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3. JJEKTPUYECKME LEIINX C ®EPPOMAI'HUTHBIMU
CEPAEYHUKAMMU B DOHEPI'ETUKE

3.1. BkiioyeHne CWJIOBOT0 TpaHc(hopMaTopa HA X0JI0CTOH X0/

B HOopmanpHOM  peXuMMe€  HAMarHM4YMBAaKOIMKA  TOK  CHJIOBOTO
TpaHcopMaTopa He IPEBHIIIAET HECKOIBKUX MPOLIEHTOB OT HOMUHANBHOTO. [Ipn
BKJIFOUCHUH TpaHchopmaTopa Ha XoJocTor X0 (XX) wid mpu BOCCTAHOBICHUU
HAOpsDKEHUsl TOCJIE OTKIIIOUEHHUs BHEIIHEro KOpoTkoro 3amblikaHug (K3) B
00OMOTKE, MPUCOECTUHEHHON K MUTAIOLIEH CETH, TOK MIEPEXOTHOTO PEXKUMA MOXKET B
3 - 10 pa3 mpeBblIaTh HOMUHAJIBHBIM TOK. JTO SIBIEHHE Ha3bIBae€TCs OPOCKOM
HaMmaranuuBatomiero Toka (BHT).

BHT Bo3HuMKaeT, Korjga MHOJSPHOCTh M BEJIWYMHA OCTATOYHOIO IOTOKA B
MarHUTONPOBOJE HE COOTBETCTBYIOT MOJISIPHOCTH W BEJIMYHMHE BBIHYKICHHOTO
MarHuTHOTO ITOTOKA, OMPEIEIAEMOr0 HANPSKEHUEM CETH B MOMEHT BKJIIOUEHUS.
HaunGonbiee 3nauenne bHT nMeer npu BkiItOYEHUM TpaHchopmaropa B MOMEHT
IIepexo/1a KPUBOM HAIIPSKEHUS YepE3 HYJIEBOE 3HAUYCHHUE.

Pexum BHT HeoOxoaumo yuyuTHIBaTH MpH  pa3paboOTke U BbIOOpE
napameTpoB cpabaTbIBaHMs YCTPOMCTB peneitHoi 3amuTsl (P3) TpanchopmaTtopos.

3.1.1. Tox exnrouenus ooHoghaznoeo mpanchopmamopa. Pacu€tHas cxema
nokaszaHa Ha puc. 3.1. CeTb npejcTaBieHa SKBUBAJIEHTHBIMU COITPOTUBIICHUSAMH U
O/C. OxBuBanentHas 3/1C paBHa HanpspbkeHuto U nepes BKIIOYEHUEM, KOTOPOE B
o0IIIeM CiTydae MOKET OTJIMYAThCS OT HOMUHAIIBHOTO.
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Pucynox 3.1

YpaBHEHHE MEPEXOAHOTO MpoIlecca NMPH BKIOYSHHH TpaHcpopmaTtopa Ha
XX UMeeT BUJ
d¥ ) )
St R,i=U_sin(ot+a), (3.1)

raic o - HadaJlbHasa (1)338, HaIpsKCHUS ITPU BKITFOUCHHUH.
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WNurerpupoBanue ypaBHeHus (3.1) gaér dopmyny i MOJHOTO
MOTOKOCIETICHUS

t
y = (cosa —cos(wt +a))+ ¥, — R Jidt =
® 0

t (3.2)
=¥, (cosa —cos(ot + o))+ ¥, — R, [idt,

U
rae ¥, = —" — aMIUIMTYJHOE 3HAYE€HHE TIOTOKOCLEIUICHHU,
®

¥ =wSB, - moTokocueIuIeHHEe, COOTBETCTBYIOILIEE OCTaTOYHOM MHAYKIMH B B
MOMEHT BKJIIOYEHHUs (W - YHCIIO BUTKOB OOMOTKH TpaHchopmaropa, S- cedeHHe
MarHUTOIpOBOAA).

[TosHOE MOTOKOCLEIUIEHHE CETH U 0OMOTKHU TpaHchopmaropa

= +¥ +(i)=(L, +L )i+%(),

rae ¥, - OSKBHUBAJIEGHTHOE IIOTOKOCLEIUICHHWE ceTH; ¥, - IOTOKOCUEIUICHHE
paccesHMs KaTylIKW; mnoTokocuemnenue, % (i) - o6ycioBleHHOE TOTOKOM B
cTepkHe cepieuHuka; L L. - MHIYKTUBHOCTH CETH U DPACCESIHUS KaTyLIKH
COOTBETCTBEHHO.

NHAyKTUBHOCTB paccesiHus U BKIIIOUEHUH TpaHchopMaTopa

H OW2 (SCP B S)

o |

rae LU, - MarauTHas IIOCTOsSHHAS, W - 4HCJIO BHUTKOB KaTyIlIKH, Scp - Cpc€aHec

L

k

CeueHHEe KaTyIIKU, S - CEeYCHUE CTePXKHS, |, - cpenHsis AmHa CUI0BOM MarHUTHOU

JIMHUM.
IIpu pacuére BHT 3aBucumocts ‘¥, (I) PEKOMEHIYETCS alllPOKCUMUPOBATH

CIPSIMJIEHHONW XapaKTepPUCTUKOM HaMarHMYMBAHUS C BEPTUKAIBHBIM Y4aCTKOM
+ ¥ —%¥ (puc.3.2).

OnpenenuM TOK BKIIOUEHHs TpaHchopmaTopa rpaduuecku, npeHedOperas
€ro akTHBHBIM cornpoTuBieHrueM u monaras o =0. [Ipu sTom BbeIpaxkeHnue (3.2)
npuoOpeTaeT BUI

Y =¥ (1-cosot).

[TocTpouM SKBUBAJCHTHYIO BEOEp-aMIIEPHYIO XapaKTEPUCTHUKY, YUIUTHIBAS
MOTOKOCUEIUICHUSI CETH, pacCesHUs KaTylIKu W B CTEpPKHE CEpACUYHUKA H
W3MEHEHHUsI TIOTOKa BO BpPEMEHM, 3aJaBaemble BblpakeHuem (3.3) (puc.3.2.).
MruoBenHnble 3HaueHuss bTH onpenenstoTcs mo SKBUBAJIEHTHOM XapaKTEPUCTUKE
‘P(I) JUIsl COOTBETCTBYIOIMX 3HaueHn V. [Ipu mpuHsATON HMIeann3anuu KpUBOM
HamarunuuBanus BHT mpencraBisier coOoi  MOMYBOJIHY KOCHHYCOWJZIBI C
aMIUIMTY0U |, CMEIIEHHYIO OTHOCHUTEIIBHO OCU BPEMEHU Ha BEIUYMHY A

i=I1_cosot+A, i>0. (3.3)
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[Ipu 3ToM A= = = I . =]1—-—=_" - BeJIWYMHA CMEUICHUSA OCHU
Im Wm Wm Tm

KocuHycouapl (13 puc.3.2), | L E, E, :

TL+L el +L) X +X
rae X, - ConpoTuBIeHUE OOMOTKHU B BO3AyX€ (IIPU BEIHYTOM MarHUTOIPOBOJE).

B
mn|8 5yc /“ /g,

2 3 4| § 6 7 81Pam

-—t——

i =625

MaKC®

PucyHnok 3.2

Benmnuuna X onpenenseTcs 10 reOMETPUYECKUM pa3MepaM KaTyIIeK:
X, =X_+X
- HHAYKTHBHOC COIIPOTHUBJICHUC KAaTYIIKH, OIIPCACIIACMOC IIO

nac.c!

rie X, .. =olL,

.C .C

. _dv
middepeHanbHol  MHIYKTHBHOCTM  Karymkn (L, =""¢ ot ), KOTOpas

COOTBETCTBYET TOJIbKO TIOTOKY B cepaeuHuke (0e3 paccessHus) HpU TOJTHOM
HACBILECHUH.
[Tpubnnx€nHo X . MOKET OBITH ONPENENIEHO 1O (hopMyie

U
xnacc = - !
' I
ll'lz) X0
rae | - Z#eicTByromee 3HAYCHME TOKA XOJOCTOrO XOHa; (4, - MAarHUTHas

MPOHUIIAEMOCTh CTaJIM, NPHOTMKEHHO oOmpesensieMas O OCHOBHOW KPUBOM
HAMarHWYMBaHUsl, CHATOW Ha ITIOCTOSSHHOM TOKE.
O0o03HaunM yepe3 t, MOMEHT BpEMEHM, KOI/la MarHMTONPOBOJ BXOAWUT B

HACBIILIEHHUE, 4TO coOoTBeTcTBYeT Hauvany kpuBod BHT (puc.3.2). YuuteiBas, 4to
KOCUHYcOU/1a sBisieTcs 4€THON yHKIue u3 (3.3)
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A=cos(ot, +a).
MoMeHT BBIXOJ]a MATHUTOIPOBO/IA U3 HACHIILIEHUs] 0003HAYMM uepes3 t,, 4To

COOTBETCTBYET BPEMEHU OKOHYAHMS OpOCKa, T.€.
A=cos(wt, +a),
MO3TOMY
cos(ot, +o)=cos(wt, +a) 1 ot, + o =2n—ot, —o.

Tok Gpocka mpoTekaer B mpexnenax yria or ot, 10 otf, =2n—ot, —2a. B
OCTAJIbHYI0 YacTh IE€pHOJa TOK paBeH HyJM0. Bpems mnpoTekaHus Toka
COOTBETCTBYET OCHOBaHUIO OpOCKa

D=ot, — ot, =21 — 2(ot, + o) =21 — 2arccos A.
OcHoBanue 6pocka Toka coctaisieT 180 — 240 si1. rpag.
MakcuMalnibHO€ 3HaYeHue Toka Opocka npu o =0

iﬁp‘,wakc = Im + Ic,w :%(1-’_ A)'

1 8

3.1.2. Toxu exmwouenus  mpéxgazHvlx U epynn  0OHOGDA3HbBIX
mpaucghopmamopos.

B ornmmuue or BHT npu BkimodyeHun onHoda3HbIX TpaHCHOpPMATOPOB Ha
XX, paccmorpennbix B 1.3.1.1, BHT npu BrimoueHnn TpéXdazHbIX
TpaHC(HOPMATOPOB 3HAYUTEIBHO MHOIOOOpasHee. IJTO CBA3aHO C TEM, 4YTO
BKJIFOYEHUE MOXET MPOU3BOJUTHCA CO CTOPOHBI OOMOTKH, COCAMHEHHON Kak B
"mpeyzonvnux”, Tak u B "36e30y". Kpome Toro, oOMoTka, coequHéHHas B "36e30y"
MOXET OBITh KaK C 3a36MJIEHHON HEUTpaJblo, TaK U C Pa33eMJIEHHOM.

Pacuér BHT mnpowmsBoguTcs mnyTéM pelIEHHs] CUCTEMBI HEJIMHEWHBIX
nuddepeHInaNbHbBIX YPaBHEHUM, OMUCHIBAIOIIMX MPOILECCHl B AJIEKTPUUYECKUX U
MarHUTHBIX IETMSIX. JTa CUCTEMa YpPaBHEHUN MMEET OOJBIIOE YHUCIO BO3MOMXKHBIX
COOTHOIICHUH MEXTY KOdPPUIIMEHTAMHU.

JIns ynpouieHus aHaini3a PEKOMEHIYeTCS HCMOJb30BaTh HCKYCCTBEHHO
BBOJIMMBIH K03(duimeHT b , onpenenstomniui BeIuuuHy u GopMy TOKa B KaXKI0H
(aze B COOTBETCTBUHU C BHIPAKCHUSIMHU:

by =1, +i,;
g =15 +1,;
I. = IHC +1,;
i, =—bli,, +i,+ic).

Hamaranuugaromue Toku: i ,,i ;.1 PACCUATHIBAIOTCS TAKKE, KAK M TOKH

onnodaznoro BHT. Takum oGpaszom, ogHodazubie BHT sBisitoTCS MCXOTHBIMU
1t pacu€toB Tpéxdazapix BHT.

YCTaHOBJICEHO, YTO [UIA AaHajau3a T[IOBEICHUS  PEIIEMHOW  3alUThI
TpaHcopmMaTopa 10CTaTOYHO MCIOIB30BaTh IBA PACYETHBIX TUNA TPEX(Aa3HOTOo
BHT.



62

IIpu toke | Tumna (puc.3.3) HaMarHUYUBarKOUIMKA TOK OJHOU U3 ¢a3 (ocobas
daza A) paBeH Hy/I0, HAMarHUYMBAIOIIME TOKH JABYX JpYyrux (a3 paBHBI 1O
BEITUYMHE W MPOTUBOTIONOXKHBI IO 3HAKY.
B ocob6oii (haze A mpoTekaeT nmepuoanIecKuii OpoCOK TOKa:

N .
I, =1, =§(|HB+|HC)

G
Pucynoxk 3.3
ITpu toke Il Tuma HamMarHuuMBaromKUi TOK 0C000M (ha3bl 4 MaKCUMaJIbHBIM,

TOKH ABYX APYTux (a3 paBHBI IO BEIMYMHE W MPOTHBOIIOJIOKHBI TIO 3HAKY 0CO00H
Gbazbr:



63

SO

o i L G s 5o 3
- g i
1

e e 2

)

Pucynok 3.4

IMapmonnueckuit ananu3 BHT nokaseiBaeT, 4To B anepuoaUuYecKoM OpOCKe
KpPOME OCHOBHOW TapMOHMKH COJIEPKATCS IOCTOSIHHAS COCTABJISAIONIAs U YETHBIC
TFapMOHHUKH, B IEPUOAUYECKOM - TOJIBKO YETHBIE.

3.2. AHAIM3 pe:xUMOB pad0oThl H3MEPUTEIbHBIX TPAHC(HOPMATOPOB

3.2.1. Tpancgpopmamopvl moka u ux MmamemamuyecKkue MOoOelu.
Tpaucghopmamopom moxa (TT) HazpiBaeTcs TpaHnchopmaTop, MepBUYHAS OOMOTKA
KOTOPOTO BKJIIOYEHA B IIEMb MOCJIEIOBATEIBHO;, HArpy3KOH BTOPUYHON OOMOTKH
SABJISIETCS ~ HEOOJIbIIOE  CONPOTUBIICGHHE, B  KOTOPOM  MPOTEKaeT  TOK,
MPONOPLIUOHANIbHBIN MepBUYHOMY. TT CO CTAIbHBIMU 3aMKHYTBIMU CEpJICUHUKAMU
B HACTOAIIEE BpEeMs SIBISIOTCS OCHOBHBIMHU JaTYMKAMHU TOKAa B PHEPTOCHUCTEMAX
JUTS TIEJIeN pEIEHOM 3allUThl U U3MEPEHUI.

Yucno ButkoB TT omnpenensercs Mo BHYTPEHHHM 4YacTsIM OOMOTKH,
KOTOPBIE OXBATBIBAKOTCS CEPACYHUKOM.
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BxomHoe compotuBiienue TT Mano Mo CpaBHEHHIO C CONPOTHBIICHUEM
CHCTEMBI, TIOATOMY cxeMa 3amemnieHus TT g HU3KUX 4acToT mpeacTasisercs I -
oOpa3Hoi
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Pucynok 3.5

R
Harpy3ku L, R ¥ Ha3pIBarOTCs MapaMeTpaMu BTOPUYHOM LICTIH:
L,=L,+L_,R,=R_ +R .
[TapameTpbl cXeMbl 3aMEIICHUSI U TOKWA MPUBOMAATCS K BUTKAM BTOPHUYHOU
oomorku. ConporuBieHne R HpONOpPUMOHAIBHO MOTEPSM B CTalId Ha

[TapameTpsl BTOpUUHOM OOMOTKM L 00BEIMHEHBI C TMapaMeTpaMu

06m ! 06m

06m

TUCTEPE3UC, BUXPEBBIE TOKU U MATHUTHYIO BSI3KOCTb.
[Ipu axTUBHO-UHAYKTHUBHON Harpys3ke u R =0 mnpomeccet TT

cm

ONMCBHIBAIOTCS CUCTEMOW YPABHEHUM

d—yj =R,I, +L, %

dt dt
i, =i, +i,, (3.4)
v =(i,),

rae ¥ =W,@ - OCHOBHOE MOTOKOCIENJIEHUE BTOPUUHOW OOMOTKH;

I,,i, =HI/W,- Toku mepBUYHBIA M HaMarHWYMBAaHUA, MPHUBEICHHbIC K BUTKaM
BTOpM4HONH oOMoTkM (- 1nMHA cpemHel NWHUM MarHUTONPOBOAA); |, -

BrOpuuHbIi ToK; ¥ = ¥ (i, )- XapakTepuctuka Hamarauunsanus TT.

3.2.2. Cmayuonapuwviti pexcum pabomer 1T npu cuHycouoaibHoMm
nepsuunom moxe. Ilpu IpOTEeKaHNU MO MEPBUIHON OOMOTKE IMEPEMEHHOTO TOKA |,

B MArHATONPOBOJE CO3JAETCS MAarHUTHBIM MOTOK @, , KoTopbiil HaBoguT J/IC BO
BTOpHYHON 0OMOTKe. Ecnu BTOpuyHas 0OMOTKa 3aMKHyTa Ha HEKOTOPYIO
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HarpysKy, TO B Hell OyJeT IpoTeKaTh TOK. JTOT TOK COIVIACHO 3aKkoHy JleHna
UMEeT HalpaBlICHUE, IMPOTUBOINOJOKHOE HAIPABICHUIO IMEPBUYHOIO TOKa |, .
BropuuHbli TOK CO34Aa€T B MAarHUTONPOBOJAE MArHUTHBIM INOTOK @,, KOTOPBIU
HAIpaBJIeH BCTPEYHO IIOTOKY ,.B pesynbrare IreOMETpHYECKOIO CIIOKEHHUs
INOTOKOB @, W @, B MarHUTONPOBOJE YCTAHABIMBACTCA PE3YNbTUPYIOIIUN
MarHuTHBIA MOTOK @, = D, —@D,, COCTABIAIOLINNA HECKOJIBKO MPOLEHTOB OT @, .
ITocpencTBoM moTtoka @ U OCYIIECTBIAETCS IEpeAada dHEPIUMM M3 IEPBUYHOU

OOMOTKH BO BTOPUYHYIO.
[Ipu npoTexkaHWU TOKOB B OOMOTKAaX CO3JAIOTCS MAarHUTOJIBIIKYIIHE CHJIIBI
(MAC):

e B IepBUYHOM OOMOTKE F =1 W,
e BO BTOpHYHOM oOMoOTKE F, = I, W,.

IIpu orcyrctBun moreps sHepruu B TT MJIC F u F, 4ucineHo pasHbl, HO

HAIpaBJIEHBI B IIPOTUBOIIOJIOKHBIE CTOPOHBI. Takon TT Ha3bIBACTCS UICATHLHBIM.
Jus mpeansHoro TT cipaBeiyiiBO paBEHCTBO

F =-F, (3.5)
WITH

Lw, =1,w,. (3.6)
U3 pasenctsa (3.6) cnenyer, uto K, =1, /1, =w, /w,

k. =1/1,=w,/w, (3.7)

rae K, - koadpunment TpaHchopmannu ueanbHoro TpanchopmMaTopa Toka.

Ha ocHoBe paBeHcTBa (3.7) MOXKHO 3amucarth
I,=117Kk,. (3.8)

B peanbnbix TT nmpeoOpa3oBaHue TOKa COMPOBOXKIACTCS MOTEPSIMU IHEPTHH,
pacxoayeMoi Ha CO3/JaHME€ MarHUTHOTO MOTOKa B MarHUTOMNPOBOJIC, HA HArpeB U
nepeMarHiuMBaHe MarHUTOMPOBOJIA, a TaK)Ke€ Ha HArpeB MPOBOJOB OOMOTOK.
[Toatomy B peanbubix TT mnepBuunas MJIC nomkHa obecrneunTh CO3TaHUE
Heobxoaumoii Bropuunoit MJIC, a taxxke pononautensHoit MJIC, pacxomgyemon
Ha HAMarHM4YMBaHUE MAarHUTOIIPOBOJIA U TOKPBITHE IPYTUX MMOTEPh IHEPTUH.
CnenoaresbHo, 1t peanbHoro TT ypasHenue (3.5) umeer Bua

F=—(F+F,),

rie F nonHass MJIC HamarHMuMBaHUs, 3aTpauyvBaeMasi Ha MPOBEJICHHE

0
MarHUTHOTO TIOTOKa @g 10 MarHUTOIIPOBO/Y, Ha TIEpEMAarHUYUBaHUE U HATPEB €TO.
B cooTBeTcTBUU € 3THM, paBeHCTBO (3.6) IpuMeET BHT

Lw, =1,w,+1,w, (3.9)
rae i, - TOK HaMarHUYMBaHMS, CO3JAIONINI B MAarHUTOIPOBO/I€ MAarHUTHBIN TTOTOK

@, . Paznenus Beipaxkenue (3.9) Ha W, , TOITydum

|2:(|1_|0)% (3.10)

5
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CpasuuBas BoipaxkeHus (3.8) u (3.10), MOXXHO OTMETHTH, YTO OHH OTIMYAOTCS
APYT OT pyra cinaraembiM F, (mmm 1,w,).

CrnenoBaTelbHO, M3-32 HaJIM4YMsg TOKAa HamMarHu4vMBaHus peaibHblid TT He
oOecrieuynBaeT MPONOPIUOHAIBHOCTA MEPBUYHOTO W BTOPUYHOIO TOKOB, T.€.
pabortaer ¢ morpemnrHocTbio. KauectBo padotel TT xapakrtepusyercs MoiHOU €
TOKOBOHM f M yrioBoil & MOrpemHOCTIMHU.

B kauecTtBe pernamMeHTHpYEMOM NOTPEIIHOCTH YCTAaHOBJIEHA ITOJHAs
MNOTPENIHOCTh MPU CHHYCOMJAIBHOM IMEPBUYHOM TOKE. 3HAUYEHHUE € HE JOJIKHO
npeBbimiatb 10 %. Pacuér morpemHocTd Npu 3TOM MOXKET OBITh BBINOJHEH
METOJOM IKBUBAJICHTHBIX CUHYCOMI.

IlocTpoeHne BEKTOPHOM AuarpaMMbl HAYWHAETCS C BEKTOpAa BTOPHUYHOIO
TOKa I'2 Bropuunas DJIC npy aKTMBHO-UHIYKTHBHOI Harpyske E, = R, I'2 + jX, I'2

orepexkaeT BeKTOp Toka |, Ha yron o; a motok @, =E,/(222w,) DJIC E,

2

omnepekaeT NoToK Ha yroi 90 rpa.

Pucynok 3.6
Tox HamarunumBanus |, omepekaeT MOTOK Ha yroj MOTEPb Y Ul MEPBBIX

TapMOHHUK Bm(Hlm), CHATBIX MPU CUHYCOWJAIBHOM HANPSHKEHUU (OJHAKO Ha

npakTuke BMecTo kpuBbix B (H, ) wacto wmcmomssylor kpuseie B (H,)T.e.

im

MPEICTABISAIOT MHAYKIUIO YU HANPSHKEHHOCTh MArHUTHOIO MOJISI SKBUBAJICHTHBIMU
cunyconznamn). [lepBuusbiil TOK |, MOMy4arOT MyTEM BEKTOPHOIO CYyMMMPOBAHUS
I, ul,.
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Pacuém nocpewmunocmu 17T c IIXH
Pacuér mnorpemmnocty mnpu TayOokuxX HackimeHusx TT Moxer ObITh
BBITIOJIHEH IIPU UACATU3ALMHU €r0 KpUBOM HamarHnumBanus B Buzae [IXH.
AnmpokcuManus xXapakrepucTuku HamaramnumBanus 11T B Buge I[IXH
ucnonb3yercst korga TT paborator ¢ Gonpmumu norpemHocTssMu ( f >40%).
Cxewma 3amemenus takoro TT nmpeacrasiena Ha puc.3.7.
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Pucynok 3.7

Ecnu marautonpoBoa TT HEHACHIIIEH, T.€. MHIYKIMS B MarHUTONpPOBOie B
MEHblIIe UHIYKIUU HachleHus B , To kimou K pasomkHyT. Korga sxe mHIyKnus

B JOCTHUI'aCT 3HAYCHMHA BS, K14 3aMBIKACTCA. HOBTOMy J0 HaCBIIICHUA

MAarHuToOIpoOBOAAa BTOPUYHBIM TOK 1T paBeH MNEPBUYHOMY HE3ABUCHMO OT
xapakrepa Harpy3ku TT.
KpuBble m3mMeHeHUsT NEPBUYHOTO M BTOPUYHOTO TOKOB TT miia ciydaes

aKTUBHOM, MHIYKTUBHON M EMKOCTHOW HAarpy3KH MOKa3aHbl Ha puc.3.8.
ot . ‘ !
i n iy
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Pucynok 3.8
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Kpussle noctpoensr mist ciydas B, =05B (B - MakcumanbHas HHIYKIUS

IIPU OTCYTCTBUU HACBIILIECHHUS).

[Ipu axmuenoii nazpy3ke 1ocCie HACBIILIEHUS MarHUTONPOBOAA (3aMbIKAHHE
KJIo4a K) Harpyska IIYHTUPYeTCS KJII0YOM M TOK HAMAarHUYMBAHHUS CTAHOBHUTCA
PaBHBIM [IEPBUYHOMY TOKY.

MowmenT Hacelmenus marautonpososa TT t onpenensercs n3 ypaBHEHMs

R, [i,dt =2, (3.11)

B wunrepBane Bpemenn 0 - . OpOMCXOAUT TE€pEeMarHUYUBaHUE

S

MarHuTonpoBojaa ot — ¥ o +¥,, T.e. Ha Benuuuny 2%, .
W3 ypaBuenus (3.11)

t, =1arccos 1—25”5 :
0) b4

m

rne ¥, =1 R,/o.

b
3aBUCHUMOCTH t | —- |TIOKa3aHa Ha puc. 3.9.

m

?s LMC

7,35

5.0

)

s

i
Pucynok 3.9

IIpy MHAYKTHBHOM HArpy3Ke MOCJIe HACBILIEHNs MArHUTOIIPOBOJA HArpys3Ka
LIYHTUPYETCSl KJIOYOM, HO TOK B HEH NPOJOJDKAET MPOTEKATh MOJ JAEHCTBUEM
3an1aCéHHOM B UHAYKTUBHOCTH MarHUTHON DHEPIUU.

Tak Kak ©oTepu OTCYTCTBYIOT, TO Ha HHTEpBaje BPEMEHU KOrja
MAarHUTONPOBOJ HAaXOAUTCS B HACBHILIEHHOM COCTOSIHWM, B Harpy3ke IIpOTEKaeT
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MOCTOSIHHBIN TOK, paBHBIﬁ [ MomMmeHT HAaCbIIICHHUA  MAarHuTOIIpOBOAA

2s "
OIIPENEIISETCS U3 YPaBHEHUS

4 L di,
fudt=L,[—2dt=¥,
0 0 dt
1 cinl 2 7,
OTKyga t =—arcsin . 3aBHUCHUMOCTH MOMEHTa HAaCHIIICHUSA t, v s
('O m m

WHIYKTUBHOM Harpy3kH MokaszaHa Ha puc. 3.9.

[Ipy axkTUBHO-UHAYKTUBHOM Harpy3ke (U4To OOBIYHO HMMEET MECTO B
peanbHbIX YCTPOKCTBAX) (popMa KPUBOM BTOPHUYHOIO TOKA UMEET MPOMEKYTOUHOE
3Ha4YeHHEe: JO0 HACHIIIEHUS MAarHUTOIPOBOJA BTOPUYHBIA TOK MOBTOPSET (hopmy
IIEPBUYHOI0, ITOCIIEC HACBIIEHUS - CIIAaIaeT 10 DKCIIOHEHTE.

B Hekoropsix cimyudasx TT morytr paGotaTh Ha €MKOCTHYIO Harpysky. B
ATOM CJIy4dae IOCJIE€ HAChIMIEHUs MarHutonpoBoaa T T TOK BO BTOPUYHOW LENH
IIPOTEKAET 3a CYET 3amac€HHOM B KOHJEHCATOpE DJJIEKTPUYECKOM HHepruu. B
MOMEHT HaCBILEHUSI MarHuTonpoBoaa TT BTOPUYHBIN TOK CKAUKOM MEHSET CBOIO
IOJIIPHOCTD, @ €r0 BEJIMYMHA OTPAHUYUBACTCS TOJBKO aKTUBHBIM COIIPOTUBIICHUEM
BO BTOpu4HOM 1enu TT.

MOMEHT HacChIIIEHUs] MAarHUTONPOBOAA ( COMPOTUBICHUEM BO BTOPUYHOM
ey MpeHeOperaeM B BUY MajoOi €ro BEJWYUHBI) OIMpeAeisieM MyTEM pelieHus

YpPaBHEHUS
tS

I .
u,dt =—" | sinwtdt® = ¥..
! o C ﬂ S
Pemas nociiequee ypaBHEHHE, MIOIYy4aeM TPAHCLIEHIECHTHOE YPaBHEHUE IS
HaXO0XKIEHU t,

2

ot, —sinot, =2%_ /¥, .
[Tociie HacpIEHHUsT MAarHUTONPOBOJA BTOPUYHBIA TOK H3MEHSETCS 10
DKCIIOHEHTE C NTOCTOSSHHOW BPEMEHU BTOPUYHOM LIETIH.

S

3aBHCUMOCTb MOMEHTA HACBHIIECHUSA 1 JU1s EMKOCTHOM Harpy3Kd MoOKa3aHa Ha

m

puc. 3.9.

3.2.3. Ilepexoomwiii pesicum pabomer TT. YcmoBus padorsl TT B
YCTPOMCTBAX PEJIEMHOW 3allMThl U AaBTOMATUKHU 3HAYUTEIBHO OTJIWYAKOTCA OT
YCIJIOBUM UX paOOThI B CX€Max U3MEpPEHUM.

B ycTpoiicTBax 3amuThl B 00nbIIMHCTBE ciaydaeB TT JODKHBI BBITIOIHATH
CBOM (DYHKIIMU TPU TOKAX, 3HAYUTEIHHO MPEBBINIAIONIAX HOMHWHAIBHBINA, W B
YCIOBHUSIX MEPEXOJIHOTO PEKUMA, KOrJa KpoOMe IMPUHYKIEHHOM COCTAaBIIAIOLICH B
TOKE MOSBJISIFOTCS U CBOOOJHBIE COCTABJISIFOIINE, B YACTHOCTH - allepUOIUUECKHE
COCTaBJIAIOIIHE.

Hwxe paccmorpena pabora TT B mepexomnom pexume K3, korma
IIEPBUYHBIN TOK COAEPKUT MAKCUMAJIBHYIO allepUOJIUYECKYIO CIIAararouryto
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i, =1 (exp(~t/T,)—cosmt),
rae | - ammoutyna toka K3, T, - nocTosiHHas BpeMEHH IEPBUYHOM LIETIN.
B mepexomHOM pexuMe MAarHUTONPOBOJ — INEPEMarHU4MBaeTCs IO
rucrepesucHelM nukinam  B(H). Muorue pexumsl pabotst TT  MoxHO

pPacCUHMTHIBATh TOJIB3YACH TpeMsi Hambosee MPOCTHIMH BUIAMHU XapaKTEPUCTHK
HamaranumBauug 171 :

® JIMHEHHOM,
® [PSMOYTOJIbHOM,
® CHPAMIEHHOM.

Ilepexoonwtit pesrcum TT ¢ auneitnoi xapakmepucmukoii

OTOT pexuM HMeeT MecTo B ciaboHarpyxkeHHoM TT ¢ 3aMKHYThIM
(eppOMarHuTHBIM CEPICUYHUKOM, a Takxke B JuHerHoM TT (6e3 eppomMarHuTHoOro
CEpJICYHUKA U C HEMarHUTHBIM 3a30pOM B CEPJICUHUKE).

Bropuunas Harpyska TT R, 4ucTo axkTMBHAs, a XapaKTEpUCTHKAa BETBU
HaMarHWYMBaHU OTMCHIBAETCS BhIpakeHneM ¥, = L i, .

Wuterpupys cucremy ypaBHeHui (3.4) /Ui NMPUHATHIX YCIOBUH, MOJYYUM
BBIPAXXEHUE I BTOPUYHOTO TOKA:

T exp(—t/T,)-T,exp(-t/T,)
Ta _TZ

i, =1_|singsin(ot + ¢)—cos” pexp(-t/T,)+

rae ¢ =arctg ((DL0 / RZ) - yroa BropuyHou uenu 1T,
T, =L,/ R, - mocTossHHAs BpeMEHH BTOPUYHOH LIETIH.

Tox HamarHM4MBaHUS io OIIPCACIIACTCA KaK PpPasHOCTb IIPUBCACHHOI'O

HNEPBUYHOTO U BTOPUYHOT'O TOKOB. I,

q)OpMBI KpPpHUBBIX IICPBHYHOI'O il H BTOPHYHOI'O i2 TOKOB, OIINCbIBACMBIX

BBIpaXEHUEM TpeacTaBieHsl Ha puc.3.10. 31ech ke moka3zaHbl cxema 3aMeIIeHUs
u 3aBucumoctb B (H) nns nuneiinoro TT.

E

i# i

-~

aj

Pucynoxk 3.10
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Ilepexoonwiit npoyecc ¢ TT ¢ IIXH

Takas annpokcUMalus XapaKTEPUCTUKU HAMATHUYMBAHUS HCIOJIB3YETCS B
ToM ciyuae, koraa TT pabotaeT ¢ O0NIBIIONH MOTPEIIHOCTHIO.
Takxe, kak u B yctaHoBuBlieMcs pexume, TT ¢ [IXH 1o momeHTa HachleHus

MarHuToIpoBoa ty uaeanbHo TpaHchopmupyer Tok. T.e. i, =1, i, =0.
H
i N
' |
Lio
LTI P
o v 0
| t, 1o
| N P
B.ﬂ .
H >
iy - {
&)

Pucynok 3.11

[locne HachlllleHUs MarHUTONPOBOAA TpaHChOpMalUsl MPEKpaIaeTCs:
1,=0,1,=1,.

[Ipyu wu3MeHeHuu 3Haka mnepBuuyHOro Toka, TT BHOBb paboTaeT Ha
BEPTUKAIILHOM yJacTke xapaktepuctuku B(H ), mostomy BHOBS i, =i, i, =0.

ITepBbiit MOMEHT HacolleHus 1T onpenensieTcst U3 ypaBHEHUS
tS
szhdt = 5Us _er ]
0

rae ¥ - ocratouHoe norokocueruieHue npu t=0.

Bropoii MOMEHT HachIlleHH t, OIpenesaeTcs U3 ypaBHEHUS

toe

R, [idt = thsfildt,

COCTAaBJICHHOIO Ha OCHOBAaHWUU TOTO, YTO IUIOWIAAb BTOPOU ITOJIOKUTEILHOU
[IOJIyBOJIHBI BTOPUYHOI'O TOKA paBHAa IPEALIECTBYIOIICH OTPULATEIIBHOM.
AHaJOTUYHO ONPEACIISIIOTCS U MOCIEAYIOIIME MOMEHTBI HACBIIICHHUS.

Ilepexoonwuit npoyecc ¢ TT c CXH
Copsamnénnas XapaKTepUCTHKA HaMarHU4YMBaHUs 3aHUMAET
IIPOMEXYTOYHOE IIOJOKEHUE MEKIY JIMHEHWHOW M NIPsAMOYroiabHOM. Takas
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XapaKTepUCTHKa M HCIONB3YeTCs JUIS COOTBETCTBYIOIIMX IPOMEXYTOUHBIX
PEKHUMOB PabOTHL.
Jlo momenTa HacbliueHus: TT paGoraer 6€3 MOrpemHocTy, ciaeoBaTeiabHo, I, =1,

I, =0.
[Tocne HachIeHWSs MArHUTONPOBOJA BTOPHUYHBIA TOK OMPEICIUM ITyTEM
peIIeHus] CUCTEMBI ypaBHeHU# (3.4):

) singsin(ot — ¢)— cos pcos(ot, —d)exp(—(t -t )/T,)+
= m(TZ exp(—t/T,)-T,exp(=t, /T,)exp(-(t-t,)/T,) J
rae ¢ =arctg(mL, / R,) - yron Bropuusoii nerm TT,
T, =L,/ R, - mocTossHHAs BpeMEHH BTOPUYHOH LIETIH.

Tok HaMarHuuMBaHUSA pPABEH PA3HOCTH IPHUBEIECHHOIO IEPBUYHOIO MU
BTOPUYHOTrO TOKOB. KpHBble TOKOB npuBeieHb! Ha puc.3.12.

1 s A $
i i i + °

!
kv >
i !
Bt~
I >
- {
~ 4

Pucynok 3.12
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KouTposibHbIe BONIPOCHI K Ii1aBe 3

Tok BrIOUeHMS 0JHO(A3HOTO TpaHCHOpMATOpa Ha XOJIOCTON X0,

Toxu BKIIIOUeHUS TPEX(PaA3HBIX TpaHCHOPMATOPOB HA XOJIOCTOM XOJI.
Tpanchopmatopsl TOKa U UX MaTEMaTHYECKUE MOJICIIH.

Kakne xapakTepuCTHKM HaMarHMYMBAaHUSA WCIOJB3YIOTCS IIPU aHAIHM3E
paboter TT?

Cranmonapusiii pexxum pabotsl TT npu cUHYyCOUTANBHOM MEPBUYHOM TOKE.
BekTopHbIe 1MarpaMmel.

Craumonapusiii  pexum padotel TT ¢ IIXH npu cunycomganbHOM
IIEPBUYHOM TOKE.

[lepexonuwiii pexxum padotel TT ¢ paznTuyHBIMH XapaKTEPUCTUKAMU

HaMarin4inuBaHWI.
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