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MALUWHbI MOCTOAHHOI'O TOKA

YCTPOUCTBO 1 NMPUHLUMN AEUCTBUSA MaLLUNH
NoCcToAHHOro Toka (MI1T)

[eHepaTopbl nocTtosAHHOro Toka (['T1T):
Krnaccudoukaumns, cXembl BO30OYXOEHUS,
XapPaKTeEPUCTUNKA

[Buratenu noctosiHHoro toka (OAI1T):
Krnaccudoukaumns, cXembl BO30OYXOEHUS,

XapPaKTEeEPUNCTUNKA
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1. YcTpouncteo v npuHuun gencrema MINT

MamuHbl NoCTOSAHHOIO TOKAa (MIIT) saBistoTcs
00paTUMBIMH, T. €. OHH MOTYT pabOTaTh B KAYECTBE
reaeparopa (I'TI'T) wnu asurarens (JIIIT) 6e3 usmenenus
CXEMBI.

OcHoBHbIMU YacTssMu MIIT (puc. 9.1) aeisrorcs
CTATOP U SAIKOPb, OTAAJIEHHBIC APYT OT APyra BO3AYIIHBIM
3a30pom (0,3...0,5 mm).

YacTh MammHbl, B KOTOPOU UHAYKTUpYETCA DIC, MPUHATO HA3bIBaTh AKOPEM, a
4aCTh MAaIlIMHBI, CO3/IA0IIEH OCHOBHOE MAarHUTHOE I10JI€ (MAarHUTHBIN MTOTOK) —
HHIYKTOPOM. B MalimHax moCTOAHHOIO TOKA SIKOPEM SIBJISIETCS POTOP, a
UHIYKTOPOM — CTarop.
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" A
Crartop - 3T0 cTaIbHOW NUJIHHJP 1, BHYTPH KOTOPOTO KPEISATCS
IJIaBHBIC MOJIIOCA 2 ¢ MOJIOCHBIMU HAKOHEUYHUKAMU 3, 00pa3ysi BMECTE
C KOpPITyCOM MarHMTOIIPOBOJ MAIlIMHBbI.

IorocHBbIE HAKOHEYHHMKHM CIIY>KaT AJ1 paBHOMEPHOIO
pacOpeeeHUs MarHUTHOM MHAYKIWHU B 3a30p€ MEXKIY MOJIFOCAMHU
CTaTopa-uHAYKTOpA U SIKOPS.

Ha rimaBHBIX IOJIKOCAX PACIIOIOKEHBI MOCIIEI0BATEILHO

COCIMHEHHBIC KaTYIIKU 00MOTKH BO30YKIAeHMA 4, IPETHAZHAYCHHBIC
JUIA CO3JIaHUSI HEMOABHXKHOTO MAarHUTHOTO TTOTOKA D6 MaIlInHHBI.

Kounuel /111 n I[112 oomMoTkH BO30YxaeHUS (OB) BBIBOAST Ha
KJIEMMHBIN IIIUTOK, PACIIOJIOKEHHBIA HA KOPIYCE MAIIUHBI

[TOMMMO OCHOBHBIX ITOJIFOCOB BHYTPH CTAaTOpa pacIioyiararoT
AONMOJIHUTENbHBIE MmoJoca 9 ¢ ooMorkamu 10, koTopeie ciyxar s
YMEHBIIICHUS UCKPEHUS B CKOJB3AIIMX KOHTAKTax (MEXIy MIETKAaMHU U
KOJIJICKTOPOM).



|
51(0[)1) !HOI[BI/I)KHEI}I 4aCTh MAIlIMHBI) - HUJIUHAP O,

HaOpaHHBIM W3 JIUCTOB JICKTPOTCXHUYECKON CTAJIM, CHAPYKHU
KOTOPOI'0 UMEIOTCS I1a3kl, B KOTOPHIC YI0KECHA AKOPHASA
oomoTka 11. OTBoaBI 00MOTKH sikops (OX) IpunanBaroT K
IJJAaCTUHAM KOJUIEKTOpa 0, pacloa0KeHHOI0 Ha Bajy /.

KoJuiekTop npeacTaBiisieT COOOM MUIMHAP U3 MEIHBIX
IJaCTHH, U30JIMPOBAHHBIX APYT OT JApyra u ot Baja. K
KOJIJIEKTOPY C MMOMOIIBIO OPY>KUH MPHKUMAKOTCS
HEIIOJBHU>KHBIC MEIHO-TPA(PUTOBbIE INETKH 8, COCAUHEHHBIC
c kiemMMmamu A1 n A2 murka.



B 3aBUCMMOCTH OT TOr0, Kak 0OMOTKa BO30Y>KACHUS BKIIOUEHA
OTHOCHTEJILHO CETHU U sikops, pasimuuaor MIIT He3aBUCHMMOTI0 BO30YKICHU A
(OB x sixopro He noakimouena) 1 MIIT ¢ CaMOBO30YKIAEHHUEM, KOTOpOe
noapasacsierca Ha lapaJuiCJIbHOC, IMOCJACA0BaATC/IBHOC 1 CMCIIIAHHOC.




N
g. IpuHUMN pagOTbI reHepaTtopa NOCTOAHHOIO

TOKa
feHepaTop npeobpazyer

MexXaHWUYeCKylo 3Heprmo nepBnuYHoOro
ABUraTesia B 31EKTPUYECKYIO SHEPruto.

NMpuHumn pa6otbl NMT ocHOBaH Ha
ABJIEHWUN NEeKTPOMAarHMTHOU UHAYKUNWN.

Ecnn nocpenacrsoM nepBUYHOIO
nsuraTtenss NpuBecTU SKOpb MallnHbI BO
BpallieHne ¢ NoCToOSAHHOW YrnoBoW 4aCToOTOU o
M NoAaTb NMOCTOSIHHOE HanpsXeHune B
0OMOTKY BO36YyXAeHMNS cTaTopa, TO B KaXXA0M
cTep>XHe obMOoTKK AKopsa 6byaeT HaBOAUTbLCS
24C

e1 = BcpIV



ITociie npeoOpazoBanusa moay4um BoipaxkeHue IJ[C sxops

Ea= C:in D,

Kak Buano, JJ1C sxops nmpssMO nNponopLHyoHaIbHA
MIPOU3BEACHUIO MATHUTHOTO OTOKA cTaropa ds Ha
YacTOTY BpallleHUs N AKopsA. Eciiv K 3axumaM SKOpHOU
OOMOTKM MOAKIIOYUTH TpUEMHUK R, To IJ[C sikops
BBI3OBET B 1lenU TOK /12 = /. HanpsxeHue Ha 3axumax
OOMOTKH SIKOPSI

U = Ex- Rala = Ce®DsN - R}ll}l,

rae Ra v [4 - CONIPOTUBIICHUE 1IEMU U TOK SKOPA.

R2=0,5...5 Om.



CBoMUCTBa N XapaKTepUCTUKN reHepaTopa
He3aBMCUMOro BO30yXxaeHus

CrouicrBa I'TIT onpenensatorcss nx 0CHOBHbIMHU
XapakTepuUCTUKaMu: XO0JOCTOI0 X0/1a,
BHEIHEN U
PeryJIupoBOYHOM.



"
Pa6oTta I'MIT He3aBuCMMOro Bo3oyxaeHus

OOMoTKa Bo30yxkaeHUs OB MOAKII0YaeTCs K HCTOYHUKY
MOCTOSIHHOTO TOKa, a K BBIBOJAM OOMOTKH MPUBEJACHHOTO BO
BpallleHHE SKOPs IPUCOEUHsIeTcs Harpyska R.

[Tox neuncrBuem IJ1C dKOps B LIETIM HATPY3KHA BO3HUKAET TOK
|. TIpoBOMHMKH ¢ TOKOM OOMOTKH SKOPS HAXOAATCA B MATHUTHOM
noze, cozganHoM MJIC oOMOTKH BO3OYXIE€HHUS, TIO3TOMY B
COOTBETCTBUU C 3aKOHOM AMIIEPA BOZHUKAIOT JIEKTPOMATHUTHBIE
CHJIBI M DJIEKTpoMarHuTHEIN MomedT Moy, nanpasnennsii
POTHUBOIIOJIOKHO MOMEHTY ITPUBOJHOIO JIBUTATEIIS.

Taxkum oOpazoM, TTpy padOTE MaIIMHBI B PEKUME Te€HEpaTopa
CO3AETCS MPOTUBOACHUCTBYIOIIMHN IEKTPOMATHUTHBI MOMEHT Mo,
KOTOPBIN JTOTAKEH OBITH MPEOA0JICH IEPBUYHBIM JIBUTaTEIIEM.

Henocrarkom I'IIT He3aBucHMMOTro Bo30y:KAeHUS - TOTPEOHOCTH B
MMOCTOPOHHEM UCTOYHUKE IMOCTOSTHHOTO HAPSKEHUS [Tl CO3IaHUSI MArHUTHOTO
MOTOKa @6 MallIUHBI.



H
Mxonocmro Xoaa

XapaKTepucTtukKa XoJZ1oCToro xoaa £s = Ux
=f(le) (n=const; | =0) cCHUMMaeTCHa Npu pa3oOMKHYTOWU
Lenu NpUMeEMHMKa U NoKasbiBaeT, KaK HY>XHO
M3MEHATb TOK BO30yXaeHus le NoCpeaCcTBOM
peocTaTta Rp, YTOObI MONYUYUTb TE€ NN UHbIE
3HaueHna 34C Es reHepaTopa.

[TOCKObKY MarHUTHasa uUenb MalWHbI
BbINO/THAETCS U3 2JIEKTPOTEXHNYECKOW CTanu,
SABNAOWENCS MAarHUTOMSANKMM MaTepuasiom, To
XapakKTepucTtuka Es = f(Is) npeancrtaBnseT y3Kyto
neTsito rmcrepesmnca.

[lpn oTCYyTCTBUU TOKa B 06MOTKe BO3OYyxXaeHusa (ls =
0) B AKOpe npu ero BpaleHnn MHAYKTUPYeTCs
Hebonbwasa 34C Eso (paBHada 1...3% o1 Un = 0),
obycnoBneHHast OCTaTOYHbIM MarHUTHbLIM MOTOKOM
Deo.



|
BWEIiNAR xapakTepucTuka

Bremnsas xapakrepucruka U = f(l) - 3aBucumocts

HanpsbkeHuss U Ha BBIBOJIaX TeHEpaTopa OT TOKA HArpy3kH |
npu N = const u /e = const (U = Es + Ralsa).

Bhewmnsa xapaxmepucmuka makoco eenepamopa HceCcmras,
m.K. uHanpsocerue U nHeznauumenvro (Ha 6...10% om Esa npu I = In)
YMeHbULaemcs ¢ pocmom moxa Hazpysxu I uz-3a naoenus
HANPANCEHUS 8 YeNnu SIKOPsL U peaKyuu AKopsi - 6030€UCBUSL
MazHumHo2o nous sikops @s, cozoasaemozo MJ[C OA Fa = wala, na
OCHOBHOU Ma2HUMHbIU NOMOK D8 Mauiunbl, KOMOpPoe Bbl3bl8aAem
UCKadxcenue maeHumHozo nomoxa e cmamopa u, 8 KOHEUHOM umoze,
ymenvutenue I/C Ea skopuou oomomku.



|
PER/MPOBOUHAs XapaKTepucT1Ka

PeryJMpoBOYHOU XapaKTePUCTHKOU HA3BIBAIOT
xapaktepuctuky Is = f(I) mpu n = const m U = const.

OHa nOKa3bIBACT, KaK CIEAYET U3MEHATH TOK
BO30Y>KICHUS, YTOOBI MOAACPKHUBATH I10CTOSHHBIM
HanpskeHue U reHeparopa npyu u3MEHEHUH Harpy3Ku
(Toka I).

Jli1s ctabunu3anuu HanpsbkeHus U HeoO0xoaumo
COOTBETCTBYIOIIUM 00pa3zoM usMeHsITh IC Es saxops
IyTEM U3MEHEHUS TOKA /8. I10CKONBKY HANPsSKEHUE
reHeparopa CHUXKAETCH MPHU YBEJIIMYECHUHN HArPY3KHU, TOK
BO30Y>KJICHUS HEOOXOIMMO YBEJIMUHNBATh.
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I'MT napannenbHOro Bo3oyxaeHus




N
WTMKa xonoctoro xopa I'MT

napannenbHOro Bo30yXxaeHus

B sToM pexxume Tok BHelHel nenu | = 0, a B 00OMOTKaX BO30YKJICHUS U SIKOPSI
IpOoTeKaeT TOK, 00ycnoBieHHbINH ocTarouHon DJIC sxops Eso (puc. 9.4, 6). Ecim
OB noakII0ueHa K 1IeNH SKOps TaKUM 00pa3oM, uTo co3gaBaeMblii e€ MJIC
MAarHWTHBIN IMOTOK COBMAJAET MO HAMPABIEHUIO C OCTAaTOYHBIM MAarHUTHBIM
noTokoM, To IJ]C sikopst (COOTBETCTBEHHO MAarHUTHBIN MOTOK @6 U TOK 8
0OMOTKHM BO30YxkaeHUs ) OyaeT Bo3pacrark. [Iponiecc camoBo30Oyxaenus I'TIT
3aKaHYMBACTCA, KOTJIa TTaJicHue HaNpsKeHUs: B OB cTaHOBUTCS paBHBIM JJ[C
SKops, T. €. Es = Rele (touka A .puc. 9.4, 0). Ecii yBeIuduBaTh COMPOTHUBICHUE
uenu OB (mocpeacTBoM peoctara Rp, cMm. puc. 9.4, a), To Touka A mepecedcHust
npsaMoit Rele ¢ xapakrepuctrkon Es = f{Ig) cMecTuThCs BiaeBo (puc. 9.4, 0). [1pu
JTOCTHKCHUY 3HAYEHUS CONPOTUBJICHUS ReKp 11NN BO30YKJICHW S, Ha3bIBAEMOTO
KpUTHUYECKUM, HanpsizkeHre U Ha 3a)kumax reHepartopa OyaeT HEy CTOMYUBBIM,
nmpakTudecku He npepbimarommm JC Ego. [103TOMY CONPOTUBIICHUE 1ETTN
BO30Y:K/I€HUS R TeHepaTopa JI0JKHO ObITh MEHBIIIE KPUTHYECKOTO 3HAYCHUS
Rekp
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Y reHeparopoB napaJiiieJIbHOro Bo30yKIeHM TIpU
YMEHBIIICHUHU CONPOTUBIICHUA R Harpy3ku Tok | yBeauunuBaercs 110
OIIPEZICIEHHOTO TIPEIEA, HA3bIBAEMOI0 KPUTHYECKUM, [Kp =
(1,5...2,5)In. IIpu nanpHeeM yMEHBIIICHUH CONPOTUBICHUS R TOK
| ymMeHbII1aeTCs BCIeICTBUE pa3MarHiuiBaHUs MallIiHbI
(YMEHBIIIEHUS TOKa BO30Y:k1eHUs ). I[pr KOPOTKOM 3aMbIKaHUH
MallliHa OyJeT MOJHOCThIO pa3MarHu4eHa, Mo3TOMY TOK KOPOTKOIO
3aMbIKaHUS [k OOBIYHO HEBEJIUK (onpeeisieTcss HeOOIbIIOM
ocratouHou IJC (Ik = Es0/Rs)). OqHako npy BHE3AIMHOM KOPOTKOM
3aMbIKQaHUH BCJICJCTBUE MEIJICHHOTO M3MEHEHHUS MAarHUTHOTO ITOTOKA
1 JJIC sikops TOK | B IEpEXOAHOM PEKHUME MOXKET IIPEBBICUTH
HOMHHAJIbHOE 3HAY€HHE B HECKOJIBKO pa3, YTO MOXKET BbI3BaTh
IeperpeB METOYHO-KOJUIEKTOPHOTO y3ia. [loaTomy B 11emnb
yIIPaBIICHUS ATUX T€HEPATOPOB BKIIOYAIOT pejie, KOTOPOE OTKI0YaeT
IIETIb SIKOPS B CIy4ae, €CJIU TOK SKOPS MPEBBICUT YCTAHOBICHHOE
3HauYCHHUE.



" BESmEssIXapakTepucTuka reHepartopa

napannenbHOro Bo30yXxaeHus

Baemnsaa xapakrepuctuka I'lI'T mapannensHoro
Bo30ykaennst U = (1), 1. e. U = Es - Rals,
rae [a = [ + 16 - TOK IKOPHOM OOMOTKH, OTJIMYAETCA O0JIee
pPE3KHM MMaJCHUEM HaIpshKkeHus (puc. 9.4, ¢) ipu
yBeqndeHnu Toka | Harpysku (Ha 10...20% ot Es nipu
HOMHUHAJIBHOM TOKE [H) II0 CPAaBHEHMIO C BHEIIIHEM
xapaktepuctukon ['TIT HezaBuCMMOro BO30ykKICHMUS.

IpuyuHbI nageHus Hanpsi:kenusi U :

* YBEJIIMUEHUE AKTUBHOTO MAJACHUS HANIPSKEHUS Rl B LIENU AKOPS;

* pEaKIUs SIKOPA,

* YMEHbIIIEHUE TOKa BO30YyxieHUSs /6 = U/R6, BRI3BAHHOE TTEPBBIMU JIBYMSI
NpUYMHAMM, TPUBEAIIMMU K CHUKEHUIO HanpsikeHus U Ha 3axkumax OB.
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- m xapakrtepuctuka I'MT

napannenbHOro Bo30yXxaeHus

PeryaupoBouHnasi xapakrepuctuka /s = f{l) mpu n
= const u U = const umeeT TOT ke BHUA (puc. 9.4, 2), 9TO U

s ' T vezaBucrumMoro Bo30yKI€HUS, OJHAKO MPOXOAUT
Kpyd4e, T. K. YTOOBI CKOMIIEHCUPOBATh OONBIINE CHUKCHUS

HanpsLKEHUS, HEOOXOAUMO YBEIMUYUTh TOK BO30OYKICHUS B
OOJIbIIIEN CTEIICHH.
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eHepaTOpbl CMeLaHHOro BO30yXXaeHus

Y re”eparopa CMEmIAHHOIO BO30Y:KIAECHHUS (puUC.
9.5, a) mpu cornacHOM BKJIIOUCHHH ITOCJIEIOBATSIILHON U

napaajieJbHOM  OOMOTOK HMX  MarHUTHBIE  TOTOKH
CKJIaAbIBaIOTCs, U JomoiHuTenbHas JC, o0ycioBiIcHHAs
MarHUTHBIM  TIOJIEM  NOCJIEA0BATEIbHOM  OOMOTKH,
KOMIICHCUPYET I1aJICHUE HANPSHKEHUE B OOMOTKE SKOPS U
yMmeHbiieHue IJ1C Es oT cHU>KEHMS TOKa BO30yKjaeHus. B
3TOM CJly4Ya€e IIpU MU3MEHEHUMHW TOKAa Harpy3ku |
HanpsbkeHne U oCTa€Trcs MOpPaKTUYECKH ITOCTOSIHHBIM
(kpuBas 1, puc. 9.5, 6).
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[Ipu BCTpEYHOM BKIIOUEHHH 0OMOTOK BO30YXKJICHHS
IpU YBEJIMYCHUH TOKA Harpy3Ky HaNpsi)KEHHUE Ha BBIXOJE
reHeparopa pe3ko mamaer (kpusasg 2, puc. 9.5, 0).

Takyro BOJILT-aMIIEPHYIO XapAKTEPUCTUKY,
Ha3bIBACMYI0 KPYTOMAAAKIICH, UMECIOT TEHEPATOPHI JIJIs
nyrooit ceapku (tuma I1ICO-300 u I1CI'-500),
00€CIIEYMBAIOIINE MOCTOSIHCTBO TOKA IMPH KOJICOAHUSIX
COIIPOTHUBJICHUS 1I€IIM BCIEACTBHUE N3MEHEHUS JAJIUHBI JTYTH.
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I'MT nocneaoBaTenibHOro BO30yXXaeHus
HE HalLUJIN LUNPOKOIro npunMeHeHn4d n3-3a HErNOCToOAHCTBA
BbIXOAOHOIO HaNpAXeHUA.



" JEllprHOUnpaboTbl AoBUraTteneun

NMNOCTOAHHOIO TOKA

OcHoBa paootsl AIIT - 3axkon Ammnepa. s
CO3JaHHUS BPAIAIOIIEr0 MOMEHTA ITOCTOSIHHOE HATPSI)KEHUE
U moaBoauTcst OAHOBPEMEHHO K 0OMOTKE BO30y kacHUs OB
(co3parolliell MarHUTHBIN MOTOK @6 MallluHbI), 1
(ITOCPEeACTBOM HENOJABHUKHBIX IIETOK) K KOJJICKTOPY.

BBITIOJIHSET POJb
MEXaHUYECKOT0 MEPEKIII0YaTeIsd TOKa, 00ecrneunBas
HEU3MCHHOCTh HaIPaBJICHUS TOKOB B ITPOBOJHUKAX O,
IPOXOASAIIMX 10T COOTBETCTBYIOIIIMM MAarHATHBIM ITOJIFOCOM
(N unm S) mHIYKTOpa, 1 N3MCHCHUE HAIIPABICHUS TOKOB B
3TUX MPOBOJHUKAX IPHU MEPECEUCHUN UMHU T€OMETPUYE CKOM
HEUTPAJIM MAIIUHBI.






" SPAEUNA SNeKTPOMarHMTHbLIN MOMEHT

asuraTterie NOCTOAHHOro Toka

B pesyabTare B3auMOICUCTBUSA TOKA SIKOPA [ C
MArHUTHBIM [IOTOKOM @8 BO3HUKAET AJICKTPOMATrHUTHBIN
MOMEHT

M = FiNd/2,
F1 = Bceplls

ITocnne npeoOpa3zoBaHus MOJTYIUM

M = (pN/2a)ls®s = Cmlads,

Bpamawiui 3J1eKTPOMATHUTHBIM MOMEHT IPSAMO
MPONMOPIMOHAJICH NPOU3BEACHUI0 MATHUTHOIO MMOTOKA
@d¢ Ha TOK AKOpA I



“cripemmesae

Ecnu Bpamaromuii MoOMEHT M 00ibIlie MOMEHTA
CONpOTUBJIEHUA Mc MexaHus3Ma Ha Baiy, T. €. M > Mc, 1o
AKOPb HAUMHAECT BPaILlaThCA.

[Ipu BpameHuu skopst €ero NpoOBOJIHUKU
[IEPECEKAOT MAarHUTHBIN OTOK D6 U COITIaCHO 3aKOHY
NEKTPOMArHUTHOW MHAYKIIUU B HUX UHIYKTUPYETCS
DJ1C. Cymmapnyro I/IC Bcex MpOBOJHUKOB SIKOPHOU
00MOTKM Ha3bIBatOT NpoTUBOI/IC, T. K. HanpaBieHue J[C
IIPOTHUBOIIOJIOKHO HAIIPABICHUIO TOKA AKOPS L.

YpaBHeHHE VIEKTPUIECCKOT0 PABHOBECHUS 111
SIKOPHOM OOMOTKH:

U=FEa+ Usala




| L
msuramneu Nno crnocooy

BO30OYyXXOeHus

JIBUraTejn MOCTOSSHHOI0 TOKA KJIACCU(PULMPYIOT
10 CITOCO0Y BO30YXKICHUSA:

He3aBHCHMOE,

nmapaJsijiejbHoe (IITyHTOBOE),

mocJieioBareibHoe (CepuecHoe) U

CMemAaHHOoe (CEpUEeCHO-IITYHTOBOE HIIU

KOMITAyHIHOE).
a D o oa 9 o2om 9 g Al D
— O e
T—UL A D—T l OBy
el %
§ 0B 3 GF %

Puc. 9.2



|
menbﬂoro BO30yXAaeHus

OoOmoTka Bo30y:xaeHuss OB mogkiroueHa
napajijieJIbHO ¢ 0OMOTKOM SIKOpS K ceTH. B 11ermb 00MOTKH
BO30Y>KICHHUS BKJIKOUYEH PETryJIMPOBOYHBIN peocTaT Rp, a B
[IENb AKOPS - YCKOBOMW peocTar Rn.




N
B !I ” | apaJICJIbHOrO BO30YKICHHUS TOK BO30YKICHUS

HE 3aBUCUT OT TOKA SAKOPs /.

Ie = U/(Reé + Rp),

Toxk saxops

I = (U - Es)/Ra = (U - Ce®sn)/Rs,

B nHavansHbil MOMEHT nycka 11T yacTora Bpalenus
saxops N = 0, modtomy npotuBoIC Esg = 0.



Y LS EeRPAREETBIHEIOYCTUMO OOJIBIITON ITYCKOBOU TOK B

OOMOTKE SIKOPS M, KaK CJICACTBUE, BOSHUKAIOIINN PHIBOK
WJIM yAAp Ha BaJly U UCKPEHUE B KOHTAKTaX MIETKU -
KOJIJIEKTOP, MOCIEA0BATEIBHO C SIKOPEM BKJIFOUAIOT
IyCKOBOM peocTar Rna.

CoIpOoTHUBIICHUE Rn paCCUMTHIBAIOT U3 YCIOBUS, YTOOBI
IYCKOBOM TOK

Isn = U/(Ra + Rn) < (2...2,5)I1n,

[Ipu 5TOM ABUraresb pa3BUBACT JOCTATOYHO OOIBIION

ITyCKOBOM MOMEHT
Mn = (2...4)MHu

210 obecneunBaeT ObicTphiid pa3roH JUIIT. ITo mepe pazrona
naeurarens JJC skops £ yBeIuunBaeTCS U COIPOTUBIICHUE
ITyCKOBOI'O peocTara HEOOXOAMMO YMEHBIIIUTD JI0 HYJIA, T. €. IIpU
n=ns, Rn=0.



" NOPOETHaA XapaKkTepucTUKa ABUraTens

napannenbHOro BO30yXxaeHus

onekrpomexanndeckue cporictBa AT onpenensrorcs
ero ckopocTHoM N(/12) nnu mexann4veckoii N(M)
XapaKTePUCTUKAMHM.

CKOpPOCTHAs XapaKTEPUCTHUKA MPEACTABIISIET 3aBUCHUMOCTD
4acTOTHI BpalleHus N oT Toka saxops [g npu U = const u /s

= const.

YpaBHEHUE €CTECTBEHHON CKOPOCTHOM XapaKTEPUCTUKU

N = (U - Rala)/(Ce®s) = (UICEDs) - (Ra/CeDs) s



" NISRGAYECKe xapaKkTepucTuka asuratens
napannenbHOro Bo30yXxaeHus

Mexanuveckas xapakrepucruka N(M) mpeacraBiseT
3aBUCUMOCTb YaCTOThI BpalllCHUS SIKOPS N OT pa3BUBACMOTO
JII'T momenta M = Mc tipu yCIOBUH ITOCTOSAHCTBA
HanpsbkeHuss U ceTu U cCOnpoTUBICHUM B IS SKOPS U B
[EeTIH BO30YKICHUS.

n = (U/Ce®s) - (R1/CECmu®62)M = no - Dn,

N0 = U/Ce®s - yacToTa BpaIeHus SSKOPs MpH "uacabHOM"
xojocToM xoae (Mc = 0); conporupnenus Rn =0 u Rp = 0;

HanpsikeHue Ha akope U = Un v MarHUTHBIN IIOTOK JIBUTATEIIA
de = DgH.

Ecnu conpoTHUBIeHUE IMyCKOBOro peocrara Rn > 0
(Rp = 0), momy4arT HCKYCCTBEHHBIE, T. H. pEOCTaTHBIC
MEXAHUYECKUE XAPAKTEPUCTUKHA 2...4



N
YR ABAraTens napannenLHoro Bo3GyxkaeHns

Ipsamoi myck asurareis (Rn = 0) IpUMEHSIOT TOJBKO JJIs
ABUTATENEH MaJlol MOITHOCTH (110 1 kBT), y KOTOpBIX
COIIPOTUBJICHUE AKOPHOM IIEMM OTHOCUTEIBHO BEJTUKO U
OOMOTKA SIKOPS HE YCIIEBACT HArPEThCS.



ITyck aBUraress ¢ HCHOJb30BaHHEM IIYCKOBOTO peoCcTaTa
HA3bIBAIOT PEOCTATHBIM.

IIepen mycKoMm ajisl IMOTYYEHUS MAKCUMAJIbHOI'O Iy CKOBOT'O
MOMEHTA IIPX JOIYCTUMOM ITyCKOBOM TOKE
pPEryJIMpOBOYHBIN PEOCTAT B 0OMOTKE BO30YKICHUS
OJHOCTHIO BBIBOAAT (Rp = 0) (IpH 5TOM MarHUTHBIN
OTOK @6 UMEET MAKCUMAJIbHOE 3HAYCHHUE), 4 PYKOSITKY
MIEPEKII0YATEIIS ITYCKOBOTO PEOCTAara yCTaHABIUBAKOT B
MTOJIOKEHUE, TIPU KOTOPOM COIIPOTUBJIICHUE Rn UMEET
MAaKCHUMAaJIbHOE 3HaYeHUE. B HaYaIbHBIN IIEPHO YCK
OCYIIECTBISETCS IO PEOCTATHON XapAKTEPUCTHUKE 4 TIpu
3TOM JIBUTaTEJIb Pa3BUBACT MAKCUMAIIBHBIN ITYCKOBOM
MOMEHT.



N
[Io Mepe pa3roHa COIPOTUBIICHUE IIYCKOBOTO peocTara Rn

CTYIIEHYaTO YMEHBIIAKOT; PA3TOH ABUTATES
OCYIIECTBIISIETCS MO OTIAECIBHBIM OTPE3KAM PEOCTATHBIX
XapakKTepuCTUK 4, 3 u 2.

[Ipu mOJTHOCTHIO BHIBEACHHOM COIIPOTUBIICHUU Rn U
OOCTUKCHUM 3HaUYeHUS M = Mu dacToTa BpalieHus N
AKOPS YCTAHABJIMBAECTCS HA €CTECTBEHHOU MEXaHUUYECKOU
xapakTepucTuke 1 (Touka A).



[Ipu mycke aBurareiier 00JbIIOM MOIITHOCTH
MCIIOJIb30BaHME ITYCKOBOI'O peocTara (IpOMO3JIKOCTh 1
3HAYUTEIbHbBIC HOTEPh SHEPIrUM) CTAHOBUTCS
He3((PEKTUBHBIM. B 3TOM cilydyae NpUMEHSIOT
0e3peOoCTaTHBIN ITYCK MPY NOHMKECHHOM HaIIPSI)KCHUH,
IIOJIBOJIMMOM K LIEIH sSAKops. Ilonydaembie (Ipyu yCIOBHH,
410 Rn = 0 1 Rp = 0) HCKYCCTBEHHBIC MEXaHUYECKHUE
XapaKTePUCTUKN UMCIOT BuJ 2 U 3 (puc. 9.6, 2) u
IPOXOAAT HapauICIbHO €CTECTBEHHOMW 1 M TEM HHMXKE, 4EM
MCHBIIIC BeINYMHA HanpsokeHus U.
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PeryaupoBoYHBIN peocTaTr Rp NO3BOJIAET U3MEHITH TOK
BO30yKIeHUS /6 NBUTATEIIsl MU €0 MArHUTHBIN NOTOK @s.
[Ipu 5TOM OyneT U3MEHSATHCSA M 4acToTa BpameHus N. [lpu
HOMHWHAJIbHOM HaIpsKeHUU Ha sikope (Rn = 0) u
YMEHBIIIEHUY MArHUTHOTO ITOTOKA (Rp > () MEXaHUYECKHUE
XapaKTepUCTUKU UMEIOT BUI 4 u 5 (puc. 9.6, 2) n
IIPOXOJIST TEM BHIIIEC €CTECTBEHHOM 1 M Kpyde €€, ueM
MEHBIIIE MATHUTHBIN IIOTOK.
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" AERAWPOBaHNA YacToThl BpalleHUs U

peBepcupoBaHue aBUraTens napanneribHoOro
BO30yXXaeHus

Yacrory BpalleHUs SKopsl

n = U/(Ceds) - (R2 + Rn)/(CECm®Ds2))M =n0 - 4n

MO>KHO PEryJIMPOBaTh TPEMS CIIOCOOAMHU:

* PEOCTATHBIM - U3MEHEHUEM COINPOTUBIICHUS 1ENH IKopsl (Rsa+
Rn =var);

* MOJIIOCHBIM - U3MEHEHHEM MarHUTHOIO MOTOKA MOJII0COB (R6 +
Rp = var);

* AIKOPHBIM - H3MEHCHUEM HAIIPSKCHHUS, TIOJBOJMMOIO K SIKOPIO

(U = var).



PeBepcupoBaHHe JBUTATEICH MOXKXHO 0OCCIICUYNUTh
M3MEHCHHEM HampaBJICHUS TOKa

HUJIM B OOMOTKE SIKOPA,

WUJIM B OOMOTKE BO30YKICHUSI.



0
PHGOUNE XapaKTEPVCTIKM [BUraTeNs

napannenbHoOro Bo30yXxaeHus

Paboune xapakTepuUCcTukKmn aABuratens
npeacTaBndatoT cobon

. M. ]

Pric. 9.7 P2

3aBCUMOCTU noTpebsiseMon MOLWHOCTU P1,
TOKa [1, 4YaCTOTbl BpaweHnda n, MOMeHTa M U
KN4 » oT oTaaBaeMon MowHOCTU P2 Ha Bany
asuratend npu U = const U Is = const.



Xapakrepuctuku N = f(P2) u M = f(P2) aBnsrorcs
IpaKTUYEeCKU TUHCHHBIMU, a 3aBucuMoctu Pl = f(P2), Is
= f(P2) u n= f(P2) nmerot xapakrep , OOmIHi 1 BCEX
ICKTPUUCCKUX MAIIIHH.

MexaHndeckue U padoune XapaKTEepHUCTUKY ABUTaTeIen
He3aBMCHUMOT0 BO30YKICHUSA aHAJIOTUYHDI
xapaktepuctukaM JAIIT napamnensHOTo BO30yXKICHHUS, T. K.
y HUX TOK BO30YKJACHHUS /6 TaKK€ HE 3aBUCHUT OT TOKA
aKkops 1.



. o
CBOVICTES U XapaKTepUCTUKM ABUraTenei

nocriegoBaTtesibHOro Bo30yxxaeHus

B sTtux aBurarensx (puc. 9.8, a) Tok Bo30yxaeHus Ié = I
= |, T0TOMY MarHuTHBIN ITOTOK P8 ABIACTCA (PYHKIHCH
TOKa sAKOpA /4.

L? Rﬁ +R572 L." +R6?1
Nn= - 2=

C.d, C.P,

M M~ Gyl

;% . [CulyCi,
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XapakTep 3TOM 3aBUCUMOCTHU U3MEHSIETCS B
3aBHCHMOCTH OT Harpy3ku apurarens. IIpu Toke skops
I[1 < (0,8...0,9)[an, xorga MarHuTHAasI CUCTEMa MaIlllHbI
HE HacklleHa, P8 = kghla. [Ipn nanpHeHIEM
BO3pAaCTAHUHU TOKA SIKOPA MOTOK P8 pacTET MEIJICHHEE,
YeM TOK [, ¥ mpu O0JbIIUX Harpy3kax (s > Lan)
MOXXHO CUHUTaTh, 9TO P8 » const. B COOTBETCTBUU C
3TUM HU3MEHSIOTCS 3aBUCHMOCTH

n = f(l2) u M = f(/s). IIpu Toke ssxops s <
(0,8...0,9)[21 yacToTa BpallcHUS

_ U _R3+R5n[ _ U _ R3+R5n
C;od, CP, " CP Cyk;C:P,

"

M M~ Cyisl.



[ToaTOoMy "acToTa BpaiieHus N OyIeT CHUKATHCS C
POCTOM MarHUTHOTO MOTOKA B OOJIbIIICH CTEIICHU I10
CpaBHEHMIO ¢ yactoTou BpameHusa 11T mapamiensHoro
BO30YKIeHHS (CM. yuacTok ab kpusoui 1, puc. 9.8, 6), T.
¢. IIIT nmocinenoBaTenbHOr0 BO30YKICHUS UMEET OOJIee
MSITKYI0 MEXaHUUYECKYI0 XapaKTEePUCTUKY. 3aBUCHMOCTh
M = f(/s) na ygactke ab (puc. 9.8, ) mapabojmdecKoro
THIIA, YTO CO3AAET OOJIBIION MYCKOBOM MOMEHT IIPH
pa3roHe MeXaHu3Ma.
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[Ipu HeOonpmMX Harpy3kax (M < Mu /4) yactora
BpPAICHUs PE3KO BO3PACTAET, KAK TOBOPAT - JBUrATEIb
UJET B "'pa3HOC", UTO OMACHO C TOYKHU 3PECHUSA
MEXAHUYECKON POYHOCTH AKOpA. B BUAY 3TOr0 HENB3S
nomyckarb padory HAIIT nmocieqoBaTeabHOTO BO30YXKICHHUS
npyu XX U IIpU MAJIbIX Harpys3Kax.

IIpu mycke ¢ peocrarom Rn, OrpaHUYMBAOIINM
ITYCKOBOM TOK U MOMEHT JI0 JIONYCTUMBIX 3HAUYECHUU [n U
Mn, xapakrepuctuka N = f(M) npoxogut HIKE
XapaKTepuCTHKH 1 (cM. kpuByio 2, puc. 9.8, 0).
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HecMmorps Ha ykaszaHHbie HepocTtaTkuy, 11T
OCJI€A0BaTEIILHOTO BO30YKACHHUS IIIMPOKO MPHUMEHSIOTCS B
PA3JIMYHBIX AICKTPUYCCKUX MIPHUBOIAX, OCOOCHHO TaM, I
MMEET MECTO U3MEHEHHUE HATPY304YHOTO MOMEHTa Mc B
NIUPOKUX MpEeaxX U TIKEIIbIE YCIOBUA MyCKa
(rpy30n0abEMHBIE H TOBOPOTHBIE MEXaHU3MBI, TATOBBIM

IPUBOJ U JIp.).



H -
GBONETEaM XapaKTepUCTUKM ABUraTeneil

CMeLlaHHOro Bo30yXxaeHus

B ABUraresnax cMewaHoro sBo36byxaeHus
MarHUTHbIN MOTOK CO3AaETCH B pe3ysibTaTe
COBMECTHO by oEMC FBNAPEAIG:ABNRM M NOC/1E€A0BaATE




FlosToMy MexaHndeckas xapaktepuctrka 1 (puc. 9.9, 0)
JIIT cMemanHOro BO30YyXICHUS pacloaaracTcs MexIy
xapakrepuctukamu AI1T mociaenoBarenpHOroO (KpuBas 2) v
mapajlIeIbHOTO (KpuBas 3) BO30ykaeHus. B 3aBucumMocTu
oT cooTHomeHuss MJIC nocienoBaTeaIbHOM U

napajjIe IbHOM OOMOTOK BO30Y:KJICHHUS XapaKTEPUCTUKH N
= f(M)u M = f(Is2) AIIT cmemaHHOTO BO30YKACHUS IIPH
HOMHHAJILHOM PEXKUME MOYKHO NPHUOIU3UTH K
xapakTepucTtuke 2 (mpu manor MJIC napannenbHon
OOMOTKH) WJIH K XapakTepuctuke 3 (rmpu majiorn M J1C
OCJIeN0BaTe/IbHON OOMOTKH).

Opaum 3 foctouHCTB JAIIT cMenraHHOTo BO30YKICHUS SIBJISIETCS
TO, YTO OH, 00JIafast MATKOM MEXaHUYECKON XapaKTEPUCTUKOHN MPH
HEOOJIBIIIMX HAarpy3Kax Ha Baly, MOXKET paboTarh NPU XOJI0CTOM
X0JIe, T. K. €ro yacrora BpameHud N0 mpu XX uMeeT


file:///D:/files/chapter9/page9347.html
file:///D:/files/chapter9/page9347.html
file:///D:/files/chapter9/page9347.html

o
I IpakTrueckoe 3amanue

m [lacmopTHBIC JaHHBIE ANEKTPOABUTATENS TOCTOSHHOTO TOKA
napaieabHOr0 BO30YKJICHUS

tun asurareis 211D3 150 g i
P ..=2,4 kBt U
U...~220B ]1 Ia R,

N,.,—1500 06/MuH :QE il
Nyoy—00,8% B e
R,=0,83 OMm Reg —
R =440 Om I—TNC}Q/\- %

DIIeKTpOABHUTaTENIh pa00TAaET C HOMMHAIBLHBIM TOKOM
BO30Y)KICHUS.



1. PaccuutaTb 1 NOCTPOUTL ECTECTBEHHYHO MEXaHUYECKYHO
XapakTepuctuky asuratens. Onpenenutb YacToTy BpaLLEHUS ero
npu MOMeHTe Ha Bany, pasHom 0,5M,,,,.

2. OnpenennTb NYCKOBOWM TOK SIKOPS NPY MPSIMOM BKITHOMEHUU
ABUraTens Ha HOMUHaNbHOE HanpPsPKEHWE.

3. Paccuntatb BenuunHy 4o6aBOYHOrO CONPOTUBIEHNS B LIEMN SKOPS,
obecnednBatoLLyto MNyck ABUratens npu Toke skops 2,5 1 -

4. INoCcTpounTb NCKYCCTBEHHYID MEXaHWYECKYIO XapaKTepUCTUKY Mpu
BKIKOYEHUU nocrenosaTesibHoO ¢ 0OMOTKOW sikops ,0DaBOYHOIO
conpotueneHna R,=2R.,.

5. OnpenennTb N0 UCKYCCTBEHHOW MEXaHUYEeCKOW XapaKTepuUcTuke
4acToTy BpaLleHNa poTopa npu MoMeHTe Ha Bany, pasHom 0,5M,,,,.

MexaHn4yecknmm notepsmMu B apurarterne npeHedpeyb.



1. PacueT 1 moCTpOEHUE ECTECTBEHHON MEXAHUYECKOU XapaKTEPUCTUKU

HoMuHanbHast MOIIHO CTh, MOTPEOIsieMast U3 CETU

P, =P /. =2400/0,808=2970 Bt

HoMmuHAIBbHBIIT MOMEHT

M, ., =9555 P iou = 9,555@ =15,29H -m
n 1500

HOM

HomuHanbHBIN TOK, TOTPEONIIEMBIN U3 CETH

| =P, JU.  =2970/220=13,5 A

HoMuHanbHbBINA TOK BO30YKICHHS

| ...=U. /R =220/440=0,5 A

HoMuHanbHBIN TOK SIKOpS

I}I HOM:IHOM-IB HOM213’5-095:1 3A

Homunansnasa npotuBo-3J1C

E,.=U, -RI _ =220-0,83-13=209,2 B



N

MexaHun4yeckas xapaktepuctuka n(M) — npsamas NMHuS, ee
MO>XHO MOCTPOUTb NO ABYM TOYKaM:

TOYKe, XapaKkTepusyrLlen pexmm ngeanbHOro XonocToro
xoda, ¢ koopaunHatamu n,, M=0

N TOYKE HOMUHANbLHOIO peXxuma ¢ KoopanHaTtamu
N,,,=1900 06/MuH, M,,.,,=15,29 H-m.

N3 YeTblpeX TOYEK HEN3BECTHA N,.

=N Yson =1500 220 =1573,4 00/MuH

<My R 220-0,83-13

a1 A HOM




1573 4

1500

YacTtoTta BpalleHna potopa npy MoMeHTe Ha Bany, pasHom 0,5M. .,

n(0,5 M, )=(n +n..)/2=(1573,4+1500)/2=1536,7 06/M1H



=
2. INpn npamom nycke asurartesnsi 6e3 nyckoBoro peocrara
B nepBbii MOMeHT n=0, E ,=Ccn®=0 T 7 > 9-
[yCKOBOW TOK SIKOPS I l #
| =U. . /R,=220/0,83=265,1 A .Z’gff%?
= Ry
3. MNpu nycke ¢ NycKoBbIM PEOCTaToM Reg 1

IFl n:UHOM/(Rﬂ+Rn) '1;" OB ip

Mo ycnoswo |, =2,5 |, ,,,=2,2:13=32,5 A

R =Y g 20 g3 5940y

I 1 HOM 32 5




4. PacyeT n NocTpoeHne NCKYCCTBEHHOW MeXaHU4YeCKON XapaKkTepPUCTUKA

o ycnosuo R,=2R ., CNefoBaTenbHO

R.=R; iomtRp=3R} ,,0n=30,83=2,49 Owm.
3HaueHus pexuma xonoctoro xoga N,=1573,4 06/muH, M=0.

Mpy HoMuHanbHOM pexume paboTsl M,,,,=15,29 H-M

U -R.I 220-2,49-13

n=n oM —1500 =1345,3 06/MuH

™y R 220-0,83-13

A HOM A HOM



n, 00/MKH

1573.4

1200

0 15,29 M, Hm

5. HacToTa BpaLleHuda potopa npy MomeHTe Ha Bany, pasHom 0,5M,,,,,

n(0,5 M, )=(n,+n, ., )/2=(1573,4+1345,3)/2=1459,35 06/MuH



3apaum onsa caMmocTOATENBHOMO peLLeHus

1. Paccumtatb 1 NOCTPOUTL €CTECTBEHHYIO MeXaHNYeCKYHo
XapakTepuctuky asuratens. Onpenenutb YacToTy BpaLleHUs ero
npu MOMeHTe Ha Bany, pasHom 0,5M,,,,.

2. OnpenenuTb NYCKOBOW TOK SKOPS NPY MPSIMOM BKITHOYEHUN
ABUraTens Ha HOMMHaNbHOE HanpPsPKeHUE.

3. Paccuutartb BenuumnHy o6aBo4HOrO CONpPOTUBIEHMS B LIENM SIKOPS,
obecnednBatoLyto Nyck ABUratens npu Toke skops 2,5 1 -

4. INocTponTb MCKYCCTBEHHYIO MEXaHMYECKYHO XapaKTePUCTUKY Mpu
BKIMIOYEHMN nocneaoBaTtenibHO ¢ 0OMOTKOM SsKops 106aBoYHOIo
conpotueneHusa R,=2R.

5. OnpenennTb N0 UCKYCCTBEHHOW MEXAHUYECKON XapaKTEPUCTUKE
4acToTy BpalleHUa poTopa npu MOMeHTe Ha Barny, pasHoMm 0,5M, .

MexaHnyecknmm notTepssMn B apuraterne npeHebpeyb.



JBurarenu nocrosHHOro Toka ceput 211H u 211OD.

Ne Bap Tun P..kKBt | U ., Nyore 00/MHEH | M, % [ R,OMm | R, OMm
JABHI ATeJIAA
1 2ITH225M 7.5 220 1500 77.0 0.35 82.4
2 2I1H225M 11 220 600 79.5 0.202 62.2
3 2ITH225M 15 220 750 80.5 0.146 62.2
4 2ITH225M 22 220 1000 82.0 0.086 62.6
) 2ITH225M 37 220 1500 86.5 0.037 45.8
6 2ITH225M 37 440 1500 86.5 0.168 43.0
7 2ITH250M 15 220 530 80.0 0.142 37.9
8 2ITH250M 18 220 630 80.5 0.11 37.9
9 2ITH250M 18 440 600 80.5 0.57 37.9
10 2ITH250M 22 220 750 81.0 0.074 37.9
11 2ITH250M 22 440 850 81.0 0.235 28.7
12 2ITH250M 37 220 1060 85.0 0.035 28.7
13 2ITH250M 37 440 1060 85.0 0.152 28.7
14 2ITH250M 50 440 1500 87.0 0.11 29,8
15 2ITH250M 55 220 1500 87.0 0.0185 | 26.8




Negap | Tun P,..KBT [ U, Nyore 00/MHEH | M, | R, OM R, Om
JABUraTEJIS %
16 2ITH250M | 55 440 1700 87.0 | 0.059 20.2
17 2[TH280M | 22 220 530 83.0 | 0.062 39.6
18 2ITH280M | 30 220 600 845 | 0.046 23.0
19 2[TH280M | 30 440 600 845 |0.185 30.0
20 2[TH280M | 45 220 750 86.0 | 0.034 28.0
21 2ITH280M | 45 440 750 86.5 | 0.137 30.0
22 2[TH280M | 75 220 1000 88.5 | 0.016 22.8
23 2ITH280M | 75 440 1180 88.5 | 0.045 25.0
24 2ITH280M | 90 440 1500 89.0 | 0.062 30.0
25 2[TH280M | 110 220 1500 89.5 | 0.0075 22.8
26 2[TH280M | 110 440 1500 89.5 | 0.034 30.0
27 2[IH315M | 45 220 600 855 | 0.03 34.1
28 2[IH315M | 45 440 600 855 | 0.12 25.6
29 2[IH315M | 55 440 750 87.0 | 0.068 18.8
30 2[TH315M | 100 440 1000 88.0 | 0.04 25.6




Ne Bap | Tun P,..KBT [ U, Nyoys 00/MHH | M, .00 R,Om | R, Om
JABHTaTeJIsA
31 2ITH315M 110 220 1000 89.0 0.0082 18.8
32 2ITH315M 160 220 1500 90.0 0.004 25.6
33 2[IH315M 160 440 1900 90.0 0.0116 25.6
34 2[1D225L 15 220 500 775 0.196 39,5
35 2[1D2251L 15 440 600 83.0 0.161 52.3
36 2[1D225L 18.5 440 750 83.0 0.473 49.1
37 2[1D225L 22 220 750 83.2 0.095 52.3
38 2[1P225L 30 220 1060 85.0 0.049 39.6
39 2I1P225L 30 440 1060 85.0 0.196 39.6
40 2I1D250L 22 220 500 78.0 0.122 33.4
41 2[1d250L 26.5 440 600 81.5 0.38 34.7
42 2[1D250L 30 220 750 84.3 0.05 33.4
43 2[1D250L 30 440 750 84.3 0.261 33.4
44 2[1D250L 37 22 750 83.3 0.051 33.4
45 2I1P250L 45 220 1000 86.0 0.03 25.1




Ne gap | Tun P.,.kBr [U, . B N,yore 00/MHH | M, %0 R,, Om R, Om

JABHIaTeJl

o
46 2[1P250L | 45 440 1000 86.0 0.122 33.4
47 2[IP250L | 71 440 1500 88.5 0.65 31.2
48 2[1P250L | 75 220 1500 89.5 0.013 23.5
49 2[1P280L | 37 220 500 83.2 0.05 26.7
50 2I1P280L | 37 440 500 83.2 0.2 19.7
ol 2[1P280L | 45 220 600 85.5 0.037 25.2
52 2[1P280L | 45 440 600 85.5 0.15 19.7
53 2IID280L | 55 220 750 87.5 0.025 252
54 2I1P280L | 55 440 750 87.5 0.099 26.7
55 2I1D280L | 85 440 1000 88.7 0.05 19.7
56 2[1P280L | 45 440 500 86,0, 0.162 25.0
o7 2[IP315L | 55 220 600 87.0 0.029 34.0
58 2[IP315L | 75 220 750 88.5 0.014 18.8
59 2[1®315L | 100 440 1000 88.0 0.04 25.6
60 2[1P315L | 110 220 1000 89.0 0.008 18.8
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