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HAYAJIbHASA LLUKOJIA MOCTPOEHUA
MMIMYJIbCHbIX DC/DC—I'IPEOBPA3OBATEJ'IEI7I

(MEPBbIN KNTACC)

AnekcaHpp NOHYapoB, K.T.H., rMaBHbIK KOHCTPYKTOp OO0 «AnekcaHaep DNeKTpuk»,
koopamHaTop PAMKMII — Poccnmckom accoumaLmm nporssBogmTenem MCTOYHNKOB 31eKTPONUTaHNSA

Ha dupmy nocrtynaioT Mmonogbie paspabotumku. Mpuxoautcs yuntb
MX pemeciny, a UHoraa v Hayke. lNocreneHHo MmonoaeXXb HaunHaeT NoCcTU-
ratb asbl CaMOro TPyAHOro M 3K30TUYECKOro paspena 3MeKTPOHUKU —
NOCTPOEHUNS NCTOYHUKOB 3M1eKTponnTaHus. BnoXeHHble 3HaHMA HaYnHa-
IOT NPUHOCUTbL NPUOLINBL. Ho, Kak BO Bce BpeMeHa, MoNoAbliM XO4eTcsl Bce
Cpasy U MHOro, 1 YacTb U3 HUX YXOAMT TyAa, FAe BCero KaXxetcsi 6onblue...
U cHoBa HaunHaeTcs obyyeHne. CkasaTb — BO3bMUTE YYEOHUKM U YnTam-
Te — Hemnb3$, BCMOMUHAaellb, Kak caM MyYUIcs, BbIMCKUBas KPYMuLLbl 3Ha-
HUI B Pa3HOPOAHbIX 00beMHbIX U3AaHUsX. [la N M3TPbl SHepreTn4ecKomn
3NeKTPOHUKN OYeHb JABHO He pafoBaiu OTe4eCcTBO HOBbIMU y4eOHUKa-
MU (3a ucknoyeHnem B.T. KoctukoBa). ECTb 1 gpyras cTopoHa 3Tov npo6-
nembl. CTpaHa MOXeT NoTepsATb OAHY U3 NocefHUX OCTaBLLUUXCA oTpac-
newn 3NeKTPOHUKU — dHEPreTUYecKylo 3MeKTPOHUKY, ecrii He NMpuBneYvb
BHUMaHue MOJIoAeXMU K yBrieKaTeslbHbIM BOMPOcaM NOCTPOEHUS UCTOoU-
HUKOB 3nekTponutaHusa. Kcratn, pacnpocrpaHeHHOCTb UCTOYHUKOB
3NeKTPONUTaHUS N UX HEOOXOAUMOCTb B 3N1IeKTPOHHbIX CUCTeMax genaer
cneumanbHOCTb paspaboTyumka xnebHon v BecbMa nepcnektusHomn! Tak n
poannacb uaes — Ha CTpaHULLAX yBaXKaeMoro XXypHasna B HeCKONbKMUX HO-
Mepax pacckasaTb MOMOAbIM O CXeMOTEXHMKE UMMYTbCHbIX Npeobpa3o-
BaTenen OHOro NOCTOSIHHOrO HanpshkeHus B apyroe — DC/DC-npeo6-
pa3soBaTenen. YumTbiBas HeTeprnesamBoCcTb MONOAbIX OPraHN3MOB, aBTOP
nonbiTaeTcs caenaTtb 3To 6e3 C10XHbIX hopMyI, UCMONb3Yys NpocTenllune
nornyeckue nocTpoeHus.

BHUMAHMUME! B oxnoii u3 yacreit
CBOETO TIOBECTBOBAHUsI aBTOpP 006s3a-
TEJHHO PACKPOET CEKPEThI CXEMOTEXHU-
Ku 1peo6pasoBatesieil, MPOU3BOJIUMBIX
rpynnoil  xkommaHuii - «AJiekcasjyep
DJIEKTPUK». A TaM ecTb 4YTO IOKa3aTb
HoBoro u uHrepectoro. Cieaure 3a BbI-
nyckamu skypHasa! Kcraru, d9ToObBI
MPaBUJIbHO pPacCMAaTPUBATL TPUBO/N-
MBIl Marepua U JOrHYecKue MoCTpoe-
Hug, Bam o6g3arespHo TOHAL00ATCA
BCe BBITYCKH JKypHaJa, MOKymaiire!

Bu6morpaduyeckas cnpaBka

Ine ectp mosieanass nHOPMAIMS 10
TEOPUHU ¥ MPaKTHUKe TpeodpasoBareieii?
Upn pamMuamm Hy>KHO HMCKaTb B 6u6U-
orpadusx, B Unrepuere n 1.71.7

IIpexxze Beero: FO.H. Kones, 10.K. 3axa-
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Cmomvnuxos, C./0. Hdooux, K.II. Iorsmumn,
E.B. Mawyxkos, A.I'. Ilonuxapnos, B.H. Me-
aewun, /1.1. Ilangunos, B.A. Konocos, B.T.
Kocmukos, B.A. TI'onosauxui, A.B. Jlyxum,
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A.I. Mapmupocos, B.Il. Muznos3opos,
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Cepezuenxo, H.H. Conosves, H.H. Conosves,
H.B. Teepdos, B.M. Tumxun, B.E. Typuanu-
noe, B.M. Twopun, /I.A. Ilesuyos, 11.H. Illes-
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BBEAEHUE
3a nocaexnue 10 jer cugabHO uU3Me-
Husach aneMentHas 6aza DC/DC-upe-

«FnaBHOe 06GbACHUTBL — KyAa yberatoT
3M1EeKTPOHbL...»

o6pasoBareJieil, MOSBUJINCH HOBBIE Ma-
Tepuaigbl. A TJaBHOE — W3MEHWJINCDH
MIPE/ICTABJICHNS O 11e7eCO00Pa3HOCTH HC-
MOJIb30BAHUS TeX WMJN WHBIX CXEM IS
MOJIyYeHNs 3aJaHHbIX Tapamerpos. Mc-
9e3Ja KaTeTOPUYHOCTD, MPEANNCHIBAIO-
1asi MCIOJIb30BaTh CTPOTO OIIpe/iesIeH-
HbIe CTPYKTYPBI [IJTsT KOHKPETHBIX THIIOB
HCTOYHWKOB 3JIeKTponuTanus. Boapoc-
JIO BJUSHUE 3KOHOMHYECKHUX, PBLIHOY-
HBIX (DaKTOPOB Ha BBIGOP CXEMBI 1Tpeob-
pasoBatesia. Bce aTO cresmano BO3MOXK-
HBIM TO, YTO eIlfe BYepa KasaJoch Tapa-
JTOKCAJIBHBIM U JIa’Ke HEelPaBUJIBHBIM.

BoT HecKoJbKO MPUMEpOB:

1. OpnorakTHble TpeoGpa3oBaTEsH
CTaI 3aHUMATh HUNLY, TPATUIINOHHO
OTBOJIMBIIYIOCS /UISE JIBYXTaKTHBIX IIpe-
o6pasoBatesieil MOITHOCTBIO B €/ITHUIIBI
Br — eqununibr kBT,

2. buaropapsi mcnoJsib30BaHUIO BbI-
COKOYACTOTHBIX KOH/ICHCATOPOB 60JIb-
Ioif eMKOCTH 06PaTHOXO/I0BBIE ITPeob-
pas3oBaTeJW CTATH MPUMEHATHCS IS
MOJIyYeHNS HU3KUX HANPSDKEHW: S5 U
3,3 B npu moiHoCTSAX B gecsaTku Br.

3. [Ipssmoxo/oBbie peoOpa3oBaTesi
CTaJIN YCIIETTHO MCIIOJTb30BAThCS HA Ma-
JIBIX MOIIIHOCTSIX B €IMHUIbI Br.
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4. Kuaccnyeckue CTPYKTYpbl €
MM (IupoTHO-UMITYIbCHOIT MO/ JIs1-
1yeit), MpU3HaHHbIE GECIEPCIIEKTHBHDI-
M ente 10 J1eT Hasza/, cerojins Npon3Bo-
Jstest GOJIBIIMHCTBOM  (DUPM B Macco-
BBIX MactiTabax.

5. Pesomnancubie mpeoGpazoBaren,
Ka3aBIIeCcs] BEPXOM «BbICOKOYACTOTHO-
IO COBEPIIEHCTBA», 3aHUMAIOT IOKa
ele CKPOMHbIE PBIHOYHBIE HUIIU, B KO-
TOPBIX OHU HKOHOMHUYECKHU 1[eJ1eCO06-
PasHbI.

6. ILnockme TparchopMaTopsl ¢ 06-
MOTKaMM Ha Me4arHoil Iuiare, rje Bce
clleJlaHo  «HenpaBuibho» (aske cuio-
BbIE JINHUM, U T€ UAYT He Ty/la U He TaK,
a1 OOMOTKa MOYTU BCsI CHAPYIKU), —
HAYaIM  HCIOJIb30BATHCS B MAacCOBOM
ITPOM3BO/ICTBE.

7. B mpormBoBec >KeJaHWIO TOBBI-
CUTb HA/IEKHOCTb 3a CYeT HUBEJNPOBA-
HUST TEIJIOBOTO TPOQUIsS B KOHCTPYK-
uu npeoGpasosaresns (3amuska, oumii
pacupe/ejaeHtblii  pajiuartop), MOSBU-
JIOCh  GOJIBIIIOE  KOJMYECTBO OTKPBITHIX
KOHCTPYKIHMii, B KOTOPBIX BbICOKAs Ha-
JIESKHOCTD JIOCTUTAETCS [PH 3HAYUTE b
HBIX JIOKAJbHbBIX TIE€PErpeBax MOJyIpPo-
BOJIHUKOBBIX KOMITOHEHTOB.

8. Deppur, kotopblii m B Adpnke
depput, 3a py6eskoM OKas3alcs COBCEM
JPYyIrUM — ¢ GOJBIION WHAyKINeH u
MEHDIITNMHU TTOTEPSIMHE.

9. DJeKTpPOHHbIE KOPPEKTOPHI MOIII-
HOCTH, CO3/IaHHbIE [[JIs1 YMEHbIIEHUSsT 110-
TEPb U MOMEX B CETH, KaK OKA3aJoCh,
MOTYT 3aHUMATh MHOTO MeCTa, TeHEepH-
poBaTh MHOTO TIOMEX, YMEHbIIaTh 06-
mit KIT/[ mctouyHnKa 2/IeKTPOTTHTAHUS
1 B psijie CJAydaeB IpU TeX ke rabGapiu-
TaxX 3aMEHSIOTCS [TPOCTBIM U HA/IEKHBIM
apocceseM (KOHEUHO, € «HEHPOCTbIM»
CEPAEYHNKOM).

10. IIpu MaccoBOM pacrpoCTpaHEeHHN
UCTOUYHUKOB 6ecriepeOOiHOTO  AJIEKTPO-
MUTaHUs] ¢ CUHYCOUIAJbHBIM BBIXOIOM,
MHOTHE He MOTyT IIOHSATH — 3aYeM
KOMIIBIOTEPHOII TEXHUKE CHHYCOUA/Ib-
HOE MUTAIOIee HAIpsiKeHe?

11. TlosBwanch TOTYTPOBOHUKO-
Bble MUKPOCXEMBbI B OY€Hb MaJEHbKUX
KOPIIyCaX C HAalpsDKEHUsSIMU  [TUTAHUS
6onee 1000 B.

U tak panee... YabiGaiirecn.

B o61ieM, MUP HCTOYHHKOB 9JIEKTPO-
MUTAHUS  cTa’d 6osiee  Pa3HOOGPA3HBIM.
ITostoMy Hy»KHO BCe BpeMsi HU3y4arb
OIIBIT, HAKAIJIMBAEMbIil YeJIOBEYECTBOM, a
MHOT/JIAa U T0/IBEpraTh COMHEHMIO HanGo-
Jlee KareropuuHble yrBep:kienus. Haxo-
HEl-T0 U B POCCUU CTAHOBUTCS SICHBIM,
41O 06PA30BAHHBIM MOYKHO CUUTATD YeJIO-
BEeKa, KOTOPbIH YYUTCS HOCTOSIHHO, a He
IIPOCTO TIOJYUHBIIETO KOT/IA-TO JIUILJIOM.

Kcrarn, aBrop maBHO u Ge3ycrer-
HO TBITAETCS BBISICHUTH, 3a4eM B THUIIO-

BBIX  pacyeTax  BBICOKOUACTOTHBIX
TpaHcHOPMATOPOB  IIPEIIMUCHIBAETCS
UCMOJIb30BATh TOHSATHE TabapuTHOI
MOI[HOCTU U 3a4yeM 3a/[aeTCsl IJIOT-
HOCTb TOKa B 11poBoJie. B neiicTBuTe b~
Hoctu JI00GO#, Jake COBCEM KPOXOT-
HbBII TpaHcoOpMaTop HE <«IIOHUMAET,
YTO TAKOE MOIIHOCTH, — OH <IIOHMAa-
eT», 4TO Takoe ero Touka Kiopu u Bce-
ro JIMIIb YyBCTBYET TEIIO, KOTOPOE
MOKeT ObITh Pa3HbIM B 3aBUCUMOCTH
OT CHCTEMBI €ro OXJasKJeHusi. MOKHO
3a/aThCs  ONTUMAJIbHON IJIOTHOCTBHIO
ToKa 2...3 A/MM? 110 TUTIOBOI TaG/mie
pacdeTHOro TOCOOUSI, a Ha IPAKTHKE
YBUJETh, KaK XOPOIIO MeIHBIH IIPo-
BOJA B BBICOKOYACTOTHOM TpaHchop-
Matope paboTaeT ¢ IUIOTHOCTHIO TOKA
20...30 A/MM?2 u Gomee (moaBuTKa,
OZIMH BUTOK U T.II.).

OJVHOYHBIIT OTHOTAKTHBIIT
ITPSIMOXO/IOBO1
IMPEOBPA30OBATEJIb

HaureM paccMOTpeHMEe UMITYJIbCHBIX
npeoOpasoBartesieli ¢ OMHON U3 OYEHb
BRJKHDBIX [IJIT 9HEPTETHYECKON 3JIEKTPO-
HUKW CXEMbl — OJMHOYHOTO OJ/HOTAKT-
HOTO HPSIMOXOJIOBOTO  1peoGpa3oBa-
tens — panee OIII (puc. 1). 10 —
aHepreTmuecku Hambosee adexTuBHAS
CTPYKTYpa MCTOYHUKA JIEKTPOIUTAHIS,
cBoeoGpasnblii Mersedes Benz (ecin
KoMy Hpasutcst, To BMW) cpean apy-
rux crpykryp DC/DC-npeoGpasoBare-
geit. Kcerarn, Ha yauBieHne Majo Onu-
caunbiii B jureparype. OueBuIHO, pas-
pa6otunkn — mpodu, padoraolime c
MPSIMOXO/IOBBIMU  TIPE0OPA30BATESIMU,
HE CYMTAIOT HYKHBIM JIEJUTHCS <«TOH-
kocTaMu» (coBceM Kak PazpaGoOTYUKH
«Mepcenecos»).

CUHUM I[BETOM BBIJEJIEHDI 3JIEMEH-
TbI, KOTOpbIE OYIyT PacCMOTPEHBI IPH
JajbHeleM, GoJjiee TIPUCTAIBHOM pac-
cmorpenun OTITIL.

Bxonnoe nanpssxenne nutanus U,
MoJaeTcss Ha TOCJIEJ0BATEJbHO COE/IU-
HeHHbIe TTepBUYHYI0 0OMOTKY W1 Tpamc-
dopmaropa T1 m k04, peaTm30BaH-
uprit Ha Tpauauctope VT1. Ilpexamoso-
kuM, 4yTto Kiaod Ha MOII-Tpansucrope
njeaneH, OH OBICTPO — MTHOBEHHO —
MEepPeKII0YaeTCS U3 BKJIIOUEHHOTO COCTO-
SHUA B BBIKJIIOYEHHOE W Hao6opot. [la-
JleHne HANpsDKeHWs Ha  BKIIOYEHHOM
MOII-Tpansucrope — mucye3arolie Maso.
Wcrounnk U, ToXe Xopoml, OH cTa-
OWJIBHBIN, BBICOKOYACTOTHDBIN, Uepe3 He-
ro 6e3 Tpy/Aa 3aMBIKAIOTCS BBICOKOYAC-
TOTHBIE WMITYJbCHBIE TOKH TPeo6pas3o-
Baresid. /|71 mepeMeHHOTo TOKa MOSKHO
cuntath, 9to Kaemmer +U,, n —U,, 9k-
BUTIOTEHITNAIbHBI! A BOT C dJieMeHTaMU
C2 u w1 me Bce mpocTo.

Hemuoro moyunmcs

Konpgencarop C2 mpexacraBisger co-
6ol (B HEKOTOPOM HPUGJIUKEHUM) DKBU-
BAJEHTHYIO €MKOCTb BCEX eMKOCTeil,
[PUBE/IEHHBIX K NEPBUYHON 06MOTKEe W1
tpancdopmatopa T1:

— CcOOCTBEHHOII eMKOCTH OOMOTKI W1 ;

— IPUBEJEHHOI €MKOCTH OOGMOTKH
w2;

— BBIXO/[HOII €MKOCTH TpPaH3UCTOPa
VT,

— eMKOCTH MOHTaXa;

U T.11., BILIOTb /IO €MKOCTH, HAMEPEHHO
HOCTABJIEHHOI Pa3pabOTUMKOM.

B o0iieM, eMKOCTb KOH/EHCATOPA
C2 cymiectByer Bcerjia, u [k BBICOKO-
YaCTOTHBIX TIpeoGpasoBatesieil mpene6-
peraTh eo Hemb3d. O6MoTKa wl B mep-
BOM IPUOIDKEHUN — 3TO KATYIIKA HH-
aykruBHoctu. [l eMKOCTH M MH/YK-
tusHoctu (puc. 2) camble TJIaBHbIE 3a-
KOHBI BbIPQJKEHDI B JIBYX JIETKUX [IJIs1 3a-
noMUHAHUA (OopMyJIax.

s emkocru:
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Pnc. 1. Cxema 0gUHOYHOro OAHOTAKTHOIO npsamMmoxogoBoro npe06pa3OBaTenﬂ
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Puc. 2. Tokn n HanpskeHus B
KOHAeHcaTope U B KaTyLlKe MHAYKTUBHOCTU
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Puc. 3. AMnep-ceKyHaHaa XapakTepucTtuka
KOHJeHcaTopa 1 BoNbT-CceKyHAHas
XapaKTepucTmka KaTyLKn MHAYKTUBHOCTU
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Puc. 4. KpnBasi HamarHn4nBaHus
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Puc. 5. Tokn 1 HanpsXxeHns B 06MOoTKax
TpaHcpopmaTopa

U JUUIST WHYKTHBHOCTH
u = L di/dt.

IlepBasi dopmysa TOBOPHUT O TOM,
4YTO OBICTPbIC M3MEHEHUs HAIPSIKEHUS
Ha KoHJeHcaTope eMkoctbio C 6yayT
OPUBOJIUTH K OYEHb OOJBIIUM TOKAM
yepe3 Kougencarop. Ilpu mombiTke
«MIHOBEHHO» TI0/IaThb HA KOH/EHCATOP
CKAuOK HampsbkeHust (Jake oueHb Ma-
JIEHBKUI) MBI HOJYyYUM GECKOHEUHbII
6pPOCOK TOKa — YTO Ha MPaKTUKE HEBO3-
MOJKHO, T.K. MCTOYHUK TNPUKJIA/bIBaE-
MO 9HEpPruM KOHEYEH 110 CBOUM BO3-
MOJKHOCTSIM.

IIpaBuno Nel — KoHJeHcaTop
«IIPOTUBUTCS» U3MEHEHUIO HaIpsKe-
HUSI HA HeM, pearupysi 6pPOCKaMU TOKa,
[03TOMY HAIPSDKEHNE HA KOHJEHCATO-
pe MOXKHO MEHSITb TOJIbKO Me[JICHHO,
miaaBHo. Eciim Ha KakoM-TO WHTEpBaJse
BpeMenn Tok (3apsja uaM paspsija)
yepe3 KOHJIEHCATOP IIOCTOSIHEH, TO Ha-
HpsiKeHne Ha KOH/IEHCATOpe M3MeHseT-
cs JIMHElHo.

Bropas ¢opmyna mokasbiBaer, 4To
ObICTPbIE M3MEHEHUs] TOKA B KaTyllKe
UHAYKTUBHOCTH L GyAyT NPUBOIUTH K
OuYeHb GOJIbIIUM HANPSIKEHUSIM Ha 9TOi
karymike. IIpu mombiTKe «MTHOBEHHO»
U3MEHUTb TOK B KAaTYyIIKe WHIYKTHB-
noct  (Jlake Ha OdYeHb MaJIeHbKYIO
BeIMUUHY!) MbI TOJYYUM PEAKIHI0 —
6ecKOHEYHbI OPOCOK HaANPSIKEHUS,
YTO Ha IIPAKTUKE HEBO3MOXKHO, T.K.
9TO HAIPSIKEHHe MPoObeT o6y 130-
JISIITHIO .

IIpaBuno Ne2 — Karylika <«IpOTH-
BUTCSI» M3MEHEHWIO TOKAa B Heii, pearu-
pysi 6pOCKaMu HAIPSDKEHUs, TI09TOMY
TOK depe3 KaTyIIKy MOXKHO MEeHSTb
TOJIbKO MeJIJIeHHO, T1aBHo. Ecin Ha ka-
KOM-TO WMHTEpBaJie BPEMEHHU HaIlpsiKe-
HUE Ha KaTyIIKe MOCTOSIHHO, TO TOK de-
pe3 KaTyIlIKy U3MEeHSIeTCsI JIMHEHHO.

Tak kaxk ujeaspbHasi KaTyIlika MMeer
HYJIEBOE CONPOTHUBJICHHE MOCTOSIHHOMY
TOKY, TO IOCTOSHHOE HAIPsDKEHHE Ha
KaTyIllKe JIOJIT0 CYIeCTBOBATh He MO-
JKeT — TMoier 6eckoHeuHblil Tok. Ilo-
CKOJIbKY Y KOHJIEHCATOPA UMEEeTCs 3a30D
MeKIy OOKJIaJKaMU, TO MOCTOSTHHBII
TOK B KOHJIEHCATOPE [OJITO CYIIeCTBO-
Barb HE MOXKET — HAKOMUTCS O6ecKo-
HEYHOe HAaIlpsiKeHne, U KOHAEHCATOP
npobbercst. OTciofa — eme aBa MpaBu-
Jla, WUIIOCTPUPOBAHHbBIE pUC. 3.

IIpaBuro Ned — B ciayuae cramuo-
HAPHOTO MEePUOJMYECKOr0 Tpolecca ¢
nepuojoM T ammep-cekyHaHasd ILJIO-
a/1b KoH/ieHcaTopa 3a nepuo/ T paBHa
HYJIIO.

IIpaBuno Ne4 — B ciayudae cranuo-
HAPHOT( MEePUOMYECKOr0 Tpolecca ¢
nepuojioM T BOJIbT-CEKyH/IHAS TLIONIA/Ib

KaTyIIKK WHIYKTHUBHOCTH 3a Tepuoj T
paBHa uyuo. T.e. miomaaun, o6o3Ha-
YeHHbIE «+» W <«—», JOJIKHDBI ObITb
CTPOTO PaBHBI.

K pamoctu moburesneit BCIKUX «3a-
MOpOueK», TpaHncGopMaTrop — ITO He
O/IHA KaTyIIKa, a 10 KpaiiHeil Mepe
aBe. OH UMeeT MarHUTONPOBOJl — CEp-
JNIEYHUK, OOJaJalonnii  HaMpsKeH-
HOCTBIO MarHUTHOTO mojisi H u uHAyK-
nueit B. UTo M3 HUX MepBUYHO, a UYTO
BTOPUYHO, — BOIIPOC 3alyTaHHBII,
MPUMEPHO TaK Ke, KaK U C HOHSITHSIMU
TOKa W HampspkeHusi. B o6meM — Obl-
BaeT «# Tak, W 3Tak». Ecam mpexcra-
BHUTb, YTO B KATyIIKE C KOJHYECTBOM
BHUTKOB W IIPOTEKaeT TOK I, TO B 3aMK-
HYTOM MAarHUTOIPOBOJE C JJIHHOI
cpeaueil smuuu | poskgaercss MarHut-
nbiit morok H = w 1/1 (puc. 4). B pe-
3yJibTare B CepJEYHUKE Pa3BUBAETCS
nnaykiug B. Ona (kak u H) — cBuge-
TEJIbCTBO HAJNYUS MATHUTHOTO TOTOKA,
KOTOPBII TPOXOAUT dYepe3 0OMOTKH W1
n w2 u poxgaer I/C, paBHyiO Hanps-
JKEHWI0 Ha TepBUYHON oOMOTKe W1,
ecJI YUCJIO BUTKOB B oO6MOTKax wl u
w2 oauHakoBo (mpu pasHOM uucie
BHUTKOB — IPOTIOPIIMOHATBHYIO OTHOIIIE-
HUIO YIICJIa BUTKOB).

Bor TyT M HauMHaeTcsi caMoe 3alry-
TaHHOE U HenoHsTHoe. Eciu mepBuuHast
06MOTKa 3aMKHYTa HA HCTOYHHUK BXO[-
HOTO HAIPSDKEHMs, a BTOPUYHAsi — Ha
Harpysky tpancgopmartopa, 1o Toku I1
u 12 poskaioT B cepieyHuKe MarHuTHbIE
MOTOKM, KOTOPbIE YHHUYTOXKAIOT [JPYT
apyral!l Bor Beap nogsoctb. K cuacrtbio,
o nepBuYHOi o6MoTKe (ImepBUYHOIL 110
OTHOIIIEHUIO K HAMPABJIEHUIO TPOXOK/IEe-
HEA 9Hepruu!) Beeraa IpOXOAUT A0MO-
HUTEJIbHbIN, 4acTO — OYeHb HEeOOJIbIION
TOK — 10, 9TO — TOK HAaMarHUYMBAHMUS.
OH-TO ¥ HAMarHUYUBAET, U HepeMarHu-
yuBaer cepjiedHuk! ITO M ecTb «IJaB-
HbIll Tepoii» TpanchopmaTopa. bes Hero
Tpancgopmarop IMpocTo He pPaboTaer.
VMenno 6saroiapsi aToMy TOKY ITPOHC-
XOJUT [BUKEHHE paboueil TOYKHU cep-
JleYHnKa TpaHcdopMaTopa IO KPUBOIL
HaMarHuuuBaHus. T.e. Tpu OJMHAKO-
BbIX BuTkax wi m w2 I1 = 12 (puc. 5),
U Hamaznunusanue mpancghopmamopa
He 3asucum om mozo, Kakou pabouuil
mox udem uepes oomomxu: 1 A, 10 A
min gaxke 100 A. Bce paBHO paGoune
TOKH CO3/IAI0T B3aUMHO YHUYTOKAIOIIU-
ecsi MarHUTHbIE TTOTOKHU. [JlaBHOE — Ka-
KuM 6yzier i0. A TOK HaMarHUYHBAaHUS
10 omnpeiesisieTcst 10 BbIIEPUBECHHO
bopmyie mist MHIYKTUBHOCTH, T.€. WH-
JIyKTUBHOCTBIO NIEPBUYHOI 06MOTKH L 1
BeJIMUMHON 1 (HOPMOI TPUIOKEHHOTO K
MEPBUYHON 0OMOTKE HAIPSKEHUs: 10 =
= 1/L u dt. Ecin HaupspkeHue, mnpu-
JIOKEHHOE K MEPBUYHON OOMOTKe, MO-
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CTOSIHHO, TO 1O HapacTaer JUHEHHO 10
MIJI000PA3HOMY 3aKOHY.

Bunmanne! Ecan B 06bI9HOI KaTyII-
Ke MHyKTUBHOCTH TOK HE MOKET n3Me-
HATHCSI CKAYKOM, TO PaGo4Mii TOK B JIO-
6oft 0OMOTKe TpaHcdopMaTtopa — MO-
JKET, ecau B JIPyroil 0OMOTKEe uMeercs
CKA4OK TOKA, HAIPABJEHHbI Ha COXpa-
HeHue OOIIEr0 MarHUTHOTO IOTOKA B
cepyieunnke. [lpyrumm cioBamu, B Ka-
TYIIKE WHIYKTUBHOCTH — B TpaHcdop-
Marope — paGounii TOK MOKeT <«Ilepec-
KaKMBaTh» M3 OJIHON OGMOTKU B JPYTyIO!

Camoe BajkHOE PacyeTHOE COOT-
HomleHue B TpaHcdopmarope — 3TO:
U1l I1 = U2 12. Ono ciaenyer u3 TOrO,
gro KII/[ Tpancdopmaropa mpakTmdec-
ku pasen equnuie. U2/U1l = 11/12 =
= w2/wl = N — xoaddurment rpamc-
dopmarum.

Ha nepsbtii pas gocTaTouHO.

I podonxum paccmompenue pabo-
mot OIIII.

Cxewma ympassenuss CY1 momaer na
3arBop MOII-Tpansucropa VT1 ympas-
agongue uminyJibebl (puc. 6a), Beauun-
HA KOTOPBIX /IOCTATOYHA [T HA/IEKHO-
ro orkpbiBanus Tpausucropa VT1. Ile-
puoa caenoanus umiryabcos — T. [lnu-
TEJIBHOCTh KAXK/JOTO UMITYJIbCa PaBHA
ty = @T, tne @ — aro KoahduIMeHT
3aI10JIHEHUST UMITYJIbCOB. B orHOCHTEb-
HBbIX €MHUIAX, HPUHSB IEPHOJ PaB-
ubiM equnuie, T = 1, @ craHer OTHOCH-
TEJBHON  [IJINTEJbHOCTBIO MMITYJIbCA.
Kcmamu, nouemy asmop o0603nauui
OUMENBHOCTIND UMNYIBCA <COOAKOU», d
He 00WEenpUHAMOL <2dMMOol», Oydem
00B5ICHEHO 6 CAedYIoWeM JKyYpHAe.

IIpn otkpeitoM Tpanauctope VT1
nepBuYHasg OOMOTKa TpanchopMaropa
w1 1ojkJIoYeHa K HCTOYHUKY BXOHOTO
nanpsskenust U, Tunmunas ociusmio-
rpaMMa Ha CTOKe Tpanaucropa VT1
mpuBeJeHa Ha puc. 66. B Tedenne Bpe-
MeHn @ Ha 06MOTKe W1 U KOH/EHCATO-
pe C2 cyriecTByeT MOCTOSIHHOE HAIpsi-
skenne Usx (puc. 6B). IossiprocTb
HanpspKeHnsT Ha 0OMOTKaxX TpaHcdop-
Matopa u Ha KoHjaencarope C2 mpuse-
neHa Ha puc. 1.

Ha Bropuunoii o6Motke Tpancdop-
MaTopa w2 B TeueHune @ CYyIIeCTBYeT Ta-
koe e 1o ¢opme nanpspkenne Uw2,
nMeiolee BEJMYNHY B COOTBETCTBHH C
Koo uimenToM Tpancgopmalum.

B Teuenne @ B TOUKe A, Ky/a mpo-
XO/JIUT TOJIBKO IOJIOKUTEIbHAS 4aCTh
HAIPSIKEHUsT, UMEIOTCS TIPSIMOYTOJIbHbIE
uMIyJabebl.  [Ipejanososknm, dYTo eM-
Koctb KoHziencatopa C1 jocrarouno Be-
JINKa, YTO6BI MOKHO OBLIO TpeHe6pedb
MyJIbCAIMSIMEI  HAIPSDKEHUS Ha  HEM,
CJIeJIOBATEIbHO, HAIPSDKEHHe Ha  Ha-
Tpy3Ke cTa6miIbHO U HemaMeHHO. Ode-
BI/IHO, 4YTO K jpoccesio L1 npumoskero

HANPSDKEHWE B BUJIE PA3HUIbI AMILIH-
TY/BI MIPSIMOYTOJIBHOTO MMITYJIbCA B TOY-
Ke A U TOCTOSHHOTO HAIPSUKEHNS Ha
Harpyske.

B coorBerctBUM ¢ dopMyJioii s
UHAYKTUBHOCTH, TOK Ye€pe3 JApOocCemb
L1 3a Bpemsa @ .mmHeilHO Bo3pacTaer
(puc. 6r). Tak Kak B 9TO BpeMs TOK
Jpoccesis TIPOXOANT Yepe3 0OMOTKY W2,
TO TaKOH JXe HapacTaIoN[Ii TOK CyIecT-
ByeT m B o6Motke wl. WupIMEI ci0-
BaMHu, 3a BpeMs @ TOK TPaH3UCTOPA
VT1 suneiino Bospacraer (puc. 61,
6e), u Bo3pacraHue 3TO B NEPBYIO
ouepeb BBI3BAHO HApaCTaHWEM TOKa
apoccens L1 (ToHkas cuHss JUHUS Ha
puc. 61, 6e).

Kpome TOro, Kak yKasbIBATOCh BBI-
e, TPHU TNPHUIOKEHUN TTOCTOSTHHOTO
HaNpsDKEHNS K TMepBUYHON 06MOTKe W
Tpancdopmaropa B Hell OygeT Hapac-
TaTh TOK HAMArHUYUBaHU 10, €ro BeJii-
YUHY MOKHO BBIYUCJNTD 110 hopMyJie
AT MHAYKTHBHOCTH. IloaToMy Ha puc.
61, 6e mokazan 6oJiee KPYTOHl <«CKOC»
BEPIIHUHDI MMITYJIbCA, YeM 3TO 00YCJIOB-
JIEHO HapacTaHueM Toka jpoccens L1.

[Tpu BuIKTIOYeHNN Tpansucropa VT1
BO BpeMsl @ HPOUCXO/ST MTHOBEHHbDIE
(B 1epBOM UPUGIUIKEHUU) U [JIABHbIE
TIPOI[ECCHI.

BoIkiouenne n cmaj TOKa TPAH3WUC-
topa VT1 TpPONCXOAUT <«MTHOBEHHO».
VeaoBuo Mruosenuo (paBuibHO —
oueHb ObICTPO) Pa3PSAIKACTCI [0 HYJIst
rkouzgencatop C2, Tak Kak B 3TOT MO-
MEHT BpeMeHH OH OTJaeT GOJBIIOH pa-
6ounii Tok o6MoTke w1l (T.e. KpaTKOBpe-
MEHHO BBINOJIHIET POJIb HCTOYHUKA
BXO/JHOIO HANPsDKeHNst). MrHOBEHHbIM
MOJKHO CYUTATh U 3aKPbIBAHUE HPSIMOrO
auoja VD1 BeseacTBue CHATUS CUTHAA
¢ 0OMOTKH TpaHcpopMaropa w2 n «Ire-
penpbiruBanusi> pabouero toka (oH ke
TOK zipoccesisi L1) u3 BropudHoil o6MoT-
K w2 B o6BoaHOI auox VD2, /lanbire
10 BPEMEHNU TOK Jipoccesist Oy/eT 3aMbl-
KaTbest yepe3 VD2.

[T1aBHBIM ABISAETCA W TIPOIIECC TIPO-
TeKaHus TOKa depes gpoccesab L1 — Tok
MpoCcTO He m3MeHsgerca. VM camoe TJaB-
HOE — HEU3MEHHBIM B TOT MOMeHT Gy-
JIeT 1 TOK HaMarHM4mBaHus Tpancdop-
MaTopa 10, KOTOPBII MpOTEKaeT depes
MepBIYHYI0 OOMOTKY TpaHcgopMaTopa
w1l Kak 4epes3 <«UYHCTYIO» WH/IYKTHB-
HOCTb LM M CKAYKOM H3MEHUTHCS He
MoskeT. Iloatomy Ha puc. 6e mokasaHo,
4TO B MOMEHT BpeMeHH @ TOK B wl
CKAYKOM CIIQJIaeT /IO MOJIOKUTEIbHOM
BeJIMYMHbI +Im.

ITocne orpeska BpeMeHH @ HAmps-
JkeHme Ha oO6MoTKe w1 MeHseT cBOi
snax (puc. 68). ITO NPOUCXOAUT HOTO-
My, YTO TOK HAMarHUYUBAHUS TPAHC-
(opmaropa 10 mIaBHO HauMHAET Iepe-
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Puc. 6. Ynpasnsiowme MMnybCbl CO CXE€MbI
yrnpaBneHus

3apsxarb Konjgencarop C2, oryero ro-
JISPHOCTDH HAMPSIKEHHS Ha KOHJEHCATO-
pe C2 u na o6MoTKe W1 MeHseT CBOii
3Hak. B arto Bpemsa unpamoil auoa VDI
3aKpBIT, U B PE3yJIbTaTe BCS BBIXO/HASA
yactb OIIIT orkmouena ot Tpancdop-
martopa (rpansucrop VT1 orkmounics
eme panbiue). Tpancdopmarop craHo-
BUTCS «CBOOOJHBIM» W TIPEICTABJISCT
co60il BBICOKOJJOOPOTHYIO KOJIeHATEID-
Hyto cucremy. IlpencraBum Tpancdop-
MaTop B BHJE PE30HAHCHOTO KoJebHa-
TEJIbHOTO KOHTypa W3 WHIYKTUBHOCTH
NepBUYHOII 06MOTKM L 1 eMKoCTH KOH-
ngencaropa C2. IlockoJbKy B MHAYKTUB-
HOCTH O6MOTKM L Ha MOMEHT BpeMeHU
@ 3azman Tok Im, aToT TOK popMuEpyeT
nosoBuny cunycouapl (puc. 68), nepe-
3aps:xasg konjeHcatop C2. [lauresnn-
HOCTb OCHOBAaHUS 3TOH <IOJOBUHKH»
CHHYCOH/IbI Bcerja OyneT MOCTOSIHHA,
MIOCKOJIBKY 3TO TIOJIOBHHA IMEepHoja Jac-
TOTbI pe3oHaHCHOro KoHrypa L—C2.
EcrecTBenHo, Takas xe, HO OTpHIIA-
TeJIbHAs MO 3HAKy IOJOBHHA CHHYCOU-
Jpl 6y/1eT Ha BTOPHYHOI 06MOoTKe W2. B
3TO BpeMsi K jpoccesto L1 npusoskeHo
MIOCTOSTHHOE HAalNpsKeHne, pPaBHOE BbI-
xoHoMy Hanpspkenuto OIIIT (nasenu-
eM HampspKeHns Ha O0GBOJHOM JIHOJIe
VD2 npene6peraem). B coorsercrum ¢




QHEPFETUYECKAS (CUNT0BAS) SNIEKTPOHUKA

ucyl
@ T=1
0 t
iL1 IBbIX - a)
0 t
VT ki o)
O < ~w Cd t
iwl /‘L\ / B)
0
—_— t
io +im L)
0
 — t
—Im
UuA
UBbIX |‘ )
0 t

Puc. 7. AnarpamMmmbl TOKOB 1 Hanpsi>KeHUn B
anemeHTax OMNIM c Hepa3pbIBHbIM TOKOM
ppoccens

dopmyJi0ii 111 UHAYKTUBHOCTH, TOK B
L1 nuneiino cnagaer (puc. 6r). BugHo,
YTO B Pe3yJbTaTe MePHOJANYECKOro I10-
BTOPEHUS TMPOIECCOB TOK jpoccens L1
HEIPepbIBEH U HUMeeT NuJI006Pas3HyIo
dopmy. IlockosbKy 1pU CTAIIMOHAPHOM
Ipolecce MOCTOSHHBIN TOK 4Yepe3 KOH-
nencarop C2 mnporekaTtb He MOXKeET
(mpaBusio Ne3), jesaeM BbIBOJ — Cpe/l-
HUT TOK sipoccenst L1 — aTo Bcerga Tok
Harpysku .. Ecin w1 paBHO W2, TO
MOJKHO MBICJIEHHO HAHECTH TOK [[POC-
ceJid C ero MCTUHHOW BEJNYUHON Ha
rpadguku — puc. 61, 6e (myHkTupHas
JIMHUS).

Bepnemcst k cunyconje. Eciu 6osbiie
He BKyovarh Tpansucrop VT1 nocie mo-
MeHTa @, TO cuHyconma (pe3oHAHCHDI
HpoIece) TPOAOIKANACh Obl JOCTATOYHO
JIOJIT0, MEJIJIEHHO 3aryXasi, T.K. IOTepH B
o6MoTKax, KongeHcarope C2 u cepednn-
ke tpaHcdopmaropa T1 neenuku. Ona-
KO, <IIONbITKa» cuHyconapl (kak Gyaro
oHa skuBas!) mepecedb OCbh alCUUCC |
«TIPOSIBUTD»  MOJIOXKUTEJIBHYIO OJISIP-
HOCTb TIPUBO/JMT K TOMY, YTO Ha OOMOTKE
W2 TOSIBJISIETCS TIOJIOKUTETbHOE HATPsi-
skenne (kak Ha puc. 1), u npamoii amos
VD1 naumHaer OTKpbIBaTbCsl. B pesysib-
tare OTKpoioTcs oba guoma — VD1 u
VD2, conmu uHeGosbimMu auddepen-
IUAJIbHBIMU  COITPOTUBJICHUAME  (PaKTH-
YeCKH 3alyHTHPYIOT OOMOTKY W2 U JIajib-
1le — Yepe3 MarHUTHYIO CBsI3b B TPaHC-
dopmarope T1 — u o6MoTky wi. IToato-
My TIOCJI€ TIPOXO3K/IEHMS TIEPBOIT MOJTyBOJI-
HbI CHUHYCOM/IbI Ha TpaduKe HAMPSIKEHUST
Ha oOMoTKax Wl 1 w2 MOsIB/IsSIETCST CBOe-
0o6pa3Hasi TOPH3OHTATbHAS <IIOJIOYKA,
JUISIIIASICST /IO MOMeHTa BpeMeHu T.

Hy a uTo e nmpoucxXoauT ¢ HalluM
IJIABHBIM TI'€POEM, <«BJIACTEJIMHOM KO-

ner» (aBTOp MMeeT B BUAY 3aMKHYTYIO
KOH(UTYpAIUIO MArHUTOIIPOBO/IA) — TO-
KOM HaMarHUYMBaHUs 107?

Kax y:xe ykasbiBaaoch, OH MOPOKIa-
€T Pe30HAHCHBIN TIPoIlecC MOCJe OTPe3Ka
BpemeHu @. Tok 10 mepesapsizKaeT KOH-
nencarop C2 10 MaKkCHMaJbHOTO 3HAye-
HUSI — aMIUTATY/bl CHHYCOMJbI — U [Ia-
Jiee, 6yarofiapsi TOMy, YTO KOHIEHCATOP
C2 naunmHaer OTJaBaTb 3apsi/i B MHIAYK-
TUBHOCTH OOMOTKU W1, U 9TOT TOK HAYH-
HaeT mpoTekarb 4yepe3 wl B o6parTHyio
cropony. Takoe maMeH4nMBOE TOBe/CHUE
10 J1erKo 0O6BbCHUTD (POPMYJION JJIST UH-
JIYKTUBHOCTH — €CJIM HalPsKeHHe Ha Ka-
TYIIKE UHIYKTUBHOCTU — CHHYCOUJIA, TO
ToK — KocuHyconza (puc. 6:x). Tok i0
IIPOXO/IUT Yepe3 HOJIb, KOT/Ia CHHYCOUA
HATIPSDKEHNsT UMEeT MPOU3BOJHYIO, PaB-
HYI0 Hym0. JIerko MpenonoKuTb, 4To
npu  6OJIBIIONH JTO6GPOTHOCTH KOHTYPA
L—C2 (umm, Kak TOBOPSAT, HPU MajoM
JIeKpEMeHTe  3aTyXaHus) HadaJbHblii
ToK +Im pasen koHeuHoMy Toky —Im
(puc. 6x%) (Ipou3BOAHbIE HAIPAKEHU
PaBHbBI U [IPOTUBOTIOJIOKHDI IO 3HAKY ).

[lanee, xorma 6iarofapsi BblllleyKa-
3aHHOMY KOPOTKOMY 3aMBIKaHHIO 006-
MOTKH W1 CHHyCOHAa <OKOHYMJIACHY,
IIPOUCXO/IUT <«KOHCEpBaIsi» Toka —Im
1o MmoMenTa Bpemenn T = 1. Uro rakoe
«KOHcepBanusi»? Bceromuute, uto s
LR-1tent mocrosiHHasi BpeMEeHU — 3TO He
npusbraHasg T = RC (kax m1s KoHzgeHca-
topa), at = L/R. To ectb npu crpems-
meMcsi K HyJ o R mocrostHHasi BpeMeHu
PE3KO BO3PACTAET, CTPEMSICh K OecKo-
HEYHOCTH. DTO O3HAYAET, YTO eCAU Kd-
MYWKY UHOYKMUSHOCTUL, 1O KOMOPOU
npomexal mox, 3aAMKHYMb HAKOPOM-
KO, Mo MoK Oydem COXPAHAMBCS 6
Kamywke ouenv 007120 — 3AKOHCEPSU-
pyemcs!

Takum o6pasoM, yBaskaeMblil yuTa-
TeJib, MBI IIar 3a IIaroM J0Ka3asu, 4To
K Havayly BKJIIOYEHUS TPAH3UCTOPA TOK
HAMATHUYMBAHUS MMEET OTPUIATEeb-
HYIO BEJIMYMHY, PABHYIO 10 a6COTIOTHO-
MY 3HAYEHUIO MOJIOKUTETHHOI BEJIHYN-
He Im Ha MOMEHT OKOHYAHUSI UMITYJIbCa
OTKPBITOTO COCTOSIHUSI TPaH3UCTOPA
VT1. A st0 yxke cepbesno. I[Ipoucxo-
JIUT 3aMeyaTesibHOe, HOBOE [IJisi HAC SIB-
JieHWe — Kaxkotl Ovl Hu Ovlaa OJumens-
HOCMb Pabouezo uMnNY.ivcd, MoK Hamdz-
HUdUeanus cam Havdem cepeoumny um-
NYAbCA U UMEHHO 8 IMOM BOJULEOHOM
mecme nepecewem 1oy (puc. 6x) —
OTKpbITHE!

Jlna Gonee cepbesHbix (B cMbIce
Bo3pacra) umrareseii Gyer MHTepeceH
BBIBO/] aBTOPA.

MaruuronpoBox Tpancgopmatopa
B [PUBEIEHHOM O/IHOTAKTHOM IIpeodpa-
30BareJie HANPSDKEHUS IepeMarHuyu-
BaeTCs MO0 CHMMETPUYHOM NeTJje THCTe-
pesuca, HCIOJb3ysi MAaKCHMAJIbHO BO3-

MOSKHbIN Auanason uHaykuuu (puc. 4).
KoHeyHO — 1pu NPUHSITHIX BbIIIE JIOITY-
HIEHUSIX ¥ OIPE/EJEHHOM HaMepeHUH
CTPOUTENISI UMITYJIbCHOTO Tpeo6pas3oBa-
Tesd. A IOKa 4To JaBaiiTe 3aluiieM
9TOT BBIBOJI B YHCJIO HAIIKMX MAPAJOKCOB
(B0 MHOTHX yueOHHKaX YTBEPIKIAeTcs
apyroe).

B touke A (puc. 1) HpHCYTCTBYIOT
HPSAMOYTOJIbHBIE UMITYJIbehl (puc. 63),
KaK/IbIil M3 KOTOPBIX — 3TO (haKTHYECKH
HampspkeHue nutanust Ha Bxome Uy,
nepejanHoe yepe3 TpaHcdopMaTop U
npsamoit auon VD1, uMeromuii oueHb
Majsoe uddepeHnnagbHOe CONPOTUB-
JieHue. Y4uTbIBasi, 4TO OOBOIHOI /MO
VD2 (OTKpbITHIH Ha dTamne 1aysbl paGo-
ol VT1) Takske uMeeT OueHb Majoe
nuddepeHnaTbHoe  CONPOTUBIEHUE,
MOXKHO yTBEpXK/JaTb, 4YTO TOoyka A —
«YCJIOBHBIIT» BBIXOJI T€HepaTopa Halpsi-
s)keHUss. B aTOM ciiyyae BBIXOAHOI
¢uaptp L1, C1 MOXHO cyuTaTh MHTET-
PaTOPOM, BBIIEJSIIONNM CPEHIO CO-
CTABJSIONIYI0 U3 HUMITYJIbCHOTO HaIps-
skenusi. Tak dopmupyercsi BBIXOJHOE
Hanpsbkenue Ha Harpyske U, .. =
= @U,,N (210, KCTaTH, HAa3bIBAETCS pe-
IyJMPOBOYHOI XapakTepucTukoii). Jler-
KO 3aMEeTHTb, YTO IIPU IMOCTOSTHHDBIX
BXO/[HOM HAIPSDKEHUN U KoabuimeH-
te TpaHcdopmaim N MOKHO MEHSTb
BBIXOJIHOE HAIPSIKEHNe, U3MEHsIsT KOa(-
utiuenT 3anoHEeHNsT UMITYJIbCOB @.

Tak kak B JaHHOM WHTErpaTrope
mouTH HeT 1orepb, BumHO, uro OIIII
o6J1a1aeT 3aMeyaTeNbHbIM CBOICTBOM —
oH Jaxe 6e3 BCSIKUX CTaOUIM3UPYIO-
X 06PATHBIX CBsI3€ll NMeeT OUeHb He-
60JIbIIIOE  BBIXOJHOE COIIPOTUBJIEHUE,
T.€. TI0 OTHOIIIEHUIO K HArpy3Ke o6aja-
€T OYEeHD MOJIE3HbIMU CBOWCTBAMU TreHe-
paropa Hanpsikenus (mosromy n «Mep-
cemecs).

Bce BbllleckazanHOe OTHOCUTENBHO
BBIXO/IHOTO HAIPSIKEHUST CIIPABE/IINBO,
moka Tok jpoccensi L1 HepaspbiBeH.
O6parute BHUManue Ha puc. 6r. Ecan
YMEHBIIATb TOK HArpy3Ku I, ., 1mumoo6-
pasHasi KpuBasi Toka jpoccens L1, He
usMeHsisich o dopme, OyJeT OIyCKaTh-
csl BCe HIDKE U HIDKE, MOKA He KOCHeT-
csl HIDKHUMH BepUIMHKamM#u ocu  abce-
1uce, T.e. ToK apoccens L1 B HUKHUX
BepIInHKaX OyleT paBeH HYJ0. IDTOT
pesxkum apoccensi L1, na u Bcero OIIII
HAa3bIBAETCSI TPAHUYHBIM, [0 3TOTO MO-
MeHTa BbIosHSIeTcs ycaoBue U, . =
= @U,N. /[lasbHeiiliee yMeHbIlIeHNE
TOKA HArpy3KH IIPUBEJET K TOMY, 4TO
Ha KpUBO# TOKa apoccess L1 nosssarcs
YYaCTKU C HYJEBBIM TOKOM — <Pa3pbl-
Bbl» (puc. 7a). Ha puc. 76, 7B npuse-
JIeHbl JUarpaMMbl TOKOB Yepe3 TpaH-
sucrop VT1 u uepes ob6Morky wi. B
pesyJbTaTe pa3pbiBa TOKA JPOCCEJIs
L1, T.e. HaunMHasI ¢ MOMEHTa, KOT/a TOK
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npoccens L1 craHeT paBHBIM HYJIIO
(r.e. xorma 3akpoercsi 06BOJHON 1O/
VD2), KOpoTKOe 3aMblKaHue w2 uyepes
VD1 u VD2 ucuesuer, u 10K 10 60Jib-
e He Gy/leT «KOHCepBUPOBATHCS»>. AG-
COJIIOTHAST BEJIMYMHA 10 HAYHET yMeHb-
aThCs BILIOTH JIO MOMEHTAa BpeMeHn
T = 1, puc. 7r. IloatoMy OTKpBIBaHUE
tpansucropa VT1 mpomsoiiger upn
MeHbBIIEM 110 a0CONIOTHON BeJHYIHE TO-
ke —Im, m mapacTaTh TOK iO 3a BpeMs
OTKPBITOTO COCTOSIHUS TPaH3MUCTOPA
VT1 Oyager mno OGoJibliiell BeJMYUHBI
+Im. Bce sro mpusener K CMeLIeHHIO
TPAEKTOPUM HAMATHUYMBAHUS Cepjied-
HOKa BBEpPX W ee TPHOIIDKEHWIO0 K
Y9acTKy HACBIIEHHSI. IJTO — OTPHIA-
TeJbHOE SBJIEHHUE, TaK KaK IMPH HaChI-
MIEHNN CepJeYHIKa PEe3KO YBeJMUNBa-
10TCS TIOTEepH B TpaHcopMaTope U pes-
KO Bospacraer TOK (remepb yjKke Heu-
Heliupiil) Tpansucropa VT1, — u gajb-
me B OIIIl MoXeT TPOW3OUTH MHOTO
6ex. Hanpsixenuwe B Touke A (puc. 71)
nepen Toukoit T = 1 mpuoGperaer xa-
PAKTEPHBIN «CKOJI», WJIN BUJ PE30HAHC-
Horo npoiecca. EcrecrBenno (kax Buj-
HO Ha TpaduKe — PHC. 7]1), BBIXOIHOM
PuIBTP TEpsgeT CIOCOGHOCTH WHTETpa-
TOpa, TaK KaK BBIXOJHOE HAIpPSIKEHHE
MOBBIIIAETCS U [PH TOM JK€ 3HAYEHUN
@ cranoBUTCA GOJIBIIE CPEHETO 3HAYe-
HUSI UMITYJIBCHOH T10C/Ie/J0BATEIbHOCTH

e 280x170x56 (300 Br). Paosan
Kappexiop Moo

B Touke A Ha puc. 63. B mpemese, Kor-
Jla TOK HArpy3KH CTPEMHTCS K HYJIO,
uuterpatop L1C2 cosmectno ¢ VD1
(VD2 3aKkpbiT) BBIPOKAACTCA B IHUKO-
Bblil gerextop. IIpu aroMm Hanpskenue
na Boerxozie OIIII paBHO aMIINTY/IE MM-
mysibcoB Ha ooMotke w2: U, = U, N.
KoneuHo, BBIXO/HOE CONPOTUBJIEHIE
OIIII B TakoM peskxuMe Pe3Ko BO3pacTa-
er (a10 yxe He «Mepceaec»), n mpeos-
pasoBaresib TepsieT CBOIICTBA reHeparo-
pa HalpsIKEeHNusI.

Ocraercsl 3aMeTHTD, YTO Bce 3TO Oe-
306pasne Ha3bIBAETCS] PEKUMOM  pas-
PBIBHBIX TOKOB. [[JIs1 cMelieHust rpaHu-
(bl PA3PbIBHBIX TOKOB K MEHBIINUM 3Ha-
YEHUSIM TOKA Harpys3Ku HeoGXO0IMMO
YBEJMYMBATD UH/YKTHUBHOCTD JPOCCEJIST
L1. U3 dopMyas! A1 WHAYKTHBHOCTH
nerko Bpisojutes: Lo = Uy, T (1 —
— @wmun)/ (21, MuH).

Jlerko 3ameTtutb, 4to TpH I
= 0 Lypoec = o, T.e. Takoii apoccennb
MIPUIETCS MOTATh «OYeHb M OY€Hb J0JI-
ro». EquHCTBEHHDBIIT BBIXO/| — JOTOJIHH-
tenpHag moAarpyska OIIII. Ha puc. 8
MMOKa3aHbl TOPU3OHTAJIbHBIE YUYACTKU
KPHUBBIX BbIXOJHOTO HAIPSKEHUS B
dyuknun 1, n mapamerpa @, a Takxe
apderT «3aampanusg» BLIXOJHOTO Ha-
MPSDKEHUsT TIPU YMEHbBIEHNH TOKA Ha-
IPY3KH M3-32 PEKUMA Pa3pPbIBHOTO TOKA
npoccensa L1,

Huazonpoprnuise DGIDG mooyne copua MAPAK-N
NPOMBIWAEHHEID HAIMEYEHHA MOowHoeTe 5...120 Br,
Fafapums (M) o7 30x20x10 (5 Br) oo S3x88x13 (120 Br).
Pabounn rewnepatypa -60..85 "C.

Heeonpobumssse DCDC mogyms capun MAPAK sommon
HBIHAYBHHMA MoWHoCTRE 5. 12087, Fafapuru (Muw) ot
ABx33x 1075 Br) po 1 10xE4x13 (120 Br), Pabouan raanepary-
pa -50..85 *C.

Monyna DCMDC aonossHonD ENacca MolHocTss oT 3 go 50
Br. CaBapsma (M) o7 3221210 (3 Br) po S1x51x12 (50 Br).
Mogyne NATAHHA HE AAEDT BHANOTOE KA PaiHEe N0 CO4ETa-
HHK HHAKOH (8N W RRCDKSA SHDORTIMBCEDR NNOTHOCTH,

wocte of 20 5o 900 Br, TaGapwrs (wm) or 102x51x19 (20 Br)
afiouan TeMnepaType -40..70 'C.

UBbIX

UBX

o

IBhIX

Puc. 8. iAarpaMmbl TOKOB U HaNpsiXKeHUN B
anemeHTax Ol ¢ pa3pbIBHLIM TOKOM
ppoccens

IIbITIMBBIN YMTATEIb, KOHEYHO, 3aMe-
HIJT U3JIUIITHIOI0 KaTeTOPUYHOCTb B OTHO-
[IEHUN K PEKUMY Pa3PbIBHBIX TOKOB —
Ty caMyio, 0 KOTOPOii ¢ UPOHUEH TOBOPH-
Jloch B Havasie crarbi. CKaxy MO cexpe-
TY: [IPH JKEJAHUU B PEXIME Pa3PbIBHBIX
TOKOB MOKHO HAHTH 30JI0TbIE KPYITHIIDI
BEJINKOJICITHBIX Ka4yecTB, HO 3TO — YiKe
[IOCJIeIHIE KJIACCHI HAYAIbHOI IIKOJIBL. ..

ABTOp TIpejloJaraer, 4yro K 3TOMY
MOMEHTY MHOTHME YHTATeJU JOCTATOYHO
ycranu. [loatomy — apyrue uHTEpecHbie
csoiictBa OIIII (B TOM umce, HazHade-
HUEe 3araJl04HbIX I[eMeil, BbIJeJEeHHBIX
CHHUM 1IBETOM Ha puc. 1) — B creayio-
meM pacckase. B craemyiomem kiacce.

[anee — pexaamunas naysa, 10-
cBsillleHHast Jio6uMoil dhupme.




