YcioBue

[InaBkuil npemoxpaHuTeIb IIPECTaB/IsieT coDOl Pe3ncTop HEKOTOPOit

mmabl | n paguyca a = 0,10 MM, U3rOTOBJIEHHBI W3 MaTepuaJa C 7
mioraocTbio! y = 8,9 - 10° X yiesbuoit renoemkocTsio ¢ = 0,38 fﬂ”é, a | |

C yAeIbHBIM comnpoTusiaenueM p = 1,5 - 1078 Om-M u Temmeparypoit _'E') )—
IUIaBJICHUA ty, = 2,3 - 10? °C.

[Tpumem, aTo TEI000MEH IPEIOXPAHUTEIIS C OKPYIKAIOIIEN CpeIoit IPOUCXOUT B OCHOBHOM U€pe3
ero OOKOBYIO TIOBEPXHOCTh, & KOJIUIECTBO TerioThl A(), oTIaBaeMoe 3a IIPOMEXKYTOK BpeMmenn AT,
IIPOTIOPITMOHAIBLHO TLIOMIAIN S TeII000MeHa U pasHocTu Temrepatyp At = t — ty IpeIoXpaHuTe s
t m okpyxaroreil cpenpt ty (to = 0,0 °C):

29 _ st to)
AT ’
rie a = 8,5 - 102 MEZC — IOCTOSTHHBIN KO DUIMEHT TeIIooTaa4qn. V3aMeHeHrneM cormpoTuBIeHHS

[PEJIOXPAHUTEIIS [IPU YBEJIMUYEHUH TeMIIepaTyphl IIPeHeOpeb.

Yactp 1. OauH npeaoxpaHUTeb.

[Ipu BRJIFOUEHUU TPEJIOXPAHUTEISI B [EIb €0 TeMIIEPATY-

pa HAYUHAET yBEJIMIMBATHCS CO BPEMEHEM I10 HEKOTOPOit 1.oC
3aBUCUMOCTH, JIOCTHUTAS TIPEIETHLHOTO 3HAYCHUS pay. L10-
CKOJIBKY OIUCATH 3aBUCUMOCTD ¢ (7 ) JOCTATOYHO CJI0KHO, TO 1 B ¢
IpUMeM YIIPOMIEHHYIO MOJesb JanHo# dpynkuum — Oygem [ e 1(7)
CUUTATh, 9TO TeMIepaTypa ¢ pacTeT ¢ IMOCTOAHHON CKOPO- //

CTBHIO, PABHOI CKOPOCTHU POCTa B HAYAJIbHBII MOMEHT BpeMe- /
Hu (orTpe3ok AB Ha puCyHKe), JOCTUTaeT MaKCUMAJBHOIO 2 + o
BHAYCHUS t = .y U TEMIIEPATYPA IPEJIOXPAHUTEIST OCTACT- E

cst mocrosiaHOl (yaacrok BC na pucynke). [IpoMekyToK BpeMeHU 71 HA30BEM BPEMEHEM Pa3orpeBa
IPEJIOXPAHUTEIST JI0 MAKCUMAJIBHON TeMITEPATYPHI tyay -

1.1 Jlo Kaxoii mpeie TbHOM TeMIEPATYPHI . HATPEETC MPEIOXPAHUTEH TPU TTPOXOXKIEHUH 10
HeMy 3JieKTpudeckoro Toka cuoit [1 = 10 A? Haiiaure Bpems pasorpesa T IPEIOXPAHUTEIS, 34
KOTOpOE OH HarpeeTcs J0 TeMIIEPATYPhI t1.

1.2 [Ipu kakoit cujie Toka .. 1 IpegoxpannTe/ib neperoput?! Ilpu Kakoit cuite Toka [.y o TIEPE-
TOPUT IPEJOXPAHUTEb, €CJN €TI0 PAJINYC YBEJIUIATh B JiBa pa3a’

Yactp 2. /IBa nnpegoxpaHuTesid.

2.1 /IBa mpeJioxpaHuTe/ g OJUHAKOBON JJIMHBI U PAJIMYCAMU (1 = G U (G = 20 BKJIIOYEHBI B IIEIhb

! Tpajunuonnsle o603HadeHnst (PU3MICCKUX BEJIMUUH «IICPEKPBIBAIOTCH», IIO9TOMY Mbl BBIHYZKIC-
Hbl MCIIOJIb30BaTh CBOU <«HE TPAJUIMOHHBIE»: P - YJEJbHOE 3JIEKTPUYECKOe COIIPOTUBJIEHUE, 7 -
IJIOTHOCTB; ¢ - TeMIlepaTypa, T - BpeMd, [X - cOpOTHUBIIEHNE, @ - PAIUYC.

1Iocjie 10BaTeJ/IbHO.
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Cuity ToKa B el MeJ[JIEHHO (110 CDABHEHUIO CO BpeMe- 7
HeM pasorpesa) yeamansaioT. [Ipm Kakoil cuie Toka _"D_E:)—
B Melu [, 3 TEPETOPUT TAKOW COCTABHOM IIpeIoXpa-

HuTesib! Ornpeennre, KaKO U3 pe3UCTOPOB ITEPETOPUT
HEPBLIM IIPU YCJIOBHUH, 9TO B IEIIM MTHOBEHHO yCTaHABIUBAECTCA TOK CHJION DI ppay 3.

2.2 /IBa mnpejoxpaHuTesisi OJIMHAKOBOM JIJTUHBI PAJIUycaMU a1 = @

n ay = 2a BKJIIOYEHBI B IEIIb ITapaJijIeJIbHO. CI/I.Hy TOKa B IIEIIN

Me/[JIeHHO (10 CPABHEHUIO CO BPEMEHEM Pa30I'DEBa) YBEJININBAIOT. —E‘)
IIpu kakoit cune ToKa [.x 4 IEPETOPUT TAKOM COCTABHON IIPEIO- I
xpanuTenb! Oupeennre, Kakoil U3 MpegoXpaHuTe /el meperopur _E')

HepBbIM HpI/I yCJ'[OBI/II/I7 9TO B LEIIM MI'HOBEHHO yCTaHaBJII/IBaeTCﬂ
TOK, CHJIa KOTOPOro paBHa Sl iayx 4.

2.3 B xo/1e peMOHTa COCTABHOTO IIPEIOXPAHUTE/IsA, ONMUCAHHOTO B I1.2.2, JIJIMHY ITPOBOJIOKU TIEPBOTO
(6osiee ToHKOrO) mpejoxpanuTesa ykoporuwan Ha 10%. Onupejesnnre, Kakoil u3 npegoxpanuTesiei
[EPErOPUT IEPBBIM, IIPHU YCJIOBUU, YTO B IIEIIM MITHOBEHHO yCTaHaB/MBaeTcs TOK cuioil Iy = 100A.

Pemienue

Hactp 1. OuH 1IpejoXpaHuTel b.

1.1 IocJie 3aMbIKaHUST [N Ha IPEJOXPaHUTeNe (pesn-
crope) coryiacHo 3akony JIzkoyis-JleHna Hauner Bbie-  1°C
JIAThCA TEIUIOTa, KOTopasd OYJeT IMOCTENeHHO pa3orpe-
BaTh IPEJIOXPAHUTEIL JIO TIPEJIEJbHON TeMIepaTyphl. B C
['pacduk 3aBUCHMOCTH TEMIIEPATYPHI ITPEIOXPAHUTETS P D)
OT BpemeHn t(7) IpUBEJEH B YCJIOBHU. j/

B mepexoHOM pexknMe TeMiepaTypa mpeIoXPaHuTe s /
yBeJImIuBaeTcs. [Ipn 9ToM 9acTh TEIJIOTH UieT Ha Ha- 4
rpesanue npejgoxpanntens (Qp = cmAt), a qacts (Q2)
«yXOJUT» 4depe3 OOKOBYIO TIOBEPXHOCTH MPEJIOXPAHUTE-
JIsT B OKPYZKAOIILYI0 CPEJLY.

-

B crammonapaoM pexkmme TemIeparypa MpeJIOXPAHUTeNs YCTAHOBUTCH, JTOCTUTHYB IPEIeTHHOTO
3HAYEHUS lnax, U JlaJlee IlepecTaHeT HapacTaTb, T.e. MOXKHO TaKxKe Ha3BaTbhb PABHOBECHOH TeMIle-
parypoit. JleficTBuTe/ibHO, IO MEpe pocTa TeMIepaTypbl pe3ucTopa Oy/IeT YyBEJIUIUBATHLC ITOTOK
TEIJIOTH B OKPY2Kalolllee ITPOCTPAHCTBO 4Yepe3 ero OOKOBYIO MOBEPXHOCTH, TOTJIa KaK MOITHOCTD
TEIJIOBBIIEIeHNs Oy/IeT OCTaBaThCA MOCTOAHHON. B 9TOM pekuMme 9acTh TEIIOTHI, UIyIas Ha Ha-
rpeBaHue MpeoXpaHnTelis, paBHa Hymo (@ = 0).

Takum 06pazoM, B CTAIMOHAPHOM (YCTAHOBHBIIIEMCsI) PDEXKUME KOJMYECTBO TEILIOTHI, BhIIEISIeMOi
B PE3UCTOPE 3a IIPOMEKYTOK BPEMEHU, JOJIZKHO OBITH PABHO KOJIMYECTBY TEILIOTHI (Jo, OTIABAEMOMY
3a 9TOT 7Ke TPOMEKYTOK BPEMEHH B OKPYZKAIOIIYIO cpeiy (paBeHCTBO MOIHOCTEN )

I’R = aSAt = aSt, (1)
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rie R = p# — compoTusJieHue pesucropa, S = 2mwal — wioma b ero 6OKOBOI MOBEPXHOCTH, (¥ —
K03 DUIHEHT TEIIOOTIadn.

Ucnonbays (1), HaiigeM HCKOMYIO TeMIEPATYPY tmax

pI?
2am2a3’

(2)

tmax =

OrmeTnM, 9TO MaKCHMaJbHAA TeMIepaTypa, /0 KOTOPOH MOXKET Pa30rPeThCs IMPEIOXPAHUTEb,
00paTHO MPOIOPIUOHAIBHA KyOy €ro pajmyca U IporopIoHaIbHas KBaJIpaTy CHJIbI TOKA.

Pacder jy1s1 paccMaTpuBaeMoro peIoXpaHuTe s JIaeT CIeIyIoliee 3HaueHne

1,5-107% - (10)2
b = ’ °C = 89°C. 3
<2~8,5~102 TGA42 - (1,010 i ()

JL1s olleHKM BpeMeH! T pa30rpeBa MPe0XPaHuTe Id JI0 peIebHON TeMIIepaTyphbl 3aIlliIlleM YpaB-
HEHUEe TEeIIOBOro DaJlaHca B HEKOTOPBIIT MOMEHT BpeMeHU T, KOIJla ero TeMiieparypa paBHa t

At l l
2 _ 72 2
cyma“l - = I Pz a2rlat =1 Py a2rlat, (4)

rjie At — npupalieHne TeMIEPaTypbl IPeJOXPAHUTe s 38 MaJjIblii TPOMEXKYTOK BpeMeHn AT.

BaMeTI/IM, 9TO Ha rpachKe 3aBUCHUMOCTHN t(T) BeJIMYIMHa At COOTBETCTBYET CKOPOCTH HapaCTaHU:A

AT
TEMIIEPATYPhI CO BPEMEHEM B PACCMaTPUBAEMOI TOUKeE.

CKopoCTh HapacTaHWsi TEMIIEPATYPbI B HaYATbHBIN MOMeHT BpeMenu (t = () paBHa

At p
=) =rr-"-— 5
(AT)O mw2eyat’ (5)

TOI/Ia TOYKA repecedenns mpsaMoit AB ¢ ropusoHTaIbHON MPIMOit ¢ = t,. OyJI€T COOTBETCTBOBATH
HCKOMOMY 3HAuYeHHUto 71 (CM. puc. B ycsoBun). Takum obpasom,

tmax Cﬁya
n o= e 7 (6)
(37); 20

3aNOMHUM, 8PEMS PA302PEBH NPONOPUUOHANGHO PAUYCY NPEQOTPAHUMEN.
[TosicTaHOBKa YMCIEHHBIX 3HAYEHU JIJIsT paccMaTpuBaeMoro npegoxpanuress gaet 7 = 0,40 c

1.2 [InaBnenue mpeoXpaHuTe/ s MIPOUCKXOJIUT B TOM CJIydae, €CJIu MaKCHUMaJbHAsg TeMIepaTypa,
KOTOPO# MOKEeT JIOCTHYb IMPEJOXPAHUTENb, IIPEBBICUT €r0 TeMIEepaTypy IUIABIEeHUHd ty,; = 2,3 -

10%°C.

Takum obpazom

B B pl%. . | 2am?adty,
tmax = tun = Yar?dd = Ipax1 = T (7)
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Pacuer

2.8,5-102-3,142- (1,0- 10-4)3 - (230)
15-10-%

Imaxl =

(A) = 16 A. (8)

Kak ciemyer u3 (7), MakcuMmasbHas CHIa TOKA I, BO3pAcCTaeT MPOMOPIMOHATIBHO Pajnycy B
crenenu 3/2 I a®/? — 1pu 3a1aHHOM CHJIe TOKA y IIPEIOXPAHHTENS MEHBIIIEr0 PaINyCa U COIIPO-
TUBJIEHUE OOJIbINE, U TEIIOOTAa4ua MeHbIIe!

CiieioBaTeIbHO, TIPU YBEJIMUYCHUN PAJIUYCa MIPEJIOXPAHUTEIS B JBA pa3a CUJa TOKA, P KOTOPOi
OH TIEPETOPUT, BO3pacTeT B V8 = 2,83 pasa u cTtaHeT PaBHBIM .0 = 45 A.

Yactp 2. /IBa nmpegoxpaHuTeIs.

2.1 Ilpu mociexoBaTeIbHOM BKJIIOUEHUH IIPEIOXPa-

HUATeJIel cuja TOKa B HUX ojauHaKoBa. lIpm mesren- ]

HOM YBeJIMYEHUH CUJIBI TOK& TeMIIepaTypa KaxKJ0To n3 _"D_E:)—
npeioxpanuTteseil B 060t MoMeHT OyIeT paBHa PaBHO-

BECHOIT TeMIieparype. Tak KaK y MEHBITETO TPOBOHUKA 3TA TEMIIEPATYPA BBIIIIE, TO OH U IEPETOPUT
[IEPBbBIM.

Ecmm ke cuna Toka B 1NN yCTAHABJIUBAETCA OYEHB OBICTPO, TO JIJIA TOTO, YTOOBI OIPEJIETIUTH
KaKO IIpeIOXpaHUTEe b TIEePErOPUT OBbICTPee HEOOXOANMO MPOAHAIM3UPOBATH 3aBUCUMOCTH TeM-
nepatyp o0ouX HpeIoXpaHuTe/eil 0T BpeMeHn. Bpemst pazorpeBa y MeHBIIEro IIPeIoXpPaHUTe s
MEHBIIIE, [I09TOMY 3aBUCUMOCTH TEMIIEPATyP OT BPEeMEHU UMEIOT BHU/I, TOKA3aHHBIN Ha PUCyHKe: 1-
IIPEJIOXPAHUTETb MEHBIIETO PAJINyca, 2- MpeIoXPaHuTe b OOJIbIero pajauyca. 3 pucynka BujHoO,
B JIIOOOM cJlydae TeMIlepaTypa IMEepBOro MPEJOXPAHUTE I B JIIOOOH MOMEHT OOJIBIIE, ITOITOMY OH
BCerjla TeperopuT mepBbiM. [locte Toro, Kak OH MEPErOpuT, MEelb Pa30PBETCS.

j 7.,°C
4 1
r J/ ...... 2. .......
S
//J ....... s 1—5 C
[/ | T}. Tz
Takum 00pa3oM, B 3TOM CJIydae COCTABHON PE3UCTOP HMEPEropuT MPH CHUJIE TOKA B IIEIH
Imax3 = [maxl =16A. (9)
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j 71.°C
- 2
I
¢ B 1
1

Ac

A t.C
[ -‘:1 fz

2.2 [Ipu napaJureTbHOM COEJIMHEHUN HAIpPSKEHUs Ha MPeJIoOXpaHuTe/IgX paBHbl. [losToMy B paH-
HOM CJIydae yJI00HO BBIPA3UTh MPeJIeJbHYIO (DABHOBECHYIO) TEMIIEPATYPY Yepe3 HAlpsizKeHHe Ha
npejioxpanurese. 3 ycmoBus TernioBoro paBHOBeCHsI, KOTOPOe B JIAHHOM CJIydae MMeeT BH]L

2
7= a2malt, (10)

cJieJlyeT, YTO 9Ta TeMIlepaTypa paBHA

U? U? U?a

R-2aral 7rp_al2 . 2amal - 2ral?p’

(11)

tmax -

7 IPONOPIMOHAJBHA PAANYCY IPETOXPAHUTENT.

CreoBaTeIbHO, TIPU MEJIJIEHHOM YBEeJTUYeHWH CHJIbI TOKA B IENU Iep-
BBIM II€PEropuT 00JIee TOJICTBIA MPEeIoXPAHUTE/b. DTO HPOU3OIIET IIPHU
TOKe Yepe3 Hero cujion ..o = 45 A. Cuja Toka B 06OIIEil e B 9TOM
ciiydae JIOJIKHA ObITh PABHOW [ac4 = (1 + %1) Laxo = 56 A. Ilocne me-
peropaHnsi BTOPOro IpeIoXpaHnuTe sl BeCh TOK IOWIEeT Yepe3 MEPBIil, 1
€ro JIOCTATOYHO, YTOOBI C2KeUhb U 3TOT IPEIOXPAHUTED!

Ecin B 11en MrHOBEHHO yCTaHABINBAETCS HEKOTOPOE 3HAYEHNEe CUJIbI TOKA, TO HEOOXOIMMO aHaJIH-
3UPOBATH 3aBUCUMOCTHU TEMIIEpaTyp PEe3UCTOPOB OT BpeMenu. V3 ypaBHEHUS TEIIOBOTO OasiaHca
(4) ciemyer, 9To BpeMsl pa30orpeBa He 3aBUCUT HEU OT CUJIbI TOKA, HU OT HAIIPSZKEHUs Ha [IPEI0XPa-
HUTEsIe U onpeessiercs hopmynoii (6)., KoTopast yTBEPKIAeT, YTO BpeMsi Pa30rpeBa IPOMOPITHO-
HaJIbHA PAJINYCy TpefoxpaHnTend. Takum oOpa3oM, B JAHHBIX YCIOBHAX Pean3yeTcs HEeOXKHTaH-
Hagd CUTyallud: 1 MaKCUMaJbHad TeMllepaTypa U BpeMs pa3orpeBa O/IMHAKOBO 3aBUCAT OT PaJuyca
npejoxpanuress. [losromy rpadukn 3aBucnMocTeil TemMepaTypbl OT BpeMEHHU OYIyT COBIAJIATD
J10 JIOCTUZKEHUS OJJHUM U3 HUX IIPEJIeTbHON TeMIIEPATyPHhI.

IIpu Toke B memm paBHOM Iy = 5l.ca = 280 A, cmta Toka

Jepe3 MEePBbIi TpeIoXpaHuTe b OyaeT papaa [ = %[0 =56 A. 100
[Ipu Takoit cuje ToKa, 3TOT MPEIOXPAHNTEh TaKyKe PacIlia-
BUTCs, ITIO3TOMY B paMKaX JaHHON Moje/n 00a IperoXpaHm-
TeJisl JIOJIPKHBI pacILIaBUThCsT OHOBpeMeHHo! O 1HaKO, B paM-
Kax 6oJiee TOYHON MOJIEIN, KOTOpad MOKa3aHa Ha IPaduKe B fima
YCJIOBUU 3aJIa4H, CJIEJIyeT, 9TO B ITOM CJIydae TeMIlepaTypa
6oJ1ee TOJICTOrO TPEJIOXPAHNUTENA BCe BpeMsl OyIeT HEMHOI'O
BBIIIIE, [IOTOMY IEPBBIM IIEPETOPUT UMEHHO OH! 7 %

tZ max
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2.3 Ecji yKOpOTHTS JIJTMHY TIEPBOTO [IPEJIOXPAHUTEISI TO €10 MaKCUMaJibHast (PaBHOBECHAST ) TEMIIe-
parypa B cooTBercTBHA ¢ hopmytoii (11) moBbIcuTCs, a BpeMst pa3orpeBa He U3MEHUTCS, TOITOMY
cxeMaTu4ecKue rpaduKi 3aBUCHMOCTEN TeMIiepaTyp OT BpeMeHU IPpUoOpeTyT BHJI,

NOKa3aHHbBII Ha pucyHKe. MakcnmasbHast TemMiiepaTypa IepBoro peIoXpaHuTe sl TAKKe TPEBBICUT
Temieparypy iasienus. [losromy B coorBeTcTBUU € rpacdUKOM, B 3TOM CJIydae IEPBLIM pacIlia-
BUTCs IIPEOXPAHUTEb MEHBIIIETO PaJInyca.

3amemum, 4mo u NPu MowHoMm pacueme darrvill 65600 NOOMBEPHCIAEMCA, YMO UAAOCTPUPYIOM,
epaguru Mmoot 3a8UCUMOCTU NPEJOTPAHUMENET, 0N BPEMEH.
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