbl 06MOTOK, a Ana Mac-
NAHLIX TPaHCGOPMAETOPOB, KPOME TOr0 ¥ Macna, B BEPXHWX CNOSX HaQ TeMMEepPAaTypoit oxnaxaaoLwen
cpeabl NPU HOMWHANBHbLIX YCNOBUSIX NO HArpesy U OXNaXAEeHWi0,

He06x0aUMOCTL M3MEPeHMs NPEBbLILEHW TEMMepaTypsl NMOBEPXHOCTU MarHMTHOM CUCTEMHI,
a TaKke 06bemM U MeTOAWKY STUX U3MepeHui onpeaenseT paspaboTymk TpaHchopMaTopa.

5.1.3 3a HOMWHANEHLIE YCNOBUS OXIAXAEHWS NPUHUMAIOTCS Takue, KOTopble COOTBETCTBYIOT
HOpManbHLIM YCnoewaM paboTel TpaHcdopmMaTopa NpU cneaylowmux Gakropax BHelwHel cpeab!:

-——Temneparypa oxnaxaaiolero Bo3ayxa oT 10 8o 40 °C, abconioTHas norpawHocTsL ee onpeae-
neHws = 1 °C;

—Temnepartypa oxJiaxaaloue Bogs! y Bxogda B oxnagurens ot 5 no 33 °C, abconioTHan norpetu-
HOCTb ee onpenenexus = 1 °C;

— OTHOCUTeNnkHaA BNaXHOCTk BO3Ayxa OT 45 % no 80 %, npu Temnepartype OXAaxaalowero
Boasyxa Boiwe 30 °C oTHOCUTENbHAR BAAXHOCTbL HE A0AXHA GbiTh Bulle 70 %, abconioTHas norpetu-
HOCTb ee onpenenenust = 5 %;

4
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— atmocoepHoe aasneHue ot 84,0 no 106,7 kfa (630 — 800 mm pT. CT.), abCconoTHaA norpeLw-
HOCTb ero onpeaeneHus B npeaenax = 0,666 kMa (5 mm pT, CT.);

— BbICOTa YCTaHOBKW Haj ypoBHeM Mops He Gonee 1000 m, nns TpaHchOpPMaTOpOB Kiacca
HanpsxeHns 750—1150 kB — He 6onee 500 M, abconioTHan NOrpeLwHOCTL ee onpeaeneHus = 50 Mm;

— BO3AEWCTBMA A0XAS, BETPa, CONHEYHOW AW Apyroi pagnauumn oTCYTCTBYIOT.

5.1.4 3a HOMUHanNbHLIE YCNOBUS MO HarpeBy NPUHAMAIOT Takue, NPU KOTOPbLIX NOTEPU B TPaHC-
¢dopmaTope paBHbl CyMMe NoTepb KOPOTKOro 3aMbiKaHUs Pop W3MEpEHHbIe B ONbITE€ KOPOTKOro 3a-
MbIKaHUS HA OCHOBHOM OTBETBMEHWUU U NpuBeaeHHbie B cooTBeTcTBUM ¢ FOCT 3484.1 K HOMUHANLHO-
MY TOKY /.., W PacHeTHOR TemnepaType 65, U XONOCTOro Xoaa F,, M3MEpPeHUaX B OMbiTeé X0A0CTOro
X0Aa npyu HOMUHANLHOM HanpsaxeHun U, .

PeaynbTaThl UCNbITaHWI PACMpOCTPAHAIOTCA Ha BCE nocneayiolwme TpaHchopmaTopb! 3Toro Tuna,
uMeioLwme noTepu He Buiwe 1,1 (Pmp + Py), a pesynbrathl, NPUBEAEHHLIE K HOPMUPOBAHHOW CTaHAap-
TOM UNU TEXHUYECKUMKW YCNOBUAMM Ha OTAENbHBLIE TUNLI TPaHCGHOPMaTOPOB CYMME NOTepPb KOPOTKOro
3aMblKaHUsl U X0N0CTOro x0Aa A, ..., + Fo. uon (6€3 AONYCKA) PacNpOCTPaHAIOTCA Ha BCe TpaHCHOpma-
TOPLI 3TOFO TUNa, umeiowme notepu He soiwe 1,1 (B, ..., + Py om)-

Mpu ucnbiTaHun TpaHchopmaTopos no 5.2.2 aonyckaeTcs 3a HOMUHANLHLIE YCIOBUS MO Harpesy
NPUHUMATL Takne, NPU KOTOPLIX NOTEPU B TPaHCHOPMaTOpe paBHbl CyMMme NoTeps P, ...+ P .ow (6€3
ponycka).

PeaynbTaTbl UCMLITAHUIA PACNPOCTPAHNAIOT Ha BCe TpaHCchOpMaTopb! 3TOro TMna, umelowue no-

Tepu He Boiwe 1,1 (P .o + Fo now)-

5.1.5 OQna TpaHchHOpPMaTOpPOB, 3aNOAHEHHLIX MACOM, AONYCKaeTCA NpPeBbilleHne TeMnepaTtypbi
macna B BEPXHWUX CNOSX OnpeaensTb NPU NOTEepsX, MEHbLWUX YeM Py, + Fp, HO PaBHbIX He MeHee
80 % aTOr0 3HaYeHus, a NP1 MOLLHOCTU TPaHcdopMaTopa Boiwe 250 MB - A no cornacoBaHUIO MeX-
[y 13rotoeutenem un norpeburenem npu nortepsix B TpaHchOpMaTope, pasBHbiM, He MeHee 60 %
(Pmp + F,) (B yKasaHHbIX Ciyqasx noay4eHHoOe npu UCbITaHUAX NPeBbilueHne TemnepaTypbl cneayer
NPUBOANUTL K HOMUHANBbHBIM YCNOBUAM No 5.1.4),

5.1.6 OnpepeneHne npesblWEHUA TEMNEPaTYpPbl KaxaoA U3 06MOTOK U 3BNEMEHTOB MEeTaN/IOKOH-
CTPYKUMiA cnepyeT NpOBOAUTL B YCNOBUSX, NPU KOTOPLIX TOKM B OBMOTKaX UCMbITYEMOro TpaHcdop-
MaTopa paBHbl HOMUHANbHbIM, @ OTKIOHEHWe YacTOThl OT HOMUHANBLHOW cocTaBnseT = 2 %.

JonyckaeTca npesbilleHWe TeMnepaTypbl KaXao# U3 0OMOTOK U 3NEMEHTOB MeTannoKOHCTPYK-
uMiA onpeaensTb NPy Tokax B 06MOTKax, OTANYHbLIX OT HOMUHANbHLIX, HO PaBHbIX He MeHee 90 % U He
6onee 110 % OT HOMWHANLHOrO; NPYU MOLIHOCTU TpaHcOopMaTopa Bhile 250 MB - A no cornacosa-
HUIO MeXay U3roToBUTEeNeM M notTpebutenem Npu Tokax He MeHee 75 % HOMWHANLHOrO; ANA TPaHC-
¢$opmMaTopoB, 3anoAHEeHHbIX MacnoM, — Npu Tokax, obecrnedYmnBaiowmx CyMMapHsle notepu Pmp + P,

Bo Bcex cnyuasix, koraa TokuM B 06MOTKax OTAUYAIOTCA OT HOMUHANLHOrO, NONYYeHHble peaynsTa-
Tbl CneayeT NPUBOAUTL K HOMUHA/IbHBIM YC/IOBUSIM.

5.1.7 OnpepeneHne npesbitieHUN TeMﬁepaTypu NOBEPXHOCTU MarHUTHOW CUCTEMbl cneayet
NpoBOAUTL B YCNOBUSIX, KOTAa K OAHOW M3 0BMOTOK noaseAeHo NPaKTU4eCKU CUMMETPUYHOE U CUHY-
COMAaNnLHOE HOMUHANBHOE HaNPAXEeHWe NPU 4acToTe, KOTOPas He AOMKHA OTINYaTLCA OT HOMUHANb-
Hol Gonee yeM Ha = 1 %.

5.1.8 UcnbiTaHne Ha Harpes TPaHCcHOPMATOPOB MOLWWHOCTLIO He 6onee 2500 MB - A, umeiowmx
06MOTKY C OTBETBNEHMAMU C AMaNa30HOM perynvposaHus = 5 %, cneayet NpoOBOAUTL HA OCHOBHOM
OTBETBNEHUN.

WcnbiTaHne Ha Harpes TpaHC$OpMaToOpoB MOWHOCTLIO 60nee 2500 MB - A ¢ AvanasoHOM pery-
NMpPOBaHKA = 5 %, ecnn Mexay U3rotosuTenem u notpebutenemM He OroBOPeHo MHOe, cneayeTt npo-
BOAUTb Ha OTBETBAEHUUN C MaKCUMaNbHLIM TOKOM.

BbiGOp OTBEeTBNEHUS ANA UCNbLITAHUA aBTOTPaHCHOPMaTopa C OTBETBNEHUAMU 3aBUCUT OT WX
pPacnonoXeHus.
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5.1.9 NocnegoBaTebHOCTL NPOBEAEHUR UCTLITAKUA Ha Harpes No npunoxernio B, Tpebosauna
K CpefcTsaM UCNLITAHWA U TOYHOCTU U3MEPeHUIA NO NPUNoXKERUIo B.

5.2 Meroab! ucnmiTakuii Ha Harpes

5.2.1 MeTo4 HenoCpPeaCTBEHHOR HArpyaKku

K opHo# ua o6MoTOK TpaHcdopmaTopa NOABOAAT HOMUHANLHOE HanpPsAXeHWe, BTOPYIO NOAKAIo-
4alOT K COOTBETCTBYIOWEH Harpyake Tak, 4To6bl B He YCTaHOBUICS HOMUHANbHbIR TOK, NO NPUAOXKe-
HMio M. KOHTPOAb TeNA0BOTro peXrMa B NPOUecce UCMNbITaHWi OCYLWECTBARIOT NYTEM U3MEPEHUs Toka
Ha CTOpOHE Harpysku U NOABEAEHHOTO HaNPRXEeHUs.

5.2.2 MeToa KOPOTKOrQ 3aMblKaHWA

5.2.2.1 UcnbiTaxue nposOaAT B ABa dTana:

— Harpes CyMMapHbiMY NOTePsiMuK;

— Harpes HOMWHaNEHbLIM TOKOM,

5.2.2.2 Bo BpeMs UCNbITaHUA Ha Harpes CyMMapHbLIMU NOTEPAMYU B UCTLITYEMOM TpaHcdopmaTo-
pe 0aHy 13 06MOTOK 3aMbIKaIOT HAKOPOTKO YCTPORCTBOM C NONepeyHsiM Ce4eHneM He MeHee none-
peyHOro ce4eHus 3akopauusaemoit 06MoTku. Ocrasnss ocTasibHble 06MOTKM Pa3OMKHYTLIMK, KO BTO-
poii o6moOTKe NOABOARAT HanpsiXeHue, H4acToTa KOTOPOro He AONXHA BbiXOAUTL 33 npeaenut + 2 %
HOMWHANbLHOW, U PEerynnpyioT ero tak, 4tobol B 06MOTKE YCTAaHOBUNCH TOK, NPY KOTOPOM NOTEPU B
TpaHchopmarope Guinn Gbl paBHEI CyMMapHbIM NoTepaM no 5.1.4.

Bo spema ucnbiTaHMa HeO6GXx0ANMMO BECTU KOHTPONbL 32 TEMNEepaTypoi Macna v oxnaxgalouien
cpegapl.

VcneiTaHne cnefyeT NnpoaonxkaTb A0 Tex NOP, noka KoHTpoaupyemoe 1o b.2 npunoxexnua B
npessilUeHVe TeMNepaTypbl Macia aMeHseTcs MeHee 4eM Ha 1 °C B 4ac B TeueHne 3 4.

Aﬂpuueqauue - TDGGOBBHVIﬁ K 3aBepliIeHnIO UCNBITaAHUA BNA MaCAAHbLIX 'rpauc(bopma'ropoa npueeneHsl B Npuioxe-
HuM 4.

5.2.2,3 Bo Bpems uCnbiTaHMs Ha Harpes HOMUHaNbHBLIM TOKOM, KOr4a nNpeeblLieHus Temnepary-
Pbl Macna B BEPXHUX CNOAX U CpeaHeit Temnepartyps! Macaa onpegeneHst, YCTaHaBAUBAIOT TOK, paB-
HbIA HOMUHANBLHOMY MK B COOTBETCTBUM C 5.1.6 Ans [AHHOrO co4veTaHus 0OMOTOK (nposefeHve
UCMbITaHNA MHOrOOBGMOTO4YHOrO TpaHcdopmartopa no 5.2.2.5). Harpes HOMUHaNLHBIM TOKOM NPOAOA-
XaioT B Te4eHue 1 4 NPM KOHTPONe 3a TeMNepaTypoi Macna v oxnaxaawiuei cpeasl. Mepeg oTKNIO-
4YeHveMm OnpeaensaloT MNpesLILLeHWA TeMnepaTypbl Macia B BEPXHUX CONAX, CPeAHelr TeMnepaTypbl
Macna, TemriepaTypbi 31eMEHTOB MeTanNOKOHCTPYKUMA U Macna B611M3M HAX Haa TeMnepaTypoil ox-
naxpaiouieit cpeasb!.

CpeaHioio TeMnepaTtypy 06MOTOK onpenensioT imbo HenocpeacTBeHHO NOCEe OTKIIIHEHUA TpaHC-
¢dopmaTopa OT UCTOHHMKA NUTAHKA, UM B NPOUECCe UCNLITAHUA NPU U3MEpPeHUU CONPOTUBEHUS
06MOTOK MEeTOA0M HANOXEHUs! MOCTOAHHOIO TOKa M0 NPUAoXeHWo E.

CpepHioi0 TeMnepatypy 06MOTOK CheayeT OnpeaeiaT MeTOAOM M3MEHEHUSI CONPOTUBNEHMUA NO 5.4.

MNpu Harpese HOMKWHANLHBIM TOKOM TeMriepaTypa Macna napaet. NosToMy naMepeHHbie ajade-
HWA TemMnepaTypbl 06MOTOK CneayeT NOBLHICUTL HA 3HaYEHWE nNageHusl cpeaHeli TemnepaTyput Macna
B Te4eHune 3Toro Haca.

CxoppekTupoBaHHOE 3Ha4eHne TeMnepaTypul OOMOTKU 3a BLIMETOM TemnepaTyphl oxnaxaalo-
el cpegbl, USMEPEHHOI1 B KOHUE Neproga Harpesa CyMMapHEIMU NOTEPAMKU, NPUHUMAETCS 3a npe-
BbileHWe cpeaHef TemnepaTypsl 06MOTKA.

fNpumeuanue ~ Tpu NepeMeHHON Harpyake npesuiieHne Temneparyps 06MaToK ABogy ONpenensoT no cymme

NPesLIWEHUs CpeaHeR TBMNepaTypbl Macha Hap TemnepaTtypol oxnaxgawwen cpeas AB;,.cp. M3MEPeHHOro B Nepso

4acTu Nepucaa MCMLITaHWSA, W PA3HOCTU CPeAHelH TeMneparypsl ofMoTku O,s, W CPeaHel TemnapaTypsl Macna 9',,.”,
V3MepeHHbIX BO BTOPOit HacTU nepuoaa UcneitaHua (No fyrkTam A.2 u A.3 npunoxeHus A).

Mot = ABlacp + Bosw ~ Bacp) (1)
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5.2.2.4 UcnbiTalus Ha Harpes 4ByXxO06MOTO4HOrC TpaHcdopMaTopa C AMana3oHoM peryavposa-
HUSI, NPEeBbIWAOWMM + § %, ecnu Mexay U3roTosuTeneM u NnoTpebuteseM He OroBOPEHO WHoe, Cre-
DyeT NPOBOOUTb Ha «OTBETBIEHUN C MakCUMaJlbHbIM TOKOM (No 5,1.8) 1 Harpes B TeueHWe nocneaHeit
4aCTu nepuoaa ucneiTanua no 5.2.2.3 nposoAUTb NPU TOKe, COOTBETCTBYIOLWEM TOKY 3TOr0 OTBeTB/Ie-
HUA.

CyMmapHbie noTepu, peanns3yemMbte B NepBor YacTu UCnbITaHnsa No 5,2.2.2, BONXHb! GbiTb paBHb
HanboNbWNM CyMMapHbLIM NOTEPAM Ha KakoM-nubo OTBeTBIEHUN, KOTOPbIM OObIYHO AIB/IeTCS OTBET-
B/leHNEe C MaKCUMasibHbiM TOKOM. 3HaueHUsi NPeBbILLEHWI TeMnepaTypel Macna B BePXHUX CROsX v
cpepgHeli TeMnepaTypbl Macna, Ucnonb3yembie NPU ONpeaesieHUn NPeBbilueHUs TeMnepaTtypbl 06-
MOTKW, OOMKHBI COOTBETCTBOBATL CYMMapHLIM NOTEPAM 3TOr0 OTBETBAEHUA. SHAYEHUA NPEeBbilLeHNH
TemMnepatyp, U3MepeHHbIe B NePBOi YaCTU Nepruoaa UCTMbITaHUA NMPU MEHbLUNX CYMMaPHbIX NOTepsX,
BONXHbI 6bITb NepecyuTaHbl No 5.6.

5.2.2.5 UcnbiTaHua Ha HarpeB MHOrOO6MOTO4HBIX TPAHCHOPMATOPOB, BO BpeMs paGoTul KOTO-
pbiX OQHOBPEMEHHO MOTYT Harpyxatbcsi 6onee asyx o6MOTOK, cnefyeT NMPOBOAUTL OTAENLHO ANA
KaXxaoi napbi 06MOTOK.

B nepeoit 4acTV nepuoaa UCNbITaHUA NOTepu B TPaHCGhOPMaTOpe paBHbl CyMMapHbIM NOTEpPaM,
KOTOPble COOTBETCTBYIOT HOMUHANILHOW MOLUHOCTW (MM MOLLIHOCTU OTBETBJIeHUIA) BO BCceX 06MOTKaXx,
€CNN HOMUHaNbHas MOLLHOCTb OQHOM OBMOTKM paBHa CyMMe HOMUHa/bHbLIX MOLLHOCTEN Apyrux 06-
MOTOK.

B apyrux ciyyasx Boi6UpaioT cneuuanbHbie peXuMbl C Pas3/IMYHBIMU COMETAHUAMW HarpysKku ans
KaXxnoit 06MOoTKuU.

B cnyyasix, korga HOMUHaIbHbIE MOLHOCTU OTAeNbHLIX OOMOTOK He NO3BONAIOT NPOBOAUTL UC-
nbiTaHus TPaHchopMaTopa NPU CYMMapHbIX NOTEPsX, NPEBbLIWEHUe TeMnepaTypbl Macna B BepXHUX
CNOsIX oNpeaensioT B OnbiTe, NPU KOTOPOM TOK NpOTeKaeT No napamM 06MOTOK, AN KOTOPbLIX CyMMap-
Hble NoTepwn Hanbonblune; U3MEPEHHOE NPU MEHbLUUX NOTEPAX NPEBbLILLEHWEe TeMnepaTypbl A0Nycka-
eTcsa NPpUBOAUTbL K HOMUHAJIbHbLIM YC/IOBUSAIM.

MNpesbileHne TeEMNepaTypbL 0GMOTKW HAaA TeMNepaTypoil oxnaxaaiowei cpeabl cneayer onpe-
[ensTb NPU HOMUHANBHOM TOKE UCTILITYEMOA O6MOTKM (TOke OTBETB/IEHWUS C MaKCUManNbHLIM TOKOM),
umnn B cootseTcTaum € 5.1.6.

MNpesbiweHne TemnepaTypbl O6MOTKM NpU Haubonee XeCTKOM ANsi Hee COMETaHWU HarpysoK B
MHOro06MOTOYHOM pexuMe cneayeT paccuuTbiBate No Gpopmyne X.2 npunoxexus XK nytem npuse-
OeHWs NpeBbIEHUs TeMnepaTypsbl, NONY4YEHHOro B NapHOM pPeXuMe, K TOKY, COOTBETCTBYIOLEMY no
006aBOYHLIM U BUXPEBLIM NOTEPSAM YCNOBUAM Haubonee TAXENOoro pexuma.

BbinonHeHWe nepecuyeTa noTepb MHOrOO6MOTO4HOMO TPaHChOpMaTopa no NPUIoXeHUIo K.

5.2.3 MeToA B3anMHOW Harpyaku

UcnbiTyembii TpaHcpopmMaTop 7 (PUCYHOK 1) COeanHAIOT napannensHo CO BCromoraTenbHbiM
TpaHchOpPMaTOPOM 2 MOLLHOCTLIO He MeHee MOLLHOCTM UCNbiTyeMoro. MNpeanoyTutensHo, 4Tobsl HO-
MUHaNbHbIE HANPSXKEHWUs U rpynnbl coeauHeHus 060oux TpaHchOpPMaTopoB Bbinn 0aUMHAKOBLIMU. B KOH-
TYp O6MOTOK BbICLLErO WU HU3LWEro HaNPAXEHUS BKIOYAIOT MPOMEXYTOYHbIA TpaHcdopmatop 3
MOLLHOCTbIO He MeHee 2 pl,, % (p— KOBDOUUMEHT, YHUTbIBRIOWMA NafeHne HaNpPSXeHUs Ha TPaHCc-
¢dopmarope 3, U — HanpsixeHne KOPOTKOro 3aMblKaHus) MOLLHOCTU UCMLITYeMOro TpaHcgopMaropa,
a KJ1acc ero HanpsxXeHUs U SOMYCTUMbIA TOK OBMOTOK [0/1KHBI COOTBETCTBOBATL TOMY KOHTYPY Nnapan-
NeNbHO BKJNOYEHHBIX OBMOTOK, B KOTOPbLIA OH BKJTIOYEH.

K napannenbHO BKIIOYEHHBIM TpaHchOpMaTopam rnoasoansT HOMUHANbHOE HanpsXeHWe NCnbiTy-
eMOoro TpaHcdopMaTopa, a HanpsXxeHue, NOABOAUMOE K MPOMEXYTOYHOMY TpaHchopMaTopy 3, pery-
VPYIOT Tak, 4To6bl B O6MOTKE MUCMLITYEMOro TpaHchopmaTopa 7, COeAMHEHHOW HenocpeacTBEeHHO
C TpaHCHOPMATOPOM 2, YCTAHOBUIICA HOMUHAUTbHBIM TOK. KOHTPONL TENI0BOro pexuma B npouecce
UCMNLITAHUA OCYLLLEECTBASIIOT NYTEM U3MepPeHUs NOABEAEHHOrO HanpsXeHUs U TOKoB B 0OMOTKax Uc-
NbITYyeMoro TpaHcgopmaropa (6e3 npsMOro M3aMepeHus noTeps).

Ecnu HanpsxeHUs 060X MCTOYHUKOB TOKA HE CUHXPOHHBI, TO HEO6X0AMMO, 4TOOLI YacToTa UC-
TOYHMKKA, NUTaoLWero TpaHcdopmaTop 3, oTanyanace Ha 2 —4 My OT 4aCToTLI APYroro UCTOYHUKA Ans
UCKNI0YEHUa BAUsHUS Buennii Ha nokasaHusa npubopos.
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fipy vcneiTaHu TpaHCHOPMATOPOR M ABTOTPAHCPOPMATOPOR C BONbLILIMM KONMYECTBOM OTBET-
BNEHU# Ana CO3AaHMA HEOOX0ANMOTO LIMPKYAMPYIOLLLErO TOKa AONYCKaeTCa He BBOAWUTE B KOHTYP 06-
MOTOK TpaHchopMaTop 3, a BKAIOYaTs 0GMOTKM Ha pasHble OTBETBNEHUS, 8CNIM NPU 3TOM BbINOAHAIOT-
€8 ponycrtumesle ycnoeus no 5.1.6.

‘LRonyckaeTcs HanpsxeHne pasbanaHca rony4aTh NyTeM BKIIOYEHUR napannensHo ¢ TpaHcdop-
MaTopoM 7 BCNOMoOraTensHoro TpaHcdopmMatopa 2 ¢ KosdpPUUMEHTOM TpaHChopMauun U rpyrnoi
COeaAuHEHUs, OTAMYHBIMKA OT TpaHcdopMartopa 7.

K ucToqmmxy roka

K uCTOYHMKY TOKZ

7 — ucnuiTyemelil TpanchopMarop; 2 — scnomorartenbHbiil TpaHchopmarop;
3 — NpPOMEeXyTOYHEIA TpaHchopmaTop

PucyHox 1 — MpuHumMnuanbHan cxeMa ucnsiTanus TPaHchOPMATOpPOB
METOOM B3aUMHON Harpyskmn

5.2.4 MeTopq yC/OBHOW Harpyaky (N0 COrnacoBaruio MeXay U3rotoeutenem u norpeburtenem)

MeTog DonycKkaeTcst NPUMEHNATL OIS UCTILITAHWUA CYXUX 3aliMUIEHHBIX U He3aLWWUIEeHHbLIX TPaHC-
¢popmaTopOs MOLWHOCTLIO CBbite 1000 kB - A ¢ eCTeCTBeHHLIM BO3AYLWHEIM OXNaXAEHUeM, eciau pac-
nonaraiT TONLKO OAHUM UCTIBITYEMbIM TPAHCHOPMATOPOM WK eCAU NpUMEeHeHne MeToaos rno 5.3.1
1 5.3.3 orpaHnieHO BO3MOXHOCTAMU UCNLITATENBbHOW YCTAHOBKM.

WcneiTaHus NpOBOAAT Kak ABa Cneayiowmvx OgUH 3a ApYrMM HarpeBsa: B peXume X0N0CToro Xoaa
no 5.1.7, npu notepsix X0N0CTOro Xoaa no 5.1.4 n 8 onbite KOPOTKOro 3aMbikaHWA — NPYU HOMUHANL-
HOM TOKe B 0GMOTKaX.

5.3 TpeboBaHua K U3MEpPEHNIO TemMnepaTypbl

5.3.1 TepMOMETPLI AN U3MEPEHUst TeMnepaTyphl

Ana nameperus Temneparypst ot 10 10 180 °C B pasHbiX TOYKax TpaHcgopmaTopa 1 oxnaxaa-
lowed cpeabl cneayer NPUMEHSTL TePMOSNEeKTpUYecKne TepMOMETPH (TepMonaphl), U3roToBNeHHbIe
B COOTBETCTBUU C NPUNOXEeHUaM J1, pTyTHble U CAIMPTOBLIE TePMOMETPbI, 3N1EKTPU4eCKUe TepMOMeT-
pbl CONPOTUBASHUA UK apyrue TepMmonpeobpa3oBaTtesi, PaBHOUEHHbIE NO TOYHOCTWU.

5.3.2 amepeHune TemnepaTypbi OXNaXKAaioLiero Bo3yxa

Bo Bpems ucnbiTaHus, 0COGEHHO B nNocneaHel 4YeTBePTU repuogda MChbLITaHua, Temreparypa
OXNTXKAAIOLLEero BO3AyXxa AOMKHA OCTaBaThCH NO BOIMOXHOCTW NOCTOAHKON. Kaxabii TepmoMeTp (cnaii
TepMonapskl) cnegyert noMewarb B HanonHeHHbM XNAKOCTHIO (TPaHCHOPMATOPHLIM Mac/ioM) COCYA,
umeloILnin o6keM He MeHee 0,001 M>. MOBEpXHOCTL COCYAA AONXHA XOPOLIO OTPaxaTh TENNCBOe
uany4eHue, AR Yero ee NOKPLIBAKOT, HanNpuMep, anioMMHUeBoA GoNbIroA.
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CnepyeT UCNonb30BaTh HE MEHee TPex TePMOMETPOB. 3a TeMnepaTypy OXnNaXxaaloulero so3ayxa
B0 BpeMA UCMNbiTaHUi cneayeT NpUHUMaTh cpeaHee apudMeTHHecKoe 3HaYeHne Temnepartyp, name-
PEHHbIX 3TUMW TEPMOMETPaAMN Yepe3 paBHble NPOMEeXyTKM BpeMeHu (He 6osiee 1 4) B TeyeHue noc-
nepHeil YyeTBepTU NEepuoaa UCNLITaHUN.

J[lonyckaeTcs UCNonb30BaTb HEMPEPbLIBHYIO aBTOMaTUHECKYIO 3anuchb.

TepMoMeTPLl CriegyeT yCTaHaBAMBaTb B Pa3MYHbIX TOMKax BOKpyr 6aka Ha paccTosHuM ot 1 oo
2 M ot 6aka unu oxnaxgaaemMon NoBepxHOCTH, 4TOObl U3GexaTe BO3NENCTBUA TEMNNOBOro U3NyYeHUs.

Bokpyr TpaHcdopMaTopa C eCTeCTBEHHbIM BO3AYLWHBIM OX/IaXAEHWEM TepMOMETPbLI cneayeT
pacnonaraTtb NPUMEPHO Ha CepeaunHe ero BbICOThI.

Dna TpaHchopMaToOpPOB C NPUHYAUTENBHOM LMPKYAsSUMENn BO3JyxXa TepMOMETPbl YCTaHaBAMBaloT
Ha BxoAe B oxnaautenn. Mpu aTOM AONXHA 6biTb MCKNIOYEHA BO3MOXHOCTL 06PaTHOM LMPKYNALMM
HarpeToro Bo3ayxa.

B cnyyasix, koraa uMeeTes 3HaynTenbHas obpaTHas LMPKYASLUMA HarpeToro so3gyxa, TepMomMer-
pbl CrefyeT ycTaHaBnBaTh B TEX MeCTax BOKpYr TpaHcopmaTopa, rae OTCYTCTBYIOT NOTOKM ob6par-
HOI LMPKYNAUMK BO3AYyXa, NPEUMYLLLECTBEHHO CO CTOPOHLI TpaHChopmaTopa 6e3 oxnaputeneii.

5.3.3 UNamepeHue TemnepaTypbl Oxnaxaalowen Boab!

TeMnepaTtypa oxnaxaaouei Boasl BO BpEMS BCEro nepyvoaa UcrbiraHuii aosxHa 6biTb No BO3-
MOXHOCTW NOCTOAHHOIA.

TemnepaTypy BOAL CnenyetT M3MepsaTb Ha BXOAE B OxnapguTenb, AR 4ero TepMomeTp (cnan
TepmMonapbi) NOMELLAIOT B rMb3y, NPeAHa3HAYeHHYI0 AN U3MepeHus Temneparypsl oxnaxaaoulei
BOAbl, NPEABAPUTENBHO 3aNONHEHHYI0 BOAOIA Man MacnhoM. 3a Temnepatypy Oxnaxaalouwen soab!
NPUHUMAIOT cpeaHee apudMeTU4YECKoe 3HaYeHue, No kpaiHeln Mepe, Tpex UaMepeHun Yyepes pae-
Hbie NPOMEXYTKU BpeMeHU (HO He Gonee 1 4) B TeweHWe nocneaHel YeTeepT nepuoaa NcnbiTaHU
WUAW DONMYCKAeTCA HenpepbiBHaA aBTOMATUYECKan 3anuch.

5.3.4 NamepeHne Temnepartypbl Macnha

5.3.4.1 ina TpaHcHOPMATOPOB C ECTECTBEHHON UMPKYNAUMen Macna TemnepaTtypy Macna B sepx-
HUX CNIOAIX U3MEPAIOT TePMOMETPOM (TepMonapoii), NOMeWeHHbIM B rab3y, NpeaHasHaYeHHyo ans
TEpPMOMETPUYECKOro AaTyMKa U pacroNOXeHHyYIO Ha Kpbiwke 6aka, unn npu ycraHoeke oxnagurenei
oTAEeNLHO OT TpaHchOopMaTopa B BbIXOAHOW TPpy6e, NO KOTOPOI HarpeToe Macno NocTynaeT B oxnaan-
Tenb, BO3Ne ee npucoeauHeHus Kk 6aky.

BannoH tepmomMeTpa (Cnait TepMonapbl) NOrpyxaioT B runb3y, NPensapuTeNbHO 3an0JIHEHHYIO
Macnom Ha rnybuHy ot 5 no 10 cM HuXe YpOBHS Kpuilwkn Gaka. ECnvM KOHCTPYKLUMA rab3bs MMeeT
BbiCTynalouwe Hap, Kpbilwkoi 6aka 4acTn, TO UX CneayeT NoKpbiBaTh TEMIOU3ONUPYIOLLUM MaTepua-
noMm. YposeHb Macna B ruib3e A0MKEH CoBnaaaTh ¢ ypoBHeM macna B 6ake.

Mpu ncnbiTaHuu TpaHCHOPMATOPOB, KOTOPLIE HE KOMIJIEKTYIOTCS MAL30I Ana TepMoMeTpuyec-
KOro Aatyvka, Temnepartypy Macna B BEPXHUX CAOAX U3MEPSIOT C NOMOLLLIO TEPMONapsbl, yCTaHOBNEH-
HOW B BEPXHEM Cnoe Macna nop, Kpbllwkon 6aka Ha rnybuHe He MeHee 10 CM OT ee NOBEpPXHOCTW.

Ona TpaHCHOPMATOPOB C NPUHYAUTENLHON LMPKYnsiLMER macna Temnepartypy BXOAsWero u
Bbixopawero u3 6aka macna (Macna B BEPXHUX U HWKHUX CNOAX) U3MEPAIOT C NOMOLLbIO TepMonap,
cnamn KOTOPbIX MOMELLAIOT B Mb3bl, PACNONOXeHHbIe Ha MaCNONPOBOAe BO3Jie BXOAa W Bbixoaa ero
n3 6aka.

Ona TpaHchOpMaToOpPOB C NPUHYAUTENLHOW LMPKyNsiuMel Macna, KOTOpble He KOMIMIEKTYIOTCS
rmnb3aamu, a TaKke gns TpaHcHopMaTopos CO CheMHbLIMU paauaTopamm, Temnepartypy Maca B Bepx-
HUX U HUXXHUX CNIOAX U3MEPSIOT C MOMOLLbLIO TepMONnap, cnan KOTOpbiX 3aBOAAT B MAcAONpoBo, (naT-
py60ok) mexay ¢pnaHuaMu ¢ pe3vHOBbLIMM NPOKIaAKaMy B MECTax npucoeanHeHus ero K Haky Tak,
4yTO06L CNall He Kacajics NOBePXHOCTU MeTanna.

Ona TpaHCHOPMaTOPOB C €CTECTBEHHON U NPUHYAUTENBHOW LMPKysuMein oxnaxaaouiero sos-
Ayxa, umelowmx TpybuaTtsle 6akm unm 6aku ¢ pagvaTopamm 6e3 pasLeMoB, TeMnepaTypy Macna B Bepx-
HUX U HUXHUX CNOAX M3MEPSIOT C NOMOLLbBIO TEpPMONap, YCTaHOBEHHbLIX HA HAPYXHOW NOBEPXHOCTU
BEPXHUX U HWXHKX YacTenl oxnaxpalowen Tpybku van sepxHero M HUXHero natpybka pagvartopa
B MeCTax ux npucoepunHenusa Kk 6aky, npu aTom Tpybka nan pagnaTop A0MKHbI 6biTb PacnonoXeHb!
KaK MOXHO Gnuxe K cepeavHe pacCMaTpPUBaeMOil CTOPOHb! Baka.
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Ana TpaHCHOPMATOPOB € rABAKMMK U BOAHUCTBIMU OakaMn TeMnepaTypy Macna 8 BepXHUX U
HUXHUX CNOAX U3MEPSKIOT C NOMOLLLKY TEPMONAp, YCTRHOBNGHHBLIX HA HAPYXHOW noBepXxHOCTH Baka Ha
BbICOTaX, COOTBETCTBYIOLMX BEPXHEMY U HKHEMY KPaaM 0BMOTKM.,

5.3.4.2 lNpmn ncnbiTaHUAX Ha Harpes 3a CPeAHIoI0 TeMnepaTtypy Macha MPUHUMAeTCs cpeaHee
apudMeTHHecKoe 3Ha4YeHne TeMnepaTtyp Macna B BEPXHUX K HUXKHUX CNOAX, onpeaensemMbix no 5.3.4.1.

NMpumeuanite — Ins TpaHCGOPMAaTOPOR € ECTECTBERHEIM OXAAKAGHNEM MOLLHOCTTHIO B0 2500 kB - A, ¢ riaakumm,

BOAHUCTHMM 1 TPYGuaTLiMM Gaxamn wau ¢ Gaxammn, nMelowMMy paguaropbl 683 coepuHUTens, AONYCKaeTCA NPUHUMATh
CPeaHIo TemMnepatypy Macna pasHoi 80 % TeMnepartypel Macna B BEPXHUX CADRX.

5.3.5 UaMmepeHue TeMrniepaTypbl 31EMEHTOB METaJNIOKOHCTDYKLUA

Ons naMeperna TemnepaTypb NOBEPXHOCTEN SN1EMEHTOB METINOKOHCTPYKLWA C NOMOLLLIO TEep-
MOMap 1x cnavt NpMnNamnsaioT, NPUBaPUBaIOT WK 3aNPeCcCOBLIBAIOT B CNeuuanbHLIe OTBEPCTUS.

[na namepenns Temnepatypbl NosepxHOCTU 6aka n NaTpy6GKOB CUCTEMBI OXNAXAEHUS Cnaii Tep-
Monapel AONYCkaeTCA NpMBapueaTh MAN NPUNAUBATL HE K CaMOK NOBEPXHOGTH, a K TOHKOW MeTannu-
HECKOW niacTuHke unn gonsre pasmepamu He MeHee 2 x 2 CM. 3aTeM fNaCTUHKY NPUKAeNBAIOT UAn
NAOTHO NPUXUMAIOT K NPEABapUTENbHO OYULLEHHOM OT KPacku NOBEPXHOCTH, TLWATEILHO U30AUPYIOT
Tenaonaonsuuein (acbecT unu peanHa) oOT OKpyxaiolueit cpeasl.

Ans namepenns Temriepatypbl Macna 86i13n anemMeHTa MeTanNoOKOHCTPYKUMN TepMonapoi ee
cnai 3aKpennsioT Ha pacctosiiui oT 30 0o 60 MM OT MecTa yCTaHOBKW TepMortapbl Ha NoBEepPXHOGCTH
3NeMeHTa METaNOKOHCTPYKLIUKU.

Alna usmeperun temnepaTtypsl NOBEPXHOCTN B BEPXHEW YaCTU MarHUTHOM CUCTeMb! Cnait TepMO-
napel yCTaHaBAUBAIOT MeXAY JMCTaMKn LEeHTPaNbHOro NakeTa Ha raybuHy ot 15 po 25 mm.

Mpu ucnbiTaHun Cyxmux TpaHCHOPMATOPOB ONR OrpeaeneHus HacTynMBLLEro TeNjJoBoro pasHo-
BECMA YCTaHaBNMBAIOT TEPMONaps! 8 CNeayowmx Mecrax:

— B LIEHTPanbHOM HacTh BepxHero apmMa — 4NN 3auuuleHHbIX U He3aluLLeHHLIX TpaHCghopMaTopos;

— B LEHTPe BepxHel 4acTn NOBEPXHOCTWU KPbiliKK U B UEeHTpe GOKOBOK 4acTU NOBEPXHOCTU
repMeTH4HOro KoXyxa — Ans repMeTU4HsIX TpaHcHOopMaTopos 1 TpanHcdopMaTopoB, NONHOCTLIO NO-
MELUBHHKIX B FrePMETUYHBIA KOXYX.

MecTa ycTaHOoBKM TepMonap Ha NOBEPXHOCTRX 3N1EMEHTOB META/LIOKOHCTPYKLMIA, Tpacca ux Npo-
xoxaeHus BHyTpu Gaka, cnoco6 BbiBeaeHus 3 Gaka 3a npeaensl TpaHcHoOpMaTopa A0MKHLI BbiTh
onpegenexsl pa3paborynkom ypaHcgopmaropa.

5.4 OnpeneneHue cpenHeit Temneparypbi 0GMOTOK

CpepaHiolo TeMnepartypy 06MOTOK ONPeAenaioT METOAOM U3MEPEHU] UX CONPOTUBNEHUA NOCTO-
fAHHOMY TOKy o FOCT 3484.1. [ina TpexdasHbix TpaHCHOPMATOPOB U3MEPEHME NPOBOAAT Ha cpea-

HEeM CTepXHE.
OtHouweHue conpoTuanenna A, npu Temnepartype 6, B rpagycax Lienscus k A, npu Temneparype

8, B rpagycax Lienscus paccuuTLIBaloT no Gpopmynam:

ﬂz_ _ 235+92 . 2
AN Meou R, " 23570, (2)

Ry 22546, )
LA aNIOMUHUA R, 225+89,

Npumevanve —
MHaeKC 1 — OTHOCUTCH K M3MBPEHMAM CONPOTUBNEHMA M TeMnepaTypbi OSMOTKM B XONOAHOM COCTOSHUN.
WHABKC 2 — OTHOCMTCA K U3MEPBHUAM CONPOTHBNBHNA ¥ TeMNepaTyphl OGMOTKM B rOPAYeM COCTOSHUM,
Conpotusnenue A, Bcex 0GMOTOK USMEPSIOT NPU yCTaHOBMBLLIEHCS TeMnepaType TpaHcdopMma-
TOpa, PaBHOW TeMnepaType okpyxXaloLllei cpepol, B cooTseTcTun ¢ B.9 u B6.10 npunoxexus b. Co-
npoTUBNEHWE A, U3MEPSIOT Npy Temnepatype, KOTOPYIO OnpeaensioT no bopmyne:
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ans Meam 0 = Eg_(235 +0y)-2835; (4)
1

NS ANIOMUHNS 0, =%2-(225+e,)-225. (5)
1

TemnepaTtypa BHellHell Oxnaxaaiowei cpeabl B MOMEHT OTK/IOYEHWS OT WCTOYHMKA MUTaHWS
paBHa Af,,.

KoHe4yHoe npesbilieHe TemnepaTypbl 06MOTKM AD °C, paccuuThiBaloT no hopmyne:

obm’
ABoey =82 ~ By - (6)

ConpoTtuenenns o6MOTKM Nocne OTKAIOHEHUA TpaHchopMmaTopa OT UCTOYHUKA NUTAHWS U Ha-
rpyaku onpegensioT no 5.5.

5.5 Onpenenexne cpefHell Temnepatypsl 06MOTKM nepen, OTKNIOYEHUEM
OT UCTOYHMKA NUTAHUA

flpy UcnbITaHWM Ha Harpee HenocpeacTBeHHO nepeqd oTkAYeHWeM TpaHcdopmaTopa Heo6xo-
BWMO onpenenvTb CPedHIo TeMnepaTypy o6MoTKuM.

Cpasy xe nocne oTkniodeHUs TpaHcHOPMAaTOpa OT UCTOYHUKA NUTaHWS M3MepuTesbHas uenb
NOCTOAHHOrO TOKa NOAKNIOYaeTCH K BbIBOOAM O6MOTKM dasbl, CONPOTUBNEGHWUE KOTOPOA M3MepPsIoT.
MNepsoe namepeHve conpoTMBneHMa 0GMOTKU JOMKHO ObiTb NPOBEAEHO B TeHeHWe BpeMeHu, 4ocTa-
TOYHOro AnA o6paTHOW BKCTPANONAUMM K MOMEHTY OTKo4eHua (06bivHO 4epe3 60—120 ¢ nocne
OTKNIOYEHUA),

MeTogunka namepeHus conpoTueneHus o6MoTkn npueeaeHa B NnpunoxeHun [,

5.6 Nonpasxmn

Ecnu 80 BpeMa UCNbLITAHUA HEe CMOFAW NONYYMTLb 3afaHHble 3HaYeHUs NoTepb WAKM Toka, TO B
pe3ynbTaThl UICNbITAHUA CheaQyeT BHECTU NONpaBku NO cnenylownmM dopmynam. OHu npUMeHuMb! ona
auanasoHa = 20 % OT 3a4aHHOro 3HaYeHust notepb U = 10 % OT 3aAaHHOIrO 3HA4YeHUsa ToKa.

Nony4yeHHoe Npu UCNBITAHUKM NpeebilieHne TeMnepaTypbl Macna Hag TeMnepaTypoil oxnaxaan-
wen cpeabl YMHOXAIOT Ha KO3DPULUEHT, paBHbLIA OTHOLLEHUIO

cymmapHble notepu | (7
noTepy fipU UCNbITAHNM

rae X NPUHAMAeTCA PaBHbIM:
0,8 — ona pacnpenenuTensHbiX TpaHCHOPMATOPOB (eCTECTBEHHAA LUPKYNALMA Macna, Makcu-
ManbHas HOMUHaNbHaA MOWHOCTL 2500 kB - A);
0,9 — ansa TpaHcdopmMaTopoBR 60MbLWOA MOLLHOCTU C eCTeCTBEHHON uupKyauueil macna B 06-
MOTKaXx;
1,0 — ans TpaHchOpMaTOPOB C NPUHYAUTENLHOR UMPKYNaUMen Macna U C NPUHYAUTENBLHOR UMp-
Kynsiuuen mMacna ¢ HanpasneHHbIM NOTOKOM,

MonyyeHHoe Npu UCNbITaHUK NpesbileHne cpegHel TemnepaTypbl 06MOTOK Hag cpegHei Tem-
nepartypoi Macna YMHOXaIOT Ha KO3hOUUNEHT, PaBHbIA OTHOLUEHWUIO

11
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HOMMHanbHii ToK | (8)
TOK MPW MCMBITAHUM | '

roe y NPpUHUMAaeTCH PaBHbIM:

1,6 — anA TpancGOpMaToOPOB C ECTECTBEHHOW YU NPUHYANTENBHON UMPKYNsUMen Macna;

2,0 — ang TpaHchOpMaTopoB C NPUHYAUTENBHOR LMPKYAALMER Macna C HanpaBAeHHbIM NOTOKOM

8 o6moTKax.

McnbiTanust Ha Harpes TPaHCGOPMaTOpPOB C NMPUHYAWUTENbHOW UMpKYAAuuein macna 6e3 cob6-
CTBEHHOW CUCTeMBI OXNTAXAEHNA — N0 NPUAoXeHnio M.

WMcnbitaHua Ha Harpes MacnsaHbIX TPaHCHOPMATOPOB C HOMUHANBHOW YacTOTOM 60 MLy OT NCTOM-
Huka ¢ YactoToi S0 My — no npuaoxexwio H.
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NPUNOXEHWE A
{cnpaBoyHoOe)

NEPEMEHHAS HATPY3KA. MATEMATUYECKASI MOAEJTb U UCNBITAHUA

A.1 O6uwue nosoxeHus

PeaynbtaThl UCNkiTaHui Ha Harpes No 5.2 MoryT GbiTb MCNONL30BaHLI NS OUEHKU NPeBbiLeHNs
TEMNepaTyph! B YCTRHOBUBLUEMCS PEXUME MPWU NEPEMEHHbIX Harpyakax, a Takxe A5 OUSHKU Npesbl-
WEHUA TemnepaTypbl B HEYCTAHOBUBLLEMCA PeXuMe (€CAWU UIBECTHA TENAOBas NOCTOAHHAR BPEMEHM
Tpaxncgopmaropa).

Onst TpaHchOPMaTOPOB MaNon U CpeaHen MOLWHOCTM Takas OueHKa NPoU3BOAMTCH B COOTBET-
CTBUU C 0ObI4HOM MaTeMaTUYECKOM MOaensio, KOTopan npuseneHa B A.2 u A.3.

Ana Tpanchopmatopos G0OnbLION MOLHOCTU AOCTOBEPHOCTL 3TOro MeToga Hwke. [nA Takux
TpaHchOpPMaTOPOa NPYU NPOBEASHNM AHANWU3a HAarPy304HOM CNOCOGHOCTH, HaNpUMep, B CBA3M C aBa-
pUiiHOM neperpyskoi CBbILE HOMWHANLHOW MOILHOCTY, PEeKOMEHAYeTCA Nony4YuTh faHHble, OTHOCA-
wmecn K KOHKpeTHoMY TpaHcdopmaTopy. OamH 13 METOA0B 3aK/II04aeTCA B NPOBEAEHUK crneuvans-
HOMO UCTLITAHUA C NEPEMEHHOM Harpyakon Cabille HOMUHAABHOM MOLHOCTU. PexoMeraaLmum no mMe-
TOAWKE NPOBEAEHUs UCTIbITAHKA, U3Mepennii u HabmoaeHun — cornacHo A.4,

A.2 MaTemaTuyeckan Moaenb pacnpeaeneHua Temnepatypsl B 06MOTKe MacnsHoro TpaHcdop-
matopa, [onsTMe Hanbonee HarpeTon TO4KK

Oxnaxualou.lee Macno BXOAUT B HUXHIOK 4aCTb 0B6MOTKM U umeeT TemnepaTtypy HMXHero cnos
macna. OHO noaHuMaeTcsa BBepX No 06MOTKe, U NPeanoaaraeTes, YTo 8ro TemnepaTypa noBeLiLaeTCs
JNIMHeRHO No BLICOTE 06MOTKM. Tenno B 06MOTKe NepenaeTcs 0T 06MOTKM K Macily B4oNL Bce o6MOoT-
Ku. STa nepegaya Tenna xapakrepusyeTCa NepenasoM Temrepatypbl Mexay 0OMOTKOR U OKPYXalo-
MM MacAOM, KOTOPLINA, Kak npeanonaraeTcs, 0AMHaKoB NO BCel BoicoTe 0OMOTKU. Ha rpaduke {pu-
CyHOK A.1) TemnepaTypa 06MOTKM 1M TemnepaTtypa Macia NpeacTasneHb! AByMS napannenbHbIMU fin-
HUAMU,

Haubonee Harpertas Touka
Macno B BepxHen yactn  Ogeu — 0,

Bepx o6MoTK1 -
CpepHee 3HaueHue Temrneparypbi
B BEPXHEN 4acTn OOMOTKM
Macno
B cpepHed
-2 ggw -8 - CpeaHee sHaueHue Temneparyphi
,' B CpeaHen yactn BoMoTKu
{
]
!
Macno 1
B HUXHEW [}
HY3 OBMOTKN  Leegioc ! - {

MNpesuiueHne remMnepaTypol

PucyHok A.1 — 'paduk pacnpeaensHna TeMnepaTypsb!
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MNpegnonaraeTcs, YTO MaKCUMaNLHAA TemrepaTypa, BO3HUKaIoWas B N060i Touke 06MOTKK (Tem-
nepaTtypa Haubonee HarpeToi TOYKW) yKasbiBAET TemMnepaTypHbIid Npeaen Harpysku TpaHcdopmaro-
pa. Kax npasuno, apyrne 4actv TpaHcdopMaTopa, HanpuMep, Bogbl, TPAHCHOPMATOPbLI TOKa UK
YCTPOACTBA NepeK/oNeHns OTBeTBAEHUI BuIGMpaloTCA TaK, YTOBbl HE OrpaHV4MBaTb Harpy3oqHyH
cnoco6HOCTL TpaHcdopmaropa.

B BepxHeil yacTn 06MOTOK O6GRIMHO MMEeeT MECTO KOHLEHTpauus noTepb OT BUXPEBLIX TOKOB, U
0OMOTKM MOIYT UMETh YCUNEHHYIO DNEKTPUYECKYI0 M3ONALMIO, KOTOpas YBENMYMBAET TENNOBYID U30-
AAuKo. BoT nodeMy daktuyeckuii nepenan NoKanbHOR TemMnepaTypsl Mexay nPoBOAHUKOM U MaC/oM
MoXeT ObiTh Bhille «KoadduumeHTa Haubonee HarpeToi TouKu». BTOT KOapDULNEHT NPUHUMAEETCH
paBHbIM OT 1,1 — Ons pacnpegenvTenbhbiX TpaschopmaTopos Ao 1,3 — ANA CUNOBBIX TpaHcdopma-
TopoB cpegHero rabaputa. B 6onbwiux TpaHchOpmMaTopax, B 3aBUCUMOCTM OT TUMA KOHCTPYKUUK,
MMEIOTCH PacXoXaeHusi, 06 3TOM W3roTOBMTENb AOMKEH NOAYYUTL MHpOopMaLmIo 80 Toro, Kak GyayT
nposeaeHsl hakTU4eckue U3MepeHus, Hanpumep, 8 COOTeETCTEUU C A4,

3a pa3HOCTL TeMnepaTyp 06MOTOK U Macna B YCTAHOBMBLLEMCSH PeXnMe NPUHUMAETCH Pa3HOCTL
MEXAY CpeaHein TeMnepatypor o6MOTOK, M3MEPEHHOM N0 COMNPOTUBAEHUIO, U CpedHel TeMnepary-
poit Macna no 5.4 n 5.3 COOTBETCTBEHHO.

B yCTaHOBMBLLEMCH PEXWUME NPeBbILLEHWe TeMnepaTypsl Hanbonee HarpeToi ToHYKK Hag Temne-
paTypoit oxnaxgalowiei cpenpbl (BO3Oyx wnM BOJA) RBNRETCH CyMMOW NPEBLILIEHUA TeMmneparypsb
Macna B BEPXHWX CNOAX Haj TeMnepaTypoi OxXNnaxaaiowen cpeas U npousseaeHus koadduuymeHTa
Haiibonee HarpeToi TOYKN Ha PA3HOCTL CpeaHUX TemnepaTyp 06MOTKM M Macha.

aMepeHHbie 3Ha4YeHWs NpeBbileHMs TemMnepaTypel B YCTaHOBUBLUEMCA peXuMe Npu onpege-
NEHHOWN Harpyake UCNONb3ylOTCA Ons pacydeTa COOTBETCTBYIOWMX NPeBLILUeHUA TemnepaTypsl npu
nepeMeHHo’ Harpyake NocpeacTBoM KOadOUUNeHTos, npuseneHHbuIX B 5.6. 3T TMNMYHbIe 3HAYeHNR
noaBepxXeHs UaMeHeHUAM M 060CHOBaHLI C HEKOTOPOW TOHHOCTBLIO TONBKS AJIA OrPaHWYEHHOro Ava-
nasoHa uamMeHeHus Harpyaku. B 5.6 npveegeHbl JOBOMbHO Y3KMe OrpaHUYeHUA C Lesbio OLeHKu pe-
3yNbTATOB UCMbITAHUIA, KOTOPbIE JOMXHb BiTh rapaHTUPOBaHb!. A pacyeTos, TPeGyOLLMX MeHbLuen
TOYHOCTH, C NOMOWbIO NOKa3aTesiel CTeNeHn MOXHO MONY4MTb peaynbTaThl ona Gonee LWMPOKOro
ananasoHa Harpysok.

A.3 MNepemeHHan Harpyaka uau oxnaxaeHue. Tennosbie NOCTOAHHLIE BpeMEHU

Korna nameHsieTCA Harpyska uin UHTEHCUBHOCTb NPUHYAUTENILHOMO OXJIaXaeHus, Temneparypa
05MOTOK 1 Macna MeHAeTCA C HeKOTOPOM 3aaepXKoit. ATo 06bIYHO NPesCTaBNAETCA C NOMOLLLIO ABYX
NOCTORAHHLIX Bpemewn. OgHa N3 HUX OTpaXaeT TennoemMKoCThL TpaHchopMaTopa B UENOoM (Tennoem-
KOCTb MacChl Macsiia urpaeTt ponb AOMUHaHTbI). OHa 06bIYHO cocTaBnseT oT 1 A0 5 4, MeHbuwe and
MOLUHBIX TpaHCHOPMaTopOs C NPUHYAUTENbHLIM OxnaxpeHuem u Gonbiie ana TpaHCHOPMATOPOB
C eCTeCTBeHHbIM oxJlaxaeHueM. [ipyran NnoCTOAHHaA BPEMEHU UMEET 3Ha4eHne MeHbLIEero nNopaaKa,
ot 5 no 20 MuH, 1 oTpaxaer NPOUECC U3MEHEHUA PasHOCTU Temnepatyp oOMOTKM U mMacna npu
M3MEeHeHUU NoTepb BCAEACTBME PACCeRHUA.

B HeyCTaHOBUBLLEMCS peXMMe NpeBblileHne TeMnepaTypel 0GMOTKU Hag, TeMnepaTypoii oxnax-
Aalouwero s03gyxa WM Boabl ONpeaenneTcA Kak Cymma npesblileHust TeMnepaTtypbl macna ¢ 6onb-
LLIO¥ NOCTOSIHHOM BPEMEHW U NpeBbitieHns TemMnepaTypsl 06MOTKMU Ha TemMnepaTypoKi Macia C Manol
NOCTOAHHOW Bpemenn. MaremaTuyeckue Mogen UIMEHEHUs NepexoaHo TemnepaTypel B 3aBUCHK-
MOCTHW OT BpemeHu npueeneHsl 8 MOCT 14209 ana macasHbix TpaHCHOPMaTOpPOB..

MartemaTuieckue Moaenu pas Cyxux TpaHchopmaTopoB npeacrasnexbi B FOCT 30221,

A.4 PexoMeHAaUnM NO UCNLITAHKSIM Ha HArpee NPy NepemMeHHo Harpyake

Mo cornacoeaHnio Mexay uarotoeuteneM 1 noTpebutenem gonyckaeTca NPOBOAUTL UCMbITAHMA
Ha HarpeB C HarpysKkoi Bbille HOMUHANLHOIO TOKA B TE4EHWEe OrpaHUYeHHOro nepuoaa BPEMEHM.
Takoe ucneitaHue, HanpuMep, MOXET GLiTb C LeNbic UMUTaLUU Nepuoaa NUKOBOW HArpy3ku B Teye-
HWe CYTOK B aBapuiHON cuTyaumu.

PexomeHayemeiit rpacduk Harpysku npeacrasnset co6oi onpeaeneHHoe 3sHa4eHue ToKa, Boipa-
XEHHOEe B AOMSIX HOMUHANLHOFO TOKA U C OnpeaeneHHON NPOAC/HKUTENILHOCTLIO, NOCAE Yero UCnbiTa-
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TeNbHLIA TOK OTKNIOYBETCA. B pexume KOpPOTKOro 3aMelkaHus UCNLITaHME NPOBOAAT TakuM Xe o6pa-
30M, KBK U UCNLITAHWE B YCTAHOBUBLUEMCA peXxvuMme NPy HOMUHANLHOW Harpyske. (3Havexne aanaH-
HOMO TOKa Harpyskn MoxeT OuiTk BbIGPAHO C YHETOM NOTEPb X0sI0CTOro X0Aa).

Ans npoBeaeHWs ucneiTaHua HeoGX0aUMMO yKa3aTh Cnegyiouine napamMeTps!:

— Ha4anbHbIt TeMNepaTypHbii pexviM TpaHchopmaTopa: 60 TemnepaTypy oxnaxnaiouieit cpe-
Abl, (6o 8Ty TeMnepaTtypy C AONONHUTENbHLIM €€ NOBLILLEHWEM B YCTAHOBMBLUEMCS PEXUME npwm
TOK® 3aJaHHOW «npefBapUTeNbHON HAarpyaku» B QONSAX HOMUHANLHOMO TOKA;

— 3HaYeHne (NOCTORHHOE) UCMbLITATENbHOrO TOKA, BblPAXEeHHOe KPaTHLIM HOMMHASMBHOrO TOKa,
W ero 4/IMTe/IbHOCT,;

— MakCumantHOoe 3HaueHwWe MpeBbilleHUst TeMnepaTypbl Macna B BepPXHWUX CRORX U cpepnHed
TemnepaTypsl 06MOTOK (U3MEpPEeHHOE MEeTOAOM M3MEHEHUS CONPOTUBNIEHUS) B KOHLE NCNHLITAHUA. 3TO
TpeboBaHve HeoGraaTenbHoe. VicnbiTaRWs NPOBOAAT TOABLKO ANf NoAy4YeHus nHopmauwum, 6e3 npen-
BapUTENbHOro COrnacoBaHuA NpeaenbHO AO0MYCTUMbIX NpesLitleHnit TemMnepaTypb;

— cneynancHble HaGNIOAEGHUS UAN N3MEPEHUR, TAKME KaK: HENOCPEACTBEHHLIE N3MEPEHUN TeM-
nepartypsl Hanbosee HarpeToil TOYKW, MamepeHns NpeBbilleHnA TemnepaTypbl cTeHkn Haka u Bo3-
MOXHbIE OrPaHUYEHUs, CBA3IAHHLIE C HUMK.

PacueTbt, KacalLMecs peansHbiX LWMKI0B Harpy3ku, MOryT GbiTh BbiNOAHEHL! NO MeToAMKE, NpK-
segeHHoit B TOCT 14200, c uenbio NpoBepkn ux NpUGNIMKEHHOR KBUBANEHTHOCTH YNPOLLEHHOMY
LUMKNY UCNbITaTEALHOW Harpyskun Yepea MakCuMyMbi TeMnepatyphi. 40/XHO BbiTb OroBOpeHO — TPaHG-
¢$OpMaTOp Ha HAa4yaN0 UCNLITAHUR MMeeT TeMNepaTypy OKpyXaloluei cpeabl, KM TemMnepaTypy, CooT-
BETCTBYIOLLYIO YCTAHOBUBLLEMYCH PEeXUMY NpY TOKe 3afaHHOWN nNpeaBapuTenbHoOl Harpyasku. Tok Bbi-
paxaioT B ONAX HOMUHANLHOrO TOKA.

TeMnepaTypHbie A8THAKWN YCTAHABAMBAIOT B TEX Xe TOYKaX, YTO U Npu NPOBeAeHUr UCNbITaHus
Ha Harpes B YCTAHOBMBLUEMGH pexume. TemnepaTtypa Macna n o6MOTOK (CpeaHee 3HaYeHue no us-
MEHEHWIO CONPOTUB/IEHINS) B MOMBHT OTKAIOHEHWA ONPeLensieTcs CTaHAapPTHLIM METOAO0M.

Mo cornacosaHuio Mexay narotosutenem u notpebutenem BHyTpu Gaka TpaHcdoOpMaTopa Mo-
ryT BbiTh UCNONL30BaHbL! AONONHUTENLHLIE TEMNEePaTYPHLIe AaTHMKK, EChv 4aTiMkn yCTaHOBNEH! BHYTPH
0o6MOTOK 4ns perucTpalmMm TemnepaTypel Hanbonee HarpeTol TOHKN, PEKOMeHAYETCH UCNOAL30BaTE
HeCKONbKO AAaT4MKOB OJHOBPEMEHHO. 3TO HeoBX0AWMO NOTOMY, YTO 3apaHee Heu3seCTHO TO4Hoe
MeCTO HaxoxagHus Hanbonee HarpeToi ToYkW. JlIokansHas TeMriepaTypa MOXeT MEHRTLCA OT TOYKU K
TO4KE, & TaKKe C Te4EeHWeM BpEeMeHW, B 3aBUCMMOCTM OT USMEHEeHUs notoka macna. Heobxoanmo
TaKKke NPUaHaTh, YTO AENCTBUTENbLHANA UAMepeHHasn floKanbHan TeMnepatypa B MOWHLIX TpaHcdop-
MaTopax MOXeT 3aMeTHO OTAW4ATLCS OT Pac4eTHOMR, NONy4eHHOW B COOTBETGTBUWU C NPUHATHIMK Ma-
TemaTmieckummn moaenamu no A.2 n B FOCT 14209,

[0 Hakoniexns JO0CTaTOMHOrO ORbITa NPOBEAEHUA USMEePEeHUA B TpaHchopMaTopax aHanoruy-
HOW KOHCTPYKIUM UCTIBITaHUS CneayeT NposoavuTL KaK NCcCAefoBaHug,

C Uenbid CHUXEeHUR pUCKa NoBPEXAeHUs TRaHCHOPMETOPOB BO BPEMA UCMLITAHUS MOXET OCy-
LWECTBAATLCH KOHTPOb 38 I0KANLHON TemnepaTypoit 6aka U aneKTPU4ECKHUX CoeauHeHnin. Uamepe-
HYe TeMMnepaTypbl 3NEMEHTOB METaNNOKOHCTPYKLHA BHYTPWU TPaHChOPMaTopa ¢ NOMOWEIO BPEMEHHO
YCTaHOBNEHHBLIX AaTYMKOB MOXET CNYXWUTb TeM Xe LensMm.
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NMPUNOXEHUE B
(o6s3aTensHOe)

NOCJIEAOBATEJIbHOCTb NPOBEAEHUA UCTILITAHUNA

B.1 UenbiTanuio Ha Harpes noasepraioT NONHOCTLIO cobpaHHbie TpaHchopmaTopsl. JonyckaeT-
Cs He MOHTWMPOBATb B/IEMEHTLI, HO BAWSIOLLME HA TENNOBOA pexum TpaHcopmartopa, HanpuMep,
UCKPOBbLI@ NPOMEXYTKW Ha BBOAAX.

TpaHchopmaTopsl crenyaT UCNLITLIBATE G COGCTBEHHON CMCTEMO OXNAXAEHUS.

TpaHcOpMaTopbl C NPUHYAUTENBHOA UMPKYNALUEA Macna JOMyCKaeTCs MCMbIThiBaTh HA Ha-
rpes, NOAKAIOYAs K TPAHCHOPMATOPY CTALMOHAPHYIO UCNbITAaTeNbHYI0 CUCTEMY OXNaXKOEHUA BMECTO
ero co6CTBeHHON. B aTOM Cnyyae NpesbilleHUs TeMnepaTypbi Macia B BePXHUX CNOsIX 1 cpeaHei
TeMriepaTtypbl Macna onpepensiioT pacyeToM No pe3ynbTartaM UCNbITaHUs oxnaguTenei OTAeNbHO OT
TpaHcdopmaTtopa. lpn NnpoBeAeHN 3TUX UCTILITAHWIA ClefyeT PYKOBOACTBOBATLCA YKa3aHUAIMM B CO-
OTBETCTBUK C NpUNoxXeHunem M.

Mo BbIGOPY narotosuTens TpaHchOpMaToOpLl UCNbITLIBAIOT OAHUM U3 METOROB no 5.2.1; 5.2.2;
5.2.3 nha macasHbix TpaHcdopmaTopoB u no 5.2.1; 5.2.3; 5.2.4 — pnA cyxux TpaHcHOpMaTOPOB.

[Ons yckopeHns Harpesa AonyckaeTCs B HA4ane UCNbITaHUA NPU BIJHOYEHUN C XONOQHOro COCTO-
AHUA YCTaHaBnMBaTh B O6MOTKaxX yBENMYEHHbBIA TOK, HO He 6onee 150 % HOMUHaNLHOrO TOKa B Teve-
Hue OT 2 A0 3 4 ANA MACNsAHBIX TPAHCHOPMATOPOE U B TeyeHue He bonee 14 — gna cyxux TpaHchop-
MarTopoBs. JlonyckaeTcA yxyawaTth YCAOBUA OXNaXOEHWs, OTKMOYaTb Y4acTb oxnaautenei unu BCO
cuctemy oxnaxaeHus. Mo poctuxenun 70 % 0XvMAAeMOro KOHEYHOrO NPeBbIEeHUs TeMnepaTypbl
KOHTPOAMPYEMOrO 3/IEMEHTa, AOMXHbLI GbiTb BKAIOYEHbI OTKAIOMEHHBIE 0XNaauTEeNn N BOCCTaHOB/EHbI
HOMUHANbHbIE YCNOBUSI OXNAXAEHUA M Harpyaku.

MNpn ucnbiTaHUK cyxux TPaHCHOPMATOPOB NPOAOMNKUTENLHOCTL TENJIOBOI0 PeXuma C YCTaHOB-
NEHHLIMU UCNBITaTeNbHBIMKU TOKamMu B 06MOTKax MoxeT GbiTb CokpalleHa, ecnu npeasapuTentHo,
DO YyCTaHOB/IEHUSi TOKOB, NPOBECTU UX Harpes B OMbiTe XOAOCTOro X0Aa B TeHeHne He meHee 12 4.

Yka3aHHble MEPONpPUSITHUS AOMYCKAIOTCS, €C/Iu OHU He NpoTuBopevaT TPe6GoBaHMAM TEXHUYECKON
LOKYMeHTalLMKM Ha TpaHcdopmMaTop.

B.2 B npouecce ucnsiTaHna ans onpeaeneHus ero NPoAoIXUTENbHOCTA HeOBX0AMMO KOHTPONU-
poBaTh:

— NpeBbileHNa TeMNepaTyp NOBEPXHOCTH MarHUTHOM CUCTEMbI UAKM KOXYXa (ana TpaHcdopma-
TOPOB, NONHOCTBIO NOMELLEHHBIX B rePMETUYHbI KOXYX) 1 0BMOTOK (NPU MX N3MEPEHUN HANOXEHHbIM
NOCTORHHLIM TOKOM) HaZ TemnepaTypoit oxnaxaaiowero Bo3ayxa — ANs CyXux TpaHCchpOpPMAETOpOB;

~ NpeBbiLIEHNe TeMNepaTypL Macna B BEPXHUX CNOSX HAL TeMnepaTypoin oxnaxzaaioilen cpeapt
— ANnA MacnfHbix TpaHcHOPMaToOpOB;

~— NpesbllueHre TemnepaTypbl NOBEPXHOCTU MarHUTHOW CUCTEMbl Haf TemnepaTypoil macna
B BEPXHUX CNOAX — ANS MaCNSAHbIX TPaHCHOPMATOPOB, UCMBITHIBAEMbIX B ONbIT@ XONOCTOr0 Xo4a.

B.3 UcneiTanus cneflyeT NpogosixXaTb 40 YCTAHOBUBLUErOCH TENNOBOro pexumMa, Koria KoHTpo-
nupyemMoe no 5.2 npesbiweHue TeMnepaTypbl naMeHseTcs He Gonee sem Ha 1 °C B yac B TeueHne
He MeHee 3 4, NPpY 3TOM KOHE4HOEe NPeBbilLeHMe TeMnepaTypbl Macna B BEpXHUX CNORX onpeaensior
8 COOTBeTCTBMM C pucyHkoM A.1 npunoxexua 4.

5.4 Mpwn ucnbiTaHuax N0 MeToAy HenoCPeACTBEHHON Harpyaku U METOMy B3aUMHOM Harpyaku
Harpes NpPoAoMXaloT A0 AOCTUXEHUS YCTaHOBUBLLIEroCs TennoBoro pexuma no 6.3, nocne vero on-
penensioT npesbllueHWe TemMneparypbl Macna 8 BePXHUX CNOAX, NOBEPXHOCTU MarHUTHOM CUCTEeMb!,
9N1EeMEHTOB METaJUIOKOHCTPYKLMIt U NPEeBLILEHUS cpeaHen TemnepaTypei 06MOTOK (Npy UamepeHun
MX COMPOTUBAEHUI HaNOXeHHbIM NOCTOAHHLIM TOKOM) Haf, TeMnepaTypon oxsiaxaaouiei cpenbl.

Ecnn uamepeHue CoOnpoTUBAEHU 0OMOTOK NPOBOAAT NOCNE OTKNIOMEHUA TpaHcgopMaTopa oT
UCTO4HWKA NUTaHUA, TO O ONpeaeneHus NpesbilleHus TeMnepaTypbl BTOPOi 06MOTKK (nocneayio-
LWnx 06MOTOK) CaeayeT NOBTOPWTL HArpeB B TeYeHWUE He MeHee 2 4.
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B.5 pu ucnbitaHn MachsiHuiX TpaHCHOPMATOPOB Mo 5.2.2 Ha NEePBOM aTane UCMLITAHWA KOHT-
PO/ib TENAOBOro pexumMa A0NyCKaeTcs OCYWECTBARTL NyTem uameperus Toka (6e3 npaMoro uamepe-
HUSi NOTePs), NPK 3TOM YCTAHABIMBAIDT TOK /', paccunTLiBaeMbId No dopmyne:

Yet . | ZP (6.1)
P = hou 5

rae TP — cymmapHbie notepy, BT;

Pgp— NOTEPU KOPOTKOrO 3aMbikaHust, BT (no MOCT 3484.1).

Mo pocTuxeHnn yCTaHOBMBLUETOCH TENN080r0 peXxuma onpenensiorT NPessLiLeHns Temneparyps
Macna B BepXHUX CHOSIX U ero CpeaHen TeMneparypb Hal TeMnepaTtypon oxraxaaouleit cpeaw.

Ha BTopom atane ucnbiTanuil nepen OTKAOHeHeM ONPEeaensioT CPeAHIoI0 Temnepartypy o6mo-
TOK (NPY UX U3MEPEHUM HAIOXEHHBIM MOCTOAHHBIM TOKOM) U NPEBLILLEHUR TeMNePaTypbl INeMEHTOB
METaNNOKOHCTRYKUMWI Haa TeMnepaTypoit oxaxaaiowen cpenbl, a nocne oTKIOYeHUs onpeaensioT
CPeAHIon TeMnepaTypy OAHOIM 13 o6MoToK no 0.2 npunoxexus [1, ecam oHa He uamepsnach Hano-
XEHHbLIM MOCTOAHHLIM TOKOM B NPOLIECCE UCTLITAHUA.

Ecnun cpeanioo TemnepaTtypy 06MOTOK OnpenensioT B ABYX WK HECKOIbKMX NOCAen0BaTeNLHbIX
pexumax Harpesa HOMUHAAbLHLIM TOKOM, TO AN ONPefeneHns NPesbilleHns TemMnepaTyphl BTOPOA
06MOTKK (nocnenyiowmx 0GMOTOK) CriefyeT NoBTOPUTL HarPes TpaHC(OopPMaTopa CyMMapHLIMY NoTe-
PAMK B TeveHne He meHee 2 4. flocne aToro yCTaHoBUTb B 0OGMOTKE HOMUHANLHLIA TOK U NIPOAOAXUTD
Harpes B Te4eHne He MeHee 14, NocAe Yero onpefenvTs fNpesLilleHne TemnepaTtypbl BTOpo#i 06MoT-
Ky (nocnepnywouleir o6moTkH).

Ecnn cpepHioio TeMnepartypy o6MOTOK M3MEpSIOT B NpoLecce Harpesa MeToaOM HanoXeHUs
NOCTOAHHOrO TOKa Ha TOK HAIPY3KuU B COOTBETCTBUM C NpuoxeHnem E, TO NOBTOPHbie BX/MOYEHUS He
TpebyioTcs.

OrpefeneHve NpeebiUeHUs TeMnepaTyptl NOBEPXHOCT MAarHUTHOM cUCTeMB! CrhefdyeT onpene-
AATL B ONbiTe XONOCTOro xoaa B cooreercreun ¢ 5.1.4 n 5.1.7.

B.6 Mpn necneiTaHWu B ONbITE XONIOCTOrO X0Aa B TPaHCGHOPMATOPAX C NPUHYAUTENBHON LIMPKYAS-
uMei Bo3ayxa U Macna (B TOM 4UCNe C HarnpaBneHHbIM ABUXEHWEM Macna) OCTaBRIoT paboTalowmmm
HaCoCk Fpynitel XONOCTOrO x04a, obecneymsawme AsuxeHve macna B 6axe TpaHcdopmartopa. fipn
3TOM PEKOMEHAYeTCs OCTaBnsuTh paboTaloweil Takyld YacTk BEHTUASITODOB CUCTEMB! OXAaXOEeHUR,
Npi KOTOPORA MOXHO NONYYUTL TEMNEPaTyPy Macna, NPYMEPHO PaBHyio NONYYEHHOM Npu Harpese 8
ONbITE KOPOTKOrO 3aMbiKaHMS.

B.7 Ona macnsaHbix TPAHCHOPMAETOPOB, UCHEITYEMbIX METOAOM KOPOTKOIO 3aMbiKaHuUs ¥ XONOCTO-
ro xoAaa, npu onpeneneHUK NpesuilueHi TemnepaTypsl 0OBMOTOK, 3N1EMEHTOB METANNOKOHCTPYKUMNA,
fOBEPXHOCTM MarHUTHON CUCTEMbI B Pe3yNbTaTbl MCNbITaHUIA CheayeT BHOCUTL fONPaBKN B COOTBeT-
ctBuu € 5.6 n npunoxenunem XK. 3t nonpabBku 0OyCnosneHbl paanuivemM cpenHel TeMnepaTtypbi
Macna, temneparypkl Macna sbanan anemMeHTOB METaNNIOKOHCTRYKUMA U Macna B B8epXHUX CROAX
B ONbITE KOPOTKOrO 3aMbiKAHWS NPYU CyMMapPHbLIX NOTEPSAX U B ONbITAX KOPOTKOrO 3aMbiKaHuUs ifPU HO-
MWHaNIbHOM TOKE, M B OflbiTax XO0CTOrO X0A4a — PN HOMUHANLHOM HanNPsSXeHUN MU NpyU HOPMUPO-
BAHHbIX NOTEPAX Fyq.,.

B.8 Mpu ucnbitaHnm cyxmx TpaHchopMaTopos no 5.2.4 Harpes B pexume X0N0CTOro xoaa npo-
JONXaloT [0 NONYYeHus YCTAaHOBUBILErOCA TeNNOBOro COCTOAHMA 1o B.3 1 3aTtem namepsioT npesbl-
LUEHUR TEeMNePAaTYPbl MarHUTHON CMCTEMbI AB),, M OBMOTOK Ae;m. HenocpeacTseHHO Nocne ncnbl-
TaHUS B peXxume xXO0NOCTOrQ Xona NpoBOAAT UCNbITAHKE B ONbITE KOPOTKOro 3amulikaHua. McneitaHve
NPOACAXAIOT 0O NONY4YeHMA YCTAHOBUBLUIEIrOCA TenAoBoro CocTosHus no B.3, nocne wero NOBTOPHO
M3MEPSIOT NPEBbLILIEHNR TeMnepaTyp MarHMTHON CUCTEMMI AB',,,, u o6MOTOK Aefm.

5.9 3a cpenHioio Temneparypy 06MOTOK Cyxoro TpaHchopMaTopa B X0104HOM COCTOSIHUM — 6,
HaXoAALerocs He MeHee 16 4 B NOMALLBHWUM NPU eCTECTBEHHO M3MEHSIOWERCa TeMnepaTtype OxAax-
paouero soaayxa He 6onee Ha 1 °C B yac, He BKIIONABLUErOCA M HE NOABEpraBlierocs Harpesy oT
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CTOPOHHEro UCTOYHMKA TEM1a 3a aTO BpeMs, CnegyeT NPUHUMAaTL cpenHee apudMeTuiecKoe sHade-
HWe NoKasaHuiA ABYX TEPMOMETPOB, YCTAHOBMEHHLIX Y BEPXHEro 1 HUXHero kpaes 60K0BOW NoOBEpX-
HOCTW OHOM M3 HaPYXHBLIX OBMOTOK (AR TpexdasHeIX TPaHCHOPMaTopos — dassl B).

Ansa cyxux repMeTUdHbIX TPaHCGHOPMaTOPOB 1 TPAHCHOPMATOPOB, NONHOCTLIO NOMELLEHHBLIX B Fep-
METUYHBIA KOXYX, MPU BbilLeyKa3aHHLIX YCNIOBUAX 38 CPEAHIOI0 TeMnepaTypy 06MOTOK 8, Aonyckaercs
npUHUMaTL cpeaHee apupMeTnyeckoe sHayeHne nokasaHuii AByX Tepmonap (TepMoOMeTpoR), ycTa-
HOBJIEHHLIX Y BEPXHEro 1 HUXHero kpaes 60KOBOM NOBEPXHOCTH KOXYyXa.

HaiineHHas cpegHsis TeMnepatypa 06MOTOK B XON0O4HOM COCTOSHUWM NPY U3MEHeHUy Temnepa-
Typbl OXxnaxzaloiero soaayxa He 6onee yem Ha 1 °C B yac gomkHa SuiTh pasHa TeMnepaType oxnax-
[aloLUero Bo3fyxa, M3MepeHHOW B COOTBETCTBMM C 5,3.2 C npeaensHeIMK OTKIOHeH! My = 2 °C.

5.10 3a cpeaHol0 Temnepatypy 06MOTOK 8, MacisHOro TpaHcdopmaTopa Mpu aMepeHnn ux
CONPOTMBNEHWIA B XONOQHOM COCTOSIHMM NPUHUMAIOT CPEAHIOI0 TEMNEepaTypy Macna, U3MepeHHyIo 8
cooTeeTcTBMUM C 5.3.4.2.

[ns TpaHchOPMaTOPOB, HE BKIOYEBLUMXCR M He NOABepraBlIMXCR HarpeBy B TeyeHWe He MeHee
20 4, namepeHne conpoTUBIEHNA OGMOTOK B XONOOHOM COCTOSAHWUWA CneayeT NPOBOAUTL He paHee YeM
yepea 6 4 nocne 3anuekM TPaHCHOPMATOPa MacsoOM NpY cpeaHeil Temneparype macna He 6onee 40 °C.

Mpu 3anveke TpaHCHOPMATOPA rOPSHMM MaCNOM WKW, ECNU OH NPeABapUTENbHO HarpeBancs
ans 6onee GLICTPOro AOCTWXEHUA YCNOBWIA Onst namepeHun A, u 0,, OMYyCKaeTCR BKII04ATL CNCTEMY
oxnaxneHus. B aToM cnyyae namepenus A, u B, NpoBOAAT He paHee Yem Yepes 1 4 nocne oTKIove-
HWUS CUCTEMbI OXaxaeHUs (LMPKyAsLMa Macna npyu aToM He nNpekpailaeTcs).

B.11 Ons namepeHus npesblilleHWs TemnepaTtyptl OGMOTOK, HE UMEIOWNX BHEWHMUX Npucoeau-
HeHWA, ecnn NPOrpaMMon MCNLITAHKMA NPeaycMaTpuBaeTCsl M3AMepeHe ux Temnepatypbl OTAEeNbHO
OT 0O6MOTOK, K KOTOPbLIM OHW NPUCOEeAUHEHb!, Ha NePUOA UCNLITaHWA ChedyeT YCTaHOBUTbL AONONHU-
TenbHbIA 3aXUM (3aXKUMbl}, K KOTOPOMY NPUCOBAVHAIOT OTBOA yKasaHHOW 0GMOTKMN.

B.12 OnpegeneHue cpeaHero Harpeesa o6MoTkM, cocTosuen 3 06MoTok $as (cTepxHeit), fo-
nyCcKaeTes NpoBoaAUTL Ha 0B6MOTKe a3kl (CpeaHero cTepxHs) unm Ha o6mMoTkax Asyx ¢a3s (kpaiHero
¥ CpeaHero CTepxHeii), coeanHaIeMbIx NPy N3MepeHun CONPOTUBNEGHUA NOCNEA0BaTENbHO, ECNU 3TO
No3BONAET CXxeMa coeanHeHna 0GMOTOK. Mony4eHHbIM pesynsTaT pacnpocTpaHAeTCs Ha BCio O6MOT-
KY, €CN1 pacHeTHbIN Harpes 0GMOTOK 0QHOro HanpsixeHwus Bcex ¢as (CTepxHeil) 0OaMHaKoB.

B TpaHchopmaTope C NpUHYAUTENbHOW LMPKyAsLmMeid ¢ HanpasneHHbIM NOTOKOM Macia usme-
peHus cpegHero NPeBsLILLeHUA TemnepaTypsl 06MOTOK cnenyeT NpoBoaAuTh Ha 06MOTkax Bcex a3
(cTepxHen).

B.13 Ucnbitanns Ha Harpes TPaHGHOPMaTOPOB ¢ paciienneHHbLIMU 0OMOTKaMMU HU3LLIero Hanps-
XEeHUR AonyckaeTcs NpoBoauThE, COEANHMB MX HaCTW NOCNER0BATENLHO UM NapannensHo Tak, HTobbi
TOKM B 06MOTKax GbinM HOMUHANBHLIMKU MW B COOTBETCTBUM C 5.1.6.

3a cpegHee NpeBLIWEHUE TemrepaTypkl O6MOTKU HU3Wero HanpsXeHus O0NYyCKaeTcs NpuHu-
MaTb cpeaHee apnpMeTUYecKoe 3Ha4eHue NpeBbilleHnl TeMnepaTyp ee 4acTeid, N3aMepeHHbIX paa-
[enbLHO,

B.14 UcnbitaHus TpaHCHOPMATOPOB HOMMHANLHOM 4acTOTOA 60 Ty OT MCTOYHMKOB HACTOTOM
50 My — no npunoxeHuio H.
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NPUNOXEHKE B
{pexomergyemoe)

TPEBOBAHUA K CPEICTBAM UCTbITAHUA U TOYHOCTU UBMEPEHUIA

B.1 UcnbiTaHnus, KOHTPONb NapamMeTpoB UCNLITATEALHLIX PEXUMOB (NOTePh, TOKA, HanpsXeHus,
4acCToTh!) U U3MEpPeHne ConpoTuaieHna 06MOTOK NOCTORHHOMY TOKY A0MXHLI NPOBOAUTLCA C UCMONL-
30BaHUeM CxeM, CPeACTB UCHLITaHUiA 1 u3MepeHnin B cooteetcTeumn ¢ MOCT 3484.1, o6ecneunsaio-
LUMX UCNLITaTeAbHLIE PEXUMEI NPU 0AHOGDAZHOM W TPeXdha3HOM NPAKTUMECKN CUMMETPUHHOM U CUHY-~
COVAANBHOM HaNPAXEHMN HOMMHAILHOW HACTOTh! NPU HOMUHANBLHLIX HArPyakax ¢ MakCUMANLHO A0-
NYCTUMBIMU HEUCKJIIOYEHHLIMM NOFPELLIHOCTAMW n3MepeHua noteps B, = = 3,3 %, Toka B, = £ 1,5 %,
Hanpsxexus B, = x 1,5 %, yactothl p,= = 0,5 %.

B cxemax ucneitaHus ¢ HanpsxeHvem 6onee 35 kB ang namepeHus Toka, HanpsXeHus, NoTepb
A0NyCcKaeTcs UCNONL30BaTh M3MepHTeNnbHbie TPaHCHOPMATOPL! Knacca TOYHOCTU He Huxe 0,5.

Ana namepenusi conpoTUBNEHN 06MOTOK MOCTOAHHOMY TOKY [OMYCKAETCH NPUMEHSITL OAnHap-
HO-ABOWHOW MOCT KNnacca TOYHOCTU He Huxe 0,1; amnepMeTp u BONLTMETP KNacca TOHNHOCTU He HU-
xe 0,2. MNpu onpepenenn cONpoTUBNEHUA OBMOTKUN NyTEM N3MEPEHUs NafeHUs HanpsXeHua Ha 06-
MOTKE U 3TANOHHOM Pe3ncTope cneayeT NPUMEHATL BONbTMETP Kiacca TOMHOCTU He Huxe 0,2 n 06-
Pa3LoBbiii Pe3nCToOpP, COOTBETCTRYIOLWMIA KNAcCy TOYHOCTU He Huxe 0,2 (ponyckaeTcs NpUMeHAaTb
caMonuWYyW KA NOTEHUMOMETP Kilacca TOYHOCTU He Huxe 0,5). Bo Bcex cayyaax HeucknioveHHasn
NOrpeLWwHOCTL USMEPeHUsi CONPOTUBASHMA 0GMOTOK NOCTOAHHOMY TOKY B, AOJDKHA COCTaBNATL = 1 %.

B.2 [lng namepeHuns Temriepatypbl Macna v oxnaxaaiowein cpeas cnegyer NPUMEHATbL TepMo-
MeTphi C LieHol aenenus 0,1 °C.

JonyckaeTcs NPUMEHATb CTEKNAHHLIE CNUPTOBLIE U PTYTHLIE TEPMOMETPb!, KOTOPLIE UMEIOT LLIKATTb!
ot 0 no 100 °C, ueHy nenexus He Gonee 1 °C v nonyckaemeie NOrpeLHOCT nokasaHuii + 1 °C.

Bo BCex Cay4asx HeUCKMIOYEHHan NOrpPelwHOCTL MSMepeHVs TeMnepaTypi 50, oxHa cocTas-
nats = 1°C.

MpannLbl OTHOCUTENBHON HEUCKITIONEHHOW NOrpeLlHOCTY U3aMepeHns TeMnepaTypbl Kakoro-nnéo
anemMeHTa TpaHchoOpmaTopa [397, TemMnepaTypbl Macna 8 BEpXHUX CAOSX Bﬁu ¥ Temnepartypbl oxnaxaa-
owei cpenpl ﬁem B NpOUeHTax onpenesneHs TeMnepaTtyp Kakoro-nmbo snemeHTa TpaHcdpopmaTopa
6, Macna B BEPXHUX CAOAX 6, M OXnaxaaowen cpeas 6, CheayeT onpeaensTs no dopmyne:

80, 100 B.A

Be,—ﬁou-ﬁe"fi'—Aéi‘“, (8.1)

rae Aei"- HOpMUpYeMoe npesbilieHue TeMnepartypbl UCNbITYEMOro anemeHTa Tpch¢OpMaT0pa, °C;
i — ycnosHoe 06OBHa“EHUe UCNLITYEMOrO S@MeHTa TpaHChopMaTopa.

B.3 MNpu uamMepeHnu TemnepaTypsl Macna, Oxjlaxgaiowen cpennl, aNEMEHTOB METaNOKOHCT-
PYKUMA C NOMOLLBIO TepMonap Knacc TOYHOCTU NPUMEHSEMOro ¢ Humu npubopa (MUNNMBONLTMETPA
nan noTeHumoMeTpa) gonxeH BuiTb He Huxke 0,5, a ero BHyTpeHHee ConpoTMBAeHME AOMXHO APEeBbI-
waTb CONpoTUBNEHNE TepMonapkl He meHee 4em B 200 pas.

DosepurenncHble rpaHuLbl HEUCKNKYEHHOW abCOMOTHON NOrPeLLHOCTM U3MepeHna Temneparty-
pbi 58, B 9TOM chy4ae Heo6xoAUMO onpenendaTs CAeayoWnM obpasom:

— N0 uaMepeHHoit npubopom Tepmo3OC Uy, € yyeTom rpaHuy aonyckaemoid aGCcoNOTHOH no-
rpewHocTy npubopa £ §U/, cneayeT onperenuTb ee BOSMOXHbIE MpaHuLbl U: i U, no dopmynam:

U = Unp, +8U, 1 Uy = Uy, -8U,; ‘ (8.2)

— N0 rpagyvpoBO4HON 3aBuCMMOCTU U, = (6, cnepyer onpepenvTb BO3MOXHbie 3HaYeHWs
Temnepatypsl 87, i 87,, cooTeeTCTBYIOWME BHaYeHUaM TepmoSAC U u U
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— aGCoMATHAR HEMCKNIOUYEHHAA NOrPELLIHACTL U3MEPEeHVA TemnepaTypel 80, pasHa NoNypasHoc-
TV TeMmnepartyp 6*, M 6™ ;1 AoNXHa BbiTh + 1 °C, & rpaHMLLI OTHOCUTEALHOMH HEMCKNIGYEHHOR NorpeLL-
HOCTM B, W3MepeHusi TemMnepaTtypel kakoro-imbo anemexTa TpaHchopmartopa 8, cnhenyeT onpepe-
nRTh NO éopmyne B.1.

B.4 MNpu onpepenexun NPesLILIGHUA TeMnepaTypsl Macna 8 BepxXHUX CRoAX A8,,, CcpegHeit Tem-
nepatypsi Macna A8,, .., TeMnepartypbi 3/1eMEHTOB METaNNOKOHCTPYKUMNiA AS, , TemnepaTypbi 0GMOTOK
AG,q,, V1 NOBEPXHOCTN MArHUTHOW CUCTEMEI A6, HAA TEMNePaTypoi Oxnaxaaiowei cpeasbl OLeHKy
[OBEPUTENEHBIX MPaHUL, HEMCKAIOYEHHOM CUCTEMaTUHECKOM NOrpeLLHOCTY pesynbTaTa usmepeHui cne-

AyeT NPOBOAMTL 8 NPoLEeHTax B cooTeeTcTBuM ¢ FOCT 8.207.

B.4.1 [ina A8, U A8, ;, AOBEPUTELHBIE rPaHULLI Pe3YNLTUPYIOLMX NOrPeLIHOCTeN Bae, ¥ Pas,,

B obluem Ciyyae ChepyeT paccuuTbiBath o opmyne: -CP-

Bus, =Bus, ,, = tVWBE, +B2,,, +B3, +B3 +83, +53, . (8.3)
rge Bﬁm ~- OTHOCUTENBHaA HEMCKIHOYEeHHas NOMPELWHOCTL onpeaeneHns TeMnepaTtypbl OxXiax-
Aaiowero ero Bo3gyxa, cnegyert onpegenaTte no ¢dopmyne B.1, 9%;
aaw ~— OTHOCUTENBHASA HEUCKNIOHEHHAA NOrpPeluHOCTb, BHOCUMAA NPU KOMTPONe pexumMa

no noTepsM, KOTOpas NPUHUMAEGTCR PABHOM B, %;
B, — OTHOCUTENIbHAR HEeWUCKIIOYEHHAA NOrpPeLHOCTL, BHOCUMAA NPY KOHTPONe pexumMa

! no TOKY, KOTOPas APUHUMAETCH PaBHOiA V2 - B,, %;

B,V By, — OTHOCUTENbHBIE HEUCKTIOYEHHBIE NOTPEILHOCTY, BHOCUMBIE NP KOHTPONE Pexuma
No HaNpPsHXeHWIO, 06YCNOBNEHHLIE NOTPELUHOCTAMU M3MEPEHUA HaNPSXEHNA 1 Yac-
TOTHI, KOTOPbIE NPUHUMAIOT PABHBIMM COOTBETCTBEHHO B, i By, %.

flpu pacueTe norpewHoOcTH NO popmyne B.3 8 3aBUCUMOCTU OT NapameTpa, N0 KOTOPOMY KOHT-
POANPYETCA TEMNOBOW PEXUM, CNeayeT NPUHUMATY:

By = ﬁef [30, =0 — npu KOHTPONE Pexuma NO NOTEPsM;

Be,, = Ba, = Bs, = 0 — NPV KOHTPONE PexuMa No TOKY;

Beu = 13(,'r =0 — MPU UCNILITAHVAX CyMMapHbLIMIW NOTEPAMU NO 5.2.2 U KOHTPONE peXiMa N0 TOKY;

Bg, = Be, = 0 — NPY KOHTPONE PexXumMa Mo HarpsXeHUIo,

B.4.2 inst AG, RoBEpUTENbHEIE rPaHWLbl NOTPELLHOCTY CegyeT paccuuThiBaTh No Gopmyne:

Bao, = 1183, +B2, +PB%,, +BS +B2, - (B.4)

roe Bex, B,,m, B%m — OTHOCUTeNbHLIE HEMCKNIOHYEHHbIE NOrPeWHOCTU u3MEePeHUs TemnepaTyp ane-
MEHTOB METANNOKOHCTPYKLMiA §,, Macna B6M3n aneMeHTOB METaNNOKOHCTPYK-
unia 6, » oxnaxnaaiowen cpeaw 6., KOTOpLie paBHb; B, £V onpeaensioTca
no ¢opmyne B.1, %;
— OTHOCMTENbHAaA MorpeLwHoCcTs, 06yCNOBNeHHast OTKIIOHEHUEM 4acToThl OT HO-
MMHaNbLHOW, NPUHUMAETCA PaBHOM Jz‘?,j(a',)‘ +p?, (By — OTKNIOHEHKe yacTo-
Tbl OT HOMUHANLHOK NPU UCNLITAHUAX), %.

B"t'mm

B.4.3 inn A, o6 ROBEPHUTENEHBIE MPAHNLLI NOTPELUHOCTH 5'3905.. cnepyet paccuuThiBaTth No ¢op-
Myne:

Baosgy = £V Bos, 0 +Bo ., +Be2, +BaZ +B2 (8.5)

roe ﬁoﬂ /s — HEMCKIOYEHHAs OTHOCHTENLHAA NOrPewWwHOCTL, 06yCAoBNEHHAA NOrpewwHoCTLIO onpe-
N [EeNeHNA OTHOWEHUA CONPOTUBNEHWI OBMOTKM B ropsiyem 1 XONOAHOM COCTOSIHUSX, KO-
TOpan NpUuHUMaeTcs paBHOM = 2, 5%;

20



FOCT 3484.2-98

ﬁe,\, o OTHOCUTENbLHAR HEUCK/OYEHHAS NOrPEWHOCTL U3MEPEHUR CpeaHei TeMnepaTypsat Mac-
’ na 8, ., KOTOPaA NPUHUMAETCA paBHoOi By_u onpegennetca no dopmyne B.1, %;

B% ~— NOrPELHOCTL, OBYCNOBNEHHAR HANOXEHUEM MNMOCTOAHHOrO N3MEPUTENLHOTO TOKa Ha TOK

Harpyaku, KOTOpas UMeeT MECTO NPY U3MEPEHUAX METOAOM HANOXEHWUs, NPUHUMAaETCH

paBHOM V2 * Be ' %, rae P, — OTHOWEBHME NOCTORHHOrC M3MEPUTELHOMD TOKA K TOKY Ha-

rpyaKu.

B.4.4 fins AG,,,  00BEpPUTENLHLIE FPaHWLLI NOrPELLHOCTY CheflyeT paccuuThLIBaTh No Gopmyne;

mar

Paa,, = iu\/ﬁeiﬂ +Bai +ﬁei,, +Be§ +5efm ' (B.6)

rAe By, — HEMCKNIOYEHHAA OTHOCUTE/IbHAaR NOrPELIHOCTL USMEPeHUs TeMNePaTyPLI NOBEPXHOCTH
MarHuTHO# CUCTeMbI 6,,,., KOTOPas pasHa B, 1 OnpenenneTca no gopmyne B.1, %.

Mpw ucnbiTaHMAX METOAOM HEMOCPEACTBRHHON HArpy3ku  METOLOM B3aMMHOMW HArpY3KW, a Tak-
Xe NPpY MCnbiTaHWU CYXux TpaHCHOPMaTOPOs COCTaBAAIoWas B, M3 POPMYIbI UCKIIOHAETCR.

HaiineHHele no ¢opmynamu B.3 —B.6 nOBEpUTENLHbIE MPDaHALLI HEMCKIIOHYEHHbIX CUCTEMATHEC-
KiX OTHOCHTE/IbHBIX MOrPeLLHOCTE OnpeaeneHns A8, Ab,, . A8,, ABg,, AOMKHBI BbiTb + 5 %, a A8, —
+4 %,
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NPUNOXEHUE I
(pekoMeHayemoe)

UCNbITAHUA HA HATPEB
METOAOM HENOCPEACTBEHHOM
HAIPY3KHU

.1 3ToT MeTop CnenyeT NPUMEHATb NPY USMEHAIOLLENCA TemnepaType OXfaxaalowen cpeabt.
.2 PerynuposaHue NOABOAUMOrO HanpsiXeHUsa U HarpyakyM NPOBOAST B COOTBETCTBUMU C 5.2.1.

I".3 B npouecce UCnbITaHWA NPOBOAAT M3MEPEHUA Yepes PaBHble NMPOMEXYTKA BPEMEHU, HO He
Bonee 4eM 4Yepesa 1 4: TOKa /, HanpaxeHus U, TemnepaTtypsl Macna B BEPXHUX CNOSX 6y , MarHUTHOM
CUCTEMbI 6,4, , OXTEXAAIOWEN CPeAb! By, U CPEAHMX TeMnepaTyp OGMOTOK 84, MPY UX U3MEPEeHU
Ha/IOXEHHBLIM MOCTOAHHLIM TOKOM.

Bpems BbINONHEHU Cepun nocnenoBaTebHbiX U3MePEHUA BoiIGUMPaIOT Takum o6pa3oM, 4Tobsl
OHW NPOBOAMAUCH B TE4EHWE NPOMEXYTKa BpeMeHU (0Kono 1 4), koraa TeMnepaTtypa macna B Bepx-
HUX CNOSX UBMEHANACH Gbl He 6onee 4eM Ha 1,5 °C u 4TOGh! ANUTENBHOCTb UCMLITATENLHOrO PeXUMa
00 BbINOJIHEHUA NOCNEAHUX U3MepeHui Gbina Gbl He MeHbLle Y4eTBEPEHHOr0 3Ha4eHUs NOCTOAHHOM
BpeMeHW Harpesa TpaHcoopMaTopa 4T.

MpumeuaHue — Ecnu namepeHne cpefHeit Temneparypbl 06MOTOK He MOXeT 6biTb NPOM3BEAGHO NOA, Harpy3Koi, To
HacToAWMA METOA UCMONb3YIOT NN ONPeAeNeHNA NpeBbiWeHuit TeMnepaTypbl Macna, MarHUTHON CUCTEMBI U 3NEMeHTOB
MEeTaNNOKOHCTRPYKUWIA,

.4 YcTaHOBMBLIEECA NPeBbilLEHWE TeMnepaTyphl Kakoro-nubo aneMeHTa TpaHchopMaTopa A9,
Haj, TeMrepaTypoil OXiaXxaaloLei cpeast A9, PacCHUTLIBaIOT No hopMyne:

A8,=6,~9,, (r.1)

roe 6, —cpenHee apudMeTU4eCKoe 3HaveHne TeMnepaTypbl, BHIMMCAEHHOE NO pesynbTatam usme-
pEHWii B NOCNeAHWI Yac UcnbITaTensHoro pexuma, °C;
6,— 9KBUBAsIEHTHaA TeMnepatypa oxiaxpatoLLiei cpeasl, KOTOpylo onpeaensioT no ¢popmyne r.a.

YcTaHOBUBILEECH NPEBLIlEHNE TeMnepaTyPsl Kakoro-Ambo anemeHTa TpaHchopmaTopa A8, Han
cpeqnHei TeMnepatypoin Ae; , °C, paccuuTtbiBaloT no popmyne:

AO; =8; - By p, (r.2)

—cpeaHue apudmMeTuyeckme TeMnepaTypsbl, BbIMMCNEHHbIE NO pe3ynbTaTaM UaMepeHui

roe 6;, 6
B NOCJIEOHWIA 4aC UCHLITAaTENLHOrO pexuma, °C.

M. Cp

I'.5 SKBMBaNeHTHyIO TemnepaTtypy oxnaxaalolei cpeabl 8,, °C, paccyuTLIBAIOT NO hopmMyne:
9, =6, -3, (r.3)

rae 6, — KOHe4YHan TemnepaTypa oxJiaxaalowed cpeasl, U3MepeHHas B KOHLE MCNbITAaTeNbHOro pe-
xuma, °C;
§ — nonpaeka Ha NOCTOSHHYIO BpeMeHU TpaHchopmaTopa, KOTopas y4uTeiBaeT 3anasabiBaHue
BO BPEMEHMN B U3MEHEHWUMN TEMNEPaTYPbl Macia No OTHOLLIEHMIO K U3MEHEHWIO TeMMNePaTypb!
oxnaxpaolien cpeas; ee PacCcuUTLIBAIOT NO GopMyne:
T ( ?ri Jp _(P+1-i)at
aT -1

= AO; - T, (r.4)
5 v E xx)

roe T— NOCTOAHHAs BPEMeHn Harpeea TpaHcdopmaropa;
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At — WHTEpBan BpeMeHU MexXay NoCcneayioWwnM 1 NPeabiayLLnM U3MepeHusMu Temne-
paTypb Oxiaxgarouwe cpeabl;

A0,=6,- 6,_,— anrebpanyeckas pasHOCTb MexAy NOCNEAYIOWMM W NPEAbIaYLIMM pedynbTaTamm
V3MEepEeHUA TemnepaTypsl oxnaxaaiowen cpensl, °C;

P — NOPSAKOBLIM HOMEP NoCheaHero U3MePEHUs;
i — NOPRAKOBLIA HOMEP U3MepeHUst, HayMHaa CO BTOPOro U3MEpPeHUst Ha NePBOM WH-
Tepeane.

MNpwu dopcrposaHnu Harpesa TpaHchopMaTopa 3a Hayano UchbiTalui (= 0) NPUHUMAIOT MO-
MEHT BpeMeHu, koraa B TpaHchopmartope YCTaHOBAEHbI TOK 1 YCNOBUSI OXiaXKaeHus, CoOTBeTCTBYIO-
Wue 3alaHHOMY UCNbITATENIbHOMY PEXUMY.
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NMPUNOXEHUE 4
(pexoMenayemoe)

METOAMKA NPOBEAEHUSA UCTILITAHUA
TPAHCHOPMATOPOB HA HAIPEB

A.1 3aseplieHne UCNLITaHUS B YCTAHOBUBLLEMCS pexume

YcnosHble 0603HaYeHUs

] — TemMnepartypa, °C;

8(1 — TeMneparypa Macna, MeHSIIoWanca C Te4eHMeM BpeMeHmn (3To MoxeT BbITb TeMne-
paTtypa Macna B BEpXHUX CNOfiX UM CPESHAs TeMnepartypa macna);

Boxn - TeMneparypa HapyXkHow oxnaxaaolied cpeae! {OKpyXalowmii Bo3gyx Mnv Boga),
KOTOPYIO NPUHATO CYUTaTh NOCTOAHHOM;

A9 — NpeBbilieHe Temnepatypbl Macna Hag 6,,.,;

0, AB, — KOHe4Hble 3HaYeHUs! B YCTaHOBUBLUEMCS pexume;

18] — OCTaTO4HO€e OTKJIOHEHME OT 6, B YCTAHOBUBLUEMCA pexume;

T — NOCTOAHHAA BPEMEHU AN11 3KCNOHEHUMNANEHLIX UBMEHEHUI NPEeBLILLeHUA TeMneparty-
pbi Macna;

h — WHTePBan BPEMEHU MeXIy CHATUEM NOKa3aHWuii;

9,, 8,, 8; — TPW NOCNEAOBATENLHO CHATLIX NOKA3aHUIA TeMnepaTypsl C UHTEPBANOM BPEMEHU A.

WcnbiTaHne cnedyeT npogonxatb SO Tex Nop, Noka He ByaeT OCTUrHYTO NpeBbileHne Temne-
paTypbi (Macna) B yCTaAHOBUBLLEMCH pexurmMe, TemnepaTypa OKpYXalowero Bo3ayxa, Wi temnepary-
pa oxsaxgalowei Boasl [0MXHbI GbiTe NO BOSMOXHOCTU NOCTORAHHLIMU. [peanonaraeTcs, 4To Temne-
patypa mMacna o{f) LOCTMrHeT NpeentHoro 3Ha4yeHus 8, NO SKCNOHeHUMANLHOW GYHKLIMK C NOCTONH-
HO BpemeHu T,. Temnepartypa OKpyxaioile# cpeabl — 8, . KoHeuHoe npesbilieHne TemnepaTypol
Macna Hag TeMnepaTtypo# oxfaxaatowen cpeast A8, onpeaensetcs no gopmynam 4.1 m 1.2

8y =00y + A8, (A1)
8(t) = 0y + 40, 1-/70), (8.2)

Toraa ocTaTo4HOE OTKNOHEHWe OT YCTaHOBUBLLEFOCS Pexuma onpeanensior no ¢gopmyse:
e(t)=6, ~6ft)=n0, -/, (0.3)

3HauYeHnn &, NPUHATBIE AN PaBHLIX NMPOMEXYTKOB BPeMeHu, 06pasyioT reomeTpuyeckuii pag.
310 roaTBepxAaeT MeToA rpaduyeckoil aKCTPanoAALMK, NPUBEAEHHLIN Ha pucyHke .1,

A6t
~——

f

}
’% - t hlhihlh

Pucyrox 1.1 — Mpaduueckas aKCTPanonaLmsi K KOHEHHOMY NPEBLILLEHMIO TEMNEPaTypbl
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Ana kaxpoi napel Cnepyowmx oaHa 3a APYroi Todek Ha KPMBOW, pasgeneHHbIX uHTepBasoM
BpEeMEeHy /14, MeeM:

A(Ae), =g _p—€ = a,(eh"r" —1), (A.4)
A{a8),
& = " (8.5)
"™ _1

B kaxnabiil cnegytowunii MOMeHT £+ £
e-h /To _ A(Ae)l (,U.,G)

Etety) = &t - efn’Tu(eh/Ta ) '
McnbiTaHMe NPORONXAIOT A0 TeX NoP, NOKa CKOPOCTb U3MEHEHMA TeMNepaTypbl CTAHET MeHbLUe
1 °C 8 4ac. Hanpumep:

h=1naas <1,
U3 dopmynel 4.5 nonyyaem
g <(e/0 -1, a.7)

3areM ucnbiTaHMe CnenyeTt Npoaoaxarth 3 4, NOCne yero OHO MoxeT GbiTh 3aBepuieHo. Mpeebl-
WweHne TemMnepaTypbl B Te4EHWE NOCNeSHEr0 Yaca ABAAETCA Pe3yNbTaToM ucnbitaHua, Mpu 7, =3 4
TeopeTnyeckan NnorpelHoOCTs MeToAa cocTaenseT okono 1 °C. EcAn NOCTOSHHas BPEMEeHU MeHbLe,
TO U MOrpewHoCcTs MeHblle U HaobopoT.

NocTosivHan Bpemenn T, B Hacax MoxeT GuiTh OnpeaeneHa paanuyHbiMu cnocobamu. Cnepgyio-
waa ¢opMyna 0CHoBaHa Ha UHbOpPMaLMK, UMEIDLLEeACA Ha Tabnnyke TpaHchopmaTopa:

T = 5 x [o6wan macca]+15x [wacca Ma::.r:a]x A8, (0.8)
0 [obwme nOTepu] 60 '

rge mMacca BhipaXeHa B TOHHax y NoTepu — B KunosarTax:
Ae”—— KOHEevHO€e npeBbilueHne TeMnepaTtypbl Macna B BePXHWX CROSX, °C.

Maccy Macna B pacluMpuTene He criegyeT y4uToiBaTb B 06uiei macce Macna, OHO He BAvAeT Ha

n3MeHeH1e TeMnepartypbl.
OnuiTHOE OnpeaeneHve NOCTOSHHOM BPEMEeHU B NPOLECcCce UCNLITaHuA MOXeT GuiTh OCyLLecTsNe-

HO C NOMOLLLIO NOCNEN0BATENbHLIX IMEPEHUIA TEMNepaTypsl Hepes PaBHLIe NPOMEXYTKU BpeMeHu /.

Mpu Hanuuum Tpex nocneaosaTesibHbIX UaMepPeHuii A8, AB,, AB;, eCNU SKCNOHeHUManbHan 3asu-
cumocTb u3 dopmynsl [l.2 coBnagaeT ¢ KpMBOY TemnepaTypsl, NpupatleHue TeMmnepaTypu onpene-
nawT n3 GopmMynbl:

A8y —AB; e h/To (4.9)

A8, - A
roe 85 - 48,

=P
T AB, - ABy
in—2__1
A8y - A8,
MokazaHua NO3BONAIOT TalKe NPOrHO3MPOBaTh KOHEYHOE NPesBbileHue TeMnepaTypsl, onpene-
naeMoe no dopmyne: ’

To

Ap. o (862)% - 40,205 (8.10)
Y 248, - ABy ~ A8,
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Heo6x0AKMO BLINONHWTE HECKO/BKO NOCNSA0BATE/LHBIX DACKETOB M OHU NOMKHLI coBnaaars. UH-
Tepsan BpeMeHn /1 nonxeH GuiTh paBeH NPUGAUBUTENBHO 7, U AB,/AB, AONXKHO ObiTh He meHee 0,95,
Opyroit pacyeT A6, BLIrASAUT cneaylowmmM obpasom:

V(485 - A6,){AB3 - AB,) »
n ABy ~ A?l : (A.11)
AB3 — AO,

AB, = AB, +

0.2 Namepenun conpoTtusneHns 06MOTOK NMocne OTKMIOYeHUs

B kOHUe ucnbiTaHWA Ha Harpes TPaHChOpPMaTOP OTKAKIHAIOT OT UCTOYHUKA TOoka, B TpancdopmaTo-
pax C UCKYCCTBEHHBIM OXNaXAEHMEM OQHOBPEMEHHO OTIUNOHAIOT BEHTUAATOPbI AW NPeKPaLanT uup-
Kynsumio sogul. LiMpkynaumio macna (B TOM Yucne HanpasieHHOe ABMXEHWe Macfia) COXPaHAioT Ha
8€Cb Nepuoa NpoBeaeHUs uamepeHuid. Nocne oTkMoueHus TpaHchopmaTopa M3MEepRIoT CONPOTUBIe-
Hue 06MOTKM Yepea BpeMst, A0CTaTOuHOe BNA UCHe3HOBEHUA NepPexoAHOro Npouecca B uenyu uamepu-
TeNnbHOro Toka. amepeHusi NOBTOPRIOT Yepes NPOMEXYTKA BPEMEHU JAMTeNLHOCTLIO OT 30 Ao 60 c.

MNepBoe namepeHune CoNPoTUBNEHUA OBMOTKMU NOCAE OTKAK4YeHUst TpaHCHOpMaTopa OT UCTOYHU-
K& NUTaHKUSA 1 Harpy3kn DOMXHO ObiTb NPOBEAEHO KaK MOXHO paHbLue (06bi4HO Yepes 60—120 ¢ nocne
OTKIIONEeHUA), 4TOOL 06MOTKa He ycresna 3amMeTHO OCThITb. C 3TOl uenblio cxemy ANf U3MepeHus
CONPOTUBAEHUA NPEANOYTUTENBbHO COGUPaTh C NOMOLWbLIO CNeuuanbHbIX pasbeauHuTened (C ToKoBkl-
MW 1 NOTEHUMaIbHLIMK NORKDCAMK), PACCYUTaHHLIX HAa HEOGXOAUMDIY TOK M HanpsXeHue.

MamepeHue conpoTtueneHus 0GMOTKU B XONOAHOM W ropayeM COCTOSHUM ChepdyeT NPOBOAUTL
C MCNOJIb30BaHUEM OGHUX U TeX Xe NPUOGOPOB 1 INEMEHTOB N3MEePUTEJIbHON CXeMb! NPK OQHOM U TOM
Xe 3Ha4eHWUM NOCTORHHOrO TOKa U ero NOASPHOCTH.

Ecnu naMepeHve cpegHei TemnepaTtypbi 06MOTKM NO CONPOTUBIEHUIO HENPUeMNeMo, Hanpu-
Mep, gna 06MOTOK, B KOTOPLIX NEPEXOAHOE CONPOTUBNEHWE KOHTAaKTOB HECOM3MEPUMO C UX aKTuB-
HbIM CONPOTUBNEHUEM, TO CPEAHIOI TeMnepaTypy O6MOTKMU A0MyCcKaeTCcs uaMepaTb TepMonapamu.

3a cpegHI0ic TemnepaTtypy 06MOTKU NPpUHMMAIOT cpeaHee apudmMeTUHeckoe 3HaveHune nokasa-
HW He MeHblue fIByx TepMonap {TEpMOMETPOB), YCTAHOBNEHHbIX Ha MPOTUBONOJIOXKHBIX CTOPOHAX ee
BEPXHEr0 U HUXHEro Kpaes,

0.3 3kcTpanonsuus cpeaHe Temneparypbl 06MOTKM K MOMEHTY OTKNIOYEHUA

flony4eHHbie NpKu UBMEPeHUU 3HaYeHUA CONPOTUBAEHMI OGMOTKN J0AXHB! ObITb SKCTPanoAMpo-
BaHbl Ha3an BO BPEMEHU IS ONpeaesieHMA 3HAYeHUS COMNPOTUBIEHUR B MOMEHT OTKNIOYEHUS.

pagmueckoe npeacTaBnexHme pesynsTaToB M3MepeHuit NnpuBeaeHo Ha pucyHke [.2. N3 pucys-
Ka BUOHO, 4TO TemMnepaTypa 06MOTKM NBMEHSETCS OTHOCUTENIbHO ObiCTPO B TEHYEHUE HECKOIbKUX MU-
HYT, a 3aTeM BbipaBHMBAETCH.

Ans TpaHchopmaTopoE ¢ 501bLLOI TENNOBOH NOCTORHHOK BPeMeHU Q18 M3MEePeHUA TeMnepary-
pbl Macna (3To B OCHOBHOM PacnpoCTPaHAETCA Ha TpaHCPOPMaTOpL: C 8CTECTBEHHOR UupKynsumei
Macna C OTHOCUTENbHO HU3KOW HOMUHANBLHOW MOLUHOCTLIO) OOMNYyCKAeTCs, HTO aGUMNTOTA ABNAETCA
BE/IMYMHOMN NOCTOAHHOM.

B ppyrux cny4asx {0CoGEHHO Npu UCRLITAHUN MOLLHBIX TPAHCHOPMATOPOB ¢ NPUHYANTENbHLIM
OXNaxaeHWeMm 1 Koraa oxnaauTeny ocTaBnsioT B paGoTe NOCNe OTKNIOYEHUA OT UCMBITABTENbHOM MOLL-
HOCTH) MOXET NOABUTLCA HEOBXOAUMOCTb HAMTK NOHMXAIOLLYIOCS ACMMNTOTY, Ha KOTOPYIO HaKnafbl-
BaeTcA Gonee GbICTPOE HayanbHOe U3MeHeHue, STOT MOMEHT npuseneH Ha pucyHke 4.2,
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AR
R
Ay NOCTOAHHAnA
1 _—
@ 3 —
R
] Ay (1 - kD)

a— HavalbHas 4acTb 3anncK ¢ GbICTPLIM NOHWKEHUEM TeMNEepPaTypbi
6, B, r — BApPUaHTLI MaTBMaTU4ECKUX MOLNeN ANA NOCNeAYIOWero MeAeHHOro NONWKEHNA
TeMneparyps!

Pucynok [1.2 — OnpegeneHue N3MeHEeHNa CONPOTUBNEHUA OOMOTKU NOCNE OTKMOYEHUS OT MCTOMHWMKA NUTaHUA

Pac4eT MOXeT 6biTb BbINONHEH COOTBETCTBYIOLMM 06pa30M Ha BBIMUCAUTENLHOM MalUMHe No Me-
TOAMKE, KOTOPas COOTBETCTBYET aHanUTUHECKON (YHKLIMMA B KOMIIEKCE CHATBIX TOHEK,

WameHeHne CONPOTURNEHUA A B TE4EHWE BPEMEHW [ NPEACTABARETCS KaK COBOKYMHOCTL YCTaHO-
BUBLLEWCH MU MEANEHHO MEeHRAIOLeNCs BeNn4MHb A M APYrOi BeIMHNHBI, MOKA3LIBAIOWEN SKCMOHEeH-
uManbHOe 3aTyxaHue OT BenuuuHbl B € NOCTORHHOM BpemeHu T

Rit)=A{t)+B.e", (4.12)

Ona nepBoOit BENUHUHBLI A(T) MOXHO NPUMEHUTE NOCTOSIHHOE NGO NKMHelHoe, (B0 3KCNOHEeHUM-
anbHoe 3aTyxaHye, 4TO COOTBETCTBYeT HOopMynam:

A=Ag A=Ay -(1-kt); A=Ay-e/M, (A.13)

MamepeHns NPOBOAAT B TEHEHME TAKOrO OTpe3ka BPeMeHU, Koraa BTopas Benuyuta 8 e’¥7 noutu
CXOAMUT Ha HeT,
BricTpoe axcnoHeHuUManbHoe uaMeHeHue R’ (t) paccumTiBaloT no dhopmyne:
R'(t) = Rit)- Aty =B .e™'". {A.14)
B rpynne R;, t, napameTpbl 81 T onpenensioT YUCNO0BLIM PErpeCCUBHLIM METOAOM.
B aTOM cnydae pesyabTar umeeT sua:
R,=A+ 85, {0.15)
OTKyOa CpefHioln TeMnepatypy o6MOTKM paccyuTsIBaloT B COOTBETCTBUM ¢ 5.4.
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OnpepeneHue 3TOH BeAUHUHBI METOROM rpadM4eCcKoil AKCTPanoNsLM NPeACTaBAEHO Ha PUCYHKE
0.3. Ha kpuBOW, HauyMHas C MOMEHTa OTKJIIOHEHUS, Yepes paBHbLIe NPOMEXYTKU BPeMEHU OTMeHaloT
TONKM nepeceeHus. [POBOAAT HAKNOHHYIO NPAMYIO, KaK NOKadaHo Ha pucyHke [.3. 3Ta npamas nepe-
CekaeT OCb A B TONKe, COOTBETCTRYIOWEN Ay M NO3BONSIET [OCTATOMHO TOYHO OLEHUTL rpadduHecKn A,.

Ay

Conporuaneﬂue' Om

lpupauenne conpormnanerus, OM Bpems, mux

Pucynox 1.3 — padryeckan akcTpanonsums onpeaenesus ConpoTUBAEHUS 06MOTKH
8 MOMEHT OTKAIOYEHUs

flonpaBky Ha npesbilleHWe TemnepaTyphi, O6YCAOBREHHYIO U3MEHEeHUeM CONMpOTUBRASHWUSA 06-
MOTKW 33 BPEeMA OT MOMEHTa OTKNIOYEHUS! OT UCTOYHUKA NUTaHUS [0 MOMEHTa Hayana W3MepeHus,
Talke BHOCAT METOAOM 2KCTPaNONALIMKA KDUMBLIX U3MEHEHUR CONPOTUBNEHUA BO BpEMEHU C NPUMEHe-
HUEM NonynorapmdMmUYecKon wikansl.

WNamepenus conpotuenenusi Ry, A, A, U T. o. NOBTOPSIIOT Yepes NPOMEXYTKU BpemeHn &, &, L un
T. A. pnvTensHocTbio 30—60 ¢ a0 10—12 muH, 3atem cnycTs ewe 10—15 MUH AONOIHUTENBHO H3Me-
PAIOT conpoTusnexvne o6mMoTkv R, (NocAeaHuin oTcHeT).

Ha ocu abcumice B COOTBETCTBUW C PUCYHKOM [1.4 OTKNAABIBAIOT OTPE3KV BpEMeHU 4, &, L N T. A,
80 10—12 MuH, cuuTas OT MOMEHTa OTKAIOYEHUS!, @ HA OCU OPAWHAT (B KPYNHOM NIMHEAHOM MacLuTa-
6e) — norapndmbi COOTBETCTBYIOWWX UM pasHOCTeH A, R, Ry A, T. 4. uan (B NOrapnPMU4ecKoM
macluTtabe) COOTBETCTRYIOWME UM Pa3HOCTW Ay- R, R,- A W T. 4.

JNorapudmsi pasHocTei conpoTtusnenwit Ig (A, - R,)

Mpv aTom BepeTcs Takoe 3HayeHWe CONPOTUBAEHWS A, NPU KOTOPOM NWHWSA, COeauHaIoLas
TOMKW WUCTbITAHWUA, ABAAETCA NPaKTU4ecku NpAMoNn. [lna aToro ponyckaeTcsa A, NPUHUMAaTh PABHLIM
CONPOTUBAEHMIO OBMOTKM A, N0 NepBOMy METOAY, NPUBEAEHHOMY Ha pUCyHke [1.3, KOTOpPOe COOTReT-
CTBYET MOMEHTY OXJIaX[IeHUs, Korpa cpesHue TeMnepatypsl 06MOTKA U Macha CpaBHUBAIOTCS.

Yepea HaHeCeHHbIe TOYKM NPOBOAAT NPAMYIO, KoTopas, Gyayyv npoposbkeHa, OTCeYeT Ha Ocv
OpAMHaT OTPe3OK, PaBHLIA norapudMmy pasHocTn Ay,— R, , (R, — conpoTueneHne o6MOTKV B MOMEHT
OTKNIOYEHUA). -

Ecnu HeCKONEKO HaYaNbHLIX TOMEK OKAXETCA BHE NPAMOIA, TO NPy NOCTPOEHUN UX HE YHUTLIBAIOT.

CpenHioio Temnepartypy 06MOTKM B MOMEHT, HENOCPEACTBEHHO NPEALIECTBYIOWMIA OTKAIONEHNIO
Harpyaku, onpeaensior no 5.4.
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Pucynok 1.4 — OnpegenexHune ConpoTUBREHUA O6GMOTKN B MOMEHT OTKNIOYEHUA
C MPUMEHeHUeM NonynorapueMuU4eckoin wxansi

Mpw onpepeneHnn cpeaHe TeMnepaTypbl 06MOTOK HEeNOCPEeACTBEHHO NOCNE OTKIIOYEHUA C LeNbio
YMEHbLLEeHUs BpeMeHW YCTaHOBNeHWs TOoKa nocfiefoBaTeNsHO ¢ OOMOTKOW BKAIOYAIOT A06GaBOUHbINA
peauctop. ConpoTmeneHWe peanctopa A0MXHO ObiTb AOCTATOYHO CTAGUALHLEIM M NPaKTUYECKU He
BONKHO UBMEHATLCA NPU NPOTEKaHUK NO HEMY Toka. lonyckaeTca B kadecTse 406aBOMHOrO Pe3ucTo-
pa NPMMEeHATL Namrbl HAKaNUBaHWA, €CNK OMNbITHLIM MyTeM AoKa3aHa cTabunbLHOCTL UX CONpoTHBNE-
HWs B YCTAaHOBUBLLEMCH TErJI0BOM pexume, a Bpemsi, B Te4eHne KOTOPOro Temneparypa HUTK Haka-
iMBaKWs NPUHUMAET YCTaHOBMBLUEECA 3HaYeHue, AOMKHO GbiTb B npegenax ot 3 Ao 5 ¢. Jonyckaetcs
KpaTKOBPEMEHHO LWYHTUPOBaTL PE3UCTOP, NOKa TOK He AOCTUIrHeT 3HaveHus oT 0,2 o 0,9 ot ycTaHo-
BMBLLErocs Toka.

HanpsxeHue Ha 3aXnMax MCTOMHUKOB NOCTOAHHOIO TOKA, NPUMEHSAEMBIX NPU 3TUX U3MEPEHUsX, B
npouecce MaMepeHui JONXKHO ocTaBaTbCsi CTabunbHbiM. [ns obecnedeHns 3TOro YCNOBUSI AODKHBI
NPUMEHNATLCH akKyMynsTOpHbie 6atapen 60nbLwoit emkocTu. [lonyckaeTcs NpUMeHATL B Ka4eCcTBe UC-
TOYHMKA NUTaHWA BLINPAMUTENBHOE YCTPOMCTBO C Nynbcaumeit HanpsixxeHus Ha soixoae He 6onee 1 %.

C uenbio yMeHbLUEHUs BpeMeHW YCTaHOBEHNUS TOKa B U3MEPUTEIbHOM Leny NPUMEeHSIOT Takxe
CXeMbl, OrpaHnyMBaloLMe HamarHuumBaHe MarHUTHOM CUCTEMbI 3a CHeT NPOTUBOBKAIOYEHUS NOCTO-
AIHHOIrO TOKa B 4aCTAX UCNbITyeMoi O6MOTKM Npu M3MepeHun ee CONpoTUBNeHUR. Hanpumep, npu
U3MepeHusx, BLINONHSEeMbIX Ha MHOronapanienbHoix 06MoTKax, 4To6bl 06ecneYnTs NPoTUBOBKIOYE-
HWe, 0AMH U3 NPOBOAOB OTCOEAVHAIOT OT OTBOAA M NOAKNIOHAIOT K 3TOMY Xe OTBOAYy C MOMOLUbIO
pazweguHuTens. Mpu n3MepeHun CONPOTUBIEHUS YKa3aHHbI NPOBOA BKNIOYAETCS NOCNeAoBaTeNbHO
C OCTaNbHOM 4acTbio 06GMOTKKU, CONPOTMBNEHUE KOTOPOI n3mepseTcs, ana aToro Heo6xoaMMo pasom-
KHYTb pasbegunHuTens. [na BbIBOAA OTCOEQUHAEMOro nposoaa ua 6aka TpaHcdopmaropa Ha Bpemsi
UCNbITaHUM yCTaHaBNUBaIOT AONONHUTE IbHLIA BBOA,
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NPUNOXEHUE E
{pexomMeHtyemoe)

U3MEPEHUS COMPOTUBJIEHUAA OBMOTOK METOAOM HANOXEHUA
NOCTORAHHOIO TOKA '

E.1 MeTop, HanoXeHU NOCTOSIHHOMO TOKa MPUMEHSIOT NPU UCNbITAHWW Ha Harpes (Kak nNpw Ko-
POTKOM 3aMblKaHnK, TaK ¥ Npu Harpyske B YCNOBUAX 3KCnayaTauuu) npn 60NLLLON NOCTOAHHOW Bpe-
MeHN 06MOTKM UCMBLITYEMOro TPaHC(OPMaTOpa M M3MEPUTENLHON Lenu U NPU OTCYTCTBKM BO3MOX-
HOCTY HavaTb M3MepeHus HemMeaneHHO NoCcNe OKOHYaHWA Harpesa TpaHcdopmaTopa.

E.2 Mpw aToM MeToge conpoTveneHne o6MOTOK TpaHchHOpMaTopa U3MEpSAIOT NOCTOAHHLIM TO-
KOM, KOTOPbIV HaknanbLiBaeTCA Ha NepemMerHbI TOK Harpysku.

NoCTOAHHLIA TOK MoXeT ObiTh BKMOYEH B TeYeHWe BCero Nepuvofla UCMLITAHWA MAN TONbKO Ha
BpemMs, HeoGX0aAUMOe AR UaMepeHus. 3HaveHne NOCTOAHHOrO TOKa He [I0KHO npesbilwaTh 2 % or
HOMWHaNbHOrO TOKA uaMepseMoi 0OMOTKHU.

E.23 ConporueneHne 06MOTKN U3MEPSIOT C NOMOLLLIO ABOWHOrO MOCTa MAW BOALTMETPa U am-
nepMeTpa No OAHOM U3 CXeM B8 COOTBETCTBUM C pucyHkamu E.1—E.4.

E.4 ViaMepeHnsa KOpOTKO3aMKHYTONW O06MOTkM (nNpw Harpese MEeTOAO0M KOPOTKOrO 3aMblKaHWS)
NPOBOAAT B COOTBETCTBUAM C PUCYHKOM E.1 B Cnyyae COeAMHEHUA UCNbITYEMO 0GMOTKM B «38e34y» C
DOCTYNHOM! HelTpanbio, Npy STOM CONPOTUBNEHUE MeXOy To4kamu 0—0' sBnaeTcs cpeaHUM conpo-
TUBAEHUEM TpexX ¢as 06MOTKK, BIITIOYEHHLIX NapannenbHo.

m
| o
L . |
A4 A5
¢ |
e
7YY Il_ _ll
= L Hel

T1 — namepaeman o6moTka; A2, A4 — perynupyemsie peanctope; A1, A3, A5 — pesncTops;
Z~— ¢unbTp; HG — ranbBaHoMeTp; 72 ~ TpaHchopMaTop KOMNEHCUPYIOWMI; G — akkyMynsTopHan Gatapes;
L — ppoccens; C— pasgenuTenbHbiil KOHAEHCATOP.
Pucynok E.1 — MpuHupnmnansHas cxeMa uamepenvn no E.4
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B W3MEPUTENbHYIO AMaroHans MOCTa 4eped TPaHCHoPMaTop 72 C Ko3hdUUMEHTOM TpaHCHOpP-
Mauum 06MOTKM 71 NOBAIOT HaNpsXeHue, COOTBETCTBYIOUIEE HANPAXEHUIO Ha U3MepAeMoi 0GmoTKe,
C 06paTHbIM 3HaKOM. [lONONKUTENbLHO B 3Ty LieNnb BBOAAT GuabTp £

E.5 WaMmepeHus no cxemam a) 1 6) cOOTBETCTBEHHO C PUCYHKOM E.2 npoBoasT B ToM cnyuae,
KOrna HelTpasu y uamepseMsix 06MOTOK v y NMTaIoWero TpaHcdopmartopa (reHepatopa 71) gocTyn-
Hbi. Mpy N3aMepeHny onpeaensioT cpeaHee CoONpPOTUBIEHNE Tpex $a3 06MOTKM, BKITIOYEHHbIX Napan-
NenbHo.

|
|

&l | 2___ g

=g
- 2

a) UAMEepPeHMa NPU KOPOTKOM
3aMbBiKaHUKU U Harpyake

a) N3MePeHUs NPU KOPOTKOM
3aMbIKaHUn

71 — nuTawmii TpanchHopMaTop; 72 — uamepseMan o6MOTKa (NepPBUlHaR);
PA — MukpoamnepMeTp; Q — Buixnosatens; 21, 22 — GuasTpl; AS — WYHT; P V— MunvsonkTmeTp;
G — akkymynatopHas Garapen; L4, L5 — ppocceny; L1, L2, L3 — NHAYKTUBHOCTH;
T3 — namepaeman o6MOTKa (BTOpUYHAR)

Pucynok E.2 — MpuHumunuansHas cxema namepenma no E.5

MOCTORHHDIA TOK, HAKNAAbIBAEMbIF HA NEPEeMEeHHbLIN B MCNLITYeMbIX OGMOTKaX, uamepmor c no-
MOLUBIO WyHTa RS n MuAnMBOaLMeTpa PV c dpunbTpom Z2.

NageHve HanpsxXeHnsi NOCTOSIHHOrO TOKa Ha 3TUX O6MOTKaX U3MEepPAINT ralbLBAHOMETPOM C Gifib-
TpOM Z1.

BmecTo uHaykTueHocTen L1, L2, L3 ponyckaeTca npyUMeHATe COOTBETCTRYIOWME TpaHcdopma-
TOPbI HANPAXEeHWUA,

NpuMeHaeMiie B cxeme GUnbTPE A0MKHLE OFPAHNYUTL B MUKPOAMNepMeTpe U MUANUBONLTMET-
pe NepemMeHHyIO COCTaB/IAIOLLYIO HaNPHKeHUs [0 3HaYeHus, He NPEBLILIAIOLLEro NOCTOSHHYIO COCTaB-
naiowyo. Npu ycraHoske WwyHTa B $a3080M NPOBOAE NepPBU4HON 0BMOTKM T 2 1 NPUMEHEeHU ORHOTO
TpaHchHOpMaTOPa HANPSXEHNA BMECTO WHAYKTUBHOCTH, BKNIOYEHHOW B 3Ty ¢asy (L1, L2, L3), MOXHO
N3MEepATL CONPOTUBIEHVE OAHOM dassbl, HO NPU 3TOM CREepyeT YHUTLIBATL, YTO LUYHT ¥ MUNAUBOSLT-
MeTp GyAyTb HAXOAUTLCA NOA NOMHLIM NEPEeMEHHBIM HanpsxeHweM. B 3ToM cnyyae Heo6xoanmo
NPUYHATL MEepbl ANA UCKMIOYEHNUA BAVSAHUA 3N1eKTPUYECKOro NOAA Ha NOKa3aHus MUAIMBOALTMETPa
(Hanpumep, nyTem 3kpaHMpoBaHnA). Npy 3TOM NOKa3aHusi MUIIMBOILTMETPA OTCHUTLIBAIOT C NOMO-
Uibl0 ONTUYECKUX CPEACTB C PACCTORHUA, NPeAyCMOTPEHHOro Tpe6oBaHuaMY 6e30MacHOCTH.

31



FOCT 3484.2-98

Cpenvee conpotneneHne A, B omax Tpex (a3 NepauiHon 06MOTKkM T2 paccumnTLIBAIOT ANS CXE-
Mbl 2) 1o dopmyne:

R1=M’i&l, (E.1)

rRe / — TOK, M3MEepREMbIt MMKPOaBMNepMETPOM FPA, A;
R’ — cymmapHoe conpotuenexve dunstpa Z1, apoccens L4 n MukpoamnepmeTpa PA, Owm;
A, — conpoTueneHue uHaykKTmeHocreit L1, L2, L3, Om;

a

!/~ NOCTOAHHBbIA TOK, HaK/1aAbIBAEMLIA HA NepeMEeHHLIR TOK B NepBu4Hoil o6MoTKe 72, A.

CpeaHee conpoTtueneHve A, B oMax Tpex (a3 BTOPUYHOA 06MOTKM T3 paCCHUTLIBAIOT AR CXe-
Mbl 6) no ¢opmyne:

R, = .il’fl", (E.2)

roe A" — cymmapHoe conpoTveaeHue ¢éunetpa Z1, gpoccens L4 u mukpoamriepmeTpa PA, OMm;
/ — NOCTOSIHHBINA TOK, HaknNaaeIBaeMslA Ha NepemMeHHblfl TOK BO BTOPU4HOM o6MoTKe 73, A.

E.6 N3mepeHunsn 1o cxeme B COOTBETCTBUM C PUCYHKOM E.3 rpoBoasT 8 pexumMe KOpoTKOTO 3amMbl-
K&HUA U Harpy3kr B TOM Chyyae, Koraa o6mMoTkY UCNbITYeMOro TpaHchopMaTopa CoeiMHeH ! B «Tpe-
YronbHuK» Unu B «3se3ny» 6e3 BblB@AeHHOW HeUTPanu.

A r._._.___

Br“b
l/cva\
i3] 23]

Al Re R3

T2

\e cifcz c3
_1_:—”—6-"__— =

T1 — nuraiowmit Tpanchopmatop; AS — wyHT; 72 — nsmepsiemas oSMoTka; L1, L2, L3 — nHAYKTMBHOCTH;
R, A2, A3 — peanctopsl; PA — muxpoamnepmeTp; C1, C2, C3 — xoHAeHCaTOPL; G — akkymynaTopHasa Gartapes;
Q— suxmoudatens, PV — munnmaonstmerp, L4 — apoccens; Z— dunuTp

Pucynok E.3 — MpuHumnuansHas cxeMa uamepenus no E.6

Ecnu y nutaowero Tpancgopmaropa (reHepartopa) HeT BbiBeAeHHOM HelTpanu, TO UCnoNb3yioT
Dpyrylo $asy cxemsl, 3a3eMIMB ee Hepes OCTATOYHYI0 UHAYKTUBHOCTD.
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MocTosnHALIA TOK NOJA0T Yepes ogHy U3 ¢as. Mpy U3MepeHn NOCTORHHOTO HanpPAXeHUs MeXay
BbiBOAaMK A 1 BbiBOAaMK B n C pesuctopbl 72, A3 8 dasax B u C nonxHel obecrne4rBaTs HaMMeHb-
wee pacxoxaeHue Mexay CyMMapHbiMUM COMpoTUMBneHnaMu B dasax B u C — uHaykTMeHoCTb L2, L3
nnc pesuctop A2, A3 cooTeeTCTayoLen Pasbl,

CpenHee conpoTueenne Ry B omax Asyx ¢a3 A u B paccunTeiBaioT no dpopmyne:

R, = %(ZRA +Ra), (E.3)

roe / — TOK, U3BMepeHHbii MUKPOaMRepMeTPOM, A;
! — NOCTORHHEIA TOK, HaknagbiBaeMblii HAa NnepemMerHbil B dasax A u B, A;
R, — cymmapHsoe COnpoTUBNEHWe WHAYKTMBHOCTM L1, peancTopa A1 u mukpoamnepmeTpa B da-
3e A, Owm;
HAy— cymmapHoe COnpOoTHBNEHUe MHAYKTUBHOCTU L2 v pesucTopa A2 8 dase B, Om.
WyHT A8 ponxeH GoiTk paccunTan Ha paGoduin Tok o6MoTku T2, OcTanbHbLle YCNoBua uaMepe-
HUA OOJIXHB coOTBeTcTBOBAaThb E.5.

E.7 NamepeHus no cxeme B COOTBETCTBUM C PUCYHKOM E.4 npoBoasiT 8 pexuMe KOPOTKOro aa-
MbIKaHWUA U Harpysku npu OTCYTCTBUKM HelTpany y NCNbITyeMoin 06MOTKM U NUTaiowero TpaHchopma-
TOpa {reHeparopa) B TOM Gny4ae, ecan A0NYCTUMO 3a3emsieHre ogHOMro 13 ¢asHbix nposogos. Viame-
peHve NPOBOAST AR OBMOTOK T2, COEQUHEHHLIX KaK B «3BE€3Ay», TaKk U B «TPEYrOflbHWUK»,

n

_/..IY:Y\

Q
AN E 2
T i ]
lg

+ | &
L

71 — nutaioumit TpaHchopmaTop; AS — WyHT; 72 — uamepsemMas o6MoTKa; L2 — MHAYKTUBHOCTD;
21, 22 — ¢unuTpsi; PA — mukpoamnepmeTp; PV — munnmsonbTMeTp; G — akkymynatopHas Gavapes;
Q — Boixmovarens; L1 — apoccent

Pucysok E.4 — MNpuHumnuantiaa cxema uaMepenms no E.7

Mpu namepeHn CoNPoTUBNEHUS 0GMOTOK, COBAUHEHHBIX B «3BE3AY», CONPOTUBIEHNE Ry B OMax
ana ©a3 A n B paccuntmisaiot no ¢opmyne:; -
'} [] .
A= (E4)

rae / — TOK, U3BMEPEHHbIA MMKPOaMNEPMETPOM, A;
/ — NOCTOSIHHBIA TOK, HaKNaabLIBaeMbilh Ha NepeMeHHbI B dasax A u B, A;
R— CymMMapHoe COnpoTvBAEeHWE MHAYKTUBHOCTY L2, dunbtpa Z2 u mukpoamnepmerpa PA, OM.
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E.8 [1na yMeHblUEHU BAMAHUA TEPMOSNEKTPUHECKOro addeKTa B KOHTAKTax LYHTOB W Nepexos-
HbIX NPOLECCOB B TPaHCPOPMATOPaX Ha TOYHOCTL U3MEPEHUSt CONPOTUBAEGHUS PEKOMEHQYETCS nNpu-
HUMaTL Caenylowmve Mephbi:

— YMEHbLUMTL Harpes LYHTOB (yTem BbiGOpa COOTBETCTBYIOLIEro CEHEHUR NPOBOLHNKOB LLYHTA
Y oxnaxaeHuns);

— BbIHECTM U3 30HLI HArpeBa KOHTaKThb! LWYHTa, €CAM OHU U3 Pa3HOPOAHLIX METas10B;

— YBENYUTL MOCTOAHHYIO BPEMEHU GUALTPOB U3MEpUTENbHLIX NPUGOPOB, CTabnananuposaTh
pexum Harpesa.
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NPUNOXEHUE X
(o6s3arensHoe)

NPUBEAEHUE PE3YJIbTATOB UCMNbITAHUA HA HAIPEB
K HOMUHAJIbHbIM YCJ1I0BUSIM

X.1 OnpepeneHve KOHEYHOrO NPEBLILEHWA TEMNEPATYD 3IEMEHTOB CyXoro TpaHcgopmMaTopa

X.1.1 MNpessiweHns cpeaHein TemnepaTypsl 0O6MOTKU A8 4, M TEMNEPaTYPbl NOBEPXHOCTW Mar-
HUTHOW CUCTEMbI AB,,,. ONA 3alUMLEHHbIX U He3aLWMLEHHbIX TPaHCGHOPMATOPOB UNKU TEMNepaTyphl
MOBEPXHOCTW BEPXHEW KPLILLKN AB,, 1 GOKOBOI 4aCTU Ay , KOXYXa AN rePMETUYHBIX TPaHCHOPMaTO-
pOB CneayeT ONpPeaenaTh Kak Pa3HOCTV no GopMynam:

A, = 0,5, 00 (>K.1)
A8, =0, ~ O (X.2)

A8,=6,-0,, (K.3)
885, = 85~ Oorn (XK.4)

rae 6,5, , — Temnepatypa o6motku, °C;

Byvar — TeMnepaTtypa NoBePXHOCTU MarHUTHOM cucTeMsl, °C;

8,p ¥ 8., — TEMNEPATYPa COOTBETCTBEHHO NOBEPXHOCTM BEPXHEN KPbILIKK U GOKOBO# YacTy
koxyxa, °C;

9 — Temneparypa Ox1axganoliei cpeasl, M13aMepeHHas Nnpu ucnuitaxuusx, °C.

oxn

X.1.2 MNpu Harpese 06MOTKV TOKOM [, OTANMAIOLLIMMCS OT HOMWHANLHOTO B COOTBETCTBUU C 5.1.6,
“3amepeHHOe NpeBbLILeHUE TemnepaTypbl A9’ ,, HaA TeMNepaTypoit oxlaxaalowei cpeas nepecn-
TbIBAIOT K HOMUHANLHOMY TOKY /., MO dopmyne:

q
ABogy, = Ae;m(”&,) ; (K.5)

roe g NPUHUMAIOT PaBHbLIM:
—1,6 — pna TpaHCHOPMATOPOB C €CTECTBEHHON LUPKYNAUMen oxnaxaaiowero so3ayxa;
—1,8 — ana TpaHCHOPMATOPOB C NPUHYAUTENBHOW LUVPKyNsiuMeit oxnaxaaowero Bo3ayxa.

X.1.3 Npu ucnoitaHuax no 5.2.4 obuiee NpesbileHne TeMnepaTypbl Kaxaon 3 06MOTOK Af g, U
MarHUTHOM CUCTEMbl AB,,,. NPU HOMUHANBHLIX YCNOBUAX NO 5.1.4 onpeaensiioT Ha OCHOBaHWKU pesynb-
TaTOB, NONYYEHHbIX BO BPEMA ABYX OTAENbHbLIX UCNbITaHWA B cOoTBeTCTBUM C B.8 npunoxenuvs B, no
dopmynam:

125708
v AOpsn |
AOog =Aem[1+( :ﬂ-] ] , OK.6)
ABogm
. 125797
AOuar = A 1+(A°,w) . OK.7)
A mar
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X.2 OnpegeneHne KOHEHHOrO NPeBLILLIEHUA TEMNEPaTyPbLi ANEMEHTOB MacnHOro TpaHcdop-
maropa

X.2.1 MNpesekiteHnn TeMnepaTypsl Macna B BEPXHMUX Cnosx A6, CpeaHei TeMnepaTypsl Macna
Aemp 1 Temnepatypbl Macna B61M3M aneMeHTa MeTannoKOHCTPYKLMK AB,,, NPWU HOMKHAMLHBLIX YCNO-
BUsIX NO Harpeey crienyeT onpeaensTs No GopmMynam:

A0,=86, -8 (X.8)
Aeu. cp = eu, cp- eoxn; ()K'g)
AGMK = euu— eoxn; ‘x' 1 0)

rae 6, — TeMmnepaTypa Macna B BEPXHUX CNosix, °C;
8, ., — CpeaHsA Temnepartypa mMacna, °C;
6, — TeMnepaTypa mMacna B6NM3K BNeMeHTa MEeTanNoKOHCTpyKuum, °C.

XK.2.2 Mpwu ycnoeuax no Harpesy, OTAMYHBLIX OT HOMWUHAMbHBIX, NOJY4YEHHbIE NPU UCNBITAHUAX
NpeabilUeHNs TeMnepaTypsl Macnia B BEPXHUX CNOSX A6, cpesaHel TemnepaTtypel Macna Ae’,‘,',:p n
macna 861131 3NEMEHTOB METAIOKOHCTPYKUMM AB), CNefyeT NPUBOANTE K HOMUHABHLIM YCOBHSM
nyveM yMHOXeHUA Ha KO3hpUUMeHT

M.Cp
MK

( TP ) (K11)

R+F

roe P, + Py — cymma notepb KOPOTKOrO 3aMblKaHWS 1 XOIOCTOrO X0Aa NPW MCNbITaHusX, BT;
X NPUHWUMAEETCS PABHbIM:

— 0,8 — pns pacnpegenutensHbix TPAHCHOPMATOPOB (@CTECTBEHHAS LMPKYNAUMS, MaKCu-
MasibHas HOMUHANbHAasA MOLHOCTL 2500 kB - A);

— 0,9 — pna TpaHchoOpMaTOpPoB GONLILOH MOLIHOCTM C €CTECTBEHHOM LUMpKynauuein macna
B 06MOTKaX;

— 1,0 — pna TpaHCHOPMATOPOB C NPUHYAUTENLHOM M HanpasNeHHON UMpKynauuen macna
B o6mOTKax.

X.2.3 Npu ucneitanmax no 5.1.1, 5.1.3 npesbilueHus cpefHe# TemrepaTypbl OGMOTOK AB,,,
TeMnepartyp NOBEPXHOCTY 3/IEMEHTOB METAINOKOHCTPYKUMM AB, 1 NOBEPXHOCTU MarHUTHON CUCTEMbI

AB,,,. NPV HOMUHANLHBIX YCNOBUSAX MO Harpesy PaCCHUTHIBAIOT NO GOpPMynam:
A0 4, = 8,0~ 6, (X.12)
A8,=8,-6,; (X.13)
Aellw = elmr_ emm' (x' 1 4)

rae 6, — TemnepaTypa NOBEPXHOCTY 3/IEMEHTa METaNNOKOHCTPYKUuK, °C.

K.2.4 IMpu ucneiTanmsx ro 5.2.2 npeswiieHusl CpeaHei TeMnepaTypel 0GMOTOK Af,,, TEMNepa-
TYPb NOBEPXHOCTM 3NEMEHTOB METANNOKOHCTPYKLIMM A8, CleayeT onpeAensTs B KOHUE Nepuoga Ha-
rPeBa HOMUHaNLHBLIM TOKOM, 8 NPEBLILIeHNE TeMNePaTypPL MOBEPXHOCTU MAarHUTHOA CCTeMbl A9,
— B cooTeeTcTBuM C 6.5 npunoxenns B; ux onpegensior no Gpopmynam:

A =8, — O (K.15)
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A0, =0, ~BL; {(X.16)
ABjar = Byuar = Boxn » {PK.17)

roe 6., — Temnepatypa o6MoTkh, °C;
6, — TemnepaTypa MOBePXHOCTK B/IEMEHTA METAIOKOHCTPYKumuK, °C;
Ouar — TEMMepaTypa NOBEPXHOCTU MArHUTHON CUCTEMBI, °C;
6o — TEMNEpaTypa OxnaxpaioLiei cpeasb Npy NOTepAx B TpaHcHOPMAaToPe, OTAnYHBIX ot A, °C.

B nony4eHHble pesynsTaTbl CNeayeT BHECTH ronpaeku nNo hopMynam:

ABgpy = AByg,, —~ ABy cp + ABy cp 5 (X.18)

A8y = AQ, — A8, +ABy, ; PK.19)

A8y, = ABpq — ABy, + A0, (K.20)

rhe Afgs, ¥ Ae’nﬁu — rpuseaeHHOe M N3MEPEeHHOe COOTBETCTBEHHO rNpeskillieHue TeMneparypul 06-

MOTKM Hag TemnepaTypoii oxnaxaaiowei cpeasl, °C;
ABy cp M Ae;,.cp — MpuBEAEHHOE M naMepeHHOoe COOTBETCTBEHHO NpeBbIWeHne cpeaHei Tem-
nepaTypbl Macna Hap TemnepaTypoii oxnaxpaioweit cpeast, °C;

AB, 1 A8, — NPUBEAEHHOE 1 U3MEPEHHOE COOTBETCTBEHHO TPEBLILIEHME TEMNEpaTypL ane-
MeHTa MeTann0KOHCTPYKUMM Hag, TEMNEePaTypoit Oxnaxgalowen cpeasi, °C;
ABy, W A, — rpUBEAEHHOE M U3MEPEeHHOe COOTBETCTBEHHO NPeBbILLIeHNe TemnepaTypsl Mac-

na B6N13N 3nemMeHTa MeTanNoKOHCTRYKLMK Haf, TeMnepaTypon oxXnaxaan-
wei cpea, °C;
ABysr W AByer  — NPUBEAEHHOE U U3MEPEHHOE COOTBETCTBEHHO NPEBbLILIEHWE TeMnepaTyph no-
BEPXHOCTU MarHUTHOI CUCTEMbI Hag TemnepaTypoit oxnaxaalouwei cpeas, °C;
AB, 1 A8, — NpuBeaeHHOe 1 M3MEPEHHOEe COOTBETCTBEHHO NPeBbilleHne TeMnepaTypb
Macna B BEpPXHMX CNOAX Haf TemMnepaTypoi oxnaxpaioweii cpeasi, °C.

XK.2.5 Ecnv onpenenexnne npesbilueHWid TeMrepaTypbi OGMOTOK A6, U INEMEHTOB MeTanno-
KOHCTPYKUMiA A6, NPOBOART NPU UCMLITAHWAX TOKOM M0 5.1.6 OTNMYHLIM OT HOMUHANBHOTO, TO NOAY-
YEHHbIE NIPY UCTILITAHUSIX TEMNEPATYPH ASL,, W AB, CNeayeT NPUBOAMUTL K HOMUHANBHLIM YCNOBUAM
no ¢opmynam:

| 4
A0y = (A0i0u —Aei.,cp)(i”;—"] + A8y p } (K.21)

Y
a6, = a6, -Ae;,,)(i'*;—"] + A0y, (X.22)
TAe fou ¥ /" — HOMUHaNbHBIA TOK OBMOTKM 1 TOK 8 OGMOTKE fPU UCNBITAHUAX, A;
Y NpUHUMAETCH PaBHbIM:
— 1,6 — pns TpaHCHOPMATOPOB C eCTECTBEHHOW ¥ NPUHYAUTENLHON UMPKY RaunMein Macna;
— 2,0 — gna TpaHcOPMATOPOB C NPUHYAUTENLHOA LUPKyNAauMeil C HanpaBNeHHbIM NOTOKOM
Macna B 06MOTKaXx.
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NPUNOXEHUE K
(pekomeHgyemoe)

METOAMUKA NEPECHETA NOTEPbD MNPU UCTILITAHUAN
HA HATPEB MHOrOOEMOTO4HbIX TPAHC®OPMATOPOB

K.1 OnpeneneHne Harpy3oqHbiX NOTEPb TPEXOOGMOTOYHBLIX TPAHCHOPMATOPOB MPU PaA3NNYHbLIX
COYETaHUsAX Harpy3ku

BeeneMm cnepyiowmve o603HayeHus:

o6moTka BH — «H», CH — «X» u HH — «T». HarpysouHble noTepv onpeaensioT COBMECTHO ¢ con-
pOTUBNEHUAMU ANA TPeX BO3MOXHbIX ABYXOGMOTOYHLIX COYETaHWiA:

PHX PHT PX‘T'

MamepeHuna MoryT GbiTb NPoBeadeHsb! NPy Tokax B 06MOTKaxX, COOTBETCTBYIOLMUX Pa3NYHbLIM 3Ha-
YyeHuam 6a30BON MOLLHOCTK, Tak Kak TpeTuyHaa o6moTka umeeT 6onee HU3KOe 3afaHHOe 3HavYeHue
HOMWHaNbLHOW MoLWHOCTU. [ns nocnepyowero npeo6pa3oBaHUs AaHHbie W3MEPEeHUn NPUBOAAT K
6a30801 MOLLHOCTN S’ NPONOPLMOHANLHO KBAAPATY ToKa:

Px Pa Pa.
Ba3soBuie TOku B COOTBETCTBYIOWNX OGMOTKAX:
Lo L.
Pacnpepnenenne notepb No OTAENLHLIM 0BMOTKaM onpeaensioT No GopMynam:
Ry = 2 (Poc + Pl = Pie): (K1)
P = %(p,;x —B, +PL): (K.2)
’ 1 ’ ’ r
Rr='2_(—an +PHT+PX‘I‘)' (K.3)

Ans AaHHOro coYeTaHus Harpy3ok C pakTUHECKUMU TOKaMK B OGMOTKax, paBHbiMu £, 4, /4, nony-
YeHHble NOTepu N8 KaxXAoh 06MOTKM CHOBA AO/IXHLI BbITb NEpecuMTaHbl NPONOPLUMOHABHO KBaapa-
TY TOKa (MM MOWHOCTWU) NO OTHOLWEHUIO K 6a30BbIM 3HaYeHMAM. Pe3ynbTupyloliMe Harpyso4Hble

notepu Px Ansa Bcero TpaHcdopMaTopa — 3aTO CyMMa NOTEPL B KaX[0M U3 Tpex 06MOTOK M BblMUCNAIOT

no ¢opmyne:
A =H2 P +H2 P {Hz R (K.4)
YuutoiBaa ¢aktuieckylo MOWHOCTL 06MOTOK, F, paccuMTbIBalOT No popmyne:
R, =[%]2 P +[%,-T P, +[-§1,]2 P (K.5)

3HaueHve MOLHOCTH B hopMyne NpuBeaeHsl ANA HakTUHecKOro TOKa U COOTBETCTBYIOLLEro Ha-
NPAXEHUA XONOCTOrO XOAa ANA BTOPUYHLIX OBMOTOK, a He $aKTUHECKOro HanpsKeHus Ha BbIBOAAX,
BKIMOYAIOLLEr0 NageHue HanpsaxeHus 8 TpacdopmaTope.

K.2 AsToTpaHchOopMaTopHOe coeanHeHue

O6MOTKM C aBTOTPAHCHOPMATOPHLIM COeQVMHEHWEM PacCMaTPUBAIOTCS KakK OTAefNbHble 4acTy
napbl 06MOTOK: nocnenosatensHaa o6MoTka S u obwas obmorka C — BMecTo 06MOTOK BbICLLIErO U
cpenHero HanpaXeHus.
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KoadpuumeHT BLIrOAHOCTY pacc4MTHIBAIOT No popmyne:
UH - Ux Ix - IH '
g=—t——X =X _H, K.6
U I (K.6)
370 OTHOWEHWE Mexny QaKTUHECKOR 3NeKTPOMAarHUTHOK MOWHOCTLID Prandecknx obMOTOK Sn
C 1 NPOXORHOM MOLWHOCTEIO Mexay GopManbHbiMu 0BMoTkamm H 1 X,

Koraa 6a3osas MOWHOCTL S’ pacnpeaenseTca mexay o6moTkamu H u X, HanpsaxeHue nocreao-
BaTesibHOM 06MOTKM OnpeaensioT no Gpopmyne:

Uy=Ug =al,, (K.7)

a ee ToK /.
HanpsxeHve obiein o6moTkn L, a ee 6a30Bbif TOk onpeaensoT no Gopmyne:

L=l -l =al,. (K.8)
AnexkTpoMarHuTHas 6a3oeas MOLWHOCTL O6MOTOK agToTpaHcdopMaTtopa He S', a o S'.
Ha pucyHke K.1 npuBeaeHb! CxeMbl TpEX BO3MOXHbLIX ABYXOOMOTOYHbLIX COMETaHMi Harpyaku oT-

HOCUTENLHO NPOXoAHON MolHocTH S . dakTuyecKni Tok B 06MoTKe C BO BCEX Tpex Giy4anx pasHbii.
Tpu ABYXO6MOTOHHBLIX COYETAHUA ANR MCNLITaHNS NPy 623080 NPOXOAHON MOLLHOCTM

3 H
-}
.2

XT
lo=lh=aly lo=l=(-o) =122 |, =I;%I;
PucyHox K.1 — Cxembl BOIMOXHbIX A8YXOB6MOTONHBIX CONOTAHMIA HArpy3KM

MoTepu B ABYX O6MOTKax MOXHO Pa3aesnvTh N0 COOTBETCTBYIOWMM 06MOTKaM, NPUMEHSA COOT-
HOLWEeHMS:

Py=P.+P;; (K9)
2
P;,=P;+[‘_j;‘!.} Po+Py; : (K.10)
2
P;T=E] Pl +P,. (K.11)
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PacnpegeneHve noteps No oTaeneHsM 0BMOTkam onpepaensiot no Gopmynam:

P, = alle- )P + Py ~aPL], (K.12)
’ 1 4 4 4

P, .—.E[aP“ —aP,,.r+aP,(T]. (K.13)
o 1 15 15 2a-1

PT =-é-[--2—P"x+;Pm-+ aﬂ. Px-rJ- (K'14)

Harpy3ouHbie notepu ans kaxaoi oGMOTkM B Criyqae 3afaHHOW Harpysku, XapakTepusyemown
Tokamu /,, £, L onpeRensiot no ¢popmynam:

1 2
P, p;[l_e] , (K.15)
H
) 2
P, = pé{l_f] _ (K.16)
(-]
i 2
P, - p;[,.:] . (K.17)
T

[ns nonyyenus notepb B o6Leit o6MoTke HeoOxoauMo onpeaenvTb ee ToK No ¢popmyne:
M| = l"x "nl- (K.18)
Tokut 4 v /, 06bi4HO He coBnagaloT no dase B cnyyaax Tpexdas3Hoh Harpysku ¢ He3aBUCUMON

Harpyakoit Ha TpeTnyHolt obmoTke.
Harpyaky onpenensiior ucxoas ua dakTu4eckoi MOLHOCTM Ha BbiBogax obmoTok H, X n T:

2
IS
P, = Ps[-s—t‘—] : (K.19)
H
2
P = Pé[%} . (K.20)
2
P =PT'F'7] . (K.21)

Onpepenvm S B obiuem cnyuae.
B cnenyloLyix ypaBHEHUSAX “CMOALIYIOT BEKTOPHLIE 3HEYEHWS TOKA M MOLLHOGTH, B TO BPEMS Kak
YUCNO BUTKOB MW BKBUBANIEHTHBIE HAMPSXEHUA XONOCTOrO X04a ~— CKANAPHLIE NOCTORHHBLIE BENVHMHDI.

CyMMma MOLLHOCTEN paBHa Hynio:
5.,+5,+5,=0. (K.22)
Hcnonk3ya BeipaXeHue XON0CTOro Xoaa, noayyuum Gopmyny:

i,-U, +1,-U, +1, .U, =0. (K.23)
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Kpome Toro, cobniopaeTtcs 6anaHc amfep-BUTKOB:
ly-ng+long +1,ny =0. (K.24)

YUUThIBas, 4TO YUC/IO BUTKOB NPONOPLIMOHANBEHO COOTBETCTBYIOWMM HOMUHANLHBIM HAaNPsXXeHM-
M (UMM HANPAXEHWSM OTBETBAGHUA), NONYYaeM:

I-H(UH "Ux)+ IloUg + 1L Uy =0, (K.25)

roe U,-U, =al,.
Ha pucyHke K.2 npvBeaeHbl BEKTOPHbIE AUarpaMMsbl ANA MOLLHOCTU Ha COOTBETCTBYIOLUMX BLIBO-
Aax u B cyuwiecTayiowmx obmaTkax.

PucyHok K.2 — BektopHble anarpammbl AnA MOLLHOCTW Ha COOTBETCTBYIOWMX BbIBOAAX
W B CYLLECTBYIOLUMX OBGMOTKaX

Mcnonb3ya TeopeMy KOCUHYCOB ONS TPEYrONbHUKOB Ha BEKTOPHOM anarpamme, nonydmm ¢op-
Mynbi:

(U = 0 U R + 0, U P -21,U, 1, U, cos o; (K.26)

(1 Ux R = «2(1, U, P + (15 U, ? - 20l Uy 1y Uy cOs . (K.27)

Ucknioumm yHKUUIO yrna:
S2 = (1-a)[S? -aS2]+aS?. (K.28)
3T0 OTHOWeHKe COAEPXNT TONBKO a6CoNOTHbIE 3HAYEHMA MOI.I.I,HOCTeﬁ — COOTHOLWLEeHne Mexay

Harpyakamu no ¢asam B BbiBeAeHHO HOopMyNie He YHUTLIBaeT .,
MNoTtepu, oTHeCeHHbIE K 06MoTKe C, onpeaenaoT No ¢popmyne:

Pc=Pc.(1—d)[S$—d83]+ass , (K.29)
cxz(S')2 ’
Ecm | S, | = | S| + | S|, To noTepn, oTHeceHHbie k 06MOTKe C, onpeaensioT no popmyne:
2
1
S - a‘s'r
Po=Ps| —g—| - (K.30)
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MPUSTOXERUE N1
{cnpaBoyHOS)

TEPMONAPbLI, NPUMEHAEMBbIE AN U3MEPEHUA
TEMNEPATYPbI 3JIEMEHTOB TPAHCO®OPMATOPA

Ona namepeHus TemnepaTtypbl NPy UCNbLITAHUAX TPaHCHOPMATOPOB CreayeT NPUMEHATL TePMO-
napbi, U3rotoBNeHHbIE U3 Napb! NPOROAOS (NPEANCHTUTENLHO XPOMeNb-Konenk) anameTpom ot 0,1
no 1 mm. Kaxabiii U3 napbi POBOAOB 3aKNIO4AIOT B MaCNOCTOMKYIO (48 TepMonap, NPUMEHSIEMbIX
NPy UCTILITAHWAX MACNAHbIX TPAHCHOPMaTOPOB) U TEPMOCTONMKYIO n3onaumio (180 °C), a satem ux
CKpy4MBaIOT C warom 5—15 mm.

fMposoaa paspesaioT Ha oTpesku Tpebyemoi AvHbl (00bIMHO OT 2 40 20 M) 1 NoCne NPOBEPKU
UenocT1 U3oNALMM MEXIY NMPOBOAAMM CBAPUBAIOT WM 3ananBaloT OAWMH M3 KORLIOB Napbl NMPOBOAOB.

[ns onpeaeneHnn 3asMCUMOCTM MeXAy NOKa3aHMsiMM Npubopa, NoaKNo4aeMoro K Tepmonape,
¥ TemMnepaTypou, BbiPaXeHHOI B rpagycax, NoCTyNaioT YKa3aHHbiM HUXE CrnocoboMm.

M3 rpynnsl TepMonap OAWHAKOBOM A/MHLI C AONYCKOM = 10 %, M3roTOBAEHHLIX U3 OQHOR NapTuu
NPOBOAOB yKa3aHHbIM CNOCOGOM, BbiBUPaIOT ABe unv TPU. 3anansaioT UK 3aBapyBaiOT BTOPOM KO-
Hel, Napki NPOBOAOB (paHee He 3anasiHHbIiA), a 3aTeM OAMH M3 NPOBOAOR Nepepes3aloT U NosyYeHHbIe
0TBOAb! NOAKNIOHAIOT K M3MepuTenbHOMY npPUBopy NOoOYEpeanHo C NOMOLBLIO riepeksioyaTens.

OauH 13 cnaes NosyYeHHOM TepMonapbt MOMELLAI0T B COCYA C XMAKUM AUBNEKTPUKOM (Hanpumep,
TpaHcHOpMaTopHOEe Macno), TemnepaTtypy KOTOporo noaaepxusaiot 0 °C, a Apyroi — 8 Xuakuii aua-
NeKTPUK, TeMNepaTypy KOTOPOro KOHTPOAUPYIOT PTYTHLIM TEPMOMETPOM C LieHOM Aenerun 0,1 °c.

WaMeHsIOT TeMnepaTypy XuUaKkoro AMaNeKTpuka B Ananasoxe ot 0 Ao 180 °C uepes kaxasie 3—5°C
¥ 3anMCLIBAIOT NOKA3aHWA n3MepPUTeNLHOro rpubopa 1 TepmomeTpa.

MonyyeHHs!le pesynsTaThl MPUMEHSIOT AJ18 NOCTPOEHMS rpadryecKoit 3aBUCMMOCTN MeXay noka-
3aHMAMKN namepmTensHoro nprubopa U TepMOMETPa, KOTOPYIO MCNONL3YIOT B AaneHeliuem ans nepe-
BOAa rnokaaaHuii npubopa B rpagycel Lieascus.
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NPUNTIOXXEHUE M
{pexomeHgyemoe)

MCNbITAHUSA HA HAFPEB TPAHCHOPMATOPOB
C NPUHYAUTENIbHOM LMPKYNISILUMENA MACIIA
BE3 COGCTBEHHOW CUCTEMbI OXJIAXKAEHUSA

Mo xapakTepucTUKe OAHOro oxnaaurensa (3aBUCUMOCTb TENNOBOro NOTOKA OT Pa3HOCTY TemMne-
paTyp Macna Ha Bxoge B OXNafiuTenb W Oxnaxpawowei cpeast A6 =6, — 6,,,), Ux KonuiecTsy
B CMCTEME oxnaxgeHua TpaHcdopmMaTopa u CyMMapHbiM NOTePsM Pmp+ P, ONpenensioT npessilue-
HUE TeMnepaTypbl Macna Ha BXOAE B CUCTeMy OXNIaXAeHUA Haf TeMNepaTypon oxnaxaaouiei cpe-
Abl. HaineHnHoe 3HadeHue A9, ABNAETCA KOHEYHbIM NpEeBbilieHNeM TeMnepaTypbl Macna B BEPXHUX
cnosix TpaHcgopmaTopa Hag TeMnepaTypoil oxnaxgaiowei cpeabl.

3atemM onpenensiioT Pa3HOCTL TeMnepaTtyp Macia Ha BXOAE U BbiXxoae U3 oxyiagutensa A6 no
dopmyne:

Q
AB = —T— (M.1)
vpC
rofe @  — TENNOBOW NOTOK oxnaauTenst, BT;
V  — npov3BOAMTENbHOGTH HACOCoB, M/C;

Py C — COOTBETCTBEHHO NJOTHOCTbL WU yAenbHaa TennoemMkoCTbe Machna, KoTopbie BblﬁmpalOT
B 3aBUCUMOCTU OT GpefiHeit TeMnepaTypb Macna B oxnagurene m3 Tabnavus M.1.

Tabnuuya M.1 — MNapamerpul Macna B 3aBUCHUMOCTI OT TeMnepaTypbl

Temnepatypa macna, °C MnoTHOCTL Macna, kr/m YaenoHan TennoeMKkocTs,
(BT - ¢)/(xr - °C)
40 873,1 1807
50 866,7 1868
60 860,3 1928
70 854,0 1988
80 847.6 2048
90 8413 2108

Ans npoMexyToYHbIX TemnepaTyp Macnia 3HaueHua NNOTHOCTU U YAeNbHOM TenN10eMKoCTyH onpe-
AEeNnAT NNHEHHLIM UHTEPNOANMPOBaHUEM,

Temneparypa Macna, XOTOPYIO ChneflyeT NOAAEPXUBaTbL Ha Bxofe B TpaHchopMaTop npu onpe-
Aenexvy npesbilWeHVN CpeaHei TemMnepaTypyl 0BMOTOK U ANEMEHTOB METanNoKOHCTPYKUMiA 6, pac-
cunThIBAIOT NO dopmyne:

0,=A8, —A8 + 8., , (M.2)
rae A8, — KOHe4HOe npesbilleHne TemnepaTypu Macna 8 BEPXHUX CNOSX B 'rpchcpopmaTope
HaineHHoe pacyeTHLIM nyTem, °C;
A8 — pa3sHOCTb TeMnepaTyp Macna Ha BXOAE U BbIXOAe W3 oxnagurtens, °C;

8,n — MakcuMmanbHas Temnepatypa oxiaxgaiouwei cpegst no NOCT 15150 8 3aBuCMMOCTH
OT K/MMATNYECKOrO UCTIONHEHNA UCTIHITYeMOro TpaHcgopmaropa, °C. ~

MNpu nposegeHUn UCNLITAHUIA COSAMHAIOT OXNAQUTENLHYIO YCTAHOBKY G UCTLITLIBAEMBbIM TPaHC-
$OpMaTopoM B COOTBETCTBUU C PUCYHKOM M.1.
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Konnekrop Harperore Macna

Buixof oxnaxgaouien cpens Buixon oxnaxaaouwes cpeqs

Konnexrop oxnaxgqeHHoro macna

Y

CMECUTENBHBIN TErNN00OMEHHINK

Honuvireisaemuivi
TPaHCc@opmMarop

1, 2— HaCOCHl NCNLITATENBHOR CHCTEMbI OXNTAXABHUA; J, 4 — HacoCH,06ecnevuBaIoWNe LMPKYNAUVYIO Macha;
5, 6 — namepurenshbie avadgparmbl

PucyHok M.1 — MpuHuMnMansHan cxema yCTaHOBKU ANA UCTILITaHWA TPAHCHOPMATOPOB C NPUHYAUTENLHON
uupkynaumei macna 6e3 co6CTBeHHOR CUCTEMbI OXNTEKACHUS

C nomoLLbio KaMepHbIX aMmepuTenbHbix auadparm no FOCT 26969 uamepsioT U yCTaHaBANBAIOT
pacxofl Macna, nocTynalowero U3 ox1aguTenbHOM YCTAHOBKM B TpaHcgOpMaTop, TakOoi Xe, KakK U
npu pabote coBCTBEHHON CUCTEMbI OxnaxaeHus Tpancdopmaropa. Ecnu rugpasnuyeckoe conpo-
TUBNEHME TPYOONPOBOAOB MEXAY CMECHTENbHLIM TENN00OMEHHUKOM 1 6akom TpaHcdopmaropa npu-
MEPHO COOTBETCTBYET FUApaBAM4HECKOMY CONPOTMBAEGHWUIO TPYGONPOBOOOoB Mexay CoBCTBeHHOM ox-
NagutenbHON yCTaHoBKOW u Gakom TpaHcdhopMaTopa, TO pacxof, Macna MOXHO CYMTaTbh paBHbIM,
€C/IM paBHO YMCNO HAaCOCOB OOMHAKOBOW NPOU3BOOMTENILHOCTU B 3TOM KOHTYPE NP UCNLITaHUSX 1
B COGCTBEHHOI CUCTeMe OxnaxaeHus TpaHcdopmartopa.

B onbiTax KOPOTKOFO 3aMbikaHus PErynupyioT paboTy TennoobMeHHUKoB Tak, 4Tobbl B npouecce
ONbLITOB TEeMNepaTypa Macha, NOCTynawwero 8 TpaHcopmaTop {TeMnepaTtypa Macha B CMECUTeNb-
HOM TENNOO6GMMHHKKE), GCTaBantaCb NOCTOSAHHOW ¥ PaBHOM 6, :
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[onyckaeTca ycKOpsATb NPOLECC UCNbITaHUA NYTEM NPEKPALLEHUS LUUPKYISLUMK 0XNaXAaoLLen
cpeabl B 4aCTW unn BCcex TennooBMeHHWKax, Noka TemMneparypa Macna B CMECUTENbHOM Tennoob-
MEHHUKE He JOCTUIHET 3HaueHus Ha (5—10) °C HUXe 3HaueHus, paccunTaHHOro no opmyne M.2.

B yCTaHOBMBLUMXCA TENNOBbLIX peXumax onpeaensior NpeebilleHns cpegHux Temneparyp o6mo-
TOK Hag cpedHein TemnepaTypoi macna, pacc4uTbiBaemoi no 5.3.4.2 u Temnepatyp 3NeMeHTOB me-
TanNOKOHCTPYKUMI Hag, TemnepaTypon macna B6amnau HMX, namepsaemoit B no 5.3.5.

AHaJIOrM4YHO NPOBOAAT UCTbITAHUA Ha HarpeB TPaHCGHOPMAaTOPOB C HanpPaBieHHbIM ABUXEHUEM
mMacna, AONONHUTENLHO YCTAHABANBAA PACX04 Macna U3 NPOMEXYTOYHOro (CMecuTenbHoro) Tenno-
ob6MeHHKKa K 0BMOTKaMm.
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NPUNOXEHUE H
{cnpaBouHoe)

UCHbITAHUSA HA HATPEB MACJISIHbIX TPAHCO®OPMATOPOB
C HOMMHAJILHOM YACTOTOW 60 Iy OT UCTOYHUKA
C YACTOTO# 50 I'y

MeToa npuMeHsIIoT B TOM cayvae, ecamn aobasoyHbie NOTEPH B 31eMEHTaX MeTaMNIOKOHCTPYKUWA
TpaHchopmaTopos cocTasnsioT He 6onee 30 % NOTepe KOPOTKOrO 3amMblKaHWMR COOTBETCTBYIOWEN
napbl 06MOTOK.

Ana nposeaeHus UCNbITaHWA HA Harpes U3MEPKIOT NPU HOMUHANbLHOIA YacToTe TpaHCdOopmaTopa
noTepu B ONbITE KOPOTKOrO 3aMbIKaHUs, KOTOPLIE NEPECYUTLIBAIOT K HOMUHAJILHOMY TOKY U PACHeTHOR
TemnepaType £, ¥ NOTEPU B OMbITE XONOCTOrO XOAa NPYU HOMWUHANLHOM HanpsaxeHun F,. Uamepe-
Hus nposoaaT no NOCT 3484.1.

Mpu ucnsiTaHum [ONYCKaeTCA NPUMEeHATbL M3MepuTenbHbie TPAHCHOPMATOPL! TOKa U HanpsXe-
HUS, NpeAHa3Ha4YeHHble ana paboTtsl Npu yactoTe 50 MU, yunThHBasi Npu HEO6GX0AMMOCTU UX YrioBbIie
NOrpewHoCcTy, onpeneneHHsie npu vyacrtorte 50 My,

YCTaHOBMBLLEECA NpeBsiWeHre TemnepaTypsl Macna onpeaensior B ONbiTe KOPOTKOro 3ambika-
Hus npu vactoTe 50 'y, peryaupys HanpsikeHue Tak, 4ToOul B 0GMOTKAX YCTaHOBUACS TOK, NPU KOTO-
pom noTepy Guinmn 6kl pasHL £y + P g VICNBITAHWS NPOAONXAIOT A0 AOCTHMXKEHUA YCTAHOBUBLLErOCA
NpeBbIWEHUA TeMnepaTypbl Macna B BEPXHUX CROSX.

3aTem perynvpyioT HanpsxeHue Tak, 4Tobul B 06MOTKax ycTaHosuncs Tok /= 1,095 « [, (Lo —
HOMUHaNbHBIA TOK NUTaemoit oBMoTKM TpaHchOpMaTopa NPU HOMUHANBHOK YacToTe). fIpn 3TOM Toke
onpenensioT yCTaHOBUBLLIEECH NPEeBbILLIeHNE TeMMNepaTypbl NOBEPXHOCTU 3/1eMEeHTOBR METaNNOKOHCT-
PYKUMA U3 dreppoMarHUTHbIX MaTepuanoB Hag TeMnepaTypoil Macna.

YcTaHOBMBLIEECA NMPEBLILEHWE TeMnepaTypbl NOBEPXHOCTEN 3NEMEHTOB METAaNNOKOHCTPYKLMA
U3 MaNnOMarHuTHLIX MaTepuanoB (OTHOCUTENBHAS MarHMTHasl NPOHULAeMOCTb 6aM3Ka K eauHuue)
onpefensioT npu Toke /= 1,2 [ .

YcraHoBMBLUEECA NpeBbilieHWe cpeaHel TemnepaTypel OGMOTOK Haz cpeaHel TemnepaTypoi
Macna onpeaensior, yCTaHOBUB TOK /B amnepax, paccyuTeiBaeMblid No popmyne:

(H.1)

roe Fog, U Fos — PACHeTHHIE OCHOBHRIE M A0OABO4HLIE NOTepu B 06MOTKe, NpeBLILeHe TeMnepary-
pbl KOTOPOW ONpenensioT B LaHHOM onuiTe, BT.
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YOK 621.314.1/.2:006.354 MKC 29.180 E64

KnioueBble cnoBa: TpaHcopmaTopsl, TeMnepartypa, NpeBbllLEHUe, UCTbITaHue, Macno, obMoTka,
Harpes, MoTepU, COMPOTUBIEHKE.
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