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BBepeHue

Jlannas KHWra agpecoBaHa CIELHANHCTAM [10 HCTOUHHKAM BTOPHUHOTO
snexktponuranus (UBAI1) pamuosnexktponnoil annaparypsl (POA), crymen-
TaM BLICLIHX TEXHHYECKHX y4eOHBIX 3aBeJeHHH COOTBETCTBYIOWINX CIIeLHab-
HOCTEH, 4 TAKIKE MOXKET ObITh PEKOMEHJOBAHA JIJIsi H3YUEHHs BCEM JKeJaio-
LMM, HMEIOLIMM HeKOTOopble 3HaHHs B 00/1aCTH BbICIUEH MaTeMaTHKH H Teo-
pun anekTpuueckux udened. [lo cyrtu, sTo yuebnoe nocobue, comepxkaiiee
JOCTATOYHO CTPOHHYIO OBLLYIO TEOPHIO M CIIPABOMHLIA MaTepHall /sl pacueTa.

Bousiblioe BHHMaHKE B KHHIE YAEIEHO LOCTHKEHHIO HanGoJbIIe o6LIHoC-
TH M30XKEeHUs, Kak 6ase i pelenus Jo6bIX NPUKIANHEX 3anaq. [To aTou
PHYKHE B OCHOBY TEOPeTHYECKOIo aHaJM3a B3ST MHOMOOOGMOTOYHBIH Tpamc-
thopmaTop, NpHUeM PACCMOTPEHHE BeleTCst 115 MITHOBEHHLIX 3HAUEHHH 3J1eK-
TPHHECKHX M MarHUTHBIX BeJIHYKH, HTO [103B0JIsIeT 0000LHTE TEOPHIO HA CJIy-
4ai BO3IEeHCTBHUSA NPOH3BOJBHOH (OPMBI.

[pencraBienHbii MATEPHAT YCIOBHO MOXKHO PA3IENNTh HA TPH YACTH: 00-
wiereopetrueckyio (raasa 1), npuknanuyio (raaser 2, 3 u 4) u pacuetnyio
(rnaBa 5). B obuereopeTHueckoil 4acTH OCHOBHOE BHHMAaHHE YIeJeHO CO-
CTABJIEHHIO H aHA/IH3Yy [PHUBeIeHHOH KBHBAJEHTHOH CXeMbl TpaHcopmaro-
pa, ABJAIOLIEHCS OCHOBOH I PACCMOTPEHHs KOHKPETHBIX THIOB TpaHchop-
MaTopoB. B npukiagnol yacTH Ha ocHoOBe 00LIEH TEOPHH MOJYUeHE! (hopMy-
JIbl LISt BbIOOpA CeplevHKKa H PAcHeTa YHC/3 BUTKOB JYIsi CJIeLYIOLIHX THIIOB
TpancdopMaTopos:

0 OAHOTAKTHLIX MPSIMOXOLOBLIX H 0OPaTHOXOLOBLIX NpeobpasoBaTeliel;

O ABYXTaKTHBIX MpeoGpasoBaTesen;

0 ¢ CHHYCOMJAJbHBIM BXOIHbIM Bo3zmeicTsreM (onHodasuslil U Tpexipas-

HbIH BADPMAHTHL).

B pacuernoi uacTH npHBeeHEl NIPHMepLl pacueTta TpaHc)OPMaTOPOB yKa-
3aHHLIX THIOB, a Takxe Tpancdopmaropa Toka. MeTolMKH pacueTa nocrpoe-
HBl C y4eTOM 0COGeHHOCTeH paboThl YCTPOHCTB, B COCTAB KOTOPBIX BXOIAT
paccMaTpuBaeMele TpanchopMaTopel. B KauecTse HCXOMHBIX J2HHBIX LJIsT pac-
4eTa HCII0JIb30BaHbl BLIXOJHblE 1aPAMETPbl 3THX YCTPOHCTB.

CrepyeT OTMETHTb, YTO OCHOBOH /IS HANHCAHHS JAaHHOH KHHTH TOCITY-
wuna kuura [10] «Teopust ¥ pacuer MHOrOOGMOTOUHBIX TPAHCHOPMATOPOB»,
KOTOpas Oblia A0NOJHeHa MaTepHaJaMH [0 TEOPHH M pacueTy TpaHcdopma-
TOpa ONHOTAKTHOTO 0OPAaTHOXOAOBOrO Npeobpasosatens (rnasa 4, § 5.4),
pacuery tpancdopmaropa Toka (§ 5.5), a Takke MaTepuasamu 10 pacuery
noreps B cepreunike (paccpenoTouensl no BcemMy 00beMy KHHIH).

Asrop Bolpaxaer 6aarogapiocts E. T. ArapkoBo# 3a nomouls B MOAroToB-
KE& PYKOIHCH.



Fnaesa 1
MpuBepeHHas 3KBUBasfIeHTHasA CXeMa 3aMeLleHuns
N-o6moTo4HOro tpaHcpopmaropa ansa
MrHOBEHHbIX 3Ha4YeHUIA Hanps>XeHUun, 3.4.C., TOKOB

§ 1.1. OcHOBHbIE AONYLEHUSA

Omnoasniit N-o6morounsiéi Tpanchopmatop (puc. 1.1) umeer oy nep-
BruHyio U (N-1) BTOpHUYHBIX OGMOTOK, HAMOTAHHBIX Ha OIHOM OGLIEM MArHH-
TonpoBofe. DyneM NpuUnHChIBATb BeJMYHHAM,

OTHOCSILUMMCS K NepBHUHON o6MoTKe (Hanpsi- A g g
KEHHSI, 3.11.C., TOKH, CONPOTHBICHHS U T. 1.), ' ol e
MHIEKC «l», a BeJMUMHAM, OTHOCHALIMMCS K UJ e;l *3'2 lUZ
KaKo#-TH60 BTOPHUYHOIM OGMOTKE, OIMH U3 HH- K17
nekcos k = 2, 3, ..., N.

MarHuTHBIH TIOTOK, cO31aBaeMblil B cep-
Jeqnnke ToKoM iy (puc. 1.2), comepxut ase
COCTABJAIOUMX: NOTOK Py, MPOHHU3BIBAIOLIHH
sce N 06MOTOK, M OTOK paccesinust Py, cBs-
3aHHBIH TOJBKO ¢ TokoM iy (¢ k-it 06MOTKO#).
Peayabrupylomuid notok &P B cepreunuke,
NMPOHK3bIBAIOWIMH Bce N 06MOTOK, ecTb aJreo-
pandeckast cymma norokoB Py. Tak, nns Bb-
O6paHHbIX Ha pUC. |.2 No0XKKUTeNbHBIX HaNpaBJeHHH NoTOKOB Py, u P nocnen-
HHWH paBeH:

(IJI_CI)Q_._—(DN.

B panpnedimem nac 6yfeT MHTepecoBaTh TOMbKO noTok P, a me ero co-
crapngoure My, MOCKONILKY HMEHHO € €ro0 H3MeHeHHeM CBA3aHO CYLIeCTBO-
BaHHe 5.11.C. SAEKTPOMATHUTHON MHAYKIMH (TpaHchOPMATOPHBIX 3.1.C.).
[Mocnenyoumit ananns 6asupyeTcs Ha CJAeAYIOUHUX OBLENPHHATEIX A0MY-
e HHAX:
O aKTHBHbIE CONPOTHBJEHHS 0OMOTOK Iy, I9, ..., [y YCJAOBHO BEIHECEHB! 33
Mpefessl 00MOTOK;

O He YYUTHIBAIOTCS OOMOTOUHbLIE H MeXKOOMOTOYHbIE eMKOCTH;

O MarduTHOE 0JI€ B CEpAEHHHKE OJHOPOLHO B TOM CMBICJIE, HTO BEKTOPLI
uiaykuuu B u nanpsokennoctd H MarHHTHOrO 1Moas UMEIOT OAHHAKO-
BOE Hallpas/jenue W JJIHHY B J1I000H TOYKe [101IepeyHoro ceyeHus cep-
neunuka. Kpome TOro, 1/HiHa BEKTOPOB OCTAETCSA HEH3MEHHOH NPH IBH-
JKEHHH BJI0JIb CHJIOBBIX JHHHH MarHUTHOrO MOJS.



§ 1.1. OcHosHble donyuweHus

Hy Uy Ky
Puc. 1.2

Ykasannele 06CTOSTENLCTBA [103BOJIAIOT YIPOCTHTE 06LIMe GOPMYJIEL Mar-
HUTHOTO I0TOKA B CePAEYHUKE U UMPKYJIALMHE BEKTOPA HAMPSKEHHOCTH 110151
BIOJIb 3aMKHYTOTO KonTypa |1]:

cb:deszBs, (1.1)

(5)

§HdL, =HI_, (1.2)

P
I=p

rie dS — seMeHT IJIOLIAJH S MoNepeyHoro cedeHHs ceplevHHKa, COBIaja-
I0LHI 110 Hanpasienuio ¢ B;
dl.,, — sieMeHT cpejHell MarHWTHOH JHHHH |
npagnenuio ¢ H.

PaccmoTpenHIo NMOMJIEXKHUT Takxe TpaHcopMarop, ¥ KOTOPOro cepieiHnuK
HMeeT HEMarHHTHbIH (B 4aCTHOCTH, BO3AYIIHLIA) 3330p, BEJHYHHA KOTOPOTO
|, MHOrO MeHbIle JUIHHBI cpelHelf MarHHTHOH JIHHHM | B TeJe ceplevHHKa
(oueBmpno, lp = 1 + [, = 1).

ep COBI'I&ILEIIOLLLHﬁ no Ha-



lnaea 1

WUssectHo, uTo A5l 10151 B 3a30pe Xa- i VY .
pakrepen 3M(EKT <«BHIYUUBAHUS» JIH-
nuii marnutioé uunykuuu (puc. 1.3, a),
MPHYEM OH MPOSBJISETCS TeM CHJbHee,
4eM XyJKe BBIIOJHAeTCs yeaosre [, << 1.

Peanbiyio KapTHHY 110J1s1, TOKA3aHHYIO
Ha pHc. 1.3, @, MOXKHO 3aMeHHTb HeasH-
3MpOBaHHOH, H306paXKeHHOH Ha pHc. 1.3,
6, rie noJe B 3a30pe CYUTAETCs OLHOPOI- TN TN
HbIM, 2 3Q)(EeKT BbITYUHBAHUS YHHTHIBAET- a) 6)
¢Sl HEKOTOPLIM YBEJIHUEHHEM ILIOLIAMH Ce- Puc. 1.3
YeHHs! HeMarHHTHOTO 3230pa S,.

B COBOKYNHOCTH C NPHHLHIOM HENPEPLIBHOCTH MArHATHOIO NOTOKA AaH-
Has MllealU3alua TaK XKe, KaK U B NMPelblIylleM ciayyae, N03BOJAeT NPHIATD
06LKM (POPMYJIaM [I0TOKA W LMPKYJISILMH HanGoJiee NPOCTOR BHIL

& =BS =B,S,, (1.3)
@Hdl_p =Hl+H,l,, (1.4)
I=p

rie BeJMYMHbLI C HHIEKCOM «3» OTHOCHATCH K 3a30DY, a BeJIMUMHLI Ge3 HHIeK-
ca — K CepledHHKy.

3ameTum, uto, ecau npuHsaTh S = S, (1. e. He yuHTHIBaTE 5 PEKT BHITYUH-
BaHus), noayuuM B = B,. JlanHoe 06CTOATENBCTBO MOXKET ObITh HCIIO/Ib30BA-
HO Ha NPAKTHKe: NOMellast B y3Kuit 3asop aatuuk Xosua [2], MoxHo no pesy-
JbTaTaM M3MEepeHHsl MarHWTHOM WHAYKIHH B 3a30pe NPUOJIHKEHHO CYAHTh O
ee BeJIHUHHE B TeJle ceplledHHKa.

§ 1.2. OgHodasHbiit N-0OMoTO4YHbIN TpaHcdopmaTop.
NMpueepgeHHan 3KBUBaJIEHTHas CXeMa 3aMelleHus

Manoxenue BeneTcs Ha OCHOBE 3aKOHOB Oma, Kprroqja H 3aKOHa 3JIEKT-
pOMﬂl"I]HTHOﬁ HHAYKIHH CI)apaneﬂ—MaKcneﬂﬂa‘ Heckoabko cios 0 nocnen-
HeM H3 HHX.

HYCTb W BHTKOB KaTyLUKH C TOKOM i [NPOHHU3BIBAIOTCH MArHHTHBIM TOTO-
Kom . Toma, €CJIH NMOJIOXKHTE/NbLHBIE HallpaBJIeHHA TOKa i v noroka P ceasa-
HBl MEXKIY cobo# MpaBHJIOM MPAaBOXOA0BOro BHHTA, & 3.0.C. € Ha 3aXKHMax Ka-
TYLIKH COBMIaAaeT [0 HAllPaBJeHHI0 ¢ TOKOM i, qupM)ma 3aK0Ha HMeeT BHI:

e=-w—. (1.5)
dt



§ 1.2. OdHoghasHbil N-0bMomoyHkIi mpaHcgopmamop

Hegrinonnenue xots 6B OOHOTO H3 9THX IBYX YCJIOBHH BeleT K NepeMere
3Haka B npasoil yactd dopmyasl (1.5). JleHcTBHTENBHO, MYCTh MOJOXKHTEb-
Hble HanpaBJeHHs i 1 P He CBA3ANLI NPABHIOM PABOXOLOBOrO BHHTA, a Ha-
npaBienust i U e coBnagaior. Torga THM MPaBHJIOM CBSI3aHbl HalPaBJeHUs!
sesuuui i 1 —D, u Berynaer B cuay dopmyaa (1.5):

d(-b)
- _

dd
= i WE, 4T0 W TpebOoBaIOCh JIOKA3aTh.

AHalOrHuHO PACCMAaTPUBAETCS CJIyUYail HECOBNANEHHS 110 HANPABJIEHHUIO i
W e, KorJa Hanpasiaenus i © O cBA3AHLI IPABHJIOM NPABOXOLOBOTO BHHTA.

YenoBuMest B janbHelimemM NpHHAMATh HANPABJIEHHS | U € BCeria CoBnaja-
I0LIHMH.

Ha ocnosauuu sakonos Oma u Kupxroa moxem 3anucats ciefyioutyio
cuctemy ypasnennil (em. puc. 1.1):

fe',:—u, + 1,
e’y = Uy + Ly,
€, = Uy + Iy, (1.6)

Cwmbica BenuumH, sxonsmux B (1.6), scen ua puc. 1.1 u 1.2. B yacrnocty,
e'|, e'9, €3, ..., €'y — 3T0 3.1.C. Ha 3aKUMaX HIealH3uPoBaHHbIX (6e3 akTHB-
HBIX COTIPOTHBJIEHHH) 0OMOTOK, BO3HHKAIOUIHE B Pe3yJbTaTe NPOHH3LIBAHHS
HX COOTBETCTBYIOUIMM MAarHHTHBIM TTOTOKOM H KOTODble MOTYT ObITh ONpeje-
JeHbl Ha OCHOBaHWHM 3aKoHa snekTpomarnutHoi uiaykuun (1.5). C yuetom
MPUHSTEIX Ha puC. 1.2 MONOXKUTENBHEIX HAMPABIEHHH BENHUHH H 3aMeuaHus
0 3HaKe B NMpaBoi YacTu dopmyanl (1.5) MoxKem 3anucaTh:

d
e', =W, E(q) + q)5|),

d
€y = —W, a(_(b + cl)sg),
(1.7)

T —EH= O ] ——

rae wy, — uucao sutkos k-it o6motku (k =1, 2, ..., N).



naea 1

[Toroku paccesinust o6moTok Pgp, Pgg, D3, ..., Pgy MasBl 0 CpaBHEHHIO
C OCHOBHBIM TIOTOKOM P, H MO3TOMY B MepPBOM NPHOJHKEHHH HMH MOXKHO
npune6peus. OQHAKO B HEKOTOPLIX CAYUafAX HX BCE-TAKH [PHXOIAHTCS YUHTEL-
BaTb, W JIEJIAETCS 3TO BBeJleHHEM JIHHEHHBIX HHIYKTHBHOCTEH paccesiHus 00-
MOTOK, ONpeLe/sieMblX paBeHCTBaMU:

L, =WPsi | WPy WP (1.8)
]| 12 IN
Hazosem 3.0.C., onpelesiieMble paBeHCTBaMH
dd dd dd
€, :_WIE,EQ =~W, E, ey By = TWY E, (19)

mpancgopmamoprbimu 3.0.c.
C yuerom pasencts (1.8) u (1.9) cucremy (1.7) MOXKHO NpencTasuTh B
CIeyIoeM BHE:

[ di,
0 €178 T Ly Fs
1 di
% eh=-¢, —Lg d_tQ’
, di, (1.10)
7 €3= 7€ T Lg E,
o di
{ e'y = —ey — Lo d_:
[Tocne nmopcranoBku 3.y.c. €'y, €'y, ..., e'y, ONpeIeNeHHEX YPABHEHHSIMH
cuctemsl (1.10), 8 cucremy (1.6) noayumnm:
( di
e =ri +L,—L-u,
n 1 171 51 dt 1
U di
% —-e, =i, + Lg d_‘f + Uy,
di, (1.11)
0 ~€3 =T33 +Lg, F - Uy,
o T
{ —€N = Inly +L%N d? N

Janbrefiine npeoOpazoBanus CBsi3aHbl C [OHATHEM Koagduuuenma
mpancgopmayuy ot i-i K k-ii 06MOTKe, N0J KOTOPEIM MOHHMAeTCcsl 0THOLLE-
HHEe YHCeJ BUTKOB i-H H k-H 00MOTOK:



§ 1.2. OdHoghasHbIl N-06MomoyHbIi mpaHcgopmamop

ng=, (1.12)

3ameTum, uTo npu i = k Ny = 1.
Ocobuiii HHTepec npeacTaBaseT KosqduuuenT TpancopmManHH
w
rI k— _i, (].‘13)

Wy

yCTaHaBJHBAIOIMH CBA3bL TPaHcQOPMATOPHOH 3.1.c. €| C JI0OOH H3 TpaHC-
(GopMaTOpPHBIX 3.1.C. €y, onpeneseHHbX pasencTBamu (1.9). Cesisb 3Ta HOCHT
(hyHIaMeHTa/lbHbIH XapaKTep U UMeeT BHIL

€, =1 €& (1‘14)

JokasartenscTso pasenctsa (1.14) e npencrasasier Tpysa. leficTBUTebHO,

dd  w, dd
= -w

e ==-W, — = — —
1 dt ow, )\ € dt!

= N, , 4TO ¥ TPeGOBaJIOCH 10KA3aTh.

[ocse storo cucrema (1.11) MoxeT GbITh NPHUBEAEHA K BHLY:

_( e, =i +LS-%['-\—111,

0 . df i

o “H ey SLE \_z +NhLe —| = + nyu,,

% 12 dtyng|

1 i df i (1.15)
0 "N =Nl 2|+ Nyl dt ,|_3 + Nisll s,

= A \

.i ; d| i

T “Ninen = anrN —N-] + nfnLSN — =+ NinUy

¥ nlN"l dt "nm'

Cucreme ypasuenuii (1.15) cooTseTcTByeT npuBeieHHas K nepsuuHON 06~
MOTKe 3KBHBalenTHas cxema N-o6morounoro Tpancdopmaropa (pue. 1.4, a),
B KOTOPOH HaNPSKEHHUS Ug, Ug, ..., Uy, TOKH ig, i3, ..., iy 3aMeHeHBI COOTBETCT-
BEHHO Ha U'p = MyaU, U'3 = N13U3, ..., U'N = NINUN, i'2 = i2/N1g, i'3 = i3/ 13,
e IN = in/ NN

. 3nech W HHME 3HAYKOM IITPHX» OTMEYEHBl NPHBEJIEHHLIE (K HCpBH'—[HOI‘:l 06-
MOTKC) BCJHYHHBI.



lnaea 1

CMbIC [IpUBeleHHs, KaK BHIHO, 3aKJIOHYaeTCs B HCKJIIOUEHHH CBSI3eH Mo-
CpeAcTBOM SJIEKTPOMQI‘I]P[THOI:l HHAYKUOWH H 3aMeHe WX CBSI3SAMH «IIO ITPpOBO-
Jam». HpHBenelme MOKET ObITh OCYLIeCTBJIEHO K moboi ua N 05MOTOK, eCJIH
B 3TOM ecTb HeoOXO0IHMOCTh.

Be.l’]H‘lHlIbI, onpeneJieHHble paBeHCTBaMH

P g
T = Nl

(1.16)
.= ik

rne k = 2, 3, ..., N, HocqT Ha3BaHKe npusedeHHblX K TEPBUUHOH 0OMOTKe aK-
THBHBIX CONPOTHBIEHHH H HHAYKTHBHOCTEH pacCesiHns BTOPHYHBIX 0OMOTOK.

Betsb, comep:kaas 3.0.¢. € = Nx€k, Ha3LIBACTCH HAMASHULUBAIOUEL.
Tok i,, npoTeKkaloLUMi B Hell, Ha3blBaeTCs HAMacHudyusarowum. imeer Mecto
caenyioiiee pasenctso (cm. pue. 1.4, a):

i,

P BN (1.17)
N Ny Ny

=iy +
Lan ™
Ls; 13
i : :
= L Lss 1 12, H,

——_ —

K1¢

Puc. 1.4, a

D.1.C. €; MOXKHO PacCMaTPHBATE KaK 3.1.C. HAa 32)KHMax HEeKOTOPOH IHd-
(hepeHUHANBLHOH HHIYKTHBHOCTH

L, i (1.18)

(1.19)

B crnpasepausoctu pasencrsa (1.19) nerpynno yGenuthesi, NpUMeHsisi K
nepsomy pasenctsy cectemsl (1.9) npasuioc muddepenipoBanus ca0KHOM
(PYHKLHH.
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§ 1.2. OdHoghasHbIl N-06MomoyHbIi mpaHcgopmamop

CpoiicTBa WHIYKTHBHOCTH HAMarHHYMBAHHS OYIyT BbISICHEHbl HIKe
(cm. § 2.4), a noka OTMETHM, 4TO €€ BBEIEHHE M03BOJISIET 3aMEHHTb MaTeMa-
THUECKHe OllepPalHH ¢ MarHHTHBIM IIOTOKOM G0Jlee NPHBLIMHEIMH C TOUKH 3pe-
HHUsI TEODHH LieNeH onepalusMH ¢ HaMarHH4YUBAIOLIHM TOKOM.

IlpuBenennasi SKBHBaleHTHasi cxeMa TpaHchopMaTopa npeobpasyercs B
3TOM cJlydae B BH[, NOKa3aHHLIH Ha puc. 1.4, 6.

Lin M N, Hy
Lsa 13 '—'3-- H:

i 1 5 7 ;

—— I Ly Les B 12 H
Hg— F+— ) @ * i
U, g Uy

Ly Uz
“a 550
2 K3 KN
Puc. 14,6

CoepyeT OTMETHTb, 4TO HAIPY3KH, [OLK/IIOHEHHbIe KO BTOPHYHBIM 0OMOT-
KaM TpaHc(opMaTopa, Hellb3s HEMOCPeNCTBEHHO MOJAK/IIOHaTh K BbIXOJHBIM
3a)KMMaM [pPHBeJleHHOH 3KBHBa/leHTHOU cxeMbl. OnHAKO, ec/iH MU3BecTeH Xa-
paKTep HarpysoK, MOXKHO BCe-TaKH PHBS3aTh [IPHBEIEHHYIO SKBHBAJEHTHYIO
cxeMy K 3THM Harpyskam. [lenaercs ato cienylomum obpasom. Pacemorpum
HeCKOJIbKO HaCTHBIX IIPHMEPOB.

1. ITycre k-s1 Bropuunas o6MoTKa HarpyxeHa Ha HeJHMHeHHoe B 0OlieM
cJlydae akTHBHOE CONPOTHBJeHHe Ry, 1/l KOTOPOro CBfI3b HANPSKEHHUS Uy C
TOKOM iy onpegensiercs sakoHoM Owma:

u, =R i, (1.20)
HJIH, 4HTO TO e caMoe,

] i
Ny = nfkRuk £ (1.21)

1k

Pasenctso (1.21), a cnenosaresnsuo, 1 (1.20) BuinoJansieTcs, ecyy K cooT-
BETCTBYIOLMM 32)KHMAM [PHBEJEHHON 3KBHBAJIEHTHOH CXEMbl [I0ACOENHHHUTE
cornporusaenue R, = N}, R, , HasbiBaeMoe npusedentbim K nepsuuHoil ob-

MOMKe aKMUBHbIM CONPOMUSACHUEM HAEPYIKU.

B sTom cocrout ocoGeHHOCTb NPHBEIEHHON IKBHBAIEHTHOH CXeMbl, 0 KO-
TOPOY HeJlb3sl 3a0bIBaTh.

2. Ilyctb BropuyHas 0OMOTKA ¢ HOMePOM Kk HarpyxeHa Ha HeJIMHEHHYIO B
oblleM clyqae HHIYKTHBHOCTb Ly, [1sl KOTOPOH €BsI3b HANPSKEHHS Uy € TO-
KOM iy OnpejeJ/isieTcsi paBeHCTBOM:

11



lnaea 1

d .
u, = E(L“k]") (1.22)
HJIH, 9TO TO e caMoe, /

d{, . i
Mt = goh (Ml ) L= (1.23)

Pagenctso (1.23), a cnenosarensuo, 1 (1.22) BrinoansieTcs, ecyy K cooT-
BETCTBYIOLIMM 3a’KMMaM [PHBEIEHHON IKBHBAJEHTHOH CXEMbl OJCOeIHHHTD
WHIYKTHBHOCTL L', = N}, L,,, HasbiBaeMylo npusedentoil Kk nepsu4noii 06-

momke undykmusnocmvro Haepysku. W 3nech, Kak BHOUM, BeJUYHMHY Ha-
rpy3kd (B J@aHHOM cJlydae MHIYKTHBHOCTB) TPeOYETCSs «IIPHUBOJMTb» K Mep-
BUYHOH 0OMOTKe.

3. [lycTb Harpyskoi k-l 06MOTKH siBJIsleTCs HeslHHeHHas B 00lLeM ciay4ae
eMKocTh Cyy, AT KOTOPOH CBA3L TOKA i ¢ HANPSXKEHHEM Uy ONpeLessieTcs
paBeHCTBOM:

: d
I, = E(Cukuk) (1‘24)
HJIH, 4YTO TO e camoe, { \
iJf. d C]lk
— ==\l —=In,u,l (1.25)
Ny dtid rﬁk " y

PagencrBo (1.25) 5KBHBaJEHTHO MOICOEAWHEHHIO K COOTBETCTBYIOLIMM
3aXKMMaM NpHBeJeHHOl KBHBaleHTHO#H cxembl emkoct C', = C . /n’ , Ha-

3LIBAEMOH eMKOCMbIO HASPY3KU, NPUEL0eHHOl K nepsuinol obmomke.

4. Tlyerb narpyskod k- OOMOTKH SIBJISIETCSI CJIOXKHBIH JBYXIMOJIOCHHK
(puc. 1.5), cocrosiimii M3 COEIMHEHHBIX
pasaHdHBIM 06pa30M AKTHBHLIX CONPOTHB-
JeHHH, WHLYKTUBHOCTEH, eMKOCTeH, KOTo-
pble cuMTaloTCs B OOLLEeM Ciy4dae HeJIHHeH-
HEIMH.

B coorBercTBHH ¢ 1-M U 2-M 33aKOHaMH
Kupxroa moxeM sanucarh cjefyiomiyio
cHCTEMY YpaBHEHHH:

L =1y Tl +1,

Uy, =Uy + U,

HJIH

12



§ 1.2. OdHoghasHbIl N-06MomoyHbIi mpaHcgopmamop

k kl lk2 1k3

M M M M (1.26)
jénlk”k = Nyl + Nl

Cucremy (1.26) nasosem npusedernroii. Eil cooTBeTCTBYET SKBHBaJEHT-
Hasi cxeMa puc. 1.6, Tonosnoruyecku HIeHTHYHas cxeMe puc. 1.5, HO Ha Kax-
JIOM 3J1eMeHTe KoTopo# (0603Ha4eHbI IPAMOYTOJIbHHKAMH) I€HCTBYIOT IIPHBE-
JIeHHble HaNpsDKeHHst ¥ TOKH.

T

Uy "R, T

Puc. 1.6

Puc. 1.7

Burie 6bu10 noKaszamo, 4T0O 3aMeHa pealbHo JeHCTBYIOLINX Ha /1eMeHTax
R, L nnu C nanpsiokeHHd W TOKOB Ha NpUBeeHHble 03Ha4YaeT NpUBeleHue na-
paMeTpoB camMHX 3JeMeHToB (yMHOXKeHHe WM Aenenne Ha N2,). Cienosate-
JLHO, B OKOHYATE/LHOM BHIE NpPHBeAeHHAs SKBHBaJEHTHA CXeMa HASpy3Ki
OyneT BHITASAETh, KaK NoKazaHo Ha puc. 1.7. JlanHas cxema y»ke MOXeT ObITh
HEIlOCPeACTBEHHO [10/CoeHHeHa K COOTBETCTBYIOIMM 3aXHMaM [IpUBe/LeH-
HOH 9KBHBAJIEHTHOH cXeMbl TpaHcdopmaropa.

OuepuaHo, 4TO NpUBeleHHble B NpuMepe 4 paccyXIeHHs HOCSAT OBLIMK
XapakTep, He 3aBHCALIMH 0T KOHKPETHOH CX€Mbl HArpy3KH, 4TO M03BOJSET
chOPMYIHPOBATE HTO B BUIE MPaBHJA: NOLKIoUeHKe K K-i BTOpHUHOH 06MOT-
ke N-00MOTOYHOr0 TpaHcOPMAaTOpPa CJHOMKHOTO HEJHHEHHOro ABYXITOJI0CHH-
Ka, COCTOALIEr0 H3 Pas/IHYHLIM 00pasoM COEIHHEHHLIX aKTHBHLIX CONPOTHB-
Jenud R, unpykrusnocred L, emkocteid C, 3KBUBaNeHTHO MOIKJIIOHEHHIO K
COOTBETCTBYIOLIHM 3a:KHMaM [pPHBENEHHOH IKBUBAJEHTHOH CXeMbl TpaHC-
topmaTopa NpHUBENEHHOH CXeMBl 3TOr0 ABYXIOJIOCHHKA, PHUEM

1) Tomosiorys NPHBEJEHHOH CXEMbl NBYXIOJIOCHHKA MOBTOPSIET TOMOJO-
FHIO UCXOIHOH CXeMBl ABYXIOJMIOCHHKE;

2) napameTphl 3JIeMEHTOB TPUBEJEHHOH CXeMbl JIBYXIMOJIOCHHKA [10J1y4a-
o1cs ymuoxenueM (R, L) uau penennem (C) napameTpos 3JeMeHTOB HCXOI-
HOH cxeMbl Ha N2jy

HeTtpynio nokasatsb, 4TO ecJ/IH CX€Ma ABYXTIOJIOCHHKA COLEPIKHT B CBOEM
cocTaBe reHepaTop 3./.C. € WK TOKA i, TO B MPUBEIEHHYIO CXeMY OHH BOUIYT
C 3.4.C. €= I, e uIn ToKoMm i'= i/n,,.

13



lnaea 1

OueBuIHO, UTO BCe MpPHBENEHHbIE Bhillle BLIKAAJKH M BbIBOIBI, a TaKkKe
cama NpuBeleHHas SKBUBaJeHTHAs cxema puc. 1.4, @ GyoyT cnpaBeiIuBhbl H
17151 TPaHCOPMATOpa € 3a30POM B CepledHHKe, ecld He yUHThIBaTh IQdeKT
BBITY4HBAHHS JIMHUH MAarHWTHOH MHIYKUHHM W CBA3aHHOE C 9THM paccesiHie
MarHMTHOTO MOTOKa. A 3T0, B CBOIO O4epelb, BOSMOXHO NpPH COG/IONEHNH
yeaosusi: 1, << 1 (em. § 1.1).

§ 1.3. UpeanbHbii TpaHchopmaTop

HoearbHoim Ha3biBaeTCs TPAHC(POPMATOP, ¥ KOTOPOTO PaBHbLI HYJIO:

1) akTHBHbIE CONPOTUBJIEHHS] W HHIYKTHBHOCTH paccesiiis 06MOTOK;

2) HaMarHM4YMBAIOHH TOK.

Bropoe ycaosue, kak caenyet us (1.19), npennonaraer naanune y tpanc-
topmaTopa GeckoHedHO OObLIOH WHAYKTHBHOCTH HAMarHHYMBAHUS.

[Ipu nepexoze oT peanpHOro TpanchopMaTopa K HAEANbHOMY €ro NpHBe-
JleHHasl SKBHBAJNEHTHAs CXeMa BLIPOXKIAETCS B CXEMY «IIYCTOrO» MHOTOMO-
miocHika (prc. 1.8), 4411 KOTOPOTO UMEIOT MECTO PABEHCTBA:

__ul = Ny,
PR (1.27)
hh = 2
j; = Ny
IpHYeM Uy = —ej, Uy = —ey, [le e|, ey — TpaHcopMaTopHble 3./1.C., ONpeje-
asiembie opmyaamu (1.9).
[lepsoe pasenctso cucteMbl (1.27) ykasbi- in/Mpy
S

BaeT Ha NPHHUOHIIHAJbHYID BO3MOXHOCTb HC-

! i3/,
—

no/ib3oBanusi  upeansuoro N-o6morodnoro T
TpancdopmMaTopa Kak JuHeHHoro npeobpaso- —-51 2
Batessi Hanpskenus (Tpanchopmarop Hanps- MUy
xenus). Bo BTOpPOM paBeHCTBE CHCTEMBI U1l & 0,
(1.27) 3akqiouena BO3MOKHOCTb HCIIOJIb30BA-
Hus uieansHoro N-oBmoTodHoro Tpancgop- g—%jg
MaTopa M Kak JHHeHHoro npeoOpasosaresis i
toka (Tpancdhopmarop ToKa). Puc.1.8
B camom nene, npu N = 2
e (1.28)

Nis
TpancdhopMaTop ToKa MOXKeT GbITb BbiMoJHEeH H N-06MOTOYHBIM, IS

yero HeoOX0QMMO 00ecIledHTh KPATHOCTb BCEX BTOPHYHbIX TOKOB OJHOMY M3
HHX ip:
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§ 1.3. MdeanbHbIl mpaHcgopmamop

i, =a,i (1.29)

m?
rie a, — Ko3(QQHUUHEHT MPONOPLUHOHANBHOCTH.
B stom ciyuae ua ocnosanuu (1.27) u (1.29) nonyumm:
N 3 N
b =Yk e O o
: " 'm — Ty 'm?
; N = Nu A

rae

l
K= - = const,
ak
&,
oTKyza i, =Ai. (1.30)
B cuity npousBoJibHOCTH BBIGOpa TOKA iy, pasencTtso (1.30) yeranasnusaet
nponopuHoHansHocTh 1060ro u3 (N — 1) BTOpHUHBIX TOKOB I€PBHUHOMY ij.
Yenosue (1.29) obecrieunBaercs MOAKMIOYEHHEM KO BTOPHYHBIM 0OMOT-
KaM Harpy3oK OLHOTO W TOrO Xe THIIA.
Peasbibiil TpanchopMaTop BO MHOTHX CJAY4asiX MOMXKHO MPUOIHKEHHO
paccMaTpUBaTh Kak HAealbHbIH, OLHAKO MOXKET IOTPEGOBATLCS H y4eT HaMar-
HHUHBAIOLIETO TOKA. JTO HMEeT MEeCTO B TaK HasblBaeMOH u0eaiusuposat-

HOL Mozesu TpancdopMaropa, L1d KOTOPOH HHKe PaccMOTpeH BOIpoc o co-
OTHOLIEHHH MIHOBEHHBIX MOLIHOCTEH 00OMOTOK

p, =u,i,,mek=1,2 .. N, (1.31)
W MTHOBEHHOH MOLIHOCTH BETBM HaMarHHYHBaHHS
P. = Ui.. (1.32)

HmeeT MeCTO paBEI[CTBOZ
N
Py = D. +Zpr (1.33)

B cnpasemivsoctd pasencrsa (1.33) MoxkHo y6equThes, MOJCTABME B
(1.31) npu k = 1 Boipaxenue iy u3 (1.17) u BoCHOJNBb30BABLIKCH 3aTEM Nep-
BbiM pasenctBoM cucrembl (1.27):

: : i i
p,=wi, =u i, + —+—+ ...+ =
\ Mo Nia Nin!
: U . u, . u, .
=Uyi, + ——iy + —ig + ...+ -
12 Ny Nin

= Ui, + Uply + Usig + ... + Uiy,

YTO MW O3HA4aeT BLINOJHEHHE pABEHCTBAa (133)
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lnaea 1

Herpyuro zameruts (cm. puc. 1.4, a, 6), uto uieanusuposanHasi MOLeb sB-
JIsIeTCH 4acThlo OOLLeH SKBUBAIeHTHOH CXeMbl TPaHcopMaTopa, H ecTh BO3MOXK-
HOCTbL PAaCCMaTpPHBATL TOJILKO ee, OTHOCH aKTHBHLIE COMPOTHBIICHHS H HHILYKTHB-
HOCTH paccesiHufl 0OMOTOK K NapameTpaM BXOIHOr0 reHepaTopa H HarpyskH.

B upeanuauposanHHol MojesH HauGoJee ABHO BHAEH (DM3H4ECKHH CMBbICJ
HaMarHHYHBalOLIero ToKa i, 3T0 eCTh TOK NepBHYHOH 00MOTKH TpaHchopMma-
TOpa NIPH paBeHCTBe HYJIO BCeX BTOPHUHBLIX TOKOB, T. €. 3TO €CTh TOK XO0JIO-
CTOro Xola TpaHc(opmaTopa.

§ 1.4. OgHOMMEHHbIe 3aXXMbl 0OMOTOK

OdHoumerHHbIMI 3aXKHMAMHK IBYX H HoJee 0OMOTOK Ha3bIBAIOTCS 3a7KHUMBI,
obnanaioline TeMm C.BO[:]CTBOM, 4YTO 3.J.C. 3THX 0DMOTOK, Gyﬂyq{d HanpagJieHbl
OJHHAKOBO OTHOCHTEJbLHO 3THX 3aXHMOB, H3MeHHATCH CHI[q]aSI]O.

[Tosicum ckazannoe Ha [IpUMepe.

Ha pHC. 19 HSOGPH)KEI[ HllealbHbIH ,ﬂByXOﬁMOTO‘I]{b[ﬁI Tpallccpopma'rop, Y
KOTOPOro 3.JI.C. €] U €p HalpaBJieHbl OJJTHHAKOBO OTHOCHTEJBHO 3aXKHUMOB, M0-
MeH4eHHbIX KPYIIHBIMH TOYKAMH. yGEHHMCﬂ, YTO 3TH 33KUMbl IEHCTBUTENBHO
SIBJISIIOTCS ONHOHMEHHBIMH, IJsI Yero 3allHlleM BblpaxKeHHs [JIH €] H ey Ha
0OCHOBe 3aKOHa SJIEKTDOMBT]IHTHOﬁ HHIOYKLIHH (CM. § 12] C Y4eToOM Bblﬁpa"-
HBIX MOJOAHTEJNbHBIX ]]al'[paB.J'IEI[HI:{ COOTBETCTBYIOLIHX BeJHYHH:

__. dd _ . dD
e, = Wl'a", €y, = WQ'E'.

M3 sTux Bh[pa)KEHH[:I BHIAHO, YTO €| H €9 H3MEHHAIOTCSH CI/]HanSI]O, a cjelo-
BaTeJIbHO, H YKas3aHHble 33aXKHMbl ABJASITCH OLJHOHMEHHLIMH.

,[[J]H Hax0XKIeHWsl ONHOMMEHHEBIX 3aXKMMOB HeoOX0oHMO:

Puc. 1.9
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§ 1.4. O0HouMeHHbIe 3aXKUMblI 0BMOMOoK

1) 3apaThes MOMOKHUTEILHEIM HATPABIEHHEM TOKOR, 3.1.C. 06MOTOK, [10TO-
Ka B ceplleuHHKe;

2) cuuras TpaHchOpPMaTOp MAEANLHLIM, 3AMKHCATb BLIPAXKEHHS U5 3.1.C.
06MOTOK Ha OCHOBE 3aKOHA 5JIeKTPOMAarHMTHON MHIYKLUMH H ONPEeNeNUTh TeM
caMmblM, CHH(A3HO HIM NPOTHBO(A3HO OHM H3MeHsioTcsi. B nepsom ciayuae
OIHOMMEHHBIMH 32XMMaMH OyIyT Te, OTHOCHTE/bHO KOTOPBIX 3.1.C. HAlpaB-
JIeHbl OJHHAKOBO, BO BTOPOM CJly4ae — Te, OTHOCHTEJILHO KOTOPBIX HaIlpaB-
JleHHe 3.]1.C. PasHoe.

Herpynno y6enutbest B TOM, UTO N0JI0KEHHE OJHOUMEHHBIX 328XKHMOB HH-
BAPUAHTHO 110 OTHOLIEHHIO K BHIGOPY MOJOXKHTEbHBIX HANPaBJeHHH TOKOB,
3.0.C. 0OMOTOK, [I0TOKa B cepledHHKe H ONpefle/seTcs HCKIIOYHTebHO reo-
meTpreil (HanpasieHHeM) HAMOTKH.

3Hast nonoKeHHe OJIHOMMEHHbIX 32KHMOB, BCera MOXKHO CYIHTb 0 3HaKe JIo-
60#1 K3 3.1.C. 0GMOTOK, eCJIH 3HaK XOTs! 6Bl OLHOM K3 HUX H3BecTeH (WK 3a1aH).

Onpeenus TaKHM 00pa30M OLHOHMeHHbIe 3aXKHMbl 0OMOTOK TpaHchopMa-
Topa pHc. 1.2 ¥ 0603HaYMB MX KPYIMHBIMH TOYKAMH, HA30BEM HX HAYAAAML
06GMOTOK, a 3aKHMbl 6e3 obo3Hauenus — KoHyamu oomorok. Jlnst Gobliel
onpejieleHHOCTH NMOMETHM Hayala M KOHLbl OYKBAMH «H» H «K» C HHJIEK-
com — HoMepoMm o6MOTKH. B npusenennoil sxsuBaneHTHOH cxeme puc. 1.4
MM COOTBETCTBYIOT TAK Ha3biBaeMble npusedeHHble HAUAAd U KOHLbL 0OMO-
TOK, 0603Ha4YeHHble TeMH e OYKBaMH C TeMH JKe HHIEKCaMH, HO CO LUTPUXOM
(32 uckmouennem nepsHUHON 06MOTKM)L.

Hmeer MecTo cliefyiolnasi 3aKOHOMEPHOCTh: TPHBeJleHHble KOHLbI BCErla
pacrioniaralorcsi Ha obleM POBO/e NMPHBeIeHHON SKBUBaIeHTHON CXeMbl He3a-
BUCHMO HH OT BEIGOPa NOJIOHUTE/bHBIX HAMPABISHHH TOKOB, 3.0.C., HaNpsoKe-
HHM, IOTOKOB, HU OT HANpPaBJeHHs] HAMOTKH 06MOTOK. COOTBETCTBEHHO, BbIBO-
JIbl, He pacrosioxKeHHble Ha 0OLleM NPOBoJle, BCerla ABASIOTCS PHBeNeHHbIMU
HavyataMu. YToGbl y6enuThes B CIIPaBelJIMBOCTH JaHHOTO YTBePKAeHHs!, Heol-
XOOMMO, W3MEHHUB MOJOXHTEIbHOe HanpaBleHHe JI060H M3 INepeuHC/eHHbIX
BeJIMYHH JHO0 M3MEHMB HalpaBleHHe HAMOTKH, [OBTOPHUTb I1peodpasoBaHus
(1.6)—(1.11), (1.15). ITpu 3TOM HEOOXOAMMO YUECTDb, YTO MPH OTpPENeeHH
MHIYKTHBHOCTEeH paccesnust 06MoTok (cM. dopmyist (1.8)) monoxurensisie
HalpaBJIleHus! I0TOKA paccesiHysl U ToKa B 0OMOTKe BCeria JOJUKHB ObITb CBS-
3aHbI IPaBHJIOM NIPaBOX0OBOre BHHTA. KpoMe Toro, Bo Beex cilydasix hopMyJIbl
tpancopmaropubix 3.4.c. (1.9) nomkusl ocrasarees 6e3 U3MeHeHHS.

1 HanoMHUM, 4TO BHIBOJLI B ﬂpHBC,llCHHOﬁ SKBUBAJICHTHOH CXEME HC 3KBUBA-
JIEHTHBl COOTBETCTBYOUIHM BbIBOJaM peajlbHOro Tpchq]opmaTopa 34 HCK-
JIIDYCHHEM l'leBH'-IHOﬁ OﬁMOTKH, K KDTDpOﬁ OCYILIECTBAAETCHA NPHBEIACHHE.
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lnaea 1

PaccmoTpum B KauecTBe NpHMepa Cayuad ¢ M3MeHEHHeM HalpaBJeHHs
HAMOTKH BTOPOH 00MOTKHM TpaHchopMatopa (cm. puc. 1.2). Pacnosnoxenue

Havana i KoHlla 0OMOTKH B 3TOM Clyvae, KaK BHIHO H3 pHC. I. 10, a, OKa3blBa-
€TCH NPOTHBOIOJOXKHBIM TOMY, YTO [NOKa3aHo Ha pHC. 1.2.

[osropum npeo6pasosanus (1.6)—(1.11), (1.15) :

€'y = Uy + Niy;

B)
Puc. 1.10

d
€y = "W, a(q’ - D)

- Wz(_(bsz);

Iy

dd
€ =~ Wig——;

dt’

d

i ; i
_ 2 2 2 2
MNie€e = Mgl —— | + NiaLse rri ey + NyaUy.
RIETY t"”iz"
[MocnegeMy ypaBHEHHIO COOTBETCTBYET ()PArMEHT [IPHBEJEHHOH IKBUBA-
JAedTHOH cxembl puc. 1.10, 6, U3 KOTOPOro HATMIAAHO BHAHO, YTO M3MEHEHHe
HAMPABJIEHHS HAMOTKH HHKAK He MOBJHSIO0 HA PACIIOJN0XKEHHE MTPHBEIEHHOTO
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§ 1.5. @opmynsi dns onpedeneHus koaghghuyuerma mpaHcgopmayuu

Hauana H'gp U KOHLA K'g, H3MEHHIUCh JIMIIb NOJ0XKHTebHble HANpPaBIeHus i'y
W U'9. BaKHO OTMETHTD [IPH 3TOM, YTO TOK i'y = i, /N, , NOMEHSIB CBOE HATIPAB-
aenue, soiiner B (1.17) yxe co 3nakom munyc.

§ 1.5. ®opmynbl gna onpegeneHna Koadbuumenta
TpaHchopmaumm

[Tonstre Kos(duurenta TpaHchOPMaLMU Ny, KaK SACHO M3 BbILIEH3JIO-
JKeHHOr0, HrpaeT BaXKHYIO poJib B TeopdH N-00MoTOUHOrO Tpanchopmaropa.
Onpenensiemsiii hopmy.ioi (1.13), oi BXOAHT B (hyHIAMEHTAJIbHOE COOTHOLIIE-
nue (1.14), oTkyna MoxeT ObITb ONpPEfe/eH KAK OTHOLIEHHE MEHOBEHHOLX
3Hatenull TpPancOPMATOPHLIX 3.1.C. € U ey

Ny = —- (1.34)

Ecan 1o yeJIoBHAM 3aiauM peasbHbiil TpaHCOPMATOp MOKHO 3aMEHHT
uneabHuM (MIeaqH3HPOBaHHLIM), TO Ny, MOXKET GLITb OTpeeeH no Gopmy-
e, suTekalowei us (1.27):

Ny = — (1.35)

Dopmyan (1.13), (1.34), (1.35) urpaior BaxmHylo poJib NPU TeOpeTHUE-
CKOM aHa/u3e, OJIHAKO Heyl0GHbI LIS IPAKTHUECKOro ONpe/ieJenust Koa(du-
uMenta Tpancopmauuu rotosoro tpanchopmaropa. Ha npakruke, cuutas
TpanchopMaTOp HAeaIH3UPOBaHHEIM, KO3 (OULMEHT TPaHCHOPMALMH OTIpelie-
JASOT 110 (hopmy.re:

nlk g_, (1‘36)

rae Uy, Uy — neficTBylollye 3HaueHHs! MePBUYHOr0 W k-ro BTopu4HOro Ha-
NPsIKEHHH, JIerKo H3MepsieMble BOJIbTMETPOM.
Pagenctso (1.36) siBasercs NpUBJIHKEHHHIM B CHITY TPHHSATOTO JOMYIIe-
Husl. TouHOe paBeHCTBO MMeeT MecTo /s JeHcTBYIoIWKMX 3Hadenui £, E; co-
OTBETCTBYIOLIHX TPaHC(HOPMATOPHBIX 3.1.C. €| H €y

N, =—- (1.37)

Jlokasxkem cripaBenausocts pasencrsa (1.37).
Bgenem o6osnauenue
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lnaea 1

™ 1
Ny =—
E,
M TIOKaXKeM, 4To Ny, onpenensembiii popmynoi (1.34), ects 10 e camoe,
4T M N ).
JlefictBylonee snayenve F neproayuveckol HeCHHYCOMIANbHOH (DYHKLIHH
i(t) ¢ nepuonom T, KaK U3BECTHO, OTIPENESIETCS M0 (HOPMYIe:

(1.38)

B coorserctsuu ¢ (1.38) u (1.14) noayuum:

e i
— | e¥dt — | (n,e,)?dt
T'£ 1 ) T'l lk™k

= Niks

4TO U TPe6GOBANIOCH J0KA3ATE.

CrpasemyuBocts pasenctsa (1.37) BbITeKaeT Takke U3 CJeNyIOLUeH Teo-
PeMBl O JEHCTBYIOWEM 3HAYeHHH (YHKLHH, KOTOPOH MBI B JalbHeiduem Gy-
ZIeM TI0JIb30BATHCSL.

Teopema 1. Ecau nse nepuoguueckue pynxuuu Iy (t) v f (1) ¢ neprogom
T cBsizanbl MexXay co60il COOTHOIIEHHEM

mf, (J[) = ﬂ[2 (t)v

rae m W N — NOCTOSIHHbIE KOI(M(QHLIMEHTE, TO TAKHM 7K€ COOTHOLIEHHEM CBS-
3aHbl M UX JeHcTBylomue 3Hauenus Fy u Fo:
mF, =nF,.

JlokasaTesbCcTBO JAHHOM TeOPEME! He BbI3bIBaeT TPYLHOCTEH W MOTOMY
3llecb He MPHBOLUTCS.

Jlnsi upeanbHoro gByxoBmoTouHoro TpaHchopmatopa Kos(QQHUHEHT
tpanchopmannu, kak caenyer us (1.28), Moxker 6bTh onpesieien 1o Gopmye:

T (1.39)

|

B coorsercrsuH ¢ Teopemoii | o nelicTByloleM 3HaueHHH QYHKUHH cpa-
BellJIMBa Takxe (opmy.a:
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§ 1.6. «Bumku Ha eonbm»

I
N =5 (1.40)
1
rie Ij, Iy — meficTBylolye 3Ha4eHHs! NEPBHYHONO U BTOPHYHOIO TOKOB.
§ 1.6. «BUTKMN Ha BONbT»
WUs dopmya (1.9) tpanchopmaropibix 3.4.c. cieyer, uTo

€ €y en

W, Wy Wy

HJIM C y4eToM TeopeMbl | o JeHcTBYloLIeM 3HaueHHH (YHKLHH

E,_E _  _Ey

C]'I]JaBEIL.I[H Bbl TaKMXe paBeHCTBa:

Wl w? WN
WMo W VN (1.41)
E, E, E 0

IJle BeJIMYMHA W HOCHT Ha3BaHHe BUMKO8 HA BOAbM.
Jlnst wpeansnoro (Mgeanu3upoBaHHOTO) TpaHC(HOPMATOPa PaBEHCTBA
(1.41) nepenumyTca B BHzE:
wl w? WN

= = ,.. = = W,. (1‘42)
U, U, Uy

WUs pasencrs (1.42) caenyer, uto, 3Has wg M JAEHCTBYIOLIME 3HAYEHHS
MePBHYHOr0 M BTOPHUHBIX HAMpPSDKEHHH, MOXHO JIErKO ONpefesHTh YHCIO
BHTKOB JII000H M3 0OMOTOK:

w, =woU, ,rmek=1,2, ., N. (1.43)

§ 1.7. Cea3b HANPSXXEHHOCTU MarHUTHOrO Nons
B cCepAeYHUKe C HaMarHM4MBaKLWMM TOKOM

,[[J]ﬂ BbIABJEHHA CBSI3H HAlIPAXMEHHOCTH MariuTHOrO NoJist B CEPAEYHHKE C
HaMarHH4HBalHM TOKOM BOCIOJIb3yeMCH 3aKOHOM IIOJIHOTO TOKa “I, co-
[JaCHO KOTOPOMY UHMDPKYJ/SIUMHA BEKTOPA HalpPHAMEHHOCTH MArHMTHOIO I10J15
BI0JIb 3aMKHYTOI'0O KOHTypa paBHa anreﬁpamecmﬁ CyMMe TOKOB, OXBaThbIBae-
MBIX 3THM KOHTYDOM. an 3TOM, €CJIH HallpaBJeHHe obxona KOHTYpa, COBIla-
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lnaea 1

Jalolilee ¢ HalpapieHHeM HanpsiKkeHHoeTH (MoToKa), CBSI3aHO ¢ NOJIOKUTE b
HBIM HamnpaB/eHHeM TOKa IPaBHJIOM [1PaBOXOIOBOro BHHTA, TO 3TOT TOK Oe-
peTcs co 3HAKOM « [LJI0C», B IPOTHBHOM C/IyUae — €O 3HAKOM «MHHYC».

C yuerom dopmyiibl (1.2) ¥ BhGpaHHBIX Ha pHC. 1.2 MOM0XKHTENbHBIX Ha-
NpaBJeHHH TOKOB B 0OMOTKaX W HAaNpS’KEHHOCTH B cepliedHHKe 3aKOH MOJHO-
ro ToKa AJsl KOHTYpa, COBMNAJAIOLIEro CO CpPefHed CHIOBOM MarHUTHOH JIH-
HHeH, 3aNulleTcs B BUIE:

HI_, =Wl ~Wals—in =Wl (*)

[peo6pasyem (*), nonsaysics dopmyaamu (1.13), (1.17):

w w i
e . e - s = N - s . 2 i s N i .
Hl, =wi, - —=i, = ... ——igyf=w}i, -—=—-...-—|=wii

- -
y Wy Wy ! Ny Nin

HTaK, 3dKOH IOJHOro TOKa, 3anucannbi 1 N-o6MoTounoro Tpanctpop-
MaTopa, NPHBOOHT K PAaBEHCTBY:

HI, = w,i,. (1.44)

®opmyab: (1.1) u (1.44) no3BOJASIOT CeNaTh BLIBOJ O TOM, YTO 3aBHCH-
mocth B(H), xapakrepusyiomas cepieunuk Tpancqopmaropa, B IpyTHX ejiu-
HHLAX H3MepeHHs: noBTopseT 3asucumocts P(i), HasuiBaemyo sebep-am-
nepnoii xapaxmepucmuxoi. 3HaHHe ee T03BOJAET HAUTH HHLAYKTHBHOCTD
HamarduuuBanus tpancdopmaropa L, (cm. § 2.4).

Paccyxnas ananoruaneiM o6pasom, Ho umest B uay (1.4), moxem noay-
YMThH 3aMKCh 33KOHA TOJIHOTO TOKA W /s TPaHC(hOPMATopa C HEMarHHTHEIM
3330POM B CEPEUHHKE:

HI+HI, =w,i,, (1.45)

OTKY/la BHJIHO, 4TO [IPH IPOYMX PABHBIX YCJIOBHSX HAMarHUYMBAIOLIMH TOK Y
Tpancdopmaropa ¢ 3azopom Oosblle, HeM y TpaHchopmaropa Ge3 3azopa.
Ha nmpakrtuke 3Ta pasnuua MoxeT ObITb IOBOJBHO CYUIECTBEHHOH, TaK Kak
00BIYHO

H.l, >>HI (1.46)
(cm. § 2.2).
C yueroMm nocJjensero od6cToATebcTEa paseHcTso (1.45) npumer BUL:
H1 =w,i,. (1.47)
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§1.8. TpexgbasHbili N-obmomoyHbIl mpaHcgopmamop

§1.8. TpexdasHbiit N-oOMOTOUHLIN TpaHcdopmaTop.
MpueeneHHas 3KBUBAJIEHTHAs CXeMa 3aMeLLeHus

B rpexdasnom N-o6moTounom TpancdopmaTope MarHMTHbIH OTOK B Kax-
JIOM M3 Tpex CTep:KHeH cepliedHHKa CO3IaeTcsl He TOJbKO TOKaMH 0OMOTOK,
PACIOJIOKEHHBIX Ha JaHHOM CTepXKHe, HO M TOK4MH 0GMOTOK, PacloJoKeH-
HBIX Ha [BYX APYTHX CTEPXKHSX, [OCKOJIBKY CTEepXKHH MMeIOT Mexny coboH
MarHHTHYIO CBf3b.

Ho kak u nas opnodasnoro N-o6morodHoro TpancgopMaTtopa, HMEHHO pe-
3yJIbTHDPYIOLIKH [I0TOK, 2 He €ro COCTABJISIIOIIHE HI'PAET [JIABHYIO POJIb, TAK KaK
TOJIBKO C €0 M3MeHeHHeM CBH3aHO CyLeCcTBOBaHHe TPaHC(HOpPMAaTOPHbIX 3.1.C.

Ykasannoe 06cTOATENLCTBO MO3BOJSET KaxKaylo ¢asy rpexdasnoro N-
00MOTOUHOr0 TpaHcOPMATOpa paccMaTpUBaTh KaK OTIeJbHBIH 0JHO(a3-
Hpit N-06MOTO4YHBIH TpaHcpopMaTop H, CJeloBaTelbHO, BCe BbIKJIAIKH,
NpUBeJeHHble Bhillle A/ ogHO(MA3HOro TpaHChOpMAaTopa, CYMTATh B PABHOH
CTeleHd [IPUMeHMMbIMH 118t J110060H u3 (a3 rTpexidasHoro TpaHchopmaropa,
narnpumep cucremy ypasHenui (1.15), U3 KoTopoil BhTEKaeT npHBeieHHas
skBuBajeHTHas cxeMa puc. 1.4. Takux cxem (ha3) B cocrase npuBeneHHOH
K MepBHYHOH 0OMOTKe 3IKBH-

Ba/leHTHOH cxeMbl Tpexdas- ey ™ Tay
noro N-o6MoTOUHOrO TpaHc- i T_m:»—!:_}%ﬁ
thopmaropa Oyner TpH, B 00- AL Ly Ls; 2 lap

luem - ciyuae  HAKaK - He W*i i ® @
COE[MHEHHBIX ~ MeX1y CoboH  y,, & Ui AN
(puc. 1.11). Ha puc. 1.11 wun- l (ORI

nekcamH  «A», «B» 1 «C» 060- @

3HaveHa MpPHHAIeXKHOCTh Be-
JUMHH K TOM WM HHOH (ase
TpaHcopmaropa. Besnuuunsl,
He MMelolllie 3THX WHJEKCOB,
MoJpa3yMeBaloTcsl  OAMHAKO-
BLIMH [UIsl Bcex Tpex (as.

Opnako ¢aswl TpaHcdop-
MaTopa BCerja COejMHeHbl 110
Kako-1ubo u3 cxem (3Bes-
Jla—3Be3/1a, TPeyroJbHUK—
TpeyroJbHHK U T. 1.). B To xe +|c“ U
BpeMsl Ha coefuHeHHe (a3 B Uc1l ()e = Uk

@

IPUBEJEHHOH 3KBHBAJEHTHOH
cxeme Ha puc. 1.11 naknagsl-
BaeTCd ONpelesieHHoe OrpaHy- Puc. 1.11

23



lnaea 1

YeHHe, CBSI3aHHOE C HaJWYMeM B Hel rajbBaHUYeCKOH CBSI3H NepPBHYHOH H
BTOpHUHOH cTopoH. [Tpoananusupyem 3TOT BONpoc Ha NpHMepe Tpex(haszHoro
IBYyx006MOTOUHOrO TpaHcdop-
maropa Ha puc. 1.12 co cxe-
MOH coeluHeHHs (a3 3Bes-
Jla—TPeyTroJbHHK.

[lpuBenennasi sKBHBaleH-
THasl cXeMa Takoro Tpancdop-
Maropa SBJSETCH YacTHLbIM
caydaeM 0Olled IKBHBAJIEHT- Puc. 1.19
HOH cxeMmbl Ha puc. l.11 u
CrpaBelJiiBa NpH JiioGoM criocobe coenunenus das odmorok. Ha puc. 1.13
OHa BblleNleHa WTPHXOBOH JIHHHEH.

Bxonuble 3a:KHMBl B NPHBEIEHHOH IKBHBAJIEHTHOH CXeMe COeNHHSIOTCS
TakKe KakK M (hasbl epBHUHOM 00MOTKHM, Y€ro HeJslb3sl Cpasy CKas3aTb O BbIXO/-
HbIX 32)KMMaxX B CHJY HX HEeIKBHBaJleHTHOCTH COOTBETCTBYIOLIMM 3a)KMMaM
(has peasbHOro TpaHcopMaropa.

Jlnst BrOpH4HOH OOMOTKHM, COeIHHEHHOH TPeyTOJbHMKOM, CIpaBellHBa
CJIeyIOIIasi CHCTEMa YPaBHEHHH:

iA1 UA1
e

( Upg = Uppos

T Up = Upe,

% Ues = Ugps, (1.48)
0 ipce =lpp g,

Doy Ty Ty,

J( ice =lge ~ip-

Cootserctsyiomas cucteme (1.48) npusenennas cuctemMa ypaBHeHME
(cm. § 1.2) nosyuaercst nowIeHHBIM YMHOXKEHHEM IEPBBIX TPEX YPaBHEHHH H J1e-
JEHHEM TOCAENYIOWMX Tpex ypasHenuid cucrembl (1.48) na kosdduument
TpancdopMannHy Nyg. C yueToM NpHHSTOrO criocoba 0603HadeHHs TIPHBENeHHBIX
BeJM4MH [IPUBelleHHas CUCTeMa YPaBHEeHHH 3alHLIeTcCs ClelyIoWHM 06pasoM:

] e |
Wpg = Upps,
' s wan
Upy = Wpeo s
v v
Wy e
2 caz
’ (1.49)

5 . G
Paco = 1has " lcos
=N =1

S _.'
Lpao =1lpge "lags

—= O O == O =—

-1 o 1
Tepr =lee 7 lpe-
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§ 1.9. Cymmupyrowjul (esiqumarowiuli) mpaHcghopmamop

[Ipusenennoii cucreme ypasuenuid (1.49) orseuaer cxema coeauHeHHit
BbIXOHBIX 3a’KHMOB NPHBENEHHOH IKBHBaJIeHTHOH CXeMbl, KaK M0Ka3aHo Ha
puc. 1.13. M3 puc. 1.13 Buano, uTO OHA NOBTOpPSIET CXeMy COeHHEHHH (a3
BTOPHUYHOH 06MOTKH pealbHOro TpaHchopmaTopa.

B pesynbrare Mbl NpHILIKM K TOMY, 4TO BhIXOAHble 3akumbl A2', B2', C2'
0Ka3a/lHCh HAKOPOTKO 3aMKHYTEIMH MeXNy co00i. DT0 03HauaeT paBeHCTBO
HYJII0 BCeX BBIXO[HLIX HaMpsuKeHWi B peasbHoM TpaHcopmarope, 4ero B
JeHCTBHTEJNLHOCTH HET.

T Y .
¥ L L i Faca

Al = 81 s2 ry Ao —— )
; A2
o bew it e

Hapyuenuii SKBHBANEHTHOCTH N03BOJAET H30eXKaTb NPOCTOE OrpaHHue-
HHe, HaK/aJIbilBaeMoe Ha coelliHeHHe (a3 B NPUBEIEHHOH 3KBHBAleHTHOH
¢XeMe: HeJlb3sl OfHOBDEMEHHO COEAHHATL BXOAHLIE H BLIXOMHLIE 3a)KHMBL [10
THIY coenniienus a3 B peasbiom Tpancdopmatope. Takoe coenunenwe
MOJKHO CHIeJ1aTh JTUOO [JIst BXOAHBIX, JTMOO [/ BHIXOJAHBIX 38’KHMOB NIPHBEJIeH-
HOH 9KBHBAJEHTHOH CXEMBI.

§ 1.9. Cymmupyrowmii (BeiumTtaowmin) tpaicdopmarop

Paccemorpum Tpancdopmarop, B KOTOPOM KaxIasi 06MOTKAa pacroJioxeHa
Ha OT[eIbHOM CTepKHe CJIOXKHOrO pPa3BeTBJIeHHOr0 MarHHTONPOBOAA
(puc. 1.14). [MokaxeM, 4TO HaNpPsIKEHHE Uy, CHHMAEMOE C €r0 BBLIXOAHOH 00-
MOTKH, SIBJISIETCS! «B3BELIEHHOH» CYMMOH (PasHOCTbIO) He3aBHCHMBIX IIepeMeH-
HbIX HaNpsKeHHH g, Uy, ..., Uy, [0]aBaeMbIX Ha M ero BXOAHLIX 00MOTOK.

[onaras tpancopmarop uueannauposannbim (cm. § 1.3), Ha ocHoBanuu
3aKOHa 3JIeKTPOMarHuTHOH uuaykuuu (1.5), 3anucannoro fist HaNPsKEHUH Uy,
Ug, ..., Uy, (2 HE 1151 3.4.C., 33 CUET YEro OMyCKAETCs 3HAK «<MHHYC»), OJIYIHM:
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lnaea 1

o, o, A

U, =W, — Uy =Wy —=, ..., U, =W L (1.50)
dt dt " "dt
rae wi, Wy, ..., Wy, — 4HCJIa BUTKOB BXOQHBIX 0OMOTOK;
Dy, Dy, ..., P, — NOTOKH, NPOHUIBLIBAIOLIHE BXOAHLIE OOMOTKH.
AmnanornuHoe paBeHCTBO HMEET MECTO M /IS BBIXOZHOH 0OMOTKH:
dd
Uy = W— (1.51)
?? dt
i iz im i

U Dy,
g— PP o— N

q}1 :Dz ? ¢m ¢):

F—5 ,T_': P—5 d %

Puc. I.14

,[[a.ﬂee Ha OCHOBaHHH IMMPHHLUHIIA HETIPEPBIBHOCTH MaroHTHOr0O NMOTOKa (I-}‘I
3aKoH Kupxro(a st MarHuTHBIX Lenei) MoXKeM 3aIucaTh:
O; =D, + P, + ... +D . (1.52)

Wcnoasays (1.52) u (1.50), ocymectsum B pasenctse (1.51) caenyouire
npeoﬁpasonamm:

=W =W —(d) + D, ...+ D)=, :
dt ' [ \
[ } w ( o, w [ dcbm]
= — W, + —) v, — =
W, | w, \ o dt A dt /
:r'I1U1 +"lz“2 +"'+nmum! (1‘53)

rge N, = w/w, — koabhuuHenT TpancdopPMaLUK OT BLIXOIHOH 0OMOTKH K k-
i Bxoxnoi oomotke (k =1, 2, ..., m).
[lpu n, =1

UEZZU“ (1.54)
=1
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§ 1.9. Cymmupyrowui (esrqumarowjuli) mpaHcgopmamop

T.e. UMeeT MecTo «uucToe» (6e3 BecoBbiX KO3DMHUHEHTOB) CYMMUPOBaHUe.
[Tpu n, = n = const

uz:nZuk, (1.55)
=i

YTO 03HAYAET CYMMHPOBAHHE BXOJHBIX HATIPIKEHHH U TPAHCHOPMALIHIO CYM-
MapHOTO CHIHAJIA.

HMamenus nanpasiende HaMOTKH B KakoH-1ub6o k- BXogHOH 00MOTKe,
MOKHO OMEHATb 3HaK (Ha OTPHIATENbHEIH) IPH COOTBETCTBYIOLIEM BXOIHOM
HAMPSKEHUM 11, ¢ KOTOpbiM oHO BxoguT B cymmy (1.53) (wmu B (1.54),
(1.55)), u OCYIIECTBUTL TAKHM 0ODPA30M OMEPAIIHIO BEIYUTAHMS.

WUtak, npasoMouHOCTL HCMOJb30Banusl Tpanchopmatopa Ha puc. 1.14 B
KauyecTBe CYMMHpYIOLIEro (BbMHTAIONIEr0) JOKa3aHa.

Addexr cymmuposanus (BerurTanus) MOXKET GbITh NOJYYEH TAKKE B CHC-
Teme, He TPeBYIOIel MPUMeHeHHS CelMalbHOr0 MATHHTONPOROJIA, @ PACCUH-
TAHHOMN HA HCTIOJNB30BAHKE IIHPOKOPACTIPOCTPAHEHHBIX KOJBLEBBIX CEPJIETHH-
kos (puc. 1.15).

B Takom TpaHcdopmaTope Kaxias BXolHas 0OMOTKAa HaMaThlBaeTcs Ha
CBO# KOJIbLEBOU CepleYHHK, KOTOPhIE 3aTeM HAKJaAblBAIOTCA APYT Ha IpYra,
Kak nokasano na puc. 1.15, u yke noBepx HamaThbiBaeTCs BBIXOAHAs 0OMOTKA
(M 06MOTKH, €CIM UX HECKOJILKO).

CooTHoleHHS, ONHCHIBAIOLIHe Tpancdopmatop Ha puc. 1.15, B Tounocts
nosTopsioT cootHouenus (1.50)—(1.55).
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naea 2
®dopmMynbl TpaHCcPOPMATOPHLIX 3.4.C.
PacueT yncna BUTKOB 0OMOTOK

§ 2.1. OnpeneneHue GopmMbl NOTOKA B cepeYyHUKe
TpaHcdopmaTopa

B reopernueckux pacuerax TpaHcOPMaTOPOB 3a4ACTYIO IPHXOAHTCS pe-
WaTh 3a7a4y 110 ONpele/eHHI0 MarHMTHOIO I0TOKA B cepledHHKe KakK (yHK-
LUHH BpeMeHH, 4YTO M03BOJIAET IS KaI0ro KOHKPeTHOro C/ydas BLISIBISTH
CBSI3b aMILIMTYbL J11000H U3 TPaHC(HOPMATOPHBIX 3./.C. C MAKCHMAJIbHLIM 3Ha-
YeHHeM MarHWTHOH WHAYKUHH (dopmysisl TpaHCHOPMATOPHBIX 3.1.C.) M Ha
9TOH OCHOBEE MOJIy4aTh pacdeTHble (OPMYJIb! IS HACJIA BHTKOB 0OMOTOK.

Hcexonnolt npeinoculIKo# I 3TOr0 CJAYXKHT PaBeHCTBO:

e, (1) = —wk%t’,kz 12 N, 2.1)

ABJISIOLIEECS COKpallenHoi hopmoil sanucu pasencts (1.9). 3akon namene-
nust e (t) cumraercs sagannsiv. Takum 06pasoM, 3a1aua CBOIMTCS K OTHICKa-
HHIO 11epB006Pa3Hoi QyHKIKH e (t) ¢ yueTOM 3ajaHHbIX HAaYaJIbHbIX YCJAOBHH
M MO2KeT GEITb pellleHa ¢ IIOMOLIBIO Heolpele/leHHOr0 HIIH OIpe/leleHHOro HH-
Terpana.

Hcnoab3oBanne HeonpeleNeHHOr0 HHTerpala NPHUBOIHT K CJeLyIOLIeH

thopmye:
B(t) = = [e, (t)dt + C, (2.9)
wk

rae C — npou3BoJIbHAS IOCTOSHHAS, ONPEeNseMas H3 HAUaJbHEIX YCAOBHH.
[Mounentoe wHTerpupoBanue pasenctsa (2.1) B npenenax ot tg 10 t npu-
BOOHT K (POPMYJie MarHHTHOIO NMOTOKA Uepe3 onpeleseHHbIH HHTerpal:

B(1) = (t,) - L e, (0t 23)
w

k

rie @(tg) — 3HAYEHHe MATHHTHOTO MOTOKA B HEKOTOPBIH (DHKCHPOBAHHbIN
(HauanbHbI) MOMEHT BpemeHH 1.

Dopmyna (2.3) ssasietcs npakrTHueckd Gosee yaoOHOH, uem opmysia
(2.2), v no3TOMY HCHOAB3YETCH BO BCEX MOCJAEAYIOLIMX PACYETAX.

IlopaBast cHrHaJ e Ha BXOJ HHTErpaTopa, MOXKHO MOJYUHTb 3aBUCHMOCTh
®(t) 3KCIEPHMEHTANBHO C MOYHOCMbIO G0 NPOUSBOALHOU NOCMOAHHOIL.
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§ 2.2. lNpouecck! nepemazHuyUBaHus cepdevyHuka

Paccmorpum stor Bonpoc Goslee nofpo6HO Ha NPUMEpe HHTErpaTopa Ha olle-
paunonHoM ycuaurede (puc. 2.1), 415 KOTOPOTo CBSI3b MEXKAY BXOIHBIM H Bbi-
XOIHBLIM HalpsKeHHAMH HMeeT BHI:

l t
u,, () =u, (1) - — [u, (Ddt (2.4)
’ RCJU
Mycrb u, (t) = —e, (t) = w, %:t) Torpna
i & dd(1)
o ) Sl ()= —dt=
BLIX Bux ~ 0 RC t_[ k dt
=, (1) = o5 [(1) - D(t,)]
RC
Bxoasias B noJy4eHHoe COOTHO- g
LIeHHe  HeM3BeCcTHas  BeJHYHHA .
D(tp)!, x coxanenuio, He 1no3BosITET ——2
YCTaHOBHTb OJHO3HAYHYIO CBSI3b I10- ¢_|% BB 5
Toka d(t) ¢ BrIXOAHEIM HanpsKeHHeM i ”
MHTErpaTopa Ug,,(t). Takosas cBsizb i i = l el
MMeeT MECTO JHIb ISl UX TepeMeH-
HEIX COCTABJSIOLIMX: Puc. 2.1
RC
®_(t) = -——u,, (1), (2.5)
Wy
WM, TIepexofis OT NMOTOKa K MHAYKIIHH,
& B0 (2.6)
w,S

§ 2.2. NMpouecckl nepemMmarHM4MBaHng cepaevyHmka

Cepreunukn tpancdopmaTopos, ucrnoabsyembix B MB3I1, usrorasausa-
I0TCS U3 PA3JHYHBIX MATHHTOMSITKMX MATePHAJIOB, TAKHX KaK (heppHTHl, aMmop-
(Hble MarHMTHBIE CILIABbl, NMEPMaJlIOH, 3JeKTPOTeXHHUYeCKHe CTald H Jp.,
JJIsT KOTOPBIX XapaKTepPHO HANHYHE THCTePe3HCHBIX CBOHCTB, NPOSABISIOLIHX-
csl B TOM, YTO UX Bebep-amnepHble XapaKTepHCTHKH UMeloT GopMy passiHiHo-

! 3nauenue u,,,(t) Moxer 6biTh 3a1aH0 pasHbM () HaXKaTHEM KHOMKH S.
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ro poza netens (uukios). Bun netsiu onpenensercs: cCBOHCTBAMU MarHUTHOTO
marepuana u cxemoid MB3Il. B Goabwuncrse ciydaes nepemariiyuuBaHHe
POHCXOJHT [0 TAK Ha3LIBAEMBIM CUMMEMPUUHOMY, NPEDENLHOMY CUMMEM-
PUHHOMY, HOCMHOMY W ApedeibHOMY YACMHOMY TTHKIAM.

O61MM 1/151 NepBbIX IBYX UHKJIOB (puc. 2.2, a) sBasieTcsi HAAK4He CHM-
METPHH OTHOCHTEJBHO Hadajia KOOpAHHAT:

B(H) = -B(-H), (2.7)
HJIH
Dli,) = —Pb(-i,). (2.8)

Cummerpuunbid uvka (ma pue. 2.2, a 3awrpuxoBan) B npesele
(Bimax — Bs) mepexomut B npeaesibHbli CHMMETPHUHBIN LMK, 3a FPaHHIb KO-
TOPOro y3Ke NPHHLHNHAILHO Heb3s BLATH. ClleICTBHEM 3TOTO ABJSETCHA CO-
OTHOILIEHHE MeXXy MaKCHMAaJbHbIM 3HaUeHHeM HHIYKIHH B, . B cepreunuke
¥ MHIYKUHeH Hacblllenus By

Bmax(Hmax) SBS(HS)‘ (29)

Cummerpust (2.7), (2.8) npusomnut K Tomy, uTo B criekTpe noroka @ (uu-
nykuuu B) orcyTcTByer noctosiinasi coctasasiomas. JeficTBrTeNbHO, B 06-
meMm cayuae notok @ MOXHO TpelCcTaBUTL KakK cyMMy roctosiioil Mg u me-
pemeHHOH P _ COCTABAAIOLIKX:

O=], +D_
WK ¢ y4eTOM (DYHKLHOHAJBHEIX CBSI3el
D(i,) =D, (,) +D_(,),
D(-i,) = Py (-i,) + D _(-i,).
Pagenctso (2.8) B aTOM ciyuae npUMeT BHIL
D,(,) + P_(i,) = -@y(-i,) - P_(-i,),
OTKY[a, pasielsisi IOCTOSIHHbIE H [TepeMeHHble COCTABJSIIOIIHE, TTIOJY THM:
D) = -P,(-i,),
D_()=-D_(-i).

OueruaHoO, NEPBOE PABEHCTEO MOJYUEHHOH CHCTEMB! BEINOJNHAETCH TOJNLKO
npu ®g = 0, yrto ¥ TpedoBaNIOCh 10KA3ATE.
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§ 2.2. lNpouecck! nepemazHuyuBaHus cepdeyHuka

Humz 0 Hign Hyaxe Hs H

a) 8)
Puc. 2.2

Oco6eHHOCTBIO TIPEIebHOT0 YaCTHOTO HKIa (puc. 2.2, 6) sBJaseTcs 1oJ-
HOe CoBTalleHHe KPHBOH pasMarHWuYHBaHHs!, N0 KOTOpOil HIeT yMeHblleHHe
MHIYKUKMH B, ¢ COOTBETCTBYIOIIMM y4acTKOM Ipele/bHOr0 CHMMEeTPHYHOTO
UMKJIa, [IPHYeM MHHHUMaJbHOE 3Ha4eHHe HWHIYKLUWH MOXeT OblTh KaK OoJiblle
(Biin1), T2k u menbie (B;2) BeMumuiel octatounoil HHAYKIMK B,

HemasioBaxkHo# neTanblo B Npolecce repeMardd4uBaHus sIBIseTcs Tak-
XKe TO, 4TO NepBoHaYaabHoe HAMarHWYMBaHHe NOJHOCTBIO Pa3MarHHYeHHOT0
ceppeunnka (B = 0, H = 0) npoucxoaut 1o KpuBoii nepBoHaYaibLHOrO HaMar-
nuuusanus OA (oHa e — OCHOBHAsi KDUBAs HAMATHHUHBAHUSA), SABJSIONIEH-
€5l FeOMETPHYECKHM MECTOM BEpLIHH CHMMETPHYHBIX LHKJIOB.

B oTHowennn yactHoro uukia (na puc. 2.2, 6 3aIITPUXOBAH) MOXHO CKa-
3aTh caepyloiee. Bo-nepshix, Touka O ¢ koopaunaramu (Hg; By), onpenedns-
IOLIAsT LEHTP TOrO LHKJIA, BCETA JIEXKHT HA OCHOBHOH KPHBOH HaMarHH1HBa-
HHSl, TIPHYEeM ee CTapaloTcs pacrnoJaraTh Ha Haubojee JIMHEHHOM y4acTKe
OCHOBHOW KPHBOH HamarHuuusanus. [lo ananoruy ¢ TepMUHOJIOrKEH, NPHHS-
TOH B TEOPHH TPAH3UCTOPHBIX KACKAIOB, OyAeM Ha3bIBATH JaHHYIO TOUKY pa-
boueil moukoil. Bo-Bropbix, pasmax uuHIykuuu AB, onpenensiomMi pasmep
MeTJH THCTEPe3Hnca, Kak MPaBHJI0, OTHOCHTENBHO HEBEJIHK H COCTaBJsieT
(0,1..0,3) Bs.

Dopmy neTesb THCTEPE3IUCA C TOYHOCTBIO 10 HX [IPOK3BOJLHOIO MOJIOXKe-
HHSI B COOTBETCTBYIOLLIEH CHCTEMe KOOpPIMHAT MOXKKHO Hab/I0aTh Ha IKpaie
ocuntorpada, nogaegas Ha BXog X CHTHAJ € JAaTYMK3 HaMarHHYHBAIOLIETO

! Ha puc. 2.2 nanpapieHue NpoLeccoB MepeMardHuUBaHUs [0KA3aHO CTPesKa-
MH. HAMarHHYHBaHHA — CTPEIKOH BBEPX, pa3MarHHYHBaHHA — CTPEJIKOH
BHH3.
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TOKa, a Ha BX0J Y — CHI'HAI ¢ BEIXOJA HHTErpaTopa, BX0J KOTOPOro NOLKIIO-
YeH K OIHOH W3 06MOTOK Tpanchopmaropa (cm. § 2.1).

CpaBHHTeNbHOE PEACTaBICHHE O CBOMCTBAX MATHUTHBIX MaTePHAIOB, HC-
nosb3yemblx B Tpancopmaropax B3I, naer npunoxenue [11, B koTopom
pUBeIeHbl 0CHOBHBIE (PH3HYECKHE NapaMeTph! 15l YeThlpeX IPyIN MarHuT-
HBIX MaTepHason: GpeppHTOB, aMOPQHBIX MATHHTHLIX CTJIABOB, NEPMA/IOEE H
3J€KTPOTEXHHUeCKHX cTaned. [lpH npoBeieHHH HHMKEHEPHBEIX pacueToB
TpancopMaTopoB, OMHMO 1apaMeTpOB, NPUBeNeHHbIX B NpuaoxenuH [11,
HeoOXOAHMO TaKXKe paclogaraTb HOMEHKJIATYPOH THIIOPA3MEpOB CepleqHu-
koB. CBegenus 0 HaubGoJee pACIPOCTPAHEHHEIX THIIOPA3MEPAX CEpPLeUHHKOBR
npuBesleHbl B npuaokeHuu [15.

Bepuemcs rerepb K paree 00CY»KIaBLIeMyCsl BOIPOCY O 3alUCH 3aKOHA
MOJIHOTO TOKa AAs TpanchopMaTopa ¢ HEMArHHTHLIM 3330DOM B CepleqHHKe
(§ 1.7), c Tem uT0o6bI, PYKOBOACTBYSICH NPHBEIEHHEIMH IAHHBIMU [0 CBOHCT-
BaM MarHUTHBIX MaTepHalloB, I10Ka3aTh CHPaBefIMBOCTL COOTHOIUEHHH
(1.46), (1.47).

Jonycrum, nmeem ceprednuk tHna K45 - 28 - 12 u3 deppura mapku
2000HMI c Boamymnsim 3a3opom | mM. Jlna panHoro THnopasmepa cepreu-
HHKa

I=1,-1,=115-1=114 mm>>1,,
4TO JaeT HaM [1paBo He y4YMTbIBaTh 3(dexT BhMyuuBanus. [Ipennonoxum,
4TO IlepeMarHHuHBaHHe cepleuHHKa [IPOHCXOLUT 110 CHMMEeTPHYHOMY LHKIY
¢ napamerpamu By, = 0,244 To, Hya = 80 A/ (em. ta6n. T11.1). Ouesun-
HO, B CHJIY NPUHATLIX fonyleHuid B . = Bonax. g naxoxnenus H,p,. Boc-
MOJIb3yeMCS CBSI3bIO MEXKIY MHIYKUMeH M HanpsKeHHOCTbI0 MarHUTHOrO MO-
sl B BO3LYIIHOH cpefe:

e, =% H,, (2.10)

re g = 47 - 1077 I'n/M — MaruurHasi oCTOSHHAS.
Ha ocnosanuu (2.10) nonyuanm:
e 0,244

_ amax _ . 3
Ho: = —=194-10 Afwm.
oLy 4110
Tenepy cranoBuTCcs fICHBIM, TOYeMy [axke TNpd HeOOJbLIOM 3a30pe
H,l, >> HI, a umenHo 3a cueT odeHb G0JbIIOH BeMHUHHB Hyp,y. DTHM XKe

00CTOATENBCTBOM 06YCJIOBJ]EI[3 H 34alHuChk 3aK0OHAa IOJHOI'O TOKa B BHOe
(1.47).
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§2.3. HeeoamoxHocme nepedayu nocmosHHOU cocmaensarouwel HanpsxeHus

8§ 2.3. O60oCcHOBaHUE HEBO3MOXHOCTU Nepenayumn yepes
TpaHchopmaTop NOCTOAHHONW COCTaBNAIOLLE HAaNPSXXeHUs

Awnanuaupys pasenctso (1.14), Ha nepBblil B3NIAL MOXKET M0Ka3aThCH,
4T0 TpaHcdopmarop 06sanaeT cnocoOGHOCTBIO MPONMYCKATh MOCTOSHHYIO CO-
craBasiolyio HanpspKenust. OnHaKo B IeHCTBHTENBHOCTH 3TO He TaK, B YeM
MOXKHO YOeIHTLCS, BLIMHCJAMB cpenHee 3Hadenwe Egp TpancdopmartopHoi
3.4.C. e

Hanomuum, uto B obuem caydae cpefHee sHadeHHe Fg nepropnuecko#
¢dyukumnu {(t) ¢ nepuopom T onpesensercs no dopmy.e:

F, = lT]f(t)dt. (2.11)

Torga ¢ yuerom (2.1) moayuum:
1t 1 4D W,
E, = T."ekdt =—[(-w,)—dt= —T[CD(T) - ®(0)]

0

B ycranoBuBlieMcsi pexxume MoToK P sBisieTcs NepHOIHYECKOH (yHK-
nuei ¢ nepuoyom T, 0 4em, KCTaTH, CBHIETENLCTBYIOT paccMoTpeHHbe B § 2.2
nmpolecchl NepeMarHHYUBaHKs ceplevHHKa, HauHHaloLIKHecs U 3aKaH4yMBalo-
LHecs B OJHOH H TOH ke TouKe BeGep-aMIepHOH XapaKTepPHCTHKH. DTO 03Ha-
yaet, uro ®(0) = D(T), a creposarensho, u Eg, = 0.

§ 2.4. PacyeT MHAYKTUBHOCTU HAMarHM4YMBaHUS
TpaHcdhopmartopa

Ha ocrosanuu paceMoTpennbix B § 2.2 npoieccos nepeMariHauBaHust MO-
ryT GbITh MOJYYeHbl pacueTHble (GOPMYJbl sl OTpPeeSeHUus] HHIYKTHBHOCTH
HaMarHuuMBanus Tpancopmaropa L, (em. uexomnyio dopmyay (1.18)). s
3TOTO HEOOXOAMMO TIPEXKIE BCErO MPOM3BECTH JIHHEAPH3ALMIO PeasbHbiX Xa-
PAKTEPHCTHK MepeMarH|uKBaHus, 3aMeHHB HX TPSIMOH, NPOXOAsllel Yepes
KpaiHHe TOUKH MeTJIH THCTEPE3HCA C MAKCHMATBHBIM H MUHHUMAJIbHBIM 3HAUE-
nusamu unaykinn (nanpsokennoctd) (toukn A u B (By; By) na puc. 2.2).
Ecau atoro ne cnenats, 1o L, okaswiBaeTcsi Heya06HON [1Js UCMOJIL30BAHMS
BEJIMUMHO, OYIyYH HENUHEHHOH U HeONHO3HAYHON (DYHKIMEH HAMATHUYHBA-
I0IIEr0 TOKA.

O6patumcs BHauane K Tpanchopmatopy 6e3 3asopa. [lis Hero pasencTso
(1.18) ¢ yuerom (1.1) u (1.44) moxKeT GbITb IPe0OPA3OBAHO K BUIY:
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L,
Sl
. S
HJITH L. = ow, —, (2.12)
L,
1 dB
rae L= ———— (2.13)
z, dH

oTHocHTeNbHAs MU depeHIManbHasi MarHUTHAsi IPOHHIIAeMOCTh MaTepHalna
cepredHHKa.

3nauenue npoussoanoi dB/dH, a cienoBatenbio, u « MoKeT GbITh Haii-
[IeHO TI0 JIHHEeapH30BAHHLIM XaPaKTePHUCTHKAM TNepeMarHHYHBaHHUS.

Tak, B caydae nepeMarHd¥MBaHHs [0 CHMMETPHYHOMY  LHKIY
(cm. puc. 2.2, a)

dB B

o “max. (2.14)
dH =

max

B cayuae nepemMarHMuMBaHMsi 10 [PENEJbHOMY HYacTHOMY LMKJIY
(cm. puc. 2.2, 6)

@ — Bmax B Bmiu ! (2‘15)
dH =u_,_ -n

max min

[1pu sToMm uarie 1pyrux BeTpedaercs UHK, Y Kotoporo By, =B, Hypin =0
U, CJIeI0BaTeNbHO,
dB B,.-B
= O T — (2.16)
dH H o

max

rae «, — HMIYJbCHAS OTHOCHTEJLHAs MarHHTHAS NPOHHLAEMOCTL — Mapa-
MeTp, HHOIIA NPUBOAMMEIH B crpasounukax (cm. I11).
Jluneapusauus yactuoro uukaa (na puc. 2.2, 6 3alWTPUXOBAH) 1103BOJSET
BEIpasuth npoussoanyio dB/dH caenyiommm o6pasom:
dB AB
— = (2.16a)
dH An
rae AB u AH — paamax MHIYKUHH M HaNpspKeHHOCTH MarHHTHOTO MO B
cepliedHHKe, ONpele/sioMid pa3mMep MeT/d rHcTepe3nca.
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§ 2.5. Nomepu e cepdeyHuke

Teneps nepefizeM K TpaHc(OPMATOPY € 3230pOM, TO-TIPeXKHEMY MoJaras
I, << L. B atom cayuyae dopmyna (1.18) ¢ yuerom (1.1) u (1.45) npusout K
clellylolIeMy pesyJbTary:

[ dBS) | _w!S  dB

= = W, = 1 .
lel+HJQJ U gH+2an,
Cow, 1

Bripaxas nuddepenumansl dH u dH, uepes nuddepenunan dB = dB,, na
ocrosanuu dopmya (2.13) u (2.10) moxkem sanucaTh:

L - wis dB
: | dB I, dB
-+ 2
o oot I x,
2 S
T L, = €%, W T (2.17)
rae o« = b (2.18)
o,
_+_
o 1

s(peKTHBHAS MarHHTHAS MPOHHLAEMOCTb.

Kak caenyer us (2.18), Lyp BCEMAA MEHbLUE * M CTAHOBHTCS PaBHOH e
AU npu 1, = 0. Do 3nauuT, 4TO BBeleHHe B cepledyHHK TpaHchopmaTopa
HEMarHHTHOTIO 3330Pa BbI3bIBAET yMeHblleHHe HHIYKTHBHOCTH HaMarHH4uMuBa-

Husl, elle Gojiee OTAANASA €ro OT MAEANLHOrO TPaHC(hOPMATOpPa, Y KOTOPOro
L, — =

Hannuwe y tpancdopmatopa HHIYKTHBHOCTH HAMATHHYHBAHHSA He O3B0~
JsleT HAMATHHUMBAIOIIEMY TOKY H3MEHsThCsl ckaukoobpasno (1-if 3akon kom-
MyTaluu), U60 B MPOTHBHOM CJIydae €, — *°, uTo (PU3HIECKH HEBO3MOKHO.
CuieoBatelbHO, CO30aHHE 3aMKHYTOTO KOHTYPA /15l IPOTEKaHHs HAMATHHIH-
BAIOLIETO TOKA SBJISETCS HElIPeMeHHBIM YCI0BHEM N1pel0TBPAaILeH sl ONAaCHBIX

nepeHanpsKeHHH B CXeMax, coleprKallux TpaHchopMarop.

§ 2.5. MNoTepu B cepaeyHuke

Huxxe nokazano, 4to FHCTEPESHUC B LEJIOM HABJAETCH HEXKeJJlaTeJbHBIM 51B-
JEHHEM, TAK KaK CONpPOBOXAaeTCs AKTHBHLIMH IIOTEDPAMH B CepAeYHHKE.

Hatipnem AKTHBHYIO MOLIHOCTL BeTBH HaMarHH4YHBaHHA po:[ Tpaucqbopma-
TOpa be3 3430pa. [To OIpeaeqeHHI0 3TO eCTb CpefHee 3a Mepuoa T snauenue
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MIHOBEHHOH MOLIHOCTH P, = —e|i,. Torna na ocuosanuu (2.11), (1.9), (1.44),
(1.1) moxxem 3anucathb:

. N . u
P,. :LIpxdt: - elixdtzij ,@ Pt =
TS T TS ' dt ow,
T B(T)
= fSl_p[H@dt =iSl., [HdB,
dt !
[i] B(0)
roe f = L yacToTa
=5 ,
HEpr}I]IO JOKa34aTh, 4TO
B(T)
j HdB =1,

B(D)

rie [1 — nmaowans obJacTH, orpalmqe[mof{ netaei FHCTepesuca (H.}]H [IpoCTO
[Jjaomanb l'le’[‘J[H)A ,[[J'[ﬂ 3TOTO HOCTATOUHO HCKOMBIH HHTerpadl pasﬁm‘b Ha IBa
HHTerpaJia, COOTBETCTBYIOUHKX Yy4aCTKaM HaMariH4HMBaHWH M pa3MariH4HBa-
HHA (CMA pHC. 22), H BOCIOJIb30BAaTbCHA reOMeTpHYECKHM CMBICJIOM Ollpene-
JEHHOT0 HHTerpadJa. HPEHOCTQBHQQM HHTATeJJI0 NpoJeaaTek 3TO CaMOCTOATe-
JIBHO.

YuurniBas BLILIEH3JI0KEHHOE, MMOJYYHM:

P,. =S, (2.19)

Dopmyna (2.19) nossossieT caenaTh BHBOL O TOM, YTO B CepevHUKE
TpaHcopmaropa, 006/1afaloMeM THCTePe3UCHBIMH CBOHCTBAMH, HeH3GexHO
JI0JDKHA BBIIEJSITbCS aKTHBHAS MOLIHOCTb, pacxofyeMasl Ha ero pasorpes H
3aBHCSIIIAsT OT YACTOThI, FeOMETPHUECKHX Pa3MepoB CeplevHHKa H MarHHT-
HBIX CBOHCTB MarepHa/a cepleyHHKa.

B npunoxennu [12 nokasano, uro pisa cepliedHuka 1060 CTaHLapTHOH
KOH(HrypaunH oGbeMoM V. W [IOLIAAbI0 NOMEePeuHOro cedeHHs: S. HMeerT
MeCTO PaBeHCTBO:

V. =S, (2.20)

Torna, BEOIS BeJHUHHY, YCIOBHO HA3BIBAEMYIO KOIPOUULEHMOM 3AN0A-
Herus cepdeunuxa cmanwio (MM POCTO KO3IMOULMEHTOM 3aII0JHEHUS Cep-
JIEUHHKA):

k = (2.21)
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§ 2.5. Nomepu e cepdeyHuke

bopmyay (2.19) mMoxiHo nepenucats B BUIE:
P, =k V.o (2.22)

Bennunna k. oTHOCHTCA K paspsaay ClPaBOYHBIX BEJIHUHH U I JIEHTOU-
HBlX (T1acTHHYATBIX) CepleYHHKOB pHBonnTes B Tabu. [13.1. s dheppuTtos
k.= 1. B mo6owm cayyae 151 OpHEHTHPOBOYHBIX PACYETOB OOLIMHO NPUHHMA-
ot k.= 1.

Jlnst xapakTepHCTHKH MarepHana cepledHHKa yI06HO M0Jb30BaThCs Yie-
JIBHOH MOLLHOCTBIO [10TEPb

p
P, , = =k,fn, (2.23)
\

C

KOTOPAs HE 33aBUCHT OT FeOMETPHH CepPIeuHHKa, a ONPeleNfeTcs UL YacTo-
TOH W MJIOLEMbIo ety rucTepesuca (k. = 1).

Buisicuum, BJAMSET M HeMarHMTHBIH 3a30p Ha BEJIHYHHY NOTEPb B cepaed-
Huke. Jlns aT0ro HalileM akTHBHYIO MOLIHOCTL BETBM HamarHuuuBauus Py,
TpancdopmaTopa ¢ 3azopom npu I, << L.

Ha ocnosanuu (2.11), (1.9), (1.45), (1.3) moxewm 3anucats:

1 1.
Py, = TI[pxd‘[ =- T_.l;ellxdt =

23 dt =
dt w

1+ ddH +H.|
AT
0

1
" .
:ISII@HdHfSI j@H dt.

§ dt sdt

HuTerpan B nepsoM cllaraeMoM 0 10Ka3aHHOMY BbIllle eCTb IJIOIIab MeT-
JIM THCTEpe3uca, CaMo XKe cllaraeMoe TOYTH B TOUHOCTH paBHO Py, Tak Kak
L=, (on. (2.19)).

JUist HAXOXKAEHUSE HHTErPAJIa BO BTOPOM claraemMoM socnodbayemes (2.10)
u yurem, yro B = B

T B(1) B(T) g | BT
@Hadtszdezj. Bag-L1B _o
o dt B(0) B(0) “ o “o 2y

Tak Kak B ycranosusuiemcs pexume B(T) = B(0).
Wrak, BBeJleHHe MAJIOro HEMarHHTHOTO 3230pa B CepAeuHHK TpaHchopMma-
TOpA NPAKTHYECKH HE BJMSET HA BEJMYHHY [OTEPL B HEM.
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Ilnst uamepenust Py, MoXeT GuITh HCTIONb30BAHA YCTAHOBKA, GyHKIHOHA-
JIbHas cXeMa KOTopo# u3o6paxena Ha puc. 2.3, rae TV — tpancdhopmarop ¢
HecaenyeMelM cepreunnkoM, TA — tpancdopmatop Toka, A — anasnorosuiii
nepemuoxkurenb, PHY — duabrp HU3KHX YacToT, V — BOJILTMETD MOCTOSH-
HOTO HanpsiKeHHs.

B ocHOBY nocTpoeHus YCTaHOBKH MOJIOXKEHa clenyiouas Gopmyna:

P,

1 I
P ="%_-__ [uidt (2.24)
Oy, VET-([ b

Otrnesblibie MaTeMaTHiecKhe onepaiuu, hurypupyiomme s (2.24) (ymio-
JKeHHe, HHTErPUPOBAHKE ), PEATH3YIOTCS C OMOIIBIO COOTBETCTBYIONINX 3Be-
HbeB HYHKUMOHABHOI cxembl (ananorosbii nepemuoxurens, @®HY). Tpanc-
tdopmarop Toka TA ucnonb3yercst B KauecTBe NaTYMKA HAMarHHUKBAIOLIETrO
TOKA ig.

A

KXY u U miix
3 | oHY (V)
Puc. 2.3

Haiinem Py, Kak dyHKIMIO MOKa3aHHE BOJILTMETPA Ugyy.
Cuurast, 4uTo TpaHcOPMATOP TOKA 110 CBOMM CBOHCTBAM NPUOIMMKAETCS K
ueanbHoMy, Ha ocHosanuu (1.28), (1.13) mMoxeM sanucars:

i, = wi, (2.25)

re W — YHCI0 BUTKOB BTOpHUHOH 06moTkH TA (nepsuunas o6morka TA co-
CTOWT M3 OJIHOrO BHTKA).
Ha conporusnennu R 1ok i npeoGpasyercs B HanpskeHHe

(BXO,[[]IbIMH TOKaMH aHaJloOlrOBOT0 MEPEMHOKHTEJIS HPEHEGDEI‘EIEM),
AnanoroBbii [NePpEMHOMHTE/L OCYLLECTBJISAET OIepalHio:

u=Ku uy, (2.27)

rae K — koadduuuenT ycuaeHus.
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§ 2.5. lNomepu 8 cepdeyHuke

OHY BblaeJisieT IMOCTOSAHHYIO COCTAaBJAHIOLLYIO [NOJaBaeMOro Ha Hero Ha-
[IpAKEeHHA:

uD.LiX

i
= — [udt (2.28)
7]

Pewas cosmecrno (2.24)—(2.28) u yuurnisas (1.27), nonyuum:

e n = e, (2.29)
KRV,
rie Nig = wi/wy — koaddunment tpanchopmauun TV.
[Tokasanusi BoJIbTMETPA MOIYT ObITh B TOYHOCTH PaBHbI YAJbHOH MOLLIHO-
CTH M10TEPh B CEePAEYHHKE, €CJH HCII0/Ib30BaTh MaclITab b ycuauTeas (Ha
cXeMe He 10Ka3aH) ¢ Ko3(hhHIHeHToM nepenady

M= (2.30)
KRV

{

Bepuewmca k popmyae (2.23). Ona umeeT 60JbLIYIO TEOPETHUECKYIO LEH-
HOCTb, TaK KaK OMpeflefisieT B 0011eM BH/IE, OT Yero 3aBHCST yleJbHble IOTEPH
B ceplleuHHKe, U N103BOJIsIeT [IPOH3BOIUTD CPABHUTENBHYIO OLEHKY 10TePb st
PasHLIX PeKHUMOB IepeMarHHYHBaHHs ceplevHHKa. Tak, Ha OCHOBaHHH 3TOH
(hopMyJibl MOXKHO YTBEDXKIATb, UTO NepeMarHHuHBaHHe cepledHHKa 110 CHM-
MeTpruHOMy Lukay (puc. 2.2, a) conpoBoXKAaeTes GOJNBLIMME TOTEPSMH, YeM
nepeMarHW4YMBaHKe TOTO JKe CceplledHHKa N0 4acTHoMy uukay (puc. 2.2, 6),
MOCKOJIbKY TUIOLLA/lb CHMMeTPUUHOTO LIMKJA GoJiblle TIOWAAH YaCTHOTO LIHK-
Ja (1py ofHOM W TOH e BeJHYHHE MAKCHMaJIbHOH HHIYKUHH B, ).

Opnnako wuenosbsoBanue (opmynst (2.23) aas npakTHYeCKHX pacueToB
He NpelCcTaBlsieTcss BO3MOXKHBIM M0 MOHSITHBIM Npu4HHaAM. Jlisi mpakrTuue-
CKHMX pacyeroB HeoOXOIMMO MO0Jb30BaThCH CJIeNyIolleld SMIUpHUecKoH (op-
myaoit [8]: ' '

i % B |

P, =P | | Dmm 2.30
»=SNE ) AB_T {280

max()

rae Py, — MouHoCTh, paccenBaeMast B eIMHHLE MacChl cepiednuka, Br /kr;
fop=1 kl'u v By = 1 Tn — 6a3oBble 3HaueHHs 1aCTOTHl H HHAYKLIHH;
d U B — Ko3(h(PHUHEHTEL.

Bemuunnsl Py, a u B asasioTes cnpaBouyHBIME H NPHBELEHL B NPHIOXKE-
Huu [14.
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lnaea 2

®opmyana (2.30a) noseosseT cLenaTe BEIBOJ O TOM, YTO C POCTOM YaCTOTH
[ pactyr morepu B cepleuHHKe, H eHHCTBEHHEIM CIIOCOOOM IPel0TBPATHTDL
HX YBeJIM4eHHe ABJfAeTCS CHHXKeHHe MaKCHMasbHOH HHAYKUMH Bp,.. YBenu-
4eHHe MOTepPb B CepleyHHKe C POCTOM HacTOTbl SBJASETCH CAePKHBAIOLIHM
(hakTOpOM MpPH CTPeMJIeHHH MOBLICHTb Pabo4ylo HacTOTy H Ha 3TOH OCHOBe
YMeHbLIKTE rabapuTsl Tpancgopmaropa. ONHAKO B HEKOTOPLIX CAyHasX MOXK-
HO CO3HaTe/bHO MOHTH Ha CyllecTBeHHOe MOBbllleHHe padouyeld 4acTOThI Iy-
TeM TAKOI'0 XKe CYLIeCTBeHHOro CHHXKeHHS MaKCHMaJbHOW HHIYKUHH, HO 6e3
3aMeTHOTO BLIMIphILIA B rabaputax Tpancqopmaropa. Takoe pelenue Moxer
6biTb PUMEHEeHOo, HalpHMep, B CJydae, ecld M3 cooOpaKeHHH 3/leKTpomMar-
HHTHOH COBMECTHMOCTH Lesiecoo0pasio pabouyio 4acToTy Tpanchopmaropa
BLIHECTH 3a Ipejie/ibl YaCTOTHOTO [JHalasoHa IIHTaeMoro yCTPOHCTEA.

§ 2.6. TpaHchopmarop OAHOTAKTHOIO NPAMOXo40BOro
npeobpasosatens. Popmyna TpaHchopmaTopHoOn 3.4.C.

B ynpouennom BHAe cxeMa 0AHOTAKTHOTO MPAMOXOLOBOr0 NnpeobpasoBa-
tenst (KouBepTOpa) MOXKeT GhITh NpeACTaBliena, Kak MoKasaHo Ha puc. 2.4, a.
Ha sroM pucyHKe ynpasJ/isieMbld K104 S 0CYLLECTBIIseT IePHOLUYECKOe [0/
KJII0YeHHe HCTOUHHKA BXOIHOTO MOCTOSHHOrO Hanpskenus Uy, K mepBHUHON
odmoTke Tpancgopmaropa TV. Ha aTane 3aMKHYTOTO COCTOSIHHS KJII04a [1PO-
HCXOIHT HaMarHH4YHBaHHe ceplednnKa TpancopMaTopa, CONpOBOKAAIOIIEe-
¢l yBeNMUEHHEM HAMATHUUMBAIONIEro ToKa. [IpH pasMbiKanuu Kiioua HaMar-
HHYMBAIOUIMH TOK, JOCTHIIMH K 3TOMY MOMEHTY CBOEro MakCHMaJbHOro 3Ha-
YeHHSl, 3aMbIKAETCS uYepe3 ClelMalbHyl0 Lenb pasMmardduuBands (na
puc. 2.4, a we N0KazaHa) ¥ HaYMHAET YMeHbIIATHCS. [IPH 3TOM NPOMCXOAHT
cMeHa NoJISPHOCTH HalpsiZKeHHs U Ha NepBUYHON 06MoTKe TpaHnchopMaTopa
¥ ONHOBPEMEeHHO HAUMHAETCS pasMarHuuxBanude ceppeunuka. Hanuumwe uenu
pasMarHHMMBaHuUs OrpaHHYMBaeT CKOPOCTL Claia HaMarHHYKBAIOLIero ToKa H
MPensiTCTBYET NOABJEHHIO ONAacHbIX epenanpsixkennd b cxeme. Popma u; Ha
ITane pasMariM4HBaHHS MOKeT OblThb Pa3/HYHOH B 3aBUCHMOCTH OT THIA
MPAMeHEeHHOH pa3MarHHYMBAIOLIed LIeNH, HO B JIOOOM cJiydae BpeMs, OTBe-
JIeHHOE [/ Pa3MarHHUHBaHKS CePAEUHHKA, 3a13€TCs L0CTATOUHEIM IS TOTO,
4TOObl B KOHIlE pasMarHHudBanusi HAMarHHYUBAIOLMH TOK JOCTHI HYJIEBOI0O
3HAYEHU .

Bee 370 06yc/I0BAHBAST X0/ IPOLECEa EPEMATHHYHBAHKA CEPAEUHHKA 10
npelebHOMY YacTHOMY UMKy (puc. 2.2, 6).

Oco0eHHOCTbIO OQHOTAKTHOIO NPSMOXOL0BOrO NpeobpasoBarels sBJseT-
€ TO, UTO Nepefiaua Hepruy U3 MHTAIOLIEH CeTH B HATPY3KY OCYLIECTBJISAeT-
csl Ha 3Talre 3aMKHYTOTO COCTOSHHS KJio4a S.

40



§2.6. TpaHcghopmamop oGHomMaxkmHoz2o npsmMoxodosozo npeobpasosamens

S TV
Uaxl u1l u, ——%
. F
g— ——3 5 Uy
U, LLxl e,( lu’z 3
T z
a) & 6)
Puc. 2.4

3mech ¥ HHXKe BBIBOJ (DOPMYJ TPaHC(HOPMATOPHBIX 3.1.C. TPOU3BOIHTCS
NPUMEHHTENLHO K HIEaIU3UPOBalHoi Mojean Tpanchopmatopa (em. § 1.3).
B sToM ciyuae cxeme 0LHOTAKTHOrO npeobpasoBatens Ha puc. 2.4, a coot-
BETCTBYET SKBHBaNeHTHAasi cXeMa Ha puc. 2.4, 6.

Usmenenne marnurnoro noroka @ o spemenu na unrepsade [0; t,] sam-
KHYTOr0 COCTOSIHHSA Kiioua S, koraa ey = —U,,, MoxeT ObITb HakleHo Ha
ocxosanuu (opmyant (2.3), B KOTOPO# HEOGXOIUMO YHECTb, YTO B HAYAJbHbIE
MOMeHT BpemenH tp = 0

@(0) =P, =B,S. (2.31)

r

Tor,na NMOJyHYHM!:

t
B(t) = D(0) + - [Undt=a, + Uuy (2.32)
Wb

w,

Takum 06pa30M, Ha HHTepBaJie 3aMKHYTOro COCTOAHHS KJ/l0Ya MMOTOK D
HapacTaer Mo .ﬂ[/l]IEI‘/I]I[OMy 3aKOHY, nocTHUras npH t= tﬂ CBOero MakCHMaJibHO-
ro 3Ha4eHHH

Dd(t,) =D EunS (2.33)

max - max

U3 (2.32) nonyuum:

D =D + Us 0 (2.34)

max r H

Wy

Buipaxkas Uy, uz (2.34) u npunumasn so suumanue (2.31), (2.33), (2.21),
MOy HM:
U, =LwiiSk (B

g = ad; (2.35)
q

max
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naea 2

rie q=t,/T— (2.36)

OTHOCHTE/bHASH IJHTENbHOCTb HMITYJIbCA.
Dopmyana (2.35) ects Gopmysa TpancdopMaTopHoi 3.4.C. ePBHUHON 06-
MOTKH, M03BOJIsliolWasi N0 u3BecTHbM 3HadenusiMm Uy, q, [, Se, ke, Bray Br
ONpefieNsiTh YAC/I0 BUTKOB [ePBUYHON 00MOTKH TpancdopMaTopa. AHanoruy-
Hast GOPMYJia HMeeT MecTo U IJIst aMILTUTy sl U,y Jio6oro k-ro HanpsoxkeHus:

U, = l—wkackc(Bmax -e,), (2.37)
q

B ueM HeTpyaHo ybemutbesi, ecad yuects (1.14). dopmyna (2.37) moxer
ObITb HCIOJB30BAHA [/l PACUETA YHC/IA BHTKOB BTODHUYHBLIX 0OMOTOK, OLHAKO
3TO JIyHLle CAeNaTh, peABapUTelbHO onpeenns U3 (2.35) Beanunny wg BUT-
koB Ha BoabT (cm. §1.6):

w

q
Sl B, 2.38
U, Sk.(B,_ -e) (2:39

_ 1
W, =

BX r
nocJje 4ero

w, =w,U,,. (2.39)

B perysupyemom oIHOTAaKTHOM NPSIMOXOLOBOM NpeofpasoBaTesie ¢ HCHO-
JIb30BAHUEM [IHUPOTHO-UMITYJIbCHOR Monyasimu (IIIMM) q usmensercs B ue-
KOTOPBIX Mpefenax [qmin; Qmaxl- ECTECTBEHHO, 4TO NpU pacueTte uKuCIa BUTKOB
06MOTOK HeoBXoaHMe 6paTh MAKCHMAJbHOE 3HAYEHHE (ax, YTOOBI HCKJIIO-
YUTh HaCbILleHHe CeplevHHKa.

§ 2.7. Tpanchopmarop ABYXTaKTHOro npeobpasosarens.
dopmyna tpaHchopmaTopHoOii 3.4.C.

JlpyxTaKkTHble rnpeofpa3oBaTeld BLIFOJHO OTJIHYAIOTCS OT ONHOTAKTHBIX
TeM, 4TO IepeMarHHYHBaHHe CeplevHHKOB TPaHchOPMATOPOB B HHUX IPOHC-
XOMUT 10 CHMMETPHYHOMY WK TpelelbHOMY CHMMETPHUHOMY IHKITY
(puc. 2.2, @). locturaercst 370 33 CHET KOMMYTALHH BXOAHOTO OCTOSIHHOTO
nanpsikenust Uy, ¢ moMoubio IByX u GoJlee Kioded TakKUM 06pasoM, 4TOGH
obecreyuTb Ha NepBMYHOM 0OMOTKe TpaHc(oOpMaTopa 3HaKolepeMeHHOe
MPSIMOYroJbHOe HaNpsKeHHe U ¢ OIHHAKOBOHM aMILIMTYIOH Kak s HOJO-
JKUTENBHOH, TaK W JIIS OTpHIATeNbHOH noayeoaH, pasuod Ug. [Tpu atom
JUIMTENbHOCTb HMITyJIbca t, B Heperysupyemonm npeoGpasoBaTele ¢ CAMOBO3-
oyxnenuem (8 agroreneparope) cocrasasier T/2, a B peryaupyemom npeot-
pasosaTesie ¢ Hcnoab3oBanvem [IIMM uaMensieTcss B HEKOTOPbIX Npelenax
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§2.7. TpaHcghopmamop deyxmakmHoz0 npeobpasoeamens

[ty min: tu max), TpuueM t, . < T/2. Ha puc. 2.5 nokasana dbopma nanpsike-
HHSl U Ml peryaupyemoro npeodpasosatens. [lis Hero HHKe NPHBOLMTCS
BLIBOJ (DOPMYJIb TpaHChOPMATOPHOH 3.11.C.

Ui
Ui
T/2
0 tH T t
) e
Puc. 2.5
Ha unrepsane [0; t,]u, = —e, = U, . Torna, nonaras s (2.3) tg = 0, mo-
KEeM 3anucarh:
L 7 U
D(t) = P0) + — j U, dt = ®(0) + —=t. (2.40)
w! i) Wl

Pagenctio (2.40) onuchiBaeT npolecc HaMarHMYMBaHUS CepPIEYHHKA, CO-
NPOBOXKAAIOUIMICS JMHEHHBIM HapaCTaHHeM MarHUTHOTO MOTOKA OT MUHMMa-
JabHoro snavenus P(0) no Makcumanbsroro P(t,).

Totr dakT, uTo NepeMarHHuMBaHHe POHCXOMHUT MO CHMMETPHYHOMY LIHK-
Jy, 03HAuaet:

O0) = -,
max 2‘41
Ot,) = L

[loncranoska (2.41) B (2.40) NpUBOIKUT K CJENYIOLIEMY PE3YJBLTATY:

®, = Jmy

max H
2w,

oTKyza, Beipaxas Uy, u npunumas so suumanue (2.33), (2.21) u (2.36), no-
JYUHM:

U, =2wBkB. .. (2.42)
q

dopmyna (2.42) ects Gopmyna TpancdopMaTopHO 3.4.C. EPBHUHON 06-
MOTKH, HasHayeHHe KOTOpo# aHajoruudo (2.35).

13



naea 2

Cpasrenne dopmya (2.35) u (2.42) nossouisieT clienats BLIBOL O TOM, 4TO
YHCJIO0 BHTKOB MIEPBHYHOH 0OMOTKH B OJHOTAKTHOM NPSIMOXOLOBOM Mpeodpa-
30BaTesie I0JKHO GLITE IPHMEpPHO B 4 pasa GoJiblue, 4eM B IBYXTAKTHOM, 4TO
SIBJISETCS CYLLECTBEHHEIM MPEHMYLIECTBOM ABYXTAKTHBIX NpeoGpasoBareliei
HaJl OJHOTAKTHBIMH.

Jlist k-ii 06MOTKH MMeeT MecTo hopmydaa, ananoruunas (2.42):

2
Us = wiIS.k.B

(2.43)

max *

CNpaBeIMBOCTb KOTOpoil ocHosana Ha (1.14).

§ 2.8. TpancdopmaTtop ¢ CUHYyCOMAANbLHLIM BXO4HbIM
Bo3penicTBuemMm. @opmyna tpaHchpopmaTopHon 3.4.C.

CHHYCOHANIBHOE BXOLHOE BO3JEHCTBHE
u, = -e, = U, sinwt (2.44)

HMEeeT MeCTO AJIsi OAHOMA3HBIX W TPex(hasHbiX TpancdopMaTopos, padoTaio-
ux ot npombiuiennoi (50 ) wan Goprosoit (400 ['u) cetn nepemensoro
Toka. [lepemarniumMBanye CepIeUHUKOB B HUX MPOUCXOMUT MO CHMMETPHUHO-
my wukay (puc. 2.2, a) 6e3 3axofa B 06/12CTh HACILEHHS.

JLn1st HAXOXKIEHHS BpeMeHHOH 3aBHCHMOCTH MarHHTHOrO M0TOKA MO-TIPexk-

HeMy Bocrosbsyemcsi gopmyaoit (2.3), nonoxus B Heit tg = 0 1 noxcrasus
(2.44):

t
Dd(t) = D(0) + LjUalsinmtdt =
Wi b

— (0) + 2 (1 - coswt). (2.45)

wW,W

B § 2.2 6bl10 n0Ka3aHo, UTO B Caydae MepeMarHHUMBaHUS 110 CHMMETDHY-
HoMy MKy B crektpe notoka ®(t) oTcyTcTByeT mnocTosiHHas COCTaBJSIO-
wast. Crenosarensio, papenctso (2.45) MoxeT GbITh Mepenucano B BUIE:

D(t) = -D, coswt=D  sin(wt - m/2), (2.46)
rue
(I)max = U3| N (2‘47)
w,W

11



§ 2.9. lNonyeumkoeas obmomka

WUz pasencrsa (2.46) cuenyer, uTo HaMarHWUMBaHWe CeplevHWKa TPaHC-
(hopmMaTopa, CONPOBOMKAIOLIEECs] HAPACTAHHEM MAarHHTHOTO MOTOKa oT —dy ..
10 Dy, MpoHcxoAHT B HHTepBase Bpemend ot 0 1o W/ w, korna u, 2 0. Korza

e u, < 0, MpPOHCXOJHT pasMarnHHiHBaHHe CeplevdHHKa.

Bripaxas uz (2.47) U,; u npunumas so suumanue (2.33), (2.21), a rakxe
10, 4TO

w = 2mi, (2.48)
l'lOJIquM:
U, = 2mw,iS.k.B__ . (2.49)

Dopmyna (2.49) ects Gopmyna TpancdopMaTopHOi 3.1.C. ePBHUHON 06-
MOTKH. AHanoruqnasi Gopmysa umeer MecTo W Al 060K k-ii o6MoTKH:

U, =21mw,ISk.B,,.. (2.50)

Tor thaxt, uto B hopmyaax (2.49), (2.50) dburypupyior aMmIuTy1HbIe 3HA-
YeHus: TpaHcOPMATOPHBIX 3.1.¢. (CHAGKEHHBIE HHIEKCOM «a»), a He JeHCT-
BYIOLIHE, KaK 3TO 0ObIYHO [IPUHATO, HMEET LeJbl0 COXPaHHTb 0OLIHOCTD H3JI0-
wenus. (Hanomuum, uto B opmynax TpaHcqOpMaTopHBIX 3.J1.C. JJISI OJIHO-
TAKTHBIX W JBYXTAKTHBIX 1peoGpasosarenedi  (UIYyPUPYIOT — MMEHHO
aMmMTyAHBIe 3Hadenns). [IpH KesaHWH BCerla MOXKHO OCYLLECTBHTH Tepe-
XOJL OT AMILIMTYAHbIX 3HAYEHUH K JEHCTBYIOUIMM, TIOMHSI COOTHOLLEHHE MeXK-

ny uamn (+/2).

Ecnu peus uger o tpexdasnom tpancopmarope, o nog Uy, Uy B dop-
mysax (2.49), (2.50) ciemyer noHuMath aMIIWTYAbl PasHbix TpaHchopMa-
TOPHBIX 3.1.C.

§ 2.9. NonyBuTKOBaa 0OMOTKa

B npeo6pasosarensix, paboraommx Ha yacrorax 20 kl'u v Beie u npen-
HA3HA4YeHHBIX JJIs1 TUTAHHSI HU3KOBOJIBTHOH POA Ha TpaH3uCTOpax M HHTer-
PasbHBIX CXeMaX, BTOpPHUHble 0OMOTKH TPaHC(OPMaTOPOB, KaK IIPaBHJIO, CO-
JIepKaT Majoe YHCI0 BUTKOB, HCUHeAsieMoe efiHHLIaMH. OcoGeHHO 3TO OTHO-
cuTCsl K IBYXTAKTHbIM Npeo0pa3oBaTessiM, UMCJIO BHTKOB B KOTODBIX, Kak
6bls10 okasano B § 2.7, npumepHo B 4 pasa MeHblle, 4eM B OQHOTAKTHBIX. B
GOJILLIMHCTBE CJIy4aeB YHC/IO BUTKOB BTOPHUYHBIX 0OMOTOK, IOMyHalolleecs B
pesyJibTare pacuera, OKasblBaeTCs He TOJIbKO Mal/biM, HO M HELEJbIM, H ero
MPUXOJUTCS OKPYIJISITh 10 GiusKakiero uesoro yncya. CooTBeTCTBEHHO, BO
CTOJIbKO JKe Pa3 MNPHUXONUTCS YBeIHUMBATh H YMCJIO BHUTKOB NEPBHYHOH 06-
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lnaea 2

MOTKH, XOTSI 110 yCJIOBUSIM HAMArHMYHBAHHS STOTO MOXHO ObLI0 Ol H He Je-
JaTh.

CHTyaLHI0 B 3HAUHTEJbHOH CTENeHH MOXKHO IONPABHTh, €CIH HCIIOJb30-
BaTh TaK Ha3blBaeMylo noAysumxosyo o6MOTKY. PeanusoBaTs Takyio 06MoT-
Ky moxno Ha lll-o6pasHom cepreunnKe, LeHTPAIbHBIA CTEDPXKEHb KOTOPOro
MMeeT BABOe OOJBLIYIO IJIOLIA/b TI0MePeuHOro CeueH!s 10 CPaBHeHHIo ¢ 6o-
KOBbIM.

[TpuHuMn geHCTBHUSA MOJNYBHTKOBOH 06MOTKH HILIIOCTPHpYeT pHc. 2.6, rae
noyBuTKOBast oomoTka MN npencrasisieT co60H 0Tpe30K MPOBOLHHKA, N1PO-
nywenHbii yepes okxo Lll-o6pasnoro cepueunuka (nokasan B cedennn). [log-
BOAsILLME TNPOBOJHMKM MOrYT pacrosaratbess kak caesa (AM, BN), rak u
crpaga (CM, DN) ot nonysuTkosoi oomorky. Ho B JiioGoM ciiydae MarHuT-
Hble [I0TOKH, [POHH3LIBaIOLIME 06pasylouiecs pn 3ToM KoHTypsl (AMNB
CMND co0TBETCTBEHHO), COCTABJSIOT IOJIOBHHY MArHUTHOIO NOTOKA B LIEHT-
PaNbHOM CTepsKHe, 4TO CJeAyeT M3 NPHHLMIA HEeNpepbIBHOCTH MarHMTHOTO
notoka. CoOTBETCTBEHHO, H 3.1.C. €q 5, BO3HUKAIOLUIHE B 3THX KOHTYpaX, TakK-
e paBHBI MOJOBHHE 3.JI.C. OJHOTO BHTKa, HAMOTAHHOrO Ha LEHTPAJbHOM
cTeprKHe, T. €. TOJMy4aeTcs, YTO T0JYBHTKOBasi 0OMOTKA CONEPIKHT Kak Obl
MOJI-BUTKA, YTO H OTPaXKeHO B ee Ha3BaHHH.

OueBHIHO, YTO YHCJ0 BUTKOB BTOPHYHBIX OOMOTOK MOXeT GbITb JIOObIM,
kpatHeiM 0,5, Hanpumep paBHbM 1,5, Kak nokasano Ha puc. 2.7.

A M % i
Se S,
ea.sl S. len,s s
_______ 8
B N D
Puc. 2.6 &
Puc. 2.7

Hcnonb3oBanne noiyBHTKOBLIX 06MOTOK [103BOJISIET B psille CJIy4aeB CIKO-
HOMHTb HEKOTOPOe KOJIH4eCTBO Meld H YMeHbIIHTb raGapuThl Tpancdopmaro-
poB.
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Maea3
dopmynbl raGapuTHOM MOLLHOCTH.
BuiOOp cepaeyHuka

§ 3.1. Onpenenexnua

K uncny ocnosHbix pacderHbix Gopmya Hapsigy ¢ Gopmyniamu Tpancdop-
MaTopHbIX 3.4.c. (cm. ryaBy 2) npuHamexat Takke (GOPMyJisl rabapUTHOM
MOLLHOCTH TpaHchopMaTopa, N03BOSIOLIHe IPOM3BOAUTD BLIOOD cepledHHKa
B COOTBETCTBHH C BeJIHUMHOU eabapumroil MOUWHOCMU, NpelBapHTeJbHO
onpejensieMod W3 OPMYJIbL:

N
P = 0,52 m, U, I, (3.1)
rne m, — uucao has k-it o6motku (k=1, 2, ..., N);
[, — nelicTeylolllee 3navenne ToKa B k-ii 06MOTKe.
Bennuuna
P, =m,U_I, (3.2)

HOCHT Ha3BaHHe pacuemnoﬁ MouLHOCmMuU k-ii obmomki.

§ 3.2. TpaHcdhopmaTop OAHOTAKTHOIO NPAMOX040BOro
npeobpa3oBarena. Popmyna rabapuTHOW MOLLHOCTH

Jlnst pedicTBylouero snavenus Toka Iy B k-1 0GMOTKe MMeeT MecTo PaBeHCTBO:
Lo = iSe, (3.3)

rae j — IJIOTHOCTh TOKAa B 0OMOTKaXx;

S, — nJowank NoNepeuHoro ceueHus nposoaa k- o6MOTKH.

[lnoTHOCTE TOKA NpenonpesenseT neperpes 00MoToK. Besmuuna ee peria-
MEHTHPYETCs CIIPaBOYHbIMH Tabunuamu uin rpaduxamu (puc. [13.2) u opu-
eHTHPOBOUYHO /Il MEIHBIX MPOBONOB cocTasiser 2—3 A/ mmZ. [Ipubauken-
HO | MOJKHO CHHTATh NOCTOSHHOH st Beex N 06MOTOK.

Moncrasasis B (3.1) supaxenus (2.37), (3.3) mas Uy, I u npunumas
my = 1, nomyuum:

N
Pr = 0?5; (‘l/q)wkfsckc(-Bmax - Br)JSk =

N
= (l/Qq)fSckc(B max BI)JZ wkSk‘
=1
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naea 3

Benwuuna
S (3.4)
S, =% w,S 3.4
; KSk

[IpelcTraBp/seTr coB0H YacTh IJIOMALH OKHA Su cepleydHHKa, 3aHdATad HeH30JIH-
POBaHHLIMH NIPOBOAAMH 0OMOTOK M CBSI3aHHas ¢ Su Hepes KOS‘(IJ(IJHL{HBH!H 3da-
NOAHEHUA OKHA cep@e%mca:

ko =S, /S,. (3.5)

Bennuuna k, 3aBHCHT 0T MHOTHX (DaKTOPOB: OT TOJILMHBI H3OJISLMH T1PO-
BOJIA, OT HEIIOTHOCTH HAMOTKH OOMOTOK, OT TOJIIMHBI CTEHOK KapKaca, oT
TOJILLMHBl MEXKOOMOTOYHOH M Me»KC/IoeBOH M3oJasituu W T. A. [lpu pacuerax
anauenue k, 6epetcs U3 cripaounbix rabaui uiu rpadukos (puc. [13.1). Jlas
OPHEHTHPOBOUYHBIX pPacyeToB MOXKHO NMPHHATH Ko = 0,3.

C yuerom (3.5) OKOHUATENLHO MOXKEM 3aMHUCATE:

pr = (1/2q)fk ckl)](B max Br)ScSO' (36)

®opmyaa (3.6) nozsonsier no uzsectuuiM sHauenusm q, I, Ke, Ko, i, Brax
B, onpepenare Besuuuny S S, M Ha 3TOH OCHOBe BLIOMPATbH MOAXOASIIIHH
CTAHIAPTHBIA ceplledHHK TpaHcdopMaTopa ONHOTAKTHOrO [PSIMOXOL0BOr0
npeoGpasoBaTes.

§ 3.3. Tpancdhopmarop ABYXTAKTHOro npeodpasosarens.
Popmyna raGapuTHO MOLLHOCTH

[oacTasssist B 06uLyio Gpopmyny rabaputhoil MotocTH (3.1) Bhipaxenus
(2.43), (3.3) mst Uy, I, v npunumas my, = |, MoXkeM 3anucats:

N
= , [ w H =
l:)r 05;(2/{:1) kfsckcBmax]Sk

N
= (l/q)fsck cB masz wksk‘
=1

Yuuresas (3.4) u (3.5), okoHuaTeIbHO MOJTYUHM:
Pr = (:l/q)fkckUijaxScSl]' (37)

[Tpu BeuMCTeHHK rabapuTHOR MolHOCTH 110 hopmyite (3.7) snauenus ke,
Ko, j ¥ Bnax Oepyrest us npusoxenuit [11, [13. Tlpy stom moxer okasarbes,
4TO JJS1 KAKOTO-TO KOHKPETHOTO ClIyuast JaHHble, 0COGeHHO 10 BelHuHHe K, u
j, orcyrersyioT. Torna Hy»KHO BOCIIO/Ib30BAThCS JAHHBIMH [JISI Caydasi, Haubo-
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§ 3.4. TpaHcghopmamop ¢ cuHycoudanbHbiM 8x00HbIM go30elicmeuem

Jee GIM3KOTO K PacCMaTpUBAeMOMY, WJIH JAHHLIMU [UIS OPHEHTHPOBOUHBIX
PacueToB, NPHBEIEHHbIMH BHILLE.

Cpasuenue dopmya (3.6) u (3.7) nokasnisaer, uto u B rabapurax cepiey-
HHMKa OJHOTAKTHbIN TIPSIMOXOJOBOM N1peo6pa3oBaTellb 3HAUMTEILHO TIPOUTPhI-
BaeT ABYXTAKTHOMY, UTO, ECTECTBEHHO, TAKKE SBJSETCS €r0 HeI0CTATKOM.

§ 3.4. TpaHchopmaTop € CUHYyCcOUaaNbHbIM BXOAHbIM
so3gencTtemem. @opmynsi rabapuTHON MOLLHOCTU NS
onHoda3Horo u TpexdaszHoro BapuMaHToB

§ 3.4.1. OgHodazHbIv TpaHchopmaTop

Moncrasasis B (3.1) soipaxenus (2.50), (3.3) naa Uy, I, u npunumasn so
BHHMaHHe My = |, MOXKeM 3anucars:

N
Pr‘ = O'SZ ankfsckcBmaijk =
=1

N

=TSk B,,jy w,S,.

max ]
k=1

Yuurbisas (3.4) u (3.5), okoHuartebHO MONYUHM:

P =ik k,iB,.S.S,. (3.8)

max

[To-npesknemy snadenus k., kq, j ¥ By, 6epyTest M3 BhIlIeYKa3aHHBIX TTPH-
JIOXKeHUH.

[pu noassosanuu Gopmy.ioi (3.8) HeoOXOAMMO NOMHKTD, YTO H3HAYA/b-
HO B (opmyJly rabaputhoi MowHocTy (3.1) BxogsT ammantynuse (a He gefi-
creyiowpe!) 3HaueHus TPAHCHOPMATOPHBIX 3.4.C.

§ 3.4.2. Tpexda3Hbiit TpaHchopmaTop

Moncrasasiss B (3.1) supaxenus (2.50), (3.3) masn Uy, I u npunumas
my = 3, MOXKeM 3alHCcaTh:

=z

P.=05% 3 2mw,iS kB, _iS, =

r

N
= BHESckcBmaij Wksk‘

OcoBennocteio Tpexdasnoro TpaHcdopmaropa, cobpaHHOro Ha GPOHEBOM
ceplevyHHKe, sIBSeTCs TO, YTO JII000e H3 OKOH cepledHHKa 3aMo/HeHo PoBo-
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naea 3

namu dsyx (a3 secex N 06MOTOK, 1103TOMY B nanHoMm ciydae smecto (3.4)
HY>KHO MCIIO/Ib30BaTh APYroe COOTHOLIeHHE:

N
S, :QZ w,S,. (3.9)
=1

Yuurnisas (3.9) u (3.5), okonuareabno nonyunum:
P = 1,5mk kB, S.S,. (3.10)

Cpasnusasi popmyJsl (3.8) u (3.10), moxeM 3aKII0OUHTH, YTO 3aMeHa OfI-
HO(A3HOro TpaHcdopmaTopa Ha TPex(asHbi ¢ TOH JKe rabapHTHOH MOLIHO-
CTbIO M03BOJISIET YMEHBIIHTDL Npou3Befenre S.S, B 1,5 pasa.

max

§ 3.5. CooTHOLLIEHME pacYeTHbIX MOLLHOCTEe NepBUYHOMn
M BTOPUYHO 0OMOTOK. HacTHble cny4yaun

[Ipeanprmem NONBITKY CBA3aTh pacyeTHbIE MOLIHOCTH [EPBHYHOA W BTO-
puunbix 06MoTok N-06MoTOUHOrO TpaHcdopmaTopa, Kak 3TO ObUIO Ce]aHo
/15t MTHOBEHHBIX MotiHocTel B § 1.3 (eM. hopmyay (1.33)). Hetpymuo nousth,
4TO B 06LIEM BHAE 3TO CeJaTh 3aTPyAHHTELHO, I03TOMY OTPAHHYHMCS pac-
CMOTPEHHEM JIHLIb IBYX YACTHEIX C/Iy4aeB, PEICTaBSIOMX BaXKHbIH 1PAKTH-
ueckuit uutepec. TpancdopmaTop npy 3TOM Gy1EM CUHTATH HAEAIBHLIM.

. IByxo6moTouHnbIil TpaHnchopmaTop

JByx06MOTOUHBIH TPaHCHOPMATOP HMEET NEPBHYHYIO H OAHY BTOPHUHYIO
06MOTKY ¢ pacdeTHbiMu motHocTsaMu (M. gopmyay (3.2))

P=mU_I,u P, =mU _1,,

rae m — 4ucio as oOMOTOK.
Ha ocnosanuu pasencts (1.27), (1.28) u teopembi | o neiictsyioniem 3na-
YeHHH (YHKUHH MOXKEM 3allHCaTB:

Py =mn,U,l,/n, =mU,l, =P,,
OTKYyJa, B CBOIO o4epelb, CJAedyeT:

P, +P
Pp=-1—"2=P =P,
2
Hrak, B nByxobmoTodHOM TpaHC(hOpMAaTOpe pacyeTHble MOLIHOCTH Mep-
BHUYHOH W BTOPHYHOH 0OMOTOK BCerjia paBHbI MeX 1y co00H U paBHEI rabaput-
HOHM MOLIHOCTH TpaHcgopmaropa. Briumcienve rabapuTHOH MOLLHOCTH, Ta-
KHM 06[3330M, CBOIHMTCH K BBIYHCJIEHHIO pacqunoﬁ MOLIHOCTH BTO]JH‘[I]O]:‘I

(nepBUYHOH) 0OMOTKH.
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§3.5. CoomHoweHue pacyemHbix MowHocmel nepauyHolU u emopu4yHol obMomok

2. N-o6moTouHbli TpaHcGOPMATOP ¢ OAHOTHIOHBIMA HATPY3KAMH
3nech HveeTest B Bily TPaHCHOPMATOD, /1St KOTOPOro Beinousietcst yeaosde (1.29).
CHauaJsia OKaXKeM, 4TO B JaHHOM CJyvuae JeHCTBYIOLIHMe 3HA'eHHsI TOKOB
B 06MOTKaX CBfI3aHbl MexJy coO0H paBeHCTBOM, aHAIOTHYHBIM BTOPOMY pa-
BeHcTBY crcTemsl (1.27) mist MrHOBEHHBIX 3HAYEHHH TOKOB.
Jleiicteutensro, noacrasasin (1.29) Bo BTOpoe paBeHCTBO CHCTEME
(1.27), nonyuum:
17 ;%+ﬁ+... + L +...+_3L:
[ N Niz Nim 1M
= a—2+a—3+...+L+...+a—N i
! nl? nlS r1lm rIIN' .
Ilo Teopeme | o feiicTByomeM 3HauennH GYHKIMA MOXKEM 3aIMCaTh:

= a—2+a—“‘+...+L+...+ I |1
M N Nim Nin/

Ik :aklm!

m-*

m?

roe Iy, I, Iy — nmeficTBylomue 3nadeHHs TOKOB iy, iy, ik COOTBETCTBEHHO,
k=23, .., N, orkyna
L. [ |
I, =2+ 2+ .+
Nz N Nin

(3.11)

Teneps HaigeM pacyeTHYI0 MOLLHOCTb NEPBHYHON 0GMOTKH, NOACTABJISS
(3.11) 8 (3.2) u yuurwias (1.14): | '

E . I I

Po=mU_l,=mU,| 2 +—2+... +2|=
Ny Nis MNin'
=m—21, +m—21, + .. +m—21, =
12 13 Nin
mU I, + mU I, + ... + mU I, (3.12)

YTO O3Hal1aeT paBeHCTBO pacqemo}‘i MOLIHOCTH nepnwmoﬁ 00OMOTKH CymMme
pacHeTHBIX MOLLHOCTEH BTOPHYHBIX 00OMOTOK:

P, = ipk (3.13)

Ha ocrnosanuu (3.13) Bbiumcnende rabapuTHON MOLIHOCTH MOMKET MPOU3-
BOIMTHCS M0 BGoJiee nipocTolt dopmyde, Hexenu (3.1):

N
P, =P, :Zp“' (3.14)
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Fnasa 4
TpaHcopmaTop OAHOTAKTHOro 00paTHOXOA40BOrO
npeobpa3oBarens. PacueTt uncna BUTKOB U BbIOOp
cepaevyHuka

§ 4.1. 00w Me 3ameyaHma

OnrotraxTHbIi 06paTHOX010B0#H npeotpasosatens (OOXIT) nawen wupo-
KOe TMpHMEeHeHHe TPH TMOCTPOEHHH MalOMOIIHbIX uMnyabcHbix MBIIT (1o
100 Br), 4T CBSI33HO € €ro 04EBHAHBIMH PEUMYLIECTBAMH [€PE]l OAHOTAKT-
HBIM [IPSIMOXOJLOBHIM NpeoGpasoBaTesieM, a8 HMEHHO:

O MPOCTOTA CHJIOBOH HacTH, He cojepiKallledl CHIIOBOro Lpoccelsi U pas-

MarHuunBaowen uenu';
0 BO3MOXHOCTb CTAOMIH3AIMH HECKOIBKUX BEIXOIHBIX HATIPSIKEHHH ¢ T10-
MOLLBIO OJHOH CHCTEMEl ABTOMATHYECKOTO PEeryJlIHpoBaHusZ.

Bnaropaps ykazanueim npeumyiecrsam OOXII okasuiBaercst ovens yno6-
HBIM 1151 [IOCTPO@HHS MHOTOKAHANBHBIX HCTOYHHKOB aBTOHOMHOTIO ITHTAHHMS,
Hcrnosb3yeMeix B MomHbix umnyabcHsix UBIIT na MII- nan IGBT-tpansu-
cTopax.

IIpouecchl, npoucxo/siike B 00PaTHOXOIOBOM M TPSIMOXOIOBOM OJHOTAK-
THBIX 11peo0pasoBaTelisx, CYLeCTBEHHO OTJIHYAI0TCs APYT OT APYra, BCIENCT-
BHE 4ero pesyJibTaTbl, MOJydeHHble B riaBax 2 M 3 mas TpaHchopmaropa
MPSIMOXOLOBOr0 MpeoGpasoBaTest, He MOTYT ObITb NPHMEHEHbl ISl pacuera
tpancopmaropa OOXII. OcuosueiM orTanunem Tpancdopmartopa OOXII or
TpaHcthopMaTopoB APYrHX THIIOB, PACCMOTPEHHLIX B IVIaBax 2 W 3, siBJsteTcs
pasHeCceHHOCTb BO BPEMEHH MPOLeCCOB Mepelau SHeprHH H3 MHTalollell ce-
TH B TpaHcdopMaTop M U3 TpaHchopMaropa B Harpysky. PakTHuecKH TpaHc-
tdopmartop OOXII paboraer B pemume ABYXOOMOTOYHOrO Hpoccesisi, HaKall-
JWBAIOLIEro SHeprHi0 Ha 3Tale, KOTAa OH NOAKIOUYEH K [THTAIOWEeH CeTH, W
OTJAIOLIero HAKOIMJIEHHYI0 3HePryio B HAarpy3Ky, KOria OH OTKJIOHeH OT CeTH.

Jlnst aHannsa NpoLeccoB B TaKOH cHCTeMe HeOOXOIHMO HCIO0JIb30BATh
SHepreTHYECKHe cOOTHOLeHUs (ypaBHeHHe 3HepreTHuecKoro Gananca).

Creunduunocts Tpancgopmatopa OOXII nposiBisiercs elle U B TOM, 4TO Ie-
peMarHHUMBaHHe CepIeuHHKa B HEM IIPOMCXOJMT 110 yacTHomy uukay (puc. 2.2,

! Mmeercs B BHAY Lelb PA3MATHHUMBAHUS CCPACYHHKA CHJIOBOTO TpaHchopMa-
TOpa, 0 4eM ynoMmHHanoch B §2.6 NpHMCHHTCABLHO K OJHOTAKTHOMY NPAMOXO-
JI0BOMY TpeoOpasoBaTedo.

2 B kauecTBe WIICTPALMH JaHHOTO MOJ0MKEHHS MOXKET CIYXKHTh CXeMa MHOTO-
kananeHoro UBIII, npueenennasn & [9] na c. 49.
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§ 4.2. BHepeus, 3anaceHHas 8 UHOYKmMueHocmu

6, sawrtpuxosanHasi o6nactb). 3anaueii pacuera o
TpanchopmaTopa siBiseTcs: obecredeHne nepemMartiu- F—""
UHBaHHA CepleUHHKAa [0 LHKIY ¢ 3aJaHHbIMH Napa- U
MeTpaMH, a UIMeHHO ¢ TpeGyeMLIM IoJI0KeHHeM pabo- Pue. 4.1

yelt Toukd O 1 Tpedyemoil WMPHHOH LHKIa AB.
[TepeiimeM K CHCTEMATHUECKOMY H3JIOMKEHHIO OCHOB TEOPHH H pacueTa
rpanchopmartopa OOXIL

§ 4.2. 3Heprug, 3anaceHHas B MHOYKTUBHOCTM
Jlns naxoxnenus sneprun Wi, 3anaceHHOH B IHHEHHOH HHIYKTHBHOCTH L
(puc. 4.1), Bocnoabayemest CleNYIOLHMH 00IIEH3BECTHBIMH COOTHOLIEHHSIMH:
dW,
PL= dt =uy
di,
Fs

b (4.1)

u, =L (4.2)

rae p,, U, Wi, — MOLIHOCTb, HANpPSKEHHE H TOK B HHAYKTHBHOCTH.
W3 pasenctsa (4.1) nyrem ero unrerpuposanus B npenenax ot 0 1o t nainem:

t t
AW, = W, (1) = W_(0) = [p dt =[u i, dt.
0 0

C yuerom (4.2) nonyuum:

di

t
AW, = LjiLd—tLdt. (4.3)
0

Jlist naxoxaenust uarerpana & pasenctise (4.3) Bocrnosbayemes Gopmy-
JIOH HHTErpHpPOBaHHA 110 HaCTAM!
i dl . ift) 1 . .
[io==dt=ii[; - [idi, = S[iL@) - i1 (@]
0 dt i(0) 2

OKoHYaTeJJbHO NoJIy4uM:
L
AW, = W, (1) - W, (0) = E[i‘i(t) -i1 (0] (4.4)

Duznueckui CMBICT paBeHCTBa (44) COCTOHT B TOM, YTO NpPH H3MEeHEHHH
TOK4 B JIMHEHHOH HHIAYKTHBHOCTH IIPOHUCXOIHT H3MEHEHHE 3allaceHHOH B HEH
SHEPrHH Ha BeJIHYHHY, onpelendeMylo Ha4aJdbHbIM H KOHEYHBIM 3Ha4YeHHAMH
TOKA.
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lnaea 4

§ 4.3. YpaeHeHue 3HepreTuyeckoro 6anaxca
B O4HOTAKTHOM 0OpaTHOX040BOM Npeobpa3oBarene

[Mpunuun pericrsus OOXII ocHoBan Ha npeiBapUTEbHOM HAKOIJIEHHH
SHEPTHH B WHAYKTHBHOM 3JeMeHTe MPH MOAKIIOUeHHH 3TOr0 3JeMeHTa K He-
TOYHHKY MOCTOSIHHOIO HANpPSXKeHHs W Moc/efylolleM copoce HaKOILIEHHOH
SHEPTHH B HArPY3Ky NPH OTKJIIOYeHHOM HCTOYHHKE MHTaHHMS.

Ynpouennas cxema OOXI] uzobpaxkena na puc. 4.2, BpeMeHHble IHa-
rpaMmbl ero paGotel — Ha puc. 4.3.

Padoraer OOXII caenyoumm obpasom.

Ha unrepsane [0; t,] oTkpuiToro cocrosinust panscropa VT K nepsHyHOM
o6moTke TpaHcopmatopa T npuioxkeno nanpsbkenue uy = U,. Ha sropuu-
HOI 0OMOTKe TOJAPHOCTL HATPSKEHHs Ug TakoBa, 4to muopn VD zakpmr, a
nanpsikenue Uy, Ha HArpyske MoJIepXKHBAeTCs IOCTOSHHBIM TOJIBKO 33 CHeT

Ungs

: VD .

|1v} I“l>ll " R
T J_ "

u, * '1 o U _[c 1,
VT .

Urﬂvﬂ—@ # Uoy
Puc.4.2

paspsana emxoctu C.

[TockousibKy BropudHas 06MOTKa TpaHc(opMaTopa HH Ha 4TO He Harpyxe-
Ha, Tpanchopmarop BereT cebs MogoBHO APOCCEIO ¢ HHAYKTHBHOCTLIO, paB-
HOH MHIYKTHBHOCTH L; nepsuunoii o6moTku. Tok nmepBH4HOH 0OMOTKH iy,
paBHLIH TOKY cToKa Tpanauctopa VT, IMHeldHo HapacTaeT 0T HEKOTOPOTO MH-
HHUMaJIBHOTO 3HAUEHHS iy;, 40 HEKOTOPOTO MAKCHMAJBHOTO 3HAYEHHS 1f.y-
Wunykuus B B cepreunuke Tpancdiopmaropa Takke JIMHEHHO HapacTaeT OT
muHHManbHoro (Bpp,) 10 Makcumanbioro (By,,,) sHadenus.

3a Bpemsi OTKPHITOTO COCTOSIHHS TPAH3UCTOPA 3IHEPrHs, HAKOILIEHHAS B
Tpancdopmarope, nojaydaer npupauienie AW, KOTOpoe B COOTBETCTBHH C

(4.4) cocrasur:
AW = ]_:_zl(ifmax - i%min ) (45)
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§ 4.4. PeaynuposoyHas xapakmepucmuka OOXI1

Uynp

UI'|

Un+ Uy

\
\

I max

B o

BI’I’IGX

Puc. 4.3

[Ipu sanupanuK TPaH3HCTOPA MPOHCXOLHT IEPEMOJIOCOBKA HaNpsxKeHHH
Ha 0OMOTKax TpaHcdopmaTopa, oTkpeiBaercs nuon VD, u ko BTropHuHOH 06-
MOTKe TpaHc(opMaTopa OKasbiBaeTcs NPHJIOMeHHLIM HalpsikKeHHe, NpHOJIH-
3uTesbHO paBHoe Hanpspkenuio U, na narpyske. Cepiednuk tpancgopmaro-
pa Py 3TOM Ha4YHET pa3MarHHYHBaThest (MHAYKUMS JIHHEHHO YMEHBLUAETCH).
HMs6biTok sneprun AW B Tpanciopmarope, 06pasoBaBLIKICS Ha STalle OTKPbI-
TOrO COCTOSIHMSI TPAaH3HCTOpPA, pacxomyercs Ha nonsapsii emxoctd C W Ha
MojiepKaHue HalpsKeHHs Ha Harpyske.

Cuieflyer 3aMeTHTB, 4TO SHEPIHs B HArpysKe pacxojyetcs HerpepbisHo (B
TedeHue Beero neproia T), a nonosiHeHKe 3anaca SHEPrHH MPOHUCXOAHT TOJb-
KO B TeueHHe OTKPbLITOro COCTOAHHSA TpansucTopa. Mexons us storo ypasme-
HHe sHepreTHdeckoro 6anaHca MOXKeT ObITb 3a[MCAHO B CJIENYIOLIEM BHIE:

AW =P, T, (4.6)

rne P, = U,l,, — momnocTs, paccenBaemasi B Harpyske.

§ 4.4. PerynupoBouyHas xapaktepuctuka O0XI

Jlnst naxoxpenust peryanposodHoi xapakrepuctuky OOXII 6ynem ucnosb-
30BaTh TOT (aKT, UTO CPejlHee 3HAUEHHe HANpPsKeHHs] Ha 00MOTKAX TpaHcdop-
MaTopa PaBHO HYJIO WJIH, UTO TO JKe camoe, MJIOLLa/lb [0J0XKHTe bHOH 10J1yBO-
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lnaea 4

JIHBL HAMPSDKeHUs Ha KAaKOH-1M60 M3 0OMOTOK paBHa MJIOLAAH OTPHUATENLHOH
MOJIYBOJIHbBL STOr0 Hanpsikenus. Ha ocHoBaHKM cKa3aHHOrO B OTHOLIEHHH Mep-
BHUHOH OGMOTKH TpaHcopmaTopa MoxeM sanucars (eM. pue. 4.3):

Ui =W, (Tt (4.7)

rae U', = n,,U, — npusegennoe (k nepsuuHoi 06MOTKe) HanpsikeHHe Ha
Harpyske;
N =W, /W, — Ko3hQUUHeHT TPaHCHOPMALMH OT NePBHYHOH 0OMOTKH
C YHCJIOM BHTKOB W KO BTOPHHYHON 0OMOTKE C YHCJIOM BHTKOB Wo.
W3 pasencTsa (4.7) HaiineM HCKOMYIO DEryJIHPOBOYHYIO XaPaKTEPHCTHKY:

(4.8)

1
/

I _
tH

Bun peryanposounoii xapakrepueruky (4.8) nossoasier caenars cienyio-
LLIHe BbIBObL.

I.Ilput, -0 U, — 0.

2. 1lput, = T U, — . Ilpu arom GyneT HeorpaHHIeHHO PAaCTH HANpsl-
JKeHHe CTOK-HcToK Tpansucropa VT, paBHoe

u—u = U + r-IIQI—IH‘ (49)

[Toaromy padora OOXII npu t, > 0,5T onacka ¢ Touku 3peHus npobdost
TpaHaucropa. Pabouuii 1ManasoH AJMTENbHOCTH HMITYJbca LesecooOpasHo
OrPaHHYHTD NpeJle/IaMH:

0st, sT/2 (4.10)

3. Mpun,=1ut, =T/2U, =U.. [Ipu sToM MakCHMANbHOE HANPSIKE-
HHe Ha TPAH3HCTOPE B 3aKPLITOM COCTOSIHHUH B cOOTBeTCTBHH ¢ (4.9) cocra-
Bur U_, .. = 2U,, 1. e. Tpansuctop OOXII nosken ObITh paccyuTaH Ha yI-
BOEHHOE HaMpsDKeHHe HCTOUHUKA NUTAHHUS.

4. OOXII moxet paboTaTh KaK NOHHXKAIOWMHA (1, > 1) WIH KaK MOBbIlIa-
ioutiéi (N, < 1) npeo6pasoparen.

5. Beanunna seixomnoro nanpsikenust U, OOXII ne 3aBucuT ot Toka Ha-

rpysku l,.

§ 4.5. Teopwus Tpavcdopmartopa 00X

Tpanchopmarop OOXII umeer onHy xapakrepHylo 0COGEHHOCTD, CBS3aHHYIO
¢ ero paboTol B pex<uMe JpocCCesist Ha 3Tare OTKPLITOTO COCTOSIHKSL TPaH3HCTO-
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§ 4.5. Teopusi mpaHcghopmamopa OOXTT

pa. B artom pexuMe TOK HepBHT{[IOI:[ 0OMOTKH MOKET IOCTHraTh JOCTATOUHO DO-
JIBIIHX 3]Ia‘{eI][/[[:I, IMTPH KOTOPLIX MaTepHal/ ceplevyHHKa, eC/IH He MMPpeayCMOTpeTb
ClelHaJJbHbIX Mep, MOXKeT BOHTH B HACLILIEHHE. ,HJ'[H NpefoTBpalleHHs HachIlle-
HHA B CepIeyHHK Tpaucqmpma'ropa BBOJHUTCHA HEMArHHTHBIH 3a30p.

B)«'ILEM CHHTATL MaruMTHOE I10Jie B MaTepHalie cepliedyHHKa U B HEMarnuT-
HOM 3a30pe OJHOPOAHBIM. Torma B cOOTBETCTBHH € 3aKOHOM IMOJHOTO TOKA JIJIsl
HHTepBaJla OTKPLITOr0 COCTOSIHHMSA TPAH3MCTOPA MOXKEM 3alHCaTb:

HI+H,l, = wii,, (4.11)

rie H u H; — MruoBeHHble 3HaueHHs! HANPSKEHHOCTH MarHUTHOTO TOJS B
MaTepHalle cepledHHKa M B HEMarHWTHOM 3a30pe COOTBETCTBEHHO;

| — mymna cpenHeit MarHHTHOH JIMHHH B MaTepHaljle cepIevHHKa;

|, — IIMpHHA HEMarHHTHOTO 3a30pa.

JLnst MArHUTOMSITKHX MATHHTHBIX MATEepPHAJIOB, HCNO/Nb3YEMBIX B TpaHC-
topmaropax umnyabcubix UBIII, sasucumocts unaykumu B ot nanpsikento-
cti H B nepBoM npuGHKeHHH MOXKeT ObiTb NPeJCTaBleHa B BHIE:

B =« ,xH, (4.12)

rne <, = 4m- 107 Tn/m — MarauTHas nocTosiHHas;

o — OTHOCHTeJIbHAsl cTaTH4ecKasi MarHMTHas [1POHULAeMOCTb MaTepHa-
Jla ceplieyHHKa.
[pubamxkennocts hopmynsl (4.12) cocTOUT B TOM, UTO OHA HE YUHTHIBAET
FHCTepE3HC IIPH NepeMarHHYMBaHUH M HeJMHeHHOCTb OCHOBHOH KPHBOH Ha-
MarHH4HBaHHsI.

JIist HeMarHMTHOTO 3230pa 3aBUCUMOCTb MHAYKIMH B, OT HanpsKeHHoCTH
H, onpenensiercs dopmyoii (2.10).

[Ipene6peras s(heKToM BbIMyYHBaHHS MATHUTHBIX JJMHKI B 3230D€, B COOT-
BETCTBHH C [IPHHIHKIIOM HelPepPbIBHOCTH MATHUTHOTO TI0TOKA MOYKEM 3aMTHCaTh:

B=B,. (4.13)

C yuerom cootnouenuii (2.10), (4.12) u (4.13) pasencrso (4.11) moxer
OblTb Npeobpa3oBato K BULY:

B (4.14)

GCUDC”})

Ie {y — (Q@eKTHBHAs MarHUTHAS IPOHULIAEMOCTb CepAEUHHKA, OTIpe/ieJs-
emast hopmyuioit (2.18).
Bepuemcs Kk pasencrsy (4.5), npuaas eMy HeCKOJIBKO HHOHA BH:
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lnaea 4

L L
_ Ly _ .2 _ Ly e ¢ -
AW - _2_(]Imax lIrrl]n) - _Zw(limax llmin)(llmax it llm]n)‘

Tokwu i, " i, MOryT ObITb HalHAeHbl C HCIO/b30BaHHEM paBeHCTBa
(4.14), xoropoe, Gyayuu ClpaBe/IUBLIM I MCHOBEHHBIX 3HaueHud B u ij,
CIpaBe/l/IHBO TaKXKe M Sl MaKCHMalbHbIX H MHHHMAJbHbIX 3HAUeHHH 3THX
penudut. Torpa anst AW moxeM sanucarhb:

2

AW = —| —— (B max Bmin)(.B max T BITIiﬂ) =

=Ll———| ABB,, (4.15)

rie AB=B_, - B,, — pasMax HHIYKUHH B CepeuHHKe, ONpeleJisouHH

pasmep IeTJIH THCTepe3nca;

m

B, =—™* ™1 __ cpenuee 3HaueHHe HHAYKIHH B CEPAEUHHKE, ONpe-

Iensiiollee T0J0XKeHHe pabodyell TOUKH Ha OCHOB-
HOH KPHBOH HaMarHH4YHBAHMSL.
JNansueiine npeotpazosanus B Boipaxkennu (4.15) MoryT 6biTh BoinonHe-
HBI ocyie Haxoxnenus L; u AB.
MHnyKTHBHOCTD MepBUYHOH 06MOTKH Ly B oflieM BHje onpeleJiseTcs Mo

popmyae, ananoruunoi (1.18):
dd
L] — Wl — (4‘16)
di,
rae @ = BS — MarHHTHHIE MOTOK CKBO3b MONEPEYHOE CEYEHHE CEpPIEYHHKA,
HMeloLlee TIoWans S.
C yuerom (4.11) dopmyna (4.16) nepenuimercs B caenyiomem Bre:

d(BS)

w,

Ha ocnosanuu (2.10), (4.12), (4.13) u (2.18) noayuennas dopmyna Mo-
XKeT GbITb NpeobpasoBana K BHAY:

(4.17)
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§ 4.5. Teopusi mpaHcghopmamopa OOXTT

1. e. hakTHueckHu mosropsieT dhopmyay (2.17).
Jlns naxoxnenus AB Bocrosbayemes paBeHCTBOM

dod

— (4.18)
bdt

u, =w
NMpelcTaBsIoMM coO0H 3aMKCh 3aKOHA 3J1€KTPOMArHHTHONH HHIYKLHH.
[Ipounrerpuposas o6e yactu pasenctsa (4.18) no t B npenenax ot 0 po t,,

[MOTy4HM:

AB = —=. (4.19)

[oncranoska suipaxenuii (4.17) u (4.19) nas Ly u AB B (4.15) nacr cae-
LYIOLME pe3yJIbTat:
AW=-—1__{uUB,. (4.20)

H
C(‘UI'NPWI

Ha ocnosanuu (4.20) ypasuenue suepretuueckoro 6ananca (4.6) moxer
GBITb 3aIICAHO B CJIeyIOIIEM BHJE:

I t_“U_BU =P . (4.21)
L 0L oy W T !

Awanus ypasuenuit (4.21) u (4.19) npu t, = const, T = const u U,, = const
NO3BOJISIET CIeNaTh Cle[yIoUHe BbIBO/LL.

1. M3menenue P, Bieuer 3a coboit usamenenue By, Bemuunna ke AB npu
3TOM ocTaercst HenamenHoi. Muaue rosopsi, npu ysesanduenun (ymMeHnblIEHHH)
TOKA HArpy3KH padouas TOUKA Ha OCHOBHOH KPHBOH HAMATHHUHBAHHA OyLer
cMmeniaThest BBepX (BHM3), pasmep ke METJIM THCTEPe3HCa [IPH 3TOM H3MEeHs-
TbCH He OyHer.

2. Benuuuna AB, onpepeasiomas pasmep MeTAH THCTEPE3HCa, MOXKET
ObITh M3MEeHeHa KOHCTPYKTHBHEIM IIyTeM 33 cHeT W3MeHeHHs IUIOLAIH rore-
peunoro cedenus S cepreunuka. Ha nosoxennu paGodeid TOYKH Ha OCHOBHOH
KPHBOW HAMATHUYHBAHKS 3TO HHKAK HE CKaXKeTCs.

3. Ypasuenue (4.21) MoxKeT ObITh HCIIO/Ib30BAHO JJISl PACUeTa YMC/IA BHT-
KOB W| nepBH4YHOH 00MoTKH Tpanchopmartopa OOXII. Xapakrepno, uto Besu-
YHHA W| He 3aBHCHT OT ILIOLIANH [10NepeqHoro ceyeHus CepiedHHKa, B OTJIH-
4He OT APYTHX THIOB TPaHCpOPMATOPOB, NPOAHANTH3HPOBAHHbIX B I1aBax 2 U 3.

4. Jlns pacuera ykc/a BUTKOB BTOPHUHON 06MOTKH (06MOTOK) I0JKHA HC-
M0JIb30BATLCS PETYJIUPOBOUHAS XapaKTepUCTHKa (4.8).
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naea 4

Ha ocnosanuu (4.15), (4.17) u (4.6) moxer GuiTh MmosyueHa elle ofHa
pacueTHast GOpPMyJIa, 110 KOTOPOH MOXKET MPOH3BOANTLCS BLIGOP CepAedHHKa
rpancgopmaropa OOXIT.

JleficTuTeNbHO, NogcTanoBKa (4.17) B (4.15) gacT caenyioumi peayiib-
Tar:

S1

c(l]'xmp

AW = AB B,.

C yuerom (4.6) nocinennee paBeHCTBO 3AlIHLIETCS B BUUE:

p,T=>! ABB,,
C(O'JC:@
OTKYJa
o o
Sl=—2%pT (4.22)
AB B,

Bemuuuna Sl, B coorBercTBrM ¢ npunoxenuem [12, npexcrasiser cobon
o6bem cepueunvka V. Torga dopmyna (4.22) nepenuwercs B Buje:

o€ 09‘::@

V= P,T (4.23)
AB B,

®opmyaa (4.23) n03BoJIAET NPOH3BOANTL OLEHKY 00beMa CepiedHHKa
tpancgopmaropa OOXII no ussecTnem snavenusim P, u T, sapasmucy napa-

MeTpaMH NeTJIH THCTepesHnca AB u Bo, a TakxKe BeJHUHHOH qu_,‘
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Fnaea5
Mpumepsbl pacuyeTa

§ 5.1. Pacuert Tpancdopmartopa
OAHOTAKTHOr0 NPAMOX0A40BOro npeobpa3oBarTens

Cxema 0HOTaKTHOrO NPSMOXOL0BOTO Npeobpa3oBaTess ¢ pa3MarHH4YHBa-
omeil 0OMOTKOH MOKa3aHa Ha pHc. 5.1, BpemeHHBle IHMarpaMmbl ero pato-

TBl — Ha pHC. 5.2.

Puc. 5.1

t, T t
u‘\
Uﬂ tu 2tu
0 l
iyl | v L ¢t
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naea 5

PaboTaer npeobpazosarens ciaeLyioLKUM 06pa3oM.

Ha unrepsane [0; t,] Tpansucrop VT OTKPBIT yNpaB/siiOmMM TOKOM ip.
K nepsuunon obmorke 1—2 rpanchopmaropa T npuiorkeHo HanpspkeHHe
uy = U,. [lonsprocTy HanpsiKeHWH Ha pa3MariuyMBaiolleid oomMoTke 3—4 U
Ha BropuuHoi 06MoTke 5—6 (ug) Takosbl, uto nromsl VD1 u VD3 3akpoiThl, a
mon VD2 ortkpeit. Uepes Bropuunyio 0OMOTKY NpoTeKaeT JIHHEHHO HapacTa-
I0IMH TOK i Apoccess L, cpennee sHaueHHe KOTOPOro PaBHO TOKY HarpyskH
L,. [pu nocraTtouno Gombinoi Beauunne L Moxuo cumtath, uto ip = I, (uto
0BBIYHO BHINONHSIETCS).

Cuurast TpaHcpOpMaTOp HieaNbHLIM, Ha ocHoBanuH (1.17) moxewm 3anu-
care:

. i I .
===, (5.1)
M N
W .
rae n, = w—' — Ko3(dHUHeHT TpaHCHOPMALHH OT MNePBHUHOH 0OMOTKH KO

2
BTOPHUHOH;
W] H Wo — HHC/IO0 BHTKOB [€PBHYHOH W BTOPHYHOH 0OMOTOK COOTBETCT-
BEHHO;
', — npHBeneHHBIH TOK HarpysKH.

[TepemarnuunBanye cepleyHyiKa TpancopMaTopa NPOKCXOIUT 110 Ipeje-
JbHOMY HacTHOMY WMKAY ¢ B, = B, (puc. 2.2, 6). Ha untepsane [0; t,] un-
nykuust B nmnelino napacraer ot B, o B

[pu 3anupanyy TPaH3HCTOPA MHIAYKLWS HauMHAET yMEeHbIIATLCH, YTO CO-
MPOBOXKAAETCS CMEHOH MOJAPHOCTH HaNpsKeHHH Ha o6MoTKax TpaHcdopma-
topa. [lpu atom muon VDI orkpeizaercs, nnon VD2 sakpoiBaercs. K pasmar-
HUYMBaIOUIEH 06MOTKe 3—4 0OKa3blBaeTCs NPHI0KEHHBIM HalpsuKeHHe MHTa-
uug U, nom AedcTBHEM KOTOPOro CepieuHHK TpaHchopMaropa HauHer
pasMarHU4MBaThesl (MHIYKIMS HAUHET JHHEHHO YOLIBATS).

OB6BIYHO 4HC/I0 BHTKOB Pa3MarHH4YHBaIOWIEl OOMOTKH GepeTcs paBHBIM
YUCJY BUTKOB W NepBHYHOH 06MoTKU. Torna Ha ocHOBAaHKHH 3aKOHA [OJIHOTO
ToKa Tok auona VDI moxer ObiTh onpeledien cieiyiomuM 00pasom:

HI
. _ r
lvul - ’ (5‘2)
Wy
rne H— HaIMpAXeHHOCTh MarHuTHOrO MOJIA B CepledyHHKe Tp;ill{:@)opma'ropa;

lep — AMHA CpefHER MATHMTHOM JIHHUHM.
CpasnuBasi (5.2) u (1.44), MOXXeM 3aKJIIOUHTB, UTO TOK iyp| NPAKTHHECKH
COBMafaeT ¢ HaMarHHYKBAIOLIKM TOKOM iy, C TOH JIHIIbL PA3HHLIEH, 4TO HAMAaTr-
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§5.1. OdHomakmHbIl npamoxodoeol npeobpazosamers

HHYWBAIOLIMA TOK JIHHEHHO HapacTaet, a Tok guopa VDI smueiino cnapaer
(cM. puc. 5.2).

YuurwiBas, uTo i << i}, a c/IegoBaTeNBHO H iypy << i), MOXKHO pa3Martu-
4yuBalollyo oOMOTKY NpH Bblbope cepleyHHKa TpaHchopmaTopa He MPHHH-
MaTh B pacuer.

[TockonbKy aMIIUTYIBl TIOJOMKHUTENLHOH H OTPHLIATEIbHON MOJTYBOJIH Ha-
NpsiKeHus U NepBUYHONH 06MOTKH PaBHbL IPYT APYTY, TO H BpeMsi HaMarHu4u-
BalHsl cepledHHKa PaBHO BpeMelk ero pasmarnuuusanus (t,). Makcumasnnio
BO3MOYKHOE BPeMsl HAMarHUUMBAHUS ty . = T/ 2 (T — nepuon Kommyrauuu
TPaH3HCTOPA), TaK Kak NPH OOJbLIEM €r0 3HAYeHHH CEepIeYHMK He Oyaer
ycreBaTh pa3MarHMYMBAaThLCH.

PazmarnuuuBaiouas odMoTka BMecte ¢ auonom VDI obecrneduBaeT Guk-
calMIo HaNpsKEHHs KOJUIEKTOP—3MHTTep TpaHsucTopa Ha yposre 2U,. Ha
arane padmaruuduBanust qon VD3 oTkpeiT ToKom npoccens L.

Jlnst pacuera TpaHchopMaTopa HeOGXOAMMO 3HATh aMIUIMTYIY Harpsxke-
uusi Uyo Ha BrOpHuHOH 06MOTKe. Ee MOXKHO MOJYUHTbL H3 PeryJHpOBOYHOH
XapaKTepUCTHKHM [peobpas3oBaTesis, KOTOpas [Js peXuma 0Ge3pa3puiBHOr0
ToKa jgpoccensi L umeer Bua:

U, =ty (5.3)
T

Jlnist Toro 4TO6L HMeTh BO3MOXKHOCTL peryauposatns (B ToMm uucie H as-
TOMaTH4YecKoro) Hanpsukenus U, esecoo6pasHo HOMHHANbHOE 3HadYeHHe
BoiGpaTh paBubiM T/4.

Tenepb MoXKeM NPUCTYIHTb K pacueTy TpaHchopMaTopa.

JlomycTim, HaM HeoOXONMMO B Harpyske R, MNoJyuutbh HanpsokeHue
U, = 5B, tox I, = 1 A. Buibepem uacrory npeobpasosanus [ = 20 kl'n
(T = 50 mke).

[To dopmyaie (5.3) npu t, = T/4 naiinem:

T

Uy,=—U, =4U, =4-5=20B.
a2 T/4 H H

ITo dopmye (1.38) naiinem neiicreyioliee sHauenie Toka ly BTopHYHOM
o6motku (no-npexunemy npu t, = T/4):

Pacuernas mounocts Py BTopruunoii 06mMoTkH B cootserctsuu ¢ (3.2) co-
CTABHT!
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P, =U,l, =20-0,5=10Br.

[Tockoubky pasmarHuuMBalollas 00MOTKA [10Ka B pacyeT He IPUHHMAeTCs,
TO TPaHCc(OPMATOP MOXKHO PAaCCMATPHBATE KK IBYXOOMOTOUHBIH, @ LIS TAKO-
ro Tpancopmaropa B cOOTBeTCTBHH ¢ § 3.5 MoxkeM 3anucarhb:

P, =P, =10er,

rne Pr — rabaputhHas mMowHocTb TpanchopmaTopa.
JNanee ucnosbsyem popmyay (3.6) rabapurhoii MouHOCTH A5t onpejede-
HHUsI BeJTHYHHBI

- 5.4
0 Ik k,j(B (54)

B.)

max r

OrtHocHTebHAS MNJIHTEJIBHOCTE HMITYJIbCa B COOTBETCTBHH C (236) co-
CTaBHT:

qg=ls T4 _ 95
T T

B kauecTBe mMaTepHasna cepieuHHKa OYIeM HCMOJIb30BATH (IEPPHT MapKH
1500HM3, y kotoporo B = 0,148 Ton npu H = 40 A/m, B, = 0,08 Ta (cm.
npunoxkenue [11). Jlasi mo6oro deppura k. = 1. Jlasi opueHTHPOBOUHBIX pac-
4eToB, Kak Obl10 otMedeno B § 3.2, Mmoo npuuaTh k, = 0,3, j =3 A/ mm2.
Torna no dopmyae (5.4) uainem:

20,2510
S.S, = 3 ;
20-10° - 0,3-3:10°(0,148 - 0,08)

=4,085-10" m*.

[Tosryuennomy 3Hadenuio S.S, yI0BIETBOPAET CEPALHHHK, COCTAB/IEHHbIH
uz n8yx kosen K20 - 12 - 6, y kortoporo S. = 48 mm2, S, = 113 mm2,
S.S, = 54107 mt.

Briopas cepuednuk, mo dopmye (2.35) MoKeM ONpeneNHTh YHCI0 BHT-
KOB [epPBHYHON 06MOTKH:

U.q

= . (545)
fSckc(Bmax - Bl)

Wy

JlonycTum, nuranue npeoGpasoBaTelist OCYLLECTB/sIETCsl OT UCTOYHHKA €
nanpsikennem U, = 27 B. Torna no dopmyse (5.5) noayunm:

270,25
Wy = 3 "
20 -10° - 48 -107°(0,148 - 0,08)

=103 Bur.
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Ukclio BUTKOB BTOPUUHON 0BMOTKH Haljem, ucrnoubssys (1.42):

Uy =103 - @ = 76 BUT.
U. 27

Wy = W,

Hatinem peficTByiomee 3Hauende Toka || nepBHYHOH 06MOTKH, HCXOIS U3
TOro, 4TO s IBYX0OMOTOUHOTO TpaHc(opMaTopa pacHeTHble MOLIHOCTH Mep-
BUYHOH W BTOPMYHOH OOMOTOK PaBHBI IPYT IPYTY:

P_P _10

[1:—:— :O,STA
u. u. 27

Haiigem ceuenue u auameTpel NPOBOLOB NEPBUYHOA U BTOPUYHON 0OMO-
tok. [To popmyae (3.3) noayuum:

I 0,37

S, === T=0,1235MM2;

L,
j

—

s, =2 =95 _ o667,
i 3

HO.J'IY‘IEI]I[]:-[M 3HAYEHHUAM CeueHHH COOTBETCTBYIOT CJIEAYIOLUIHE IHAMETPHI

MPOBOJIOB:
4S -
d, :‘J 1 :\/M = 0,40 mm;

m m
= \/ﬁ = Ji‘l LOLBET _ ) 46w
m m

Bynem ucnoabsosate nposox mapku [I9TB-2 ¢ guamerpamu no wmenn
d; = 0,400 MM 1 do = 0,450 mm (nuameTpsl no uzoaswuy dy ,, = 0,460 MM u
dy s = 0,510 MM COOTBETCTBEHHO).

Jlast Toro uToGbl HAHTH AHaMeTp MPOBOJA PAa3MarHHYHBAKOLIEH 06MOTKH
(HAamoMHMM, 4YTO YHCJIO BHTKOB 3TOH OOGMOTKH BbIOPAaHO DABHBIM
w; = 103 BuT), HEOGXOAUMO OUEHHTD JEHCTBYIOlIeE 3HAUEHHE TOKa |, B 3TOk
obmotke. [lpennaraem uHTaTeN0 CHENATh 3TO CAMOCTOSITENBHO, UCIOMb3YS
o6utyio hopmysny (1.38). [pusenem Jiuiib KOHEUHbIE PE3YJILTAT:

(S v (5.6)

riie Iy max — MaKCHMaJbHOE 3HAaueHHe HAMarHWYHBAIOLIEro TOKA.
[pu t, = T/4 popmyaa (5.6) npumer Bu:
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I
I : * max . 5‘7
Y 3464 (67)

Beanuuny l,.c Hadigem W3 dopmyJisl (1.44), mopcrasus B Hee
Hpay = 40 A/m, |, = 50,265 mm (past K20 - 12 - 6):

H..l, 40.50,265 107

Ixmax = 219,5'10_3 A
W, 103
ITo dopmyae (5.7) monyuum:
-3
= i
3,464

Haiinem cevenune Sz u guamerp d3 nposoja pasMarHM4HBaloLled 0OMOTKH:
g - I, _56 107
S

., . -3
L i 4S, .y ’4 1,87 - 10 - 0:05 i
m m

Jlnst nposona mapku [19TB-2 6anxkaliinm K nosyueHHOMY 3HaYEHHUIO 1Ha-
merpa sBasercsa auamerp d, = 0,100 mm (auametp no wuzoaAAUMM
d, s = 0,128 mm).

IIpoBepum pasmeliaeMocTb 0GMOTOK B OKHE CepleqHHKa.

B kauecTBe M30JSLHHK cepliedHHKa Oy/IeM HCIOMb30BATE CTEKI0MaKOTKAHb
mapku JICI-105/ 130 Toauwwmnoi A, = 0,10 MM, yaoxennyio ¢ 50%-HbiM ne-
pekpoitreM (puc. 5.3). [IpensapuTenibio y cepievHHKa J0/KHBl GbITb CHATHL
OCTpble KPOMKH.

=1,87 1073 mm?;

24 4
l N N N |
l N N I |
Puc. 5.3

[TepBoit 6ymem moTaTh nepBHuHyl0 obmorky. Halizem nuamerp mnepsoro
cJlost:

d, =d-4A_ -d (5.8)

lua?

roe d — B[IYTIJEIIIIHI:] JHaMeTp KOJIbLIEBOT0 CepaevHHKa.
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§5.1. OdHomakmHbIl npamoxodoeol npeobpazosamers

[To dopmyae (5.8) nonyuum:
d,,=12-4-0,1-0,46 =11,14 mm.
Ilnuna nepsoro ciosi:
I =md, =m- 1114 = 34,997 vu.

Hainem mMakcHMalbHOE YHCJI0 BUTKOB B [MepPBOM CJioe bes y4eTa HelJoT-
HOCTH HaMOTKH:

I, 34997
w—nlmax = = =
d 0,46

Iua

76 BHT

Buaum, 4T0 nepsuynas 0OMOTKa He YKJIAAbBAeTCs B OAHH CJIOH, 10ITOMY
MepexoinM K pacueTy BToporo caos. Mexeoeryio H30I9LHI0 YKIAALIBATE He
GyleM, Tak Kak nutaioulee Hanpsikende U, neseauko (27 B).

JluameTp BTOPOTO CJIOST:

d,=d,, -2 (5.9)

tua -
[To dopmyae (5.9) naiinem:
d_, =1114-2-0,46 =10,22Mm.
Jlnuna BTOpOro CJ0S:
|, =md_, =7 10,22 = 32107 wu.

MakcHuMalbHoe YHC/I0 BHTKOB BO BTOpOM cCJioe fes yueTa HeIJIOTHOCTH
HaMOTKH:
I, 32107
W—n?max = = =
d 0,46

Inz

69 BUT

Takum oGpa3om, nepBuuHas 0OMOTKa YJIOXKHTCS B 1Ba cios. B mepsom
cJI0e MOXKHO pasMecTHThb, K npumepy, 60 BuTKOB, BO BTOpoM — 43.

[ToBepx mepBHYHOH 0OMOTKH HAJIOKHM MeXKOOMOTOUHYIO H30JSALHIO H3
crexonakorkand JICI-105 /130 rosmunoii 0,10 MM ¢ 50%-1biM nepexpoi-
THEM.

Cuienyloiiei 6yneM MOTaThb PasMarHMYHBAIOIUIYI0 0OMOTKY.

JluameTp TpeTbero cios:

d,=d, -d, -4A, -d

IEE] W3 3na -

(5.10)
[To dopmyae (5.10) noayunm:
d_;,=1022-046 -4-01-0128 =9,232mm.
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I[J]H[]a TPEeTLero CJIos:
I ="d 5 =T-9,232 = 29,00 M.

MakcHManbHOe YHCI0 BHTKOB B TPETbEM CJi0e bes y4deTa HEeIVIOTHOCTH Ha-
MOTKH:

e 29,00

e = = = 226 Bur.
d 0,128

W

3ua

fcho, uTo pasmarnuuMBaiollas 00MOTKA HABEPHSIKA IIOMECTHTCS B Tpe-
TBEM CJI0E.

[Tepexonum K pacueTy pasMellaeMOCTH BTOPHYHOH 06MoTKH. [ToBepx pas-
MarHHMHBaIoLIeH 0OMOTKH HANOXKHM MeKOOMOTOYHYIO M30JALMIO U3 CTEKIO-
aakotkanu JICI-105 /130 ronmmmoi 0,10 mm ¢ 50%-HbiM MepekphITHEM.

JlnameTp 4eTBEPTOrO CJAOS:

d,, =d,, -d, -4A,_ -d (5.11)

dna 2Ha ~

[To dopmyae (5.11) nainem:
d,, =9232-0]128-4-01-051=8194mm.
Jlnuna ueTBepToro cJos:
|, =md_, = 8194 = 2574 uu.

MakcuManbHOe YHCI0 BUTKOB B HeTBEPTOM CJloe bes y4deTa HellJIOTHOCTH
HAMOTKH:

. L, _ 2574

—sdmax = 50 Bur.
d 0,51

2u3

BH}IHM, YTO BTOpHYHAs 00MOTKa He YKJIaablBaeTCcd B O0HH C.JIOI‘:‘], nosTomy
[epexoiuM K pacHeTy CJAeAYIOLIEro cJios. MeH(CJ[OEEBY[O H30JIFILHIO YKJIa1bl-

B4ATH He GyILEM, TaK Kak I[a]‘[pH)KEI[He Ha BTOpH‘]IIOﬁ 00OMOTKEe HeBeJIHKO
(20 B).
,I[Hame'rp MATOrO CJoH:

d_ . =d

—ab

(5.12)
[To popmyae (5.12) noayuum:

d_, =8,194-2-051=7,174 mm.
Jlnuna nsitoro cJaos:

|, =md ;= 7174 = 22,54 mm.

—nh

68



§5.1. OdHomakmHbIl npamoxodoeol npeobpazosamers

MakcumanbHoe YHCJIO BUTKOB B MSITOM ciioe 6es yueTa HellJIOTHOCTH Ha-
MOTKH:

. 2254
W = = —

—aSmax = 44 pur.
d 0,51

2na

Ouepuano, BTOPHUHAS 0OMOTKA YJIOXKUTCS B B CJIOS C UHCJIOM BHTKOB B
4eTBepToM M nstoM caosx — 40 u 36 cooTBeTcTBEHHO.

[Toepx BTOpHHHOH 0GMOTKH HAJOMHM BHELIHIOD H30JSLUHIO H3 CTEK/I0a-
korkanu JIC-105 /130 tonumnoit 0,10 mm ¢ 50%-HubiM nepekpoiTHEM.

,[[Hame'rp OTBEPCTHS B OKHE CepIeYHHKa:

d,, =d_ —d,, - 4A,,. (5.13)

s H

[lo popmyae (5.13) noayuum:
d,, =7174-051-4-01=6,264 M.

3ameTHM, 4TO NPH pacueTe JUAMEeTPOB CJIOEB He YYUTHIBANAch PalHalb-
Hasl HeIUIOTHOCTb YKJIAJIKH CHIOEB, YTO JefaeT pacueT PasMelllaeMOCTH 06Mo-
TOK NpHOIHKeHHBIM. TeM He MeHee, yUMTbIBasi OTHOCHTEJbHO GOMBLIOH pac-
UeTHBIH IHaMeTp OTBepCTHs B oKHe cepaeuntka (6,264 mm), MoxkHO ¢ Heko-
TOPOH BEepPOSATHOCTLIO YTBEPXKAATb, HTO Bce OOMOTKH pasMecTsiTCs B OKHe
ceprednnka. OKoHUaTeIbHbIH OTBET, Pa3YMEETCs, MOXKET JaThb TOJIBKO OIIBIT.

Eme onHuM HeMa/loBaXKHBIM MOMEHTOM, KOTOPBIH 006s13aTesIbHO caelyer
YYHTBIBATb TIPH pacueTe TpaHCHOPMATOPOB, pabOTAIOWIKX HA MOBbILIEHHbIX
yactotax (20 k['u u Gosee), siBsieTCs OLEHKA NOTEPb B cepiedHkKe. Baxk-
HOCTB 3TOr0 MOMeHNTa BhiTekaeT U3 popmysl (2.30a), B cOOTEETCTBHM C KOTO-
poll morepu B cepledyHHKe PacTyT ¢ POCTOM 4acTOThl. 3ajaueli pacuera B
3TOM CJly4ae SIBISIETCS IPaBHAbHBIH BEIOOD BeJH4HHBl MAKCHMAIbHOH HHIYK-
UMM B cepleyHHKe, TOUHee, aMILIMTYIbl ee NepeMeHHOH COCTaBIsIoLeH.

CuieyeT OTMETHTB, YTO Il TPaHCHOPMATOPa OLHOTAKTHOrO NPSIMOXOM0-
BOr0 NpeoGpasoBarelist JaHHLIH BOIPOC CTOHT HE TaK OCTPO, Kak, HalpHMep,
A TparchopMaTopa JIBYXTAKTHOTO MOCTOBOro rpeofpazosarens (§ 5.2).
OTo CBSI3aHO C TEM, 4TO NepeMarHiuHUBaHHe CepIedHHKa B ONHOTAKTHOM Npsi-
MOXOJ0BOM IpeoGpasoBaTee NPOHCXONHUT M0 MpeJeJbHOMY HYaCTHOMY LHKIY
€ OTHOCHTENbHO HeBO0bIIOH MJI0AAbIO, @ I0TePH B CepllevHHKe B COOTBETCT-
BuH ¢ opmysioii (2.23) npsiMo NponopUHOHaJIbHbl HMEHHO [LIOLWENH LHKIIA.
Tem He MeHee olleHKa NoTepb BCe-TaKM JOJKHA ObITh Npousseena. Jlns sTo-
ro Bocnoabayemcest hopmyaioi (2.30a), B KOTOPYIO B KauecTBe MaKCHMaJbHOTO
3HaUeHHsl HHAYKIHH OICTAaBUM aMILIHTY/Y [epeMeHHOH COCTaBISIOIel HH-
LYKLHH:
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lnaea 5

p B =B, _0148-0,08

. = 0,034 Ta.
2

Hz rabn. [14.1 npunoxenus [14 wnaiinem, uto nis Qeppurta Mapku
1500HM3 Py = 23,2 Br/«xr, a = 1,2, = 2,2. Torna no popmyane (2.30a) no-
JY4HM:

P, =232

) i \
12 22
(20 @ = 0,50ert/kr.

T

[Ipu macce cepaeunnka (n8a kosbua K20 - 12 - 6) m = 2 - 6,7 r o6uime
MOTepH B cepledHHKe COCTaBSIT:

P.=P_m=0,50-2:6,7:10" =6,7-10" er.

OueBuHO, 4TO CTOJb MaJjiasi BeJHYMHA 1I0TePb B CeplevYHHKE He MOXKeT
PUBECTH K CKOJIBKO-HHOYIL 3HAUMTENEHOMY €r0 MEPErpeBy, CeJ0BATENBHO,
BLIOOD MHAYKUWM B CeplevHHKe [POHM3BeleH IPaBHJIbHO. 3aMeTHM, 4TO
BCAEACTBHE MaJIbIX OTEPh B CEPAEHHHKE €CTh BO3MOXKHOCTD /15 [OBLILIEHHS
pabouel 4acToThl TpaHCGOPMATOPa H yMeHbLIeHHs Ha 3TOH oCHOBe ero raba-
PHTOB.

§ 5.2. PacuyeT TpaHcdopmaTopa ABYXTAaKTHOro MOCTOBOIO
npeobpa3oBarens

CxeMma JBYXTaKTHOIO MOCTOBOTr0 npeoGpa3oBaTelis [I0Ka3aHa Ha puc. 5.4,
BpeMeHHEIe JHArPAMMBI ero paboThl — Ha pHe. 5.5.

Paboraer npeo6pasoparent clenyioliiM 00pasom.

Ha unrepsane [0;t,] otkpoite Tpansucrops VT, VT4 3a cuer TokoB ip| 4
ig4, MpoTeKaloUMx B UX Oasax. K nepeuunoi o6motke | —2 Tpanchopmaropa
T npunoxeno nanpsixkenue u; = Up. Bropuunas o6MoTka 3—5 uMeeT 0TBOL
ot cpenei Touku (4). [TonsipuocT nanpskenuit Takosel, uto auon VD5 ot-
KpeiT, a on, VD6 3akpur. K npoccemio L npunoxeno nanpsikenue

u =—-U,, (5.14)
N

rge N, = w,/w, — KoshdHUHeHT TPaHCOPMALHH OT MEPBHIHOH 0GMOTKH ¢
YHUCJIOM BHTKOB W| KO BTOPHYHOH I10JIyOOMOTKE C UHCJIOM BUTKOB Wo;
Upp — nanpsoxende Ha Harpyske.
B nonyo6moTke 3—4 nporekaeT JHHEHHO HapacTalOLIHK TOK i Apocces
L, cpennee snauenHe KOTOporo pasHo Toky Harpyaku ljp. [1pu nocrarouno 6o-
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§ 5.2. Pacuem mpaHcghopMamopa deyxmakmHo20 Mocmogozo npeobpasosamens

Avp1 vD3/h ==

Avp2

g

Ig1: lga

N

igg, i
E2 E; IT_'tu

Uy

UB _| T2 U

Puc. 5.5

JBIIOH BeJHdHHe L MOXHO cunTaTh, 4To i = I, (4T0 06BIMHO BHITOJIHSAETCH).
Tok nepBr4HOH 0GMOTKH iy GyLET NIPH 3TOM onpeeasTbes paBencTsoM (5.1),
B KOTOPOM MOJ N2 MOHHMaeTcs KOIQHUHEHT TPaHCHOPMALHUH OT [epBHY-

HOM OOMOTKH KO BTOPHYHOH I0JYOOMOTKE.

[lepemarnuunBanue cepieuHuka TpaHcOpMaTopa IIPOUCXOAUT 110 CHM-
metpuunomy mukay (em. puc. 2.2, a). Ha unrepsane [0; t,] ungyxkuus B nu-

HelHOo HapacTaeT 0T —Bpa, 10 By
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Ha unrepsase [ty; T/2| zakpoitel Bee ueTwipe Tpansucropa VTL. VT4
TokoMm npoccelist if, KOTOPLIH He MOMeT H3MeHHTbCS CKAauKOM, OTKPBITbI [HO-
el VD5 u VD6, npuuem Tok gpoccesst pacnpesesisieTesi IOPOBHY MeXIy ITH-
MH gHogame (IIpH YCJOBHH MAEaJbHOH CHMMETDHH IJIeY BBIIPAMHTENS):

fyos = lvps = ]_L (5.15)
2

[TockousibKy K Apoccesio Ha JaHHOM HHTepBa/le MPUJI0XKEHO HaNpsKeHde
u, =-U,, Tok npoccens quHeHHO cnagaer.

B cooTBeTCTBHH € 3aKOHOM IOJIHOIO TOK3 MOXEM 3alKCaTh:

HI, = wii; = Wyiyps + Wyiypg-

Yuurbisas (5.15), noayuum:

HI, = wi,. (5.16)

Cpasrupas (5.16) ¢ (1.44), MoXKeM 3aK/IIOUHTh, 4TO Ha HHTepBaJe [t
T/2]i; = iy = 0, Tak Kak TpaHchOPMATOpP CUUTAEM HIEATLHBIM.

Otxkpertele gronst VD5 w VD6 wyntHpyoT BTopHunyio 06MOTKY, 3a cuer
yero u', = u", =0, a Takke ¥ u; = 0. Unaykuust npu 3TOM, IOCTUIHYB TNPH
t = t, cBoero makcumasibHOro 3HaueHHs By,,, ocraercss HEH3MEHHOH, HTO
caenyer uz (2.3) u (1.1).

Ha unrepsane [T /2; t'], naurensHocTs KOTOpOro pasHa t,, TOKOM igy H ig3
otkpuiBalores Tpansuctopsl VT2 u VT3. K nepsuunoi o6moTKe okasbiBaeTcs
npuaokeHnslM Hanpsikende u; = —U,. [1pu atom nuon VDD sakpeit, a nuon
VD6 oTkpeIT, 1 Yepe3 Hero npoTexkaeT JHHEHHO HapPacTAIOUIMK TOK JApocCels
L. Tox nepeuuHOi 0OMOTKH MO-NPEXHEMY MOXKET OLITh ONpefeseH 1no Gopmy-
ae (5.1), B koTopoi#t mox Ny NoHKUMaeTes KO3PGHUUHEHT TPaHCPOPMALHH OT
nepBUYHON 0OMOTKH KO BTOPHYHOH nosayoomoTke. Mnaykuus nuneino cnaga-
et oT B, 10 =B ...

Haxomen, na uarepsaie [t'; T| Bee TpausucTopsl onsTh 0Kas3uBaloTCs 3a-
KpBITEIMH. [IpoLieccsl, NpoHexonsline HA 9TOM HHTEPBae, IPAKTHIECKH [10J1-
HOCTBIO TOBTOPSIOT Tpouecchl Ha unrtepsate [t,; T/2], 3a uckmouenuem
Toro, 4To B = —B.x.

Juonst VD1...VD4 Beinoansiior 3amuTHy0 QYHKLHIO, peoXpanss TpaH-
suctopel VT1..VT4 or nosiBienus OTpHLATENLHBIX HANpPsKEHHH KOJIEK-
TOP—3MHTTED.

Jlns naxoxpeHuss amnanTyasl Hanpsokenus U,e Ha BTOPHUHOH T0JY06-
MOTKE TPaHC(OopMaTopa BOCHOJIb3YEMCs PEeryJHpPOBOHHOH XapaKTeDUCTHKOH
npeoOpasoBaTeis, KOTopas I peKHMa 0e3pa3pLIBHOTO TOKA IPOCcens HMe-
eT BU[:
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§ 5.2. Pacuem mpaHcghopmamopa 0eyxmakmHo20 Mocmogozo npeobpasosamens

i, =220 ;. (5.17)

Jlast Toro uToGbl MMETb BO3MOXKHOCTb PeryJHpoBaTh Hampsbkenue U, Ha
Harpyske, uenecoo6pasHo HoOMHHANbHOe 3HaYenne t, BuGpats pasusiM T/ 4.

JlonycTum, B Harpyske R, neo6xomumo nosyuuts Hanpsixkenue U, = 27 B,
Tok I, = 20 A. Yacrory npeobpazoBanusi BeiGepem pasHod [ = 25 kln
(T = 40 mkc).

[To dopmyae (5.17) npu t, = T/4 unaiinem:

TU,

U32 =
2. T/4

—2U, =2-27=54B.

dopma ToKa BTOPMYHOH MOJNYOOMOTKHM TpaHcopmaropa mpu ip = I,
t, = T/4 umeer Buj, nokasanuslii Ha puc. 5.6.

lps

7] — |

0

Ti4 T/2 3T/4 T t
Puc.b.6

o (opmyane (1.38) naiinem geficTByiollee 3Ha4eHHe TOKA BTOPHUHOM 110~

JYOOMOTKH:
l B 1 T/4 T/2 .
Ly = ’—jiiusdt = [=| [hdt+2[(,/2)dt|.
Ty Tls T/4

[Tocne BuUHCHEHHA HHTErpaJ/loB MoJydHM:

IVDSZOsGlQIH- (518)

[To popmyae (5.18) noayunm:
lyps= 0,612 - 20 = 12,24 A.

Pacuernas moumocts Py BTOPHUUHON MOJYOOMOTKH B COOTBETCTBHH C
(3.2) cocrasur:

P2 = UHEIVDFJ: 54 - 12,24 = 661 Br.
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KosdduumenT Tpancdopmaniy oT nepBHIHOH 0OMOTKH KO BTOPHYHOH M0~
JyoOMOTKEe MOKeT ObITb onpeleseHn Mo GopmyJte, BbITeKalolled u3 obLiel
dopmyast (1.14):

Ny = U;A (5.19)

Ilyctb nuranue npeoGpasoBaTelisi OCYLIECTB/ISIETCS] OT BBIMPSAMHUTES Ha-
npsuxenus cetd 50 T'u 220 B. Torna Uy = 300 B, u na ocnosanuu (5.19) no-
JY4HM:

300
= — = 5,b56.
Ny 54

Haiinem ammuutyny toka l,; nepBHuHOH 0OMOTKH, BOCIOJB30BaBLIHChH
dopmyaoir (5.1):

I =I_H:A:35AA
* n, 5556

OcHoBbiBasich Ha oouteit dopmyse (1.38) mas geicTByIOlEro 3HAYEHHS
(GyHKIMH, Haiiem geiicTByollee 3Hadenue || Toka nepsuunoil 06MoTKH (npH

ty=T/4):
T /4
I, = ijifdt: gjlildt.
T 0 T i}

[Tocne BHUHCHEHHS HHTerpaJa Imojay4yHuM:

= (5.20)

V2

[To popmyae (5.20) naiinem:

[ =28 oaigi

72

Pacuernasi mounocts Py nepsuunoii 06MoTku Ha ocHosanuH (3.2) cocra-
BUT:

P, =UI, =300- 2546 =764 er.

Haiinem ra6apuTtnyio MomHOCTb TpaHchOPMaTopa, BOCTIOIb30BABLIMCE 06-
we# dopmyaoi (3.1):
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§ 5.2. Pacuem mpaHcghopmamopa 08yxmakmHo20 Mocmogozo npeobpasosamens

P, :15([)l +2P,) :p_2l+p2 :ﬁ;+661 =1043 er.

Jlanee ucnogabsyem popmyay (3.7) rabaputHoii MOUIHOCTH /ISt ONIpeiee-
HUSI BEJHYHHBL

p
4 (5.21)

S, = Ao
fkckﬂijax

C

OTHOCHTe/IbHAS JTHTENILHOCTE UMIYJbea q B cooTBercTBHH ¢ (2.36) co-

CTABHT!
q= Lo E = 0,25.
T T

B kauecTBe MaTepuana cepaedHHMKa OyneM HCIOJb30BaTb (HEPPUT MapKH
1500HM3. 3agagumcsi MaKCHMaJbHBIM 3HaUeHHeM HHIYKLHH B cepledHHKe
Biax = 0,2 Ta. 3uauenue nanpskennoctd Hy,,, npu 3ToM 6yaeT HaXOOHTLCS,
kak caenyer w3 npuaoxenus [11, B unrepsane 40..80 A/wm. Jlna moboro
teppura k. = 1. Ilnsa onpenenenus k, u j BocroJb3yeMmcst rpaMKaMu, MpHBe-
pennbiMu Ha puc. [13.1 u I13.2 npunoxenus [13. K nawewmy cayuawo 6irke
BCEro NoaXoxuT KpuBas 5 ua puc. [13.1 u kpusas 4 na puc. [13.2. Jkcrpano-
JIHPYst 3TH KpHBble 10 MowHocTH =1 kBt, monyuum: k, = 0,3, j = 3 A/ mm2.
Torna no dopmyae (5.21) naiinem:

~ 0.25 - 1043
25-10° -03-3-10° - 0.2

S, =579 10" m*.
[Mosyuennomy 3uadenuio S.S, yIoBIETBOPAET CEPASHHHK, COCTABIEHHbIH
u3 nByx koneu K45 - 28 - 12, y koroporo S. = 204 mm2, S, = 615,75 mm2,
SeSe = 12,56-108 mt.
Llenecoobpasio Besen 3a BEIGOPOM CeplevHHKa [POH3BECTH OLEHKY MOo-
Tepk B HeM, ¢ TéM UTOOEl ONMpefeluTh, HACKOJIBKO MPABHIBHO OCYIIECTRIEH
BBIGOP B,y Bocnonsayemcst popmyoit (2.30a) v nanneiMu tadauust [14.1:

P =232-25'.02% =320er/xr.
[Tpu macce cepmeunuka m = 2 - 62 r noTepH B cepievHHKE COCTABSIT!
P.=P m=320-2-62-10" =4er

HO.HY‘IEI]I[OE 3Ha4eHHe [10TEPb B CEpPJIEYHHKE, BEPOATHEE BCErO, IIPpHEMJIE-
MO € TOYKH 3peHHH CrocoOHOCTH CaMoro CepledHHKa paccesTb 3TH IOTEPH
bes MNpeBbIIeHHA OOMNYCTHMOrO Meperpesa. Bh[ﬁpanuoe 3HaueHHe HHAYKIHH
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(0,2 Tn), Takum o6pasom, ocTasisiem Ge3 usmerenusi. B 1o xe Bpems notepu
OKa3a/liCh He HACTOJbKO MAJBIMH, YTOOb MOMKHO ObLIO PpacCUMTLIBATDL Ha M0-
BhIlleHHe pabotell uacToTh TpaHcdopMaTopa 6e3 yMeHblIeHHs By,,.

Bri6pas cepiedHHK, B COOTBETCTBHH ¢ (opmysol (2.42) moxeM HaHTH
YHCJ0 BUTKOB ME€PBUYHON 06MOTKH:

qu

W= (5.22)
21S kB,

[To popmyae (5.22) noayunm:

0,25 - 300

w, = P = = 37 BUT.
2-25-10% - 204107 - 0,2

Ukc/10 BUTKOB BTOPHYHOM M0JYy0OMOTKH HakineM, uenomibays (1.42):

Ys = 37ﬁ = 7 BHT.
U. 300

Wy, = W,

Takum OGPHSOM, BTOpHYHAasA 00OMOTKa I0JIKHA COAepKaTh 14 BUTKOB ¢ OT-
BOIOM OT cpem]eﬁ TOYKH.

Haiinem ceuenne npoBoOB NEPBUUHON U BTOPUYHON 0GMOTOK 10 opMy-
ae (3.3):

S, = I—l = 2'246 = 0,8487 mm?;
J
S, = I"_m" = % = 4,08 Mm”.
]

B kauectse npoBona nepsHuHOH 06MOTKH GyIeM KCIIOJIb30BATh [1POBOL,
ckpyuennbiit u3 cemu nposoaos (xua) [1ATB-2, kaxiplit M3 KOTOPBIX MMEET
nuamerp dp, = 0,400 mm (nuamerp xuabt no uzonauuu dj, ,, = 0,460 mm).
CeyeHHe TaKOro CEMHKMIBHOTO NPOBOIA

Tl _, T 0,400°

S, =7
4 4

= 0,8796 mm”.

[TpumeHeHHe CeMHIKHIILHOTO IIPOBOJA M03BOJIsAET 00eCcleduTh 10CTaTou-
HyI0 THOKOCTB NIPOBOJA M CHH3HTDL [IOTEPH OT NoBepxHocTHOro 3dherra. Bor-
Gpannoe KosnnHuecTso kua (7) obecrnedrBaeT PaBHOMEPHOCTb YKIALKH KHII
IPH CKPYyYHBaHHH.

OuepuzHo, BHELIHHI AHaMeTP CEMHKWJILHOTO NPOBOIA

d,, =3d,.,=3"046 =1,38 mm.
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§ 5.2. Pacuem mpaHcghopmamopa 08yxmakmHo20 Mocmogozo npeobpasosamens

B kauecTme mpoBona BTOPHUHOH OOMOTKH OyIeM HCIIOJB3OBATH THOKHH
nposo Mapk [T ceuenrem 4 MM2, H30JIHPOBAHHbIN JIEHTOH H3 JIMIIKOH CTeK-
aosnakotkank Mapkd JICKJI-155 tonumnoit 0,15 mm, yaoxennoi ¢ 50%-1bim
nepekpbiTHeM. JIHaMeTp 1o H30JIAIMH TAKOTO MPOBOJIA COCTABASET do,,, =4 MM.

[TpoBepHm pasmelaeMoCTh OOMOTOK B OKHe CepledHHKa.

B kauecTBe H30JIALUHH cepAcHHHKA OYLeM HCIIOAL30BATL CTEKI0NaKOTKAHD
mapku JICI-105/ 130 toamunoi A,, = 0,15 mm, ynoxennyio ¢ 50%-1bim ne-
pexpoitieM (cm. pue. 5.3). IlpenBaputenbio y cepieyHuKa I0JIKHBI GbITh
CHSATH OCTpPHIE KPOMKH.

[Tepgoii GyneM mMoTaTh NMepsHuHyid 00MOTKY. [To dopmyae (5.8) naiinem
[HAMETP [1ePBOT0 CJOS:

d, =d=-4A, -d, =28-4-015-138=2602mum
,[[J]H[]a MepBOro CJjos:

I, =7d_, =m-26,02=81744 v

—nl
MakcnManpHOe YHC/I0 BUTKOB B [I€PBOM cJloe 0e3 y4yeTa HelVIOTHOCTH Ha-
MOTKH:
81,744
= — =
1,38

_ l—nl
—almax d

59.

1ua

OveBHHO, TIepBHYHAST 0GMOTKA YJIOMKHTCSI B OJHH CJIOH.

[ToBepx mepBH4HOH 0OMOTKH HAJOKHM MeXKOOMOTOUHYIO H30JSALMIO H3
crexonakorkand JICI-105 /130 toawunoii 0,15 mm ¢ 50%-1biM nepekpbi-
THEM.

IlepefizeM K pacdeTy pasMellaeMOCTH BTOPHUHOH OOMOTKH.

JluameTp BTOpOTO CJI0S:

d,=d, -d,, -4A, -d,, =26,02-138 -4 015 - 4 = 20,04 mm.
,[[J]H[]a BTOPOT‘O CJI05:
I, =md_, = 20,04 = 62,96 wm.

MakcHMalbHoe YHC/IO BHTKOB BO BTOpOM CJi0€ fes y4deTa HeIIOTHOCTH
HaMOTKH:

15,

I, 6296
Wo_omax = d = T =
2u3

H3 4ero caefyeT, UYTO BTOpHYHAA obMOTKA, BepoATHee BCEro, CMO2KeT pasmec-
THTBCH BO BTOPOM CJIO€.
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HOCKOHbe ]'[[JOBO,EL BTO]JH‘[I]OfI 0OMOTKH UMeeT OOCTaTOYHO Ha,ue)i(ny[o
H30JALHI0, BHELIHIOW H30JAOHI0 MOXHO He HaKIalblBaTh.
Hpe,ELCTaBJIHET npamwiecmﬁ Hn'repec pacc‘{H’[‘aTh namamwmnafoumﬁ
TOK H HHOAYKTHBHOCTb HaMarnHH4HBaHHsl Tpa][chOpMaTOpa.
O BeUuuHe HaMaruH4HBalOLIETO TOKAa MOXHO CYIHUTDH 10 €ro MakCcHMaJb-
[IOMy 3Ha4YeHHIO, KOTOpoe Ha OCHOBaHHH (1.44) COCTABHT:
[ = M (5.23)

=max
Wl

rne H,,, =60 A/wm npu B, = 0,2 Tu;
lep = 114,67 Mm pist K45 - 28-12.
[To dopmyae (5.23) naiinem:

6011467107

om = = 0,186 A.
37

Bumum, uto L, << 1, = 3,6 A, T. . HaMarHHYHUBAIOIIHHA TOK HE CHJBHO
MOATPYZKaeT NepBUYHYI0 06MOTKY, U caM TpaHcdopMaTop Nno CBOHCTBaM OJu-
30K K HIEaTbHOMY.

WHIyKTHBHOCTh HAMarHHUHWBAHKs HalIeM, UCronbayst hopmyasl (2.12)—
(2.14):

L, = w = =37 —————=812-10" 1.
H 60 114,67 10

B .2 S _02,, 204:107°
1]_P

max

3Hauenune HHAYKTHBHOCTH HaAMarHHiHBaHHs Tpanccpopma'ropa MOMET I10-
HanoOUThCSH [IpH AeTaJIbHOM pacHeTre H]JEOG]J&SOBaTeJ]H.

§ 5.3. Pacuer TpexdasHoro TpaiHcdopmaropa

Jonycerum, TpebyeTcs paccunTarh Tpexdasnslil Tpanchopmarop T ¢ aBy-
M5l BTOPHYHBIMH 0OMOTKaMH, Harpy»KeHHbIMH Ha Tpex(das3Hble MOCTE C aKTHB-
HbIMH Harpyskamu Rypp u Rypz (puc. 5.7). [Tutanke cxembl oCyLIeCTBASETCS OT
tpexdasuoi cetu 400 Tu 220 B (220 B — nuueiinoe nanpsxenne).

[Tycte 3ajanbl cpefHde 3HaueHHs HANpPSIKEHHH M TOKOB B HArpy3kax:
U]IE = 27 B, I]I? = 100 A, U]I3 = 15 B, 1113 = 100 A

Bpemennbie nuarpaMMel pabGoThl CXeMbl OKa3aHbl Ha puc. H.8. ITH Bpe-
MeHHble JHarpaMMbl OJHHAKOBO [IPUMEHHMbl K 00eHM BTOPHYHBIM OOMOTKaM,
MO3TOMY B HHAEKCAX BEJIHYHH onyllensl uudpel 2 1 3, 0603HauaIoLIHe HOMEp
0OMOTKH.
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§ 5.3. Pacuem mpexcasHozo mpaHcghopmamopa
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B KaXI0M BHIIpSIMETENE B JM0GOH MOMEHT BPeMeHM OTKPHITA Mapa JHO-
JIOB, OJIMH M3 KOTOPbIX HAXONUTCS B BepxHeM (IL1I0COBOM) MJieue BhLIMpsMUTe-
as1, a ipyroit — B HkHeM (MuHycoBom) mueue. [IpHtueM OTKpLITa HMEHHO Ta
napa, 4epes KOTOPYIO B HarpysKky MocTynaeT MakcHMalbHoe 110 M00yAto Ha
NaHHBIA MOMEHT AuHetinoe Hanpsikene. Kak ciiecTBHe, HaNpsKeHHe U, B
HarpysKe NpeJCTaBJsieT o060 OrHOAIONIYI0 MOYJIei BCeX JHHeHHLIX Hampsi-
wenuit (em. puc. 5.8).

Haiinem amnuutyny nanpskenust U,y na uarpyske. Jlis 3toro sHauase
no dopmyane (2.11) naiinem cpeiree 3HaueHHe HaNpPSKEHHs 110 HATPy3Ke:

1t 6"
U =— j u,dt = — j U, sinwtdt.

0 /6

[Tocne BuukcaeHHs HHTerpaJa MoJydyHM:

3
Uy =20, (5.24)
WUs dopmyasr (5.24) naiinewm:
m m
Usn =3 Ui =5 27=2827 ¢

m ™
Uss =5 Ui =5 15=1571 e

Amnutyna auneinsx Hanpskenud U, 6oablie U, Ha BeIH4YHHY YABO-
€HHOro Najelns HaNpsHKeHHsT Ha OTKPBITLIX JHOLAX:
U,=U, +2U,. (5.25)
[punse U, = 1 B, no gpopmyae (5.25) naiigewm:
Uy, =U, +2U, =2827 +2-1=230,27e,
Uy=U,+2U0, =1571+2-1=17T7le.

Amnnutyna dasubix nanpskenuid U,qg cBsI3ana ¢ aMIIMTYA0H JTHHEeHHBIX
HaMpsKEHHH H3BECTHLIM H3 3/1€KTPOTEXHHKH COOTHOLUIEHHEM:
U

U, =—=. 5.26
A (5.26)

[To dopmyase (5.26) nainem:
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§ 5.3. Pacuem mpexcasHozo mpaHcghopmamopa

U,

g i=—2 :%:17,48&
J3 73
U

o === L =10,22e.

J3 173

Tenepb neperizeM K BLIMHCICHHIO JeHCTBYIOLIEro 3Ha4eHHd (a3noro Toka
Iy B uesnsix ynpoulenusi 3aMeHHM OTHOCHTEJILHO CIIOXKHYIO Gopmy (hasHoro
ToKa ip GoJlee NPOCTOH, KaK 110KasaHo Ha puc. 5.8 nynkrupom. OvesuiHo,
owmHbKa NpH 3TOM OyneT HeGOJBLIOH.

ITo dhopmysie geiicTsyiomiero sHauenus Gynkuun (1.38) naiinem:

lT T/3
_J?jif\dt_\/ jl b=l (
0

I, = 08161, (5.27)

HJIH

Awmniaryza dasnoro Toka l,g cBsizana ¢ amnauTynoi Hanpsokenus U,y Ha
Harpyske sakonoMm Owma:

U
I, = 2 5.28
* =R, (5.28)
Haiinem R,
Boio— U 27 _ 0,27 mm
I, 100
R, _Us 15 — = 0,15 mm.
I, 100
Torna no dopmyae (5.28) noayuum:
Iy = 22 - 2827 _ 164704,
R, 027
Uy 1571

[ps = =104,73A.
= RHa T 015

Haiinem neficTByiouiye 3HadeHnst (pasHbiX TOKOB BO BTOPHYHBIX 0GMOTKAX
no dopmyse (5.27):

I4, = 0,8161,, = 0,816 -104,70 = 85,435 A,
I,, =0816l,, = 0,816 104,73 = 85,46 A.
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Ko BropuunbiM 06MoTKaM TpanchopMaTopa MOIKIIOUeHbl HArPY3KH OIHO-
IO M TOTO e THUIa — TPeX(hasHble MOCTOBbIE BBINPSIMUTENH C AKTHBHBIMU CO-
npotusienusmu. Kak ciencrsue, GopMmbl (asHbIX TOKOB B 3THX 06MOTKax
(Hanpumep, GOPMbI TOKOB ipg M ix3) HIEHTHUHbI, @ PA3JIHUHE COCTOMT JIHIIb B
aMILUIUTYIHBIX 3Ha4YeHUAX. JTO, B CBOIO OYepellb, 03HAYAET, UTO rabapuUTHast
MOLIHOCTb TpaHc(hOpMaTopa MOXKeT GbiTh BhUHMCJIeHa He 110 obuLei hopMy.e
(3.1), a no Gosee nmpocroil popmyde (3.14):

P, =3(P, + Py) =3(Ugylagy + Ugslas) =
=3(17,48 - 85,435 + 10,22 - 85,46) = 71004 er.

Jlnst onpenesienys BeJIMUKHLL S.S, ¥ BBIOOpA Ha 3TOH OCHOBE cepledHHKa
tpancdopmatopa 6ynem ucrnosb3osath hopmyay (3.10), us kKoTopoii Halinem:

P
SSy=— " (5.29)
1,5k kojB, ..

B kauecrse ceppeuqnrka tpancgopmaropa OyieM HCIIOJb30BATh JEeHTOY-
HbIH MaruuTonposoy THna TJI, BEINOJIHEHHBIH H3 3JIEKTPOTEXHHYECKOH CTalH
Mapku 3423 ¢ tonmunod gentsl 0,15 mm. [lng 3Toi crand MoxKeM NPHHATDL
Binax = 1,2 Tot npu Hyppoy = 90 A/ m (em. tada. 111.4). Ws tada. [13.1 naiinem
ke = 0,9. Ilna naxoxnenust k, u j 6yneM HCMNOJb30BaThb KPHBYIO 3 Ha
puc. [13.1 u xpusyio 2 na puc. [13.2, annpokcuMupys HX 10 MOLIHOCTH
=7 kBr. Moayuum: k, = 0,3;j = 2 A/ mm?.

Torna no dopmyae (5.29) naiinewm:

7100,4

_ =581,3 10" m".
1,5m-400-09-03-2-10° - 1,2

S.S,

c

[Mosiyuennomy 3uadendio S.S, COOTBETCTBYeT MarHMTONPOBOL THIA
TJI32 - 40-84, y koroporo S, = 12,8 - 1074 m2, S, = 53,76 - 1074 M2, S.S, =
688,13 - 1078 m*. Jlanmwiii MaruuTonposon umeeT okHo pasmepom 64 - 84 mMm.

Pacuer notepb B cepaedHHKe B IaHHOM CJydae MOKHO He NMPOU3BOLHMTS,
MOCKOJIbKY TpancdopmaTtop paGoTaeT Ha nuskoi dacrote (400 ).

Jlnsi pacyeta yKcsa BHTKOB MEPBHYHONH 0OMOTKH BOCIOAL3YyeMcs opmMy-
Ja0#i (2.49), B Kotopoii B Kauectse U, N0JKHA ObITh B3SITA aMILIMTYAA (asHo-
ro HanpsDKeHHsl nepBH4Hoi 00MOTKH Tpanchopmatopa. [lockonbky nepsuy-
Has 0OMOTKa UMeeT coefuiende (a3 TPEYroJbLHUKOM, TO ee (asHoe HANps-
JKeHHe paBHo JHHelHHoMy Hanpsixkenuio nuraoiteid cetu U, = 220 B, otkyzna

U, =v2U_=+2 220=3l1e
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§ 5.3. Pacuem mpexcasHozo mpaHcghopmamopa

Uz dopmyasr (2.49) nonyuum:

U, 311

w, = = - = 90 gur.
omiS k. B, 2m-400-128-10"-09 1,2

Jlnist pacueTa umc/1a BUTKOB BTOPHUHBIX 06MOTOK (Wo U W3) npensapuTes-

HO HAH[eM BeJHYHHY BHTKOB Ha BOJbT:
w 90
w, = — = — = 0,2894 Bur/e.
U, 3l

Torpa noayuum:
Wy = WU 4 = 0,2894 - 17,48 = 5 Bur,

w, =w,U,, =0,2894 10,22 = 3 Bur.

Jlnst pacuerta fefcTBYIOLIEro 3HadeHUs (Da3HOr0 TOKA MePBHYHOH 0OMOTKH
I, Bocnosb3yemesi cootnomenuem (3.11):

I, = e los (5.30)
Nip  Mis
rue N, :&:%:18;
w, D
b= 905
w, 3

[To popmyae (5.30) noayuum:
85,435 85,46

I ~ = 7,60 A.
o 18 30
Haiinem ceuenne npoBoios 06MOTOK:
S, :Iﬂ _ 760 _ 3,80 mm?;
j 2
I
S, =-%= 85435 _ 49272 mm?:
] 2
S, = 1—3 = —85;6 = 4273 mm>.
]

B kavecTse npoBoaa nepeH4HON 0OMOTKH GyLeM HCIONb30BATE NPSMOYTO-
JbHBIH 06MoTouHbH npoBox Mapku [TC]I-J1 2,80 - 1,40 mm, umelonmil pasme-
pbl o uzoasiuuu 3,12 - 1,76 mm, ceuenvem 3,92 mmZ. B kauectne MPOBOJIOB
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BTOPHUHEIX 00MOTOK Oyzem Henogbaosath nposog [1C/I-J1 8,0 - 5,0 mm ¢ pas-
mepamu 110 uzossinnd 8,49 - 548 mm, ceuenuem 40 mmZ.

HeTpynHo 10Ka3aTk, 4TO NPH TOJIIMHE CTEHOK KapKaca KaTYIIKH 3 MM
nepBHUHas 06MOTKa yMecTHTCsl B 4 ciiosl, a 00e BTOPHUHBIE 0OMOTKH yMec-
TaTCs B ofHOM cyioe. TosnHa HaMOTKH cocTaBuT 22—25 MM, T. €. Bce TPH
0OMOTKH 3aHMYT MeHee NOJIOBHHEl OKHA CePAEHHHKA, 4T0 H TpedyeTcs.

§ 5.4. PacueT TpaHcdopmaTopa 0OgHOTAKTHOIro
obpaTHoxogoBOro npeobpasoBaTtend

Jonycrum, Tpebyercs paccuuTaTh TPaHC(HOPMATOD ONHOTAKTHOrO 00part-
noxonosoro npeotpaszosarest (OOXII), na 6aze KoTOporo 10JKeH ObITH M0~
crpoen nartukanaaeHbli UB3II co caenyiomumu xapakrepHCTHKaMu:

0 nanpsikenue nurtanua U, = 300 B;

0 BHIXO[HOe Hanpsikensde u ToK B l-m kanane U, = 20 B, [,5 = 0,1 Al

D BHIXOJHOE HaNpsiKeHHe H TOK Bo 2-M H 3-M kananax U,z = Uy = 20 B,

[H3 = IH4 =15 MA;

D BBIXOJHOE HampskeHue W TOK B 4-m kanane U,z = 20 B, [5 = 30 mMA;

D BHIXOJHOE HalpsKeHHe H TOK B 5-M KaHalte Uug = 16 B, [, = 25 MA.

I/IBE)H € TAKUMH XapaKTepUCTHKAMH MoKeT ObITb MCIOJb30BaH B KadecT-
Be ucTouHuka asronomuoro nutanust (MAIT) nas mormmoro ummnyascioro
HMB3II, cobpannoro no mocrosoi cxeme Ha IGBT- nau MAII-rpansucropax.

Cxema cunoBoli yacTH paccmatpusaemoro MB3I1 B nannom naparpade ue
NPUBOIMTCS, TIOCKOJIBKY OHA OTJIMMAETCS OT CXeMbl Ha pHc. 4.2 Juib Koaude-
cTBOM BBIXO10B. Tpanchopmarop nannoro UBII1 momken umers 6 o6moTokK:
OJHY MepPBHYHYI0 U NATb BTOPHYHBIX.

Harigem cymMmapHyi0 MOLIHOCTL Harpy3oK:

P, ZU“ L =20-01+2-20-0,015+ 200,03 +16- 0,025 = 36er.

JLnst nocaienyiouMx pacueTos HeoOXoaHMo 3agaThesi nepuogom T u Bpeme-
HeM OTKpHITOro cocrosting t, cunosoro tpansucropa OOXII, ocnoeniBasick
Ha coorHowenuy (4.10). Ilyete T = 14 Mmke, t, = 3 Mke. Padouas wacrora
tpanchopmatopa cocrasut npu stom [ =1/T = 71,4 k.

! MHpeKcauust BeIXOAHBIX HANPSIKEHHA W TOKOB B KAHANIAX [ISITHKAHAJLHOTO
WB3I1 nauunaeres ¢ undpel «2» 1 3akanuueaercs uHdpon «b», ¢ Tem uTodsl
0BecneunTh COOTBETCTBHE C MHAEKCaUWel HanpsikeHui (TokoB) Ha BTOpHY-
HBIX 00MOTKax TpaHcdopmartopa.
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§5.4. OdHomakmHeIl obpamHoxodoeol npeobpazosamerns

Bubepem ceppeunuk TpancqopMaTopa, BOCIONB30BABLIHCE (GOPMYJIOH
(4.23). B kauecTBe MaTepHa/a cepiedHHKa DYIEM HCII0Jb30BaTh aMOPMHbIH
marauteii crsias TM54J1C-500, umeiommii caenyomue napamerpo (cwm.
raba. 111.2):

0 3(exTHBHAS MaTHHTHAA MPOHKIAEMOCTD L,y = 500 B nManasone Ha-

npsokentocted ot uyas go 800 A /ml;

0 uHAayKuMs Hacelwenus Bg = 0,8 Ta.

3agagumMcs napamMeTpaMH NeTJH THCTEPE3Hca, 110 KOTOPOH LO/KHO TTPOKC-
XOIMTh NepemarnuunBanue cepreunnka: Bo= 0,15 T, AB = 0,1 Ta. Torna no
(hopmyae (4.23) Haiigem:

_ 0% p g 4T 1077500
© ABB, 0l1-015

3614107 = 211-10"°m%.

[osyuennomy 3HaueHHI0 NPHOJU3HTENLHO YAOBJIETBOPSIET KOJblEBOM
ceppeunuk K20 - 12 - 10, umeommii V, = 2,01 - 1076 m3, S = 40 mm2,
1= 50,265 MM, m = 10,5 1.

Haiinem 4HC/I0 BUTKOB W NEPBHYHOM OGMOTKH M3 yPaBHEHUS SHEPreTH-
yeckoro Gananca (4.21):

| i, UB, 50265-10° 3 300:015

w, = L

w2, T P, 4m-107.500 14 36

= 214 Bur.

OxpyraiumM nosyyeHHoe 3Ha4deHHe YHCAa BUTKOB 10 Wy = 200 BHT U yTou-

HUM [apaMeTphbl MEeTJH TMCTEPEe3UCa, BOCIOJb30BaBIuch popmyaamu (4.21)
u (4.19):

To%,Wi T P 4m-107 500200 14 36

= — =014 Tm
1 t, U. 50,265 - 107* 3 300

B, =

_Ut,  300-3-107

AB = -
w,S 2004010

=01125Tx.

AMI’IJ’IHTY,[[H HEPEMEI[I]{)I:] coc*rammomeﬁ HHAYKIHH COCTAaBHT!:

_AB 01125

Ba
2 2

= 0,056 Tx.

! KosbleBble cepleyHHKH M3 aMopdHOro MarauTHOro Matepuana IM54J1C-500
HMEIT HeMarHHTHBIH 3a30p.
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Haiinem cpennee snauenue Hg u pasmax AH nanpsskennocTd MarnuTHoro
noJsisl, UCronbays hopmyay (4.12):
B, 014
L (% 41107 - 500

H,—= =223 A/wm;

AB 01125

= — =179 A/wm.
Loy, 410 7500

AH =

Hpnmepnblf{ BHA NETJH THCTepe3nca, Mo KOTOpOﬁ AOJIAKHO MPOHCXOAHTD
[lepeMarHM4HBaHHe ceplledHHKa, N0Ka3aH Ha pHC. 59.

Tn | B
02 -
0,14
E
w
o
01 =
s
179 Afia
223 H
| I |
0 100 200 300 Am
Puc. 5.9

Hadinem MHHUMaJbHOE iy, © MaKCHMaJbHOE i|,,,, 3HAaUeHHs TOKa Nep-
BHUYHOH OOMOTKH, MCIOJb3Ysl 3aKOH MOJHOr0 TOKa:

- 50,265 - 107 = 33,6 - 107 A;

1 lmin —

H, - AH/2 _ 223-179/2
200

W,

. _Hy+AH/2, _223+179/2
lmax — - 200

1

- 50,265 -107° =785 107 A.

Ha untepsase |0; t,] Tok i; MmoxeT 6biTh NpecTaBACH B BUIE caepylOLIei
JUHeHHOH QYHKUMH BpeMeHH:

. +]‘ﬂ#t (5.31)
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§5.4. OdHomakmHeIl obpamHoxodoeol npeobpazosamerns

Ucnonbsyst Beipaxkenue (5.31), naiinem no dopmyse (1.38) nefictayiouee
3HAYeHHE TOKA ij:

/ \
T i : i 2
Il = l i%dt = LJ‘[\ ilmin i llmax llmirl - dt
T Tol t, /

OHYCKQH NnpoMeXKYyTOUHbIE BbIKJIAAKH, 3alHlIeM KOHeUHBIH pe3yJbTarT:

-2

l1 = ﬁ(llmin + ilminiimax + ifmam )‘ (5‘32)

Mo dopmyae (5.32) noayunwm:

I, = J-S—(SS,BQ +33,6 78,5 + 78,5°) = 26,6 MA.
314

3anaBuikch MIOTHOCTLIO TOKA B 06MoTKax j = 3 A /mm2, naiinem ceuenne
MPOBOJA MEPBHYHOH 0OMOTKH:

. -3
g _14:726’6310 — 887107 su?.

=pl = o
J
OI'[pe,E[EJ'IHM AHaMeTp MnpoBolia nepswmoﬁ 0OMOTKH:

4S . 107
d.; = \{ . \/4 L L 0,106 mm.
m m

B kauecTBe npoBoja NepBHYHOH OOMOTKHM OyIeM HCII0Jb30BaTh POBOX
[I9TB-2 puamerpom no memu dyp; = 0,100 mm (nnametp no wusoasMH
duptus = 0,128 mm).

Onpenenum 4HUCI0 BUTKOB BTOPHYHBLIX 00MOTOK TpaHcdopmaTopa, BOCIo-
JIb30BABIIKChH PeryJrpoBsodHoli xapakrepuctukoi OOXIT (4.8).

[Tockonbky Boixopnbie nanpsikennss OOXI] B nepsbix 4eTblpex KaHaJsax
mutanust (U, U,s, U,y v U,s) onunakossl u cocrasistior 20 B, To u uncsno
BHTKOB COOTBETCTBYIOLHX 0OMOTOK TpaHc(opmaTopa (wWg, W3, Wy H W5) Tak-
Ke OyneT ofHKM H TeM xe. B coorBeteTBHH ¢ QopMy.Iof (4.8) naiinem:

WE:“"I:WIU'IELT-l :200”(“—1):48,%“
Ny U. \t, 30013
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OKXpyrauM ToJyueHHOEe 3HAUEHHE UHCIZ BHTKOB 10 Wo = W3 = Wy =
= w5 = 50 BHT.

AnanornuHo HalgeM YHCJIO BUTKOB Wg OOMOTKH B [IITOM KaHaJie, YHHThI-
Basgg, uto BuixoiHoe Hanpsukenwe OOXII B gannoMm kanane cocrapiasier
U, = 16 B: | - . \

Ug| T _ 16 |14 _

: 1] =200 = -1 = 39,1 pur.
U \t, 300 3

Wg =W

Oxpyraum noaydentoe snavense no wg = 40 Burt.

JleiicTBylolye 3HAYEeHHS TOKOB BO BTOPMYHLIX OOMOTKAax MOryT ObITh
onpejeieHbl, HCX0IA U3 CJelyl0LHX coobpaxeHHH.

B coorBercTBHH ¢ 3aKOHOM MOJHOrO TOKa IJ1f HHTEPBaJa 3aKPLITOrO CO-
CTOSIHHS TPAH3HUCTOPa MOXKEM 3allUCaThb:

6
M=Zwm, (5.33)

re i, — MrHOBeHHBle 3HAUeHHS TOKOB BO BTOPHYHBIX 06MoTKax, k = 2, ..., 6.

Ha paccmarpuBaemom HHTepBale HHIYKUMS, KaK BHIHO H3 puc. 4.3, JH-
HellHOo yMenbliaetcst oT B, 10 B, Ilo Takomy ke 3akoHy npoucxomur
yMeHbIleHHe W HanpspkeHHocTH H, cBsizaHHO ¢ HMHIyKUMeH 10 dopmyle
(4.12). Takum obpasom, JieBast yacThb pasenctsa (5.33) npexncrasiser co6oi
JHHEHHO yObIBAIOLLYI0 (YHKLHIO BPEMEHH.

Jluneitno y6eiBaomumMy GyJIyT U TOKH ig, i3, ..., ig. JleHcTBHTENBHO, TOCKO-
JbKY XdapakTep Harpy3ok Ha Beex nstd soixopax OOXIT opun u ot xe (ak-
THBHO-eMKOCTHOM), TO ¥ ()opMa TOKOB GyJeT OMHAKOBOH, a CaMH TOKH OYIyT
MPONOPUMOHAJBHE APYT Apyry. MHbIMH ciloBaMH, J1I000H H3 TOKOB MOXET
GbITb BRIpa)KeH Yepes ONHH W3 HHX, HalpHUMep ip, CJAeNyIOMHM 06pa3oM:

iy Syl =i Sl 1 =005, (5.34)

5

re as, a4, a5 M a5 — KOI(QQUUMEHTE! PONOPUMOHANLHOCTH.
Moncrasus (5.34) B (5.33), noayuum:

Hi = w,i,, (5.35)

SKB
rHew,, =W, + Wya, + W,a, + W,a, + wga, = const. (5.36)
Bennunny w,,, MOXKHO TPAaKTOBaTh KaK 3KBHBAJEHTHOE YHCJIO BHTKOB
BTOPUYHOM OGMOTKHM, 3aMEHSIOLLeH cO00i N59Th BTOPHYHBIX 0OMOTOK peaJib-

HOTO Tpaucqnopma'ropa bes HapylleHHs Xola [MpoueccoB nepeMariH4HBaHHs B
ceplevyHHKe.
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§5.4. OdHomakmHeIl obpamHoxodoeol npeobpazosamerns

Ha ocHosanuu paserctsa (5.35) MoXkeM 3aKJIIOUUTh, UTO TOK ip AeHCTBH-
TeJIbHO SIBJIsIeTCs IMHeHHo yOblBalollel (hyHKLHel BpeMeHH Ha HHTepBale 3a-
KPLITOTO COCTOSIHHSI TPAH3HCTOPA. AHANOTHIHOE YTBepMKIeHHe MOXKHO Cle-
JaTh H B OTHOLIEHHH TOKOB ig, i4, i5 H ig HA OCHOBAaHHH paBeHCTE (5.34).

dopma ToKa ip H306paxena na puc. 5.10. Herpynno nokasars, uro pefct-

Byiollee 3nauenue lp ToKa iy ompemensieTcs no (OpPMyJe, aHATOTHUYHON
(5.32):

T =
I' = J . i‘2!'I'Iil'l + ikI't’IiJ'li max + iQmax = (5‘37)
2 3T (z 2min ' 2 2 )
! 2max \
T, T t
Puc. 5.10

Jlnst HaxoXKAeHH MHHUMAJIBHOTO ig ;) H MAaKCHMaJbHOIO iy, 3Ha4eHHH
TOKa ip, BXOAAWKX B popmyay (5.37), Heo6XomuMo BHAUANE ONPENesUTE KO-

sdpduarenTsl as, ..., ag. Jasg aroro MoryT GbIThb MCIOJIb30BaHLI PaBEHCTBA
(5.34), sanucannbie 17151 CPEAHHX 3HAYEHHH TOKOB iz, ..., ig, T. €. IJI51 TOKOB
Harpy3KH:

1113 :af’,IuQ! ll[d = a4IuEl lub = aSI\IQ’ luG = aﬁlu'l‘ (5‘38)

W3 pasencts (5.38) naiinem:
a, =1,/ = 0,015/0 = 015;
a, =1,,/1, = 0,015/0] = 015
a;, =1./1, = 0,03/01 = 0,3:
a, =1,/1, = 0,025/01 = 0,25.
[lo dopmyae (5.36) naiinem:
w,, =950+50-0l15+50- 0l5+50-03+40-0,25 =90.

B coorsercTBHM ¢ dopmyaoil (5.35) naiinem:
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lnaea 5

o Oy SN, s ot TS ~FH 100, s
w

L

: +
lomax = H, + AH/2] 28 9(1}79/2 - 50,265 - 10 =174,563 - 107 A.
WSKI'!

ITo dopmyae (5.37) onpenennm AedcTByIOlee 3HAYEHHE TOKA ip:

L, = J% (74.56% + 74,56 - 174,53 +174,53° ) = 1133 MA.

Pagenctsa (5.34) UMeIOT MECTO He TOJILKO JJIsl CPEIHMX, HO W 1151 JeHCT-
BYIOLLMX 3HaueHUH lo, ..., Ig TOKOB i9, ..., ig, UTO clienyeT U3 Teopemtl | o gei-
creyouiem snadennd Gynkupn (§ 1.5). Toraa nomyqum:

I, =a,l, =015 1133 =17 MA;
I, =a,l, =015 1133 =17 MA;
I, =a,0, =03 1133 =34 MA;
I, =a,l, =0,25-1133 = 283 mA.
Onpenenus IeACTBYIOLIMe 3HAYEHHS TOKOB BO BTOPHUHBIX 0OMOTKaX, Ha-

JIeM CeueHHe W IHAMETP [POBOLOB ITHX 0OMOTOK.
Jlnst obMoTku |-ro Kanana nuranus 6ygeM UMeTh:

I, 1133107
S=z=tB0
j 3

4S., .
d, = —22 = |2 00378 _ 6919 uu.
m m

B kauectBe mpoBoma maHHOH OOMOTKH OyleM HCIIOJb30BATh MPOBOJ
[I9TB-2 guamerpom no memu dypy = 0,200 mm (nHameTp 10 H30JISIHH
dup2us = 0,240 mm).

Jlns 06MoTOK 2-r0 M 3-T0 KAaHAJNOB NMHTAHWS TOJYIHM:

I, 0017
3

. T
]

=0,0378 mm2;

S, 28 = 0,0057 Mmm2;

+pd
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§5.4. OdHomakmHeIl obpamHoxodoeol npeobpazosamerns

4S. .
Ao =dy = o8 = [2-00057 _ g 0g5 vm.
m m

B kauectBe NPOBOIOB HaHHEIX 0OMOTOK OYIeM HCIOJB3OBATL MPOBOL
[13TB-2 guamerpom no Menu dyp3 = dypg = 0,100 mm.
O6motka 4-r0 KaHaJa MUTAHHS [I0JKHA HUMETh

S =0,0113mm2Z;

+ph

a8,y .
= B o JEO0LE g0 i
m m

B uensix yMmeHblLUEHHS HOMEHKJATypbl JHAMETPOB I1POBOJAOB OyleM HCIIO-
Jb30BaTh AJs1 JaHHOH o6moTkH nposox [I9TB-2 puamerpom no wmenn
d;ps = 0,200 Mm.

Hakowmell, 1/151 0OMOTKH 5-ro KaHala MUTAHHS MOJYHHM:

I, 0,034
3

.
j

S —lf'}: M:0,00941\'11\42;
]

.pﬁ -

48 ;
dpp= e 400098 0,109 mm.
m m

B kauecTBe TpoBoga JAaHHOH OOMOTKH OyleM HCIIOJb30BaTh [POBOJ,
[19TB-2 anamerpom no menu dypg = 0,100 mm.

HposepHM pasMelllaeMOCTb BCeX 0OMOTOK Ha cepleyHHKe.

Hzonsuuio MoBepxX cepaevyHHKa HaKJaablBaTb He 6)’}181\!‘[, TdK KakK OH HMeeT
3alIMTHOE [MOKPbLITHE H3 HO.J‘]HME]J]IOIS{ miaenku. C y4eTrom 3Toro BI]yTpEIlI]Hﬁ

IMaMeTp CepAeuHHKA COCTABHT dgyyr = L1 MM,
Hatinem nuamerp l-ro cios:

d_, =d -d =11-0,128 =10,872 mm.

—al BH—T ~plua

JInvnaa l-ro cnos cocTaBHT:

I_, =md_, =m- 10,872 = 34,155 mm.

—al —al

MakcHuManbHOe YHCI0 BHTKOB, KOTOpO€ MOXKeT MOMeCTHTLCH B 1-M cooe
bes y4eTa HEeNJIOTHOCTH HaMOTKH, COCTABHT!
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1, _ 34155

= ——— = 266,8 BHT.
d 0128

wlmax =
“plus

CrepoBatebio, nepeuunas o6mMoTKa, cogepkamas 200 BHTKOB, LEJTHKOM
nomecTHTcs B 1-M cuoe.

[Topepx nepsH4YHOH 0OMOTKH HaJOXHM MeXO0OMOTOUHYIO H30JSLHUI0 H3
aaxotkanu JIIIIMC-105-0, 10 Tonummnoit A, = 0,10 mm ¢ 50%-1bIM e pekpbi-
THEM.

2-i1 cJiof 0TBeleM MOJ pa3MellleHHe B HeM BTOPHYHBIX 00MOTOK 1-ro u 4-ro
KaHa/nos nutanusa. O6e 06MOTKH MOTAI0TCS OLHHM K TEM 2Ke [IPOBOLOM C IHa-

meTpom 1o usosstumu d.,,, =d. . = 0,240 mm.
JluameTp 2-ro c/os COCTABMT:
d—n? - d—.nl - d-|:|Iu3 - 4Au3 - d-p2n3 -

=10,872 - 0128 - 4-0]1 - 0,240 =10,104 mm.

Jlnvna 2-ro cjos COCTABHT:
|, =md_, =m:10,104 = 31,743 mm.

MaxkcuMalbHOe YHCI0 BHTKOB, KOTOPOE MOXKET PasMeCTHTBCHA BO 2-M cioe
be3 y4eTa HENJIOTHOCTH HaMOTKH, COCTABHT!
ol 31743
o = _3L7as
" 0,240

—a2

=132,3 BuT.

*p2ua

Otciona caepyet, uto 06e yKazaHHEe BTOPHUHEE 0BMOTKH, COLepKalllHe
no 50 BUTKOB, IOMECTATCS BO 2-M CJIOe.

[Toepx 2-ro c/0sl HAMOMHM MEXOOMOTOUHYIO H3OJSALMIO H3 JaKOTKaHH
JIIMC-105-0,10 tomuunoit Ay, = 0,10 mm ¢ 50%-HbIM nIepekpLITHEM.

3-ii clod oTBeseM NOJ pa3MelleHHe B HEM TPeX OCTABLIHXCH BTOPHUHLIX
00MOTOK,  MOTaeMbIX  TPOBOJOM C  JHAaMETPOM [0  H30JSLHH

d'p3m - d-p4“3 = d.pgm = 0,128 MM.
,[[Hame'rp 3-ro cJosi COCTABHT:
d—nS = d—nﬁ - d.pgm - 413”3 - d‘P3“3 =

=10,104 - 0,240 - 4-01 - 0128 =9,336 mm.

JlnuHa 3-ro cJIOsl COCTABHT:

I, =Td =T 9336 = 29,330 mu.
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§ 5.5. Pacuem mpaHcghopmamopa moka

MakcuManbHOe YHCI0 BUTKOB, KOTOpOE MOXKeT pasMeCTHTLCH B 3-M cJioe
oes y4eTa HelJIOTHOCTH HaMOTKH, COCTABHT!

I, _ 29330

——— = 229 Bur.
d 0,128

w dmax
* pdua

Otciofa cyenyer, 4To BCe TPH YKa3aHHBIE BTOPHUHEE OOMOTKH, COLEepIKa-
ue B cymme 140 BUTKOB, OMECTSITCS B 3-M CJloe.

[Tosepx 3-ro csiost HaJIOXKUM BHELIHION H3osaLMI0 U3 JakoTkanu JILIMC-
105-0,10 Tonuwmnoit A,, = 0,10 MM ¢ 50%-HbiM nepekpuiTHEM.

Hatinem nuamerp oTBepcTHsl B rOTOBOM TpaHchopmaTtope:

d,, =d 4 -d.,. -4A, =9336 - 0128 - 4- 0,1 = 8,308 wm.

*p3nz

Peansno JHaMeTp OTBepCTHA ﬁyﬂe'r MEHbIIE pacCHYHTaHHOTO 3Ha4eHHH,
TaK KaK He YUHTBIBaJacCh paJHaJ/bHas HEe[JIOTHOCTb HAMOTKH. OIlHEiKO BCJaeOcCT-
BHE OTHOCHTEJLHO GOJIbLIOH BEJHYHHbI dUTB pafHalbHad HEIIOTHOCTb HAMOT-
KH BpPSA JIH IPHHUHKINHAJBHO MOBJAHAET Ha KAPTHHY pasMelllaeMOCTH 0OMOTOK.

HafizieM WHIYKTHBHOCTD IEPBUUHON 0OMOTKH TpaHc(opMaTopa 1o GopMy-
e (4.17):

200% - 40 -10°°

L, = 4m-107 - 500 "
50,265 - 10

=20,0-107 I'n.
Haiinem ynenbiyio MOLIHOCTb NOTeph B cepieunuke no popmyse (2.30a),

BOCIOJIb30BABIIHCE JaHHLIMH Tabua. [14.2:

P =954-71,4".0,056*" =14,35 Br/kr.

Torpa mowmnocTs, paccenBaemasi B cepfileuHHKe, COCTABHT:
P.=P m=1435-105" 107 = 0,15 Br.

OueBH/HO, TOdy4YeHHAs BeJHYHHA MOLIHOCTH DACCEHBAHHs He MOXeT
MPHBECTH K CKOJbKO-HHOYAb 3HaYHTEIbHOMY IeperpeBy CepledHHKa.
Ha arowm pacuer tpancdopmaropa OOXI MmoxkHo cuuTaTh 3aKOHUEHHBIM.

§ 5.5. PacueTt TpaHcdopmaropa Toka

B umnyascueix UB3I1 tpancgopmaropsl Toka MCH0/b3YIOTCH B KadecTse
JaTUHKOB TOKA B CHCTEMAX 3alUTHI 110 TOKY. F3aMepsieMbIM TOKOM uallle BCero
SIBJISIETCS] TOK MepPBHYHON 0OMOTKHM CHJIOBOro TpaHchopmaTopa, aMILIMTYIA
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lnaea 5

KOTOPOro, Kak cienyer ua cootHowenus (5.1), nponopunonansua Toky Ha-
IPY3KH.

Konerpykumst tpancdopmaropa ToKa npeicTasiseT co6oil KosbLo U3 dep-
POMarHMTHOrO MaTepHala ¢ 06MOTKOH, B OTBEPCTHE KOTOPOTO NPOJET NPOBOL
¢ uamepsiembim Tokom iy (puc. 5.11). Jlannbiii npoBos urpaeT poJib nepBHYHOk
OOGMOTKH C UHCJIOM BUTKOB W = 1.

Puc. 5.11

Bropuunas 06M0TKa, HaMOTaHHas Ha KOJblle, Harpy»eHa Ha pesucTop R,
BLITOJHSAIOWHH (YHKLHIO JHHEeHHOro npeobpasoBaTelis BTOPHYHOTO TOKA iy B
HaMpsKeHnHe

u, = i,R. (5.39)

Hanpsikenne ug, fBIsAsich 3HaKONePeMeHHbIM, OJAETCs Ha BXOJ, BhINpPS-
MHUTeJid, Tlie peodpasyeTcd B NOCTOAHHOE, H JaJlee NocTyNnaeT Ha BXOL KOM-
napatopa TokoBo# sawmTel (na puc. 5.11 ne nokasan).

Jlnst BeInpsiMuTenst TpanchopMaTop TOKa BMecTe ¢ pesucTopoM R mosken
BLICTYIATh B KayecTBe reHeparopa 3.1.C. ¢ MajbiM BHYTPEHHHM COIPOTHBIIe-
HHEM, 4T0 MOKeT OLTb ofecnedeHo NpH JocTaTo4HO MaloH Beanunne R. B to
Ke BpeMs BeJHuuHa R He no/KHa ObITh CJAMILIKOM MaJoH, ¢ TeM 4ToDbl obec-
neduTb Tpedyemylo amiautyny U,s BbIXOAHOIO HAIPSIKEHHS Ug.

Bynem cunrare paccmartpuBaeMbil TpaHchopmaTop ToKa HieanbHeM. Tor-
Ia Ha ocHoBaHWH paseHcTsa (1.28) moxkem 3anmcars:

. i
i, = —, (5.40)
w
rIe W — YHCJI0 BHTKOE BTOPHUYHOH 00MOTKH (nasee — 0OMOTKH).

Ws pasenctsa (5.40) caenyer, 4To TOK iy MOMKET ObITh BbIOPAH CYLIECTBEH-
HO MeHBIIMM H3MepseMOro TOKa ij yTeM COOTBeTCTBYIOLIETo BeiGopa YHca
BHUTKOB 0OMOTKH.

91



§ 5.5. Pacuem mpaHcghopmamopa moka

[Mopcrasus (5.40) B (5.39), nonyunm:

0y = S, (5.41)
w
I[lepefinem k pacuery TpaHcdopMaTopa Toka. [lomycTum, Tpebyercst pac-
cuMTaTh TPaHCcHOPMATOP TOKA sl IBYXTAaKTHOIO MOCTOBOrO NpeobpasoBare-
as, paccmorpennoro B § 5.2, MexogHeIME QaHHBIMH [J1sI pacHeTa sIBJSIIOTCS:
0 amnaMTyna uamepsiemoro Toka L, = 3,6 Al;
0 IelCTBYyIOlLIee 3HaueHHe H3Mepsiemoro Toka I} = 2,546 A;
0 aMIUIMTYJla BbixonHoro Hanpsixkenus Uyo = 2 B;
0 paGouast yacrora [ = 25 klu.
3anapumcst Besnunnoi conporusaents R = 20 Om. Pasenctso (5.39), sa-
MUCaHHOe /ST MIHOBEHHbIX 3HAaUeHHH HANPSDKEHUS U U TOKA ig, ClipaBe/LIu-
BO TAKJKe W JLI UX aMILIMTYLHbIX 3HadeHni Uyo u L9, Ha ocHOBaHUH vero Mo-
KeM HalTH:
U, 2

I,=—2="=01A
R 20

[To hopmyne (5.40), cnpasemnuBoil 151 MIHOBEHHBIX, aMIIHTYIHbIX H
IeHCTBYIOLIMX 3HaueHHH BXOISILIMX B Hee BeJHUMH, HaHIeM YHCI0 BHTKOB
0OMOTKH H [eHCTBYlOllee 3HaueHHe BTOPHIHOrO TOKa:

= ILI = % = 36 BHT;
o 0l
I, = I—' = —2’546 =70,7-107% A,
W 36

OnpenenuM ceveHHWe W JIHAMETpP NPOBOLA OOMOTKH, NPHHSB IJIOTHOCTD
ToKa j = 3A/MM’:

-3
S. = I—Z = % =0,0236 mmZ:
]

p

IS .
d, =y = [2100236 1750
m m

! MamepseMbIM TOKOM B IAHHOM cJyuyac SBJISETCH TOK i| NEpPBHYHONH OOMOTKH
Tpancopmaropa T (cm. pue. 5.4).
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B kauectBe npoBona o6moTkH 6y1eM HCNOIB30BATE TPoBOA Mapku [19TB-2
¢ quamerpom 1o MeaH dy,, = 0,200 mm (muameTp ro U3OMSILKH dip 42=0,240 MM).

BriGepem cepreunuk TpaHcdopMaTopa TOKa, HCXOLS M3 YCIOBHSI pasMe-
1aeMOCTH 0GMOTKH Ha HeM M HaJH4Usl OTBePCTHsI 15l TPOJIeBAHUS IPOBOJA C
u3MepsieMblM TOKOM. JlonmycTHM, B KadecTBe MPOBOJA C H3MepsieMbIM TOKOM
ucroJsb3oBan nposo mapki MITIB-0,5, umeiouuii ceuenue 0,5 mm? 1 Brew-
HUH guametp dipp s = 2,2 MM.

B kauectse cepreuHHka TpaHcdopMaropa OyleM MCIONb30BATb KOJIBLO
K10 - 6 - 3 us depprra mapky 1500HM3, rmerouiee S = 6 Mm2, lep = 25,133 mm.

IIpoBepum pa3smeliaeMocTb OOMOTKH Ha BEIOPaHHOM CepleqHHKe.

Hanoxum na ceprednuk uaossauuio w3 gakorkanu JIIMIMC-105-0,10 ros-
unoi Ay, = 0,10 MM ¢ 50%-HbIM nepeKpeITHEM.

Havinem nuamerp u nauny l-ro cios:

d, =d-4a, -d.,, =6-4-01-0240 = 536 mn;
=536 = 16,84 uu

—al —al

(d — BHYTpeHHUE IHAMETD CEPIeuHHKA).
MakcHMalbHOe YHCJIO0 BUTKOB B 1-M clloe Ge3 ydera HElJIOTHOCTH HaMoT-
KH COCTABHT:

16,84
—almax d ) 0‘240

= 70,2 Bur,

OTKYJIa CJelyer, 4yTo 06MOTKA MOMECTHTCS B |-M ciioe.
[Toepx 0OMOTKH HaI0XKHM BHEILHIOW H30J8UKI0 U3 JakoTkand JILIMC-
105-0,10 ¢ 50%-ubiM nepexpoiTuem. Haiinem nuamerp oTsepcrus:

dy, =d, -d,, —4A, =536 - 0,24 - 401 = 472 mn.

Bupum, uro 1MaMeTp OTBEpCTHS BIOJIHE L0CTAaTOYeH /s NPOAeBaHHs Je-
pes Hero npoBoja ¢ H3MEPSEMBIM TOKOM.

BaknbiM ycioBHeM GyHKUHOHHPOBAHUA TPaHC(HOPMATOPA TOKA SBJISETCSA
obecrieuenye paboThl ceplevyHHKa Oe3 3axo/a B 00/1acTh HachleHus. YToOw
onpenenanThb, OOeCledeHo JIH BLIIOJHEHHe AAHHOTO YCJAOBHs, HeoOXOmHMO
HaHTH MaKCHMaJbHYI0 HHAYKUHIO B CepAeUHHKe, BOCIOJIb30BABILHCE (HOpMY-
Jao# (2.43). Hanomuwum, uTo nanuast GopMyJia CpaBeljiuBa [1Js PexUMa 1e-
peMariMYHBaHKs 110 CHMMETPHYHOMY LUHKJIY MPH NPSMOYIOJIbHOM BXOAHOM
BO3J€HCTBHH C nay3o# Ha nyie. Panee B § 5.2 6110 npuusto q = 0,25. Torna
no dopmyie (2.43) noayuum:
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§ 5.5. Pacuem mpaHcghopmamopa moka

qU, 0,25 2

Bmax = = 3 s = 0,046 Ta.
2wiS  2:36-25-10° - 610

OcnosbiBasich Ha pannbix tabda. [11.1 pns peppura 1500HM3, moxewm 3a-
KJIIOUHTB, YTO CePIeYHHK TpaHC(OpPMATOpPa TOKA JaseK OT HACHILEHHS.

IlpencraBisier MHTEpeC ONpeNeNHTb, HACKOJIBbKO BEPHO IPEIOJOKeHHe
06 ureanbHOCTH TPaHe(OPMATOPa TOKA, IPHHATOE Bhille. UToGb OTBETHTD HA
3TOT BOMPOC, HeOOXOAMMO HAWTH HaMarHWYMBAIOLIMHA TOK TpaHcdopmaropa
TOKa H CPaBHHTb €r0 C M3MepsieMbIM TOKOM ij.

[To dopmyse (4.12) naiirem MakcUMalbHOe 3HAUEHHE HATIPSDKEHHOCTH B

cepliedluKe, noacrasus B Hee « = 1500:

i B 0,046

max = = - = 24.40 A/M
£y Am-107 1500

B coorsercTsru ¢ dopmyaoi (1.44) npu wy = | noayunm:

I =H,, |, =2440 25133 10" = 0,61 A.

« max max " —p

[Tonyuennoe snauenwe I, .. B 5,9 pasa mensuwe [, uTo, B npuHLHIE,
MOXKHO CYUMTATh OTHOCHTEJbHO HEILJIOXHM pesyabTatoM. Eciiu ectb HeoO6XonH-
MOCTb B YMEHBLIEHHH I 11y, TO 9TO MOXKHO C€ATb 32 CHET YBENHYEHHs YHC-
l1a BUTKOB OOMOTKH — TaKasi BO3MOXKHOCTb eCTb, UTO CJefyeT U3 pacuera
pasMellaeMoOCTH OOMOTKH.
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3aksyeHume

[TogBonst HTOrK BLILLIEH3/I0KEHHOMY, OCTAHOBUMCS Ha OCHOBHBIX M0JIy4eH-
HBIX pe3yJ/bTaTax.

1. Tlpennoxkena momens MHOroo6MoTO4HOro TpaHcdopMmaTopa, OCHOBAaH-
Hasi Ha NpHBeNeHHOH 3KBHBAJeHTHOH cXeMe IS MeHOBEHHbLX 3HAUeHWH
3/JIEKTPHYECKHX H MarHUTHLIX Besinuui. Jlannast Mogesb N03BOJIH/IA JOOHTECH
BLICOKOTO YPOBHA 06001IeHHS U OCTYXKUIA 0CHOBOH [J1s1 JalbHEeHIIHX Teope-
THYeCKHX MOCTPOEHHH B OTHOLIEHMH KOHKPETHBIX THIIOB TPaHC(HOPMAaTODPOB.

2. C epuHBIX TeOpeTHYECKHX I103HLUMH paccMOTPeHbl TPaHC(OPMATOPH! Of-
HOTAKTHOTO IIPSIMOXOLO0BOIO NpeofpasoBaTesi, IBYXTaKTHOro npeodpasoBa-
Tesst, TPAHC(HOPMATOPbl ¢ CHHYCOWIANbHBIM BXOAHBIM Bo3feHcTsHeM (omHo-
(aszubiii ¥ TpexdazHbii Bapuantsl). [lonyuens: gpopmyJist 15 BeGopa cepaeu-
nuka (dopmysbl raGapuTHOH MOILUHOCTH) W JUIs Pacyera 4YHC]a BHTKOB
(popmyael TpaHcdopMaTOPHBIX 3.1.C.).

B ormesbnyio rpynmny soinesen TpaHcopmMaTop 0IHOTAKTHOTO 06paTHOXO-
JI0BOTO NpeopasoBateis, I HCCJeIOBAHHA KOTOPOro ObLIN HCII0Jb30BaHLl
sHepreTuueckue cooTHouwenus (ypasHenue suepreTueckoro 6Gananca). Ha
OCHOBAaHHH 3THX COOTHOLIEHMH, a TaKxKe PeryJHpOBOYHON XapaKTepHCTHKH
rnoJtydeHel (hopMyJibl LISt BoiGOpa cepiedHHKa H pacueTa YMC/a BHTKOB.

3. [lpuBenensl MaTepHabl 11 pacyeTa N0Tepb B cepledHHKe, 4TO BaXKHO
YUHTHIBaTh W1 TpanchopmaTopos, paboTaomux Ha yactoTax 20 k['1 1 Bbiiwe
(ocoBerno mist TpaHedOPMATOPOB ABYXTAKTHHIX NpeobpasoBaTesiei).

4. PasgpaboTanbl MeTOAHKH pacyera TpaHC(HOPMATOPOB YKa3aHHbLIX THIIOB,
a takxke rpanchopmaropa Toka. MeToIHKH MocTpoeH.l ¢ yieroM ocofeHHo-
cTed paboThl yCTPOUCTB, B COCTaB KOTOPHIX BXOASIT paccMaTpHUBaeMble TPaHC-
topmartopel. Manoxxenne MeTOIMK COBMELIEHO ¢ NMPOBeJeHHEeM COOTBEeTCTBY-
IOUMX PAcHEeTOB B KadecTBe IPHMEpOB.

Aptop Hazmeercs, 4TO MaTepHaJlbl, M3JIOXKeHHble B JaHHOH KHHre, OYLyT
[OJIe3HL BCEM 3aHHTEPeCOBAHHLIM JIHLAM IPH PelleHHH CTAaHIAapTHLIX H He-
CTaHOapPTHBIX 3a1a4 B 00/12CTH CHJIOBOH 3JIEKTPOHHKH.
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Mpunoxexnue N1

I'Iapamerpu MarHMTHbIX MaTepunanoe

MNapameTpsbl peppuTtos [6]

Tabauya IT1.1

Mﬂ])]ﬁl f|(|]1 ; Bmuxn Ta, npa Hmax! Alm o 2 B..Txa
deppura | MI'n 40 80 240 800 " i
Deppute! 001IET0 MPHMEHEHHA
1000HH 0,4 0,095 0,167 0,226 0,270 169 0,15
2000HH 0,1 0,154 0,200 0,236 0,250 796 0,12
1000HM 06 0,206 0,290 0,340 0,370 1790 0,11
2000HM 05 0,179 0,287 0,366 0,394 1562 0,13
3000HM 0.1 0,250 0,320 0,360 0,370 1989 0,12
TepmocTabuneHEIE heppHTEL
1000HM3 18 0,100 0,200 0,290 0,334 995 0,10
1500HM1 06 0,146 0,240 0,320 0,350 1393 0,10
1500HM3 1,5 0,148 0,250 0,350 0,380 1691 0,08
2000HM1 0,5 0,165 0,244 0,312 0,340 1233 0,12
BricokonponunaeMsie eppHTEI
4000HM 0,1 0,260 0,320 0,366 0,37 1890 0,13
6000HM 0,05 0,270 0,308 0,345 0,35 1970 0,11
10000HM 0,05 0,310 0,330 0,350 0,35 2188 0,11
DeppHTHI 1715 TEIEBH3HOHHOMH TEXHHKH
DENC g - - - 045 | - | o1
3000HMC | 0,36 - - - 0,45 - 0.1
DeppHTHI A1 HMITYIBCHBIX TPaHChOPMATOPOB
1000HHH 0,5 - - - 0,3 - 0,09
1 1T00HMH 0,3 - - - 0,4 - 0,15

! Kpurnueckas uacrora f, —

3HAUCHHE BepXHeH YacTOTHOH IpaHHUbl 00JacTh

IMNPpHMEHEeHHA, HAa4UHHad C KDTOPO[‘:I Pe3KO BO3PACTaKOT NMNOTEPH H CHHXKaeTCd MarHHTHada
MNpPOHHUAEMOCTb.

2 3nauenwe «, ykasaHo masi H = 80A/m.
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lMpunoxenue 11

MapameTpbl aMmop@dHbIX MarHUTHLIX CMNA3BOB
(TonwmHa neHTbl 25 MKM)
Tabauya I11.2

Bs, Mpumeya-
Mapka cnnaea Bmaxs T / Hmaxs A/M n “y ——

Cnnasbl ¢ MMHEHOM KPUBOH HAMArHWYMBAHUS B 3aALLMTHOM KOHTERHEpe

M4128 0,4/4 0,7/8 0,9/12 1,0/16 | 1,12 | 30000 -

M503B 0,13/2 0,25/4 0,37/6 0,45/8 | 0,58 | 40000 -

M5158 0,33/200 | 0,67/400 | 0,82/500 | 0,92/600 | 0,95 @ 1500 -
Crinasbi € MHERHOR KPUBOA HamarHinimeanus knacca JIC (C M30NSUMOHHBIM NOKPbITUEM)

M43/1C 0,1/2 0,2/4 0,3/6 0,35/8 04 | 35000 -

M45/1C 0,3/200 | 0,57/400 | 0,65/500 | 0,68/600 | 0,7 | 1200 -

IM54[1C—1000 | 0,25/200 | 05400 | 0,63/500 | 0,72/600 @ 08 | 1000 | c3asopoMm

'M54[1C-500 | 0,125/200 | 0,25/400 | 0,38/600 | 0,6/1000 | 0,8 500 | c3a3opom

TMS4[C—140 | 0,035/200 | 0,07/400 | 0,35/2000 | 0,6/4000 & 08 | 140 | c3a3opom

MapameTpel nepmannoes [6, 7]
Tabauya I11.3

nernfﬁm n.l(-aon{ll'l::'::n :Fu Bmax: T/Hmax, A/m Bs, Tn
[MepManion ¢ HauBbICLLEH MarHUTHOM NPOHULLAEMOCTLIO B CIabbix nonsx

0,01 20 0,2/5,5 0,3/7,5 0,5/14 0,73

20HM 0,02 20 0,2/8 0,3/11 0,5/20 0,73
0,01 50 0,2/8,5 0,3/13 0,5/22 0,73

0,02 50 0,2/12 0,3/17 0,5/30 0,73

0,01 - - - - 0,63

B 0,02 - - - - 0,63

[MepMannou ¢ BbICOKOW MarHUTHOM NPOHWLLAEMOCTLIO M NMOBBILLIEHHBIM ANEKTPUYECKAM CONPOTUBNEHUEM

0,01 - - - - 1,00

A 0,02 - - - - 1,00
[epMannon ¢ BbICOKOA MarHUTHOM NPOHULIAEMOCTBIO M NOBLILLIEHHON MHAYKUMER HACHILLEHUS
s | o3 | - | - [ - | - | 1=

Tepmannoun ¢ NPsSMoYrobHON NETNEN rmcTepesnca

SOHI 0,02 20 0,5/80 0,65/88 1,0/95 1,52
0,02 50 0,5/96 0,65/94 - 1,52
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Mpunoxenue M1

Ilpodoancenue mabauyst 1113

ne:)‘::::on JILOH{:"::“::A Kir’ll. Bmax, TH/Hmay, A/m Bg, Tn
— 0,05 20 0,5/65 0,65/70 1,0/80 1,50
0,05 50 0,5/73 0,65/T7 1,0/85 1,50
0,01 - - - - 1,35
A 0,02 - - - - 1,35
lMepmanon ¢ BbICOKON MHAYKUWEH TEXHMYECKOI0 HACHILLEHWS
provem 0,05 - 1,80/400 2,1/2500 - -
0,25..0,7 - 1,85/400 2,2/2500 - -
MepMansion ¢ HU3KOR OCTATOMHOM MHAYKLMEH U NOCTOSHCTBOM MarHUTHON NPOHALAEMOCTI
47 HK 0,02 20 0,2/120 0,3/190 0,5/320 -
0,02 20 - 0,3/230 0,5/360 -
o 0,02 50 - 0,3/330 0,5/500 -
MNapameTpbl 3nekTpoTexHU4eckux ctanei [6]
Tabauuya I11.4
Mapka |Tonuwmka, Bmax: Th npu Hpyax A/M
cTanu MM 80 100 200 400 1000 2500
3413 1,58 1,85
3414 0,30 - 1,60 - - - 1,88
3415 1,61 1,90
3404 1,60
3405 1,61
3406 0,30 - 1,62 - - - -
3407 1,68
3408 1,71
3471 0,35 - 1,61 - - - -
0,15 1,10 1,55
3423 0,08 1,05 - 1,40 1,50 1,65 1,82
0,05 1,05 1,50
0,15 1,35
3425 0,08 1,30 - 1,50 1,65 1,75 1,82
0,05 1,30
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Mpunoxenune N2

BbluncneHne 06bLeMoOB CepaeyHUKOR CTaHOapPTHbIX
KOHbUrypauuvi

1. Konbueeoii cepaeyHuk

Ob6vem V. KoOJBLEBOrO ceprevyHHKa
d T dep (puc. I12.1) moxeT 6LITHL ONpeleseH KaK pas-
HocTh 06beMoOB V| 1 Vo UHIHHAPOB, OCHOBA-
HHSIMH KOTOPLIX SIBJISIIOTCS KPYTH C IHAMETpa-
| Mu D u d cooTBeTcTBEHHO, a BEICOTA paBHa h:

\ / gt
mD? md?

. :—h_—h:
4 4
a =Mpe _ )=
4
= Sc _nhDid.M
D a 9 2
Puc. 112.1 [TocKoJIBKY
_D-d
—5
S, =ah,
D+d

l,=md_ =mD-2a)=md+a)=m

5
OKOHYATEeJNbHO TOJYIHM:
V. =8.1,.
2. CTepXHeBOW NNAacCTUHYaTLIA Cepae4yHuK

O6nem V. crepxkuesoro nuactunuaroro ceppeunnka (puc. [12.2) moxer
ObITb ONpefleNied KaK pasHocTb 00beMoB V| 1 Vy napaiie/enunejos ¢ raba-

putamu A - B - hu (A — 2a) - (B — 2a) - h coorBercTBENHO:
V.=V, -V, = ABh - (A - 2a)(B - 2a)h =
= ABh - ABh + 2aAh + 2aBh - 4a”h =
= 2ah[(A - 2) + (B - a)]

102



BeiyucneHue obbemoe cepdeyHuKkoe cmaHdapmHbIx KoHghuzypauul

lop A
a
o m
Ay
A
=
Puc. 112.2
[Tockosbky
Al: A — 4,
BIZ B - a,
]L'p: 2 (Al =+ Bl),
S. = ah,
OKOHHATEeJNbHO TIOJYYHM:
V.= S¢ L.

p-
3. CtepxXHeBOW NEHTO4YHbI Cepae4YHUK

CrepxKHeBoil JenTouHbli cepaeunrk (puc. [12.3) MoXKHO paccMaTpHBAaThb
COCTOSILUMM H3 CHEIYIOUMX TeJ: IBYX MNapaJjje/elHNelos ¢ pa3MepamH
A - a - h, iBYyX napainesenunenos ¢ pasmepamu B - a - h uueTsipex ueTBepTh-
KOJIeLl CO CPEIHUM PAZIHYCOM ¢, . CyMMa 00beMOB BCeX 3TUX TeJl K €CTb HCKO-
MEIH 06beM V. 1aHHOTr0 THIIA CepevHHKa, IPHUEM CYMMapHLIH 06eM UeTh pex
4eTBEPTHKOJIEL PaBeH 06beMy V, KOJbLA C TeM XKe PaIHYCOM T !

V, = 2Aah + 2Bah + V, .

[Tockosbky
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lMpunoxexue N2

S, =ah,
V=9l e Ly, =200, ..,
l,=2A+2B+1,,,
OKOHYaTeJbHO [OJIYHHM:
V. =8
/,_..- . % L
o T 1 : T | o T
a c =
==

- A
1
=
} & i
Puc. 112.3

4. BpoHeBOM NNacTUH4YaTblii CEpAEYHUK

Bponero# MJIACTHHYATHIH

cepreunuk (puc. I12.4) moxHO
paccMaTpHBaThb COCTOSIIUM M3
ABYX OIMHAKOBBIX CTEPKHEBBIX
JIACTHHYATBIX CEpPHEYHHKOB C

o6bemom ahly,, Ha ocHOBaHHH 2a

Hyero MoXeM 3alMcaThb:

V. = 2ah I,.

[Mockoabky S. = 2ah, okonua-

TeJ/JIbHO MOJYyYHM!:

V.=35. Icp‘ Puc. 1124

104




BeiyucneHue obbemoe cepdeyHuKkoe cmaHdapmHbIx KoHghuzypauul

5. BpoHeBoOil NeHTOYHbLIA Cepae4HUK

[Mockosbky Gpomesoi nentounsiii cepueunuk (puc. [12.5) coctour us

ABYX OJHHAKOBBIX CTE€PXMKHEBBLIX JIEHTOYHBIX CEepAEYHHKOB C o6wemom ahl

MOXeM 3allMCaTh:

V= 2ah | .

YuursiBas, uro S, = 2ah, oKoHuUaTEJNLHO MOJTYUHM:

V.=l

N

~

2a

cp-

—

e

/

c :
—/

R Nl B

Y

| =

c

!

Puc. 112 5

cpr
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Mpunoxenue N3

3HauyeHus koadhduumneHTa 3anonHeHus cepaeyHuka k.,
KoadduumeHTa 3anosiIHeHUs OKHa cepaevyHuKka meabio Ky,

NIOTHOCTU TOKa B 0OMOTKax i

3Ha4yeHua KoahdhuumeHTa 3anonHeHUs cepaedHuka [7]

Tabauya 1131

AONGGIS NosTL 0,02 0,05 0,08..0,1 | 0,15 0,35
(nnacTuHbl), MM
ke 0,65..0,7 0,75..0,8 0,85 0,9 0,93
k, 0,4
1
0,35
03 T —
- /‘/,-"'
N4/ :
0,2 ,/ o 5
V=
e

W
"

0,05

20 40 60 &80

Puc. I13.1. 3asucumocme Koagguyuenma 3anoiHeHus oKHa
cepdeynuKa medvio Om CYMMAPHOL pacyemHol MOUHOCMU

100 120 140 160 180 200 220 240 260 280 300

gmopuunsix obmomox LPy [7]

TP, BA

| — nas GPOHEBBIX H CTEPXKHEBLIX TPaHC(HOPMAaTOPOB HAMPSKEHHEM J10

100 B, =50 I'y;

2 — rex xe Hanpsxendem no 300 B, [ = 50 I'y;

3 — rex xe "anpsxkenuem o 300 B, { = 400 I'y;
4 — nuis TOpOMAAJBHEIX TpaHchopmaTopoR HanpskeHueM ao 300 B,

f=1 k[l

5 — rtex xe Hanpsxenuem go 300 B, f = b kI
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Mpunoxerue 3

12
Aant”

NN
N

\ \Q —

s

//
7
/

4
4 \ é-—.____ I
S~
2
1
2
0 50 100 150 200 250 300 350 400

P, BA

Puc. 113.2. 3asucumocms naomuocmu moka 8 obmomgax om
CYyMMApHOL pacuemunoil mouHocmu emopuunslx obmomox LP2 npu
cpednem nepeepese Kamyuiek Aty o, = 50°C [7]

| — nasi 6pOHEBBLIX H CTEPKHEBLIX TPAaHCHOPMATOPOB € CEPACUHHKOM H3
cramu 3412, §f = 50 T'u;

2 — Tex e ¢ cepuedyHMKom M3 cranu 3423, I = 400 I'y;

3 — nna TopoHAaNbLHLIX TpaHcgoOpMaTOpPOB ¢ CEpPACYHHKOM H3 cTadu 3423,
f=1..50«kly

4 — rex xe ¢ ceppeunukom W3 crasa 34HKMIL, [ = 1.5 kl'y;

9 — TexX Ke ¢ CepAevHHKOM U3 cranu 3423, [ = 1.5 kl'y, At, ., = 80°C.
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Mpunoxexnue N4

KoaddpuumeHTsl ANA OLEeHKHU NOTepPb B CepaeYyHuKax

un3 ¢peppuros [8]
Tabauya 1141
Mapka dpepputa Pg, Bt/kr a B
2000HM-A 355 1,2 24
3000HM-A 52,0 1,2 28
2000HM1 68,0 1,2 28
1500HM3 23,2 1,2 2,2
2000HM3 445 13 27
2500HMCA1 7,3 1,1 19
2500HMC2 11,5 1,2 1,7

KoaddpuumeHTbl Ang OLeHKU NoTepb B cepaevyHuKax u3 aMmoppHbIX

MarHMTHbIX CMJIAaBOB B nonoce 4actoTt 3...200 klNy

Tabauya 114.2

Mapka cnnaga Pg, Br/kr a B MpumeyaHua
4128 0,415 1,7 2,05
M503B 0,266 1,85 2,03
M5158 1,356 1,8 2
M43ac 2,12 1,7 2
vM4sCc 4,65 1,8 2
M54[1C—1000 7,95 1,48 2,05 Bax < 0,1Tn
477 1,48 1,85 Brax = 0,1Tn
IMS4IC-500 | 954 148 2,06 Bray < 0.1Tn
6,09 1,48 1,85 B> 0,1
IM54[1C—140 15,36 1,48 2,05 Brax< 0,1Tn
9,54 1,48 1,85 Brax = 0,1Tn
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1. Cepae4yHuku us ¢peppurtoe [4,11,12,13,14]

1.1. Konbueesbie ceppge4ynukm (puc. N2.1)

Mpunoxexnue NS
Tunopasmepbl cepae4yHUKoB

Tabauya 1151

Tunopasmep D, mm d, Mm h, Mm m, r
K7-4.2 7+0,3 4+0,2 240,15 0,32
K10-6-3 10+0,3 6+0,2 3+0,15 0,86
K10-6-4,5 10+0,3 60,2 4,5+0,15 1,27
K12.5.55 12404 5+0,2 5,5+0,15 283
Ki2-8-3 12+0,4 8+0,3 30,15 1,12
K16-8-6 16+0,4 8+0,3 6+0,25 49
Ki6-10-45 16+0,4 10+0,3 4,5+0,25 3,1
K20-10-5 20+0,5 10+0,3 5+0,25 6,3
K20-12-6 20+0,5 12+0,4 6+0,25 6,7
K28-16-9 28+0,6 16+0,4 9+0,4 20,4
K32-16-8 32+0,8 16+0,4 8+0,4 26,4
K32-20-6 3240,8 20405 6+0,25 16,4
K32-20-9 32+0,8 20+0,5 9+0,4 24.6
K38-24.7 38+0,8 24+05 7+0,4 26,6
K40-25-7,5 40+0,8 25+0,6 7,504 31,8
K40-25- 11 40+0,8 25+0,6 11405 463
K45-28-8 45+0 9 28+0,6 8+0,4 429
K45-28-12 45+0,9 28+0,6 12+0,5 63,9
K65-40-9 65+1,5 40+0,8 9+0,4 110
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lMpunoxexue N5

1.2. LU-06pa3Hble cepaeuHuku (puc. MN5.1)

Tabauya 115.2

Tunopasmep | L,mm | s,mm | H/2, Mmm | h/2, Mmm | a, Mm b,mm | ml,r
4.4 16403 | 4-02 8+0,2 5,270.2 499 327015 | 178
Ww5-5 20+04 | 592 10:02 | 6508 | 54, 4702 348
LB -6 24+05 | 6.9 | 12402 gt0.3 6 025 5+0.2 59
Ww7-7 30£06 | 7 g4 15+0,3 9,504 703 6+0.25 11,0
18 -8 32+0,7 | 8 g4 16403 | 11,5704 | 8 o5 7503 | 128

Wwi0-10 | 3607 | 1095 | 18+04 13405 1094 §+03 20,7
Wwiz2-15 | 42+08 | 1597 | 2104 15+06 1295 9+04 43
W16-20 54t1 | 2095 | 27405 19*08 16 g6 11705 98
Ww0-28 | 65+13 | 284 | 325+07 | 22t08 20 08 12405 | 209
1 _;ansahta macca odnot lll-o0bpas- d

noii demaau (cepdedrux cocmoum u3 d,

dayx Ill-obpasubix demaneii).

110

Puc. 1151

Puc. 115.2



1. CepdeyHuku u3 heppumos [4,11,12,13,14]

1.3. BpoHeBbie uLMNUHApUYeckue cepae4Huku (puc. MN5.2)
Tabauya 1153

(=3
1]
=
g = = = = = =
8| = H s s s s = = <
c - o = = - = = = -
= b o (] = = - - A
= ° ° i) - ¥ = @ o £
B9 |93 5 |75%05 |39, 202 |27,,, [18%012 |66 o5 | 1,673 | 051
BIT 1 113 9, | 9904 |47, | 202 |33 4,5 | 221012 |75, | 1803 | 0%
B14 | 143 55 | 11,6704 | 6.5, | 802 | 425 ;. | 28012 |98 (. | 25706 19
B18 | 184 g | 149705 | 76 54 | 3702 | 535 46 | 36%0.96 | 125 0| 28706 | 406
B2 |29 0 | 17906 | 94y, | 44°03 |68, |46%016 |15, |30 |73
b2 | 26 , 21,2108 | 115, | 54703 | 815, | 55016 | 13 , . | 3706 | 124
B30 | 305 ; | 25708 | 135, 54703 |95, |[6502 |21, | 35706 2
B3 | 362 ,,| 2091 | 162 ¢ | 54703 | 11y, | 7802 | 26 . | 406 | 336
B48 | 487 ;.| 395714 | 204 o, | 73704 | 150 [, | 1037024 34 (. | 4106 | 897
! Viazana macca odnoii uawxu (cepo"erma.'c cocmoum u3 deyx yauex).
1.4. Cepae4yHukm kBagpartHbie Tuna KB
A-A
2h,
A
[
) o| ©
|
D |
2h
2H
Puc. 115.3
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lMpunoxexue N5

Tabauya 1154

& -
g 3 z : g | 2|8 % B
= :-3 — -3 - S & 5 -
g

KB5 | 104+02 |12,05+0,25 | 4,8+0,1 14,65+0,25 | 104+0,1 | 6,5+0,1 |9,040,1 3.4
KB6 12,40,7 14,4+035 | 6,3+0,1 17,6+0,35 | <13,1 | 28,0 10,360,25 | 6,6
KBS |17,35+035 (197 o7 [84+02 |2209 17204 [113:05[143:03 |150
KB10 | 21,65+0,45 | 24,15£0,55 | 10,55+0,35 | 27,95%0,55 | 1920y | 124pin | 16,240,3 28,0
KB12 | 249:1,1 (208 1p | 1284 37615 24602 | 168706 [216:025 |450

2. CepaeyHnekn na amop@HbIX MarHUTHbIX CMJIABOB

2.1. Konbuesble cepae4yHUKU B 3alLMTHLIX KOHTelHepax
C TONLMHOM NneHTbl 25 Mkm (puc. MN2.1)

Tabauya IT5.5

Tunopasmep ool o §%, mm2 | lgp, MM md, r
D d h

0N 14/20-10 23 10,7 125 21 53 8,5
N1 15/25-10 29 125 13,5 35 63 17
0N 20/32—-10 M4 17,5 13,5 42 82 26
01 28/45-10 50 2.3 15,3 60 115 53
01 40/64—20 69 36 26,0 168 163 211
01 40/64-30 70 36 36,5 252 163 319
01 130/175-20 179 127 26,5 315 479 1163
0n 140/200-35 208 135 39,5 735 534 3018

! ¥kasanu: pasmepot sawumnozo xonmeinepa. Paamepo cepdednura dueypu-
pyrom 8 oboznavenun munopaamepa, Hanpumep, cepdeunux OJ114/20-10 umeem
grympenHul duamemp 14 mm, snewnul duanemp 20 mm, svrcomy 10 mm.

2 C yuemom koagpuyuenma sanornenusn cepdeunura b, = 0,7.

3 ¥kasana macca cepdeunuka 6Ges yuema 3auumHoz0 Konmeiinepa.
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2. CepdeyHueku u3 amopghHbIX MazHUMHbIX CrIasos

2.2. KonsueBsble ceppe4yHuku knacca [1C ¢ TonwmuHoi neHTbl 25 MKM
(puc. N2.1)

Tabauya 115.6

Pasuepu‘ » MM

Pasmcpui, MM

Tunopaamep D d Tunopasmep D d h
K10-5-5 10 Ki8-12-10 18
K12-5.5 12 K20-12-10 20 19 10
K14-5.5 14 5 K23-12-10 23
K16-5-5 16 K26-12-10 26
K18-5-5 18 K22.16-10 22
K20-5-5 20 K25-16-10 25
K11-6-5 1 K28-16-10 28 16 10
K13-6-5 13 K32.16-10 32
K15-6-5 15 6 K36-16-10 36
K17-6-5 17 K25-20-10 25
K19-6-5 19 K32.20-10 32 20 10
K21-6-5 21 K40-20-10 40
K13-8-5 13 K50-20-10 50
K15-8-5 15 K32.25-10 32
K17-8-5 17 8 K40-25-10 40 25 10
K19-8-5 19 K50-25-10 50
K21-8-5 21 K40-32-10 40
K23-8-5 23 K50-32-10 50 32 10
K16-10-5 16 K64 -32-10 64
K19-10-5 19 10 K50-40-10 50
K22-10-5 22 K64-40-10 64 40 10
K25-10-5 25 K80-40-10 80
K18-12-5 18 K64-50-10 64
K20-12-5 20 1 K80-50- 10 80 50 10
K23-12-5 23 K100-50- 10 100
K26-12-5 26 K80-64-10 80
K22-16-5 22 K100-64- 10 100 64 10
K25-16-5 25 16 K128-64-10 12_8
K28-16-5 28 K22-16-15 22
K32-16-5 32 K25-16-15 25
K25-20-5 25 K28-16-15 28 16 15
K32-20-5 32 20 K32-16-15 32
K40-20-5 40 K36-16-15 36

113



lMpunoxexue M5

 I—— Paauepu', MM " —— PaaMcpu’, MM

D d h D d h
K32-25-5 32 K25-20-15 25
K40-25-5 40 25 5 K32-20-15 32
K50-25-5 50 K40-20-15 40 20 o
K16-10-10 16 K50-20-15 50
K19-10-10 19 10 10 K32-25-15 32
K22-10-10 22 K40-25-15 40 25 15
K25-10-10 25 K50-25-15 50
K40-32-15 40 K40-25-20 40 o5 2
K50-32-15 50 32 15 K50-25-20 50
K64-32-15 64 K40-32-20 40
K50-40- 15 50 K50-32-20 50 32 20
K64-40-15 64 40 15 K64-32-20 64
K80-40- 15 80 K50-40-20 50
K64-50- 15 64 K64-40-20 64 40 20
K80-50-15 80 50 15 K80-40-20 80
K100-50- 15 100 K64-50-20 64
K80-64-15 80 K80-50-20 80 50 20
K100-64- 15 100 64 15 K100-50- 20 100
K128-64-15 128 K80- 64 -20 80
K100-80- 15 100 K100-64-20 100 64 20
K128-80-15 128 80 15 K128-64-20 128
K160-80-15 160 K100-80- 20 100
K128-100-15| 128 K128-80-20 128 80 20
K160-100-15| 160 | 100 | 15 | Ki60-80-20 | 160
K200-100-15| 200 K128-100-20 | 128
K160-128-15| 160 K160-100-20 | 160 100 20
K200-128-15| 200 128 15 K200-100-20 | 200
K256-128-15| 256 K160-128-20 | 160
K200-160-15| 200 K200-128-20 | 200 128 20
K256-160-15 | 256 160 15 K256-128-20 | 256
K320-160-15| 320 K200-160-20 | 200
K256-200-15 | 256 o00 & K256-160-20 | 256 160 20
K320-200-15| 320 K320-160-20 | 320
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3. CepOeyHuKku U3 anekmpomexHuYecKux cmaned

Tiiicn PiaamephlI , MM oy Paamcpui, MM

D d h D d h
K320-256-15| 320 256 15 K256-200-20 | 256
K25-20-20 25 K320-200-20 | 320 200 20
K32-20-20 32 K400-200-20 | 400
K40-20-20 40 2 2 K320-256-20 | 320 255 2
K50-20-20 50 K400-256-20 | 400
K32-25-20 32 25 20 K400-320-20 | 400 320 20

! Ykasanet pazmepst cepdesnuxa 6e3 yuema 3auyumno20 noKpoLmus.
Hpu pacwemax snauenue Koaguuuenma zanoanenus cepdeunuxa (k.) credy-
em npunams pagieim 0,7.

Macca cepdeunurxa moxcem boims onpedeiexa, ucxods Uz NAOMHOCML P Mae-
HUMHBLX MAMEPUAN0B:

TM43J1C, TM45/1C p = 5400 2/ u3,
rM54/1C p = 5200 ke / M.

3. Cepae4yHUKU U3 INEKTPOTEXHUYECKUX CTanemn

3.1. BpoHeBbie neHTo4YHble cepaedHuku Tuna LW (puc. MN2.5)

Tabauya 1157

T Pa3zmepsl, MM Macea!,
unopasme)
oy 2a b c C H h Kr
LLN6- 6,5 6,5 0,0125
LLnG- 8 8 0,0155
6 15 6 25 22
Lne6- 10 10 0,0195
Wne- 12,5 125 0,0241
ng-8 8 0,0297
ng- 10 10 0,0375
8 20 8 33 29
lng- 12,5 125 0,0467
Lng- 16 16 0,0596
Wno-10 10 0,0585
wnio-12,5 12,5 0,0725
! 10 25 10 40 35
Wwn10- 16 16 0,0934
Wa10-20 20 0,117
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R Pa3zmepsl, Mmm Maceal,
2a b c C H h KT
wni2-12,5 12,5 0,105
wni2- 16 16 0,135
K95 12 30 12 48 42 2 0,168
wni2-25 25 0,212
Ln16- 16 16 0,239
wni6-20 20 0,300
Wni6-25 16 “0 16 o4 % 25 0,375
wni6-32 32 0,478
n20-20 20 0,47
n20- 25 25 0,59
n20- 32 & 2 2 % o 32 0,75
n20-40 40 0,94
1LN25-25 25 0,915
1Ln2s- 32 32 1,17
U5 - 40 25 62,5 25 100 87,5 0 147
1112550 50 1,84
1Ln32- 32 32 1,92
1LNn32 - 40 40 2,4
113250 32 80 32 128 112 50 3,01
1LN32 - 64 64 3,84
L1140 - 40 40 3,77
111140 - 50 50 47
- 40 100 40 160 140 64 6,01
111140 - 80 80 7,54

I Macca cepdesnuxa paccuumana dan aenmot moawunoi 0,15 um ¢ naommuo-
cmuvio 7,65 e/cug"
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3. CepOeyHUKU U3 3MeKmpomexHuYecKux cmaned

3.2. BpoHeBble NeHTo4YHble cepae4YHukn Tuna WM (puc. N2.5)

Tabauya 115.8

Tunopa3amep = . P:auepu, :“ . . Mﬂt:;ﬂ‘ ’
LLIM8 - 6,5 6,5 0,0174
M8 - 8 8 0,0212
LLUIMB - 10 8 13 5 26,6 214 | 10 0,0268
LINIM8 - 12,5 125 0,0334
LLIIMB - 16 16 0,0428
LnM10-8 8 0,035
LnM10-10 10 0,0437
LIM10- 12,5 10 18 6 326 28,4 12,5 0,0545
LLIM10- 16 16 0,07
WnM10-20 20 0,088
lnmi2-10 10 0,0665
wnMmi2-12,5 12,5 0,0834
wm12-16 12 23 8 40,8 354 16 0,107
LLM12-20 20 0,133
LnMm12-25 25 0,166
WM16-12,5 12,5 0,131
WNM16- 16 16 0,168
LLUIM16 - 20 16 26 9 50,8 24 |20 0,21
LNM16- 25 25 0,62
LLIM16 - 32 32 0,334
LnM20- 16 16 0,28
LnmM20- 20 20 0,35
nmM20- 25 20 36 12 65 56,5 25 0,437
lnm20- 32 32 0,567
LLIM20 - 40 40 0,7
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- W— Pasmepbl, MM Macca' .
2a b c c H h KE:
LLIM25 - 20 20 0,547
LLIM25 - 25 25 0,683
LLIM25 - 32 25 45 15 81 70,5 32 0,875
LLIM25 - 40 40 1,09
LLIM25 - 50 50 1,36
LLIM32 - 25 25 1,08
LmM32 - 32 32 1,38
iR 32 95 18 101 87,6 " 173
LLIM32 - 50 50 2,17
LLIM40 - 32 32 2,24
LLIM40 - 40 40 2,81
40 72 24 128,2 1126
LLIM40 - 50 50 3,52
LLIM40 - 64 64 45

! Macea cepdeunuka paccuumana das aenmol moawunoil 0,15 unm ¢ naomuo-
cmbi 7,686 e/.*:MS.

3.3. CtepxHeBble NeHTo4YHble cepae4yHuku Tuna NJ1 (puc. MN2.3)

Tabauya 1159

Pasmepbl, MM
Tunopazmep Maccal, kr
a b c Cc H h
nne,5-12,5-8 8 22 0,028
Mn6,5-12,5-10 10 2% 0,03
nne,5-12,5-125 63 12,5 8 23 26,5 125 0,033
nne,5-12,5-16 16 30 0,037
N8 -12,5-12,5 12,5 ' 29,5 0,047
nng-12,5-16 16 33 0,051
18- 12,5-20 . 0 | 0| BS | g | 25 gy
18- 12,5-25 % __ ) 0,063
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3. CepOeyHuKku U3 anekmpomexHuYecKux cmaned

Pa3mepbl, MM

Tunopasmep T Macca', kr

a b c C H h
M10- 125-20 2 M 0,081
M10- 12,5-25 25 16 0,089
mo-12532 | © | g | 12| s3 | 5 | o008
M10- 12,5-40 40 61 0,114
MN12,5- 16-25 2% 51 0,163
2516 | | 22 6 | s | . 0,182
M112,5- 16-40 ’ 40 ’ 66 0,203
M12,5- 16-50 50 76 023
MN12,5-25-32 3 58 0,292
M12,5- 25-40 40 66 0,334
mi25-25-5 | 125 | 50 20 | 85 | 4 % 0,376
MN12,5- 25-60 60 86 0,418
(1163240 10 73 0,62
163250 50 83 0,69
16 - 3265 16 65 B | N5 | ggy | 0,795
116 32-80 80 1132 09
120 - 40-50 50 91 1,23
120 - 40-60 60 101 1,35
1120 - 40-80 & 80 2 | 26 | 45| N 1,55
1120 - 40-100 100 1412 1,77
125 - 5065 65 1164 244
125 - 50-80 80 131.2 27
ms-s0-100 | 2 | 10 | O | 06 | 45, | B 3,04
nn2s- 50-120 120 1716 3,38
132- 64-80 80 1452 5
132- 64-100 100 1652 56
264130 | 2 | 130 | X | 148 | 56 | B 6,48
132- 64-160 160 295,6 7.25
17140 - 80100 100 181,2 9.9
1140 - 80120 120 201,6 107
nuo-s0-160 | O | w0 | 64 | M8 | oy | 125
[1140 - 80-200 200 281,6 143

! Macca cepdeunuxa paccuumana das aenmsr monwyunoi 0,15 mm ¢ naommuo-

cmoio 7,65 2/ cm®.
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3.4. NleHTo4Hble ceppevyHuku Tuna TJ1 ona tpexdasHbiX

TpaHcdopmaTopos
£ T
a c a h
C
Puc. 115 4
Tabauya I15.10

Paamepbl, MM 1
Tunopasmep a b c c H h Macca', kr
T5-10-14 14 24 0,046
T5-10-16 16 26 0,048
TN5-10-18 5 18 14 43 28 10 0,051
n5-10-21 21 31 0,054
T5-10-24 24 | 34 0,058
6,5 10-16 16 29 0,069
6,5-10-18 18 31 0,072
6,5 10-20 6,5 20 16 51,56 33 10 0,075
6,5 10-23 23 36 0,08
6,5 10-26 26 |39 0,085
TN8-12,5-18 18 34 0,122
n8-12,5-21 21 37 0,128
8- 12,5-24 8 24 18 60 40 12,5 0,134
n8-12,5-28 28 44 0,144
8- 12,5-32 32 48 0,154
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3. CepOeyHUKU U3 3MeKmpomexHuYecKux cmaned

Pazmepbl, MM

Tunopaamep = = . < - 5 Macca!, kr
TN10-16-20 20 40 0,22
TN0-16-23 23 43 0,23
TN0- 16-26 10 26 20 70 46 16 0,24
TM0-16-31 31 51 0,26
TN10-16-36 36 56 0,28
TM25.20-25 25 50 0,43
Tn25-20-29 29 54 0,45
Tm2,5-20-33 12,5 33 25 87,5 58 20 0,48
Tm2,5-20-38,5 38,5 63,5 0,52
M12,5-20-44 4 69 0,57
TN6-25-32 32 64 0,97
TN6-25-37 ar 69 1,02
TN6-25-42 16 42 32 112 74 25 1,07
TN16- 25-49 49 81 1,145
TN16- 25-56 56 88 1,22
120 32-40 4 80 1,77
TN20- 32-47 47 87 1,87
TN20- 32-54 20 54 40 140 94 32 1,97
TNn20- 32-62 62 102 2,095
Nn20-32-70 70 110 2,22
TN25- 40-50 50 100 3,42
TN25- 40-58 58 108 3,62
TN25- 40-66 25 66 50 175 116 40 3,82
TN25-40-77 Tl 127 4,08
TN25-40-88 88 138 4,34
TN32-40-64 64 128 56
TN32-40-74 T4 138 5,95
TN32-40-84 32 84 64 224 148 40 6,3
TN32- 40-97 97 161 6,7
TN32-40-110 110 174 71

I Macca cepdeunuka paccuumana dasn rewmor moawunoii 0,15 mm c
naomuocmoto 7,65 2/ cm3.
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