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[lpeaucnoBue

Llenun n npuHuunbel ctaHaapTusaumm B Poccunuckon deaepaumnn yctaHoBrneHbl deaepanbHbiM 3aKOHOM
oT 27 aekadopsa 2002 r. Ne 184-P3 «O TeXHUYECKOM peErynmMpoBaHun», a npasuna npumMeHeHnsa HaLunoHarnbHbIX
craHpaaptoB Poccumnckon depgepaumm — [OCT P 1.0—2004 «CtaHpaptusaumna B Poccunckomn dbeaepauun.
OCHOBHbIE MONOXXEHUA»

CBeaeHuAa O cTaHaapTe

1 NoAroToBJIEH HekommepyeckuMm  naptHepcTBOM  «/IHHOBAUMM B QMNEKTPOIHEPTrETUKE»
(HIN «MHB3J1») Ha ocHOBE COOCTBEHHOIO ayTEHTUYHOIO NEPEBOAA HA PYCCKUN A3bIK CTaHAAapTa, YyKasaHHOro
B NYHKTE 4; $eaepanbHbiM rocygapCTBEHHbLIM YHUTAPHBIM NpeanpuatnemM « BcepocCMmnckum Hay4Ho-uccrneno-
BAaTENbCKUN MHCTUTYT cTaHaapTusaunum u ceptudpukaunm B maumHoctpoeHumn» (el ylr «BHUAHMALL»)

2 BHECEH TexHunyecknm komutetoMm no craHaaptusaumm TK 39 «3OHeprocbepexeHue, aHepreTnye-
ckag adhPEKTUBHOCTb, SHEPrOMEHEAKMEHT»

3 YTBEPXXOEH M BBEOEH B OECTBWE Mpukazom deaepansHOro areHTCTea no TEXHUYECKOMY pe-
rynupoBsaHuio n metponorun ot 28 ceHTabpa 2011 r. Ne 344-cT

4 Hacrtoawmm ctaHpgapt asnderca moaunduunposaHHbiM (MOD) no OTHOLLEHUIO K MeXAyHapOAHOMY
craHgapty MoK 60076-12:2008 «CunoBble TpaHcdhopmaTopbl. Hactb 12. PykoBoACTBO MO Harpyske cyxoro
TpaHcdopmartopa» (IEC 60076-12:2008 «Power transformers — Part 12: Loading guide for dry-type power
transformers»).

[1p1 NPUMEHEHNN HACTOALLENO CTaHAapTa PEKOMEHAYETCA NCNONb30BaTb BMECTO CChINMOYHbIX MEXKAYHa-
DOAHbLIX CTAHAAPTOB COOTBETCTBYIOLLUUE UM HALUUMOHaNbHbIE CTaHAAPTbl POCcCUUCKON dPeaepalnn U MEXIOCY-
NAapCTBEHHbIE CTAHAAPTHI

5 BBEOEH BINEPBbIE

VIHgbopmayua 06 UsMeHeHUsaX K HacmosauwemMmy cmaHoapmy rnybnukyemes 8 e)xe200H0 u30asaemMomM UH-
cpopmMayUoOHHOM yKa3amerne «HayuoHarnbHbie cmaHoapmbpi», @ mekKem U3MeHeHUU U nonpasoK — 8 eXemMe-
CAYHO u3daeaembix UHPOPMAaUUOHHbIX yKa3amernsax « HayuoHarnbHble cmaHoapmbi». B criydae nepecmompa
(3aMeHbl) Uru OmmMmeHbl Hacmosduweao cmaHoapma coomsesememesyroujee yeeoomMmrieHue byoem onybrnuKkosaHo
8 €XXKeMeCsa4YHO u3oasaemMomM UHPOopMaUUOHHOM yKa3amene «HayuoHarbHbie cmaHoapmbiy». Coomeemcemaey-
rowlad UHgopmayus, yeeOoMrieHUE U meKemal pasmMeuwlaromesa makxe 6 UHhopMayUoOHHOU cucmeme obuyezo
r10/1b308aHUS — Ha ouyuarnbHOM caume @eodeparsibHO20 azeHmemea rno MexHU4YeCKoMy peaynupoeaHuro u
Memporsioeuu 8 cemu MIHmepHem

© CtaHgaptuHdopm, 2012

Hactoswmin ctaHaapt HEe MOXET ObITb MONTHOCTLIO UM YACTUYHO BOCNPOU3BEAEH, TUPAXKUPOBAH U pac-
NMPOCTPaHEH B Ka4yecTBe odhmuUmnanbHOro nagaHus 6e3 paspewesHns degepanbHOro areHTcTaa no TEXHUYECKO-
MY PErynmpoBaHUIO U METPONOTUN
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BeBeneHune Kk MOK 60076-12:2008

MexxayHapoaHbin ctaHaapt MOK 60076-12 (anrnuimnckas sepcus) Obinn NnoArotToBNeH TEXHUYECKUM KOMU-
TeToM 14 MOK «CunoBble TpaHCchopMaTopbI».

CtaHaapt MOK 600/7/6-12:2008 otmeHaeT n 3ameHdeT ctaHgapt MoK 60905:1987. B saTtoM nepBoOM U3-
NaHUW NpeacTaBneHa TeEXHNU4YecKaa npoBepKa.

TeKCT cTaHaapTa OCHOBAaH Ha cneayrLwux AoKYyMEeHTax:

FDIS OTYeT 0 roNocoBaHnK

14/584/FDIS 14/590/RVD

[ToNHYI0 MHOPMALMIO O pedynbTarax rofocoBaHna O MPUHATUKX CTaHAapTa MOXHO HAUTU B OTYETE O
ronocoBaHun, ykasaHHOM B BbiLLUE NpuBEAEHHON TAabnuue.

N3naHue ObIno coctaBneHo B cooTBeTcTBumn ¢ gupektnson NCO/MO3K, yacTsb 2.

Cnucok Bcex ctanHaaprtoB cepumn M3K 60076 noa oobumm HanmeHoBaHuemMm Curiosbie mpaHcgopmMamo-
pbi NpuBeaeH Ha odpuumanbHoMm cante MoK.

IV
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HALULWOHAJIIbHBIN CTAHOAPT POCCUUNCKON PEOEPALUNWN

TPAHCOOPMATOPDbI CNNOBbIE
YHacTtb 12

PyKOoBOACTBO MO HArpy3ke cyxoro TpaHc@opmMaTopa

Power transformers. Part 12: Loading guide for dry-type power transformers

[1ata BBeaeHua — 2012—07—01

1 Obnactb NpUMeHeHus

HacTtoawmmn ctaHaaprT:

- npeagHasHa4YeH UHXXeHepamM-TEXHOMOram Kak pykoBoACTBO Nnpu BbIOOpe noaxoaaLumx 3HaA4EHUN BENN-
YMH U YCNMOBUW 3KCNnyarauum (Harpy3ok) HoOBOro o0opyago0BaHuUA;

- NPUMEHAETCA K CUNOBLIM TpaHCcopMaTopamM CyXxoro Tmna B pamMmkax craHgapra [1];

- ABNSAETCHA PYKOBOACTBOM MO HArpy3Ke CyXmx CUIOBbLIX TPAHCHOPMATOPOB C TOYKM 3peHUda padboyen
TeMnepaTypbl U TEPMUYECKOTO CTAPEHUS;

- YyCTaHaBNUBAET.:

a) crnocoodbl onpeaeneHnsa CKOPoCTN TEPMUYECKOTo CTapEHUA U CPpoKa Cny»XObl U30NALUMOHHON CUCTEMDI
TpaHCcOOpPMaTOPOB B 3aBUCUMOCTU OT padboyen TemnepaTtypbl, BPEMEHU N HArPy3Ku TpaHcdopmaTopa.

[MTpumedyaHune — B uenax cneymanbHOro UCNonb30BaHUA B TpaHcopMmaTopax BETPOBOro ABUraTensi, arek-
TPUYECKUX MEYEN, CBAPOYHbLIX MaLUMH U APYrMX, U3roToBUTENb 0083aH 03HAKOMUTBLCA C COOTBETCTBYHOLLEN AMarpamMMon
Harpys3Kku.

0) HOPMbI U pe3yrnbTaTbl HATPY30K B BUAE Tadbnuu;

B) peKkoMeHaauun rno orpaHNYeHu0 JoNycTUMOW HArpysky no pesynbratamMm BbIMOMHEHHbLIX pPacyeTOB
TeMnepaTtypbl U USMEPEHNN. 3TN PEeKOMEeHaaLUnn AONyCKaAeTca NPUMEHATb K HArpys3kam pas’nuyHbiX TUMOB
(HenpepbIBHbIM Harpyskam, AnNUTENbHbIM U KPATKOBPEMEHHbLIM aBaAPUWUHbLIM Meperpy3kam);

) MOHATUSA NPOLIECCOB TENMOBOIO CTapeHUda (NPUNOXEHNE A);

- PEKOMEHAYET MaTeMaTu4ecKkme Moaenu, KOTopble NOMOryT OLUEHUTb NOCNEACTBUA HArpy3ku B pasHbIX
YCNOBUAX, MPU pa3HbIX TEMNepaTypax oxnaxaarwLlwlen cpeabl U Npu HEeyCTaHOBUBLLEMCHA UIN LIMKITMYECKOM
HanpsxeHun. Moaenu npegycmarpuBaloTr pacyet pabodmnx remneparyp B TpaHcdopmMaTope, a UMEHHO TEM-
neparypy Hanbonee Harpeton 4actu B oOMOTKe. YUTOoObI yCTAHOBUTL 3arpavyeHHOEe BPEMSA OT BCEro cpoka
CNy>0bl TpaHCcopmMaTopa B TEYEHUE ONpPeaerneHHOro nNPoOMeXXyTka BpeMeHn HeobxoaumMo 3HaTb TeMnepary-
py Hanbornee HaArpeTom TOUKN.

2 HopmaTuUBHbIE CCbISNIKWN

B HacTodlleM cTaHaapTe Mcnonb3oBaHa CChifika Ha cneaylLwun ctaHaapT:
[OCT 16110—82 TpaHcdopmaTopbl CUNnoBble. TEPMUHLI N OnpeaeneHuns

[TpumeyaHune —I1pn NoNb30BaHUM HACTOALLNUM CTaHAapTOM Lieriecoobpa3Ho NPOBEPUTL AENCTBUE CChINTOYHBIX
CTaHAapToB B MHDOPMaLMOHHOW cucteme obLlero nonb3oBaHMss — Ha odulmansHoMm cainte PefepanbHOro areHTCcTBa
No TEXHUYECKOMY PerynmpoBaHno U METPONOrnn B ceT MHTEPHET UNN NO €XeroaHo n3gaBaeMoMy MHHOOPMaLMOHHOMY
yKasartento «HaumoHanbHble cTanHAapThl», KOTOPLIA OnNyOnMKoBaH Mo COCTOSIHMIO Ha 1 AHBapsi TEKYLLero roga, U no co-
OTBETCTBYHOLLUNM €XEeMeCsa4YHO nagaBaeMblM MHDOPMAaALUOHHBIM YKasaTensam, onyonuMkoBaHHbIM B TeKyLeEM roay. Ecnu
CCBINMOYHbINA CTaHAapTa 3aMeHeH (M3MEHEH), TO NPX NOSIb30BaHUN HACTOALLUM CTaHAapTOM CNefyeT PYKOBOACTBOBATLCS
3aMeHsILLNM (M3MEeHEeHHBIM) cTaHAapToOM. Ecnn cchinoYHbIA cTaHgapT oTMeHeH 6e3 3aMeHbl, TO MONOXEeHWe, B KOTOPOM
[laHa CCblflka Ha Hero, NPUMEHAETCA B YaCTUW, He 3aTparuBatoLLEn 3TY CChINKY.

N3paHune odpuyumanbHoe
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3 TepMuUHbLI U onpeaeneHun

B HacTodLweM cTaHaapTe NpUMMEHEHbI TEPMUHLI U onpeaeneHua B cooTBeTcTBUM ¢ [OCT 16110, a Taikke
cneayroLwme TePMUHbI C COOTBETCTBYIOLLMMU ONpeaeneHUsaIMU:

3.1 anuTenbHana aBapunHaA neperpys3ka: [leperpyska, Bo3HUKAWOLWAA B pe3ynsrare ANUTENbHOIO
nepepbiBa B paboTe HEKOTOPLIX SNIEMEHTOB 000PYAO0BAHUSA, KOTOPbIE HE MOTYT ObITb MOBTOPHO MOAKINIOYEHDI,
noka TpaHcdopmMaTop He HabepeT HOBYIO U DONee BbICOKYIO YCTOMUYUBYIO TEMMNEpPATYPY.

3.2 KpaTKOBpPEeMEHHAA aBapuUUHAA neperpy3ka: 3HaunTenobHasa neperpyska BCneacrtBne oaHoro nnu
bonee coObITUW, KOTOPbIE CEPLE3HO HAPYLLAKT PaboTy 3NEKTPUYECKOro 000pya0BaHUSA, Bbl3biBAs HArpy3Kky,
Npu KOTOpPOW Haubonee Harperad Todka OOMOTKM AOCTUraeTr onacHoro ypoBHSA TeMneparypbl, U BO3MOXKHO
BPEMEHHOE CHUXEHNE ANEKTPUYECKON NMPOYHOCTMH.

3.3 Haubonee Harpertaa Touka: Touka usonaumm ooOMOTKM TpaHcdopmaTopa, UMeloLaa MakcumMmarb-
HYIO TEMMNEPATYPY.

3.4 OTHOCMUTESIbHAaA CKOPOCTb TepPMUUYeCKOro crapeHuda: CKOpoCTb YMEHbLUEHNA NN BO3PaCTaHUSA
TEPMNYECKOTO CTApEeHnsa nsondaumm TpaHcopmaropa aAnga 3agaHHoOW TeEMNEpaTypbl Hanbonee HaArpPeTon Tou-
KN, OTHOCUTESNIbHO CKOPOCTU TEPMUYECKOTO CTAPEHUA, NPU NCXOAHON TeMNeparType Hanbonee HarpeTon TOYKN.

4 lNleperpys3kuy, npeBbilwlarow e AgaHHblIe TEXHUYECKOro nacnoprta n/nnm
TeXHU4YeCKUX yCcrioBUn

4.1 OOWMe NONoXeHUNA

HoMUHanNbHLIN TEPMUYECKUN CPOK CNYXKObl N30NAUMM — OCHOBA And padoTbl TpaHchopMaTopa B He-
NPEPLIBHOM PEXUME MPU 3a4aHHbIX YCNOBUAX 3Kcnnyartaunum 1 3agaHHbIX TEMNEpaTypax OKpy>KatoLLen cpe-
Abl. [leperpys3kmn u akcnnyartauua TpaHcdopmaropa npu TemMnepaTtypax okpy>xarLlen cpeabl, NpeBbILLALLNX
NaHHbIE TEXHUYECKOro nacnopra, 3agaHHbIX U/UNN YCTAHOBMEHHbLIX TEXHUYECKUMIN YCNOBUAMMU, BIIEKYT 3a CO-
OO yBENMUYEHNE CTENEHN PUCKA OTKA30B U YCKOPEHHOE TEMMOBOE CTapeHue nsondaumn. 3agada HacTtosaLLero
craHaapTa — OonpeaenuTb PUCKM U NoKasaTtb, KakK BbIMNONMHUTL HaArpys3ky TpaHcdopmartopa C NMpPeBbILLEHUEM
HOMWHAanNbHbLIX 3HAYEHUIN, HE BbIXOAA 3a PaMKMU AO0NYCTUMbIX NapaMeTpPOB.

4.2 Oowme nocneacTBuA

[locneacTBnaMKU Neperpys3kn TpaHcgopmarTopa CBbliLLIE HOMUHANbHBLIX NApaMeTPOB MOTYT ABMNATbLCA:

- POCT TeMnepaTypbl 40 HEAONYCTUMOIo YPOBHA B 0OMOTKaxX, KOHLEBON MyddTE, SNEKTPONPOBOAKE, Ne-
pekntoyaTtensax oTBETBNEHNA OOMOTOK U U3ONALMOHHOM MaTepuane;

- poCT TeMnepaTtypbl U30NALUMOHHOIO Marepuana Ao HeaAoNyCTUMOro ypoBHA U3-3a HEBOCNPUUMUYNBO-
CTU UNU HEAOCTATOYHOU BOCMPUUMUYMNBOCTU K NEPErpy3KkamMm CUCTEMbI OXnaXKaeHua TpaHcdopmaropa;

- PUCK OTKa3a B nepuoa npupaboTKku, cCBA3aAHHbLIW C NOBbLILUEHMEM TOKA U BO3AEUCTBUEM BbICOKOWN TEM-
nepatypbl. JaHHbIN PUCK MOXET HOCUTb KPATKOCPOUYHbIN XapaKTep UMK HaKkannmMBaTbCA B TEYEHNE MHOTUX NET
OT oOLUero agpdpekra TennoBOro crapeHnus U3onNALUMOHHOro marepuana TpaHcgopmaropa.

[TpumedvaHne — Hdpyro NpU4UHON HeUCNpaBHOW padoThl TpaHcopMaTopa NPU Neperpyske MOXET CTaTb Pes-
KWA nepenaj HanpsXeHna B TpaHcopMaTopeE.

4.3 NMocneaocTBuUA U PUCKU KPAaTKOBPEMEHHOU aBAPUUHOUN NeperpysKku

3a npegenamMmu 4onNyCcTUMbIX OrpaHUYEHNIN rMaBHbIMU PUCKaAMN NPU KpaTKOBPEMEHHOU aBapUNHON Nepe-
rpy3Kke MOryT CTaTh:

- HEAONYCTUMbIA YPOBEHb NPEAENBHOI0 MEXAHNYECKOTO NepeHanpaXXeHUa u3-3a yBenM4YeHHOU TeMMe-
patypsbl. [locneacTtBua: TpeLLUUHbI U3ONALUMOHHOINO Marepuana TpaHcgopmMmartopa U repMmeTusnpyroLLIen anok-
CUOHOWN CMOSbI;

- MexXaHu4ecKoe nospexaeHne ooOMOTKM NPU 3HAYEHUAX TOKA KOPOTKOro 3amMblKaHUSA U/MITM MTHOBEHHbIX
3HAYE€HUUN TOKOB NMEPErpys3Kkn BblLLE 3HAYEHNA HOMUHANbHOIO TOKA;

- MexaHu4yecKoe noBpexgeHne OoOMOTKM NMPU Hanuuuu ToKa KOPOTKOro 3amblKaHUA U NPEPLIBUCTOrO
TOKAa, eCnu oKpyxalLlaa TeMnepaTypa BblLLE paCYETHOWN,

- YXYALUEHUEe MEXaHU4eCKnX CBOUCTB U, KaK CNEeaCTBUE, CHUXEHUE CUINbl TOKA KOPOTKOro 3aMblKaHUS,
NPU BbICOKOW 3a4aHHOU TEMNEpPATYpE;

- CHWXXEHWE AUNIANEKTPUYECKON NPOYHOCTU N30NALUNNU N3-3a NOBLILLEHHON TEMNEpPATYPHI.
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MakcumanbHO€e 3Ha4YeHUe ToKa neperpys3km orpaHnyeHo 50 % HOMUHANbLHOIO TOKA.
[pu ycnoBuax neperpy3ku cebille 50 % Heobxoanmo corrnacoBaHue ¢ U3roToBUTENEM ANA OUEHKU MO-
CneAcTBUIA TaKoW neperpy3kn. AnUTenbHOCTb TAKOW NEPErpy3kn OmKHA OblITb MakCMMarbHO KOPOTKOM.

4.4 PesynbraTbl ANIUTENIbHOU aBAPUUHOUN Neperpys3ku

B pesynbrare ANUTENbLHON aBapUNHOU NEPErpy3ku TpaHcdopmaropa n BO3aEUCTBUA BbICOKUX TEMIME-
paTyp NPOUCXOAUT:

- o0Llee TepMnYecKoe cTapeHne n3onaunumn, ocCoOeHHoO ecnu yCTpoucTBO NOAKITHOYEHO K LIEMNU KOPOTKOIO
3aMblKaHUA;

- ObICTPbLIN U3HOC U3ONALMOHHLIX MAaTEPUANOB U APYrMX AeTanen KOHCTPYKLUMUU U NMPOBOAHUKOB MPWU Bbl-
COKMUX TeMnepartypax.

ObOLwure npasuna pacyera CKOPOCTU TEMMOBOIO CTApPEHUA U ONPEeAENEHNE PACYETHOIO CpoKa Cny>obl
TpaHcopMaTopa OCHOBAHbI HA aHanu3e pPe3ynbraToB NEPErpy3kn TpaHcdopmaropa.

5 Tepmuueckoe crapeHue U CPOK CrnyxKobl nsondauumn TpaHchpopmartopa

5.1 Odbuwmne nNnonoxeHus

OnbIT NOATBEPXKAAET, UTO CPOK CNYXXObl TpaHCOopmMaTopa cocTtaBnaeT He bonee 20 neTt. Henb34 ckasartb
TOYHEE, NOCKONMbKY Aa)e y TpaHChOopMaTopoB C OAMHAKOBbLIMU 3KCNNyaTaLUUMOHHLIMU XapaKTEPUCTUKAMU CPOK
CNy>KObl MOXKET ObITb pa3nuyHbiM. PaboTta TpaHcdopmatopa co 100 Y%-HbiIM HOMUHANbHLIM TOKOM, KaK npa-
BUIO, UCKMOYeHue. [MoBNMATL HA CPOK Cny>XObl TpaHcopmMmaropa MOryT U Apyrue TennoBbie PaKTopbl, TAKUE
KaKk HeAOCTaTOYHOE OXNa)aeHue, Ype3IMEpPHbIE rAaPMOHUKN U/UNKU HEMPaBUINbLHbLIE YCNOBUA 3KCNnyaTauuu.

[1pn noTepax B TpaHcdopmMmaTope TENNO NOCTYNaeT B CUCTEMY U3ONAUUU U HAYMHAETCA XUMUYECKUN
npouecc, KOTOPbIN USMEHSAET MOMEKYNAPHYIO CTPYKTYPY U3ONALUMOHHLIX MaTtepuanoB. Yem OonbLue Tenna no-
CTynaeT B CUCTEMY, TEM BbILLE CKOPOCTb TEPMUYECKOIO CTapeEHUSA N30NAUnn. 3STO KYMYNATUBHBLIN N HEODOpa-
TUMbIW MPOLUECC, 03Ha4YaLWMK, YTO MaTepUanbl HE BOCCTAHABNMUBAIOT CBOIO NEPBOHAYANbLHYO MONEKYMAPHYIO
CTPYKTYPY NpU NpeKkpaLlueHnin nogayn Tenna u CHUXKEHUM Temnepartypbl. TepMUYECKUN MHAEKC CUCTEMbI U30-
nAuUnun TpaHcopmaTopa ykasaH B AOKYMEHTaxX U3rotoButensa (TEXHUYECKUX yCNoBUAX U/WUIMN TEXHUYECKOM
nacnopre). [loBpexaeHue cuctembl U3ondaunum BCcneacTteue M3AMEHEHUU CBOUCTB MO NPUYNUHE TEPMUYECKOTO
CTapeHna MOXET CcTaTb NPUYMHON BbiXOAda N3 CTPOA TpaHcdopmaTopa.

[10 3aKOHY AppeHnyca CKOpoCTb TEPMUYECKOTO CTAPEHNA NBMEHAETCA B 3aBUCUMOCTU OT TEMNEPATYPLI
(CM. npunoxkeHue A). CornacHo 3akoHy AppeHunyca 0be NOCTOAHHbIE MOXHO BbIYUCIIUTb U3 YPABHEHUSA TEMIO-
CTOMKOCTU. B cny4yae OTCYTCTBUA Pe3ynbTatOB UCMbITAHUKM B PYKOBOACTBE yKadaHbl 3aJaHHbIE napameTpsl,
KOTOPbIE paccyuTaHbl N3 Crneayrwmx 4onyLEeHUN:

- NOBbLILLEHNE TeMNepaTypbl HA 6 °C yaBanMBaeT CKOPOCTb TEPMUYECKOIO cTapeHusa. 6 °C — 3agaHHbIn
napameTp Angd Bcen 0OMOTKU, CBA3AHHbIW C NapamMeTpoM cneunanbHbiX MatepuarnoB B 0OMOTKE;

- NPV NPOBEPKE HA TEMNOCTOUKOCTb BCEN CUCTEMbI MEKTPUYECKON N3ONALMN AOIMKHO ObITb UCMONb30-
BAHO Apyroe 3Ha4yeHue BenMn4YuHbl, KOTOpPOE yaBOUT CKOPOCTb TEPMUYECKOIO CTapeHu4s;

- NMPUYUHON OTKNIOYEHUA TpaHCcopMaTopa MOryT ctaTb NOBPEXAEHUA B N30NALMU TPpaHCopMaTopa.

5.2 CpoK cnyxobl

HomMUHanNbHLIN CPOK CINyXObl TpaHcdopmaropa L, npu NOCTOAHHON TEPMOANHAMUNYECKON TEMNepaType
T Hanbonee HarpeTon Toukn, °C, MOXET ObITb onpeaeneH no popmyne

b
[ = a'eT, (1)

npoLue onpeaendarb no popmyne
b
L = a- exp[T]. (2)

B dbopmynax moxeTt ObITb ucnonb3oBaHa nwdas eguHMLIA BPEMEHU, B JAHHOM cny4yae 3710 Yyac. 3Hade-
HUE NOCTOSAHHOW &, 4, NpuBeAeHOo B Tabnuue 1 Anda pasHbIX TEMNEPATYP CUCTEMbI N3ONALUN.
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[TpumedyaHn4

1 PacyeTHbIN CPOK CnyObl TpaHchopMaTopa HeMb3A ¢ TOYHOCTLIO pacCyUTaTh C NOMOLLLIO ypaBHeHUA. Cnocob-
HOCTb TpaHCopMaTopa BblAEPXKNBATL BEICOKUE TOKMU Neperpyskn, oOycnoBrneHHble TOKaMW KOPOTKOrO 3aMblKaHUSA B SHEP-
FOCUCTEME U MepeHanpaXXeHNAMK, O6€3yCrnoBHO, CHUXAETCA NO CPABHEHUIO C HOBLIM TpaHcdopMaTopoM. [1poannTe CpokK
CNyX0bl TpaHcopMaTopa MOXHO NPUHATUEM MeEP NPEeAOCTOPOXKHOCTU U YCTAaHOBNEHNEM 3alUUTLl OT KOPOTKUX 3aMblKa-
HUW U NepeHanpsaxXeHun.

2 [na BblMUCNEHNA KOS PUUMEHTOB a U b Npu HOMUHANBLHOW TeMnepaType Hanbonee HarpeTon TOYKNU OOMOTKM
MCNOMNb3YHTCA crefyrLllne ypaBHEHUS:

IN(180000) = — >+ In(a)
Oys, +6 (3)
b
In(90000) = - In(a)
Ons,r +6

(4)

rAe Os ,— HOMUHanbeHas Temnepatypa Haubonee HarpeTon TOYKKM OBGMOTKY.

3 Ecnn temnepatypa Hanbonee HarpeTon TOUKU HUXKE HOMUHaNbBHOro napameTpa, T.e. MeHee 6 °C, TO HOMUHAanb-
HbIA CPOK CcnyXObl TpaHchopMaTopa cokpallaeTca BNONOBUHY. DaKTUYECKUn CPOK CnyXObl TpaHCOPMaTOpPOB COCTaB-
NAET, Kak npaBuno, okono 20 net. Taknm obpasom, ana Tabnuubl 1 NOCTOAHHbIE @ U b ObINKU paccHUTaHbl NyTEM AENEHNA
nononam 180 000 4 Ha NOCTOAHHYIO BpeMeHN 6 K.

Tabnuua 1 —TlocTosAHHBIE ANA YpaBHEHUS pacyeTa cpoKa Crnyx0Obl TpaHcdopmaTopa

TewlnepaTypa M3OJ‘IFIL|,MOHHOI?I [10OCTOAHHbIE YPaBHEHNA AppeHmyoa H:aw:éllij'::ﬁ:r;eer}rdg??;:iﬁa
cUcTeMbl (Knacc nsonauun), °C a yac b K SBMOTKY E'HS, oC

105 (knacc A) 3,10- 10714 15 900 05
120 (knacc E) 548 - 10719 17 212 110
130 (knacc B) 1,72-10°1° 18 115 120
155 (knacc F) 9.60- 10717 20 475 145
180 (knacc H) 5351018 22 979 170

200 53110719 25 086 190

220 5,26 - 10720 27 285 210

5.3 3aBUCUMOCTb NOCTOAHHOU HENpPepPbLIBHOU HArpy3ku U Temnepartypbl

[TlocTosgHHAA TepMOAMHAMUYECKON TemnepaTypbl T Hanbonee HarpeTon To4Kn oOMOTKU, °C, UMEET BUA:
T =273+ 0, + Abyq,, ()

rae 0, — TemMnepartypa okpyXxatowien cpeabl, °C;

AOy g, — pasHuUa TeMTepaTyp Hanbonee HarpeTrom TOYKM OOMOTKM U TEeMNepaTypbl OKPy>KatoLlen cpeqbl
ansa sagaHHou Harpy3sku, °C.

3aMeTuM, YTO TEMNEPATYPA OKPYXKAKOLIEN Cpeabl HE MOXET ObITb HE3aBUCUMOW OT HArpPy3Ku, HO MOXKET
ObITb DYHKUMEN ee 3arpy3ku 1 onpeaenseTcs BbiPaXKeHUEM:

0, = 1), (6)

roge / — TEeKyLUUKW TOK Harpysku, A.

3aBUCUMOCTb TEMNEPATYPLI OKPY>XaloLeEN cpeabl OT HArpy3kn MOXKET N3MEHATLCA NOA4 BIMUAHUEM KIU-
MaTUYECKNX YCIOBUN. S3HAHMUE TaKON 3aBUCUMOCTU KNUMaATUYECKUX YCNOBUKN ANA KOHKPETHOU KNMMaTU4YE€CKON
30HbI HEOOXOAMMO AN pacyeTa CKOPOCTU TEPMUYECKOrO CTapeHUA U onpeaeneHusa cpoka CryXoObl TpaHC-
dopmaTopa. KoadhduumneHT Koppenaumm MOXeT ObiTb paccynTaH AN KOHKPETHOIO MEeCTOMONOXEHUA TpaHC-
dopmaTopa. Ecnu Taknx gaHHbIX HET, TO 3HAYEHUSA CKOPOCTU TEPMNYECKOTO CTAPEHUA N CPOKa CIy>XDbl MOXK-
HO MONy4YuUTb anbTe€PHATUBHbLIM NMYTEM, @ UMEHHO NMPOBEASA pacyeThbl ANA pa3NUYHbIX 3HAYEHNIN TEMNEPATYPHI
OKpy>KatLlen cpeabl, Hanpumep B npegenax ot 10 °C go 40 °C.

4
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PopMyrbl HACTOALLErNO CTaHAapTa yYUTbIBAOT NOTEPU HA BUXPEBLIE TOKN 1 OMUYECKUE NMOTEPU OOMOTOK
TpaHcpopmartopa. Pesynbrarbl UCNbITAHUW NOKA3bLIBAKOT, YTO paCYETHbLIE (TEOPETUYECKNE) NMOTEPU BLILLE pPeE-
anbHbIX (MONYYEHHbLIX NPU UCNbITaHUAX). [Tpn HAaNUYMM rapMOHUK BO BPEMSA NEPETPY3KU NOTEPU HA BUXPEBLIE
TOKW YBENMNYUBAIOTCA U BOSMOXXHO NOTPEOYIOTCA AONONMHUTENbHbIE PaACYE€Tbl B COOTBETCTBUN C NMPUITOXKEHUEM
A HacTosdLwlero craHgapra [2].

5.4 CKOpOCTb TePMHUYECKOIro cTapeHus

Ha npakTtuke HoMMHanbHbIK CPOK CNY>KObl TpaHcdopmaTopa coctaBnaeT okono 180 000 4. [ina pacyeTta
CKOPOCTU TEPMUYECKOIO CTapeHns K, BbIpaXXeHHOUW KaK pacxo BpeMEHU BCEro cpoka Crny>k0bl 3a Yac BpeMEHMU
paboTbl npu Temneparype 7, °C, B dbopmyne (7) napametp 180 000 4y ncnonb3oBaH Kak 3agaHHasa BENUYNHa

k =180000-3~" - exp (‘7?) (7)

OTHOCUTENbHAasA CKOPOCTb TEPMUYECKOTO CTapeHust K, Npu yctondnBon Temnepartype T Hanbonee Harpe-
TOW TOYKU, °C, BbIpaXeHHAas B NpoLEHTaxX CKOPOCTU TepmMuieckoro crapenunsa pasHa 180 000 4 cpoka cny»kobl.
CKOpOCTb TEPMUYECKOrO CTapeHna onpeaendercd no gpopmyne

k. =100 -t-a—1-exp(‘7f"’), (8)

e 3Ha4YeHns napameTpoB a u b B34aTbl U3 Tadnuub! 1.

5.5 PacuyeTHbIN CPOK CnyXObl TpaHcopmMmaTopa

PacyeTHbIn cpok cny>0bl TpaHcopMmaropa L, 4, npu 3agaHHon ycTton4nBou Temneparype 7 Hanbonee
HarpeTon TOUYKU B ONpeaeneHHbin nepnoa BpeMeHu £, 4, MOXXHO paccynTartb No popmyne

L. =180000-t-a ' exp[‘T—b], (9)

e 3Ha4YeHna napameTpoB a U b B34Tbl N3 Tadbnuubl 1.

5.6 TemnepaTtypa Hanobonee HarpPeTon TOYKU B YCTAHOBUBLLUEMCSA pPeXuUmMe

[Ina OonbLIMHCTBA 3KCnnyaTupyemMbiX TpaHchopmaTopoB ToYHAA Temneparypa Haubonee Harpetou
TOYKN OOMOTKM HEU3BECTHA, HO €€ MOXXHO BbIYUCIIUTD.

[1IpaBuna BblMUCNEHNA TEMNEPATYPblI HAUboNee HarPeToOn TOYKMN:

0, — onpeaeneHHas nytem pacdeta u/unu ucnbitTaHna Temneparypa Hanbonee HarpeTon Todku, °C,
Ana HOMUHanbHbLIX YCNOBUU (HOMUHANbHbIE TOK, TEMNEPATYpPa OKpyXaloLLlen cpeabl, HanpsaXXeHune, 4yacrtoTa).

[TpumMeyaHune—He cyllecTBYET CTaHAaPTHBIX METOA0B UCMLITAHWIA AN onpeaeneHnsa Temnepartypbl Hanbornee
HarpeTom Toukn. Ecnn y N3roToBUTENS €CTb 3HAYEHUSA APYrUX NapaMeTPOB, OH BMOSTHE MOXET UCMONb30BaTh UX A pac-
4yeTa cpoka cnyx6bl TpaHcdhopmartopa.

5.7 lNMpeanonaraemMbin NOKa3aTenb HAaMboONee HarpPeTou TOYKH
[1na nanbHenLWmMX pacyeToB npeanonaraemMmbii nokasarenb Hanbornee HarpeTon Toukn Z = 1,25:
AGHSI’ :Z'Aewr, (10)

rae Ab,q , — POCT TeMmneparypbl Hanbonee HarpeTon To4ku, °C;

ABy,,, — CpeaHMK poCT TemnepaTtypbl 0OMOTKM NpU HOMUHAaNbLHOW Harpy3ke u TemnepaType OKpyKato-
Len cpeasl, °C.

5.8 PocT TeMmnepaTtypbl Hanbonee HarPeTon TOYKM NP U3MEeHEeHUAX YCITOBUMN OKPYXKaloLien
TeMnepatypbl U HArpy3Ku

TemMmneparypa Hanbonee HarpeTon TOUYKN — 3TO HEOOXOAUMMBIN NapamMeTp Ana onpeaeneHnsa pac4eTHoro
cpoka cnyx0bl TpaHcopmaropa. 3Ha4YeHUe pocTa TeMnepaTypbl AN Kaaoro n3 3agaHHbIX MONOXEHUN YC-
NoBUN Harpy3kn Al e, U TEMNEPATYPbI OKPYXKatoLLEen cpeabl onpeaensercs no popmyne
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AOpsp =Z - Aoy, - I}] (11)

rae [, — eAnHuua napaMeTpa Harpysku;

g — And TpaHcdopmMaTopoOB C €CTECTBEHHbLIM BO3AYLUHBLIM oxnaXxgeHnem — 1,6, And TpaHcdopmMaTopoB
C NPUHyAUTENbHbLIM oxnaxaeHnem — 2,0;

Z — KO PULMEHT, paBHbIN 1,25.

[lpeanoyYTUTENBHO MCNOMb30BaTh Pe3ynbTarbl UCMbITAHUW ANs napameTpa A0y, C LUenbl0 YMEHbLUEHUS
NOrpeLUHOCTN 3HAa4YEHUSA KodadpdpuumnernTa Z v yncna q. ObbIMHO KOIPPUUMEHT Z N YUCNO @ UMEIOT pa3Hble O0-
MyCTUMbIE 3HAYEHNSA B 3aBUCUMOCTHN OT TUNa TpaHcgopmMmaropa u ypoBHA paboyero Toka Harpysku.

[TpuMedaHune—B HeKoTopbIX TUNax CTPOeHUsi 0OOMOTKM onpefennTb 3Ha4YeHne AD,,, MOXHO TONbKO Ha obpasLie
TpaHchopmMaTopa.
5.9 YpaBHeHUA HArpy3kKu

5.9.1 MNMpoaonmxuTtenbHbIN PEXUM Neperpy3ku TpaHcgopmaTopa
TemnepaTypa Hanbonee HarpeTon To4Mkn A, BblpaXKeHHas YHKLMEN HArpy3ku B yCTaHOBUBLUEMCS
peXnMe, paccuynuTbiBaeTca No hopmyne

Ops =04 + ABys. (12)
[1Ns CUCTEM C eCTECTBEHHbIM BO3AYLUHbLIM OXIaXdeHUEM UCTONb3YIOT DOPMYIy

2
AOys = AOus 117 13)

roge / — UCXOAHbIN KOIMMULUMEHT 3arpy3km (COOTHOLLEHUE MeXAY TOKOM Harpy3km 1 HOMMHarnbHbIM TOKOM).
[1na cuctem ¢ NPUHYAUTENbHLIM OXNaXAeHUEM UCMONb3YIOT YpaBHEHUE

X
AGHS — AGHS, I |:12CT:| : (14)

rae A0, — U3MEeHeHue TeMneparypbl Haunbonee HarpeTon TOUKM Ha OAHY eAUHULLY Harpy3ku, °C;

C; — TemMmneparypHaa nonpaska CONPOTUBMEHUA NMPU U3MEHEHUU TemnepaTtypsbl, onpeaensemas no
dopmMyne
Tk + E)HS

Cr = ,
Tk +Ous, r (15)

rAe Os , — Eé)MMHaﬂbHaﬂ Unn 3agaHHasa TemnepaTtypa Hambonee HarpeTton TOYKM Ha €AUHULY Harpy3ku,

[TpuymMmeyaHne — 3Ha4YeHNA HOMUHANBHOW UNKU 3aJaHHOW TeMnepaTypbl ANg peXxnma paboTbl C eCTECTBEHHLIM
BO3AYLWHBLIM OXNaXxaeHnemM agnsa npuMeHeHuna B goopmyne (13) MOryT oTnnyaTbes OT 3Ha4YeHUW ANa pexnuma paboThbl C Npu-
HYOAUTENbHBIM OXNa)geHnem anga npuMeHeHua B qoopmyne (14).

[ — KO9(PPULMEHT yaAeNnbHOU HArpy3kn (COOTHOLLEHUE MEXOY TOKOM Harpy3km 1 HOMUHanbHbIM TO-
KOM);

m — J3MNuUpuYecKkas KoOHcTaHTa, paBHasa 0,8;
[TpuymMmedaHne — 3HadeHne m = 0,8 NPUMEHUMO A0 NONYYEHNA pe3ynbTaToB UCMNBITAHUN,
0, — Temnepartypa okpyxawLlen cpeabl, °C;
0,c — Temneparypa Hanbonee HarpeTon To4KM npu Harpyske /, °C;

T, — KOHCTaHTa TeMnepaTypbl Ans antOMMHUEBOrO NPOBOAHUKA — 225K, Anst MEAHOro — 235K
X=1 — aMnupuyeckKkasa KOHCTaHTa, UCNonbL3yemMasd npu pacyeTe NPUHyaUTENLHOMO OXnaXKaeHu4.

[] phnMeYaHWNE — 3HavyeHue SMI'II/IpW-IECKOH KOHCTaHTbl X = 1 NMPUMEHUMO A0 NOJTYYHEHUNA PpelyiibrartoB NCcNblITaHUNA.
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cnbiTaHUA nokasanu, YTo BbILLENPUBEAEHHbBIE YPABHEHUSA AOMKHbI NPEACTaBUTL CTADUNbHbLIE MPOrHO-
3bl TEMMEPATYPbl Hanbonee HAarpPeTom TOYKM.

[Tokasatenb ctreneHn m = 0,8 ana pexxuma padboTbl C €CTECTBEHHbLIM BO3AYLUHbIM OXIAXXAEHUEM CUCTEM
1 nokasaTtenb cteneHn x = 1 anga pexuma padoTbl C NPUHYAUTENbHbIM OXNaXXAeHUEM BbIBOAUT KOPPEnALuto
TennoodomMeHa Ansg €CTECTBEHHONO U MPUHYAUTENBLHOIO TennoodmeHa. [aHHble UCMbITAHUW YKa3blBAKOT HAa
TO, YTO 3aBMCUMOCTb TemnepaTypbl OT conpoTuBneHuna (cMm. dpopmyny(15)) Tpebyetca Ana nNPorHoO3NPoOBaHUSA
pocTa TemMneparypbl Hanbonee HarpeTton To4YKM nNpu pabore ¢ OTBOAOM Tensia CUCTEMOW NPUHYAUTENBHOIO
oOXNa)KaeHus.

dopmynbl (13) n (14) He y4nTbIBAIOT MOTEPU HA BUXPEBLIE TOKM B OOMOTKaX, KOTOPble 0DpaTHO Nponop-
LMOHAarnbHblI TemnepaTtype. PopmMynbl 4al0T cTabUNbHbLIK Pe3ynbTaT, TaK KaK NoTepU HA BUXPEBLIE TOKU MPWU
OTCYTCTBMU FAPMOHUK HU3KUE.

[1OBTOPHO BLINOMNHAA BblMUCIEHUA MO dpopmynam (13) U (14), ncnonb3yda npeanoXXeHHble nokasarenu
CTENEHEN U YYUTbIBAA UBMEHEHUE CONPOTUBNEHUA NPU CHUXKEHNN TEMNEPATYPbl CUCTEMOU NPUHYAUTENBHOIO
OXNaXKaeHUs, MOXKHO NONy4vnuTb CTaOUMNbHbIE Pe3ynbrarbl pacyeTa pocra Temneparypbl Hanbonee HarpeTon
TOYKW, JaXKe eCNKU HE Y4YUTbIBAKOTCA NMOTEPU HA BUXPEBLIE TOKN. ECNKU NPUCYTCTBYIOT rapMOHUYECKUE COCTAaB-
NALWMe TOKOB NEPErpy3knu, TO MOTEPU HA BUXPEBLIE TOKU YBENMYATCH U COrMacHO NPUNOXeHUI0 A ctaHaapra
[2] noTpebyeTca AONONMHUTENbHOE N3y4YeHue nNpodnemsbi.

5.9.2 KpaTkoBpeMeHHas neperpy3Ka TpaHc@opmMaTopa

PocT TemnepaTtypbl NpU KpaTKOBPEMEHHOU NepPEerpy3ke onpeaendatoT no opmMmyne

—t
A@t Z(AGU—AGI) 1—eXpT +A8f, (16)

E’HS =A9t+93, (17)

rae AG; — UcxoaHoe u3MeHeHue Temneparypbl Hanbonee HarpeTon TOUKM NPU NPeaBapUTENbHON Harpyske,
DC.

AQ; — N3MEHeHune TemnepaTypsbl Hanbonee HarpeTom To4KMU 3a BpeMA t Nocne M3MeHeHUsa pexmmMma Ha-
rpysku, °C;

AO,;, — KOHe4yHOe U3MeHeHue TemnepaTypbl Haubonee HarpeTon TOYKW, €CMU 3HaYeHue neperpysku 7,
OCTaNnOCb HUXXE YCTOMYMBOIO COCTOSAHUS U3MEHEHUSA TEMMNEPATYPbl HAanMbonee HarpeTom To4KK, °C;

[ — BpeMs, MUH;

T — MOCTOAHHAA BPEMEHU And TpaHcdopmMaTopa npu 3agaHHOW Harpy3ke, MUH;
0, — TEMneparypa Hanbonee HarpeTon To4ku, °C;
0, — Temneparypa okpyxatrLlien cpeasbl, °C.

5.10 OnpepeneHne NOCTOAHHON BPeMEeHU OOMOTKH

5.10.1 OdouwmMe NnonoxeHus

[TpnHUMN NOCTOAHHON BPEMEHN TPaAHCOpMaTopa OCHOBLIBAETCA Ha NMPEANONOXXEHUN, YTO BCAKUN UC-
TOYHWUK TEeNNa NoaaeT TENNO B TENNOOTBOA U YTO POCT TEMNEPATYPbI TENMOOTBOAA ABNAETCA SKCNOHEHUWarnb-
HOWU (PYHKUMEWN nNoagBOAMMON TENMNOTLI. [ToCTOAHHAA BpEMEHU — BPEMSA, 3a KOTOPOE NPOUCXOAUT NOBLILLUEHNE
TemMnepaTtypbl Ha 63,2 % OKpy>XaloLlen Temneparypbl NMocne CryneH4aTtoro uameHeHus Harpyskun. OObIYHO
cradbunmnsauma TemnepaTtypbl NPOUCXOAUT B TEYEHNE NATU NOCTOSAHHbIX BPEMEHU. PacyeT TeMmnepaTypbl Han-
Oonee HarpeTon TOYKM AOIMKEH ObITb BbIMOMHEH KAK HA OOMOTKE HWM3KOro HarnpsXeHud, Tak U1 HA 0OMOTKE
BbICOKOTO HanpsaXXeHusd, NOCKONbKY onyonnKkoBaHHbIE AAaHHbIE UCMbITAHUA YKA3bIBAIOT HA TO, YTO MOCTOSAHHbIE
BPEMEHU MOTYT ObITb pasHbIMWU. TenmnoBble KNAccbl CUCTEMbI U3ONALMK ANA 3TUX ABYX OOMOTOK MOTYT OTJIK-
YyaTbCA.

[Tocne 3akni4veHna goropopa Mexagy U3rotoButenemM n notpedoutenem nyTem UCNbITAHUN HEODXOAMMO
paccynTaTtb UNKU ONpPeaAEnUTb NOCTOAHHYIO BPEMEHM.
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5.10.2 MeToa BbIYMCNEHUA NOCTOAHHOU BPEMEHU

[locTosiHHasa BpemMeHn 0OMOTKM NpU HOMUHANbLHOW Harpy3ke t, pacc4nTbiBaeTCs nNo popmMyne

- C(A@Hi;, - ee)’ 18)
i

rne C — AEencrByloLLad TeEPMUYECKad MOLLUHOCTb OOMOTKU, BT - MMH/°C, — BenuunHa, paBHass CyMMe npo-
nssegeHun (15,0 - maccy antoMMHUA NPoOBOAHUKA, KI) U (24,5 - Maccy SaNOKCUMAHOW CMOIbl U APYIOW
MEXXOOMOTOYHON M30NALUNK, KI) UMK paBHaAs cymMmMme npousseaeHun (6,42 - maccy meau npoBOAHMU-
Ka, Kr) n (24,5 - Mmaccy anokcuaHon CMorbl U APYron MeXX0OMOTOYHOM N30NALIMK, KI) W

C — Jaencreywowlasa tepmuyeckasd MOLLUHOCTb 0bmMmoTkK, BT - 4/°C, — Benu4yuHa, paBHasd cymmMme Mnpou3s-
BeaeHun (0,25 - maccy antoMmHua nposoaHuka, kr) u (0,408 - maccy 3anOKCUMAHOW CMOIbl U APY-
TMX KOMMOHEHTOB MEXXOOMOTOYHOMN MU3ONALMUU, KI) UMW BENWYMHA, paBHAA CYMME Mpou3BeaEeHUN
(0,107 - maccy meaun nposogHuka, kr) n (0,408 - maccy anokCcuaHoOW CMOrnbl U APYrMX KOMMOHEHTOB
MEXOOMOTOYHON U3ONALUN, KI);

P. — o0Owmne notepn B 0OMOTKE (NOTEPU HA BUXPEBbLIE TOKU U COMPOTUBIIEHUE) B YCINOBUAX HOMUHATb-
HOW HaArpy3Kku u pocra remneparypsl, BT;

AOys , — WU3MEHeHWe TeMneparypbl Hanbonee HarpeTon TOMKM OOMOTKU B YCITOBMAX HOMUHAaNbHOW Harpys3-
Ku, °C;

0. — Benu4yuHa, onpegensarowas M3MeHeHue Temneparypbl Hanboree HarpeTtom TOYKM OOMOTKM MNpPU
neperpy3ke. llJaHHaa BenuynHa gomKHa ObiTb n3MepeHa U3rotoBUTENEM B Xo4€e UCMbITAHUN U U3-
MEPEHUN UBMEHEHUSA TEMNEPATYPLI B TpaHcopmMaTope Unu ObiTb PaBHON:

5 K— anga Hapy>XHOWU 0OMOTKU;

25 K — ana BHyTpeHHen oOMOTKM (MeHee 1kB).

[TpumevyaHmn4

1 I'lpuBefeHHble Bbille 3HaYeHUA B3ATLl U3 UCTIbITAaHUN, BBINONMHEHHbLIX U3rOTOBUTENAMMU.

2 B kKa4vecTBEe MEXOOMOTOUYHON N3ONALIMN UMK SNOKCUAHOW CMOMbI MOTYT ObITb UCNONL30OBaHbLl Apyrue MaTepuansl.
na Taknx TpaHchopMaTopoB COOTBETCTBYOLWEE NpuBeAEeHHOE 3HaYeHWe Tenna, paBHoe 24,5 BT - MUH/C W/WMNK Ha Kr
(nnun 0,408 BT - 4/°C n/unun Ha Kr), MOXeT OblTb UIBMEHEHO Ha 3Ha4YeHUe, yKasaHHOEe U3rOTOBUTENEM.

5.10.3 MeTtoa onpegeneHna NOCTOAHHOU BPEeMEHN
[1OCTOAHHYIO BPEMEHN OMPEAEnAloT Mo nokasartendam TENNMOBOro CONnpPOTUBMNEHUA KPUBOU OXNaXKaeHus
BO BPEMSA TEPMUYECKUX NCMbITAHUN.

5.11 OnpeneneHne NOCTOAHHOU BPEMEHU OOMOTKU NO 3MNUPUYECKON KOHCTAHTE

[Py N3MEHEHUN TEMNEPATYPLI MOCTOSAHHAA BPEMEHU U3MEHSAETCA MO IMNUPUYECKOW KOHCTAHTE M.

R = C(AGH? %) (19)
4

Ecnu m =1, TO ypaBHEHUE ABNAETCH BEPHbLIM ANA HArpy3ku nodoro Tmna 1 HOMMHaNbLHOW TEMNEpPaAaTY-
pbl. ECnu m # 1, TO NOCTOAHHAA BPEMEHU Anda HArpy3kn nodoro Tuna n ana nobon HoOMUHaNbLHOW TEMNEpPa-
TYPbl KaKk B LIMKINE Harpesa, Tak U B LIMKNE oxnaxgeHna UMeeT BUA.

/ Xy N A6, \
SR o 111 N 1 (20)
4 N [ \

AO, | AO; |m
\AGHS,.’/ \AGHS,I’/

5.12 Pacyetr gONnyCTUMOMWN HArpy3Ku

dopmynbl ¢ (12) no (20) gomkHbI NCNONBL30BATLCA ANA onNpeaeneHna TemnepaTtyp Handbonee HarpeTon
TOYKM B Nnepuo uukna Harpy3ku. Kpome Toro, ux Mcnonb3yloT Anga onpeaeneHnsa 3Ha4eHnm KpaTtkoBpeMEHHON

8
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UNN HENPEPBLIBHOW HArpy3ku, nony4vyas napamMmeTpbl MakCUMarnbHbIX TEMOEPATYP, NPUBEAEHHbIX B Tabnuue 1,
UNn apyrux npeaenbHbliX 3HA4YEHUN TEMNEPATYP.

Onpeaenutb 3HAa4YEHUS Ha4YanNbHOro pocTta TeMneparypbl Hanbornee HarpeTom TOUYKU U NCXOAHbIN KO3MD-
OULIMEHT Harpy3kn MOXkKHO no dpopmyne (13).

N3 Tabnuubl 2 cneayet BblIOpaTh NpeaernbHyo Temnepatypy Hanbonee HarpeTon To4ku 8¢ ANSA TEMNE-
paTypbl OKpy>KatoLlen cpeabl u no doopmyne (12) onpeaenutb AONYCTUMYIO TEMNEPATYPyY Hanbonee HarpeTon
TOYKN NO BPEMEHMN L.

Tabnuua 2 — MakcumanbsHo gonycTtumasi TeMmnepaTtypa Hanbonee HarpeTon TOYKM 0OMOTKM

TewmepaTypa CNCTEMBIl N30JTAUNN (I{J'IaCC H3OHFILI,MH), MaKkcumanbHo AONYCTUMAA TeMNepParypa Hanbonee HEFpETOﬁ

°C [1] TOYUKM OOMOTKMW, °C

105 (knacc A) 130

120 (knacc E) 145

130 (knacc B) 155

155 (knacc F) 180

180 (knacc H) 205
200 225
220 245

[1na onpeaeneHnsa cpoka cnyobl TpaHcopMaTopa HEMb3A UCNOMNbL30BaTb TEMNEpPATYPY Hanbonee Ha-
[PETOMN TOYKU BblLLE MAKCUMaNbHOW TeMNepaTtypbl Hanbornee HarpeTon To4KM OOMOTKK, YKa3aHHOM B TabMNu-
ue 2, T. K. cocTaB marepuana ooMOTKM MOXET BMAOUIMEHATLCA. [pn akcnnyarauun TpaHcdopmaropa npu
TeMnepartypax, NnpuBeaeHHbIX B Tabnuue 2, cpoKk Cny>obl TpaHcopMaTopa yMEHbLLUAETCH U OnpeaensaeTcs
no oopmMyne

Ons = Abys +0,, (21)

rae 0, — Temneparypa Hanbonee HarpeTomn To4kn, °C;
AQ s — U3MEHeHne TemnepaTypbl Haubonee HarpeTon To4Ku, °C;
0, — Temneparypa okpy>atoLien cpeasbl, °C.

M3meHeHne Temnepatypbl Hanbonee HarpeTon To4kn A, 3a Bpems  NoCne N3MEHEHUS pexxumMa Harpys-
K, °C, onpeaenaerca no popmyne

AO; =0pg —0,. (22)

N3ameHeHne TemnepaTtypbl Hanbornee HarpeTon Touku, °C, onpeaenaerca no gopmyne (16).
KoHeYyHOo€e 3HavYeHne n3MeHeHua Temneparypbl Hanbonee HarpeTon ToO4KKM onpeaenserca no popmyne

AD; — AD,

1— exp[— t]
T

AD =

HeoOxoamMmo onpeaenuTb 3Ha4YeHne NocTosaHHON BpemMeHu no 5.10 HacTosdLuero craHgapra, Bpems rnpo-
OOIDKUTENBLHOCTU UMKNAa Harpy3ku t 1 noactaBuTb 3Ha4YeHUd B popmyny (23). ['lo doopmyne (13) onpeaenutb
3HaAYEHUE neperpyskn, oTeevatloLlee ycrnoBuio:

/_\GU 2m
 AOys r

',

A€ /;; — KOHEYHbIN KOIPDULIMEHT 3arpy3ku.
[10OCTOAHHYIO BPEMEHU ONpPEeaenaloT METOAOM UTEPALIUN.
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6 OrpaHnyeHus

6.1 OrpaHnyeHusa Toka u TeMnepaTypbl

[1pn Harpy3ke co 3Ha4YEeHUAMU napamMeTpPoOB, YKa3aHHbIX B NACMOPTHLIX AaHHbIX, HE AOIMKHbI ObITb Npe-
BbILLEHbI 3HAYEHNA TemnepaTtypbl Hanbonee HarpeTom ToO4KM OOMOTKKU, NPUBEAEHHbIE B Tabnuue 3, KpoMe
TOro, HE0OX0ANMMO YYECTb KOHKPETHbLIE OrpaHn4veHuns pasgenad n 5.12.

[lna npeaoTBpaLleHUa MEXaHUYECKUX NOBPEXAEeHUN B OOMOTKE 3HA4YEeHUE TOKa orpaHuyeHo ao 1,57,
0CODEHHO ANsi KOPOTKMX BPEMEHHbIX U MOBTOPSIOLMXCA LIMKNOB. 3Ha4YeHus, npesbilatolmne 1,37,, JOMKHbI
ObITb cOrnacoBaHbl U3rOTOBUTENEM U 3aKA34YUMKOM WU BHECEHbBI B YCIOBUA A0oropopa (texHn4eckue tpedoBaHums,
TEXHUYECKME YyCNOBUA W/ UNKN TEXHUYECKOE 3aJaHUE) HA CTaauKU ero 3aknoveHuda. na scex apyrmx TMNOB UK-
KNOB Harpy3ku KO3 MULMEHT TOKa HE AOIMKEH npeBbillaTh 1,97,.

Tabnunua 3 — OrpaHu4eHna Toka U TemnepaTypbl

TemmepaTypa (knacc usonsLM), °C KOSDHLEHT MaKSUMAIBHOTD ToKa AN WanBonas FarpeTon Tau, °C

105 (knacc A) 1,5 130
120 (knacc E) 1,5 145
130 (knacc B) 1,5 155
155 (knacc F) 1,5 180
180 (knacc H) 1,5 205

200 1,5 225

220 1,5 245

[TpuMeyaHna

1 OrpaHu4eHns No TOKY U TeMnepartype HeobA3aTeNbHO AENUCTBYIOT OAHOBPEMEHHO. ECnn 3Ha4yeHne ToKa He npe-
BbILLUAET NPUBEAEHHOrO B Tabnuue, To OHO OTBeYaeT TPeOOBAHUAM OrpaHuYeHna TemnepaTtypbl. M1 HAOOOPOT, ecnun 3HaYe-
HUe TemMnepaTypbl HE NPEBLILLAET 3HAYEHUIN, YKa3aHHbIX B Tabnuue, To OHO oTBeYaeT TpeboBaHUAM OrpaHUYeHuUn No TOKY.

2 3HadveHUA napamMeTpoB B Tabnuue 3 yKasblBakoT Ha TO, YTO NPpU MakCMManbHO BLICOKOW TeMnepaType Hanbo-
ree HarpeTon TOYKK CPOK CnyXxObl HOBOrro TpaHchopMaTopa COCTaBNAET BCEro HECKOMBKO ThICAY YaCoB.

6.2 [lpyrue orpaHnyeHun

6.2.1 MarHuTHOe none paccedHUA B MeTarJIM4eCKUX getandax KOHCTPYKUUn

MarHutHoe none paccesaHns yBenM4MBAaETCA MPU NMOBbILLEHUW TOKA. JTO MOJSE€ MOXKET Bbl3biBaTb U30bI-
TOYHbIW POCT TEMMNEPATYPLI B METANNUYECKUX AETANAX KOHCTPYKLUWUU, KOTOPbLIE MOTYT OrPaHU4YUTb NEPErPY3KY.
3Ha4YeHUSA CUIbl TOKA Harpy3ku, TeMnepartypbl Handonee HarpeTon TOUYKM U METANMUYECKUX AeTanen KOH-
CTPYKUMKN, OOMOTKM 1 BbIBOAOB ANA NOAKMOYEHUS HArpy3Kn He AOIMKHbI NPEBbLILLATL YKa3aHHbIX B Tabnuue 2.
Koraa 3Ha4yeHue temneparypbl Hanbonee HarpeTom ToOYKM Haxo4uTCS BbllLe 3HAYEHUA CaAMOW BbICOKOWN TEM-
nepaTtypsbl, ykasaHHOW B Tabnuue 2, no TennoBOMY Kraccy nsonaumu TpaHcdopmaropa CBOUCTBA CUCTEMDI
N30NAUNN YyXyALLATCA HA YPOBEHb HMXKE MUHUMATbHO AONYCTUMOIO 3HAYEHUA ANIANEKTPNYECKON NPOYHOCTH
TpaHcdopmaropa.

6.2.2 BcnomoraTtenbHble YCTPOUCTBA

[TomMMMO OOMOTOK, Apyrue geranu TpaHcdopmaropa, Takme Kak npoxogHOnW U3ONATOP, KOHLIEBbIE CO-
eAMHEHNSA NPOBOAOB, NPUOOPLI NEPEKIIIOYEHNA OTBETBNEHUN U NU3IMEPEHUA TEMMNEPATYPLI, PaspaAaHUKKU AN
3alUuTbl OT aTMOCPEPHLIX NeEpeHanps>XeHUNn U aneKkTponpoBoaka MOTyT OrpaHnynuTtb B 1,5 pasa 3Ha4yeHue
HOMUWHAaNbHOIO TOKa paboTbl TpaHCcdopMmaropa.

6.2.3 TpaHcdopmMaTOopbl B 3alLUTHOM KOXYXe

3aLUNTHbIM KOXKYyX TPAHCOOPMAaTOPOB NPOANEBAET CPOK KCcnnyarauuu.

Korga TpaHcdopMaTop HAXOAUTCA B 3aKPbITOM NOMELLEHNN, HE0OX0AUMO BHECTU NONPAaBKN B 3HAYEHUNE
POCTa HOMUHAaNbLHOM TeMNEpPAaTypbl HANDONEE HArpPeTon TOYKU C Y4ETOM 3aLLUUTHOro Kopnyca (NoOMeLLEHUS).

6.2.4 TpaHcdopMaTOpPbI HA OTKPLITOM BO34yXe

[1pn BO3HUKHOBEHUN HArpy3o0K BbilLe 3HAYEHUN NMACNOPTHbIX AAHHbIX HEOOX0AMMO YYUTbIBATb, YTO MpPSA-

Mbl€ CONMHEYHbIE Ny4M MOTYT BbI3BaTb YPE3MEPHbIN POCT TEMNEPATYPLI TpaHchopmaropa.

YuuTtbiBasa Henpeackasyemble norogHble yCrnoBuUSA, HELIENeCcoo0pa3HO cynTaTb BETEP 3a AONYCTUMbIN
oxnagauTenb TpaHcopmMaTopa.

10
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[lpunoxeHue A
(cnpaBoYHoOE)

CKOpPOCTb TEMSIOBOIO CTapeHus

A.1 Harpy3ouHada cnocobHOCTb TpaHcopMaTopa

HarpysodHasa cnocobHOCTb TpaHChOpMaTOpPOB CBA3aHa CO CBOMCTBAMMU U3OMALUNMOHHBIX MaTtepuanoB U CUCTEMON
n3onaumMn. Ecnm B MacnsiHom TpaHcopmMaTope rmaBHbIA TBEPAbIA U30NALUNOHHBIA MaTepuan STo Liensono3a, To B TpaHC-
cdbopmMmaTopax Cyxoro Tuna UCronb3yroT LUMPOKUA CNEKTP APYTMX U30NALMOHHBLIX MaTepuaros.

A.2 MonekynapHasa CTpyKTypa

A.2.1 ObwMe nonoxeHus

naBHoi o6obuatoLlein ocobeHHOCTBIO TBEPAbIX N3ONALUNOHHBIX MaTepuanoB SBMAETCHA MOJeKynspHasa CTPYKTypa,

KOTOPaAA MOXET COCTOATE U3 AJTMHHDbBIX Ll,EBI'IEBﬁ CBA3aHHBIX MEeXAy cobon aToOMOB. LleI'IM BKMtOYaOT B cebdS BETBW, LUECTU-
YIroJibHbBIE€ KOJibLUa U MNMonepeyvYHble CBA3U MeXA4y UelAMN.

[Tpumep cTpoeHnsa MoneKynbl 3NOKCUAHON CMOMbI NPUBEAEH Ha pUcyHke A.1.

CH, CH,
| |
\No” | | | \o”
CH H n

o CH,
n=0,1,2, 3

PucyHok A.1 — MonekynapHaa CTpyKTypa 3NOKCUAHON CMOrbI

Monekynbl HaxogAaTcA B ABUXEHUW. B TBepAOM U3ONALUNOHHOM MaTepuane 3Ty ABUXEHUA KonebaTenbHOro xapak-
Tepa. Korga npu notepdax B NPOBOAHMKE OOMOTKKW (UMK APYrUX UCTOYMHUKaxX Tenna) Tenno NocTynaeT B U30NMAUWMOHHLbIE
Marepuansl, B HEM NPOUCXOAUT NpeodpazoBaHUe TENMOBON SHEPIUU B KNHETUYECKYIO SHeprnto. C pOCTOM KUHETUYECKON
QHEpPrun ABMXeHne MoneKyrn cTaHoBUTCS ObICTpee U ¢ OONbLUEWN aMNNUTYA0W, APYTMMKU CNOBaMKU, OHO CTaHOBUTCS Xa0THUu-
HbIM. BO3MOXHOCTbL, YTO MPU CTONKHOBEHUU MOMEKYNbl pacnagyTca Ha aToOMbl, Bo3pacTaeT. Tun XMMU4YeCcKoro npouecca,
Korda B MaTepuan nocTtynaeT TeNMOo, Ha3blBAeTCA SHAOTEPMUYECKAM MPOLIECCOM.

A.2.2 OKucneHue
OMWUMO SHAOTEPMUYECKOrO NpoLiecca MOryT BO3HUKHYTb U Apyrue, Takue Kak OKUCNEHNe.

MHTEHCUBHOCTL 3TOIN0 XMMUYECKOro npouecca 3aBUCUT OT TeMNepaTypbl, KOTopadA B CBOK ovepenb 3aBUCUT OT KO-
nMyecTBa Tenna, NocTynarLwero B U3ONALMOHHBIN MaTepuan.

N30nAUNOHHBIE MaTepUuansl pa3padboTaHbl TakMmM 00pasoM, YTOOLI ONTUMaNbHO BLINONHATE CBOE Ha3Ha4YeHUe npu
sKkcnnyaTtauun. MIamMeHeHna B MONeKyNApHOW CTPYKType MaTepuana BO BpeMsa 3HA0TEPMUYECKOro nNpouecca oKasbiBakoT
BMWAHUA Ha Takue BaXHble CBOUCTBa MaTepuana, Kak MexaHU4YeCcKyto U AN3NeKTPUYECKYo NPOYHOCTL, TEPMOCTOUKOCTL
U repMeTUanpyrollee AercTeme. 3To 0OLIMHO NPUBOAUT K yXyALLEHUO paboThl 3TUX CBOUCTB. [1pU TakUX yCroBUAX OTKIO-
HEHUA B paboTe Apyrux CBOUCTB MOMyT He nponcxoanTb. [TOHATUE cTapeHNsA 0ObIMHO CBA3LIBAKOT UMEHHO C STUM XUMUYE-
CKUM NpoLecCcOM U nocneayrowmMm OTKNOHEHNEM B paboTe CBOUCTB MaTepuana.

A.2.3 CBOUCTBA TENNOCTOUKOCTHU

A.2.3.1 Tennoson nHaekc (TW) n nonoBnHHbIN nHTepBan (') — gBa TepMUHa, XapakTepusyrLlne CBOUCTBa Te-
NTOCTOUKOCTU U3ONALUMOHHOIO Martepuana U cuctembl nsonauun. T — dncnoBoe 3HadeHWe TemnepaTtypbl, °C, BbiBe-
LEHHOE U3 3aBUCUMOCTU TEMNNOCTOUKOCTU OT BpeMeHW. 1o ctaHaapTam MexayHapogHOWN anekKTpoTEXHUYECKOU KOMUCCUN
(M3K) aToT npomexyTok BpemeHn coctaBndeT 20 000 4, HO MOXeET ObITb onpeaeneHo n gpyroe spema. N — yncnosoe
3Ha4YEeHMe TeMNepaTypPHOro UHTEpPBana, KOTOPbLIA BblpaXXaeT AeNeHne nononam BulOpaHHOro BpeMEHU A0 KOHEYHOW TOUKMN,
B3ATON NpW TeMnepaTtype, paBHou TW. CM. pUCyHOK A.2.

T n I paccunTaHbl akcnepuMeHTanbHbIM NMyTEM B YCKOPEHHOM UCMBLITAHUUA NPU NOBbILEHHBIX TEMNepaTypax.
MeTon ocHOBaH Ha UCTUHHOCTU ypaBHeHUA AppeHnyca.
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Bpema (norapugpmuyeckas Likana), M
100000

10000
1000
100
130 140 150 160 170
TepmognHamuyeckas Temneparypa (nMHenHaa wkana), °C
10

0,00260 0,00255 0,00250 0,00245 0,00240 0,00235 0,00230 0,00225 0,00220
JononHuTensHasa Wkana Temneparypbl (HenuHenHasa wkana), K

VW - temneparypa, yctaHosneHHas npv 20000 u; A — Temnepartypa, yctaHoBneHHas npv 10000 u;
T — TennoBou nHaekc; 11 — nonoBUHHbLIA UHTEpPBan

PUCYHOK A.2 — [pauK TennoCTOUKOCTU

A.2.3.2 3akoH AppeHunyca
Bblgarownnca XuMnk n pusmk CeaHte AppeHuyc (naypeat Hobenesckon npemun 1903 roga no XMMUK) YCTaHOBWN
OOLLYH 3aBUCUMOCTb MEXAY TEMNEPATYPOU N KOHCTAHTOW CKOPOCTU XMMUYECKOW peaKkUnK, rage K — NOCTOAHHaaA CKOPOCTU

XUMNYeCKoW peakunn, 1
[ E ]
R.-T
Kk=A.e

(A1)

]

A — NOCTOAHHAA AppeHunyca, ¢

Ea — SHEPIrnAd akKtuBaull B KOHKPETHOM MaTtepharlie, KIDK - MOJ'II::_1;

R — yHUBepcanbHasa rasoBaa NoCTosAHHaA, paBHaa 8,314 - 103, kx-monb~T - K1
[ — TemMmnepartypa, “C;
e — OCHOBaHMWe HaTypanbHOro norapudgpma (2,71828...).

YpaBHeHue (A.1) bonblue U3BECTHO KaK 3aKoH UK ypaBHeHUe AppeHunyca.

R=282314 - 103Dk mone~1 - K1 OHeprua akTnsaumm £, — KONnM4ecTBo SHEPrun, HeodbxoanMoe AN Havdana peak-
iU B KOHKPETHOM MaTtepuane. 3HaudeHne £, He U3MeHsieTcs OT TeMnepaTypbl. EAMHULA naMeperus £, — kK - Monb .
EMHULA U3MEpeHUs A U K — cekyHAa B MUHYC NepBOi cTeneHu (¢~ 1), Ho ans ygobcTBa MoryT BbiTh Apyrue eau-
HULbI BpEMEHHK, Hanpumep Yac. KOHCTaHTa CKOPOCTU XUMUYECKOW peaKkuMin K NOKasbIBaET, KaK ObICTPO NPOTEKAET XUMUYe-
CKaga peakuusa B 04HOM MaTepuane Unum B codeTaHun U3ONALMOHHBIX MaTepuanos.

YpaBHeHMe (A.1) MOXET BbIMAAETL

=3
1_1.3R'T

= A.2
il | (A.2)
3HayeHue 1/k, ¢, — 3aTpadveHHOoe BpeMsA NMPOoXoXgeHUA XUMUYECKON peakunn 40 onpegeneHHon ctaguu.
YpaBHeHUe (A.2) MOXET BbIMAAETL
b
— Aa.al
h=a-e', (A.3)
rne h=1/k
a="1/A;
b=/R
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[ns HaTypanbHoro norapucdma cnpaeeanunea npocrtasa dopmMyna

Inh:ma+b-;. (A.4)

A.2.3.3 [padpunKk TennoCcTONKOCTH

Hnarpammy, Ha KOTOpon 3Ha4veHus In A n 1/7T paamelleHbl Ha NPAMOU B A€KapPTOBOW CUCTEME KOOPAWUHAT, Ha3biBakoT
rpaPuKomM TENNOCTONKOCTU (Ha NpUMepe pUCYHKa A.2).

McnblTaHWe TenNMOCTOMKOCTU NPOBOAAT NpU TeMnepartypax Bbllle oxugaeMou TemnepaTtypbl TENOBOro UHAEKCA.
Ha pucyHke A.2 npuBegeHsl sHadeHna temnepatypbl 170, 160, 150 n 140 °C.

KpUTnu4veckoe 3Ha4YeHUe UCCneayemMoro cBoOUCTBa Marepuana (Hanpumep, nepemMeHHoe npoOUBHOE HaMNpaXeHUe)
MOXET ObITb onpefeneHo Kak MMHUManbHaa abcontoTHas BenidnHa (Hanpumep, KB/MM) Unu Kak ncHnucnaemMasa B npoLeH-
Tax OCTaTouHasa BellMYMHa CBOUCTBa MaTepuana 4o Hadana ucnbitaHua. B ctaHgapTtax MOK onpegeneHbl KpUTUYECKME
3Ha4YeHUA XapakTepUCTUK ANA HEKOTOPLIX TUNOB MaTtepuanoB, HO He ANA BceX. Hanpumep, B cTaHaapTe [3] eCTb HEKOTO-
pble pekoMeHaauun ana yncna nokasarenen cBOUCTB Matepuarna. B ocTanbHbIX cnydvaax onpeaeneHne KpUTuYeckmnx sHa-
YeHUN NapamMeTpoB Martepuarna ABnAeTcA NnpeagMeToM cornacoBaHna Mexay nNponsBognTenemMm Mmatepuana U sakasdnkom.

Kputndeckoe 3HadeHne napametpa, paBHoe 50 % OCTaTOYMHOW BENUYUHBI, MOXET O3HaYaTb BbIXO4 U3 CTPOA U30-
NAUMK TpaHcopmaropa, HO 3TO He AOMKHO BOCMNPUHUMATLCA OyKBanbHO. OnpeaeneHne KpUTUYECKUX 3HaYeHUN Napa-
METPOB W3ONAUNOHHONO MaTtepuana B cTaHgaptax MOK ckopee ycnoBHOe, YeM pyHKUMOHanbHoe. M3HOoC mMartepunana
npouecc MOCTEMNEHHbIN, U AOCTUXEHUE KPUTUYECKOro 3HadYeHUda napamMeTpa He nogpasyMeBaceT Pe3KOoro pasrpaHude-
HUA MeXxay HOpMalbHbIM PEXUMOM 3KCnnyaTauum TpaHcpopMaTopa U BbIXOAOM U3 CTPOA. LOCTUXKEHNE KPUTUYECKOro
3Ha4YeHUsA napamMeTpa O3HaJvaeT, UTO onpefeneHHoe CBOUCTBO Martepuana yxyalaeTcsa Ha HEKOTOPLIM NPOUEHT OTHOCHU-
TENbHO NepBOHa4YanbHOro 3Ha4YeHUA. 3TO O3HAYaET, UTO NPOYHOCTbL U COOTBETCTBEHHO JKCMNNyaTaUuMOHHaA HageXHOCTh
TpaHcgopMaTopa CHU3UMack No CpaBHEHUKO ¢ HOBLIM TpaHcopMaTopoM. HTo KacaeTcd, HanpuMmep, ANanekKTpudeckux
CBOWUCTB, TO TpaHCcopMaTop BMOSIHE MOXET XOPOoLO PyHKUMOHUPOBaTE Ha NPOTAXEHUU MHOMUX JNET, €CNU HE BO3HUKHET
Cepbe3HbIX NepeHanpsaXxXeHUN.
= CINMN HEe BO3HUKAIOT BbLICOKME TOKM Neperpysku npu KOPOTKUX 3aMblKaHUAX B IHEProcucTteme, To TpaHcopmMaTop
MOXET N ganblle PyHKUMOHUPOBATL, HECMOTPA Ha yxXyALUeHHblIe CBOUCTBa MaTepuana.

Ha pucyHke A.2 YeTbIpe TOUKM NOKa3biBaKT BpeMA B Yacax, Heobxogumoe Ana AOCTUXKEHUA KPUTUYECKMX 3HAYEHNI
napamMeTpa Npu YeTbipex pasHbixX 3HadyeHUax temnepatyp 170, 160, 150 n 140 °C B xo4e ucnbiTaHUN Ha TENNMOCTOUKOCTb.
JInHKNA perpeccun coeanHAET YeTbipe TOUKU U npoaneHa ao opaunHathl TovkM 20 000 4. [lepecedyeHne — B TOYKE CO 3Ha-
YyeHnem Temnepatypbl 130 °C.

CnepoBaTtenbHO, TENNOBOU UHAEKC ANA onpefeneHHoro mMatepuana coctaensdeT 130. Kpome Toro, no NUHUK pe-
rPeCcCUn POCT YCTAaHOBMEHHOW TeMnepaTyphbl Ha 5 °C npuBedeT B KOHEYHYIO ToUKy MaTepuana nocne 10 000 4. [1onoBuUH-
HBIN UHTepBan OyaeT paBeH 5.

[TOCKONBKY pasHble CBOUCTBa MaTtepuana MOryT yxyalwaTbCa Npu pasnuyHbiX YCNOBUAX, HEOOX0AUMO onpeaennTh
HEeCKONbKO TeNNOBbLIX NHAEKCOB UMW MONTOBUHHBLIX NHTEPBaIOB A4NA 04HOMo U TOro Xe mMartepuana.

[TogpobHOE onuncaHue npouecca UcnelTaHna npueeaeHo B ctaHgapTtax [31—[10]. Ha pucyHke A.2 npusegeH ynpo-
LLIEHHBIK NPUHUWUMN, B AENCTBUTENBHOCTU pe3ynbraT OyaeT npeacTaBnAaATb gUcnepcuro obpasuoB Matepuana 4acTUYHO
U3-3a 4eUCTBUTENBLHOMO U3AMEHEHNA MaTepuana, a YacTU4YHO U3-3a HETOYHOCTU U3MEPEHUN.

[ToapoOHOE OnNUcaHne pacyeTa XapaKTepUCTUK TENTOCTONKOCTU, Ha NPUMeEpe aKCnepuMeHTanbHbIX AaHHbIX, NPUBE-
0EHO B CTaHAapTe [6], BKNKOYaaA cTaTUCTUYECKUe UCTIbITaHUA MO NPpoBEPKe UCTUHHOCTU ypaBHeHUA AppeHuyca. MaTtepua-
Nbl, COCTOALLUNE B OCHOBHOM U3 HEOPraHU4YeCKUX KOMMOHEHTOB, MOTYT Bbl3biBaTb 3HAYUTENbHbIE OTKITOHEHNA B YpaBHEHUN
AppeHunyca.

B pykoBoACTBe MO Harpyske TpaHcgopmMaTopa 3a OCHOBY B3ATO ypaBHEeHUe AppeHunyca.

TeMnepaTypa BHYTPU OOMOTKU TpaHchopmaTopa pasHaa. OaHU y4acTKu 0OMOTKM NoaBepKeHbl Oornee BLICOKOMY
HarpeBy, 4YemMm apyrue. B yyacTkax ¢ Handonee BLICOKOW TeMNEPATYPON CKOPOCTb CTapeHUA N3ONALMOHHOINO Matepuana
NponcxoauT ObicTpee. Takne yyqacTku NepBbIMU AOCTUrarOT NpeaenbHOro COCTOAHMUA U ONpeaenaroT 3KCnyaTauuoHHYHO
HageXHOCTb BCEro TpaHcgopmMaTopa.

3aBUCUMOCTb TeMnepaTypbl Hanbonee HarpeTon TOUKKU N cpedHeNn TeMnepaTypbl B OOMOTKE MOXET U3MEHATLCS B
3aBUCUMOCTU OT KOHCTPYKUWWU. YpaBHEHUA ANSA pacyeTa TeMnepaTypbl Hanbdonee HarpeTon ToYKK ABnAoTca obobLlato-
LLUIMMW, YTO MOXET NoApasyMeBaTh NOrpeLlHOCTU, U, B CBOK oYepeb, BeYET HETOYHOCTL pacyeTa cpoka CnyX0Obl TpaHc-
dopmaTtopa. NsrotoButenn Moryt obecnedntb 6oree TOMHON UHpOPMaUMeENn O TeMnepaType Hanboree HarpeTon TOYKN
MMEHHO ANA NPOU3BOANMON UMWN KOHCTPYKUUKW TpaHcopmMaTopa.

[Tpn pacyeTe Hecylen cnOCOOHOCTU TpaHcopMaTopa, TeMNepaTypy OKpyXatrolen cpelbl HYXXHO paccMaTpuBaTh
KaK qoYHKUWIO Harpys3Kku.
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[lpunoxeHue b
(cnpaBoYHoOE)

PacuyeTbl cpoka CnyX0bl HA NpUMepe pacyeToB TPEX PEXUMOB HArpy3Ku

.1 [lpumep 1. Harpyaka npu NOCTOAHHOU TeMnepartype

5.1.1 VlcxoaHble AaHHble

Temneparypsbi:
TeMnepaTypa OKpy>atoLLeh cpesbi:
TeMmnepaTypa cUCTEMbI U3ONALINK:

Bpems Harpy3Kku:

b.1.2 Pacuert
10 ypaBHeHUo (5)
TepMmoagnHaMuyeckaa Temneparypa Hanbonee HarpeTon ToUku, K.

PasHuua (pocT) TemMmnepaTtypbl Hauboree Harpetod TOYKM Oonblle OKpyXKatroLlen 125 °C

30 °C (nocToAHHaA)
130 °C (knacc B)
1 Hegena (168 u)

273+ 30+ 125 =428 K

3 Tabnuubl 1
KOS PULNEHTBI @ U b!

a=172-10""%y b =18 115

[To qpopmyne (7) onpenenaroT CKOPOCTb TEPMUYECKOIo CTapeHUs

18155

K'=180000 - (1,72 - 1071971, e( 428

pacxo/ cpoka cny»xbbl B Yac.

) = 4348y —

[Ton BpeMeHU Harpysku, paBHoW 168 4, pacHeTHBIN CPOK cnyXObl B npouecce 04HON Heagenu Npu 3TON TeMnepaType

COCTaBUT
43,48 - 168 = /305

OT BCEro cpoka cnyxbbl TpaHcdopmaTopa.

T, °C
'y

>
3,
-

AQ;

0 t t, Bpems, 4

BepxHasa kpuBas: Ha4YanbHas U MakcumMmarbHas Harpysku.
HuXHAS KpynBas: pocT TeMNepaTypbl CBbILLE TEMMNEPaTYPbl OKPYXKatoLLe
cpeabl

PucyHok b.1 — CTyneH4aToe N3MeHeHNe KpUBOW
HarpysKku

14

BepOATHLIN CpOK cnyXObl NpU HOMUHAIMb-
HOW TeMnepaTtype Haubdbonee HarpeTon TOYKM
120 °C cocTtaBut 180 000 4. Torga 3a ogHy Hele-
M0 NpY TemMnepaTtype Hanbonee HarPeETON TOYUKM

155 °C OH cocTaBuUT

7305
180 000

OT HOMWHamNbHOIrO cpoka CcnyXobl TpaHchop-
MaTopa.

100

= 4,06 %

.2 [lpumep 2

Tok Harpysku I; npu Temneparype f; C
nocrieqytowmM TOKOM Harpysku /,, n Temnepary-
pown £,

5.2.1 ObLlee NonoXeHue

{orga TOK Harpysknm BHe3anHO U3MEHSAET-
CA OT YPOBHA [, A0 YPOBHA I,, AOMYCKAETCA, YTO
TeMnepaTypa Hanbonee Harpeton TOYKN OT Ha-
4anbHOro pocTta TemMnepartypbl A, NepexoauT B
AB, NO 3KCMOHEHLManbLHOW 3aBUCUMOCTU (POp-
Myna (16)). Kak nokasaHo Ha pucyHke b.1.

5.2.2 lcxoaHble gaHHbIE:

/. =0,8, nepnog BpeMeHu {, = 10 y;

[, — HavanbHasa Harpyska,

1,,=1,2, nepuog BpemeHun t, = 10 u;

[;;, — 3Ha4eHWe Harpysku nocne BO3pac-
TaHUA;




[OCT P 54419—2011

HOMWHanbHasA NocToAHHaA BPEMEHU ANa paccMoTpeHHoU oOMoTKu: T, =0,5 \;

TeMnepaTypa okpyxatowen cpeabl: 30 °C (NOCTOAHHAaA, HE3AaBUCUMO OT TOKa Harpyaku);

TeMnepartypa U3onauUnoOHHON cucteMsbl:. 155 °C;

TeMnepaTypa Hanboree HarpeTo To4KM OOMOTKM B HyNeBOWN MOMEHT BpeMeHU (0bo3HavaeTca — AOp o),
CpefHNA poCT TemnepaTypbl 0OMOTKU NPU HOMUHanNbHOM Toke A6, = 80 °C;

peEXUM paboThl C €CTECTBEHHLIM BO3AYLLUHLIM OXNa)aeHUeM.

b.2.3 PacueT

®opmyny (11) ncnonb3ytoT And pacyeTa Abye; U ADyq,;

ABps;=1,25-80- 0,816 =70 °C;
Abps, = 1,25 800,818 =134 °C;
AOe ,= 1,25 80 =100 °C.

Gopmyny (20) ncnonbayroT A4Na onpeaeneHna NOCTOAHHON BPEMEHU MPU U3MEHEHUWN POCTa TeMnepaTypbl HAaNbo-
rnee HarpeTon To4kn ooMoTKK oT 70 °C go 134 °C:

134 70
t-05._ 100 100

(134]1,25 ( 20 ]1,25
100 100

®opmyna (16) NnpuMeHAeTcA ANA onpeaeneHns MrHoBeHHoro 3HaveHus Ao B Ntodbol nepuop BpeMeHu t MHTepBa-
na BpemeHu nepexofa Aye U3 Abyg; B ADe,

=0,399.

_ )
ABpyg, =70 + (134 - 70) _1—e( 0399 |

[1pn nocteneHHoOM pocTe AB,,c MNOBLILLIAETCA CKOPOCTb TEPMUYECKOrO cTapeHnss. CM. pUCYHOK bB.2.
ABpe = ABpg,, kOrgat = o5 -1t=05-0,399 =19954unn22 v

[ns onpeaeneHns pacHeTHOro cpoka cryXobl Bo Bpemsi NepexofHoro nepnoja sHavyeHnn Abyq: U Ab g, MTHOBEH-
Hble 3Ha4YeHWs1 BpEMEHU, pasHULbl TemnepaTyp Hanbdonee HarpeTon To4KN Ay, TEPMOAUHAMUYECKOW TeMnepaTypbl T U
CKOPOCTU TEPMUYECKOro CTapeHus kK BHeCeHbl B Tabnuuy b.1 Ha BpeMeHHON npomMexyTok t — t,, = 0 — 24,

Tadbnunua b.1 — Pac4eT pacxofa cpoka crnyxobl

N3meHeHne TEMNEpaTypbl TepmogmMHaMuyeckan CKOPOCTb TEPMUYECKOTO Pacx0a Cpoka CryK6bi, 4
Bpems, 4 Hanbdonee HarpeTon Touku, °C TeMnepaTtypa, K CTapeHus, Y/
®opmyna (16) ®opmyna (5) Gopmyna (7) ®opmyna (9)

0 70,0 373 0,003 0,000 0
0,1 34,2 387,2 0,020 0,002 0
0,2 95,2 398,2 0,088 0,008 O
0,3 103,8 406,8 0,260 0,026 O
0,4 110,5 413,5 0,586 0,058 6
0,5 115,7 418,7 1,086 0,108 6
0,6 119,8 4228 1,735 0,173 5
0,7 122,9 4259 2,484 0,248 4
0,8 125,4 428,4 3,272 0,327 2
0,9 127,3 430,3 4,046 0,404 6

1 128,8 431,8 4,768 0,4/6 8
1,1 129,9 432,9 5,413 0,541 3
1,2 130,8 433,8 5,972 0,597 2
1,3 131,5 4345 6,445 0,644 5
1,4 132, 1 435,1 6,838 0,683 8
1,9 132,5 435,5 7,160 0,716 0
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OkoH4YaHUe mabnuub! b. 1

N3meHeHWe TeMnepaTypbl TepmMmoguHamMmn4veckas CKOPOCTb TEPMUYECKOTO Pacxon COOKa CIVKEL \
Bpems, Hanbonee HarpeTon Touku, °C TeMnepaTypa, K cTapeHus, Y/ AP y !
dopmyna (16) dopmyna (5) dopmyna (7) dopmyna (9)
1,6 132,8 435,8 7,420 0,742 0
1,7 133, 1 436, 1 {,629 0,/62 9
1,8 133,3 436,3 /,796 0,7/796
1,9 133,5 436,5 7,928 0,792 8
2 133,6 436,60 3,032 0,803 2
2, 133, 7 436, 7 3,114 0,811 4
MToro, L, 9,709 3
SHa4eHnsa AB e U K NpeAcTaBneHbl No KoopanHaTtaM BpeMeHU Ha pUcyHke b.2
160,0 9,000
&
S 140,0 8,000 z
: A 3
S 120,0 7,000 tg
2 2 :
S 6,000 4
= 100,0 S
& 8
= i ——————————— g ——————————————— — 5,000 g
T 4,000 2
> 60,0 g
3 3,000 &
D Q.
= 400 =
L ’ 2,000 8
G O
= 2
z 200 1,000 ©
4V
O
0,0 0,000

000102030405060,7080910111,21,31415161,71,81,9 2,0 21
Bpems nocne £, 4

i — TEMNEPaTYpa HAaNbonee HarpeEToON TOYKN, =m@uum — K

BepxHAa kpuBag — POCT pasHuLbl TeMMepaTypbl Hanbonee HarpeTon Touku, °C.
HuXHAS KpuBasa: CKOPOCTb pacxoayeMoro cpoka oT BCero cpoka cnyXobl TpaHcopmaTopa, COOTBETCTBYOLLAS POCTY
TemMnepaTypbl HaMbonee HarPeTon TOYKN

PucyHok 5.2 — PocT pasHuubl TeMnepaTypbl Hanbonee HarpeToi TOYKN U pacxoyeMoro cpoka cryxobi

Pacxoayemas YacTb cpoka cnyxXObl ANnA 2 Y NpoAorKuTernbsHoro nepuofa nepexoga uUs Adye; B A0y, NpecTaB-
NeHa B BUAE y4vacTKa, pacnonoXeHHOro noj HWXHEW CnnoLHOW KpUBOW. ECTb HEeCKONbKO crnocoboB onpeaennTb STOT
y4yacToK. [1pocTon cnocob 3akn4aeTcs B cregyroweM: NPpoBECTU NPAMYH MOPU3OHTaNbHYIO NMIMHUIO Yepes anarpamMmmy.
JInHMA nogenuT ocb opAanHAaT nononam Tak, YTo BU3yanbHO ABe YacTu A, U A, OyayT paBHbIl. [paHuLbl YacTn A, onpefe-
NeHbl NeBON OCbH0 OpAMHAT, TOPU3OHTalIlbHON NMHMUEN M CAMOLUHOW KPUBOW. [ paHunLbl YacTu A, onpefeneHsl NpaBon 0CbH
opAWHaT, rOPU3OHTarIbHOW NMUHUEN WU CNNOWHOW KpuBoW. OpAWHaTa Ha npaBoOWu OCU CHUTLIBaeMa, U YacTb Noh KPpUBOU K
paBHa NMPOU3BEAEHUIO STOW opAWHaTLI U BPEMEHW B NMpaBOM KOHLe ock abcuncc. B sTOM cny4vae:

5,0-2=10u.

CnepoBarenbHO, pacYETHLIM CPOK CNyXObl B TeYeHUE ABYX Y AaHHbIX UHTEPBaANoOB BPEMEHU C BO3pacTaHNUEM pas-
HUUBI TeMnepaTypbl Hanbonee Harpeton Toukn oT 70 °C go 134 °C o6yaet 10 4.
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LJONONHUTENBHO K 3TUM YacaM pacxXoayeTca YacTb cpoKa cnyxbbl, paBHaa 10 4 npu 70 °C pasHUUbLI TeMnepaTypbl
Hanbdonee Harpeton Toukn, n 10 — 2 = 8 4 npu pasHuue Temnepatypbl 134 °C. [IBa nocnegHux godaBneHna MoryT ObiTh
paccuuTaHbl No opmyne (9).

[ 20475 }

L 2= 180000 - 10 - (9,60 - 10717y - 472" 190/ = 0 03
[ 20475 }

L2 =180000 -8 (9,60 - 107171 e\ @ 1°4)) =67 28 4

OHW paBHbl 0,034 1 67,28 4 COOTBETCTBEHHO.

[TONHBLIK pacYeTHBLIN CPOK CNyXObl B Te4eHUe NOMHbIX 20 Y COCTaBUT:

0,03+ 9,71 +67,28=77,02u.

OnpenenuTb YacTb Nojg KpUBoW K B UHTepBan BpeMEHU BO3MOXHO METOAOM YUCITOBOrO UHTErPUPOBaAHUA NPAMO-
yronbHWKa U Tpaneunn no popmyne CUMNCoHa.

KpuBas kK UMeeT NONMMHOMUANBHY POPMY, UTO MO3BONAET Nerko ee 00bLeANHUTL U NONYy4YnTb pasMep 4YacTu Noj
KpuBoW. [na sToro Metofa cpok cnyXoObl paBeH 8,54 4, ecnn mepa ncdncneHma pasHa 0,01 u.

5.3 [lpumep 3. Tok nepeMeHHOU HarpyaKku

5.3.1 MlcxoaHble AaHHbIE
LO3PPULIMEHT TOKa Harpyskm nameHaetca ot 0,7 o 1,2 B TedeHne 24 4acos.
“HOMUHaNbHOE 3Ha4YeHUe NOCTOAHHON BpeMEHWN AN paccMaTpuBaeMoit oOMoTkN T = 0,5 u.
Temnepartypa okpyxatrLen cpeabl 30 °C, NOCTOAHHAA (He3aBUCUMasA OT TOKa HarpysKku).
‘eMneparypa cuctembl nsonaumm: 180 °C.
CpenHasa pasHuLa Temnepatypbl 0OMOTKM NpKM HOMWHarNbHOM Toke AD,,,=100 °C.
PEXUM paboThl: C €CTECTBEHHLIM BO3AYLUHLIM OXNa)geHuUeM.
5.3.2 Pacuert
B AByx neBbiX rpadax Tabnuubl 5.2 1 Ha pucyHke B.3 npuBegeH LUKN Harpy3kn ¢ NoMacoBbIMU 3HAa4YEHUAMU TOKa
HarpysKu.

Tabnuuya b.2
T T | | reumeparypn | TEPYOAME | Gonoer, |
« | Kodadp- TeMnepaTtypbl Hanbonee ctapeHua |Pacxoagyembin| 3| [lpounsBe-
2 | PULMNEHT | Hanbonee Harpe- BPEMERN, = HarpeTon reMnepary- K /M CpoK cryx6bl, [ & | AeHue k Ha
2 | Harpysku TOW TOYKN, °C TOouKK, °C pa, K y/y 3 cdhakTop, Y

dopmyna (11) | Popmyna (20) | Popmyna (16) | Popmyna (3) | Popmyna (7)

0 0,700 70,64 70,64 373,06 0,000 0,000 1 0,000
1 0,722 74,23 0,458 73,82 376,8 0,000 0,000 4 0,000
2 0,788 85,38 0,448 84,14 387,1 0,001 0,001 2 0,001
3 0,859 98,02 0,432 06,64 3996 0,004 0,004 4 0,014
4 0,956 116,32 0,416 114,54 4175 0,042 0,042 2 0,085
5 0,957 116,51 0,407 116,34 4193 0,054 0,054 4 0,214
6 0,962 117,49 0,407 117,39 4204 0,061 0,061 2 0,123
/ 0,991 123,20 0,404 122,72 4257 0,122 0,122 4 0,486
8 1,029 130,85 0,398 130,19 433,2 0,309 0,309 2 0,617
9 1,044 133,92 0,394 133,62 436,6 0,468 0,468 4 1,872
10 | 1,054 135,97 0,392 135,79 438,8 0,607 0,607 2 1,214
11 1,080 141,38 0,390 140,95 444 O 1,116 1,116 4 4 464
12 | 1,104 146,44 0,386 146,03 449 0O 2,004 2,004 2 4 008
13 | 1,152 156,76 0,381 155,98 459 0 6,079 6,079 4 24 317
14 | 1,163 159,16 0,77 158,94 461,9 8,375 8,375 2 16,750
15| 1,200 167,34 0,374 166,76 469 8 19,176 19,176 4 76,702
16 | 1,159 158,29 0,374 158,87 461,9 8,317 8,317 2 16,635
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OkoH4YaHuUe mabnuubl b.2

[lpegenbHas Pa3Huua TepMoauHa-
- pasHuLa NocToauuas | TEMIEpaTypol MI;‘-IECI{EFI CKopoCTb
- Koadgp- TemnepaTyphbl Hanbonee ctapeHna |Pacxoayembii| g | [llpounsBe-
= PaTYP BpeMeHu, TemneparTy- P .
2 | puUMeHT | HanbGonee Harpe- ’ HarpeToW o K Kk, 4/ CPOK CIyXObl, | = | A€HWE K Ha
5— HAarpPy3Kn TOW TOuKK, °C TOYKHK, °C Pd, Y/ S cdakTop, U
Gopmyna (11) | Popmyna (20) | Popmyna (16) | Popmyna (3) | Popmyna (7)
17 1,109 147,50 0,380 148,32 451,3 2,600 2,600 4 10,399
13 1,087 142,85 0,385 143,26 446,3 1,459 1,459 2 2,917
19 0,982 121,42 0,395 123,15 426,27 0,128 0,128 4 0,514
20 0,810 89,22 0,418 92,32 395,3 0,002 0,002 2 0,004
21 0,751 79,06 0,442 30,43 383,4 0,000 0,000 4 0,001
22 0,720 73,90 0,452 74,62 377,6 0,000 0,000 2 0,000
23 0,719 73,74 0,456 /3,83 376,8 0,000 0,000 4 0,000
24 0,700 70,64 0,459 71,00 3740 0,000 0,000 1 0,000

[na pacyeTa 3Ha4YeHUsa pacxoayemMoro cpoka cnyxbwl 3a 24 4 B Tabnuuy B.2 oqgHOBpEMEHHO BHOCAT 3Ha4eHUS
BPEMEHU, pasHuLbl TemnepaTyp Hauboriee HarpeTtol TouKu AOg, TEPMOAUHaAMWUYECKOW TemrepaTtypbl T U CKOPOCTU
TENMNOBOro CTapeHus K.

HeobxoaMMO y4nTLIBaATL, YTO B TEYEHUE LIMKNA 3Ha4YEHNE NOCTOSSHHON BPEMEHN MEHSETCS.

1,400 180,00
1,200 160,00 O
= 14000 3 S
2 1,000 g‘s‘é‘
= 120,00 §
T 0.800 @3
= Y 100,00 § &5
2 e
3 0,600 80,00 & S
8 =
6000 T ©
g 0,400 § 3
N 40,00 "l‘%
0.200 2000
0,000 0,00

0 2 4 6 8 10 12 14 16 18 20 22 24

Bpems, 4
=l — I, == — AByg

PucyHok B.3 — TOK Harpysku n pocT TemnepaTypbl Handornee HarpeTon ToYKM 0OMOTKN

KpnBaa Ha pucyHke b.4 nokasbiBaeT, Kak UBMEHAETCHA CKOPOCTb TEPMUYECKOIo cTapeHUa 3a UMKn B 24 4. Pacxoay-
eMbI CPOK CNyX0bl 3a LMK paBeH YacTu, pacnonoXXeHHOM nNoj KpUBOMN.

OnpefennuTb 3Ha4YeHUe YacTu rpaduka nog KpMBoW MOXHO C MOMOLUBI POPMYMbl YNCITOBOrO WHTErPUPOBaHUA
CUMNCOHa

b—a

(Yo +4y1+2yp +4Yy3 +2Yr +,...,4Yon 1+ y2n]=

rae 2n — Yucrno paBHO NogeneHHbIX UHTepBaroB B NOMHOM UHTepBane oT a 40 b.
B HacToAwemM npumepe 2n =24 (n = 12), a KOOPANHATLI Yq* ¥4 * Yo U T.A. — 3TO 3Ha4YeHUA kK, b =24 n a = 0.
MoXHO cocTaBuTb Tabnuuy b.3.
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25,000

Tadbnuua b.3 — Pac4eT pacxogyemMoro cpoka cnyxosbl

3|/|cyH0|< .4 — CKOpOCTb TEennoBoro CtrapeHnAd B 3aBMCMMOCTU OT BPpEMEHH

[OCT P 54419—2011

Pacxop cpoka cnyX0bl Ha akcnnyaTauuio, 4/
Bpema, dakTop, 4 [lponsBegeHMe kK Ha pakTop, M
dopmyna (9)

0 0,000 1 0,000
1 0,000 4 0,000
2 0,001 2 0,001
3 0,004 4 0,014
4 0,042 2 0,085
5 0,054 4 0,214
6 0,061 2 0,123
/ 0,122 4 0,486
3 0,309 2 0,617
9 0,468 4 1,872
10 0,607 2 1,214
11 1,116 4 4,464
12 2,004 2 4,008
13 6,079 4 24 317
14 8,375 2 16,750
15 19,176 4 76,702
16 3,317 2 16,635
17 2,600 4 10,399
18 1,459 2 2,917
19 0,128 4 0,514
20 0,002 2 0,004
2 0,000 4 0,001
22 0,000 2 0,000
23 0,000 4 0,000
24 0,000 1 0,000

NToro 161,34

[Tony4yaem 3HavyeHWe 4YacTun, pacrnonoXeHHOW nog KpUBou Ha pucyHke b.4:

24
6-12

- 161,34 = 53,78 u.

OTO 3HAYUT, UTO B TeYEHNE 3afaHHOro LUMKNa Harpysku 24 4 pacxogyetca 53,78 4 OT BCEro cpoka CnyX0Obl, paBHOro
180 000 v, yto cocTaBuT 0,0299 % HOMUHANBLHOrO CpoKa CIyXObl.
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[TpunoxeHue B

(cnpaBoYHoOE)
Tadbnuua B.1 —llepevyeHb CUMBOSOB
EavHMUa
CumBon 3HaveHue ANHAL
N3MepPeHNA
a [TocToAHHaA ypaBHEHUA AppeHuyca Y
b [locTOAHHAaA ypaBHeHUA AppeHuyca K
C ShdhekTUBHaAA TepMUYeCcKaa MOLLIHOCTE OOMOTKM
Cr TemMnepaTypHaa nonpaBKka Ha conpoTuBNeHWe Npu N3MeHeHUU TeMnepaTypsil BT - MUH/°C
nnu
BT - u/°C
I KoadpPUUUEHT Harpyskn Ha eanHULY
I Ha4anbHbIN KOIMPPUUNEHT HarpysKku
I, Koa(pPUUUEHT Harpysku n Ha egquHuLy
iy [TpeaenbHbIM KOSMMPULNEHT Harpy3ku
K CKOPOCTb TENMOBOIO CTapeHUA Kak pacxogyeMbl CPOK CrnyXObl B Yacax B Yac — Bpe- u/y
MSA 3KCnnyaTtauun npu temnepartype
K, OTHOCUTENBHAA CKOPOCTL TENTOBOIO CTapeHNUS Npu NOCTOAHHOW TeMnepaType Hanbo- %
fee HarpeTou TOYKN, BbipaXXeHHada B NPOoLEHTax CKOPOCTU cTapeHua, Yuto gaet 180 000 Y
CpoKa Cry»obl
L CpoK crny»obl Y
Lo~ PacxoayemMblid cpoka cny»XObl, BelpaXXeHHbBIA B Yacax, Npu NOCTOAHHOW TeMnepaType Y
Hanbonee HarpeTon ToYKN T B KENbBUHAX B TEYEHUE KAKOro-To BpeMeHHU t B Yacax
m IMNnpuyeckasa noctodaHHaa, pasHaa 0,8
P, OOLWmMe noTepn B 0OMOTKe (MOTEPU Ha BUXPEBLIE TOKM U HA COMPOTUBIIEHUE) B YCNO- BT
BUAX HOMUHANbBHOW Harpyskn U pocta Temneparypbl
q SMNUpuYeckad NOCToOAHHaA ANA pacyeTa pocTa TeMneparypbl Hauboree HarpeToun
TOYKU NpU 3afaHHOW TeMnepaType
t Bpems MWH
T TepmognHamMudyeckas TemnepaTtypa Hanboree HarpeTomn TOUKN K
T; TemMnepaTypa U30NALUNOHHOU CUCTEMBI (TennoBon nHaeke TH) °C
Ty [locTosAHHaA TeMnepaTypbl 4NA NPOBOAHWKA, COCTOSALLEro Ha 225 U3 antoMUHUA U Ha
235 N3 Mean
X oMnupuyeckasa MoCTOAHHasA, UCMNONbL3YETCA ANA pacyeTa eCTEeCTBEHHOMo oxnaXje-
HWA, paBHa 1 (40 NONYYEHUA Pe3ynbTaToB UCMbITAHUI)
4 [TpnHATLIN hakTop Hanbonee HarpeTon TOHKKU, paBHbLIN 1,25
0, TeMnepartypa oKkpyxaroLlen cpeqbl °C
04 Onpepensdrollee coaencTBME B pPOCTe TeMnepaTypbl Hanbonee HarpeTon TOUKM 00- °C
MOTKW ©€3 HarpysKku
O TeMmnepartypa Hanboree HarpeTon TOMKN B 3afaHHbIX YCNOBUAX (Harpyska I, Temnepa- °C
Typa OKpyXarLllen cpeqbl...)
Os , HoMWHanbHas TemMnepaTypa Hanbonee HarpeTon ToYKNM OOMOTKM, BblMUCNEHHaA UMK °C
NnoATBEPXAEHHAA UCMbITAHUAMU TeMnepaTtypa Hauboree HarpeTon TOUKU Ha €AUHULY
Harpy3ku
AB o M3MeHeHne TeMnepaTypbl Hanbonee HarpeTon TOMKN Ha eAUHULY Harpysku / °C
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OkoH4YaHue mabnuubi B. T

EanHuua
CUMBOS 3HaJvYeHne A 1
N3MepeHnd
ABpe , M3MeHeHNe TeMnepaTypbl Hanbonee HarpeTom TOUYKU MPU HOMUHANBHOW Harpyske °C
AE)HS” NameHeHne TemMnepaTypbl Hanbonee HarpeToi?'l TOYKHN, rlpeBblLuarou_l,eﬁ TeMnepaTtypy °C
Oprmarou_l,el?'l cpeabl Npw 3a/laHHOWU Harpy3ske
AE)I- IlcxooHOE U3MEHEHUE TeMnepaTypbl Hanbonee HarpeToﬁ TOYKKU NpW nNpegBapUTenb- °C
HOWU Harpy3ke, tTemnepartypa
AB, M3MeHeHNe TemnepaTypbl HaUnbonee HarpeTon TOHYKU BO BpeMEHHU  Nocne N3MEHEHNSA °C
peXxnma Harpy3ku
ABy; KOHeYHOEe U3MEHEHNE TeMNepaTypbl Hanbonee HarpeTon TOMKN NMpU 3Ha4YEeHUN Nepe- °C
PY3KN IU no yCToﬁqMBOFO COCTOAHNUA U3MEHEHUA TemnepaTypbl Hanbonee HarpeToﬁ
TOKHA
ABWr Cpe,D,Hee M3IMeHeHne TemMmnepaTypbl Hanbonee HarpeToﬁ TOYKU NpKU HOMWHaNbBHOW Ha- °C
rpy3Kke
T [locTOoAHHAA BpeMeHn ans TpchcbopmaTopa B 3agaHHOWU Harpys3ke MINH
1= [TocTOAHHAA BpeMeHU ANA TpchcbopmaTopa B HOMUHaNBHOWY Harpy3ke MH
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[1]
2]

3]

[4]

9]

6]

7]

8]

9]

M3K 60076-11:2004
MOK 61378-1:1997

M3K 60216-2:2005

M3K 60216-1:2001

M3K 60216-3:2006

M3OK 60216-4-1:2006

M3K 60216-4-2:2000

M3K 60216-4-3.2000

M3OK 60216-5:2008

[10] M3K 60216-6:2006

[11]

M3K 600/76-1:2000

[12] M3K 60076-2:1993
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buonuorpadgusn

CunoBble TpaHchopMaTopbl — YacTb 11. Cyxon TpaHcdopmaTop

peoOpasoBaTenbHbIi TpaHcopmMaTop — YacTb 1. TpaHcdhopmMaTopk! ANA NPOMBbILLIEH-
HOro UCNOSb30BaHUA

OrneKkTpudeckme U3ondaunoHHble MaTepuanbl — CBOUCTBa TEMNMOCTOUKOCTU — YacTb 2:
OnpegeneHne cBOUCTB TENNMOCTOUKOCTU 3NEKTPUYECKUX U3OMALUUOHHBIX MaTepuanoB —
BuIOOp KpuTEpUa NpoOBEPKN

OrneKkTpuyeckne U3onAaUunoHHble MaTepuansl — CBOUCTBa TENNOCTOUKOCTU — YacTb 1.
[Ipouecchl cTapeHUa U OLeHKa pe3ynbsTaToB UCNbITaHUN

OneKkTpuyeckne U3onsaUnoHHble MaTtepuansl — CBOWUCTBa TENNOCTOUKOCTU — YacTb 3.
MHCTPYKUMA MO pacHETy XapakKTepPUCTUK TENNMOCTOUKOCTU

OrneKkTpu4eckne U3onauMoHHble MaTepuansl — CBOUCTBaA TENNOCTOMKOCTU — YacTb 4-1.
[Teun cTapeHnsa — OagHoKaMepHble neYn

OneKTpu4eckne U3onaumMoHHble MaTepuansl — CBOUCTBa TENNOCTOUKOCTU — YacTb 4-2:

[eun ctapeHuss — MydenbHble nNeun AN MCNosfib3oBaHWA Npu TemnepaTypax BblLUe
300 °C

SrneKkTpu4eckne U3onaumMoHHble MaTepuansl — CBOUCTBaA TeNNOCTOUKOCTU — YacTb 4-3.
[Teun cTapeHna- MHoOrokamMepHble Nevu

OnekTpuyecke U3oNAUUOHHbIE MaTepuanel — CBOUCTBA TEMMOCTOUKOCTU —
YacTb 5. OnpepeneHue OTHOCUTENBLHONO nHaekca tennoctonkoctTn (ONT) n3onAaunoH-
HbIX MaTtepuanosB

OrneKTpu4eckne U3onAUNOHHbIe MaTepuansl — CBOUCTBa TEMNOCTOUKOCTU — YacTb 6:
OnpepeneHne nHaekcoB Tennoctonkoctu (T n OUT) M3oNALMOHHBIX MaTepuanoB Npu
MCMONbL30BaHUN METOLOM BblAENEHUA onpeaeneHHoro nepuoja BpeMeH!

CunoBble TpaHchopMaTopbl — YacTb 11: Cyxon TpaHcdopmMmaTop

CunoBble TpaHchopMaTopbl — YacTk 2: POCT TeMnepaTyphbl
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YOK 621.314:006.354 OKC 29.180 OKI1 01 1100

KntoyeBble CroBa: CUNoOBbIE TPAHCHOPMATOPbI, PYKOBOACTBO MO HArpy3ke, cyxme TpaHcdhopmMaTopsl
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