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Mpepucnosue

Llenn v npuHumMnbl cTaHgapTusaumm B Poccuiickoint defepanmm ycTtaHoBNeHbI PefepasibHbIM 3aKOHOM
oT 27 aekabps 2002 r. Np 184-®3 «O TEXHMUYECKOM PeryimpoBaHnun», a npasuia NPUMeEHeHNs HaunoHa/IbHbIX
cTaHgapToB Poccuiickoin degepaunm — FOCT P 1.0—2004 «CTtaHgapTusauumsa B Poccuiickon degepauumn.
OCHOBHbI€ MOSIOXEHUA»

CeefeHUsi o cTaHaapTe

1 NoAroToBEH Hekommepyeckum  napTHEpPCTBOM «/IHHOBaUMn B  3/IEKTPOIHEPreTmuke»
(HM «MHB3/1») Ha ocHOBe COBCTBEHHOrO ayTEHTUYHOrO MepesBoja Ha PYCCKUI A3bIK CTaHAapTa, ykasaHHOro
B NyHKTe 4; ®efiepasibHbIM roCyjapCTBEHHbIM YHUTAPHbLIM NpeanpuaTneM «Bcepoccuiickuii Hay4yHo-uccneo-
BaTe/IbCKNI MHCTUTYT CTaHgapTusaumm n ceptudmkalymm B MawmHoctpoeHun» (Pryn «BHUNHMALL»)

2 BHECEH TexHu4YeckMmM KOMWTETOM no ctaHdaptmsaumm TK 39 «3HeprocbepexeHue, aHepreTuye-
cKast ap(PeKTMBHOCTb, 3HEPrOMeHe)KMEHT»

3 YTBEPX/JEH 1 BBEJEH B JEVICTBWE Mpukasom PefepasibHOIO areHTCTBa MO TEXHUYECKOMY pe-
ryIMPOBaHUIO U METPOJIorMmM OT 28 ceHTA6psA 2011 r. Ne 344-cT

4 HacTtosAwmin ctaHgapTt sensetTca mognduumposaHHbiM (MOD) NO OTHOLIEHUIO K MeXAyHapoAHOMY
cTaHgapty M3K 60076-12:2008 «CunoBble TpaHcdopmaTopbl. HacTb 12. PyKoBOACTBO MO Harpyske Cyxoro
TpaHcdopmartopa» (IEC 60076-12:2008 «Power transformers — Part 12: Loading guido for dry-type power
transformers»).

Mpun NpYMEHeHNN HACTOSALEro cTaHAapTa PEKOMEHAYETCA NUCMOJ/Ib30BaTb BMECTO CChIIOYHbIX MeXAyHa-
POAHbIX CTaH4APTOB COOTBETCTBYHOLIME MM HauWOHalbHble CTaHAapTbl Poccuiickoii depepaunm n Mexrocy-
[apCcTBEHHblE CTaHAapTbI

5 BBEJEH BIEPBbIE

NHopMauusi 06 MU3MeHeHNsX K Hac T osiLLeMy CTaHaap Ty Ny6/MKye TCs B eXXerofHo n3faBaeMoM UH-
hopMaLMOHHOM yKasaTesie «HauMoHa/IbHble CTaHAapThi», @ TEKCT M3I/IBHEHWIA U MOMPaBOK — B eXeme-
CAYHO M3AaBaeMblX UHPOPMALIMOHHbIX yKa3aTensix «HaumoHaibHble cTaHgapThi». B cnyyae nepecMoTpa
(3aMeHbl) WM OTMEHbI HACTOSILLEr0 CTaH4apTa CooTBETCTBYOWEee yBegomeHve 6yaeT ony6MKoBaHo
B eXXEMecsIYHO n3gasas,\loM MH(POpPMaLMOHHOM yKazaTe e «HayvoHasibHble CTaH4ap Thi». COOTBETCTBY-
toLast MHgopMauus, yseaomeHre N TEKCT bl pa3MeLLalnTCsl Takke B MHPOPMALMOHHO cucTeme o6LLero
NMoNb30BaHUA — Ha oULMabHOM caiiTe dPefepasibHOro areH TCTBa Mo TexXHUYECKOMY PerynmpoBaHunio n
MeTposiorum B ceTu IHTepHeT

© CraHpgapTuHdopm. 2012

HacTosimii cTaHAapT He MOXeT GbITb MOTHOCTLIO UM YAaCTUYHO BOCMPOU3BEAEH, TMPAXMPOBaH U pac-
NpoCTpaHeH B KaYecTBe odmLMabHOTO U3gaHna 6e3 paspelleHns defepasibHOrO areHTCTBa Mo TEXHUYECKO-
My perysiMpoBaHuio U MeTposorum
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CopepxaHune
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BeBepgeHne kK MOK 60076-12:2008

MexayHapoaHbli ctaHgapT MK 60076-12 (aHrnuiickan Bepcus) 6bi1 NoArotToseH TEXHNUYECKAM KOMU-
TeToM 14 M3K «CunoBble TpaHCOpPMaTOpPbI».

CraHpgapT M3K 60076-12:2008 oTmeHsAeT 1 3ameHsaeT ctaHgapT MOK 60905:1987. B aTom nepBoM u3-
[aHnun npeacraB/ieHa TeXHUYecKas Nposepka.

TeKCT cTaHgapTa OCHOBaH Ha Cnefyrowmnx AOKyMeHTax:

FDIS OT4yeT 0 ronocoBaHUmn

14/584/FDIS 14/590/RVD

MonHyto nHopmaLmio o0 pesysibTatax roloCoOBaHNS O NMPUHATUN CTaHgapTa MOXHO HaiiTu B oTyeTe O
ron0coBaHnK, yKkazaHHOM B Bblllie NPUBEAEHHON Tabnuue.

M3paHue 6b110 COCTaBEHO B COOTBETCTBUM C AnpekTuBo NCO/M3K, vacTb 2.

Cnucok Bcex cTaHgapToB cepun M3K 60076 nog obwmm HanmeHoBaHueM CunoBble TpaHcdopMaTo-
pbl NpuBeAeH Ha odmumanbHOM cainTe MOK.
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HAUWOHAMNBbHGBIN CTAHAAPT POCCUMNCKOW PELAEPAULUUMN

TPAHC®OPMATOPbBI CU/TIOBbLIE
YacTtb 12

PyKOBOACTBO MO Harpy3ke Cyxoro TpaHcopmaropa

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

Nata BBegeHnsa — 2012—07—01

1 O6nacTb NpUMeEHeHNn

HacTtosawwmii ctaHgapT:

- NpefHasHayeH MHXeHepaMm-TeXHOos1I0ram kak pykoBoACTBO NpWU BbIGOpe NOAXOAAWMX 3HAYEHWUN Benu-
UYMH 1 YCNOBWIA 3KCnlyaTaumm (Harpy3ok) HOBOro 060pyA0BaHNS:

- NPUMEeHseTCA K CUN0BbIM TpaHcopmaTopam Cyxoro Tuna B pamkax ctaHgapTa [1];

- ABNSETCA PYKOBOACTBOM MO Harpyske CyxXuX CWUIOBbIX TPaHC(OPMAaTOPOB C TOYUKU 3peHus pabouein
TemnepaTtypbl 1 TEPMUYECKOTO CTapeHUs;

- ycTaHaB/MBaeT:

a) crnocobbl onpeaeneHns CKOPOCTM TEPMUYECKOTO CTapeHUsa 1 Cpoka CNyxbbl N30NALNOHHON CUCTEMbI
TpaHChopMaTOpOB B 3aBUCMMOCTM OT paboueli TemnepaTypbl, BPEMEHU U Harpy3kn TpaHchopmaTopa.

NMpumeyaHne — B uensx crneymanbHOro UCNoNb30BaHWS B TpaHchopmaTtopax BETPOBOro ABuraTens, anek-
TPUYECKMX NeYyeld, CBapPOYHbIX MAaWWH 1N APYTUX, U3rOoTOBUTENIb 06513aH 03HAKOMUTBLCS C COOTBETCTBYHOLWEN anarpaMmmoii
Hady3Ku.

6) HOPMbI 1 pe3ynbTaTbl Harpy3oK B Buje Tabnuu;

B) pekoMeHAauun no orpaHnuYeHuto AOMYyCTMMON Harpy3ku no pesysibTaTaM BbIMOSIHEHHbIX pPacyeToB
TemnepaTypbl 1 U3MepeHuii. DTN pekoMeHZauum AOMNyCcKaeTCcs NPUMEHATb K Harpy3kaM pasiMyHbIX TUMOB
(HenpepbIBHbIM Harpyskam, ANTeNbHbIM U KpaTKOBPEMEHHbIM aBapuiiHbIM neperpy3kam);

r) NOHATUSI MPOLECCOB TEM/IOBOrO CTapeHusi (NpUioxeHue A);

- pekomMeHAayeT mMaTematuyeckne MoAenn, KOTopbie NOMOTyT OLEHUTb NOCeACTBUSA Harpy3kn B pasHbIX
yCNoBuAX, NpU pasHbix TemnepaTypax oxnaxpaarwlleli cpefbl U NpU HeyCTaHOBUBLUEMCS WU LUKINYECKOM
HanpsbkeHMn. Mogenun npegycmaTpuBatoT pacyeT paboumx TemnepaTtyp B TpaHchopmaTope, a MMEeHHO TeM-
nepatypy Hambosiee Harpetoli 4actu B 06MOTKe. YTOGblI YCTaHOBUTbL 3aTpayeHHOe BpeMsi OT BCEro cpoka
cnyx6bl TpaHcopmaTopa B TedeHve onpeneneHHOro NPpoMexyTka BpeMeHn HeobxoaMMo 3HaTb TeMmnepaTy-
py Hanbosiee HarpeTor TOUKN.

2 HopmaTuBHbIE CCbINKKU

B HacTosiLemM cTaHfapTe UCMO/Ib30BaHa CCbISIKa Ha CreayloWmii CTaHaapT:
FOCT 16110—82 TpaHcdopmaTopbl CUOBble. TEPMUHBI U OnpeaeneHns

NMpumevyaHune — Mpu NONL30BAHUM HACTOALUM CTaHAapTOM Liesliecoo6pa3Ho NPoBepUTL AeiCTBUE CChITOYHbIX
cTaHAapToB B MH(OPMaUMOHHOW cucteme obLero nonb3oBaHNA — Ha odmumnanbHom calite ®efepanbHOro areHTCTBa
Nno TeXHWYECKOMY pPeryiMpoBaHuio U MeTPOIOTKN B CeTU VIHTEPHET WM NO eXeroAHo n3gaBaemMomy MHOPMaLoOHHOMY
yKasaTento «HaunoHanbHble CTaHAAPTbI», KOTOPbI ONy6/MKOBaH MO COCTOSIHUIO Ha 1 AHBapsi Tekyliero roga, u no co-
OTBETCTBYIOLMM €XeMeCAYHO n3gaBaeMblM MHOPMALMOHHBLIM yKkasaTensiM, ony6/MKOBaHHbIM B TeKyliem rogy. Ecnm
CCbI/IOYHBIV CTaHjapTa 3amMeHeH (M3MeHeH), TO MpY Mo/Ib30BaHUN HACTOALWMUM CTaHAapPTOM CreAyeT PyKOBOACTBOBATbLCS
3aMeHs WM (MU3MEHEHHbIM) CTaHAAPTOM. EC/IM CCbINIOYHBIV CTaHAAPT OTMEeHEeH 6Ge3 3aMeHbl, TO NMoJI0XeHNe, B KOTOPOM
[aHa CCbl/IKa Ha Hero, MPMMeHAEeTCA B YacTu, He 3aTparvmBsalolleli aTy CCbiKy.

N3paHune opuynanbHoe
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3 TepMUHbI U onpepeneHns

B HacTosWem cTaHAapTe NPUMeHeHbl TePMUHBLI U onpeaeneHnsa B cootseTcTBun ¢ FOCT 16110, a Takxe
cnepytowne TepMnHbl C COOTBETCTBYIOLMMM ONpeaesieHUsMM:

3.1 gnnTenbHas aBapuiiHaa neperpyska: [eperpyska, BO3HMKalWwas B pesysbTarte A/IUTeNIbHOIO
nepepbiBa B paboTe HEKOTOPbIX 3/1IEMEHTOB 060PYA0BaHUA, KOTOPble HE MOTYT 6bITb MOBTOPHO MOAK/IOYEHbI,
noka TpaHccopmaTop He HabepeT HOBYIO 1 60/1ee BbICOKYHO YCTOMUMBYIO TemnepaTypy.

3.2 KpaTKOBpeMeHHas aBapwuiiHaa neperpyska: 3HauuTeNlbHasA neperpyska BC/eACTBME OJHOMO UM
6onee cobbITUIA, KOTOPblE CEPbE3HO HapyLlalT paboTy 3/1EKTPUYECKOro 060pyA0BaHNS, Bbi3blBas Harpysky,
npy KOTOpoi Haubosiee HarpeTas Touka O6GMOTKM [OCTUraeT ONacHOro ypoBHSA TemnepaTypbl, U BO3MOXHO
BPEMEHHOEe CHWKEHME 3/1eKTPUYECKOl MPOYHOCTH.

3.3 Hambosiee HarpeTas Touka: Touyka M30AAUUM OBMOTKM TpaHchopmaTopa, MMetowas Makcumasib-
Hyl0 Temnepartypy.

3.4 oTHOCUTe/IbHasA CKOPOCTb TEPMUYECKOro cTapeHuns: CKOPOCTb YMEHbLUEHUS WM BO3pacTaHus
TepPMMYECKOro cTapeHns nsonsaumm TpaHcopmaTtopa 418 3afaHHON TemnepaTypbl Hanbosiee HarpeTon Tou-
KW. OTHOCUTE/IbHO CKOPOCTN TEPMUYECKOro CTapeHust, Npu UCXOAHON TemnepaTtype Hanbosiee HarpeTomn TOUKN.

4 lMeperpysku, npesblWwalUiMe gaHHble TEXHUYECKOTO nacnopra n/ivnn
TEXHUNYECKUNX yCﬂOBMVI

4.1 O6uwme NONOXEHNSA

HoMVHasIbHbI TepMUYeCKUii CPOK CAyX6bl M30MALMM — OCHOBa A/1si paboTbl TpaHcopmaTopa B He-
NpepbIBHOM pexrMe Npu 3a4aHHbIX YCNOBUSX 3KCMyaTaummn U 3a4aHHbIX TEMNepaTypax oKpyXxarollei cpe-
Abl. Meperpysku 1 aKcnyataumsi TpaHchopmaropa npy TemMmnepaTypax oKpyxarolleid cpefbl, NpeBbillaoLmx
[JaHHble TEXHNYECKOTO NacnopTa, 3aAaHHbIX UMW YCTAaHOBMEHHbIX TEXHUYECKMMU YCMOBUSIMU, B/IEKYT 3a CO-
60ii yBE/IMYeHMe CTENEHN pUCKa OTKA30B M YCKOPEHHOE TensioBoe CTapeHne U3onauun. 3afjada HacTosLWero
cTaHfapTa — onpeAesnnTb PUCKM U NOKas3aTb, Kak BbIMOMHUTL HArpy3ky TpaHcopmaTtopa C npeBbleHnemM
HOMMWHa/IbHBIX 3HAYEHWIA, HE BbIXOAS 32 PaMKW AOMYCTUMbIX NapamMeTpoB.

4.2 O6wwue nocnencTeunsa

MocneacTBMAMU Neperpysku TpaHchopmarTopa CBbllle HOMUHaSIbHBIX NapaMeTpoB MOrYT SAB/IATLCS:

- pocT TemnepaTtypbl 40 HeAOMyCTVMOro yPOBHSI B 0OMOTKax, KOHLEBOI MydhTe, 3/1eKTPONpoBoAKe, ne-
peknoyaTesiax OTBETB/IEHUI I 0OMOTOK U U30MIAILMOHHOM MaTepuane.

- pocT TemnepaTypbl U30/ALUMOHHOIO MaTtepuana A0 HeAONyCTUMOro YPOBHS U3-3a HEBOCMPUVMYMNBO-
CTU AN HEJOCTaTOYHOM BOCMPUMMUYMBOCTU K MEpPerpy3kam CUCTEMbl OXNaXAeHNA TpaHcdopmMartopa:

- pycK OTKasa B nepuog nNpupaboTku, CBA3aHHbIN C NOBbIWEHEM ToKa U BO3[eNCTBUEM BbICOKOW TeM-
nepaTypbl. [laHHbI PUCK MOXeT HOCUTb KPaTKOCPOUHbIl XapakTep UM HakanimBaTbCA B TeHeHne MHOTUX neT
oT o6Lero adhpekTa TENOBOrO CTapeHUss N30MALMOHHOrO MaTepuana TpaHcdopmaropa.

NMpumeuvaHune — [pyroii NpuunMHOK HemcnpaBHOW paboTbl TpaHcopmaTopa NPy Neperpyske MOXeT cTaTb pes-
KWii nepenaf HanpshkeHns B TpaHcopmaTope.

4.3 TMocneacTBUS U PUCKU KPATKOBPEMEHHOW aBapuiiHON neperpysku

3a npegenamm gonycTUMbIX OfpaHUYeHWiA TNaBHbIMU pYCKaMn Npu KpaTKOBPEMEHHOW aBapuiiHol nepe-
rpy3ke MoryT cTaTb.

- HegoNyCTUMbIA YPOBEHb NMPenebHOr0 MEXaHWYECKOTO NEPEHANPSXXEHUA N3-3a YBENIMYEHHOW Temne-
patypsbl. [locneacTsus: TPeLWMHbI U30/ISLMOHHOIO MaTepuana TpaHchopmMaTopa U repMeTUsNpyHoLLEen 3nok-
CUAHON CcMOfbl;

- MEeXaHMYOCKOO MOBpexXAeHNne 06MOTKN NPU 3HAYEHUSX TOKA KOPOTKOro 3aMbIKaHUst WU MIHOBEHHbIX
3HAYEHWI TOKOB Neperpyskn Bblle 3HAYEHUS HOMUHA/ILHOTO TOKa;

- MexaHu4yeckoe NOBpexaeHne OGMOTKU MNP Ha/IMUMKN TOKa KOPOTKOrO 3aMblKaHWsi U MPepbIBUCTOrO
TOKa, ec/in okpyxatrollas TemMmnepaTypa Bbille pacyeTHOW;

- yXygOlleHne MexXaHUYecKMX CBOWCTB W. Kak C/1efCTBME, CHUXEHME CU/bl TOKA KOPOTKOrO 3aMblKaHWs,
npv BbICOKOV 3aiaHHOI TemnepaTtype;

- CHWKEHWE OU3MEKTPUYECKON NPOYHOCTM U30MALUN 1M3-3a NOBbILWEHHOM TeMnepaTypbl.
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MakcumasibHoe 3HayeHne ToKa Neperpy3kn orpaHMyeHo 50 % HOMUHAIBHOTO TOKa.
Mpwn ycnoeusx neperpysku cebile 50 % Heo6X0AMMO COriacoBaHne C U3roTOBUTENEM /1S OLEHKU Mo-
CNneacTBWiA Takoi neperpysku. JiMTeNIbHOCTb Takoli neperpysky Ao/mkHa 6biTb MakCUMasibHO KOPOTKOIA.

4.4 Pe3ynbTaTbl A/INTENIbHOW aBapuiiHOW neperpysKku

B pesynbTaTe AnuvTenbHOM aBapunHON neperpyskn TpaHcopmaTopa U BO3AENCTBUA BbICOKUX TeMne-
paTyp MpOVCXOAMT:

- o6ljee TepMnYeCKOe CTapeHne N30MALMN, OCOGEHHO eCIN YCTPOCTBO NOAK/TIOYEHO K Lien KOPOTKOro
3aMblKaHus;

- 6bICTPbIi U3HOC U30MIALMOHHBIX MaTEPMAsIOB U APYTUX AeTasieli KOHCTPYKUUM U MPOBOAHMKOB NpU Bbl-
COKUX Temneparypax.

O6wme npaBwia pacyeTa CKOPOCTW TernsIoBOrO CTapeHusl 1 onpefjesieHne pacyeTHOro cpoka Cryxo6bl
TpaHcthopmarTopa OCHOBaHbl Ha aHasiM3e pe3ynbTaTtoB Neperpyskn TpaHccopmaropa.

5 Tepmuuyeckoe cCTapeHue u CPoK CAyX6bl M30UUN TpaHCdopmaropa

5.1 O6wWwmre NonoxeHns

OnbIT NOATBEPXAaeT, UTO CPOK CNYX6bl TpaHcdhopmaTopa cocTaBnseT He 6onee 20 net. Henb3A ckasaTb
TOYHee, NOCKOJIbKY AaXxe Yy TpaHChopmMaTopoB C OANHAKOBbIMU 3KCMNJTyaTaUuNOHHbIMU XapaKTepuCcTUKaMm Cpok
CNyX6bl MOXeT 6bITb pa3/inyHbIM. PaboTa TpaHcdopmaropa co 100 %-HbIM HOMUH&a/IbHBIM TOKOM, Kak rnpa-
BUNO. UCK/TtoYeHre. MoBMATL Ha CPOK CNyx6bl TpaHcdopmaTopa MOryT 1 Apyrune TensioBble akTopbl, Takne
KaK HefoCTaTo4HOe OX/1axAeHne, Ype3MepHble rapMOHUKN U/ HenpaBu/ibHbIE YCNOBUS 3KCMyaTaunm.

Mpu noTepsax B TpaHCcdopMarope Tensio NocTynaetr B CUCTEMY U30NALUN M HAUMHAETCH XMMUYECKUi
NpoLEecc, KOTOPbI N3MEHSIET MOJIEKY/IIPHYIO CTPYKTYPY U30/IALUMOHHBLIX Matepuanos. Yem 6osiblue Tennaa no-
cTynaeT B CUCTeMy, TEM Bbllle CKOPOCTb TEPMUYECKOTO CTapeHns U30Aaunn. 3T0 KyMyIAaTUBHbIG 1 Heobpa-
TUMbI NpoLecc, 0O3HavaloLWmnii, YTO MaTeprasibl He BOCCTaHaBNMBAIOT CBOIO MepBOHaYa/IbHYIO MOJEKY/ISPHYIO
CTPYKTYPY Mpu NpekpalleHnn nogaymn tensia u CHWKeHnn TemnepaTtypbl. TepMUyecknii MHAEKC CUCTEMbI N30-
nAuMn TpaHcdopmartopa ykasaH B AOKYMEHTax WU3rotoButens (TEXHUYECKUX YCNOBUAX W/MMN TEXHUYECKOM
nacnopte). MNMoBpexaeHne cUCTeMbl U30NALNN BCNeACTBUE U3MEHEHUI CBOWCTB NO MPUYMHE TEPMUYECKOro
CcTapeHus MOXeT cTaTb NMPUYUHON BbIXOAa U3 CTPOS TpaHcdopmaTtopa.

Mo 3akoHy AppeHunyca CKOPOCTb TEPMUYECKOrO CTapeHns U3MEHSAETCA B 3aBUCMMOCTUN OT TemnepaTypbl
(cm. npunoxeHne A). CornacHo 3akoHy AppeHunyca 06e NOCTOSiHHbIE MOXHO BbIYUC/IUTL U3 ypaBHEHUS Temns1o-
CTOMKOCTU. B cnydae oTcyTCTBMS pe3ynbTaToB UCMbITaHWI B PYKOBOACTBE YKa3aHbl 3afaHHble napameTpbl,
KOTOpble paccynTaHbl U3 CneayLmx AonyLeHn’;

- MOBblWeEHMEe TeMnepaTypbl Ha 6 °C yaBaMBaeT CKOPOCTb TEPMUYECKOro cTapeHust. 6 *C — 3agaHHbINi
napameTp 415 Bceli 06MOTKM, CBA3aHHbI C NapaMeTpPoM crnelymasibHbIX MaTepuasoB B OOMOTKe;

- Npv NpPoBepKe Ha Tenso0CTONKOCTb BCel CUCTeMbl 3NEKTPUUYECKON U30ALNN AO/MKHO BbITh NCMNOSBL30-
BaHO ApYyroe 3HayeHne BeNINYMHbI, KOTOPOe YABOUT CKOPOCTb TEPMUYECKOrO CTapeHns;

- MPUYNHOM OTKIOYEHUS TpaHcdopmaTopa MOryT CTaTb NOBPEeXAeHUa B N30N5AUMn TpaHcgopmaTopa.

5.2 CpokK cnyx6bl

HoMuHanbHbIW cpok cnyx6bl TpaHchopmartopa L. npy NOCTOAHHOM TepMogMHaMUYecKol Temnepartype
T Hanbonee HarpeToi Toukn. °C. MOXeT ObITb onpeneneH no opmyne

npouye onpeaensTs no gopmyne

(2)

B hopmynax MoxeT 6bITb MCNOMb30BaHa Ntobas egnMHMLA BPEMEHU, B AaHHOM c/ly4dae 3To Jac. 3Hade-
HMe NOCTOSAHHOI a, Y. NpMBeAeHo B Tabnue 1 ANns pasHblX TeMNepaTyp CUCTEMbI U30MALUN.
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MpumevaHusa

1 PacueTHbIi CPOK CrTyx6bl TpaHchopmaTopa Hefb3si C TOYHOCTBIO paccUmTaTb C MOMOLLBHO ypaBHeHUs. Cnoco6-
HOCTb TpaHCopMaTopa BbiAepXMBaTh BbICOKME TOKM Neperpysku, 06YC1oB/IeHHbIe TOKaMM KOPOTKOrO 3aMbIKaHs B SHEp-
rocvicTeMe 1 nepeHanpsikeHVsIMKM, 6e3yCIOBHO, CHIDKAETCS MO CPaBHEHMIO C HOBbIM TpaHcthopMaTopoM. Mpog/mTb CPoK
Cryx6bl TpaHcopmaTopa MOXHO MPUHATVEM MeP MPeAOCTOPOXHOCTM U YCTaHOB/IEHVEM 3allMThbl OT KOPOTKMX 3aMblka-
HWIA 1 NepeHanpPsHKEHNIA.

2 [ns BbMUCNEHVS KO3(MLMEHTOB a 1 b Np1 HOMMHa/ILHONM TemrepaType Hanbosee HarpeToli TOUKN OBMOTKM
UCMOSb3YHOTCA CrieAytoLLyie ypaBHEHUS:

1n(180000) - —-—-—+ In(a),
eMS/ * 6 3

M90000) = —-- ——-- -- 1n(3),
M5, +
BM5, +6 <)
roe 9Mis , — HOMUHaNIbHas TemnepaTypa Havbosee HarpeTol TOHKN OOMOTKU.

3 Ecnun Temnepatypa Hanbosiee HarpeToi TOUKN HKe HOMUHa/IbHOrO napamMeTpa, T.e. MeHee 6 °C. TO HOMUHa b-
HbIli CPOK Cry6bl TpaHchopMaTopa CoKpaLlaeTcsl BriosIoBUHY. PakTUYECKWIA CPOK CrTyxObl TpaHCGIOpMaTopoB CocTaB-
NSIeT. Kak NpaBwsio, okosio 20 fieT. Takum 06pasom, A1 Tabuupbl 1 NOCTOsHHBbIE @ 1 b 6 paccumTaHbl NyTeM AefeHns
rnonosam 180 000 4 Ha NOCTOSHHYIO BpeMeHu 6 K.

Ta6nunua 1— MocTosHHbIE ANA YpaBHEHUS! pacyeTa cpoka Clyx6bl TpaHcgopmaropa

TeMnepaTypa VSoNALMOHHOM MoCTOSHHbIEe ypaBHeHUS AppeHuyca HommHaneHas Temneparypa
cuctembl (knacc nsonsuum). °C 0. yac b. K Ham6%nee HArpETou T
. . 06MOTKM r &
105 (knaccA) 3.10-10 14 15 900 95
120 (knacc E) 5.48 «10'15 17 212 110
130 (knacc B) 1.72-10"15 18 115 120
155 (knacc F) 9.60 -10-17 20 475 145
180 (knacc H) 5.35-10'18 22 979 170
200 5.31 «10~19 25 086 190
220 5,26-1 0*20 27 285 210

5.3 3aBUCUMOCTb NOCTOSIHHOW HENPEPbLIBHOW Harpyskn u Temnepartypbl
MocTosHHasa TepMogMHaMUyeckor Temnepatypbl T Hanbosiee HarpeToi ToukM 06MOTKK, °C, nmeeT BUA:

r =273 +0, + J0V5n, (5)

rae Ja — TemnepaTypa okpyatoLlei cpegbl. °C;
A(*m5n — pasHuua Temnepatyp Hambosiee HarpeToil Touku O6MOTKM U TeMnepaTypbl OKpyXatolleid cpegbl
ONA 3afaHHol Harpysku. °C.

3amMeTum, uyTo TemnepaTtypa oKpyxatoweli cpeibl He MOXET 6bITb HE3aBUCUMOM OT Harpy3ku, HO MOXeT
6bITb (PYHKLMEN ee 3arpy3ku 1 ONpeaensieTcsl BblpaXeHnem:

O0a =M. (6)

rae /| — TeKyLWuid TOK Harpysku. A.

3aBMCMMOCTb TeMMepaTypbl OKpyXatoLleli cpefbl OT Harpyskn MOXeT U3MEHATLCA MoA BAUSHUEM Kn-
MaTUYeCcKNX yCnoBuii. 3HaHNe Takol 3aBMCMMOCTU K/IMMaTUYeCKUX YCI0BUIA AN KOHKPETHOM KinmaTuyeckor
30Hbl HEO6XOAUMO A/18 pacyeTa CKOPOCTUM TePMUYECKOro CTapeHus 1 ornpefdesieHns cpoka Cayxbbl TpaHc-
chopmaTopa. KoadhduumeHT Koppensumm MoxeT ObITb paccunTaH A/19 KOHKPETHOro MeCcTOMNOJIOXEHNSA TpaHc-
chopmaTopa. Ecnm Taknx AaHHbIX HET. TO 3HAUYEHNS CKOPOCTW TEPMUYECKOro CTapeHNs 1 CPOKa CrIyX6bl MOX-
HO MONYYNUTb aJibTEePHATVBHbLIM MyTEM, a UMEHHO MPOBeAA pacuyeTbl A/1 Pa3/IMYHbIX 3HAYEHU TemnepaTypbl
OKpyxatoLei cpeabl, Hanpumep B npegenax ot 10 °C go 40 °C.
4
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dopmy/ibl HACTOSALWENO CTaHAapTa y4YMTbIBalOT NOTEPU Ha BMXPEBbIE TOKN U OMUYECKUE NoTepu 06MOTOK
TpaHchopmaTopa. Pe3ynbTaTbl UCMbITaHWI NOKa3bIBAOT, YTO pacyeTHble (TeopeTuyeckne) NoTepu Bbllle pe-
aNbHbIX (MOTYYEHHbIX NPU UCMbITaHMAX). MNPU HAMYMKM TAPMOHKK BO BPEMSs Meperpysku notepu Ha BUXpPeBble
TOK/ YBENYMBAKOTCS U BO3MOXHO MOTPEBYOTCA AONOSTHUTE IbHbIE PacyeTbl B COOTBETCTBUM C NPUTOXKEHNEM
A HacTosuero ctaHgapTa (2).

5.4 CKOpPOCTb TEPMUYECKOro ctapeHuns

Ha npakTnke HOMUHa/bHbIN CPOK CNYX6bl TpaHcopmMaTopa cocTasnseT okoso 180 000 u. nAa pacyeTa
CKOPOCTW TEPMUYECKOrO CTapeHUS K, BbIPaXKEHHOW Kak pacxof, BPeMeHU BCEro cpoka cnyx6bl 3a Yac BpeMeHun
pa6oTbl npu Temnepatype T, °C. B chopmysie (7) napameTp 180 000 4 ncnonb3oBaH Kak 3agaHHas BenvnHa

Kk =180000-a”1 exp|"J. @

OTHOCUTENbHAasA CKOPOCTb TEPMUYECKOTO CTapeHns K, Npy ycToiiuneoin Temnepatype T Hanbonee Harpe-
TOW ToukK, °C. BblpaXeHHasi B NPOLEHTaxX CKOPOCTN TEPMUYECKOrO cTapeHns paBHa 180 000 4 cpoka cnyx6bl.
CKOpOCTb TEPMUYECKOrO CTapeHusa onpegensercsa no opmyne

kr=100-1-a '-expj-p). (8)

rae 3HadeHvst napameTpoB a v b B3aTbl U3 Tabnuubl 1.

5.5 PacueTHbIii Cpok cNyx6bl TpaHcopmaTopa

PacueTHbIN cpok cnyx6bl TpaHcdopmartopa L, 4, Nnpy 3agaHHol ycTounso Temnepatype T Hanbonee
HarpeToli TOUKM B ONpPenesiEHHbI NEPUOL BPEMEHU t. 4. MOXHO paccumnTaTthb rno dopmye

Lg= 180000 t-a ' expfyj, 9)

rae 3HayeHUs1 napameTpoB a 1 b B3siTbl U3 Tabnuubl 1.

5.6 TemnepaTypa Haubosee HarpeTo TOUKM B YCTAHOBUBLUEMCSH pexunme

[na 6onbWMHCTBA 3KCM/lyaTUPyeMbIX TpaHcopMaTopoB TouyHas TemnepaTypa Hanbosiee HarpeToid
TOUYKN O6MOTKM HEN3BECTHA, HO €€ MOXHO BbIUYUC/IUTb.

MpaBuna BblMUCEHNS TEMNEPATYPbI HaMb0s1ee HarpeTo TOUKK:

OMS — onpefenieHHas NyTeM pacyeTa UYWM UCMbITaHUs TemMnepaTtypa Hanbosiee HarpeToit Touku. °C,
O/151 HOMVIHa/IbHBIX YCOBUIA (HOMUHAsIbHBbIE TOK, TEMMepaTypa OKpyXXatoLleil cpefbl, HanpsbKeHWE, YacToTa).

NMpumedvaHune — He cyuecTeyeT cTaHAapTHbIX METOAOB UCMNbITAHWI AN onpeaeneHns TemnepaTypbl Han6onee

HarpeToi Toukn. ECv y U3roTOBUTESSt €CTh 3HAYEHUS APYTUX NapamMeTpoOB, OH BMOJIHE MOXET MCMO/b30BaTh UX 4/1si pac-
yeTa cpoka cnyx6bl TpaHchopmaropa.

5.7 MNpepnonaraemblii NokasaTenb Hanbonee HarpeTol TOUKKN
[na panbHelilwnx pacyeToB npeanonaraemMbliii Nokasatenb Hanbonee HarpeTo Toukm 2 = 1.25:
An s . r < (t0)

roe JOMS5 r— pocT TeMnepaTypbl Hanbosiee HarpeToli Touku. °C;

[0T — cpepHwWit pocT TemnepaTypbl 06MOTKV NpY HOMUHA/IbHON Harpyske 1 Temnepartype OKpyXato-
weti cpeapbl. °C.

5.8 PocT TeMnepaTtypbl Han6osiee HarpeTol TOYKM NPU U3MEHEHUSAX YCNOBUI OKpyXatoL e
Temnepatypbl U HarpysKku

Temnepatypa Hanbosiee HarpeTon TOUKM — 3TO HEOGXOAUMbIN NapaMeTp A1 onpeAeeHNst pacyeTHOro
cpoka cnyx6bl TpaHcgopmaTopa. 3HadeHne pocTa TemrnepaTtypbl 418 KKAONO U3 3a4aHHbIX MOMOXEHWIA yC-
noBuii Harpy3ku JIOH5N 1 TemnepaTypbl OKpyXatowweli cpeapbl onpegensercs no oopmyne
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MHSNn=ZAOw,!* (11)

rae /,, — eguHMLA NapameTpa HarpysKku:

g — ANsi TpaHCOPMaATOPOB C eCTECTBEHHbIM BO34YLLUHbIM OX/1aXAeHnemMm — 1,6. Ans TpaHchopmMaTopoB
C NPUHYAWUTENbHbIM OXNaxaeHnem — 2,0;

Z — Ko3(hpULMEHT, paBHbIA 1,25.

MNpeAnoYTUTE/IbHO UCNOMb30BaTb pPe3y/bTaTbl UCMbITaHWI ANA NapameTpa C Ue/ibio YMeHbLUIEHNS
MOrpeLHOCTN 3HaYeHNs1 KoadpdprumeHTa Z nyucna g. O6bIYHO KO3((ULMEHT Z 1 YMCIIO ¢ MMEIDT pasHble f0-
NycTVMble 3HAYeHMs1 B 3aBMCMMOCTM OT TUMNa TpaHchopmaTopa 1 YPOBHS paGoyero Toka Harpysku.

MpumeyaHne — B HEKOTOPbIX TUMaX CTPOEHUSA 0GMOTKM onNpeAennTb 3HaueHne AOWr MOXHO TO/IbKO Ha o6pasue
TpaHcdopmaropa.

5.9 YpaBHeHUA Harpysku

5.9.1 TMMpoAo/MKNTENBHbIV pexXnm neperpyskn TpaHcopmaTopa
TemnepaTypa Hanbonee HarpeTtoi Touku [0H5, BbipaxeHHass dYHKUMER Harpy3kM B YyCTaHOBUBLLEMCS
pexunme, paccunTbiBaeTcs no dpopmysie

OMS=0e +AOHS- (12)
ﬂ,]’lﬂ CUCTEM C eCTeCTBEHHbIM BO34YLUHbIM OX/TaXXAEeHNEM UCNO/Ib3YOT CpOpMy}'ly

NOhs = AOHs.r

rae / — ncxodHblii KO3IPULMEHT 3arpy3kn (COOTHOLLIEHME MeXAY TOKOM Harpy3ku M HOMUHa/IbHbIM TOKOM).
[Ona cuctem ¢ NpUHYyAUTENbHbBIM OXNTaXAEHNEM UCNOMb3YIOT YpaBHeHne

JOMS5 3 A0H5 r(y2crj . (14)

rae AOHS — uM3MeHeHWe TemnepaTypbl Hanb0os1ee HarpeTol TOUKN Ha OAHY eAVHULY Harpysku, ®C;

CT— TemnepaTtypHas nonpaska COMPOTUB/IEHUS MPU U3MEHEHUM TemnepaTtypbl, onpeaensiemMas ro

copmyne
o« _ T*+°ws
T +0s.T (15)
roe »HS e — HOMWMHanbHasaA unuM 3agaHHas TemnepaTtypa Hanmbosee HarpeToli TOUKM Ha eAUHULY Harpysku,
“C.
MpumeyaHne — 3HaYEHUA HOMUHANBLHOW MNW 3afaHHOV TemnepaTypbl A4NS pexnuma paboTbl C eCTECTBEHHbIM

BO3/YLHbIM OXNaXAEeHWEM 415t TpUMeHeHMs BopMmyse (13) MOTyT OT/IMYaTbCS OT 3HAUYEHWUI AN pexuma paboTbl ¢ Npu-
HYANTENbHBLIM OXNaXAEHUEM AN NPUMeEHeHUs e hopmyne (14).

| — koathhULMEHT yaenbHOM Harpy3kn (COOTHOLLEHNE MeXAy TOKOM Harpy3ku U HOMUHa/IbHbIM TO-
KOM),

T — 3MMMpUYeckan KOHCTaHTa, paBHas 0,8;

NMpumeyaHue — 3HayeHne T = 0.8 NPUMEHMMO [0 NOJYHEHUS PE3Y/ILTATOB WCMbITAHUIA.

0a — TemnepaTypa okpyxatouweii cpeapl. "C;
HHS — TemnepaTypa Hanbosiee HarpeTow TOUKM Npu Harpyske /, 'C;
TK — KOHCTaHTa TemnepaTtypbl 471 a/lOMUHUEBOrO NpoBoaHnKa — 225K. ana megHoro — 235K;
X =1 — amMnMpuyeckas KOHCTaHTa, UCMOoJb3yemas Npu pacyeTe NPUHYAUTENbHOIO OX/TaXAEHUA.

MpumeyaHune — 3HaveHune 3MI'II/IpI/I‘-IeCKOI7I KOHCTaHTbl X = 1 MPMMEHMMO A0 No/yYeHUs pe3y/ibTaToB McrnbITaHWA.
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McnbiTaHUsA nokasanu, YTo BblWenpuBeAeHHble YPaBHEHUSA A0/DKHbI NPeACcTaBUTbL CTabW/IbHbIE MPOrHO-
3bl TeMnepaTypbl Hanbonee HarpeTon TOUKM.

MokasaTenb cteneHn T = 0.8 ANA pexuma paboTbl C eCTECTBEHHbLIM BO3AYLLUHbIM OX/1aXAEeHNEM CUCTEM
M nokasarteflb cTeneHn x = 1 ana pexunma paboTbl C NPUHYAUTENBbHBIM OX/TaXAEHNEM BbIBOAUT KOPPESALMIO
Ten/ioobmMeHa A1 eCTeCTBEHHOIo U MPUHYAWUTENIbHOro TernsioobmMeHa. [laHHble MCMbITaHWA yKa3blBaloT Ha
TO. YTO 3aBUCUMOCTb TeMnepaTypbl OT cONpoTuBieHUs (cm. oopmyny(15)) TpebyeTca Ana NPOrHo3MpPoBaHNS
pocTa TemnepaTypbl Hanbosiee HarpeToil ToUkM Npu paboTe C OTBOAOM Tensa CUCTEMONM NPUHYAUTENLHOIO
oxXnaxaeHus.

dopmysbl (13) 1 (14) He yunTbiBalOT NOTEPU Ha BUXpPEBble TOKM B 06MOTKaxX, KOTOpble 06parHO nponop-
LMOHasIbHbI Temnepatype. Popmy/ibl fal0T CTabubHbIA pe3ynbTaT, Tak Kak noTepyu Ha BUXPeBble TOKM Mpu
OTCYTCTBUWN FapMOHUK HU3KMeE.

MOBTOPHO BbINOMHASA BbluncAeHns no opmynam (13) un (14), ncnonb3ysa NpeanNoXeHHble nokasarenn
CTeneHen 1 yuntbliBas U3MeHeHNe CONPOTUB/IEHUA NMPU CHUXEHUN TemMnepaTypbl CUCTEMOWN NPUHYANTENBHOIO
OXNTKAEHNS, MOXHO NONYyuYnTb cTabunbHble pe3ynbTaTbl pacyeTa pocTa TemnepaTypbl Hanbosnee HarpeToi
TOYKW, faxe ec/iN He y4MTbIBalOTCS NOTEPU Ha BUXPeBble TOKW. ECAN NpuUCyTCTBYIOT rapMOHNYECKMe CoCTaB-
nAowmne TOKOB Neperpysky, To NOTepU Ha BUXPEBbIE TOKM YBENNYaTCSA U COT/TacHO NMPU/IOXKEHUIO A cTaHdapTa
[2] noTpebyeTcs AONONHUTENIBHOE U3yYeHe NPo6aeMbl.

5.9.2 KpaTkoBpemeHHas neperpyska TpaHcdopmaTopa

PocT TemnepaTtypbl Npu KpaTKOBPEMEHHON Neperpyske onpeaensitoT no doopmye

B, =(d0y - AO;)[1- Bxp~ !+10,, (16)

°HS = [A°1 +ea- <17>

roe 00( ucxofAHOe M3MeHeHue TeMnepaTypbl Hanbosiee HarpeToi TOUKU Npu NpeaBapuTeIbHON Harpyske.

“C:

AO, n3MeHeHne TemnepaTypbl Hanbonee HarpeTol TOUKM 3a BpeMms t Mocsie M3MEeHEeHUsA pexuma Ha-
rpysku, "C;

[o, KOHEYHOe W3MEHeHWe TeMnepaTypbl HanbGosiee HarpeTol TOYKW, eC/iv 3HavyeHue Mneperpysku /m

OCTa/I0Ch HWXE YCTONUMBOro COCTOSHUS U3MEHEeHUs TemnepaTypbl Hanbosiee HarpeTol TOUKN. IC;
BPEMS, MVIH;

NOCTOsIHHasA BpeMeHu A1 TpaHchopmarTopa Npu 3aaHHoi Harpyske, MUH;

TemnepaTypa Hanbonee HarpeToi Toukun. “C;

0. TemMnepaTypa okpyxatoieli cpegbl. °C.

5.10 OnpepgeneHne NOCTOSAHHOW BpeEMEHN 06MOTKM

5.10.1 O6uwure NOAOXKeEHMUS

MpUHUMN NOCTOAHHONM BpPEMeHN TpaHcgopmaTopa OCHOBbIBAeTCA Ha NpPenosioKeHUn, YTO BCAKUA 1c-
TOYHUK Tenna nogaeT Tensio B TEM/I00TBO/, U YTO POCT TeMnepaTtypbl TEM/I00TBOAA ABMISAETCA SKCMOHEHUab-
HOW thbyHKUMeli NogBOAMMON TennoTbl. [MOCTOsIHHAA BpeMeHn — BPeMsi, 3a KOTOPOe MPOVCXOAUT MOBbILIEHNe
TemnepaTypbl Ha 63.2 % oOkpyxalolwei TemnepaTypbl Moc/fe CTyneH4YaToro u3MeHeHusi Harpysku. Ob6bl4HO
cTabunusauma Temneparypbl NPOUCXOAUT B TeUeHUe NSATU NOCTOSAHHbIX BpeMeHU. PacueT TemnepaTypbl Hau-
60s1ee HarpeToil TOUKM AO0/MKEH ObITb BbIMOJSIHEH Kak Ha OOMOTKE HW3KOro HamnpshKeHus, Tak U Ha O6MOoTKe
BbICOKOTO HarpshXeHWsi, MOCKO/IbKy OMy6/IMKOBaHHbIe AaHHble UCMbITaHUIA yKa3bIiBatOT Ha TO. YTO MOCTOSIHHbIE
BPEMEHU MOryT 6bITb pasHbIMU. TeNs10Bble KMacChbl CUCTEMbI U30MALUN A5 3TUX ABYX OOMOTOK MOTyT OTNn-
yarbcs.

Mocne 3aknNtoyeHUss 4orosopa Mexzay usrotosuTtesnieMm u notpebutenem nytem UCMbITaHU HEO6XOAUMO
paccunTaTb WK onpefesiTb NOCTOSHHYO BPeMEeHN.
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5.10.2 MeTofA BbIYNC/AEHNS MOCTOSAHHOW BpeMeHwU

MocTosiHHas BpemMeHy 06MOTKM MNPy HOMUHA/IbHOW Harpy3ke XR paccuntbiBaeTcs no hopmyne

C(4<W, -0e)
(18)
Pr
roe C — pelicTBylowasi TepMUMUeckas MOLWHOCTbL 06MOTKU. BT « MUH/IC, — BenvuvHa, paBHasi CymMme npo-

n3BegeHuii (15.0 maccy antomMmHUA NPOBOAHMKA, Kr) 1 (24.5 ¢ Maccy 3rMoKCUAHOW CMOAbI U ApYrov
MEX0OMOTOUHOM M30/ALUK, KI) UK paBHas cymme npoussBegeHunii (6.42 maccy mean NpoBOAHU-
Ka. Kr) n (24.5 *Maccy 3noKCUMAHOW CMO/bl U APYrol MeXoOMOTOUHOW N301SALMN, Kr) 1

C — peiicTBylolan TepmMmuyeckass MOLWHOCTb OOMOTKN. BT mil'C. — BennumHa, paBHasi cymme npowus-
BeaeHui (0.25 «maccy asloMUHUA NpoBoAHMKa, Kr) 1 (0.408 ¢ Maccy 3MOKCUAHOW CMONbl U Apy-
rMX KOMMOHEHTOB MEXOOMOTOYHOW M30NAUMK, Kr) AW BeSIMYMHA, paBHass cymMe Mpou3BegeHuii
(0.107 mmaccy mean NpoBOAHMKA, Kr) 1 (0.408 «maccy anoKCuAHOW CMObI U APYTMX KOMMOHEHTOB
MEeX0O6MOTOUHOM M30NALMN, K);

Pr — o6wue notepn B 06MOTKe (MOTEPU HA BUXPEBbLIE TOKWU U COMPOTUB/IEHWE) B YC/IOBUAX HOMUHASb-
HOIi Harpysku 1 pocta TemMnepatypsbl. BT;

[0>5 r — un3MmeHeHne Temnepatypbl Hanbosiee HarpeTo TOUKM OOMOTKM B YC/TIOBUSX HOMUHa/TBHOW Harpys-
KW. ‘€;
O0e — BenMuuHa, onpefensiolias M3MeHeHVe TemnepaTypbl HanbGosiee HarpeTolr TOYKM OGMOTKM Mpu
neperpyske. [laHHaa BeMYNHA AO/KHA ObITb M3MEPEHa N3roTOBUTE/IEM B XO4€e UCMbITaHWi 1 13-
MepeHunii 3MeHeHnA TemnepaTypbl B TpaHcopMaTope nnn 6bITb PaBHOM;
5 K— Ons HapyXHO 06MOTKN.
25 K — pna BHyTpeHHeli 06MOTKM (MeHee 1kB).
MpumevaHwnsa
1 anBeAeHHble Bbllle 3Ha4YeHUs B3SATbl U3 I/ICI'IbITaHI/Iﬁ, BbIMOJ/IHEHHbIX U3rOTOBUTENSAMU.
2 B KayecTBe MEXO6MOTOYHOW N30MALUN NN 3MOKCUAHOW CMO/IbI MOTYT GbITh UCMO/L30BaHbI APyrve Matepuabl.
[Ansa Takmx TpaHCopmMaTopoB COOTBETCTBYHOLEe NpMBeAEHHOe 3HayeHue Tenna, paBHoe 24.5 BT MuHIC wu/vunun Ha Kkr
(Mnn 0,408 BT *ul'C n/vnun Ha Kr), MoOXeT ObITb M3MEHEHO Ha 3HayeHue, ykadaHHOe N3roTOBUTENEM.

5.10.3 MeToga onpeaesieHNs NOCTOAHHOW BpemMeHn
MoCTOAHHYIO BpeMeHU onpeaensoT No nokasaTesiiM TEN/0BOrO0 COMPOTUB/IEHNS KPUBOW OXNaXAeHUs
BO BpeMsl TEPMUYECKNX UCTIbITaHWNIA.

511 OnpepgeneHne NOCTOAHHOV BPOMeHN OOMOTKM MO IMMNUPUYECKON KOHCTaHTe

Mpu n3ameHeHn TemnepaTypbl MOCTOAHHAA BPEMEHU N3MEHAETCA Mo SMHVIDMHBCKOVI KOHCTaHTe T.

~

Ecnu T = 1. To ypaBHeHue siBAsieTCS BEPHbIM /151 HAarpy3Kku l060ro TMna u HOMWHaILHON Temneparty-
pbl. ECiM T * 1. TO NOCTOsIHHAsA BPEeMEHW A1 Harpy3ku /ito6oro Tuna 1 Ans no6oii HoMUHaILHOW TeMnepa-

TYpbl KakK B UMK/1e Harpesa, Tak U B UUK/1E OXNaXaeHna nMmeeT BuA:

[ aou ) | po
(A°HS.T)

r= 1 _
AOy V" I AO I™
AeHS,rJ 1.LAOHS.T )

5.12 PacueT 4onycTuMoii Harpysku

dopmynbl ¢ (12) no (20) A0/MKHBbI UCNONBL30BaTLCSA A8 ONpenesieHns TeMnepatyp Hanbonee HarpeTori
TOYKM B NEPUO, LUMKIa Harpysku. Kpome Toro, nx MCnonb3yoT ANa onpeaeneHns 3HadeHuii KpatkoBpeMeHHOMN

8
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WM HenpepbIBHOW Harpysku, nosy4vas napameTpbl MakCUMMasibHbIX TeMMepaTtyp, NpMBeAeHHbIX B Tabnuue 1.
WAn Apyrux npefesnbHbIX 3HaYeHui TemnepaTtyp.

OnpegennTb 3Ha4YeHNs HaYa/lbHOrO pocTa TemnepaTypbl Hanbosiee HarpeTol TOUKU U UCXOAHbIV Ko3d-
PULMEHT Harpyskn MoxHo no copmyne (13).

M3 Tabnuupbl 2 cnegyeT BblopaTh NpefesibHy0 TeMnepatypy Hambosiee HarpeToi Touku OHS ans temne-
paTypbl OKpy>atoLieli cpegbl v no dhopmyrie (12) onpegenvTb gonycTUMyto TeMnepatypy Hanbonee HarpeToli
TOYKW MO BpemeHu L

Ta6nuya 2 — MakcuManbHO gonNycTMMas Temnepatypa Hanbosee HarpeToi TOYKM OGMOTKM

Temneparypa CUCTEMbI U30MSLWMM tKIACC U30NALMN). MakcuMasibHO fomnycTuMast TeMneparypa HanGosee HarpeTon
°cuw TOYKM 06MOTKM. °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

[ns onpegeneHns cpoka cnyx6bl TpaHcchopMaTopa Hefb3s MCNob30oBaTk TeMnepaTypy Hanbosee Ha-
rpPeToil TOYKN Bbllle MakCUMasibHOM TemnepaTtypbl Hanbosiee HarpeToli TOUKM OBMOTKN, YKazaHHOW B Tabnu-
Lue 2. T. K. cocTaB matepuasia 06MOTKM MOXeT BUAOU3IMeHATbCS. Mpu akcnyaTaumm TpaHchopmartopa npu
TemMnepartypax, NpMBeAEeHHbIX B Tabsmue 2. CPOK CAyxbbl TpaHchopMaTopa yMeHbLIaeTcsl 1 onpegensiercs
no dopmyne

®HS =  HS + (21)

rae OMS — TemnepaTypa Hambonee HarpeTo Touku. “C;
AOHS — un3MmeHeHMe TemnepaTypbl Hanbonee HarpeTol Touku. "'C:
0a — TemnepaTtypa okpyxatoLieli cpegpbl. "C.
N3MeHeHne TemnepaTypbl Hanbosiee HarpeTol Toukn [0, 3a Bpems t nocsie M3MEHeHUs pexunma Harpys-
kun. °C. onpegensietcs no opmyne
o, =0OHS-0a. (22

M3meHeHne Temnepatypbl Hanbonee HarpeTol Touku. "C. onpegensetcsa no oopmyne (16).
KoHeuHoe 3HauyeHne N3MEeHEHNS TemnepaTypbl Hanbosiee HarpeTon TOUKM onpeaensieTcs no popmyne

AO,-A8,
1- exp; _T)]

Heobxoaumo onpegenuTb 3HaYeHVe NOCTOSAHHOWM BpemMeHu no 5.10 HacTosLwero ctaHgapTa, Bpems npo-
[O/MKUTENbHOCTU LMKNa Harpysku t 1 noactaButb 3HaveHus B chopmyny (23). Mo cdopmyne (13) onpegenutb
3HayeHne neperpysku, oTBevaroLlee yCcoBuIo:

[0, 4o; (23)

(24)

rae M — KOHeUHbI KO3 ULIMEHT 3arpy3Ku.
MocTOsAHHYIO BpeMeHU onpefensioT MeTo4oM ntepayuu.
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6 OrpaHuyeHuns

6.1 OrpaHuyeHUs TOKa U TemnepaTypbl

Mpy Harpyske cCO 3Ha4YeHUSAMU NapameTpoB, yKasaHHbIX B NMacrnopTHbIX AaHHbIX, He JOJDKHbI ObITb Mnpe-
BbllLEHbl 3Ha4YeHUs TemnepaTypbl Haubosiee HarpeToli TOYKM O6MOTKW, NpuBeAeHHble B Tabnuue 3. Kpome
TOro, He06X0ANUMO Y4YeCTb KOHKPETHbIE OorpaHnyeHns pasgena 4 n 5.12.

[na npefgoTBpalleHns MexaHU4eCKux MoBpexAeHulii B 06MOTKe 3HaveHue Toka orpaHuyeHo go 1,5/,
0CO6EHHO /11 KOPOTKUX BPEMEHHbIX U MOBTOPSAIOWNXCA LMKI0B. 3HayeHus, npesbiwatowme 1.5/,. AO/MKHbI
ObITb COr/lacoBaHbl N3roTOBUTENIEM U 3aKa3YMKOM W BHOCEHbI B YC/I0BUA AOTOBOpa (TeXHUYeckue TpebosaHus,
TeXHN4YecKme ycnoBus U/uam TexHM4Yeckoe 3aflaHne) Ha CTagun ero 3akitoveHus. s Bcex Apyrux TUNoB Lu-
K/10B Harpy3sku KoadhuULMEeHT TOKa He JoJDKeH npeBbiwatb 1,5/,

Ta6nuuya 3 — OrpaHnyeHna Toka U Temnepartypbl

MakcumanbHasa Temnepartypa

TemnepaTtypa (knacc nsonsauuun), “C KoadhhnymneHT makcumanbHoOro Toka ANA HauGonee HarpeToll Touku. "C

105 (knacc A) 15 130
120 (knacc E) 1.5 145
130 (knacc B) 15 155
155 (knacc F) 15 180
180 (knacc H) 15 205

200 1.5 225

220 15 245

MpumevaHunsn

1 OrpaHuyeHus No TOKy U TemnepaType Heo6s3aTeIbHO AeiiCTBYIOT O4HOBPEMEHHO. ECNn 3HaueHne Toka He npe-
BbllLIaeT NpUBeAEHHOro B TabuLe, TO OHO OTBeYaeT Tpe6oBaHNSAM OrpaHMyYeHns TemnepaTtypbl. I HAO60POT, ecnin 3Have-
HVe TemnepaTypbl He NPeBbIWAaeT 3Ha4eHUl, yka3aHHbIX B Tab/vLe, TO OHO oTBevaeT TpeboBaHUAM OrpaHUYeHNiA No TOKy.

2 3HauveHusa napameTpoB B Tabnuue 3 yka3blBalOT Ha TO. YTO MPU MakKCMMaslbHO BbICOKOW TemnepaType Hanbo-
Nee HarpeToli TOYKM CPOK CNyX6bl HOBOrO TpaHchopmaTopa cocTaB/isieT BCEro HECKO/IbKO ThICAY YacoB.

6.2 [Apyrne orpaHn4yeHus

6.2.1 MarHmTHoe nosie pacceaHusa B MeTa/lNINYEeCKUX AeTanax KOHCTPYyKunmn

MarHuTHoe nose paccesiHUs yBenimuMsBaeTCsl Npu MNoBbILEeHUN ToKa. 3TO MoJie MOXET Bbi3blBaTb U36bI-
TOYHbI/ POCT TeMnepaTypbl B META/I/IMHECKNX AEeTansiX KOHCTPYKLUNUN, KOTOPble MOTYT OFrpaHnynTb Neperpysky.
3HayeHNss cubl TOKa Harpysku, TemrnepaTypbl Hanbosiee Harpetoli TOUKM U MeTa/lIMYeCKUX AeTaneil KoH-
CTPYKUMN. OBMOTKM 1 BbIBOAOB 151 MOAK/IOUEHUSA HArpy3Kn He JO/MKHbI MPeBbIlaTh YKa3aHHbIX B Tabnvue 2.
Korga 3HaueHue TemnepaTypbl Hanbosiee HarpeTo TOUKM HaXOAUTCSA Bbllle 3HAYEHMS CamMOli BbICOKOM TeM-
nepatypbl. ykasaHHOl B Tabnuue 2, no TenjoBOMY K/accy u30suMmM TpaHcdopMaTopa CBOWCTBa CUCTEMbI
M30N15UMN YXYALIAIOTCA Ha YPOBEHb HUXKE MUHUMaSIbHO JOMNYCTUMOrO 3HaYeHUs AN31EKTPUYECKOW NPOYHOCTU
TpaHcdopmaTopa.

6.2.2 BcnomoraTtenbHble ycTpolicTBa

NMomMnMo 06MOTOK, Apyrve getanu TpaHcdopmaTopa, Takme Kak NPOXOAHOW U30MSATOP, KOHLUEBble Co-
eMHEeHNs NpPOBOAOB, NPMOOPbI NEPeKNIOYEHNST OTBETB/IEHNA N N3MEPEHUS TeMnepaTypbl, PaspsaHvKM A0S
3alnTbl OT aTMOCEPHbIX NepeHanpsXeHUn U 3/1eKTPoNPoBoAKa MOryT orpaHmuntb B 1.5 pasa 3HauveHue
HOMWHa/IbHOrO TOKa pPaboTbl TpaHcdopMaTopa.

6.2.3 TpaHctopmaTopbl B 3aWUTHOM KOXyxe

3almnTHbIM KOXYX TpaHCOopMaTopoB NpoasieBaeT CPOK IKCn/yaTaumm.

Korpga TpaHcthopmatop HaxoAnTCS B 3aKPbITOM NOMeLLeHNN, HEO6XOANMO BHECTU NOMpaBK/ B 3HaYeHne
pocTa HOMWHa/IbHON TemnepaTypbl Hanbosiee HarpeTolr TOYKM € Yy4eTOM 3alUTHOro kopryca (MmoMeLLeHus).

6.2.4 TpaHccopmaTopbl Ha OTKPLITOM BO34yXe

Mpn BO3HMKHOBEHMM Harpy3O0K Bbille 3HaYeHU NacnopTHbIX AaHHbIX HEO6X0AMMO YUUTbIBATL, YTO MNPS-
Mble CO/IHEYHbIE /Ty4M MOTYT BbI3BaTb YUpe3MeEPHbI POCT TeMnepaTypbl TpaHccopmaTopa.

YunTbiBasi HenpejckasyemMble MOrofHble yCnoBus, Helenecoobpa3Ho cuuTaTb BeTep 3a AOMyCTUMbIN
oxnagutens TpaHcdopmaropa.

10
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MpunoxeHue A
(cnpaBo4YHOE)

CKOpOCTb TEMN/I0BOro CTapeHus

A.1 Harpy3o4yHas cnoco6HOCTb TpaHcopmaTopa

HarpysouHasi CnoCoO6HOCTb TPAHC(OPMATOPOB CBsi3aHa CO CBOMCTBAMMU U30JIALMOHHBLIX MaTepuasioB U CUCTEMON
nsonauunv. Ecnv B MacsisitHoM TpaHcopMartope rnaBHblili TBepAblii N30MAUMOHHBIV MaTepuan 3To Lessono3a, To BTpaHc-
hopmaTopax Cyxoro Tvna MUCrosb3yoT WNPOKUIA CNEKTP APYTMX U30/ALMOHHBIX MAaTEPMAsIOB.

A.2 MonekynsapHasa CTpykTypa

A.2.1 O6uwure NONOXeHUs

naBHoIi 0606l atoLeii 0CO6EHHOCTbIO TBEPAbIX U30MSALMOHHbBIX MaTepuasioB sIBSIETCA MOJIEKY/IAPHAA CTPYKTypa,
KOTOpasi MOXEeT COCTOSITb U3 AJIMHHbIX Leneil CBA3aHHbIX MexAay co6oi aToMoB. Llenu BkiovaloT B cebs BETBU, WECTU-
YrofibHble KOJibLia U NoMnepeyHble CBA3WN MeXAy Lensamu.

NMprvmep CTPOEHUSI MOJEKY bl ANOKCUAHOWM CMO/bI NpUBeAEeH Ha pucyHke A.1.

*=0.1.2,3

PucyHok A.1 — MonekynsipHas CTPYKTypa 3MOKCUAHOW CMONbI

Monekynbl HaxXo4ATCA B ABMXEHUU. B TBEpAOM M30MALMOHHOM MaTtepuane aTu ABMXEHUS KonebaTenbHOro xapak-
Tepa. Korga npu notepax B NpoBOAHMKE OOBMOTKM (MU APYTUX UCTOYHMKAX Tenna) Tensio NoctynaeT B U30NALNOHHbIE
mMaTepuasnbl, B HEM MPOUCXOAUT Npeo6pa3oBaHne TeN/I0OBOW 3HEPIUN B KUHETUYECKYHO 3Hepruto. C poCcTOM KMHEeTU4YeCcKo
3Heprnn ABMXEHNne MoeKyn cTaHOBUTCH GbicTpee 1 ¢ 6onbLiell amMNAnTyAol, APYTMMU CIOBaMUW, OHO CTAHOBUTCS XaoTuy-
HbIM. BO3MOXHOCTb, 4YTO NPW CTO/IKHOBEHMW MOJIEKY bl pacnagyTca Ha aToMbl, Bo3pacTaeT. Tun XMMUYECKOro npouecca,
Korga B MaTepuasn noctynaeTt Tenso, Ha3blBaeTCA 3HA0TEPMUYECKUM MPOLECCOM.

A.2.2 OkucneHwne

MoMMMO 3HAOTEPMMYECKOTO NpoLecca MOryT BO3HUKHYTb U AipYrne, Taknue Kak OKUC/eHue.

VIHTEHCUBHOCTbL 3TOr0 XMMMUYECKOTrO NpoLecca 3aBMCUT OT TeMNepaTypbl, KOTOpas B CBOK o4yepefb 3aBUCUT OT KO-
nuyecTBa Tenna, NOCTynawwWwero B U30/ALUNOHHBIA MaTepuan.

M3onaumoHHble MaTtepuanbl padpaboTaHbl TakuMm 06pa3om, 4To6bl ONTUMaZIbHO BbIMOJIHATE CBOE HasHauyeHue npu
akcnnyataunn. UameHeHus B MOJIEKYNIAPHOWN CTPYKType maTepuana BO BpeMs 3HAOTEPMUYECKOro npouecca okasbiBatoT
B/INSIHUA Ha Takve BaXHble CBOWCTBA Matepumana, Kak MexaHU4yeckyt U AN3NeKTPUYECKYt0 NPOYHOCTb, TEPMOCTOMKOCTb
1 repmeTusvpytouiee geicTeme. 3To 06bIYHO NPUBOAUT K YXYALWEHNIO paboTbl 3TUX CBOWCTB. MpK TakMx yCNOBUSAX OTKO-
HEeHVs B paboTe ApPYrnx CBOMCTB MOryT HE NPOUCXOAUTb. MOHATUE CTapeHns 06bIYHO CBA3bIBAIOT MMEHHO C 3TUM XUMUYe-
CKMM NpOLLeCCOM 1 nocrefyrowmnm OTKNOHeHeM B paboTe CBOWCTB MaTtepuana.

A.2.3 CBoiicTBa TEN/IOCTONKOCTH

A.2.3.1 Tennosoit nHaekc (TWU) n NnonoBuHHLINA MHTepBan (M) — ABa TepMUHa, XapakTepusyloujme cBOWCTBa Te-
NI0CTOMKOCTN M3OMALMOHHOIO MaTepuana u cuctembl nsonauun. T — yucnoBoe 3HadyeHue Temnepatypbl. “C. BblBe-
[EeHHOe M3 3aBUCMMOCTU TENNIOCTONKOCTU OT BpeMeHW. Mo cTaHgapTaMm MexayHapoAHOM 31eKTPOTEXHNYECKON KoMUccun
(M3K) aToT npomMexyToK BpemeHu coctaBniseT 20 000 4. HO rioxeT GbITb ONpeaeneHo u gpyroe Bpems. NN — yncnosoe
3HayYeHne TemnepaTypHOro nHTepBasa, KOTOpbIi BbipaxaeT fefieHne nonosiaMm BbIGpaHHOro BPEMEHU 4,0 KOHEYHOW TOYKM,
B3ATOW Npu Temnepartype, paBHo T. CM. pucyHOK A.2.

TW n M paccuntaHbl 3KCNEPUMEHTANIbHLIM NYTEM B YCKOPEHHOM WCMbITAHUW NPU MNOBbIWEHHbIX TeMnepaTtypax.
MeTop OCHOBaH Ha UCTUHHOCTMW ypaBHEHUS AppeHnyca.

n
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Bpw n{nanp|du»snawan),u

AononHAT» WXKABTWBPATYPU (HN M W 1 urnm | K

A —TBUNBPIiXyAQ, ycTaHoBNeHHas npu 20000 s [, — taunspiirypa, yCTAHCBNeTaHnpy 1D00G y;
TN—OnnOsS a0 4; JIN-nOnoBuMJ1 nHTEpBaNn

PucyHok A.2 — padhmk TenaocTonkocTu

A.2.3.2 3akoH AppeHuyca

Bbigatowminca xumuk n dunsnk CeaHte AppeHuyc (naypeat Ho6enesckoit npemun 1903 roga no XMmMuu) yCcTaHOBUA
06LLy0 3aBUCMMOCTb MeXAy TeMnepaTypoii N KOHCTaHTOW CKOPOCTU XMMUYECKO peakuuu, rae K — nocTOsiHHas CKOpoCTH
XUMUYeckol peakumn, c*1:

(£ !

K- Ae Rr , (A.1)

A — nocTtosiHHas AppeHuyca, c-1:
Ea — 3Heprusa aktmsauumn B KOHKPETHOM MaTepuane. Kk mosnb-1;
R — yHuBepcanbHas rasosas NOCTOAHHasA, paBHas 8.314 103. k)xmo1b'1 mK"1:
[ — Temnepartypa. *C;
B — OCHOBaHMe HaTypanbHOro norapngma (2.71828...).
YpaBHeHue (A.1) 60nblue N3BECTHO Kak 3aKOH UAn ypaBHeHne AppeHunyca.
R =8.314 + 10" /X monb_1«K"1. JHeprus aktusauumn Ea— Konm4ecTBO 3HEPrum, Heo6xoanMoe A1 Havana peak-
UMM B KOHKpeTHOM mMaTtepuasne. 3HadyeHne Ea He nsmeHsieTcsa oT Temnepartypbl. EgnHMLa nsmeperunsa Ea — kx monb 1
EAnHMLA n3mepeHna A U K — cekyHAa B MUHYC nepBoli cTeneHu (c-1), HO Ana ypo6cTBa MOryT 6biTh Apyrue eamn-
HULbI BPEMEeHU, Hanpumep Yac. KoHCTaHTa CKOPOCTU XMMUYECKOl peakuun K NokasbiBaeT, Kak 6bICTPO NpoTeKaeT XMMuye-
cKas peakuus B OAHOM mMaTepuase Wi B COYeTaHUM U30MALMOHHBIX MaTepuanos.
YpaBHeHue (A.1l) moxeT BbIrnageTb

1 1 (A-2)
T“A
3HauveHue Mk, ¢, — 3aTpavyeHHOe BpeMs NMPOXOXAEHWNS XMMUYeCKOl peakLuumn A0 onpefeneHHon ctagun.
YpaBHeHUe (A.2) MOXeT BbIrNsaeTb
b
h=a-eT, (A-3)
rae h = Mk:
a= 1/A;
b = Ne.

12



FOCT P 54419—2011

[na HaTypanbHOro norapudma cnpasegsimea npocrtasi popmyna

InN=mlna +b - (A.4)

A.2.3.3 TpaduK TENNOCTONKOCTHN

[unarpaMmy, Ha KOTOPOI 3HaveHus In /1 n 17" pasMelleHbl Ha NPsIMOYi B leKapTOBOW CUCTeMe KOOPAMHAT, HasbiBaloT
rpadhMkoM TensI0CTONKOCTY (Ha npumepe pucyHka A.2).

McnbiTaHne Ten/I0CTOMKOCTM MPOBOAAT MNPV TemnepaTypax Bbllle OXuAaeMoii TemnepaTypbl TEM/IOBOTO UHAEKCA.
Ha pucyHke A.2 npuBefeHbl 3HaYeHns Temnepatypbl 170. 160. 150 n 140 w'C.

KpuTnuyeckoe 3HauyeHue nccrefyeMoro cBolictea MaTepuana (Hanpumep, nepemeHHoe NpPo6rMBHOe HanpsKeHue)
MOXeT 6bITb ONpefesieHO Kak MUHUMasibHaa abconoTHaa BennymHa (Hanpumep. KB/MM) nnmn kak ncuncnsemas B NpoLeH-
Tax ocTaToyHas Be/iM4MHa CBOICTBa MaTepuana A0 Hadvasa ucnbiTaHusa. B cTtaHpaptax M3K onpefeneHbl Kputuyeckue
3HaAYeHNs1 XapaKTepuCcTUK 418 HeKOTOPbIX TUMOB MaTepuanos, HO He ANs Bcex. Hanpumep, B cTaHaapTe (3] eCTb HEKOTO-
pble pekomeHAauun ANA Yncna nokasartesieii CBONCTB MaTtepuasia. B ocTanbHbIX Cayvasx onpejeneHne KpUTMYecknx 3Ha-
YeHUIt NnapamMeTpoB MaTepuana ABAseTCsA NpejMeTOM COr/lacoBaHUs Mexjy NpousBoguTesieM mMmaTepuasia u 3aka3unkom.

Kputnyeckoe 3HaveHne napameTpa, paBHoe 50 % OCTaTOYHOW BeNUYMHbI, MOXET O3HayaTb BbIXOA U3 CTPOS U30-
nsAuMn TpaHcopmartopa, HO 3TO He [0/KHO BOCMPUHMMATbLCS GykBasibHO. OnpejeneHrie KPUTMUECKUX 3HAYEHUI napa-
MeTpOB M3O0MALUMOHHOIO Matepuana B ctaHfgapTtax M3K ckopee ycnoBHoe, Yem pyHKLMOHanbHoe. MI3HOC maTepuana
npouecc NOCTEeNEHHbIW, U OOCTUXEHWE KPUTMYECKOTO 3HaYeHWs napameTpa He nojpasymeBaeT Pe3Koro pasrpaHuye-
HUSI MexXAy HOpMaslbHbIM PeXVWMOM 3KCrnyatauun TpaHcdopmaTopa U BbIXOAOM M3 CTPOSA. [JOCTMXEHNE KPUTUYECKOro
3HavyeHUs napameTpa O3HauvaeT, 4TO onpejesieHHOe CBOMNCTBO MaTepuana yxyAwaeTcs Ha HeKoTOpPbIli MPOLEHT OTHOCK-
Te/IbHO NepBOHAYasIbHOTO 3Ha4YeHWs. ITO O3Ha4aeT, YTO MPOYHOCTb M COOTBETCTBEHHO 3KCM/yaTauMoHHAas HafeXHOCTb
TpaHchopmartopa CHU3WMachb NO CPaBHEHMIO C HOBbIM TpaHcopMmaTopoM. UTo KacaeTcsi, HanpumMep, AU3M1eKTPUYEeCKNX
CBOWCTB, TO TpaHCOPMaTOP BMOJIHE [/IOKET XOPOLO WYHKLMOHMPOBATb Ha MPOTSXXEHNN MHOTUX NeT. eC/In He BO3HWKHeT
Cepbe3HbIX NepeHanpsxXeHui.

Ecnn He BO3HMKAIOT BbICOKME TOKM MEPErpy3ky npu KOPOTKMX 3amblKaHUAX B dHeprocucreme, To TpaHcdopmaTop
MOXeT U fanblie PyHKLUNOHMPOBaTb, HECMOTPSA Ha yXy/LWeHHble CBOiCTBa MaTepuana.

Ha pucyHke A.2 yeTbipe TOYKM NOKasbIBalOT BPEMSA B Hacax, He06X04NMOe ANA AOCTUXKEHNA KPUTUYECKNX 3HAYEH N
napameTpa npu YeTblpex pasHbiX 3HaYeHUsIX Temnepatyp 170, 160. 150 n 140 °C B x04e UCMbITaHU# Ha TENIOCTOKOCTb.
JInHUA perpeccun coeguHseT YeTblipe TOUKU U NpofieHa A0 opauHaTtbl Touku 20 000 u. MNMepeceyeHne — B TOUYKE CO 3Ha-
yeHuem Temnepatypbl 130 ‘C.

CnepoBaTenbHO, TEMIOBOW UHAEKC ANA ONpefenieHHOro matepuana cocrasnseT 130. Kpome TOro, no nnHumn pe-
rpeccmn pocT yCTaHOBJIEHHOW TemnepaTypbl Ha 5 “C npuBeAeT B KOHEYHYH TOUKY MaTtepuasia nocne 10 000 y. MoNoBUH-
HbIli MHTepBan 6yaeT paBeH 5.

MockoNbKy pasHble CBOWCTBA Matepuasia MOryT yXyAwaTbCa Npu pasfinyHbiX yCN0oBUAX, He06X04MMO onpeaennTb
HECKOJIbKO TEM/I0BbIX MHAEKCOB UM NOMOBUHHBLIX MHTEPBAJIOB /18 OAHOrO 1 TOrO Xe maTtepuana.

Moppo6Hoe onucaHne npouecca UcnbiTaHWA NpuBeaeHo B ctaHpgapTax (3]—[10]. Ha pucyHke A.2 npuBefeH ynpo-
LWEeHHbIA NpUHUMN, B AeliCTBUTENbLHOCTM pe3ynbTar 6yaeT npeacTaBfiAaTb Agucnepcuio o6pasuoB mMaTepuasna HacTUYHO
13-3a JeCTBUTENbHOTO N3MEeHEHNS MaTepuana, a HaCTUYHO N3-3a HETOYHOCTU U3MEePEHNA.

Moapo6Hoe onrcaHne pacyeTa XxapakTePUCTMK TEM/TIOCTOMNKOCTU, Ha MPUMepe 3KCMeprMeHTasIbHbIX JaHHbIX, NprBe-
AeHo B cTaHgapTe [6]. Bkioyas cTaTtucTUyeckre UCMbITaHWS MO NPOBepKe UCTUHHOCTY ypaBHeHMA AppeHunyca. MaTepua-
Nbl. COCTOSALME B OCHOBHOM 13 HEOPTraHWYeCKNX KOMMNOHEHTOB, MOTYT BbI3bIBaTb 3HAYNTE/IbHbIE OTK/IOHEHUSA B YPaBHEHUN
AppeHuyca.

B pykoBoACTBe MO Harpyske TpaHchopmaropa 3a OCHOBY B3ATO ypaBHeHue AppeHuyca.

TemnepaTypa BHYTPU 06MOTKM TpaHcopmaTopa pasHas. OfHN y4acTkn 06MOTKM nofABepXeHbl 60/1ee BbICOKOMY
HarpeBy, 4yem gpyrue. B yyacTkax ¢ Hanbosee BbICOKOI TemnepaTypoli CKOPOCTb CTapeHUs N30NALMOHHOIo mMatepuana
npovcxoanT 6bicTpee. Takne yyacTku NepBbIMU AOCTUTAIOT NpefesibHOro COCTOSAHUA 1 ONpPeaenatoT aKCnayaTalnoHHY0
HaAeXHOCTb BCEro TpaHcdopmartopa.

3aBNCMOCTb TeMMepaTypbl Hanboiee HarpeToi TOUKM U cpefHeli TeMnepaTypbl B 06MOTKe MOXET U3MEHATHLCA B
3aBUCMMOCTM OT KOHCTPYKLUWU. YpaBHEHUs ANA pacyeTa TemnepaTypbl Hanbosiee Harpetoli Touku ABAAOTCA o6obuato-
WMMKW. 4TO MOXeT nogpasymeBaTb MOrPEWHOCTH, U. B CBOKO OYepeb, B/IeYET HETOYHOCTb pacyeTa cpoka C/yx6bl TpaHc-
chopmaTtopa. N3rotoBuTenn moryt obecneunTb 60ee TOYHOW MHOpMaLMeli 0 TemnepaType Hanbosiee HarpeToi TOYKM
VMEHHO AN19 NPOM3BOAMMON MU KOHCAYKLUN TpaHcdopmaTopa.

Mpu pacyeTe Hecyuweil cnoco6HOCTM TpaHcopMaTopa, TeMnepaTypy OKpyxatolieii cpefibl HYXXHO paccmadusaTtb
KaK OYHKUWNIO HarpysKku.

13
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MpunoxeHune b
(cnpaBo4yHOE)

PacueTbl cpoka cnyX6bl Ha MPMMepe pacyeToB TPEX PEeXMMOB Harpysku

B.1 Mpumep 1: Harpy3ka npu NOCTOSIHHON Temnepartype

B.1.1 WcxoAaHble faHHble

PasHuua (pocT) TemnepaTypbl Haubosiee Harpetoii TOUYKM 6GOMblIe OKpyXarolieii 125°C

Temneparypbi:
Temnepatypa okpyxatoLeii cpeabl:
TemnepaTtypa CUCTEMbI U3ONALUN:
Bpems Harpysku:
B.1.2 Pacuet

Mo ypaBHeHuto (5)
TepMmognHamuyeckan Temnepatypa Haubonee HarpeTol Touku. K

273 + 30+ 125 =428K
N3 Tabnuubl 1
KoadhdpuuymeHTbl a n b:

30 *C (nocTosiHHas)
130 "C (knacc B)
1 Hepens (168 v)

3 =172 10-154.b = 18 115.

Mo dopmyne (7) onpesensioT CKOPOCTb TEPMUYECKOTO CTapeHust

| 181551

K= 180000 (1.72 K I 15)'1- e'~ 428

pacxon cpoka cnyx6bl B 4ac.

©=43.48 u—

Mpu BpemMeHN Harpysku, paBHOWM 168 4. pacyeTHbI CPOK C/yX6bl B MpoLiecce O4HOW Hegenu npu 3Toli TemnepaTtype

cocTaBut
43.48 » 168 = 73054

OT BCero cpoka c/yx6bl TpaHcopMaropa.

BepxHAA KpuBas: HauyanbHas U MakcumanbHas Harpysku
Huxusas kpuBas: pocT TemnepaTypbl CBbille TeMNepaTypbl OKpyxatolei
cpeabl

PucyHok B.1 — CTyneH4yaToe N3MeHeHNe KpPUBOWA
Harpysku

14

BeposATHbIi CPOK CNyX6bl NPY HOMUHAb-
HOli TemnepaType HambGonee HarpeToir TOYKM
120 "C cocTtaBuT 180000 4. Torga 3a ogHy Hege-
N0 Npy TemnepaTtype Hanbonee HarpeToi TOUKM
155 °C oH cocTtaBut

7305
100- =4.06 %
180 000

OT HOMMHaNbLHOIO cpoka cnyx6bl TpaHcdop-
MaTopa.

5.2 Mpumep 2

Tok Harpysku /; npu Temnepartype (, C
nocneaywowmnm TOKOM Harpy3ku /n n Temnepary-
poii 2.

5.2.1 O6uwee nonoxeHne

Korga TOK Harpysku BHe3anHo M3MeHseT-
Ccs OT ypPOBHA /, A0 YPOBHSA /2. gonyckaeTcs, 4To
TemnepaTypa Han6osiee HarpeToil TOUKM OT Ha-
Ya/lbHOro pocTa Temnepatypbl [B, nepexoguT B
A(2 no akcnoHeHuManbHOW 3aBucumMocTn (hop-
myna (16)). Kak nokasaHo Ha pucyHke B.1.

5.2.2 NcxoaHble faHHble:

/, =0.8. nepuog BpemeHn ~ = 10 u;

/, — HavanbHas Harpyska;

/"=1,2, nepuopg BpemeHn t2 = 10 y;

In — 3HauyeHue Harpysku nocsie Bo3spac-
TaHuA:
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HOMUWHaNIbHaa NOCTOSAHHAsA BPEMEHWN AN PaCCMOTPEHHOW 06MOTKM: ir=0.5 u;

TemnepaTypa okpyxatoluiei cpeapbl: 30 ‘C (NOCTOAHHaA, HE3aBUCUMO OT TOKa Harpysku);

TemnepaTypa M30M5UNOHHON cucTembl: 155 “C;

TemnepaTtypa Hanbosee HarpeTol TO4KM OOGMOTKN B Hy/1IeBOW MOMEHT BpeMeHun (06o3HavaeTcs — [075]);
cpegHuii pocT TeMnepaTypbl 06MOTKM NPY HOMUHaNLHOM Toke AO” =80 'C;

pexum paboTbl C eCTECTBEHHbIM BO3YLIHbIM OX/1aXAEeHNEM.

5.2.3 Pacuet

dopmyny (11) ncnonbaytoT ansa pacyeta O~ n AOMSu:

b°HSi=1-25 80 0.816 = 70 °C;
[OOH5m= 1.25 80 0,81,B= 134 °C;
AB~”r-1,25 80 =100 C.

®opmyny (20) ucnonb3yoT AN onpejeneHns NOCTOAHHON BpeMeHU NMpU M3MeHEeHUU pocTa TemnepaTtypbl Han6o-
nee HarpeToli TOYkM 06MOTKM OT 70 °C ao 134 *C:

134 70

®opmyna (16) npumeHsaeTca 4Na onpefeneHns MrHOBEHHOTO 3HaYeHus AOWSB n6oii nepuog BpeMeHu t nHTepBa-
na spemeHun nepexoga AOMSun3 [ O~ B JOH50:

AOHSw= 70 + (134 - 70) mU rarlj.
Mpu nocteneHHoOM pocTe NoBbILLAETCA CKOPOCTb TEPMNYECKOTro cTapeHus. CM. pucyHok b.2.
AOHS= AO"SolKOfAale 5 i=5 0.399=1.9954yunu 2 u.

[Ana onpefeneHnsi pacyeTHOro cpoka CnyXx6bl BO BpEMS NEPEXOAHOrO nepuoga 3HadeHnn AOHSI n AOWSU MrHOBEH-
Hble 3HA4YeHUs BpeMeHu, pa3HuLbl Temnepatyp Hanbosiee HarpeToli Toukn [OWS, TepmoanHammyeckoli Temnepatypbl I n
CKOPOCTU TEPMUYECKOID CTapeHMns K BHeCeHbl B Tabnuuy b.1 Ha BpeMeHHOl npomexyTok / — f2i = 0 — 2u.

Ta6nunuya Bb.1 — PacueT pacxofa cpoka Cryxb6bl

M3meHeHne TeMnepaType! TepmoanHamnyeckas CKOpOCTb TEPMUYECXOr0 Pacxog cpoKa cyx6el,
Bpews, Hau6onee HarpeToit Tount.'C Temnepatypa, K cTapeHust. Wir
®opmyna (16) dopmyna (5) dopmyna <7) dopmyna (9>

0 70.0 373 0.003 0.0000
0.1 84.2 387.2 0.020 0.002 0
0.2 95.2 398.2 0.088 0.008 0
0.3 103.8 406.8 0,260 0.026 0
0.4 110.5 413.5 0.586 0.058 6
0.5 115.7 418.7 1.086 0.108 6
0.6 119.8 422.8 1.735 0.1735
0.7 122.9 425.9 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 0.476 8
11 129,9 432.9 5.413 0.541 3
12 130.8 433.8 5.972 0.597 2
1.3 131.5 434.5 6.445 0.644 5
1.4 132.1 435.1 6.838 0.6838
15 132.5 435.5 7.160 0.716 0

15
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OkoHYaHue Tabnuybl 6.1

M3meHeHne TemnepaTypbl TepmognHamumyeckas CxopacTb TepMuyeckoro
o ", Pacxop cpoka cnyx6bl, 4
B Hanb6onee HarpeTtoii Touku. "C Temnepatypa K cTapeHus, y/u
pems, y
dopmyna(ls> dopmyna <5) dopmyna (7) ®dopmyna (9)
1,6 132.8 435.8 7,420 0,742 0
1,7 133.1 436.1 7.629 0.762 9
1.8 133.3 436,3 7,796 0.779 6
1.9 133.5 436,5 7.928 0.792 8
2 133.6 436.6 8.032 0.803 2
2.1 133.7 436,7 8.114 0.811 4
N1oro.4, 9.709 3
3HaveHusn " K npeAcTaB/ieHbl N0 KOOpAuHaTaM BpeMeHU Ha pucyHke 5.2

Bpewms nocne

- Temnepatypa Hau6osiee HarpeToli TOUKY; -K

BepxHsis KpUBasi — POCT pasHuLbl TemnepaTypbl Haubosiee Harpetoi Touku, *C.
HWXHAS KpMBas: CKOPOCTb PacxoAyemMoro Cpoka OT BCEro cpoka Clyx6bl TpaHcopmaTtopa, COOTBETCTBYOW,As POCTY
TemnepaTypbl Hau6onee HarpeToii TOUKN

PucyHoOK 5.2 — POCT pasHuubl TeMNepaTypbl Hanbosiee HarpeTo TOUKM 1 PACXO4yEMOTrO CPOKa CyX6bl

Pacxoayemasi 4acTb cpoka cayx6bl 418 2 4 NpoAo/HKMTeIbHOrO nepuoga nepexoga ns 40 N B AYfiSu npeacrtas-
NleHa B BeAe y4yacTKa, pPacrosIOKeHHOro Moj HWKHel Cn/oWHOW KpuBOW. ECTb HECKONIbKO cnoco6e» onpeaennTb 3TOT
y4yacTok. MpocToil cnoco6 3ak/itoyaeTcs B CreAyloweM: NPoBeCcTU NPsIMyI0 FOPU3OHTaIbHYIO JIMHUIO Yepe3 AnarpaMmmy.
JINHUA NofenuT OCb OPAMHAT NOMoJsam Tak, YTo BU3yasibHO ABe YacTn 4, n 42 6yayT paBHbl. [paHuLbl YacTu 4, onpege-
NeHbl N1eBOI OCbIO OPAMHAT, FTOPU3OHTaIbHOW NIMHUEN 1 CNIOLWHOI KpUBOIA. MpaHuLbl YacTu 4 2 onpegeneHbl NPaBoi OCbIO
opAaMHaT, ropuM3oHTaNIbHOM NIMHUEN 1M CMOWHON KpyBOii. OpanHaTa Ha NPaBoil OCK CHMTbIBAEMa, U 4acTb Nog KpUBOWA K
paBHa NpousBeAeHMIO 3TO OpAMHAaTBLI U BpEMEHU B NPaBOM KOHLe ocu abecumcc. B aTom cnyvae;

50 2=10u.

CnepoBaTesibHO, pacyeTHbI CPOK CNyX6bl B TeYeHWe ABYX Y AaHHbIX UHTEPBAZIOB BPEMEHU C BO3pacTaHMeM pas-
HULUbI TeMnepaTypbl Hanbonee HarpeToli Toukn ot 70 'C go 134 :C 6yget 10 u.

16
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[ONoNHUTEeNIbHO K 3TUM Yacam pacxoAyeTcsi YacTb cpoka CNyx6bl, paBHas 10 4 npu 70 cC pasHULbl TemnepaTtypsbl
Hanbosiee HarpeTow Toukn, u 1 0-2 =84 npu pasHuue Temnepatypbl 134 C. [IBa nocnegHux gob6aBneHus MoryTt 6biTb
paccunTaHbl no opmyne (9).

I 20475 |
LC2 = 180000 « 10 (9.60 10-17r 1 me|<273' 1<bl' = 0.03u:

20475\

Q (273.164)'

L 2 =180000 8 (9.60 10-17m1 =67.28 u.

OHM paBHbl 0.03 4 1 67,28 4 COOTBETCTBEHHO.

MonHbI pacyeTHbI CPOK CNYX6bl B TEYEHME NOMHbIX 20 4 COCTaBUT:

0.03+9.71 + 67,28 = 77.02 u.

OnpeAennTb YacTb NOJ, KPUBOW K B MHTEPBaA/ BPEMEHU BO3MOXHO MeTO[O0M YMC/IOBOrO UHTErpvpoOBaHUA NPsSIMO-
yronbHuKa v Tpaneuuii no popmyne CUMnNcoHa.

KpuBas k umeeT NosiMHOMWabHYO hOPMy, YTO NO3BOJISIET /IerKO ee 06beANHUTL 1 NOMYUYNTL pa3Mep vacTu nog
KpuBOIWA. N5 3TOro metofa Cpok cnyx6bl paBeH 8.54 4. ecnu mepa mcuncneHms pasHa 0.01 u.

5.3 Mpumep 3: TOK NepeMeHHO Harpysku

5.3.1 McxogHble faHHble

KoadhpnuymeHT Toka Harpy3km nameHsietcs ot 0.7 o 1.2 B TeyeHue 24 4acos.

HoMunHanbHOe 3HayeHVe NOCTOAHHOW BpemMeHu A4NA paccmaTpuBaemoii 06MoTku t = 0.5 u.

TemnepaTtypa okpyxatoueli cpeabl 30 ‘C. nocTosiHHaA (He3aBMUCMMas OT TOKa Harpysku).

TemnepaTtypa cucTtembl nsonsauun: 180 "C.

CpefHss pasHuua Temnepatypbl 06MOTKM NPU HOMUHaNbLHOM Toke JON=100 “C.

Pexum paboTbl: C eCTECTBEHHbIM BO3AYLHbIM OX1aXAEHUEM.

b.3.2 Pacuet

B aByx neBbix rpadpax 1aébnvubl 5.2 1 Ha pucyHke B.3 npuBeaeH LMKN Harpy3ku ¢ No4acoBbIMU 3HAYEHUSIMU TOKa
Harpysku.

Ta6nunuya b.2

MpepensHas PasHuya
TepmopgunHa-
pasHuua TemnepaTypbl CKopocThb

s MocTosaHHas Muueckas . a

= Koad- Temneparypsbi Han6onee ctapeHuss  Pacxoayemblii Mpansae
= uunenT naubonee warpe-  Porentd HarpeToil Temnepary- .y /y cpok cyxbu B penuecns
& Harpysku TOl ToukM. *C TOuKM. *C pa. K ury o  dakTop, u

®dopmyna (11) ®dopmyna (20) ®opmyna (16) dopmyna (3) dopmyna (7(

0 0.700 70.64 70.64 373.6 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 96.64 399.6 0.004 0.004 4 0.014
4 0.956 116.32 0.416 114.54 417.5 0.042 0.042 2 0.085
5 0,957 116.51 0.407 116.34 419.3 0.054 0.054 4 0.214
6 0.962 117.49 0.407 117.39 420.4 0.061 0.061 2 0.123
7 0.991 123.20 0.404 122.72 425.7 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
1 1.080 141.38 0.390 140.95 444.0 1.116 1.116 4 4.464
12 1.104 146,44 0.386 146.03 449.0 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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OKOHYaHue Tabnuubl 6.2

MpepgenbHasn PasHuua
TepmofuHa-

T pasHnua Nocrosnnas  TEMNepPaTypel MudecKas CkopocTb
« Koz Temneparypbl Haubonee ctapeHns  Pacxogyembii 2 Tpousse-
5 puunent Han6onee Harpe- opomeHu, 4 HarpeToit TeMpnaepKaTy- K, UM CPOK CNYX6bl % AeHne * Ha
(?0 Harpysku TOW TOoukM. 'C Toukmn. 'C ury e cdakTop, 4

®dopmyna (11) ®opmyna (20) ®dopmyna (16) ®opmyna (3) dopmyna (7)
17 1,109 147.50 0.380 148.32 451.3 2,600 2,600 4 10.399
18 1.087 142.85 0,385 143.26 446.3 1,459 1.459 2 2,917
19 0.982 121,42 0,395 123.15 426,2 0,128 0,128 4 0.514
20 0.810 8922 0.418 92.32 395,83 0,002 0.002 2 0.004
21 0,751 79.06 0.442 80.43 383.4 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 73,83 376.8 0.000 0.000 4 0,000
24 0,700 70.64 0.459 71,00 374,0 0,000 0.000 1 0.000

Ana pacyeTa 3HauyeHWs PacxoAyemoro cpoka cnyx6bl 3a 24 4 B Tabnvuy 5.2 0f4HOBPEMEHHO BHOCAT 3HaYeHUs
BpeMeHu, pasHuubl Temnepatyp Haubosiee HarpeToii Touku JIOH3, TepmoAvHAaMUUYecKoi TemnepaTypbl [ U ckopocTn
TEMN/I0BOrO CTapeHns K.

Heo6Xx04MMO yunTbIBaTL, UTO B TEUEHWE LKA 3HAYEHWE NOCTOSIHHOW BPEMEHU MeHsIeTCs.

PricyHok 5.3 — ToK Harpysku 1 pocT TemnepaTypbl Han6osiee HarpeToli TOUK1 O6MOTKM

KpuBas Ha pucyHke 5.4 nokasbiBaeT, Kak MU3MEHSIETCA CKOPOCTb TEPMUYECKOro CTapeHuns 3a uukn B 24 4. Pacxogy-
eMblii CpOK CNyX6bl 3a LMK paBeH YacTu, PacrnoslOXeHHOR Nog KpUBOIA.

OnpeaenuTb 3Ha4YeHWe YacTu rpaduka nof KpuBOU (SIOXHO C MOMOLbIO (DOPMY/ibl YACIOBOTO MHTErpMpoBaHus
CumncoHa

)
(YO +4YL+ 2y2 + 4y3 * 2y2 +...4y2, ,- YAl

o
—~

rae 2n — 4ucno paBHO NOAENEHHbIX MHTEPBA/IOB B NOSTHOM UHTepBase oT a Ao b.
B HacTosiwem npumepe 2N = 24 (n = 12). a koopauHatbl Y0 *yn y2 n T.4. — 3TO 3HayYeHUAs K. b =24 na=0.
MoxHo cocTaBuTb Tabnuuy 6.3.

18
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B*aun.u
PucyHok 5.4 — CKOpOCTb Ten/0BOro CTapeHns B 3aBUCMMOCTMN OT BPEMEHHU
Ta6nunuya B.3— PacuyeT pacxofyemoro cpoka cnyx6bl
Pacxof cpoka cnyx6bl Ha akcnayatayuto. ury
Bpemsa, u dakTop, 4 MpoussepeHne KHa daktop, u
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
7 0.122 4 0.486
8 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 8.317 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
21 0.000 4 0.001
22 0.000 2 0.000
23 0.000 4 0.000
24 0.000 1 0.000

nTtoro 161.34

Monyuyaem 3Ha4YeHUe YacTW, PACNOIOKEHHON Noj KpMBOli Ha pucyHke B.4:

——, . 161.34 = 53.78 4.
6-12

OTO0 3HA4YUT, YTO B TeYeHMe 3afaHHOro Lukna Harpy3ku 24 4 pacxogyeTcs 53.78 4 oT Bcero cpoka cnyx6bl, paBHOro
180 000 4. yto cocTaBuUT 0.0299 % HOMMUHANIBHOIO CPOKa CNYX6bl.

19
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MpunoxeHne B
(cnpaBo4yHOE)

Ta6nuuya B.1 — lNepeyeHb CMMBOJIOB

Cumson

LC

Pr

=l

Tk

Oe

AOHS

20

3HaueHue

MocTosHHas ypaBHeHUs AppeHuyca
MocTosiHHasA ypaBHeHVA AppeHunyca
AhbhekTnBHAA Tepmmnyeckas MOLWHOCTbL 06MOTKM

TemnepaTypHas nonpasBka Ha COMPOTMB/IEHNE NPU N3MEHEeHUN TemnepaTypsbl

KoadhdunuymeHT Harpysku Ha equHuLy
HayanbHbIn KO3 PULNEHT HArpy3Kkn
KoadhhnumMeHT Harpyskm n Ha eguHULy
MNpepenbHbIi KO3 MDULMEHT HarpysKu

CKOpPOCTb TEM/I0OBOIO CTAPEHUST KaK PacXoAyemblii CPOK CyX6bl B Hacax BYac — Bpe-
Msl 3KCnyatauum npy TemMnepaType

OTHOCKTEeIbHAasi CKOPOCTb TEMJ/IOBOrO CTAPEHMsI NPU NOCTOSIHHOW TeMnepaType Han6o-
flee HarpeToli TOUKM, BblpaXeHHas B MPOLEHTax CKOPOCTU cTapeHus, 4to gaet 180 000 4
cpoka Ccnyx6bl

Cpok cnyx6bl

PacxofayeMblii cpoka cnyx6bl, BbIpaXeHHbIli B yacax, Npv NOCTOSIHHOW TemnepaTtype
Hambosiee HarpeToi ToukM T B KefIbBMHAX B TEUEHUE KaKOro-To BpeMeHu t B yacax

Amnupuyeckas NocTosiHHas, paBHas 0.8

O6Lwure NoTepn B 06MOTKe (MOTEPM HA BUXPEBbIE TOKM U HA COMPOTUBIIEHNE) B YC/O-
BUSIX HOMUHA/ILHOM Harpy3ky n pocTa TemnepaTypbl

OmMnupuyeckas NocTosiHHas A/ pacyeTa pocTa TemnepaTypbl Hanbosee HarpeToi
TOYKM NpY 3aaHHON TemnepaType

Bpems
TepmoguHamuyeckaa Temnepatypa Hanbosiee HarpeToi ToUku
Temnepatypa U30M5ALMOHHOW cucTeMbl (TenoBoii nHaekc TU)

MocTosiHHast TemnepaTypbl A1 NPOBOAHUKA, COCTOSLWErO Ha 225 U3 aNtOMUHNUS U Ha
235 n3 megun

3mMnupuyeckas NOCTOSHHAsA, UCMOMb3yeTca A/ pacyeTa eCcTeCTBEHHOro oxaxje-
HUA. paBHa 1 (40 NONyyYeHUs pe3ynbTaToB UCMNbITAHWUI)

MpuUHATLIV hakTop Hanbosiee HarpeToNl TOUKN, paBHbIi 1,25
Temnepatypa okpyxatouieli cpeabl

Onpegensiiolwee cogeiicTBrve B pocTe TemnepaTypbl Hambosiee HarpeToi Touku 06-
MOTKM 6€3 Harpysku

TemnepaTypa Hanbosiee HarpeToii TOUKM B 3af,aHHbIX YC/I0BUSAX (Harpyska /. Temnepa-
Typa okpyxatolLeii cpeabl...)

HoMuHanbHas TemnepaTypa Han6osiee HarpeToli TOUKM O6MOTKU, BbIYUC/IEHHAS UK
NoATBEPXAEHHAS MCMNbITAHUAMU Temnepatypa Hanbosiee HarpeToli TOUKM Ha eaunHULY
Harpyskm

MN3MeHeHVe TemnepaTypbl HanGosiee HarpeToil TOUKM Ha eauHULY Harpysku /

EAnHuya
namepeHunsa

y

K

BT mMuH/°C

wnn
BT -

Bt

8=
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OKOH4YaHue Tabnuubl B. 1

CumBon

M)HS. r

AOMB>

0.

1o,

nowr

3HayeHve

M3mMeHeHne TemnepaTypbl Hanboliee HarpeToi TOYKN NPU HOMUHAILHON Harpy3ske

M3meHeHne TemnepaTypbl Hanbonee HarpeToli TOUKM, NpeBblllaloWed TemnepaTypy
oKpyxatolleli cpeAbl Npu 3aJaHHO Harpyske

McxoaHoe M3MeHeHWe TemnepaTypbl Hanbosiee HarpeTol TOUKW Mpu NpefBapuTesb-
HoOi1 Harpyske, Temnepatypa

M3mMeHeHne TemnepaTtypbl Hanboee HarpeToi TOUKM BO BPEMEHM t NOC/e U3MEHEeHUs
pexuma Harpysku

KoHeuHoe M3MeHeHue TemnepaTtypbl Havbosiee HarpeToi TOUKM MpPU 3HAYEHUU nepe-
TPYy3KM W [0 YCTOWUMBOrO COCTOSIHUSI U3MEHEHMS TemnepaTypbl Hanbosnee HarpeToi
TOUKM

CpefHee n3MeHeHne TeMnepaTypbl Havbo1ee HarpeTol TOYKN NPY HOMUHANBHOM Ha-
rpyske

MocTosiHHAA BPEMEHU 41 TpaHcgopmaTopa B 3a4aHHOl Harpyske

MocTosiHHast BpeMeHu A5t TpaHcpopmaTopa B HOMUHA/IbHO Harpyske

EponHuua
n3MepeHust

N
<

>
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Bubnnorpadgus

CunoBble TpaHcdopmaTopbl — YacTek 11: Cyxoii TpaHcchopmatop

MNpeo6paszosartesibHbIli TpaHchopmaTop — YacTb 1: TpaHchopMaTopbl A/ MPOMbILLTIEH-
HOrO UCMOJIb30BaHNSA

JneKTpruYeckKne U3oMALMOHHbIE MaTepuanbl — CBOICTBA TENIOCTONKOCTY — YacTb 2:
OnpepgeneHne CBONCTB TENMIOCTOWKOCTU 3/IEKTPUUYECKUX U3O0MSALVOHHBIX MaTepuanos —
BbI6Op KpUTEPUsi MPOBEPKM

JneKTpruyeckne M30MALNOHHbIE MaTepuanbl — CBOICTBA TENJ0CTOMKOCT — YacTb 1:
Mpouecchl CTapeHns 1 OLEeHKa Pe3y ibTaToB WUCMbITaHWi

JneKTpruyeckne M30MALVOHHbIE MaTepuanibl — CBOICTBa TenjocToikocT — Yactb 3:
WHCTPYKLUS MO pacyeTy XapakTepUCTUK TeM10CTONKOCTH

JneKTpuyeckne N3onsuMoHHbIe MaTtepuanbl — CBolcTBa TensocTolikocTn — YacTtb 4-1:
Meun ctapeHns — OfHOKaMepHble neun

JNeKTpuyeckne N3onsLMoHHbIe MaTtepuanbl — CBOCTBa Tens1ocTolikocTn — YacTtb 4-2:
Meun ctapeHns — MydenbHble NeYn ANA UCNONb30BaHMA NpU Temrnepatypax Bbllle
300 <

dNeKkTpuYeckme N30NSALNOHHbIE MaTepuanbl — CBoiicTBa TensocTolikocTm — YacTb 4-3:
Meun cTapeHnsi- MHOrokamepHble neuu

JnekTpuyeckne U30NSALMOHHbIE MaTepuanbl — CsoilicTBa TensocTokoctm —
Yactb 5: OnpegeneHne OTHOCUTENbLHOrO MHAeKkca TennoctoikocTn (OUT) n3onaunoH-
HbIX MaTepnanos

AnekTpuyeckme N30NALMOHHbIE MaTepnanbl — CBoilicTBa TensiocTolikocTn — YacTb 6:
OnpepeneHne MHAEKCOB TenaoCTOMKOCTM <TU n OUT) U30NALUNOHHBIX MaTepuasios npu
MCNoIb30BaHUN METOA40M BblAe/IeHUsl ONpeaenieHHOro nepuoga BpeMeHu

Cunosble TpaHcopMaTopbl — YacTb 11: Cyxoii TpaHcthopmaTop

CunoBble TpaHcdopmaTopbl — YacTb 2: PocT Temnepatypbl
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