Jlexknus 1 u 2 1
1 TPAHCOOPMATOPHI

1.1 HA3HAYEHHME, KJACCHU®UKALMS W NPUHIUAI JIEVCTBUS
TPAHC®OPMATOPA

Tpaucpopmamopom  Hazvieaemcsi  cmamuyeckoe  NeKMPOMASHUMHOE
YCmpoucmeo, umeroujee 0ge Uil Ooabuiee YUCiI0 UHOYKMUBHO CEA3AHHBIX 0OMOMOK U
npeoHasHauenHoe 0 Npeoopa3068anUsi NOCPeOCMBOM INIEKMPOMALHUMHOU UHOVKYUU
OOHOU UNU HECKOJbKUX CUCEM NEPeMEeHHO20 MOKA 8 OOHY UMU HECKOIbKO Opyeux
cucmem nepemenHo20 moKd.

TparchopMaropsl TPUMEHSIOTCS B JHEProcUCTEMax TMpu  Iepeaade
AIIEKTPOIHEPTUN OT OJJIEKTPOCTAHIIMA K TMOTPEOUTENsIM B DHEProyCTaHOBKax
Pa3JIMYHOIO BHJA, B BBIYMCIMTEIBHOM TEXHUKH, B yCTpoucTBax cBsA3u. Llupoxo
MPUMEHSIOTCST TpaHC(POpPMATOphl B CHCTEMax IUTAaHUS PaTUOYCTPOUCTB (CETEBBIC
MIPUEMHUKH, TEJIEBU30p OJIOKH MUTAHMS MEPEIATIMKOB U T. 11.), IPUYEM B Ka4eCTBE
TpaHCHOpPMATOPOB  THUTaHUS  AJIGKTPOHHOM  ammaparypbl  HCIOJIb3YIOTCS
TpaHchopMaTopbl MaJIOW MOITHOCTH (HE mpeBblmatomeid 4kBA mis onHoda3HBIX U
SkBA — nnst Tpexda3HbIX CUCTEM NMEPEMEHHOTO TOKa), KOTOphIE (110 OMpeeICHHUIO
['OC 20938-75) npeaHa3HaueHbl AJi1 MPeoOpa30BaHUs HANPSDKEHUS AJIEKTPUUYECKUX
ceTell B HAIPsDKEHUS, HEOOXOIUMBIE JIJIsl TUTAHUS AJIEKTPOHHOM anmnapaTyphl.

PaccmarpuBaembie TpaHCPOpPMATOPbl TUTAHUSI MOKHO KIACCUPUYUPOBAMb NO
Ce0YIOUWUM NPUSHAKAM.

8 3asucumocmu om uYucia ¢haz npeoopasyemo20 HANPANCEHUs — Hd
00HOGha3nble u mpexgasmbie;

8 3asucumocmu om yucia O0OMOMOK — HaA O08YXOOMOmMOUYHblEe U
MHO2000MOMOUHbLE;

8 3aBUCUMOCMU OM KOHDU2YpaAyuu MAcHUMONpo8o0a — HA CMEPIHCHeSbIE,
OpOHesble U MOPOUOATbHbIE.

PaccmoTpum  oagHO(Da3HBIN  ABYXOOMOTOYHBIM TpaHcPopMaToOp, MPUHIIUI

JEUCTBUSL KOTOPOIO OCHOBAH HA SIBJICHUM JJIEKTPOMAarHUTHOM MHAYKUMU. /[aHHBIN
mpancgopmamop — cocmoum U3 MASHUMONPOB0OA,  HA3LIBAEMO20  UHO204
cepoeuHukom, u 08yx oomomox. O0na uz oomomox — nepsuunas W (puc. 1.1)
HOOKII04Yaemcs. K UCMOYHUKY nepemeHHo2o Hanpsixcenusi Uy K Opyeoii oomomke
NnoOKIOUeH nompeoumenv L, ee HA3bl8aom 6MOPUHHOILL.

Ilpu nooaue nepemennoco nanpsixcenuss U, na nepsuunyro obmomky Wi 6 Heti
NOABNAEMCS NEPEMEHHbII MOK, KOMOPblll c030aem 8 MACHUMONPO8ooe nepemMeHHbll
MACHUMHbBIL NOMOK. 3aMblKAACL NO  MASHUMONPOBOOY, MASHUMHBILL HOmoK @

cyenjisienicia ¢ eumrKkamu 00MOMOK mpchqbopMamopa Wi u W, u HABOOUM 6 HUX

IC:
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Puc. 1.1. DnexkrpomarauTHas cxema oHO(a3HOro JBYyX0OMOTOYHOTO TpaHchopmaTopa

dd
- W 1.1
€ i (1.1)
dd
e, =-W,—; 1.2
P =W (L2)

Takum obpazom, snepeus u3 nepeutHoOu 0OMOMKU 60 MOPUUHYIO nepedaemcs
C NOMOWDBIO NEPeMEeHHO020 MACHUMHO20 NOf, A 2aNb8AHUYECKAs CBA3b MeHCOY
0OMOmMKAMU OMCYMCMBYem.

[Ipu mpakTUyecKUX pacyeTax TPaHC(HPOPMATOPOB UCHOIb3YIOT BBIPAXKECHUS IS
nerctBytomiero 3HaueHuss J/JC oOMOTOK TpaHcpopMaropa, a TakKe MPUHUMAETCS
JTOMYUIEHUE, YTO MAarHUTHBIM MOTOK TpaHchopMmaropa SBISETCS CHUHYCOMJIAIbHOM
dyHKIME BpeMeHH, T. €.

D=, sin ak (1.3)

[Tocne noacranoBku (1.3) B (1.1) u (1.2) u quddepenunpoBanus mosydum

e = —awd, Ccosat;
e, = —W, D, COS ik;

Tak xax COS @t =—Sin (a)t - gj,
To

e, = oW, @, sin (a)t - %)
(1.4)

e, = oW, D, Sin (a)t — %j

[Tpu cpaBuenuu (1.3) u (1.4) BugHo, uro 3JIC €; u €, oTcTarOT Mo ¢ase ot
notoka @ Ha m/2, T. €. Ha 4eTBepTh nepuoaa. 13 (1.4) ammmutynusie 3HaueHus J/[C
MOYHO MPEACTaBUTh KaK

En= a)chpm;
Eom = oDy,

PaznenuB Eiy, v By HAa V2 u moacTtaBuB @ = 27f , monyduM IeHCTBYIOIIHE

3Hauenusa IJ[C oOMoTOK TpaHcpopmMaropa:



Jlexknus 1 u 2 3

E, =4,44fwa, (1.5)

E, =4,44fw,® (1.6)
Paznenus (1.5) na (1.6), nonyuum

B _w_y (1.7)

E, w,

Omnowenue K nasvieaemcs koagppuyuenmom mpancgopmayuu.

Obmomxa mpancgopmamopa ¢ OOILWUM YUCTOM BUMKOB (C  OObUUUM
HanpsdceHuem) Hasvléaemcs oOMomkou evicuieco Hanpsdicenusi (BH), oomomxa c
MEHLUWUM YUCTIOM BUMKO8 (C MEHbUUM HANPAXCEHUeM) — O0OMOMKOU HU3ULe20
Hanpsoicenus (HH).

B 3asucumocmu om cnocoba éxnroueHus oOuH u mom xce mpaHcgh)opmamop
Modkcem pabomams AuUO0 KAK NOSLLUATOWULL, TUOO KAK NOHUNCATOWUIL.

1.2 KOHCTPYKIMA TPAHC®OPMATOPOB

OcHOBHBIMU  YaCMAMU  MPAHCHOPMAMOpPa  AGNAOMCA  MASHUMONPOBOO U
Kamywxa ¢ 0OMoOmKamu.

Ha puc. 1.2 nokazamelr  oCHOGHble  MUNbL  MACHUMONPOBOOOS
mpancghopmamopos.

B 3asucumocmu  om  cnocoba  u3eomoenieHus - MAacHUMoONnpoB8oObl

mpancgopmamopos Oenam Ha 08a euda: niacmuHyamsle (puc. 1.2, a-8) u
Jnenmounsle (puc. 1.2, 2-e).

Ilo kongueypayuu macHumonpogoosvl noOpa3oes oM Ha MpPU OCHOBHLIX BUOA:
cmepoichesvie (puc. 1.2, a, 2), bponesvie (puc. 1.2, 6, 0) u mopoudanvhsie (puc. 1.2, s,
e).

Mamepuanom 0ns MazHUMONPo800a MpPAHCHOPMAMOPO8 CIYHCUM TUCTOBAs
INEKMPOMEXHUUEeCKas. CMAlb PA3IUYHLIX MAPOK U MOJIWUHbL, TOPSTYel TIPOKATKUA H
XOJIOJHOKATaHasi; OT COJEP)KaHHS KPEMHHsS, KOTOPOE OTPaKEHO B MapKe CTajH, a
TAKXKE Om MOAUUHBL TUCA 3A6UCAM NOMEPU MOWHOCMU 8 MA2HUMONPO8ooe Om
suxpesvix mokog. TONIUHY JINCTa MPUMEHIEMON CTajid BbIOMPAIOT B 3aBUCHMOCTH
OT YacTOTHI CETH, MUTAIOMICH TpaHCHOPMATOP: C YBEIUYCHHEM YacCTOTBHI TOJIIIHHY
JMCTA HAJ0 YMCHBIIATh.

IInacmunsr macnumonposooa (puc. 1.2, a-6) nonyuaromcs nymem wmamnosxku
JIUCMOBOU CMANU YKA3AHHBIX MAPOK. [ yMeHbueHUs: 6UXPEBbIX MOKO8 NIACNUNbL
U30UPYIOMCS 00OHA Om OpYeou CloeM U30NAYUOHHO20 aKA WU K€ MOBEPXHOCTb
IJIACTUH OKCUIAUPYETCA.
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Puc. 1.2. KoHcTpyKIIMsi MAarHUTOIIPOBOIOB TPaHC(HOPMATOPOB

Jlenmounvie (6umvie) macHumonpogoowst (puc. 1.2, e—e) useomasiusarom us
JIEeHM PYJIOHHOU CMAIU; NPeo8apumenbHo JeHmdad HOKPbIBAemcs U30IUPYIOWUM U
CKIeUBAIOWUM COCTNABOM.

Cmepoicnegvle mazZHumonpoeoowt (puc. 1.2, a) coouparom uz npsamoy20abHbIX
NIACMUH 0OUHAKOBOU wupuHvl. dacmu macHumonpoooa, Ha KOMOPbIX HAXOOAMCS
0OMOMKU, HA3bIBAOMC CMEPHCHAMU. Hacmb MmacHumMonpogooa, CcoeouHAIOWdAs.
CcmepoICcHU MedHcOy co00U, HA3bIBACMCS APMOM.

Coopxa yacmeti MacHUMONPOBOOA MOAHCem NPouU3B00UMbCss cmulk (puc. 1.3,
a) u eHaxaecm (puc. 1.3,6), TpudeM B TIOCIEIHEM Ciydac YyBEIUIUBACTCS
MEXaHWYeCKas TMPOYHOCTh W  YMCHBINIACTCS  MArHWUTHOE  COINPOTHBIICHUC
MarautornpoBoga. Ilpu cOopke BCTBHIK IUIACTHHBI COOMPAIOT B E€IWHBIA TAKET H
NPEAYyCMaTPUBAIOT  M3OJAIMOHHYIO  TPOKIAAKYy  MEXKIy  IMMaKeTaMu  JUIs
MPEIOXPAHCHHUS] OT 3aMBIKAHUS MEXIY OTICIbHBIMH JINCTAaMH MAarHHUTONPOBOJA.
COopka BCTHIK YMPOIIAET MOHTAX M JIECMOHTaX TpaHchopMaTopa.

IlnacTMHBI MATHUTONPOBOJA CKPEIUISIOT B MaKeT JHOO ¢ TMOMOIIbIO
M30JIHPOBAHHBIX 0T MATHHUTONPOBOJAA IIMUIEK, JIMOO ¢ TTOMOIIBIO CIEIHATbHBIX
OaHgaXel U3 KalpOHOBBIX HUTOK.

O0603HavaeTCs CTEPKHEBOM CEPJICUHUK KaK

1120%45,
rae 11 — tun cepneynuka,
20 — mupuHa CTEPIKHS, MM,
45 — TonmyHa MakeTa, MM.
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Puc. 1.3. COopka MarHuTOIpoBo/ia BCTHIK (a) U BHaXJIECT (0)

bponeevie macnumonposoovt (puc. 1.2,6) cobuparom u3z naacmuwn IlI-
00pazHou  Gopmbl U NPAMOY2ONbHLIX NAACMUH, 3ambvikarowux LlI-o6pasnyio
nracmury. Omu  MASHUMONPOBOObI UMeOM OO0UH CMEPHCEHb, HA KOMOPOM
pacnonazarom  6ce  oomomku  mpancgopmamopa.  Cobopxa  OpoHeso2o
MA2HUMONPO800a NPOU3BOOUMCS MAK JHce, KAK U MACHUMONPOB0Od CMEPICHEBO20
MUna, ONUCAHHO20 Bblulle.

Ilockonvky 6 OpoHesoM MacHUMONPOB8OOe 0OMOMKA pazmewaemcs Ha
cpeoHeM cmepoicHe, MACHUMHbIL NOMOK PA36eM6IsAemcs Ha Npasyio U a1egyro 4acmu
U, makum oOpasoM, 8 KpauHux CmepicHsAX e20 3HayeHue Oyoem 6 2 pasza meHbvule,
yeM 8 YeHMPAIbHOM, IMO NO3BOAAEM YMEHbUWUMb CeueHue KPatuHux cmepoichell 6 2
pasa no cpasHeHuio ¢ YeHmpaibHbuIM.

Oo603HavaeTcst OpOHEBOM CEpACYHUK KaK
[1120%45,
rae LI — tun cepaeunnka,
20 — mMpuHa CTePKHS, MM,
45 — TonmyHAa MakeTa, MM.
Topouoanvnvie maznumonpoeoovt (puc. 1.2, 8) cooupaiom uz OmoenbHbixX

wmamnoearHblx Kojey, nOKpolmbslx U30JAUPYIOUUM JIAKOM, C60pKCl np0u3600um0ﬂ C
nomouwbro HAMOmKu Ha nakem  NjiaadcmuH JeHMOYHOU  JIAKOMKAHU. IDmom
MQZHUWIOI’ZpO@Oa obnadaem Haurydumumu mMacHuUmMHobIMU ceolicmeamu. HaumeHvulee
MAZHUNIHOE conpomueierHue, MUHUMAIbHblE uHOmeu@HOCWIb pacceusadus U
uyecmeumeslbHocms K  6HEWHUM MACHUMHbIM  NOJIAM, 00HAKO U320MOGaeHUe

00MOMOK 6 OaHHOM aiydyae moorcem npous’eodumbc;z MOoOJIbKO HA CcneyuailbHblx
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CNMAHRKAX YEJIHOYHO20 muna uiu 6pydiryio.

O06o03HauaeTcs CEPJICUHUK ATOTO TUIIA KaK
060x40x%10,
rae O — tun ceplieuHuKa (TOPOUJATBHBIN),
60 — BHELTHHI TUaMETp TOpa, MM,
40 — BHYTPEHHUI TUAMETpP TOpa, MM,
10 — BrICOTa TOpa, MM.

Jlenmounvle MazHUMONPOBOObL CMEPIHCHEB020 U OpOHee020 muna (puc. 1.2,
2, 0) cooupaiomcsi U3 OMOENIbHbIX, COCOUHAEMbIX BCMBIK, MASHUMONPOBOO08
NOOK0800OPA3HOU PopMbl, a 3amem CMASUBAIOMCS CHEYUAIbHLIMU HAKIAOKAMU
(xomymamu). Taxas KoOHCMPYKYUs MASHUMONPOBOOA 3HAYUMENbHO YHpoujaem
cbopky mpancghopmamopa. JlenmouHnvlie MacHUMONPOBOObI NO CPABHEHUIO C
NIACMUHYAMBIMU OONYCKAom MacHumHyto unoykyuro na 20—30 % eviwe, nomepo 8
HUX MeHbule, 3anonHeHue odvema maznumonposooa u KIIJ| mpancghopmamopa
gviuie. Ilo smum npuuumnam JneHMOUHble MASHUMONPOBOObL HAX00AmM 6ce 0Ooee
WUPOKOe NpuMeHeHue.

Topouoanvnvie 1enmounbvle MazHUMONPoBoovl (puc.l.2, e) uzeomasiusarom
nymem  HABUBKU  JeHmMbl HA  ONpABKYy  3adamHo2o  pazmepa.  OOmomxu
mpancgopmamopa npous00AmMcs Ha HAMOMOYHBIX CIMAHKAX YeTHOYHO20 MUNQ.

B o603nauenun nodasisieTcst Oyksa «JI», Hanpumep:

[J1, L, JIO

Obmomxu mpancgopmamopa BBHITIOTHSIIOT W3 METHOTO WIW aJIFOMHUHUEBOTO
M30JIMPOBAHHOTO MPOBOJIA.

B mpancgopmamopax  cpedHeli mowHOcmu  Oaudice K - CmeOpIsCHIO
pacnonazarom 0OMOMKY HUULE20 HANPANCEHUs. MO N038011em YMEHbUUmMs CJol
uzonayuu mexcoy oOMOMKOU U CMEPI’CHEM a makdxice cozoaem Jayduiue YCi06us
OXNIANCOeHUs OOMOMKU HUULE20 HANPINCEeHUs, N0 KOMOPOU npomekaem OO01bulull
MOK.

B nusxosonemuvix mparncgopmamopax (0o 100 B) manoti mowpocmu b6audice K
CIMEPIICHIO NOMewjarom oOMOMKY BblCUle20 HANPAdXCeHUs. Dma mepa Nno360Jsiem
VMEHbWUMb CMOUMOCMb mMpancopmamopa, max Kak CpeoHss ONUHA BUMKA
0OMOMKU BbICULE20 HANDSCEHUsl, BbINOJIHAEMOU U3 00PO20CMOosAULec0 Npo8ood
MAnoeo cedenus, NoLyyaemces 8 Smom cuyuae MeHbule.

B BBICOKOBOIBTHBIX mpancghopmamopax (ceviue 1000B) (puc. 1.4, a)
MIPUMEHSETCS Pa3eIbHOE PACIIOIOKEHIE OOMOTOK Ha CTEPIKHSIX MAarHUTOIIPOBO/IA.
©/2 0.2

a) 6)
Puc. 1.4- PacrionoxeHne 0OMOTOK Ha KapKace:
a - B BBICOKOBOJIbTHOM TpaHc(opmarope; 6 — B HU3KOBOJIBTHOM; B — B OpOHEBOM
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B HM3KOBOJNBTHBIX  TpaHcpopmaTopax OOMOTKM  pacHojararorcs B
cOoOTBETCTBUH ¢ puc. 1.4, 0. JIOCTOMHCTBO TakOro pacrloJOKEHUS OOMOTOK—
HeOOJIbIIIOE 3HAYEHHE MAarHUTHOTO TIOTOKA PACCESHUS W3-32 MEHBIICH TOJIUHBI
HAMOTKM W HEOONBIION pacxoa OOMOTOYHBIX IIPOBOJOB, TaK Kak CHH)KCHHE
TOJIIIIMHBI HAMOTKH BEJIET K YMEHBIIIEHUIO CPETHEH ITTMHBI BUTKa OOMOTKH.

B mpancpopmamopax c¢ o6ponesvimu maenumonposooamu (puc. 1.7, 8)
0OMOMKU PACNONALAIOMCIL HA OOHOM CIEPIICHe.

B mpexgasnom  mpancgopmamope na - kaxcoom  u3z  cmepicHel
pAcnonazaromcs nepeudHas U MOpUdHas 0OMomKy OaHHoU ga3zul.

B mopoudanvuvix mpancghopmamopax obmomku pacnonazsaromcs no eceu
ONluHe MA2HUMONpPo8ood.

B xoHCTpykIuu Tpancdopmaropa AOKHA OBITh MPETyCMOTPEHA MaHENb, K
KOTOpOI TpHUTNAanuBaOT BBIBOABI 00MOTOK. Kopryc Tpanchopmaropa saeKTpUUecKd
COEUHSETCSI C MAarHUTOIPOBOAOM U 3a3emiisieTcs. JTa Mepa HeoOxoauma u3
COOOpaKeHU TEXHUKH 0€30MIaCHOCTH Ha cilydaid mpo0osi OTHON U3 0OMOTOK.

1.3 XOJJOCTOM XOJ TPAHC®OPMATOPA

Peoxcumom xonocmoeo xo0a mpancghopmamopa Hazvieaemcsi makou
pedicum e2o0 pabomvl, Npu KOMOPOM NEPBUYHAS OOMOMKA BKIIUeHAd 8 Cemb
nepemenno2o moxa ¢ Hanpsiycenuem Uy u uacmomou f, a emopuunas obmomrka

DA30MKHYmMa, m. e. MoK 6mopudHou 0OMOmKuU pasen Hyio (puc. 1.5).
D x

I | (77

Tl

\ [ 1] \

~U1+%T‘+@1d ﬂ‘/ ~ U 2
\ BN \ \

e—H 1P Ml

Puc.1.5 Cxema ognodasznoro tpanchopmaTopa B peKHUME X0JIO0CTOTO X012

1100 oeticmeuem nanpscenuss Uy no nepsuunoil obmomke npomexaem mox
X010CmMo20 X00a, Komopbwvlii cozoaem macHumoosudxcywyio cury (MIC), pasuyro
I, ;W1, 2de Wiy — wuucno nociredosamenbHo COEOUHEHHbIX GUMKO8 NepeUUHOU
oomomku. Oma MJ[C cozoaem 6 mpancgopmamope MacHUMHbIL NOMOK, Hpe-
obnadarwas yacmo komopo2o D, 3amMblkaemcs N0 MacHUMonpogeooy, a oOpy2asi
yacmv NOMoOKA, 00bLIYHO 20pA300 MeHbULAs, 3AMbIKAemcs 2IA8HbIM 00pA30M

6He Maeuumonpoeoda — 5MO MaK HA3bl8AEMbLU NOMOK paccesinus Cpld.
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OcHosnoul macHumuslii. nomox @, 6yoyuu cyenien ¢ oboumu 0OMOMKAMU,
Hagooum 6 Hux I/[C, komopule onpedensomcs 8 coomeememeuu ¢ (1.5) u (1.6).
Ilomok paccesanus @14 cyenien 21a8HbIM 00PA30M C NEPBUYHOU OOMOMKOL
u Hasooum 6 Hneu I/C paccesanus, c643b KOMOpPoOU ¢ napamempamu
mpanc@opmamopa MONCHO onpedeiums credyrowum oopazom. I[lpu cunyco-
UOANIbHOM U3MeHeHUuU moxa meHogeHHoe 3Hauenue I/[C pacceanus nep8uyHol
o0bMmomKuU
&g = —Lyy di/dt =— L d(1,sin ot)/dt =

= -y ol cosat = -1, X Ccosat;

B OTUX BBIpaXEHUSIX L1y — MHIYKTUBHOCTh pacCesHUS EPBUYHON OOMOTKH, a X1 —
WHIYKTUBHOE CONPOTUBJICHUE PACCESHUS 3TOM OOMOTKH.

Takum o6pazom, DJIC paccessHUs €14 OTCTAET 1O (ha3e OT CO3MIAIOIIETO €€ TOKa
I, Ha 7/2; peiictByiomiee 3HadeHue >toii DJIC, BhIpa)keHHOE B KOMILICKCHOM
dbopme, ¢ yueTom, 4TO B AaHHOM ciaydae |;=I;,, ompenensercs cCiaeayrIuM
COOTHOLICHHUEM

(1.8)

By ==X, (1.9)

rae j=~-1

[Ipu nporekaHum TOKa XoJiocTOro xonaa |;, B mepBUYHON OOMOTKE
BO3HMKAeT  TMajJeHUE  HampsOKCHUS l,,;, ompenensieMoe  aKTUBHBIM
COIIPOTHUBJICHHEM OOMOTKH I7.

YuuThiBas yka3aHHBIE TOJ0XKEHHS, B COOTBETCTBHH CO BTOPBHIM 3aKOHOM
Kupxrodba  ypaBuenne DJIC  mnepBuuHOi  0oOMOTKM  TpaHcdhopmaropa
3aMUChIBACTCS CIAEAYIONIUM 00pa3oM:

U +E+E,=1I,r (1.10)
OTKyJa

U, =-E —Eq + 10, (1.11)
uiu ¢ yuetoM (1.9) MoxHO 3anucaTh

U, =—E + I, (5 + jx)=—E +1,Z;. (1.12)

rae Z; — NOJHOE BHYTPEHHEE CONPOTUBIICHUE MEPBUYHON OOMOTKHU.
[Tpu xonoctom xoxe TpaHchopmMaropa ToK |;, BecbMa Man U MOKHO CUHUTATD,
4TO

U, =-E, (1.13)
T.€. HAMPSDKEHNE Ha 3akuMax nepBuyHoit oomotke U; ypaBHoBemmuBaercs DJ1C E;.

Bekropnas nuarpamMma mnpuBeneHa Ha puc. 1.6. Tok xosoctoro xojaa
TpaHcopmaTopa MpeACTaBIIAIOT B BUIE AKTUBHOM M PEAKTUBHOM COCTABJISIOIINX.
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D, Iy

E,

Puc. 1.6 BekTopHas auarpamma TpanchopmaTopa Mpu X0JIOCTOM XOJ1€
Ecim lep - PCaKTHBHAs COCTABIOMIAs (HAMarHWYMBAOWMKA TOK), |y, -

dKTHUBHas COCTAaBJIAOIIAs (TOK HOTepL), TO
1y = \ I12xp + I12xa .
1.4 PABOTA TPAHC®OPMATOPA 1IIPU HAT'PY3KE

Ilpu nooknwuenuu Hazpy3ku Ly K 3axCumam 6mMOpuyHoU o00OMOMKU

mpancgopmamopa nosensemcs mox |, (puc. 1.8). O0noepemenno mox 6 nepeuyHou
obmomke docmueaem 3HaveHusi |, a macHummubIl NOMOK 6 MACHUMONPOBOOE —
snauenus @;. Tox |,, npomexaa no emopuunoi oomomke, cozoaem MASHUMHbILL

nomok emopulmoﬁ oOMomKU (@2) OcHoBHAasL wacmev 3mMo20 NOMOKA 3AMblKAEMC Sl

no MA2HUMORPOBOOY mpaHchopmamopa, CYenisasacb CcO GMOPUYHOU U

nepsuyHou oomomxkamu. Menvwas uyacms nOmMoKa 6MOPUYHOU OOMOMKU —

nomokK pacceusarnusl @Zd cyenjidaemci moJjbKO CO emopulmoﬁ oomMomKou u

Hagooum 6o emopuunou oomomxe I/C paccesnusa E,y. Ananocuuno evipasicenuio

ons I/[C pacceanus nepsuunoti oomomku (1.9) moowcno 3anucamn:

o == 112X, (1.14)
TJIe X, — WHAYKTHBHOE COMPOTUBJICHUE PACCESIHHS BTOPHIHON OOMOTKH.
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==

Puc.1.8. Cxema ognoda3noro tpanchopmMaTropa B peKHUMe Harpy3Ku

Maznumuoiii nomox @, emopuunoii 06MOMKU 6 COOMBEMCMEUU C
saxonom Jlenya manpaenen Hascmpewy nomoxy nepuunoii obmomru D, a
06WUIl NOMOK 8 MacHUMONpPoeode mpancgopmamopa @ modcem Gvime GLIPANCEH
CYMMOU

D =D, +d, (1.15)

Pa6omy mpauncgopmamopa nod nazpysxoil (npu noseienuu moxa l,)
MOICHO NOSACHUNMD CTOVIOWUM 06PA30M: MOK emopuuHoti obmomku |, cmpemumes
yMeHbuUms MazHumHbli nomox mpancgopmamopa @ . Hanpsocenue cemu, K

KOI’I’lOpOMV NOOKIOYeHA nepeuvHas 06]14017’”(‘61, cmpemumcsa  60CCMAHOBUMDb

3HaAuYeHue MACHUNIKHO20 nomoka, nocbolaas 6 mpancqbop/wamop

dononnumenvuwiii mox Aly. Taxum obpazom, npu nazpyske mpauncghopmamopa
mox nepsuunoii oomomiu |, mosicno svipazume
I, = I, +Al,, (1.16)
20e |,,— mox xonocmozo xooa, a Al,— mox, udywuii na noddepacanue
HeU3MeHHbIM MAZHUMHO20 NOMOKA NPU NOOKIIOUEHUU HAZPY3KU (NosielleHue MoKd
I,).
Mownocms, omoasaemas mpauncgopmamopom Hazpyske, pasua 1,U,, a

nompebsemas mpanc@opmamopom MOWHOCMs om cemu LU, = Ul(l 1x T Al 1).

Yunoowcus obe uyacmu ypaswenus (1.16) ma uucio eumkos W; HepBUUHOLL
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0OMOmMKU, NOJYYUM YPAGHEHUE

LW, = T, W+ AlLw,. (1.17)
Ilockonvky yeenuuenue MJ{C nepsuunou 0O6MOMKU npu HAzpy3Ke Al'lwlpaeno

U nPoOmMuUBoOnoLoxCHo no Hanpasienuito MJ{C emopuunoii 06mo mku, m.e.

mo noocmaseug ypasnenue (1.18 6 ypaenenue (1.17) u pazoenus obe

yacmu ypagHenus Ha Wi, HOJYYUM YPABHEHUe MOKO8 mpanc@opmamopa

. . . W
_ 2
W
oW, . .
Ecnu obosnauums |,=1,—=, 20e |,- mox emopuunoi obmomxu,
W,
1

NPUBCOEHHDbIU K UYUCTY BUMKO8 Nepe8uyHou oomomxu, mo ypaeneHnue (1.19)

npumem 6uo

i =1y + (1) (1.20)
Tox 60 emopuunoii obmomxe |, onpedensemca IJAC E,, xomopas &

BHAYUMENbHOU Yacmu uoem Ha CO30aHUe HANPANCEHUA HA 8b1600aX 6m0putmod

oomomrxu U, =1,2Z,, a ocmaswasca yvacmo uoem na xomnencayuro I/C paccesnus

E,qu akmusnozo nadenus nanpsscenus 60 émopuunon oomomke. Takum obpazom,

VPagHeHUue HanpaAXCeHus BMOPUUHOU 0OMOMKU MPAHCHOPMAMOPa MONCHO 3ANUCAMD

6 credyruem suoe.

Umaxk, nacpyscennvlii mparnchopmamop onucwvleaemcs ciedyiouumu

VDAGHEHUAMU:
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I =Ty + (- |ﬂ2);
U, =E,— jlx—I,r,
U =-E+ jipx +In
B peoicume naepysku emopuunoe nanpsicenue U, neznauumenvHo 3asucum om

moka nazpysku. 3asucumocmo U, = f(l,), npusedennas na puc. 1.12, nazvieaemcs

énewnen xapakmepucmuxou. Ona cnumaemces npu U, =const, coS¢, =const .

o
EM\\\\\

Puc.1.12 Buemnsist xapakTepucTika Tpanchopmaropa

s nocmpoenus 6eKMOPHOU OUASPAMMbL HASPYHCEHHO20 MPAHCHopmamopa
(puc.1.13) Heobx00UMO UCNOIBL308AMb OCHOBHBIE YPABHEHUSL MPAHCHOopMamopa.
Tlopsiook nocmpoenus ouazpammol:

1. Cmpoumcs eéekmop maznumno2o nomoxa D .

2. BeKmop moKa X0a0Ccmo20 xood le onepeosicaem 6eKnop nomokxKa Ha )2oj
MACHUMHO20  3aNA30bl6AHUS. U pacnadaemc;l HA AdAKMueHyro u peaxKmueHyro

cocmasnsaowue (puc.1.6):
[12 2
= lep + lea

L 0
3. Cmposmcs eexkmopol E;u E,, komopwvie omcmarom om nomoxa na 90" .
4. Onpeodensemcsa cosue az medncoy moxkom l,u E,
X+ X,
Wo=—"""""
r,+r,

u cmpoumcsi ekmop moka |, .

5. Ilo coomnowenuro moxog |, =1, +(=1,) cmpoumcs éexmop moxka 1,.

6. Ilo ypasnenuio smopuunou yenu U, = E, — JI,X, = |,r, cmpoumcs eexmop

B6MOPUHHOCO RANDAIICEHRHUA U 2.
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7. Ilo ypaenenuio nepsuunoii yenu U, =—E, + ji,;x + I, cmpoumcs eexmop

HanpsiceHus nepsuyHou yenu U, .
8. Onpeodensiomces cosucu asz g1 U P MENCOY MOKAMU U HANPANCEHUAMU.

X,
|.1R1
I,

D, 5

0,
I b
|'2 v,
U, E,
- |.2R2
- JIZX p2 E2

Puc. 1.13 BekropHas nuarpamMmmMa Tpancgopmaropa npH Harpyske
1.5 PEZXKUM KOPOTKOI'O 3AMBIKAHUASA

Cnedyem omauuame pedxcum KOPOMKO20 3AMbIKAHUS OM ONblMad KOPOMKO20
3ambikanus. Onelm KOpoOmKO20 3AMBIKAHUSL NPOBOOSM  HPU  CHUNCEHHOM
nepeuuHoOM Hanpsadicenuu. Peoicum kopomkoco 3amvikanus — >3mo aA8aPULHbLU
pedicum pabomuvl mpancgopmamopa. B pedcume KOpomKo20 3aMbIKAHUSA
Hanpsoicenue NepeudHou O0OMOMKU PABHO HOMUHANLHOMY, d CONPOMuUBIeHUe
HA2py3KU PABHO HYJIO.

B asapuiinom peosicume Kopomko20o 3aMbIKAHUs YCMAHABAUEAIOMCA OONIb ulUe
moku Kopomkoz2o 3amvikanus ¢ oomomkax |y u 1, . Omu 3uauenus cmonw

8ENIUKU, YMO NPUBOOAM K 8bIXOOY U3 CMPOsi 0OMOMKU mpaHcpopmamopa.
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Buewmnss xapakmepucmuxa umeem naoarowui 6euo. OmHocumenvHas
genudUHA nadeHus Hanpsoicenus npu Homunanrbnom moxe (1, = 1,,) Hopmupyemces u
yKaszvlgaemcs 6 nacnopme mparc@opmamopa (e). Obviuno sma eeruduHa
nokasvieaem naodenue Hanpsdicenuss 8 npoyenmax. C nomowpto e, onpeoensiom

MOKU KOPONKO2O 3AdAMbIKAHUA.

1.6 TIOTEPU B TPAHC®OPMATOPAX

Mowmnocmob, nompebnsiemas mpancgopmamopom pagHa.:
B =U,l cosg,
a MOWHOCMb, KOMOPAsi nepeoaemcsi Ha Hazpy3Ky
P, =U,l,cose,.

KIIJ] mpancgopmamopa onpedensemcs cOOmMHOUEHUEM

Ypaenenue 6ananca akmuenvix mouwygnocmein uveem 6uo
BR=R+P,+P,
20e P,,— macnumnvlie nomepu (nomepu 6 cmanu),

P, — snekmpuueckue nomepu (nomepu 6 meou), m. e.

I:)2
=556 .o
P,+P,+P

9.5.2. Maenummusie nomepu (nomepu 8 cmaiu) — 3mo:
- nomepu om cucmepe3suca,

- nomepu onlt BUXpPEBLLX NOKOE.
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Macnumnuvie nomepu 3a8Uciant moJjibKo om MASHUMHO20 NOMOKA U HE
3aeucsiam om Cujibl mokKa 6 06M01’I’ZKCZX. HOCKOJZbe OCHOBHOU MACHUMHBIL NOMOK
ABIIeMCs NOCMOSIHHLIM (OH NPONOPYUOHATIEH NEPBUHHOMY HANPSICEHUI0), nomepu 8
cmanu maKkace cuumaromcA noCmMoAHHbIMU. CﬂedoeameﬂbHo, MACHUNIHblIE nNOMeEPU HE
3asucsam om Kodghpuyuenma 3azpy3xu mpancgopmamopa
p=iz.
IZH
Maenumnovie nomepu onpedeﬂﬂiomc;z IKCNEePUMEHMAIbHO UMU 6bIHUCIIAIONICA
no amMnupudeCcKum 3asucCumMoCcmiAm, Hanpumep
B. Y f )
PM = I:?I.O — AN GM’
"Vaoo\ 1,0 400

eoe Py, - nomepu 6 1 ke cmanu npu unoykyuu By = 1 Tn u vacmome f=400
400

Ty,
G,,— macca cepoeunuxa
Dnekmpuueckue nomepu — 5mo nomepu, uoywjue Ha Hazped 0OMOMOK

mpancgopmamopa npomexkarwuMu no HUM MoKamu, m. e.
P = Rl(to)lf + Rz(to)@ .

Ilpu onpeodenenuu nomepv yuumvl8arOmcs UIMEHEeHUs aKMUBHO20 CONpPO-
mueneHuss oomomox om Hazpesa. lloomomy snexkmpuueckue nomepu HA3bIEBAIOM
nomepamu nepemerHHbIMU.

Ha puc. 1.14 npuseoena 3asucumocmo KII/{ om mownocmu P,. Tpancgpopma-
mop npoexmupyemcsi maxum oobpazom, ymo KII/] oocmueaem maxcumyma npu Hau-
oonee eepoammuou 3azpyske. Ilpu amom Kodauyuenm 3a2py3Ku HECKOILKO MeHble
eounuywvl. Moowcno Odoxasams, ymo maxcumanvioim KII/[ mpancpopmamopa npu

MAaKcumanvbHou e2o 3azpyske o6yoem, eciu P, = P,,.
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1,0

jesi
=

Tymax

|
P2 P>
Puc. 1.14 3asucumocms KII/] mpancgpopmamopa om mowmnocmu P,
KIIJ] mpancpopmamopa 6 3HauumenvHol mepe 3a8ucum om MOWHOCMU U 00-
cmuzaem 3HAYeHUlL:
0,7...0,75 — 6 mpancpopmamopax manoii mowHocmu (HecKoibko eamm,),
0,9...0,95 — 6 mpancgopmamopax cpeowneti mownocmu,

0,95...0,995 — 6 mpancghopmamopax borvwoi mowHocmu.

1.7 OIIBITHI XOJIOCTOI'O XOA U KOPOTKOI'O 3AMBIKAHUA

IKCnepumMeHmanbHo Mpanchopmamopsl UCNbIMbIBAIOMCS 8 SPAHUUHBIX

pedrcumax (ZH =0,Z, = oo).
Ilposoosim dea onvima:
- X010Ccmo2o x00a,
- KOpOMKO20 3AMbIKAHUSL.

Omu  uccneoosanusi 0am B03MONCHOCHL ONPeOeIunb UCXOOHbIe
oauHvle 05 pacuema mpaHcopmamopa. Onvlm X010CmMO020 X00d UCNOTIL3YIOM KAK
NeMeHm mexHu4eckoco KoHmpois. llposepsiom MOwHOCMb MAZHUMHBIX NOMEDD,
Koapuyuenm mpanchopmayuu, mox xonocmoeo xooda. Onwvlm KOPOMKO2O
3AMBIKAHUSL 0aem 803MONCHOCMb ONpeOeiums JIeKmpuiecKue nomepu, ad makice
BLIYUCIUNMD MOK KOPOMKO20 3AMbIKAHUSL 8 YCI08UAX IKCNEePUMEHMA.

Onvim X010CM0O20 X00a Npo8oosim Npu OMKIOUEHHOU Hazpy3Ke (puc.

1.15).
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PA pwW

le pV2

&

Puc. 1.15 Cxema BriIr0YeHHs TpaHCPOpMaATOpa MPH OIBITE XOJIOCTOTO X012

BonsT™MeTp pV,; uMeeT odueHb OOJILIIIOE CONMPOTUBJIICHUE, T. €. CUUTAIOT,
yro Zy —oo. I[lpubopamu pVi, pA, pW, pV, u3MepstoT COOTBETCTBEHHO
HaIpsDKEHUE, II0JABEJICHHOEC K TEPBHYHOM OOMOTKE; TOK XOJOCTOrO XOJa;
MOIITHOCTB, IOTpeOIsieMyI0 TpaHC(POpMaTOpOM B PEKHUME XOJOCTOrO XOa;
HaIpsDKEHHUE Ha BTOPUYHONM OOMOTKE.

B pexume xomoctoro xoma Uy = E; n Uy = E, , mosTOMy ¢ gocTaTouyHOM
TOYHOCTBIO, HUCITOJB3Ys TOKa3aHus mpuoopoB PV u PV, MOXKHO ONPEICIUTH
k03¢ ¢unneHt tpanchopmaru k =U, /U,, .

bananc akTUBHBIX MOIIIHOCTEN OMPEAEISICTCS COOTHOILICHUEM

P = P2 + PM + Pa
r7I€ MOIIHOCTH Py u3mepsiercsa npudopom pW.
Momnocts P, =U,l,C0S¢@, paBHa Hymto, Tak kak |, = 0.

Tok xomnocTroro xoma oObMHO HeBeauK M cocrtaBisieT (3... 10)% .
[TosTOMy cumnTaroT, 4TO

P=12r—0
B sToM cnyudae u3 ypaBHeHUs1 OajlaHCa MOIITHOCTEH BBITEKAET
P1=PM
BaTTMeTp B OIIBITC XOJIOCTOI'O XOJ/J1a ITOKa3bIBACT MONIIHOCTH HOTepB B

cranu. Takum o00pa3oM, B ONbITE XOJOCTOI0 X0Ja ONpeaeasiroTCs
MATHUTHBIE NOTEPHU.

OnbIT KOPOTKOr0 3aMbIKAHMSA TIPOBOJAT TIPU 3aMKHYTOM BTOPUYHOU
nenu (puc. 1.16). Amnepmerp PA,; UMEET BHYTPEHHEE COMPOTUBIICHUE, OJTU3KOE
Kk Hymo. [Ipubopamu pA;, pV, pW, pA; uzmepstor coorBeTrcTtBerHo |, U;, Py,

.
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PA. pW

pV pA 2

Puc. 1.16 Cxema BkiItoueHHs TpaHC(HOpPMATOpa MPU OIBITE KOPOTKOI'O 3aMbIKAHUS

Tox xopomxoeo 3amvikanusi 06biuno 6 20...30 paz boavue HOMUHATILHOZ0.
Iloomomy onvtm npoeooam npu chusxcennom nanpaxcenuu U,. Hanpsowcenue
U, crhuorcarom nacmonvko, umoovl 60 6MOPUUHOU Yenu NPOMmMeKal MoK, paeHblll
HomuHanoHomy.  Koagppuyuenm — mpancgopmayuu  onpeoensitom  no
uzmepennvim moxkam k=1,/1,.

B ypaBHenuu 6aranca MOITHOCTEH
R=R+P,+P,
P, =U,l,cosg, =0,
tak kak U, = 0 (Zy = 0).
MarHuTHble TIOTEPU MPOTOPIUOHAIBHBI KBAJpaTy IOTOKA, KOTOPBIHA
Takke npornopiuonaieH U, T. e.
P, ~kd’
E, =444, fw;
E ~U,;
d~U;.

[IpoBOas OMBIT MPU CHUKECHHOM HAIMPSDKEHUH, MAarHUTHBIMHU TTOTEPSIMU
npeHeoperarT
P,—0
Tornma u3 6amanca MOITHOCTEH CleTyeT
P1:P3
B onvime kopomkozo 3amvixanus W, noxazvieaem mowHocms nomeps 8
meou. Taxum obpazom, npu uccie006anuu KOPOMKO20 3AMbIKAHUA UIMeEP-
1omcesa IaeKmpuiecKue nomepu.
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CAMOCTOATEJIBHAA PABOTA

1.8 PEAJIBHBIN, NJEAJIN3UPOBAHHBINA U IPUBEJIEHHBIN
TPAHC®OPMATOPHI

Peanvuwvit mpancgopmamop wumvmeer OOMOTKH, pPACIIOJIOKEHHbIE Ha
cepaeuHuke. OOMOTKM HMEIOT KaK aKTUBHOE COMNPOTHUBJICHUE, TaK U CO-
MPOTUBJICHUE pacCesiHus, T. €., KpOME€ OCHOBHOTO MAarHUTHOTO MOTOKa,
MIPOHU3BIBAIONIET0 00€ OOMOTKH, CYIIECTBYIOT MOTOKH PACCESTHUSI NMEePBUYHON
Y BTOPUYHOU OOMOTOK.

[Ipu TeopeTmueckoM aHanmse padOTHI TpaHChOpMATOpa YACTO YMOTPEOIISIOT
TEPMUH «UJI€ATU3UPOBAHHBINA TpaHCPOPMATOPY.

Hoeanuzuposannwiit mpancgpopmamop — 310 TpanchopmaTop, B KOTOPOM
OTCYTCTBYIOT MarHUTHBIE MOTOKU PACCESIHUS, a aKTUBHBIE COTIPOTUBJICHUS OOMOTOK
paBHBI HYJIO. OTO TOHATHE UCIOJB3YIOT [Js YIPOIICHHBIX HCCIeI0BaHUN
IIPOLIECCOB.

B TeopeTMueckux HCCIEAOBAHUSAX M INPU HNOCTPOCHUM CXEM 3aMEILEHUs
TpaHcopmaTopa Moyb3ylTCs TaKKe NOHATHEM IPUBEIEHHOTO TpaHC(hopMaTopa.

Ilpusedennviit mpancgpopmamop — ->KBUBAICHTHBIA pealbHOMY TpaHC-
dbopmarop, y KoTOporo KodphuiMeHT TpaHcPopMmanuu paBeH eauHuie (Ko-
JUYECTBO BHUTKOB BTOPHYHONW OOMOTKH PaBHO KOJIMYECTBY BUTKOB IEPBHYHON
oOMoTku). Jns 3aMemieHusi peasbHOTO TpaHchopMaTropa MPUBEACHHBIM HYKHO
BBIICp)KaTh ~ NPHUHIUIB  OKBUBAJEHTHOCTH  DHEPrEeTUYECKOTO  COCTOSHUS.
[TpuBeneHHBIC DIIEKTPUUECKIE BETUUUHBI 0003HAYAIOTCS MITPUXaMHU.

MoxxHOo 3amucarh ypaBHEHUE OajaHCa SHEpPruu Uil TPUBEICHHOTO U
peanbHOro TpaHcopmaropa:

E,l, =El,
T. €., npuBeaeHHas I1C BTOpuuHON 0OMOTKHU
E _ E,l,
2 - .1
2
a mockoJbKy |, =—1,—,
k
TO
Takum xe croco60M MOKHO 3alUcaTh ypaBHEHHE OalaHca MOLTHOCTEHN
Ul =U,l,
U MOJIYYUTh BBIpAXKEHUE JJIsI IPUBEJCHHOTO HAMPSXKEHUs] BTOPUYHON 00 MOTKHU

B o0mem ciyuae mpuBeneHHbIE BETUYHHBI MPOCTO MOTYYUTh YMHOXKECHUEM
ypaBHEHUs BTOPUYHOU 1lenu TpaHchopmMaTopa

U, =, — jlyx, - 1,5,
Ha ko3¢ ¢uIeHT npuBeaeHus (kodpuipent Tpanchopmanuu k)
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DTO ypaBHEHHE MOYHO 3alucaTh COOTBETCTBEHHO MJIs IPHUBEICHHOTO
TpaHnchopmaropa:
U, =E, — JI)%, = I,1,
Y HaWTHU MPUBEICHHBIC BEJIMYUHBI:

U, = -Uxk;
E, =-Exk;
r, =,k
X, = X,k
Z,=27.k"

Takum ke crmocoOOM MOMXHO OINPEAENIUTh U NPUBEACHHBIE MapaMETpPhI
Harpy3ku (oOIui ciryyail):

Z =7k
r,=rk?
L, =Lk

Takum oOpa3om, puUBEACHHBIN TpaHCHOPMATOP OMUCHIBACTCS TPEMS
YpaBHEHUSIMU:
a) COOTHOIIIEHHEM TOKOB

[ =+ (=1,);
0) ypaBHEHUEM NEPBUYHON LIENTU
U, =—E + jlx + 15
B) YpaBHEHHEM BTOPUYHOMN MPUBEACHHOM 1eNU
Up =B, — iloxe = Ion,
Heobxoanmo yuutbiBaTh, yTo npueneHHas JJ[C BTOpUYHONM 0OOMOTKHM paBHa
DJ1C nepBHYHO 0OMOTKH (E2 =E).

1.9 CXEMA 3AMEIIEHUA TPAHC®OPMATOPA

VYpaBHeHHs]  NPUBEACHHOTO  TpaHchopMaropa —  OTO  ypaBHEHUS
DIEKTPUUECKON IENu C ABYMsS CMEXHBIMU KOHTYpPaMH, COCTABICHHBIMH II0
3akoHaMm Kupxroda. JleiicTBUTENbHO,

Iy =1+ (=15);
— 3TO ypaBHEHHE 10 niepBoMYy 3akoHy Kupxroda (17151 y371a 3JIeKTpUYECKOM 1eTH ).
Up=—E +Jlx + 105,
—>3TO ypaBHEHHE, COCTaBJIEHHOE MO BTOopoMy 3akoHy Kupxroda, nns 3amk-
HYTOTO KOHTypa C HJACAJbHBIMU 3JIEMEHTaMH, KOTOpPbIE€ HMEIOT MapaMeTpbl
Iy u X; 1 obecnieunBaroT Benuuunel U, E; .

Up =B, — jlx, — o1,
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—>3TO TakKXe ypaBHEHUE MO BTOpoMmy 3akoHy Kupxroda nns 3aMKHYTOTO
KOHTYpa C UJleaJIbHbBIMHU JIEMEHTAMMU.

OOwmmii 1711 CMEXHBIX KOHTYPOB 3J€MEHT, uHayuupyrommii 3/C (El = EIZ),
JOJKEH UMETh HEKOTOPOE BHYTPEHHEE CONIPOTUBIICHUE

Zo =T+ JX,

o0ecrnieunBaroliee NpoTeKaHue B HeM Toka xoJsioctoro xona. Ha puc. 1.17 npuBenena
cxema  3ameuieHus  mpaucgopmamopa, OTBEYAIOIlasi  YpPaBHEHUSAM
IPUBEIEHHOTO TpaHc(opmaTopa.

OOmumii y4acTOK CX€Mbl, [0 KOTOPOMY IPOXOAMUT TOK XoJsocToro xoxa I,

Ha3bIBACTCA HaMaFHI/I‘-II/IBaIOHIeﬁ BCTBbIO M 3aMCIIacT ﬂeﬁCTBHe OCHOBHOTIO
MAar"duTHOT O ITIOTOKA.
r1 Xl

Puc.1.17 Cxema 3amenienus TpancpopmaTtopa

1.10 TPEX®A3HBIE TPAHC®OPMATOPbBI

Tpexda3zubiii TOK MOKHO MPeoOpPa30BbIBATH TPeMs OJIHO(MA3HBIMU WJIU OJHUM
TpexdaszubiM TpaHchopmatopom. Ha puc. 1.18 mnpuBemeHo cxeMaTHYECKOE
nzo0paxkenue TpexdasHbix TpaHchopmaTopoB, coeauHeHHBIX Y/Y u Y/A
OObyHO mepBUYHasE 0OMOTKa 0003HavaeTcs OOJBIIMMU OyKBamMH, a BTOpPUYHAS —
ManeHskuMu. Hadana oOMoTok obo3Hauatores 4, B, C, a, 6, ¢, kornsl — X, Y, Z, x, ),
Z.
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A B c A B c
X Y VA X Y z
X y z /
a b c a b c
Puc. 1.18 CxemaTtrnueckoe n3zo0paxkeHnue TpexdasHbIX TpaHCHOPMATOPOB,

coenquHeHHBIX Y/Y u Y/A

O6o03HaueHre BBIBOJIOB OOMOTOK TpaHC(POPMATOPOB IMPHUBEICHBI B TaOIHUIE

1.1.
Tabnuna 1.1
Tun O6Mmotka BH O6Mmotka HH
tpaHchopmaropa | Hauano | Konery | Hedirpans | Hagamo | Konen | Helitpans
Onnoda3zHbIit A X - a X -
Tpexdaszupbrii ABC| XY, Z 0 a,b,c XY,z 0

CraHpapToM  HOpPMHUpPYETCS  HECKOJIBKO cXeM coenuHeHus. llpumep
0003HaYEHUS:

Y/Y — 12 — 3Be3ma — 3Be31a,

Y/A — 11 — 3Be31a — TPEyroJbHUK,

Y/Yo— 12 — 3Be3ma — 3Be3/1a C HyJIEM.

Yucna 11 m 12 noka3pIBatoT Irpynity COEAMHEHNS U XapaKTEPU3YIOT B3aUMHOE
pPacno0KEHUE BEKTOPOB BBICIIETO M HU3LIETO JUHEHHOrO HAIpsHKEHUA. YTOJ
MEXKIy BEKTOpPaMH MEPBUYHOIO UM BTOPUYHOI'O JMHEHHOTO HAMPSKEHUS pPAaBEH
Y1y MEXIy 4aCOBOM U MUHYTHOM CTpPEJIIKaMH B OIPEAECICHHOE 4 BpeMs. B rpymre
12 stot yron pasen 360°, B rpynmne 11 — 330°.

B tpexdaswpix TpanchopmaTtopax pasznuyaloT ABa  KoddduimeHta
TpaHchopmar — Ga3HbIA U THHEHHBIN.

I tpexdaznoro TpaHchopMmaropa aszusim KoIpuyuenmom mpauc-
¢opmayuu Ha3pIBAIOT OTHOLIEHUE (Aa3HBIX HAMPSHKEHUH NMEPBUYHONW U BTOPUYHOU

00OMOTOK B PEKHUME XOJO0CTOro Xoaa, T. €.
e T

Juneitnotit  ko3ppuuuenm mpancghopmayuu TtpexdasHoro TpaHchop-
MaTopa — 3TO OTHOLIEHUE JIMHEUHBIX HAIPSHKEHUHN B PEKUME XO0JI0CTOTO X014, T. €.

K, =t
J U2

J
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B cnyuae coemuuenus mo cxemam Y/Y u A/A kodpduIHMEHTH TpaHC-
(opmanuu pasusr K, =k, . Ecim cxema coenunenus o6mMotok Y/A, To Kk, = \/§kqb,

k
a npu coenqunennn A/Y - K, :f’;.

Bekropnas muarpamma tpexdasnoro tpancopmatopa (puc. 1.19) crpoutcs
Ha BEKTOpax II0TOKOB, KOTOpble cABMHYTHI Ha 120°. Tokm X0JOCTOrO Xo1a
OTepeKaroT MOTOKMA Ha yroj MarHuTHoro 3amnazasiBaHug. J/]C oOMOTOK OTCTaloT
OT BEKTOPOB IMOTOKOB Ha 90°.

EN ¢ A @,

Puc. 1.19 Bekropnas auarpamma tpexdasznoro tpanchopmaropa
1.11 U'BSMEPUTEJBHBIE TPAHC®OPMATOPBI

OCHOBHBIMH 33Jla4aMH U3MEPUTEIIBHBIX TPAHCPOPMATOPOB SIBIIS FOTCSL:
- M30JISLUS U3MEPUTENIbHBIX MPUOOPOB U anmnapaToB aBTOMATUYECKOM 3aIIUThI OT
LEMH BBICOKOTO HANPSKEHUs 711 0€30MaCHOCTH U3MEP CHUS;
- paclIMpeHue rpaHull U3MEpPEeHUs U3MEPUTETbHBIX TPUOOPOB.
N3mepurenbHble TpaHCPOpPMATOPHI OBIBAIOT JIBYX THUIIOB:
- TpaHc(hOPMATOPHI HANIPSHKEHUS,
- TpaHc(OpMATOPHI TOKA.

[lepBuunas oOMOTKa (0OOMOTKA BBICIIETO HAMPSIKECHUS) mpanchopmamopa
HanpajceHusa BKIIOYAETCS KAaK BOJIBTMETP Ha H3Mepsemoe HanpsbkeHue U (puc.
1.20). Ha BTrOpm4Hy0 OOMOTKY BKJIIOYAIOTCSI BOJBTMETP U IEMH HAMPSHKCHUS
JIPYTUX IPUOOPOB

-

K=1_W
2 W,
WIN
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Puc. 1.20 Cxema BriIIOUY€HHS TpaHCHOpMaTOpa HaMPSHKEHUS

24

[lepBu4HOI1 OOMOTKOU mpancghopmamopa moka sBIAETCS cama JUHUA (puc.

1.21). BropuuHyto 0OMOTKY 3aMBIKalOT Ha aMIIEPMETP U LIENH IPYTUX

U3MEPUTEIIbHBIX TPUOOPOB

Kola W
W,

l;
I,

|, = -2
1k

Puc. 1.21 Cxema BkIItOueHHs TpaHchopmaTopa TOKa

1.12 ABTOTPAHC®OPMATOPbBI

B aBroTpancopmaropax mnepBUYHAas W BTOpUYHAs OOMOTKH
AJIEKTPUUYECKU, T. €. O0OMOMKA HU3K020 HANPANCEHUS A6IAAEMCA
00MOMKU 8bICOKO20 HANPAICECHUA.

CBs3aHBbI
yacmosio

Ha puc. 1.22 mpuBenena cxema aBToTpancopmaropa, rie Ax — tmep-
BUYHAsA OOMOTKa C YHMCJIOM BUTKOB Wj, ax — BTOpUYHAs OOMOTKa C YHUCJIOM

BUTKOB Wo.
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I

Puc. 1.22 Cxema aBTOTpaHcopmaropa

OO6mmast yactb OOMOTKH ax HM3TOTOBJISCTCS M3 IPOBOJIA MEHBIIIETO Ce-
YEHHSI, ITIOCKOJIBKY M0 HeMy ITpoxoauT Tok (I1-15).
K = W
a.m.
U, w,

[ToaTomy B aBTOTpaHChOpMaTOpax 3HAYUTEIILHO SKOHOMUTCS MEIb U CHU-
JKaroTcs moTepu (Jiminb ogHa oOmotka). [IpeumymiecTBa aprorpanchopmaropa
YBEJIMUMBAIOTCS, Korja oOImmass 4acTb OOMOTKM BeJIMKa, T. €. KOorja Ko-
a¢dunmeHT tpanchopmamuu Oau30K K eauuHune. OObIYHO B aBTOTpaHChOP-
MaTopax

k,, =11.2
W OHHU UMEIOT o4deHb Bbicokui KII/I.

B naGopaTopHBIX YCIOBUSAX ISl MJIABHOTO PEryJIMPOBAHUS HAMPSIK CHUS
OT HYyJsI [0 TNOJABOAUMOTO HaNpsDKEHUs, W JaXe HECKOJbKO BBIIIIE,
npuMeHsieTcs: J1abopatopHbiii  aBTOoTpanchopmarop (JIATP), B kotopom
pEryJIMPOBAHUE  HAMNPSDKEHUS  OCYIIECTBIISIETCS  NPU  MNEepEeMENICHUU
CKOJIB3SIIIIET0 KOHTAKTa MO BUTKaAM OOMOTKH. Peryyisitopbl HanpsiKEeHUsST 3TOTO
THIIA BBITIOJTHSIIOTCS OMHO(MA3HBIMA U TPeX(Pa3HBIMU.

ABTOTpanchOpMaATOPHI UMEIOT CIEAYIONINE HEIOCTATKH:

- DJJIEKTpUYECKasi CBsA3b IIENeld OrpaHHYMBAET HCIIOJIb30BaHHE aBTOTPAHC-
dbopmMaTopoB A1 MUTAHUS BEICOKOTO HAIIPSIKCHUS.

- B ciy4yae mpoOOs H3OJISIIMK Ha HArpy3Ky MOJAETCS TMOJHOE HaIpsKeHUE
WCTOYHUKA MUTAHUSL.

1.13 U3OBPA’KEHUE TPAHC®OPMATOPOB HA DJEKTPUYECKHUX
CXEMAX

CranmapToM MNOpeayCMOTPEHBI TpU CIoco0a YCIOBHBIX TIpaduueckux
0003Ha4YeHUM TpaHcHoOpMaToOpoOB:

- YIIPOIIEHHBIN OJHOJIUHENHBIM;

- YIIPOIIEHHBIN MHOTOJIMHENHBIM;

- Pa3BEPHYTHIN.
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YOpoueHHbIM OJTHOJIMHEHHBIM CHOCOOOM TOJIB3YIOTCSI CPAaBHUTEIBHO
penko. B ymnpoliieHHBIX 0003HAaUYEHUSX OOMOTKH H300pakaloTCcsi B BUJC
okpykHocte. [lpu omgHOIMHEHHOM crmocoO0e BBIBOJIBI 0003HAYAIOT OJHOU
JIMHUEHN C YKa3aHWEM KOJUYECTBA BHIBOJIOB.

[Ipu ynporieHHOM MHOTOJIMHEHHOM cIoco0e 0OMOTKH M300pakaroTcs B
BHUJIE OKPYXHOCTEH, HO BBIBOJIbI 0003HAYAIOTCSI MOJHOCTHIO. BBIBOJIBI MOKHO
n300paxkaTh ¢ J0O00OW CTOpoHBI. B pa3BepHyThHIX 0003HAUYEHUSX OOMOTKH
MPEICTABIISIIOTCS B BHUJIE IIEMOYEK TOJNyoKpykHOocTted. Ha pwmc.1.23, a,0
MpUBEICHB  yIPOIIEHHOE MHOTOJIMHEHHOE H300pakeHue TpexdazHoro
TpaHnchopMaTopa U pa3BepHyTOoe 0003HaUeHHE OIHO(a3HOTO TpaHcpopmarTopa ¢
CEepJICUHUKOM.

Ha ympoiieHHbIX JTMHEHHBIX 0003HaYeHUAX TpeX(a3HbIX TpaHCHOpMaTOPOB
OOBIYHO YyKa3bIBalOT criocod coeauHeHuss ooMotok. Ha puc. 1.23,B npuBeneHsl
0003Ha4YeHUs1 TPAaHC(POPMATOPOB C PATUYHBIM COETUHEHNEM OOMOTOK.

\NA_N_J
_ > >
VTV

a o 8

Puc. 1.23 O603nauenue TpanchopMaTopos,
a — yIpoIleHHOEe MHOTOJIMHEHHOe 0003HaueHne Tpex(aszHoro Tpanchopmaropa;
0 — pa3BepHyTO€ 0003HaUeHHE OJHO(GA3HOTO TpaHC(HOopMaTOpa C CEPACUHUKOM;
B — MPUMEPHI 0003HAUEHHUS TPAHC(HOPMATOPOB C pa3IUIHBIM COSTUHEHNEM OOMOTOK.



