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TPEBYIOTCS CKYJAbNTOPDI

Ectb nBa cnocoba HayuuTh uyesoBeka ynpasasATb aBTOMOOH-
aem. IlepBuiil cnoco6 Takoil. HyxXHo nocanuth OyAyliero BOAH-
TeJsl 3a PyJdb H 1aTb €My KOHKPETHYIO MHCTPYKUHIO: «Xouelllb
€XaTb Bllepel — ONYyCTU 3Ty py‘le BHIi3, XOyellp eXaTb Ha3ajg —
NMOJHUMM €€ BBepX, Npexkje ueM IepecTaB/lfATb DPYUYKY — HaXKMH
Ha 3Ty mejaJb, a KOTJa NMepecTaBUIlIb — OTNYCTH NelaJjb, XOouellb
exaTb OblcTpee — HaxkuMail Ha Ty AJAMHHYIO Mefajb, Xouellb ocra-
HOBHTbCSl — HaXM# Ha 3Ty KBajJpaTHyio nefatb. Bor u Bce. Ilo-
exagH ..»

A Bor apyro# cnoco6 YesoBeKy, KOTOPBIE XOUeT BOAUTb aBTO-
MOGH/Ib, CHAUAJIa HYXKHO paccka3aTbh, XOTs Obl KOPOTKO, XOTs1 Gbl
B caMblX OOmIMX 4epTax, O TOM, KaK 3TOT aBi1OMGOHJIb yCTPOEH.
Pacckasarp, kak paGoTaeT ABUraTesNb, YTO 3HAUHT «BKJOYUTD
3axXUranue», Kak Mbl U3MEHsEeM KOJHUYeCTBO paéoueﬁ CcMeCH, no-
crynaiomed B NHAUHAPL, @ 3HAUUT, H YHCA0 060pPOTOB ABUTaTEN.
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HyxHo pacckasath, xakuM 06pa3oM, uepes KaKue NPOMEKYTOY-
Hple MEeXaHU3Mbl JABUraTe/b BpallaeT Kojeca aBTOMOOUJS, 4TO
HNPOUCXOAMT INPU MePeKJIIOUeHHH CKOpOCTed, M 4Yero HyKHO
cilenyieHue, W TakK jajee. VM y:Ke TONbKO nocjie TakKoro pacckasa
MOXKHO 10Ka3aTb, Kakue PY4YKM M MeJasu YOpaBJAAlOT TeMH HJH
HHLIMH arperaTami, W NOSICHHTb, B KaKUX Cydasdx Kakyio Nefanb
HYXKHO Ha)XKHUMaTb.

Bpsig qin cTOMT TPAaTHTb BpeMa Ha aHamM3 W CpaBHeHHe ITHX
AByX cnoco6op o6yyenns. CoBepUICHHO SACHO, YTO HEPBBIH M3 HHX
He MOKaKeTcs PasyMHbIM HH YUUTeNsIM, HU yueHUKaMm. M Bce ke
€CTb Takasi 00/1acTh TeXHHKH, KOTOPYIO YacTO HAYiHAIOT U3Y4aTh
He roJioBo#, a pykamu. O uem uier peun? IlpencraesTe cebe, 4TO
0 pajavo3JeKTPOHHUKE,

Passe mano nioneil, He 3HasA OCHOB 3JIEKTPOHMKM, MLITAIOTCH
TIOCTPOMTL KaKOH-HUOYIb CJIOKHLIH 5J€KTPOHHBIA mpHGOp — pa-
AUOYNPaB/IAEMYIO MOdesb UM TeJeBH30p? A CKOJNBKO KapMaHHBIX
NPHEMHHKOB GBUIO MOCTPOHO JIOGHTENSAMH, He MMEIOUIMMU Tpej-
CTaBJEHUs O NPUHUMNAX PaJMONPUEMA, He 3HAIILKUMH, 3aYeM
BY e€H TOT WM MHOH 37eMeHT B co6paHHO# umMu cxeme! M myxkno
CKa3aTb, UT0 GOJIBIIMHCTBO 3THX HPHEMHUKOB PaboTalo, a HEKO-
TOpble paGoTanu MpocTo Xopomo. (A Bel AyMaere, BOINTENb, KO-
TOPOro yuuJu JIMUIb PYUKH [epecTaBAsATL Aa NMejajd HaxKUMaTh,
He OyneT e3muTh Ha mawuHe? Byner. a eme Kak!)

Tak, moxer GLITb, OTIPABAAAC, Ha 3aBOeBaHHE CTPAHBI DJIeK-
TPOHHH, B CAMOM Jle/Ie HYKHO NpeX e BCEr0 BOOPYKUTHCA Maifb-
HUKOM? MoxeT ObiTb, B 3TOH 3araJO4YHON CTpaHe Bee ABEPH OT-
KPBIBA€T NapoJb «Aenail cam»?

Ha o6a sTn BOonpoca HYy:XHO OTBeTHTH yTBepauTeabHo. Ho
¢ oroBopko#. Eciu BH He XOTHTe IOHANpacHy TepATh BPeMA Ha
pasrajabiBaHHe H3BECTHOTO Mau 6pocath paboTy, oTYasBLIMCDH Hall-
TH HEHCIPABHOCTb B CXeMe, Korga OOHapy:KUThb ee [ea0 OHOH
MHUHYTBI, €CJIM Bbl He XOTHTE MOBTOPATh UyiKHE OMUOKH U CJEMNo
KONHPOBAThb MJIOXOHBKYIO CXeMY, B TO BpeMs Kak e€CThb ThiCAYa MPO-
CTbIX CNOCOGOB YJAYYIIMTb €e, OJHUM CJAOBOM, €CJIH BBl He XOTUTE
Ony}kaaTh BNOTbMAX MO MyTaHBIM AOPOraM JJeKTPOHMM, 3alOM-
HUTE: Maposib «Aenail caM» 00A3aTeNbHO HYXKHO AOMONHHTB CJO-
BaMM «3Hal» U «AyMaii».

DTa KHMXKKA IO BO3MOXKHOCTH IOCTPOEHA TakK, TO OMHCAHUA
KOHKDETHBIX 3JEKTPOHHBIX NPUGOPOB, KOTOPbIe MOMKHO TOCTPOHTD
CBOMMH CHJIaMH, MEPEmIeTalnTCsa ¢ Paccka3oM 06 «apPXUTEKTypes
U HaJaxKHBAaHMH cXeM, 00 3JeKTPUYECKHX LENHX, UX OTAENbHBIX
saementax. OQHAKO Bce, UTO XOTeJOCh paccKas3aTb 06 OCHOBAX
PaaMo3/IeKTPOHUKH, He yIaJoChb DABHOMEDHO «mepeMeIarTb»
¢ omucaHuAMH NpuGOpOB-camonesnok. [ToToMmy 4TO o HeKoTOpEIX
Be€IIaxX HYXKHO 3HaTb €ule A0 TOr'o, KakK Bbl BO3bMeTe B PYKHU nasvib-
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HHK. Tak MogaBUJUCH B 3TOH KHHUre OoJsbline «06J0KU» OCHOB 3J€K-
TPOTEXHMKM M PaIMO3JEKTPOHHKH, B TOM uMCle M 3Ta Iepbad
raaBa. A ecnn KOMy-HUOYAb OCOOGEHHO He TepNMTCA «CeCTb 3a
PyJib», €CM KTO 3aX0ueT cpa3y e NyCTHTb B X0J NMasJbHHK, TO
OYyCTh OH, 9TOT HETeprne/MBLIN uenoBek, cpasy Oeperca 3a OnH-
CaHUsl KOHKPEeTHHIX CXeM — a MX B KHHIe HeMmaJo — U NponycKaeT
Te pasjenbl, KOTOpble MOKaXKyTcsd caninkoMm obmumu. Tonbko 3a-
paHee mpeAylpe:KAaeM: BbIUTPaATb Ha ITOM HHUEro He ypacres!

CJIOBA, CIHOBA, CJT0OBA..

[Ipex e 4eM HAYMHATH PACCKa3 O TPAH3UCTOPHBIX YCHJIMTENAX,
IpUEMHHKAX U redepaTopax, Mpexie YeM 4YepPTHTL NJ1aHbl MOHTa-
Ka MPOCTHIX K CJAOMKHBIX TPAH3HCTOPHBLIX anmnapaToB M NHCaTh
hOpMYJB! A5 PacueTa WX Y3JIOB, OJIHUM CJIOBOM, MpexK/e UeM 3Ha-
KOMHThCH, Kak 3T0 006ellaHO, CO CXeMaMH Ha TPaH3UCTOpPaX, MbL
HECKOJbKO OTKJOHMMCHA OT cBOeH nenau. MLl COBEPIHMM KOPOTKYIO.
6yKBaJbHO HA MATb — JeCATbh MHHYT, SKCKYPCHIO COBceM B Apyroe
rocynapcTBo — B si3plKo3HaHMe. llenb rod 3KCKypcuM — 103HA-
KOMUTbCS ¢ HECKOJIBKHUMH HEOOLIYHLIMU NMPUMEHEHUAMU HECKOJb-
KUX OOBIUYHBIX CJIOB.

ITo-BUIMMOMY, B KaxKaA0M f3bIKe CYIIECTBYIOT OJMHAKOBO 3BY-
yauKe, HO UMEIOLIMe pa3Hoe 3HaueHHe ciaoba. OdMuHaldbHOE Ha-
3BaHHe TAaKHX CJIOB — OMOHWMBL 3a MpPUMEpaMH PYCCKUX OMOHH-
MOB He HYMXHO JAaJeKO XOAUTb! 3ITO KAIO4— POLHHK, KAf04 OT
3aMKa, TejerpadHblil KAr04, TaeuHbld KAO4 W KAKOY AJA YTEHU:
DIMGpPOBAaHHOrO nNHcbMa. A BOT emle MNPHMepbl: TpU — HHUCIO
W Tpu — IJ1arodl; HOC Ha JMie K HOC Kopaluas; coser — PEKOMeH-
JHalusi, ykazanue, Kak nocrtynath, 1 Cogser — opran BnacTH (Ha-
npumep, ropoickoii CoBeT).

OMOHMMBI, MOXKeT OLITb, U NOJNE3Hb B KaKUX-TO cayuyasiX, Ha-
IpUMep NPU COUMHEHMM IIYTOYHHIX CTHXOB, HO, B 06uIEM-TO, KO-
HEeUHO, CYLIeCTBOBaHMe OJHOro oO6lIero cJoBa s OBYX COBep-
IIEHHO Pa3HbIX NOHATHH oueHb HeyAoGHO. M, K coxanenuio, Takue
Heygo6cTBa Mbl 4acTo cosjfaeM camu. Ilpudem He To 4ToObl MO
omM6Ke, He TO 4To6B! cayuaiHo, a B CHJY KaKOH-TO HeGPekRHOCTH,
KaKOro-T0 HeyBaKeHus K 4YMCTOTe U YeTKOCTH pPOJAHOrO #A3blKa.
[Tpumepom TakoH HeGPexKHOCTH MOMKeT CAVKHTb H CJIOBO «TPaH-
BUCTOP», KOTOPOE C uYbeH-TO JIETKOH PYKM, K COXKaJieHWIo, CTaJjo
OMOHHUMOM.

CJOBO «TpPaH3UCTOP» POAMJOCH OKOJO ABajuaTH JeT Ha3aX.
VimenHo Tak ObiJl Ha3BaH HOBBI YCHUJIMTENDbHBIH NPHOOP — noJay-
HPOBOAHUKOBBIH, WU, KaK €ro enje TOraa Has3blBa/u, KpUcTaainye-
ckuit, Tpuoa., CaMo CJ0BO Tpan3ucrTop ABJsieTcd CBOeoGpa3HbIV
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rUOpUAOM [ABYX DaJHOTEXHHYECKUX TEPMUHOB — TpaHcdep W pe-
sucrop. TlepBoe H3 9THX CJIOB (OHO OYEHb MOXOXKe Ha TpaHCPHOp-
MaTop) OsHauaeT «npeobGpasoBaTeNb», «IEPEHOCUUK», «TepefaT-
4uk». BTOpoe €70BO OTHOCHTCH K 3JEKTPUUECKOMY CONPOTUBJIE-
HHMIO, TOMY CaMOMYy, Ha KOTOPOM 3JIEKTPUYECKHII TOK BbIAeJAET
MOIIHOCTb M KOTOPOe BXOAUT B 3akoH OMa, onpenensieT TOK
B LeNH U 7. 1. B obuiem xe, c10BO «TPAH3UCTOP» MOXKHO pacuiud-
poBath Kak «npeo6pa3oBaTtesb CONMpOTHBJAeHUH», npubop, KOTO-
pbifl nepejnaeT, MePeHOCHT COMPOTHBJCHUE M3 ONHOH LENH B APY-
ryIo.

C ueM cBSI3aHO TaKOe HasBaHWe, Mbl YBUJIHUM HECKONBKO MO3-
e, a NOKa JIMIIb 3aMeTHM, 4TO OHO, 3TO HAa3BaHHUe, XapaKTepusyer
[NaBHYIO «MpOMecCHIo» TPaH3UCTOPA — €ro yMeHue YCUJIMBATH
cnaborit agekTpuueckuil curnan. Co CmocoGHOCTbIO TpaH3UCTOPA
NpojenniBaTh PAj «(OKYCOB» H KaK Obl U3MEHATb COMPOTHBICHHE
LIENH, N0 KOTOPOH NPOXOAMT 3JEKTPHUECKUH TOK, KaK pas M CBS-
3aHO TO, YTO TPAH3UCTOD YBEJUUYHBAET MOLUHOCTb ¢Jjaboro CUr-
HaJja, To ecThb ycunausaer ero. Ilo cBoeMy ycTpoficTBy TpaH3H-
CTOP — 3TO MUHHATIOPHBIH NMOJNYNPOBOAHMKOBBIH KPHUCTAIUK (MO-
MeLIEHHbI!l B MIaCTMACCOBBIY WK MeTasuIM4ecKu#l Kopiye) ¢ nof-
NasHHLIMU WM NPMBAPEHHBIMM K HEMY TPeMs TOHKUMH TPOBO-
JoukaMU. VIMEHHO ¢ MX NMOMOUIBIO TPAH3HUCTOP BKJIOUAETCA B TY
WM UHYIO 3JEeKTPUYECKYIO LEeNb.

CyuiecTByeT MHOXECTBO JIIOAeH, KOTOPbie BO3MYTATCH, MO3HA-
KOMHBIIKCH ¢ HALIMM ONHCaHHeM TpaH3ucTopa. VM cosceMm He u3-
3a KPaTKOCTH UJIM NMOBEPXHOCTHOCTH 3TOro onucanus. CyIlecTByeT
MHOXECTBO JI0Jel, KOTOpble YBEPEHHO CKaXKYT, YTO Hallle ONMUCa-
HHe B NPMHLHKNE HEBEPHO, YTO TPAH3UCTOP — NPOCTO MaJeHbKUH,
nepeHOCHbIH NMPHEMHHUK, KOTOPBIH MOXHO CJAYIIATb Ha MUsAXKe, HA
nporyJske, B Jecy, Ha pbifanke.

Orkyna B3snoCE 3TO BTOpPOE 3HAUEHHE CJIOBA «TPAHZUCTOP»?
Ckopee Bcero ero aBTOPOM Obijl HeGPEeXHBIH, MasOrpaMOTHBIH
H, KOHEYHO YK, HeNI0603HAaTebHbI ueIOBEK. YBHAEA OH BINEPBLIE
MaJeHbKHI NPHeMHUK, YCJbiIIaJ, KpaeM yxa, 4T0 B HeM eCTh Ka-
KHe-TO TPAH3UCTODPBI, U, AaXKe He y3HAB, YTO 3TO TaKoe, NOUYEMY
NpUEeMHHMK TaK MaJ, YeM OH OTJIH4aeTcst OT BCeX APYTHX, AaJl 3TO-
MY NPMEeMHHKY Ha3BaHHe «TpaH3ucToOp». M mowso oHO ryasth no
ceeTy. HesexecTBo 6blI0 3aKpeN/eHO [eUaTILIM CJIOBOM: TPaH-
3HCTOP-TIPHEMHHUK NOSABUJCH B Ta3€THBIX U XKYPHAJLHLIX CTAThAX.
ABTODBI 3THX CTaTell, MO-BUAMMOMY, HE MOLO3PEBAJIH, YTO TOXH-
THJAN MM$Si «TPAH3UCTOP® Yy OJHOTO U3 CaMbLIX 3aMCUaTCJBHBIX M30-
6peTeHMii Hallero BpeMeHH.

Koneuno, cnopy HeT-— AJs MaJieHbKHX NPHEMHHKOB YROGHO
uMeTb KaKoe-HHOyJb CRneuuasibHOe Ha3BaHHue, yno6HO MOJAL30-
BaThCAd OJHMM KOPOTKMM CJIOBOM BMECTO MJIMHHBIX W CKYYHBIX
6

«NPHEMBUK Ha TPAH3UCTOpPaX» MJH «MUHUATIOPHBIH NEePEeHOCHMIRA
npuemuuk». Ho Bpsaa s cront co3paBaTh 3To yAOOCTBO 3a CYET
BBeleHHs cJoBecHO# nyTaHuubl. [losb3ysich TeM, UTO BTOpOE 3Ha-
YeHHe CJI0Ba «TPaH3UCTOP» MOKa He BCTPEYAETCa B CJAOBApPAX M He
NPU3HAHO HM PaAUCTaMH, HU A3biKOBeLAaMH, Mbl OyldeM CUHTaTh
3TO 3HauyeHWe HezakoHHbIM. W B RanbHelluem, roBops O TPaH3H-
CTOpax, O6yAeM HMETb B BKAY TOJBKO [OJYTNPOBOAHUKOBBIA yCHJIH-
TeJAbHBIH NpUGOP, TONLKO NOMYNPOBOAHMKOBBIH TPHOIL.

Heckosbko ciioxHeit 06CTOUT €0 C APYTUM CJI0BOM — CxeMa.
CTporo roBops, cxemMa— 3TO PUCYHOK, ueprex. Ha cxeme (Tou-
Hee, Ha MPUHLIMNAJBHOH cXeMe) SNeKTPOHHON YCTAHOBKH yCJOB-
HbIMH OGO3HaueHUAMH NOKa3aHO, M3 KAaKUX 3JEMEHTOB COCTOMT
9Ta YCTAaHOBKA, KAaK 3T /I€MEHTbi COeJIUHEHDbl, 2 YaCTO U B KaKOM
pexume oHu paGortawoT. M B TO XKe BpeMs CXeMOH paJHCTBI Ha-
3BIBAIOT M CaM npuGop, ero ajekTpuueckue uend. Tak u roBopsT:
«Cxema paGoraer neyctoiiuuBo...» uau: «Ilonpobyio HanaaHThb
CXEMY...»

DTa KHHTa NOCBAILIEHA CXeMaM, B KOTOphX paboraimT noJay-
nPoBoAHUKOBbie TpHoabl. Ho 3aech OyneT pacckasaHo He TOJbKO
0 cXeMmax-4eprexax, a 0 TOM, KaK HX COCTaBAATb, KaK UHNTaTb, KdK
N0 CXeMaM OlLEHHBaThb BO3MOMNCHOCTH, LOCTOWHCTBA M HELOCTATKH
TOTrO WM WHOTrO 3JeKTponHoro npubopa. Peub nofizer o Tpansnuc-
TOPHBIX CXeMaX B LUMPOKOM CMbicJe CJIOBa, U O CaMHUX CxeMax,
HauepdeHHbiX Ha OyMmare, U O cXeMmax, COODAHHbBIX, Hasa:KEHHBIX
u paboratomux. O6 3ToM Kak pa3 H XOTeJOCh MNPeAynpeldnTsb,
«PUAPABIIMCHY K ABOHCTBEHHOMY 3HAUYEHHIO CaMOro CyJioBa
«cxemas.

U, naxonen, eme o6 OQHOM CJOBe — O CJa0Be «Gapbep».,
[IpsamMoe ero 3HaueHWe, KOHEUHO, HU Y KOTO He BbI3bIBA€T COMHE-
uuit. Ho ouenb yacto Mbl roBopuM 0 6apbepe B NePEHOCHOM CMUi-
cae. Hanpumep, rosopum, uto TONBKO peaKTUBHAA aBualus Cy-
MeJa MpeojoJeTh 3ByKoBOH Gapbep, CyMesa NPEBLICHTH CKOPOCTH
3Byka. Mau rosopum, uTo nNpu ONepauusx no nepecajke opraHos
caMoe CJ0XKHOe — npeonosierb 6apbep HECOBMECTUMOCTH: APE0I0-
JIeTh COMPOTHBJIEHHE, KOTOPOE OPraHW3M OKa3biBaeT BCAKOM 4y-
wo# Tkanu. [TonoGHbiX nNpuMepoB MHOro. Ber HaBepHaKa cJabluia-
au o Gapbepax TEMIOBOM, 3KOHOMUYECKOM, TEXHOJOTHYECKOM
U LpYyTUX.

C npeojoseHHeM MHOTHX NMpPENATCTBYH, MHOTHX O6apbepoB CBA-
3ana cyabba TpansuctopoB. M 06 oaHoM M3 HUX — O NCHXOJOTH-
yeckoM Gapbepe —XOUETCA CKA3aTb HeCKOJILKO CJIOB.

[lepsble coobuienuss 06 U306pereHHH TPAH3UCTOPA MOABUJAUCH
aetoMm 1948 roma. Y:ke uyepes nBa-Tpu rofa CTajldo SiICHO, 4TO
1OJIyTIPOBOAHUKOBDIH TDHOR — 9TO He yHUKaJsbHbIH Ja60opaTOpHbIi
npudop, 4TO ero MOXKHO BBIIYCKATb B TIPOMBILUIJIEHHBIX MacluTabag
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H YTO TPAH3HCTOpP HaBepHSAKa 3aMEHHUT INEKTPOHHYIO JiaMOy BO
MHOTHX OGJacTAX 3JEKTPOHHKH.

A HyXHO CKa3aTbh, 4TO 3JIEKTPOHHAs JaMlla B Te BpeMeHa Ha-
XOJIMJIaCh B 3€HUTE CBOeH caBpl. MUDPOBas 3/M€KTPOHHAH NPOMBIII-
JIEHHOCTb €XKEerogHO BLINYCKana MHOr0 MUJITMOHOB CaMbIX pas-
JIUUHEIX JI2MII, OT MUHHATIOPHHIX «MaJbUHKOB» IO CBEPXMOMIHBIX
reHePaTOPHBIX M'MraHToB. JlaMnoBole cXxeMbl 6b11M TOI OCHOBOM, Ha
KOTOPOH CTPOMJINCh aBTOMAaTUKA, TeNEBUAEHHE, JOKAUUH — CJI0-
BOM, BCS pafMO3eKTPOHNKA. PamucTbr 06yuuan Jamny fecsiTkam
pa3no06pasHbIX Npodeccuii, Co3nany AJs Hee THICAIH cXeM, paspa-
GoTany MeTOJB! MX pacyeTa W Hasaxupauusi. U Bee 370 cosmapa-
JIOCh IECATHICTUSAMH, CO34aBANOCh YIOPHBIM TPYAOM YyeHbIX U HH-
JKeHepoB.

Ho uro nonesnaews, npeuMyniecTBa TpaHsHCTOPA Tepen AaM-
n0#t ObljM GeCCropHbl, Mo KpaiHell Mepe B HEKOTOPHX 06MACTAX.
B yacTHOCTH, B KOHCTPYHPOBAaHUH 3KOHOMUYHON NepeHOCHoH anna-
paTyphl 3a TPaH3UCTOpPHOI 371eKTPOHMKON Obiio Oynyuiee. A 3Ha-
YMT, Hafo OLlJIO CO3MaBaTh Ty HOBYIO 3JIEKTPOHHKY, HAgo GLLIO
NPUBBIKATL K He#l. BOT 31ech-10 U BcTan Ha NMyTH pajduochen#a-
JIMCTOB TPY[AHLIA TICHXOJOTHYecKHiT Gapbep. OTKasaTbes OT NPH-
BBHIYHOrO He TaK-To Npocto. Muorum crepuanameram noudanobuancs
rojibi, UT06b! YOeUTHCS ‘B OKOHYAHKH JIaMIIOBOH MOHONOJMU U BbI-
6parbC Ha TPAH3HCTOPHHIH NyTh.

IMeuxonoruueckuit 6apbep Ha MyTH TPaH3UCTOPOB CKa3bIBAJCA
fIlle U B TOM, YTO MOJIOJ0€ NOKOJIeH!e PaJHCTOB CBOE 3HAKOMCTBO
C TPaH3UCTOPAMM NO HHEPLUWM HAuHHaJMO ¢ JaMmasl «Jlamna pa-
GoTaer TakK.. & TCMEDh NMOCMOTPHM, UeM fI0XOXK Ha Hee TPAH3M-
CTOP...»~ TaKoHl Oblia THNKYHAEs IOCAENOBATEIbHOCTL NPH 3HA-
KOMCTBE C 3JIEKTPOHHLIMH cXeMaMmu. B Haw gHHM 3TO 3HaKOMCTBO
CIIOWP M PAAOM BBINIAJUT COBceM NO-Epyromy: «Tpausucrop
paGoTaeT Tak.. A Temepb MNOCMOTPUM, uYeM Ha Hero mnOX0xa
Jamaa...»

Haw pacckas-— o tpadsuctopax, 4 Mbl He Oymem NO3TOMY
BCMOMUHATH 0 JaMnax. [laxe 3TOro c/oBa Bbl NOYTH He BCTPETHTE
Aanbwe. M coBceM He MOTOMY, YTO BO MHOTEX 06Jacisix pajMo-
9JEKTPOHUKU TPAH3UCTOP CTas TNiaBHBIM [EHCTBYIOIMUM JIHIOM.
(¥ namnbi ellle OcTaeTcs W, MO-BUAMMOMY, HABCCrAa OCTAHeTCH
HEMaJI0 CBOKX 06sacTei, Kyaa TPAH3UCTOPAM «BXOJ BOCIpEIIEHs).
Mbi HauneM 3TOT paccKkas O TPAH3UCTOPAX C CAMUX TPAH3UCTOPOB
TOJILKO TMOTOMY, UTO K HUM YiKe BCe NMPUBLIKJIN M Ha NyTH TpaH3H-
CTOPHOH 3/JE€KTPOHMKM [IaBHO HeT HUKAKOro MCHXOJIOTHYEeCKOTo
Gapbepa.

BoT ¥ 3akoHunmOCh Halle KOPOTKOE MUHTBUCTHUECKOE TyTeLie-
crBrue. HayaB c pasrosopa 0 CJOBax «TPaH3UCTOP», «CXeMa,
«Bapbep», MBI IGTOBOPMJIM M O CBOHX GyAyUlMX AcJ/aX. A Havyas
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Puc. 1. Tomy, KTO MPUBBIK K JAMIOBOH 3JEKTPOHIIKE, NEPEXOA K TPAH3HCTOPHHIM
CXeMaM 3aYacTyl Kasajcs TPYHBIM [AesIOM.

Len0OBOH pasroBop, He GyleMm OT Hero OTKJoHAThCA. Celtyac HaM
NPEeACTOUT BbISICHUTD, AJS 4ero BooOule HyXKeH TPaH3HCTOp, Ka-
Kasi poJb €My OTBOALMTCH B 3JEKTPOHHOW ammapartype.

FrJTABHAA POJAD

Besikoe 3/1eKTPOHHOE yCTPOHCTBO — 3TO CBOeOGPasHLiii MMP
SJIeKTPHUECKUX CUHAJ0B. 31eCh OHM 3apOKAAIOTCA M YMHPAIOT,
CIOfLa CHTHasbl fIPUXOAAT, YTOObI, NPOGEXKaB 10 MHOTOUHC/IEHHBIM
S/IEKTPUYECKMM LENAM, TIPeTeprneB MHOKECTBO CaMbIX yAMBHTE/b-
HBIX TpeBpalledtit, 06epHyTbCs NMPEKPACHOH MeTONNEeH, KaPTUHKOH
Ha TeJeBH3HOHHOM 3KpaHe MJM BKIIOUEHHEM TOPMO3HOIO nBMTa-
TeJast Ha KOCMHUYECKOM KopaobJe. i

Cpeny MHOTHX MHTEPECHBIX npeoGpasoBaHHil 3JEKTPHUECKOTO
CHrHana — ¢ HMMH HaM TaK HJH HHaue NPeACTOMT NO3HaKOMHTL-
¢l — OJIMMM U3 Hau6oJee BaXHLIX ABJISAETCH YCHIeHHe. BOT yulb
OIMH MpUMep, OAMH cayuail, korga Ge3 yCuaeHus 06OHTHCE ITPOCTO
HEBO3MOXKHO, .

MomyoCTs paguocHTHAaNa, KOTOPLIH, Npojenas HOJCHil NYTh,
nomagaeT HaKOHel B aHTeHHY NPHEMHHKA, NOBOJBHO PelKo m0-
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Puc. 2 Jlo6oli  snekTpouumtfi mnpuGop — 510  uenblft MHD  3JIeKTPHUCCKHX
CHIHANOB

CTuraer HeCKOJIbKMX MHJIMapAHbIX poaeli satrta. OGbuHO XKe 3Ta
MOLIHOCTD €ui€ B MUJJMOHBL Pa3 MeHbile. B To ke Bpems Mour-
HOCTb, KOTOPYIO HY>XHO NOABECTH K AMHAMHKY (TaK COKpalIeHHO
Ha3biBalOT JWHAMHuEcKME TPOMKOTOBOPUTENH), uwToOb OH co3aa-
BaJ [JOCTAaTOYHO FPOMKHMH 3BYK, DOJMKHA COCTABAATH HECKOJbKO
BaTT WJAM NO KpaiiHell Mepe HeCKO/NbKO Jecs1blXx HLogeil BaTTa.
Orciona n crepyer, yTo BO BpeMs NMyTEMECTBHS C BXOAA PaiHo-
NpHEMHHKA K €ro BBIXOAY, 3JEKTPHYECKHH CHIHAN [ONKeH yBe-
JIMYUTH CBOIO MOIIHOCTb B MUJIJIMAPAB Pas. A yBeJHuenHe MOLY-
HOCTH KaK pas M Ha3blRBAGTCH YCUJIEHUEM CHTHaxa.

IMoxoxkue pesynbTaThl MBI IOJYUHM, €CAH CPABHHUM MOLIHOCTE,
KOTOpYIO faeT (hOTO3JIEMEHT, ¢ MOIIHOCTbIO, KO10pas HY:KHa,
uTOGH JBUHYTb CTANbHYIO PYKY KOHTPOJIEPa-aBTOMaTa B METpO.
Hau ecan cpaBHEM BXONHYIO M BbIXOAHYIO MOW{HOCTD 3JEKTPOHHO-
TO peryJsTopa TeMaepaTypsl, npuGopa ans 3aniucu GHOTOKOB

MO3ra, yCTAaHOBKM AJIi PErHCTPALHH 3eMJITPACEHHH, 3/IEKTPOHITBIX
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6/I0KOB pafHOynpaBaseMOH MOJEJH W/, HaKoHell, 06BIMHOTO Mar-
HUTOGOHA.

Hrak, B 31eKTpOHHON amnaparype HeOGXOAMMO YCHJIMBATH
cnabble 3MEeKTPHUECKHE CUTHAMBI, YBENMUUBATH HX MOIIHOCTh. Ho
KakK B IPHHINIE MOXKHO OCYILeCTBUTH TaKoe ycuaenune? M urto Bo-
o61ie HY>KHO OHUMaThb NOJA 3TUM c/ioBOM? IIpex e ueM OTBeYAThb
Ha 3TH BOMpPOCHI NO CyILECTBY, T03BOJNbTE BCIOMHUTHL PacCKazaH-
HYI0O yXe OfHaX/[bl HCTOPUIO M3 Hpyrofi obmacTu.

Hekotopoe Bpems Hazal wusmecTHas ¢yTOoabHas KOMaHIa
«llafi6a» HeomHAAHHO AJs BCell CMOPTUBHON O6ImIECTBEHHOCTH
Haya/a BOMCHIBATD B TYPHUPHYIO TaGJMLY OAMH HOJb 32 APYTHM.
1 ee 6onebmiuKi 104bKO O TOM W TOBOPST — KaK YCWJIHTb CBOIO
JIOOHMYIO KOMaHAY, KaK yJAYuUlIHTh €e urpy.

M3 Bcex BbICKA3aHHBIX {IPEAJIONKEHU OCTAHOBMMCHA Ha HBYX.

Ilepsoe npennoxenue. Beectn perynsipHble KpyrJoroguuHble
TPEHMPOBKH U 3aHATHA 1O TakTHKe pyT6osa, ynyumuth dusnye-
CKYIO MOJFOTOBKY, yC/JOBHS OTAbIXa W MHTaHHE UrPOKOB. Peaysb-
TaT — YCUJIeHHe KOMAaHJbl.

Bropoe npennoxenne. Tpenepa cMenurb, KOMaHay pachopmu-
pOBaThb, [(IPHUTNACHTL HORBIX, 6GOJiee CHJABHLIX HrpokoB. Pesyib-
TaT— ycuaenne komanfasl. Ilpasga, B 3ToM cayuae QaxkTHYeCKH
NIPOU30HET He YCHACHHe, a 3aMeHa KoMauab. Ho 3710 yxke mertadb,
KOTOpas B JaHHOM ciyuae HMKOrO He HHTepecyeT. BoJenbiuKkaM
BaxeH TOJNLKO pe3ynbTaT — hyT6onbHas koMmanna «Ilaitba» cra-
Jla urpaTsb Jjyuiie. A passe 3T0 He ycHsaeHue koMmaHb «llafiGa»?

IIpuMepHO B TaKOM Ke CMBICJE TIPHMEHSETCH CJIOBO «YCHJIe-
HHe» M B pannosjekrponuke. Ecay y Hac 6via cnaboiil aneKkTpuue-
CcKufl curzaJg, a 3aTeM OblJ CO3LaH Takoft e, HO 6oJsiee MOUIHBIA
CHTHAJI, TO MBI TOBOPHM, 4TO NPOU30LLIO YCHJIEHUE CHrHamda, XOTd
npapuiabHee 66110 Gbl TOBOPUTH 0 3ameHde. CaMbiM CJOXKHBIM 37€Ch,
Tak e KakK U 0pH ycuJaeHHH GyTOONbHON KOMaHIH NyTeM 3aMeHH
UrPOKOB, ABJACTCH caM f1POLeCC CORNAHNST «MOUIHON KOTMU» yCH-
aupaeMoro curHana. O6G 3ToM mnpouecce Mbl ceffyac M f0TO-
BOPHM.

HTak, apu ycujeHnn caaGoro 3JeKTPHUECKOrO CHrHaza cos-
JaeTcs TakoH Xe, HO TOJNbKO GoJsiee MOHIHBIH cirHaJj. Ho uTo osHa-
uaeT B AHHOM CJyuae fOHATHe «Takoil xke»? Kaxkue ueprsl caa-
60ro, yCHIMBAEMOTO CHIHAJa [OMNKHBI COXPAHUTHCSH B MOILHOM,
B ycujieHHOM? Ecan 3TH curHasasl — cnalbiil M yCHJAEeHHBI — pa3-
JUYalTCHd MO MOLIHOCTH, TO B YeM JKe OHH TOT[a AOJDKHBI GbITh
MOX0XKH?

Ilpu ycunenun HYKHO COXpaHUTb (OPMY CHrHaJsa, Xapakrep
ero nameHeHus. [lesqo B TOM, YTO 3JIEKTPHUECKUH CHTHAJ — 3TO
N3MeHdomuiHca Tok. M1 HMeHHO B XapakTepe ero U3MeHeHUS —



B CKODOCTH, B «PE3KOCTH» HJIH «NJIaBHOCTH® HapacTaHusa (HJIH
yObiBaHMA) TOKa — M 3anucaHa Ta nHdopMmanus, Te CBeleHUd, KO-
TOPBIE 3TOT CHrHAJM MepeHOocuT. TOABLKO XapaKTepoMm H3MeHeHUS
OTJIHYALTCS TOK, KOTOPbIH BO3HUKAeT B MUKPOGOHHOM 1E€NH, KOTLa
BBl NPOH3HOCUTE «a», OT TOKa, KOTOPLI BO3HUKAeT NpH NMPOU3He-
CeHNU 3ByKa «0». TONBbKO XapakTepoM U3MEHEHHS OTJIHUaeTCd TOK,
CO37al0WHUit Ha 3KPaHe TeJeBU30pPa U306paKEHHe JOMAHU, OT TO-
Ka, CO3JaI0lero Ha TOM e 3KpaHe noptpeT ocia. OTciona BbIBOL:
HpH yCHJIeHWM HYXKHO COXPAaHHTb CaM xapakTep yCHIMUBaeMOro
CHTHaJa, XapaKTep M3MeHEHHUH 3JeKTPHUeCKOro TOKa.

Cornaciyitech, 4TO «XapakTep U3MEHEHHHA» OUEHb YK PacCIIbIB-
yaroe nmoHATHe. M ecom MBI XOTMM He NOTePATb NpPH yCUJCHHUH
3TOT CaMbIf «XapaKTeps, TO JOJIKHbl HAY4YMTLCS OMNHCHLIBATHL €ro
KOHKDPETHO M TOYHO.

OnucoipaTh XapakTep H3MeHEHMs TOKA CJAOBAMH He TOJLKO
Heyno6HO, HO NPOCTO HeBO3MOKHO. [IpencTaBuTe cebe TaKOe ONH-
canue. «/lOCTUrHYB ABYX MUJJIMAMNeEP, TOK B TeueHie MOJOBUHLI
MHKDOCEKYH/bl OCTaBajicsl HEH3MeHHEIM, 3aTeM Hauaj PaBHOMeEp-
HO HapacTaTb M yKe yepe3 IIATb ThICAUYHBIX MUKPOCEKYHAbI JOCTUT
TPex C 4eTBepThbI0 MuJaMamnep, [Tocie 3TOro TOK MaaBHO, HO CO
BCe BO3pacraioueidl CKOPOCTbI0 B TeueHHMe UYeThIPeX MHKDPOCEKYH
YMeHbIIaCcA, NPUOMUKAaACh, HO TaK U He NPUOIM3UBLIMCL K Be-
JIUUMHE, OT KOTODO# OH HayaJ BO3pacTaThb, NOCJE Yero..» U T. M.
MEoro TOMOB noHaA06UI0Ch Gbl, 4TOGH! NOLOGHBIM CMOCOGOM pac-
CKa3aTb, YTO NMPOHCXOAMT ¢ KAKUM-HMOYIb ONHHUM JEKTPHUUECKHM
CHI'HaJiOM B TeueHie HeCKOJbKUX ceKyHa. Her, omicuiBaTs snekt-
PHUYECKW#i CMIHaJ Cc/0OBAMM, KOHEUHO, He CTOMT: AJf 3TOTO ecTb
Gosiee MpOCTble M HardfAiHbie crnocobul onucaHusd. M cpeam HHx
npexjae Bcero rpaguku (puc. 3).

T'paguk — 370 0cOGHIH 1€I0BOH PUCYHOK, TAaKOH XKe, CKamKeM,
KakK reorpaduuyeckas KapTa Wiu uepTex. I'paduk TOKa NoKasbi-
BaeT, KaK MeHsieTCH 3TOT TOK C TeUeHHeM BPEMEHH, KaKHX 3Ha4de-
HHUH OH JOCTHraeT B TOT WJM WHOH MOMeHT. ['OpH3OHTa/bHag OCh
rpaguka, nono6HO uudepOaaTy 4YacoB, pa3MmeueHa B e€IMHMIAX
BpeMeHH, a N0 BePTUKAJbHOH OcH OTKJIaAblBAaeTCsl 3HaUeHHEe TOKa
HIM HanpsaxeRMd. PasyMeeTcs,, 3T0 OTHOCHTCA JMLIb K TPadMKy,
OMHCBHIBAIOLIEMY XapaKTep 3JeKTpuueckoro currama. CyuiecTeyer
MHOKECTBO APYIUX TPAQHUKOB, KOTOPbIe NOKAa3bIBAIOT COBEpILEH-
HO JIpYTHE 3aBUCHMOCTH K COOTBETCTBEHHO HMEIOT IPYTYIO pa3MerT-
Ky oceil. BeTpeua ¢ HEKOTODBIMM M3 HUX y HAC emie BIEPeM.

Cama suHu4, TOKa3biBalolad, KaK U3MEHAETCA TOK C TeUeHHeM
BPeMeHH, Ha3biBaeTcsl KPUBOH TOKa MM rpadUuKOM TOka. JTO, KO-
HeYyHO, He OUY€Hb CTPOrue BbIpaxKeHHsA, HO OHMU yXKe naBHo Ccyuiecr-
BYIOT B fI3blK€ MaTeMaTHKOB M MHIKEHEPOB, W Mbl GygeM 3THMH
BbIpaKeHUAMH [0Jb30BaTbCA 6€3 BCSAKHX OTOBOPOK.
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Puc 3 Vndopmanus, KOTOPYIo HeCeT 3/eKTPHUECKHH CHTHAJ, 3anucaHa B H3Me-
HCHHUAX TOKA (HanpskeHHs) B GopMe rpatdHka 3TOTO CHLHAJA.

Wrtak, coxpanuTb xapakTep CHrHajla NpY ycuJIeHUH — 3TO 3Ha-
YUT cO31aTh GOsiee MOLUMBIH CHIHAJ, rpa@uK KOTOPOFO No ¢opme
6bT Obl TaKUM Ke, Kak M rpaduk cJaboro, yCUIMBaeMOro CHr-
Haja. MHbIMU c10BaMu, rpaduK yCHAMBAEMOro CHrHajla U NOCTPo-
€HHBI# B HHOM MacmTabe rpadMK YCHAEHHOrOo cHrHasa (LeneHHs
Ha BepTHKAJLHOH INKase HYKHO CXKaTb BO CTOJNBKO Xe pas, BO
CKOJIbKO YCUJTHBA€TCA CHUrHaMd) [OMXKHBl ObITb OAMHAKOBLIMH
(puc. 4).

Teneps yiKe, nokKajyi, MOXKHO ONPERENTb, H3 KAaKWX OCHOB-
HBIX y3JI0B AOJIKEH COCTOATH JMI0GOH 3JEKTPOHHBIH YCHIUTE b CUI=
HaJ0B. Bo-nepBbix, B HeM NOJKeH ObITb UCTOYHUK 3HEPrHH, KOTO-
pasi ¥ nOHIeT Ha cO3jaHMe MOILHOIO, YCHJEHHOrO CUrianaa. Bo-
BTODPBIX, B YCUIUTENE AOJIKEH ObiTb CBOEro Pojia KONMHPOBaJbHbIA
annapar — yCTpOHCTBO, KOTOPO€, HCMOJb3Y s SHEPTHIO UMEIOLIErocs
HCTOYHMKA M B37AB 3a oOpasen caabblil ycusuBaeMbil CHrHaJ,
C034acT MO ero nono6iuio HOBLIH, MOLIHLIH CUrHaJ.

3nech ymecTHO Takoe cpaBHeHue. [IpeactaBbre, yto y Bac
eCTb MaJsieHbKad CKyJbNTYypKa U BaM XO0Ye€TCH CAEJATb TaKyl XKe
TOYHO CKYJabNTypY OGOnbIMX Da3mepoB. YTo ans 3TOro HyKHO?
Bo-nepBuix, HyxKeu 60/bwION KYCOK [VIMHBI HJM APYrOro MaTepHa-
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Puc 4. Yeuautb cursan — 3To 3Ha4uT C€037aThL Gojce MOLUHBIA CHTHAJ, HO
¢ HeusMenuoll dopmoit rpaduka.

J1a, U3 KOTOPOro MOXHO ObL10 Gbl CJENUTH GOJbLIYIO CKYJABOTYDY.
Hy, a Bo-BTOpBIX, HYXXeH CKYJbNTOD, KOTOPHIH CyMeeT, IJsinfl Ha
MaJsteHbKHA 06pasel, co3aaTh ero 60/blIYI0 KOMHIO U3 GecopMeH-
HOTO KyCcKa. B 3JIeKTPOHHOM yCusMTese 3Hepruio, KOTOpyio jpaer
MOIIHBIH MCTOYHHK, MOXHO CPaBHHTh C OGOJBIIMM KYCKOM IJIMHBI,
a «KOMHPOBAMbHBIH amnapaT» LOJKEeH JeJaTb NPHMEPHO TO Xe,
uYTO K CKYJBNTOD B HallleM NpPUMepeE.

Uto KacaeTcsi HCTOUHUKA 3HEPTHM, TO 3jhecb A0 OGCTOMT
NPOCTO: €ro PoJb NPeKPacHO BLIMOJHAET GaTapesi WM BBIMPAMH-
Tesb, AAIOUIHI MOCTOSHHBIA TOK. M3 MOCTOAAHHOTO TOKa CpPaBHU-
TeJIbHO MPOCTO MOXKHO «JI€MUTb» CaMble CJIO0KHEE 1Mo ¢Gopme CHUr-
HaJbl. BELT Gbl TOJIBKO «CKYJBNTOP». A BOT € HAM-TO Ae710 06CTONT
HaMHOTO CJOXHee.

Ceflyac Mbl HayHeM TOMCKH CKYJbNTOpAa, HAYHEM TOMCKH
yCTPOHCTBa, KOTOPOE MOXET CJAEMUTL M3 NMOCTOAHHOIO TOKAa MOLI-
Hyi0 Komuio ciaGoro curHasa. [Toucku B UTOre NMPUBEAYT K TPaH-
3UCTGPY: YCHJIEHWe CHMrHaJa, TOuHee, JenmKa MOLLHOrO CHPHaJa 1o
i4

’6pasny cnaboro,— 3T0 U eCcTb ryiaBHas POJb, KOTOPYIO Hrpaer
rPaH3uCTOP B JIEKTPOHHOH annaparype.

KoHeyHast uenb HAlMX TOMCKOB Hepnaseka. Ho 'He OyneMm ToO-
yonutbest. Jasafite npoitaeM cBoit nyTb, Kak nono6aeT HAcCTosl-
(MM caenonbitaM. [aBaiiTe BHUMAaTEbHO NPUCMaTPUBaATLCH K J0-
pore, npu J000f OCTaHOBKE 3a4yMBIBATLCR, Kylda HIATH Aajblie,
4, KOHeYHO, OTM€YaTbh Ha KapTe BCce WHTEPECHOe, UI0 BCTPETHUTCA
B MyTH.

Ilpexne ueM OTNPaBAATLCA B AOPOTY, NONILITAEMCH KaK-TO U30-
Opa3uTh Ha nyTeBoH KapTe CBOU HMCXONHBIE MO3HUHH.

HauueM ¢ T0T0, uT0 HapHCyeM HCTOUHHK SHEPrHA A/ CO3MAHUA
yCUJIeHHOro curHana — barapeiwo b (puc. 5). [Toakaiounm k Gata-
pee pe3nctop Rgux (10YEMY MBI Ha3BaJH 3TOT Pe3UCTOP «BLIXOA-
HBIM» — COKPAIUE€HHO «BBIX»,— OyleT 00bSICHEHO HEMHOTO NO3XKe)
1 CO3aJUM TakMM 06pa3oM 3aMKHyTYI0 Lelb. Teneps Gatapes b
He Ge3neficTBYeT, a FOHUT 110 5TOH (eAd nocTofHHbIR ToK. M3 Hero-
TO Mbl H OyAeM JIeMNTb MOIUHYIO KOIHIo caaboro cHrHasja.

HMctousukoM cjaaboro cHrHasa, KOTOPbIl HaM MPeACTOMT YCH-
JIATb, MOXeT OblThb aHTeHHA NDUEMHUKA WJH TejeBH30pa, 3BYKO-
CHHMaTeJb, ABUAKYIIHIACA N0 MJIacTHHKE, MHKPODOH, (OTO3/IeMEHT
1 Macca apyrux ycrpoficrs. Ho Mbl e Gynem BRaBaTbCs B 1oapob-
HOCTH — cefluaC OHW HeCYLIeCTBEHHHl — W JOTOBOPUMCS, UTO

Puc. 5. NCTOUHUKOM 3HePrud /sl CO3JaHHs YCHJIEHHOrO CHrHaja MOXET cAy-
KHTb Gartapes.



ca1aGblff CHTHAM NOCTYTAeT H3 KAKOro-TO yCJIOBHOTO FeHepaTopa, M3
3aKpBITOH «KOpPOGOUKH» ¢ naanmucbio «Caabblit curHags, Mo Bu-
UM Jillb [Be KJIEMMbl 3TOTO YCIOBHOTO reHepaTopa, MeXay KO-
TOPbLIMH 1 IEUCTBYET HENPePbIBHO MeHsAouleecs HanpsKente Ugyr.
Ecnu nopkmiounTs K KIeMMaM reHepatopa 3J€KTPHUYECKYIo Hellb,
B IPOCTEHIIEM Cyuae OAHHOYHBL PesncTop Rpx (mouemy 3To co-
NpOTHBJIEHHE HA3BAHO BXOAHBIM, Mbl CKaXEM M033e), TO B 3TOH
nenu nofineT MeHsomuics ToK o '

Mrtak, uctounnk caboro curyasa naer Hanpsaxenue Ueyy, a 1o
Pe3HCTOPY Rsx MPOXOAMT TOK lour. A UTO ABJISETCH TEM caMbIM
CHTHAJIOM, KOTODBIfi HYXHO YCHJMTb,— TOK HJH HAaNpsKeHue?
M uto B pesynbrate ycusienus pomxuo Bo3pacth — Ucnp
HM [ opr?

Kakoii-in60 @usuueckuil npouecc MOxeT XapaKTepH30BaTHCA
HECKOJbKMMM CBfI3aHHBIMM MeXJAy co6oil NokasaTensiMd. [Isumxe-
HHe aBTOMOOMJIsl, HanpuMep, XapaKTepU3yeTcsi CKOPOCTbIO, NMPOii-
AEHHLIM PAaCCTOSHUEM U BpeMeHeM, B TeUeHHe KOTOPOro MalliHa
HaXOAMTCH B MyTH. A TO, YTO MPOUCXOAMT Ha KAKOM-HHOY1b yuacT-
Ke 3/IeKTPHUECKO# 1enH, XapaKTepusyeTcs HanpskeHHem U Ha
STOM y4acTKe, ero CONpoTHEJeHdeM R M ToKom /. Bee TpH Besu-
YMHBl CBSI3aHbl MeX/y co6oil: Beauuuna toka I 3asucutr or U
1 0T R. Onucanue 970l 3aBUCHMOCTH (CIOBAME WK B aaredpanue-
CKOM BHIe, TO €cTb B BHae (GoOpMYyJ) HasbiBaeTcs 3akonom Owa.
DTOT 3aKOH BCEM BaM HaBEPHAKA H3BECTEH, HO Mbl BCE e yae-
JIUM €My HeCKOJIbKO CTPOK. KakK-HHKAaK 3TO IyaBHbBIA 3aKOH 3JIEKT-
PHYECKUX ueneil, H He 3ps paaucThl myTaT: «He 3uaemb 3akod
Oma —cunu pomals

DeKTpUUecKOe HANpAKeHHe, FPY6O TOBOPA, CO3MALTCS HEPAB-
HOBECHEM 3JIEKTPHYECKHX 3apsJ0oB HAa KaKOM-HHOYAbL yuacTke
OeNH, HalpUMep Ha KOHUAX HallMX Pe3UCTOPOB Rpx UM Raux.
Ecnu B caMoM pesucrope uMeercs 0gMHAKOBOe KOJHUECTBO MOJIO-
AHUTCJbHBIX H OTPULATENbHBIX 3aPSIOB U €CJH PacnpPefeseHbl OHH
DaBHOMEpHO, TO HHKaKOro HampsiKeHHMs Ha 3TOM pPe3ucTope He
GyneT. A BOT eC/iH Ha OHOM KOHIE Pe3UCTOPA OTPHLATENbHBIX 3a-
PALOB — 3/eKTPOHOB — GoJiblile, YeM Ha APYroM KOHIIe, TO MeXAy
THMH KOHUAMH KakK pa3 u GyleT neficTBOBaTh Hanpsxkenue. Uem
Gonblie HePaBEHCTBO, HEPABHOBECHE 3apsA0B, TeM GOJbLIe H Ha-
npsKeHue,

Pasymeercs, saeKkTpHueckoe HanpsizKeHne caMo no cede He mo-
apafercst. Ero cospamot, satpauusas Ha 3T0 onpenencunyio sHep-
ruio. Hanpsixkesne Ha BbIXoje GaTapeM, HanpuMmep, CO3AAETCH 3a
CYET XMMHUYeCKOH 3Hepruu. HanpsxkeHue Ha BbIX0de 3BYKOCHHMa-
TeNd nosiBjsieTcsd 3a cueT paboThl, KOTOPYIO COBCPIIACT UFJa, ABH-
rascb Mo M3BHJAHMCTON 3BYyKOBO# Hopoxkke, Haupsikenue na Bor-
Xone MHKpodona cosmaercst sHepruefl sByKosbix KoscGaunii, Ha-
16

MpsKeHHe B LeNM AaHTEHHhl NPHEMHMKA WM TelieBU3opa
BO3HHKAeT OT BO3eHCTBUA Ha 3Ty aHTeHHY 3JIeKTPOMArHUTHBIX
BOJIH.

Hanpsi:keHue, neficTByIOHiee Ha KaKOM-JIMOO ydYacTKe LEMH,
co3MaeT HAa TOM Y4acTKe TOK — yINopsALO4YeHHOe JBUKEHHE CBO-
OOMHBIX 3JEKTPHUEeCKHX 3apAnoB. [oBOJbHO 4acCTO TOKOM Hasbl-
BAIOT [BiKeHHe CBOGOXHBIX JEKTPOHOB. M nelcTBHTENDbHO, BO
MHOTHX CJyyasix B 3MEKTPHYECKOll uenmu ABMKYTCA TOJIbKO ORHH
3JeKTpOHbl. Ho ecaH B KakOM-1MGO0 3JeMEHTe LeNH HMeoTCs
M JpYTHE NOJIOXKHUTEJbHbIE JUG0 OTpHLATEeNbHEIE CBOGOAHBIE (TO
€CTb He NMPHUBA3aHHbIE K ONpeAeJeHHOMY MeCTY) 3apappl, TO MOX
NeHCTBMEM HaNpsAXKEHUs U OHU HAUHYT ABUraTbeA. 3apaibl Bceraa
JNBUraioTCs OTTYAA, I'le UX CJAMIIKOM MHOrO, TyLa, rlie X He XBa-
Taer. O6pa3Ho rosops, MEKTPUUECKUI 3apAj] BCerga HUIeT, TIe
1ocgo6oiHee, A€ MeHbLIe TAKUX XKe, KaK U OH CaM, 3apsAJ0B-KOH-
KypeHToB. Tak, MOJIOXUTETbHbIE 3apAAbl ABUTAOTCA OT «MJIHOCa»
K «MHHYCY», a OTpMIlaTe/ibHble — OT «MHHYCa» K «mmiocy» (cM.
crp. 142. Bocnomnnanune Ne 2).

UeM Gosblile HanpsixKeHHe, TeM GoJbliie TOK, TeM UHTEHCHUBHEE
JIBUKeHHe cBOOOAHEIX 3apsanoB. O6 3TOM M rOBOPHT NepBas yacThb
3akona Oma: «Tok I npsiMmo mponopuMoHajeH HanpAxeruo U..»
Ha sropo#t yactn 3akona —«10Kk [ o06paTHo npONOPUUOHAJEH
CONPOTHBJEHUIO R» — Mbl 0CTaHOBUMCA Gosiee MoApoGHO. XoTs Obl
TIOTOMY, YTO CaMO CJIOBO «COTPOTHUBJIEHHE» — «PE3HCTOP» — BXO-
JuT (M He cayuyailHo!) B MMS Hallero IJaBHOTO repof.

Conporus/ieHHe, a TouHee, 3JIEKTPUUECKOe CONPOTUBJCHHE
npejcTaBaseT cO60# XapaKTePUCTHKY KaKOro-audo 3jeMeHTa HJH
yuacTKa 3JeKTPHUECKOH penu, mogoO0HO TOMY Kak auamerp Tpyo
ABJAAETCA XaPaKTePUCTHUKOH HedTenpoBopa, yrojg HaK/JAOHA — Xa-
PaKTePUCTHKOI IOCCefiHOH [JOPOTH, KOHUEHTPanusl MOJEKYJ —
xapakTepucTHKOH rasa. O KakMxX e CBOHCTBAX y4acCTKa 3JeKTPH-
YeCKOH uenu (MM BCeil LENM B [EeJOM) TOBOPHT BEJHUMHA CONPO-
TiBJAeHUuA? ConpoTHB/IEHHE TOBOPHT O TOM, HACKOJbKO GOJbLIOH
TOK MOXK€T BO3HMKaTb Ha y4yaCTKe LeNu INoj AeficTBHEM Hanps-
KEHHSI.

Ecan B ABYX pasHbIX y4acTKax 3JEeKTPUUeCKOH nend nox pefi-
CTBMEM OJHOTO M TOTO XK€ HAaNpPSAKeHMs BO3HMKAIOT PasHble TOKH,
TO 3TO MOKeT ObITb TOJbKO NOTOMY, YTO CONPOTHBJIEHHE Y4aCTKOB
pasanuKo.

CyinecTsyer ellle 0JHa XapaKTePHCTHKA MeNH, KOTOPAs Ha3bl-
BaeTCs NMPOBOAMMOCTBIO U NpeAcTaBafAeT co00f BenHuMHY, 06pat-
Hyio conporussaenio. O KakoM-1u60 yyacTKe ueNnH MOMKHO CKa-
3aTh, YTO y Hero Manasi IpPOBOAHMOCTb, HJIM, 4TO TO XK€ CaMoe,
Gosbwioe conporusiaenue. IIpoBOAMMOCTBIO MHOTHA MOJIB3YIOTCH

fIpH ONMCaHUU MJU pacyeTe 3IJECKTPUUYECKMX nenei. 17



YnpocTdB KapTHHY, MOXHO CKa3aTb, YTO CONPOTHBJCHHE Ka-
KOro-inbo 3JI€MEHT4 Ueny 3aBUCUT OT TOTO, CKOJbKO B HeM CBO-
Gonubix 3apsfoB. Eciiu B yuacTke penu Het cBOGONHBIX 3apAIOB,
TO N0 Hell TOK He moiimer. [{a U Kakoil MeeT OulThb TOK, €ciu
HeKoMy gHpuratees! Llemb pasopBana, B Hee BKJIIOYEH H30JATOP,
COnpoTuUBIeHUE KOTOPOTO GeckoHevyHOo Besiiko. Yem Gosbiue CBO-
OOMHbBIX 3aPAI0B B MPOBOASUIEM Y4aCTKe UelHd, TeM GONbIUUM 6y-
AT TOK fIpH OJHOM H TOM 3Ke HANpSIKEHHU, TEM, WHbIMH CJOBAMH,
MeHbIlI€ CONPOTHBJEGHYWE 3ITOFO yyacTka uend. KMMeHHo B 3TOM
CMbIC/IE W HYMKHO MOHHMAThb BTOPYIO uacTh 3akoHa OMa: «...TOK
00paTHO NMPONOPUMOHAIEH COTPOTHBISHUIO». A ecJH BaM MOHa-
AoGUTCS ONPEleSUTh CONPOTUBJGHHE YYacTKa uenu, To AJIs 3TOro
MOXKHO BOCHOJNb30BATLCA NPOCTOR pacueTHON QopmysoH, BbiTe-
Kaomeil u3 3akoHa Owma (Bocmomunanue Ne 3).

3akon OMa rOBOPHT O TOM, UTO NPV HEH3MEHHOM COMPOTHBIE-
HUH Ryy BeHUHHA TOKA [px 3dBUCHT TObKO OT Hanpsimenus U
YBenuunBaercss HanpsixeHWe — PacTeT W TOK, YMEHbIIAETCH Ha-
NpAXKeHde — M B TaKoH ke creneHd mafaeT TOK. A 3To 3HAUMT,
4ro rpaduk roka /ey OyAer Touno#i konuedt rpaduka Ucy. Ilo-
STOMY MOHSTHE «3IEKTPHUECKHH CMTHAM» B NAHHOM cCilyyae OT-
HOCHTCS B DABHOM CTENEHH M K HaNpPSKEHWIO, M K TOKY, K 3THM
CIapeHHbIM XapaKTepHCTHKAaM e[HHOTO TNpopecca.

Mui nocrenenso npubaumaeMcs K ToMy, YTOGb BbISICHUTH, KaK
paGoraer TPaH3UCTODHBLI YCHJIUTE/Ib, KAK OH YCHJIMBaeT cJabblil
3/JeKTpUUecKuil curdan. Ho eme Ao 3Toro HaM MNpeAcCTOMT 3any-
MaTbCs Haf TeM, UTO [OJIKHO BO3PACTH B PE3YJAbTATE YCHJICHMS
CHMrHaza — TOK HJd Hanpsi:keHue? OTBETHTbL Ha 3TOT BONPOC MC
CYLIECTBY He NPOCTO, H B MOMCKaX OTBETA HAM IIPUNETCH ellie pas
OrJIAHYTbCSL HA3aj.

Kpome zakona Oma, ecTb emie 0gHO 04eHb BajKHOE COOTHOLIE-
Hue, Ge3 NMOHUMAHHUA KOTOPOTO HEUEro M AyMaTh O 3HAKOMCTBE
€ 3JIEKTPHYECKUMH LENAMH H TeM 6GoJiee ¢ 3JeKTPOHHBIMU YCHJIM-
TeJAAMH. DTO COOTHOLIEHHEe KacCAeTCs MOLIHOCTH: 3JeKTPHUECKas
MOIIHOCTL P paBHa npousselleHHo Hanpsxenus U na 1ok [/
(Bocnomuuamne Ne 4). Crtporo goKasaTth cnpaBelHBOCTL 3TOFO
pPaBeHCTBA He COCTABJSAeT TPyAA, HO /IS SKOHOMHY BPEMEHH Mbl
LOKAXeM €ro C NMOMOIWBIO HECKOJIBKHX YIPOWIEHHBIX pPaCCy-
JEeHUi.

Momnocts — 310 paboTa, BHIOJNHSAEMAs 32 €IMHUIY BPEMEHH.
EquMHMIa MOIIHOCTH BatT (8T) cooTBercTByeT pabore B 1 pxoyab
(dxc), xotopasi BbimoOsHeHA 3a | cekyHLy (cek).

Teneph 0 HampsAXeHUM H TOKe.

DneKTpuyeckoe HaNpsiKeHUe — HANPUMED, HanpAXKeHHe Ha
KakKoM-n1u60 pe3ancTope — roBOPUT O TOM, KaKyw paGoTy BbUIOJ-
HUT 3/EKTPUUECKUH 3apsj, npoijas 1Mo 3ToMy pesHctopy. Ecnm
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sapan B 1| kysnon (k) (@as Toro yToGBI MOJAYUHTh TAaKOH €ZMHHY-
HBI 3apf;, HocTarouHo cobparh BMecte 6,3-10'® 37€KTPOHOB)
IpPOHAET MO YYacTKy LEnH, Ha KOTOPOM [eHCTBYeT HAanpsiKeHWe
B | BombT (8), To aTOT 3apsy cosepwint pabory 1 mKoyab (Oxc).
TIpuaoKKTE K TOMY K€ YyyacTKy LeNnu Hanpsixedne 5 8, u pabora,
KOTOPYIO COBEPIIMT KaK[Abli ABUKYLIHHCA 3apsan, TakkKe yBeJIH-
yuTCA B NATh pas.

Yto Ke KacaeTcsi TOKa, TO er0 BeHUHHA [T0Ka3bIBAET, HACKOJIb-
KO MHTEHCHBHO, HaCKOJbKO OBICTPO M «TYCTO» 3apsAAbl ABUTAIOTCA
no uend. Yem Gosblue 3apsifioB NPOXOAMT uepe3 Kakoe-mHG0
YCIOBHOE CceueHHMe lenM 3a eIHHHLY BpeMeHH, TeM OGojblue TOK.
EnunvMna toka — aMnep (@) — COOTBETCTBYET OJHOMY KYJIOHY
(6,3-10'8 37eKkTpPOHOB), NPOXOASAIIEMY Yepe3 3TO yCJOBHOE ceue-
HM€ 3a OJHY CeKyHHy.

Hirak, Hanpsxedue — 310 pabora, coBepliaeMad OJHUM KyJlo-
HOM, 4 TOK — YHCJIo KyJOHOB B cekyHay. Jas toro uToObl nogcuu-
TaTh MOLIHOCTh P — NoJHyI0 paboTy, BLIMOJHEHHYIO 33 CeKyH-
1y,— HYXHO paGoTy OLHOrO KyJoHa YMHOXKHTb Ha uyucao pabo-
TaBIIMX KyJOHOB, TO €CTb HYXHO HampsxeHue U yMHOXHTb HA
TOK 1.

KctaTy, eciiu yBeMUNTb HANPSAMKEHHE HA ydacTke LenH B [BA
pasa, TO BblAejseMas Ha 3TOM YYacTKe MOMIHOCTb BO3pacTeT
B ueTbipe pasza. M 3To BrniosiHe MOHATHO: yBeJuueHHe HanpsikeHusd
B ABa pasa caMmo no cefe yBeMYUT MOLIHOCTb B [Ba pasa fa elle
(corsacHo 3akony Omal) BIBOe yBEJMYHT TOK B LenH. A yBejH-
YyeHHe TOKa NPUBELET K TOMY, YTO MOLIHOCTb BO3PAacreT ellle B [Ba
pa3a. [To3ToMy Mbl M MOJYYUUM yBEJHUEHHE MOLIHOCTH B YEThIPE
pasa, U mompoOyfiTe NPOTUB 3TOTO BO3PAa3UTH!

MougnocTts, BbigesnsieMas Ha KaKOM-HUOy1b pesncrope, 3aBUCHT
M OT ero conporusaeHus. Ho 370, ecau MOXKHO TaK cKa3aTb, yKe
BTOpPHYHAS 3aBHCHMOCTb, MOCKOJbKY OT CONDPOTHBJEHHS 3aBUCAT
TOK M HaNpsixKeHYe, ONPeAeasoIHe MOIHOCTb. 3aBUCHMOCTDb MOLIL-
HocTH P 0T conpoTuBAeHUsT R MOMXKET 0Ka3aTbCsl [JOBOJILHO CJOXK-
soit. [Ipuner BpeMs, U Mbi BbIHYX/I€HbI Oy/€M MOrOBOPHTH 06 3TOf
CJ0KHOCTH. A moka, 3aKOHUYMB 3KCKypC B mnpouuroe, B obsactb
OCHOB 37IEKTPOTEXHUKH, BEPHEMCS K ITOMCKAM CKyJbITOPa, K MOHC-
KaM KONMpOBaNbHOrO ycTpoiicTBa, KOTOPOE MO3BOJUT M3 MOCTOSH-
HOTO TOKa, HAYLIEro Ot 6aTapen E, co3/laTb MOIUHYIO KOIUIO Chaa-
6oro curxasna.

Mb1 octaHOBUUCH Ha BOIpoce: «Yto JAOJMKHO BO3pactu mnpit
ycuseHun caaboro cuMriana — TOK MJH  HanpsaxKedue?» OrseT
HpPOCT: JOJKHA BO3PACTH MOILHOCTD.

HMeHHO 06 3TOM M TOBODHJ NpHBeleHHDbHT panee (c1p. 9)
npHMep ¢ npueMHUKOM. FIMeHHO 06 3TOM rOBODMT M mpocrtas Jo-
ruka. HaM HyXen curHana-paGOTHHMK, CHOCOOHBIH € JOCTAaTOUHOH
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CHJIOH pacKayHBaTh AH(PY30p rPOMKOTOBOPHTEJNS HJH MOBOPAYH-
BaTb aHTEHHY NPWJIYHHBiIEHcH KocMHYecKoi Jabopatopuu. Hawm
HYXXeH CHTHaJs-pabOTHHK, H B NPHHUuNeE Ge3pasiuyHoO, yeM Oyner
obecneunBaThest ero paGoTocnocobGHoCTh — (oMbl paborocno-
COGHOCTBIO KaxKJOro ABHKYUIErocs 3apsina (To ecTb GOJNBIIMM
HanpsxkeHWeM) HJH GOJBLINM YHCJAOM PaloTaloluux 3apsiios (To
€cTh GOJIbIIMM TOKOM). A MoITOMY HaM B MpHUHIMNE Ge3pasaHyHo,
4YTO NPOM3OHAET NMPH YCHJEHHW CUrHada — YBEJAHYUTCA JH TOK
Ieur ipH Heu3MeHHOM HanpsiKeHuH Ucur, yBenuuntes JdH Ucyr npu
HEH3MEHHOM [cyr, BO3pPACTYT AU 0Ge 3TH BENHUMHBI, NMPOH3OHAET
JI¥ yBeJM4YeHHe ONHOH M3 HHUX M yMeHblleHue Apyroi. s mac
BaXXeH pe3ysnbTaT: NPH YCHJIEHHH JOJKHA BO3PACTH MOIIHOCTb
CHTHaNa.

O6partute BHHMaHHe, YTO, TOBOPS O cBOeM 6e3pas3/IHyuy K co-
OTHOILEHHIO MEKJY TOKOM U HampsKeHHEM, MBI Bcerja oroBapH-
BaeMcd — «B IpHHOWIE». IJ1a OroBOopkKa HyXHa MOTOMYy, UTO
B KaXJOM KOHKDETHOM cJydae HaM Bce-Taku KeJaTeNbHO NOJy-
YaTh MOLIHOCTB B «yA00HOM BHAe», Hanpumep, npu GosnbiioM Ha-
UpSiKEHHH uj¥ npu GosbumoMm Toke. Ho npexpe Bcero HaM, Ko-
HEYHO, HeoOGXOAUMO IMOJNYYHTbL MOLIHOCTh. A ec/ad MOTpeGHTeNIo
CHrHaJla NMoHafo00MTCsi U3MEHHTh COOTHOLIEHHE M 1y TOKOM i Ha-
NPAXKEHHEM, TO 3TO MOXKHO OYyJeT caesaTh, HaNpHUMep, ¢ NOMOIILBIO
06BIYHOTO TpaHchopmaropa.

3arosopHB 0 TpanchopmaTope, Xo4ueTcs MONYTHO ChesaTh He-
fosblioe 3aMeuaHue, KOTOPoe NOJMKHO MPOJNUTHL CBET HA OLHY W3
3aMaHuUUBBIX H, KOHEUYHO, OGMaHYHBBLIX BO3MOXKHOCTEH COBEPIIHTH
NepeBOPOT B 3JMEKTPOHHKE.

Ecsnn 6b1 MOXKHO OBIJIO HOBOJILCTBOBATLCH YCHJAECHHEM TOJBKO
OIHOH M3 COCTABJSIONIHX MOINHOCTH — TOJILKO TOKOM HJIH TOJBKO
HanpsKeHHeM,— TO Heuero 6bl1o Obl FOPOANWTH BECh 3TOT OrOPO]
¢ 6arapeeit b ¥ He ¢ HaliieHHBIM HaMH MOKa €lle CKYJALNTOPOM.
Poub yeusurenst Mor Gl BBIOJHSTE TPaHC(HOPMATOP — NOBHINAD-
WMH, €M HYXHO YBEJMUMTb HaNpsiKeHHe, WJIH MOHUKAMLHIE,
€CJIH HYXHO yBeauuuTh ToK. OJHako rpancopMaTop B nNpUHHHIE
He MOXKeT MOBbICHTb MOIIHOCTb MOABEJECHHOrO K HEMY CHTHaJja —
3aKOH COXPAHEHHS HEPTUH He MO3BOJEHO HapylaTh HUKoMY. [To-
Bbilasi Hanmpsi2KeHHe, TpaHc(hOPMaTop BO CTOJBKO Ke Pas yMeHb-
HmaeT TOK, # HA0GOPOT: yBe/IMuHBasi TOK, OH NMOHHIXKAET HallpsikKe-
Hyue. A 1M03TOMY MOIIHOCTH HAa BbIXOAE TpaHcdoOpmaTopa Takas
XKe (MPaKTHUECKH Ja)Ke HEMHOTO MEHbIle H3-3a Pa3HOro poja mno-
TePhb), KaK 4 Ha ero pxofe. MIHbIMH c/I0BaMH, TpaHCc(HOpMATOp He
MOKeT OBITb YCHJIHTEJEM.

Crnepyoumit sTan HauMx NOMCKOB MOXKHO OBIIO OBl Ha3BaTh
«npupydenrem» Gatapen. He aymas moxka HH O KakoM YCHJIEHHH,
HaM HYHO Hay4uThcsl OTGHpPaTh OT GaTapen 5 3HEPTHIO He B BUE
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Puc. 6. Vismenss conpoTusienre B LenH Garaped, MoxXHO oT6HpaTh OT Hee
SHEPIHI0 He B BHJE NOCTOSHHOIO, a B BH/JE MEHsIOLErocs TOKa, «PHCYS» TaKUM
06pa3oM CHrHan HYKHOH (GOPMEL

NOCTOSIHHOrO, a B BHJe MeHsmomerocs Toka. OGpasHO roBsops,
HyKHO HayYHTbcA CMHHATh HAlll KYCOK IVIHHBI, HAYYHTbCH MEHSATDb
ero ¢opmy, uTobnl B JasbHEHIIeM MOXHO OBUIO cO3104aTh M3 HErO
GOJILIIYIO CKYJIBITYPY.

Kakum 06pa3oM MOXKHO MeHSTh uAyliuii or Garapen 5 rno-
CTOSIHHEIY 3JIeKTpHU€cKHE TOK? MBI He 3psi MOBTOPANH 3aKOH
OMa — IMEHHO OH M INOJCKa3wBaeT oTeeT Ha 3ToT Bonpoc. Io-
CKOJIbKY TOK 3aBHCHUT OT HanpsiZKeHusi W CONPOTHBJIEHWSA H TO-
CKOJIbKY HamnpsiKeHHe, KOTOpoe HaeT GaTapes, NPakTHUYECKH He
MEHSEeTCsl, TO HaM OCTaeTCs TOJbKO OJHO — MEHSITh CONPOTHBJE-
HHE Ramx.

MeHsTh 3TO CONPOTHBJEHHE MOXHO pa3HBIMH crocobamu
(puc. 6). Ipouie Bcero, KOHEUHO, BKJ/IOUHTh B KauecTBe Rpux
oOLIUHBIH peocTaT H, ABHTasl ero pyuky, «pPuCOBaTb» TOK € HYXK-
noft gopmoit rpadpuka. MoXKHO BMECTO PE3HCTOPA BBECTH B Helb
COCYN C KaKHM-HUOYAbL KHMJAKHM IPOBOJHHKOM H yNpaB/sThL CO-
NpOTHBJEHHEM, a 3HAYHT, H TOKOM, MEHAS XHMHYecKHil cocTas
IKHAKOCTH. MOXKHO BKJIIOYUHTH B Lellb YCTPOHCTBA, KOTOPHIE MEHSIIOT
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CBO€ COMPOTHBJIEHHE nu) AE€HCTBHeM TenJja, cBeta, PalHOAKTHB-
HbIX H3JyuYeHHH, DaCTSAXKEHHMS HAH CKATHA.

[Ipeacrasutesnem sroro mocsneanero Tuma ycTpoiicTs ABASETCS
XOpOIIO BCEM 3HAKOMbIH yroJbHHE MHKPO(OH. B ympoueHHOM
BapHaHTe — 3TO KOPOGOYKA C yTOJIbHLIM MOPOIIKOM, KOTOPBIH NOA
AeHCcTBHeM 3BYKOBHIX BOJIH CKHMaercs TO CHJAbHee, To ciabee.
Uem cunbHeill cKar nopoumok B KOpOGOuKe, TeM Jyuyule KOHTAaKT
MEXAY OTAENbHBIMH €ero KPymuHKamu, TeM MeHblie OOliee 3JeK-
TPUuyecKoe CONMPOTHBJICHHE NOpouIKa. BOT 1oueMy oA AedcTRHEM
3BYKOBLIX BOJIH CONPOTHRJIEHHE YroJbHOTO MHKPO(pOHA MeHserTcs,
MOCTYIIHO C/elysl 3a BCeMH H3MEHEHWAMH 3BYKOBOIO JAaBJICHHS.
B pesysbrate rpaguk u3sMeHeHHs CONPOTHBAEHMS, a 3HAUHT,
¥ rpauk U3MeHEeHHs TOKa (Bce TOT xe 3akoH Oma!) MOMHOCTBIO
NOBTOpsieT, Konupyer rpadux 3syka. Darapes. B uenb KoTtopoi
BRJIIOYEH MHKDOQOH, OTA2eT 3HEPrHi0 yXKe He B BHIE€ NOCTOSHHO-
T0o, a B BHJe MEHsIolerocs TOKa, B BUIe CJIOXKHOI0 3JIEKTpHUe-
CKOTo curuaJa.

WTak, HaM KOe-yTo yiKe H3BECTHO O 3arajoyHOM CKYJLATOpE.
[To kpaiiteit Mepe, Mb 3Haem, Kak pabOTalOT €ro pykH, Kak OHM
MEHSIIOT (pOPMY TAHHSHOH TIbIObl. MBIl 3HaeM — AJsl TOTO yTOGH
€031aTh W3 MOCTOAHHOrO TOKA CJIOXKHLIA 3JeKTPHUeCKHil CHIHad,
HY)KHO MeHsiTb cOnpoTuBJeHHe peny. Ho xak cpenarb, uToOH
COnpoTHBIeHHe Rpyyx MEHSAJOCH MO KOMaHie cJ1a6oro, ycuaupae-
MOro curHajna, nojo6Ho TOMY Kak COMpPOTHBJIEHHE MHKPO(OHA Me-
HACTCS 110 KOMaHJAe 3BYKOBHIX KoseGaHHA? Pewenue 3710l 3anautl
OCJIOKHAETCH TEM, Yr0 Ha H3McHEHHE CONPOTHBJEHHA Rpyx Mol
MOXKeM pacxOL0BaTth HHYTOXKHYIO MOWHOCTL. 3arpaudBas JOJH
BaTTa, yCUJIMBae€Mbii CHfHaJ JAOJIKEH MEHSTb COMPOTHBJIECHHE
B TAKOH CTenenH, 4roObl 3JeKTPHUYecKas MOLIHOCTb, BbiaenseMas
Ha Rayyx, MEHSTACh Ha €AMHHIM, a TO U Ha AECSTKM BaTT. Bos-
MOKHO JIH 3TO B NnpuHuune? He npordBopeynT Ay 3aKOHaM Npu-
poabt?

BuiMaTelbHO NOCMOTPEB BOKPYT, BB YBHAMTE, KaK B HEKOTO-
pPHIX cayyasx HebosbliMe 3aTpaThl 3HEPTHH NPUBOAAT K QrpoM-
HbiM 3HEPTEeTHYEeCKUM BelJeckaM., Bm yBuauTe, Kak 8 pesynabrare
CloXHUBLIEHCH OOCTAHOBKH, CJOXKHOH B3aMMOCBSI3H SBJCHHH HJIH,
HakoHen, Gyaroaps HCKYCCTBEHHO cO3JaHHLIM YCJHOBHSM «cJa-
Obrif» MOMeT YUPaBJATH «CHJAbHBIM» BOT HECKOJLKO NpuMepoB
(puc. 7).

HaRafiTe cTonKHemM ¢ rophbl Jiexallyld Ha CaMOM Kpamo Mac-
CHBHYIO KaMeHHY!O Tvibify. Pazornanmuce BO BpemMsa najeuust, oHa
coBepmuT paboTy (pasyMeeTcs, He B KHUTEHCKOM, a B (PH3HUECKOM
CMbIC/Ie CJIOBA), KOTOpas BO MHOIO pa3 MPEBbLICHT 3aTPaThl TPyULa
Ha cTaJKHBaHHe 3Tol rasiObl. dpyroi npumep. [peacraBbre cebe
B3PbIBHHKA, KOTOPLIf JIETKMM HAXKAaTHEM HA KHOIKY CHOCHT OTPOM-
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Puc. 7. Cymectsyer MHOTO pas/HuHbLIx NPOLECCOB, B KOTOPHX, 3arpauudsas
HeGOJBUIYIO SHEPTHIO, MOXKHO YIpaB/isath GONBIIMMH SHEPreTHYECKUMH IHOTOKaMH.

HYIO, BECOM B THCHUH TOHH, TOpy, BCTABWIYIO HA MyTH CTpOHTenel
jpoporu. M eme npumep. C nerkocTblo Bpauiasi BOAONPOBOIHBII
KpaH, Bbl yNpap/sieTe AOBOJbHO CHIbHLIM IIOTOKOM BOABI H CO3-
JlaeTe CBOEro poja MOIIHYIO KONHIO ciaboro MeXaHHYecKoro CHT-
HaJsa, HCXONSIIEro OT Bamied pykKu.

Mbr He Gynem ceffuac ropopuTb 06 OOLIMX CBOHCTBAX H 3aKO-
HOMEPHOCTSIX CHCTEM, B KOTOPBIX KaKoe-qu60 cinaboe Bo3aelicTaue
ynpasasier Gonbuioif sHepruelt. Ham npepcrouwt pewmurts Gosee
BaXKHYIO I/ fAela 3ajiayy: CaMHM CO03JaTh Takyl0 CHCTEMY, CO-
3naTh ylpapasioliiee yCTPOACTBO, KOTOPOe NO3BONUT MEHATH CO-
npOTHBAEHHS Rpyx C MOMOIEbIO ¢1a00T0 cHTHAJA, IPOTEKAOLIETO
B ey Rex.

B kauyecTse mepBOro miara cenaeM Hekoe (opMmanabHOe, He
packpeiBaolee cyliecTsa jejna u3o6paxenue Takoro ynpasJsio-
ptero ycrpoiicrBa (puc. 8). Tloka eme 310 «yepmbifi SWMK» —
Heu3BeCTHHIH MpubOp, B KOTOPOM BCTPEHAIOTCS APYT ¢ APYroM
pesuctopbl Rex ¥ Repx.

DUeKTPHYECKYI0 Hellk Hauwero «YepHoro fliuka», Kyaa BKJIO-
ueH Ryx, Ha30BeM BXOMHOH LEMbIO, a Lenb, KyAa BK/AIOUEH Rppx,—
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Puc. 8. B otnmune oT TPaHCHOPMATOPa, YCHAHTEb O/KEH IOBLILATD MOLIHOCTD
CHTHaJa, a He TOABKO ONHH TOK MAH OHO HanpsiKeHHe

Bb[i(OlIHOﬁ uenbio. Takue Ha3BaHHS BMOJHe onpaBgaHel. B «yep-
HBIH SILHK» CO CTOPOHH YCJIOBHOTO reHepartopa «Ciabblii curdasns»
AQJIXKEH BOHTH 3TOT c/1abhifi CHTHAJ, a co CTOPOHBI MOLIIHOTO HCTOY-
HWKA 3HEPruy — G6araped 5 — NoJkKeH BHIATH MOILHDBIH, YCHJEH-
HblH curHas. OTCIOfA U SICHO, TNe HYXHO BellaTh TaGJMYKY
«Bxon», a rae «Brixon». i

Hasaiite npegcraBuM ceGe, 4TO HAW YNPaBAAIOMHH npu6op,
Halll «YepHBIH AWKK» yKe paboraer. UTo MBI 3HaeM 0 HEM # uToO
JOJIXKHBl Y3HATL?

Mol 3naeM, 4to B nenn Ryx neficTByer caabblit CHTHAN, Y4TO OH
KaKMM-TO 00Pa3oM MeHfeT BEJIHUYHHY Ryyx W B pe3ysibTaTe B HEMH
9TOTO COMPOTHBJIEHHS TNOSABJAAETCH YCUJIECHHBIH curHat Tenepb
HYXKHO BBISCHUTbL, UTO CKpBIBAETCH 3a CJOBAMU «KAKHM-TO 06pa-
som». HyxHo HaiiTn Tako#t dusuueckuii npouece, KOTOpLI M03B0-
s Gbl cnaboMy BXOZHOMY CHTHANy B HYXHOH CTeNeHH MeHATh
BEJIHYHHY BBIXOJQHOrO COMTPOTHURBJICHU A.

Wrax, nanpuefimuit mMapupyr sicen. Ilyrtewecrsue npomos-

xkaercsl. Ceflyac HaM MPEACTOMT «MO MYTH» 3arJsHYTL B MHD MO-
JIeKyJl ¥ aTOMOB.
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BEJUKOJENHAS YETBEPKA

Mmu yacto mpencTaBisieM ce6e aTOM Kak Hekylo, pasyMeercs,
ype3BbUaliHO MaJeHbKYIO, NUIAHETApHYIO CHCTEMY. B peurpe ee
HAXONUTCA SIIPO — CPABHUTENLHO TAMXKEJbIH wWap C [0JIOKHTE/b-
HBIMH 3JeKTPHUECKHMH 3apsinaMu. Bokpyr sinpa, xak MJIaHeTH
Bokpyr CosHua, BpalMalOTCA WIAPHKH-3/EeKTPOHBL. KapTuHa 3Ta
HarJisigHa, ee Jerko cefe MpencTaBuTh, HO, KOHEYHO XKe, Takas
nJaHeTapHass Mojenb BechbMa NpuMuTtHBHA. OHa, [0-BHIMMOMY,
He 6oJbllIe IO0XO0XKAa HAa HACTOSIHE aToM, 4eM BRBUICIJICHHas M3
miacTHNMHA (GUIypKa Ha HACTOSAILLEro, XHBOTO 4esNOBeKa.

DNEeKTPOHBl — 3TO BOBCE He IIApHKM, a CKOpee Kakue-To BQ
MHOTOM elie 3arajfloyHbie CryCTKH MaTepHH, KOTOphe WHOrna Be-
IyT ce6si KaK yacTHubl, a HHOr4a — Kak BoJHbL KpoMe Toro, nBu-
JKYTCS JIEKTPOHB COBCEM He M0 CNIOKOHHBIM KPYFOBHIM HJIH JIIHI-
THYECKHM OpOHMTaM — OHH Kak OB pa3Mma3aHbl no cdepam, pac-
npefeneHb B [POCTPAHCTBE BOKPYr fpa B BHAE CBOEro pona
3JIeKTpOHHBX oGosouex. Hy, a camo Aap0o—3T0 HenpepHBHO
Gypasmuil KoTes, rae MPOUCXOASAT caMble HETMOHSITHHE [peBpa-
[IEHWS] MATEPHH W HEPTHM, POXKAAlOTCS U yMUpPAlOT H3BECTHHE
M HeM3BecTHbIe Noka uyactuubl. Ja uto taM rosoputs! Ilnanerap-
Has MOJEJb— 3TO NMPHUMUTHBHASA HIPYyLIKA, KOTOPYIO MOXKHO MpH-
3HATh 32 ATOM, TOJbKO HAXOAACh B KpaHHe TSKeIOM MOJIOXKEHHH.
M uMeHHO B TAakOM MOJNIOXKEHHHM MBI cefiyac HaXOIHMCH.

Haw nyTts X TpaH3HCTOPY NPOXOAMT uepe3 MHOrue o6/acTH
Haykd. B Kaxnoll M3 HHX, Kak B CaMOCTOATEJNLHOH CTpaHe, eCTh
cBol A3bIK, cBOM 06BIYaH ¥ 3aKOHBI, CBOH LOCTONPHMEYAaTeNbHOCTH.
U ecnu MBI XOTHM C MUHUMAJbHBIMM NMOTEPAMH BPEMEHH H CHI
NpUATH K CBOEH KOHEWHOH e, TO He HOJKHBI, KakK 3TO HM Ie-
yanbHO, MOAPOGHO 3HAKOMMTbCA ¢ KaXXJof BCTpPeuHOH cTpaHOM.
Bot noyemMy, OTKa3aBIIHCh OT 3HAKOMCTBA C COBPEMEHHBIMH npen-
CTaBJIEHMAMH O CTPOEHHH aToMa, Mbl 6yneM NOJb30BaThCs €ro
YNIpPOILILCHHOH MJaHeTapHo# mogedblo. OHa HyXHa HaM AJs TOTrO,
uTo6Bl M0Ka3aTh, KAK ATOMBI COEAHHSIOTCH HPYT C JPYTOM.

Ilpexpe Bcero OTMETHM, 4YTO 3JSKTPOHHBIE OPOUTH pacioJa-
raiTcs He rie yrogHo, a JHLIbL Ha onpeaefeHHBIX PacCTOSHHSX
oT sinpa. I Ko/iMuecTBO 3JIEKTPOHOB Ha TOH HJIM HHOH opGHTE TOXKE
CTPOro OrpaHHYEHO — TAKOBBI HEMOKONeOHMbIE 3aKOHBI aTOMHON
apxuTekTypel. Ha nepBoii op6uTe — cyer uaeT OT AAPA — MOXKET
HaXONHTbCA He GoJiblie ABYX 3JeKTPOHOB. (PakTHue¢kH creno-
BaJjio 6Ll TOBOPUTL O IEPBOM CJIo€ OpOUT, O ABYX O4YeHb OJIH3KHX
op6urax. Ho pa3 yxx Mbl mouwid Ha ynpolleHHs, TO NMPeacTaBUM
cebe, yTo 06a 3JEKTPOHA BpAILAIOTCS MO OJHOMY M TOMy Xe
kpyry.) Ha Bropoit op6uTe He MOXKeT GBITH GOMBIIE BOCHMH 3JIEKT-
POHOB, HAa TpeTheH — He GOJIbIIE BOCEMHAAUATH, H TAK maJee,
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Hac ceituac 6yner nurepecoBarth TONBLKO MOCAEAHAS, BHEWLHAA
op6urta. Bo-nepBrix, MOTOMY, 4TO MMEHHO BHEIUHHE 3JIEKTPOHEI
VYACTBYIOT B COCIHHEHHH aTOMOB. BO-BTOPBIX, HMEHHO BHELHHE
3JIEKTPOHB], COPBABIIHCH €O CBOMX OPOHT, BK/IOUAIOTCA B 3JEK-
Tpuueckuii Tok. M, KaK BH YBUIMTE UYTh Aajbli€, HMEHHO COBMI-
THSl, NIPOMCXOAfALIMe Ha BHEIHHX OpOUTAX HEKOTOPLIX aTOMOB,
HCHOJ[b3y}0’]‘CH B TPaH3HUCTODAX npH yCHJICHUH cnabbiXx CHrHaJO0B.

Uheno 34eKTPOHOB HAa BHEWHeH OpOUTE TOXKE OTPAHHUEHO:
HH B OJIHOM aToMe MX He MOXKeT 6biTh Oosiblie BochbMH. [Ipuuem
aToOM BCErfa CTPEMHUTCH, uToOBI €ro BHeuwiHds op6ura Obula noJ-
HOCTBIO 3dcesieHa, 4TOOR UHCJIO 3JeKTPOHOB Ha Hell ObLIO NOBe-
HEHO JI0 MaKCHMYyMa, TO €CTh A0 BOCbMHU. JIMGO — MyCTh Jyuuie
OyAeT Tak — 4TOGLI 3THX JEKTPOHOB He 6bl0 Boo6ule. Bor no-
ueMy, €cJH y Kakoro-Hufyiab aTomMa Ha BHewHell opburte MaJjao
3JI€KTPOHOB, TO OH CTPEMHTCH HX OTHATb. A €CJaH 3JIEKTPOHOB
MHOTO ¥ HYKHO JIHWb YyTh-YyTh NOTPYAMUTHCS, UTOOB! HOBECTH HX
KOJIH4eCTBO O BOCHbMH, TO arOM CTPEMHTCH MPUTAHYTh K cefe
UYXKOU 3JIEKTPOH, MPHYEM IKeJaTeNhHO BMeCTe ¢ €ro aTOMOM.

Ho 3auem xe, cnpocute BBI, TALIHTB K c€6e TEKTPOHBI BME-
CTe C aToMaMH (3TO BCe PABHO, YTO NPUHECTH JOMON MHPOKHOE
BMeCTe ¢ NPUJIABKOM MarasuHa), ecJu BOKPYr JOBOJbHO 4acTo
6eralor cpoboaHble, COPBABLIMECH CO CBOMX OPOUT 3JEKTPOHBI?
A neno B TOM, YTO HsM aTOMa HET CMbICJA cakaTb K cefe Ha
op6uty cBoGOAHBIH 3JeKTpoH. Bo-nepsbix, oH He csmer, a ecuau
Jiaxke CsifleT, TO BCe paBHO HOJIro He ycumur. Benb atom B uenom
3JIEKTPHYeCKH HeHTpasbHas CHCTeMa — OGWUHA OTpHIATE/bHbIH
3apAan ero 3JIeKTPOHOB YpaBHOBECIINBACTCSH CyMMAapHbIM IIOJOXKHU-
TEJBHBIM 3apsaaoM sapa. [1o3ToMy s/eKTpruecKue CHIbl, HeCMOTPS
Ha JXKeJaHHEe aToOMa HMETh 3alOJHEHHYIO BHEHIHIOI OpOUTY, BHI-
TOJIKHYT nonapwuik Tyfna CBOOONHBIA 3JEKTPOH C €ro JIHIWHUM
OTPHLATEJNbHEIM 3apSA0M.

Lpyroe peno, ecjau myCTyioliee MECTO Ha BHelWHeHd opbure
3afiMeT 3JEKTPOH, BpallaloHiics OZHOBPEMEHHO MO CBOel co6-
CTBEHHOH op6uTe B cBoeM cobcTBeHHOM arome. B srom ciaywae
BO3HUKAeT Hekas o6beAnHeHHas opOuTa, OxBaThlBatoulas o6a
atoMa. Ml ouu GyayT NpoyHO COEAMHEHBl 3THM Tenephb YKe 0OmnM,
GerarolM 10 oObeHeHHOH op6uTe snekTpoHom. ITpuuem Takoe
o6beIMHEeHHE He BCTPETUT NPOTHROZEHCTBHS 3JEKTPHUECKHX CHJI
HH OJIHOTO M3 aTOMOB, IIOTOMY UTO UHCJIO 3JIEKTPOHOB B KaXKJOAM
M3 HHX OCTasnoch 6e3 U3MEHEHHH U JEeKTPHYecKoe pABHOBECHE
aTOMOB HE HApPYUIHJOCH.

MMPUMEYAHHWE. 3aech, noxanyl, uaule, 4eM B APYrHX Me-
CTaxX KHHTH, paccKasbiBasi 06 aroMax, 3JeKTPOHAX U APYrHX ¢u-
SHUECKMX OfbeKTaxX, Mbl [IPHMEHSIeM TaKue, HanpuMmep, Bnipaxe-
HHS, KaK «3JIeKTPOH CTPEMHTCH», « /Il ATOMA HET CMbICIay, «AnPO
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9 CosnaBasa OOLEAMHEHHble OPGHTLI, BlEWHe 3J1eKTPOHbI
aTOMbl JPYr € NPYrOM.

CBA3bIBAIOT

He XoueT», «3apaamt Geraior». Pazymeercss, Bce, B TOM YHCIE
¥ aBTOpP, MOHHMAIOT, UTO HH O KAKOM Oere 3JeKTPOHOB HJIH ¥Ke-
JIAHHSIX aTOMHOrO fNpa B AeHCTBUTEJIBLHOCTH He MOXKeT OHTb
u peun. ABtop mnosBossieT cebe cTONb CBOGOAHOe O6GpaLleHHe
C KHTEHCKMMH, ObITOBBIMH IJIOHSITHUSIMH TOJNBKO JHWb H3 GOH3HA
BBINNYCTUTb Ha 3TH CTPpAHULIbI OFPOMHOE KOJIHUeCTBO CJIOB H CHM-
BOJIOB, KOTOpO€ HEOOXOAMMO 1J1s1 JOCTATOUHO aKKypaTHOro, AO-
CTAaTOUHO CTPOrOro H3JOXKEHUs CyTH aeJa.

Htak, oGbeauHenHble OPOUTHI — 3TO CBOETr0 pPOJa HUTH, CHIH-
BaloLKe aTOMBI Mexay coboit (puc. 9). M umenno co cnoco6Ho-
CTbI0 CO3JaBaTh pPa3HOOGpa3Hble W YCTOHUMBble OODbEIHHEHHBIE
OpOHUTHI CBSi3aHO HCKMIOUMTENBEHOE MHOTOO6pasHe, HanpuMep, yrie-
PORHCTBIX coeHeHnH. [le0 B TOM, UTO Ha BHelliHeH op6uTe aTo-
Ma yriepona — ueThipe 3JIeKTPOHA H ueTblpe CBOGOJHBIX MeCTa.
A 310 siRjsieTcs XOpOilledl MpegnoCHIIKOH A/ NPOUHOro coejluHe-
HUA aTOMOB yrjepojaa ApPYr ¢ APYrOM M € TAaKHMH pacrnpoctpa-
HEHHBIMH 3JIeMEHTaMM, Kak Bomopod H kucsaopod. Ilpu srtoMm
BO3HUKAIOT CHMMETPHUHEIE M, [JIaBHOE, YCTOHUMBbIE NPOCTPaHCT-
BEHHbIe KOHCTPYKIHH.
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OnuH U3 TaKUX apXUTEKTYPHBIX IEAEBPOB — KPACTANIHYECKas
pellleTka ajiMasa, B KOTOPOH Kax/Abll aTOM yrjiepoja oTJaet CBOU
YeThlpe BHEIIHAX 3JIEKTPOHA YETHIPEM COCEAsIM H UYEeTHIpe 3JeK-
TPOHA IOJIyYaeT OT HUX — MO0 OJHOMY OT KaxK/[IOTO COCEJHEro
aroma. M 10T s/€KTpoH, KOTOPBIA OTHaercs, H TOT, KOTOpBIH Oe-
percs, CTaHOBATCS OOLIUMHA AJs1 TOTO, KTO AAET, H QS TOTO, KTO
Geper. ITosToMy Ha BHemHelt OpGHTe aTOMa OKA3bIBAETCS BOCEMb
3JIEKTPOHOB (JI0JTHOCTbIO 3acCeJieHHAass opOuTa), U BCe OHH MPOYHO
CBf3BIBAIOT 3TOT AaTOM C €ro 4eTelpbMsi cocelsiMd. Tak U BO3HM-
KaeT KpacuBasi U HCKJIIOYHTENBLHO NPOUHAs KPHCTaJJIHuecKas pe-
1IeTKa anMasa— pelleTka aJiMasHoro THIA.

Kpome yrsieposia, ecTe ellle HeCKOJIBKO 3J1eMeHTOB C YeTHIPbMs
JIEKTPOHAMH, a 3HAYHUT, H C YEThIPbMS BAKAHTHHIMH MeCTaMH Ha
BHelHel opOuTte. [IBa TaKdx 5/eMeHTa — repMaudfl # KpeMHHH —
HHTepecyoT Hac Gonbiue Bcero. OGa onu 06pasyroT KpHCTaJJIHUe-
CKYIO pelleTKy aJjiMasHoro THIa, ofa 1o CBOHM 3JEKTPHUECKHM
CBOACTBAM SIBJSAIOTCS MNOJYIPOBOJHHKAMH.

Kak 370 HH CTpPaHHO, HO, NMPOABMHYBIUACH y¥Ke AOBOJbLHO Aa-
JICKO Ha MyTH K MOJYyNPOBOAHUKOBOMY TPHOLY, Mbl TONBKO ceffuac
MOJIYYHJIH BO3MOXKHOCTb BBIICHHTbD, UTO JK€ TAKOe MOJYNPOBOAHHK.,

YKe rOBOPHJIOCK, YTO 3JIEKTPHUECKOE COTPOTUBJIEHHE TOTO HJIH
HHOTO 3JieMeHTa 3JIeKTPHYEeCkOHN LenH, a 3HAYUT, H BEUIECTBA, W3
KOTOPOro 3TOT 3JIEMEHT ClejiaH, 3aBUCHT OT KOJiHuecTBa CBOGOI-
HBIX 3JIEKTPHYECKHX 3apafoB B HeM. Eille oueHb naBHO Bce Be-
IIecTBA MO MX 3JIeKTPHUECKHM CBOHCTBAM pas3fesidjid HA ABe rpyll-
TMbl: OPOBOJHHKH (MeTaJslibl, Lesslil psj pacTBOPOB, ra3kl B ONpe-
AeNIEHHOM COCTOSIHHH) H H30JSITOPBI, HUJIH AHSJEKTPHKH (CTEKJO,
pe3uHa, /epeBo ¥ Macca APYrHX BellecTB). Takoe pesedde, pa-
3yMeercs, He OTPaKaeT MHOTHUX CJ0MKHBIX NPOUECCOB, C KOTOPBIMA
CBSI3aHO NOSIBJIeHHe CBOGOJNHBIX 3/IEKTPUUECKHX 3apsafoB. M Bce
)Ke, paccMaTpyBasi aTOM B YIPOIIEHHOM BHIE, TMONbITAdEMCS BHISIC-
HUTb, YeM INPOBOJHHKH OT/HUAIOTCS OT H3OJATOPOB.

T'naBHast 0COGEHHOCTL BCSIKOTO TBEPAOTO IPOBOJHHKA COCTOHT
B TOM, 4YTO Y OTPOMHOTO YHCJa €r0 aTOMOB 3JIEKTPOHbI yGeKanu
(cM. mpuMeyanHe Ha cTp. 26) C BHEWIHUX OPGHT M TYNSAIOT B MEXK-
atoMHOM npoctpanctBe. OGBIYHO 3JEKTPOHBI JIETYe BCErO CPHI-
BalOTCsl C BHEIUHeA OpOUTHLI B TOM Ciiyyae, KOFAa HX Ha 3TOH op6u-
Te Mano. ¥ aTOMOB TaKHX NPEKPacHbX NPOBOAHHKOB, KaK Mefb
u cepeCpo, Ha BHemHed opOuUTe BCEro MO OJHOMY 3JEKTPOHY,
Y LIHHKA B PTYTH — 110 B3, y aTOMOB aJIIOMHHHA — TPH 3JIEKTPOHa.

Atombl H3014TOpa, HANPOTHB, QUEHb YCTOHUUBEL DJIEKTPOHBI
B HHX NPOYHO CBSI3AHBI C AAPOM H CBOMX OpPOHUT He NOKHAAIOT.
KoneuHno, Her npaBuJ Ge3 HCKJIOUeHHS. DrIBaeT, uTo u B H30/4-
TOpe KakoH-HHOYAb 3JEKTPOH HapyLIHT AHUCHHINHHY H COPBETCH
co cBoel op6uTel. B pasuuix H3onsTOpax cpejHee YHCJIO TAKUX Ha-
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pymeHuH HeOJHMHAKOBO — H30JISTOPH ObIBAIOT XOPOWIMMH H IJIO-
XAMH, a HAeaJbHBIX H30JSTOPOB BOOOLIE HET.

BoickaknBaHie 3/€KTPOHOB M3 aTOMa — 3TO pe3yJbTaT ero
TEIIoBbIX KojieGanufi. Uem Beliie TemMneparypa, TeM SHeprHuyHee
KoneGJieTcsl aTOM Ha CBOEM MecCTe B KPHCTAJJIHYECKOR pelleTke,
1eM Gosblle BEPOSTHOCTH BBHICKAKHBAHHSI €ro 3/1€KTPOHOB C BHEI-
Hell opOaTel. JIHmbe 1pH  TeMmepatype aOCOMIOTHOTO  HYyJs
(—273,2°C) TtensioBele KO/MeGaHHA aTOMOB MOJHOCTBIO NpeKpa-
IATCs, ¥ B JIOOOM H30J5TOpe, AaxKe B CaMOM IJIOXOM, BOOGILe
He OKasbpiBaeTcsi CBOGOJHBIX 3apSIAOB.

Ina Toro uToGbl He MONB30BATHCS TAKHMH PAaCIJIbIBYaTHIMU
NOHATHAMH, KaK «XOPOUIHA» H «IJIOXOH», MOXHO OpraHd30BaTh
TOYHBIH YYeT 3/€KTPOHOB, KOTOPHIE, CPLIBASICh CO CBOHX OPOHT,
6yXK1al0T B MEXaTOMHOM NPOCTPAHCTBE H30JATOPA.

Bripexem U3 npoBepaeMOro W3OJISILHOHHOrO MaTepHasa KyoHK
€O CTOPOHOH | cM, mogBegeM kK HeMy HanpsizkeHde B lg u Gygem
H3MEepPSThL TOK B CO3MAHHOH HaMH JMeKTPHUECKOH nenu (puc. 10).
Ecnn KyOuK chenan M3 HAealbHOTO H30ASTOPA, B KOTOPOM HH
OJMH 3JIEKTPOH HE NOKHAaeT cBoell OpOUTH, TO CBOGOAHBIX 3aps-
I0B B KyOHKe He OyfaeT, a 3HauuT, He 6YAET H TOKa B ueny. B nenn,
KyAa BKJIOUEH peasibHBI# H30159TOP, TOK 00si3aTenpHO MOSIBHTCH,
H ueM XyKe H30JISILHOHHBIE CBOHCTBA KyOHKa, ueM GoNblle B HEM
3JIEKTPOHOB-HAPYyLIHTENEH, TeM GOJbIle 3TOT TOK.

[ns rauana BKIIOUHM B HALly HCTLITATENBHYIO LENb KyOHK
U3 4HCTOro Kayyyka. [Ipu6op nokaxer 1ok | nukoammnep, To ecThb
0,000000000 001 ammepa. Jlerko NOACYHTaTH (HYXHO JHIIb
BCIOMHHTB, yt0 | a=1k/l cex n 1 k=6,3- 108 3apsinon snekTpoua),
YTO NPH TaKOM TOKE Yepe3 NOIepeyHoe CeyeHHe KayyyKOBOTO KYy-
GuKa eXeceKyHJHO NMPOXOAUT 0konao 6300000 cBOGOAHKX 3JeK-
TpoHoB. IlycTe Bac He myraer sra uH¢pa — OHA He TaK YK Be-
nuKa. Ecn Obl MBI HCTILITBIBAaNW KyOHK H3 NPOBOAHHKA, HampH-
mep, u3 cepeGpa, 10 TOK B menn jgoctur Oei 1000000 amnep,
M KaXAylo CeKyHAy uepe3 IOoMepeuHoe ceueHHe cepeOpsHOrO Ky-
6uka npoxoauso 6ul 6 300 000 000 000 000 000 000 000 cBOGORHBIX
3JIEKTPOHOB. B cpaBHEHHH C 3TOH acTPOHOMHUECKOit uudpoit yuc-
J10 CBOGOHBIX 3JEKTPOHOB B KayuyKOBOM KYOHKE, KOHEUHO, OueHb
MaJjlo, H ero CMeJ0 MOXKHO CYHTAaTh H30JSTOPOM.

Cornacarecs, uTo He oueHb yHOGHO KaXKIBIH Pas MOACUATHI-
BaTh YHC/IO CBOGOLHBIX 3JIeKTPOHOB, ABHTAlOLHXCSA B KyGHKe mpo-
BepsieMoro marepuana. Bo BcsikoM cayuae, 3T0 He NpHEATO —
BMECTO TOTO YTOOBI CYUHTATh 3aPAALI, OGBIUHO BEIYHCISIOT SJMEKTPHU-
4ECKOe COnpoTHBJeHHe KyOuka. CresaTb 3TO AOBOJIBHO NPOCTO.
Mzt snaem nanpsixenne U, noasesiennoe Kk kyGuky (1 &), snaem
TOK /, KOTOpHIl MO HEMy NPOXOJHMT, a 3HAYHT, MOMKeM 1O ONHOMH
u3 ¢opMyn sakoHa Oma (puc. 10) momcuHTaTH W COMPOTHBJIE-
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Puc. 10. TIpoBOAHHKH, MOIYNPOBOAHHKH H H30JSTOPLI B OCHOBHOM Da3fHyaioTcHd
KOJIHYECTBOM H TOLBHIKHOCTBIO CBOGOJHBIX 3JEKTPHUECKHX 3aPALOB.

uue R. TMonyueHHyi0 BeJIMUHHY Ha3bIBAIOT Yy/HeNbHBIM COMPOTHB-
JeHHeM, MOAOOHO TOMY KaK yJeJbHLIM BecoM RasblBalT Bec Of-
Horo KyOHYecKOro CaHTHMeTpa BellleCTBa. BequuuHa ynejbHOro
COMPOTHBJICHHS — OHa ~ H3MepsieTcs B OMax Ha CaHTHMeTD
(oM-cm) — noKa3biBaeT, KAKOe COMPOTHB/ICHHE HMeeT cleanHmil
W3 TOTO ¥ HHOTO MarepHana KyOHK ¢ peGpom B 1 cat

VaenbHOE CONPOTHBJGHHE YETKO XapaKTepH3YeT H30JA9LH0oH-
Hple CBOHCTBa MaTepHaJsia, faeT NpeAcTaBlCHHe 0 HaJHUYHH B HeM
cBOGOAHLIX 3aPAA0B H, B U4CTHOCTH, 0 «CBOOOLOMIOOHI» (CM. MpH-
MeuaHHe HA CTD. 26) BXOASLIHX B aTOMbl 3JekTponoB. Uem MeHb-
nie CBOGOJEBIX 3aPsifloB B TOM HJINW HHOM BelllecTBe, TeM XyiKe OHO
NPOBONMT 3JIeKTPHYCCKHUIT TOK, HJH, eCH TOBOPHTL 06 3TOM Apy-
THMH cJOBaMH, TeM GoJiblie yAeqbHOe CONMPOTHB/EHHE BelliecTBa.

B apcenase npupoabl ¥MEIOTCA BellleCTBa C CAMBIM PasJiHuHbIM
3HAaYeHHeM YAEeJbHOTO COMPOTHBJEHHA — OT MUJ/IHapna MHJANHAp-
AOB OM A0 MH/UVIHAPAHLIX joJell oMa.

Euie HelaBHO UX JGJNHJH HA JBe IrPyINsl, H yCJIOBHAS rpaHula
MeXjy HUMH MPOXOAHJa TJe-TO B pailoHe yAeJbHOr0 COMpOTHBIE-
Husd 0,01—100 onm-cu. Bee BemecTBa ¢ GOJABIIKM CONPOTHB/ICHHEM
OTHOCH/IM K H30JI5ITOPaM, & C MEHPIIHM — K NPOBOJTHAKAM.
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B nanenefimem oxasanoch ynoGHHIM BBIAEJAHTH B HMeOHieMcs
«Habope» HEKOTOPYIO MPOMEXKYTOUHYIO TPYIMIY BeLIeCTB C YAeJb-
HbiM compotusienrem ot 0,0001 oxm-cu no 10000000 ox-cau. D
BellecTBa H MOJYYWIH Ha3BaHHe MOJYNPOBOJHUKOB, XOTH C TAKHM
Ke yCIexoM HX MOKHO Oblj10 Ha3BaTb MOJAYH30AATOPAMH.

YrnesnbHoe cONPOTHBJIEHHE TePMaHHf COCTABJAAET HPHUMEPHQ
50 om-cx, kpemHus — 1000000 ox-cm. Obe 31H LHDpPHI OTHO-
cATeA JHIIb K XUMHYECKH YHCTLIM BellecTBaM: naxe Hebosbiide
LOJIH MPUMecell MOTYT MeHSTb yIesibHOe CONPOTHBJICHHE repMaHus
¥ KPEeMHHS BO MHOTO ThiCHu pa3. U1oObl NOHATH, KaK MPOUCXOAUT
Takoe pe3Koe H3MEeHEHHe 3JeKTPHYEeCKHX CBOHCTB MNOJyIpPOBOA-
HMKa, HaM MpPIeTcsd HeCKOJbKO AOMOJHHTbL CBOW IPenCTaBJCHHUS
0 BO3HUKHOBEHHII W MepelBlKeHHH CBOOGOIHLIX SJIEKTPHUCCKHK
3apsinoB. lasi 3TOro Ml ceffyac MBIC/IEHHO HApHCyeM ABE O4eHb
YIpOUICHHBIe KapTHHKH, KOTOpbie XOTH U HEeCKOJNbKO HCKaKaloT
JAefCTBHTeJNBHOCTh, HO 3aTO MO3BOJSIOT B NIPOCTOM BHAE NpencTa-
BHTb cebe OueHb CJOXHBIH Mpoilecc.

Jns navana unonpobyeM npeiacTaBUTh cefe 3N€KTPUUECKHR
TOK B MOJYIPOBOAHHMKE KAaK YIOPSAOUEHHOEe JBHMKEHHE OLHHX
TOJILKO CBOGOIHHX MIeKTPOHOB., Burysisur OHO npHMepHO TakK.
Ilop neficTBHCM 3JIEKTPHUYECKOTO HAMpSiKEHHSI 3JMEKTPOHBI CpaB-
HHTEJLHO MeJJIeHHO BHXKYTCA B MeM¥aTOMHOM MpPOCTPAHCTBE, He
nepecraBas NPH 3TOM COBeplIaTb CBOKM (CM. [pHMeuaHHe Ha
cTp. 26) OGecnopAmouHble PHIBKM B pasHule cTopoHH. Camu xe
aTOMbl HENCABHMKHBI, TaK KaK OHHU MPOYHO CBA3aHH IPYT C APY-
roM B KPHCTaJJIMYeckOk peilleTke. Jlap cBo6oly HEKOTOPHM CBO-
¥M 3JIeKTPOHAaM, MYCTHB MX MyTewmecTBOBaTb B MEeXaTOMHOe Npo-
CTPAHCTBO, aTOMBI yTPaTHIM TeM CaMbM Obljide 3JeKTPHUECKoe
paBHOBeCHe W MPEeBPAaTHJHChL B MOJOXKHUTENbHEE HOHH,

Kpome pguauHHBEIX, 06C30CTAHOBOYHBIX MyTelWeCTBHH, CBOGO-
Hble 3JIeKTPOHbI, CO3LAI0IIHe TOK, MOTYT COBEepllaTb H KOPOTKHE
nepefexkd. BuickounT Takoil cnabenbkdit (¢ HeGoJbiMM 3amna-
COM 3HePTHH) 3JIeKTPOH H3 CBOero aToMa W TYT e nonajeT Ha
nycTylouiee MecTo B cocexHeM atoMe. B pesyabrarte cBoél co6eT-
BEHHbLIl aTOM MpeBPATHTCH B TOJOMKHUTENbHbIH HOH, a MOJOXKH-
TeJMBHBIH HOH, AaBIUHH OPHIOT 3JeKTpoHy-OerJeily, cTader Heil-
TPaJBHBIM aTOMOM,

ITpencrasbre cebe, UTO 3J1€KTPOH nepebexkasn @3 aroMa B aTOM
oyeHb OHICTPO 4 BB fa)e He YCMeJH 3aMeTHTb, KOTAa Bce STO
npousoiuno. Kak B aToM ciyuae BocnpuMere Bbl NPOXCILe/iee CO-
ObiTHe? Bel yBUIHTE, KaK B TBePAOM NOJYNPOBOAHHKE CABHHYJCH
C MecTa MNOJOXHTeNbHBI nOH (puc. 11).

ITonoxuTenbHell 3apsaa, ABUralouUHica B 0OJYNPOBOJAHHKE
B pe3ysibTaTe KODOTKHX nepeGexeK 3JeKTPOHOB, HAa3BIBAIOT JbIP-
Ko#l. 10 BechMa o6pasHoe HasBaude. B pesysabraTe KOPOTKUX
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fepe6eKeK 3NEKTPOHOB AEHCTBUTENBHO ABHraloTCd MYCTYIOIHE
#a BHewHell opOure Mecra, JABHUramTCH ABIPKH B  3Jek-
TPOHHBEIX 060s04Kax a1oMoB. M HecMOTpPSl Ha TO 4TO NepBONpH-
YHHOA BCEro, UTO NMpPOHCXOIHMT, SIBJSAETCH JBHXKEeHHEe 3J1eKTPOHOB,
HECMOTPS Ha TO YTO IPH 3TOM CaMH aTOMBI B TBEPAOM Tese CBOUX
MeCcT He MeHdT (HBM}KEHHG NOJIOKHUTEJABHbIX H OTpHU.aTEJIbeIX
HOHOB HabJI0LaeTcst JTHIIb B XKHAKHKX U ra3000pa3HbiX BelllecTBax,
TH€ aTOMBI U MOJeKyJnl ca1aGo cBfi3aHel APyr ¢ APYIOM H cpas-
HHUTEJNBHO JIETKO IepeBUIalOTCs ¢ MecTa Ha MEcTO0), Mbl BCe XKe
OyneM CuHTaTh, YTO B TBEPAOM MOJYIPOBOAHMKE HMEIOTCS CBO+
GOnHble MOJOXKHTENbHbIE 3apPSAbl -— MOABHKHbBIE JBIDKH.

AToMBI-TO Beib BCe OIHHAKOBLIE — He MOHMElIb, KTO KeM Gbil
H KTO K€M CTaJj, He MoHMeulp, y KOro Yell 3jIeKTPOH Bpaliaercs
Ha opbute. (Eumle pas mpocuM npouvects mpuMeyaHue Ha crp. 26,
XOTSl YUTaTedb yiKe, MO-BUAHMMOMy, caM 3HaeT, B KakKHX cjaydasx
HYXXHO ofpaiatbcs K 3TOMYy NPHMeYaHHIo, H OyAeTr 3T0 neJsaTh
6e3 NUIIHMX HanmoMHHaHu|.) U nostomy, He nuiTascs pasobparscs
B MOBEJIEHHH OTIENbHLIX 3JIEKTPOHOB-MepeGeXunkKoB, Mnl GyleMm
OLIEHWBATD JHILb KOHEUHpIH Pe3yabTaT UX NESITEThHOCTH. A TakuM
PesyJapTaToM Kak pa3 M SBJAAETCS ABHXKEeHHe MOJOXKHTEeNbHbIX 3a-
PSINOB, IBHXKEHHE IbIPOK.

CoBepiieHHO ACHO, 4TO noj AeficTBYeM MPHJCKEHHOro Hanps-
JKEHHS1 B TOJyNPOBOAHHKe OyAyT ynopsimOuYeHHO ABHMTAaThCs HeE
TOJBKO 2JeKTPOHH-NyTeIIeCTBeHHHKH, HO ¥ 3JeKTPOHbl-nepebex-
yugU. Bpocasich U3 cTOPOHEI B CTOPOHY, OHH Bce vaile OyayT c/BH-
raTeCsl B CTOPOHY «mawoca» Garaped. A 3T0 3HAYUT, UTO B XAOTH-
4eCKOM JBHXKEHHH JLIPOK I[OSBHICH HEKOTopasi YIopsLoveH-
HOCTh — OHH MeJJIeHHO W MJaHoMepHOo GVIyT cMeHiaThecsl B CTO-
pPOHY «MHHyCa».

3nech Hesp3sl He BCIOMHHTbL XOPOIIO H3BECTHYIO aHAJOTHIO.
B rteatpe BO BpeMs chekTakas OCBOOOJHJIOCH MECTO B MEPBOM
pany. Ha mero ceiiuac ke mepeces 3putean co Broporo pspa. Ha
Mecto, ocBofoaMBlIeecs BO BTOPOM psiAY, Tepecesn 3pUTeNb H3
Tpernero psana. Ha ero MecTo nepeces KTo-TO 43 yeTBepTOro psaa,
W TaK MpojoJKaJgjochk A0 TeX Mop, noka cBo6OJHOE MECTO He OKa-
3aj0ch B caMoM nocaenHeM psiny. C mecra Ha Mecto nepeberanu
JoAM (3JeKTpoHbl-epeGerkKunkH), a B pesyjbTare mo 3aay OT
nepBOrQ psfa [0 TNOCAeNHErQg mnepeMecTusaoch CBOGOLHOE MeCTO
(nvIpKa).

Teneps, 4uTo6p OKOHUATENBHO HE 3aMyTaThCsl, NaBaliTe BooGiLe
3afyleM ©O CyuiecTBOBAaHHH HAaIIUX 3JeKTPOHOB-NepPeGeXuuKoB
H OyneM cuMTaTh, UTO B NOJYNPOBOAHHKE 3JEKTPHUECKHH TOK
npeacrasiasier co6ofl IBUXKEHHE IBYX COPTOB 3apsijoB— cBOOOI-
HBIX 3JieKTPOHOB M ABIPOK, YTO NOJYNPOBONHHK o6Jjajnaer sJjek-
TPOHHOH H <«IBIPOYHOH» MPOBOAHMOCTHIO.
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ABHMEHUE ADIPOK -

Puc. 11. Tlepexon 31eKTPOHA H3 OJHOTO aTOMa B APYroi MOXKHO paccMaTPHBATh
KaK JBHKEHHe MOJIONKHTEJbHOrO 3apsAa B NPOTHBOMNOJONKHYIO CTODOHY — [BH-
KEHHE JLIPKH.

TlogoGurprit npueM — UCKJ/II0UeHHe W3 HMTPel 3JEKTPOHOB-nepe-
GeXKUHKOB — MOMKHO CYMTaTb BIOJIHE OMPaBJaHHBIM: Heab3sl ke
BCHKMI pa3 HauWHATb CBOM paccyxIeHHs «or meuku». Hsyduas
aBTOMOGHJIb, HaNpHUMep, Bhl TOJNBKO OIMH pa3 nogpolHO MO3HaKo-
MHTech C ABHrateseM. A moroM, pa3GHpasice B ycCTpoHcTBe Ko-
poOKH ckopocTell HJIH B nepejaue BPailleHHs] OT ABUraTens K 3al-
HUM KoJlecaM, Bbl yKe He GyjeTe HauWHAThL C TOrO, KakK B KapGio-
patope ofpasyeTcs ropimoyasi CMech.

Bac HH B KaKoii Mepe He JOJKHO CMYIIATh, YTO y4yacTBYIOLIHE
B 3JIEKTPUUECKOM TOKe CBOGOIHBIE 3JIeKTPOHBI U ABIPKH ABUKYTCHA
B PasHble CTOPOHBL B TBEpyOM Tese HacTOALKO MPOCTOPHO, 4TO
9TH JABHXKEHHS APYT JPYTy He MealoT.

Ilpy 21OM KaxXIBH H3 ABHXKYIIMXCA 3apAA0B, HE3ABUCHMO OT
CBOMX KoJuler (Bel He 3aGbiBaeTe O NPHMeuyaHHH Ha crp. 26?),
BBINOJHAET CBOIO paGory. IToaToMy, onpenenss TOK B ueNH HJH
MOMIHOCTE HAa KaKOM-IHO0 ee yuacTke, HeoGXOMHMO YUHTHIBATb
IBHIKEHHE H OTPHIATETbHBIX, M IOJOXHTENbHBEIX 3apsgnoB. Tak,
HanpuMep, ecJId Yepes monepeyHoe ceueHHe MPOBOAHHKA (HJH NIO-
JYNPOBOAHHKA) B KakKoM-IHGO OMpPefeNeHHOM HanpaBJeHHH 3a
ORHY CEKYHIy NpOIIes KyJOH 3JIeKTPOHOB, a B APYTLYI CTOPOHY
OJIHOBPEMEHHO Ipouies KYJOH ALIDOK, TO TOK B UENMH DaBeH 2 4.
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B uucroM, 6ecripuMecHOM TMOJNYHPOBOAHHKE YHMCAO CBOOOJHBIX
57eKTPOHOB M YMCJO ABIPOK OJHMHAKOBO.

OnHako AJisi CO3/iaHHs TPAH3HCTOPOB HYKHbI NOJAYNPOBOAHHKO-
Bble MarepHasel C PasHbIMH THIAMH MPOBOAMMOCTH — TOJIBKO
C 3JIeKTPOHHOH HJIM TOJNBKO C ABIPOUHOH. DTO 3HAYUT, YTO Y OJHHX
MaTepHaJ/0B YHCJ0 CBOGOAHBIX 3JIEKTPOHOB [0JKHO BO MHOTO pas
NpeBbILIATb YHCJO IBIPOK, UTOGLI B 3TUX MOJYNPOBOAHMKAX BO3-
HHKaJl B OCHOBHOM 3JIGKTPOHHBIH TOK. A y APYrHX MaTepHasos,
Hao60poT, ALIPOK HOJKHO OnITh HAMHOTO GOJible, YeM CBOOOTHBIX
9JIEKTPOHOB, ¥ TOK B HHX AOJIKEH C03[4aBaThCsl B OCHOBHOM TOJIb-
Ko aplpkaMHi. [Ipu 3ToM OGUIMH 3apsj KyCcKa repMaHus HJH KpeM-
HUS NOJKeH ObITh PaBeH HyJI0 — B [EJIOM B HEM He [OJIKHO
OLITb HHKAKHX JIHIIHUX 2apPsifoB.

Bor Ttak 3agaua! 3710 yXke mouTH TO XKe CaMoe, YTO 3aJ€3Th
B WIap ¥ cTaTb TaM B yroa. Kak MoXHO, Hampumep, no0GaBHTb
B MOJNYNPOBOAHHK CBOOOIHBIE MOJIOXKHTENbHBIE 3aPsi/bl, HE MeHASA
ofulero uucna 3apsifoB B 5TOM noJiynpoBoaHuke? Kakum obpa-
30M, He Hapyllas 3JIEKTPHUECKOTO PaBHOBECHS MOJyNPOBOXHHKA,
MOXKHO MOJNYUHTh B HeM H3OBITOK TeX HJM HUHBIX CBOGOAHBIX 3a-
pPsigoB? DTO MOXHO CHeNaTh, 0GB/ B UMCTHIH MOJYIPOBOLHUK
onpenesieHHble MPUMECH.

[eno B TOM, YyTO B KpPHCTaMJax yrjiepofHoro cemeficTBa —
B repMaHvi M KPeMHHH — neldcTByeT HemucaHslH 3akoH: «CTpyk-
Typa BaxHee Bcero». DTo 3HAUUT, UTO €cJid Dafu COXPaHEHHS CBO-
el npekpacHoll anMa30moZOOHOH KPHCTAaNJIHUECKOH peLIeTKH
aTOMB! [OJIKHbBI TPHHECTH KaKHe-NHOO JKepPTBHl, TO 3TH KepTBH
Oynyt npudeceHnl: «CTPyKTypa BaKHEe BCETO».

Bor uyto mpousofiger, HanpuMmep, €CAH B UYHCTHIA repMaHui
BO BpeMsl ero mjaBKH N00aBHTh 4TOM Mplilibaka. Takofl Gonbnofi
npegMeT, Kak aTOM MbIUbSKA, He MOXET HaXOIHMThCA TAe-To
B MEXAaTOMHOM INpPOCTPaHCTBe, H MO3TOMY IIPH 3aTBepAeBaHHH
pacnnaBa oH 3aliMeT MecTO B KPHCTaJJIHUeCKOH pellleTKe HapaBHe
C aToMaMH CcaMoro repMaHusl.

Ho y mbliibsika Ha BHewHel opOuTe He yeThIpe SJMEKTPOHA,
a naTh. ¥ 3TOT mATHIA 57eKTPOH HUKAaK He CMOXKeT Halitm cebe
MeCTa B YyeTKOH CHCTEME MEXKAaTOMHLIX CBSI3eHl — BeIb Kaxiplll
aTOM, KOTODBIH BXOJUT B PEIeTKY aJMa3HOr0 THIA, MOXKEeT OTHAaTh
COCensiM TOJBKO YeThlpe 3JeKTpoHa. M, nofuuHssick 3aKOHY
«CTpyKTypa BaKHee BCero», NSITHIH 3JeKTPOH yimer ¢ OpGHTHI
B AaJibHHEe CTPAHCTBHS, 4 CAM aTOM MBbIIIbsIKA TIPEBPATHTCS B 1O-
JIOXKUTENbHBIR HOH (pHC. 12).

O6partute BHHMaHHE — Mbl He HAa3plBaeM 3TOT HOH ABIPKOML.
Buenusiych CBOMMH YeThIPbMS 3JIEKTPOHAMH B coceflell, aToM
MBILIbSIKA HE CMOKET HH B3ATb JIEKTPOH CO CTOPOHBI, HH OTAATH
€ro. 3TOT MNOJOMKHTENBHEI HOH — aTOM MblllibsiKa — GyneT He-
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Puc. 12. Tlpn BBefeHMU NOHOPHOH NPUMeCH B NOJYNDPOBOJHHKOBOM KpUCTallie
[oABJAOTCA ¢BOGONbIC SJEKTPOHBI H HENOJBHKHBIE [OJIOKHTE/NbHBE HOHHL.

TOJBHKHO CTOATL Ha MECcTe, He y4YaCTBYSl B CO3/laHHH 3JIeKTPHYe-
ckoro Toka. Bor noueMy, nofaBiisisi B repMaHuifl Mg KpPeMHHIl
aToMbl C MATLIO 3JEKTPOHaMHU Ha BHemlHell opOuTe, Mhl CO3jaeM
B 3THX NMOJYNPOBOLHHKAX AOMOJHHTENbHYIO 5JEKTPOHHYIO MPOBO-
ZIMMOCTh, HE yBeJHUWBAs IbIPOYHCH NMPOBOAMMOCTH W He Hapyluas
00m1ero 3/eKTPHYECKOTO PaBHOBECHS KpHCTaana.

IMpumecH, KoTopLIe YBEIHUHBAIOT 5JEKTPOHHYIO NPOBOAMMOCTS
MONYINPOBOAHNKAE, Ha3blBalOTCS AOHOPHBIMHU npHMecsMu. CJ0BO
«[IGHOP>» O3HayaeT «OTAAIOUIHI® U TOBOPHUT O TOM, YTO MPHMECH
Kax Onl 106aBifeT B MOJYNPOBOJHHK CBOGOLHLIE JIEKTPOHEL

O&paTHelil Pe3ynbTaT MOXHO MOJNYYHTb, €CJAH NOOABHTL B UH-
cThlfl repMaHuii (MM KPeMHHII) aTOMBI C TpeMs 3JeKTPOHAMH Ha
BHEWHeH opbuTe; HanpHMep, aTOMbl JUTHA. a9 Toro yrobel He
MOKa3aThCsl UYKAKOM H He MCHOPTHTE CTPYKTYpul — «CTPyKTypa
BajKHee BCEro!» — Takoil aTOM MOMECTHT K ceGe Ha OpOHTY uyKoil
9J1EKTPOH, eCTECTBEHHO, YKPaleHHLIH y HeHTpasbHOrO atoMa rep-
MaHHs1. A IOCKONBKY 3TOT uyXoii, 4ueTBepTelil s7eKTpoH Gyaer ajs
JIUTHUS JIMIIHAM, TO aTOM JIHTHUS MPEeBPaTUTCH B HEMOILBHIKHBIH OT-
puuaTensHbldl noH. CaM e aToM repMaHus, OTLABIIKH 3JeKTPOH
NpUIIeNBIY, CTaHeT ALIPKOH — 3TOT aTOM BCeraa ¢ PamocThbio MpH-
MeT Ha cBo6OgHOe MecTo B CBOeH BHeliHell opGuTe 060N 57eK-
TpOoH-nepedeKUHK.

BeiBog npoct: goGaBnsst B repMaHdi WM KpPeMHHH aToMBI
C TpeMsl 3JIeKTPOHaMH Ha BHeIUHeH opGHTe, Mpl CO3Z4E€M B STHX
TIOJIyIPOBOAHMKAX AOMOJHUTENBHYIO NBIPOYHYIO MPOBOAHMOCTD, He
yBeJIMUMBas 3/1eKTPOHHON npoBoguMocTH. M onsTh-Taku He Hapy-
mas ofljero 3/JeKTPUYECKoro paBHoBecHst (puc. 13). 35
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Puc. 13. Tlpn BBEJICHHH aKUENTOPHOH NPHMECH B NOJYNPOBOJHUKOBOM KpHCTAJLIE
NosBJSIIOTCS cBOGOJHBIE NOJIOXKHTeNbEvIe 3apsiinl (ABIPKH) H HenoOJBHXKHEBIE
OTPHUATEJIbHBE HOHH,

ITpumecu, KoTOphle YBEJHUYHBAIOT ALIPOUHYI0 NPOBOAHMOCTH
NOJIYNPOBOAHUKA, HA3KBAIOTCS aKUeNnTopHbMH npumecsaMu. CiaoBo
«aKUenTop» 03HauaeT «OTOHpalUHid» U rOBOPHT O TOM, 4TO NpH-
Mech Kak Obl OTGHpaer y MoJyNnpOBOAHHKA CBOOOAHBIE 3JCKTPOHH
H OCHOBHHIM THIIOM CBOOOAHBIX 3apsilOB CTAHOBSITCSl ABIPKH.

MMocne moarux OayXAawHil 1o TPYAUBIM AoporaM (H3HKH
¥ XHMHH MBI NIOJIYUHJIH HaKOHel Te caMbie GeciieHHbie MaTepHalibl,
KOTOpble HYXKHBI 1151 H3TOTOBJEHHS] HALIEro yNpasJsomero npH-
Gopa, Haitero ckyJjbnropa. VIMeHHO 3TH MaTepHaJjbl — NOJYIIPO-
BOIHHUKH C 3JIEKTPOHHOH HJIM ABRIPOUHOH MPOBOXHMOCTHIO — TI03BO-
JISIT HaM WMCKYCCTBEHHO CO31aTh NPOLECC AJIs1 yIpaBJeHUS MOUI-
HbIMH TIOTOKAaMH{ 3HEPTHH C MOMOIIBI0 €1a60ro 3JIeKTPHUECKOro
curHana. [IpuGop, B KoropoM OylaeT OCYHIECTBASTHCS TaKoe
yrnpaBiieHHe, KaK BH yiKe, KOHeuHo, A0TajajuCh, U ecTh MOJyIpo-
BOJAHHKOBBIH TpHOA — TpaHsucrop. Ho, nojyuuB HakoHel, Bo3-
MOXKHOCTb HENOCPe/fCTBEHHO NO3HAKOMHTLCS C TVIaBHBIM TepoeM
Hawel KHHTH — C NOJYNPOBOJLHHKOBBIM TPHOAOM, MBI B HHTEpe-
cax Jiesia HeHaJloJIro OTJIOXKHM 3TO 3HAKOMCTBO H CHauaJja BBISIC
HHM, KaK YCTPOeH H Kak pa6oTaeT MoJaynpOBOAHHKOBbIA THOL.
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He nogymaiite, noxaJgyiicTa, 4To 3HaKOMCTBO C NOJYNPOBOJ-
HHMKOBBIM JHMOJOM — 3TC OTKJOHEeHHde oT ryasHoro nytd. [luon —
CBOEro pofa COCTaBHAsA 4acCTh TPAH3UCTOPA, H TPAHZHCTOP MOIKHO
paccMarpuBaTh KaK ABa 00beJUHEHHHIX B OJLHO LeJoe NOJynpo-
BOLHHKOBBIX [Hoja. BoT moueMy 3HaKOMHTbCS C AHOLOM MH Oy-
JIEM [0CTAaTOYHO NOAPOOHO, CUMTAsl, UTO DPH 3TOM Mbl OJHOBpe-
MEeHHO 3HaKOMHMC U C TpaHsucropoM. KpoMme Toro, amop Kak
CaMOCTOSITEIbHBIH 3/7€MeHT BecbMa 4acTo BCTpeyaercs B JiekK-
TPOHHOH anmapaType, B TOM YHCJE W B CXeMax, KOTopele GYAYT
onucaHbl B 370N KHUTe. [T03HAKOMHBILUHCH C TIPHHIMIOM PaboTH
H YCTPOHCTBOM [HOMA, MBI PaCCMOTPHUM HECKOJBKO NpaKTHYECKHX
CXeM C ero yyacTHeM H TeM CaMEIM NOJIOXKHM Hayajao ToH yactH
Halero NyTelecTBHS, AJs1 KOTOPOH HYKeH yke He TOJIbKO KapaH-
falli, HO H NasyibHHK. a7



MAHEBPB HA FPAHULE

Vmeroniuxcsi y Hac 3HaHHH BnOJHE J0CTAaTOYHO, 4TOGH MO-
CTPOMTb HEKHH YC/JIOBHBIA NOJYNPOBOAHHKOBHI nuon (puc. 14).

BosbmeM Kycok uMCTOro repManusi (C paBHHIM YCIeXOM MOXK-
HO B3ATb H KPEMHHH, HO Mbl AJIA ONPENeNeHHOCTH OrpaHHUHMCS
NOKa OJHHM H3 5THX NOJNYNPOBOJHHKOB) M € OfHOH CTOPOHHI BBeE-
AeM B HEro JOHODHYIO NMpHMech, ¢ APYrof — akuentopHymo. 310
3HAUHT, YTO B MOJIOBHHE KpHCTajja Oyaer mnpeobaagaTe 3JeK-
TPOHHAA MPOBOAMMOCTE, B APYro#l — nsipounas. ITo kosnuuectBy
30H C pa3HOH NMPOBOAUMOCTHIO MOCTPOEHHHIA HaMu NPHOOP Kak pa3
M MOJyuHJ CBOe HasBaHHE <«JHOMA»: NPHUCTABKA «JAH» O3HAuaer
«aBay. Haseamue 310 DOABHIOCH HAMHOIO paHbIIe CAMOLO
NOJIyPOBOAHUKOBOTG JHOAA H OTHOCHJIOCH K HCKOTOPHIM ApY-
rdM npubopaM ¢ JByMs 3JIEKTPOLAMH H JABYMS BHIBOJAMH
OT HHUX.

Bnusinne npeMecel Ha ajieKTpHuecKue CBOMCTBA MOMYNPOBOL-
HHKOBBIX MaTepHasoB orpoMHo. Tak, HanpuMep, ecH B repMaHHil
ACO2BHTL MO BeCy JIMIIL OJHY MHJJMOHHYIO YacTh MEIUBSKA, TO
YHCJI0 CBOGOAHBIX 3JIEKTPOHOB B repMaHUH YBEJIHUYHWTCH B THICAUH
pas! ITonoGHEIM Ke 06pa30M MHJJHOHHEE BecoBble ZOJH AKIEl-

Tougrbith
A oA

CTERARHHBI KOPNYC

HAN
KPUCTAAAQAEPKATEAD

MTAOCKOCTHOW
AR ONH,
* CTEKAQHHBW!
= R3O0AATOP
METAAAF‘ ” oo, UHA UL
YecKur

Puc. 14, TlonynposoaHuxoBblli AHOL — 5TO NPAGOP, B KOTOPOM COSZAHH ABE
30HLI ¢ pa3HbIM THNOM MPHMECHOH MPOBOAHMOCTH: 30HA P H 7,
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Puc. 15. Tlocnie BBeAeHHst MPHMECH B MONYNpOBORHHKE OKA3biBaeTcs ABA BHAA
3apsnoB — npuMecHbie (OCHOBHbIE) M OYeHb HEGOJBbILOE KOJIHYECTBO COGCTBEH=
HBIX (HEOCHOBHLIX) 3apsifoB.

TOPHOH NPHMECH — HanpuMep, JIUTHS — B THICSIYH Pa3 MNOBHILAIOT
JHIPOUYHYIO MPOBOAMMOCTH MOJYIPOBOJHHKA.

Oﬁ’bHCHHETCH CTOJNb CHJABLHOE BJIHAHHE npﬂmeceﬁ JOBOJILHO
npocro. [eno B T0M, uTO CBOMX COOCTBEHHBIX 3JI€KTPOHOB H JbI-
pPOK B UHCTOM repMaHHH HeMHOro. /lajieKo He KaxKnblfl €ro atom
BHINYCKaeT Ha CBOOOAY CBOH 3JIEKTPOH — B MPOTHBHOM Cjyyae
STHX 9J1eKTPOHOB OblI0 Obl OYEHH MHOrO H BMECTO IOJYMPOBOA-
HHKa Mbl dMeJH Gul CObiuHBI NPOBOAHHK. B cpenHeM npu KOoM-
HaTHOH TeMIepaTtype Ha KasKAwH MHJAIHADA aTOMOB repMaHHs
NPHXOAUTCS JIMIIL OJMH CBOOOAHEIH 3JeKTPOH.

B To e BpeMsl Kaxibll aToM JOHOPHOH mMpuMecH, 3aHABIIHA
MecTo B KPHCTaJIMYecKol petieTke, 00S3aTe/IbHO OfHMH H3 MATH
CBOHUX BHEIIIHHX SJIEKTpOHOB BbI6p3CbIBaeT B MeXaTOMHoe HpOCT-
paHCTBO. Betlb AJigd CBSA3U € COCesIMHU Hy}KHbl JIUIb qupre SJIeKT-
pOHa: KaK U3BECTHO, KCTPYKTYPa NpeK e BCEroy.

Tenepb MOoCYHUTAECM. EC.}IH BeC npnmecﬂ coCTraBjdeTr MHJAJHUOH-
HYIO 4acTh Beca repMamHsi (Mbl CYHTaeM BeC aTOMQB repMaHHuf
¥ NPHMECH OJHHAKOBHIM H MHPHMca C OIHKOKOH Ha HECKOJBKO
NPOLEHTOB), TO Ha KaxXKAKHA MHJJHApA aTOMOB repMaHds NMpHXO-
JUTCS ThICAYA aTOMOB MPHMECH, II0TOMY YTO MHJUIHOHHAS 4acThb
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Puc. 16. Tlpsamoe BKIIOYeHMe AMORA; SJEKTPOHH H ABIDKH ABMTaiOTCA K Fpa-
HHLE pnr-nepexofa, B leNH NPOTEeKAaeT AOBOJbLHO GOJbLIOH RPAMOH TOK — TOK
OCHOBHBIX 3apSANOB.

MUIHapAa U ecTh Thicsiya. A 5TO 3HAUMT, UTO HA KaXKAHH MHJ-
Judapi aToOMOB FepMaHUA Temepb NPUXOAMTCS OAWH COOCTBEHHHH
cBOOGOAHBI 37€KTPOH M ThICAYA CBOOGOAHBLIX 3JIEKTPOHOB, NpHHE-
CEeHHBIX TIPHMECHIO.

Orciofa cnelyeT oueHb BaXKHBIH BBIBOA: IMOCKOJBKY YHCIO
coOcTBeHHHX CBOOGOAHBIX 3JIEKTPOHOB PaBHO UHCIY COOCTBEHHBIX
AEPOK, TO Gjiarofapsi BBEIEHHIO NPUMECH 3JIEKTPOHHAS MPOBOJH-
MOCTb repMaHHsi OKaikeTcs NPHMePHO B THCAUY pas Gosblue Jb-
pounoil. B takux ciyuasix roBopsT, 4TO B NONYNPOBOLHHKE UMEIOT-
Cs1 OCHOBHHE (3TO Te, KOTOPHX MHOT0) U HEOCHOBHHIE (Te, KOTO-
PHX MaJjio) HOCHTENH 3JeKTPHUYECKOTro 3apsiia. B HameM npumepe
OCHOBHHIE HOCHTENH 3apsijila — 3TO, KOHEUHO, JeKTPOHsl, a Heoc-
HOBHHIE — AHPKH. Eciy ke BBecTH B repMaHHil aKUENTOPHYIO
npuMecs, TO CBOGOJJ,HBIX 3JIEKTPOHOB OKaxKeTCs1 HeCpaBHEHHO MeHb-
L1e, 4eM ALIPOK, H HMEHHO AHPKH OYAYT OCHOBHHIMH HOCHTEISIMH
3JIEKTPHUECKOTO 3apsja, TO eCTh OCHOBHHIMH CBOGOAHHIMH 3aps-
IaMH, cnocoGHHMH co3naBath ToK (puc, 15).
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Puc. 17. O6paTHoe BKIIOYeHHe JHOAA; 3JEKTPOHBI W JLIDKH OTTATHBAIOTCS OT
rpaHHUB pr-nepexofa, B UENH NPOTEKAeT OuUeHb HeGOoMbLIOH OGPaTHHIA TOK —
TOK HEOCHOBHLIX 3apsIO0B.

C HeOCHOBHBIMM HOCHTEJISIMH, HEOCHOBHLIMH CBOOOJAHBIMU 3a-
psmaMu Mol cefiuac IOCTYNHM TakK e, Kak B CBO@ BPeMs IIOCTy-
MWIM ¢ 3JeKTpoHaMu-mepebexunKaMe. Ilna ynpourenus oGmed
KapTHHH Mbl BPEMEHHO BbIUEPKHEM HX H3 CBOEro CIHCKA,

Teneps Hauml MOJYNPOBOARMKOBBIA AHOA BHIVIAAUT Tak. B on-
HOH ero IOJIOBHHE HMEIOTCS TOJNBKO CBOGOIHBIE 3JIEKTPOHH., JTa
yacTh AHOAA HA3HBaeTcs 30HOH — 1, OT cJioBa negativus, To ecTh
orpuunatenshslil. B apyrofi uacti AHOAa eCTb TONBKO HOCHTENH
MONIOKHTEILHOTO 3apsiia — AHPKHA. JTO 30Ha p —ee Ha3BaHUe
MPOHUCXOJHT OT CJIOBa POSitivus, ToO €CTp moJoXKUTenbHoll. lo-
BOJBHO 4yacTo GYKBH X 4 p BBOJSIT B XapaKTePHCTHKY CaMoro
MOAYIPOBOAHHKOBOTO MarepHaja H TOBOPAT: «repMaHuii n-
THNA», «TepMaHufl p-THOA» HJIH <«KPeMHH #-THIA», <«KPeM-
HUE p-THNa». DTH Ha3BaHHSA YKA3HBAIOT, Kakas MnpaMecr — J0-
HOPHAs UJH aKlenTopHas — OHlJia BBeJleha B KPUCTAJJ H, TAKAM
o6pasoM, KaKasi MPOBOJLUMOCTE — 5JIeKTPOHHAS WK JHPOUHAS —
SABJISIETCSI OCHOBHOH B JaHHOM KpHCTasse. 4l



B ja060M nonynpoBoAHKKOBOM NpHbBope, rie ecTs 30HHI C pas-
HbIM THIIOM NPOBOAMMOCTH, FPAHHUIld MEXAY STHMH 30HAMH HOCHT
Ha3BaHHe «pn-nepexony (Mo-pyccKH 5TO 3BYYHT TakK: «I13-3H-Te-
pexony). Takoe ke HasBaHue, pas3yMeercs, HOCHT NOrpaHdyuHAs
061acTh MeXKAYy 30HOH p U 30HOH 71 B HAIIEM MOJIYNPOBOJHUKOBOM
nuone.

Mut ¢ BaMH NMOCTPOHJIH NONYTPOBOLHKAKOBHIH auon. [locmorpum
Tenepb, YTO OH yMEeT [enaThb.

BxntousM nuon B 37eXTpUYECKYIO Lenb, AIs Hauana B Lelb
nocrosieHoro Ttoka. OO6paTHTe BHHMAaHHe, y Hac €CTb [Be
BO3MOXKHOCTH BKJIIOUEHHSI: MOXKHO NHOIAKJIIOYHTb JHOA 30HOH P
K «IJIIOCY» Oataped U 30HOH n— K «MHHYCY»; 2 MOXKHO HaoGopor:
K «IUIIOCY» MOAKJIOUHTb 30HY # H K «MHHyCYy»— 30HY p.

[nsi namnouk¥ KapMmanHoro ¢QoHaps, HanpuMep, HAH [AJjd
5JIEKTPOIJIHTKH COBepIIeHHO 0e3pa3iuyuHo, B KaKYI0 CTOPOHY ue-
pe3 HHX MOHAeT TOK, Obln Obl JIHIIB TOK. 3TH NPUGOPH OAHHAKOBO
XOpOIIO CBETSIT M TPEIT npH aro0oM HanpasJeHHWH TokKa. A BoT
NOBEeleHHEe MOJYNPOBOIHHKOBOTO AHOAA NPEXK/e BCEro 32BUCHT OT
HafnpaBJieHHs TOKa, OT TOro, Kakas 30H2 [HONa IMOAKJIOUeHa
K «IJIIOCY», @ Kakas K «MuHycy» Gartapeu. IlosTomy Mbl paccMmo-
TpuM o062 BapHaHT2 BKJIOYEHHS.

Haunewm c nepsoro.

Hrak, «maioc» Gataped MOAKJIOUEH K 30HE p HAIero JHoAa,
a «MHHyC»— K 30He 7. VI30bITOUHbBIE 3/IEKTPOHBI C «MHHyca» Ga-
TapeH XJbIHYJH B 30HY 71, H ee COOGCTBEHHBIE 3JIEKTPOHbBI MO 3THM
MOTyYHM HATHCKOM ABHHYJIUCh K TPaHHLE MEXIy 30HaMH, ABUHY-
Juch X pr-nepexony. C apyrofi CTOPOHHI, K pr-NepexoLy NOLOLLIHA
ALIPKH 30HLI p, HCMBLITHIBAIOLIHE 3JIEKTPHUECKOE [IABJICHHE «IJIIO-
ca» Oatapen. (Bul He 3a0biBaeTe B MOL0GHLIE MHHYTH 06GpaIaTbhCS
K TNpHMEUaHHio Ha crp. 26?)

A uT0 Xe npoUCcXoauT Ha caMoil rpanuue? Berpeuasich, snek-
TPOHBI H JLIPKH HEHTPaNIU3YyIOT APYr Apyra — 3JeKTPOHbI-MyTe-
IIECTBEHHHKH 30HBI M 3aHUMAOT CBOGONHbIE MeCTa Ha BHEMIHHX
opburax aTtoMoB 30HBI p.

Tor, kTo xouer Gosiee neTajbHO Pa3obpPaThcs B NPOUCXOIAMUX
cOGBITHAX, AoJKeH OyferT BCMOMHHTL O BHIYEPKHYTOM HAMH B CBOE
BpeMs sJjiekTpoHe-nepebexkunke. B pesynbrare Bce geno csegercs
K NepeMeIleHHio OJHHX TOJIbKO 3JIGKTPOHOB, H 5TO B A€HCTBUTENb-
HOCTH HMEEeT MEeCTO: CaMH aTOMbI B TBEDAOM Tene He JBUraloTcs.
Ho ans npocroThl HaM Bce e yAo0Hee paccMaTpHBaTh JBUIKE-
HHE MOJIOKUTENLHBIX 32PAN0B — JABIPOK, YTO, KAK Mbl* yXKe He pas
NMOJYEPKHUBAJIH, COBEPLIEHHO HE NMPOTHBOpeuHT Hcruue, [Ipu xena-
HHH MOXKHO eule pa3 MpHBJeYb Ha NOMOLIb AHAJIONHIO CO 3pH-
TeJAbHBIM 32J10M, IOMOJNHHUB €ro 3amacHbiM BBIXOJOM, Kyaa yGera-
I0T W3 TepBOrc pfAfa pa3ouyapoBaHHole 3puTend, ¢ofie, rae
42

TOJNMATCH OXKHAAIOIKHEe CBOGOZHOrO Mecta Ge3GuJETHHKH, H elle
3arajoyHod KoMHarolt (B Haileit aHaJjorud oHa oroGpaxaer Ga-
Tapeio), B KOTOpOH cOeXaBLIMM CO CMEKTAKJASI 3PUTENSM co0b-
HIAI0T KOe-YTO TAaKOe, YTO 3aCTaBjifieT HX BHOBb yCTPeMUTbCH
B 3an (puc. 16).

ITpr BHIOpaHHOM HAMH MEPBOM BapuUaHTe BKJIOUEHHS AHONA
B 00€HX ero 30Hax NMPOHUCXOAHT HelpPepbiBHOE YIOPSIAOUEHHOE JBU-
JKEeHUe 3apsf0B K TpaHHle, a 3HAuuT, BO BCell UENH HAEeT TOK.
MoxHo ckasaTb 06 5TOM H MO-APYTOMY: IpH BLIOpaHHOM HaTIpaB-
JIEHHY BKJIIOUEHHS] [uo/la OH 00/aaeT CPAaBHHTENbHO HeGOMbIINM
COTMPOTHBJICHUEM.

A renepn maBafite noBepHeM nuon (uau Garapero) Ha CTO BO-
CéMbAECST TPAanyCoOB M MOAKJNIOYUM 30HY P K «MHHYCY» Garapew,
a 301y n— K «mocy» (puc. 17).,

- I1pu TaKoM BK/IIOUEHHH 3/EKTPOHBI OTXOAAT OT TPAHHIBI, YXO-
1At B ryGb 30HBL 7 TIOJ BJMSIHHEM «II0Ca» Gataped (HHYero He
TNofesiaellb — Pa3HOMMEHHbIE 3apSabl NPUTATHBAIOTCH, H KIJIIOCY
TANeT K ceGe OTPHLATENbHO 3apSKEHHble JEKTPOHbI), H OLHO-
BDEMEHHO MOJ BJIHSIHHEM «MHHYyCa» OT TPaHHLbI OTXOAAT ABIPKH
B rA1y6b 30Hbl p. B nrore U3 oGaactu pn-nepexofa MOYTH MOJHO-
CThI0 HCYe3a10T CBOGOAHDIE 3aPsbl, CONPOTHBAEHAE 3TOH 06aacTH
P€3KO BO3pacTaer, U OHA MPAKTHYECKH CTAHOBHUTCH H3OMATOPOM.
A nosiBiienve H30MSTOPA B SNMEKTPHUECKOH LENH MPUBOAHT K Mpe-
Kpamenuio Toka. [IpaBia, TOK MOJIHOCTBIO HE MpPEKpallaeTcs
(uleanbHBIX H30JSTOPOB HET!), HO OH CTAHOBHTCH OUYEHL MaJbIM,
W MBI TOBODHM, YTO MPH BTOPOM BapHaHTE BKJIIOYEHAS MOJyMpO-
BOJIHUKOBEIHl [HON TOKa He NPOBONMT.

Tenepr HaM ocTaercsl ML BBeCTH OOHIENPHUHATHIE HAHMEHO-
BaHHA — TEPBOE HANpaBJeHHE BKJIOUEHHA AW0jAa HAa3BaTh npd-
MbIM, @ BTOPOE — 00paTHbIM — H ClIeJ1aTb OKOHUATeNbHBIH BRIBOL:
NOAYNPOBOAKBUKOBEIH AHOML 06safaeT OJHOCTOPOHHE! NMpPOBOAUMO-
CTbIO, OH MPONYyCKaeT TOK TOJbKO B ONHOM Hanpasjenun. HMau
HHAue: CONPOTHBJIEHHE [OJYIPOBOIHHKOBOTO [HOAAZ B TPSIMOM
HallpaBJieHHH MaJjio, B 00PaTHOM — BEJIHKO.

3a CcBOE TJIaBHOE KauyecTBO — OLHOCTOPOHHION  NPOBOAHU-
MOCTb — THOJ, MOJIYYHJ 3BaHHE 3JIeKTpHuUeCcKoro BeHTuas. [lo cBo-
€MY TOBEEHHIO B 3JIEKTPHYECKOH LeNd nuox AelCTBHUTeNbHO NOo-
X0 Ha BEHTHJIb, Ha YCTPOHCTBO, KOTOPOE MPOIyCKaeT BO3AYX H3
Hacoca, HanpHMep B BeJIOCHIEIHYIO KaMepPY, H HE BhIIIYCKaeT ero
o6patHo.

Ha stoM, moxanyll, MOXKHO 3aKOHYHThb OOGINEE BHAKOMCTBO
C MOJYNPOBOAHUKOBBIM JHOJOM H INOTOBOPHTL KOHKPETHO O €r0
yCTPONCTBE, XapaKTepHUCTHKaX, MapaMeTpax # cxeMax, B KOTOPBIX
nuon paboTaer. 43



BCE O IUOJE

[To cBoeMy yCTpOHCTBY MOJYNPOBOAHHKOBBIE AHOALI MOMKHO
pa3aennTs Ha aBe OoJbliHe TPyNNbBl— Ha [JIOCKOCTHBIE AMOIBI
u toueunnle (pHc. 14). I'naBHEIe 0COGEHHOCTH 3THX TPyMN OTpa-
JKEHb] B CaMMX HX Ha3BaHHAX. B MJIOCKOCTHOM AHoje rpaHHIla
MeXAY 30HaMH p M 1 npeacrasisier co6of A0BONBHO GOJabIIYIO
miaockocTh, Ilnomanb 3TOH MOrpaHMuHOH MJAOCKOCTH B 3aBHCH-
MOCTH OT THNa AHoja Moxer cocraBiasate ot 0,1 go 100 xeagpar-
HBIX MHJIJIIMETpPOB.

OauH u3 cnoco0OB H3rOTOBJEHUS] KPHCTAJMIA C pr-NEPexoaoM
IJI51 TJIOCKOCTHOTO AHOAA YIPOLIEHHO BBILVISIAMT TaK. BHTAruBas
NOJIyPOBOAHHKOBHIH KpHCTaJ1, HanpuMep repMaHui, H3 pacnia-
Ba, B HETO epHOANYecKH 100aBJsIOT TO aKUeNnTopHYIo, TO ACHOD-
uywo npuMecs (puc. 18). Ilpn 5ToM BHITAHYTHIA KpHCTaNJHueCKHH
CTEPIKEHb MOJy4YaeTcsl Kak OBl MOJOCAaTHIM — B HEM PaBHOMEPHO
yepeayloTCA 30HB p M 30HB n. B nanbHefitueM Takoli kpucTasa
ToyHed UM 06pa3oM paspesaloT anMa3HBIMH NHJIAMU U NOJNy4aloT
H3 HETo OrPOMHOE KOJIMYeCTBO KPHCTaJJHKOB, B KaXXKJOM H3 KO-
TOPHIX HMeeTCsl JHilb OAMH pn-nepexod. Takofl KpucTaj/iMK Kak
pas M CJAYXKHT OCHOBOH /I H3TOTOBJEHHS OJHOTO MOJYIPOBOAHH-
KOBOTO /HOAA.

BriBogn auoaa MOAMASIHEL HENOCPeACTBEHHO K KpHCTAJIY,
a caM 3TOT KPHCTaJJ MOMemeH B repMerHueckuii xopnyc. Kopnyc
JHOfla MeTaJ/UIuuecKHil, H, KaK MpPaBHJIO, OH XK€ H SIBJSeTCS BbI-
BoaoM 30HH 7 (pHC. 14). BuBojg 30HBE p BEIXOAUT H3 MeTasIH-
4eCcKoro KOpIMyca CKBO3b CTERJSHHBIH H30JATOP.

B ToueuHOM [JHOAE OJHH M3 BBHIBOJOB TaKiKe MPHMaWBAIOT He-
NOCPENCTBEHHO K KpHcTaay. [Ipyrofi BeIBOA mpeacrassieT coGof
TOHUAHYIO CTaJbHYI MNPOBOJMOYKY, KOTOpas ynupaercsi B KPH-
ctaaa. Ilpu U3TOTOBJAEHHH AHMOAA KOHEI[ NMPOBOJIOUKH MOKPBHIBAIOT
MeTaJJIoOM-JOHOPOM, HJH aKUeNnTopoM, HanpuMmep aJiOMHHHEM
WIH HHAKeM. B peayjbTare B TOM Mecre KpUCTasljia, Kyga Y-
paercsl MPOBOJOUKa, 00pa3yeTcs MUHHMATIOPHBIA TOYEYHHH pn-fe-
pexon.

IT1oCcKOCTHEIE H TOUEUHBIE AMOABl — 3TO HE MPOCTO pasHple
KOHCTPYKIHH, BO3HHKIIHe N0 NMPHXOTH ABYX H3oOperareneil. 1o
pasHule puOOpPHl ¢ Pa3HEIMHM XapaKTePHCTHKAMH H mapaMeTpaMH,
no-pas3HoMy Bedymue ce0s BO MHOTHX 3JIeKTPHUECKHX [emnsiX.

O noBegeHHH [JHOAA B 3JIEKTPHUECKOH IEeN# MHOTOe MOXKEeT
pacckasaTh ero BoJIbTaMiepHasi xapakrepucruka (puc. 19). Ha
3TOM rpaduKe BHAHO, KaK MeHsieTcsd TOK / uepe3 gMOA NPH H3Me-
HEHWH MPHJIOXKEHHOTO K HeMy HampsiKeHHs (OTCIOZA M Ha3BaHHe
XapaKTepUCTHKY, OHO Kak OH TOBOPHT: «M3MEHEHHe BOJILTOB MpH-
BOAUT K H3MEHEHHIO aMIepoB»).
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Puc. 18. OpuH u3 cnocoGoOB M3rOTOBJEHHS pr-Nepexona OCHOBAH HAa BBEfe«
HHM RpHMecell B KPHCTAJ/JI IO Mepe ero BHITSATMBAHHA W3 PaciJaBa.

ITocne Bcero, uro OBLIO paccKasaHOo, BoOJbTaMIepHasi Xapak-
TEPHCTHKA NM0A4a, NMO-BHANMOMY, fiCHa BaM C IE€PBOrO B3r/saa.
[pexxpe Bcero MBI MOXEM pasfesHTh BCIO 3Ty XapaKTepHCTHKY
Ba JBe 4acTH, Ha ABe 00/1aCTH — MOJNOKHTE/ILHBIX W OTPHILATEN b=
HBIX HanpsxeHHH.

ObnacTe MONOKHUTENBHBEIX HANPSKEHHH (cnepsa OT HYJIEBOTO
Hanpskenus, To ecTb oT U=0) cooTBercrByer mpsaMoOMy BKJIO-
YEHHIO AH0fa. 3[4eCh TOK — ero HaselBaloOT NPSIMBIM TOKOM — CpaB-
HUTEIBHO BEJHK H Pe3Ko Bo3pacTaer npu yeedduednn U. Irto
3HAYHUT, YTO CaMO MOHSITHE «MOJOXKHTEJIBHOE HalpsKeHWe» B gaH-
HOM C/lydae HYXKHO MOHMMAaTh TOJNBKO TaK: AHOJ BKJIOUYEH B Mps-
MOM HanpaBJeHHH, <IJIIOC» 6aTapen NMOAKJIOUYEH K 30HE p.

Cnesa ot U=0, 10 ecTb B 06/1aCTH OTPHIATEBHBIX HaNpSKe-
HHH, AMOA BKJIOYEH B 06PaTHOM HalpaBJeHWH: K 30He p MOAKJIO-
ueH «MuHYyC» Garaped. Tok B oTpruarensHOil 06JacTH, KOHEUHO,
OueHb MaJl M [PH YBEIHYEHUH HaNpsSKeHHs (pa3yMeercs, OTpH-
naresipHoro!) pacrer HeaHaumtennBo. BooGle ke camMo NOABJS-
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Puc. 19. BombramnepHass XapakTepHCTHKAa AWORA KaK GH COCTOMT H3 JBYX
XapakTepUCTHK — /18 NMPSIMOr0 H OGPATHOTO BKJIOYCHHsI JIHOAA, JJIsi RPAMOro
H OGPATHOro TOKA.

HHUE oépamoro TOKa ¥ €ro pPOCT CBA3AHH C CYyIICCTBOBaHHEM He-
OCHOBHDbIX HOCHTEJIeﬁ, KOTOPBIE YMEIOT ABHTATHCA TaK XKe, Kak
H OCHOBHBIC, HO TOJBKO B MPOTHBOMOJIOKHYVYIO CTOpOHy H l’lpH
06paTHOM HanpsKeHHH (pHc. 16 u 17).

BrHHUMAaTenbHO NPHCMOTPEBIUHCH K BOJbTAMIEPHOH Xapakre-
PHCTHKe, MOXHO OGHapyXHTb Ha HeH HEeCKOJbKO HEmOHNTHBIX
yuactkos. Ilouemy, HanpuMmep, nMpd oueHb MaJEHbKHUX MOJOKH-
TeNbLHBIX HaNPSAKEHUAX TOK MOYTH He DACTeT W JHIIb [OCTENEHHO
HabupaeT cuay? IToyeMy npH Manpix OTPHIATEJNBHBIX Hampsxe-
HHAX TOK BO3pacTaeT AOBOJbHO OBICTPO H JIHIIB MOTOM POCT €ro
npekpamaerca? [louemy, HakoHell, TOK GYpHO BO3pacraeT nocje
TOro, KaK HanpsaXeHHe MnpeBbICHT BeJUUHHY Uggp—_ion?

Pe3koe yBesHdeHHe TOKAa MPH BLICOKHX OGPATHBLIX HAMPHMKi~
HHAX OODBACHAGTCS NPOCTO: pas3pyllleHHeM pn-nepexoaa. Paspy-
LIeHHe MPOHCXOIHT H3-3a CAHIIKOM GOJbUIOH MOIIHOCTH, KOTOPas
BBIAC/IAETCA Ha pr-nepexofe H npespamiaercs B Temio. [Moay-
NPOBOJHHKOBBIE MaTepHanbl TNeperpeBaloTCsi, Pe3KO BO3PACTART
Hx coOcTBeHHasi MPOBOJUMOCTb, H pri-mepexon BooOlle Hcuesaer,

46

IMporcxoauT Tak Ha3plBAcMBIH TEMJIOBOH MpPoGOH, H AHOA CTaHO<
BUTCA OOBIUHBIM DE3HCTOPOM.

Ipu o6paTHOM BKJIIOUEHHH AHOJa upe3MepHasd, paspyumaioniad
pr-nepexo MOLIHOCTh NMOJyYyaeTcs NMpH BechbMa OOJbIIMX Hanps-
)eHndax. Y Bor noueMy: o6paTHHIH TOK O4€Hb MaJj, & MOIIHOCTH,
ecad BB He 3a0blid,— 9TO NPOHU3BeJeHHEe HanpsXKeHHs Ha TOK.

OGpatdTe BHUMAaHHE, YTO NPH OOGPAaTHOM BKJIOYEHHH 1HOAA
TensioBolt NpoGOil HacTynaeT He cpasdy. YBeJHUHBAA HANPAKEHHE,
Mbl CHauasa monagaeM B 06JacTh 27eKTpHueckoro npodos. B aroit
o6nacTd oGpaTHHH TOK PE3KO BO3pacraer, a 3Hauurt, oGparHoe
conpoTuBJeHde gHoga mapaet. OfHAKO, ecjil ONATh yMEHBLUIUTh
HaNps)KEeHHe, YMEHLUIHTCH W TOK. VIHBIMH cioBaMH, ajeKTpHue-
CKHIi mpoGoll, BO3HUKHOBEHHE KOTOPOTO CBA3aHO C TOHKHMH MO-
JEKyNspHBIMH MexaHusMaMH, npouecc ofpatuMuil. On pesko,
JIABHHOOGPA3HO yBe/MiuMBaeT 06pal1selil TOK, HO CTOUT YMEHbLUIHTD
HampsDKeHHe, NHOJ BO3BpalllaeTcs B HCXOAHBIH DEXHM H BHOBb
CTAaHOBHUTCH 3/JeKTpHUECKUM BeHTHJIEM.

B To xe BpeMst TemnsoBOH nmpoGo#l BHIBCAHT MOJIYNPOBOJHHKO:
Bu#t mpuGop U3 crpos Haecerga. M ecad xorpa-anlyidb K BaM
B PYKH NMOMaier AHoj, KoTopuifl nmotepssn crnocoGHOCTb GHITH BEH-
THJIEM, MOTOMY YTO Y Hero o0paTHOE COMPOTHRJEHHE TaKoe Ke,
KaK U npamoe, To 3HaliTe: auon moObiBan B O6JACTH TENJIOBOTO
npogos.

Ta6aruya 1

InockocTHBIE repMaHuessie AMoAb cepuH A7

Hagssaaue I7A pivs 7B nmr igpit I7E I7K
Ano.1a
IBbll'll
(na) 300 | 300 | 300 | 300 | 300 | 300 | 300
Uty
" 50 | 100 | 150 | 200 | 300 | 350 | 400

OGpatuniii Tox — 300 ara (npu Uobp—rnon); npsimoe Hanpsikenne 0,3—0,5 6
(apy )

t B yamux Tabmunax TOK Inp—cp. 0603HAYEH fpupn, Kak ¥ B OONbUIIHHCTBE
odHHanbHBIX CIPABOYHHKOB.
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Ta6ruya 2

BiusiHHe TeMNepaTypw HA NpeNeILHBI PeXHM NHOROB cepuu N7

Temneparypa | Ipun Uogp—10n, (8) Toun UoBp—non (8)
OKPYKAIOIIErO |(nng JI7TA — (nasg N70—

BO3AYXa oy, (xa)| nza ‘ 476 | n7B ‘ gy (A7, (ea)) n7n | I7E | ATK
20°C 300 50 100 | 150 | 200 100 300 | 350 | 400
50°C 300 35 60 90 | 125 100 190 | 220 {250
70°C 210 25 35 50 65 70 90 ) 110 } 130

Oas Toro uyroGpl He NOryGHTh MOJYNIPOBOAHUKOBHIA JAHOR
(a yacto BMecTe C HHM MOTYT NOTUOHYThH M JAPYTUe 3JeMEeHTHl
CXeMbl, HallpuMep, CHJIOBO TpaHchopMaTop), utoObl He AOBECTH
JUOoA A0 TENJOBOre Npo0os, He HYXKHO [PeBHINaThb HEKOTODPYIO
NpefesbHO JONYCTUMYIO I/ AAaHHOTO THHA AUOAOB MOLHOCTL. OO
3TOM KaK pa3 H TrOBODPST OCHOBHBIE napaMeTPbl AMOAOB, Npuse-
gennbie B Tabanuax 1—5. IIpasja, B aTux Tabnuuax caMoil Moll-
HOCTH BBl He HaliieTe, BMeCTO Hee YKa3aH CPERHU NpAMOH TOK
faym, KOTODEII MOXKHO NPONYCTHTH 4Yepe3 AuOj (HOA4epKHBa-
€M — 9T0 HMEHHO CpefHHH NpsAMOH TOK; Ha KOPOTKHH CDPOK 3Ty
BeJUUYMHY HHOTAA MOXKHQ [IPeBLICHTb), M NpeAebHOe 06paTHOe
Hanpsikenue Usgp— gon. TC, UTO BMECTO MaKCHMAaJIbHO JONYCTHMOMN
MOLIHOCTH YKa3aHbl HMeHHO 3TH IapaMeTphl, OOBbACHAETCS A0-
BOJIBHO TIPOCTO.

MousocTs, BHGAAEMasas Ha AUOAe NPH ero MpsIMOM BKJOUe-

HHHM, pPaBHa INpPOU3BEAEHHIO TIPAMOro TOKa Ha MpHJAOKEHHoe
Ta6ruyald
MJ10CKOCTHHIE KpeMHUEBbIe JHHOABI
HaaBanue nuoga 217 J1218 11226 | [1226A | [1229A | 112295 | J1230A | I1230B
Issin (Ma) 100 | 100 |} 300 | 300 | 400 i 400 | 300 | 300
Uo6p—non (8) 800 | 1000 | 300 { 300 | 200 ! 400 | 200 | 400

O6parnnii Tox 30—50 sxa (npu Uc6p—zon), npsiMoe nanpsimenue 0,5—1 g
(upu Iyyp).
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Ta6ruya 4
MnockocTHple aHOABLI AJst GOJABMIKHX TOKOB

Fepmanuesbte | Kpemuuesnie
Hassanue
Auona 11302 l nz03 | naos | 11305 | 11242 | 11243 | 11244 | 11245 | 11246 | 1247 | moss
Isun (@) i 3 5 10 10 10 10 10 10 10 5
Uobp—ron | 200 | 150 | 106 | 50 ] 100 | 200 | 50 | 300 [ 400 | 500 | 600
(8)

O6patnpiii Tox 3 ma (upy Usép—zon); npamoe Hanpswmenue (upu fsun)
y repvanueBHX AuonoB 0,2—05 8, y kpemuueBoIXx AMoxoB 1—15 8.

Buumanne! JlonycTumble TOKM YKa3aHbl B pacyeTe Ha IPUMeHeHHe
paauaropos. Ecuy yepes fuoji npoxXofHT noaubli MpaMo#l TOK ([sun), TO IPH HC-
MONB30BAHUN AJIOMHHHUEBOTO PajiuaTOpa TONIIKHOH 3 MM €ro JHAMEeTD AOJKEH
OBITh AnA AuoaoB J1303 ne Mmenee 60 wmau, nng J1304—80 m#u wu nas J305—
150 max. KpemuueBre AHOAB PaccYuTaHbl HA PAAMATOPH IHIOMAAbIO B0 ca?
npv MOJHOM ToKe U 25 ¢u? npu NMOJOBUHHOM TOKe (ecau TeMIeparypa OKpy-
wawomwel cpenst 25°C).

Mpumevanue. Ecan B 0603nauendd KPeMHMEBOr0 HIMOAA nocie
mudpel crour Oyksa B (hanpumep, [1242B), 1o nonmyctumeti TOK Jeun
He 6osee 5 a. Byksa A B HasBanuu (uaupumep, J242A) osnayaer, 4TO AUOJK
coxpaHfeT CBOM mapameTpel A0 Temnepatypsl -+ 130°C; Bo Bcex OCTANBHBIX
cay4asx nonycTumblii npsmMo#f Tok Issn npn Temmeparype --130°C Basoe
Meublle HOPMANbHOTO, TO ecThb 5a (And 1uojA0B c o6osuavenneM B TOk
He Gonee 2 a). Byksa IT (manpumep, J1242[1) B HasBanuu Auoma OTMedaer
NHIGb HEKOTOPHIE er0 TexHoJoruyeckne ocobensocTH u mpu Buwbope auona
Ha Hee MOXHO He 00paimarbh BHUManus.

TaGaruga §
Toueunse auonb

Hasnamuse Feﬂaxmeaue Kpemsunessie

Auona I2A } 2§ | I | nmoa ' Do | Mot | Aoia | a2 | mos
Tawin 50 16 16 25 15 30 30 30 30

(#a)
U(zﬁli—non 15 30 100 10 100 75 75 50 30

8

O6parnpiit ToK (npt Ucbp—non ) Y repMaHuesbix AuoloB 250 .mra
¥y KpemuueBrX — 30 #Ka; UPOXOAHAA EMKOCTb Y TePMaHHEBHIX JAMONOB
1—2 ne, y xpemuuesbix—0,5 neg.
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K AHOAy NpsiMoe Hanps:kenne. Ho Bemb TOK M ilanpaxKenHe B3a-
H¥MHO cBsdanbl. Hanpumep, B auonze JA7)K npsamoit tox 0,3 a 6y-
JleT npH npsamMoM Hanps:xkeHud 0,5 8, a MOUIHOCTE B 3TOM CJyyae
cocrasur 0,15 gt (P=U-I). MeHHO 3Ta MOUIHOCTHL pJs AaH-
HOro THHa AUOAA SIBJSETCS NpelenbHO AONYCTHMOM, H NPEBHINATD
ee Henb3sl. Ho BMecto TOro uto0nl rOBOPUTH «He HpeBhllaliTe
momHocth 0,15 6T», MBI MOXeM CKa3aTh: «He IpeBHIMaldTe TOK
0,3 a». Benb HanpsixKeHne NPH ITOM TOKe AJs AAHHOTC THIIA AMO-
JOB ITOYTH BCerga ofHHAKOBO, a 3HAUUT, OTPaHUUYHUB TOK, MBI Orpa-
HUYUBaeM U MOUIHOCTh. [10CKOJLKY NPH BKJIOUEHHH AHOAA B Npd-
MOM HallpaBJieHHH 0CO0eHHO BaXKHO 3HAaTh, KaKoil OH MOXKeT NPO-
NyCTHTh NMPSMOH TOK, TO HMEHHO 3Ta BeJHYHHA BXOJHT B HHCJO

OCHOBHEIX [TapaMeTPOB AHOAAa H BKJIOYeHa B Hamy tabjumy pe-

KOMEH/JOBAHHBEIX PEXKHMOR.

Paccyxpad ananoriuHbiM 00pa3oM, MOXHO J[0Ka3aTth, 4TO,
BMECTO TOro 4yTo0b OFPaHHUHBAThL MOUIHOCTE IIPH 06PaTHOM BKJIO-
YeHHU [HOAa, JOCTATOYHO OrpaHUYUTh ero OOpaTHbI TOK HJH
ofpaTHoe HalpsKeHHe. A NOCKOJBKY HPH BKJIIOUEHHH J[HO#A
B KaKylo-1100 cXxeMy HaM BCerja Jjerde onpeaeuTh, Kakoe K HeMy
Oyner NpuiaokeHo o0paTHOe HalpsxKeHHe, a He Kakol uepe3 Hero
noiiger ofpaTHbI TOK, TO MMEHHO HO3TOMY AomnycTuMoe o6part-
Hoe HanpsxeHHe Ugpp— ron BXOJUT B YHCJO OCHOBHEIX MapaMert-
poB aMOza. )

Brios, xoTopuil HYXKHO cpenaTh B pe3ynbTate BCeX 3THX
NPOCTPaBHEIX pacCyXAeHHH, AOCTaTOUHO KPaTOK: He AONycKaiite
NpeBbIlleHHs] MPAMOro TOKa [lpyn M OGPATHOIO HaNpPAXKeHHA
Uuép——Jmn-

O6orauieHHBIe 3THMH HOBLIMH 3HAHHSAMH, MBI yKe MOMXKeM KPH-
THUeCKH B3rasHyTh Ha tabauum 1—5. [lepsoe, uto 6pocaercs
B rJja3a,— 3T0 AOBOJBHO 60JIbIIIOEe KOJHUYECTBO Pa3HbIX AHOAOB.
V HeKkoTOpHIX IpaMoill TOK nobosbliue, y APYTHX NOMeHbIle, HeKO-
TOpHle AHOABI TepnAT 00paTHOe HalpsKeHHe B COTHH BOJILT, AJ4
APYDHX CMepTeJIbHBIM ABJsETCs HalpsiXKeHHe B ABA-TPH HeCATKa
BOJBT. BHﬂHO TaKxke, 4TO y TOYeUYHbIX AHOAOB AONYCTHMble TOKH
1 HalpsKEHHs] 3HAYUTENTbHO MeHblle, YeM Y IJIOCKOCTHBHIX.

3pech BIOJIHE YMECTHO 3a4aTh BONpPOC: 3aueM BooOlle HYXK-
HEl TOYeuHBIe AHOABI, ecaH J0OOH M3 HHX NO NpedeJbHHIM Napa-
MeTpaM YyCTynaer CaMOMY cJa0eHbKOMY IIOCKOCTHOMY AHOAy?
A feno B TOM, uTO MJIOCKOCTHBie AHOJABI NPOHTIPLIBAIOT TOUEUHLIM
N0 OJHOMY BecbMa BaXKHOMY NapaMeTpy, KOTOPHIH XOTsi H He
BXOJAMT B Hawy Tabaully, HO O KOTOPOM CjeAyeT NOMHHTb. JTOT
napametp — co6CTBeHHas eMKOCTh auoja (puc. 20).

[TonynpoBOAHUKOBEIH HMOJ O4eHb HANOMHHAET IJIOCKHA KOH-
nencarop. Ero oOksaagku —30Ha p W 30HA n, a HH3JIEKTPHK —
obJlacTh pr-iepexoja, JHeHHas cBofoanbix 3apanos. MasectHo,
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Puc. 20. CpaBauTesbHO Gosbliasi €MKOCTb IWIOCKOCTHOTO IAMONA He MO3Bojferl
MCTOJb30BATh €0 B BHICOKOYACTOTHHIX IEMNsX.

4YTO eMKOCTh KOHAEeHCaTOpa TeM OoJibllle, yeM OOJiblle MJAOMAAL
ero o0kaajpok. FIMeHHO Ha 3TOM, KCTaTH, OCHOBAHO WU3MEHeHHe
€MKOCTH B TlepPeMeHHOM KOHAeHcaTtope. g TOro uto6sl HOBHICHTE
AOMYCTHMYIO BeJHYHHY TPSAMOrO TOKAa Yy MNJOCKOCTHBIX AHOAOB,
YBEJIMUHBAIOT MJIOUIAAb CONPHKOCHOBEHHs 30HBL P ¢ 30HOH n, TO
ectb, MHBIMH CJlIOBaMH, YBeJMYHBAOT [JIOLIAaAb pr-Nepexoja.
H, koneuno e, Ipu 3T0M BO3pacTaeT coGCTBEHHAsA eMKOCTb JHO-
na. ¥ TIOCKOCTHHX AHOAOB COOCTBEHHas eMKOCTh JOCTHraeT He-
CKOJIbKHX COT mnHKOodapah (n¢). B 10 ke Bpems coGcTBeHHas
eMKOCTb TOYEUHBIX AHOAOB BBUAY OHeHb MaJjOi HOBEPXHOCTH pn-
nepexofa OGBIYHO COCTABNSIET HECKOJBKO HECATHIX AoJel 1.
U nostomy TOueuHble AUOALI MOTYT PaGOTaTh B LeMsxX nepeMeHHo-
ro TOKa BBLICOKOH 4acTOTHl, TaM, Iie HpUMeHeHHe MJIOCKOCTHBIX
OHOJOB HEeBO3MOXKHO H3-3a HX OOJBIIOH eMKOCTH.
[locTosanHbIl TOK, KaK H3BeCTHO, He MPOXOMHT 4yePe3 KOHIeH-
€aTop — Mexay ero o0KnaaKkaMu Haxoautcs caoii uzoharopa. Ho
KOrjpa KOHAEHCATOP 3apsxaercsd M pa3psikaeTrcs, B ero LenH Bce-
TaKH BO3HHKAaeT KPaTKOBPEMEHHBIH TOK — 3apsAbl ABUTaloTCH Ha
o6mam§u (3apanELli TOK) WM YXOAAT C HHX (pa3psfHeLi TOK).
IMox peiicTBieM mepeMeHHOTO HATPSIKEHAA MWHKIH 3apAg-paspsa
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NPOUCXOAAT HENPEPHIBHO, U B UENM KOHAEHCATOPa BO3HHKAeT MNe-
peMeHHBIH TOK. TOK 3TOT BO3pacTaeT ¢ yBeJuWuyeHNeM 4acTOThI: UeM
BHILIIE YACTOTA, TEM Yallle ABUraioTCs 3apsaibl «Ty[a-06paTHO», TeM
GoJiblilee UX KOJHYECTBO MPOXOLMT MO [[EIIN KXY CEKYHIY.

EcTp enie oauH cnoco® yBEJMYHTh TOK: HYXKHO B3STh KOHICH-
catop bogabmeil eMkocti. UeMm Gosblie emKocTh C KOHJAEHCATOpPa,
TeM OoJiblliee UMC/IO 3apPsA/OB HaKaluBaeTcs Ha oOKmajpKax, TeM
HHTCHCHBHEE WX JBMIKEHHE BO BpEMsi 3apsja W paspsiia. YUuThl-
Basi BCE 3TO, KOHJEHCATOP MOXKHO NUDPEICTAaBHTh B BHIE HEKOTO-
pPOro YCJIOBHOTO pe3ucropa, 06/afaiolliero eMKOCTHBIM CONpPOTHB-
JIEHHEM X¢, OT KOTOPOro 3aBWCHT BenuuuHa Toka. CaMo ke X¢
3asucur oT yactorel [ 1 eMkoctd C. (Bocnomunaume Ne 13; dop-
MyJiE NEeHCTBUTENBHE TOJBKO [Jsi NEPEMEHHOr0 TOKA CHHYCOH-
Janbuoit dopMul). ConpoTHB/IEHNE X¢ HA3BIBAIOT PEAKTHBHHIM —
OHO He moTpe6./IsieT MOLIHOCTH, a JIMIIb BAMSAET Ha BEJHYHHY TOKa.

INpenmosoxuM, YTO B MJIOCKOCTHOM [HOMe €MKOCTb pn-mepe-
xona pasua 100 n¢. Ha uacrore 100 xusorepu (k2y4) KoHjaeHca-
TOp TaKOH eMKOCTH BefeT ceGs Kak conpoTujenue 16 kumoom
(kom). DTO coOmpOTHB/IEHNE HAMHOTO MeHblUIe 06paTHOro COHpO-
THBJIEHUsS] MOAa M CHJbHO miyHTHpyeT ero. O6pa3Ho rosops, co6-
CTBEHHast EMKOCTh JINO[a COBEpIIAeT «IPefaTeqbCTBO» (He 3a6bl-
Bafite mpo crp. 26!) — cosmaer o6xoxHOfl NyTh, KOTOPLIH (ak-
THYECKM JesiaeT JHOA HEHYIKHBbIM, HepaboTaloIHM 3JIeMEHTOM
Henu.

Kak sugurte, 60Jb1I08 OpsAMOA TOK TJIOCKOCTHBIX AMOIOB IIO-
KylnaeTcst [1OBOJIbHO NOPOroil ueuofi: npenesnbHas pabouas uacro-
Ta 3TUX JWONOB 0oObiuHO He mpesbliaetr 10—20 xey. Toueuunie
JMOIBl Xopoumo paboTaT Ha YacTOTaX B AECATKH, COTHH U gaKe
Telcauw Merarepl (Mey). Ha BbIcOKHX uyacToTaX €MKOCTHOE CO-
NPOTHUBJIEHNE TOYEYHOTO THOM A OKa3biBaeTcsi BecbMa GovblnM Gia-
rogapss ero Heboabmioli coOGcTBeHHOH eMKocTH (UeM MeHblle
eMKOCThb, TeM OO0JIbllle eMKOCTHoe compoTurjenue). M nosromy
TOUEUHHIHl [AHOL NPAaKTHUECKH He MOJIBepraeTcs MIYHTHPYIOIIEMY
IelcTBUI0 CcOOCTBEHHOrO KOHJeHCaTopa-«IperaTes».

EcTb ellle HeCKOJIbKO NapaMeTpoB N0y IPOROAHHKOBOFO 1HOa,
C KOTOPHIMYM HaM HeOOGXONMMO MO3HAKOMUTHCS, DTO 06PAaTHBIH TOK
U OpsiMoe HampsiKeHHe, a TakxKe Opele bHasi TeMmepaTtypa, Ko-
TOPYI0 TepmHT AuoA. Mbl He cTajgu BK/IIOYaTh 3TH NapaMeTPul
B TabaUupl, MOTOMY UTO [JIi MHOTHX [HOJOB OHM OJIHHAKOBH
H TabuuiE OKa3aJuch Gbl 3aMOJHCHHBIMA MHOXKECTBOM OJHHAKO-
BBIX IAQP.

Tak, HanpuMep, Bce repMaHueBble 1MOAB paGOTAIOT NPH TeM-
nepatype ue Gojee +60°C. I KpeMHHEBHIX THOAOR BEPXHAT
TeMIepaTypHas [PaHHIA 3HAUMTEJNbHO Bbliie — 1o +100°C (ua-
CTO yKa3plBaloT MHble BesqHumHbl, a HMeHHo: +70°C u +150°C).
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Puc. 21. Tlpu narpeBanuy AuOA2 YBENUYHBAEGTCSA UMCAO COBCTBEHHHIX (HEOCHOB-
HHX) 3apafoB B TIOJYNPOBOJHHKE, yBeJuHunBaercs oOCpaTHHA TOK uepes
pr-TIEPeXOon.

TIpuunuosi rubesu MOLOB NPH BHICOKOH TeMmepaType SABJsieT-
csl yxXe 3HAKOMBIH TemaoBo#l npoGoii. TemsoBas sueprust yBesn-
yuBaeT coOcTBeHHBble KoJeOaHWs aTOMOB, KakK Gwl paciiaThlBaeT
HX, H B pe3y/jbTaTe YBEeJWUHMBAETCst UNCJIO JEKTPOHOB, MOKMIAK0-
uyx BHemHue opOuthl. [losToMy ¢ yBeqMueHHeM TeMOepaTyphl
B MOJIYNPOBOJHWKOBOM [HOJAE pacreT YMCJIO HEOCHOBHBIX (cobcrt-
BEHHBIX) 3aPsAJ0B, a8 3HAUUT, YMEHbLIAETCS YHCJIEHHOe PEeBOCXO/-
CTBO OCHOBHBIX (NMPMMECHBIX) 3apsOB, HA KOTOPOM, COGCTBEHHO
TOBOpSl, H OCHOBaHa BCsl JEATEJbHOCTb pri-lepexofia.

ITocmorpurte ua puc. 21. 3pech nMokaszaHo, KaK MeHseTCs Xa-
pakTepucTMKa AMOZA NPH ero HarpeBaHuM. Bel suaure, uro
C POCTOM TeMmeparypbl PE3KO yBejHYMBaeTcss OOGpaTUbIE TOK —
NPOUCXOAUT 5TO MMEHHO 3a cuer yBesUueHHs: coGCTBEHHOH npoBO-
JUMOCTH noJsynpoofuuka. [locTenmeHHo neso [0XOOMT [0 TOrO,
4TO O0paTHBIl TOK CTAHOBMTCS DAaBHHIM MPSMOMY, PA-NEPEXON
paspyimaercs, HacTynaerT TeryioBoH mnpoGoii.

To, 4TO y KpeMHHeBBIX AWOIOB 3TO HPOMCXOAUT OpPH GoJiee
BHICOKOH TeMmepaType, MOXHO OODBACHHTH (ONATH-TAKH OYeHb
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ynpouienxo!) ciaenyomum o6pasoM. Y KpeMuUsi Becero TPH opGUTHI,
y repmanus — ueTsipe. [lostoMy B aToMe Kpemuus BHewuss op-
6uta HaxomuTcsl GuMKe K SAPY, SJEKTPOHB NpOYHEe NPHUBA3AHbI
9MEKTPHYECKUMH CUJIAMHU K DY W HYXKHA OoJiee BLHICOKas TeM-
neparypa, 6osiee CHJIbHbIE TerlyIOBHE KoseGaHus aroMa, uToGbi
BbIODOCATD 3/IEKTPOH C ero BHemHeil OpPGHTHI.

Ins toro uroObl He Teperpetb NOAYyNPOBOIHMKOBHH IHOL,
HE JIOBECTH ero [0 OMNacHOH IPaHWUHOH TeMnepaTypsl, NOab3YIOT-
Csl OXJIAXKNAIOIMMHU PaivaTOpaMy, HaNPUMEp MeIHBIMH, aJdl0MHu-
HUEBBIMM WJIH CTaJbHLIMHU NJacTHHaMH. Poib panuaropa Moxer
BLITIOIHATE W METa/VIMUecKoe InaccH, Ha KOTOPOM MOHTHpyercs
cxema. Panuatop momken mioTHo mpuserath K KOpmycy AMOAA:
JIMIIb B 3TOM C/Iyyae IMOJ XOPOIIO nepenaer eMy ceoe remio. Ecan
e HyxHO, uTOOB Kopnyc nMona (K HeMy MOACOEJMHEeHa 30Ha N,
CM. pUc. 14) He WMeJs 3JEKTPWUECKOr0 KOHTAKTa C MeTaJIuue-
CKHMM DPannaTopoM (uallie BCEro ¢ LIaccH), TO MeKAY JMOLOM M pa-
AMATOPOM TOMELIAI0T TOHKYI0 CJIOASHYIO TNPOKAanKy.

Hvone Gosbuiofl M naxe cpenHeil MOWMOCTU Ge3 PagnaTopoB
BooOlIe He HCMOJb3YIOT, TaK KakK MPU 3TOM Y HHX OUEHb Pe3KO,
HHOTa B MBa-TPH pasa, YMEHbUIAIOTCS AONYCTHMBHH npsiMoit
TOK Inp—yon ¥  JONycTHMOE oOpaTHoe Hanpsikenne Ussp—non.
A nsiocKocTHBIE AMOABI MaJIOH MOUIHOCTH, /I KOTOPHIX He HYKHBI
panuaropel, NMPU MOHTaxKe CTapaloTcs pPacrojiarath Tak, YTOOH
ofecneyrBaJoch HX Xopollee ox/axnexue. Donee Toro, naxe npu
naike BLIBOJOB MNOJYNPOBOAHMKOBOIO NMpuGOpPa HYXKHO ocrepe-
raTbesi ero neperpesa. [1asaTe Hy:KHO GBICTPO, aKKypaTHO, mpeBa-
PUTEJBHO 3a3KaB BBHIBOJ, MUHLETOM HJIH NJOCKOTYGIaMH, KOTODHE
B JAHHOM cJyuae WrpaimoT poJs Temjgoorsopa (puc. 22).

Binsanue Temnepatyprsl Ha paboTy NOJYNPOBOIHHKOBOrO AMO-
Ja, a B faJbHellllleM U TPHORA NOCTABUT HaM elle HeMaJo XJONorT,
H MH elle He pa3 6yaeM BO3BpalaThCs K 3TOI HEMpPUSITHOH TeMe,

Ipamoe nanpsxenue Uy,, IPH KOTOPOM Hepe3 AMOML MPOXOAUT
AONYCTHMBIH NPAMOH TOK Inp—xon, TaK XKe KaK W 0OPATHHH TOK
lo5p, COOTBETCTBYIOWIMH AONYCTHMOMY 0GPaTHOMY HanpsiKeHHIo
Uosp—rnon, — HapaMeTpsl TaKKe AOBOJLHO GJIH3KHe 1S GOJBLINX
rpynn puonoB. Tak, /A NMJIOCKOCTHBIX AMONOB NMPSMOE HalNpsiKe-
Hue, Kak npaswio, cocraeasier 0,3—0,5 8. Kak sugute, npsiMoe
HanpsiKeHWe Y MJIOCKOCTHHIX AMONOB BechbMa MaJso. Heckombko
foJibllie, HO TOXKE HeBeJIMKO npsimoe Hanpsixkedde Uppy Y TOUEUHBIX
JAHOMOB.

O6parustit TOK /oep NpU HanPsiKeHUR Uosp_non Y MAOCKOCTHHIX
LuofnoB o6wuHo cocTasaser 0,5—1,5 ma (To ects 500—1500 mxa),
a y toyeunnx nuonos 0,01—0,2 ma (10—200 mka). Bo Bcex cay-
yasix o6paTHLIA TOK uepes MUOJ Na¥Ke MpH NpefesLHo A0NYCTHMOM
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Pyc. 22, Tleperper npu najike WM OpesbEHHe DOABOAMMOR MOIHOCTH MOXeET
npuBecTH K rubein guona.

ofpaTHOM Hanps:KeHUM BecbMa MaJj. Bo BesxkoM cayuae, o6par-
HBHIH TOK BCerja BO MHOrO pa3 MeHbIue [IPSMOro.

3Hast TOKM ¥ HaNpPsKEeHMs, JIerko MoACYHTATL NpsiMoe | obpal-
HOe conportuBiende nuona (R=U:I). Ins N/J0CKOCTHBIX AWONOB
npsiMoe cofpOTHB/IEHHWEe OOBIMHO OUYEeHb MAaJIO — OHO COCTaBJIsET
Bcero 0,1—3 o (1), a o6pataoe 50—500 Kom WH [aKe HECKOJb-
Ko Mon. Ilpsimoe conpoTuB/€HHE TOYEUHBIX AMOMNOB YAlLIE BCErO
JeXUT B npegenax ot 10 no 100 om, o6patnoe — ot 1 1o 10 Moux.
Ludpel 5TH nosesHo 3aMOMHHUTH: B HaJbHEHIIEM OHH MO3BOJAT
TOHSITh, YTO MMEHHO MOU4YBCTBYET Ta WM WHas 3JMEKTPHUeCcKas
Lenb NPU BKJAKUEHUM B Hee NHOAA.

¥ Hac ocTaJcsi ele ONUH HEOTUIZYEHHHIH JOJIT — elle OfUH BO-
Npoc, KOTOPLIA BO3HUK NPH 3HAKOMCTBE C BOJIbTAMIIEPHOH xapak-
TePUCTHKON nHojza (cTp. 46): ¢ yeM CBsI3aHO MOfIB/IEHWE JBYX
M3OTHYTHIX YYaCTKOB, NBYX 3aruGoB XapaKTePHMCTHKH B paiioHe
HYJIeBOrO HanpsxeHus? B nouckax oTBeTa HaM HOpHUjeTcs elle
pa3 BHMMAaTEJIbHO MOCMOTPETh, YTO NMPOHCXOAMT B pr-Nepexofe,
IpHYEM He NPH NpPSIMOM €rc BKJIOYEHMHM M He TNpu o6paTHOM,
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a B TOM cJjiyyae, KOrlla auop Boo6lie HUKY[a He BK/IOUEH, KOraa
OH mHpefocTaBjieH camoMy cebe.

A peficTBuTENbHO, KaK BeleT ceGst pn-mepexon, Koraa K HeMy
He NPMJIOKEHO HWKaKoro Hampsamxenusi? HauHem ¢ Ttoro, uro Ta-
KOro ciyuas mouTH HUKOraa He 6pisaer. [laxe ecau K pn-nepexony
He mofkJiouath 6aTtapen, T0 U B 3TOM Csyuae Ha HeM Gyjer pefcT-
BOBaTh HeOOoJsbllIOe, €ciM MOXKHO TaK CKasaTb, «CaMOIEJNbHOe»
Hanpaxenue. UtoObl MmosicHWTb, OTKy[Aa OHO GepeTcs, HaM NpPH-
nercst YHOMSiHYTH ellle 06 OJHOM (PM3HUYECKOM SABJEHHH — O Aud-
dyaun. C 3THM sBJeHHMEM, TaK Ke, CKaXeM, KakK C BO3HWKHOBe-
HHEeM TPHMECHOW MPOBOAMMOCTH WJM C BMSHWUEM TeMIepaTyphl
Ha CBOHCTBa NOJNYNPOBOJHHKA, Mbl OYAEM MOBOJIBHO YACTO CTAMKH-
BaThCsl NMPU 3HAKOMCTBE C NMOJAYNPOBOAHUKOBHIMH TPHOLAMM.

Eciv B KakOM-HHEYb YTy KOMHATHl HOCTaBUTh GaHKy C Jier-
KO UCnapsiommnMess 6eHsiHOM, To ero 3anax uepes HekoTopoe Bpe-
Msi 3aMOJIHUT BCE MOMewieHHe. Ecim B CTa@KaH 4nCTOH BOAK MOMa-
IeT Kamjs TYIH, TO NPOfAeT HEeCKOJbKO MWHYT, M BCs BOAa
B cTakaHe nouepHeer. Ecay B MosyNpOBOAHMKOBLIN KPUCTaJa Ha-
CHJIBHO BBECTH HEKOTOPOE KOJHYECTBO CBOOOAHBLIX 3/1EKTPOHOB, TO
BCKOPe OHM paBHOMEpHO pacHpefesarTcd BO BCeM ofbeMe KpH-
cTasnsa. Bee Tpn npuMepa WILTIOCTPUDPYIOT XOPOIIO H3BECTHOE (-
3uyeckoe siBjeHue — nudodysuio.

CyuIHOCTL ee COCTOWT B TOM, Y4TO YaCTHILL — MOJEKYJbI, aTo-
Mbl, 3JEKTPOHEHI, — COBepLIasi CBOM OObIYHEIE XAOTHUECKWEe IBH-
JKEeHWs, MOCTENEeHHO mepefBHTalTCd W3 paiioHOB ¢ 6OJbIIOH KOH-
HeHTpauved B Te pafioHbl, rjae 3THX YactHu Mano. duddysus
B TOM M COCTOWT, YTO BElIECTBO CTApaercsi paclpeneauTbesi pas-
HOMEPHO B 3aHHMaeMmoM ofbeMe. MOXHO HaliT ell HeMa/JO XKH-
TeHCKNX aHajIOrWi, BCIOMHMB, HalMPHMeEp, KakK JIOAH PaBHOMEPHO
pasMmelaloTcsi Ha OTPOMHOM MJIsiXKe.

Huddysua nabmionaercs u B padione pn-nepexoga. Ceo6ox-
Hble 3JIEKTPOHLI, CKOHIEHTPHUPOBAHHLIE B 30HE 1, CTPEMsTCA nepeii-
TH B 30HY p, a AbIPKHM, HAoOOpOT, W3 B30HLl p HAaMpPaBJSAIOTCH
B 30HY n. Takoe HBWKeHue, Ka3a/0Ch Obl, LOIKHO NPONONKATLCS
A0 TeX Mop, MOKa BO BCeM KPHCTaJje KOHUEHTPauus [AbiPOK
H 3JIEKTPOHOB HE CTaHeT ONMHAKOBON, MOKa HE WCYE3HYT 30HH P
1 n. OgHako 3Toro He npoucxoaut. Ha Gopeby ¢ nuddysueit, ko-
Topasi xoresa Ol NpPeBPaTHTL AMOL B ONHOPOMHBIA KPHCTA/LT,
BCTYNAIOT MOTYUHe CWJIbl. DTO DIEKTPHUECKHE CHJIBI HEMOMBMIKHBIX
3apsAfoB — HOHW3NPOBaHHLIX aToOMOB mpuMecn (puc. 23).

Bbl, xoHeyHo, He 3a0bLIK, 4TO ABIPKK B 30HE p, a cBOBOmHBIE
SJIEKTPOHBl B 30HE f B HYXKHBIX HaM KOJIHUECTBAX MOABJSIIOTCA
JIMIIb OC/e BBEEHNs B MOYPOBOJHHK TOHOPHEIX MM aKLENTOp-
HBIX mpuMecell (puc. 14). Ho aroMbl mpyuMecH, OTAaB cBOi 3JeKT-
poH wumM, HaoGopoT, 3a6paB 3JEKTPOH y cocefa, CaMH mpeBpa-
56

Puc. 23. Cvnbt nuddysun CTPeMATCs JHKBHIMPOBATL pr-NEpexosi, PaBHOMEDHO
«nepeMelIaTb» CBOGOAHBIE 3apsfbi B KpHCTaJJle, OLHAKO 3TOMY NPensTCTBYIOT
3JIeKTPHUECKHE CIUIHl HEUOABHXHBIX HOHOB.

1aIOTCs1 B HENMOJABYKHbIE NoHEL. ATOM fnoHopa (OTAaiomuil 3jgeKT-
POH) CTAHOBHTCS MOJIOXKHTEIBHBIM MOHOM, aTOM akuemntopa (3a-
Guparoluil 3JeKTPOH)— oTpuuaTenbHbM, Henopsumxubie HOHB
paBHOMeDHO pacmpefiesieHp! M0 BCEMY MOJYNPOBOAHWKOBOMY KpH-
CTajJy: NOJIOXKHTENbHbIE HOHBl B 30HE £, OTPHIlaTe/NbHBIE — B 30-
He p (puc. 12, 13).

Ecan 6bl kKaxpasi M3 9THX 30H CylUecTBoBaJjga caMma no cebe,
TO HEMOJABMKHLIX MOHOB HHKTO Obl 4 He 3aMEeTH/I: UX CyMMapHBI
3apsij KoMOeHcHpoBaJcs 6bl CYMMapHBEIM 3apsiAOM CBOGOIHBIX 3a-
psAOB, ¥ B 1leJIOM 30Ha Obliia 661 HefiTpanbHoil. Ho B pefictBuTesib-
HOCTH B MNOJYNPOBOJHMKOBOM [HOAE 30HE C PasHoi NPOBOAH-
MOCTBIO IPHUMBIKAIOT APYT K Apyry. M, Kak MLl TOJBKO 4TO CKasa-
JIM, U3 NMOTPaHKyYHLIX PaHoHOB HpoHcxoaur AU dY3HA CBOGORHHIX
3apsii0B B COCEMHIOI0 30HY. DTO 3HAUHT, 4TO B NOrPaHHYHO} 30HE
B palOHaX, HemocpeJCTBEHHO NMPHMBLIKAIOWHX K pr-Mepexony, 3a-
psiibl HeMOABHIKHBIX HMOHOB OCTAIOTCSt HECKOMIEHCHDOBaHHBIMH,
B 30He p ocraercs HeCKOMNEHCHPOBAaHHLIH HEMOABUKHBIH OTPHLLa-
TeJIbHBIA 3apsifl, B 30HE 7 — MOJOKUTENbHEI. DTH HenoaBHKHbIE
3apaAb — 3apsabl HOHH3HPOBAHHBIX aTOMOB — KaK pas H He JaioT
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BO3MOXHOCTb U dysnu pasHoOMepHo pasGpocaTs, pasMaszaTh CBO-
OozHbBle 3/1EKTPOHBI M [bIPKH [0 BCEMY KPHCTAJJY.

Hekoropsle cBoGO/HEIE 3/1eKTPOHEL elle YCHeBaloT He3aMeyeH-
HHIMM YATH 13 30HBI 7. Ho ueM GoJsbuie 3/eKTPOHOB YyXOOMT, TEM
CHJIbHEe HauHHaIOT JelCTBOBATh 3JEKTPHUECKHE CHJIBLI HEeNO[BHK-
HBIX MOJIOXKHTEJbHBIX HOHOB, KOTOPHle ylIep:KHBAOT yGeraiomux.
Bosee Toro, B coio3e ¢ MOJIOKHUTENbHLIMH MOHAMH 30HH n pefct-
BYIOT ¥ HEMOJBHIKHEIE OTPHIATEbHble HOHB 30HBI p. OHH Kak Obl
OTTaAKHBAIOT NMpUOBIBAIONIME K HUM 3/IEKTPOHBI, BO3BpAlaioT HX
B 30HY #. AHA/OTHYHO [€HCTBYIOT HEMOABHMKHBIE HOHH3HPOBAH-
Hble aTOMBl H B OTHOLIEHHM yferaiollluXx U3 30Hbl p AbIpok. Ocralo-
njMecs B 3TOH 30He OTPHIATeIbHbIE HOHBI TSHYT 3TH ALIPKH o6pat-
HO, @ NOJIOXKHTeJbHEIE HOHbl 30HBI 11 OTTAJKUBAIOT ABIPKK K ph-
nepexony.

O60o BceM 3TOM MOMKHO CKa3aTh H HHaue: OCTaBIUHECS HeCKOM-
MEHCHPOBAHHBIMH HEMOJBHIKHbIE MOHb MOTPAHHYHOH MOJIOCH CO3-
AT HEeKOTOPOe HaNpsiKeHue, IJII0C» U «MHHYC» KOTOPOro NPH-
JIOXKEHBI HeNOCPEeJCTBEHHO K pn-liepexolly. OTO HampsiKeHHe,
NOSIBMBINIEECS] B pe3y.’bTaTe NepBOHaua/bHol HeGosbmol nuddy-
3HH CBOGONHBIX HOCHTeqell, HanpaB/aeHo Tak, 4To He gaer auddy-
3#i Pa3BEPHYTHCS BO BCIO CBOIO MOIIb H COXPanseT HeoGXOmHMYIo
KOHIEHTPanuIo cBOGOXHBIX HOCHTes el B 06eHX 30HaX HOJAYHPOBOJI-
HHKOBOTO [HOJA.

Korna x nuony NPHKJIaABBAIOT BHEIIHee HATIPSKEHHe, BCs1 Kap-
THHA MOCTENEHHO MEHSIeTCs: MEeHsieTCsi KOJMUEeCTBO HOocHTeJied, me-
pexonsfuX TPaHHIY B peayJbTaTe AHDPY3HH, MeHAETCs KoJHue-
CTBO HocHTesell, nepexonsimux FPaHAny moj nedCTBHEM 3/eKTPH-
yeckHx cua. Jla ¥ caMH 3TH 3J€KIpHUECKHe CHJbl MEHSOTCH —
Belb Telepb OHU SIBASIOTCS Pe3VabTAaTOM COBMECTHOrO neHCTBHS
Gataped M COGCTBEHHOTO «CaMOJENLHOrO» HAaNpPsXKeHUs Ha pn-
nepexojsie. He crpeMsick paszo6partbCsa B TOHKOCTSIX STHX COOHBITHI,
MBL OTMETHM JIMIIb J[iBE HX OCOOEHHOCTH.

Ecan yBennunBaTh OT Hyas NPAMOC HANPSIKEHHE, MPHJOKEH-
HOE K JMOJY, TO BHauaje 3TO HaupskKeHWe B KaKoi-To cremeHYu
6yneT KOMIEHCHPOBAThCS COOGCTBEHHBLIM HampsiKeHHeM pn-nepe-
xofia (2TH HanpsixeHHs JelicTBYIOT npyr HpoTHB Apyra). B pe-
3yJbTaTe TOK uepe3 nMoj Oyner HapacTaTh CPaBHHTE/NBHO Mell-
JIEHHO, ¥ B Hauasie HParoll (MOoMOXKHUTEeNbHOH) BETBH BOJbLTaMIEp-
HOH XapaKTepHCTMKH NOsiBUTCSt HeGoabluol 3arub.

Tlpn o6paTHOM BK/IOUEHHHM [HOjia COGCTBEHHOE HampsiXKeHHe
pn-nepexosa conedcTryer, HOMOTaeT BHelIHEMY Hanpsikennio (06a
HanpsixKeHus fAefcTBYIOT B onHy cTopoHy). IToka BHelHee Hanps-
KeHve Maad, moMOomb 3Ta BechMa OI[yTHMa, H TOK pacrer cpasd
puteabHo ObicTpo. Tak mosigasierca 3ari6 B Hauane JeBoil (OTpH-
uaTejapHONl) BETBH BOJbLTAMNEPHOH XapaKTePHCTHKH.
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Mbl pacckasann o moynpoBoaHHKOBOM nuosie Bce. Pasymeer-
Csl, He BCE, UTO MOXHO OBbLIO, H saxke He BCe, YTO XOTEJNOCh, MHI
pacckasaii O NPOBOAHMKOBOM /JHMOf€E TO, UTO HYKHO sJsi o6Jer-
UeHUs 3HAKOMCTBA C TpaH3ucTopoM. KM XoTst myTh k TpaH3UCTOPY
VK€ OTKPHT, Mbl €nie pa3 OTKJIOHHMCH OT CBOeH TJIaBHOH NeJH.
HyxHO 10 KoHUa BBINOJIHHTL CBOH fOJIT Tepes MHONOM: yAEIHB
TaK MHOrO BHHMaHH$i €ro YCTPOHCTBY, XapaKTepHCTHKAM, mapa-
MeTpaM, Mbl [O/MHBL XOTH ObI KODOTKO CKa3aTh 0 npodeccHsix
NOJNYyNpOBOHHKOBOTO I10f14, O CXeMaxX, B KOTOPLIX OH paGoraer.

NPUBOP CKPOMHBIX MPO®ECCHH

Met Ha3BaM MOJYNPOBOHHKOBHI [HO MPHGOPOM CKPOMHBIX
npodeccnil — HMEHHO TAKAM ON NpeACTaB/IIeTCH HAaUHHAIONIMM
H He TOAbKO HAYHHAIOWHM panuomofuTensM. 3T1o mpencrasJe-
HHe, MO-BHANMOMY, CBA3aHO C TeM, UTO yallle BCero juoj paboTaer
B cXeMax BbinpsMHuTesnedl. baaronaps csoeii onnocroponHei mpo-
BOJMMOCTH [HAOJA NO3BOJSIET NPEBPATHTH HEPEeMeHHbIH TOK B IO-
CTOSIHHLIH, & 3TOT MOCTOSHHBIN TOK HyeT Ha BCAKHE BCIOMOTaTesNb-
Hble HYXABL: Vi OHTaHHA PajfHOJaMI U TPaH3HUCTOPOB, AJs 3a-
PANKH AKKYMYJSTODPOB, [Jsi CO3[MaHHS MOCTOSHHBLIX MATHMTHHIX
nosed M T. 1.

HMuorna, npasna, nuony sosepsitor u Gosee TOHKYIO paboTy —
IieTeKTUpOBaHWe pajuocurHanos. Ho u 3gech nuon neqaer To xe,
UTO M B BHINPAMHTENE: MPONYCKAeT TOK TOJBKO B OfHY CTODOHY.
Herekrop — 310 TOXe BecbMa CKpOMHasi, He Tpefyiomias 0co6oro
ofpasoBaHusi mpodeccdss NOAYNPOBOHHKOBOTO JIHOAA.

Onnako ec/u B3MMISIHYTh Ha 1e10 TIY6iKe, OKAKETCH, YTO JHOL
BCerjia BLINOJHSAET ONEPAUUI0 HCKAIOUHTENLHOH BayKHOCTH: OH
MeHsieT OPMY 3]€KTPHUECKHX CHTHAJ0B, Tupeofpasyer HX
crexTp. OKaxercs, 4To [qHO[ AB/ISIETCS [JABHBIM TIPe/iCTaBHTeNeM
HECKOJbKHX BayHEHINX /113 Bcell PaJHOd1eKTPOHHKH npodeccni,
ApPEenCTaBUTENIEM OTrPOMHOH CaMOCTOSTENBHON 06/aCTH — HeH-
HellHOH panuo3/eKTPOHIKH.

Hayuusiuuce onucelBaTh CHrHals ¢ noMomsio rpaduxa (puc. 3),
MBI crienany JHIb noganena. BaxHo ellle cyMeTs TOUHO (MMEHHO
TOYHO!) omucaTh, YeM OfMH CHTHAJ OTJHUAETCS OT PYLOro, B YEM
NOX0XH, a B YeM Henoxoxu MX rpaduxu. OnuH M3 cnoco6os Ta-
KOr0 TOYHOro onMcanus ObLLT mpessioxeH GOJblie CTa JeT Hasaj,
KOrjia HHKaKkod PajiuO/IEKTPOHHKH He Obl1o M B moMuHe. dpan-
nysckuil MareMatuk JKaH-batucr-)Kosed ®@ypoe pewmna samauy
B o0LIeM, TaK CKa3aTk, B aGCTPAKTHOM BH/E, H JIHIIb YePe3 MHOrO
JIET MpPeAJOKEeHHbIE MM cnoco® Hameq TnpHMEHEHHe BO MHOTHX
00JiacTsIX TeXHHKH. B TOM uMciae M B DafHO3/eKTDOHHKE.
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Puc. 24. Cursan cjaoX#H0N (GODPMBI MOMXKHO NMpPEACTaBATL KaK CyMMY CHHYCOH-
JaJbHEX COCTABJAIOIIMX C PA3HBHIMH YacTOTaMiu; Halop COCTABJSIOMEX, SKBH-
BAJIEHTHBIA CJIOKHOMY CHTHAJMy, Ha3biBaeTCA €ro CIeKTPOM.

Ilpencrasbre ce6e, YTO BaM HYXKHO € MOMOINBIO KapThl H3Me-
PUTH IJoWAnb Kakoro-iubo Bogoema, Hanpumep HepHoro mops.
B 3ToM cayuae MOXKHO MOCTYHOHThH TaK: Pa30HTh BCIO MOBEPXHOCTh
Mops Ha KBaipaThl, MOACYHTATDH NJOLIAMb KAXKIOro H3 HHUX, a 3a-
TeM Bce MOJyYEHHbLIE Pe3yJbTaTh Cc/I0XHTh. IIpH 3TOM Ha KapTe
pasMecTsiTca aBa-TPH OGOJbHMIMX KBalpaTra, HECKOIbKO KBaapa-
TOB MOMeHbILIe M, HaKOHEl, MHOXEeCTBO MEIKHX H MeJb4yaHUIHX
KBaJp aTHKOB, KOTODble TOYHO BOCIPOHM3BENYT CJOXKHBIE OyepTa-
HHs Mopckux Geperos (puc. 24).

IMono6ubiM e 06pa3zoM IJIsi TOYHOrQ OMHCAHHS CJ0XKHOTO
CHIHA/1a MOXKHO NPEJCTABUTD €0 KaK CYMMY CTaHIAPTHBIX COCTAB-
JSIOMHX — CHTHAJIOB ¢ PasHBIMH YacTOTaAMH H aMIIHTyAaMH, HO
06513aTebHO ¢ OLHHAKOBEIME 110 GopMe rpadukamu. Hayuusimmce
pa36UBaTh CJIOKHBIN CHTHAJ HA MPOCTHE CTaHAAPTHblE COCTaB-
Jstioge (Mo06HO TOMY Kak Ha KapTe MH pasbuiau YepHoe Mo-
pe Ha COCTABJSIOLME CTAHAAPTHOH POPMBI — KBAAPATH), MOXKHO
Gyzmer LOBOJBHO MPOCTO COCTABHThH TOYHOE OIHCaHHE 3TOTO
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curnana. Hyxuo OylZer nuiub Ha3BaTh HabOp cTaHNaPTHEIX CO-
CTaBJSIIOIINX, KOTOPbIE B CYMME AaIYyT 3TOT CJOMKHBIA CHIHAJ.

B kauectee cTaHnapTHOH cocTaBJAsIOUIEH AJs1 M3MEpPeHHs Mo-
BEPXHOCTH MOpSI MH BbIOpa/JM KBaapaT, XOTss MONJIH BLIGpaTh
APSIMOYTOJIbHHK, POMO, KPYr H MHOXKECTBO APYrHX IIHPOKOH3BECT-
HBIX H XOPOIIO H3yueHHbIX GUryp. Ksanpar Mul BHIGPa/n B OCHOB-
HOM MOTOMY, UTO M3MEPUThb ero MJOWAaAb TNpOolle, YeM TLIOLIAlb
npyrax ¢uryp. Uro kacaercs CTaHAAPTHBLIX COCTABJSAIOINX, H3 KO-
TOPBIX Jyulle BCEro MOXHO Oblj10 OBl COCTARHTBH CJOMKHBIH 3JIEKT-
pHUeCKMi CUTHAJ, TO BBIOMPATh 3TH COCTaBJAIONIMe HAM He TNPH-
herca. MIx yxe naBHo BeiOpasia u y3akoHHsa Hayka. boJsee Toro,
3TH COCTaBJsionIe BHIOpaHw caMolt mpuponoit. M sta uecrts oka-
3aHa NpocTeHIINM CUTHaJMaM C CHHYCOHAAaNbHOI QopMoit rpaduxa.

s Ttoro urtobH JN€TAJBHO TOSICHHTB, NOYeMy HMEHHO
cuHyconla O6biia BeIOpaHA B KayecTBe CTAHAAPTHOM COCTABJSIO-
mie#i, Hy:KHO OBJIO OBl HANHCATH OTHENBHYIO H TIPUTOM NOBOJIbHO
60JbIMYIO KHATY. MEl OrpaHHUHMCS JIMIUB TE€M, UTO BLICKAXKEM IO
3TOMY MOBOJAY HECKOJBKO «3a».

Bo-nepeeix, cHHyCORAaJbHbIE KOJIeGaBHs — 3TO OJHA H3 MPO-
cTeHIIdX W HauboJsiee ecTecTBEHHBIX (OPM [BHIKEeHHS, HOAOGHO
TOMY KaK KBaJapat MJH KDPYyr — mpocrelimas reoMeTpHyYecKas
¢urypa. I'paduxku MHOTHX NPHPOLHBLIX NPOLECCOB — CBETOBLIX
H 3BYKOBBLIX KoJieGaHHH, k0JeOaHWil MasiTHHKA, IBHMKEHHS BOJIH
H MHOTHX APYTHX — IpencTasasior coboll cuuyconanl. Bo-BTOpHIX,
CHHYCOHJa — 3TO eIMHCTBEHHBIH rpagMkK, CKOPOCTh H3MEHEHHS
KOTOPOro mpeacraBgaser cob0H ONsThL-TAKhW CHHYCOMAY. ITO 3Ha-
YHT, 4TO €CJIM Mbl BO3bMEM CHHYCOH/AJbHBIH CHTHAM H HOCMOTPHM,
KaKk M3MeHseTcs CKOpPOCTb ero HapacTaHus Wil yOHLBaHMS,
a 3ateM NOCTPOMM rpauk H3MeHEeHHs] 3TOH CKOPOCTH, TO ONSAThH
MOJYUHM CHHYCOHAY. DTO OueHb BaXKHOe KauyecTBO,TaK KaK MHOTHe
IPOIECCH B 3JEKTPHUECKHX lensiX 3aBHUCAT He OT CAMOH BeJHUHHEL
TOKa WJIM HANpPSIKeHHS, 8 UMEHHO OT CKOPOCTH MX H3MeHEeHHMs.

B xauectse mpuMepa Takoif 3aBHCHMOCTH PacCMOTPHM, pasy-
MeeTcst YOPOLIeHHO, KaK BO3HHKAeT TOK B IENH CIIOAIHOTO KOH-
JeHcaTopa mnoJ AelCTBHEM NEPEMEHHOr0 HAaUPSIKEeHHs.

Kak u3BecTso, cBo6oaHble 3apsiibl Uepe3 NUINCKTPUK, B [aH-
HOM CJ1yyae yepes cJIofy, KOHJeHcaTopa npoiTi e moryr. Ho mog
IeHCTBMEM NPWIOKEHHOTO HanpsiKeHHsi HECKOJIbKO CABUraiwoTcs,
LeopMHPYIOTCST 3/1eKTPOHHBIE OpOUTHL aTOMOB CJIORBL. [Iponcxo-
JMT HEKOTOpoe HeGOoJbIIoe IBHKEHHE 3/IeKTPOHOB (OHO HA3HBaeT-
¢ TOKOM cMelleHHs), Ho 0e3 HX BbIXOAa W3 aTtoMoB. B pesyib-
tare jJeopManun opOHT ¢ ONHON CTOPOHLI AUIJIEKTPHKA (AMEHHO
€ TOH CTOPOHBI, Kylla CMECTHJIHCh OPOHTHI) MOSIBASIETCS OTPUIA-
TeJBHBIH 3apPsill, @ C APYTOH CTOPOHBI NOSIBJSAETCS MOJOKHUTEIbHBIE
3apsan. OTH 3apsabl  (PUTATHBAIOT HJAM  OTTaJKHBAIOT CBO-
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Puc. 25. Tok B uenu KOHAEHCATOPA MPOTEKAeT TOJLKO NMPH M3MEHEHHH Hanps-

WEHHS Ha HEM, ¥ NO3TOMY rpaduKy HanpsKeHHs u TOKA (KPOME CHHYCOHMAH)
pasiH4gHbl

6oauble 3JEKTPOHH B NPOBOAHHKAX, MOAK/JIIOUEHHBIX K KOHJEH-
caTopy, ¥ B 3THX [POBOAHHKAX BO3HHKAET TOK NPOBOAHMOCTH.
OnHako Bce 3TH COGHITHSA — CMelleHHe OPOUT U JBHIXKEHHE 3JeKT-
pOHOB B MPOBOAHHKAX — MNPOHCXOAAT JHMIIL B TOT MOMEHT, KOT/a
MeHseTCs HalpsKeHHe, TOJBEAEHHOE K KOHAEHCATOPY.

Ecau K KOHZeHCAaTopy NIPUJIONKEeHO MOCTOSHHOe HampsikeHHe,
nycTh faxe oueHb GOJBIIOE, TO CMEIIEHHbLle HEKOrja OpPGHTH Ha-
XONATCS B COCTOSIHHU TOKOsSt H HUKAKOro ABUIKEHHS 3apAA0B, HH-
KAKOFO TOKAa B KOHjJeHcaTope M Bo BHeuwHell nemn Her. Ho crout
TOABKO HANpsiKEHHIO M3MEHHTBCS, KaK 3apfAibl COBeplIAT HeKo-
TOPBIA JOMONHHTENbHBIH CIBHI: NPH YBEJIHYEHUH HaNpPSAKEHH:A —-
B OIHY CTOPOHY, NPH yMeHbIeHHH — B APYrylo. OTciofa BbIBOA:
TOK B L€NH KOHIEHCATOpPa NPOTEKAaeT TOJbKO B MOMEHT U3MEHEHU
Hanpsxenus. Y eille oauH BHBOJ: ueM OblcTpee MeHseTCst Hamps-
KeHue, TeM GbicTpee cMellaloTcst 3apsanbl, TeM GOoJblie TOK B HENH.
Bor nouemy rpadHK ToKa uepe3 KOHAEHCATOP MO CYTH jesa npei-
crasaseTr cofoii rpaguk CKOpocTH H3MEHeHH s HalpsiKeHHd,
NPUJIOKEHHOro K 3TOMY KOHAeHcaTopy. I'paduku sTh Bceraa pas-
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JIHYHBL 110 opMe (pHC. 25), 33 UCKJIIOUEHHEM TOAbKO OJHOTO CAY-
uasi — CHHYCOHAa/bHOro HanpskeHusi. TojgbKo CUHYCOHIAJABHOE
HanpsKeHHe cO3/aerT B LENH KOHACHCATOPa TOK TaKoil ke ¢op-
Mbl — CHHYCOHIaNbHbIl mepeMeHHbIt TOK. DTO 3aMeuaTelbHOe H
YHUKaJIbHOE CBOHCTBO CHHYCOHIa/blIOT0 CHTHAJa TMpOSBASETCS He
TOJIPKO B KOHIEHCATOPAX, HO ellle U B KaTymKaX U TpaHchopMmaro-
pax, BO BCeX TaK Ha3biBACMLIX DPEaKTHBHBLIX 3JieMEHTaX 3JIeKTPH-
YeCKHX Ilemnefl.

Hakonen, Tpetbe «3a». Boi6pas KBagpaT B KauecTse cTaHap-
THOH COCTaBJsAIOLLEH NPH Pa3MeTKe NMOBEPXHOCTH MOps Ha KapTe,
Mbl MOXXEM JOBOJIbHO 1IPOCTO PacyePTHTh ITY NOBEPXHOCTh, a ecJH
HYXKHO, Nlaxe paspesaTh €€ Ha coCTaBjsiiolHe. Bripe3ath KBaj-
par u3 GyMmaru He cocTaBiasieT HHKakoro tpyna. [logo6Ho stomy
1060l CNOXHBIH CHPHAJ MOXKHO JOBOJLHO MPOCTO PasfACHHTH HA
CHHYCOHaJibHble (HMEHHO Ha CHHYCOHJAJbHbE!) COCTaBJSIOMHE.
Henaercst 370 ¢ NOMOIMBIO PE3OHAHCHLIX 3JEKTPHYECKHX (HILTPOB,
B UACTHOCTH € UOMOLIbLIO KojiebGaTesbHBIX KOHTYpoB. Takoll KoH-
TYpP COCTOHT U3 COEIUHEHHBIX APYI ¢ APYrOM KOHAEHCATOpPa M Ka-
tymku (Bocnomuuanusa Ne 18 u Ne 20).

Eciu BBeCTH B KOHTYp MOPUHIO 3NEKTPHYECKOH IHEPruH, 3a-
PALMB KOHIEHCATOD HJIM CO31aB MArHHTHOE TOJie B KaTyilKe, TO
B KOHTYpe HauHYTCsA CBOOOAHbIE KoleGaHHs, TOSBUTCA nepeMeHHbIi
TOK. ITOT NPOUECC OUeHb HAOMHHAET KONeOGaHHsa MHTAPHO cTpy-
HEL, KOTOPOH Bbl TaKiKe MepefiaeTe MOPUHMIO SHEPTHH, TPOHYB 3TY
cTpyHy manbuamu. M, nono6Ho oMy kak uacrora konefauui crpy-
Hbl 3ABHCHT OT €€ MACChl H CHJIbl HaTAXKeHHUsi (YEM TOHBIIE CTPYHA
H YeM CHJibHee OHa HATsSHYTA, TeM Bbille yactoTa KoaebaHuil), no-
HOGHO 3TOMY 4acToTa 3JEKTPUYECKHX KO.eGaHMii B KOHType 3a-
BUCHT OT eMKOCTH C KoHjieHCaTopa M WHAYKTHBHOCTH L KAaTyUIKH.
UemM menbiie emkocth C H HHAYKTUBHOCTL L, TeM Bhillle yacToTa
KosieGaHuii.

IlepeMeHHBIH TOK, KOTOPHI BO3HMKAET B KOJeHATEJbHOM KOH-
Type, N0 hopme oueHb GH30K K CHMHycouze (B MAeasbHOM KOH-
Type, 6€3 NoTepb SHEPTHH, IPA(PHK TOKA—3TO HACTOSLLAS, HIECAb-
Hasg cuHycorpa). OnpeneneHubIM o0pasoM BKJIIOUHB KOJeOaTeb-
HBIAl KOHTYD B Ulellb CO CJOXKHBIM CHFHAJIOM, MBI YBHIHM, UTO KOH-
TYP BBILEIHT H3 ITOFO CUTHANA CHHYCOMAANbHYIO COCTABJAIOULYIO
cBOeH COGCTBEHHON 4acTOTHl (€c/iH, KOHEYHO, TAKAs COCTABJSIO-
mas ectb B curvane). [Ipomycrus cioxHbLIi CUrHaa uepes gocTa-
TOYHOE KOJHYECTBO HACTPOEHHLIX KOHTYPOB, MOXHO BBHIEJAHTH H3
3TOr0 CJIOXKHOTO CUrHala BCE ero CHHYCOHMIaJibHble COCTABASIONIHE.
© MoXHO He COMHeBaTbCSs, UTO MOC/IE TPeX BLICKA3aHHBIX «3a»
npocrefilHe CUHYCOHAAbHbIE CHrHalbl OyayT Ges BO3paXKeHHd
YTBEPXKIEHBl B JOJKHOCTH CTAHZAPTHHIX COCTABJIAILIMX CI0XKHO-
ro curdaja. CuHycouaaibHble KoeGaHusa 4acTo HA3KBAKOT rapMo-

63



Puc. 26. Tlop peficTBHeM NepeMeHHOTO HANpPAMXKeHHs B LeNH AHOAA NpOTeKaeT
NYJbCHPYIOIHH TOK, KOTOPbIH COCTOHT M3 NOCTOSHHONH W NepeMeHHOM CocTas-
JIFIOUINX.

HUYECKHMMH, a8 CHHYCOHAAJIbHble COCTaBJSIONINE C/I0KHOTO CHrHA-
Jla — rapMoHHKaMH. JI060il C/I0XKHBEII CHTHAT OPHHATO OQHUH-
aJpHO XapaKTepH30BaTh ero clekKTpoM — HaGopoM TapMOHHK C
yKa3aHueM WX aMIVIATYABL. A pe3yJsbTaT [POXOKIEHHUs CHIHAJIa 1O
KakKo#-/1nb0 ueny MOXKHO OIEHHBATh MO TOMY, KaK H3MEHHU/ICH ero
CIIeKTP, KaKye HOBble TAPMOHMKY NOSBU/INCH B STOM CHTHAJeE, Ka-
K¥e yCHJIW/IHCh, KaKHe ocaabuanch. IMeHHo ¢ 3THX no3uuuit Mbl
paccMoTpuM cefiuac paGoty NOJYyNPOBOIHHKOBOIO AMOAA.

BkioqdM amof B cxeMy npoctefiumiero suinpsiMuress (puc. 26)
W MOABe/ieM K HEMYy CHHYCOMAJbHOE IIeDEMEHHOe HampsiKeHUe.
Iast npoctoTel 6yneM cUNTaTh, YTO KO MMeeT HieaabHyIo XapaK-
TepHCTHKY, UTO €ro o6paTHH TOK PaBeH HYJIO, To ecTh o6paTHoe
comporus/eHHe OeckoHeyHo Besnko. OOBUHO pasHHDAa MeEXAy
NPSIMBIM ¥ 06pPaTHBIM TOKOM MO HACTOJIBKO BEJHKaA, YTO Nop06-
HOe [OTIylleHWe BIIOJHE CHpaBeJ/uBo.

ITon neficTBHEM HEPEeMEHHOro HampsIXKEHWs B LENU AUOAa IOoH-
JeT NyJbCHPYIOIMH TOK — HMIYJAbCH TOKAa OYAYT NOABJIATHLCS

TOJIBKO TOTA&, Korga IMepeMeHHOe HanpsaXKeHne TMPUuoXeHo
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K AMOLYy B npsMOM HanpasieHud. MHeIMM cioBaMu, ToK Gynet
IIpoTeKaTh JUIIb B TeYeHWe OAHOH NOJOBMHH [leDHOAA nepeMeH-
Horo Hanps:Kenus. OTCIOLa M Ha3BaHHe CXEMbl — OJHOMOJYIlE-
PUOAHBIH BBHIIPSIMUTEb.

CrekTp [IOJyYHBLIErOCs TIYJIBCHPYIOUIEro TOKA COMAEPIKHT rap-
MOHMKH ¢ YaCTOTaMHM, KPaTHHIMH 4YacTOTe IIOBTODEHHST MMIYJb-
coB f;. [lepeas rapMoHuKa MMeeT yactoTy f;, BTopas B JBa pasa
GoJiee BBICOKYIO uacToTy fp=2f,, Tperba uactory f3=3f, u TaK
nanee. AMIVIMTYAB FaPMOHHK [lOCTelleHHO YOBIBAIOT — BTOpPAA
oka3sbipaercs cuabee nepsoil, TpeThs caabee BTOPoH, ¥ T. A. C mo-
MOIIbIO PE30HAHCHBIX (HJILTPOBR Bce STH TAPMOHMKM MOMKHO BHI-
JENMUTh M3 MYJbCHPYIOWETO TOKA, TOYHO TaK e, KaK, IyCTHB Bech
Ha6op rapMoOHMK B OOMIYIO LEellb, B HTOT€ MOXKHO MOJYYHTb CHI-
HaJ CJO0XKHOA (OpMBHL.

Kpome rapMOHUK, B IIOJYUHBIIEMCS OYJABCHPYIOIIEM TOKE [nun
eCTh ellle 0JHA COCTaBJAIOLIAsT — NOCTOSIHHHH TOK /—.. IToaBnenue
3TOH MOCTOsIHHOM cocraBjsiouleft cBA3aHO ¢ TeM, UTO, XOTS TOK
B HenH AWOZa BCce BPeMs MeHseTCs, 3apsibl TOMYKAMH, HMNYJib-
caMu [ABMTalOTCs BCErfa B OJHY CTOPOHY. DTO MOCTOSTHHOE CMelle-
HHME 3apPAJOB KakK pas M oroBpakaercs IOCTOSHHOH COCTaBJsAlo-
meit /—. B To :Ke BpeMs W3MEeHeHMe TOKa, ero nyJbcaunu orobpa-
XKalTcsl BCeM HabOPOM TapMOHMK.

ITonynpoBOAHHKOBHI NHOMN B Harileii cxeMe IIPOBOAMT OTPOM-
Hyio paGoTy — OH H3 IIpocTelliero CUHYCOMAA/bHOTO CUI'HaJa COo3-
JaeT OueHb CJIOKHBIA CUrHaJg ¢ GOraThM CIEKTpPoM, ¢ OoJblIuM
YHC/IOM TapMOHMK. B HEKOTOPHIX cXeMax Takoe mpeofpa3oBaHue
CNEKTPa CUrHaJja MCHOoJMb3YeTcsi JOBOIbHO mupoko, ONHAKO B BhI-
NPSAMHUTE/AX BCe [IOJYyUMBLIMECS MAPMOHHKH — 9TO OTXOMABL. 3xech
H3 Bcell NMPOAYKUMH MOJYNPOBONHHKOBOTO JHOLA HYXKHA TOJBKO
MOCTOsIHHAA cocTaBJadoWas /-,

B oxmonoJynepuoaHoOil cXeMe IIOCTOSIHHAs cocTaBjsiiomlas / -
CPAaBHWTE/BHO HeBejHKa — He 6ojee 35% aMIJMTYAB HMIyJabca
ToKa [maxe (puc. 27—1). B To Ke BpeMsi ecTb CXeMbl, B KOTOPHIX
I  oxkasbieaerca BaBoe Gosbuie — noyTH 70% aMIIMTYZBI
HMnyJabca. B 3THX cxemaXx [Js NOJyueHMs BBIIPSMJIEHHOrO TOKA
HCHOAB3YIOTCST o0a mNoJyNepuona I[IepPeMeHHOTro HampsKeHHs,
H Ha3HBAIOTCY TAKWE CXEMBl JBYXIOJYynepHoaHsiMH. Hukakmx
OPUHUMOMAJIBHBIX OTJIUYHH MEXAY ONHO- ¥ ABYXIOJYNEPHOIHBIMU
cxeMaM# HeT. MoXKHO CKa3aTh, UTO ABYXIOJYNEPUOAHAS CXeMa —
5TO CBOEro poJa OCTPOYMHHIA (hOKyc, reHMasbHas IMyTKa AaBHO
3a0bITOr0 KOHCTPYKTOpA.

Onxa H3 NBYXNOJYNEPHOAHBIX CXeM — OHAa TaK M Ha3blBaeTcs
JBYXHOJMynepHoaHo# — QakTHUECKH mpeacTaBiseT coGoil aBa of-
HONOJIYIEPHOHBIX BHIMPSIMUTEN S, BKIIOUEHHHX TaK, YTO OHM pa-
060Tal0T MOOYEPEeNHO H MPONYCKAIOT CBOH BBUIDSIMJIEHHBIE TOKH
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Puc. 27. CxeMH ¢ MOJyNPOBOAHMKOBHIME nHOJaMM (npodoxcexue).
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gyepe3 o6myio Harpysky B OAHOM Y TOM K€ HanpaBJieHUU
(puc. 27—2). ¥ Kax10ro BHOPSIMATENS, Y KaXKA0H MOJOBHHKH Ta-
KOH CXeMbl CBO#l COGCTBEHHbIH UCTOYHUK MepeMeHHOro Hampske-
HUs, CBosi BTopuuwass obmorka tpaHcdopmaropa—II’ u I1”.
TlpakTuyecku pia yno6cTBa HAMOTKH 5TO OfHA BTOPHYHAs 0OMOT-
Ka, faoumas yABoeHHoe Hamnpsi:KeHHe, OT cepeiHHbl KOTOpOil che-
JaH OTBO..

B apyrom aByxmoiynmepMOAHOM BhIIPSIMHTEJE — €r0  CxeMa
(puc. 27—3) Ha3mBaeTcs MOCTOBOH WM MOCTHKOBOH — TOJBKO
OJIMH MCTOYHHK MEPEMEHHOrO Hampsi:KCeHHs, HO OGnarofaps [ByM
JZOMOJIHUTENbHBLIM AMOAAM U 30ech YAAeTcs UCNOo/b30BaTL 06a mo-
nynepuona ans co3pamus toka /—. B ofeux 3THX AByxmoJynepu-
OJIHBIX CXeMax MOCTOSIHHAS COCTABJSIONIAs BLINPAMJCHHOIO TOKa
pocruraer noytv 70% ot Jumaxe.

Harpyskoii Bcex HamMX BHIIPSMUTENEH, KAK BUIHO U3 CXEM,
ABJISIeTCS HEKoe YCJI0BHoe comporuBieHue Ry Tlpaktudeckn xe
Harpy3kod Moryr ObITh aHOJHbLIE WM HAaKalbHbIE leOH pajnuo-
Ja, 3JeKTPONBHrateNs, TPaH3UCTODHBLIH YCHAMTeNb, 0OMOTKA
3JICKTPOMArHUTA, 3apsKaeMblii AKKYMYJAATOP, H3MepHTENbHbIN
npubop M npyrue norpeGUTENH.

Jo cux mop BMecTe ¢ NOCTOSIHHOH cocraBasiouied, Kortopas
Hy2KHa Harpyske, Mbl OPONYCKal¥ 4YEPe3 Hee ¥ BCE NepeMeHHbe
COCTaBJSIONIHME HMIY/ILCHOIO TOKA, BCE €F0 FapMOHHMKH. B Heko-
TOPBIX CAYYasx FAPMOHMKM He BPelsT [Ny, HO Yalle UX HEJlb3s
NyCKaTbh B Harpy3Ky — OT BLINPSIMUTENs, KaK NpaBHJo, Tpebyercs
YUCTBIH» MOCTOSHHBIA TOK. OTHe/eHHe HepeMeHHBIX COCTABISIO-
HIMX OT MOCTOSIHHOH OCYUIECTBJSIETCSI C NOMOUIBIO 3J€KTPHUECKHX
(pUILTPOB.

TTosHocThI0 M36ABUTHCS OT NEPEMEHHBIX COCTAB/SAIOIIMX Bbl-
NPSIMJICHHOI'O TOKAa NPaKTHYECKU HeJib3si, 14 3TO W He HYKHO.
Hyxuo numis ocnabuth MX B ONPElEJCHHOE YMCIO Pas, ¢ TeM
41o0bl 3TH NEPEMEHHBIE COCTABJAIOUIME CTANM 3HAYMTENBbHO CJa-
6ee mocrosiHHOHM. A 4ToOb! 0C1abMTH llepPEMEHHBIH TOK, WAYUIMH
B HAarpysky, HYXHO CO3AaTh AJsA Hero Oosiee JeTKuH 00xojHbIi
nyTh. Ilpuuem 310T 06XOMHBIA MYTh NOJMKEH OBITH JIETKHM TOJbKO
JJ15i NEPEMEHHbIX COCTABJSIOMMX, HHAaue BMECTe ¢ HUMH MBI ocJia-
GUM H NOCTOSHHYIO cocTaBiasiomyno /-,

ITpocrefiiuuM (QUALTPOM BHIIPSIMMTE/S MOMKET CAYXKHTH KOH-
neucatop Cgy, OONKTIOUEHHHH  napasienbHo  Harpyske Ry
(puc. 27—4). TlocTOSIHHYIO COCTABASAIOINYI0 3TOT KQHAEHCATOP
(kaxk ¥ BeAKME Apyroiil) He mpomyckaer, a Ans mepeMeHHON oH
BesieT ce0si Kak PE3HUCTOP, CONPOTHBIEHHE KOTOPOFO X¢ 3aBHCHT
ot 4actoThl | u emxkocth Cy (Bocnomunauue Ne 13).

EMkocth Konnencaropa Cy BEIOMpPAIOT C TAKUM pPacCyeToM, 4TO-
6Bl ero conmpoTHBIeHHe X¢ OblIO 3HAYMTENLHO MEHbIIe, YyeM Ry
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IJsl NMepBoH rapMOHUKH BHINPSAMJEHHOrO TOKa, TO €CTh IJIS €ro
caMO¥ HM3KOUaCTOTHOW CHHycouaasabHOH cocrtaBasiomeit. Ilpu
3TOM MCXOAAT U3 TOro, YTO eCJ¥ KOHAEHCATOP HOCTATOYHO XOPOLID
OTBOJHMT OT HArpPy3KH, AOCTATOUHO JIETKO NpOMycKaer uepe3 celd
NepPBYI0 FaPMOHHKY, TO OH €lie Jierye NMPOMYCTUT BhICIIME TapMo-
HHKH, UMelomue GoJiee BbICOKHE YyacToThl, IOTOMY UTO €MKOCTHOE
COMPOTHBJ/IEHHE KOHJEHCATOPA yMEAbINAETCS ¢ 4aCTOTOH.

B Tex ciyuasdx, korna HyxHa Gojee TmaresabHas GUALTpaUUT,
GoJiee TOHKAs OUHCTKA BHIPSMJEHHOTO TOKA OT MEPEMEHHLIX CO-
CTaBJSIOUINX, MOXKHO NPUMEHHTDL 6oJiee CJI0XKHbBIE (HABTPLL

B Il-o6passoM ¢uabTpe ¢ pesuctopom (puc. 27-—5) yxe 3Ha-
KOMBbIA HaM KoupeHcaTtop (3fech ou HaswniBaercss Cyg) BHIIOMHSIET
cBOM OObIuHble 06SI3aHHOCTH — HAKOPOTKO 3aMHIKAET NepeMeHHbe
COCTaB/IsAI0IIHe, OTBOAUT HX OT Harpyskd. Ho B 3r0fi cxeme 3a-
Javya Hauwero KoHaeHcaropa ofJ/eryaercs, Tak Kak emle A0 Hero
duabTpanuio ocywecrsaser 3sedo CyRy. EMKoCTHOE cONpOTHB-
aeHne KoHaeucatopa Cg; 3HAUUTEIbHO MeHbIiue, ueM Ry, U mepe-
MEHHbIE COCTapasAloiue B 3HAUNHTEJBEOH CTemneHHd 3aMbIKAIOTCA
yXe yepes 3TOT KoHaencarop. HemocraTok ¢uibTpa B TOM, UTO
U NOCTOsAHHAA COCTABJAAIONIAs, MPEXKe YeM oHa pobepercs A0 Ha-
TPY3KH, [0JXKHA NPEONOaeTh compoTHBiaeHHe Ry. Ha conporus-
JeHHH Ry TepsieTcsl 4acTh 3HepPTHM MOCTOSIHHOTO TOKA4, U H3-34
9TOro, KakK MbI ceituac YBHAHM, HECKOJILKO CHHXK3eTCg NOCTOAH-
HOE€ Hamnpsa:xeHde Ha Harpyske.

Ot Takoro nenocraTka cso6omex npyro#t I1-o6pasubiii puALTP
(puc. 27—7), B KoTOopoM BMecTo Ry BKAwUen npoccens Jp. Wu-
JNYKTHBHOE CONMPOTHBJEHHE X, B OTJHYHE OT EMKUCTHOTO X,
YMEHBIIAETCS He C POCTOM, a ¢ yMeHblueHueM uacToTh (Bocmo-
mMusanue Ne 15), a [Isi MOCTOSIHHOrO TOKa WHIAYKTUBHOE COMpO-
THBJIEHUE BOO6IU.€ PaBHO HYJIIO. HOSTOMy NOCTOAHHAsSA COCTARBJIAZIO-
mwas /. BcTpeyaeT JHIIb AKTHBHOE CONPOTHBJEHHE TPOBOAOR
Apoccenis, a OHO HeBeJHKO. B TO jxe BpeMs nepeMeHHbIM COCTaB-
JAIOMHM JIpOCcesab OKa3blBaeT Godblioe conpoThBiende. Takoi
GuALTP XOTS M CTOMT CPaBHHTEAbHO AOPOro (BO BCAKOM cayuae,
apoccenb Up Gosnee cioxHas W A0pOras Aeralib, YeM pE3UCTOp
Rg), 3aTO NOYTH He CHIKAET BHINIPSIMJIEHHOrQ HampsKeHHs

Y, nakonen, eme oxHa cxeMa (GUALTPA, NpUMeHseMass cpab-
HUTeNIbHO uydcTo (puc. 27—6). Ha Buxoze storo ¢uibTpa MBI
HoJiyyaeM [Ba MNOCTOSIHHBIX HanpseHWs — Upun—1 M Ugun—o
IlepBoe u3 HUX OT(HHUIBTPOBAHO Xy¥Ke, BTOpoe — aAyume, Ho 3aro
TOK lpun-; HE NPOXOIUT uepe3 Ry He TepseT HA HEM SHEepruH,
v Hanpaxenue Upun_1 OKaseiBaercs Gosbuie, ueM Upyp—o. Tloses-
HOCTb TAKOH CXeMhbl CBA3aH4 C TeM, YTO B PeaspHOH ammaparype
He BCe y3JBl TPeGYIOT BBHIIPSMJIEHHOTO HANPAXKEHWUS, OAMHAKOBO

XOPOIIO OUUIEHHOTO OT rapMoHuK. Tak, Hanpumep, Npu NHTAHWH
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HEKOTOPBIX MOIIHBIX YCHJMTeNeH MOXKHO JOMYCTHTh, 4TOOH MOIL-
HOCTh TapMOHHK cocraBiasia 1—29%, obyieii MOIHOCTH MHTA0-
mero Toka. B To e BpeMms AJs1 MHKPOQOHHBIX YCHUJAUTEJEH MOILI-
HOCTb TFapPMOHWK B MHTAOMIEM HAMpSXKEHWW He HNOJ/IKHA NpeBH-
MaTh HECKOJbKHX THICAUHBIX foJiell NPOLEHTA.

Kak supMTe, 3/eKTpUYecKre QUIBTPH BMECTe C AMOACOM yuacT-
ByloT B mpeoGpasoBanud (OpMbl CHTHaJa, B HAleM Cciayuyade —
B Npeo6pa3soBaHUH TepeMeHHOro TtokKa B mocrosHubiilt  JlHox
YCIOKHSIET CHEeKTP CHMIHAaJa, C03[4deT B HEM HOBble COCTABJSIO-
mue. OUuabTpel, Ha060POT, YNIPOULAIOT CHEKTP, MOAaB/fAs HEKOTO-
pele ero cocrapiagiomue. JJeKTphUueckue (QHABTPH — 3TO BaX-
Hefimye d, MoXKaJnyi, caMble pacnpoCcTpaHeHHbe dNeMeHTH paano-
3JIEKTPOHHBIX ycTpoiicTB. Mpt 6yfileM ¢ HUMH BCTPEYaThCsi HA Npo-
TSIKEeHHH BCeHl KHHIM H IOCTENEHHO YBHAMM, W3 KakHx coolpa-
XeHHi B TeX HWJAM WMHBIX Clyyasx BbIOMpAlOTCa 3JIEMEHTHI
tdunbTpa.

Tak, manpuMep, yxe cefiuac HeTPyZHo coo6pasuTh, uTo He-
o6xonuMasi €MKOCTh KOHIEEHCATOPOB (DHJAbTPA BLIPAMHTENs 3a-
BHCUT OT TOrO, HACKOJbKO HYKHO OUMCTHTH BHINPSAMJEHHBIA TOK
OT TFapMOHHK, 4 TakKXe 0T BeJIMUHHBl CONPOTUBJICHUS Harpysku
Ry Uem meubuie Ry, TeM MEHLIUMM AOJKHO OBITH U HMIYHTHPYIO-
Liee HArpy3Ky €MKOCTHOEe CONPOTHBJEHHe KOHIEHCATOPOB, TeM,
cjaenoBaTesAbHO, O0Jpweld AOMKHA ObITh UX €MKOCTb

EMKOCTb 9THX KOHIEHCATOPOB 3aBHCHT TaKXKe H OT BHOPauHOH
CXeMbl — B ABYXNOJIYAEPHOJHHX CXeMax 4acCToTa CaMoii omnacHoi
(camoii HM3KouacTOTHOH) mepBOfi rapMOHMKM B JBa pasa BbIlIe,
yeM B OJHOMOJYHNEPUOAHOH CxeMe, TaK KaK HMHOYJAbCH TOKa cie-
AYIOT B AiBa pa3a yame. A 9To 3HAUUT, UTO €MKOCTb QUILTPA KOH-
JeHCATOPOB B ABYXNOJYNEPHOLHOM BHINPSMHMTE]Ee MOXKeT ObTh
B JABa pasa MeHblue, yeM B OIHONOJYIEPHOLHOM.

(Tpomie Bcero, koueuwo, npu Bebope Cy; U Cye UCXOAUTH U3
NpaBuaa «yeM 6OJblIe eMKOCTb (QUAbTPA, TeM Jyulle», HO TaKOH
HOAXOM MOKeT NMPHUBECTH BAC K CEPLE3HBIM 3aTpynHEHUAM, NpH-
yeM He TOJBKO CXEMHBIM, HO U (DHHAHCOBBIM.)

EMKocTh nepBoro kouaexcaropa ¢uastpa Cei(Cy) (B cxeme
puc. 27 —4,5,6,7) Bauser He TONBKO Ha QUABTPALKIO, HO K Ha Be-
JUYUHY BHIOPSMJIEHHOr0 HampsixeHus. MoXHO CYHTaATh, UTO 3TO
HAnpAXKeHHe CO3/3eTCs HA HArpyske MOCTOAHHOH COCTAaB/ALIEN
10ka I- u, cornacdo sakony Oma, uncnenHo pasHo U— =/_ Rg.
IMpex e uem rosoputh o Bausunn Cyg; (Cy) Ha Hanpsaxenne U,
HecKoMbKo CJ0B eme o6 ofHod CKpoMHOH mpodeccnt muona —
0 ero pabote B KayecTBe OrpaHHudTesd

HapaiiTe BMeCTe ¢ mNepeMeHHBIM HaNpsiKeHHEeM ToLBeLeM
K IHOJY MOCTOSIHHOE, MPUUYEM TaK, YTOOH 3TO MOCTOSIHHOE Hampsi-
XKEeHue 2ANUNANO MTHON. NTeHCTRORANO Ha Hero He B MNDAMOM,
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a B ofpaTHOoM HanpasJjeHnu (puc. 27—8). B 3ToM caywae auon
He OyleT NponyckaTs TOK HE TONBKO BO BpeMsi OTPUILATE/IbHOrO
nojsynepuoaa nepeMeHsoro Hanpsikenus U., HO B TeueHHe He-
KOTOPOH 4acTH NOJIOKHTENBHOTO moaynepuona. ToNbKO mnocae
TOrO, KaK nepeMenHoe Hanpsixenue, JeificTBWOLLEe BO BpeMs mo-
JIOKHTENIBHOTO TMOJYyNepuofa NpOTHB MOCTOSHHOIO Uqgp, NMOJMHO-
CThIO CKOMIIEHCUPYET €0, TOMBKO NOC/de 3TOr0 AMOJ OTKPOETCH —
HauHeT NPONYCKAaTh TOK.

Bpems cyiiecTBOBaHHSI TOKA 3aBHCHT OT COOTHOIIEHHS NOCTO-
AHHOTO H nepeMeHHOro Hanps:KeHuil. YeMm Goavme Ugy, TEM
JOJIBIIE JHOA OCTaeTCs 3aKPHITHIM, TEM MEHbIle BPEMEHH CyLIecT-
BYIOT UMIIYJIbCH TOKA, WM, KAK FOBOPAT HHAUe, TEM CHJbHEe OHU
nojpe3ans cuusy. Takoe orpaHnueHHe TOKa «CHU3Y» OGHUHO Ha-
3bIBaIOT ero orceukoil. IlnaBuo uaMmensia Ugrp, MOKHO pPEryJupo-
BaTb crenedb orceuku (puc. 27—10). Ecau Uorpy Gymer Goanbiie,
YeM aMILIMTyAa nepeMeHHoro HanpaxeHUs U. vaxe, TO AHOA He
OTKpOeTCs HHKOTAa M TOKa B €ro Lenu BooOlle He Oyler.

B npyroit cxeMe nuon paGoTaeT OFpaHMYMTENEM N0 MaKcHMY-
My, cpe3aeT BepXylIKy UMnyJaeca Toka (puc. 27—9). 3xeck auox
A 3anepr, npuyeM 3anepT JHIIb B HEKOTOPOH UACTU TOJIOKUTENb-
HOrO TNONYyNepHona, a B Hauaje U B KOHLE 3TOFO NOJYNEPHOAA OH
OKasriBaerca OTKpHTHIM. Korpa anon s OTKpHBaercs, TO CHIABHO
HIYHTHPYET CBOUM HeGOMBIINM NPAMEM CONPOTHBIEHHEM HArpya-
Ky Ryy. Ilpu stroM Bech TOK ujuer uepes s, U uMOyJAbC TOKA [up
OKa3blBaeTcss OrPaHHUEHHHM CBEpPXY.

Tenepp BepHeMCHl K BHIIPAMHTENAM.

Hns Toro uToGE! JleFué GEUIO NOHATE, UTO NPOUCXOAUT B CXEMe,
KOorjla B Hell JeHCTByeT NepPeMeHHOe HaNpsKeHHe, MOXKHO «OC1a-
HOBUTH MTHOBeHbe» ¥ paccCMaTpHBAaTh 3TO HaNpsiKeHHe KaK no-
CTOfIHHOe, JeHCTBYIOllee TO B ORHY, TO B ApYyrylo cropoHy. Yacro
MOXHO BHJeThb, Kak DafHOMIOGUTENH FOJB3YIOTCA TaKUM YIpo-
LIEHHBIM METOJOM, M PacCy:KAeHHs WX NPH 5TOM BHIVIAAAT NpH-
MepHO Tak: x..Ecam 3pnece «mmocs, To 3meck «MuHyC»... Ecau
3TOT «MHHYC» MeHBIIE 3TOFO «MJI0CA», TO B UTOTe GYAET «IIHCH..,
DTOT «NAOC» COENMHEH C 3THM «MHHYCOM», 3HAuMT, 06a HCTOu-
HUKa JeHCTBYIOT B ORHY CTOPOHY..» M T. &. [IpuueM oGosnauenus
<IIOC» H «MHMHYC» OTHOCAT W K NepeMeHHHIM HanpsXKeHUsM, HO
OpY 3TOM, ecTeCTBEHHO, YUHTHIBAETCS, YTO «IJIIOC» H «MHHYC»
V HHX HenpepelBHO MeHsloTcd Mecramu. ITonoGHoe oTHOwEHHE
K flepeMeHHOMY HanpsiKeHUIO ABJNAETCH, KOHEUHO, YIPOLIEHHEM,
HO HaM TaKoe YNpouieHHe U HYKHO.

Ha HeKOTOpHIX CXeMax BO3Jjle reHepaTopa, rfie AeHCTByeT He-
peMeHHoe Hanps:KeHHe U, BH yBUJHTE MAapH <«IJIOCOB» U <MH-
HycOB», a HajJ KaxAo# Takoli napolf Ha 4epHOH TOYKe CTOMT
LWITPHX UM ABa wTpHxa. OHU-TO M [OKa3HBAIOT, KAKOMY MOJY-
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NEPHORY COOTBETCTBYET Ta HJW HHAsd Mapa <«ILIoC» «MHHYC», Ta
WIH HHAas NOJAPHOCTE (BpPeMEéHHasi!) lepeMeHHOro HanpskKeHHs.

B cxeme puc. 27—11, Tax Ke Kak u B orpaHnuntensx (puc. 27—
8, 10), Ha nuox scerna ReHCTBYIOT ABa HAlpsiKeHUA — NepeMeH-
HOe ¢ aMnAUTYAOH U~ yake M NOCTOAHHAH COCTABAAOLLAS BH-
NpAMAEHHOro Hanpsokeuus. Ilpuuem nocrosiHHoe HanpsKedde,
KaK i B OrpaHHudTeNe, NeHCTBYeT B O6paTHOM HANpaBJeHHH, Aeil-
CTBYeT NPOTHB MEPEeMEHHOro, KOrja OHO oTnupaer auoA. M no-
3TOMY AHOA B BHIIpAMHTeNe Bcerna paboTaeT ¢ OTCEUKOH ToKa.

Ot vero ke 3aBHCHT BeqMuMHa Hanpsedns U, Kotopoe
BMO/IHE MOXHO Ha3BaTh OrPaHHYMBAIOLIUM HanpsxeHueM? Mel
yxe rosopuan (crp. 71), uro U~ npexie BCero 3aBHCHT OT
NOTPe6ASEMOro BHIPAMAEHHONO TOKA, @ 3HAUYHT, OT CONPOTHBACHHS
Harpy3kn Ry Ho kpoMe roro, Beinuuna U 3aBHcHT eule W OT
eMKOCTH Kouuercatopa Cg, (Cy Ha cxeme pHc. 27-—4).

Ileno B TOM, 4TO BO BpeMs MOJOKHMTENBHHX MOJYIEPHOIOB, TO
€CcTb KOTla AUOA AponyckaeT TOX, 3TOT KOHAEHCATOP 3apsKaercs
A0 aMOAHTYnaHOro HanpaxkeHHsd U~ make, @ BO BpeMs oTpulua-
TeJIbHEIX TIOJYNEepPHONOB OH paspsxaercs uepe3 Harpysky Ry(Cer
He MOXeT DPa3pgAHTbes uepe3 reHepaTop — AHOX 3TOTO HE AOMY-
ctuT). Yem Gonbime eMKocTh KOHfeHcatopa Cg; M ueM MeHblie
noTpeGasieMEIl OT HEro TOK (TO eCTh ueM 6ojblue CONPOTHUBJCHHS
Ry), TeM MenneHHee paspsiKaercs ITOT KOHAEHCATOP, TEM MeHb-
e NyJbCal¥H BHOPAMJEHHOTO HAaNpsiKeHus U OGoJbLIe ero no-
CTOsiHHas cocrasasiiowras U~ (puc. 28). Orcioma MOXHO cle-
JlaTb Cpasy ABa BHIBOAA — OJHH NPUATHHIH W OAWH HENPUATHHI.

[IpuaTarii BHIBOZ Takoii. Ysenuuusas Cg1, MOXHO MORHATH
MocTosiHHOe Hanpsixkenune U— BIIOTH A0 aMOIUTYAB NEpeMeHHO-
ro HanpAxeHua U~ waxe. DTO 3HAUUT, HANpHUMEp, UTO eCaH HOA-
BECTH K BHIIPAMUTENO HanpsakKeHte 6,3 8 ¢ 06MOTKH HaKaaa jaMn
CHJIOBOTO TpPaHCOpMaTopa, TO MOXKHO Toay4yuTh U~ okono 9 8
(npu >¢0dexkTHBHOM HanpsKen:u 6,3 8 aMmIMTYAa AOCTHraer
6,3-1,4=8,8 6; cM. cTp. 148). Anasoruuso IIPAMO OT CeTH C Hanps-
KenneM 127 8 MOXHO NONYYHTH NOCTOAHHOe HANpPsAXKEHHe N0
180 8, a or cetn 220 8 — no 310 8. He 3a6yabTe, 4TO 5TO MaKCH-
Ma/lbHO BO3MOXHHE BeJNYUHH. B 1eHCTBUTEBHOCTH MOCTOSHHOE
HanpsxKeHHe MeHEBLIe, NPHUEM TeM MeHbIIe, YeM Gosbuie nortped-
JAAEeMBIH OT BLIIPAMHTENS TOK.

Tenepb BTOpOH BEIBOR — AMOJ MOJKEH UMeTb TPeXKpaTHbil
3anac no oOpathoMmy HanpsxKeHuro. [Ipy noctaTouHo GoJbliof
eMkocTH Cg; ¥ HeGoabiioM Toke /—, a KpOMe TOro, BO BCeX Cay-
uasx XKU3HH npH oOpriBe uenun Ry wanpaxenue U_ npumepno
paBHO aMmnuTyne nepeMeHHOro U~ y,c. A 3T0 3HAuuT, YTO BO
BpeMs OTpHIATENLHOrO (0OpaTHOro0) mnoJynepuopa, KOraa IHOA
He NpONyCKaeT TOKa, K HEMY NPHJIOKEHO ABa COracoBaHHO Aeii-
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Puc 28 Yem Gosbluie eMKOCTb $U/IbTPA M YeM MeHblie norpebasieMbiii OT Bbt
NpAMUTE/IA TOK, TEM 6OJlb[IJe TMOCTOAHHOE HanmeeHue Ha Har‘pyaxe, TE€M MEHbHIE
nyJIbCalKH BHINPAMJIEHHOTO HANPAXKEHHS

CTBYIOIAX U PaBHBIX HanpsikeHus U~ #u U-yake. A nocKoNBKY
Uovae~1,4 U~, 10 06uee o6GpathHoe HalpsxeHHe Ha JHOME
mocruraer 28 U~ (ans xpyrioro cuera npumem 3 U.). Orciona
H CaM BEIBOJ — MOAGHPATH AHOA ANS BHNDPAMHATENA HYXKHO C Ta-
KUM pacueToM, YTOOH nonycTuMoe o6paTHOe HanpaXKeHHe AUOAA
Us6p — zon  OHJIO B TpU pasa GoJbmie, uem 3¢ {PeKTUBHOE NePEMEH-
Hoe HanpsiXKeddHe U. noasoauMoe k BHIIPAMHATENIO.

L8 MOCTOBHIX CXEM, IZe B KaXKJ0e MJeuo NOCAef0BATENBHO
BKJIIOYEHO [ABa AUOAA, 3alac HamnpsKeHHd Aa9 KaXKIOTO M3 HHUX
HYXKeH JULIb NONYTOpHHM. [TonyTHO 3ameruM, 4ro ecau 3amaca
3JIEKTPHUECKOH NPOYHOCTH y AMOAA HE XBAaTaeT, eC/H JNOMyCTHMOE
00paTHOe HaNpPAXKEHHe y HEro CJMIIKOM MaJio, TO BO BCeX CXeMax
MOXHO BKJ/IIOUATh HECKOJIBKO ORMHAKOBHIX AHOAOB NMOCAEROBATENb-
HO BMecTO oaHOro. I[Ipu 3TOM RHOAE HYXHO 3aIIYHTHPOBATH
ORMHAKOBHMH conporuBaeHusamu no 30—100 kom (puc. 27—
14), uro6H ypaBHATL OGpaTHBE CONPOTHBJECHHS AHOAOB H YTOGHI
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o6paTHOe HaNpsKeHUe pachnpefesdnoch Mexly HHMH [MODOBHY.
Ipu nocneposatenbHoM coefuHEHHH Uggp—non BCEX OHOLOB CYM-
MHpYeTcH.

[Tpu suiGope aHOIa MO BeAMUYHHE HAHOONBIIErO NMPAMOTO TOKA
Inp—_maxec pacueroB pejars He HYXHO. B rab6aunax I—5 yka-
2aH JONYCTHMBbIH CPeAHHA BLIIPAMJIEHHBIH TOK [pum H YyXKe
YUTEHO, UTO WMIYJbC TOKA MOXKET GbITb B JBa-TPH pasa GonbuIe.
Ecan HyXHO YBeIMUHTb JOMYCTHMYIO BEJMYHHY TNpSMOro TOKQ,
BKJIIOUAIOT NapanjebHo HECKOJbKO OAMHAKOBHLIX Auonos. Tak,
HanpuMep, NPH napajjenbHOM BKJIIOYEHHH TPeXx AHOAOB obmiast
BenuunHa lpyn GyReT B Tpu pasa Oodablie, 4yeM AJAsS  OJHOrO.
Yro6pl BcEM AHORAM AOCTaNach PaBHas A0as o6mero ToKa, BKJIO-
YaOT BLIPABHHBAWOIUKE pPE3UCTOPH ¢ HeGoasmuMm (1—5 om)
i 0643aTeqbHO OAWHAKOBHM CONpOTHBACHHEeM (pHc. 27—15).
(B HEKOTOPHX BHINPAMHUTENAX TOK B MOMEHT BKJIOUEHHS MOXKET
B HeCATh —IBAALAThH Pa3 NPEBHUIATE CPEIHUH BHNPAMICHHEIH TOK.,
Yrto6rl anonx B 3TOT TPYAHHIH MOMEHT He BHILEJ M3 CTpOd, nocae-
IOBATENLHO ¢ HUM BKJIOUAOT Pe3UCTOP ¢ HeGOoJBIUMM CONPOTHB-
aedpeM 5—10 om.)

B kauecTBe «6eCNNaTHOTO NPHJIOKEHHA» MO3HAKOMHUMCH ¢ OA-
HOU OCTPOYMHOH CXeMOH cIfaceHHs JTHOAa OT OnacHOro o0paTHOro
HanpsixKeHausa (puc. 27—16). Dra cxema NPUMEHAETCH MOYTH BO
BCEX BOJILTMETPAX, FAe GOJbNIOe NMEepeMeHHOoe HaNpsKeHwe HyxK-
HO H3MeDHTh ¢ MOMOLIEID CTPET0YHOrO npHbopa MNOCTOSAHHOrO
Toka. Jlng 3Toro npexjae Bcero UCMOMB3YIOT NMPOCTeRIIUA BHNPA-
MHTe b — auon i, KOTOpH NMOx AeHcTBHEM H3MEPAeMBIX HaNps-
XEHHH co3maer B uend npubopa nocrosHHMHE TOK. [Ipu 3ToM,
©CTeCTBEHHO, 110 OTKJIOHEHHIO CTPEJKH MOXKHO ONpeneisTk BeJH-
YHHY MNoABOARMMOro Hanpsxenus U,

Ho o6paTHoe comporuBieHne MOXKET okasaTbcst Oosblie 10-
6aBOYHBLIX COMPOTHBJEHHA BOJLTMETPA, M TOrAA NpPH H3MEpEeHHH
[OCTAaTOYHO BeicOKOro U.. amon MOMXKeT BuiiiTH M3 cTpos. Y umeH-
HO B TOT MOMEHT, KOTZla Ha Hero AeHCTByer obpaTHoe Hanpsaxe-
HHe. DTy BO3MOXHOCTE KaK pa3 u HcknwouaeT auon H.. Bo Bpems
ob6paTHHX aas [, noaynepuonos nuox s nponyckaer TOK U yH-
TUpyeT yuacTok ab. [Toaromy conporuBieHue yuactka a6 HUKOrAa
He GriBaer GoNbIIMM H HanpsxkeHwe Ha J[, naxe B o6parHue Aas
3TOTO NHORA MOJYNepHOoAbl He mnpeBbuuaer pojeld sonbra. Takasd
CXeMa 3aUIMTH BHINPAMAAIOMEro AHOAa NpUMeHsAeTcs B GONbIINH-
CTBe aBOMETPOB.

Ham npeacront mno3HakoMuTbca eme ¢ oAHoH Ifpodeccueil
nMona — ¢ perekruposanuem. Co6CTBEHHO TOBOpPH, B IETEKTOpE
nnon paboTaeT Tak Ke, Kak BHIpsaMHTene. [naBHas ocoben-
HOCTb B TOM, UTO B MojasasionieM OGONBUIMHCTBE CJyYaeB —
B YacTHOCTH, B NPUEMHHKAX H TEJNEBH30Pax — JNETEKTHPYETCH BH-
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Puc 29 HuskouacrorHas cocTaBAsiollas [PONETEKTHPOBAHHOrO CHrHANA —
9TO KOMHf HU3KOYACTOTHONC CHCHAJA, KOTOPHI Ha MepefaTuke OCYWIECTBJASN
MO YJISIHHIO,

COKOYACTOTHBIA CMTHAJL H IJSt 3TOFO NPHTOAHH JHIUb TOYEUHbIe
auonbl  (puc. 20).

B tunuuHoii cxeme meTektopa (pnc. 27—21) nepemeHuoe Ha-
npamenne Upy_yoy NOABOAMTCS K AHOAY C KOJe6GaTeLHOTO KOH-
Typa LxCy, KOTOPBIH B CBOIO Oyepelb MosyyaeT CHrHas JHGO He-
HOCPeACTBEHHO M3 aHTEHHBl, JHO0 OT NpefBapHTENbHOTO YCHJH-
Tenst BLICOKOH yactorel (BY). ITepeMennoe nanpaxkenue Upa—wor,
MOJBOAMMOE K IeTEeKTOPY, MOAYJHPOBAHO N0 aMIIATYxe (puc.29).
ViMeHHO B M3MEHEHHAX aMILIMTYABl CHTHasa 3anMcaHa Ta HHOOp-
Mauus — peub, MysblKa, Tejerpaubie 3HaKu,— KOTOPYIO pamuo-
BO/IHBl NMPHHEC/H C Nepefamomiell CTaHIHH K NPHEMHMKY. Bhige-
JUTH 3Ty HHOPMaIHIO — BOT 3ajaua [eTeKTopa.

Cam moayaHpylouuii CHrHas, KOTOPLIfi Ha NepejaTyHKe OCTa-
BHJI CBOH «OTNEYATKH» Ha BBICOKOYACTOTHOM CHIHaJje,— 3TO CHI-
HaJl HU3KOH YacToTel. Mbl nosyumin Obl ero rpaguk, ecan Ovl
COeMHUJIH AMIVIATYAB BEHICOKOYACTOTHOTO TOKa NYHKTHPHOM Jin-
HHell (uacTo NMPHMEHSIOT BEIPaXKeHHE <HH3KOYacTOTHas orubaio-
wasn»). Ho To, uyTo serko caenath KapaHaamioM, He Tak-TO [pPO-
CTO MOXKEeT HNOBTOPHTL 3JeKTpHueckas nenb. M He Bcskas wenb
MOXeT «IpO4eCTb», YTO 3aMNHCAHO B paZHOCHTHAJe, He BCcAKad
Uenb MOXeT OOHapyXHThb, YTO AMILIMTYLa €ro MOAYJHPOBaHA.

B coexTpe MOAY/JHPOBAaHHOTO CHrHaJa HeT HH3KOYACTOTHOH
cocraBgsomed (puc. 29, JHCTKU 8, 2). DTO MOXKeT NMOKa3aThCs
CTPaHHLIM, HO 3T0 hakT. BrigennB H3 MOAyJHPOBAHHOTO TOKa BCe

€ro cocTap/sollye, B He o0HapyXHTe cDeOM HHX TOKA HM3KOH
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4acTOTH, KOTOpHIH oro6pakans Owl NpHHeceHHY0 HHpopManuio.
HuskouacToTHaa eocTaB/afOILAs [OABJAETCA JIMMIL [10CJEe TOTO,
Kak 3a Jeso Oeperca AuOA. MiMeHHO OH MeHsieT (POpMy MOLY/IHPO-
BAHHOI'O BBICOKOYACTOTHOTO TOKa TakHM o00pa3oMm, 4TO B €rO
CIeKTpe NOABJASieTCS HYMXHBIH HaM TOK HM3KOH YacTOTHI.

ITponcxoaHT 3TO 4OBOJILHO NPOCTO: Gjarogaps AHOAY B Henu
JEeTeKTOpa MOMABJAsieTCA YXKe He NepeMeHHHIH, a NyJabCHp Yo
TOK BHICOKOH 4acCTOTH (JIMCTOK O), KOTOPHIH COCTOHT M3 Tpex co-
CTaBJSAIOMINX — BbICOKOYACTOTHOH [y _ gy, TOUHEE, HECKOJNBbKHX BHI-
COKOYACTOTHBLIX COCTABJSIOMIMX  (JHCTOK €), HHU3KOYacTOTHOH
Iy _ 4w ¥ nocrosuHoit /,-. [danblle B feJO BCTYNAOT (PUILTPH.
OHM-TO M BHIAEJSIOT OCHOBHYIO NPOAYKIHIO NETEKTOPa — HH3KO-
YACTOTHBIM CHTHAaJ.

Ha Bcex Hamux cxemax nyTH cocTaBasiiomux I, o M [y _iq
a1 ynoGcTBa NOKaszaHbl TOHKHMH crpenkami. Ho 3To coscem
He 3HAUMT, YTO Peub HAET O NOCTOAHHLIX TOKAX — [z — gy M [x _ gy,
3TO caMble HacTOsiliHe NepeMeHHble TOKH, KOTOpHe, JIHIIbL CJIO0-
KUBUIINCL ¢ /;—, AOT B CyMMe NYJbCHPYIOIIKI TOK OLHOTO Has
npasjeHus. CTpesky, KOTOphHe OTHOCATCS K NepeMeHHBIM TOKaM,
CHEJAaHBl «BOJHHCTHIMH», @ HYXHB OHH JMIIb AJS TOrO, 4TOOH
Jerye HPOCJEIHTb NyTh TOTO HJHM HHOTO TOKa.

Heckouanko caos o peiGope geraneit puabrpa. EMkocth Cyp —
BrIOpaHa Tak, YTO6GB 3TOT KOHAEHCATOp JETKO NpomnycKaJa HH3KO-
YaCTOTHYIO COCTaBJsilolLylo. BHcokouacToTHass cocraBJsionlas
uyepe3 Cy —uy HE molifier, Tak Kak eil mpu 3TOM npHiercs Npeojo-
JeTh J0BOJMbLHO Gosbinoe conportupnenne Ru~. Pesucrop Rp~ —
3TO HM3KOYACTOTHAs Harpy3ka, Ha KOTOPOH MO/JyuYaloT BBIXOAHOH
CHTHAaJ: HanpsXenHe auakoll yacrorel U,y. Conporusienne Ry~
BO MHOTO pa3 6oJbllie, YeM €MKOCTHOe CONPOTHBJIEHHe KOHIeHCa-
topa C¢ &« Ha BHICOKOI yacToTe. B 10 Xe Bpemsi Cy — sy He «yBe-
JeT» OT Harpy3kH Ry~ OCHOBHYIO NMPOAYKIMIO JeTeKTOPa — HH3-
KOUACTOTHYIO COCTABJAOMYIO /3 — ny, TAK KAK HA HM3KOH yacToTe
€MKOCTHOE CONPOTHBJIEHHE 3TOTO KOHAEHCATOPa OYeHb BEJHKO 32
cyeT ero HeGosbluoif eMkocTH. C KOHKDPETHBHIMH 3HaueHMAMH Je-
Tageil GUABTPa BB MOMeTe MO3HAKOMHTBECA Ha pHC. 45, a Takike
Ha [OPYTHX NPaKTHYECKHX CXeMax JaMIOBBIX W TPaH3HCTOPHHIX
HPHEMHHKOB.

Cxema puc. 27—21 Ha3biBaeTCsl NOCJAeAOBAaTe/NbHOH, TAK Kak
KOHTYp, AMOA M Harpy3ka (OCHOBHOII Harpy3Ko# HeTeKTopa CuH-
taercs Ry, a OT Hee yKe HAYT OTBETBAEHHUS MISL [n—ue U [y py)
coelMHeHBl MOcaenoBatenbHo. Bo Bropo#t cxeme (puc. 27—19)
3TH JIEMEHTHI COeIHHEHB! NapaJliesbHO, H OHa TaK M Has3blBaeTcs
napa/iiensHoil. B o6enx cxemax Hanpas/ieHHe BKJIOUEHHS AMOAA
He HMMeeT MMKAaKOro 3naueHHA: npu Jo60M M3 ABYX BO3MOMKHBIX
HanpaBJeHHH HM3KOYacTOTHBI curHaa OvaeT odHHAKOBHIM. On-
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HaKO B HEKOTODPBIX C/y4yasiX B JeTeKTope MCHOJB3YIOTCS M OTXObI
NpOU3BOACTBA — MOCTOSIHHAS cocraBJusiionasi /- (B BHIOPSMH-
Tesie OHa Oblsia OCHOBHOH Npoxykuueii!). A B 3TOM caydae yxe
HYXXHO AyMarh, KaK BKJO4aTh AMOA: NpPH pa3HBIX BKJOUEHHHX
HanpabJieHue ToKa [~ uepe3 HarpysKy, a 3Hauur, H NOJAPHOCTD
NIOCTOSIHHOrO Hanpsikenus U_  Ha Harpyske Oyier pa3HoH
(puc. 27—18).

Hast roro 4toOb OUEHHTb JOCTOMHCTBA M HEAOCTATKH JeTeK-
TOPHOTO NpHeMHMKA, a OoJblie AJsl TOTO, YTOOBI [104YBCTBOBATS,
4YTO AAAYT HaM B JaJjbHefimeM ycuautean caaboro curiaJa, pe-
KoMeHIyeTcsl HW3rOTOBHTH JAETeKTOPHBIH NpHeMHUK [0 HPOCTOH
(puc. 27—19, 21) uan no camo#i npocroii (puc. 27—20) cxeme.
Ilauuble ero geradeit Bu Haiaere Ha crp. 115. A Te, fJs Koro ge-
TEKTOPHLIH NpHeMHHK Oyler NepBHIM LIAroM B NPaKTHYECKYIO
3JIEKTPOHHKY, MOTYT BOCMOJb30BAaThCA €ro 0oJjiee NOAPOGHBIM ONH-
cauem (crp. 111) u MOHTAXKHOH CXeMoii, TOMelleHHO! Ha LBeTHOM
BKnagke (puc. 43).

Kpome BeINpSMJICHHSI TMepeMeHHOTo TOKa M AETEKTHPOBaHuS,
JHOJ BBHITOJHSET B 3JCKTPOHHOH anmaparype emie MHOXecTBO
Apyrux pabor. Bor JMIIb OaMM M3 MHOTHX NpPUMEPOB — CXeMa,
TAe AMOZ padoTaeT B AOJMKHOCTH aBTOMATHYMECKOTO BHIKJIOUATeJNs,
B DOJIM «AYPaAKOYNOPHOro» npH6Gopa, KOTOPHI He NO3BOJISIET pac-
CesfHHOMY HWJIM HErpaMOTHOMY paGOTHHKY [OBeCTH Aeso A0 apa-
pun. B pandom caywae (puc. 27—12, 13) muon caegur, utoGel
KaKOH-JINO0 «OTBETCTBEHHBI» ABHMIATEJb, HanpuMmep NpHBOA Ha-
coca, He nolues B 06paTHYI0 CTOPOHY M3-3a HeNpaBHJBHOTO NOI-
kaoueHus 6arapen 5. Tlpn rtakoM HenpaBUJBHOM BKJIIOYEHH
auon csouM GoJbLIMM OOpPATHEIM CONpPOTHBJIEHHEM MPOCTO pas-
poiBaeT uenb. IlogoOHBIX NpHMepPOB MOXHO NPHBECTH HEMAJO —
NOJYNIPOBOAHHKOBbBIE AHOABI IHPOKO NPUMEHSIIOTCS B aBTOMAaTHKe.

Ha sToM Mbl, noxanyii, 4 3aKOHUUM 3HAKOMCTBO C NOJYNpoO-
BOJAHUKOBLIM AHOAOM. MBI yBHAesH, 4TO Yy AMOAA €CTh MHOTO MH-
TepeCHbIX Npodeccuii, YTO OH yMeeT AeJaaTb MHOTO BaXXHHIX M 110-
JesHbx e, Ho He TOJMbKO MO3TOMY MBI YAENWJIH €My CTOJBKO
BuMManus, Cpesnanu Mel 3TO emie ¥ OTOMY, YTO TOUYTH BCE pac-
CKa3aHHOe O MOJYNPOBOAZHHKOBOM JHOJAe HeOOXOAMMO 3HATh JISI
3HAKOMCTBa C N0JYyINPOBOAHHKOBBIM TPHOAOM: OT JHOJAA OO rJaB-
HO Hame# penH, A0 TPaAH3HCTOpa, Ocraercsi GYKBAJBHO OMH
war. M cefiuac sror war 6yger caeJdas.

«3EMJ A

Hecary Jger BeiHamuBan Xpucropop Koaym6 nnaHu pamb-
Hero nJiaBaHus uepe3 ArsanTHyeckud oxead. JlecATh Jer Benu-
KHH [yTeIeCTBEHHMK aruTHPOBAN KyINUOB, BeJbMOX, KopodJed,
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NPaBUTE/bCTBEHHBIX YMHOBHHUKOB, N0OBIBaJ JEeHbrd Ha cHapsxKe-
Hue kopabaeir. Hakounen 3 asrycra 1492 rogza Tpn ne6OJbIIMX,
o HaleMy BpeMeHH, Kopabus (ABa u3 HuX, «[TudTa» n «Huaba»,
HMeJIH AJHHY OKOJIO JABa/iaTH MEeTPOB, a CaMblii KpDYNMHH H3 Na-
pycuukoB, «CaHta Mapuss, uMesq BOJOH3MELIEHHe OKOJO CTa
TOHH, 4yTh N0BOJbIIE, YeM Yy HBIHELIHEro peyHoro TpamBaiiuMka)
BHIIJIK M3 HeGOJbIIOro HMcnaHckoro nopra ITamuc u B3AaH KypC
Ha 3anap.

CembaecsT aHell OosrTano ynpsiMble NapyCHHKH 110 OKeauy.
CeMbaecsiT AJNHMHHBIX, GecKOHeYHO JJMHHBIX pAHefi. CeMbAecsT
CTpPauHbIX uepHHX Houefi. CeMbecsT 11aroB B HEH3BECTHOCTb...

Yxe Opoaur cpeau ObIBaJbIX MarpocoB Oe3yMHBIH OroHeK
6yHra: «Kyna Mbl naeisem?.. 3auem?.. Hago Bosspamarkest Hasag,
MOKa He MO3[HO...» YKe caM KamHuTaH, XOTsd BHelllHe, KaK BCEeTAa,
CTIOKOEH M peIlHTeseH, Bee yaue ycrpemJser cBoii B3rasn B Gec-
KoHeuHOCTh: «Kygaa Mol naniBem? e xe Mugus?.. I'me ke zeM-
aa?»... CoOMHeHHs1, COMHeHHS, TpeBora.

Ho sor Houbo 12 okrsa6ps marpoc Ileapo TpuaHa ¢ Bepxylu-
KA MauThl YBHIEJ B CBeTe JIYHH NOJOCKy Oepera. «3emus! — 3a-
KpHUaJ MarTpoC XPHIJILIM OT HEPBHOTO HalpsiKeHHS rOJOCOM.—
3eman!!ls IMapycuuku kanurana Xpucropopa Konymba, ocraBue
no3agd 0ATh THCAY JOJTUX KHJIOMETPOB ATJaHTHKH, JOCTHIVIH
Baramckux oCTpOBOB, AOCTHIVIM BOCTOYHOrO noGepexns Oyaylieit
AMepukH.

Ceiiuac Hacrasa ¥ Halla C BAMH OYepelb PajJOCTHO KPHKHYTh:
«3emasl» [Tocne gosroro ¥ TPYAHOro myTelliecTBHs, IOCJae TOTO,
Kak fepej HaliMM B30DOM NpOLIJK (aHTacTHYECKHe NPOEKTH CO-
3[aHUs MOLIHOH KOMWM CJaboro CHrHa/jda M 3arajlouHble «4YepHBIE
SUMKH», B KOTODBIX HEBeIOMBIH CKY/BITOP AOJKEH JeJaTh CBOE
HEeNOHATHOE [eJ0, NOoCJe TOro, Kak Mbl NPOINJH CKBO3b H3YMH-
TeNbHBIE APXUTEKTYDHEIE MieJeBpH — aJMa30nofo6Hbe KpHCTAJ-
JIUUECKHe DelleTKH TepMaHMs H KPeMHHS M CyMeJH YBHIEThb, Kak
feeKTH 3THX pelieTOK — CBOOGOAHEIE 3JIEKTPOHH H ABIPKH co3ja-
0T OPOBOAMMOCTh MOJIYPOBOZHHKOBOIO KpHCTaJ/a, 1OCJEe TOro,
HakKOHell, KakK ¢ NnoMolibio npumeceﬁ MBbl HAYUHJHCH PE3KO yBeJH-
YMBaTh MPOBOAMMOCTb [OJYNPOBOZHHMKOB, CO3RaBaTh H3 HHX
pn-nepexosl, HayuyHJHCh CTPOUTh M INOHHMAaTb XapaKTePHCTHKH
MOy pOBOHMKOBEIX IUOJ0B,— MOCJIe BCEro 3TOro Mh BCe XKe Ji0-
CTUIVIH cBoell Lesn. MBI HakOHen NPHIJBIIN K TpaH3UCTOpPY, H Ne-
pea HaMu OTKPBIJACh OrpoOMHas, HeBeaAOMas NoKa CTpaga. Hacran
MOMEHT NPHYAJIUTh H BHICAAUThCS Ha Oeper. M cefiuac MH 3TO
chenaeM.

Oas toro uro6el NONAYYUTH [OJYNIPOBOAHHKOBBIH TPHOL —
TPaH3UCTOD,— HYXHO 0ObeIUHUTH IBa NJOCKOCTHHIX MOJAYIPOBOJ-
HMKOBBIX AMOJA, OAHY M3 30H cAenartb y HuX obuieli. HyxHo, Ha-
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Puc. 30. TlonynpoBoAHHKOBLIE TPHOA, 1O CyTH Aesia, mpeacTasJjseT coOol ABa
NOJYNPOBOXHUKOBBIX AHORA C OLHOH O6we#dt 30HOM

TipHMep, B3ATh 32 OCHOBY NOJIYNPOBOAHMK r-THIa M C ABYX MNpo-
THBONOJIOKHBIX CTOPOH € MOMOMIbIO aKUENTOPHBIX NpHMecell CO3-
AaTb B HEM IIPOBOAUMOCTL pP-THIIA. B 3TOM CJy4Yyae MBI H nonay-
YMM 1Ba IHO/Ia, & TOYHEE, OfMH CABOCHHBIH JHOR — B LEeHTpe ocTa-
HETCs1 30Ha 1, a cJjieBa H CIIpaBa OT Hee NOABATCS 30HBI p. TaKI/IM
06pa3oM B OJHOM KPHCTasjle GygeT CO3ZAaHO IBa CaMOCTOATEJb-
HBIX pa-nepexofia (puc. 30).

TTonyueHnrli HaMH mpuOOp — HE 4TO HHOE, Kak TpaH3HuCTOop.
IMo Tuny HMemUXCs B HEM 30H — 3TO TPaH3HUCTOpP CO CTPYKTYPOH
p-n-p, HJIH, KOpode, TpaH3uCTOp p-n-p. TouHo Taxk XKe, co3jas
B LEHTPEe KPHUCTAjla 30HY p, o6miyio Ajsi 0GOMX JHOAOB, a IO
KpasM [1BE 30HBI fi, Mbl MOJY4HM TPAH3HCTOP f-p-n. [IpuHuunu-
aJbHOM DPAa3HHIB MeXKAY ITHMHM TDPAH3HCTOPaMM HeT, paboTaior
OHH OJMHAKOBO XOPOILO, ONHAKO B CHJy HEKO1OPHIX TeXHOJIOIH-
YeCcKHX coo6pa>xeum"4u HanGosiee IMPOKO BHINYCKAIOTCA TpaH3U-
CTOPHl CO CTPYKTYpPOH p-f-p.
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Tpansucrop, KOTOpHIA MBI CHeNaNH H3 JBYX NJIOCKOCTHEIX AWO-
JAGB, TOXe Ha3biBaercsl MJIOCKOCTHEIM. [lepBble 0o6Gpasibl TpaH3u-
CTOPOB OBIIH TOYEUHBIMH — HX NOJNYyYaJ/H, «NPHTKHYB» K NOJy-
NPOBOIHUKOBOMY KPHUCTAJTY JBe TOHKHe NpoBojouku. Ho sor yxe
MHOTO JIET TOYe4yHble TPAH3HCTOPH He BHINYCKAIOTCH, TaK KaK OHH
0Ka3aJuCh XyxKe MJIOCKOCTHHX. CYIHIECTBYIOT pasHbie CNocoOH
TIPOM3BOACTBA IIOCKOCTHBIX TPaH3MCTOpoB (cTp. 247), U BCe OHH
B TOM WM MHOH CTeMeHH NOXOXKH Ha Hauwi yuyeOHbIi crnoco6 npo-
H3BOJACTBA — OObegMHEeHHEe [ABYX MNOJYyINPOBOJHHKOBBIX JHONOB
B ogHoM mnpuGope.

IOasa toro utoOnl o6serunTh AMajbHeHiiufi pacckas, fabaiire
Ccpa3y Xe BBeaeM Ha3BaHHiA IIOJIYUHBILIHMXCS y HAC TpeX 30H TpaH-
sucropa. CpeaHsis 30Ha MOJYYHT Ha3BaHue «6a3a», OHA KpaHHsIsA
30HA — «IMHTTEP», BTOPAS — «KOJJEeKTOp». B nanpHeiimeM cra-
HEeT SICHO, MOo4eMY «JeTajH» TPAaH3HCTOpA HAa3bBalOTCSI HMEHHO
TakK, a He HHaye. A mOKa OrpaHHYMMCS JIMIIb NEePEeBOJOM 3THX CJIOB
Ha PYCCKHMH f3BIK.

CJI0BO «3MHTTEP» O3HAyaerT <«BbIGpaCHIBAIOLIMH, HCHyCKalo-
muii». Bce atu onpegesienus B NaHHOM CJyuae OTHOCSTCS K 3JI€KT-
pUYECKMM 3apsiiaM. DMUTTEp KaK OH BHIOpACHIBAET, BIPHICKUBAET
3apAAbl B OCTaJbHBIE CJIOM TPAH3HCTOPA, BBIYCKAET 3TH 3apaibl
B NyTeIlieCTBHE [0 3IJEKTPHYECKHM LeNAM YCHIHTENS.

Koanekrop — Hao60poT — cobupaeT 3aPsjbl Ha BHXOJe H3
TPaH3HCTOPa, ¥ HMEHHO 3THM OODBSICHSETCS CaMO ero Ha3BaHHe.
CJ/IOBO «KOJIJIEKTOP» O3HauaeT «COOMPAIOLIME» M NPOMCXOAUT OT
TOTO ke KODHsSl, 4TO H «KOJJIEKUHOHep» — «coBupaTenby.

HaaBanne «6a3a» — «OCHOBa» — HMEET HCTOPHYECKOe pOHc-
XOXJeHHe, HO NPHUMEHHTEIbHO K Hamell ylpolleHHOH MOpeaH
TpaH3uCcTOpa OHO BIOJHe onpaBgaHo. Beab, coopyXkasi cBoit
YCJIOBHBIA TPaH3HCTOD, MBI B3sIJIM 32 OCHOBY HMeHHo 6a3y — cpef-
HUH TNOJYNPOBOAHUKOBHIA KPHCTAJJ, @ 3aTeM yiKe CO34aju pAa-Ne-
pexonpl, BBest C ABYX CTOPOH B KPHCTAJJI HEOGXOMHMBIE NpUMECH.
Tot pn-nepexo, KOTOPLIH BO3HUK MeXKAy 6a30H H 3MHTTEPOM, MBI
IJs1 KpaTKocTH OyaeM Ha3blBAaTh SMHTTEPHHIM MePeXojoM, a pn-
nepexon Mexay 0a30ii H KOJUIEeKTOpOM OyleM HasbBaTh KOJJIEK-
TOPHBIM [€PEXOAOM.

Kcratn, o xoHcrpykumu tpausucropa. [loka Gymem cuMTarth,
4YTO BCE TPH ero COCTaBHEE YaCTH — 3MHTTep, 6a3a H KOJJIEKTOp —
YCTPOeHb OZHHAKOBO H 4eM-TO HANOMHUHAIOT TPH CKJEEeHHBbIEe CIH-
yeyHble KOPOOKH.

Hrak, Mbl nocrpouiu tpansucrop. Uro manbwe? A najbine
HYXHO 3aCTaBHTb €ro YCHJUBAThb caabule 3JIEKTPHUUYECKUEe CUTHa-
abl. HyXHO 3acTaBMTh TPaH3UCTOD BBINOJNHATH pPOJAb CKYJbITO-

pa — «JIeNHTb» H3 MOCTOSTHHOTO TOKa MOILHYIO KOMHIO c/aforo
curHaJja.
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%9 3J1eKTPOHH H3 6a3nl (He 3a-

Puc 381 dwurrepunn pn-nepexon
HanpaBNeHKH,

O/l TP2H3UCTOPA BCerjga BK/IOYEH B NPAMOM
3 KOJVIEKTOPHBI pn-nepexof — B 0GpaTHOM HaMpaBJeHUH.

Has wauana nomsegem x TPAH3HCTOPY HEOO6XOAHMble MHTAlO-
LLHE HanpsIKEHUst 1 MOCMOTPHM, YTO B HEM NPH TOM GygeT npo-
HCXOAHTL. Bee cBOM onbITH MBI 6yneM NPOBOAHTH ¢ TPaH3HUCTOPOM
P-n-p, TaK Kak MMEHHO 3TH TPAH3HCTOPH B AaJbHeilem 6ynyr
HaM BCTPeyaThCs Haumie BCETO.

K Hamewmy nogoneirHomy TPaH3UCTOPY, KakK M K Jn060My Apy-
TOMY, HEOGXOAMMO MOABECTH [BA MHTAIOMMX MOCTOSHHBIX Hanps-
KEHHsl, U MBI NOK@ MCHOJAB3YEM /I 3TOH WeJH ABE OT/eibHbIC
Garapen (puc. 31).

Omutrepuas Garapes B, nogkmiouena K IMHTTEPHOMY mepe-
X0y «IIIOCOM» K 3MHMTTePy H «MHHYCOM» K Ga3de. IT0 3HAuHT,
4TO Hanpsuxkenue Eqq nelficTByer Ha sMuTTEpHHI nepexon B nps-
Mom nanpaesennn. Camo o6osnauenne E,s B JaHHOM cayuae ro-
BODHT O TOM, YTO peub HAET O HANPSKEHHH (<ILIIOC») HA IMHT-
Tepe OTHOCHTeBbHO 6a3bl. Mum, uTo TO XKe camoe, 0 HaNpPsKeHHH
(«MEHyC») Ha 6a3e OTHOCHTEJbHO amutrepa. [log neficTBUeM
«MHHYCa» Ha 6ase Tyla HAUHYT ABHrathCs ABIPKH H3 SMHTTepa
(mockosbKy y Hac AHMOA p-n-p, TO B IMHTTEPE OCHOBHBIE HOCH-
TeJIH — 3T0 JBIPKH), TO ecTb uyepe3 AMOJ 3IMHTTEp — Oasza NofigeT
npsModt ToK (pue. 32).
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B xoaJsekropHoM nepexope
Bce Hao6opor. UTobul TpaH3u-
crop paborajn, NOCTOAHHOE
KOJIIEKTOpHOe Hanpsxenne Ey
JOJIXKHO JeHCTBOBAaTh Ha CBOH
nepexon B o6paTHOM Hanpas-
JeHuH, M nostomy OGarapewo
b Mbl  NOAKJIIOUHM  «IJIIO-
coM» K 6aze H <«MHHYCOM»—
K CaMOMY KOJIJIEKTOpYy, a And
YHCTOTHl OMEITa Ha HEKOTOpOe
BpeMs OTKJI0YHM Gatapeio B,
«Munyc» Kosanekropa, ecrect-
BeHHO, He OyjerT NMPHTATHBATH

IMUTTEP BA3A

Oyabre, uto B 0ase cosgaHa
n-NPOBOAHMOCTb H OCHOBHbIE
HOCHTEJH TaM — 3JEeKTPOHE),
H uepe3 auox 0Oasza — KoJ-
JIEKTOP, TO ecTb Yepe3 KoJlJiek-
TOPHBIH mepexoj, TOK He
nofper.

Y Hac ecTb ABa He3aBHCHMbIX [OJNYNPOBOAHHKOBBIX AHOLA —
SMHTTEPHBIH H KOJJIEKTODHBIH NMepexofbl, ¥ KaxKAblii U3 HUX BKJIO-
yeH B Uenb cBoell coGcrBenHod Garapen. OmuH JHOJ BKJIOUEH
B NPSIMOM HanpaBjeHHH (3MHTTEpHBIA MEpexoil), H uepes Hero
HIeT A0CTaToyHO Gonbmofi npsmoii TOK. [lpyrofi amon Bx.jrodell
B ob6parHoM HanpasjieHWH (KOJAJIEKTODHHIH Mepexoi), M B ero
penu Toka Her. Yro pgenarb pajdbumre? A jasblie HaMm Opexpe
BCETO HYXXHO MPOBEPUTb, HACKONLKO YMECTHO NO OTHOIIEHHIO
K 3THM AHOJaM Mbl [PUMEHMJIH CJIOBO «He3aBUCHMBIE>.

[eficTBuTeIbHO, 06a AHOAa, 06pas3ylollyie TPAH3UCTOP, HMEIOT
OIHY o6ilylo 30HYy-#n. He oKaxkercss JiM, 4TO uepe3 3Ty 30HY
OZMH H3 JMOJOB, OJHH H3 pn-NepexojoB TPAH3WCTOPA, BAHAET Ha
npyrofi pn-nepexon? He okaxkeTcs JH, 4TO 3MHTTEp KaKHM-TO
o6pasoM BausieT Ha KoJssektop uepe3 6asy? Oreer Ha 3TH Bo-
npockl MOMET MOjACKa3aTh yXKe 3HAKOMOE HaM CJ0BO «aHpdy-
3ua». M1 B magHOM cayuae peun noiiger o Juddy3Hu anekTpuye-
CKHX 3apsgoB (B HauleM KOHKDeTHOM cJjydae— ABIPOK) B caMmoi
fase.

[bipky, nonapapoiiye B Ga3y H3 5MHTTepa, Kasajocb Obl,
JOJIKHBl HeMeNJeHHO 0e3 KaKHX-IH60 OTKJOHeHHMH YHTH K «MH-
Hycy» Garapem B, K uepe3 Hee BepHyThcsl B sMuTTep (pHuc. 32,
33, aucrok A). Bemb MMeHHO «MHHYC» Ha 06ase NpHBen B Hee
H3 3MHTTEpPA 3TH ABIPKN, U HMEHHO K «MHHYCY» ABIPKH [OJKHbI
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Puc. 32 B rtpaHsucrope p-n-p Ha

6a3e nefcTBYET «MHHYC» OTHOCH-

TEJbHO IMHTTEPA, U B 6a3y M3 3MHUT-
Tepa yCTPeMJRIOTCS JIbIDKH



CTPEMHTBLCST B MEpBYIO Ode-
peas. B camoM ymporeH-
HOM BHe BCS 3Ta CleHa
Morsa 6bl BbIFJISIAETh TakK:
K 62a3e B OFPOMHBIX KOJIHYe-
CTBaX NOAXOANT CBOGOAHEIE
3JEKTPCHH C «MHRYyCa» 6a-
raped 5, (Ha TO OH M «MH-
Hyc»!), a ¢ apyroit ctopo-
Hbl — OT 3MHTTEpP2 (Ha TO
OH M 30H2 p!) k 6a3e nogx-
XOAAT KBIPpKH. JHIpKU ABH-
KYTCH CKBO3b 623y, yeTpeMm-
JAI0TCS K ee BBIBOAY, KOTO-
PLIH COeTHHEH C «MHHYCOM>»
f6aTapeH — INOCTaBHIHKOM
CBOGOIHBIX 3JIEKTPOHOB.
3nech, B palioHe METaJJIHYe-
CKOro BLIBOJ2, H NPOMCXOAHT HEHTpaiM3auusi NBIPOK, NpeBpaLile-
HHME MX B HeuTpasbHble atoMbl. IIpH 3TOM OCBOGOMI2eTCsI MeCTO
H L/ HOBBIX, MAYHIHX CO CTOPOHBI IMHTTEPA AbIPOK, H [/ HOBBIX,
HAYLIHX CO CTOPOHBI «MHHYyC2» 6aTapeH CBOGOTHBIX 3JEKTPOHOB.
IBrkenne AbIPOK, TO eCTh MPSAMOH TOK Hyepe3 IMHUTTEPHBIH pA-Tle-
pexon, MaeT HenpepnIBHO.

Y Hac nosyuunach XOTs M OueHb YNpOILIEHHAs, HO BechMa
npaeponogobHas kapruua. M HMeHHo Tak Bce HPOHCXOAHJO Obl,
ecltd Obl He anddysua Abpok B Gase.

JEpKu nBHKYTCS 10 6a3e He TONLKO MOJ A€HCTBHEM 3JIeKTPH-
UECKHX CHJI, HE TOJIbKO NOJA HeHCTBHEM <«MHHYCa», 30BYILETO HX
B L€Nlb 3MHTTepPHOH Gatapen b, Hapsay c Takum ynopsmoueHHbM
ABMMEHHEM IBIDKH ellle H PaCTaJKHBAOT APYr Apyra (HanoMu-
HaeM O NpHMeuaHHu Ha crp. 26). JIbIpku crpemsrTcs pasofiTHCH
M3 PafiOHOB CBOEro HaHOGOJILLIEr0 CKOMJEHHS B Te PaiiOHH 6asbl,
TIe 3THX ALIDOK CP2BHHTE/]BHO MaJjo. B stom u cocrout mudby-
3ust (cTp. 56). MIMeHHO OHM2 NPHBOAHT K TOMY, 4TO HEKOTOpas
4acTb IbIPOK, NPOIIYTEWECTBOBAB Yepe3 BCIO 6a3y, NOAXOAHT
K NOTP2HHYHBIM DaHOHaM KOJJIEKTOPHOrO pr-nepexoga (puc. 33,
auctok B). M BOT 3gech-To BCe M HaumHaercs...

KoqneKTopHBIH nepexos BK/0OYeH B IeNb CBoeil KOJIJTIEKTOP-
Ho#t Garapen By B 06paTHOM HanpaB/eHHH H 03TOMY BefeT Ce6si
Kak Gousplioe conporueienne. Ho uTo sHauut «6oabiioe compo-
THBJIEHHE»? ODTO Bellb COBCEM He O3HauaeT, 4TO Mexay 6a30ii
H KOJIVIEKTOPOM CTOSIT KaKHe-TO HeBHAMMble 3260phl, NPEnsiTCT-
BYIOlIHE JBHXEHHIO 3apsaloB. «BoJblioe CONPOTHBIEHHE» NPOCTO
03H2YaeT, YTO HeT CaMHX CBOOOAHBIX 3aps0B, KOTOPble MOIJIH GHl
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Puc. 33. B pesyabrare mucddyauu mpipxu
MPOXOAAT yepes 6a3y B 06JsacTb KOJIEKTOP-
HOTrO pr-nepexoaa.

JBHraThCsi U co3faaBath TOK. B ofsactu KoJJIEKTOPHOrO pn-nepe-
X0[2 3aps0B HET, NOTOMY 4TO OHH YIUWIM OTTyAa. DTOT NEPEXOl
BKJIIOYEH HMEHHO TakK, YTO HanpsikeHHe Ey OTTArHBaeT OCHOBHbIC
3apsAabl OT NOrpaHH4yHON MOJOCH,— ALIDKH YXOAAT H3 NPHJEran-
IIMX K rpaHuie pafioHoB 6Gasel (puc. 17).

U BoT Teneps npeacraebre cebe, uTO B 3TOT CaMblii NOrPaHuy-
HBIf palion 6a3bl nHddy3Hsa 3aroHser NPHIIeAIyI0 H3 3MUTTepa
NeIpKy. Pasymeercs, «MuHYC» KOJIJIEKTOpHO# 6arapeu cefiuac xe
NOTSIHET 3Ty ABIPKY K cebe, H OHa HeMeJJIeHHO NePeCKOYHT B KOJ-
Jekrop. Mbl He 6yaeM noOKa TOBOPpHUTb 000 BCceX MOCJENCTBHAX
ITOFO «IIPHIXKKa», CKaxeM Juiib 06 onHom. IlossuBmiMCEL B 0y-
CTOM KOJJEKTOPHOM Hepexoje, AbIpKa YMEHbIIHT €ro CONpoOTHB-
Jenne. 1 yem Gogblie abpOK NPOHHKHET B KOJIIEKTODHLIH Mepe-
X0J, TeM MeHbiie 6yaerT ero CONPOTHUBJEHHE.

JaBaiiTe euie pas npocsaefuM BCIO LENOUKY COOGBITHI.

Ilepsoe: npsiMoit TOK uepe3 sMHTTEPHBIl Mepexoj NoCTaBJseT
B 6a3y AbpkH (pHC. 32). Bropoe: B pe3dyabrare auddysun ALIPKH
IPOXOAAT uyepe3 Bcioo 6a3y M NON2f2i0T B PaifiOH KOJJEKTOPHOro
nepexofa (puc. 33). Tperbe: nonapiKe B KOJJIEKTOPHBI nepexos
ABIPKH YMEHbLIAIOT €ro CONPOTHBJEHHE, CO3JaI0T KOJJIeKTOPHBI
ToK (puc. 34). U orciofa pejlaeM camblii IJaBHBIH BbIBOJ: H3Me-
HfA9 TOK B LeNH SMHTTep-——6333, Mbl H3MeHsieM CONPOTHBJACHHC
HenH KoaJekTop — 6a3a, H3MeHsieM KOJIJIEKTOPHBIH TOK.

He 06 srtom siu Mbl meutanu? He K 3TOMy JH CcTpeMHJIHCh BCe
Bpemsi? Hakonen-1o Mbl Hamau HYXXHOFO HaM CKYJbHTOpA. Heit-
CTBHTEJIBHO, €CJIH B SMHTTEPHYIO Liellb BKJ/IOUMTb MCTOYHHK CJ1a-
60ro curHasa, TO OH 3aCTaBHT H3MEHSTbCS TOK B 3TOH LenHu.
Y, 3nauuT, BCen 32 ca1a6biM CHrHA/AOM, NIOBTOPSIS BCE €rO «B3Jje-
Thl» U «NajeHHsl», GyaeT MeHsITbCH CONPOTHBJCHHE KOJJIEKTOP-
HOTO pn-nepexofa. A MOCKOJBLKY KOJIJIEKTOPHBIH nepexonx BKJIO-
YeH B [ellb MOIIHOFO MCTOYHHMKZ MOCTOSIHHOIO TOKa — 6arapeH
by, 1o B MrTOre noj meficTBHeM BXOJHOrO cHrHaja 6Gyner u3Me-
HATbCS BBIXOAHOH TOK, NPOM30HAeT yCHJECHHE CHCHaJ/a.

B sTom onucaHuu, npaepa, ocraercsd euie OJHa MaJjeHbKas
HEesICHOCTb. Eme HYXHO [0Ka3aTb, HTO CHfHaJ Ha BbIXOjJe TpaH-
3UcTopa OyAeT He NPOCTO KOMMefi BXOZHOTO CHIHa/a, & ero MOIL-
Hoii konue#i. Hy»HO noka3zarb, uTo NpOM30UAET He NPOCTOE KOMM-
poBaHMe CHIHaJla, a MMEHHO ero yCHJeHMe.

Hac, koHeuHO, He YCTPOHT [0K232TEJNbCTBO OT HPOTHBHOIO:
ecju Obl TPAH3HCTOPB He YCHJHBAJH, TO KTO Obl cTaJd HX jgesaars!
Mbl nonpo6yeM npoBepHTh YCHJHTENbHBIE CIOCOGHOCTH Tpau3H-
CTOpa MyTeM pacCyXAeHHH M pacueroB, 2 TaKXKe C NOMOLILIO NPo-
CTeHIIHX 3KCHEePHMEHTOB.

[Ipexpe Bcero BHeceM MONPaBKY B npocTelniyio MOAeab TpaH-
3HCTOPA, I'le TPH 30HbI NOJYNPOBOAHHKOBOTO TpHOAa OTOOpaxKa-
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HArPYIKA

Puc 34. as KOJLIEKTODHOTO pr-nepexof2, BKJIOYEHHOr0 B 0OpDATHOM Hampas-

MEHNH, NpHlle/iHe 3 6a3El ABPKH— 3TO, O CYTH [JeNa, HeOCHOBHbIE 32psA/AbL,

1 TO3TOMY OHHM YCKOPSIOTCSA KOJJIEKTOPHBIM HANPSKEHHEM, CO34AI0T KONAeKTop-
HBIH  TOK.

JICH  TPEMs  CJAOKEHHBIMH BMeCTe CHHYEYHHIMH  KOpOOKaMH
(puc. 30). BriGpocum cpegHion KOpoOKy H BMECTO Hee BCTaBHM
ITACTHHKY TOHKOro kaprtoHa. Temepm Hamia Mogenab GoJbiie mo-
X0XKa Ha HACTOSWMA TPAH3HCTOP, Tak Kak 6a3y [eHCTBHTENbHO
AENAI0T OYeHb TOHKOH — €€ TOJIUMHA COCTaBJASET HECKOMbKO MHUK-
POH MuM B KpaiiHeM CJyyae HeCKOJBKO AECSITKOB MHKpOH. Basa
Jo/1KHA OBITH TOHKOH A/l TOro, YTOGH NMOMABIIME B Hee H3 5MHT-
Tepa 3apsAH (B HalleM NpHMepe NHPKH), He o6pallas BHUMAHHS
Ha npu3BaBWIMii MX CIOfa «MHHYC» 6artaped b5, MOIJH Jerko
M06paTbCs K KOJEKTOPHOMY Nepexofly noj AefCTBUEeM CHJ JHb-
ysuu.

WM peficreurensho, econ Gasa Oyier TOHKOH, TO CHJaM AH(-
(DY3HH He COCTABUT HHKAKOr0 TPyAa NPOTOJKHYTh 3apsiibl CKBO3b
Hee B 06/1aCTh KOJUIEKTOPHOrO pn-nepexofa. A 310, coB6CTBEHHO
TOBOPs, HAaM TOJIbKO M HYXKHO, NOTOMY YTO BCSAKHH 3apsifi, JOCTHI-
IIMK KOJINIEKTOPHOTO nepexoja, B Mrore OyJerT y4acTBOBATh B CO-
Zg,aHHH MOIIHOK KONHHM CHrHana, a 3apsiabl, KOTOpHe MOHAyT Mo

CBOEMY 3aKOHHOMY NyTH, H3 6a3bl YAAYT Ha «MHHYC» SMHTTEPHOH
6arapeH. DT 3apsAib, N0 CyTH fAeja, A Hac NOTEPSHHL.
Ecau Bectu crporuit yuer BceM 3apsiiaM, TO SMHTTEPHBIH TOK
I5, nocae Toro Kak oH BoHzer B Ga3y, HyXHO OyJer pa3AeiuTh Ha
ABe caarawomye. OgHY W3 HHX Ha30Be€M KOJJIEKTODHBIM TOKOM
Ix— ero o6pasyior 3apsabl, KOTophle 3a cuet auddysnu 1o6epyt-
Cq 0 KOJUIEKTOPHOTO fepexosa H B JaJjbHefileM No#AYT no KoJj-
Jaexkroproi umemu. Jpyryio cocrasasiomiyio — 6a30Bbit TOK g —
CO3/1Q10T 3apsiapl, CyMeBNINe NPOTHCHYThCH N0 TOHKOH Gase H nok-
TH CBOUM 3aKOHHHIM NyTeM K «MHHyCy» Oaraped. Tenepb COGHI-
TUA, NMPOUCXOAALIME B HAlIEeM TpaH3MCTOpe, MOXKHO OnHcaThb TakK:

L=l + 1

TouHO TakK Xe CBA3aHbBl MeXAy c0o60fl M HU3MeHeHHs BCEX TpeX
TokoB. Ecau, Hanpumep, nogHsB HanpsiKeHHe E,5, yBEJHUMTH
B IBa pa3a SMHTTEPHHI Tok [, TO OJHOBPEMEHHO B 1Ba pas3a BO3-
pactyt M o6a nopoxpgaeMuie HM toka I u [s. Ilpu 3TOM cymMma
Ix+1s onsitb-Taku ocraHercss paBHo#t [, [la uHaue u ObITb He
MOXeT: BeIb SMHTTEDHBIH TOK pachpefefsieTcs TOJbKO MEXKIY
STHMH [ABYMS CJaraioldMH.

B panbHefiniemM Hac 6yAyT MHTEpecOBAaTh He TOJBKO TOKH, Ha-
NpSIKEHHS M CONPOTHBJCHHS, HO M H3MEHEHHs 3THX BEJHUHH.
ITosToMy AaBalitTe cpa3y Ke JOTOBOPHMCS O TOM, KaK COKpallleH-
HO 3aMHCHIBATh CaMo CJ0OBO «H3MeHeHHe». Ouenb MaJjbe H3Me-
HeHusl Toll HJM HHOM BeJHYMHBI NPHHATO 0603HAuaTh rpedeckoil
6ykBoft A («Zenbra»), H, NONb3YSICh ITHM, BCE, UTO MBI TOJBKO
4YTO CKa3asJH o B3aHMHOH CBfI3H MeXKAY H3MEHEHHAMH TOKOB
B TPaH3HCTOPe, MOXKHO 3anHMCcaTh Tak:

A[3=AIK+A16

B nepepoje Ha pycckmil Halua 3anHCh MOXeT 3ByuaTh TakK:
«M3MeHeHHe IMMTTEPHOTO TOKa PaBHO CyMMe COOTBETCTBYIOLIMX
H3MEHEHHIl KOJIJIEKTOPHOTO TOKa M TOKa G6ashi».

J/s nonaonbHITHOM CXeMbl, KOTOPYIO MBI ceffuac pasbupaeM
(puc. 35), BeeneH ocoGblfi NoKa3aTesb HCMIOJB30BAHUS MOCTYIIHB-
KX M3 aMUTTepa 3apagos. OH Ha3biBaercs ko3 uUUMEHTOM yCH-
JIEHHS! MO TOKy, o6o3Hauyaercs rpeueckoll O6yKBOil a H UHCJIEHHO
papes:

a=Al Al

Koadduuuert o nokassipaer, kakas 4acTb 3MHTTEDHOTO TOKa
JOCTAeTCsl KOJIJIEKTOPHOMY TOKY. CMBICA 3TOro ko3(oHUHEHTA
npouie BCero ysCHHTb Ha YHCJOBOM NpPHMeEpe: eCJH NpH H3MeHe-
HHMH TOKa 3MHTTepa Ha 10 mMuasHaMnep, TOK KOJJIEKTOPA YBeJH-
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Puc. 35. Koabdunuent ycusenns no TOKy ¢ nokasbiBaeT, KaKas YacTh BHIIEL-
WHX H3 3MHTTepa 3apsA/0B y4aCTBYET B CO3JAHUM KOJJIEKTOPHOTO TOKA.

ukTCA Ha 8 MuaaMaMnep, To a=8:10=0,8. A 3T0 3HAYUT, YTO
3apsiarl, NOCTaBJsieMble SMUTTEPOM B Gasdy, Ha 80% ucnoabaywoTes
JJ151 CO3ZlaHH s HYMKHOIO HaM KOJJIEKTOpHOTO ToKa. Hackoabko ke
peasbHa Takast nugpa?

YMenbluas Tommuny 6a3sl H NPHHHMAs Psij APYTHX Mep B CO-
BPEMEHHHIX TPAH3HCTOPAX, YHAaeTcd JOBeCTH Ko3phHuMeHT a
B cpegHeM no 0,95—0,99. 310 3HAYMT, YTO KOJJEKTOPHHIH TOK
(cTporo roeops, peub HAeT 06 M3MeHEHHSX TOKA, TO ecTh Al
Aly, Afls) cocrasaser 95—999, IMHMTTEPHOTO TOKa [, M JHIIb
1——5% npuxoautcs Ha 6a30BEIA TOK. VIHEIMH CJ0BaMH, H3 KaxK-
IO# COTHH 3apfAA0B, NONABLWMX B 6asy M3 3MHTTepa, JHwWL |—5
YXOLAT Ha «MHHYC» Gatapen 5, M uepe3 Hee BO3BpalIAOTCA
B 5MHTTEp, TAK HHYETO NMOJE3HOTO U He C/edaB. 3aTO OCTAJbHBIE
95—99 sapsanoe H3 cTa 10GHPAIOTCA N0 KOMJIEKTOPHOTO Mepexosia,
MEHSIOT ero CONMPOTHBJ/IEHHE, CO3[310T B KOJ/UIEKTOPHOH WenH no-
CTOSIHHBEIA TOK, M3 KOTOPOTO B MTOTe H 06pa3yeTcs MOIIHAs KOMHS
YCHJIEHHOTO CHTrHasja.

BrisicHHB BCe 9TO, MOAK/MOUHM K HAWEMY TPAH3HCTOPY, KPOME
HCTOYUHWHKOB NHMTAHHs, elle NBA 3JEMEHTAa: HCTOYHHK YCHJMBAae-
MOrO CHTHAla M pe3HCTOP Ry —HArpysky, Ha KOTOpOH jnoJKeH
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BBIAENATHCA YCHJEHHBH curHald. EcTecTBEHHO, 4TO YCHJIMBAeMHIH
CHTHAJI BBOJMTCSl B SMUTTEPHYIO Ii€Nlb, 4 YCUJEHHbIH H3BJeKaeTCH
U3 KOJIeKTOpHOH (puc. 36).

Iocae Toro kak B uenu sMuTTEp—6a3a NOABHJICA BXOLHON CHT-
Hal Ucyr, TaK M XOYeTCH 3aJaTh BONPOC: a IJIS 4Yero Ke 3[ech
Teneprb Hy>KHa GaTapest bey (OHa 3aMenusa 6arapeio b,y)? M uem
nocTofiiHoe HanpsokenHe Uey (OHO peficTByeT Tak e, Kak
v Es5) MoXKeT noMoub HanpsiKeHHo cHrHana Uene?

Korpa Mbl MBIC/IEHHO 3KCNEPHMEHTHPOBAIH C TPAH3HCTOPOM,
CMOTpEJIH, KyJia B HeM ABHXKYTCSl 3apsanbl, TO NOCTOSHHOE HANPS-
KE€HHE BEINOJHAJO, €CIH MOXKHO TAK CKa3aTh, YueOHEE (YHKIHH.
Tenepb ke BO BXONHOH nenH TPAH3HCTOPA NOSBHJICH €€ HACTOs-
IMH XO37MH — yCHJIMBaeMblll curnaj. Hyxuo au M nocse 3sToro
coxpanste 6arapeio b,(bewm)? OxaswiBaercs;, HYXHO.

Tox
SMUTTEpy

(‘W‘iﬂoyn

J/&M

Puc. 36. BMecTe ¢ ycHAMB2eMBIM CHTHAJOM K TPAHSUCTODPY MOABORHTCH 1O-
CTOSHHOE HanpsmXeHue (cMellienue), u Garonaps 3TOMy SMHTTEPHbLIH pn-nepe-
XOA BCerJga BKJIOUeH B NPSMOM HalpaBJIeHHH.



IMToctosinHoe Hanpsxenne Ugy Ha3biBaeTCs HanpsKeHHEM cMe-
HICHHS, 2 CO3JAHHBIA 3THM HaNpsXKeHHEM OCTOAHHHIHA TOK [om —
TOKOM CMenieHMsa. MBl JOToBODHJIHCE, YTO SMHTTEPHBIH Nepexos
0053aTe/IbHO JOJKEH GHIThL BKIIOYEH B NPAMOM Halpap/eHHH (Ha
3TOM, COGCTBEHHO TOBODPSA, U OCHOBAH CaM NPHMHUMI paGoTHl TPaH-
3HCTOPAa), a 3HAUUT, Ha 6a3e Bcerma AOAXKeH OBITH «MHHYC» OT-
HocuTebHO 3MHTTepa. (He 3a6yabre: «MuHyc» na 6ase HO/IKeH
OHTBL TOJILKO B TPAH3UCTOPaX p-A-p, IAe OT 3MHTTepa K Gase ABH-
KYTCA TOJNOXHTe bHble 3apAasl — ALpPKH. B Tpausucropax n-p-n,
Tle OCHOBHbIe HOCHTEJNH 3apsga B 3MHTTePe — 3JeKTPOHBI, HAa
6ase Bceria AO/KeH OHITh <«IJIIOC» OTHOCHTENBHO 3IMUTTEDA.)
Ecau 6B BO BXOAHYIO UeNb TPaH3HCTOPa MH BBEIH YCHJIHBAeMbIH
curaaa 6e3 cMemieHHsl, To Ha 6a3e moABAAJCH OB TO «IJIOC», TO
«MHHYC»: BeAb Ucyr— 3TO Kak-HMHKaK [epeMeHHOoe Hamps-
JKEHHe.

To, uTo HanpAxeHHe Ha 6ase MeHsieTCd,— 3TO Xopollo. B aThx
U3MeHEHHAX KaK pa3 M 3anMcaHo Bce, YTO NPHHEC CHTHaJ.
Ilnoxo auwib TO, YTO, H3MEHSANACH, HANPAKEHHe Ha Oase BpeMeHa-
MU 3aje3aeT B 3alpeTHYIO 30HY. [110X0 U TO, YTO MOMEHTaMH Ha
6ase MOABJAETCA «IUIIOC» M SMHTTEPHHIH pr-nepexof 3amupaercs.
Ilepexon B 3TOM cjyuyae npocto paGoTaeT Kak AHOA B BHIPSIMU-
TeJle, B €ro el MoAB/SETCH MMIYJIbLCHBIH TOK, H CHEKTP 3TOTrO
TOKa, (hopma ero rpaduka (a 3HAUMT, CHEKTP U ¢dopMma rpadHka
KOJIJIeKTODHOTO TOKa, KOTOPBIH SBJSETCH KONHEH SMHTTepHOro)
YXKe He MOXOXH Ha ycuaupaembifi curHan Ucyr TIpomie rosops,
eC1H BXOJZHOe HAIpsiKeHHe NPHHEC/A0 ¢ cOOOH NPHATHHU r0J0C
JUKTOPa, TO BXOZHOH, a BMECTe C HHM UM BHXOZHOH TOK MOFYT Ipe-
BPaTHTbCS B pHYaHHe THrpa.

MoxHo au u3bexkatb 3TOro? MOKHO /M, He Tporas Camoro
BXOJZHOI'O HampsAXeHUs, cAenaTh Tak, uroGbi Ha 6a3e HHKOTIA He
NOABJSNCS <IJIOC» H YTOOH rpaHK BXOAHOro TOKa OBl TAKHM
e, KaK H rpapuk BxoaHoro Hanpsixxeaus? Moxuo. H ouenn npo-
cTto. Hy:xHO BMecTe ¢ mepeMeHHEIM HampsixKeHHeM IofaTh Ha 6a3y
elle ¥ NMOCTOSIHHBIA «MHHYC». [TOCTOSIHHOe HaINpsiXKeHHe He U3Me-
HUT caMOH (OpMH CHTHaJa, a Juillb CMECTHT €ro; OTCIOAA W CcaMmo
CJIOBO «CMelIeHHe» — B CTOPOHY «MHHYyca» (puc. 36).

Bce 310 M0OXHO NPOHJIIOCTPUPOBATH NPOCTOf aHajsorueli. Bo
BpPeMsi Beuepa aTTPAKUHOHOB B IIKOJE BaM MPEAJOKHJIH C 3aBf-
33HHBIMH [Ja3aMH HaApHCOBATh Ha JHUCTe OYyMarH mOpPOCTEHBLKYIO
¢urypy. Bul cpasy ke HauaaH pUCOBaTh HENpaBHJIbHO — HETOUHO
HaLi¥ cepefuHy Jaucra OyMard, cbexaaH B CTOPoHY. PucyHnox
1I0JIyyaeTcst XOpOowHi, HO TOJIBKO INOJOBMHA €ro IolagaerT He Ha
6yMmary, a Ha ctoi. UTo Ke HYXKHO CleJaTh, YTOOL MOMOYL BaM?
HyXHO JHIIBL CABHHYTb, CMECTHTb PYKy Ha HEKOTOpOe IMOCTOSH-
HOe paccrosiHMe, NMOJBECTH K Hell «IOCTOAHHOe cMmeuieHHe», IIpu
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Puc. 37. B KOANEKTOPHYIO LeMb MOXKHO BKJIOYATL OoJiblioe COMPOTHBIIEHHE
Harpysku M MOJNYYuTb Ha HeM OOJbLIoe BHIXOAHOE HanpsiKeHHe.

3TOM Kapadjam OyaeTr aesiaTb Bce TO, YTO OH M fiesaJj, HO yXKe
He momajfieT Ha TEPPHTOPHIO CTOJa.

Hrak, Hanpsaxende Ucyr YCHIHBAEMOrO CHrHAJa CyMMHPYeTCs
¢ nocTossHHbIM HanpsiKeHHeM Ucy. B HexoTOpble MOMEHTHI obiee
HampsiKeHue MeXIy SMUTTepoM H 6asoit Uy pacrer, B HEKOTO-
phle MOMEHTHI — YMEeHbIIAeTCs, HO OHO BCerAa OCTAeTCA MPAMbIM
HanpsaxenueM. M, cjeays 3a BCEMH H3MeHEHHsIMH, MeHACTCS
v npsamoii Tok [, BO BXOAHON LenH TpaHsucTopa. TouHO Tak XKe
MeHSIeTC W KOJIIEKTODHBLA TOK [y, KOTODbII Tenepb yxe IPOXO-
T MO pe3uCTOpy. HarpyskH Ry (puc. 37).

IasafiTe moka He obpamiaTh BHHMaHHMs Ha CPaBHHTE/bHO HE-
Goabiol Tok 6asnl Is. ByneM cumrtaTth, uTo B HaueH cxeme K03¢h-
(bunMeHT 0.=1, TO ecTh IMUTTepHHI# TOK [, Ha BCe CTO MPOIEHTOB
HCMOAbL3YeTCs A8 CO3JaHHsS KOJJIEKTOPHOTO ToKa k. HnbiMun
¢JIoBaMu, J1060e W3MeHeHHe TOKa B Uend MHTTep — 6asa (BXOL-
Has [enb) BbI3BLIBAET TOUHO TaKOe K€ H3MeHeHHe TOKa B uenH 6a-
3a — KOJJIEKTOP (BBIXOIHASA Lienb). DTO 3HAUMT, UTO eCJH, HANpH-

91



MEep, IMUTTePHbIH TOK yMEHBIIMTCS Ha 5 M@, TO Ha 5 #a yMeHbIIMTCS
H KOJIJIEKTOPHBIH TOK; yBeaHuutcsa I, Ha 20 ma, 1 Ha Te xe 20 ma
BogpacteT M [x. OgHHUM C/I0OBOM, B SMUTTEDHOH M KOJJIEKTOPHOI
menx GyAyT COracOBAaHHO MEHSIIONIMeCs, BCEra OfHHAKOBbIE IO
BE/HUHHE TOKH.

OTa pPajoOCTHAas BECTb MOXET BbI3BATb BECbMa IpyCTHbIE MBIC-
4. [LeHCTBUTENBHO, NOCAE AOJTHX TIOMCKOB, moOcJie CTPaHCTBHM
0 OKkeaHaM MHOIMX HAyK Mbl HAaKOHe[ MOCTPOMJIH npubop, KoTo-
PeIi M3 cnaboro mepeMeHHOro TOKa JAe/aer.. TOUHO TaKoH e
cnabbiil nepemennsblit Tok! A rae e ycuieHHslii curtaa? e ofe-
L{aHHag MoOmHag KOnus?

Has GecroxoficTBa noKa HeT HUKAKMX OCHOBaHMi. TO, uTO
Ha BbIXOAe TPaH3MCTOpa TOK Takoi Xe, KAK U Ha ero BXoje, ele
HH O YEM NJI0XOM He TOBOPHT: YTOOK! CYAHTL 06 yCHJIEHUH, HYXKHO
CpaBHMBATb MOLIHOCTH BXOJHOIO W BHIXOJHOrO CHTHAJOB, A MOm|-
HOCTb — 3TO He TOJNILKO TOK, 3TO eme W Hanpsikenue: P=U.].

Iorpe6GureneM ycuneHHOro cHrHagta siBJsETCSH pesucrop Ra,
H MMEHHO Ha HEM BblAENAETCS MOLIHOCTL YCHJIEHHOTO CHIHaJja
MJHM HHa4Ye BBIXOJAHAS MOLIHOCTb TPaH3UCTOPHOrO YCHJIMTENs
Psix. BLIXOgHAs MOLIHOCTb MOXET HCIOJIB30BAThCS no-pasHoOMYy,
Ja ¥ caMa Harpysxa yCHJHUTEJNLHOTO KacKaja MOXET OLITh PasJHu-
HOH (BMeCTo Ry, HanpHMep, MOXKeT GbiTh BKJIIOUEH TPOMKOTOBOpH-
TeJsb, M TOrfa Pyyx pacxogyeTcs Ha co3gaHue 3Byka). OnHako Ka-
KOit Obl HK Gblyia peasibHasi HArpy3Ka W HA YTO Gbl HH PACXOLOBA-
JaCb BBIXOAHAs! MOIIHOCTb, HArPy3Ky 3Ty MOYTH BCErga MOMKHO
NPEeNCTaBUTEL B BUJE pe3HcTOpa Ry, a BHIXOAHYIO MOIIHOCTH — Kak
NpouspefeHHe NepeMeHHON COCTaB/siOIed KOJJIEKTOPHOrO TOKa
Iy~ Ha nepemennyio cocraBasiomyio Ug. HanpsiKeHud, pefcT-
BYIOIIETO Ha CONPOTHUBJIEHHE HArpy3KH:

pBbxx: Ui~ - In

OG6parute BHHMaHHe Ha TO, 4TO BLIXOAHAS MOLIHOCTb OMpEJe-
JSIETCSL HE TOKOM H HanpsXKeHHeM «BOOOHIE», a MMEHHO NepeMeH-
HbIMH COCTaBJAIOIIMMHM TOKA ¥ HanpsikeHuss. Jleno B Tom, 4TO
B KOJIJIEKTODHO! LENW TakK XKe, KaK H B SMUTTEPHO, NpOTeKaeT
nyJabcHpylowmii Tok. KoHeuno, 6araped Bey U by CO31al0T TOJb-
KO mocTosiHHBle TOKM [, U [y, HO ¢ MOSIBJIEHHEM CUCHAJA TOKH
HauMHAIOT H3MEHSThCA NO BEJIWYHHE, CTAHOBATCS MYJbCHPYIOLIMMM.

Iyabcupyioniii KOIEKTOPHBI TOK MOXKHO NOBOJLHO MPOCTO
Pa3lesuTh Ha NOCTORHHYI0O M NepeMeHHylo cocTaBasiomue. Ha-
NpHUMep, C NOMOMIbI0 (HILTPOB, KOTOPbIE NPHMEHSJHCL HaMU
B BBIOPSIMUTENIE H AETeKTOpe [AJs pa3fle/IeHHs HNOCTOSHHBIX W IIe-
peMeHHbIX cocTaBasiomwux (puc. 27—6, 19). CosepiuenHo scHo,
YTO MOCTOSIHHBIE COCTABJAKOLIME KOJNJIEKTOPHOrO TOKa [x— U Ha-
npsixeHust Ha Harpyske Uu— HaM coBceM He HYXXHbL: BBIXOAHOR
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CHTHAJ — 3TO NepEeMEeHHBIH TOK M NepeMeHHOoe HanpsiKeHue, B Ha-
mem npumepe Iy~ H Ux~. U, He 3agyMmbIBasick noKa O KOHKpeT-
HBIX cnoco6ax BbifeJEHHS 3TUX MepeMeHHbIX COCTaBJSIONIMX, Mbl
TOJbKO MX M yYHTHIBAe€M NpPH NOJCYETE BbIXOAHOH MOIIHOCTH, Je-
Jlast BHJ, YTO NMOCTOAHHBLIX cocTaBaswoumx /- 1 Uy- mpocro He
CYIECTBYET.

[TockoabKYy MBI JOrOBOPHJIMCH, YTO KOJIJIEKTODHBLIH TOK paBeH
IMHMTTEPHOMY, TO, 3HAUMT, paBHbl U HX NepeMeHHble COCTaBJslO-
mHe. OnHa U3 Hux I, ~ onpenensieT MOIIHOCTL BXOJHOTO CHTHAJA,
apyrast Iy — MOIIHOCTL BHIXOQHOTO cHrHaga. Tenepb Bonpoc 06
YCHJIMTENBbHBIX CIOCOOHOCTAX TPaH3UCTOPA MOXKHO PEIUHTL TOJBKO
OJZHMM crnocoGOM: cpaBHHTL nepeMeHHOe Hanpsxenne Ucar
BXOJHOTO CHUTHAJa M BBIXOAHOE mepeMeHHoe HanpskeHne Upux
(rak Mpl OygeMm B JagabHeilieM Ha3blBaTh NEPEMEHHYIO COCTaB-
aswowmyo Ug~). Ecan okaxercst, uTo Ugyx Oouabiie, ueM Ucyr, TO,
3HAYUT, BbIXOAHAA MOIIHOCTL GoJbllle BXONHOH H, CJaeL0BaTe/bHO,
TpaH3ucTop ycunusaeT. YeM Gosbiiee 3Hauenne Usyx HaM yaact-
Csl OJYYHTDb, TeM GoJbHIMM Gyaer W yCUJeHHe CHrHaJja.

K aMuTTEepHOMY nepexoiy MPHJIOXKEHO HanpsKeHHe VCUIHBae-
moro curHagsa. Ecau Mbl 3aXOTMM NOACYUUTATHL 3TO HaNpsiKeHHE,
TO HYXHO GyleT BOCMOJIL30BAThCH YKe 3HaKoMoO# (opMysol 3a-
noHa OMa — Ucuyr=17y~+Rax. 31ech Rpgx— 3TO TaK Ha3bBaeMoe
BXOJMOe CONpPOTHBJIEHHe TPaH3UCTOPa, CONPOTHBJEHHE, KOTOpOe
BXOJHOH CHMTHaJj BCTpeyaeT €O CTOPOHbl 3IMUTTEPHOro Nepexoja.
Bckope Mbl mogpoGHO BHISICHHM, OT Y€ro 3aBHCHT H YeMYy PaBHO
BXOJHOEe CONpPOTUBJEHUE. A NOKa OrpaHUuMMCSl JULbL OOGMIMM BBI-
BOJOM: BXOJIHOE CONMPOTHBJeHHe Rgyx OueHb MaJjo. B obuyx uep-
Tax, MO-BUAUMOMY, SICHO, YTO 3TO JOJKUO ObITh HUMEHHO TakK I10-
TOMY, YTO BXOJHOE CONPOTHUBJEHUE — 3TO, MO CYTH [esa, Conpo-
THBJEHHE 3MMUTTEPHOrO pr-nepexoia, a 3TOT mepexox Guaaromaps
CMEUIEHHIO Bcerja BKJIOUYEH B NPAMOM, NPOBOAAIIEM Hanpasle-
Hud. Y, Kak Besakuiit auon, o obganaer HeOOJbIIMM PSIMBIM
COTNPOTHBJIEHHEM.

To, uto gns mopcuera BxoaHoro HanpsKeHusi Ucgyr MBI NOJb-
3yeMcsl BXOAHbIM CONpOTHUBJEHHEM TpaH3ucTopa KRyx, nO-BHAH-
MOMY, TpebyeT HEKOTOPbIX MOsCHEHHH.

Pa3ymeercsi, Mbl He MOXeM MEHSTb CONPOTHBJIEHHE Ryx TakK,
KaK MEeHSIeM 10 CBOEMY BKYCY CONpOTHUBJICHHE Harpysky, ga ¥ Ha-
npaxenre Ucyr mosdyuaem yke B roToBoM suje. Ho Benb Mbl 4 ne
ropopum: «Hanpsokenue Ugyr 3aBHCHT OT CONPOTHBJAEHUS Rpx».
Mrul mpocTo oTMeuaeM, YTO HampsiKeHHe Ha KakoM-au50 yyacTke
genu (B JaHHOM CJydae 3TO OTHOCUTCH K HanpsxeHuio Ucy) BO
BCEX CJyuasX paBHO IPOM3BEJEHHIO TOKa Ha CONpPOTUBJEHHE,

YMHOXHUB TOK Ha CONPOTHUBJEHHE, MOMXHO MOJACUYMTATL H Bhl<
XO[HOe HamnpsKeHHe TPaH3UCTOPHOI'O YCHIMTENs, TO ecTb Iepe-
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MeHHOe HanpsixKenne Ha Harpyske: Uys = Upyx=1Ix~+ Rux. Orciona
cieayet: YTOOLl YBEJHUHTH IePEMEHHOE HanpsKeHue Ha Harpyske,
€CTh 1Ba NMyTH — yBeJauyeHue [y~ W ysenuuenue Ry Ha eauuuny
KOJ/IVIEKTOPHOTO TOKA MH KakK GyATO MOBAMATH HE MOMKEM: K KOJ-
JIEKTOPY He MOXKeT ABHMrarhcs 0oJjblie 3apsioB, YeM HX MPUXO-
IuT B 6a3y 3 smuTTepa. 3HAuuT, A5 yBeanuyeHus Ugyx ocTaercs
OIHO: HYXXHO YBEJHUYMTH CONpOTHBJeHHe HArpy3kH. Uem Gosblie
6yner Ry, Tem Gosbllie GyZer M AelCTByIOlUlee HA HeM Hampsike-
HHe. A MMeHHO OHO B NAHHOM CJyyae H OnpefejsieT BO3MOKHOCTH
BCEro Halllero YCHJHTENbHOTO Kackana (KacKajoM HasbiBawoT O6/10K
3JEKTPOHHOU alnmapaTyphl, CIOCOGHBIA pelrars Kakyo-au6o ca-
MOCTOSATENbHYIO 33744y, B YaCTHOCTH — YCHJMBATL CHTHaJ).

Jlo KakuxX Xe 1Mop MOXKHO YBEJHYMBATL CONPOTHBJEHHE Ha-
TPY3KH Ry B OTOHe 33 GO/IBIIMM BHXOJHBIM HanpsXeHHeM? 31ech
€CTb [Ba OrpaHHYeHUs, HO HAM M0Ka JOCTATOYHO MO3HAKOMHTHCH
xorsl OBl C OJHHM.

Bcea kossiekTopHas uenb Hamiero TPAH3HCTOPHOTO YCHIHMTENS,
IO CyTH Aefia, Npeacrasjaser co6oil meaurenb Hanpsxenus. [le-
JUTE]b 3TOT COCTOHT M3 ABYX OCHOBHBIX YUACTKOB — HArpy3KH
M KOJUIEKTODHOTO Mepexofa, H HampsikeHHe KOJJIEKTOpHo# Gara-
peu by jesnurcs MeXAY 3THMH ABYyMs yuacTkaMmu. [TosTomy, yBe-
JAuuMBas Ry MOXHO HOfTH 10 TOTrO, UTO BCe HAlpsKEHHe JOCTa-
HeTCs HMEeHHO 3TOMY CONpPOTHBJIEHHMIO, a Ha KOJJeKTope (Touuee,
Ha KOJIJIEKTOPHOM nepexone) BooOlile He OCTAHETCS HHKAKOTO Ha-
npsxenus (puc. 38). A 310 B CBOW Ouepeib O3HAUAET, 4TO, yBE-
JAYMBAA Ry HYXKHO BCerJa YYHTHIBAThL H BeJMUYMHY CONPOTHBJE-
HUSI KOJlJIeKTOpHOro nepexopa. Ecau, nHanpuMep, okamkercsi, 4TO
CONPOTHBJIEHHE KOJIJIEKTOPHOTO Mepexosa HMeeT Ty XKe BeJHYHHY,
YTO H Ry—ero MOXHO HAa3BaTh BHIXOAHLIM CONPOTHBJIEHHEM
TPaH3UCTOPa Rppx,— TO KAXKAOMY M3 3THX YYaCTKOB JOCTAHETCS
NOJIOBHHA HAMpSAKEHUA, a C STHM €I1€ BIOJHE MOMKHO MHPHTBLCS.

UyTh mo3:Ke Mbl NOAPOGHO OCTAHOBHMCA HA TOM, YTO NPELCTAB-
JsieT co60H BHIXOJHOE COMPOTHBJIEHHE TPaH3uCTOpa. Mbi y3HaeM,
YTO OHO MOXeT OBITh PA3/JHYHHM JJs TOCTOSHHOrO M NEepeMeH-
HOI'O TOKA, YTO Be/JIMYMHA €T0 3aBUCHT H OT PeKUMa BXOAHOH pemnu
(370, cOOGCTBEHHO TOBOpPSl, HAM Y¥Ke H3BECTHO — BXOAHAS LeMNb
B OCHOBHOM Te€M W 3aHMMAaeTCs, UTO MEHSEeT COMPOTHBJIEHHE KOJ-
JIEKTOPHOTO pr-mepexofia,-BIPLICKUBAs B Hero, pasyMmeercs uyepes
6a3y, ceoboanbie 3apsaanl). [Toka e Mbl OrpaHHYMMCS HEKOTOPHIM
o611¥M BbICKA3bIBAHHEM: BBIXOJIHOE COINPOTHBJIEHHe TPaH3HCTOPA
BecbMa BeJIMKO, KOJIJIEKTOPHBIH Nepexos, no cyTtH Aela, npeicras-
aser coboil aHOA, BK/IIOUEHHHH B o6paTHOM HaupasJjeHHH. Bo
BCAKOM C/ly4ae, B KOJIJIEKTOPHYIO [eflb TPAaH3UCTOpPA MaJoil MOHI-
HOCTH MOMKHO CMeJO BK/IKIYHTH HAarpy3ky ¢ COMpPOTHBJEHHEM
B HEeCKOJbKO KHJIOOM, He ONacasch Cepbe3HHIX HeNpHATHOCTEH,
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Puc. 38. Tlpu cauikoM GOJibLIIOM CONPOTHBJICHHH HATPY3KH NMOCTOAMHOE Hamps-
JKEeHHe a KOMNEKTOpe MOXeT yHNacTb A0 HyJisl.

B TOM 4MCJ/€ CJAMIIKOM CH/IBHOTO yMEHbLI€HHMs HaNpsiXeHUs Ha
caMoM KoJaJekTope. [lJs1 onpegeseHHOCTH NpHMeM, YTO B KOJJIEK-
TOPHYIO [eNb HAIero TPAH3UCTOPA BKJIOYEHa HArpyska Rm=
=10 kos. Dro pnonHe peanbHas uudpa.

MBI OrpaHHYHM/IM CONPOTHBJEHHE Pe3HCTOpa Ry M3 60si3HM NO-
TepATh Ha HEM CJHIIKOM GOJBIIYI0 4AaCTh NOCTOSHHOrO KOJJIEK-
TOPHOTO HANpSIMKEHHs M OCTaBHTh CJAUIIKOM MaJ/oe NOCTOAHHOE
HalpskKeHde Ha caMoOM KoJuiektope. Ho MOxHO Bexb BMECTO pe-
3HCTOPa Ru BKJIOUUTH B KOJVIEKTOPHYIO LENb TAKOH 3J€MEHT, KO-
Tophii Gyjer npeacTassTh OYeHb GoOJblioe CONPOTHBJEHHE A/
lepeMeHHOro TOKa M OueHb MaJjoe — Aisi rnocrosHHoro. Ilprme-
pOM TAKOTO 3JIEMEHTA MOKET CJAYXKHTh yXKe 3HaKOMblii HaM Apoc-
cesib UM Tpaucdopmarop. F3-3a pasHOro compoTHBJEHUs A/
nepeMeHHOH M MOCTOSIHHOH COCTABJSAIOMIMX KOJJIEKTOPHOroO TOKa
(BO3MOKHBE BeJHYMHB 3THX conporusienuit 50 xom u 5 om) Ha
5TOM 3/1eMeHTe GyJeT CO34aBaThcs GoJblioe nepeMensbe Hanps-
JKeHHe H NOUTH He GyneT TepaThes MocTosiHHoe (puc. 38).

3TO, KOHEUHO, N03BOJUT 6e360/1e3HEHHO YBEJHUHTH CONPOTHB-
JIeHHe HArpPy3KH, HO ONATb-TakH He 10 Geckomeynoctd. H36aBus-
IMCh OT ONACHOCTH CJHMIUIKOM YMEHBIIHMTh [OCTOfSIHHOE Hanpsxe-
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HHE Ha KOJIEKTOpPEe, Mbl CTOJKHeMCA C JPYTHMH OTpaHHAYSHHAMH

(o Hux Gynmer pacckasaHo Ha cTp. 179) u Bce paBHO He cMOxew
YBEJIHYATh CONPOTHBJEHHAE HArPY3KH OoJiblile YeM 10 HECKOJbKHX
[eCTKOB KHJIOOM.

Hrak, B KOJJIEKTOPHYIO liellb BKJIOUeHa Harpyska C COTpO-
tuBnendeM 10 xom. Temepb eme onHa uudpa: coOnpoTHBAEHHE
9MHUTTEPHOIO pn-niepexoia Rzx npumeM pasHbiM 10 ox. D10 ToXKeE
BIIOJIHe peanibHasi BeJHYHHA: SMHTTEPHBIH Mepexoj TpaH3UdCTOpa
npejcrasasier co6oil AMO, BKIIOYEHHBIH B TPAMOM HarpaBJeHHH,
a4 CONpPOTHBJEHHE TAaKOro JHMOAA KaK Pa3 H COCTaBJsIeT eIHHHIIBI
HIH JIECATKH OM.

Tenepr MBI HaKOHEL MOXEM CPAaBHHTb MOIMIHOCTb BXOLHOTO
H BBIXOLHOT'Q CHTHAJOB M BLIHECTH OKOHYATeJbHHIH MPHIOBOP
TPaH3UCTOPY, MOXKeM OMNPEJEAHTb, KYCHIUBACT» WJH «HE YCUJIH-
BaeT»,

MowmHOCTb BXOJHOIO CHIHANA BBIJENSETCS HA CONPOTHBICHHH
Rgx, MOIIHOCTL BBIXONHOTO CHrHAa/la — Ha COMpPOTHBIEHHH Ry Ha
3THX K€ CONPOTHBJCHHAX NeHCTBYIOT COOTBETCTBEHHO BXOJHOE
u BbixoHOe HanpsixkeHHe Ueyr U Upgix. TOKM [5~ H [, NpoTekaio-
IUE MO CONPOTHBJEHUSAM Rpx U Ry, TPAMEPHO PaBHBI, a 3HAYMT,
COOTHOIlIeHUe MEeXJY HaNpsKeHUAMU Ugpr v Upyx onpenensiercs
TOJIbKO COOTHOLIEHHEM COTPOTHB/IEHHH Rpx M Ru B Haiem npu-
Mepe CONPOTHBIEHHe HArpyskH Ry B Thicady pa3 Goublie, yeM
CONPOTUBJIEHNE Rpx, U NMO3TOMY HanpsixeHue Upyy TaKXKe B Thi-
cauy pas Goabie, yeM Ugyr. UHLIMH ciOBaMH, Hall KacKaj JaeT
YCHJIGHHE N0 HATPSXKEHHIO B ThICA4YY Pa3. A MOCKOJbKY MOLIHOCTb
CHTHaJja — 3TO MNPOH3BeJleHue HanpsiKeHuss Ha Tok (P=U-I)
¥ TIOCKOJIbKY TOKM [5~ H [y~, KaK MBI YK€ TOBOPUJIH, PABHLI, TO
YCHJIEHHE N0 MOIUHOCTH TAKXKe PaBHO Thicsye. D10 peasbHbie -
Pul: PAMEPHO TaKoe YCHJCHHE MOXKHO MOJAYYUTHL B Halleil cxeme
OT CpeJHEero mno CBOMM INlapaMerpaM TpaH3dcTopa.

Bot u xoHew nposaroro myreimectsds. Mbl He OILIHGJAHCH, BOC-
KIHKHYB B cBoe BpeMs: «3emaq!» IloctpoeHHHH HamMH M3 OBYX
A#OJI0B TPEXC/IOHHBLA [OIYIIPOBOAHUKOBbIK NPHGOP—TPaH3HCTOP—
JEHCTBUTEJbHO MOXET CO3faBaTh MOIIHYIO KONHIO C1aboro sjex-
TPHYECKOTO CHTHAJA, UCMOAb3YA A 3TOH LEJH 3HEPrHio HCTOY-
HMKA TOCTOSIHHOTO TOKa.

HocTirays 3aBeTHOM ueny, HH OLMH MyTELICCTBEHHKK He OTKA-
®eT ce6e B yIOBOJBLCTBAU BCIOMHHTb CaMble HHTEPECHBIe, CaMble
BaxKHble 3Tanbl NpoijAeHHoro nytH. lasaiite ke H Mb mojsejem
UTOT CBOEro TPYJIHOTO H JOJrOro MyTeuecTBdst OT JHOoAa A0 TPH-
onla. A 3a01HO yXKe KOPOTKO, GYKBaJIbHO B JIBYX C/AOBax, MOJBITO-
UM BCe, YTO YyCHeJH y3HaTb O TpaH3UCTOpe.

Cara6blit aMeKTPHUecKUil CUTHAJ, KOTOPHH HYXKHO YCHIHTDL, MBI
BBOJMM B 3MHTTEPHYIO Lenb TpaHsucropa. OHa npejcTasiser co-
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6ot pn-nepexofl, KOTOPbIA C MOMOILBIO BCIOMOTaTeNbHOTO TMO-
CTOAHHOrO HanpsiKeHHs1 (CMENIEHHsI) BCerja BKJIOUEH B NPSAMOM
Hanpapaenuu. CONPOTHB/IEHHe TAKOro fepexoja HeBeJHKO, H NO-
3TOMY BXOJIHO#l CHTHaJ [OBOJBHO JerKo H3MEHsAeT 3SMUTTEPHLIH
ToK. 3apsjbl, oOpasyioulHe 3TOT TOK, B pesyabraTe AupPy3nu
pgpocayMBalTes CKBO3b 6a3y M NOMANaloT BO BTOPOH, B KOJJIEK-
TOpHBI pr-nepexoji. TOT Mepexoj BKJOYeH B 06paTHOM Hanpas-
JIeHHH, H COTPOTHBJEGHHE ero OueHb Besuko. Ilomas u3 6a3sul
B KOJJIEKTODHBI Tepexoj, cBOOOJHBIE 3apsAfbl YMEHbLIAT ero
conporusnenue. Iloy neficTBHeM YCHAMBAEMOro CHrHaJja YACIO
3THX 3apSJ0B MEHsAETCs, a 3HAYHT, CONPOTHBJEHHE KOJJIEKTOPHO-
ro Tepexoja TOXE MEHSercs, cjellys MO MATaM 3a BCEMH H3Me-
HEHUSIMH CHTHaJa.

Teneps Gatapes, B Lenb KOTOPOH BKJIIOUEH KOJJIEKTOPHBIHA Tle-
Pexoj, yXKe OTJaer 3HeprHio He B BHJe MOCTOAHHOrO, a B BHIE
MeHslIerocs TOKa — KonuM caaGoro cdrxHana. Ecoin  Ha
BYTH 3TOM0 MEHSIOWIErocst TOKa (TO eCTb B KOJMJIEKTOPHYIO ueMb
TPaH3HCTOPa) BKJIIOYHTbL HArpPy3Ky Ry W ecaH clie1aTh €e CONpo-
THBJIEHHE JIOCTATOYHO GO/BIIHM, TO HA 3TOH Harpyske MOXKHO M-
JAyuHTh OGOJNBLIOE N0 BENHYMHE MeHsiiomeecss HanpsikeHHe. Bo
BCSIKOM C/Iyyae, BO MHOro pa3 Gouiblliee, 4eM HaIpPsiXKeHHe CHrHa-
Jia, noJiBeleHHOro K amMuTTepy. Tak co3naercs yCHieHHe MO HaAMpsi-
JKEHMIO, a 3HAYHT, ¥ YCHJAEHHE 0 MOMHOCTH. DddeKT yCHIeHHN
DOJIyYyaeTcs 3a CYET TOro, YTO BXOJHON TOK, AeHCTBYIOMMA B LenH
C MajblM COIPOTHBJIEHHEM, CO3/laeT TAKOH XKe MO BENHYHHE H3Me-
HAWMACA TOK B Lenu ¢ GOJIBIIMM CONpOTHB/IeHHeM. MMeHHO HC-
XOJs1 M3 3TOTO M Has3Ba/JH TpaH3uCTOp mpeobpasomsareneM (mepe-
HOCYHKOM) CONPOTHBJICHHH.

[ay6okuéi cMbicn 3TOro Ha3BaHUA CTaHET OCOOEHHO XOPOLIO
TOHSITHBIM, €CJIM TIONBITATHCS BKJIOUHTH HArPYy3Ky He B KOJJeK-
TOPHYI0, 4 B 3MHTTEPHYIO Lelb, a KOJNJIEKTOp BMecte ¢ GaTapeeit
JI9 YIPOILEHHsT NPOCTO BRIGPOCHTH H3 cXeMbl. B TakoMm mocCTymke
€cThb JlaXe KaKas-TO JIOTHKA: €CJd KOJIEKTOPHBbIH TOK, MpPOXOASt
[0 CONPOTHUBJIEHMIO HArPY3Kd, CO3JaeT Ha HeM GOJblioe BBIXOA-
HOe HanpsiKeHHe, TO, OUEBHHO, H 3IMUTTEPHBIH TOK, KOTOpPHIH, KakK
MBl VK€ MHOI0 pa3 MOJYepKHBaJ/ld, 0 BEJHUYHHE paBeH KoJliek-
TOPHOMY, CO3J]aCT Ha Harpyske Takoe e OOJblIOE HaNpPsKEHHE,
M Mbl M3BJedeM HEOOXOJHMYI0 MOIIHOCTb NMPSMO H3 HCTOYHHKA
cnaboro curHana, 6e3 BCAKOrO TPaH3HCTOpA.

Ho, koHeuHO Xe, 310 paccyxJenus omwnbounn. Ilpexne Bcero
OHH He YUHTBHIBAIOT HeyMoauMulit 3akoH Oma. BKaouus B sMHTTED-
HYIO Lellb CBOI0 Harpysky Re=10 KoM, Mbl TIpHMepHS B THCSAuY
pa3 YMeHbIHM TOK B 3TOif [eNH, TaK KaK CONPOTHBIIEHHE HArpy3KH
B ThicAyy pa3 OGoJblie MPSIMOr0 CONPOTHBJICHHS 3MHTTEDHOrO
pn-nepexona. beabonesnenHo (unH noutu 6esGose3HeHHO) 6OJb-
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.Puc 39 ‘lpauaucrtop, mo cyTtu gena, npeacTaBasier coboil peoctaT, conpoTHBIe-
#Me KOTOpOro (CONPOTHBJ/IEHHE KOMIEKTOPHON HeMH) MeHSeTCst moj AEHCTBHEM
YCUIMBAEMOTO CHrHAAA

Lioe CONMPOTHBJCHHE HATPY3KU MOMKHO BKJIOYATH JIMLIb B KOJJIEK-
TOPHYIO LeNb: ee COGCTBEHHOE CONPOTHBJIEHHE JOCTATOYHO BEJIUKO
H Ha 3TOM QOHe BKIIOUEHHE HATPY3KH He OYeHb-TO 3aMEeTHO.

Kak punute, Hama nonsiTka ycuanth curHan Ges ynpasaisio-
uiero npu6opa, B AaHHOM cayude Ge3 TPAH3HCTOPA, KOHUYAJACH
Kpaxom. [la MHaue # GuiTb He Mor;o. HUKaKOi1 curbas He MoOxer
OTAaTh OOJbLIE MOLIHOCTH, Y€M Y Hero ecTb, W eAMHCTBEHHAs
BO3MOXHOCTb YCHJIUTb cJiaObll CUrHAJ — 3TO CJENHTb €ro MO~
HYIO KONHUIO M3 SHEPruH, KOTOPYIO JaeT APYrod HCTOUHHK.

Ha puc. 39 KonnekTopHblil pr-nepexof nokasan B BHIe Iepe-
MEHHOro COnpOTHB/EHHs! Reux [Ipu 3T0M, KOHEUHO, He OTpaeHH!
BCe Telepb YKe XOPOUIO H3BECTHble HaM IPOLECCH] — BIPLICKUBA-
HUe 3apsN0B 43 IMHTTepa B 6asy, nudp¢y3usi, yckopenve 3apsafoB
B KOJIZIEKTOPHOM TMepexojie,— B pe3yJbTaTe KOTOPLIX caalblil cur-
HaJl ynpaB/sieT MOUIHBIM IIOTOKOM 3HepTuu. 3a6blB 060 BCEX MOM-
pOGHOCTAX, MOXKHO HpeACTaBUTh ceBe, KaK 3TOT ciaabblil curgadZ,
BeACTBYIOIMI B LIeNH BXOAHOrO conpoTHBJeHus Rgy, KaKHM-TO
06pa3oM IBHTaeT PYYKY IEPEMEHHOr0 CONPOTHBJEHHS Rpuy, Me-
HseT TOK KOJJICKTODHOMH lleMH, a BMecTe ¢ HAM U HampsiKeHHe Ha
Harpyske.

MoxHO HalT¥ HeMmano aHaJorui, NOMOTAIOLIUX NOHATb, KaK
paGoTaer TpaHsucTop. MOXKHO, HaTIpUMep, NPEACTABATHL cebe, Kak
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OXOTHHK-MHJeell CTpessieT M3 JyKa, a TOBApHIl NOMOTaeT eMy,
[NORAeT CTPebl. DTOT IOMOLHHK [eJaeT NPUMEPHO TO xe, YTO
HCTOYHKMK CHTHAJa, NOAKJIIOUEHHBI K SMUTTEPHOMY mepexony: OH
nojaeT 3apsiAb-CTPesbl JJsi CTPenbObl B uedb-Harpysky. Kak Obt
HH CTapaJscsl NOMOIHHUK, OH He CMOXeT 3anyCTHThb CTPesy C TaKo#
CHJION, KaK 3TO JleslaeT CHJIbHO HAaTAHYTas TeTHBa JyKa. JIyK 3xech
WrpaetT NpHUMEPHO TY Xe POJb, YTO H KOJJIEKTOpHasA GaTapest
B YCHJIUTEJE.

A BOT elile 0IHa, YxKe 3HAKOMas HaM aHanorus (cTp. 22): 3a-
TpaYuBas CPaBHUTENbHO HeGOMbLIMEe YCHJMS, Bbl NOATAIKHBaeTe
K KPalo BBHICOKOH rOpbl KAMEHHBIE I'VIbIObI, a 3aTeM CTaJKHBAeTe X
BHH3. PasorHaBluiuch npu nageHUd C GoJblIOH BHICOTH, KaMHH
COBEpILIAIOT 3HAUUTENbHYIO MeXaHUuecKyio paboTy, nogo6HO TOMY
KaK 3apsi/ibl, YChOPEHHbIE KOJJEKTOPHOH GaTapeed, paGoTaloT Ha
CONPOTHBJEHUH HarpysKu

Jlnst Toro uTo6nl 3Ta aHanorust O6piia 60ablLIE NOX0XA Ha YCH-
JIUTEJbHBIA KacKaf ¢ TPaH3HCTOPOM, HYKHO NOOGaBUTh NONAbEMHHUK,
KOTOPBLIH Gbl BO3BpallaJl COPOLUCHHble KAMHH Ha BePLUHHY TOPbI:
Bellb KOlJeKTOpHas Oarapes BO3BpailaeT nopa6oTaBliMe Ha Ha-
rpyske 3apsjbl 06paTHO B IMUTTEPHYIO LIeNb YCUJIUTENS, TOUHee —
K «Iocy» Gartapen cMeineHus. Kpome Toro, KaMHH HYXHO NOXA-
TaJKUBaThb K OOPBIBY B COOTBETCTBHH C KAaKHM-JIMO0 YyCIOBHBIM
nosoM. Hanpumep, B cootBercTBiu ¢ as3Gykoin Mopse (Tpu kaM-
Hs1, COPOIIEHHBIX MOAPSN,— «THDPE», ONUHOUHBIH KaMeHb — «TOY-
ka»). [IpH 3TOM NOTOK KaMHel, JeTAIMX C BepLIMHbI BHU3, KakK
M TI0JIaraeTcss MOIHOH KOMUY, O6Y/JeT noBTOPSIThL BCe HALIH YCJOB-
nble curHanbl. IlogymaB, Bbl HaBepHsika HalineTe HeMaJso JPYTHX
noJ06GHBIX aHaJOrHH.

Pa6ory ycunHTeNbHOr0 Kackajla MOXKeT HJJIIOCTPHPOBAThL CH-
cTeMa pesepByapoB, HACOCOB U COEJMHUTENbHBIX TpYyG (puc. 40).
BosJqe Kamxaoro 3jeMeHTa 3TOrO 'MAPABAMYECKOTO YCHJIHTENsT Ha-
MUCAHO, Ybi0 POJIb OH HCHOJHSAET, KAKOMY 3JAeMEHTYy TpPaH3dcTOp-
HOTO ycuauTesss coorsercTByer. Han6onpmymw pa6ory B 3TOH CH-
cTeMe BBITIOJIHAET HAcOoC, UCHOJHSIOWHN poib KOJJIeKTOpHOH 6a-
tapen bi. OH-TO ¥ co3pgaer GOJBLION Hepenajy ypoBHeH MeXIy
pesepByapamu «6a3a» U «KOJNJEKTOP», # BOAA, Nnagas ¢ GOJbLIOH
RBICOTH, BpalllaeT MOUIHYI0 TypOHHY-«Harpysky». Bo sxoamo#
LeN4 TUIPaBJHUECKOH CHCTCMbl HMEeTCs ellle JBa Hacoca — «CMe-
LIleHHe» W «CurHan». 'NaBHast 3ajaua 3THX HacOCOB— PeryaHpo-
BaTb NOTOK XKHIKOCTH U3 «3MHUTTepa» B «Gasy». [das perynmpo-
BaHUsA HCIOJbB3YETCS NOPIIeHb C 3aCJOHKO#, KOTopas fienaer npd-
MEPHO TO XK€ CaMmoOe, UTO U HanpskKeHHe, NPHIOKEHHOEe K IMHUT-
TepHOMy pn-nepexony. Hacoc «cMmeleHnes co3faer HOCTOSHHOE
JaBJieHue, a HACoOC «CHrHaja» — mnepeMenHoe. Iloatomy B rujpas-
JIMYECKOH CHCTeMe MHTEHCHBHOCTb [TOTOKA BOAH MEHSIeTCs Tak Xe,
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Puc. 40. TpansucTopHbifi yCHAWTENb HANOMHHAET THAPABINUECKYIO CHCTEMY, THe,
JIETKO mepeMellas 3ac/OHKY, MOXHO YNpPaBiATh MOLIHLM NOTOKOM BOJbL.

Kak MOoJ [AeHCTBHEM YCHIMBAEMOIO 3JIGKTPHYECKOro CHrHana Me-
HSIeTCS TOK BO BCeX WLemnsix TpaH3HucTopa. M3MeHeHue HHTeHCHB-
HOCTH MOTOKa BOJHl [PUBOAUT K TOMY, UTO MEHSIETCS H CKOPOCTh
BpallleHHs] MOLIHOH TyPOGHHEI-HArPY3KU. TypOUHa npH 3ToM pabo-
TaeT HepaBHOMEPHO, MOIIHOCTb €€ MEHsSIeTCsi, ¥ TakuM o0pa3oM
Co3JlaeTcsl CBO€OGPa3HLId MexaHHUYECKHIH CHrHAJ, HEKOTOpoe Tio-
AoGue BHIXOJHOrO CHrHaJa B TPAaH3HCTOPHOM YCHJAMTesne. Mexa-
HHYECKMH CHTrHaJ, CO3NaHHLI TypOHHOH, HAMHOrO MOI(HEe Mexa-
HMYECKOro CHrHaJa, [IOJNyYeHHOro OT Hacoca «CHrHasa». M uMeHHo
B 3TOM 3akjmouyaercs 3(p(peKT YCHJICHHUS.

Mgl ¢ BaMH 3aTpaTHaH HeMaJjo BPeMeHH Ha To, UTOObI BhISC-
HUTb, KaK YCTPOEHBI H KaK paboTaioT NOJYIDOBOJHHKOBble MPH-
6opel. Ceiiuac, moxaayii, yKe MOXHO CYHTATh, YyTO IleJib JOCTHUT-
HyTa, uTO CYTb HeJa Gosee MU Mesee sicHa. OnHako, HECMOTPS
Ha 3TO, MBI 0 COOCTBeHHOH HHHLHATHBE MOHIEeM Ha elle OfHY
Tpynuylo onepauuio. ITocsie Hee 3Ta caMasi «CyThb fena» HaBsep-
HAKa CTaHeT JIJis Bac He mpocTo GoJjiee MM MeHee SICHOHM, a TaKoi
Ke OeccmOpHOH, Takoll :Ke MPHUBBIYHOH, KaK, CKaxKeM, BOCXOJ
cosqHIA MJM majeHHe xaMus. Hamrell HoBoHl onepanuu Mo:KHO
cMesq0 MPHUCBOUTL UMD «BuHmen caM».

100

Ues0oBeK TaK yCTPOEH, YTO OH BCerfa HEMHOXKKO He BepHT
Jlaxke caMbIM yOeJUTeJNbHBIM CJA0BaM, CAMBIM JIOTHYHBIM paccyX-
neHusiM. (Moxer ObiTb, 3TO 3allUTHas peaKUHs, CBA3aHHAA
C TeM, YTO Mbl Hepeaxko owHbaeMmcs, NMpUHHMAas Oe301HOOUHBIE,
Kasa/goch Obl, pelleHHs, fgenas OecclopHbie Ha MepBHIH B3r/AA
BbIBOABI?) Jlyumiui crnoco6 GopbObl ¢ 3THM CBOMM BHYTPEHHHM
HeBepHeM, JyYLInii crioco6 onpefeseHUss HCTHHHOH LEHHOCTH CJI0B,
uaell, paccyxaeHHH — 3TO 3KCHepUMEHT, MCTIbITaHHE Ha OIbITe,
nposepka fenoM. Bor moueMmy cheaylollHe nBa pasjiesa KHHIH
[OJHOCTBIO TIOCBSIEHK AeNaM: 3TO CBOEro pPOAA PYKOBOACTBO
K NMPaKTHYECKUM 3aHsATHsIM. Mgpl mpopmenaeM HECKOJNbKO MpocTe-
IIHX OMNBITOB U MONbITaeMcs MPAaKTHYECKH [0Ka3aTb, uTO JTHOR
JNeHCTBUTENILHO BbIPSIMJSET, a TPAH3UCTOP YCHJHMBAET.

Hauuem c¢ nuopga.

OT CJOB K AEJAY

EcTb HecKonbKO MpOCTEHINHX ONbITOB, AOKa3bIBAIOLIMX, YTO
NOaYIPOBOAHUKOBHIE fHOA o6/najaeT OJHOCTOPOHHEeH IIPOBOIUMO-
CThiO H UYTO BCe HAIIH PACCKA3bl O «BEJHKOJENHBbIX ueTBEpKax»
repMaHHsi H KpeMHHs, 00 3JEKTPOHAX M JAHIPKAX, JIOHOpax M akK-
I[eNITOPAaX, OCHOBHbIX K HEOCHOBHBIX HOCHTEJSIX, O <«MaHeBpax»
3JIeKTPUUECKHX 3apsi[iOB Ha PaHUIE MeXKJy 7 U p 30HAMH JHOJa
H 0 MHOI'MX APYTHX uyJecax,— 4TO BCe 3TO HCTHHHAS Mpasja.

BoT onuH 43 TakuxX OpocTeflHX onbIToB. Bo3bMUTe OGHIUHBIH
aGOHEHTCKUI POMKOrOBODHTE/b (TPOMKOTOBOPHTE/b pPafiHOTOY-
KH) H, NOJNKIIOUUB ero K Gatapelike kapManHoro ¢oHaps, nomnpo-
OyiiTe mepHOAMUECKH DPa3pblBaTh ILelb, NPOILLe roBOPS — MONPO-
OyiiTe nojepraTh ONUH U3 COCJHHUTENBHBLIX NMPOBONOB (pHC. 41).
Bbl ycabiiuTe B IPOMKOTOBOPHTese menukd. Dartapeiika paer
HOCTOSIHHBIA TOK, 10J AeHCTBHEM KOTOPOTO IDOMKOTOBOPDUTE/]b HE
co3/aeT 3ByKa, HO B MOMEHT MOJKJ/oueHHs1 6aTapeliku K rpoMKo-
TOBOPHTENIO WU €e OTK/IOYCHHS TOK B IelNH MeHseTcs (0T HyJd
wad fo Hydas). Tonukd Toka 3actasasiioT nuddysop konebaTnes
H cO31aBaTh 3BYK.

Beenem B Hamy nens Jio60l NOJNYIPOBOAHUKOBBIH auon. By-
OYT JH Telepb CJbIMIHA IIeNUYKH NPH PA3MbIKAHUU U 3aMBIKAHKH
uenu? DTO 3aBHCHUT OT TOTO, Kak BKJwueH auoj. Eciau oH BKJIO-
YeH B MPSIMOM HATpaBJeHHH H MPOMNYCKaeT TOK, TO MOUeAKHBaHUE
GyzeT npogoaKaTbcs. A ecad fHOJ BKIOYeH B 06paTHOM Hampas-
JIEHHH, TO HUKAKUX MIEMYKOB Bkl He YCJBILIUTE: JHOJ, JIerKo Ipo-
MyCKaeT TOK TOJbKO B OAHY CTOPOHY. I1py 0OpaTHOM BKJ/IOUEHHH
AHONA B IeNH MOSIBASIOTCS OUeHb c/abble TOJUYKH 06PATHOrO TOKA,
KOTOpble He MOIYT ¢ JOCTaTOYHOH cuyaoi JBHHYTb Aubdy30p.
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Puc. 41. Vicnonb3ys B KauecTBe SIHJSAKAaTOpa 'POMKOTOBODSATENb SA/IH JaMIOUKY,
MOXKHO fa OnbiTe y6eRHTbCA B ONAOCTOPOSIHEH NPOBOAHMOCTH NOJYNPOBORHA-
KOBOTO AHOJA.

KcTaTi, BMecTo Toro 4yTofsl NepeKJaouaTh THOL, MOXKHO H3MEHHTh
noaspHocTb GaTaped.

Ene onHH OMbIT — BKJIIOYEHHE IHOAA B LENb JIAMIOYKH Kap-
maHHoro ¢oHaps (puc. 41). lns 3Toro omeiTa aydiie B3ATH NJO-
CKOCTHOH nHox. Bo-MepBbiX, He BCSAKHH TOYEUHBIH JAHOJ MOMKeET
BbIZIePKATh TOK, KOTGPbIH HYKHO NPONYCTHTb Yepe3 JaMIOUKY
(50 — 150 ma). Bo-BropuiX, NpsiMoe CONpPOTHBJEHHE y IJOCKOCT-
HOTO JHOJa MEHbIIe, yeM y TOUEYHOTO, TOK B LleNH 0Ka3blBaeTCsH
HeCKoJbKo GoJbllle, M JaMnouka ropHT sipue. A Bor o6paTHOe
CONPOTHBJIEHHE JHOJA BO BCeX CJAyYasx HACTOJbKO BEJIHKO, UTO
TOK B IlellH CTAHOBHTCS OYeHb MaJlbiM, H JIAMIIOYKA He TOPHT.

XoTa 3THX IBYX ONBITOB BIOJIHE NOCTATOYHO AJS TOTO, 4TOGHI
HaBCer]a 3aNOMHHTb, YTO JMOJ XOPOLIO NPONYyCKaeT TOK TOJbKO
B OIHY CTOPOHYy, Mbl BCe XK€ NpOJejaeM elle OAHH 3KCIePHMEHT.
Ero, npaBsa, ayuime 6bl Ha3BaTh GOKYCOM: Hall CJACAYIOLUIMH ONMT
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13

HACTOJbKO HHTEpeceH, HacTOJbKO 3aHHMATE/]eH, 4TO ero MOXHO
noKa3wiBaTb NyOiHKe, HalnpHMep, Ha KaKOM-HHOyQb UIKOJIbHOM
Beuepe CaMOJEesATeJbHOCTH.

CoGepute cxemy, IpHBeJeHHYI0 Ha JucTKe A (pHc. 41). 3xeck
JI, u Jl, oGLIKHOBEHHBlE 3JEKTPHUECKHE JIaMIIOUKH HebobIoN
MOILIHOCTH, Jyullie Bcero 1o 25 87 win B KpailneM cayuae no 40 67.
JlaMHouKH pacCuHMTaHbl Ha TO HaNpsKeHHe, KOTOpoe peHcTsyeT
y Bac B ceTH, — Ha 127 unn Ha 220 8. Buikarouareau Bk, u Bky —
no6oro Tuna. B kauectBe nMonoB M1, Ane i v 2 MOXKHO HC-
0Jb30BaTh BCE THMbI [JIOCKOCTHBIX AHOAOB, Y KOTOPbIX [np 60Jb-
e 150 ma, a Uosp—zon Gombire 200 6, ecin HanpsixeHye cetn 127 8,
v Goabmie 300 8, ecsin Hampsikende ceTH 220 6 (AHOABI NPHXO-
OHUTCS PACCYHTBIBATH Ha AaAMIUIMTYAY HanpsiKeHHS CeTH, CM.
crp. 73). Ionbsysice TaGanuamu I n 3, HAXOAHM,UYTO AJs JIO-
Goro HanpsixkeHHs: cetH noaxoxsat anons A7, JO7E, 017K, 1226
H np.

BuumareabHo NMPOBepHB MPaBHJIBHOCTb COCAMHEHHS [HONOB
(omH6aTbCs 3[4€Ch HeNb3s: HEKOTOphle OUIMOKH MOTYT [PHBECTH
K OJHOBPEMEHHOI THOeJH Bcex ueThlpex JHOAOB!), BKJHOUHMTE
coOpaHHyIo cXeMy B ceTb. Telepb MoXKeTe NOOUEPEHO 3aMBIKATh
W pa3MblKaTh BBIKJIOYaTeNH H YAHBASATbes. Ecan 3dMxuyT Bk, 10
FOPUT TOJNBKO JAaMIOuKa JIy, ecnd 3aMKHYT Bky — TOJILKO JiaM-
nouka JI,. Korga 3aMkHyThl 062 BbIKJIOuaTeJsi, T0 OJHOBPEMEHHO
ropfiT o6e JaMIOUKH, a eCaH 00a BbIKJIOYaTeNs] Pa3OMKHYTHI,
AaMnoukH He ropsT. [lonpo6yiite «nepesepHyTb» auons J; u s,
TO eCTb BKJIOUHTb HX B 00paTHYIO CTOPOHY, H BBIKJIOYATeJH IO~
MEHSIIOTCS pOJsiMH: Bky, 6ymer ynpaBasiTe JaMnoukoii Jls, a Bxi—
aaMIouykoit JI,.

Kak ke 0GbsICHUTb CTOJb CTPaHHOe NOBefeHHMe Hame# MOX-
onbiTHO# nenu? Ilpexpe Bcero HyXHO BCOOMHHTb, 4TO npsiMoe
CONPOTHBIIEHHE JHOA2 OueHb MaJjo, a o6paTHoe — OUYeHb BEJIHKO.
Mbl mogBOAMM K LENH NepeMeHHOe HanpsiKeHHe, H B HEKOTOpbIe
MOMEHTbl NapaJjiellbHO BHIKJIOUATENAM M JaMOOYKaM JHOABL
BKJIOUEHBl B IPSIMOM HanpaBJjeHHH, a B APYTHe MOMeHTH — B 00~
paTHoM. MHBIMHM CJOBaMH, B HEKOTOPble MOMEHTHI M1apaJjlenbHO
BLIKJIOUATENSIM W J1aMIOYKAM BKJIOYEHB! oueHb HeGoJibiiHe (mps-
MBbl€) CONpPOTHBJEHHS, 2 B ApPYrHe MOMEHThl — OueHb OGosbllHe
(oOpaTHbIE) CONPOTHBJEHHS.

Hapucyem rpadHk nogBoAMMOro HanpsiXKeHHss H 4eTHbIE 1IOJY-
NepPHOALl YCJOBHO Ha30BeM MOJOXKHTEJNbHLIMH, a HeyeTHble — OT-
pruatenbHbIMH. Bynem cuntath, 4TO MOJOKHTENbHblE MOJyNEePHO-
bl — 3TO Te, BO BpeMsi KOTOPBIX MpoMycKaioT Tok aHofibt Ja; 1 L,
a OTpHLATeNbHbIEe NOJYNepHObl — 3TO Te, BO BpeMs KOTOPBIX N1pO-
nyckalor ToK guons! [dxe v JI,. Ha prcyHKe nonoxurenbHoe Ha-
npaBJeHHe TOKa (TOK BO BPEMs [OJOMXKHUTENLHBIX MOMYIIEPHOOB)
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NOKa3aHO MYHKTHPOM,
TOYKAMH.

IIpeanonoxuM, uTo 3aMKHYTH 06a BbIKIIOUATensi H BCe Ha-
npsiKeHHe CeTH MOABOLUTCS TOJBKO K JlaMNoukaM. Bo BpeMs Mo-
JIOXKUTENbHOTO MonyrepHoaa Auofd a1 CBOMM MaJjbiM IPAMBIM
CONIPOTHBJIEHHEM CH/bHO IIYHTHpYeT (cM. BocrnomuHanue Ne 8,
crp. 145), mpouie rosopsi, 3aMbiKaeT HaKODOTKO JaMIouky J1,
BECb TOK HJET uepe3 3TOT AHOA (M0 NYTH HaHMEHbILIEro COMPOTUB-
JieHus1), ¥ namnouka JI;, eCTeCTBEHHO, HE TOPUT. 3aTo BO BpeMs
OTPHILATENLHOTO OJYIIePHOA, KOTAa THOA [ oKa3biBaeTcs: BKIIO-
YeHHBIM B 0OpPaTHOM HAaNpaBJeHHH U [03TOMY o6JafaeT ouyeHb
GoJIbIIMM CONMPOTHBJIEHHEM, Bechb TOK MJeT uepe3 JaMmnouky JI,
H OHa CBETHTCS.

C nammnoukoit /I, Bce npoucxoAuT HaoGopoT. LlyntHpyrommii
ee 110 /52 BKIWOUEH B IPOTHBONOJOXKHYIO CTOPOHY (ecaH cpas-
HUBATh ¢ AHOAOM [ly1), H MO3TOMY JjaMmouka Jls FOPHT TOJBKO
BO BPeMsl MOJOXHTEJbHBIX M0JYIePHOAOB.

Korna 3aMkHyTBl 062 BBIK/AIOYATES, TOPIAT 06€ JaMIIOYKH I10-
Ouepelvo, ecad MOXKHO TaK CKa3aTh — uepe3 TakT. Mbl, KOHEYHO,
9TOH O4YepeJHOCTH He 3aMeyaeM: JaMIOUKH CJHIIKOM ObICTPO
CMeHSIIOT APYr Apyra, ofjHa 3aKUraeTcst [03xe ApPYyrofil BCETO
JHIb HAa COTYIO [OJI0 CEKYHIBL

IpaBna, IPUCMOTPEBIIHCH, MOXKHO OTMETHTb HEKOTOPOE MHTa-
HHe JIaMMOUYeK, KOTOPOro He ObiBaeT NPH BKJIOUEHHH HX B CeTh
nepeMeHHoro Toka 6e3 aHo408. MHUraHHe MOSIBJIsieTCS OTOMY, 4TO
yepes JaMIoyKy, NapaJenbHO KOTOPOH MOAKJIOUEH AUOX, IPOXO-
JHUT TOK TOJbKO OLHOTO HaNPaBJeHHS! (MCMIOJNb3yeTCs JIMUIb OJHH
nosiynepuon). Uepes namnouky npoxoaut 50 TOAuKOB (HMIyiib-
COB) TOKa B CeKyHAY. EcaM XKe naMmnouka BKialOyeHa B ceTb 6e3
AMoja, TO TOK uepe3 Hee HIeT M «Tyla», H «oGpaTHO» (HCIONb-
syloTcs o0a rnoaynepHona), To eCThb TOJNYKH TOKZ CJAEAYIOT B ABa
pasa yamie U npuToM Ge3 mepepniBoB. HuTh He ycmesaer ocThi-
BaTh, U HUKAKOTO MeJIbKAHUSI TMPAKTHUECKH HeT.

Hrak, npu -3aMKHYTBIX BBIKJIIOYATEIX ropat obe JaMIOUKH:
0[lHa — BO BpPeMs [OJOXKHTENbHBIX MOJYIIePHONOB, APyrasi— BO
BpeMs OTPHUATeNbHbIX. KaK TONbKO Bbl Pa3OMKHETe ORMH U3
BbiKJI04aTesel, o/lHa M3 JaMOoyeK MOTyxHeT. Tak, B yacTHOCTH,
ecni Pa3oMKHYThb BK,, To moryxHer JIi, a eciu pasoMkHyTb Bk,
TO NoTyxHeT Jlo. M, HaKoHel, ec/id Pa30MKHYTh 00a BHIKIIOUATes,
TO MNOTYXHYT o0e JaMmoukd. IDTo oueHb 3(deKTHOe 3pediulile,
KOr/ia, MAHUIYHUPYS 10CJAEA0BATebHO COeAHHEHHBIMA U, K232J/10Ch
6bl, COBEPIICHHO OJHHAKOBLIMH BBIK/MIOUATENSIMH, Bbl MOOYEPELHO
3aXKHraere TaK XKe I[0OCJeL0BaTe/NbHO COeJHHEHHBIe H YK HaBep-
HAKa OJUHAKOBBIE JAMITOUKH.
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a OTPHULATEJNIbHOE HaMNpaBJeHHEe TOKa —

MexanuaM «uyna» AOBOJBHO MPOCT. Pa3aMbikasi BHIK/IIO4YATENb,
B BBOJHUTE B IIellb HOJYIPOBOJHUKOBBIH JHOM, KOTOPLIH Nperpax-
ZaeT MyTbh TOKY BO BPeMs OfHOro U3 Homynepuonos. Tak, Hamupw-
Mep, nuon [, mperpaxiaaer MyTb MOJOKHTEIbHOMY TOKYy (TOK
[0JIOXKHUTE/NLHOTO MOJMyIepHoAa), KOTOPhiHl 3acTaB/sa CBETHTBCH
naMmiouky JIs, v oHa racuer. TouHo Tak xke auon [ mperpaxiaer
IyTh OTPHUATEJNBHOMY TOKY (TOK OTPHLATENBLHOTO MOaylepuoaa),
KOTOpbIH 3axuran Jammouky JI. Koraa BkJlOueHbl B Lelb 062
JAH0[a, TO 3aKPLIT NMyTb TOKY H MOJIOKHUTEJNbHOTO, U OTPHLATE/]b-
HOTO HAIPABJEHUS, TO3TOMY HH OLHA K3 JaMIIOYEK He TODPHT.

MoxHo mpojesaTh MHOIO O4eHb HHTEPECHbIX OIBITOB, MOKa-
3bIBAIOLIUX, KAK JHOJA H3MeHsieT GOPMy CHTHasa, npeobpasyeT ero
cnektp. Ho Mbi moka orpaHMMEMCSl OJHHM OMBLITOM, [POCTEHIINM
Cpefld MPOCTbiX. BKIJIOUHUTE TIPOMKOTOBOPHTENb B TPaHCASLHOH-
HY10 ceTb yepes auox (pHc. 41, nucrok B), u el cpasy ycasimmure
cH/bHelilee HCKaXKeHUe 3ByKa. DTo Kak pa3 M ecTb pe3yJbTar
MOSABJIEHUS] B CIIEKTPE HOBBIX COCTABJSIIONIUX, Pe3ynbTaT H3MeHe-
HUil GOpMbI CHIHaJa U3-32 OJHOCTOPOHHEH NMPOBOAMMOCTH AHONA.

Bce, uTo MBI A0 CHX MOp IenaJj, 3TO, €CJIH MOXHO TaK CKa-
3aThb, yueOHbie ONbITH. A cefiluac nmornpobyeM cob6paTh HECKOJBKO
CXeM, KOTOpbie MOT'yT HAaHTH NMpaKTHUeCKoe MPHMeHeHHe. DTo TPH
CXeMBbI BBIIPSIMUTENeH A/ MHUTaHMS TPAaH3UCTOPHOH amnnapaTyphl
HeGOMbLUION MOILHOCTH, BBIIPSIMUTENDb AJs1 3aPSIAKH aBTOMOOGH/b-
HBIX aKKyMYJSITOPOE W ABYXAHANA30HHBbIH JeTeKTOPHBIH NpHeM-
HUK. [IpHHUHIHANbHBIE H MOHTAXHble CXeMbl BCEeX 3THX NpocTei-
IHX YCTPOMCTB MPUBEAEHH Ha LBeTHOH BKJeHKe (puc. 42, 43) L
Hukakux nosicHeHHil cXeMbl 3TH, N10-BHAMMOMY, He TpeGyIOT: B 06-
1eM BHJe, Ge3 KOHKPETHOTO YKa3AHUS HeTaJsel, Mbl C HUMH BCTpe-
YyaJuch M pabue (pHc. 27).

B BHIMpAMUTeNSIX AJs NHTAHUS MaJIOMOINHOH TPaH3HCTOPHOH
annaparypsl (puc. 42—1, 2, 3) npollle Bcero NPUMeHHTb HeGOJb-
ioil cusoBOH TpaHchoOpMaTOp, KOTOPLIH NMOHMXKAeT HanpsiKeHue
cetTd 0o 6—12 8. BHIPSIMHB 3TO MOHMXKeHHOE HANPSXKeHHe U T0-
racHB 4acTb €ro, ecjii B 3TOM OyaeT HeoGXOAMMOCTb, Ha COIpO-
tuBMeHuu GuabrTpa R;(R2), Mbl KakK pa3 H MOJNYYHM HYXKHOe MO-
crosiiHoe Hampskenne 8—10 8. Bo Bcex HamMx BHIIPSAMUTENAX
B KauecTBe MOHHIKAIOIIEr0 HCMONb3yeTCss HakaJabHBIH TpaHcdop-
Martop Tejesudopa «Pekopa», KOTOphI NaeT HeoOX0AUMOe Iiepe-
MeHHOe HampsikeHHe 6,3 8.

Mo3KHo HCrosnb30BaTh U J1000i ApYyro#l HakaabHbill TpaHcOP-
MaTop OT TejeBH30pa, 12 U Boobuie 6ol Tpanédopmarop,
HMeIOLIHI IIeCTUBOJBLTOBYI0 00MOTKY. )KenaTenbHO JHLIb, 4TOGBI
3TOT TpaHchopMaTop Obin [OMeHbIIE pa3MepoM, TaK KaK TpaH-

1 Ll Betnble BkaeHkH (puc. 42, 43, 44, 45) cM. Mexny crp. 128—129.
105



RUCTOPHbBIE IPHEMHHKH, KOTOPbIe Oy/IeT MUTATh Halll BhIIPIMUTED,
NOTpeOasioT OueHb HeGOMbIIYI0 MOIIHOCTb — BCErO KAKHX-HMOY/Ib
0,5—1 6r. Jlaxke cpaBHHTe.IbHO MOILHBIE NOTPEGHTENH, TaKHe,
HalpHMep, Kak nepeHocHass paguona «OTabiXx», U To GepyT oI
BBIIpsiMHTeNs He Gosbire yeM 3 — 6 8T. A cereBble TpaHc@opMa-
TOPBI, KaK MPaBHJO, PacCYUTAaHBl Ha MOWHOCTL 30 — 60 8T H 60-
aee. IloatoMy, BEIOpPaE roToBLIl TpaHC(OpMAaTOp, MBI HeH36eKHO
co3faeM OrpoMHbI{l 3amac Mo JONYCTHMOH Anst TpaHcdopmaTopa
MOLIHOCTH M [lJIATHM 32 3TOT 3anac BecoM, ra6apuramu tTpancdop-
MaTopa H, KoHeyHo, pvOaamy. CTpamHOro B 3TOM, KOHeYHO, HH-
uero HeT. JKajb TOJIbKO, 4TO TpaHCGHOPMATOP OKAa3blBaeTCs 3Ha-
BHTeJbHO GoJsblLie U TSKEJee, 4eM OH MOT Obl ObITb, ecid Gbl Obla
paccuMTtaH crneuMaJbHO Ha Hall BHINPSIMHTEND.

Cepreunux BblGpaHHOTO TPpaHcdopMatopa cobpaH H3 MIAaCTHH
YUI-19, tonumuaa HaGopa 28 mm. [lepBHunas 06MOTKA COAEPKHUT
820 BuTkor nposona I13JI 0,23 (cekuus ana ceTd e Hampsxe-
uuem 127 6) u 640 sutkos npososa I19J1 0,2 (cekuusi, koTopas
HoGaBJasieTcsl K NMepBOil CeKUMH NPH BKIOYeHHW TpaHcdopMartopa
B ceTb 220 ). BropuuHas o6MOTKA cOREPXKHUT 49 BUTKOB NIPOBOAA
I13J1 1,2 1 naer HampsukeHde, HeoGXONHMOE JIsi MUTAHHS CeTe-
BRX jamm, To ecth 6,3 6. He 3abyxnbre, uto 370 3(hdekTHBHOE
3HAayeHHe HaMNpsiXKeHHst, a aMnauTyna ero B 1,4 pasa OGoablie.
HHBIMH cllOBaMH, aMIAHTYRa MEPEeMeHHOTO HampsKeHHs NOCTH-
raer 8,8 6, U UMEHHO TakHM OyleT BHIIPSIMJEHHOE HAMpSKeHHe
HpH 10OCTATOYHO OOJbHIOH €MKOCTH KoHHeHcaTopa C; M CpaBHH-
TeJbHO HeOoMbIUOM noTpebaseMoM Toke (pHc. 28, crp. 74). [pak-
THUECKH JTa)kKe B ONHOMNOAYNEPHOIHOM BhINpsSMHTENE (pHC. 42—1)
Ha BbIXOfE moJjyuyaeTcd 7-—8 6 BBIIPSIMJEHHOrO HalpsiKeHHUs,
a 3TOro, Kak MoKasaJ OfbIT, LOCTAaTOYHO /S MUTAHHSI TAKMX [IPH-
€MHHKOB, Kak «AJbOMHHCT», «ATMOCdepa», «Hefisa», «Crnopr-2»
H MHOTHe Jpyrue.

MOXKHO HeCKOJIbKO MOBBICHTb BHIUIPSIMJIEHHOE HalpsixKeHHe
H, KOHEUHO, YMEHLIWIHUTh NYJABCALHH, eCllH cOGpaTh BbIIPAMHTENb
il0 MOCTOBO# CXeMe, HCIIONb3Ysl TOT Xe TpaHcdopmarop (puc. 42—
2), WM 1o ABYMOsyNepHOIHONH cxeMe Ha TpaHcdopMmaTope, rie
HMeeTCs ewme OAHa HakajbHas oOMOTKa (Kak, HalpuUMep, B APY-
IOM HaKaJbHOM TpaHc(opMaTope TOro ke TeleBH3opa «Pekopay).
Hakosern, ecnin nyxHo nonyuuts 6ojiee BLICOKOR HalpsiKeHHe, TO
MOXKHO, HCNIONb3Ysl TOT XK€ TpaHc(opMaTop ¢ omHOM MWIECTHBOJb-
TOBOH 0OMOTKO#, coGparb BHINPSMUTENL MO CXeMe C YABOGHHEM
HampsixkeHus (puc. 42—3).

CoGpaHHbie HAMM BLIIPAMHTENH MOXKHO MCNOJB30BATb JJIS
MUTAHUS MHKDO3JeKTpoJABHTaTesell, B YaCTHOCTH, AJs MHTaHHA
3MIEKTPUPHUHPOBAHHBIX HTpyllek. K HaubGonee paclipocTpaHeHHO-
My ABuratemo (odunuanpHoe ero Hassanue JII1-10) HyXHo
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noasecTH Hanpsixkenne 3—>5 6. [lorpebansieMblil ABUTATEIEM TOK MO-
weT cocrasasaTh 200—500 ma, B 3aBHCHMOCTH OT HarpyskH, 7O
ecTb OT Tofl paboThl, KOTOPYIO 3TOT ABHraTe/b BbiNOJHsET. HTOGH
OracUTh H3JHLIEK HampsikeHus, pesuctop R, (puc. 42—1, 2)
JOJI>KeH UMeThb conpotusjende 10—20 oM, paccuMTaHHOE Ha MOIM-
HocTb 1—2 7. BMecTo 3TOro pes3ucTopa MOMKHO BKJAIOUHTH J1aM-
nouky Ha 3,5 unu Ha 6,3 6. Ecam conporus/ieHHe OHOH J1aMIIOUKH
Mand, MOXHO BKJIOUHTb [Be JaMIIOYKH 10C/]e10BaTeNbHO, a ecaH
BeJIHKO — MapaJgyenbio. [ToCKonbKy NBHraTe o He CTPALUHBL MYJib-
Calldd HaMpsieHHs, TO [HTaHHE ero OCYHIeCTBJASETCS NpsIMO
¢ nmepsoro KoHuencatopa ¢uabrpa C;. MoxHo o6oiiTHch BoOGE
6e3 kongencatopa Ci, HO NPH 3TOM BBINPSIMJEHHOE HAMPSKEHHE
HEeCKOJIbKO yMeHbLHTCs (puc. 28). KcraTh, BOCNOJb30OBaBIIMCH
9TOH HENMPHATHOCTBIO, MOXKHO CO31aTh MpelejbHO MPOCTOH BH-
IPSAMATeb [HTAHHSL A7l MHKPO3JIEKTPOABUTATE IS, B Takom Bw-
NIPSIMUTENE €CTb TOJNbKO OAHH IHOJ, Uepe3 KOTOPLIH ¢ MeCTHBOMD-
TOoBOH O6MOTKH HaNpsiKeHHe MOojaeTcs NPsIMO Ha JBHTaTeab 0e3
BCSKOro (pHAbTPa U racsitero pesucropa. IlocTostanas cocraBisio-
mast HanpsizkKeHHsi PH 9TOM MosyvyaeTcss OKOJO 5 8, UTO BROJEE
TePIHMO.

BbinpsiMHTe1b, CXeMa KOTOPOTO NoKa3aHa Ha puc. 42—4, npex-
HasHaueH AJs1 3apSAKH aBTOMOOMJIEHBIX M MOTOLUHKJIETHBIX aKKy-
MyasTopoB. COryiaCHO CYILECTBYIOMIMM NpaBHIaM, 3apsjaka K#c-
JOTHBEIX AKKYMYJasiTOpOB (a2 HMEHHO TakKHe akKyMyJasiTOpbl ycCTa-
HOBJIEHH Ha aBTOMOOH/AX H Ha GOJbIIHHCTBE MOTOLHKJOB) MpO-
H3BOLMTCH TOKOM, cocTaBasioliuM 109 eMKocTH aKKyMyJsiTOpa.
Tak, nanpumep, akkymyasitop 6-CT-54 (aBTomoGuib «Boara»,
«[ToBena»; nocnenusist uMdpa yKasblBaeT eMKOCTb B aMIep-yacax)
u akkymyasTtop 6-CT-42 (aBTomoGuab «Mocksuu-408») HyxHO
3apsAXKaTh TOKOM OKOJIO O @ MpH HanpskeHHH okoao 12,6 6,
a axkkymyastop 3-MT-6 (morouukn <«H)K-50», moropoJinep
«BstTka» U Ap.) 3apsiKaiOT TOKOM 210 1 @ npu HaNpsiKeHHH OKOJIO
6,3 8.

Co6cTBeHHOE BHYTpPEeHHee  CONPOTHBAEHHE aKKyMyJasTOpa,
a 3HAUMT, ¥ TOK B €ro LENH 3aBHUCHT OT MHOTMX (DaKTOpOB: OT
€MKOCTH, CTelleHH 3apsijia, NJIOTHOCTH 3JIeKTPOJIMTA, TeMIepaTyps
U 1p. DTo BHYTPeHHEEe COMPOTHBJEHHE MOMKET M3MEHSATbCH B HO-
BOJIBHO IIMPOKUX Mpeaesax, H, 4ToObl yCTpaHHTb €ro BIHSHHE HA
BEJHMYHMHY 3apSLHOTO TOKa, B CXeMy BBOAAT pesHcTop R; ¢ compo-
tusnedueM 0,5—2 om npu ponyctumoli MowHocTH 5—10 s7. Ero
MOXHO H3TOTOBHTb CAMOMY H3 HeOOJbILOTO KyCOUKa cnupanu oT
IJIMTKH UM HaMOT2B Ha XKapolpouHslii Kapkac 2—3 feTpa npo-
soga I3 0,3 (HamoTka opHochaofiHasi). Takol camone/bHBIH pe-
3HCTOp 6YNeT CHABHO HAarpeBaThes, HO Ha 3TO MOXKHO He 00paaTh
suuManus. [logpoGHeil 06 3TOM pe3ucTOpe CKaszaHo Ha cTp. 347.
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Jsist Toro uTo6bl MOMKHO OBLLIO YCTAHOBUTH HYXKHBIH 3apsIaHBIHA
TOK NPH JI0OOM COCTOSIHHM AKKYMYJSITOPA H NpH H3MEHEHHH Ha-
MpsiKEeHHs] CeTH, BO BceX 3apsiHbIX yCTpoOHCTBax MpepycMaTpu-
BalOT peryJHpOBKY HAMNpSIKEeHHS, NOABOAHMOTO K AKKYMYJSTOPY.
Yacro ans 3Toll LenH MOAB3YIOTCS PEOCTATOM, KOTOPHIH BKJIO-
yaeTcs MOC/AeA0BaTeNbHO C BhIIpsIMHTeseM (To ecThb BMecTo R))
H TacHT Ty MJH HMHYI0 4acTb HAaNpPSKEHHS.

B namiem BbIIPSMHTeNe MPUMEHEH APYroil pacHpoCTpaHeHHLIH
croco0 PEryJHpOBKU: MEHsSeTCs MepeMeHHOe HalpsikKeHHe, [ONBO-
IUMO€e K BHIMIPSIMUTEJIO, a 3HAYMT, U BBIIPSAMJEHHOE HaMpsiKeHHe,
nocTynawilee Ha akKKyMmyJasiTop. AMIJIHTYLA NOABOAUMOrO Hampsi-
XKEHHS BCerja fo/XKHa ObITh HECKOJBKO 00Jblle, YyeM 3. JI. C. aKKy-
MYyJSTOpa,— BLIIPSIMHUTE]b, MOAKNIOYEHHHH K akKyMYyJsiTOpY,
Bceria paboTaeT c OTceukoif, H, ueM OOJblle aMIIUTYNa Mepe-
MEHHOTO HanpskKeHHs, TeM OoJiblie HMIYJAbChl BBIIPSMJIEHHOTO
TOKa, TeM Oo.iblile U CpelHMIl (3apsiiHblil) TOK. ¥ BTOPHUHOH 06-
MOTKH Hallero MOHMIKawIero TpaHchopMaropa cjaenaHo He-
CKOJIbKO OTBOJIOB, H, NIOAKJII0YAs BbIIIPSMHTENb K TOMY HJH HHOMY
OTBOAY, Mbl, MO CyTH He€sa, MEHSeM I[epeMeHHOe HalpsiKeHUe,
KOTOpOe Ha 3TOT BBIIPAMHTENb MOjaeTcs. YuTHTe, yTO B IeNH
BBIUIPSIMUTENS] HAET L0BOJGHO GOMNBLIOH TOK, H MPU MEepPeKJIIOUeHHH
OTBOJAOB HYXHO oOecrneyHTh HajekHb KOHTakT. Ilpoute Bcero
3TO CJ€naTh TaK: KaxKJblfl OTBOJ COEJLHHSETCH CO CBOHM 3aiKH-
MOM, a yike 10 Hero 3axKHMaeTcsi HPOBOJK, MAYIIMH K gHORAM.

Ilepeknouenne OTBOLOB IMIPOH3BORUTCH € TAKHM pacueToM,
YTOObl YCTAHOBUTD B LEIH aKKYMyJaaTOpa HeOOXOAMMBIN 3apsijHbI
Tok. IIpH 3TOM npolte BCero OPHEHTHPOBATBHCS HA I[10KA3AHHS
aMllepMeTpa, ecaM, KOHeyHo, ecTb ammepMerp. Ecau ke ammep-
METpa HeT, TO ero MecTo 3aHMMaeT OOBbIYHBIH POBORHHUK.

MoxHO npUOJMKEeHHO OIlEHHTh 3apsiHbIE TOK W 6e3 aMmep-
MeTpa—II0 CBEYEHHIO JIAMIIOYKH, BKJIOUEHHOH B MEPBHUHYIO
Lenb TpaHcpopMaTopa. Uem Gonblle TOK B 1emd aKKyMyJsiTopa,
TeM GOJIbIIHH TOK MOTPeGASIeTCst H H3 CeTH, TeM sipue TOPHT JaM-
nouka. HeTpynHo noxcuutaThb, uTO mpu 3apsjHOM TOKe 6 @ M Ha-
npsixeHuu 12 ¢ rpancopmarop 6yner noTpebasiTb OT CETH OKOJIO
60 67, a 3nayHuT, B MepBUYHON OGMOTKe MOHAET TOX oKonao 0,5 «
NpH HAOPsSKeHHH ceTH 127 6 M okomo 0,25 g npH HampsiKeHHH
ceTH 220 6. 3To 3HAUMT, YTO HHAHKATOPOM TOKA 3apSilKM MOMKET
OLITL cTaHfapTHas jamnouka Ha 6,3 8 u 0,28 @ (mas cetu 220 8)
HIH JB€ TakHe JaMIOYKH, COCZHHEHHBIE MapaJjJenbHo (a4
cetu 127 8).

Ha puc. 42 npuBoasiTcsi fBa BapHaHTa BBINPSMHTENs AJs 3a-
pAAKH akKkyMyasTopos. OJMH M3 HHX cOODaH [0 MOCTOBOMH cxeme
(puc. 42—5), gpyroii —mno mnpocTefliiell onHOMOAYIEPHONHOR
(puc. 42—4). Korna upuer peub o 3apsjke akKyMyJasTOpOB, TO
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MOCTOBast CXeMa cama 1o ce6e He HUMeeT OcOObIX MPEHMYILECTB
1o cpaBHEHHIO ¢ GoJee MpOCTOH ORHOMOJYMEPHOLHOR CXEMOH,
MocToByio cxeMy HHOTZa NPHMEHSIOT B TeX clyuasx, KOraa Ho-
NYCTHUMBIA BBIIPSIMIAEHHBIH TOK [pyun A5 OLHOTO JHONA CJIHII=
koM MaJ. Tak, HanmpuMep, B Halllell MOCTOBOI CXeMe HCIOJb3YIOT-
cst auonanl J1 304, KaxKAbIA U3 KOTOPbIX MOXKeT BbIIPSAMHTh TOK HE
Gosee 5 @. A B MOCTOBOH cXeMe, rje Kaxapiil noaynepuos (monao-
BMHa ofwiero Toka) ngaer oaHa napa auonos () w o wmu
u JI4), MOXKHO AOMYCTHTh OGWIMIA BhIIpsiMJeHHbIH TOK no 10 a.
M X0Ta BHIIPSAMUTENb PACCYUHTAH HA 3apsiiHbi TOK 5 a, HMeTb
3amac no JAOMYyCTHMON BeJHuMHe TOoka Heobxomumo. B oaHomony-
LePHOLHOM BhUIpsIMHTese paboTaer oauH auoA I 305, nas KoTo-
poro Igun=10 a. Co6paB Ha TakHX AMOZAX MOCTOBYIO CXeMY, Mbl
MOTJIH Obf MOJYYHTb BHIIPSIMJEHHbIR TOK no 20 a.

Heckoabko caos o Tpancopmarope. Ero M0XHO H3rOTOBHTB,
B3IB 3a OCHOBY OT KakOro-HMOyJb J1aMIIOBOTO TPHEMHHKA CHJIO-
Boil TpaHcdopMarop, pacCUMTaHHbII Ha MowHOcTb 50—60 6r.
¥ raxoro Tpancdopmaropa yaransioTcsi Bce 0OMOTKH, KpoMe ceTe-
BLIX, H Ha MeCTe yJAaJeHHbIX 0OMOTOK JIerko pa3MellaeTcsi HOBas
noHnxampmas o06MOTKa C 0TBOgaMH. UHCI0 BHTKOB 3TOH MOHH«
)alonieli 06MOTKH J10BOJILHO MPOCTO PAaCCUHTATh CAEAYIOMIUM 00~
pasoM. IIpexje Bcero Hy:KHO MOCUHTaTb (HJH y3HATb O clipa-
BOYHHKY) YHCJIO BUTKOB YyJaJe€HHOH HaxkanbHOH OOMOTKH H pas-
JenuTh ero Ha 6,3 (Ha HanpskKeHHe, KOTOpPOEe 1aeT HaKanbHad
o6morka). B peayabTaTe Bbl [IOJyYHTE OZHY H3 OCHOBHBIX Xapak-
TEPHCTUK TpaHCHOPMATOpPa — YHCJIO BHTKOB Ha BOJbT. 3aTeM
onpegessieTcss HeoOXOAHMOE UHCI0 BHTKOB HOBOH BTOpHUYHOH 06-
MOTKH C TaKHM pacueToM, uToObl ceKuHs |—2 naBasa HanpsiKe-
Hue 10 8, a ceknuu 2—3, 3—4, 4—5 u b—6 no 1—1,5 8.

Ilast mpuMepa pacCcMOTPHM, KAk PacCYHTBIBAETCS BTOPHYHAs
006MOTKa, €CJIM 3a OCHOBY B3fT CHMJIOBOiH TpaHcdopmatop oT pa-
nuonsl «Pekopn-61». HakanbHas o6MoTka B 3ToM TpaHcdopMa-
TOpe COAepKIT 40 BUTKOB, TO €CTh HA KaXKAbIH BOJNBT IPUXOLUTCS
npuaMepHo 6,4 Butka (40:6,3=6,4). OTciona cienyer, uro cexKuUs
1—2 HoBoIi 06MOTKH, paccuHTaHHas Ha 10 6, nonxkHa cojepkarh
64 surka (10-6,4=64), a Bce OcTajbHble CEKIHH, KaXKAas U3 KO-
TOPBIX JOJJKHA JaBaTh HalpsiKeHHe MNpuMepHo 1—1,5 8, moryr
conepxaTte 1no 7—10 BHMTKOB.

[lpu BbIGOpE pHaMeTpa NPOBOAA 1Jis HOBOH OGMOTKH HCXOAAT
H3 TOTO0, YTO HA KaK/[bld KBaApPATHLIA MUAJHMETP MNPOBOAA MOXK-
HO AOMYCTHTb TOK 3 @. (MOXHO 1OMyCTHTh H 5 @ Ha KBaJApaTHBLIH
MHJIIHMETP, HO TPH 3TOM TpaHchopMaTop GyneT meperpeBathbesl.)
Takum o6Gpa3oM, ecTH Mbl XOTHM, 4TOObl NPOBOJ JIETKO, TO €CTh
He CJHMIIKOM CHJIbHO HArpesasich, Npolyckana ToK 5—6 @, To HyX-
HO, yTOOBI CevueHHe MpoBofa GHLIO He MeHbiue ueM 2 mm? Takoe
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ceyeHHe MMeeT NpoBojL AvameTpoM 1,6 mm, M, 3HAYHT, MMEHHO U3
3TOro npoBofa (a XoTuTe — GoJiee TOJICTOTO) HYKHO CHeNaTh HO-
By©o 00MOTKY. Ecsiu 1mox pyKaMu HeT Takoro TOJCTOTO MPOBOAA,
TO MOXKHO B3fiITb [pOBOA JHaMeTpoMm 1,| MM M HaMOTKY BecTi
BABOE, TO €CTh OJHOBPeMEHHO ABYMS MPOBOJAMH,— o6lliee ceye-
HMe ONATb-TaKH OyAeT okoso 2 mm2 OT KakIoro H3 3THX ABYX
NpPOBOJOB HYXKHO CReJAaTh BHIBOAHL H COEAMHUTbH MX MeXIy CoGOiL.

HoBas o6MoTKa mo/KHa GBITh cliesaHa oueHb akKyparHo. Ee
HYXHO TIATeJbHO U30JMPOBaTh OT ocCTallefics Ha TpaHcdopMa-
TOope ceTeBoff 0OMOTKM. [lasi 3TOro syuuie BCEro MPOJIONKHUTL He-
CKOJIBKO C/10eB MJIOTHOH OGymMary uau sakoTkauu. Ilposon HoBO#
BTOPUYHOH OOMOTKH HYXKHO YKJ1aJblBaTh TYTro, jAejas MPOKIajKy
U3 MJOTHOH GyMard WM jAaxe U3 M30JSHMOHHOH JIEHTH, XOPOIIO
3aKpenJfaTb CaMM BbIBOJb B OOKOBBIX LleukKax Kapkaca. He crour
0coGeHHO TOHATLCS 32 MECTOM, TaK KaK MOoC/]e YaajeHUs MOBHI-
nraouleli M HakaabHOH oO6MOTOK TpaHcdopmaropa ajst HoBol 06-
MOTKM MeCTa XBAaTMT C U3GBITKOM.

Y, naxonen, njs Tex, Kro Oyjaer BBIIOJHATH NOROGHYiI0 paGo-
Ty BIepBble, coobuiaeM: He B3LyMalTe MYYUTLCH M IIPOU3BOAUTH
nepefenky TpaHcpopMmaropa, He pasbupass ero. Hyxiuo paso-
6paTb CepleuYHUK, CHATh KapKac ¢ 0OMOTKaMH, MIPOH3BECTH Heo6-
XOMMYI0 IepefleKy M 3aTeM BHOBb CoGpaTh cepieuHuk. eno
3TO He oueHb C/O0XKHOE, H, €C/IM He TOPOIHTbCH, OHO MHOro Bpe-
MeHH He 3alimer.

Bce npyBeneHHBIe Bbillle NaHHbIE OTHOCATCA K BBHUIPSMHUTENIO
NS 3apSKH aBTOMOOM/IBHBIX JBEeHAaJIlaTHBOMBTOBLIX aKKyMyJd-
TopoB. [Iis 3apaAKM MOTOUMKJCTHHIX aKKyMYJATOPOB HYKHC
JWLIb [epe6pOCUTb MPOBOA, MAYUIMH K avonaM, ¢ orBoma | Ha
orBoy 2. [Ipu sTOM cO BTOpUUHOH OOMOTKM GyneT CHUMATLCH Ha-
npsikeHve ot | 6 10 4—6 6 U B LeNU aKKyMyJasTOpa MOXKHO GyjeT
YCTaHOBHTb HeoOXONMMbill TOK 3apsiku — okoJao 1 a. K coxane-
HHIO, B 3TOM cCJlyyae JIAMIIOYKHM B UENH NEepBUYHOH OOMOTKU yke
He OYYT MHIMKATOpaM¥ HOPMaJbHOT'0 TOKA 3apsIiKH — OHM B0OOG-
me He GYAYT CBETHTbCA H3-32 TOTO, UTO MOTpebGJsieMblii OT CeTH
TOK CJHLIIKOM Mad.

He nymafiTe, uTo, H3roTOBUB BHUIPSIMUTEJb, BB YiKe CAEIAJH
BCe HeoOXOoauMoe AJfl TOro, UTOObI CaMOCTOSITEJIBHO 32apsiKaTh
akkKyMmyssaTops. HyXHo enie uMerb NpepcTaBieHHe, KaK MMEHHO,
B KaKOM peXHMe M B TeueHHe KaKOTrO BPeMEeHH CJeAyeT MpOou3Bo-
AuThb 3apsnKy. [lpouie roBopst, HyXKHO He TOJbKO HMETb ueM 3a-
psi)kaTb aKKyMYJsTOD, HO enle H yMeTb 5TO AeJarTh.

3nech, Noxaayl, HEyMECTHO PacCKa3biBaTb O TOM, KaK 3To [e-
aaetrcsa. CymecTByeT oOueHb MHOTO TOCOGHH M HHCTPYKuMH M0
3apsike U SKCIIyaTallHd akkyMyJsTopoB. Ho oaHy pekoMmeHpna-
IMIO MBI BCe XKe faiuM: OyObTe OCTOPOMKHBIL
t1o

ByabTe oCTOpoKHBI, TAK KaK B aKKyMYJ/siTOpe HMeeTCs KHC-
JIOTa, & OHa MOYKET MCMODPTUTBH (Mpolle rOBOPSA, CXKeub) OMAEKAY,
a MomaB Ha KOXY, Bbl3bIBaeT OXKOTM.

Byabre ocTopoXKHbi, TaK KaK [IPH 3apsi/ike aKKyMyJ/siTopa Bbi-
NeNseTcs KUCAOPOA M BOLOPOJ, a BMeCTe OHH 06pa3yloT rpeMyunit
ra3, KOTOpbiHf, ecinM ITOAHeCTd OrOHb, B3PLIBAETCH.

Bynbpre ocTOpoMkHB (TpUIKIbI OCTOpOXKHBI!), paborast C Bbi-
NpsMUTeNeM, TaK KaK K HeMy TNOJBOJMTCS CeTeBoe HalpsXKeHue,
nonae MoJ KOTOpoe, OCOOEHHO €CJH y Bac BAAXKHbIe PYKU MM
€CJIH Bbl CTOMTE Ha CHIPOM I[10Jly, MOXKHO CTaTh YYaCTHUKOM
(u XKepTBoill) BecbMa Tparuulbix co6wiThi. HacTtonbko Tparumuy-
HBIX, YTO B 3TUX COOBLITMSIX Jiyyllle He y4acTBoBaThb. Jlaxke ecau
BaM OyeHb HYKHO 3apsiMTb aKKyMYJATOp.

Caenylomias mpakTHueckast CXeMa ¢ y4acTHeM MOJyIpOBOAHH-
KOBOrO [HOMA — 3TO ABYXAMANa30HHBIH RETeKTOPHBIH MpHeMHHK
(puc. 43—1). HyxHo npsiMo cKazaTb, YTO HeTeKTOPHbIHl [pUeM-
HHK, €CJH He CYMTATh Pa3HOTO PojAa NOMeX, Hal[PHMEP TIpPO30OBhIX
pa3ps/oB, YIOBIETBOPUTENbHO IPHHUMAET TOJBKO MeCTHhIE MOL-
Hbie cTaHluu. M BoonHe BeposiTHO, UTO HA OGOHX AMAaNa3oHax B
6onbuie OAHOH-ABYX CTAaHUMH M He YCJBILIHATE,

PasymMeercs, njis npveMa ABYX CcTaHUME MOXKHO Obio M He
CTPOMTb NpPUEMHUK ¢ MJaBHOH HacTpoiikol pa eme AByXxaMana-
30HHBI. OQHAKO AJA HAC MOCTPOHKAa TAKOTO NMPHEMHMKA MMeer
onpeaeneHHsil cMbic. M He Tosnbko yueOHHH. B pajpHeiiluem
¥. JIeTeKTODHOMY [PMeMHMKY OYayT A00aB/eHbl YCUJUTEJbHHE
KacKajpbl, U MOCTeleHHo, [ar 3a uaroM, Mbl Iipespatim ero B o-
Jiee UM MeHee YyBCTBUTeNbHbIH annapar, IPUHUMAIOIUH 1OBO/Ib-
HO MHOIO CTaHUUH.

IIpexkne Bcero HeCKOJbKO CJI0B O MpUBENEHHbIX Ha puc. 43
Tpex CXeMax JeTEeKTODHBIX MpUeMHHKOB.

Ilepsast u3 Hux (puc. 43—1) yxxe BcTpeuanach HaM B obuiev
BUae (puc. 27—21; BMecTo roJOBHEIX TeJie()OHOB B KauecTBe Ha-
TPy3Ku BKJAOUeH peavcrop). KoneGaTenbHbil KOHTYp obpasyeTcs
KOHJeHCcaTOpoM mepeMeHHON eMKocTH Cs M OLHOW M3 KaTyIIeK —
Ly unun Ly Tlpu npueme Ha JJMHHBIX BOJIHAX NEpeKJIoUaTeNb
I, mopkmouaeT K KOHTYpHOMY KoHpeHcatopy Co katywiky L,
a 1pu NpyeMe Ha CPeXHHX BOJIHAX — KaTYWKy L. MIHAyKTMBHOCTB
L, B HeCcKONbKO pa3 MeHblie, yeM L;, a 3HAUMT, IPY BKJIIOYUEHHU
Lo BMecTO L pe3oHaHCHas yacToTa KOHTYPa Pe3KO NOBHILIAETCH,
yTo W Tpebyercs NpU Mepexoje Ha cpelHUe BOJIHBL

Uepes konpeHcaTop C; HeGosbLIOH eMKOCTH (ero fHa3blBarOT
KOHJEHCATOPOM CBfI3H) K KOHTYpPY MOJKJIOUeHa aHTeHHA. MoxHo
6b110 Obl TPUCOSAUHHTb AHTEHHY HENOCPEeJCTBeHHO K KOHTYpY
H 6e3 KoHpgeHcaTopa Cy— B 3TOM cJjiyuae M3 aHTeHHbI B KOHTYP
nonaiano Obl HeCKOMbKO OoJibllie SHEPTUH M pueM Obla Obl TPOM-
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ue. OHAKO NpH HENOCPEHCTBEHHOM MOAKJIOUEHHU AHTEHHBI BCA
ee COOGCTBeHHast eMKOCTb (aHTeHHa U 3emsst 06pasyioT cBOEro
pona KOHAEHCATOp, €MKOCTb KoToporo C, 0OOBIUHO COCTaBJSIET
100 — 500 ng¢ u HaspiBaerTcss cOOGCTBEHHON €MKOCTBIO AHTEHHBI)
Bouina Obl B KOHTYD, cyMMHpysick ¢ Co. IIpn 3TOM Ha HacTpoiike
KOHTYpa B MeHblIell CTelleHH CKa3blBanoch Obl H3MeHeHHe eMKOCTH
koHzieHcaTopa Co H C €ro MOMOLIBIO Y1aJa0Ch Obl 1EPEKPHITh JHIIb
HeOOJbIIYIO 4acTb JHanas3oHa. KpoMe Toro, mpH cMeHe aHTEHHBI
MeHsiach Obl HAacTpofiKa KOHTYpa — Belb y pa3HbIX aHTEHH pas-
Hasi cOOGCTBEHHAss €MKOCTb.

Baaronaps BBeneHHIO B cXeMy KOH[EHCATOPa CBSA3H cOGCTBeH-
Hasi eMKOCTb aHTEeHHBI yKe BXONHT B KOHTYP He caMa, a COeJHHeH-
Has nocC/Je0BaTeJbHO C 3THM KOHIEHCATOPOM. A MOCKOJBKY NpH
Nocse0BaTebHOM COeJHHEHHM KOHIEHCATOPOB HX ofuias eM-
KOCTb MeHbllle HaHMeHbwel (cM. cTp. 150, BocnoMunanue Ne 14),
TO U €MKOCTb, BHOCHMasi aHTEHHON B KOHTYp, BCerja MeHblle ueM
30 ng. Ilocne TOorO Kak Bbl MOMiMaeTe KaKyiO-HHGYIb CTaHUHIO,
nonpo6yiiTe COeMHUTb AHTEHHY HENOCPEJCTBEHHO C KOHTYpOM
M emie pa3 noJACTPOUTHCST KoHaeHcaTOpoM Co. Moxker ObiTh, NpH
3TOM cTaHuus OyJeT cJblIIHA HEMHOrO rpoMue.

B namreit cxeMe BpiGpaH HauOosee MPOCTOH CIOCOG MEpeKIIo-
YeHUst (KOMMYTAalMH) KaTyllek — Ha KaXKAO0M JHala3oHe HCIOJb-
3yeTcs OT/Ae]bHAst KATYIIKa, KoTopast JTU00 BKJIOUaeTCs B KOHTYD
nepekJiouatenem I1,, nu6o «BUCHT B Bo3ayxe» (puc. 46—A').
HMuorpa npuMeHsiioTcsl W Ipyrue cXeMbnl KOMMyTaunuu. Bwmecro
JAJTUHHOBOJIHOBOH KaTYUIKH, HanpHMep, HCNONb3YeTCsi JHIIb CBO-
ero pona «ao6GaBka» (puc. 46—A”), kartymka L, koropas Ha
AJUHHBIX BOJIHAX COENHHSIETCS IMOCJAe0BaTeNbHO C HOPMaJbHOM
CcpenHeBOJHOBOH KaTymkoH Lo, W o0mias MHIYKTHBHOCTb OKasbl-
Baercss GoJbiue cyMMbl Li+ Ly (32 cuer B3auMounaykuuu). Ilo-
a06Has cxeMa, B UaCTHOCTH, pUMeHsieTCs B pHeMHHKe «Cearas.

B npuHuHDe BO3MOXKHA eire M Takas cXxeMa KOMMYyTalUMH: HA
CpelHHX BOJHAX NapaijenbHo AJHHHOBOJHOBOH KaTyuIke NOA-
kaouaercs «no6aska» Ly ( puc. 46—A”), 1 o6wmas HHIYKTHBHOCTb
yMeHbIaeTcst 10 Hy)KHoH Ha CB 1Hamna3oHe BeJMYHHBL

MHoro OCTPOYMHBIX CXeM KOMMYTAaUHH MOXKHO BCTPETHTh
B CymepreTepoJHHHbIX MPHEMHHKAX C GOJBUIHM YHCJIOM PacTsHY-
ThIX KOPOTKOBOJIHOBHIX JHanasonoB. MHTepecHnie cxeMbl KOMMY-
TalHK PUMEHSIOTCSI B YHHBEpCaJbHBIX H3MepPHUTeIbHBIX IpHOOpax
ISl NepeKJOUeHHs npefena U3MepeHuii unM pona pabotsl. Hyx-
HO CKa3aTb, YTO COCTaBJleHHe SKOHOMHBIX, Pa3yMHBIX CXeM KOM-
MyTalUHH — 3aHATHE XOTS H He NMPOCTOE, HO JOBOJLHO HHTEPECHOe.

Tenepb 0 neransix AeTEKTOpHOro NMpHeMHHKa. B kauectse ca-
Moro JeTekTopa /1 MOXKHO MPHMEHHTb JI000H TOUEUHBIH AMOL.
F2

Puc. 46. CylecTByiOT pa3/vyyible CXeMbl MepekaoYeHnss (KOMMYTallHH) KOHTYP-
HBIX KaTyLIeK
(Puc. 42—45 cm. ua usetHoil Bkaefixe mexny crp. 128—129.)

Brikniouatenb Bk, Takke MoxkeT ObITb J1060r0 THNA, JHIIbL Obl
OH OCYIIECTBJSJ HYXKHOE IepeKJIoueHHe.

B HaweM nepBOM [eTEKTOPHOM NpHEeMHHKE HCIOJb3yeTcs Ile-
pekuHolt Brikalouatens TII-1 (puc. 43—4; nepekaiouateny Tako
KOHCTPYKUHH OObIYHO Ha3plBAIOT TyMGaepaMu). DTOT BBIKJIOUA-
Te/lb NOOYePeNHO 3aMblKaeT JBe Napbl HENOABHKHBIX KOHTAKTOB
(I ¢ 2 unu 3 ¢ 4), a caM NOABHKHON KOHTAKT BbIBOJNA He HMeeT.

CoenuHHB 1Ba HeNOJBMXKHBIX KOHTaKTa, HampuMmep, 2 u 4,
MOKHO npespaTuTb TI1-1 B onHOMOAIOCHBIH NepeKalouaTennb. Pob
NOJBHKHOTO KOHTAKTa B HeM OynyT UrpaTh cOeAHHeHHBble BMecCTe
KOHTaKTHl 2 U 4, KOTOpble MOTYT MOJKIIOUaThcsi NH6GO K KOHTaK-
Ty I, 1HO60 K KOHTaKTy 3.

B pacuere Ha OynyuiHe Gonee ca0XKHbIe cXeMbl ya0GHe#H Gblao
Obl IPUMEHHTb NBYXNOJIOCHBINH MepekHAHON mepeknioyarenan TBT,
B KOTOPOM €CTb /|Ba MOJBHKHbIX KOHTaKTa (II03TOMY-TO OH U Ha-
3bIBAETCS JBYXIIOJIOCHBIM) C CAMOCTOSITE€JIbHBIMH BHIBOJAMH H ue-
Tbipe HEMONBHUKHBLIX KOHTaKTa. KaK[Ablii NOABHXKHOH KOHTAKT
«06CIyXKHUBAET» CBOIO Napy HEeNONBHKHBIX KOHTAaKTOB (pHC. 43—
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Texvororug
U3roTOBAEHUG
AENECTKA

TexHoaorus
USFOTOBAEMUG
THE3AA

Puc. 47 Mourax TpausuCTOPHHBIX CX€M MOXHO TPOMSBONMTL Ha danHepHbIX
NaHessiX, B KOTOD.ie BCTaBJeHbl MOHTaXKHbie JIeMeCTKH U3 XKecCTH.

5). Jlasa Toro utoGui 3aMeHuTh TBT, HyXHO HMeTh ABa BHIKJIHOUA-
teass TII-1.

aa npaBHOM HACTPOHKH KOHTypa HCNOJb3yeTc MaJgora6a-
PUTHLIH KOHZEHCATOp NepeMeHHOH eMKOCTH, CIENMaJbHO BHIIY-
ckaeMbll 1A panuoaioOuTeneil. MoxHo NPUMEHHTb H KepaMHuue-
ckuil nmomcrpoeunnblfi kouuencatop tuna KIIK, nanpumep KIIK-5
26—175. [TocaenHue aBe NM@pPH YKa3bIBAIOT COOTBETCTBEHHO MH-
HEMaabHyi0 H MakCHMaJdbHYIO €MKOCTh KoHaeHcaropa. s-za
CpaBHHUTE/IbHO HeGOMbIIOr0 H3MEHEHHs eMKOCTH B TaKOM KepaMH-
YeCKOM KOMeHCAaTOpe NepeKpblBaeMblii [HMaNa3oH HeCKOJABKO
yMeHnbluTCcA. Ecau Bbl He cTecHM M ce6Gs rabapuTaMH NpHeMHHKA
(a Ha NepBBIX MOpPAx COBCEM He CTOMUT FOHATBHCA 3a TeM, UTOOBI
NOAKOBaTh GJIOXY), TO JIyullle BCEro OCYLIECTBHTh HACTPOHKY 01~
HOH ceklulefi cTaHpgapTHOTO OJ0Ka BO3AYLIHBIX KOHJEHCATOPOB
nepeMeHHoM eMKOCTH OT Jito60To CTaporo JaMIoBOro NpHeMHHKa.

TonoBHbIE Teae(OHBI NOJKHB ObITh BHICOKOOMHEIE, HalpHMep
TOH-2, conporuBieHHe KaxXA0ro HaywH¥ka Kotopeix 1600 om.

CaM npHeMHHK MOHTHpYeTcs Ha HeGosbmofi c¢aHepHolt na-
HeJbKe, B KOTOPYH BCTaBJeHBbl XKECTAHLle JENecTKH U Taxle XKe
KeeTsHble rHe3ma (puc. 47).
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Bosee noappo6HO HYXKHO OCTAHOBHTBCA HA M3rOTOBJEHUU KOH-
TypHBIX Karymek (puc. 48).

[Mpexpe BCero oHO BaxkHoe obllee 3aMeyaHHe. Panuonio6u-
Teau OOBIUHO OYeHb CTApaTedbHO BBIMOJHAIOT BCE YKa3aHHs IO
H3TOTOBJIEHUIO KOHTYPHBIX Karyiiek. M 3To Hensoxo: kaTylika,
M3roTOBJEHHAR TOUHO IO OMWCAHWIO, KaK NPaBHJO, MOJYydYaeTcs
UMEHHO TAKOH, KaKOil OHa ¥ J0JXKHA OBITh. A 3to ynpomiaer Ha-
JaKHBaHWe NpUEMHHKA.

Ho of6paTiTe BHUMaHue, 4TO TOUHOE KOMMpPOBAHHE KaTYIIKH
TOJIbKO 06JIeTuaeT HaJaKUBaHue, a He H3bGasJser oT Hero. MHoro
Pa3HBIX, Ka3aa10Ch Obl, BTOpOCTENEeHHbIX (AaKTOpOB, TAKHX, HAPU-
Mep, KAK eMKOCTb MOHTaXa, cOOCTBeHHAsl MHAYKTUBHOCTH COCNH-
HUTeJBHBIX NPOBOAOB WJH, HAKOHEIl, EMKOCTb NONYNPOBOLHUKOBEIX
npu6opoB, MOTYT CBECTH Ha HeT BCE TPYAbI [0 TOUHOMY KOUMpO-
BaHUIO KaTYIUKH.

Ilaxke B»3aBOJACKHX YCJAOBHAX, KOr4a TEXHOJIOTHsSt MacCcoBOT0
MPOU3BOACTBA NO3BOJAET AENATh BCE NMPHEMHHUKH abCoJIIOTHO OJH-
HaKOBbIMH, 3TH NPHEMHHKH OJMHAKOBBIMH BCE XKe HE MOJyyaloTcs.
VMeHHO mO3TOMY B KOHTYDPHBIE€ KATYHIKH [OUYTH BCErjga BBOAAT
3neMeHThl NOACTPOKH, uallle BCErO NOJACTPOCUHbIe CePACUHHKH H3

Pyc. 48. Konrypuble KaTyIIKH MOTYT G6ITh HAMOTaHbl HA (DEPPUTOBHX CTEPHHAX
(MarguTHBIE aHTEHHBI), B FOPIIKOOGPA3HBIX CEpPHEYHHKAX, HA (EPPUTOBLIX KOJb-
IaX ¥ HA MJACTMaCCOBLIX KapKacax C oJCTPOEYHbIMH CepJeyHuKaMu



MarHuTHOro MaTtepuana. Ilo Tol e NpHuMHe MpHU CaMOCTOSATENb-
HOM H3rOTOBJIEHHH KaTylleK HYXKHO CIOKOfHEeH OTHOCHTBCS K He-
KOTOPBIM HeGOJIBIIUM OTKJOHEHHSIM OT OMHCAHUS M [MOMHHTh, UTO
HHJYKTHBHOCTb KaTyIIKH MOXHO TeM MJH HHBIM crmoco6oM MORO0-
THATh [IPH HaJa*KUBAHUH [PHEMHHKA.

T'naBHOe, uTO XapakTepusyeT KaTyUIKy HHIYKTHBHOCTH,— 3TO
ee HHAYKTHBHOCTH L. A oHa, B CBOIO ouepe/b, 3aBUCHUT OT uMCJa
BHTKOB, JHaMeTpa U [JUHH HAMOTKH, Pa3MepoB, KOH(HUrypaiHH
H Matepuana cepaeuynuka. OueHb yacTo, COXpaHss 3aJaHHYIO HH-
JAYKTHBHOCTb L, MOXHO 32aMEHATb OJMH THII KaTylieK APYTHM.
Hanpumep, BMecTo KaTylleK B TOPIIKOOOpPa3HOM CepACUYHHKE
(puc. 48—B) npuMeHsATh KaTYIIKH, HAMOTaHHLIE HAa (DEPPUTOBHIX
koabuax (puc. 48—/). Eciu HeT BO3MOXKHOCTH TOUHO BOCIIPOH3-
BeCTH KaKy-1H60 KOHTYPHYIO KaTyIIKY — HeT HYKHOTO MpoBoJa,
HYKHOTO KapKaca MJH HYXHOro CepleuyHHKa,— TO BOBCE He CJe-
JyeT oTuauBaThCsl. Beerga MoxXHO chesnaTh HECKOJIBKO HHYIO Ka-
TYIIKY, Ha MHOM KapKace, HAMOTaHHYIO HHBIM [IPOBOJOM, H, MOJ0-
OpaB YHC/IO BHUTKOB KaTyUIKH (IJjsi 3TOTO, KOHEYHO, NPHAeTCS
MOBO3HTHCS), MOJYUUTH HYKHYI0O HHIYKTHBHOCTB.

HuKTO He TOBODHT O TOM, UTO K KOHTYDHOH KaTyllKe MOMKHO
OTHOCHTBCSI HEyBaKHUTEeNbHO. 32 HeOpeHOCTh U OWHOKH MpH
H3rOTOBJICHHH KaTyuleK NMPUXOAHTCS AOPOro MJAaTHTh, H Mpexie
Bcero BpeMeHeM. Ho He kupafitece U B Apyryio KpafiHocTh: He
Gofitech KaTyllku. [ToMHHTE, 4TO Iy1aBHAs XapaKTePHCTHKAa KOH-
TypHOH KaTyWIKH — ee MHOYKTUBHOCTb L -—Bcerga B BallMX
pyKax.

Tocae 3Toro o6uiero 3ameyaHUsi — HECKOJBKO KOHKPETHBIX.

OcHoOBHBIe THIBI KaTylIeK, MPHMEHSEMBIX B JIIOOHTENbCKHUX
H MPOMBILJICHHBIX [TPUEMHHKaX, ToKa3aHbl Ha puc. 48. KoHTypHhIe
KaTYIIKH, HAMOTAaHHBIe Ha AJHHHOM KpyraoM (puc. 48, nucrok A)
WIH [psMoyroibHoM (JuCTOK B) ¢eppHTOBOM CTep:xkHe, Hasbl-
BalOTCSl MarHMTHOH auTeHHOH. DTO Ha3BaHHe CBSI3aHO C TEM, YTO
TaKas KaTylmKa Xopollo OTOMpaeT SHEPTUI0 Y MPHXOASIIMX K Heil
paaUOBOJIH, HCIONB3YS! 3Ty SHEPTHIO HA CO3[aHHe MepeMeHHOro
TOKa B cBoedl nenu. B 3TOM OTHOLIEHHH MAarHHTHAs aHTeHHa Je-
JaerT, 110 CyTH [es1a, TO e CaMoe, uTo ¥ o0blYHas aHTeHHa. TONbKO
0GbIUHAST AHTEHHA J151 CO3JAaHUS 3JeKTPHYECKOT0 CHIHA/Ia BbLJIAB-
gusaer (CM. HOpHUMeyaHHe Ha cTP. 26) 3JeKTPHueCKylo COCTaB-
JSIOUYI0 3JeKTPOMArHUTHBIX BOJH (P2AHOBOJH), a MarHHTHa:
aHTeHHA BBIAABJHBAET HX MarHHTHYIO COCTaBJISIOLLYIO.

ITo cBoell 3¢(peKTUBHOCTH MArHHTHAsi aHTeHHA 3KBHUBAJICHTHA
0o0bluHOl MPOBOJOYHOH aHTenHe BHICOTOH 2—3 Merpa. OTauun-
1esbHasi 0COGEHHOCTh MArHUTHOH aHTeHHbl — HaNpPaBJeHHHI NpH-
eM. OHa syullle BCero JIOBHT 3HEPTHIO PAJHOBOJIH, KOTODhIE MpPH-
YOIAT ¢ HalpaBJeHui, NepneHAUKYNSIPHBIX cTepxHI0. MMeHHO no-
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9TOMY TPHEMHHK, CHAaGMKeHHBH MarHUTHOH aHTeHHOH, BpaILaIOT,
HAMpaBads 3Ty aHTeHHY Ha MPHHHMAEMYIO CTaHiMi0 (pHc. 48).

OueHb yacTo MPHMEHSIOTCS] KATYLIKH, HaMOTaHHble Ha TaK Ha-
3hIBaeMbIX OpoHeBbIX (ropuUIKOOGPa3HBIX) CepAevyHHKax. TaKo#
CepAeyHUK MpejacTaBiasieT co6oil coOpaHHYIO H3 JBYX M0JOBHHOK
3aKpHITYI0 4Yally, BHYTPb KOTOPOH BCTaBJeH HeGoJbllOH NaacT-
MacCoBBI KapKacHK ¢ caMof KaTyurkod. BpoHeBble cepiedyHHKH
JENa0T W3 [PEcCOBAHHBIX MATHHTHBIX MODOIIKOB, Yallle BCEry
KapOOHHJIBHOTO XkKeje3a MaH ¢eppuTa. KapOoHHUNbHLIA cepAeyHHK
oGosHauaetcs GykBamu CB, ¢eppurosnlit —b. Lluppa B naspa-
HUHM cepleuHHKa yKasblBaeT ero BHeumHHH amamerp. Tak, Hampu-
nmep, CH-12 o3Hauaet: «cepieyHHK OpoHeBOH, KapOOHUNBLHEIH fUa-
MeTpoM 12 mm»; HasBaHHe «B6» o3HauaeT: «cepieyHHK OPoOHeBOH
(heppHTOBHIH qUamMeTpoM 6 mM>.

B KoHue Ha3BaHusi m1060ro CceppaevyHHKa, B TOM uHcjae U 6po-
HEeBOTO, MOXKeT CTOATh eme oaHa puppa. OHa xapakrepuayer
CBOMCTBO MarHHTHOTO MaTepHaJia, H3 KOTOPOTro CesaH CePAeYHHK.
UeMm Gosbie 3Ta nU@pa, TeM Bbillle MaTHHTHAs [IPOHHIIAEMOCTh
cepleyHHKa, TeM GoJablie OyaeT HHAYKTHBHOCTbL HAMOTAaHHOH Ha
HeM KaTymkd. OgHAaKo, KaK MPasHJO, C NOBLIIIEHHEM MariHHTHOR
IIPOHHLAEMOCTH CepIeyHHKa YMEHbUIAeTCd MpejelbHasi yacroTa,
H2 KOTOPOH ero MOXKHO [IPHMEHSTh.

Tak, HanpuMep, u3 TabJaHUbl 6 BHAHO, YTO CePASUHHKHU C MpO-
HuiiaeMocthio 4000 npuroansl aas uactor He Gosee 150 key,
a cepaeuHHKH ¢ npoHunaemoctsio 1000 — no 750 xey. B nnuHHO-
BOJIHOBBEIX KaTylIKax oGbIYHO HCIOJB3YIOT (hepPUTOBHIE CepaeuHU-
KU ¢ npoHHiaeMocTeio He Gosnee 1000, 2 B cpefiHeBONIHOBBIX Ka-
TYUIKaX — CepAeYHHKH C NMPOHHIaeMOCThI0 He OGosee 600. as
KODOTKOBOJIHOBBIX KaTyIIeK MNPUTOAHBl CEPJEYHHKH, MPOHHIAe-
MOCTb KOTOPHIX OGBIYHO He MPEBHILIAET HECKOJbKHX AeCHTKOB. TH
OTPAaHHYEHHUS] OTHOCSTCS K CTEPKHSIM MATHUTHOH aHTEHHBI, K Opo-
HEeBBIM CEepAeYHHKaM H K JIOGBIM JPYTHM.

Papuonio6urenn nJs HaMOTKH KaTylleK HCHONb3YIOT (eppH-
ToBble Konbla (puc. 48—I") pasnbix pasmepos. Pasmepnl koJbua
OTpaKeHbl B CAaMOM €ro Ha3BaHHM: Mepsast HU(pPa HA3BaHHH yKa-
3pIBaeT BHeUIHWA auaMeTp koabua D, BTOpasi — ero BHyTpeHHHE
AuameTp d, TpeThbsi nM¢ppa — BHCOTY Koabua A. B HaszBaHHe KOJb-
Ila BXOAMT Takxke H Mapka ¢epputa. Tak, HanpuMep, Ha3BaHHe
koabna K6X2,56X2,8 —600HH o3nauaer: «Koabno ¢ BHEMIHHUM
auametrpoM D=6 mm, BHYTpeHHUM nuHaMeTpoM d=2,5 MM, BHICO-
Toit h=2,8 Mm; cnenano H3 QeppHTa C MPOHUAEMOCThIO 600>.

CyiecTByeT [Ba OCHOBHBIX CIOCOGa H3TOTOBJNEHHH cepieuHd-
KOB Ha (PePPHUTOBHIX KOJbLAX: MOXHO HCIIOJL30BATh CBOEro Poja
4YeJHOK, Ha KOTODPBIH [PeABapPHTEJbHO HAMATHIBAIOT HeBO0JbLIOl
Kycok nposona (puc. 48—JI), a MOXKHO HAMOTaTb MPOBOJ, Mpel-
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BapUTENbHO PACKOJIOB KOJIbILO, a 3aTeM CKJEHB €ero, HalpHMep,
kiaeem B®-2 (puc. 48—E). Ilpu ckielike HyXKHO XOpoOllo COBMe-
CTHUTb M KpeNKO CKaTb MOJOBHHKH KOJbLA, TaK KaK 3a30p MeXAy
HHMH pP€3KO YMEeHbIlaeT HHIAYKTUBHOCTh KAaTyIUKH.

Jlnst HaMOTKH KaTylIeK 4acTo MCIOJb3YIOT TakXKe CTawaapT-
Hble KapKacbl U3 pPasjIHuHbIX BMIOB IJacTMacCh € HeOOJbUIMMH
CTePIKHEBBIMU (DEPPHTOBLIMHM CepreuHHKaMu (puc. 48— )K).

[TpuMepHble gaHHble KOHTYPHBIX KaTyulek Ly u Ly npu ucrnons-
30BAHHU pasHBIX THIOB CEepHEYHHUKOB NpuBeleHH B Tabauue 7.
B HameMm npHeMHHKe MOXHO NDHUMEHHTb J1000# THN KaTyluek,
VKa3aHHbit B Tabaune (Tak e, BIpoueM, KaK H JPpyrue THIIHI
KaTylIeK, He NOMNaBLIde B Hee), HO Jyullie Bcero, mOXKaJy#, cie-
aTb MarHuTHyl aHTeHHY. M aumib TOJabKO MOTOMY, 4TO OH2
B AaapHedmeM OyneT HCIONb30BaHAa B APYTHX NPHEMHHKAX.

Ta6ruya 6
Mapku ¢eppuroB

I'pannunas Mapxka

YyacroTa ¢reppuTa

5B4

]E 10B4

= 13B4

& 20B4

30B4

§ 50B4

60B4

- 100HH
_}g 100HHI

= 150HH
3,5 Mriy 200HH
2,5 Mru 200HHE
15 Mru 400HH
1,2 Mro 600HH
400 wro 2000HH
650 kro 1500HM
= > 2000HM

=R

= 2000HMI
200 xri 3000HM
150 xro 4000HM
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Ta6aruya7

OpHEeHTHPOBOYHOE YHCIO BHTKOB KOHTYDHBIX KaTyumleK H KaTymex
MATHHTHBIX AHTEHH TIPHEMHHKOB MNPSMOro yCHJAeHHs (NpoBoj H3u0,12,
HAMOTKa — ,BHaBaJl“ WIn NJf MArHATHBLIX aHTeHH na CB — oxnocaoiinas).

Cy (ng) 15—500 10—250 3—150
Juanason B CB B CB B CB
Ly mKen 2300 185 4600 370 7000 560
Tun katymkn
{(cM. npuMedanue
B KoHLEe Talanmpi)
1 180 65 290 90 430 120
2 175 50 280 85 410 110
3 200 65 260 85 360 110
(0,1)
4 190 60 240 80 330 100
5 180 55 220 70 300 90
6 330 105 450 150 600 180
{0.D) 0,1)
7 350 ° 110 500 160 — 200
A 0,1) (0,1) on
8 200 — 300 — 400 —
0,1) ,1) 0,1)
9 550 140 760 200 800 240
0,1) (0.08)

1. MarnuTHas anTesHa Ha KPYrioM ctepiue 3 theppura 600 HH (2—600);
nnamerp — 8 mm, nnvna 140 mm.

2. To xe, nauna crepwus 160 ma.

3. MaruuTHas aUTeHHa Ha MJIoCKOM ctepxHe u3 deppura 600 HH (P—600)
pasmepn crepxus 28X 1185 mm. .

4. To we, pasmepnl crepus 3X 20X 100 mm.
5, To ke, pasmepsr crepxus 4X16X125 mm.

6. Topmkoobpasuniii cepneunnk C5—12 a (cM. puc. 48 — B). Pasmepn
D=123 um, d=9 um n l =8 unm.

7. Katymka na deppuroBom Kodbue (M. puc. 48 —I). Paamepn
koabua D =10 mu, d =0 um, h =2 um. Peppur 600 HH (® — 600).

8. To e, deppur 2000HM (P — 2000).

9. Karymka Ha CeKUHMOHHDOBAaHHOM NJACTMAaCCOBOM KapKace

¢ beppu-
TOBBIM CepieuHukoM. Pasmephl kapkaca D =6 Mm, [ = 4X3 Mnu.
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g neTeKTOpPHOro npueMHUKa MarHuTHas aHTEHHA He MUMeeT
HHKAKOTO CMBIC/IA — OHa He B COCTOSIHMHM OTHSTh y PajHOBOMH
3HEPTUIO, AOCTATOYHYIO HJISl TOTO, 4TOOH IPOKOPMUTHL (CM. IpH-
MeuaHue Ha ctp. 26) rosoBHbie TededoHbl. i AETEKTOPHOTO
NpUEMHHKA HYXKHa OYeHb Xopollas, OueHb 0OJbIlAass AHTEHHA H3
MEIHOH NpPOBOJIOKM M 00s3aTesqbHO HYKHO 3a3eMienue. KoMmuar-
Hasl aHTeHHa AJuHOH B 5—10 # roauTcst MWHIL IpU OpUEME MOLY-
HbIX MECTHBIX CTaHLUH.

JlanHbie KaTyHIeK MOXKHO B3ATb M3 TalJHLBL 7, a TaKkKe W3
ONUCAHUA JIOOUTENbCKUX WJIHM 3aBOACKHX NPHUEMHUKOB.

ITpoBox I1D — 310 OGbiuHBIA NPOBOA B 3MajeBoi M3OJSALMIL,
nposoj II9JIIIO — takofi ke npoBoA, Kak u [13, HO MOKPHITHI
CHapyXKM ellie U I1eJKOBo# usoasuyed, a nposoa Mapku JISIO —-
3TO TakK HasbiBaeMblil maurtuesapar. OH coctouT u3  6OJbLLIOTC
UHCJIAa OYEeHb TOHEHbKUX XKHJOK — B Ha3BaHME JIMTLEHAPATa BXO-
JUT 4MCJIO XWJIOK W AuameTp Kaxjaoit mu3 HuX. Tax, Hanpumep,
nposoj JIDUIO 21 X 0,07 conepxur 21 xkuaky, inamerpoM 0,07 anm
Kaxzaada. [IpuMeHeHre JUTHEHApPaTa BCErAa KeaaTeJbHo, Tak Kak
o o0Jsajaer o4eHb MaJbIMM [OTEPAMH Ha BLICOKMX YacToTax,
M KaTYLIKH, HAMOTAHHbBIC TAKUM IPOBOJAOM, OTJIHYAIOTCA BBICOKOH
nobporHocrbio (Bocnomunanune Ne 20).

Ilpn u3srortoBJeHNM KatylmleKk W3 JIMTIEHAPATa HYMKHO IIPOSB-
JSTb CBEPXaKKyPaTHOCTb: ecjH XOTsi Obi OflHa H3 KHJOK OKa-
xKerca 00JIOMaHHON WM HENPONastHHOM, TO KOHTYD, IO CYTH JeJa,
6yzner nory6JjeH. Bor noueMy y JuTueHApaTa oueHb BaXKHO aKKy-
paTHO 3a4UCTUThL TOHYallIeH HIKYpKOH H 3aJyAUTh BCE KUJKH,
ybeauTbcss B TOM, YTO HU OJHA KMJKa He o0joMaJjach, § yxke
1ocJie 3Toro, 0ObEJUHUB BCE STH KUJKH, MOANAATb UX K HYKHOMY
MOHTa}KHOMY JIENECTKY.

Tabnuuna 7 tpebyer HEKOTOPHIX MOSICHEHWI.

B cpenneii kosoHke 37O TaOJMIbL YHCJIO BHUTKOB YKa3aHO
B pacueTe Ha NPHUMECHEHMe KOHAEHCATOpa ¢ MUHHWMAJBLHON eMKO-
cTbl0 Cryn=10 n¢p 1 MakcuMatbHON OKOJIO Cuaxe =250 ng. Munu-
MaJbHasi eMKOCTb KOHTYPa Cy—wwe Bcerpa 6oubiue, yeM Cyun KOH-.
JeHcaTopa, 3a CYeT eMKOCTH MOHTaXa, cOGCTBEHHO! eMKOCTH Ka-
TYUIKH K APYTHX «Mapa3uTHHIX» eMKocted. Bce 3tn eMkocTu Kax
6bl NOAKJIOYAIOTCA NapaJieJbHO KOHAEHCATOPY HACTPOHKH, CyM-
MUPYSCh ¢ €ro eMKOCThio. Ilpeanosaraercs, uTo napasutHas em-
KocTh paBHa 20 ng, m nostoMy ofiias MUHUMAaJbHasl EMKOCTh
kouTypa Cy_ym cocTaBur 30 ng, a maxcumanbHas Cy_waxe —
270 n¢g. VnpiMu caoBaMu, Opu OJHOM IIOBOPOTE POTOPA KOHJAEHCA-
TOpa HACTPORKH €MKOCTb KOHTYpPa H3MEHsSeTCsl IPUMEpHO B AEBATh
pa3 (270:30=9). 3anomuure 3ty uudpy, noxaayiicra: LeBATh
pas.

CraHnapTHBI JAJMHHOBOJIHOBHIH [MaNa3oH HMeeT IpaHMYHbie
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Puc 49. Yem Menbllle nayajibHasg eMKOCTb KOHTYpa, TeM GoJibliMii AnanasoH
MOMKHO TIePEeKPbiTh OIHHM H TeM e KOHJEHCATOPOM HACTPOHKH.

yacrotsl oT 150 xey no 408 xey, wau, uto TO Ke caMmoe (puc. 49),
rpaHuunbie AJUHBL BOaH oT 2000 » no 735,3 . [panuus cpenne-
BOJIHOBOT'O JHanasoHa TakHe: no yacrore ot 525 xey po 1605 kxey
M COOTBETCTBEHHO 1O AJMHE BOJHLI 0T 571,4 # no 186,9 a. Jlerko
NOACYUTATD, YTO AJIS NOJHOTO NEepexkpuiTUs Auana3oda B nyxwHo,
uToObl pe30HaHCHAst 4acToTa KOHTYPa (WJM, 4TO TO Ke caMoe,
pe3oHaHcHAs AJMHA BOJHBI) H3MeHANMACb NPUMEPHO B 2,7 pasa
(408:150~2,7). AHasorduHo IJis MOJHOTO MEPEKPHITHS ¢ Anana-
3oHa CB HyxHO, uroObl pe3oHaHCHAs uyacrora KOHTYpa (pe3o-
HaHCHasl JJIMHA BOJIHBI) U3MeHssnachb Obl NPUMEpPHO B TPU pasa
(1605 : 525~3). 3anoMuure u 3tH uudpH: 2,7 U TPU pasa.

Tenepr nosicium, noueMy noHaao0MJOCL 3anOMMHaTh UAQPH,
xapamepusyloume nepexpmme N0 €MKOCTH U N0 4UacToTe. lleJ]O
B TOM, uT0 00a 3TH NOKa3aTels CaMbiM HENOCPEeACTBEHHbIM 00pa-
30M CBf3aHBl Mexay coboil. Bean pesoHaHcHas uacTora 3aBUCHT
oT eMKocTH KoHTypa (Bocmommuanns Ne 19 u Ne 20), a smauwr,
HU3MEHEeHHE PE30HAHCHO YacTOTH, IO €CTh YacTOThl HACTPONKH,
3aBHCHT OT M3MEHEHHS! €MKOCTH KOHTYpPa. 3aBHCHMOCTb 3JeCh
KBaJpaTHuHasl.

J1s1 Toro uro6el U3MEHHTh YacTOTY B [1Ba pa3a, HYXHO H3Me-
HHTb €MKOCTb B UeTbIP€ pasa; AJIs H3MeHEeHHs YacTOTH B TpPH pasa

121



1e06XOLUMO N3MEHEHHE eMKOCTH B feBiATb pa3 u T. A. OpHuM
CJIOBOM, €CJIM BBl XOTHTE, YTOGHl 4acTOTa HACTPOHKH KOHTypa M3-
MeHAJach B K, pPas, TO HYXHO, qgoﬁm €MKOCTh HACTPOeYHOro
KOHIEHCATOPa M3MEeHANach B Kc=K; pa3 IDTO U ecTb KBajparuu-
Hasi 3aBHCHMOCTb

V mac kak 6yATO BCE NIOJy4aeTCs NMPEKPacHO: EMKOCTb KOHTYpa
yXKe C YUeTOM NapasuTHEIX €MKOCTell MeHSeTcs B JeBATH pas.
[TosTOMy mOBOPOTOM pOTOpAa KOHAEHCATOPA HACTPOHKH MBI IOJ-
HOCTLIO TEPEKPHIBAEM CPEHEBOJHOBLIN AManasoH U jaxe ¢ He-
KOTOPBLIM H3GHITKOM IJHHHOBOJIHOBLIH (AJ15 TOYUHOTO NEPEKPHITUA
nuanaszola 1B nocratouHo, uTOGE €MKOCTh W3MEHsJIach B 2,72~
=~7,3 pasa).

HapucosanHas HaMu 6JaronojyuHasi KapTHHA, K COXANEHHIO,
He Bcerja coorsercTsyeT AeficreurenpHocTd. Y npexne scero no-
TOMY, 4TO NapasuTHas €MKOCTb MOXET 0Ka3aThCsl 3HAYMTENbHO
Sosbuie 20 ng, 0COGEHHO NPH AJWHHBIX MOHTaXHBIX NpPOBOJAX.
K ueMy e NpUBOAHT yBe/qMueHUe napasutHoll emxoctu? OG sToM
Jydille BCEro paccKaxeT YUCJOBOH NpUMeEp.

[Mpencrasbre cebe, uT0 napa3uTHas eMKOCTh paBHa He 20 ng,
a 50 n¢, a 3HauuT, MUHUMaJbHAss U MaKCUMaJibHasg €MKOCTH KOH-
Typa cooTBETCTBEHHO PaBHbl Cy_yuy =10+50=60 nep 1 Cy —vaxe =
=250+50=300 n¢. B sTO0M Ciyuae npu NOJHOM [OBOPOTE PO-
TOpa KOHAEHCATOPA HACTPONKH €MKOCTh KOHTypa MeHsieTcs B IfATh
pa3 (300:60=>5), a uacToTa HaCTPOHKH COOTBETCTBEHHO B 2,3 Pa3a
{2,32=5). EcTecTBEHHO, 4TO NPH TaKOM W3MEHEHUH HaCTOThHI Ha-
CTpOliKH MOXHO Oy €T NepekpHITh JHIIb YacTh fuanasona CB nin
JIB: nanpumep, ot 525 go 1200 xey (CB) u or 150 mo 250 xey
(IB).

Ho u aisi TAKOro 4aCTHUHOTO NEPEKPBITHS AUaNna3oHOB elue
Heo6X0UMO OYAET HECKOJIbKO YMEHBLIUUTh YUCJIO BUTKOB KOHTYD-
HOM KaTyliku. Beab Karyllka paccudTaHa Ha MaKCHMaJbHYIO
emkocTh 250—270 ne¢p, u npu Gosbiluell eMKocTH (a y Hac OHA
tenepb aocruraer 300 ng!) KOHTYp BBIiZET 3a rpaHuuly auana-
30HAa M OKaMKeTcsi HACTPOEGHHBIM Ha CJIMHIKOM [JIMHHLIE BOJIHBI,
rae BelllaTeqbHble CTaHUUW BOoOGuie He paboralor.

Taxolt U36HLITOK B HU3KOUACTOTHOH ([AJMHHOBOJHOBOH) uacTH
nuanasoHa He 6ui Gel caM no cebe HempusATeH, ecan Obl y Hac He
0KasaJcs «OTPE3aHHBIM» GOJBIION y4aCTOK B BBICOKOYACTOTHOH
€ro uacTH, To ectb B 06JacTU CaMBIX KOPOTKMX BOJIH AManasOHa.
(Bpsaa ¥ cTOMT WINTh NUAXKAK ¢ GONBIIUMH HaK/IaAHHIMH KapMa-
HAMH, ec/Id He XBaTaeT MarepMasa Ha pykasa.) I103ToMy-TO u BO3-
HHKaeT HeOO6XOAUMOCTh YMEHBIUMTh YMC/I0 BUTKOB KaTYLIKH, CIBH-
HYTb BECh [IMaNa30H B CTOPOHY 60Jjiee KOPOTKHX BOJH H TaKuM
06pa3oM XOTb B KAKOH-TO CTENIEHH CKOMINEHCHPOBATh HEAOCTATOU-
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HOe MepeKpuiTHe [Mana3’oHa KOHAEHCATOPOM HEPEMEHHOH eM-
KOCTH.

ITonoGHble Xe TPyZHOCTH BO3HMKAIOT, €CJIM BO BXOJHOM KOH-
Type HUCNOoJNb30BaTh KOHIEHCATOD ¢ WUHLIMM 3HAYEHUSIMH MaKCU-
MajibHOH U MUHMMAJLHOH €MKOCTH IO CPaBHEHMIO C KOHAEHCATO-
POM, Ha KOTOpbLIH paccuntaHa KOHTYPHas Kartyiuka. Tak, nanpumep,
npuMmensis B KauectBe Cp KepaMMUECKHI KOHAEHcaTop Ha-
crpoiikn tina KIIK-3, uMerowuii MakcuManbHyo eMKocTh 150 neg
¥ MUHUMAJIbHYIO 25 n¢h, Mbl haKTHUECKH CMOMEM NEPEKPHITH JHIb
NOJIOBHHY KaXJ0ro AuanasoHa. EclM ocTaBUTL paHHBHIE KaTylnex
Ge3 u3MeHeHUS, TO KOHTYp He OYHeT HacTpauBaThCH HA AJAMHHO-
BOJIHOBYI0 UYaCTh juanasoHa (He XBaTHT €MKOCTH), a eCJH Npu-
MEPHO B NOJITOPA pasa yBeJMYUTb YHCJO BUTKOB KaTYIUEK, TO MLl
CKOMIIEHCUPYEM YMEHbLIICHHE MAKCUMaJbHOH €MKOCTH HacTpoey-
HOTO KOHJEHCATopa, NONajieM B AJHHHOBOJHOBLIE YUaCTKH AMana-
30HOB, HO, €CTECTBEHHO, NPH 3TOM BHIIIIEM M3 KOPOTKOBOJHOBBIX
Y4acTKOB.

B cuJbHoll creneHu BAMAET Ha HacCTpOWKy KOHTypa M cofcr-
BEHHAsi eMKOCTb aHTeHHBL IlpuyeM BJIMSAHME 3TO BCErAa HENPHAT-
Hoe —ueM GOJIbLIE e€MKOCTh AHTCHHBl, TeM MEHbLIE NepeKpLITHe
Auanasona. Korna, 106aBUB K 1€TEKTOPHOMY MPHEMHHUKY HECKOJb-
KO YCHJIUTEJIbHBIX KacKallOB, Bbl CMOXKETe HAKOHEL, BECTH NPHEM
TOJILKO Ha MArHUTHYIO aHTEHHY, a BHELIHIOI AHTEHHY OTKJIOUHUTD,
TO nyanasoH, NepekpuBaeMblil KOHAeHCAaTOpoM Cj, 3aMETHO yBe-
JHUUTCS.

IlpuBenennble TPyCTHEIE [PHMEpHI, KOHEYHO, HE HCUEpHaJi
OCJIOXHEHHH, KOTOPble MOryT BO3HHKHYTb IPH NOATOHKE HHIYK-
TUBHOCTH H eMKOCTH KoJieGartesbHEX KoHTypos. Ho stu mpu-
Mephl, MO-BHAUMOMY, JOCTATOUHO SICHO [I0KA3a/IM, 4TO IIPH H3TO-
TOBJIEHHH KOJIeGaTeNLHBIX KOHTYPOB MOXeT NOHAAOOUTHCS B 3Ha-
UHTE/IBHOH CTENEHU OTKJOHUTLCS OT TEX JAHHBIX KOHTYPHHIX Ka-
TYLIEK, KOTOpbIe ¢ 6ONbINOH TOYHOCTbIO NPUBOASTCA B OMUCAHUAX
CaMOJEJIbHBIX NPUEMHUKOB.

Kpowme sroro obuiero npuMmeuanus, rabauna 7 HYK1aeTcs eliie
H B HECKOJIbKUX KOHKPETHHIX [pUMEUYaHMSX.

Ilpy M3roTOBJEHHM MATHMTHBIX AHTEHH CPEJHEBOJHOBas Ka-
TYIIKa HAaMaTBIBA€TCS B OAMH CJOH, a AJUHHOBOJHOBAS — «BHa-
Bal», TO €CTb Ge3 onpele/€HHOTO nopsika. [Ipy HaMOTKe JJwH-
HOBOJIHOBOH KaTYIIKM KEJaTeJbHO Bce Ke Pa3buTh ee Ha TpH-
UETHIPE CEKIWM, KaX<Aas U3 KOTOPbIX MOXKEeT UMETh LUHPHHY 5—
7 MM TPH PAcCTOSSHUM MEXAy ceKuuMsaMu 3—5 mm. Bo Beex ciy-
Hasgx OGMOTKY YKJaAbBalOT Ha ABa-TPU CJOS MJIOTHON 6ymaru
WX XJOPBHHHJIOBOH [MJIEHKH, ApEABAapUTENbHO HAMOTAHHOR Ha
(beppuToBbiil cepaeunuk. st TOro UTOGH 3aKPENHTh BBIBOIM Ka-
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TYyIUEK, NIPOLIE BCEro HaJAeTh Ha CTEpXKEHb YeThipe (N0 YuC]ay BHI-
BOJOB) TYyTHE pPE3HHKH.

IToaronka MHAYKTHBHOCTH Katywek L; u Ly, ocyuiecrisercs
CaMbIM IPHMHTHBHBIM 00pa30M: OTMAaTLIBAaHHEM HJIH f06aBJeHHEM
BHTKOB. JTO HE CJMIIKOM NpHUATHAS ONepauus, OCOGEHHO eCJH
UMeellb AeJ0 ¢ JHTLHEeHapaToM. Bo Bcex Apyrux kaTyiukax, rThe
€CTb NOABUXKHBIA CEpHEUHHK, TOUHAS NOJATOHKA HHAYKTHBHOCTH
NPOU3BOJUTCS C €ro0 MOMOIIbLIO: YeM TJyGxkKe BJABHHYT CEpAEUHHK
B KarylIKy, TeM 60JIbllle ee HHAYKTHBHOCTh. B MarHuTHO! aHTEeHHE
HOABHXKHOIO CEpACYHMKA HET, M, €CAH HYXHO OCYLIECTBHTb
TOYHYIO MOATFOHKY HMHAYKTHBHOCTH, NOJB3YIOTC HHBIM CIO-
co6oM.

Bcio Karyiuiky paspensiioT Ha [Be NOJOBHHKU H OAHY U3 HHX
JleJ1al0T NOJBHXKHON — HaMaThIBalOT Ha GyMa)KHOW rHJb3e, KOTO-
pasi Jerko nepemenjaercs no ¢eppurosomy crepxHio. Eciu c6anu-
¥aTh NMOJOBHHKH KaTyUIKH, TO €€ o6las HHAYKTUBHOCTL YBEJH-
YHBACTCS, €CJIM Pa3]BUraTh — YMEHbIUAETCS. YBEJIHUCHHE HHAYK-
TUBHOCTH NIPOMCXOJHUT 32 CUET TaK Ha3blBaeMoll B3aHMOMHAYKIMH,
TO €CcTh 3a CUeT TOTO, UTO KaXJas IOJOBHHKA YCHJIMBAET MAarHHT-
HOE ToJIe Apyrod INOJOBHHKH.

J1si 1eTeKTOpHOro M jnaXe JJs NPOCTOro TPaH3HCTOPHOTO
NPUEMHHKA HET CMBICIA YCJIOXKHAThL KOHCTPYKIUHMIO MArHHTHOM
aHTEHHB! ¥ BBOAMTbL TOUHYIO NOATOHKY HWHAYKTHBHOCTH KaTyHIKU
L, u L,. Ho ecsiu BB Bce ke nonpoGyere 3T0 ciesnarhb, TO He Je-
JIATE BCIO OGMOTKY Ha [Be paBHHE YaCTH, a OCTABbTE B MOJBHXK-
Holl cekuuu npumepHo 10—20% oGuiero umcna BUTKOB. [laxke
Takasi He6oJbIIas MOABHXKHAS CEKIUs NO3BOJUT B HEKOTOPOH cre-
NEeHH MEHATh WHAYKTUBHOCTH KaTyIUKH. M1 B TO Xe BpeMms OTBOJ
OT HEGOJIBLILOrO YHCJAa BUTKOB NPUTOAHMTCS HaM AJSI HEKOTOPHIX
CXeM TPAH3UCTOPHBIX NPHEMHHKOB.

Kcraty, nonpoGyfite NOAKJIIOYHTL K OTBOAY LENb JETEKTOpa.
IMpu TakoMm aBTOTpaHCcHOPMATOPHOM BKJIOUECHHH SIBHO YJYUILHTCSH
H36UpAaTEJbHOCT, @ MOXKET ObITb, AaXe€ BO3PACTET TPOMKOCTh
npuemMa.

YMeHbIlIasi YHCJAO BHTKOB, K KOTOPHIM MNOJKIIOUEH AETEKTOP
(paubllie OH MOAKMIOUAJCH KO BceHl Karyllke, a Tenepb K ee
4yacTH), Mbl YMEHbLIAEM Ty YacThb HalpskKeHHs, KOTOPOE NIOCTY-
AaeT Ha JETEKTOp ¢ KoJe6aTebHOro KOHTYpa. DTO, KOHEUHo, [po-
urpeiin. Ho B TO Xe BpeMs MBl yMEHbHIAEM H IOTEPH, KOTOpBIE
JETEKTOD BHOCHT B KOHTYD, M, 3HAUMT, NOBbILIaeM A0GPOTHOCTDb
KOHTYpa, o6Iiee HanpsAKeHHEe Ha HeM. A 3TO, KOHEUHO, BEIMTPHIIL.
CyuiecTBYeT Takas TOUKa OTBOAA OT KarylIKH, NpH KOTOpOii BHI-
HUPEII OKa3LIBAETCH GOJIbILE, YEM NIPOUTPHIL, H IPH OAKJIIOYCHHH
JAeTEKTOpa K 3TON TOYKE TPOMKOCTb BO3pacTaeT. JTO OUeHb HHTE-
pecHoe pereHne — NpOUTPHIIlL, AAIIUA BRIUTPHIL,— H Bbl HaBep-
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HsKa elle OyleTe BCNIOMHMHATb O HeM, aHAMM3MPys pasjHuHbIE
3JICKTPOHHBLIE CXEMBI.

Ha stoM, moxanyii, Mbl 3aKOHYHM HallH IIpakTHUYeCKHe pa-
60THl ¢ AMOLAMH M nepeliieM K TpaH3HcTopam. M, Tak ke Kak
Mbl 3TO Jlejlaju NpPH 3HAKOMCTBE ¢ JHOAAMH, HAYHEM C HECKOJIb-
KMX TPOCTHIX ONBITOB.

S3OPABCTBYH, TPAH3HUCTOP!

Ipexne ueM NPOH3BOJAHUTb C TPAH3HCTOPOM OIBITHI, HYXKHO
y3HaTh €ro Ha3BaHHE, ONpCAEJIHTh, KAKOH H3 BLIBOJLOB-IIPOBO.JIO-
ueK OTHOCHTCS K 6a3e, KaKOH — K 3MHTTEpY, a KaKOH — K KOJIJIEeK-
TOPY, M, HaKOHEl, NPOBEPHTb HCMPABHOCTL npUGOpa.

HasBanne tpanHaucropa HamucaHo Ha HEM CaMOM — HHOTA2
c6OKy, a MHOTZa Ha INIOCKOH «MakyluKe». TaMm Xe yKasaHa jpata
nsrortoBJeHust (o6osHauenue «XII 67», nanpumep, o3Hauaer, uTo
npu6op cienaH B Aekabpe 1967 rona), a Takke MapKa 3aBoja-
H3TOTOBHTENS.

B nanpneiimem 6yner nofipoGHO pacckasaHo O TOM, U3 KaKHX
3JIEMEHTOB CKJaAbiBaeTCsd Ha3BaHUe TPAH3HCTOPA U UTO O03HAUAIOT
oThe/bHbIe OYKBH M HUQPL B 3TOM Ha3BaHMH. A NOKa JHlIbL OT-
METHM, YTO CHCTEMa Ha3BAHUH TPAH3UCTOPOB HECKOJbLKO pas me-
HAJlach M UTO HA3BAHHA CTAPbIX H HOBBLIX NMPHGOPOB 4acTo pac-
wudpoBuiBaloTcsd MO-pasHoMy. Onnako npH 3T0M OyKBH BCeria
AaloT OOLLYI0 XapaKTepHCTHKY Nnpubopa, a Ui psl yKA3LIBAIOT €ro
KOHKPETHBIH THIIL.

Tax, nanpumep, Gyksa «II» o3nauaer «NJIOCKOCTHOH», a B HO-
BbIX Has3BauMAX OykBel «I'T» 03HaualOT «repMaHHEBBIH TpaH3H-
ctop». B 10 Ke Bpemsi Tpansucropnt I14, I18, 1113, 11201 — 310
BCE COBEDIUEHHO pasHule NPUOOpH, ¢ Pa3HLIMH HA3HAUCHHUSIMH,
napamMerpamH, XapaKTeDUCTHKAMH, H UMCHHO B Ludpax orpaxe-
Hbl BCE 3TH pasJ/HuHs.

Hrak, ecnu BB XOTHTE HAYuHTbCst MO Ha3BAHHSAM pasjHuyaTh
TPAH3UCTOPHI, TO JOJKHH NMOMHHTb, Kakas {uppa K KAKOMy KOH-
KDETHOMY THNY npHGOpa OTHOCHTCSA. 3ajlaya 3Ta He IpocTast, OHa
Tpe6yeT GoabLIOr0 BHUMAaHUs H xopouledl namsatu. OnHako perie-
HHe 3ajaud objeryaercs CACAYIOIIHUMH TPEMs OGCTOSITEILCTBAMH.

Bo-nepBhX, CymleCTBYIOT CBOEro poja cemelicTBa TPaH3HCTO-
pPOB CO MHOTMMH CXOXHMH 4Y€pPTaMH H GJIH3KHUMH HOMEpaMH.

Taxk, nanpumep, Tpansucropn I18, I19, IT10 u I111,(oGparture
BHUMaHHe — UMOpHEl MAYT NOAPSA) — 3TO Bce NPUOOpHI THHA
n-p-n, N3TOTOBJICHHBIE N0 OJLHOH M TO{l K€ TEXHOJOTHH W pas3fu-
yajoluecst JHUIIbL HEKOTOPDHIMH (NpaBia, OueHb BaXKHbIMH!) mapa-
MerpaMu. TouHO TaK ke K OLHOMY CeMeHCTBY OTHOCATCA p-fi-p
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tpausuctopst 1113, 1114, TI15 u I116 (onsaTs uuppe noxpar), Xord
U OHH PAa3jMyaioTCsl MO HEKOTOPHLIM OuYeHb BaXKHLIM IapaMerpaM.

3aTo oueHb PE3KO OTJIMHAIOTCH OT TOH TPYNNbl— K MO TEX-
HOJIOTHH M TIO TAKOMYy BaXXHOMYy TlapaMeTpy, Kak npepesibHas
yacToTa YCHJeHus,— TPaH3UCTOpPhLI Apyroro cemeiicrsa: [1401,
71402 u I1403 (uucdper noapsan). TO BHICOKOUACTOTHBIE TPAH3HU-
cTopbl, M caMmblil Hu3KouacToTHBIH u3 Hux ([1401) paGoraer Ha
yacrore 60 Mey. B To XKe BpeMs AJIf CaMOI'0 BbICOKOYACTOTHOI'O
Tpausuctopa npeabiaywei rpynnst (I115) uacToTHelil mpenes —
2 Mey.

CosceM ApyTasi OTAMYMTE/IbHAS YepTa y TPAH3UCTOPOB CeMeH-
crea 11201, 11202 u 11203 (uudpst noapsr). 1o MOiUHBE TPaH-
3HCTOPBI, C NOMOIEI0 KOTOPBLIX MOXHO YCHAHTB CHUrHaj ao 10 8r.
A y Bcex cemeficTB, 0 KOTOPHIX IiJia Peub JO 3TOro, MpejesibHast
BLIXOAHAs MOHIHOCTL — 50—150 m87T, TO ecTh B JAECATKH pas
MeHbLIe,

Bropoe o6cToaTenbeTBO, 0Oseryaioliee 3aniOMHHaHHe KOHKDeT-
HBIX THNOB TPAH3HCTOPOB, CBA3aHO C TeM, YTO, HAYHHAs C HEKOTO-
poro BpeMeHH, HX TPYNNHPOBAJH B 'COTHH. 12K, B IEpPBYIO COTHIO
BXOAAT TOJALKO CIIABHLIE P-N-p TPAH3HCTOPH MAaNOH MOUIHOCTH,
paGoraioliye Ha CPaBHUTEILHO HEBLICOKMX YACTOTAX (HCKIIOHEHHE
COCTaBJAIOT CTapble Ha3BaHu#, Hanpumep: [14 — oueHb MOLIHBIH
tpyogn, I13 — momnsiit Tpuon, I18 — IT11 —Tpuoast n-p-n); BO BTO-
PYIO COTHIO BXOAAT CPABHHTENbHO MOIIHBIE p-fi-p-TPAHSHCTOPHI,
B YETBEPTYIO — BLICOKOYACTOTHbIE TPAH3UCTOPH, M T. .

M, HakoHel, TpeTbe OOCTOATENBLCTBO, MOMOrAIOIlee OpHEeHTH-
poBaThCs B OKeaHe nMapaMeTpoB M HassaHui,— GOJbllIoe YUCHO
CNPaBOYHUKOB 1o TpaH3ucropaM. Kpome toro, AaHHble HauGosee
pacnpocTpaHeHHBIX NPUGOPOB MMeIOTC B GOJIbIINHCTEE KHMF, CAS
NPUBOASTC TPAH3UCTOPHBIe cXeMbl. CBefeHUsi O HEKOTOPEIX OTe-
YeCTBEHHEIX NOMNYJAsSpHbIX TPAH3UCTOPAX Bbl HaliieTe U B 3TOH KHH-
re Ha crp. 259—262,

J1sis onbITOB, KOTOPBlE Mbl celfuac MpoBeJeM, TaK Xe Kak v 1Jis
HAILMX NePBBIX TPAH3UCTOPHLIX cxeM (puc. 44), MOXKHO B3AThb
n060i Tpansucrop cemefictea IT13—I116 (MIT13—MII16), uny,
YT0 MOUTH TO XKe caMoe, A1060H TpaHsucrop cemeiictsa [139— I142
{MI139— MI142). OnpefeniTs BLIBOAL Y 3THX TPAH3UCTOPOB [O-
BOJIbHO NPOCTO. Bce BHIBOABI PacNoJiOXKeHb! B OAWH Dsifi, U cpel-
HHH U3 HUX (OH, KCTATH, COeIMHEH C METAJJHYECKHM KOPITyCOM) —
3710 6a3a. A BOT Kak HaxoAdT JApyrHe BeiBoan y 1113— IT16.

CoBepllIeHHO SICHO, YTO M0 VAHY CTOPOHY OT 6a3pl (CpeAHHUH BHI-
ROJL) HAXOLMTCH BBIBOJ KOJJIEKTOPA, MO APYrYIO — BBIBOL 3IMHT-
Tepa. OTJAMYHTL HX TOXE HecJOXKHO. Bo-nepshix, 3arHyThl U NpH-
KpemieHHBIH K KOPIycy Kycouek cpejHero BhBona (BbIBOLa 6a3bl)
HanpasJjied B CTOPOHY KojjiekTopa. Bo-BTOpPBIX, caM BBIBOJ 3MHT-
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Puc. 50. ConpoTuBienue pnr-nepexoja pasiuiuo npu pasuol nojspHocTH Ga-
Tapen, M 3TO NMO3BOJIAET NPOBEPHTb HCNPABHOCT AHONOB M TPAH3UCTOPOB
C MOMOHIBIO OMMETPA.

Tepa pacnojoxKeH UyTh GjnXe K BBIBOAY Ga3bl, 4eM BHIBOJ KOJ-
JIEKTOPa. ¥ APYruX TPaH3UCTOPOB BLIBOALI PACHOMCIIEHB COBCEM
TIO-HHOMY, H HMX MOXHO ONPENe/IMTh IO CIPABOYHOMY DHCYHKY
Ha cTp. 268—269.

I/ITaUK, Mbl ONpEleNHAN BbIBOAL BHIOPAHHOIO TPAaH3UCTOPA:
CPeAHuM BLIBOA — 3TO 6a3a, OJAMKHMA K HEMY — SMHTTEp, 1afib-
HUH — Koanekrop. (Eme pas HanoMuHaeM: 3T0 cnpaBeaauso
JHLIL A1 HECKOJBLKHX TpaH3ucTopos!) Teneps monpoGyem mpo-
BEPUTb HUCHPaBHOCTL TpaH3ucropa. [lpomie Bcero 3T0 caenaTh
C NOMOMILIO OMMeTPa: HYXKHO H3MEPHTb IPSIMOe M O6paTHOe CO-
IPOTUBJICHHE 3MHMTTEPHOTO H KOMJIEKTOPHOrO nepexonos. [Ipsmoe
conpoTHBJeHHe Rpp KaXAOro M3 3TUX NePeXOLOB JOJMKHO OBITH
OueHb HeGoablINM, 06paTHOe Rogp — OueHb GOnbwMM (pHC. 50).

Ilpu M3MepeHMM CONPOTHBIEHMIl pn-nepexoma BaM JAaxe He
HYXKHO 3a1yMBIBATLCA Ha TEM, KOI'la Bhl u3Mepsiere Ryp, a noraa
Roop. BBl MOXKeTe mOCTYNHTL Tak: MOAK/IIOUMTE OMMeTP K 3MMT-
Tepy u Gase, 3aMeTbTe CONPOTHBJEHHUE, 3aTeM NOMEHIHTE MeCTaMH
KOHUBI OMMeTpa # eille Pa3 3aMeTbTe CONPOTHBJIEHHE. B omHOM
¢yuyae CONPOTHBJIEHHE AOJIKHO GBITH GOJBLINM, B APYFOM — Ma-
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JIBIM, MIOTOMY UTO B OJHOM CJlyuae BHyTpeHHssi GaTtapefika oMMer-
pa moakgoueHa K Oase «mmocom» (uaMepsiercss Rogp), B LpPY-
roM — K 6a3e «MHHycoM» (usmepsiercs Rpp). Ml He crTout 3any-
MBIBATBCH, B KAKOM cJjydyae K 6aze IIOAKJJIIOUEH «MHHYC» BHYTpEH-
Rell GaTapeHKH oMMeTpPa, a B KakoM «Iuoc». Ecau npu cmene
KOHLOB OMMeTpPa BBl OOHapyXkHTe [iBa Pa3HLIX, PE3KO OTAHYAIO-
LIMXCA COMPOTHBJICHHS, TO MOKETE CUUTATh, UYTO 3MHTTEPHLI
pr-niepexol uclpaBeH.

TouHo Tak ke, MeHsis KOHUBI OMMeTpa H 3amedasi, KaK NP4
3TOM MeHSeTCs CONPOTHBJIEHHE, MOXHO IPOBEPUTH HCIPaBHOCTh
KoJIIeKTopHOTO pr-niepexofa. Ml Tak ke, KcTaTH, MOXKHO NpOBE-
PUTH MCOPABHOCTH JIOGOT0 NOJYNPOBOIHUKOBOrO [HOAA.

Ecan npu nposepke pn-niepexona okaxercs, yto B o6ouxX Ha-
npaBJeHHsX OH o6JajfaeT OyeHb GOJIBIIMM CONPOTHBJIEHHEM, TO
MOXHO TPeAIIOJNOKHTh, UTO OIMH U3 BLIBOAOB MPOCTO OTIASIICH,
«OTropes» OT cBoeii 30HBEL. Ecian ke okaxercs, yTo B 06OHX Ha-
NMPasJIEHUAX CONMPOTHBJIEHNE PA-TIEPEXONa OYeHb MaJio, TO BEPOSIT-
Hee BcCero, uTO Ipou3oules npo6oit u obe 30HL,, o6pasywoLve
pr-niepexofi, COEIVHHJNCH HaKOPOTKO.

Ilpu nposepke TpaH3HCTOpa JerKo AOMYCTHTH OLMOKY, mepe-
nyTaB BpIBOL 6a3bl ¢ KakuM-HUOYyAb OPYTHM BHIBOAOM. B 3TOM
Cllyyae MOXKET OKasaTbCs, YTO BBl H3MepsieTe CONPOTHBJECHHE
MEXIy SMHUTTEPOM H KOJJIEKTOPOM, a 3TO CONPOTHBJIEHHE Y HC-
MPaBHOTO TPAaH3NUCTOPa Beeria Oyner oueHb GOJBIINM, Kak Obl Bb
HH MEHAJIM MeCTaMH BhIBOOHI OMMeETpa.

VY3HaB TN TpPaH3WCTOpA, ONpENE/]HB ero BLIBOABI ¥ yOenuB-
mHch B HCTIIPaBHOCTH MpubOpa, MOMKHO INPHUCTYNHTh K ONLITaM.
HyHO cKa3aTbh, YTO CaMH 3TH ONBITH MOT'YT GHITh MCIIO/IL3OBAHBI
JUTA TIPOBEPKM TPaH3HCTOPOB. TOUHO TaK e M ONBITH C AUOIOM
MOXXHO HCIIOJIB30BaTh IJisi ero nposepku. [Iponenaitre ¢ guopom
JuoGoil ¥3 [BYX INOKa3aHHBIX Ha puc. 41 onwroB, ¥ ecsu OH
YAacTcsl, 3HAUMT, JHOM HCIPAaBEH.

ITepen HauaJoM ONBITOB C TPAH3UCTOPAMH IIOJIE3HO IMOBTOPUTH
nepBele [Ba ONbITa ¢ AvofamMH. TOJbKO Ha 3TOT pa3 B HuUX OyayT
y4acTBOBaTh He HaCTOSAILMe OHOABI, a pr-TNepexombl TPaH3KUCTO-
pos. Batapeiika 1 rpoMKorosopuTesb Hid GaTapeiika u aaMmIouka
NO3BOJIAIIOT JIETKO yOenuTbes, YTO TNOJYIPOBOAHUKOBBIH TPHON
JMeHCTBHTENIbHO MOXKHO paccMaTpHBaTh Kak JBa IOJyNPOBOA-
HUKOBHIX  [MOfa, MUMEIMX OnHYy o6y  30Hy — 6a3y
(puc. 51).

ILlens caepywouiero omnelTa — AOKa3aTh, YTO TPAH3UCTOP YCH-
NUBaer.

BxiourM aGOHEHTCKHII TPOMKOrOBOPHTENb B KOJLIEKTOPHYIO
[enb TPaH3NCTOPa B KauecTBe Harpy3kH M TMONafiuM Ha KOJIeK-
TOp HamnpsxeHwe —9 6 (puc. 52). MoxHO nopBecTH K TpaH3H-
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Puc. 42. BunpsMuTenw AJs [MTaHHs TpaH3HCTOpHOR annapaTypn (I—3) m
ANS 3apsiiKH aBTOMOOGHMJIBHHX aKKYMyJATOpoB (4—5).
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KaHblil' yCHAHTENb BBICOKOA YacToThl [Jisl [ETEKTODHOTO NMPHEMHHKa (2).
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Puc 51. Batapefika 1 JaMnoyka KapMasHOro QoHapsi NO3BOJAIOT Ha onbite yOe-
JIHTLCA B TOM, 4TO TPAH3HCTOP, MO CYTH Jena, NpencraBaseT cobofi aAsa noJay-
NPOBOAHHKOBBIX JHOAA.

CTOPY M MeHbliee KOJIJIEKTOPHOE HanpsixkeHue, HanpuMep 4,5 6,
HO npu 3T0M 3(deKT ycuyieHuss OyJeT 3aMeTeH MeHblle

Iasi onbita HysKeH enle OAMH HCTOYHHK TOKa — 3seMeHT b,
Ha 1,5 6, ¢ mOMOIBIO KOTOPOTO MpI GyneM MMHTHPOBATH CaGBIH
ycunuBaeMbii curHad. Ecnp npucoenyuuTh «MuHYC» 3neMeHra b,
K 6a3e ¥ MepHOAMUECKH MPUKAcaThCsl BHIBOLOM 3MHTTEpA K «IUIIO-
Cy» 3TOTO 3J1eMeHTa (TO ecTb HelPepHIBHO 3aMbIKaTh H Pa3MbIKAThH
LENb, KaK MBI 3TO JieJIaJid B OIBITAX C AWOAaMH), TO B FPOMKOIO-
popuTene OynyT CJABIUHB HENYKH. [losiBTCS OHH MNOTOMY, UTO
sneMeHT b, Oyner mepuoimyecKy OTIHPAaTh TpaH3ucTop (Bnphic-
KMBaTh 3apsiipl M3 sMUTTEpPa B 6a3y) M B KOJJEKTOPHOH Lienu
OyAyT TOSIBJAATBCS HMIYJBCH KOJLIEKTOPHOTO TOKa. DTH HMNYJib-
Chl M 3acTaBAT B HTOre KosneGarbcs AM(PQY30p rpoOMKOTOBOPH-
TeJA.

Ecnu Bbt x0THTE YOEAHTHCS B TOM, YTO LIENUYKM B IPOMKOTO-
BOpPHTEJE TOSBAAIOTCS UMEHHO H3-3a OTTIMPaHWS TPaH3UCTOpa, TO
nonpo6yiite NOMEHSITb MOJITIPHOCTb BKJIIOUEHUs1 Byl «ITIOC» 3TOTO
sneMeHTa coefMHHTE ¢ Ga30il, a «MHHYC» — ¢ 3muttepom. [Ipu
Takoll nosnsipocry 3qemedt 5, Oyler eme cuJbHee 3anupaTth
TPAH3UCTOP: «IJoc» Ha 6ase He TOJBKO He NPUTATHBAET ABIPKH
Puc. 45. JIByXnHanasoHHmfi NPHEMHHK NPSMOTO ychienus no cxeMe 2—Y—2. ya smuriepa, HO HaAoO0OPOT — OTTAJNKUBAeT HX. [lostomy mipu
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Puc. 52. TIpocTeiilune ONbLITHl NO3BOJAIOT YGEAHMTHCS B TOM, YTO C MOMOLRBLIO
TPaH3UCTOPA MOXKHO YCHIMBATL ciabbiii curnad.

0oGpaTHOH MONSPHOCTH 3A€MEHTAa By MMIYJILCOB KOJJIEKTOPHOIO
TOKa He OydeT M IIeJYKOB B TDOMKOTOBOPHTEJEe BHl He YCJbl-
HTeE.

To, yTo npu NMepBOHauasbLHOH MONAPHOCTH 3jaeMeHTa B, (HA
6aze — «MHHYC») W IIPH NIPEPBIBHCTOM 3aMBIKAHHH BXOXHOH Lenu
NOABHJIMCh UMIYJbChl KOJIJIEKTOPHOI'O TOKa, FOBOPHUT O TOM, 4TO
STHM KOJIJIEKTOPHBIM TOKOM NeHCTBUTE/NbHO MOXKHO YNPAaBAATh U3
BXONHOH nemu TpaHsuctopa. Ho kKak nokasaTb, YTo NPH TaKOM
ynpaBaeHHH MOXKeT Habmonatbess 3(Q@PEKT YCHAEHHs, 4YTO HM-
AyJbCH TOKa B BBLIXOAHO# LeNMH TPaH3HCTOPA MOTYT OKa3aTbCs
MOwHeH, yeM HUMIYJAbChi TOKA B €ro BXONHOM LENn?

IIJ[SI 3TOro AOCTAaTOYHO CPABHUTH I'POMKOCTH LIEJYKOB, KOTO-
phle BO3HHKAIOT B HAaleHd YCHIUTEAbHOH cXeMe, H TPOMKOCTL
IeTYKOB, KOTOPbIE MOABJAIOTCA, €CAH NEePHOJHUECKH MOAKNIOYATD
K TPOMKOTOBODHTENIO OAHH TOJbKO 3JeMeHT B, JleficTBHTENBHO,
€CJIH OTKJIOUNTh TPOMKOTOBOPHTENbL OT TPaH3HMCTOPa M MEepHOIH-
YECKH NpHKacaTbCa K €ro BbBIBOAaM OJAHHM TOJIbKO 3JIEMEHTOM B,;,

10 WeNYKky Toxe OynyT cablmHbl. Ho oHu OKaxyTcs 3HauHTeJbHO
130

TUIIE TEX MIEUKOB, KOTOPble BO3HHKAMH NPU BKJIOUEHHH TPOMKO-
roBOpUTENA B KOJlJleKTOPHle enb yCHJAUWTENbHOro KacKkana.

A BOT elie OgvH ONBIT, NO3BONAIOIHE YGEAUTbCS B TOM, UTO
TPAH3UCTODP YCHAHBaET. BKouNTe B €r0 KOMJIEKTOPHYIO UMb NaM-
HOUKYy Ha 3,5 6 H nopaiiTe HampsixKeHUe HA KOJJIEKTOP, HO yHKe
He 9 8, a 4,5 6. Teneps Taxk ke, KAK U B NPEAbIAYLIEM OMBITE, MOM-
KJIIOYHTE KO BXORY TPAH3UCTOPA, TO €cThb MekKay 6asofl U IMHUT-
TEpPOM, MCTOYHMK OTIHPAIOIIEr0 HaNpamKeHHd — 3jeMeHT b, Ha
1,5 8. Bbl yBHAMTE, UTO maxe Nof A€fiCTBHEM 3TOT0 HEeGOJBLLIOrO
HanpsiKeHHss APKO 3aroputcst Jamnouka Ha 3,5 8. Pasymeercs,
JIaMIIOYKa TOPHT 32 CUeT JAPYroro HMCTOUHMKA 3HEPrHH, 3a cuer
KoJnekTopHoit Gatapen by, kotopas paer 4,5 8. Ho ynpasaser
3HeprHell KoJJeKTopHO#l GaTapeu cnabeubkuil anemenr b, KkoTO-
pHIH caM, KOHEUHO, He B COCTOSIHHH 3a¥eub Jamnouky JI;. B atom
JETKO YyGeAMThCS, MOAKMIOUHB JIAMIIOYKY oI HENOCPEHCTBEHHO
K asieMeHTy B,

Crexys mo nyTH, KOTOPBIl Gbis BHIGpaH HAMH NPH NMPAaKTHYe-
CKOM 3HAKOMCTBE C INOJIyNIPOBOJHHKOBBIMH AHOLAMH, cefiuac cre-
I0BaJio Obl MepeHTH OT yueOHBIX ONBLITOB K NMpPaKTHUECKHUM TPaH-
3HCTOPHLIM cxemam. OQHAKO HA 5TOM YyUaCTKE MYTH, K COXKaJEeHHIO,
NOABJAIOTCA CePbe3Hble MPenaTcTBHA. Mpl MOKa ellle CAHIIKOM
ITIOBEPXHOCTHO 3HAKOMMBI C TPaH3ucTopom, CJAHIIKOM MaJjo0 O HEM
3naeM. MBH, 10 CyTH [ena, 3HaeM JHIIL ONHY TPAH3HCTOPHYIO
CXeMy, KOTopas B oO6meM, ynpolleHHOM BHAe (HUIYypHPYyeT HA
MHOTHX HalHX pucyHkax (puc. 36, 37, 40, 52 u ap.). A ara cxema
JaneKo He HCYEepPIbIBAET BCEX BO3MOKHOCTeI BKJ/IIOUEHUS TpaH-
aucropa. bonee Toro, cxema, ¢ KOTOPO#H Mbl MO3HAKOMUJINCH, TIPH-
MEHfieTCH CPaBHHTENbLHO PENKO, M OHa Oblna BhIGpaHa ans mep-
BOTO 3HAKOMCTBA TOJNBLKO MOTOMY, YTO MO3BOJIAET Jierye BCETO
NMOACHHTb NMPUHUMN JeiicTBAs TpaH3ucropa. Ha npaxrtuke uaue
BCEro npUMEHsETCss COBCEM HHAg CXeMa, 3HAKOMCTBO C KOTOpOﬁ
y Hac elie BIepesH.

M Bce ke Mbl pasGepeM HECKOJBKO MPAKTUUECKHX CXeM, He
ROXKHAAACH GoNee NeTaNbHOTO 3HAKOMCTBA C TPAH3MCTOPOM.

Haunem ¢ yxe uMewomerocs y Hac JeTeKTOPHOIO NMPHEMHHKA,
BKJ/IIOUMB B HET'O BMECTO JHOAA SMHUTTEPHBLIH nepexon TPaH3uCTOpa.
OMUTTEPHBIA MEpeXoq — 3T0 TOT K€ IOJYNPOBOAHHKOBBIN ITHOL,
H TO3TOMY OH NMPEKPACHO CIIPABHTCA C NETEKTHPOBAHHEM CHTHa-
ja. B atom Jerko yGenuThCH, 3aMeHUB B cxeme puc. 43—1 nuoa
JI| SMHUTTEPHBIM MEPexoaoM Jito6oro TpaHsucropa. Kosunektop npu
5TOM HHKYHa HE NOAK/IIOUAETCH, «BUCHT B BO3ZYXe».

OpHako Mbl 3aMEHHWJIH QHOHA TPAH3HCTOPOM COBCEM He IJif
Toro, 4To6bl HOKa3aTb, YTO IMHTTEPHBIH MePEXON MOKeT OblTh
AeTeKTOpoM. DTo GBUIO iICHO H 6€3 3KCIepUMEHTaNbHbIX A0Ka3a-
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TeNLCTB. MBI BK/IOUNJIM BMECTO JHOAA TPAH3UCTOP AJis TOTO, UTO-
GbI XOTb B KaKOH-TO CTEMEHH HCIOMbL30BATL €r0 YCHJIHTEIbHbIE
CHOCOGHOCTH.

Ilapaiite nepeBemeM TOMOBHBIE TeNedOHL B KOJJIEKTOPHYIO
Lenb X NOXaaHM Ha KOJJIEKTOp nmHTaHue oT 6arapen by (puc. 43—
2). HusxouactoTHasi cOCTaB/SoOWAR NPOAETEKTHPOBAHHOIO CHI-
Hasa, NMPOXOAS NO BXOAHOH uenu, 6ymeT, KakK M BCAKHII BXOmHOI
CHTHAJI, yNPaB/sifb KOJMJMEKTOPHLIM TOKOM, H B HTOre B KOJJIEK-
TOPHOM LENH MOABHTCH MOMIHAA KOMHMS BXOJZHOTO HH3KOYaCTOT-
HOro curHana, Bo BcsikoM cnyuae, Ha HATpy3Ke — COJIOBHBIX Te-
Jieponax — GyJeT BblaensaTbcs GOMbIIAs MOMHOCTb, UEM 3TO Gbi10
B JETEKTOPHOM MpPHEMHHKe ¢ guonom (puc. 43—1).

O6patute BHUMaHME Ha [Be OCOOEHHOCTH cXeMbl. Ilpexne
BCEr0 Ha TO, YTO B 3TOM CXeMe HeT CMEIieHUsA. Bbl yaMBJEHBI?
Hanpacho. 3pech cMemeHne He Hy:HO, NOTOMY UTO HE HYIKHO
#30aBJAATLCA OT HCKaKeHHll. DoJjiee TOro, HCKAaKEHHs B 3TOH cXe-
M€ COBEPUIEHHO HEOOXOAMMbI: CYHMIHOCTb NEeTEKTHPOBAHHS B TOM
H COCTOUT, 4TOGLI OTCEYb MMOJIOBHHY BLICOKOUACTOTHOIO CHTHaJa,
€031aTh B UENHU OYJAbCHPYIOMHH TOK.

Bropas ocoGeHHOCTb cXembl caMa GpOcaeTcst B rsia3a: psaoM
C KOHTYDHBIMH KaTyIIKaMH{ MOSIBHJHCL €lllé KaKHe-TO JBe KaTyll-
KH Lz u Ly O Hux, noxanyil, npuaeTca CXa3aTb HECKOJbKO IO-
npobuee, Katywky Ly u Ly — 5TO TaK Ha3biBaeMbl€ KaTYLIKH CBA3H.
Kaxpgas U3 HUX (3TO XOPOIIO BHAHO Ha MOHTAaXKHOH cxeMme) pac-
nojaraetcs psAgoOM CO CBOEH KOHTypHOH Katywmkoi (L, unm Lo)
W 0TOHpAaeT OT Hee HEKOTOPYIO YacTb SHepriu. DTy SHEPTHIO Ka-
Tyulka CBA3H nepefaeT B Ty U€lb, KyZa OHA BKJIOUEHA; B HalueH
CXeMeé — B ULeNb JAETEKTOpa.

3mech MOXeET BO3HHKHYTh 3aKOHHBIH BONPOC: 3aueM HyMeH
MOCPeNHHK — KaTyulKa cBs3u? Bexp H paHbuie sHeprus, Kotopas
UMPKY/AHPOBasa B KOHTYype, mepegaBasiach B uens gerekropa. Or-
BET Ha 3TOT BONMPOC Mbl, COGCTBEHHO TrOBOp#, yXKe Halii, KOTAa
paccMaTpuBaJi TaK Has3blBaeMOe aBTOTPAHC(HOPMATOPHOE BKJIIO-
YEeHHE NeTEeKTOpa — NOAK/IOUEHHE [eTeKTOpa K 4acTH KoJjeba-
Te/bHOTO KOHTypa (cTp. 143).

Beino ormeueno, uTo, nopk/ouas NeTEKTOP K UACTH KOHTYpa,
Mbl ¥ MpPOMIpLIBAE€M, M BLIHTPbIBaeM. [IpourpbiBaem mnortomy, uto
CHHMAaeM ¢ KOHTypa MEHbIUYI0 4acTh HANPSIKEHHS, 4eM CHHMa.IH
Obl NpH NOJKIIOYEHHH JETeKTOpa KO BCeil KOHTYPHOIl KaTylike,
4 He K 4acTH ee BUTKOB. BLiHrpbIBaeM NMOTOMY, YTO yMEHbIIaeM
NOTePH, KOTOpbIE CaM AETeKTOp CO03LaeT B KOHTYpe, OTGHpas
y Hero sHepruio. M, mog6upas TOUKY MOOK/IOYEHHA K KOHTYPY,
MOJKHO NOOHTLCA TaK HA3bIBAEMOTO ONTHMAaJILHOTO COTJ/1aCOBaHHS
(emy GymeT mocBsimeH uenblii pasgen — cM. ctp. 220), Korna Boi-

UTDPBILI OKa3biBACTCs MaKCHIMaJIbHbIM, JaXKe C YYETOM IPOUrDbILIA.
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C 1O Ke uenbio — AMs NOJydYeHHss HaHOGO/bLUIEr0 BLIUTPHILIA,
s nonGopa HaWBLITOHeHINeH, OUTHMAaJILHOH CBA3H ~—— B CXEMY
BBONMTCS M KATyllKa CBA3H. ¥ MEHblLICHUe 4Yuc/aa BHTKOB 3TOH Ka-
TYUKHA PABHOCHJBHO YMEHBIIEHHUIO UM C/la BUTKOB, K KOTOPHIM MOM-
KJIIOUAETCH OETeKTOp Ipu aBTOrpaHcdopmaTopHoit cxeme. Ho
eC/iy, ceNlaB OTBOJ OT KAaTYUIKH, BH pa3 W HaBCeraa OMNpeneunu
Ty yacCTb SHEPTHH, KOTOpas Ionajer B HETEKTOP H3 KOHTYypa, TO,
MPUMEHHB NOMOJHUTE/NbHYIO KaTYIIKy CBA3H, Bhl I10JyYaeTe BO3-
MOXHOCTb MJIaBHO MOXOGpPaTh CBs3b, NOOMUBasich HAUGOMBIIETO
BoIMTpbIA. [/ 3TOr0 HOCTATOYHO HECKOJLKO INE€pEeMECTHTb Ka-
TYWKY CBA3H OTHOCHTE/NbHO KOHTYDHOH KaTYLIKH.

B npuemHHKe, rae g€TEKTOPOM C/IyMKHT TOYEUHbIH QHOX, 0C1a6-
JIEHUE CBA3H MEXKAY AETEKTOPOM H KOHTYPOM BecbMa XKEJaTe/bHO.
B npueMHHKe ¢ TPaH3UCTOPHbIM NETEKTOPOM TaKoe OcjiabieHue
npocTo HeoOXOAUMO, MOTOMY YTO BXOJHOE CONPOTHBJIEHHE HJIO-
CKOCTHOTO TPAH3HCTOpA OYEHb MaJO H €C/H MOAKAIOUHTL €ro Nps-
MO K KOHTYPY, TO KOHTYp, MO CyTH He/a, ucuesner. Manoe Bxon-
HOe CONMPOTHBJIEHHE TPAH3HCTOPA, MOAK/IIOUEHHOE MapaJsieNbHO
KOHTYpY, HACTOJIbKO CHJbLHO WyHTHPYyeT ero (Bocnomunanus Ne 8
n Ne 20), nHactonbko yxymuaeTr JOGPOTHOCTbL 3TOr0 KOHTypa, UTO
pe3oHaHCHbIE sIBJEHHS B HeM MOYTH HE OIYIalOTCH.

B 3ak/i0ueHHe NMpUBOAHM caMble IViaBHble JAaHHbIE — JaHHBIC
KaTyuiek Lz u Ly, JIns MaTHUTHOH aHTEHHBL MepBas M3 HUX comep-
#HUT 15 BUTKOB (I/IMHHOBOJIHOBas KaTyllka cBs3u Ls3), BTOpas —
8 BUTKOB (CpenHEBONIHOBAs KaTyluika cBsidu L,). Katyuiku moryr
GbITL HaMOTaHLI TEM K€ MPOBOAOM, YTO M KOHIypHhte. Ecaum BO
BXOQHOM KOHTYpe HCHOJb3Yyercs KaTtyulka B GpOHEBOM cepleu-
HHKE, TO KaTyIIKy CBfi3M MPOIIE BCEr0 HaMoOTaThb Ha OyMaKHOM
KapKkace, HajeTOM MOBePX 3TOro cepreunuka. Ecnn KOHTypHas
KaTyllKa HaMOTaHa Ha KOJbLE, TO HAa HEM XKe c/legyer HaMoTaTb
H KaTyliky cBs3u. Bo Bcex cnyuyasx xaTylika CBfi3H MOXKeT CO-
nepxatbh B 10—20 pa3 meHblIe BHTKOB, 4Y€M COOTBETCTBYIOIIAf
KOHTYpHas KaTylIKa.

BMecTO OTaenbHOM KaTYUIKH CBA3H MOXKHO caenaTb OTBOA OT
caMOil KOHTYpHOH KaTyUKH, IPHMEPHO OT OAHOH pmecATOi 4YacTH
ee BUTKOB (puc. 43—3). Takoit orBox y1006eH jHiIb B MAaHHTHOI
AHTEHHE, TAK KAK OTHEJbHYIO CEKUUIO KOHTYPHOH KaTyUKH MOKHO
MCNONL30BATL AN MOATOHKH €€ MHAYKTHBHOCTH. B GosbluHHCTBE
NPOMBIIL/IEHHBIX H JIOGHTENbCKMX TPHEMHHKOB NPHMEHSIOT OF-
J1€/bHbie KaTYIIKH CB#3H.

CxeMy puc. 43—2, xora B Hell H HUCIONB3YeTCHA TPAH3HCTOD,
He CTOWT Ha3blBaTh YCHJHTENEM. DTO TPHOAHLIA JETEKTOpP, B KO-
TOPOM YCHJ/ICHHE OCYLIeCTBJISETCH O COBMECTHTE/NbCTBY»,

A ceifuac Mbl pacCMOTPHM [B€ NMPAaKTHUECKHE CXEMBI, T1e TpaH-
3UCTOp 3aHAT CBOMM OCHOBHBIM [€/10M — yCH/IHBaer c/laGbiii CHI-
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naJ. [lepBast M3 3THX CXeM — yCHAMTeL HH3KOI YacTOTHI, BTO-
pas — yCHANTENb BBICOKOH YacTOTHI.

Ecau r{OHaﬂoﬁ}{TCH GbICTPO CHeNaTh NpocTeiiiee neperosop-
HOE YCTPOHCTBO, TO BKJIOUHTE OObIUHBII aGOHEHTCKHIl IPOMKOro-
BODHTEJIb B rHe311a «3BYKOCHUMaTe/by J1060ro npueManka. I'pom-
KOroBopurenb GYAeT MIpaTh POJAb MUKDPO(POHA, a caM MPHEMHHK
ROCTAaTOYHO TPOMKO BOCDPOM3BENET BCe TO, UTO Bhl Oynere nepex
3THM MHKPO(QOHOM TrOBOPHUTD.

M¥UKpPOQOH-TPOMKOTrOBOPHTENb MOMXKHO OTHecTH Ha 20—30 MeT-
POB OT CaMOro npHeMHHUKA, ec/id OHR COeqHHeHbl SKpaHHPOBAHHBIM
I'POBOJOM, M Ha 5—7 MeTPOB, €C/IH it COEIMHEHUs HCIOJb3YeT-
¢ OGBIYHBIA NBYXKHJMbHBIA NPOBOL. DTO MOCTeaHee OrpaHHYEHHe
CBA33HO C Te€M, UTO B OTKPHITHI COCQHHMTE/IbHEIN NPOBOX NONa-
HAIOT CUJIBHbIE «HABOAKH» OT NPOBONOB ceTH. [To mepe yunauHeHus
NPOBOAa OHH CTAHOBATCA BCE CHJbHEE, BCe 3aMeTHee PSIAOM CO
CPaBHHTENBHO CJNaGblM CHrHAJNIOM MHKpPOQOHA.

MHKDPOGHOH-TPOMKOIOBOPHTENIb  0GA3aTENbHO JOMXKEH ObITh
¢ TpauchopmaTopom, MOTOMY YTO CaM FPOMKOTOBOPHTENDb, KOLAA
OH pa6oTaer MHKPO(OHOM, gaXe IPU CPABHHTENBHO TPOMKOR
peun passuBaer HanpsixeHne I—5 m8. A st Toro uTOGH NpHEM-
HHK Da3BHBaJ HOPMaJ/bHyIO BBHIXOLHYI0 MOHUIHOCTh, TPOLIE TOBO-
psi —4TOGBl OH BOCINPOH3BOAHJ Bally Peub HOCTATOMHO TPOMKO,
HYXKHO TMOABECTH K THe3laM <«3BYKOCHHMAaTe/b> HalpsiKeHHe
100-—~200 ms. Tlout 10 Takoro ypoBHs HanpsKeHHe MOBLIHIAer
coGcrBeHHbIl TPaHCHOPMATOP aGOHEHTCKOTO TPOMKOTOBOPHTENS.
Korpa curdan nger B 06paTHyI0 CTOPOHY, He K rpPOMKOTOBOPHTe-
JIIO, a OT HEro, TPancOPMAaTOP OKAa3bIBAETCH INMOBHILIAIOMHM.

Ecnu y Bac Her nog pykamH aGOHEHTCKOTO I'DOMKOTOBOPUTENS
€ TpaHC(OpMaToOpOM, TO Bbi MOXKETE MCHOJIb30BaTh B KauecTBe
MHKpOGoHa J0o60H [UHAMHK, [06ABHB K HeMY NPOCTEHbKHH yCH-
JuTeNb Ha OMHOM TpaHsucrope (puc. 44—1). [IpaBna, B naHHOM
Clyyae OCHOBHO€ NOCTOMHCTBO YCHJAUTEN He GyneT HCROJb30-
BaHo. [leno B TOM, uTO K rHe3gaM «3BYKOCHHMaTesby (oHu cocpu-
HEHbl NPSIMO CO BXOXOM YCHJIMTENS HM3KOH YacTOTH TPHCMHHKE)
MO2KHO TMOJBECTH CHTHAN O4YeHb MaJOH MOWHOCTH, H C 3TOfl TOUKH
3PEHHs BIOJIHE MOXKHO Ghiio Gbl 060ITHCE H Gez yenaurens. YcH-
JIMTEe/b Hy2KeH HaM JIMIb g5 TOrO, YTOOL! NOBHICUTh HAanpsKeHue,
KOTOPO€ JlaeT IPOMKOrOBOPHTeNb-MHKPOGOH. A MOCKOMBbKY B H3-
BeCTHOH HaM cxeMme (puc. 37) sdhgekt ycuseHus noayyaercs 3a
CYET TOTO, 4TO HampsiZKeAHe Ha BHIXOZE YCHJHTeNs GOJbHIE, yeM
Ha BXOZE, TO HMEHHO I0ITOMY ONHOKAcCKamHLI} TpPaH3UCTOPHMIM
YCHJHTENDL NPEKPAcHO 3aMeHseT NOBbIMIAKMmHUE TpaHchopMaTOop.

Koneuno, samensate TpamchopMartop yCHAUTENEM, HCIOJb30-
BaThb TONbKO YCHJICHHE IO HANPSKEHNIO TaM, Te MOKHO GblI0 Ghl

ACHOJIb30BaTh YCHJICEHHUE MO0 MOIHHOCTH,— 3TO HeNnDOCTHUTe/bHOe
134

pactouutenbctBo. HO Mbl MeM Ha Hero eosHaTenbro. Bo-nepshix,
npegnaraeMasi cxema HaM OCTYIHA (MMeIOUINXCsl y HAC 3HAHHH
TOKa HegoCTaTo4HO, YTOGbl CTPOMTbL ApYyTrHe, GoJiee CI0MKHBIE, CO-
BepuIeHnble U GoJiee Nose3Hsie cXeMbl). Bo-BTOPHIX, He HCKITIOYEHO,
YTO BAM 3Ta CXeMa NMPUTOAHTCA: HHOTAA TPyaHee ObIBAET NOCTAThb
TpaHchoOpMaTOp, UEM TPAH3HUCTOD.

BTopas npakTHYecKas CXxema — TPeXKacKalHblil yCHIUTENb BbI-
coko#l yacrotel (puc. 44—2). Kak Bcerga, oH BKJ/IIOYAETCA MEKAY
AQHTEHHOIl H JETeKTOPOM M YCHJIMBAET CHTHAJ, NMOCTYHAIOWHH HA
JNEeTEKTOP. YCHJAHTENb TOBLILIAET HANDAXKEAHE NMPUMEPHO B NATb-
COT — THICAAYY pa3, a 37O MO3BOJAET NPHHHMATL Y¥KE JOBOJIbHO
GO/bIIOE YUCAO CTaHumil, KOTopble Ge3 ycuauTens BooGule He
cabiuHbl. CHrHANBl HEKOTOPHIX CTAHUMHA YCHIHB&IOTCA HACTONbKO,
4TO MX MOXKHO C/Ayu1aTb y¥Ke He Ha ToJIoBHble TeNeQOoHBl, a Ha
rPOMKOrosopHTeb. Hanpumep, Ha npocrefiminit rpoMKOroBOpA-
uuit kancyip JIM—4M. I'naBHO® ZOCTOUHCTBO YCHIHUTENs B TOM,
YTO A/ HEro MPUTOgHBI TPAH3UCTOPLl ¢ CaMBIMH CKBEDHBIMH TMa-
pamerpamu. B uactHocTH, B 3TOM YCHJHTENEe PAGOTAIOT TPHORLI
C TAKHUM HH3KEM KO3(h(QHUHEHTOM yCHJEHHS, 4TO B JPYrHX CXe-
Max OHH He Aanu Gbl IPUEMJAEMBIX Pe3ynbTaToB. Jpyroe 10cToHd-
CTBO YCH/IMTENA B TOM, YTO OH MOYTH He TPeOyeT HaNaKHBAHHIA.

Ectb y 2TOro yCHJMTeJiT ¥ HEJOCTATKH: OH PACCUMTAH TOJIBKO
HAa OgMH AMAanasoH — Ha fAJAHHbIE BOJHBL. XOTs Ha CXeMe fOKa-
3aH YCHAMTeNb, BKAIOUEHHDBIH B ABYXQHaNa3OHHBIH AETEKTOPHBIH
NpUeMHUK, OJHAKO Hago NPSAMO CKa3aTb, YTO HA CPeaHUX BOJHAX
TakoH ycuqurenb paGoTaer MA0XO — CAMLIKOM Majo YCHJIEHHE.
B nanbHefiuieM, NMO3HAKOMHMBUINCH C TPaH3ucTopoMm GoJjee mo-
ApOGHO, Mbl TOCTPOUM GOJiee MPOCTOH U B TO XKe BpeMsi Gosee Co-
BepUIEHHBH YCH/INTENb BBICOKOH 4acTOThl [J/i1 ABYXIWANa30HHOTO
npueMHdka. A cxema, o Koropoll maet peun ceilyac, oCTaHeTcHA
B Hallledl NaMaTH AdUIb «3TAanoM OOJBLIOTO MyTH».

B cxeme puc. 44—2-— Tpu yCHJHTENbHBIX KacKajga, ¥ CHTHaJA,
KaK scraderta, nepemaercs ¢ OQHOr0 u3 Hux Ha gpyroi. [lepsbii
Kackag (Tpausuctop 7)) MOAyuaer cUrHan MPsAMO H3 BXOAHOrO
KOHTYpa uepe3 KaTywiky cBs3H Lz uan Ly DTOT curHaha nopaercs,
©CTEeCTBEHHO, BO BXOMHYIO Li€Mb TPAH3HCTOPA — OJHHM KOHIIOM
Katyuika cBsa3u L3(L,) momkiiodaerca npaMoO K 3MUTTEPY, a BTO-
pHIM KOHUOM coenuHsercs ¢ Gasoit. Coennuenne ¢ 6a3oit ocyuie-
CTBJISIETCS He HENOCPENCTBEHHO, a uepe3 koHxeHcatop Cs. EmkocTb
3TOr0 KOHAEHCATOPa BEChMA BEJNHKA, U MOXKHO CUHTaThb, YTO Mepe-
MEHHOEe HanpsMKeHUe BbICOKOH YacTOThl 3aMBIKAeTCa INPAMO Ha
«3emJ10», Kyaa noak/aimoueHa 0Gasa TpPaH3UCTOpA.

He6onbloft yepHbiil NPAMOYTrobHHK — 3TO yCJI0BHOE 0003Ha-
yemHe, MOKa3bIBaloOLIee COEAHACHHE C METaNMHUeCcKUM WacCH (mna-
HeJbl0), HA KOTOPOM MOHTHpyeTcs cxema. Ho Tawm, rie MORTax
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BeeTca Ha NaHeNH U3 H30JATOPA, POJIb TAKOTo OGILero AJif BCEX
Lene# «MeTaJJIHYecKoro WIacCH» oGLIYHO MrpaeT MeaHas IIHH-
Ka — CPaBHUTEJbHO TOJICTHIH MegHbIl IPOBON, K KOTOPOMY YROGHO
noaNanBaTh MHOTO pa3HbIX nenel. Takas MexHas LIMHKA UMeeTcs
H Ha BCEX MOHTAXKHBIX MAaHEJAX Hallero npueMHuka. C Heft coenu-
HEHO M rRe3no «3emnd». [103TOMy 0 NPOBOAHMKE, NOAK/IIOUEHHOM
K 00med MemHON UIHHKe, FOBOPSAT, YTO 3TOT HPOBOAHHK 3a3eMJIECH.

CoemnAuTh AUKAKUHA (MO CXEME) KOHEL KaTYWIKH CBA3H MPAMO
¢ 6a3oil HeJb3s — uepes KaTylKy CBA3H Ha 3MUTTEp NOAAETCs
HanpsxKenHe cmelueHusa., «Munyc» 6atapen cmemenus by COCIH-
HEH C «3eMaeli», Kyna NOAKJII0UeHbl BCce 6asbl, a «MJAIOC» NOZAeTcs
Ha 9MHTTED TpaH3HcTopa T uepes KaTyuiku CBA3H M PE3HCTOP
R,. Kougencatop C; n0o3BOJISET 3a3€MIHTh HIKHHEA KOHEH, KaTyI-
KH CBA3H [JIl N€PEMEHHOTO TOKA ¥ ONHOBPEMEHHO OCTABHTb €ro
1€323eM/IeHHbIM /1% NOCTOSIHHOTO TOKa. Takue npueMsl — pas-
NEeNbHOE MONKMIOYEHHE KAKOH-JHG0 TOUKH' [JIs MEePEMEHHOTO H Mo-
CTOSHHOTO TOKa — B 3JIEKTPOHHOH ammapaType BCTpeualTCs Ha
KaxnoMm uiary. boJsee nogpo6HO Mb MO3HAKOMHMcS C HHMH He-
MHOTo nosxe (cM. crp. 208).

Harpysxoli nepBoro yCHAMTENbHOTO KacKana CAYXKHT BbICOKO-
yacTOTHLIH Tpancdopmarop LsLe. Ero nepsuunas o6MOTKa BKJIIO-
yeHa B KOJIJIEKTOPHYIO L€Nb TpaHsucropa 7, H yepe3 31y 06OMOTKY
Ha KOMNJEKTOR mojaeTcsa «MHHYyc» ¢ Oartapeu byx. Bropuumas o6-
MOTKa BBOJHT YCHJEHHOE€ NEPBBIM KAaCKaJAOM HamnpskKeHHE BO
BXOAHYIO U€nb BTOpOro tpansucropa Ty Tak xe, Kak U B nepBoMm
KackKane, BEDXHHH (MO CXeMe) KOHell KaTYUIKH CBA3H COeQHHEH
HENMOCPEACTBEHHO C SMUTTEPOM, a HHMKHUN KOHelw — ¢ 6a3oft (ye-
pes xonnmencarop C,). M tax. ke, kak U B NepBOM Kackane, yepes
KaTyUulKy CBA3H TOJAETCA HA 3MHTTEP <«IUIIOC» CMermeHHs. Mul
NPHBBIKIH K TOMY, 4TO Ha 6a3y noaaercs «MHHYC» CMeEIEeHHA
OTHOCHTENILHO 3MHTTEPA, HO 3TO TO K€ €aMoOe, Yyto MOAAaTh HA
SMHTTED <«MJIOC» CMEIIEHHS OTHOCHTENbHO 6assl.

Tperu#i ycunuTenbHblH KacKam OTJHYAETCS OT BTOPOLO TOJNBKO
TeM, YTO Harpy3KOH B HEM CHYXKHT YK€ He TpancdopmaTop, a pe-
SHCTOP Ry, BBHIXOZHOE HamNpsiKeHHe C KOTOPOTO MOCTyNaer NpsAMO
Ha perexkrtop. JlerexkTop co6GpaH nmo napajJesnbHOH cXeme, U €ro
HAarpyskoW CNYXHT caM I'POMKOTOBOPHTENb HJH TFOJNOBHBIE TEJse-
(OHBI.

Bo Bcex Tpex ycHJMTENbHBIX KacKamaxX CME[EHHe MOLAeTcH
OJTHUM H TeM Ke crnocoGOM, M HYXKHOE HanpsiKEHHe CMeleHHd
ycraHaB/iHBaeTca nog6opom pesHcropos Ry, Ry uau R Kaxpgbii
H3 3THX pe3ucropoB 06pa3yer co CBOHM SMHTTEPHLIM pA-TEpPeXo-
oM JenuTeNb HanpsXKeHus. Pesncropnl BbGpaHBH TakHM 0Gpa-
30M, YTOGbl MOTAaCUTb H3MHIIEK Hanpsi:KeHHs Gataped Bcy M ocra-
BHTb Ha 3MHTTEPHOM MnepeXxone nocrosiHHoe Hanpsixkenue 0,2 6.
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Hanpsi:keHHe Ha KOJMJIEKTOP B MEpPBLIX ABYX TPAH3HCTOpAX 1iO-
naercs uepes xarymky (Ls L) ¢ oueHb HeGOIbLUIMM aKTHBHBIM
conpoTHBaenHeM. Ha rtaxofi kaTyumike nOCTOSAHHOE HamNpsiKeHHe
NPAKTHYECKH HE TEPAETCH, H HO3TOMY K KOJIIEKTOPAM TPaH3HCTO-
pos T; u Ty nomBomuTCs MOJHOe Hanpsixenue Garapen by IT0,
KCTATH, OflHA H3 NPHYHH, MO3BOJHMBIIHX YIOBJETBOPHTHCA OYEHb
1e60bUIHM HanpsxeHuem OGaTapen by

B npueMHEKE N0 cxeMe pHC. 44—2 HCNOIBL3YIOTCA T€ XKe OCHOB-
Hble JEeTaJi — BXOJHOH KOHTYp, NepeKjloyaTel 1Hana30HOoB, KOH-
JEHCATOP HACTPOMKH,— 4TO M B NETEKTOPHBIX TNpHeMHHKaX. [la
M caM MOHTaX MOXET BECTHCh Ha TOH XK€ (aHepHOH mnaHeNH.
EnuucTBeHHOe M3MEHEHHE, KOTOpOE CJEAYeT TPOH3BECTH,— 3TO
yMeHblIEHHe YHCIA BHTKOB KAaTYLIKH CBA3M B TPH — naATh pas. Tak,
Hanpumep, Katywmka Lz MOxKer comepxatb 3—4 BHTKA, KaTyUIKa
L;— 2—3 ButKa.

BuicokouacToTHble TpaHcpopmatopbl Lsle 0 L7Lg BbIIONHEHBI
Ha GeppHTOBBIX Kosblax K7X4X2 2000 HM (marnutHas TPOHH-
naemocth (Gepputa — 2000; npumeneHne Kodgeu H3 ¢eppura
C MeHbUIEH MPOHHIAEMOCTbIO CHHXKaeT ycHileHHe). [laHHble KaTy-
wex Ls— 120 BuTtk0B, Ls— 90 BUTKOB, L7 H Lg— o 10 BuTkoB
Kaxpgasa. JIAA HaMOTKH MOXe€T ObiTb HCIOJAb30BAH TIPOBOA
12110 0,15.

PaccMaTpyBas CXeMbl HAUIMX MePBbLIX TPAH3HCTOPHBIX YCHJIM-
Tenel, MOXKHO HalHTH B HHX MHOrO HescHoro. [lis uero, HampH-
Mep, BKTIOYaTh B KAUECTBE KOJLIEKTOPHOI HATPY3KH MOHHKAIOWHH
tpancpopmaTop (uHcno BHTKOB Ls H L; MeHbLIe, ueM UHCJIO BHT-
KoB Ls U Lg) H CHHXKATb TaKHM 06pa3oM BbIXOJXHOE HaTpskKEeHHE
xackana? [louemy 6bl He COGpATh yCHJIHTE]Nb HH3KOH 4acTOTH MO
TOl ke cXeme, N0 KOTopo# coGpaH Hall YCHJHTENDb BbLICOKOH ya-
CTOTHI, H 06GEcneunTh TakHM 06pa3soM HOpMaJbHYi0 pa6GoTy rpom-
koropopHtens? Ilouemy Gbl HE YHNPOCTHTb CXEMY BbICOKOYACTOT-
OO YCUJIMTE/IA, IPHMEHHB BMECTO TPaHCHOPMATOPOB PE3HCTOPEI?
[ToueMy 3TOT YCHJIMTENb MJAOXO paGoTaeT Ha CPEaHHX BOJHAX?

Tlogo6HLIX BONPOCOB MOXKHO NpHAymaTbh Hemano. Ho noxa
TPYAHO HaTb OTBETHl Ha HHX. 1 TpyxHOCTb 3Ta nMpexnae BCero cB-
sapHa BOT C YeM: MBI C BaMH €lle NJOX0 3HAeM f3blK, Ha KOTOPOM
MO3KHO GbIJIO GbI TOBOPHTH O TPAH3HCTOPHBIX cXemax. IIpeononers
5Ty TPYAHOCTb MOXKHO TOJBKO OXHHM <CHOCOGOM: HYX)HO GoJee
BHHMATeJbHO, GoJee NoapOoGHO NO3HAKOMHTbCA € TPAH3HCTOPAMH.
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IF'masa III

ABCTPAKTHBIN YCHJUTEND

Ias Hauana 3arssHeM B SHUMKJIONEAWUECKUH CIIOBAPL H Ha¥l-
IEM TaM TaKoe nosicHeHHe: «AOCTpaxuys — MLICJCHHOE OTBJede-
HHE OT TeX WM HHBIX KOHKPETHHIX CTOPOH, CBOMCTB M/ cBsi3ell
npeamera. Hayunas aGeTpakuns — OTB/€YEHUWE OT HECYIHECTBEH-
UBIX, CIy4aHHBIX NDH3HAKOB MPEAMETA WM SIBJEHMSA B LEJAX 1O-
3HaHHUsA Haubojee CYIECTBEHHBIX €ro CTOpPOH..»

Ceituac MbI HauUMHaeM CEPbE3HOE 3HAKOMCTBO C TPaH3UCTOP-
HBIMH ycusHTensmud. HaunHaeM e ¢ KakHX-AHGO0 KOHKDETHBIX,
a UMeHHO ¢ a6CTPaKTHHIX, ODOOIIEHHBIX, «OUHIIEHHBIX» OT TO-
ApobHoCTeH TpaH3HUCTOPHLIX cXeM. Ha 3THX cXeMax B KOMJMEKTOp-
HYIO 1lenb TPAaH3HCTOpa BMECIO ONpeaeneHHOro pesucropa Ha 1,5
naM Ha 4,3 KuaooMa GyaeT BK/IIOYEH aGCTpPakTHBIN, Ge3 KOHKpeT-
HOTO 3HayeHus pesucrop Ry Mexny 6asoil 4 IMHTTEPOM BMECTO
KOHKPETHOI'0, TOYHO OTMepPeHHoro uanpsixkeuus 0,2 wau 0,15 s,
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6yaer nelicTeoBath aGcipakrHoe sanpsikenue Uss 6e3 ykasaHus
BeJUUHHLL. Jla H caM¥ TPAH3HCTOPHLI HAa TAKHX CXeMaX — 3TO He
xOHKpeTHble npH6opbi T113 nanm [1403, a ycnosHble, aGCTpaKTHbIE
NOJyNPOBOAHUKOBLIE TpHOABI, Ge3 onpene/eHHbX Ha3BaHUi M Tia-
paMeTpoB.

Bawv, no-suxumMomy, xouercs y3HaTb, AMA 4ero noHaaoGH/I0Ch
TaKoe OTBJIEYEHHE OT «KOHKPETHBIX CTOPOH, CBOHCTB HJn CBf3e»
HalIero «npeaMeTa» — TPAH3UCTOPHOro ycuaurens? U nouemy
HENb3st 3HAKOMHTbCA C TPAH3UCTOPHBIMH YCHJIHTEJISIMM He no a6-
CTPAaKTHBIM, a 1O KOHKDETHbIM CXeMaM, KOTOpble B 3aK/IOUeHHe
3HAKOMCTBA MOXKHO GBLIO OBl «CNasiTh» U «NYCTUTh B qesio»? ITycre
TaKUX NDAKTHYECKUX CXEM OYEHb MHOTO, NYCTb 3HaKOMCTBO C HHMH
JIeJIO J10JIF0e U YTOMMTENbHOE, HO BeAb Jy4dlle cpa3y 3arpauuBaTh
CHJIbI ¥ BPeMs Ha HYXKHOE, PAKTHHECKH BaXKHOEe f1€J10, ueM 3aHH-
MaTbCsi KakKHMM-TO abcrpakuusmu!

B kauecTBe oTBeTa Ha 3TH BOMPOCHI M BO3DaXKeHHs NPUBEAEM
TaKoe cpaBHEHHeE.

CyliecTBYIOT O4eHb CJIOXHBIE apUMeTHYeCKHe 3aKauH, KOTO-
pble MOXKHO pellaTh «OOLIUHBIM CRHOCOGOM>» — NOCJAEROBATE/LHO
NIPHAYMbBIBAaTb NPOCTbie BONPOCH M OTBEYATb Ha HHUX BbIUHCTeE-
HUAMA.

A MOXHO pewratb 3TH 3afayd H NO-APYTOMY-—C TOMOILIO
anreOpanueckux ypaBHeuuil. Bbl, HaBepHO€, 1O COGCTBEHHOMY
ONBITY 3HA€Te, UTO 3TOT BTOPOH TyTh Gojee ynoGeH M JIETOK.
A rJlaBHOe, HayYYMBLIHCH peliaTbh aGCTPAaKTHBIE, TO €CTh OTBJIEUEH-
Hble QT KOHKPETHbIX uuces anreGpanyeckue ypaBHEHHH, Bbl TEM
CaMbIM CDa3y.N0JIyuaeTe KUY K pelieHnio Gecc4eTHOro MHOXKeECT-
Ba pa3Hoo6pa3HbIX apupMeTHUYEeCKHX 3anad. K TOMy xKe >3TOT
anreGpanyecKHil KJIOY OTKPbLIBaeT BaM AOCTYN K DEIICHHIO TaKHX
CJIOKHBIX 3amay, KOTOpLie apHGhMeTHYecKHM ciioco6oM NpaKTH-
4YecKH BoOOle He pelarTcs.

MoxkHo cMeso ckasaTh, YTO CHOCOGHOCTb K abCTpaKTHOMY
MbIIIJIEHHIO, YMEHHE BbIAEJATh IJaBHble, Haubo/ee BaxKHBIE 0CO-
6eHHOCTH MpeaMeTOB M fABJIEHHHA, yMEHHe HaXOAUTbL YHHBEpCaJb-
Hbi€ METOJbl, IPHTOAHbIE AJA DPEUIeHUsi CPa3y MHOTHUX CJOXHBIX
3ajay, NOMAb30BaTbC OAHHM ©0O6IEHHLIM, aGCTPAKTHbIM TNOHSH-
THEM BMECTO OFDOMHOIO MHOXKECTBAa KOHKPETHBbIX,— BCE 3TO CO-
CTaBJf€T OAHY M3 TJaBHbIX OCOGEHHOCTEH UYeAOBeYeCKOro Yyma.
[TocrapafiTech HaWTH BpeMs ¥ Cepbe3HO 3aAyMaTbCsi Hajd STHM.

A cefiyac HaM nOpa BO3BPAINATbCS K TPAH3HCTOPHBEIM CXEMaM.
[TosHakoMHBIMICH ¢ aGCTPaKTHBIM YCHJIHTENEM, COEIHHAIOWIAM
B ce(e TVIaBHbie OCOOGEHHOCTH MHOXECTBA KOHKDETHBIX TpPaH3H-
CTODHBIX CXeM, [O3HAKOMHBIIHCb C XapaKTEepHbIMH /s 5TOTO
abCcTPAaKTHOTO yCHJIHTEst (GHU3UUECKHMHU TpoueccaMd U cXeMHBIMd
pelreHusiMy, Mbl ¢ BaMU BMECTO JOJIFOH M YTOMHTENbHOH Ocanst
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Puc. 53. Nas Toro

uTOGbl pa3GupaTbCA B TPAH3HCTOPHBIX CXEMaxX, HYXHO
TPeKJe BCEro 3HaTh OCHOBHBIE 3aKOHBI HJEKTPHUECKUX UeneH, OCHOBHBIE 3aKOHBI
3/EKTPOTEXHHKH.

COBEPLIMM CBOEr0 POZa TAHKOBHIH MNPOpPLIB,— OLICTPO M JETKO

BOlineM B orpomMHyi0 u npekpacuyio Crtpany [Ipakruueckux Tpan-
3UCTOPHBIX CxeM.

BEYEP BOCNIOMHHAHHUA

Macrepa, peMOHTUPYIOINHE TNPUEMHHKH WK TEJEBH30PHI, JIIO-
GAT TOBODHTb, YTO PaLHOINEKTPOHHKA — 3TO HAYKAa O KOHTAKTax.
JleficTBUTE/IBHO, HAPYIIEHME KOHTAKTOB B NEPEKIOUATeNqsX, cOe-
AHHUTENbHBIX (UIIKAX, KOHTAKTHHIX Pa3beMax, JAMIOBLIX NaHe-
JIfX, HaKOHel MPOCTO B MecTax N/0XO# MalKH — 3TO HOBOJILHO
4acToe, ecJii He caMoe yacToe NMOBPeXKAEHHEe annapatyphl. Ycrpa-
HUTb TaKO€ MOBPEKAECHHE HEC/NO0XKHO, HO OGbIUHO Tpebyercs GOJb-
IOH OMNBIT, YTOGHI HANUTH MECTO HAapPYUIEHUA KOHTAKTa.

M Bce ke uspeuenre «Paxuo3/eKTpOHRKA — HAYKA O KOHTaK-
Tax» He OoJee yeM myTka. Eciu roBOpuTb Cepbe3HO, TO PagHo-
3JIEKTPOHHKA — 3TO INIPEKAE BCEr0 HAyKa 06 3/EKTPUUYECKHX 1e-
NAX H CUTHaJax.
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Ecnu Bbl cBOGOAHO paszbupaertech B CAOMKHBIX 3/MCKTPHUECKHX
LeNAX, 3HaeTe 3aKOHbl, KOTOPHLIM OHM NONUMHSAIOTCHA, MpexcTas-
nsere cebe, KaK NMPOXOOAT MO TUM HeNsAM PAa3JHYHLIE 3JEKTPU-
yeckMe CHTHaJbi, TO BH JerKO pasbeperecb B padore /1060ro
pPamxMo3/IeKTPOHHOTO  ycTpoicTBa., JIwo6oe  pagvo3/eKTPOHHOE
YCTPOHCTBO — 3TO NPEKAE BCETO 3JEKTpHUECKHe 1eMH, B KOTOPHIX
€o3naloTca M NMPeoGPa3yloTcs 3JCKTPHUYECKMe CHUTHAJbI.

Bce ckazannoe B MOJIHOH Mepe OTHOCUTCH U K TPaH3MCTOPHHIM
yeunurenaMm. M uMeHHO nO3TOMY, npexnae yeM 0paThbCa 3a CXEMbl
ycuaureseil, Mbl ¢ BAMH YCTPOHM He6OJ/bIIOH Beyep BOCIOMMHA-
HHI — BCIIOMHHMM HECKOJIBKO BaKHbIX TpaBWJ, HeACTBYIOLIMX
B MUpe 3JeKTpHUecKux uenell u curianoB. C HEKOTOPBIMHA U3 3THX
NpaBu/l Bbl YK€ BCTPEUANUCb B 3TOH KHMUIE, HEKOTOPble HaBep-
HAKa 3HaeTe ¢ eme 6Gonee naBHUX BpemeH. Hy, a ecnu He 3Haere,
TO CMOXETe y3HaTb, NO3HAKOMHUBUIMCH C OfHHUM M3 MONYJASAPHBIX
yueGHUKOB MO OCHOBaM 3JIEKTPOTeXHMKU. A Ha nepBbiXx MNopax
BaM Gymer HOCTAaTOYHO TeX GOJiee yeM CKPOMHBIX CBEJCHHH, KO-
10pbl€ Bbl MOYEpIHETE M3 HAIIMX KOPOTKHMX BocrnomuHanui. [lpn
5TOM He 3a0biBaiiTe O NMpy¥MeuyaHus Ha cTp. 26.

BOCITOMHUHAHHME Ne 1. COITPOTHUBJ/IEHHE, TOK, HA-
MMPSOKEHHME, 3. O. C

Tepa-T(1) - 0%
ura-r) - 107"
MErA-M(m)- 109
Kuao-K (1) - 103
Fexto 2 (h)-102
Aexa-3ada)-10 '
AEyu @ (d)-107!
CAdTH-C(¢)-10"2
Muaau-m(m)-10°3
Muxpo mr(y 1076
HAHO -u (n) -10%
NMuko -n (P -10™%

O nepBbix TPex XapaKTEPUCTHKAX Mbl y¥e TOBPPUAH H1
crp. 18. M3BecTHBI TaKKe eIMHHIbl, B KOTODHIX M3MepAIOTCH CC-
npoTUBJNEHHE, HANpsixKeHHe U TOK. Yacto GpiBaeT ygoGHO NO/b30-
BaTbcsl 6oJiee KPYNMHBIMU U 60/1ee MeTKHMU eHHUIAaMU (He Bcerna
e MbI 10/1b3yeMca METPOM — PacCcTOSTHUE MEXIY ropogaMu ynoo-
HEll U3MEpSATb B KUJIOMETPax, a AMaMeTp NPOBOAA — B MUJMJIHUMET-
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pax). Kak o6pa3yorca npous3sBoaHLie elMHHUE!, BCe 3TH MErOMBHI
Monm), xuncomn (xom), MuAAHAMIEPH! (ME), MAKPOBOJbLTH
(MK8) W mpyFHe, MOxCKaXeT BaM TaGJaHHA.

Hanpsenne, KOTOpoe MOXeT jpaTh TEHEPATOP B PEXHME XO-
JIOCTOTO XORa, TO €CTh KOTJa OT HEero He nOTpe6asiaT SHepTHH,
Ha3bIBAeTCA 3JEKTPOABHKYWeH cunofi, cokpameHuo 3. A. ¢. Oxa,
KaK ¥ HanpsKeH#e, M3MepseTC B BOJbTAaX H TaK ¥e TOBOPUT
0 paGore, KOTOPYIO MOT OLl BLINOJHHTL T€HEPATOP, NEpeMernas Mo
LeNH 3apan B OAMH KyJoH. OQHAaKo 3. . C. — 3TO, OTKPOBEHHO FO-
BOpsi, XBACTOBCTBO. Kax TONBbKO BB [MOAKJ/IIOYUTE K TCHEPaToOpy
Harpysky 4 B LeNd MOHOET TOK, HEKOTOPas 4acThb 3. I. C. TYT XKe
norepsercd Ha BHYTPEHHEM CONPOTHBJIEHHH 3TOr0 FEHepaTopa
(cm. crp. 146). TloaroMy HanpsiKeHHe HA 3aXKUMax TeHepaTopa
BCEerfia MeHLIHe, YeM 3. O, C.

BOCIIOMHUHAHHE Ne 2. HATIPABJIEHHUE TOKA. Pas6u-
pas C/OKHbIE CXEMBI, HYXKHO CNEIHTb, TIE BOSHHKAET «ILIIOCH, TIE
«MUHYC», KYNa HAET TOK U T. 1. TOK MOTYT cO3aaBaTh H NONOKA-

TenbHule, H OTPUUATETbHLIE 3apfIbl,
m—ry KOTOPbIe, eCTECTBEHHO, NMOX NEHCTBUEM
YCAOBHOE '\ O[HOTO H TOrO K€ HanpsKeHHd [BH-

HAMPABAEHUE TOKA Kyrea B pasHble crTopoHu. [Josowu-

(AL TeNbHLE 3apALL  BCerga THHYTCHA
OTPUYAT 3APSA

O=0=—=
0 -£°®'FQ'£?°

K «MHUHYCY», a OTPHUATEJbHHE Geryr
ot Hero. Yro6ni He 3aBOHTL NHHIHEH
NyTaHKUbl, [OTOBOPHAHChL  C/EAUTH
TONBKO 32 JBHKEHHEM TOJNOKHTEAb-
HBIX 3apsAmoB, a Ha OTPHUATEJIbHBIE
(WIEKTPOUBE), 10 BO3MOXKHOCTH, BOOG-
me He o6pamarb BHuMaHHA. [Tostomy
obULHANLHOE HAanpaBJeHUe TOKa —
OT «III0OCa» K «MHHYCY».

BOCITOMHUHAHHUE Ne 3. 3AKOH OMA. U o #eM mb yxe
ropopu/u He pa3s. Uro6un He nomyckaTb OGHAHBIX OWHGOK Tipd

[

PAIAEAUM OBE
HACTU HA

MKa

om

pacuerax no gopmynaM 3akona Oma, nonwsyiiteck NpuBeaeHHOM
3gech TabaHuUed, B OXHOM M3 BEPTHKAJBHLEIX CTO/GLOB KOTOPOIl BbI
Halimere yAOGHBIH «KOMIUIEKT» emuHuu. Ecnu uens COCTOUT M3
60/1bIIOTO yKc/ia 371€MEHTOB, TO HYXKHO CHauasa HaHTu ee obllee
CONPOTHBJIEHNE, KOTOPOE MO3BOJHT ONpemesuTh OOWHHA TOK, a 3a-
TeM TOK M HaNpsiKeHHe Ha OTAe/bHBIX Y4acTKax.

BOCITOMUHAHHUE Ne 4. MOUIHOCTbL. Kak u3sectHO,

MOIMHOCTb — 3TO MPOU3BEACHHE TOKA HaA HalpRiKEeHHUE. Ecan ne-

H3BECTHA OJHA W3 3THX BEJHUMH, €e JIerKO NMOJYUYHTh, MOJb3YSACh
Bce TeM ke 3akOHOM Owma. «KomnaeKrhi» egMHAL, [JS BbIUHCIE-
HAsi ApHUBeNeHbl B TalJauie.

BOCHOMMHAHHUE Ne 5. TIOCJIEJOBATEJIbBHOE CO-
EJUHEHUE COIMTPOTUBJIEHHWM. O6uiee conportiBaeHne pas-
HO CyMMe COeRMHEHHBIX CO-
NPOTHUBJEHHI, NPUYEM TJ1aB-
HYIO POJIL MUTrpaeT HaHGO/b-
mwee u3 HHX. [Ipumep.Ecs
J¥ COemMHMTb IOCJeAOBa-
TENBHO NBA pe3ucropa R;=
=1000 ox 1 Re=1 om, TO
ux ofuiee COMPOTHBJEHHE
Room=1001 om. Pesucrop
Rs BLINIANAT Ha (OHE CBOETO KOsJlern R Kak MyXa, noMoramwimad
BOJIy TSIHYTH IUIYF.

BOCITOMMHAHHUE Ne 6. TAPAJIJIEJIbDHOE COEIUHE-
HUE COITPOTUBJIEHUMN. O6mee conportHBieHHe B OCHOBHOM
onpeme/sieTcs MajAbM CONPOTHBAEHHEM, a POJb MYXH A0CTaeTcs
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60/1bLIOMY. [Tpumep.
BxnouuM Te e [1Ba pesu-
cropa Ry=1000 osm u Ry=
=1 om. HetpyaHo nogcun-
TaTb obliee CONPOTHBJEHHE Re
(npousBegeHne HYKHO ne-
JUTb Ha CYMMY)-— OHO paB-
Ho 0,999 ox. [TapannenbHo
NOAKJ/IOUEHHOEe CONpOTHBIe-
HUe MOXKeT JIMIIb YMEHBIIUTh CONPOTUBJACHUE VUaCTKa, U I109TOMY
ofuiee CONMPOTHBJEHUE BCEIAd MEHbIe HauMEHbIIEro.

fon

Qosqtf om

don

Rosy=4on :

BOCITOMUHAHHE Ne 7 (OJHO U3 CAMBIX BAXHbIX
AJis1 HAC). AEJIMTEJIb HATTPSIDKEHUSY. Tlonsenem Hanps-
XKeHHe K ABYM I10CJe0BaTeIbHO COSIHHEHHHM pesuctopam. OHo
4BTOMATHYECKH paclpefeNuTCs MeKAY HHMH Tak, yTo Ha 6O0Jb-
LIeM COMPOTHUBAEHWW Oyner pgeidcTBOBaTh M GOJbLUIAsg YacTh Ha-
[IPAKEHUS.

Taxoe pacnpenenenue Hanps:KeHufd Jerko o6bacHuTb. [leno
B TOM, UTO BO BCeX y4acCTKaX NOCJeN0BaTe/NbHON UENH TeyeT OguH
M TOT XK€ TOK: CKOJIbKO 3apAf0B BXOOUT B 3JEKTPHUECKYIO UENb
(ne 3a6GniBaliTe 0 npuMeuaHuuw Ha crp. 26), CTONBKO XKe BhHIfi-
neT U3 Hee. A uToGbl NMPOABHHYTb ONHUH KYJOH IO Y4yacTKYy € CO-
nporusneHuem 10 osm, HyxHo nopa6GoraTb B AecAThb pa3 GoJiblie,
yeM A4 NPOJBHKEHHA 3TOr0 Ke KyJoHa IO yyacCTKy C CONpOTHB-
JgeHueM 1 om.

Hanps:xkenne, Tok, CONpoTHBJeHUe Ha J10GOM ydacTKe mesiH-
TeNd, TaK JKe KakK W Bo Bceff 1enH, cBg3aHbl (GOpMyJaMHU 3aKOHa
Owma. Pa3HoBHIHOCTbIO JfenuTesns SBAAETCA NOTEHUHOMETP — Ile-
peMeHHOe CONMPOTHBJCHUE, NO3BONAIOIIEE IJIABHO MEHSITH pacrpe-
IeneHue HanpsKeHuH.
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B ToM, uTo menuTenp IHEHCTBUTENBHO MNENMHT TMOJABEAEHHOE
K HeMy HanpsKeHue NPONOPUUOHAJNBHO CONPOTUBJIEHHAM OTHE/b-
HBIX YYaCTKOB, JIETKO YGEIHTLCH, MOAK/MIOUUB BOJBTMETP K Kax-
IOMY H3 PEe3UCTOpPOB.

BOCITOMUHAHHUE Ne 8 HIVHT. B nepesoge Ha pycckuil
«IIYHT» 03HauaeT «0O0XOoxHOM! nyTby. Tak Ha3bIBAalOT PE3UCTOP UMH
OpYroit 3jeMeHT, MOAK/OUaeMBblil NapaiNeNbHO KaKoMY-H60
yuacTky uenu. Hepes wyHT, eCTeCTBEHHO, HJET 4acTb TOKa, H, UeM
MeHbllle WIYHTUPYIOLIEe COo-
TIPOTUBJEHHUE, TEM GOMbLUIUA
TOK OTBETBUTCA B HETO, TEM
MeHbIllasi yacTh TOKa IOH-
IET 4epe3 INYHTUPYEMBIH
yyactok mend. Hanpsxke-
HHe Ha pe3UCTOpax, Coedau-
HEeHHBIX MapaJ/enbHO, BCET-
Jla OMMHAKOBO, a KX 00iiee
CONPOTHUBJIEHUE MEHbLIE Ha-
uMmenbinero  (Bocnomuna-
HHe Ne 6).

Ecau Bbl XoTuTe Y6EAUTHCSH B TOM, 4TO YCBOWJH MOHATHA «M€-
JUTENb» U «IIYHT», NonpoOylite COCTaBUTbL HECKOJIbKO 3KBHBA-
JEHTHBIX CXeM (Bce HeTanu MPEACTaBJEHBl PE3HCTOPaMH) yike
3HakoMOft HaM nenu (puc. 41, aucrok A), cocrosmei U3 Jam-
nouek, BhKAOYateneit U guonoB. CocTaBbTe SKBUBAJEHTHHE CXe-
MBI 5TOi LEMH [/ BCEeX BO3MOMKHLIX KOMOHHAuMN BKIIOUEHHUS
¥ BoIK/MIOUeHus Bk, u Bxy, npuueM s o60uX nosynepHonos. Hipu

5TOM CcuHTaffTe, UYTO MNpsMOe COMPOTHBJIEHUE JHOJA PaBHO
2 om, o6patHoe —20 KoM H CONPOTHUBJIEHHE JAMIIOYKH —
200 om.

BOCITIOMUHAHUE Ne 9. TEHEPATOP U HAI'PY3KA. ITe-
Kapb, BbileKalomwui xneb6, 0653aTeNIbHO NOJMKEH U CaM YEro-Hu-
Oynb noectb. Tak u reHeparop, BhpaGaThIBAIOLKH IMEKTPUUECKYIO
SHePTruio, 4acTh €€ PacXOAyeT Ha CBOM BHYTPEHHHe HyXkanl. Mox-
HO CKa3aTb, UTO BHYTpPeHHee CONPOTUBJEHUE TeHepaTopa Ry BMeCTe
C CONpoTHBMEHUEM Harpysku Rm o6pasyer menurenp (Bocnomu-
Hanue Ne 7): uyem 6Gospiie Ry MO cPaBHEHHUIO ¢ Ry, teM Génbiuast
4acTh 9. . C. focTaercs Harpyske. O6 3TOM MOXKHO cKa3aTb H UHa-
ye: yeM MeHbie Ry, TeéM 0ogblue NoTpebisieMblil OT reHepatopa
TOK, TeM GoJsibilie NajeHue HampsiKeHUs Ha Rr H, C/EAOBaTelb-
HO, MeHblue HanpsiKeHHe Ha BHIXOAe TeHepaTopa.

[MonpoGyitTe nocreneHHO yBeJUUABATH UMCIO JAMIIOYEK, MOI-
KMIOuaeMHX MapalfesbiHo GaTtapefike KapMaHHOro QoHaps. Bt
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YBHAMTE, 4TO, ueM OGoJiblie JNaMIoyeK, TeM 0ojee TYyCKJO TOpUT
KaXIas H3 HHX.

ITpoucxonuT 3T0 mMOTOMYy, uTO nNOTPeG/seMbIi TOK pacTeT,
BO3pacTaloT MNOTEPH Ha BHYTPEHHEM CONDOTHBJEHHM OaTtapen
Y HampsKeHHe Ha ee 32:KHMax nagaer. EcrecTBenHo, yto Hanps-

JKEeHHe Ha BBIXOAE TeHepa-

TOpa 3aBHCHT M OT ca-
MOT'0 BHYTpEHHEro comnpo-
THBJIEHHA.

IIpumep. Y craphx

GaTapeek Ry CHIBLHO BO3pa-
cTaeT, ¥ HanpseHHe, KO-
TOpOe naeT Takas GaTtapes

A o
£-4A5¢ nox HarpyskoH, yMEHbUIAET-
‘ 4;4‘0 ca. B 10 ke BpeMs npH OT-

Ry

KJIOYEHHOH Harpyske, KOT-
Ia TOK uepes R, npakxTu-
YeCKH He HJneT, BOJAbTMETP
noxasbiBaer y  CTapelX
6arapeil HOpMaNbHY10 3. I. . (TOK, NOTpeb/AeMblfi CAMHM BOJIbT-
METPOM, Malj, H Mbl €ro He YUHTBIBaEM).

Bce, 0 ueM ceifuac roBOPHIOCh, OTHOCHTCSL K F€HEPaTOPy B UIH-
POKOM cMblcAe cloBa. ['eHepaTopoM MOXKHO CUHTATb BCAKHH 3Je-
MEHT Uend, Nepenalonltil SHePTHIO CBOEMY COCEAY HE3aBHCHMO OT
TOro, Kak Oblia mojyueHa 3ta 3Heprs, ['eHepaTop — 3To H rafb-
BaHHUECKHH 3/7E€MEHT, H aHTeHHa INPHEMHHKA, ¥ TPaH3HCTODHBIH
yCHAHTENb, H KoAe6aTenbHBIl KOHTYD, H 3JeKTpHuecKas ceTb. Bo
BCEX CAyYas#X HYKHO YUHTHIBaThb M TO, YTO reHepaTop OTHAaeT,
H TO, YTO TEPHETCA B HEM CaMOM; HYJKHO YYHTHIBATb H COOTHOLIIE-
HHe CONMPOTHBJEHHH NMOTPeOUTENST H CAMOID reHeparopa.

BOCITOMHUHAHHUE Ne 10. NEPEMEHHOE HAITPSKE-
HUE U INTEPEMEHHDIYI TOK. 'enepatop, nHa 3axumax KOTOpO-
TO «IIJI0C» H «MHHYC» HENPEPLIBHO MEHAIOTCH MECTaMH, JaeT nepe-
MEHHOE HanpsKeHHe. A nox AedCTBUEM NEPEMEHHOT0 HANPAKEHHA
B LleH NPOTEKaeT MepeMeHHbIl TOK — 3apsAjbl ABHralOTCA «Tynas
H «06paTHO». [Inis MHOTHX 3/1eMEHTOB (HanpuUMmep, IJ/ist JaMIOYKH,
3JIEKTPOMJIHTKH, XOJOOUJNbHHKA) COBepUIEHHO Ge3pasnuuHo, Kyma
IBUTAIOTCA 3aPsifbl, MEHsieTCca JIM WX HanpaBJieHUe HJIH OcTaercd
Aen3MeHHbIM. [1aBHOe — yTOGBI 3apsfbl ABHranuch H paboTanu.
Ho, KOHeuHO K€, MHOTHE 3JIEMEHThl 3/IEKTPHUECKHX uenel co-
BEPUIEHHO N0-Pa3HOMY BexyT cebsi NPHU NMOCTOSHHOM H MEPEMEH-
HOM TOKe. DoJsiee TOro, nopegeHHe MHOTHX 3J1eMEHTOB 3aBHCHT
OT MapaMeTPOB (XapaKTEePHCTHK) MEePEMEHHOro TOKa.
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BOCIIOMHWHAHHE Ne 11.
NEPEMEHHOT'O TOKA (HATIPSA)KEHHS).

ITepuod. 3to Bpems, B TeUEHHEe KOTOPOTO TOK IMPOXOMHT
nOJHBIA LHKA H3menenuil. MaMepserca B cexynnax. Maoraa yno6-
HO BECTH peub O MOJYNepHOLaX, KOTOPble YCJAOBHO HA3LIBAIOT I10-

OCHOBHbIE TIAPAMETPbOI

JIOXKHUTEJNADbHBIM W OTPHILLATE/IbHbIM.
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Yacrtora—uucio nepuoaoB B ceKyHny. MaMepsercs B rep-
unax (ey), xujorepuax (x2y), wmerarepuax (Mey) m 1. I
1 ey=1 nepuod 3a 1 cek. 147



Amnaurtyda—Haubonbliee 3HayeHHe HANPSIKEHHA, TOKA
HJIH MOINHOCTH. M3MmepsieTcs COOTBETCTBEHHO B BOJIbTaX, aM-
nepax u BatraXx HanpsxeHne M TOK ABaxnabl 3a NEPHON [OCTH-
raloT aMIUIMTYHOTO 3HAYEHUSt — BO BPEMA IOJOKHTEJNBHOTO H OT-
PHILATENbHOTO TOJYNEePHONOB.

Mznosennoe 3Hauenue HaNpANeHUusa TOKGa,
mouwnocru. IlocMoTpeB Ha uackl X TOUHO 3aMETHB MOMEHT
BpEMEHH, MOXKHO (N0 KpaliHeli Mepe, B MbICIEHHOM OILITE)
H3MEPHUTL TOK HMEHHO [/ 3TOr0 MomeHta. 310 H Gyaer
MIHOBEHHOE 3HaueHWe TOKa (Hanps:kenus, mouiHoctH). Ecrecrt-
BEHHO, [ PasHbIX MOMEHTOB BPEMEHH MTHOBEHHBlE 3HauyeHHs
Pa3jHyYHbl — Ha TO Y Hac H NEpPEMEHHb'H TOK.

Popma kpusoii. Opunnanbio ee He 4YACAAT B MNapa-
MeTpax nepemeHnHoro toxa. A 3psa. Cynutb o ¢opMe KpHBOiH, TO
ecTb O XapaKTepe H3MEHEeHUsl ToKa (HaNpsAkKeHUA), MOKHO IO €ro
rpadHKy. A TouHoe onHcaHue GOPMbI NepeMEHHOTo ToKa (Hamps-
:KEHHsI) MOXKET HaThb CMEKTP — Habop CHHYCOHAAJbHBIX COCTaB-
Jsiomux (cum. ‘crp. 60).

dppexTusnoe 3navenue HanpaAMerHUus U TOKQA.

AMnautyna TOBOPHT O HauGoOJbuieli paGoTe, KOTOPYID MO-
JeT BHINOJIHUTbL INepeMeHHBIH ToK. Ho Beab aMIUVIHTYHbIE
3HauyeHHs ObiBaloT pepko. UYUrto6u cyautb 0 pa6oTOCNOCOG-

HOCTH TOKa He B OJHH Kakoi-HUOGYIb MOMEHT, a B TeueHHEe MHJH-
TEJbHOTO BPEMEHH, BBOLHTCA eile ONHA XapaKTePUCTHUKA — 3¢-
(heKTHBHOE 3HaueHue ToKa. OHO yKa3bIBacT, Kakoi BETHUHHEI HYX-
HO NYCTHTb B LENb NOCTOAHHLIHK TOK, YTOObl OH paGoTal TaK Ke,
XKaK M MpPOTEKAOUHH TaM NnepeMeHHbil. Jd¢peKTHBHOE 3HaAUEHHE,
KaK [PaBHJIO, MEHbIIe aMIJIHTYbl, @ BOT Ha CKOJBKO MEHbIie, 3TO
3aBHCHT yke€ OT (OpMbl KPHBOH, TOUHEe, OT TOr0, KAKOB HepeMeH-
HBI TOK B HHTEpBaJax MexXAy aMIIMTyfiaMH. [as cuHycoumasb-
HOTO NepeMeHHOro TOKa H HanpaxeHus (o6paTHTe BHHMAaHHE —
TOJIbKO JJIfi CHHYCOHJaibHOTro!) 3¢ (PEeKTUBHBIH TOK (HanpsxKeHue)
cocrasisier 70% aMNAHTYAb, HAM HHaue — aMIHTyRa Ha 309
Goablie ¢ dexTHBHOro 3HaueHHs. Korna peub uaer o6 saekTpuue-
CKHX NPHGOPaX UJIM CETH NMEPEMEHHOT0 HaNPsAXKEHHS, TO NPUBOAAT
TOJIBKO 3(h()eKTUBHbIE TOKU H HaNpsxeHUA. FubiMH c;ICBaMH, B CETH
220 g amnauryna pocturaet 310 8; B cetu 127 € — oxkosio 180 s.

D asza. YUrto6bl BeaAKUil pa3 He NMyTaTbes ¢ ThICAUHBIMH, COTHI-
MH HJIH MUJVIMOHHBLIMH JOJIAMH CEKYHIbl, VAOGHO pa3GuTh BeCh
nepuoja, He3aBHCHMO OT TOr0, CKOJIBKO OH IJIHTCA, Ha YC/OBHbIE
CIAHHHIIBI BpeMeHH — rpaaychl. Bech nepuon neasat na 360°. Ilpu
5TOM IM0JIOBHHA I€pHOMA, e€CTECTBEHHO, pasHa 180° ueTBepTh ne-
148

pruoga — 90° u T. 1. MoMeHT BPEMEHH, COOTBETCTBYIOIIHH KAKOMY-
HUOYIb ONpeAeseHHOMY MTHOBEHHOMY 3HAueHMIO TOKa (Hamnpsxe-
HH#), Ha3biBaeTcs (a30ii MTHOBEHHOro 3HaueHHA. Tak, HanpHMep,
Ha Hauem rpaguke A (dasa NONOKHTENbHOH aMIIATymbl — 90°,
¢dasa oTpuuaTesbHOl amminTyabl — 270° (asbi HyseBHIX 3Haye-
uuit — 0°, 180° u 360°, pasa nomeueHHOro Ha rpaduke 3HaueHus [,
coctasaser 45°. ToyHo TaK K€ MOXKHO GbIJIO Gbi OTMETHTb (pasbl
H Jo60ro Apyroro 3HaueHus TOKa Y HanpsxkeHua. Tok u Hanps-
XEeHHe Ha 5TOM TpadHKe U3MEHAIOTCA CHH(pA3HO — [0J0KHTEIb-
Hbie M OTPHIlATE/NbHbIE aMIJIATYAbl HACTYMAlOT Y HUX B OJHH H Te
xKe MomeHTh BpemeHH. Ho Tax GbiBaeT He Bcerpa.

BOCITOMUHAHHE Ne 12. CABUTI ®A3. IMoaxaiounm K 06-
me# Harpyske nBa reHepaTtopa. MX mnepeMeHHble HanpsXKeHHA
MOT'YT Ae#icTBOBATb COTJ1acOBaHHO (B ¢a3e), a MOr'yT NeH#CTBOBATh

Casuroas0®  caBur@az90®  Casur a3 180°

v, v, 0
k¥
\/

N
WFS?'* A

H He COIVIacOBaHHO — ¢o caBurom ¢a3. B camom crpauiHom ciy-
yae reHepaToOpbl NPOCTo paboTAOT APYr NPOTHB Apyra. [TosoxkH-
TeJbHAsh aMILIHTYZA Y OAHOTO H3 HHUX MOSBJAETCA HA MNMOJNEpHOAA
11033Ke, UeEM Yy APYroro, HJH, HHBIMH CJIOBaMH, HaNPAXKEHUA CIBH-
HyTH 1o ¢ase Ha 180°. Bo3aMOKHBI ¥ IpyrHe cABHrH a3 MEXKIY
pPa3HbBIMH HaANpPAXKEHHAMH, a KPOMe TOrO, BOBMOXKEH CABHI MEXKAY
nepeMeHHbIM TOKOM H CO3/1aBIUHM €ro NEePEMEHHbIM HAllPAXKEHUEM.
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BOCITOMUHAHUE Ne 13. KOHAEHCATOP B LIEITH ITE-
PEMEHHOT'O TOKA. Yewm O6bicTpee MeHseTcs HaMlpsike-
Hue, TeM OGoJibllie TOK uyepe3 KOHAeHcaTOp, 3THM H 06Dsic-
HAETCS YMEHbIIEHHE X¢ C POCTOM UYacToThl. Tenepb MOCMOTpHUTE
Ha rpadUK CHHYCOHAAJBHOTO HaNpAMEHHA: ObICTPEH BCEro OHO
MeHsieTCA, KOTaa NMPOXOAUT U€pe3 HOJb, H UMEHHO B 3TH MOMEHTHI
B KOHpeHcaTope HabGmoaaerca aMIVIMTYyfa ToKa. Korga Hanpsaxe-
HHe NPHOJHIKAETCA K CBOEH aMIJIMTYIE, OHO pacTeT BCE MelJieH-
Hee, HaKoHel Kak Obl 3aMHpaeT Ha MHT H HauMHaeT yMeHblaTbcA.
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o6niero conporupmnenus (BocnomunHanus NeNe 5 u 6), To/aBKO
«mepenyTaHHbie»: GopMyJsia Ajaf NapasJieibHOr0 CoefHHeHHsi R
noxoxa Ha ¢opMyay Ajdsa MocjegoBaTesbHoro coeguHenusa C,
a dopMysa AJ1s nocae0BaTeNBHOTO coefuHenna R — Ha gopmyany
napanienpHoro coeguHenus C.

BOCITOMHUHAHHUE Ne 15, KATYLWIKA B IIENW TNEPE-
MEHHOTI'O TOKA. Korga uaMeHnsiercsi TOK B KaTyllKe, TO H3Me-
HAETCA CO3JaHHOE 3THM TOKOM MarHMTHOe MoJie, H B pe3ysbTare
3JIEKTPOMATrHUTHON HHAYKUMU (HaBef€HHSA) KaTyliKa caMma B cebe

f 50 50 50 2 20 20 200 2 20 20

2y 2y 374 ey | wey | xey | xey | May | Mey | May

c 100 5 100 5 5 0,01 | 001 | 001 | 0,01 | 100
Ml | MK | np | muc | s | mngp | mwngh | mrgp | g | nep
Xe 32 640 32 16 16 | 800 80 8 038 80

oM om | Mom| om oM oM oM oM oM oM

Bor uMenHo Bo BpeMs 510r0 «3aMMpaHHfi» TOK B UENH CTAHO-
BHTCA PaBHBIM HYJI0, a 3aTeM MeHsIeT cBOe HampasJeHue. BhiBox:
NONOXKHTENbHAA aMININTYa TOKA HACTyNaeT Ha YeTBePTh NepHoia
paHblie, yeM NOJIOXKHUTENbHAS AMIJIUTYLA HANPSAXKEHHSA, TO ecTh
TOK uepe3 KOHAEHCATOD Omepexkaer HaNpsiKeHUe HA HeM Ha 90°.

BOCITOMUHAHHE Ne 14. COEAUMHEHUE KOHIEHCA-
TOPOB. Ilpu napanienbHoM cOoefHHEHUM OOHIAS e€MKOCTh KOH-
JIEHCATOPOB PaBHa CyMMe eMKOCTell, MPH NOC/eI0BaTeNbLHOM CO-
eAMHeHHU O0ILas eMKOCTb MeHblile HauMeHbuled. PopMysl s
pacuera ofulefl eMKOCTH — 3TO Te XKe (OPMYJb Ads MOACYETA

-

50n¢ SO0
Coey= 2500

Py
S
wmrlym
e - 50000 5010

Coed™ 300000 Cosy = 5000

HABOJUT 3JEKTPOABUKYIYI0 cuJy. Bennuuna stolt 3. 4. c. caMo-
MHAYKUHMH 3aBUCHT OT CKOPOCTH H3MEHeHHsi TOKa (a 3HauuT, ot
ero yacTOTHl), a TakK¥ke OT HEKOTOPBIX CBOHCTB caMOil KaTyLIKH,
KOTOpble OTOOpaXxKeHB B ee KO3pOuuueHTe CaMOMHAYKUHH, HJIH,
WHaue, HHAyKTUBHOCTH L. HHayktuBHOCTb L, B yacTHOCTH, TeM
6onbuie, yeM GoJblite BUTKOB. Pe3ko yBsesinuuBaer L cepaey-
HHUK M3 CTaJH WM Apyroro ¢eppoMAarHUTHOrO MarepHaJa.

Enununa uHAyKTHBHOCTH — reHpu  (ex). Takolti MHAYKTHB-
HOCTbIO 06/1ajlaeT KaTy1liKa, B KOTOPOi NIpKU U3MeHeHHH ToKa Ha | a
3a | cex HaBoaMmTcs 3. 4. ¢ 1 8.

DNeKTPOABHIKYILAA CHJIAa CAMOHHAYKUMH BCerga NpensTcTByer
M3MEeHEeHHIO TOKAa: KOTAa TOK HapacTaer, oHa MeliaeT eMy Hapa-
CTaTh, KOTAA TOK yObIBaer, 3. 1. C. CAMOMHAYKIMH, HA0060POT, NOA-
JIepXKUBaeT ero, 3aTArHBaer MNPOLECC yMeHbLICHHs TOKa. JTHM
caMBIM Karyuika OKa3biBaeT MNepeMeHHOMY TOKY onpejejeHHoe
COMpOTHBJEHHe. DTO TaK Ha3biBaeMOe MHAYKTHBHOE CONPOTHBIIE-
HHe Xp BO3DacTaer C yBeJUYEHHEM 4acTOThl f (CKOPOCTH H3MeHe-
HHSl TOKa) U C POCTOM caMoil MHAYKTHBHOCTH L xaryuwrku. Hanps-
XeHHe Ha KaTyllKe M TOK yepe3 Hee TaKxe CABHHYTH Mo ¢ase
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Ha 90° HO, B OT/IMUME OT KOHJSHCATOPA, TOK OTCTAeT OT Hanps-
KEHMHA.

HHAYKTUBHOCTD KATYLIKH, NPaBAa, OueHb NPUOIHKEHHO MOX-
HO OnpejesHTh [0 €e BHELIHEMY BHAY.

BOCITOMHUHAHHE Ne 16. CJZIO)KHDBIE LIEINHA INEPEMEH-
HOTI'O TOKA. Korna B 06myl0 uenb ORHOBPEMEHHO BKJIOYEHb
U aKTHBHBIe 3jieMeHTbl (HanpuMep, pe3uCTOPBI), H peaKTHBHHE
(HanpuMmep, KOHAEHCATOPBI), TO B LENH MOTYT BO3HUKATh caMble
pasHble cABHIH (a3 MeXay oOIMM TOKOM H OOGIIMM Hanpsike-

HueM — ot 0 go 90°. Tak, HanpHuMep, eC/IM KOHACHCATOD H PE3HCTOP
cOeMHEeHHl MOC/EA0BATEIBHO, TO Uepe3 HUX HAeT OAHH H TOT Xe
tok I. Tlpu stom HanpsikeHue Ur Ha pe3nctope coBnamaer no
¢da3e ¢ TOKOM, 4 HanpsKEeHHe Ha KOHJeHcaTope U¢, Kak o6LIuHO,
otcraer or Hero Ha 90°. O6mee Hanpsaxenue U Ha RC-uenouke
OTCTaer OT TOKA TeM cHJibHee, ueM GoJibllie X¢ N0 cPaBHeHuwo ¢ R.
A TOCKOJMILKY 5TH HanpsXkeHHs NPONOPUHOHANBHLI CONPOTHBJIe-
EMAM X¢c 1 R, TO MOXKHO cKa3arb, 4TO CABHI (a3 onpelensercH
COOTHOIIEHHEM 3THX COMPOTHBJEHHH.

B oTaunuMe oT nocsen0BaTeNbHOIO COeAHHEHNS PE3HCTOPOB, 00-
llee COMPOTUBJIEHHE 2 ONPefeAeTCA He KaK adredpanyecKkas cyM-
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vMa (2#R+xc), a Kak reoMeTpuuecKas cyMMa (z = VRZ—{—x% )
Tlpu nocnepoBatenbHOM coeauHenun R u C BJIUSHME KOHAEHCATO-
pa Bo3pacraer ¢ yMeHbLIeHHeM YacTOTHl [ M €ro eMKOCTH.

Ilpu napannenvHoM coeguHenun R u C Ha 06OMX 3THX 3Je-
MeHTax aeifcrByer obmee -Hanpsaxenune U, Tok [r coBnagaer
¢ uuM no ¢ase, ToKk I¢ onepexaer na 90°. Uem Gouablue TOK I¢
yepe3 KOHAEHCATOP, TeM CHJBHee pPe3yJbTUPYIOWHN ciaBur ¢as
Mexkay U w I. UHBIMH c/iOBaMM, mpH mapaJjsie/bHOM COeIUHEHHH
R u C BnuaHHe KOHAEHCATOpA TeM cCHAbHEE, ueM GOJblie ero eM-
KOCTb H UYeM BbIIIE yacToTa.

AnanornuHo onpegensiercs casur Gas u Ass peneil, coaepika-
LuX MaAyKTHBHOCTE L. Ho 31eck ¢ yBesnueHneM uacToTsel H UHAYK-
TUBHOCTH BJINfiHMe KaTyUIKM IpPH napaJiyieJbHOM COeIHHeHHH
yMeHbIIaeTcA, a IPH MOCAeN0BAaTENBLHOM — pacTeT.

BOCITOMHUHAHHE Ne 17. ®UJILTPDB!. Llenu, cocrosmue
3 R u C, unu R u L, unu U3 Bcex TPex 3/IeMEHTOB, HaXOAAT upes-
BbluaHO LIMPOKOe NPHMeHeHHe B 3/1eKTPOHHOI annaparype. OHH
npencTasasior co60it QUILTPEIL, KOTOPHE, 06Manas Pa3HLIM CONPO-
THUBJICHHEM HA pPAa3®blX vacrorax, Mo3BOJAIOT OTAE/NHTHL OJHH CO-
CTaBJAIOIIHE CJHOXKHOIO TOKa OT APYTHX.

CAOM MBI

. +
CACKHOUS
H "Yoo'k focronraplf ™ o=

{ < R ]nauoqsmﬁﬁ

)

Camplit IpocToil u cambiil nonyaspHetil — 310 RC-dunbtp.
Yepe3 ero eMKOCTHYIO BeTBb, TO €CTh uepe3 KOHAEHCATOp, MOCTO-
AHHBI1 TOK BOOGIIe He MPOXoAuT, H RC-bunbTp HCONB3yeTCa Bes-
Re, TA€ HYXKHO OTANHTb MePeMEeHHYI0 COCTaBJIAIONIYIO OT MOCTOSH-
noii, KonneHcarop nponyckaer nepeMeHHBIH TOK TeM Jyuwne, uyeM
Bolllle ero yacrora. [TogGopom R u C MOXHO go0HTLCS TOrO, 4TO
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Ha KaKOH-TO OmpefiejieHHON yacToTe (a 3HAYMT, U Ha Gojiee BHICO-
KUX uacTorax) OoJjblias yacTh ToKa — cKaxeM, 909% u Gosee —
Oymer 3aMmuikatees yepes C u gums 109 uepes R.

AHanOTHYHO NO-PA3HOMY MPOMYCKAaeT PasHbie 4acTOTHl M RL-
¢GuabTp. CymecTByeT MHOXKECTBO GoJiee CJAOXKHBIX (PUALTPOB, KO-
TOpbie OCYINECTBASIOT Gojee «crporde» pasienesve mepeMeHHbX
TOKOB pa3HBIX YacToT.

BOCITOMHWHAHHE Ne 18. PE3OHAHC. Quetin HHTEpECHO
BeAeT ce0s NPU WU3MEHEHHH HACTOTHI Lelb, B KOTOPYIO BXOASAT
u konfeHcarop C, u karyiwka L. HanpsikeHus Ha aTHX 3JeMeHTax
npotHsod a3ty TaK Kak TOK B uenu obmuit. Ilpu stom Uc orcraer
or Toxa Ha 90°, a Uy, omepewaer ero, u Toxe Ha 90°. ITostomy
MOXHO CYMTaTh, YTO COMPOTHBAEHHA X¢ H X, AGHCTBYIOT Apyr
NPoTHB apyra U ofllee peakTHBHOE CONPOTHBJEHHE DABHO MX
pPasHOCTH.

Ha kako#i-To yacToTe — Ha30BeM ee PE30HAHCHON [pes — eM-
KOCTHOE W MHAYKTHBHOE COMNPOTHBJIEHUS OKaXyTCa paBHLIMH. OHH
CKOMOEHCHPY1OT JPYr Apyra, B Lenu OCTaHeTcs TOJMbKO aKTHB-
HGe conpoTHBaenue Ry 3-3a TaKoro pe3koro yMeublieHus conpo-
THBJICHHS! Pe3KO BO3pAcTeT TOK, @ BMeCTe C HUM BO3PacTyT Hanps-
JKeHHsl Ha KaTyllke H Ha KOHJeHcaTope.

W3 ycjoBHst X¢c =xL JIerKO BBIYHC/IHTL PE3OHAHCHYIO u4acTo-
TY fpes. I1pH OTXOHE OT pe30HAHCHON YACTOTHl TOK B LeNM Mapgaer,
TaK Kak ofbllee CONPOTUBJ/ICHUE 2 pacTeT (NPH yBeJMUYEHUHM 4acTo-
THL — 3a CYeT POCTA Xz, a MPU YMEHbUICHHU HaCTOTH— 3a CUeT
pocta xc). I'paduk, mMOKaspiBalOMH, HACKONBKO PE3KO yMeHb-
IaloTCA TOK B HellM W Hanpsikenne Ha L u C npu oTxopme or pe-
30HAHCHOU 4acTOTHl, HasmBaerca pe3oHaHcHoll kpusoii. Ha peso-
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HaHCHOM YacToTe «C TOUKH 3PeHHsis TeHeparopa CORPOTHBJEHHE
NOCAE0BATEJLHOFO KOHTYPA PaBHO Ry (0GbMHO eJRHHHE OM),
a napa/nenbHOro KOHTypa — Roxs (OGBIYHO JECATKH KMJIOOM).

BOCITOMHUHAHHE Ne 19. AOBPOTHOCTD. YseauueHue
TOKa NpH pe3onance Gyxer TeM Gojee Pe3KUM, UeM MeHblie aKTHB-

HOe CONPOTHBJICHHE B CPAaBHERHH C DeaKTHBHEIM COMPOTUBJCHHEM
X X
L c
X, M xc. Beamunna, nokaseiBalollasi OTHOIERHe —R—(mm R‘—x)’
X

HasbiBaeTca A06poTHOCTRIO Q. [JOOPOTHOCTL HHOTCRAa Ha3blBaloT
MHOMHTeJIEM BOJIbTaXa, TaK KaK OHa NMOKa3bIBaeT, BO CKOJIbKO pas

FIOCAEAOBATEABHDIL
KORTYP
nwﬂu(ﬂ, Ry
w10 R outvp %;} 2 tom
Re {
RAPANAEADHDIL

P NTTP
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HanpsKeHHe Ha KaTyLIKe H Ha KOHAeHCATOpe BO BPEMA Pe30HAHCA
npeBbIlIaeT HaMpsXKeHWe Ha aKTHBHOM conpoTusjeHuu. M3 oTHo-

XL
HIeHH A T JIEFKO BbiBECTH, UTO JlOﬁpOTHOCTb TEM BHIUE, UeM
K

L
Gosiblle COOTHOMIEHHE o= YBennuenne Ry Bcerka IPHBORHT

K YXyAIIEHHIO 10OPOTHOCTH, a 3HAUUT, K CHHKEHHIO Pe30HaHCHO-
ro TOKa, a TaKkKe HaNpsKeHUsi Ha KaTylllKe W KOHJIeHcaTope
M K NPUTYIJIEHUIO Pe30HAHCHON KPHUBO{l. YXYAWHTL A0GPOTHOCTH
MOXKHO elle M HHaue: MOAKJMIOUHB MapaJielbHO KOHJEHCaTopy
(KaTyliKe) LWIyHTHPYIOULee CONPOTHBJAeHHe. B naHHOM chyuae BCe
Hao60pOT: yeM MeHblle 3TO IUYHTHPYIOHIee CONMPOTHBJAEHHE, TeM
CHJILHeE «3a/1aBJeH» KOHTYP, TEM XyXKe ero Ho6POTHOCTE.

BOCITOMHUHAHHME Ne 20. KOJIEBATEJIbHBIYI KOHTVYP.
SlBieHHe pe3oHaHCa, M, KOHEUHO, €AMO Ha3BaHHe «PE30HAaHC», CTa-
Her GOJjiee MOHSATHBIM, €CJIM BCIOMHMTD, YTO UeNb W3 KOHAeHCAaTopa
M KaTYLIKM HasnlBaeTcsl KoseOaTedAbHbIM KOHTYPOM, UTO B TaKOM
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HANPONCEHME

KOHTYpe BO3HHMKAIOT COGCTBEHHEIE 3/1eKTPOMArHUTHHE KonebaHud
BCAKMH pas, KOrAa Mbl NepelaeM B Hero HeKOTOPoe KOJHYECTBO
3Hepruu (HampuMep, 3apsiKaeM KOHJeHCaTop).

«BosHukaoT Kosjebatua» 03Ha4yaeT, YTO KOHIEHcaTop HeMpe-
pHIBHO OOMeHMBaercs SHePrueil ¢ KaTyLIKOH — SHeprus 3JeKTpH-
YecKOro MoJs MepHOAMUECKH NepeXOofuT B SHEePrui0 MarHuTHOro
nojs. 3aTeM MPOUCXOIUT OOpaTHHI NMepexof, H Bce MOBTOpAETCA
cHauasa. [Ipu 3ToM B 1eNH NMpoTeKaeT mepeMeHHBIH TOK, UacToTa
KOTOPOro 3aBHCHT OT WHAyKTHBHOCTM L u eMkoctu C, mojpoGHO
TOMY KakK 4acrora cOGCTBEHHBIX KoO.TeGaHWii CTPYHH 3aBUCHT OT
ee MacCH M HaTaXKeHHA.

'5560
628VLc.

Yacrora cobcTBeHHbIX Kose6Gauuil fy KOHTYpa paBHa ero pe-
30HAHCHOH 4acTOTE fpes, U B 3TOM 3aKJioueH rayGokuil cMuici. Pe-
30HaHC HacTylnaeT UMEHHO TOrZa, KOrxa KOHTYD Pe3OHHpyeT Ha
YacTOTy reHepaTopa, Korga reHepatop geHcTByeT B TakT ¢ cober-
BeHHBIMH KoJieDaHUSIMH B KOHTYpe.

Cob6cTBeHHBIe KOJieGaHUsE B KOHTYpe, €C/M UX He NMOJLIepIKH-
BaTh, NOCTENEHHO 3aTyXaloT, OpHueM TeMm ObicTpee, ueM OoJblue
NOTepu SHEpPruy, 4eM HUKe NOOPOTHOCTD () KOHTypa.

M3MeHsAsi MHAYKTUBHOCTh U €MKOCTb KOHTYPa, MOXKHO JOBOJIb-
HO NPOCTO MEHATh YacTOTy COOCTBEHHBIX KoJe0aHWil W TakuM
06pa3oM HacTpauBaTh KOHTYP B Pe3OHaHC Ha pa3Hbie YacTOTHL
Tak ocymectsasieTca HacTPOfika MPUEeMHUKA HA Pa3Hbie CTAHIHUM:
nepekJ/JoueHHeM KaTyleK MepexonsiT ¢ OQHOro auanasoHa Ha apy-
rod, a MJaBHbIM U3MEHEHHeM EeMKOCTH TMPOH3BOAAT HAaCTPOHUKY
B NOpenesax JuanasoHa.

BOCITOMHUHAHHUE Ne 21. BHOCHUMOE COITPOTHBIJIE-
HHUE. C noMoupio BCIoMoraTeibHOH KaTyIIKH CBsA3H Lcg MOXKHO
oTobpaTh H3 KOHTYpa 4acTb 3HEPTHH M MepeRaTh «JJsa jJajbHei-
IIero mpoxoxjeHus cayx6ei». Ha nepswlif B3raax Kaxercs, yTo
uyeM OJiMKe CABUHYTH KaTylIKM Ly M Les, YeM CHibHee OHH CBSi-
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3aHbl OOIMM MAarHUTHBIM NOJeM, TeM GOJiblie 3HePruu Mbl MOJY-
YHM OT KOHTYpa, TeM Gosbiue, 6ynet Hanpskenue Upyx. B meiict-
BUTEJBHOCTH JKe YCHJIeHHE CBfI3M MeXAYy Ly u Les MOXKeT aath
v obpaTHblil 3G dekt: nocie HEKOTOPOro «pybexa» AanbHelimee
cOoMKeHHe KaTylleK NPUBOAUT K yMeHblieHHo Usgpyx. DTO cBA3a-
HO C TeM, YTo, OTOMpas Yy KOHTYpPa 3HEPruio, MH Kak Obl BHOCHM

B HEro COMpOTHBJEHHE Ryg. 157




TMToxka cBsi3b He OueHb CHABHASA, 3TO BHOCHMOe COMPOTHBJCHHE
Wrpaer BTOpPOCTeNneHHyio Podib. Ho no mepe ycusienus csssm potb
3Ta CTAHOBUTCA Bce Oosiee 3HauuTeanbHOH. Hakonen neno noxo-
IUT 0 TOro, 4To, COMMXKAA KaTyLIKH, Mbl GoJiblie MPOUTPHLIBAEM
OT yBeJIH4EeHUs Rsg, ueM BHIUIPHIBAEM OT yBeJAHYECHHS AOJH MOJY-
YaeMo# M3 KOHTypPa 3HEpTHH.

Ilpu yeusnenun cBaAsu BO BceX ciaydasx yXyauiaercs AoOpoT-
HOCTb KOHTYPa W NPUTYNJSIETCA ero peloHaHCHas Kpuasi. KpoMe
TOrO, HECKOJNIbKO H3MeHSeTCs yactora coOCTBeHHBIX KosebaHuit fo
(a 3RauNuT, U pe3oHaHCHas ¥4aCTOTAa), TaK KakK OT60P SHEPrHH MpH-
BOAUT K HEKOTOPOMY JOMOJHHTEJLHOMY CABHIY (a3 Mexnay KOH-
TYPHbBIM TOKOM M HanpsixkeHHeM. A 3To paBHOCWIbHO BHECEHWIO
B KOHTYpP JONOJHUTE/NBHOH eMKOCTH HJH HWHIAYKTUBHOCTH

I'aBHO, 4TO HYXKHO NOMHUTh, YIaAy6/sidacs B BocnoMunanus,—
5TO TO, 4TO HX HYXKHO XOTh KOrja-HuGyap 3akoHuutb. Cefiuac,
No-BUAHMOMY, U AJi HAC HACTaj o BDEMS 3aKOHUHTL MyTEIIeCTBHE
N0 npeKpacHOMY NpPOILJIOMY H ABHHYTBLCSl B HE MeHee IpeKpacHoe
Gyayuee. A 510 Oyayuee npexie BCEro NMpefCTaHET mepes HaMu
B BHJle CAMOTO CJIOKHOrO U B TO JKe BpeM#, noxasnyit, caMoro Bax-
HOro sTama Ha MyTH K TPaH3HCTOPHBIM cxemam. Hawm npeacrout
HayuuThCS CTPOHTbL MU aHAJH3UPOBATh BXOAHBIE M BLIXOAHBIE Xa-
pakTepHCTHKH Tpan3ucropa. M TOT, KTO npeopoJsieeT 3T0OT yuacTok
nyTH (NyCThb AaXke He CPasy), MOXKET CMeJio CYHTATh, UTO IVIaBHbIE

TPYAHOCTH (U rJIaBHbIE HENPHATHOCTH!) Halllero nNyTelleCTBUA yXKe
no3anu. .

PHCYHKH HA BEKA

EcTb cepbe3Hble OCHOBAaHMSl CYMTATh, YTO HCTOPHS yejOBeye-
CKOil KyJabTypbl, HCTOPUS HAYKH H UCKyccTBa 0eper cBOe HauaJjo
ellte C TOr0 BpeMeHH, KOTJa JIIOAM XKHUJH B Nellepax U ¢ KAMeHHBI-
MM TOTIOpAaMH OXOTHJIMCh Ha MaMOHTOB. Moxer OBiTh, MMEHHO
TOrAa W NOMBHMAHCL NEpPBble YUeHble M XYAOXKHHUKU — JIIOAH, KOTO-
pbie MbITAMHCh COCTaBHTh ONMCaHHe OKpyXKaioulero ux mupa. Ko-
HEUHO e, 3TOT MHP OHM ONHUCHIBAJIH He CJAOBAMH: B Te BpeMeHa
yesioBeK He TO UTO a36yKH He 3HaJs, HO M Pa3rOBapUBaTh TOJKOM
He yMen. B ero jiekCHKOHe Obljii JIMIIbL CYUTAHHbIE CJI0BA, GOsbIIE
NOX0XHe Ha KPUKH XKHBOTHOTO, yeM Ha pasyMHyio peun. [lepBuie
OMHCAHHA OKPYXKAIOIEro MHMpa YeNOBEeK CAenajs B BHAe PUCYH-
KOB Ha CTeHax CBoefl Nemiepsl.

C Tex nOp NPOLLIM MHOTHe ThicsidejerHs... Harcerga ucuessu
C JIMUa 3eMJTM MaMOHTHI, HaBcerna 3a6polueHnl KaMeHHbIe TONOPHI.
M3 HeynoOHBX M CHIPHIX Mellep YeAOBeK MepecesNuacs B MHOrO-
188

9TaXKHbIe JO0Ma C TOPSYHM BOJAOCHAGXKeHHEM, a BMeCTO 3BePHHBIX
WKypP CTajJ HOCUTh HeHjoHOBHIe py6aluku. On counHun bonpuyio
SHIMKJIONEAHIO, HayuuJICA MHCATh CTHXM, CHUMATh JIIOOUTeNbCKHE
¢$HABMBI U JIETKO BBIBOAUTH KuAOMeTpoBHe dopMyanl. Ho, HecMor-
pPa Ha BCe 3TH BeJMKHE NOCTHIKEHMs, yesioBeK He 3a0blL1 O caMOM
IpeBHeM crnocobe onucaHHA MHPa — He 3a0bT O PHUCYHKe.

CKOJIbKO Obl MBH HHM IUYTHIM 110 3TOMY NOBOAY, CTOMb NPOY-
Hasl NPUBA3AHHOCTb K MHOTOYHC/IEHHOMY CeMeHCTBY pHCYHKa —
K yepTexam, rpadukaM, Kapukatypam, KapraM, nnaHaM — cBs3a-
Ha CO CJOXKHHLIMH H TOHKHMH MeXaHH3MaMu Haulero Mosra. Be
MHOTHX Clyyasix MO3T BOCIpHHHMaeT rpaduuyeckHe ONMCaHHA Ha-
MHOTO Jierde u 6picTpee, ueM cjoBecHule. Bo MHOTHX ciyyasx Aaxe
OYeHb NPOCTOfi PUCYHOK HeNb3fl 3aMEHUTh NPOCTPAaHHHIM OMHKCA-
HUeM, COJAepXKalluM MHOrHe ThicAYM c/oB. K uMCJy TaKHUX COLep-
KAaTeNbHBIX PHUCYHKOB HaBEpHSIKA MOXKHO OTHECTH M XapakKrepu-
CTHKHM NOJYNPOBOAHHKOBOTO TPHOAA, KOTOphie HaM cefiuac npen-
CTOMT NOCTPOHUTH H KOTOpPHI€ Mbl COXPaHHM eCJ/M He Ha BEKa, TO,
BO BCAKOM CJiyuae, Ha BCE BPEMs 3HAKOMCTBA C TPAH3UCTOPHHIMA
YCHJIHTEN M.

XapakTepHCTHKH TPAH3UCTOPA B MpHHIMIE CTPOATCA TaK Ke,
KaK H xapakrepucTHku avoma (puc. 19). Ho tobk0 y Anona Ham
fIPUIJIOCH CTPOWTh OAHY XapaKTepPUCTHKY — BOJMbTAMOEPHYIO, Ha
KOTOpO#t 0TOOpaxanoch H3MEHEHHe ONHOTO TOKa NMOA AeHCTBHEM
OAHOrO HanpsixkeHus. Ilns Toro uto6wl onucaTh NOBeAEHHE TpaH-
3HCTOPAa, TMPUAETCS TOCTPOHThL HECKOJbKO XapaKTepHCTHK. Oun
AOKa)XKYT H3MeHeHHe pa3HHX MPOTeKAIOmWHX B TPaH3HCTOpe
TOKOB NOJ AefCTBHEM pA3HBIX NPHJIOXKEHHHIX K HeMy Hanps-
XeHui.

Haunem ¢ BxopgHo# xapakrepuctuku. OHa nokaseiBaeT, Kak
MEHSIeTCSl SMHTTEpPHBINA TOK [; NPH M3MEHEHHWH HanpsKeHus, NPH-
JOKEHHOTO K 3MHUTTEPHOMY pn-mnepexony, TO eCTh NPH U3MeHEeHUH
nanpsaxenus U, Mexxay smurrepom u 6asoil (puc. 54, A). Dra
XapaKTepPHCTHKA NOYTH HHYEM He OTJIHYaeTcA OT IPAMOH BeTBH
BOJIbTAMIEPHON XapaKTePUCTHKH JAHONA, TaK KaK SMHUTTEPHBHI
nepexoj — 370, N0 CYTH AeJa, H eCTb HHOM, BK/IOYCHHHIH B nps-
MOM HanpaBJeHHH.

Y BXOAHOM XapaKTepHUCTHKH eCTb W oOpaTHas BeTBb, COOTBET-
CTByIOIIAs MNOJIOKHTENBHOMY (3anHpaiomeMy) HanpskeHHo Ha
6a3e. Ho sTa BeTBb Hac He HHTEepecyeT, H Mnl Boobuie He Oynewm
obpaitare Ha Hee BHMUMaHHA. Mol He GyneM YUHTHIBATH BJAUSIHHA
KOJIJIEKTOPHOTO HANpPAXKEHHS [J 5« HA SMHTTEPHHH TOK. 31ech
MBI, IPaBAa, HECKOJIbKO MOTpellMM NPOTHB MCTHHBEIL, TaK KakK Ha-
npsukenue Ug, Bce e BIHSIET HAa 3MHUTTepHbIl TOK. M 06 3ToM,
B 4aCTHOCTH, FOBOPUT MyHKTHPHAA JMHHA — XaPaKTEPHCTHKA, Ko-
Topasi moJdyuaerca npu Usx=10 s. 159



Cpasy xe mpu3HaeMcs, UTO Ha BXOJHOM XapaKTEPHCTHKE, TaK
e KaK 1 Ha XapaKTepHCTHKaX, C KOTOPHIMH HaM elle NMpeacTouy
NO3HAKOMHUTBCA, €cTh M PAJ APYTHX HeTOWHOcred, psn APYyrux
ynpowenuii. Ha Hux npuuwioce NOATH JHIIb TOJIBKO AJS TOTO,
4TO6H Haubosiee BaxKHbIE «4epTH XapakTepa» MOJyNpOBOAHHKO-
BOr0 TPHOLA HE TOTOHY/JIH B OKeaHe BTOPOCTENeHHEX NOAPOS-
HOCTe.

IMon nmeficrBuem Hanpskenus U,s MeHsercs SMUTTEPHBIH TOK
[5, a 3HAUHT, KOJIEKTOPH kIl TOK [y H HANPSIIKEHHE Ha uarpyske Us.

O[HOBpEMEHHO BCJIEN 32 H3MEHeHHeM Uss MeHsieTcss u TOK 6ashi,

Is, npencrapasionuii co60it He6OIBIIOE OTBETBICHHE 3MHUTTEPHOrO
ToKa (puc. 35). IMostomy Bestes 3a BXORHOI XapaKTepUCTHKOH,
HOK&SbIBa}OH.leﬁuSaBI/ICHMOCTb I, 0T Uyp, HYXKHO NOCTPOMTL W He-
CKOJIBKO €€ NBOMHHUKOB — HeCKOJIbKO XapaKTePUCTHK, NOKA3HBA0-
DX, Kak MeHsaercs Iy, Js u Uy Npu H3MeHeHHH NepBONPHYHHBI
Beex coOwituit — HanpsikeHus Uyps. Ilosnb3ysics 3Toft rpynnoi xa-
PaKTepHCTHK, MOKHO ONPeEJHTb PAJ BaXKHEIX MapaMeTPoB TpaH-

Puc. 5’1’. BxogHas XapakTepHCTHKA TPaH3HCTOpPAa TNOKA3LIBAET, KaK MeEHSeTCs!
BXOJHOH TOK (TOK 3MUTTepa) NpH H3MEHEHHH YUDABJAIOMEr0 HAMpPsKEHHS
(HanpsiKeHHe MexKAy 6a30H H 3MUTTEpPOM).

3MCTOpa, a Takke cPOPMyJaHPOBAThL MOJe3Hple PeKOMeHAalHHu MO
nonbopy ero pexuMma.

XapakTepHCTHKH, NPUBeJEHHBIe Ha puc. 54, XOTa U He OTHO-
CATC K KaKOMY-1HOO onpefejeHHOMY THUIYy TPAaH3HCTOPa, HO NO
3HaUeHUIM TOKOB H HanpsKeHuil BecbMa OJIH3KH K XapakTepH-
CTHKAM MHOIMX TPaH3UCTOPOB He6OJbLION MolHOCTH. [TosTomy
U napameTphl, KOTOPHE Mbl ONpeAesHM, B U3BECTHOH cTeneHH Oy-
AyT OJM3KM K DapaMerpaM peaJibHbIX TPaH3HCTOPOB.

Ipex e Bcero OTMeTHM NMpPAMOJHHEHBIH y4acTOK HAa BXOLHOH
XapaKkTepuCTHKe: OH HauuHaercs oT Hanpskenus U, =150 me.
ViMeHHO HaunHas ¢ 5TOr0 HaNpPsKEHUS IpaKTHUeCKu cobmonaercs
npsMasi NPONOPUHOHAJABHAS 33aBHCHMOCTH MEXAy HanpskeHHeM
Uss u tokoM [, (yBeamuuM HanpsiKeHWe B ABa Pasa, M TOK BHI-
pacTer B Te Xe ABAa Pa3a), H NO3TOMY BXOJHAS XapaKTepHCTHKA
nHaunnaa ¢ U, =150 me npeacramaser coboii mouTd npsMyio
JIUHHIO.

IMpu HanpsKeHusx meHblnx ueM 150 m6 3aBHCHMOCTB 5Ta
HOCHT CJIOXKHEIL Xapakrep, H, y’K BO BCAKOM CJyuae, OHa He NOX0-
Ka Ha MPAMYIO NPONOPUHOHAJBHYIO 3aBHCHMOCTh. Yuactok ot 0
pile} U’;6 =150 m6 Ha3bIBaeTCA HeJHHECHHBIM y4acTKOM MJIH, NPOIIe,
3aruboM. O mpHYHHAX MOABJEHHs 3TOr0 3aruba yXke Lijta peub,
KOrja Mbl 3HAKOMHJHCH C QHOZOM. Bo MHOrux caydasx pexum
TPaH3WCTOPAa HYXKHO BBIOMPATh TAaK, 4TOOBI BXOAHOE HaNpsikKe-
nue Bcerga 6v10 Gonbine Uys, TO ecrb He nomafano 6wl B paiiod

3aru6a xapakrepucTHku. [Tonpo6HO 06 3TOM orpaHuueHun Gyner
paccka3zaHo uyTb no3xke (crp. 184), a ceifyac JHIIb OTMETHM, 4TO
pabota B obsacTu 3aruba NPUBOLHT K HCKAXKEHHAM (OPMHI CHI-
Hana (puc. 55).

B kauecTBe caeaylomero mara onpefeauM BXOAHOE CONpPOTHB-
JeHde TPAaH3UCTOPA, TO eCTh CONPOTHBJEHHe, KOTOpPOEe BCTpeyaeT
CO CTOPOHHI TPaH3UCTOPA TOK, MAYIUHI OT HCTOUHHKA c/aaboro
CHrHaJja.

[Mockosnbky BXOAHAfA welb TPaH3MCTOpPa mpeacTasgaser coboi
IMOJ, BKJ/IIOUEHHBIH B NPSIMOM HaNpaBjeHUH, TO MOXHO cpasy
CKa3aTh, YTO €ro BXOAHOe CONPOTHBJeHHe Ryx OyneT HeGOJIbLIUM.
OnpenenuTb BEJHYUHY 3TOr0 CONPOTUBJEHHA MOMKHO CJAELYIOUM
06pasoM: Hy»KHO Ha BpeMs BooOme 3a0uTh O CYIIECTBOBAHUHU
TPAH3HCTOPA W NPEANOJNOKHUTE, YTO HCTOYHHK C/a1a6Oro curHasa
NOAKJIOUEeH K HeKOTOPOMY YCJAOBHOMY pe3uctopy Rsx (puc. 56).
Ecyii H3BeCTHH TOK W HanpsKeHHe B LeNH PE3nUcTopa, TO ero co-
NPOTUBJEHHE HETPYAHO NOACYUTATEL MO OZHOH U3 GOpPMYJ BCe TOTrO
Ke 3akoHa Owma, a uMeHdo R=U:1.

Kasasoce 6bl, 4TO A/ MOACYETA BEJMUMHBI Rpx HYXKHO NOJ-
CTaBUTb B 3Ty pacyetHylo ¢opmyay maw060e U3 BO3MOKHHX
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3HaueHul Hanpsikenusi Uss M COOTBETCTBYIONIMI 5TOMY HampsKe-
HHI0 TOK /5. OnHaKo NoA0GHEIM 06Pa30M MOXKHO HaiiTH JIMLID BXO/-
HO€ CONpOTHBJIEHHE AJII TOCTOSAHHOT O TOKa Ryy—. [la v TO and
pasHbIX HanpsxeHuil U, 3To compoTHBienHe GyneT pas3/JHuHBIM.

ITonbaysce xapakTepuctukoil (puc. 54), NPUMEPHO OfpelesauM,
uto npu U, =50 M8 sMuTTepHbIl TOK paBeH [,=0,2 ma, a 3uauur,
Ryx—=>50 u8:0,2 ma=250 on. Tem xe cnoco6om HalifeM, yTo mpH
Uss=150 m8 Bxoanoe conpoTueienne Rpx— =75 om, a paa Ups=
=250m8 Haiinem Ryz =25 om. PasHLIMM BXOAHbIE CONPOTHBJIECHHS
HOJYyaloTCA BCE M3-3a TOrO XKe 3aruba Ha XapaKTepHCTHKe, Tak
Kak B paiioHe 3aru6a TOK pacTeT HAMHOFO MeJJeHHel, ueM Ha
NPAMOJIMHEAHOM YyHuacTKe.

HayuuBwuch onpesennaTe BXomHOE cONpOTHBAEHMe AAs TO-
CTOSIHHOI'O TOKa, Mbl OTHIOAb He PeLIMJH NOCTaBJACHHONW 3alauu:
Belb HaM HYXXHO ONpEele/IHTL CONPOTHBJEHKE, C KOFODLIM BCTPe-
TUTCS HCTOYHUK CHrHasa, a OH, KOHEYHO, AaeT MepeMeHHLIH TOK.
Kaknm ke o6paszom MOXKHO HaliTH BXOJHOe CONPOTHBJeHUEe Rpx
A9 nepeMeHHoro Toka? JlJs 3TOre HyXKHO MOCMOTPeThb, KaxK M e-
HsieTcsn TOK [, Nnpu M3MeHeHun vanpaxenus U, IlasaiiTe
BBLITALIUM Ha CBET yXKe 3HAaKOMBble HaM «1eabTh» (cTp. 87) u 6y-

A€M YUMTBIBAaTb He CTaTHUECKHUe, He ME€pTBble TOKH U HanpsKeHHH,
a HX H3MeHeHHd.

VR
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Puc. 55. Ecnd curdan nmomajaes B o6nacTh 3aru6a BXOLHOI XapaKTepPHCTHKH,
TO uCKaxaercs QopMa 3Toro curHana.

56. CooTHollueHne

Puc

TOKOM MOMHO XapaKTepu30BaTh BEJHYHHON BXOAHOro conpotuBJjends. Hyxuo

pas/HuaTh BXOAHOE COTNPOTUBJAEHUE /sl MOCTOSHHONO W NEpPeMeHHOro (MeHsio-
ulerocsi) TokKa

MEXAy YNpasJsiiOliUM  HaNpsSXeHHeM H BXOJAHBIM

TTockoabKy Huallle BCEro HCHOJAb3yeTcs NPAMOJMHEHHBIH yua-
CTOK BXOAHOH XapakTepHCTHKH, TO ONPENEIHM BeJuuuHy Rox
HMEHHO JIs1 TOro yuacTKa. 3alafMMcs KakKHM-JU00 ofnpelesen-
hbIM H3MeHeHHeM BxoaHoro Hanpsi:keHusi AUys, Hafinem cOOTBeT-
CTBYIOLIEE €My u3MeHeHMe Toxa Al,, a 3aTeM, NYyCTHB B X0 BCe
ToT e 3aKoH Oma, nonyuuM Ryx=AUs: Al,. 10 Rpx Kax pas
U eCTb TO CaMO€ BXOJHOe CONPOTHBJEHHE, KOTOpOe OKa3biBaer
BXONHas llenb TPaH3HCTOpa U3MEHAOUIeMYCcsl TOKY, H Ha3blBaeTcd
OHO [UHAMHUYECKUM BXOIHLIM CONPOTHUBJIEHHEM.

Ha puc. 56 mokasan npumep OnpeneseHHst BeNHYHHBLI Ras.
Onpenenus 1ok [, npyu nanpsukerunx Uss, paBubix 200 me u 250 ms,
nofpcuntaB AlUys=2560 m8—200 ma=50 M6 u COOTBeTCTBYIOLIEE
emy Al,=10 ma—6 ma=4 ma, HaxoauM, UTO BXOJHOe CONPOTHB-
JIeHUC TpaH3HCTOpa B Hauieil cxeme pasno 12,5 om. DTo oueHb
He6oJbIIas BEJUUMHA, HO HHUEro HHOro MBI, COGCTBEHHO rOBOpH,
W He OXHAAJH OT OTKpHTOro auoaa. Heckoabko 3aberasn shepel,
3aMeTHM, YTO .MaJjioe BXOJHO€ CONPOTHBJEHHE [JOCTaBUT HaM
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HeMaJs0 XJI010T U ABHTCS OJHOH U3 NPHUKH, OFPAHHYMBAIOWIAX NPH-
MeHehue CXeMbl, KOTOPYI0 MBI cefluac uccaenyeM.

Caenywouiee, uT0 KaM HyXHO 6HJI0 6H CienatTh, 3T0 onpepne-
AUTh KO3(MQHUHEHTB yCHJAeHHA 1O TOKY Kj, N0 HaNpPSIKEHHIO Ky
M 1O MOIHOCTH K.

Kosdduunent ycunenust o Bcex cayuasx N0Ka3blBaeT, BO
CKOJILKO pa3 Ta HJIk MHAS BeJMUYHHA — TOK, HaNpPsiKeHHe WJIH MOLL-
HHOCTb — Ha BLIXOJe yCHauTeast GoJblie, ueM Ha BXOje.

C KO3 (PHUNEHTOM YCHIIEHHS 1O TOKY MBI yXe BCTPeYaHCh.
B cBoe Bpems (puc. 35) Mbl 0603HAUAIH €rO IpeyecKoil OyKkBOii c.
Pa’i}mua MeXAY KO3(QdUUMEHTAMY a H K; JHIb B TOM, 4TO flep-
BBl OTHOCHTCSI K CaMOMy TPAH3HCTOPY, a BTOPOH — K TpaH3H-
CTOPY, BK/IOYEHHOMY B ONpejeJIeRHHIl YCUJIUTeJbHHH KacKasn
C Ofpefie/IeHHON Harpy3koi. B naurel cxeme Harpyska oyekb caa-
60 BMseT Ha u3MeHeHHe TOKOB /, M [y, a MOTOMY MOKHO Cul-
TaTb, 4TO @ M Ky — 3TO OAHO ¥ TO xe. [TonyTHO euie pas 3ameTum,
uTO KOP(OUUMEHT o Ha3BaH KO3)(GHUMEHTOM YCHJEHHs He3a-
KOHHO, TaK KaK B Hallell CXeMe yCHJIEHHRt MO TOKY He NpOHMCXO-
JMT — KOJJIEKTOPHBIH TOK /¢ BCErla HECKONBKO MeHblle SMHTTEp-
poro I, u nostomy a<l.

Hast TOro uToGBl ONpeeaHTh @, MOMKHO BOCIOJbL30OBATHCH OJ1-
HOBpeMeHHO ABYMsl NpPHBeJeHHbLIMM Ha HaweM rpaduke xapakTe-
puctukamu (puc. 54—A u B), onHa M3 KOTOPHIX NOKA3HBAaer
3aBUCHMOCTD [5 0T Uys, a pyrast — 3aBucumMoctb [ oT Uy Y Ha-
LIero nojONHLTHOrO TPaH3HCTOpa npH yBeanueHun Uss Hg 50 ms
SMHTTEPHbI/l TOK BO3pacTaeT Ha 4 M, KOJJEKTOPHHIH — JHIIDb Ha
3,6 ma, Tak kak onHOBpeMeHHO Ha 400 mxa (TO ecTb Ha 0,4 ma)
yBeqnuuBaercs TOK 6a3bl. Orcioma serko naiitu, yto a=0,9. 10
J0BO/ILHO HH3KAst BEJHUMHA: KAK NPABUJO, Y TPAH3UCTOPOB o Je-
JKuT B npenenax 0,96—0,99. .

Koadduuuent yeunerus no HanpsiKenuio Ky 3aBHCHT OT TOTO,
KaKoe CONPOTHBJEHHE HArPY3KH Ry BKJIOYCHO B KOJJEKTOPHYIO
uens. Ilostomy cam Kosbduument xy, B OTIHUHE OT @, He SABASET-
€ MapaMeTPoM TPAH3UCTOPA M XapaKTepH3yeT YCHJNTEJBHBII
KacKaj B 1e10M. B HameM npuMepe B KOMJEKTOPHYIO HENb BKJK-
YeH Pe3UCTOP Ra=1 KOm, U NpH H3MEHEeHHH KOJJNEKTOPHOrO TOKA
or 6 10 10 ma, TO ecTb Bcero Ha 4 Ma, HanpsuKeHHe Ha ITOM
peaucrope mensiercs ot 6 xo 10 8, To ectb Beero Ha 4 8 (AUy=
=AIlxRy). UnbiMu cjloBaMU, NPH H3MEHEHHH BXOLHOTO Hanpsxe-
tust Use Ha 50 M8 (M MMeHHO NpH TAKOM u3MeHeRHH TOK [y Me-
HAieTCS NPHMMEPHO Ha 4 Ma) BHXOAHOe HanpsxkeHue Uy MeHseTcs
Ha 4 . A 3TO 3HAUHT, UTO HaNpsiKeHUe YCHAMBAETCS B BOCEMbe-
caT pa3. Takas BenvuMHa BNOAHe peajbka AAs Hauweid CXeMbl,
XOTst 3T CXeMa 1103BOJIET NOJYUHTD 3HAUHTENbHO 60Jlee BLICOKOS

YCHJIEHHE N0 HAaNPSXKEHHUIO, BIVIOTh 10 HEeCKONbKHX COTEH pas.
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Kosdduunent ycuneHuss N0 MOUIHOCTH Kp paBeH TNpOU3Bele-
HHI0 KO3(PhUIHEHTOB YCHAEHHs 110 TOKY 0 H 0O HANPSKEHHIO Ki.
U 3To BHonHe MOHATHO: MOIIHOCTD B PABHOH CTeneHH 3aBHCHT OT
TOKa M HANPAXKEHHA, W, YBEIMYUB, HanpuMep, B JBa pa3a TOK
H B J1Ba pasa HanpsXxeHnue, Mbl yBeJII/Il{l/IBaeM MOIIIHOCTE B 4eThIpe
pa3sa. [TockonbKy KO3 (GHUIUHERT yCHICHHS IO TOKY & OueHb 6H30K

K eIuHuNe, MOXKHO cydTaTh, 4YTO YyCHJgeHHe [0 MOHIHOCTH
NpHUMEpPHO Takxoe Xe, Kax H YyCHJjJeHHe 10 HanpsaXeHHhw
(ICU = Kp) .

Kasanoch 6bl, uTO MOXHO KaK YrOJHO yBeJHYHTH yCHJEHHE 110
HanpSIKEHUIO Ky, a BMeCTe C HHM M YCHJEHHEe 10 MOLIHOCTH Kp
YBe/JHYUBAS CONPOTHBAEHHE HATPY3KH Ry OnHako B JeficTBUTEDL-
HOCTH 3jecCh, KOKeuhoO, cymecTByloT orpannuenus. (MHaue 3auem
6blJ0 OL CTPOHTH MHOTFOKACKajHble YCHJMTeNH — BKJIKOYai no-
60/1bllie CONPOTHUBJAEHHE HATPY3KH M NOJyyail OT OJHOTO Kackana
Bce HeoGxonumoe ycuseHue!) OO ONHOM M3 TAKHX OrpaHuueHmil
MBI y)Ke TOBOpHJM: YyeM Goubilie Ry TeM 6oJsbllast yacTb MHTAIo-
[1ero0 HanpsKeHust Ha HeM TepsieTcst (puc. 38). Ilpyroe orpahu-
yeHHe MOXHO GYyler MOHATb, NO3HAKOMHBLINCH C BLIXOJHOH Xa-
pPaKTEePUCTHKOH TpaH3ucTopa.

BuixojHas xapaKrepucTHKa TpaHsucropa (puc. 57) HOKa3hi-
BaeT, KAK MeHAeTCcs KOJJEKTOPHBIH TOK [x NP N3MEHEeHHM Hanps-
xeHus Usx Mexay 6a30it B KomnekTopoM. OOGBIUHO Ha OLHOM
rpaduke pasMelAlOT [eJ0€ CeMeHCTBO BBIXOJHBIX XapaKTepH-
CTUK — HEeCKOJbKO KPHUBBIX, Ka:KJ1afn U3 KOTOPHIX CHATA NPH «CBO-
eM» HEeH3MeHHOM BXOLHOM HanpsikeHHH U,. BOT Kak cHuMaioT
TaKOe ceMeHCTBO XapaKTepUCTHK., YcTaHOBuB, Hanpumep, U=
=150 m8, nogaep:KUBAIOT €ro HeH3MEHHBIM M MOcTeNneHHO, OT
uyas ysennunsas Usx OTMeuaioT Ha rpauxe, KaK MeHseTcs TOK
[x. 3aTemM ycTamasauBalioT Apyroe Bxophoe Hamnpsokerne Uss,
panpumep 175 m8, u BHOBb, Hauas OT Hyad, MeHawT Uex B peru-
ctpupyioT [ TOuHO Tak XKe CHHUMAIOT XapaKTePHCTUKH H MpH
apyrux 3HaueHusx Ugs.

Yto e MOXKHO yBHMAETb, BCMaTPHBAasiCh B CeMEHCTBO BHIXOM-
HBIX XapaKTepucTuK TpaHaucropa? Ilpexne Bcero st Xxapaxre-
PHCTHKH TO3BOJSIOT CYAHTH O TOM, 4TO NPOHCXOAHT B KOJJIEK-
TOPHO# 1enu npH paboTe yCHAUTENBRHONO Kackaua, TO €CTh KOrAa
OHOBpPeMeHHO MeHseTcs M BXOJHOe HaNpsiKeHHe, U HanpsxeHue
ga Kojgekrope. (Hanpsikenne Ha koajeKTope MeHseTCs NOTOMY,
4yTO MO fAelicTBHEM CHIHAJMA B UTOTe MeHsieTcs HafnpsikeHHe Ha
Harpy3ke: ueMm OOsiblie HampsXKeHHe Ha Harpyske, TeM MeHbie
OHO Ha CaMOM KoJJeKTope.)

Kpome TOro, BHXOAHBE XapaKTepHCTHKH NO3BOJSIOT onpene-
JUTb, KaK BJHSIOT Ha PeXHM TpPaH3UCTODa HanpsXKeHHe MCTOYHH-
Ka NMTaHWs, HanpskeHue, AeficTBYWIlee BO BXoaHoH wenH Uss,
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M CaMo conpoTuBaeHHe Harpysku Ry Hakoneu, ceMeiicTso BxOM-
HBIX XapaKTepUCTHK TNO3BOJIAET Pa3yMHO BHIOPATL PeKUM TPaH-
BHCTOPHOrO YCHJIMTENS, a8 TaKXKe ONPENEeJUTh OAMH M3 OCHOBHBIX
€ro napameTpoB — BBIXOAHOE CONpoTUBJEHHe Rnyx. C onpegede-
HUS 5TOrO NapameTpa Mbl, noxanayh, u HauseM (puc. 58).
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Fuc 57. CeMelicTBO BHIXOAHBIX XapaKTePUCTUK TPAH3UCTOPA MOKA3biBAET, KakK
MEHSeTCS KOJNIEKTOPHbI} TOK NP H3MEHEHUN KOJIEKTOPHOrO HANPAMEHHA U Tp
pasMuuHbiX HanpsKeHnsx Ha Gase.

Puc 58 Cooruolienue MeXJy BHIXOAHBIM HANpSKEHHEM H BLIXOLHBIM TOKOM

MOKHO xapaKrepuaosaTb BeJlH'{HHOﬂ BhiX0AHOIro COﬂpOTHBJIeHl/ISI, Hy)KHO pd3'

JHYATb BLIXOAHOE COUPOTUBJAEHHE AJS NOCTOSIHHOTO H nepeMeHHoro (Medsiollle:
rocsl) TOKa.

Koraa pemaercst Bonpoc o BeiGope Harpy3sku AJs TPaH3UCTOP-
HOTO yCHJIHTeNs, TO TIpexJAe BCEro HyXHO 3HaTh, Kyla 3Ta Ha-
rpy3ka Ionaaer — KakoBO CONPOTHBJIEHHE LeNH, B KOTOPYylo Ha-
rpy3ka OyneT BKJIOUCHA.

HiMeHHO COMPOTHBIIEHHE YCHJIUTENS! «CO CTOPOHBI HArpy3KHY,
COTIPOTHB/EHHE, C KOTOPHIM BCTPETHTCS HArpys3ka, nomnas B YCH-
JINTEJBHBIA KacKal, M Ha3uBaercf BLIXOAHBIM CONPOTHBJICHHEM
Ryux ycuaurens. B namefi cxeme (Mbl He cayualino Bce Bpems
NOJUepKUBaeM «B Haillell cxemMe» — B APYrMX CXeMaxX BCe MOXKeT
GblTh 110-APYraMY, U BHl B 9TOM CKOPO yOeaurTech) Harpyska BKJiO-
yaercs B KOJUIeKTOPHYIO nenb, M Brixoanoe conporusierue Ryux —
9TO BHYTpEHHEE COMPOTHBJEHME CAMOro TPaH3HCTOPa OT BLIBOJA
KoJiJleKTopa Ao BeiBoda Ga3el. CompoTuB/IeHHEM HCTOYHMKA OHTa-
Hu, KOTOPBII TakXe BXOAUT B KOJIJIEKTOPHYIO Liefb, MOXHO npe-
He6peub — OHO OuYeHb MaJo, a MPH MOC/IeN0BaTeNAbHOM COeIHHe-
HHH TJ1aBHYIO POJb urpaeT OoJblioe CONPOTHBJEGHHE, B AaHHOM
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c/1yuae — CONPOTHBJICHHE KOJJIEKTOPHOrO pr-nepexofa (Bocnomu-
Hanue No 5).

B o6wux yeprax MOXHO cpa3y ckKasdaTb, YTO BHIXOJHOE CONPO-
THBJEHUe Rpux B Hauiell cxeMe Gyner BechbMa 6obUIMM, TaK KakK
KOJIJIEKTOPHbLIN Tepexos — 3To, N0 CyTH feqa, JHOJ, BKJIKOUCHHbIH
B 06paTHOM HanpapieHuu. I1oacuMTaTh BesMUMHY Rpux MOXKHO,
NOMb3YSICh OJIHOH M3 BHIXOAHBIX XapaKTePUCTHK TpamsucTopa. Ha
puc. 58 njis1 5TOFO HCNIOAL3YeTCst BEIXOLHASA XapakTepHCTHKa (3a-
BUcHMOCTb /¢ oT Ugy), cusitas npu Uyg=200 ms.

JlaBalite g nHauana, He ofpanias BHUMaHMs Ha TO, YTO NPo-
HCXOJMT B CaMOM TPaH3MCTOpe, NOCTYIHM € HUM TaK e, Kak
NOCTYNa/n B CBOe BPeMs NpH ONpeeJeHHH BXOJHOIO CONPOTHB-
Jenust (puc. 56). JlaBaiiTe 3aMeHMM Becb NOJIYNPOBOIHHKOBbIIL
TPHOJ OJHUM PEe3HCTOPOM Ryyy M OyleM CYHTATb, YTO HMEHHO
K HEMY TOAK/IIOYaeTcst Harpysxa.

Brixognoe conpoTHBAeHME Jf TOCTOSHHOTO TOKa Rppx—
ornpejensieTcss NPOCTO: NOCTOSAHHOE HaNpsiKeHHe Ha KOJJIEKTOpe
Usx HyKHO Pa3feluTh Ha MOCTOSTHHBIH KOJMIEKTOPHDIH TOK /x. Bbi-
XOLHOE CONPOTHBJIEHHE Rpyx— OYeHb CHJILHO 3aBHCHT OT pexuma
BXOJHOM leny, OT ynpasasiouiero nanpsxenns Uss. Korpa tpaH-
3MCTOp 3anepT, XOrja HeT TOKa B [0 KOJJEKTOPHOR IenH, TO
Rypz—, €CTeCTBeHHO, GeCKOHEWHO BeJHKO.

«Ilmoc» na Gase HuYero He MeHsieT, Tak Kak TPHOX MPOIOJ-
XK3eT OCTaBaTbCA 3aKPHITLIM., 3aTO ¢ MOsABJEHHeM Ha 6asze «MH-
HyCa» TNoSABJsIeTCST KOJUIEKTOPHLIA TOK [y W cONpoTUB/eHHe Rpnx—
pe3xo ymenbiaerca. Hem Goabuie «<MUHYC» Ha Gase, TeM Goabuie
I, TeM, crefoBaTeNbHO, MeHblle Ryyx—. BBIXOIHOe CONPOTHBJE-
HHe 1715t TOCTOSIHHOI'O TOKa MOXeT GBITh OueHb HeGOoJbIINM, BIJIOTS
710 HECKOJIbKUX OMOB M jaxe fojell oma. CoBceM Apyrue BeqHYH-
Hbl XapaKTepH3YIOT BLIXOJHOE CONPOTHBJCHHE AJS MEePEMeHHOro
TOKa.

Ilunamuyeckoe conpoTuBiaeHHe Rpux OyleM OnpenesTbh Tak
e, Kax ONpele/isiii ¥ NHHAMHYECKOe BXOJHOe CONPOTHBJCHHE!
F3MEHHM KOJJIEKTOPHOe HanpsKeHue Ha Beinunuy AUsk, mocmo-
TPUM, HA KaKYI0 BeJHYHHY Aly TIPH 5TOM H3MEHHTCS KOJJIEKTOp-
HbI# TOK, a 3aTeM HalileM Rpux 1o Gopmyne 3akoHa Oma:
Roux=AUsx : Alx. ¥ TpausucTopa, xap akTepHCTHKA KOTOPOro npu-
BelleHa Ha puc. 57 n 58, BLIXOJHOe CONPOTHBJEHUE OKA3a/0Ch PaB-
ubiM 100 koM. B neficTBUTeNIbHOCTH Xe 1/15 Hamiell cXeMbl BeJu-
YUHAa Rpux MOXET 0Ka3aTbCd 3HAYHTeNbHO 60JblIe, HHOMMA 10-
CTHras Jae HeCKOJbKHX MeroMm.

To, uT0 Ryux M0MKHO OBITH OYeHb GOJbLIINM, BHIHO O CaMOil
BbIXOJHOH XapaKTeDHCTHKe: HOYTH Ha BCeM IPOTHAXKEHHUH OHa
npejicTaBaseT cob0i Clerka HakJOHEHHYIO NPAMYIO JuHuio. He-
60J1bIOf HaK/JIOH XapaKTePHCTHKH POBOPHT O TOM, YTO NpPH H3Me-
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denut Usgyx TOK /i MeHsIeTCsl OueHb MaJlo, a 3TO Kak pa3 M CBuje-
TeJNLCTBYET O OGOJLUIOM CONPOTHUBJGHUM LENH.

Kaxnas BbIXOfHast XapaKTePUCTHKa U3 Hawmiero cemeiicrsa,
B YaCTHOCTH XapakKTepUCTHKA, CHATas NPpH BXOJHOM HalpHAXKEeHHH
Us5=200 M8, mo cyTH nena, npeacrasisier co6oil 06paTHyiO BETBb
BOALTAMAEPHOH XapaKTePHCTHKH TOJYNPOBOAHUKOBOrO JHOAA
{puc. 19). 1 aTo BHO/IHE NOHATHO. Belb KOAJNEKTOPHBII TepeXoa —
3TO He UTO HHO€, KAaK MNOJIYNPOBOJAHHKOBBLIA [AHOM, BKJIOWEHHbIH
B 00paTHOM HanpaBieHud. He CTOMT NpuaaBaTh 3HAUEHUS TOMY,
YTO BLIXOJHAs XaPakTepUCTHKa TPAH3HCTOpa B CPaBHEHHM C Xa-
PaKTePUCTHKOH AMORA OKa3biBaeTCs MepeBepHYTOH «BBEPX Hora-
Mu». XapaKTepUCTHKa HepeBepHYTa TOJbLKO NMOTOMY, UTO «ee Tak
NOBECHJIH», TOJNBKO NMOTOMY, YTO HaM Tak yno0OHell Ha Hee CMO-
TpeTb. TOJNbBKO NMO3TOMY KOJJIEKTODHBIH TOK, KOTOPbIN SBJAseTCH
0OpaTHbIM TOKOM <«KOJJIEKTOPHOrO [Auoda», pacTeT He BHH3 OT
HYJs, a BBePX, H TOJbKO MO3TOMY «MHHYC» HANPSAKEHHA Ha KOJ-
JIEKTOpe MBI OTKJanbiBaeM He BJEeBO OT HYyJd, a BOpaBo.

BrixonHast XapakTepUCTHKa TPaH3HCTOPa N0X0XKa Ha BOJbTaM-
NepHYIO XapaKTEePUCTHKY OHOAa «BO BCeX NonapobHOcTsix». [lpn
HeBOoJIbIINX HalPsiKeHUsIX Ha BEIXOJHOH XapaKTePUCTHKE HMEIOTCS
3arubul, a npu GOJbLIINX HaMpsKeHHAX TOK [x pe3ko Bo3pacraer.
D10 HayuHaeTcs 3JeKTpHueckuil npoboii, Bcaen 3a KOTOPbIM, KaK
MBI y2Ke 3HaeM, Ipou3ofieT TennoBoil npo6OH, u TpaH3UCTOD BBIi-
zet u3 crpost. Takum o6pa3oM, MOKHO Cpasy XKe CAeaTb HEKOTO-
pble PeKOMeHJaluMH 1o noBoay pabouero pexuMa TPaH3UCTOpa:
HanpsXkeHne Ha KOJJIEKTOpe HHUKOrJa He A0JZKHO 3aXOAHThL B 00-
JNlacTh JeBOro 3aruba, Tak Kak B 3TOH 06JacTH NPOUCXOAUT MCKa-
“Kenue HOpMBI CHFHasa (MOAO00HO TOMY, KaK MCKaMaeTCsl CHTHAU
Ha 3arub6ax BXONHOH XapakTepHcTuxH; puc. b5). C gpyro#i cTo-
POHBI, HampAXKeHHe Ha KOJJIeKTope He NOJIXKHO 3aX0AuTh B 06-
JacTh NpaBoro 3aruba, TO ecTh He [JOJIKHO 3aXOAUTh B 06J1acTh
npofosi. Ha nene, BolGupast PeXuM TPaH3UCTOPHOIO YCHJMTENs,
OPUXOAUTCS BBOAUTL euie Gojlee CTPOTHe OrpaHUUYEHHS.

Ha cemeiicTBe BHIXOJIHbIX XapakTepHCTHK TPAH3HCTOpa HYKHO
OTMETUTb HECKOJbKO 3anpeTHbIX 30H (puc. 59). DT10 rosopur
0 TOM, YTO KOJIJIGKTODHBIH TOK M KOJIJIEKTOPDHOEe HaHpsiKeHHe He
MOJMXKHBI OBIThL HM CJAHIIKOM OOJbLIMMH, HM CJHLIKOM MaJbIMH,
YTO OHM MOTYT H3MEHSATbCS He KaK yrOQHO, a JIHUIb B ONpeeseH-
HBHIX TpefeNax — B Ipejfedax He 3alITPHXOBAHHOH Ha pPHCyHKe
pa6oueil 30HB. YeM Ke onpeneasiioTest rpaHuubl sroil paboueit
o6nactu? Uem omnpepensieTcs TOT HaloOp TOKOB M HalpsiKeHHH,
APM KOTOPHIX PEXHM KOJJEKTOPHOH LlenH He NOnajaeT B OmacHble
3anpeTHble 30HLI?

JleBas rpanuna paboueit o6nactu HaMm yiKe H3BeCTHA — 32 Hell
KaXOoUTcs 3ampeTHast 30Ha 3aru6oB, 3aTHYTBIX y4acTKOB Xapak-
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Tepuctux Ilonamanue B 31y 341PETHYIO 30HY HPHUBOJMT K HCKA
Kenuio popmel curnana Yrobel He nomagaTth B 30HY MCKaMKeHUR,
He HYXHO JOMyCKaTh, YToOb HanpsiKeHHe Ha KOJNJIeKTOpe CTaHO
BUjOCh MeHblle yem UG,

IlpaBas rpannna paGoueir o6nacti — 3TO M30THyTas JUHHA
¢ Haamuceio «He BXxomnrtb — npoGoit'» Ilepexon 3rtoit rpanuib
BJeYeT 32 co0Oll NMpAMO-TaKu CMEPTENRHYI0O ONACHOCTh, TaK Kak
TPUBOLUT B 3alPeTHYIO 30RY, Tle KOMJIEKTOPHOMY pri Mepexoly
TPaH3UCTOpa rpo3uT Tensosoil rnpoboii Euie 3HakoMsice ¢ nuona-
MM, MBI YCT@HOBW/IM, YTO pf nepeiol, Mo.Ker BBHIATH U3 CTpof,

BXOANTY *BORTH HEBROIMOKRS!
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Puc 59 Ha Bbix0aHOH XdpaKTepULTHKEe MOMXHO OTMETH1H sanpelleHHbie o6na
CTH, TO €CTb TAKUE 3HAUCHUS KOJIIEKTOPHONO TOK2 M HAMPAKEHHS, KOTOpbie 110
KakuM JHG0 NMpHYHHAM He JOJIKHR (MAX HEe MOTYT) NOSBAATBCA

€C/IM MPEBBICHTE HEKOTOPYIO BeJHUHMHY NOABOAMMOH K HeMy Moul-
HOCTM JTa MOMIHOCTH — Mbl Ha3BaJ/y €e AOTYyCTHMOH MOMUIHO-
CTbIO,— K&K BCEI'Aa, PaBHA MPOU3BELEHHMIO TOKa Ha HallpsKeHue
(Bocnomunanue Ne 4) VY nuopna el cooiBerctByer BRoOJHe onpe-
JAeMeHHoe 3HaueHHe ofpaTHOrO TOKa M 0oOpaTHOro HalpsiKeHHUs.

Y Tpausucropa neno 0OOCTOMT HHaye INpH OAHOM H TOM XKe
HalNpsXKEHHH Ha KOJJIEKTOpE TOK Yepes pri fiepexoll, TO e€CTh KoJ-
JICKTOPHLIM TOK, MOXKET HMeTh pasuylo BeqiMunHy Bce 3aBucut or
ypcsa 3apsAa0B, BIPLICKHBAEMBIX B 3TOT nepexol U3 6asel, To €eTh
B HTOre BCE 3aBHCHT OT ynpaBsJjsiouiero Hanpsikenus U, Bor
f0YeMy OJHOMY B TOMY K€ 3HAuYCHMIO AOMYCTHMOH MOIIHOCTH —
y Hac oHa paBHa 50 M8T — COOTBETCTBYIOT pasHele KOMOMHauuu
KOJIEKTOPHOTO TOKa [y M KoavekTopHoro Hanpsikednss Ugy Tlpu
1eOO/BIIOM KOMJIEKTOPHOM TOKe /¢ MOXKHO JONYCTHTbL CPaBHN-
TeNbHO BLICOKOE KoJ/IJIeKTOpHOe Hanpsixkenue Ugy, a NpH yBeauye-
unu Toka I, HanpsKenwe Ugy HOMKHO ObITh NOMeHbllle Bouucans
IONYyCTHMOE HanpsikKeHue Ha KoJIeKTope AJst PasHblX yNpaBJsiio-
umx HanpskeHudl Uye (@ 38AUuT, 1415 pasHbIX KOJJEKTOPHBIX TO-
10B), MBI Kak pa3 W MOMYYUM H30THYTVIO MOrpaHHYHYIO JIHHHIO,
nepecTynath KOTOPYIO HeNb3st «MOJA CTPAXOM CMepTH»

W, HakoHel, eille OQHO, TPETHE OrpaHHUYEHHE KOJJIEKTOPHHIH
10K HE NOJKEH ObITh MeHblie HEKOTOpPOH BEJHUMHBI [y, 31€ch,
ApaBja, Mbl BhIPA3HJIUCHL HE COBCEM TOYHO — KOJJEKTOPHBIH TOK
HE TO YTO HE€ [ O0JIXKEeH nepectynaTs rpanuuy lxo, a OH NpoCTO
He MOXeT nepeliTw 3ty rpanuuy 3anperHass 30Ha, KoTopas
JIEXKHT HUIKE JIMHAM [0, OTVIMMAETCS OT ABYX NMpeABIAYUINX 3anper-
HbIX 30H MMEHHO TeM, YTO B He€e NPOCTO HEBO3MOXHO MONacTh.

JleficTBUTENBHO, AONYCTHB OMHOKY B BHOpe peXuma, BH
MoxeTe yiiTH u3 pabouell o6acTH BI€BO M C/lenaTh CHTHAJ KePT-
Boll 3aruffia Brl Moxkere HeuasHHo (HalpuMep, MOBLICHB Haflpd-
xeuue Ugy) yitTv u3 patouen obsacTu BNpaBo U YBHAETb, Kak
MOILHOCTh, BbIAE/NAeMasi Ha KOJIGKTODHOM Iepexoje, B Kakhe TO
MOMEHTHI CTaHoBHTCS GoJibliie foMycTHMOM (3TO, Npasja, OyayT He
VOMEHTHI, @ BCETO OJHH MOMEHT — TPaH3UCTOPY AOCTAaTOYHO OIHMH
pa3 HeHaAoJ/ro nepeilTH TIPaHuUy AONYCTHMON MOIIHOCTH, 4TO-
6bl OH y:Ke HaBcerja nepecrasd ObiTb TPaH3UCTOpOM) A BoT rfe-
pefiTH HMXKHIOW TpaHMUy pabouell of/macTH Iaxe NMpH XeJaHUH
HEBO3MOXKHO — KOJUIEKTOPHBIH TOK HHKaKHM pas3yMHbIM crocobom
HeJb3s cAenarb MeHblIe, ueM [, VMenHo nosroMy tok [k, Ha3bl-
BalOT HeynpaB/sieMbIM KOJAJEKTOPHBIM TOKOM

Kak Hu man sror ToK (OH OfBIY4HO B THICSIYM pas MeHbue
cpeanell BeqMuHMHBl [), a ero BaMAHHe Ha pabory TpausHcTopa
orpoMHo lIMeHHO 103TOMY MBI HeCKOJNBKO MOAPOOHEH OCTaHO-
BUMCS Ha MPOMCXOXKAEHUM HeynpamjadeMoro toka fyo U Ha TOH
pOJIH, KOTOPYIO OH UTpaeT B TPAH3HCTODHOM YCHJIMTEJe. 171



Bepuemcsi x Tem nanekum BpeMeHaM, Koria Mbl TOJAbLKO Ha-
YUHIUChL CO31aBaTh IOJYyNPOBOJAHUKOBLIE KPHCTaMILl C PasHLIM
THIIOM NPOBOAHMOCTH, BBOASL B HHX JOHODHbiE UJU AKUENTOPHLIC
npumecn (puc. 15). [Ipu BBEAeHHY NOHOPHO! MpUMecH B KPHUCT al-
JIe TOABIANIHCh CBOGOLHDIE 3JIEKTPOHBI, H OH CTAHOBHJICS HOJNYIIPO-
BOJHUKOM THHA fi, & IPH BBEeeHHH aKUENTOPHOH MpHUMeCH B KPH-
cTajiie MOSBJAANNCE CBOOOJHLE NLIDKH, U OH CTaHOBHMJCHA I10JY-
NpoBOfHUKOM Tunta p. Ho emie 1o BBeseHus npuMecu B NOJYRpPO-
BOAHNKe OblaM CBOM COGCTBEHHble CBOGOAHBIE 3apsibl, NpHUEM
B DaBHOM KOJIMYECTBE W 3JIEKTPOHBLI W ABIPKH. DTH COOGCTBEHHLIE
3apsnbl, Gaarojaps KOTOPbIM HOJYNPOBOAHMK 06Jafan HeGOJb-
Woii cOGCTBEHHON NPOBOAUMOCTLIO, IOSABJAANCH TOTOMY, 4TO B He-
KOTOPOM KOJIHYECTBe aTOMOB, CKaXXeM, B OJIHOM aToMe Wu3
HECKOJNIbKMX MUJIIHOHOB, NOJ JeHCTBHEM TeMJIOBOH 3HEpPTHH Hapy-
mlanach CBASh OJHOTC U3 BHEINHUX 3JEKTPOHOB C SIAPOM. SJeK-
TPOH YXOAMJ B MEXKaTOMHOE IIPOCTPAHCTBO (OTPHIATeNLHBLl CBO-
GomHblil 3apsil) M OCTaBASIN CBOH aTOM C OJHHM CBOGOAHLIM 1115
APYTHX 3JEeKTPOHOB MECTOM, TO €CTh C AbIPKOH (I10JOMKUTEeNbHEIH
CBOGOAHLI 3apsn).

Tlocne BBemenus mpumecu cyab6a COGCTBEHHbIX CBOGOAHBIX
3apANoOB OKa3blBasnach pasauunoil. Ecau, Hanpumep, B nmoaympo-
BOAHHK BBOAW/IACH JOHODHaS NPHMECh M B HEM NOABJAAJIOCH GOJb-
10e KOJMYECTBO MPUMECHbLIX /IEKTPOHOB, TO COGCTBEHHLIE 3JeK-
TPOHBI Kak Obl HPHCOENMHANUCh K HHM H NMPaKTHUECKH TePSLIHCh
Ha uX (OHE: Belb NPUMECHLIX 3aPsJOB BCEr1a BO MHOMO pa3
Gosbuie, ueM coGeTBeHHbIX. Ho B TakoM monynpoBomHuKe f1-THIA
OCTaBa/MHCh ellle COOCTBEHHbIE NbIPKU — OUEHbL HeGOoJbINoe KOJH-
YECTBO ALIPOK B CPE@BHEHHH C OTPOMHBLIM KOJHUYECTBOM CBOGOAHBIX
SJIEKTPOHOB. YUUTHLIBast 5Ty Pa3HUUY B KOJHYeCTBe, CBOGOMHbBIE
3JeKTPOHbl B NOJYNPOBOAHHKE f-TUIA Mbl HA3BaJH OCHOBHLIMIH
3aPpAfaMH MWW OCHOBHLIMH HOCUTENSIMH 3apsifa, a COOCTBEHHLIC
IbIPKY — HEOCHOBHLIMU 3aPANaMH, HEOCHOBHLIMH HOCHTEJSIME,
AHaJIOTUYHO B NMONYNPOBOAHUKE p-THHZ (€ro CO3fata aKuenTop-
Hasi IPUMeChb) OCHOBHBIMM CBOGOHBIMY 3aPsiAaMU SBJASIOTCS JbIp-
KM, a HEOCHOBHbIMHM — CBOGOAHbIE JEKTPOHLL

Kasasoch 6bl, 4TO He CTONT 06pallkaTh BHUMaHHE Ha HCOCHOB-
HLe 3apsijlbl — KX OYeHb MaJ0 W HUKAKOro BJINAHUS Ha PaboTy
pri-iepexola OHM OKa3aTh He MOTYT. B JHefCTBHTEALHOCTH Ke BCe
O0GCTOMT HHaue: HEOCHOBHbIX 3apsioB MeHCTBHTE/IbHO MaJo, HO
OHH H2UWHAIKOT JeHCTBOBATh, KOI1a OCHOBHbLIE 3aPsibl «YXOAAT OT
nen». M nostomy Ha (oue Ge3nelicTBYIOLMX OCHOBHLIX 3apsiioB
Ma/lOYHC/ICHHLI OTPsIL HEOCHOBHBIX CTAHOBUTCH UYTh JIM He IV1aB-
Ho#l aelcTBywluel cuaoil.

Tak, B UaCTHOCTH, KOrla Mbl NDPHK/IAABIBaEM K pri-nepexony

oépamoe HanpsXKenHe u OCHOBHbLIE 3apAAbLl OTTATHBAIOTCH OT rpa-
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Fuc. 60. CoGerpennble
neGonb1oN KOJIEKTOPHBIH TOK, KOTOPHI! He YNpaBjsercs, TO €CTb He NOoj-
YIHSIOTCS YNPaBASIOWEMY HanpsXeHHio Ha Gade.

(HeocHoBHbie) cBoGoaHbie 3apsapt  Gassl  CO3/AOT

HMLBl MeXAY 30HaMH, HEOCHOBHble, HaoGOPOT, YCTPEMJSIOTCH
K 3TOH rpaHHLe — Belb y HHMX [APYrod 3HaK M OHM Bce AENaioT
Hao6opoTt. IMeHHO 3a cueT HEOCHOBHBIX 3apALOB BO3HHKAET B MO-
JIYIPOBOXHUKOBOM [uOAe oOpaTHLIl TOK [oop. FIMeHHO n3-3a He-
OCHOBHBIX 3apsilOB BO3HHKAaeT B KOJJIEKTOPHOH llenH M Heynpas-
JasieMblii TOK Txo (puc. 60).

Ceiluac HacTanl MOMEHT CAesnaTb KOPOTKYIO OCTaHOBKY H 00-
paTHTh BHMMaHHe Ha OJHY OUeHb HHTEPECHVIO OCOGEHHOCTb KOJ-
AeKTOpHOi tenn. Jlo cux mop y Hac He GblIO Cayuas NOrOBOPHT
06 9Toil OCOGEHHOCTH, a cefluac KaK pa3 HACTynuja YAoOHbLI# MO-
MeHT. Jlesno BoT B ueM. B KoasexktopHo#l uenu tpaHsucropa pa-
60Tal0T TONBLKO HEOCHOBHble 3apaabl. [leficTBHTeNbHO, 3apsibl,
KOTOpPbIe NONAaRaioT U3 SMUTTEepa B Gasy, AJs 6asnl OKa3biBalTC
1JeOCHOBHHIMH. B TpaH3ucrope p-s-p, HanpuMmep, M3 3SMHTTEPa
(30Ha p) B 6a3y (30Ha n) NocTymaioT ABIPKH, a B caMoil 6ase
OCHOBHLIE 3apsibl — 9TO 3JeKTPOHL. HMEHHO AbIPKH — HEOCHOB-
Hble s 6a3el 3apsibl — YXOAAT B KOJJIEKTODHbIH pr-nepexoa

1 CO3[aI0T KOJJIEKTOPHbIL TOK /i KONIeKTOPHbIN TOK, KaK MBI y?;g



TOBOPHJIH, OUeHb MOXOXK Ha OOPATHHIH TOK AHO[a. DTO BHAHO XOTA
Obl O TOMY, 4TO TOK BO3HWKaeT NOA AeficTBHEM oOGpaTHOTO Ha-
DPSIKEHNS — K KOJIJIEKTOPY TIPHJIOKEH «MHHYC», 3alUpaioLiHil
pn-nepexoi 15 OCHOBHBIX 3aPsANOB — 3JEKTPOHOB Gasul. M mo-
5TOMY CO37aBaThCs TaKOH TOK MOXET TOJAbKO HEOCHOBHLIMM 3a-
pstmamMu $asul, TO eCTh [ABIPKAMH.

Ho B Gase, Kak Bbl cam¥ NOHHMaeTe, UMeeTCs [Ba COPTA Abl-
poK: cOGCTBEHHBle (TenJOBble) NHPKH M UYKHE, BIPLICHYThIE M3
smutTepa. O6a copra ALIPOK — U COGCTBEHHbLIE, H BNPLICHYThHIE —
YUacTBYIOT B CO3aHHU KOJJIEKTOPHOTO TOKAa Ha PaBHBIX OpaBax,
H, Ka3anoch Obl, MeXKAY HUMY HeT HHKaKoil pasuuusl. Ho pa3uuna
BCe e ecTh, KosHuecTBO BAPHICHYTLIX ABIPOK MLl MOMKeM MeHSTD
IO CBOEMY BKyCy, H3MeHss HanpsxkeHHe Uy MoxHo Boofue
ApeKpaTHThL BIPLICKHBaHMe ALIPOK B 6a3y, NofaB Ha Hee <ILTIOC»,
AOCTaTOUHBI AJsi TOro, 4TOObI 3anepeTb SMHUTTEPHBI mepexof.
A BOT H3MEHHTb KOJIHYECTBO COGCTBEHHBIX ALIPOK 5a3bl MH He MO-
KeM — 3TO He B Halled BAACTH.

Kosnuectso co6CTBeHHBIX AbIPOK 6a3nl ompenensercs JHIIb
CBOMCTBAMH KpHCTa/sa H TeMnepartypoll. A nostomy Tox Iyo, €O3-
naBaeMblll COOCTBEHHLIMM HEOCHOBHLIMM HocHTeNnsiMM 6asbl (ee
COOGCTBEHHLIMH TeNJIOBLIMH IbIPKaMM), Bcerja NpPoTeKaeT B KoJ-
JIEKTOPHON [eNH H He MOAUMHSETCH BO3AEHCTBUIO YNPaBASIOILErO
Hanpskenus. Heckosbko 3aberast Bmepesn, 3aMeTHM, 4TO ToK [xo
MOXeT CHJILHO BJMATL Ha pPeXKHM TPaH3UCTOPA. A MOCKOJLKY 3TOT
10K, TaK Xe KaK ¥ oOpaTHHIH TOK AHOAQ, CHJAbHO 3aBHCHT OT TeM-
nepatypnl (puc. 21), To NPUXOAMTCA HPUHMMATL PeIHTENbHbIC
Mepel st TOro, 4ToOLl o6ecneuuTh TeMIepaTyPHYIO CTaGHILHOCTD
TPaH3UCTOPHOTO YCHJUTES.

Cgmeﬁcmo BBIXOJIHHIX XaPaKTepUCTHK — 3TO CBOEro Pola cre-
Hapufi, 1o KOTOPOMY MOXHO Oblio Obl CHATL YBAEKAaTeJbLHLIH
¢duapM. Bean 3a Kawaofl xapakTepuCTHKOH, 332 KaXK/[IblM €e M3rH-
GoM H NOBOPOTOM CTOAT MHTEPeCHble COOLITHS, KOTOpbIE MPOHCXO-
IAT B CaMOM TpaH3uCTOPe. A MOCKONBKY XapaKTePHCTHK MHOIO,
TO COOLITHR TH CJIOXKHLIM 00pa3oM MepeleTaloTcs, Kak B CaMoM
HactosilleM JeTeKTHBE.

IlpencrasbTe cefe, Kak M3 SMHTTePa B 6a3y BIPLICKHBAIOTCA
cBoGonHbIe 3apsifibl (B TPHOAE P-N-p, C KOTOPLIM Mbl BCe BPeMst
¥MeeM [IeJ10, U3 SMUTTepa B $a3y BNPMCKHBAIOTCH ALIPKH) M KaK
3TH 3apsiibl B pedyabrare Audy3uu NpoxoasT CKBo3b 6ady u no-
NajaT X KOLIEKTOPHOMY nepexody. 3aech Hanpsikenue Ugk «xBa-
TaeT» CBOGOAHbBIE 3aPAABI H C CHJIOH GPocaeT X B KOJNTEKTOPHYIO
lleNb, CO3aB TaKUM 06pasoM Tok [x. (BE, oueBHIHO, yxKe 3a0biH
o npuMeuaHun Ha crp. 267 Cefluac Kak pas HAaCTYNHA MOMEHT
eue pa3 obpaTuThCs K HEMY.)
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Tpu yBeaHuenun KoasaekropHoro Hanpsikenus Usk TOK [x He-
MHOro yBeanuupaetcst, Mbl, K coXaJeHHIO, HE MMeeM BO3MOXK-
HOCTH PaccKa3biBaTh 000 BCeX MPHYMHAX YBeJHUeHHs TOKa [y Mol
neiicteueM Usy. YoMaHeM Juilb o6 onHoil u3 3THX npuuun. C ype-
auveHnem Usx pacmiupsiercs JuuleHHast CBOOOJAHBIX 3apsjos
061aCcTh KoJIEKTOpHOro Nepexojia, v Takoe pacillupenye Npoucxo-
OAT YaCTHYHO 3a CueT TeppuTopuu Gasbl. basa craHoBuTCs 4yTh
ToHbIlle, cuaM Juddy3nu Torxa UyTh Jerue NPoTajKuBaTh CKBO3b
Hee NOCTYNHUBIIHe M3 3MHTTepa cBoGoAHLle 3apslibl, H B HTOr€
HEMHOXKO BO3PacTaeT KOJJEKTOPHBIH TOK.

C/l0BO «HeMHOXKKO» MBI TIPHMEHUJIH He HaNpacHO — Hamnpsxe-
nne Usx oueHb c1abo Bauser Ha BeJnuMHy ToKa [x. Kak Obl uin
cTapajoch KOJJIEKTOPHOe HalpsXKeHHe, OHO He MOXKeT ABWHYTb
no KOJJIEKTOPHO!H uend Oosbille 3apAl0B, YeM HX NOCTYIHJIO H3
Gasbl. TlosToMy pe3Ko YBeNHUHTh KOJJEKTOPHbIE TOK MOMHO
TOJBKO OJHHM CHOC060MI HY2KHO yBeJIHqHTb OTpHuaTEJIbHOe Ha-
upsXenue Ha Gase Uss (MBI JMlb I8 KPAaTKOCTH IOBOPHM <«Ha-
npsikenne Ha Gase», PaKTHUECKH Peub HAET O HANPsKeHHH MeXAY
6a30il ¥ 5MUTTEPOM) U TaKuM 006pa3oM BIPLICKUBATh U3 IMUTTepa
B 6a3y Gosbliee KoJMueCTBO CBOGOMHBIX 3apanos. I1pu sTomM MbI
Kak Gbl MOAHMMaeMcCs Ha CTYNEHbKY BBIlIe, NepeCKakuBaeM Ha
GoJlee «BBICOKYIO» BBIXOAHYIO XapaKTePHCTHKY, CHATYIO npH 6onee
BBICOKOM BXOJHOM HampsikeHuH Usgs.

B pea/ibHOM cJyyae. KOra Ha BXoJe TPaH3UCTOPa NOfABJAETCH
YCHJMBaeMblil CHrHaJ M HanpskeHue Ha Oase HenpephiBHO Me-
Hsercs, nogobHoe NepeckaKuBaHHe ¢ ONHON BBIXOJAHOW Xxapakxre-
PMCTHKM Ha APYTyio nponcxomut HenpepbisHo. Ho omnospemenno
C 3THM MEHsieTCs W HanpsiKeHHe Ha KOJJIeKTope: MBI YXKe FOBOPHJH

(puc. 38), uto ueM Gosbile KONIEKTOPHbIH TOK /i, TeM Goubile Ha-
npsxeHue Ha Harpyske Un=/Ix-Ry, TeM MeHblle HampsixkeHHe HA
camom Koaaekrope Usi=Ex—Us.

Kax e ycaeiuTh 3@ BCeMH 3THMH NepenyTaHHbIMHA COOLITUAMH,
KaK ONpPeAeMTh HCTHHHEI KOJVIEKTOPHHE TOK M € yUETOM MEHSI0-
mweroca Uy, u ¢ yuerom Mensiiouierocst Ugk? 310 NoMoraeT che-
JaTh Harpy3ouHas NpsMasi, WM, KaK ee elle Ha3blBaIOT, KU Ha-
rpy3ku (puc. 61). [laBajiTe IOCMOTPUM, KaK CTPOHTCS TaKast JIUHNs
B CIeAyiolleM KOHKpeTHOM cayuae: Ry=1 xom n Ex=12 6.

Uro6nl MOCTPOUTD JHHHIO HArPY3KHW, BBEleM B Hall cleHaphi
ABe (QaHTacTHUeCKHE CHTyalMH: DacCMOTPHM, YTO HPOHCXOAUT
B KOJJIEKTOPHOH [enH, KoT[a KOJJEKTODHBI TOK paBeH HyJliO
(nepBas (aHTacTHYecKast CHTYalHsA) W KOLAa KOJNJIEKTODHBIA TOK
HaCTOJIbKO BEJMK, 4TO BCe HanpsixkeHue GaTaped TepsieTcst Ha Ha-
rpy3Ke M Ha CaMOM KOJUIEKTOpe BooOlle HET HHKAKOFo HalpsiKe-
Hus (Bropas (baHTtacTMuecKas curyaius). TToRoGHLIX CuTyauuil
B peajbHOM caydae He ObiBaeT, H TosToMy Mbl OyldeM o HHX
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FOBOPUTE, NPHMEHSS TaK Ha3blBAGMYIO COC/IAraTefbHYI0 (GOpMY
«ecau Obl pa Kabel».

Ecnn 68l KOeKTopHEIH TOK OB PaBeH HYJI0, TO Ha Harpys-
Ke BooOule He Oblio Obl Hukaxkoro HampsikeHus (Uz=0) u Bce

HampsKeHUe UCTOUHHKA Ey Oblno OB NPHJIOKEHO K KOJMJIEKTOPY.
Ha ocHOBaHWM 3TOr0 MepBOro «eciu OBl» HOCTaBUM Ha Haued
xapaxTepucruke touky A; oHa kak pas coorsetctBYyer Ugi=Ex,
TaK Kax Hanpsikenue Garapen Ex Mbl npuHsiiv paBHeIM 12 8.

Ecau 60 nanpsikenne Ugy GBLI0 paBHO HyaI0 (3TO BO3MOXKHO,
ecan A0BECTH COMPOTHBJEHHE KOJNIEKTOPHOrO epexona a0 Hy.ad),
TO BCE HanpsixkeHue Ey Oblyio Obl OPUIOKEHO K CONPOTHBJCHHUIO
Harpy3Kd U TOK uepe3 HarpysKy (KOJAJNEKTOPHbIH TOK [) Oblia Ol
no sakony Owma paBen Ix=ERy. Ha ocHoBanum 310ro BTOPOro
«ecyi Obl» chesnaeM elle OZHY OTMETKY Ha Halllefl XapakTepHCTH-
Ke — [ocraBuM Ha Hell Touky b. OHa Kak pa3 #H COOTBETCTBYET
HanpsikeHn1o Ugy=0 u toxry Ix=12 ma, xoTOpHil non aeficrBuem
Hanpsixkenuss Ex=12 8 noliner no BLIGPAaHHOMY HaMH CONpPOTHB-
JEeHUI0 Harpy3ku Ry=1 xom.

Tenepb HeTpYAHO NMPOBECTH M JUHUIO Harpy3ku. Ona npoiaer
OT TOUKH MaKCHMaJbHOTO KOJIIEKTOPHOrO TOKAa W HYJIEBOro Hamps-
HKEeHUs Ha KoJiekTope (Touka b) g0 TOYKH HYJIEBOTO KOJIEKTOP-
HOTO TOKa M MaKCHUMaJbHOIO HaOPsIXKeHHWs Ha KoJiekrope (Tou-
ka A). M xors o6e atu KpaillHue Touku Ml He Ge3 OCHOBaHHUM
Ha3Baau ¢anracruyeckumu (Hu [y, Hu Ugx MpaxTHUECKH HUKOrAa
He.paBHbl HYMO), caMa auHus A5 aGcomorno peanbHa. OHa Kak
pa3s M paccka3sbiBaeT cpa3y O BCeX 3amyTaHHHIX COOHITHSIX, NPO-
HcXondAux B pabortawiueM tpansucrope: 06 U3MEHEHUW €ro To-
KOB U HampsKEHUH B KUBOM, paboueM, AUHAMUYECKOM perxHuMe.

Kaxpaast Touka Ha auHuu AB roBOpUT O TOM, KaK npu BLIGpaH-
HOH Harpyske Ry u BuiOpaHHOM HampsikeHun nuranus Ey cBs3a-
HEl MeXAy co6oll BxogHoe HanpsKeHue Uyp, HampsXKeHHe Ha KO-
gektope Usy n KoanexropHwiil 10K /. Tak, nanpumep, touka M
roBopHuT 0 TOM, uTo npu Uyg=250 M8 pexuM KOAMNEKTOPHOH menu
6yner Usx=2 8 u Ix=10 ma; npn U,s=150 m8 pexum yxe co-
BeeM uHOl: Usk=10 8, Ix=2 ma (rouxa N).Pasymeercs, stu pan-
HEIE OTHOCSATCH JiMlib K Ry=1 xom u Ex=12 6. Ecniu yBennunthb
CONPOTHBJIEHHE Harpy3ku Ry, To Harpy3ouHas JuHHs noiiger 6o-
Jee mogoro (AB), a ecnu ymesswnip Ryx— Gosee xpyro (AT).
DTO OPOUCXOJUT MOTOMY, UTO C YBeJHUEHHEM COHOPOTHBJEHUS Ha-
TPY3KH Ha HeM Tepsiercs BCe GOsblliast yacTh NHTAIOLIEro Hamps-
weHus Ey ¥ yMeHnbluaercs HampsikeHue Ha Kossekrope Usx Tak
npu OJHOM M TOM e BxoaHoM HampsikeHuu U,s=150 me momny-
yaeM Ugx=10 8 mpu Ryu=1 kom (rouka N); u Usx=8 @ npu
Ry=2 xom (rouka N’}.

YMeHbllienHe nuTalomero HanpsKenus FE, OZHOBPEMEHHO
yMeHblIaeT U ToK [x, v Hanpsikenne Ugy, u takum obpasom cme-
laer BCIO JIMHWMIO HArpysku B cropony Hyas (auuua A’B npn

Puc 61. Harpysounas npamasi NOKa3biBaeT, KaK MEHAETCA KOJIIEKTOPHbIH TOK

104 AefiCTBUEM BXOAHOrO CHTHAJA M C YYETOM TOTO, YTO HANPSIKEHHE HA HA-
rpyske (2 3HAYMT, H HA KOJJEKTOPE) TOXKe MEHAeTCs NpPU WM3MEHEeHUH TOKa

Ex=6 8).
3anasunce npefesiaMi U3MEHEHUs! BXOXHOrO CHTHA/a, MOKHO
177



HaliTH nipejejbl U3MEHEHHs] KOJIEKTOPHOTO TOKa M HanpsfXKeHMs
Ha KoJuieKrope. Tak, eCaM BXONHOe HampsaXeHHe MeHseTca oOT
150 M8 mo 250 m@ (Hawma BXoAHas XapaKTepHETHKa TOBOPUT
O TOM, UTO Takile Ipelenbl H3MEHEHHIl BMOJHe ROMYCTUMbI), TO
Bce coOpITMa B TpaH3ucTope OyAyT NPOMCXOAMTL B Mpepeaax
yuactka MN Harpy3ouHofi npsamoit. [1pu 3ToM KOJJIEKTOPHBLIH TOK
Oyner MeHsThest OT 2 ma go 10 ma, a HanpsKeHUe Ha KOJJIEKTO-
pe— ot 2 g o 10 g. Otciona nerko HaliTh ¥ aMOJIUTYAHBIE 3HA-
YeHMsS HalpsiXKEHWss H TOKa BbHIXOAHOro (YCHJIEHHOro) CHrHaJja
layn=Ixmny: 2=8 ma:2=4 ma. Mol genum [ mn)Ha JBa IOTOMY,
4YTo B 3TOM UHTEpBaJje AOJKHb «IOMECTHTBCA» [BE€ aMHJNUTYIBI
(«noJIoXKHTEIbHAA» M «OTpHLATeJbHAA»), a 3HAUHT, Ha KaX1yio
H3 HUX OPUIETCH TOJbKO NMOJOBHHA [x(mn). AHaJOTHUHO HaXoauM
i aMIUIMTY1y TepeMeHHOr0 HanpsaXeHUs:
=8 6:2=4 3.

Tlpexje ueM ABHraThcsl AaJblie, HaM HYXKHO NOKafATLCSA B rpe-
XaX, paccka3aTh O HEKOTOPLIX HETOUHOCTAX, KOTOphI€ MBI IOMYCTH-
JI1, TBITAsACh OTAENUTh CYTh JeNa OT BTOPOCTENEHHbIX noapo6GHO-
creft, 4, IO BO3MOXHOCTH, 36€KaTh JHMIIHUX Ha3BaHUH, TEPMHHOB
U OoObsICHEHHIL.

Tak, sanpuMep, Mbl Ha3Baau BXOJIHBIMM XapaKTepUCTHKaMH
Bce rpadHKH, IpUBeleHHble HA puc. 54, B TO BpeMA KaK BXOJHOH
XapakTepHCTHKOH OQHIHaJbHO Ha3hiBaeTCA JHLIb 3aBHCUMOCTD
I, o1 Uys. Bosiee Toro, 3aBuCHMOCTb HampsizKeHusi Ha Harpy3ke Uy
ot HanpskeHust Uss Ha BXoZe TpaH3UCTOPa Nonana B UHCIO BXOL-
BBIX XapaKTepUCTUK COBCEM YXKe HEe3aKOHHO: BCe 3TH Xapakre-
pPMCTUKM CHUMAaIOTCA Ge3 Harpyskd, OpH TNOCTOAHHOM HalpsiXKeHHH
Ha KoJJeKTope W NO03TOMy Ha3sblBaioress cratwieckumu. CraTu-
yeCKMMH, KCTaTH, Ha3bIBAalOTCA H BCe HAIWIM BBIXOAHBlE Xapakre-
puctuku. OHU ToXe cHuMaloTCst 6e3 HarpyskH, a BJAHAHHE {QH yUH-
THIBAeTCA MyTeM HECJOXKHLIX BBIYMCJIGHHH M HOCTPOeHHMil.

Mbl He OTMETHJIH Ha BXOOHOU XapaKTepHCTHKe oueHb HeBoJab-
wioff SMUTTEPHBIN TOK, BO3HMKAIOUIHH HPH OTCYTCTBHM BXOJHOTO
Hanpskenus, To ecrb npu Uys=0, ecan npu stom ecth xora Obl
HeBos1blIOe HaNpSKeHHe Ha KOJJeKTope. IDTOT HauaJbHBH TOK
noasasercs Gaarogapsi TOMY, YTO KOJIJIEKTODHbII TOK co3faer
B camoil 6a30Bo# 06/1aCTH Ha ee COOCTBEHHOM, BHYTPEHHEM COIIpo-
THBJICHHH HEKOTOpPOe BHYTpeHHee HalpAXKeHue, oTIUpalollee SMHT-
1epHbIl mepexojl Ja)e TOrXa, KOrja HeT BHeWHEro OTOHPaioulero
HanpsKeHus. ) 5

JIpyro#l «CTpaHHLIH TOK»— 10BOJILHO 60J1b1IOH KO/JIEKTOPHbIH
10K [x, KOTOPbIH CYLIECTBYET Aax<e NPH OTCYTCTBHH KOJIIEKTOPHOTU
nanpsikens, To ectb npu Usgk=0. On noasasercs us-za audpdy-
3nu uepe3 6a3y 3apsjoB, BOPHICHYTHIX B Hee M3 3MMTTepa.

Mu ne 6yeM OpoLOJKaTh NIeP2UHCACHRe NOJ0OHEX BTOPOCTE-

Ugna = Usrmn): 2=
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NMeHHbIX, HO HeCOMHEHHO MHTEPeCHHX HoapoGHocTed. Bo-nepsbix,
C HEKOTOPHIMHM M3 HMX HaM ellle NPEeACTOUT BCTPeTHThCA. Bo-BTO-
PBIX, YK€ [opa caenarth Kakue-HuOyAb MOJe3HbIe BBIBOABL U3 10J-

rOro W TPYHAHOTO Pas3bopa BXOZHLIX H BBIXOAHBLIX XapaKTEPHCTHK
TPaH3UCTOpa.

YYUTECH AENATHL BHBOIBI

[lepBrie HECKONBKO BHIBOJOB ME, KaK TOBOPHTCH, MOXeM
¢B3fTb FOJMILIMH pyKamu», 6erjo B3rasnyB Ha puc. 56 u 58. Bul-
BOJBI 3TH KacaloTcs mapaMeTpoB CaMOro TPpaH3HcTopa — oH obJa-
Laer ovyeHb HeGOMLLINM BXOAHHIM CONPOTUBJACHHEM, OYeHb GOJIb-
IIMM BBLIXOAHBLIM COMPOTHBJAGHHEM M He 1aeT YCWIEHHS [0 TOKY.

Hpyrue BblBOAbI — OHM KAacaloTC PeXKHMa TPaH3HCTOPHOIO
ycuautena — OYRYT chaenaHbl Ha OCHOBAHHM aHAJIHM3a BXOLHOM
¥ BbIXONHOH XapaKTeDHCTHK, OpuYeM Mb OydeM HabaiopaTh 3a
VCHJMTENEM B JHHAMHYECKOM peXHMe, TO €CTh KOIZa Ha ero
BXOJ NOJaH YCUJIHBAeMbIl CHTHAJ, a B KOJJIEKTOPHYIO LENb BKJIO-
YeHa Harpyska.

UroObl aerde BApeAcTaBUTh cefe TO, UTO MPOUCXOAUT B ITOM
clyyae ¢ TPAHSHCTOPOM, Mbl BOCHOJL3YeMCsl COBMELUEHHbIMU Tpa-
(jUKaMu, IPUMeEP NOCTPOCHUST KOTOPBIX NOHSTEH 3 pHC. 62.

B nieBoit yactu puc. 62 momeuleHa BXORHAs XapaKkTepucIwKa
TPaH3ucTODA, KOTOpaa MOKa3biBaeT, Kak MeHsercs ToK [, mpu
u3MeHeHuu ynpasasioniero nanpsixKenus U, Camo ke nanps-
Kenue Uss HellpepriBHO MeHseTcsl, TaK Kak KO BXOJy YCHJIHTeas
noasenen curan Ucyr. KpoMe Toro, Ha Bxoge neficTeyer eme
1 Hanpsykenne cmemiedus Uey. Cymmupysics, Uey u cursan paior
MeHaloleecss Hanpsxkenue U, TI'padux storo HampaxeHus
(puc. 62—b5) MBI «[OJOXUJIH HaGOK» U COBMECTHJIH ero ¢ BXol-
HoMl xapakrepuctukoidl. «COBMECTHJIM»— 3TO 3HauyuT, UTO Aeje-
HUA Ha och Hanpr:KeHus Uys rpaduka b coBnagalor ¢ AejeHUAMH
Ha ocu Hanpstkenusn U, rpadura A. VeHbiMu caoBamu, oan-
HaxkoBble 3HauenMs Hanpsxenud — 100 w8, 200 ms, 300 m3
U T. I.— AeXaT CTPOTO APYr HPOTHB APYra, TO €CTh COBMELIeHbi.

O6patute BHUMaHHe, YTO OCh BpeMeHU, Ha rpaduxe 5 pasme-
ucHa HE B «32KOHHBIX» eQUHHIAaX BPEeMeHH — He B CeK, Mcek,
mrcex u T. 1. Ha atoit ocu manenskuMu 6yksaMu a, 6, 8 oTMene-
Hbl IMUIb TPu Havboniee HHTePeCHBIX MOMeHTa. Tak, HanpuMep, oT
momenTa 0 o MOMeHTa a BXOIHOIO CHTHAsa HeT, ¥ Ha Ga3se medcr-
BYeT TOJNBKO OfHO cMelleHHe. MoMeHTH 6 ¥ 8 COOTBETCTBYIOT NO-
JIOXKUTEJNbHO! M OTPHIATENLHOH aMIINTYJaM YCHIHBAEMOro CHI-
Hana. CymMupyschb ¢ Uey WM BHIMHTAACH U3 HETO, 5TH aMIVIU Ty bl

natoT Hanboabuiee Uys_yuee Man Haumenbimee Uy, Hanps-
xenue Ha Oase, 179



TonyTHO emie pa3 HanoMKHHaeM, 4TO Han 6o M HanpsiXKeHueM
Ha 6a3e Mbl 6yleM CUHTATh HAUOOJbIIHI «KMUHYC» Ha Hell, UMEHHO
TOT CaMbil «MMHYC», KOTOPBI OTOMPaeT SMUTTEPHHIl prn-nepexof
U yBeJHYHBaET SMHUTTEpHBbIH TOK. «Munyc» HanpsixkeHus Uy oT-
KiamgblBaeTCsl MO OCH HANPSI)KEHWH BIIpaBO OT Hyas. DTo HempH-
BLIYHO, HO 3aTO ya06HO. KoHeuHo, Gojee NpUBBLIYHBIM Obl1O Obl
OTKJlaJbiBaTh BOPaBO OT HYJAS He «MHHYC», a «mjaoc», Ho pad
3TOro yKe mpuunioch Obi BeCTH peub He O «MiiHyce» Ha 0Oase,
a o «moce» Ha sMutrepe. M xoTa mo cymecTBy 31ech HeT HHKa-
KO# pasHuubl (ecau Ha 6a3e —2 8 OTHOCHTEJBHO IMHTTEPA, TO
Ha smuTTepe +2 8 OTHOCHTENBHO 6a3bl; 4e)OBEK, KHBYILHH Ha
NepBOM 3TaXe WEeCTH3TaXXHOro A0Ma, MOXEeT CKa3aTb, UTO Hal
HUM MSITh 3TaXKeH, a TOT, KTO XKUBET Ha MOCJefHeM 3Taxke, MOXKeT
CKa3aTh, YTO OOJ HHUM OATb 3Taxkell), onHakO B uHTepecax Oyny-
[ero Jyyile OPHYYHTBCH FOBOPHTb O HampsXKeHUH Ha Ga3e OTHO-
CHTEeJNbHO SMHUTTEPA, a He O HaNpPsiXKeHUU Ha SMUTTEPE OTHOCHTENb-
HO 6Ga3bl. IT03TOMY-TO MBI U OTKJaAbiBaeM BIPaBO OT HyJas OTpH-
naTesbHOe HanpsikeHne —Ugs, TO ecTb «MuHYC» Ha Oase.

N\

AN

/4
‘l‘

Puc. 62 Ecnu M3BeCTHO, KaK MeHseTCs BXQAHOe HampsiKeHHe, TO, NOMb3YACDH
BXOJAHOH XaPAKTePHCTHKOM, MOXKHO 10CTPOMTL rpaduKk BXOAHOro (3IMUTTEPHOro)
TOKa.

Htak, MBl COBMECTHJIM C BXOJHOH XapaKTePUCTHKOH TpaH3HCTO-
pa rpaduk, NOKa3bIBAIOUIMH, KaK C TEUEHHEM BPEMEHH MeHsSeT¢H
BX0AHoe HanpskeHne U,s. Temepb MOKHO OLICTPO y3HATh, KaKuM
6yneT SMUTTEpHBIH TOK B TOT WJAM MHOH MOMEHT BpeMeHu /laa
3TOTO AOCTAaTOYHO onpelesnuTb U,s, 3aTeM MNPOBECTH BCHOMOTra-
TeNBHYIO OPSAMYIO JUHHIO Ha BXOLHYIO XapaKTePUCTHKY H, HAKO-
Hen, MO BXOAHOH XapaKTepHCTHKe ONMpenenuTh, KakuM OyaeT TOK
npu naHHom Ugs. Tax, Hanprmep, Jerko HaxoJHM, YTO B MOMEHT
@ Ha Oa3e geiictByer HanpskeHue Uys=200 M8 u uto 3TOMY Ha-
NPSKEHUI0 COOTBETCTBYET TOh /o=06 ma. AHAJOrHUHO Jji MOMEHTa
6 naxonum Uy =250 m8 u I,=10 ma, a nas MOMEHTa 8 ompeje-
asieM Uye=150 u8 u [,=2 ma.

Omnpenensss TOK AJA pa3HbIX MOMEHTOB BPEMEHH, MOMKHO Mo-
CTPOHMTDH eLIe OJAMH BayKHBIH FPpauK — 3aBHCHMOCTb BXORHOTO TO-
Ka I, oT Bpemenyu t. [las yno6eTa 10T TpeTHil rpaduk (puc. 62—
B) pacnonaraeM cripasa OT BXOZHOW XapakTepPHCTHKM M OCb TOKA
I, pa3MeuaeM B TOM ke MacmiTalbe, UTo M OCh TOKa [, Ha BXORHOH
XapaKTepucTHKe. DTO (103BOJHT YOPOCTHTH CaMO IIOCTPOEHHE
TpeTbero rpaduxa, Tak Kak HeOOXOAUMYIO BEJIUUUHY TOKa MOMKHO
OyneT OTK1aAbiBaTh Ha HeM, NPOTAHYB BCHOMOraTeabHy10 Hps-
MYIO JIHHHIO OT BXOAHON XapaKTepHCTHKH.

Kaxk Bupure, coBMemmeHHble rpauKu 1 BXOJHON LENH CTpo-
ATCA OYEHb OPOCTO U NMO3BONAIOT HAISAHO NPeACTaBUTh cebe, UTO
NpOM3OHIeT ¢ IMUTTePHBIM TOKOM (He 3abbiBaiiTe — OT Hero 3a-
BUCHT H KOJIIEKTOPHBIH TOK!) OpY TeX WJ/IM MHBIX H3MEHEHHsX cMe-
IICHUST HJH CaMOro BXOAHOTO CHUrHagna.

Heckonbko cioxHell 06CTONT 1610 ¢ MOCTPOEHHEM COBMEIIEH-
HLIX IPaQUKOB, HUIMIOCTPHPYIOWIUX DPAGOTY KOJMJIEKTOPHOH UenH
(puc. 63). TpyaAHOCTb COCTOMT B TOM, 4TO IIPOCTO HeKylda HPHJO-
XKHUTh «CaMblii IJ1aBHbI» rpaduk, onpereadou il Bce NoBegeHHe
TPaH3HCTOpa, B TOM UYUCJe B NOBedeHHe KOJJIEKTOPHON nenu. Peup
ujaet o rpapuke, KOTOpLIH NoOKa3biBan Obl, KAK MeHseTCS YHpaB-
asioutee Hanpspkenne Uyg (anctok B). Tlo Beprukannuoil u ropu-
30HTaJbHOM OCAM BBIXOAHOfI xapaxkTepucTuku (puc. 63—A) or-
KJ1aAblBAlIOTC COOTBETCTBEHHO KOJJIEKTODHBIH TOK M KOJJIEKTOp-
HOe HamnpsiKeHHe, KOTOpble B OueHb CHJABHOH CTelleHH 3aBUCHT
oT Uss. A U3MeHEHHst CaMOro ynpasasiomero HanpsikeHus Uss
OTpaxeHbl UMb B TOM, UTO NOCTPOEHA He OfHa, a nesaoe ceMeficT-
BO BBIXOAHBIX XapaKTePHCTHK ¥ NPH u3MeHenuu U,s caenyer nepe-
XOAUTh C OAHO# u3 HUX Ha Apyryio (crp. 165). [Tostomy ecrts
JUIIB OUH cNoco6 XOTh KakK-HUOYAb OTMETHTb Ha BLIXOZHOH Xa-
pPakTepHCTHKE TO, YTO NPOMCXOAUT Ha BXOne TpaH3uctopa. HyxHo
noMeyaTh TeX «UjeHOB ceMeilcTBa», NOMeuyaThb Te OTHEJbHbIEe CTa-
THUYECKHE XaPaKTeDUCTHKH, KOTOPbiE COOTBETCTBYIOT H3MEHSIOMme-
MYCsi BXOJHOMY Hallpsi2KeHHIO. 181



Mul B panbHedmem GyaeM noMeuath JHUIb TPH Takhe cTaTH-
yecKHe XapaKTepHCTHKH: OfHY — COOTBETCTBYIOINYIO HauGo/bile-
My HanpsikeHnio Ha 6ase Usp—yaxe; APYTYIO — COOTBETCTBYIONLYIO
HauMeHbleMy Hanpsixennio Ha 6asze Uss—uae U TPETbIO — COOT-
BETCTBYIOINYIO HAaNpsaAxeHUI0O nocroaunoro cMmemenus Uey. Tlo
3THM TPEM XapaKTePUCTHKaM MOXKHO ONpeleHTh HanGoJablIni
KOJNJAEKTOPHBIH TOK [ _yaxc.  HAMMEHBIIMI KOJJNEKTOPHBIN TOK
1% yun 1 KOJJIEKTOPHBIH TOK NOKOS [, — MOC1OAHHBI TOK B KOJI-
JEKTOPHOIT nenH, Koraa curdana Het. [lonyTHO OTMETHM, 4YTO 3TOT
TOK O4eHb UacTO ONpesiensieT U SHePruo, norpelisieMyio 0T HCTOU-
HMKa OMTaHMA, TaK KaK OH TOBOPHT O TOM, uTo nmorpebasercs oT
5TOr0 UCTOYHUKA HE B CaAMOM TPYAHOM cayuae (fx—waxc, MOMEHT 6),
He B camMoM Jerkom cayuae (/x—wux, MOMEHT 8), a B CpeiiHeM 3a
ANUTEABHOE BpeMs.

U eme onHo nonyTHOe 3aMeuanye: TOKM sMuTTepa [ W 6a3b
Is_, npu oTCyTCTBMM CMTHa/la TakXe HasbiBAlOT TOKaMu MOKOA.
IMoacuntas [/ AMs PasHBX MOMEHTOB BpPeMEHM, MOMKHO JeTKO
NOCTPOUTH TPapuK H3MEHEHHs STOr0 TOKa C TeyeHHeM BpeMeHH

Puc. 63. Ecin ¥3BeCTHO, KaK MEHSETCS BXOJHOe HanpsKeHHe, W H3BECTHO CO-

NPOTHBJICUKE HATPY3KH, TO, NOJb3YACh BBIXOJHOH XapaKTEPHCTHKOH, MOMKHO

NOCTPOHTL rpaduKk KOJIEKTOPHOTO TOKA W HaNpsiKeHus Ha  KOJIEKTOPe
{Ha narpyske).

(mucrox B). Hasi npocrorst nocrpoenust rpadux 3TOT YHOGHO
Pacno/ioKUThL CieBa WM CnpaBa OT BBLIXOAHOH XapaKTEPUCTHKH,
IpHYeM DacrnoJsioKMThL TaK, uToObl Ocu [ OKa3ajuChb COBMEIeH-
HBIMU.

OTMmernB TPH CTaTHUECKME XaPAKTEPHUCTHKH, COOTBETCTBYIOMHNE
HauGoMbUIeMY, HAUMEHbLIEMY ¥ CPEIHEMY BAMPSKEHWIO Ha BXOIE
TPAH3HCTOPA, MOXKHO, NOJB3YACH JUHHEH HArpy3Kd, OUpeLeSuTh,
Kax Oyner u3MeHATbca M HanpsienHe Usk Ha Kosuiektope (Tou-
Hee — MEXAY KOJ/MeKTOpoM u 6a3oii). lasa 3Toro JocTaTtouHo ony-
CTHTb HA TOPH3OHTANBLHYIO OCb BCIIOMOTaTe/bHbiE JHHUH OT TOYEK
niepecevyenys JHHUN HATPY3KH C COOTBETCTBYIOIIHMH CTaTHUECKHMH
xapakrepuctikamu. Onpefenus rpandus usMeHenus Usk, MOXKHO
OYeHb IIPOCTO NMOCTPOHTHL rpaduK, NOKA3LIBAIOUINE, KaK MeHaeTcs
3TO HANpsKeHue C TeueHueM BpeMeHH (mucrox I).

Mbi Bce BpeMsi cumTaem, YTO NPOAYKUMS YCHJAHTENA — 3TO
nepeMeHHas COCTaB/IAILAA Hanpsxenua Ha Harpyszke Uz~. Ho
MOXHO JIErKO JIOKa3aTh, YTO NepeMEeHHOoe HanpsKelne Ha Harpys-
K€ MeHseTCsA B TeX Xe npejesax, YTO H HanpsxeHHe Ha CaMOM
KosjekTope. [lefcTBUTeIbHO, HArpy3ka H KOJJIeKTOPHAS Lelb
CaMoro Tpan3nucTopa o6pasyioT AeSuTeNb, K KOTOPOMY MPHIOKEHO
Hanpsixkene Ex KoaneKTopuoi Gataped. B mnnamuueckoMm pexu-
Me cONpOTUBJIeHHe KOJI/IEKTOPHON Liend MeHseTcs, a CONPOTHBJIe-
HHE HArpy3KH, eCTECTBEHHO, OCTaeTcsl Hen3MeHHbM. [ToaToMy noj-
BOAMMOE Hanpaxenue Ex HenpepriBHO mepepacnpepenserca Mex-
Ry 3THMY JABYMHA Y4aCTKaMM AeJHTeNs, NPUUEM CYMMa Hanpsaxe-
uui Uy Usy Bcerga octaercst HeM3MeHHOM u paBHo#i Ex. 3710 3Ha-
YHT, YTO €CAH HanpsKeHHe HA HarPy3xe yBEeSHUMTCH, Hanpumep,
Ha 2 6, TO Ha Te Xe 2 8 yMEHbUIUTCA HANPAKEHHe HA KOJJNEKTOPE,
¥ Hao60poT: Ha cKoMbKO yBeanuutea Usye, Ha CTONBLKO Ke yMeHb-
wutes U Un. VIHBIMM Ccl0BaMmK, B IMHaMHUECKOM pPeXKuMe Ha-
NpsiKeHHe Ha HATPys3Ke MEHAETCH Ha Ty ¥Ke BeNUUHHY, uTO U Ha-
npsi2KeHne Ha KOJJIEKTOPE, H MOXHO C PaBHBIM YCIEXOM Ha3blBaTh
BHIXOAHbIM CHTHAJOM TPAH3UCTOPHOTO YCHJMTENN ¥ MEPEeMEeHHYIO
cocrapaawiuyio Ug~, u nepemennyio cocrasasomyo Usg..
A no3TOMY 10 NOCTPOSHHOMY HaM¥ rpaduky nameneaus Us. MOX-
HO B MOJIHOA Mepe CYJHTb O BBIXOJHOM HanpsXeHUH YCHJIMTeN.
Jns yaoGeTBa nocTPOeHUs 3TOT TpadUK «HOMOXKEH HABOK» U ero
ocb Usx coBnagaer c Takof e OCbl0 BHIXOAHOH XapaKTe-
PHCTHKH.

Bor Mbl NOATOTOBH/NCL K TOMY, uroGhl C NMOMOIILIO BXOAHOM
H BLIXOJAHOM XapaKTePUCTHK IMONHITaTbCA OUEHMTHL BJAHAHHE Tex
WIH WHBIX (AKTOPOB HA PeXHM TPaH3HCTOPHOrO ycuiuTens. Bl
BOJibl, KOTOPBIE cefivac OYAYT caeqaHbl, Mbl HPOHYMEPYeM, C TeM
yToGb B JajibHelllleM. INpH PacCMOTPEHMH MPAKTHUECKHX CXeM,
npoille 6bIIO HAa HAX CChLIATBCA. B COOTBETCTBHH C «OPALKOBLIM
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HOMEPOM» TOrO M/ MWHOTO BHIBOXA NPOHYMEPOBAH H NMOSCHAOLHI
JIHCTOK Ha puc. 64.

Buonsojg nmepsuii. Ha pa6ory ycuautens B cujbHelines cre-
TIeHH BJAHAET NOCTOSHHOE OTPHNATeNbHOE cMelenne Uey, npolie ro-
BOPS —«MHHYCc» Ha Gase, TIpu canuIUIKOM MaJNOM CMelLLeHHH BXOX-
noe Hanpsaxenme Uys mnonanaer B 06sacTb 3aru6oB BXOA-
HOll XapaKTepucTHKH, a8 T0 U B 061aCTb MONOXKHUTEJNBHOrO Hanpa-
KeHus Ha Gaze. A ecsim Ha Gase MOABIAETCH «MJIOCY, TPAH3HCTOP
NpPOCTO 3anupaeTcs, TO ecTb paloTaeT ¢ OTCEYKOM.

CauimikoM 6GoJibLIOE CMeleHMe MOXKEeT NpPHBeCTH K APYyroi
KpafiHOCTH — K 4Pe3MepPHOMY SMHUTTEDHOMY TOKY M, 3HAuMT, K De-
perpeBy TpaH3HCTOpa M BHIXOIy ero us crpos. He nymalite Tosp-
KO, UTO 3TOT NeperpeB M3 TeX, KOTOpble MOXKHO OCHAPYXHTb Ha
omynb, a €cAM Hajo, TO W neperepneTb. [laxe HeHajodro npe-
BHCHB JIONYCTHMBI 3MHUTTEPHBIA (MM KOM/IEKTOPHbIH) TOK, BHI
BLIBEJleTe TPAH3UCTOP M3 CTPOA HACTONBKO GHICTPO M aKKypaTHO,
4TO Ja)Ke 3aMeTHThb 3TOro He Yycileere.

[Mo xapaxkTepHcTHKe MOXKHO OnpeneslTb peX<HM, NpH KOTOPOM
Ha Gase peficTByeT ONHO TO/MbKO cMelieHne. Cama TOuKa Ha Xa-
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paKrepucTHKe, COOTBETCTBYWOILAS 310MYy pexHMy, TNOJIyuuja Ha-
3BaHne pa6ouelt Touku. Tak, HanpuMmep, Ha XxapaKTepHUCTHKE
puc. 54 wmoxkHO BhiGpaTh pPabouyld TOYKy, COOTBETCTBYIOLLYIO
Uen=200 M8, 1 Npy 3TOM 3MUTTEPHBLIN TOK 10K0os /5, OyJeT pa-
Ben 6 mMa. A MOXKHO cMecTHTh Dabouylo TOUKY BHPaBo, BHOpan
cmeutenmne Ugy= 250 m8, n noayunutb npu 317oM Is — =10 sa. Ecan
BHl IONyCcKaeTe HIYTKH B CEPbE3HOM Jie/ie, TO MOXKEeTe CUNTaTh, UTO
caMO HaspaHue «paGouas TOUKa», OUEBULHO, NPOUCXOAUT OT TOTO,

OB CUTHAR
€ BDIXOAM
3a RO3BONEWNIE

AEADY, ETO MOX-
MEHDWU TP

Puc 64 BXOLubIe U BHIXOAHEIE XaPAKTEPUCTHKY [103BOJSIOT CAENATh Psi NoJes-
HBIX NPaKTHYECKMX BHIBOAOB 0 paGoTe TPAH3HCTOPHOrO YCHAMTENS.



YTO Ha BXOAHOH XapaKTePUCTHKE B TOM ee MecTe, KOTopoe
COOTBETCTBYET BHIOp aHHOMY cMmellenuio Ugy, AelicTBUTEILHO CTa-
BAT [JOBOJIBHO XKHPHYIO TOUKY.

Ha sxoaHoit xapakTepuCTHKe MOXHO BBLIJE/AWTHL ABe KpaliHue
TOUKH, COOTBETCTBYIOLHE HAKGOAbILEMY JOIYCTHMOMY TOKY /5 xon
1 HanpsiKeHWlo, P KOTOPOM 3aKanuuBaeTcs 3arub (y Hac 3To
150 m8). Y4acTOK XxapakTePUCTHKH, KOTOPHI JIEXKHT MEXKAY STHMH
KpallHUMH TOUKaMH, Ha3bIBAeTCA MPpSAMOAHHEHHbIM yuacTkoMm. in
TOro 4yTOOB! TOJHOCTBIO HCIOAB30BATH 3TOT YUacTOK, HYXHO MO-
go6path cMenieHue («pa6ouylo TOUKY»), COOTBeTCTBYIOLJEe €ro
cepejnHe

BuBox BTopoil. Ysenuuenne cmeleHus B/aedeT 3a coGOi
NOBBIIEHHE TOKOB MOKOA [s _gM [x_n, 2 3HAUNT, yBeJHUEHHE MOLIL-
HOCTH, NOTpebineMoii OT HCTOYHUKOB NMUTaHKA. [109TOMY He CTOMT
yBeqMUKWBATh cMenueHue Ge3 HanoOHOCTH, U HaobOPOT, ecau 3TO
BO3MOXKHO, CMellleHHe C/IelyeT YMeHblIaTh, OBbILIAs TaKuM o6pa-
30M 5KOHOMHYHOCTb YCHJ/HMTE/S.

BuBon tperuir. Hanpsxenne cmemenus Uey ciaenyer
yCcTaHaBJAUBATh C yYeTOM TOTO, KAKOH BXOAHON curna/n Gyner mnoi-
BOAMTHCA K ycuauTento. Ecny nanpd)KeHue CHUTHajMa HEBEJAHKO,
TO HE33YeM MOJb30BATHCSI BCEM NPSAMOJNHHEHbIM yyacTKOM BXOJ-
HOHW XapakTepHCTHKU W A00HUBaTbCH, yTOGBH TOK MOKOS Monajad
Ha cepejiHHY 3TOro ydacTka. B cjyvae Ma/oro cursana cMemenue
MOXeT ObiTb HeGojbwnM. T1pu 3ToM u Toku 1OKOA [s_q U [x—n
6ynyT HeGCOMbWIHMHU.

BuBon uetrBeprhiii. BoiGop paGouefi Toukn B cepeinne
MNpSAMOANHEiHOTO yuacTKa M03BoJAET HOABECTH K YCHIUTE/I0 BXOI-
HOU curHaJj, caMelil Gosnbnioil U3 Bcex BO3MOXHbIX. Ecan ke mo-
ueMy-a1u6G0 OKaXKeTcs, YTO BXOJHOH CHIHAJ/ BCe PAaBHO BBIXOJMT 32
npejesb A03BOJNIEHHOTO, TO B 9TOM CJly4yae MOXKHO YMEHBIUHTb €ro
C NOMOIIbLIO OGBIYHOrO TOTeHUHOMeTpa (HanpuMmep, peryasaropa
IPOMKOCTH).

31ech MOTYT BO3HUKHYTh cepbe3Hble onaceHusl. C NOMOLBIO
[OTEHLUHOMETPA AEHCTBHTENBHO MOYKHO MEHATb BXOAHOE Hafps-
JKeHue u IpH A0CTaTOUHO 60abOM Ugyr BHIXOANTHL U3 TP SAMOJH-
HellHoro yyacrka WM BXoauTb B Hero. Ho He omacHO sM 1ojb30-
BAThLCA YCUJIHTE/eM, KOTOPbId paGoraer B HogoGHOM peXume?
Begb HOCTATOUHO cJ/ierka MOBEPHYTb PYUKY pery/asaTopa, uTo6ul
HanpspkeHde Ha 6Gase NPEBHICHIIO JAONYCTHMYIO BEIHUHHY.

CkaxeM TNpSMO, TaKue ONaceHHs He JMIEHbH OCHOBaHMH —
cANWKOM GO/ibIIMM HAIIpsIKEHHEM CHTHajsa JNeiCTBUTE/NbHO MOX-
HO BHIBECTH M3 CTpOA 3MHUTTepHH nepexox. OgHako B ycuaure-
JsiX, cOOPaHHBIX M0 yXe PACCYHTAHHBLIM U NPOBEPEHHBIM cXeMaM,
JIO 3TOTO 1esio o6biHO0 He goxoauT. Hanpsakenne Ha 6ase npuxo-
JUTCSt OFPaHHUHBATh elle 3aA0ar0 A0 TOTO, KaK HacTtynaer ofiac-
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HOCTb «TEN/0BOTO Pa3pyLIeHUA» SMATTePHOrO nepexona. Kak npa-
BUJIO, YBeJiHuUEHHE BXOJHOTO CHFHasla CTAaHOBHUTCSH HEBO3MOKHBIM
13-3a MCKaXKeHHil, BO3HUKAIOMNX B BhIxoaHOl uenn. Ho sto yxke,
KaK rOBOPHTCSH, COBCeM JApyras HCTOpUSA.

BriBon natwii. B konnekropuo#t ueny umelorcs asa Iaas-
HBIX repof, ONpenessIomnX cTelneHb MCKaXKEeHUA CHrHaJa, ycuje-
HHe ¥ pPeXUM TPaH3uCcTopa: 3TO Harpyska W nuTalouas GaTapes.
[MoBblilenue Hanpskennd nuranng Ey, Kak 370 HY CTpPaHHO, CaMO
no cebe HHuero'ne Aaer. MoOXeT 0OKa3aTbCsl TAK, 4TO, NMOBBLICHB
MOCTOSIHHOE HampsxeHHe Ha KOJJ1eKTOpe, Bbl HHYero He BhIMTpae-
Te U MepeMeHHOE BBIXOAHOE HalpsiKeHHe {a 3HAUHUT, U BHIXOJAHAA
MOLIHOCTh) KaxkuM ObijI0, TakuM u ocramercs. Tipoucxoaur 3to
[IOTOMY, YTO CaMO IOBbILIEHHE KOJNJeKTOPHOTO HanpsIKeHus npak-
TUYECKH He BJUNET Ha KOJNJIEKTOPHHI TOK — BbIXOJHble XapakTe-
PHCTHKH HAYT OUEHb NOJAO0Tr0. A NOCKOAbKY MoBbilleHHe Ey He yBe-
auunBaer [y, TO OHO He yBenyuBaeT W HanpsxeHne Uy, KoTOpOE,
KaK H3BEeCTHO, NPONOPUHOHAJIBHO KOMJIEKTOPHOMY TOKY.

3akOHHBEIH BOHPOC: €CVIH KOJJIEKTOPHOe HampfXKeHHe TaKk YK
He BJMSeT Ha KOJJIEKTOPHBI TOK H, C/e0BATe/NbHO, Ha BHIXOLHON
CHTHAJ, TO, MOXeT GBbITh, CTOHT NOHH3UTL 3TO Hampskenue? 3a-
ueM B KapMaHHOM NpueMHHKe GaTapes c HanpshkeHnueM 9 s, ecau
MOXKHO OTpaHHuNuTbCA 1,5 8 WM ellle MeHbWIMM HanpsXKeHHeM?
PazyMeercs, BONPOCH! 3TH BO3HUKAIOT TONBKO NOTOMY, UTO O POJH
NUTAloNero Hanpsikennsa OGblJIO paccKka3aHO gaJjieko He Bce. YBe-
anuenne Ey ecqd camMo ¥ He NOBBILIAET BLIXOAHYIO MOIIHOCTb, TO
JlaeT BO3MOMKHOCTb €€ MHOBBICHTb — /Il 9TOTO HYKHO YBEJHUHTR
BXO/JHOH CHTHa/ WK CONPOTHBJEHHE HATPY3KH WIH cleslaTb U TO
u npyroe onHoBpemenHo Ilpoute roBops, noseiiienne Ey nopHu-
MaeT «MOTOJIOK» BBIXOAHOH MOLIHOCTH.

Boisoa mwectoil. UeM Bbllle nuTalollee HanpsKeHue, TeM
6onbuM MOXKeT OBITb «Pa3Max» YIPaBAAOIero HanpskKeHHs
Uss v TeM, cnenoBaTte ibHo, 60sblle GYAYT MEHSATBCA KOMJEKTOD-
HBill TOK ¥ KOJJIEKTOPHOE HalpsKeHue,

BriBox cexbmoi. Uem Bhille nuraoliiee Hanpskenne Ey,
TeM GOMBLUIYIO HATPY3KY MOXHO BKJIOUUTb B KOJIJIEKTOPHVIO lieNb,
He Omacasich HH TonajaHus B 00jacTb WCKaXKEHHH, HH TOTO, UTO
Usx B kakue-TO MOMEHTBI OKaXKeTCsl CJHIIKOM OGJIH3KHM HYyJIO.
A 370 3maunTt, yem Gosbuie Ey, TeM Gogblliee ycujleHHe MOXKHO
«BBDKATb» M3 ONHOTO TPaH3NCTOPa, yBeanuusad Ry 3aech, npas-
Ja, CYUECTBYeT HOBad OMacHOCTb — NPH Ype3MEPHOM YCH/EHHH
yCHAUTEAb MOXKeT NPEeBPAaTHTLCA B reneparop (cM. crp. 303), u no-
TOMy BCerja CyLecTBYeT HeKOTOPbIH npefes yCHJeHWA, pajbuie
KOTOPOTO MNpPOJABHHYTBLCS IPOCTO He YHAeTCA.

BoiBog BoceMmoil. Uynec ve 6niBaer. Hyxno ormath cebe
OTYeT B TOM, YTO, NHTafAChb MNOXHATb YCH/IGHHE, YBEJIHWUYHTH
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nepeMeHHYIO COCTaBJIAIONLYIO KOJIEKTOPHOrO TOKA, NepeMeHHYIo CO-
CTaBJISIIOLLYI0 KO/JEKTOPHOrO HanpsKeHUs, a 3HAYUT, BHIXOAHYIO
MOMIHOCTb W MOBBILIAS AJ/I51 JOCTHXKEHHUS BCeX 3THX liedell MUTa0-
ee HanpsiKene, Mbl OXHOBPEMEHHO yBeJHyHBaeM MOLIHOCTL 110~
TPe6J/IAEMYIO OT HCTOYHHKA NUTAHWA.

Buson nessto . Eciy, HecMOTps Ha BCe 3TH npejocrepe-
KEHHA, Bbl BCE JKe 3aXOTUTe MOARECTH K TPAH3HCTOPY KAaK MOXKHO
Gosbliee NUTalOLEe HANpPsIXKeHUe, TO He 3a6blBaiiTe, YTO CyLILeCT-
ByeT rpaHuua — JONyCTHMast MOLLHOCTb — U UTO MEePEXOAUTH 3ITY
rpaHully MOMKHO TOJbKO B TOM cayuvae, eciid Bhl XxOTuTe H36a-
BHThCSI OT CBOEro TPAH3UCTOpPa M He MOXKeTe HalTH AJsi 3TOro
60.1ee npoctoil cnoco6. CnenHanucTel PEKOMEHAYIOT BCErfa UMETH
HEKOTOPLIA 3anac U CUMTAIOT, YTO PA3yMHBIN MOTOIOK KOJIJIEKTOP-
Horo Hanps:kenust Ha 10—20% wmeHbile JONYCTHMON BeJHTHHbLI

Brisong necaTs . YBeluudBAad CONDPOTHB/CHHE HArpy3Ku

B MOTOHE 3a 6OJIbIINM ycd/aenneM curdaJga, MOXHO 1onacTb B Apy--

TYI0 3anpeTHyl0 30HY — B 06./1acTb BLIXOJHOH XapakTepUCTHKH,
rje NPOMCXOANT HcKaxKeHHe (opMbl curHana. IT10 O6GBsICHsETCA
npocro: uem GoJiblile cONpoTHBIeHue Ry, Tem Goabmasi yactsh Ly
JIOCTAeTCsl 3TOMY CONPOTHBAEHHMIO H 1€M, CAeJOBATENbHO, MEHb-
niee HampsiXKeHMe OCTAeTCsl HAa CAMOM KOJJIEKTOpe. YBeJHUMBad
Ry, MOXHO 110 TOrO «0yBenuuuTby Uy, 4TO Ha KOAJCKTOpEe B He-
KOTOphle MOMEHThbl BOOOLUEe HMYEro He OCTAHeTCST M U3-3a ITOrO
CH/ILHO HCKa3uTcsd (opma BBIXOJAHOTO CHTHaJA.

BoiBox onuHHaaunarthil. UeM MeHblue CONPOTHRJAEHHE
Harpy3ku Ry TeM kpyue ujer Harpysounas npsimas. Y sto snoa-
He NMOHATHO: ¢ yMeHblleHHeM Ry yMeHblLuaeTcsd TepseMOe Ha HeM
Hanpsxenne Uy H, c/ie10BaTeNbHO, PAacTeT HANpPsKeHHe HAa KO-
aexktope. ITpu OTCYTCTBHH HATPy3KH, TO ecTbh KOTAAa Ry=0, Harpy-
304Hasl npsiMas npeacTab/ser co6oi BePTUKAJbHYIO JHHHIO H TO-
BOPUT O TOM, YTO TOK B KOJJIEKTOPHOH penH MeHsieTcsi, a Hanps-
JKeHHe Ha KOJJIeKTOpe ocTaercsl Hedn3MeHHbM. (A ¢ uero Gbl eMy
MEHATBCS, eCJIM Telepb NuTalomiee HanpsxeHue E, He genutcd
HHM Ha KaKhe 4acTH H 11eJHKOM NOABOAMTCH K Koanekropy?) Ilpu
KOPOTKOM 3aMblkaHuM Harpysku (Ry=0) TpaH3ucrop Jerue uyem
KOTAa Obl TO HM 6blI0 MOXKET TepeiiTH NpefeNbHO LONYCTHMYIO
MOLLHOCTb.

Brpon aBenaguyartu . Jarb peuent nonbopa npasuiib-
HOTO peXXnMa TPAH3UCTOPa Ha BCe C/Aydad IKHU3HH HEBO3MOXHO.
Hanpsaxenue cmemenuss Uecy, Hanpsaxenue nutanua Ey, conpo-
THBJleHHe HArpy3ku Ry, HanpsiKeHHe cHrHata Uep cI0XHbIY
06pa3oMm cBsi3aHbl Mexay coG0ii U Bce BMecTe euie 6oJiee ClIOXK-
HbiM 06pazoM BJAMAIOT Ha YCJAOBHUSI pabGoTHl yCHAUTENf, HA TaKue
€ro noKa3aTe/H, KaK yCH/ICHHe, MOIHOCTL YCHJAEHHOrO CHrHaJja,
HanexHoCTb U Ap. [TosTomy, uameHnsis oguH u3 nokasareaen (Ueur,
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Ucwm, Ex nam Ry), nofymaiiTe, Kak NP1 3TOM HYXKHO H KaK MOXKHO
H3MEHUTb JpyrHe NOKa3aTej¥ M Kak B HUTOre H3MEHUTCA BeCh
peXUM B HeJIOM.

Kaxumu 6pl MHTepecHHIMH M NOJE3HBIMM HH NOKa3ajHCh BCE
3TH BbIBOAbI O paGoTe TPaH3UCTOPHOrO YCH/AUTENA, Mb 06s13aHbl
cienaTh elle OJAWH, [0 CMbICAY HENpPUSITHBIHA, a 1o cueTy TPHHA-
AuaTelil BeIBOA. Bce XxapakTepHCTHKHM Mbl CTPOH/IM H BCE BBHIBOAL!
NO HHM jeJlaju TOJAbKO AJA OJHOH I/aBHOH CXeMbl TPaH3UCTOP-
110r0 yCHJHTENA, a TAKMX TJaBHBIX cxeM cyuiecTByer tpu. YUem
OTJIMYAIOTCSH JBe ApYyrve CxeMbl OT TOH, C KOTOPOH Mbl yXe 3Ha-
KOMBI? Kak BHIIVISIASIT A/ 3THX JIBYX HOBBLIX, HEU3BECTHBIX MOKA
CXeM BXOJHBIE U BLIXOJAHbIE XapakKTepHCTHKRH? [ledcTBUTeNbHbL JH
NS HOUX cAefaHHble HaMH JBeHajAllaTb MNPAKTUUECKHUX BH-
BOJLOB?

OtBer Ha 3Tu BONPOCH cMOXel GbITh faH JHWbL NOCAe TOTO,
KaK Mbl 1€Ta/IbHO NO3HAKOMHMCSH €O BCeMH TPeMsi IJIaBHBIMH CX¢-
MaM¥ TpPaH3UCTOPHLIX ycHaUTesed.

«2+2=3»

IlpenmeroM Hawero pasbHeliiiero pasroBopa OyneT MMEHHO
3TO CTPaHHOe paBeHcTBO. KOHeuHo, ecau Obl MBI 3aHHMAAUCDH
apudMeTHKOH, TO 3jech He 0 yeM Gbio Obl TOBOPUTHL — oWHOKA
caukoM oueBuaHa. Ho B ganHoM cayuae «2+4+2=3» OTHocuTCH
K cXeMmaM 3JIeKTPOHHBIX yCcuadTeNell u sIB/sieTcsl NONLITKOH B mIyr-
JNBOH (opme 0TOGPasUTh TaKOH (aKT: ABa NPOBOAA, 10 KOTOPLIM
cnabplfi cCMrHAl BBOAUTCA B YCH/HUTENb, H IBa NPOBOJAA, N0 KOTO-
PbIM yCIiﬂEHHbIﬁ CHrHaJ/J BBIBOOHUTCA U3 YCHJAWTEJIST, HYXXHO nona-
KJIOUHTh K TPeM BbIBOJAaM TpaH3HcTopa. To ecTh ueTnipe mpo-
BOJZ2 HYXHO MNOJAK/IIOUUTB K TpeMm, «242=3».

Uro6bl OCYILECTBUTh TaKoe MOAKAIOYEHHE, eCTb TOJAbKO OJHH
nyTe. HyXHO K 0OZHOMY H3 BHIBOJOB TpaH3uCTOpa — K 6a3e, IMHUT-
TEPY HJAH KOJJIEKTOPY — NMOAKJAIOUHTL cpas3y ABa NPOBOAA: OAHH
BXOAHOH u OfMH BbiXORHOH. (ITOAKMIOUHUTL K ONHOMY U TOMY Ke
BHIBOAY TPaAH3UCTOPA B2 BXOAHBIX MPOBOAA HJH [Ba BLIXOAHEIX
6eccMbIC/IEHHO — 3TO PaBHOCH/IbHO KOPOTKOMY 3aMBbIK2HHIO LLeNH. )
Ta 3oHa TpaH3UCTOPa, K KOTOPOH HOAKIIOUAIOTCS cpasy ABa Npo-
B0Jla, Ha3nBaeTca OOlIeH — OHA AeHCTBHTENbHO siBasieTcA obmci
AJI BXOJAHOH d BBIXOLHOH Lenu.

B npunyune no6oii 13 TpeX 3M€KTPOAOB (IMUTTEP, KOJJIEKTOP
n 6a3y MHOrJa Ha3bIBAIOT J1eKTPOjaMu TPaH3UCTOpA, a MHOTLA
ero 30HaMH) MoOxKeT ObITb OOIHEM, U MO3TOMYy CyLIeCTBYIOT TPH
OCHOBHBIE CXEMbl TPaH3UCTOPHBLIX YCHJUTeNdeH: cxema ¢ oO6wweii
0Gazoi, cxema ¢ O6IIUM SMUTTEPOM U cXeMa C 061IMM KO/MNJEKTOPOM,
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Puc 65 Jipa BHIBOAA HCTOMHMKA CHrHAna M JBA BLBOAA HATPY3KH HYMXKHO

JIOAKJIIOUUTH K TPeM BHIBOAAM TPAH3UCTOPA, H OTCIONA MOABJAAIOTCH TPH OCHOB-

Hple CXeMbl BKJIOYEHHS TPaH3HCTOPHOFO ycHauTens. ¢ obuieis Gasoi (OB),
¢ oGuwum smutrepom (O3) u ¢ obwum koanekropom (OK).

[lpexxne uem pa3dMpaTs JOCTOHNCTBA 11 HENOCTATKH KaX-
IOl U3 HUX, PAacCMOTPUM cuTyanHio «242=3» npUMeHUTENTbHO
K o6biyHOMY TpaHcdopmaTtopy (puc. 65, auctku 1, 2, 3, 4).

Ipennonoxum, uTo y Hac ecTb TpaHcHOPMAToOp, KO BXOLY
KoToporo (nepBuuHas OGMOTKa) HOAK/IIOMeH reHepaTop, AAwOmui
nepeMeHHOe HanpsKeHue, a K BEIXOAY (BTOpUYHAs OGMOTKA) TOA-
wJlOYeHa Harpyska Ry HopMmasbpHoe noakaoueHue renepartopa
H Harpyskd K TpaHchopmaTopy («2-+2=4») nokazaBo Ha
aucrke 1.

Tenepp npeanonoXUM, 4TO OJAHH H3 BLIBOLOB NEPBUUHON 00-
MOTKH COEJMHEH B caMOM TpaHcdopMarope ¢ OJAHHM U3 BHIBOLOR
BTOpHUHOIl OOMOTKH, W TakuM o6pa3oM y TpaHcdopmartopa oka-
3bIBAETCA BCEr0 TPH BLIBOJA BMECTO YEThIpex.

Camasn npccTas U ecTeCTBeHHAsi CXeMa NOAKJIIOUEHHs reHepa-
TOpa M Harpy3ku K TakoMmy TPaHCGHOPMATOPy ¢ Tpemsi BHBOAAMH
NoKasaHa Ha JiMcTKe 2. Mul Ha3blBaeM 3Ty CXeMy eCTECTBEHHOI,
[I0TOMYy YTO OHa OYeHb HaNOMHHaeT cxeMmy | — Mexjay o6MoTKa-

MH, 110 CYTH Aejia, HeT HenocpeacTBeHHOH cBssH. Bo BcAxoMm cay-
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yae, BXOAHOE M BBLIXOAHOE HANpsAXKEHHS APYr OT APyra H30./M:
POBaHBL

OpnHaKko 3Ta cXeMma He eJHHCTBEHHO BO3MOXHAA — Ha JUCTKAX
3 4 4 noxasaHbl elie ABE CXEMbI, I03BO/AIONINE PeINUTh IpobaemMy
«2+2=23». ITH cXeMbl yXKe HeJb3s Ha3BaThb HU NPOCTEHIIHMH, HH
ecTecTBedHbIMH. Kampasi M3 HUX — 3TO CBOero poja ¢oxyc, mo-
NETKa BMECTO [IpOCTOrO pellleHHs 3anaud BHIGPATh CJIOXKHOE.
JlelicTBUTENBHO, B 3THX ABYX MOCJAEJHHX CXeMaxX <«CMelal/nch
B Kyuys TOKH U HaNPsKeHHs BXOAHBIX H BEIXOAHMIX nenei. Tak,
B cxeme 3, rie o6muM sSBASETCA BBIBOJ «3» (Mbl 0003HAUYHJIH TPH
BBIBOA TPpaHcdopMaTopa GyKBaMu «3», «O» U «K» JHIb TOTOMY,
uTo cxembl 2, 3, 4 4eM-TO HaNOMMHAOT TPHU OCHOBHBIE CXEMBI
BKJIOYEHHS TPaAH3HCTOPAa), BO BXOAHOM UENH UUPKYAMPYET He
TOJIBKO TOK, CO3JaBaeMbiii CaMMM TIeHepaTOpOM, HO elle M TOK,
NpOTeKAWOmKil yepe3 Harpysky. IJTO TPOHCXOAHT DNOTOMY, YTO
B CXeMe 3 HarpyskKa OKa3biBaeTCs BKJ/IOUEHHOH MOC/eA0BaTe/bHO
C reHepaToOpoM H yYyacTKOM 36, B KOTOPOM HaXOAsITCA TeHepaTop
H TepsBuuHas o6MOTKa TpaHcdopmaTopa.

(910 0COGEHHO XOPOIIO BHAHO Ha cxeme 3', KOTOPas ABJSETCA
«aBoiiHuKOM» cxeMbl 3. Ha cxeme 3’ /JMLIb HECKOJNBKO NO-HHOMY
pacnosoxenbl feTaqu Ha PHCYHKe, caMma JXe cxXema ocrtanach Ge3
namenenuii. DBsaronaps TakoMy «nepeMeIHeHHIO» 3JIeMEeHTOB
CXeMbl MX B3aMMHOE BJMAHHE CTajn0 GoJiee HArJAAHBIM.)

TMpu onpeneseHHOM BK/OYeHHH OGMOTOK B cxeme 3 06a
TOKa — BXOAHOH H BHIXOAHOH — mpoTHBOdA3Hb (BO Bcex HensiX
NpoTexaeT, pasyMeeTcs, NepeMeHHb TOK, a CTPeNkd NOKa3aHhHl
JUIIb AJA OQHOrO H3 HOJMYIEPHOROB; CM. cTP. 77), U 1O3TOMY
MOKHO CKa3aTb, UTO CXeMa OT/IHYaeTcsl HeOO/LITMM BXOJHBIM
TOKOM, Pa3HOCTBIO JBYX BCTPEUHBIX TOKOB. Kpome TOro, Hanpsxe-
HHe, pa3BHBaeMOe Ha BTOPHUHON OOMOTKE, Tenepb AeAUTCH MeX-
Ay Harpyskoit M ydacTkom 36. ITO Xopowo BHAHO Ha cxeme 3,
KOTOpas ABJAETCH «ABOWHHKOM»> cXeMH 3. B cxeme 3(3") narpys-
Ke pocTaercs 6O/blIag 4yacTb BHIXOAHOTO HampsAKEHUsS JHUIbL B TOM
cayuae, ecad ee CONPOTUBJIeHNe 3HAYNTENbHO GoJblle, YeM Y KOH-
Kypenta — yuactka 36 (Bocnomunanme Ne 7).

B cxeme 4 (4’), rie ofmuuM sABAAETCS BBIBOA K, HallpsiiKeHHe,
pasBUBaeMoe FeHepaTOPOM, LeJNHTCS MeKAy nepBuuHOH 0GMOTKOMH
H yyacTKOM 6K, Kyaa BXOAMT BTOpHYHas OGMOTKa, MO3TOMY BHI-
XOJHOE HaNpsKeHHe HUKAK He MOXeT ObTh Gonblie, ueM [aer
reHepaTop.

Mmpl He 6yaeM noapo6GHO pa3GupaTte, YTO MPOHCXOAHUT B ABYX
HOCJIeAHUX CXeMaX, B OrpaHMyuMcsa JuWb 06mHM BuiBogoM. Cu-
Tyauus TaM OKa3blBaeTCsi AOCTAaTOUHO C/OXKHONH W 3allyTaHHOM.
Ho nono6nas nyTanuua, npuBoasinas K HCKyCCTBEHHOMY yBeJH-
YeHWIO HWJIH YMeHbIIEHHIO HEKOTOPHIX TOKOB M/M HallpsKeHwui,
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Puc. 66. CxeMa TpaH3UCTODHOTO YCHIUTeNsk, O KOTOpPOH 1[0 CUX nop IlAa
peus, — 3T0 cxeMa ¢ obweit 6asoid (OB).

B psAje cayuaeB OKaspiBaercsi BecbMa Bbiropnoil. M mbi B 3TOM
cefluac yGeauMca Ha NpuMepe TPex OCHOBHHX CXeM TPaH3HCTOP-
HLIX ycuautenei (puc. 65, auctkn 5, 6, 7).

[TepBas cxeMa, ¢ KoTopoil MEl, COGCTBeHHO roBOpA, HauaH
3HAKOMCTBO C TPaH3UCTOPHBIM YCHJMTEIEM,— 3TO cXeMa C obumieH
6a3oii, cokpamenso OB (puc. 66).

T'naenasi ocobednocts cxembl OB B TOoM, UTo MCTOUHUK YCHJIH-
BaeMOro CUrHa/ja W HCTOMHHUK CMELIEHUS BK/IOueHBl B Ienb, Mo
KOTOpofl TNPOXOAMT 3MUTTEPHHI TOK. («A passe ObBaer
uHaye?» — yausaserecs o Jla, ObiBaeT — oueHb ckopo Oyier
I0Ka3aHo, YTO B JBYX IPYrHX CXeMax uepes HCTOYHHK CHrHana
¥ MCTOYHHK CMEI(EHHA MOXET NPOXoAHTb TOX 6asul [s, KOTOpHIA
BO MHOrO pas MeHbuie sMutTepHoro.) To, 4TO HCTOYHHKM Hanpd-
Kenuil Uegr 1 Ucy, KOTOPBIE BMECTE CO3JAIOT yIIpaBJsiioiiee Ha-
npaxenue Uss, HAXOAATCS B HEMM SMHTTEPHOro TOKa, MPUBOAMT
K HECKOJbKUM OuE€Hb HENPHUSITHHIM MOCAEACTBUAM. )

Bo-nepBLiX, 3MUTTEPHBI TOK (B cxeme OB — 510 TOX BXOAHOH
nenu) AB/SETCA KMOTONKOM» JIs KOJNJIEXTOPHOTO TOXA, a8 3HAUMT,
cxema OB B npUHIMTe He MOKET 1aBaTh yCHeHHe no ToKy. Mmen-
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HO K 3TO#l CXeMe (M, KCTart, TOJALKO K 3ToH cXeMe) OTHOCHUTCH
ye IaBHO CeNaHHbI BbIBOX: KO3G(HLNEHT YCUIEHHMA MO TOKY
o BCerga MeEHbIUE €AHHUILLI.

Bo-Bropeix, B cxeme OB ucrounukam, cozpawomum U, no-
CTaeTCaA He CJIMIUKOM Jierkas pa60Ta——0Hu JOJIKHB! NepemertaThb
10 BXOJHON pen# Bce 3apsiibl, KOTOPHE CO3MAKT A0BOJLHO 60/b-
woli (no BenuuuHe Takol XKe, KakK ¥ [) sMuTrepHnlil Tok. ¥ XoTa
CONPOTUBJIEHHE SMHUTTEpPHOrO pr-liepexola, BK/AIOYEHHOro B Nps-
MOM HaIpaBJieHHH, HEBEJUKO, HO BCe XKe OT UCTOUHUKA CMeleHHs
U, uTo oco0eHHo HeNnpuATHO, OT UCTOUHMKA CHUrHana Tpebyercs
tpaBHHTe/bHO Oosblllasi MOWHOCTb, YTOOL! NPOABHUHYThL IO CBO-
CMY Yy4acTKy JOBO/MIbHO Gosibllioe KOJMYECTBO 3apAmoB, obpasyio-
IHUX 3MUTTEPHBIH TOK.

Y, naxonen, Tperne. Kak Mbl yKe BUIENHN, BXOJHOE CONPOTHB-
JeHue tpansucropa B cxeMe OB (a Mbl 10 cuX Nop 3HAKOMMJNCH
TOJIbKO C 3TOH CXeMoil ¥ BXOJHOE CONPOTHBJIeHYUE ONpeIe/sIn —
puc. 56 — WMeHHO /151 Hee) oKa3hiBaeTca odeHb HeGOJbLINM, BCe-
FO HecKOo/JbKO OMOB MJIM B JIyylIeM Cjiydae HECKOJbKO NECATKOB
omoB. Takoe Masoe BXoJHOE CONPOTHBJIEHHe KaK pa3 ¥ IHoJyuvael-
cq notroMy, uto B cxeMe OB no BxoxHoll uenu uaer cpaBHUTENbHO
Gonbwoit ToK /5. A, K2k nspectHo u3 sakoHa Oma (Bocnomunanue
Ne 3), Gonbmofi TOK Kak pa3 H roBOPUT O MajioM CONDPOTHB-
JIeHUH.

Cxema OB umeer, pasymeercs, 1 HeMaJso HPUATHBIX, NOJI0OKH-
TenbHEX ocobGennocTell. Ho ceifuac peunr He o uux. Cefiuac Ham
HYXHO, He TepAsl TeMINa, NoKa CBEXW B NaMATH BCe HELOCTaTKH
cxembt OB, Haiitu cnoco6 ux ycrpanennsi. Tem 6osee, uto crenarth
3TO AOBOJILHO NpocTo. HyKHO NepeHecTH MCTOUHWKH CHrHaJja
M CMeIIeHMs] B 1eNb 6a3bl U NMONYYHTbH TaKHM 0o06pasoM Cxemy
c ofmuM 3MuTTEPOM, MM cokpamenno O3 (puc. 67).

T'nasuasi ocobennocTs cxeMet O3 B TOM, UTO HCTOYHHUK CHUT-
Ha/na (ajs KpaTKocTH B AaJjbHelinieM Mbi GyjieM rOBOPHTHL TOJBKO
00 HCTOUHHKE CUr'HaJa, noJjarad, 4dTo BMecCTe C HUM BKJOUCH
¥ UCTOYHHUK CMEIEHMsSI) BKJIIOUEH He B 3MHUTTEDHYIO, 2 B 6a30BYyI0
uenp 6naronapﬂ 3TOMY IO BXOﬂHOﬁ Helnd npoTeKaeT yxe He TOK
9MHUTTEpPa, & BO MHOTO pa3 MeHbWIHH TOK 06asml.

[Ipex e yeM oTMeuaTh AOCTOHHCTBA TaKoro BK/IWOYEHHS, MO~
$SICHUM, YTO HHYEro NMPUHUUNHAILHO HOBOTO [Jifi CaMoro TPaH3M-
cTopa oHo He jpaeT. BkawoueHue TpaH3ducropa no cxeme O3 —
npocTo cxeMHHl ¢oKyc. M1 Xora 3To oueHn MHTepecHHH ¢okyc,
NO3BOAIOINI YAYUIIUTL BaKHBIE NOKa3aTeM TPAH3MCTOPHOTO
ycuauTens, ofHaKo e caMoro npuHudna paboTer TpaH3ucTopa
cxema O3 wne MeHser.

HeiicTBuTesibHO, NOCTAaBMMKOM 3apfAoB AJf KOJJIEKTOPHOro
Toka B cxeme O3, Tak ke Kak u B cxeMe OB, cayxur smurrep —

193



Puc. 67. Ocnosroe oTauume cxempt O oT cxemnt OB B TOM, 4TO HCTOYHMK
cursaja nepesejieH U3 LeNH CPABHUTENbHO GOMLILOrO 3MUTTEPHOTO TOKA B uenb
HeBOMLIIOro ToKa 6aswi.

B KOJ/JIGKTOp MOKeT NOMNacTh He GO/blle 3aPsIOB, UeM HX BHILIIO
u3 smutTepa. B cxeme OD 3apsabl NMPOXOASAT MO KOM/IEKTOPHOMH
ueny, Tak xe kaxk n B cxeme Ob noa neiicTBHeM KOJMJIEKTOPHOTO
HalpPSIKEeHHs, 4 CO34af0T MOLHYIO KOMHMIO YCH/IEHHOrO CHrHaJja Ha
COMPOTUBJACHUN HATPy3KH Ry

IIpasaa, B cxeme O Hanpskeune AeJHTCA yKe HE MEXAY
aBymMs notpeGuTensiMu, Kak 5 cxeme OB, a mexay tpemsi. Kpome
caMoii Harpy3KH U KOJIJIEKTOPHOTO pr-nepexofia, uacTb Hanpsike-
uns Eyx oTOupaer ewle U SMUTTEPHBIH pr-nepexol — Belb B CXEMC
O3 xoanekTopHast GaTapest AeHCTBYeT He MEX1y KOJJIEKTOPOM
u 6asoii, a Mexay KoJJaeK1opoM M 3MuTTepoM. OnHAKO HosBJjie-
HHE Y KOMJMeKTOpHOH OaTapen JHUIBEr0 «eAOKa» He JOJXKHO Hac
CMyIlaTh — CONPOTHB/AEHHE 3SMHTTEPHOTO llepexola ouedHb MaJjo
4, KaK 3To 6bLio 6B ¥ B ApyroM nopo6Hom penurene (Bocnomu-
nande Ne 7), Ha MaJOM CONMPOTHBJEHMN OCTaeTcs MaJiasi 4acTh
NPUIOKEHHOTo HanpsKennsi. OMHUM CIOBOM, MOMKHO CMEJIO CYH-
TaTh, YTO KOJJeKTOpHas Garzpes B cxeMe O3, Tak XKe Kak
u B cxeme OB, TpaTHuT CBO” OCHOBHBIE CHJIBI TOJILKO Ha TO, UTOOLI
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JIBATATb 3apsAbl uepe3 KOJJMEKTOpHLIH pr-nepexoi H COMpOTHBIE-
HUe Hal"pySK‘H.

Teneps BepHeMCsl K TI/aBHOH OCOOEHHOCTH
K BK/IIOYEHWI0 HCTOYHHKA CHTHa/la B Helb 0asml.

IMono6ublit «doxyc» Ha NepBbli B3TJISA Kaxercd O4eHb 0A0-
3pHTEILHKIM H Bhi3biBaeT ueablil psix comHennit. He npekparurcs
Jii B CBSI3H C TAKHM NepecesieHHeM BXOMHOrO CHTHaJja ero BAHsiHNe
Ha 3MUTTEPHBIH pr-nepexon? A ecan He npexpaturcd, 1o Gyler
JIM YOPaBASIONIee HANPSIXKEHHe B TAKO} XK e CTeNeHy, Kak 1 B cxeme
OB, ynpaBasiTb 5SMHTTEPHBIM, a 3HAUHUT, H KOJIEKTOPHBIM TOKOM?
He okaxercst /1 SMHTTEpHBIH TOK OpPOIIEHHBIM Ha MNPOH3BOJ?
W, HaxoHen, ecin naxe NepeGpocka WCTOYHMKA CHrHajla B Lelb
6a3bl He HapywuT paGoTel TPAH3UCTOPA, TO UTO AacT TaKas nepe-
6pocxa YCHIHUTENI0, KaK OHa IOBJNACT Ha €ro PexXuM U YJAYUYUIHT
JU ero OCHOBHBIE [apaMeTpPH?

Xoueulp He Xoyellb, a NMPHJAETCS OTBEYaTh HAa 3TH CTpalIHbE
BOTIPOCHL...

Bce, uto mpouncxoaut B M060M pr-nepexole, B TOM UHC/Ie
U B SMUTTEPHOM, MPeXkAe BCErc 3aBHCHT OT NPUIOKEHHOTO K 3TO-
My Nepexoly HanpsKeHHS — UMEeHHO 00 3TOM TIOBOPHT XapakTe-
puctuka auofa (puc. 19). B cxeme O3, TouHo Tax Ke KakK H B CXe-
me OB, ynparasmomee nanpsizenne U,s NOMHOCTBIO NOABOAHTCA
TOJBKO K 3MMTTEpHOMY IepexOfy, TaK Kak H B TOH M B Apyro#
cXeMe OIMH BbLIBOX HCTOUHHKA CHTHa/la NOAK/IIOUEH K 3MHTTEPY,
a BTOpOH BRIBOL — K 0a3e (uepe3 Garapeio cMmewenns bew). Ta-
kUM oGpa3oM, B ofeMX cxemax yupasisuolee Hanpsizkenne Uss
OyIeT B paBHOIt CTeleHy BJAHSITL Ha BeJIMUKHY 3MHUTTEpHOTrO, a 3Ha-
YUT, ¥ KOJJIEKTOPHOTO TOKA. A TO, UTO, NOMHOCTbIO COXPaHHB BJHA-
HUE YNpaB/sIIOLEero HaNPSIXKeHHs] Ha SMHITePHbIH TOK, Mbl yMyl-
PHJINCH He TPONYCKaTh 3TOT TOK NO caMOi yrpap/siomedl ueny,
3TO NPOCTO Hamla 3acayra, MIMeHHO B 3TOM M 3axk/110uaeTcsi BeCb
cMbics «doKycay ¢ nepeGpPOCKOH HCTOUHHKA CHrHa/la B Uelb
0asml.

[naBuoe otanune cxemur O or cxembt OB moxer B Kaxo#i-10
CTENEHH IOSICHHTb HX THApaBJANUECKHe aHa/OI'MH, NPUBEJEHHbIE
Ha puc. 40 n 67. B runpasanueckux cucremax OB n O3 (ruapas-
JMYECKHe CHCTeMbl Ha3BaHbl TAK K€, KaK H CXCMbl TPAH3HCTOPHBIX
yCHAuTEael, TOABKO /51 roro, utoObl HX Mpoule ObIIO CpPaBHH-
BaTb) pOJIb UCTOUHHKA ynpasJsiomero Hanpskennsi Uss urpaior
nBa Heboabliux Hacoca «CurHan» u «CMemieHnes. 3TH HacOChI
CO31AI0T JaB/ICHHe, TOA JeHCTBHEM KOTOPOTO MNOPIUEHbL JABUTAET
3aC/MIOHKY «YNparasiioniee HamlpsiKeHHe» Ha NYTH BOABI U3 Oaka
«dmurTep» B 0ax «basay. [elicTBHe 3TOIl 3aC/HOHKU YIOROOG/ASIET-
Csl HarpsKeHno Ugﬁ, KOTOpOe M YIpaBJ/sieT SMUTTEPHBIM TOKOM,
T0 eCTh TOKOM, WAYWIMM H3 3MHTTepa B 6asy.

cxemnt 03 —
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B ruppasnnueckoit cxeMe OB nacocel «Curnan» u «CwMelie-
HHE» HEe TOJbKO NOJHHUMAIOT U/ OMYCKalOT 3aCAOHKY «¥npasnsio-
liee HanpsixKeHUe», HO elle U nepeMelnaloT BeCb NOTOK XKUAKOCTH
Ha HeOGosbNIOM ydacTKe «Touka O»—«IMHUTTEDS.

B ruppaBauueckoft cxeme O2 macocht «Curnaliy u «CMeine-
Hue» 0cBOOOXKeHB OT 3TOH paloThi — OHH JMIUL JBUTAIOT 3a-
C/IOHKY «¥YnpaBnsiolee HanpsizkeHue», a Bclo paGoTy no nepeMe-
IeHHI0 XKUAKOCTH Ha BCEM €€ MYTH — OT «IDMHTTepay A0 «DMHUT-
Tepa» — BBINO/IHAET TOJABKO Hacoc «KosmekTopHas GaTapes».

Hwmenno B ToM, uto Hacocel «Curtany u «Cmenienues 0oCBO-
6ok eHbl OT paBOTHl NO NepeKauuBaHUIO Beell BOAbI B 6ak «IMHUT-
Tep» W 3aHATH JUIIb CBOUM [JIaBHBIM [€J0M — peryjupoBaHueM
NOTOKa U3 «IMuTTEpa» B «Basy», uMenHo B 3TOM riaBHOe OTNH-
ude ruapasandeckoil cucreMet O or cucrempt OB, Bo mcem ke
OCTaJIbHOM 3TH CHCTEMbI OUEHb MOX0XKH. BO BCSIKOM cayyae, NPHH-
uun paboTel 06eHX rUApaBAUYECKHX CHCTEM OJHHAKOB.

Hacoc «Curnan», satpauuBas meGoabwyio mMomuocts (8 OB
oHa HeMHOro Gosabuie, B O HeMHOro MeHbllle, HO B 06eHX cHCTe-
MaX 3Ta MOUIHOCTb HeBeJHUKa), yNparjiseT MOIUHLIM MOTOKOM
BOAbl «KOA/NEKTOpHBIN TOK». DTOT NMOTOK cosjgaercs Giarogaps
TOMY, 4TO Hacoc «KosanekropHas 6aTapes» NOAHMMaeT BOAY Ha
BbICOKHH ypOBeHb. MowmHbl#, najaomuii ¢ 6OABLUIOA BBHICOTH
¢KONIEKTOPHBEI TOK» Bpamiaer Typ6uny «Harpyskay.

Ecau nacoc «Curnany Gesgeficteyer, TypOHHY BpalaeT MOTOK
HEH3MeHHOH CUJ/IbI — NOTOK MNOKOSA, KOTOPbIH 3aBHUCHUT TOJBKO OT
«cMemennsa». Ho ecnu BBecTH B cncremy craGbiii ruapaBiudecKufl
CHTHaj # ¢ noMoIbio Hacoca «CHUrHa/l» NePHOLHYECKH nepeme-
1{aTh BBEPX-BHU3 3aC0HKY «YnpaBhsiiouee HanpsKeHues, ToO HH-
TEHCHBHOCTh MOILHOIO nOTOKa TOoxe OyneT MeHATbCs. [lpu aToM
GymeT MeHATbCS W CKOPOCTb Bpamenus TypOulipt «Harpyskas,
CO31aBas CBOEro pOJa MOIUHYIO KONMHIO BCEX M3MeHeHHH uHTEH-
cuBHocTH «CurHasgay.

BepHeMcsl, 0iHAKO, K HallUM TPAH3UCTOPHBIM YCHIUTENAM.

O Tom, uTo npuHuMnN ycusenus cigaboro curhada B cxeme O
octaeTcd TakKuM Xe, Kak #u B cxeMe OB, roBopur cxoacTBo HX
BXOIHLIX ¥ BBIXOAHBIX XapaKrepUcTUK. BXxoaHble XapaKrepucTuku
cxempl O2 (puc. 68) nokasbiBaloT, 4TO TOK 3MUTTEpa, TOK Ga3bl
H TOK KOJIIEKTOpa Npu HU3MEHEHHH YNPABASIONEr0 HANpSIXKEHUS
Uss MensloTcs mpuMepHo Tak ke, Kak u B cxeMe OB. Caenyer,
npasja, noguepkuyTb, uro Aas O raaBHOH XapaKTepUCTHKOH
HYXHO U MOKHO CUMTaTbh 3aBUCHMOCTb OT Uss yXe He 3MUTTEp-
HOTO TOKa, a TOKa 6a3nl /.

DTy XapaKTepUCTUKY HYKHO CUMTaThb T[WABHOM MOTOMy, YTO
HUMeHHO TOK 6asbl MPOXOAUT 1O BXOAHOH HenH (Mmo uend HCTOY-

HUKa CHMTHalla) ¥ Onpefesser BCe NPOUCXOASAINHE B Hell COGLITHA,
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DTy XapaKTepUCTHKY MOXKHO CuMTaTb magﬂoi‘r MOTOMY, YTO
TOK 6a3bl — 3TO 4acTh TOKa MuTrepa, KOTOPLIH B UTOre onpene-
nsgeT cobpiTHs BO BeeMm TpaHaucTope. M camoe rnaBHOe TO, 4TO
TOK 6a3bl /g — 3TO HE MPOCTO yaCTh TOKa 3MuTTepa /5 a CTPOro
onpeneseHHas ero 4acTs. Tak, Hanpumep, npwu a=0,99 TOK 6a3n
COCTaB/eT OAWH UpoleHT 10kKa 3murrepa. MubpiMu cioBaMH, TOK
SMUTTEPa NPUMEPHO B CTO pa3 (rouHee, B ABAHOCTO NEBATH pas)
Goasbille Toka 6asbl. Eciy, nanpumep, /g yBeJHUU/ICA Ha 5 mKa, TO
MOKHO CMeJIO CKa3aTh, 4yTO NpH 3TOM [, yBeJquun/cs NpUMepHV
Ha 500 mxa. A Bce 3TO O3HauaeT, 4TO [JaBHas BXOAHas Xapak-
TepucTuka cxeMs O3 — 3aBHCHMOCTb ToKa 6a3bt /¢ OT ynpapasio-
mero Hanpsxenus Uss — OAHOBPEMEHHO pacCKa3biBaeT, Kak npH
namenennu U,s Mensercs TOK 3Mutrepa [, TOK koajekropa [«
u B urore — Hanpsukende na Harpyske Us.

BLIXOAHBIE XapaKTepUCTUKH TPaH3UCTOPa B CxeMe Ob u 02
TaK¥Ke Ou€Hb MOXOXKH, €CJId He CuMTaTh HEKOTOPHIX, KaK NpaBuio,
BTOPOCTEMeHHbIX OTaHunil., OLHO M3 TaKHX omuguﬁ — GoJlee pe3-
KUH NOJIBEM BBHIXOMHBLIX XapaKTePUCTHK, KOTOPBIA rOBOPUT O TOM,

Us‘OO...o T
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Puc. 68. Bxonnas Xapakrepuctuka TpaHsucTopa B cxeme O oTHOCHTCH yKe
He K TOKY SMHTTEepa, a K TOKY 6assl, Tax KaK MMEHHO OH NpOTeKaer BO BXOA-
WOl uenH; BHIXOAHAs XapAKTEPHCTHKA HeckoAbko Kpyde, dem B cxeme OB.



410 [ HECKOJBLKO CH/ILHEE 3aBUCHT OT KOJJICKTOPHOTO Hanpske-
uusA, uem B cxeme OB. [Tostomy-to ¢ ysenuuennem Uy (Tenepi
DEIXOIHbIE XaPaKTePUCTHKH YXKe NMOKa3bIBAalOT 3aBUCUMOCTL [y OT
HanpsOKeHUA MEXAy 3MHUTTEDOM M KOJJAEKTOPOM) KO/INEKTOPHBIH
TOK pacTeT cuibhee, yeM B cxeMe OB o poc ¢ yBenuuenueM Usp.

M Bce ke ofuiee, pe3yabTHPYIOiLee BAHAHUE KOJJIEKTOPHOrO
HanpsAXKEHHsA Ha KOJJIEKTOPHBIA TOK OCTaeTrcsl oueHb HeGOMBLUUM,

a BLIXOJIHBIE XapaKTepHUCTHKM cxembl O3 MAYT AOCTATOUYHO MO-

JI0TO. A T03TOMY ¥ BHLIXOJHOE CONPOTHB/IeHHe TPAH3HCTOPOB B CXe-
me O xora v Menble, ueM B cxeme OB, HO TaKXKe 0CTaeTCs OYEHb
60JIbIIMM, ROCTUras AECATKOB U COTEH Ku/aooM (puc. 68).

Bor apyroe orsnvure BHIXORHEIX XapakTepuctuk cxeM O u OB.
B cxeme O3 kon/iekTOpHBIH TOK npekpamiaeTca nPu HyJeBOM Ha-
NPsIKeHUH Ha KOMJIeKTope, a yToOBl NPekpaTHTb KOMJIEKTOPHBIN
ToKk B cxeMe OB, HyxHO 6BIO NOAATL Ha KOJJIEKTOP OYEHb He-
Gonbiioit «nmoc». M3-3a TOro, 4TO BEIXOJAHBIE XapaKTEPUCTHKH
B cxeme O3 nauuHaloT 3arubaThes ipu 6o/iee BLICOKOM Hanpsxe-
HUH Ha KOJUIeKTOope, 3anpeumennas 3oHa «VckaxeHusi» /s 37O
CXEMbl OKa3blBAaeTCi HECKOJNBKO Gosblue.

W, sakoweu, tperpe oTimuue. TIpn Hy/neBOM ynpaBAAOEM
nanpsxkenun Uss KonnekTopHhil Tok B cxeMe OB — oH nasuBaer-
€l CKBO3HBLIM WJIH HayaJlbHbIM TOKOM KOJJIeKTOpa ¥ 0603Hauaercs
lx—w — 3HauUTENBLHO GOJBLIE, yeM Heynpas/afieMblil TOK [Ixo
B cxeme OB. D10 onaTh-TakM CBA3aHO ¢ TeM, YTO HEKOTOPas 4acTh
KOJIJIEKTOPHOTO HaNpPsKEHHsl NMPUJIOXKEHa K 3MHUTTEDHOMYy nepe-
XORYy ¥ OTHHDaeT ero, Aa)e ecjau BHElIHee YNPaBafomee Hanps-
JKeHHe paBHO HYJIW.

Bcee nepeuncieHHbie OT/IMYHA B NPUHIKTE HE MEHAIOT «B3aH-
MOOTHOWIEHUII> MEXKAY KOJNJIEKTOPHBIM TOKOM [k, HampsiKenuem
na narpyske Uy u Ha xonnekTtope Ugy, SMUTTEPHEIM TOKOM [y,
HanpskenueM curdana Ugyr, cmellenneM Uey H CONPOTHBACHHEM
Harpysku Ru. A 1n05TOMY BBHIBOABI, CHe/aHHBIE HAMH Ha OCHOBa-
HUH aHa/iu3a BXOAHBIX M BHIXOAMBIX xapakTepucTuk cxemun OB
(puc. 64), B OCHOBHOM OCTalOTCA B cuje U A cxeMu O3,

Hrak, Ham «pokyc» ypancs— nepeBos MCTOUHHKA CHIHA/a
B Uenes 0asbl B NPUHIKDE He H3MeHsAeT PaGoThH TpaHsucTopa. Te-
flepb OCTaeTCA N0Ka3aThb, 4YTO WUrpa CTOMT CBeY, 4YTO BK/IOueHHE
TpaH3ucTOpa no cxeme O3 KakKUM-TO 06pa3oM yayuuiaer napa-
MeTPBl YCHJAUTENBHOTO KacKaja.

Ilo cpasnenuio co cxemoit OB y cxemsl O3 ecTh TPY OCHOBHBIX
JLOCTOMHCTBA. Bce OHM CBsi3aHBl ¢ TeM, uTO NO BXOAHOH LieNH cxe-
Mer O3 (To ecTb yepe3 MCTOUHMK YCHJAMBAEMOTO CHTHajla) npo-
1€KaeT TOK 6a3bl, KOTOPHIH BO MHOr0 pa3 MeHblle SMHTTEPHOTO
TOKa BO BXOJAHOH nenu cxemb OB (puc. 69). Baaronaps peskomy
VMEHDbUIEHHIO TOKa BO BXOAHOH 1{€NH, BO-NEPBEIX, YMeHbIIaeTcd
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Puc. 69. KoadpduuneHt ycunenus Toka B cxeme O3— B, no cyTH nena, noka-
3BIBA€T, BO CKOJIbKO pas Mbl pasrpy3usii BXOAHYIO LENb NP nepexofe OT
cxemsl OB k cxeme O3.

norpe6isfieMas B Hell MOLIHOCTb, TO €CTh MOLIHOCTb, KOTOPYIO
IOJKeH OTAaTb YCH/IMTEIO He KTO MHOi, Kak cialblil ycuausae-
Mblit curHana. Bo-BTopeix, 6iarofaps yMeHBIIEHHIO TOKa BO3pa-
CTaeT BXOAHOE CONPOTHB.IEHHE, a 3TO, KaK Mbl BCKOPe YBHIUM,
pe3ko o€/ierdaer cor/jacoBaHMe YCHAWUTEN C HUCTOUHHMKOM CHI-
Hana. M, nakonen, TpeToe: nockoabky ToK 6a3wi, KOTOPHIl Tenephb
IOJKEeH CO31aTh MCTOUHHK CHTHa/a BO MHOTO Da3 MeHblle 3MHT-
TEPHOro, a 3HAa4YMT, U KO/MJIEKTOPHOro Toka, To cxeMa O3 naer
He TOJbKO YCHJEHHe MO HalpshKeHuio, kak cxema ODB, Ho eute
M ycuieHMe no TOKY. A B UTOre ycu/ieHue [0 MOUIHOCTH Y CXEMBb

O2 okxasbiBaercsl 3HauMTenbHO Gosblie, yeM y cxeMbl OB.
Yro6bl KOMUYECTBEHHO OLEHUTh BCE BHIFOAB, KOTOpHle HAeT
cxema O3, BBOAAT elle ONUH napaMeTp TPaH3HCTOpa — KodpPu-
IIHEHT YCUJEHHSA TNO TOKY B cXeMe C OGIIMM 3MUTTEPOM. IDTOT
ko3¢ dunneHT obo3nauaior OykBoit § (rpeueckas «Geras; cyuie-
CTBYET HECKO/IbKO PasHOBMAHOCTEH 3TOro kosdduuuenta: onHu
u3 HUx oGosHauaior OykBoit B, npyrue — GykBoil B). Kospdu-
UMEHT f LO/MKEH 110Ka3a1b, BO CKOJLKO Pa3 Mbl pa3rpy3H/au UCTOY-
HMK CHTHaJa TIpH NEePEBOAE ero n3 SMUTTEPHOH neny B uenb Gash,
TO ecThb KO3 HuHeHT B NOKA3LIBAET, BO CKOJIKO pa3 NpU ONHOM
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H TOM Xe€ YNpaB/fiolleM HanpsaxeHUW ToK 6a3pl MeHblUe, 4eM
TOK 3MHUTTepPa, WM, 4TO NOUTH TO XKe camoe (Tokd [, M [y npu-
MEepHO paBHBl), BO CKOJIbKO pa3s [s MeHbule, uem [, Oupepenus,
Halpumep, 10 BXOAHBIM XapakrepuUcTHKaM, 4To npu Uy =200 ms
Is=600 mrxa (0,6 ma), a I,=6 ma (puc. 54), 1erko NOACUHTATH,
uto B=1I5:1s=100. Ho 310 nmpumepHoe, ynpoulenHoe olnpeieneHue
Ko3pduiunenra B.

TouHoe 3Hauenne KO3 dUUUEHTA yCHIIEHUS N0 TOKY § MOXKHO
NONYYUTb, €CJAM NPH HEU3IMEHHOM KOJIIEKTODHOM HAaNpsKeHuH
Usi M3MeHsTh ynpaBaswoliee Hanpsikende Uss U 0JHOBPEMEHHO
ClefUTb 32 TeM, KaK M3MEHSIOTCH jBa TOKa — TOK BO BXOAHOf
uenu (To ecTb /g) U TOK B BHIXOAHOH uenu (10 ectsh [x). 3aTem,
clipejesuB NPUPOCT Toro u apyroro 10ka Als u Aly,, Haxoaum B
Kak ux orHomenue P=Alx:Als (puc. 72).

HubiMu ciioBamu, Tounée (auHaMuyecKoe) 3HAueHHe B HOKA3bI-
BaeT, BO CKOILKO Pa3 NpH OHOM H TOM ke H3MeHeHHHU yIpaBJsio-
ulero Haupsixenuss Ups M3MeHeHHs BHXOAHOro TokKa Alx 0OKasw-
BaloTcs Gosbllle, yeM U3MeHeHHs BXoaHoro toka Als. Tak, Hanpu-
Mep, onpenenuB 10 BXOAHBIM XapaKrepucTukam (puc. 54), uto
npu uamenenuu Uy o1 200 M8 no 250 ms Tox 6aspl yBeanausca
Ha 400 mxa (0,4 ma), a TOK KOMLIEKTOPA nNpUMepHO Ha 4 Ma, Jierko
HaHTH § Kak OTHOLIeHHe 3TUX NPUPOCTOB: B=4:0,4=100.

YupouieHnoe onpegenende KoadpduuueHTa P, Kak ‘npaBuio,
oueHb OH3KO K «0pHUHANbHON», H3MePeHHON O BCeM NpaBHAaM
ero Bejquuude. Y 3710 BrosHe noHATHO. Bo-nepBrIX, KOAAEKTOPHHI
TOK IIOUTH PaBeH 3MUTTEPHOMY, H C KAKUM Obl U3 3TUX TOKOB MHI
HM cpaBHMBalU TOK 6asn [, pe3yibTaT GyaeT NPUMEpPHO OJHHA-
KOBLIM. BO-BTOPbLIX, BCe TOKM TPaH3HCTOpa «IJIAMIYT MOJ AYLKY»
yOPaB/IsOILEr0 HANPAMXKEHUs — BO CKOJbKO  YBENHYHTCH HJH
ymenbmiutcsd Uy, Bo CTONBKO ke pa3 NpUOAH3UTENIHLHO YBesH-
yaTcs WY yMeHbWIATCs cpasy Bce TPU Toka /s, [, [y TToaTomy-To
CpaBHUBATb NPUPOCTbI 3TUX TOKOB NMOYTHU O XKE CaMoOe, uTO CPaB-
HHMBaTb M CaMH TOKYd HPH OJHOM H TOM e 3HaueHuu Uy, Ha
cpaBHeHHH TOKa 6a3bl C TOKOM KOJIIeKTOPa OCHOBAHO HU3MepeHHe
Ko dUINEHTa yCHIEHNN 110 TOKY P B NPOCTEHIINX MOGUTENAbCKUX
npubopax (puc. 70). CymectByloT npoctble Opu6opsl U ajsi 60-
Jlee TOYHOTO OIpejeneHuss B myTem cpaBHeHusi npupocta Aly
[ Als.

Xota o6bluHO NpH OnpejeieHUH KO3(PGhULHEHTA yCHIeHUs 1O
TOKY Mbl CpPaBHMBaeM TOK 6a3sbl C TOKOM KOJJIEKTOPA, 3TOT K03(d-
Guuuenr, kak yxe GbUIO CKA3aHO, OYeHb XOPOLIO XapakKTepusyer
M3MeHeHNs, KOTOPbIe NPOU30LLIN BO BXOLHOU neny npu mnepexome
oT cxembl OB x cxeme O3. KoHKPeTHO  mOKa3biBaeT, BO CKOMBKO
pa3s yMeHbUIHJICA TOK B UeNH HCTOYHHUKA CHTHaJla (BXOJAHAs nenb
yCHIMTeJNIs1) TOCTe TOrO, KaK IO 3TOH UelH CTajd NPOXOJAHUTh TOK
200

Puc 70 Tlpumepnyio seanundy kosdpouunesta [ MOXKHO ONpeletuTs ¢ MO-
MOLLbIO NPOCTEHLINX CAMOJENbHBX TpUGOPOB

H6a3pl BMECTO TOKa 3MHTTep4d. A Noka3biBasg yMeHbUIeHHe BXOAHOTO
TOKa, KO3 GHUIHUEHT § KONNUeCTBEHHO OlpejesieT U3MeHeHUe Na-
paMeTpPOB YCH/IWTeNlss NpH Tepexone K cxeme O3.

Bor aru wusmenenus (puc. 71).

TTockonbKy B B pas yMmeHbiiaeTcs BXOLHOH TOK, a BbIXOLHOR
(XoneKTOPHbIT) ocTaeTcs Ge3 HU3MeHEHHil, TO MOXHO CKasaTh,
YTO TPAH3HUCTOP YCHJIUBAeT yXke He TONbKO HaMnpsiXKeHue, HO elle
B ToK B B pas. Orciona n Haspanue — KOIPUUHEHT yCu/ieHus
O TOKY.

BxosHOe cONpPOTUBJIEHHe BO3pacTaeT nNpuMepHo B f§ pas (To4-
Hee B B~+1 pa3) onatb-Takm MOTOMY, YTO B B pa3 yMeHbLIaeTCs
BXOAHOH TOK, KOTOPHIH olpefenseT 310 conporusienue. Huuero
He nojenaemb, 3akon Oma— R=U:I; ueM MeHblle TOK, TeM,
3HauuT, Gosibllie CONPOTUBJEHHE.

Ilns ynpaBJieHus TpaH3UCTOPOM OT cHrHaja TpeGyercs B f pas
MeHbLIas MOWHOCThL. OusiTh XKe NOTOMY, 4TO B § pa3 yMeHbllaeTcA
BXOZHOH TOK, olpeiefsiOlUA 3Ty MOUHOCTb. YeM Menbule TOK,
TeM MeHbmle Molfoctb—P=U-I. 201
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Puc. 71. Bxopasoft Tok B cxeMe O sHaunTenbHo (8 § pas) Meublle, yeM B cXe-
Me OB, u 310 NPUBOMMT K MOSBJEHHIO MHOTHX HEHHBIX KaYeCTB CXeMbl ¢ OBGLIHM
SMHTTEPOM.

A ecin B B pa3 yMeHblIaeTcs BXOAHAA MOIIHOCTb NPH HEM3-
MeHHOH BLIXOLHOH MOILIHOCTH, TO, 3HAYUT, KO3PUUHEHT ycHIeH s
0 MOINHOCTH TaK¥XKe Bo3pacraer B f pas.

Kak puante, Ko3(ppHLUHCHT B OKa3blBaeT cHJAbHeHlIee BAHAHHE
Ha MapaMeTpel ycHauTeasd, U He CAy4aHHO npH BeIGOpe TpaH3H-
CTOpa A/ TOH WK MHOH cxeMbl JOOHTeNH mpexjae Bcero obpa-
WIAI0T BHHMaHue Ha ero Kosgduuuent P, crapasics BuiGparh TpaH-
3HCTOP, ¥ KOTOPOro 3TOT KO03(pPUUUEHT moGoblie.

HyxHo cpasy e npeaynpenurs, 4To BHIOUPATL TPAaH3UCTOPHI,
PYKOBOACTBYACh TOJNLKO OOHHM Jo3yHroMm «[aeun Geryl», Toxe
HepepHo. Bo-nepsblx, TpaHaucTop ¢ Gojlee BHICOKHM P, Kak mpa-
BMJIO, CTOAT JOPOXKe, a MHOTHE U3 HMX He BCeraa JIeTKO JOCTaThb.
VM MOxeT cayunTbea TaK, 4To, IPUMERHB TPaH3UCTOD C BHICOKAM B
B CxeMe, TJl€ OH He OueHb HyXEeH HJHM JaKe COBCEM He HYKEH, Bbl
TeM CaMbiM JUIIUTE CBOErO TOBAPUMIA — 3TO Belb HEBaXKHO, 3Ha-
KOMOroO HJ/11 HE3HAKOMOTO — BO3MOKHOCTH IPUMEHUTh TaKol TpaH-
3UCTOD B CXeMe, Tle OH HeoOXOOHM.

Bo-Broprix (ecau BaM eije He NOCTATOYHO «BO-NEPBHIX»'), NpH

BKJIIOUEHHU TPAH3UCTOPOB € BHICOKHM B B cxeMmV, KOTODasi Ha HHX
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He PaCCUYUTaHa, MOXKeT NPOH30HTH He yayulileHye, a yxXyaueHue na-
paMeTpoB 3TOH CXeMBI, BIVIOTh 0 €e NOJHOH HenpUrOAHOCTH, ITD
Bellb TOJIbKO TOBOPHTCHA, YTO MAc/OM Kalul He HCNOpTHlib, A mo-
npoOyfiTe Ha MONTapeiKH Kalll MOJOXUThL NOTAPEJNKH MacJia.
Bpsan snu BaM Takoe GJI0L0 MOKAXeTcsi BKYCHBIM, He roBops yX
0 TOM, YTO OT Hero UjeT npsiMas fopora K Bpauy. Bor rak u npu-
MeHeHHe TpaH3HCTOpa €O CJAMINKOM OOJbLINM {3 MOKeT HHOTAA
NPUBECTH K HEeNpPUATHBIM MOCIeNCTBHAM, NPEBpPaTHB, Hanpumep,
yCHAHTENb B TeHEpa1op.

B 3/7IeKTPOHHBIX cXeMax HYXKHO PUMEHSITh TPAaH3UCTOPH! C Ta-
KMM KO3(pduuveHtoM {3, Ha KOTOPHIH 3TH CXeMbl PAacCUUTaHHL
Pasymeercsi, npuMeHsisi TpaH3UCTOPHl ¢ Gosiee BBHICOKHM [, uacTo
MOXHO co3faBaTh Gojee s¢p¢deKrTrBHbe CXeMbl, ¢ JAYUDIMMH Ia-
pamerpamu. Ho B 10 xe BpeMs He MeHee HHTEPeCHO NPH paspa<
GoTKe WJIH COBEPIIEHCTBOBAHUN CXEM MOJAYYUTh XOPOLIUe pPe3y/ib-
TaTel, NPUMeHds AelieBble N JOCTYIHble TPaH3MCTOPHl ¢ HU3KHM
Kos(ppuureHrom f.

Kcratu roeops, kos¢uunenT P Tak Xe, KAK U KodppuuueHt
@, FOBODHT O TOM, KaKas 4acTh 3MUTTEpPHOIO TOKa HCNOAb3YyeTcd
JiA CO3M1aHUs KOJJMEKTOPHOro TOKA, a Kakas 4acTh YXOIMT yepe3
€a3y. Ho Toabko 0 nokasslBaer, KaKyio uacth ot [, cocraBasger [y,
a KosthpuuneHT B NoKasLBaer, BO CKOJIbKO Pa3 OTBETB/AMIHUCH
B 6a3y TOK [ MeHblle OCHOBHOrO ToKa [« Ilockonbky ko3dou-
LMeHTH! ¢ U B XapakTepuayloT OAMH M TOT Xe Ipouecc pasiese<
Hus [, Ha ABe uactu (IPUMEpPHO TIaK e nepnol KosaeGanuit
M 4acToTa XapPaKTepHU3YIOT OQMH M TOT XK€ npouecc), To 3TH KO-
3 UUMEHTH CBA3AHB! APYT ¢ APYrOM, U, 3HAsl ONUH U3 HHUX, MOXK-
HO JIerko nojcyurars Apyro# (puc. 72).

Cxema ¢ OOIIMM 3IMHUTTEDPOM HMeEeT cepbe3Hbie 10CTOMHCTBA
(ycunenue no Toky, Goabllloe yCHJEHWEe 11O MOHIHOCTH WU CPaBHH-
TEABHO BHICOKOE BXOJHOe CONPOTHB/IEHWE) H CEpPbe3Hble Helo-
cTatki. OnHako HU4ero naoxoro o cxeme O Mul cefluac roBOpPUTH
He OydeM. M coBceM He motomy, 4To co0HpaeMcs 3aMaJ/uuBaThL €€
HeoCTaTKH — 0 HUX elne O6yneT ocobuiit pasrosop. Mur He OyneM
FOBOPUTh 0O HedocratKax cxeMun O, moToMy uTo B GOJBIIMHCTBE
cayyaee ¢ HUMHU yAaetcs BecTH 5B deKkTuBHY0 60pb0y, U He CTOUT
yMaJdaTh [103TOMY BaKHble  JOCTOMHCTBA  cxeMmH. OcBo-
60}K,U.6HH851 OT HeJOoC{TaTKOB W He YyTpaTtusiiad HTOCTOUHCTB
cxema O3 siBasercs OCHOBHOH CXeMOH TPaH3UCTOPHBIX YCHJH-
Tenen.

M Bee ke cxema ¢ 0oOLIMM 3MHTTEPOM — TOJBKO OCHOBHafd
npaKTHYeCKas cXeMa, HO HMKAaK He eAuHCTBeHHas. B page cay-
yaes OHa ycCTynaeT MeCTo yXKe XOpOIIO 3HAKOMOH HaM cxeMme
¢ obmedt 6a30i uan cxeme ¢ oOmuM KoanektopoMm (cxema OK;
puc. 73), ¢ KoTopo#i HaMm ceifyac IpPeICTOMT MO3HAKOMHTbCS.
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Puc 72 Oda ko3ap@uUHENTE — a U § — N0 PAa3HOMY XapaKTEPU3YIOT OAHO H TO
e OTBETBJIEHHE YACTH 3MHUTTEPHOro TOKa B §asy

Kcratn, 3Ty cxeMy HHOraa HashBaKT «3MHTTEPHHIH MNOBTOPH-
TeJab>»

[TpuBpikHYB K TOMy, uTo B cxemax OB u O3 ycuaupaercs Ha-
npsiXKeHHe, C/AEA0Bas0 OB Npexiae BCero HasBaTh YCHJAHTEND,
paborarowmit mo cxeme OK, He ycunurenem, a ocnadurenem. Jeil-
CTBHTeABLHO, B cxeMe OK ynpaeasioiee HanpskeHHe NOJBOANTCH
K cBocoGpasHOMY JleNUTeNIO, B KOTOPBI BXOIHT CONpPOTHBJIEHHE
narpyaku Ry H 3MUTTePHHIH pr-mepexox TpaHsucTopa. [as Toro
uyTOOH BO3HUKHOBEHHe 3TOTO [e/HTel]s CTano GoJiee HArASIHBIM,
Ha ONHOM M3 JIMCTOB PHC. 73 6a3a TPAH3UCTOPA HECKOJBLKO BHITA-
HyTa M H3OrHYTa. JT0, pasymeercd, JUIbL rpaduuyeckuii TPIK,
KOTOPLIi HHKAaKOrO OTHOWIEHHS K YCTPOMCTBY TpaH3HWCTOpa He
umeeT. ITOT TPIOK HYKeH IJIs TOTO, YTOOH Ha caMoM PHCYHKE Mo-
CTABUTL B OJMH DA 3MHUTTEDHHEI pn-nepexon M Harpysky Ra,
a 3aTeM HaNIALHO MOKAa3aTh UX MOAKJIOHEHHe K MCTOUHHKY CHT-
Haja B BUJe fejuTena HanpsikeHus. Hanpsxkenne pxonsoro cur-
Hana Upy, NOABeNeHHO® K NEHTENO, JEJHTCA MeXLy ero yuacr-
KaMi — MEXJY 3SMHUTTEDHBIM pn-nepexogoM UM HATPY3KoH Ru.
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Puc. 73 Taasnas ocoBeHHOCTb cxemb ¢ o6uuM kostekTropoM (OK) — Bricokoe
BXO/JHOE CONPOTHBJICHHE.

[ToatoMy Ha 10MI0 HArpy3KH NPUXOAUTCA MepeMeHHOe HanpsaKe-
uue Upyx, KOTOPOE HUKAK He GoJblue, ueM Usgy, @ HANPOTUB, naxe
Medblle ero. liMeHHO TaK—4acTb HanpsKeHHa CHUTHaJa
OCTaercss Ha 3MHUTTEPHOM pn-nepexojle, BHXOAHOE HallpsKeHH:
Bcerga MeHblle, 4eM BXOJHOe HampsxKeHue, To ecTh cxeMa OK
ocnabasier HanpsixkeHne, C 3THM Kak pas H CBA3aHO Ha3BaHue
«IMHTTEPHBII MOBTOpPHTENb»— CXeMa He YyCHJWBaer Hanps-
AEeHMe CHTHAJa, a JHllb NOBTOPSeT ero, OCTaBAfAfA HeH3MeH-
HuM (npakTHueckd Ugyx JHIIb He3HAYHTENLHO MeHblie, yeM Upg).

Tak xe Kak 370 Gbl10 U pH 3HaKoMcTBe co cxemoil OJ, cpasy
e Bo3HMKaeT Kyua Bonpocoe. [1as yero HyeH Takoil cxeMHHH
dokyc? 3ayeM nogaBaTh BXOJHOH CHIHa/n He Ha €ro 3aKOHHOE
MecTo, He Ha 3MUTTepHHIl nepexod, a Ty/da, IAe BXOJIHOMY CHT-
Hajay BooOWIe Heyero penarb,— Ha nepexon 06a3a-KoJJIEKTOp
(BcMoTpUTECH B CXeMYy: MMeHHo MeXny 06a3oif M KOJJIEKTOPOM
BKJIOUEH HCTOYHHK cHrHana). Kak ke B Takoil cxeme BXOIHOH
CHTHAJ MOXET YNPaBJATb KOJJEKTOPHBIM TOKOM, eCJid 3TOT CHTHaJ
JMIIEH CBOEro KOMaHJHOTO [OCTa — SMHTTEPHOro pn-nepexona?
Jns yero HYXHO NPEBpamiaTh CXeMBl, KOTOPhle yCHJAMBAOT Ha-
npsiXkeHde, B CXeMY, Koropas ero ocnabaser? Eciam rak yx
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XOueTcs ocaabMTh CHrHaJ, 3aueM AJs 3TOTO TPaH3UCTOP — JNOCTas
TOYHO [EJNUTeNsd, COCTaBJAeHHOrO U3 ABYX Pe3HCTOPOB!

OTBeTHB Ha 3TH BONPOCH, MOXKHO NPHHATH K BRIBOLY, UTO cXema
OK paGorocnocobHa, uTo oHa o6nafaeT HEKOTOPBIMH AOCTOHHCT-
BaMH M B Psje cJyvyaen [POCTO He3aMeHHMa.

Braumareasno no3nakomuptunck co cxemoil OK, y6eaumes, uTo
«C XOAY» Mbl IPUNMCany eil AUIIHHA HeJOCTaTOK — cXeMa AeHcr-
BUTEJbHO HE YCWINBaeT HanpsKeHHd, HO M IOYTH He ocnaabuaser
ero. Bece neso B ToM, U4TO CONPOTHB/EHUST YUacTKOB Jesuresid, Ha
KOTODhIl paGoTaerT HCTOYHUK CHrHAaAa, CHJABHO pa3juyarmTcs MO
eeanunHe. ConpoTuB/jeHHe SMUTTEPHOTO pPA-EPexoga Majo, BO
MHOrO pa3 MeHbile, ueM CONPOTHUBJACHHE Harpysku Ry Ilostomy
Harpysxe JOCTaercs NOUTH Bce HanpsxeHue curdana Ueyr, a 3Ha-
YUT — BXOAHOE M BBIXOJAHOE HanpsiXkeHHs YCH/AMTEas NPHMEPHO
paBHBI.

A uro xe Aenaer ocrapmiascs YacTh CUrHAa/ja, YTO JeJaeT Ha-
npsxenne U,s? Ono, Kak M Besikoe HanpsikeHue, NPUJOKEHHOe
K 3MHUTTEPHOMY MepeXoldy, ynpap/ser 3MUTTEPHBIM, a 3HAYHT,
H KOJJIEKTOPDHBIM TOKOM. Takum o6pa3oM, BXONHOH cUrHan Bhi-
NoJIHAeT CBOM ynpaBasiolide (YHKUHH, XOTHA, KOHEUHO, Harpas-
JifeT Ha 3TO Jea0 JHilb HeGOJbHIYI0O YacTh CBOEro Hampsa-
JKEHHUs.

To, uto ycunurenn, paboraoumuil no cxeme OK, He ycuaupaer
HanpsixeHHe, eme He JaeT OCHOBAHMI Ha3wiBaTh ero ocjabure-
neM. Mut yxe gaBHo goroopunuck (crp. 92), uro 06 ycH/AEHHU
MOKHO CYIHTh, TOJNBKO CPAaBHUB BXOAHYIO H BBIXOAHYIO MOLHOCTb.
A Takoe cpaBHeHHe KaK pa3 TOBOPHUT O TOM, uro cxema OK umeer
BCe NMpaBa HaspBaThcs yCHAMTesNbHON. ITouTu He ymeHmmas Ha-
npaxenus, cxeMa OK npumepHo B B pa3 ycusauBaer Tok, a 3Ha-
YHT, IPUMEPHO B 3 pa3 ycHuaMBaeT MOwHOCTh. I[Ipaena, Ham eme
ocraercsi JoKasaTh, uTo B cxeme OK Tok meffcTBHTENbHO YCHJIH-
Baercsd B P pa3. Ho 310 yxKe He c/a0XKHO.

Herounuk curnana B exeme OK, Tak e, KCTAaTH, KaK H B cXeMe
03, BkJIOUEH B L€Mb, 10 KOTOPOH NPOXOAHT TOK 6asu ls. A 1o
Harpyske, Kak Bcerja, NPOXOAUT TOK KOJJAeKTopa [y, KOTOphIi
B B pa3 Gosbuie, ueM 5. Tox 6asbl B cxeme OK npoxopur no go-
BOJILHO JJIMHHOMY NYTH (4yepe3 HMCTOYHMK CHIHa/ja, Harpys3Ky
W SMUTTePHHI NepexoA), HO CYTH fAeja 3TO He MeHSeT — TOK
B BLIXOAHON Henu 6GoJjbiuIie, yeM TOK BO BXONHOM [EnH, a 3HAu4MT,
NMPOUCXONHUT YCHJEHHe MO TOKY.

MoxHO cKasaTh, 4yTO «B o0uleM maaHe» cxeMa OK, xortopas
YCHIMBAeT TOK, HO He YCH/JMBaeT HalpsAXeHHe, HHUEM He XyXKe
cxemn OB, KoTopas ycuauBaerT HanpsxeHHe, HO He yCHAMBAeT
Tok. OpHaKo 3Ta pa3sHUIlda — TOK BMECTO HanpsKeHHs — NPHBO-
AMT K Pe3KOMY Pas/iMuyMi0 BXOAHOrO M BHIXOAHOIO CONPOTHBJEHUT
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Puc. 74. Kaxnaas u3 Tpex CxeM BKJIOUEHHS TPAH3UCTOPA UMEET CBOH JHOCTOUHCT-
Ba, HO B GOJBUIMHCTBE C/y4aes OTAAIOT npejpnoyTenne cxeme O3 3a coueranue
MHOTHX LEHHHIX KauecTs.

cxeM OB u OK. Cxema Ob o6najiaer oueHb HHU3KHM BXOIHBLIM
1 OueHh BHICOKMM BHIXOLHBIM compoTuBjeHueM (puc. 56, 58),
a cxema OK — oueHb BBICOKHM BXOAHBIM CONPOTHB/AEHHEM U CpaB-
HHTEJbHO HHM3KUM BBIXOIHBLIM.

To, uro cxema OK uMeeT BHICOKOE BXOJHOE CONMPOTHBJIEHHE
B YNPOINEHHOM BHe, 00bACHAETCH Tak: TOK 6ashl, KaK OOHUHO,
MaJ, BXOJHOE HanpsKeHue CTaJo AOBCJIBLHO 60bUIMM, a 3TO
3HAUMUT, UTO BXoaHoe conpoTusieHne cxemu OK Besnnxo. Tlpak-
THYECKH OHO COCTABJ/ISIET COTHH KMJOOM.

3HaunTeabHO MEeHbHIE OKa3biBaeics BHXOAHOE CONPOTHBJEHUE,
[OKa3hBaOIee, Kak MeHseTCs B HATPy3Ke CKBO3HOH TOk MOpH
H3MCHCHHUH HANpPSKEeHUS MEXKIY SMMITEPOM M KoJaekTopoM. [lu-
HaMHYECKOe BBIXOLHOE CONPOTHBJACHHE OOLIYHO COCTaBaseT He-
CKOJIBKO COTE€H WJAW [AECATKOB OAM.

Ha stom, noxkany#, MOXKHO 33KOHUMTb Pacckas O TOM, Kak
B TPAH3HCTOPHHIX YCHAMTENs X pelnaercs npodaema «2+2=3»
M KaK TPH pasHbiX ee pelleHMs Nal0T PasHble, CO CBOMMHU JIOCTOUH-
CTBaMM M HepocTaTkamu, pedyabTartkt (puc. 74). CpasHeHle Tpex
OCHOBHBHIX cXeM TpansucTopHbix yeuanteaeit OB, O n OK roeo-
PUT O TOM,-4TO, XOTSl «[I0 CYMMe MHOro6opbsi» Ha NepBOe MecTo
BBIXOZUT CX€Ma ¢ OOLMM 3MUTTEPOM, ABE OCTaNbHBIE HMEIOT CBOH

coOCTBEHHBIE, HUKEM H3 KOHKYPEHTOB He 106U Thie peKOp akl. 967



KAK YHTATbh PAOJUHOCXEMBbI

Ceiiuac TpyaHO OnpenenuTh, KTO NEepBhIH OPUAYMal 3TOT 3a-
TOJ0BOK — «Kak 4HTaTh pajMOcXeMbl»,— HO MOXHO C yBepeHHO-
CTbi0 CKa3aTh, 4TO eMy Yy¥Xe He ONUH jnecArok ser. [lox Takum
33aroJIOBKOM BHIIJIO MHOMXKECTBO IJIaKaTOB, craTed M KHHKEK,
H, NO-BUAMMOMY, BCAKHH, KTO B HTOTe BCe XK€ HayuW/acs 4UTaTh
CXeMbl, HayMHaJ HMEHHO C OJHOro M3 TaKuX NOCOOUH.

K coxanenuio, JOBOJBHO 4acTO IMONLITKA HAyYUTh YTCHHIO
pajgHocxeM He MJeT Jajblle paccka3oB o caMoil a3byke — o Tex
YCJIOBHBIX 0003Ha4eHHAX, ¢ OMOMIbID KOTOpPbIX Ha Oymare H30-
OpaxarTes KOHAeHCaTop, pe3nCTop HaH MepekJoyarens. He 3Has
a30yxH, YHTaTh HEJb3sg — 3TO ¢akr. Ho 3HaHue a30yKu, 3HaHHE
yCAOBHBEIX 0003HadyeHull, npeacrasasiercss JULb HAYTOXKHO Majofl
YacTbi) TOTO, YTO HYXKHO AJs YTEHHS paJHOCXeM.

Urobel npouecTb cxeMmy, 4ToGH MO 3amyTaHHOMY dYeprexy
OLiCTPO MpeicTaBUTL cebe ¢JOXKHOE 3JeKTPOHHOE YCTPOHCTBU
¥ BCE MPOUCXOIsAIHE TaM MTPOLECChl, HYXKHO MHOTO€ 3HaTh H YMETh.
W, xoHeuyHo, npexme Bcero Hy:XHO 3HAThb 3aKOHH 3JEKTPHYECKHX
neneld ¥ yMerb IPUMEHATb X NPH pa36ope KOHKPETHHIX CXeM.

ITpe:xkae 4eM Y4HTbCH YHTATh KOHKDETHHIE, MpaKTHYECKHE
CXeMBbl, I10JIE3HO NMO3HAKOMHTbCA ¢ HEKOTOphIMH oOimpMH, aber-
PaKTHEIMH peleHHAMH, ¢ HeKOTOpLIMH MpPHHIUIAMH NOCTPOEHHS
cxem. OIMH H3 TaKMX NPHHUHMNOB — 3TO pasjeseHue penei no-
CTOSIHHOrO H nepeMeHHOro TOKa, KOTOpOoe OCYIecTBJseTCs, HanpH-
Mep, AJd TOTO, YTOOBl 5J€MEHTH 3THX Lened He OKa3HBaJd Bpel-
HOrO BausiHMa ApYyr Ha apyra. Cefiyac Ha npuMepe BXOIHHBIX
U BBIXOAHHX Iened TPaH3UCTOPHOTO YCHJMTEsS MH MOMbITaemcs
BLISICHUTb, YeM BHI3BaHO, 4TO JaeT B KaK OCyHIeCTBJseTcs Takoe
pasnenenne. Ho emte nepex STHM npHIeTcs NONYTHO peUIUTh He-
6onbmyro 3ajavy, CBdA3aHHYO ¢ NUTAHUEM CaMoro Tpanaucmpa.

Ho cux nop B Hamwmx cxeMmax paboTano ABa HCTOYHHKA I1O-
CTOAHHOTO TOKa — KoJ/eKTopHast 6arapes by M Garapes cMelle-
unsd by, OgHaKo B peanbHBIX CXeMax 3TOT «Ay3T» BCTpeyaercs
penxo. Ilpu paspaboTke cxeMm Bcerga cTapawmTcst BhIGpocHTh 6a-
Tapei cMelleHHs M oOOHTHCh OJHOH KoJgseKTopHO#l Garapeeii.
O ToM, 4TO TaK MOXKHO NOCTYNHTh, TOBOPAT NU(PHI: HaNpsiKeHHe
Ha KO./1/1eKTope OOHYHO cocraBaser 4—12 g, a HanpsxeHue cMme-
HIeHMd, Kak NpaBHuao, JexuT B npegenax or 0,1 6 no 0,5 8. 3ua-
YHT, 3afada CBOJUTCS K TOMY, 4YTOOH NPOCTO YMEHBLUIUTb Hanps-
JKeHHe H NOJYYHTh HeoOGXOAMMOe cMemieHHe OT KOJJEKTOPHOMH
6atapen, He ocBOOOX/asa ee NPH TOM OT OCHOBHLIX 00s3aHHO-
crel.

Ha puc. 75 npuBefieHbl TpH YNpoOmieHHbIe CXeMbI, 1OKa3bBalo-
mye, KakuM o0pa3oM KoJJekTOpHas 0atapes NPaKTHYECKH MOXKET
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Puc. 75. OrpunaTenbHoe cMelleHue Ha 6a3y MOXKHMO MOKATb OT KOJVIEKTODHOMH
Gatapen, pasfeauB NpU 3TOM MOCTOSMHYIO U NEPeMEHHYIO COCTaBJ/AMILME BXOA-
HOTO TOKa.

BHIMOJIHATE paboTy 110 COBMECTHTENIbCTBY — KaX OHa MOXeT OJIHO-
BpeMeHHO ¢ MUTaHHeM KOJJEKTOpHOMH ey eme H cO3aBarb CMe-
meHne B cxeme O3 (aucrok @), B cxeme OB (aucrok 6) u B cxe-
me OK (nucrox 8).

B cxeme O mpome Bcero nonyuyuTh CMEMmEHHe OT KOJJIEKTOp-
Hoil GaTapen, ecau ee «MHHYC» yepe3 H00aBOYHBIA pe3UCTOp coe-
JIMHUTD ¢ Gazok. TIpu aToM pesncrop Rg BMecTe ¢ CONPOTHBJIEHHEM
Rs6 sMurTepHOro pn-nepexona obpasyeT LeHTEb, Ha KOTOPOM
pacnpeneasieTcst Bce HanpsiKeHHe KoJsekTopHoli 6arapen Ex. Ha
JOJK0 CaMOTO 3SMHTTEDHOrO MepeXxofa NPHXOAMTCA HEKOTOpast
yacth Ex a uMeHHO — HanpsaxeHne Ucy, HyXHYH BEJIHYUHY KO-
TOPOro MOXHO YCTaHOBHTE nogGopom peauncropa Rs. Yem Goablue
conpoTHBJeHHe Rg, TeM MeHbIlasg 4acTb OOMIEr0 HanpsiaKeHHs
JOcTaeTcss SMuTTepHOMY Iepexony, TeM Metbme Ucy (pHC. 76).

Hrak, mog6opom pesncropa Reg B 1lenH 6a3bl MBI MOXEM ycTa-
HOBHTh HYXHOE N0 BeqHudHe cMemneHne. Ho He HanpacHbl Jn Oy-
Ayt Hamu crapanua? ITonagaer ;iu 3TO cMemieHHe Ha a3y BHYX-
Hoii noasipoctH? OKaxercss Ju Ha 0asze «MHHYC» OTHOCHTENBHO
sMHuTTEpa?

«[lnwoes KoanexkropHoll 6aTapen OKa3wBaeTcs MOAKJIIOUEHHBIM
K 9MHTTEpY, caMoll HMKHeH Touke JesuTess, 00pasoBaHHOro pe-
8HCTOPOM Rg M 5MHTTEpHHIM nepexofgoM. Ha Bcex Gosee BBHICOKHX
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Puc 76. Usmenss conporisienne pe3ucTopa, yepe3 KOTOpHH Ha Ga3y momaercg
«MHHYC», MOMHO YCTAHOBHTb HYIKHOE Haua/bHOe CMelleHHE.

TOYKAX 3TOTO NEJHTENs NEHCTBYeT «MHUHYC» OTHOCHTENLHO STOH
CaMOH HUXKHEH TOUKH. A 310, B CBOIO OuYepenb, 03Ha4aeT, uyTo Ha-
npsiKeHne Ucy NPUIONKEHO «ILIIOCOM» K SMHTTEDY H <MUHYCOM»
K 6ase, TO €cThb HMEHHO TaK, KK JOMKHO OHTh NPHIOXKEHO K SMHUT-
TEPHOMY NePeXOoly OTHUpawIee ero HaualbHoe CMemieHue,
[Tpumeuanue. Tlpu pazGope cxeM yacTo NOMB3YIOTCS BhI-
PaXeHUsIMU «BBEPXY», «BHU3y», «BIPABO». <BJEBO», KOTOPHIE,
pasyMeercs, MOXHO OTHOCHUTh JUUIb K JaHHOMY KOHKPETHOMY
1300paxKeHUI0. DTH BHIPAXKeHUA HyXHbI IS TOro, 4Tobe Kak
MOXHO npome H Kak MOXHO KOpOue€ PaccKasaTb O IONAPHOCTH
TeX WIH WHBIX HaNpPAXKEHWH WM HaANpaBACHUE TeX HJAM HHHIX
T0K0B. OnHaKO HaiijeHHble TAaKUM NpPOCTEMIIMM  CIOCOGOM
OAPHOCTY HAMPAMEHUA M HaAOpaB/JeHUs TOKOB CYMECTBYIOT
B NCHCTBHTeNBHOCTU. Ecjn Bbl, Hampumep, ONpPEJE/NUTE HA CXe-
Me-uepTexe, YT0 B TOUKE a [JACHCTBYET <IJIIOC» OTHOCUTRIBLHO
Pacroi0KeHHOH BIPAaBO OT Hee TOUKM 6 M eClM Be B peafbHOM,
CMOHTHDOBAaHHOH CXeMe HaiIeTe TH TOYKH, TO @ NeHCTBUTE/b-
HO Oy[eT MMEThb «ILTIOC» OTHOCHTEIBHO 6, HO yiKe, KOHeuHo, IpH

J1060M MX B3aUMHOM pacnosoeHuni. A ecau Bu ofnpepeaure,
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yTO B JaHHOH HauepuyeHHOH cxeMe TOK HJET HajeBO OT TOUYKH M
K TOYKe 1; TO U B MOHTaxe TOK OyneT HITH B TOM e HampasJe-
HHU — OT M K 1, HO YK€, KOHEUHO, He3aBHCHMO OT TOro, rae 6yner
«[1paBo», a TIe <«1eBO».

Hrak, cBoeoGpasublit geaurens u3 Rs v Ry no3possier nofath
4acTh KOJJIEKTOPHOTO HanpsiXXeHus Ha 6a3y B KadecTBe Havyasb-
HOrO OTPHIATEILHOrO cMeleHus. AHaNOrHYHO ¢ MOMOLIBIO Je/H-
Teast HANPSXKEHHST MOXKHO IOJYYHTh CMEIeHHe OT KOJUIEKTOPHDH
Garapeu u B cxeme OB (puc. 75, sucrok 6). Toabko 3A¢CH 3J1€-
MEHTOM pejuTensi, Ha kKotopoM obpasyerca Ucw, ABIsIETCA YyXKe
He Ros, a CrenyaJbHO BBeleHHbIH B cxemy pesucrop R;. Mewsis
COOTHOLIEHHE MEXKJY SJIEeMEHTaMM HeauTeas — pesncropamu Ry
u R), MOXKHO MeHSTh H camo cMemehue. Yem Goapue R 1o
cpaBHeHuio ¢ R, Tem 60.iblias yacTh OOMEro HampsiKeHHs Ex
JocTaercs yuyacTky 6asa— SMHTTEp, TEM, CJeoBaTeqbHO, Oo/blie
Ucy. B cxeme OB nosnspHOCTh MOJIY4E€HHOTO CMee€HUs TOXKe CTa-
Her Takol, Kako# OHa U JOJI2KHA OBITh: «IJIIOC» NPUIOKEH K IMHUT-
Tepy, «MHHyc» — K 0Oase.

IMoutu Tax xe, kak U B cxeMe O3, MoxeT OuiTh MOIYYEHO
cmemenne H B cxeme OK (snucTok 8). 31pech, npasaa, KOMJIEKTOD-
Hoe HanpsiKeHue Ey pacnpepensiercs Ha aeqauTes]e, COCTOAIIEM
yKe U3 TPex yyacTKOB: W3 n06aBOYHOrO CONMPOTHB/ACHHSA Rs, €O-
NPOTHBJIEHHA SMHUTTEPHOrO pr-nepexofa Rss H CONPOTHB/EHHS
garpy3kn Rp. Ho 310 He meHser cyumiecrBa gesa: y4aCTKy SMHT-
Tep — Ga3a, Tak XKe kak B cxeMe O, 1ocraercs HeKoTopoe Hamps-
KeHne Ups HYKHOH MONAPHOCTH («IIIOC» HA SMHUTTEpe, «MHHYC»
Ha Ga3ze), KOTOpOe U fABJsACTCsi cMerieHHeM. Benuunny nampsaxe-
#usi Uss MOXKHO ycTaHOBUThb, noabupasi conpotusieHde Rg. Oxa-
Hako B cxeMe OK npu 3TOM BO3HUKAIOT HEKOTOPHIE «I0OOOYHBIC
SIBJIEHHsI»: ONHOBPEMEHHO ¢ H3MeHCHHeM CMeIUeHUs MeHsAercs
U NMOCTOsIHHOE HalpsiXKeHHe Ha Harpy3Ke, a 3HAUUT, U HanpsakeHue
Usk, KOTOpOE 1OCJIE geJieKa N0CTaeTCs «x03suHy» Gartapen bk —
KOoJIeKTOpY. TOUHO Tak e IPH U3MEHEHWU camMoH Harpysku Mme-
HAETCA H J0JS KOJJIEKTOPHOTO HanpsiXXeHHsi, KOTOpasi JocTaercs
COMPOTHBJICHHIO SMHUTTEDHOrO pr-nepexona, TO €CTb MeHsdeTcH
cMeneHne.

Bce TpH cxeMbl, 0 KOTOPHIX TOJIBKO YTO L1ja Peub,— 3TO yNpo-
IIEHHLIE CXEMBI, MPUYEeM B HHX CACJAHO HECKOJbKO YMPOIICHHIL.
Camoe cepbesHoe, MoXaJyl, 3ak/iouaercs B TOM, YTO BBejeHHe
HOBBLIX Lenell CMeIleHHs cienaHo 0e3 yuera napamerpoB HCTOY-
HHKa cHrHajsa. A MOXer Tak MIOJYYHThCA, YTO TOT HCTOUHUK aH00
HapyuuT HopMaJbHylo paboTy uenu cmemienus, jaubo, HaoGopoT,
caMm okaxercs ee xeprsoii. Co6CTBeHHO roBopsi, HaM H paHblue
caeaoBano oOpaTHTh BHMMaHHE Ha TO, KaK YXUBYTcd B oOmel
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BXONHOH HeMH MCTOUYHMK CHrHAJa W HCTOYHMK cmellenns. Hy,
2 CeHvac BbIICHUTb BO3MOXHOCTb U, €C/aM OHaJ00MTCs, BbipaGo-
TaTh YC/AOBUS MX COCYILECTBOBAHHS NPOCTO HEOOGXOIUMO.

Haunem co cxembr O3. BrosiHe BeposiTHO, YTO HCTOUHHK CHI-
Hana oGnafaeT oyeHb HEGOIBIIAM CONPOTHBJICHHEM s NOCTOSH-
Horo ToKa (ecnu, HanpuMep, Hanpsikerne Ucy cHUMaeTCs ¢ KOH-
TYPHOH KaTyuIKH WM TeM GoJsiee ¢ HEKOTOpO# ee yacTH), CHJAbLHO
myngyeT conportuBaenne Rys Ilpu stom ofuiee conpoTuBieHne
HHKHeH YacTH AeUTeNs MOXKET YMEHbIIHThLCS BO MHOTO Pas, ¥ 15
TOTO, YTOObI COXPAHUTL HYKHYK NPONOPUHMIO JeNeHHs HanpsiKe-
HU4 EK,uHeoﬁ)(OILHMO Oynet ymeHbIINTh U Rs. B utore o6muit ToK,
KOTODLIH nolijer uepes pgeautenn RgsRss, BospacteTr u 3To,
€CTECTBEHHO, COKPaTHT CpPOK CayXKOnl KoJaJeKTopHOoH Oa-
Tapem.

Eme xyxke obcrout geno B cxeme OK, Tae HCTOUHHK CHTHAJA
IIYHTHPYeT pe3uctop R UMEWONMH [0BOIbHO Go.blloe conpo-
THBJEeHHe (4ToObli Ucy 6BII0 B HECKOJBKO pa3 MeHblle, 4yeM KoJ-
JIEKTOpHOe HanpsKeHHe, CONPOTHBJAEHHe pe3ucTopa Re NOMIKHO
OBITb B HeCKOMBbKO pa3 GoJbiue, uem Rys). B pesyasrarte takoro
IIYHTHPOBAHHsA OT OOJIBINOTO CONPOTHBJEHHS pesucTopa He
ocTaeTcd M caena (Bocnomunanne Ne 8), a HanpsikeHHe cmeile-
HHUsl pe3KOo BO3pacTaer. -

CoBceM apyroro pona HenpHATHOCTL MOXKET BO3HHKHYTD B CXe-
Me OB. 3necb MCTOUHHK CHTHA/a OKA3bIBA€TCsS BKJIIOYEHHBIM MO-
ClefoBaTeIbHO € pe3ucTopoM R), W OH «HOXKHpaer» 3HAUHTENb-
HYIO 4aCTb BXOAHOH MOLIHOCTH, KOTOpas AO/XKHa Oblia Gbl cTaTh
JIOCTOAIHHEM TOJIbKO CaMOro pr-nepexoja.

Bce 3ti HenpusTHOCTH B npHHEMOE MOTYT GLITb yCTpAHEHH
AOBOJIBHO MNPOCTO — AOCTATOYHO € NOMOWBIO mnpocrelimux RC
(QUABTPOB OTHENUTb HCTOYHHK CHTHAJIAa OT HCTOYHHKA CMELeHHd,
pa3ne/uTh BO BXOAHOH Liemd nepeMeHHbIH M NOCTOAHHBIH TOKH.
Ha puc. 75 (nuctku 2, 0, e) mokasaHo, Kak Takoe paajeseHHe
MOXeT OCyIlecTBAATHCA.

B cxeme OD (nMCTOK &) HCTOUHHK CUrHaJa MORKJIOUAETCS KO
BXOJly TpaH3HCTOpa uepe3 pasje/uTe/nbHu KoHneHcatop Cp. Ero
eMKOCTb BbiOpaHa ¢ TAKHM pacueToM, 4Tobbl ja¥kKe Ha CaMOH HHU3-
KOH H3 yCUJIMBaeMBIX 4aCTOT eMKOCTHOEe CONpOTHB/eHHe KOHieH-
caTopa Oblio HeGONBIIMM (€cAH X¢ MaJjo Ha HM3KMX 4acTOTax,
TO Ha BBLICOKHX OHO ellle MeHbine. BocnomuHanue Ne 13) u uToGHt
Ila HeM He TepsJoch CTO/NbL HYXKHOe HaM HanpsiXKeHHe cHrHasna.
C npyroit cTOpOHB, U1 IOCTOSIHHOTO TOKA KOHIeHcaTop obnanaet
6eckoHeyHO GOJbLIMM CONPOTHBJIEHHEM, H MO3TOMY LenouKa
HCTOUHHK CHrHasa — KkoHfgeHcatop Cp 0O NOCTOAHHOMY TOKY

BXOIHYO Helb NPaKTHYECKH He LIYHTHPYET. Llenn CMeIlleHusT Kak
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6bl cymecTByeT caMa 1o cebe, a penb HepeMeHHOTO HATpPSIKEHUS
(curHasna) Toxke cama no ceGe.

AHasornuno B cxeme OK (nuctok e) pesucrop Rs 0CcBOGOK-
JaeTcsi OT WIYHTHDPYIOWEro BJAHSHHS WCTOYHHKa cuUrHasaa GJaaro-
Haps NOAKJIOUEHHIO ero K TpaH3HcTopy ueped KoHAeHcatop Cp.

B cxeme OB (sucrok ) pasmenutenvhulli koHmencatop Cp
CoelHHsIeT HCTOYHMK CHrHa/ja ¢ IMUTTEPOM MOMHMO pe3ucTopa
R,. EMKOCTb KOHIeHCATOpa BLIGHPAIOT TakK, YUTOGH €ro eMKOCTHOR
CONPOTHBJEHHE (ONATh-TAKH Ha CaMblX HH3KHX 4acTOTax) 6O
OueHb MaJo, BO BCSAKOM cJyuyae BO MHOTO pa3 MeHblle, 4eM
R. MOXHO CUHTaTh, YTO /151 IEPEMEHHOro TOKa 3TON0 Pe3HCTopa
HeT BooOm(e M HMXXHMH KoHell HCTOYUHHKA CHTHasla CoellHHEeH He-
nocpeicTBeHHOo ¢ 6a3oil. B To e Bpems Aas MOCTOSHHOTO TOKA
B cxeMe BCe ocTaeTcs 0e3 U3MEHCHHH, TaK KaK [Jd NOCTOAHHOrO
TOKa npakTHyeckn Ge3dpasnuyHo, ecTh KoHueHcaTop Cp B cxeme
HJH ero HeT COBCeM.

VY6enupmuchk Ha NpUMepe MCTOYHHKOB CMEILEHHMS M cHriaja
B TOM, YTO HHOT/Ia [IPOCTO HEBO3MOXKHO 000HTHCH 0e3 pasje/neHus
genefi NOCTOSAHHOrO U lIepeMEeHHOro TOKa M YTO OHO OCYLECTBAAET
csl IOBOJBLHO NPOCTO, nepefileM K ZPYTUM LenaM yCHIHMTend, TIe
TaKKe HeoOXONMMO NPOM3BECTH ONepalyio pasneseHust.

I[Tpexne Beero nonkAYNM KoHeHcatop puastpa Cy (puc. 77)
napaJjsiesibHo KoauleKTopHo#i Gatapee by M ocBoGonuM ee TaKHM
06pa3oM OT nepeMeHHOH cocTaBjsmoedl KoJJeKTOPHOro ToKa.
Ipaena, 6atapes bx o6GnanaeT oueHb HeGOJbUIMM BHYTPEHHHM
conporusaeHneM Ry, U nepemeHHH TOK HeT yepe3 Hee JOBOJb-
Ho serko. Ho, HecMoTpa Ha 210, kKoHpeHcaTop Cgp BO MHOTHX
cxeMax HeoGxomuMm: Korma OaTapesi «cTapeeT», ee BHyTpeHHee
CONMpPOTHBJIEHHE pacTeT, M Bo H3OexaHHe HempHATHOCTeH (camo-
B030yxAeHUe MHOroKackagHoro ycuiaureas, cM. ctp. 303) nepe-
MEHHYI0 COCTABJASIONYI0 KOJJIEKTOPHOTo TOKA ayullle NPONYCTHUTh
MuM0 OaTapeu.

Cnenpyromu#i Haw mar OygeT TakuM: MBI [ONbITaeMcs Bhie-
JAUTbL B UHCTOM BHIE NepeMeHHOe BhixonHoe Hanpsikenne Usus
KOTOpOe BO3HHKaeT Ha Harpyske Ry.

[To Harpy3ke Ra NPOXONHT KOJJIEKTOPHBIH TOK, MeHAomHuics
MMOA JeliCTBUEM BXONHOIrO CUrHa/a, M HeM3MEHHBIH, Kormga 3TOro
curHana Her. TouHO TakK e, KOrda cHUTHa/la HeT, Ha Harpyske
HeHicTByeT NocTosiHHOe HanpsixKeHHe Ug-, a ¢ nofiBI€HHEM CHT-
Hajla OHO MeHsieTCsi «BBEPX» H <«BHU3» OT NOCTOsIHHOTO. A 3TO
3HAuMT, uTo HanpsikeHne Uy comepXkut U nocrosuuyw Uy~ u ne-
pementy Uy~ cocrapasmonine. Ho Tonbko oaHy U3 HHX — nepe-
MEHHYIO COCTaBJSOIYI0 — MOXKHO Ha3BaTb BBIXOJHBIM CHTHAaJOM.
TlocTosiHHasi cOcTaBAsIONas HHKOMY He HYXKHa, [aKe ecad OHa
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Puc. 77. Uro6ul TpEROTBPATHTL B3aMMHYI0 CBA3b KaCKajOB uepe3 HCTOUHHK
HTaHus, HEOGXOAMMO 3alIyHTHPOBATH ero KOHeHCATOPOM, 10 KOTOPOMY 6yayT
3aMBLIKATbCst  MePEMEHHBIC COCTABJSIONIHE KOJJIEKTOPHBIX TOKOB.

MLeT B BHAe GeCaTHOrO NpuaoxeHusi. Mpl XoTuM MONyYUTh Ha
BLIXONE yCHAUTE/ISA TONbKO NEpPeMEHHOe HAMpsikKeHNe 1OTOMY, 4TO
CaM yCWIMBaeMBIl CHTHAJ — 5TO TOXKE TOJLKO nepeMeHHoe Ha-
npsxkeHue, 6e3 BCAKUX OeCrnaTHHIX poGaBoOK.

BoizesuTh BhIXOZHON CHMHAT B YHCTOM BHIEe MOKHO ¢ no-
MOLbIO npocTeiiero (GUALTPA, B KOTOPhIH BXOLHT CaMmo conpo-
THBJIEHHE Harpy3ku Ry ¥ nenouka R Cp (puc. 78). dra ue-
N0YKa MNOAK/IIOYEHA NapajijiesbHo Ry, M OCYLIECTBASETCS TAKOE
CoelMHEeHHE CAenyOIUM 06pa3oM. ONUH KOHEL UenouKHd Ry Cp
COEIHHEH C KOJIIEKTOPOM, a IPYyroif — ¢ sMurrepom. Mexay Koa-
JIEKTOPOM W 3MHTTEPOM BKJIIOUEHA M Harpyska Ry: ee pepxuuii
(Mo cxeme) KoHel TakikKe NMONKIIOUEH K KOJIIEKTOPY, a Apyroi —
COeJMHEH C IMUTTEPOM A/A NEDeMEHHOrD ToKa (4acTo roBOPSAT
«II0 NEpeMEHHOMY TOKy») uepe3 KoHpgeHcatop Ca.

Llenouka Ry~ C,— 5T0, 110 CyTH meJa, fequTenb HanpsKeHus,
BO3HHUKAIOWEro Ha Harpyske. HekoTopas 4yacrk 3T0Oro HanpsisKeHust
pocraercs KoHueHcaropy Cp, a mpyras 4acTh — pesuctopy Ru..

OnHako OQHH M3 y4aCTKOB [e/HTENs, @ MMEHHO KoHmencatop Cp
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HMeeT pasHoe CONpPOTHBJEHHe [Js IOCTOSHHOrO H nepemeHHor(?
toka. [Tostomy nocrosindasi Uy~ ¥ nepeMeHHas Ug~ €OCTaBASAIO
e Hanpskenus Uy Ha Harpyske pacrpepessitoTCs Ha LETHTENE
~ Cp HeonHHAaKOBO.

Re I'IogTo;m;ilaﬂ COCTABJASIIOIAs MOJAHOCTBIO [pHJOKEeHa K KOH-
AeHCaTopy, TaK KaK €ro cOMPOTHUBJIEHUE MOCTOSHHOMY TOKY 6e6c-
KOHEYHO BeJHko. A ueM Gojbllle COMNPOTUBJAEHHE KaKOTO-JIHOD
yuacTka geaurtens, Tem GoOabllas yacTb HalpsKeHHs emy 10
craercs.

C nepeMeHHo# cocrapJsiiomeil Bce Hao00OPOT: eMKOCTHOE CO-
NPOTHBJEHHE KOHIEHCATOpA Mano (HMEHHO Tak BEIOpaHa €ro
€MKOCTb), H [104TH BCs NepeMeHHas coCTaBJsoImas Ug~ npuao-
KEHa K pesucropy Rg~. JTo U ecTb nepeMeHHOe BLIXOLHOE Ha-
npsixkenne Upyx «B HHCTOM BHIE». 5 ]

Q60 BceM 3TOM MOMKHO cKa3aTh ¥ uHaue. [Tox neHCTBUEM Ha
npsixkeHus Uy, NPHIIOAEHHOrO K LENOUKe Ru- Cp,u B Heli BO3HUKAET
ToK. Ho nocTosAHHEI TOK B 3TOH LIEflouKe Moy gE€HCTBUEM MOCTOsSH-
Hoii cocrapsstonieil Uy— He Bo3HuKHer. Ero He MponycTHT KOH-

& " nencarop Cp, KOTOpHIH [MAS NOCTOSHHOrO TOKa MpeacraB/ser

]
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Puc. 78. Jlns Toro 4ro6H MOJYYuTh BHIXOAHON CHrHaJ B YHCTOM BHJE, HYXHO
¢ moMolblo mpocTeiimiero GUIBTPA OTAENATH €r0 OT MOCTOAHHOTO HANpfXeHH:A
Ha Harpyske.



co6oli paspsis nenu. [Tostomy no nenouke R,.Cy naer Juilb riepe-
MeHHLIH TOK, CO3/laHHBIH MNepeMeHHOW cocTaBasledl HanpsakKe-
HUS UHN. HpennonaraeTCﬁ, YTO eMKOCTb KOH}leHCaTOpa jJocta-
TOYHO BeJIMKa N OH He OKa3hbiBaer COMNpOTUBJIEHUS nepeMeHHomy
ToKy. TaknM o6pa3oM, riepeMeHHHIi TOK BCTpeuaer JHlilb COMpO-
TUBJIeHNe pe3ucTopa Ru~ M MMEHHO Ha HEM CO3JlaeT HanpsKeHue
Ugsix. OHO-TO IBJSIETCSl BLIXOMHBIM CUIHAJIOM, GUUILEHHBIM OT HO-
CTOSIHHOH coCTaBAsiioned.

Pasnenenve nocTodnHbIX W NepeMEHHBIX COCTABJSIOLIUX BO
BXOJHbIX W B BbIXCIHbIX LlefiaXx NPUBONWUT K NOABJEHUIO B HallleM
3JIEKTPOHHOM TOCy[NapCTBe JBYX CaMOCTOSITe/NbHbIX IOCYyLapCTB —
B ycCUJAUTeN€ MOABMAAIOTCS CaMOCTOSATe/AbHble NenU MNOCTOSHHOro
W flepeMeHHOro ToKa. 1 x0T OHU BXONAT B €NUHBIA 3JeKTPOHHbIH
V3es — TPaH3UCTOPHHI YCHAUTeNb,— Y KaXK[0# M3 3THX uenei
€CTb CBOM HeNpUKOCHOBeHHbIe TEPPUTOPUM U [aKe MOKeT ObITb
CBOSl «CTOMMI@». CBOS COOCTBeHHas oOOwias (3a3eMJieHHast)
TOYKaA.

Tax, B 4aCTHOCTH, CK333B, YTO YCUJIMTE]b BHIMOJHEH 110 cCXeme
OB, Mul ykasbiBaeM JHULIL OOLIYIO TOYKY [Js BXOLHOTO M BBIXOL-
HOrD cHMrHajia, TO eCTb OOULYH0 TOYKY AJsi [epeMEeHHOro ToKa.
W coBcem He 06s3aTesbHO, 4TOOH Gasa Gblla MeCTOM BCTpedH
BBLIXOAHLIX M BXOIHBIX IefeH MOCTOAHHOTO TOKa.

Kax npaBuno, GOoJbLIMHCTBO Ilenefi sjaekTponHoro npubopa
CXONUTCA K ONHOMY M3 BHBONOB UCTOYHHKA NMUTAHUSA — B TPaH3H-
CTODHOM YCHJHUTEJE K «IIIOCY» KOJUIeKTOpHOH Gartapen. U Bosero
60ONbUIMHCTBA 3TOT «ILIIOC» OKa3biBaeTcsl OGINMM MPOBONOM, Ha
KOTOpbIH YIOGHO OPUEHTUPOBATLCA NPH MOHT3XKe CXeM U ocobeH-
HO NipH UX H3ydyeHUH. [TOCKONBKY K «IJIOCY» KOMJEKTOPHOI Ga-
TapeH MOJKJAYAeTcss M 3a3eMJjeHue, ecJH OHO, KOHEYHO, Mpeny-
CMOTpeHO B TaHHOW cXeMe, TO oOMIME «NJIOCOBHAy NPOBOL O4EHb
4acTO Ha3blBAOT «3eMJeii». A ecau KakoH-HUGYAb J€MEHT CXeMbl
cOeNMHeH ¢ 3TOH «3eMJiefi», TO O HEM TaK M TOBOPAT — «3a3eM-
JIEHHbI PEe3UCTOP», UM «3a3eMJIeHHbIH KOHAeHCaTop», WJH, Ha-
KOHell, «3a3eMJIeHHHIH KOJIJIeKTOP».

OnHa m ta XKe TOYKA CcXeMbl MOXKeT ObIThb 3a3eMJeHHOH Mo
NEepeMeHHOMY TOKY M He GHITb 3a3eMJEeHHOH MO NMOCTOAHHOMY HJH
Haobopot. [Ipn MOHTaXKe Ha MeTa/NVINUECKO.ll1aCCH K HeMy Bcelza
MONKJ/I0UaeTcs 5TOT caMblil 00uInii, 3a3eM/eHHblH pOBOJ, U TOTAA
343eMJIMTb TY WJAH HHYIO J€Tajb— 3TO 3HAWUT HpOCTO COCIMHHUTH
ee ¢ kopnycom. Ipu MoHTaXe Ha H30JAAUMOHHON NacTHHKe YacTo
NMPOKAANBIBAIOT 3eMJSHYIO WHHY — TOJCTBIH OroJieHHbHl npoBoL,
K KOTOpPOMY yao0HO MOAKAWOUATh NeTajdH, paclooKeHHble B pa3-
HBIX KOHLL@X MoHtaxa (puc. 44—2).

Bl yke 3Haere, uT0 coennHeHHe ¢ obuiell «3emJeli» (Meran-
JuHUeCKoe accu, MOHTaXHada UJI/IHH) UMeeT CBOe YCJIOBHOe o60-
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Puc. 79. Q6wuit npoBOM, K KOTOPOMY NMOAKJIOWAIOTCA MHOTHE 3J1eMeHTH CXeMH,
4acTO HA3bIBAJOT «3eMJel>.

3HayeHUe — HeGONbINON YepHbIN NpAMOYroabHUK, PasyMeeres, Bee
NPAMOYTOJIbHUKH «3eMJIA» Ha OJHOW M TOH e cXeMe HYXKHO npei-
cTaBUTh cebe COeNMHEHHbIMU eIUHBIM, OOGLIAM NpoBOAOM. Ha-
YUMTBCA MPOCAEKUBATE JEKTPUUECKHE HenH, KOTOPHIE MpPOXOMAT
yepes «3eMJi0», MOXKeT ObiTb, H He OueHb NPOCTD, HO HAYYHTHCH
TOMY He0OXONMMO [as BCAKOr0, KTO XOYer YuTaTh paauo-
CXeMBl.

Ha aucrkax A, B, B, I' puc. 79 nokasaHo HeCKO/bKO BapuaH-
TOB OJHOH U TOH Xe CxeMbl, I'IepBbm v3 HUX (JUCTOK A) HaM yxKe
XOpPOUIO U3BECTeH — 3TO TUMHUHBIA ycHauTeab no cxeme O, age-
MeHTb! KOTOpPOro BCTpeuaJiuCch Ha puc. 75 n Ha puc. 78. B Kaue-
CTBE NOACHEHHA K CXeMe OTHe/bHO H300paxeHs! 1eNH NOCTOSAH-
HOro TOKa (/MCTOK a@”) M NepeMeHHOro Toka (JHCTOK a’) 3TOoro
yeuuTens. Ha saucrke 6 Bul BupMTe npyroe u3oGpaKeHue npe-
Iblnylieli CXeMbl: BMECTO 06IIero npoBoja, COeHHEHHOrd C «ILIIo-
COM» KOJIJIEKTOPHOM OaTapeu, u306pakeHO HECKOJbKO COeJUHEHUNR
C KOPHNYCOM, HECKOJbKO 3a3eMJeHUH.

Ha npumepe cxeM A u b jerko npocaequTh NyTH nepexopa Of
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ofHoro cnocoSa H3oGpaxeHus obuiero nposoja K aApyromy. Ho,
KOHEYHO, He B 3TOM COCTOMT Hauia TsiaBHasi 3agava. OHa npexne
BCero CBOJAMTCA K TOMY, 4YTOGH NOKa3zaTh, KaK ONHH M TOT XKe
3JIeMEHT MOXKeT OHTh 3a3eMJIeHHHM M0 NepeMeHHOMY TOKY H He
ObiTh 3a3€MJICHHBIM MO MOCTOSIHHOMY.

Ha auctke B npuBOAMTCS eme OAMH BAPMAHT TOH Ke CXEMBl,
XOTA Ha NpaKTHKe MOYTH W He BCTpeyatomuiics, Ho Aist yueGHEIX
uejeii oueHb ynoGHbH. B 9TOM BapuaHTe 3a3emJieH He <MJIOCY,
a «MuHyc» OaTapeM, U [0O3TOMY 3MHUTTEP, KOTOPHIH JOJKeH GhiTh
COE[IMHEH ¢ «IJIIOCOMY, YK HEeJb3si 323eMJAUTHL MO MNOCTOAHHOMY
TOKy. HO 1no mepemenHoMy TOKY 3MUTTep MO-NMpeXKHEMY OCraercs
3a3eMJIEHHLIM — OH COCNUHEH ¢ «3eMJyel» («KOpIycoM») uvepe3s
Kotrencatop Cy. [TosTomy, Kak v Hpekae, OCTAOTC 3a3eMJICH-
HBIMW MCTOYHUK CMTHasa U pe3uctop Rg~. B cxemax A u 5 onn
COCIUHANMCh C SMUTTEPOM HEMNOCPEACTBEHHO HJIM uepes «3eMJI0»
(«kopmyc»), a B cxeme B COeAMHEHHS 3TUX 3JEMEHTOB C SMHTTE-
poM ocymiecTAsieTCss uepes  «3eMJI0» M uepe3  KOH[IeHca-
Top Cg.

O6parvre BHIMaHUe BOT Ha YTO: BMECTO «ILJIOCa» Garaped Mbt
3a3eMJIMJIH «MHHYC», U 3TO MOBJIEKJIO 3a coboit uensfl psig uame-
swedudl. Tlpumsock 3azemadTh BepXHHUE KOHUB pe3ucTopoB Rs
H Ry, OTKJAIOUKTB OT «3eMiu» smutrep. Ho pesucrop Ru~ H MCTOU-
HHK cHrHajsa Kak ObTM 3a3eMJIEHHBIMH, Tak M OCTaJHCh — IO-
CTOAHHBIH TOK II0 5TUM 3JeMeHTaM BooOLie He HIET, a mepekJio-
ueHHe MoJIIocoB 6aTaped Kacaercs TOMbKO wUeflell MOCTOAHHOIO
TOKa.

MoxeT 6niTh, KOMY-HUOYAbL HAIM ONBITH [0 pacnyThlBAHUIO
3alyTaHHBIX CXeM KaXXyTCs CKyuHbiMH. He cTaHeM npoTHB 3TOro
Bo3pawark. Ecth JifoqH, KOTOpHIE CYUTAIOT, YTO CaMOE HHTepecHoe
B MHpe [eJo-— 3TO pacKJajbiBaHHe NacksHCa, a JAPYrUM pac-
WU(POBKA d3biKa AeJb(UHOB NpPEACTAB.IACTCS HMHTEPECHHM 3a-
aatdem. He Gyaem oTkpeiBaTh AMCKYCCHIO UO 3TOMY MOBOALY, HE
OyneM cHOPUTBL O TOM, OT KaKoii paboThl ueNoBeK NoJy4aer Hau-
GoJbiiee ynosnersopeHde. OrmeTMM JMIIB co Bcell ompepese-
HOCThIO, UTO, He HAaYUMBIIMCh pa3bupaThcsi B CXeMHOH myTaHUIle,
Bbl HUKOrJa He ocBOGOAUTECh OT CTpaxa Nepei 9JeKTPOHHOH anna-
paTtypoii, He IOUyBCTBYETE, YTO 3JEKTPOHUKA — 3T0 AeHCTBUTENBHO
OueHb MPOCTO.

B sakaouenve eme oavH B3apuUaHT Halel cxeMul (aucrtok ),
rie 3a3eMJieH He «IJII0C» 6aTaped U Jlaxe He ee «MUHYC», a caM
KOJJIEKTOP. DTO, OMHAKO, He 03HauaeT, 4TO BMeCTO cxemul O MH
noayuuad OK — HCTOUHMK CUTrHana Kak Oblsl BKAIOUEHHBIM MEMKJY
SMHUTTEpOM U 6a30H, Tak H ocTajca (ero HUKHUH BHIBOJ AJIA STOTO
NPHUIJOCH OTKJIOYHTh OT «3eMJH», Kyla Tenepb NpHCOeIHHEH
KoJsiektop), B To BDeMs Kak B cxeme OK HCTOMHHK cHrHagda noJ-
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Puc. 80. Pastoe pacimo/oxenue neTajefi mpH BbUEPYMBAHMHM ONHOA W TOR XKe
CXeMbl MOKeT c034aTh BheuaT/eHHWe, YTO HAa PUCYHKe pasHble CXeMBl.

#eH GHITh BKJAKUEH Mexay 6a30fi W KonjekTopoM. Jlerko o6Ha-
PY&UTH CXOACTBO C ABYMS OPEABAYIIMMU CXeMaMHu W I BCEX
oCTaNbHLHX Uenell MOCTOSHHOTO U MEePEMEHHOr0 TOKa.

Ecsv BH 3HaeTe GYKBH U yMEeTe UHTATh, TO MpouTeTe aiboe
¢JIOBO, KaK Obl OHO HH OblAO HaNMcaHo — ¢JeBa Hanpaso, CBepXy
BHUM3 WJIM [axe «BBepx Horamu». Pa3bupas pafdOCXeMbl, 4acTO
[IpHXOI[HTCﬂ peuntath 3apaqu, HanoMyHawmye 4TeHue «BBEpX HO-
ramuy.

CyuiecTByer MHOXKECTBO BapHaHTOB pa3MelleHHs Ha cxeme-
yepTexe geraltell OJHOH W TOH e IEKTPUUYECKOH LeMU. U He
pcerna npocrto y3HaTb B TOM HJU UHOM HauyepTaHUU CXeM CBOUX
cTaphiX A06phix 3HaKOMBIX. K cOKa/leHUIO, HeJb3st AaTh MPOCTHIE
peLeNTH, Kak IpUBECTH He3HaKOMYio, Ka3a/noch Ghi, cxemy K 3Ha-
KOMOMY BEJy,— 3TO [CJO BPEMEHH, OfHTa U CO06pa3uTeNbHOCTH.
B KauecTpe NepBoit U CPaBHUTEIBLHO JEIKOH TPEHHPOBKH MONpO-
6yiite pacecmorpers Tpu ynpouenssie cxembni OB, 03, OK Ha
prc. 80 HECKOJLKMMHM Pa3HBIMH crnocoGamu. Ha sTtoM pucyHKe
OTJIMUMEe CXeM OJHOTO «ceMmelcTBa» TOJMBKO B TOM, Kak pacnoJo-
KeHh ferajd Ha CaMOM uYepTexke, 919



OcBOMBIIHCD € NPHEMAMH, YCTh CAMBIMH NPOCTHIMH, pa3fese-
HAst U 00beMHEHNs Lenell MOCTOSHHOTO U NepeMeHHOro TOKa, Mbi
clenany OYeHb BAXKHBIM IIAT B NO3HAHHM OGINMX CBOMCTB, OGIHX
METON0B NOCTPOEHUS TPAH3UCTOPHBIX ycuauTesell. Ouenb BaXKHBIA
IIar, HO, K COXaJeHwiy, elle He TMNOCJeRHU.

HAWA OUEJb—ONTHUMH3ALMUS

[Ipo6Gnema, ¢ KOTOPOIi NPUXOAUTCA CTAJNKUBATHCS BO BCEX 6e3
HCK/IOYeHHs] TPAH3UCTOPHBIX YCHIUTENSIX, H HE TOJLKO B TPAH3H-
CTOPHHIX U la}Ke He TOJILKO B YCHJIHUTE/AX,— ITO nNpobjeMa coraa-
COBaHHUsl TeHepaTopa ¢ Harpy3kod. 3gech 06a NMOHATUS — «reHe-
parop» U «Harpy3ka» — UMeioT caMblii UPOKHIT cMbicst. Tenepa-
TOp — 970 Ji060€e yCTpoiCcTBO, JM06Gast SNEKTPUUECKAs LEMb, KOTO-
pas ormaer sHepruwo. Harpyska — ni060e ycrpoiicTBo, maw6as
uens, KOTOpas 3Ty sHepruro norpebaser. [e"epatopom sBjsiercs,
HanpuMep, MUKPO(OH, a ero Harpy3Koil — BXOAHAS Lefb TPaH3HU-
CTOpa, K KOTOPOH 3TOT MHKpODOH nopknioued. [eneparopowu
fIBJISIeTCA W BBIXOJHAd HENnb TPAH3HUCTOPA, paGoTaIero Ha rpoM-
KOTOBOpUTENh HJH KAKYH-AHGO APYTYi0 HArpPysKY.

Kosnuecrso sHepruy, KOTOpOe reHepaTop NepefaeT HArpyske,
BaBHCUT He TOJBKO OT TOTO, KTO JaeT SHEPTHI0, HO U OT TOr0, KTO
ee Geper. To, uro reHepaTOp MOXKET B NPUHUMNE OTAATH, HATPH-
mep, 100 6r, eme coBceM He 0O3HauaeT, 4TO Harpyska sta 100 67
CMOXeT y Hero oro6paTe. M HanpsikenHe, kotopoe reweparop
CO3/1aCT Ha HArpy3Ke, H TOK B LENH, a NO3TOMY H MOILHOCTB, KO-
TOPYI0 Harpyska foJyyuT OT reHepaTopa,— BCe 3TO 3aBHCHT OT
TOTO, HaCKOJILKO OHM GYAYT COI/IacOBaHbl, a KOHKPETHO — OT TOTO,
HACKOJIbKO COrJiacOBaHhl cOOCTBeHHBIE COMpPOTUBAeHHS Ry u R,
HAarpy3kH M reHeparopa.

ITpoGaema cornacoBauusi reHepatopa ¢ HATPy3KOii, corvyaco-
BaHHMs UCTOYHHKA SHEPruu c ee norpeGUTeNeM, UMeeT BecbMa 06-
WUA H, ec/aH XOTHTe, naxe (uI0COMCKUH cMblea. Pacckaseipas
06 aroii npoGneme, MOXKHO GbLIO GbI MPHBECTH HEMaJ0 HHTEpec-
HBIX NPUMEPOB H3 caMblX pa3Hbix obaacredl. MokHO 6bL10 Obl,
HanpUMep, BCHOMHHATh, YTO MOIIHOCTb, KOTOPYH) PA3BHBAeT aBTO-
MOOH/LHBIA [BUTATeNb, HCHOJB3YETCA TEM Jyulle, 4eM Gosblile
Tpy30B Be3eT aBTOMOGU/Ib, HO UTO NEPerpyXaTh MalllHHy GeccMabic-
JeHHo. MoXHO Obljio Gbl BCMOMHUTH H O TOM, 4TO N0/b3a, KOTO-
py® [PHHOCHT 4eJOBEK-pa0OTHHK, 3aBHCHT He TOJILKO OT ero
CHJl M cnoco0HocTel, HO eile U OT nogobpaHHoit padorel. Cau-
KOM JjIerkoe fneso H fejath HEHHTePecHO, H TOJNKY OT 3TOro Majo.
Ho B T0 e BpeMs BH Bpsij /1M npUHeceTe 110Jb3Y, B3BAMHB HA ce6s
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pa6oTy He 10 NJeyy, B3sIBUIMCHL 3a [eJ0, B KOTOPOM HHUYEro He
IOHHMaeTe.

BaxHocTh corsacopaHdsi reHepaTopa ¢ HAarpy3kod MOMKHO
Obl10 OBl MOKa3aTh M HA APYTUX NpUMepax, B3sATHIX H3 TEXHHKH,
5KOHOMHUKH, TIOJNUTHKH, B3ATHIX H3 caMoil Hu3HH. Ho Mbl He GyneM
YXOQUTL B CTOJIb faJjexHe o6nactd H obCyaum npoGjemy coraa-
COBaHHs Ha 0OJiee 1pOCTOM NpHMepe —Ha npumepe oOLIYHOHA
3JIEKTPUYECKOH J1aMIIOYKHU.

Ecau B cripocuTe Yy mpojaBuna 3JeKTpoMarasnHa, 4eM OTJIH-
gaercs Jamnodka Ha 60 67 or namnouxu Ha 40 g7, To OH XOTH
1 00uAuTCA 3a NpasfHHIA BONpPOC, HO BCE JKE OTBETHT (TaKas YK
y nponasua pa6ora): JaMIOYKU OTANYAIOTCS TEM, UTO OAHA TOPHT
3HaAYUTEbHO Apye ppyroi. Ho gaBsalite nonpoGyeM He ynoBJae-
TBOPUTBCA TaKUM OTBETOM, a BHISICHHTb, IIOYeMY JlaMiOyka Ha
60 8T ropuT sipue, ueM JaMnouka Ha 40 87, O KaKHM CBOMM Xa-
pakTepUCTHKAM OTAHYATCA Aamnoyki. Y nyers 06 5T0M OTIMYHH
pacCcKaXyT He cJOBa «sipue» HAH «cjaabee», a HUGPHL

Ilpexne Bcero norosopuMcs, 4yTo K 06edM JaMIoykaM BO BCEX
caydasx XKH3HH TNOBONUTCS OHO H TO e HanpsiKeHHe, CKaKeM
Ans Kpyraoro cgeta, 120 8. §IcHo, 4To, anst TOro 4ToGhl NpPH ORU-
HAaKOBOM HanpsixKeHUH 0TO6paTh U3 JEKTPHYECKOH CeTH PasHylo
MOLIHOCTb, HYXHO NPONYCTUTh Yepe3 JaMNOYKH pasHuiil Toxk. M3
M3BECTHOTO BHIpaXeHHUs I/l MOIIIHOCTH HeTPYAHO BHIBECTH H (oOp-
Myay anas  noacyera storo toka [=P:U (Bocnomuna-
nde Ne 4).

Teneps nogcunraem, 4To yepes COPOKABATTHYIO JAMIOUKY HAET
TOK okos0 0,33 a (40:120=0,33), a uepes mecTuaecATHBATT-
Hyio 0,5 @ (60:120=0,5). A 10, 4To Npu OJHOM M TOM Ke HAMPs-
JKEHHM uepe3 JIaMMOYKH UAET pa3Hbifl TOK, MOXeT 03HauaTh TOJb-
KO OlHO: JlaMMOYKH HMEIOT pa3HOe CONpOTHB/eHHe. BrinonHHB
IIpocTeHIIN pacyet 10 OAHOMH U3 popmya 3akona Oma (R=U:1),
HalileM, 4TO COMpPOTHBJEHHE COPOKABATTHOH JIaMIOYKH OKOJIO
360 ox (120:0,33=360), a conporuBjeHUe IIECTHAECATHBATTHON
aamnoukn 240 om (120:0,5=240).

Hrak, namMnouxy, or6upaoinne OT HCTOYHAKA SHEPTHH Pa3HyIo
MOHIHOCTb, OTJIMYAKOTCS TOJBKO CONPOTHBJEHHEM: ueM MeHblle
CONPOTHBJIEHHE JaMIIOYKH, TeM OOJbLIMH TOK MO Hel HIer, TeM
6o/bIIYI0 MOHIHOCTH OHA OTOHpaeT OT MCTOYHHKA.

He Topondrecs, 04HaKo, Ha OCHOBAHMH Hallero fpumepa je-
Jatbs obmuii BeiBoA: «UTOGH MOBLICHTL OTOMPaeMyio OT reHepa-
TOpa MOINHOCTH, HAJ0 yMEHbMIATh CONPOTUBJIEHHE Harpy3KH».
Brisog ator Gyger cnpaBemsHB JMlip OO HEKOTOPOTO mpepesa.
Ecan nocreneHHo yMednliaTh CONPOTHBJEHHE HATPY3KH, TO HeH3-
GeKHO HaCTyNHUT MOMEHT, KoTna orOupaemasi elo y reneparopa
MOILHOCTh He ToJIbKO He GyJeT pacTH, HO Ja¥e, Ha000POT, HAYHET
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yMeHbiaTbca. UTOGE NOHSTH, TIOUEMY 3TO MPOUCXOXHT, MPUAETCA
BCIIOMHUTH elle 06 OZHOM repoe, O KQTODOM MBI NOKa YyMaJsud-
BaJlH,— O BHYTPEHHEM COMPOTHBJIEHHH reHepaTopa.

B HamleM npuMepe TreHepaTop — 3TO JIEKTPHYECKAsh CeTh,
BHYTDEHHEE CONPOTHBJEHHE KOTOpOH OueHb MaJso: MpaKTHUYECKH
OHO COCTaBASIET JecATble M JaXe COThle Josad oma. UTobGbl He
NYTaTbCsl €O CTOJIb MaJbIMH HH(ppPaMH M He MOTEPATb CYTh HeJ4
Cpeiy BCEX BLIUMCJAEHHi, nepeHeceM Bce COOBITHSI B HEKOTOPYIO
YCJIOBHYIO 3JIEKTPHUECKYIO LENb, FAe AelicTRyeT reHepaTop ¢ Gosee
VIOOHBIMH A/ BHIYMCIEHHI NOKA3aTesIMH, HaPUMep, ¢ BHYTpeH-
HUM CONpPOTHBAECHWUEM R,=2 oM W 3NEKTPOLBHKYILEH CHNOH
E=6 6. Ilogkaouas x 3TOMy reHepaTopy pasHylo Harpysky —
HanpuMep, JIaMIOYKA C Pa3HLIM CONpPOTHBJIEHHEM,— OyLEM BHI-
YUCJATh TOK B LEMH, HalpaKeHHe, KOTOPOe JOCTAeTCs Harpyske,
H 0oT6HpaeMyl0 €0 OT FeHepaTopa MOLIHOCTb.

Pe3ysbTaThl TaKuX BBHIYHCJAEHHH, CIENTAHHBIX JJI CEMH Da3HBIX
CONPOTHMBJICHUI HATrpy3KH, NPUBEJAeHBI Ha pHc. 81, # Mo 3THM pe-
3yJbTaTaM MOXKHO CJeNaTb HCKAIOUUTENLHO BaXKHBII M o6mui
JnAl BCEX CHCTEM FeHepaTop — Harpyska BBIBOJ: [eHepaTop nepe-
HaeT B HArpysKy HamboJbIIYI0O MOUIHOCTh, KOTJa €e COMPOTHBJE-
HHMe paBHO BHYTPEHHEMY CONPOTHBJEHHIO FeHeparopa, TO ecTh
Korfa R.=Ry Tako#l pexyM nprHATO HA3LBATh ONTHMAaJbHBIM,
TO €CTb HauBHITOJHEHIINM, a CONPOTHBJIEHHE HATPY3KH, NPH KOTO-
POM MOJNYYaeTcsl 3TOT HAMBHIFOJHEHIUHH pPEXKUM,— ONTHMAJbHBIM
CONPOTHBJCHHEM Ry_onr. ECIH cONpOTHBNEHME HATPY3KU CHenaTh
6oJbllié ONTHMAJBHOIO, TO HANpSXKEHUE Ha HEH BO3pacTeT, HO
YMEHBIUIMTCS TOK B Lien#. JIpH aToM TOK najnaeT pe3ue, 4eM pacrer
HanpsXKeHHe, H B Pe3aynbTaTe yMeHblnaeTcd MowmHocTb. Ecau co-
IPOTHBJ/IEHHE HATPY3KH CJiefaTh MEHbIe ONTHMAaJbHOTO, TO TOK
B LENH BO3DACTeT, a4 HANPAKEHHe HAa HATPY3Ke YMajeT, H ONfAThb-
Takd B HTOT€ YMEHBIIAETCS MOLIHOCTb Ha HAarpy3ke.

Bei6op conpoTHBNEHHS HATPY3KH 3aBHCHUT OT TOTO, YTO HYXK-
HO NoTpeSHTeNI0: eciyl, HanpHUMep, HYXKHO GoJiblioe HanpsiKeHHe,
10 ClefyeT BKAWOUHTL Ry Gosblie, 4eM Ry_onr, MHUPSACH IPH 3TOM
C YMeHbIUEHHEM [ony4YeHHOi oT reHepatopa wmouiHocTdH. Ecung,
HaoG0poT, HYKeH OOAbIIOH TOK, TO CONPOTHBJAEHHe Ry HYXKHO
6paTh NOMEHbIIE M ONATb-TaKH 3HATh, YTO NPH 3TOM oTGHpaemas
Harpy3kol MOLIHOCTL OyJeT MeHblle, 4eM MorJa Obl ObITh NpH
onTHManbHOH Harpyske. Ecsu conpoTrB/ieHHe TeHepaToOpa 3HauM-
TesabHO GoJblle, YeM cOnpoTHBieHue Harpy3kn (R >Ru), To roso-
PAT, YTO B LenH [efcTBYeT reHepaTop TOKA. B 3TOM ciayuyae TOK
B II€MIH MAaJIO 3aBUCHUT OT Ry U MpPU Pa3HBIX Harpyskax OKa3bIBaerT-
€51 NPUMEPHO OAMHAKOBBIM. A ecad, HaoGOpOT, COMPOTHBJEHHE
TeHepaTopa 3HAYHUTeJNLHO MEHbIE, YeM CONPOTHBJAEHHE Harpy3Ku
(R:&Rz), To rOBOPAT, YT0 B LEMH geHCTBYeT reHepaTop Hanps-
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Puc 81 Hanpskenne Ha narpyske, fOK B UeNH H oTGHpaeMas Vv 1eHepaTopa
MOIIHOCTL 3aBHCAT OT T0TQ, KaK Harpy3ka COrjiacoBaHa C reHepaTopoM.

JKEHUA, OTOMY 4YTO MOYTH BCsA 3. A. C. JOCTARTCA HATPY3KE U Ha-
NpAXKEHNe HA HEH Majo 3aBHCHT OT caMoro Ry.

Hauie Becero Mbl GyneM CTPEMHTHCA K ONTHMAJLHOMY DEXHUMY,
K TOMY, 4TOObI NepeJarb OT reHepaTtopa B HArpy3Ky HanOOJIbIIYID
MOIZHOCTb. A JIJIfi 3TOTO HYXHO COINaCOBATh HATPY3KY C reHepa-
TOPOM, clie]aTb TaK, 4TOObl MX CONpoTHBAEHUS Ry u R, Ouiau
paBHHI,

Ho userko ckasate «Jlo6beMca corgacoBauusil», U He BCeria
aerko ero po6utbes. OcoGeHHO GoJbline TPYIHOCTH BO3HUKAIT
B TPaH3KCTOPHOM YCHJAHMTEJE, I/le Ha KaXAOM lIary BCTPedainTcs
B ONHOH{ «ynpsAXKe» TreHepaTop M HArpyska ¢ COBEDINEHBO
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PasHbIMH XapakTepaMH, ¢ COBeplIeHHO pa3HbIMU CONPOTHBJAECHUAMA
Ra # Ry. Ilpo6ieMa corsiacoBanusi NpH TOM CTAHOBUTCH UYTh JH
HE caMoi#l BaXXKHOH, M OT TOro, HACKOJbKO YCMEIIHO H HAacKOJIbKO
NPOCTO OHA pelieHa, B OFPOMHON Mepe 3aBHCHT pellieHHe FJ1aBHOH
3aayd ycusieHus curHana. Cefluac MBI MO3HAKOMHMCSH ¢ HECKOJb-
KHMH THIHYHBIMM MOMbITKAMH NPHUMMPEHHsI TeHepaTopa ¢ Harpys-
KO#, TOMBITKAMH COMJIacOBAThb MX CONPOTHBJ/IEHHSL.

Ecnu oguH TpaH3HCTOP He B COCTOSIHHM 0GeCNeUMTb HYXKHOE
YCHN@HHE, TO YCHJAHTENbHbIE KacKajbl COCRMHAIOT, KaK TrOBOPAT
MaJieHbKHe JE€TH, K1apOBO3HKOM» H YCHJIHBAIOT CHTHAJ B HECKOJb+
Ko 3Tanos, nepegapas €ro, Nojo6Ho acragere, ¢ OIHOrO KacKaja
Ha JApyroi.

Hast npocrors npexacTaBuM cebe ABYXKACKaAHBIN YCHIHTENb
(puc. 82), rme curnan nepenaercs M3 BLIXOAHOH UMM MepBOro
KackaZla BO BXOJHYIO UeNnb BTOporo kackajza. Orsjekasicb OT
TOrO, YTO MPOHUCXOJUT C CHTHAJOM A0 U NOCJe 3TOro, MOXKHO CYM-
TaTb BbIXOJ, MNepBOro Kackaja reHepaTOpOM cHrHama, a BXOJ
BTOpPOro Kackajga — Harpyskoil. O ToM, HacKOJNIbKO B JAaHHOM CJY-
Yyae BEJHKH TPYAHOCTH COIJAacOBaHHsl, MOXKHO CYAHTb XOTd Obl 1O
pHc. 74, roe B uMc/e APYPUX AaHHBIX YKa3aHbI BXOJHBIE U BBIXOA-
HbI€ COTIPOTHBJIEHHS Pa3HBIX YCHJAUTENBHBIX cXeMm. Bbl BUAMTE, UTO
nas Hanbosee momyaapHOH cxeMbl O3 BBHIXOZHOE CONPOTHBJEHHE
Rzux Gosbliie BXOZHOTO Rzx B HeCATKH M COTHHM pa3. Eme xyxe
o6¢crout geno B cxeme OB — 31ech Ryux MOXKeT GbITh Gosblie, 4eM
Rex uyTb M He B MHJIIMOH pas.

Hrak, BXxogHOe conporus/eHHe TpaH3HcTopa B Haubojee pac-
npocTpaHeHHoil cxeme OB cunbHO oT/MYaeTcst OT BBIXOGHOTO CO-
IPOTHBJ/IEHHS — TaKOBa cama NpHpojxa cxeMbl. A 3To, B CBOIO 04Ye+
penb, 03HAYaer, YTO B MHOTOKACKAJHOM YCHJIMTEJNE U3 NPEeAbIay-+
uiero Kackaja B NOCJAEAYIONUIA nepefaeTcss MEHblle SHEPTHH, YEM
NPH ONTHMAJbHO! CBS3M MEXJAY HAMU. DTO, KOHEUHO, HENPUATHO,
HO, KaK FOBOPUTCS, He cMePTebHO. BHIMrpBI OT BBELEHHSA, 1OM0J-
HATENBHOIO YCUJMTEJNBHOTO Kackafa BCerjia MOXKHO clenaTb
CoJsibllle MpOUrphIlia, HeU36eKHOro NPU Nepefaye HEPruu U3 ofl-
HOTO Kackaja B JpYrof.

(Ecotv, KOHeYHO, HE HCMOPTHUTH AEJO KaKUM-ITHO0 HEyJauHbIM
CXeMHBIM peluneHueM. Hampumep, HeyJauHHIM BBIGOPOM KOHJeH-
caropa ces3u Cp Mexay Kackagami. EMKoOCTb aT0Oro KOHAEHcaTopa
JOMKHA GbITh JocTaTOYHO Goabtirofl. HacTonbko 60Jbiiof, yToOk
Ha caMOH HH3KOH M3 YCHUJIMBAE€MBIX 4acTOT €MKOCTHOE COIpPOTHB-
JgeHye KoHaencatopa Cp GbIIO 3HAYMTEJIbHO MEHblIE, YeM BXOJHOE
COMpOTHBJEHUE Ryx—; Tpausuctopa. IlotoMmy, 4YTo KOHAEHCATOP
M BXOJHOE COMPOTHUBJEHHE TpaH3HcTOpa 06pas3yloT CBOEro poja
BEJVTENb HaNpsIKEHUd, Ha KOTOPOM AEJHTCH Ha JBE 4acCTH CHTHAJ,
nosyyaemslii OT npeAbIAyero Kackana. ¥ uem MeHble eMKOCTHOE
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Puc. 82. Huskoe BXOfHOE COMPOTHUBJEHHE TPAH3HCTOPHOIO YCHANTENS TPYAHO
COr/1acoBaTh C BHICOKMM BLIXOAHBIM COMPOTHB/EHHeM MpeAbiAyllero xackaia.

conmpoTHBJIcHHE KoHAeHcaTopa C, Mo CpaBHEHHIO C BXOJHBEIM CO-
NPOTHBJIEHHEM TPaH3uCTOpa, TeM Gosbliad YacTb CHFHaJja focTa-
HeTcst BXOZHOH uenH TpaH3HcTopa H OyAer ympasiafATb €ro KoJa-
JAEKTODHBIM TOKOM (pHc. 82).

Teneps nonpoGyem MOHTH MO APYroMy MyTH: MONbITaeMcH CO-
rJacOBaTh BBICOKOE BHIXOAHOE CONPOTHBJEHHE TPaH3HCTOPHOrO
ycunurenst (4acto roBOPAT «BBICOKOOMHBIH reHeparop») ¢ Harpys-
Koil, UMCIOUleit Majioe CONMpPOTHBJEHHE (YacTo FOBOPAT «HH3KO-
OMHaf HATPY3Ka»), Npu MOMOINM TpaHchopMaTOpa. Cornacyronui
TpaHchOpMaTOp MCMOJIb3YIOT, B YACTHOCTH, B BLIXOLHOM Kackaje
YCHITUTENS] HU3KOH 4aCcTOTEI (HY), xotopblfi paGoTaeT Ha fUHAMU-
YecKHii TPOMKOTOBOPHTENb C CONMPOTHB/ICHHEM 3BYKOBOH KaTyUIKH
5—15 om (rabauua /7). Y xora Mbl cefiuac HE MbITAEMCHA 3HAKO-
MHTbCA ¢ KOHKDETHBHIMA TPaH3HCTOPHBIMM YCHAHTENAMH, POJIb -CO-
rJlacyloulero TpaHcopmaTopa Bee ke yao6Ho 6yJer paccMOTpeTh
UMEHHO Ha 3TOM IpuMepe.

Mb! TPUBBIKAH K TOMY, UTO TPaHC(OPMATOD TNOBLILAET H/IH
[IOHMIKAET HANPAKEHNE M TOK, a CeHuac B 3TOT KOMIUIEKT HYKHO
6yner BKJIOYHTb €llle H COMPOTHBJIEHHE. i

Caw npornecc nepefaud Hepruu U3 nepBHIHOHN 06MOTKH TpaHc-
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Puc. 83. HeGombuioe coOMpoTHBJEHHE FPOMKOrOBOPHTENS, BKJIOUEHHOE B KOJ-
JeKTOPHYIO UeNb Yepe3 IOHWKAIOWMKA TpanchopMaTop, BHOCUT B 3Ty ILeNb
JOCTATOYHO GOJIbIIOe CONPOTHBAEHYE (HArpy3Ky).

topmaropa Bo Broprunylo (puc. 83) MOKHO MPEACTABUTL B BUIE
3JIEKTPOTEXHHYECKOTO BapHaHuTa 3HaMeHUTOH ckaskH «[lom, koro-
puiii mocrpoun [xek». K mepsuuHoit o6MoTke Tpancdopmaropa
NOJBONMTCSA MEPEMEHHOE HampAMXKeHHe, KOTOPOe CO3[aeT B 3TOH
06MOTKe nepeMeHHbIHl TOK, Moj JAeHCTBHEM KOTOPOrO BO3HHKAET
OxBaThIBaloyee o6e o6MOTKH NMEPeMeHHOe MarHUTHOE MoJe, KOTo-
pOe HaBOJAAT BO BTOPHYHOH OGMOTKE SAEKTPOIBUKYINYIO CHIY, KO-
Topast CO31aeT BO BTODHYHOH OOMOTKE TOK, BeJHYMHA KOTOPOro
TeM GOJibIlle, YeM MEHbLIe BKIIOYEHHOE BO BTOPUUHYIO O6MOTKY CO-
nporusjenne. Ho 3To ellle TONBKO MOJOBHHA CKAa3KH.

Bo Bropoit ee monoBuHe ciemoBaso Gbl pacckaszaTh, KakKHM
o6pa3oM Bce, YTO NPOMCXOAMT BO BTOPUYHON OGMOTKE, GyMmepaH-
roM Bo3Bpamiaercs o6paTHO B nepBuyHy0. TOK BO BTOpHUHON 06-
MOTKE CO3/lae€T CBOE COOCTBEHHOE NepeMEHHOe MarHHUTHOE MOoJie.
OHO HaBOZHT 3JeKTPOABHXKYILYIO cuity B o6MOTKe I, a ciemoBa-
TENbHO, co3jaeT B Hell ToK /1. VMeHHo 3TOT TOK /i, HaBejeHHBIH
U3 BTOPUYHOH OOMOTKH, ABJfETCSA IVIABHBIM AeHCTBYIOIHUM JIHLLOM

B NepBHuHOil — pasopeuTe Henb o6Motku 1, mpekparure B Heil
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TOK, H MPaKTHUECKU [0 HYJs ynmajger u Tok B obmorke 1. A nHaue
H 66ITh He Moxker. Cam TpaHchopMarop nast cebst HUKAKOH 3HEP-
run He Geper (ecaum He CUMTATb HEOOJBIINX MOTEPH B CEPAEUHHKE
u B NpoBOLAax), W noOTpebiadeMblil UM TOK /1 3aBHCHT TOJMBKO OT

CONpOTHBJIEHUA Harpy3ku Ry, xord oHa HEMocpeaCTBEHHO B UEIb

reHeparopa He BKJIOUEHA.

YTo6k KaK-TO OTPa3uTh BANAHNE Ry Ha noTpebnadeMbifl TpaHC-
dopmaTopoM TOK, YHoGHO CYMTaThb, YTO U3 BTOPHYHOH OOMOTKH
B IEPBUYHYI0 BHOCHTCA HEKOTOPOE COMpPOTHBJEHHE Ry—pu. JTO CBO-

€ro pojsa «pyka BTOPHYHOH OOGMOTKH», ONpejendioilad BeJuUuHy

toKa /1 B mepBHUHOH 06MOTKE. A MOCKOMbKY 3TOT TOK /i B KO-
HEYHOM HTOre 3aBHCHT OT HAarpy3ku Ry, TO MOXKHO CKasaTb, 4TO
BHOCMMOE COMPOTUBJEHHE Ry_py TaKIKe ONpeesgerTcd COMpOTHB-
JenueM Ry Uem MeHbme Ry, TeM Gosbiie Tok [ #, clegoBaTedib-
HO, TOK /|. A yBesnuueHHe TOKa B NEPBHUHON LENH MOKHO HCTOJM-
KOBaTh KaK yMEHbUIEHHE CONPOTHBIAEHHA Ry—pn. MlHbIMH cJOBamy,
yeM MeHbIe Ry, TeM MeHblue 1 Ru_ss. ¥ Ha060pOT, € yBeINUEHHEM
Ry Bospacraer ¥ Ru—sn.

Hzyuaa cobmTuHa B Lend NepBUYHON 06MOTKH, OUeHb ya00HO,
no3abblB 0 BCex nogpoOHOCTAX, CUHTATh BHOCHMOE CONpPOTUBIE-
Hue Ry_pn NCTHHHOH HarpysxoH remeparopa.

Isist nac caMoe BaXKHOE TO, YTO 3TO CONPOTHBJIEHAE BHOCHTCA
¥3 BTOpHUHON OGMOTKM B NEPBHYHYIO He «TaK Ha Tak». B sasn-
CAMOCTH OT Ko3(¢uuuenta tpaHchopMauuu n, To €CTh B 3aBHCH-
MOCTH OT COOTHOIICHHA BUTKOB B 0OMOTKAX, CONMpPOTHBIEHHE Ry—sn
MoxeT ObITb au60 Gosbime Ry, An60, Ha060pOT, MeHblIe ero. 3To
JerKo TousTh W 0e3 crpororo aHaausza. Hampaxenwsa H TOKH
B NepBHYHO ¥ BTOPHYHON OOMOTKaX MOryT GbITb PasHBIMH, a FAe
pasHBle TOKH M HAaNpAXKEHHd, TaM XKAH H Pa3HbIX COMPOTUBIAEHHH.

CooTHomenne Mex 1y koadhunuedToM TpaicdhopManyiu n 1 co-
NPOTHBJEHUAMH Ry M Ruy_s: MOXHO BLIBECTH JOBOJIBHO MPOCTO,
BLITOJIHUB HECKONBKO 3JE€MEHTApHHIX ajreGpanyeckux omnepauui.
MH Ke TOCTYNUM €Ile NPOIIe — HalJeM COOTHOLIEHHE MeXIY
3THMH BeJHUHHAMH M3 NPOCTOro uyucJoBoro npumepa. Ilpeamoso-
JKUM, UTO B KOJJIEKTOPHYIO LeNb TPAH3HCTOPA BKAIOYEH MOHUKAIO-
Wl TpaHcdopMaToOp ¢ TAKKMH JaHHBIMU: YHC/O BHTKOB NEPBHY-
Holt of6Motkn wi = 1000, sropuunoil — w1 =250. Bynem cuurars,
yTo KO3(duunent tpaHchopmauuu n=1000:250=4. ([lpunaro
CcYMTaTh, UYTO KO3(MQPUNUEHT TpaHC(OpPMaLKK 7 — 3TO OTHOLIEHHE
Wn Wi, aHe HaoGOopOT, U IO3TOMY fUJIsl IOHHIKAIOWHKX THaHcpop-
MaTOpOB 1 Bcerjga MeHbiue efHHUNbl. Ho nockosbKy nosib30sarbeCs
3TOH MaJiofl BeJMuUMHON npu pacyerax He OvYeHb ynOGHO, MBI 10-
MyCTMM HEKOTOPYI0 BONBHOCTb, CUATAas, YTO B HAIIEM NOHHKAIO-
meM TpaHchopMarTope = Wi Wi, a HE Wi i wp)

[MpeanonoxXuM, 4To Ha NepBHYHOH OOMOTKE jAeHCTBYeT mepe-
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MeHHoe HanpsixkeHne U; =4 6, a B 1enp BTOPHYHOH OOMOTKH
BKJIIOYEH PPOMKOTOBODPHTEIb C CONPOTUBJIEHUEM 3BYKOBOIl KaTyul-
KM Ruy=5 ox.

3Has Ko3¢uuueHT TpaHcopMaUuy n=4, HETPyAHO MOACYH-
Tath, 4ro Uy =U;: n=4 8:4=1 6. [lpn TakoM HampsiKeHu"
yepes Ry mnofiger Tok [ =U 12 Ry=186:5 on=0,2 a. A 3naunt,
TOK B mepBHuHOH obmotke [1=/y: n=0,2 a:4=0,05 a.

Tenepsb, ecau BH enle He 3a0blv 3akoH OMa, MOXKHO NOACYH-
TaTh H BHOCHMOE conpoTtubaeHue: Ry pr=U,:/=46:0,05a=8( o «.
Ono okasasoch B ILuecTHaAuaTh pa3 Goabue, ueM Ry Ha puc. 83
NOKa3aHul pe3ynbraThi MOLOGHOr0 pacuera u s pasHHX Koshdu-
uventos TpaHchopMmauun. [Toab3ysch 3TuMu pesynbTaTaMu, Jjer-
KO NPuWATH K BEIBOAY, YTO, BKJIOUUB CONDPOTHUBJEHHE 4epe3 [OHH-
RKawllui TpaHchoOpMaTop, Mbl Kak Obl YBEJIHYHJIM 3TO CONPOTHB-
JleHye, NpHYeM yBeJIMYHJH €ro B n? pas, rie n— Ko3pouuuest
tTpaHcdhopmayuH, paBHBI W1 :wy. A orcioga euwie oZMH BbIBOA:
NOHMKAWINKWH TPaHCHOPMATOP MO3BOJSIET COr/JACOBATh HU3KOOM-
HYI0 HAarpy3Ky ¢ T€HEpaTopoM, HMEIOIIHM BEICOKO@ BHYTpEHHee CO-
NPOTHBJIEHHE, H, B YaCTHOCTH, COLJIaCOBLIBaTb HA3KOOMHBEIA AHHA-
MMUECKHH TPOMKOTOBOPHTEb ¢ OOJILIIHM BEIXOIHLIM COMpPOTHBJIE-
HHEM TpaH3HCTOpa.

Huorja cornacywoiuuii TpascopMaTop NPHMEHSIOT H A5 MEXK-
KacKaJaHOH cBSI3Y — OH MO3BOJISET HACAJBHO COrJlacoBaTb MaJjioe
BXOAHOE CONPOTHBJEHHE TPAH3MCTOPHOIO YCHJAMUTENA € GONbUIMM
BBIXOAHEIM CONPOTHBJIEHWEM NpPeLIAYILEro Kackama. A To, 4TO
BO MHOTHX C/Iy4asix KOHCTPYKTODH OTKa3bIBAIOTCA OT MeXKKacKaj-
HOro corJiacywIllero TpaHchopmMaTopa, 4acto CBA3aHO JHIIbL C €Fo
CPABHUTEJbHO BBICOKOH CTOMMOCTbIO. [103TOMy OKasblBaeTcd Bhl»
rojHeil NPHUMEHHTb BMECTO TpaHcdopmMaTopa Napy pe3HCTOPOB
¥ KOHAEHCATOp, OTKAa3aBIIHCb OT ONTHMAaJbHOFO COFJIACOBAHMA.

TpanchopmaropHast cBs3b HPHMEHSETcA JAst COrVIAacOBaHUS
HH3KOOMHOrO BXOZHOTO CONDOTHBJIEHHS TpaH3HCTOPa ¢ JpYruM
BLICOKOOMHBLIM FeHepaTopoM, kKonebaTeJbHbLIM KOHTypoM (puc. 84).

B paaunonpueMuuke KosaebaTe bHblil KOHTYD NMOJAYYaeT 3HEPTHIO
HENOoCPECTBEHHO H3 aHTEHHHl WJH M3 KOJJEKTOPHOH Uenu yCHJH-
TeNsi BLICOKOH wacToThl. He 3afymbiBasick HajJ TeM, YTO NMpPOHCXO-
IHT 0O KOHTypa, €ro MOXKHO CYHTaTb FeHepaTOpOM, KOTOpHIH, Kak
06BIYHO, Nepe/iaeT SHePruio NnoTpebHurenio — AeTeKTOpy HJH BXOX-
HO#l UenH clefylolero Kackaga. JlasaiiTe mocMoTpuM, KakK B 3TOM
[OCEAHEM CcJYyuae OCYLIeCTBJISAETCA COTJIacOBaHWe reHepatopa
C Harpyskoi.

BHyTpeHHee CONPOTHB/IEHAE KOHTypa-reHeparopa 3aBHCHT OT
TOro, Kak K HEMY MONKJIOUHTb Harpysky. Ecin momkmounTs Ry
napaJJiesbHO KOHTYPY, TO OH BeAeT cebs KaK reHepatop ¢ OdeHb
GOJIbIIUM KBHBaJEHTHBIM CONPOTHBJICHHEM — [JECATKH, a MHOTAA
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Puc. 84 [las tor0 utofbi HM3KOE BXOLNOE CONMPOTHBAEHHE TPAH3NCTOPR HEe
WYHTHPOBANO KOHTYD, NPUXOLUTCA OCNAGIATh CBS3b MEXAY HHMH

COTHU Kom (BepXuuit JucTOK). Ecam BKAWOUATL HATPY3KYy B KOH-
TyP NOC/NEAOBATENbHO, TO OH YK€ NPeICTaBAfNETCS reHepaTopoM
C OueHb HEOOMbIIKM (6YKBa/AbHO HECKOJILKO OM) BHYTPEHHHM CO-
nporusaendeM (uuaHul auctok). O6Ga Bapuanta 1as Hac He-
BHITOAHB — MDY 1aPAANEJIbHOM IOAKIIOUEHUH K KOHTYDY €ro co-
TPOTUB/EHHE CAUIIKOM BeJUKO, 4 TP N0CTEA0BATEJBHOM — CJIHIL-
koM Mano (Bocnmomunanme Ne 19). A nockosbKy MMEHHO ¢ 3TUM
CONPOTUB/CHHEM HYXKHO COMMIACOBBIBATb HArpy3Ky H MOCKOJbLKY
TaKOH Harpyskoii ABAAETCH TPAH3UCTOD, MOMKHO CKa3atb, YTO IO-
CI€I0BATENbHO B KOHTYD MOMHO BK/IIOYATh BXOAHYIO UEMb TPaH-
3HCTODA, ECJIH €€ CONPOTHBACHUE OUEHb MaJIo, @ AP aJlJeJbHO KOH-
TYPY MOXHO NOJAKMIOUaTh BXOAHYIO U€Nb TPAH3UCTODPA, €CJH ee
CONPOTUBJIEHAE OdeHb BENHUKO.

CpaBHeHre Pa3HbIX BO3MOMCHOCTEH COrNIaCOBAHMA BXOLHON ue-
1 TPaH3UCTOPa € KOJIe0aT1eNbHBIM KOHTYPOM NOKA43a/0, Y4TO Jyd-
e BCEro NOAKMI0UYaTh K HEMYy NapajfessHO YCHAATEIb N0 CXeMe
O3, BxogHoe CONPOTHBJEHWE KOTOPOrO OGBIUHD COCTABASET He-
CKOALKO KUMOOM. ONHAKO NMOJK/IOUHTb TaKOe CONPOTHBRICHHE He-
HOCPEACTBEHHO K KOHTYDY HeNb3d, TaK KakK Npu 3TOM MBI HE noay-
YUM HAKAKOro corsacoBadus. KoHTYD, HMEIOIIHA 3KBUBAJEHTHOC
COMPOTHRBJAECHHe HECATKH KHJIOOM, OTAACT TPAH3HCTOPY HAMHOIo
MeHblIe 3Hepruu, ueM Mor 6bl. Ho 310, noxkanyii, eie He camoe
CTPAINHOE — NOTePXH 3SHEPrHH MOKHO Kak-HUOyAb BOCIOJHHTD,
HanpuMep, BKAOUHB B YCHJMTENh €II€ OfMH Kackal.
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UlynTupoBanue KOHTypa MajibiM BXOAHBIM COMPOTHBJCHHEM
TPaH3UCTOPa BJeYeT 3a coGOH ellle OAHY HEMPUATHOCTD, MOCAEACT-
BUsl KOTOPOW YCTPaHMTh yxke He Tak npocro. [Ipu wryntuposanus
KOHTYpa yXyJaliaercs ero 106potHocTs Q (Bocrnomuuanue Ne 19).
A B pesynbraTe yMeHbLIEHHS! Q MPUTYM/ISETCS PE30OHAHCHAS KpH-
Basl, ¥ KOHTYD MOYTH COBCEM IEPECTAET BHIMOJHATHL CBOIO OCHOB-
HY10 pabOTy — MepecTaer BLIAEJSATb CHTHAJ MPHHMMAaeMOH cTaH-
nuu. HHbiMu cioBaMH, WIYHTHPYS! KOJeGaTENbHBIA KOHTYpP, MbI
YXyALIaeM ero H30HPaTesbHOCTh.

CorsacoBaHHe KoJsieGaTesbHOTO KOHTYpa € BXOAHOH UEINbIO
TPaH3HCTOpA Ualle BCEro CCYHIECTBJSIETCS C MOMOILbIO MOHHXKAI0-
utero Tpancopmaropa. Ilpu sToM conporusienne Ry_py, KaK MHI
12Ke 3HaeM, oKa3blBaercst GOJIbILE, YeM COMPOTHBJEHUE Ry, H KOH-
TYp WIYHTHPYETCA B MEHbIUEH CTeneHH, ueM 3To ObJIO Obl IPH
HEMoCPeACTBEHHOM €ro MOAK/IIOUEHHH K TPAaH3HCTOPY.

Posnb mepsuunofi o6MOTKM corsiacymollero TtpanchopMaTopa
IPEKpPaCHO BLIMOJIHSIET CaMa KOHTYpHas KaTylika Ly Psgom c ueii
pacrnosiararT KaTyliKy cBfi3H L., KOTOpas mpeicrasjser coGon
He UYTO HHOe, KaK BTOPHUHYI0 06MOTKYy TpaHchopMaropa. Hem
MeHblle BHTKOB Yy KaTyWIKH CBSI3H, TeM OoJbiie Ko3hduImeHT
TpaHcpopManHH, TeM OOJblle CONPOTHBAEHHE Ry_gy, LIYHTHPYIO-
uee KOHTYD, TEM, CJAEAOBaTEeIbHO, BbIlIE ero go6porHocts. Ho,
C ApPYrofl CTOPOHbLI, yMEHbIIasl YHCJIO0 BHTKOB KaTYLWIKH Lep, MEI MO-
HHJKaeM M HanpsiKEHHe Ha Helf, TO eCTb MOHHXKAEM HalpsKEHue
curdana Ucyr Ha BXOAe TpaH3HCTOPa.

B otsinune oT TpancopMaTOpa, Ha CTATLHOM CEPAEUHHKE B BHI-
COKO4aCTOTHOM COIviacywolleM TpaHchopMaTope MOXKHO MEHSTh
BHOCHMOE CONPOTHUBJ/IEHUE elle ONHHM CMoco6oM — cOaukag aubo
pasiaBuras KaTyWKH Lx 1 L¢s. UMenHo TakuM criocoGoM, Kak npa-
BUJIO, OKOHYATENbHO NOAOUDaI0T HAaHBEITOAHEHIYIO, OMTHMAJBHYIO
cssi3b. Pasasuranne Katyliek PaBHOCHJIBHO yBEJIHYEHUIO KO3(du-
nueHTa TpaHcopMaluH: ecyu pa3aBUrath KaTyWiKH Ly # Leg, TO
nanpsaxenne Ucyr magaer, a 106poTHOCTH KOHTYPa Q pacrer. Uto
JKe Kacaercst MOLIHOCTH, TIocTynawlled OT reHepaTopa K Harpy3Ke,
TO €CTb OT KOHTyPa K TPaH3UCTODY, TO MPH Pa3iABUTaHHH KATYLIEK
3Ta MOLIHOCThL CHauaJ/a PacTeT, a 3areM, MOoCJ/e TOro Kak Bl Npoii-
Jere TOUKY ONMTHMaJbHOH CBSI3H, YMEHbLIaeTcs.

Y10 XKe ayulre noTepsTh — JOOPOTHOCTH KOHTYPa HIH YPOBEHD
YNPAaBJSAIOIIEro HANPAXeHHs? 31eCb BCe 3aBHCHT OT TOTO, B Y4EM
Bbl GoJibllle HYXKAaeTech. Tak, HanpuMep, ec/iu B NPHEMHUKE BCETO
OJHH KOHTYpP, TO, MOXET ObITb, U CTOHT HECKOJbKO TMOJHATHL €ro
H30UPaTENbHOCTh, 0C/1a0HB CBA3b MEXAY KaTYLIKaMH H CMHDHB-
IIACh ¢ NoTepel, MosydaeMoll OT KOHTYpa MOLIHOCTH (3TC B HTOTE
CKaXeTcs Ha rpOMKoCTH npueMa). OAHaKO, Kak NMpasHio, CBA3b
MeXay KarywkaMmu Ly v Lep moabupaoT Tak, yTOObl MOAYUHTH
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OMTHMAJbHOE COFJIACOBaHME FeHepaTopa C Harpy3koi, To eCTb
nepenaTtb H3 KOHTypa Ha BXOJ4 TPAaH3HCTOPAa HAHWGOJBIIYIO MOLI-
BOCTb. [1pH 3TOM, KCTaTH, H JOGPOTHOCTb MOJY4aETCs A0CTATOUHO
BbICOKOH. Bo BecAxOoM cayuae, ecnu, Q06GUBIINCL ONTHM a/bHOM
CBSI3H, Bbl OyaeTe U Aa/blie PAa3IBHraTb KaTyUWIKH, TO 106POTHACTb
TIOBBICHTCSl YK€ He3HAuHTeJbHO, B TO BPEMs KaK MOILHOCTb, MO-
CTynawpouias Ha BXOJ TPaH3UCTOPa (a B HTOTe H FPOMKOCTh TNpHe-
Ma), pe3KO YMEHBLIWTCH.

Hapsany ¢ cornacyomum TpaschopMaTOpoM HHOTAZ MpHMe-
HAIOT €lie H aRTOTPEHCHNDMATOR, CLeJaB, HapUMep, OTBOI ¥ KOH-
Typuoh Katywxy (puc. 43). Ilpu 310M yMerblIeHie uHcia BUTKOB,
K KOTODHIM INOAK/IIOUE€HA Harpyska, PaBHOCHJBHO pPa3BHTaHHIO
KaTylleK COracylolero TpaHchopMaTopa.

B TpaH3uCTOPHEIX yCHAHTENSIX MpobaeMa COrJIacoBaHis — 5T,
no CYTH Aesia, npoGseMa MexKackalHoH cBssH, npobsema nepe-
AauM SHEPTHH OT «HAuana» K «KOHWY» YCHJHTEJs, OT npedblaylle-
ro Kackaia Kk mocseaywoinemy. Ho momumo srtoit npsMo#i, nop-
MaJ/IbHOH CBSI3U B YCHJIUTENSX, B 10M UHCJE H B TPAH3HCTOPHHIX,
MOXKeT GHIThb ellle H 06paTHast CBSI3b — Nepejlaua SHEPTHH OT «KOH-
1a» yCHJHTeNs K ero «Havaays. Mmenno o6 stoit o6paTHoil csi3y
celyac mofiger peus.

PO0KYCHbI C ®A3AMMHU

OGpartnas cBasb — cokpaiieHHo OC — B TPAH3HCTOPHHEIX YCH-
JIMTENAX BO3HMKael TOTAa, KOUAa YacTh MOIMHOCTH BbIXOAHOrD
CHrHasia Mo KakHM-TO MYTAM MoOMalaeT BO BXOAHYIO uemb. M3-3a
sToi caMoi OC BO BXOJHOH LeNMH yXKe NeBCTBYIOT ABa CHrHaJ3,
ABa YNPaBJsIOWHX HaNPAKEHHS — HCTHHHBIA curHan Uy, mo-
CTYNUBIUMH, HanpuMep, H3 MPeIbIIYIIETO KacKkala, H COGCTBEHHbI
curdan Uge, mocTynuBiunii u3 coGCTBeHHON KOJ/IEKTOPHOH IemH
TpaHsucTopa.

XOTHM MBI 3TOTO WJIH HE XOTHM, HO oOpaTHas CBf3b cyuieci-
ByeT B J0060M TpaH3ucTopHoM ycuaurtese. OHa BO3HMKaeT,
HanpuMep, H U3-3a TOTO, YTO BXOAHas U BBIXOAHAs UENH HMEIOT He-
KOTOpble obuiyie yuacTKu B caMmoM TpaHsucrope. Tak, B cxeme O3
(puc. 67) KOJIEKTOPHLIH TOK NPOXOAMT 1O YYaCTKy 3MHTTEp — Ga-
33, a 3TOT y4aCTOK, eCTeCTBEHHO, BXOAHT H BO BXOAHYIO LEMNb.
B urtore 11060e H3MEHEHHE KOJIJIEKTOPHOTO TOKa NMPUBOJAHT K HEKO-
TOPOMY HM3MEHEHHIO YNPaBJsIOUIET0 HAMpSKEHHS, a 3TO HE 4To
uHOe, Kak obGpaTtHas CBA3b.

OGparnast cBf3b MOXeT BO3HHKalb M BHe TpaHsucropa. Tak,
HaNpHMep, €CJH B YCH/INTe/IbHOM KacKaje HMMelTcs ABa KoueGa-
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TEJIBHBEIX KOHTYpa — BO BXOJHOH H B BBIXOJHOH LEMH — TO COBCEM
HE HCKJ/IOUEHO, UTO KaTylKa BEIXOJHOTO KOHTYPa CBOUM 3JEKTPO-
MAarHMTHAIM [I0OJIEM HaBeJeT HallpsiKeHHe B KaTyliKe BXOAHOIO
kourypa. M sto Toxe Gyner oGparnasi cBasb, o6paTHoe BJIHSHUE
BBIXOJHOH UENK Ha BXOAHYI.

Ecin  wampsokenne Uoe o06Gpatuofi  cBSI3W, MoNaBliee BO
BXOJHYIO NEMb, AEHCTBYET COMNIACOBaHHO C €€ OCHOBHBIM MKHUTE-
JieM — HanpsikeHieM curdana Ucyr, uHbIMM cioBaMu, ecau Ucur
¥ Uye coBmanawr no ¢ase, To ofparHasi CBA3b Ha3blBaercs IO-
JOXKUTENbHON (DpHC. 85).

Ecau xe Hanpskenue o6paTHOH CBSI3U NPUXOJAMT BO BXOLHYIO
Lenb, 4ro6bl MEIlaTbh €e OCHOBHOMY CUTHaJy, €C/AM HalpsKeHHA
Ucwr u Uge NelicTBYIOT B MpOTHBOGa3e, TO o6paTHasi cBA3b Ha-
3bIBaeTCs OTPHIATENbHOMH.

He Hy:XHO no/ruX paccyxaenuli, 4T06bl NPpUATH X BHIBOAY, 4TO
TOJIOXKHUTENbHAs o6paTHast CBA3b, 110 CYTH jeJsa, NOBLLIAeT YCH-
JeHne kKackana: HamnpsKeHuss Ucur 1 Uge cknaabiBaioTcs, ofuiee
yrpasJsiionlee HanpsikeHHe CTAHOBHTCS GOJIble, YBEJIHYHBAIOTCH
NepeMeHHble COCTaB/SIOUMe 3VUTTEPHOrO M KOJJIEKTOPHOTO TO-
KOB, M B UTOTe pacrer HallpsKeHHe Ha Harpy3Ke. A OT HCTOYHUKA
cHrHaJja Mbl IPH 3TOM HUKaKOH JONOJHUTEILHOH NMOMOLIM HE Mpo-
cuM. BrixonHoft curHan, a BMecTe ¢ HUM U YCHJIGHHe KacKaja yBe-
JUYHBAIOTCS «6eCcaaTHO», TOJMBKO 3a CYeT BHYTPEHHHX PECypcoB,
3a cuer mogoxuresnbHoil OC.

Ilpyn BBeneHuuM oTpunarTesbHON OGpPATHOH CBS3H Bce MPOHCXO-
auT Hao6opor: HanpsKeHust Ueur 1 Uoe neficTByioT B npoTusodase,
obuiee ympapJsioliee HaNpsAaKeHHE ¢ BBEJEHHEM OTPULATENb-
Ho#t OC CTaHOBHTCS MEHDBIIE, a B HTOTE CTAHOBUTCH MEHDILE H Bbi-
xonHoft curdan. MueIMu ci0BaMu, OTpHIaTeNbHAA 06paTHAs CBSA3b
B UTOTe YMEHbINAET YCUJIEHHE KacKaja.

Ha ocHosaHMH cKa3aHHOro Taxk M XoueTcsl cAe1aThb BIBOJ, YTO
[IoN10KHUTEJIbHAasl 06paTHas CBS3b-—3TO XOPOIIO, a OTPHNATEND-
Hasg — 310 mJa0X0. ONHAKO He CTOMT TOPOIMTbCS C BBIBOLAMHU.
YenoBex, KaK U3BECTHO, «He XJeGOM €IMHLIM XXUB», a OT YCHJIH-
teqiss TpebyeTcs He OAHO TOJbKO GOJbIIOE YCHJCHHE.

lMonoxurtensHas ob6paTHast ¢BsI3b JeHCTBUTENLHO Ge3 LOMOJI-
HUTEJNbHbIX 3aTpaTt MOBLIILAET yCH/AeHHe. DTHM JTOCTOMHCTBOM NO-
JgoxutearHoll OC mosnbs3yloTcs, HalpUMep, KOTa XOTST KaK MOXK-
HO JellieBMe MOCTPOUTH NMPHEMHHUK € BBHICOKOH YYBCTBHTEIbHOCTBI)
(To ecTs 6€3 JIONOJHUTEbHEIX TPaH3HCTOPOB H MPaKTHYECKH Ge3
JOTOJHUTEIbHOTO pacxoja sHeprud Gartapel).

Ecnn B moroHe 3a ycujeHHeM Bce 6oJibiie U GOJbUIE yBEaHUH-
BaTb OGPaTHYIO CBsi3b, TO MOXHO BCOOLIE IOTEPSATb BCE HA CBETE,
Hoa06HO TOMY Kak 310 Obl/Io ¢ )KaaHo# crapyxoit B «Ckaske o pH-
6ake u poibke». Ho xu3up crapyxu mocje TOro, Kag OHa mpe-
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Fue. 85. Ionoxurenbuas o6paTHas CBA3b yBEJIWUHBAeT ynpabJsiolllee Hanps-
KeHHe, oTphnaTe/bHas oGpaTHas CBA3b yMeHbUIAET ero.

EbICHJ/Ia HEKOTOPLIH MOPOT KaAHOCTH, CKauKOM BepHyJIach B HCXOJ~
HOE COCTOSIHME, a B YCHJIUTEJIE NOCJ/e TOro, Kak OyJAeT npeBhlleH
HeKoTOPuIl nomycTUMBIH mopor moJoxuTension OC, npousoiaer
CKauyOK COBCEM JPYrOTO poja — YCHIuTenb BooOule ucyesHer. To
eCTh BCE TPaH3HCTOPBI, PE3UCTOPH, KOHAEHCATOPL U Apyrhe je-
TaJd OCTAaHyTCS Ha MECTe, HO YCHJUTENst He OyleTr — OH Npespa-
TuTCA B reHeparop. Ilpu caAHLIKOM CHJIBHOH NONOXKHUTENLHOH 06-
paTHOH CBsI3W BOSHUKAET CaMOBO30YMKJCHHE — U3 BHIXOAHOH pen#
BO BXOAHYW NOCTyNMaeT HaNpsiXeHHe HacTONbKO OOJbLIIOE, HTO,
NpeoJioNieB BCe NOTEPH, OHO YNPaBASET KOJJIEKTOPHLIM TOKOM 6e3
BCsIKOH TMocTopoHHe# momolny, 6e3 chriana Uey B utore rakoro
caMoynpaB/eHHs TOK B KOJIIEKTOPHOH 1€l MEeHseTcs, Ha Harpys-
Ke mefcTByeT nepementoe Hanpsikenne. Hebosblag 4acTb BuIXOA-
HOTO HanpsiKeHUsl BO3BpallaeTcs BO BXOJAHYIO Uemb, yToOul NOA-
JIEepXUBaTh 3TOT HEMpEeKpalllatolliuiicss mporece.
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O npeBpauteHHH YCHJAHTEIS B TEHEpaTOp Mbl elle MOroBOpHM
(crp. 303). A noxa nulIb OTMETHM, YTO CaMOBO3OYXKAEHHE — 3TO
¥ €cTb [JIaBlas HeMmpUATHOCTb, KOTOPYIO MPUHOCUT ¢ cobolt mo-
J0XHUTeNbHast 06paTHas cBsa3b. M TO, YT0 B TPAH3HCTOPHBIX YCHJIH-
TeasiX He CTONBKO BBOAAT NOJIOKHTENbHYI0 00paTHYIO CBSI3b, UTO-
6Bl MONHSATH YCHJIEHHE, CKOJbKO OGOpIOTCA C MapasuTHOH, BO3HH-
Kalolwel noMHMO Halllero xedadusi nojgoxurennssolt OC, xotopas
aesaer paboTy yCHJHTENs HEYCTOHUMBOH, MPUBOAUT K ero caMo-
B030yXKIEHHUIO.

B T0 ke BpeMsi oTpullaTedbHasi oOpaTHas CBf3b, KoTopad
Eeu30eXKHO CHHIKACT yCHJAEHHE H OT KOTOPOil, Ka3anoch Obl, HHUE-
ro xopolere M XKJAaTb Heyero, nosab3yercs OoJ/buiol momyasp-
HOCTbHIO, MOTOMY UTC ¢ MoMoubio orpuilateasHoil OC MoxkHO cle-
JlaTb MHOTO MOJIE3HBIX eJI, HaMPUMEDP — MOBBLICHTH BXOAHOE CONPO-
TUBJIEHHE YCHIHMTEJILHOrO XaCKalla U TeM CaMbiM OOJEryuTb ero
corsiacoBaHHe ¢ MpPEALIAYLIHM KacKalowm.

VBesuueHHe BXOLHODCG COMPOTHBJEHHS B 3TOM cJyuyae oGbsc-
usierca nosoasHo npocto. M3-3a orpuuarensuoit OC nepemennas
COCTaBJAOIMAA TOKZ BO BXOLHOH UENH yMEHbUIAETCs, XOTs HCTOY-
HMK cHrHAJa Kakoe faBan nanpsikenue Ucur, Takoe u paer. A 1o,
YTO NPH HEW3MEHHOM HamNpsXKEeHHH YMEeHbIIaeTcsl TOK, PaBHO-
CH/IHO [OBLIIIEHHIO BXOJHOrO cOMpoTuBJaeHHs (pHc. 56).

Boopy:KUBIIMCh 3TOH NPOCTOH UCTHHOH, MBI MOXEM TeNeph Co-
BCEM TMO-APYroMy B3IVIAHYTb Ha CXeMy ¢ OOWIMM KOJIIEKTOPOM
(puc. 73). B 310l cxeme BbiX0gHOE HanpsKeHUE MOJHOCTBIO NOMa-
JaeT BO BXOAHYIO uenb— MeXAy 6a3oll ¥ IMUTTEPOM AeHCTBYIOT
apa nanpsikenusi Uss 1 Upux. UHbivu cioBamu, ycusurens ¢ 06-
IIKMM KOJJIEKTOPOM OXBau€H oueHb I1yOO0KoH O6paTHOH CBA3LIO.
Drta o6paTHAsi CBSI3b OKa3blBaeTCs OTPHIATE/bHONH: KOrja CHUrHan
Ucur yBesTUuUBaeT Ha Ga3e «MHHYC», BHIXOAHOE Hanpsikenue Upyx
yBEJIUYHBAET «MHHYC» Ha sMHTTepe. B pesyabraTe Takoro nporH-
BOLEHCTBUSI CO CTOPOHBI Usgyx YMEHbIIAeTCs] nepeMeHHasi COCTaB-
Js0Last ToKa BO BXoJHOH ueny (1pu Heu3MeHHOM Uenr), MO3TOMY
cxema OK of6namaer ouedb BBICOKMM BXOMHBIM COMPOTUBJIEHHEM.
Ilo sTofl e MpuUUKHE OHA HE JaeT HUKAKOrO YCHJIEHUs MO Hamps-
XKEeHHIO.

31ech, Ha caMOM HHTEPECHOM MECTE€, Mbl TMpepBEM paccka3s
0 JIOCTOMHCTBaX W HEJOCTaTKax 00paTHOH CBSA3H, O TOM, KakK CJIOK-
HO (POPMHUPYIOTCS MOHSTHSI «XOPOWO» H «IJIOX0®, KOTAa NEJ0 Ka-
caeTcs 3JEKTPOHHbIX cxeM. Mul mpepsem cBolf pacckas motomy,
4YTO C HEKOTOpHIMH ocoOeHHOCTAMU o6paTHOH cBsI3u yao6ueit 6y-
JeT MO3HaKOMHUTLCH B CJAEYIOIHKX [VIaBaX, Ha NPUMepax ee mpak-
THYECKOTO HCMOJL30BaHus. A celiyac HaCTyNU/Ia OUepenb «MOC/HEN-
HEero cka3danbsl» 06 a0CTPAaKTHOM YCHJ/HMTEJNE, NOCJe yero Mbi CMo-
KeM HaxoHel nepeiiTi K KOHKPETHBIM yCHJIMTeIbHBIM CXeMaM.

BPOCOK HA OT

Iaxe nme coBepulasi A/IUTE/NbHBIX MHOTOIHEBHBIX NYTELIECTBHI,
MOXXHO TMOUYYBCTBOBaTh, KaK BEJHKHU [POCTOPBI Hallued CTPaHHL.

MoxHo, HanpuMep, MOJACYHTaTh, YTO Ha e€e TePPHTOPHU pas-
MECTHTCSl MATBAECAT ThICAY TaKUX THTaHTOB, KaK Mocksa, u Hace-
JIEHHE TMOJIYYUBLIErOCs1 MPH 3TOM <«CYIEPropoja» COCTaBUT MpHU-
MepHO TPHCTa MHJIIHaPJAOB yeJOBEK — B CcTO pa3 Goablie, yeM HA
BCEM 3eMHOM Liape. A ellle MOXKHO NPELCTaBHTL cele, KaK KHUTeH
Bpecra, nporynuBasce noche TPyAOBOTO [HS MO YJIHUAM CBOEro
THXOTO 3€JIGHOrO Topofa, JioOYyIoTCs SApKUMM KpacKaMH 3aKara
W Kax B TO e Camoe BpeMs COJHUE YKe BHIMIBIBaET K3-3a ro-
pHM3OHTa ¢ JApYyroil CTOPOHBI 3€MHOTO Wapa W HauMHaeT HOBbIH
deHb Bo BarapguBocToke. MoiHO, HaKOHel, POCTO MOCAYWaTh MO
palHo CBOAKY MoroAbl M yOeauThCH, uTO B Haua/ie MapTa, Koria
oduUKadbHO HaukHaeTcs BecHa, B Hopuabcke eme crosT gsanua-
TUI'PafgycHble MOpo3bi, a B CyXyMH yxe ABafuaTHIpadyCHasl Kapa.

Ecnu B Takoe BpeMsl rofla BaM NMOHaRoOHTCS nepecedb cTpany
C cesepa Ha 10T, TO HaBEPHSKA NPHUAETCA NOJOXKHTL B yeMOpaH
H TENAYI0 3UMHIOID LlIankKy, H JIETHHE CaHJaJ/ihu. A ecau 3axorure
B34Thb ¢ cOO0H B JOpPOr'y caMOeJbHbIH TPaH3HCTOPHbIH MPUEMHHK,
To 0043aTe/IbHO HYXKHO GYJAeT NMPUHATL Mepsl, 4YTOGH OH Ge3
OCJIONKHEHHl MepeHec CTo/Ib pe3koe u3MeHeHue kaumara. [loTomy
YTO CaMM TPaH3UCTOPHl OYEHb YYBCTBUTENbHB! K H3MEHEHHIO TEM-
neparypel, U €CJAH He MPUHSITb MEP, TO MPHEMHUK, CAeSaHHBIH
U Ha/JaXEHHB [puH cpelHeil KOMHaTHOH TemmOepaTrype, MOXET
coBceM He paboTaTb NMOX KapPKHMU JyuaMHd I0XKHOTO COJHIA.

Mbl yKe HECKOJIBKO Pa3 rOBOPWIH, UTO B MOJYNPOBOJAHUKE NpH
U3MEHEeHHU TeMIepaTypbl Pe3Ko — MPUMEPHO B [Ba Pa3a Ha KaXk-
Able TecTb IPajycoB — MEHAETCS YUCA0 COOCTBEHHHIX (HEOCHOB-
EbiX) 3apsaioB. B nuoge 3TH HeOCHOBHBIe 3apsia co3xaloT o6par-
¥blll TOK losp (pHC. 17, 21), a B Tpausucrope u3 Hux 06pa3yercs
oOpaTHblil TOK Kosiektropa fxe (puc. 60).

Ilpuy HarpeBaHunu aHoma M3-3a yseauueHus [osp pr-nepexol
JOCTHTaeT TPaHUubl JOMYCTUMOH MOLIHOCTH TNpu 6Gojee HU3KOM
HanpsXEeHUW, U MOITOMY CTOJNb BaXKHasl XapakKTEPHCTHKE, Kak
ponyctumoe o6paTHOE HanpsiKeHUe NHOa, 3aMETHO MOHHMKaeTcs.
DTa XKe HEMPUATHOCTb MPOUCXOJAUT U MPU Harpese TPaH3HCTOPOB.
Tak, nanpumep, ecnu npu temneparype 20°C kosiekTopusiil nepe-
AON TPaH3UCTOpa CNOKOHHO BbigepkHBaeT Hanpskenue 50 8, TO
npu temneparype 60°C OH MOXKET 0Ka3aThCsl NPOGHTHIM y¥Ke MpPH
nHanpsixkenuud 20 8. Ho 3To eute He Bce.

Harpes TpaH3HCTOpa MOXKET NMPHBECTH K ellle OAHOH H NPUTOM
OYeHb CEPLe3HOM HENMpPUSATHOCTH — K PE3KOMY H3MEHEHUIO peXHuMa
H apaMeTpoB TpaHsucropHoro ycuautens. M sto onsarte-taku cssa-
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3aHO C POCTOM Ha4yaJibHOTO TOKAa KOJ/IeKTOpa [k H3-3a yBEIHUEHUS
uHc/1a COGCTBEHRbIX (HEOCHOBHBIX) 3apsiJ0B.

Pasnble cxeMbl ycusuTesell no-pa3HOMy MEHSIOT CBOH pemuM
NOJ BJMSHUEM TEMIEPaTyPsl, fakKe ecJH B 9THX cXeMaX paboTaioT
OJMHaKOBbIE TPAH3UCTOPLI, C OJHUM H TeM Ke HauaJbHBIM TO-
koM. Tak, B uactHoctH, cxeMa OB cBOH pekuM MEHSeT B OYEHb
Manoit crenend. OGpaTHLI TOK KOJieKTOpa Ixe B 3TOH CXeme
TOJIBKO U [€JIa€T, YTO NPHOAB/IAETCS K OCHOBHOMY KOJIIEKTOPHOMY
TOKY Ilx. A nockoibky Iy, Kak TpaBUJIO, 3HAUHTENbHO 6OJble,
ueM Iyo, TO, KaK Gbl HH MEHAJICA STOT NOC/EAHHH, OH He MOMET 3a-
METHO MOBJHATL Ha OOWMHA KOJVIEKTOPHLIH TOK.

IToaTsepauM 3TO uMC/IOBLIM TpuMepoM. B peasnbHOM cayuae
B YCH/IUTEIbHOM KaCkKaJe C MaJIOMOLIHBIM TpaH3HcTOpoM [y coO-
CTaB/sieT 2 Ma, a o6paTHLI TOK [x, IPH KOMHATHOH TeMmmepaTtype
20°C y cpeguux TpaH3ucropos pasen 10 mxa. JlomycTM, 4TO
1pausucTop narpeercs Ao 70°C u ero o6paTHbI#l TOK, yBEIMYUB-
mwuck B 32 pasa (npu HarpeBanuu Ha 10°C Tok Iy, pacTeT B aBa
pa3a, a 3HauuT, Npu HArpeBaHun Ha 50° OH yBesjHUMBaeTCH
B 25=32 pasa), Bospacre1 10 320 mxa. [Ipu 5TOM KOJJIEKTOPHEI(i
TOK yBequuurcs 10 2,32 ma (2 ma+320 mka), To ecTo HPUMEPHO
Ha 16%. TakuM cpaBHUTENbHO HEGOJ/BUIMM HU3MEHEHHEM KOJIJIEK-
TOPHOTO TOK&, KaK MPaBuJ0, MOXHO npeHe6peub. Ho, nosropsiem,
BCSl 3Ta KapTHHa OTHOCHTCH TObKO K cxeMe OB, rge Iy, TOMBKO
YBEJNHUUBAET KOJJIEKTOPHBIH TOK, U HUUero GoJibile.

Coscem no-gpyromy passuBaioTcs co6uitida B cxeMax O3 u OK,
Tle KOJIJIEKTOPHBIH TOK MPOXOAMT MO IMUTTEPHOMY prR-HEpPexoay
M NO3TOMY OKAasplBaeT BJMAHHE Ha PeXUM TPaH3UCTOpa uepes
TVIaBHBIl KOMaHAHBIH MYHKT — Yepe3 BXOAHYIO Uens. B urore mo-
Jy4aeTcs, 4TO BCSKOE M3MEHEHHEe HeylpaB/sieMoro toka lxe yCu-
JauBaeTcst B f pas, TO €CTh NPH HarpeBaHHM H3MEHEHHE KOJIJIEKTOP-
HOro TOKa OKasblBaeTcs B fB pa3 Goablie, ueM U3MEHEHHE ca-
Moro [go.

IlaBafiTe npukuHeM, K ueMy HPUBOAUT <YCHJECHHE HECTaGMJ/IL-
HOCTH»— yCUJIeHHe TOKa [xo. Tak e Xak U B MPeIbAyLIEM TPH-
Mepe, NPeaNooXKUM, YTO HPU KOMHaTHOH TeMmnepartype 20°C Tok
Ixo=10 mxa, a npu Temreparype 70°C 3TOT TOK yBeJHUUYMBaETCs
no 320 mka. Kpome TOro, Npemrno/ioxuM, 4To Ko3(D(HUIHEHT YCH-
JIGHHs! 10 TOKY ¥ BolOPaHHOrO TpaH3ucTopa pasen p=50. Teneps
moacuutaem: B cxeme O HauanrHwfl TOK [y—, (cTpOro rosops,
3TOT TOK HYKHO Ha3blBATb CKBO3HEIM TOKOM B LENH 3MUTTED-KOJ-
JIeKTOP) Oy aeT paBeH NPH KOMHATHOMH TemIepaType Ix_uweo=p - Ixo=
50-10=>500 mka. [Tpu marpeBanuu TpansucTopa 10 70° KoIEKTOP-
HbIA TOK [ —n, KaK U B NPeabILAyLIEM IPHMEpE, ¥BEIUUHTCS B 32 pa-
3a (mOTOMYy uTo B 32 pa3a Bo3pacTeT /o) U CTaHET PaBHLIM 16 ma.
9710 Gonbuiass, odeHb Gosibluasi BeJHUMHa. Beab HOPMaJbHbIi,
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ynpaenseMblil TOK KOJIJIEKTOPa, BO3HHKAIOMIMH 3a CHET BIIPBICKH-
BaHHs 3apsiioB H3 6a3bl ¥ MaJIOMOLHOTO TPaH3UCTOpa OGBLIYHO
cocrapisetT 2—5 ma. MunimMu ciaoBamy, 8 cxeme O3 KoJJIeKTOp-
HBIH TOK NPU HarpeBaHWM TPaH3HCTOPa MOKET yBEeJNMUUTLCS HE Ha
HECKOJIBKO TIPOIIEHTOB, KaK B cxeMe OB, a B HeckosbKo pas!

Tak o6opaunBaeTcs 1/ HaC CePbe3HOR HENPUATHOCTHIO OJHO
U3 [VIaBHLIX HOCTOMHCTB cxeMunl OD — ycusenye 0o TOKY, YCHIMBad
NOJIE3HBIH TOK — TOK CHTHada, — cxeMa O3 «Io uHepuuu» ycH-
JUBaeT HECTAGMJBHBIN M HeynpaB/sieMbil TOK [xo, KOTOpH#A
BHHYMK/ICH NPOXOAUTH ye- \
pe3 SMUTTepHbIH pn-nepe-
xoa. (dpyroro nyty IJsd
3TOr0 TOKa HET — HEOCHOB-
HBHIM 3apsifaM, HOMaBIIUM
43 6a3bl B KOJJIEKTOp, Tpo-
1ie BCEro BEpHYyTbcs o6paT-
Ho B 6a3y, Hnpo6paBIINCh
yepe3 BCIO KOJJICKTOPHYIO
Helb U Yepe3 3MUTTep.)

U3s-3a nosissienust 60.1b-
LIOTO HaYaJbHOro KOJIJIEK-
TOpa TOKa Bce CeMEHCTBO
CTaTHYECKHX  XapaKTepu-
CTHK TPY HarpeBaHUU TPaH-
3UCTOPa PE3KO CABMHETCH
BBepXx U pabouull yuacToK
Harpy3ouHoH npsMOH
ymenbiuutest (puc. 86, 87).
B pesysbTaTe yMEHbIIATCSA
nepeMenHast CoCTaB Ao as
KOJJIEKTOPHOTO TOKa W me-
pEMeHHOe HallpsKEHHe Ha Harpyske, MEHbLIE CTaHeT YCH/IeHHEe
kackafa. BOT K KakuM HENDHSITHOCTSM HPUBOAMT B cxeMe 0D
HeGoJblLioe, Ka3anoch Obl, yBesauueHHe 06paTHOro Toka [yo! Bos-
MO Hble MaciuTalul 5THX HempusiTHocTel orpoMHsl. [IpakTrueckn
yCHJIEHHE MOMET yMEHbUINTbCA [0 TaKOH CTENeHH, YTO KacKal
BOOOIIE MEpecTaHeT YCHJAUBAaTh, HE roBOPs Yk O TOM, 4To C YBe-
JIMYEHHEM HauaJbHOTO KOJJIEKTODHOIO TOKAa PE3KO COKpaliaeTcs
cpox cay:xO6bl KONIEKTOPHOH OaTapeu.

slcHo, 4TO M3MEHEHHe DEXKHMa NPU HarpeBaHux GyneT MeHblule
y Tex TPaH3HCTOPOB, Y KOTOPHIX MEHbIlE CaM HEeYNpaBJ/iseMbiH
06paTHBIl KOJIJIEKTOPHBIH TOK Ixo. A BEJHUHHA 3TOrO TOKa yikKe
33BHCUT OT CBOMCTB MMOJMYNPOBOJHHKOBOIO MaTepuasa; Hampumep,
OT TOTO, CKOJIbKO B HEM HEOCHOBHBIX 3apsajon. B HameMm npumepe
ob6paTHLIM TOK KOAJekTOpa cocraBasa 10 mka, m TNpu CHUJIBHOM
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Puc. 86. Pashble cxeMmbl y
BeAyT ce6f (puU u3MeHeHHH paGoued
TEMOepaTypHl.

no-pasHomy
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Puc. 87. Utobul
NPUMEHAIOT CXEMH, CTafuau3yllie Haya bHoe cMelllelne Ha Gase.

YMEHBIIHTL BJIHSHHE TEMIEpPaTypsl Ha peXuM TPaH3HCTOPA,

HarpeBaHHW TPaH3HCTOPA 3TO MPHUBEJIO K MOSBJCHUID HAayadbHOTO,
TO €CTb HeYMpaB/JAeMoro, Toka 16 ma. Eciu 6l yaanoch CHH3HTL
Ixo XOTs1 GBI B ABajiaTh pas, To ecTb A0 0,5 MKQ, TO H HaualbHLI
KOJ/IJIEKTOPHRIH TOK mpu temnepatype 70°C toxe He mpeBhiCHJ Obl
0,8 ma. D10 TOXKE HEMaJsO, HO C TAaKOH BEJMUMHOW HauasbHOrO
KOJIIEKTOPHOIO TOKA, MOXKAaJyH, yKe MOXHO Obl10 Obl MHPHThCH.

M3 Bcero ckasaHHOro, no-BHIUMOMY, SICHO, NOYeMy npu BoiGope
TPaH3HCTOPA /151 TOH WM HHOH CxeMbl 06PaHIatoT CepLe3HOe BHH-
MaHHe Ha OOpaTHbIH TOK KoJieKToPa Iy, (puc. 88). Uem mensnine
I« y nauHOrO TpaHsucTopa, TeM cTaluibHell OoH paloTaeTr MNpH
H3MEHEHHH TeMnepaTypsl, TeM G6OJbUIHM MOXKeT OblTh paGouuii:
VuaCToOK Harpy3o4HOH mpsMoil, TeM, cJenoBaresbHO, GoJbile Bb-
XOAHOE HampsXKeHWe U MepeMeHHas COCTaB/SIOU[As KOJIJIEKTOPHO-
r0 TOKa, TeM MeHblLle MOTpeb/eHHe TOKAa OT KOJJIEKTOpPHOH Gara-
pen. OGpaTHeIil TOK KoOJ/IeKTOpa [yxo MOMXKHO CUHTATb BTOPHIM MO
BaXXHOCTH MapaMeTPOM TpPaH3HCTOPa Tocje Koy(PQHIMeHTa YCH-
JieHHd na Toky B. B Tabaune nmapaMeTpoB OGLUHO yKa3biBaloT Be-
JIMUHAY [0 ¢ HEKOTOPLIM 3amacoM, H /Il MHOTHX TPaH3HCTODPOB

3TOT TOXK OKa3bIBaeTCsd 3HAYMTEJbHO MEHbUIE.
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YMenbwenne o6parHoro TokKa KoJJiekTopa — TpyJHas 3ajaua,
Haj pellieHHeM KOTOpOH paboTaioT (H3HKH, XMMHKH, TEXHOJOIH,
KOHCTPYKTODbI,— CJIOBOM, BCE, KTO y4acTByeT B CO3[aHHH TpaH-
3HCTOPOB. B peuieHuu 3TOH 3a4aud B MOCJAEIHHE roabl 3amMmereH
3HauHTeNbHLIH nporpecc. Tak, B UaCTHOCTH, [AJisi MHOTHX THUIOB
CepHIHBIX TPaH3UCTOPOB BesuuuHa I, He mpeBmilaer 1—2 mka,
B TO BpeMsi KaK elle HECKOJIbKO JeT Ha3aJ y Jyylipx o6pasunos
TPaH3UCTOPOB 06paTHLl TOK peaxo Obll MeHbme 5—15 MKQ.
(YuTHTe, uTO BCe 3TH uH(PL OTHOCATCS K TPAH3HCTOPaM HeGOJIb-
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Puc. 88. YeM MeHblle Heynpas/sieMHH Haua/bHEI TOK KOJJIEKTOpa no cpas-
HEHMIO CO CPeJHMM TOKOM TDAaH3WCTOPA, TeM MeHbllle TeMnepaTypa BJIMHET
Ha DEXHM.

[oH MOIIHOCTH, AJis KOTOPHIX MaKCHMaJ/bHbIH KOJIJIEKTOPHHH TOK
HE TMPEBLIIIAET HECKOJIbKHX AECATKOB M. Y MOLIHBIX TPaH3HCTO-
POB KOJIJIEKTOPHBIH TOK BO MHOro pa3 GoJblle — BIJIOTb A0 He-
CKOJIbKHX aMIep,— H MO3TOMY MpHeMieMas BeflHuMHa [k, Takke
2HauHTeqpHO Goubme.) [Ipeanosaraercs, yTo B OyayHieM yAacTCs
HaCTOJIbKO YMEHBIIHTb [, YTO €r0 BJHAHHEM MOXHO Oyaer mpe-
He6peun. Hy, a moxa, ajs TOro 4TO0b YMEHbIUIMTbL BJHSIHHE HE-
ynpap/isieMoro O6PaTHOTO TOKa Ha PeXHM TpPaH3HCTOPa, MOb:
3yIOTC CXeMaMH TeMMepaTypHOH CTAGH/IM3aLUU PeKHMa,



Korga muo roBopuM 06 aBToMaTHKe W aBToMarax, TO, Xak
npaBuJIo, NPeACTaBAeM cebe 0ueHb CJIOKHBIE YCTPOHCTBA C OTPOM-
HBIM 4HCJIOM JAeTaJiel, CoelMHATENbHBIX NPOBOLOB, 3/IEKTPOHHBIX
JlaMI, 3JIeKTPOMAarHUTHEIX myckateseit U pesne. s takoro mpen-
CTaBJieHHss 00 aBToMaTaX €cThb JOCTATOUHO BECKHE MPHUMHLL
Haxe camblii, Kazanoce Obl, NPoCTOH W3 HMX, Takoll, nanpumep,
KaK apToMaT AJsl APOAaXH rasupoBaHHOH BOJBI, €C/U 3ar/sHyTh
BOBHYTPb, TNPEACTABJAETCS OYEHb CJOXKHON M 3aMBICJIOBATOH
YCTaHOBKOM.

B nocsefnue rojsl 4yeJsoBeyecKHil pasyM JeHCTBHTENBHO CO3-
Jlajl U3yMUTE/IbHbIE 0 CBOEH CJIOMHOCTH, MO CBOEH «Pa3syMHOCTH»
aBTOMaTbl — yYCTPOHCTBA, KOTOPLIE YMEWT CaMoCTOATENbHO, 6e3
NOMOLIH Y€/I0BeKa, YNPaBJAATE Pa3JIHUHLIMM ApOUEcCaMH U anmna-
paTaMi. DTO aBTOMAaTBl, YHPaBJASWOLIME MPOKATHHIM CTaHOM,
OrpOMHOMN 3JeKTpocTaHIyel, KOCMUYECKMM KopabjeMm. DT0 as-
TOMAaTel, KOTOPLIE YMEIOT MrpaTh B LIaXMarthl, (oTorpadpupoBarh
¢ 0/JIM3KOTro paccTosiHdsl MoBepXHOCTh JIyHBI, NOAAEPKHBATH HOP-
MaJbHbLIH pUTM O6OJBHOTO ceplila.

Ho HapsAy ¢ aBTOMaTHYECKMMH YCTaHOBKaMM, €CJIH MOMKHO
TaK CKa3aTb, BBICILErD PaHra, Ha KaXK/JOM IIary HaM BCTPEYaloTcs
H OueHb MPOCTHIE aBTOMATHl, BHIMOJHAWUIHE CaMble pa3Hoobpas-
Hbie MeJKHE MOpyueHHs yesaoBeKa. K TakUM aBTOMatraM MOXKHO
OTHECTH HPEAOXPAHHTE/b, MTHOBEHHO DPas3phiBalomiuil 3Je€KTpuue-
CKY10 Ilelbh MPY KOPOTKOM 3aMbIKaHWH, aBTOMAT JJis BBIKJOUEHUS
HNPOUrphIBaTENs, KOrlla KOHYaeTcs MJIacCTHHKA, aBTOMAaTHYECKHH
nepex/oyarens 1a eqaxe. K uncay npocrefimiux aBToMaTOB MOXKHO
OTHECTH U CXEMbI, CTabHIH3HPYIOIIHE PEXHM TPaH3UCTODA.

[lourn Bce cXembl aBTOMaTtuueckoH crabuausauuu paGorawTr
Ha OJIHOM MpHHIHME: OHH C/AeAAT 3a paboroll TpaH3UcTOpa M aB-
TOMaTHYECKH KOMMEHCHDYIOT BCAKOE H3MEHEHHE peXuMa, KOTO-
poe HDPOMCXOAHT MNDH HarpeBaHuu.

[ise Haubosee pacnpocTpaHEHHbIE CXEMbI aBTOMAaTHYECKON
cTabunusaui AeaiT 3To CAefyolUM 06pa3oM: Mpu Maseinem
VBEJIMYEHN Y TIOCTOSTHHOTO KOJ/IJIEKTOPHOI'O TOKa OHH KaK Obl YMEHb-
MIal0T Ha4ajbHOe cMelleHWe Ha 6a3y H TeM CaMbIM CTapawTcs
BEPHYTb KOJJIEKTOPHBIA TOK K MEepBOHaYaJsbHON BeJUuMHE.

[Tpocreiimas cxema Tepmocrabunusauuu (puc. 87, smucrok B)
OTJIMUAETCS OT CXEeMbl, Iile HUKaKoH cTabuausauuu BooOiie HET
(puc. 87, nucrok A), ToNbKO TeM, 4TO CompoTHBJEHHE Rg, ¢ mo-
MOIBIO KOTOPOTO 3ajaercsl CMelleHHe Ha (asy, MOAKJWYEHO HE
K «MHHYCY» KOJIIEKTODHOII 6aTapen, a npsMo K KOoJIEKTOpy. DTo
HEe3HAUUTEJbHOE OTJIHYHE HPUBOAUT K BecbMa 3HAUHTENBHBIM
[IOCJICICTBUSIM, TpUYEM HE TOJHKO K XOPOLIHM, HO W K ILJIO-
XUM

0116.710 B TOM, 4YTO MpPH MNOAKJ/IIOYEHUH Re KOJlJIEKTOpY HE

ocTaeTcsl MOCTOSHHBIM OTpHUATENbHOE CMEIleHne, KoTopoe MocTy-
naeT Ha 6Gasy. YeMm GoJsblie KOJJIEKTOPHBIH ToK, TeM GoJbile na-
JeHHE HanpsiXKeHHs Ha Harpy3ke Rp, TeM MeHble HanpsikKeHue,
KOTOpoe ocTaercsl Ha KOJJeKTope, TeM MeHblle u HeGoJblias
JoJiISl 3TOrO HampsikKEHHsl, KOTopas J0CTaeTcst SMUTTEPHOMY mepe-
X0y W ABJSIETCS /s Hero HauajbHbiM cMmemienneM Ucy.

C onHo#l CTOpPOHBI, XOPONIO: KOTJa H3-3a HOBLIIIEHWS TeMIle-
patypsl BO3pacTeT KOJJIEKTOPHBIH TOK, TO OJHOBPEMEHHO YMEHb-
murca cmemenne Ugy ¥ 3aCTaBHT KOJJIEKTOPHBIH TOK TOXKe
YMEHBIIATLCS. DTHM, COGCTBEHHO roBops, H OyIET NOCTHraThCst
apToMaTtuueckas craGuiusallis pexHMma.

Ho, ¢ Apyrofi cTopoHH, HOAK/IOUEHHE R HE K «MUHYCY»,
a K KOJIJIEKTOPY YXYALIMT YCHJIHTEJbHBIE CBOHCTBa Kackajla. Bes-
KOe H3MEHEHHEe KOJJIEKTODHOTO TOKa, B TOM UUCJIE M Te H3MEeHe-
HMA, KOTOpble BO3HUKAIOT MOJ JefCTBHEM YCHJIHBAeMOro CHruasa,
H ABJSAIOTCH ero «MOLIHOH Komueils, 6yayt uyepe3 Rg BO3AEHCT-
BOBaTh Ha 6a3y U GyJyT OLITAaThCs caMU ce6st yMeHbIINTb. MHBIMK
C/IOBaMH, COHNPOTHBJIEHHE R, HOJKIIOYEHHOE K KOJIEKTODY, CTa-
HOBHTCSl 3JeMeHTOM o6paTHOH CBf34, NPHYEM HMEHHO OTpHIla-
1e4bHOH oOpaTHOH CBs3M, KoTopasl, Kak H3BECTHO, CHHXKaeT
ycuienre Kackajia. Bor moyemy cxema TemmepatypHoil ctabuni-
3allik, o KOTOpoH HJAeT peyb, NMPHMEHSETCH TaM, e He XKaJko
NJaTHTb YCUJIEHHEeM 3a HNpPOCTOTY.

Bropasi cxeMa tepmocrabuauszauun (puc. 87, quctok B) xori
H CJIOXKHee nepBoH (/11 BTOPOH CXeMBl HYJKHBI JBa JOMOJHUTEb"
HBIX PE3UCTOpa M OJUH KOHAEHCaTop), XoTs M morpebaser or Ga-
Tapeu HEKOTOPYI AOMOJHUTENbHYIO SHEPTHIo, 0JlHaKo HPUMEHSET-
csl 3HauHTENbHO Yawme. EH oTAAT npeAnouTeHHE, OUEBHJHO, NO-
TOMY, 4TO 3Ta CX€Ma MO3BOJIIET BO MHOrO pa3 ocjaaluTh BAMAHHE
TeMNEpPaTypsl Ha PEXHUM Kackala M NpH 3TOM HE YXyJAIIaer ero
OCHOBHbIX mnapamerpoB. [lpexjae Bcero He CHMXKAeT YCHJCHUS.

Wpes, Ha KoTOpoH mocTpoeHa 3Ta CXeMa, AOBOJILHO UPOCTA.
Cwmeniende Ha 6a3y, TO eCTb MOCTOSIHHGE HanpsiXXeHHe, JeHCTBYIO-
uiee MexJy 6a30d ¥ SMUTTEPOM, CKJaJblBaercst B 3TOH cxeMe H3
IBYX AeHCTBYIMX MocC/aeoBaTelbHo Hanpsxkenud. Opno H3
Hux — U, — o6pasyercs Ha pe3uctope R, 3a cuer NPOXOAALLETO
no HeMy KoJuieKTopHOro Toka. [TossipHocTs nanpsikenus UL, Kak
BCETfa B TaKUX Ciayuasx, onpejessercs HanpaBJeHHEM ToKa, Ko-
Topblfi OpoxoAUT mo R, A mampapjieHHE KOJJICKTOPHOTO ToKa
TaKOBO, YTO «MHHYyC» HanpsukKenus U, Bcerja HanpaBJ/eH B CTO-
POHY 3MHTTEpa, a «IJIOC» — B CTOpoHY 6asbl. MHBIMH cJoBaMmi,
nanpsikesue U, cTpeMutcsi co3flath Ha Gase NOJOXKHTENBHOE,
TO €CTb 3amMUpawLiee, HANPSKEHHEe — «IJIIOC» Ha 6ase OTTa/KH-
BaeT ALIPKM Ha3ajl K 3MHUTTEpY. 21



Bropoe HanpskeHue, KOTOPOE Y4acTBYeT B CO3[MaHHM cMeIlle-
wust,— 310 U,,. OHO ofpasyercss Ha pesuctope R, KOTOPbIil
napeacrabiasier coboit yacth aenutens RgyRge. STOT nenutenb fe-
JIUT KOJIJIEKTOPHOE Hanpsi:keHue, U uacTb ero, a umenno U,

cm?
nojaaercs «MHHYcOM» Ha 6a3y, To ecTb Hanpsikenmue U, —crpe-
MHTCSl cO31aTb Ha 6a3e «MHHYC» OTHOCHTENBHO 3IMHTTEPA, CTpe-
MHTCSI OTHEPETb TPAaH3UCTOP.

Ecsu BRIIOUKTD Moc/ie10BaTEIbHO ABe OaTapeilku, mpuueM Tak,
yTOOB! OHH AefiCTBOBaJIH APYr MPOTHB APYra, TO Pe3yJbTHPYIOLLEe
Hanpspkenue OYNeT PaBHO Pa3HOCTH HAMpPSIKEHHH, KOTOpHe AaloT
3TH Oatapefiki. Toyno Tak e HanpsiKeHHE, KOTOpPOE MOJYUHTCS

B pesysibTaTe B3aumMopneiictsusa U, u U, B oxuoii mocnenoba-

TeNbHOH LeMH, PaBHO pPa3HOCTH 3THX Hanps:KewHd. Ilpu 3ToM
U, Goubure, ueM U?,, 4 Ha6ase oxasbiBaerca «munyc». (Muaue

# ObITb HE MOXET — «IIoc» 3anep 6ol TpHox H U, BooGwe wuc-

ye3s10 Obl.) A ecau Mo KaKuM-HHOYIb MpHUHHAM OyJAET MEHATbCA
OJHO H3 STHX IBYX HANPS:KEHHII, TO OJHOBPEMEHHO GYJeT MEHSThb-
cf M HX Pa3HOCTb — pe3y/bTHpYyoOwee cMemenne Uen=U_, — U,

[lpu HanaKHBaHUHM YCHJIMTENLHOTO KacKaja ero 3/AeMeHTbl
BLIOHPAIOT Tak, 4TOGsl U, ~ GblI0 HECKO/bKO Goabure, uem U,
1 4TO6GBl MX Pa3HOCTb JaBaJja HYXHOE OTpHUATEIbHOE CMelleHHe
Ha 6a3y. Korna mpu MOBBIIIEHHH TEMMEpaTypbl BO3pacTaer KOJ-
JIEK1ODHBIH TOK, TO ONHOBPEMEHHO YBEJHUHBACTCS H HANpPSAKEHHE
U, =Ix-R, B uTore MeHblie CTaHOBHTCA Pa3HOCTHOE Hampsi-
xkenne Ucw, yMeHbuiaeTcss «MHHYC» Ha 6ase. A 5TO NPHBOJHT
K YMEHbIIEHHIO KOJJIEKTOPHOTO TOKa, TO €CTb K CTaOHJIH3aluu pe-
KHMa.

Uto6sl pe3uctop R, He CTaJjl 3JIeMEHTOM OTPHUATeNbHO 06paT-
HOH CBSI3M_I1O MEPEMEHHOMY TOKY, €ro WIYHTHPYIOT KOHAeHCa-
TOPOM.

Jdpekr aBroMarHueckoll crabHAH3aUMH NPOABJAAETCS TEM
cuabHee, yeM Gosbuie conporksiesde R, Ho, ¢ npyro#t cTroponsl,
VBEJIHUHBaTb R, HEXKeJNaTeNbHO, TaK KaK Ha HeM Tepsercs HeKo-
10past 4acTb HampsiKeHusl KoJsiekropHod Oatapen. Tak, Hampwu-
Mep, eciu Garapess naer 4,5 8, a wanpsikenuwe U,, paBHo 1 &
T0 «paborawilasg 4acTb» KOJJIEKTOPHOrO HAMPSKEHHSA, TO €CTb
TO, 4TO AEACTBYET MEKAY HArPy3KOfl H SMHTTEPOM, yMEHbINaeTcs
ao 3,5 s

Bropoe orpannuenne 3(EKTHBHOCTH CXEMbl TaKiKe CBA3aHO
C HCMOJbL30BAHHEM KOJJIeKTOpHO# Gataped. [leno B TOM, 4TO cxe-
Ma cTaOUJIM3UPYET PEKHM TEM Jy4Ylle, YeM MeHblue obuiee conpo-

TusaeHne aeautens Rg Rse. B sToM cayuae manpsikenue U,

B MeHbUICH CTEMEeHH 3aBHCHT OT MPOXOASIIHX MO AEIUTENI0 cO6-
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Puc. 89. Ecin nonaHo HanpsiXeHue Ha KOJIEKTOP, a 6a3a HUKYAA He MOIK/IO-
4YeHa, TO B TPAH3UCTOPE MOXKET MPOH30HTH JaBHHOOGPa3HOe HapacTaHue TOKa
H B HTOTE — TE(/IOBON NpoGOi.

CTBEHHHIX TOKOB TpaH3ucropa. OpHako, ueM MeHbine o6iee co-
npoTtuB/aeHue neaunrtens Rey Rse, Tem Gosblle TOK, KOTOpbIH mo-
Tpe6aseTcs 3THM [e/HTe]eM OT KoJexkTopHod Oaraped. Bor
H TPUXOIHTCS HCKAaTb «30JI0TYIO CePeHHy» — BuIGHpATb 3JeMEH-
ThI CXE€MbI TaK, YTOGbI M PEXKHM Obl CTaOHJIbHLIM, H TEPEPacxol
SHEPrHH He 0Ka3aJ/Cs CJHIIKOM O6OJblIuM.

Bor npuMepHble naHHbIe neTa’ell W PEXHM CXEMBI, MPHBEACH-
HOl Ha Jsuctke B, puc. 87. B ycusuTesne BbICOKOH 4acTOTHI HA
tTpansucrope I1420 perasu MOTYT HMETb C/AEAYIOIIHE JaHHLIE:
Ra— 5,1 kou, R, — 1,5 xon, Rsy — 20 xom, Rgo — 5,1 kom u C, —
0,05 Mk (B HH3KOYACTOTHOM YCHJHTENE 3Ta E€MKOCTb NOJKHA
Obl1a ObITE BO MHOFO pa3 GoJbiue, YTOObl €MKOCTHOE COMpPOTHBJE-
Hue xoHpeHcaropa C, Bcerga Obl/IO 3HAYMTEbHO MEHbINE, YEM
R;). Tlpu muTamoieM HanpsKeHHH KOJJIEKTOPHO# GaTapen 9 & Ha
OTHE/MbHLIX y4acTKax TaKOH CXeMbl B DeXXHMe MOKOsi (Korga Het
CHTHas1a) M MPH KOMHATHOW TeMnepaType noJsiyuaidTcst HampsiKe-
Hus: Ha Kossiektope Uy paBuo 4,1 6; U, Ha pesucrope R, pas-

Ho 1,4 6; U, na pesncrope Re pasuo — 1,5 6. Bee manpsikeHus
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u3MEpEeHH OTHOCHTENbHO OOWIErD «3eMJISHOrO» MpOBOAA, Hampy-
MEp OTHOCHTEeNbHO TOYKH a. [103ToMy Bce HampsKeHus yKa3aHbl
CO 3HAKOM «MMHYC» — JIETKO yGEIUTbCHA, YTO OTHOCHTE/JIbLHO TOY-
ku a 5Tu Haupsikenns — U, U, w U — orpunarenbHel. Takum
06pa3oM, obuiee nanpsxenue cmewenns Uey pasuo U, =U,, —
U, =14 6—1,5 6= —0,1 8. OtpuilaTesibHbiM OHO 0Ka3asoCh
noromy, uto U, 6oubiue, uem U, ¥ TakuM o6pasoM Ha Gase
OTHOCHTEJIbHO IMHTTEPa JHeHCTBYeT «MUHYCH.

YBenuueHne o6GpPaTHOTO TOKa KOJIGKTOpa TPH HarpeBaHHH
MoXKeT BooOwe BbIBECTH TpaH3ucTop ud crpos. IlogoGnas omac-

HOCTb BO3HHKAaeT B TOM CJyuae, €CJH K TPaH3UCTOPY, BKJ/IIOYEH-

HoMy mo cxeme O3 uaum OK, monsefeHO KOJJIEKTOPDHOe Hanps-
XeHue, a 6a3a IpH 3TOM BoOOIIe HUKYRa He NMOAKIIOYEHA U «BH-
cut B Bo3nyxe». [losBuBlIMECA HaualbHBEIH KOJJIEKTOPHLIH TOK
CO3MaCT Ha SMUTTEPHOM pri-nepexojle HeGOJbIUOe HamnpsikKeHHe,
KOTODOE CBOHM «MHMHYCOM», MPUJIOXKEHHLIM K 0a30Boi 006/acTH,
caerka oronper tTpansucrop. [lpu sToM KOMTEKTOPHLIN TOK cllerka
YBEJNHYUTCS, KPUCTaJ/Al HEMHOrO Harpeercs, BO3PacTeT YHCJO He-
OCHOBHBIX 3aps0B. DTO «IeMHas peakuus». TOK JaBUHOOGpa3HO
HapacCTaer, W 3a KakHe-HuOyAb HKONU CEKYHAbl HacTynaer TEemJIo-
BOM mpo6oil OAHOro M3 pn-nepexojos.

Yrob6pl U36exaTb 3TOH pas3pywalouiell JaBHHbH, HE HYXKHO
JONYyCKaTb MOSIBJEHHst «BUCAmeH 6asbl». A 1/ 3TOro npu MOH-
TaXe WJIH HallaXKUBaHUM TPaH3UCTODHBHIX CXEM pEKOMEeHIyercs
6a3y MOAKJ/ICHUTHL MEPBOH, a OTK/OUaTh mocielned (puc. 89).

IlpuBeneHHbIe KOHKPETHHIE JaHHbiE AeTated M DeXKHMbI TpaH-
3HCTOPa, a TakXKe PEKOMEHAalMH OTHOCUTE/IbHO «BHCsIIEH 6a3bi»
3HaMEHyeT OJsi HaC JOBOJIbHO BaXHOe co6blTHe. Mbl 3aBepliaeM
3HaKOMCTBO C TPaH3HCTORHBIM yCHJMTEJeM B ofuieM BUIE H OT
a6CTPaKTHOrO YCHAMTE/IS nepexofuM K KoHkpetHoMmy. Ilepexonum
K TPAaKTHYECKMM TPaH3HCTOPHBEIM CXEMaM.

Fnasa IV

THCAYA U OAHA CXEMA

Jler mecatb Hasal, kOrZa B MpPOjiaXke MOSIBH/INCH MepBbie Ce-
PHHHbIE TDPaH3NCTOPLl, MHOTHe JKGUTENH Hauajiu CTPOUTH Kap-
MaHHbie MPUEMHHKN. K ToMy BpeMmeHH B XypHalle «Panno» 6bian
onyG/IMKOBaHbl 1Be-TPH CXEMbl TaKMX MPUEMHHKOB, U HMEHHO OHH
TOC/IYKHJ/IH OCHOBOH JUIsl Pa3BUTHSl «MPHEMHUKOBOH JIHXOpalKH».
[IpuueM GOJLLIMHCTBO JTOGHTE/IEH MPOCTO KOMHPOBAJIO KYpPHA/Ib-
Hble CXEMHl, He OTCTYNas OT HHX HM Ha WAl ¥ HaXe B TOYHOCTH
HOBTOPsisl PaCnoJioXeHHe JeTanedl Ha MOHTaxHOH mJare.

Ho Bot npowvio aBa-Tpu rola, ¥ B XKYpHalax, KHurax, c6op-
HHKaX MOSIBUJIOCh MHOXECTBO JPYTHX CXEM, YEM-TO HOXOKHX,
a 4eM-TO pasnuyaiowuxcs. M ceroans pamuomioGuTess, KoTopsiif
XoueT coOpaTb MPHEMHUK WM YCHJIHTENb, YacTO 3aiyMbIBaeTcs,
KaKyl0 CXeMy H3 BCEI'0 3TOrO MHOXECTBa CXeM BblGpaTn? Hyx-
HO Ccpa3y CKa3aTb, 4TO, HECMOTPsl Ha GOfblIOe pa3nooGpasiue,
Bce NPOCThie JIIOOUTEILCKHE CXEMbl NEIATCS Ha CPaBHUTENILHO
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HeB0J/bilI0e YHC/AO OCHOBHBIX rpymmn. B mnpemesnax takolt rpynmsl,
CXEMHBIE pEeLUEHHsE 3aUACTYIO OYEHb MOXOXKH.

K OCHOBHEIM TpymnaM cxeM, HHTEPECYIOUIHX HauMHAIOLLETO
Jio6uTeNs1, MOXKHO OTHECTH cOOpaHHble Ha JABYX-TPeX TPaH3UCTO-
pax NpHeMHHKH C TOJIOBHBLIMH TeslePOHaMU (HayLWIHHKaMH), CXeMbl
CpPaBHHUTEJIbHO MPOCTHIX, HO YIKe Ha YeThblpeX—IUeCTH TPaH3ucTopax
NMPUEMHUKOB MPSAMOTO YCHUJEHUsl AJisi FPOMKOTOBOPSILEro NpueMa
1 CXeMbl BCEBOJIHOBBIX CyNePreTepONUHHBIX NMPHEMHUKOB. ¥ CHJIH~
resu HY uauge Bcero pasaensiiorcss Ha Takue TPYMB: YCHIHTETH
¢ BBIXOAHOK MOIIHOCTBIO 0K0J10 0,1 87(100M8T) U C MAJIOMOLITHBIMH
(runa I141) TpansucropamMu B BHIXOAHOM KacKaje M YCHJIHTE/H
¢ MOmHBIMU TpaHsucropamu (tuna I1214) u BeIXOAHOH MOUIHO-
ctbio 1—2 e7. 1 B Tofi u B Apyro#t rpynne BcTpeualoTcs CXeMbl,
rje rpoMKOroBOPUTE/Nb MOJAK/AIOUAETCA K BBIXOJHOMY KacKaly ue-
pes TpanchopmaTop uau 6e3 Hero. HauuHawmue Jaio0uTe I npo-
ABJISIOT TaKXKe HHTEpPec K MpocTeHIIHM CXeMaM 3JeKTPOMY3bl-
KaJbHBIX MHCTPYMEHTOB M K mpubopaM aBTOMAaTHKM.

B 3Toit riaBe Bbl Haljere cXeMbl, MPeACTaBJSIOLINE KaXKAyIO
W3 HA3BAHHBIX TPYHMN, NPHYeM B HEKOTOPBIX CJaydYasX MPUHIUNH-
aJibHbEIE CXEMbl JONMOMHEHb MOHTAXHBIMH, MOKAa3bIBAIOWMMH OAMH
13 BO3MOKHBIX BApHaHTOB (HO He €NUHCTBEHHHIH!) pacrnosoxe-
Hua ferasneil ua Monraxuofl muate. Ilpu orGope cxem o6paia-
JIoch BHUMAaHHE Ha TaKoe HX KayecTBO, KOTOpPOE MOXHO Ha3paTh
«TUNMYHOCTbIO®. MHBIMU cjloOBaMu, B OTOOpaHHbLIX CXeMaX HCMOJIb-
3yIOTCSl CXEMHBIE 3JIeMEHTHl, KOTopble HauboJsiee 4acTto BCTpe-
yalorcsl B JI0GUTeNbCKOHR anmapatype. Kpome rtoro, npu or6ope
CcXeM VYHTLIBaJgach IMPOCTOTAa HX Ha/JaXKUBAHHUA U COXPaHEHHe
OCHOBHEIX MapaMeTpOB NPH HEKOTOPOM OTKJIOHEHHWH aeTajell OT
yKa3aHHBHIX Ha CXeMaX BeJIMUMH,

Bce npuBegeHHBIC CXEMbl MOXKHO Ha3BaTbh NPaKTHUECKUMH,
MOTOMY 4YTO OHH OBUIM MOCTPOEHBI B JIOGHTEJIbCKHX YCIOBHAX,
a HeKOTOpHe nepex my6uaukalued B KHUTe CIENHAaJbHO NPOBE-
pssuch, AopaGaThlBaiuch WK paspabartwiBasnch 3anoso. Ilpn
JKEJaHUM MOMKHO B Pa3J/IHUHBbIX BapHaHTaxX COYETaTh NPHBEAEHHBIE
cxeMbl (Hampumep, npucTpausath ycuautesar HU ot ognoro npu-
eMuuKa K ycusurteaio BY or gpyroro), MeHAT: OTAe/bHBIE CXEM-
Hble 3/eMeHTHl (HanpuMep, B KauecTBe Harpy3ku BK/OYATb B YCH-
autequ BY agpoccesnu, HaMoTaHHbie Ha (EePPUTOBLIX KOJAbLAX
BMECTO MPEAYCMOTPEHHBIX CXeMOH PE3UCTOPOB) HJIK faXKe MEHATH
leJible CXeMHble y3Jbl (HampuMep, BKJ/IOUMB MepsH Kackal ycu-
muatesas HY no cxeme OK smecto cxemel O3). MoxHO Takke
B HEKOTODHIX Npefesax MeHATh JaHHble feTajell cXeMbl — yMEHb-
Wath NpH HEOGXOAMMOCTH COMPOTUBJIEHUHE HATPY3KH, YBEJIHUHBATD
eMKOCTb Pa3eUTE/IbHBIX KOHIEHCATOPOB, BBOJIUTL JOMNOJHHTENb-

Hble pasBsi3biBaloliie QUALTPHI U T. M. B pesysibrare Bcex sTHX
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«KOMOHHAUUHA® MOXKHO TMOJYYUTH OFPOMHOE MHOMKECTBO CXEM,
U HEKOTOPHIE M3 HUX MOTYT 0Ka3aTbCsl JYUlIe CBOHX «PORUTECH».
3uaHus, npuobGpereHHHE B NPEAbIAYILUX pasgenax KHHUTH,
BIMOJIHE JOCTATOYHbLI, 4TOOLI pa3obparth NpuBeAeHHLE B 3TOl riase
np aktuyeckye cxeMmbl. OfHaKO, NpeX e YeM MPUCTYNaTh K ONUCA-
HUI0O KOHKPETHbIX CXeM, HaM HYXHO CAeJaTh eule OAWH U, KCTaTH,
OueHb BaXMHBIH A5 Oyayueli npakrtuueckod pa6ortel war. Hawm
HYKHO NMO3HAKOMHTbCSI ¢ KOHKPETHBIMH THIIAMH TPaH3UCTOPOB.

«.MAMbBl BCAKHE BAXHDBI»

Ecsu 3aryissHyTh B CIPAaBOYHHK MO MOJYNPOBOAHUKOBLEIM MpPH-
6opaMm, To npexJAe Bcero 6GpocaeTcs B IVia3a OrPOMHOE KOJIH-
4eCTBO THIOB TPAH3HCTOPOB M AHOROB — MHOTHE JECSATKH AHOI0B
C PasHLIMM Ha3BaHUSIMM, MHOTHe JECSiTKM Pa3HBIX TPaH3MCTOPOR.
Hyxuo nu takoe muoroo6pasue? Hesib3st in 060HTHCH HECKOJb-
KAMM OCHOBHLIMH THIAMH JHOAOB M TPaH3UCTOPOB MWJIH, MOMKET
6biTb, KAKMM-HUOYIb OQHUM YHUBEPCAJIbHBLIM, MPUFOAHLIM Ha BCE
cayuau xusHu npu6opom? Ha 5Tu BONPOCH NPUXOAUTCS OTBEYATh
YK/JIOHYHBO—H [a U HeT.

OuuM yHHBEPCaJbHBIM THIOM NpHGOpa — OJHUM AUOAOM HJIH
OJHUM TPaH3UCTOPOM — O6OMTHCH, KOHeuHO, Heab3d. [lotomy uto
HeT, B YacTHOCTH, HAEAJILHOrO AHOAA, KOTOPHH u Go/bliof 10X
nponyckas 6bl, H BEICOKOe 06paTHOe HanpsiKeHue Tepnen 6ul (Ha-
NMOMHUHAeM O MpUMedaHuu Ha ctp. 26), u Majoll eMKOCThbIO 006Ja-
Jas Obl, U €me KO BceMy uMea Obl He3HAUMTEJNbHBIH O6paTHBIH
TOK 1 cjalylo 3aBHCHMOCTb MapaMeTpos OT Temnepatypul. Takoil
JIMOJl M3TOTOBUTb HEBO3MOXHO, a MO HEKOTOPHM TMOKa3aTelsM
NPHHUUIIMAJIBHO HEBO3MOXKHO. BoT W npuxoautcs cospaBath pas-
Hble MPUGOPBLI, MPUHOCS B OJHOM CJIyYae B XKEPTBY BHINP AMJICHHBIH
TOK Pajd yMEHblUIEHHs] eMKOCTH, B PYTOM c/ydae XepTBys AOMY-
CTUMBIM HallpXKEHHEM paau BLIMPAMJIEHHOTO TOKA, B TPEThHEM
cJyyae CHUXKas BCe Mpefe/ibHblE MapaMeTPsl JJISl YMEHbLICHHUS
rabaputoB u T. 4. Tak nossasercd B HALUMX CHPaBOYHUKAX He-
CKOJIBKO THIOB JHOAOB, KaXKIbIH U3 KOTOPHIX UMEET CBOM OT/JIMUU-
Te/IbHEIe OCOGEHHOCTH U CBOM O06JaCTH NPUMEHEHHS.

To xe caMoe MOXKHO CKa3aTb M O TPaH3HCTOPax. B nekoTopux
cydasx TMPHXOAMTCSA KEPTBOBATH HaCTOTHHIMH CBOHCTBAME TPH-
oJla, MUPUTbLCA CO CPaBHHUTEJNbHO HU3KOH MpejfesbHON uacTOTOM
ycueHHMst paaM TOro, 4TOObI TNOJY4YHTb OOJIBLIYIO MOLIHOCTh.
B apyrux caydasx KOHCTPYKTOPbI YMBILIJIEHHO pa3pabaTrsiBaloT
npubOpbI ¢ MaJibIMU PasMepaMy Pr-nepexoyoB, 3 3HAYUT, CO CPas-
HUTENMbHO HEGOJIbIIOA BHIXOJHOH MOIMHOCTHIO, MBLITASICH TEM Ca-
MBIM YMEHBIIHTL COOCTBEHHBIE €MKOCTH TPaH3UCTOPA M 0c/Ja6HTh
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€ro B/IMSIHHE Ha BLICOKOYaCTOTHBIE Henu. B TpeThem ciyuae IpH-
XOMHMTCSt MATH Ha YXYIIHEHHE YCHIHTEIbHBIX CBOHCTB TPaH3HCTOPa,
uT06Hl OC1a6HTL BJAHAHUE TEMIEpaTypsl Ha ero mapamerpst. On-
HHM CJI0BOM, TIpH pa3paloTKe TPAaH3HCTOPOB, TaK e Kak H Ip4
paspaboTke AHOAOB, IPHUXOAUTCA B Pa3HbIX CJayuyasx IPHHOCHTH
pasHble KEpTBbl H CO3/1aBaTh TakKWM 00pa3soM pasjiHuHble THIIH
npu6oOpoOB AJs1 Pas3HbIX 06JacTedl MpHMEHeHHs.

EcTb eue nBa 06CTOATENBCTBA, ONPEASIAIOUHX ACCOPTHMEHT
MOJYIPOBOJHHKOBLIX MPUGOPOB, B YaCTHOCTH TpaHsHcTopoB. Onxo
H3 9THX 00CTOSITE/ILCTB BECbMa HEAPHUSTHO, TAK KaK OHO MPHBOJAUT
K H3JIHLIHEMY pacIIMPEHHIO accopTHMeHTa. BTopoe o06cTOATE/Nb-
CTBO, Hao60pOT, M03BO.JsET 60POTbCS ¢ PasOyXaHHWEM acCOpPTH-
MeHTa TPaH3UCTOPOB, IOMOTaeT CO3AaBaTb MHOJYMIPOBOJAHHKOBLIE
npubopsl «6e3 XKepTB», TO ecTb 06/ajalouie cpasy MHOTHMH LEH-
HbIMH CBOHCTBaMHu.

To, uto pa3paboOTUHKH BHIHYKJAEHH CO3/JaBaTb TPaH3UCTOPBI
[IECKOJILKAX PasHbIX THIIOB, 3TO, KK TOBOPHTCA, eile Mosibeanl.
PasHble THOB TPaH3UCTOPOB MJOAATCS NMPH CaMOM MX MPOH3BOJ-
CTBE, IIPUYEM Yy KaXKIOTO OCHOBHOrO THMA MOSABJSETCS cpasy He-
CKOJIbKO mOATHNOB. [{aBaiite /i1 npuMepa IOCMOTPHM, Kak H Mo-
yeMy pa3MHOXKAaeTcsi CeMeHCTBO IMpOCTEHIlero CljaBHOro MOJY-
MPOBOJHHKOBOIO TPHOJA CO CTPYKTypoH p-n-p.

CnJiaBHOH TpPaH3UCTODP ¢ TakKoH CTpPyKTypoH moJiyuaeTrcss B pe-
3ysbTate OOJbLIOrO YHCJa C/A0KHBIX M TOHKHX TeXHOJOTHYECKUX
omepalyii, HeKOoTopple H3 HMX HasBanbo Ha puc. 90. Ilpu Bu-
TATHBAHWM KPHCTaJ/sa repMaHisl B HEro BBOAMTCS JOHOpHasl MpH-
Mechb, H BO BCEM KpHCTaJje CO3aeTcsi n-MpoBOJHMOCTh. 3aTeM
KPHCTaJJ1 Pa3pesaroT Ha MJIOCKHE NJacTHHBE, KOTOPbIE TIAaTe/bHO
m/MdyIOT H B CBOIO OYEPelb Pa3pe3aioT Ha MeJKHEe KPUCTA/THKH.
Kaxneli TakoH KPHCTAJIHK — OCHOBa Tpau3ucTopa, ero Oyay-
uias 6a3a, B KOTOPYIO HVXKHO BIVIABHTb 3MHTTED U KOJIJIEKTOD.

[ BOJIABJIEHHs] SMHTTEDAa OCHOBHOH KDHCTA/NIHK C TPOBO-
JUMOCTbBIO N-TMIIa NMOMELIAal0T B HeGOJ/bINYI0 MeTa JInyecKylo Kac-
cery (puc. 91) ¥ Tyma Ke yK/JaABIBAIOT 3apaHee MPHrOTOBJEH-
HYI0 MMUKDOCKONMYECKYI0 KPYNHHKY MHAHs. 3aTeM KacceTy
3aKpBIBAIOT H YCTAHABJMBAIOT B 1€Yb, TEMumepaTypa B KOTOpPOM
socturaer 500 rpanycos. B 370l meun unaMil BI/IaBJsIeTCS B KPH-
CTa/U/IHK TepMaHusi, ¥ B MEcTe BIJIABJEHHS o06pasyeTcs >MHUTTEp-
Hblil pn-nepexom.

3arteM KacceTy BLIHHMAIOT, NMEPEBOPaUHBAIOT U C MPOTUBOIMO-
JIOXKHOH CTOPOHBI BBOASIT BTOPYIO KPYNHHKY MHAMA, HECKOJbKO
6osibliell BeJTMUMHLI, ueM mnepBas. Enle oJHa ycTaHOBKa B Meub,
erle OJHO BIJIaBJE€HHE UHJMS B IrepMaHuil — M ewre OJHH, Ha 3TOT
pa3 KoJMIEKTOPHBIi pr-nepexoj rotoB. Mul pacusieHH/IH Bech Ipo-
IecC JIAWIb JJs HAaTIAIHOCTH: OOBLIYHO 3IMUTTED H KOJJICKTOP
248

TEXHONOTHUECKHI (JUKA

@;— BBEAlHu_s apuMEcu )

o Bl TAMUBAMME. CAUTHA U3rOTORAEHUR CRAABHLIX
{ ovuzumu:@ TPuoace
P[] oo 2] |
PE3IKA [IAACTUH 2 A
c .
OPTHPOBKA KpUCTAAAOS .’»Emmfmtnue KOA :.‘«‘31 Ev';.ir_fi;'aﬁnu

OO Crisal
MPOMBIBKA u TPABAEHUE v oA

-
U3TOTOBAERUE KPUCTAMOLEPWKA TEAS Ao3upotka Ao3upoexa
W3ToToRAEHUE A3080M0 KOALUA ‘\‘ foAYUEHUE P-n-p(n-p-n)Crpvkryp
lﬂpu(oenuutuus BHIBOA0E 4———— o IPOBREPKAY CTPYIKTVE
TPABAEHUE 1> CYUIKA b»MTPOBEPKA Jrots AAKUPOBKA w CYUIKA r)/t”‘:,'gas:“

OKPACKA =+-{ FEPMETUSALUA ¢ IpuBapKa BbiBOA0E, | TPHBAPKA KpUC
. N |

CYUIKA > KAACCUPUKALLUAH MAPKUPOBKA k- MEXAHUECKUE. HCNBITAHKE |

VNAKOBKA « TPOREPKA OTK <} WIMEPENUE ko

Puc 90 TlpousponcTBO TPaH3KCTOpa — 3T0 GOMBLIOR KOMIMJIEKC CAOKHbIX TeX-
HOJOTHYECKHX oflepauuit

BIVIABJIAIOT OJIHOBPEMEHHO, NIPH 3TOM B [I€Yb YCTaHABJAUBAIOT CPa3y
60JIbLIOE KOJIMYECTBO KAacCerT.

Becs nponecc BnsiaBieHHsi ONHCAH HAMM KpaiiHe yIIPOLIEHHO.
B neficTBHTE/IbHOCTH MOATOTOBKA K BIJABJICHUIO BKJIOUaeT s cels
PsiA 10BE/HPHBIX OMepanwi, KOTopble MPOM3BOAATCH MOA MHKPO-
CKOHOM. A caMo BHJIaB/IEHHE HJAET HPHU CTPOFOM KOHTPOJE TEM-
nepaTypel neyd W BPEMeHH NpeGblBaHUsl B HEH KPHCTa/IOB C J0-
6aBKaMH.

OnHako Kak Obl TOYHO HH IPOM3BONUIACH TOJTOTOBKA K BI/IAB-
JIEHHIO ¥ KaK Gbl CTPOTO ONMEPaTOpsl HYU C/ICHJH 32 3THM Ipouec-
COM, OH, [0 CYTH jeJsia, IPOTEKaeT «3a0YHO» — HUKTO HE MOKer
TOYHO CKa3aTh, YTO B TOT WJIH MHOH MOMEHT IPOMCXOIHT B TOH
U4 HHOH KacceTe, Haxojawieics B neun. Kpucrtanauku ocHosaoro
MOJIYNIPOBOJHHKA ¥ BHJIABJIsileMble B HMX KDYNHHKH HHIWS He
GLIBAIOT aGCOMIOTHO ONHHAKOBLIMH, H B OCHOBHOM [03TOMY cam
XoJl mpouecca NpH 06pasoBaHHM pPn-NEePexol0oB B Pa3HBIX Kacce-
Tax TOXKE HEeCKOJIbKO oTvIHuYaeTcs. B urore B onHol u Tol *&e rpyn-
fle KacceT o6pasylOTCa IPaH3HCTOPHI C DA3HBIMH TapaMeTpamu.
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FPuc. 91. OcHoBHBlE 5Tamki TNPOW3BOACTBA CIMIABHBIX H JHGQY3HOHHHX TpaH-
3HCTOPOB.

HanpuMep, ¢ pasHbIM COAEPIKAHHEM HEOCHOBHBIX HOCUTeJeH B 006-
Jacti 633k, a 3HAUMT, C Pa3IMUHEIMH OOpAaTHHIMH TOKaMH KOJJIEK-
topa (puc. 17) uiu ¢ pasHoit TonmuHo#i 6a3k, MOITOMY M C pas-
HBIM KO3((HUUEHTOM yCHJIeHUst Mo Toky (puc. 35). Kpome roro,
TPaH3UCTOPHI, Y KOTOPHX Noayunaach Gollee ToJacTas 6asa, paﬁou-
TaloT Ha 6Gosee HU3KUX YACTOTAX, TAaK KakK OJAHO U3 NPENsATCTBHH
IJI5 TOBBLIIIEHHS YACTOTHI CHTHANA — 3TO 3anasjbiBaHue 3apAloB
npu auddysuu ux uepes 6asy.

3apsaas IPOCTO He MOCHEBAIOT 32 GLICTPHIM H3MeHeHHeM BHICO-
KOUaCTOTHOTO CHTHAaJa.

TToc/te ycTaHOBKM KPHCTAJIMKA C ABYMS pfi-lIepeXOaaMH B KOp-
flyc MHOTHE IapaMeTphl NOJYYHBIIETOCS TPaH3UCTOPa H3MEPAIOT
H (OPMHDYIOT HECKOJNBKO TPYII NPHGOPOB CO CXOKHMMH NApaAMET-
pamu. Tak ¥ nOAB/IAETCS BHIHYXKACHHHIH LIHPOKHA aCCOPTHMEHT
TPaH3UCTOPOB, KOTOPbIE, KOHEUHO, BIOJNHE MOLIH Obl GHITE OAHUM
THIIOM, €CJM OBl BCe TEXHOJOTHUeCKHe NPOILEeCCH LIJIH a6CcOJIOTHO
onuHakoBo. B uacrHocTH, Takue TpaHsucropel, kax I113, TI13A,
11136, 1114, I115, 1116, T116A, 116D, nonyyanuck B pesyabTaTte
@IUHOrO TEeXHOJIOTHUECKOr0 TMpoHecca H3TOTOBJSHHA CIJIaBHBIX
pn-mepexoloB TOJMBKO 3a cuer ‘pasbpoca uUXx mapaMmeTpos.
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Ecau TpyoHOCTH 1ONYNPOBOJHUKOBOH TEXHOJIOTHN YBeJUUH-
BAaT 4YHUCJAO pa3IMYHBIX THIIOB TPaH3UCTOPOB, TO COBEPUMIECHCTBO-
BaHHe TEXHOJIOTHH, NpUMeHeHHe HOBBIX TEXHOJIOTHUECKHX TPUHUHU-
0B, 03BONAET YMEHBIUUThL H3JMUIIHE 6OraThll acCCOPTHMEHT IpU~
Gopos. Tak, HanpuMep, NoJiyueHUe pr-nepexoaoB MeTOAOM Aud-
¢y3uH no3poJser CO34aBaTh TPAH3UCTOPH, OAMHAKOBO XOPOIIO
paboTamoliye 1 Ha HU3KUX, ¥ Ha BHICOKMX YacToTaxX, BMIOTH MO
HecKoJbKUX coT Mey.

Cymnocts 1udhYy3UOHHOH TEXHOJOTHH OTPaXkKeHa B CaMOM ee
Hazpanuu. OCHOBOH TpaH3UCTOPa p-#N-p 3IeCh, TAK XKe Kak
1 B CIJIABHOH TeXHOJIOTMH, CJAYKHT KDHCTAJIUK FepMaHus, HO yXKe
¢ nposoguMocThio p-tuna (puc. 91). CHauana 3T0T KPHUCTAJNIMK
IIOMEIa0T B NMapsl JOHOpPa, HanmpuMep MHIIbAKA. B pesyabrate
nup¢ysun NOHOpa B KPUCTaJ1 B HEM CO31aeTcs TOHKUH NOBepx-
HOCTHHIH CJIOH € NPOBOOUMOCTBIO £-THMA. 3aTeM CjedyeT ele
onHa audysus NpuMecH — KPHCTANN NMOMELLAIT B Haphl akilel-
Topa, HanpuMmep unausA. Tenepb B TOHKOM CJI0e ¢ NPOBOAMMOCTEIO
n-Tuna cosgaercs etne 6ojee TOHKUEA CJI0H C p-MPOBOAHMOCTHIO,
W KpHCTaJlj, TOYHee, er0 MOBepXHOCTHas o006Jsacte, NpHoGpeTaeT
CTPYKTYpPY p-fi-p. B manenefinem BepxHuil caoit (p) 6ymer sMUT-
TepoM, cpenHuii cioit (n) — 6asolt, a cam Kpucrana (p) — Koa-
nekropom. Ocraetcsd UMb 106paThesi IO BHYTPEHHHX yYaCTKOB
3TOH CTPYKTYpPHl, TO €CTh MOIK/IIOUHTH BBEIBOIH K KOJIEKTOPY
u 6ase Oynyuero TpaH3uCTOpa.

B caMoM ynpoineHHOM BHIEe 3Ta ONepaldsl BHITOJHAETCA TaK:
Ha OJMH U3 yYACTKOB KPHCTAJIJIA HAHOCAT KHCJIOTOYIOPHOE HOKpPhI<
THe, a 3aTeM NPOM3BOAAT TPaBJeHHe KpHCTAJMIa B KucjoTe. B Hro-
re 0o6e «opeKAH», NOSIBUBIIMECS B pe3yabrate AMDGY3uH, HcYe-
3aI0T NOUTH CO BCell NOBePXHOCTH KPUCTa/a M HYXKHas CTPYK-
Typa ocraeTcsi JUMbL Ha HeCosablIOM yuacTke. MIMeHHO K HeMy
W npUnauBarwT BHIBOAB 3MHTTEpa U 6asul Komlemopa‘

Mg onmucany JMIOb OIMH U3 HECKOJIBKHX CHOCOGOB MpOU3BOA-
cTBa NU(DGYIUOHHEX TPAH3UCTOPOB, MPUYEM OMKCAIH €r0 OUeHb
ynpoueHHo. B pefictBuTensHOCTH nubGY3UOHHAA TEXHOJOTHSA,
TaK XKe, BIPOueM, KaK 1 Jbas Apyras TexHOMIOrHs 1pOu3BOACTBA
TPaAH3HCTOPOB, BKJIOUAET B ce6si GOJBIIYIO CEPUID OUEHbH TOHKHX
U TOUHBIX TEXHOJIOTHUECKHX omnepanui. Juddysuonnas texuomno-
THA XOTSl M CJOMKHee CIJIaBHOH, HO 3aTO M03BoJsAET 60Jiee TOYHO
Hanpas/sTh CaM XOJ NPOLECCa U N0JYy4aTh TPAH3HCTOPHEIE CTPYK-
TYPB! C MeHbIIUM pasd6pocom napameTpos. I1pu stom camu pn-ne-
pexoist NOAYYalOTCA C POBHOM, NMIOCKOH rpaHuLell MexXay 30HAMH
#, uTo 0COGEHHO Ba)KHO, IIOJIyuaeTCs pOBHAA U OUeHb TOHKAH,
BIVIOTh 10 HECKOJNIBKUX MHKDOHOB, 6a3a. A uem TOHbIIe 6a3a, TeM
Gonpue yacTOTH MoOXKeT YCHIHBATh Tpansucrop (puc. 92). Io-
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Puc. 92. Yem Toubwie 6a3a, TeM Gojblie mnpejeibHas 4acToTa, HA KOTOPOH
MoXeT paGoTaTh TPAH3UCTOP.

3TOMY B OCHOBHOM BC€ BHICOKOUACTOTHHIC TPaH3UCTOPH H3rOTOB-
Js10T OU(p(HY3HOHHBIM CIIOcO6OM.

O6patute BHHMAaHHe Ha PacrnojoKeHHe BHIBOJOB Yy CHJIaBHOTO
¥ auPy3HOHHOrO TPAH3UCTOPOB Majoi MomHOCTH (pHc. 91).
B mepBOM ciyuae caM KpHCTasJ CTAHOBUTCA 6a30i, a BO BTOPOM
clyuae — KOJUeKTOpoMm. Kpucrana ycraHaBiIHBalOT Ha KpHCTal-
JIOJlepIKaTesb, U OH OKa3biBAETCA 3JMEKTPHUECKH COENMHEHHBIM
¢ kopnycoM. IloaToMy y GOJIbIIMHCTBA CIJIaBHBIX TPaH3MCTOPOB
cpelHM# BBIBOJ, COeIMHEHHbIi ¢ KOpPIycOM,— 3TO BbIBOA Gas3bl.
a y MHOruX IHGGY3HOHHBIX TPaH3HCTOPOB CpedHuil BEIBOA — 3TO
BEIBOA KoOJIeKTOpa. UTo6H He nepenyTatb 3MUTTep ¢ 6a3oil (31O
MOXKeT KOHUHTHLCS TParyuHO, ecjd, Halpumep, MOAK/IIOYUTL KOJ-
JNIeKTOPHYIO GaTapeo MeXAy KOJJIeKTOPOM H 3MHUTTepOM H ocTa-
BUTHL «BHCALLyl 6a3y»; cM. puc. 89), Ha caMoM Kopmyce BO3Ji€
BLIBOJ2 IMUTTEpa CTABAT KEATYIO HIH Gelyio TOUKy.

Ecau anddy3sHoHHAS TEXHOJOTUS [O3BOJAET MOJNyuyaTh Jyu-
[He TPaH3UCTOPHI, paboTaollne He TOJBKO Ha HM3KHX, HO U HA
BHICOKMX 4aCTOTaX, TO IIoueMy BoOGIle He OTKa3aTbCsd OT CIIab-
HBIX TPaH3UCTOPOB, KOTOpHE PabGoTaloT TONBLKO HAa HH3KHX 4acCTO-
Tax M IPOU3BOACTBO KOTOPHIX MOPOKAaeT HeHyXkHOe pa3sHOOGpa-
252

3He THNOB NpHGopoB? OTBeT Ha ITO HAUBHOE «IIOUEMy» BeCbMa
IPOCT: IIOKa elle CIVIaBHBe TPaH3UCTOPH AeNaTh MpOlle U CTOAT
OHH IIOKa 3HAUHTeNbHO JemeBne. IlpeacrtaBbre cebe, uTO BH
INPULIM B MarasuH, 4TOOb KyNHTh MaJIOMOIIHHY TPaH3UCTOP
aas yeunutens HY, u Bam mpepsoxunu Ha BeiGop auddysuos-
HHH TPHOX CTOMMOCTBIO 2 py6/s W CIIaBHOH — CTOMMOCTBIO
30 xomeex. Koneuno ke, BE KynuTe CIVIABHOH TpPaH3UCTOp, KOTO-
PHH B HH3KOUaCTOTHOM ycu/utene paboraer He xyke nuddysu-
OHHOro, a CTOMT BO MHOrO pas jewIeBJe.

TTopo6ubiMu cOOGpaXKeHUSIMH PYKOBOJCTBYIOTCS ¥ paspaboT-
UMKH DanHO3JIeKTPOHHOH anmapaTyphl, H CHELUAJIUCTH, CO3Aa10-
mMe caMM IIOJYIPOBOAHUKOBHE NPUGOpHL. 3aXyMbIBasCh O TOM,
HYKHO WIH He HYXHO IPOH3BOJAUTH KaKoH-AM60 THII MOJYNPOBOA-
HHKOBOro npuéopa, NpHXOAUTCH YUUTHIBATH He TOJIHKO €ro 3JekK-
TpPUUECKHe XapaKTePUCTHKH, HO M Ty LeHy, KOTOPyIO 3a 3TH Xa-
pPaKTePHCTHKH HYXHO 3amiaatute. [1oTroMy 4TO B MTOre KOMMEiiKH
u py6au CTOMMOCTM TpaH3UCTOpa, Kak, BIOpoueM, Jiobbie pyGud
U KOne#KH, nepeculThIBAIOTCA BO MHOTHe THICAYH KHUJIOBATT-4acos
9JIEKTPOIHEPTHH, BO MHOTHe TOHHLI NOPOTOCTOSUIHX MaTepHalos,
BO MHOrHe MHJIIMOHB!I 4acoB GecLieHHOro paouero BpeMeHH.

CpaBuuTe/bHAg NPOCTOTA NPOU3BOACTBA M HEBHCOKas CTOH-
MOCTb — BOT OCHOBHBI€ [OCTOHHCTBA CIIJIaBHBIX TPaH3HCTOPOB,
GJaronapsa KOTOPBIM OHM OCTAIOTCSl BHE KOHKYPEHIMH BO MHOTHX
obnacTax npuMeneHus: B ycusautensx HY, kiaoueBmIXx cxemasx,
reHepaTopax HUMNyJbCOB U Ap.

Hecxkospxo cioB eme 06 01HOM U3 MHOTHX MeTONOB IIPOM3BOA-
CTBa TPaH3UCTOPOB— O MHJIaHAPHOH TEXHOJIOTMH. DTO HOBOE Ha-
npasieHHe, KOTOpOe cuuTaeTcs HauboJsee nepCneKTUBHLIM, HCIOb-
3yeT IS CO3JaHuA pr-nepexonoB audgysHio npumeceil.

OrsnuuTesbHasd OCOOEHHOCTHL IVIaHAPHOA TeXHOJOTHH B TOM,
4TO BCe OCHOBHEIe NMPOLECCH CO3JaHUA PA-TEePeX00B B KpHCTalle
NPOUCXOIAT C NPUMEHEHHeM CBOero poja MaCK{ — TOHKOTO 3alluT-
AOro TOKPHITHS NMOBEPXHOCTH KpucTajna. baaromaps atomy of-
najgaer paj TPYAHHIX Omepaiui, a NMOBePXHOCTb KpHCTa/jia OKa-
3bIBAeTCHA 3alIMIIEHHOR OT BCAKOrO poja BPeAHHX BO3AefiCTBHIL
B pesyabrate monyuarnoTcs TPaH3UCTOPHBIE CTPYKTYpH Gosee Bhi-
CKOro KauecTBa, B YaCTHOCTH C MEHbUIMM [OBEPXHOCTHHIM TOKOM,
KOTOPHH CyMMHupyercs C BpeAHHM OGPATHHIM TOKOM KOJLIEKTO-
pa Ix. CymecTByer MHeHue, UTO NpUMeHeHHE MIAaHAPHOH TeXHO-
JIOTHH TO3BOJIUT HACTOJBKO YMEHBIIUTh BEAHUHHY [xo, UTO BO MHO-
rux cxemax BooOie otnageT HeoGXOAMMOCTh TeMIlepaTypHO# cTa-
6uM3aluy peXuMa TpaH3HUcTopa.

Eumle xakux-uubynp NecsiTe J€T HA3aj, KOTAA TPaAH3UCTOPOB
OHJIO OUeHb MaJi0, OYKBabHO MATh — NECATh THIIOB, HX HETPYIHO
Obto 3Hath Hanepeuer. Paso6patbesi Xe B HbIHeIUHEM acCOPTH-
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Puc. 93. Bce MHOTOO6Pa3ue TPAH3UCTOPOB MOKHO pa36GuTbh HA HeCKOJbKO OCHOB-
HbIX TPy,

MeHTe IOJIYIIPOBOAHUKOBBLIX IPHGOPOB yiKe He Tak npocro. HTo6u

0GJIeruuTh 3Ty 3a7auy, MOXKHO Mpex e BCero pasae/uTh Bece TpaH-
3HCTOPH Ha TPU TFPYNNE Majiod MOUIHOCTH (HAuGOJbILAS BBIXOM-
Hasi MoIHOCThL OKoji0 0,1 87), cpenneit momHuoOCTH (OKOJO 0,5 8T)
u Goabwoit (6osee 1,5 81) mowmnoctu (puc. 93). Hacto npume-
ugoT elle 6osiee INPOCTOe NEJNeHHE TPAH3UCTOPOB: Ha MOLIHBIE
(2 6r u 6ostee) u mManomomsble (okomo 0,1 67). Ha 3t Tpu unu
naxe JBe TPYNmbl MOXKHO pas3iie/iuTb BCe MHOroobpasue TPaH3H-
CTOPOB IUMPOKOrO TMPUMEHEHHUS.

BryTrpu xaxnpo#t rpymmsl nenecoo6pas3Ho pasfenuTbh TPaH3H-
CTOPH Ha HU3KOUACTOTHHE (CTJaBHBIE) M BBICOKOUACTOTHEIE (AH (-
¢ysuonuse). K, HakoHew, Ang nOpsAgKa cleqyeT BBECTH ellje OLHO
pasnejiedde TPaH3UCTOPOB — B 3aBUCHMOCTH OT MX CTPYKTyphI
(p-n-p MY N-p-n) ¥ UCXOLHOTO MaTepuana (repmMaHuil WM KpeM-
unfi). Kaxk BuguTe, noJyunsaoCh CpaBHHTENbHO HeGOJbIIoe UKCIO
OCHOBHBEIX TPYII, ¥ CPeAy HUX ueThipe rJIaBHble TPYMIbl — MaJo-
momusie Tpausucropst BY u HY u momsele tpanaucropsr BU
n HY. Jro, xoHeuHo, rpy6oe LeneHue, He YUUTHIBAIOIIEe MHOTHX
BaXKHHX IIOKazaTeneldl, ONHAKO Ke BHYTPH KaXKAOH U3 uyeThIpex
Ipynn paxe pasHbie TPAH3UCTOPH OUEHb YAaCTO MOTYT 3aMEHATh
Apyr npyra.
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O npuHanJIeKHOCTH TPaH3UCTOPA K TOH WM HHOH OCHOBHOH
rpyfine roBOPUT CaMO ero HasBaHue (UCK/IOUeHHe COCTaBJAIT
JIMIIb [OBOJBHO CTapble TPAH3UCTOPBI, Takue, kak [14).

B nasBanuu TpaH3ucropo, paspaGoranubix no 1964 roxa,
nepsas 6yksa «[I» mpoucxeauT OT C€ji0OBa «MAOCKOCTHOM» M OTHO-
CUTCA KO BceM 63 MCKJIOUEHUS TPaH3UCTOpaM. 3aTeM CleRyior
uuQpsl, 3HaueHNe KOTOPHX yKa3aHo B Tabauue 8. [loab3ysch aTol
Tabnunell, MOXKHO, HANpuMmep, omnpejgenuts, uto [1403 — 310 Ma-
JIOMOLIHBIA repMaHueBHl BHICOKOUACTOTHHIN (Auby3HOHHBIH)
Tpanaucrop, 1201 — MouHKE repMaHueBHI HU3KOUACTOTHLL
(cnaaBroit) Tpanaucrop, I1501 — Ma/iOMOUIHBIH KPeMHHEBbIH Bhi-
COKOYACTOTHHII TPaH3UCTOP U T. A. AHAMOTHYUHO (HOPMHUPYIOTCSH
Hassauug npubopos, co3naHHBIX Nocte 1964 roma (rabanua 9).

Ta6ruya 8

O6o3nayeHus HEKOTOPBIX THNOB NMOJAYNPOBOXHHKOBBIX npubopos,

BbhinycKaBmuxcsa no 1954 roma. (Las nexoTopblx npuOOpOB, BHIMYCKaeMbiX
nocne 1964 roxa, u mo cell xeHb coxXpaHAOTCH crapbie 0003HaUeHHA.)

[epsuiit anement o6osnauenus: 6yksa [ — nuoxwl, Oyksa I1 (nau MIT) —
TpaH3ucTopsl. Bropo#t saement — uudpa, o003nauawoUas KOHKPETHBIH Tuix
npubopa. Tperu#l snement 9S03nauenua — GyKBa — PasHOBHAHOCTbL MpuGopon
JaHHOTO THIIA, HMEIOUIas HeKOTOpOoe OTiHYue B mapamerpax. Huxe npusepe-
Hbl 3HAUeHHA HeKOTOphIX UKD BO BTOPOM 3JeMeHTe 0Go3Ha4eHud.

Juonst:
Toueunbe repmanueBbie or 1 no 100
Toueunble KpeMHUeBbHe or 101 no 200
I1A0CKOCTHBIE KpeMHHeBble or 201 no 300
[110CKOCTHBIE TepMaHHeBhle or 301 mo 400
CrabuauTpons ot 801 mo 900
Bapuxamnst or 901 no 1000

TyuHeabHble KHOXB or 1001 mo 1100

Tpansucropsl
Manomolnble repMaHneBble HH3KOUACTOTHHE or 1 no 100
Manomouinble KPeMHHEBble HH3KOYACTOTHBIE ot 101 no 200
Molunble repMaHueBble HH3KOYACTOTHHIE or 201 no 300
MomHble KpeMHHEBbIe HH3KOYACTOTHbIE or 301 go 400
MaJjnomolnble repMaHiHeBble BblCOKOYACTOTHBIE ot 401 no 500
MaJsoMoLIHEE KPeMHHEeBbie BblCOKOYACTOTHbIe ot 501 1o 600
MolgHble repMaHiueBbe BblCOKOUACTOTHHIE ot 601 no 700
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Tab6ruya 9

0603HaYeHHA HEKOTOPBIX THNOB MOJNYNPOBO AMHKOBBIX MPHOOPOB,
BhIyCKaeMbiX nocae 1964 roja

IMepBuiit sanement obosHauenus: G6yksa I' (mau uudpa 1) — repmanneBuii,
6yksa K (uau nudpa 2)— kpemuueBwii. Bropo# asgement 06Go3HaueHHs:
G6yxBa Jl—xuoxw!, T —TpaH3ucTOpH, B — Bapukams!, A — IHOXB Ias CBEPX~
BHICOKHX 4acToT, ® — dotonpubopss, 1 — rynne abnbte puoxsl, C — crabuau-
TPOHbl H T. A. Tpertuit axemeHT o0603u3ueHus -— NUdPa — KOHKPETHBIH THN
npubopa. Yersepthili snement o06o3HauenHs — 6yKBA — Pa3HOBHIHOCTL MpH-
6OpOB aHHOTO THMA, MMEILIAss HEKOTOpHe OTJHYHMA B NMapaMerpax.

3nauenue HEKOTOPHIX Lupp B TPeTbeM ajaemente 0603naueHHs:
Ilaa nuonos:
ot 101 1o 399 — BhINpAMHATEJbHBIE NHOXL
or 401 xo 499 — ynuBepcaibHpie JHOILBI

Jaa doronpubopos:

or 101 no 199 — cdoTonuonst
ot 201 no 299 — doToTpausucTOoph!

Ilna TYHHEABHBIX JUOJOB:

ot 101 xo 199 — ycuauTedbHble
ot 201 mo 299 — renepatopuble

Has crabuauTpoHOB:

momHocTh 10 0,3 8m, nanpsxenue crabunusanun 0,1 —9,98 —
ot 101 xo 199

MomHocTb 10 0,3 8m, nanpsxenne crabunusanuu 10—996 —
ot 201 xo 299

MoOIIHOCTS X0 5 6m, Hanpskenue crabunusawuu 0,1 — 9,96 —
ot 401 no 499

Jlna TpaH3HCTOPOB:

Manas MowocTs (o 0,3 8m), HuakouacToTHsle (1o 3 May) — ot 101 xo 199
Manas MOIIHOCTb, cpexHedacToTHble (10 30 Mzyg) — ot 201 xo 299
Majas MOLIHOCTb, BeICOKouacTomubie (10 300 Mzy) — ot 301 xo 399
cpenuss MOWHOCT (Mo 1,5 6m), Hu3kouacToTHhIE — OT 401 no 499
cpenusisi MOIIHOCTb, CPEHEYaCTOTIIbIE — OT 501 mo 599

cpenusis MOUIHOCTH, BbICOKOUACTOTHEIE — OT 601 no 699

Gonbmas moimHocTs (Goapuie 1,5 em), nuskouacrotusie — ot 701 mo 799
Goabmas MOIHOCTb, cpenneyacrotasie — or 801 xo 899

Goabmas MOLIHOCTb, BeicoKouacToTuee — ot 901 po 999
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- Puc 94 Tpausuctopni PasHoR CTPYKTYpPbl (HTAIOICA HANPAKEHHAME pPA3JIHu-
HON MOJASIPHCCTH.

ITonssysick npHBeJAeHHHMH B Ta6aHUax 8 H 9 «COTHIMH», MOXHO
110 HA3BAaHWIO ONpPeAeJHTh NMPHHAANEKHOCTb mMPUGOpa K TOH wHaH
¥HOH OCHOBHOH rpynne. O pas3nHuusix OpHOGOPOB BHYTPH TpPymmbl
roBOPUT KOHKpeTHadA uHdpa B Ha3BaHHH NpHGOpa M CieayLIas 3a
Hell onHa M3 nepBHX 6ykB aiadasuta (A, B, B u 1. 1.).

B Ha3BaHUH TPaH3UCTOPOB MOrYT BCTPEUATHLCH M HEKOTOpbIe
elle He 3HaKOMble HaM GyKBeHHble 0G03HaueHMs, XapaKTepH3Yio-
IiMe Te WJIM MHbIe KOHCTPYKTHBHbIe ocobGenHoctu npuGopa. Tak,
HaripuMmep, 6ykBa «D» B KOHIe Ha3BaHUA O3HAUAET, UTO Kopmyc
TpaH3ucTOpa cpesad H3 anoMuHuf. BykBel «MIl» B Hauaje Ha-
3Banus (BMecto «lII») roBopsT O TOM, uTo CoeJMHEHHe BepxHeil
YacTH Kopryca («KOJmauka») ¢ ero HUKHEH YacThi («IHCKOM>)
OCYLIECTBJAACTCA METOJOM XOJOAHOH CBAapKu MOA JaBJEHUEM.
Kopnyc Tpanauctopos ¢ o6o3Hauenuem «lI» repmeTnsuapyercs me-
Hee COBepPIUEHHBIM COOCO60M — 3J1€KTPOKOHTaKTHOH ceapkoi, Hu-
KaKHUX OTVIMUMH B mapaMeTpax TPaH3UCTOPOB ¢ o6Go3Hauennem «I1»
u «MIl» He cymectsyeT — Tpausuctop MII41, wanpumep, moa-
HOCTBIO COOTBETCTBYeT TpaHsucropy [141.

IlanHEle HeKOTOPHIX THNOB TPaH3UCTOPOB NPHBEAEHH B Tab6-
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Ta6aruya 10
auuie 10. B sr10it TabGauue BH Hakfete npejesibHO JAOMYCTHUMBIE [pefeAbio ZONYCTAMME PeM(HME! (HANDSIKEHHS, TOKH, MOMHOCTH)
i - ’ s
peXuMel (KOJJEKTOPHBI TOK [y, Hanpsxenue Uy MeXIY IMUTTE H OCHOBHH® NapaMeTpH TpAHSHCTOPOB
POM M KOJJIEKTOPOM M MOIIHOCTh pacceMBaHUs Ha KOMJIEKTOpPE
Py), KOTopble NpeBBIIIATL Henlb3sl, HanpskeHdne Ha KoJJIEKTOpE
yKa3aHo B TaBiMLax Co 3HAKAMH «-+» HAH «—>». IDTO eme OLHO

@ _| TIpenenbno IOnyCTHMHH pex UM TlapaMeTpst
HATIOMHHAHHe O MOASIPHOCTH HANpAXEHHs M HanpaBjeHWH TOKOB g | 88 —
B TpPaH3UCTOpPAX C pa3HON CTPYKTYpoit (puc. 94). 5% §§§ Uy (8 | I (way | P (mnem) B Lo (aka)| t, (Meg)
Ha xoanekrope TpaH3ucropa p-n-p NOJMKeH ObITb «MHHYC», mE  Oad
Ha KOJUJIeKTOpe TPaH3HCTOpa f-p-Al — <ILIIOC»; TPaH3UCTOp p-1-p 1 9 3 s« | s | E
OoTHUpPaeTCs «MUHYCOM» Ha Ga3e, a 3amMUpaeTCHd «ILJIIOCOM»; TpaH-
3UCTOP n-p-n HA0GOpPOT — OTHHPaeTCs  «AJNIOCOM» U 3alH- | [14A —50 5a | 202 em | 590 500 l 0,15
paeTcsi «MHHYCOM»; B TpaH3HCTOpe p-A-p TOK HIET OT 3MUT- | [4p —60 5a | 25/3em | 15-40 500 0.15
Tepa uepes 6a3y K KOJJIEKTOPY (MMEHHO TaK ABUXYTCH ABIPKW), | rnip 1 35 50 | 2536m | 10—32 500 0.15
a B TPAH3UCTOPAx M-p-A— OT KOJMJIEKTOpa uepes 6asy Kk SMUT- | .o ’
Tepy (He 3a6yabTe, peub MAET TOJNLKO 06 YCJIOBHOM HanpaBJeHUH —50 Sa ‘ 25/36m | 15=30 500 0,15
TOKa, O TOM, KaK HYKHO <«BOAMTh majiblleM» TO cxeMme; cM. |41 —50 50 125/3em 30~70\ 500 0,15
crp.  142). ns +15 20 | 150 10 30 0,5
B Hamu tabauusl BXOAAT HEKOTOPHE NapaMeTpbl TPAH3UCTO- | o 115 %0 | 150 12 15 05
poB, U npexie Bcero Kos(dHuHueHT ycunenus no toky B. B odu- TI9A 5 2 150 {545 20 ’
UHaNbHBIX Ta6AULAX BO MHOTMX cJydasx YKas3elBalOT Ko3hdHu- + - 1
LMEHT YCU/eHUst MO TOKY @ B cxeMe OB. Mbi ke mepecunragu ero | 10 231 +15 20 | 150 15-30 | 30 1
B KO3 duuEeHT f (puc. 72) H cAenanu Hauw Taéauub XoTA U He | M10A +30 20 ] 150 15—30 30 1
[OXOXHMH Ha O(QHIUajgbHBe, HO 3ar0 6Gosee yHOGHHIMH. 11108 +30 20 150 2550 30 1
B raGaune 10 mpuBoAMTCH BelHUYMHA OGPATHOTO TOKa KOMIEK- | 1 +15 20 1150 2550 30 9
topa /xo. Bbl, KOHEUHO, MOMHHTe, UTO BCErAa JKeNaTeabHO, 4TOOGH | A 115 2 150 45—90 30 o
Ixo 6B KaK MOXHO MeHblue, XoTd Obl NOTOMY, YTO UeM MeHhbLUe
5TOT TOK, TeM B MeHbIIeil CTENEHH pexHM TpaH3uctopa sapucut | [113 —15 150 | 150 12 30 05
or temmeparypsl (puc. 88). Ilpusenennas B TaGnuuax BejuuuHa | [T13A —15 150 150 30 10 0,5
Ivo OUIMANBLHO Ha3plBaeTcs HauGonbiied, akTHueckH [y, GBI- | [113B —15 150 150 20—60 10 1
BaeT MeHblle, YeM yKa3aHo B Tabsuuax. 14 _15 150 150 20 —40 30 1
B ra6miuy 10 BroueHa TakkKe NpefeNbHAsA 4aCTOTa YCHACHHA | ua | o5 30 150 | 159 9010 %0 )
f:. DTor napamerp yka3snBaeT, Ha KakKO# 4acToTe KOIPPHUUCHT ’ - _ -
yeunenns o nanaet npumepHo Ha 30%. Ha uacrorax, Gombuux, 1146 —30 150 | 150 30—60 | 30 1
yeM [o, yCHJEHHE yMeHblmaeTcst elle pe3ue,  TpaHsucrop nepe- | IS —15 150 | 130 30—60 3 2
craeT paGorath (puc. 92). 'pannunas uactora f., kax u cam | [T154 —15 150 150 50—100, 30 2
K03puIMenHT «, OTHOcuTes Juwb K cxeme OB; mas cxemn 02 | g —15 156 | 200 20—35 30 1
rpaH#yHas yacTOTa 3HAuUMTENbHO (NMpHMepHO B f pa3) MeHblue. M16A —15 150 200 30—50 9% 1
Ecny BHHMATEAbHO NPHCMOTPeTbCcA K TabiuuaMm ¢ AaHHBIMH m
TPaH3HCTOPOB, TO MOXHO 3aMeTHTh, YTO MHOTHE pa3HbIe THIIbl 6B —15 150 | 200 45—1001 25 2
1pu6OpOB UMeT AOBOJLHO OJH3KHE MapaMeTpPhl U NpefesbHBIC 120 —20 300 150 50—150 50 1
peXXUMbl, B TO BPeMf Kak Jaxe B npefiesiax OJZHOr0O M TOro ke | rooA | 23| —20 300 150 50—i50| 50 9
THIIA TPAH3UCTOPOB MapaMeTpbl MOTYT 3aMeTHO pasianuaThes. Bee | pogp —2 300 150 80—200 | 50 15
9TO TOBOPUT O TOM, YTO B </ydae HeoGXOAUMOCTH MOXHO JOBOJIb- ) ’
HO WHPOKO 3aMEHSATL OJUH THII TPAW3HCTOPa APYTMM. Tak, moutw
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Ilpodoracenue maba. 10

MIpodoaxcenue maGa. 10

1 | e 3 4 5 e | 7 | s
21 —35 500 150 20—60 [ £0 1
Mn21A —35 500 150 23—150 50 1
M21B —35 300 150 |2—100| 50 15
M21r —30 300 150 | 20—80 50 1
210 —30 300 150 60—200 50 1
Noe | 93| —s5 | 300 150 |80—150 | 50 07
n2s —40 400 200 10—25 150 0,2
125A —40 400 200 20—50 150 0,2
11256 —40 400 200 30—80 150 0,5
1126 —70 400 200 | 10—25 150 0.2
1264 -0 a0 | 200 [20-50 | 150 0.2
M266 —70 400 200 |30—80 | 150 05
nss +15 20 150 |10—125] 30 05
n36A | 23| +15 20 150 | 15—45 30 1
37 +15 20 150 15—30 30 1
ns7a +30 20 150 | 15—30 30 1
TN38A +15 20 170 45—100 30 2
139 —10 150 15 |12 15 05
11395 —10 150 150 | 20—60 15 05
1140 231 —10 150 150 | 20—40 15 1
1140A —30 150 150 | 20—40 15 1
I4i —10 150 150 | 30—60 15 1
M41A —10 150 150 | 50—100| 15 1
142 —15 150 200 | 20~35 25 1
meA | 23] —15 150 200 | 30—50 25 1
11426 —15 150 200 | 45—100| 95 1
moi +10 20 150 | 9 1 0,2
moiA | 23| +10 20 15 | 9 1 0,2
mio2 +10 20 150 9 1 0,465
mo3 +10 20 150 9 1 1
11104 —60 10 150 | 9—45 04 0.1
mos |3 | —s30 10 150 | 9 04 0,1
11106 —15 10 150 | 15—10 04 0,5

——

1 3 4 5 | 6 7 8
i +20 20 150 10—25 | 3 05
Mi1iA +10 20 150 10—-30 | 1 0,5
M1 420 20 150 15-45 | 3 0,5
mi2 +10 20 150 15—45 | 3 0,5
M3 410 20 150 15—45 | 3 1
M113A +10 20 150 35—-105] 3 1,2
4 —60 10 150 9 10 0,1
115 —30 | 10 150 9—45 |10 0,1
1116 —~15 10 150 15—100{ 10 0,5
11201 —30 L5 a)10/lsm | 20 0,4 #a 01
[1201A —30 1,5 a|10/tem | 40 0,4 Ma 0,2
11202 —55 2 a |10/1em | 20 0,4 ma 0,1
11203 —55 2 a |10/l em 0,4 ma 0,2
1210 —45 12 a |60/10sm} 15 8 ma 0,1
M210A -—65 12 a |60/10sm| 15 8 ma 0,1
112106 —40 12 a | 45/28m 10 15 ma 0,1
I1201B —40 12 a | 45/28m 10 15 ma 0,1
[1213 —45 5 a |10/1,58m| 20—50 | 0,15xa 0,15
M213A —45 5 a |[10/1,5sm| 20 1 na 0,15
112136 —45 5 a |10/156m 20—150| 1.xa 0,15
11214 —60 5 a 10/1,56m| 20—50 | 0,3 ma 0,15
[1214A —60 5 a |10/1,58m| 50—150| 0,3 #a 0,15
112146 —60 5 a |[10/1,58m| 20—150| 0,15 x#a 0,15
[1214B —60 5 a (10/1,56m| 20 1,5 #a 0,15
11214r —60 5 a |[10/1,bsm 1.5 ma 0,15
11215 —80 5 a |10/1,58m 20—150} 0,3 #a 0,15
12166 —35 75 a ! 24/1,56m 10 1,5 #a 0,1
[1216B —35 7,5 a | 24/1,5 6m| 30 2 xa 0,1
n21sr —50 75 a | 24/1,5em| 5 2,5 Ma 0,1
12161 —50 75 a| 24/1,56m| 1530 | 2ma 0,1
1217 —45 7.5 a | 24/1,56m 18 0,4 ma 0,1
11217A -—45 75 a | 24/1,58m; 20—60 | 04 xa 0,1
112176 —45 75 a | 24/158m| 20 0,4 xa 0,1
[1217B —-60 75 a | 24/156m| 15—40 | 04 ma 0,
na17r —60 7,5 a | 24/1,56m| 15—40 | 0,4 wa o1 |
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TIpodorsxcenue maba. 10

Mpodoarcenue maba. 10

1 2 2 4 5 6 | 7 8 . ’ 2 3 4 5 6 ¢ | 8
I1302 —35 500 7L sm 10 100 0.2 11503 12| +20 10 150 9 120 60
11303 —60 | 500 10/1em | 6 100 0, IT03A 490 10 150 19 120 60
M303A | 7 | —60 | 500 10/1em | 6 100 0.1 .

1304 —80 500 10/1 sm 5 100 0,05 11601 —95 1 3/0,5 20 0,2 30
1306 —60 400 10/16m 7—30 100 0,06 1601 AU —9 1 3/05 40100 0,1 30
T1306A —80 400 10/1 em 5—50 100 0,05 [1601BU | 13 —30 1 3/0,5 80—250 0,1 30
1401 —10 20 100 16—300 10 30 602K —30 1 |3/05 40—100 0.1 30
mao2 (91| —i0 2 100 16—250 5 60 T602A U —30 1 13/05 80—250 0,1 30
1403 —10 20 100 30—100 5 120 1605 40 15 |3/05 20—60 2
TT403A —10 20 100 16—200 5 120 M605A |13 | —40 15 |3/05 40—120 2
410 — 6 20 100 27—120 2 200 1605 —25 15 13/05 2060 2 30
M410A |8 — 6 20 100 80—250 2 200 M606A —25 1,5 1305 40—120 2 30
n4n —6 2 100 27—120 2 400 11607 _o5 03 |1505 | 20-80 0,3 60
M411A —6 20 100 80—250 2 400 607 A —9% 03 |1,5/05 | 60—200 03 60
a4 —10 10 100 | 25—100 5 €0 11608 —25 03 |1,5/05 | 40—120 03 %0
T1414A —10 10 100 | 60—120 5 60 M608A | 14| —25 03 [15/05 | 80—240 0,3 90
14146 —10 10 100 |100—200 5 60 r16086 —40 03 115/05 | 40—I20 05 90
n4i5 —10 10 100 | 25—100 5 120 11609 —925 03 [15/05 | 40—120 03] 12
1415A —10 10 100 | 60—120 5 120 T609A —925 03 |1505 | 80--240 03 120
14156 —10 10 100 | 100—200 5 120 116095 —40 03 115/05 | 80—240 0,5 120
416 —12 25 100 20—80 3 60 751 4-40 0,5 10/1 10—40 0,1 20
n46A {11 | —12 25 100 | 60125 3 90 M701A | 7] 60 05 |1011 15 60 0,1 2
I4165 —12 % 100 | 100—250 3 120 7015 +35 05 |10/1 30 —100 01 20
1420 —10 10 50 12 10 30 T108A 10 50 |5 90—50 10 05
1421 —10 | 10 50 | 15 10 0 4 irricss | 15| —10 | 50 |75 3-8 | 10 !
422 —10 10 50 30—100 5 60 FT108B 10 50 |7 60—130 10 1
M422A —10 10 50 15 5 40 T108T 10 50 |75 110—250 10 1
S I e B A e O I i YR N B I P N I
r'T1095 —.6 20 |30 35—80 5 1
11561 +20 10 150 9 100 10 rT109B —_ 6 20 30 60— 130 5 1
M501A 420 | 10 150 | 19 100 10 e 20 |30 110—250 5 1
nso2 |12 | 420 10 150 9 100 30 PT10011 _ 6 20 130 20—70 5 3
M502A +20 10 150 19 100 30 ITIC9E —6 20 30 50—100 3 5
N5026 +0 10 150 9 100 30 PT1093K —6 20 (30 50—100 3 5
262
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Tipodonsicenue maba. 10 Ipodonrdicernue maba. 10

1|2 | s 4 5 6 7 8 1 2 3 « | s | e | 1 8
'T308A —12 50 150 20—75 5 90 I'T403I —45 126 |4/0,65 sm] 50—150 50 8
F'T3086 11 —12 50 150 50120 5 120 I'T403 1 -—45 1,25a |4/0,65 sm| 50—150 50 8
'T30SB —l12 50 150 80—2Q0 5 120 FT403E | 20| —45 1,25a |4/0,65 am| 30 50 8
I'T309A —10 10 50 20—70 5 90 ['T4032K —60 125a |4/0,65 sm| 20—60 70 8
'T309B —10 10 50 | 60—180 5 90 T T403U —60 | 125a |4/0,65 sm| 50—150 | 70 8
FT309B | 17| —10 10 5 | 20—70 5 60 rr7oiA | 21] —55 | 122 | 50em |10 6 0,06
["T309r ~10 10 50 | 60—180 5 60 KT301 +20 10 150 | 20—60 40 30
FT3coL —10 10 50 |-20—70 5 30 KT301A 420 10 150 | 40—120 | 40 30
I'T309E —10 10 50 60 --180 5 30 KT301B +20 10 150 10—32 40 30
FT310A —12 10 20 20—70 5 160 KT301B | 22 +20 10 150 20—60 40 30
I'T310B —12 10 20 60—180 5 160 KT301T +20 10 150 10—32 40 45
FT310B | 16 | —I12 10 20 20—70 5 120 KT301]3, +20 10 150 | 20—60 40 45
I'T3101 --12 10 20 60 -180 5 80 KT301E +20 10 150 40—120 40 45
['T310E —12 10 20 20—70 5 80 KT3012K 420 10 150 80—300 40 45
TT31IE 1192 50 150 | 15—80 10 400 KT312A +15 30 225 | 10-100{ 10 120
IT311X | 18 +12 50 150 50—200 10 450 KT312B | 22 +30 30 225 25—100 10 180
I'T311H | +10 50 150 100—300 10 600 KT312B +15 30 i 225 50—280 10 180
['T313A | 18 —12 10 100 20--250 5 450 KT315A —25 100 150 20—90 1 330
['T313b6 —12 10 100 20—250 5 650 KT315b | 23 —20 100 150 70 —-350 1 330
FT320A —12 150 200 | 2080 10 120 KT315B —40 |- 100 150 | 2090 1 330
IT3208 | 11| —11 150 200 | 50—160 10 190 KT3150 —35 100 150 | 70—350 1 330
FT320B -9 150 200 | 80—2501 10 250 Kteot | 24| +100 | 30 | s0 | 16 | 500 60
FTa2ir —40 2a 160 20—-¢60 500 90 KT801A | 10 - 80 2 5 13—15 2 15
FT3210 | 11 —40 2a 160 40—120 500 90 KT801B --60 20—100 2 15
FT321E —140 2a 160 80—200 500 90 Iex=20
FT322A —10 5 5 | 20-70 4 120 Kkteoa| 21 4150 | 5 | 50 |15 60 15
['T3225 ~6 5 50 150—120) 4 120 KT805A | 21 | +160 5 3/30 |15 30 30
rT329B | 19| —10 5 50 | 20—70 4 75 KT805 +135 s 330 |15 30
rT3eer —10 5 50 50—120 4 75
32211 —10 5 50 20—-70 4 75 npm‘eq??l’l}‘}l(:upuum WPADPTOM BHIENEHH HA3BAHMA TPAHIMCTOPO3 OBPATHOHX MPOBOAKMO-
'T322E —10 5 50 50—120 4 7 T (n-pinl)s'enuquua TOKa, YKa3aHHAT KUPHbIM wWPAPTOM, — 370 MAKCHMAABHO AOMYCTHUMBIH

HMOYALCHBYH TOK. CpeiuHi TOX B HECKOJbKO pa3 MeHbile.
'T403A —30 1,25a 4/(),65 em | 2060 50 8 3. Beruuura npejeibHO AONYCTHMOH MOWIHOCTH, YKa3aHHAS Haj UePTOH, COOTBETCTBYET
FT4035 | 20 | —30 | 124 |4/0656m}50-150| 50 8 D TR0 Lpaner ap0n, NGO, xen phpod0n 2 (10 DHC. 93), Oy HMers
PT403B | | —45 | 195a 14065 6m | 20—60 50 P B e emaeserny baoses b g Tonaerca ¢ Oyus JMITT swecto
Py rOHOR, S oo 1 DasenOH Al A e MAPAMETPY, © Rocta-
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BO BCEX CXeéMax, O KOTOpHX GyneT paccKka3aHo [aJjblie, BMECTO
TpaH3ucropoB [113 MoXHO HpuMeHUTH A06GBIe IpyrHe MaJoMOLL-
Hble TPaH3UCTOpHI. JIHIIL B HEKOTOPHIX CAydYasix MpU STQM TPH-
JleTCA NOAOTHATH PEeXUM, 3aMEHUB, HanpHMep, Pe3UCTOp B HEMH
Ga3nl, uepe3 KOTOPHI mojaerTcs HayajbHOE OTPHLATENBHOR CMe-
LeHHe,

TouHo Tak e MOXHO 3aMEHSiTh BBHICOKOUACTOTHBIE TPaH3H-
cTopel, Hampumep, Bmecto [1416 npumenntb [1403, 1402 wnau
[1401. Tlpn 3ameHe HYXHO, KOHeuHO, ofpallaTh BHHMaHHE HQ
4acTOTy, KOTOPYH [OJMKEeH M MOXET YCHJAHBATb TpaH3HCTOP,
U TIPeICTaBJ/ATh, HACKOJABKO U3MEHUTCH YCUJEHUE U3-3a Pa3JHUusd
B 3HaueHHH kospduurenra B. HyxHo TakXe npoBeputs, npHro-
IeH Jin [1JiF HOBOrO TPaH3HCTOPa cymecTBYOmui pexum. Tak,
Hanpumep, ecan Tpansucrop [1401 paGoraer B cxeMme, rie KOJ-
JIEKTOPHOE HanpsikeHue cocraBiaser 9 8, To ero yxke Heab3s 3a-
MeHuTb TPanauctopoMm II411, nns koroporo AomycTHMoe KOJJeK-
TOpHOe HamlpsKeHde cocTaBaser 6 8. Kpome Toro, HyxHo 0053a-
TeJBHO 10 CIPaBOYHUKY NPOBEPHTH HANPSKEHUR, LONYCTUMOE IJd
3MHUTTEPHOrO Tepexona.

YT10o6Bl XOpOLIO OCBOUTHCH C TPaH3HCTOPAMH, MOJIESHO MEpPHO-
JMYeCKH mpocMaTpHBATh TaGJHUBl HX [apaMeTPoB, a Tak¥Xe pH-
CyHKH, TAe YKa3aHO pacrojioXeHHe BHIBOJAOB 3MUTTEpa Ga3bl
H Konjektopa (puc. 95). D10, KOHEUHO, HE CaMOE Becesioe 3aHs-
THe, HO 3aTO OHO Yepe3 HeKOTOpoe HeGOablLIOE BPeMs HaCT OueHb
BaXHb pesyabrar: BH 6ynere U 6e3 cnpaBOuHHKa 3HATh, UTO
coloii mpencTaBAAOT BaXKHeHIIHe THIBI 101yIPOBOAHUKOBEIX NpH-
Gopos, a 3HauuT, CMOXerTe Jerue pa3GUpPaTb TPAH3UCTOPHLIE
CXeMBbl.

H BCE XE NPHEMHHK..

Y nauMHaomero paauoaioGuTesnst, KOTOpHIH BHIGHpaeT TeMmy
A/ CBOeH mepBoH mnpakTHuecKoil paGoThl M He mnpecsaenyer NpH
3TOM KaKHX-TO ONpelie/ieHHHIX pesed, eCTb MHOTO Pa3HBIX BapH-
aHTOB «HauaJja». MOXHO, HanpuMep, [OCTPOHUTb HECAONKHVIO
panuony, nmpocrefmnfi npuGOp 3JEKTPOHHOH ABTOMATHKH, SJeK-
TPOHHBIH My3blKaJbHbI HHCTPYMEHT Ha OLHOM TPaH3UCTOPe_HJH,
HaKOHel, CaMyI0 NONYyJ/JAPHYI0 TPaH3UCTOPHYK CAMOAEJKy — MH-
HUATIOPHBIH NPUEMHHK.

[TpaBna, B nmocnenHee BpeMsi, KOrfa pPaiuoNpPOMbIIIJIEHHOCTD
6yKBaJbHO 3aBajujia MarasnHbl TPaH3UCTODHBIMU [IPHEMHHKaA-
MH — nPOCTHIMA H CJIOXKHBIMH, JELIeBEIMH M AOPOTHMU,— HHTepec
qobaTenefl K caMomenbHOMY NPHEMHUKY 3aMETHO YMeHbUIHJICH.

A 3ps. Bo BcAKOM ciayuae, A5 HAuMHAKOLIETO AOGHTENS, AENAI0-
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1ero nepBble WialH, NPUEeMHHK, TOXaJyH, caMblit ynaudbiii 06beKT
CaMOCTOATE/NBHOH TNpaKkTHUeCKOH paboTsl.

Bo-nepBrix, mpHEMHHK JIeTKO JONMYCKAeT YCJAOMHEHHE — MOXK-
HO TOCTENeHHO, War 3a IHaroM, MepexOiUTb OT IPOCThIX CXEM
K Gosee cjoXkHBIM. MoXHO, HampuMep, co6paTb NpPHEMHHK Ha
OJHOM TpaH3HCTOPe, 3aTeM n00aBHTb K HEMY eLle OJHH YCHJIH-
TeJIpHBI Kackal, 3aTeM eme oAWH U T. A. (puc. 96).

Bo-BTopelX, B NpHeMHHKe BH BCTPETHTECh C MHOTMMH IOIY-
JAPHBIMH 3JIeMeHTaMH, B H3BeCTHOH Mepe oGIIMMY 175 3JEKTPOH-
Ho#t anmapartypsl: ycuautenem BUY, ycuantenem HUY, corsacyio-
IAM TpaHchopMaTopoM, pa3HOoOpasHeIMH (DHIBTPaMH, BHIPHA-
MHTEJIEM, IETEeKTOPOM U Ip.

, HAKOHel, B-TPeTbUX, nejas TPHEMHHUK, Bbl MOXeTe J0-
BOJIbHO OBICTPO MOJIYUMTb «IiaTy 3a CTpax». [IpuHAB HECKOABKO
CTaHUM#H, yc/ablllIaB peub HAM MY3bIKY U3 CBOero coGCTBEHHOrO,
CBOMMH DYKaMH CAeJiaHHOTO MPUEMHHKa, BH HCIHITAeTe HENoBTO-
puMoe pajocTHOe uyBCTBO mobemuTesisi, B 3JEKTPOHUKA YXKe He
OyZeT Ka3aTbCsl BaMm CTPAIIHON M HeNOCTYNHOMN. ¥ Ke H3-3a 0JHOTO
3TOTO — M3-32 BO3MOMHOCTH CPaBHHTEJNBHO OHICTPO ¥ NMPOCTO NO-
JYUUTb NPAKTHUECKUN Pe3yabTaT H NMPEOJOJETb YYBCTBO CTpaxa
nepei 3JeKTPOHHBIMH CXEMaMH — eCTb MNpAMOH CMBICA OTAATh
DpeiIouTeHde NpocrefilleMy CcaMOAENBbHOMY NPHEMHHKY H HMeH-
HO C Hero HauHHATL CBOA NyTb B NPAKTHUYECKYI0 3JEKTpO-
HHKY.

C npaKTHUECKUMH CXeMaMM TpOCTeHIIHX TPUEMHMKOB MBI
Ve BCTpeyasuch B Hauaje kuuru (puc. 43, 44). Ho B 10 BpeMs
MBl 3HAJM JHLIb OQHY CXeMy ycuauteass — cxemy ODB,—wu 370,
KOHEUHO, OueHb OTPaHHUMJO AaCCOPTHMEHT NPaKTHUECKMX CXeM.
Ceituac, ucnonb3ys 3HaHHS, NOJYUEHHBIE NMPH 3HAKOMCTBe ¢ a6eT-
PaAKTHBIM YCHJHTEJNEM, Mbl MOXeM Pe3Ko paclui#putb HaGop npax-
THYECKUX cxeM npueMHHKa. UToObl He MOBTOPATHCHA, Mbi BO3bMEM
OT CTaporo npHeMHHKa JHWb BXOAHOM KOHTYp (Tabauua 7)
W HMEHHO ero nNpUMeHHM BO BCEX KOHCTPYKHUSX, O KOTOPHIX MOH-
IeT peyb JaJgblie,

Haysem ¢ no6onbITHOrO BapHaHTa npHeMHHKa Ha OJHOM TpaH-
sucrope (puc. 97—1). BcMorpeBiincs B CxeMy, Bb He OGHApy-
*KHTe Ha HeH HCTOUHHMKA NHTAaHUS — NPUEMHHK NHTaeTCs 3Hep-
ruefl paanosoad. Jedo B TOM, uTO BGJH3H MOLIHBIX pPaaHO-
CTaHUHI HanmpsXXEeHHOCTb 3JEKTPOMATHUTHOFO [OJISE HACTOJBKO
BEJINKA, YTO €r0 MOXHO HCIOJb30BAaTh KAK MCTOUHUK THTAHUS.
(Ha paccrostHuM HECKOJBKHX COT METPOB OT MOIHON CTaHUHH
PaaHOBOJIHB MOTYT [aXe 3aXeUb JaMIIOUKY, BKJIOUEHHYIO B nenb
npueMHOll aHTeHHbl.) BhicOKouacTOTHOE HampsikeHHe U3 aHTEH-
HOll uenu BeiIpAMJAsferca AHoAoM [, u moaeIcs Ha KOJJNEKTOp
tpaHaucTopa T, BKJIIOUEHHOTO 10 yXe 3HAKOMOH HaM cXeMe TPH-
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Puc. 95. OcHoBHBle THMB! TpaH-

oxHOro metektoPa (puc. 43—2). Konpencatop Cy — GOHIALTP Bhi-
npsaMuresisi. OTBOX ¥ KaTYLIKU CHENaH, KaK H OGbIUHO, OT He6GOoJb-
moil uactH BUTKOB (ctp. 123). O6paTHTe BHHMAaHHE, B KaKOM
HarpaBJeHHU BKJIOUEH AHOM,— TOJBKO MNPH TaKOM BKJIOUEHHH
BHIIPSAMJICHHOE HamnpskeHue OyHeT NONagaTbh «KMHAYCOM» Ha KOJ-
268

sucropo (LIM — nperuas werka).

Jaektop. Kue pas HamoMMHaeM: IPHEMHHK, NuTaemblll «cBobof-
HOH sHefIHeds, GylderT paGoTaTh JuIIb HAa GJAM3KOM pDacCTOSHUH
OT MOINHOI CTaHIHH, B Mpefleax HeCKOJLKHX KHJIOMeTpOB.

B KkavecTBe Harpysku B KOJMJIEKTODHYIO Lelb BK/IIOYEH TpPOM-
Koropoputens I py, Ilu B 3TOM, HE B APYrUX NPUEMHHKAX MH He
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Puc. 96. TlpueMHHKY MPSMOFO YCW/ICHMS MPEXAE BCEFO Das3JUYATCH UYUCIOM
KackajoB YCHJIEHUS BbICOKOH ¥ HU3KOH 4acToT.

OyneM yKasblBaTb KOHKDeTHHIH THM TPOMKOrOBOPAILLEro YCTPOH-
ctBa. D10 MoxerT OHTh U TenedoHHb Kamcynb JIM-4, u uspecr-
Huit Kaneyab JIMUI, u, HakoHel, OJWH H3 IHHAMHUECKHX TPOMKO-
ropoputeet (tabauua /1) ¢ BEIXOOHHIM TpaHcdopMaTopoM (Tab-
auia 12). Jlyume Bcero, KOHeYHO, HCHOJNL30BATb NHHAMHUECKHIT
FPOMKOrOBOPHTENb — OH BecbMa 3¢ ¢heKTHBHO mpeobpasyer 3Jek-
TpHuyeckne KoJieGaHusl B 3BykoBble. Ml B TO ke BpemMsl rpOMKOFO-
BOpHTEb He CO3JaeT CHUJIbHLIX HCKAaXKEeHHH, KakK, HalpuMep, rtese-
donnulil Kancynb TK-60, koropriit ko BceMy eme TpebSyer HeMa-
JIOl MOIIHOCTH 1751 co3laHusl 6ojiee ujin MeHee 'DOMKOrO 3ByKa.
Brionye BeposITHO, UTO A5 MPOCTEHIIHX IPHEMHHKOB POMKO-
TOBOpHTE/Ib OKajKeTcs HeNPHIOIHBIM — CJAMINKOM Mana Oyner
MOUJHOCTh 3JIEKTPHYECKHX KoseOaHuil, qasi Toro 4tobbl co37aTh
MOIUIHBI 3BYK. B 3TOM ciyuae BMecTO IPOMKOTOBOpHTENd, He Me-
Hsig CXEeMBl, MOXHO BKJIOUHTH T'OJNOBHBIE TesedOHEI.
Chenyoumui npueMHuK {puc. 97—2) cobpan no cxeme 0—V—I1.
DTa cokpalleHHas 3aMuChb FOBOPHT O TOM, KaK TIOCTPOEH yCH-
JIUTeIbHBI TPaAKT NpueMHuka. DykBa «V» — ycioBHoe oGo3Haue-
HHe fetekTopa; Hudpa, KOTOpas cTOMT A0 OYKBH «V», YKa3bIBaeT,
CKOJIbKO B IPHEMHHKe KaCKa/ 0B YCHJIEHHS BLICOKOH YacToTH; ud-
pa, croaiias mocae GYKBH «V»,— CKOJAbKO KAackajgoB YCHJIEHHS
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Ta6aruyga 11

Ta6auya 12

Beixonusie (BT) u memxackagusie (MT) Tpaucdopmatopst s
TPAU3HCTOPHBIX PAZHONPHEMHHKOB

I'pomKrorosopurenn
Tan Ifg;’;‘,,“,&"’“”' CO;?;? T:g;eﬁ?(: ::g};:()o- [onoca wacrot (24) Cabapurer™® (Aca)
0,0250 1—1 6 +06 600—4000 40%(16,5
0,1ri—3 6,54+0,7 400—3000 50X20,5
0,iri—s8 10+1,5 440—3000 60%21,5
0,15T 1—1 6 +0,6 400—8000 6022
02ra-1 6 +06 300—10 000 6025
0,25r1—1 8 +08 3003000 72X34
0,25r1—9 10 +1,6 300—3500 7036
0,5I' 1—11 5 1056 150—7000 10536
05Ii—12 45407 150—7000 105336
Iri—28 65407 70 —10 000 156 9841
rn—28 4,5+0,5 70—10 000 15255
3arji—a8 45407 80—8000 204134 55
arn—28 45405 60—12 000 20241
5ra—18 4,5+0,6 70—12 000 254X 170 <80
5I'Ji—28 4,5+07 100—10 000 254170 <68

Hasgsanue Hasnauenue [Tepsrunas Bropuusan
NpPHEMHHKA tpancpopmaropa] CepRewHmK 06MOTKa 00MOTK2
,ATmochepa® BT I 6,4%6 1800 (0,1) 4004400 (0,1)
»AnpnuHuCT MT I 6,4x6 [2200 (0,1) 2604260 (0,1)

BT I 6,4x6 {405+405 (0,12)|904-10 (0,38)
»Dbaura® MT Ul 54 1600 (0,08) 5004500 (0,08)
,Ceara* BT I 5x6 225--225 (0,15) | 66 (0,35)
»Kocmouaprt* MT I 612 | 800 (0,15) 2004-200 (0,18)
BT HI 6% 12 |1204120 (0,27) 6044 (0,44)
,Cropr-2* MT Il 4x6 2200 (0,00)  |500--500 (0,09)
BT I 4x6 | 320--320 (0,15) | 120 (0,35)
,Cnugona* MT I 8%8 2200 (0,1 480480 (0,14)
BT I 8x8 |350-+350 (0,18)|184 (0,29)
.Cokon-4¢ MT I 5X6,3 | 150 (0,09) 420 +420 (0,09)
BT 111 5x6,3 |280 1280 (0,14) | 128 (0,25)

ITpumenanusa: *lepsas uudpa B HA3BaHUM TPOMKOTOBOPUTENH YKa-
3pIBa€T €r0 MOLIHOCTh B BATTaX.
**[l19 KPYrAHIX TPOMKOroBOpuTENel yKasanbl KuaMeTp
nupdysopa (nepmas uudpa) u Bbicora (,TOMIUHA*),
a AAs  3NUOTUYECKHX TPOMKOroBOpuTelNel — pasmeps
napdysopa no ocsM anaunca u Bbicota  (,TONNIMHA®).

HH3KOH yacToThl, 3amuch 0—V-—2 ogHauaer, uTO B MpHUEMHHKe
ectb IeTeKTop (6e3 Hero Bejgb MpHeMHMKA M OHITb He MOXet!)
U AByXxackagHuit ycunutens HUY, a ycunurens BY Her coscem
(puc. 96).

Herexrop BHnosMHEH Ha Tpuoje T, MpuueM AETEKTHPOBaHHe
OCYIIECTB/IAETCS B SMHTTEPHOH uenu. B KO/MIEKTOPHOH nenu mo-
ABJIRETCA BECh «OyKeT» YCHICHHHIX COCTABAAIOLMX PONETEKTHDO-
BaHHOTO CHrHana, B TOM YHCJ/Ie BHICOKOUACTOTHAs M HH3KOUaCTOT-
nas cocrasasiomue. Ham, pasymeercsa, HyKHa TOJAbKO HH3KOUa-
CTOTHas cocraBaapomas (puc. 29), H MO3TOMY B CXeMY BBOJHTCS
KoHneHcaTop Ci, KOTOPHIE cpa3y e 3aMHIKaeT Ha «3eMJ0» BHI-
COKOYACTOTHYIO COCTaBJSIOIIYIO KOJJIEKTOPHOrO TOKa.

Mpr yxe moapoGHo pasbupanu (puc. 79), Kakum o06pa3om
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MHOTHE LeNH YCHIHTeAs BCTPeyarTcss Ha oblieM npoBode, K KO-
TOPOMY MOJKJ/IIOUEHO 3aseMJyieHHe W KOTOPSIA MO3TOMY [as Kpat-
KOCTH Ha3blBAWOT «3eMJieii». B maHHOM ciiyuae, 3aMKHYB BBICOKO-
YacTOTHYIO COCTaBJISUOH.lle Ha «3eMJI1t0», MbI CPa3y xe OTnpaBuIn
ee Ha sMuTTep TpaH3ucropa 7;. KoaseKTopHBIH TOK OT KOJ-
-TEKTOPA B MTOre BCerjga NpHXOAMT K aMHuTTepy. Ho mpu sTom ou
NOMXKeH eme obg3aresibHO npoHTH MO COMPOTUBJEHHMIO HATPY3KH
¥ nopaboTaTth TaM, C03/aBas MOIWHYIO KONHIO CHrHana. 3aMKHYB
BBICOKOYACTOTHYIO COCTABJAIOILYI0 MPAMO Ha 3MUTTEP, Mbl He my-
CTHJ/IM €e B Harpy3ky R; ¥ I03TOMy MOJYYHM B KOJJIEKTOPHO:H
Lend MOLIHYIO KOMNRI0O OZHOH TOJbKO HM3KOUAaCTOTHOH coOCTaB-
JNAoLe.

C pesncropa Harpysku R, uepes paslenuTeNbHbIH KOHJEHCa-
top Cy (puc. 78) curHan nocrynaer Ha 6asy yemantens HY, co-
6panHoTO Ha TpaH3uctope Ty mo cxeme OJ. B 3ToM Kackaje uc-
N0Jb3yeTcs 3HAKOMas HaM cXeMa TeMmepaTypHoil crabuan3aluy,
Ha 6a3y nopgatorcs ONHOBDEMEHHO [Ba HaNPSIXKEHHA: [OJONKH-
TeJIbHOE ¢ pe3nucTopa R4 u OTpHIaTeNbHOE ¢ HHIXKHEH yacTH AeqH-
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vena RyRs. Orpunarteavoe Hanpsxenue Ha 0,2 ¢ Gonbule nono-
MHTEALHOTO, M TAKHM o6pa3doM Ha 6a3e JelicTBYyeT HeGONbILOWH
«MHHYC».

Cefiuac yMmecTHo o6paTHTh BHMMAaHUEe Ha ele OLHY Jeranb
CXeMbl — [OJISIPHOCTb BKJIOUEHHs] 3JEKTPOJNIHTHUECKMX KOHJEeHca-
10poB C4 ¥ Cs. EMKOCTD 3JIeKTPONMTHYECKHX KOHICHCATOPOB ompe-
JieqsieTcs He TOJIbKO IJIOIIAAbI0 MX OOKJIaJ0K, CBePHYTHIX B TpY-
Gouky. EMKoCTb 3/1eKTPOJIMTHYECKHX KOMAEHCATOPOB B OCHOBHOM
00yc/IOB/IeHA HEKOTOPHIMH (PU3MUECKHMH MpOLeccaMyu B pacnosio-
MEHHOM Mexny OGKJIaZKkaMH TOHuaWlleM csoe okucnos. IIponec-
CHl 3TH BO3HMKAIOT, KOTAa 4epe3 3JeKTPONUTHYECKHH KOHJEHCATOp
HIeT MOCTOSIHHBIH TOK onpeneseHHoro HanpasseHuAa. Ilpum TOKe
HHOro Hanpas/€HHs KOHIEHCATOD MOXKET OKa3aTbCd MPOCTo npo-
O6uTbiM. B 3TOM OTHOLIGHHH 3JIEKTPOJMUTHYECKHH KOHJEHCATOP
YeM-TO HAaNmOMHHAeT AMOM, KOTOPbIH mo-pasHoMy BefeT cebs mpu
pasquyHBIX HAMpaBJEHHSAX TOKA.

BeiBOI K3 BCEro CKa3aHHOTO TaKoH: 3JEKTPOJHTHUECKHH KOH-
JEeHCaTOp MOXHO BKJKUATb B LEMH, TAe HapsAy C NepeMeHHBIM
TOKOM NPUCYTCTBYET €llle W MOCTOSHHbIA, IPHYEM BKJIKYATb KOH-
HEHCATOp HYXKHO Tak, YTOOH YKa3aHHBI Ha CXeMe «mJawc» (cBeT-
Jgasi obKmanka) coBnalan ¢ 0603HaueHHEM Ha KOpnyce KOHIEeH-
catopa (puc. 98).

Ha cxemax, KaK npaBHJIO, YKa3:IBAIOT NOJISIPHOCTb BKJIIOUYEHHS
3NEKTPOJIUTHUECKOTO KOHAeHcartopa. Ecim ke nossgpHocTh Ha
cxXeMe He yKa3aHa, To ee HeTPYIHO YCTaHOBHTb caMoMy, mpocJje-
AMB, KaK NMomajfaer K TOMy HJH HHOMY y4acTKy CXeMEl MuTaiouee
HanpsKkeHue. TPDyqHOCTH BO3HHKAWOT JMHUIIL B TOM cJy4yae, ecJH
K obeuM 06Kﬂa}1KaM KOHI€HCaTOopa NOABOAUTCA HAmnpAXKEeHHE OA-
HOTO ¥ TOoro ke 3Haka. Hanpuwmep, ecsin k 06eum obknagkam nop-
BOAMTCH «MHHYC». 3J€ch HYKHO NPUKHHYTb, KakOil M3 3THX «MH-
HycoB» OoJiblie, U HMeHHO K HeMy MOJKJIOYHTb BBIBOJ KOHIeH-
caTopa, Ha KOTOPOM H CTOWT 3HAYOK «MuHyc». Tak, Hanpumep, Ha
Hawedl cxeMe KoHaeHcaTop C, BKJIIOUEH MEXQY ABYMsS «MHHyca-
MH», a CBOMUM MHUHYCOBHIM BHIBOJAOM 3TOT KOHAEHCATOD MNOJKJIO-
yeH K KOJJIEKTOPY Tpansucropa Ty, Ha KOTOPOM OTpHLATeJbHOE
HanpsixeHue 6oabilte, YeM Ha pe3sucTope Ra.

Heckosbko c/ioB st TeX, KOrO YAHUBJISIET OTCYTCTBHE CMele-
Husa Ha 6ase tpaH3ucropa ;. [eso B TOM, 4TO 3TOT TPaH3UCTOP
paGoTaer B peXXuMe IETEKTHPOBAHHA M €ro 3MHUTTEPHHIE nepexon
HOJIXKeH <«cpe3aTh» MOJIOBHHY BBICOKOYACTOTHOTO MOAYJHDOBAaH-
HOro HanpsikeHus. A 1Js 3Toro Ha 6a3e He NOMXKHO OBITH cMe-
menus: (puc. 36).

Cheayomuli mpueMHHK BHnojaHeH mo cxeme 2—V—0, pac-
CUHTAH Ha nmpueM ONHOM cTaHuuu, paboTaer Ha roJIOBHHE TeJje-
¢hoHBl H mHTaeTcsa OT ONHOrC ranbBaHHUYECKOTrO 3JeMeHTa Ha 1,5 6.
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Puc. 98. DnexTposuTUYECKHH KOHAEHCATOP 06f3aTe/IbHO AOJKEP HAXOQUTHCH

MojJ MOCTOAHHBIM HaMpsKeHneM, MNOJaHHbIM B onpeneneHHoﬂ ﬂOJIfIPHOCTH.

ITpuMeHHTD CTONIb HH3KOE MHTAlOLIee HaNPAXKEeHHe 0Ka3aloch BO3-
MOXKHEIM BJarogapsi TOMy, uTO B KayecTBe Harpy3ku B ofoux Kac-
Kanax umcnoab3ywores Karywku (Lg u Ly). Ha HuX nouTd He Te-
psercs NMOCTOSIHHOe HanpsixkeHue (puc. 38) M B TO XKe BpeMs CO3-
paeTcs CPaBHUTEJNbHO GOJblHOe HanpsKeHHe YCHJIEHHOro CHrHaza
(Bocmomunanne Ne 15).

JlereKTop BHIMOJHEH no cxeMe ¢ yaBoeHneM (pue. 27—17).
HauaabHoe cMmemenue Ha 6a3y KaXKaoro TpaH3HCTOpa yCTaHaB-
JIHBAIOT nog60poM pesnctopoB Ry u Ry ¢ TakuM pacueToM, UTOOH
KOMJIGKTOPHBI TOK NMOKOs cocTaBusii npuMepHo 1 ma. Pesucroph
R\ u R,, X015 OBM ¥ NOJKJIOYEHBI HEMOCPEICTBEHHO K KOJIJIEKTOPY
(puc. 87, nucrox 5), He ABISIOTCS 3MeMeHTaMH TepMmocTabuiusa-
UHH: Ha KaTywKkax Lz u Ly nOYTH HET HOCTOSHHOrO MajeHHs Ha-
NpsKeHHs, W NOCTOSIHHOe HanpsiKeHHe Ha KOJJIEKTOpe MPHMEeDHO
Takoe XKe, Kak M Ha «MHHyce» OaTapeu.

OGpaTute BHHMaHHE, YTO €MKOCTb DPa3eJUTE/NbHOrO KOHIEH-
caropa C3 BO MHOrO pa3 MeHblIe, 4eM €MKOCTb aHAJOTHYHOrOo
pasjenuTeabHOro KoHpaeHcatropa C4 B mpenbaymedt cxeme. Kak
BBl YK€, OUeBM[HO, JOTajaJjuch, pasHuUa 3Ta cBA3aHa C TeM, UTO
nepBLI M3 KOH/JEHCAaTOpOB «paGoraers B ycuaureyae BU, a Bro-
poit — B ycumutene HU (Bocnomunanne Ne 13). Kongencatop C;
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BBOJUTCS B CXeMY AJisl TOTO, 4YTOOH KaTyluika L, He 3akopauuBana
BXOAHYI0 Lenb Iy (SMUTTEpHHH mepexod) MO MOCTOSHHOMY
TOKY.

B sakmouenne nanHble peraneil. Karywku Ly u Ly namoraHbl
Ha Kosblax u3 ¢eppura @P-600 ¢ BHewHUM pguameTpoM 8 Mmu
i BHYTPeHHHM 5 mm. Kaxpas katywka comepxur no 200 BUTKOB
nposoaa [M9JIIIO 0,12. JaHHble MarHUTHOH aHTEHHBI: CTEPKEHD
u3 ¢eppura ®-600, nnamerp 8 mm, mnuHa 45 mm; Katyiika L,
copepxkutr 220 ButkoB nposoga I13 0,2, a katymka Ly (oHa HaMo-
TaHa nosepx L;) — 10 BuTKOB TOrO Xe npoBona. [laHHbe 3TH
AeACTBUTENbHB! MWD IR (PUKCHPOBAHHON HACTPOKM Ha CTaH-
uuo «Masik», paGoralomyio Ha Boiine 547 m. Ecau BBl 3axoTute
HacCTPOUTBLCA HA APYTYIO CTaHLMIO, TO MPUAELTCA MEHATh He TOJBKO
JaHHble Katywku L, (unu koHpeHcartopa Cy), HO, BO3SMOXKHO, eIl
U J2HHBIe KaTtywek Lz u L,

Ilpexne uem pasbuparh caenyiomyio cxemy (puc. 97—4),
BepHeMca K npeibiaymelt (puc. 97—2). Bhi, oueBHIHO, IOMHHTE,
YTO B KOJIIEKTOPHOM 1€y Halero mepBoro Kackajga — TPHOJHOTO
AETEKTOpa — MBI CPa3y Xe 3aMKHYJM Ha «3eMJI0» BLICOKOUACTOT-
HyI0 COCTaBJIAOIIYIO NPOAETEKTHPOBaHHOrO curHana. OHa oka-
3atacb npoOCTO OTXOAOM mpoussoictsa. Ho, Kak rosopurcs, y xo-
POLIETO X037WHA HUYErO He MpOMajfaeT, U 3TOT BLICOKOUACTOTHBIH
«OTXO[» TOXKe MOXKHO HCIOJb30BAaTh AJA Jeda.

BXopHbiM 3/1eMEHTOM BCeX HauIMX NPHEMHUKOB SBJSETCH KO-
nebaTenbHbill KOHTYD, HACTPOEHHbBI B pe30HAHC Ha 4yacroTy npu-
HUMaeMOil cTaHumu. 3a cuer pesoHaHCa KOHTYP CaM MOBBILIAET
lanpsxedne curdana (Bocnomuuanua NeNe 18, 19, 20), npuuem
NOBLILIAET €0 TeM CHJ/IbHEe, YeM Bble JOGPOTHOCThL 3TOTO KOH-
Typa. Kpome toro, ¢ yBenuueHHeM HOGPOTHOCTH CTAHOBHTCA OCT-
pee M pe3oHaHCHan KpuBas, NPHEMHHK JyulHe OTQUILTPOBLIBAET
CHTHa/bl COCENHHX MelNalomUX CTaHIME.

CymecTByer pang Mep, NO3BOMAIOLKX MOBBICUTD J0GPOTHOCTD
KOHTYyPa, ¥ 3TO Npexk/Ie BCETO — yMEHbIHEHHe Pa3HOro poaa mo-
Tepb. Ho MOXHO mOBLICHTH 0BPOTHOCTbL BXOXHOTO KOHTYpa
H MHaue-—BBECTH B HETO NOJOXUTENBbHYIO OOpaTHyIo CBA3b
(puc. 85, 99).

IMoanepxusan KoneGaHus B KOHTYpe, MONOMKHTENbHAS obpar-
Haf CBs3b BHOCMT B HETO JONOJAHHMTENBLHYIO SHEDPTHIO U, MO CyTH
Aesta, ymeHbllaeT COOCTBEHHBIE NOTePH B KOHType. Peayabrar
AeHCTBUA MONOKUTEJbHON OGPATHOH CBA3M YLOGHO npencTaBUTh
cebe Kak BHeCeHHe B KOHTYD HEKOTOPOTO OTPHIIATENbHOTO conpo-
TUBJEHUS Rpy, KOTOPOE He OTOHPAET 3HEPTUIO, KaK OGBIUHOE (no-
JIOXHTEJbHOE) CONpPOTHBAEHUE Ry, a, Ha000poT, otaaer ee. Obliee
CONPOTHB/IEHHE NOTEPb B KOHTYpE ONPENEeNAeTca CYMMOH CBOEro

co6CTBEHHOrO CONPDOTUBJICHHUS Ry 1 BHOCHMOTO OTpHULLATEJBHOI'O
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Puc. 99. TMoavxkuTtenbHas 06paTHAA CBA3b KOMIEHCHPYeT [OTepd 3HEPruy
B KOHTYpe.

conpoTuBieHU — Ryy. UeM cuiibHee o6paTHas cBsi3b, TeM 0OMblIE
OTpHLATENIbHOE COMPOTHBJEHNE, TeM MeEHblle NOTEePH B KOHTYpe
H BHIIe ero AoOpOTHOCTb.

OrpunarenbHoe CONPOTHB/AEHUE — 3TO, Pa3yMeeTcs, YCA0B-
HOCTb, YAOOHBIH MpuUeM s ONUCaHHA CAO0XKHOTO Npoueccd. ﬂng
TeX, KOro 3Ta yCc/NOBHOCTh KOPOOUT, HallOMUHAeM, YTO BBeIEeHHBIH
B Hallly CXeMy pesuctop Rx— 3T0 roXe ycnoBHOCTb. Hukakoro
pesucTopa B KOHTYpe HeT, U BeJUYHHa Ry onpelenserca norepamMu
B OpOBOJAxX, B AU3MEKTPUKe KOHAEHCAaTOpa, B KapKace KaTYIIKH,
MOTEPSIMH Ha M3JydeHHe H T. M. 3

CxeMa mpocTefiiero mpUeMHUKa C [OJOXKHTENbHOH 00paTHOI
CBsA3bl0 mpuBejgeHa Ha puc. 97—4. Hanuple Katymku Lo Ta-
KHe JKe, KaK W KaTyLIKH CBA3M B NPelBAYIIMX npueMHuKax. Pac-
NOJM0XKeHa OHA TaK¥XKe PsAJOM C KOHTYPHOH KaTywKo#. Dra Ka-
TymKa Lo BK/AOUEHa B KOJJIEKTOPHYIO Lenb, MO Hell NpOXOAuT
VCHJIEHHAs BBICOKOUAacTOTHAs COCTaBJAIAA NpOAETEeKTHPOBAH-
HOTO cHrHAsa (B KOMJIEKTOPHO!H LENM BCe COCTABJAIOLIME OKa3bi-
BAlOTCS YCHJIEHHBIMH), U TAKHM 00pa30M 4acTb 3HEepPTHH BBOJHUTCH
o6paTHo H3 KOJJIEKTOPHOH Lenu B ULenb 0aswl. 979



B cxeme npueMHHKa MMeercs JWIIb OJMH He3HAKOMBIA 3Je-
MeHT —uenouka R Cs. OHa cayXutT A/ MJIaBHOTO H3MEHEHHS
CTeneHH (NPHHATO TOBOPHTHL «IMyOHMHBI») oGpartHOi cBsi3u. Uem
BBHIILIE NO cXeMe ABHKOK pe3ncropa Ry, TeM MeHblue 0fiiee COMpPo-
THBJIEHHE 3TOH LEeMOYKH, TeM B GOJblUEH CTEneHH BBLICOKOYACTOT-
Hasl COCTaBJAIOILAS KOJJEKTODHOrO TOKa 3aMblKaercss Ha <«3eM-
Ji0». B kpajiHeM BepXHEM MONOMKeHMH ABMIKKA KOJJIEKTOP OKOH-
4aTesIbHO 3a3eMJieH MO BLICOKOH YacToTe, W MOJOXHUTENbHOH 00-
patHO# cBA3M BooOmie Her. Takas perysupoBKa HyxKHa MOTOMY,
4TO 06paTHast CBsI3b JOJ/KHA OHITH KaK MOXKHO CHJIbHEe, HO B TO
K€ BpeMs He [QO/KHA OBbITh CJAMINKOM CHJILHOM.

Yro cKphIBaeTCs 32 STHM CJIOBOM «C/MUIKOM», Mbl Y3HAEM UyTh
nosxe, B pasaene «IIpeBpamieHune B reHeparops. A moka Jauuib
OTMETHM, 4TO MPH CJMIIKOM CHUJILHOH MOJIOXHTEJAbHOH 06paTHOH
CBSI3H NPHEMHHK BOOOme mnepectaer MPUHMMATbh M CTAHOBHTCH
HCTOYHHKOM IIOMeX AJA Bcex coceqHHX npuemHukoB. [lo aToit
UDHYMHE, a TaKKe MOTOMY, YTO YCHJHTEJIb ¢ MOJOXKHTENbHOI
06paTHO! CBSI3bI0 HE TaK-TO MPOCTO HaNaiuTh, TaKHe KacKasibl
He MOJYUH/IH pacnpocTpaHeHHd. PedyibTaTthl, KOTOpHiE Jaer Mo-
JIOKHTE/bHAs 06paTHas cBsI3b, MOXKHO MONYUUTh APYTHMH, MeHe?
CNOXKHBIMM M 60siee CIOKOHHBIMH CPEICTBaMH.

Crenyomvii npueMHHK co6pan mo cxeme I[—V—3
(pue. 97—7). Ilepsniit kackap (7)) — y¥Ke 3HAKOMBI HaM yCH-
aurenb BU. B ero xonneKTopHYIO Lenb BK/AlOYeHa Kartywka Lz —
nepBHUYHas 0OMOTKA BEICOKOYAcTOTHOTO TpaHedopmaropa. Co BTo-
pu4HOR 06MOTKH 3TOro TpaHchopMaropa curHaj MojaeTcs Ha
JEeTEKTOP, a OH, B CBOIO Ouepe]b, BKJIOUEH HENOCPEACTBEHHO BO
BXOJHYIO UeNb nepBoro Kackana ycuaurenas HU (Ty).

Cxema ycunurens HU 37oro npueMHHKa elile He 3HaKOMa HaM
HM B 0OmieM, HH B KOHKperHOM Buae. OT/JHUMTENIbHAsA 0cOGeH-
HOCTh YCHJIMTENA B TOM, YTO B HeM MpPUMeHeHa HenocpeacTBeHHas!
MeXKacKagHas cBA3b, CBA3L 6e3 pa3gesMTeNbHbIX KOHJEHCATOPOB
(puc. 100). IMepBuii Kackag ycunurens (tpaHsaucrop Ts) cobpan
10 cxeMe ¢ o6urum Kosnekropom (OK), a ero Harpy3koit siBasercs
BXOJHas Uenb caeIylolliero Kackaaa — MHTTEPHBIH nepexoi TPaH-
aucropa Ts. [To nepemeHnoMy Toky Kak 6yATO Bce NOJIyYaeTcs HE-
IJI0XO0 — BXOJHOE CONPOTHBJIEHHe TPaH3ucTOpa T3 BIOJNHE MOXKET
CAyXKHuTh Harpy3koit pisa T, Ilo mOCTOAHHOMY TOKY TOXe BCe
XOpOULIO: KOJIIEKTOPHAs uenb TpaH3ucropa Ts-— 3TO CBOEro poaa
pesHcTop, uepe3 KOTOPHIE ¢ «MHHyCa» MONAETCs CMelleHHe Ha
6a3y T3, Kax OHO M mopgaBajoch Obl yepe3 peaucrop Rs. Kerara,
caM BTOpO# Kackapx ycunaurensa (73) Toxe cobpan no cxeme OK,
H €ro Harpy3KoH TakiKe sBJseTcs BXOAHAA Lenb CcJelyOIIEero,
BeixogHoro kackaga (7T4). W «pesucropoM», uepes KOTOPBI
nomaetrcs cMemeHue Ha 6a3y T4, TaKXKe CIYXKHUT KOJLJIEKTOPHAS LMD
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Puc. 100. B «coctaBHOM TpaH3MCTOPE» BXOJHAs LENb BTOPOrO Kackana BXOIHMT
HEMOCPEACTBEHHO B MePBbIfi KAacKajl B KauecTBe HarpysKH.

npeasayinero tpanducropa (73). 3mech, NpaBaa, Al NOArOHKH
pe:xxuMa BBOAMTCA eme H pe3ucrop Ro.

ITono6Hast cxeMa — ee 4acTo Ha3bIBAIOT COCTAaBHBLIM TPaH3H-
CTOpOM — HMeeT psi JOCTOMHCTB, M CpeJH HHX, KOHEUHO, MHHHU-
Ma/bHOe Ko Aetadeit. Tak B HawmeM MPHeMHHKe MBI SBHO 3KO-
HOMHM Ba KOHJeHcaTropa W ueThipe peaucropa. Ho y cocraBHoro
TPaH3HCTOPA €CThb U HEAOCTATKH (BbI KOraa-HHOYAb BHIEIH CXEMY,
Yy KOTOPO¥ ObliM Onl TOJNBKO JOCTOMHCTBA®), M MNpEXKAe BCEro—
B3auMOCBsA3b pexxumos. Ecau, HanpuMmep, M0 KakuM-HuOyab MPH-
YHHaM U3MEHHTCH KOJJIEKTOPHbIN TOK To, TO H3MEHHTCS M CMelle-
HHe Ha 6a3e T3, a 3HaunT M KOJNJEKTOPHHI TOK 3TOTO TPHOIA,
OT KOTOPOTO B CBOIO Oyepeqb 3aBHCHT cMellieHHe Ha 0ase M KO-
JeKTOPHBIH TOK TpaH3ucropa Ty

B creaywomelt cxeMe TakxKe HCHOMb3YeTCA COCTABHOH TpaH-
4HCTOP, HO TONBLKO yiKe H3 TPHONOB Pa3HON MpOBOIMMOCTH.

31ech MPHEMHHK BHIMOJHeH Mo cxeme 1—V—I (pue. 97—6).
Oco6eHHOCTb NEPBOro Kackaja B TOM, UTO KOHTYD BKJIIOUEH MO-
cJAef0BaTeJbHO B SMHTTEPHYIO Lenb Tpuoga. Mel Korma-ro oTMme-
uanu (puc. 84), uTo ec/aM NOAKJAIOUATbLCA K KOHTYDY napasiiesbHo,
TO Harpyska JOJKHA HMeTb CONpOTHBJEHHe Mobonbuie, a ecid
BKJIIOUAThCSl B KOHTYD MOCAEI0BATeJbHO, TO CONpPOTHBIEHHe Ha-
TPy3KH 10/XKHO GhiTh moMeHbiue, [Totomy uTo Ae6POTHOCTDL YXYI-
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Pue. 101. B MHoroxackamHeli yCU/IMTeNb LOBOJBHO APOCTO BKAIOYAIOTCSH TPaH-
3UCTOPH pasHofl crpykTypbl (pa3HO# NPOBOAUMOCTH).

maeT MaJjioe napanJenbHOe (WYHTHPYIOIEE) CONPOTHBIE-
Hie U 6oabIIOEe MOCHEAOBATENbHOE CONPOTHBJAEHHE
(Bocmomunanue Ne 19). Bkilouenne moc/sieoBaTe/bHOrO KOHTYpa
BO BXOJHYI0 uenb Iy — 3T0 moOBITKa (KCTaTH, He caMas yAauHad)
LpeoJoNeTh TPYAHOCTH, NMOPOXKAAeMble HHU3KHM BXOIHBIM CONpO-
THBJIEHHEM TpaH3HucTOpa.

Bropoli xackaJ— TPHOAHBIH NeTEeKTOp — COOpaH Ha TpaH3H-
CTOpe CO CTPYKTYpOl n-p-n 1no cxeMe ¢ O0IUM 3MUTTEPOM. DMHT-
Tep, KaK M JOJIXKHO OHITH y TPaH3HCTOPA n-P-n, COSAHHEH HENo-
CPEACTBEHHO C KXMHHYCOM» 6aTapeH, a curHan Ha 6asy T, monpaer-
Cfl MPSAMO C KOJIJIEKTOPHON Harpysku nmpenbllyinero Kackana, ¢ xa-
tymiku Lo. Ha aToff KaTylKe NpakTUYeCKH HeT MNOCTOSIHHOTO
HanpsKeHHA (puc. 38), BO BCAKOM cjiydae OHO He MpeBbilIaeT He-
CKOJIBKMX MHUJLTHBOJIBT. [103TOMY MOXKHO CUMTaTh, yTO Ha Oase T,
HeT CMeUIeHHA 0 SMUTTePHBIH MepeXxoj 3TOro TPAH3UCTOPA XOPOUIO
copaBssieTcs ¢ 00A3aHHOCTAMH JETeKTopa.

Harpyskoit Ty cayXuT BXoRHag uenb [3-— SMUTTEPHHIH nepe-
XOH TPEThero TPAH3HCTOPA BK/KUYEH B KOJJIEKTODHYW Uenb Ty
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TaK e, Kak OOBUHO BK/IIOYAeTCs Pe3ucTop HAarpy3kH Ry Takum
06pa3oM yCHJIEHHHH CHTHAJ M3 KOJJIEKTOPHOH uemH BTOPOTO Kac-
Kajla nonajfaer HemocpeACTBEHHO BO BXOAHYIO LeNb TPEThETO Kac-
Kajla, a cMemeHHe Ha 6a3y T; nogaerca 4Yepe3 «pe3uCToOp» —
KO/JIEKTOPHYI0 Lenb TpaHauctopa Tp. Bce 370 oueHb MOXOXKe HA
HENOCPEJCTBEHHYIO CBf3b ABYX TPHOJOB B NpeABIAyIeH CXeMe.
Ho rtonbko TaM gnsg Toro, uto6H cO31aTh HENOCPEICTBEHHYIO
CBS3b, MBI BBIHYXKJeHb OBIJIM BKJOUATh TNEPBBIA TPaH3HCTOP
«mapb» no cxemMe OK. 3mecy O6saronapa NPUMEHEHHIO TPHOIOB
C pa3HbLIM THNOM OPOBOJMMOCTH HENOCPEACTBEHHAs CBA3b MOJY-
yaetcs npu cxeme 03, KOTOpas, Kak H3BECTHO, AaeT Gousbluee ycll-
JeHHe (pHuc. 74).

MarHuTHas adnTeHHa OpHEMHHMKa BHINOJHSETCH TaK Xe, Kak
B mpeAblAymHx cayuadx. Karymwka L, HamoTaHa Ha KOJiblie U3
¢deppura ®-1000; BHewHUN guaMeTp Koabla 8 mm, 06MOTKa co-
nepxut 100 Burkos mposoma [13JIIIO 0,1. Hanaxusanue 0PH-
eMHUKa CBOAMTCA K monbopy peaucropa R;, CONPOTHUBJEeHHe KOTO-
poro MoxeT OwiTh B npelenax 20—80 kom.

Caenymomue yeThipe MPHeMHEKA HaX0AATcS Ha GoJiee BEICOKOI
CTYyNeHU: OHH NO3BOJAIOT 0€3 BHEIUHel aHTEHHDl NOJNYYHTh TPOMKO-
roBopsiuit NpHEM CPaBHUTEJIbHO OOJBIIOTO YHCHA CTaHUUH
(puc. 97 —5, 6, 7; puc. 45). Ilepsuiit u3 HUx (97—5) — naBHHUH
MOOUTENbCKUH mpueMHHK, coBpauHblil mo cxeme 2—V-—3. Bh,
KOHEUHO, YIHMBJEHb — Ha CXeMe BHIHO BCETO 4eThipe TPaH3HCTO-
pa. Kak xe Ha HHX MOXeT paboTaTh NATb VCHAUTENbHBIX KackKa-
JiOB— IBa BBICOKOYACTOTHBIX H TPH HH3KOUaCTOTHBIX? A jeno
B TOM, YTO OJMH H3 TPAH3HCTOPOB paboTaeT B TaK Ha3blBaeMou
pedeKCHOR CXeMe — OH OJHOBDPEMEHHO YCHJIMBAeT M BBICOKYIO,
H HHU3KYIO 4acToTy.

CaMa BO3MOXKHOCThL ABYKPATHOrO HCHOJNL30BAHAA TPaH3HUCTOpa
He JOJKHA BHI3BIBATH HHKaKUX coMHeHH#. CHauaja TpaH3HCTOD
yCUMKBAET BLICOKOYACTOTHHIH CHTHAJ, 3aT€M 5TOT CHTHaj HeTeK-
THPYeTCd, H €ro HH3KOYacTOTHAsl COCTaBJAOIMAA BHOBL YCHJH-
BaeTcd TeM Ke tpaH3ucTopoMm (puc. 102).

OcHOBHafi TPYAHOCTb COCTOMT B TOM, UTOOH pa3fendTh BHI-
COKOUYACTOTHBIE ¥ HM3KOWACTOTHHIE TOKH BO BXOJHOH H BBIXOJTHOH
iiemd. JTO MOXKHO cJeaTh ¢ MOMOUIbIO NpOCTeHIINX (HHAbLTPOB,
HanpuMep, C MOMOWIbIO KOHAeHCATOpa C;), KOTOpHIi 3aMblKaet
BHICOKOYACTOTHHIU CHTHAJ CpPa3y Ke MOCIe TOro, Kak OH oTpabo-
Tan Ha BHICOKOYACTOTHOH HAarpyske — KaTyLIKe, BKJIOUEHHOH
B KOJIIEKTOPHYIO Lenb. JI/151 HUI3KO9aCcTOTHOTO KOJIJIEKTOPHOrO TOKa
STHX 3J1eMEHTOB — KOHJEHCATOpa C:p M KaTYLIKH — OpaKTHUYeCKH
He CyILUecTBYeT, TaK KaK eMKOCTb qu) CIMIIKOM MaJja, 4TOOB!
3aMKHYTb HH3KYIO 4acTOTy Ha «3eMJi0», 4 HHAYKTHBHOCThL KaTyl-
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Puc. 102, Pedrnexcunti xackaj cHauajia YCHIMBAET BbHICOKOUACTOTHbIA CHrHAJ,
a 3aTeM HM3KOYACTOTHbIfl CHrHan

KH CJHHMIUKOM MaJa, yToObl HM3KOUaCTOTHEIEL TOK CO31ajt Ha Hei
OIlyTHMOe HanpsiKeHHe. AHAJOTMYHO KaTyliKa CBSI3M C MarHHT-
HOM aHTeHHOMH, BKJIOUYEHHAs B Lenb 6aswl, 6e360/e3HEHHO npony-
CKaeT Ha BXO/ TPaH3UCTOPa HU3KOYACTOTHYIO COCTABASIOLLYIO, 1O-
CTYnamiylo ¢ aeTekropa. A KOHaeHcaTop C; 3aMblKaeT Ha
«3EMJII0» TOJLKO BBICOKOYACTOTHLI CHrHaJI.

B npaxTuueckofl cxeMe npueMHHKa pe(dJEKCHBIM sBJAeTCH
BTOpO#H KacKap (pHc. 97—5). C ero BHCOKOUACTOTHOH HArpY3KH —
€ KaTyuwiku Ls — cMTHan noJaercs Ha [ETEKTOD H NPSIMO ¢ Hero
06paTHO B Liemb Gasbl TOTO K€ TPAH3HCTOPA. BLICOKOUACTOTHLIE
COCTABJIAIOIIME NPOJETEKTHPOBAHHOIO CUTHAMA AXKe He yAaIsIOT-
Cd U3 NETeKTOPHOH IieNH, M NMO3TOMY B 3TOM pediekCHOM Kac-
Kaje KO BceMy ele BO3MOXHa HeKOTopasi o6paTHas ¢BfA3b HO
BBICOKO# uactote. HuaKouacTOTHOH HAarpyskodl Kackaga CJAyXHT
pesucrop Rs.

HdBa mocnenymomnx Kackaga yeuwiaurens HU BrolnonHeHsl mo
yKe, NO-BHANMOMY, NPHBBHIYHOHA cXeMe (pHuc. 82). Orauuurensuasn
0COGeHHOCTh — 10faua cMellleHHs: Ha 6a3y tpansucropa Ty mpamo
¢ KoJusIekTopa TpaH3ucropa Is. Baaropaps stoMmy ocyiuecTsiser-
¢ HeKoTopas TtepmocTabuimsauus (mogpobHee o Helt Gyaer
pacckasaHo fqasnbiue) o6OMX KackajoB: €¢Iy NPH HAaTPEBAHHH Me-
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psieTcsa pexuM Tpan3uctopa Ts, TO B HYXKHYIO CTOPOHY CABHTaeTcs
cMellleHue ABYX HNOCHETHHUX TPaH3HMCTOPOB.

BHicOKOUacTOTHHe KaTymku La, Ly, Ls HaMOTaHK Ha BOCbMH-
MHJIMMETPOBHIX Konbiax Hs deppura HII-2000, npuuem nepshie
IBe KaTyiKH, ecTecTBeHHO, HaMoTraHn Ha ofmem kosele. Ka-
tyuika Ly comepxur 90 Burkos, Ly — 10 BuTk0B m L5 — 200 BHT-
koB nposoza IIJIIIO 0,12

Cxema npueMHHKa NpHBEJEHA HAMH B TOM BH/IE, B KAKOM OHA
6bina ony6JauKOBaHAa B JMTepaType MOecATb JeT Hasan, U OpH
3TOM B HEMl COXpaHeHH [Ja)e He OueHb «KpacuBble» CXeMHBble
pewenns1. Tak, HanpuMep, NO-BHIHMOMY, C/1e0BaN0 OBl Pa3aenUTDb
BEICOKOYACTOTHEIE TOKH BO BXOMHON LIEMH TPaH3MCTOpa pedJiekc-
HOro Kackajia ¥ yCTpaHHTb TakuM ofpa3oM ciaydalinyio o6patHyIo
cBg3b. HeobxonuMo 6L1710 M3MEHHTbL CXeMy JeTeKTopa, Tak Kak
B NPHBEJEHHOH CXeMe HeT «3aKOHHOrO» MyTH AJs MOCTOSHHOH
cocTaBJsomefl NPOJeTeKTHPOBAHHOTO cUTHasna. Bo3aMOXKHEBIA Ba-
DHAHT CXeMbl AeTekrtopa (puc. 97—5’) cneayer AONOJHUTL KOH-
JIeHCATOPOM Ha 2—3 THIC. n¢, BKJIIOUHB €ro napaJijiesbHo Ienoy-
Ke R,R"-

Caenyomuii npdeMuuk (puc. 97—8), cobpanHbiéi no cxeme
9—V—2, Toxe HE MOJIO/J, HO OH yKe BecbMa 0JHM30K K COBDEMEH-
HBIM JMIO6HMTENLCKMM npHeMHHKaM. M3 cxembl MO BO3MOXHOCTH
HCKJIOYEHBl M Te 3JIeMEHTH, KOTOpDHle TPYAHO H3rOTOBHTb, H TE,
KOTOpHe 3aTPYNHSIOT Ha/laXKHBAaHWe NpHeMHHKa. Bce uerwipe
VCHJIMTEJNBHBIX KacKaja MOXOXHM APYr Ha Apyra Kak /Be KarJH
BOAH — Be3ae (Kpome, KOHeUHO, OCTeTHEro Kackajla) Harpysxoi
CAYKHUT Pe3HCTOP, Be3le cMellleHue Ha 6a3y nomaercsa OT KOJJIEK-
TopHo# Gatapeu yepes pesucrop Re (puc. 75). Pasnuua B sneMeH-
1aX BHICOKOYACTOTHBIX M HM3KOUACTOTHHIX KaCKajoB Juilib B eM-
KOCTH MePexOIHbIX (pas3fenuTe/NbHbIX) KOHLEHCAaTopoB. JlereKTop
BHIMOJIHEH NMO OueHb yAOOHOH cXeéMe C y[BOeHHEM HanpaXeHud,
KOTOPYIO, KCTaTH, CTOMJIO Gl BBECTH B npesiayuyio cxemy. ITpu-
eMHHK O4YeHb NPOCT, JIETKO HaJaKuBaercss M HemJIoxo paboraer.
EnuHCTBEHHEI €T0 HeIOCTaTOK — OTCyTCTBHEe  TepmocTalbu./u-
3alyu.

DTOT HelOCTATOK yCTPaHeH B caeayiouleill cxeme (puc. 97—9),
KOTOPYIO, MIO-BUIMMOMY, HET CMbic/a MOJAPOGHO pa3bupath — Bee
3JeMeHTH HaM yXe 3HAaKOMBl. B cxeMy BBeleH peryJaaTop rpom-
Koctu Rs. Llenouka RioCs— 3TO TaK Ha3blBaeMblii Pa3BsI3HIBaIOIIUI
(GbuAbTP, KOTOPHI NpefoTBpalllaeT NapasuTHYIO CBA3L MEXKy Kac-
KajaMu ycuiutens. PaspsisbiBalomiu#i (uJbLTP, KCTaTH, Jerko
BBECTH B J0Gylo cxeMy. MHOra Takas Mepa MOXKET NpeKpaTuTh
caMOBO30yKIeHHe yCHJIMTES, NPeBpallleHue ero B reHeparop.

Eie ogun BapuaHT cxeMbl npuBeeH Ha puc. 45. 3xech OT/H-
yue B cnocobe TepMocTabuIH3aUMH HEKOTOPHIX KackagoB — CTa-
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6uNH3aUHs C MOMOILbIO NeNHTENs XOTA M TpebyeT HeCKONLKHUX
JOMOJIHMTEJNbHBIX AeTaneH, HO 3aro gaeT Jyyllpe pe3yabTarthbl.
IIpHeMHUK CMOHTHpPOBAH Ha ¢aHepHOH NaHeNH, K KOTOPOH MpH-
KJIeeH TPOMKOrosoputenb W tpaHcopmarops. Ha nByx 60KOBbIX
6pyckax 3akpenjieHa MarHHTHasl aHTeHHA.

Ecau B BameM pacnopszkeHHH Her KPacHBOH IJiactMaccoBoOfl
KODOGOUKH, TO MOJIYUHBIUYIOCS KeCTKYI0 KOHCTPYKLHIO MOXHO
BCTaBUTDb B GYTJIsAP, CIUMTHIA W3 3aMEHUTENs] KOXKH HJIH U3 TYIOTHOH
MaTepuu.

B ¢yradp ycranaBimBamoTCs TakXKe [Be COSIHHEHHBIE TOCHe-
jpoBatesibHO Garapeiiku KBC, or KOTOphIX NpUeMHHK MOXET He-
APEepLIBHO PaboTarb CTO--CTO ABAALATh 4aCOB.

B npueMHHKe NpHMeHeH emie He 3HaKOMbI Ham ABYXKackal-
vl yeunureab HY, cobpanHbiii Ha tpex Tpansucropax. Co cxe-
MOH 3TOrO YCHJHTENS, €r0 JOCTOHHCTBAMH M HeJOCTaTKaMH Mbl
NO3HAKOMHMCs B ClEAYIOWEM Pasfiene KHHTH. A nmoka — Heckonb-
KO OOLIMX 3aK/IOUMTENbHBIX 3aMeyalnil Mo MOBOAY MpPHEMHHKOB.

Kak Bbl caMu BHIeNH, cyuwecTByer 0osbinoe MHoroo6pasue
CXeM NpOCTeHUIHX NMPHEMHHKOB, U Bce OHH BO MHOTOM MOXOXH.
CxeMHbie «(QOKychl» — MOJIOXKHTeNbHAs o6parHasi cBsA3b, COCTaB-
Hble TPaH3MCTOPH!, pedJeKCHOe YCHJAEHHE H Ip.— B MpocTeid-
IWIMX NPHeMHHKaX He Bcerja onpaBiaHHbl. Bo BecsKoMm cayuae,
HauHHAOmeMy JioGHTeMo Jiyullle co6HpaTh OpHEMHHK Mo HanG60-
Jee DPOCThIM M HaJeXHbM cxemaM Ge3 «pokycoB». K ux umcay
Opexjae BCEro OTHOcATcs [ABe mnociefHue cxemol. OHu mpo-
CTH! B H3TOTOBJIEHMH M, 4YTO OCOOEHHO BaXHO, B HaJaXu-
BaHHH.

HanaxkuBanue TpaH3HCTOPHOTO NPHEMHHKA MOXKHO pa3lesdTh
Ha Tpu vacTtu. Ilpex e Bcero HyXHO A0OHTbCH, YTOGH MpPHEMHHK
Haya/j <«IuaTth», YTOOL OH XOTb Kak-HHOYAbL OpUHAA JIOOYIO
cranumio. Ecnu cobpaHHblif IpHEeMHHK cOBceM He paboraer, TO
HIMMTe OLIHOKY B MOHTaXKe HJIH HEHCHpaBHy1O AeTanb. Ilepsyio
npody mpHeMHHKa Jy4lle MPOM3BOAUTH, MOJIKIIOUHB K HeEMY OONb-
Wyl0 aHTeHHY, Jda)ke eC/IH NPHeMHHK paccYHTaH TOJIbKO Ha BHY-
TPEHHIOI0 MAarHUTHYIO aHTEHHY.

Caenyoiuuil 3Tan — NOArOHKA PeXXHMOB TPaH3HUCTOPOB. OObIU-
HO €CTh HECKOJIbKO 3JIeMEHTOB, BJHMSIOIHMX 11d PEXHM TPAH3HCTO-
pa, HO mpoure Bcero moAOHpaTh Pe3UCTOP, BKJOUEHHbIT B UeNb
fa3bl M ONpefesiOUIMil OTPULLATENLHOE cMellleHHe Ha Helt. MHoraa
Aasi moabopa CMemieHHs] BMECTO MOCTOSHHOTO De3HCTopa BKJIO-
yaior mepemenHbit. TuiatesibHO noxobpaB ¢ ero moOMolbLIO Hau-
BBITOJHelHIee CMellleH e, H3MEPSIOT CONPOTHBJIEHHE HepeMeHHOro
pe3UCTOpa, MPH KOTOPOM TaKoe CMellleHHe MOJIYUHJIOCh, a 3aTem
BKJIIOYAIOT B LleNb 6a3bl MOCTOSIHHLIA PE3INCTOP COOTBETCTBYIOLIETO
COMPOTHBIEHHS.
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Puc. 103. Tlpu KOHCTPYHPOBAHHH TPAH3UCTOPHBIX NPHEMHHKOB MOXKHO OOBeLH:
HATh Y3J/bl PA3NUYHBIX CXeM

IMoa6op HauBbLIrOAHEHIIETO CMelileHHs] HPOH3BOAHTCS MO ABYM
NnokasaTensiM — N0 YCHJAEHHIO Kackajga, KOTopoe, pasyMeercs,
HOJMKHO ObiTh KaK MOXHO 6oJblie, H M0 noTpebiseMOMy TOKY,
KOTOpBIH N0JKeH ObiTh KaK MOXKHO MeHblile. YCH/eHHe HanaXH-
BAaeMOr'0 Kackaja MOXHO OLEHHBATh HA CJHAYyX, 1O M'POMKOCTH 3BY-
YaHHA, a4 I8 KOHTPOJS 32 norpedaseMblM TOKOM B KOJIEKTOPHYIO
LeNb HYXKHO BKJIIOYUTb MHJJIHAMNEDMETP, KOTOPbI HMeeTcst B JO-
6oM aABOMETpE. B 3akaioueHve HanoMHHaeM: 4eM MeHbIIe conpo-
THBJIEHHE B LenH 6a3bl, TeM OOJbllie KMHHYC» Ha Hel, TeM 00Jblie
KOJMLIeKTOPHBI TOK TpaH3ucrtopa., Uro Xe Kacaercd ycHIeHHS,
TO OT BE&JHUYHUHBl KOJNJEKTOPHOTO TOKa, a 3HAYUT, H OT CMEIIEHH
OHO 3aBHMCHT CJIOXHbIM 06pazom. OueHb 4acTo, HanpuMep, yBejH-
yeHHe «MHHYyCca» Ha 0a3e MPHBOJUT K yMEHbUIEHHIO YCUJIEHHS U3-3a
TOr'0, YTO YBEJUUYUBAETCH MOCTOSIHHOEe HanpAXKeHHe Ha Harpyske
U yMeHbIIAeTCsl HanpsiXKeHHe Ha KossieKrTope. C Ipyroll CTOPOHBHI,
CJAHUIKOM MaJiblii «<MUHYC» HA 6a3e 3aBOJHT TPAH3HCTOP B 06JacTh
HIXKHEro 3arufa BXOIHOH XapaKTePHUCTHKH, H [IPH 3TOM YCHIEHHE,
KOHEYHO, manaer (CM. pa3jes «YUHTeChb JeJaTh BbIBOABIY).

Tperunii 3Tan HaJaXuBaHHS — HACTPOMKA BXOJHOrO KOHTYypa.
3nech Mbl He OyiemM AaBaTh KOHKpETHble PEKOMEHAALHH — BCAKHIT,
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KTO NOHHMaeT, KakWM o0pa3oM pe30HAHCHAs 4acToTa KOHTYypa
8aBHCHT OT ero HHAYKTHBHOCTH H emkoctH (Bocnomunanne Ne 18,
pHc. 49), Jlerko porajaercsi, KOria HYXKHO OTMAThiBaTb BUTKH OT
KOHTYPHOH KaTyUIKH, a KOTfa JOMAaTHBaTh, YyTOGH BOTHATH Pe30-
HaHCHble YaCTOTHl KOHTYpa B KesnaeMbiii auanasoH. Hacrpoiiky
KOHTypa yROGHO NpPOBOJHTH, HMesi PSLOM XOPOLIO HACTPOEHHbIH
NPHEMHHK — 0 €ro IlKaJje JIETKO ONpelesHTb, KaKylo CTaHIMIO
NPHHUMaeT Ball HaJlaxKMBaeMblli TPAH3HCTOPHBIH MPHEMHHK M Ha-
CKOJIbKO BBl NPOJBHIaeTeCh BBEPX» WJM «BHH3», NOBOpPauHBas
pOTOp KOHjEeHCaTopa HaCTPOIKH.

H, nakoren, nocsentee saaMeuanue. [IpH eJlaHHH BE MOXeTe
KOMOHHHPOBATH CXEeMbl, 3JIEMEHTH OJIHOH H3 HHX BBOAHTHL B ApY-
ryio (puc. 103). B uactHOCTH, MOXHO BBECTH B Ji00yi0 H3 ONHCAH-
HBIX CXeM SKOHOMMYHBIl ¥ CPaBHHTEJLHO MOWIHLH ychautears HY
U3 NOCJIeIHero NPHeMHHKA HJIH APYrofl aHAJIOTMYHBI YCHJIHTEJb,
C KOTOPbIM Bbl MO3HAaKOMHTECH B CJIeAyiollleM pasjeJe.

CKOJbKO CTOUT BATT?

STOT pasfes NMOJHOCTBHIO MOCBSIEH YCHJMTENSM HH3KOH ua-
CTOTH, KOTOPHle BXOAST COCTABHBIM 3JIEMEHTOM B TIPHEMHHKH,
a Takxe HCNOJB3YIOTCS B PajHoJax, pajuoysnax, MeragoHax,
3JIeKTPOHHBIX ~ MY3HIKAJBHEIX HHCTPYMEHTAaX, MAarHHTO(OHAaX
M JApyrol ammapartype.

JInsi Hauasa — HeCKOJILKO TPOCTEHUIMX M, €CJId MOXKHO Tak
€Ka3aTb, BCrioMorartesbHbix cxeM. [TepBasi ua Hux (puc. 104—I)—
3TO YCHJIMTeJIb, NIO3BOJISIIOUIMH [OBOJBHO MPOCTO NOCTPOHTHL 3J€K-
Tporutapy. OCHOBa CxeMbl—— KpPHCTaJJl 3BYKOCHHMATeJss (ero
MOXHO KYNHTh B MarasHHe B OT/eJi€ 3anacCHbIX yacteil K NpHeMHH-
KaM), MPHKPeNJIeHHE K BepxHell ieKe THTaphl C MIOMOULbIO KJieifi-
KOH JIEHTHI WJIH NPOCTeHLIero 3axuMa. YUHUTHBAasl, YTO KPUCTAJI —
3TO JIOBOJILHO HeXHBIH 3JIeMEHT, €ro CTOHT 3aBePHYTh B KJIEHKYIO
JIEHTY, BHIYCTHB JIHLIb JB2 aKKypaTHO NMONMAasHHbIX K BHIBOAAM
NPOBOAHHYKA. DJIeKTPHUECKHU i CHrHAaJ, BOSHHKAIOIINI Ha KPHCTAJ-
Je 1oj aeficTBHeM MeXaHHYECKHX KojeOaHHi IeKH, YCHIHBAaeTcst
JBYXKACKaJHbIM TPAH3HCTOPHBIM YCHJIMTEJIEM M TIOAAETCS Ha BXOT
3BYKOCHHMATEJsI KakKoro-jJu6o «GoJblioro» NPHEMHHKa HJH Ha
BXOJ CMENHAJBHO MOCTPOEHHOTO TpaH3HCTOPHOro ycuiautesas HU.

TpynHOCTH BKJIIOUEHMS! KPHCTaJJa 3BYKOCHHMAaTeJss B TpaH-
3UCTOPHBIH YCHJIMTEJNb CBA3aHbL C TEM, YTO 5TOT KPHCTAJJ1 HMEeT
oueHb GOJbLIOe BHYTPEHHEE COMPOTHBJIEHHE, OOBIYHO HECKOJBKO
MeroM. U ecsid K TAKOMY BBICOKOOMHOMY T€HEPaTOpy — KPHCTaJJy
NOJKJ/IOUNTH HH3KOOMHYIO HATpPy3Ky, HampHMep, BXOAHYIO LeNb
TPaH3HCTOPa, BKJIOueHHOro no cxeMe O3, To Ha 3ToH Harpyske
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Puc. 113. TlepekmoyaTe/b €JOYHBIX THPJAHA.

Oyner nelcTBOBAThH JIMUIb HHUTOXKHAS UacTh HANPSKEHHS, pa3BH-
saeMoro KpucrasioMm. OCHOBHAsi yacTh 3TOTO HANPSIKEHHS OCTa-
HeTCsT Ha BHYTPEHHEM CONPOTHBJEHHHM KpHCTasJIa.

Jnst corsiacoBaHusi KPHCTaJ/1a C YCHJIUTEJIEM €To NepBhlii Kac-
Kan (7T:) sonosmeH no cxeme OK, koTopas, Kak Bl NOMHHTE,
HMeeT BBICOKOE BXOJHOe compoTHBJeHHe. I1OCTOSIHHOe Hampsxke-
HMe, KOTOpOe HeH30€IKHO NosiBJIsieTcs Ha Harpy3ke R3 nepBoro Kac-
Kaja, CJYKHT CMelleHHeM [Jisi BTOPOTO KacKana, co6paHHOTO no
cxeme O3. Pesncrop R, npexncrtasisier co0oit 3JeMeHT OTpHLLa-
TeJIbHOH OOpaTHOi CBSI3HM, KOTOpas MOBHILIaeT CTaOHJBHOCTH BTO-
poro kackapa.

ITOT YCHJIHTENb MOXeT ObITh HCNOJBL30BaH B KaueCTBe BXOM-
Horo 6JI0Ka TPaH3HUCTOPHOH panuobl. C ero noMolbIo, HalpH-
Mep, MOXHO BKJIOUMTh KPHCTAJUIHYeCKHH 3BYKOCHHMATeNb KO
BXOmy Jiio60r0 TpaH3uCTOPHOro ycuautens HU, umeromero Hus-
KOe BXOjiHOe comnportusJjieHue (puc 104—7).

Hpyras cxema (puc. 104—5) — 370 TaK Ha3bIBaeMbl MHK-
mep: npoctoit 6JI0K, C MOMOIIBI0 KOTOPOTO MOKHO MOAKJIOUHTL
K ycusmrenro HY HeckosbKO MUKDO(OHOB M 3BYKOCHHMATeJb.
Mukwep No3BOJISIET MEHSITh YPOBEHb CHrHAJa OT KAaxAOTO W3
3THX HCTOYHHMKOB, He BJIHSISI Ha OCTaJjibHBE.

BecsMa mnpocToll ofHOKacKamHbll ycuauTtesns (puc. 104—4)
T03BOJIfIeT NMOJKIUIOYHTh AHHAMHYECKHH MUKPOG(OH KO BXOAy 3BY-
KOCHHMAaTeJIst CereBOr0 NpHeMHHKa. Ecju BK/IIOYHTHL MHKpPOGOH
6e3 TAKOTO VCHJIMTeJNsl, TO OH He ONecHneuuT IOCTATOUHOH TPOM-
KOCTH 3ByYyaHHs. CHrHall OT MHKpo(hOHa 3HauuTejibHO (OOBLIMHO
B NBafLAaTh — NATHAECAT pPa3) MeHbllle, YyeM CHTHAJ OT 3BYKOCHH-
MaTeJssl, Ha KOTOpHH paccuntaH ycuiautens HY npuemuuka. Oco-
6GeHHOCTh CXeMBI — IHTaHHe KOJIJIEKTOPHO! LEeNH OT BLIIPSMUTES,
K KOTOPOMY NOJABOJHUTCS HanpsikeHHe 6,3 8 ¢ HaKaJbHOH OOMOTKH
NpHeMHHKa.

Ilee npyrue cxeMnb! (puc. 104—2, 3) npeacraBasiotT co60i npo-
creiiluve omHOKackajHble ycuautenn HY, paGoraroiine ot yross-
HOro MHKpo(poHa. MHKPO(OH BKJIOYEH TAaK, 4TO HEOOXOAMMEIii
JJIS €70 MUTAHUSI NOCTOSIHHHIH TOK MOJYYaeTcsi NPSMO OT 3JeMeH-
TOB YCHANTEJbHOH CXeMBl. B nepBoii cxeme HeOGXOJHMYIO BeJIHUH-
HY 3TOTO NHTAIOIETr0 TOKA NMOAGHPAIOT C MOMOMLIBIO pPe3ncTopa R,
BO BTOpOH cXeMe-—C TMOMOLIbI0 pesncropa Ri. Kawxnwifi uz pe-
3HCTOPOB LIYHTHPYET MHKPO(QOH, W 4eM MeHbllie TaKoe HIYHTHPYIO-
1Iee CONPOTHBJIEHHe, TEM MeHbUIasi 4acTh OOIIEro TOKa JOCTaeTcs
‘MHKDPO(OHY.

Uro6nl nepefiTh K caenyiolleir rpynne ycuauteneii HY—
K JIBYXTAKTHBIM YCHJIUTENSIM,— HaM TpPHJETCST OCTAHOBHTHCH HAa
OJIHOM HeJ0CTaTKe, OOIIeM [Jisi BCeX YCHJHTeJel, C KOTOPLIMH MBI
BCTpeuaJuch panblie. Ecu mosib30BaThest XKHTEHCKOH TEpMHHOJIO-
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rved, T0 3TOT HeJOCTaTOK C/AeloBaso Obl Ha3BaTb PacTOYHTEJb-
HOCTBIO.

o cux nop Mbl He TOBOPUJIM O TOM, B KaKMX KOJHUECTBaX pac-
XOLyeTCs SHEpTHsi Ha CO3JaHHe YCUJIEHHOTO CUTHaJja, Ha co3[1a-
HHME «MOILHOH KONMu». ¥ Hac, COGCTBEHHO TOBOPS, ¥ He BO3HUKAJO
takoro Bonpoca Euie B caMOM HauaJjie CBOEro NyTH, KOTA TOJAbKO
MCKaJIH CKYJbNTOPA, KOTOPbIH MOT Gbl BHIJIENHTL MOLIHLIA CUTHAJ
no o6pasuy csaaboro, Mbl JOTOBOPUJINCH, YTO NOCTABIIMKOM 3HEp-
THH JL/Isi CO3laHUsI TaKOTO YCHJEHHOTO CHTHaja Moxer Obith 6a-
rapesi. [Ipu 310M cumTasoch OueBHOHBIM, uto Garapes obgaanaer
GOJILLIMMH 3anacaMi 3HEpPTUd H KaJleThb ee Heyero — Jiulb Gbl
co3naTth YCHJEHHBIH CHUTHAaJ.

Tenepb e, Korpa uesdb JLOCIHIHYTa, KOTMa Mbl HayuHJHCD
C TNIOMOUIbIO TPAH3UCTOPA YCUJUBATL cialbblili cUrHaJ, nonpobyem
BbISICHUTb, KaKyl0 2HEPTHi0 JOJKEH OTHaBaTh €e NOCTaBHIUK —
KoJieKTopHasi Gartapesi. [lonpoOyeM BBLISICHHTb, CKOJIbKO CTOUT
BaTT YCHJ/IEHHOTO CHTHAJa, CKOJILKO BATT MOIIHOCTH NOCTOSHHOTO
TOKa JNOJMKHA 3a Hero 3amjaTtutb Oarapes.

Cpenas psif HONYLIEHHH — NPEANONONKMB, UYTO TNPAMOJHHER-
HbIH Y4aCTOK BXOJHON XapaKTEepHCTHKM HAulMHAercsi NpsiMo OT
«HYJsi», UTO Ha BLIXOLHON XapaKTepHCTHKE TOXKe HeT 3arHO0B, UTO
B KAUEeCTBE KOJIJIEKTOPHOI HAarpy3Ku BKJ/IOYEH 3jeMeHT (HalnpuMmep,
TpaHcdopMaTop), Ha KOTOPOM He TepsieTcsi NOCTOsIHHOe HanpsikKe-
HHe, — Mbl IPHAEM K BBLIBOJY, UTO B JYULIeM cjyuae TOJbKO 110J0-
BHHa nortpeb/sieMol oT 6atrapey MOIIHOCTH NEpPeXOJUT B YCHJIEH-
Hbi curHas. O6 5TOM MOXKHO cKa3aTb wHaue: K. n. a. (Kosddn-
HUHMEHT I10JIe3HOTO NeHCTBHSI) TPAH3UCTOPHOTO YCHJNTENs He Tipe-
poitaer 50%. 3a kaxabli BaTT MOLIHOCTH BbLIXOJHOTO CHTHaJa
BPUXONUTCS NJATHTh ABOHHYIO UEHY — NBa BaTTa MOIHOCTH KOJ-
nektopHoil Garapeu (puc. 105).

Hoka3atbh CnpaBelJIHBOCTb 3TOTO BbLIBOAA MAOBOJbBHO TPOCTO.

Uto6bl NMOACYNTATL MOIIHOCTB, noTpebasieMyio or Garapey,
HYXKHO YMHOXHTb €€ NOCTOsiHHOe HanpsixkeHue Eyx Ha norpebisie-
MBIl TOK, TO €CTb Ha KOJJIEKTOPHbIH ToK nokosi Iy—, (puc. 106).
C apyroif cTOpOHBI, aMILUIHTYJa NepeMEHHOH COCTaBAfIOILel KOJ-
JIEKTOPHOT'O TOKa HMKAK He MOXeT ObITh 6oJiblile TOKa NOKOs, HHa-
ue TpaH3ucrop Oygmer paboratb ¢ oTceukoii. B syumem cayuae
aMILIMTYJa fepeMeHHOH cocTaBJsiiomell paBHA TOKY [x—n, H OpH
3TOM 3((eKTHBHOEe 3HAaueHHe NEepEeMEeHHOH cocTaBafwOIEed KoJ-
JIEKTOPHOTO TOKa paBHO [y~ =~0,7:Ix_n.

TouHO TaK XKe ¥ aMIIMTYLa NEePEMEHHOro HaNpsXKeHusd Ha Ha-
Tpy3kKe He Moxer Obirb GoJsbllie HanpsizkeHusi OartapeH, uHaue
B KaKHe-TO MOMEHTbl Ha KoJjekrope GyleT NOABAATLCH He «MH-
HYC», a «IJoc». A 3T0 B JyullieM ciayuae NPHBeneT K CHJAbHIIHM
uckaxeHusM. TakuM o6pasoM, spderTuBHOe 3HayYeHe BLHIXOQHOTO
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Puc. 105 Hem sbitie KO3GPUUHEHT MOIE3HOrO AeHCTBUS YCHUTHTENA, TEM MEHb-
Wyl0 MOULHOCTb OH NOTPeGasieT AJs CO3RAHMA 3aNaHHOW BbIXOAHOH MOIIHOCTH.

Hanpsixenus Uax~ He woxer npeBumars 0,7-Ex.  Tenepn
OCTaercsl TOJMbKO nepeMHOXHUTb 0,7-/¢_n Ha 0,7-Ex M noayuuts,
uTo Hanboabmas 3(PQeKTHBHAN MOMHOCTH, KOTOPYI0 MOXKET OT-
AaTb ycuauretnb, He npesbiuaer 0,5 /. - Ex, TO €CTb He NpeBbl-
uiaeT MOJOBHHEL NMOTpebasieMON MOINHOCTH.

Peirenre 310 0OKOHuaTtesibHOE, ONHAKO OHO MOMJIEKHT 06KaJlo-
BaHH10. ECTb BO3MOXHOCTL LEHOM OnpefefeHHBIX X epTB MOBHICHTh
Ko3(Qpuunenr nosesHoro MeHCTBHS YyCHaMTeas, Nepeidtn py6ei
NATHOECATH MPOLEHTOB K. I. A.

Uro6nl NOBHICHTL KOI(QULUMEHT MONE3HOr0 AEHCTBUSA, HYXKHO,
yTOOH YCHANTENb CO3MaBag GoJee MOIMHLIA CHTHAM NP TOH Ke
noTpessieMoil MOIHOCTH. A JUIst 3TOTO Hy:KHO, He YBEJAMUNBasg TO-
Ka nokost /*~" 1 nocTosiHHOro HanpsxkeHus Ey, NOBLICHTL NepemMeH-
HhlE COCTaBJAIOLLHE KOJMJIEKTOPHOIO TOKa Iy~ M HaNpAXKeHUs Ha
narpyske Ug~a

Yro e MellaeT HaM NOBLICUTL 3TH ABe cocTaBJasiomue? Meka-
KeHHA. Mbl MoxeM yBequuuTb H TOK Iy~ (I8 3TOrO JOCTa-
TOUHO, HaNpHUMep, MOBLICHTb YPOBEHb BXOIHOrO CHTHa’a), U Ha-
npsxene Une (IJ8 3TOTO J0CTATOYHO ONSATb-TAKH YBEAHYHTh
BXOLHOR CHIHAA HIH YBeNHUYNTh CONPOTUBJIEHHE Harpy3Ku A
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Puc 106 Buixonnas MOIIHOCTh ONHOTAKTHOro ycHauTes, paboraiolllero B Kjac-
te A, orpannueHa MCKaXkeHusiMH, a efo K. n. A He npesbiiaer 50 npoueHTos.

nepeMeHHoro toka). Ho u B TOM ¥ B IpyroM cJjayuae HUCKasHTCH
(opMa curHana, OKaXKyTCH CPe3aHHbIMM €ro OTpHLlaTe/bHble
aMITATY B,

M xoTst Takas KepTBa KaxXeTCH HEIONYCTHMOH (KOMY HYXKEH
HSKOHOMHYHBIH YCHJIUTEJNb, €CU OH Bblaaer OpPaKOBAHHYIO NPOAYK-
UHI0?), MH BCe Ke NoiJeM ua Hee. Bo-nepBHX, NOTOMY, uTO BO3-
HUKUINE HCKAXKEHHUd ynaCTCﬂ JlHKBHJalOBETb. I/I, BO-BTOPHX, 1no-
TOMY, 4TO, IONYCTHB HCKaxKeHUs (a notoM H36aBMBLIMCH OT HUX),
MBI CyMeeM MEepeBecTH YCuauTelb B Gosiee SKOHOMHUYHLIA PeXHM
¥ TNONHATHL ero Ko3(QGHuUMeHT TMOJe3HOro AeHCTBHSA.

Ycunernne Ge3 McKameHuH, KOorjga aMIUIHTYAa NepeMeHHOH co-
CTaBJIHIOLI‘LEﬁ KOJ]JISKTOPHO[‘O TOKa He l'lpGBblU_IaeT TOKa INTOKOost 1 -1
Ha3bpIBaeTcs Kiaccom ychaenus A. OnuHOuHbIH ycwauTeNsb, pado-
Talowui B Kaacce A, Ha3bIBaeTCs ONHOTAKTHHIM YCHJIHTEJICM,

Ecay npu ycH/IeHUM YacThb CHIHAJa «CPe3aeTCA», €CaH aMIIH-
TyJla MepeMeHHOH COCTaBJA0LIeH KOJJIEKTOPHOTO TOKa GoJblile,
ueM /_n, B B KOJNJEKTOPHON lenu NMpOUCXONHT OTCeuyKa TOKa, TO

MBI TIOJTyYaeM onun u3 Kaaccos ycunenus AbB, b uau C. Ilpu ycu-
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Yuc. 107. IsyxrakTHbifi KacKaj — 3To, €0 CyTH AeJa, ABa OJHOTaKTHBIX Kace
Kaja, paGoraollgx Ha oOIlyl0 Harpysky.

JIeHUH B Kiaacce b orceyka paBHa MoJynepuony, TO e€CTb B 10J0-
BHHE MEPHOAA B KOJ/JICKTOPHOH WeNu €CTb TOK, a B APYroil mnoJo-
BHHE NnepHoia Toka HeT. Ecau Tok ecTb 6oJblue, yeM B NOJOBHHE
nepuoja, T0 Mbl UMeeM Kiaacc ycuienus AL, eciu MeHblie —
knacc C. (Yawe Kaaccel yCuwieHHs 0603HayaloT JaTHHCKHUMH
6yksamu A, B, C)

[TpencraBbre cebe, yTo y Hac €CTh He OfMH, a ABa paloraoumx
B Kmacce b ONMHAKOBBIX YCH/IHTENs: OZHH BOCMPOWU3BOJHUT MOJO-
WUTEJbHBIE MOJYyNepHoabl curHana, Apyrofl — OTpHuaTeJabHLIe,
Tenepb npencrasbre cefe, yto 06a ycHauTeNss paGoTawdT Ha 00-
1Ly Harpy3Ky. B 3TOoM ciliydae MBI MOJYYHUM B Harpy3Ke HOpMasb-
Hblil TIepEeMEHHLIl TOK, MOJyuuM HEeHCKaXKewHblil curHas, Kak 6ol
CLIMTHLIH M3 ABYX nosoBuHOK (puc. 107). I1paBaa, nasa nosayyeHus
HEHMCKaXKEHHOro CHTHaJa U3 JABYX MCKaXKEHHLIX HaM MNpHINIOCHh
€O31aTh CPaBHUTEJNBHO CJOXKHYI CXeMy CHIMBAHUS MOJOBHHOK
{rakas cxeMa nasmBaertcs ABYXTAaKTHOH), cXeMy, mo CyTtH fAena
COCTOSILLYIO U3 JABYX CaMOCTOSTEIbHLIX YCHJIUTENbHBIX KackKados.
OnHako, KaK 3T0 yXke He pa3 GpBaJio, Halll NPOUrPLI (B JaHHOM
oNyuae YCaOXKHeHHe YCUIUTes) NPHHOCHT 3HAUHTENbHO GOMTbIUA
BLIUTPHILL 205



O6mas MOWIHOCTb, KOTOPYI0 Pa3BHUBAeT ABYXTAKTHHIH yCHJIM-
Teab, GoJblle, YeM MOIHOCTb, KOTOPYIO Aaau Obl B OTAE/bHOCTH
00e ero MOJOBUHbL. A «CTOMMOCTb» OJHOTO BaTTa BhIXOAHOTrO CHI-
HaJjla OKa3blBaeTCsd 3HAYUTENbHO MEHbIIE, YeM B OJHOT2KTHOM yCH-
autene. B mupeanbnoM cayuae (knoueBofl  pexuM)  OIuH
BATT BEIXORHOTO CHFHAJ/Ja MOXKHO MOJYYHTb 32 TAKOH XKe BaTT I0-
1pebasieMOH MOLIHOCTH, TO €CTh B HeabHOM cjyyae K. M. 1. ABYX-
TaKTHOTO yCHaHTeNs Moxer pocrurath 100 npouenTos.

Peasbubifl K. n. f., KOHEYHO, MEHbLIE: NMPAKTHUECKH OH COCTaB-
asier 60—70%. Ho Beab B 0QHOTAaKTHOM yCHsuTeJe, paboraiomem
B Kjacce A, Mbl noJgyuanu K. n. A., paBubii 50%, TOXe TOJbKO
B HJeaJbHOM ciayuae. A peasbHO ONHOTAKTHBIH yCHJAHMTENb MO3BO-
JAseT MONYYHTb K. M. 1. He Gosee 30—409%. U nosromy B aBYX-
TAaKTHOM YCHJIMTEJsIe KaXAblil BAaTT BHIXOJHOH MOLHOCTH OGXOMMT-
€ HaM B JBa-TPU pa3da «JelleBJe», YeM B OJHOTAKTHOM.

Ina nepenocHoHl TpaH3UCTOPHOH annaparypbl NOBHIUEHHE
K. M. 1. uMeer oco60 BaxHoe 3HaueHue. HYeM Bbillle K. M. M., TEM
MeHbllle pacXof 3HePTrUH KoJJeKTOpHOH 6GaTapen npu oJHOH M TOH
JKe BbIXOJHOH MOIMHOCTH. A 5TO, B CBOIO Oyepelb, O3HAUYAET, UTO
YeM BbIllIE K. M. ., TEM pexXe HyXHO GyleT MeHATb 3Ty Garapeio
HIM TeM MeHblle MoxkeT ObiTb Garapes NpPH HEeM3MEHHOM CPOKe
c1yx6bl. BoT noueMy B MMHMATIOpDHOA TPaH3UCTOPHOH annapartype,
B YaCTHOCTH B MHHHMATIODHHX IMpHEMHMKaX, Iflle, Kasajocb Obl,
HYKHO S5KOHOMHTb BeC W MECTO, NPUMEHSIOT NBYXTaKTHbie YCH-
JUTENH, BK/IIOYas MUl 3TOr0 B CXEMY uedblil pag JUUIHUX geTadeil.

[Mpakruueckass cXxeMa ABYXTAKTHOTO YCHJHMTeNs BCTpeuasach
HaM B OJHOM U3 NpHEMHUKOB (puc. 45). 3nech ABYXTaKTHbIH Bbi-
xonHo# Kackan paboraer Ha o6yl Harpysky — rpOMKOrOBODH-
Tenb ['p;. OH BK/AIOYEH uyepe3 BBIXOAHOH TpaHCpOpMarop, UMEIO-
IWuA oTBOL OT cpenaned Touku. Bamaronaps sroMy Kaxaoe nieuo
IBYXTaKTHOTO KacKaja Kak Obl paGoTaer Ha CBOIO NOJOBHHY BHI-
XOLHOrO TpaHchopMaTopa u uepe3 Hee HABOAWT CBOIO MOJIOBHHKY
TOKa (3/1eCb MoJ/ie3H0 BCMIOMHUTb XOPOUIO H3BECTHOE BaM MpHUMe-
yaHue Ha cTp. 26) BO BTOpMuYHOH OOMOTKe, TO €CTb B LENHU I'POM-
KOT'OBOpUTEIA.

C nuXHelt wactu pesmrens Ry R na 6aspl o6oux BHIXOX-
HbIX TpaH3ucropos T4 U T nonaerca oueHb HeGoubllioe cMenieHHE,
Takum o6pa3zoM 3TH TPAaH3UCTOPHI MOYTH 3anepThi U Norpebasior
B «peKHMe MOJuaHUA>» oueHb HeGOMbLION TOK MOKod. DTo 3HAYUT,
yro ycunurenb paboraer B kaacce A5, MoxHo 6b1s10 Gb MOBLICHTD
3KOHOMHMUYHOCTb YCHJIMTENs, nepeBels ero B kKjacc b. Ouas 3aroro
HyXXHO yOpaTb cMelleHUue U 3anepeTb TPHOAH, yTo0bl UX OTNHPAJO
JUILIb ynpasasiouiee Hanpsxenue. Onnako npu pabore B Knacce b
NOABJSAIOTCA HEKOTOPbie TPYNHO YCTPaHHMble MCKaKeHHs (M3;3a
3aru6a BXOJHOM XapaKTePHUCTHKH), W 3ITOT KJacCC B YCHJIMTENAX
296

JHY ncnonbsyercs pexe. Knace C B 3THX YCHAHTENSAX Boonéme He
HCIIOJIb3YETCSl H3-32 MOSIBJEHUS HEYCTpaHHUMbIX HCKaMKEHUH.

YnpaBasilomee Hanpsi)KeHHe Ha BHIXOJQHbIE TPaH3UCTOPHI MO-
JaeTcs ¢ TaK Has3biBaeMord ¢a3soMHBEPCHOro Kackaja, BbINoJHeH-
Horo Ha tpansucrope T3 no Tpancpopmaropuoi cxeme. Ecrb
U apyrue cxembl (Da30MHBEPTOPOB, HO BCE OHHM BHIMOJHAIOT OJHY
M Ty Xe 3anauyy — CO3[aloT JBa MNpoTHBO(a3HbIX HanpsKeHusd,
Kotopbie HeoOxXoauMo noaatb Ha 6a3nl TPAH3UCTOPOB ABYXTAKTHOR
CXEMBbI.

Ecau Ha TH TpaH3UCTOPHl NMOAATh OJHO M TO XKe HanpsaXKeHue,
TO oHu OyayT paGoraTb He yepe3 TaKT, a CHHXPOHHO, H MO3TOMY
o6a OyIyT yCU/JIMBaTb TOJbKO MOJOXKHUTEIbHble HJH, Haobopor,
TOJIbKO OTPHUaTe/bHbIE NoNynepuoabl curaasna. Urobsl TpaH3ucro-
pbl IBYXTaKTHOro Kackaja paboraju noouepenHo, Hy:XHO noia-
BaTb Ha uX 6aspl nporuBodasHble HanpsKeHus. Torpa ecau BO
BpeMs OJHOrO MOJynepHoja oThnHpalomuid «MuUHyc» Gyner Ha Oa-
3e T4, a Ha Gd3e T5 Oyner 3anupaomui «IJII0C», TO BO BpeMs CJle-
LYIOIEero noJynepuoia KapTHHa uaMeHurcs M Ha Gase T5 Oymer
«MHHYC», a Ha 6a3ze Ty «matoc». TakuMm o6pa3oM, nBa NMPOTHUBO-
da3HbIX HanpsixeHus OynyT nooyepefHO OTNMPATh TPaH3HCTOPH
IBYXTaKTHOrO KacKaja.

B ¢aszounBeprope ¢ TpancGopMaTopoM aBa yNpaBasOmHX Ha-
NpsiKeHUs noayyalorcs Gaarofaps pasje/eHuio BTOPHUHOA o6MOT-
KM Ha JBe paBHble uacTH. A nporuBo(as3HbIMH 3TH HanpsKeHus
CTAaHOBATCA MOTOMY, UTO 3a3eMJIEHa CPelHAs TOUKa BTOPHYHOM
o6Morki. Korna Ha BepXHeM (rno cxeMme) ee KOHIEe MNOABJAETCSH
«MJIIOC» OTHOCHTEJbHO CpelHed TOUKH, Ha HUIKHEM KOHIe OTHO-
CHTE/IbHO 3TOH TOYKHM OKa3blBaeTcst KMUHYC». A MOCKOJbKY Hanps-
JKEHHEe NepeMeHHOe, TO «IUIIOC» H «MHHYC» BCe BpeMs MEHSIOTCH
mecraMu (puc. 108). TpancdopmaropHblii (pasounBeprop npoct
¥ HajeXeH, €ro NPaKkTHYeCKH He HYXHO HajaXkXHBarThb.

JByXTaKTHBI# yCHAUTEb Al TPRH3UCTOPHOrO NPUEMHUKA HJH
HeGosbLIOH panuobl MOXKHO cO6paTh HE TOJMBKO MO CXeMe puC. 45,
HO U no OJIHOﬁ U3 CXEM YCHJIHTEJIH Hq MPOMBILIJIEHHOr O NpUEeMHHU-
kKa. Hanpumep, no cxeme npueMHUKOB «Auabnunucr», «Hepa-2»,
«Cnugona» u ap.

JKenanue nzbaBUTbcs OT TPaHC(HOPMATOPOB MpPUBENO K CO3-
LaHUIO HECKOJNbKUX Oosiee CJAOKHBIX CXeM ABYXTAKTHLIX yCHJHUTE-
aeii. OnHa U3 HuUX npuBenena Ha puc. 104—6. Kak Buaure, Ha 3toil
€XeMe HeT HU BRIXOAHOrO TpaHc(opmaTopa, ¢ NOMOILbIO KOTOPOro
OCYIUECTBJAETCH «CUIHBaHUE» NBYX MOJOBHHOK CHTHaJsa, HU TPaH-
chopmaropa pasouHBepTopa (€ro YacTo Ha3blBaIOT COTVIACYIOMUM
TpaHchopMaropoM), € MOMOILLIO KOTOPOr'0 Ha ABYXTaKTHbIH Kac-
Kaj nojalorcs ABa NpoTHBO(a3HbIX YNPaBAAIOIUX HarpsaKeHHs.
Kak e pewatorcs 3td 3anaun B GeaTpaHcopMaTopHOM YCHIIH-
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Tese? B paHHOM cayuae onM pemiatorcs 6jarofaps npuMeHEHHIO
TPaH3HCTOPOB C Pa3HOH CTPYKTYpOH — TPaH3HCTOPOB THUMa h-p-n
n p-n-p.

TpaH3UCTOPBI n-p-n B CPaBHEHHHU C TPAH3UCTOPaMU p-f-p, eClH
MOXHO TaK CKa3artb, Ne/alT Bce HaoGopor (puc. 104—6, 109).
B uacTHOCTH, Ha KOJJIEKTOD MM HYXKHO [ONaBaTh He <MHHYC»,
a «mmoc». OTIHpaeT 3TH TPAH3UCTOPH YXKe He OTPUIATENbHOE,
a NoJIOXKUTEJNbHOE HanpsixKeHue. JTO 3HAUUT, UTO Ha TaKUX pas-
HBIX TPaH3HCTOpax MOXKHO cO6paTh NBYXTAKTHBHIH BLIXOAHOH Kac-
Kan Ge3 Bestkoro (a3oMHBEPTOpa M MOAABaTh Ha MX 6as3bl OAHO
H TO Xe yOpaepJsioliee HANpPsKEHNe, OLUH U TOT XKe curnaga. Orpu-
1 aTeJIbHLIHA [TOJIyIepHOL 3TOTO HanpsikKeHHst OyIeT OTNHpaThb TPaH-
sucrop p-n-p (T3), a nosoXMTEeNbHBIA noJynepuon Oyner oTnH-
pate tpausucrop n-p-n (T4), ¥ TakuM o0pa3oM TPaH3UCTOPH
6yayt pa6otaTb MOOUYEPeNHO.

B KOJJIEKTOPHOH lenu TPaH3HCTOPOB C Pas3HOM CIPYKTYpO#
TOKH TOXe [BHXYTCS B pasHHX Hampas/jenusax. M Oaaropaps
HTOMY OJUH M3 TPAH3UCTOPOB CO3JaeT MOJIOKHUTE/bHYIO «T10J0BHH-'

Puc. 108. ®asounBeprop CO3NaeT ABA NMEPEMEHHbIX HAMPSUKEHUS, CABHHY1bIX (10
208 dase Ha 180°.

Puc. 109 Ecan B ABYXTaKTHOM Kackaje paGoTaloT TPaH3UCTOPbl C pa3HoR
CTPYKTYpoH (ITPOBOAMMOCTBbIO), To MoXHo o6oiituc M Ge3 dasounsepTopa.

Ky» BEIXOQHOI'O CHTHaJa, a BTOPOH TPaH3HCTOP — OTPHLLATEIbHYIO.
Onnako 3To emle He JaeT mpaBa HCK/MOUUTL M3 CXEMbl BHIXOJA-
HOH TpaHC(OPMATOP: KPOMe <«CIUMBAHMA» CHIHAJIA, y HEro ecrb
eme olHa (YHKLHs! — COTJIaCOBaHHE BbICOKOrO BLIXOLHOIO COMpO-
TUBJIEHUS TPAH3UCTOPA C MaJHM CONPOTHBJIEHHEM TPOMKOTOBOPH-
1eqs1 (puc. 83). Kro ke Geper Ha cebsi 3Ty Posib BHIXOAHOrO TpaH-
cpopmaropa® Hukro. [Ipocto Brixonuo# kackapn cobpan no cxe-
me OK, a onHa U3 ry1aBHLIX ee 0COGEHHOCTEN — HU3KOE BHIXOJHOE
conporuBienne. TakuMm o6pasoM, B KaKOH-TO CTelleHU NOXKEPTBO-
BaB ycusenueM (cxema OK ycnnubaer xyxke, uem 03), ynaercs
oboiTHCh 0e3 BBLIXOJHOTO TpaHchopMmaropa.

Heckosibko €/10B 0 «MenKHX» OCOOEHHOCTSIX CXeMbl (pHC,
104—6).

B uenp 3murrepa TpaHsuctopa I BK/JIIOYEHO nBa pe3HCTOpa,
NPHYEM TOJNBKO OMH M3 HUX 3alIYHTHPOBAH KOHAEHCATOPOM. DTOT
pe3ncTop R4 BHIO/HSET yiKe 3HaKOMbie HaM 00sI3aHHOCTH B CHUCTe~
Me TepMocTaOMJM3auyuy, a BTOPOH pe3ucTop — Rs— sBjseTcH
3J1eMeHTOM oOpaTHOH cBs3u. IIpuueM He TO/NLKO CBsI3H, OXBAaThi-
Baloltel nepBblft KacKal,— Ha pe3uctop Rs uepe3 R;3Cq nozaercs
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HanpsKeHue o6patTHO CBA3M C BBIX0Ja YCHJNTENA H TakHM obpa-
30M MOgBJSeTCH Lenouka oGpaTHON CBA3M, 0XBaThizamoinas cpasy
BC€ YCHUJMTE/NbHbIE KacKajbl,

OrpuuaresnpHas o6paTHas CBA3b XOTd M YyMeHbiaeT obLiee
YCHJIEHHE, 3aTO B 3HAUHTEJbHOM CTENeHH CHHUIKaeT HCKaXKeHHs,
0cOOEHHO Te, UTO BO3HMKAIOT B BLIXOJAHOM KacKaje B npouecce
«cuMBaHus» curdasa. OHa U3 BO3MOKHLIX MPHUYHH TAaKMX HCKa-
KeHHHl — HeKoTopasi HEOAWHAKOBOCTb MapaMeTpOB TPaH3HCTOPOB,
paGoraomMx B ABYXTakTHoOH cxeMe. M3-3a 310l HEoAMHaKOBOCTH
«MOJIOBUHKH» BHIXOJIHOTO CHTHaJla HEMHOTO passnyaiTes u popMa
CHTHa/1a OKasbiBaeTCcs HeCKOJbKO HCKa:KeHHOH.

Kakum e o6pa3oM oTpuuate/bHas oGpaTHas CBA3b CHHXKaeT
KCKaxkeHHs1, Hcnpabiasier ¢opMy currana? UroObl OTBETHTbL Ha
3TOT BOIPOC, HYKHO BCIIOMHUTb, YTO HCKaxKeHHe (GopMbl CHTHaNa,
Nno CyTH JeJia, 03Hayaer MOsiBJAeHMe B CHTHAJe HOBbIX rapMOHUK,
HOBBIX CHHYCOHJa/bHBIX cocTaBasgtowmux. Tak Oblio ¥ npu ymblul-
JIEHHOM HCKaxeHHWH (OopMbl— NpH BHINPAMJECHHH JepEMEHHOro
TOKa ¥ AeTekTHpoBauuy. Tak nosyuaercs W npHu yCH/ICHHUH.

ITo uenn orpuuaresbHON oO6paTHOl CBA3M HOBBIE, NOSIBUBLINE-
Csl B pe3y/ibTate WCKaXKeHHH rapMOHMKM MOJAIOTCS Ha BXOJ YCH-
JUTeNS B Tako#l (pase, uTo oHH caMu cebg ocaabasor. MomHocTb
3THX FapMOHHK Ha BBIXOJE YCHJMTENS OKa3biBaeTCs MeHblle, ueM
oHa Oblaa Obl Ge3 ofpatHoil cBsu3u. OpHOBpEMEHHO, KOHEUHO,
ocaab/sa0TC] M MoJe3Hble COCTABJAAIOMME, M3 KOTOPBIX J0JKeH
CKJIaIbIBAThCA HEMCKaXKEHHbIH CHMTHaJ, HO 3TO J€J0 MOonpaBHMOE.
Uto0bl CKOMNEHCHPOBATDb 3Ty BPEAHYIO A€ATENbHOCTb OTPHIIATENb-
HOH o0paTHO# CBS3M, MOXKHO VBEJHUHTb YPOBeHb CHTHAJA, NMOCTY-
nawmero Ha BXOJ YCHJIHTENS, MOXKeT GbiTb JaKe A0GaBHB A%
3TOrO ejue OJMH KacKaj.

OrpunarenbHas oGpaTHas cBa3b B ycuaureanx HY, ocoberno
B JBYXTAKTHbIX ycHauTeasx, paGoraomux B Knaccax Ab u B, ua-
XOJUT OUYEHb IMPOKOE NpPHMEHEHHe: oTpuuartesbHas obGpaTHas
CBA3b NO3BOJAET CAeaaTh TO, UTO HUKAKUMH APYTHMH CpeacTBaMu
He JOCTHUTAeTCs,— OHA MO3BOJISIET YMEHbUINTHL HCKaXKeHNsa GopMhul
CUTHAJ/1a, YMEHbIINTh TaK Ha3blBaeMble HesMHEHHble MCKaKeHMs.

OrpunarenbHas o6paTHas CBS3b N03BOJgET BHINOJNHUTb €ine
OJIHY BaXKHYIO OMepauyuio — OCYIEeCTBUTb peryJaHpoBky Tembpa, To
€CTb B HYXKHOM HanpaB/J€eHHH H3MEHHTb YacTOTHYI XapaKTepHu-
CTHKY YCHJIMTeNs1. DTa XapaKTepHCTHKa MOKa3blBaeT, KAaK MeHseT-
cs yCHJeHHME € H3MeHEeHHMeM 4acTOTbl CHMTHaJja.

s naeanbHOro yCHANTENS YacTOTHAS XapaKTepUCTHKa — 3TO
[IPOCTO NpAMas JMHUA: YCHJIEHHE Ha BCEX yaCTOTaX Y TaKoro ycu-
autens onvnakoBo. Ho y peasbHOro ycuauresns 4acToTHas xapak-
TePUCTHKa 3arHyTa, 3aBajieHa B 06/1aCTH CaMbiX HH3KHX U CaMbIX
BLICOKHX YacTOT. D10 3HAYUT, UTO HU3IIHE H BHICUIHE YACTOTHI
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3BYKOBOro [Hana3ona yCHJHMBAIOTCH XyiKe, ueM CcpelIHHe 4acToThHL
Ipuunnbl nosiBieHns TakMx 3aBajoB YacTOTHOH XapaKTePHCTHKH
MOryT ObiTb pa3HEIMH, HO KopeHb y nux obwmuil. HeoanHakoBoe
YCHJIeHMe Ha Pa3HBIX YaCToTax MoJydyaercs moToMy, YTo B CxeMme
HMeIoTCq peaKTHBHbIE 3J1eMeHTHl — KOHACHCATOPH ¥ KaTyIIKH, CO~
NPOTHBJIEHNE KOTOPbIX MeHseTcs ¢ YacToToH.

CymecTsyeT MHOro crnoco6oB HCIpaBjaeHHs 4acTOTHON Xapak-
TEPUCTHKH, B TOM uycjie ¥ BBeJeHHE YaCTOTHO-3aBHCHMBIX 3Je-
MEHTOB B ueflb o6paTHOH cBs3u. IIpuMep Takux 3JeMEHTOB —
nenouka R;3Cy B HaweM ycuautene, ConpoTHB/eHHe 9TOR uenod-
K4 ¢ yMeHblleHHeM uacToTel pacrer (Bocmomunanus Ne 13
u Ne 16), o6parnas cBs3b yMeHbliaercs, H Giaaropaps sToMy cos-
IaeTcs HEKOTOpbIH NojbeM YaCTOTHOH XapaKTepHCTHKH B 06s1acTH
HM3MINX 4acToT.

B ycunurese uMeercs emte HecKosbKO Heneit OTpuuaTebHON
o6paTHO# cBa3H. D10 KouaeHcartop Cg, COEAMHSIOMMA KOJJIEKTOP
Tpansucrtopa Ty c ero Gasoit; peaucrop Rjz, KOTOPHIR mojaer Ha
Ga3bl BBIXOAHBIX TPAH3HCTOPOB HE TOJBLKO MOCTOSHHOE CMEMeHHe,
HO eme U HEeKOTOPYI0 YacTb BbIXOJAHOTO CHTHAJ/a; LeNnouKa, KOoTo-
pasi co3gaer o6paTHYIO CBsi3b TPETbEro Kackaja coO BTODHIM, HO
y¥e He Mo NMepeMeHHOMYy, a Mo NOCTOSHHOMY TOKy (Takas oGpar-
Hasi CBSA3b MOBBIMIAET TEPMOCTAaOMJILHOCTb YCHJNTENH).

I'poMKoroBOpHTEND BK/IIOYEH B KOJMJIEKTOPHBIE EMH BHIXOAHBIX
TPaH3UCTOPOB uepe3 pasaeauTesnbHbiil KonaeHcatop Cy. ConporTus-
JIeHHe 3BYKOBOH KaTywlky B [aHHOH cXeMe MOXKeT COCTaBJATb
6—10 om. Yennurenp pa3suBaer MoiuHOCTb Ao 100 8T npu Ha-
NPAXEHHH BXOJHOTO CHrHazsa okoao 30—50 wmas.

CywecTByeT XoBoJIbHO GoJiblIoe YHCJAO CXeM GectpaHcdopMa-
TOPHBIX YCHJAMTeJed Ha TpaH3ucTOpax pa3HOH NPOBOAHUMOCTH.
B GosbmyHCTBE U3 HUX B BBIXOJHOM KacKaje MCMoJb3YIOT COCTaB-
Hble TPAH3HCTOPbI, TO €CTh B KaKJ0€ MJeYo BK/IIOYaOT JBa TpaH-
aucropa. OrcyTcTBHe TpanchOpMaTOpPOB M YMEHbUIEHHe uMCJIa
pa3sgejnTe/bHbIX KOHAEGHCATOPOB M03BOJSAET B TaKHX YCHJAMTENAX
N071yYUTb OYeHb XOpOLIYI0O YacCTOTHYIO XapakTepucTuky. OpHako
HaYyHHAIOIIEeMY PaAHOMIOGHTEII0 3TOT BLIMTPBILI JOCTAETCS JOBOJb-
Ho Aoporoii ueHolt — GectpanchopMaTOpHble YCHJAUTENH, Na ene
C COCTaBHbIMH TPaH3UCTOpaMH, He BCeraa NpocTo Hasaautb. M mo-
3TOMY, €CaM y Bac euie HeT 60JbLIOTO ONbiTa B Haja’KUBaHMH
TPaH3UCTOPHOH annapartypbl, ayuule cofpaTh yCHaAMTENb 110 Kaac-
cHuecKOM ABYXTaKTHOH cxeMe ¢ TpaunchopMatopamun (puc. 45).

Eiie oaHa AByxTakTHas cxema ¢ TpancopMaropaMu nphBe-
neHa Ha puc. 104—7. T'naBHass 0COGEHHOCTb YCHJIAMTENS — (DUKCH-
poBaHHOe OT oTAesbHOl Gartapen b, cMemeHue Ha 6a3y nepeoro
kackana T,. Baaropaps 3ToMy KOJIEKTOPHHIH TOK TpanaucTopa Ty
OCTaeTcsl NPaKTHUYEeCKH HEH3MEHHbIM MPH yMEHbUIEHHM Hampsxke-
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HUA KOJLIeKTopHo# Oarapen BmiaoTe mo 3,5 8. C HuXKHeld 4acTH
neanrtens RyRs, BK/IIOYEHHOIO B 3MMTTEpPHYWO lenb Ty, mopaercs
cMelleHye Ha 6a3bl TPaH3UCTOPOB BHIXOAHOTO Kackana. M nostomy
NpH yMEHbUIEHNM KOJIEKTOPHOTO Hanps:XeHHS CMelieHHe TpaH-
suctopoB T3Ty He meHserca. B pesyabrare ycuianrenn paGoraer
TPH NOHMIKEHHOM HalpPHAXKEH)H, XOTH ¥ C MeHbLIeH BLIXOLHOH MOLL-
HocThlo (npn 3,5 86—20 x87), HO Ge3 MCKakKeHHMH.

Tok, norpeGnsieMblit ot Gatapeu by, nHe npeswimaer 500 mxa.

B ycunutene umeercs npocrefimmii perysnstop tem6pa RgCs
u nenb o6patHoii cBa3n RgCs, CHMKalOIAs HCKaxeHus. Peaucrop
Ry Heo6Gx0auM A/ TOTO, yTOOKL! NpH BHKAUeHHH By (MoXer CJy-
YUTbCH TaK, YTO BKy, PA3OMKHET llenb HA KaKUe-TO AO0JH CEKYHMAH
panblie, 4eMm Bk;) Tpansucrop T He okaszascs ¢ «ucsumei 6asoi»
(puc. 89). Konpencaropu C;Cs — asieMeHThl OTpHLLATe/bHOR 06-
paTHOM CBfI3M, NPENOTBpallalolHe caMoBO30YKIEeHHe Ha CBEPX-
3BYKOBBIX HacTorax. 1y e 3ajayy BhNoJHAer Konpaencarop C,.

Tpancdopmaropsr Tp, u Tp, B3ATH OT NpHeMHHKa <«AJbu-
Hucr» (rabauna 12). Fpomkoropopuresb ¢ COnpoTHBJAEHHEM 3BY-
KOBOH KaTylIKH OKOJO 6 o.

IIpu KoasneKTOpHOM HanpfXeHud 9 @ yCwiIHTeNb pa3BHUBaer
mowHocTb 180 8T u morpebaser or Garapen B, TOK He Gosee
20—25 ma. Ecau HYXHO NOBBICHTH BHIXOAHYIO MOIIHOCTh, MOKHO
BKJIOUNTb B KauectBe T3 y Ty MOmHBIE TPAH3UCTOPHI, HAMpUMep
[1201. B 3ToM ciyyae HyXHO yMeHbUIMTL B ABa pasa R; M no-
no6path Rs ¢ TakuMm pacueroM, ytoObl OOILMHA KOJJIEKTOPHBIH TOX
nokos T3 n T4 cocraBasa 15—25 xa. [Jis MOIIHBIX TPAH3UCTOPOB
HYXeH Apyroi BbIXOAHGH TpaHcopmarop, HalmpuMep, ¢ TaKUMH
NaHHBIMHU: CepAEUHMK ceyenneM okoso 3,5 cm? (LH17X17); nep-
suyHas o6morka 3304330 sutkon I13 0,31, Bropuunas o6morka
46 sutkoB 13 0,51. C tpansucropamu 1201 ycuanrens passuBaer
BHIXOAHYIO MolHocTe 1,5—2 87.

Ha puc. 110! npuBenena cxema ycuanreas HY c seixonuo#
MowHocTelo 2,5—3 8r. Ero Bropoit Kackaa— ¢ asoMHBEpTOp
C pasjnesneHybiMu HarpyskamH. [Tocse Hero ciemylorT ABa coBep-
IEHHO OMHAKOBEIX 3MuTTepHAIX nosropurens (Ts, T,), Kamabii
H3 KOTOPBIX II0/1aeT CHTHAJ Ha CBOE IUIeYO ABYXTAKTHOTO BBHIXOJ-
HOro Kackazna. [lns rpOMKOroBopuTe/is C CONPOTHBIECHHEM 3BYKO-
BO# KaTywmkn 5 oM BHIXOAHOH TpaHchOpMaTOp MONKET HMeTh
cleRyloliNe AaHHEE: CepAeuHHK ceueHueM 3 cu?; o6morka 1 —
2% 200 ButkoB I13 0,33, o6morka II — 100 Burkos 13 0,8.

Hanaxnpanue Bcex yceusnreneit HU csoaurcs x nopbopy pe-
}HMOB TPAH3UCTOPOB. /i1 IBYXTAKTHEIX CXeM XKeNaTeNbHO Npe-
BapHTENbHO 10A00paTh Ang 060KX 1Y TPAH3NCTOPH ¢ GIH3KUMHU
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napaMerpaMmu: Koa(pQHUHEHTOM yCHIeHUS No TOKYy P u oOpaTHHIM
TOKOM KoJnekTopa [xo. Ecau Bce aeTanu HCnpaBHB W cxema CO-
OpaHa npaBUJBHO, TO YCHJHTENb, KaK NpaBujo, Cpa3y HauHHaer
paborarb. M enuHCTBeHHas cepbe3Has HeNPHUATHOCTb, KoTopas
MOXKeT OOHapYXKHUIbCA NPH BK/IIOYEHHH YCHJKTES,— 3TO CaMo-
Bo30yxpenne. OnuH U3 cnoco6oB 60pb6bl ¢ HUM — BBEeJEHHE pas-
BSI3bIBAIOKHX (UALTPOB (aHasorHuHbix R,Cs B cxeme puc. 104—
6), xoropble NpenOTBPallalOT CBA3bL MEXIy KackajpaMmu depes
MCTOUHWKK nuTanus (puc. 77). C npyruMmu crnocoGammu GOpbOH
c caMOBO36Y:K€HHEM Mbl MO3HAKOMHMcs B CJelylOlleM pasjene
KHHTY, MOCJe TOro, Kaxk BbIACHHM HeKOTOpbie NogpoGHOCTH Iipe-
BpauleHus yCUIHTENs B TeHepaTop.

NPEBPAIMEHUWE BTEHEPATOP

UenoBek, n3yuaiomuil 2/1eKTPOHHKY, nonoGeH TypHCTY, IJIkI-
BylEMY MHUMO KpacuBeillinx 6eperoB Kpeima wian KaBKasa U Bhi-
HYXXJIeHHOMY HalJawopnatb 3TH Gepera juwb ¢ 6opra Kopabas.
UenoBek, H3ydawiui 3/71€KTPOHHKY, OUEHb UACTCG MPOMJBIBAeT
MHMO H3YMHTEJIBHO KDAacCHUBLIX SIBJCHHWH NPUPOAB, MHMO OYEHb
BaxKHbIX, MOXHO Jae cKa3aTb — (PyHHaMEHTaJbHbIX, HayuHbIX
npo6/ieM U He HMeeT BO3MOKHOCTH coilty Ha Geper, uro0b! no3Ha-
KOMHTbCsT ¢ HUMH. MHaue nyrellleCTBHE CJMUIKOM 3aTsIHETCS! KJIH
Jaxe uW3MeHu1cs ero KoHneunbolit Mapuipyr. ([Tocnennee, kcraru,
COBCEeM HEIJIOXO, HO TOJbKO He B Hauaje nmyTH. EcTb HeMano npu-
MEpOB TOTO, KaK pajHOHHKEHePh YXONHWJIH B GHOJOTHIO, paKero-
CTPOEHHE, MaTEeMaTHKy, XHMHIO, MeHLHHY, reodnasKy, cenbCcKoe
XO3SHCTBO, ACTPOHOMHIO W ApyrHe obaactu. O6orameHHble METO-
NaMH ¥ WesMu 3JE€KTPOHHKH. OHH OTKPBHIBaJdW B 3THX 00sacTax
HaykH HOBble HanpaBJeHHs WJH, NONOGHO KaTalu3aTopy, pe3Ko
YCKOPSUIM XOJ| HCCJIeNOBaHHuIL)

MBI ¢ BaMH yKe NPOLLIY MHMO TaKHX HHTEPECHHIX H OOmiMX
npoGaeM KaK npeoOpa3oBaHHe CTPYKTYPH BellleCTBa, YHHBep-
CaJIbHOCTb TapMOHHUECKHX (CHHYCOMAaJbHbIX) KoseGaHui, npe-
o6pa30BaHuHe ClEKTpa CuMTrHasa, CorJacoBaHuWe reHeparopa c Ha-
rpy3koii, ynpas/jeHHe MOIHBIMH TMOTOKaMK 3HEPTHH C MOMOLLbIO
cnabbix  curHanos u Ap. Cefluac HaM [NpeACTOHT BCTpeua
eiie C ONHWM OOGIHM, YHMBEPCAJbHbIM SIBJEHHEM — C BO3HMKHO-
BEHHEM aBTOKoseOaHui.

Mbl yacTo BCTpeuaeM MexaHHMueCKHe aBTOKoJjeGaHus: BUOpa-
UMS CaMOJETHOTO Kpblia M aBToKoseGapus B THAPaABJINYECKHX
chUCcTeMax (BaM HaBepHAKA MPHUXOANIOCH CJABINIATH «MOIOLHUA» BO-
JOTPOBOMHBIA KpaH), U aBToKo/JeGaHMs AaneKux 3Be3ll, H aBTO-
KoJeGaHus B MHpe aTroMma, aBTOKosie0aHus IpH SAEpHLIX peak-
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UusX M 3/eKTPOMarHuTHole aBTOKOseGanus. Ecto cepbe3nble oc-
HOBaHHUA LyMaTb, YTO aBTOKOJeGaHUS MrpaloT BaKHEHIUyl pOJb
M B XHBOH mPHpOAE, YTO CaMa YKU3Hb— ITO OrPOMHOE MHOTO-
o6pasue pasHOro poja, pa3HOH CTeneHH CJAOKHOCTH GHOXHMMYe-
CKUX aBTOKOJieOGaHHIi.

Uto ke Takoe aBTOKOJeGaHUA? DHUUKIONEAHYECKHH CJA0Baph.
onpejessieT UX TaK: «..He3aryxawoune KolebGaHUs, KOTOPble MOTYT
CyIleCTBOBATh B KaKOH-IN0O CHCTEMe B OTCYTCTBHe NepeMeHHOTO
BHELIHEro BO3AEeHCTBUS, NPHUEM aMIUVIUTYAa U Nepuol KoJuaebaHui
ONpee]sAOTCa CBOACTBAMU CcaMOH CHCTeMbi». [IpUMeHUTEJbHO
K TPaH3HCTOPDHOMY YCTPOHCTBY, I'le CO31al0TCAd aBTOKoJeGaHus
(Bb! yXKe, KOHEUHO, NOrajajiuCh, YTO MUMEHHO TaKoe YCTPOMCTBO
U Ha3biBaeTCsd TPaH3HCTOPHLIM TeHEpaTOPOM), 3TO OMNpeleseHHe
Hy>XHO MOHUMaTh CAeAyloiudM o006pa3oM. Mbl NOABOAUM K reHe-
paropy TOJbKO NMTamouniee NOCTOSAHHOE HanpsikeHUe, a OH Jaer
HaM HenpepbiBHble, HenpeKpalialouiecs 3JeKTpuyeckie kodeba-
Hus (KOHeYHO, Korxa GaTapesi paspspgurtcs, TO KoJjeGaHus npe-
Kparsrcd, HO 00 3TOM ceityac He crout roBoputh). I'eHeparop cos-
JlaeT B CBOMX LeNnsX NepeMEeHHbIH TOK U nepeMeHHOe HanpsikKeHuue,
4acToTa W aMIUIMTYZAa KOTOPLIX 3aBHCAT TOJbKO OT 3JEMEHTOB
caMoil TPaH3NCTOPHOM CXEMBI.

OueBuaHo, 370 Onpeje/eHue HANPaBUIO Ballll MBICJAH K KoJe-
fHaresbHOMY KOHTYPY. Benb B HeM ToXe oA AefCTBHEM MOCTOSH-
HOMl NMOPUHM IHEPTHH, HANpUuMep MOA AEHCTBUEM 3SHEPTHH, NOJY-
YEHHOH NpH 3apsi/lke KOHJAEHCATOpa, BO3HHKAIOT IJEKTPUYECKHE
rosie6anus. M uacrora 3THX KojieOaHUil TOXKe 3aBUCHT TOJbLKO OT
/IEMEHTOB C€aMOH CHCTeMbl — OT HWHAYKTUBHOCTM Ly KaTylKd
n emroctH Cy koHAeHcatopa (Bocnomunanue Ne 20). Onmako
co0cTBEeHHbIe KOJe0aHHS B KOHTYPe NMOCTeNeHHO 3aTyXaloT, H Ta-
KHM o0pa3oM Hapyulaercsi OCHOBHOH 3JIEMEHT OMNpe/esaeHus —
«...He3aTyxamolluue KoJebaHusi»,

W Bce ke Mbi 00patiianch K Kose6atesibHOMY KOHTYpPY He Ha-
npacHo. B coueraHuu ¢ TPaH3MCTOPHLIM YCHJMTEJEM OH MO3BO-
JIleT MOJYUUTb CaMblil HacTosiuuH rTeHepaTop aBTOKOJeGaHUH.

[Touemy saryxaior koseGanus B xoutype? IJoroMy uTO wactb
3HEPTHH TepfAeTcs Ha aKTHBHOM CONPOTHBJIEHHH norepb Ry M no-
CTENEHHO OHO OTGHpaeT M MpeBpamaeT B TEMJIO WIH B H3JAyUYEHHA
BCIO 3allaceHHyl B KOHType 3Hepruio. Orciona caenyer: utoGbt
KosneGaKusl B KOHType CTaji He3aTyXaloIUMMH, HYKHO JIMKBM/K-
poBaTb conportuBjaeHue norepb. Mid Kakum-to 06pa3oM ero CKoM-
NEeHCHPOBATh.

Bbl yiKe, KOHeYHO, BCIOMHHJIH, YTO Y Hac B apceHaqe ecTh
spdekriBHOE cpeacrBo Gopb6bl ¢ CONMPOTUBAEHHEM — Ryx. 10
nosoxurTeabHas oOpaTHasi CBA3b, KOTOPYIO Mbl yiKe NPUMEHANH
B pereHepatuBHoM ycuautese (puc. 99). Ho Toabko, ecau B ycu-
304

Jureje o6paTtHas CBA3b He JOJIKHA MNOJHOCTHIO KOMIIEHCHPOBATHE
NOTepH, B reHeparope NOTePH JOJMKHB ObiTb CKOMIEHCHPOBaHLI
MOJIHOCTDBIO.

31echb-T0 KaK pa3 W MPOXOAMT TPaHHIa MeXJy YCHIUTEIeM
# reHepatopom. J1o Tex nop, noka B KOHType ellle €CTb COMPOTUB-
aeHue Ry, Mbl umeeM ycuanuresb. Ho Kak ToabKo 370 conporusie-
HHe ucue3aer, KaK TOJbKo o0paTHas CBf3b MOJHOCTbIO KOMIIEH-
cuUpyeT BCe NOTEPH, YCHJMTENb CTAaHOBUTCS [EHEPATOPOM, B HeM
MPOUCXONMT CaMOBO3OYXKAeHUHEe. DTO 3HAUMT, UTO Ha BXOJ, YCHJIH-
1€J9 YKe He HYXKHO NORABaTh yNpaB/siOMA curHaa (Koraa-to
ero HasbiBaJu <Bo30yKIEHWeM», H OTCIOLAa C/IOBO «CaMOBO30YyXK-
neHue»). Kak ToabKO B KOHTYpP NMONajeT NOPUMA SHEPruu — a 370
MOKeT npou30iTH NPH a1000M TOMUKe TOKa, HANPHMep P BKJIO-
YeHHU NHTaHHsS,— TO B KOHTYPe BO3HUKHYT KoJeOaHus, KOTOpHIE
6aaronaps JOCTaTOYHO CUJILHOH OGpaTHON CBA3M CTAHYT He3ary-
xaomiMu. PoXneHHbI B KOHTYPe M YCHJIEHHLIA TPaH3HCTOPOM
CHTHaX BHOBbL BO3Bpamaercsi B KOHTYp, u4ToObl y4aCTBOBaTb
B ynpasaenun pabGoroit TpaH3auctopa. TpaHaucrop cam co3jaer
nas ceGs ynpasasiiomuii curHajJ, paboraer B peXHUMe CaMOBO3-
6yxAeHHsI, a 3HAUUT, TeHepUPyer He3aryxalmomHil NepeMeHHbIH
TOK. M, KOHeUHO Xe, NOCTaBmUKOM 3HEPTUH AJs Hero, Kak BCeraa,
sBJasgeTcs KoJJeKropHas Garapes.

Uro6bl aBTO€HEPATOP 1aBaJj 3JeKTpHYeCKHe KoJebaHHus C He-
U3MEHHOH aMMJAUTYHOH, HYXKHO pPelIMTb yYype3BLIYaiHO CJOKHYIO
3ajauy: HYXHO, yToObl BHOCHMOe B KOHTYpP OTpHHaTeJbHOE CO-
NpoTUBJEHUE ObIO B TOYHOCTH pPaBHO COOCTBEHHOMY COMpO-
THBJIEHHIO MOTepb, 4ToObl B KOHTYp uepe3 uenb oOparTHOil CBA3M
MOCTYNaJ0 POBHO CTOJBLKO 3HEPTHH, CKOJIbKO HYXKHO AJsl KOMIeH-
capud norepb. He MeHblle u He 6osblile, TOTOMY YTO, €CJIH BBECTH
B KOHTYP XOTb UYTb-4yTb MeHblIe 3HEPruH, YyeM HYXKHO, Koaeba-
HHS PaHO WaM MO3JHO 3aTyXHYT. A eClM BBECTH XOTb HEMHOTO
JHUIHEH PHEPrHH, TO aMILIHTYyAa KoJjebanuil 6yner pacti.

OcyuiecTBUTb CTOJNb TOYHYIO, IOBEJHPHYK NO3UPOBKY BBOAH-
MOH B KOHTYP 3HEPTHH NPOCTO HeBO3MOXKHO. Ecau faXe B Kakoii-
TO MOMEHT IyTeM Tiuare/bHeliuiero noafopa paccTOAHUS MEXLY
KOHTYDHOIl KaTywKol Ly H KaTylkoit o6patHO# cBA3H L¢n yAact-
Csl YCTaHOBUTb HeoOxoAUMblit GadaHc, TO YiKe yepe3 MIHOBEHHE OH
no Kakoit-1u60 npuuKHHe OKaxKeTcs HapyuleHHbIM. To Jsn Jerkas
BubGpauus (HanpuMep, H3-3a NpPOeXaBLIETro NO yjauie aBToMoOus)
CABUHET KaTyUIKM Ha KaKoi-HuOYyIb MHUKpDOH, TO JH HanpfXeHHE
6arape yMeHbLIUTCH Ha Kakofi-HHOGyab MUKPOBOJLT, TO JIH COMPO-
THUBJIEHUE MPOBOJOB YBEJMUMTCS Ha Kakue-TOo JNOJM OMa H3-32
JIETKOTrO AyHOBeHus Berepka. OJHUM CJIOBOM, aBTOT€HEpaTOp BCer-
Ja HaXOAUTCH B HeyCTOMUYMBOM JMHAMMUECKOM COCTOSIHMM, H, AJs
Toro utofn ammnuuTyna koseGanu#l oCTaBasach NOCTOSHHOM, HYXK-

305



TOK 8 KOHTYPE.

RK 50"

T T ————
TOK 8 wovTypE
Ry5on

TOK & Koutypg
Rew

—_ twnSon.

TOK & KOHTYpE
W kK Son
R

20n
Puc. 114. Jlna noayuenns asrokone6annii Heo6XOANMO BLITOJHMTL ABa YCJO-
BHUS. ycJoBue (a3 ¥ ycJIOBHE CBA3H
(Puc. 110—113 cM. na usetHo#l Bkiehke Mexay crp 288—289).

HO BBCCTH HeKOe aBTOMaTHUYeCKOe YCTPOHCTBO, KOTOPOe BCe BpeMs
peryanpoBaio 6l CTeleHb NOJOKUTEJIBHOR 06paTHOR CBA3N.

[TonoGuas 3apnaua yxke BO3HHKAJA Nepen HaMu, KOrja Mbl
co3aBa/ju CHCTEMY aBTOMaTHUYeCKo#l CcTalH/aHM3audH DPeXUMd
TPAH3HCTOPHOTO YCHJHTENAS. YiKe TOraa Mbl OTMETH/IH, KaKyio
6osblIyIO POJIb MIPaetr B 3JIGKTPOHHOH annapartype MmaJasi aBToO-
Matusauus. Eme ofHH npumep npocrefiuledl cxeMbl aBTOperyJu-
POBKH Mbl BCTpeuaeM B reHeparope He3aTyXalolinx KosebaHui,
HanpuMep, B BHAE CXeMbl, MOCTENEHUO 3aNUpPAOLICH TPAH3UCTOP,
C YBeJHMYEHHEM YNpaB/sIOLIEro CUTHaJa.

Hrak, piad Toro 4ToObl yCHJHTEJb NPEBPATHJCA B FeHepaTop
W [naBaJ He3aTyxaloumHe 3JeKTPHUECKHe KOJeOaHHS, HYKHO BHI-
NOJIHUTb ABa YycJioBHsl. Mx 0OLIUHO Ha3bIBAlOT YCJa0BHeM (a3
n ycsnoBuem cBsisn (puc. 114). Beimosmuth ycaoBre $az — ato
3HAUMT NOJAaTb K3 BBLIXOLHOH ULENH BO BXOJHYIO CHIHAJ MMEHHQ
B TaKoil ¢a3e, yToObl OH KOMNEHCHDPOBAJ NOTepH 3Hepruu. Ipomre
TOBOpH, B aBTOreHepaTtope oOpaTHas CBs3b JOJKHa OHITh MOJIO-
JKUTeNbHOA. BLIMOMHUTL yC/IOBHE CBSI3H — 3HAYUT NMOAATH U3 Bhbi-
XOAHOH menu BO BXOAHYIO CHI'HAJ HacCTOJbKO MOILIHbIH, YTOOL OH

NOJHOCTHIO KOMIICHCHPOBAJ BCe MOTEPH 3HePruy BO BXOLHOMH LelH.
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Kax Mpl TOIbKO YTO BHAEJH IO Lend OOpaTHOH CBSA3H, dHEPTHIO
HYXKHO NepejgaBaTh Jaxe C HEKOTOPHIM H3GLITKOM, B pacuere Ha
TO, YTO CHCTEMa aBTOPETY/JUPOBKH caMma OGyLeT MNoALepxKHU-
BaTh HYXHBI YPOBEHb MOCTYNAIOIIEr0o BO BXOAHYIO MeNb CHl-
HaJa.

CxeMma, KOTOPYIO MBI O CHX IIOP paccMaTpuBaJiH, Ha3biBaeTCi
cxeMOHA ¢ TpanchopMaTopHOH OGpaTHOH CBsA3bIO: KOHTYypHas Ka-
Tyuwka Ly u KaTyuika o6paTtHolt cBsasu Lo, 06pa3yloT cBoero pona
Tpanchopmarop. Ycnosue a3 B 3TOH cXxeme BbINOJHAETCS TOJIbKO
Nnpyu onpene/eHHOM BKJIOUEHWH BHBOAOB Katyuiek. M ecsau reHe-
patop, co6panHbIfi No TpanchOpMaTOPHON cxeMe, MOUYeMy-aU00 He
pabGoraer, TO NpexXae BCEro CTOUT MPEANOJOKHTb, YTO KaTyIIKH
BKJIIOUEHBI HEBEPHO M ycJoBHe (a3 He BhINOJHseTCH — 0OpaTHas
CBfI3b NOJy4yaeTcs He MOJIOXKHTEILHOH, a OTpHuaTeabHOl. B sTOM
cJayuyae HYXKHO MOMEHSITb MECTaMH BbIBOAK ONHOI W3 ABYX KaTy-
IUeK M NOBepHYTh TakuM oOpa3oM a3y HanpsiKeHHs!, MOCTynato-
mero Ha BXoj renepatopa, na 180°. Ecin He BuimosHsieTcst yCJI0-
BHE CBAA3H, TO cjeayer COJU3NTL KAaTYUWIKH WJIH YBEJHUYHTb YUCJIO
BUTKOB KaTywKu Lge.

KpoMe rereparopa ¢ TpaHchopMaTopHOH 06paTHOH CBA3BIO,
CYIECTBYIOT €lie JABE CXEMbl aBTQreHepaTopoB € KosebGaTesnbHbIM
KOHTYPOM (O4€Hb CKOPO Mbl MO3HAKOMHMCS C reHePaTopaMu, B KO-
TOPLIX KOHTYpa HeT). JTO TaK Ha3blBaeMble TPEXTOUEUHbIE CXEMbl
(puc. 115) ¢ eMKOCTHOM wuJM XKe C HHAYKTHBHOH oGpaTHOM
cBsA3b10. TpeXToueyHbie CXEMbI IOTYYHJIM TaKOe Ha3BaHUE MOTOMY,
YTO B HUX TPAH3UCTOP MOAK/IIOYAETCH K KOHTYPY B TPexX TOUKax
u Hanpsixkenue Uy 06paTHO# CBS3H CHHMAaeTCs C HEKOTOPOH 4acTH
camMoro KoHTypa. B mHAyKTHBHOH TpextoueuHod cxeme Uy, CHH-
MaeTcsi € 4acTu KaTywkH Ly, a B eMKOCTHO{ CXeMe —C KOH-
nencaropa Cy, Koropelil BMecte ¢ €  BxoauT B Koutyp. O6-
IIasi eMKOCTb KOHTyPa B 3TOM CJjydae Omnpejuessiercss ABYMs I0-
CJIef0BATENbHO COENMHEHHBIMH KoHaeHcaTopaMmu (Bocnomunanue
Ne 14).

Ycaosue a3 B 06enx CxeMax BBIMOJIHAETCS! TOJLKO NMPH TaKOM
MOAK/IIOYEHUH KOHTYpa K TPaH3HUCTOPY, KOrja B IEHTPE OKasbl-
BaeTCsa 3MUTTEP, a Mo KpasaM — KoJsaeKkrop u 6a3a. Eciu He Bbi-
MOJIHSIETCS] YCJIOBHE CBSI3H, TO B HHAYKTUBHOH CX€Me HYXKHO He-
CKOJIBKO MEPEMECTHTb CPENHIOID TOYKY TNOAKAIOUEHHS K KOHTYPY
C TaKuUM pacyeToM, ytoObl Mexny 6a30ii ¥ 5MHTTEPOM OKa3asoch
GOJbliee UMCAO BHTKOB. IIPH 3TOM YBEJHUYHTCS M HanpsKeHHe
obpartHoit cBs3u Uge. B emkocTHO# cxeme B nono6HOM cJayHdae
HYXKHO YMEHBUIUTb €MKOCTb KOHaeHcaTopa Cy, C KOTOPOTo CHHU-
Maercs HanpsaxeHue Uge, TAK KaK 3TOT KOHAeHcaTop Bmecte ¢ C
aGpasyer csoero poaa AeauTe b Hanpsaxenus, Yem menpme C.,
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Puc. 115. Yacrora aBToKoJIe6auuil oNpefesiseTcs MapamelpaMi 3JIEKTPHYECKOH
ueny, B 4aCTHOCTH HMHAYKTHBHOCTbIO ¥ €MKOCTBIO KOHTYpa.

TeM Gosblile €ro eMKOCTHoe conpoTuBjaenue (BocnoMunanue
No 13), Tem 66sblIas yacTh KOHTYPHOTO HanpsKeHUsi 0OKa3blBaer-
c HanpsKeHneM oOpaTHOH CBA3W.

Yacrora KoseGaxuil aBToreHepaTopa BO BCeX cjayuyasix onpe-
nensercs AaHHbIMU nerasnell KoHtypa LxCy Orosopka «B OCHOB-
HoM» HeoOXomMMa MOTOMY, YTO B KOHTYP BXOAAT elie U HEBUIH-
Mble HHAYKTHBHOCTH, eMKOCTU U conpoTusaenus. M npexne Bcero
e€MKOCTH KOJIIEKTOPHOrO H 3MuTTepHOro nepexonos. OHu cyMMmu-
pylOTCH C MapaMeTpaMH caMoro KOHTYpa H TakuM o06pa3oM BJus-
10T Ha yacrory. B cayuae HeoOGXOLMMOCTH MOXKHO JOBOJLHO MPoO-
CTO M3MEHUThb YacToTy KosieGaHu#l, u3MeHnB aJs 31oro Ly uau Cy
(puc. 115).

AgroreHepaTop ¢ KoseGaTesbHLIM KOHTYPOM MpU MpPaBUJAbHOM
pHiGOpe pexMMa TPaH3UCTOPa JaeT HanpskKeHUe, 1OBOJAbHO Osu3-
Koe K cuHycoupasbHOMy. OIHaKO CHHYCOWLAJbHOE HanpsiKeHHe
MOXHO 10Jy4uTh U 6e3 KOHTYpa — B TakK Ha3biBaeMoM RC-reHe-
paTope. B caMOM ynpolieHHOM BUJAe NPUHIHN NeHCTBUSA 3TOTO
reHepaTopa MOXHO ONMCaTh TaK: B HeM co3laHa uenb o6paTHOf

CBsI3H, MO KOTOpOﬁ npoxopdar KoJjebanus pa3HblX YacToT, HO TOJNLKD
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Puc. 116 B RC — reneparope AJA BHIMOJIHEHHS YCioBusi a3 HCNOAb3YIOTCH
Gasospalliaiolliie UENOUKW M3 KOHAEHCATOPOB H PE3HCTOPOB.

ILas ONHOH M3 HHX BHIIOJHseTCs YcjoBue (a3, U HMEHHO Ha
3TOM YacTOTe MPOUCXOAMT caMmoBo3Oyxiaenue (puc. 116).

B uenb o6paTHON CBSI3U reHeparopa BXOAAT TPH LENOYKH, Ka¥XK-
gas ¥3 KOTOPHX BKjlOuaer pe3ucrop ¥ KoHnaescartop. Orciona
u camo Ha3sanue RC-renepatrop. MH yxke 3HaeM, YTO KOHJEHca-
Top cosnaer caBur a3 MeXAy TOKOM H HanpsxenueM (Bocmo-
munanne Ne 13), a pesucrop HuKakoro ciasura ¢as He cospnaer.
BMecTe OHH CcABHTaiOT a3y Ha HEKOTOpPHIH yroJ ¢, KOTOPLIH Je-
KuT B npefenax Mexnay 0 u 90°. Yron casura ¢as 3aBuUCHT OT
IByX (aKkTopoB — OT COOTHomeHHs Mexay R u C 1 OT yacToTel
(Bocnomunanue Ne 16). C yBenauuenveMm 4acrotel, HanpuMep,
eMKOCTHOE€ COMpPOTHBJEHHE X¢ YMEHbILIaeTcs, ero poJjb B obmei
N0C/AEIOBATENBHON 1eNH CTAaHOBHTCH MeHee O YTHMOH, U yroJa
caeura (has TakXe cTaHOBUTCS MeHblle. Ha Gosee HM3KHX ua-
€TOTaX KOHJEHCATOp CTAaHOBMTCS TJIAaBHLIM AENCTBYIOMIMM JHLOM,
u yron casura ¢as npuGmuxaercas Kk 90°

Bcerna cymecrByer Takas 4acToTa, Ha KOTOPOH yroa caBura
¢das MeXLy TOKOM M HanpsiKeHHEM, a 3HAUUT, MEXIy HalpsKe-
HMeM, MOABOAKMBIM K RC-1ieTloyKe, H HanpskeHHeM, KOTOpoe C Hee
cHuMaetcd, pases 60°. Ecsin coegMHHTB noc/efoBaTeNbHO TDH
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1aKue 1enouKd, TO OHH CO34aAyT Ha Kakoji-To OQHOH uacroTe
(o6paTyTe BHMMaHHE — TOJbKO Ha OLHOM onpejeneHnoll sacrore!)
o6t yros casura ¢as 180°. Mimenno ua stoit yactore B RC-re-
Hepatope OyneT BBIMOJHATLCS yCaoBue a3, U HMEHHO 3Ty 4Ya-
ctoTy on OyneT reHepupoBaTh. EciM BYXHO H3MEHHTb 4AcTOTY
reHepalliy, TO JOCTAaTOMHO M3MeHMTb naHubie RC-uenouek. [lpu
VMEHbIIEHHH CONpoTHRAeHUs R ¥ eMkoctu C ycaosue ¢as Oyner
BLINOMHATLCS A Gojiee BHICOKOH 4acTOThl, a NPH UX yBeauye-
HUH — 151 GoJsiee HM3KOH.

Termepp HACTAJA MOMEHT HECKOJNbKO OTBJIEYbCH OT OCHOBHOH
TeMbl ¥ BBINOJHMTbL JaHHOe B KOHIie TpeibLayliero pasgena oe-
manue: o6bACHUTb, KAaK BO3HMKAET CaMOBO30yiKJeHHe B yCHJIH-
Tese HU3KOH 9acTOThl.

B ycnamtene HU Beerpa cyuecrsyer o6patias ¢Bsidn. 310 MO-
XKeT GbITh OTPUILATENbHAsi 0OpaTHast CBA3b, KOTOPYIO Mbl BBOAMM
ISl yMEHblIEHMs] HMCKaXKeHNH. DTO MoxKeT ObITh ¥ HEH3BECTHO
Kakas oGpaTHasi CBA3b, KOTOpas NOARJAETCA HEH3BECTHO KaKUM
nyTeM — uepe3 MCTOUHMKHM NHUTaHMsd, Yepe3d ofuMe Lenu cMmelle-
HHsl, 4epe3 BHYTPEHHHE CONPOTHBJEHUA TPAuU3UCTOPOB U T. L.
Brionne BeposiTHO, uTo AJii KaKOH-TO 49acTOTbl, & MOXKET ObITb.
W 1719 LesOH TPYINIbl 4acToT, 3JIeMeHTbl o6paTHOM CBA3H CO3AanyT
Tako# CABUT (a3, 9TO OHA OKAKETCs! MONOKHTeNbHON. A ecau ene
npH 3ToM GyJieT BLIMOJHATbCA HeoOXogumoe A caMOBO30y#xae-
HUs ycaosue (as, TO yCHJINTeNb, €CTeCTBEHHO, NPEBPATHTCH B Be-
HepaTop.

Yerpanurs caMopo30y:kieHHe yCHAUTENss MOXKHO, Hanpumep,
1aK: HYXKHO A0GUTbCs, YTOOLI B HEM HE BBINOJHSIOCH YCJAOBHE
cBA3U. A [ 3TOro, B CBOIO Ouepellb, HYXKHO CHU3MTL yCHJIeHHE
OJHOTO MJIM HECKOJbKHX KACKaJ0B, YMEHbIIWB, HANpumep, y HHX
conpoTHpseHus Harpysku. [Ipasaa, Tako# cmoco6 60pb0wl ¢ camo-
5030yXKAeHHeM TPYJHO NPU3HATb YAAUYHHIM, W, NPEX/]e 4eM Npu-
GeraTh K 3Toll KpafiHe#l Mepe, CTOMT NoucKaTb apyrue nyTtH. Ha-
npuMep, BBECTH JONOJHUTENbHbIE PA3BA3LIBalOUINEe (PUALTPHI, 3a-
mya1uposats Garapeo  KoHaeHncatopoM OGosibiioil  €MKOCTH;
OTCOE/MHHUTH [ENMY OTPULLATENbHON 06pATHON CBSA3H WM, N0 Kpai-
nell Mepe, H3MEHMTH JlaHHbIE UX JleTajell; NoouepenHo 3aMbIKaTh
BHIXOLHBbIE LENW TPAH3UCTOPOB KOHJAEHCATOPAaMH CPaBHUTEJNLHO
He 60JILILOH €MKOCTH, MO HECKOJbKY ThiCAu nHKodapax; npobo-
BAaTh YBEJHUYUTb EMKOCTb IEPeXOAHBIX KOHAEHCaTOPOB, H Ip.

TeHepauyss MOXeT BO3HMKaTb M B ycuautese BY, mnpuuem
31€ch AJs BbINOJNHEHHs 06oMX ycjaoBHE caMoBo30yXI€HUSR He Tah
yK MHOTO Hago. CHrHan HYXHOH (asbi M.HYXHOFO YDOBHA MO-
XEeT, HanpuMep, NofajfaTe M3 BLIXOLHOH LenH BO BXOIHYIO uepe3
Kakylo-HHOYib Mapa3sUTHYIO eMKOCTL, 00pa3oBanHyIo JByMs GJn3-
KO pacroJioxeHHbiMy nposogamy. HMuu uepes obumiee maruntHoe
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noJie ABYX HeynauyHO PaClosioXKeHHBIX xaTyuiek. K coxasenuio,
reHepauds B ycuaurtene BU we Bcerna nposBJsier ¢ce6a B BuIe
crenupuueckoro «nucKa». Moxer Tak CAy4HTBCS, 4TO YCHIHTENb
BUY po36yxaaercs, Ha ¢1yX 3T0 He 00HapyXKuBaercs, a NPUEMHUK
B peay/ibTarTe TaKoro caMoBo30yxaeHus he paGoraer. UroGw Ha#-
TH ¥ yCTPaHUTH caMoBo30yxaeune ycuantens BY, nyxuo nonpo-
60BaTb YMEHLUIMTH YCHIEHHE KACKa/0B, 2 MOXKET GbITh, BDEMEHHO
Jlaxke OTK/IOUNTb OIMH M3 HUX.

Ycrpauenve nmapasuTHoro caMoBO30yXKieHUsS YCHJHTEs BO
BCeX CJyuasix — Jeno He npoctoe M kpomorausoe. OHo TpeGyer
TepheHusi M, CaMoe [IJIaBHOe, NOHMMAaHMs (QU3UYECKNX Ipo-
ILECCOB, ¢ KOTOPHIMH CBS3aHO NpeBpallleHHe YCHJIUTENs B TeHe-
parop.

CylllecTByeT 1eiHil psifi TeHEPaTOPOB, KOTOPhIE JaloT Koseba-
HMSl HE CHHYCOMIAJbHOH, a CJIOXKHOK (pOPMbI, HanpuMep MpsMo-
YroJMbHbIe MMIYJbCHI, MHJA000pa3Hoe HaNpsiKEHHe, NMPephIBHCTHIE,
Kak Gbl MOAy/MHPOBaHHbIE KoJeOaHua U T. M. HecMoTpsi Ha u3Me-
HeHue GopMbl TOKA, IPUHLUN AeACTBHS BCeX reHepaToOpoB OCTaeT-
cf HeM3MEHHBIM: TOJIOXMTeabHas oOpaTHas CBsI3b [MPHBOAUT
K TOMY, 4TO 3JeKTPHUecKue KoJeOaHHs, UCNOb3Ysi FHEPTHIO KOJI-
JeKTopHoH Garapen, caMmu cebs NOJAAEPKUBAIOT, CO34AIOT HeMpe-
PBIBHBIH mpouece, B pe3ynbTaTe KOTOPOTO MEHSeTCs KOJJIEKTop-
Hblii TOK TpaH3UCTOpA.

OnvH U3 BecbMa IONMYASPHBIX TeHEPATOPOB KoJAeBGaHWi C/IOK-
Holt QopMel — 3T0 MyabTHBHGpaTop. CaMo ero HassaHue, nepe-
BEeIEHHOE HA PYCCKHI #3bIK, O3HAYAET <«TeHepPaTop, CO3]AINIUH
MHOrO pas3HbIX KoJeGauuil». B pacmpocTpaneHHOH cXeMe MYJIbTH-
BuGpaTopa paboTaloT ABa TPAH3UCTOPA, MPUYEM BHIXOA OXHOIO
W3 HMX cBsS3aH co BXxoaoMm Apyroro (puc. 117). dto npusomut
K TOMY, 4TO TPAH3UCTOPH IMOOUEPEAHO OTKPHIBAIOTCS U 3ANUPAIOT-
CSi: eC/IH OJIMH M3 HHX 3aNMpaercs, TO OH OTIHPAET CBOErO 3alep-
TOTO cocefa, a TOT, B CBOIO Ouepefib, OTKPBIBIIHCDH, 3aIIHPAET CBO-
ero nzbasurens, OTKPHBasich npu 3ToM cam. [Ipouecc ator mpo-
HCXOAMT HEeNpepsiBHO, 4eM-To HallOMHHasi mepeGpachiBaHue Msua
yepes BoeHGOMBRYIO CETKY (CJIOBA «OTNUPAETCsi» U «3anHpaercs»
NPUMEHUTEJBHO K TPAR3HCTOPY, KaK BCErja, 03HAYaloT Nponycka-
HMe KOJIIGKTOPHOTO TOKA NoA ZeHcTBHeM «MHMHYCa» Ha 0ase u mpe-
KpailleHHe 3TOro TOKa MOA JeHCTBHEM «moca»). Hacrora Kode-
6aHuii, KOTOpble [daeT MyJbTHBHOPArop, 3aBHCHT OT TOro, Ha-
CKOJILKO GbICTPO NMPOMCXOIMT 3apsiil M pas3psii Kouaencaropos C’
u C. VaMeHsisl eMKOCTb 3THX KOHIEHCATOPOB, a TaKke COMPOTHB-
nenne pe3nctopoB Rs u Rg, 4epes KOTOPwle NPOUCXOANT 3apsA

M Pa3psaj KOHIEHCATOPOB, MOXKHO B JOBOJIbHO IIUPOKUX mpenenax
MEHAITL 4acTOTy KoJebaHui. 311



Puc. 117. B myabtuBubpatope KoseGanusi BO3HUKAIOT B pesy/bTaTe MOOYepen-
HOTQ 3aMHPaHUsl TPAH3HCTOPOB.

PaccMOTPHM HeCKONbKO NPAKTHUECKHX CXEM TPaH3HCTOPHBIX
TeHePaTopoB.

[TpocTefinii reneparop, BHLINOMHEHHBI 10 TPEXTOUEUHOH CXxe-
Me ¢ HHOyKTHBHOH oGpaTtHoii csi3bio (puc. 118—1), moxer 3a-
MEHHTb B Balllei KBapTHpe 3JeKTpHuecKH# 3BoHOK. Posin KoOH-
TYpHOH KAaTyIUKH C OTBOJOM B TAaKOM 3BOHKE BHINOJIHAET aBTO-
TpaHchopMaToOp, HaMOTaHHBI Ha JIOOOM CePHEuHHKE CEueHHEM
3 cm? (MOKHO B3SITh, HalpUMED, CEPAEUHHK OT TPAHMISLLHOHHOTO
rpomkoroopurensi). Jlanusie cekuuit: /s comepxkuT 25 BHTKOB,
Ia n 16 —no 35 surkos nposoma [19 0,45. Henocpencreenno
K CeKUHH /8 MOAKIIOUeH HU3KOOMHB rpoMKOroBopurens. Yacrory
KosieOaHHH MOXKHO MEHATb, NoaOHPass eMKOCTh KoHpeHcatopa Ci,
KOTOpHIH BXOAHT B KosebaTeqbHbIH KOHTYP.

Cnenywomunii reneparop (puc. 118—2) paer npepniBHCTHIE
KoeGaHHa 3BYKOBOH 4acTOThi, YeM-TO HANOMHHAIOIIHE CHIHAJIBI
Haulero Mnepsoro CnyTHHKA, 3HameHutoe «bBun-6un-6um..». Cam
reHepaTtop 3BYKOBOH 4acToThl COOpPaH IO TPeXTOYEYHOH CcXeMme
¢ eMKocTHO# o6partHoi cBa3bio. B kauectBe Karymku L; MOXHO
BKJIIOUHTH OOMOTKY BBLIXOJAHOTO WJH CoOlViacylomlero TpaHcgopma-
Topa.
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Puc. 118, CxeMBt Tpausucropuux rexeparopos {npodosxcesue),

IIpepuiBucras rewepanus mnojysaercsi 6Jarofaps MepHOAH-
YeCKOMY 3aliMpaHuIO TpaHaucTopa T) HanpsiKeHHeM, KOTOPOE no-
agnsercs Ha R Tlociae Toro Kkak TPaH3HCTOp 3anpercs H KO-

JiebaHusa CpHBAIOTCH, 3aNHpalollee HalpsKeHHe MajiaeT, H TPaH-
SMCTOp BHOBb OTKpbipaerTcA. YacToTa oTMMpaHuss TtpaH3HCTOpA,
a 3HauMT, M yacToTa MOSAB/NEHHS «ITaKeTOB» 3BYKOBLIX KosebGaHui
3aBUCAT OT AaHHBIX 3apsigHo# uenoukn RyCi. TMopGopom 3THX
KeTtajiel MOXHO NOGHTBCH TOro, 4TO 3BYKOBbIE CHTHAMbl OynyT
NOSIBJIATLCA ONMH — TPU pa3a B CEKyHAY. HacroTa 3BYKOBLIX KO-
JebaHHuil, To ecTb CaM TOH 3ByKa, B OCHOBHOM ONpeensieTcss je-
TanamMu Kourtypa L,C,. Tlpu manaxusaHuu reHepatopa MOXKeT
0Ka3aThCs NOME3HHIM 3a3eMaAHTb Ga3y Ty Yepe3 KoHJEHCATOD B He-
CKOJIbKO MuKpohapan. Ha tpansucrope To cobpan ycCuaMTeb,
B KOJJIEKTOPHYIO LEnb KOTOPOTC BKJAKUYaercs TededOHHHIN Kal-
CyJb HJIH TPOMKOTOBOPHTEJb C BBHIXOAHEIM TpaHchHOpPMaTOpOM.

Iepuonnyeckuit 3apsig KOHAEHCATOPA UCMOL3YETCH B JPYrOM,
O4eHb INPOCTOM [ABYXTPAaH3MCTOPHOM redeparope (puc. 118—5),
KOTOpBI [aeT JBa «COPTa» 3JIEKTPHYECKHX CHIHAJOB — MH-
J000pasHblii M GIN3KHA K NIPAMOYrolbHOMY. B mepsbiit MOMeEHT
nocse BKJIOYEHMsi 00a TPaH3NCTOPa 3amepT, a koHgeHcatop C)
uepe3 Rj 3apskaercs MUTAOWMM HanpsokenueMm. [Ipu sToMm 3a-
NHpalomiee HanpsKeHUe YMEeHbIIAeTcs, U B KakKOH-TO MOMEHT
TPaH3KHCTOPBl OKa3bIBAIOTCA OTKPLITHIMU. Yepes HUX pa3psamaercs
KOHJleHCATOP, B BeCh NpoOlPCC HAUNHaeTCcs cHauanra. [Ipu ykasaH-
HbIX Ha CXEeMe BeJHYMHAX NMpPOAOIKHTENLHOCTL OJHON «THJBI> CO-
cTaB/seT okosio 3,5 cex. UToObl yMeHbIIHTH 3TO BpeMs, TO eCTh
YBEIUUUTD 4acToTy KoseGaHuil, HYXKHO YCKOPH1b Mnpoliecc 3apsiia
KOHJleHcaTOpa, yMeHpIunB Cy uan R3. OcofenHocTs reHepaTtopa —
BbICOKOE BBIXOJIHOE COMPOTHBJAEHWE, ¥ €ro HYMKHO MOAKJAIYaTh
K ycuiurtesi0 ¢ NepebIM KackagoM no cxemMe OK,

Bo muornx npakrnueckux cxemax RC-reHepaTopoB HCHONb-
3YyIOTCSi Ba TpaH3WCTOpa, TaK KaK IPH 3TOM OABJAKETCS 3arac
YCHJIEHHS1 M JIerde BhIMOJHUTHL yCjoBHe CBS3H. CUrHas nocTynaer
C BBIXOJia BTOPOro TPaH3HCTOpa Ha BXOA NePBOro uepe3 OGLIUHYIO
JUHHUIO TIepesauH, cocTosllylo M3 Tpex RC-yencuek, W raxzaas
U3 HUX rnoBopaunBaer ¢asy na 60° Ilpu noncuere obuiero casura
(a3 HyKHO NIOMHHTB, YTO Ha KOJIJIEKTOpE W Ha Ga3e OLHOrO M TOro
e TPaH3HCTOPa HamnpsiXeHus npoTuBodasHbl (Korma Ha Gase
pacTer HanpsKeHUe, Ha KOMJIeKToOpe OHO yMeHbinaercs). Ecau ke
Harpyska BKJIlOueHa B 3MHTTepHYI0 uens (cxema OK), To Ha 3TOii
HarpysKe HamnpsiXeHue coBnajaeT no ¢ase ¢ HanpskKeudeM RHa
6ase (korga HanpsixeHHe Ha Ga3se pacTeT, TO YBeJMUHBAETCH KOJI-
AEKTODHBI TOK H HanpsXXeHHe HA 3MHTTEPHOH HarpysKe TOXe
yBeJIHuMuBaeTcs), 315



Tocne 3tux npeaynpexaeHufi cTaHET NOHATHO, KaK MOJYy4aeT-
€A HEOOXOAHMMBIH cABHT (a3 B mpakTHueckod cxeme RC-reuepa-
TOpa, mpupefienHodl na puc. 118—3. Tpawsucrop T, ue mnoso-
paunBaet (asy obpartHON cBsidH, TpaHsuctop T MOBOpAYHBAET
¢asy Ha 180° 1 Ha CTONBKO Xe NOBOpauuBaeT a3y JuHMA Nepe-
nauu, cocrosinas u3 tpex RC-penouek. O6iuuii caBur (a3 pased
360°, To ecTb paBeH HYJIO, H YC/IOBHe (ha3 BBINOJHSAETCH.

Jns npuseneHHHIX Ha cXeMe AaHHBIX YacToTa KosebaHuil co-
craBasger npuMepso 5—15 ey. Takne HH3aKkouacTOTHHE KOJeGanHs
HCIOJb3YIOTCS B 3JIEKTPOMY3HKAJIBHBIX HHCTPYMEHTAX AJS CO3[a-
HHA TaK HasplBaeMOro Bu6paTo — CBOCOOPA3HOH MOAYNSUHHM 3BY-
ka, Eciin ymeHbmnTs eMkocts u conporusienne RC-yemnouek, 10
regepaTtop OyneT AaBaTh GoJlee BEICOKYIO 4acioTy.

B kauecTBe HH3KOYAaCTOTHOTO TreHepaTOpPa paAHONIOGHTENH
Yaie BCEro HCMOJb3YIOT MyJAbTHBHOPATOP — OH NPOCT MO CXEME,
He Tpe6yeT KaKHX-T1HGO CJOXKHBIX AeTaJjell, HauvHaer pa6oTtaTb
6e3 BCAKOro HaMaXKHUBAHHA M MO3BOJAET OYEHDb JIETKO MEHATH Ya-
cToTy KojeGauuil. [iBa TMOHUHBIX My/AbTUBMGDaTOpa BHI Hafijere
Ha puc. 118—6, rne npusoguTes cxeMa urpymkd «CnyTHHK>.

MysbTHBHGPaTOP, BHINOJHEHHH# Ha TpansucTopax I’ u To—-
9T0, MO CYTH Jieq1a, CaMOCTORTe bHBI 6JIOK, KOTOPHH Aaer KoJe-
Oanus ¢ yactorToil 0Koso 1 K2y, Ysenuuusas C;C, unu B KpaiineM
ciyyae R3R4 (CompOTHBJIEHHE HTHX PE3UCTOPOB BJHSET He TOJLKO
Ha 4acToTy, HO H HA DPeXHUM TPHOJOB), MOXKHO YMEHBIIHTH 3ITV
4acToTy BIJIOTH Ao posedi repra. Tak, B YaCTHOCTH, BO BTOPOM
MyJabTHBHOpaTOpe, co6panHOM Ha Tpanauctopax T4Ts, Gnaronaps
YBEJIHUEHHIO €MKOCTH Pa3fe/nTe/NbHBIX KOHIAEHCATOPOB N0 25 MKQ
4YacToTa MNOHHXKeHa a0 3 2y.

Bropoit MyasTHBHGPATOD fiBASieTCS CBOErO POAA KJIOYOM, MO-
JLalOHIHM NHTaHUE Ha NMEePBHIH, «3BYKOBOH» MyabTHBHGpaTOp. B pe-
3yJbTare, TakK e Kak HBcxeMe puc. 118-—2 3Byk monyuaercs npe-
PHIBUCTHIM M HANOMHHaeT CHTHAJB] NEPBOro cHyTuhka. [leprHonu-
YeCKoe BKJIIOYEHHE «3BYKOBOIO» MyJIBTHBHGPATOpa MPOHCXOJAHT
MOTOMY, YTO OH (haKTHYECKH ABJAETCH KOJJIEKTOPHOH Harpyskofi
OZHOTO H3 TPaHanucTopos (T4) «KioueBoro» (MPaBoOro nmo cxeme)
myabTHBHOpaTopa. Korma stor Tpausucrop samept, To Ha Ha-
TPy3Ke, TO ecTh HA «3BYKOBOM» MYJbTUBHGpaTOpE, HET MUTAIO-
mero wanpsxkenus (npu [x=0 Hanpamenue Uyx=/Ry TaKXKe
pasuo Hymwo). Korga xe tpausucrop Ty oTnupaercs, To cOmpo-
TUBJIEHHE €ro Majaer H Hanpsi)KeHHe HCTOYHUKA TOYTH NMOJHOCTLIO
NIOCTYNaeT HA KOJUIEKTOPHYIO HAarpy3Ky — Ha «3BYKOBO#H» MyJbTH-
BrGpaTop. IToCcKOMBKY 3TOT MYJILTUBHOPATOP BMECTE ¢ CHTHAJIBHOM
JIaMIOYKOH OT KapMaHHOrO (oHaps noTpebaser cpaBHUTEBHO
Gosbmon ToK — Gosipme 100 Ma, — 10 B CXeMy NMPHILIOCH BBECTII
elle OAMH, yXKe NOBOJbHO MomHHIE Tpausuctop I1201 (T3). On
3i6

fioMoraer Tpausucrtopy T4 BHINOJHATH TPYAHYIO PaGoTy M Jerko
NPOMyCKaeT HyXHBIH TOK. DTOT TPAH3HCTOP MOXKHO Ha3BaTh MOJY-
NPOBOJHUKOBLEIM peJie, KOTOPOe, NOJIYYHB KOMaHAY OT CBOEro
ynpasaswomero Ttpassucropa (7T4), mofaer nuTanue Ha <«3BYKO-
BOH» MyJabTHBHGpPaTOp.

Eme onso npumesenne My/bTHBHOPATOpPA — SJEKTPOHHEI Me-
TpoHOM (pucC. 118—7), TO ecTh reHepaTOp, OTGHBaOWHE ANA MYy~
3BIKaHTa POBHBIA TAKT BO BPEeMS peneTHuR,

YacToTy c/neoBaHHS HMNYJbCOB MOXHO MEHSTh CKayKooG-
passo nepekyodareneM /1, WM NJIaBHO ONHHM M3 DPE3HCTODPOB
Rs wnu Re (B 3aBHCHMOCTH OT MOJIOXKEHHs Mepekaioyareas). 1ot
Xe MyJabTHBHGpaTOp ¢ ycHaHTeNeM T3, eClH PE3KO YMEHLUIHTH
€MKOCTb TEPEXOAHBIX KOHAEHCATOPOB, MOKHO HCMOJb30BaTh KakK
CaMOCTOSITE/IbHEI 3BYKOBO#H reHepaTtop, HanpuMep, nas obydenus
azbyke Mopse Hau B npocreflileM 3/EKTPOMY3HKANLHOM HHCTPY-
Menre. J{ns yBesMuenus BEHIXOMHOH MOILIHOCTH MOXHO B KayecTtse
T3 Bxawuuth 1pansucrop I1201.

Ouenb npocTOd MyAbTHBUGPATOP MOXKHO cOGpPaThL Ha TPAH3H-
cTopax pasuoii mpoBoguMocTH (puc. 118—4). Uacrory caenoBa-
HUSl HMIOYJILCOB M HX NPOAOCJIKHTENBHOCTbL 3J1€Ch JETKO MEHATh
B WIHPOKHX npefieiaX: ¢ yseauvedneMm C; W R, Bospacraer gau-
TEJIBHOCTD HMTYJILCOB, a ¢ yBeauyennem C; u R, Bospacraer npo-
JOJUKHATENBHOCTD Hay3 MeXay #Humu. [1py ykasaHHBIX Ha cxeMax
Be/IMYNHAX YacTOTa NOBTOPEHUS HMINYJLCOB OKa3biBAETCS OYEHB
HU3KOH — OKO0J1O OJHOTO MMIyJibCa B CEKYHAY.

TIpocToit 5/1eKTPOMY3BIKAMLHBIN HHCTPYMEHT <O CTAK 3 HY
(puc. 111—4) moxHO co6parth Ha OCHOBE Tak Ha3biBaeMOro 6Jo-
KHHr-TeHepaTopa.

Tak ke Kak B 3HaKOMOM HaM reHEPaTOpPe CHHYCOHAA/IbHBIX
Kosnebannii ¢ Tpancdopmatopuoil obparHolt cBu3bio (puc. 114),
3HEPrUsi H3 BEIXOJHOH LemM BO BXOJHYIO NEPENALTCH 4EPE3 TPAHC-
dopmaTop. Opnako camoBo3byxpenne GAOKHHI-reHepaTopa He
CBA3aHO C COGCTBEHHBIMH CHHYCOHAA/NbHBIMH KOAeGAHUAMY B KOH-
Type. KosieGanus B GJIOKHHI-TeHePaTOpe BO3HHKAIOT B Pe3yJbTaTe
AOBOJIBHO CJIOKHHIX JIaBHHOOGPA3HBIX MPOLECCOB, KOTOPLIE MPHBO-
IAT K MEePHOANYECKOMY 3aNHPaHHI0 H OTIHHPAHHIO TPaH3HCTOpA.
M, KaK 3To yXe He pa3 GHIBAJIO B APYrUX 3HAKOMBIX HaM reHepa-
TOpaX, udactoTa KoJseGaHui onpesensercs NaHHHIMH 3apsaHoOf
RC-uenoukn.

Brixonuoe compoTuB/ienne GIOKHHI-reHepaTOpa NOBOJILHO Be-
IIKO, ¥ €0 MOXKHO NOAKJI0YaTh JULIb K yeuautenro HU ¢ Beicoko-
OMHBIM BXOJAOM, HalnpUMep KO BXOAY 3BYKOCHUMATeJs JaMIIOBOro
NPHEMHUKa WM Pafnobl. L8 NoaKAIOuUeHdst GIOKHHT-TeHepaTopa
K TpaH3uCTOpHOMY yeuimTeqio HU HyXHO BBecTH ROMOJHUTENB-
BLIi mepBhHil yeuanTenbHu kKackag no cxeme OK uau NPHMEHUTH
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rotoulf  6JOK YCHJEHHs,, CXeéMa KOTOPOro TpHBeJeHa Ha
puc. 104—1. Ponb 3apsaaHOro pesucTopa BHIIOJNHSET BOMA, Ha-
JIUTass B CTaKad M BKJ/IOYEHHAs B Llellb C MOMOUIbI0 ABYX AJHH-
HBIX 3JEKTPOJOB H3 TOHKOHM JKeCTH HJIH H3 TOJCTOH MPOBOJIOKH.

Ecnn noguuMaTh HJIH ONMyCKaTb 3TH 3JEKTPOAbI HJAM OfHH H3
HHX, TO 00beM BOJibl, BKJIIOUEHHON B LeNlb, 6YAeT MEHATHCH, a 3Ha-
qyuT, OyfeT MeHaTbCs H yacToTa KoJaeGanuli GJOKMHr-redepaTopa.
SseMeHTH Lenmu MoAo6paHbl TakMM 0Gpa3oM, 4ToGH remepaTop
paGoTtan B puamasoHe 3BYKOBBIX YacTOT H uToObl, NMepeMellas
OfHH H3 3JEKTPOAOB, MOXKHO OblI0 Obl HCNONHATH NpOCTeRlIne
MesaonuH. B kauecrse Tp; moxuo B3ate BTK (61okuur-tpancgop-
MaTop Kaaposhlii) OT JKG6oro TelaeBH3opa.

Ha H3MeHeHHH CONPOTHBAEHHS 3apAAHON IEMOUKH OCHOBAHO
H3MEHeHHe TOHA B APYroM IMPOCTeHlieM KJIaBUIIHOM MY3HIKaJb-
HoM HHcTpyMmenTe (puc. 111-—1). ConmpoTusnerus, onpenensiollte
TOT WM HHOH ToH, 00pasoBaHBl ABYMfA PE3HCTOPaMH, HallpUMep
R, u R, u4to6b MoAGOPOM MEHBIIEro CONPOTHBIIEHHS Jierde Gbijio

OBl OCYIIECTBHTH TOYHYIO HAcTPOHKY uHcTpyMeHTa. Eme npome
MOArOHSATL YaCTOTy [eHEPaTOpa, ec/d B 3apSAHYIO Lellb BKIAIOUHTD
nepeMendnie pesuctopnl. HacrpoliKky resepatopa uetpyamo cpe-
JsaTh ¢ MOMOmbIo posing. OpHenTHpoOBOUHO conpotusiente R, + R;
noJIKHO cocTanaTh 1504200 xkom, a kKaxaoe ciaeaymomee AONK-
HO ObiTb MeHblle npuMepuo ua 10 xom.

KnasHmn nerko H3roToBHTb CaMOMY H3 TOHKOH H ympyro
CTANbHOH, NaTYHHOH HJIM reTHHAKCOBON IIACTHHKH, 3aKPENHB HA
Hell npocreduine KOHTaKTH (puc. 111—3).

IMocne Toro Kak 3/eKTPOMY3bIKaJbHbIA HHCTPYMEHT HACTPOEH
1 HaNaXKeH, MOXKHO IMOMBITATbCS CenaTh Gosee GOraTeiM ero 3By-
yaHHe, BBECTH HECKOJNBbKO wemed (opMuposanusi tem6pa. Hsme-
HeHHe TeMOpa — 3TO Bcerga H3MeHeHHe (OPMbI CHrHaJa, HJH,
HHaue roeops, ero Hekaxende. [Tostomy B cucremy dopMupoBanus
TeMGpa MOryT, HalpHMep, BXOANTb JHOABI, CPE3aIIHE TOJOBHHY
curnana. HWmm puonwm, paGoramiiHe B pekHMe OrpaHHYEHHSs
{puc. 27—9). DopmupoBanHe TemOpa B 3J€KTPOMY3bIKAJLHBIX
HWHCTPYMeHTax JHKIIb PacIHpseT Halll CHHCOK BO3MOXHBIX «IPO-
¢eccHii» MONYNpPOBOIHHKOBOrO JHOAA, HO €lle JaNeKo He 3aBep-
HIaeT 3TOT CIHCOK.

NPEKPACHBIE HCKAXEHHA

Ecan 8Bl moCTpoHTe NMPHEMHHK N0 OJHOMY H3 NpHBENEeHHbIX
B 3Tofl KHHre OMMCAHUH H 3aXOTHTE, He MeHAS OCHOBHOH cXeMHl
PBECTH B NPHEMHHK KOPOTKOBOJIHOBLIH [nHana3oH, TO 3HaHTe —
3TO HamnpacHasi 3arTes.
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Ha nepseift B3rass MOxkeT 110Ka3aThCsl, 4TO, AJs TOr0 4rolsl
NPHHUMATh KOPOTKHE ROJIHbI, HYXKHO JIMUIb H3rOTOBUTH HOBbIf
KoJieGaTeNbHbI KOHTYP ¢ OoueHb HebonbiIoH HHAYKTHRHOCTBIO. Pe-
30HAHCHAs YyacToTa KOHTYPa IPH 3TOM Pe3KO YBEJMUHTCS, W eC/H
MpaBUALHO PacCYUTaTh UHAYKTHBHOCTb KAaTYIIKH, TO MOXHO BO-
FHATb 4acTOTY HACTPONKHM KOHTYPa B rPAHHLBI KOPOTKOBOJHOBOIO
pnanazona. Onnako Takas Mepa, Kak 3To HA CTPAHHO, HHYEro He
ZaCT — KOHTYP GyJeT HaCTpanpaTbCs Ha KOPOTKOROJHOBbIE CTaH-
IIMH, a NMPUHHMaTb MX Bbl HaBepHsKa He Gynere.

IMpuunn 3pech Heckosbko. Ha KopoTkux BosHAX, To ecTb Ha
YacTOTax Or HeckoabkuX Mey no neckoabkux jaecarkor Mey, Bce
Hall{ YCHJUTeNbHbIe CXeMbl He paGoTalor MM B jAyulleM cjydae
paboraioT mioxo. HaunHaioT ckasbBaTbCs NapasvuTHbIE eMKOCTH,
KOTOpble HE Mrpajy INOYTH HUKaKoH POJMM HA CPENHMX M AJAHHHBIX
BOJIHAX, TO €CTb HA YACTOTaX MeHblle WM HeMHoro GOoJblue yem
1 Mey. W3-3a Tex e napasuTHLX eMKOCTeH BO3HUHKAWOT obpar-
Hble CBSI3W, W yCHJIMTEJb, KaK NpaBujo, Bo3bGyxkaaercs. Ho naxe
€CJ/IM B pe3y/abTaTe [0Jroro, KpoNnoT/AHBOro HanaKnBaHus yaacres
MMHOBATb 3TH HENPHUSITHOCTH U NMPOBECTH CHIHAJBI KOPOTKOBOJHO-
BblX CTaHuHﬁ OT aHTeHHbl A0 AETEKTOPH, TO H B 3TOM cJtydae noJb-
30BaTbCs NPHEMHUKOM BCE PABHO Henb3si OyJeT, NOTOMY 4TO KOH-
TYP NpPOMNYCTUT B MPUEMHHK C€pasy oueHb OoJibllloe UUCI]O
CTaHLHH,

Ha KOpoTKHX BO/MIHAX Aa)Ke O4eHb XOPOLIMH KOHTYP He B CO-
CTOSIHUH OTJAEJMTb HYXKHYIO CTaHUHIO He TOJIbKO OT cocejiHed, HO
u or cocenell 3toil cocenHedt craHnuu. [TouaTe 3To HerpynHo. Pa-
AMOBEIIaTeNbHbIE CTAHHY OTCTOAT APYr OoT Apyra Ha 0 xey: ecau
ofHa cranuusi paboraer, nanpuMep, Ha uacrore 700 xey, To yxe
Ha 710 xey nan 690 xey Moxer paborarp Apyras ctaHuus. Cpas-
HUTenbHO Heboabinol nuTepBaJ — 10 Key — Ha JJIMHHBIX BOJHaX
cocrasJasiet npumMepHo 2—7Y% pesonancHOH uacroThl. Takoe oTin-
yHe yacTOT, TaKoe OTK/AOHEHHe OT pe3oHaHCa XOpPOLIHH KOHTYP
MOJKeT JlerKo 3aMeTUTb, H NMO3TOMY Ha JJIMHHBIX BOJHAX OH obJja-
aeT HeIIoX0# M3GUpPaTebHOCTbIO, HEMoX0 ocnabiiser cocenHue
Meluamie CTaHiHH.

Ha cpepuux BoJHax feso yXe OOGCTOMT XyJKe: 3/lecb 4acToTa
coCefiHel Melaolell CTadlHH OTINYAeTCsS OT Pe30HAHCHO uacTo-
el Becero Ha 0,7—29% (3710 BHOJHE NMOHATHO — C NEPEXOAOM OT
JAJMEHBIX BOJH K CPeJHMM Pe30HaHCHAs 4acToTa KOHTYpa NOBHI-
maercs, a paccTosiHHe N0 CocefiHell CTAHUMU OCTAGTCA TAKUM XKe,
KakuM u Obio,— 10 key). BoT noueMmy Ha cpepHux BoJHAX
H3GHPaATENLHOCTh OKa3biBAETCA 3HAUMTENIBHO XYK€, deM Ha
BJMHHBIX.

Hy, a uTo KacaeTcs KOPOTKOBOJIHOBOrO AHama3oHa, To 3[ech
BXOHOA KOHTYP /06Oro H3 HalIHX NPUEMHHKOB, IO CYTH Aefa,
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pooGiie He o6nafaeT HHKakoH H3GupaTensHocThio. Ha KB pua«
na3oHe yacToTa cocefHefl CTAHUHH OTJHYACTCH OT PEe30OHaHCHOH
gacrorsl Bcero Ha 0,05—0,2%, u 3aMeTHTh TakOe pasjHuHe KOH-
TYp He B cocTosiHuM. IIpakTHueckH OH €pa3y MOXKeT MpPOMYCTHTb
B NpHEMHHK Oe3 3aMeTHOro ociaal/ieHHs ABaALaTh — MAThAECCHAT
paadoBelaTeNbHBIX CTAHUHMH, He CYHTas MHOKECTBA «MODP3SHOK»,
HHAYCTPHAJBHBIX H aTMochepHLIX MOMeX.

Ecan BBl 3aXoTHTE B NOPSAAKE «IICHXOJOTMUECKOTO MPaKTHKyMa»
Ha#lTH BHIXOJA M3 cO3/[aBLIErocsl TPYAHOrO TNOAOXKEHUs, To HaBep-
HSIKa NPeXJe BCero npejnoxure asa pelledus. Pemenne nepsoe:
MOXKHO YBEJIHUUTB YHCAO KosieOaTesibHbIX KOHTYPOB. Peluenue BTo-
poe: MOXKHO BBECTH MOJOXKHUTE/NbHYIO 06paTHYIO CBA3bL U C ee Mo-
MOILBIO YJAYULIHTL AOGPOTHOCTbL KOHTYpa, clefaTth ero pe3oHaHc-
HYI0 KpWBYIO Oosiee OCTPOIL.

K coxaneHnio, NpakTHUECKH HW OJHO W3 3THX ABYX pelueHHH
He NpHeMJeMO. YBe/HUNB YUC/AO KOHTYDOB, Bl CTPAIUHO YCJAOXK-
HHTe MPUEMHHK: Befilb KaXKAbH KOHTYp — 3TO CaMocTrosTenbHasd
KaTyIlKa, OTAe/NbHas CeKUHs Mepek/iouaTesns AHANa3oHOB H, YTO
CTpallHee BCEro, OTHe/NbHbIH, HO B TO e BpeMsi CBA3aHHBIN
C OCTa/JbHBIMH KOHIACHCA10pD HACTPOHKH (BCe KOHTYPHl HOJKHH
mepecTpanBaThCs OJHOBPEMEHHO NOBOPOTOM oAHOH pyuku!). Ho
naxe ecnu Obl Mbl CO3[1a/id CTOMb FPOMO3AKYIO MHOFOKOHTYPHYIO
CHCTEeMYy HacTPOIXH, TO W OHa He pemHna Ob npobnemy nepe-
BoJla HAIUMX NpocTeHIINX NPHEMHUKOB Ha KOPOTKHe BOJHB. UTO
e KacaeTcsl MojioXKHTeNbHON oOpaTHoll cBA3H, To Ha KOPOTKHX
BOJIHaX OHa KpaiiHe HeyCTOMUWBA M MOXKeT JIHIUb UCTPEnarh Hep-
Bbl BJAJeJblly NPHEMHHKA, HO HUKaK He o6eclieyuTb ycToHuH-
BHIH, YBEepEeHHbIi MpHeM KOPOTKOBOJHOBBIX CTaHIIMMH.

B 3TOM MecTe, Mo-BUAHMOMY, MHOTHE H3 Bac XOTAT 3alaTh
BOMpOC: eC/M Bee TaK CIOXKHO H BCE TaK MPauHoO, TO KaK XKe pa-
6oTalOT Ha KODOTKHX BOJIHAX TaKue, HaNpHMEpP, TPaH3HUCTOPHbIE
npueMHHuKH, Kak «Cnupona», «Cnopr-2», «Conaras, «CyBeHup»
u apyrue? OTBer mpoCT: B 3THX NPHEMHHKax TNPUMEHeH COBep-
11eHHO 0co0bifl, ele He 3HAKOMBIY HaM cynepreTepojHHHbIE NpHH-
UMM pajuolpHema.

CyLIHOCTb ero cocToHT B cieayiomeM. B kakom 6ul nuanasoHe
HHU BeJicsl NpHeM, KaKylo Obl CTaHUHUIO MBI HA NPHHHUMAJH, ee CHur-
HaJ B NMPHEMHHKe NIpeXJe BCEro mpeoGpasyeTcss B HOBBIH cHrHAJ,
HMEIOHN{ CTAaHAapTHYIO, /1S BCEX CYyuaeB OAHHAKOBYIO 4aCTOTY:
465 key. A nanplie yxe yCHINBaeTcs 3TOT ABOHHHK CHrHajsa MpH-
HHMaeMOH CTaHUHH, YCUJIUBAETCs CUCHAM NPOMEXYTOUHOH yacTte-
ol (ITH). Ha npoMexxyTouHOM uactoTe NPOUCXOAHT U OUHCTKA OT
MewaloMX coceHHX cTaHuui. Tenepp X 4acTOTH U A cpefHe-
BOJIHOBOrO JHaNma3oHa H A5 KOPOTKOBOJHOBOIO OTIHHAKTCA OT
pesonancHo#l (ue 3a6yabTe, OHA Beera pasHa 465 key) Ha BecbMa
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OIYTHMYIO BCAMUMHY — Gosee ueM Ha 2%. Ho npaxe ue 3712
uudpa paayer Gosbuie Bcero. CaMoe rnasHoe TO, YTO TNPOMENKY-
TOYHAsi 4acToTa BCerja OJMHAKOBa, a 3HAQUuT, B ycuauTean I1U
MOXHO BKJIOUHTH OOJbUIOE UMC/AO Pa3 4 HaBcel[a HAacTPOEHHBIX
KOHTYPOB.

TTocsie Toro Kak ¢ TakuM O/eCKOM NpejcTtalu fepesi HaMHu JIO-
CTOMHCTBA CYNepreTepoOAMHHOrO MpHeMa, ocraercs A0Ka3aTh, UTO
9TOT NPUHUHUN B JAeHCTBHTEJNbHOCTH MOXKeT ObiTh peajin3oBaH, YTO
MOXHO CHTHaJ JM060H NpUHUMaeMOl CTaHUWH NPEeBpPaTUTh B CHT+
HaJ CTaHAAPTHOH MPOMeXYTOUHOH YaCTOTHI.

Haxwmure nBe 6/M3KNe KJAaBHILH PO/ — CHauana Mo oraedib-
HOCTH, a 3aTeM BMecTe. BHNMaTeqbHO MpHCaAyIlaBILUCh, Bb O0Ha-
PYKHUTe, uTO NPH COBMECTHOM 3BYYaHHHU KJAaBUIUM CO3NAIOT KAKO#-
TO HU3KHIA, XPUMIOBATHIA H JOBOJNLHO Ciabniit NPpH3BYK, KOTOPOro
HE laeT HU O/lHa W3 HUX B OTHEJAbHOCTH. DTOT NPU3BYK MOABAsIETCS
B pe3y/ibTaTte OAHOBPEMEHHOrO HCKaXKEeHUsl ByX CUrHAJ/OB, B JaH-
HOM cJ/yuae — ABYX CaMOCTOATENbHBIX 3BYKOB, KOTOpble AAiOT
/B¢ OJHOBDEMEHHO HaKaThle KJaBHILUH.

Heno B ToM, uTo Haile YXo B Kako#l To cTemneHH Bejer cebs
KaK MOJMyNPOBOJHMKOBLIH NHOA: OHO HMEeT HeJHHEeNHYI0 xapakTe-
pucTHKy (cM. crp. 161) m chaerka Hckaxaer GOPMY 3BYKOBOrO
CHUrHana, HCKaxKaeT ChnekTp 3ByKa. Korpa B yxo nonajpaer To/ibKo
OAMH 3BYK, TO B Pe3yJbTate MCKaMKeHHH NOsB/ASIOTCH ero rapmo-
HUKH, cocTaBasiolie ¢ GoJiee BBICOKHMH H BCerna KpaTHHMH
yactoraMu. Korpa e HcKaXeHUAM MOJBepraioTcsi OJHOBPEMEHHO
B2 3BYKa, TO, KPOMe FapMOHHK KaxXJAOro U3 HHUX, MOABJAAIOTCHA
CHHyCOMZaJbHble KoMeOaHHsi ¢ TaK HasblBaeMbiMM KOMOWHALKOH-
HBIMH 4aCTOTaMH — CYMMapHOH H Pa3HOCTHOH (MPOMeXYTOuHOM).

TToscHuM 3TO unc/OBHIM npUMepom. [JonycTuM, uTo HaxXKarta
KJaBplIa, H3famas 3ByK ¢ 1acTotol 440 2y («s» nepsoil okra-
Bbl). B pesynwraTe nCkaxKeHHi 3TOro 3ByKa nosBATCH €ro rapMo-
auky — 880 ey, 1320 2y, 1760 24 v T. &. AHAJOrMUHO 3BYK C YacTo-
1ol 523 ¢y («mo» BTOpOH OKTaBH) Jdact rapMoHHUKH [046 ey,
1569 2y, 2092 ey u 1. 1. Korga Xe Hallle yXo MoABEPTHET HCKaXKe-
HHAM OJlHoBpPeMeHHO o0a 3ByKa, To, KpOMe BCEX 3THX rap-
MOHHK, MOSABATCH MHOTOUHC/AEHHble KOMOGMHALMOHHLIE YacTOTHE
H B MX YHC/le — CHHYCOM/JaJbHble KoMeOaHus ¢ CyMMapHON 4acTo-
Toit 963 2y (523+440) H pa3HOCTHOH (MpoMeXyTOUHOH) uacro-
Toii 83 ey (523—440).

JleranabHO MOSICHUTH MPHUYHHY M[OSBJAEHUS KOMOHHAUMOHHLIX
4aCcTOT AOBOJBLHO TPYAHO: JJISi 3TONO HYXKHbBI JAJIKHHBIE MaTeMaTH-
ueCk¥e BBIK/AJiIKH H HEMaJo HOBBIX, CDABHHUTENbHO CAOKHLIX 10-
uartuii. [Toatomy BceM Kenamomum yOeAHTbCS B TOM, 4TO pas-
nocTHas (mpOMeEXYToYHasi) 4acToTa JAEHCTBUTENLHO BO3HHKAET,
MOMHO MOCOBETOBATH JIMlllL HaXXMUMaTb Ha JABe GAH3KHe KJaBHILH
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posiisi U BHUMATEAbHO HNPUCAYIIHWBATHCA K HUX COBMeCTHOMY 3By«
YaHUIO.

Ecrb, npasna, eme ofiMH cnocoG YAOCTOBEPUTLCA B TOM, YTO
IpH OAHOBPEMEHHOM HCKaXKeHHM ABYX CUCHAJIOB NOABASETCA Pas-
HOCcTHasi (TpOMeXyToyHast) yacToTa: JOCTATOMHO BKJIOYHTL Ka-
KoH-HuOyAb CynepreTepoOAVHHBbIA NMPHEMHUK W yOEJHUTbCS B TOM,
4To OH AeHCTBUTenbHO paboraer. Jlyumero mokasaTejbCcTBa CY-
HleCTBOBaHMA MPOMEXYTOYHOH YacTOTH ¥ He MpuayMaeb. [1oTo-
My 4TO B CynepreTepofnHe caM CHIHaJl TPUHUMaeMOH CTaHIHUH, KaK
IpaBuJio, NEPECTAET CYIECTBOBATH Y¥Ke B epBOM Kackaje.
A panbie ycusneHue, oTAENEHHE OT MIOMEX U AETeKTHPOBAHUA Mpo-
H3BOJUTCS C POXKACHHLIM B CaMOM NPHeMHUKe CHTHAMOM HpOMeXYy-
TOYHOH YacTOTHI.

Biok-cxema cynepreTepofMHHOro INpueMHUKa MpHBEJEHa
B BepxHelt sesol vactu puc. 119, sucrok A. Tlpunartsiii curnan
¢ 4aCTOTOH feur MOmaeTca Ha mpeobpasoBartens yactoThl, Typa xe
nojgaetcss BCOOMoTraTe/NbHBIH CHTHa/J € 4acTOTO# [y oT coGcTBeH-
HOro Ma/jJOMOLHOIC refHeparopa, pacnoJoXeHHOro B CaMoM npu-
eMHUKe. DTOT reHepaTop Ha3pIBaeTCs reTepoAHHOM, a 4aCTOTy ero
MOXHO MeHSTb NepeK/JIoueHHeM KaTylleK H H3MeHEHHEeM eMKOCTH
KoHJeHcaTopa HacTpoilikd., Ilpeo6pasoBaTenp yacToThl coefHHeH
¢ yeunutesneM ITH, Bce KOHTYPBI KOTOPOro pa3 M HaBCerja HacTpoe-
Hbl Ha NPOMEXYTOUHYIO 4acTOTY frp.

Mgl yke roBopHIH, YTO Ha KOPOTKHMX U flaXKe Ha CPeJHHUX BOJ-
HaX BXOJHOH KOHTYP MOXET HIPONYCTHTb CPa3y HECKONbKO CHTI-
HanoB. Berperusinces B npeo6pa3osaTesie yacToThl ¢ 3TUMM TPO-
HIeILIMMH YyePe3 BXOJHOH KOHTYP CHTHaJ/aMH, nepPeMeHHoe Hampsi-
J)KeHKe reTepofrHa Co34acT ¢ HUMM Pa3HOCTHBIe yacToThl. Ho Tonb-
KO ofiHa2 M3 3THX Pa3HOCTHBIX YacCTOT, NPHHALJERKAllas TOJNbKO
OJ1HO{, HyXKHOH HaM cTaHLuM, 6yneT PaBHa CTaHnapTHOR mpoMme-
KYTOYHOH 4aCcTOTe, Ha KOTOPYIO HAaCTPOEHBI BCE KOHTYPHI NPUEMHH-
Ka. M Tosbko 3Ty pasHOCTHYIO YacToTy ycuautensb [T npomycTdT
K AeTeKTopy.

Ecan BBl 3axoTHTe IPHHATL APYTYIO CTAHLHIO, TO HYXKHO GyeT
U3MEHUThL 4aCTOTy rerepoinHa Tak, 4yTo0bl OH co3jan CUrHadl
CTaHAapTHOU NMPOMeXYTOYHOH yaCTOTHI yKe € 3TOH Apyrofi CTaH-
nuell. H3MeHsds yacToTy rerepofiMHa, Mbl 6yjneM 0OayYyaTh
NpOMeXyTOuHYI dacToTy 465 Key, To ¢ OfHOl, To ¢ APYro#, TO
¢ TpeTbefi CTaHUWH, TO eCTb 6y[ieM nepecTpanBaTh NPHEMHHK C Of-
HOH CTaHUMH Ha [Pyrylo.

Heckonbko €/10B 0 CaMOM IJ1aBHOM 3JeMEHTe CyHepreTepoau-
Ha — 0 npeoGpa3opaTesie YaCTOTEl. DTOT JMEMeHT Jo/KeH o6s3a-
TEJbHO MCKaXaTb OPMY CHMTHa/Ja TakK, KakK, CKaXeM, Halle yX0
HCKaxaeT 3ByK. De3 3Tux uckaXeHW#l B NpUHNUIIE HE MOryT IO~
fIBUTBCSI HOBBEIE COCTaBJSIOHINE, B TOM YUC/IE He MOXKeT MOSBHTLCA
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Puc. 119. Tlpn oAHOBPEMEHHOM HCKAMKECHHHM JABYX CHIHAJNOB BO3HHKAIOT COCTaB«
JsoliMe ¢ Pa3sHOCTHOH H CyMMapHOH YacToTaMH.

H pasHoCTHas yactoTa. MHorma posb mpeofpasoBaTelisi 4aCTOTH
BHINOJIHAET [HOJ, HO Yaille — TPaH3HCTOp, paboTamiuHi rae-To
B palioHe 3aru6a BXOnHOH XapakTepHCTHKW. TOJbKO B 3TOM CJy-
yae 06a cUrHajNa — MOCTYNUBLIKA W3 BXOAHOW LenH H CHTHaa oG-
CTBEHHOTO reTepofuHa — GYAYT HCKaXaThCs ¥ OaAyT PasHOCTHYIO
YacToTy.

Kcraty, o caoBe «HcKaXeHHA». B naHHOM ciyuae ero, no-BH-
AAMOMY, Heab3s CYUTaATh yAa4yHBbIM, XOTss OHO U MPaBUJIBHO OTpa-
¥aer BCe, YTO NPOHCXOAUT C CHrHasaMu. [Tofo6HO ToMy, KaK Halie
yX0 HCKaXaeT 3BYK C «XODOWIMMH HaMepeHHSAMH» H B pe3yJ/ibTare
TaKUX HCKaXKeHWH y 3BYKa JHUIb MOABISAETCS NpusirHas TeMGpo-
Bas OKpacka, Tak M mpeo6paszoBare/lb OOLIUHO He HCKAaXaert, He
MOPTHT HMU3KOYACTOTHYIO OruGaouiyo NpUHSATOro CHruaJa, He mop-
THT KOHEYHYI0 NMPOAYKLUMIO NPHeMHHKa — 3BYK. M Korza nmeno xa-
caeTCsi Co3aaHnusa HpDME)KyTO'lHOl:l 4yacToThl, TO HUKOraa He roBO«
psiT 06 HCKaXeHWH CHUTHAJOB, a HaskiBaloT 3TOT Npouecc npeobpa-
30BaHHEM 4aCTOTHL

Yzaeaus Tak MHOr0 BHHMaHHA NMPHHLHUNY CyliepreTepOAUHHOrO
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npHeMa, Mbl cefiuac COBEPIUHM pe3KH# IOBOPOT H OCTaBUM B CTO-
poHe npakTHYeCKHe CXEeMbl TpPaH3HCTOPHLIX CylepreTepoaHHOB.
Bo-nepBrix, moctpoiika Takoro npHeMHNMKa CBSI3aHa CO MHOTHMH
TPYAHBIMH [iJ151 JIOOHTeNs onepautsMH, B 4aCTHOCTH — ¢ HAaCTPO#-
KOH 60JbIIOro yHcla KOHTYPOB, BO-BTOPHIX, KamkKabli Kenalomuil
[OCTPOHTh TPAH3HCTOPHBIH CYNEPreTepoaHH CMOXKeT BOCHOJb30-
BaTbCfl OHHM H3 MHOTHX ero nogpoOHLIX ONMCaHH{, HMEIOUHXCA
B pagHooOHTeJIbCKHX Opouilopax H XypHanax. H, Hako-
Hey, TpeThe. CoBceM He 06f3aTe/IbHO CTPOHTH MPHEMHHK [JIsi
TOTO, 4TOGBl Ha NMPAKTHKE MOCMOTPETb, KaK OCYIIECTBIASETCS Npe-
obpa3opanue dactoTol. [lonabmogaTe 3a 3THM HHTEpPECHBIM TPO-
LEeCCOM MOXKHO H B KaKOM-HHOYJAb npyroM 3JeKTPOHHOM mpHGOpS,
HallpHMep B MeTa/JIoHCKaTese HJIH 3/1eKTPOMY3HKaNbHOM HHCTDY-
MeHTe —TepMeHBOKCe.

STOT HHCTPYMEHT IMOJNYYHJl CBOE Ha3BaHHE MO HMEHH H300pe-
TaTensl — COBETCKOro papHoHHxkeHepa JIbBa Tepmena., Ou no-
CTPOMJI TepPMEHBOKC emie JeT NMATbAECAT Hasaj, H ¢ TeX Mop 3TOT
ponoOHAYaNbLHUK 3JeKTPOHHOH My3plkH obollies Bech Mup. Jlen
Tepmen peMoHCTpHpoBaJl TepMeHBOKC JIeHHHY, H, KakK paccka-
3bIBAIOT OYEBHAUBI 3TOH peMOHcTpaudH, Binagumup Wanuu npo-
SIBUN GOMblIOH HHTEpec K ONHOMY H3 MepBeHUEeB 3JEKTPOHHKH.

[Mpunuun neficteus TepMeHBOKca mosicHsier puc. 120. Ocuosa
3TOTO0 MY3blKajlbHOTO HHCTPYMEHTa -— ABa BbICOKOUWACTOTHBIX re-
HepaTopa H mpeobpa3oBaTetb yacToTel. YacTé1sl reHepatopos fi
H fo BHIOHpaIOTCsi TakHM 00pa3oM, 4ToOb pa3HOCTHasi 4acToOTa
fpass Jlexkana B 3BYKOBOM JHana3oHe, Tak, Hampumep, eciu
fi=100 xay, a fo=101 xey, To pasdHoCTHas wacToTa Kak pa3s U co-
craput | key, To ecrp momagetT B 00/aCThb 3BYKOBBIX YacTOT.
B nanbheiilmem 3neKTpHuecKHe KoneGaHHs pa3HOCTHOH uacTOTHE
VCHJMBAIOTCS W NMPEeBPailaloTcsi B 3BYK C NOMOIIBIO TPOMKOTORO-
purensi, OqHH H3 reHepaTOpPOB TEPMEHBOKCA BCEr/la JaeT TOCTOSH -
HYIO 4acCrioTy, a YacTOTY BTOPOro reHepaTopa MOKHO B HeGOoJIbIIHX
npenesaax MeHsTb. IIpH 3TomM MeEHfeTcss H pasHoCTHas YacTo-
Ta, TO €CTh MeHseTCsl BbICOTa 3BYKa. A HMeHHO 3To HpEex[ae BCEero
B TpebyeTcs OT MY3bIKalbHOIO HHCTpYMEHTA.

HeobxoMuMoe H3MeHeHHE 4acTOTHl OJHOTO H3 FeHepaTOPOB Tep-
MEHBOKCa OCYLIECTBASIeTCA CleXyonHM o6pa3oM. K KoHTYpY 3TO-
ro reHepaTopa MOAKJIOYAIOT MeTA/UVIHUECKHH IITBIph H MPHOJH-
}KawT K HeMy pykKy. IIpH 3ToM co3paeTcs HeKHil KoHaeHcaTop,
OfHOM OOGKManKOH KoToporo fiRJfIeTCS WTBIPb, a BTOPOIl — pyKa.
B KOHTYp BHOCHTCSI JOTIOJIHHUTENbHAs eMKOCTb Cpy, KOTOpas 3aBH-
CHT OT paccrTosHusi Mexay pykodl H wmTeipeM. [lepemeiass pyky
OTHOCHTE/NBLHO IUTHIPS, Mbl MeHfieM €MKOCTb KOHTYpa, a 3HauuT,
H yacToTy TeHepaTopa. BMecte ¢ Hell MeHsieTcsi pa3HOCTHas ya-
CcTOTa, MEHseTcss BbICOTa 3ByKa.
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Puc. 120. B TepMeHBOKCe M MeTA/UIOMCKATeNEe HCMOMb3YETCH H3MEHenue pas-<
HOCTHOH YacCTOTB! NPH PAcCTPOHCTBe OAHOTO W3 TeHEPATOPOB.

TIpakTHyecKasi cXeMa MpOCTOr0 TPaH3HCTOPHOrO TepMeHBOKCa
npuBesena Ha pHce. 112, Tenepatop ¢ukcHpoBaHHOH wvacTo-
76l (71) co6paH MO TpexToyeyHo# cxeme ¢ eMKOCTHOH oGpaTHOH
crA3b10. B KoneGaTeNbHBIH KOHTYD BXOAST He TOMbKO KaTylika Ly
H KoHpgeHcaTop Cs, Ho eme H eMKocTHbH nenntens C4Cs, mogkiio-
YeHHBH NapalieldbHo KOHTYPY (OQHH KOHEIl JeqHTeNd COoelHHeH
¢ KOHTYPOM HENOCPEACTBEHHO, a BTOPOH — Yepe3 «3eMJIIo» H KOH«
peHcartop C;). TpaH3HUCTOP MOAKAIOYeH K KOHTYPY Tak, 4TOOb! Bbi-
JMOJIHAJOCH yCJAOBHE (pa3: IMHTTEp COEjHHEeH cO cpenHedl TOUKOM
€MKOCTHOro Je/HTeNs, a K KpallHHM TOYKaM KOHTypa NMpHcOejHHe~
Hbl KOJI/ieKTOp (HemocpeacTBeHHO) H Ga3a (uepe3s KOHjeHCa-
10p Cy). OcranbHble 3J1eMeHThl TeHepaToOpa HaM H3BeCTHBI 10 Mpe-
JBIYIIMM CXeMaM — 3TO Pe3HCTOPH! TePMOCTaGHJIM3alMH U pas+
BA3BIBAIOIMA (DHUIALTP.

TouHno 1O Takoii ke cxeme coGpaH H BTOpoi renepatop (72),
yacToTa KOTOPOro Jo/KHa MeHsiThbesl. CBA3b KOHTYPHOH KaTyUIKH
CO LUTHIPEM OCYIIECTRJSETCS € [MOMOILBIO KAaTYyWKH cBsi3H Ls.

CrnepyiomHii Kackajg — YCHJIHTENb BbICOKOH 4acTOThl, Ha KOTO-
poifi ¢ oGoux reneparopos (¢ amuTTepos T7,) mopawoTcs 1Ba Bbl-
COKOYACTOTHEIX HallpaXKeHus ¢ yacrotamu fi; ® fo. [enepartopsl
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coeiHeHbl ¢ BxoJoM yeuaurenss BU (T3) uepes RC-uenouxu
(RyC12 m R19Cy1), KoTOpBle 0CNaGAsIIOT B3aWMHOE BAMsiHWE reHe-
paTopoB, MPEMSATCTBYIOT «3aTACHBAHUIO» 4YACTOTH. DTO SBJCHHE
COCTOHT B TOM, 4TO NP HeOOJbIIOA PA3HOCTH MeXKAY 4acToTaMH
fi # fo on¥iH reHeparop «HaBs3bIBAET» CBOK 4aCTOTY [PYromy,
u B utore o6a OHM NAIOT OJNHY M Ty Xe uacrory. [Ipu 3ToMm pas-
HOCTHAsl 4aCToTa CTAHOBUTCS PABHOH HyJIO, TO €CTh 3BYK MPOCTO
ncuesaeT. «3aTAruBaHue» MPensTCTBYerT NPUGANKEHUIO YacTOTh
fo K uactote fi;, TO ecTb NPEMNSATCTBYET MOJNYUYEHHIO HOCTATOUHO
EH3KMX 3BYyKOoB (50—80 2y). Uro6wl npenoTBpatiTh «3aTArHBa-
H#e», I Ka)KJAOro reHepaTtopa 4acro JAenarT CoOCTBEHHBIH, Tak
Ha3biBaeMblll 6ydepHplii, yeunnteab BU u yxke ¢ 3TuX yeunureneh
HOJAlOT CHMTHAMBI Ha NEeTeKTOop.

B naHnHoit cxeMe o0a curHana ¢ obuiero yeunurens BU takxke
nonaiorcs Ha TpuonHbiii nerekrop (74), rne B pesyibrare OfHO-
BPEMEHHOTO HCKAaKeHUs 3THX CUTHAJ0B H MOABAAETCA PA3HOCTHas
4acToTa fpasn=/fo—f1. JerexTop TepMeHBOKCa Ha3hIBAOT TaK IO-
TOMY, 4TO OH paboraer ¢ oTceukofi Toxa RO BXoAHOH uenu. Otpm-
naresbHOe CMelueHHe, MocTynamuee yepesd Rys, MOUTH NOMHOCTHIO
KOMIIEHCHPYETCS NOJOXKHUTENbHBIM CMelleHHeM, BOSHHKAIONIMM Ha
Ri7, 1 TaxuM o6pa3oM Kackaj oKasblBaeTcs MouTH 6e3 CMel[eHHd,
OaHako 3TOT ABHLI JeTeKTOop BCe Xe NpaBu/ibHee Oblio Obl Ha-
3BaTh NpeobpasoBateJeM 4acTOThl, TAK KaK HMEHHO TOT NpPolece
JIEXKUT B OCHOBE MNONYYEeHUS 3ByKa.

CHurHan pa3HOCTHON 4acTOThI BHIJIL/ASETCA HA Harpys3ke JeTek-
Topa-npeobpaszosarens (Rjs), B TO BpeMs Kak BbICOKOYACTOTHBHIE
COCTARMSOIINE C YACTOTAMHU [ ¥ fo ¥ UX FAPMOHUKH 33@MBIKAKTCS
HaKopoTKo uepe3 KoHAeHcaTop Cia. [ToTeHunmomerp Roy CayXHT
NSl peryaupoBKH rpoMKocTd Ha ero ocu MoxHO 3aKpenuTth JJHMH-
Hbll TOHKMH CTePXKeHb ¥ BO BPeMs HCIOJAHEHUS MeJoJAUH MEHAThb
ypPOBeHb TPOMKOCTH, CJIerKa NepeMellas 3ToT crepkeHb CBOOOAHON
pyKoi.

IlauHele gertanefi: KaTyWKH L v L, oAMHAKOBBle H COJepkKaT
no 240 sutkop npoeopa JIBUIO 5X0,05 (I13 0,1). Ouu Hamora-
Ebl Ha CTaHAapTHHIX YeTHIPEXCEKUMOHHBIX Kapkacax (puc. 45, )
¢ HeGoablIAMH (eppHUTOBLIMH cepleuHnkamu. HenocpeiacTeeHHO
K KaTymke L, mpuMpIKaer KaTywika cBsi3u L, KoTopas HaMoTaHa
Ha TPEeXCEeKIUOHHOM KapKace M CONEPKHUT TPH ThICSIYH BUTKOB
nposona I13 0,06. Katymiku Ly u L3 MoTyT pasMelarscs Ha OHOR
OCH WM Ha HeGO/IbLIOM PACCTOSTHHM 3aKkpenaaTbCs Ha oO6iied
MOHTaXHOH Mmnare.

Kartyuku MoryT ObiTh HaMOTaHBl Ha APYIHX Kapkacax u Apy-
FHM [poBoJOM. [IpM H3roTOBNEHMM KaTyLIEK [IaRHOE — CHEJaTh
oMHaKoBBIMH L 1 Ly, 06eceunTs LOCTaTOUHO CUMBHYIO CBSI3b MeXK-
ny Lou Ls, aTakiKe npeyCMOTPETb BO3MOKHOCTD IOATOHKH 4aCTO-
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THI C MOMOIUbIO Cep/edHnKoB. Takas mojroHka Heo6xonumMa Aas TO«
ro, 4T00B! YCTAHOBUTH MHHMMaJ/bHO BO3MOXKHYI0 DA3HOCTHYIO 44CTO-
Ty npu HanGoJibllieM NPUOMHKEHNN pYKY K WTelplo. [1pn yranenun
PYKH Ha GoJ/ibiioe pacCTOsiHMEe pasHOCTHas 4acToTa JOJKHa ObiTh
HaCTONbKO GoJibloH, uToOBl €€ coBCeM He Oblio CablHO. Ecan Her
BO3MOKHOCTH M3TOTOBUTH KATYWIKA C CePJEUHUKAMH, TO ]IS NMOA-
TOHKY 4aCTOThI FEHEPATOPOB MOXKHO MOAK/IOYHTH mapasiensHo Cs
u Cy mogcrpoueuHrie KonjelicatopHl. B KauecTse IITHIpS YyHOGHO
HCITO/1b30BAaTh TE/ECKONMYECKYIO aHTeHHY.

Hu3kouacToTHBIl CUTHAM € BbIXOJa TEPMEHBOKCAa MOMKHO IO-
nartb Ha niob6o# yeunureas HY M, B 4acTHOCTH, Ha BXOj «3BYKO<
cHUMarTenby J000ro npHeMHHKa.

Hanaxupanue TepMeHBOKca HYXHO HauWHaTh C IIPOBEPKH re-
Bepartopos. Ilpexzae Bcero cienyerT yGeinTbCs, uTO reHepaTOpPH
NaloT He3aTyxalomue KoaeGauHa. A /s 3TOro HYKHO BKIIOUNTH
BOJILTMETD NMOCTOSIHHOIO HAaNpsi:XeHHS napaJsJielbHO KOHJeHCaTo-
py C, (a 3areM Cg) 1 MepruoaMuecKy 3aMbIKaTh KOHTYP HaKOPOTKO.
Ecay reHepanys Onlia, 70 NPH 3aMBIKAHMH KOHTYpa OHa MDEKpa«
THTCS1 ¥ NMOCTOSIHHOE HampsixkeHue Ha KoJuieKTope (a HMEHHO ero,
Mo CYTH [efa, U3MepseT BOJAbTMETP) HeCKOJbKO NMOHU3HTCS.

Ecau okaxeTtcsi, 4To reHeparop He paboTaeT, TO MOKHO Iped-
NOJIOKHUTh, UTO He BHIIOJIHAETCS YCJIOBHE CBSI3H, TaK KaK ycJo-
BHe (a3 B TPEXTOUEUHHIX CXeMaxX IPH NPaBUIbHON HX COOpKE BHI<
nodHsercs Bcerja. YToObl NOBLICHTh HaNpAMKEHHE MOJOKHIENb-
HOIl 0OpaTHOW CBAI3H, HYXHO YBEJHUHTh eMKOCTHOE CONPOTHB/EHHE
TOH 4aCTH eMKOCTHOrO JAeJHuTens, C KOTOPO# 3TO HaNpsi:KeHHe CHH-
Maetcsi. [IpakTHgeckd HyKHO HECKOJIbKO YMEHBLUUTH EMKOCTh KOH-
nencatopa Cs; (unm Cpo), nMes, KOHeUHO, B BHAY, uTO mofobGHas
Mepa NpHBeieT K HEKOTOPOMY YBEJHUEHHIO reHepHpyeMoli 4acTo-
TBl. Ycunuth oGpaTHYIO CBA3b MOKHO H HHaue — yMeHbluas
eMKOCTHOe CONPOTHB/IEHHe BepXHeH yacTH JenuTeNsi, TO ecTh yBe-
auuusas eMkocth Cis (Co).

Ecnu 06a renepatopa paboTaior, TO AanbHelilnasi HaKJIaaxa
CBOAMTCA K NMOJATOHKE 4acToT f; H fy, ¥ B cayuae HEOGXOAMMOCTH
K moabopy pexuMor ycmautens BU u pmerekrtopa.

Ha ToM ke NMpuHuMIe, 94TO U «MY3bIKAJbHBIA CyNeP»>— TePMeH-
BOKC,— MoxeT paboTaTtb Apyroil pacmpocTpasHeHHbifi npubop —
MeTajuioncKarens (puc. 120). KoHTypHas KaTylika OJHOrO H3 ero
reHepaTopoB BLIMOJIHSIETCS B BHAe O00JbWOH MHOrOBHTKOBOH
«PaMKH» MM «KoJbia». Ecau B6AU3H 3TOH KATYIWIKHA OKa3blBaeTcs
CTaJNIbHON NMpeiiMeT, TO ee HMHIAYKTHBHOCTb M3MEHseTCs H OJHOBpe-
MEHHO, TaK € KaK B TePMeHBOKCe, H3MeHsSeTCs pa3HOCTHas yac-
TOTa Ha BbIXoje npeobpa3soparens. [To 3ToMy H3MeHeHHIO 4aCTOTHI
¥ MOXHO CYiINTh O NPHOTHKEHUH «DAMKH» K CTaJbHOMY MPeAMeTY.

Ilono6GHele, Mo cyTu fAena, oueHb MPOCThHIe MPHGOPHI BO BpeM#
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BOJMHB! LIMPOKO KCIIOMNb30BAJUCh B Halllefl apMUM B KayecTse MHHO-
UCKaTeJell M cllac/d MHOTHe ThICSiUH uesoBeuecKuX KHu3Hell.

MeTanioHcKaTe b MOXHO CMeJIO OTHECTH K TOMy KJaccy 3JeKT-
POHHOH anflapaTypsl, KOTOPHIH TNPHHATO Ha3blBaTL «3JEKTPOHH-
KO B HapoinoM Xxo3siicTBe» C HecKONbKHMH JPYrHMH MpeAcTa-
BUTEJNSIMH paboTaloiied [eqOBOA 3JIeKTPOHUKH Mbl 1103HAaKOMHMCS
B CJelylollleM pa3jede.

KJNIO4Y1® K ABTOMATHKE

O TOM, 4TO 3EKTPOHHbIE NPHUOOPHI MOTYT BHITOJHSATH MHOTHE
CJIOKHBIE OllepalliH, KOTOpbie BCerja CYUTANUCh MOHOMONMNeH ue-
J0BeKa, ceffuac yKe 3HAIOT Bce. 3HAUHTENbHO MeHblue Jioned
3HaeT, KaK HMEHHO 23TO JAeJiaeTcs.

Cefigyac Mbl T03HAKOMHMCSI C HECKOJNbKMMM TPaH3HUCTOPHBIMH
cXeMaMH, KoTOPbie MOTyT HAMETHTb VIl Bac NYTh B TalHbI 3JeKT-
POHHOH aBTOMATHKH. IDTO CXeMbl AJS BBIIOJHEHHsT npoOCTeHLInX
JIOTHYECKHX ONepauHil «uU», «UAU», «He» H CXeMa [AJsi BbINOJHEe-
HHSl OJIHOH U3 apU(PMeTHUECKHX onepaunil — fejeHHs Ha Asa. UYro-
66l BaM OblJIO HHTEpPeCHee 3HAKOMHUTbCS € 3THMM CXeMaMH, MbI
B HTOre NIPHUMEHHM HX B BeCbMa IOJE3HOM 3JEKTPOHHOM npu6o-
pe — B nepek/oualene eJOUHbX FHPAAHA. IDTO OyneT <«yMHbIH»
nepekJioyaTesb, yMEIOMHUA JOCHYECKH <«paccyxaaTb» H <«3Halo-
LIHi» apHdMEeTHKY.

Korna Bnl HaxHMaeTe KHONKY JH(Ta, TO HaBepHsAKa He ay-
MaeTe O TOM, UTO H JIH(T, npexJe yeM CABHHYTbCSA C MecTa, 00s-
3aTeJIbHO JOJIKeH HEMHOTO <«IIOpacCyXaaTb».

«$1 Mory paspeliMTh OABHKeHHe,— KaK Obl rOBOPHT OfHH H3
aBTOMAaTOB JH(PTA,~— eCc/H 3aKPHITa ABEPb LAXThbI, ECAH 3aKphITa
ABepb KaOMHBI, ec/¥ nacca’KHP BeCUT He MeHee JABajlaTh NATH
KHJIOTPaMMOB H ¢ IOCTAaTOYHOH CHJOH NaBHT Ha MOJ,— MaJieHbKHM
ZeraM ofHuM B Ju(dTe e3auTh He pa3pemaerca. Ho, KoHeuHo, nepe-
rpyxaTh JUQT Toxe Helb3H: B Cydae MePerpysku g He paspemly
BKJIIOYHTH MOTOP, H HHKaKHe MPOoCLObl, HIKAKOE XJIONAaHbe JBEpPbIO
He noMoxeT. Eciin Bce 3TH MoH TPeGOBaHHS BBHITOJHEHBI, TO 1 faM
paspellleHHe Ha TOAbeM, HO TOJILKO NOCJe TOro, Kak OyieT Haxara
OIHA U3 KHOIIOK. €CJIH naccaxXHp He HaXKaJsa KHOMKY, TO OH eme He
PeIInI, Kyla €My exaTb W exaTb Ju BooOuie. MHe GeapasiiuHo,
Kakasi HMEHHO KHONKa OyJeT HaxaTa,~— IIyCTb 06 3TOM aymaer
JAPYrofl aBToMaT, KOTOPOMY TIOPYUY€HO NOCTaBJAATH acca)kKHpPoB Ha
Hy:XHbll UM 3Tax. Moe ke fien0 — 0e3011aCHOCTh, H, MOKa 1 He
yIOCTOBepIOCh, 4TO BCe B TMOpAAKe, JAUPT C MeCTa He CHBH<
HETCSY,
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Puc. 121 Jlorwueckne 3/1€MEHTH €H», CHJH», «HE» HIHPOKO HCIOJIb3YIOTCR
B apTOMaTHKe

B npasoii uactu puc. 121 npuBesnena ynpoueHnas cxema 6/10Ka
6e30nacHOCTH, KOTOpas, 10 CyTH Jesa, NPOHU3BOAUT HOAOGHEIE
«paccyxzpenusi», Uepes 310T 6JI0K nofaeTcs NMuTaHHe Ha JBHUra-
Teab au¢Ta. [leprie TPH BepxHUX (MO0 cXeMme) BBIK/IIOYATeNs Bbl-
NOJHSAIOT ONMePauyio «u» — Lenb GyJeT 3aMKHyTa TOJNbLKO B TOM
cayyae, ec/id 3aMKHYT ¢ TepBbif, # BTOPOH, u TpeTHH BbHIK/OUa-
Teab. Ecid XoTa Gbl OMH H3 HHX Pa30MKHYT, TO BK/IOUeHHe IBYX
APYrHX He HMeeT CMbIcaa.

Cunenymomas rpynna BelKalouaTedell, cBI3aHHAsi € KHONKaMu
aTaxeH, Toxe yyaCTByeT B OllePAHH «U4», HO BHYTPH 3TOH rpyniu
BBITOJIHAETCS ONePauts «HAHy»: neNb OyAeT 3aMKHYTa, ec/aHd 3aMK-
HYT uAu nepsbifl, uau BTOPOH, uAu TPeTHH BHIKJIOYATENb 3TOl
rpyfiibl, TO €CTh He3aBHCHMO OT TOro, Ha Kakofl 3Tax OCYIeCTB-
JIIeTCS1 MONBEM.

HakoHen, nocieinuil BoIK/AOYATe b, IPEJOXP aHAIOILNI fBHTa-
Tesb OT Teperpy3KH, BBIIONHAET Oomnepauuio «He». Ilo cpasHeHHio
CO BCEMH OCTAJIbHLIMH BBIK/IIOUATENSAMH OH «JefiCTBYeT HAa0GOPOT».
Ecau Bce BpIK/MIOUATENH A5 HOPMaJbHOR paGoThl JOJKHBI GHITH
3aMKHYTbIMH, TO BBIK/IIOUaTe/b, BHINOMHAIOLIUN ONepalHIo «Hes,
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HOMXKeH ObITh PAa30OMKHYTHIM. B mNpOTHBHOM cayuae oH 1pOCTO
3aMKHeT JBMraTe/Jb HaKOpPOTKO, U TOT, KOHeuHo, paGoTaTb He Oy-
neT (4To KacaeTcsi aBTOMATHKM JH(Ta, TO 3TO He peasbHHI, Ha-
NyMaHHBIA NPHMepP, HYXHBIH JHIIB AJiS TOro, 4ro6bl MOACHUTH
paGoTy CXeMbl «Hey).

3HAKOMCTBO CO CXeMOi OJOKMPOBKH JU(pTA y HEKOTOPHIX M3
BaCc HaBepHSKa BBI3OBET HELOBOJILCTBO. CTOHT JIM Takue MpoCThie
CXeMHl H Takue NPOCThIE OllePalUy CBA3LIBATH CO CTOJb CJOKHBIM
¥ BHICOKHM MOHSTHEM, KaK <«JOTHUECKHE DPAacCyIKIEHHS»?

Hauas noapo6no pas6uparbcs B 9TOM BoIpoce, MBI aBTOMa-
THYECKH BKJIOUMAUCh OB B (MIOCOMCKYIO AUCKYCCHIO O BO3MOXK-
HOCTAAX MO3ra M MAaIlWHB], B JUCKYCCHIO, KOTOpas He 3aTHXAaeT BOT
yxe qeT gsaanath. Koneuno, 65110 66l HHTEPECHO MOCIOPHUTL Ha
3Ty TeMY, HO Mbi He MOXKEM II03BOJIMTh cefe NMOTOGHYI0 POCKOLIbL,
Puiocodckas AUCKYCCHS MOXKET OTBJEYH HAC OT HAMEUEHHOH ie-
JIM — OT CO3JaHHA MepekJiouaTess €N10UHBIX rupasHa. IlostoMmy
BMECTO oJpo6HOro obIlero oTBeTa Ha NOCTABJEHHHH BONPOC MBI
ciesiaeM JIMIIb [BA KOPOTKMX KOHKDETHBIX 3aMeYaHHs.

YTpoM, mepen TeM Kak YHTH B ILIKOJNY, BBl TakXKe HaBEePHAKA
npoJe/bIBaeTe JOruieckue onepauuy «6JoKHpOBKH». Brl otnpas-
JisleTeCb B MyTh JIMIIb B TOM cjydae, eclH HajeTsl 4 pyGallika,
u 6p1okH, u Tyduau, u HOCKM (KaK NpaBuiio, Ge3pasiiMyHO, KaKue
Yy Bac HOCKM: UAU CHHHE, uAU uepHHe, uAl KOPUUHEBHIE), eCJH
BJIOKEHBl B NMOpPT(QEeJdb 4 KHUIW, 4 TeTPajny, 4 Kapanaamud. Bel
yiifieTe B WIKOJY JIMIIb B TOM CJy4yae, eClIM CBET He FOPHUT, Ta3 He
BKJIIOUEH M AeJ0 MPOUCXOIUT #e B BOCKpeceHbe. Kak BuawuTe, Baliu
JIOFHYECKHE pacCyX[eHUs B 3TOM cjyyae OueHb HANOMHHAIOT T€
«paccyXaeHusi», KOTOpPhle BhIIONHAET GJOK Ge30macHOCTH PHARO-
roro judra. Tak moueMy Ke B OLHOM C/Iyuae CJIOBO «paccyxKje-
HUA» NPUHATO NHCATh B KaBblYKaX, a B [PYrom cjiyuae— Ge3
HUX?

H BTOpoe 3aMedaHue: 3JeMEHTHl «U», «UAU» U «HE> B HALIeM
np¥Mepe BHINOJHAJM JOBOJLHO IPOCTYIO COBMECTHYIO ONepauuio
IIOTOMY, YTO OHH BXOJHJH B AOBOJBLHO IIPOCTyl0 cxeMy. B ciox-
HBIX CXeMaxX TakHe 3JEMEHTBl MOTYT MNPOBOAMThL AJMHHEE ¥ OYeHb
3alyTaHHBIE JIOTHUECKHE «DPaCCYXKIEHWS», BHINOJHAA A NPHHHA-
THsl OKOHYATEJIbHOIO PellleHHs MHOfHE THICAYH B3aWMOCBS3aHHBIX
JIOTHYeCKNX onepaunii. Jlaxke HeHaMHOTO YCJIOXKHUB CXeMy GJIOKM-
pPOBKH JH(TA, HEHAMHOTO YBEJHYHB YHCIO JOTHUECKHX 3J€MEHTORB,
MOXHO [OCTPOHTH TaKOH, HANMPHUMep, aBTOMAT, KOTOPHI Gyaer
UrpaTh B U3BECTHYIO UIPY «KPECTHKH W HoauKu». M npu stom Hu-
koraa He OyneT NPOHUrpHIBATH.

Jloruueck¥e 371€MEHTH MOT'YT OHITb OCHOBaHbBI Ha CaMHIX pas-
HHIX (PU3HYecKHX mpoueccax. DTO MOTYT ObITh W TMAPABJAHUECKHE
cucTeMbl — TPYObl € 3aC/HOHKAMH, H yXKe 3HAKOMEle HAM BHIKJIO-
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yaresid U CXeMbl, COCTOSILIIME M3 pejie, IMOLOB HJM TPaH3UCTOPOB
(puc. 121).

Yr1o6nl MOJYYHTb TPAH3UCTOPHYIO CXEMY «WJM», HYXKHO 3alme-
peTh TPAH3UCTOP CPABHMTENBHO HeGOJILIIMM HANpPSXKeHHeM, YTOOH
A1060it nonafaoiuil Ha ero BXOA UMIYJbC OTIHpaj Tpuoad. Ecau
OpU 3TOM NOAaBaTh HMIYJbCH OT ABYX WCTOYHHKOB, TO Takas
cxeMa BHUTOJIHHT ¢ 3THMH UMIYJBCAMM ONepauuio «uin». Ha Bbi-
XOJle TpaH3UCTOpa — Ha 3MUTTepHOH Harpyske Rg— OyneT nosis-
JISITBCSl BLIXOMHOR CHPHAJ 4Au NMOA AefCTBHEM BXOJAHOro CHrHajna
Usx—1, uan mon pefictBueM BxopHoro curana Upc—o.

[ast monyueHnsi CXeMBl «H» HYXKHO MOAaTb Ha 6a3y Takoe 3a-
nupaiolee cMelieHue, YToObl OAHH HMIYJLC He MOT OTKPHIThL TPaH«
3UcTOp W uTOOBl [Jifi ero oTmupaHud MoHalobGu/och COBMECTHOe
nefictere u Hanpsaxenus Usx—;, u Banpskenus U o, Hakonern,
CXeMy «HEe» MOXKHO MOJYYHTb, €CJIH BKJIIOUWTH HArpysky He
B 3MUTTEPHYIO LeNlb, KaK B [HBYX NPeABILYIIMX cXeMax, a B KOJ«
nexTopuyto. Ilpu atoMm yBesuueHue «MuHyca» Ha Gaze Gyaer mpu«
BOAUTL K yMEHbIIEHHIO «MHHYCa» Ha KoJiiekrope. To ecTs, no
CyTH [eJia, CXeMa B OTBET Ha UMMYJbC HanpsXKenus OyleT peard-
poBaTh NOHHAEHHEM HaNpsXKeHHs.

OnHa 43 caMblX BaXHBIX CXEM 3JEKTPOHHOH aBTOMATUKH ~— 3TO
Tak HasblBaeMblll Tpurrep (puc. 122), koTopHil OCYyLIECTBJsET
IejieHue Ha ABa. TpHUTrep MIUPOKO HCMONB3YeTCs B BHIUMCJ/UTE/be
HBIX MalllMHaX, U pa3J/iHyHble COUETAHWs TPUITEPOB MNO3BOJAIOT
NPOU3BOAMTE CaMbie pasJ/iMYHbie MareMaTHYeCKHe Olepauuy, Tas
KHe, KAK CJIOXKEeHWe, YMHOXEHNe, BO3BEJeHHE B CTelleHb, M3BJeYes
HHEe KOpHs, JorapacdmMupoBanue H 1p.

[To cBoeit cxeMe TpUrrep oueHb HaMOMHHAeT MyJbLTHBHODATOPS
B HeM Takke paGoTaioT ABa TPAH3UCTOPA M KOJLIEKTOP OJAHOro
W3 HUX cBsi3aH ¢ Gasoft apyroro. ['1aBHOe oT/MuMe TpUrrepa JNMlIbL
B TOM, UTO B HEM He MIPOUCXOAHMT «CAMOBOJIBHOIO» NePeK/II0UeHUs
TPAH3UCTOPOB, M €CJIH YK OJHH H3 TPaH3UCTOPOB 3anepT, a Apy-
roil OTKPHIT, TO HHKaKHe BHYTPEHHHE CHJIbL He MOTYT BHIBECTH TPHUT+
rep M3 3TOro yCcToHYHBOro cocrosiHusi, Jlas toro uto6ul TpHrrep
NepeKJouMIICsl, HYKHO NOAaTh HA €ro BXOJA OTKyAa-HHOYIAb «CO
CTOPOHH» OTHHPAIOWHHA HMIYJIkC.

Kaxaplil oTnupaiowil UMIYAbC NEPEeBOAMT TPUITEP U3 OLHOTO
yCTOHUKMBOrO cocTodgnus B Apyroe. Ecin, HanpusMep, 10 NOSBJIEHUs
oTnupalolmero uMnygabca Tpuon Iy Obli 3akpHIT, a Tpuon Ty oT-
KPHIT, TO Mo AefiCTBHEM BHEIMIHEro UMIyabca KapTHHA MepeMes
HUTCA HAa OGPaTHYIO — OTKPHITHIM oKaxeTcs T, a 3aKkpHITHIM Ta.
[Mon neiicTEHEM CJIEAYIOILLEFO HMRYIbCA TPUTTEP ONSATh «mepebpo«
CUTCS» B IepBOHAaYa/ibHOe COCTOSIHUe, U TpaH3HCTOp To ONATL OKa«
xeTcsl OTKPBITHIM, a Ty 3aKpHITHIM # T. K. Tpurrep Moxker Haxos
JUTHCS B YCTOHYHBOM COCTOSIHUH CKOJb YTORHO JOJTO, MOTOMY 4TO
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Puc. 122. Tpurrep, nepexois M3 ORHOTO YCTONYHBOTO COCTOSIHHS B Apyroe,
MOXKeT BHIMOJHATH ONEPaNUIo «JeJeHHE Ha HBa».

KOJIJIEKTOPHl U 6a3bl TPaH3UCTOPOB CBS3AHBl He TOJIBKO 1O mepe-
MEHHOMY TOKYy 4epe3 €MKOCTE, KaK B MyJsbTHBUOpartope, HO ee
H 10 NOCTOSIHHOMY TOKY uepe3 pesucropbl. Eciy ogun u3 Tpurre-
POB OKaXKeTCsl OTKPBITEIM, TO «MHHYC» Ha €ro KOJIJIEKTOpe [10UTH
ucue3HeT (M3-3a NajeHHs HaNpsaxeHMs Ha Harpyske). [lpu sToM
HCUe3HeT H MOCTOSIHHOE OTHHpaloulee cMelleHde Ha BTOPOM TpaH-
3UCTOPe, ¥ OH 3alpercs (NOCTOAHHLIM HAalpsKEHUEM, KOTOpPOC
OTKpPBITBIH TPAH3UCTOP co3xaeT Ha obmiem pesucrope Ry) u Gyner
HaXONNThCA B TAKOM 3anepToM COCTOSHHH A0 Tex Top, IIOKa He
npczﬁmeT cleflylomud BHeMHWHA oThmUpamouMit umnynsc. Ha nep-
BRI TPAH3UCTOp OTNHUPAIOLIMA UMIYJbC He MOBJUSET — TOT yiKe
n Ge3 HMIY/IbCA OTKPBIT. A BOT BTOPOHl TPaH3NCTOP, KOTOPHIH GBI
3aKpHIT, Nof JAeficTBHEM OTNMHMPAOMEro UMNyJbca oTkpoercsa, Kak
TOJIbKO BTOPOH TPaH3MCTOP OTKPOETCH, TO «MHUHYC» Ha ero 6ase
HCUe3HEeT H OfHOBPEMEHHO HCYE3HET «MHHYC» Ha Oase MepBoro
Tpanaucropa. Teneps yxKe o OKa)eTcA 3aKPBITHIM U GyeT A0KH-
JaTbCsl OYepenHOro OTNHPAIOLEero KEMIYJIbCA.

W3 3T0ro KpaTkoro onucaHHs MOMKHO CHENaTh TAKOH BHIBOM:
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TpHI‘I‘Ep JEJIUT Ha ABa 4YacCTOTy NOCTynamomHux Ha ero Bxojn OTIIH-
palomux HUMilyabcoB. To eCcThb OAMH M3 TPaH3MCTOPOB TPHUrrepa
GyneT OTKpHIBAThCH TOJIBKO OT UYeTHBIX HMIYJbCOB, BTOPOH —
TOJNILKO OT HeueTHuX. Ecsn, HanpusMep, Ha BXOA TPUITEPa NOCTY-
fnaetT ABajlaTh HMOYJbCOB B CEKYHAY, TO Ha KaXXAOM H3 ABYX
BHIXOIOB TpUrrepa OyAyT NOSABAATbCH uepeayloliHecs HMIyJibChl
¢ TNOJIOBMHHOHA wacTOTO# — eCATh HMIyJbcOB B cekyHay. Hy,
a ecsii 3T MMMYJIbCH NOAATh elle Ha OAUH TPUrrep, TO Mbl MOJY-
UM JieJieHHe Ha YeThIpe: NepBelil TPUrrep pasfesuT 4acToTy BXOI-
HBIX UMIYJIbCOB Ha JIBa, BTOPOHl elie Ha ABa, a ABaXjpl JABa, Kak
n3BecTHo, ueThipe. C MOMOIIbIO 11ENIOUKH TPUITEPOB MOKHO OCy-
[ eCTBUThL AeseHue Ha 8, 16, 32, 64 u 1. &.

Ha puc. 123 npusegeHa cxema nepexsoouaresis €l10UHBEIX THP-
JISHJ, KOTOPBHIH MOOYepPefHO BKJIOUAET 4eThlpe IPyNihbl JaMIouek,
fIpuyeM JB€ U3 HUX «MHTaiT» B JBa pa3a pexke, ueM jABe JpyTue.
OcHOBa nepexJ/ilouaTeish~— TAKTOBBI [EHEePaTOp OTIHPAOLINX
HMIYJIbCOB. 32 HUM CJIeYIOT ABa TPUrrepa, OAUH M3 KOTOPHIX Je-
JIUT YaCTOTy TaKTOBOTO resepatopa Ha ABa, a BTOPOil — erte HA
nBa. Kaxaplii U3 TpaH3ucTOpOB 060OMX TPUrre€pOB YNpas/seT pa-
6oTol Apyroro, MOMHOrO TPAH3UCTOPA — CBOEroO poja TpaH3UCTOP-
HOrO peJie, KOTOpOe H BKJIOYAeT CBOIO THUPJAHLY.

Tupasinga namnouex sB/sieTcs Harpy3KOH MOLIHOTO TPaH3H-
cropa. Korna TpaH3HCTODP OTKPHIT, TO COMNPOTHBAEHHE €ro KOJ/JIeK-
TOPHOH Lenu OYeHb Mallo, BCE NHUTalOllee Hanpsi:KeHHe, Mo CyTA
jaeJjia, NpuJIoKEeHOo K I‘HpJIﬁHD,E, U JJaMNOUYKHU MOPHAT. Korna Ke MOIL-
HH} TPaH3HUCTOP 3alepT, TO HampsiKeHue Ha Harpyske (Ha TUP-
JAsHAE) paBHO HYJIO, M JaMIOYKH He TroOpsT.

PoJib TakTOBOro reHepatopa BBINMOJIHAET yKe 3HAKOMBIH HaM
myabtueaGparop (7eT3). DiemeHTH ero cxeMmul nopo0paHbl Tak,
YTO TaKTOBAS YaCTOTa COCTABJseT NMPUMEPHO ofHH repi. To ecThb
OTHUDPAIOWHUA HMIYJNbC MOABAAETCS MNPUMEPHO pa3 B CEKYHAY.
C TakToBOTO reHeparopa cUrHaj IoJiaeTcsd Ha Tak HaBblBaEMyIO
nuddepenunpyioulyio uenouky RsCs. Oma mpespawaer Hpsimo-
YroJibHBI UMITYJIbC B B2 OCTPOKOHEUHBIX UMIYJ/ibCa, TaK KaK TOK
B 11€I1M KOHJEHCaTopa, a 3HAUUT, ¥ HanpsKeHne Ha Rg NOABJAETCS
TOJILKO BO BPEMs HU3MEHEHHs HanpsgiKeHHs, NPOBOAMMOro K 3TOH
nenouxke (puc. 25). [TosToMy ocTpoKoOHeuHbIe UMITYJ/IBCEL Ha BBIXOAE
mddepenuupyomedl enoukd GYAYyT CO31aHBl TOJNBKO MepeqHHM
U 3agHUM (DPOHTOM TNPSMOYTOJNBHOTO HMIYyJbCa, KOTOPBIA HAET
¢ MyJsbTHBUOGpaTOpa.

OtpunartesibHbld OCTPOKOHEUHBIH HMIYJibC OTIHPAET TPHUOR
yeunurenst (T,), U noc/ie YCHJIEHHS CHTHAJ TI0J2€TCsl HA BXOJ nep-
goro tpurrepa (TsTs).

C KOJJIEKTOPHOH HArpy3KH KaxIoro 13 TPaH3UCTOPOB TPHUITe-
pa NOCTOsSIHHOE HalpsiXKeHHe TojaeTcd Ha 6asy TPaH3HCTOPHOrO
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Puc. 123. Tlepexnouatens FHpASHA C TPHITEPAMA.

pesie (TyT1p), B KotopoMm paGoraer MOwHLIA TpHUOI, HANpUMep,
[1201. Ha aMuTTep 3TOr0 MOUIHOrO TPHOZA BCErAa MOAAETCH OTPH«
HaTesibHOE (OTHOCHTENbHO O0Iero NpoBoAa) HanpsakeHHe ¢ AelH-
Tenis RiRe. DTO HanpsiXeHHe NpPUJIOKEHO <«ILIOCOM» K Oase
¥ fo3TOMY 3anupaer MouwlHbIH TpaHsucrop. HeobGxonumo cpas-
HHUTEJLHO GOJbIIOe OTpHLATeNbHOe HanpsikeHue, YTo6wl ero oTnes
peThb, U IMEHHO TAKOE OTNHPAaollee HaNPSKEHHE IOCTYaeT C TPHT-
repa. Korna Kakoil-HnGyab TPaH3UCTOp TPUITEpa 3aKphbIT, TO HA
€ro KOJIJIEKTOPE OKa3blBaeTcs CPaBHUTEJbHO O0JbLIOH «MHHYC» —
TOYTH 10JiHOE MUTAIOEe HANPAKEHNWe, KOTOPOE U OTHUPAET MOILL~
Heifl Tpuoad. [TocKo/NIBKY «MHHYCHI» Ha KOJIIEKTOPaX MOsSB/AIOTCA
nooyepenHo M AepKAaTcs NOBOJBHO JOJIIO — OKOJIO OJHOH CeKyH-
JAbl,— TO W MOUIHBH TPAH3HUCTOP OKA3LIBAETCS OTKPHITHIM LENYIO
CeKyHAY B OXHIaHHH chaenyiouiell «nepeGpocKu» Tpurrepa.

Anajiornuno geficTByeT M C/eIylOUIMHA TPUITep, HO OH yXKe
BKJIIOUAeT CBOU TPaAH3UCTOpH-peJie B ABA Pa3a pexke, U OHU OCTa-
I0TCH BKJIIOUEHHBIMH 110 JBE CEKYHBI

B KOJIIEKTOPHYIO Lienb MOUIHEIX TPaH3UCTOPOB BKJIOUEHH TUP-
JITHABL JIAMMOUEK, KOTOpPhle 3aXKHraioTCs TOJbKO NPH OTNHpPaHUH
TpanaucTopos (puc. 52). Takum 06pas3om, 3TU THPJSHABI MHTaOT
C YaCTOTOH nepekJIIOUeHHs TPUITEPOB.

Yrobe cHcreMa paboTaja YCTOHYMBO, NHUTAHHE HA TAKTOBBIK
reHepaTop MMMYJbCOB M Ha TPHITEPH nojaeTcd € npocTeiilero
cTabunusaTopa HanpsiKeHHs, B KOTOPOM HCMOJNB3YIOTCA OLMH
tpansuctop Ty u crabmautpon g DTO KpeMHHEBHIH IHOj, Clle-
UHMaJbHO YCTPOGHHHIA Tak, YTO OH paGoTaeT B OGJIACTH 3JEKTPH«
yeckoro npo6os (puc. 19), conpoTuBieHHe KOTOPOro NO3TOMY
CHJIBHO MEHSeTCsl NpH H3MEeHEHHH TNpHJIOKEHHOrOo HamnpsikKeHus,
IlprueM conporuB/ieHde 3TO MeEHsAETCs TAKHEM o6pas3oM, YTo Ha-
npsaXkeHHe Ha J[HOAE OCTAeTCs fOYTH HeUu3MEeHHbIM. B paHHOM
cjliyuae 2TO HanpsKeHue ynpasiager tpuoaoMm (Ti), ¥ TOK uepe3
Hero OCTaeTCs HEM3MEHHHIM NpH M3MEHEHHAX NOABOAMMOro Ha-
NpAXKeHns, NOTOMY YTO KOJ/JIEKTOPHHIE TOK NPakTHYECKH 3aBHUCHT
TOJIBKO OT ynpagJidiouiero nanps;xenus (puc. 57), a oHo crabunu-
3UPOBaHO.

[Turaloulee HanpsaXkeHue oKoJo 8 6 Mg ynpaBasioulell YacTH
(TaKTOBBI/l reHepaTop, YCHJIUTENbL UMIYJbCOB, TPHUITepH) MOMy=
YaioT OT MOCTHKOBOrO BHINPSIMHTENS, K KOTODOMY MOIBOAUTCS
nepeMensoe Hanpsxenue 6,3 6. [loTpebienre Toka B 3ToM GJjioke
HeBesinko, U o6mortka Il cunomoro tpancdopmaropa Tp; Moxker
GbITh HaMOTaHa CPAaBHUTEJNBHO TOHKHM nposoiom 0,3—0,5 s,
Hanpsxenue Ha UCNOJNHATENLHYIO YaCTh (MOLIHEE TPAH3UCTOPHI)
NI0faeTcs ¢ OTAE/LHOTO BRINPsIMUTes, KOTOPHIH He JOJiXKeH JaBaTh
Gosiee 20 8, TO ecTb NOABOAMMOE K BHITIPAMHTEJIO 3P DEeKTUBHOE
nepeMeHHOE HanpsiXKeHue He NOJIKHO ObITh Oosbuie 14 8. Orpasu-
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YeHHe CBSI3aHO C TeM, YTo caM Tpausuctop 1201 He momyckaeT
GO/IBIIEr0 HaNpPSKEHHs] MEXAY KONJIEKTOPOM U 3MUTTEPOM (CM.
tabanny 10). MoxKHO, KOHEUHO, NIPHMEHHTb TPAH3UCTOPH ¢ GoJiee
BEICOKMM JIONYCTHMBIM KOJIJIEKTOPHBEIM HanpsixeHdem (Hanpumep,
I1214, ponyckalomue HanpsiKeHWe HA KoJJeKTope o 65 8) u TeM
CaMbiM ITOBBICHTb HaNpsiXKeHHe, MOABOAUMOE K HCIOJHHTENBHOMY
6Jioky. A 3TO, B CBOIO oYepejib, MO3BOJHUT BKJIIOUATL B KAKAYIO
rUpAsiHAY Gosibiiee YHCJO NOCJeNOBATENbHO COeJWHEHHBIX JaM-
oYex.

Boo6iie yncao Jamnoyek noabupaercs Takum o6pa3oM, yToOH
[OJHOCTBIO HCHOJb30BaTh NMOABOANMOE Hanpsikende. B panHOM
c/ayvae, KOria 3To Hanpsixenue cocrasager 20 6, B KaXayio rup-
JSHAY HYXKHO BKJ/IOUHTH UeThipe JaMIloukd Ha 6,3 6, WM IEeCTh
jJamnouex Ha 3,5 8, HJH, HaKOHeLl, BOceMb JlaMnouex Ha 2,5 3.

Be3 monosHUTebHOrO TENI0OTBOAA s Tpau3ucrtopa I1201
JONYCTAMEIH TOK KoJsekTopa cocrasisieT 1,5 a. 1o mosposser
B KOJJIEKTOPHYIO Lelb KaXKJIOr0 TPHOAA BKJIOYHThL Napaje/bHo
HECKOJIbKO TPyNN NOC/Ae10BATE]bHO COeHHEHHBX naMnodek. Tak,
HanpuMep, eciH NPUMeHeHsl JaMIoyky, norpebasionue ok 0,3 a,
TO MOXKHO COeAHHHThL IapaJje/pHO MATH TPYNI TAKUX JaMIOYyex
(n1s cnoxoficTBHA Jydile ueThipe) WM AeCAThb rpynn (Jayuiue BO-
ceMp) Jamnoyek, norpebasiomux Tok 0,15 a. YMeHbIHTL YHCTO
napaJJenbHEX TPYNI MOXKHO KakK YrOAHO, TaK KakK TPaH3UCTOPY
OT 3TOr0 TOJBKO Jerge.

ME! He NIPUBOIUM JAHHBIX BTOPHUHLIX 06MO10K TpanchopMaro-
pa. Uucio BUTKOB MJst HHX JIerKO PacCyuTaTh, €CIH H3BECTHO
YHCJ/J0 BUTKOB IepBUYHOM OOMOTKHM, a 3HAUUT, M YHCJIO BHTKOB Ha
onun BOALT (cM. crp. 109). O6mas norpeGisemass MOMHOCTb JUIS
yeTHIpeX MepPexJioualondX TPAH3UCTOPOB He npesnimaer 60 6T
Molisbie TpaH3ucTOpel paboTaloT noouepefHo, M Kaxjaas napa
norpe6asier npumepro 30 er (22 6-1,5 a), a snauut, Tpanchopma-
top Fp; MOXKHO H3TOTOBHTH M3 HeGOJKIIOTO CHJIOBOro TPaucdop-
mMaropa ot ceresoro npuemuuka. C TpanchopmaTopa yaaisior Bee
o6MOTKH, KpOMe CeTeBOi, U pacno/jaralor Hd Hx mecte oOMOTKH
IT u I11. O6morky 111 HyXHO HAMOTaTh AOBOJBHO TOJCTEIM IPOBO-
aom, aunamerpoMm 1,0—1,2 man.

BuiGop auamerpa nposofa ajas o6morku [II U guonos, 3ame-
uaomux /s, Hy’KHO NPOHU3BOAHTL C YUeTOM HAarpy3KH MOLIHBIX
tTpausucropoB. CoeceM He 00s3aTe/IbHO [aBaTh UM IPeleJbHYIO
Harpysky — 1,5 a. BrioiHe 10CTaTOYHO HATPY3HUTh KAXKIABIH TPHOJL
TokoM 10 0,6 a (manpumep, age rupisuiu no 0,3 a kaxnas).

C y4eToM cpenHero BHINPSMJ/IEHHOrO TOKa 3 @ BbIOPaH AMOT
Jls nas BRINPSIMUTENs, NUTAIOLIEro TPAaH3HUCTOPHEE pefe, a 3Ha-
4UT, ¥ CaMH rUpAsHAbl. ECIM nof pykam# HeT AHOAA, pACCUUTAH-
HOrO Ha TOK 3 @, 10 MOXKHO COENMHHUTH NapasiejpHO TeCsTh AHO-
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JIOB, oMy CKAaOWUX BuINpsiMaennsld Tok 0,3 a (300 xa). [1pu sTom
[OC./1e/0BATE/NbHO C KaXKABIM JIMOAOM HYXKHO BKJIOYUTHL OJHHA-
KOBBle Pe3NCTOpPBl N0 3—5 om KaxkAblH (0OGbsCHeHHe CM. Ha
puc. 27—15).

K nepekisiouatenio MOXHO f06aBUTh ellle HEKOTOPOe KOJIH-
YeCTBO TPHUITEPOB C MOLIHBIMH TPAH3UCTOPAMH H NOJYYHTH TAKHM
o6pas3oM MUraHWe THPJSIHA C NepUoaoM 4 cek, 8 cek U T. 1.

s nepexmouatens ¢ GOMbUHEM YHCAOM TepekJaiouaeMbiX THp-
JAHJ HYXHO HamoTaTh o6MoTKy III Gosee TOJNCTHIM TNpPOBOJAOM
W nogo6parte puon s, LONYyCKAOUHNH HYKHYIO BEJHYUHY BHIIPAM-
JIEHHOTO TOKa.

OnucanHplili HAMH TepekJIoyaTenb A8 eNKH — 3To GauKai-
IIHH POJICTBEHHHUK T'MTaHTOB 3JEKTPOHHKH: 9JEKTPOHHLIX BHMUC/IH-
reabHblXx MauwnH. [Tonpo6yiiTe npeacraButh ceGe, UYTO MBI MOXKET
BBOAHTb B GJIOK TPUITEPOB CTPOrO ONpejeNeHHOe YUCI0 MHUTIaHHUH
gammnouek. Torfa Ham nepeksouaTe]h CaM CTAHOBUTCS BLIYUCHII-
TesbHOK MammHol. [leficTBHTENbHO, AJS TOTO YTOGH PasienNuTh’
Kakoe-/JH00 YHCI0 HA YyeThIpe, JOCTATOYHO BBECTH 3TO YHCJIO B BHJe
UMITYJ5COB Ha BXoj 6Jioka TPHFrepoB U NMOJYUYUThH Pe3yJabTart, Mnoj-
CUMTaB UMMY/AbChl HA BBEIXOAe BTOPOro Tpurrepa. A 4to6nl yMHO-
KHUTh Kakoe-1u60 4UC/I0 HA [BA, HYKHO OTCUHTATH COOTBETCTBYIO-
liee 3TOMY YHCIY KOJMYECTBO HMIYJbCOB HAa BHIXOAE MNEPBOro
TpUrrepa, a 3arteM ONpeJeNuTh, CKONbKO HMIYJbCOB 34 COOTBET-
cTByIoIiee BpeMs ObIIO NOAAHO Ha BXOA 3TOr0 TPHUITEepa C TakK-
TOBOI'O reHeparopa.

B neficTBHTENIBHOCTH, KOHEYHO, B BHIYHC/HTENBHHX MAalUMHAX
BCe NPOHCXOANT HAMHOTO C/l0oXKHee, HO NPHHUHUN OCTAETCS TOT XKe:
yucsaa NpeficTaB/JeHbl B BHAE 3JEKTPUUECKUX CHTHAJNOB, B BHJIE
cepH#l MMIY/JbCOB, U HMEHHO C TUMH CHTHAJaMW MapidHa Ipo-
A3BOJINT BCEBO3MOXKHEIE NpeoOpaszoBaHus.

B 3/ekTpHYeCKHX HMIYJBCAX, BKAOYAIMUX TOT HJAM WHOH
3JIeMeHT CXeMBl, 3anucaHa M nporpamMmma aefcteus Mamud. Hanpu-
Mep, BBOJAATCS B MaIIUHY ABa uncna A U b U faertca takas npo-
rpamma: «YMHOXKHTh yncao A na uncio b, 3ateM npu6GaBuTh uKc-
70 A K uncay B, pasne/uTh nepsblil pe3y/bTaT HA BTOPOH...».

PaGoras no stolt nporpamme, MawmuHa Gyfer BCsKUE pas npu
006X BBOAMMBEIX B Hee JABYX UHC/JAaxX BHABATh BaM 3HauyeHHe
Pe3yJbTHPYIOLIeH €MKOCTH MNPH TNOC/Aef0BATeJbHOM COeAHHEeHHH
ABYX KOHIEHCATOPOB HJH Pe3y/]bTHPYIOUIEro COMPOTHBJIEHHs NpH
fapajajenbHOM COeJHNHEHHH Pe3UCTOpOB.

B BHe uHMCen-CHTHAIOB BBOASTCA B MAlIHHY ONMCAHHUSA CAMBIX
pasHbIX COOMTHI U HX XapaKTepucTHKU. BosbpMmewm, K npumepy, ma-
HIMHY, WUrPammylo B maxmarel. [aa Hee 06si3aTesibHO NPOH3BO-
JAT NpeABapUTeNbHYIO YUCJHOBYIO OueHKy ¢uryp. ®epss, Hanpu-
Mep, oueHHBawT B 10 YCIOBHHIX efMHHL, Jafblo —B 5 eIuHHL,
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MeKy — B €AUHULY U T. A. FIMEIOT CBOH YHC/IOBBIE OUEHKH CABOEH=
Has TNellkKa, POKHPOBKA, AaBJIeHUe Ha LeHTPaJjbHble NOAS U T. M.
Monoxenne ¢uryp, npasuna ux nepegBHKeHHS H CaMo TepeiBH-
XKenue, Npasuia CHATHs QUIyp M T. . TaKXKe BHIPaA)KalOTCH KOM-
Ounauysamyu yugp. [MosToMy M KaxIOHi Xof CBOAWTCS K onepa-
LUHAM Hal YACJIAMU, ¥ Pe3yJabTaT 3TOro X01a TakKxKe NpeacTaBiaser
€060l uMCJI0, KOTOPOEe JIerko MOXKeT GLTh HPEeBpauleHd B Ompe-
AeJIeHHOe MoJOXKeHHe (uryp Ha JOCKe.

MoxHo nocTpouTh mepexaouaTeny FHPJAAHA, KOTOPbIH GyaeT
HJIOCTPHPOBAThL paboTy JOTHYeCKHX SJIEMEHTOB <«H», <HJHY,
«He». OcHOBa Takoro mepekmiouatens (puc. 124) — npa MyJabTH-
BiGpartopa (MB; u MB;), npa TaKTOBLIX FeHepaTopa, reHepHpYIO-
LWIHX NPAMOYrOJibHEIE HMIYJALCH PasHOH AJIHTENBHOCTH, HanpuMep
¢ nepuogom 1,5 cex u 1 cex. Ha aBa tpausucropunix pexe (TP,
# TPy) 3Tu UMIyJbCH NOAAIOTCS HENOCPEICTBEHHO C MYJbTHBHG-
paropoB, a Ha ocTajbHble TPAH3HCTOPHBIE peje — yepe3 Jjoruye-
CKHE 3jleMedThl. TaK, HMIYJIbCH, NTOCTYNAMIHE Ha TPaH3HCTOPHOE
pene (TP3) yepes sseMeHT «HJU», GYAYT 3a)KuraTh CBOIO THp-
JSAHAY 7oA peHcTBHEM cHTHaAa JoGOro U3 MYJAbTHBUGDPATOPOB.
Wmvnyasew, ornupatomue Tpansucropuoe pene (7Ps) uepes aze-
MEHT «u», 6yAyT BKJIIOUATH TUPJSHALY JHIUL NPH NOABJCHHH HM-
NyJIbCOB OJHOBPEMEHHO OT ABYX MYyJbTHBUGpaTopoB. Kaxiapiil u3
JIOTHUECKHX 3JIEMEHTOB MOKHO CHAaONUTL eue H JEMEHTOM <He»,
KOTOPHIN OyzeT BKAIOYATL COOTBETCTBYIOLIEE TPAH3UCTOPHOE pede
(TPs n TPg) toraa, korna ocHostoe peae (TPy n TPs) Gyner BH-
Kaouathesi. [Ipy KelaHWH MOXKHO YC/JAOMKHHTB CXEMy H BBECTH
B Hee ewle Ps JIOTHUGCKHX 3JIeMeHTOB. MOXKHO, HaNIpUMep, BBECTH
SMIEMEHT «uUAlU» (<UAUy), KOTOPHI OyleT 3axHrarh FApPJSHLY
(/77) OT ABYX HCTOUHMKOB pedKO NOSBJSIOUINXCA HMIIYJNbCOB («U»
u «He»g). Ha puc. 124 non Gnok-cxeMmoil nepekJiouatess fpuBe-
IeH TpaduK NMOABJEHHA MMIYJbCOB B TUPJSHAAX namnouek, Wz-
MeHAs AJHTeNbHOCTh MMIYJILCOB TAKTOBBIX F€HEPaTOPOB, MOKHO
TOJIyUHTbL CaMble NPUUYAJHBBIE MUFaHHs JaMIIOU€K, JiHIIEHHBIE,
Kasanochb Obl, BCSKOro MOpsiaKa.

MBI He MPHUBOAMM NETANBHYIO CXEMy <JOFMYeCKOro» fepekJio-
qaTess He TOJbKO KH3-3a €e IDOMO3JKOCTH, HO ellle W TOTOMY, YTO
€e JIErKO COCTaBHT KaxK[Ibl#l, KTO pasobpaJcs B npeabliylled cxe-
me. Bo BcsiKoM ciyuae, OCHOBHBle 3JieMeHTH OGynyuiell cxembl —
MYyJbTHBHOPATOPB K TPaH3UCTOPHbLIE peJie — HaM yiKe H3BECTHHI.
Jloruueckie sneMeHTH TOXe MOCTPOUTL HeTpynHo. [lomas nBa
curHaja Ha ofmu#l pe3nucrtop ¥ nofoGpas ero BesJHYHHy Tak, 4TO-
6bl mox AedcTBHeM JiOGOrO M3 3TUX CHTHAJOB Ha PE3HCTOpPE Mmo-
ABJNANOCHh HeOGXOAMMOe A/ MOUIHOTO TPAaH3HCTOpAa OTNHpalollee

HANpAXKEHUe, MH noJayuuM JIEeMEHT KUTTHA», Ywmeublus
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Puc, 124, Cxenetnas cxema (1) w amarpamma (2) paGotu uepekmouateng
FUPNSIHA € «JIOTHKOH»,




CONPOTUBJIEHME pe3uCcTOopa HPUMepHO BIBOE # YMEHBLIMB TeM ca-
MBIM OTIMpaiollee HANps)KeHWe, MOXKHO JOOUTbCs, 4TOGH OHO
JOCTUTa/0 HYXKHOf BeJIMUMHBI JIMILL TPH COBMECTHOM JAeHCTBHU
curnanos. Takum oGpasom, Mbl moJyuuM 3jgeMeHT «i». Haxoneun,
CHUMAsi OTNHpaiolilee HanpsiKeHHe AJis TPAH3UCTOPHOro pelie He
C 3MUTTepa, a C KOJJIEKTOpa npeablayuiero Kackana, MOHO I1O-
JYUUTb 3JIEMEHT «He»: NpeJBapUTe/bHO 3aneprblil MOCTOSHHBIM
HanpsiKeHHeM MOWHBI TpaH3uCTOp OyAeT OTNHPAThCA JiMIIb
TOra, KOrfa NpPeKPaTHTCs TOK B 3TOM MpeABapUTe/]bHOM KacKa-
Jle ¥ Ha ero KoJUIeKTOpe Pe3KO BO3pacTeT «MUHYC».

OGe cxeMbl «yMHBIX» nepexJjiouaresefl XoTs 4 He OUeHb C/IOXK-
HBEl, OHAKO K€ U He OueHb NpocThl. Bo BCsikOM ciyuae, WX Hana-
XHBaHMe TpeGyeT NMOHMMAaHHsA NPHUHLUUIOB paGOTH TPAH3UCTOPA,
CYyMMHMPOBAHMSI M BHIUMTAHUS] HANDPAMKEHMH H TOKOB B CJIOXKHBIX
uensx, B3aHMHOTO BJHSHHA 3JIEMEHTOB, BXOASLINX B eAHHYIO
3JIEKTPHUECKYIO Lenb, H T. Ji. U T. 1. [l Tex, KTO 3ax0ueT HauaThb
¢ GoJjiee mpocToro nepekiiouatess, Ha puc. 113 npusoputcs cxe-
Ma, KOTopas He «paccykjaer» U He «CUHTaeT», a IpOCTO nepe-
KJll0uaeT ABe rpymnnel jsamnouek. B 3To#f cxeme MoOLIHblE TPaH3M-
cropr (7374), ciocoGHble nepek/aouaTh FHPJSHAB JaMIIOUYeK, pa-
60Tal0T HernocpeACTBEHHO OT My btuBuGparopa (T17;). CoGpaB
JBa TaKUX MyJIbTHBHOpPATOPA C PA3HBIMH NepHOLaMM HMIIYJIbCOB,
MOXHO NOJIYYUTb [OBOJBLHO 3G (DeKTHYI0 CUCTEMY IepeK/ioueHnsd
W OT Hee yiKe IOCTeneHHO (Hanpumep, noGasJ/sis TPUrrepb HJH
JIOTHUECKMe 3/IeMeHTH) [BHTaTbCAd K Gojlee CJIOXKHOMy, 6oJee
«yMHOMY» IepeKJ/iiouaTesio.

Hannpie TpanchopMaTopa M CaMHX THUPJISIHA TaKME XKe, Kak
sl mepexJjioyartessi no cxeme puc. 123.

Bo Bcex cxemax, 0 KOTOPBIX LIIa peub B 2TOM pasjiesie, TPaH-
3HCTOPH paGoTal0T B KJIOUEBOM peXHUME — OHM JIHGO MOJHOCTHIO
3anepTsl, Ju60 MONHOCTbIO OTKPBITH. TpPaH3UCTOP B TakKOM pe-
XKuMe NefiCTBUTE/NbHO HANOMHHAET KJ/o4 (BBIK/IIOUATE/Nb), 3aMbl-
Kaomul 6o pasMbKaoWuil 2JeKTPHUECKYio ilenb. TpaHsu-
CTOP-KJ/I0Y — OAMH 43 CAMBIX NONYJAPHBIX 3JIEMEHTOB 3/IEKTPOH-
HOH aBTOMATHKH.

To, uTO GBI PAaCccCKa3aHO O IPHMEHEHHH TPaH3HCTOPOB B aB-
TOMaTHKe, MOXKHO pacCMaTpHBaTh JIHIIb Kak NpHIalleHH#e 3a-
HATLCS 5Toli MHTepecHOl oGuacTbio. Kaxabld, KTO 3axouer npu-
HSITh TaKOe NpHrJaiieHue, CMOXKeT ABHHYTbCHA jaJjiblie [10oj napy-
camu Gorato#l JIOGHTeAbCKOMN JUTEpaTyphl 110 3/JeKTPOHHOH aBTo-
Mmartuke. Mbl :Ke Ha 3TOM 3aKOHUHM 3HAKOMCTBO C TPAaH3HCTOP-
HBIMU KJIOUEBLIMM CXEMaMH U TeM CaMbiM BOOOIIe 3aKOHUMM CBOE
HyTellecTBUE, CIUTAS, YTO HepBblil AT B TPAHIUCTOPHYIO 3/IEKTPO-
HUKY cJie/iaH.

PHHUII, KOTOPHIA MOXHO CHUTATDbL CTAPTOM

Yro Ke MOXKHO CKa3aTh B KOHUE HALIEro AOJAroro nytu?

OrasanpiBasich Hasaj, MOXKHO OTMETUTh, UTO NYTh 3TOT MPOLIE
10 MHOTUM HHTEPECHBIM TePPUTOpPHAM. Mbl yBuAe/N HEMAJIO KOH-
KPeTHBbIX MpaKTHYeCKHX TPAH3UCTOPHBEIX CXEM MU, UTO OCOGEHHO
BAXKHO, NIO3HAKOMHJINCh C HEKOTOPBIMH OOUMMH NPUHIMIIAMH TO-
CTPOEHUs] CXeM, C BAXKHBIMW JJisl TPAH3UCTOPHOH TeXHHUKU (PU3H-
YeCKMMHM TIIpoueccamu, C [IJIaBHBIMH 3aKOHAMH 3JeKTpHueCcKuX
uernen.

B 10 e BpeMsi HYXKHO YeCTHO NPH3HATH, UTO MHOrHe BarKHEI®
1 UHTepecHble MPOG/IeMbl HAM TaK U He YAa/0Ch BHHMATeJbHO pac-
cMoTpeTb. Beem M3BeCTHO, UTO «HeNb3si OGBATL HEOGBITHOE®, HO,
OKasblBaeTcs, U «00bsiTHOE» 00bSITh HE TaK-TO NPOCTO.

Xoporio Oblio Gbl, HanpuMep, NOAPOOGHEH OCTAHOBHTBLCS Ha
TOM, YTO TaKOe reHepaToOp TOKa M yTO TaKOe reHepaTop Hanpsxe-
HufA (cMm. ctp. 222). IlepBoe u3 3TUX YC/OBHBIX HA3BAHHH OTHO:
CUTCS K 2JIEKTPHYECKOH 1efid, B KOTOPOH CONMPOTHBJIEHNE HATPY3Kk
Ry 3HauMTe/IbHO MEeHbllle, YeM BHYTpPEHHEe CONPOTHBJ/IEHHe reHe:
patopa R.. Bropoe Haspanue OTHOCHTCA K UeNH, rjae, HA060DOT,
Ru >Ry

CamMo Ha3BaHHe «reHepaTop TOKa», €CJH €ro NOHHMATh GYK-
BaJIbHO, He OTpaxKaeT BCero, YTo NPOUCXOAUT B LENH, IOTOMY uTO
HHKaK He MOxeT OBbITb TaK, YTOObl TeHEpaTop J[aaBsaji Harpyske
TOJIBKO TOK: pa3 B Harpyske ecTh TOK, TO, 3HAUMT, Ha Hel nefict-
BYET U Kakoe-To Hampsixenue. HasBanue «renepatop ToKa» JHIIb
OAUEPKUBAET CAEAYIOLIYIO BaXKHYI0 OCOOEHHOCTh — B 3JIEKTPUUE-
CKOH 11enH, B KOTOpO# Ry > Ry, Kak Gbl HM MeHSJIOCh CONpPOTUBJIE-
HUe Harpysku Ry, 4epc3 Hee BCe PaBHO 6YHAeT MATH OOMH U TOT
ke ToK. To ecTh B 1lenu reHepatopa TOK4, a 3HAUYMT, B LelHd MOA-
KJIIOUEHHON K HeMy HAarpy3kd BeJIMUMHA TOKa NPakKTUUYECKW HE
3aBUCUT OT CAMOrO CONPOTHBJIEHMS HArpyskKH.

O6msicHsieTcsl  9TO, KCTaTH, LOBOJBLHO NpocTo. TOK B LeMNH,
B KOTOPYIO BXOAAT ABA NOC/EAOBATEAbHO COEMHEHHBIX PE3UCTOPa
(B namnom ciyuae Rp M Ry), 3aBHCHT OT O6MLIEro CONpOTHBIEHUS
uemH. A MOCKOJBKY COMpPOTHBJIEHHE OfHOIO M3 JBYX PE3HCTOPOB
BO MHOro pas GoJiblue, 4yeM APYroro (Mbl Beib Ha3BaJIH reHepa-
TOPOM TOKa HMEHHO TaKOH reHepaTop, BHYTPEHHee CONPOTHBJIeHHE
KOTOpOro Ry BO MHOTO pa3 GoJibiie, ueM CONpOTUR/EHUEe HArPy3KH
Rx), T0 obulee conpoTHB/IEHHE LeNM, a 3HAUUT, M TOK B Hell B OC-
HOBHOM W OyzeT onpejensiThcs Beqnuunolt Rr. Ilpencrtasbre cee,
YTO K reHepaTopy C BHYTPEHHUM conpoTussenvem 100 om mooue-
PEeNHO MOJK/OUAoT TPH pasHble HArPY3KM C CONPOTUBJIEHMS MU
1, 2 u 3 om. Bo Bcex 3TMX Cilyuasix o6iiee CONPOTHBJEHME IeMH
OKaxeTcs npuMepHo pasHbiM 100 o # TOK B memd npu 3amene
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Puc. 125, Tonsitue <«IeHepaTOp TOKa» WM «TEHEPaTOp HaNMpPSKeHHs» npexpe
BCEro OTpakaeT COOTHOIMIEHHE MeX/Jy CONPOTUBJIEHUEM lEeHepaTopa n HarpyskH.

Barpysku He uaMeHHUTCS. MIMeHHO B 3TOM cMbic/le NOAOCHHA res
HepaTop W Ha3BBAIOT I'eHEpaTOpOM TOKa.

Hawm nosiesno 6bio 6ui mogpoGHell NMO3HaKOMHTLCS C reHepa-
TOpPOM TOKa MMEHHO NMOTOMY, YTO OH ZOBOJIbHO 4acTO BCTpeyaeTcd
B TPaH3HCTOPHLIX cxeMax. BosbMmem, K NpuMepy, MpPOCTEHILIyIO
Hellb MOJaud cMelleHHss Ha 6a3y OT KOJJIEKTOpHOH OGataped
(puc. 76). Mul npenctaBusin cebe 3Ty Uenb KaK HeKHH JAE/HTENb
HalpsiKeHHsd, B KOTOPBIi BXOAHUT pe3ucTop Rs H CONPOTHBJEHHE
IMUTTEPHOrO nepexona Rex—~ A NOCTOSHHOTO TOKa. JTo JelicT-
BHTEJLHO TaK: BCce HaNpsiKeHHe KOJIJIEeKTOPHOH 6araped Ae]HUTCH
MeXJly y4acTKamd ReJHTe]s, H T2 4YacTb HanpsKeHWd, KoTOpasd
JIOCTaeTCsl 3MHUTTEPHOMY pAa-nepexony, fBJAseTcs AJs TPaH3UCTO-
pa HauanbHLIM OTPUIATeJbHbIM cMellendem. OT cMelleHus, TO
ecTb OT OTPHIATENbHOrO HampsiKeHHs Ha 6ase, 3aBHCHT KOJIJIEK+
TOpHbLIH TOK TpaH3HCTOPa: 4eM GoJiblile 3TO OTPHILATENbHOE HANPsi+
XeHue, TeM 60JbLI€ W KOJIGKTOPHBbIH TOK (pHc. 64).

To, uTO BXOAHOE HaNpsKEHHe, B YACTHOCTH HaNpsKeHHe CMEes
LIeHHS, CTajlo B HalleM Pacckase O TPAH3HCTOpax IVaBHLIM pedis
CTBYIOWIMM JIHIOM, HH B KakKOH CTelleHH He HCKaXKaeT MCTHHB —
KO BXOjy TPaH3HCTOPa NMOABOJUTCA HEKOe HANPSKEHHe, OHO CO3+
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Jaer BXOIZHOfl TOK, a OH, B CBOIO Ouepejlb, BBOAUT 3JeKTPHUECKUE
3apsinsl B Gady. (B cxeme OB Bce MpOHCXOZHT B TOUHOCTH TaK;
B cxeMe O3 unc/o BBeeHHBIX B 6a3y 3aps/loB TOXKe onpeje/IseTcs
BXOJHBIM TOKOM, OJIHaKO HYJKHO YMHOXHTbL BXOJHOH TOK Ha K03(-
duudedt B, uToOBl KOJMYECTBEHHO NOACUUTATHL TOK, KOTOPBIQ
BxoguT B Gasy.) M3 Ga3wnl 3apspbl MONajaioT B KOJJIEKTOPHBIH
Iepexoj ¥ 3ateM NPOXOAAT 1O KOJMJeKTOpHO#l Harpyske. Ilepso-
TPpHYHHOH BceH 3TOH MJHHHOW Uenouku COOBITHH, Kak BHIHTE,
ABJsieTcs HamnpsixkKeHHe, MOABEAEHHOE KO BXOJHOH ienu TpaH-
3HCTOpa.

OaHaKO B HEKOTOPHIX CAyuasx AJsd YNpoOlLieHHs KapTHHbI [0-
JIe3Ho 3a6bITh 06 3TON NMepBOHNPHUMHE M HaYHHATh BCe paccyxie-
HUS NPSMO € TOKa, NPOTEKAIOWIEro BO BXOAHON 1lend, HMEHHO ero
cuuTasi rJiaBHHM JAedcTByomuM auiom. [lonaua oTpuiatesbHOro
CMellleHHsl OT KOJIJIEKTOpHOH 6aTaper — 3TO KaK pa3 OJHH U3 Ta-
KHX Clyuaes.

ConpoTusnende pe3ucropa Rs, depe3 KOTOPbIl KOJ/JIEKTOPHOE
HalpsKeHue mnonagaer Ha 6asy, BO MHOTO pas GoJblile, ueM CO-
NPOTHBNEHHE Ryx— 3MUTTEPHOro pn-nepexofa. ITO SICHO XOTs OH
H3 TOTO, UTO KOJJIEKTOPHOE HanpsKeHue coctasaser 5—10 8, a Ha
6ase MOJXKHO ocTraThcs cwmetilenne Bcero 0,1—0,2 g. TlopoGuoe
JeJieHMe BO3MOMKHO JHIIb B TOM CJyyae, €CJU CONPOTHBJEHHE
BepxHell yacCTH aenuTe st Kg B HECKOJbKO AeCATKOB pasz Goubile,
4eM CONpOTHBJ/EHHE ero HHXKHeH yacTH Ryx-. Takoe cooTHoOueHHE
COTIPOTHBJEHHH [103BOJACT PacCMaTPUBATh BCIO UENb CMeElICHH
KaK Llellb ¢ TeHepaTOpOM TOKa, BHYTpeHHee CONPOTHBJIEHHE KOTO-
poro Rg a Harpyska Rex—.

Mu y:Ke roBOpHJIH, YTO B ileNd reHepaTopa TOKa cama Besu-
YHHA TOKa NOYTH He 3aBHCHUT OT CONPOTHBJEHHS HArpy3ku H B OC-
HOBHOM omnpefensiercs GOJLIIKM CONPOTHBJICHHEM TreHepaTopa,
B HalleM cJyyae -— CONpOTHBJeHHeM pe3ucropa Rs. [Ipeacrasbre
cebe, 4TO B CXeMe, Tie CMeIieHHe NOLaeTcsl OT KOJLIEKTOPHOH Ga-
1apen 4epes pe3HCTOp Rg, BBl MeHsieTe TPAaH3HCTOPH, H y HHUX,
B CHJIy H3BeCTHOro pas36poca mapaMeTPOB, OKa3biBAIOTCS pas/iHy-
HBIMH CONpOTHBJIEHHs 3MUTTepHOro pn-nepexona Ry-. B stom
clyuae TOK B LeNH, MO CYTH Aena, MeHsTbcsd He GYHET, Tak Kax
He6O0/IbIIoe COMPOTHBJEHHE pnr-nepexofa MajJo BAHSET Ha TOK
B Ll€NH, Kyaa BKJAIOYeH pe3ucTop Rg ¢ GOJbIIEM CONPOTHBJCHHEM.

Ho ecau uepes kakoi-HHGYAb YuacTOK HeNd NPOXOAUT HEH3-
MEHHBIH TOK M MEHAeTCsl CONpPOTUBJ/EHHE 3TOr0 ydacTKa, TO HEH3-
6exHO (cormacHo 3akoHy Oma — U=/-R) Gyner mensarbcs nei-
CTBYIOLIEE Ha yyacTKe HanpsixkeHue, MHbIMH ClOBaMH, NIPH BKJIO-
UeHHH TPAH3HUCTOPOB C Pa3HbIMH Rsx~ OYIeT MEHATLCH HanpsKeHne
Ha 3THX CONpOTHBJEHUAX, GYAET MEHATHCH HauajbHOE OTpHila-

Te/IbHOC CMelileHNe, KOTOpOe 1nojgaeTcs Ha BXOJ TPHOMOB. 343



M3 Bcelo cKa3aHHOro TaK M XOUeTCH CHeJAaTh BHIBOML: «DT0 He«
ponycrumo! I'lpn cmeHe TPaH3UCTOPOB HYKHO MEHSTb H PE3UCTOP
R, ¢ Tem 4ToGHl BCerfa fe/inTh KOJUIEKTOPHOE HanpsixKeHue B Of-
HO#l u Tofi ke mponopuun. CmelileHue Ha 6asze scerja [JOJXKHO
OpITh onnHakoBoiM!!!» HecMmoTpsl Ha KaXyHlylOCH JIOTMUYECKYIO
6e3ynpeuHocTs TOrC BHIBOJLA, OH BCe Ke HepepeH. TouHee, He
coBCEM BepeH.

Hanpskenue cMeleHus, KoTopoe Mbl NOABOAHM K TPaH3HUCTO-
py, — 3T0 He caMmoulenb. Mpbl NMOABOANM HANPsiKeHHe CMEICHHSA
AN TOro, uto6bl CO3/aTh BO BXOJHOH Lenud OnpefesieHHBN TOK,
KOTOpHIH 3aTeM MOmafeT B KOJJIEKTOPHYIO iellb H, Mo CyTH [ena,
onpeaesuT sce cOGBLITHS, MPOUCXOAsLIHEe B TPAH3HCTOPHOM yCHJI-
TeJbHOM Kackasne. UToOB YCTaHOBHTb PEXHM TPaH3HCTOpa, HyXK-
HO 3a7aTh B €ro BXONHOH Leny onpejresieHHbI TOK, M TOJBKO NO-
9TOMY HYXKHO NMOJABECTH K Heill onpejesnenHoe HanpsiKenne. A eciu
COTNPOTHUBJIEHHE SMUTTEPHOI'O pn-nepexona y TPaH3HCTOPOB OKa-
KeTCst Pas3jiHyHBIM, TO K HUM TOpMJAeTcs NOABOAWTL W pasHbie Ha-
npsKeHUs — JIPIIb B 3TOM CJyuyae MOXKHO OyjgeT YCTaHOBHTbL BO
BXOJHOH peny 3TUX TPaAH3UCTOPOB OAWH M TOT Xe TOK.

H3 sToro pacckasa MOXKHO CH€/iaTh HECKOJBKO NOJIE3HLIX Bbi-
BonoB. [lpexne Bcero, paccMaTpuBas MPoOHECCh B CXeMe, 0 KOTO-
poil uaeT peub, H, UTO elle BaiHee, IPU ee HaJIAKUBAHUM, MOKHO
BOOGIIE MCKJ/IIOUHTb U3 PacCyXJeHUH NOABOANMOEe KO BXOLY TPaH-
3ucTOpa nocTosHHoe Hanpsxkerue Ueyw U Cpa3y Xe YUATHIBAThL TOK
cmewtenus [on BO BXONHOMH IenH. A NOCKOJIBKY y HAC renepaTop To-
Ka, To BeJjiuuuHa [¢n GyJLeT BCerfa OAMHAKOBOH H PEXHM TPaH3H-
cTopa Bcerna OGyneT ONpenefiTbCa JiHIIb CONpoTuBJeHueM Rs.
WmenHo nogGopom 3TOro CONpOTHBIICHHA MOKHO YCTAHOBHTHL He-
o6xonMMBblil Haua/bHBI! TOK BO BXOAHOH LenH, yCTaHOBUTb peXUM
Tpan3ucTopa.

Bce cka3zanHOe coBeplleHHO le NMPOTHBOPEUUT TOMYy, YTO rO-
BOPHJIOCH paHbllie: MBI pacCMaTpPHBAJM BCIO pHenb IOJAYd CMe-
HIeHUS] KaK Je/NUTe/b RaNpsiKeHus, ¥ U3 HallUX pacCyXjeHui
TakXe CJief]OBaJo, YTO PEXKHM yCTaHaB/UBaeTcAd NOAGOpOM pesi-
ctopa Rs. OT TOro, 4TO MBI NMEPellIN K HHOMY ONHUCaHHIO npolec-
ca, caM 3TOT NMPOLECC He U3MEHWJICH: KaK U Npexje, Ha IMUTTep-
HOM mnepexofie NeHCTBYeT HalpsKeHHE; KaK NpexJe, BO BXOAHOH
wenu nporekaer ToK. llepeiinsd K HOBOMY omucaHulo, paccMaTpu-
Bafl BCIO UeNb KaK reHepaTop TOKa, MBI JIMIIb HECKOJBKO yIpo-
CTHJIE KapTHHY, HapMCOBAHHYIO B CBOEM CO3HAHMH, Crejalii €e
GoJsiee yAOOHOH /151 MBICAICHHOTO ananu3a. He nymas Hu 0 Kakom
HanpskeHud Ucy, Mbl TIPOCTO CUATAEM, UTO HYXKHO YCTAHOBUTH BO
BXOIHOH LenH 3anaHHbll TOK [ey (OGBHIMHO 3amaeTcsl TOK KOJIEK-
topa [« . KOTOPHIl 3dBUCHT OT Icm), 2 3HAUHUT, HYXKHO nofao6paTh
pe3ucTtop Rp, onpefensioulvii BejM4HHY 3TOrO TOKa.
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Caenyrouuil BHBOA HOCHT Gosiee OGUIMH XapakTep — OH Ka-
€aeTcst PacnpoCTPAHEHHOro BLIPAXKEHHS: «TPAaH3UCTOP — 3TO IpH-
6op, ympaBJsieMblii TOKOM».

WHorpa sTo roBoputcst nais Toro, 4toGel NOMUEPKHYTH OTAHUHE
TPaH3HCTOPa OT JIAMIB!, BO BXOJHOH Lernyu KOTOPOH TOK OYeHb mal
H KOTOPYIO NO2TOMY CUHTAIOT YCHUJHTE/bHBIM npHGOpPOM, ynpas-
JdeMbIM HanpsiKenueM. Pasymeercs, B paGoTe faMnbl 4 TPaH3u-
CTOpa ecTh pasyiMulf, HO BPSIA JIH CTOHT NBITATHCA ONMUCATh HX
KOPOTKOl1 pa30ii, KoTopasi K TOMY Ke OTHOCUTCH JIHIlib K OlHOMY
W3 OTVIHYMH, OolpenesseT ero HeTOUHO (COGHITMA BO BXOAHLIX Ie-
09X TPAH3UCTOpA M JaMIbl XapaKTEPH3YIOTCH W TOKOM, i Hanps-
JKeHHeM — ITHMH ABYMs NOKa3aTelsiMH eMHOro mpoiecca), a He-
KOTOpHle BaKHble pa3/Hyusi, B 4aCTHOCTH PEeKOMGHHALMIO 3aps-
LIOB B pn-nepexonax, He Y4HTHIBAET COBCEM.

YacTo roBOpAT 0 TOKOBOM NpPHHIMME yHpaBjieHUs TPaH3HUCTO-
poM, uMes B BHAY, YTO €ro BXOHHas Lenb, B GOJBLIHHCTBE CJAY-
uyaes obsnajfarouiasi MajblM CONPOTHBJIEHHEM, NOAKJIOUEHA K BEI-
COKOOMHOMY HCTOUHHKY CHTHaJja, TO €CTb K I'eHepaTopy ¢ OYeHb
GONbIIMM BHYTPEHHHM CONPOTHBJIEHHEM Ryyx (UMeeTcs B Buny
conpoTHBJeHUE nepemMeHHOMy ToKy). B atux ciywasix sbipaxe-
Hue «npubop, ynpas/aseMblli TOKOM», ONSTb-TaKH HYXHO AJs TOro,
4yToOBl yNPOCTUTD KapTHHY, HCKJAIUHTD U3 HEEe BTOPOCTENEHHDBIE
NieTanu ¥ BBIAE/NUTH IV1aBHOe. A rj1aBHEIM B 9TOM Cily4ae Kak pas
W SIBJISIETCS BBICOKOE CONPOTHBJIEHHE FEeHEPaTOPa, C KOTOPOro Tpas-
3HCTOp TOJIyYaeT CHrHaJ, M HHU3KOe BXOJLHOe CONpOTUBJeHMEe ca-
MOTO TpaHaucTopa Ry, (andA mepemenHoro toxa). [emeparop cam
onpenensieT BXOAHOH TOK TPaH3UCTOPA, a 3TOT TOK y¥Ke CBOHM
OOBbIYHLIM TOPANKOM YympasjseT paboToil BCEro yCHJHTEJbHOrO
Kackana. Koneuno, Ha BXo/e TpaH3UCTOpa, KaK Bcerna, aeficrayer
ynpasJsioliee HanpsiKeHHe, HO [l NPOCTOTH jesia €ro MOKHO
He YYHTHIBATD.

Bce omucanue pa6oThl TPaH3HCTOPA U €ro XapaKTepUCTHKH MBI
B CBOE BpeMs CTPOW/M Ha TOM, 4TO KO BXOAY MOABOAUTCH yupas-
asotree Ranpsikenue Uys, YTO UMEHHO OHO CO3[aeT BXOAHOH TOK
M ynpasJjseT BBIXOAHBIM TOKOM. B roM ciyuae, Korma Bxopmnas
1enb TPaH3UCTOPa MUTAETCH OT reHeparopa Toka (To €CTb OT
MCTOYHHKA C CONPOTUBJICHNEM, 3HAUUTE/BHO NMPEBHIIAIMNM Ryy),
MOXHO BCe DACCYXKJEHMSl cpa3y HAUHHATh CO BXOJAHOIO TOKA.
A Bxonmoe HanpAXKEHME CUHUTATh NPH 3TOM «NOGOUHEIM MPOAYK-
TOM» — KaKHM OHO IIOJIYUHTCS, TAKUM NYCTb U Gyder. Tak, KCTaTH,
nocTynamT f0B0JbHO 4acto. M mosToMy He ynusnsiiiTech, ecau
Bbl BCTPETHTE CeMEHCTBO BBIXOMHBIX XapaKTEPUCTUK, NOCTPOEHHKIX
He 17151 pa3Hblx Ranpsikenuit Uy, a /A pasHbIX BXOAHBIX TOKOB —
I, anst cxemsl OB nau Is ans cxemn O3,

OTUMH XapaxkTepUCTUKAMH MOXKHO [0JIb30BaTbCH  JOBOJBHO
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4acTo, HO He Bceraa. B Tex ciyuasix, KOTAA HCTOYHHUK CHTHAJLA 006-
JlajaeT HU3KAM BHYTPEHHHM CONPOTHBJIEHHEM, €ro HyXHO pac-
CMaTpHBaTh KaK TeHepaTop HanpsiKeHHsT U BCE PacCyXK/JeHus
0 pa6oTe TpaH3UCTOpa, KAK MHl 3TO U Hejaju, HAuhHaTh C TOTO,
YTO K €ro BXOAYy NOABOAUTCH HalpsiKeHdHe Uss.

«llenb Toka» M «neNb HANPsIKEHHs», «TeHepaTop TOKa» H «re-
HepaTop HampsKeHHS», «IpUOOp, ylpasiiseMblil TOKOM», U «IpHU-
6op, ynpasngeMblii HAanpsKeHHeM», — BCe 3TH NOHA1THA OTpaxa-
10T JIMIIb COOTHOUIEHHE CONPOTHBJ/EHHH B 3JEKTPUUYECKHX [elsx
A 33BHCHUMOCTH COGHTHIl B 3TUX HeNsiX OT UX 3jJeMeHTOB. [losp30-
BAaTbCsl HepeuyUC/CHHLIMH MOHSTHAMU BechbMa ynoOGHO, HO AeJNaTh
3TO MOXKHO JIMIIb TOTJd, KOTJ1a BHISICHEHO, IOYEMY B TOH HJIM HHOM
Heny TOK HAH HalpskKeHHe MaJo 3aBUCAT OT TOro WM HHOTO 3Je-
MEHT2 U ToueMy OT APYroro 3JeMeHTa OHH 3aBHCAT cHAbHO. M BO
BCeX CJyuasX, pacCMaTpHUBas 3/JeKTPUUECKYIO Hellb W TNpPU 3TOM
ofpamasi BHUIMaHHE TONBKO Ha TOK WJIM TOJNbKO HA HamNpsKeHHe,
He 3a6biBaiiTe, 4TO BBl JHUUIb YNpOLUlaeTe UCTHHHYIO KAapPTHUHY, 4TO-
6bl sierue pa3oGpaThesl B NPOUCXOAAIIUX coObiTHAX. M uTo Ha JI0-
6oM yuacTke JI060H peasibHON HeNH TOK NpOTeKaeT Moi AeHCTBHU-
€M HanpsiKEeHUs, WM, eCl¥ FOBOPUTL HHAue, HAIU4YHe TOKa 00s-
3aTeJILHO CONPOBOXK/AAETCs NMOSABNCHUEM HanpsiKeHHUs.

[Tousis, uTO «reHEPATOP TOKA» H «TeHEepaTOp HANpsKEHHH> CO3-
AAIOTCH JIUIUD ONpEe/eHHbIM COOTHOIIEHHEM CONPOTHBJ/EHHH, MBI
MOXEM B CJyuae HeoGXONHMOCTH H CaMH BBOJHUTH B CXEMY Takue
reHepaTopsl. OAHH H3 NPHUMEPOB UCKYCCTBEHHONO reHeparopa
TOKAa — 3TO BRINPSAMHUTENb 415 3apSAKH akKymynaaTopa (puc. 42—
4, 5). H3gecTHo, 4TO NpH 3apsiKe HYXKHO NOAAEPKHBATb 3afaH-
HYIO BEJHUKUHY TOKa, KOTOpas onpeje/sieTcs THIOM akKyMyJasaTopa
H €ro eMKOCThI0. OIHAKO NOCTOSTHCTBO 3aPsi/IHOrO TOKA BCeraa Ha-
XOJUTCH MOJ yrpo3oii, U MpexJae BCEro Ha HEro HOKyllaercs caM
akkyMmyJisitop. B npouecce 3apsiiku ero BHyTpeHHee CONpPOTHBJe-
HHe MOXKET Pe3KO MEHSATHhCS, U TO BjeueT 32 co6o#l onacHble M3~
MeHeHHs TOKa B HeNH.

Yr1o61 cTaGU/IU3HPOBATL 3apafHbIA TOK, BHIIPSMHUTENb HCKYC-
CTBEHHO NPEBPaLIAIOT B FeHEPATOP TOKA, BKJIOYUB B €ro Lelb Io-
clleloBaTe/bHBIN PE3HCTOP C CONPOTHBIEHUEM OKOJIO OJHOTO OMa.
Orta BeIMYKMHA BO MHOrO pa3 MpeBHUIAeT BHYTPEHHeEe COMNPOTHBJe-
HHUe aKKyMy/isTopa (O0GBIUHO COTHIE JOJH OMa), H NMOITOMY OH, IO
CyTH Jlen1a, OKa3blBaeTcs NOJAK/MIOUEHHBIM K reHepaTopy Toka. Te-
nepb BEJHUMHA 3apSITHOTO TOKA YXKe€ MaJjo 3aBHCHT OT CaMoro
AKKYMYJISITOPa U NPaKTHUYECKHU OCTAETCS HEH3MEHEHHOMH.

Jpyro#i npuMep — BK/IOYEHHE BHIPABHUBAIOUIHX PE3HUCTOPOB
MOCJEIOBATE/NBHO € TapasiiesbHO  COeAMHEHHHBMH [HOLAMH
(puc. 123). Oduoanl coeUHSAIOT mapasenbHO, €CId HeoGXoaHMBbIi
BbINPSIMJIEHHBI TOK TpeBbIlIaeT AONYCTUMYIO AJs OZHOTO AHOAA
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BesinunHy. CoeIMHHB AHOAH NapasiesbHO, MB Kak Obl pazjiensnem
MeXay HHMH o6wHuil Tok. Tak, ecin HYXHO NOAYUUTb [uun=3 4,
a B HalleM pacropsiyKeHHH ecThb JHOABI, Y KOTOpHX [p=0,3 a, TO
c/ieqyeT COeJHHUTL MapaJne]bHo JecsiTh (Aad 6e30nacHOCTH Jiyd-
1le OAMHHAALATbH) TaKHUX MOHOMAOB.

Omnako npsimoe ConpoTuBAeHHe Rpp y Pa3HBIX 3K3EMIJISPOB
OJIHOTO U TOTO e THIa JUOJOB MOMKeT pe3Ko OTJIHUAThLCH, a4 B 3TOM
cnyuae oGIMH TOK pacnpenessieTcs MeXAy AHOJAMH HepaBHO-
MepHO. B uTore ofHH AHOAB HEJOTPYKEHB, a ApyrHe MOTYT mepe-
rpy3uThest U BHIATH U3 CTpos. A Bejen 32 OJHHM BHILIEAIINM H3
CTPOSl AMOAOM B HEKOTOPHIX CAyuasX (HanpuMep, ecld B pe3yib-
TaTe rneperpeBa JHoJa OTTOPHT» OT KPUCTAJ/ia ONHH H3 BEIBO-
IOB) MOTYT BBIATH H3 CTPOs U BCe OCTajbHHE.

Uro6H n3bexkaTh 3TOH CTPAIIHONH KAPTHHHI, JOCTATOUHO NOC/E-
JOBATENBHO C JUOAAMH BKJIOUHTH OOUHAKOBbie PE3UCTOPH IO
3—>5 om gaxAHi. DTa BeJHUMHA BO MHOrO pas GoJblle, 4eM Nps-
MOe CONpPOTHBJIECHHE IMJOCKOCTHOTO AMOAA, M NMO3TOMY KamKAbIH
JMOJ OKaxKeTcsl BKJIOYEHHHIM B Llenn reHeparopa Toka. [lpuuem
BCe reHepaTopnl 6YyAyT OAMHAKOBHIMH, U OOUIUH TOK pacnpenesur-
csl MEXJy HHMH pPaBHOMEpPHO, HECMOTPs Ha pa3Gpoc mapameTpoB
IHOLOB.

Tenepn o1 oG6riiero pasroBopa o reHeparopax TOKa BepHEMCH
K KOHKpeTHOH uenu, ¢ KOTOpOH MB Haua/Jd 3TOT Pasrosop, Bep-
HeMcsl K BXONHOH menud TpaHsucropa.

EcTb 0110 06CTOsITEILCTBO, H3-32 KOTOPOro ya06HO BECTH pas-
rOBOD O HANPsIXKEHUH Ha BXOoJe TPAH3MCTOPA, NpHueM JaxKe B TeX
Clyuasix, KOrAa OH BKJIOUEH B LENH reHepaTopoOB TOKA, TO eCTh
B IeNnd HCTOUHHUKOB NOCTOSIHHOTO WM NEPEMEHHOTO HamnpsiKeHHUst
¢ GOJIbIUMMH BHYTPEHHUMH CONpOTHBAeHHAMHU [ejo B TOM, 4TO
NPH HAJaXXUBAHHU JIEKTPOHHON annapatypsl 3HAYHTENbHO y106-
Heil U3MepsATh HANPSKEHHS, ueM TOKU. [{/d H3MepeHusl TOKa HYX-
HO pa3phIBaTh llenb, TakK KaK ammepMeTp BKJIOYAeTCs B Lelb
NOC/IeAOBATEJILHO, a AJis H3MepeHHs HanpsiXKeHHs 3TOro paesarth
He HyXHo. [TosToMy Be3ze, rie TOJBKO BO3MOMKHO, CTaparoTcs
yKa3aTh pexuM TPaH3UCTOPHOTO YCHJAMTeJNs, OTMeuasl, KaKue Ha
TOM HJIH MHOM y4acTKe 1end JOJKHB ObhTh HanpsiKenus. [axe
B reHepaTope TOKa, B 1lenH nojauyH cMmelleHus Ha 6asy uepes Rg,
YacTO OrpaHHUYMBAOTCH yKa3aHMeM HanpsiKeHHs Ha Gase, KOTO-
pOe COOTBETCTBYET HOPMAJbHOMY PeXXHUMY 15 CpeIHero 1o napa-
MeTpaM TpaH3UCTOpa. JTO HamnpsKeHHe, KAK yxkKe HEOJAHOKPAaTHO
yKasnBajoch, oOwluHO cocraBaser 0,1—0,2 s.

Y, naxonen, nocnegHu#i BHBOJ — IpefoCTepe:keHHe NPOTHB
HEBEpPHOro BHBOAA M3 TOrO, 4TO GBLJIO TOJbKO 4TO paccKaszaHo.
MoxeT cJ10XKUTbCA BreyaT/eHHe, YTO HeOOXOQUMBIH TOK CMelle-
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Puc. 126. B snexTpoHHBIX NpUGOpax MCHOJL3YIOTCS pasHele (U3HYECKHE MpO-
neccel s BHIIPAMJEHUS, YCHNEHHS, T[EHepUPOBaHHs W JApyrux onepanui
9JIEKTPUYECKUMH CUTHATaMHU.

HUs yCTaHaBJuBaeTcsl caM o cebe g/ BCeX TPHOJOB, TaK Kak
BeJMYHHA 3TOTO TOKa ONpejesisieTCs TONbKO CONMpOTHBJIEHHEM pe-
sucropa Rs. Tak pefictBuTe/NbHO Oblyio OB, ecsiy Obl TPAH3UCTOPHL
OTJIMY&JIMCh TONBKO CONPOTHBJICHAEM SMHUTTEPHOro nepexona R px—
Ho B peiicTBuTe/bHOCTH pasnuure B napaMerpax TPaH3HCTOPOB
3HQUMTe/bHO «GOraues, 1 NOTOMY NPH KeJaHHH YCTaHOBHTH Onpe-
JLeJeHHBIH KOJIJIEKTOPHBIH TOK 1NOKOA [y_n BenaumumHy Rg no-
BOJIBHO 4acTO NpMxoautcss noabupatb. Tax, B 4acTHOCTH, uTOOH
B cxeme OD noJIyunTb OfHY ¥ Ty K€ BEJMUHHY [¢_g, TOK CMeue-
Hug y TpaHsucTopa ¢ Koadduunentom f=100 nonxken GuThL B ABA
pa3a MeHbiue, yeM ajs Tpauducropa ¢ B=>50. B Gosbmuncree
npuBeleHHbIX B KHHTe CXE€M pe3HCTOp, onpejpensiomuil cMemenne
Ha 0a3e, NPUXOAMTES NOAGHUPATH JOBOJIBHO PefKO, TaK KAaK B 3THX
cXeMax cMelleHue mnojaeTcsl ¢ jeJuTensd HanpaxeHud. Kpome
TOro, B 9MHUTTEpPHYIO lienb TPaH3UCTOPA BKIIOYEH Pe3UCTOp, KOTO-
pblil aBTOMAaTHYeCKM <«IOJArOHfeT» cMeuleHHe K 3aJaHHOH BeJy-
4uHe.

Mu ¢ BaMu monpofoBanu HECKOJNBKO noapoGHe#l paso6Gparthb
JIMIIb OJHH BONPOC, MHMO KOTOPOro € JIErKOCThiO NPOIUJIM PaHbIlle,

M, K&K BHMAHTE, Y3HAJH HEMaJ/0 MHTEPECHEIX H BaXKHBIX NOAPOBHO-
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creit o paboTe TPAH3UCTOPHOTO KackKafa. MHOTO BaXKHOTO M MHTe-
pecHoro MoXKHo OblJIO Y3HaTh, paccMOTPeB NOAPOOHed H apyrue,
JHIB cjlerKa 3aTpoHyTble Hamu npobnaemsl. Hanpumep, ocoben-
HOCTH PabGOTHl TPaH3MCTOpA Ha BBICOKHUX yacTOTaX, BJHUSHHE BHY-
TPeHHMX oOpaTHHIX CBf3eil, 3aBHCHMOCTb NapaMeTPOB TPaH3UCTO-
Pa OT TeMnepaTypel M ypoBHSl curHaJja, H3MeHeHHe I1apaMeTpoB
VCHIINTEJISl TPH CMeHe TPaH3MCTOpPa, BO3HHKHOBEHHe MCKa*KeHHH
B YCMJIMTEJISIX ¢ OTCeuKO# W MHorHe apyrue. OIHUM CJIOBOM, MBI
NOAHAJHCE JMIb Ha HECKOJBKO CTYIeHell 10 JeCTHHIe NOHHMaHUs
TPaH3UCTOPHBIX CXeM, W MOMKHO elie OueHb JOJIro MNPOAO/KATh
3TOT NOABEM, BCAKMH pa3 OTKpLIBafg aJisl ceOd HOBble FOPH3OHTHI

KpoMme Toro, y Hac ecTb BO3MOKHOCTb NPOAOJIKHTH NyTEUIeCT-
BHE B coce/HHe, He3HAKOMble NMOKa 06siacTH NOJYIpPOBOAHHKOBON
3/1eKTPOHHKH. [loNynpoOBOAHHKOBBIH AMOA H TPaH3HCTOP — 3TO
XOTS M rVIaBHBle, HO [1a/1€KO He eUHCTBeHHble NpecTaBuTeNn 60ib-
1IOH CeMbH MOJYIPOBOAHMKOBHIX mnpubGopoB. Tak, B YacTHOCTH,
paxke y npocrediuero nHoja ecTb HeMaJjio Osmkalmmx pOACTBEH-
HMKOB, 00/1aJal0UHX HHTEePeCHbLIMM CHenuajibHOCTAMH.

®oToanOx NPONYCKaeT TOK JIMLIbL B TOM CJyyae, KOrja Ha Hero
nagaer ceeT. Jpyroii cmeuManbHBl AMO; — KpPeMHHEBHIH crabu-
JINTPOH — MEHfeT CBOe CONpPOTHBJIEHHE NPH H3MeHEHUH TOKa H TEM
caMbIM  cTabuinsupyeT «ryJasiomee» Hanpsixenne. Cnenn-
albHHH NUOJ — BapHKaN — yCTPOEH TaK, YTO ero €MKOCTh B CH/Ib-
HOHl CTeNeHM 3aBHCHAT OT MNPHJOKEHHOTO HANpSKeHHd, H TaKoil
IMOJ HCTOJIL3YIOT B KAauecTBe KOHAEHCATOPa NepeMeHHON eMKOCTH.
Hakonen, TyHHe/bHB NHOA monaj B CeMefCTBO AHOJOB TOJNBKO
NOTOMY, UTO y HEr0 BCEro JBa BHBOAA. A 110 CBOMM XapaKTepHCTH-
KaM TYHHeJbHBIH AHOL—3TO caMbli HacTOAWWH yCHINTENbHBI
apu6op.

Ha HeKOTOpPOM yuacTKe BOJIbTAMIEPHOH XapaKTepHCTMKM TYH-
HeJIbHBIH JMol o0JsiajaeT OTPHILATE/bHBIM COMPOTHBJIEHHEM: TIpH
yMeHbIIeHHH MOJABOAMMOro K JHOAY HaNpsKeHHUS TOK uepe3 Hero
pacter. DTO CTpaHHOe ABJIEHKME CBSI32HO ¢ OUeHb TOHKHMHU (u3uye-
CKHMHM TpoieccaMu B pn-nepexofe. Ecinn TyHHenbHBIH auon, pa-
GoTaroupii B pexkyMe OTPUILATENBHOrO CONPOTHUB/ICHUA, BKJIIOYHTE,
Hanpumep, B8 KOHTYp, TO OH CKOMIIEHCHPYET moTepu B KOHType —
pasyMeercs, 3a CieT SHepruu BHeUIHel 6aTapen — U, O CyTH Aena,
NOJIHOCTBI0 3aMEeHHT TPaH3HUCTOPHBIN TreHepaTop.

MHoro uHTepecHbIX NpHOOPOB BXOANT U B CEMeHCTBO TpaH3H-
CTOPOB. DTO, B UaCTHOCTH, (OTOTPHOJ, KOTOPHIH He TOABLKO mpe-
BpalilaeT BCIOBILUKY CBETA B 3/JEKTPHUUCCKHI HMIYJILC, HO e1le H yCH-
JuBaer ero. DTO W YeTHIPeXCJOiHble ynpasadiomMe npudopwl,
Hanpumep, CO CTPYKTYPOH n-p-n-p, NpefHa3HaUeHHEIe ClIelHa/ibHO
AN Tepek/IoYaoaX cxeM. JTO, HaKOHell, NoJieBble (MHOTAA ro-
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Puc. 127, B coBpeMeHHHIX 9JIeKTDOHHHX NPHGOPAX HCIONLIYETCA WMIMPOKHM
«aCCOPTHMEHTS (PH3MUECKUX SABJICHHHE.

BOpAT — KaHaJbHble) TPAaH3HCTOPH, B KOTOPHIX yNMpaBJieHHe KOJ-
JIEKTODHBIM TOROM ©GCyIecTBasercs «6e3 KacaHHs» — C MOMOLIbI0
SNEKTPHUECKOro MO/, KaK GHl CYXKAWOWEero HJH PacHIHpPSLLEro
nyTb T0Ka. BXoaHas Hemb TaKoro TpaH3MCTOpa MOUTH He MOTpel-
JAsieT TOKa, H MO3TOMY OH o6GJafaet OYeHb BHICOKHM BXOIHBLIM
COIPOTHBJIEHHEM.

PasBsuTtHe NOJAYNPOBOIHHKOBOH TEXHHKH MOLLIO HE TOJBKO 10
NyTH CO3NaHHS HOBHIX NPHGOPOB ~— HOBHIX HHOAOB H TPaH3HCTO-
PoB,~— HO M 1O IyTH CO3/1aHUS B OJHOM MOJYNPOBOJHHKOBOM KDH-
crajie HenbiX 3JeKTpOHHbIX OGaokoB. [Ipeacrasbre ceGe cxeMy
TpHITEepa, MYJbTHBUGpaTOpa HJM NpocTefimero ycuaureas HY
€ pesncTopoM B Harpyske. Fl3 xakux 3;eMeHTOB cOCTOST 3TH CXe-
Mbi? B HHMX BXOAAT TPaH3MCTOPH, IUOIBI, Pe3HCTOPHI, KOHIEHCa-
TOpH H COeJMHUTENbHEIE MPOBOJA. A BCe 3TH 3JEMEHTH MOMKHO
H3TOTOBHTL M3 NOJIYIPOBOAHHKOBOro marepHasa. Urobu caenath
B KpHCTaJjleé KOHIEHCAaTOp, HY¥HO CO3/1aTh B HeM [Be NOJYyNpo-
BOIHHKOBLIE 30HH C BHICOKOH MPOBOAHMOCTBIO, 8 MEXAY HHMH —
YYacCTOK MOJYNPOBOAHHKA ¢ HH3KOH TpOBOIMMOCTbIO. Jlo3upysa
DIPHMECH, MOXHO MOJYYHTb B KpPHCTaJJe H DPE3HCTOP € HYNKHHIM
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CONMPOTHUBJICHHEM HJIH COCAUHHTEJBLHYIO HENb ¢ OUeHb MaJblM CO-
npoTtusieHneM. ¥, KOHeuHO Ke, B IONyIPOBOJHHKOBOM KpUCTaJJie
MOKHO MNOJYYUTb AUOL ¥ TPaH3UCTOP.

A Tenepb npesacTasbTe ceOe, YTO BCE ITH 3JIEMEHTH C IOMOIUBIO
KaKo#-TO (paHTaCTHYECKOH TEXHOJOTUU CO3JLaHBI B OJHOM KpHCTal-
Jie, IpUYeM B TaKHX KOJUUECTBAX, ¢ TAKUMH JaHHBIMH U NPH Ta-
KOM B3aMMHOM COeIMHEHUH, 4TO B HMTore 06pasoBanach HYXKHad
HaM CXeMa YCHJINTeNsd WJM eHepaTopa.!dTo 3HAYUT, YTO B OJHOM
KpHCTaJjle Mbl MOJYYHJIH LeJHIH 3JeKTPOHHBIH GJIOK, MOJNYUYHJIH
TaK Has3bIBa€MYI0 TBEPAYIO HHTETPa/bLHYIO CXeMy.

TexuoJsorus, KOTOpPYI0 Mbl Ha3Basu (paHTacThuecKol, B mefict-
BHTEJBHOCTH cylecTByeT. M ¢ ee momouibio yueHble ¥ WHKEHEPH
yXKe HayuyuJucCh €03JaBaTh B HeBOJbIIOM KPHUCTal/HKe CaMbie
pas3JuuHble TBEpALIE CXEMHBL.

Kak smaure, puHWII Hallero QOJNTOr0 NYTELIECTBHA MOXKHO
OJHOBPEMEHHO CUHTATh U CTAPTOM B HOBHIE MHTEPECHBIe 06/1aCTH —
B 00/1aCTb 60Jiee CJI0KHBIX W COBEPHIEHHBIX TPAH3UCTOPHBLIX CXEM,
B o6/1actb GoJiee I1yGOKOTO MX MCCAEN0BaHusA H B 061aCTh HOBBX
HanpasJeHHN MOJYNPOBOJHUKOBOH TEeXHHKM W TexHosoruu. On-
HaKO MPOJABHKEHHE BNepPe MO BCEM THM WHTEDECHHIM HAIpaBJe-
HUAM — 3TO y:Ke HOBHIE 3a/au, KOTOPble B ITOH KHUTe pemaThcd
He 6yayT. [ToToMy uTO 3ajaua 3TOH KHHATH COCTOs/a JHHIbL B TOM,
4yTOOB TOMOYL YHTATENIO CAEeNaTh TPYAHHIH NepBHIH 1ar B TpaH-
3UCTOPHYIO 3JeKTPOHUKY. Ilepsblil 1uar, Ho, XOueTCA BepHTh, He
11OC/IEAHUM.
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Opaena TpynoBoro Kpacuoro 3HaMeHH WU3NaTeIbCTBO <«JleTckas snutepaTypa» Komnurtera ne
neuatd npu CoseTe MunnctpoB PCOCP. Mocksa, Hentp, M Yepkacckuil mep., 1.
Texct otnevatan ¢ MaTpun COPTaBanbChOM KHUMHOW THHOrpaAduY Kanusuuckam Homrpaq:-
kombGuHaTOM neTckou JiHTepaTyphl Pocrnapnoturpatnpoma KoMutera no meuats npu Coserte
Munucrpos PCOCP. r, Kaauunn npocrekt 50-aetus Oxtabps, n. 46. 3akas 571.



