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NHO®OPMAIIMOHHBIE TAHHBIE

CCBbIJIOUHBIE HOPMATHBHBIE JJOKYMEHTDI

O6o3nauenue HJI, Ha KOTOPBIH JaHa CChUIKA Homep myHKTa, TOAMYHKTA, IEPEUUCIICHHS,
TIPHITOKEHHST
TI'OCT 3484.2-88 1.2,2.3.3,2.6.1, npunoxenue B
I'OCT 11677-85 1.1,1.6.4, 1.6.5,2.6.1, 2.6.2, npunoxenne C

1 OBIIUE MMOJIOKEHU S
1.1 O6sacTh NpUMeHeHUs!

Hacrosimmii  ctaHgapT pacnpocTpaHsieTcss Ha MacisHble TpaHCOpMaTopbl, COOTBETCTBYIOIIUE
tpedoBanusiM 'OCT 11677. CtanaapT coAep HUT PEKOMEHAAIHMH 110 JIOIYCTUMBIM P&KUMaM Harpy3ok,
MPEBBIIAIONINX ~HOMUHAJIBHYIO MOIIHOCTh «TPaHC(OPMATOPOB B MpEAENax YCTAaHOBIEHHBIX
orpaHndeHnid. OTHOCHTENIHLHO TIEYHBIX TPAHCPOPMATOPOB, M3-32 OCOOSHHOCTEH UX PEKMMOB HATPY3KH,
CllelyeT MOJIb30BaThCS COOTBETCTBYIOLIEH KOHCYIbTAIIUEH Y H3TOTOBUTEIL.

1.2 Ha3nauenue

B HacTOAIIEM CTaHAApTE IMPUBCACHBI YKa3aHHA II0 ONPCACIICHUIO TEXHUYCCKU 06OCHOBaHHI)IX
PSKUMOB HAarpy3kd CHJIOBBIX TPaHC(HOPMATOPOB C TOYKH 3PEHHUS] JIONMYCTHMBIX TEMIIEpaTyp |
TEPMHUUECKOr0 H3HOCa. JlaHbl peKOMEHAAIMU 10 JKCIUTyaTaluh TpaHc(OpMAaTOpPOB C HArpy3KoWH,
NPEBBILIAIOIIEH HOMUHAJIBHOE 3HAYEHHE, M PEKOMEHAAlMM JJisi TOoTpeOHTeneld Mo BhIOOpY
COOTBCTCTBYIOIMX HOMMHAJIBHBIX BCJIMYHUH U yC.]'IOBI/II‘/II Harpy3ku BHOBb YCTaHaBJIMBA€MbIX
TpaHcopMaTopoB.

TpeGoBaHMA K TPEBBILCHUSM TEMIEPaTyphl MAcCISHBIX TpaHC(HOPMATOPOB IPH IOCTOSHHOM
HOMUHAJIBHON Harpyske U cooTBercTBytomue uchsitanus - mo 'OCT 3484.2. Cnenyer OTMETHUTB, UTO B
I'OCT 3484.2 3a ocHOBY NPHHATO CpelHEEe 3HAUCHUE MPEBBIIICHUS TeMIIepaTypsl 0OMOTKH, TOT/Ia KaK
B HACTOSIIEM CTaHJapTe CCHUIAIOTCSA, B OCHOBHOM, Ha TeMIlepaTypy HamOoiee Harperodl TOUKH;
yKa3aHHbIE 3HAYECHUS IPUBOAATCS TOJIBKO KaK PEKOMEHIyeMbIE.

B cranpgapre npuBOATCS MaTeMaTHYECKUE MOJEIHM Ul OLEHKH BO3MOXKHBIX IOCIEACTBUIH
Pa3IUYHBIX PEKUMOB HArPY3KH, HUKIMYECKHX WM CUCTEMATHYECKHX, P Pa3IMYHBIX TEMIepaTypax
OXJIaXKJaromeil cpembl. JTH MOJIENN BKIIOYAIOT METOIMKH pacdeTa IOIyCTHMON TeMIepaTyphl B
TpaHcdopmarope, B Y4aCTHOCTH, TEMIIEPATYpbl HAaHOOIee HArPETOi TOYKK OOMOTKH. DTa TeMIepaTypa,
B CBOIO OYepe/ib, UCIOIb3YeTCs IS ONpeeNIeH s OTHOCUTENIFHOW CKOPOCTH TEPMHYECKOr0 H3HOCA.

CraHmapT CcOHEPKUT TaKKe PEKOMEHJAlWH [0 OrPaHWYCHUIO JOIMYCTHMBIX HArpy3oK B
COOTBETCTBUH C Pe3yJbTaTaMH pacyeTa TeMIeparypsl. HacTosimue pekoMeHIamy pacpocTpaHsIoTCs
Ha TpaHC()OPMATOPHI Pa3IMYHBIX KAaTETOPHH B 3aBUCHMOCTH OT MOLIHOCTH M Ha3HA4YEHMS, a TaKKe
YUUTBIBAIOT PEXHUMBI HArPY3KH: PEXKHM IIOCTOSHHBIX HAarpy3oK, pEXKHM CHCTEMaTHYECKHX
HeaBapU{HBIX HArpy30K MM PEKUM KPATKOBPEMEHHBIX aBapHIHBIX Harpy30K.

Junst TpaHc(hOpMaTOpPOB MaoOl MOIIHOCTH, Ha3bIBa€MBIX 31€Ch PACIIPENSIUTEIbHBIMHE, B CTAHAAPTE
NpUBEACHBl TPa(UKH ONpeNeNeHHs HUKIMYECKHX PEKHMMOB HArpy3Kd UL 3aJaHHOM TeMIlepaTypbl
OXJIXKJAIONIel Cpembl M0 OTHOLICHWIO K HOMHHAJIBHBIM YCJIOBHSM HAarpy3kd IIpH HOPMAaJbHOH
TeMIiepaType st Tpancopmaropos, coorsercTByronmx [OCT 3484.2.

Jdns tpancdopMaTopoB OONBLION MOIIHOCTH METOIBl pacdera TeMIIEepaTypbl OTIMYAOTCS B
3aBUCUMOCTH OT BHAA OXxJaxaeHus. Kateropus TpaHc(hOpMaTOpOB CpeIHEH MOLIHOCTH BKIIOYAeT
Tpex¢azHbIe ABYXOOMOTOYHBIE TPaHCPOPMATOPBI MOITHOCTHIO 10 100 MB-A miii S5KBUBaJICHTHBIEC UM:

TparchopMaTopbl Oombineld HOMHHANBHOW MomHOocTH (cBhimie 100 MB-A) ompeneneHsl kak
TpaHchopMaTopsl OOJBLION MOMIHOCTH. [ Takux TpaHc(OpMAaTOpPOB PEKOMEHIYETCS BBHIONHATH
pacyeThl 1Mo 3HAUYSHUSM OTHAEIbHBIX MTapaMeTPOB, ITOTYYESHHBIX MTPU IPOBEACHUH TUITOBBIX UCITBITAHHIA.
Io M3NMOXKEHHBIM B HACTOAIIEM JOKYMEHTE NPHYMHAM PEKOMEHIyeMble OIpaHHUYCHHs IS ITHUX ABYX
KaTeropuii TpaHCc(hOpMaTOPOB UMEIOT HE3HAUNTEIILHBIC Pa3IIHYHs.

Yacte mepBast «OOHIME TMONOKEHHS» BKIIOYACT ONPEICICHHUs, OOIIME NPHHIMITBI, OCHOBHBIC
JIAHHBIE U CTIeNHabHbIE PEKOMEHANNH M0 paboTe pasIndHBIX KaTeropuil TpaHc(hOPMAaTOPOB.




Bo BTOpOIt yacT «Pacuer Temnepatyps» MpeCcTaBIEHbl HCIOIb3YeMble MAaTEMATHUYECKUE MOJIEIH.
B Tperneit wactu «Tabmuipl JOMYCTUMBIX HArpy30K» NPUBEICHBI PE3yNIbTaThl pacyera B BHIC
rpaduKoB 1 TaOJIUIL ISl CTAHAAPTHBIX YCIIOBHM.

1.3 Onpenenenus

B HacrosiieM crannapTe NpUHATHI CIEAYIOIUE ONpeIeICHHs:

1.3.1 PacnpenenurensHbiil TpaHchopMaTop

Tpexda3zubiii TpaHchopMaTOp HOMUHAIEHONH MOITHOCTRIO He Oonee 2500 kB-A win ogHO(a3HBIH
HOMUHAJILHON MOIITHOCTBIO He Oomee 833 kB-A kimaccoB HampspkeHHs 10 35 KB BKIFOYUTEIBHO, TO €CTh
TIOHIKAIONMH TpaHc(hOpPMATOp C pasfeldbHBIMH OOMOTKAMH M HAIPSDKEHHEM paclpelesTUTeNbHOMI
cery, ¢ oxiaxaeaneM ON u 6e3 repeKITtoYeHnst OTBETBIEHHH 0OMOTOK I10]] HATPY3KOH.

1.3.2 Tpanchopmatop cpeaHeit MOITHOCTA

Tpexdaszubiii TpaHnchopMaTop HOMHHAIBHOW MOIMHOCTBRIO He Oonee 100 MB-A wiu ogHOda3HbIH
HOMUHAJILHOW MOIMHOCTRI0 He Oonee 33,3 MB-A ¢ pa3geinbHBIMEH OOMOTKaMH, B KOTOPOM

COIPOTUBJICHUE KOPOTKOI'0 3aMbIKaHUA ZTr (B HpOHeHTaX) BCJICACTBHUEC Ol"paHI/I‘{eHI/Iﬁ IIJIOTHOCTHU
MOTOKa pacCeIHUs HEC MPCBLIIIACT 3HAYCHUA
33,

Z, =|25-007

rae W - KOJIMUYecTBO CTepIKHEH;
Sy - HOMMHAJIEHAS MOIIHOCTE, MB-A.
OKBHUBAJICHTHBI HOMUHAJILHBIN PEXKHUM ISl aBTOTPAHC(HOPMATOPOB ONMPEICIIACTCS 10 TMPUITOKCHHIO

1.3.3 TpanchopmaTop OONIBIIOH MOITHOCTH

Tpancopmarop wmomHocThio ©Oonee 100 MB-A  (TpexdasHblii) WM ¢ OpenelbHbIM
COIPOTUBJICHUEM KOPOTKOI'O 3aMbIKaHHW, IMTPEBLINIAONIUM TPUBEACHHOC BbIIIC 3HAUYCHUC.

1.3.4 PexxuM HUKIHYECKUX HATPY30K

PexxuM Harpy3ku C LUKIMYECKMMH H3MEHEHMSIMH (OOBIYHO LMK PaBeH CYTKaM), KOTOPBIHA
ONIPEACNAIOT C Y4YEeTOM CpEJHEro 3HAYeHUs H3HOCA 3@ MPOJO/DKUTEIBHOCTh LUKIA. Pexum
LUKIMYECKUX HArpy30K MOXET ObITh pPEKHMOM CHUCTEMAaTHYECKUX HArpy30K MM PEXUMOM
MIPOJOJIKUTEIBHBIX aBAPUIHHBIX MEPErPY30K.

a) Pexxum cucreMaTHUeCKUX Harpy30K

Pexxum, B TeueHHe 4acTH IMKJIa KOTOPOro TEMIIEpaTypa OXJIaKIArollel cpesibl MOXKET ObITh Ooinee
BBICOKOH M TOK Harpy3KH IpEBbIIIAeT HOMUHAIBHBIN, OJJHAKO C TOUKH 3PEHHS TEPMHUUIECKOTro U3HOCaA (B
COOTBETCTBUH C MaTEMAaTHUECKOW MOJENBIO) Takas Harpy3ka 3KBHBaJIEHTHAa HOMHHAJIBHOH Harpyske
[P HOMHHAJIBHOM TeMIepaType OXJaXKIamolield cpensl. ODTO JIOCTUTAETCS 3a CYET MOHWKEHHA
TeMIIepaTyphl OXJIaKAAIOIIEH Cpe/ibl MIIM TOKA Harpy3KH B T€UEHHE OCTAJIbHOM 4acTH IMKIIA.

[lpn mIaHUpPOBaHMM HArPY30K STOT NPUHLMII MOXET OBITh PACIPOCTPaHEH Ha IJIUTEIbHBIC
NEpUOABI, B TEYEHHE KOTOPBIX LHMKIBI CO CKOPOCTHIO OTHOCHTEIBHOTO HM3HOCA H3OMSLUH Oolee
€IMHUIIBI KOMIIEHCUPYIOTCS] IMKJIAMH CO CKOPOCTBIO H3HOCA MEHEE SIUHUIIBI.

0) PexxuM poaoIKUTETBHBIX aBapUUHBIX IIEPErPy30K

Pexxum Harpys3kd, BO3HUKAIOIIUH B PE3yIbTaTe MPOAOKUTEIBHOTO BBIXOJA M3 CTPOS HEKOTOPBIX
JJIEMEHTOB CETH, KOTOpPBIE MOTYT OBITH BOCCTAHOBJIEHBI TONBKO IIOCIE IOCTIIKEHHUS ITOCTOSHHOTO
3HAYCHUS TIPEBBIIMICHUS TEeMIIEpaTypbl TpaHCpopMaropa. DTO He OObMHOE pabodee COCTOSHHE, U
MIPEATIoNaraeTcsi, 9To OHO OyIEeT BO3HMKAThb PEAKO, OJHAKO MOXKET JUINTHCS B TEUEHHE HENENb WM
Jla’Ke MECALIEB U BBI3bIBATH 3HAYMTENBHBIM TEPMHUECKHH M3HOC. TeM He MeHee Takas Harpyska He
JOIDKHA OBITh IIPUYMHOM aBapuM BCIEACTBHE TEPMHUUYECKOIO TIOBPSKACHHUS WIM CHIDKCHUS
AIIEKTPUYECKOI MPOYHOCTH M30JISIIUH TpaHchopMaTopa.

1.3.5 PexxuM KpaTKOBPEMEHHBIX aBapUUHBIX ITEPErpy30K

Pexxum  upe3BblYailHO BBICOKOM HArpy3Kd, BbI3BaHHBIA HENPEIBUIACHHBIMU BO3JCHCTBUAMU,
KOTOpbIE TIPOBOZAT K 3HAYUTEIHHBIM HAPYLICHHAM HOPMAJIbHOWH pabOTHI CETH, P 3TOM TeMIIepaTypa
Haubosiee HArpeToil TOYKH TNPOBOAHHMKOB JIOCTUTAET OINACHBIX 3HAYEHWH M B HEKOTOPBIX CIydasx
MIPOUCXOANT BPEMEHHOE CHIDKEHHME SJIEKTPUYECKOM MpOYHOCTH W30mauu. OTHAKO Ha KOPOTKHH
TIEPHOJl BPEMEHHU 3TOT PEXHM MOXKET OBITh HpEANoYTHTENbHEE APYrHX. MOXKHO NpearoiaraTts, 4To
Harpy3KH Takoro Tuma OyIyT BO3HHMKATh penko. Mx HeoOXomumo Mo BO3MOXKHOCTH OBICTpEe CHU3UTH
WIN Ha KOPOTKOE BpeMs OTKJIIOUUTH TpaHc(opMaTop BO M30eKaHME €ro MoBpekaAeHHs. JlomycTumas



IPOAOJLKUTCIIBHOCTD TaKou Harpyskm MCHBIIEC TEIUIOBOM ITOCTOSHHOI BpEMCHHA Ipchq)opMaTopa n
3aBHUCUT OT JIOCTPIFHYTOﬁ TEMIICPATYPbl A0 IMCPEIPY3KU; O0OBIYHO MMPOAOJDKUTCIIBHOCTD TEPETPY3KU
COCTaBJISICT MCHEC IMOJTydaca.

1.4 OcHOBHBIE OTPAHUYCHNS U BO3JCHCTBHUSA PeKMMA HATPY30K, NPEeBbIIAIOIINX
HOMHHAJIbLHbIC 3HAYCHUS

1.4.1 Bo3zelicTBue pexxuMa Harpy3ok, MpeBbIAOIINX HOMUHAIBHbIE 3HAUEHUS

1.4.1.1 dakTopsbl, BIMSIOMINE HA CPOK CITYKOBI

JlelicTBUTENBHBI CPOK CITy)KOBI TpaHCopMaropa B 3HAUUTENBHOM CTEIIEHH 3aBHCHUT OT
WCKITIOYNTENBHBIX BO3JICWCTBHUH, TAaKMX KaK IEpPEHANpsDKeHUs, KOPOTKHE 3aMbBIKaHUS B CETH |
aBapuUiHbIE Teperpy3Ku. BeposTHOCTD 6e30TKa3HON paboTHI MPH TaKWX BO3JEHCTBUSX, BO3HUKAIOIINX
OTZENBHO WM B COUETaHHH, 3aBUCUT B OCHOBHOM OT:

a) 3HAYNUTEIBHOCTH (aMIUTUTYIbI U JJUTEILHOCTH) BO3CHCTBUS;

0) KOHCTPYKIIUH TpaHchopMaTopa;

B) TEMIIEpATyphl Pa3IMYHbIX YyacTei TpaHchopMaTopa;

T') CoziepKaHusl BJIark B U30JSILUH U Macie;

) COZiep KaHusl KUCIIOPO/ia U APYTHX ra30B B U3OJISALUH U Maclle;

€) KOJIMYeCTBa, pa3Mepa M BU/a YaCTHUI] TPUMECEH.

[Ipeamnonaraemplii HOpMaJIBHBIA CPOK CITYKOBI - 3TO HEKOTOpasi YCIIOBHAs BEJIMYIMHA, IIPHHUMAaeMast
JUIsl HETIPEPBIBHOM IIOCTOSHHOW HAarpy3Kd IpU HOPMaJlbHOM TEMIIEpPAType OXJIAKIAIOUIEH Cpelbl U
HOMUHAJIBHBIX YCJIOBUSX OJKCIUTyaTanuu. Harpyska u (Wim) Temrmeparypa OXJaKIarouled cpembl,
NPEBBIIIAIOIINE HOMUHAJIBHYIO, BBI3BIBAIOT YCKOPEHHBIH M3HOC W 3aKIIOYAalOT B cede HEKOTOPYIO
cTerieHb pHcka. llenplo HaCTOAILIEr0o CTaHAApTa W SBISAETCS ONpeAeTIeHHEe CTENeHH pHCKa U
YCTaHOBJICHHE HEKOTOPBIX OrPAaHMYEHHH PEXHMOB HArpy3KH TPaHC(HOpMATOpPOB, MPEBBIIAIOIINX
HOMUWHAJIbHBIC 3HAYCHUS.

PexxuM Harpy3ku TpaHchopMaTopa, TNpeBbIIAONEd HOMHWHAIbHOE 3HAYEHHE, IPHBOJHUT K
CJIEIYIOIIEMY:

a) TemImepatrypa OOMOTOK, OTBOJOB, COCAMHEHMH, M30ALMU W Macjia YBEIMYMBACTCS U MOXKET
MIPEBBICUTH JIOIYCTHMBbIC 3HAUCHUS;

0) BoO3pacTaeT IUIOTHOCTh IIOTOKA DPACCESHUS BHE MAarHUTHOM CHCTEMBI, 4YTO B pe3ylbTaTe
00pa30BaHUs BUXPEBBIX TOKOB BBI3BIBACT OOJBIIMI HArPeB METAJUIMYECKHUX YacTeH, OXBaUEeHHBIX ITUM
MIOTOKOM;

B) COYETAaHHE OCHOBHOTO U J0OABOYHOIO IIOTOKOB PACCESHHS OrPaHMYMBAET IKCIUTyaTallMOHHBIE
BO3MO)KHOCTH MAarHUTHOM CUCTEMBI ITPU BBICOKOIN MHIYKIIWY;

T') C U3MEHEHHEM TeMIIepaTyphl U3MEHAETCS COAEPKAHUE BIIard U Ta3a B U3OJIALUU U MacIIe;

1) BBOABI, MEPEKIIOYATENIN, KOHIEBBIE 3aleNKH Kadens W TpaHCPOPMATOPHl TOKA TaKKe
TIOAIBEPTAtOTCsI TOBBIIIEHHBIM Harpy3KaM, 4TO OrPaHUYMBAET BO3MOXKHOCTH UX TIPHUMEHEHHUS.

Takum o00pa3oMm, C yBeIMYEHHEM TOKa HArpy3Kd W TEMIIEpaTyphl BO3HHKAeT ONACHOCTh
MIPEXJIEBPEMEHHOTO OTKa3za. Takas OMacHOCTb MOXKET BO3HUKHYTh HEMEIJICHHO WM SIBUThCA
CIIeICTBHEM OOLIEro yXyAIIEHUs COCTOSHHSA TpaHc(hopMaTopa B TeUSHHE MHOTHUX JIET.

1.4.1.2 OmacHOCTh KPaTKOBPEMEHHBIX BO3AEHCTBHUIA:

a) OCHOBHOM OITACHOCTBIO, BBI3BIBAIOIIEH OTKa3 TpaHcopmaropa TPH KPaTKOBPEMEHHBIX
BO3/ICHCTBUAX, SIBJISETCS CHIKEHHE 3JIEKTPUYECKOW NMPOYHOCTH HM3OJALMH BCIEACTBHE BO3MOXKHOTO
BBIJICTICHUS ITy3bIPHKOB T'a3a B MECTaX C BBICOKOH 3JIEKTPOCTATHYECKOW HANpPSDKEHHOCTBIO, T.€. B
00MOTKAaX MM COCANHEHUSX.

B OymaxHOH W30ISIIMM Iy3BIPbKM Ta3a MOTYT CKaIUIMBAaThCsA IPH BHE3AIIHOM ITOBBINICHUH
KPUTHUYECKOIO 3HAYEHMSI TEMIIEpaTypbl HanOoiee HarpeTol TOYKH, PAaBHOTO Ul TpaHC(HOPMATOPOB C
HOPMAaJIBHBIM COZepKaHueM Biaru npuobmmsutensHo ot 140 mo 160 °C. C yBennueHneM KOHLIEHTPAIHN
BJIATH 3Ta KPUTHYECKAs TEMIIEPAaTypa HE3HAUYUTEIEHO YMEHBIIAETCS.

[Ty3pIppKH Ta3a MOTYT TaKXE CKAIUTMBATHCS HA TOBEPXHOCTH KPYIHBIX METAIMYECKUX 4YacTei,
HarpeThiX MOTOKOM pAacCesHHs, WIN BBIIEIATHCS NPH NepeHachlmeHnH Macia. OmHako Iy3bIpbKH
OOBIYHO CKAIUTMBAIOTCSI B MECTaX C HW3KOHW JJIEKTPOCTATHYECKOW HANpPSDKEHHOCTBIO M JIOJDKHBI
TepeMeInaThcsl B MECTa ¢ Oosiee BBICOKOM 3JIEKTPOCTATHUYECKON HANPSDKEHHOCTBIO IO TOTO, Kak
TIPON30MAET 3HAUNTEIHHOE CHIDKCHHUE JIIEKTPHIECKON TPOUHOCTH N3OSN,

Homyckaercst peskoe, mo 180 °C, mOBBIIIEHHE TEeMIEpaTyphl HEM3OIHPOBAHHBIX METAIUTHYECKIX
qacTel, HaXOMAIIMXCS B TpaHC(HOPMATOPHOM Macie, HO HEMOCPEACTBEHHO HE COIMPUKACAIOIMINXCS C
OCHOBHOW OPraHUYECKON U30JIsALUEN;



0) BpeMeHHOE yXy/IIeHNEe MEXaHMYECKUX CBOMCTB IIPU MOBBIIICHHON TEMIIepaType MOXET CHU3UTh
CTOMKOCTH TpaHCc(hOpMaTOpa IPH KOPOTKOM 3aMBIKaHUH;

B) NpH TIOBBHIIICHUH JABJICHHUS BO BBOAAX MOXET IPOW3OWTH MPOOOH BCIEICTBHE YTEUKH Macia.
Ecnu temneparypa nsonsauuu npessimaeTr 3HadeHue 140 °C, Bo BBOJaX TakKe MOXKET MPOHCXOAUTh
CKOIUICHHUE Ta30B;

T') IPU paclIMpPEeHUH Macia MOXKET ITPOU30HUTH €ro NEPEIUB U3 PACIIMPHUTENS;

) IEPEKIIIOUeHNE OYEHB OONBIINX TOKOB NEPEKIIIOUATENEM MOXKET OBITh OIACHBIM.

1.4.1.3 OnacHOCTb ATUTENBHBIX BO3AEHCTBUI

a) TpU TIOBBIIIEHHOW TEMIIEpaType CKOPOCTh COBOKYITHOIO TEPMHYECKOTO H3HOCA H3OJISIHN
TIPOBOJTHUKOB TIOBbIMaeTcsa. Eciu Takoe BO3AEHCTBHE NPOAOIDKAETCS JIOCTATOYHO JOJTO, MOXKET
MIPOU30UTH COKpalleHWe JEHCTBUTEILHOIO CpoKa CiIyObl TpaHchopMaTopa, OCOOEHHO €CiH
TpaHcdopMaTop MoJABEPraeTcsi KOPOTKHM 3aMBIKaHHSIM CETH;

0) TpH TOBBHIIIEHHOW TEMIeparype MOXET TaKKe IOBBICUTBCS CKOPOCTh HW3HOCA JAPYTUX
M30JSIIMOHHBIX MaTEPHaoB, a TAK)KE ITPOBOIHUKOB U HEKOTOPHIX MEXaHMYECKUX YaCTeil;

B) TIpM TIOBBILIEHHBIX TOKE W TEMIlepaTrype IEepexOAHOE CONPOTHUBIEHHE KOHTAKTOB
MEPEeKITIOYAIOIINX YCTPOWCTB MOXET YBEIMYHTHCS M B KOHEYHOM HTOI€ BBI3BATh HEJOIYCTHMBIA HX
Tieperpes;

I') YIUIOTHSIONIME MaTepHaibl B TpaHc(opMaTope NP TOBBIILICHHOH TEMIIEpaType CTaHOBSTCS
Ooree XpYIKUMH.

OmnacHOCTh KPaTKOBPEMEHHBIX BO3JIEHCTBHUI OOBIYHO MPEKPAIIAeTCs MOCe CHU)KEHUST Harpy3KH JI0
HOPMaJILHOM, OJIHAKO C TOYKH 3PEHUs] YpOBHS HaJEKHOCTH TpaHcopmaropa OHa MOXKET HaHECTH
OoJiee 3HAUUTENBHBIH yIIEepO, YeM JIUTENbHbIe BO3ICHCTBUSI.

Hacrosnuii ctaHaapT npenycMaTpyuBaeT OJHOBPEMEHHOE OrpaHWYEHHE HArpy304HOH CIIOCOOHOCTH
KPaTKOBPEMEHHBIMU W JJIUTCIIbHBIMU BOS}ICﬁCTBI/IS{MI/I. Ta6n1/1u1)1 u Fpaq)I/IKI/I, IMPUBCJCHHLBIC B
CTaHAapTe, OCHOBaHbl HAa TPAJMIMOHHBIX METO/AaX pacyera NpennoiaraéMoil JI0JIrOBEYHOCTH
6yMa)KHOﬁ HU30JIA0HUH 110 MEXaHUYECCKUM CBOMCTBaM B 3aBHUCHMOCTH OT BpEMEHU U TEMIIEPATYPLI, B TO
BpEMs KaK OIrpaHUYCHUSA MPEACIIbHBIX TEMIIEPATYP HaI/I6OJ'[ee Hal"peTOﬁ TOYKH YCTAaHABJIMBAIOTCS BBUAY
OIIACHOCTH HEMEAJIEHHOTO OTKAa3a.

1.4.2 Moutnoctb TpaHchopmaTopa

UYyBCTBUTENBHOCTE TpaHCOpMATOpa K Harpy3KaM BBIIIE HOMHHAIBHBIX OOBIYHO 3aBHUCHUT OT
MotHocTH. C yBeM4YeHHeM MOIHOCTH TpaHchopMaTopa HaOMIOAaeTCs Cleaytomee:

a) YBEJIMYMBAETCSA HHIYKTUBHOCTbH PACCEHMBAHMS;

0) yBEIMUMBAIOTCS YCHIINSI KOPOTKOTO 3aMBIKAHUS;

B) YBEIIMYMBAETCS TIOBEPXHOCTD U3OJIALMH C 3IEKTPOCTATHYECKOH HAPSKEHHOCTHIO;

T') CJIO)KHEe OIpeeNnseTcs JOCTOBEpHas TeMIlepaTypa Hanbosiee HarpeToi TOUKH.

Takum 00pa3om, TpaHchOpMATOpbl OONBIIOH MOIIHOCTH MOTYT OBITh MEHEE YCTOHMYMBBIMU K
neperpyskaM, 4eM TpaHC(pOpMAaTOpsl MeHbLIeH MoIHOCTH. Kpome TOoro, BBIXOX M3 CTPOS MOLIHBIX
TpaHcdopMaTOpPOB BIIEUET 3a cO00M OoJee TsKeNble MOCIEICTBUSI, YeM 0TKa3 TpaHC(opMaToOpOB MaJoit
MOIITHOCTH.

C nenbi0 COXpaHEHHs BO3MOXKHO MEHBLIEH CTENeHH pPUCKA INPU OXHAAEMBIX IIeperpy3kax B
HACTOAIIEM CTaHIapTe PacCMAaTPHBAIOTCS TPU KaTErOPHU TPAaHC(HOPMAaTOPOB:

a) pacrmpeneiuTenbHble TpaHcOPMATOPBl, ISl KOTOPBIX YYUTBHIBAIOTCS TOJNBKO TeMIepaTypa
HauboJIee HAarPeTO TOUYKH U TEPMHUYECKUN U3HOC;

0) TpaHchoOpMaTOpHl CpemHEeH MOIIHOCTH, IS KOTOPHIX BO3ACHCTBUS IIOTOKA pPACCESHUS HE
SIBJIAIOTCS KPUTHYECKUMH, OTHAKO JOJDKHBI YIUTBIBATHCS PA3IMYHBIE BUIIBI OXJIXKICHNUS;

B) TpaHC(opMaTOphl OOJBIION MOLIHOCTH, IJIsi KOTOPBIX BO3JIEHCTBHS MOTOKA pacCesHHS H
TIOCTIEACTBUS OTKa3a MOTYT OBITh 3HAUYUTEILHBIMH.

1.4.3 OrpannueHns TOKa U TEMIEpaTyphI

[lpm Harpyske, NpeBBHIIAIONIECH HOMHHAJIBHYIO, PEKOMEHIYyeTCs He IIPEBBIATH IpeielbHbIE
3HAUYCHUs, NPUBEJCHHBIC B TaOMuIe | W yYUTHIBAaTh CIICHANbHBIC OTPaHUYCHUS, IPUBEICHHBIC B 1.5-
1.7.

Taoauua 1 - [IpexensHble 3HAYEHNUS TEMIIEPATYPHI U TOKA AJISI PEXMMOB Harpy3KH, IPEBbIMIATONIEH
HOMHHAJIBHYIO

Tum Harpy3ku | TparchopmaTops




pacrpenenurenbable|  cpeaHen 00O
MOIIIHOCTH | MOIIHOCTH

Pexxum cucreMaTHYeCKuX Harpy30K
Tok, OTH. €. 1,5 15 1,3
Temmepatypa Hamboiee HarpeTodl TOYKH U 140 140 120
METaJUTMYECKUX  4YacTed, CONPHKACAIOIIUXCS C
HU3OJISIIIUOHHBIM MaTepuaiiom, °C

Temmepatypa Macia B BEpXHHX ClosiX, °C 105 105 105
PexxiM MPOIOIKUTENBHBIX aBAPUHHBIX MEPErPY30K

Tok, OTH. €. 1,8 15 1,3
Temmepatypa Haumboiee HarpeToid TOYKH U 150 140 130

METAJUTMYCCKUX ~ YacTel, CONPUKACAIOIIUXCA C
HU3OJISIITMOHHBIM MaTepuaiiom, °C

Temmeparypa Macia B BepXHUX closix, °C 115 115 115
PexxiM KpaTKOBPEMEHHBIX aBApUHHBIX MEPErPy30K

Toxk, OTH. €. 2,0 1,8 15
Temmneparypa Hauboiiee HarpeToi TOYKH U Mo 1.5.2 160 160

METAJUTMYCCKUX ~ YacTel, CONPHUKACAIOIIUXCA C
HU3OJISIITUOHHBIM MaTepuaiiom, °C
Temneparypa macia B BepxHux ciosx, °C Ilo 1.5.2 115 115

1.5 Cl'leIII/laJ'lebIe OrpaHUYICHUS 1JIS pacpeacJauTEIbHbIX Tpchq)OpMaTOI)OB

1.5.1 Orpanudenue MOITHOCTH

B HacrosimeMm IIyHKTe paccMaTpPHUBArOTCS pPaclpeleNHuTeIbHble TPaHC(HOPMATOPBl MOIIHOCTBHIO HE
6omnee 2500 kB-A, onpenenenne koTopbix npuseaeHo B 1.3.1.

1.5.2 Orpanuuenue Toka U TeMIIEPaTyphl

He cnemyer mpeBbliaTh npuBelneHHble B TaOmuue | mpenenbHble 3HAYEHWS TOKA HarpysKu,
TeMIlepaTypbl Haubojee HarpeTod TOYKM OOMOTOK M TeMIIepaTypbl Macia B BEpXHHMX cnosx. Jis
PEKUMOB KpPaTKOBPEMEHHBIX aBAPMHHBIX NEPErpy30K MpeseNbHbIe 3HAYEHHUs TEMIepaTypbl Macia B
BEpXHHUX CJIOAX M Hauboliee HArpeTOH TOYKM HE YCTAHOBJICHBI, TaK KaK Ha NPAKTHKE HEBO3MOXHO
KOHTPOJIMPOBATh MPOJOJIKHUTEILHOCTD aBapuitHON Heperpy3ku pacIpeneuTeNnbHbIX
TpaHchopmaropoB. CremyeT MMETh B BHIY, 4TO NPH TeMIEpaType Haubojee Harperod TOYKH,
npesbrmaromeit 140-160 °C, BO3BMOXXHO BBIAEICHHE Iy3BIPHKOB Tra3a, CHIDKAIOMINX DJICKTPHUUECKYIO
MPOYHOCTH U30JsIIKK TpaHchopmaropa (cM. 1.4.1.2. OnacHOCTh KPATKOBPEMEHHBIX BO3ICHCTBUIA).

1.5.3 Jlpyrue gactu Tpancdopmaropa

PabGora TpaHchopmaropa B pexkuMe Harpy3ku, MpeBblamonieid 1,5 HOMUHAJIBHOTO TOKA, MOMHMO
OOMOTOK MOXKET OIpaHHYHMBATHCS HEKOTOPHIMU APYIMMH 4acTAMH TpaHcopMaTopa, TaKUMH Kak
BBOJIbI, KOHIIEBbIE KaOEJbHBIE COCAMHEHUS, YCTPOMCTBAa IEPEKIIOYEHHs OTBETBICHUH OOMOTOK H
coeauHeHus. [IpuanHON orpaHmueHus paboThl TpaHCOpMaTOpa MOKET OBITH TaKKe PACLHIMPEHHE H
JaBJICHUE MacJIa.

Honycmumvle nepeepysku, paccuumanHvie O OOMOMOK, He OO0JNHCHbI OSPAHUYUBANBCA
HA2PY30UHBIMU XAPAKMEPUCMUKAMU KOMNIEKMYIOWUX Mpanchopmamop uzoenuil.

1.5.4 TpancdopmaTopsl BHYTPEHHEH YCTAHOBKU

Ecnu TpancdhopMaTOpsl NpeAHa3HAuYCHBl Il BHYTPEHHEH YCTaHOBKH, HEOOXOAMMO K 3HAYECHHIO
HOMHHAQJIBHOTO TIPEBBIIICHUS TEMIIEpaTyphl Macjia B BEPXHHMX CIIOAX BHECTH TIIONPaBKYy Ha
OKPYKAIOIyl0 Ccpeny. Takoe MOMONHUTENBHOE YBEIMYCHHE IPEBBIMICHUS TEMIIEPATyphl CIEAyeT
OTIpENIeNATh B OCHOBHOM IIPH UCHBITAHUAX TpaHCHopMaTopoB (cM. 1. 2.7.6).

1.5.5 Bo3zetictBust BHENIHUX (PaKTOPOB

Betep, comHIe W 0K MOTYT B ONpEAEICHHOW CTENICHW BIHMATH HA HArpy304HYIO CIOCOOHOCTD
pacIpefeNuTENbHBIX TPaHC(HOPMATOPOB, HO MOCKOIBKY BO3/AEHCTBHE 3THX (DaKTOPOB HEPETYISIPHO,
YYHUTBIBATh UX HELENeco00pa3Ho.

1.6 CnenuaapHble OrpaHUYEHHSA IJI51 TPaHC(OPMATOPOB CpeaHel MOIIHOCTH

1.6.1 Orpann9yeHNsT HOMHHAIBHOTO PEXKIMa




B HacrosmeMm myHKTE paccMaTpHBaloOTCs Tpex(daszHele TpaHCPOpPMATOpHl  HOMHHAIBLHOH
MorHocThi0 He Ooee 100 MB-A, Ha KOoTOpbIe pacHpOCTPaHSIOTCS OIPaHUYEHHS TI0 CONPOTHBIICHHUIO
KOPOTKOTO 3aMbIKaHUsl, MpUBeACHHbIE B 1.3.2.

1.6.2 OrpanuyeHus Toka 1 TEMIEPATYPhI

He crmemyer mpeBbllmaTh TpuBeNeHHBIE B Tabimie | mpenenbHble 3HAYEHUs TOKA HATPY3KH,
TeMIlepaTypsl Hanbojiee Harperod TOYKM OOMOTOK, TEMIIEpaTyphl Macia B BEpPXHHX CIOSIX U
TEMIIEpaTypbl METAJUTMUECKUX YacTel, CONPUKACAIOMINXCS C H3OJSIMOHHBIM MaTepuaioM. Kpome
TOTO, CJIeAyeT UMETh B BUJY, YTO IIPH TeMIepaType Hanbosee HarpeToi TOYKH, HpeBblmnatomeid 140-
160 °C, BO3MOXXHO BBIJICIICHUE ITY3BIPHKOB ra3a, CHIKAIOMIMX 3JEKTPUYECKYIO TMPOYHOCTD HM3OJSIAU
Tpancdopmaropa (cm. 1.4.1.2. OnacHOCTh KPaTKOBPEMEHHBIX BO3JIEUCTBHIA).

1.6.3 [Ipyrue yactu TpanchopMaTopa U MPUCOSIMHEHHOE 000pYI0BaHUE

Kpome o6MoTOK, paboTa TpaHCpOpMAaTOpa B PEKUME HArPY3KH, IPEBBINAOIICH 1,5 HOMUHATLHOTO
TOKa, MOXXET OrPaHUYUBATHCS TAKXKE BO3MOXKHOCTSIMH JPYruX 4acTed TpaHcdopmaropa, TaKHX Kak
BBOJIbI, KOHIIEBBIE KaOEIbHBbIE COSMUHEHHMS, YCTPOMCTBA MEPEKIIIOUEHUS] OTBETBICHUH M COCJUHEHUS.
[MpuunHoOit orpaHuyeHus paboThl TpaHchopMaTopa MOXKET OBITh TaKXKE pacluIMpeHHe W IaBJICHUE
Macina. Creayer yduThIBaTh M XapaKTEPUCTUKH TaKOro MPHCOETMHEHHOTO 000py/I0BaHus, KaKk Kadenu,
BBIKITIOYATEIH, TPAHC(OPMATOPBI TOKA U T.]I.

Honycmumvle nepeepysku, paccuumannvie O O0OMOMOK, He OOINHCHbI OSPAHUYUBAMNBCS
HA2PY30UHBIMU XAPAKIMEPUCMUKAMU KOMNIEKMYIOWUX MPanchopmamop uzoenuil.

1.6.4 TpeGoBaHHMs K CTOHKOCTH ITPU KOPOTKOM 3aMBIKaHHN

Bo Bpemst pabOTBI B YCIIOBUSIX Harpy3KkH, MPEBBIIAIONIEH HOMHHAIBHYIO, HJIM HENOCPEICTBEHHO
Hocjie Takoi paboTel TpaHchOpMaTOpbl MOTYT He yhoBieTBopsth TpeboBanusiM ['OCT 11677 x
TEPMHUUYECKOW CTOMKOCTH NMPH KOPOTKOM 3aMBIKaHUH, JIOMYCKAIOIIEM JJIUTELHOCTh TOKOB KOPOTKOTO
3aMBIKaHUA 2cC. O)IHaKO B 6OJ'II)I_HI/IHCTBC ClIy4a€B B YCJIOBUAX OIKCIUTyaTallUW JUIMTEJIBHOCTH TOKa
KOPOTKOT'O 3aMbIKaHHsI MEHBIIIE 2C.

1.6.5 OrpanuueHus: HaNPsHKEHUS

Ecnu Her Apyrux orpaHMueHMH IS PEryJUpOBaHUS HANpsOKeHUs ¢ u3MeHseMbM notokoMm ('OCT
11677), To npuKkiIaapBaeMoe HAMPSHKEHWE HE JOHKHO MpeBHIaTh 1,05 HOMHHAIBHOTO HAIPSIKCHUS
(OCHOBHOE OTBETBJICHHE) WJIM HAIPSKCHUS OTBETBIICHHA (APYTHMEe OTBETBJICHHUS) HA JIOOOH OOMOTKE
TpaHncdopmaropa.

1.7 CneumnanbHble orpaHn4enus 1J1s TpaHchpopMaTopoB G0JIbIIOH MOLIHOCTH

1.7.1 O6wmue noaoKeHus

Jns TpanchopMaTopoB OONBIIOH MOLIHOCTH CJIEAYeT YYUTBHIBATh JONOIHHUTENbHBIE OrpaHHYCHHUS,
CBSI3aHHBIE, B OCHOBHOM, C CHJIBHBIMH IIOTOKAMH paccesHus. B cBI3M ¢ 3THUM IienecooOpa3Ho
yKa3plBaTh IIpH 3aKa3e TpaHchopMmaropa WIM MO 3alpocy HArpy304HYIHO  CHOCOOHOCTb
TpaHc(opMaTOPOB ClieNUATLHOTO Ha3HaueHus (cM. puiokenue C).

Merton pacyera TEPMHYECKOTO M3HOCA M3OJILMH IS BCeX TPaHC(HOPMATOPOB onuHaKoB. OXHAKO
PEKOMEHIYeTCsT BBINONHATh MAIIMHHBIA pacdeT MO (DaKTUYECKUM TEIUIOBBIM XapaKTEepUCTHKAM
Ka)XJOT0 WHIMBUIYaJbHO PAcCMaTPHBAEMOro TpaHc(opMaTopa, a HE HCIONB30BaTh JaHHbIE TaOnui
JOITYCTUMBIX HAarpy3oK, IPUBEAEHHBIX B pa3zene 3.

CymiecTByromuii ypoBeHb 3HAHUH, TpeOOBaHMS BBICOKOH HAJCKHOCTH TPaHC(HOPMATOPOB OOIBIIION
MOIIHOCTH, CBSI3aHHBIC C MOCJIEACTBUSMHU X IOBPEKICHHS, a TAKXKE IPHUBEICHHBIC HIDKE TOJOKCHUS
00yclaBIMBAlOT OOJiee KOHCEPBATHBHBIN M OoJiee MHIMBHAYAIBHBIA MOAXOJ K PEKOMEHIALMSIM IS
9TUX TPaHCHOPMATOPOB, YEM ISl TPAHC(HOPMATOPOB MEHBIIICH MOITHOCTH:

a) coueTaHWe MOTOKA PACCESHUS U INIABHOIO HAMArHHYMBAIOLIETO IIOTOKA B CTEPIKHAX WM spMax
MarHUTHOH CHCTEMBI OOYCIIOBIMBAET 3HAYHMTEIBHYIO IIOJBEPKEHHOCTh TPaHC(POPMATOPOB OOJIBILIOH
MOIITHOCTH I1epeBO30YKACHUSIM, OCOOCHHO B YCIOBHSX NEPErpy3Ku;

0) MOCJIEACTBUS YXYAIICHUS MEXaHHYECKUX CBOMCTB M3OJISAIMH I10J] BO3ACHCTBUEM TeMIEPaTyphl U
BpPEMEHH, BKJIFOYas W3HOC, BBI3BAHHBIA TEIUIOBBIM paCHIMPEHHEM, Ul TPaHC(HOPMATOPOB OOJNBINOH
MOIIHOCTH MOTYT OBITh OOJIee 3HAYNTENbHBIMH;

B) TeMIlepaTypa HamOoiee HarpeToil TOYKM OOMOTOK HE MOXKET OBITh OIpeneNieHa MPU OOBITHOM
UCIIBITAHMM Ha HarpeB. Jlake eClM NpH TakoM HCIBITAHUM HOMHHAIBHBIM TOKOM HE IIOSIBIISCTCS
HHUKAaKUX OTKJIOHEHHH OT HOPMBI, CIENaTh 3aKIIOYEHHE O MOCIEACTBUAX MPHU Oojee BBICOKHX TOKaxX
HEJIb3s, 3Ta YKCTPAIIOJALMS HE YIUTHIBASTCS IPH KOHCTPYHPOBAaHHH TPAHC(POPMATOPOB;



I) paccuMTaHHBIE IO pe3yJbTaTaM WCIBITAHWH Ha HarpeB HOMHHAJIBHBIM TOKOM 3HAuYCHUS
TIPEBBIIICHHST TEMIEPAaTyphl HawOoliee HArpeTodl TOYKM OOMOTOK ISl TOKOB, ITPEBBIIIAOIINX
HOMHHAJIBHBIH, 111 TpaHC)OPMATOPOB OOIBIION MOIIHOCTH MOTYT OBITh MEHEE JOCTOBEPHBIMH.

1.7.2 OrpanuyeHus Toka ¥ TEMIEPATYPhI

He crnemyer mpeBblmaTh mnpuBeneHHble B Tabnuie | mpemenbHble 3HAYCHUS TOKA HATPY3KH,
TeMIlepaTypsl Hanbojiee Harperodl TOYKM OOMOTOK, TEMIIEpaTyphl Macia B BEPXHHX CIOSX H
TEMIIEpaTypbl METAJUTMUECKUX YacTel, CONPUKACAIOMIMXCS C HM3OJSIMOHHBIM MaTepuaioM. Kpome
TOTO, CJIeAyeT UMETh B BUJY, YTO NPH TeMIepaType Hanbojee HarpeTold TOUKH, npeBblmatomeit 140-
160 °C, BO3MOXXHO BBIJICNICHUE IY3BIPHKOB ra3a, CHIKAIOMINX 3JEKTPUYECKYIO MPOYHOCTh M3OJSILIUH
Tpancdopmaropa (cM. 1.4.1.2. OnacHOCTh KPaTKOBPEMEHHBIX BO3JIEUCTBHI).

1.7.3 dpyrue yactu TpanchopMaTopa U MPUCOCIMHESHHOE 000pYI0BaHUE

Mo 1.6.3

1.7.4 TpeOGoBaHuUs K CTOHKOCTH ITPU KOPOTKOM 3aMBIKaHHN

Mo 1.6.4

1.7.5 OrpaHuueHus HaNpsHKEHUS

ITo 1.6.5

2 PACYET TEMIIEPATYPbI
2.1 YcaoBHEIE 0003HAYEHUSA

2.1.1 OcHOBHBIE YCIOBHBIC 0003HAUCHHS

A - aMIUIUTYZIa TOIOBOT'O M3MEHEHHUS CPETHECYTOYHOM TeMIIepaTyphl oxJiaxaaromien cpeasl, °C;

B - ammutyna cyrouHoro usmenenus, °C;

J[X - caMblil )KapKuii IEHb B TOLY;

H - k03¢ duLueHT TeMiiepaTypbl Hauboee HarpeToi TOUYKH;

| - ToK Harpysku, A;

K - xoadduipeHT Harpy3ku (OTHOILIEHHUE TOKA HATPY3KU K HOMHUHAIIBHOMY TOKY);

L - oTHOCHTENBHBIN U3HOC 32 ONPEACICHHBIN IePHO BPEMEHH;

R - oTHOIIEHNE HATPY304HBIX MOTEPh IPU HOMUHAIBHOM TOKE K IIOTEPSIM XOJIOCTOr0 X0/1a;

S - HOMMHAJIBHAS MOIIHOCTE, MB-A;

TX - caMmoe apKoe BpeMsl CYTOK;

V - oTHOCHTENbHAs CKOPOCTh U3HOCA;

W - konuecTBO cTep)KHEH 0CTOBA;

g - pa3HOCTh TeMIlepaTyp 0OMOTKH 1 Macina, °C;

J - Mecs roga (MCHOB3yeTCsl MPU pacueTe U3HOCAa M TeMIIepaTypbl HAanOOoIee HArpeToi TOYKU Ha
LIeNBIN TO/);

t - IPOROIKUTETBHOCTH HATPY3KH Ha MPSAMOYTOJIbHOM Ipa(uKe Harpy3Ky;

Z - COIIPOTHUBIICHNE KOPOTKOTO 3aMbIKaHUs, %o;

0 - Temneparypa, °C;

T - TEIUIOBAas IIOCTOSHHAS BPEMEHH;

ON - o6o3Hauaet Buapsl oxuaxaeauss ONAN wiu ONAF,

OF - o603Hauaer Buns! oxnaxnenuss OFAF wim OFWF,

OD - o6o3navaer Buasl oxnaxaeaus ODAF niu ODWE.

2.1.2 IlpucraBku

A - peBBIIIEHNE TEMIIEPATYpPHI (II0 OTHOIICHHIO K TEMIIEPATYPE OXJIAXKIAIOIIEH CPEIIBI).

2.1.3 Tloka3arenu creneHu

X - TIOKa3aTeNb CTEIIEHH CyMMapHBIX IIOTEPh IIPU pacyeTe MPEBBIICHHS TEMIIEPATYPhl Macia;

y - IOKa3aTellb CTeNeHH Kod(pQUIMEeHTa Harpy3Kd NIpH pacyeTe NPEBBIIICHUS TeMIepaTyphl
00MOTKH;

‘ - OTHOCHTCS K TeMIepaType Hauboliee HarpeToi ToukH i Bua oxiaxaenus OD.

2.1.4 Nnpekcs (obOmrue)

E - cooTBeTCTBYET SKBUBAJICHTHOH TEMIEPAType OXIAXKIAAOIICH CPEIbI;

M - cooTBeTCTBYeT TEMMepaType OXJIaKAAIOIIEH CpeIbl IPH pacdeTe Hanboiee HarpeTo TOUKY;

W - cooTBeTCTBYET 0OMOTKE;

a - COOTBETCTBYET OXJIAXKJAIOIIEMY BO3IyXY (TeMIiepaType);

h - cootBeTCTBYET Hanboee HArpeToi ToUKe (TeMITEpaType);



M - COOTBETCTBYET KOI(PQHIMEHTY, UCIIOIH3YEMOMY IIPU PacuyeTe MaKCHMaJIbHOM TeMIIepaTyphl
HaunboJlee HarpeToi TOUKY;

0 - COOTBETCTBYET MacIly;

I - 0003HaYaeT HOMUHAJIBHOE 3HAYCHHUE (€CIIN TIPUMEHSETCS], TO BCET/Ia CTABUTCS MIOCIIETHIM);

t - cOOTBETCTBYET TeMITepaType WIIK MPEBBIIIEHHIO TEMIIEPATypbl B MOMEHT BpEMEHH i,

y - COOTBETCTBYET €KEroJJHOMY 3HaUCHUIO.

2.1.5 CroeumanpHple MHAEKCH Uil TeMIlepaTypbl Macia (eclid TpHMEHseTCs OOWH W3 JTHX
WHJIEKCOB, TO BCEra CTaBUTCS IIEPBHIM)

| - Maco BHYTpH OOMOTOK, B BEPXHHX CIIOSIX;

Im - cpenHsisa TeMneparypa Macia B 0OMOTKax;

b - Macno B HKHEl yacTy O0aka, OOMOTKY HIJIM OXJIaJUTENS;

0 - MacJIo B BEpXHEi yacTu 0aka;

om - CpefiHsisl TeMIlepaTypa Macia B Oake;

€ - Macllo B BEpXHEH 4acTH TeTNI000OMEHHHUKA,;

em - CpelHsis TeMIlepaTypa B TETUI00OMEHHHUKE;

bt - Temmepatypa mMacna B HIKHeH yacti 6aka B MOMEHT BpeMeHH t,

bi - HayanBpHas TeMmmepaTypa Maclia B HIKHeW Jactu Oaka;

bu - MmakcumasbpHas TeMmepaTypa Maciia B HIKHEl yacTu Oaka.

2.2 HenocpeacTBeHHOE M3MeEpeHHe TeMIepaTypbl Haubosee HarpeToil TOYKN

HauOornee 3HAYMTENbHBIM OrpaHUYEHHEM IIEPErpy3KH TpaHc(opMmaTopa SBISETCS TeMIeparypa
HanOoJiee HArpeToil TOYKH OOMOTKH: HEOOXOJUMO CTPEMUTHCS K TOMY, YTOOBI C BO3MOXHO OOIBILEH
TOYHOCTBIO ONPEAEIATh 3Ty TeMIepaTypy. B Hacrosiee BpeMs HauUWHAIOT ITOCTENEHHO BBIMOJHSATH
HETOCPEICTBEHHOE ee M3MepeHHe (ONTUYECKUMH BOJOKOHHBIMH CBETOIPOBOJAAMM C JATYMKAMH WU
JPYTUMH TIPHOOpaMH aHAJOTMYHOIrO Ha3HaueHwWs). Takue HM3MEpEeHHs IOJDKHBI YIYYIIUTh OLEHKY
TeMIIepaTypbl Hanbosee HarpeTol TOYKH MO CPABHEHHIO C METOJJAMH pacueTa, IPUBEACHHBIMY B I1. 2.4.

2.3 PacueTHbIe TENJIOBbIE XapaKTEePUCTUKH

2.3.1 IIpuHATHIE YIPOIICHHUS

Crenyer uMeTh B BULY, 4TO ()OPMYIIBI, IPUBEICHHbIE B HACTOSIIEM CTaHIAPTE, OCHOBAHBI Ha pse
ynpouienuil. IIpuBeneHHast Ha pucyHke | cxema pacripeeneHus! TEMIEPaTyphl SBISETCS YIPOIIEHUEM
OoJiee CIOXKHOW JIEWCTBUTEIBHON KapTHHBI pacIipeAeNieHus: TeMIlepaTypbl. MTak, NpUHATHI CIEIYIOIIHe
YHPOLIEHHUS:

a) TemIepaTypa Macjia BHYTPH OOMOTOK MOBBIIIAETCS JMHEHHO OT HWKHEW 4YacTh K BepXHeu
HE3aBHCUMO OT BUJIA OXJIAXICHUS;

0) NpeBBIICHHE TeMIIepaTypbl NPOBOAHHMKA YBEIHYMBACTCS JIMHEHHO IO BBICOTE OOMOTKH H
NapaJiIeIbHO MPEBBIIIEHHUIO TEMIIEPATYphl Maciia ¢ MOCTOSHHON PAa3HOCTBIO g MEXIY ABYMS MPSIMBIMU
JUHUSIMHA (J - pa3sHOCTb MEXKAY IPEBBINICHUEM CpeJHEH TeMIlepaTypbl, HU3MEPEHHOH METOI0M
COIPOTHBIIEHUS], U NIPEBBILIEHIEM CPEIHEH TeMIIepaTyphl Macia);

B) MpEBbINIEHHE TeMIIepaTypbl HamOoJiee HAarperoil TOYKH JAODKHO OBITh BBINIE IPEBBILICHUS
TEMIIepaTypsl NPOBOJHMKA B BEPXHEH 4yacTH OOMOTKH, KaK IIOKAa3aHO Ha PHUCYHKE 1, IOCKOIBKY
HEOOXOOMMO YYECTh YBEIMUYCHHE JOMOIHMUTEIBHBIX MOTepb. JlJIsi ydera 3THUX HENWHEHHOCTEH 3a
pa3HOCTh TeMIlepaTyp HauOoiee HarpeTod TOYKM W Macia B BEpXHEH 9acTH OOMOTKH IIPHHATO
obosznauenne Hg. Koaddumment H moxket nmets 3HadeHus ot 1,1 10 1,5 B 3aBUCHMOCTH OT MOIITHOCTH
TpaHchopMaTopa, CONPOTUBIICHUS KOPOTKOTO 3aMbIKaHHs M KOHCTPYKIMH 0OMOTKH. [Ipu mocTpoeHHn
rpaguKOB M COCTaBIGHWH TaONuWIl pas3jena 3 HAcTOAIIEro CTaHZapTa Il PaclpeAesUTeNbHBIX
TpaHcopMaTOPOB HCIONB30BaHO 3HadeHue 1,1, mwis TpaHchOpMaTopoB cpeaHeil U OONbINOHN
MolHocTH - 1,3.

2.3.2 Temmepatypa Macia B BEPXHHX CJIOSX, U3MEPEHHas BO BPEMS HCIBITAHUS, OTIUYAETCS OT
TeMIepaTypsl Macja, BBITEKAIOMIEr0 M3 OOMOTKH. JTa pa3HOCTh OCOOEHHO 3aMETHA B TEYCHHE
HEYCTaHOBHUBILIETOCS PEXMMa B PE3YyJIbTATE BHE3AIHOTO MOSBJICHUS HArpy3KH OONBINON aMIUTUTYHBIL.
@DaKTHYECKN Maco0 B BEPXHUX CIOSX MPEACTABISIET COOOI CMECh pa3IMIHBIX TOTOKOB Macia, KOTOPhIE
OUPKYIUPYIOT BAOIE U (WJIM) CHAPYKU Pa3HBIX OOMOTOK.
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Mpessbilwexue TemnepaTyps

Pucynok 1 - CxeMa pacnpesesneHus TeMneparypebl

Pa3HOCTH MeX 1y TIaBHBIMU 00OMOTKaMH NpH oxnaxkaeHnun ON o0br4HO He3HauuTenbHa. [ 1000
OOMOTKH 3a TeMIIEpaTypy Macila Ha BBIXOAE M3 OOMOTKM NMPUHUMAETCS TeMIIepaTypa CMECH Macia B
BepxHeil yactu Oaka.

3a TemrepaTypy Macia Ha BbIXoje M3 0OMOTKH mpu Buaax oxnaxuaenuss OF u OD mpunumaercs
TeMIlepaTypa Macia B HIDKHEH 4acTH OOMOTOK IUIIOC YIBOCHHAs Pa3HOCTh CPEIHEH TeMIepaTypbl
Maciia B CpeIHel 4acT paccMaTpUBaeMoi OOMOTKH U TEMIIEpaTypbl Maciia B HIXKHEH 4acTH 0OMOTKH.

B cuny pasznunumii B pacnpencieHUM IIOTOKOB Macja pa3Hble BUABI OXJIAXKIEHUM CleayeT
paccMmaTpuBaTh oTAeibHO. Ilpenmonaraercs, yto B TpancdopmaTtopax ¢ oxnaxieHueM ON u OF
LUPKYISIHMsS  Macia B OOMOTKE OCYIIECTBIsieTcsi TepMocu(oHOM, a B TpaHcdopMmaropax c
oxnaxzaeaueM OD - B OCHOBHOM HAcOCOM M IPAaKTUYECKH HE 3aBHCHT OT I'paJHeHTa TeMIIepaTyphl
Macia.

2.3.3 B Ttpanchopmatopax c¢ Bumamu oxnaxaeHus OF u OD (cpemnroro Temmeparypy macia
ClleyeT ONpPEAENATh HAMITYYIINM M3 U3BECTHBIX METOJIOB, TaK KaK OT 9TOI'0 HEIOCPEICTBEHHO 3aBUCHUT
pacuer TemrepaTypsl HauOoiee Harperoil Touku. B ['OCT 3484.2 mnpuBemeH psii METOIOB
omperneseHusl 3HAYeHHs, UCHOIb3YEMOro TOJIBKO IPH pacdyeTe HEKOTOPHIX IONPABOK Ha IPEBBILICHUE
cpenHel TemIiepaTypsl OOMOTKH. B HacTosIeM cTaHIapTe HCIOIb30BaH B OCHOBHOM aJIbTePHATHBHBIH
MeTox (cM. puiIokeHue B) onpenenenus cpeHeld TemMnepaTypsl Macia 1o pe3yabTaTaM UCIIBITaHHH.

2.3.4 TlockonmpKy TeruIoBasi MOCTOSIHHAS BPEMEHH OOMOTOK OOBIYHO HeGombmmast (0T 5 mo 10 Mun),
OHa OKa3bIBAaeT HA TEMIIEPaTypy Haubollee HarpeTol TOYKU TOJIBKO OrPaHMYCHHOE BIIMSHUE NaKe TPH
TOBBIIIEHHBIX KPAaTKOBPEMEHHBIX —Ieperpy3kax. I[IponoIDKUTeNBHOCTE caMoOH  KpaTKOBPEMEHHOMH
Meperpy3Ku Mo TabauIaM JOIMyCTUMBIX HATPY30K HACTOSIIETO cTaHmaprta paBHa 30 muH (pasgen 3);
NP pacyeTax 3HaYeHHE TEIUIOBOI MOCTOSIHHOW BPEMEHH [IPUHUMAIOT PaBHBIM HYJIIO.

2.3.5 [ns pacdera TpeBBINICHHS TeMIeEpaTypsl HambOoJiee HArPETO TOYKH B ITOCTOSHHOM,
LUKIMIECKOM HIIU JAPYIOM PEXHMME MOXHO HCIIONIB30BAaTh TEIUIOBBIE XapaKTEPUCTHKY, MOTyYeHHBIC U3
Pa3IMYHBIX HCTOYHHUKOB!

a) pe3yNbTAaTOB CIICHMANBHBIX HCIBITAHUA HAa HarpeB, B TOM YHCIE€ M HENOCPEICTBEHHBIX
W3MEpeHHi TeMIiepaTypsl Hanbojee HarpeTol TOUKH WM TeMIIepaTyphbl Maciia Ha BEIXOJE H3 0OMOTOK
(TIpy OTCYTCTBHH HEMOCPEICTBEHHOTO M3MEpEHHs Haubolee HarpeTod Touku koddduimeHT Hambonee
Harperoir To9kr N MOXKET OBITh COOOIIEH TOIEKO H3TOTOBHUTEIIEM );

0) pe3ysbTaToOB OOBIYHOTO HCIIBITAHNS Ha HATPEB;

B) 3HAUYCHUH NPEBBILICHNS TEMIIEPaTyPbl IPH HOMHHAIBHOM TOKE.

B Tabnmme 2 npuBeneHb! TEIUIOBBIE XapaKTEPUCTUKH, KOTOPBIE UCIIONB30BAIICH IPH COCTABICHUN
TaOMHIl JOIyCTUMBIX HAarpy3oK paszena 3 HacTosmiero crangapra. CieayeT OTMETHTh, YTO €CIU s



TpaHchopMaTOpOB  OONBIION MOIMHOCTH TIPEBBINICHHEC CPEOHEH TeMIepaTypsl OOMOTKH IIpH
HOMUHAITEHOM TOKe paBHO 65 °C mis BunoB oxiaxaeHus ON u OF u 70 °C - it BUIa OXJIaXICHHS
OD, TO B 3aBHCHMOCTH OT KOHCTPYKIIMH TpaHC(opMaTopa MPEBBIIICHHEC TeMIIepaTyphl HanOoliee
HarpeToi TOYKM IPH HOMHHAIEHOM TOKE MOXKET COCTaBIIsAThH Oonee 78 °C.

Taéauma 2 TemoBble XapaKTEPUCTHKU, HUCIOIB3yeMbIC TPU COCTABICHUH TaOJHI[ HArpy30K
pazzaena 3

IToxa3zaTens - Tpanchopmaropsl
pacrpeieUTeNbHBIC | CpEHEH M OONBIION MOIITHOCTH

ONAN ON OF oD

IToka3zarenn cTeneHu Macia X 0,8 0,9 1,0 1,0

IToka3zarenn cTeneH:d OOMOTKHU y 1,6 1,6 1,6 2,0

OrtHolIeHKE TTOTEPh R 5 6 6 6

Koaddumuent TeMIepaTypbl H 1,1 1,3 1,3 1,3

HauboJiee HarpeTol TOUKU

TemoBasi mMOCTOSIHHAST BpEMEHH Toy U 3,0 2,5 15 15

Macina

Temmneparypa oxnaxnamomei| 0, °C 20 20 20 20

cpenbl

[IpeBblienne Temrepatypsi| Aby,, °C 78 78 78 78

HanOoJiee HarpeTol TOUKU

I[NpeBblinenne cpeaneii| A0, °C 65 63 63 68

TeMIIepaTypbl OOMOTKH

I'panuent temmnepatypbi| Hg, °C 23 26 22 29

Hauboyiee  HArpeToll  TOYKH

(Maco Ha BBIXOZIe M3 OOMOTKH)

[peBbiieHne cpenneit| ABjny, °C 44 43 46 46

TeMIIepaTypbl Macja

[peBbiieHne TemrepaTypsl| A6, °C 55 52 56 49

Macja Ha BBIXOJE U3 OOMOTKH

IpeBbimieHne Temiepatyps!| Ay, °C 33 34 36 43

Macna B HIDKHEH 4acTh OOMOTKH

b Juist BuzioB oxnaxaenus ON 3nauenns AOj, npuaumaror pasHbIM AO,,
2.4 PacueT TeMnepaTyphbl B yCTAHOBHBILIEMCS TEIJIOBOM pesKHUMe

2.4.1 Bug oxmnaxuaenust ON

Hns Bunma oxnaxnaenus ON MakcuMaibHas TemriepaTypa HawOoliee HarpeToil TOYKH HpH 00
Harpy3ke K paBHa CyMMe TeMIIEpaTyphl OXJIQKIAOIIeH CPE/bl, MPEBbIIICHUS TEMIICPaTypbl Macia B
BEPXHHUX CIIOSIX U PA3HOCTH TEMIIEpaTyp HanboIee HarpeToi TOYKHM U Maciia B BEPXHHUX CIIOSX

1+RK
6, =0, +A6’b{TR2}+ Ho KY @)

2.4.2 Bug oxnaxneaus OF

Huns Buna oxnaxaenust OF MeTon pacuera OCHOBaH Ha TEMIIEpPAType Macia B HIKHEH U CpeHei
4acTsAX OOMOTKH U CpeIHEeH TeMIlepaType Macia, Kak yka3zaHo B 2.3.2. Takum oOpa3oM, MaKCUMaTbHas
TeMmepaTypa HauOolee HarpeToll TOYKM Ipu 000K Harpy3ke K paBHa CyMMe€ TeMIlepaTyphl
OXJIQXKJAIOMIEH Cpelpl, NMPEBBIIICHUS TEMIEpaTypbl Macia B HIDKHEH YacTH OOMOTKH, Pa3HOCTH
TEMIIepaTyp Macia Ha BBIXOAE€ M3 OOMOTKM M B HIDKHEH YacTH, a TaKXe Pa3HOCTH TeMIepartyp
HauOoJIee HAarPETO TOUKH U Maciia Ha BBIXOJIE 3 OOMOTKH

2
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2.4.3 Bug oxnaxneaus OD




Just Buma oxmaxaenust OD meron pacuera, B OCHOBHOM, TaKOH JKe, KaKk M JUIS BHJA OXJIKICHUS
OF, 3a uckimoYeHneM TOro, YTO K 3Ha4eHHIO Oy, J00aBIseTCs MONpaBKa HA M3MEHEHHE OMUYECKOro
CONPOTHBIIEHUSI 0OMOTOK OT TEMIIEPATYpHI

6}, = 6, +015(6, —6,,) (mpn K>1) ©)
rae O, paccuuteiBatloT 1o ¢opmyne (2) 0Oe3 yuera BIMSHHS W3MEHEHHH OMHYECKOTO
COIPOTHBIICHUS;

Onr - TeMIlepaTypa HanboJIee HArpeTON TOYKHU IPH HOMUHAIBHOM Harpyske. J[is momydeHus Oolnee
TOYHBIX PE3YJIBTATOB CIIEAYET 00paIaThCs 38 KOHCYJIbTAINEH K U3TOTOBUTEINIO.

2.4.4 TlonpaBKH K (opMyIaM pacuera

[Ipn pacuere MakcUManabHOW TeMmepaTypbl HauOoiee HarpeTodl TOYKM 1O MPHBEACHHBIM BEHIIIE
(dopMyIaM TEOpETUUECKH BO3MOXKHO BBOJWUTH Da3lIMYHBIC MOMPaBKH, HAIpUMep, Ha WU3MEHEHHE B
3aBHCHMOCTH OT TE€MIIEPATYpHI:

a) Harpy304HbBIX NOTEPh;

0) OTHOLIEHHsI OMHYECKUX TIOTEPh U MOTEPh HA BUXPEBBIE TOKU B 0OMOTKE;

B) BSI3KOCTH Macla.

Hns BupoB oxnaxaeHus ON u OF mn3MeHeHHe BS3KOCTM TPU W3MEHEHHWH TEMIEpaTyphl
KOMITEHCHPYETCSl HK3MEHEHHEM CONPOTHBIICHUsI 0OOMOTOK. B HacTosiiieM cTaHaapTe 3T J1Ba SBJICHHS HE
MIPUHUMAIOTCSl BO BHUMAHHE.

Hns Bupa oxnaxaenus OD  BiausHME BS3KOCTM Macia Ha IPEBBIIIEHHE TEeMIEpaTyphl
HE3HAYUTCIIbHO. CJ'ICI[yCT YUUTBIBATH UBMEHEHUE OMHYECKOI'0 COIIPOTHUBIICHUS, HAIIPUMEDP, BBEACHUEM
nonpasku B popmyiy (3).

2.5 Pacuer TEMIIEPATYPbI B HEYCTAHOBUBIIEMCH TEIJIOBOM pPEKUME

Jlroboe M3MeHeHHe pEeKHUMOB HArpy3KH paccMaTpuBaeTcss Kak CTyneHdaTas (QYHKLUS.
[IpsiMoyrosbHBIN rpauK HATPY3KH, UCTIOIB3YEMBIH MPH COCTaBJICHUU TaOJHMIl pa3jerna 3 HAaCTOSIIEro
CTaHAapTa, COCTOMT W3 OIHOM CTYNEHH, HAIllPaBIECHHOW BBEpX, M UEPE3 HEKOTOPOE BpeMs OTHOU
CTYIEHH, HaNpaBIeHHOM BHW3. [l HENpepbIBHO HM3MEHSIOLIEICS Harpy3Kd CTymeH4aTas (QyHKIus
NPUMEHSACTCS K MEHBIIMM HHTEpBaJaM BPEMEHH, a Ul pacueTra TeMIepaTyphl Hauboliee Harperoi
TOYKH TpeOyeTcsl mporpaMma MalinHHOTro pacyera (cM. 2.8).

[IpeBbImieHre TemnepaTypsl Macia (HalmpuMep, B HIKHEH 4acTH) B KOHIIE MHTEpBajia BpeMeHH t
OIIPEAEIISIOT 10 (hopMyIie

ABy, = Aby; + (A6, —Aebi)(l—e’t”o)

rae ABpi - HayanbHOE IPEBBIICHHE TeMIIEPaTyphl Maclla B HIDKHEH 4acTy;

AOp, - ycTaHOBHUBILIEeCS INPEBBIICHHE TEMIIEPATyphl Macia B HIDKHEH YacTH NIPH Harpyske,
MIPUKIIAbIBAEMON B TEUEHUE ITOrO MHTEPBAa BPEMEHH;

Tp - TIOCTOSIHHASI BpEMEHU Macia.

Ilpn moO0oM W3MEHEHMH HATrpPy3KH pPa3HOCTh TeMIlepaTyp OOMOTKM M Macia H3MEHSeTcs H
JIOCTUTaeT HOBOTO 3HAYECHUs C XapaKTEPHOM IOCTOSHHOW BpeMEHH OOMOTKH. B cooTBeTcTBUH C
NIPUYMHAMU, NIPUBEAECHHBIMU B 2.3.4, 3Ta MOCTOsIHHAsI HE NMpUHMMaeTcs B pacueT. [IpuHumaercs, 4ro
3Havyenue kod(@uimenta Harpysku K’ B mociennem Boipaxkennn (opmynsl (1) U JByX TOCIENHHX
BEIpaXXEHUAX (pOpMyIHI (2) MTHOBEHHO JOCTUTAET HOBOT'O 3HAUCHHUS.

2.6 Tepmuueckuii u3HOC U30aAAUMMN TpancopmaTopa

2.6.1 3aKoH TEpPMHYECKOTO H3HOCA
Kpome Bcex napyrmx BO3AEHCTBHIH, KOTOPHIMH MOXKHO OBUIO OBl TpeHeOpedh, W3OIIIUL
TIO/IBEPTaeTcss TEPMOXUMHUIECKOMY H3HOCY. DTOT NPOLECC SBIISAETCS KyMYJSTHBHBIM M IIPUBOAUT K
HEJIOMYCTIMOMY €€ COCTOSHUIO O HEKOTOpPBIM KpuTepusM. COrinacHO 3aKOHY AppeHHyca, MEepHOA
BPEMEHH JI0 JOCTIDKEHHS STOTO COCTOSHUS B 3aBHCHMOCTH OT CKOPOCTH XHUMHYECKOH peakIuH
BEIpa)kaeTcs POpMyIIoit
Cpok ciyx6sr = P, (5)
r7ie o U [} - IOCTOSIHHBIE;
T - abconroTHas TEMITEpaTypa.
Jdnst  orpaHWYeHWs JOWana3oHa TEMIEpaTypbl MOXKHO — IIOJNB30BaThCs  Oojiee  MPOCTHIM
9KCIIOHEHIIATEHBIM OTHOIICHHEM MOHTCHHTep
Cpok ciryx6s1 = ¢, (6)



TJIe P - IOCTOSTHHAS;

0 - Temneparypa, °C.

HpﬂMe'—laHl’le. B HACTOALIEM CTaHAAPTE UCHOJIB3YETCSI OTHOLICHUE MOHTCI/IHrep, KOTOpOEC, 110 MPUBCICHHOMY
BBIIIEC OIPEACTICHUIO, SABJIACTCA YIIPOIICHUEM OCHOBHOI'O, UCIIOJIB3YEMOI'O B JAPYIUX PYKOBOACTBAX IO HArpy3Ke,
3aKOHa AppeHHyca OTHOCUTECJIBHO TEPMOXUMHUYCCKOI'O U3HOCA. I[IISI paccMaTpruBacMoOro B HaCTOAIEM CTaHAAPTE
JArarnasoHa TeMIIEpaTyp UCIOJIb30BaAHUE OTHOIICHUSA MOHTCI/IHFCp CYUTACTCA JOCTATOYHBIM M, B CYIIHOCTH, AacT
OLICHKY TEPMUYECKOr0 H3HOCA C 3aI1aCOM IIPOIHOCTHL.

[loka He cymiecTByeT eJMHCTBEHHOTO M IPOCTOIO KPHUTEPHs OKOHYAHHUSI CPOKa CIIYXKOBI, KOTOPBIH
Mor Obl OBITH HCHOJIB30BAaH JUIS KOJMYECTBEHHOH OLEHKM IIOJIE3HOIO CPOKa CIYXKObI W3OJSIIUM
TpaHcdopmaropa, OJHAKO MOXKHO CJeJlaTh CPaBHEHHWS, OCHOBaHHBIE Ha CKOPOCTH M3HOCA M3OJSIUU.
DT0 BEMTUUUHA, 00paTHAsI CPOKY CIIY>KOBI, BEIpaskaeMasi OTHOLIEHHEM MOHTCHHTep

CKOPOCTb H3HOCA = IOCTOSHHAS X €'

3HayeHHe IOCTOSHHOM B OTOM YpPaBHEHMM 3aBHCHUT OT MHOTHMX (AaKTOPOB: IEpBOHAYAIBLHOTO
COCTaBa IEJUTIONO3HBIX MPOJYKTOB (CMECh HCXOMHBIX MAaTEepPHUaJIOB, XHMHYECKHE J00aBKH) U
rapaMeTpoB OKpYKaloIIeH cpeibl (coaepkaHue Biaru, CBOOOIHOTO KUCIOPOo/a B CHCTEME).

OnHako HE3aBUCUMO OT OTHUX H3MEHeHHH B uHTepBasie Temmepatypsl or 80 mo 140 °C,
COOTBETCTBYIOIIEH pEalbHBIM YCIOBHSM, KOI(QQUIMEHTOM H3MEHEHUsI TEeMIIepaTypbl IOIyCKaeTCs
NIPUHUMATh TIOCTOSIHHOE 3HaueHue p. [Ipu ompeneneHHM ero 3HaueHWs YYUTHIBAIOT TOT (akT, 4YTO
CKOPOCTh M3HOCA Y/IBAUBAETCS MPU KaXKJIOM M3MEHEHHH TeMIIepaTypbl Mpuoau3uTeNbHo Ha 6 °C; Takoe
3Ha4YEHHE IPHUHSATO B HACTOSILEM CTaHAAPTE.

CKkopocTh U3HOCA OIPE/ICNIeTCsl TEMIIepaTypol Hanbomee HarpeToi Touku. J{ns TpanchopmaTopos,
cootBeTcTBYONMX TpeboBanusiM ['OCT 11677, oTanoHHOEe 3HAYCHHWE 93TOW BEIMYUHBI IIPH
HOMUHAJILHOIM Harpy3ke K HOpMaJbHOW TeMIlepaType OXJaKIaromeil cpeapl MpHHUMAaeTcss paBHBIM 98
°C. B HacrosiieM cTaHAapTe OTHOCHTENbHAsi CKOPOCTh W3HOCA IMPU ATOW TeMIeparype NpHHUMAeTCs
paBHOW €TUHUILIE.

Bo MHorux TpaHchopMaTopax NpPHUMEHSETCS TEPMHUUYECKH BBICOKOKAYECTBEHHAs H3OJISIIHS.
Iockoneky B T'OCT 3484.2 o5TOoT BUI HM3OMSIMH A MacisHBIX TpaHC()OPMATOPOB He
paccMaTpuBaeTcs, TO AOMYCTUMBbIE MPEIeIIbl IPEBBIIICHNS TEMIIEPaTyphl, 00YCIIOBIEHHbIE YITyqIIIEHHEM
TEPMHUUYECKOA CTOMKOCTH H3OJIALMY, YCTAaHABIUBAIOTCS IO COIVIACOBAHMIO MEXIY HM3TOTOBHUTENEM U
norpeburenemM. B OonbIIMHCTBE cilydaeB TpaHC(HOPMATOPBI C TAKOH M3OJSIMEH MMEIOT HOpMAIbHbIH
MIpe/InonaraeMbiii Cpok ciryObl TIpH 6a30BoM TemIepatype Haubonee Harperoit Touku 110 °C.

2.6.2 OTHOCHUTENBHAS CKOPOCTh TEPMHUUYECKOTO U3HOCA H3OJISIIIUU

Hus tpanchopmaropoB, oredaroumx TpedoBanusmM ['OCT 11677, orHocuTenbHasi CKOPOCTh
TEpPMHUUECKOIO M3HOCA M3OJILMU NPUHATA PAaBHOM E€IUHUIIE U1 TeMIlepaTypbl Hauboliee HarpeTon
touku 98 °C, 4T0 COOTBETCTBYET pabore TpaHchopMaTopa MpH TeMIieparype oxJiaxaatomiei cpenst 20
°C U npeBBIICHAIO TeMIIepaTypbl Hauboee Harperoi Touku 78 °C. OTHOCHTENbHAS CKOPOCTh U3HOCA
orpezensercs no Gpopmyie

\ = _CKopocmy usHoca npu 6, — o 5)6 (7

cxopocmw usnoca npu 98°C
W3 pmaHHBIX, TPHBEACHHBIX HIDKE, CJIEAyeT, 4YTO 3Ta (OpMyNna COINEPXHUT 3HAYUTCIBHYO
3aBHCHMOCTD OTHOCHUTELHOW CKOPOCTH M3HOCA M30ISINK OT TEMIIEPATyphl HANOOIee HATPETOM TOUKH:

On OtHOCHTENBHASI CKOPOCTh M3HOCA M30JISIMN
80 0,125
86 0,25
92 0,5
98 1,0
104 2,0
110 4,0
116 8,0
122 16,0
128 32,0
134 64,0
140 128,0

2.6.3 Pacuet cokpaleHus CpoKa CITyKObI



CokpareHe Cpoka CIy)KObI, BBI3BAHHOE MECSYHOW, CYTOUYHOM WIM YacOBOW HArpy3KoM Ipu
TemIiepaType Hanbosee HarpeToi Touku 98 °C, BbIpakaeTcsi «HOPMAJIbHBIMIY MECSIIEM, CyTKaMH WIIN
qacamH.

Ecnun Harpy3ka um TemmepaTypa OXJaXKAAIOWIEH Cpenbl MOCTOSIHHBI B TEYEHHE OIPEAEIECHHOIO
Tiepro/ia BpEMEHH, TO OTHOCUTEIBHOE COKpaIleHHe Cpoka ciryObl paBHO Vi, T1e t - paccmaTprBaeMblit
nepuoj, BpeMeHH. To ke camMoe OTHOCUTCA K IOCTOSHHOMY PEXHMMY Harpy3kd IpU U3MeEHsomeics
TEMIIepaType OXJIAKIAIOUIEH Cpe/ibl, €CIIM MPU 3TOM HCIIOIb3yeTcsi 0a30BOe 3HAUCHHE TEMIIEpaTyphbl
OXJTAXKIAFOIICH cperbl (cM. 2.7).

OObIYHO, KOTZ@a M3MEHSETCS PEeXUM HAarpy3kKdh | TeMIleparypa OXJaKAalolieil cpessl,
OTHOCHUTENBHAs CKOPOCTh COKpAIIEHHsI CPOKa CITY)KObI M3MEHsIeTCsl BO BpeMeHH. OTHOCHTENBHBIA N3HOC
M30SIIMK (MITM OTHOCHTENIFHOE COKpAIlleHHE CPOKa CIY)KOBI) B TEUEHHE OIPEEICHHOro Ieproja
BPEMEHU COCTAaBUT

1} 1
L:—J.th, L==3S"V 8
tt WIN N;l 8)
1

racn - HOpHZ[KOBHfI HOMCp MHTEPBAJla BpECMCHU,
N - 06mee KOJIMYECTBO PaBHBIX MHTCPBAJIOB BPEMCHU.

2.7 Temnepartypa oxJaa:knawuieii cpeapl

2.7.1 OO01ue NoIoKEHUsI

Hnst TpaHchOpMaTOpOB HApY)KHOW YCTAaHOBKM C BO3AYIIHBIM OXJIQXKICHHEM 3a TeMIlepaTrypy
OXJIQXKIAOLLEN Cpelibl IPUHUMAETCS NCUCTBUTENbHAS TEMIIEpaTypa Bo3ayxa. s pacnpenenuTenbHbIxX
TpaHcopMaTOPOB BHYTPEHHEH YCTAaHOBKM TIONpaBKa Ha TEMIEpaTypy OXJIaXAAIOIIeH Cpeabl
npuBeneHa B 2.7.6. [lns TpancdopMaTopoB ¢ BOJSIHBIM OXJIQXKICHUEM 32 TEMIEpaTypy OXJIa)JIaromen
Cp€abl MPUHUMACTCA TEMIIEpATypa BOAbI Ha BXOAEC B TCHHOO6M€HHHK, KOTOpast BO BpEMCHU U3MCHACTCA
MEHbIIIE, YeM TeMIepaTypa Bo3Iyxa.

Ipn meperpy3ke NpoJOKUTENBHOCTBIO 0OJiee HECKOJIBKHUX YacOB CIIEAYeT YYUTHIBAThH M3MEHEHHUE
TeMIIepaTypsl oxJaxaaromieil cpenpl. I1o exaHuIo NOTpeOUTENS 3TH M3MEHEHUS MOXKHO YYHUTHIBAThH
IIPY TIOMOIIY OJJHOTO U3 CJIEAYIOIINX METOIOB:

a) MCHOJIB30BAaTh JUISl pacdyeTa TEPMUYECKOTO0 H3HOCA M3OIIALMU 3KBHBAJICHTHYI TEMIEPATYpy
OXJIXKAAIOUIEH Cpenpl; U1 pacdyeTa MaKCHMalbHOW TeMIepaTypbl HauOoiee Harperoil TOYKd
UCTIOIb30BaTh JKBUBAJICHTHYIO TEMIIEpaTypy OXJIaXKAAIOILEH cpeabl M CpellHee 3HAYEHUE MECSUHBIX
MakcuMymoB (2.7.2 u 2.7.5);

0) JoIyckaeTcs HEMOCPEACTBEHHO HCIONB30BATh KPUBYIO M3MEHEHUs (paKTHYECKOH TeMIepaTypbl
(2.7.4);

B) JOIyCKaeTcs IONYyYUTb NPHOIM3UTENbHOE 3HAYCHHE H3MEHSIOIISHCS — TeMIepaTyphl
OXJIAXKJAFOIIEeH Cpe/Ibl PH OMOIIH JIBOHHON CHHYCOMIaNbHOM (yHKuu (2.7.5).

2.7.2 DKBUBaJIEHTHAs TEMIIEPATypa OXJIaXKAAIOIIEH cpebl Og

Ecmn temmneparypa oXxJa)kKAaroIieidl cpensl 3aMETHO M3MEHSETCsl IPH Ieperpyskax, B TEIIOBOM
pacuere cleIyeT WCIONB30BaTh €€ OKBHUBAJCHTHOE 3HAYEHHE, TaK Kak OHO Oyzmer Oosblie
cpenHeapru(hMEeTHIECKOro 3HAUCHHUSL.

OKBHBaJIGHTHAsl TeMIIEpaTypa OXJIaKAAIOIIEH CpeAbl - 3TO YCIOBHO IIOCTOSIHHAs TeMIlepaTypa,
KOTOpasi B TEUEHHE PACCMATPUBAEMOTO MIEPHO/Ia BPEMEHHU BBI3BIBAET TaKOH )K€ M3HOC M3OJSINH, KaK U
M3MEHAIOIIANACS TeMIIepaTypa OXJIaXIAI0IIei Cpeabl 3a TAKOH e MPOMEXYTOK BPEMEHH (CYTKH, MECSI]
WJIA TOM).

Ecmu ¢ yBenmduenuem temmepatypsl Ha 6 °C CKOpOCTh M3HOCA W3OJSIMU YIBAWBACTCS M MOXKHO
TIPEATIONOXKHUTh, YTO N3MEHEHHE TEMIIEPATyPhl OXJIaKAAIOIIEH cpeasl MPOUCXOAUT 0 CHHYCOUIAIbHOM
(opme, TO SKBHBAJICHTHYIO TEMIIEPATYPY OXJIaXIAIOIEH CpelIbl ONpenesaioT o Gopmyre

0 =0 +001(A8)*°, ©
rze O - cpemHss TeMIIepaTypa;
A@ - otkioHeHHE TeMIIepaTypsl 3a PAacCMaTpUBAeMBbId TEpHOA (Pa3HOCTh CPEIHUX 3HAYCHUH
MaKCHUMyMa ¥ MUHUMYMA).

[ompaBo4HEI KOX(PPHUIUEHT HA CPEAHIO TEMIIEPAaTypy MOXKET OBITh TakXKe ONpeNeNieH II0
KpUBOH, W300pa)KCHHOW HA pPHCYHKE 2, KOTOPBIH SBISETCS WUTIOCTpAIell TPUBEICHHOW BBIIIC

(hopmymbL.
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PucyHok 2 - [lonpaBka Ha CpeIHIOIO TEMIIEPATypy AJIs OTYUEHUs SKBUBAJICHTHON TEMIEpATyphbI

2.7.3 Temnepatypa OXJaXIaIOIIei Cpeibl Al pacyeTa Haunboliee HarpeToi Touku Om

OKBHBaJICHTHAsl TEMIIEpaTypa OXJIaXKJarollel cpelbl MOXKET ObITh HCIOJIB30BaHA ANl pacuera
TEPMHUYECKOI0 M3HOCA W3OJIALMH, HO HE MOXET OBITh HCHONIb30BaHA JUIsl KOHTPOJS MaKCHMalbHOM
TeMIIepaTypsl HanbosIee HarpeTold TOUKU B IEPUOJ Heperpy3ku. Jis Takoro KOHTPOJIs PEKOMEHIYESTCS
IIPUHUMATh CPEJHEE 3HAUCHHE MECSAYHBIX MakCUMyMOB. Vcronb3oBaHKe aOCONOTHOTO MaKCUMyMa He
CUUTaeTcs LeIecoo0pa3HbIM BCIIEACTBHE MaJIOM BEPOATHOCTU €TO IOSBICHUS W BIUSHUS TEIUIOBOM
TIOCTOSIHHOM BPEMEHHU.

2.7.4 HenpephIBHO U3MEHSIOMIAACS TEMIIEPATYpa OXJIAXKAAIOMICH CpeIbl

Ecnm pacuers! M3HOCA M30MSAUMHM M TeMIEpaTypbl HanOoiee HAarpeTod TOYKH HPOM3BOIATCS IS
Harpy3KH IPOAOKUTEIBHOCTBIO, NPEBBIMIAIONIEH HOMHHAIBHOE 3HaUY€HHE Ha HECKONIBKO CYTOK, TO
UCTIOIb30BaHKE TPEyCMOTPEHHON Ha 3TOT MEPHOJ PEAIbHOM KPUBOM M3MEHEHHS TEMIIEPaTyphl MOXKET
ObITh Oonee mpuemieMbIM. B TakoMm ciydae KpuBas W3MEHEHHS TEMIIEpaTyphl OXJIaXIAIOLIEH cpelbl
JOJDKHA OBITh NPEACTABICHA PSAAOM OTHENBHBIX 3HAYEHWH, COOTBETCTBYIOLIMX HHTEPBAly BPEMEHH,
BBIOPaHHOMY JUIS ONIPEACNICHUS U3MEHEHHS Harpy3Ku.

2.7.5 CuHycoumaabHOE H3MEHEHHE TeMIIEPaTyphl OXJIAXKAAOIeH Cpeabl

Jns BBIYMCIEHWH, NPOBOAMMBIX HAa MHOIME CYTKM WM Mecslbl Hamepen, Oornee ynoOHO
paccMaTpuBaTh TEMIIEPATYPy OXJIAKIAIOUIEH Cpelbl, MPECTaBIIEMYIO IBYMS CHHYCOMIAIbHBIMU
GyHKIMAMH (TIepBasi XapaKTepU3yeT TOAUYHOE, BTOPas - CYTOYHOE U3MEHEHHE TeMIIePaTyphl)

o, =9ay+ACOS%(cym1<u—,ZlX)+(me Bm)cosz—Z(qac—TX) (10)

rae 0,y - cpemHeromoBast TEMIepaTypa oxIaxaatomeit cpenst, °C;

A - aMIIATy/Ia TOIOBOTO M3MEHEHHS CPEAHECYTOUHOM TeMIepaTyphl OXaxaatomnien cpeasl, °C;

B - aMmunTya cyTouHOTO M3MEHEHUs ISl pacyeTa CKOpOCTH M3HOca u3omsuy, °C;

B, - ammmTyna CyTOYHOTO H3MEHEHMs JUIsi pacdeTa MaKCHMalbHOW TeMIlepaTypbl HamoOoiee
Harperoi Toukw, °C;

J[X - caMblil )kapKuii JI€Hb B TOLLY;

TX - camoe xapKoe BpeMs CyTOK;

Cymxu - IOPSAIKOBEIN HOMEp CyTOK ¢ Hadana rona (Hampumep, | geBpams = 32);

yac - Bpemst cyTok (Harmpumep, 13 u 15 mua = 13,25).

Pacuer sTuX mapameTpoB MpPOU3BOIAT MO OTAEIBHON MPOrpaMMe, MPUBEACHHON B MPUIOKEHUHU D,
BBEICHHEM UYCTHIPEX TUINYHBIX 3HAUEHHUI TEMIIEpaTyp TS KaXXI0ro MecsIa roja.



2.7.6 TlonmpaBka Ha TeMIlepaTypy OXJaXKAAIOIIEH cpeabl Uil TpaHC(hOpMaTOpPOB BHYTPEHHEH
YCTaHOBKHU

Tpancopmarop, TpeqHa3HAUEHHBId  JUIs  YCTAHOBKM B IIOMEIICHHM,  IOABEpraeTcs
JIONIOJIHUTENIbHOMY ~IIEPETPEBY, 3HAUEHHUE KOTOPOTO COCTABJISAET OKOJO TIOJIOBHHBI 3HAUYECHHUS
IIPEBBIILIEHNS TEMIEPATyphl BO3AyXa B 3TOM IOMELEHNH. VcnbITaHNs IOKA3aIId, YTO JONOTHUTEIIBHBIN
TeperpeB Macila B BEPXHHX CJIOSIX M3MEHSETCS MOA JISHCTBHEM TOKa Harpy3KH NMPUOJIM3HTENIBHO TaK
e, KaKk U3MEHseTCs NPEBBIIIEHNE TeMIIEpaTyphl B BEPXHUX CIIOSAX.

Jnst TpaHc(OpMaTOpOB, YCTAaHOBJIEHHBIX B METATMYECKOM WM OSTOHHOM ITOMEIICHHH, MOXKHO
ucnonb3oBath popmyiy (1), 3amerus A,y Ha A6, :

Ay = Oy, +A(A‘9r3r)v

rie A(Aé(’,r) - JIOTIOJHUTENBHBIA NEperpeB mMaciaa B BEPXHHUX CJIOSX IIPU HOMUHAJIBHON Harpyske.
OTOT JONOJHUTEIBbHBIM MeperpeB PeKOMEHIYIOT ONPEAEISITh BO BpeMsl HCIBITAaHUH, OJHAKO €CIIH
pe3yibTaThl TaKUX HCHBITAHUI OTCYTCTBYIOT, JOMYCKAaeTCsd B KauecTBE CIPaBOYHBIX HCIIOIb30BAThH

3Ha4YCHUA, MPUBCACHHLIC B Ta6nm[e 3. HpI/I6J'II/I3I/ITeJ'ILH06 3HAYCHUC AOIMNOJHUTCIBHOIO MNEpErpeBa
Macjia B BEPXHUX CJIOAX NOTY4YaroT ACJICHUEM 3Ha‘leHHﬁ, MPUBCJCHHBIX B Ta6nnue 3, Ha ABa.

Ta6auma 3 - TlonpaBku Ha TeMIlEpaTypy OXJIAXAAIONICH Cpeabl JUIS TPaHCPOPMATOPOB
BHYTPEHHEH YCTaHOBKH

KonuuectBo [MTonpagrka (nobaBsiercsi K S9KBUBAIEHTHOM
Buj nomereHus YCTaHOBJIEHHBIX TeMIepaType oxjiaxaarouei cpensl), °C
TpaHcdopmMaTopoB| HOMUHAJIBHASI MOIITHOCTH TpaHcdopmaropa, KB-A
250 500 750 1000
[TogzemHbIE KaMepHI C 1 11 12 n 14
€CTECTBEHHOM BEHTHJIAIMEH 2 12 13 14 16
3 14 17 19 22
INoxBanbHbIE 3TaXH U 1 7 8 9 10
COOPYXKEHUsI C HE3HAYUTEIILHOM 2 8 9 10 12
€CTECTBECHHOM BEHTWIALIMEN 3 10 13 15 17
CoopyxeHust ¢ xopouiei 1 3 4 5 6
€CTCCTBCHHOM BEHTHUJISAIIMCH,
MOI3EMHbIE KaMEPbI U 2 4 5 6 7
MIO/IBAJILHBIE 3TAXH C
MIPUHYUTENLHON BEHTHIISIIIAEH 3 6 9 10 13
TpanchopmaropHbie  KHOCKH 1 10 15 20 -
(cM. mpumedaHue 2)
IIpumeuanus

1. IIpuBeneHHbIC BbIlIE 3HAYEHHS TEMIEPATYPHBIX MONPABOK ObUIM PACCUMTAHBI JUI THIHMYHBIX PEKHUMOB
Harpy3kd HOJCTAaHLIMH C HCHOJIb30BAaHMEM XapaKTEpHbIX 3HAueHUH norepb B TpaHcdopmaropax. [lompasku
MOJTy4eHbl B Pe3y/lbTaTe MPOBEACHUS CEPUU HCIBITAHMH C €CTECTBEHHBIM M IPUHYAUTEIBHBIM OXJaXJICHHUEM B
MOJI3EMHBIX KaMepax M 3aKpPBITHIX MOACTAHLMAX, & TAKKE B PE3yJIbTaTe BHIOOPOUHBIX U3MEPEHHUH, POBOIMMBIX
Ha NOJCTaHUMSX U B TPaHC(HOPMATOPHBIX KHOCKAX.

2. Eciu ucnbiTaHue Ha HarpeB OBbLJIO NPOBEIEHO Ha TpaHC(OpMATOpE, YCTAHOBICHHOM B KHOCKE, KaK Ha
€/IMHOM COOpaHHOM YCTpOHCTBE, BHECEHHE IIONPABKU Ha TEMIEPATypy BHYTPH KHOCKa He TpeOyercs.

2.8 IIporpaMma MAIIMHHOTO pacyeTa

2.8.1 Jlornueckas cxema

Pacuer k03()GHUIMEHTOB HArPY3KM MPUMEHHUTENBHO K JAHHOMY TpaHC(OpPMATOpY MpPU 3aJaHHOM
rpaduke HArPy3KH C YYETOM U3MEHEHHsSI TEMIIEPATYPhl OXJIAXKIAIOIIECH CPE/Ibl, 3aJAHHOTO OTPAHHICHHS
TEMIIEpaTyphl HauboJiee HArpeTOd TOYKM M HW3HOCA MPOU3BOJUTCS METOIOM HTEpaluH, MpU
BBIMOJHEHUH KOTOPOr0 HEOOXOMMO HCIIONB30BaHUE KOMITbIOTEpa. Jlorndeckasi cxeMa Takoro Meroja
UTEpALUH, BKIIOYAIONIAsi OCHOBHBIC TIPUHIIHITBI, YCTAHOBICHHBIC HACTOSIIUM CTAHAAPTOM, MMOKa3aHa Ha
pucyHke 3.

[TomoOHBI METOA WTepaly WCHONb3YeTCs IpU  BBIOOPE MPOCKTHPOBIIMKOM HOMHHAIBHBIX
3HAYCHUH MapaMeTpoB JUIs HOBBIX TPAHC(HOPMATOPOB, €CIM HM3BECTHBI PEKUMbBI HATPY3KH U
TeMIepaTypa OXJIaXKIAIOMICH CPeIbI.




[Iporpamma fomkHa OBITH COCTaBIIEHa TakMM 00pa3oM, YTOOBI IOTPEOWTENHh CMOT BBECTH
WCXOJHBIC TEIUIOBBIE XapaKTEPUCTUKH TpaHc(opmaropa, rpaduK Harpy3Kd Ha 3aJaHHBI TEpHO,
XapaxkTep U3MEHEHUs TEMIIEPaTyphl OXJIaXIAIOIIed Cpeabl Ha ATOT IEPHO/I, a TaK)Ke HEOOXOAUMBIE, TI0
€ro MHEHHMIO, CIIeNUaNIbHBIE OTPAaHNYEHHS TEMIIEPATYpPhI U U3HOCA.

MaxkcumanpHyI0 TeMIeparypy HanOojiee HarpeTod TOUKM W OTHOCHTENBHBIN U3HOC PACCUMTHIBAIOT
JUIsL 3a7laHHOro Tpaduka Harpy3ku. Ecii MakcuMmaibHas TeMIepaTypa He IPEBBIIIeHa U U3HOC HIDKE
MIPUHSATOTO IPEAENHFHOr0 3HAYEHHs, pacyeT IOBTOPSIIOT NP YBEIUUSHHOM 3HAa4eHHHM MHOXxwuTens F,
MIPUMEHSEMOT0 K K10 oTaeiapHol Harpyske Ki Kj,..., K 4epe3 IOCTOsSHHBIE HHTEPBAaJIbl BpeMeHH ty,
ty..., th. MHOXuTens F noBemator crynensmu Ha 1 % Uit Kaxaod uTepanyu 10 TeX IOp, MoKa He
OyJeT MOCTUTHYT OIWH W3 IpeAenoB. Ecim mpu HayalkHOM pacuere OTHOCHUTENBHBIH M3HOC Oolblie
MIPUHSTOTO 3HAYEHHsI, pacyeT OBTOPSIOT, HCHOJIB3Ysl YMEHbIIEHHOE 10 2 % 3HaueHue F.

VYBenmuueHne Ha MHOXHTENb HAarpy3KH W JOMYCKH Ha TNPENeNbHYI0 TEeMIIepaTypy MOTYT OBITh
BBIOpaHbl TO-pa3HOMY, B 3aBUCHMOCTM OT THNa TpaHchopMaTopa M IapaMeTpoB Harpy3KH.
CocTaBUTENIO MTPOrpaMMBbl CJIEIYEeT YYUTBIBATh, YTO MPHU TEMIIEpaType HauOoliee HarpeTol TOYKH B
npeaenax or 100 mo 140 °C c¢ yBenmuuenumem koddduimenra Harpy3kn Ha 2 % MakcHMasbHas
TeMIepaTypa Hauboyiee HarpeTol TOYKU yBeanmduBaercs: Oosnee ueM Ha 2 °C, a OTHOCUTEIIBHBIN U3HOC
npuoIM3UTENHHO Ha 25 %.

| Hauauo |

BBO/JI JAHHBIX

XapaKkTepuCTHKH TpaHchopmaTopa

Bun oxnaxaenus: ONAN, ONAF, OF uiu OD

AB,r - TpeBBIIEHHE TEMIIEPATyphl Macia B BEPXHUX CJIOSX MPH HOMUHAJIBHOM TOKE JUIS BUIIOB
oxnaxaenuss ONAN u ONAF;

Aebr - HpeBbILHeHI/Ie TeMHepaTypr Macjia B HMXKHUX CJI0AX HpI/I HOMHUHAJIBHOM TOKE 1JIsI BUJOB
oxuaxxaenusa OF u OD;

ABjpr — TIPEBBILLICHUE CPETHEN TeMIIepaTyphl Macia MPU HOMUHAJIBHOM TOKE;

Hgr — pasHocTh TemmepaTyp Hamboree HArpeToOd TOYKM M Macia Ha BBIXOAE MPU HOMHHAIBHOM
TOKE;

X — IIOKa3aTelb CTEMEHHU IIPU pacueTe TeMIlepaTypbl Macia;

Y — IOKa3aTeNb CTENeHH NP pacyeTe TeMIlepaTypbl OOMOTKHY;

R — oTHOIIEHNE HArPy304YHBIX OTEPh K MOTEPSAM XOJIOCTOTO XOAa;

To — TEIUIOBas OCTOSIHHAS BPEMEHH Macia, 4,

Onr — HOMHUHANBHAs TeMIlepaTypa HamOoinee HarpeTod TOYKM IPH CKOPOCTH HM3HOCA, PAaBHOM
enunmne (98 °C, 110 °C wnm npyroe coOoTBeTCTBYIOIIEee 6a30oBoe 3HaUeHHE (cM. 2.6.1)

Iukn Harpy3ku
[IponomxuUTENbHOCTh IMKIA, KOJIMYECTBO MHTEPBAJIOB B IMKJIE, 3HA4YCHHE HArpy3kd B
OTHOCHTENBHBIX €ANHUIAX T KaXI0r0 HHTEpBaa;

TeMmneparypa OXJIaKIAIOLEN cpenbl

OKBHUBAJICHTHASl TEMIIEpaTypa OXJIXKIAIOMEH cpensl M cyrouHas Ttemmeparypa (Og, Oy) wmmm
TeMIIepaTypa OXJIQXKIJAIOmeH Cpeabl I KaXKI0ro MHTEpBajia IMKIA HArpy3Kd WM XapaKTepPUCTHUKU
IUTs pacyeTa o METOAY ABOHHOI cunycouas! (04, 4, B, Bm, JX, TX)

OrpanndeHus

Ohuaxe - MAKCUMAIIBHO JIOIyCTHMAsI TEMIIEpaTypa HanboJiee HarpeTol TOUKHY;
001axc - MAKCUMAIIBHO JIOITyCTUMAsI TEMIIEpaTypa Macia B BEPXHHX CIIOSIX;

L.k - MAKCHMAJIBHO OMTYCTUMBIA OTHOCHTENBHBIN H3HOC;

F - yrounuts, mMeeT T1 MHOKUTEIh HATPy3KH YCTAHOBIEHHOE 3HaueHne F = 1.

'

Pucynoxk 3 - Jlorugeckasi cxema IporpaMMbl MaIIMHHOTO pacyera Kod()(UIHEeHTa TOMyCTUMON
Harpy3Kku
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Mpunars F (MHoXUTeNs xpueoh Harpyzm)=1

Livkn warpysxm x ~

NpAHRTS HavaNbHOe NPEBbiLeHWe TeMNEePaTYpP Macna
B BEPXHMX CROSX, PABHOE KOHEYHOMY TIPEBBILIEHWI)
TeMNEPaTyphl 3@ NpeaLAywMe CYTKM

BeamCnvTs NPesbiueHne TEMNEPATYRE HaW-
fonee HArperToid TOUKA B KOMUE Xaxnoro
MHTEPEANA BPAMEHU

Temneparypa
MECNa 8 BEPXHWUX CHORX
B KOHUE UMKNA HArpYyaKu
oTaudaeTcs Ha 0,2 °C ot Temnepa-
TYPB Mac/a B Havane umxna?

MPHUHATL HaMASILHYIO TeM-
neparypy macna & eepx-| Her
HUX CNOSX, PABHYIO KO-
HEYMOW TemnepaType

BeiNACINTE CKODOCTE

UsHOCA
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IIpomomxenne pucynka 3
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Crenyer mpuHUMAaTh TakHe JIOMYCKH, YTOOBI M30€XKaTh KOJeOaHUs pe3yabTaToB, 00eCIeunBasi mpu
9TOM JIOCTATOYHYIO TOYHOCTb. [Ipn mpoBepke mporpaMMsbl ¢ IpUMEpaMy, MPUBEAEHHBIMU B Tabnuiax 4
U 5, )KeNaTenbHO MOMYIUTh 0oJiee BBICOKYIO TOYHOCTh, YMEHBINAS 3TH AOITYCKH.

Ilpu pacueme mooicem Obimb UCNONL306AH He MOALKO Memoo umepayuy, HO u opyaue
anbmepHamueHvle Memoobl, eciu OHU 0AIoM AHANOSUYHbIE Pe3YIbmAaAmbl.

2.8.2 Ilpumepsl pacuera

Jnst Toro, 4roObl IIOKa3aTh JAWANa30H 3HAYEHWH BXOIHBIX M BBIXOAHBIX J@HHBIX W JIaTh
BO3MOXKHOCTh TIOTPEOUTENIO IIPOBEPHUTH CBOIO IPOrpamMMy, B Tabmuuax 4 ¥ 5 NpUBEICHBI MPUMEPHI
pacuera.

B nepBoM npumepe (Tabimia 4) npuBeneH MPOCTOi pacyeT Harpy3Ku 3a OJJHU CYTKH C ITOCTOSIHHOM
TEMIIEpaTypOil OXJIaXKJaromiel Cpezibl U IPOCTHIM I'payuKOM Harpy3KH.

Bropoii npumep (Tabnuia 5) sBisercss pacueToM Harpy3Kd 3a LENbIH IO ¢ TpeMsl Pa3iuuHBIMH
rpa¢ykaMy Harpy3Kd B TEYEHHE TOjla M TEMIIEpaTypod OXJIaKAAlolled cpenbl, MpeiCcTaBIeHHOM
JIBOWHOM CHHYCOMIAIbHON (hYHKITHEH.

Tabonuma 4 - JlaHHele A5 pacueTa Harpy3Kd 3a OJHHU CYTKH TPU TOCTOSHHOW SKBUBAJIEHTHOU
TeMIIepaType OXJIAXKJAaroIel cpebl

*#* Bpopx (1) *** HomuHambHBIE XapaKTEpUCTHKH U JaHHBIE TpaHc(hopmaTopa
KaTeropust TpaHcopMaropa: pacnpeeaTUTeTbHbIH;
Buj oxaaxaenus: ONAN

AO,, |- IpeBBIlIEHHE TEMIIEPaTyphl Macia B BEpXHUX closiX, °C 55,00
AOin |- IpeBBILIEHHE CpeHel TeMmnepaTypbl Macia, °C 44,00
Hqer |- pa3zHoCTh TemmepaTyp HanOosee HarpeTol TOYKH U Maciia B BepXHHX ciosix, °C 23,00
x - [I0Ka3aTelb CTETIeHH MPU pacueTe TeMIIepaTyphl Macia 0,80
y - 1I0Ka3aTellb CTEIICHH TIPH PacyueTe TeMIepaTypbl 0OMOTKU 1,60
R - OTHOILICHHE HATPY30YHbBIX IOTEPh K MOTEPSM XOJIOCTOr0 X012 5,00
To - TEIUIOBasl IOCTOSTHHAS BPEMEHHU Macia, 4 3,00
O, |- TemnepaTypa HanOosee HarpeToi TOYKH HOpMaJIbHOro u3Hoca, °C 98,00

**% Bpopx (2) *** 3ananublil rpaduK HArpy3KH

Hauaio Konen 1Ipo0omKUTENBHOCTD, U Harpy3ka, oTH. en.
1 0:00 12:00 12,00 0,70
2 12:00 14:00 2,00 1,340
3 14:00 24:00 10,00 0,700

**%* Bpon (3) *** JlaHHbBIE TeMIlepaTypbl OXJIAXIAIOIIEH CPE/IbI

O - SKBUBAJICHTHAs TEMIIEpaTypa oxJjaxkaaromeit cpensl, °C 30,00
0 uace |- MAKCIMaNBHAS CyTOYHAS Temreparypa, °C 40,00

*** Beon (4) *** OrpaHn4eHus 10 TEMIIEPAType U HATPy3Ke

Oomaxe |- TIPENENBHAS TEMIIEPATYPA MACIa B BEPXHUX ClOsiX, °C 115,00

Onuare |- IPEENBHAS TEMIIEPATYpa Hanbomee HarpeTol ToukH, °C 140,00

Lyaxe |- IpeaenbHBIN OTHOCHTEIHHBIN H3HOC 1,00

F - MHOXWTENIb KpWUBOW Harpy3ku (mocrosHHas win mMmersomasicsa| [TOCTOSHHASA
BEJIMYMHA)

#ikk Bpipog ***

Temmneparypa macna B Temmepartypa Hanbomee OTHOCHUTENBHBII H3HOC
BEPXHUX CIIOAX, Makc, °C HarpeToi Touku, Makc,’C 3a CYTKH, OTH. eI

98,35 135,08 0,935




Temnepatypa macna B Temneparypa HanOonee OTHOCHUTENBHBII U3HOC
BEPXHHUX CJIOsIX, Makc, °C Harperou Touku, makc,’C 3a CYTKH, OTH. €]1.
Temneparypa Macia B BEpXHHUX CIosiX, | TemmnepaTypa Hanbolee HarpeTou
°C ToukH, °C
1 75,34 88,34
2 98,35 135,08
3 76,15 89,15

Tabauma 5 - JlanHble U1 pacyeTa Harpy3Ku Ha INOJHBIN IO MpU TeMIIEpaType OXJIaKAAroLeH
Cpe/ibl, onpenessieMol METOAOM JIBYX CHHYCOWI, ¥ TIO TPEM Pas3iIMYHbIM IpadyikaM Harpy3Ku

*#%* Bpopx (1) *** HomuHambHbIE XapaKTEpPUCTHKH U JaHHBIE TpaHc(hopMaTopa
KaTeropust TpaHcopMaropa: pacnpeeIUTeTbHbIH;
B oxnaxaenus: ONAN

A0, |- mpeBBIlIEHHE TEMIIEpaTyphl Macia B BEpXHUX closiX, °C 55,00
AOin, |- IpeBBIlIEHHE cpeaHel TeMneparypbl Macia, °C 44,00
Hqr |- pasHOCTB TemmepaTyp Hanbosee HarpeTol TOYKH U Macia B BepxHux ciosix, °C | 23,00
X - [IOKa3aTelb CTETIeHH MPU pacueTe TeMIIepaTyphl Macia 0,80
y - [I0Ka3aTellb CTETICHH MPH PacueTe TeMIepaTypbl OOMOTKH 1,60
R - OTHOILIEHNE HATrPy30UHbBIX IOTEPh K MOTEPSM XOJIOCTOrO X012 5,00
To - TEIJIOBasl IOCTOSIHHASI BPEMEHHU Maclia, 4 3,00
On |- TemMneparypa HanboJiee HarpeToll TOYKH HOpMaJbHOro n3Hoca, °C 98,00

*** Bpon (2) *** 3amaHublii rpauK HArpy3Ku

ITepuon 1 1/1 17/4* I[MPOAOJDKUTEJIBHOCTD 107
(B cyTkax):
Hayano Komnen IIponomxurenbHOCTD, 4 Harpy3ka,
OTH. el
1 0:00 8:00 8,00 0,700
2 8:00 11:00 3,00 1,000
3 11:00 14:00 3,00 0,800
4 14:00 16:00 2,00 1,360
5 16:00 19:30 3,50 0,850
6 19:30 24:00 4,50 0,700
Iepuon 2 18/4 17/10 [MPOJOJDKUTEJIBHOCTD 183
(B cyTKax):
Hayano Konen IIpoaomKUTENBHOCTD, U Harpy3ka,
OTH. eIl
1 0:00 10:00 10,00 0,700
2 10:00 13:00 3,00 1,000
3 13:00 15:00 2,00 1,360
4 15:00 20:00 5,00 0,900
5 20:00 24:00 4,00 0,700
[epuon 3 18/10 31/12 MMPOJOJDKUTEJIBHOCTD 75
(B cyTKax):
Hayano Konen IIpoomKUTENBHOCTD, Y Harpy3ka,
OTH. el
1 0:00 8:00 8,00 0,700
2 8:00 11:00 3,00 1,000
3 11:00 14:00 3,00 0,800
4 14:00 16:00 2,00 1,360
5 16:00 19:30 3,50 0,850
6 19:30 24:00 4,50 0,700

17/4* - 17 anpenst



*#% Bpopx (3) *** [laHHBIE TeMIlepaTyphl OXJIaXAIOIIEH CpeIIbl

a |- CPEIHErojoBas TeMIeparypa oxJaxaaromien cpest, °C 11,47
A - aMILTUTY/a Tof0BOro m3MeHeHus, °C 8,05
B |- ammiuTyna cyro4HOro M3MEHEHHs IIpH pacuere u3Hoca, °C 5,10
Bn |- ammmuTyna cyro4HOro M3MEHEHHs P pacueTe MakCuMalnbHO# TemriepaTypsl, °C | 11,15
DX |- camblif )xapKuii IeHb B TOLY 199
TX |- camoe xapKkoe Bpemsl THs 14:00
**% Bpopx (4) *** OrpaHuueHus TeMIlepaTypbl U Harpy3Ku
0,.axc |- TIPENIENBHAS TEMIIEPATYPA Macia B BEPXHUX CIosiX, °C 115,00
Onuare |- TIPENENBHAS TEMIIEPATYpa Hanbosnee HarpeToi Touky, °C 140,00
L,uxc |- IpenenbHBIA OTHOCUTENBHBIN H3HOC, OTH. En. 1,00
F - MHOXWTENb KpHUBOW Harpy3ku (moctostHHas win wm3menstomascs| [IOCTOSHHAS

BEJIMYMHA)
ik Bprgop ***
Iepuon Hayvaio Konen Temmneparypa macna | Temmeparypa OTHOCHUTENBHBIH
B BEPXHUX CJIOSIX, |HauOoJee HarpeTod| H3HOC, OTH. €.
Mmakc, °C TOYKH, Makc, °C

1 1/1 17/4 84,77 122,39 0,237

2 18/4 17/10 96,20 133,82 1,160

3 18/10 31/12 84,84 122,46 0,266

OrHocurenbHbIM H3HOC 3a rog L = 0,706 oTH. ex.

Iepuon 1 Temmepatypa Macia B BEpXHUX CIIOsIX, °C Temmnepatypa Haubonee
Harperoi Touku, °C
1 46,89 59,89
2 67,28 90,28
3 66,52 82,61
4 84,77 122,39
5 63,29 81,03
6 40,12 53,12

OtHocuTenbHBIN n3HOC 3a nepuof L (1) = 0,237 otH. en.

[epuon 2 Temmepatypa mMacia B BepxXHuX ciosix, °C | Temmepatypa Hanbosee HarpeToi
Touku, °C
1 60,72 73,72
2 78,40 101,40
3 96,20 133,82
4 70,78 90,21
5 49,13 62,13

OTtHOCuTEeNBHBIN H3HOC 3a mepuon L (2) = 1,160 otH. en.

[epwon 3 Temmepatypa Macina B BepxHuxX ciosx, °C | Temmepatypa Hanbolee HarpeTon
Touku, °C
1 46,96 59,96
2 67,34 90,34




Ilepuon 3 Temnepartypa macina B BepxHuX ciosix, °C | Temmepatypa HanOolee HarpeTou
ToukH, °C
3 66,59 82,68
4 84,84 122,46
5 63,36 81,10
6 40,19 53,19

OTtHocuTenbHBIN H3HOC 3a mepuon L (3) = 0,266 otH. en,

3 TABJIMIIBI JONTYCTUMBIX HAI'PY30K
3.1 OrpanuyeHusi, MPUHATHIE B TA0JMIAX JONMYCTHMBIX HATPY30K

B mHacrosmeld wacTM TpHBEIEHBI JONYCTHMBIE PEXHMBI HAarpy30K pasjM4YHBIX THUIIOB
TparchopmaTopoB. [laHHBIC TaOMUIl U PUCYHKOB 3.2-3.4 paccuuTaHbl Mo (GopMylsiaM, MPUBEICHHBIM B
2.4-2.6, ¥ ¢ UCTIONIb30BAaHUEM TEIIOBBIX XapaKTEPHUCTHK TpaHchopmaTopa (Tabmuia 2).

He cnenyer oxuaate BBICOKOW TOYHOCTH OT KPHMBBIX Ha PHCYHKax W JaHHBIX TaOnui u3-3a
MIPUHSATBHIX HEOOXOJUMBIX JIOMYIICHHH:

a) CyTOYHOE W3MEHEHHE Harpy3Kd IPEACTAaBICHO YIPOLIEHHBIM M JIBYXCTYNEHYAThIM TpauKoM
(pucyHok 4);

0) ucroNb3yeMble TPH pacyere TEIUIOBbIe XapaKTEpPUCTUKH (YKa3aHHbIE B TaOiuie 2) MOTYT He
COOTBETCTBOBATH XaPAKTEPUCTHKAM paccMaTpHBaeMoro TpaHchopmartopa;

B) TemIiepaTypa OXJIaXJIalolled cpeibl 3a BCIO MPOJOJIKHTENBHOCTh Tpaduka Harpy3ku (24 4)
IIPUHUMAETCS TIOCTOSIHHOM;

r) HelenecooOpa3HO Y4YHMTHIBaTh NPU pacuere IONPaBOYHBIH KOI(GHUIMEHT HAa H3MEHEHHE
CONPOTHBJICHUsI 0OMOTOK OT Temrieparypbl (2.4.3) B TaOnuiax, B KOTOPHIX 3HAYCHUsI HE 3aBHCST OT
TeMIepaTyphl OXJaxkaaromiei cpeapl. BMecto Hero mis Tpancdopmatopor ¢ oxnaxaeHuem OD astor
MONPaBOYHBINA KO3(D(UIMEHT 3aMEHEH CIIEIYIOIIM

AG, = AG, +015(A6, — Ay, ) (12)

[oTpebutensam HaCTOATENBHO PEKOMEHIYeTCs IeflaTh CBOM COOCTBEHHBIE PacueThl Ha OCHOBE Ooiee

TOYHBIX TEIUIOBBIX XapaKTEPHCTUK M HCIOIb30BaTh OoJiee peanbHbIi rpaduk Harpy3KH.

3.2 MeTon npeodpa3oBaHus peajbHbIX CYTOYHBIX IPaQ)MKOB HATPY3KH B IKBHBAJIEHTHbIE HM
CYTOYHBIE IBYXCTYIleHYAThbIe MPSIMOYT0JIbHbIE TPAYHKH

3.2.1 O nonp30BaHUU PYKOBOJCTBOM

Jdnst toro, 49ToOBI MONB30BATHCS PHUCYHKAMH M TaOnMIaMy, NpHBeNeHHBIMH B 1.4 u 3.5,
HEOOXOIMMO TNpeo0pa3oBaTh CYTOYHBIH TIpadMK HArpy3KH B YIPOLICHHBIH IBYXCTYHNEHYATHId B
COOTBETCTBUM C pUCYHKOM 4. K; u K, - cTymeHH Harpy3kd, rae K, - MakCUMyM HarpysKH.
[IponomxurenbHOCTh ~ MakCUMyMa  Harpy3ku - t  wacoB. Merompl  omnpeneneHuss  dTou
MPORODKUTETIBHOCTH ISl IPSMOYTOJIBHOIO Ipadika HArpy3KH 3aBHCST OT HEKOTOPHIX (DaKTOpoB; B
3.2.2, 3.2.3 u 3.2.4 npuBeqeHbl pEKOMEH/IyeMbIe METObI ISl PA3JIMUHbIX BHJIOB peajbHBIX TpadukoB
Harpy3KH.

Ecian SKBHBaNGHTHOCTH JABYXCTYIEHYAaTOro rpaduka Harpy3kd BBI3BIBAET COMHEHHE, CIEIyeT
clenaTh HECKONBKO TOMYLICHUH U PUHATH TPpadHK ¢ HANOOJIBIINM 3aIIaCOM.

[Ipumep  yHNpOIIEHHOTO IPUMEHEHWS PYKOBOACTBA IO HArpy3Ke CIJIOBBIX  MACHISHBIX
TpaHc(hOpMaTOPOB PHUBENEHO B MIPUIOKEHUH E.




Koadypumument Harpyaku

0 Bpems cyrox 24 v

PucyHok 4 - DKBUBaJICHTHBIN IByXCTYIEHYATHIN TpaduK Harpy3Ku

3.2.2 T'paduk Harpy3Ku ¢ OHUM MaKCUMYMOM

B sToMm ciydae 3HaveHwue t ciaeqyeT onpenensTh, Kak MoKa3aHO Ha PUCYHKE 5.

st yaactka rpaduka Harpy3ku 0e3 MakcMMyMma 3HadeHHe K ONpeneNnsiioT Kak cpeliHee 3HaueHHe
HaArpy3ku 0€3 MakCHMyMa.
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PucyHoxk 5 - I'paduik Harpy3ku ¢ OHUM MaKCUMYMOM

3.2.3 TIpaduk Harpysku ¢ JByMS MaKCUMyMaMd pPaBHOW aMIUTUTYIbI, HO pa3IHMYHOU
MPOAOKUTETEHOCTH

Ilpn 1Byx MakcMMyMmMax NPHUMEPHO PaBHOM aMIUIMTYIbI, HO Pa3IMYHON NPOAOIKHTEIBHOCTH
3HaueHHe ! OmpemeNnsioT Ui MakCHMyMa OONbIIeH MPOAOKUTENBHOCTH, a 3HaueHne Kj JOIDKHO
COOTBETCTBOBATH CPEIHEMY 3HAUCHUIO OCTABIICHCS HATPY3KH.

[pumep rpaduka Harpy3KH NPEACTABIEH Ha PUCYHKE 6.
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Pucynoxk 6 - ['paduk Harpy3Ku ¢ ABYyMsI MAaKCUMyMaMH pPaBHON aMIUTUTYIBI U Pa3ITUIHON
MIPOJIOIKUTENTBHOCTH



3.2.4 T'paduk Harpy3KH ¢ TOCIICAOBATCITHHEIMA MaKCUMyMaMH

Ecmu rpadmk Harpy3kd COCTOUT M3 HECKOJIBKUX IOCIEIOBATENBHBIX MAaKCHMYMOB, 3HaucHHe t
MPUHUMAIOT JOCTATOYHOU TPOIOIKUTEIEHOCTH, YTOOBI OXBATUTH BCE MAaKCHMYMBI, a 3HaucHHE K
JIOJDKHO COOTBETCTBOBATH CPEIHEMY 3HAUEHHIO OCTABIIEHCSl HATPY3KH, KaK IMOKa3aHO HAa PUCYHKE 7.
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Pucynoxk 7 - I'paduk Harpy3ku ¢ nocieioBaTeaIbHBIMA MaKCUMyMaMHt
3.3 HopManbHBIi NPOAOIKUTEIbHBINA PeKUM HATPY3KH

Ecnn Tox Harpy3ku B T€4EHHE HEKOTOPOrO BPEMEHH 3HAUMTENIBHO HE HM3MEHSETCs, JOMyCKaeTcs
UCTIONB30BaTh MOCTOSHHBIM DKBHBAJCHTHBIH TOK HArpy3Kd. 3HAueHWs MpuemiieMoro koddduimeHra
Harpy3ku K = Ky, A7 NPOAOIDKUTENBHOIO peXUMa MpH pa3iHyHBIX TeMIIepaTypax OXJIakJIaroIien
cpelbl IpuBeeHBI B Ta0uie 6.

Tabdnuua 6 - Jlonyctumbiii KO3(GGHULIUMEHT HArpy3Kd Ui NPOJOIDKHUTENbHOrO pexuma Kyg mpu
pa3IUUHBIX TeMIepaTypax oxnaxmaaromieit cpempl (oxiaxaeaune ONAN, ON, OF u OD)

Temneparypa IIpeBbiieHue Tpanchopmartopsl

OXJIKJAMIIeH | TeMmneparypbl Hauboliee | pacrnpenenuTelbHbIe | cpeiHel 1 00JbIIOI MOIIHOCTH

cpensl, °C Harpetoii Touky, °C ONAN ON OF oD

-25 123 1,37 1,33 1,31 1,24

-20 118 1,33 1,30 1,28 1,22

-10 108 1,25 1,22 1,21 1,17

0 98 1,17 1,15 1,14 1,11

10 88 1,09 1,08 1,08 1,06

20 78 1,00 1,00 1,00 1,00

30 68 0,91 0,92 0,92 0,94

40 58 0,81 0,82 0,83 0,87

3.4 HopMasbHbI€ PesKUMbI CHCTEMATHYECKHUX HATPY30K

Ha pucyHkax, TIOMEIICHHBIX HWKE, NPHUBEACHBI CBEICHMS JUIA YETBIpeX KaTeropuii
TpaHc(hOpMaTOPOB ¥ BOCHMHU 3HAUEHUI TEMITEpaTyphl OXJIaXJal0IIeH Cpe/ibl:

- pactipenenutenbHbie TpaHcdopmaropsl ¢ oxiaxaeHuem ONAN - prcyHok 9;

- TpancdopMaTopsl cpeHei u 6onploii MomHocTH ¢ oxaaxaeHuem ON - pucyHok 10;

- TpancdopMaTopsl cpeHei U OoNbIIoN MOITHOCTH C oxiaxkaeHuem OF - pucyHok 11;

- TpancdopMaTopsl cpeHei U OOoNbIIo MOIIHOCTH ¢ oxJaxaeHuem OD - pucynok 12

Ecimn temmepaTypa oxlakAaromel cpelbl HaXOIWTCS B MHTEPBAJIEC MEXIY ABYMs 3HAUCHUSIMHU,
cienyer BHIOpaTh Onrpkaiiiiee OoJblliee 3HAYCHUE WM MPOMHTEPIONIUPOBATh MEXKITy IBYMs HamOoiee
OJIM3KUMH 3HAYCHHUSMH.

[lo rpadmkaM Harpy3Kd MOXXHO ONpPEACIUTH JONYCTUMYIO neperpy3ky K, mnpu 3agaHHBIX
MPOAOJDKUTEIBHOCTH t IIeperpy3k U HadalibHOM Harpyske K



OTH TpaduKM HArpy3Kd MOXKHO TaK)Ke HCIIONB30BaTh U BBIOOpAa HOMHHAIBHOH MOIIHOCTH
TpaHcdopmaropa (C HOPMaJbHBIM CPOKOM CIYXOBI) Ul 3aJ@aHHOTO IPSAMOYroJIbHOrO Tpaduka
HArpy3KH, BEIPAXKEHHOTo OoTHOLIeHHEM K,/K; mprHMMast, 4TO MpUKIIaapIBaeMble HAIPSHKECHHUS OCTAIOTCSI
MOCTOSSHHBIMM. {711 3TOro JOCTaTOYHO HAWTH TOYKY IEPEeCeUeHUs] KpPUBOH, COOTBETCTBYOLIEH
MPOAODKUTEIBHOCTH Tieperpy3ku K, ¢ mpsiMoit mocrosiHHOro HakioHa Ky/K;. DTy npsmyro onpenenstor
TaK: Ha OCH OpJMHAT OTKJIaabIBaloT Touku K, = 1, Ha ocu abcuuce - K; = 1, 3aTteM coeuHAIOT UX (CM.
MIPUBEJICHHBIN HIDKE PUMEP 2 ¥ COOTBETCTBYIOIIUI PUCYHOK 8).

Ilpumep 1. PacnpenenurensHbii TpancopmaTop MomrHOCTEI0O 2 MB-A ¢ oxnmaxkneruem ONAN,
HavanbHas Harpy3ka | MB-A. OmnpenenuTs IOMYCTUMYIO Harpysky HMpOJODKUTENBHOCTBIO 2 U IpHU
TemnepaType oxiaxaaromeil cpeast 20 °C, mpuHUMas HalpsHKEHHE HEN3MEHHBIM

0,=20°C; Ky =0,5;t=214

Ha pucynke 9 K, = 1,56, ogHako B craHmapTre IPHBEICHO TIpeneiibHOS 3Ha4yeHue 1,5.
CrnemoBarellbHO, JOIMyCTUMAs Harpy3ka HpOJODKUTEIBHOCTRIO 2 4 paBHa 3 MB-A (3aTeM cHmkaercs
1o 1 MB-A).

Ilpumep 2. PacnpenenutenbHbiii  Tpancopmatop ¢ oxiaxkaeHuem ONAN  jgomken
SKCIUTyaTHPOBATHCS Kax /bl eHb ¢ Harpy3koi 1750 kB-A B Teuenue 8 4 u ¢ Harpyskoi 1000 kB-A B
TeueHne ocTalbHbIX 16 4 mpu 6, =20 °C

ﬁ = —1750 =1,75.
K, 1000
[To rpaduky, nmpuBeneHHOMY Ha pHUCyHKe 9, 1o mpsmoit t = 8 u mo orHomenuio Ki/K,, = 1,75
Haxoxat 3Hauenus K, = 1,15 u K; = 0,66 (cMm. pucyHok 8). OTcioga HOMHHAIIbHAs MOIIHOCTh

TpaHc(hopMaTopa COCTABIISET

- 1750 _ 1000 _152 kB'A
1000 0,66
2, ey
(i( ~ \ t=0,5
2 N 1 N\
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Pucynok 8 - Mimmroctpanus npumepa 2
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Pucynoxk 9 - Pacnpenenurenshbie Tpanchopmatopsl ¢ oxnaxaeaneM ONAN
JomycTiMble peXXKUMBI HATPY3KH ¢ HOPMaJIbHBIM COKPAIIEHUEM CPOKa CITY’KOBI
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Pucynok 10 - TpanchopmaTtopsl cpeHeld 1 60IbIION MOIHOCTH ¢ oxyaxaenneM ON.
JlomycTUMBIE PEKUMBI HATPY3KU C HOPMAJIBEHBIM COKPAILIEHHEM CPOKa CITyXKObI



20 RN 20 T =] =05
K S 0 ~{
8 1,8 -
P L ~ )
1.6 2 = 1,6 ™
i = 3 ' 2 \,\ \
-'- \ 4 -_ﬂ -T oy
Sy —
1.4 4 N\ \ 1.4 3 = e \\
? —
8
1.2 \ 1,2
24 ™
24
1,0 1,0
_BA.=10‘°_C ieA“zcioc
0.8 L] 0,8
02 o4 06 08 10 12 %14 02 04 05 08 10 12 Kua
20 — ] 2,0
Kz i -“: 0,8 %
1,8 N
‘\\ 1’8 e - =05
- 1 -
1.6 ™ = N\ 1,6 7 ‘\
EinS \\ ~
1,4 Zh\ \ 1.4 5 N
\ \I
4
1,2 = = 1,2 7 \h“\_\\_
| T
1,0 + 1,0 ™
24 16,=00°C L\ 8,= 40 °C
24
0,8 I i [ 0.8 — I _l
02 04 06 08 10 12K 14 02 04 08 08 1,0 12%14

Oxonvanue pucyHka 10
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Pucynok 11 - TpanchopmaTtopsl cpeHeid 1 OONBIIONH MOITHOCTH ¢ oxyaxaenueMm OF.
JlomycTUMBIE PEKUMBI HATPY3KU C HOPMATBHBIM COKPAIIICHHEM CPOKa CIIyXKObI
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Pucynok 12 - TpanchopmaTtopsl cpeiHeid 1 OOJBIION MOIHOCTH ¢ oxyaxaeaueM OD
JlomycTUMBIE PEKUMBI HATPY3KU C HOPMAJIBHBIM COKPAILIEHHEM CPOKa CIIyXKObI
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OxoH4aHHe pUCyHKa 12
3.5 Pe:kxum aBapuiiHBIX Neperpy3ok

[puBeneHHbIe HIDKE TAOIHLBI IPEAHA3HAYEHBI 111 HHPOPMUPOBaHUS MOTPEOUTEINS O IIEperpy3Kax,
KOTOpBIE MOXET BBIIEPKaTh TpaHchopMaTop Oe3 MPEeBBILEHHS NPEAEIFHOIO 3HAUCHUS TeMIIepaTyphl
HauboJee HarpeToil TOUKKM OOMOTKH (Tabmuma 1), a Takke 0 COKPAIICHHH CPOKa CITY’KOBI, BRI3EIBAEMOM
STUMH  IIeperpy3KkaMM, €CIM TEIUIOBBIE XapaKTepPUCTHKH TpaHC)OpMaTopa COOTBETCTBYIOT
IpuBeICHHBIM B Tabmure 2. B 24 tabmumax mpuBeneHs! 3HAUYSHHS IS TPaHCHOPMATOPOB YETHIPEX
KaTeropuil u mectu 3Ha4eHui t (ot 0,5 mo 24 u):

pacmpeaenutenbHbie Tpancdopmaropsl ¢ oxnaxaeHrneM ONAN - tabnuier 7-12;

TpaHchopMaTopbl cpeiHeid U 6oubIIol MoIHOCTH ¢ oxnaxaeanem ON - tabnuip 13-18;

TpaHc(opMaTOpbI CpeiHel U OONBIION MOITHOCTH ¢ oxiaxaeHueMm OF - tabnuier 19-24;

TpaHcopMaTopbl CpeiHel U OONbIION MOITHOCTH ¢ oxiaxaeauem OD - Tabmunst 25-30.

C moMoIBpI0 3TUX TAOJIHMI MOXKHO IPOBEPUTH T'pa(HKU IOMYCTHMBIX PEKUMOB HArpPY3KH HpH
pasnuuHbIX 3HaueHUsIX K; u K, s maHHOW TeMmmepaTyphl OXJaXKIaromieil cpensl M ONMpeNeiuTh s
JaHHOTO CIlydas COKpAallleHHEe CpOKa CIYKOBI (BBIpAQXAaeTcs B «HOPMAaNBHBIX» CyTKax, T. €, B
SKBHBAJICHTHBIX CyTKaX pa0OThl IPH HOMHHAJBHOH MOIIHOCTH M TeMIEpaType OXJIa)XJaloIIeH cpembl
20 °C).

Temmeparypa W CyTOYHOE COKpalleHHE CpOKa CIYXKObl IS OTHX aBapUHHBIX DPEKHUMOB
paccUMTHIBAIMCh Ha OCHOBE IHMKIMYECKOro pexuma. Ecnmu peanmbHas curyamus TpeOyeT TOJBKO
OIIHOCYTOYHOTO aBApPUIHOIO PEXKMUMa, KOTOPOMY NPEIIECTBYIOT U 32 KOTOPBIM CIIEAYIOT CyTKH ¢ Oornee



HU3KOH Harpy3Koil, TO pacCUMTaHHbIE 3HAUCHUS COKpALIEHWs CpoKa CIyxObl OymyT Oobie
(aKTHYECKHX M, TAKUM 00pa3oM, OyIyT conepikKaTh ONpEEIeHHbIN 3amac 0 H3HOCY.

OTHOCHTENTLHOE COKpAIIEHHE CPOKa CIIY>KObI IMTPUBOIANUTCS B TAOJIMIIAX C TOYHOCTHIO /IO TPEX 3HAKOB.
Takast TOYHOCTH MOXKET IOKa3aThCsl HEONpaBJaHHEH, HO 3TO OOJerdaer IOCTpOeHHE TIpaUKoB H
BBINOJTHEHWE HWHTEPHONSIMK TPH  YCIOBUM, YTO IONyYEHHBIE 3HAa4YeHHWs OyayT OKpPYIJICHBI II0
OKOHYaHUH PACUETOB.

Ipumep 1. Onpenenuth COKpalieHHe CpoKa CIYKOBI 32 CYTKH U TeMIIepaTypy HauOoliee HarpeTon
TOYKH TpaHc(hopMaTopa cperHel MOITHOCTH, paOOTaIOIIEro B CIESIYIOIINX YCIOBHSX:

Oxnaxnenne OF, K; =0,8; K, =1,3;t=84; 6, =30 °C.

ITo manueM Tabmuier 23 V= 31,8; AB, = 121 °C mis temmeparypbl oxiaxaaromeit cpenst 20 °C.

VYunTteIBast, 4To akTHUecKas TeMIeparypa oxjaxaatomeii cpeasl pasHa 30 °C, Haxoaum
L =31,8x3,2=101,8 «<HOpMaTBHBIX» CYTOK;
0h=121+30=151 °C.

TemmnepaTypa Hanbosiee HarpeTol TOYKH INPEBBIIIAET PEKOMEHIyeMoe NpejenbHoe 3HaueHue 140
°C. DTOro pexxuma Harpy3KH CleayeT u30erarsb.

B mnpunoxennsix G-l mpuBeaeHbl: yTOUHEHHBI METON MNpeoOpa3oBaHMsl pPEaNLHOro rpaduka
Harpy3KH; JOMOJHUTENbHBIE CBECHUS IO TEMIIEPAType OXJIaXAAIOIIEH CPEIbl, YIIPOIEHHbIE TaOIHIIbI
aBapUIHBIX TEPErpy30K U JAOMYCTUMBIX CHUCTEMAaTHYECKHMX HArpy3oK, a Takxke IpuMep pacuera
TeMIIepaTypbl OOMOTKH U OTHOCHTEIIFHOTO M3HOCA M30IISIIMU Oe3 npuMeneHus DBM.

Ta6auma 7 - PacnpenenutensHbie Tpanchopmaropel ¢ oxnaxkiaeauemM ONAN, t = 0,5 u.
JlomycTiMBbIe HATPY3KH W COOTBETCTBYIOIIEE CYTOUHOE COKPAIICHHE CPOKa CITYKOBI (B «HOPMATBHBIX)

CYyTKax)

Hns onpenenenust rpaduka JOMYCTUMOH Harpy3kH, xapakrepuzyemoro 3HaueHusmu Kj, u K; u
pacuera COOTBETCTBYIOIIETO COKPAIIEHHUSI CPOKa CIIY>KObI HEOOXOIMMO:

Temnepatypa oxiaxaaroriei cpepl, °C 40130|120( 10 | O | -10 | -20 | -25

CyTO4YHOE COKpAIIICHHE CPOKa CIYXKOBI:
YMHOXXHUTh 3HaueHue, NpuBelneHHoe B Tabmuue, Ha| 10 |3,21,0(0,32| 0,1 (0,032| 0,01 | 0,0055
yKa3aHHbIH 31ech K03 duiment

TemmnepaTypa Hauboliee HArPETOH TOUKH:

NpHOAaBUTE TEMIIEPATYpPy OXJIAXKIAIOLIEH CpPeAbl K MPEBBINICHHUIO TEMIEPATYPbl, NPUBEICHHOMY B
tabmuume. Ecnu momydeHHoe 3HauyeHWe TemIlepaTypsl HauOonee HarpeToil TOYKM IPEBBIIIAeT
npenesbHOe 3HaYeHHE, NPUBEASHHOE B TabiuIe 1, Takoi peKHM Harpy3KH HEIOIyCTUM

K2 Kl

025 | 050 | 0,70 | 0,80 | 0,90 | 1,00 | 1,20 [ 1,20 | 1,30 | 1,40 | 1,50

0,7 | 0,001 | 0,006 | 0,032
32 40 48

0,8 | 0,001 | 0,006 | 0,033 | 0,093
36 44 52 57

09 | 0,001 | 0,006 | 0,034 | 0,095 | 0,292
41 48 57 62 67

1,0 | 0,002 | 0,006 | 0,036 | 0,099 | 0,301 | 1,00
45 53 61 66 72 78

1,1 | 0,002 | 0,007 | 0,038 | 0,104 | 0,312 | 1,03 | 3,72
50 58 66 71 7 83 89

1,2 | 0,002 | 0,008 | 0,042 | 0,112 | 0,330 | 1,08 | 3,84 | 14,9
55 63 72 7 82 88 95 101
1,3 | 0,003 | 0,011 | 0,049 | 0,125 | 0,359 | 1,14 | 4,02 | 155 | 64,7
61 68 7 82 88 94 100 107 114
1,4 | 0,005 | 0,014 | 0,061 | 0,148 | 0,407 | 1,25 | 430 | 16,2 | 67,2 | 302
67 74 83 88 93 99 106 113 120 127
15 | 0,007 | 0,022 | 0,083 | 0,191 | 0,495 | 1,45 | 4,77 | 175 | 70,8 | 314 | 1510
73 80 89 94 100 106 112 119 126 133 141




Kz

Ky

0,25 { 050 | 070 | 0,80 | 0,90 | 1,00 | 1,20 [ 1,20 | 1,30 | 1,40 | 1,50

16 (0,013 | 0,036 | 0,126 | 0,273 | 0,662 | 1,81 | 561 | 19,6 | 76,6 | 332 | 1570
79 86 95 100 106 112 118 125 132 140 148

1,7 {0,025 | 0,066 | 0,213 | 0,437 | 0,992 | 2,52 | 7,21 | 23,5 | 86,9 | 361 | 1670
86 93 102 107 112 118 125 132 139 146 154

1,8 (0,050 | 0,129 | 0,394 | 0,778 | 1,67 | 3,95 | 104 | 31,2 107 415 | 1830
92 100 108 114 119 125 131 138 145 153 161

19 (0104 | 0,263 | 0,782 | 1,50 | 3,11 | 6,98 | 17,2 | 47,0 146 520 | 2130
99 107 115 121 126 132 138 145 152 160 168

20 0224|0559 | 164 | 3,10 | 6,26 | 13,6 | 31,7 | 809 229 737 | 2730
107 114 123 128 133 139 146 153 160 167 175

Ta6auna 8 - Pacnpenenutenbubie Tpanchopmatopsl ¢ oxinaxacauem ONAN, t = 1 4. Jlomyctiumbie
HATrPY3KH U COOTBETCTBYIOIIEE CYTOYHOE COKPAIICHUAE CPOKA CITYXKObI (B «HOPMAJTBHBIX» CyTKaX)

Hns ompeneneHust rpaduka IOMYCTHMOW Harpys3kH, xapakrepusyemoro 3HaueHusimu K; u K; u
pacuera COOTBETCTBYIOIIETO COKPAIIEHUsI CPOKa CIIY>KObI HEOOXOIMO:

Temmeparypa oxJaxaaronien cpenspl, ©

C

40[30[20[10 0] -10 | 20 | -25

CyTO4YHOE COKpAIIlCHHE CPOKa CIYXKOBI:

YMHOXXHUTh 3Hau€HHE, NMPUBEIEHHOE B Talnuie, Ha

yKa3aHHbIH 37ech K03 duimeHt

1o|3,2|1,0’o,32’0,1’ 0,032 ’ 0,01 ‘0,0055

TemmnepaTypa HauboJiee HArPETOH TOUKH:

npuOaBUTH TEMIIEPATYpy OXJIAXKIAIOUIEH Cpeibl K MPEBBINICHUIO TEeMIIEpaTyphl, MPUBEICHHOMY B
tabnuue. Ecnu nomydyeHHoe 3HaueHHWE TeMIEpaTypbl HauOolee Harperod TOUYKM IPEBBIIIAET
npenebHOe 3HaYeHHUE, IPUBEACHHOE B Tabiuue 1, Takoi peXKHM Harpy3KH HEIOIyCTUM

K> Ky
025 | 050 (070 | 080 | 09 | 100 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,001 | 0,006 | 0,032
35 41 48
0,8 | 0,002 | 0,006 | 0,034 | 0,093
40 46 53 57
0,9 | 0,002 | 0,007 | 0,037 | 0,098 | 0,292
45 51 58 63 67
1,0 | 0,002 | 0,008 | 0,040 | 0,106 | 0,310 | 1,00
50 57 64 68 73 78
1,1 | 0,003 | 0,010 | 0,047 | 0,118 | 0,337 | 1,07 | 3,72
56 63 70 74 79 84 89
1,2 | 0,005 | 0,014 | 0,058 | 0,140 | 0,382 | 1,17 | 3,98 | 14,9
62 69 76 80 85 90 96 101
1,3 | 0,008 | 0,022 | 0,080 | 0,180 | 0,461 | 1,34 | 4,39 | 16,0 | 64,7
69 75 83 87 92 97 102 108 114
1,4 | 0,015 | 0,038 | 0,123 | 0,258 | 0,612 | 1,66 | 511 | 179 | 69,8 | 302
76 82 90 94 99 104 109 115 121 127
15 | 0,031 (| 0073|0214 | 0,419 | 0918 | 2,28 | 6,46 | 21,1 | 78,3 | 327 | 1510
83 90 97 101 106 111 116 122 128 135 141
16 | 0,065 | 0,150 | 0,413 | 0,771 | 1,57 | 3,58 | 9,22 | 27,3 | 93,9 [ 370 | 1640
91 97 104 109 113 119 124 130 136 142 149
1,7 | 0,146 | 0,329 | 0,871 | 157 | 3,05 | 6,46 | 152 | 40,5 125 450 | 1870
99 105 112 117 121 126 132 138 144 150 157
18 | 0,340 | 0,760 | 1,96 | 3,46 | 6,52 | 13,2 | 28,8 | 69,9 192 615 | 2310
107 113 120 125 129 135 140 146 152 158 165
19 (0826 | 1,83 | 466 | 812 | 150 | 294 | 61,5 | 139 347 983 | 3250
115 122 129 133 138 143 148 154 160 167 173




Kz Kl

0,25 { 0,50 | 0,70 | 0,80 | 0,90 | 100 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50

2,0 208 | 458 | 115 | 200 | 36,4 | 70,2 143 311 725 | 1860 | 5410
124 130 138 142 147 152 157 163 169 175 182

Tab6auma 9 - Pacnpenenutenbabie TpanchopmaTopsl ¢ oxmaxaeaueM ONAN, t = 2 4. Jlomyctiumbie
HATrpy3KH U COOTBETCTBYIOIIICE CYTOYHOE COKPAIICHUE CPOKA CITYXKOBI (B «HOPMAJIBHBIX» CyTKaX)

Jnst onpenenenust rpaduka JOIMYCTUMOM HAarpys3kH, xapakrepuzyemoro 3HaueHusmu Kj, u K; u
pacuera COOTBETCTBYIOIIETO COKPAIIEHUs] CPOKa CIIY>KObI HEOOXOIUMO:

Temmepartypa oxaxaaromei cpemsl, °C 40130(20] 10 [ O | -10 -20 -25

CyTOUHOE COKpaIlleHHE CPOKA CITYXKOBI:
YMHOXHTh 3HAaueHHE, TPUBEACHHOEe B Tadmuie, Ha|10 (3,2 (1,0]0,32(0,1|0,032| 0,01 |0,0055
yKa3aHHbIH 371ech KO3 dunmeHt

Temneparypa HanOoIee HATPETON TOYKU:

NpUOaBUTH TEMIICPATYPy OXJIAKIAIOIICH Cpelbl K MPEBBINICHUIO TEMIICPATyphl, MPUBEICHHOMY B
Tabnmuie. Eciu monmydeHHOe 3HAYCHHE TEMIIEpaTypbl HauOoJee HArpeTOd TOUYKM MPEBBIMIACT
npeesbHOe 3HaUeHne, NPUBEICHHOE B Ta0nuIle 1, TaKOW peXUM Harpy3KH HEJIOIYCTHM

K> Ky

0,25 | 050 ) 070 | 080 | 0,90 | 100 | 1,10 | 1,20 | 1,30 [ 1,40 | 150

0,7 | 0,002 | 0,006 | 0,032
39 43 48
0,8 | 0,002 | 0,008 | 0,036 | 0,093
45 49 54 57
0,9 | 0,003 | 0,010 | 0,042 | 0,104 | 0,292
51 56 61 64 67
1,0 | 0,005 | 0,014 | 0,053 | 0,123 | 0,330 | 1,00
58 63 68 71 74 78
1,1 | 0,010 | 0,023 | 0,074 | 0,159 | 0,398 | 1,14 | 3,72
66 70 75 78 82 85 89
1,2 | 0,020 | 0,043 | 0,118 | 0,234 | 0,531 | 1,40 | 4,28 | 149
74 78 83 86 90 93 97 101
1,3 | 0,045 | 0,090 | 0,221 | 0,399 | 0,814 | 1,93 | 535 | 17,4 | 64,7
82 86 92 95 98 102 106 110 114
1,4 | 0,108 | 0,208 | 0,470 | 0,792 | 1,47 | 3,10 | 7,60 | 22,1 | 76,0 | 302
91 95 100 103 107 110 114 118 123 127
15 | 0275|0518 | 1,12 | 1,80 | 3,11 | 593 | 128 | 325 | 985 | 357 | 1510
100 104 110 113 116 120 124 128 132 137 141
16 | 0745 | 138 | 288 | 451 | 7,48 | 133 | 26,0 | 574 150 472 | 1800
109 114 119 122 126 129 133 137 142 146 151
1,7 213 | 389 | 796 | 12,2 | 198 | 33,8 | 61,7 | 123 278 742 | 2430
119 124 129 132 135 139 143 147 151 156 161
1,8 6,36 | 115 | 233 | 354 | 56,3 | 93,9 | 165 308 628 | 1450 | 3950
129 134 139 142 146 149 153 157 162 166 171
19 199 | 359 | 71,8 108 170 280 480 866 | 1660 | 3440 | 8070
140 145 150 153 156 160 164 168 172 177 182

2,0 65,3 117 232 348 544 884 | 1500 | 2640 | 4880 + +
151 156 161 164 167 171 175 179 183 + +
Taonuua 10 - Pacnpenenurtenbubie TpaHchopmartopel ¢ oxiaxkacHuem ONAN, t = 4 4.

JlomycTiMBle Harpy3Kd U COOTBETCTBYIOIIEE CYTOYHOE COKpAICHHE CPOKa CIY)KOBI (B «HOPMAJIbHBIX»
CyTKax)

Jns onmpenenenust rpaduka IOIMyCTUMOW HATpy3KH, Xapaktepusyemoro 3HadeHusMH K, u K; u
pacdera COOTBETCTBYIOIIETO COKPAIIEHHS CPOKa CIIY>KObI HEOOXOIMMO:




Temmneparypa oxnaxgaromeii cpens, °C 40(30| 20| 10 0 -10 -20 -25
CyTOouHOE COKpaIIeHne CpoKa CITyXKOBbI:
YMHOXXUTH 3HaUCHHUE, PUBEICHHOE B Tabmme, va| 10 13,2 (1,0( 0,32 |0,1] 0,032 | 0,01 |0,0055
YKa3aHHBIHN 31eCh KO PUIUESHT

Temneparypa HanOoJIee HATPETOH TOUKH:
MpUOaBUTH TEMIEPATYPY OXJIAXKIAIOIIEH CpPelbl K MPEBBIICHUIO TEMIIEpaTyphl, PUBEICHHOMY B
Ecnm monyueHHoe 3HauyeHHE TeMIlepaTypbl HauOojiee HArpeToil TOYKH IPEBBINIAET

TabIHUIE.
MpeieNIbHOE 3HAUEHHE, ITPUBEICHHOE B Ta0OIHUIlE 1, TAKOM PEKUM HATPY3KH HETOMYCTUM

K2 Ky
0,25 { 0,50 | 0,70 | 0,80 | 0,90 | 1,00 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,003 | 0,008 | 0,032
43 46 48
0,3 | 0,005 | 0,012 | 0,040 | 0,093
51 53 56 57
0,9 | 0,010 | 0,020 | 0,056 | 0,117 | 0,292
59 61 64 66 67
1,0 (0,023 | 0,039 | 0,091 | 0,170 | 0,377 | 1,00
68 70 73 74 76 78
1,1 | 0,056 | 0,091 | 0,178 | 0,294 | 0,566 | 1,32 | 3,72
77 79 82 84 86 87 89
1,2 (0,154 | 0,236 | 0,417 | 0,621 | 1,04 | 2,06 | 500 | 149
87 89 92 94 95 97 99 101
13 (0455|0677 | 112 | 156 | 2,36 | 4,02 | 813 | 20,5 | 64,7
98 100 103 104 106 108 110 112 114
1,4 1,45 | 2,11 | 3,36 | 450 | 6,38 | 9,76 | 188 | 34,7 | 90,6 302
109 111 114 115 117 119 121 123 125 127
15 494 | 7,09 | 11,0 | 144 | 19,7 | 28,2 | 43,7 | 76,1 160 431 | 1510
120 122 125 127 128 130 132 134 137 139 141
1,6 179 | 255 | 388 | 50,1 | 66,8 | 92,7 135 211 371 790 | 2200
132 134 137 139 140 142 144 146 149 151 153
1,7 69,0 | 97,3 146 187 246 334 470 694 | 1100 | 1950 | 4190
144 147 149 151 153 155 157 159 161 163 166
1,8 282 394 587 745 971 | 1300 | 1790 | 2560 | 3830 | 6110 +
157 160 162 164 166 167 169 172 174 176 179
1,9 | 1220 | 1690 | 2500 | 3150 | 4080 | 5410 | 7370 + + + +
171 173 176 177 179 181 183 + + + +
2,0 | 5540 + + + + + + + + + +
184 + + + + + + + + + +
Taonumuma 11 - Pacnpenenurtenbubie TpaHchopmatopel ¢ oxiaxaecHuem ONAN, t = 8 .

JlomycTrMBle HAarpy3Kd U COOTBETCTBYIOIIEE CYyTOYHOE COKpAIIEHHE CPOKA CIY>KOBI (B «HOPMAJIBHBIX)

CyTKax).

Jns onpenenenus rpaduka IOMYCTUMOM Harpysku, xapakrepuzyemoro 3HaueHuwsMH Ki, u K; u
pacdera COOTBETCTBYIOIIETO COKPAIIEHHS CPOKa CIY>KObI HEOOXOIMMO:

TemmnepaTypa oxnaxaaromuie cpenpl, °C 40(30)120] 10 [ O -10 -20 -25
CyTo4yHOE COKpalieHne CpoKa CITYXKObI:
YMHOXXUTh 3HaueHHWE, NMpUBeIeHHOe B Tabmuue, Hal10(3,2(1,0(0,32 (0,1 0,032 | 0,01 |0,0055
YKa3aHHBIHN 31eCh KO PHUINESHT

Temmnepartypa HanOoIIee HaTPETON TOYKH:




MpUOaBUTH TEMIEPATYPY OXJIAXKIAIOIIEH CpPelbl K MPEBBIICHUIO TEMIIEpaTyphl, MPUBEICHHOMY B
tabmuue. Ecnum momydeHHOe 3HaueHHME TEMIIEpaTyphl HauOolee Harperodl TOYKM IPEBBIIIAET
TIpe/ieNIbHOe 3HAUEHHE, IIPUBEICHHOE B Tabnuie |, Takoi pexkuM Harpy3Kd HEIOIyCTHM

Kz Kl

0,25 [ 0,50 | 0,70 | 0,80 | 0,90 | 1,00 | 1,10 | 1,20 [ 1,30 | 1,40 | 1,50

0,7 | 0,007 | 0,012 | 0,032
47 48 48
0,8 | 0,016 | 0,023 | 0,049 | 0,093
56 56 57 57
0,9 0,40 | 0,054 | 0,092 | 0,148 | 0,292
65 66 66 67 67
1,0 0,114 | 0,144 | 0,212 | 0,295 | 0,485 | 1,00
75 76 77 77 78 78
1,1 | 0,356 | 0,436 | 0,584 | 0,735 | 1,03 | 1,73 | 3,72
86 87 87 88 89 89 89
1,2 1,22 1,46 1,85 2,20 2,78 3,92 6,68 14,9
98 98 99 99 100 100 101 101
1,3 453 | 533 | 657 | 755 | 901 | 114 | 16,2 | 27,9 | 64,7
110 110 111 111 112 112 113 114 114
14 18,1 21,1 | 255 | 288 | 333 | 399 | 50,7 | 71,9 126 302
122 123 124 124 125 125 126 126 127 127
15 78,1 90,0 107 120 136 158 190 242 345 609 | 1510
136 136 137 137 138 138 139 140 140 141 141
1,6 360 412 486 538 604 690 807 974 | 1240 | 1770 | 3160
150 150 151 151 152 152 153 153 154 155 155
V 1770 | 2020 | 2360 | 2600 | 2890 | 3270 | 3760 | 4410 | 5350 | 6840 | 9770
164 165 165 166 166 167 167 168 168 169 170
1,8 | 9320 + + + + + + + + + +
179 180 180 181 181 182 182 183 183 184 +

Tabnmua 12 - Pacnpenenutenbhbie TpaHchopmaropbl ¢ oxnaxaeHuemM ONAN, t = 24 4.
JlomycTiMBle Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAICHHE CPOKa CIY)KOBI (B « HOPMAaJIbHBIX»

CyTKax)

Jns ompenenenus rpaduka IOMYCTHMOM Harpys3ku, xapakrepusyemoro 3HaueHuwsMH Ki, u K; u
pacdera COOTBETCTBYIOIIETO COKPAIIEHHUS CPOKa CIIY>KObI HEOOXOIMMO:

Temmnepatypa oxsaxaromie cpenpl, °C 40130(20| 10 | O -10 -20 -25

CyTO4YHOE COKpAIIICHHE CPOKa CIYXkKOBI:
YMHOXHUTH 3Ha4eHHe, NpHBeAeHHoe B Tabmune, Ha| 10 (3,2 (1,0(0,32(0,1| 0,032 | 0,01 |0,0055
yKa3aHHbIH 371ech K03 duiment

Temmnepartypa HanboIee HaATPETOH TOYKH:

MpUOaBUTh TEMIIEPATYPY OXJIAXKIAIOIIEH CpPelpl K MPEBBIICHUIO TEMIIEPaTyphl, IPUBEICHHOMY B
Tabmuue. Ecnmm momydeHHOoe 3HAueHHME TEMIIEpaTyphl HauOolee HArpeToil TOYKM IPEBBIIIAET
TIpe/IeNIbHOE 3HAUEHHE, IIPUBEICHHOE B Tabnuile 1, TaKoi pexXuM Harpy3Kd HEITOILYCTHM.

K. Ky
0,25-1,5
0,7 0,032
48
0,8 0,093
57
0,9 0,292
67
1,0 1,00




Kz Ky
0,25-1,5
78
1,1 3,72
89
1,2 14,9
101
1,3 64,7
114
14 302
127
15 1510
141
1,6 8080
156
1,7 +
171

Tabanua 13 - Tpanchopmaropsl cpeanei U Gonbiioid MomHocTH ¢ oxiaxaeHnem ON, t = 0,5 4.
JlomycTUMBIe HAarpy3KH U COOTBETCTBYIOLIEE CYTOYHOE COKPAIICHHE CPOKA CITYKOBI (B «HOPMAIIBHBIX»

CYyTKax)

Hns onpenenenusi rpaduka JOMYCTUMOH HArpy3KH, xapakrepuzyemoro 3HaueHusmMu K, u K; u
pacyera COOTBETCTBYIOLIETO COKPAIIEHHS CPOKa CIIY>KObI HEOOXOIMMO:

Temnepatypa oxsaxaromien cpenpl, °C 40130]20] 10 | O -10 -20 -25

CyTO4YHOE COKpAIIlCHHE CPOKa CIYkKOBI:
YMHOXHUTh 3HaueHWe, NpuBeAeHHoe B tabdbmuue, Ha| 10| 3,2 (1,0 (0,32 (0,1 | 0,032 | 0,01 |0,0055
yKa3aHHbIH 31ech K03 duiment

TemmnepaTypa HauboJiee HArPETOH TOUKH:

npuOaBUTh TEMIIEPATYpPy OXJIAXKIAIOWIEH cpelbl K IPEBBIIMICHUIO TEMIIEPaTyphl, PUBEICHHOMY B
tabmune. Ecnm mnomydeHHoe 3HauyeHWe TeMIepaTypsl HamOosee Harperoil TOYKM IIPEBBIIIAET
npenesbHOe 3HaYeHUe, IPUBEACHHOE B Ta0IuIe 1, Takoi pekUM Harpy3KH HEAOILYCTHM

K2 Kl

025 | 050 | 0,70 [ 0,80 | 0,90 | 1,00 | 1,20 | 1,20 | 1,30 | 1,40 | 1,50

0,7 | 0,001 | 0,004 | 0,024
30 37 46

0,8 | 0,001 | 0,004 | 0,025 | 0,074
35 42 50 55

09 | 0,001 | 0,004 | 0,026 | 0,077 | 0,258
40 47 55 61 66

1,0 | 0,001 | 0,005 | 0,027 | 0,080 | 0,267 | 1,00
45 52 61 66 72 78

1,1 | 0,001 | 0,005 | 0,029 | 0,085 | 0,279 | 1,04 | 4,30
51 58 67 72 78 84 91

1,2 | 0,002 | 0,007 | 0,034 | 0,094 | 0,300 | 1,09 | 4,47 | 20,5
57 64 73 78 84 90 97 104
1,3 | 0,003 | 0,009 | 0,042 | 0,111 | 0,338 | 1,18 | 4,73 | 21,4 | 108
64 71 79 84 90 96 103 111 119
1,4 | 0,005 | 0,015 | 0,059 | 0,144 | 0,409 | 1,35 | 5,18 | 22,8 | 113 631
71 78 86 91 97 103 110 118 125 134
15 | 0,010 | 0,027 | 0,095 | 0,213 | 0,554 | 1,69 | 6,03 | 252 | 121 661 | 4040
78 85 93 98 104 110 117 125 133 141 150
16 | 0,022 | 0,054 | 0,174 | 0,365 | 0,868 | 2,39 | 7,76 | 29,9 | 135 710 | 4250
85 92 101 106 112 118 125 132 140 148 157




Ko Ky

0,25 { 0,50 { 0,70 [ 0,80 | 0,90 | 1,00 | 1,0 | 1,20 | 1,30 | 1,40 | 1,50

1,7 | 0,048 | 0,118 | 0,356 | 0,712 | 1,58 | 3,98 | 11,6 | 39,8 | 164 802 | 4590
93 100 109 114 119 126 133 140 148 156 165
1,8 (0113 [ 0,271 [ 0,794 | 154 | 3,28 | 7,69 | 204 | 62,3 | 226 994 | 5250
101 108 117 122 128 134 141 148 156 164 173
19 (0275|0652 | 188 | 360 | 7,45 | 16,8 | 41,7 | 116 373 | 1430 | 6650
110 117 125 130 136 142 149 157 164 173 182
20 | 0695 | 164 | 469 | 888 | 181 | 40,0 | 958 | 251 736 | 2480 +
118 125 134 139 145 151 158 165 173 182 +

Tab6auma 14 - Tpancpopmaropsl cpenHeit U Oombimol MomHocTH ¢ oxiaxkaeHuem ON, t= 1 4.
JlonmycTUMBIC Harpy3Kd M COOTBETCTBYIOIIECE CYTOUHOE COKpAIICHHE CPOKa CITYXKOBI (B «HOPMAaJIBHBIX)

CYTKax)

Jns onpenenenus rpaduka JOIMYCTUMON HArpy3Kd, xapakrepusyemoro 3HadeHusMu K; u K; u
pacyera COOTBETCTBYIOLIErO COKPAIIEHHsI CPOKA CITY>KObI HEOOXOIMMO:

Temneparypa oxnaxnaromeii cpensl, °C 40130(20] 10 [ O -10 -20 -25

CyTOouHOE COKpalIeHne CpoKa CITyxObl:
YMHOXHTh 3HauYCHHE, MpUBeaecHHOe B Tabnuie, na| 10(3,211,0(0,3210,1| 0,032 | 0,01 |0,0055
yKa3zaHHbIH 31ech ko3 duiment

TemmnepaTypa HauboJiee HArPETOH TOUKH:

HpI/I6aBI/ITL TeEMIICpATYpPy oxnamﬂa}omeﬁ Cp€abl K MNPEBLINICHUIO TEMIIEPATYPhI, NPUBEACHHOMY B
tabnuue. Ecnu nomydeHHoe 3HaueHHWe TeMIEpaTypbl HauOonee Harperod TOYKM IPEBbIIIAET
npesiesbHOe 3HaueHne, NPUBEICHHOE B Ta0nuIe 1, TakoW peXUM Harpy3KH HEJIOIMYCTHM

Kz Ky

025 | 050 | 070 | 0,80 | 0,90 | 100 ( 1,20 [ 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,001 | 0,004 | 0,024 -
33 39 46
0,8 | 0,001 | 0,004 | 0,025 | 0,074
39 44 51 55
0,9 | 0,001 | 0,005 | 0,027 | 0,079 | 0,258
45 50 57 62 66
1,0 | 0,002 | 0,006 | 0,031 | 0,087 | 0,276 | 1,00
51 57 64 68 73 78
1,1 | 0,003 | 0,009 | 0,038 | 0,100 | 0,306 | 1,08 | 4,30
58 64 71 75 80 85 91
1,2 | 0,005 | 0,014 | 0,053 | 0,128 | 0,363 | 1,21 | 4,66 | 20,5
66 71 78 83 87 93 98 104
1,3 | 0,011 | 0,026 | 0,084 | 0,185 | 0,477 | 1,46 | 529 | 22,4 108
74 79 86 91 95 100 106 112 119
1,4 0,24 | 0.055 | 0,158 | 0,317 | 0,733 | 2,00 | 6,56 | 25,7 119 631
82 88 95 99 104 109 114 120 127 134
15 | 0,059 | 0,128 | 0,342 | 0,641 | 1,35 | 3,25 | 9,36 | 32,7 138 695 | 4040
91 97 104 108 112 118 123 129 136 143 150
16 | 0,153 | 0,324 | 0,827 | 1,48 | 292 | 6,40 | 16,2 | 48,7 180 821 | 4480
100 106 113 117 122 127 132 138 145 152 159
17 | 0418 | 0875 | 2,17 | 381 | 7,20 | 148 | 340 | 89,4 281 | 1100 | 5360
110 115 122 127 131 136 142 148 155 161 169
1,8 1,21 | 250 | 611 | 10,6 | 195 | 389 | 84,0 | 201 549 | 1800 | 7400
120 125 132 137 141 146 152 158 165 171 179
19 3,65 | 752 | 18,2 | 31,2 | 57,0 111 233 527 | 1310 | 3730 +
130 136 143 147 152 157 162 168 175 182 +
2,0 116 | 238 | 57,1 | 97,3 176 341 701 | 1540 + + +




Kz Kl

0,25 [ 0,50 | 0,70 | 0,80 | 0,90 | 100 | 1,20 | 1,20 | 1,30 | 1,40 | 1,50

141 147 154 158 162 168 173 179 + + +

Tadanua 15 - Tpancdopmarops! cpeanei 1 O60bIIONH MomHOCTH ¢ oxjiaxaeHneM ON, t= 2 4.
JlomycTrMBble HAarpy3KH U COOTBETCTBYIOIIEE CYTOUYHOE COKpAIIEHHE CPOKa CIY>KOBI (B «HOPMAaJILHBIX)
CYTKax)

Jns onpenenennst rpaduka JOMYCTUMOH HArpy3kH, xapakrtepuzyemoro 3HaueHusmu Kj, u K; u
pacuera COOTBETCTBYIOIIETO COKPAIIEHUs] CPOKa CIIY>KObI HEOOXOIUMO:

Temneparypa oxnaxnaromeii cpenst, °C - |40 (30 | 20| 10 | O -10 -20 -25
CyTOUHOE COKpaIlleHHE CPOKA CITYXKOBI:
YMHOXHUTh  3HaueHnue, npuseaennoe 8| 10(3,211,0(0,32(0,1| 0,032 0,01 | 0,0055
TabJMlle, Ha YKa3aHHbIH 3/1ech KoddduipeHT

Temnepatypa HanboIee HATPETON TOYKU:

npuOaBUTH TEMIIEPATYpPy OXJIAXKIAIONIEH Cpelbl K IPEBBIINICHUIO TEMIIEpaTyphl, MPUBEICHHOMY B
tabnuue. Ecnu nomydeHHoe 3HaueHHWE TeMIepaTypbl HauOoiee Harperod TOYKM IPEBBINIACT
npesiesbHOe 3HaUeHne, NPUBEICHHOE B Ta0uuIe 1, TAKOW PeXUM HArpy3KH HEIIOIYCTHM.

Ka Ky

0,25 [ 0,50 [ 0,70 | 0,80 | 0,90 | 100 | 1,10 [ 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,001 | 0,004 | 0,024
37 41 46
0,8 | 0,002 | 0,005 | 0,027 | 0,074
44 48 53 55
0,9 | 0,003 | 0,008 | 0,032 | 0,084 | 0,258
52 56 60 63 66
1,0 | 0,005 | 0,013 | 0,044 | 0,104 | 0,297 | 1,00
60 64 69 71 75 78
1,1 | 0,012 | 0,025 | 0,070 | 0,248 | 0,377 | 1,17 | 4,30
69 73 7 80 83 87 91
1,2 | 0,030 | 0,057 | 0,136 | 0,254 | 0,563 | 1,53 | 509 | 20,5
78 82 87 90 93 96 100 104
1,3 | 0,083 | 0,148 | 0,321 | 0,542 | 1,04 | 2,40 | 6,86 | 24,6 108
88 92 97 100 103 106 110 114 119
14 | 0,248 | 0,432 | 0,879 | 1,39 | 242 | 479 | 11,4 | 342 132 631
99 103 108 110 114 117 121 125 129 134
15 | 0803 | 1,37 | 270 | 412 | 6,74 | 12,1 | 246 | 60,2 189 778 | 4040
110 114 119 122 125 128 132 136 140 145 150
1,6 280 | 473 | 907 | 136 | 215 | 364 | 67,1 140 352 | 1150 | 5060
122 126 131 133 137 140 144 148 152 157 162
1,7 10,4 | 175 | 33,0 | 488 | 759 125 218 414 885 | 2280 | 7760
134 138 143 146 149 152 156 160 164 169 174
1,8 | 416 | 69,2 129 190 291 470 800 | 1450 | 2820 | 6190 +

147 | 151 | 156 | 158 | 162 | 165 | 169 | 173 | 177 | 182 | +
1,9 | 177 | 293 | 542 | 790 | 1200 | 1920 | 3210 | + + + +
160 | 164 | 169 | 172 | 175 | 178 | 182 | + + + +
20 | 803 | 1320 | 2430 | + + + + + + + +
174 | 178 | 183 | + + + + + + + 4-

Taonuua 16 -Tpanchopmartopsl cpeaneid u Oombioi MouHOCTH ¢ oxiaxaeHuem ON, t= 4 4.
JlomycTrMBble HATPY3KH U COOTBETCTBYIOIIEE CYTOYHOE COKPAIICHHE CPOKA CIYKObI (B «HOPMATBHBIX)

CYTKax)




Junst ompenenenust rpaduka IOMYCTUMONW HArpysKkH, Xapakrepusyemoro 3HadeHumsMu K; u K; u
pacdera COOTBETCTBYIOIIETO COKPAIIEHHS CPOKa CITY>KObI HEOOXOIMMO:

Temmneparypa oxnaxgaromeii cpens, °C 40 130 | 20 | 10 0 -10 -20 -25
CyTOuHOE COKpAIIeHHE CPOKA CITYXKOBI:
YMHOXHUTh  3HaueHwe, mnpusenennoe B( 10 (3,2( 1,0 |0,32] 0,1 | 0,032 | 0,01 [0,0055
TabJMLe, HA YKa3aHHbIHN 3/1ech KodQduIpeHT

Temmepatypa HauOoOJIee HATPETOW TOUKH:

MPUOABUTH TEMIICPATYPY OXJIAXIAIOIICH Cpelbl K MPEBBIMICHUIO TEMIICPATyphl, IPUBEIACHHOMY B
Tabnmune. Ecnu momydeHHOe 3HAYCHHE TEMIIEpaTypbl HawOojee HArpeTod TOYKH IPEBBIIIACT
MpeebHOEC 3HAUCHNUE, MPUBEICHHOE B Ta0MHIIE 1, TAKOH PEKUM HATPY3KH HEAOMYCTHM

K2 Ky

0,25 [ 0,50 [ 0,70 | 0,80 | 0,90 | 100 | 1,0 [ 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,002 | 0,006 | 0,024 -
42 44 46
0,8 | 0,004 | 0,009 | 0,030 | 0,074
50 52 54 55
0,9 | 0,010 | 0,018 | 0,045 | 0,097 | 0,258
60 61 64 65 66
1,0 | 0,027 | 0,042 | 0,085 | 0,154 | 0,347 | 1,00
70 72 74 75 76 78
1,1 | 0,082 | 0,118 | 0,205 | 0,316 | 0,585 | 1,39 | 4,30
81 83 85 86 87 89 91
1,2 | 0,277 | 0,386 | 0,608 | 0,844 | 1,32 | 2,48 | 6,15 | 20,5
93 94 96 98 99 101 102 104
1,3 104 | 141 | 211 | 2,76 | 388 | 6,12 | 11,7 | 30,2 108
105 107 109 110 112 113 115 117 119
14 | 426 | 570 | 827 | 10,5 | 140 | 199 | 31,7 | 616 164 631
118 120 122 123 125 126 128 130 132 134
15 19,1 | 253 | 36,0 | 449 | 58,2 | 78,7 113 182 358 987 | 4040
132 134 136 137 139 140 142 144 146 148 150
1,6 93,7 123 172 213 271 356 490 715 | 1160 | 2300 | 6530
147 148 151 152 153 155 156 158 160 162 164
1,7 499 649 901 | 1100 | 1390 | 1800 | 2410 | 3360 | 4980 | 8140 +
162 164 166 167 168 170 172 174 175 178 180
1,8 | 2880 | 3730 | 5130 | 6240 | 7790 + + + + + +
178 180 182 183 184 + + + + + +

Taonuua 17 - Tpancdopmaropsl cpemneir U Oonbinoil MomHoCTH ¢ oxjiaxaeHuem ON, t= 8§ u.
JormycTiMble Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAILEHHE CPOKa CIIYKOBI (B «HOPMAaIbHBIX)
CyTKax)

Jns ompexneneHus rpaduka JOMYCTHMOH Harpysku, xapakrepusyemoro sHadeHmsmMu K; m K; u
pacyera COOTBETCTBYIOIIETO COKPAIIEHHS CPOKa CITY>KObI HEOOXOIMMO:

Temmnepatypa oxnaxnaromeii cepenst, °C - [40 ] 30 [ 20 10 0 -10 -20 -25
CyTro4yHOE cOKpalieHne CpoKa CITY>KOBI:
YMHOXUTh 3HA4YEHHE, MpUBeIeHHoe B Tabmme, | 10 (3,2 1,0 | 0,32 | 0,1 | 0,032 | 0,01 |0,0055
Ha YKa3aHHBIA 371eCh KO OUITMEHT

Temmnepartypa HanOoIIee HaTPETON TOYKH:

MprUOaBUTh TEMIEPATYPY OXJIAXKTAIOMIEH CpPelpl K MPEBBIICHUIO TEMIIEpaTyphl, IPUBEICHHOMY B
tabmuue. Ecnm momydeHHOe 3HaueHHWE TeMMEpaTyphl HamOonee HArpeToil TOYKM IPEBBIMIAET
TIpe/IeNIbHOE 3HAUEHHE, ITPHUBEICHHOE B TabnuIe |, TAKOH pexXuM Harpy3Kd HEITOITyCTUM




Kz Kl

0,25 { 0,50 { 0,70 | 0,80 | 0,90 | 1,00 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50

0,7 | 0,005 | 0,009 | 0,024
45 45 46
0,8 | 0,014 | 0,019 | 0,038 | 0,074
54 55 55 55
0,9 | 0,040 | 0,051 | 0,080 | 0,126 | 0,258
65 65 66 66 66
1,0 | 0,135 | 0,160 | 0,216 | 0,287 | 0,463 | 1,00
76 77 77 77 78 78
1,1 | 0,506 | 0,584 | 0,726 | 0,871 | 1,16 1,90 | 4,30
89 89 89 90 90 90 91
1,2 2,12 2,40 2,86 3,26 3,91 5,22 8,64 20,5
102 102 103 103 103 103 104 104
1,3 9,84 11,0 12,8 14,2 16,3 19,6 26,1 | 43,6 108
116 116 117 117 117 117 118 118 119
14 50,5 56,1 64,3 70,4 78,5 90,1 108 145 244 631
131 131 131 132 132 132 133 133 133 134
15 286 315 358 388 427 478 551 665 886 1500 | 4040
146 147 147 147 148 148 149 148 149 149 150
1,6 1780 | 1950 | 2200 | 2370 | 2580 | 2850 | 3220 | 3720 | 4500 | 5990 +
163 163 164 164 164 164 165 165 165 166 166
1,7 + + + + + + + + + + +
180 180 181 181 181 182 182 182 183 183 184

Tabonnua 18 - TpanchopmaTopsl cpeaHei u OonbIIoH MoIIHOCTH ¢ oxynaxaeHueM ON, t= 24 4.
JlomycTiMBIe Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAICHHE CPOKa CIY)KOBI (B « HOPMAaJIbHBIX»
CyTKax)

Jns ompexneneHus rpaduka IOMYCTHMOM Harpys3ku, xapakrepusyemoro 3HaueHmamu K; u K; n
pacuera COOTBETCTBYIOIIETO COKPAIIEHHUS CPOKa CIIY>KObI HEOOXOIMMO:

Temmnepatypa oxsaxaromen cpenpl, °C 40 [30]20] 10 | O -10 -20 -25

CyTO4YHOE COKpAIIlCHHE CPOKa CIYXkKOBI:
YMHOXHUTh 3HaueHue, npuBeneHnoe B tabmune,| 10 (3,2 (1,0(0,32(0,1| 0,032 | 0,01 |0,0055
Ha YKa3aHHbIH 3/1ech Ko duipeHTt

TemmnepaTypa Hanboiee HATPETOH TOUKH:

MIpUOaBUTh TEMIIEPATYPY OXJIAXIAIOIIEH Cpelpl K MPEBBIICHUI0 TEMIIEpaTyphl, IPUBEICHHOMY B
tabmuume. Ecnm momydeHHoe 3HayeHWe TeMIlepaTypsl HaumOoiee Harperodl TOYKH IPEBBILIAET
npenesbHOe 3HaYCHHE, IPUBEASCHHOE B TabiuIe 1, Takoi peXKHM Harpy3KH HEIOIyCTUM

K. Ky
0,25-1,5
0,7 0,024
46
0,8 0,074
55
0,9 0,258
66
1,0 1,00
78
11 4,30
91
1,2 20,5
104




K. Ky
0,25-15
13 108
119
1,4 631
134
15 4040
150
1,6 +
167

Tab6auma 19 - TpanchopmaTopbl cpeaHeil U OONBIION MOITHOCTH ¢ oxyiaxkaeHuem F, t = 0,5 u.
JlonmycTuMBIC Harpy3Kd M COOTBETCTBYIOIIECE CYTOUHOE COKPAIICHHUE CPOKa CITYXKOBI (B «HOPMAJIBHBIX)

CYTKax)

Hns onpenenenust rpaduka JOMYCTUMOH Harpys3kH, xapakrepusyemoro 3HaueHusmMu Kj, u K; u
pacyera COOTBETCTBYIOLIETO COKPAIIEHHSI CPOKA CIY>KObI HEOOXOIMMO:

Temneparypa oxnaxaaroiieit cpessl, °C 40 30 | 20 10 ] O -10 -20 -25

CyTOuHOE COKpalIeHHe CpoKa CITyObI:
YMHOXHUTh  3HaueHuWe, npuBeaenHoe B| 10 32 (10 1]0,32]0,1(0,032 | 0,01 |0,0055
TabJMlIle, HA YKa3aHHbIH 3/1ech KOAQHUIHEHT

TemmnepaTypa HauboJiee HArPETOH TOUKH:

NpHOAaBUTH TEMIIEPATYpPy OXJIAXKIAIOLIEH CPeAbl K NMPEBBINICHUIO TEMIEPATYPbl, NPUBEICHHOMY B
tabmuue. Ecnu mnomydeHHoe 3HauyeHWe TeMIlepaTypsl HamOosee Harperoil TOYKM IIPEBBIIIAET
npenenbHOe 3HaYeHHE, IPUBEAECHHOE B TabuIe 1, Takoi peXKUM Harpy3KH HEIOIyCTUM

K2 Kl

025 | 050 | 0,70 | 0,80 { 0,90 | 100 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50

0,7 | 0,001 | 0,003 | 0,020
35 39 44
0,8 | 0,001 | 0,003 | 0,020 | 0,065
42 46 51 54
0,9 | 0,001 | 0,004 | 0,022 | 0,067 | 0,239
49 53 59 62 66
1,0 | 0,002 | 0,005 | 0,024 | 0,072 | 0,249 | 1,00
57 61 67 70 74 78
1,1 | 0,004 | 0,008 | 0,032 | 0,084 | 0,270 | 1,05 | 4,70
66 70 75 79 83 87 91
1,2 | 0,009 | 0,018 | 0,051 | 0,114 | 0,323 | 1,15 | 4,93 | 248
75 79 85 88 92 96 101 106
1,3 | 0,025 | 0,045 | 0,107 | 0,202 | 0,471 | 1,42 | 549 | 26,2 147
85 89 95 98 102 106 111 116 121
1,4 | 0075 | 0,131 | 0,280 | 0,470 | 0,915 | 2,21 | 7,02 | 29,5 156 975
96 100 105 108 112 116 121 126 132 138
15 | 0241 | 0,415 [ 0,846 | 1,35 | 2,35 | 473 | 11,8 | 39,2 178 | 1040 | 7230
107 111 116 119 123 127 132 137 143 149 155
16 | 0823 | 141 | 2,82 | 438 | 7,30 | 133 | 27,7 | 70,8 | 246 | 1200 | 7730
118 122 127 131 135 139 143 148 154 160 166
1,7 299 | 508 | 101 | 155 | 254 | 446 | 850 | 183 482 | 1740 | 9120
130 134 139 143 146 151 155 160 166 172 178
1,8 115 | 195 | 384 | 588 | 955 | 165 305 609 | 1360 | 3700 +




Kz Kl
0,25 [ 0,50 { 0,70 | 0,80 | 090 | 100 | 1,10 { 1,20 | 1,30 | 1,40 | 1,50
142 147 152 155 159 163 168 173 178 184 +
1,9 46,9 | 791 155 237 383 657 | 1200 + + + +
155 160 165 168 172 176 181 + + + +
2,0 203 341 666 | 1010 + + + + + + +
169 173 178 182 + + + + + + +

Ta6auma 20 - TpancdopmaTopsl cpemHei U OONBIION MOITHOCTH ¢ oxynaxaeHueM OF, t= 1 u.
JlomycTuMBIC Harpy3Kd M COOTBETCTBYIOIIECE CYTOUHOE COKPAIICHHE CPOKa CITYXOBI (B «HOPMAJBHBIX)

CYTKax)

Jns onpenenenus rpaduka JOIMYCTUMON HArpy3KH, XapakTepusyemoro 3HadeHusMu K; u K; n
pacyera COOTBETCTBYIOLIEr0 COKPAIIEHHsI CPOKA CITY>KObI HEOOXOIMMO:

Temneparypa oxnaxnaromeii cpenst, °C - [40| 30 | 20 | 10 0 -10 -20 -25
CyTOUHOE COKpaIlleHHE CPOKA CITYXKOBI:
YMHOXHUTh  3HadyeHue, npuseaenHoe B|10(3,211,0(0,32| 0,1 0,032 [ 0,01 |0,0055
TabJMLle, HA YKa3aHHBIH 3/1ech Ko dHIreHT

TemmnepaTypa HauboJiee HArPETOH TOUKH:
npuOaBUTH TEMIIEPATYpPy OXJIAXKIAIONIEH Cpelbl K IPEBBIINICHUIO TEMIIEpaTyphl, MPUBEICHHOMY B
Ecnu nonydeHHOe 3HaueHHWE TeMIepaTypbl Hauboiee Harperod TOYKW IPEBBIIIAET
npesieNbHOe 3HaUeHne, MPUBEICHHOE B Ta0nuIle 1, Takol peXuM Harpy3KH HEJIOIYCTHM

TabIHUIIE.

Kz Ky
0,25 [ 0,50 | 0,70 | 0,80 | 0,90 | 1,00 | 1,10 | 1,20 | 1,30 | 1,40 | 150
0,7 | 0,001 | 0,003 | 0,020
37 40 44
0,8 | 0,001 | 0,004 | 0,021 | 0,065
45 48 52 54
0,9 (0,002 | 0,005 | 0,024 | 0,070 | 0,239
54 57 61 63 66
1,0 | 0,005 | 0,009 | 0,032 | 0,081 | 0,260 | 1,00
63 66 70 72 75 78
1,1 | 0,012 | 0,021 | 0,053 | 0,113 | 0,312 | 1,10 | 4,70
73 76 80 82 85 88 91
1,2 | 0,036 | 0,058 | 0,119 | 0,209 | 0,462 | 1,35 | 521 | 248
84 87 91 93 96 99 102 106
1,3 | 0120 | 0,186 | 0,342 | 0,528 | 0,945 | 2,14 | 6,62 | 27,8 147
95 98 102 105 107 110 114 117 121
14 104310659 | 1,16 | 1,68 | 2,66 | 485 | 11,2 | 36,4 166 975
108 110 114 117 119 122 126 129 133 138
1,5 168 | 255 | 437 | 6,18 | 9,30 | 152 | 28,3 | 66,7 225 | 1110 | 7230
120 123 127 129 132 135 138 142 146 150 155
1,6 709 | 10,7 | 181 | 253 | 37,2 | 58,0 | 97,6 186 446 | 1570 | 8340
134 137 140 143 146 149 152 155 159 164 168
1,7 32,3 | 48,3 | 81,0 112 164 250 406 706 | 1380 | 3370 +
148 151 154 157 160 163 166 170 173 178 182
1,8 159 236 393 543 784 | 1190 | 1890 | 3180 + + +
162 165 169 171 174 177 181 184 + + +
19 842 | 1250 | 2060 + + + + + + +
178 181 184 + + + + + + +

Taonuua 21 - Tpauncdopmaropsl cpenHeld u 60nbIIONH MoIHOCTU ¢ oxnaxaeHuem OF, t = 2 4.
JlomycTiMBle Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAILEHHE CPOKa CIIYKOBI (B «HOPMAJIbHBIX»

CYTKax)




Junst ompenenenust rpaduka IOMYCTUMOW HAarpys3kH, xapakrepusyemoro 3HaueHusiMu K; um K; u
pacdera COOTBETCTBYIOIIETO COKPAIIEHHS CPOKa CITY>KObI HEOOXOIMMO:

Temmneparypa oxnaxnaromieii cpensi, °C 40 (30120 | 10 | O -10 | -20 -25
CyTOuHOE COKpAIIeHHE CPOKA CITYXKOBI:
YMHOXHTh 3HaYCHHE, TIPUBEICHHOE B Tabmure, Ha| 10 | 3,2 (1,0 (0,32 0,1 | 0,032 | 0,01 | 0,0055
yKa3aHHbIH 371ech KO3 umeHt

Temmepatypa HauOoOJIee HATPETOW TOUKH:

MPUOABUTH TEMIIEPATYPY OXJIAXIAIOMICH Cpelbl K MPEBBINICHAI0 TEMITEPaTyphl, MPUBEACHHOMY B
Tabnmune. Eciu momydeHHOe 3HAYCHHE TEMIIEpaTyphbl HawOojee HArpeTod TOYKH IPEBBIMIACT
MpeebHOEC 3HAUCHNUE, MPUBEICHHOE B Ta0MHIIE 1, TAKOH PEKUM HATPY3KH HEAOMYCTHM

K2 Ky

0,25 { 0,50 | 0,70 | 0,80 | 0,90 | 1,00 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50
0,7 | 6,001 | 0,004 | 0,020
41 42 44
0,8 | 0,002 | 0,005 | 0,023 | 0,065
45 51 53 54
0,9 | 0,006 | 0,010 | 0,030 | 0,076 | 0,239
60 61 63 64 66
1,0 | 0,017 | 0,025 | 0,053 | 0,107 | 0,286 | 1,00
70 72 74 75 76 78
1,1 | 0,056 | 0,077 | 0,130 | 0,207 | 0,426 | 1,22 | 4,70
82 84 86 87 88 90 91
1,2 (0,211 | 0,280 | 0,421 | 0,577 | 0,922 | 1,93 | 585 | 2438
95 96 98 99 101 102 104 106
13 | 0877 | 1,14 | 164 | 210 | 291 | 466 | 990 | 316 147
108 109 111 113 114 116 117 119 121
1,4 4,03 | 520 | 7,27 | 907 | 11,8 | 16,6 | 26,7 | 57,2 191 975
122 124 126 127 128 130 131 133 135 138
15 20,5 | 26,1 | 36,0 | 443 | 564 | 751 107 173 372 | 1300 | 7230
137 139 141 142 143 145 146 148 150 153 155
1,6 114 145 198 241 303 394 536 774 | 1260 | 2730 | 9870
153 154 156 158 159 161 162 164 166 168 171
1,7 703 886 | 1200 | 1450 | 1800 | 2320 | 3090 | 4280 | 6290 + +
169 171 173 174 176 177 179 181 183 + +

Tabnuua 22 - Tpancdopmaropsl cpenHeld u 00JbIIOH MomHOCTH ¢ oxnaxiaenueM OF, t= 4 4.
JlomycTiMBle Harpy3Kd U COOTBETCTBYIOIIEE CYyTOUHOE COKpAILEHHE CPOKa CIIY)KOBI (B «HOPMAJIBHBIX»
CyTKax)

Jns ompeneneHus rpaduka IOIMYCTUMOW Harpyskd, Xapakrepusyemoro sHadeHmsmu K; u K; u
pacdera COOTBETCTBYIOIIETO COKPAIIEHHS CPOKa CITY>KObI HEOOXOIMMO:

Temmnepatypa oxnaxparomiet cpenpl, °C 40 30 20 10 0 -10 | -20 | -25
CyTro4yHOE COKpaIleHne CpoKa CITy>KObI:
YMHOXXUTh  3HaueHue, mnpusBeneHnoe B[ 10 32 1|10 (0,32 | 0,1 |0,032] 0,01 |0,0055
Ta0IIHIle, HA YKa3aHHBIN 31eCh KO PHUINEHT

Temmnepartypa HanboIIee HaATPETON TOUKH:

MpUOaBUTh TEMIEPATYPY OXJIAXKTAIOMEH CpPenpl K MPEBBIICHAIO TEMIIEPATyphl, IPUBEICHHOMY B
Tabmuie. Ecnmm momydeHHOe 3HAaUeHHME TEMIEpaTyphl HauOoiee HarpeToil TOYKM IPEBBIIIAET
TMIpe/IeNIbHOE 3HAUEHHE, ITPHUBEICHHOE B TabnuIe |, TAKOH peXXuM Harpy3Kd HETOITyCTUM

| Ko | Ky




0,25 { 0,50 { 0,70 | 0,80 | 0,90 | 1,00 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,003 | 0,005 | 0,20 -
43 43 44
0,8 | 0,006 | 0,010 | 0,026 | 0,065
53 53 54 54
0,9 | 0,019 | 0,025 | 0,046 | 0,089 | 0,239
64 64 65 65 66
1,0 (0,069 | 0,082 | 0,117 | 0,172 | 0,344 | 1,00
76 76 77 7 78 78
1,1 (0,278 | 0,320 | 0,403 | 0,499 | 0,734 | 1,50 | 4,70
89 89 90 90 91 91 91
1,2 126 | 1,43 | 1,71 | 196 | 242 | 354 | 7,37 | 2438
103 103 104 104 104 105 105 106
13 6,40 | 7,18 | 840 | 937 | 10,8 | 13,3 | 193 | 40,7 147
118 118 119 119 119 120 120 121 121
1,4 36,4 | 40,5 | 46,7 | 514 | 57,8 | 67,0 | 82,6 119 252 975
134 134 134 135 135 136 136 137 136 138
15 231 256 292 319 353 400 467 576 823 | 1760 | 7230
150 151 151 151 152 152 153 153 154 154 155
1,6 | 1640 | 1800 | 2040 | 2210 | 2430 | 2720 | 3100 | 3640 | 4500 | 6400 -1-
168 168 169 169 169 170 170 171 171 172 173

Tab6auma 23 - Tpanchopmaropsl cpenHei U 00bIIOH MorHOCTH ¢ oxnaxaeHuem OF, t = 8 u.
JlomycTiMBbIe HATPY3KH W COOTBETCTBYIOIIEE CYTOYHOE COKpAICHHE CPOKA CIYKOBI (B «HOPMATbHBIX

CYyTKax)

Hns ompeneneHust rpaduka TOMYCTHMON Harpy3ku, xapakrepusyemoro 3HaueHusmu K; u K; u
pacuera COOTBETCTBYIOIIETO COKPAIIEHHUS CPOKa CIIY>KObI HEOOXOIMMO:

Temmnepatypa oxsaxaromen cpenpl, °C 40 30 20 10 0 -10 | -20 -25
CyTO4YHOE COKpAIIlCHHE CPOKa CITYXkKOBI:
YMHOXHUTh  3HadyeHue, npusenenHoe B| 10 32110 1032 0,1 |0,032| 0,01 | 0,0055
TabJMLE, HA YKAa3aHHbIH 3/1ech KO dHIeHT

TemmnepaTypa Hanboiee HATPETOH TOUKH:
MpUOaBUTh TEMIIEPATYPY OXJIAXIAIOIIEH Cpelpl K MPEBBIICHUI0 TEMIIEpaTyphl, IPUBEICHHOMY B
Ecin nonmydeHHoe 3HaueHHME TeMIeEpaTypbl HauOolee HarpeTodl TOYKM MpeBBIIIaeT

TabuLe.
npenebHOe 3HAYCHIE, IPUBEACHHOE B TabiuIle 1, Takoi pesKUM HATPY3KH HETOMYCTHM

K, K,
025 | 050 | 0,70 | 0,80 | 0,90 | 1,00 | 1,20 | 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,006 | 0,008 | 0,020
44 44 44
0,8 | 0,017 | 0,020 | 0,034 | 0,065
54 54 54 54
09 | 0,057 | 0,063 | 0,082 | 0,118 | 0,239
66 66 66 66 66
1,0 | 0,223 | 0,238 | 0,273 | 0,324 | 0,469 | 1,00
78 78 78 78 78 78
1,1 | 0989 | 1,04 | 1,14 | 124 | 1,45 | 2,11 | 4,70
91 91 91 91 91 91 91
12 | 495 | 517 | 553 | 582 | 6,31 | 7,37 | 10,7 | 24,8
106 | 106 | 106 | 106 | 106 | 106 | 106 | 106
13 | 27,8 | 289 | 306 | 318 | 335 | 363 | 42,1 | 60,7 | 147
120 | 121 | 121, | 120 | 1210 | 121 | 121 | 121 | 121
1,4 | 175 | 181 | 190 | 197 | 205 | 217 | 235 | 271 | 388 | 975
137 | 137 | 137 | 137 | 137 | 137-| 137 | 137 | 138 | 138




Kz Kl

0,25 { 0,50 | 0,70 | 0,80 | 090 | 1,00 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50

15 1240 | 1280 | 1330 | 1370 | 1420 | 1490 | 1570 | 1700 | 1950 | 2780 | 7230
155 155 155 155 155 155 155 155 155 155 155
1,6 9790 + + + + + + + + + +

173 173 173 173 173 173 173 173 173 173 173

Tab6auma 24 - TpanchopmaTophl cpenHeid U OONBIION MOITHOCTH ¢ oxjaxaeHueM OF, t = 24 4,
JlomycTrMBble HAarpy3KH U COOTBETCTBYIOIEE CYTOYHOE COKPAIIEHHE CPOKa CITYKOBI (B «HOPMAJIbHBIX)
CYTKax)

Jns onpenenenust rpaduka JOMYCTUMON HArpy3KH, xapakrepuzyeMoro 3HadeHusMu Kj, u K; u
pacyera COOTBETCTBYIOLIEr0 COKPAIIEHHsI CPOKA CITY>KObI HEOOXOIMMO:

Temnepartypa oxnaxnaromeii cpensl, °C 40 30 20 10 0 -10 | -20 | -25

CyTOUHOE COKpaIlleHHE CPOKA CITYXKOBI:
YMHOXHUTh  3HaueHuWe, npusBeaeHHoe B| 10 32110 1032 0,1 |0,032| 0,01 |0,0055
TabJMlle, Ha YKa3aHHbIH 3/1ech KoddduipeHT

TemmnepaTypa Hauboiee HArpEeTOH TOUKH:

NpuOaBUTH TEMIIEPATYpy OXJIAXKIAIOWIEH CpeAbl K MPEBBINICHUIO TEMIIEPATyphl, MPUBEICHHOMY B
tabnuie. Ecnu nomydyeHHoe 3HaueHHWE TeMIIEpaTypbl HauOolee Harperod TOYKM IPEBBIIIAET
npesiesbHOe 3HaueHne, NPUBEICHHOE B Ta0nuIe 1, TakoW peXUM Harpy3KH HEJIOIMYCTHM

K Ki
0,25-15
0,7 0,020
44
0,8 0,065
54
0,9 0,239
66
1,0 1,00
78
11 4,70
91
1,2 24,8
106
1,3 147
121
1,4 975
138
15 7230
155
16 +
173

Taonuua 25 - Tpanchopmaropsl cpeanei U OonbiIold MolHOCTH ¢ oxnaxaeauem OD, t = 0,5 4.
JormycTiMble Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAILEHHE CPOKa CIIYKOBI (B «HOPMAaJIbHBIX)
CyTKax)

Hns onpenenenus rpaduka JOIMYCTUMON HArpy3KH, XapakTepusyemoro 3HaueHmsMu K; u K; u
pacdera COOTBETCTBYIOIIETO COKPAIICHHUS CPOKa CITYKObI HEOOXOIMMO:

TemmnepaTypa oxsnaxaaromuie cpenpl, °C 40 30 20 10 0 -10 | -20 -25
CyTo4yHOE COKpaIeHne CpOKa CITYXKOBI:
YMHOXKUTh  3HadyeHue, mnpuBeneHnoe B| 10 3,2 1.0 0,32 | 0,1 (0,032 0,01 [0,0055




Temmneparypa oxnaxgaromeii cpens, °C 40 30 20 10 0 -10 | -20 -25

TabJMIe, Ha YKa3aHHBIHN 3/1ech KodduimeHt

TemmnepaTypa HanOoee HarpeToi TOUKH:

MpUOaBUTH TEMIEPATYPY OXJIAXKIAIOIIEH Cpelbl K MPEBBIICHUIO TEMIIEpaTyphl, PUBEICHHOMY B
tabmuue. Ecnu momydeHHoe 3HaueHHWe TeMIepaTypbl HauOoinee Harperodl TOYKM IIPEBBIIIAET
TIpe/ieNIbHOE 3HAUYEHHE, [TPUBEICHHOE B TaOnuIe 1, TAKOH pexkuM Harpy3Kd HEIOIyCTUM

K. Ky

0,25 | 050 | 0,70 | 0,80 | 0,90 | 100 [ 1,10 | 1,20 | 1,30 | 140 | 1,50
0,7 | 0,000 | 0,001 | 0,008
23 29 36
0,8 | 0,000 | 0,001 | 0,008 | 0,032
31 36 44 48
0,9 | 0,000 | 0,001 | 0,009 | 0,034 | 0,163
40 45 53 57 62
1,0 | 0,001 | 0,002 | 0,010 | 0,037 | 0,172 | 1,00
50 55 63 67 72 78
1,1 | 0,002 | 0,004 | 0,016 | 0,048 | 0,196 | 1,06 | 7,42
61 66 73 78 83 89 95
1,2 | 0,005 | 0,012 | 0,037 | 0,087 | 0,275 | 1,25 | 7,97 | 66,7
73 78 86 90 95 101 107 114
1,3 | 0,021 | 0,045 | 0,123 | 0,244 | 0,589 | 194 | 9,73 | 723 | 726
86 91 99 103 108 114 120 127 135
1,4 | 0096 | 0,201 | 0,524 | 0,970 | 2,02 | 5,03 | 17,1 | 92,3 | 794 | 9550
100 105 113 117 122 128 135 142 149 157
15 | 0497 | 103 | 263 | 4,77 | 943 | 20,8 | 53,7 | 186 | 1070 +
115 121 128 132 138 143 150 157 164 172 181

+

15 2,90 | 5,97 151 | 27,1 | 52,8 112 263 711 | 2520 + +
131 137 144 149 154 160 166 173 180 + +
1,7 19,1 | 39,2 | 98,5 176 339 712 | 1630 + + + +
148 154 161 166 171 177 183 + + + +
1,8 143 291 727 1290 + + + + + + +
167 172 180 184 + + + + + + -i-

Tabnuua 26 - TpanchopmaTopsl cpeaHei u Oonbiioi MomHOCTH ¢ oxyaxaeHueM OD, t = 1 4.
JlomycTiMBle Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAILEHHE CPOKa CIIY)KOBI (B «HOPMAJIBbHBIX)

CyTKax)

Jns ompexneneHus rpaduka JOIMYCTUMOW Harpyskd, Xapakrepusyemoro sHaudeHmwsmu K; u K; u
pacdera COOTBETCTBYIOIIETO COKPAIIEHHUS CPOKa CIIY>KObI HEOOXOIMMO:

Temmnepatypa oxnaxarome cpenpl, °C 40 30 20 | 10 0 -10 | -20 -25

CyTro4yHOE COKpaIieHne CpoKa CITy>KObI:
YMHOXKUTh ~ 3HaueHue, npuBereHHoe B| 10 32 (100,32 0,1 |0,032( 0,01 |0,0055
TabJMIle, HA YKAa3aHHbIH 3/1ech Ko duImeHt

Temmnepartypa HanboIee HaATPETOH TOUKH:

MpUOaBUTh TEMIEPATYPY OXJIAXKIAIOIMIEH CpPepl K MPEBBIICHUIO TEMIIEPaTyphl, IPUBEICHHOMY B
Tabmuie. Ecnmm momydeHHOe 3HAaYeHHME TEMIEpaTyphl HauOoiee HarpeToil TOYKM IPEBBIIIAET
TIpe/IeNIbHOE 3HAUEHHE, ITPUBEICHHOE B TabnuIe |, TAKOH pexXuM Harpy3Kd HETOITYCTHM.

K2 Kl

0,25 | 050 | 0,70 | O80 | 0,90 | 1,00 [ 1,10 | 1,20 | 1,30 | 1,40 | 1,50

0,7 | 0,000 | 0,001 | 0,008
27 31 36
0,8 | 0,000 | 0,001 | 0,008 | 0,032




K. Ky
0,25 { 0,50 | 0,70 | 0,80 | 0,90 | 1,00 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50
36 40 45 48
0,9 | 0001 | 0,002 | 0,010 | 0,035 | 0,163
46 50 55 59 62
1,0 | 0,002 | 0,004 | 0,015 | 0,045 | 0,183 | 1,00
58 62 67 70 74 78
1,1 (0,007 | 0,013 | 0,035 | 0,078 | 0,246 | 1,14 | 7,42
70 74 80 83 87 91 95
1,2 (0,030 | 0,054 | 0,123 | 0,221 | 0,500 | 1,65 | 8,65 | 66,7
84 88 94 97 101 105 109 114
13 (0,152 | 0,269 | 0,571 | 0,939 | 1,74 | 3,98 | 136 | 79,4 726
100 104 109 112 116 120 125 130 135
1,4 (0893 | 156 | 323 | 514 | 885 | 17,0 | 394 | 137 884 | 9550
116 120 125 129 132 136 141 146 151 157
15 6,08 | 105 | 214 | 336 | 564 102 204 483 | 1700 + +
134 138 143 146 150 154 159 164 169 175 181
1,6 48,0 | 823 165 257 426 754 | 1440 | 3000 + + +
153 157 162 165 169 173 178 183 + + +
1,7 438 745 | 1480 + + + + + + + +
173 177 182 + + + + + + + +

Tab6auma 27 - TpanchopmaTopsl cpenHei ¥ OONBIIOH MOIIHOCTH ¢ oxjaxaeHuem OD, t = 2 4.
JlomycTiMBbIe HATPY3KH U COOTBETCTBYIOIIEE CyTOYHOE COKPAIICHHE CPOKA CIYKOBI (B «HOPMATbHBIX

CYyTKax)

Hns ompeneneHus: rpaduka TOMYCTUMOW Harpysku, Xxapakrepusyemoro 3Hauenusimu K; u K; u
pacuera COOTBETCTBYIOIIETO COKPAIIEHHUS CPOKa CIIY>KObI HEOOXOIMMO:

Temmnepatypa oxsaxaromen cpenpl, °C 40 | 30 20 10 | O -10 | -20 | -25
CyTo4HOE COKpaIICHHE CPOKA CIIYXKOBIL:
YMHOXHUTb 3HaueHue, npuBeneHHoe B tabmune,| 10 | 3,2 | 1,0 | 0,32 | 0,1 | 0,032 |0,01|0,0055
Ha YKa3aHHbIH 3/1ech Ko duipeHTt

TemmnepaTypa HanboIee HArPETOH TOUKHU-
MpUOaBUTh TEMIIEPATYPY OXJIAXIAIOIIEH Cpelpl K MPEBBIICHUI0 TEMIIEpaTyphl, IPUBEICHHOMY B
Ecnn momyueHHoe 3HAaueHHE TeMIlepaTypbl Hauboliee HArperoll TOUYKH IPEBBIIIAET
npenesbHOe 3HaYCHHE, IPUBEASCHHOE B TabiuIe 1, Takoi peXKHM Harpy3KH HEIOIyCTUM

TabuLe.

K, Ky
025 | 050 | 0,70 | O,80 | 0,90 | 100 [ 1,10 | 1,20 | 1,30 | 1,40 | 1,50
0,7 | 0,000 | 0,001 | 0,008
31 33 36
0,8 | 0,001 | 0,002 | 0,009 | 0,032
42 44 47 48
09 | 0,002 | 0,004 | 0,014 | 0,040 | 0,163
54 56 59 50 62
1,0 | 0,010 | 0,015 | 0,032 | 0,067 | 0,209 | 1,00
68 70 72 74 76 78
1,1 | 0,048 | 0,070 | 0,222 | 0,192 | 0,398 | 1,33 | 7,42
83 85 87 89 91 93 95
1,2 0278 | 0,395 | 0,639 | 0,894 | 1,41 | 2,93 | 104 | 66,7
99 101 104 105 107 109 112 114
1,3 193 | 2,70 | 422 | 566 | 8,09 | 129 | 26,6 | 97,7 726
117 119 122 123 125 127 130 132 135
1,4 159 | 220 | 33,7 | 443 | 61,1 | 89,6 | 145 297 | 1120 | 9550
136 138 141 143 144 147 149 152 154 157




Kz Kl

0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20 1,30 1,40 1,50
15 156 213 321 418 566 805 1210 | 1990 | 4070 + +

157 159 162 163 165 167 170 172 175 178 181
1,6 1800 | 2450 | 3650 + + + + + + + +

179 181 184 + + + + + + + +

Tab6auma 28 - TpanchopmaTopsl cpemHer ¥ OONBIION MOIIHOCTH ¢ oxjaxiaeHueM OD, t = 4 4,
JlomycTuMBIe Harpy3Kd M COOTBETCTBYIOIIECE CYTOUHOE COKpAIICHHE CPOKA CITYXOBI (B «HOPMAJBHBIX)

CYTKax)

Jns onpeneneHus rpaduka JOIMYCTUMON HArpy3Kd, XapakTepusyemoro 3HaueHuwsmu K; m K; u
pacyera COOTBETCTBYIOLIEr0 COKPAIIEHHsI CPOKA CITY>KObI HEOOXOIMMO:

Temneparypa oxnaxnaromieii cpensi, °C 40 | 30 20 10 0 -10 | -20 -25

CyTOUHOE COKpaIlleHHE CPOKA CITYXKOBI:
YMHOXHUTh  3HaueHwe, npuenennoe 8| 10 [ 3,2 | 1,0 |1 0,32 | 0,1 |0,032| 0,01 |0,0055
TabJMlle, Ha YKa3aHHbIH 3/1ech KoddduipeHT

TemmnepaTypa Hauboiee HArpEeTOH TOUKH:

npuOaBUTH TEMIIEPATYpy OXJIAXKIAIONIEH Cpelbl K MPEBBIILICHUIO TEeMIIEpaTyphl, NPUBEJCHHOMY B
tabnuie. Ecnu nomydyeHHoe 3HaueHHWE TeMIIEpaTypbl HauOolee Harperod TOYKM IPEBBIIIAET
npesiesbHOe 3HaueHne, NPUBEICHHOE B Ta0nuIe 1, TakoW peXUM Harpy3KH HEJIOIMYCTHM

Kz Kl

0,25 | 050 | 0,70 | 0,80 | 0,90 | 100 | 1,0 | 1,20 [ 1,30 | 1,40 | 1,50

0,7 | 0,001 | 0,002 | 0,008
35 35 36
0,8 | 0,003 | 0,004 | 0,011 | 0,032
47 47 48 48
09 |0,011 | 0,014 | 0,024 | 0,049 | 0,163
60 61 61 62 62
1,0 | 0,054 | 0,065 | 0,091 | 0,130 | 0,271 | 1,00
75 76 76 7 7 78
1,1 | 0334|0392 | 0,500 | 0,610 | 0,863 | 1,80 | 7,42
92 93 93 94 94 95 95
1,2 250 | 290 | 356 | 412 | 503 | 7,01 | 146 | 66,7
110 111 112 112 113 113 114 114
1,3 22,7 | 260 | 31,2 | 354 | 413 | 50,6 | 69,9 | 145 726
130 131 131 132 132 133 134 134 135
1,4 248 281 334 374 429 505 622 853 | 1740 | 9550
152 152 153 153 154 155 155 156 157 157
15 | 3270 | 3690 | 4330 | 4810 | 5440 | 6300 | 7490 | 9300 + + +
175 175 176 177 177 178 178 179 180 180 181

Taonuua 29 - TpanchopmaTopsl cpeaHei u Oonblioi MomHocTH ¢ oxnaxaeHuem OD, t = 8 4.
JlormycTiMBle Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAICHHE CPOKa CIIY)KOBI (B «HOPMAJIbHBIX»

CyTKax)

Jns onpenenenus rpaduka JOMYCTUMON HArpy3KH, xapakrepuzyemoro 3HadeHusMHu Kj, m K; n
pacdera COOTBETCTBYIOIIETO COKPAIICHHUS CPOKa CITYKObI HEOOXOIMMO:

TemmnepaTypa oxnaxaaromuiei cpenpl, °C 40 30 20 10 0 -10 | -20 -25

CyTo4yHOE COKpalieHne CpoKa CITYXKObI:
YMHOXXUTh  3HaueHue, mnpuBereHHoe B| 10 32110 032 0,1 |0,032] 0,01 |0,0055
Ta0IIHIIe, HA YKa3aHHBIN 31eCh KO PHUINEHT




TemmnepaTypa HanOoee HarpeToi TOUKH:

MpUOaBUTH TEMIEPATYPY OXJIAXKIAIOIIEH CpPelbl K MPEBBIICHUIO TEMIIEpaTyphl, MPUBEICHHOMY B
tabmuue. Ecnmum momydeHHOe 3HaueHHWE TEMIEpaTyphl HauOolee Harperodl TOYKM IIPEBBIIIAET
TIpe/ieNIbHOe 3HAUEHHE, [TPUBEICHHOE B TabnuIe |, TaKOH pexXxuM Harpy3Kd HEIOITyCTUM

Kz I‘(l

0,25 | 050 | 0,70 | 0,80 | 0,90 [ 100 | 1,10 | 1,20 | 1,30 | 1,40 | 1,50

0,7 | 0,002 | 0,003 | 0,008
36 36 36
0,8 | 0,008 | 0,009 | 0,015 | 0,032
48 48 48 48
0,9 | 0,036 | 0,039 | 0,049 | 0,071 | 0,163
62 62 62 62 62
1,0 | 0,204 | 0,218 | 0,247 | 0,285 | 0,407 | 1,00
78 78 78 78 78 78
1,1 1,42 1,50 1,64 1,76 2,02 2,85 7,42
95 95 95 95 95 95 95
1,2 12,0 12,6 13,5 14,3 15,3 17,4 24,3 66,7
114 114 114 114 114 114 114 114
1,3 123 129 137 143 151 162 183 252 726
135 135 135 135 135 135 135 135 135
14 1540 | 1590 | 1680 | 1740 | 1820 | 1930 | 2080 | 2340 | 3170 | 9550
157 157 157 157 157 157 157 157 157 157
1,5 + + - + + + + + + + +
181 181 181 181 181 181 181 181 181 181 181

Taoanua 30 - Tpancdopmaropsl cpeqneit n 0oibIOH MoOIIHOCTH ¢ oxyaxzaeHuem OD, t = 24 4.
JlomycTiMBIe Harpy3Kd U COOTBETCTBYIOIIEE CyTOYHOE COKpAICHHE CPOKa CIY)KOBI (B « HOPMAaJIbHBIX»
CyTKax)

Jns ompexneneHus rpaduka JOIMYCTUMOW Harpyskw, Xapakrepusyemoro sHaueHmwsimu K; u K; n
pacuera COOTBETCTBYIOIETO COKPAIIEHHUS CPOKa CIIY>KObI HEOOXOIMMO:

Temmnepatypa oxsaxaromen cpenpl, °C 40 | 30 |20| 10 | 0 | -10 | -20 | -25

CyTO4YHOE COKpAIIlCHHE CPOKa CIYXkKOBI:
YMHOXHUTh 3Ha4YeHHe, NpuBegeHHoe B tabnmue,| 10 [ 3,2 (1,0 0,32 [ 0,1 (0,032| 0,01 | 0,0055
Ha YKa3aHHbIH 3/1ech Ko duipeHTt

TemmnepaTypa Hanboiee HATPETOH TOUKH:

MpUOaBUTh TEMIIEPATYPY OXJIAXIAIOIIEH cpelpl K MPEBBIICHUI0 TEMIIEpaTyphl, IPUBEICHHOMY B
tabmuue. Ecnu momydeHHoe 3HauyeHWe TeMIlepaTypsl HamOoiee Harperoil TOYKM IIPEBBIIIAET
npenesbHOe 3HaYCHHE, IPUBEASCHHOE B TabiuIe 1, Takoi peXKHM Harpy3KH HEIOIyCTUM

K. Ky
0,25-15
0,7 0,008
36
0,8 0,032
48
0,9 0,163
62
1,0 1,00
78
11 7,42
95
1,2 66,7
114




K. Ky
0,25-15
13 726
135
1,4 9550
157
15 +
181

I[MPUJIOXKEHUE A
(obs13aTenbpHOE)

3KBUBAJIEHTHBIA HOMUHAJIbHBIN PEXKUM ABTOTPAHC®OPMATOPOB

Hdnst  Tpexda3HbIX aBTOTpaHCPOPMATOPOB TpeNeNbHbIE 3HAUSHUS IIOJHOTO CONPOTHBIICHUS
KOPOTKOT'O 3aMBbIKaHUsI 1 HOMHUHAJIBHOW MOIIHOCTH OTHOCSITCSI K SKBHBajieHTHON morrHoctH S; = 100
MB-A, nByXOOMOTOYHBIX TpaHC(OPMATOPOB M MaKCHMallbHOW HOMHWHaibHOW MormiHoctH Sy = 200
MB-A ¢ COOTBETCTBYIOLIMM TOJHBIM COINPOTHUBICHUEM KOPOTKOTO 3aMBIKaHUs Z; YMEHBIIAIOIIUMCS
nuHeiHo Mexy 0 u 100 MB-A ot 25 %m0 15 %.

st aBroTpanchopMaTopoB, KpoMe Tpex(dasHbIX, MPeAeNbHbIE 3HAUSHUS] TUIIOBOH U HOMHHAIILHOM
MOII[HOCTH PaBHBI COOTBETCTBEHHO 33,3 MB-A u 66,6 MB-A Ha cTep»eHb ¢ OOMOTKOIA.

Tpexda3zubie aBTOTpaHCHOPMATOPHI

S, =ersmo MB-A; (A1)
Ul
S, = Se YUi=U, 333 MB'A; (A.2)
W U,
ABTOTpaHCHOPMATOPHI C OrPAaHUYCHHEM HOMUHAJIBHONW MOIIIHOCTH Ha CTEPIKEHb
U S
2, =7, —+—<25--L; (A.3)
u,-u, 10
U 3S
2, =72, —+—<25-—L; (A.4)
U, -u, 10W

rae U; - BriciIee HampspKeHne (OCHOBHOE OTBETBIICHHE);

U, - Hu31Iee HanpsDKeHHE (OCHOBHOE OTBETBIICHNUE);

S, - HOMHMHAJIBHAs. MOILHOCTE, MB-A:

St - OKBUBaJEHTHAas MOIIHOCTb, OTHOCSMIAACS K JBYXOOMOTOYHOMY TpaHchopMaTopy
(mpeobpa3zoBaHHast MOIIHOCTE), MB-A;

Z, - TIOJTHOE CONPOTUBIICHHE KOPOTKOTO 3aMBIKaHHS, COOTBETCTBYIoMIEe Sy, %0;

Z; - TIOJTHOE COIPOTHBIIEHHE KOPOTKOTO 3aMbIKaHHs, COOTBETCTBYIOIIEe S %0;

W - KonnyecTBO CTep>KHEH ¢ 0OOMOTKOMA.

Homorpamma k 3TuM (opMmynaM ¢ mpuMepaMH IpHBelieHa Ha pUCYHKe A. 1.
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[pumepst wis TpexdazHbIX aBTOTPAHCPOPMATOPOB:
Ipumep 1. S, = 120 MB-A; U; = 525 kB; U, = 161 kB; z, = 10 %,; S; = 83,2 MB-A (<100);
7y = 14,42 % (<16,68).
Ipumep 2. S, = 100 MB'A; U; = 400 xB; U, = 220 kB; z, = 9,5 %,; S; = 45,0 MB-A (<100);
7= 21,11 % (>20,50).
Pucynok A.1 - ABrorpancdopmaropsl. OrpaHu4eHHss HOMUHAJIBHOW MOIIHOCTH Sy, U
COIIPOTHBJICHHS] KOPOTKOT'O 3aMBIKAHHUS Z;

[MPMJIOXXEHUE B
(pexoMenmyemoe)

AJIbTEPHATUBHBI METO/1 OITPEJIEJIEHUAS NPEBBIIIEHUS CPEIHEN
TEMIIEPATYPbI MACJIA OBMOTOK 1O PE3YJIbTATAM U3MEPEHU ITPU
HCIIBITAHUU HA HAT'PEB

B.1 [ns oxnaxaenuss ONAN u OFAN MOXHO TMOJYyYHTh YIOBJICTBOPUTEIbHBIE KpPUBBIC
oxaxkaeHus. [ oximakaeHusI BO3AYXOM W BOJOH ¢ mpuHyauTenbHoU mupkyismueii B [OCT 3484.2
MIPUBENICHO CJIe/ytolee TpeOOBaHKE: «C OTKIIOUSHHEM TpaHCopMaTopa OT MCTOYHUKA MPEKpaIlaloT
paboTy BEHTHJISITOPOB M BOJSIHBIX HACOCOB, MACISIHbIC HACOCHI HE OTKIIOYAIOT». DTO MOXET BBI3BATh
MEPEXO/IHbIE TEIUIOBBIC MPOIECCHI, KOTOPBIE HCKAKAIOT XapaKTEePUCTHKH MPEANONaraeMoil KpUBOi
OXJIAKACHUS, HAaNU4We JBYX IIOKA3aTENBbHBIX  JKCIIOHCHIMATBHBIX  BEIWYWH  3aTPyTHICT



9KCTPAIIONIMPOBAHUE K «HYIIO» H «OeckoHedHocTw» sl momydeHus R, m R™ (em. TOCT 3484.2,
PHCYHOK 8).

Uro0bI cCBECTH K MUHUMYMY 3TH HCK)KEHHSI KPUBOM OXJIaXICHUs! (COIPOTHUBIICHHS) JUIS BCEX BHIOB
OXJIQXKJICHUsI, HeOOXOJMMO B TEUEHHE BCEH MPOJOIIKUTEIBHOCTH KPUBOM OXJIXIICHUS IMOJJIEPKUBATh
YCIOBUS OXJAXKIEHUS TaKUMU K€, KaK T€, KOTOpble IPEBANIMPYIOT IPU HCHBITAHUM HA Harpes. [yis
ydeTa OXJIXIEHHUsl TpaHc(opMaTopa IOCie OTKIIOUEHUS Pe3yJabTaThl HCHBITAHHUS JOJDKHBI OBITH
OTKOPPEKTUPOBAHBI CIEAYIOIIUM 00Pa30oM.

Hcnions3ys IOCTOSHHYIO BpeMeHHU (Maciia) TpaHC(hopMaTopa, ONPeAeICHHYI0 [0 IPHIOKeHHIo B.2,
NIPEBBIIICHAE CPEAHEH TeMIepaTypsl OOMOTKM B KaXJIOH TOYKE W3MEPEHUS! CONPOTHBIICHUS
ompenesoT o GopMynam

R
Afg, = Exp Ti R—‘(235 +6rc )—(235+6,) | n1s mem; (B.1)
0 S
t [ R,
Abg = Exp— R (225 + Ore )— (225 + Ha) JUIs aIIIOMMHMS, (B.2)
To | Rs

rze R; - conpoTuBieHne 0OMOTKH, H3MEPEHHOE B MOMEHT t TI0CiIe OTKITIOUYEHHST;

Rs - conmporuBiieHre 0OMOTKY (OXJIaXICHHO#), H3MEPEHHOE MpH TeMriepatype Orc: °C;

Orc - TeMneparypa 0OMOTKH Ipu u3Mepenuu Re- °C;

0, - TeMIlepaTypa OXJIaXxAaroIIeh Cpeibl pu OTKIroUeHHH, °C;

t - Bpems mociie OTKIIIOYEHUS], MUH;

To - TIOCTOSIHHAS BpeMeHH (Macia) TpaHchopMaropa, NoJlydeHHas: B OCHOBHOM 1o ¢opmynam (B.4),
(B.5), (B.6) wu 1o (B.8);

Tw - IIOCTOAHHAsA BPEMECHU O6MOTKI/I.

[peBbllieHne cpeaHel Temmneparypbl OOMOTKM M TPEBBIINICHWE CpPEIHEeH TeMIepaTypbl Macia
OOMOTKHM B MOMEHT OTKJIIOYCHHUS OMPENSNSIOT Mo Og; v t rpaduuecku, Kak MOKa3aHO Ha PHUCYHKE 8
['OCT 3484.2.

(COOTBETCTBEHHO SKBUBAJICHTHBIC TOUKH R, 1 R’) min mo opmyie

Ore = A + B Exp (-t/ty)

U3 perpeccuBHOro aHamu3a (cooTBeTcTBeHHO s t = 0 m t = 00). DTOT Mpolecc M300paxeH Ha
pucynke B.1.

B.2 Jlns Bcex BHAOB OXJIaXKICHUA IOCTOSHHYIO BPEMEHH Macia TpaHc(opMaTopa OINpenessior,
MOAJEPKUBAs OXJIAKACHUE HEM3MEHHBIM B TeueHue t,,, (rae t > 30 MuH) u peructpupys npesbliIeHHE
Temrepatypsl Macia (ABy, ABy umu AB,) B MomeHT otkitouenus (t = 0) 1 B MoMeHT BpeMenu t mocie
OTKIJTFOUEHHUSL.

3aTeM pacCUUTHIBAIOT IIOCTOSHHYIO BPEMEHH Macia 110 (opMyaam

t
oo INAGy, —nAG, ™ (B4
ot
o "7 InAg,, —nag, e
®5)
. t
o "7 Inag,, —nag, M

(B.6)
Ecnu mognmepxuBath oxJIakJaeHHe B TeueHrne He MeHee 30 MIH MOCie OTKITIOUEHH HEBO3MOXKHO, TO
MOCTOSIHHYIO BpeMeHU (Macna) TpaHcdopmaropa JOMmyCKaeTcs OMpPEAeNsTh M0 KPUBOW MPEBBILICHHS
TeMIepaTypsl Macja IpH YCIOBHH, YTO B TEPHOJA HArpeBa IMOICPKUBACTCS TOCTOSHHOE 3HAYCHHE
MOTEPh W YCIOBUS OXJIXKICHUS OCTAIOTCS HEeM3MEHHBIMHU. Takoi rpaduk, MpUBEACHHBIN Ha PHUCYHKE
B.2, cTposT Tak: mpPOBOAAT KPHUBYIO MPEBBHIMICHHWS TEMIIEPATyphl Macia B BEPXHHX cilosx A0, B
3aBUCHMOCTH OT BpeMeHH t moy Harpy3koii. Ha 3Toit kpuBoii oTMeuaroT pakTryeckne 3Ha4eHus A0, u
t w1 Touek, cocrapmstomux npudIIm3uTeNnsHo 0,6 u 0,95 OTH. en. OoT mocieHell H3MEePeHHON TOYKH
JUTS TIONYYEHHS COOTBETCTBEHHO t;, AB,; u t3, AB,3. Tperps Touxka t,, AB,, ompenensercs Mo KPUBOA,
rae (tz - tl) = (t3 - tz)
OKoHYATEeNEHOE TPEBBIIICHUE TEMIIEPATYPhI Maclia B BEPXHHUX CIIOSX PACCUUTHIBAIOT 10 (hopMyIie



_ A801 X A903 —A‘ggz

Ab,, = B.7
" AO, + A0 —AO,, B-7)
a TIOCTOSIHHYIO BpeMeHH (B MUHYTax) - o (opmyre
Ab,, —A
7o = (t; —t,)/ In 200 =200, (B.8)

AG,, —AOy3

B.3 Tlpumep ompenencHus cpemHeil TemmepaTypbl OOMOTKM W CpENHEH TeMIepatypbl Macia
IpeJCcTaBJIeH Ha pucyHkax B.1 u B.2.
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Pucynok B.1 - Onpenernenne mpeBIIeHUs CPEAHEH TEMIIEpaTypbl 0OMOTKH, TPaJleHTa H
TIOCTOSIHHOW BPEMEHH 0OMOTOK 110 KPHBOW CONPOTUBIICHHS TIPH OXJIAXKICHHN
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A8, = 0,9540,,

A8, = 0,648,

AB_ — nocneaHss Touka
NIMEPEHHA

AB,, v

p
Mamepennoe 2HadeHne NPesLIlLeHNA TeMNEPATYPhl MACNE C MOMEHTA
X = npunoxexns Harpyaxw (= 0)

MNpessuienne 1eMneaTypnl Macna

Bpems [ ———=——=um—

Pucynok B.2 - Onpenenenue qefcTBUTEIBHON MOCTOSHHOM BpEMEHH Macia o 10 KpUBOM
TIPEBBIIICHNS] TEMIIEPATYP

MMPUJIOXKEHHUE C
(obs3aTenpHOE)

CBEJEHMNS, KOTOPBIE TIPEJOCTABJISIIOTCSA B 3AITPOCAX 1 3AKA3AX

B I'OCT 11677 nepednciieHsl CBEACHUS, KOTOPBIE JOJKHBI MPEIOCTABIATHECS BO BCEX CIydasx U
JIOTIOTHUTEIIbHBIE CBEACHUS, KOTOPBIE MOTYT OTPEOOBATHCS:

- 0coOble YCIOBHMS OXJIAXKJICHUs, HalpuMmep, TeMIepaTypa OXJIaKJAIoIeld Cpelpl, eclid OHa
OTIIMYaeTcss OT YCTAHOBICHHOW JUIi HOPMANBHBIX YCIOBHH OKCIUTyaTalldd, WIH OrpaHUYCHHE
LUPKYISIAN OXJIaXK/IAIOIIET0 BO3IyXa,;



- TAHHBIE O MIPEAYCMOTPEHHBIX PEeKUMaxX Harpy3Ku (Harpys3ka BbIIIE HOMHHAIBHOH).

Pexxum Harpysku TpaHc(hOpMaTOpOB MOXKET OBITh OrpaHnyYeH (KpOME BBOJIOB, BHIBOIOB, YCTPOHCTB
TIEPEeKITIOYEHNS] OTBETBJIEHMH OOMOTOK M JPYyroro IPHCOSIMHEHHOrO OOOpYIOBaHHUS) MpPEAeIbHOMI
TEMIIepaTypoil OOMOTOK, a TakKXKe INPEAENbHON TeMIepaTypoil 3JIEMEHTOB BHE OOMOTKH, MMEIOIIHX
MAaJIyIO TETUIOBYIO TIOCTOSTHHYIO BPEMEHH.

[Ipu Tokax Harpy3Kd BBIIIE HOMHHAIBHOTO JUIS NPEIYNPEXICHUs IeperpeBa MOKET BO3HHKHYTH
HEoOXOIMMOCTh IPUHUMATH TIPH KOHCTPYUPOBAaHHUU TpaHc(opMmaropa CriennalibHbIe MEphl, HalpuMep,
MIPEyCMOTPETh YBEJIMYEHHWE pPa3MEPOB IPOBOIOB HAa KOHIAX OOMOTOK WM 3JIEKTPOMAarHUTHBIX
sKpaHOB. KpoMme Toro, onpenenenne pasMepoB 3JIEKTPOMAarHUTHBIX SKPAaHOB JUIS TPEJOTBPAILCHUS UX
HACBIIIEHUS] MOXET IMOTPEOOBATh JIOTOIHUTENIBHBIX HCCIIEJOBAaHUH.

Jnst obecniedeHuss HaAEKHOHW pabOTHI IPH IEperpy3ke TpaHCPOpMaTOpbl OONBIION MOIIHOCTH
TpeOyroT Oojee HHAMBHUIYaJbHOTO IOAXOJA, 4eM TpaHchopMmaTopel Manoid MomHocTd. [losTomy
MOTPEOUTEI IOJDKEH YyKa3aTh XapaKTEPUCTUKH BO3MOXKHBIX MIEPETPY30K:

- paboure XapaKTEepUCTHKH, HAIPUMEp, MAKCUMAaJIbHBIA MM SKBUBAJICHTHBIH TOK HArpy3Kd M €ro
MIPOJOJKUTENLHOCTD, LUKIUUECKUI peKUM paloThl, Tpaduk Harpy3ku, B ciiydae HEOOXOAMMOCTH -
YOpOUIEHHBI  (HAayaJbHOE M  MakKCHMaJbHOE 3HAYEHWs TOKAa HArpy3kd, a TakkKe ero
TIPOJIOJIKUTEIHLHOCT),

- DKBHMBAJICHTHYIO WJIM CPEIHIOI0 TEMIEPaTypy OXJIaXKJAroIeld Cpelbl U AMana30H ee M3MEHEeHUs,
COOTBETCTBYIOIINH YCIIOBUSIM palbOThI;

- JIONYCTUMYIK) OTHOCHTEIbHYIO CKOPOCTb COKpAILlEHHS CPOKa CIYXKOBI, COOTBETCTBYIOILYIO
Pa3JIMYHbIM pEXHUMaM Harpy3Ku.

I[MPUJIOXEHUE D
(pexoMenmyemoe)

OIIPEAEJEHUE ITAPAMETPOB CUHYCOUJAJIBHOT'O U3MEHEHUA
TEMIIEPATYPbI OXJIAKIAIOIIEN CPEJIbI

OOBIYHO TeMIepaTypa OXJIaXIAIoLIeH cpelbl H3MEHASTCS B TeYeHHe rojia 1, 6ojee Toro, B TeUEHUE
cyrok. IIpu BHUMATEIbHOM PacCMOTPEHUM HAKOIJIEHHBIX B TEUEHHE MHOIUX JIET METEOPOIOrHUECKUX
JAHHBIX BUJIHO, YTO TEMIIEPATYpa OXJIAXKAIOLIEH Cpelibl U3MEHSIETCs 10 MPAKTUUECKH CHHYCOUIAIbHON
KpuBOil. [loaTOMY IpH BEIYHCIIEHHU TOJOBOTO COKPALIEHHS CPOKa CITyXkKOBI TpaHc(hOopMaTopa 3HAUCHHUS
TEMIIEPATYphl OXJIAXKIAIOIIEH CPEbl MOI'YT OBITh IPECTABIICHBI IBOWHON CHHYCOMIAIBLHOM (QyHKIMEH
¢ TlapaMeTpamu, IpUBEICHHBIMH Ha pucyHke D.1. MakcumainbHOe 3HauYeHHe B clienyer BbIOMpaTh H3
3HaYeHHH B Kaxaoro mecsia roja (0OBIMHO MaKCHMaJbHOE 3HaueHHWe B BBIOHpAIOT M3 CaMoOro
KApKOro Mecslla) U paccMaTpuBaTh €ro jJajee Kak MOCTOsIHHOe 3HaueHue. OCHOBBIBAasCh Ha 3TOM
NPEIOI0KEeH!H, Ul pacuera COKpPAIIEHUS CPOKa CIY)KOBI TOZOBYIO TEMIIEpPaTypy OXJIaXIaroIlei
cpe/ibl MOXHO MPE/ICTABUTD ABOMHON CUHYCOMIAIBHOM (DYHKIIUEH.

Jlomyckaercsi HCIONIb30BaTh COOTBETCTBYOLIME 3HAaueHus Oy, 4, B, By, DX u TX, npunsateie s
MECTHOCTH, TA€ JOJDKeH OBITh YCTAHOBJIEH BBIOpaHHbBIM TpaHchopmarop. Eciam ecTh BO3MOXKHOCTB
BOCIOJIB30BATHCS METEOPOJIOTHUECKUMH JaHHBIMH, HAKOIJIEHHBIMM B TEUEHHE MHOTHX JIET, CIIEAyeT
UCIIOJIb30BaTh WX MJsl ompefeneHus 3HaueHuit O, A, B, Bp, m DX ¢ moMmompi mporpammel,
npencraBieHHod Ha pucyHke D.2. Kpome Ttoro, ecmu ompeneneHo 3HadeHWe 71X, TeMIiepaTrypa
OXJIQXKJAIOMIEH Cpebl B 3TOH MECTHOCTH C YYETOM BCEX KaJEHAApHBIX THEH B TEUEHHE rojla MOXKET
OBITh TIpEJCTAaBIICHA JBOWHOW CHHYCOMIANbHOW (yHKImel. JaHHbIe 1Jisi pacdera mapaMeTpoB MpU
CHHYCOMJAJIbHBIX N3MEHEHUSIX NpHUBEAEHHI B Tabme D.1.

MOXHO HCHONB30BaTh YIIPOIIEHHBIM METOA pacdera 3HaUYeHWd A W B, eclu MPeamoloXKUTh, 9TO
M3HOC W30JSIIMHM BO3pACTaeT SKCIOHEHLIHUAIHHO C MOBBIIIEHHEM TEMIIEPaTyphl W COOTBETCTBEHHO
TOJBKO TEMIIEpaTypa caMoro *apKoro Mecsa SIBJsieTCs OKa3aTeNbHOM.

B sToMm cnydae nmoctynaror Tak:

pacCUMTHIBAIOT CPETHECYTOUHYIO TEMIIEPATYPY CaAMOr0 JKapKOro Mecsina 1o (opmyie

1
Oad(ny = 2 (eadr'r(h) + eadn(h)) (D.1)

PacCUUTHIBAIOT CPEIHETOJJOBYIO TEMIIEPATYpy 1o (popmysie



112

Oay =54 i (Baar(s) + Oaari )

paccunTbiBaroT A, B u By o hopmynam
A = Oag(n) - Oays
B = Badm(n) - Oad(n;
B,y = Oadm(n) - Oadny;
rze O, - CcpeHecyTOUHas TeMIlepaTypa oxJaxaaromiei cpensl, °C.
PacmdpoBka ocranbHBIX YCIOBHBIX 0003HaYeHHI NprBezeHa B 2.7.5.
[Ipumep Takoro yrpouieHHoOro pacuera npuseaeH B tadiume D.2.
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Pucynok D.1 - Onpenenenue napaMeTpoB NPy CHHYCOUIAIEHOM H3MEHEHHH TEMIIEPaTyphl
OXJIaXKIAOLIEeH Cpenibl

Hauano

|

R

Bzop MeTeaponorueckne aaHsue

0 gy | CPEAMECYTOYHAR MAKCHMANbHAA TEMNEPATYPa 33 Mecay, (32 MHOIO ner)
0 g © CPEAHECYTOMHAR MVHMMANLHAR TEMNEPATYPa 33 Mecay (32 MHOrD SIeT)
gy | MBKCHMANLHO@ 3HAYEHWE 33 MECAL (38 MHOro neT)

9 wng) | MVWHMMENbHOE 3HaueHue 3a mecau (32 MHOro ner)

/= 1.. 12 ykazsigasT NOPRAKOBLIA HOMEP Mecaua
/=1 Ausapu - J 0 041y L :
=2 Tespans 8, o wet2) wir(2)
» » » o » »
» » » » 3 »
» » » » » »
=12 Oexabpe 6,500 : 6 12y B 2y

(TX . spemMa CyTOK, KOraa TeMneparypa OxXonaxAamnuen cpeas! RBMNETCH MaKcu-
ManeHon, Hanpuwvep 14:30 Tx=14 5)

j=1~12

1
2} o) = E(vau‘) +8 5] CPRAHEMECSYHAR TRMNepaTypa

1

12
0,, = EZBW,: CPeaHEronoBan TEMNEPaTYPa OXNAKAAIOWENA CPEAb!
et

j=1~12

(ecnm j= 1, 8 .= B )
Ha

8 st ™ O sy * MBXCHUMANBHOR BHEYBHNE CPEAHEMECRYHOM TemnepaTypsi

8 Her

>0
ady = e} (ecm /=1, 6,40 =8,4,)

Da

B sy ™ Bagy | MMHUIMANEHOE IHAYEHME CPEAHEMECRYHON TEeMNEpaTyPI

Y

Pucynok D.2 - Biiok-cxema nporpaMMbl MalllMHHOTO pacyera MnapaMeTpoB MPU CHHYCOUIATBHOM

M3MEHEHHNH TEMIIEPaTyphl OXJIaKAAIOIIEH CPEebl



1

A= l(em =8 gy ): AMIIUTYAA MONOBOO M3IMEHEHUA CDEAHECYTOHOR
2
TemMneparypsl Oxnaxaaluien cpeasi

j=1~12

—r

B = Bacmyyy = Bacrnip)

Herx
6 ;)
Ao 113 (6CAM /= 1, B,pn= By
da
B pme = eb
et
1

B« 19,“: aMNNUTYAE U3MEHEHMS CYTOMHOW TEMNEPATYPSI, HCNONb3yemas
npu pacuere TennoBoro W3Hoca

B_ = —‘9,,,,: aMNANTYIa U3MEHEHUA CYTOYHOM TeMMeparyphi, UCNoNL3yeman Ans
NOATBEPXAEHUA OrpaHUMEHWA TEMNEpPaTypPb

[ ]

j=1~12

88, = 8,4 ~ 94y’ PASHOCTH CPEAHEMECAYHON W CPEAHErOQ0BOA TeMNeparyp

[ponomxenue pucynka D.2




j=1~12

Her
(ecnu j= 12, AB, 5= A8,,,y)

D, x (A8 3(5)]

d =
2 [Aﬁ.w]d-[Aau_n}

px=§Ds154d, 401
1

D: 4ncno axeir s xkaxaCM Mecsue D,: yucno pren ot 15 yucna jj mecaua
0o 15 (jf + 1) mecaua

r T Y T T T T 1

Oxonuanue pucyHka D.2

Ta6auua D.1 - JlanHble 11 pacueTa mapaMeTpoB MPH CHHYCOUIATEHOM U3MEHEHUH TEMIIEPAaTyPHI

*** BXomHbIE JaHHBIE *** MeTteoponornieckue JTaHHbBIE
Mecsn Oadm Oadn Oahm Oaim
1 6,0 0,90 13,30 -5,80
2 7,40 1,30 15,10 -5,20
3 12,20 3,60 20,50 -1,40
4 15,80 6,30 24,30 1,40
5 19,70 9,50 27,40 4,50
6 22,90 12,70 31,10 8,20




*** BxomHble JaHHBIE *** Merteoponornueckue 1aHHbIE
MGCSIII eadm eadn e',.-1hm ealm
7 24,60 14,50 33,20 10,60
8 24,00 14,30 31,10 9,60
9 21,10 11,90 28,60 7,10
10 15,60 7,90 23,90 1,40
11 10,00 4,50 16,50 -1,70
12 6,60 2,00 13,30 -3,80

TX (BpeMst CyTOK ¢ caMoii BEICOKOH TeMIiepaTypoil oxJaxknarorieit cpensr) == 14:00

*** BpIXOgHbIE JaHHBIE ***

0. |- cpenmHeromoBasi TemrepaTypa oxJjaxjaaromiei cpeapl, °C 11,47

A |- romoBoe U3MEHEHHE TeMIIePaTyphl OXJIaxkaaromiei cpemsl, °C 8,05

B |- cyrouHOEe M3MEHEHHEe TeMIlepaTypbl OXJIaXAAIOIIe cpenbl Al pacuera cokpamieHus| 5,10
CpOKa CITY>KOBI

Bn |- cyrouHoe uW3MeHEHHME TeMIIepaTypbl OXJaXKAAIolled cpensl s MakcumanbsHoi| 11,45
TEeMIEPATYpPhI

DX |- neun, korna [cpennecyrounas temmeparypal = [0y, + 4] 199,00

Tabnmua D.2 - TlpuMep ymHpoIIEHHOrO pacdeTa MapaMeTpOB CHHYCOMIAIBHOTO HM3MEHEHHS
TEMIIEPATYPhI

Meteoposioruueckre JaHHbIC: TaKHe ke, Kak B Tadure D.1
CamMbIif xapkuit MecIl B ToIy: Mecal 7

Oadi(h) = %(24,60 +1450)=1955 °C;
o 1 12
ay — 54
24 &~
A =19,55-11,47 = 8,08 °C;
B = 24,60-19,55 = 5,05 °C;
B =33,20-19,55 = 13,65 °C.

(Outntj) + Oacn)) = 1147 °C;

MMPUJIOXXEHUE E
(ctipaBouHOE)

MNPUMEP YITPOIIEHHOI'O IPUMEHEHUSA PYKOBOJACTBA 11O HAI'PY3KE
CHUJIOBBIX MACJIAHBIX TPAHC®OPMATOPOB

Ucnone3yst wuH(OpMaImio, NPUBEICHHYIO B HACTOSIIEM CTaHAApTe, IOTPEOHTENh MOXKET
paccuuTaTh  Harpy304HYI0  CIIOCOOHOCTb  ONPEIENEHHOro  TpaHchopMaropa WM — TPYIIIBL
TpaHc(hOpMaTOPOB, UMEIOIIUX OIUHAKOBBIE XapAKTEPUCTUKHU. 10 pe3ynpTaTaM TaKUX pacyeToB MOXKHO
COCTaBUTH YIPOLICHHYI0 HHCTPYKIMIO II0 HAarpy3ke Uil OIEpPaTOpOB CETH TPH YCIOBUH, YTO
MOTPEOUTEIIH COTJIACOBAJT OIPEIETICHHOE YHCII0 IKCIUTYaTAIMOHHBIX KPUTEPHUEB.

[IpeamonoxkuM, HampuMep, 4UYTO IOTPEOMTENh HMMEET  OINpPEACICHHOE UHCIO  CHIIOBBIX
tpancdopmaropoB ¢ oxmaxiaenueM ONAN, TemioBble XapaKTEPUCTUKH KOTOPBIX —IMOJOOHBI
MIPUBEJICHHBIM B TaOyiuie 2, W COINIaCHiICSA TPHHSITH TEMIIEpaTypy HamOonee HarpeTod TOYKH JUId
YCIIOBHI TIeperpy3ku B aBapuiHOM pexkuMme paBHo 120 °C, a ams KpaTKOBPEMEHHBIX IEPErpy3oK -
140 °C.

Ecnm He mpuHMMaTh BO BHHMAHHE TEPMHUYECKUI M3HOC, TO MHCTPYKLIHUH [UIS ONEPATOPOB CETH
MOryT OBITh HPEJCTaBIEHBI B BHIE JBYX NMPOCTHIX TPa)MKOB C NMPHMEUYAHMSIMH, KaK TOKa3aHO Ha
pucyake E.1. IlepBas xpuBas Ha pucyske E.1, a - 3T0 KpuBas HOIyCTHMOW HArpy3KH B PEeKUME
MIPOJOJDKUTENBHBIX ~ aBAapUMHBIX TEPerpy30K (B TPOIEHTaX OT HOMHHAIBHOW MOIIHOCTH) B



3aBHCUMOCTH OT TEeMIIepaTyphl OXJaXjarolied cpeasl. Bropas kpuBas ykas3blBaeT IOIMYCTUMYIO
TeMIepaTypy Macia B BEpXHHX CJOSIX JJI COOTBETCTBYIOIINX YCIOBHUM HArpy3KH.

Ha pucynke E.1, b mpezacTaBieHbl KpUBbIC JOMYCTHMOH TOMOJIHUTENHHON MEperpy3Kd 3a MepHo
MaKCUMyMa B 3aBUCHMOCTHU OT €0 IPOJOKUTEIBHOCTU. DTa JOMNOIHUTENbHAS MOIIHOCTh NPUBEACHA
B IIPOLEHTaX OT AOIYCTUMOM IEperpy3K B IPOJODKHTENIBHOM peXHuMe corjlacHo pucyHky E.1, a.
MOoXHO IIpPOBECTM HECKONBKO KPHUBBIX MJS ydeTa peajbHOM Harpy3ku B Hayale MaKcuMyma
OTHOCHUTENBHO JOIYCTUMOM Teperpy3ku, npuBeaeHHoM Ha pucyHke E.l1, a. Kpussle Harpysku,
npuBeicHHbIC Ha pucyHKe E.1, b, MeHee 4yBCTBUTENBHBI K TeMIlepaType OXJIaXIAOIIeH Cpe/bl; 37eCh
pacyer BBITIOJIHEH JUIsl TEMIIEpaTyphl oxJaxjaaromei cpeast 20 °C.

[Ipn 3aka3ze HOBHIX TpaHC(POPMATOPOB MOXKHO IONPOCHTH H3TOTOBHUTENS TPEICTABUTH
COOTBETCTBYIOIINE TpauKH JOMYyCTUMBIX IIEperpy3ok. MOXKHO TakKe 3alpoCUTh JlaHHBIE O
Harpy304HOM CIOCOOHOCTH JUIS KpaHUX TMOJIOKEHUH YCTPOHCTBA TMEPEKIIOYEHUs] OTBETBIICHUI
00MOTOK TpaHchopmaropa.

HarpyzouHast ciocoOHOCTH TpaHc(hOpMaTOpOB

Ne 123456 u Ne 123457 B aBapHiiHOM pexuMe

[ONAN, 25 MB'A, (110+9) - 1,67%/21xB, 114-131-154/687 A]

160 T T T T T T T T T ™
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Jlonycruman Harpyska
Temneparypa macna
8 BepxHUX cnosix, °C
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Temneparypa soaayxa, °C
a

a - IOITyCTUMBbIC aBapUiHbIE NIEPErpy3KH HA OCHOBHOM OTBETBJICHUH B YCTAHOBHUBILIEMCS PEXKHME,
BBIPAKCHHBIC B MPOLIEHTaX OT HOMHHAJIBHOT'O TOKA, U JOMYCTUMasl TEMIIEpATypa Macia B BEPXHUX
CJIOSIX TIPH 3TOM Harpyske
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TIPoACIAATEALHOCTE MAKCUMYMa HArgY3KM, «

b

b - momonHuUTENBHAS AOMYCTHMAsT KPATKOBPEMEHHAsI IIEPErPy3Ka, BEIPAKCHHAS! B IIPOLICHTAX OT
TIepETPy3KH B YCTAHOBHUBIIEMCS PEXKHUME



Pucynoxk E.1 - IIpuMep ynpoIeHHbIX HHCTPYKLUI IPY HAarpy3Kax, MPEBBIIAIONINX HOMUHATIbHbIE
3HAUCHHUS

IIpumeyanus:

1. Harpy3ka He moyKHA MpeBBIMIATH 1,5 HOMHHAJIBHOTO TOKA, HE3aBHCHMO OT ONpPEETICHHOH MO PHCYHKaM
E.l,auE.l,b.

2. Pabora ycTpoicTB mepeKkiToYeHrs OTBETBICHUH TOJDKHA OJIOKMPOBATHCS MPH HAarpy3Kax, IMPEBBIIIAIOMINX
200 A. Jlaxxe ipu OJIOKHpOBKE YCTPOHCTBA IEPEKITIOYEHHS OTBETBICHUH HAarpy3Ka He JOJDKHA MpeBBImaTh 250 A.

3. Pucynok E.1, a ocHOBaH Ha TemmepaType Hanbojee HarpeTod TO4ku 0OMOTKH, paBHOU 120 °C, pucyHOK
E.1, b - Ha Temmnieparype 140 °C.

4. Kpusble Ha pucynke E.l, b paccuuransl 1ist temnepaTypbl oxiaxnatomeid cpeabl 20 °C, HO OHH
JOCTaTOYHO TOYHHI JUTsl TeMnepatypsl o mutyc 10 o 50 °C.

5. Harpy3ounas cnoco6HOCTE Ha orBeTBiIeHNH 1 (126,5 kB) cocraBmsier 102 % oT Harpy304HOH CIIOCOOGHOCTH
Ha otBeTBieHnH 10 (110 kB). Ha orBerBnenun 19 (93,5 kB) sta Harpy3ouHast ciocoOHOCTE cocTaBiseT 98 %.

6. I'padmku mOCTPOEHEI 110 pe3yNIbTaTaM HCIIBITAaHNH Ha HarpeB Tpancdopmaropa Ne 123456.

I[MPUJIOXXEHUE G
(obs13aTenbpHOE)

OINIPEJIEJIEHUE SKBUBAJEHTHOM TEMITIEPATYPhI OXJIAXKIAIOIIENA CPEJIbI

G.1 Ilpu oTpunaTeNbHBIX 3HAYEHHUSX CPEIHEH TeMIepaTyphbl OXJIaXIAIOIIEr0 BO3/IyXa 3a UHTEpBall
clle/lyeT IPUHUMATh CKOPPEKTHPOBAHHOE 3HaYeHue 0’a coriacHo pucyHky G.1.

%
-20

-10

-10 -20 -30 -40 -50 8,

1 - s Tpancdopmatopos ¢ oxnaxaeaueM ONAN, ONAF,
2 - s Tpanchopmatopos ¢ oxiaxaerauem OF, OD

Pucynok G.1 - I'paduk KOPpEKTUPOBKU CPEIHUX 3HAUCHUI OTPUIATENBHBIX TEMIIEPATYD
OXJIXKIIAIOIIETr0 BO3/1yXa

G.2 Cpexnnee 3HaueHue 0a ciemyer ompenensTs H3MEPEHHAMH MO0 NPUHUMAThH JaHHBIE MECTHOM
METEOCTYKOBI.

G.3 J[omyckaercs NPHHAMATh 3HAYCHUS TONOBOH M CE30HHBIX HSKBHBAICHTHBIX TEMIIEPATyp
OXJIaXKTAIOLIEro BO3/IyXa 110 JaHHBIM psilia HAaCeNeHHBIX MTYHKTOB, IpHBeIeHHbIM B Tadiue G.1.

Taomnma G.1
HaceneHHbI# yHKT OKBHUBaJICHTHAS TeMIiepaTypa, °C
romoBsas 3UMHSIA* JIeTHS* *
Abakan 8,7 -19,3 17,6
Annan 48 -20,1 14,6
Anmarsl 14,3 -5,9 22,2
AHmxaH 18,6 -0,3 26,3
AKTIOOMHCK 12,1 -14,1 20,9




Hacenennslil myHKT

OKBUBaJIEHTHasI TeMiieparypa, °C

rogoBas 3UMHSST* JeTHss**
ApXaHTelbcK 5,8 -114 14,0
AcTpaxaHb 15,7 -5,3 24,1
AunHckK 7,5 -16,7 16,3
Amraban 21,6 -3,0 29,8
Baky 17,8 49 24,8
bapnayn 9,4 -16,4 18,2
barymu 16,1 7,5 21,6
Bepesnuku 7,5 -14,3 16,0
Benropon 11,5 -6,7 19,3
Benoperx 6,9 -15,1 15,2
Buiick 8,6 - 16,9 17,4
Bupobumkan 10,0 -19,0 18,9
Bumkex 15,0 -3,8 22,8
Bnaroserenck 10,4 -19,6 19,7
Bnaroserenckoe 9,2 -16,8 17,9
Bbpatck 7,1 -20,1 16,3
Bbpect 11,0 -3,4 17,9
Bpsiack 9,7 -7,3 17,4
byxapa 18,7 1,3 26,3
BepxosHCK 2,9 -20,1 13,2
BuibHIoC 9,9 -4.4 17,0
Bunnwnia 10,7 -49 17,8
Burebck 9,4 -6,7 16,9
BiaguBocTox 10,0 -11,7 17,4
Bnanukaskas 11,8 -3,7 18,9
Bragumup 8,8 -10,2 16,8
Bonrorpan 14,5 -7,9 23,0
Bosorna 7,4 -10,8 15,5
Bopkyra 0,5 -19,4 9,4
Boponex 11,0 -8,4 19,0
Barka 7,9 -13,1 16,4
T'omens 10,4 -5,8 17,7
I'ponHo 10,1 -4,1 17,1
I'po3ubIit 15,0 -2,3 22,8
I'ypbes 15,5 -8,3 24,3
HoxamOyn 14,2 -4,6 22,1
JlHenponerpoBck 13,6 -4.4 21,3
Jlonenk 12,6 -5,6 20,4
Hynunka 0,2 -15,5 9,9
Hymante 18,2 3,0 25,7
EBnaropust 14,8 0,8 22,1
ExarepunOypr 7,8 -149 17,6
Epesan 16,4 -1,9 23,9
Kuromup 10,8 -4,6 18,0
3anopoxne 13,8 -4,0 21,6
3es 7,4 -20,1 16,7
3bIPSHOBCK 8,4 -20,1 17,6
MBanose 8,1 -10,8 16,1
HBaHo-DOpaHKOBCK 10,9 -3,7 17,7
Urapka 2,1 -20,1 12,0
MxeBck 10,1 -13,4 17,4
Hpkyrck 71 -19,1 16,0
ﬁomKap-Ona 8,6 -12,5 16,9
Kazansp 9,4 -12,5 17,8
Kanuaun 8,1 -9,1 15,9




Hacenennslil myHKT

OKBUBaJIEHTHasI TeMiieparypa, °C

rogoBas 3UMHSST* JeTHss**
Kamuauarpan 9,8 -2,4 16,5
Kamyra 8,8 -8,9 16,5
Kanpanakia 45 - 10,6 12,5
Kaparanga 10,1 -14,3 18,9
Kemeposo 7,8 -17,7 16,7
Kepun 15,1 0,4 22,6
K3pu1-Opna 16,3 -1,7 24,7
Kues 11,2 -4,8 18,9
Kuposaban 17,1 -25 24,4
Kwupoorpan 12,0 -4,6 19,4
Kuposck 2,9 -11,3 10,9
Kumnnes 13,4 -2,2 20,6
Koxkueras 9,6 -15,1 18,3
Komcomornbck-Ha-AMype 9,3 -20,1 18,3
Koctpoma 8,2 - 10,7 14,3
Kpacnonap 14,9 -0,7 22,3
KpacHosipck 8,0 -15,9 16,7
Kpemenuyr 12,3 -4,5 20,5
Kpugoii Por 13,3 -4,1 20,9
Kyprau 8,8 - 16,9 17,4
Kypran-Trobe 19,9 3,7 27,3
Kypck 10,6 -1,7 18,4
Kyrancu 16,8 6,2 22,8
JIunenx 10,9 -8,9 19,0
JIyranck 13,3 -5,9 21,2
Jlyuk 10,9 -3,6 17,8
JIbBOB 9,9 -3,9 16,5
Maranau 2,5 -19,4 11,1
Marunuroropck 8,6 15,5 17,1
Mapwuyrmosb 13,6 -4,1 21,5
Maxaukana 16,0 0,8 23,7
Munck 9,5 -5,9 16,8
MuHYCHHCK 8,8 -19,3 17,7
MupHblii 4.6 -20,1 16,8
Morunes 9,7 -6,5 15,1
MoHnueropck 3,8 -11,3 11,8
Mocksa 10,1 -8,2 18,0
MypmaHck 3,4 -9,5 10,7
Hanpuuk 13,3 -3,5 20,9
Hapwin 8,8 -14,6 16,2
Hapwsin-Map 2,0 -15,7 10,3
HaxuueBann 18,1 -1,5 25,8
HeBuHHOMBICCK 13,7 -3,4 21,2
Hwxuuit HoBropon 8,9 -10,9 17,1
Hwxauii Tarnin 6,5 -14,7 14,8
Huxonaes 14,2 -2,5 21,8
HukonaeBck-Ha-Amype 6,3 -20,0 15,1
Hogropon 8,3 -7,6 16,0
HoBoxky3Herik 8,3 -16,3 17,0
Hosopoccuiick 15,8 35 22,7
HoBocubupck 8,3 -17,7 17,2
Hopwubck 0,7 -20,1 10,5
Onecca 13,8 -1,8 21,3
OMAKOH 2,2 -20,1 12,4
Omck 8,4 -17,8 17,1




Hacenennslil myHKT

OKBUBaJIEHTHasI TeMiieparypa, °C

rogoBas 3UMHSST* JeTHss**

Open 9,9 -8,4 17,8
Openoypr 12,0 -13,4 20,7
Om 15,9 -1,6 23,5
[TaBnomap 10,9 16,7 19,8
Ilensa 10,4 -11,0 18,6
ITepmb 8,2 -14,3 16,7
[Terpo3aBoack 7,1 -8,8 15,1
[eTpomarioBck 8,8 -17,3 17,5
[lerpomnasioBck-

KamuaTtcknii 52 -7,6 11,9
TTonraBa 12,0 -5,9 19,7
[pxeBanbck 9,2 -5,9 16,0
TIckos 8,8 -6,5 16,3
[IaTuropck 13,1 -3,0 20,7
Pura 8,9 -4,8 15,8
PoBHo 10,7 -4,1 17,7
PocroB-Ha-/lony 14,0 -4,6 21,9
Py6rmoBck 10,1 -16,5 19,0
Ps3ann 9,6 -9,9 17,7
Camapa 11,1 -12,5 19,6
Camapkann 17,0 15 24,4
Cankr- [lerepOypr 8,6 -6,8 16,4
Capanck 10,0 -10,9 18,3
CapatoB 12,5 -10,6 21,0
CeMunanaTi HCK 12,0 -15,0 20,9
Cumdepormnosb 13,7 0,0 20,8
CMoOneHcK 9,0 -7,6 16,5
Coserckas ['aBanp 6,5 -15,4 14,0
Coun 15,7 59 21,9
Craspornosnb 13,5 -2,5 20,9
Cymraur 17,0 4.2 23,9
Cymbl 10,9 -6,9 18,5
Cypryr 5,6 -19,9 14,9
Cyxymu 16,1 6,5 21,9
CBIKTBIBKAp 6,5 -14,1 15,0
Taranpor 14,4 -4,1 22,4
Taiimer 7,3 -18,5 16,4
Tanger-Kypran 13,5 -15,1 21,7
Tamwuss 8,2 -4,2 15,3
TamboB 10,9 -9,5 19,0
Tamkedt 17,9 -0,9 25,7
Towmucu 16,4 2,2 23,5
Temup-Tay 13,3 -13,4 22,3
TepHormoJb 10,6 -4,2 17,6
Tobonbck 7,8 -17,0 16,6
Tonpartu 11,4 -11,4 19,8
Tomck 7,5 -17,8 16,4
Tyarce 16,0 52 22,4
Tyna 9,4 -8,9 17,3
Yikropon 12,9 -1,1 19,6
Vnau-Y 8,3 -20,1 17,6
VY 1bAHOBCK 10,0 -12,4 18,4
VYpaibck 12,5 -12,8 21,3
Yceypuiick 10,7 -17,1 19,0
Ycre-Kamenoropek 11,2 -15,0 19,9




Hacenennslii myHKT OKBUBaJIEHTHasI TeMiieparypa, °C
rogoBas 3UMHSST* JeTHss**
Yoa 9,9 -13,1 18,3
Oeprana 18,0 -0,6 25,6
XabapoBck 10,8 - 18,6 19,7
XauTtel-MaHcHiick 6,7 -18.5 15,8
XapbKoB 12,1 -6,3 19,8
XepcoH 14,2 -2,1 21,8
XMeTbHUITKHI 10,7 -4.4 17,8
Henunorpan 9,9 -16,3 18,8
Yebokcapbl 91 -11,9 17,4
YenaOuHCK 9,2 -14,3 17,8
Yepenosenn 17,7 - 10,2 15,8
Uepkaccol 11,7 -4,9 19,2
UepHHron 11,1 -5,7 18,5
YUepHOBIHI 11,6 -3,6 18,6
YuMKeHT 17,0 -1,2 25,1
Yura 7,5 -20,1 16,8
Onucra 14,7 -5,4 22,9
TOx#HO0-CaxanuHck 7,5 -11,6 15,0
SkyTck 6,4 -20,1 16,6
Spocnarnib 7,9 -10,6 15,8

* JlexaOpb, sHBapb, (eBpaib
** WtoHb, UIONIb, aBTYCT

[TPUJIOXKEHUE F
(pexomenmyemoe)

YTOYHEHHbIH METO/] IPEObPA30BAHHS PEAJILHOT O TPA®HKA HAT'PY3KH

F.1 UcxomHelii, wiu peanbHbl, Trpaduk Harpy3ku TpaHchopMaropa, MOAJTKAIMN
peo0pa30BaHUIO, MOXKET OBITh NMPEACTABIICH B BUJIE HENIPEPHIBHOW PErMCTPaLlid TOKAa HATPY3KH HIH
NEPUOANYECKUMH, HO JOCTATOYHO YACTHIMH (DPMKCHPOBAHHBIMH IO BPEMEHH M3MEPCHUAMH 3HA4EHHUIA
TOKa HAarpy3Kd 3a CYTOYHBI HMHTEpBajd BpeMeHM. [Ipum 3TOM CyTOYHBIH HHTEpPBal MOAPA3YMEBAET
NPORODKUTEIBHOCTh Tpaduka 24 4 HE3aBHCHMO OT BPEMEHM Hadaja OTCYeTa, KOTOpOe CIemyeT
BBIOHMPATH 0 XapaKTepy CyTOYHOI'O M3MEHEHHUS Harpy3Kd TaKUM 00pa3oM, 4TOOBI Harpy3Kka B Hayaje u
B KOHIIE 24-9acoBOro MHTepBaja Obula OBl 10 BO3MOXHOCTH OAMHAKOBOM, YTO YIOBJIETBOPSIET YCIOBHIO
MIOBTOPSIEMOCTH TAaKOT'O CYTOYHOTO rpaduka.

F.2 TIpeobpa3oBanue UcXomHoro rpaduka Harpy3ku Tpancdopmaropa B CyTOUYHBIM, SKBUBAICHTHbIN
[0 TOTepsM, IBYXCTYIEHUYATHIi NpPSIMOYTOJNBHBIH TIpaUK C MpelcTaBIeHHEM Harpy3KH B JOJSX
HOMHHAQJIBHOTO TOKa OOMOTKH CJIEAyeT BBINOJNHATE B COOTBETCTBHMM ¢ pHCyHKOM F.1 B Takoi
TIOCIIEIOBATENbHOCTH.

F.2.1 Ha ucxomHoM rpaduke HArpy3KH TpaHchopMaTropa MpOBECTH JHHUIO HOMHHAIBHOTO TOKA |y,
OHA K€ JIMHUS OTHOCUTEIFHON HOMUHAIBbHON Harpy3ku K = 1.

F.2.2 B Toukax A u b mepecedeHrss HOMUHAIBHON JIMHUK C KPUBON UCXOMHOrO rpauka Harpy3ku
BBIZICIIMTH HA HEM YYaCTOK [IEPErpy3KH MPOIOKUTEIBHOCTRIO N .

F.2.3 OcraBurytocst YacTb UCXOAHOIO IpauKa ¢ MEHbILEH HATPy3KOM pa30UTh HA m UHTEPBANIOB Afj
WCXOAA M3 BO3MOXKHOCTH IPOBEICHUS B KAXKIOM WHTEpBaje JIMHWUH CPEHEH Harpy3kd, TO €cTh TakK,
YTOOBI IJIOMAAN YIACTKOB HaJl M MO CPETHEN JINHNEH ObLTH IPUMEPHO PABHBIMH, a 3aTEM OIPEICIUTh
3HAYEHHsI TOKA CPEAHUX JTUHUHM S Sy, Sp.

F.2.4 PaccunraTh HaYanpHYIO Harpy3Ky K SKBUBaJICHTHOTO TpaduKa

Koo 1 SZAt, + SZAL, +..+ SAAL,
! Ahy +Ahy +...+ Ah,

5 (F.1)

H



F.2.5 Yuactok meperpy3ku h’ Ha HcXomHOM TpaduKe Harpysku pa3OuMTh Ha p mHTepBanoB Ahg,
UCXOIs M3 BO3MOXKHOCTH IPOBEIEHHS JIMHUM CpeIHel Harpy3kd a KakJIoM HHTepBaje, a 3aTeM
onpenenuts 3HaveHust S;, S5, Sf,.

F.2.6 PaccuuTaTh npeBapuTeIbHOE IPEBBIIEHUE IIePerpy3KU SKBUBAJIEHTHOIO rpaduka Harpy3ku

1 [(S7)?Ah, +(S5)*Ah, + ..+ (S;J)ZAhp
S, Ahy +Ahy +...+ Ah,

F.2.7 CpaBuuts 3naueHne K; ¢ Kpax HCXoqHOTO rpaduka Harpysku: ecnu K5 > 09K .., crenyer
npunats K; = K5 ecmn Kj <09K ., cnenyer npunsats K; = 0,9 Kpay, a npogomkurensHocTs h

Teperpy3Ky SKBUBAJEHTHOTO Ipadrika HArpy3KH paccyuTaTh 1o Gopmyrie
(Kz)’h

(0’9Kmax)2

F.3 Ecnu ucxomHblii cyTOuHbBIH rpadMK Harpy3ku TpanchopMaTopa COIEpKUT ABa OJIM3KUX MO
3HAUCHUI0O MaKCHMyMa pas3IiuyHOW MPOJOIDKUTENBHOCTH, 3HAaueHHs h u K, ompemensiotcs 1o
MakCHUMyMy OoJbIIeH NPONODKUTENFHOCTH, a 3HaueHne Kj - KaK CpeAHEeKBaJIpaTHYHOE 3HaueHHe
OCTaJIbHON Harpy3KH.

F.4 Ecmu ucxomHelii CyTOUHBIH TpaduK Harpy3kn TpaHcpopMaropa COAEPKUT HECKOIbKO
MOCTICZIOBATENbHBIX ONU3KMX MakCHMyMOB, 3Hauenust K, u h ompenensiorcss m3 oxBara Bcex
MaKCHMYMOB, a 3HaueHue K; - kak cpeHeKkBapaTHiHOE 3HAYEHHE OCTaBIIIEHCS HATPY3KH.

Ky = (F.2)

H

h= (F.3)
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1 - cxonHBIN TpadpuK HATPY3KH,
2 - SKBUBAJICHTHbIH MPSIMOYTONIbHBIN TpadUK HArPY3KU

Pucynok F.1 - IIpeobpa3oBanue ncxomHoro rpaduka Harpy3ku TpaacopmaTopa B

SKBUBAJIEHTHBIN JBYXCTYEHYATBIA NPSIMOYTOJIbHBIN

MMPMJIOXXEHUE H
(ctipaBowHOE)



YHOPOIIEHHBIE TABJIAIBI JOITY CTUMBIX ABAPUMHBIX ITEPETPY30K

Tabéauma H.1 -J{omycTrMble aBapuifHBIC TIEperpy3Ku 0e3 ydera IpeAnecTBYIOMIEH Harpy3Ki

[MpomomxkurenpHocTh|  [leperpyska B A0JISIX HOMHHAJIBHOTO TOKA, B 3aBUCUMOCTH OT TEMIIEPaTyphI
Meperpysku B OXJIAXKIAFONICH CpeJIbl BO BpeMsl IEperpy3Ku
TEYEHHE CYTOK, U -25°C -20°C -10°C

ONAN|[ON | OF | OD |ONAN| ON | OF | OD [ONAN| ON | OF | OD

0,5 20 11816 (14| 19 |17 |16 |15| 1,7 |16 |15 |14

1,0 19 17|16 (14| 19 |16 (15|14 1,7 |15 (|15 | 14

2,0 19 |17|15 (14| 18 |16 |15 (14| 1,7 15|15 ]| 13

4,0 18 |16 |15 (14| 1,7 |16 |15 (14| 16 (15|14 ]| 13

8,0 1,7 |16 |15 (14| 17 | 15|15 (14| 16 (15|14 | 13

24,0 17 |16 15|14 16 |15 |15(14| 16 [15 |14 ] 13
IponomkurenpHocTh|  [leperpyska B A0ISX HOMHHAJIBHOTO TOKA, B 3aBUCHMOCTH OT TEMIIEPATyphI

neperpy3ku B OXJIAXKTAFONIEH CpeJibl BO BpeMsl TIEperpy3Ku
TE4eHHE CYTOK, U 0°C 10°C 20°C

ONAN|ON | OF | OD [ONAN|ON| OF | OD [ONAN| ON | OF | OD

0,5 1,7 15|14 |13 1,7 (1414 (13| 15 (13|13 ] 12

1,0 1,7 15|14 |13 16 (1414 (13| 14 (13|13 ] 12

2,0 16 |15(14 |13 15 (14|13 (12| 14 (13|13 ] 12

4,0 16 |14|14 |13 15 (13|13 (12| 14 (13|12 ] 12

8,0 16 |14|14 |13 15 (13|13 (12| 14 (13|12 12

24,0 15 (14|14 |13 15 (13|13 [12] 14 (13|12 172
IMpomomkurenpHocTh|  Ileperpyska B A0ISX HOMHHAJIBHOTO TOKA, B 3aBUCHMOCTH OT TEMIIEPATYpPhI

Heperpy3ku B

OXJIAXIAIOLIEH cpeibl BO BpeMsl Ieperpy3ku

TE4eHHE CYTOK, U 30 °C 40 °C

ONAN ON OF oD ONAN ON OF oD
0,5 1,4 1,2 1,2 1,2 13 1,2 1,2 1,2
1,0 13 1,2 1,2 1,2 13 1,2 1,2 1,1
2,0 13 1,2 1,2 1,2 13 1,2 1,1 1,1
4,0 13 1,2 1,2 1,1 1,2 1,2 1,1 1,1
8,0 13 1,2 1,2 1,1 1,2 1,1 1,1 1,1
24,0 13 1,2 1,2 11 1,2 1,1 11 11

Taonuua H.2 - Jlomyctumble aBapuiiHble meperpy3ku 0e3 ydera MpeAlieCTBYIOIIEH Harpy3Ku, He
npebimaromniet 0,8 HOMMHATBHOTO TOKa

INpomomxkurensHocTh|  [leperpyska B HOIsIX HOMHHAJIBHOTO TOKA, B 3aBUCUMOCTH OT TEMIIEpaTyphl
Teperpysku B OXJIAXIAFOLIEH cpeJbl BO BpeMsl Ieperpy3ku
TEUEHHUE CYTOK, U -25°C -20°C -10°C
ONAN|ON | OF | OD |[ONAN|ON| OF | OD |ONAN|[ ON | OF | OD
0,5 20 |20(19 (17| 20 (20|18 (|16| 20 |20 |17 |16
1,0 20 1201716 | 20 (20|17 (15| 20 (19|16 15
2,0 20 |19(17(15| 20 (19|16 |14 | 19 (18|15 ]| 14
4,0 19 |47|16 15| 18 (16|15 (14| 1,7 (16| 15| 13
8,0 17 (16|16 (14| 1,7 (15|15 (14| 16 |15 |14 (13-
24,0 17 15|16 |14 | 17 [15[15(14] 15 |15 ]14 13
[NpomomxkurenpHOCcTh|  [leperpyska B ZOJSIX HOMHHAJIBHOTO TOKa, B 3aBUCHMOCTH OT TEMIIEpaTyphl
neperpysku B OXJIAXKJIAFOLICH Cpeibl BO BpeMsl Ieperpy3Ku
TEUYEHHUE CYTOK, U 0°C 10°C 20 °C
ONAN|ON | OF | OD |[ONAN|ON| OF | OD [ONAN| ON | OF | OD
0,5 20 1201715 20 |19|16 |15 20 |18 |15 |14




[ponomxurensaocts|  Ileperpyska B 1OISIX HOMHHAIBHOTO TOKA, B 3aBHCHMOCTH OT TEMITEPATYphI
TIeperpy3Ku B OXJIQKAIOUIEH cpeibl BO BpeMsl Eperpy3Ku
TE4EHHE CYTOK, U 0°C 10°C 20 °C

ONAN|ON | OF | OD |[ONAN|ON | OF | OD |[ONAN| ON | OF | OD
1,0 20 (18|16 |14 19 |1,7115 (14| 18 |16 (14 ] 13
2,0 19 (1715 ] 13 18 |15(14 (13| 1,7 |15 (13| 12
4,0 1,7 15|14 |13 16 1413 (12| 15 |13 (13|12
8,0 16 (141413 15 13|13 (12| 14 |13 (13 ] 12
24,0 15 [14114 113 15 11313 |12 | 14 |13 (13 ]12

[ponomxurensHocTh | Ileperpyska B 10X HOMHHAIBHOTO TOKA, B 3aBHCHMOCTH OT TEMITEPATYPHI
Heperpy3Ku B OXJIQXKAIOIEH Cpeibl BO BpeMs IIeperpy3Ku
Te4eHHe CYTOK, U 30 °C 40 °C

ONAN ON OF oD ONAN ON OF oD

0,5 19 1,7 1,4 1,3 1,8 1,6 1,3 1,3

1,0 1,8 1,5 1,3 1,3 1,7 1,4 1,3 1,2

2,0 1,6 1,4 1,2 1.2 1,5 1,3 1,2 1,1

4,0 1,4 1,3 1,2 1,1 1,3 1,2 1,1 1,1

8,0 1,3 1,2 1,2 1,1 1,2 1,1 1,1 1,1

24,0 1,2 1,2 1,2 1,1 1,2 1,1 1,1 1,1

IMPUJIOXEHMUE L
(cipaBo4HOE)

MPUMEPBI PACYETA TEMIIEPATYPbI HAUBOJIEE HATPETOM TOYKH
OBMOTKHA U OTHOCUTEJIbHOI'O U3HOCA BUTKOBOM U30JALIANA
(BE3 IPUMEHEHUSA DBM)
L.1 Pacuers! O u V npousBoasTcs Uik CyTOYHOTO JBYXCTYIIEHYATOro MPSIMOYTOJIBHOTO Tpaduka
Harpy3ku Tpanchopmaropa TMH-6300/10 o uCXonHBIM 3HAYEHHSM €T0 ITapaMeTPOB.
L.1.1 Pacyer makcumanbHOro 3HaYeHust Oy BBINONMHAETCS 110 hopMysiaM pasnena 2

O =0, + Aby +Hy KY =160+5634+4031=11265 °C, (L.1)
rIae
Aby, = Ay + (A, — A NL—e7V'7) (L.2)
X
1+RK2
AB,, =AO, | ———2 | ; L.3
bu orl: 1+R :l ( )
1+RK2 |,
Aby; = Ay, 1+R ) (L.4)
1+5.0572)"° [(1+5.1422)"° (1+5.0572 )"
Ay =55 " |+ ’ - : [L-e2/20)-564
1+5 1+5 1+5
Abpp =Hg, - KY =23-142"° =4031 °C (L.5)

L.1.2 AHalOru4HO pacCUUTBHIBAIOTCS M OCTANBHBIC XapaKTepPHBIE TOYKH, 10 KOTOPBIM CTPOUTCS
rpadux Ong), MpuBeneHHBIN Ha pucyHke L. 1.

I'paduk comepKuT Tpu ydacTka:

a - y4aCTOK HEU3MEHHOMN TEMIIEPATYPhI MPOAOKUTENBHOCTRIO 24 -t — 419 =24 -2-4-3,0=10 u;

0 - y4acTOK ITOBBILICHUS TEMIIEPATYPhl IPOAOKUTEIBHOCTRIO t = 2 U;

6 - Y4aCTOK CHIDKEHHS TEMIIePATyPhl IPOJODKATETHHOCTEIO 419 = 4-3,0 = 12 4.

L.1.3 OtHOCHTENBHBIA H3HOC BUTKOBOH M30JSIMN V 3a CYTKH OeCHpephIBHON HATPY3KH SBISETCS
CYMMOH OTHOCHTEIIBHBIX H3HOCOB Vj TI0 KaXJOMy HHTepBaly Alj Ha KOTOpbIe paszensercs rpaduk On .



VY4acTok HEW3MEHHOM TemIepaTypsl IpHHUMAeTCs 3a OOWH uHTepBal Atf;.  YyacTok
MOBBIIIAIOMIENCS] TEMIIEPATYypPhl Pa3AessieTCsl Ha ABa MHTepBaa - Aty 1 Atz IpoOAOIKUTENIBHOCTHIO 1O 1
4 Kaxpiid. [Ipu aToM BeINONHSAETCS yeioBue (- At, = Atg) < 0,310.

VY4acTok MOHMKAIOUIENCS TeMIepaTyphl pa3AesseTcs Ha ISTh HHTEPBAJIOB, U3 KOTOPBIX IIEPBLIE ABA
(Aty m Ats) UMEIOT MPOJOIDKUTENBHOCTh MO 1 W KaxK[bIid, ciemyromue JBa uHTepBana (At u Aty) -
MIPOAOJKUTENIBHOCTD 10 3 4 KaXkJ(bli M MOcIeayromuil uHTepBan Atg - ocraBimecs 6 4.

L.1.3.1 B xaxzaoMm uHTepBasie Atj MPOBOIIT TOPU3OHTANBLHYIO JIMHHUIO CPEIHEH TeMmeparypbl Op
TIepECEKArONIyI0 MHTEPBaJ TaK, YTOObI BEPXHSS M HIDKHSA IUIONIAJM, OrpaHWYMBAacMble JIMHHUEH
cpezHel TeMIepaTyphl M BEPTUKAILHBIMHA HHTEpBAJIaMH, OBUTH ITPUMEPHO PaBHBIMU.

o HaliieHHBIM TaKUM IyTEM 3HAYEHHSIM O pacCUMTHIBAIOT 3HAYCHUS V!

v, = Al (6,986 _ 8 H(5149-98)16 _ 0,00155 -

24 24
v, _ A 5@,-98)6 _ 1 H(e27-98)/6 _ 00226
24 24 '
v, = &2(%_98)/6 _ i2(107,0—98)/6 ~0118.
24 24 '
v, = @086 _ 1 5809916 _ g 0a13.
24 24 '
Vg = B pas-9916 _ L 57159876 _ 3105
24 24 '
Vs = 2 plas-98)16 _ 3 (6349976 _ 0930
24 24 '
v, = B pl-98)/6 _ 3 5(565-99)/6 _ 00104
24 24 '
V, = e p(és-98)/6 _ O 55309816 _ 1138
24 24

OTHOCHTENBHBIN N3HOC BUTKOBOH U3OJISLINK 33 CYTKH OeCIPEPBIBHOIM HATPY3KH COCTaBIISIET

i=8
V= ZVi = (0 00155 +0,0226 + 0118 + 0,00413 + 0,00195 + 0,00230 + 0,00104 + 0,00138)= 0,153
i=1

«HOpPMAJIBHBIX» CYTOK U3HOCA.
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Pucynok L.1 - ['padux Harpy3Ku u COOTBETCTBYIOIIHE €MY IpaQHKH W3MEHEHUS TEMIIEPATYpPhI

[MPMJIOXKEHUE 1
(pexoMenmyemoe)

TABJINIBI JOITYCTUMBIX CUCTEMATHYECKUX HATPY30K C HOPMAJIbHBIM
COKPAIIEHHUEM CPOKA CJIYXKBbI

I.1 B tabmumax 1.1-1.32 npusenens! 3HaueHus K; u t A CyTOYHOTO IBYXCTYNEHYATOTO Tpaduka
Harpy3ku (pUCYHOK 4) TpH pa3NWIHBIX 3HAYCHWAX K; W TeMmmepaTrypsl OXJIaKHAIOMEH Cpemsbl,
paccuuTaHHBIE B COOTBETCTBHH C TaOIuUIeh 2 pa3aena 2.

1.2 PacnipenenurensHbie TpaHchopmatopsl ¢ oxiaxacHuem ONAN



Tabmuna 1.1, 6, -25 °C

t,'{ Kl
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20 1,30
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
4,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
8,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,48 1,44
24,0 1,37 1,37 1,37 1,37 1,37 1,37 1,37 1,37 1,37
Tabmuma 1.2, 0, = -20 °C
tu Ki
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20 1,30
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 150 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
4,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,43
8,0 1,50 1,50 1,50 1,49 1,48 1,47 1,45 1,43 1,37
24,0 1,33 1,33 1,33 1,33 1,33 1,33 1,33 1,33 1,33
Tabauna 1.3, 6, =-10°C
t,u Ki
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
4,0 1,50 1,50 1,50 1,50 1,50 1,50 1,47 1,39
8,0 1,44 1,43 1,42 1,41 1,40 1,38 1,36 1,32
24,0 1,25 1,25 1,25 1,25 1,25 1,25 1,25 1,25
Tabnuma 1.4, 0,. =0 °C
f,u Ky
0,25 0,50 0,70 0,80 0,90 1,00 1,10
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,46
4,0 1,50 1,50 1,49 1,47 1,44 1,40 1,33
8,0 1,36 1,35 1,33 1,32 1,31 1,29 1,25
24,0 1,17 1,17 1,17 1,17 1,17 1,17 1,17
Tabauua 1.5, 6, = 10°C
t, u Ky
0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,40
40 1,46 1,43 1,40 1,37 1,33 1,27
8,0 1,27 1,26 1,24 1,23 1,21 1,18
24,0 1,09 1,09 1,09 1,09 1,09 1,09
Tabmuua 1.6, 6, = 20 °C
t,u Kl
0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,50 1,50 1,00
1,0 1,50 1,50 1,50 1,50 1,50 1,00
2,0 1,50 1,50 1,49 1,43 1,34 1,00




L,

y

Ky

0,25 0,50 0,70 0,80 0,90 1,00
4,0 1,37 1,34 1,29 1,25 1,19 1,00
8,0 1,18 1,17 1,15 1,13 1,10 1,00
24,0 1,00 1,00 1,00 1,00 1,00 1,00
Tabmuna 1.7, 0, = 30 °C
t,u Ki
0,25 0,50 0,70 0,80 0,90
0,5 1,50 1,50 1,50 1,50 1,12
T,0 1,50 1,50 1,50 1,45 1,03
2.0 1,50 1,-»5 1,35 1,26 0,97
4,0 1,27 1,23 1,17 1,1) 0.94
8,0 1,09 1,07 1,04 1,01 0,92
24,0 0,91 0,91 0,91 0,51 0,91
Tabmuna 1.8, 6, = 40 °C
t, 4 Kl
0,25 0,50 0,70 0,80
0,5 1,50 1,50 1,50 1,01
1,0 1,50 1,50 1,35 0,92
2,0 1,39 1,31 1,17 0,86
4,0 1,16 1,11 1,02 0,83
8,0 0,99 0,96 0,91 0,82
24,0 0,31 0,81 0,81 0,81
I.2 TpancdopmaTops! cpeHeit u 60mbII0i MoHOCTY ¢ oxyaxaeHrnem ON
Tabmuna 1.9, 6, = -25 °C
t,u K1
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20 1,30
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1.0 1,50 1,50 1.50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
4,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,42
8,0 1,50 1,49 1,48 1,47 1,47 1,46 1,44 1,42 1,37
240| 1,33 1,33 1,33 1,33 1,33 1,33 1,33 1,33 1,33
Tabmauma 1.10, 0, = -20 °C
t, Y4 K1
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
4,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,46
8,0 1,46 1,46 1,45 1,44 1,43 1,42 1,41 1,38
24,0 1,30 1,30 1,30 1,30 1,30 1,30 1,30 1,30
Ta6muna 1.11, 6, = -10 °C
t, Y Kl
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,39
4,0 1,50 1,50 1,50 1,50 1,49 1,46 1,42 1,31
8,0 1,40 1,39 1,38 1.37 1,36 1,34 1,32 1,27




t, Y Kl
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20
24,0 1,23 1,23 1,23 1,23 1,23 1,23 1,23 1,23
Tabmuna 1.12, 6, =0 °C
t,u Ki
0,25 0,50 0,70 0,80 0,90 1,00 1,10
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,39
40 1,50 1,48 1,45 1,42 1,40 1,36 1,29
8,0 1,32 1,31 1,30 1,29 1,28 1,26 1,22
24,0 1,16 1,16 1,16 1.16 1,16 1,16 1,16
Tabauna 1.13, 0, = 10 °C
tu Ki
0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1.50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,46 1,36
40 1,42 1,39 1,36 1,34 1,30 1,24
3,0 1,25 1,24 1,22 1,21 1,19 1,16
24,0 1,08 1,08 1,08 1,08 1,08 1,08
Tabauua 1.14, 6, - 20 °C
t,u Ki
0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,50 1,50 1,00
1,0 1,50 1,50 1,50 1,50 1,48 1,00
2,0 1,50 1,50 1,45 1,40 1,31 1,00
4,0 1,34 1,31 1,27 1,23 1,18 1,00
8,0 1,17 1,16 1,14 1,12 1,09 1,00
24,0 1,00 1,00 1,00 1,00 1,00 1,00
Tabnuma 1.15, 6, = 30 °C
t, Y4 K1
0,25 0,50 0,70 0,80 0,90
0,5 1,50 1,50 1,50 1,50 1,25
1,0 1,50 1,50 1,50 1,42 1,13
2,0 1,47 1,41 1,33 1,25 1,03
4,0 1,24 1,21 1,16 1,11 0,97
8,0 1,08 1,07 1,04 1,02 0,94
24,0 0,92 0,92 0,92 0,92 0,92
Tabnuma 1.16, 6, = 40 °C
t,u Kl
0,25 0,50 0,70 0,80
0,5 1,50 1,50 1,50 1,25
1,0 1,50 1,50 1,35 1,10
2,0 1,36 1,29 1,18 0,99
4,0 1,15 1,11 1,03 0,91
8,0 0,99 0,97 0,93 0,86
24,0 0,82 0,82 0,82 0,82

1.3 TpancdopmaTops! cpeHeit 1 60MbIIOI MOIIHOCTY ¢ oxJaxaeHinem OF




Ta6muua 1.17, 0, = -25 °C

t, Y Kl
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20 1,30
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,48
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,42
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,38
40 1,49 1,48 1,47 1,47 1,46 1,46 1,45 1,43 1,35
8,0 1,40 1,40 1,40 1,40 1,39 1,39 1,39 1,37 1,33
24,0 1.31 1,31 1,31 1,31 1,31 1,31 1,31 1,31 1,31
Ta6nuna 1.18, 6, = -20 °C
tu Ky
0,25 0.50 0,70 0,80 0,90 1,00 1,10 1,20
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
2,0 1,50 1,50 1,50 1,50 1,50 1,50 1,49 1,45
40 1,46 1,45 1,44 1,44 1,43 1,42 1,41 1,39
8,0 1,37 137 1,37 1,36 1,36 1,36 1,35 1,34
24,0 1,28 1,28 1,28 1,28 1,28 1,28 1,28 1,28
Tabmuna 1.19, 0, = -10°C
t.u Ki
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,41
1,0 1.50 1.50 1,50 1,50 1,50 1,50 1,50 1,35
2,0 1,50 1,50 1,49 1,48 1,46 1,44 1,41 1,30
4,0 1,39 1,39 1,38 1,37 1,37 1,35 1,34 1,26
8,0 1,31 1,31 1,30 1,30 1,30 1,29 1,28 1,24
24,0 1,21 1,21 1,21 1,21 1,21 1,21 1,21 1,21
Ta6mumna 1.20, 6, =0 °C
t, u Ky
0,25 0,50 0,70 0,80 0,90 1,00 1,10
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,45
1,0 1,50 1,50 1,50 1,50 1,50 1,46 1,37
2.0 1,46 1,44 1,42 1,41 1,39 1,36 1,29
4,0 1,33 1,32 1,31 1,30 1,29 1,28 1,24
8,0 1,24 1,24 1,24 1,23 1,23 1,22 1,19
24,0 1,15 1,15 1,15 1,15 1,15 1,15 1,15
Tabauua 1.21, 0, = 10°C
tu Kl
0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,50 1,50 1,44
1,0 1,50 1,50 1.48 1,45 1,41 1,34
2,0 1,38 1,37 1,34 1,33 1,30 1,26
40 1,26 1,25 1,24 1,23 1,22 1,19
8,0 1,17 1,17 1,17 1,15 1,15 1,14
24,0 1,08 1,08 1,08 1,08 1,08 1,08
Tabmauua 1.22, 6, = 20 °C
tu Kl
0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,47 1,40 1,01
1,0 1,46 1,43 1,39 1.35 1,30 1,00
2,0 1,31 1,29 1,26 1,24 1,20 1,00




ty Kl
0,25 0,50 0,70 0,80 0,90 1,00
4,0 1,19 1,18 1,16 1,15 1,13 1,00
8,0 1,10 1,10 1,09 1,08 1,07 1,00
24,0 1,00 1,00 1,00 1,00 1,00 1,00
Tabmuna 1.23, 0, =30 °C
t.u Kl
0,25 0,50 0,70 0,80 0,90
0,5 1,50 1,47 1,41 1,34 1,15
1,0 1,38 1,34 1,29 1,24 1,08
2,0 1,23 1,21 1,17 1,14 1,02
4,0 1,11 1,10 1,08 1,06 0,98
8,0 1,02 1,02 1,01 1,00 0,95
24,0 0,92 0,92 0,92 0,92 0,92
Tab6muna .24, 6, =40 °C
t,u Ki
0,25 0,50 0,70 0,80
0,5 1,42 1,37 1,28 1,13
1,0 1,28 1,24 1,17 1,05
2,0 1,14 1,12 1,07 0,97
4,0 1,03 1,01 0,98 0,92
8,0 0,94 0,94 0,92 0,88
24,0 0,83 0,83 0,83 0,83
1.4 TpanchopmaTops! cpenHeit 1 00MbIIOi MOLIHOCTU ¢ oxJaxaeHrneM OD
Tabauna 1.25, 0, = -25 °C
t, 4 K1
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,49
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,49 1,43
2,0 1,50 1,49 1,48 1,46 1,45 1,43 1,41 1,36
4,0 1,39 1,38 1,37 1,37 1,36 1.36 1,35 1,32
8,0 1,32 1,31 1,31 1,31 1,31 1,30 1,30 1,28
24,0 1,24 1,24 1,24 1,24 1,24 1,24 1,24 1,24
Tabauma 1.26, 0, = -20 °C
t,u K1
0,25 0,50 0,70 0,80 0,90 1,00 1,10 1,20
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,41
1,0 1,50 1,50 1,50 1,50 1,50 1,50 1,46 1,35
2,0 1,48 1,47 1,45 1,44 1,42 1,41 1,38 1,30
40 1,36 1,36 1,35 1,35 1,34 1,33 1,32 1,27
8,0 1,29 1,29 1,29 1,29 1,28 1,28 1,27 1,24
24,0 1,22 1,22 1,22 1,22 1,22 1,22 1,22 1,22
Tabmuua .27, 0, =-10°C
t, Y Kl
0,25 0,50 0,70 0,80 0,90 1,00 1,10
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,46
1,0 1,50 1,50 1,50 1,50 1,47 1,44 1,38
2,0 1,43 1,42 1,40 1,38 1,37 1,35 1,31
4,0 1,32 1,31 1,30 1,30 1,29 1,28 1,26
8,0 1,24 1,24 1,24 1,24 1,23 1,23 1,22




tu Ki

0,25 0,50 0,70 0,80 0,90 1,00 1,10

24,0 1,17 1,17 1,17 1,17 117 1,17 1,-7

Tabmuna 1.28, 6, =0 °C

t, u K

0,25 0,50 0,70 0,80 0,90 1,00 1,10
0,5 1,50 1,50 1,50 1,50 1,50 1,45 1,30
1,0 1,50 1,50 1,46 1,44 1,41 1,37 1,24
2,0 1,38 1,36 1,34 1,33 1,31 1,29 1,19
4,0 1,26 1,26 1,25 1,24 1,23 1,22 1,16
8,0 1,19 1,19 1,19 1,18 1,18 1,17 1,14
24,0 1,11 1,11 1,11 1,11 1,11 1,11 1,11

Tabmuma 1.29, 0, = 10 °C

t,u Ki

0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,47 1,43 1,36
1,0 1,47 1,44 1,40 1,37 1,34 1,28
2,0 1,32 1,31 1,29 1,27 1,25 1,21
4,0 1,21 1,20 1,19 1,19 1,18 1,15
8,0 1,14 1,14 1,13 1,13 1,12 1,11
24,0 1,06 1,06 1,06 1.06 1,06 1,06

Tabauna 1.30, 0, = 20 °C

t,u K1

0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,49 1,44 1,40 1,34 1,00
1,0 1,41 1,38 1,33 1,30 1,26 1,00
2,0 1,27 1,25 1,22 1,20 1,17 1,00
4,0 1,16 1,15 1,14 1,13 1,11 1,00
8,0 1,08 1,08 1,07 1,07 1,06 1,00
24,0 1,00 1,00 1,00 1,00 1,00 1,00

Tabauna 1.31, 0, = 30 °C

t, Y4 K1
0,25 0,50 0,70 0,80 0,90
0,5 1,46 1,43 1,36 1,31 1,19
1,0 1,34 1,31 1,26 1,22 1,12
2,0 1,21 1,19 1,16 1,13 1,05
4,0 1,10 1,09 1,07 1,06 1,00
8,0 1,02 1,02 1,01 1,00 0,96
24,0 0,93 0,93 0,93 0,93 0,93
Tabmauua 1.32, 0, =40 C
t, Y Kl
0,25 0,50 0,70 0,80
0,5 1,40 1,35 1,28 1,19
1,0 1,27 1,24 1,18 1,-,0
2,0 1,14 1,12 1,08 1,02
4,0 1,03 1,02 1,00 0,95
8,0 0,95 0,95 0,93 0,90
24,0 0,85 0,85 0,85 0,85

KiroueBble ca0Ba: MacIsiHBINA TpaHC(HOPMATOp, TEMIIEPATypa OXJIAXKAAIOMICH Cpelbl, aBapHifHas
Tieperpy3Ka, CHCTeMaTnieckas Harpyska, TeMieparypa 0OMOTKH, H3HOC M30JSIINH, PEXXKUM Harpy3Ku
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