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BBEAEHUWE ANA PAAVNONIOBUTENEN

9Ta KHMTa MOCBAILIEHa CXeMOTeXHuKe. B Helt pacckasbiBaeTcs O TOM,
YTO TaKOe IOTYIIPOBOJHMKOBbIE 3/IEKTPOHHbIE CXEMbI, KaK OHM JiE/CTBYIOT,
M KaK MX IPUAYMBIBAIOT.

Kuura afpecoBaHa pasHBIM KaTeropyusaM 4YuTaTeneif: OT paguomobuTe-
el o CTYAEHTOB U npodeccuoHanos. JI6uTensaM oHa JOMKHA IOMOYb
HepeiiT! OT KOIMPOBAHMA TOTOBHIX (M YaCTO HEMOHATHO, KaK paboTaio-
IMX) CXeM K pa3paboTke cOOCTBEHHbIX KOHCTPYKIIMIL, fia eie 1 He Tpeby-
IOLIVX KPOIIOT/IMBOTO «Ha/IaXKMBaHWA». PaspaboTunkam-npody — momModn
B pellleHNM HEM3MEHHO BOJIHYIOLIMX IP0o67IeM: MOBTOPAEMOCTD IIPY CEpMii-
HOM NIPOU3BOJCTBE, B3aMO3aMEHAEMOCTD 3/IEMEHTOB, TEXHOIOTMYHOCTD,
HaJIeXXHOCTbD.

ABTODp 6YfieT YOBNIETBOPEH, €C/IM €T0 TPYA MPUTOAUTCA U CTYAieHTaM
paaMOTEXHNYECKUX CIelMabHOCTEN, KOTOPbl€ MCIIBITHIBAIOT HYX/Y B
HOCOOMAX 10 CXeMOTEXHYKeE IOMyTIPOBOHMKOB.

ITo yxasaHHOJ Npu4MHEe KHMTAa MHOTOC/IONHA, U IpEeX/e M3/IaraloTca
6asoBbie cBefieHMA. BOIIPOChI KONMMYECTBEHHOTO aHA/IM3a CXEM, a TaKXKe
[OTIO/IHUTENIbHBIE, HeoOs3aTe/IbHble MaTepHa/Ibl BHIHECEHBI B OT/E/IbHBIE
naparpadbi. YTo6bI Te, /151 KOTO OHY [IOHAYATy TPY/AHBI WM HEMHTEPECHSI,
MOT/IM ¥IX IIPONYCTUTb.

Kaxppiin «Ilar» compoBoxxjaeTcs pa3bopoM NpakTM4eCKUX BONIPO-
coB. CiokeTbl BOIIPOCOB HM B KO€Jl Mepe He HafyMaHHbIe: OTOMpanuch
TUNMYHbIE OUIMOKY (a MHOTAA, HA0OOPOT, OCTPOYMHBIE pelIeHNs ), B3ATHIE
VI3 TIONY/ISIPHBIX KHUT, )KyPHA/IOB, 6POIIIOP, TEXHUYECKOiT IOKYMEHTaLu,
HaKOHell, 3 ombiTa. Bripouem, 11 Bcs kHura 6asupyercs Ha pasbope xapak-
TEpPHBIX OIMOOK ¥ 3a6my>KeHMIL.

He cTouT paccumThIBaTh HalTH 37€Ch IOJKO6HE PeLienTyPHOTO CIIpaBoy-
HJKa C HA6OPOM «TUITOBBIX CXeM». MeXAy IPOYMM, He OFHO CTaHAAPTHOE
6mopio 6p1BaIo 6e3Ha/IEXXHO VICIOPYEHO M3-32 ONEYaTKM B KY/IMHAPHOI!
KHMUTE...

Paspa6oTrunku-npodeccuoHanbl HUKOTAA He MOMb3YIOTCA TOTOBBIMM
MeTOAVIKaMJ PacyeToB, eC/IM He YOeXXeHbl B afleKBaTHOCTY MICXOHOI
Mopenu. A Takoe yOexxaieHne Bcerfia OCHOBbIBA€TCs Ha I'Ty6OKOM IIOHMMa-
HUM IIPOLIECCOB, IIPOMCXOAAIIMX B cXeMe. B aToM fyxe u HanMcaHa KHMTa.

Hemnnoxo, ecim 4uTaTe/b MMeEET ONpee/IeHHbIN OIBIT IPaKTNMYeCKOMN
paboThL: 9Ta KHUTA IIOMOXKET II0-HOBOMY B3ITIAHYTh Ha M3BECTHOE.
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Kcrartu, 4T06bI He 6BIIO CKYYHO, B IOBECTBOBaHEe BKPAIUIEHbI 0Ua102u
¢ 8006pancaemvim paouoniobumenem.

I[Ipepnonaraio, 4T0 BaM 3HAKOMBI OCHOBBI 9/IEKTPO- ¥ PafIOTEXHUKH,
TEOPUY HOTYTIPOBOJHNKOB?

PAAMOAIOBUTEAD: [la, s usyuan smu eeuwju. Koneuro, nozabuinocw Koe-
Ymo...

IToTOMY-TO 5 IPUBOXKY HEKOTOpbIEe MUHIMAIbHO HEOOXOAMMBIE CBefie-
HYVSL Y3 YMCTIA TeX, YTO TPYAHO YCBAMBAIOTCA, HO JIETKO 3a0bIBAIOTCA.

PAAUOAIOBUTEAB: Ho yi, 3amo 3axon Oma s 3nato meepoo!

W aro camoe rmaBHoOE.

BbI 3aMeTHTe, YTO Pa3NIMYHOTO POMia BBIKIAAKN KOe-T/ie COKpallleHbl B
TEKCTe 0 MUHIMYMa, IIOPOii He JAI0TCA UTOTOBbIe GOPMYIIbI VTN Pe3yIib-
TaThl. DTO 3HAYUT, YTO NPUBEJIEHHOTO MaTepuana JOCTATOYHO JJ/IA UX
HOTyYeHM . ’

PAAHOAIOBUTEAB: Ymo e 8bixo0um: uumamo npudemcs ¢ Kapanoa-
uom 6 pykax?

Boob6uie-To KpaitHe >KellaTeNbHO.

ABTOD He CYeJl Hy)KHbIM NPEeABAPATH TEKCT U3TI0XKEHMEM CUCTEMBI 060-
3HayeHuI. BcAknmii 1erko noimert, 4to, Hanpumep, Uy, — 3TO HanpsbKeHue
MeXnay 6a30it 1 SMUTTEPOM, a NOR I, mofpasyMeBaeTCsA TOK KO/UIEKTOPa
TPaH3UCTOPa, Broporo mo cxeMe. [logo6HbIe 0603HaYeHMA OO ENPUHATHI
¥l B 11€/IOM COOTBETCTBYIOT CTaH/IapTaM.

ToT, KTO MMeeT ONBIT PabOTHI C ITEKTPOHHBIMM CXEMaMM, IIPUBBIKAET
OTCYUTHIBATh HAIIPSDKEHUSA B Pa3/IMYHbIX TOYKAX OT HY/IEBOI MIMHBL. DTO
U TOHATHO: BOIBTMETP U ocuyuiorpad Ha ero paboduem cTone OfHUM
IO/IIOCOM IIOCTOSIHHO 3a3eMJIEHBI. 3[1eCh NPy aHa/IM3€e CXEM MBI TOXe, KaK .
IpaBUiIO, 6yeM MO/Ib30BaThCA MOTEHI[MATAMU OTHOCUTENIBHO «3€MIIN»,
TO €CTh OfHOI U3 OOIIMX IINH, YCIOBHO IIPUHATOI 32 HYJIEBYIO IS BCEX
HaTpsDKeHuit, u (I ymnpoleHus) o603Ha4aeMoi COOTBETCTBYIOIUM
3HaYKoM. HuKakoro pyroro cMpicia «3eM/IsiHas1 IIMHa» B cebe He 3aK/Io-
4aeT, ¥ BOOOLIe-TO Ha3HAa4YaeTCs JOCTaTOYHO ITPOM3BO/IbHO. Bee, 4To eme
MO>XXHO JO6aBUTb II0 3TOMY IIOBOAY (a J06aBUTb MOXXHO HEMAJIO), COAEP-
xurt «Iar 9».



NPEANCNIOBUE ANA NPOMECCMOHAJIOB

BeI B3s/MCh 32 pa3pabOTKy MOTYIIPOBOFHUKOBBIX CXEMHBIX CTPYKTYP.
JIlo60€e mpoeKTHpOBaHMe — 3TO BHIOOP ONTUMAIBHOIO BapyaHTa JOCTH-
XeHMs ey (M3 MHOTMX BO3MOXHBIX). MeXAly Mpo4YuM, 0CO3HaHIE ITOrO
SABUIOCh OTPOMHBIM IIAarOM OT Havda/IbHBIX JIeT Pa3BUTUS Pafyo, KOraa
HIOCTpOeHMe paboTOCIIOCOOHOTO YCTPOIICTBA Ka3a/I0Ch Y)Ke YCIIEXOM.

BrpoueM, noHsATHE 06 ONTMMATbHOM BapMaHTe KaXKeTCs OYEBUIHBIM,
TI0Ka He B3sICA 3a Jieno. Beerma BaskHbIe 171 3aKa34MKa IIOKa3aTenn Kade-
cTBa (K IpUMepy, YyBCTBUTENTBHOCTD, TOYHOCTD, OBICTpOIEIICTBIE, CTOM-
MOCTb, HaIe)XHOCTb, MacCa, TEXHOJIOTMYHOCTh) — Yallle BCEro MPOTUBO-
pedar ipyr ipyTy.

OntuMusanus O3HavaeT He TONBKO HaXOXK/IeHUe TEXHUYECKUX pellle-
HYJ, KapAVHAIBHO YIYYIIAIOIMX BCe MM GOBIIMHCTBO [TOKa3aTeiel, HO
elrie ¥ Hen36exHbI KoMnpomucc. OCHOBaHyMEM /IS TAKOTO KOMIIPOMMCCa
ABJIAETCA eC/IM He YeTKOe BBIIBIKEHMeE, TO, II0 KpaifHeyl Mepe, MUHTYUTHB-
HO€ 0CO3HaHMe HEKOTOPOro 0606IeHHOro KpuTepus ONTUMAaNbHOCTH,
BK/IIOYAIOLIETO YaCTHBIE II0Ka3aTe/y Ka4eCTBa C OIpeielTeHHbBIMMU «BeCaMm»
(v ko3 PpuIMeHTaMN 3HAYUMOCTN), C YIETOM psifia orpaHmdeHni (cka-
XeM, 3alaHHOe HaIlpsDKeHMe IINTaHW; 9/IeKTPOHHbIe KOMITOHEHTHI, pas-
pelileHHbIe K IPUMEHEHNIO B OTPACU U T. A.).

Pa3paboTka cxembl IpefIonaraeT, CIefOBaTe/IbHO, YMeHVe BBIABU-
HYTb pa3iuM4yHble BapMaHTHI, a TAKXKe YMEeHMe IPOU3BECTH OTOOP, B 3ITOM
COCTOUT TeXHUKa Jiefia. PaspaboT4ymK JO/DKeH 3HaTh OCHOBHbIE KOHUTY-
pauuy 371eKTPOHHBIX KaCKaloB, IPMHIMIIBI CUHTE3a TaKuX KOHuUrypa-
M1 — BO-IepBbIX. BO-BTOPBIX, OH JO/DKEH BIafileTh METOJAMy aHA/IN3a,
HAIOIMMM BO3MOXXHOCTb PacCUMTATh 97eKTpUIeCKMe HapaMeTpPhbl CXeM-
HBIX CTPYKTYp 3a pa3yMHoe BpeMs. Bo BceM 9TOM, BO3MOXXHO, ¥ IOMOXXET
YUTATe/I0 KHUTA.

Peub B Heil NIOJAET O METOMAX, KOTOPBIE IO3BOJIAIOT, M30eras MpuMeHe-
HVS1 MHOTO9T>KHBIX (POPMYJI ¥ TOTIOBOIOMHBIX Ipa¢pyuyeCcKuX IOCTPOEHMIL,
IIPOU3BECTH JIETKUII aHA/IN3 TTOMTYTPOBOJHUKOBBIX CXeM C 060CHOBaHHO
TOYHOCTbIO. Takoi aHa/mM3 JO/DKeH OBITh B MAKCUMAIbHOM CTEIIEHN «IIPO-
3payHbIM»: TPeOYeTCs He TONBKO yOeIMUThCA, YTO KOHKpeTHas1 KoHurypa-
1151 BBIITOTHAET 3a/jaHHble QYHKIMY, HO TaK)Ke ¥ YBUIETD, KaK1e IMEITCs
3aracel, Kakye IapaMeTpbl CXxeMbl Hayubornee KpUTUIHBI.



Mpeaucnosue gna npodeccmoHanos 9

Kcratu, o Tounoctu. Hemeno Bcepbe3 yunToiBaTh Ipy pacuere ¢ak-
TOPBI, falolliye, CKaXkeM, 1-IIpOLIEHTHYIO MONPaBKy K BBIYMCIECHUAM, B
TO BpeMs KaK JjayKe IIacCUBHBIE 3/IEMEHThI CXeMBI 6YAYT MMeTh pasbpoc
IeICTBUTENbHBIX 3HAaUeHU Ben4uuH 10 20% OTHOCUTENBHO HOMMHAJIOB.
Eme xyxe, ecnmu pa3paboT4YMK BBINVCHIBAET MOTYYEHHBI Pe3yIbTaT C
YeTBIpbMA-IATHIO 3HAYAIIMMM I paMy: 3TUM OH BBOLUT B 3267y KIeHMe
OpYyTHX.

Pacyer BooG11ie He ¥CcYepIIBIBAETCA ITOTyYEHMEM HEKOTOPBIX YMCIIEH-
HBIX pe3y/IbTaTOB: Heo6XonMMa ellle ¥ X MHTepnpeTanusA. JJocTaTOYHO
HAaIIOMHUTb, YTO pacyeThl MOTYT IIpe{Ha3HA4YaThCA [/ C/IeAYIOLIEro.

Bo-nepBbIX, /15 OLIEHKY MOPS/IKA BeTUYUH. DTO — TPyOble pacyeTsl,
UTOraM KOTOPBIX HE/b3s JOBEPATh HM B OHON 3Hayaleir udpe, u, TeM
He MeHee, 6e3 HMX He 060THCh: OHM HY>KHBI IIPU OPMEHTUPOBOYHOI IIpH-
KIJIKe IPUTOHOCTY NpeflaraeMbIX pelIeHNIt.

Bo-BTopbIX, 11 mony4yeHus 6omnee iy MeHee JOCTOBEPHBIX 3HaYEHUI
VICKOMBIX 97IEKTPMYECKMX Be/IMUMH. TaKkoit pacueT 06s3aTeNbHO JO/KEH
COIIPOBOXKAATHCS OLIEHKOI TOYHOCTH IOTy4aeMOro pe3y/ibTrara (Ha Xyfoi
KOHell — IPUKUI0YHO, «Ha I7Ia3»). VI yXX, BO BCAKOM ClTy4yae, He06XommuMo
IIOMHUTD, YTO €r0 TOYHOCTb HEe MOXXET OBITh BBIIE TOYHOCTU MCXOMHBIX
MaHHBIX!

B-TpeTbux, 011 HaXOXJ€HMUA TapaHTUPOBAHHBIX BEPXHUX MIIM HMXK-
HUX TpaHul] BeIM4MH. PacyeTsl Takoro pojia o4eHb pacHpOCTPaHEHBHI.
Benb OTHOCUTENIBPHO MHOTMX MCXOMHBIX HAHHBIX (CKaXkeM, MapaMeTpOB
HOTYIIPOBO{HUKOBBIX 9/IEMEHTOB) MBI MMeeM MHGPOPMALMIO THUIIb 06 UX
IpefieIbHBIX 3HaYeHUAX. [la 1 TexHMUecKue TpeOOBaHNS Ha MIPOEKTUPYe-
MYIO allllapaTypy TOXKe OBIBAIOT 3aflaHbl IIO TUIIY «He 6ojee...» MM «He
MEHeE...».

JT1o6b1e PpopMysIbI, ONMCHIBAIOLME YCTPOICTBA, IIPOLECCH U T. . —
OTHOCATCSA K MPUHATOJ MaTeMaTUIeCKOI MOJIE/N, B 60/IblIel I MEHb-
LIeil CTeleHy OTpa’kalolliell peajlbHble B3aMMOCBA3U. B yacTHOCTH, Ha
TaKUX MOJE/NAX 6asupyTCsS ¥ CUCTEMbI IPOEKTUPOBAHMUs B BUJE IIOIY-
NAPHBIX KOMIIBIOTEPHBIX IIPOrpaMM.

Pa3paboT4mk He JO/KEH OMacaTbCs VCHONb30BaHUS TPYObIX, HO MPO-
CTBIX MOJie7Iiell TaM, Ifie 9TO KaXkeTcAa fonycTuMbIiM. C Apyroit CTOpOHBDI,
C/efiyeT IOMHUTb O NMpUOIVIKEHHOM XapaKTepe Jlake BeCbMa TOYHOI
MOJIe/Ny, BCeT/ia OlleHMBasi IPaHyIbl IPMMEHUMOCTH NIpefIaraeMbix ¢pop-
MY/ ¥ METOZOB.

Ha nyTn ucnonb3oBanua mMopesnet, LOKUPYIOIINX IPUMUATUBHOCTBIO,
CIlenMaancTa BOOAYILEBISAET OFHO coobpakeHMe: OH BOBCe He Tpe-
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6yeT OT pacyeTHOIT MOZie/IN Pe3y/IbTaTOB, OIM3KNUX K [IeiiICTBUTEIbHOCTH.
JocTaTo4HO MMILb YBEPEHHOCTH, YTO [JaBaeMble €1 pe3y/bTaThl HABEpHAKa
He ny4ite AeiicTtBurenpHocTu! Eci BaM nokasanoch, 4TO B OCTERHEI
¢dpase omevarka, — He CTPALIHO; 110 XOAY U3/I0>KEHNA BbI ITOMIMETE, O YeM
peus. BaxxHo, — ¥ HaM NpUAETCA fanee MHOTO pa3 B 9TOM y6eXaaTbcs, —
4TO XapaKTep MCIIONb3yeMOIi MOfie/IV OOBIYHO AMKTYETCS He MBICIBIO T€O-
peTHKa, He MPOU3BOJIOM pa3paboTuMKa, a HaIM4MeM JOCTOBEPHBIX MCXO-
BHBIX JAaHHBIX.

YTBepxAeHMe, 4TO paspaboTKa NEKTPOHHBIX CXEM He MOXET OCHOBbI-
BaThCA Ha peaibHbIX XapaKTepPUCTMKAX ¥ BeIMYMHAX IapaMeTpPOB IIpuMe-
HAEMBIX IIOTYIIPOBOJHMUKOBBIX IPUGOPOB, IOKaXKETCA OYepERHbIM Mapa-
mpokcoM. OfHaKo 9TO TakK. 3HaKOMBIE IO BY30BCKMM y4eOHMKAM y- MK
h-napameTpbI 9KBUBaJIEHTHOTO Y€ THIPEXITONIIOCHNKA, ITapaMeTphl pusnye-
CKMX 5KBUBA/IEHTHBIX CX€M, KpMBBI€ BO/IbTAMIIEPHBIX XapaKTEPUCTUK —
UTPAIOT CBOIO POJIb KaK YROOHbIEe CpeficTBa TeopeTnyeckoro aHammsa. Ho
OHM BOBCe He MMEIOT TOTO 3Ha4eHMs HeoOXOMMMBIX JaHHBIX [ pa3pa-
60TKM, KaKOe MOXKHO U3 3TUX Y4€6HMKOB BbIBECTH.

A OCKONBKY Bce JKe HepefKy >kamo6bl Ha TO, YTO B CIIPaBOYHMKAX He
HaiTV HY>XHBIX CBEfleHMI1, TO He 6yAeT 3hech U3/IMIIHUM ellle ¥ pasbac-
HeHMe CMBIC/Ia YUCTIOBBIX BEJIMYUH, KOTOpble PUIYPUPYIOT B TEXHIYECKOIA
AOKYMEHTAl[MM Ha KOMIIIEKTYIOLME U3AeINA.

[lepBUYHBIN JOKYMEHT, OTKY/la JAaHHbIE Ha PaZiIOKOMIIOHEHT OIIpefie-
JIEHHOTO TUIIa IIEPEXOAAT B MACIOPT, CIPaBOYHMKY, KaTaZor'u, — 3TO TeX-
HU4ecKue ycnoBuA. B cormacum ¢ HuMM mpou3BOAKUTCA MPHEMKa IOTyNpo-
BOJHMKOBBIX IpUOOPOB Ha 3aBOJie-M3rOTOBUTENE. VI 3HaUEHMS YMCTIOBBIX
XapaKTepUCTUK TPAaH3UCTOPA MY AUOAA (TeX, KOTOpble TaM 3alyCaHbl)
BOBCe He ABJIAIOTCSA CIIPaBOYHBIMU; 3TO — NPUEMOYHbIEe HOPMbI. OHM
UTPAIOT Ba)XXHYIO PONIb Ipy OTOpaKoBKe eeKTHBIX IPNOOPOB B UCIIbITA-
HUSAX, a TaKOKe IIPY OT/IafiKe TeXHOIOTMYECKOro Mpoljecca.

TakuM nyTeM B «CIIPaBOYHBIX» JaHHBIX OKAa3bIBAIOTCS He AEICTBUTENb-
Hble 3HaY€HV, a IMLIb [APaHTUPOBaHHbBIE 'PAHUIIBL, Ia ¥ TO TOIBKO HEKO-
TOPBIX «ITapaMeTPOB» AMCKPETHOrO TpaH3ucTopa. CMbBIC/I MHBIX HEPEAKO
HaKe HETIOHATEH HaYMHAIOIEMY, KOTOPBIiL ¥ OCTaeTCA B HEAOYMEHMM: YTO
MOTYT AaTh JI Lie/ieil pacyeTa CTOMb CKYAHbIE, KaK Ka>KeTCH, CBEeHNA?

Ho npoBoauTh mpu BIITyCKe € 3aBOia KOHTPOJIb IOIHOro Habopa BO3-
MO>XXHBIX ITapaMeTpPOB, TapaHTUPOBATb CTaTUYECKNE XapaKTEPUCTUKUI
U3TOTOBUTEND He B COCTOSHMM... [la 3T0 1 He TpebyeTcs. [louemy?

Bo-nepBbIX, MapaMeTphl ¥ XapaKTEPUCTUKM IIOTYNPOBOAHMUKOBIX
IpUOOPOB MOABEPXKEHBI CMIBHOMY TeMIlepaTypHOMY fpeitdy 1 BIo6aBok
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MMeIoT 60/b1I0I pa3bpoc OT 3K3eMIIIsApa K 3K3eMIUIAPY; O KaKux-1mbo
«TOYHBIX» MX 3HAYEHMAX [/IA JAaHHOTO THUIIa HE MOXKET MATH pey.

Bo-BTOPpBIX, ecit B paboTe CXeMBbI UTPAIOT CYILIECTBEHHYIO POJIb HECTa-
6u/IbHBIE ¥ MaJIOfOCTOBEPHbIE MTAPAMETPHI M XapaKTEPUCTUKH, TaKyIO
CXeMy IPOCTO He CIefyeT MCIONIb30BaTh.

CoBpeMeHHbIEe TEXHUYECKME TPeOOBaHMS K YCTPOICTBAM, IOHATHUA
O KY/IbType pa3paboTKy SUKTYIOT BbIOOP 3¢ PeKTHBHBIX M CTAOMIbHBIX
CXeMHBIX KOHQUTYpaluit, CBOICTBA KOTOPBIX, KOHEYHO, He O/DKHBI 3aBMU-
ceTh OT pasdbpoca u Apeiida napameTpoB NONYIIPOBOAHMKOB (B rpaHMIIAX
TexHM4Yeckux HopMm). Kak mpaBuiio, uckirodaeTcs u Kakoit-nu6o or6op
aKTMBHBIX 3/IEMEHTOB. B emle 6o/plueif cTeNieHN 3TO CNPaBeAIMBO IIPU
pa3paboTKe MHTETPaNbHBIX CXEM, KOTTIla OPUEHTUPOBATbCA MPUXOAUTCS
TO/BKO Ha PM3MKY IIPOLECCOB ¥ IPAHUIIbI TEXHONIOTUYECKIX JOIYCKOB.

3HauuT, He06XOAMM 0COOBINT OAXON K pa3paboTKe, He Ay6MUpYIOLINI
METOAMKY TeOpeTUYeCcKOro aHanmsa. Takoit mogxon u 6ymer mpoBesieH B
KHMUTe.



WAT 1

TPAH3UCTOPbI BUNMONAPHDIE N NMOJIEBDBIE

M3 munuyHeix xapakmepucmuk mpaHaucmopos (6unonap-
HO20 U NOJIeB020) MOXHO COe/lamb NoJie3Hble 8bI800bl — U OHU
Oenatomca. Paccmampusalomcea cxembl cmabunusayuu pexuma
O0UHOYHO20 MpAH3UCMopa, C 3/1eMeHMApHLIMU pacyemamu.
CkenmuyecKu oyeHUBarmca pasHoobpasHble <HO8ble» U wiyduiue»
cxeMbl cmabunusayuu, 8cmpedaroujuecs 8 ONUCAHUAX pacuosnio-
6umensckux KoHcmpykyud. [ina yenybneHHoz2o usyyeHus npeona-
eaemcsa 0emasnbHbil aHANU3 cMabuNbHOCMU peXuMos, paccma-
mpusaromcsa MemoO0bl CHUXeHUA memMnepamypHo2o opeligha.

1.1. TpaH3ucTopbl U X mogenun

XapaKTepucTnku TpaH3UCTOpOB

Havaso npoMBINIIEHHOrO BBINTYCKa IUVIOCKOCTHBIX IONTYIPOBOAHM-
KOBBIX TPUOMAOB IIPUXOAMUTCA Ha cepefiuHy 50-X rofioB MpOILIOro Beka.
TormallHUM pafyOMHXXeHepaM, IPUBBIKIINM paboTaTh C 3/1eKTPOHHBIMMU
JIaMIIaMM¥, HOBBI YCY/IMTENbHBII IPUOOP Ka3ancs Kak Obl «yXyAIIeHHO
pajuonIamMIIon».

Jleno B TOM, YTO M IPMHLMIIBI IOCTPOEHNA CXEMHBIX KOHPUIypanmit,
M METOJbl pacye€TOB — I10 MHEPLMM OCTABAJIUCH MPOHU3AHHBIMU «JIaM-
IIOBBIM MO XOOM», IIPEAIOIAraBIIMM OTHOCUTENBHO HaJIEXXHOE 3HaHME
XapaKTepUCTUK aKTMBHOro npubopa. Bel M caMyu HaBepHAKa BCTpeyanu B
UTEpaType METOAUKY PacYE€TOB TPAH3UCTOPHBIX KaCKa/loB, CBA3aHHBIE C
OTBICKaHVeM pabouux TOYEK Ha KPUBBIX, IOCTPOEHMEM K HUM KacaTe/lb-
HBIX, ¥ IPOYMM TIOFOOHBIM... B 3TOI KHUre HIYEro Takoro He 6yzerT.

PAAMOAIOBUTEAD: He nonumatro, umo 8 amom nnoxozo, 8edv maxue
MEMOOUKU CUUMAOMCS KAACCUKOT?

IInoxo To, uTO KpuBbI€ OKa3bIBAXOTCSA HENJOCTOBEPHBIMMI, XapaKTEPU-
CTUKU — HeCTa6I/UIbeIMI/I, B UTOre BECb paCue€T — 6H€¢)OM.
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PAAHNOAIOBUTEAD: OOHAKO 80 MHOZUX CNPABOUHUKAX B0/IbMAMNepHble
Xapakmepucmuxy Onsl pasnudHvLX Munos mpan3u-
Cmopos npusedeHboi.

Ecnu BB B HUX BCMOTPUTECH, TO y6e1m*rec1>, YTO BCE€ OHUM ITOXOXXKM KaK
OB€ KaIlZIi BOOBI. Bmonue JOCTAaTOYHO MMETD IIpEACTaB/I€EHNE O TUIINY-
HOJ XapaKTepUCTUKe OUIIONAPHOro TpaHsucTopa. Eii-To Mbl ceityac u
saitMeMcs. He 3abpIBad, 4TO XapaKTepUCTUKY HeNb3s pacCMaTpyUBaTh Kak
«TOYHYIO».

PAAMOAIOBUTEAD: Ecnu ona He mouHas... mo Kax xe 6vimo?

CeKpeT COCTONUT B HEMPEB30AEHHBIX CBOMCTBAaX OOBIYHOTO (TaK Ha3bl-
BaeMOro OMITONIIPHOTO) TPAH3UCTOPa. A MMEHHO: XapaKTepHble €ro COIpo-
TUBJIEHMsSI OKa3bIBAIOTCS INO0 3HAYMUTE/TBHO MEHblIe, TNOO0 3HAYUTETBHO
6o7blile TUIMYHBIX BE/IMYMH ACCUBHBIX COIPOTMB/IEHMI CXEMBI.

9T0 aeT BO3SMOXXHOCTD MCIO/Ib30BaTh OY€Hb MPOCThIE, HO JOCTATOYHO
afileKBaTHbIe MOJie/V aKTUBHBIX NPU60poB. Db HeKTUBHOCTD NPUMEHEHNA
TaKUX MOfesieil CBsi3aHa C OCOOBIM ITOAXOMOM K pacyeTy, KOIa aHa/lIn3
CXeMBbI TIPOBOJIAT He C BXOJA, a C BHIXOAA, OPMEHTHUPYACH HA «KOHEYHBII
pesynbTaT».

PAAVIOAIOBUTEAD: A yice 002a0b18at0ch, ¥mo peus udem o nooxooe, noxo-
JHem Ha mom, Komopuiili NPUMEHSIOm npu nocmpoe-
HUU ycmpoticme HA ONEPAYUOHHBLX YCUNUMENAXS

CoBepuieHHO BepHO. TOYHO Tak >Xe, KaK B BallleM IpUMepe, MCIOb-
30BaHMe TaKUX MOJe/Iell IPeAIonaraeT MOCTPOeHe CXeMHBIX KOHPUTY-
pauumit, OCHOBHbIE ITapaMeTpPbl KOTOPBIX MaJIO 3aBUCAT OT XapaKTEePUCTUK
aKTMBHBIX 37IEMEHTOB.

DTOMY Xe CIToCOOCTBYEeT OTKa3 OT IPUBBIYKM «9KOHOMUTH» TPaH3M-
CTOPBHI (KaK KOTrfa-To JIaMIIbI).

PAAVIOAIOBUTEAD: IMO-mMo NOHAMHO, 6e0b 0axce OUCKpemHble NOLY-
1po8oOHUKO8ble NPUGOPbL Oeuiedne, 0a U, NOKANYi,
HaodescHee MHOZUX OPY2UX I7IEMEHINOB CXeMbl.

BepHo. Hy a KO/MNMYECTBO AKTUBHBIX 3JIEMEHTOB Ha KpUCTA/I/I€ MUHTE-
I‘pa}IbHOﬁ CXeMbl, KaK BbI IIOHMMAETE, B006llle HE MMEET CYHECTBEHHOTO
3HAYCHUA.
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BunonapHbI TpaH3uCTOP

ITepen HaMu BaxkHelIIMe XapaKTEPUCTUKY TUIIMYHOTO MaIOMOIIHOTO
KPeMHMEBOTO TPaH3MCTOpa: XapaKTepPUCTIKa NpAMoit tepepayn (puc. 1.1)
M CeMENCTBO BHIXOAHBIX XapaKTEPUCTUK — IPYU 3alaHHOM TOKE 3MMUT-
tepa (puc. 1.2) u npu 3agaHHOM HampsixeHuu 6asa-smurrep (puc. 1.3).
OTmeTHM rmaBHoOe.

ITpu Tex 3HaYEeHMAX TOKa KO/IEKTOpa Iy, KOTOpble ABMAIOTCA AOIYCTH-
MBIMU /11 KOHKPETHOTO Ipubopa, HanpsKeHue MeXAy 6a3oit ¥ SMUT-
TEpPOM TPaH3UCTOpa (a OHO-TO ¥ CIIY>KUT YNPAB/IAIOLUIVM) IOYTH BCETAa
JBO/DKHO HaxofuThcA B nnpefenax 0,6—0,7 B.

KpyTusna npsimoit nepegaum 6unonsp-

Horo TpaHsucropa S = Al / AUy, ouenp

Ty BenuKa (fgecATkuM u coTHuM mA/B), aro
PRPRY PRRE: XOpoI1lI0 BUHO 110 puc. 1.1.

Y PR SO RN SO BrIxoHOE CONPOTUB/IEHNE TPAH3UCTOPA

: Y N s (cM. puc. 1.2) npu 3alaHHOM SMUTTEPHOM

(PIUY] S

]

) ST Toke — AUy / Al oueHb Benmko — He

propsiedttt Menee 1 MOm.

AR S YcunurenbHbIe CBOJICTBA TPAH3MCTOPA

1 Ja COXPpaHAIOTCA IIPYU CHVDKEHUM HAIIP>KEHUS
- i1 ¢ MeXJAy KO/UIeKTopoM u 6a30it I o HymA (1

0 02 04 06 08 1,0 Uss(B)

JiaXe Iy Thb HIDKE — CM. puc. 1.2).

Puc. 1.1. TunuyHoe Toxu KOJIJIEKTOpAa M SMUTTEPA ITPpAKTHUYE-
HanpsxeHue mexdy 6a3oli u
3amummepom — okono 0,7 B

CKM paBHBI Me&XAY coboit. TouHee, OHU pas-
JIMYAIOTCS Ha MaJTYI0 BEIMYMHY TOKa 6a3bl:

L=I +I;~1I, (1.1)

i Usa=0.66B
:Ugs=0,63B
s - Ug5=0,61B
0 5 10 Uys(B)
Puc. 1.2. Tok konnekmopa Puc. 1.3. lpu U,;, 61uskom K Hysnio,

npakmu4ecku paseH moKy smummepa ycunumersnbeHsie ceolicmea mepalomca
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npudeM oTHourenue I, / I mpeacTasseT co6oit mapamMeTp TPaH3NCTOpa —
K03 duIMEeHT NepefauM Toka, 0603Ha4aeMblit h,;, (MOXKHO TaKxKe BCTpe-
TUTb ¥ BApUaHT 0603HaYeHuA f).

KpyTu3sHa npamoii nepeaauu

C BOCTaTOYHOJ CTENeHbI0 TOYHOCTH KPYTH3Ha OGUITONAPHOTO TPaH3M-
CTOpa OIpefe/AeTCA TOKOM KOJIIEKTOpa:

S= L‘—, wm: S = 401 (1.2)
?r

(I, B Munmmamnepax, S — B MIWUIMaMIiepax Ha Bo/bT). Ourypupyommii
3gech koadppuumeHt 40 — 3TO BenuuMHaA, oO6paTHaA TaKk Ha3bIBAEMOMY
TEPMUUECKOMY HOTEHLMANY ¢, IPONOPLOHATIbHOMY abCOMIOTHOI TEMITe-
parype. V1 oHa noTpe6yeT noIpaBoK, €CM TeMIEpaTypa KpUCTaIa OT/IN-
YaeTcs OT <HOPMaIbHOM», IIPU KOTOPOit ¢ = 25 MB.

Boob6e-To (1.2) aBnsercsa puddepeHLyanbHBIM YpaBHEHNEM, U3 KOTO-
POTO C/IenyeT, YTO XapaKTepPUCTUKA NpAMOiT nepemaun (3aBUCUMOCTD I
ot Uj,) ABNsAETCA 9KCIIOHEHIMaNbHOM GyHKUMet. VI 3TO AeifcTBUTENbHO
BEPHO JI/Is He C/IMIIKOM 6O0JIbIINX TOKOB.

PAAMOAIOBUTEAD: A KaK ON8 «CAUUAKOM OObUUX»?

ITpu ToKax I, 61MM3KUX K NpefebHO JOMYCTUMBIM /I TPAH3MCTOPOB
JaHHOrO THMa, popmyna (1.2) aeT 3aBbilIeHHbIe 3HaYeHNA. [Ipyunna —
HOMO/IHUTENbHOE MTafleHMe HATIPSHKEHNA OT 6a30BOro TOKa Ha OMMYECKOM
COIIPOTHBIIEHNN 6a3Bbl.

«JIMHEeNHbIN yHaCcTOK» Unn nnnosna?

He npaBpaa nu, kpussie, Hamogo6ue nsobpakeHHo Ha puc. 1.1, garor
BUMMOCTD Ha/IN4MA ACHO BHIPOKEHHBIX YJaCTKOB: C 60/IbIIIel KpUBU3HOM
(neBee) u mouTH NMUHeNHOTO (CIIpaBa)?

PAAVOAIOBUTEAD: ITo-moemy, amo ouesuoHo.
Bort oTciofia — onmm604YHbIe COBETHI 11O «IIPaBUIBHOMY BBIOOPY paboudeit

TOYKW», TP KOTOPOM Hafl0 CYAMUTD IO BU3Ya/IbHO OLieHMBaeMoil ¢popme
KPUBBIX.
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Ho gocTraroyno uaMeHNTDb MaciuTab rpadyka o ocu TOKOB, ¥ IIPEXKHAS
9KCIIOHEHTa IPOCTO CABMHETCA BIIPaBO MM BJIEBO. ITO Cpa3y OGHAPY>KUT
WITIO30PHOCTD BBIfle/IeHUA B XapaKTepPUCTUKe TPAH3UCTOPa crieludude-
CKMX Y4aCTKOB VIV KaKMX-60 0COOBIX TOUeK (HarpuMep, «C MaKCHMaJlb-
HOVI KpMBU3HOM — /1A TYYIIETO AeTEKTPOBAHUA»).

PAAVIOAIOBUTEAB: A KaK jice 1o20a 8v10Upamp ONmMumanbHvlil pescum, 6eb
8 KHU2aX 8Ce20a MBEPOAM: «HA TUHELIHOM yHacmKe»?

Taxue BOIIPOCHI peLIAlOTCS He CTOJIb JIETKOMBICTIEHHO, a Ha 60J1ee cepbes-
HOJ OCHOBe, ¥ MBI 3TO YBUAUM B nocnepytomux «IIlarax».

Koa¢PpuumeHT nepenaum Toka 6asbi

CraTtuyeckoe 3HaueHye napameTpa h,,,, KOHTPONMPYeMOe Ha HU3KUX
4acTOTaX, UI'PaeT HeMaJIyIo poJb IIpM pacyeTe cXxeM. 3aBOJ-M3TOTOBUTETIb,
Haxke /11 HOPMa/IbHOJ TEMIIEPATyPHI, JaeT Ha BETNYMHY h,,, BecbMa 6071b-
101 AOTYCK (YOemuTeCh B 3TOM, 3aI/IAHYB B CIIPaBOYHMUK).

PAAMIOAIOBUTEAD: [Jla, 8 cnpasouHvix 0aHHbIX 00bIMHAS PASHUUA MEHOY
MUHUMYMOM U MaKcumymom 2,5—3 pa3a.

YTo6bI He OKa3aThbCS B CUTYalyy, KOTAa CIIPOEeKTUPOBaHHAsA cXeMa
HepaboToCcroco6Ha ¢ HEKOTOPBIMY 9K3eMIUIAPaMI TPAH3MCTOPOB (BIIO/THE
VICIIpaBHBIMU!), pacyeT BeAyT BCErfa, OPMEHTUPYACh Ha HaAUXyALIee [IA
AaHHOTO CNy4Yas 3HaMeHMe Kod(douiueHTa mepemaum Toka h,,, (Ans
BbIOpaHHOrO TUIA IPUOOpPa U KnaccupUKaLVIOHHO TPYIIIIBI).

PAAVIOAIOBUTEAD: To ecmv — Ha HaumeHbuee?

IMouemy xe? CMOTpA IO cofiep>KaHmMIo pacyeTa. BriBaet 1 o6paTHOe.

Koaduumenr nepepaun toka h,,, 3aBUCUT OT BETMIMHBI KOJITIEKTOP-
HOTO TOKA, HO MeHblIle, YeM KpyTu3Ha. JI1na Ma/IOMOIHbIX TPaH3MICTOPOB
3TOT MMapaMeTp Yallle BCEro MMeeT MaKCMMYM B iMalla3oHe TOKOB 5—20 MA,
HO 3aMETHBIN CIIaj] ero HauymHaeTcs b npu I, meHee 0,5—1 MA. IloaTomy
He cfienaeT 60/bIION OMMOKM TOT, KTO, Oy/leT OpMEHTUPOBAThCA Ha 3HA-
qeHue h,,,, B3ATOE U3 IACIIOPTHBIX JAHHBIX (IIpUBEIEHHbIX, KOHEYHO, I
oIpefieleHHOT o I, MOXKeT 6BITh, BOBCE HE TOTO, HA KOTOPO€ IIPOM3BOAUTCSA
pacuer).
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lepmaHuneBbie TpaH3UCTOPDI

Bce, ckasaHHOe BbIllle 0 KPeMHMEBBIX Npubopax, mo 6ombiueit YacTu
OTHOCHUTCA M K TepMaHMEBBIM.

PAAMOAIOBMTEAB: Hoqemy-mo 8 COBPEMEHHDIX CXeMAX UX npakmuiecKku
U He scmpemuiidy...

Tak u ecTb — 1O pARY NpUYMH (KOTOpBIE CTAHYT SACHBI B CBOE BpeMA).
IToka cnemyeT MuUIIb yKa3aTh, YTO YCM/IMTENbHBIN PEXMM repMaHMEBbIX
TPaH3UCTOPOB COOTBETCTBYET MEHBIUUM HanpsbkeHuaM Uy, (0,15—0,2 B).

Monesble TpaH3UCTOPDI

OHHu, B OT/INYME OT OGUITONAPHBIX, BO MHOTOM HAaITOMVHAIOT 3/IEKTPOH-
Hble mamibl. He 061aas BbICOKO# KPYTU3HOI, OHM B HEKOTOPBIX CTydasx
ABJIAIOTCA YHAYHBIM JOTIO/THEHWEM OMIONAPHBIX MPMUOOPOB, €CNM Hafo,
HanpuMmep, o6ecrednTb BBICOKOE BXORHOE
COMpOTHMB/IEHME KacKafja. Bemp Tok 3aTBopa
TI0/IEBOTO TPAH3MUCTOPA NMPAaKTUYECKN PaBeH
HYJTIO.

Ha puc. 1.4 mpencraBieHa TUIIMYHAS XapaK-
TePUCTUKA NMPAMOJ Iepefayu TPaH3UCTOpa
C YIPaBAAOLIMM pP-1-HEPEXOROM ¥ KaHA/IOM
n-tuna (2I1302A). Paboyas o6macTb Hanpsxe-
HMII Ha 3aTBOPE B YCH/IMTENIbHOM peXKMe Ipo-
CTMpaETCA OT HANpsKeHus oTcedku Upre, IPU  pc, 1.4, Moneeoi mparaucmop
KOTOPOM TOK CTOKA IIaflaeT NMPAKTUYECKU IO  «C o6edHeHUeM» npu Hynesom
HYJIS1, 0. IPHMePHO + 0,5 B (6onblee Hamps-  HOPAXeHUU Ha 8X00e omKpeim
xeHne U,, momaBaTh HeNMb3A: OTKPBIBAETCA
Tiepexof 3aTBOp-KaHal ¥ paboTa TpaH3iCTOpa
HapyIIaeTcsA).

ITomo6Hy10 e XapaKTepMCTHUKY MMEET U
nonesoit MJIIT (mnu MOII, B 3apy6exHoi
nmuteparype — MOSFET) Ttpansuctop co
BCTPOEHHBIM KaHaJIOM n-Tuna (Hampumep,
2I1305A). Tonbko B 3TOM CITy4ae OHa IPOJIOT-
XKaeTCA TaKxke ¥ B 06/1aCTh MOTOXKUTENTBHbIX "Puc. 1.5. TpaHsucmop «c
HaIIpsOKEeHNIT Ha 3aTBOpe — Beflb 3[eChb 3aTBOP  060zaujeHuem» OmKpbieaemca

npu HanpAaxeHuu,
IIOTHOCTBIO M30/IMPOBaH OT KaHa’sa. NDeE Wid:oulem Nopozo8oe

Scan & DjVu 200x<KInNgolz
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Tpansucropsl, kotopsie mpu Uy, = 0 OTKPBITHI, OTHOCAT K mpu6opam
«c obegHeHNeM». A Ha puc. 1.5 u3obpaxxeHa CTOKO-3aTBOpHas XapakTe-
PUCTMKA TPaH3UCTOpa «C oborameHnem» — monesoro MOII npubopa
(2I1304A). OH MeeT MHAYLMPOBAaHHbBI KaHA/I p-THUIIA, KOTOPbI OTKPHIT
NUIIb TOTAA, KOTAa HaNpsKeHMe 3aTBOP-MCTOK IIPEBHILIAET 10 abComoT-

HOJI BenmmuuHe noporosoe Upop, Ha Tpa-

¢uxe aro nmpumepHo 3,7 B. [laHHBIE O

IIOPOTOBBIX HaNpPsDKEHMAX (M HampsKe-

HUAX OTCEYKM) BCErfja MOXHO HAaliTH B
7B IIaCTIOPTaX Ha IoJieBbie IPUOOPHI.

PaHee MBI Bufieny, 4To 6GMIONAPHBIN
TPaH3UCTOP COXpaHAET YCUIUTENTbHbIE
CBOJCTBa IIPU CHYDKEHUM HaNpsKeHUS
MEX[y KOJIZIEKTOPOM ¥ 3MUTTEPOM [0

HeCATHIX HOJIeit BOJIbTa. B poTUBOMONIOXK-

Puc. 1.6. Ha kpymom yyacmke
Xapakmepucmuky ycunumenohpie  HOCTB MM, TIO/IEBBIE npu6opsl TpebyioT
csoticmea nonegozo mparisucmopa 11t 3¢ PeKTUBHOM paboOTHI B yCUIUTEND-

nadaiom HBIX KaCKaJ[aX OIpeJie/IEHHOTO HaIpsiKe-
HMA Ha CTOKe:

|Ucul > |Usy, - Unopl wm |Ug,| > |U3M - Uprcl- (1.3)

IIpocnepute 1O CTOKOBOI BONIbTaMIIEPHOI XapakTepucTuke (puc. 1.6),
4YTO IpY HeCOOTIONEHNM ITOTO YCIOBUA paboyas TOYKa OKa3bIBaeTCA Ha
y4acTKe XapaKTEepUCTUKH, Tie KPYTU3HA M BBIXOJHOE CONMPOTHMBIIEHNE
PE3KO MajaoT.
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pr'msua nosieBoro TpaH3InucTopa

B nmacmopre Ha 10/1€BOJI TPaH3UCTOP BbI HaiifleTe 3Ha4eHUE KPYTU3HBI
HPAMOIt epefa4n
S= Al
AU,,’
rapaHTMPOBAaHHOE 3aBOJOM-M3TOTOBUTE/IEM /IS ONPENeIEHHOTO TOKa
cToKa (Hampumep, mns I, = 10 mA).

PAAMIOAIOBUTEAD: A ecriu npudemcsi UChonvb3o8ams npubop npu opyzoti
senuvuHe moxa?
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HecnoxxHo faTh OLleHKY KPYTU3HBI, 3HasdA, 4YTO OHA M3MEHAETCS MPOIIop-
IIIOHA/IbHO KBaJIpaTHOMY KOPHIO M3 TOKa: Bef[b XapaKTepPMUCTNKA IIPAMOIt
nepepa4m 3gech — napabona. ITycts npu I, = 10 MA KpyTH3Ha COCTaB/IsAET
5 mA/B. Torpa pnsa I. = 2 MA nony4aeM — CKO/IbKO?

PAAMOAIOBUTEAB: [Jymaro, 4mo nocuumamo MO#HO max:
S$=5J2/10 = 2,2 mMA.

BepHo. VIHor#a /1711 aHAa/IOTMYHBIX PacyeToOB yAo6Hee 6bIBaeT y4MUTHI-
BaTbh, YTO OT HAIPAXKEHNA 3aTBOP-MCTOK KPYTH3HAa 3aBUCUT IMHEIHO, CHH-
XasACh 0 HY/A NPV HaNPsXKEHUM OTCEIKIM.

PAAMIOAIOBUTEAD: S 8UdKY, 4O 075 NONIEBbIX MPAHIUCMOPOB 6CE KAK-MO
CTI0MCHEe, YMo iU, ueMm 07 GUNONAPHDIX.

YBBI, TakoBa criel¢yKa BOIbTaMIIEPHbIX XaPaKTEPUCTHUK U TapaMeTPOB
TI0/IEBBIX IPUOOPOB. DTy pasHUIY MBI IIOYYBCTBYEM HeMeJ|IEHHO: CTOMUT
JIMLIb O6PATUTHCA K 3afjade CTabM/IM3aLyy peXKyMa aKTUBHOTO pubopa.

1.2. Crabunusauymna pexmnma

Ctabunnsauun Toka Konnekropa

Pe>xum paboThI TPAaH3UCTOPA XapaKTepU3yeTCsl BCeil COBOKYITHOCTBIO
TOKOB €r0 3/IEKTPOJIOB U HANPSDKEHMI Ha HUX (IIpY OTCYTCTBUY CUTHAIA).
OpHaKo KOIfia TOBOPAT O CXeMaX, PACCYMTAHHBIX Ha Iepefady CUrHAJIOB,
OOBIYHO MOAPa3yMeBAIOT CTAOM/IN3ALMIO BETMIMHBI TOKA KOIEKTOPA.
W BoT noyemy.

Bo-nepBsbIX, Be/IMYMHA TOKA IIOKOA KO/UIEKTOpa OIpefeNnseT BaKHe-
IIVie YCUTUTENbHbIE TapaMe TPl TPAaH3UCTOPa: KPYTU3HY S, K03 duLyeHT
Hepefaun ToKa h, 5 U HEKOTOpBIE ApyTHe.

Bo-BTOpBIX, OT Be/IM4MHbI TOKA IIOKOS 3aBUCKT, OyIeT /v Kackaf obecre-
4MBaTh HEMCKa)KEHHOE BOCIIPOM3BEieHMe CUTHAIOB GO/IbIIIOTO YPOBH.

B-TpeThux, BeMM4YMHA TOKA NIOKOA OonpepensaeT (Ipy HaIWMIUM Harpy-
30YHOTO Pe3MCTOpa) U HalNpsDKeHNe KOMIEKTOpa. A OHO BIMAET, MEXTY
IIPOYMM, Y Ha TO, OyZeT 1 BOOOIIe IO/Ty4eH YCUIUTENbHBI (aKTUBHBI)
pexxuM paboTsl npubopa.
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B-‘-IeTBeprIX, OT BEC/IMYMHBI TOKA ITOKOA 3aBUCUT MOIITHOCTD, BbIJIC/II€EMasA
Ha TPaAH3UCTOPE, a TAKKeE KOSd)qJMI.H/IeHT IIOJIE3HOIO HeﬁCTBMﬂ Kackapga.

«MacnopTHbI peXxnm»

3aBOA-M3roTOBUTENDb MTOMYIIPOBOJHMUKOB FapaHTUPYET JOMYCKM Ha MX
IIapaMeTpbl TONBKO B ONpeNeIEHHOM PeXKVMe — TOM, NPy KOTOPOM IIpy-
60pbI IPOXOAAT NPUEMOYHBIE UCIIBITAaHNA. ITO 0OCTOATENBCTBO HEPEAKO
OKa3bIBAEeTCA OIPENe/IAIOLINM.

PAAMIOAIOBUTEAD: B kakom cmuicne?

B ToM, uTO ectu BaM He06x0nIMO, YTOOBI 3HaYEeHNA IIapaMeTPOB TPaH-
3UCTOpa B CXeMe HaBepHsSKa COOTBETCTBOBAIU TapaHTUPOBAHHBIM, BbI
m03a60TUTECh TOCTAaBUTDh TPAH3UCTOP B PEXMM, YKa3aHHbIV B ITaCIIOPTe.

He Hayno 3a6bIBaTh, 4TO (Kak B /II0O0M YETHIPEXTIOMIOCHNKE) BXOJTHBIE U
BBIXOZIHbIE BE/IMYVHBI TPAH3MCTOPA CBA3aHbI (PYHKIVMOHAIHON 3aBYICUMOCTBIO.

PAAMOAIOBUTEAD: He nonumaro, k yemy 6vt amo?

K Tomy, 4To, HanpuMep, Ipy 3aJaHHBIX CXEMOJ CTAOMIM3ALV 3HAYEHVAX
TOKa KOJJIEKTOPA ¥ HAIIPSDKEHMUA KO/UIEKTOp-6a3a — COOTBETCTBYIOLIVIE M
TOK 6a3bl ¥ HanpsDKeHMe 6a3a-3MUTTEP YCTAHOBATCA aBTOMAaTUYECKIL.

PAAUOAIOBUTEAB: fAcHo.

B nepBy1o ouyepenp paspaboTumk 3a6OTUTCA O TOM, YTOOBI BCe TPaH3U-
CTOPBI YCHM/INTENIbHOM CXeMbI HAXOAW/IVCh B aKTUBHOM peXXIMe.

PAAUOAIOBUTEAD: Ha umo Hado cmompems KoHKpemHo?

BoT npocTeie npasuia.

IIpaBuimo 1. YcunurenbHblil TPAaH3UCTOP He JODKEH 0Ka3aTbCs 3allep-
TBIM: OH I0/DKeH 06/1aiaTh KO//IEKTOPHBIM TOKOM (TOKOM CTOKa) 60/b1INM,
4eM TOK YTeYKM. B 4aCTHOCTH, B cXeMe HO/KHBI ObITh IIPENYCMOTPEHbBI
IIy TV [/1A MTOCTOSIHHBIX TOKOB BCEX 97IEKTPOJOB TPAaH3UCTODA.

ITpaBuio 2. YcunurenbHsiil Ipubop He HOKEH OKa3aTbCA B 061acTu
KPYTOrO y4acTKa BBIXOJHBIX BOJIbTaMIIEPHBIX XapaKTepUCTUK (y1a 6umo-
JIIPHOTO TPAH3UCTOPA — B «PeXMMe HAaCBILEHNS»).
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PAAVIOAIOBUTEAB: Y MeHS makoe 6vi8an0: u3-3a omubxu — nomen-
UUAN KONNEKMOPA MPAH3UCMOPA OKA3bIBATICS HUNE
nomenyuana 6a3vl (Kax nomom viACHANOCY).

Hepenkuit cnyyait y paguoniobureneit. Y noneBoro npu6opa, COOTBET-
CTBEHHO, HallpsDKEHMeE CTOK-MCTOK He JO/DKHO OBITh HIDKe OIlpefeeHHOI
MMHMMA/IbHOM BETMYMHBI.

IIpyHUMIIMATBHO CYLECTBYIOT IB€ OCHOBHBIE CXEMbI aBTOMAaTU4YECKOM
cTabummsanusa KOIEKTOPHOTO TOKa GUITONISAPHOTO TPaH3UCTOPaA, UCIIO/b-
3yeMOTO B OIHOTPaH3MCTOPHOM KacKafe.

SMuTTepHana crabunmsaynn

IIpu BKMIOYEeHMM cormacHo puc. 1.7 pukcupoBaH noreHuman 6a3sl.
A HY>XHBII1 TOK 06€CIIe4MBaIOT PE3NICTOPOM R, B LieNM SMUTTEPA.

Ecnu B mpakTmyeckoir cxeme puc. 1.8 3aMepuTh noTeHuan sMuTTepa
(HampsKeHMe Ha SMUTTEpe OTHOCUTENIBHO «3eMn») U,, TO OH OKaXKeTCA
npumepHo Ha 0,7 B Hike moTeH1mana 6asel E;. HeTpynHo Torga paccuu-
TaTb SMUTTEPHBIN TOK TPaH3UCTOpa:

_U, _E;—07B

3 R:_, Ra .

HpaKTM‘{eCKM TaKy10 )K€ BEMNYNHY UMEET U KOIIIICKTOprIﬁ TOK. OTCIOJI[a
JIETKO OIIPENENAIOT MOTEHIIMA/I KO/JIEKTOpa:

U, =E, - I.R,. (1.5)

VsmepenneM BBl cMOXKeTe YOeIUTBCS, 4YTO HAlll pacyeT BePeH, XOTA U
OCHOBaH Ha NIpefie/IbHO YIPOILEHHOI MOJe/IM TPAaH3UCTOpa:

S =00, Ugy =0,7 B=const, I, = I,.

I (1.4)

+Ek
+Eg Ik =(Es-0,7)/Rs Ry
+Eg
) UK=EK—|KRK
+Eg-0,7
Rs Us
Rs

Puc. 1.7. lNpu ¢ukcuposarHom
nomenyuane 6a3bl asmomamuyecku Puc. 1.8. SMummepHbIli mok 3adaem
ycmaxaenueaemca mok smummepa mok (u nomeHyuan) konnekmopa
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He ncxmoyeHo, ogHako, 4to ¢popmyna (1.5) gacT BenMuMHy HOTEHIMAIA
KOJIJIEKTOpA MEHBIIYIO, YeM MOTeHIMaN 6a3bl. DTO TOBOPUT O HETIPAaBM/Ib-
HOM BBIGOpe ITapaMeTPOB CXeMHBIX 3/IEMEHTOB: TPAaH3UCTOp OyfieT Haxo-
AUTBCS B peXUMe HACHIILEHMs, Ha KPYTOM y4acTKe KO//IEKTOPHOI BO/Ib-
TaMIIepHOJ XapakTepucTuky. HanpsiokeHne Ha KONIEKTOpe TPaH3UCTOpa
PeaIbHO OKaXKeTCA MPAaKTHNYECKM PAaBHbIM HAIIPSDKEHMIO Ha OMUTTEPE, T. €.
Uy, = 0. CnenyeT yMeHbIIUTD BeMMUNHY R, mmm yBennuuts R,!

KonnektopHas ctabunusauus

B cxeme Ha'puc. 1.9, a cBsA3bI0 6a3bI C KOTIEKTOPOM JOCTUTAETCSA CTabu-
NU3aLUsA KO/UIEKTOPHOTO MOTeHIMaa (OH paBeH NOTeHuMany 6asel). ITuM
Y OTIpefie/isieTCA BeIMYMHA TOKA KOJIJIEKTOpa:

E,-U
— K K
IK - R > (1'6)
K
rae Uy = Uy cocraBnset npumepHo 0,7 B.
+Eg +Eg
PAAMOAIOBUTEAD: He npedcmaensio cebe pe-
Rk Re LITK AnbHYI0 CXeMy, 20e MONCHO
6v1710 6v1 coeOunumv 6a3y c
Kxonnexmopom!
a 6

MoxxHo: yepes pesucrop (puc. 1.9, 6). 3ro
Puc. 1.9. [lomerHyuan 6asbiu ~ YBEIMYNBAET NMOTEHIIMAJI KOJIZIEKTOpA (oH BO3-
Konnexmopapasen 0,7B(a);  nacraer na Benmumuy I R;), uto xopomo. Ho

6a308bili pesucmop yxyowaem
cma6unsHocme pexuma (6)  CHYDKAeT €ro CTabMIbHOCTD, YTO IJIOXO.

Hdenutenb HanpskeHus

KonnektopHoro Hanpsbxenus, paBHoro Uy = 0,7 B, MoXxeT 6BITh HefO-
CTaTO4YHO. JJOOGUTHCS YBeNIMYEHNSA IIOMOXET CXeMa ¢ 6a30BBIM JieTUTENIEM
(puc. 1.10). Ecnu Tok uepes fiemuTeNb CyLeCTBEHHO 607blile TOKa 6asHl,
TaK 4TO ITOCTIEAHUM MOXXHO NpeHe6peyb, TO, O4eBUIHO:

R1+ R2

R
U,y = Uy ———, otkyga Uy =0,7B———
0=k pryR2 A
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CHOBa OTMETUM, YTO CXEMbI KOJUIEKTOPHOJ CTa- e
6unusaryy 3aal0T BCeTAa MOTEHIMAN KO/UIeKTopa! ar LJRx
Ina nomy4yenns I, cnepyer Tenepb BbIYECTb TOK A€/IN-

Tes:
E.-Ug Uy R2
I, = - . (1.7)
R,  RI+R2
Puc. 1.10. llome+yuan
T Ko/nnekmopa yeenuveH
«loKoBOE€ 3epKano» npu nomowu denumens
HanpAaxeHus
KoHdurypanus, usBecTHas Kak «TOKOBOeE 3ep-
Kajio», mpusefieHa Ha puc. 1.11. ITockonbky Uy, = Uy,
IIpY MIEHTUYHBIX TPAaH3UCTOPaxX 06ecrie4eHo U paBeH- +E
CTBO TOKOB: R
=7 = [ |
IL,=I,=(E-0,7B)/R. K} flee
Ctporo roBopsi, O/MHasA UAEHTUYHOCTD B fanHoi . VT ME

cxeMe He cobnmioieHa: TOK Komtekrtopa VT2 6yner
HECKOJIbKO 3aBMCETb OT €ro KO/UIEKTOPHOTO HampsA-  Puc. 1.11. B «mokosom

xeHus (BepHUTECH K puc. 1.3).

3epkane» Ug,, = Uy,
noamomy pexxum VT2

Tem He MeHee, ¢ 3TOJ MPOCTOI, HO MHTEPECHOI cma6unusupoeaH

CXeMOJ MBI He pa3 BCTPETUMCS B TIa/IbHEIIEeM.

1.3. PeXxuMbl noneBbixX TPaH3NCTOPOB

Crabununsayna Toka CToKa

AHaJor SMUTTEpHO CTabMIN3aLMy CYILeCTBYET ¥ A/ IOIEBOTO TPaH-
sucropa (puc. 1.12, a, tne Uy, = E; — U,,). TpyAHOCTD B TOM, 4TO HaIlpsiKe-
HM€e 3aTBOP-MCTOK IIPY JAHHOM TOKe — Be/IMYMHA BeCbMa Heolpefe/ieHHas

U Ma/IoCTaOU/IbHAA.

K npumepy, pasbpoc U,, cpepu sK3eMIs-
poB npu6opa -2I1305A npu I = 5 mMA MoxeT
COCTaBNIATh eAVHULbI BoNbT. [IoaTOMY rapas-
THPOBATb C IPMEM/IEMOI TOYHOCTBIO 3aJAHHYIO
Be/IMYMHY TOKa B COOPaHHOI CXeMe MbI MOI/IN
6b1, moxXcasnyi1, npyu Hanpsokenun E;, cocrasna-
I01I[eM JIeCATKY BO/IbT! MajioBepOATHO, 4TO 3TO
KOTO-TO YCTPOUT.

-E
Rc
R3
R3 Ru
+Eg3
a 6

Puc. 1.12. Cxembl «ucmoKosoui»
u «cmokosoli» cmabunuszayuu
mpebylom noeblueHHbIX
HanpaxeHul
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M1 npu60OpOB ¢ MHAYLMPOBAaHHBIM KaHAa/IOM BO3MOXKEH TaKXe aHajIor
KO//IEKTOpHOI cTabunumsanym (puc. 1.12, 6). Mo>XHO IpOBEPUTD, YTO NPK
HEHY/IEBOM IIOPOrOBOM HAIIPSKEHNM TPAH3UCTOP 37,eCh 06513aTeIbHO OKa-
XKeTCs Ha II0/IOTOM Y4acTKe BBIXOJZHEIX XapaKTepUCTHK, YTO U TpebyeTcs.
[ly1s1 TOKa CTOKa, O4EBUHO, CIIPABENTNBO:

| _E-U,
c R )
C
a TaK KakK UC = USI/I MOXET 6bITb OLICHEHO IIpM JaHHOM TOKE, KaK Mbl 3Ha€EM,

JINIIb OYECHDb I‘pY60, TO CPAaBHUTE/IbHO JOCTOBEPHbDIEC PE€3Y/IbTATHI pacyeTa U
30€Chb JOCTVDKMMDBI TOJIBKO IIPY BBICOKOM HAIIPAXCHUM NNUTAHUA.

MpuHyanTenbHaa ctabunusayumn

B pa3zo6paHHBIX cxeMax GYHKUMM CTAOMIN3AII TOKA ¥ COOCTBEHHO
nepefayy CUrHaia COENVHAITCA B OFHOM Ipubope — HO, B 0611eM, 3TO
COBCeM He 00s13aTe/bHO.

PAAMOAIOBUTEAD: Kak amo?

K npumepy, i/1s IONEBBIX TPAH3UCTOPOB PasyMHBIM CIIOcO60M paspe-
IIEHNs TPYAHOCTEN OKa3bIBaeTCsA 3a/laHMe TOKa CTOKA BCIIOMOTaTe/IbHbIM
CTabMIM3MPOBaHHBIM OMIIONIAPHBIM TPAH3UCTOPOM (TeHEpaTOpPOM TOKa),
obecreunBarouM TpebyeMblit TOK B MCTOK IonieBoro mpubopa. Hapo
JIVIIBb He JONYCTUTDb OIIMOKM, BIEKYIell HachIlleHMe BCTIOMOraTe/IbHOTO
TPaH3MCTOpa.

PAAVIOAIOBUTEAB: JIyuue 6vt paccmompemsv HA Kakom-HUbyob npumepe.

HasaiiTe — Ha npumepe puc. 1.13. HanpsxkeHue 2M305A
3aTBOp-MCTOK WA 2I1305A mipu I, = 5 MA HOpMIPOBAHO |5
npenenamy 0,2—1,5 B, 3aTBOp «IIpuBsA3aH» K HYIIIO, 3Ha- :

YUT, Ha ICTOKE ¥IMEEM 3TOT >Ke IMAIIa30H HaIIpsDKEeHMI 273126
co 3HakoM MuHYyc. Kakoit oTcrofa BbIBOA? =£B
1K
-128

PAAI/IOAIOBI/ITEAB: Hcmox — oH e u KQﬂﬂeKmOp
2T3125... Boiue amo2zo yposHs pyc, 1.13. QuxcuposarHbii

nomenyuan 6asvt E; 6oimp ne ~ mok ucmoka 3adaiom
? 8cnomMmoecamesibHbIM
Ooncens mpaH3ucmopom
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Toyno. IIpoBepbTe, MEXAY MPOYMM, 4TO A Mpubopos Tuma 2113057
6a3y BCIIOMOTaTe/IbHOTO TPAH3J1ICTOPA MOXHO IIPOCTO «3a3€M/IUTHY.

Bcerga nu ctabunuanposaTtb TOK?

3aBO-M3roTOBUTENb HEPEAKO IIPOBOANT KOHTPOJIb IIAPaMETPOB TPaH-
3UCTOPOB C YIPAB/ISIOLIVIM ITEPeX0f0M He IIpy GUKCMPOBAHHOM TOKE CTOKa,
a npu PUKCUPOBAHHOM HAIIpsDKEHUM Ha 3aTBope (TouHee, npu Uy, = 0).
9T0 flaeT NOBOJ pa3paboTYMKY BOBCe He BBOAUTD 9TIEMEHTOB CTabMIm3a-
1Y TOKa CTOKa (puc. 1.14), u naxke 06s13pIBaeT K 3TroMy. O3HaKOMBTECH, K
IpUMepY, C JaHHBIMK Ha pu6op Tuna 2I1302A: sHave-
HUe KPYTU3HBI S 2 5 MA/B rapanTupyercs npu Hye- 2M302A |13...24 mA
BOM HalpsDKEHMH 3aTBOP-MCTOK, XOTA BEMNMHA TOKa |
B 3TOM peXMMe, COTIACHO TeXHMYECKUM YC/IOBUAM,
MOXKeT KonebaTrhcs B Juara3one ot 3 mo 24 mA!

JII060IBITHO, YTO €C/IM 3[leCh BCe K€ BO3HMKHET
HagoOHOCTD B cTabym3anym I, BbI He BIIpaBe YCTaHaB- Puc. 1.14. Tlpu Uy, =0

ycmaHasnueaemca

JIMBATh €0 IS TPAH3UCTOPOB 3TOro TuMa 6o7ee 3 MA.  nacnopmreiii pexum

PAAMOAIOBUTEAD: Ilouemy amo?

A unadve He Oy[eT yBEpPEHHOCTH, YTO PUOOP He OKasajcA B o6macTy,
IJle HaIpsDKEHME MIPUIOXKEHO K IIEPEXOAY B 3allpellleHHOl, OTKpbIBalolel
HO/IAPHOCTH.

PAAUOAIOBUTEAD: A 80m ewje s 4Uumasn 0 KAKUx-mo «mepmocmabuns-
HbIX MOYKAX» NOJIEEbIX MPAHZUCMOPOS...

Korma BbI BcTpedaeTe my6nmmuKanyuy MOfKOOHBIX BBIJAIOIMXCA UJEl,
royvalie BCIIOMMHANMTE, 4YTO caMa I10 cebe CTabM/IbHOCTh TOKAa aKTMBHOTO
npubopa HUKaK He MOXET ABIATbCA CaMOIieNbio!

1.4. Bonpocbl U3 NpaKkTUKN

PAAVIOAIOBUTEAD: MHe Hy#eH MOWHbIU mpaH3ucmop, a 8 xo3sicmaee
UMEMCS HECKOIbKO MeHee MOuHbIX. Imo ecnu s npu-
MeHI0 napannenvHoe Ka0YeHue, Kkaxk Ha puc. 1.15?
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Ko—¢— ITpsamoe coexyiHeHMe AUCKPETHBIX TPAaH3UCTOPOB B

napasie/b HeJOMyCTUMO. Bricokast KpyTU3Ha Xapak-

LE Ll:l TEPUCTUKM NpAMOI1 nepenaun (BcrmoMHuTe puc. 1.1) n

so———¢ OJHOBPEMEHHO pa3bpoc XapaKTEepPUCTUK IPUBERYT K
Puc. 1.15. Monyyunca P€3KO HEPABHOMEPHOMY pacIpefe/ieHMIO 0O1IIero Toka.

”‘;;gg:fﬁ%’;‘;’ﬁ Opuz u3 npubopoB 6yzneT paboTaTh C MAKCMMAlIb-

" HOIT HAarpysKoii, IleperpeBaTbcs (YTO, B CBOKO OYe-

penb, MoB/IeYeT 3a cob6oii ellfe Gosblilee yBeMudeHMe JOMY OOIIEro ToKa:
XapaKTepUCTHKa MPAMOII Nepefady Ipy HarpeBaHUM KpUCTasIa CMela-

€TCs BIIEBO), ¥, HAKOHELl, OH BBIIAET U3 CTPOA. DTO BBI30BET NEPErPY3KY

ocraBIuXxcs. JIaBUHOOGpa3HBII TPOLECC 3aBEPIINTCS IeperopaHeM BCex -

TPaH3UCTOPOB.

PAAMOAIOBUTEABD: 3nauum, Huuezo He nonyuumcH...

[Touemy e, MOMOXKEHME MOXKHO MICIIPABUTD BK/IIOYEHUEM B SMUTTEPHI
OJIMHAKOBBIX PE3UCTOPOB, BbIpaBHUBAIOIMX ToKKU. Ho Bam npuzerca cmu-
PUTBCA C HEKOTOPOI1 ITOTEpEil MOLHOCTI: CNIEAYET NPERyCMaTPUBATh I1ajie-
HJ€ HalIpsDKeHMsI Ha pesucTopax He MeHble 0,2—0,3 B, 4To6bI ckoMIIeH-
CMpOBaTbh pa3bpoc XapaKTepPUCTHK.

Mexpay nmpo4mM, CaMOCTOATENTbHO IPUKUHBTE: YeMY paBHBI h,,, 1 S i
Balllero «CyNepMOIIHOr0» TPaH3UCTOPA, €C/IM U3BECTHBI COOTBETCTBYIO-
1¥ie ITapaMeTPhl COCTAB/IAIOLINX €ro Ipn6opos?

PAAMOAIOBUTEAb: Moil opyz cobpan no cxeme puc. 1.16, 83amoii u3 6po-
wiopol, ycunumenvHvlil KAckao, monvko oH He 3apa-
6oman. B uem mosxcem 6vimo deno?

CxeMma pa6oTaTh He MOXXET; HaNpsKeHMe Ha 3aTBOpe paBHO 28 B;
6113K0 K 3TOJ BeTM4MHe, O-BUAMMOMY, U HampspkeHue ucroka. Cyas no
BE/IMYMHE PE3UCTOPa B ICTOKE, IOJDKEH ITPOTEKATh
TOK 3 MA. Ho TakOMy TOKY COOTBETCTBYET IafieHe
HanpsbKeHus Ha Harpyske 80 B! OueBugHO, B HOMU-
HaJIbl pe3UCTOPOB BKpaJlach onedarka. VicnmpasuTb
CXEMY CaMOCTOATE/NbHO HEC/TOXKHO.

+— -50B

27«

9,1k
PAAMOAIOBUTEAB: A ybedusncs, umo Kackao no
puc. 1.17 pabomaem, Ho 80pyz

3amemu, umo 3a6vin npuna- Puc. 1.16. [louemy

He pabomaem ycunumens?
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amo pesucmop 200 kOm. Bnpouem, 3amep moka Kon-

98
300 " nexmopa noka3an mue eenuuuny 3 mA (kax u mpe6o-
- éanocy no onucanuw). Tax cmoum nu ucnpasnamo
—| ouubky?
Bb1 Be16panmu He myqmyio cxeMmy. Tok uepes pe3u-
200« 100

crop 200 kOM HMYTOXXHO Majl IO CPaBHEHMIO C

TOKOM 6a3bl. HO(—)TOMY €ro OTCOCAUHCHME HN Ha YTO

HE B/INAECT.
Puc. 1.17. Ecmo € BIIAe

nuwHue demanu?

PAAVIOAIOBUTEAD: Pe3ucmop He énusem Ha ycmaHoeKy pexuma?

Jla: B cxeMe 1o cymecTBy puKcupoBaH ToK 6a3bl. Ho Torga u amurrep-
HBIJ Pe3UCTOP TOXKE NMLIHNIL: 3aMeHa €ro MEePEMBIYKOi MPAKTUIECKU He
TMOB/INAET Ha CTA6MIBHOCTD TOKA KOJI/IEKTOPA, KOTOpasi C CAaMOro Havasna

KpaliHe HU3Ka.

PAAMOAIOBUTEAD: Bom 0ee Ho8vle cmabunusupo-

sanHvle konguzypavuuu (puc. 1.18),
Komopbie s OMKONAN 8 HCYPHATAX.

Huuero HoBoro. B nmepsom Kackaje moMeHsiiTe
MeCTaMM BEPXHIOI ¥ HIDKHIOKI YacTH, M BBl Y3Ha-
eTe KOHQUTYpaumio KONIEKTOPHOM CTabunmsanum.
Toxxe — mnsA BToporo, rae OAMH pe3ucTop pa3bur Ha
nBe yacti: Ry u R,

PAAMOAIOBUTEADB: 3amo yix 6om 3ma cxema
(puc. 1.19) onucana 6 numepa-
mype Kax 061a0arou,as noevi-
weHHol cmabunvHocmoio!

Upnes, Ha niepBoOIt B3I/AJ, IIO/I€3HAA: OTPULIATE/Ib-
Hag obpaTHas CBA3b C KO/NJIEKTOpa Ha 6a3y pery-
nupyet noreHunan Uy NpOTUBOAECTBYS U3MEHe-
HMAM TOKa. BipodeM, ypoBeHb 06paTHOI CBs3M MaJl.
ITpocTeitmmit aHanu3, KOTOPBIN Bbl CMOXKETe NpOofie-
JIaTh CAaMOCTOATENbHO, TOKaXXeT: CTaOUIBHOCTD TOKa
OTHOCHUTeNbHO fApeiida Uy, B cxeme puc. 1.19 mo cpas-

R . Ry
B Rs

4

I_‘

Rs Rs

Puc. 1.18.
«Hoable» Memooeb!
cmabunusayuu?

+E

R2

R1 Rs

Puc. 1.19. Cxema
ny4we nyqwez2o?
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HeHMIo ¢ puc. 1.8 (Ipy paBHBIX HANIPsDKEHNMAX Ha 6a3e) BbILIE BO CTONBKO
pas, BO CKO/IbKO IIOTEHIa KO/IeKTopa MeHblIe E.

PAAVIOAIOBUTEAD: 3Hnauum, 8vlUpoviUL HeBeNUK. ..

Maro Toro: Befb €C/M €CThb 3aIaC IO HAIPKEHNIO, MOXXHO YTYYIINUTD U
O6BIYHYIO CXeMY, TpocTo yBenuuus Uy!

PAAMOAIOBUTEAD: B camom oene...

Teneps B3rnauure Ha puc. 1.20,
TMOKa3bIBAKOIIMIT 3Tambl TpaHcdop- o L1FX o LIFK Rx
Mall¥M «CBEPXCTaOUIBHOM» CXeM- Ro
HOJ CTPYKTypsl. He nmpaBpa nmu, A2
YTO, TMKBUAMPOBAB R1, MBI MMIWb  [Nay []a, Rs
BBIMTPAIN B CTAOM/IBHOCTH, YCUIUB
OTpULIATENbHYIO OOPaTHYIO CBA3b? > =

Puc. 1.20. YousumeneHoe npespauwjeHue:
«ceepxablcokas» cmabunbHoCMb

PAAMIOAIOBUTEAB: Bpode 6vi, max. oKkasanacs Gnechon

W, yBBI, KOHUTypaIus oKa3aaacb 9KBUBaJIEHTHON U3BeCTHOIL... He
CTOMT 3a6/TyXXIaTbCA: TPV OTCYTCTBUYM KOMITEHCALIVM TTOTEeHIIMAIbHAs CTa-
O6MIBHOCTD 110 fpeiidpy olpenenseTcs MIIb BeTMINMHAMI PacloaraeMbIX
HaInpsDKEHUI.

1.5. AHanus. YTo BNnaeT Ha CTabunbHOCTDb

Apend BXxogHOro HanpsKeHns

Paguonio6uTeNno JOCTaTOYHO MPUMEHNUTD OfHY U3 OMVMCAHHBIX CXEM
cTabunusanum pe>XXxuMa, pacCIUTaTh BETMYMHBI PE3UICTOPOB, ¥ Ha 3TOM
ycnokoutncs. Ho npodeccuoHanbHOMy pa3paboTUMKy STOrO Majo.
CrepyeT y6eRUTBCA, YTO MOMYIMIOCh: KaKasg CTabM/IbHOCTD JOCTUTHYTA.
3Ha4YNT, OT CMHTEe3a CXEM IePEXOAMM K MX aHA/IU3Y.

Bo3MoxxHBI1 pa3bpoc U TeMIlepaTypHasa HeCTabMIbHOCTDb TOKA KOJI/IEK-
TOpa B CXeMe 9MUTTEPHOI CTabyM/IM3aLuy CBA3aHBI ¢ psAfoM ¢akTopos. Tak
TeMIIepaTypHbIi Apelid HanpsokeHnus Uy, TPaH3UCTOpa IPUBOAUT K HECTa-
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OVIBHOCTY IOTEHIMaa SMUTTEPA, a 3HAYNUT, ¥ BeIMUMHBI TOKa. VI aToT
Apeiid He Tak y>k Mas: IpuMepHO 2 MB Ha Kaxpplit rpagyc. To ecTp «pac-
JeTHbIe» 0,7 B Ha Ilepexofie KPeMHMEBOTO NpNbopa B Al ICTBUTETbHOCTH
ymenbuatca o 0,6 B ipu +70°C, a npu MmuHyc 30° npespatsarca B 0,8 B.

Bripouem, ecntu pa3sHOCTD NMOTEHIMAJIOB 6a3bl M HIDKHerO (110 cxeMme)
BBIBOZIa 9MUTTEPHOTO pPe3UCTOpa COCTaBasAeT XoTA 65l 1,5—2 B, — oTHO-
CHTeNnbHaA HECTaOMIBHOCTD ITOJTy4aeTCsl BeCbMa MaJIoif; Ja/IbHEeVIINM yBe-
ndenneM E; ee MOXXHO CHU3UTD B >KeTTaeMOJ CTENIeHM.

HectabunbHoctb noTeHymnana 6a3bi

OHa, pasyMeeTcs, OTPUIaTeIbHO CKaXKeTcsA Ha cTabunbHOCTH I.
ITopcoenuHeHne 6a3bl B peabHON cXxeMe K MCTOYHUKY Ej depes pesucrop,
cospiaHye 6a30BOTO HAIIPSHKEHNA C TIOMOLIBIO Pe3UCTUBHOTO JIETIUTEN S, KaK
Ha puc. 1.21, a (Takye BapuaHTbI BCTPEYAIOTCS CIUIOLIb Aa PAOM), — BCe
9TO BefleT K Apeiidy u pa3bpocy Toka Kackafia. Benp npoTekaHue 6a30Boro
TOKa HeoIlpeJie/IeHHON Be/IMYMHbI Yepe3 pe3uCTOPHI M3MEHsIET BeNNINHY
noreHimana Ha I,R; (R; — conpoTuBieHyue 6a30B0ii 1iemnm).

TpaHcopMmupoBaHHOe conpoTUBNeHne

Ecnu paspaboTumk HaMepeH KOMMYEeCTBEHHO OL€HUTH IIpefe/bl BO3-
MO>XHDBIX I3MEHEHMI TOKa KOJ/JIEKTOpa B CXeMe, nopo6HoI puc. 1.21, a, T0
peleHNe TpOMO3JIKOTO YpaBHEHMA OH 3aMEHAET aHa/IM30M IIPOCTO 9KBU-
BajIeHTHOM cxeMsl (puc. 1.21, 6).

B Heit Bo3peiicTBUe 6a30BOI1 Iieny TPaH3UCTOPa U3006paXkaeTCs COMpPo-
TUB/IeHUeM h, R, — «TpaHCPOPMUPOBAHHBIM B 6Aa30BYIO 1I€IIb» IMUT-
TEPHBIM PE3UCTOPOM. YUTs MpefAebl BO3-
MOXXHOTO ¥I3MeHeHUA NapameTpa h,,, I
TPaH3UCTOPOB JaHHOTO TUIIA, HECTIOX- e
HBIMM BBIYMCIEHUAMM MBI IIOTY4YMM IIpe-
mensl pasbpoca U, R2 | |Rs R2 haroRa

IIpn manbix BennunHax Uy 6onee ToY-

Hasl pacyeTHasA MOJE/Ib IIO/Iy4aeTCs BKIIO- a 6
YEeHMEM IIOC/IEJOBATENBbHO C «TpaHC(bOp- Puc. 1.21. Bnuarue 6a3oeol
MUPOBaHHbBIM CONPOTUBJIEHMEM» UCTOY- uenu Ha nomenyuan desumesns

(a) 3ameHsiom eknoyeHuem
uuka IJC (0,7 B). 3K8UBANEHMHO20 pe3ucmopa (6)

+E +E
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Tok yTeukun

CrabunpHOCTD IOTeHIMana 6a3bl Onpefensercs elle OGHUM GaKTOpPOM,
KOTOPBIIT B psAfie CTy4aeB IIPUXOAUTCA BBOAUTL B MOZAeNnb. Peub upet 06
06paTHOM TOKe KO/I/IEKTOPHOTO Iepexopa Iy,

PAAMIOAIOBUTEAD: 3HAKOMDbLIL napamemp: OH 0aH 8 11060M Cnpaso*HUKe
no0 HOMePOM 0OUH.

STOT HeXe/laTe/MbHbI TOK HallpaBjieH NPOTUBOIOIOXHO paboueMy
TOKY 6a3bl, paBHOMY I, /h,,; B cxeMe Ha puc. 1.9 nepsBsiit 6ygeT NOBBILIATD,
a BTOpOIt — HOHIDKaTh Uy, OT 4ero, BIpoyeM, paspaboTumKy He jierye.

PAAMOAIOBUTEAD: 3HaAUUM, NPUOEmcs yCAoKHAMb pacyemol?

Boob6e-To (mpyu rpaMOTHOM BBIGOpPE THUIIA TPAH3UCTOPA) B HOPMaJlb-
HBIX YCTIOBUSAX, a TeM 60jiee IpM MUHYCOBBIX TeMIIEpaTypax, JONA TOKa
Iig, B 061eM 6a30BOM TOKE KPEMHMEBOTO TPaH3UCTOPa IpeHe6pexmMo
MaJIa; yCTIOKHATb pacYeTHYIO MOJi€/b Jallle BCETO HeT cMbIc/ia. Curyarus
MEeHsAETCsA TIPY HarpeBe, KOTfa M3-3a pocTa Koo duimeHTa epefaun Toka
BenmuuHa I, /h,,, yMeHbIIaeTCs, 3aTO HApacTaeT TOK YTEUKM.

PAAVIOAIOBUTEAB: S NHOMHIO U3 KHUZ, 4o 06pamHolii mox nepexooa yeenu-
4ueaemcs NpUMepHo 8060e Ha Kaxcovie 10 zpadycoe.

Teopernyeckn ato Tak. Ho faBaiite pasbepeM KOHKPETHYIO CUTYAIIMIO.
Bo3bmeMm npu6op tuma 2T368.

PAAMOAIOBUTEAB: [loscanyticma: 6om, us cnpasouruxa, npu +25°C 3na-
uenue Iz, MOxem 00xo0umv 0715t He2o 00 0,5 MKA.

Xopoio. A Ha YTO KO/DKEH PaCCUUTHIBATH pa3paboTumk mpu +125°C?
PAAUOAIOBUTEAB: [0 pacuemy evixooum... 20e-mo 00 0,5 MA?

BbI BepHO BBIYMCIIMIN.

PAAVIOAIOBUTEAB: Hem, nozooume, 6om 30eco e, 6 CnpasouHuxe, Hanu-

camo: onst +125°C Iy, < 5 MKA, pasHuya 6 cmo pas.
Yemy e sepumo?
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CHpaBO‘-IHMKY. HCJIO BC€ B TOM, YTO Y KPEMHUEBBIX IIEPEXOAOB TEIUIOBAA
CoCTaB/IAI0OIIasA 06pa'rHoro TOKa IIp¥ HOPMA/IbHBIX YC/IOBUAX Kpaf/'me Maja.
HpMBO}.'[MMbIe B TIOKYMEHTa ¥ JOIIYCKM OPUEHTUPYIOTCA Ha BO3MOXXHbBIE
TOKM YTE€YKM 110 ITIOBEPXHOCTHU KPUCTA/I/IA, @ OHU cnabo 3aBUCAT OT TeMIIe-

paTypsl.

PAAHOAIOBMTEAD: M 8ce jice, Kak nooxooums K pacuemy cmabuavHocmu
CXeMbl NpU MAKCUMAnvHoti paboyeii memnepamype?

39TO NpOCTO: MPUHATDH B KayeCTBe HaUXYALIEro caydas ToK 6assl pas-
HBIM IIpeJie/IbHOMY 3Ha4Y€HUIO Iy, B3ATOMY M3 JaHHBIX Ha TPAH3UCTOD,
BOBCE He y4uThIBasg pabodero Toka 6asnl. UTo faeT MaKCUMa/bHYIO Belu-
4UHY yX0pfa 6a30BOro IOTeHIMaNa, C KOTOPOI CIEAyeT CYMTATHCS, PaBHYIO
LigoRs Ry = R1R2/(R1 + R2) (pna puc. 1.21).

OTMeTuM, MEXAY IPOYMM, YTO ¥ TEMIIEPATYPHBIit poCT Iy, u Apeiid Uy
BO3JIE/ICTBYIOT Ha TOK KO/UIEKTOpa B OfHOM HaIIpaB/IEHUM; COOTBETCTBYIO-
1I[yie COCTaB/IAIOLIYE HECTAOM/IBHOCTY CIIELMA/INCT IIPOCTO CTIOXKMUT.

Oco6eHHOCTU KOIEKTOPHOW cTabunusauun

HemocTaToK OCHOBHOII CXeMbI OYE€BUIEH: OHA JUKTYeT pa3paboTumKy
OrpaHM4YeHMN, BhITEKAIOL[ME U3 TOrO, 4YTO Bceraa I, = 0. A moBblllIeHNe
HAaIpsDKEHUS KOJIEKTOpPAa, CBA3aHHOE C IMpPOTeKaHueM 6a30BOro TOKa
(puc. 1.22, a), yxypuaeT cTabunbHOCTb. TeM He MeHee, BO MHOTHX CTy4asax
CYUTAIOT BO3MOXKHBIM MOCTYIUTHCA CTaOUIBHOCTDIO PeXXMMa pafu Mpo-
CTOTHI cXeMbl. bojee meTambHO MpOaHAINM3MPOBATh €€ MOXXHO 3HAKOMBIM
METOAOM TPaHC(POPMMPOBAHHOTO CONPOTHUBIIEHN.

Puc. 1.22, 6 noka3bpIBaeT, KaK COIPOTUB-

+Eg +Ey
neHue pesucropa Ry TpaHchopMmupyertcs Ay R
B KOJ/VIEKTOPHYIO Liellb ¢ KO3 PUINeHTOM Re Ur
1/11"2,3. Vs momy4eHHON CXeMBl HETPYAHO Re/hars
Hayit U m I,

ViHTepecHO, 4TO 37iech Bcerga cobmo- . p

maetrca: Ex > Uy 2 Ug, (3TO O4eBUAHO M3 Puc. 1.22.C 6a

uc. 1.24. Cxemy ¢ 6a308biM
puc. 1.22, 6), TO €CTb TPAaHSUCTOP B MO6OM  ,orcmoniu (o) savensem
cy4ae HaXOAUTCA B aKTUBHOM peXuMe. pacyemtoti cxemoli (6)
Becomoe mocTouHCTBO!
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C'ra6vum3a|.wm CXeMbl C AeNieHnem HanpaxeHna

Hanomuum ee — puc. 1.23, a. OueBMAHO, YTO BO3MOXXHAs omubKa B
pacueTe JIETKO NpUBEET K CUTyaluu, KOrfa oKaxeTcs, 4ro I, < 0, — TpaH-
3MCTOp 3aKpbIT. BecbMa BEpOATHO, YTO 3TO CAYYUTCA IPYU MOHVKEHUU
TeMIlepaTyphl: MOTEHIMAI KOJIEKTOPa — 3TO MAaCIITaOHO YBeIMYeHHBbI

noTeHIyan 6a3pl, 3HAYNT, YBETUINBAETCS U

+Ex *Ex  mpeitd mocnegHero. BepHurech K cooTHOLIE-

Rk Rk Hmio (1.7), ¥ BaM CTaHeT NOHATHA OIIACHOCTb
Bo3pacTtaumsa Up.

R2 R2 PAAHMOAIOBUTEAB: Euje Ovi: cniowtbvle
-E2 MuHycwol 8 popmyne.
a 6
Puc. 1.23. Tparsucmop mosxem C aT0it ToukM 3peHus 6onpune koadpdu-
okasameca 3anepmoim (a); IIIEHTHI le/IeHNsA HeXeNaTelnbHbl, CTabu/Ib-
nomonem nponyckarue HOT'O TOKa IIPY BBICOKUX HAIIPSDKEHMAX Ha

8cnomoz2amesnibHo20 moka (6)
KOJIZIEKTOpE HE IIO6I/ITI>C}I.

PAAVOAIOBUTEAD: Ho A yice aozaabIGaIOCb, Yo KAKoti-mo 8vix00 ecmv.

Bepno.

BcnomorartenbHbIf TOK

IIpoTBOpeuMs, BeAyle K YXyALIEHUIO CTabMIBHOCTU TPy ITOIBITKeE
NOBBICUTD Uy, CHATHI B YCTIOXKHEHHO CXeMe KOJTIEKTOPHO CTabunmsanmm
(puc. 1.23, 6), roe moTeHUMA KO/UIEKTOPA OIPEAe/IeTCs ClIelMaIbHO IIPOITY-
ckaeMbIM TOKOM. ITpeHe6peras B mpocreiiieit Mofem TOKOM 6a3bl, OMydaeM:

U,=0,7 B +IRl,
rfie I — Tok B 6a30B0I1 LieTn, 3a/ilaBaeMblii B JAHHOM CTy4ae pe3ucTopom R2:
;. E2-07B

R2

Takum IyTeEM 3afaeTcA NOTEHIMAN KOJIZIEKTOPa, a C/IEAOBATENIBHO, U I ©
HO IIpM 3TOM HEJIb3A YIIYCKAaTb U3 BUAY, 4YTO:

_E1-U,

I
K R,

I (1.8)

CTabuIbHOCTD, O4EBUAHO, YIy4IIaeTCA Npy NMoBbileHnn E2.
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KomneHcauuna gpenda

Bo Bcex paccMOTpeHHBIX BapiaHTaX, jake Y HU3KOOMHOII 6a30B0it
IIeTIN, BCET/]a OCTAETCA COCTAB/IAIONIAA HECTAOM/IbHOCTY TOKA, CBA3aHHAA
C ApeitpoM BXOAHOTO HaNPsDKEHNA TPAH3UCTOPA.

PAAHMOAIOBUTEAB: Kax sice, nomnio: 0ea
MUnNAUB0ONOMA HA
Kaxcovuii zpadyc?

ITpaBunbHO. ITo3TOMY PN NOBBILIEH-
HBIX TpeOOBaHUAX MEPEXOAAT K KOMOU-
HUPOBAaHHBIM CXeMaM C KOMIIeHcanyen
BTOPBIM TPaH3UCTOPOM (CM., HaTIpuMep,
puc. 1.24, a). A pexxum VT2 ycTaHoB/IeH  Puc. 1.24. [lpeii¢h Uy, Komnercupyem
CII0CO60M KOIEKTOPHOM cTabummsamyy: ~ UOEHMUHbIM nepexodom (a); o

8KJ/II04eHUe pe3ucmopos MoXxem
I K= (E - EB -0,7 B) / R. CHU3UMb cmabuneHocme (6)

PAAHOAIOBUTEAD: Kopoue 2080ps, 30ecv opetigpor Uy, 08yx mpausucmo-
o8 npu3ssanvl Kax 6vt 8bI4UMAMbCA?

PasymeeTtcs. Ecnu 06a TpaH3UCTOpa BBHIITO/THEHBI B 001[eM KpJCTalIe
MMKPOCXEMBI, 1 BO06aBOK co6mofieHO: Iy, = I;,, KOMIIeHcaluys TOTy4aeTcsa
IIpaKkTIdecKku nomnHoit, u Uy, = Ej.

B cnyyae a6COMOTHOM UAEHTUYHOCTY TPAaH3UCTOPOB — CUMMETPUA
COXpaHMTCA U NPY BBeJeHNUI PaBHBIX pe3UCTOpPOB B Iienu 6as, 6e3 uero,
6biBaeT He 000/TUCH Ha npakTuKe (puc. 1.24, 6). XoT#A, K cCoxKaneHuio,
orpeienieHHOe pasmidne 6a30BbIx TOKOB Al Bce xe HeusbexHo. [Toatomy
HeCcTabuIbHOCTD BemuuuHbl U, 6yaeT cBsA3aHa KaK ¢ pa3HOCTBIO BXOJHbIX
HanpspkeHnit AUy, 1 ee apeitdoM, Tak U CO CMelleHMeM, 06yC/IOBIEHHbIM
6a3oBbiMu conpotuBneHuamu: AIR;.

PAAHOAIOBUTEAD: Bce amo, s 0ymar, moxHo yuecmo: pacuemoi-mo
HeCI0MCHbL, UMENUCH Obl OaHHbLe.

Yro ke, o6paTuTECh, B KayeCTBE IpUMepa, K JaHHBIM MHTErPaIbHOM
TpaH3ucTopHo napel 129HT1, n HalimuTe B HUX CBEfleHNA, ITO3BO/AIOIINE
oLeHUTb 06e cocraBnsiomye. O3HaKOMbBTECh U C T€M, KaK ONMCaHHBIN
MeTop cTabunmusanuy peannsoBaH B cTapoit Mukpocxeme 122V]I1. Ecan
OTBHIIL[ETE €€ CXEMY, KOHEYHO...
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KcTtaTtn, B uaeanbHOM ciy4dae HOMHOM KOMIIEHCAliMy 3MUTTEPHBI
MOTEHIMAN CTabUIM3MPOBaHHOTO TpaHsucTopa (puc. 1.24, a) TOYHO paBeH
TIOTEHIMATy OFHOM U3 IINH IUTAHUA; SMUTTEPHBIN pE3UCTOP TepAET TOIAa
GYHKLIMOHAIBHBIN CMBICT ¥ CTAHOBUTCSA U3MUIIHUM. [IpuxoauMm K 3HaKo-
MOMY «TOKOBOMY 3€pKasy».

«CBepXcTabUnbHOCTb»

IIpoexTHpys cXxeMHbIe CTPYKTYPHI, HalleJIeHHbIE Ha ITOBBILLIEHHYIO CTa-
OUIBHOCTD TOKA, He HaJi0 3a0BIBaTh OHO «MeJIOUM»: BCE YCH/NA TI0 Helt-
Tpanu3aLuy BIVAHUA TAPaMETPOB aKTUBHBIX IPUOOPOB MOTYT OKa3aThCs
6eccMBICTIEHHBIMMY, KOT]a He YYTE€HBI BO3SMOXKHbIE I3MEHEHUS BETUYNH
HaIpsDKEHMIt, IuTaomux cxeMy! ONBITHBIN paspaboOTYNK He YIyCKaeT U3
BUY ¥ HeM36eXHbIe IIOTPEUTHOCTH BEIMYMH PE3NCTOPOB, B TOM 4MCIIe UX
TEMIIEPATYPHBIil YXOZ.

K cuacTbio, mMIUb B pEfKMX CITydasax TpebyeTcs Ta CBEpXBBICOKAS CTa-
OUIBHOCTB, KOTAja NO06HOE IPUXOAUTCA BCepbe3 YUUTHIBATb.

Wtak, Mbl y6eaMINCh, YTO MUMEHHO OUIIONAPHBIE TPAaH3UCTOPHI, Ga-
rofapsi CBOMM CBOJCTBaM, II03BOJIAIOT ITOTTy4aTh BeCbMa CTabyM/IbHBIE IO
peXxumy cxeMHble CTPYKTypbl. Eme B 60/blieit. Mepe OTHOCUTCA 3TO K
muddepeHIMaNbHBIM TapaMeTpaM KackafoB.



WAT 2

NIMHEWHDbIE KACKA bl ANA CNABbIX CUTHANIOB

Onucelealomcs 371eMeHMAapHble «KUpNUYUKU» JIUHeUHbIX cxem:
amMummepHsili noemopumens, nNpeobpazosameniu HANPAXeHUs 8
MOK, MoKa 8 Hanps)eHue U MoKa 8 MoK, MacwmabHbll ycunumens.
Oka3sbieaemcs, Ymo ux Mas0cueHabHele Napamemps! paccHumelea-
fomcsa yousumesnibHO npocmo. A mak Hasviéaembie «0bbl4Hble» ycunu-
menu, yacmele 8 Mobumensckoli npakmuke, Ypesamei npobnemamu.
CospemeHHan cxemomexHuka He ob6xodumcs 6e3 dugghepeHyuUaANbHLIX
Kackaoos, cywecmsyrowux 8 Hemasiom Yyucae sapuaHmos. Kak acez20a,
npakmuka paouontobumeneli 8vifenAem owubKU, KOMopblie Nose3HO
paszobpame!

JHaromcsa caederun 0na pacwiupeHus Kpyao3opa: ycuaumernu ¢ OuHa-
Muyeckoli Hazpy3kol, ¢ nonoxumesneHol 06pamHoli c8A3b10.

2.1. O6paTHan cBA3b B IMHEMNHbIX KacKapax

UcxoaHble n peanocbiNiKn

HbIHeMHAA CXeMOTeXHMKa, Ha HEMCKYIIEHHBI B3I/AJ, TATOTEET K
YCTIOXHEHMI0 KOHQUTYpalyii. A 1o CylecTBY, OHa 6asupyeTcs Ha TaKUX
cXeMax, IIOAXO0f, K KOTOPbIM MOXET BBITEKAaTb U3 9JIeMEHTapHbIX MOJeTeit,
1o Ipefena ynpoaouyx aHanus. CrenuanicT 3HaeT CEeKpeT: IPOCTOTa
pacyeTa — 9TO ¥ 3HAYUT CTaOMIBHOCTD MTaPaMETPOB CXEMBI, ¥ Y)Ke Ipefbl-
mywmit llar gomxe 6bII MOKa3aTh 9TO.

Peun moiizeT manee 06 s7eMeHTapHBIX TMHENHBIX KacKajJjaX, B KOTOPBIX
B 6071e€e M1V MeHee SIBHOM BUIe Ie/ICTBYeT OTpUIlaTeNIbHas 0OpaTHas CBA3b
(OOC). 3o 3HAUNT, MEX/Y IPOYMM: BXOZ KacKafia He COBIafaeT C BXOIOM
COOCTBEHHO YCU/IUTENBHOTO 9/IeMeHTa (BbIBOaMy 6a3a-sMUTTep TPaH3U-
cTopa). VI momy4aercs, YTO CUTHA/ Ha BXOJje TPaH3UCTOpa (BaXKHelas,
KaK Ka)keTcs, U3 3IEKTPUYECKUX BEIMYMH) NpeBpaliaeTcs BO BTOPOCTe-
TIEHHBI «CUTHAJI ONOKM». VIMEHHO 9TOT akT ¥ IMO3BOJAET O Ipefena
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YIPOCTUTH pacyeT IMPaBUIbHO IIOCTPOEHHOIO KacKajia, rapaHTUPOBaB
3aZlaHHbIE €rO CBOMCTBA.

Ecnu opueHTHpOBaTbhCA Ha YKa3aHHbIV IPUHIUI IIOCTPOEHNUA OFHO-
TPaH3UCTOPHBIX KOHQUTYpaLHif, TO BIIOJTHE JOIYCTUMO UCIIONb30BaHME
IpocTeiiielt MOfenu OUIONIAPHOrO TPAaH3UCTOPA, BBITEKAIONIEH U3 Ove-
BU/IHBIX JOIYILEHNI.

Bo-nmepsbix. KpyTusna npsamoii nepefauyy TpaH3UCTOPAa HACTONBKO
BEJ/IMKA, YTO MOXXHO IIPUHATD:

S=00, UUy=Ug T. € Uz, = 0.

PAAHIOAIOBUTEAB: [louemy 6onvuiue 6yKevl 86 0003HAUEHUIX CMEHUNUCD
80pyz Ha maneHvKue?

IIpocTo 3mech U B fa/IbHejIIeM CTPOYHbIMYU OYKBaMu U U i 6yAyT 060-
3HAYaTbCA BEIMYMHBI AMIUIUTYJ, CUHYCOMAAIbHBIX HAIPSDKEHMI CUTHAIA
B Pas/IMYHBIX TOYKAX CXEMBI ¥ TOKOB B LIeIAX (B OT/INYME OT MOCTOSHHbIX
COCTaBJIAIOIVX STUX TOKOB ¥ HAIIPSDKEHMI).

Bo-BTOpbIX. BEIXOHOE CONPOTHBJIEHME TPAH3UCTOPA HACTONBKO
BE/IMKO, YTO ITOTEHIMA/I KO/UIEKTOpA 110 CYLIeCTBY He OKa3bIBaeT BIVIAHNA
Ha BE/IMYMHY KO/UIEKTOPHOTO TOKA.

B-tperbux. Koaddurment nepemaun Toka h,, , HACTONBKO BEMVIK, YTOOBI
CYMTATh TOKM SMUTTEPA U KOJUIEKTOPA PaBHBIMU MEXAY cO60il:

hys = 0, iy = is
Ha sTom 6asupyercs pacueT OCHOBHBIX ITapaMeTpOB KacKaja (Iapame-
TPOB NIPsIMOI IIepefaydn).

PAAMOAIOBUTEAD: A KaKue mMozym 6bimb «He 0CHO8HbLe»?

Hy, ckaxkeM, BxogHOe U BBIXOJHOE CONPOTMBIEHNA. VX olleHKa noTpe-
6yeT OT HacC YC/IOXHEHUA MOJENMN.

IIpu pacCMOTpeHMM YCUIMTEIbHBIX CXeM He ClefyeT 3a6bIBaTh, YTO
HeVICTBYIOLIME B HUX IIEpEMEHHbIe HAaNpsDKeHNA (Tak XKe, KakK ¥ IIOCTOSH-
Hble) UMEIOT ABa IOJII0Ca.

PAAHOAIOBUTEAD: CmipanHo, 0a pasee i 3mo He 04e8UOHO?

3HaeTe, MHOTHME IIPUBBIK/IN CYNTAThb BCE€ CUTHA/IbHbIE HAIIPAXKEHWS B
cxeMme I[eﬁCTBYIOH.H/IMM OTHOCUTENIBbHO «3€MJ/IN», 4 IIMHBI INTAHNUA — CaMO
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co60it pasymeeTcs, 3a3eMIEHHBIMU /IS YCUIMBAEMBIX CUTHAJIOB... OTO
omn6ka, KOTOpas MOXeT IOBECTH.

SMUTTEpHbIN NOBTOPUTENDb

+12B
OcHoBHasA KOHUTypauus Kackaja 68

nsobpaxceHa Ha puc. 2.1, a. Ilpunaroe +E R2

HaMJ BbIlIE YCOBUE: Uy = Uy — CPasy __|

JlaeT COOTHOIIEHMeE: y
BbIX

— R1 R
Uppix = Upy 4,7« ™
€C/IN TOJIBKO BXOJHO€ U BBIXOODHOE a 6
HanpAXE€HUA OTCIYUTBIBAIOTCA OT Puc. 2.1. [loemopumens: HanpsaxeHue
OJIHOJI ¥ TOM Xe TOYKM cxeMbl. IIpu amMummepa ciedyem 3a 6a306im
(a); us-3a peaucmopa R2 mepsemcsa
9TOM K09 UUNEHT Nepefaqn Hanps- NpeuMyLecmao 8bICOK020 8X0DHO20
XeHus.: conpomuseneHus (6)
u .
_ YBhix _
K, =88 =], (2.1)

Pasymeercs, 1yis QYHKUMOHMPOBAaHMS CXEMBbI HEOOXOAMMO 3aflaHMe
TOKa KOJIIEKTOpA OHMM U3 U3BECTHBIX METOLOB, HAIIPUMED, TaK, KaK Ha
puc. 2.1, 6.

BbixogHoe conpoTtusneHune

ITpu mcnibiTaHMM peanbHOrO KacKaja Bbl OOHapY>XMUTe, YTO BeTMYMHA
HaNps>KEHNA Ha BBIXOZle HECKOTIbKO MEHbIIE BXOJHOTO. ITO MPOUCXOAUT
13-3a TIOTEPY Ha BBIXOJHOM COIIPOTUBIIEHMM cXeMbl: AuddepeHmanbHoe
COIIPOTMBJIEHNE TPAH3UCTOPa CO CTOPOHBI AMUTTEpa Bcerga paBHo 1/S. C
y4eTOM YKa3aHHOTO ABJICHM 3aIyILIeM:

u =Uu R =Uu R
B TP R4+Ry,, TR+1/S°

(2.2)

rae R — pesynbTupyollee CONpOTUB/IEHNE Harpy3ku. PacyeT nmpakTuye-
CKOJ1 cXeMBbl Ha puc. 2.1, 6 JacT HaM BO3MOXXHOCTb CyAMTb, CTOUT /X UATH
Ha TaKoe YTOYHEHMe.

B 3TOM npumepe conpoTuBieHne HarpysKu:

R=RIR, /(R1+R,)=4,7-1/(4,7+1) = 0,83 kOm.
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ITpu norenumane smurrepa 5,3 B Tok amurrepa: I, = 5,3 B/ 4,7 kOm =
= 1,1 MA, a 3HaYNUT, KPyTU3HA TPAH3UCTOPA, 110 (1.2): S = 40-1,1 = 44 MA/B.
Ero BeIXOfiHOE CONIPOTMBIIEHME B paccMaTpyuBaeMoii cxeme: 1/S = 20 Om.
CnepoBatenbHo, K03 puLMeHT nepefaun IOBTOPUTENN PaBeH:

830
830+20

TMony4nny npakTM4eCKU eAVHNUILY, TO €CTh IPOBOAMUTD «TOYHBIN» pac-
4eT ABHO He 6b1I0 cMbIc/Ia. VIHOe fienio, ecu 6Bl pedb IIa 06 MCTOKOBOM
IIOBTOPUTeJIE C TIOJIEBBIM TPAH3UCTOPOM: IPU KPYTHU3HE NIPAMOIL IIepefadn
He 60/ee 3—5 MA/B BBHIXOJHOE CONPOTHUBIIEHNME KacKajila C MCTOKOBBIM
BBIXO[IOM COCTaBUT COTHU Om, K03dPuieHT nepenaun 6yaeT 3aMeTHO
MeHBbIIIe eNVHUIIBI.

K, ,

Mpeo6pasoBaTenb HanpsKeHUs B TOK

B KoH}UTrypanyy OBTOPUTE/NA Yepe3 SIMUTTEPHBIN pe3ucTop R, mpo-
TeKaeT CUTHAJIbHBIN TOK C aMIUIUTYZoM (cM. puc. 2.2, a):

. _ Uy Upy
i=—2=Yx (53
°~R "R, (2.3)

o I =
3mech Uy, — HampsKeHue, feii- }!k=Vex/Ro

CTBYIOLle€ OTHOCUTETBHO HUXKHETO Usx

(o cxeme) BrIBOfa pesucropa R,
PasymeeTcs, mpaKTM4eCKM TaKOM e Ro
TOK IIPOTEKaeT U B LieNIN KO/IJIEKTOPa,

HE3aBUCUMO OT TOr'Oo, KaKoro ponaa
’ pon Puc. 2.2. [lpeobpazosamens HanpaxeHus

Harpyska GYRCT TaM BK/IIOY€Ha. 8 MOK: MOK KONleKmopa He 3aeucum
Kackapg, usob6pa>keHHBII Ha om Hazpysku (a); npespawaem cxemy

puc. 2.2, a, Ha3bIBaeTCsA Mpeobpa- & MacumatHe!d ycunumens (6)
30BaTe/leM HaNpsDKeHUsA B TOK (Mim reHeparopoM toka, unu UTYH —
VICTOYHMKOM TOKQ, YIIPaB/IsIeMbIM HalIpsDKEHUEM).

Bk/rounTe B KOJUIEKTOP Pe3UCTOP Harpy3Ky M3BECTHOTO CONPOTUBIIE-
Hus (puc. 2.2, 6), ¥ Ha HeM BbIZIETUTCS HAaIIpsDKEHMe, TakK, YTo ¢a3a Kormeba-
HMi1 IPOTUBOIIO/IOKHA BXOJY, @ aMIUIMTY/a MOXKET OBITD M 60/blire aMII-
TYZbI Ha BXOJ€:

a

RK

Upyy = igRg =ty —.
&)
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Brixoput, 94TO cxeMa Ha puc. 2.2, 6 COOTBETCTBYeT MacIITabHOMY YCH-
JNINTEII0, MMCIOH.IeMy KOS(b(bM].H/ICHT rleper.[atm Haﬂpﬂ)l(eHMﬂ:

K, =1;—K, 2.4)
<]

HO InmociaenHee HeﬁCTBMTe}IbHO, pa3yMeeTCﬂ, JINIIb O «XO0/IO0CTOrO
xofa». Mnaue BMecTo Ry Hajjo 6paTh pe3ynbTUpYIOLee CONPOTUBIEHNE C
y4eTOM Tak>Ke ¥ BHEIlIHel Harpysky. ITO eCTeCTBEHHO: BbIXOJHAs Iielb
HaXOIMTCA 3eCh BHE [IECTBMUA 0OPATHOM CBsA3M, KOTOpasi Mornia 651 06e-
CII€EYUTH HE3ABUCHMOCTD OT HaI‘pYSKM...

KoHe4yHO, Bbl CMOXKeTe NPENIOKUTD AN BapuaH-
TOB HpaKTI/I‘IeCKI/IX CXeM /1A KaCcKajga npeoﬁpasoBa-
HUA HaHpH)KeHMﬂ B TOK, Y‘iI/ITbIBaIOH.U/IX TPC60BaHI/Iﬂ

U
‘ 3afausa pexxuMa. Oco6eHHOCTh KOHUrypanum Ha

Ro puc. 2.3 — B MCIONb30BaHUM B KadecTBe PpuKcupo-
BaHHOTO NOTeHLMana 6asbl (HEOOXOAMMOTro s LieIen

Ry’ SMUTTEPHOI CTabM/IM3aLyM) OCTOSHHO COCTaBIISAIO-

I © IIeil KO/UIEKTOpHOro HampsbkeHus Uy npepsiayniero
Puc. 2.3. TPaH3UCTOPA: 9TO YacCTOe CXeMHOe pelleHue. B aToit

BnokupoeaHue ~ CBSI3Y XapaKTEePHO, YTO BXOJHOM CUTHAJI, IHOCTYIIA0-
e"'“‘off':;;"; 32’3:00”"3’" LIV OT MPeLIECTBYIOIIEro Kackajia, iefiCTByeT 3eCh
ycmarosume pexum OTHOCUTENIBHO HIDKHETO IO CXeMe BBIBOJIa Pe3ncTopa
R, TONBKO OH B/IMsAET Ha NepefaTOYHbIe CBOMCTBA.

Pesuctop R;, 3a670KMPOBaHHbIN KOHAEHCATOPOM OO/NBLION €MKOCTH,

onpenenAeT AMUIb IOCTOAHHYIO COCTAB/IAIOIIYIO TOKa KO/IJIEKTOpa:
_U;-0,7B
!
R, +R,
ITO Aano BO3MOXKHOCTb HE3aBMCUMOTO Bbl60pa peXxumMma KaCckazia u €ro

MaJIOCUTHAJIBHBIX ITapaMeTPOB, HE CTaBs MOC/JAEIHNE B 3aBYCMMOCTDH OT
pacnonara€éMoro 3Ha4€HnuA 6a30BOTO IIOTEHIMaIa.

I, =1,

Mpeo6pa3soBaTenb ToKa B HaNpsXKeHne

HaxopsAT npuMeHeHMe TMHEIHbIE CXeMbl, 06/1afiatolyie HACTOIbKO HM3-
KMM BXOJHBIM COIPOTUBJIEHMEM, YTO OHO 3aBEJJOMO HAMHOTO MEHbIlIe BHY-
TPEHHETO CONPOTMBIIEHNS UCTOYHMKA curHana. Koadduumenr nepegaun
HaNpsDKEHMS He XapaKTepu3yeT YCUIMTENbHbIE CBOICTBA TAKOIO KacKaja:
Beflb MCTOYHMK CUTHAJIA, TOAK/IIOYEHHBDI K €Tr0 BXOAY, IpaKTU4decKu pabo-
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TaeT B pe>XXMMe KOPOTKOTO 3aMBIKaHMA, U AJIs
pacyeToB yRoOHee 3a/jlaBaTh BEIMYMHY BXOFHOTO
toka. C Heit 6yfeT cBs3aHa BelIU4IMHA BBIXOJ-
Usux=lex/R  HOT'O HAaIIPSDKEHMA CXEMBI, OTCIOfIa VI ee Ha3BaHue
(vuorpma ee o60o3navaroT Takxke MIHYT — ucrou-
HUK HallpsOKEHU, YIIPAB/IAEMbIit TOKOM).

Puc. 2.4. lpeo6pasosamens 9Ty cBA3B NETKO BBIBeCTH. B cxeme puc. 2.4,
MOKa 8 HanpsAxeHue: npu

HEBOMbULILX 3HAYCHUSX npeHe6Gperast MajbIM 6a30BBIM TOKOM, CYUTAEM,

R ex00Hoe u 8bIX00HOE YTO TOK 4Yepes pe3uCTop R paBeH BXOJHOMY ijpy.

conpomuenenu 6nUsKUK 155 114 nyg cUTHAMBHBIX COCTABMAIONUINX TOKOB U

HaIIpH)KeHI/Iﬁ CIIpaBE€N/INBO:

=% 711 MOZIe/IN, B KOTOPOIt M., =co U S = oo
R—RH HETIN, B KOTOPOM /15,5 = O U O = 0,

Orciopa: u, = igyR. (2.5)

Takoit pacueT BepeH, KOHEYHO, IIPY He CIIMIIKOM 6O0/IbIINX BeTMYMHAX
R (cousmepuMmsbix ¢ Ry). B nuHOM cnydae npeHe6peys BIMAHMEM TOKa 6a3bl
y>Ke He/lb34l.

OTtpuuarenpHas obpaTHas cBA3b obecrieunBaeT HU3KMeE BXOJHOE U
BBIXOHOE COMPOTMBTIEHMA KacKafja; PN Manbix R 06a oHu npubnmxa-
1orca K 1/S. ToBops TouHee:

1 R+R
Ryy =< ——+ 2.6
BX S RK > ( )
1 R
Ry ==+ . (2.7)
. oo S h213
OpHako ecnu He cobmomaeTcs:
R << h, 5 Ry,

TO 06paTHasA CBA3b (PaKTHUECKN He JIeICTBYET.

Mpeo6pasoBaTenb TOKa B TOK

Jns cxemsr Ha puUc. 2.5, @ COBEpLIEHHO OYEBUAHO, 4YTO:

Igax = g = Iy = ipy. (2.8)
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PAAVIOAIOBUTEAB: CiparHo, 3auem HA00 npeobpasosviéamy mox 6 mok?

3nech BaXKHO, 4YTO BE/IMYMHA BBIXOJHOTO TOKA He 3aBMCUT OT IIOTEHIIN-
ajIa KOJUIEKTOPa, a 3HAYUT, OT HarpysKu. A Majag Benum4unHa Ryy, Kak n 'y
npeo6pa3oBaTerisA TOKa B HAIpsDKeHMe, TI03BO/IsAET BK/IIOYATh BXOJ IIOA06-
HBIX KaCKaJIOB B Ka4eCTBE «IaT4MKa TOKa» B pa3/MyHbIe enu. Takue cXeMbl
nHorAa o6o3HavaioT MITYT (MCTOYHMK TOKa, yIIpaB/IsieMBbIil TOKOM).

PAAMOAIOBUTEAD: Ha puc. 2.5, 6 51 y3Ha10 ussecmHoe «mokosoe 3epKaso».

OHO TaK>Ke AB/IAETCA CBOEOOPa3sHBIM «IIOBTOPUTENIEM TOKa». BxomHoe
conpoTuBiieHMe 06enx KoHPuUrypamuit pasuo 1/S. BerxogHoe conpoTus-
JIeHMEe BTOPOI U3 CXeM pMC. 2.5 110 IMOHATHHIM IIpUYMHAM He TaK BEIMKO,
Kak y mepBoit: VT2 paboraeT npu 3agaHHoM HanpspkeHun Uy, a He Ipn
3afaHHOM ToKe. Jla u ¢pa3pl Kone6aHMI1 BBIXOZHOTO TOKA Y 9TUX BApMaHTOB
IPOTUBOMOJIOXHBI.

Bx/mioynTe B BHIXOJHYIO Liellb «IOBTO- | loux=lex  lex loix =
X
PUTENIS TOKa» PE3UCTOP HATPY3KU — U BB VI V2
IO/TyYUTE Pa3HOBUAHOCTD IpeobpasoBa-
TeJA TOKa B HalpsDKeHMe (Ugyy = ipy Ry). a 6
IIpaBnia, BEIXOJHOE HATIPSKEHME OYAET  pyc, 2.5, B cxeme ¢ sMummepHbim

3[€Cb, KOHEYHO, 3aBMCETDb OT PE€3YNIbTUDPY- 6X000M (), KaK U 8 «MOKO8OM

IOLIIETO COMPOTUBTIEHNS HATPY3KM. 3ep gz’;em”ggﬁ e":’;‘;g’ngégo"

CnoXXeHune TOKOB

IIpeo6pasoBareny TOKa B TOK ¥ TOKa B HaNpsDKeHME YaCTO UCTIONb3Y-
I0TCA i1 C/TOXKE€HVA HECKO/IbKMX BXO/IHBIX TOKOB: Be/lb BbIXOHOJ CUTHAII
IIpY 3TOM OIIpeAeNAeTCA CyMMOJ TOKOB.

PAAMOAIOBUTEAB: Xopouio 6vi yéudemo
Ha npumepe.

[ToxanyiicTa: ycTpoiicTBO Ha puc. 2.6 o2 o]
IPUTOHO A1 CyMMMPOBaHMs KomebaHmit

OT TPeX Pa3/INMYHbIX MICTOYHMKOB. Bxon 3 °_| 65
KoadbduumeHt nepemaun HanpsokeHUs _
paBeH my1s riepBoro Bxofa 10 kOm/100 kOm = Puc. 2.6. Conpomuenerius 6x0006

cymmamopa onpedensalomcs
= 0,1 (To ecTb MpoMCXORUT OcnabeHne Cur- MonbKo pesucmopamu
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Haja), a Ui ABYX Apyrux BxogoB — 10 kOm/5,1 kOm = 2 (ycunenue B 2
pasa).

PAAMOAIOBUTEAD: Tose macuumabHbiii ycunumens?

Ha, enie ofyiH MPVHIVII peanu3alMy MacIITaOHOTO yCUIeHUS, K TOMY
)Ke JAoLIuii BO3SMOXXHOCTD IOJIYyYUTh HOPMMPOBAHHOe 3HaYeHMe Rg,.
ConpoTuB/IeHNs TPeX BXOOB, KaK SCHO M3 CXeMbI, COOTBETCTBEHHO PaBHbI
100; 5,1; 5,1 kOm.

PAAUOAIOBUTEAD: Amo nouamo, 8e0b 8x00HOe conpomuenerue c IMum-
mepa o4eHv mMano.

W, rnaBHOE, OTCYTCTBYET B3aMMOB/IMAHME UCTOYHUKOB CUTHAJIOB — I10
TOM XXe NPUYNHE.

MacwrabHbiii ycunutenb

BripoueMm, usBecTHa KOHPUTYypauys «IIpeobpasoBaTes HaNPKEHUS
B Hanpspxkenue» i VIHYH, monHocThi0 0XBaueHHasA OTpUIIATENbHOM
06paTHOII CBA3BIO, fe/AlolIell ee He3aBUCUMOIL OT Harpysku (puc. 2.7).

ITonp3ysch MpeXxHei MOfENIbIO TPAH3UCTOPA, 6€3 TPyAa NomydaeM:

Upy = Uy = Uy = Up  R2/(R1+ R2), a oTCIORA:

R1+R2
K, =—— 2.9
V=T (2.9)

B oTHOHIEHNHU pexxuma TPaH3UCTOPA JIETKO +E
3aMEeTUTb: JOCTATOYHO IIOOXMUTEIBHOTO R
ITOCTOSTHHOTO MTOTEHIIMA/Ia Ha SMUTTEPE, YTOObI Uesx=Usx(R1+R2)/R2
HeiCTBOBaJIa KOJUIEKTOPHAsA CTabuim3anus. R1

PAAMOAIOBUTEAb: Ymo-mo Hukoz0a He R2
ecmpeuan s no006HOL
cmpaHHoli ycunumeno-

v Puc. 2.7. Macwuma6Huili
HOU Cxembl. ycunumene: denumerns
8 yenu 6a3bl onpedensem

Ko3¢hpuyueHm ycunexus
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HCYIH/IBMTCJIBHO: Ha IIPpaKTUKE OHA MaJI0 ITPMMEHMMA U3-3a CYIIIECTBEH~
HOT'O HeJOCTaTKa: BXOJHOM TOK PpaB€H BBIXOJHOMY, a 3HA4YMUT, JaXXE 6e3
Harpy3Km BXOZHO€ COIIpPOTUBJIEHME 6YI.[€T HEBEIINKO:

Ry =Ry /K.

Ipu mopx/moYeHN Y BHEIIHE HATPY3KY OHO ellje CHU3UTCS.

BcrioMHMM TakKe, YTO B psifie Cy4aeB pa3paboTyMK ObIBaeT rOTOB Ipe-
Heb6peub cTabumbHOCTDIO AU depeHIMaNbHBIX TAPAMETPOB Pafiyl JOCTHU-
JKEHWA APYTUX BHITOJ.

2.2. AHann3 sMNTTEPHOro NoBTopuUTena

BxogHoe conpoTtusnexHne

KakoB cMBICTT IpMIMEHEHNA «YCVIIMTENIBHOTO» Kackajia, He obnajalo-
1[er0, CO6CTBEHHO, YCHMIEHUEM IO HanpshKkeHnio? KoHeuHo, 9T0 «0TBA3Ka»
JICTOYHMKA CUTHa/Ia OT HU3KOOMHOJ Harpy3ku. Begpb BxomHoi1 (6a30Bblit)
TOK CX€MBI B h,,, pa3 MeHbIlle BBIXOHOTO (SMUTTEPHOTO), @ 3HAYMUT, UCTOY-
HUK BXOJHOTO CMrHana paboraeT pakTUUecKM Ha CONPOTHUBIIEHME, BO
CTOJIbKO >Ke pa3 6onbluee:

Ryx =h,5R, (2.10)

9TO — 3HAKOMaA y)Xe HaM BelNYMHA CONPOTUBIEHUS IMUTTEP-
HOJI Lieny, TpaHcPOPMUPOBAHHOTO K BXony. TouHee 6b110 6b1 3amucarh:
Ry =hy5(R+1/S), Ho BTOpBIM cllaraeMbiM 06BIYHO MOXKHO IIpeHeOpedb.

PAAUOAIOBUTEAD: Ho, npocmume, s 6cmpeuan Heckonvko umvie Pop-
mynol. JIns 8biX00H020 cOnpomueneHuss smummep-
Ho20 nosmopumens daemcs: Ry, =1/S+Ry, /h, ,,
20e R, — 8HympeHHee conpomuenerue UCMo4YHUKA
cuznana. ITo 6onee cnoxnvim dopmynam mpebyom
onpedenamv u Ko3PPuyuenm nepeoayu...

B camoMm perme, ecnu nop ko3 uIeHTOM Nepefauy IOBTOPUTENA
NOHUMATh BemanHy K, = uy, . /e,y rie egy — 310 I]IC ucToyHMKa cnr-
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Hajia, MMEIOLIEro BHyTpPE€HHEE COIIPOTUB/IEHIE RI/I’ IIPpURETCA YI€CTb BINA-
HME U 3TOI'0 COIIPOTUBJIEHUA:

K. = Uppix _ Upx Upnix _ Ry R .
U ey emy Upy Ry +R, R+1/S
YunrsiBas, 4to Ry =h, ,(R+1/S), nonyyaem:
K, = R :
R+1/S+Ry,/h,,

CpaBHuBas (2.2), MBI BEIBOVM 3Ha4YeHVE BHIXOJHOTO CONPOTUB/IEHNA,
yuMTbIBaIOIIEe felicTBue R :

Ryyx =1/S+R, /h,,,.

PAAVOAIOBUTEAD: Hy, 6om eudume!

A BBI He IOTafiBIBaeTECh, YTO TO 32 BTOpOe c1araeMoe? To TpaHcdop-
MUPOBaHHasi B 9MUTTEPHYIO Lienb BenmmuyHa R,,. [laHHOe CONPOTHUBIIEHNE,
ReICTBUTENBHO, OyzieT 3aMepeHo Ha Boixofe noBropurens. Ho He 3ab6ypasre:
B/IVMSIHYIE Y BXOTHOTO CONPOTMBJIEHMS TeM CaMbIM y>ke yuTeHo! ITombiTka
IIOBTOPHOT'O Y4eTa MOATPY3KM MCTOYHMKA CUTHAJIAa BXOJHBIM COIIPOTHBIIE-
HJeM IIOBTOpUTe/IA ObUIa OBI Terephb OMMOKOI.

«TpaHchopmaTop CONPOTUBNIEHUIN»

YacTo MOXKHO IIPOYECTh: SMUTTEPHBII IOBTOPUTEND UCTIONb3YETCA «JIA
COITIaCOBaHMs HU3KOOMHOJ Harpy3Ky C BBICOKOOMHBIM BbIXO{HBIM COIIPO-
TUBJIEHNEM MCTOYHUKA CUTHATIa».

PAAVIOAIOBUTEAB: A passe amo He max?

He coBceM Tak. Benp xorma TpaHcpOpMupOBaHHOE Ha BXOJ COIIPOTUB-
JIeHVie HarpysKy, paBHOe R/h,,,, IMeeT TOT e MOPANOK BETNYMHBI, YTO U
R, (a 3TO 3a4acTyI0 ¥ IIOPa3yMeBaIOT, TOBOPA O «COITIACOBAaHMM»), TOTTA:

b e R/h,,
BBIX "V ¥BX >
R/h, ,+Ry
T. €. K03 PULMEHT Nepefauy NOMyYaeTcss BeCbMa Jia/IeKUM OT €fVIHUIIbI, a

Y «TOYHOM COTJIACOBAHUMN» Uy, = 0,5€,,: TIOBTOPUTEND IIepecTaeT ObITh
TaKOBBIM!
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PAAMOAIOBUTEAD: M 8 camom Oene!

Kyna gaie MbI MMeeM fIe10 € MCIIONIb30BaHUEM IIOBTOPUTENIA AJIA «COIJIa-
COBaHMA» CONPOTUBIIEHNIT OHOTO MOPSAAKA, eC/IN TpebyeTcs, YTOObI IOA-
K/TIOYeHe HarPy3KH He BIIVANO Ha BeIMIMHY HanpshkeHus. Ho mogpo6xoe
paccMOTpeHMe BOIIPOCOB TAKOTO THIa Mbl OTIOXMUM fio «IIlara 9».

2.3. «O6blYHbIe» NINHEeNHble KacKagbl

Koa¢pdunumeHT nepepaun

Peus 3aecp moitaeT o cxeMax, peanu3yIolyX MOTEHIMaIbHble 3HAYeHN
YCUIEHUA 1O HAIIPSIKEHMIO, TOKY ¥ MOIIHOCTM B yliep6 ApyruM Ioka-
3aTe/sAM Ka4yecTBa, K IpUMepY, TOYHOCTY U CTaGMIBHOCTHU IMapaMeTpOB.
B camoM piente, pa3paboTuMK MOXET OTAATH NPEAIIOYTEHME CXEMaM, B KOTO-
PBIX YCTpaHeHBI 37IEMEHTBI BHY TPUKACKaHO OOPaTHOI CBA3N.

PAAI/IOAIOBI/ITEAI) Kax s nonumato, 8vt sedeme peuv HAKOHeU-mMo 0 HOP-
ManvHoulX kacrcabax, C KOMopviX 80 8CexX KHUMWKAX U
HavuHaemcs u3noxcerue.

Ber yraganu. Kackagbl MaKCMMaIbHOTO YCU/TEHMS €CTeCTBEHHBI Ha BXOZe
BBICOKOYYBCTBUTE/IbHBIX TPAKTOB, B TeHEPATOPAX, CMECUTENSAX — TaM, I7e
Tpe6OBaHM TMHEITHOCTY BOCIIPOM3BENEeHNsI HEYMeCTHBI. JTO OyaeT U B
Cydasx, Korja obieit 06paTHOI CBA3bI0 HAMEPEBAIOTCS OXBAaTUTh MHOTO-
KaCKaJHYI0 CXeMHYI0 CTPYKTYpy LenukoMm (Ilar 7).’

A ecnu IpUXOAUTCA UCTIO/B30BATD ITOJIEBbIE TPAH3UCTOPHI C UX OTHOCH-
TEIbHO HU3KOJ KPYTU3HOIA, TO Peann3oBaTh OGHOTPAH3UCTOPHYIO CXEMY C
3¢ dexTHBHOI 06paTHOI CBA3BIO GaKTUIECKV HUKOTA Y He yRaerca.

B koHurypauy MakcuManbHOTO
ycunenusa (puc. 2.8) HampskeHMe

+E
6a3a-sMUTTEp — 9TO M €CTh BXOJHOE Re
HanpspKeHMe Kackafa. Koabdunment
p A q)(b I Ugbix=SRkUgx Ku=SR¢
nepefayy HaIpsHKEHNUS B 9TOM CITydae N
OyneT OIpefensaTbCs TONbKO MaJIbIM
U
COIIPOTMBJIEHMEM CaMOTO TPaH3UCTOPa Bex
6

CO CTOPOHBI SMUTTEPA, paBHbIM 1/S:

K, = SRy, (2.11) Puc. 2.8. Bxod kackada 6e3 o6pamHoli
ceA3u cosnadaem ¢ 6Xodom mpaH3ucmopa
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YTO AEMICTBUTENbHO, KOHEYHO, U /I II0/IEBOTO TPpaH3NCTOpa (Ha PUCYHKe
cnpaBa). BeixogHoe HanpAXeHue (Ha KO/IJIEKTOp¢E, Ha CTOKC) U3MEHACTCA
HpOTMBOCbaSHO BXOIHOMY.

BxogHoe conportuBneHmne

BXOHHOC COIMPOTUBJIEHUE — 3TO COIIPOTUBJ/IEHNE TPAH3IUCTOPA CO CTO-
POHBI 6a3bl, paBHOE:

Ry =h,,/S. (2.12)

OueHnure ero BeIMYMHY, HAIpUMeEpP, IIPU TOKe KOJIIeKTOpa 2 MA
(S=80MmA/B) n h,,, = 100, u Bbl normyunte 1,25 kOm. C TaKoit CpaBHUTENBHO
He6O0/IbILO BEMYMHON HeIb3s1 He CYMTATHCS ITPY COEAVMHEHNN KacKafIoB:
BO3MOXKHO, OHa ITOB/IMAET Ha K03 ULMEHT Iepefady IpeAbIAYIIero.

B oTHenbHBIX CMy4asaXx BXOJHOE CONPOTUBIIEHME KacKa/la MOXeET OKa-
3aTbCA AakKe HAMHOTO MEHbllle BHYTPEHHETO CONPOTHUB/IEHUA UCTOYHMKA
curHana. Torga cxema BBHIONHSAET IO CyLiecTBY GYHKLMIO Ipeo6pasoBa-
TesA TOKA B TOK (ycunurens Toka ¢ K; = h,,,), a Ipy HaIuImy M3BECTHON
Harpysku — Inpeo6pa3oBare/isi TOKa B HaIIpsDKeHMeE (Upyy = ipyhy 5 Ry).

Bce 310, pasymeeTcs, He OTHOCUTCA K KacKajly Ha I0IEeBOM TPaH3M-
cTope. ‘

BbixogHoe conportmneneHune

Vi3BecTHas HeollpeeNIeHHOCTb ITapaMeTPOB IPSIMONL Iepefaun KoHpu-
Typaumil MaKCMMaIbHOTO YCU/IEHUS CBA3aHa He TONBKO C MajIOCTabMIIb-
HBIMY BeIMIMHAMU S 1 h,, 5, HO ¥ C BIMAHIEM BBIXOJFHOTO COIIPOTYBIIEHUS
TpaH3ucTopa. [Ipu ykasaHHOM BK/IIOYEHMM 3TOT IapameTp OygmeT pas-
NMYHBIM 1A Cy4aeB R, << R,, (muTaHue HanpspKeHueM, cM. puc. 1.3) n
R, >> Ry, (nuTanue tokoMm). OgHAKO ¥ B TOM, ¥ B [PYTOM BapuaHTe OH
6yzmeT CMIBHO 3aBMCETb OT TOKA IIOKOS KacKafia.

ITpu manbix I, (monyu MA) BBIXOHOE CONIPOTMBIIEHME COCTABIISIET COTHU
KUJIOOM, a 3Ha4MT, B 6O/IBIIMHCTBE C/Ty4aeB MOXKET MO-TIPEXXHEMY He y4u-
ToiBaTbcs. Ho mpy 60/1bInx TOKax aKTUYecKoe yCUIeHMe OKaXKeTCH,
BO3MOXXHO, MEHblIIe paC4ETHOTO: BHIXO[[HOE CONPOTUB/IEHNE TPAH3UCTOPA
BKJ/IIOYEHO, 110 CYTH, TTapajIeNibHO Ry.

JI7151 Io/IeBBIX TPaH3MCTOPOB MaKCMMYM BbIXOZHOJ POBOAVIMOCTY MHOTA
HOPMMPYETCS, 9TO II03BOJIAET AaTh OLEHKY BE/IMYMHbI JOCTMXKMMOTO yCuJie-
HIA B IacOpTHOM pexknme. [l npubopa 2I1307T mpu U,, =08 > 6 MA/B,
BBIXOZHasI IIPOBOAVIMOCTb ,, He 607ee 200 mxCx, 3TO 3HAYUT, YTO B OFHO-
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TPaH3MCTOPHOM KacKajie rapaHTMPOBaHHasA BEIMYMHA «IIOTEHIVaJTBHOTO»
ycunenus (T. e. Ipy Harpyske Ha 6eCKOHEYHO 60/IbIIIOe CONPOTMBIIEHNE):

KUmin = Smin /y22max = 6/0,2 = 30.

B peanbHOI! cxeMe K y,, ciefyeT Npu6aBUTh IPOBOAVIMOCTD HAarPY3KM.

OwnbKa c eMKOCTbIO

B mpakTtudeckoit cxeme (puc. 2.9 3aMMCTBOBaH
U3 paiMoNMIo6UTENbCKON TNTEPATYpPLI) COERMHE-
HJE «3€MJ/ITHOTO» TIO/II0Ca BXOJHOTO HANPsDKEHNUA
C 9MUTTEPOM IIPOUCXOAUT Yepe3 6IOKMPOBOYHBIN
KOHJIEHCATOpP.

Kak BbI cunraere, emxocts C,y = 100 Mx®, mapai-
TIeNbHasA SMUTTEPHOMY PeSUCTOPY R, xackana Hus- Puc. 2.9. Ow6Ka: Gonbdn
KOYaCTOTHOM YCU/IUTENBHOM YCTAHOBKM — HOCTA-  smummepHas eMkocms —
TO‘lHa? 8ce Xxe He0oOCMamouYHa

PAAUOAIOBUTEAB: Bnonte. B n1060ii kHusicke daemcs ouesuoHas gop-
myna: 1/2nf,C, << R,. IIpu HuxcHell epanuye 80c-
npoussooumvix uacmom f,, =10 I'y neas wacmo Hepa-
sencmea pasna 150 Om, 4mo 3HauumenvHo MeHvule
Ry,=1kOm.

Ho Taxoit nogxoxn a6CcomoTHO HeBepeH!

PeaxTuBHOE conpoTusnenne koHpeHcaropa 100 mx® yke mpu CHUXe-
Hyy YacToThI 10 100 Iy (1/27fC,y= 15 Om) CTaHOBUTCA PaBHBIM COLIPOTMB-
JIEHVIO SMUTTEPHOM Lienu TpaHsucropa (1/S = 15 Om npu I, = 1,6 MA). Yto
RaeT cnaf koadpuumenTa liepenaqu Ha 3ToM yactote Ha 30% — KcTaTu, a
II0YeMy He BAiBoe?

PAAVIOAIOBUTEAB: JJozadviearocy, nouemy. Bedv HanpsiceHus HA akmue-
HOM CONPOMUBNIEHUU U eEMKOCMU OMAUYAIOMCS NO
dasze na 90 2padycos, cymmuposarue udem sexmop-
Hoe — no meopeme ITupazopa, u 6yoem ne 0,5, a 0,7
OM HOMUHANILHOZ0 YCUTIEHUSL.

Bepno. Ho B mo60M ciryqae — Takoii criapg Ha 9actoTe 100 Iy Hepomy-
CTVM NIpY BBICOKOKaY€CTBEHHOM 3BYKOBOCIIPOM3BETCHUM.
Bri6op BeMm4MHBI €MKOCTH AO/DKEH Obl/T BECTUCD IO APYTOit popMmyte:

1/2nf,C,<<1/8. (2.13)
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PAAMOAIOBUTEAD: To20a pe3ynvmam (emKxocmv) OKanemcs Ha nopaook
6onvuse!

3T0 1 6yfeT BEpPHBIM.

PAAMOAIOBUTEAD: Kak je asmop ycunumens npu e2o uCnvimaHuu He
8vIABUN MAKOLL 2py60Ti ouubKu?

HOCHCHCTBM}I IIOJ];OéHbIX oun6oK ﬂOpOﬁ CMATYAITCA TEM, YTO 13-3a
60/1b1IOTO COIIPOTUBJICHMA VMICTOYHMKA CUTHa/Ia Komimrypamm MaKCHu-
MaJ/IbHOTO YCUJIEHVA OKa3bIBAalOTCA B PEXXVMME YCUIUTEA TOKaA. MHTCPCCHO,
49TO B TAaKOM C/1y4dae BMMTTeprIﬁ KOHIOE€HCATOp B IIpPMHIUIIE B0061[Ie HUN K
Y€MY, 1 HU Ha YTO HE Buser!

PAAMIOAIOBUTEAD: 3aHAmMHO.

B kackajie ¢ 0/IeBBIM TPaH3MCTOPOM COIPOTUBJIEHME PE3UCTOPa B
IIeITM CTOKa ¥ Bem4MHa 1/S cousMepyMBl, TyT IIpy BEIGOpE eMKOCTY IIpH-
XOAMTCs IPUHMMATh BO BHMMAaHMe NapaiieflbHOe COeAHEHNE COIIPOTUB-
nenuit R, n 1/8.

3aMeTbTe, BO BCeX ONMMCAHHBIX IO CUX MOP CXeMaxX IOfpa3yMeBanoch
coeuHEeHMEe BTOPOTO MO/TI0CA MICTOYHUKA BXOJHOTO HAIIPSDKEHUSA C 061MM
npoBofoM. Ho Hepenku cimydan, Korga Heo6xoauMo uMeTh 607ee yHUBep-
CaJIbHBIN BXO[.

2.4. AnddepeHuymnanbHbie Cxembl

AnddepeHumanbHbIf Npeobpa3oBaTenb HaNPAXKEHUA B TOK

Ecnmu n3onupoBaTh SMUTTEPHYIO Liellb KaKOii- 160 13 OIVICAaHHBIX BbILIIe
AVIHEHBIX CXEM OT «3€MJIN», MOXXHO JICTIONIb30BaTh 3TOT BBIBOJ, CXEMBHI,
KaK BTOPOJ BXOJI, TaK 4TO:

Upy = Upx 1 —Upx .

O6o03HayeHMe pa3HOCTH 3[ieCh, pasyMeeTcs, YCIOBHO. IIpuMeHNTeIbHO
K aMIUINTYaM — TOJIBKO NPU OfMHAKOBOI YacToTe u ¢ase 6yneT uMeTh
MECTO JIeVICTBUTEIbHO BbIYMTAHUE.

I ByxBXofiOoBas NMMHENHaA CUCTEMA, pearupyioias Ha pa3HOCTb MTHO-
BEHHBIX HaIlpsDKEHMI!, HasbiBaeTcs auddepennmanpHoit. Yacto Tpebyercs
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MMETDb OAMHAKOBO BBICOKVE BXOOHbIE COIIPO-

R1 R
TUBJIEHNA 10 060MM BXOflaM KacKaja, ¥ Torfa r_
MEPEeXOAAT K MCIIO/Ib30BAHMIO CIIelabHbIX
) Usxi —{_ VT1 — VT
KoHurypammii.
Ha puc. 2.10, a Ha BepXxHEM M HIDKHEM Rs R2 Rs
BBIBOJlaX 3MUTTEPHOTO PE3UCTOpPa aMIIIN-
TYAbl HATIPSXKEHWI COOTBETCTBEHHO Uy, M PR VI2 — vr2
Upy,. OTCIOla aMIIZIUTYAa TOKAa SMUTTEPOB a H
R3 Rk

060VX TPaH3UCTOPOB, MMEIOLIVNX IIPOTUBOIIO-
JIOKHBIE («KOMII/IEMEHTapHbIE») CTPYKTYPHI
HO/TyTIIPOBOJHMKA, ITOTy4aeTcs Kak:

6

. Upy, —Upx, Puc. 2.10. BxoOHoe HanpsxeHue
Ig = ———%) (2.14) dughgheperyuansHoLi cxeml
R3 deticmayem mex0y ee exodamu (a);

TaKOJ JK€ TOK IIPOTEKAET B KaXKIAOM M3 KOJI-  B03MOXHO 2uGKoe uCnonb3osarue
. J1106bix 8x0008 U 86100086 (6)

nexropoB. IuddepenunanbHslit mpeobpaso-
BaTe/lb HANIPSAXKEHMs B TOK MIMeeT [iBe BBIXOJHBIE LIETM, TaK YTO MOXKHO
VICIIO/Ib30BATh JI0OYI0 U3 HUX um obe.

BxopiHOe compoTuB/IeHNe Kackafia, cornacHo (2.10): R,, = Rh, -, 1 ode-
BUTHO, YTO I/IA Pa3HbIX BXOJOB 3TU BE/IMYMHBI BOBCE He 0653aHbI COBIa-
BaTh.

O6ecneuyeHune pexuma

O6paTtuTe BHMMaHMe Ha 3/IEMEHTHI, ONpefe/NAIole PEXUM IOKOA
Kackajia Ha puc. 2.10, 6: TOK KO/ZIEKTOpa 3afaeTcsd pasHOCTbIO IOTEH-
uuanoB 6a3 Uy, ;,. [IOHATHO, YTO HaIIpsDKEHME MEXAY SMUTTepamu GymeT
MeHbIle 3Toit BemuyHbl Ha (Ug,, + Uy,,), T. €. Ha 1,4 B, a TOK KacKaga:

U,..,—14B
Iy =1, = 3_%-
3

ITpu BeI6Ope 6230BBIX MOTEHLIMAIOB TPAH3UCTOPOB CIIEAYET YIUTHIBATD,
yto 1 VT1, u VT2 gomxHBI HAXOOUTBCA B aKTUBHOM pexkume. Ecnu pna
VT1 ycnosue OTCYTCTBUA HaChIlleHMs o3HavaeT: U,, > Uy, To ana VT2,
Haobopor, U,, <U,,.

Kackapn, nMeromuit ABa BXoAa u Ba BbIXOJa, YHMBEPCAJIEH 110 CBOEMY
npuMeHeHnio. OH MO3BOJIAET CMEMIMBATh KO/le6aHUA OT IBYX He3aBUCH-
MbIX MICTOYHMKOB; /IS OFHOTO BXOJHOTO CUTHA/Ia MOXXHO MMETDb YCUIN-
TeNb, He TlepeBOpaYMBalOIMit Gasy HATPSHKEHMS, MM AAIOLMII HA BBHIXO-
[laX paBHbIE, HO IPOTUBOdasHbIe HANIPSKEHUS.
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MakcumanbHoe ycuneHume

IuddepeHianbHyI0 KOHQUTYPALMIO MAKCUMAIBHOTO YCUIIEHUA HOITY-
4aloT, KOHEYHO, YICK/TI0YeHMeM R, (HanpuMep, 3a67I0KMpoBaB KOHAEHCATO-
poM 6onbuioi emkocty). Ho 3gech koappuumeHT nepemaun monyyaercs
BaBoe MeHbiue: K, = SR, /2. 910 NOHATHO: Begb B 0011l IMUTTEPHOI!
LIEIN IeVICTBYET Temephb YABOEHHOE COIIPOTUBIIEHNE TPAH3UCTOPA CO CTO-
POHBI 3MUTTEpPa, BenuunHoit 2/S. IIpaBaa, 3a c4eT 3TOro BXOZHOE COIpO-
TUBJIEHYE KacKaja (110 KaXXZIoOMy BXOZly) OKa3bIBaeTCs BABOE BBIIIIE:

Ry, =2h,,/S. (2.15)

banaHcHaa cxema

IIpeo6pasoBaTenp HaNpsOKEHUs B TOK Ha puc. 2.11, a BhINO/NHEH U3
TPaH3UCTOPOB OAVHAKOBOV CTPYKTYPHI. [I/Is HEro /1eTKO MOY4YMTh:

igx = ix1 = igs = (Upx —Upx,)/ 2R, (2.16)
vT1] (vr2 TpudeM ¢assl TOKOB KonnekTopos V11
Usxi u VT2 nporuBomnonoxHsl. OgHaKo
e NPYHIMII YCTAHOBKM PEXMMA 3A€Ch
VT3 MHOI: ycroBue 6ajaHca CXeMbl Tpe-
6yeT paBeHCTBa 6a30BBIX IOTEHIIMA/IOB
-E2 R1 060MX TPaH3UCTOPOB IIPU OTCYTCTBUYU
-E3 curHana. B aTom cimydae Konnexrop-

HBIN TOK KaXXAO0To TpaH3UCTOpa — 3TO
IMO/I0OBMHA 061]];6[‘0 TOKa, 3ajaBaeMoro

a 6
reHepaTopoM Toka Ha VT3:

Puc. 2.11. [enepamop moka Ha VT3

3ad0aem pexum napel (a); mpebyemcs I.,=(E3-E2-0,7B)/R1
udeHMuUYHOCMb MpaH3ucmopos (6) k3

PaccMmoTpure cxemy Ha puc. 2.11, 6. VickmoueHne pe3uicTOpOB II03BO-
JIMJIO JOCTUYDb MAaKCUMAJIbHOTO YCUIEHMS:

ippx =iy =iy = S(Ugyx —Upy,) /2. (2.17)

3mech S — 9TO KPyTM3Ha KaXj0ro 13 TpaH3ucTopos guddepenimans-
HOJ! ITapbl, CYMTAsA, YTO IOCTOAHHBIN TOK Ko/tekTopa VT3 pacnipenensercs
MeX/y I/iedaMu IopoBHy (Torga S =S, = S, =20I,,). XoTs faHHOE Ipef-
HOJIOXKEeHNe B 061eM C/Tydae HeBepHO!
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Pas6ananc gudpPpepeHumanbHOM CxemMbl

Ha npakTiKe Bbl MOXeETe YOENUTbCA, YTO PV OAMHAKOBBIX IOCTOSHHBIX
HAIPsDKEHUAX Ha 6a3ax — TOKYM TPaH3UCTOPOB He PaBHBI: TPAH3UCTOPHI
He uenTnyHb1! CrefoBaTeNbHO, M KPYTUSHA UX pasHas. [Ipu pasnuyato-
myxcs S, u S, o61ee CONPOTUBIIEHNE SMUTTEPHOI LIENM BBIPAXKAETCA KaK
1/§,+1/S,, a orciopa nonyqaem:

__SS,

Ippx = S, +S, (Upxy —Upx,). (2.18)

3a cuer crabunmsauuy obuiero Toka cymma S, + S, Bcerfja IOCTOSIHHA.
Torga HECTIOXHO ITOACYMUTATD, YTO Npu 10-IpoIeHTHOM pa3banaHce MO
TOKaM yCulIeHye CHU3NTCA Ha 1%, npu 30-nipoueHTHOM — Ha 10%. Bripoudewm,
KOT/ia TpaH3ucTopsl AuddepeHIanbHOIN Maphl BHIIOTHEHE B 0011eM Kpy-
CTaJI/le MHTErpabHOM CXeMbl, pa36aaHC OKa3bIBaeTCA HECYIIECTBEHHBIM.

Ecnu cxema npepHasHaueHa Ijis Iepefady Kone6aHMif, TO CUMMeETpPUS
MOXKET 06ecrieynBaThCs SMUTTEPHBIMM Pe3UCTOpaMy, Kak Ha puc. 2.11, a,
a KoHUTypanusa MakciiMaIbHOro ycunenus (Korga oHa Heo6xofyma) co3fia-
€TCs1 IIPOCTO COeAVHEHMEM SMUTTEPOB C IIOMOLIBIO 67TOKMPOBOYHON EMKOCTHL.

CuHdasHoe HanpsaKeHne

Henpas He yka3aTb Ha BAXXHO€ CBOICTBO A¥i¢pepeHIaTbHBIX CXeM, B KOTO-
PbIX 06T TOK CTabW/IM3KPOBaH MpUHYTEIbHO (puc. 2.11). Toxn ycuwmrems-
HbIX TPaH3MCTOPOB IIPAKTHIECKM He 3aBUCST OT IIOTEHIIMAA, Ae/ICTBYIOIIETO Ha
X 623bI OTHOBPEMEHHO (OH Ha3bIBaeTcs CMHGA3HBIM, WM 00IMM).

PAAUOAIOBUTEAD: A cviuan o «nodasnenuu curdastvix cueranos». To
ecmb, om 00u4e20 cuzHana 8 udeane Hu1ezo He 3asucums

HY HE€ COBCEM, KOHEYHO. IlmanasoH BO3MOXXHOTO U3MeHeHNs 6a30BBIX
IIOTE€HLM1a/IOB OTPAHNIMNBACTCA YCIIOBUEM AKTUBHOTO pPeXnMa BCEX TpaH-
3UCTOPOB CXEMBI:

UCI/IH(D s UK1,2; UK3 = UCMH(D _0’7B 2 UB3'

ITopa oTMeTHUTD, YTO IIpUBEeHHbIE BBILE BHIPAKEHMA, TaKue, KaK
(2.15), oTHOCM/IMCH K BXOJHOMY COIIPOTMBJIEHMIO A AuddepeHmanb-
HOTO curHana (JId ugy = Ug, | — Uy, ,). CompoTuBIeHNEe 06 beAMHEHHBIX
BMeCTe BXOJIOB /I CMH(a3HOro CUTHa/Ia 3HAYMTENbHO BbILIE: OHO CK/Ia/Ibl-
BAaeTCA U3 BK/IIOYEHHbIX IIapajlIe/IbHO COMPOTUB/IEHMIT KOTIEKTOPOB BCeX
TPeX TPaH3MCTOPOB IPY 3a/JaHHBIX TOKAaX SMUTTEpA.
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PAAMOAIOBUTEAD: Ho MHe 6cmpeuanucy cxemvl KacKkaoos, 6 KOMopuix
moxo3sadarouuii mpansucmop VT3 samenen npocmo
pesucmopom...

Ha, # 3TO BIIO/IHE JOIYCTHUMO TIpY GUKCUPOBAHHOM CMH(]Aa3HOM Hamps-
xeHyy. TOK Mapsl Kak pas u 6yfieT OnpefenATbCA BETMYNHOI 9TOTO CUH-
¢dbasHOro HampsKeHUs — OObIYHAS SIMUTTepHas cTabunusanus. Ho npu
MeHsIoIeMcs CMH(asSHOM CUTHaJIe, HalIpUMep, B U3MEPUTEIbHBIX CXeMaX,
noTpebyeTCs TOra yYUTHIBATh U3MeHeHMe ToKa (06 aToM 6yzeT uaTY pedb
B nocnexyomux «Ilarax»).

2.5. Bonpocbl U3 NpakTukun

PAAMOAIOBUTEAD: MHe 6ctmipemunace cxema MUKpoPoHH020 YCUnumens
Kax Ha puc. 2.12. Kakasa-mo oHa cmpaxHas; moxcem,
owubka?

BoBce HeT. Mopienb, COOTBETCTBYIOIAA U, =0, IO3BONAET CIUTATD
ITOTEHILIMAJT HY)KHETO IO CXeMe BBIBOJA MCTOYHUKA CUTHaMA (MUKpodoHa)
HY/IEBBIM. OTO JJA€T: U, = Uy, = Ugy,; CXEMA ABIAETCA

5B IoBTOpUTENeM HanpspxkeHus. [lonydaerca, 4To nosro-
Sk PUTENN CYILECTBYIOT He TONbKO SMUTTEpHbIe!

a3 PAAMIOAIOBUTEAD: B paouontobumenvckoii kHuxKe

2r20A, s ysuden cxemy puc. 2.13. Bom

8aM U Npumep UCNONbLIOBAHUS

Puc. 2.12. Bo ckonbko Pe3ucm0pa R3 aﬂﬁ ﬂuﬂeapu3a'

pas ycunueaemcs Uuu xapaKkmepucmuxk nymem
cueHan mukpogoHa?

co3oanust o6pamnoti cessu!

Ipumep Hukyna He rogutcs. Koadduumenr nepe-
Ha4yy HaNpsO>KeHMs B Balllell CXeMe:
R2

Ky=———.
R3+1/S8

B ucnonbsosanHoM pexxume (npu I = 1mA) Kpy-
TH3Ha TpaH3ucTOpa BpaAx Gymer 6onbire 1 MA/B, a
3Haunt, 1/S = 1x0m, '

Puc. 2.13. Hem nu mym
«IUWHe20» 3/1emeHma?
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Brixoput, uto pesucrop R3 BennunHoit Bcero 100 Om, BKIIOYEHHDIN
WIS «IMHeapu3alyin», MOXKHO 6e3 yiiep6a BHIOPOCHTS.

PAAUOAIOBUTEAD: B xHuze cxema puc. 2.14 Haszsana 08yxXKkackaoHvim
ycunumenem. A kax npocmo! Henv3a nu no amomy
NPUHUUNY CIPOUMDb YCUNIUMENIU C eu4e OOTbULUM HUC-

JIOM KacKaoos?
+E
He nmykaBbTe — BbI, KOHEYHO, Y3HAIU CXEMY C COCTaB-

HBIM TPaH3UCTOPOM (MM «cXeMy [Jap/IMHITOHa»). E
Hecnoxxnbiih aHanmms, KOTOPBIN A OCTaBJIAI0 BaM, IIOKa-

VT2
XeT: KoaduIMeHT nepefaun HapsLKeHN U Kackajga
MaKCMMAJ/ZIbHOTO YCI/IIICH‘I/IH C COCTaBHBIM TpaHSMCTOpOM
: Puc. 2.14.
BIBO€ ME€HbIIE, YEM y KacCcKajga C OIMHOYHBIM... «Jleyxka CKaOHbIC
. ycunumene» — mak
PAAUOAIOBUTEADB: CmpanHo. npocmo?

CrpaHHO, eC/ii KOTO-TO 3TO YAUB/IsAET. BripodeM, B HEKOTOPBIX CTydasx
npyuMeHeHMe cXeMbl JJap/IMHITOHA MOXKET [IeICTBUTENIbHO 00epHYThCS
BBIMTPHIILIEM B ITOTOBOM YCU/IEHUM: Belib BXOJHOE COIIPOTUBIIEHME 3[1eCh
TIOBBIIIEHO B 2H,,, pas.

PAAMOAIOBUTEAB: O2o, smo Hemano!

He cnenyet u nepeolieHMBaTh 3TO BO3pacTaHue, Tak Kak koaduiyeHT
nepenauy Toka A TpaHsucropa VT1 npu MasioM SMUTTEPHOM TOKe, COOT-
BETCTBYIOIIEM TOKy 6a3bl VT2, ckopee BCero, HEBEMK.

PAAMOAIOBUTEAD: B kHuzax nuwym, umo «cxema ¢ o6uieti 6a3oti» umeem
MeHbUALUe UCKAXEHUS U O0Tlee 8bICOKOE BbIXOOHOE CONPO-
musnenue. Pewuus y6eoumocs, s ucnviman nuHeliHbotil
Kackad nodaueti cuzHana Ha 8x00 1 (puc. 2.15), 3amem
NOOKTIIOUUTL 2eHEPAMOP K 6X00Y 2 — 6 pexcum ¢ obusel
6asoii. Tonvko pe3ynvmam nouemy-mo oka3ancs oopam-

HULIM... Bbixog

IToxasarenu, Hac MHTepeCyIOIMe, ONpPeReNTIOTCA
OTHIOAB He (POPMA/IbHBIM IIPU3HAKOM: «4YTO ObIee», —a  BXOAT o
BE/IMYMHON COIIPOTUB/IEHNS B SMUTTEPHOIA Liey, peayy-  BX0A2 Hﬁ

3YIOLLETO BHYTPEHHIO 06paTHYIO CBA3b. IlofkmouyeHne
HM3KOOMHOTO MCTOYHMKA TECTOBOTO CUTHA/IA K SMUT-
Tepy (korga R, < 1/S) npeBpaiaer cxeMy B Kackaff Mak-  Puc. 2.15. B kakom

CMMa/IbHOTO YCU/IEHVS C SMUTTEPHBIM BXOAOM. O Ginan tasan?
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PAAMOAIOBUTEAD: A Kak e «o6uyas 6aza»?

Knaccuyeckaa obmas 6asa — 3To muTaHME SMUTTEPA TOKOM, a He
HaIpsHKEHMEM, YTO BHIIIUIO Y BacC.

Ecmu yX, Kak IPMHATO B TEOPUM TPAH3UCTOPOB, CYUTATh BK/IIOYEHMEM C
o6meit 6a30it TO, TPY KOTOPOM BXOJHOU 3/TEKTPUIECKOI BETVMINHOIN ABJIA-
€TCs TOK SMUTTEpPA, TOTAA 9TO, KaK HM CTPAHHO, COOTBETCTBYET IIEPBOMY
BapMaHTY BK/IIOYeHNs (IIOfyMaiiTe, IO9eMY).

PAAHOAIOBUTEAD: Ho 6€0b n06ci00y 6 X00y amu mepmumbvl: «c o6ugum
aMummepom», «C 06ULUM KONNEKMOPOM», a4 6bl
Kak-mo ux usbezaeme...

51 6BI Bce Xe OT HUX NpefocTeper. 3aech Mbl YBUAEMN, KaK OHM MOTYT
le30pMEHTUPOBATH HEOIIBITHOTO JII0OMTEIA; ONBITHOMY OHM BOOOGIIe He
TpebyloTca. A Korfia Mol o6epeMcs KO CIIOXKHbBIX MHOTOTPAaH3MCTOPHBIX
CTPYKTYP, TO HOJIMEM, YTO 3T yCTapeBLINe MOHATUSA TaM IPOCTO He K
4eMy IpUCHOCOOUTS.

2.6. [lononHeHue gna nio603HaTeNbHbIX

OvuHamnyeckan Harpy3ka

B TpapMLIMOHHBIX YCMIUTENBHBIX KacKa/iaX CONPOTHUBIIEHE HATPY3KN
AJIsl CUTHA/Ia He MOXKET OBITh CAENaHO CIMIIKOM 60/MbIIMM — MHade Ha
HeM OyfieT mafjaTb HERONYCTUMO 6O/IbIIOEe HANpsXKEHME OT IMTOCTOAHHONM
coctapnsonieit Toka. KoHeuHO, «pa3sBA3aTh» HArpPysKM IO MOCTOSHHOMY

TOKY M IO CUTHaJTy MOXKHO TpaHCGOpPMaTOPHOIT CBA-

3bI0, HO /iA MMKpOBHCKTpOHHOﬂ TEXHUKHN 3TO HEIIPpU-
+E1

e eMJIEMO.
' B cxeme Ha puc. 2.16 «Harpyskoit» Kackajia CIy>XuT
VT2 reHepaTop TOKa. PesynbTupyloias Harpyska Ajs CuUr-
Buxon Haja OymeT o6pa3oBaHa mapasIeIbHBIM BKITIIOYEHMEM
VT1 60/mbmINX BBIXOAHBIX conmpoTusnenuit VT1, VT2 n

BHENIHEN Harpy3Ku.

Puc. 2.16. 33ech YBbI, KOHUTYypanuA AN CaMOCTOATENIbHOTO
duHamuyeckasn JICTIONIb30BaHNsA HEMPUTOHA: B Heil IOTeHIaa KO-
“526%3;3351‘;;’:%;’)" JeKTopa HeycToitunB. CKopee Bcero, OAMH U3 TpaH3N-

moxa, udnacuzvana CTOPOB — VT1 mnm VT2 — oKa)keTcsA HaChIIEHHBIM.
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— +E
Takoe BK/II0YeHMe JOMYCTUMO TONIBKO B CXEMaX, CTa-
. . R
O6UNM3NpOBaHHBIX 06IIelt 06paTHOI CBA3BIO, KOTO- “ "
pble 6yayT paccmatpuBathbes B «Illarax 7 u 8». "
R
3aTo BapuaHT pHUC. 2.17 MOXHO BCTPETUTH “Ljvr2
HepefKo. 3a cyeT mepefayy Kone6aHMit ¢ BBIXOAA Buixon
MOBTOpUTENA K BEPXHEMY BBIBOAY pe3sucTopa Ry, VT i
COIIPOTUBIIEHNE HATPY3KM /11 CUTHAJIa yBEeIN4MBa- Ra
ercs:
R, Puc. 2.17. JuHamuyeckas
Koun — 1 pr 2 Hazpyska ysenuyusaem
1-K U conpomueJ/ieHue moJibko
nog K, nogpasymeBaeTcsa KoappuuyeHT nepenaun ana cuenana
IIOBTOPUTEJIA.

KoHeuHo, Tapasie/ibHO 3TOMY AMHAMUYECKOMY COIPOTUB/IEHNIO BKITIO-
4eHO ellje ¥ BXOFHOE CONPOTHUB/ICHME IOBTOPUTETIA.

[1aBHOE JOCTOMHCTBO 3TOJ CXEMBI jaXke He B YBEIMYEHHOM COIpPO-
TUB/IEHUM HAarPy3Ku. A B TOM, 4TO, 32 CUET CBOeOOpa3HOro yIpaB/eHnA
HanpsDKeHNeM IMUTAaHMs, BEPXHMIT MK IOTEHIIMaNa KOJZIEKTOpa MOXeT
6biTh 607bLIe, YeM E. 3TO BaXKHO B cBeTe MpobiieM, KoTopbie 6yayT pac-
cmarpuBaTbca B «Illare 4».

OnHamunyeckana Harpyska B gnddepeHumanbHOM Kackage

Ecnu puddepenimanbias cxeMa JO/DKHA MMETb TO/IBKO OfMH BBIXOJ,
yIOOHO IIpyMeHeHye IMHaMWYeCcKOli Harpy3Ky Ha OCHOBE «TOKOBOTO 3epKajia»
(puc. 2.18). ITockonbKy 3/1€Ch IPOMCXOAUT «OTpaskeHMe» Toka V11 B KOmIeK-
TOPHYI0 Ienb V12, mepefaToYHble CBOMCTBA KacKajia y/IBaBalOTCs, TaK YTO:

feax = k1 — iy = S(Upx, —Ugx,),
K, =SR,,. .
YnBOeHMe IIPOM3O0NIIO U3-3a TOTO, YTO iy, U iy,
HAXOMATCS B MpOTUBOda3e: «TOKOBOE 3epKao» = #’fﬁ-.
obpaiijaeT HalpaB/IeHME TOKA.
B, TexHMKe MHTErpaabHbIX CXeMa IOJOOHBIE
pellieHMs [A0T IPeuMyIecTBO u3bapneHus or U
pesucTopos. B yacTu yCcTOMYMBOCTH MOTEHIMANIA Vi3

Ko/utekTopa VT2 cripaBefIMuBO TO, YTO y>Ke CKa-

3aHO BBIIIIE. Puc. 2.18. Toku oboux nney
06BedUHAIOMCA Ha 8bixo0e
CUH(a3sHO

Usex1

o
p+]
I
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MonoxutenbHaa o6paTHan cBA3b

HedacTo, HO BCTpeyaloTCs CXeMBbl IMHENHOTO YCUIEHUs, B KOTOpbIe
BBeJIeHbI 9/IeMEHTbI IOIOXKMTENIbHOM 06paTHOI! CBA3M (pereHepanus).

PAAMOAIOBUTEAD: HP}IMO IK3oOmuKa Kakasa-mo.

Tem He MeHee, puc. 2.19 ynpoleHHO TOKa3bl-
BaeT OKOHEYHBIN KaCKa/J| OIIePaljIOHHOTO YCU/INTEA
140Y]1 — 3TO, 110 CYL€CTBY, COCTAaBHOM SMUTTEP-
HBIiT moBTOpUTeNnb. OgHako Ha 6a3ze VT9, a 3Ha-
YUT — ¥ Ha BBIXOJie YCU/IMTEIA, OKa3blBaeTCA CyMMa
Uppx = Upy T Up: BXOIHOTO HATIPSKEHMSA Uy, U TIAJIE-
HUS HanpspDKeHus Ha R9 ot Toka VT8: u, = —i, R9.

Teneparop Toxa Ha VT8, B cBOIO o4Yepenib, YIIpaB-
JI1€TCA YaCThIO BBIXOJJHOTO HAIIPsKEeHU:

-~ Upy R12

ixg ® ——
Puc. 2.19. Pezenepauus K8 R11 R10+RI12
obecneuusaem 8 cxeme
¢ nosmopumenamu Jlerko MoMy4nThb Telepb BBIpakeHMe Mg Ko3d-

ycuneHue, 6onowee 1
(bMI.IMeHT a nepepavin «l'IOBTOPI/ITeJIﬂ»:

1 R9-R12
K,=——rmek= :
1-k R11-(R10+R12)

ITpu yka3aHHBIX Ha CXeMe IapaMeTpax nomydaercs: k = 0,85 u K, = 6,6.

PAAVOAIOBUTEABD: To ecmv 6onvute eduruypi!

Ha. B ycunutene 140Y]]1 Takoe pelueHye UCIONIb30BAHO JI/IA pacllupe-
HUA JUalnia3oHa ypOBHeJ Ha BBIXOJE.

PAAMOAIOBUTEAD: Ho 6edv 8cezda 2o8opsim, umo nonosumensnas OC —
3Mo Heycmou4ueocms.

Tak 1 ecTh: JOCTaTOYHO YBEIMYUTD CONMPOTUBIIEHNE pe3ucTopa R12 o
700 Om, kak K, ycTpeMuTcs B 6eCKOHEYHOCTD, CXeMa IepecTaHeT ObITh
YCUNMTENbHOM, PEeBPaTUBIINCD B «Tpurrep llIMuara» ¢ AByMA ycToiym-
BBIMM COCTOSTHUAMMU.



WAT 3

NIMHEMHBbIE KACKAlbl HA BbICOKNX YACTOTAX

Yeel, «lllae 3» Ha4YuHaemca co CKyYyHsIx pac4emos npocmol
paduoniobumensckoli KOHCmpyKyuu. Komopeie, 8npoyem, HyXHbl
e0uHCcMeeHHo, 0abbl NOKA3aMb, YMO «0BbIYHbIE» yCuIUMeslbHble
Kackaoel — 0714 8bICOKUX pabovux yacmom He 200amca. [Jatomca
CXeMHble KOH(u2ypayuu, npu200Hble ON1A WUPOKONOIOCHbIX
Kackaoos. A 0118 pe30HAaHCHbIX ycunaumeneli npuxooumcs 3a6o-
mumeca 06 ycmol4ugocmu cxeM — 3mu 3a0d4yu Makxe peuwa-
I0MCA HEC/IOXHO, XOMA UHO20Aa HEeCKObKO HeobbIYHO. «lliaz 3» He
o0b6xo0umcsa 6e3 pazbopa npakmuyecKux 80NnpPoOCos.

Ana nio6o3HamenoHoix 0aHel OONOIHUME/IbHbIE C8E0EHUA.
Hanpumep, passacHsemcs, no Kakoli npu4yuHe camogo36yxoa-
emcsa noeamopumernb ¢ KonebamesnbHbiM KOHMYPOM HA 8XO0e.

3.1. Heo6bluHble cBOMCTBA OObIYHbIX CXeM

HeyaauHbin ycunurenno

HesakoHHOe pacimimpeHue cepbl AeiiCTBUA YIPOIIEHHBIX MOJenein
BCErZa BefleT K pa304apOBbIBAIOILEMY pe3ynbTaTy. Mbl MOAOIIINA K TAKOMY
py6exy, Korfa MpUXOAUTCA YIYUTHIBATh YACTOTHEIE CBOJCTBA JIMHEHBIX
cxeM. A 9TO MOABOAUT K 0COOBIM CTPYKTYpaM KacKafioB.

He xoTtenoch HaunHathb «Illar» ¢
rpomMo3akux pacuyeros... Ho npu-
XOAUTCA: IIPOCTO AJIS WIIIOCTpPa-
IMY BO3HMKAIOUIUX Npo6IeM.
ITpoBeneM aHanm3 ABYXKacKaj-
HOTO IIMPOKOIMONIOCHOIO YCUIN-
TeNs pafuoNpyeMHNIKa, paboralo-
IeTo B AMalla30He CPefHMX BOJIH

(cxema puc. 3.1 B3sATa U3 momy- Puc. 3.1. [pumep 8bICOKOYACMOMHO20

ycunumerns, NOCMpoeHHOz20 1o
JIAPHOTO XXyp Harta). «HU3KOYACMOMHOMY» WAabsioHy




58 WckyccTBo cxemoTexHUK. MpocTo o cnoxHom

HauyHeM c KOHIJa, CO BTOPOTO Kackaja, yCuIeHye KOTOPOro, IOo-BUAHU-
momy: K, =SR7.

PAAVIOAIOBUTEAD: Bepoamno, kpymusna mpan3ucmopa Ha o4eHv 6bico-
KUX yacmomax ymeHouaemcs?

Ecnu TpaHsucTop BEIOpaH IPaBUIBHO, 3TOT 3¢ PeKT MOXKHO He YUUThI-
BaTh. TeM 6oriee 9TO cripaBeIMBO B JAHHOM C/Iy4ae: Befb IpuOOpsl THIa
KT316 paccunTaHbl Ha UCIIO/Ib30BaHMeE IIPU YaCTOTAX A0 COTEH Merarepil.

EMKoOCTb Harpysku

O Heil, pa3yMeeTcs, B NIEPBYIO OYepefib BCIIOMHUT TOT, KTO 3HAKOM C
OCHOBaMM pafiMOTeXHMKU. Binanme 3T0it eMKOCTH, MapanienbHoii R7,
MNPUBOJUT K CHIDKEHMIO YCU/IEHUA Ha BHICOKMX YaCTOTaX.

B cxeme Ha puc. 3.1 3Ta napa3uTHasA EMKOCTb OyZIeT COCTOSATh M3 EMKO-
CTU KOJZIEKTOPHOTO IIepeXofia TPaH3yCTOpa (CIIpaBOYHMK JlaeT 3Ha4YeHMe —
Cis <3n® gna KT316), HeonpefeneHHO eMKOCTH MOHTa)Ka U BXOIHOIL
€MKOCTH C/IefyIolero Kackaja. [IpyHaB cyMMy 3TUX COCTaB/IAIOIUX paB-
Holt 10 n®, nomy4aeM 3HaYeHME IIOTHOTO CONMPOTUBIECHNUA HAarpy3Ku Ha
yacTtore 1,6 MIy (3TO HaMBBICIIAsA YACTOTA AMaNa3oHa CPEJHIX BOJIH):

R7 _
J1+47(R7)*CE f*
~ 4,7
J1+4-(3,14)* -(4700)%-(10-1072)? -(1,6-10°)?

IZH |=

=4,3 xOm,

PAAMOAIOBUTEAD: YMeHbUleHUe CONPOMUBTIEHUS HeBeNUKO, cnad ycuse-
Hust 6yoem HeOONbULUM...

9TO TMNMYHO: BbICOKAasA KPyTU3HA IPSAMOIL Nepefauy OUIONAPHBIX
TPaH3MCTOPOB NO3BOJISET MPUMEHUTh HU3KOOMHYIO HarpysKy JIs pac-
IIMPEHN IIO/IOCHI IPONYCKaHNA, COXPAaHNUB JJOCTaTOYHOE YCU/ICHME.

VITak, BBIYMCINM YTOYHEHHOe 3HadeHMe K, A/ BTOPOro KacKaja.
ITpu ToKe KO/NEKTOpa TPaH3UCTOPA OKOMO 1 MA ero KpyTM3Ha IpMMEPHO
40 MA/B, u Torpa:

| K, |=S|Z, | 40-4,3 =170 na yactote 1,6 My,
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INepexopuM k aHanMM3y HepBOro kackaga. Heo6XofyMo BEIYMCIUTD CHa-
Jajia BXO{HO€ CONPOTHBJIEHNE BTOPOTO: BEAb OH ABIIAETCSA HATPY3KOI A/
nepsoro. Takoi pacder, Bpofe 6bl, HAC He 3aTPYAHUT:

R, = Mo _ 40 _ 1kOm (3.1)
S 40
(npunsas s rpansucropa KT316A: h, , ~ 40).

OpHako Ha BBICOKMX YaCTOTaX TaKOJ pe3ynbTaT 6yfieT HeBepHBIM.
9¢¢exT, 0 KOTOPOM UAET peub, CBA3aH C MHUMOII COCTABIIAIONIEN KOM-
IVIEKCHOTO KO3 uIMeHTa NIepefauyl HalpsDKeHN KacKajja, KoTopast [yis
anepMoANIeCcKOro yCHInTen (T. . Harpy>keHHOTO Ha aKTMBHOE CONPOTUB-
JieHJe) pacCYNTHIBAETCA TaK:

__2nfSR;Cy
ME 1+an’ fPRACY

(3.2)

rge CH — IIapa3uTHaA €MKOCTb Harpy3ku. HOHCTaBH}IH M3BE€CTHBIC HAaM
BEINYIMHBI, IIOTyYaeM:

B 6,28-1,6-106-40-10'3(4,7-105)2-10-/10"2 3
ME 1+ 44(314)*-(1,6-10°)%-(4,7-10°)%-(10-107%)?
Torna AKTUBHas COCTAB/IAOIAA BXOOHOTIO COHpOTI/IB}IeHI/I}I, OGYCHOB—
NleHHast 06paTHOI CBA3DIO:
1 1
Rpy, = = 3 12
2nfC K, 628:1,6-10°-3-1072.72

=460 Om. (3.3)

He cnepyer 3a6b1BaTh, 4TO MBI 37€Ch HOMTYYM/IN HE TOYHOE 3HAYECHUE
MCKOMOTO MapaMeTpa, a TONbKO €ro HWKHIOK I'PaHuIly: Belb MCTMHHAsA
BennunHa Cp, = C,; I MMEIIIErocs 3K3eMIUIApa TPAaH3UCTOPa HEU3-
BECTHA, a laBaeMoe B NacrnopTe sHadyeHue 3 nd nmumb ee BepxHui npepern!
OpHako MMEHHO HAMXY/IINIA CITy4ait Hac ¥ MHTEPeCyeT.

Takum 06pa3oM, pesynbTupyloliee BXOJHOE COTPOTUB/IEHME KacKajja Ha
HauBBICHIEN YaCTOTE AMANa30Ha MOXKET COCTaBUTh:

1-0,46

=0,32 kOm.
1+0,46 ,

PAAMIOAIOBUTEAB: [To-moemy, 007cHO 6bimp menvude: 6 (3.1) evL 634U
cmamuueckoe 3HaueHue Kodpduyuenma nepedauu
moxa. Ho s 3nato, ymo h,,, nadaem ¢ vacmomoti.
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Brl npasel. TeM He MeHee, MbI IPaBIIbHO Y4/IM AaKTUBHYIO COCTAB/IAO-
IIYI0 BXOJHOJ IPOBOAMMOCTH. A TO, O YeM Bbl TOBOPUTE, 9KBIMBAZIEHTHO
MOSIBJIEHMIO BXOAHOJ eMKOCTH. Ee Mbl pacCMOTpMM OTAENBHO.

Ternepb MOXHO paccYUTaTh M KO3 PULMEHT ITepefauyt IEPBOro KacKaja.
OH paboTaeT Ha HarpysKy, 06pa3oBaHHYIO ITapaj/Ie/IbHBIM COENHEHEM
R2, R5, R6 u R, BrOoporo kackaga. OTHOCUTeNbHO 60/bIle BeTMINHbI R5
U R6 mo3BO/AIOT UX He YYUTHIBATD, U, 3HAYNUT, Harpy3ka ana VT1 cocTas-
NAeT:

_ 3 '0)32

H = = 0,3 kOm,
3+0,32

Kpyrtusna tpansucropa KII1305) B Bei6paHHOI paboueit Touke (npu
o4eHb 6OJIBIIOM CMeIeHUM Ha 3aTBOpe) BpAJ MM MpeBbicuT 1 MA/B, mos-
TOMY K03 PUIMEeHT nepefauy mepBoro Kackaza:

K, =SR, =1-03=0,3,

OxkasbIBaeTcs, IePBbIi KacKaj faeT Aaxe ocnabnenue curHana!l O6umit
K03 PULIMEHT yCUIEeHUA ABYXKACKaJHOTO BBICOKOYaCTOTHOTO YCHM/IATENA
coctaBuT Torma 0,3 x 170 = 50.

OcTanock oLeHNTh BXOJHOE CONNPOTUB/IEHUE IIEPBOrO KacKaga.

PAAMOAIOBUTEAD: Pa3zee oo He beckoHeuHo — nonesoti mpanaucmop,
8ce maxku?

Bl 3265111, YTO MMEETCS COCTAB/IABINAs IPOBOAVIMOCTH BXOfa, 06y-
C/IOBJIEHHasA MPOXOHOM €MKOCTBIO.

Jns pacdera HaM TpebyeTcsl 3HaThb €MKOCTb, ITapaJlIe/IbHYI0O Harpy3Ke
IepBOro KacKaja. A OHa CK/IafibIBaeTCA:

a) U3 BBIXOZ{HOM eMKocTy TpaHsucropa KII13051];

6) M3 eMKOCTU MOHTAaXKa;

B) U3 BXOZHOM €MKOCTH 2-TO KacKafia. A BOT IOC/IeRHAS TpebyeT mormon-
HUTE/IbHOTO pacyera.

PAAMOAIOBUTEAD: K uemy mym pacuem? Bepem u3 cnpasounuxa ons
KT316A: Cy, =2,5n9.

HenpaBuibHO. ITO YMC/IO XapaKTepu3yeT eMKOCTb 3allepTOro SMUTTEp-
HOTO IIepeXOfia ¥ He MeeT OTHOLIEHUSA K YCUINTEIbHOMY PeXXMMY TPaH3U-
cropa VT2, rae TpebyeTcst MHOM IOAXOA,.
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EmKocTb 6a3a-amutTtep

Tax HaspiBaeMas pudPysnoHHasa BXOAHAA EMKOCTb TPAH3UCTOPA —
3TO OBOJIbHO XOpOIIasA MOJeNb BINAHUA IIPOLECCOB, IIPOUCXOAAIIUX B
6ase, Ha YaCTOTHYIO 3aBMCHMOCTb K03 duLIMeHTa MTepefayun Toka. B rexHm-
4eCKOl1 IOKyMEeHTAIMM 9Ta 3aBUCHMOCTb HOPMUPYETCA TapaMeTpOM, MMe-
HYeMbIM: «<MOAY/b K03 UIMeHTa Iepefady ToKa Ha BBICOKOI 4aCTOTe».

Tax, pst KT316A: | h,,, |2 6 mpu f= 100 M.

PacyeTs! ynpoImanTcs TeM 06CTOSATENbCTBOM, YTO Ha YaCTOTAX, AJIA
KOTOPBIX IPUBOJUTCS YKa3aHHBIN IIapaMeTp, TOK 6a3bl MOYTH MCKITIOUM-
TE/IbHO SIB/IAETCS TOKOM Yepe3 Ay Py3MoOHHYIO eMKOCTb.

JleiicTBUTENBHO, PV U3BECTHOM TOKE KO/ITIEKTOPA iy TOK 6a3bl:

i Sy

i=—K_
B .
' h213 | | h213 '
C mpyroit CTOpOHBI iz MOXeT OBITh BBIpaXKEH KaK eMKOCTHBIIT TOK:
i, =ug, 2nfC,,
re C; — BemrunHa auddysnonHoit eMxoctu. [IpupaBHuBasi, moryyaem:

=2nfC,,C, =——. (3.4)
|h213| oA znflhzlal

PAAVIOAIOBUTEAD: Cmpar-mo: eMKOCMb 3a8UCUM OM 4acmomuol?

Her, He 3aBucur. 3pecb f — 910 He paboyas 4acTOTa, a T4; A/ KOTOPOI
B CIIPaBOYHMKE AaHO 3HaueHue |h,,,|.
Y Hac nonyvaercs:

_ 40-107°
A 6,28-100-10° -6
KPOMC €MKOCTHu nepexop;a, HPMCYTCTBYCT BXOOgHasA €EMKOCTb KaCKana,
CO3[laHHas €ro NapasuTHON 06paTHOI CBA3bI0. BenuunHa 9T0M COCTaBNIA-

IOlIlel CBA3aHa Y)Ke C IeICTBUTENBHOM YacThIo KO3 uumeHTa ycumeHns
KacKapa:

=10 nP (MakcMMaIbHOE 3HAYEHME).

A 1+4'1t2szf{Cfi
Cax, = K;Cpp =154-3=460n9..,

=154,
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PAAMIOAIOBUTEAD: Tax mHozo? Bom max cropnpus!

PaayMee'rca, IIpo4Me€ COCTAB/IAIIINE EMKOCTU Harpy3Ku y4YUTbIBaTb Ha
3TOM quHe YK€ HET CMbICIIA...

PAAMOAIOBUTEAD: 9mo0 He mo, 4¥mo uHo20a HA3vl8aom
agppexmom Munnepa?

OHo camoe.

Ciopnpus ¢ BXOAHON éMKOCTbIO

B camomMm pene, napanienbHO CONPOTUBIEHUIO HATPY3KM 1-ro KackKaja,
paBHOMYy 0,3 xOm, peiicTByeT, KaK OKa3ajloCb, OTPOMHasA €MKOCTb.
OueBKUAHO, OHA MOB/MUsAET Ha KO3 UIMEHT Nlepefauy Ha BHICUIMX YaCTO-
Tax AMana3oHa. BBIXOAUT, YTO OH ObI/I pacCYNTaH HEBEPHO: Belb paHee,
YYUTHIBaA MaIylo BeIMYMHY Ry, Mbl He IPMHMMA/IX BO BHUMAaHME EMKOCTb
Harpysku, He OXXupas NoABOXa...

WTak, BLIUKMC/ISIEM TIO BCEM IIPaBU/IaM MOZAYNb Ko3dduimeHTa nepe-
Ja4dy IepBOTo Kackaja Ha yactoTe 1,6 MIuy:

Ky |81 Z | =
V1+4n f°R,Cy
_ 1-0,3 _
J1+4-3,14%.(1,6-10%)-300% -(460-1072)?
Oxkasanochk, 4To K03pduIMeHT ycuneHns AByXKacKaJHOTO YCUIUTENS
cocTasjiseT Ha 3toi yactoTe 0,25-170 = 42. Bbl, HafeloCh, He 3a0bUIN, YTO
A psAfia IapaMeTPOB TPAH3MCTOPOB Mbl IIPUHMMAEM B PacyeT «HAUXY] -
1IMe» 3Ha4eHMA, TaK YTO pe3y/IbTaT MOT MONYYUTHCA 3aHVDKEHHbIM.
SIcHO, 9TO €MKOCTHas Harpyska IepBOro Kackajja BbI3OBET CHIDKEHME
ero BXofHOro conpotusineHnsa. Kak u paHee, paccuuTbiBaeM MHUMYIO
COCTaB/AIOLIYIO KO3 duiyenTa nepegadn Kackama:

6,28-1,6-10°-1-10° -300% - 460-1072

0,25,

= =0,14-
MH 14+ 4-3,14%(1,6-10°)%-300% - (460-1072)?
Torpa BXogHOE CONPOTUBIEHME:
1
R, = =0,88 MOm
1 6,28-1,6-10°-0,8-107%.0,14

(mpoxopHas eMkocTb TpaHaucropa KII305M cocrasnser 0,8 nd).
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C y4eTOM napasienbHOro BXOAY pe3ucTopa R1 BXOgHOE CONPOTHUBIIE-
HMe YCUIUTENA:

Ry Rl _ 880-1000

Bx = = 470 kOm.
Ry, +R1  880+1000

Kakossl ke BbIBOABI? K HUM MBI Telephb U nepeigeM.

3.2. CxeMOTeXHMKa WMPOKOMONOCHbIX KackaaoB
LUnpokononocHblie cxembl

PAAVIOAIOBUTEAD: 3Haeme, 1 6300XHYN ¢ 00nezueHUeM, Y6uoes, 4mo
CKyuHble BLIKNA0KYU OKOHUUNUCD.

A Bac monumaio. OgHaKO He IIOMeNIAeT B/IafieTh TEXHUKOI TaKOTO Pofia
pacueros. Ho Bce e 11e/b 6bi/1a MHas. AHa/IM3 IPUMUTUBHOTO YCUTUTENS
II03BO/IM/I HAM BBIABUTD €0 «Cmabbie MecTa». A 3T0 — IPAMOIT IYTh K CO3-
[aHMIO TAKVX CXeMHBIX KOHPUTypa1ui1, Koria Mbl 6bUtM 651 M36aB/IEHBI OT
HIOf06HOTO [IeTa/IbHOTO MOACYETa MapasUTHHIX 3¢ PeKToB.

YcuImTeNnpHYI0 CXeMy MOXKHO Ha3BaTh IPaMOTHO IIOCTPOEHHOI, eCTu ee
YaCTOTHBIII IMANIA30H OIPefe/IAeTCA B OCHOBHOM ITOCTOSSHHBIMM BpEMEHM
anepuogMYecKUX Liemneit:

f, =1/27RC. (3.5)

B Hameit cxeMke mapaMeTpbl JaHHBIX Iemei (CONPOTUBIEHUSA —
3—4,7 kOm u eMKOCTM OKO/IO 10 n®P) COOTBETCTBYIOT JOCTMXMMOIL IIpe-
JleNIbHOM JacTore f3 He MeHee 3 MIy. Ha pene >xe 06mmuit koo uimeHT
nepefays, COCTABAIOMIMII HA HUSKMX 9aCTOTaX puMepHo 140, y>xe npu
f=1,6 MIy cHmKaeTcs, Kak Mbl yoenunuch, 6onee gem Brpoe. Hapio paso-
6patbcs, us-3a yero cxema ¢ CBY TpaH3ucTopamMu okasanach MMeroLieit
HACTO/IBbKO IJIOXM€ YaCTOTHbIE CBOJCTBA.

Mapa3sutHana o6paTHan cBA3b

ITa cBA3b Yepe3 IPOXOHYI0 eMKOCTb Kacka/ia M €CTb OCHOBHas IIpu-
4MHa HENPefyCMOTPEHHOTO MOBEEeHNA YCUIUTENTbHBIX CXeM Ha BHICOKUX
4aCTOTaX. Bellle MBI MpOC/IEAIIN, YTO OHA MPOSABIIAETCA B BUJiE IBYX HeXe-
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NaTeNbHBIX 3¢ (eKTOB: BO3pAacTaHMs BXOZHOI eMKOCTY KacKaja M CHIDKe-
HMS1 €T0 BXOJHOTO CONPOTHUB/IEHN.

PAAMOAIOBUTEAD: Yacmommbtii 0uanason MOXHO pacuupume — 63amb
MPAH3UCMOPYL C MEHbULEL NPOXOOHOU EMKOCBIO.

A eme MOXXHO CHMXKaTh YCTaHOBJIEHHOE YCHU/IEHME, YMEHbIIATh BBIXOJ -
HOe COIIPOTMBIIEHNE MCTOYHMKA CUTHasa... Bce aTo 6yayT momymepsl.
Bopp6a c BpegHBIM BIMAHNEM MIPOXOLHO EMKOCTY — 3TO CXEMOTEXHMU-
YecKad 3ajjava.

PAAMIOAIOBUTEAD: Kak Mo#HO noeénusmo Ha npoxooHy10 emKocmo?

Ouenb npocTto. CekpeT KacKa/joB, NPaKTUIECKN He MIMEIOLMX MPOXOJ-
HOV €eMKOCTH, B TOM, YTO MX BXOJ] ¥ BBIXOJi — 3TO 3JIEKTPOJbI HE O{HOTO 1
TOTO K€, @ pa3HbIX TPAaH3UCTOPOB.

KackogHbin ycunutennb

Orta cxeMma (puc. 3.2), mpeacTaBnsomas co60il coyeTaHye mpeobpa-
30BaTe/leil HANpsDKEHMA B TOK ¥ TOKA B HaIlpsDKeHMe, HU4eM He OT/INYa-
€TCsl OT U3BECTHOTO HaM MacCIITabHOTO YCHM/IMTENA IO CBOMM CBOMCTBaM,
KpOMe OJHOTO: B Heil IMPaKTUYeCKM YCTpaHeHa IIPOXOAHAasA €MKOCTb.
Koaddurment nepegaum 3gech, Kak 1 Ipexpe, paBeH:

K, =Ry /R,
HO AMara3oH 4aCTOT CBA3aH
+E +Eg ANb ¢ €EMKOCTbDIO, I1apa-
+Eg R JI€IbHON Harpysxe:
B —
Bbixoa bixoA, fB =1/ ZTIIRKCH,
VT2
OT BeMYMHBI TOCTOAH-
Bxon —{ vT1 HOTO MOTEeHIMana Ha 6ase
R VT2 3aBUCUT TONTBKO IIOTEH-
3
uuan xonnekropa VTI:
Uk, =U,, =E;-0,7B.
Puc. 3.2. KackooHas Puc. 3.3. Beicokoe K .
cxema: napamempei 8x00Hoe conpomueneHue OHE€YHO, B HMXXHEU
VT2 mano enustom  obecnedusaemca omcymcmeueM 4aCcTU CXE€MbI MOTYT 6BITh
Ha ee csolicmea BY Hanpaxenus Ha cmoke

B3ATBI M KaCKaabl MaKCH-
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MaJIbHOTO YCM/IEHMS Ha GUIIONAPHOM, a TaKXe II0IEBOM TPAaH3UCTOpPE
(mpumep Ha puc. 3.3). Kak usmeHunTCA npyt 3T0M K03d UIMEHT ITepefay,
TIOHATHO.

AunddepeHumnanbHbI ycunutenb

KackagoM amepuofu4ecKkoro IMpPOKOIOMTOCHOTO YCUIUTENSI MOXKET
CITY>XUTb M106as1 U3 paHee IpUBEAEHHBIX cxeM AuddepeHManbHbIX YCH-
nureneit. Takoit kackap 6ymer us6aB/ieH OT IPOXOLHON EMKOCTM B TOM
TOJ/IBKO CITy4ae, KOIZia BXOJIOM sIB/IsseTCs 6a3a OGHOrO M3 TPaH3UCTOPOB, a
BBIXOZIOM — KOJUIEKTOP Apyroro. Bropoit Bxon 06s13aTe/IbHO 3a3eMIseTCSA
JU1s1 yCUIMBAEMOI YaCTOTHL. 3aMeThTe, YTO TAKOV YCU/IUTEND, B OT/INYME OT
TIpenbIayLero, He u3MeHseT a3y ycunmuBaeMoro curtanal

nOBTopl/ITeIlb HanpsaeHuna

CxeMbl SMUTTEPHOTO ¥ MCTOKOBOTO IIOBTOPUTE/EN He YCUIMBAIOT
HanpspkeHMuA. OfHaKO OHM LIVPOKO MCIIONIb3YIOTCA B allepMOAMYECKUX
YCUIUTENAX 1O IPAMOMY Ha3HaYeHMIO: COIIACOBaHMe CONPOTUBIIECHMUIA.
YacToTHBIE CBOJCTBA 3TUX CXEM [JOCTATOYHO BBICOKY: BeAb IIPOXOAHAS
eMKOCTb Cg, BeICTBYET B SMUTTEPHOM IIOBTOPUTENE MEXY TOYKaAMMU C
IPaKTUYECKM PaBHBIMM ITOTEHIVIATAMM.

MNpeo6pasoBaTenb TOKa B HaNpAXKeHne

M3BecTHYI0 HaM y>Ke 11O pKC. 2.4 CXeMY OXOTHO MCIIONIb3YIOT B BHICOKO-
YaCTOTHBIX YCTPOMCTBAX.

PAAVIOAIOBUTEAB: Ho 8e0v mym 6ydem cKa3vi8amvcsa NpoxooHas
emxocmo Cy; MeH0y 8X000M U 8b1X000Mm!

ITO He TaK: HU3KOE BXOJHO€ CONPOTMUBIIEHME M3MEHAET AeiiCTBME
obparHoit cBsa3u. [To cxopHOI IpuyYMHe Xopoleit KOHQUTYpalyeit sIBs-
eTcs mpeo6pasoBaTeNb TOKA B TOK.

YacToTHBII AMana30H Ipeobpa3oBaTe/st TOKa B HalIpsDKEHNeE OIpefe- -
nsiercs Kak (3.5), rie Haflo MOACTABIATh CONPOTUBIIEHME OOPATHO CBSA3K
u eMKOCTb Cyy.
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K nogcueram eMKocTeih Kackaga

B npaBM/IbHO NOCTPOEHHBIX CXEMHBIX CTPYKTYpaX MMEHHO eMKOCTH,
IapaJuie/ibHble HarpysKe, ONpeAenAioT Claj YCM/IEHUA C 4YaCTOTOM. 3HAUMT,
Hafio GyZieT IpMHMMAaTh BO BHMMaHe BXOZHYIO ¥ BHIXOJHYIO EMKOCTH KacKaja.
Konnexrop (cToK) nnepBoro TpaH3ucTOpa MMeeT B KaCKOFHbIX CXeMaxX ITpaKTH-
YeCKy HY/IEBOI CUTHAJIbHBII MOTEHLMAI, TIO3TOMY BXOHAasA €eMKOCTh BCETAa
6ymet conepxarb Cyy (M C,.), B KackofHOI cxeMe MaKCHMAIbHOTO YCH/Ie-
HMA C ABYMA OOMHAKOBBIMM TPAH3UCTOPAM Y 3TY BEIMYMHY HAfO YABOMUTD:
ko3¢ duimeHT Nepenaun Ha KoyeKTop VT1 paBeH 37iech eayHMILLE.

PasyMeeTcs, ClleAyeT NPUIIIOCOBATh BXOGHYIO EMKOCTb COOCTBEHHO
TpaH3UCTOpa, Ec/iu nepefaTouHsie CBOMCTBA CTAOUIM3UPOBAHEI SMUTTEP-
HBIM Pe3MCTOPOM, KaK Ha pHUC. 3.3, IpaKTUYeCKOe paBEHCTBO BbICOKOYa-
CTOTHBIX MIOTEHLMAIOB 6a3bl ¥ SMUTTEpAa HAMHOTO YMEHBLIAET e/ ICTBIE
C,. Tounee: Cyy =C, /(1+SR,). '

BbIxogHas eMKOCTb TeX KacKafioB, KOTOpble MBI 34€Ch paccMaTpu-
BaeM, — 3T0 C,;, HO TONIBKO TOTO TPAH3UCTOPA, KO/IEKTOP KOTOPOTO CI1y-
XUT BbIXOAOM (Beap 6a3a ero 3a3emeHa). ITo cyTu aena, TONbKO OFMH 3TOT
IapaMeTp U Ba)KeH /I «<BEPXHETO» TPAH3UCTOPA KACKOZHOIM CXEMBI.

K noacyeram BXogHOro conpoTuBNeHnA

ITo cymecTBy, MORY/Ib IIOIHOTO CONIPOTUBIIEHNS CO CTOPOHBI 6a3bl CBA-
3aH C BeIMYMHOI MOZyns KoadduimeHTa epenaun 6a30Boro Toka, B ompe-
He/IeHHOM JiMana3oHe 06paTHO MPONOPLMOHAIbHOTO YacToTe. ViMeloTcs B
BUJIY T€ YaCTOTHI, I7le MICKOMOE 3HaYeHMEe MOAY/A OCTAeTCs CYIieCTBEHHO
MeHblIle CTaTU4EeCKOro 3Ha4eHus h,,,. Hanpumep, aia 2T325B, cormacHo
nacropty, upu f = 100 MIy |h,,,| > 10. [Toatomy, x ipuMepy, /151 YaCTOTHI
20 MIy, paspa6oTumnK yBepeHHO npuMer |h,,,| = 50 (cTraTudeckoe sHade-
Hue hy,, . = 160).

ITO 3HAYUT, YTO B cXeMe C pe3ucTopoM 1 kOm B 3IMUTTEPHOI Leny
CONPOTHMBJIEHME CO CTOPOHBI 6a3bl 6yzieT He MeHbIlle, YeM h, ;. R, =160-1 =
= 160 kOm Ha HM3KUX yacToTax. Ha vacrore >xe 20 MIy Momynb IOTHOTO
CONIPOTUBJ/IEHNA MOXKET CHU3UTBCA, 04eBUIHO, 0 50 kOm.

«paHNYHbIE 4acTOTbI»

PAAVIOAIOBUTEAD: MHe Kajxcemcs, 8ot 3a6vinu yKa3amb camoe 2nasHoe, —
Kax évl6pamv no0X00AWULL MUn Mpanucmopa ons
6bICOKOYACMOMHOTL CXEMDL.
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9ro He rmaBHOE. OT 3TOrO BHIGOpPA 3aBUCAT TONBKO BEMMYMHBI ITapa-
3UTHBIX eMKoCTeil: Cyy; (HapAMYIO TapaHTUPYETCA TEXHUYECKMMMU YCIIO-
Buamu) u C, (KOCBEHHO, yepes mapamertp |h,,o|). A cTeneHb BIMAHNA STUX
€MKOCTeit, KaK MBI BUJIE/IN, OIpefieNIAeTCA B OCHOBHOM peanbHOM CXeMO.

PAAMOAIOBUTEAD: Ho s wuman o xakux-mo «2PAHUYHBIX YACTMOMAXP...

Tax Ha3bIBaeMble TPaHMYHBIE YACTOTHI TPAH3UCTOPOB, OyAyUM faxe
U3BECTHBIMY, HEMOCPECTBEHHO HE ONpENENAIOT NPUTOJHOCTh TPaH3M-
CTOpa A/If JaHHOTrO AMamasoHa. PasBe He y6enun npumep ¢ CBY npubo-
pamu, HeyIOB/IETBOPUTENBHO PabOTAIOLMM Ha CPEFHIX BOTTHAX?

[IpaBpa, Ha yacToTe, rae KoadduuuenT |h, ;| CHUXKaETCS KO HECKO/b-
KMX e[MHULI, ICTIONIb3yeMble HaMU MOJI€/IM TPaH3MCTOpa HAYMHAIOT IaBaTh
6o0sp1IMe TOTPENTHOCTI.

PAAMOAIOBUTEADB: Kakue?

3aMeTHO NpOAB/IAETCA CNaj, KPYTU3HBI IPAMOI epefayn. Bunoit sTomy —
OMMYECKIE CONPOTUB/IEHNSA 9IEKTPOROB U, B YJaCTHOCTH, 6a3bl. C moc/emHmIM
rapameTpoM (ToYHee, C IIOCTOSTHHOV BpeMeHM KO/UIEKTOPHOJ 1eN) CBsA3aHa
TaK Ha3bIBaeMasi Ipefie/ibHasA YacTOTa reHepalyy TPaH3ICTopa.

PAAMOAIOBUTEAD: J[a, s civiuian o maxoi.

BoT oHa-TO U AB/IsAETCA B IIOTHOM CMBIC/IE C/IOBA TPAaHMYHOM 4aCTOTOM
yCUIEeHUA.

CospaBasi LIMPOKOIIONIOCHBIN YCUIUTENb, pa3paboTUNK MHTEpecyeTcs
BepXHeil rpaHMIeil AuanasoHa IepefaBaeMbIX 4acTOT (Ipu 3aflaHHOM
ko3 uimente ycunenns). Ho 1A cxeMHBIX CTPYKTYP, CONPAXKEHHBIX C
P€30HaHCHBIMM LENSAMM, TIOKa3aTeNy Ka4yeCTBa OKa3bIBalOTCA MHBIMMU.

3.3. CxemoTexHMKa pe30HaHCHbIX KacKagoB

BHocumoe 3atyXaHue

B kackagax P€30HAaHCHBIX ycnnm‘eneﬁ, MMEIINX, KaK IIpaBUiIO, KOJIE-
6aTenbHbIE CUCTEMBI Ha BXO[i€ M BbIXOJAE, ITPOXOJHAasA EMKOCTD €111€ 6omnee
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OIlacHa: OHa MOXKET BBI3BaThb caMOBO36yxxieHue. OT Be/IMIMHBI 9TOI eMKO-
CTM 3aBUCHUT NpefieNTbHOe 3HaueHMe K03 MLMeHTa ycuneHus, Ipyu KOTo-
POM ellle COXpaHAETCA YCTOMYMBOCTD.

U ewe: TpebyeTcss MaKCMMaTbHO OCTAOMTD BIMSHIE CXeMBI Ha TOOPOT-
HOCTb M361paTeIbHBIX KOHTYPOB. TyT Tpe6yioTcs HeKOTOpbIe OACHEHNUA.

ITpu mopxmoyeHny BXoAa (BbIXofa) Kackaja K pe3oHaHCHOI cucTeMe —
B IIOC/IE[HIO BHOCATCS JO6aBOYHBbIE TIOTEPH, M3MEHSIOMeE ee U36upa-
Te/IbHbIE CBOCTBA.

BcrioMHUM, 4TO 9TV CBOMCTBA XapaKTepU3YIOTCS BEIMYMHOM JOOPOT-
HOCTH Kojie6aTeIbHOM CUCTEMBI U, 0OPaTHOI! it — 3aTyXaHUs:

d=1/Q.

ITpu nopx/I04YeHNN K KOHTYPY BHELIHMX IjeIel — IOMUMO cCO6CTBeH-
HOTO 3aTyXaHUs, B KOHTYP BHOCUTCSA IONIOTHUTENbHOE:

§'=5+05,,.

BennumuHa BHOCMMOTO 3aTyXaHMs 3aBUCUT OT TOT'O, KaK MIMEHHO IIOfi-
K/II0YaeTCs BHEIIHASA I[ellb C aKTUBHBIM COIPOTMBIIEHMEM R K KOHTYPY,
obpaszoBaHHOMY a/teMeHTamu L, C.

[Tpu mapannenpbHOM BKIIOUYEeHMY — 4YeM Oosbliie R, TeM MeHblIlle BIus-
HIi€ BHEIIHEN LIeT:

Sy =L L1 (3.6)
B R 2mfCR ‘

[Ipu nocnenoBaTeIbHOM BK/IIOYEHUM — Y€M MeHblile R, TeM MeHbIle

B/IMSIHME BHELIHEN LIeMu:
R
SBH = m = 2T[fRC (37)

Ha npakTuke MO>XkeT HOTpeHOBATHCS OFHO U3 IBYX:

1) My 9TOOBI JOTIOTHUTE/IbHbIE ITIOTEPY OBV HE3HAYNTE/TbHBIMM (TOTHA
JO/DKHO 6BITH: O 5, << 0);

2) vy 9TOOBI OHYM COOTBETCTBOBA/IYM HAWIY4llleil lepefade MOITHOCTH
(Torma 84, =9).

VI3 npuBefeHHBIX COOTHOLLIEHUIT IIOHATHO, YTO MOAK/II0YEHE BHELIHUX
1ereil K IpocToMy KonebaTeTbHOMY KOHTYPY MOXKHO ITIPOM3BECTH ABYMSI
Iy TAMM:

1) y4acTOK CXeMBI C BHICOKMM COITPOTYBIIEHMEM ITOAK/ITIOYATh K KOHTYPY
HapaseNnbHo;

2) y4acTOK CXeMBl C HU3KMM COIPOTUBJIEHMEM BKJIIOYATh B KOHTYP
IIOC/IENOBATENBHO.
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HPaKTMKyeTC}I ¥ HETIOJTHOE€ BKJ/IIOYEHUE: TTApAJIJIEIbHOE UJIN HOCIEN0-
BaTE€/IbHOE.

CamoB036YyXaeHne pe3o0HaHCHOro ycunuTens

PaccMOTpuM yHpoOIeHHYIO cXeMy Takoro ycunurens (puc. 3.4, a).
O6mensBecTHO, YTO 06paTHasA CBA3b Yepes Cp;, C BBIXOZA Kackajja Ha ero
BXOJI IIpM OIIpefieIeHHOM ypOBHe ycuneHusa K;; Mo>KeT BbI3BaTh Mapas3uT-
HYIO TeHepaluio.

PAAUOAIOBUTEADB: Ho 8e0v, kascemcs, o6pamHas cési3v co cmoka Ha
3ameop (unu c konnexmopa Ha 6a3y) ompuyamenvua,
omxkyoa sce bepemcst camoso30yxoerue?

Ceituac pa3bepemcs.
Ha puc. 3.4, 6 mpuBeieHa Ta ke cxeMa, peo6pa3oBaHHas 110 TeopeMe
06 sxBUBasIeHTHOM reHeparope. SJIC, BHOCMMas BHYTpb KOHTYpa C BBIXOfia

KackKajia eMKOCTHBIM [ie/IUTeNIeM, IIPUMEPHO PaBHA Uy, —gﬁ (cumras, 9yTO
Cpp << C). HampsixxeHne Ha KOHTYype (110 cXeMe — Ha MHAYKTUBHOCTH)
C

OKa)keTcs pu pe3oHaHce B Q pas 6onbiue: Uy, = Uy, Q %. U Bpo6aBok
COBMHYTBIM 110 dase Ha 90°.

PAAMOAIOBUTEAB: Bce pasHo 0o camoso3byxoenus nedocmaem 90 zpa-

0yco8...

Onu go6upaioTcs 3a cueT pa3oBBIX XapaKTEPUCTUK KOHTYPOB. IIpumem

IUIs IPOCTOTHI KOHTYPbI Ha BXOJi€ ¥ BHIXOJie ONVHAKOBBIMY; TOTZIA Ha BEPX-

Hell rpaHuIie IOIOCH MPONYCKAaHMS KaXXAbIM U3 HuUX J06aBuT as3oBblit
caBur 110 45°. O6paTHas cBA3b CTaIa

IIOJIO>KUTENTBHOM. LE ==c
—=9 UBbix
N\ 7
PAAMOAIOBUTEAD: VM 803HUKaem C”f,\"ﬁ
2eHepayus? : . Cl
L c L G) Usbix Cnp/C
Ha, ecnmu K, 6ynet He MeHblle, 1
4yeM K03 duimeHT 06paTHOI nepe- a 6
P Puc. 3.4. ObpamHas cea3b Kaxemcs
Ja4yy C BbIXO[a Ha BXO/, Q —. ompuyamenoHol (a), 00HaKO HanpsXxeHue Ha
C UHOyKmMueHocmu c08uHymo no ¢ase Ha 90° (6)
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Bnipouem, Hafio elfe y4ecTb, YTO YaCTOTA IMOTEHIMATIbHOM HEYCTONYM-
BOCTU OTK/IOHAETCA OT PE30HAHCHOM, KaXK/Iblil M3 KOHTYPOB JIaeT Ha HEM
Craji, paBHbI V2.

WTak, MaKCMManbHOE YCTOMYMBOE YCUTIEHME:

KUmax= 2C .
QCpp

Ecnut KOHTYpBI He OMHAKOBBI, TO YC/IOBMeE (3.8) BBIIOTHAETCS C 3aT1aCOM.

Jlerko Ternepb MPUKUHYTh, YTO €CNM IIPOXOAHASA EMKOCTb COCTAB/IAET
equHNULBI P, TO YCTONINBOE YCHUIIEHME, CKOpee BCET0, OKaXKeTCS HeIpu-
eMJIEMO HU3KUM.

(3.8)

Henonuana cBA3b

Bynmer oHa MHAYKTUBHOI (puC. 3.5, a) unu eMkocTHoit (puc. 3.5, 6), o
BeIxofy (puc. 3.5, a) wiu o Bxogy (puc. 3.5, 6), BO BceX CTy4yasx NOBBIILA-
€TCs YCTOYMBOCTD Kackafa. Eciu BXop TpaH3MCTOpa OAKIIIOYEH, HATIPHU-
Mep, K IIO/IOBMHE KaTYIIKM MHAYKTUBHOCTH (K03 duimeHrT casu n = 0,5),

TO oOpaTHas mepefaya CHMIKAETCA BYETBEPO.
Bo cTonbko e pas Bospacraet Ky,,.. IIpaBpaa,
g _—l—:T‘ HEIO/IHOe BKJTIOYeHNe 0CMabuio BABOE HOJes-
mil J__I HBIN curHant... Ho 3aTo ycuneHme, KOTOporo
= MOXHO JIOCTUYb, YBETUYMUBAETCA B 1/n pas.

BripoueM, cuTyanus MEHsETCA, eC/IU BXOA-

a 6 Hoe (BBIXOJ{HOE) COIPOTHBI/IEHNE KacKafja IBHO

Puc. 3.5. Henonnas cesssc ~ HW3KO. 371eCb HeIONHasA CBA3b NIPU3BaHa, B Iep-

KOHMYpoM — UHOyKmMueHas  BYIO O4epefib, 00ecriednTh COXpaHeHue JOOpoT-

ng;a‘;:m';"cﬂmug eme  HOCTV KOHTYPa, ¥ B 3TOM KauecTBe TOBBIIIAET, a
He CHIDKaeT obiiee ycumenue!

Bce 3T0 B IO/THO¥ Mepe OTHOCUTCA M K HEIIOJTHOMY BK/TIOYEHMIO 110 BHIXOFY.
YkasaHHbIE MePbI O4€Hb YaCTO IPUMEHSIOTCA B YCH/IUTE/ISIX, KaCKafbl KOTO-
PbIX IOCTPOEHbI Ha OMHOYHBIX TPAH3UCTOPAX. DT MepHI He AB/IAETCS HeU3-
6e>XHOCTDIO: M3BECTHBIE CXEMOTEXHIYECKIE IIPUEMBI NTO3BO/IAIOT YCTPAaHUTD
HPOXOZIHYIO eMKOCTb, & C Hell ¥ IIPO6/IeMbl HEYCTONYMBOCTH.

napannenbuoe BKJovYeHune

Ha pwuc. 3.6 kackopfHas KoHurypaumusa obecrieunBaeT mpaKkTniecKkoe
OTCYTCTBYME IIPOXORHONM €MKOCTH. VI3 CXeMbI XOpOIIO BUAHO, YTO II0NIEBO
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TpaH3ucTop V11 paboTaeT Ha OYeHb HU3KOE COIPO-
TUBJIEHMe Tpeo6pa3oBares TOKa B HallpsDKEHUe.
Ilo aT0I IpNYMHE BXOAHOE U BBIXOJJHOE CONPOTUB-
JIeHVS Be/IMKY Y He OKa3bIBAIOT BIMSHMSA Ha U306upa-
Te/IbHbIE€ CBOJICTBA KOHTYPOB.

PacueT ko3 duimeHTa nepenaun HanpsHKEHUS
He IpPeACTAaBUT 3aTpyAHeHuiA. JI1sa KacKkaja, cCOOT-
BETCTBYIOLETO PUC. 3.6, 3Ta BeIMYMHA paBHa: -

_ Puc. 3.6. Boicokoe
K U~ SIRP» 8bIXOOHOE conpomuesieHue
obecneyusaemcsa
c4uTass BXOAOM 3aTBOp TpaHsucTtopa VTI; S, — pabomodi VT2 ¢

ero KpyTusHa, a R, = QvVL/C — 310 pe3soHaHCHOe  300asaemsim mokom

o amummepa
COIIPOTUBIIEHNE KO/IeOaTeIbHOM CUCTEMBI, SABJISIO- P
1eNicA 3[eCh Harpy3Koii.

MocnepoBatenbHOe BKAOYEeHUE NO Bxony

B xoHdurypanum, coorBeTcTBYyIOLEN puc. 3.7, g
HU3KOOMHBIJI BXOJ Ipeo6pa3oBarens TOKa B TOK 1
BK/IIOYEH BO BXOJHOII Konie6aTe/IbHbII KOHTYP ITOC/Te- =§
AOBaTeNbHO. Majnioe cOnpoTMBIEHME 3TOrO BXOfa, < $— Buxon
paBHoe 1/§, ckopee Bcero, BHeCeT HE3HAYUTENIbHOE

L Ra
3aTyXxaHue B KOHTYp — cornacHo (3.7). Ilpu unen-
TUYHBIX KOHTYPaX Ha BXOJi€ ¥ BBIXOfie CXeMa jfaeT |
ycumneHye N0 HanpspKeHuIo, paBHoe Q. ITonmpobyiite
IPOBEPUTD ITO PACIETOM. Puc. 3.7. Aunnumyoa
mokKa smummepa e
CurHanpHasi COCTaB/IAIOMIas TOKAa SMUTTEPA B Qpas npesbiwaem
KacKajie Ha puc. 3.7 3a[jaeTcsi KONeGaTe/IbHBIM KOHTY- ~ aMn/umyoy 6xodHozo

mokKa cxemol
poM (ero ITOCNIENOBATE/IPHBIM COIIPOTUB/IEHUEM rp),

II03TOMY 06ecIieyeHO BbICOKO€ BBIXOHOE COIIPOTMBIICHME TPAH3NUCTOPA,
6maronpusATHOE A/ paboThI Ha BBIXOAHOMN Mapaj/ieNbHbIi KOHTYp. Taknm
06pa3oM, ycroBue COXpaHeHMs Ha4aJIbHOM JOOPOTHOCTM BXOJHOTO KOH-
Typa OTpaXkaeTcs ¥ Ha BHIXOZHOM!

NocnepoBatenbHoOe BKAIOYEHME NO BbiXoay

Takas cxema yno6Ha Ipyu MajioM BBIXOJHOM CONPOTYB/IEHMY KacKaja
(mpuMep — 3MUTTepPHBIN IIOBTOPUTEND Ha Bbixope). Ha puc. 3.8 — Bbixop
YCUINTENA CUTHAJIOB C pasjie/ieHueM pasHbIX 4acToT. Huskoe BbIxopHOE
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COITPOTUBJIEHNE IIOBTOPUTE/IA IIO3BOJINIO OYEHD

_‘I“ by 1 TPOCTO 3aIIUTATh OT OJHOTO KACKa/ia 1Ba (MOXHO
i 661710 651 M Gorbie!) M36MpaTENbHBIX KOHTYpA

) QU Ha pas3Hble YaCTOTbI, IPAKTUYECKU UCKIIOYUB

T swon 2 IIAPasUTHYIO CBA3b MEX/Y HUMM, KOTOpas MOITIa
bIXO4

ObI IIOB/IEYb B3a¥IMO3aBUCUMOCTb HACTPOEK.
L2 ITocnemoBaTenbHOE BKIIOYEHME MO3BONAET
JIETKO KOOMTBHCS BBIXOHOTO HAIIPSDKEHMS 3HAYM-

PUC. 3.8. BoixodHoe TeNIbHO 6OJIbIIIel aMIIUTY/BI, YEM HAIIPSDKEHME
Hanpsxerue nosmopumens ~ TIMTaHUsA cxeMbl. IIpu pacyeTe ucxopaT us Toro,

noesbiwaemcs 6 Q pas YTO Kone6aTenbHbIM KOHTYp B Q pa3s yBenu4m-

BaeT BBEJIEHHYIO B Hero nocneponarenbHo J]IC.

Ecnu BbI BCIOMHUTE K TOMY K€, YTO IIpU pe30HAHCe CABUT (a3 Mexay
TOKOM B KOHTYP€ M HaIlpsDKEHMEM Ha eMKOCTY (MHAYKTUBHOCTHU) COCTaB-
nset 90 rpagycoB, BbI IIOMMeETE ellle OHO CBOMCTBO U30MpaTe/IbHbIX CXeM
C TOC/IEROBATENIbHBIM BK/IIOUYEHMEM.

OtmMmerum: B 3TOM «Illare», kak u B MpefbIAYIIeM, Mbl HUTAE He NpU-
HUMa/ly BO BHUMaHMe Te 0COOEHHOCTHU CXeM, KOTOpble KaK-TO CBSI3aHbI
C BeIMYMHAMM aMIUINTYJ, CUTHAJIbHBIX COCTAB/IAIONIVX HANPsOKEHU U
TOKOB. OflHAaKO HepeAKM ciydau, KOTfja MIpaBOMEPHOCTDb IPUMEHEHUS
MaJIOCUTHAJIbHBIX MOJIe/Ieli OKa3bIBAeTCs MOJ, BOIIPOCOM, a 3HAYUT, YC/IOX-
HAETCA U caM IIOfXOf, K pa3paboTke. B aToM mpefcTont ybemutocs nanee.

c2

3.4. Bonpocbl U3 NnpakTUKun

PAAMIOAIOBUTEAD: B ycunumene no puc. 3.3, 025 ycmpanerust npoxooHotl
eMKOCMU Yepe3 MOHMAxX, & 6bl npednoyen ycmano-
UMb ewe U IKPAHUPyouLyo nepezopooxy. B kaxom
CeveHUU cxeMbl Iyuuie NomMecmums IKpan?

Yepes oTBepCTHE JOKEH POXOAUTD HPOBOJ, COERMHSAIOMMNI CTOK VT'1
u amutrTep VT2. 3T0 — 1ienb ¢ HAMMEHBIIUM B JAHHOW CXeMe CUTHAIbHbIM
IoTeHIMaIoM (Benb Koaq)tbmumeﬁ% nepepfadu TpaHsucropa VT1 c 3aTBopa
Ha CTOK paBeH: §, /S, <<1), ¥ K TOMY e HU3KOOMHas (BXOJHOE COIpO-
tusnenue 1/S,). [lapasutHas cBA3b Yepes 9Ty Liellb UCKIIOYEHA, a U3-32
HM3KOOMHOCTH JJI Hee He OIlaCHa HEKOTOpas eMKOCTb Ha «3eMITIO».

PAAMIOAIOBUTEAD: B KHUze 4 8b14uman cnoco6 ymeHvueHUs 6X00HO
eEMKOCTU IMUMMEPHO20 NOBIMOPUMENAL.
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3to MHTEPECHO: BEADb B 0OBIYHOM IIOBTOPUTE/IEC OHA

Rk
npakTuiecky paBHa Cyy.
PAAVIOAIOBUTEAB: Voess — Ha puc. 3.9: 8b1x00HO1 cue-
HA7 ¢ SMummepa 3a600UMcs uepes .
<]

KoHOeHcamop 60nbuloti emKocmu 6
env Ko/NneKmopa smoezo xe mpau-

% p p Puc. 3.9. Yoanoce nu

3ucm0pa. Home””uaﬂb‘ Ha ecex maxkum cnocobom

aneKmpooax mpaH3ucmopa usme- CHUUMb 6X00HyI0

emMKocms?
HAIOMCA menepb noumu oauna—
Koe8o0, noamomy dKeusaneHmHuasa onai-la}l eMKOCMb

cnusumcs 00 C ;(1-K,,).
W 410 BBI 06 9TOM yMaeTe?

PAAHOAIOBUTEAB: Hauepmanue cxemvt kak-mo Hacmopascueaem: nony-
uaemcs, Mo aKkmueHbiil dnemeHm 3a610KUpPosaH
KOHOEHCAmOopoM, KaK Je OH CMOKHem PYHKUUOHUPO-
samv? C 0pyzoii cmopoHbl, omuezo 6vt nosmopumernv
C HUBKUM BbIXOOHBIM CONPOMUBTIEHUEM HE MO2 YyNPas-
NIAMb NOMEHUUATIOM CPABHUMENILHO BbICOKOOMHOTE
mouxu...
VIHTynuus Bac He mopBena: paboraTb kKackap He Gyzmet. B camoMm perte,
JOIIYCTUB, YTO IIOBTOPUTENDb BCE XK€ [IEVICTBYET, IIOTy4aeM /IS CUTHA/IbHBIX
TOKOB 4epe3 pe3uCTOPBI:

ipo = Upyy / Ra,

ik = Uy / Ry

[Tpnyem onu Boo6aBok 6ynyT B mporuBodase (mpo-
clemuTe Mo CXeMe). '

A B [eVICTBUTE/IBHOCTM 3T TOKM He MOTYT 3aMETHO
pasnmyarbcs: KpoMe 6a3bl, PYTUX OTBETB/IEHNI B IieNn 1
HeT...

Ha puc. 3.10 — paboTocnocobHas cxemMa MajoeM-
KOCTHOTO TIOBTOPUTENIA.

PAAMOAIOBUTEAD: Bot 8om packpumukosanu cxemy Puc. 3.10. Bom
mak ymeHswamom
BY ycunumens no puc. 3.1. {\/Iomem 6X0OHYIo eMKOCMb

6vimv, npusedeme Ayduiuy eapu- hosmopumensa

anm?
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Ha pwuc. 3.11 — BapuaHT IrpaMOTHO
noctpoeHHoin cxembl BY Tpakra nmpuem-
HUKa: cpaBHuTe C puc. 3.1. Ilepen Hamu
KacKOfHasA KOHPUrypaums, MOCKOMbKY
VT2 Bkio4YeH Kak Ipeobpas3oBaTenb
TOKa B HampspoxeHue. Obmee ycue-
Hue: K, =S§R — cocraBnasgeT OKOJO
- 100. BepxHsaa rpaHM4YHas dYacToTa:

Puc. 3.11. 30ece wupoKononocH.il fB =1/2nRC,,, — He MeHee 1,7 MIy.

yeuntmerns BbiNonHEH pastiibho BxopgHoe compoTuBIeHMEe IIOIEBOTO
TPaH3UCTOPa, paboTaloIIero Ha Majioe BXOJHOE COIIPOTHBIIEHN e BTOPOTO
KacKafia, IpefielIbHO BBICOKO, BBIXOJHOE COIIPOTHUBIIEHNE CXeMBbI, HA000pOT,
AOBOJIbHO HU3KO.

vT1
KN3051

PAAMOAIOBUTEAD: Cxema cmana HAMHO20 npouye...

Bot aT0 M ecTh IIpaBU/IbHAA CXEMOTEXHMKA.

'

3.5. [lononHeHne AnA no603HaTeNbHbIX

ConpsxeHue mogenen

CHOBa pacCMOTPUM MOJENb GUITONAPHOTO TPAaH3UCTOPA, YUUTHIBAIO-
Y0 IPOXOAHYI0 eMKOCTb C, ;. OT Kpyrosopa clieniuasamncra 3aBUCUT pas-
HOOOpasye MaTeMaTM4eCKUX MOJe/ell, MPUBIeKaeMbIX UM JIJI aHa/IN3a.
ITpaB 6ymeT TOT, KTO YBUAUT B YCTIOBHOJ CX€Me YCHM/IMTEIbHOTO KacKafa

(puc. 3.12, a) 3HaKOMY1I0 KOHGUTYpPALVIO
uHTerparopa (puc. 3.12, 6), fyst KOTOpPOI

< [1re | (pu pomryneHnn 6€CKOHETHOTO YCHTIEHNS
- c aKTUBHOTO 37IEMeHTa — U, = 0) crpaBef-
- JINBO:
— : Uppx =ipx /(27fCpp).  (3.10)
a 6 YacToTa, Iie JaHHasA MOJeNnb KacT TOT

Puc. 3.12. Ycunumens ¢ npoxodHol  yce pe3ynbTaT, YTO U IPOTUBOIONIOXKHAS
emKocmelo (a) npedcmaeneH-8 sude . . 6
unmezpamopa (6) il 10 CBONCTBaM, — Oe3bIHEPIMOHHAA C

OrpaHMY€HHBIM YCUTIEHUEM, — U 6Y,I[eT
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rpaHMIiel NPUMEHUMOCTH IIOC/IEIHEN, TO €CTh HAa4a/IOM CIIafia aMIIUTYAHO-
YaCTOTHO XapaKTepUCTUKMU:

1/(2nfyCprpR) = Ky,

K, — 9T0 K03pdMuMEHT ycuIeHNsA Ha HU3KUX YaCTOTaX.

3amoMHMUTE 3TOT IOAXOJ, CBA3aHHBIN C HAXOXKAEHMEM TOYKM COMPsIKe-
HMA IBYX MOJIENIel: OH He pas ellie COCMTYXUT AoOpYIo CIyK6y.

Hampumep, nepexopsa k cxeme puc. 3.1, npu K, = 140:

[z =8 127K ,,Cpp ).

Jlerxo monyunth: f, =380 xl'y. CumuTaeM, 4TO CIiaj yCUIEHUS IIPOUC-
; =1,6 M
XOMT 06paTHO NMPOMOPLUMOHANIBHO YACTOTE, TaK YTO AJIA f=1 Y

MMeEeM:

K, =140- 220 _33
1600

PAAMOAIOBUTEAB: Panee Y HAcC nonyuunoco 3Ha4eHue 42,

HCKOTOPOC YXyAII€HNE BbI3BAHO TEM, YTO 34€Ch HE YUYTEHO BIIMAHNE
HM3KOI'O0 BXOAHOr0 CONpOTUBIEHUSA 2-T0 KackKaja, cjerka pacmipsmoiee
YaCTOTHYIO XapaKTEPUCTUKY. Ho 3To Hé MeHsIeT CUTyalMI0 B IIpPUHIOUIIE.

OTpMua'reanoe conportvBneHune

TaKuM 06pa3oM, 4TOOBI IOTHOCTHIO MICKITIOUYUTD ﬁl?-):l

HIE S
HeXeJaTeNIbHYI0 MPOXOAHYI0 eMKocTb. Ho papgmo- }% == \ P

,, N e e el
HEBJIOMEK, YTO CTPaHHasA HEYCTONYMBOCTb Kackazia [l] I
BbI3BaHa 6e306MAHOI, Bpofe 6bl, BXOZHOM €MKO-
CTOTHOT'O HAaIIpSDKEHUA Ha MCTOKE BEMIET K TOMY, YTO ~ éMKOCMb 3ameop-ucmok

co3daem ompuyamernsHoe
HOJ1, Ipuo6peTaeT ele ¥ aKTUBHYIO COCTABIIAIO-
Y10, OTPULIATE/NbHYIO IO 3HAKY.
COOTHOILIEHME I BXOJHOTO COITPOTUB/ICHUA KacKaja:
Cy S

ITyctp cxeMHas KOH}Urypauus mocTpoeHa
yl
mobuTensa rae TONbKO He MOAcTeperaeT 6ema! U 4 Can Cu
CTbIO TpaH3ucTOpa (puc. 3.13): OCTATOK BBICOKOYA-  Puc. 3.13. OcmopoxHo:

BXOJ{Hasl IPOBOAMMOCTD KacCKafia, KPOMe EMKOCT-  gxodHoe conpomueseHue!
ITpoBens HECTIOXHBII 3IEKTPOTEXHUIECKUI PAacyeT, Bbl JIETKO IOTYYNTE

sC,, ' amf’C,C.’

w47 f7CyCyy

—Ry = (3.11)
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AcHo, uTo s 6UNONApHOro TpaHsucropa pons C,, urpaet auddysu-
OHHasi eMKOCTb.

PAAMOAIOBUTEAD: OmpuyamenvHoe 8xX00HOe CONpomuenerue — 3mo
03Hauaem camoeo3byxoenue?

Tonmpko ero Bo3MO>KHOCTD. OHa IIPeBPAaTUTCA B IE/ICTBUTENBHOCTD, €C/IN,
BO-TIEPBBIX, Oy/leT CKOMIIEHCHPOBaHa eMKOCTHas IIPOBOAIMOCTD BXOJa, U,
BO-BTOPBIX, CONPOTUB/IEHNE BXOAHOM LieNy OKaXKeTcsl 6oblile, 4eM | R,y |
(pe3ynbTHpYIOLIEe CONPOTUBIIEHME OyieT OTPULIATENIBHBIM). ITO KaK pa3 u
COOTBETCTBYET C/Iy4alo, KOIZia MMeeTCA Ko/lebaTe/IbHbIl KOHTYP: YCTIOBIe
ycroitumBoctH | R,y | 2 R, nerko HapyuiaeTcs npu HeygadHoM Bbibope C,,
(6710xkMpPOBOYHASL EMKOCTD MaJia).

Eme xy>xe monoxxeHue pa3paboTymnka, IpMMEHUBIIETO SMUTTEPHbIN
(MCTOKOBBII) IOBTOPUTENH C Ko/lebaTe/TbHBIM KOHTYPOM Ha BXOJIe.

PAAUOAIOBUTEAB: Tlouemy?

IToromy uTO 1O «3aKOHY Mapdu» mapasuTHass eMKOCTb Harpysku
OKaXKeTCs KaK pa3 TaKoil BeMYMHBI, YTOObI BHI3BATh CaMOBO36YKIEHMe.
Hay4eHHble TOPHKMM OIBITOM pa3paboTIMKy u3beraioT nogo6Horo coye-
TaHUA BOOOIIIE.



LWAT 4

NMNHENHDbIE KACKA bl
MNP BOJIbWLIUX CUTHAJIAX

BobiAcHAloMcA CNOXHOCMU, B03HUKAlOWue 8 JIUHEeUHbIX
Kackadax npu nepedadye CU/bHbIX CueHanos. JemaneHo noka-
3b186aeMCA: KaK B03HUKAIOM UCKAXXeHUsA npu Heyyeme yposHeli
HanpsxeHul; Heobbl4YHOe nogedeHue ycunumernet, Koz0a Henpa-
8UJTbHO 3a0aHbl MOKOBbIe peXKuMbl. L1 110603HAMe b HbIX pa3s-
ACHAeMCA, YMo makoe 80/1bmoobaska, U Kakue cmpaHHocCmu
803HUKailom npu pabome cxeM Ha eMKOCMHYIO U UHOYKMUBHYIO
Hazpy3Ky. PaccmompeHbl npobiemsl 3/1eKmpoHHOU pe2yiuposku
ycuneHus, IUWb KaXXyuwueca npocmaoimu.

Pasbupatomca npakmuyveckue 80npocei: Cyujecmsyem Jsiu
«conpomuseJsieHue mpaH3ucmopa», omkyoa 6epymca uckaxeHus
8 cxeme'[lapnuHemoHa, u opyaue.

4.1. YpOBHN HanpsaXeHnn

Bbi6bopa pexxumos

ToBOpst 0 Ma/TIOCUTHANIBHBIX KAaCKa/laX, Mbl IIOYTH He Kacajyuch BOIPOCOB
BBIOOpA PeXXMMOB aKTHBHBIX 3/IeMeHTOB. Hydero yyBUTeIbHOTO B 3TOM HeT.

B 6onpuIMHCTBe IPaKTUYECKNUX CITydaeB BBIOOP peXXuMa onpefenseTcs
KOMIIPOMMCCOM MEXTY COOOpaKeHUAMY SKOHOMUYHOCTY ¥ MUHVIMA/IbHOM
HOTEPU YCH/IMTENbHBIX CBOJICTB aKTVBHBIX MPUOOPOB; /1A KaCKajoB, pabo-
TAIOLIVIX IIPU CITaObIX CUTHA/AX, 3TO MPUBOAUT K 3HAYEHNAM TOKA KOJIIEK-
TOpa 0KO/IO 1 MA (Y IIO/IeBBIX TPAaH3MCTOPOB TOK CTOKa OT 1 10 5—10 MA).

HamnpskeHne xonnekTop-6asa TakUX KacKaJOB HeCYIIeCTBEHHO, M
MO>XXET OBITb CHIYDKEHO JjaXKe [0 Hy/IsA 6e3 MoTepy YCUIUTENbHbBIX CBOJICTB
6unonsapHoro TpaHsucrtopa. [IpaBga, mpy HMSKMX HaIpsDKEHUSX BO3pac-
TaeT Be/IMYMHA eMKOCTU KO/UIEKTOPHOTO Iepexofia, a 3TO MOXET OBITh
HEXXEe/TaTeNIbHO /Il BHICOKOYACTOTHOM CXEMBI.
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PAAMOAIOBUTEAD: '0e e 2panuya mexoy mManocuzHanvbHvimMu KacKa-
0amu U PesUMOM CUNbHO20 CUZHANA?

Mpb1 6yAeM MHTepecoBaTbCA TaKMMM CXeMaMM, B KOTOPBIX aMIUIUTY/bI
IlepeMEHHbIX HaIPSAXXEHUI ¥ TOKOB 3/IEKTPOAOB COM3MEPUMBI C IIOCTO-
SHHBIMY COCTABJIAIOLIMMM STUX HAIIPsDKEHMI (TOKOB) — BOT 3TO ¥ €CTh
mpusHaK. JIist HuX BeI6Op peXkuMa TPaH3UCTOPOB IO IOCTOAHHOMY TOKY
npuobpeTaeT COBEPIIEHHO ApPyroe 3HadeHue. J ommbxy paspaboTunKoB
6bIBaIOT CBA3aHBI C UTHOPMPOBaHMEM COOTBETCTBYIOIIETO pacyeTa.

PAAMOAIOBUTEAD: Kak-mo dymaemcs, umo maxoil pacuem 6yoem clonHbIM.

CoBcem Het! Ha camoM pene u 3fech OCTAIOTCA AeICTBUTENbHBIMUI
IIpeXXHUEe MOJie/IM TPAH3UCTOPOB. Mbl YyBUAMM, YTO OHM Tenepb HAOKHbI
OBbITH TUIIb JONOTHEHbI OTPAaHNYEHNAMY, CBA3aHHBIMMU C OHOIIONAPHO-
cTbio Uy ¥ OMHOHANPAB/IEHHOCTDIO I ;.

Pe3ncruBHan HarpyskKa B KOJU1eKTope

BHauasre MbI 06CcyauM BbIGOp peXxuMa paboTsl i cxeM, Ifie KOTOPBIX
pesMCTMBHAs HAarpysKa BK/IIOY€HA B LieTlb KO/IIEKTOpa (3MUTTepa) Hemo-
cpenctBeHHo. Hamy BbIBOABI 6yAyT cipaBef/IMBhI U
IJIA KacKajja, CBA3aHHOTO Pasfie/INTe/IbHOI eMKOCTHIO
C BHEIIIHeN HarpysKoii, €ClIU TOIbKO COIIPOTUBJIEHME
Uk()  BHeIIHMX Liereit BO MHOTO pa3 60sblile CONPOTUBIIE-

HUA Pe3UCTOpa, Yepe3 KOTOPhIN HENOCPEACTBEHHO
IPOTEKAEeT TOK KOJUIEKTOpa (3MUTTepa).

B cxeMe c pe3suCTHBHOI HarpysKoil B KO/I/IEKTOPe

Puc. 4.1. Haubonswas  PYC- 4.1) € moMompio ocumsiorpagpa mpoKOHTpOH-

amnnumyda kone6anuii  pyeM ¢opMy BbixopHoro Hanpspkenus U, (t). B saBu-

Ha konnekmope CMMOCTHM OT YCTaHOBJ/IEHHOTO 3HaY€HMs IMOCTOAHHOM
ozpaHuyeHa

+Ex " +Ex b—p—y— - +E fmmmm——————————
K T o L L B T

LN Do {Hﬂ]] ‘
\S\

L e
+Eg r = o> Ug(t) +Eg Fnar A U (1)

a 6 8

+Eg

Rk

Puc. 4.2. [pasuneHoili 86160p NOMeEHYUAIA NOKOA KONIIeKMopa (a); npu CAUWKOM 8bicokom (6) u
C/IUWKOM HU3KOM (8) nomeHyuasie 803HUKAIOM UCKAXeHUs
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cocTaB/IAoMLIel! KO/IEKTOPHOTO TOKa, OCLM/UIorpaMMa 6yzieT MMeTh BUS,
Kak Ha puc. 4.2, a, 6 unu 6.

MoreHuman konnekropa

Puc. 4.2, a cOOTBETCTBYET NPaBUIBHOMY BBIOOPY peXxuMa TPaH3UCTOPa:
obecrneueHO HeMCKa)KEHHOE BOCIIpou3BefieHue. ITO JOCTUTHYTO YCTaHOB-
JIeHMeM NOTeHIMaa Ko/tekropa U, onpefeneHHOM BEMMIMHBL. A MMEHHO,
AO/DKHBI BHITIOTHATBCSA YC/IOBMA:

| Ex —Ug|> 1y = tigy (4.1)
(3TO yCNIOBYME OTCYTCTBUA MOMEHTOB 3allMPaHMsl TPAH3UCTOPA);
|Ug —Ez|>uy +ug =thpyy +tpy, (4.2)

(ycnoBue OTCYTCTBUA MOMEHTOB OTKPbIBaHUS KO/UIEKTOPHOTO IIEpeXOfia).

IIpn 3ajaHHOM CONPOTMBIEHMM Harpyskm R, yCTaHOBJIEHME HYX-
HOJ BETMYMHBI IOCTOAHHOI COCTaBAIOLIell NOTEHIIMANa Ha KOJJIEK-
Tope obecrieunBaeTcsA, KOHEYHO, 3afaHMEM COOTBETCTBYIOIErO TOKA:
Io =(Ex—Uy)/Rq.

OueHb 4acTO OBIBAET TaK, YTO aMIUIMTYAY HanpsDKEHNUA CUTHAIA Ha
6a3e MOXXHO He YYMTHIBATb IPM pacyeTe: HATpUMeEP, B KaCKajie C BHICOKMM
K03 PUIMEHTOM YCUIEHN, MU €CTIM YTIpaB/IeH)e TPaH3MCTOPOM IPOU3-
BOJIUTCA IO SMUTTEPY, KaK B KACKOJHOJ CXeMe.

PAAMIOAIOBUTEAb: MHe Kajxcemcs, 4mo 6eAuuuny KOANeKmopHoz0
nomenyuana nyvue écezo 8vib6pams npocmo nocepe-
OuHe mexn0y nomeHyuanamu 6asvl U UCMOUHUKA KOTI-
JIeKMOPHO20 NUMAHUA...

Bbi ipassl, Beib Torfa 6yzieT mony4eHa MakCMMaIbHasA aMIUIMTY/a CUT-
HaJIa Ha KOJUIEKTOpe, paBHaA: '

Uy o= 0,5-(E — E). (4.3)

OcuyiorpamMma Ha puc. 4.2, 6 M/UIIOCTPUPYET HEeIlpaBUIbHBIA BbIOOP
pexmMma KacKajia: aMIUIMTY/la CUTHaJIa Ha BbIXO/i€ IIPEBbILIaeT ]EK - UK|, a
3HAYMT, HeU36eXHO orpaHMdeHye GOpMbI BBIXOFHOTO HANIPsDKEHMA U3-32
3axofia B 06/1aCTb 3anMpaHys TPaH3UCTOPa (OTCEUYKM TOKA KOITIEKTOPA).
Ecnu Henenecoo6pasHo Uy HEBO3MOXKHO yBeNMdueHue Ry, 3HA4MT, Ipu-
AeTCA YBEIMYUTD IIOCTOAHHBIN KOMIEKTOPHBIN TOK. Puc. 4.2, 8 nmokassi-
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BaeT IIPOTMBOIIOIOXKHBIN CTy4ail: M3-3a CIVIIKOM 6O0/IbLIOTO TOKA ITOTEH-
IyiaJI TOKOs1 Ha KoyyiekTope U, CHM)XeH HaCTOMNbKO, YTO IIPOMCXOANT 3aXOF,
B 0071aCTh HAChIIEHNA.
BaMm He mpupeT, KOHEYHO, B I'OJIOBY ITONBITATbCA IOMYYUTH C BBIXOJA
IKEaCKa a CUTHaJI, pa3Max KOTOporo (yZBOeHHas aMIUIMTY/a) IpeBbIIIaeT
k LB l?

PAAMIOAIOBUTEAB: Hy umo 8vi, 5 e noHumar: Konebaxue 6yoem obpe-
3aHo, 6vimv Moxcem, daxce ¢ 08YX CMOPOH.

Pasymeercs, /1 mony4eHns curHana 60JbIIoN aMIUINT Ykl HEOOXOAM
U MCTOYHMK IIUTAHUS C COOTBETCTBYIOIUM HaTIps>KEHNEM.

be3z O0C

B cooTBeTCTBUM C IpUBENEHHBIMY 3[ieCh peKOMEHAALMAMMY, YCTaHO-
BB HAVBBITOJHEVIINI PEXNUM, BBl IMOIBITANIUCH IIOTYYUTh Ha BBIXOJE
IIpefie/IbHO JOCTYDKMMBIN pa3Max Konebaumit (puc. 4.3). Ho BsI pazouapo-
BaHbL... [I[paBubHas cuHycOMpa, TOKaHHAs Ha 6a3y YCUINTEIBHOTO TPaH-
31CTOPA, Ha KOJUVIEKTOPE IPEBPATHIACh B XOTS ¥ He
06pe3aHHYI0, HO IBHO HECUMMETPUYHYIO KPUBYIO.

Takas HeIMHENHOCTh Heu3OeXXHa, eClIM BbI
IpUMEHUIN KacKajZ, MaKCUMalIbHOIO YCUIEHUS,
K03 PULMEHT Iepefauy KOTOPOTo CBA3aH C KPy-
TU3HOJ TPaH3UCTOpa. B yc/moBMAX cuIbHOrO Cur-

Puc. 4.3. HenuxeiiHocme ~ Hajla, KOIJ[a MTHOBEHHOE 3Ha4€HMe TOKa KOJIEK-

n;gf\’ﬂ%’;";’fé’)‘;g;’:’ﬂ . TOpa M3MEHAETCA B 6o1buIOM AUaNa3oHe, Hemu-
daem ucnonb3osame gece  HEMHOCTb XapaKTEPUCTUKM MPAMOIL Iepefaun He
OuHamuyecku uanasoH  yMoseT He IPUBECTU K MCKAXKEHMAM.

+Eg

U

+Eg

PAAUOAIOBUTEADB: MOXCHO U UX KAK-mo oueHumov KonuvecmaeHHo?

Vicnionb3ys IOMHOMMAIBHOE Pas3/ioKeHVe XapaKTePUCTUKI OUIIONSp-
HOTO TPAH3MCTOPA, HETPYAHO HOMYIUTh COOTHOLIEHE IS IIPeeNbHOM
aMIUIMTYAbI TOKAa KO/UIEKTOPA NpY 3aJaHHOM OTPaHMYEHUN Ha OTHOCH-
TEJIbHBII YPOBEHb BTOPOJ rapMOHMKM k (CIIpaBefinBOe, KOHEYHO, TONbKO
IIpY MajbIX k):

i, <4k,
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PAAMOAIOBUTEAD: A ecniu npumep?

CkasxeM, ecy OITycKaeTcs K03 PUIEHT HeIVHETHBIX MCKaXKEHMI 10
5%, TO aMIZIUTyfa TOKa KOJI/IEKTOpa KO/DKHA 6BITh MeHee 20% OT IOCTOSH-
HOW COCTaBJIAIOHIEH.

Jl/1s oneBoro TpaH3ucTOpa (C KBa[paTMYHOI XapaKTepUCTUKOI):

i <8kI..

3pmech GyzeT yMeCTHO yKasaTb, 4To B guddepeHunarsHoM Kackafe
VICKa)XeHUsI OTHOCUTENIPHO MEeHblile: BTOpas rapMOHMKA, U BooOIie yeT-
Hbl€e, KOMIIEHCUPYIOTCA.

VTak, Mbl BUIUM, YTO MCKaXKEHUA He MO3BOJISIOT UCIIO/NIb30BaTh BeCh
DVHaMM4eCcKuil auana3oH kackaga 6e3 OOC. Bo3aMoXxHO, IpupeTcs cMu-
PUTBCSA C YMeHbIIIeHVeM aMIUIMTY/bI BBIXOGHOTO curHaa. JIn6o morpeby-
€TCs YBE/IMYNTD HATIPSKEHMe TIMTaHNA KO/IEKTOpHOI et E, u omHOBpe-
MEHHO TOK IOKOf. [JTaBHOE — MCK/IIOYNTH 3aX0f B 06/1aCTh MaJ/IbIX TOKOB
TpaH3UCTOpa.

A 3TO 3HAYMT, YTO HENb3A JOMYCKaTh, YTOOBI MTHOBEHHAs BeIM4YMHA
KOJ/IZIEKTOPHOTO IOTEHI[Maa CIVIIKOM Ipubmmkanace K E;. Mexay npo-
41M, 3aX0f, B 0671aCTb MajIoi KPyTU3HBI 110 XapaKTepUCTUKe IIPSMOIA 1epe-
[auy HeXXe/aTesleH M ISl KacKaJJoB C 0OpaTHOI CBSA3BIO: B 9TY MOMEHTHI U
B HUX MOTYT IOSB/IATBCA MCKXXEeHNA n3-3a ocnabnenns OOC.

MBslI 3HaeM, YTO /I IIO/IEBBIX IPMOGOPOB B OHOTPAH3MCTOPHOM KacKajie
a¢dexTuBHaA 0O6paTHas CBA3b, KaK IIPaBUIO, He peanusyeMa. [ToaTomy
MICIIO/Ib30BaHMe MX B KacKafiax ¢ 60/IbLIMMM CUTHA/IAMY HaTa/IKMBAeTCs Ha
TPYAHOCTU: Hen36eXXHa 3aMeTHasi HEIMHEHOCTb.

Bo BcsikoM crydae, AICHO, 4TO Tpe6oBaHMe He3aBUCUMOCTH AnddepeH-
I[Va/IbHBIX IIaPaMeTPOB I MaJIbIX CUTHAJIOB OT XapaKTepUCTUK TPAaH3M-
CTOpa COBNajiaeT ¢ TpebOBaHMEM OTCYTCTBUS VICKOXXEHMIT OONBIINX CUT-
Ha/oB. VI MMEHHO I/IA TaKyUX C/Ty4YaeB CIPaBeR/IMBO TO, YTO BbI IPOYTETE B
maHHOM «IIlare».

+Ex

Ug(t)

Pe3nctusHan HarpyskKa B amutrtepe .
3

Ilns Takoro kackapa (puc. 4.4) — Ha puc. 4.5, a—é +Es | |Re
1306 pakeHbI BO3MOXKHBIE OCLIM/I/IOTPAMMBbI BXOTHOTO
¥ BBIXOJHOTO KonlebaHmit. Bel 63 Tpyna pasbepeTecy  Puc. 4.4. SmummepHeiti

B HUX CaMM U 3aKJ/IIOYMTE, YTO /I HEMCKa)KeHHOoy1  Nosmopumens éwe
He 2apaHmupyem

HeuckaxeHHoU nepedayu
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nepefayy CUrHajaa ¢ aMIUIMTYAOM ¥ MOTEHIMaAbl 6a3bl U KONIEKTOpa
BO/DKHBI OBITh IOKO6PAHbI TaK, YTOOBI BHITIONHANIOCH:

u<|E, -U,| (4.4)
(yc/moBMe OTCYTCTBYISI MOMEHTOB OTKPbIBaHMA KO/UIEKTOPHOTO NIEPEXOia), M:
u<U, (4.5)

(ycmoBue OTCyTCTBUA MOMEHTOB 3aNMpaHNsA TPAH3UCTOpPA).

Us(t)
Us(t)

8

Puc. 4.5. [pasuneHbili 8bi6op nomeHyuana 6assi noesmopumens (a);
npu owubkax uckaxeHus HeuzbexHo! — (6) u (8)

Bropoe ycnoBue, Kak M Ipexze, CIEAYET BbINIOMHUTD C HEKOTOPhIM
3aI1acoM, €C/I¥ Mbl XOTMM MCK/TIOYUTD 3aX0XKAEHNe TPaH3UCTopa B 06/1acTb
MaJIbIX TOKOB, 1, CTIelOBaTeNIbHO, MICKa)XeHMs, CBSI3aHHBIE C aJieHNeM Kpy-
TU3HBI.

PAAMIOAIOBUTEAD: [0 Ha puc. 4.5, 5 8UxKy, 4mMo MaKCUMAnbHY10
AMNaUmMyO0y HeUCKaieHHo20 8bIX00H020 HANPANEHUS
C IMUMMePa MONHO NOLYyHUMb, eciu YCmaHo8umso
U, Ha ypoere nonosunvr om E,.

PasymHo. [Iy1a gero morpebyercs 3ajaTb IIOTEHLMA TOKOA Ha 6ase:
E; =0,5E, +0,7B,

U, pasyMeercs, B mOOOM Clny4ae pa3MaxX BBIXOZHOTO HAaNpsDKEHNUA He
npesbicut E,.

He crouTt 3a6bIBaTh, YTO BCe HOMTy4eHHbIE HAMM TIOKA YC/IOBUS HEMCKA-
XKEHHOTO BOCIPOM3BEJICHUsI CUTHAJIOB OTHOCATCS K PEXUMY «XOJIOCTOTO
xopma». A s 60mee o61Iero ciydas OKasbIBaeTCs, YTO NPOBEPKa YPOBHeN
HaNpsKEHUI ABJIAETCA XOTA M He0OXOMUMBIM TpeboBaHMeM obecriedeHNns
JIMHEHOTO PeXXMMa, HO He JOCTATOYHbIM. ‘
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4.2. CxeMbl C BHELLHen Harpy3sKon

Kyaa penca guHamunuyeckuin gmanason?

Yaie BCTpeYalOTCS CUTYaIy, KOT/ja K BBIXOAY Kackajia C pesyCTUBHOI
Harpy3Koy ITOAK/IIOU€eHa ellle ¥ 3aMeTHas BHEIIHAA Harpyska yepes pas-
HeTUTETbHYIO eMKOCTD (3TO MOXeET GBITh BXOJL C/IEAYIOIIETO KacKaja), KaK
II0Ka3aHo Ha puC. 4.6. UTo Kackap Tpe6yeT-B JaHHOM crydae 0co60oro mog-
xopa, ybemuT Bac MpOCTOI OIBIT.

Ecnu y Bac cobpaH ycCUIUTENbHBIN Kackafl, pACCYMTAHHBI! Ha MOMY-
YeHye MaKCYMaTbHO BO3MOXXHOJ aMIIMTYAbI KONJIEKTOPHOTO HaIpsiKe-
HusA 1o (4.3), monpo6yiiTe NOAK/IIOYNTH, KaK Ha puC. 4.6, uepe3 KOHAEH-
CaTOp AOCTAaTOYHOI eMKOCTU PEe3UCTOP BHEUIHEl Harpy3ku He6ObIIOro
(cpaBHuTENBHO € R,) conporusnenus. To, uro
BBIXO[JHOJ CUTHaN yMeHbmwics (puc. 4.7, a),
Bac He YAMBUT: oOIass Harpy3ka AjsA CUTHab-
HOJI COCTaBJISIIONIElf TOKA CTajla Telmepb paBHa Co
RyR, /(R + R, ) BMecTO R,, IpONOpL{MOHATIBHO
yman v KoagpuLMeHT nepefayn.

+Eg

Rk

Ry

Puc. 4.6. HeuckaxxeHHasn

- nepeaaqa 3asucumom
PAAVIOAIOBUTEADB: MOXCHO y8enuuunv 6xo0Hoe 8€/1UYUHbI MOKA NOKOA
HanpsixeHue, 6e0b OUHAMU-
uecKuii OUaNasoH no Hanps-
!
IHEHUIO eule He Ucuepnan! TP S A WY A WY A YT

ITonpo6yiite: Huyero y Bac He BuiifieT. HoBasA, e s mSeorSes usn)
yMeHblLIIeHHas: aMIUINTYAa KomebaHuit oKasa-
Nach MO-IpeXHeMY IpefienbHOM (puc. 4.7, 6): a
IIpM IONBITKE ee yBeIMYMUTh BBl Habmiofaere
Ha ocumtorpage xapakTepHoe OorpaHUYEHMe,
CBOJICTBEHHOE 3aXO/ly B PEXXVMM OTCEYKM KOJJIeK-
TOPHOTO TOKa.

PAAMOAIOBUTEAD: Tlouemy max?

VIsMeHeHue BU/Ia HArPY3KM HE MOITIO Befb Puc. 4.7. Tok noKoR
IOB/IMATH Ha 3aKOH M3MEHEHMsI TOKa KO/UIEK-  HedocmamoveH: npu cnabom
TOpa? A [MaIa30H TOKOB paHee yKe GBI UCIIONb- cuerane Lckaxerud hem

(a), odHako yeenu4ume
30BaH IIOJIHOCTHIO. amnnumyoy He ydaemcs (6)
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*Ex PAAVMIOAIOBUTEAD: A 4mMo 3G HAKJIOHHbIE CPe3bl
eepxyulex CUHycouooL?

910 3apsApx pa3menUTeNbHON €MKOCTY IpU
3aIepTOM TPaH3UCTOpeE.

Ra Ce Ry

Puc. 4.8. HeuckaxeHHas
paboma mpebyem .
npasusnbHoz0 8bi60pa He noBTOpAOWUN NOBTOPUTE b
3MUMMEpPHO20 MOoKa

W B camoM [fieste, TOBTOPUTEND BefeT cebs B
Ex TeX JKe ycnoBusax (puc. 4.8) He MeHee CTpPaHHO:
IpU yMEHbUIEHUM CONPOTUBJIEHMS BHEILIHeN
Harpysku Bbl OyieTe HabMIO4aTh, KaK OH Iepe-
CTaeT «IIOBTOPATH» Ko/iebaHMe, OTPaHNYINBAS €TO
cHu3y (puc. 4.9). SIBneHue 03afaunT pagnomo6m-
TeJisl, HaVBHO IIO/IAraBIIero, YTO MOXKHO CBOOOHO
Harpy>kaTh IOBTOPUTE/Ib BHELIHUMIY LIETIAMHY, He
yTpy>Xpas cebs1 pacueToM pexxuma. Benpb rudde-
peHI[MabHOE BHIXOJHOE COIIPOTYBIIEHNE, PABHOE
1/S, Tak mMaro...

Puc. 4.9. Mpu Gonbwux R,, PAAMOAIOBUTEAD: Pa3ée 8bixo0Hoe conpomueére-

uckaxerut Hem (a); Ho npu Hue Ha camom Oerie He Malo?
MeHbWUX — MOK NOKOoA

dosmxkeH 6bimeb ysenuyeH (6)
He 3a6siBaiiTe, 4T0 AuddepeHunanbHbIMu

IapaMeTpaMy MOXKHO II0/Ib30BaTbCsA NI IIPK
MaJIbIX cUTrHajIaXx. Ec/iv curHabl TaKOBBI, YTO IIPOMCXOANT 3aXOfl B HeXea-
Te/IbHbIE 00/IaCTU XapaKTEPUCTUK TPAH3UCTOPA, — B 9TV MOMEHTHI CXeMa
TepseT OXKMjaeMble CBOJCTBA.

dyHpameHTanbHOE ycnosue

YTo6b! Ipy 3afaHHON aMIIUTYZE BBIXOJHOTO CUTHAJIA Ugy,, Ha 3a/laH-
HOJ1 Harpyske Ry, ICK/TIOUMTD OTCEYKY KOTIEKTOPHOTO (SMUTTEPHOr0) TOKa,
HAJI0 BBITIOJTHUTD OYEBYTHOE YC/IOBME: aMIUIATY/a CUTHA/IBHOM COCTaB/IA-
IOLI[el 3TOrO TOKA, COOTBETCTBYIOIAsl JAHHOM BeTNYHE BBIXO[JHOTO CHT-
HaJa, JO/KHA ObITh MEHbIIIE IIOCTOSHHOM COCTAB/IAIOLIEN TOKA (MM «TOKa
IIOKOSI»):

ix<Ip, wmni, <1, (4.6)
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PAAHOAIOBUTEAB: 9mo 07151 Komopoi u3 cxem?

A6COMOTHO Iy1a mo6oit.
PAAMOAIOBUTEAD: Tak npocmo?

I[a. Ha sTo IIpOCTOE, HO d)YH}IaMeHTa}IbHOC ycioBu€ HaM MHOTO pa3
NIpUAETCA CChUIATHCA B ITOCTIERYIOIINX «IIarax».

Hanpmmep, I KaCKaZla Ha puc. 4.6 IIpy aMIIINTY€ HAIIPpAXKEHUA HA
Harpy3Ke Ug;; TOK 4Y€pE€3 HAI'PY3KYy RH COCTaBUT:

_ Upnix
H .
RH
OnpenenenHas cocTasiAoLIad CUTHATBHOTO TOKA IIPOXOAUT U Yepes
pesuctop Ry

= Uprix
K - .
Ry

AMIIUTyAA epeMEeHHOM COCTAaB/IA0LIEeN TOKa KO/I/IEKTOopa:
T
iy =iy +ig. (4.7)

YcTaHOBMM BeIMYMHY TOKA B peXXyMe IToKos 60bllie, YeM 3HadeHue (4.7):
Ie> S + Dok Uppix RuR . (4.8)
H K RH + RK

Tenepb y Hac ecTb TBepAiast yBePEHHOCTbD, YTO a’Ke Ha OTPUIATEIbHOM
IIO/TyBOJIHE KO/Ie6aHMiT CUTHAIBHOTO TOKa CYMMAapHBIN KOJI/IEKTOPHBII
TOK He 6yzmeT magath o Hyns. [Togo6HBI Xe pacyeT CIipaBeAInB U s
KacKajja C SMUTTEPHOI Harpy3Koil. '

OpHako u3 ycmous (4.8) ¢ 04eBUIHOCTBIO ClIENyeT, YTO B KacKaje ¢
BHEIIIHel1 HaTpy3Koii 1o puc. 4.6 Bcerma Uy,y <U, = I, Ry : He jocTuraercs
IIOJTHOTO MCITO/Ib30BaHMA JMHAMMYECKOr0 iMana3oHa 1o HanpsbkeHuo. U
4yeM MeHble Ry, 1o cpaBHEHMIO € R,, TeM MeHbllle JOITYCTMMOE HEMCKaXKEH-
HOe HamnpsKeHue Ha Bbixofie. C Touky 3penus Haunyyuero KITJT npepno-
YTHUTeNbHA TpaHCPOPMATOPHAs CBA3b C HArPy3KOIL.

TpaHcpopmMaTOpHbie Kackagbl

Crennduka KackaZioB, MMEIOIIMX TPaHCPOPMATOPHYIO CBA3b C HATPY3-
Koit (puc. 4.10, a) B TOM, YTO MOTEHI[MA/I IOKOA KO/IEKTOPA MPAKTUIECKH
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B paBen E,: ecnu Tpancdopmarop
" . Ex W Uk 10CTaTOYHO XOpOIIero KauecTsa,

] TO MOXHO He Y4MTHIBaTh HEGOMb-
moe majieHue HaTpSKEHUs Ha

Es FA D Ut "
g s HEepPBUYHOI 06OMOTKE OT IOCTO-
a 6 AHHOM cocTaBjAomel Toka. Y3
Puc. 4.10. B yenu konnekmopa deticmayem puc. 4.10, 6 scHO B UAHO, 9TO BO
Hazpy3Ka mosnbKo 051A nepemeHHoU Bp€MA IMMONMOXUTENbHDBIX IIOJTYIIE-

cocmasnaoweli moka (a); cpedHuli nomexyuan

pPuUoaO0B MTrHOBEHHOE HANIPSIDKEHME
Konsiekmopa — HanpaxeHue numatus (6)

Ha Ko/leKTope npesbimaer E, !
ITpu mopcyeTe aMIINTY bl KOUIEKTOPHOIO HANPsXKEHNMA U TOKA pas-
pabOTYMK YUYTET NPOCThIE COOTHOMIEHNUA:

u . .
U= Bn”’x; i, =niy,. (4.9)

. u
3mech ugyy M i, = 22X — 370 aMIIMTYABI TOKA ¥ HANPSKEHUSA IS
H
Harpysku, a 1 — k03¢ duuueHT TpaHcHopManuyu, TO €CTb OTHOLIECHNME

41Ccel BUTKOB BTOPUYHON ¥ IIEPBUYHOI OOMOTOK.

BbiBaeT 1MO/IE3HO 3TH COOTHOLIEHMS OObENUHUTD B OFHO: U, =i R, .
3nech mop R,,' moHMMaeTCs CONPOTUBIIEHME HATPY3KM, TPaHCHOPMUPO-
BaHHOE B Iielb Ko/UteKTopa: R, '= R, /n’.

VMes 3HaYeHUS U, U iy, KaK ¥ TPEXe, CIefyeT BbIOpaTh TOK IMOKOA
KOJIZIEKTOPa COr/IacHO (4.6), a HarpshKeHe MUTAHUA U3 YCIIOBUA HEOTKPHI-
BaHMs KOJUIEKTOpHOro nepexona (cMm. puc. 4.10, 6):

|E, —Eg|>u, +ug (4.10)

BrpoueM, yauie nIpuXoAUTCs, HA060pOT, NOAOMPaTh KO3pduIMeHT
TpaHchOpMaL Uy IPUMEHUTENBHO K Y>Ke MMEIOLIeMYCS MCTOYHUKY MUTa-
HM1; BbI JIETKO IIPOBeJieTe COOTBETCTBYIOLINIL pacyeT: ycmoBus (4.6) u (4.10)
He JO/DKHBI ObITh HapyiueHbl. OIIBITHBIN Pa3paboTUYMK IPERYCMOTPUT ellie
¥ 10-IpOLIEHTHBI 3aI1ac 110 BHIXOZHOMY HAIIPSDKEHUIO, IPEABUAA Hamu4me
noreps B TpaHchopMaTope.

CoBepIIeHHO aHA/IOTUYHO MBI PaCCIUTAEM PEXUM PE3OHAHCHOTO YCH-
nuTens, paboTaIero Ha YaCTOTHO-U36MPaTENbHYIO LieNb M060ro pona,
CBSI3aHHYIO C KOJUVIEKTOPOM TPaH3MCTOpPa C IOMOMLIbIO KaTYIIKM MHYKTUB-
HOCTH.

OcHOBOI1 f/1s pacyeTa OyfieT OIATh COOTHOLIEHNE: Uy = iy Ry, rae Ry —
3TO BXOAHOE CONPOTUBIIEHNE KONebaTeNbHOM CUCTEMBI IIPU PE30HAHCe.
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A [N ycunuTens ¢ ApoccebHOM Harpyskoil B KauecTBe Ry MBI yd4TeM
BHeIIIHee aKTMBHOE CONMPOTUBIIEHM)E, MOAKIIOYEHHOE K BBIXO/IY KacKajia.

4.3. lononHeHne ansA nwbo3HaTeNnbHbIX

Bonbrogo6aBKa —[II——— +E
Ry
BcrmoMHMM: MBI y)Ke TOBOPM/IM O KacKa- us (0 ¢}
JaxX C AMHAMMYECKON Harpyskoim Kak o Rl | vr2
HEeKMX 9KBUBaJIeHTaX TPaHCHOPMATOPHBIX
KacKaj[oB (C TOYKM 3peHMs YPOBHell Hampsi- V1 §—eBexoa
>KeHui1). J|eiicTBUTENBHO, B TOYKE, INi€ Aei- Rs

CTBYeT HalpsDKeHMe «BojibTofo6aBkm» U, (t)

(cM. puc. 4.11, a), MTHOBEHHO€E HanpsDKEeHUe a

MOJXKET [ja)Ke IIPEBbIIIATD HAIIPSKEHME [IUTA- '[\_ .[\

uus E (puc. 4.11, 6). SSUICH s v s i s LA
OKBUBaJIEHTHOE CONPOTUBIIEHUE Pe3U- \/ \/

cTopa R, cTaHOBMTCA 3[ech (O CUTHAIA)

HACTO/BKO GOJIBILIVIM, YTO TOKOM Yepes Hero

iRK BIIO/IHE MO>XKHO HpeHe6pe‘-Ib. 310 CﬂOCO6' 6
CTByeT MAaKCUMMAJIbHO HO)IHOMY UCIIO/Ib30Ba- Puc. 4.11. C ebixo0a 6epemcg
HUIO HI/IHaMqu’CKOFO Auaria3oHa VTI xak o nepemeHHoe HanpaxeHue

80/16M0006asKu (a); M2HOBEHHOe
HanpsixeHue 8bllue HaNPAXKeHUsA
numanus (6)

YPOBHAM HaIIPsDKEHMUI, TaK Y 11O TOKY.

PeakTuBHaA Harpyska

Hepenko puxoamuTCst CUUTATHCA C TeM, YTO HAarpysKa, MOAKIIOYeHHas K
KOJIZIEKTOPY KacKaJia, He SIB/ISIETCS YMCTO aKTUBHOI. DTO MOXKET MMETh MeCTO
¥ IOMMMO BO/IM paspaboTYyMKa: TaK, Ha BHICOKMX YaCTOTaxX OyAeT 3aMeTHO
B/IMsIHYE MIAPAa3UTHOM eMKOCTH. B Kackage ¢ TpaHCOpMATOPHOIL CBA3BIO
KOHEYHYIO Be/IMYMHY MHAYKTUBHOCTY IEPBIIHO OOMOTKY IIPUXOAUTCA YU~
THIBATb Ha HIDKHeI! TpaHiLie paboyero fyanasoHa 4acToT.

®akT CHIDKEHWS MOAYIS TIO/THOTO CONPOTUBIIEHVIS B KOZUIEKTOPHOI LieTN
6yneT o6HapyXKeH...

PAAVIOAIOBUTEAD:  ...3HA10: NO CHUMNEHUIO Ycunenus Ha KAKUX-mo 4acmomax.

Mla, eciut TONBKO BBIXOJ He 3aMKHYT LIEIIbI0 OTPULIATENbHOI 0OpaTHOI
cesasu (O0C)!
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PAAVIOAIOBUTEAD: A umo mam maxoe ¢ OOC?

B kxackajax ¢ HM3KUM BBIXOJZHBIM COIIPOTHBJIEHNEM, KOTOPBIE «He
yMeIOT» yMEHbBIIATh CBOI KO3 duiyeHT nepegaun, 6yayT HabmopaTbcsa
cTpanHocTy. Omnbka B pacyeTax MpUBeAeT K HEOXXMJAHHOMY SIBIEHMIO:
TO, YTO B «OOBIYHOM» KacKajie la/io ObI CpaBHUTENIBHO 6e3061HbIe YacTOT-
Hble VICKa)KeHM s, 000paunBaeTCsA HeMMHETHBIMY VICKXKEHVSIMMU B «y/IbTpa-
NVHENTHOM» (KaK JJyMajoch) TPaKTe.

Pas6epeMcs B 9TOM Ha IIpuMepe K/IacCUYeCKOTO TIOBTOPUTENSL.

EMKOCTb Harpysku

Cirydaii, Korjia napaaienbHO Harpy3Ke IOBTOPUTE/IS AeICTBYeT EMKOCTb

3HAYUTE/TbHO BEIVYVHBI, ABNAETCA YaCTHIM: Mesl B BULy HU3Koe nud-

dbepeH1MaTPHOE BBIXOJHOE CONPOTUBIEHNE, ITOT

*+Ex KacKaJi OXOTHO NIPUMMEHAIOT KaK OKOHEYHbII [/

Ce paboThI Ha HECOI/IACOBAHHBIIT KabeNb UK JPYToro

Cn pofia Lielb, MMEIOIYI0 3HAaUUTENbHYI0 eMKOCTb Cy

Ra| [¥'o Ryl [¥!" -IVC (puc. 4.12). IIpu 3TOM ITONIATAIOT, YTO JOCTATOYHO
BBIIIO/THUTD YCTIOBUE:

Puc. 4.12. PeakmueHeili
mok yepe3 CH — npuyuHa RBbe ~1/8<<1/ an CH’

HesluHelHbIX UCKaXXeHUU
U BIUAHUE CH Ha pa60Ty CXE€MbI HpaKTI/I‘{eCKI/I

yCTpaHEeHO.
PAAMIOAIOBUTEAD: A pasee xe amo He mak?

Ha npakTuxe BBl yOeZUTECH, YTO CXeMa HOPMaIbHO PabOTaeT TOIBKO
¢ MasnbpIMy curHanamu. [Ipy momsiTKe MofaTh Ha BXOJ, IIOBTOPUTENS KoJle-
6aHMA 6O/MBLIOI aMIUIMTY/Abl HAauMHAETCA XapaKTepHOe «CpesaHyue» UX
HIDKHeiT yacTu. V1 eliie: yeM Bbllile YaCTOTA KOTeGaHuit, TeM P MEHBIINX
YPOBHAX BXOJHOTO CMTHA/Ia HAYMHAIOTCA MCKKEHMA.

PAAMIOAIOBUTEAD: Tax 6 uem mym 0eno?

Ceiltyac noyiMeM.

PeakTunBHbIn TOK

9TOT TOK, mpoTeKatowyi Yepe3 C,, Helb3s He YIUTHIBATh IIPY BbIOOpe
pexxuma Mokos. Benp 6osblas Be/IMumHa aMIINTY/ABI, PaBHAs:

iC = 2nfCHuH:
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BBI3bIBAET BBIHYXK/IEHHOE 3aX0X/IeHMe B 06/IaCTh OTCEYKY 110 XapaKTepu-
CTMKe TPaH3MUCTOpa. 3XeCh-TO U IPOABIAETCA HECITIOCOOHOCTD TOBTOPH-
TeJIs1 CHU3UTD yCUIeHMe IIPY YMEHbLIEHNY MOJY/IA IOTHOTO COIIPOTUBIIE-
HUA Harpysku!

Pasymeercs, ecut BBl BBIOpaIy TOK IOKOA SMUTTEpa COIIACHO YCIIO-
BUIO:

I, >ig+iy+ i, =uy —1—+—L+2nfCH , (4.11)
3 H
TO, 6€3yC/IOBHO, 00€CITeYn/IN OTCYTCTBUE VICKXKEHNI B IIOBTOpPUTENIE HA
IaHHOI YacToTe. boee TOro, MMHEHBI pe>XXNM paboTHI IpU 9TOM rapaH-
TUPOBAaH JIa)Ke C 3aI1acoOM: Beflb peaKTUBHBIN TOK depe3 C,; OTAMYaeTcs 1o
¢da3e oT TOKOB Uyepes aKTMBHbIE CONPOTMBIeHMs Ha 90 rpagycos. [ToaTomy
aMIUINTYJa IepEMEHHOM COCTABIAIONIEN TOKAa SMUTTEPA B IEICTBUTEND-

HOCTU paBHa:
iy =(iy+iy ) +i2, (4.12)

YTO HECKO/IPKO MEHbIIIE IIPOCTOM CYMMBbI aMIUIUTYJ, COCTaB/somux (4.11).

Hapannenbl-laﬂ MHAYKTNBHOCTb

TunwuyHas npo6nemMa NOBTOpPUTENA ¢ TpaHchopMaTopoM (Fpoccenem)
Ha BBIXOJle — IIOSABJIEHME HEJIMHEMHBIX MCKaXKEHUI B HUXKHEN YacTu aua-
IIa30HA YCU/IMBAEMBIX YaCTOT. DTO — Pe3y/IbTaT OMMOKY B KOHCTPYUPO-
BaHUM TpaHCPOpMaTopa: Mala MHAYKTUBHOCTDb IEPBUYHON OOMOTKIL.
Benp eciut He cobmiofaeTcs ycnosue 2nfL >> R,,’, To Ipu pacueTe pe>XXuma
He/b3s IIpeHebperaTb ¥ MHAYKTUBHOM COCTaBJIAIONIEN TOKA.

[ByXTaKTHbl€ CTPYKTYpPbl

OtMeTnM, 4TO NpuBefeHHbIe B 3TOM «Illare» coobpakeHus KacawTcs
IIOCTPOEHMs CXeM, BOCIIPOU3BOAAMINX HEMCKaXKEeHHBII CUTHAI U paboTa-
IoLIX 6e3 OTCEeYKM TOKA aKTMBHBIX 9JIEMEHTOB (II0 OOIIENPUHSATON Tep-
MMHOJIOTHY, IIPUILIEfIIelt U3 3apyOeXKHOI TeXHIYeCKOo mTepaTypst 30-x
TOJIOB — «B peXUMe A»).

B BBIXOJHBIX KacKa/laX MCIIONb3YIOT M ABYXTAaKTHBIE CXEMBI, KaX0e
I/Ie40 KOTOPBIX paboTaeT ¢ oTceukoit Toka (pexumsl AB unu B). Takoe
IIOCTpOEHVie MOXKeT 06eCIIeYnTh OYTH HeVCKaKeHHOe YCUIeH e TIPY 3Ha-
YMTETbHO MEHBIMX, YEM B peXKMMe A, TOKaX IMOKOA. ITO 6BIBAET BHITOJHO
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B C/Iy4asXx, KOTZia MOTpebeHNe SHEPIUM BHIXOSHBIM KacKaf{OM COCTaB/IseT
3HAUYMTENBHYIO OO 0611ero noTpebmeHnsa yCTPOiCTBa OT MCTOYHMKA
HOUTaHNA. PaccMOTpeHMIO TaKMX CXeM IOCBAIeHa 0OMpHas TUTEPATYPa,
03TOMY OKOoH4YaHMe «Ilara» myynre oTaaTh BONpocaM peryimpoBaHus
ycuneHus.

4.4. DneKTpOHHaA perynnpoBKa ypoBHs

YnpasneHue KpyTusHon ycunurtensa

Be3 meneit aBroMaTH4uecKoi perynupoBku ycunenus (APY) TpynHo cebe
IIPEICTaBUTD PafiOIIPMEMHMK; HO 37IEKTPUYECKOE PETryIMpOBaHye YPOBHA
curHana tpebyercs U B psAfe Apyrux ycTpoicTB. Co3faHMe KacKaoB C
M3MEHAIOMMCA K09 NLMEHTOM Nepefjady — He TaKOJ IMPOCTO BOIIPOC,
KaK Ka)XkeTCsA: OTpaHN4YeHMs HaK/Ia/IbIBalOTCSA BO3MOXXHOCTDIO NOABICHNA
MICKa>KeHMI1 IIpM MaKCUMAaJ/IbHbIX YPOBHSX CUTHA/Ia Ha BXofie. A pe3y/bTa-
TOM IIOCTPOEHMSI PETYIMPYEMBIX LieTIeN «I10 AorafKe», 6e3 npegBapuTeb-
HOTO aHa/M3a — ABJIAIOTCA OOBIYHO MOC/TEAYIOLIVIE TIEPENeTKNA.

ITpu usmenennu HanpspoxeHna Uy, MeHAETCA TOK CTOKa TPaH3UCTOpa B
KacCKafie MaKCMMaJIbHOTO YCUM/IEHNA, a TaKXKe CBA3aHHAA C 9TUM TOKOM Kpy-
TU3HA XapaKTepuCTUKN. KOHEYHO, MOXXHO perympoBaTh He TONMbKO MOTEH-
I[MaJI 3aTBOPA, KaK Ha puc. 4.13, a, Ho ¥ noTeHuman ucroka (puc. 4.13, 6),B
MIOC/IEAHEM BapMaHTe JIETKO 0O0MTICH HANPSXKEHUSIMY OfHO ITO/IAPHOCTH.

JI'060nbITHO, YTO B YCUIUTENb-
HOM Kackaje Ha MOII-Tpansucrope
HanpsAXXeHMe, YMeHbIIawllee Kpy-
THU3HY, MOXKHO ITOfiaBaTh M Ha IOAJIOKKY
(puc. 4.14).

+

2N305A
- +Uynp } ~Uvne
~Uynp

a 6
Puc. 4.13. OmpuyamenesHoe cMeweHue Ha Puc. 4.14. [Moonoxka moxe
3ameope (a) unu nonoxumesnbHoOe Ha UCMOKe ynpasnaem MOIl-mpax3ucmopom!

(6) ymeHbwaem KpymusHy ycunumens
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PAAMOAIOBUTEAB: A nonazan, umo ee 6cez0a HA00 COEOUHAMb C UCMOKOM?
Ilo xkpaiineii mepe, 8 numepamype noKasaHo max.

Ha camoM pienie 3T0 — BTOpPOIt YIIpaB/IAIOLINIA STIEKTPO.

Haiigure B yue6HMKe IO TEOpUM TPaH3MCTOPOB YEPTEX CTPYKTYPHI
MOII npu6opa. OTBNEeKasICh Ha BpeMsA OT U30IMPOBAHHOTO 3aTBOPA, BhI
JIETKO 3aMETHUTe, YTO Iepes Bamu GaKTUYeCK! — TPaH3UCTOP C yNPaBJIAIO-
muM nepexofioM. Korga Mexay MCTOKOM M CTOKOM MMEETCs IIPOBOAAIINIA
KaHaJI, po/ib CBO€0OPa3HOTO 3aTBOpa UrpaeT MOMIOXKKA.

PAAVIOAIOBUTEAB: M Hackonvko apdexmusen maxoii «<3ameop»?

Bbl MOXXeTe BBIACHUTD 9KCIIEpUMEHTANbHO, KaKOJ BEMYMHBI IIOTEH-
I[Va/l TIOAJIOXKKY HOCTAaTO4YeH JJIA NMOTHOTO 3aKpbIBAaHMSA TPaH3UCTOPA...
O6b19HO 9TO Heckonbko Bo/bT. Ho BepHEMCA K CylIlecTBy fiena.

[nana3oH perynupoBaHua

CxeMBI C yripaB/IieHeM KPYTU3HOI XOTA ¥ PacIpOCTPaHeHbl, HO 06/a-
AAIOT KPYIIHBIM HEJIOCTaTKOM. VIMEHHO TOr/a, KOIjja yC/IOBME HEMCKaXKEH-
Ho#1 nepepauy (4.6) 0cO6€HHO aKTya/JIbHO — IIPM MaKCMMAa/IbHOM CUTHaJIe
Ha BXOJle — TOK TPaH3MCTOpa HaMMeHbIIMI! A 3TO OrpaHMYMBAET Uana-
30H perympoBaHys, YTO MOATBEPXKIAETCA HECTIOXKHBIM PaCYe€TOM.

OTnpaBHBIM NYHKTOM C/IeAyeT NPUHMUMATh HavyaJbHOE COCTOSHME
Kackafa (Korjja KpyTusHa Hanbosbllasn): CYMTAEM 3aJaHHBIM TOK Kackaja
I, n xpyTusny S,. Ilyctp u,_, — ypoBeHb CMTHajia Ha BXOJi€, IpU KOTO-
poM HaumHaeTcs perynmmpoBanue. Pasymeercs, cornacHo (4.6), 3aBefoMo
BBITIO/THEHO:

I,>i=S8,u

min®
Cucrema APY po/mkHa cTabuImM3upoBaTh BHIXOJHONM CUTHAJI, a 3HAYMT,
NOAAEPXKMUBATh aMIUIMTYAY ToKa i nocTogaHHoM. Ho u npu MakcumanbHOM

CMTHaJIe Ha BXOJe U, , KOT/Ia TOK yMeHbIuaercs fio I . , dyHaaMeHTambHOE
ycnosue (4.6) JODKHO cOOMIONAaThCA:

I,.,>i=8u

mine

IMony4aercs, 4TO AMUana3OH U3MEHEHM TOKA YCUIUTENA OrpaHUYEH
BEIMYMHOI:

k, = . (4.13)
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PAAMOAIOBUTEAD: IToxa umo HesAcHO: MHO20 3MO UAU Mano?

JlaBaiiTe pacCMOTPUM MPaKTUIECKUIL IIpUMeP.

«BapuaHT APY>»

HomycTum, 4TO Haya/MbHbINA TOK cToKa s 2[1303A (puc. 4.13, a npu
Uypp = 0) paBeH 1,5 MA, kpyTusHa cocrasnsieT 3 mA/B. IIpumeM Takxe,
4TO 3KBMBAJ/IEHTHOE COIIPOTUBIIEHNE Harpy3KM Kackasia — 20 kOm, 3HauuT,
ycunenue (B Makcumyme) 6yget: Ky, .., = 60.

ITyctp cuctema APY fomkHa nopmepXXuBaTh aMINIMTYAY CUTHajIa Ha
ypoBHe 0,6 B (3HaueHMe, TepecYNTaAHHOE K BBIXOAY MCC/IEAYyeMOTO HaMu
Kackafa). KakoB MMHMMa bHBI CUTHA Ha 3aTBOPeE, Y KOTOPOM HauM-
HaeT pa6oTars cucrema APY?

PAAMOAIOBUTEAD: Bepoammo, on cocmasum u,,, =600 mB/60 =10 mB.

Bepno. IIpu ganbHeiiiiem yBenm4eHuM BXOJHOTO HAIIPsOKEHMA JO/DKHO
B HY>XHOI1 Mepe yBenmnuuBarbcaA (1o abcomoTHoi Benmunue) u Uyp,, @
TOK KacKajja, ¥ ClIeflOM 3a HUM KPYTH3Ha — CHMKaTbhcAa. Ho ammmmryna
TIepeMEHHOJ1 COCTaBJIAIONIel BHIXOFHOTO TOKa BCeTAa OyleT COCTaB/IATS:
i =600 MB/20 xOm = 30 mxA.

PAAMOAIOBUTEAB: Ilouemy?

Tax Befib BHIXOHOI CUTHAJI IIO[IePXKIBAETCA HEM3MEHHBIM.

Tenepp yxe sCHO: KaKk TONMbKO KOHTYp APY CHU3NT NMOCTOAHHBIN TOK
KacKajja o BeIMYMHBI, 6/1m3Koit K 30 MKA, HauHYTCS VICKOKEHUA Tepe-
faBaeMbIX KonebaHuit. [InanasoH U3MEeHEHUA TOKa He JO/DKEeH MPeBBIIIaTh
k, <50,

PAAMIOAIOBUTEAD: 3Hauum, ouana3on pezynuposanus ucuepnancs. Tax
KAaKos e oH?

EcTecTBeHHO, YTO AMaNasoH PeryIMpOBaHUS — 3TO Kpy = U, /U,
(wnu S,/S,,,). Bel He 3a6BIIM, YTO [J1s1 IIO/IEBOTO TPAH3UCTOPA KBaApaT

KPYTU3HBI IPOIIOPLIMOHA/IEH TOKY?

PAAHMOAIOBUTEAD: ITomHio.
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3HauuT, A1a pasbupaemMoro mpuMepa AMANasoH
perynmupoBauus Kpgr = 1/k; =7, MunumanbHoe ycu-
nenne paBHo: K, = 8,5. CUTHa/IBI, IpeBbILIAIONNE
85 MB, 6ymyT y>Ke 3aMETHO MCKaXKaThCH.

PAAVIOAIOBUTEAD: A ecnu Kackad ¢ 6unonapHuim
mpausucmopom? Bedv mozoa
Kpymu3Ha nponopuuoHanvHa
MoxKy...

Puc. 4.15.
Moxem IIpoaenaTb aHa/JIOTUYHDbIE BBIYMCIIEHS /1A JKcnoHeHYuabHAA

Kackajia MaKCMMa/lbHOTO YCU/IEHUS ¢ GUIIONAPHBIM aa:;&‘;’;’;%’;;’;ﬁ:gew

TpaH3ucTopoM (puc. 4.15). PerynmupoBaHue TOKa B ycunerus 6 6onee
Tex xe TIpefienax (B 50 pas) BHI3OBET U3MEHEHNME Kpy-  WUPOKUX npedenax
TH3HbI 0T 60 1o 1,2 MA/B. KoadduumeHT nepefaum MoXKeT M3MEHATHCA
3HauMTeNbHO 6O7blile, YeM B IpeAbIAyILeM Cy4ae (3a cdeT BO3pacTaHUA
ero MakCy¥Ma/JIbHOTO 3HaUYeHMS).

PAAMOAIOBUTEAD: ITo-moemy, umenrno 6 50 pa3 oH u cmosxcem usme-
HAmMbCA?

Bb1 mpasbI.

CekpeT popMbl XapaKTEPUCTUKM

PAAMOAIOBUTEAD: Tak umo e 6vix00um: npedesnvt pezynuposarus 3a6u-
cAm om PopmvL Xapaxmepucmukyu aKkmusHozo dJe-
MeHma?

Kak Bugure.

PAAMOAIOBUTEAB: Kaxcemcs napadokcom, 4mo nosneeoti mpam3ucmop c
e20 KaK Ovl «No020ti» Xapaxmepucmuxoil — npueo-
OeH Ons pezyUpOBarHUs Xyxce.

A BuHoOIT sTOMy — napabonudeckas kpusas I(Uy,), CIUILIKOM KPyTO
M3rn6aIascsa Ipy MalbiX TOKaX. DKCIOHEHIManbHasA 3aBYICHMOCTD
I,(Ug,) 6unonsapHOro TpaH3uCTOpa B 3TOM CMBbICIe GnaronpusarHee. He
3ps OXO0XYI0 GOPMY CTapajicCh B CBOE BpeMs NPUAATh BOTbTaMIIEPHBIM
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XapaKTepUCTMKaM JIAMITOBbIX TIEHTO/OB, NpefiHa3HaYeHHbIX /I paboThI B
peXuMe ¢ MepeMeHHOM KPYTU3HOIA.

PAAUMOAIOBUTEAD: 3Ha10: UX euje nouemy-mo Ha3vi6anu neHmooamu ¢
«YONUHEHHO XAPAKMepUCMuKoil».

MHorokackapHoe perynuposaHue

HanpamuBaeTcsa uaes perymmpoBaTh HECKOTBKO MOC/IEf0OBATENbHBIX
KaCKaJ/iOB, €C/IM {UANa30H HEMCKAKEHHOTO PETYIMPOBAaHNA IS OFHOTO
HeJ0CTaTO4YeH: 001uit K03 IuIMeHT perymmpoBaHns, KaK OXKUAaercs,
HOTYYUTCS TTIepeMHOXKeHeM YacTHbIX. COOGCTBEHHO, [/I TPaKTOB pafyuo-
IIPUEMHVKOB 3TO — TPaJVIIOHHOE pellleHMe: BMECTO OfHOTO perynmupye-
MOTO KacKaJia MCIIO/Ib30BaTh HECKO/IBKO C MEHBIINM YCU/IEHUEM.

PAAMOAIOBUTEADB: Hackonvko agpdexmusen maxoii nymo, 6e0v Max-
cumanvHvie YPOBHU CUZHATIO8 He COeNaMmMCT KHe
MmeHvue?

CekpeT BBHIUTPHIIIA B TOM, YTO /i/IsA IEPBOTO Kackajja Mbl TeIlepb He Tpe-
6yeM HeM3MEHHOCTM CUTHAJIBHOTO TOKa i (Ha IIOMOILb IPUAYT MOCIERYI0-
IMe KacKajbl), a 3HAYMUT, €TO ITOCTOSHHBIN TOK P MaKCUMaJIbHOM BXOf-
HOM curHajie 60sblile, 4eM 6bU1 6bI B OfHOKACKaJHOM Pery/IsTope, Ha/lnIo
3amac. [[MHaMM4YeCKUit AMATIa30H YCUIUTENISA AEMCTBUTENBHO MOXeET OBITH
paciiupeH, HO...

PAAMOAIOBUTEADB: Umo «HO»?

Bo-1nepBbIX, perynupyembie KaCKafbl JO/DKHBI ObITh MEHTUYIHBI, YTOOBI
«CIIpaBeIMBO» PacIpenenaTh MeXy co60it GYHKIMU PeTyIMpPOBKIL.
Bo-BTOPBIX, [/ IOC/IEHETO KAaCKa/ja B LIEITOYKe JO/DKHO BBHIIIONMHATHCS
(4.13), rme u,,, 6yneT 3HauMTENBHO 6ONBILE, YEM JJIS OFHOKACKAJHOTO
YCUINTE/IA: Belb CUTHATI YCU/IEH TIPENIIeCTBYIOIIMMY KacKafaMu. JHAUNT,
AOMYyCTUMBIe 3Ha4eHUs k; ¥, COOTBETCTBEHHO, k. TOXKE YMEHBILIATCH.
PAAMOAIOBUTEAD: VIHbIMU CI08AMU, 3G CHem YCUTIEHUS 8 NEPBbIX KACKA-
0ax moscem nepezpy3sumucs NOCIEOHUN?

BoTt umeHHo. TpebyeTcs TiaTe/nbHasA NpoBepKa!
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«BapwmaHT PPY»

IIpnmeM Temnepb, YTO YpOBEHb BXOFHOTO CUTHa/Ia He MEHAETCH, a JJIeK-
TPUYECKOe perynmpoBaHye NPU3BaHO YCTaHAaBIMBATb TpebGyeMslit ypo-
BeHb BBIXOJIHOTO cUrHanma. CUTyalyus cTana ABHO JIerye: HallpyMep, ecnu
B Ha4a/IbHOM COCTOAHMM ycnoBue (4.6) BBIIIOTHEHO, TO OHO HUKOIZAA He
HapYLINUTCA 110 Mepe «3alMpaHus» YCUINTENA, CIU TONBbKO B HEM IpuMe-
HeH OMIIONAPHBIIt TPAH3NUCTOP.

YnpaBsneHue pacnpepeneHnem ToKoB

Puc. 4.16 nsobpakaeT cxeMy IIMPOKOIIOTIOCHOTO YCUTUTENIA C PETY/N-
pOBaHMeM YCHIEHNA Iy TeM NepepaclipeieNieHNsi CyMMapHOTO TOKa MEXAY
ABYM I/IedaMy KacKafa. CTenieHb nepepacrpe-
ReNeHNs MOXET MEHATBCA: OT COCTOSHMUA «BECh
TOK 4epe3 NpaBblil TPAaH3UCTOP» (MaKCUMalb-
HbIi1 K03 NLMEHT Nepefaun) K0 MPOTHBOIIO-

2TC613A +68
JIOXKHOTO COCTOSIHMSA (HY/IeBOe YCUTIEHUE); OIS +Uynp
3TOTO JOCTAaTOYHO PEryMMpPOBaTh MOTEHIMA
OfHOIt 13 6a3 B He6ONbLINX TIPefie/iaX OTHOCH- 2M9036
TeNbHO Apyroit (Ha cxeme Uy, MpUMEpPHO OT
+5,5 go + 6,5 B). }
O6HapyxuBaeTcs None3Hasi 0COGEHHOCTh 1

TaKO¥ KOHQUTypaLuu: CUTHa/IbHAS COCTaBIA- Puc. 4.16. Omcymcmeue
IOI}asA TOKA YCY/IMTEIbHOTO TPAH3UCTOPA pac-  UCKaxeHul ngu MaKCuMansHom
CueHarse obecnevyusaemca
TpefieIAeTCA MeXY ABYMA IIeYaMi B TaKOM MObKo 86160pOM MOKA
K€ OTHOLIEHMM, KaK ¥ €ro IMOCTOSTHHAA COCTAB-  ycwiumensHoz0 mpax3ucmopa

NAIoLIas.

PAAMOAIOBUTEAD: TTouemy?

IIpuunHa B CnepyoleM: COIPOTUBIEHNE KaXIOTO U3 TPAaH3UCTOPOB
TapbI /151 TOKa curHana 1/ S =1/(401, ) — o6paTHO IPOMOPLIIOHATIBHO €70
Ji07Ie CyMMapHOTO ITOCTOSIHHOTO TOKa!

OTo 3HAYMT: CaMO TOKOpacIpefie/ieHyie HUKOT/a He BHECET 06aBOYHBIX
MICKQ)XEHMI1 K TeM, KOTOpbI€e, BO3SMOXKHO, CO3[]a€T YCYIUTENbHBIN 97IEMEHT.

A B TO e BpeMs caM YCU/IMTENbHBIN 3/1eMeHT paboTaeT npu pukcupo-
BaHHOM pexxume. BrinonHenue ycnosus (4.6) pns Bcero pabodyero auana-
30Ha YpoBHej1 o6ecreunBaeT HEMCKKEHHYIO paboTy.

PAAMOAIOBUTEAB: A KaK08, cobcmeenHo, 6ydem smom ouanas3on?
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Cmotpure: mycTb TOK cToka 2I1903B cocraBiser B paboueit Touke
(Ugy = 0) 200 mA. IIpy aMIIMTY/ie CUTHAJIBHO COCTABIIAIOLIEN TOKA, PaB-
HOIA, HarrpuMep, 20 MA, BO3MOXXHBIMM MCKaXXEHUAMM HaBePHAKA MOXKHO
npeHe6pedn, He Tak u?

PAAMIQAIOBUTEAD: Coznacen.

A 310 coorBeTcTBYeT (npy kpyTusHe 100 mA/B) npenenbHOMY BXOJ-
HOMY CUTHANY Uy, . =20/100=0,2B.

PAAMOAIOBUTEABD: A eciu anemeHmamu moxkopa-

cnpedeneHus 83Amv He 6uno-

{ JIAPHbLE, 4 MOdXce nosesvle NPU-
6opot (puc. 4.17)?

o
+Uynp 311er Y>K€ BO3MOXXHbBI HOIIOTHUTEIbHDBIE MICKa-
JKEHUA, BOSHMKAIOIINE ITPpU OﬂpeJIeHeHHOﬁ CTEIICHU
Bxopn aCMMMETPpUN II/I€Y. Beﬂb Yy IONEBBIX TPAH3UCTO-

POB KpyYyTHU3Ha MEHAETCA 3HAYUTEC/IDHO MENJICHHEE

Puc. 4.17. HenpasuneHo:  toka...
uckaxeHus e yenu
mokopacnpedeneHus

PAAMOAIOBUTEADB: A KCmamu: yYCunumenvHoiii
Kackao Ha puc. 4.16, amo eedv
3a00HO U KackooHas cxema!

BepHo, HO He COBCEM — B YaCTH BBIXOJHOTO cOnpoTuBieHus. [Ipuuannoin
SBJIAETCA BIMAHUE SMUTTEPA COCETHEr0 OUIIONAPHOTO TPAH3UCTOPA, CO3-
JAIoLIero 3/{ech Kak 6bI HU3KOOMHBIN MCTOYHUK curHana. Ecimm Tpe6y-
€TCsI MaKCMMa/IbHO BBICOKOE BBIXOJIHOE COTIPOTUBJIEHME, He 000IITUCH 6e3
Ro6aBeHy ellle OFHOTO TPAH3UCTOPA B KOUIEKTOPHYIO LIETIb.

YnpaBnaembii aTTeHI0aTop

MoxeT 0ka3aTbcsl YEOOHBIM OCNAb/IATb CUIBHBIE CUTHAJIBI C IOMOLIBIO
IIACCUBHOTO fenmTessA. Eciiy Mbl BCHOMHMM, 9TO IOJIEBOI TPaH3UCTOP (IIpu
MasIbIX Hanpspkeanax U,,) ABNAETCA yIpaBIsAieMbIM aKTUBHBIM COIIPOTUB-
JIeHUEM, TO Tellepb ACHa BO3MOXXHOCTb IIPOCTOTO M3MeHeHNs K03 uum-
eHTa Nepefadn.

ComnpoTuBneHye KaHajaa MaKCMMaJIbHO OTKPBITOTO IO/IEBOTO TPaH3M-
CTOpa NPUBOJMTCA B €T0 JOKYMEHTaluu; Hanpumep, ans MOII npu6opa
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2I1304A (an U, = -20 B), *En

Bxoa Buixo, Bxop, Bbixop,
TaKXe, Kak ¥ [y nmpubopa c A R
YOpaBAAIIMM IepexofoM 2M304A —I R 2r13025 Uyre
2I1302B (npu U, = 0), saHo: —Uyne
Ryome < 100 Om. B 3axpbiTOM a 6
COCTOAAHUM CONPOTUBJIEHNE Puc. 4.18. [ocnedoeamenbHeili ammeHioamop
6Y'ueM CYUTATDh 6eCKOHe‘I - C NOJ1e8bIM MPAH3UCMOPOM MOXem ocnabnames

CU2HAN hoYmu 00 HyNA (a); HO MONbKO NApasniesnbHoil

HBIM. 8apuUAHM He uckaxaem 6onewiue cuzHans! (6)

PAAI/IOAIOBI/ITEAI)' Tozoa 8vixo0um, umo ko3gdduyuerm nepedaqu oenu-
mens Ha puc. 4.18, a MOWKHO UMEHAMb OM MAKCU-
ManvHozo 3HaueHus (docmamouro 67AU3K020 K eOu-
Huye) 0o Hyna?

Her, aTo He Tak.

PAANOAIOBUTEAD: [Touemy xe? A kcmamu, & 4mo-mo He HAX0XY HA
AMUX CXeEMAX UCMOYHUKA NUMAHUA...

B arTeHI0aTOpe MO/IEBOI TPAH3UCTOP paboTaeT, KOHEYHO, 6€3 BCIKOro
«IIATaHVS»: He B YCUIUTENIBHOM PeXyMe, a Ha KPYTOM y4acTKe BBIXOHBIX
XapaKTepUCTHK, U lepeMeHHOM HanpspkeHnu U,

Ho ycnoBue Ttakoit pa6orsr (1.3):
Uy |>|Usgyy=Upop|l — 06s3aTenpuo Hapy-
IINTCS TIPY YBeTWYEHUM YPOBHS CUTHAIA Ha
BXOfie (KOIia BO3pacTaeT JleBas YacTb Hepa-
BEHCTBA, a MpaBasA NPUOIMIKAETCA K HYIIIO).
W no mepe 3anupaHus TpaH3UCTOpa yIpaB-
NAIOMMM HallpsDHKeHMeM — TOo4YKa Itepern6a
kpuBoit I.(U.,) HEYKIOHHO ABMXETCA K

Havajy KoOopAuHaT, IpeBpamas «yrnpaBjisie- Puc. 4.19. o mepe 3anuparus

MO€ COIIPpOTUBJ/IEHUE» B HEe/IMHENHBIN 3J1e- noJsieso020 mpaH3ucmopa e
MeHT (puc. 4.19) ammeHioamope — HeUHelHOCMb
e 86n1u3u Hyna ycunueaemcs

Uani

PAAMIOAIOBUTEAD: 3Hauum, ce 0e110 8 803MONCHOCMU 803HUKHOBEHUS
uckaxceHuii?

He Tonbko. PasHononsapHoe HanpskeHue CTOK-MCTOK OINACHO elle U
BO3MO>XHOCTBIO OTKPbIBaHA IIEPEXOf 0B I0/IEBOTO Npnbopa, KOraa aMIlIy-
Tyga npesbimaer 0,4—0,5 B. [lna MOII-TpaH3sucTopa 3TO ABIeHME MOXKHO,
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BIIpOYEM, IIPEOTBPATUTD NOAAYENi Ha MOAMTOXKKY IOCTOAHHOTO IOTEH-
I[Mana, HafleXkKHO 3amupalomlero nepexogst. Bemnununa E;, (puc. 4.18, a)
RO/DKHA GBITH He MEHbIIIe IIPefie/TbHOM aMIUIUTYABI Ugy.

PAAHOAIOBUTEAB: Cxema puc. 4.18, 6 mne xaxemcs xysxe: Koadduyu-
enma nepedayu, menvuiezo, uem R, /(R+Rg,,. )
6 00HO36EHHOM ammeH0amope He NoLYy4umo...

Jla, HO 3aTO peryIMpYIOLIMit 3/IEMEHT HAXOAUTCA B 3HAYUTENbHO 6onee
6naronpuaTHOM pexxume. [l MOAAep>KaHNA NOCTOAHCTBA YPOBHSA BBIXOJ-
HOTO CUTHAJIa IIPY YBEIMYEHMN Uy, TIOTIEBOI TPAH3UCTOP AO/DKEH, pasyMe-
€TCs, OTKPBIBaThCA. 3aTO TPaH3UCTOP, BKIIOYEHHBII NTapasI/IeIbHO BBIXOAY,
paboTaeT 3mech Npy MOCTOAHHOM (M Ma/loM) 3Ha4YeHUN HaNpsIKEHUS
MeX/[y CTOKOM ¥ MCTOKOM.

PAAVIOAIOBUTEAB: A KaK Jce HENUHEHOCMb Xapaxmepucmuxy 86nusu
3anuparust (Npu MUHUMATLHBIX BX00HBIX CUZHANAX)?

OHa He omacHa: TPaH3UCTOP IIOYTH He BIUAET Ha NepefaTOYHbIE CBOIA-
CTBa JEMUTENA, KOIHa Uy, / Upy ~1. Ho, KOHEUHO, JOMKHO 6BITH 06e-
CIIeYeHO: Ugy, <0,4...0,5B, ectu TONBKO He MPUHATHI MEPHI, ONIMCAHHbIE
BhIIIIE.

IIpu aHanM3e pe3nCTUBHOrO AENUTENA CIEAYeT Y4eCTh Iapa3uTHbIe
€MKOCTH CXEMBI, U, ITTABHOE, MEXY3/IEKTPOAHbIE eMKOCTH I0/IEBOTO IIPK-
6opa. He cunTars ke CIOPIIpU30M YTEUKY Yepe3 «IIOJTHOCTBIO 3aKPbIThIi»
TPaH3UCTOp (Ha BBICOKMX YaCTOTaX); COOTBETCTBYIOLIE MPOCTeLINe
37IEKTPOTEXHUYECKME PacyeThl NPOBOJATCSA C CAMOTO Havasa.

B 3akmoyeHMe OTMETUM, YTO PETYAMPOBaHME YCHIEHUA B KaKOH-TO
Mepe CXOJHO C 3ajjadeil IepeMHOXKEHNA CUTHAIOB (II0/IE3HOTO M yIIpaB-
nsomero). B oqnoM u3 nocnenyromux «Illaros», mpu paccMoTpenun nepe-
MHOXXUTeJIEN, BbI BCTPETHUTE, TIO CYILIECTBY, y>Ke 3HaKOMble KOHQUTYpaIuu.
Tem nerde 6yzieT paccMaTpuBaTh 9TH peleHUS IO HOBBIM YI/IOM 3pEHMS.

B srom «Illare» BOIpOCHI CXEMOTEXHMKM Mbl NOFYMHANM KPUTEPUIO
MMHMMYyMa MCKa)XXEeHUJ BOCIIPOU3BOAVIMOTO CUTHA/A, CTAPasACh NMPeROT-
BPaTUTb 3aXOXK/J€HME TPAH3UCTOPOB B PEKMMBI OTCEYKM Y HACHIILEHNA.
BynmeT BecbMa MOYyYMTeNIbHBIM IEPENTH K aHATMU3Y CXeM, J/I KOTOPBIX
Ha3BaHHbIE PEXXMMBI, HAIIPOTUB, AB/IAIOTCA OCHOBHBIMMU.
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4.5. Bonpocbl 3 NpakTukn

PAAHOAIOBUTEAD: B kHUNCKe & HAuen cXxemy 1amMn08020-nonynposooHuU-
K068020 ycunumens Huskoti wacmomet. IIpu pabome
Ha HaywHuKu conpomueneruem 15 Om koadduyu-
enm HenuHetinvix uckaxceruti meree 0,2% npu 6vixo00-
Hoti mouwgHocmu Py, = 0,025 Bm (cxema 8v1x00H020
Kacxada Ha puc. 4.20). Becoma 3amanuuso...

3asAB/lIeHHbIE ITapaMeTpbl COMHMTeNbHBI. [Ipn *258

Py = 0,025 Bm aMminTyfa ToKa B HarpysKe cocTa- T
BUT: +88

390

KT6026
500mk

iy = | P =,/—2'0’025 =57 MA.
R, 15
He6onpmas monsa Toka curHana 6ypmer oTBer- Puc. 4.20. Kak

BIIATBCA U B BMUTTEPHBIN PEIUCTOP COIPOTHUBIIE-  obecneyums 25 MBm
HueM 300 Om. A 3HAYMT, A/ HEMCKAXKEHHOJ OTHAYU Mouyriocmu?
YKa3aHHOJ MOIIJHOCTY TOK ITOKOSl SMMUTTepa IO/DKEH COCTAB/IATD, ITO Kpaii-
Heit Mepe, 60 MA.

daxTiryecKuii ke TOK IIOBTOPUTEIA: I =U,/Ry;=7,3B/3000m =24 mMA.
Jlns obecniedyenns o6bABNIEHHBIX TApaMeTPOB Kackafia CONPOTUBIIEHNE
3MUTTEPHOTO Pe3CTOpa Hafio ObI YMEHBIUNTD 6oNee YeM BABOE!

PAAMOAIOBUTEAD: B numepamype mme ecmpemunoce pezynuposarue
KoagpPuyuenma nepedauu ¢ NOMOULbI0 AMMEHIOA-
mopa no puc. 4.21. Tonvko s 4mMo-mo He Mozy NOHAMY
npuxyuna ezo pabomeot...

EC/u 5 CKaXXy, YTO 3[ieCh M3MEHAETCS compo- oA~ —Buon

TYUBJIEHUE TPAaH3MCTOPAa — BBl IOBEpUTE? Re
+Uyne
PAAMOAIOBUTEAD: YecmHo ckazamv, mHe 3mo
Kaxucemcs Henenocmnuio. Puc. 4.21. AmmeHloamop —_
unu Hedopasymerue?

Tem He MeHee, 1O CMBICTIA TYT BCe e eCTb. Bo-nepBbIX, BaM ACHO, YTO

AKTUBHBIN PEXNUM 3/1€Ch CK/TIOYEH?
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PAAMOAIOBUTEAD: Pasymeemcss, nocmosHHbLll MoK He MOJem e meub
uepe3 eMKOCMb.

3Ha4YMT, eC/IM TOIBKO TPAH3NCTOP HE 3aKPBIT, TO OH paboTaeT C U3Me-
HAIOLIMMCS HaIpaBJIeHNeM TOKa KO/IEKTOpa, 06ecIednBalomyM 1epesa-
PAR pasfeNnTeIbHOM eMKOCTHL.

Wtak, monoxxurenbHas MOJYBOJTHA HAIPsDKEHMA: Ha KOJIEKTOpe
«IUIIOC», TOK BTE€KaeT B KOJUIEKTOP. Pe>XXM TpaH3MCTOpa — HaCHIIEHHBIIT;
COIIPOTUBIIEHNE — Ty,

PAAMOAIOBUTEADB: Umo amo ewse maxoe?

IMoka npoenem: 06 aToM GyzeT peus B crnenytomeM «Illare».

OTpuuaTesibHas MOMTYBO/THA HANIPSDKEHNA: Ha KOJUIEKTOPE «MUHYC», TOK
BBITEKAeT U3 KO/IEKTOPa. PeXXnM TpaH3UCTOpa — MHBEPCHBIIL: IIepe3apsy
€MKOCTY [IPOMCXOANT Yepe3 «<IMUTTEPHBIIT IIOBTOPUTENDb, TTie PO/Ib SMMUT-
Tepa BBINIONHAET KOMIeKTop (1 Hao6opoT). Conporusnenue — Ry /hy,,
(uMeeTcs B BUAY BenmndumHa Koo duIiMeHTa epesayy Toka B MHBEPCHOM
BK/IIOYEHNM, JIS1 [VITAHAPHBIX TPAH3UCTOPOB BECbMa Masiast).

PAAMOAIOBUTEADB: Huuezo ne nousn. ¥ umo e 8 pesynomame?

Bxon Buson Kopoue, xapakTepucTuKa perynmpyouero
R L 6unonsgpHoro npubopa 3fech HUKaK He MOXET

*Ure  OBITH TMHETHON; pa3Be YTO NPU OYEHb MaJIbIX

Usyxo KOTTa CBOVICTBA OJOOHOI CXeMBbI He OT/IN-

YaloTCA OT CBOJCTB JIOBOJIBHO PacIpOCTPaHEH-

Puc. 4.22. B uodrom HOTO IVIOHOTO aTTeHI0aTtopa (puc. 4.22).
ammeHioamope -
mok ynpaensem V1306parkeHHDII1 3[€Ch JeNTNTENTb HAIIPSXKEHNS
OughpeperyuansHoim He OyfileT BHOCUTb MCKaXX€HMI, KOI7ja IIOCTOSAH-
conpomussneHuem 0uooa

HBIi1 TOK, yIpaBasaomuii auddepeHnranbHbIM
CONPOTMBJIEHNEM JMOJA 7z, B HECKONbKO pa3 60Mbllle aMIIUTY b TOKA
CUTHAJIa, PaBHOM Uy, /7, YIO6HO, YTO 3T ABa TOKA MPAKTUYECKN MPO-
HOPIIIOHAIbHBI (€C/IM HATIpsKeHMe Ha BBIXOJie TOAAEPXKMUBAETCS IIOCTO-
AHHBIM).

PAAVIOAIOBUTEAD: [Touemy oHU nponopyuoHanvtol, U yem smo yoo6Ho?

IMogymaiite camu. IIpu paccyXieHuAX NpUMHUMANTE MOJENb IMONA B
BYIJle TPAH3MCTOpA C COENMHEHHBIMM BMeCTe KO//IEKTOPOM 1 6a30i1.
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PAAVIOAIOBUTEAD: Moti Opyz-paduontiobument ixanyemcs, 4mo cxema
Hapnunemona (puc. 4.23), komopyw ox npumeHun 6
BY mpaxme, 0aem 6onvuiue uckaxcenust. B uem deno?

+E

Bam npusTens He yuen, yto VT1 paboTaet npu 3Ha4u- a1
TE/IbHOM PEaKTMBHOM TOKe 3MMTTepa. [l aMmmuTymer
BBICOKOYACTOTHOTO TOKA B 3TOJ L{ENM CIIPaBEIUBO:

iy =5, =iy, /|
e |, 5|, — Momymb xoapurmenTa nepenaum Toka 6asbI HA [, L oo o

pa60qeu YacToTe. mym UCmOuHUK
Crna6oe mecto koHPurypauun — pexxum VT1. Ero Tok — Uckaxenud?
IIOKOSI paB€H:

I, =I5 =1, /h2132.

Tenepb sACHO: BBIMOMHEHME YCIOBMA HEMCKaXXeHHOM nepefaun I, > i,

Ih213|2min
K2 (h2132 max
BapI/IaHTOM J19)0: 1 VT2 6YI[CT HPM6OP C BBICOKMM CTAaTUYECKUM 3HAYCHMEM
KOS(b(i)MI.H/IeHTa nepepaivi, HO 6bICTp0 CHIDKAIOIMMCSA C pOCTOM YaCTOTHI.
Bonpioit aAaMIUVTUTYADBI CUTHAJIa C BbIXO/ia CHATD HE yA€TCA.

rapaH'mpOBaHo IUIb B Cly4ae, eclm: i, <1 . Hamxypmum

PAAMOAIOBUTEAD: Kaxk xe 6vimv? +E

’

IIpenycMOTpeTh B cxeMe COCTaBHOTO TPaH3UCTOpa

pesucrop R, 3aparommit B smutTep V11 nob6aBoYHbI Vil
TOK (puc. 4.24). Boi6paB BenmuduuHy MOC/IENHETO He
MeHee 4eM I, / |h213| .y MOXHO 00ecniednts paboty
CXeMbI B HY)KHOM [jMafa3oHe 4acToT, He XYALIYIO, YeM Re
Ha HU3KUX 9acTOTaX. ~E
Puc. 4.24.
P .y d d bannacmreili mok
AAVIOAIOBUTEAD: Y MeHA 603HUKNA udes Ons pacuiupun

ANIEKMPOHHO20 Pe2YyAAMOPa: C HacmomHbili OuanasoH
Uenblo IUHeapu3ayUU 3a6UCUMO- cxemel

CMU YCUNIEHUST OM BENUYUHBL HANPSHCEHUS — BKIII0-
YUMo 00UHAKOBblE PE3UCIOPYL 8 YenU IMUMmepos
(puc. 4.25). Tenepw ces3v mencdy Uy, u doneti 06ujezo
moxka, omeemeénawwetica 6 V12, cmanem npamo
NpoNoPUUOHANLHOII.
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Puc. 4.25. JlunelHoili

3aKOH ynpaeneHus
mokopacnpedeneruem?

YBBI, Ballla cxeMa 6yfieT IepepacipeeaATb TOMbKO
MOCTOSAHHYIO COCTaB/IAIoNLyIo ToKa VT1, Ho He mepe-
MEHHYIO.

PAAMOAIOBUTEAD: Tlouemy amo?

IunddepennnanbHbie CONPOTUBIEHUA ABYX
SMUTTEPHBIX IieTet Bbl CAEMaIN NPaKTUIeCK OfM-
HaKOBBIMM ¥ PaBHbIMM R, 3HauuT, CUTHaNbHBIN
TOK B TOYKE pa3BeTB/IeHNA, He3aBUCUMO OT Uy,
AeUTCA Tenepb MOpoBHY. HuKakoit perymmpoBky He
6yzeT, IOKa OfMH U3 TPAaH3NCTOPOB He NPUOM3NTCA
HACTO/IBKO K 3alMpaHMIo, YTO 1/S craHeT cousme-
puMo Cc R,

PAAVIOAIOBUTEAD: 3Hauum, Huv4ezo He 8vitioem...

Hy, mouyemy xe? ITomymaiire, kak fopaboTarh Uel0, IPMMEHUB KOHEH-

CaTOpBL.



WAT 5

nosaynPoBOAHUKOBDIE KJTIOYU

Om aHanoz08bix cxem nepexodum K KiiodesoiM. Yumamerns
y3Haem, Ymo makoe K/tod HanpAXeHUA U K/IloY moKa. BaxkHeim
80Npocom ssgemcs (hopmuposaHue ynpasnsiouux cuzHanos,
U OHO demaneHO paccmompeHo. He obxodumcsa eéHuUMaHuem
mema mak Hasbl8aeMbiX aHano0208bix Kovel. PazwvacHaemcs,
Ymo makoe UMnysbCHole cxembl. TpaduYuoHHO pazobpaHsl
owubKu, ecmpeyaiowjuecs 8 npakmuyeckoi paéome.

Ana npogpeccuonanos 0aHa nodpobHas mMemoouKka pacye-
mos moyHocmu u 6bicmpoodelicmaus K/loYesbix 3/1eMeHMo8
(c MHO204UCIEHHBIMU NPUMEPAMU), ONUPAIOWAACA MOJLKO HA
0aHHble, npusedeHHble 8 MeXHUYECKUX YC/I08USIX.

5.1. Knioy HanpsxeHuA

Cxembl aBTOMaTUKN N KoMMyTayuun

OT cxeM, KOTOPBIMY MBI 3aHMMAJIVCD IO CUX IIOP, ¥ KOTOpbIe IPUHATO
Ha3bIBaThb aHA/IOTOBBIMHU, KapAVHAIbHO OT/IMYAIOTCA CXEMbI ABTOMAaTUKU
M KOMMYTAaIM¥, BEHTU/IU JIOTMYECKUX 37IEMEHTOB U T. Il. TpaH3UCTOPHI
K/II0YEBBIX CXEM MOTYT HaXOAUTHCSA TONbKO B OGHOM M3 ABYX BO3MOXXHBIX
COCTOSTHUIL.

Vimy He 0653aTe/IbHO SABIAIOTCA PEXUMBI OTCEYKM U HACBHILLIEHNS, XOTS
3T0 — Hepeakuii crydait. OTKpBITBIN K/II0YEBOM TPAaH3UCTOP MOXET HaxXo-
IDUTbCA ¥ B aKTUBHOM PeXMMe; BCTPeYaloTcs Jaxe 6ojee 3K30TUYECKIE
BapyaHTbl. Mbl HaUHEM C 3/IEMEHTApHBIX 3/IEMEHTOB KOMMY TallNIL.

Knioun HanpsxxeHuA

Bunonsipusii Tpassuctop (puc. 5.1, a) B «OTKPbITOM» COCTOSHUM HOJI-
KeH 3aMbIKaTh KOMMYTUPYEMYIO LieTb (MOAK/II0YaEMYI0 K er0 KOTIEKTOPY)
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|
— +E
Ynp. { } Ynp.
pm—
|

a 6

Puc. 5.1. Kmiou

Ha Hy/neByio muHy. Puc. 5.1, 6 uso6paxxaer K4 ¢
KOMMYTal[yell Ha IIMHY NuTaHuA +E.

B mo6oM craydae K04 JO/DKEH MMETb BO3-
MOXXHO HU3KOE€ CONPOTHUBJIEHME B COCTOSHUMU
«KJTI09 3aMKHYT» [/Is1 KOMMYTUPYEMOTO TOKa —
STOT TOK OIpefie/IAeTCA TOrAA MUIIb CBOMICTBaMU

HanpsaxeHusa 3amolikaem <
KOMMymupyemyio yeno BKIIoyaeMoit nenu. Tak, ans puc. 5.2 Tok yepes
Ha Gemnio» (a); HAWUHY  GTKPRITHI KITIOY paBeH:
numatus (6)
+E I~E / RH s
R
IR R i a IOTeHIIMAa/Ibl KOJJIEKTOPa ¥ SMUTTepa IpaKTude-
'CKM paBHBI MeXAY c06071 (peXXuM HacBIIEeHN).
Ynp.

3akpbIBalOIINIiCA KI04eBOJ TPaAaH3UCTOP Ipe-
PBET KOMMYTHPYEMYIO Lienb. TOK yTeuku depes
3aKpPBITHIiI K/II0Y JO/DKEH OBITh, KOHEYHO, 110 BO3-
MO>XHOCTY MaJIbIM.

Puc. 5.2. Tok uepe3
OmKpbImoll K104
onpedenaemcsa Mosbko
8HewHeli Hazpy3kou

PAAVIOAIOBUTEAD: A 6Ce Jite MPAH3UCMOPHDBLIL KN4 — COBCEM He MO,

4mo 00bIuHbBLTL MeXAHUHECKUTI KOHMAKM.

Koneuno. Kno4 Ha 6MIIONSIPHOM TpaH3UCTOPE, Oy Y4 OTKPBITBHIM,
HOITyCKaeT TOK JIMILIb OJHOTO OINpEMe/IEHHOTO HAaIIPaB/IeH !, a B 3aKPbITOM
COCTOSIHUU — HANpsDKeHMEe B KOMMYTUPYeMOIt LjelM TONbKO OIpefereH-
HOJ TIO/IAPHOCTM.

PAAHMOAIOBUTEAD: 9mM0 mouHo?

MBbICTIEHHO IIPUIOXKNTE K KOJITIEKTOPY 3aKpBhITOTO TPaH3MCTOpa puc. 5.2
BMECTO ITOJIOXKUTEIBHOTO — OTPpUIaTe/IbHbII OTEHLIMAIT: HEMEMTIEHHO TI0Te-
YeT TOK Yepe3 OTKPBIBLIMIICA ITepeXofi KolieKTop-6asa. TpebyeMbIM Hanpas-
JIeHVeM TOKa Yepe3 OTKPBITHIN K/II0Y ONpefeNnseTcs Kak pa3 Bei6op Tuma
HO/TYTIPOBOHMKOBOM CTPYKTYPHI TPaH3MUCTOpa (BepHUTECH K puc. 5.1).

VnpaBneH ne Knr4yom HanpaxeHna

Hacmmenme KJIIYE€BOIr0 TpaH3UCTOpaA JOCTUTAETCA no;uaqeﬁ B 6a3y
OTKPBIBAIOIIIETO TOKA:

Iy > 1/hy,, (5.1)
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rae I — TOK B KOMMYTUPYEMOI LIEeIIN, TO €CTh TOK KO/I/IEKTOPa OTKPHITOrO
Kimo4a. YcroBue (5.1) Ha3bIBaIOT yCTOBMEM HachImeHuA. UTo6BI 3aBeOMO
obecrneynTh HaChILEHME TPAH3UCTOPA, MBI BO3bMEM 37jeCh, KOHEYHO,
MMHMMaIbHO TapaHTUPOBAHHOE 3HaYeHMe CTATUIECKOTOo IapaMmeTpa h,
(yuTs, K TOMY Xe, AMana3oH pabounx Temmepatyp). [la eie 1 gaguM HeKO-
TOPBIN 3amac.

3akpbpIBaHMe KII0Ya — 3TO Iofada Ha 6asy Ut |
TPaH3MCTOpa 3aNypaoLero NoTeHIuana; Hanps- Rs !
xeHnue Uy, JOIDKHO OBITH B IONAPHOCTH, NPO- —I_
TUBOIIOIOXKHOI 0O0BI4HOI. JIoCTaTOYHO XOTA ObI Uy~
HECKOJIBKMX JIECATBHIX [JO/Ieil BO/IbTA, YTOOBI TpaH-  Puc. 5.3.[lonoxumensHoe
sucTop 6bt HajexxHo 3akpbiT. Tok Komwrexropa YZOE TR e PRt
JMeeT IIpY 9TOM MMHMMA/IbHO BO3MOXXHOE 3HAa4e- Mok, ompuyamensHoe —

HJe, paBHOE TOKY yTeuky nepexopa I, 5. 3anupaem mpaksucmop

Ecnu BepxHMIt (IION0XXUTENbHBINA) YPOBEHD YIIPAB/IAIOIIETO HANpsKe-
HusA (puc. 5.3) TaKOB, YTO BHITIOJTHAETCSA HEPABEHCTBO:

IB = (U; _UBSMac)/RB > I/(h213 )mim (5'2)

TO 00ecIIeYeHo HaCbIIICHUE KJII04a.

PAAMOAIOBUTEAD: Ymo maxkoe Uy, ?

9T0 BemMYMHA BXOFHOTO HAIIPsDKEHNA B pexknMe Hacbienns. Koneuno,
MOXXHO NpUHATH, 4TO 3TO0 0,7 B, Kak u panee, Ho, B npuHIuIe, BeNM4nHa
U 9yqc BUCKPETHBIX TPaH3MICTOPOB, ITpeHa3HAYEHHBIX [I/I MCIIO/Ib30BaHNA B
K/II0YEBBIX CX€MaX, OTAENbHO FapaHTUPYeTCA TEXHUYECKIIMM YCTIOBUAMIL.

PAAVIOAIOBUTEAD: S pAcKpPbLl CNPABOUHUK HAY2a0 U Y8Udesn, K npumepy:
Uy, He 6onee 1,2 B npu I, = 500 MA, I; = 50 MA.

Ila, 9TOT mapaMeTp KOHTPO/MPYeTCs Ipy 3afaHHOM Toke 6a3bl. Ho mna
MeHbIINX I; yka3aHHasA rpaHuIia TeM 6oree ClipaBeInBa.

Ecnu HykHMIT (OTpUIIATe/TbHbI) YPOBEHD YIIPaB/IAOLIEro HalpsKeHN
TAaKOB, YTO BBIIIOTHAETCA: \

Up, =Uy = (IKBO + ISBO)RB <0, (5.3)
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TO 0becIieyeHo 3aKpbiBaHMe Koda. [IpefenbHbIe BEIMYMHBI TOKOB yTEYKN
KOJ/UIEKTOPHOTO ¥ 3MUTTEPHOTO mepexonoB (I z, u I,5) 6epyT ¢ yueTom
AManasoHa pabouux TeMIiepaTyp.

KpeMHueBbie 1 repmaHuneBbie TPaH3NCTOPbI

CHiKeHMe BXOZHOTO HalpsDKeHMs TpaH3ucropa Bcero Ha 0,1 B BbI3bl-
BaeT 6o/ee 4YeM MATUAECATUKPATHOE YMEHbIlIeH)e KOJUIEKTOPHOTO TOKa.
Homyctum, ina KkpemHueBoro tpansucropa npu Uy, =0,7B: I, =10MmA.
HeTpynHo mpukuHyThb: HampsDKeHue 6asa-aMuTTep, paBHoe yxe 0,4 B,
COOTBETCTBYET TOKY KojIeKTOpa MeHblie 0,1 MxA.

PAAMOAIOBUTEAD: Smo 3Hauum, knoy npaxmuuvecku
3axpuim, 3anupatousee Hanpsice-

273366
HUe He HYHHO?

10«
Bonbuie Toro: Jaxe IIpu TeMuneparype Kpucraniiaa

+125 °C, Korja BXOAHOE HalPsDKEHIE, COOTBETCTBYIO- o 4, Kpemruessil

mee JaHHOMY TOKY, CHMKaeTcs mo 0,5 B, Bce xe ycio- mpar3sucmop
Bue Uy, < 0,2 B HeCOMHEHHO TrapaHTHUpYeT 3allpaHue. ”"f:;;’:l‘z zzzli’f’gg_?’;f’“
VTax, HanpsbkeHye 06paTHON MOMAPHOCTY OKa3a/l0Ch C sMummepom

IJISL 3TOTO BOBCe He 00s13aTe/IbHBIM (puC. 5.4).

PAAMIOAIOBUTEAD: Boobuje-mo cmpanto. Benuuuna o6pammozo moxa xon-
JIEKMOPHO20 Nepexo0q, ecnu 6epumv cnpasouHuKam,
pasta 06vturo 1—10 mxA. B coomeemcmeuu ¢ skcno-
HeHyuanvHou xapakmepucmuxots, yxe npu Uy, = 0,2 B
OHA 00THA 803PACMIU 6 OECAMKYU MBICAY PA3...

Bcriomunte, utro Mol yxe roopunu B «Illare 1»: mapamerp Iz, yno-
MMHAEMBbIl B TEXHUYECKON JOKYMEHTALIMH, BOBCE He ABNAECTCA JIIA KpeM-
HYEBBIX TPaH3MCTOPOB COOCTBEHHO TEIIOBBIM TOKOM IIEPEXOfia, a CBA3aH
C IIOBEpPXHOCTHOM yTe4YKOJ Ha KpucTaise. [leiicTBUTe/IbHAsA BeIMYMHA
o6paTHOro TOKa nepexofa Ha MHOTO IIOPARKOB MEHbIIIE.

PAAVIOAIOBUTEAD: A 0715 2epMaHUEBbIX MPAHIUCMOPOB?

[N HUX HUKAKOTO NPOTMBOpEYNs He MOonydaeTcs. 3fech rapaHTUPO-
BaHHble MaKCYMaJIbHbl€ BETMYMHBI I,z OTHOCATCA MMEHHO K TEIIOBOMY
TOKY Ilepexofia, ¥ Hafile)KHOe 3aKpbIBaHMe K/I04a TpebyeT HenpeMeHHO
HIOfia4yM 3aIMpalolLlero MoTeHIMana Ha 6asy.
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MNpeo6pasoBaHune ypoBHemn

KackagHbIM coeyHeHMEeM KIIIOUEBBIX TPAaH3UCTOPOB PEUIAlOT OOBIYHO
JBe 3afjaum:
+ BO-TIEPBBIX, IEPEXOf, OT CTAGOTOYHBIX CXeM K KOMMYyTaIyuu 60/b-
ILVX TOKOB;
* BO-BTOPBIX, (41, BO3MOXXHO, BMeCTe C TeM) Ipeo6pa3oBaHye ypOBHei!
YIIpaB/IAIOIEro CUTHAA.
B nmio60M crydae mpu pacyeTe CIOXKHBIX KIIOYeBBIX KOH(pUrypanmit
co6/moAaloT MpaBuIa:
¢ mpaBWIO 1 — C/IeflyeT YeTKO OIpefeNnTb, KaKue U3 TPaH3MCTOPOB
JO/DKHBI B OTKPBITOM COCTOSIHUM OBITb HaCBILIEHHBIMM, 2 KaKue —
OKa3aTbCs B aKTUBHOM PeXMMe;
¢ DpaBMIO 2 — 151 IEPBbIX C/IEAYET NPOBEPATD BHIIIOTTHEHNE YCTIOBUSA
HACBILEHNS;
¢ NPaBWIO 3 — J/IA 3aKPHITOTO COCTOSIHMSA TPAH3MCTOPOB IPOBEPATD
YC/IOBME 3aKPHIBaHMA. '
Yka3aHHbIe IPOBEPKYU NPOBOASAT IMOOYEPERHO ANA KaKAOTO U3 ABYX
COCTOSIHMI CXEMBI: «OTKPBITO-3aKPbITO». A HECTIOXKHYIO METOLVIKY IIOCTPO-
€HMUs COOTBETCTBYIOIMX KOH(pUrypaumit Mot

pasbepeMm Ha psifie IPUMEPOB. +E

C puc. 5.3 cpaBHuTE cxeMy Ha puc. 5.5. R2 |
BepxHuii ypoBeHb ynpaBAAOLIEero Hamnps- vT1 —
JKeHus BbI3bIBaeT oTKpbiBaHue VTI, a —I_ — VT2

3HAa4YUT, — 3aKpbiBaHMe knioya VT2. Ilpu

3aKpbIBaHUM VTI1, Ha060p0T, IIPOUCXOAUT Puc. 5.5. [lpomexxymouHeili knioy
Hacbimense VT2. [IpoMexXyTOUHBIN TpaH- "aﬁai%”,ﬁ'ﬂe‘zgzggf:ﬁguu
3MCTOP BBINONHAET iBe QYHKLIMM.

Oynknus 1. CormacoBaHye ¢ CIIbHOTOYHBIM KmiouoM. B camom pene,
A1l YIIpaBJIeHUsI CXEMOM PUC. 5.5 BHEIIHAA LieNlb YIIPaBACHUA TO/KHA
obecrieunTs TOK:

IBl > E/(h2131R2):
a 9T0, BO3MOXKHO, BO MHOTO pa3 MeHblile, 4eM I/ h,, .., Tpebylomeecs pns
BKmioyeHua VT2. '

Oynknus 2. ViHBepcua yIpaBIsIoOmero CUrHana.

HeTpyamHo 3anucarb yCoBUs, ONpPeAesiolye BhI60p BEMMIMH CXEM-
HbIX 37eMeHTOB. Hacbimenne VT2 6ygeT rapaHTMPOBaHO Npu:

_E-U I

B3nac.2
Iy, =———Bouscd 5

R2 h2132

>
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a s 3akpbiBaHus V12 tpebyercs:
Ugney <02..0,4B.

Hac.1

PAANOAIOBUTEAB: Tlossunace Hosas eenuvuna: Uy,,,.. Ymo amo?

Hac*

ITO HamnpsKeHMe KONIEKTOP-9IMUTTEP B pexxuMe Hacoimenud. Uy, A
DVICKPETHBIX TPaH3UCTOPOB TOXKe O€PYT U3 TEXHMYECKOI TOKyMEHTALMM.
ITpaBpa, 1 OHa flaHa TaM [/ U3BECTHOTO
pexuma... Bo BcakoM ciydae, 3anmcaHHOe
BbIIlle YCTIOBY€ OOBIYHO BBIMIOTHAETCH, a

vr2 V12 tem 6onee — Oy MAEHTUYHBIX TPaH3U-

R2 = VI == cTOpOB, BBHIMTOIHEHHBIX B KPICTAJI/Ie MHTe-
VT R2 Ipa/IbHOM CXEMBI.

R3 Ha puc. 5.6 npoMeXyTOYHbI TPaH3MU-

a 6 crop VT1 cny>kMT s yIpaBlAeHMs KO-

Puc. 5.6. lpeo6pasosarue yposweii  IOM VT2, KOMMYTUPYIOLIMM Ha IINHY +E:

«8BEPX» C NOMOUWbIO HACLIUIEHHO20  TPAH3UCTOPHI 60 06a OTKPBITHI, MN6O
Ksmioya (a) unu 2eHepamopa moka (6)
06a 3aKpBITHI.

ITpoBepka yc/moBus OTKpbIBaHMA K/II04a TpebyeT pacyeTa HachIIAI0-
1iero Toka 6assi. s BapyaHTa pUC. 5.6, a N1€TKO MONTYYUTD:

+E———4 +E

— E - UBaftuc.2 - UK(—)uac.l - UESuac.Z

I..—1I, =
K1~ 4R R2 R1

Ha puc. 5.6, 6 Tpansucrop VT1 B OTKpBITOM COCTOSIHUY He HAaCHIIIEH, a
HAXOOUTCS B aKTMBHOM peXuMe, ¥ TOK 6a3bl g VT2:

_U;-07B U

—_ B3Hac

Ig, =1y, — Iy R R1

Mexpay npo4muM, 13 NPUBENAEHHbIX COOTHOLIEHUI BUIHO: B MOC/IEN-
HeM CiIy4dae Ha Be/IM4MHY OTKpbIBaIoLero Toka A V12 BnusaeT ypoBeHb
YIIpaB/AIOLIET0 CUTHAJIA, YTO MOXET OKa3aTbCsA HeXeaTenbHbIM. B Bapu-
aHTe puUC. 5.6, @ HACBHIILAIOLIVIICA IEPBBI TPAaH3UCTOP OOPBIBAET PacIpo-
CTpaHeHMe BAMAHMA BEIMYMH YPOBHE Ha IIOCTIENYIOL[YIO YaCTh CXEMBI.

I

B2 =

PAAVIOAIOBUTEAD: 3Hauum, Imom 6apuanm nyuuied

Kak cka3atp. Llenoyka HachILIAIOUIMXCSA KIIOYel — 3TO IeNoYKa 3ajiep-
XeK, IIOTOMY 4YTO BpeMs BBIK/IIOUeHMs (paccachiBaHNA) BeCbMa 3aMETHO.
BricTpozeiicTBMe HeHACBIAIOWIETOCsA Kacka/ja Ky/ia BbIILe.
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IIpeobpazoBaHMe ypOBHEN MOXXET
6bITb, KOHEYHO, COBMELEHO C MHBEP-
cueil yIpaB/AOLero curaana. Tak, and
puc. 5.7, a VT1 6yneTt OTKpHIT He BepX-
HMM, a HIDKHUM ypOBHeM curHana U, n
obecrieunt TOK B 6a3y VT12: ’
_ E1-U,-0,7B  Upoae

I. =1, — .
B2 TKLTR R2 R1 Puc. 5.7. Knio4 omkpbisaemca
HuxHum yposHem U, (a); 006asoyHeili
3mech, pasyMeeTcs, TOK I, JIOMXKEH mpansucmop cHuxaem 8xodHoi mok (6)

IIpOTEKaTh ¥ Yepe3 MCTOYHMK CUTHAIA
ynpaBnenus. BapuaHT puc. 5.7, 6 103BO/INI CHU3UTD BXOAHOI TOK. ITpn
HJDKHEM YPOBHE YTIPaB/AIOLIErO CUTHAMA:

_E1-U,-14B U

I, =g, = Iy =

B3nac.2

R2 R1

BopoueM, 3To 6ymeT cripaBefIMBoO 1A aKTUMBHOTrO pexuma VT3. Ho
ecmn U, HuKe IOTeHIMana Komnekropa VT3, To mpuaercs sanucars:
E1-0,7B-U,, U

B2~

B3nac

R2 R1

(mna puc. 5.7, 6 Uy, = 0). Tak kak B aToM cnydae VT3 Ha HIDKHEM YPOBHe
YIIpaB/IAIOLLETO HaNPsDKEHNS HACBIIAETCS, B ero 6asy mpuAeTcs yCTaHO-
BUTb TOKOOTPaHNYMBAIOIIMI PE3UCTOP.

Ecnu BBl NOHAMY, KaK 3aIMCBIBAIOTCA YCIOBUA OTKPbIBaHUSA KIIIOYA,
TO 6€3 Tpyfa cyMeeTe COCTaBUTb U yCIoBUs 3anupannsa. Hanpumep, nns
CTPYKTYpHI puc. 5.7, 6 VT2 6yneT 3akphIT, eCu:

Ussy = (Iiso + Ixgop )RLS 0,2 B,

Ho, ipu sTOM npepmnonaraercs, KOHeYHO, 4TO VT1 TakKe 3aKpBbIT, TO
€CTb:

Upoy +Upos = E1-U; <0,4B.

PAAMIOAIOBUTEAD: S 8UJicY, 40O mym 603MONCHO WUPOKOe MHO2000pa3ue
KoHuzypayuii.
W aTo mumb aj1a npeobpasoBaHusA ypoBHelt «BBepx»! Brpouewm, mpe-

06pasoBaHMe «BHU3» MOXET OCYIIECTBIATHCA CMMMETPUIHBIMU (OTHOCM-
TETbHO TUIIOB IIOTYIIPOBOAHMKOBBIX CTPYKTYP) CXEMaMMU.
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MoneBble Knoun

Kimroun Hanps>keHMsA MO>KHO CTPOUTD Ha ITO/IEBBIX TPAH3UCTOPAX, HAIIPH-
Mep, MOIL. Ilpu ManbIx BemnymHaX KOMMYTHPYEMBIX TOKOB 3TO HEIIOXO0€
pelieHKe: B YaCTHOCTH, obecriednBaeTcs 6ormee GBICTpOE BBHIK/IIOUEHME, YEM Y
6UNIONAPHBIX KITI0YENt, M3-3a OTCYTCTBMA Mpo6ieMbl paccaceiBanys. OfHako
IIPY 3HAYUTEIbHBIX BEIMYMHAX TOKOB IajieHye HaNpsDHKEHUA Ha CONPOTUB-
JIEHUM OTKPBITOTO KaHajla MOXKET OKa3aThCA CIMIIKOM OOJIbILVIM.

PAAVIOAIOBUTEADB: Ho s ecmpeuan mpanzucmopor MOII na 6onvuiue
MOKU C 04eHb MAbIM CONPOMUETIEHUEM.

Ha, Takue CyLiecTBYIOT 4 puMeHAOTCA. I1o cyTH fiena, oHu 9KBMBa-
JIEHTHBI TIapa/l/IeIbBHOMY COeAMHEHNIO MHOXKECTBA OTAE/TbHBIX TPAH3MUCTO-
POB, M03TOMY 06/1affaloT O4YeHb 6OJIBIIOI EMKOCTBIO 3aTBOPa (TYT BOIIPOC
6bicTpOpeiicTBYA 060pauMBaeTCsA [PYTOi CTOPOHOIL).

[ByxnonAapHbI Knioy

B ¢TpyKTYype, COOTBETCTBYIOIIEN pHC. 5.8, BOSMOXKHBI IBA COCTOAHMS:
VT1 otkpeiT (HachimeH), a VT2 3akpsiT, 1160 obpatHoe. Ob6pasyercs
IepeK/IIoyaTe/lb, KOMMYTUPYIOIMIL Iiellb HarPy3Ky Ha OfHY M3 ABYX ILIVH,
KaK 3TO 6bIBaeT HeOOXOMMO, CKaXkeM, B MaTpuIaX I po-aHATOTOBBIX
mpeobpasoBaresieil. B 3aBUCHMOCTY OT COCTOSTHNA, TAKOV IIEPEKTIOYaTENb
HOIYCKAaeT KaK BTEKAIOLIViA, TaK ¥ BBITEKAIOIMI TOK.

KoHeuHo, nofo6Has xoHurypamnmusa tpebyer 1 yCIO>KHEHHBIX LieTiei
yIIpaB/IeHNs, BHITOMHAIOIMX U MHBEPCHIO, ¥ ITpeobpa3oBaHMe YPOBHEIL.
CxeMa Ha puc. 5.9, a ellle OBONIbHO TIPOCTA, HO TOIBKO IIPU YCIOBUM «IIPH-
BA3KM» SMuUTTepa VT3 K OTpULIaTeIbHOMY NOTeHIMay. 3aHy/leHUe SMUT-
Tepa He fjano 6b1 3akpbiBanus VT2 npu HaceieHHoM VT3,

+E

+E vT1 +E

Bbix. _|
yop1 Bx.—¢ Bbix.

Harpyska VT2 __]

Ynp.2 Bx. VT3
-E a 6

Puc. 5.8. [JeyxnonsapHeoiti Knioy Puc. 5.9. [Juod obecneyusaem 3akpviéarue VT1 npu
nepexsioYaem KoMmymupyemylio uenb: 3akpeimom VT3 (a); Koy Ha KMOIT mpax3ucmopax

Ha WUHY NUMAHUS, NU60 Ha «3emo» 8oo6we He mpe6yem cxembl ynpaeneHus (6)
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ITpoBenuTe aHa/mM3 060MX COCTOAHMIL M 3aNMILNTE YCIIOBUA HACHIIEHNA
u 3anupanusa. [IpemnoxuTe BapyaHT CXeMBI YIIpaB/IeHNUsA, He TPeOyoLwuii
OTpPMIATENbHBIX NOTEHINAIOB.

YHUKa/NIbHBIMU CBOCTBAMM /I IPYMEHEHNA B ABYXIIONAPHBIX KITIO-
yax aBnAoTca komnneMeHtapHsie MOII (unu KMOII) Tpansucrops:.
KimoueBbie cxembl Ha ocHoBe KMOII TexHomoruu He Tpe6yioT kakoro-m6o
YCIIOXXHEHMA CXeM YNpaB/ieHuA 1 06/1afialoT MeaNTbHOI COBMECTUMOCTDIO
BXOZIOB ¢ Bbixofiamu (puc. 5.9, 6). Ha Takyx pemeHmnsax CTpOATCA 9KOHO-
Mu4HBIe IMPOBble MUKPOCXEMBI, COfieprKallyie MIUIMOHBI TPaH3MCTOPOB
B OJTHOM KpMCTaJle.

«CKBO3HOMN» TOK

HPM MCIIONIb30BAHUU NBYXIIONAPHBIX CXEM BCErga Haao MMETb B BUAY
ONNaCHOCTDb «CKBO3HOI'O» TOKAa B CUMTYyallM, KOrjga o6a kmoua OTKPBITHI.

PAAVIOAIOBUTEAD: Bot umeeme 6 6U0y MOMEHMbL NEPEKTIOUEHUS, K020a 00UH
K10 YoKe OMKPLICS, a Opy2otl He Ycnen 3aKpoimbCs?

VimerHO 3T0. Takme xopoTkue 6pOCKyM TOKa MOTYT IIPMBECTHU K Iiepe-
TPEBY TPAH3UCTOPOB M APYTMM HENPUATHOCTSAM.

PAAMOAIOBUTEABD: Yem e MONHO 3auumumvca?

Pa3Be uTo Mop60poOM 3ajiep>KeK YIpaB/AIOMMX CUTHAIOB. A Boo611e 0
CKOPOCTHBIX XapaKTepUCTHKaX K/II04eii pedb NOMAET fanee.

5.2. Knioy TokKa

KommyTauums Toka
TpaHsucTopHas napa Ha puc. 5.10 nepexmo- +E <
" Harp.
qaeT TOK I, 3aflaBaeMblii BHEIIHUM MCTOYHU- VT VT2 °

koM. Korma VT2 oTKpBIT ¥ HaXOBUTCA B aKTUB-
HOM pexxume, a VT'1 3aKpbIT, 3TOT TOK (C MMHU- -
Ma/IbHBIMM TTOTEPAMM) JO/DKEH HANPaBIATHCA ¢

Puc. 5.10. Knioy moka
B Harpysky; B IPOTMBOIO/NIOXHOM COCTO-

Hanpasnaem 3a0aHHbIt Mok |
HUM K/II0Ya TOK OTBOJMUTCA B IIMHY IIUTAHUA. /60 8 HazpysKy, NU6O MUMO Hee

ynp.
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B nocnepgHeM ciydae OCTaTOYHBIN TOK BBIXOAA JONI-
>KeH OBITb BO3MOXXHO MEHBIIIE.

OT xapakTepa Harpyskmu 3aBUCUT, pa3yMeeTcs,
MOTEHI[MAJ/l Ha BBIXOJ{€ OTKPHITOTO K/Ii04a (KO/IIEKTOp
VT2); Tak gns puc. 5.11:

Uy, = E-IR,,.

Puc. 5.11. [lomenyuan .
Ha 8bIX00e K/11l04a moKa SICHO, YTO TOKOBBIN K/TIOY crniocobex KOMMYTHPOBATDb

3asucum om Hazpysku  TOK JIUIIb OHOTO HAIIPABJIEHNS; C 3TUM COOOpaXKeHMeM
CBsI3aH BBIOOP THIIa CTPYKTYPbI TPAH3MCTOPOB.

YnpasneHune KNio4omM ToKa

ITpu upentnuynoctu VT1 u VT2 pa3HOCTh OTEHL[MAIOB UX 6a3 Bcero
0,3 B nmpakTm4ecky IOTHOCTBIO 3aKphIBAaeT OfMH Y13 TPAaH3UCTOPOB, — 3TO
HaM SICHO U3 mpeppigyuiero. Ecim e K104 BHITIONHEH He B €MHOM KpH-
CTajute, BBl f06aBUTE 3amac Ha BO3MOXKHYIO HEMJEHTMYHOCTD. 3aBelOMO
6ymeT BIIO/IHE JOCTAaTOYHO Ilepenaja yIpaB/AIOLIero CUrHalIa MEXAY

6asamu BenmunHoi B 1 B (110 0,5 B Kax-

b E LYI0 CTOPOHY).
> VT il KoHeuHO, MOXKHO YIIPaBIATb MOTEH-
—I_ nuanoM nmwboit us 6as, sapuxcupo-
Uy~ BaB 7pyryo (puc. 5.12). Enuncreennoe

{!

YC/1OoBME€ — OTCYTCTBME HACBIIIEHUA:
Puc. 5.12. OmpuuyamenvHoe

Hanpsaxerue Ha 6ase VT1 cosdaem nyms Uz > Uy 4TO6BI K04 TOKA He TIpeBpa-
moka | yepes VT2, nonoxumeneHoe —  TUJICA B K/II0Y HanpsDKeHuA. Pasymeercs,

8blK/1I04aem mok TaKxe: UKI > UBI-

AvopgHble Knoun

HTepecHO, YTO B TOKOBOM KJTI04e JII000i1

M3 [IEPEK/TIOYAIOLINX TPAH3UCTOPOB (1 faXKe +E

06a) MOXeT 6BITh 3aMEHEH IVIOTIOM. Ry
[IpumeHenne gmopa B KadectBe VT yop. LR

(puc. 5.13, a) pomMycTUMO, €CTM UCTOYHUK ! #

YIIpaB/IAIOLIETO CUTHa/Ia Ha BEpXHEM YPOBHe, a 6

KOT/Ia IVIOf; OTKPBIT, CIIOCOOEH OTAABATh TOK,  pyc. 5.13. Mpumenerue duodos
paBHBbI I (B cXeMe C TPaH3UCTOPOM OT HETO 0414 KOMMymayuu moxa mpeGyem

0 yeenu4deHua ynpasnalouwe2o cueHana:
Tpe6oBacs TOK, B h, 5, pa3 MEHbILNII). 0 moky (a) U no HanpsxeHuo (6)
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Ecnu Mbl HaMepeHBI 3aMeHUTDb JMOLOM TpaHauctop VT2 (puc. 5.13, 6),
TO [/ YETKOrO IEePEeK/II0UYEeHNU Iepenaji YIpaBIAoero HanpsaKeHus
JOJDKEH Tellepb MPEBBIIIATh Iepenaj MOTEHIMAIOB Ha BhIXOfe Kmoya (Ha
Harpyske). [Ii IpuBeeHHO! CXeMBbI, K IPUMepY:

U, >E,U; <E-IR,,

OTBeTBNEHMNE TOKA

TTocnemHuit BapuaHT AMOGHOTO K/II0Ya 06/1a/jaeT LIeHHO! 0CO6EHHOCTBIO:
IIpY OTKPBITOM IIPaBOM IUIeYe IPAKTUIeCKM BeCh 3aJaHHBII TOK ] HOCTymaeT
B HarpysKy. B To Bpems Kak B MCXOHOJ KOHPUIYpalLyy C TPAaH3UCTOPaMK
(pmc. 5.12) 4acTb TOKa, ECTECTBEHHO, OTBETB/IANACH B 6a3y VT2.

CyLiecTBYIOT ¥ ApyT¥e IIyTH, YTOOBI 06eCITeYnTh BBICOKYI0 TOYHOCTD
K/TI0Y€BOJ1 CXeMBI, HaI[pMMep, MCIIOIb30BaHMe B KadecTBe VT2 monesoro
TpaH3NUCTOpa. B aTOM ciydae, BUAMMO, IPUAETCA YBENIUYUTD Nepenap,
YIIpaB/IAIOILErO HaNPs>KeHNA A0 HECKOTBKMUX BOJIBT.

5.3. lononHeHune ana nio60o3HaTeNbHbIX

UmnynbcHbie cxembl

roTt TE€EPpMUH, l'IpI/II].ICD;I.III/II?[ u3 panuonoxaunouﬂoﬁ TE€XHUKWU, B HAaCTOA-
mee BpeMA BpAX I COOTBETCTBYET KaKOMY-lIM60 0C06OMY Kimaccy (PYHKI.[I/I-
OHAJIbHBIX Y3/I10B, CX€M, M/IM KAKUM-TO 0CO6OBIM NpVHIINIIAM pa3pa60'r1m.

PAAVIOAIOBUTEAD: Tem He menee, MHe moxce nonaoancs smom MmepMuH.
Umo oH moxcem o3Havamo?

3HaKOMACH C INTEPATYPOI, MOXKHO BCTPETUTD IOf, yKa3aHHBIM HauMe-
HOBaHMEM pa3/M4YHbIe BEIIL.

Bo-nepsbix. Kackagpl 1MHETHOTO yCUI€HUA MMITYIbCHBIX CUTHA/IOB.
OHM CO3[AI0TCS KaK IIMPOKOIOIOCHBIE KaCKabl, XOTS €C/IY Hafio IOOUTHCS
Hepefady KOPOTKUX (PPOHTOB, IPUAETCSA IPUHMUMATD BO BHUMaHMe AVHA-
Muaeckue cBoicTBa cxeM («Illar 8»). Hepenko oka3biBaeTcs, 4TO BCe >Ke He
yAamoch 06ecrieduTh aKTMBHBIN PEXXMM TPaH3UCTOPOB Ha 060X PpOHTAX,
Y IPUXOAUTCA MUPUTHCSA C KPaTKOBPEMEHHBIM 3allMPaHMEM.
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Bo-BTopsix. Boob6iiie K/mo4eBble CXeMBI, pACCMOTPEHHBIE BBILIE.

B-Tperbux. OyHKIMOHA/IbHbIE Y3/Ibl, TaKMe KaK MyIbTUBMOpaTOD,
tpurrep LlIMuaTa, reHepaTop MMHENHO-U3MEHAIOIIETOCA HaNPAXEHNA U
T. IL, IpeficTaBAIoMmMe co60it 10 CYLIeCTBY COYeTaHUS MMHEHBIX CXeM C
K/TIOUEeBBIMM.

PAAMOAIOBUTEAD: To20a 0715 4e20 8vt NOCMAasunu nod3azonoeoxk?

A 6BI XOTeN 3feCh PACCMOTPETh OCOOEHHOCTH KTI0veit, paboTaoumx B
«UMITY/IbCHOM PeXMMe», IOHUMAs 3TO TaK: K/TI0Y 3aBeOMO GyfieT OTKpPBIT
B TeYeHye BeCbMa KOPOTKOTO BpeMeHH (110 CPaBHEHMIO C /IUTENIbHOCTBIO
COCTOSIHMSA «3aKPBITO»).

PAAMOAIOBUTEABD: To, umo Ha3vIBAIOM «BLICOKOL CKBANCHOCMBION?

Ha. YTo, XOTA ¥ He MEHAET CYLIHOCTY K/II0YEBON CXEMBI, 3aCTaB/IsAET
06paTUTh BHMMaHMe HAa HEKOTOPbie MOMEHTHI.

Bo-nepBbIx, /1A cTyYas O4eHb KOPOTKUX MIMITY/IbCOB BOIIPOCHI GBICTPO-
AeICTBUSA KII04a IpHo6peTaoT 0co6y1o aKTyaIbHOCTb.

BO-BTOPBIX, «MMITY/IbCHBII peXUM» PabOTHI TPAaH3UCTOPOB U KUOKOB
He6ecIo/Ie3HO YYUTHIBATb IIPY BHIGOpE THUIIOB IOMYIIPOBOFHUKOBBIX IIPHU-
60pOB: 3[1eCh /I HUX HEPEAKO KOMYCTHUMBI 6O/bILNE BETMINHBI TOKOB M
MOIIJHOCTE1, YeM B IIOCTOSTHHOM pexkuMe. Tak, mpeaenbHblil TOK KOJ/IEK-
topa ans 2T3117A cocrasnser 400 MA, OfHaKO B MMITY/IbCE [IUTENIbHO-
cThio fio 10 Mkc pormyckaeTcs Tok ao 800 MA.

B-TpeThuX, 3HaUNTENbHbIE BETMYMHBI MMITY/IbCHBIX TOKOB M HampsKe-
HUI MOTYT BBIHYAUTDb pa3paboTumka npu CHHTe3e cxeM obpalaTb BHUMa-
HME Ha X 3KOHOMUYHOCTb.

+E

+E =
PAAVIOAIOBUTEAD: A 3mo 30ech npuvem? e i

Ceitgac noimere. Ha puc. 5.14, a cxema VT2
yIIpaB/ieHMsi CUIBHOTOYHBIM Kiio4oMm VT2 T
IIOCTpO€Ha TakKuMM 06pa3oM, YTO 3aKphbI-

BaHue VT1 Bpi3biBaeT OTKpbiBaHMe VT2.

VT2
R2

a ) 6
IIb ABJIEHNA B OTCYTCTBUE UMIIY/IbCA
e ynp € Yy e Puc. 5.14. [pu evicokol ckeaxHocmu
pacxop;ye'r 6CCHOHC3HYIO MOIIHOCTbD: umnynecos mpaxsucmop VT1
’ nocmosAHHO nompe6bnsem mok (a);
2
P=EI,, ~E"/Rl 8bl209Hee, K020a MPaH3UCMopbl

omKpblaaiomcs 00Ho8peMeHHO (6)
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PAAVIOAIOBUTEAD: Ilepeviil mpansucmop noumu eéce 6pems omkpoims?

Ha. Hy a B u3MeHeHHoOIt cTpykType (puc. 5.14, 6) oTKpbIBaHMe BCeX
TPaH3UCTOPOB COOTBETCTBYET TO/IbKO BPEMEHM JIeMICTBUA UMITY/IbCA.

PAAVIOAIOBUTEAB: PasymHo: npu pabome ¢ KOpomKumu umnynscamu
aHepeus OCHOBHY10 00710 BpeMeHU He nompebnsemcs.

Mpuuyabl pasaenntenbHON eMKOCTH

B «<ummynbcHOM» pexxuMe HONMyCTUMA Iepefada Ha KII04YM KOPOTKUX
YIpaB/IAINX CUTHANIOB Yepe3 pasfieuTe/IbHble EMKOCTU: MHOITA 3TO
yImpollaeT cxeMbl, CHUMas 3afjady npeobpa3oBaHus yposHeit. OgHako
coueTaHMe HEIMHENHDBIX 3JIEMEHTOB C PEaKTUBHBIMY BCETAa YpeBaTO HEO-
ObIYHBIM MIOBEfleHMEM U TpebyeT BHMMATE/IbHOTO aHa/n3a.

B cxeme Ha puc. 5.15, @ OTKPbIBAIOIMII MMITY/IbC TOKA 6a3bl IPOXOAUT
yepes pasgennTenbHyio eMKOCTb C. [TockonbKy, pasymeercs, BbIIIOTHEHO:
T, << RC, TO KOHIeHCaTOp MPAaKTUYECKN He BIUAET Ha UMITY/IbC OTKPbI-
Balolero Toka 6aser. O6parHsIit 6pocok 6a30BOro MOTEHIMAIA OT 3aJHETO
¢dbpoHTa UMITy/IbCa YCIIEeT 3aTYXHYTh B Te4eHME CPAaBHUTENbHO IA/IUTEND-
HoU1 1ay3s! (puc. 5.15, 6).

OpHako ecnu CKBaXXHOCTb MIMITY/IbCOB HEBE/IMKA, KaK Ha puc. 5.15, 6,
TO BXO[HasA ILiellb TPaH3UCTOpa paboTaeT Kak AeTekTop (TO4YHee, NMMK-
petekTop). IlocTosiHHass BpeMeHu paspsapa T, =(R+R;)C 6onbure, yem
IIOCTOSIHHAsA BpeMeHM 3apsfa T; = RC, mosTomy Ha 6a3e HaKamaMBaeTcs
IIOCTOAHHBIN YPOBEHb B 3anmparolieit nonapuoctu. HexenarenbHoe aBTo-
MaTH4ecKoe CMellleHye. yMEHbIIaeT CTelleHb HachlleHus Kmo4a. K koHny
VIMITy/IbCa JjaXke BO3MOXXHO CaMOIIPOM3BOJIBHOE €T0 3aKpbIBaHMUE.

B TakoM crry4ae IOMO>KET IOAK/IIOUEHNE MO (BO BCTPEYHON MOJIAP-
HOCTH) TIapajUielIbHO YYacTKy 6a3a-sMuUTTep.

R © Usx J] " >t UBXI | | I t
Usx Rg Usa 1 1 >t 'Usal= = ot

a 6 8

Puc. 5.15. YnpaeneHue yepe3 pazdenumensbHylo eMKOCMb (a): 8 <uMnysieCHOM» pexume npobsiem
Hem (6); npu manoli CKeaXHOCMU — omnupaHue cmaHem HeHaoeXxHoiM (8)
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CrnenyeT OTMETUTD, YTO IIOCTPOEHNE MMITY/IbCHBIX KOH(UIypaumit
TakuM 06pa3oM, YTOOBI TPAH3UCTOPHI B HUX OBIIM /TG0 BCe OTKPBITHI,
nu60 BCe 3aKpbITHI, MMeeT, KpoMe NpenMyiectBa Boicokoro KIIJI, eme
OfIHY BBITOAY: BBICOKYIO CKOPOCTD II€PEK/TIOYeHNs B MOMEHT, COOTBETCTBY-
IOLIMIT Havay uMIy/bca. IIogpo6HO 3TOT BOIPOC, KaK U fPyTiue BOIPOCH
aHa/nu3a, 6yfeT paccMOTpeH 0co60.

Tenepb camoe BpeMsi BCTIOMHUTb, YTO IOJIEBbIE IPUOOPHI BIIOIHE IIPH-
TOZHBI /IS IOCTPOEHMs KIToueit HanpskeHus. Ho kioun npuobpeTtanoT B
3TOM C/Iy4yae TaKyue CBOMCTBA, YTO €CTh HEOOXOAUMOCTD B OT/IENIBHOM pac-
CMOTpeHW.

AHanorosbie Knoun

B cnyuasx, Kkorga npuxoauTCa CTaBUTb 37IEMEHTbI KOMMYTAIUM B LIeTAX
nepefady CUTHAJIOB, IPOABIAETCS PAJ, HeXKeNaTeIbHbIX CBOVICTB OMIIONAp-
HOTO KJ/TI04a.

Bo-nepBbIX, IOIPEIIHOCTD Nepefaydy CUTHaja OT IIapasUTHOTO Halps-
XeHUs Ha OTKPBHITOM OMITONIAPHOM KITIoYe TPYAHOYCTpPaHMMA.

Bo-BTOpBIX, HaNpsDKeHMEe Ha Pa30OMKHYTOM Kmode (Kak M TOK uepes
OTKPBITHII K/TII0Y) MOXET OBITh TOIBKO B OHOJI OIIpe/ie/IeHHO MONIAPHO-
CTH, a KaK Xe GBITb C pa3HOIO/IAPHBIMY CUTHAIAMM?

B-TpeTbux, GMNONAPHBIN KII0OY MOXET KOMMYTMPOBATb JUILIb Ha
o6myio mmHy (160 Ha HUSKOOMHBI MCTOYHMK CUTHA/A). A MHaYe BKITIO-
Jaomuit Tok 6a3bl 6yfeT OKasbiBaThb BO3MENICTBME Ha NepeK/I0dyaeMble
01178

ViHble 3 3TUX HEIPUATHOCTEN IBITAINCh KOITIA-TO YCTPAaHUTD 9K30TH-
4eCKMMMU CXeMaMM ABYX9MUTTEPHbIX TPAH3MCTOPHBIX IpepbiBaTeneit. Ho
3a/jaya M3OMALVY LeNM YIPaBlIeHUA OT U3MEPUTENBHOM L[eNN ¥ B 9TOM
cydae MOXKeT OBITh pelreHa pakTUIeCKU TONMbKO UCTIONTb30BAHMEM TPAHC-
¢dbopmaropos. Uto, pasymeeTcs, He OTBe4aeT TPeOOBaHNMAM K COBPEMEHHOI!
CXeMOTEXHMKe.

Kniou ctpykTypbl MOI

Ha pwuc. 5.16 usobpaxxeH kmo4 HanpspkeHuss Ha ocHose MOII-
TPAH3UCTOPA C MHAYLMPOBAHHBIM KaHAJIOM p-Tuma (mnm c «oboraiie-
HMueM»). HikHWit ypoBeHb HalpsyKeHUA Ha 3aTBope U, ABNAETCA OTKpBI-
BAIOLIMM JJIS1 TAKOJ CTPYKTYpbl; IPU IOfade BepXHero ypoBHs U, TpaH-
3MCTOP 3aKPBIT.
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OtMernm BaxxHbIe cBolicTBa MOII xirova. Uy Un
Bo-nepsrix. OTCyTCTBYeT OCTaTOYHOE HANps- | —I%
xenme: Uy, = 0 npu I = 0, OTKPBITHIN K104 ABJIA- Uy

€TCA YUCTO OMMYECKUM CONPOTHUBIIEHVEM. Puc. 5.16. OmKkpimblii MOTT

Bo-BTopbix. Ilenb ynpaBaeHUA MOTHOCTBIO K104 AB/IAEMCA OMUYECKUM
M30NMPOBaHA OT KOMMYTHPYeMOI CUTHAIbHOM conpomueieHuem
LeTn.

B-TpeTbux. Tok Yepe3 OTKPBITHIN KII0Y MOXKET IPOTEKATh B TI060M
HaIpaB/IeHUY, €C/IX TO/IbKO BeJIMYMHA 9TOTO TOKA He BEIBOAUT Npubop
3a IIpefie/ibl KPYTOTO y4acTKa CTOKOBBIX XapakTepucTuk. [IpakTuyecku
9TOI ONMAaCHOCTY M HeT: pa3paboTUYMK IPEIU3NOHHONM CXeMbI BPAL U
RONYCTUT MafieHye HaNpsDKeHN Ha K/TIoYe CBBILIe HeCKOMIbKUX MUTIIN-
BOJIBT.

B-uerBepThix. HanpsskeHle MOXET 6BITh MPUIOXKEHO K 3aKPHITOMY
K/TI0YY B /II060J1 HOIAPHOCTH, €C/IM TOJIBKO He HAPYILAIOTCSA YC/IOBUSA 3aIIM-
paHuA TpaHsuctopa. O HuX gaiee.

AHanorosbi MynbTUNNEKCOoP

On sB/IA€TCA TUIIMYHON KII0YeBOM KOH(UTypalyeit B MU3MepUTENTbHBIX
ersix. YeTblpexkaHa/IbHas1 CXeMa, U306 pakeHHasA Ha puc. 5.17, 6ykBanbHO
BOCIIPOU3BOIUT CTPYKTYpy MukpocxeMmbl 190KT1. Curnasnsl ynpasneHus
Ha 3aTBopax MOII kmoueit aeiicTByIOT TakMM 06pa3oM, YTOObI B U3BECT-
HbBI/i MOMEHT BpeMeHM ObII OTKPBIT OAVIH U3 HUX, @ OCTa/IbHbIEe 3aKPBITHL.
Takum 06pasom, Ha BBIXOfie OKa3bIBaeTCsA ITONIEPEMEHHO OffHO U3 JeVICTBY-
IOIINX Ha BXOJaX HAIIPsDKEHMI.

Orciopa ACHO, YTO MEXAY MICTOKOM M CTOKOM
TPaH3MUCTOPa JII060ro KaHasa, IOKa OH 3aKphIT, . +Un
HEeMCTBYET pasHOCTb HAIIPsXKEHMI IBYX KaHa- BX-“J_I_ Beixon

noB. VI oHa MOXeT ObITh, pasyMeeTcs, IPOU3-  Bx.2 1)

BOJIbHOJ MONAPHOCTH. Kak CTOK, Tak M UCTOK g, 4 ]
TPaH3UCTOPa MOXeT OKasaTbca IHoOf Gomee _ | 1
BBICOKVMM IIOTEHIINAIOM; 9TOT-TO 9/MIEKTPOR U ur
6ymet dakTuyecku UCTOKOM (mnsa mpubopa ¢ Ynpasnsioume c,,,la,,,,,

KaHa/IOM p-THUIIa). .
y . Puc. 5.17. Hux+uli yposeHo
Ka3aHHBI/ TPaH3UCTOP, €C/IM OH MMEET  ynnagnaoueeo cuzHana

CTPYKTYPY «c 060TranieHneM», HaIe)KHO 3aKPBIT OMKpbI8aem 0duH us Kniowed,
npu Uy, 2 0. 171 MyIbTUIUIEKCOpA 9TO IpUBO- O 1HbIe 3aKpoImel
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AUT K YCIOBUIO, HAK/Ia[IbIBA€MOMY Ha BEIMYNHY BEPXHETO YPOBHS yIIpaB-
JIAIOWIETO HANIPAXKEHUS Ha 3aTBOPE:

; Z UBX.max (5‘4)

7€ Ugy max — MAKCUMAZIbHO BO3MOXKHBIN IIOTEHIMAI B II060M 13 KaHAaJIOB.

PaspaboTunky He pueT B TONIOBY COERUHUTD MOAIOKKY K/II0YE€BOTO
TPaH3MUCTOPA C MCTOKOM, KaK 3TO AE/NalOT B YCMIMTENIbHBIX CXeMaxX: 9TO
TIOBJIEKJIO OblI (T1py ompeneneHHoi monspHocT! Ug,,) OTKpbIBaHMe Nepexoaa
CTOK-TIOfI/IOKKA, a 3HAYNUT, YTEUKY depe3 «3aKphIThIi» Kimiod. [logobHoe
VICKITIOYAeTCs Mofaveil Ha Bce MOIOXKKM IOTEeHIaa:

UH 2 UBX .max*

5.4. Bonpocbl U3 npakTuku

PAAHMOAIOBUTEAB: J]7151 08YXNONAPHOZ0 K10UA HANPANEHUS HAM mPe6o-
éanuce KomnaemenmapHvle mparsucmoput. Heyxcenu
Henv3sa 060UMmucy 00UHAKOBLIMU?

MoxHo (puc. 5.18). O6s3arenpHo JOMKHO 6b1Th: |E|>|U . |!

PAAUOAIOBUTEABD: Tpe6yemcst snekmpoHHbIM KIIOUOM 3AX%cU2aMb 1aMny.
M3 0syx sapuanmos (puc. 5.19) s pewsun ocmanoeumvcs
Ha 8Mopom: IAMNa 00THCHA 20penv ApHe 3a cuem 000a-
8011020 ucnonvsosarus ewse u moxa VI1. A npae?

Her, Bce Hao60poT. Tok B K/Ti04e HaIIpsDKEHNA ONpeReNnsieTcs, pasyMe-
€TCs1, HaTPy3KO.

B nepBoii u3 cxem, IIpu 1I0ce Ha BXOJie, K 1aMIle IIPUJIOXKEHO IPaKTH-
yecku Bce 6 BonbT (VT2 HachlleH), BO BTopoit — Hachiuenue VT1 coot-

+E +68 +6B

+Uar

VT2 VT2
Uynp

Puc. 5.18. []na HacviuweHHO20 a 6
08yxnonfapHo20 Kno4va nompebosasnca
00NO0THUMEeNbHbIU UCMOYHUK HaNPAXeHUA Puc. 5.19. [0e namna 6yoem 2opemb Apye?
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BETCTBYeT aKTMBHOMY pexxumy VT2. U, =Uj,, T. €. Ha TaMIly IPUAETCA
6 B—0,7 B=5,3B.

BopoueM, B mepBOM BapuaHTe TOpeThb O6yAeT He TONBKO JIaMIIa, HO U
TpaH3uctop VT1: B 1ienb ero KO/NIeKTopa Bbl 3a6bI/IV BKITIOYUTD PE3UCTOP,
OrpaHMYMBAIOIINIA TOK.

PAAVIOAIOBUTEAD: A paccuumuviéan, umo cxema puc. 5.20 6ydem ¢op-

. Muposamv Kopomkue 6CNAECKU HANPANEHUS NO

u sk cnady 10-mMuxpoceKyHOHO20 UMNYNbCA C UMNYTIbCHO20

gl 2R mpancpopmamopa. Ho ucnoimanue noxasano, 4mo

0u00, omKpvimbiti 80 8peMs UMNYNbCA, KaK 6y0mo

K;al;chf{gf?& . ocmaemcs OmKpuimuIM U OIS 8bI6pOCa 3anuparouiets
nonoxumenoHoiti nonsprocmu. Moxem, on npobum?

umnynbc?

ITonararo, 4TO AMOA UCIIpaBeH. Bbl yIIycTu/M BaXKHBIN IapaMeTp, Xapak-
TepU3yIoIui1 ObICTPOLIEICTBHUE AVIOfA: BpeMsA BOCCTaHOBIEHUA 06paTHOTro
CONPOTUBJIEHNA, RoXopslee Ko 4 mkc ansa 2J1103A. HeyausurenpHo, 4To
IIOC/Ie OKOHYaHWA MPSAMOTO TOKa MO HEKOTOPOe BpeMs OCTaeTCs OTKPBI-
TBIM U 711 06paTHoro HanpspkeHus. CrenyeT B3SThb ObICTPOJEICTBYIOLINIA
VIMITYZIbCHBIN iV0]], Hanpumep, 2J1510A.

5.5. AHanus. TouHoCTb 1 6bicTpOoAencTBUE

Hanps)eHue Ha OTKPbITOM Kniloue

Korza MBI TOBOpMM 0O TOYHOCTH K/II0Ya HAaNIPsDKEHUA, pobieMa B IBYX
HeXXeJlaTe/IbHbIX ABJIEHUAX: yTeUKa 3allepToro Kio4a 1 IafieHue Hamps-
XKEeHMA Ha OTKpbITOM. V ec/tu mepBoe 13 HUX TpebyeT NNIIb MPaBMIBHOTO
BBI6Opa THIIA KTIOYEBOTO 97IEMeHTa (10 Be/IM4YMHE TOKA yTEYKH), TO BOIPOC
0 HaNpsDKEHMM Ha HACHILEHHOM OMIONAPHOM TPaH3MUCTOpPe He TaK-TO
IpOCT.

PAAMOAIOBUTEAB: A 4mo cnoxHo20? B nacnopme Ha ouckpemmoiti mpan-

3ucmop npamo npusooumcs Hanpsincerue Uy, .

HaBaiiTe 3ar/is1HeM B macniopT. K npumepy, misa npu6opos tuma 2T348B-3
npusefeno: Uy, .. <0,3B pu I, =10MA, I; =0,7 MA.
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PAAUOAIOBUTEAD: Bom eudume, MO*HO NPocmo 63Amv cnpaso4Hoe 3Ha-
ueHue.

OHo, BepOATHO, OKa)XETCA 3aBbILIEHHBIM MM 3aHyKeHHbIM! Ham Hamo
BOCTOBEPHO OLIeHUTDb 3HaYeHue Uy, .  UMEHHO IIPM TeX BeIM4MHaX TOKOB
KoJ/UIeKTOpa 1 6a3bl, KOTOphbIe OYAYT peasbHO MMETb MeCTO B pa3pabaTsl-
BaeMoI1 cxeMme.

Hanpsxenne KonneKTOp-aMUTTEp HACHILEHHOTO K/I04Ya COCTOUT U3
TpeX COCTAB/AIOIINX.

MNMepBan cocraBnaowan. OctatouHoe Hanpa)XeHne

Haxe ipu I, =0 (06pbIB KO/IEKTOPHOI! 1eNy) HanpspKeHue I, 5 OTKpbI-
TOTO TPAH3MCTOPA He MOXKET OBITh HY/IEBBIM.

PAAMOAIOBUTEAD: Tlouemy sce?

JHaye nipy 3aMbIKaHMY KOJUIEKTOPA C SMUTTEPOM HEOTKYAa ObIIO ObI
B3AThCA TOKY. A Be[ib OH 00s3aTe/IbHO ITOTeYeT: 06a epexofa TpaH3uCcTopa
OKa)XYTCs BKIIOYEHHBIMM HIapaJUIe/IbHO.

Ocrtarouynoe Hanpspkenue Uy, ,,, cooTBeTcTByIomee I, =0, 3aBUCUT OT
psfa paKkTOpOB, B YaCTHOCTH, OT apameTpa h,,,, — KoapPuuneHTa nepe-
fa4y TOKA B'MHBEPCHOM BK/TIOYEHMM.

PAAMOAIOBUTEAD: Bom mebe pas! A omxyda ezo y3namv?

HeoTkyna: oH, 3a OYeHb PEOKUMM UCK/ITIOUEHUSIMM, U3TOTOBUTEAMI
He KOHTPOIMPYETCA U He rapaHTupyeTcs. [l IIaHapHBIX TPaH3MCTOPOB
BemmunHa h,,, BecbMa Mana (Kone6/neTcs oT BeCATHIX JoTeli JO HeCKOMbKMX
eIVIHNII). ’

PAAMOAIOBUTEAD: Kak x#e mozda 6vime?

MO>XXHO OpMEHTHPOBATbCA Ha TO, YTO MCIBITAHUA TPAH3UCTOPOB B
pexXyMe HaCBIIIEHNA 3aBOJBI-U3TOTOBUTENN BEAYT OOBIYHO IIPY TOKaAX,
CO3ZAIOLMX HaIIpsDKEeHMe Ha OTKPhITOM KIII04Ye, 110 KpaliHeit Mepe, B 10 pas
6onbliiee OCTaTOYHOTO.

3HaunT, ANA YIIOMMHABIIMXCA y>Xe TpaH3ucTopoB 2T348B-3 onenky
U soem < 30 MB MOXXHO CUMTATh JOCTATOYHO HaJeXXHOI; Yallle OHA OKa-
XKETCs laXKe 3aBBIIIEHHOI.
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Bropas cocrasnsiouan. lNageHne HanpaxeHnA

JononHuTeNbHOE HaNpsDKeHNe Ha Kiiode Uy, BBI3BaHO MPOTEKaHMEM
TOKa KOJ/UIEKTOpa, OfHAKO OHO BOBCE He IPOIOPIMOHANIbHO TOKY. Teopus
HONTYIPOBOAHMKOB JaeT COOTHOLIEHNE, He CBA3aHHOE C KOHKPETHBIM
TUIIOM TPaH3UCTOpa:

Up <@ In(1+ 1 /1), (5.5)

OHo crnpaBeq/IMBO, IPaBJia, NI IPU ZOCTATOYHO ITTyOOKOM HaChIIIe-
Huy, T. e. korga I, /I, << h,,,. D10 paspaboTIMK O ONpeneNIeHHO CTe-
HeHU 06ecreynT.

ITpu BEIYMCTIEHUAX He CleRyeT 3abbIBaTh, YTO M3BecTHBI u3 «Illara 1»
TepMMUYECKII TIOTEHIIMATI ¢ PaBeH 25 MB TONbKO IIpy HOPMa/IbHO TEMIIE-
parype, a Boo6lie-To IPONOPLIMOHa/IeH abCOMIOTHOI TeMIlepaType.

TPETbﬂ cocCTaBnAoLWadn. Conpomsnemne KOJITIeKTopa

Emfe ofHO cmaraeMoe HanpspKeHNs Kmoda Uy, CBA3aHO C HaIM4ueM
OMMY€ECKOTO CONMPOTUB/IEHNA MONMYIIPOBOHMKA, COCTAB/IAIONIErO TE/IO KOJ-
nextopa. OHO y>ke IpONOPLMOHAIbHO I;. BemnunHy 3TOro conpoTuBaeHmns
7, OLICHMBAIOT CBEPXY MCXOfiA U3 Clefiytouiero: Hopmbl Ha Uy, . HAIOTCA B
BOKYMEHTALMM Ji/Is1 3Ha4eHMI1 TOKOB, IIPY KOTOPBIX HaIIpsOKeHMeE Ha KITode
oIpefiensaeTca, B OCHOBHOM, UMEHHO €r0 OMUYECKMM CONPOTHUBIIEHNEM.
Bosspamasce x Tpansuctopy 2T348B-3, MOXXHO CUMTATh:

T <0,3/10MA =30 Om,

YTO II03BOJIAET [JaBaTh OLICHKY MafieHNs HAIIps>KeHUA: U,';a =Ir

Hac*®

CKopoCTb nepeknioyeHnsn

KoHeyHOe BpeMmsi peakiuy BBIXO[HOJ 1INy K/II0Ya HaIpsDKEHMA Ha
KOMMYTAlIMIO YTIPAB/IAIOIIEr0 CUTHasIa CBA3AHO:

¢ BO-NEPBBIX, C 3aJilep>KKaMyl MOMEHTa Haya/la MI3MeHEeHMs TOKa KOJI-
JIEKTOPa, BBI3BAHHBIMU HEKOTOPBHIMU (PU3UNYECKUMM SBIEHUAMM B
TpaH3UCTOpe (0 HUX ceifyac ¥ MOM/EeT peyb);

+ BO-BTOPBIX, C OYEBUJHBIMY IIPOLIECCAaMM Ilepe3apsAfa IapasuTHOM
eMKOCTU Harpy3Ku, IPUBOAAILMMM K 3aTATUBAHMIO PPOHTOB BBIXO]I-
HOTO HaIIpsDKEHUA.
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bapbepHas emMKoCcTb

ITpu nmopaye HachImaloOIlero Toka B 6asy TpaH3MCTOpa, OTKpbIBaHMe
IIOC/IE[IHETO He HACTYIUT, NTOKa He Iepe3apAfaaTca 6apbepHble eMKOCTH
06paTHO-CMeEI[eHHbIX NepPeXOfOB. Jle/Io OCIOXKHSETCS TeM, YTO EMKOCTD
3anepToro nepexopa (eMKOCTb IOTeHIMAIbHOTO 6apbepa) U caMa 3aBU-
CHUT OT HaIIpsDKEHM Ha Ilepexofie, BO3pacTas Npy NpubIHKeHUM K Iopory
OTKPBIBAaHMA.

Ilenb ynpapnenusa OGUNONAPHOro KI04a CBA3aHa C OOIMMY IIMHAMMU
4epe3 fiBe 6apbepHbIe eMKOCTH: Cyp U Cyp.

PAAUOAIOBUTEAB: ITo-Moemy, OaHHbvle 00 SMux 8enUUUHAX U320mosume-
AAMU NPUBOOAMCA.

Tla, HO TO/BKO AJIA KAKOrO-TO KOHKPETHOTO 3HAYEHUsT HAMIPSKEHUSA —
BOT B 3TOM M IIpo6iema.

ITo NOHATHOJ IPUYMHE Pa3HOCTH NOTEHIMANOB Uy, IPY CKayKe yIpas-
JIAIOLIETO HANIPSDKEHMsI, CKOpee BCETO, U3MEHAETCS He TaK CYILIeCTBEHHO,
4TOOBI HeJIb35 GBUIO IPUHATH eMKOCTD Cyj; 32 HeM3MeHHYI0. [Ipyroe feno —
HanpspkeHMe U,y OHO IpU KOMMYTaIy K/II04a M3SMEHAETCS He TO/IBKO 110
Be/IMYMHE, HO IaXKe U II0 3HAKY.

PAAMOAIOBUTEAD: T020a 5 6 3ampyOHeHUU: KAK MOHCHO OUeHUMb /U -
Hue emxocmu Cg?

Tem He MeHee, MOXHO, MCXOJA U3 C/IERYIOUIVIX IIPUHIIVIIOB.

IIpyaiym 1. YTo6b! ZOBECTY TPAH3UCTOP OT 3aNMPAIOLIETO IOTEHIMAIA
Uyp O IOpOTa OTKpBbIBaHMA, TPe6YyeTCsA Ta XKe Be/IMYMHA ITEeKTPUIECKOTO
3apsfia, Kak eciy 65 eMKOCTb Iepexofia IMUTTep-6a3a OblIa MOCTOSHHOI
u paBHOU 2C,; (C,5 — €MKOCTb NpM AAaHHOM 3alMpaloleM IOTeHI[uae
Uype).

Ipuanun 2. Eciu gaHa eMKOCTb He Ipy PaKTUIECKOM 3aMpaloleM
noteHuuane Uy, a npu HeKOTOpoM JipyroM U,; To mepemnaj Hamps-

JKEHMA Ha eMKOCTY (M BBIYMCIICHMSA 3apsAfia) ONpeNeNseTca He Kak
AU; = |U;m>| +0,7 B, a kak:

AU; = (Uys| +07 B)-(U35 +07 B), (5.6)
IIpuanun 3. Bennunna C,,, AaHHAA [I71A M3BECTHOTO HANPsDKEHNA Ha

nepexofie, CipaBejinBa C 3al1acoM U I 60/1b1IIETO 3aIIMPAIOLIErO HAIIPs-
xeuus Uy,
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PAAMOAIOBUTEAD: Tak cpasy éce smo oco3namv Henpocmo...

A MBI ceif9ac pacCMOTpPYUM Ha IIpUMepe.

Bpems BknioyeHun

HonycTum, B K/I04e HanpsXKeHUs UCIONb30BaH TpaHsuctop 2T3365,
I1A KOTOpOro maHo: C,, <5n® npu Uy, =5 B, Cy; <4nd npu Uy, = 0.
Ho B xoHKpeTHOI cxeMe (puc. 5.21): U,,, = —3 B; eMKOCTb aMuTTEP-6a3a
6yzeT npy 3TOM HaNIpsDKEHUY ABHO HIDKe yKasaHHBIX 4 n®. Tem He MeHee,
CHavasa, ijid IpOCTOTbI, Mbl IPMHMMAaEM BCe XKe +68B

C,5 = 4 n®, rapaHTUPYS T€M CaMbIM HEKOTOPbIN 3
pacyeTHbI 3amac. C'f\\
To >xe OTHOCUTCA U K NEepeXORY KONIEeKTOp- +3B 10k
6asa (B cxeme npu 3amepToMm Kmode Uy cocTaB-  -38 |9
A
nsaer 6 + 3 =9 B, aHe 5 B). Cos

YuTs, 4TO nmoTeHI AN 633pr JxOnI- Puc. 5.21. Jna omKpbiéaHus
XK€H WMN3MEHUTbCsA IIpU OTKpPpbIBAaHUM HA: K/1104a OO/KHb!

=lrr- — _ nepe3apadumbca 6apbepHbie
AU, IUym,| +0,7 B=3,7 1{, Hosy4yaeM nmorpeb eMKOCMIL Nepex6dos
HbI€ BE/INYMHDbI N3MEHEHUN 3APANOB:
Q =C AU, =5n®d-3,7B =18 nKx,
Q, =2C,,AU, =4n®-3,7 B=15nKn,
(o6paruTe BHMMaHMe Ha IBOJKY B ITOC/TEAHEM COOTHOIIEHNM)!
IIpu oTKphIBalOLieM TOKe, PaBHOM, 110 MEHbIIIEN Mepe:

3B-0,7B
5 =— =0,23 MA.
10 kOm
BepxHsaAsA rpaHMIIa A7IA BpeMeHM Nepe3apsfa OLEHUTCSA Tak:
Q+Q, 33nKn
tpry S =
: I 0,23 MA
Jlna cpaBHeHMs IPMMEHNUM Tenepb 6o/nee TOYHYI0 METOAMKY C Y4ETOM
(5.6):

AU

=14 nc.

= J(Usze| +07 B)-(U,; +0,7 B) = [(3+0,7)-(0+0,7) =16 B,

B.ake

Q, =2C,,AUy,,, =4nD-1,6 B=6 nKn.

B.ake

YTouHeHHOEe BpeMs nepe3apsana 6yaer 9 He BMecTo 14.
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BunonApHbIii TPaH3UCTOP Haval OTKPHIBAaTbCA, M IPU 3TOM JO/DKHA
6BITH 3apsDKeHa M3BeCTHas HaM A Qy3roHHass BXOAHAs eMKOCTb. UTo Xe,
HONpo6yeM ydecTb U ee, TONIbKO JTydllle TIepeiiTH 3[eCh K MHOI MOJENN.

VIHepUMOHHOCTD TpaH3UCTOpa 6bIBaeT YHOOHO CBA3BIBATD C IIOCTOSIH-
HOJI BpEMEHM T, XapaKTepu3yIolleil poLecc SKCIOHEHIMaIbHOTO yCTa-
HOBJIEHUA TOKa Koyektopa I (t) mpu ckauke 6asoBoro Toxa. I[IpaBpa,
BE/IMYVHA 3TOJ IIOCTOSTHHOI BpeMEHM He FapaHTUPYeTCA U He KOHTPOJIK -
pyeTca U3roToBUTENAMN. BripoyeM, Teopus AaeT No/Ie3HOE COOTHOLIEHNE:

t=h,,/2nf,, (5.7)

CBA3BIBaIOIIEE ICKOMYIO BEIMYMHY CO CTaTMYECKUM 3HadYeHneM Ko3pdu-
I[MeHTa Iepefady TOKa, a TAKXKe C XapaKTepHOJ YaCTOTOM TPaH3UCTOPA fi.
ITOro JOCTATOYHO Ji/Is1 OLIECHOYHOTO pacyeTa.
Jna cnydas cpaBHUTENBHO ITyOOKOTO HACHIIIEHNA COOTBETCTBYIOLMI
MPOLIECC JIUTCA:
Epron.1 < . i
2nf, I

(I — TOK 4epes HachIleHHBIN KT04). POpMYNTy Mpefnaraio MoayduTh
CaMOCTOATENbHO. YUuThiBad, 4To Ana 2T336b fr > 250 MIy =2 mA
(puc. 5.21), umeem:

1 2 mMA

t. < :
BII1 ™ 6.28-250 MI'y 0,23 MA

=5,5Hc.

Bpemsa paccacbiBaHusa

VI3BeCTHO, YTO HaCHILIEHHbI TPAH3UCTOPHBII K/II0Y BHIXOAUT U3 3TOTO
COCTOSIHVSI IAIIb C OIPENeTIEeHHON 3aJiep>KKOii OTHOCUTE/TbHO MOMEHTA
TIOfja4yM 3aIMpPAIOLLEero CUTHaA. 3afiepXKKa CBA3aHa C IPOLIeCCOM Paccachl-
BaHMA M3OBITOYHOrO 3apsfa B 6ase.

PAAUOAIOBUTEAD: B mexHuueckux ycnosusx Ha mpaH3ucmopot npueo-
OUMCS «BPEMS PACCACLIBAHUS? tp...

Ho Ham cHOBa Hafio pa3o6paTbcs, KaK MPaBUIbHO €r0 MCIONIb30BaTh.
BribepeM B kadecTBe IpUMepa TPAaH3UCTOPHYIO MaTpuny Tuma 125HT],
AnA KoTopoit paeTcs: t, <100 #e mpyu I, =150 MA u I; =15 MA. :
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PAAMOAIOBUTEAD: Kakx amo nonumams?

ITO 03HAYAET, YTO BENIMYMHA 3a/I€PXKM, CBA3aHHOM C PaccachiBaHMEM
3apsAna B 6a3e, KOHTPONMPYETCA B CIIEAYIOIIEM PeXIMe:
* TOK Yepe3 HACHIEHHBII KoY (3a/laBaeMblil BHEIIHel HarpysKoii)
paBeH 150 MA;
* TPAH3UCTOp IpPEeABAPUTENTPHO HACHIIIEH 6a30BBIM TOKOM, PaBHBIM:
I; =15 MA;
¢ Ha TPaH3UCTOP MOJAH 3alMpPAIOIIMIi CUTHAJ, IPMYeM Hada/JbHOe 3Ha-
YeHye ToKa 6asbl [; = 15 MA B HamlpaB/IeHNH, IPOTUBONIONOXKHOM I
Yenosue I = I, npMHUMAIOT OGBIYHO U3-3a YEO6CTBA M3MEPEHMIL.
BosnuxkaeT Bonpoc, Kak OLeHUTDb BpeMs paccacblBaHNA B C/IyYae MHbBIX
Be/IM4YMH YNPaB/AOIINX TOKOB X TOKa B ey KoMMyTanuu. Pasymeercs,
O TOYHBIX pacyeTax FOBOPUTb He NPUXOJUTCS, a €C/I NMPUOTIVKEHHO —
BpeMS paccachIBAHNS TPOTIOPIVIOHAIBHO IOTapu(My OTHOLICHUS:

(Iz;+1;)/1;. (5.8)
PaccmoTpuM cHavana puc. 5.22, a. Hacpimarommii Tox 6aser V12, o6pa-
3yeMBblil BBIYMTAaHMEM ABYX TOKOB, IPYMEPHO paBeH:
5B-0,7B 3B+0,7B
T kOm 10 kOm

PaccacpiBatommit TOk 6a3bl BCerfa BBIYUCIAETCSA MCXORA U3 TOTO,
4TO HampsDKeHue Uy, KIl04a B TeYeHMe BPeMEHM paccachlBaHUsA CoXpa-
HAET MPUMEPHO IIPEXHIOI BeINYMHY (K/II0YEeBOJ TPAaH3UCTOP IOKA YTO
OTKPBIT):

+
B

~ 3,9 MA.

_ 3B+0,7B
I,=—=~0,37 MA,
B
10 xOm
+5B +5B +5B
VT1 VT1 VT1
1K 1K 1K
VT2 VT2 VT2
10k 10k
-3B
a 6 8

Puc. 5.22. PaccaceieaHue 8 K/ioue hopcupyemca 3anupaiowyum mokom (a);
omcymcmaue cmeweHus cHuxaem 6eicmpodeticmaue (6);
6e3 paccaceleaioujezo moka 6bicmpodelicmeue ewje Huxe (8)
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OtHowenne (5.8) paBHO:
(Iz +1;)/1I; =116,

B TO BpeMs Kak IIacIIOpTHasA Benn4nHa ¢, ayig kmoda Ha 125HT1 coot-
BETCTBYeT OTHOIIEHMIO, PABHOMY 2. ’

3HauuT, C JAaHHBIMYU TPaH3UCTOpPaMM OyAeT MONMyYeHO BpeMsi paccachl-
BaHMA:
In11,6

n2

He Hapo gymars, 4TO B cxeMe 6e3 3anuparoliero HalpsXKeHusa OTCyT-

CTBYeT paccacbiBaromuit Tok! [ins puc. 5.22, 6:

_5B-07B 07B

tp, <100 Hc- =230 He.

M - ~ 4,2 MA,
1xOm 10 xOm
0,7 B
Iy =——= 0,07 MA,
10 xOm

(I} +1;)/I; =61,

Iné61
t, <100 He-—— = 0,4 mKc.
n2
BricTpopeiicTBIe, KOHEYHO, CHU3WIOCh. BipodeMm, ybenutech camu, 4To,
YMEHBIHUB CONIPOTUBJIEHMA pe3nucTopa 6asa-smutrep o 1 kOm u cHU3MB
I Bcero nuimb 710 3,6 MA, MbI [OCTUTHEM BPEMEHNU PaccachiBaHUs, He Tpe-

Bbimaromniero 0,14 mxc.

PAAUOAIOBUTEAB: A yice noznsoviéar Ha puc. 5.22, 6: no Hawleti memo-
ouxe Mol 00TICHYL ObiU 6bL nonyuums t, = co. Ho me
NPUX0OUNOCH 8CMPeUamMvbCst ¢ MAKUM 8KIIOUEHUEM:
épode, pabomaem...

IIpocTo fo cux mop B pacyeTax He GUTypUPOBaAJ TOK KO/ZIEKTOPA, U 3TO
060CHOBaHO: IIpM CpaBHUTENBHO ITy60koM Hachimenun (I, /Iy << h,,,)
BenmuyHa I, He 6yfieT cM/IbHO BNIMATD Ha pesy/brar (pasBe 4TO MbI IONY-
YaeM HEeCKOJIbKO 3aBBILIEHHYIO OLIEHKY [ tp). TunmdaHbIi cnydait, korga
TaKoe NMpUOMDKeHNe OKa3bIBA€TCA HECOCTOATENbHBIM, — 3TO KakK pas
I;=0.
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PAAMIOAIOBUTEAD: A npuvuem mym mox Konnexmopa?

IIpu ToM, 4TO 3a co3faHMe U3OBITOYHOTO 3apsAna B 6a3e «OTBeYaeT»,
CTpOro roBopsi, Tok BennuuHoit Iy — I, /h,,,, a 3a ero paccacbiBaHue — TOK
I + 1 / h,,5. Baecure Teneps monpaskiu B (5.8). YUTo BEIXOTUT?

PAAMOAIOBHTEAD: Boixodum, umo ecnu Is =0, nado yuumsvieamo noza-
pudm omnowenus I h,  /I.

Ha, u HauMeHee >KeTaTeneH, Kak BUAUM, MaKCUMaIbHBI K0abduimeHT
h213'

ITpepmonoxxum, YTO K04 Ha puUC. 5.22, 8 ynpaBiseT TOKOM, paBHbIM
10 MA. BpeMms paccacbiBaHMA IS CTydas, korga by, 5 = 150:

<100 Hc- 1764 =0,41 mxc.

n2
ITocnemuuit BapuaHT ynpaB/ieHNA paCCMOTPEH NNILIb /151 TO3HaBaTelb-

HBIX LIee, BOO6II.I€-TO peanbHOE €ro IPMMEHEHNE HEXKEIATENIbHO.

Mepe3sapafa eMKOCTN Harpy3Ku

U3 puc. 5.23 1OHATHO, 4TO NMPU 3aKPbIBAaHMM TPAH3UCTOPA HOMKHO
MMEeTb MECTO 9KCIIOHEHIIMATbHOE HapacTaHMe BBIXOZHOTO HAIIPSDKEHNUA K
BermmumHe +E ¢ mocrosaHHoit BpeMenn R, C,,. ViMeHHO 3TOT PpOHT (B faH-
HOM C/Ty4ae — IIO/IOXKUTE/IbHBIN) Y OKa3bIBaeTCs Hanboee 3aTAHYTHIM.

IIpu ananuse apyroro (3gecs — oTpuiaTenbHoro) ¢ponra, popmu-
pYIolerocst mpy OTKPBIBaHMM KITIOYA, HaZl0 MCXOAUTD U3 CIEAYIONIETO: OH
ABJIAETCA TAKXKe OTPE3KOM 3KCIIOHEHTHI C TOJ )K€ MIOCTOSHHOM BPEMEHH.
Ho cTpemsameiicsa k ypoBHIo, paBHOMY E—R,(Ih, ). IIpu ray6okom
HACBIIIEHUH, JjaXKe B CTydae MMHMMAJIbHOM BeJIMYUHBI A, ,, BTOPOI1 YIeH
CYILECTBEHHO IPEBbILIAET NepBblit. Torma GpoHT monyJaeTcs NpakTUIeCKn
NVHENHBIM C JIUTENbHOCTDIO, IPUMEPHO paBHoﬁ EC, /Ih,,, HamMHOrO
Kopoue ¢ppOHTa HaApaCTaHUA.

EcTecTBeHHO, CXeMy COCTaBIAIT Bcerga
TaKuMM 06pa3oM, YTOOBI OTKPHIBAIOLIVIMCSA TPaH-
3uctopoM ¢opMUPOBaJICA TOT UMEHHO U3 GPOH-
TOB, K KOTOPOMY NIpeIbABNAIOTCA 60nee cTporue
Tpe6OBaHNMA B OTHOLIEHUY €ro AIUTENTbHOCTH.
Ecnu xe Tpebyercs JOCTUYD NPENENbHO MANION  pye, 5,23, B npocmom kniove
IIMTENIPHOCTY KaK HapacTaHWsA, TaK ¥ CIIafia;,JHe O0OuH (ppoHm HanpaxeHus Ha

. : ; Hazpy3Ke — 3KChOHeHyuasieH,
060i1THCD 6€3 IBYXIIONAPHOrO KITI04a. Opy2oii noYmu uHeeH
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NpeanbHbie GppOHTHI

He cnenyet gymarh, 4to pu C,, ~ 0 MOXXHO IOTY4UTD CKOJIb YTORHO
KpyTble GPOHTHI BBIXOAHOTO HaNpsDKeHMsA. BcmoMHMM o Hanmuyum mapa-
3UTHOM eMKOCTU C,z, M HaM CTaHET SICHO, YTO BO BpeMs KOMMYTalluyu
KJII0Y IO/DKEH AeiiCTBOBATh Kak MHTerparop (momuure «Illar 3»?), npeBpa-
[aIOLIMi1 MTHOBEHHBI CKa40K BXOZHOTI'O TOKA B JIMHENHO-M3MEHIOLIeeCs
HanpsDKeHMe. YoenuTech, 4To A/IUTETbHOCTY HapacTaHNA U CIaja Hanpsi-
>KEHMsI Ha KOJUIEKTOpe He MOTYT ObITh Kopode, yeM EC,; / I ;. Jlerko mog-
CYNTATh, 4YTO B CTPYKType Ha puc. 5.21 ¢ Tpansucropom 2T316B munn-
MaJIbHbIE JIUTETBHOCTM COCTABAT: 50 HC /1A 3aKPbIBAIOLIErOCs TPaH3M-
ctopa u 80 Hc 1 OTKpbIBaloIerocs, a ¢ 2T201B sty uudpbt MOryT OBITH
okasarbcs B 10 pa3 6onpmmmu!

Kniou Toka

B TOKOBOM Kil04e OTKpPBITHI TPaH3MCTOP HAXOAUTCA B aKTUB-
HOM peXMMe, IO3TOMY ObICTPOAEICTBUE MOYyYaeTCs OY€Hb BHICOKMM.
3agep>KKa IOAB/IEHUA TOKA B BBIXOIHO I[€NIM OTHOCUTENBHO MOMEHTA
BK/IIOYEHM S BbI3BaHa 3[1eCb TEM, YTO KOMMYTUPYEMBII TOK I ycTpemsaeTcs
CHayasia Lie/IMKOM B 6a3y BK/IIOYAIoLIerocs Tpan3ucTopa. Tok 6a3bl criafaer
Aajee C IOCTOSTHHONM BpeMEHM, paBHOJ T. A TOK KOJJIEKTOpa HapacTaeT €
NOCTOSSHHOI BpeMenu T/ h,,, =1/2nf.. IloaTOMY Ta >Ke BeIuM4MHA CIIpa-
BEJ/INBA U J/IS BHIK/IIOYEHM .

[Mopgymaiite Tenepp, KaK OTPasUTCA Hanu4ye MapasMTHBIX eMKOCTEN
Cy; Ha GBICTpOJEVICTBUY KITI0Ya TOKa, MpoBeAuTe aHanoruio ¢ «Ilarom 3».
VimeitTe B BURY, YTO BIVIAAHME MEXAYITEKTPOSHBIX eMKOCTel 6yfieT MMeTh
MECTO U i1 CTPYKTYPHI C O/IEBBIMU TPAH3UCTOPAMM.

TouHOCTb Nepepauy aHanoroBbIxX Knioyen

3amkHyTHIT MOII K104 — 3TO YMCTO OMUYECKOE CONPOTUBIIEHHE.
[TapamMeTpoOM, XapaKTepPU3YIOMIMM Ka4eCTBO KITI04a, AB/IAETCS 3/IeCh COIpO-
TUB/IEHME KaHaJIa 7, HaubobIlas BeIM4MHa KOTOPOTO OrOBOPEHa B TEXHM-
YECKVX YCTIOBYAX Ha TPAH3UCTOPBI [/ M3BECTHBIX HAIPSDKEHMI Ha 97TEKTPO-
#ax. VI, 4To6bI 3HaUEHME 1y HE IIPEBBICMIIO TApAaHTUPOBAHHOTO, pa3paboT4umK
momkeH obecnieunts Bemmunny U, . = |U, —U,, . | (B abcomoTHOM BbIpa-
JKEHNM) He MeHblIe 3aflaHHOl. OffHaKO OH o6palllaeT BHUMAaHMe TAKOKe U Ha
HIOTEHIVAJI TIOA/IOXKK: BEb MOBBILIEHME €T0 YBE/IMYNBAET CONPOTUBIIEHNE
KaHaJIa IIpY HeM3MEHHBDIX IIOTeHIMa/IaX Ha OCTA/IbHBIX 3/IEKTPOJaX.
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ITpu u3BeCTHOI BEMMYMHE Ty MTAPAa3UTHOE HAIIpsDKEHVE Ha OTKPbITOM
K/TI0Ye 3aBUCUT TObKO OT IIPOTEKAIOILET0 Yepe3 Hero TOKa:

Uey = Iry. (5.9)

CHIDKEHMA NOTPEIIHOCTY Ilepefiady IpK AaHHBIX TPaH3UCTOpax KoOM-
BAIOTCS IIyT€M YMEHbILIEHUS TOKa B U3MEPUTEIbHOI 1[enH (T. €. BXOJHOTO
TOKa C/IeAYIOLIeTO Kackajja, CKa)keM, IPeIU3VOHHOI M3MePUTENbHOMN
CXeMBl).

CKopocCTb nepeknioyeHnn

IIpoueccet B MOII-TpaH3ncTope mpakTnieckyt 6e3bIHEPLIVIOHHBL, U, TEM
He MeHee, [UINTE/IbHOCTY BK/IIOYEHVS M BBIK/IIOYEHUSI BIIOTHE OLY TUMBL:
OHM CBSI3aHBI C KOHEYHOI CKOPOCTDIO Ilepe3apsafia eMKOCTH 3aTBOp-KaHaJl.
Llenb 3apsAna MpoXoauUT Yepe3 MCTOK MM CTOK ¥ B KOHEYHOM MTOTe 3aMbl-
KaeTcs Ha OIMH U3 ICTOYHMKOB BXOJHBIX HaIlpsKe-
HUA, COOTBETCTBYIOLINII OTKPHITOMY B M3BECTHBI
MOMEHT BpeMeHM KaHany (puc. 5.24).

CnenoBaTenpHO, B Ty4llleM C/Iy4ae, IOCTOAHHAA
BpEMEHM 3TOTO Ipoliecca AOCTUTAET NPU 3aKpbl-
BaHuM Knwo4a Bennunusl (C,, +C,.)R,, rae R, —
BHYTpEHHEE CONPOTUBJIEHME UCTOYHMKA BXOJAHOro  Puc.5.24. Ckopocme
CUTHaJIa, a TIpefie/IbHble 3HAYEHMS MEXY3NEeKTPOJ - onpedensemes
HBIX eMKOCTel1 6epyTcs M3 TEXHUYECKUX YC/IOBUIL Ha  nepesapadom emkocmeli

TPaH3NCTOP.

COHpOTVIBJ'IEHVIe B Lienu 3aTBopa

[IpuBeneHHas 3ech OLleHKAa CKOPOCTM M3MEHEHMA YIpaBIIAIOIIEro
NOTEeHLMaa 3aTBOP-KaHal OKa)keTCs HEBEPHOM, eCi He YYUThIBAEeT
Ha/M4Me CONPOTUB/IEHNA B 3aTBOPHOI Ienu. PaspaboTumk Hepefko cie-
IIV1a/IbHO BBOAMT B 3aTBOPHI 3alUTHbBIE PE3UCTOPHI, IPeNOTBpAILaolye
aBapyIO CYCTEMBI IIpY BO3MOXKHOM Ipo6oe 3aTBOpa OFHOrO U3 KII04eit Ha
KaHaJ.

B maHHOM cuTyauym, y9uThIBast, 4TO R; HaBepHsAKa OyIeT COCTaBIIATS,
TI0 MeHbIIIEN Mepe, AeCATKI KMIOOM, TOCTOSHHASA BPEMEHM MePEeK/TIOYeHNs

paBHa yxe (C,, +C,.)R,
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PAAMOAIOBUTEAD: [Janee nOHAMHO: 8PEMA NEPEKIOUEHUS MONHO OYe-
HUmv Kax 2—3 nocmosHHvle 8peMeHU nepe3apaoa
emMKocmu 3ameopa.

HemnpasuibHo, BbI 3a6bIBaeTe Ipo MOKasaTeny KadecTa. Eciu Barma-
HYTb B 3TOM KOHTEKCTe, JIETKO COOOPpasyTh: IPOLieCcC NEPEKTIOYEHMA MOXKHO
CYMTATh 3aKOHYEHHBIM TO/ILKO TOTAA, KOTAa OlMOKa nepefayy Hampsxe-
HuA B paboueM KaHajle CHUSUTCA A0 monycTumoit! Bexb Tok nepesapsana
€MKOCTH 3aTBOpa, IPOXOAA depe3 R,, BBI3LIBaeT 6POCOK HanpsAXeHUA B
M3MEPUTENbHOI! LIeTN, SKCIIOHEHIMAIbHO CIIa/JAIONNii CO BpEMEHEM.

CoOTBETCTByOIIME pAacUeThl 37IEMEHTAapHBI, HO YIYCKaTh MX U3 BURY
HeNb3A.



WAT 6
HEJIAHEMHDbIE KACKA bl

Amo camelill HacviujeHHbIU «lllaz2» KHu2u. Paccmampusaiomcsa
CXeMbl, MpAaoUYUOHHO OMHOCAUUECA K He/luHeliHbIM: Oemek-
mopbl, nepemMHOXumesnu, ozpaHu4yumenu, asmozeHepamopeoi.
C4yumaemcs, ymo pacyem no0obHbIX cxeM mpyOeH, U NOMOMy
um obbIyHO npeHebpezaiom. Pacuem HyxeH, U 8 MO Xe 8pems 8
HeM Hem Hu4e20 C/10H020!

JemaneHo nokazaHo, om 4ez0 3asucum Kkavyecmeo pabomel
nepemHoxumenel, kKakumu npuemamu obecne4ums cmabuns-
HOCMb 4acmomeol 2eHepamopos, Kak npasu/ibHoO CmMpoume
Keapuyeablie asmozeHepamopel. PazobpaHel 3a6asHbie owubKu
paduoniobumened.

lMpoosuHymeili yumamens y3Haem MHO20 HEOXUOAHHO20
npo 06bi4HbILI amnaumyOHelli 0emeKkmop, NO3HAKOMUMCA €O
CMpaHHeIMuU cgolicmeamu amnaumyOHOo20 O2paHuydumens, ¢
yousumesibHblM «0emeKmopoM MoKa», C He0BbIYHbIMU cCXemMamu
cmecumened.

6.1. AMnnutyaHoe feTeKTupoBaHve

OuopHbin geTeKkTop

Kak 3T0 HM cTpaHHO, BCTPEYaIOTCA CaMble pa3/INyHble B3I/IAABI Ha CTa-
peiyIo 13 MoJyIIpoOBOAHUKOBBIX CX€M, M3BECTHYIO CO BpPEMEH 3apOXJe-
HuA paguo (puc. 6.1). Kro-to sake Bcepbes 6epeTcs 3a CIOXHbIE TOCTpPOe-
HMA Ha BO/IBTAMIIEPHON KpMBOM AMOJA MU TPAH3UCTOpA.

' Usx Un

PAAMIOAIOBUTEAB: A MHe, Hao6opom, Kaxcemcs, } Cu=
4mo 6 makxoil dnemeHmapHou
cxeme 8000uie Hem npeomema

07 pacermos. Puc. 6.1. lpocmetiwudi

OuOodHbIl Oemekmop
coacem He mak npocm

]
b]




132 WcKyccTBO cxemoTexHUKU. MpocTo 0 cnoxHOM

Omm604YHO U TO ¥ APYroe. A OIBIT HOKa3bIBaeT: IpeHeOperkeHne pac-
YeTaMM MPOSAB/IAETCA B BUAE HEYIOBIETBOPUTENIbHOM pabOThI 3aMMCTBO-
BaHHOTO M3 KHVDKKY «TUIIOBOTO KacKaja».

VicxopAT U3 MPOCTBIX COOTHOIIEHMI, CTIPaBe/IMBBIX, KOTAa BXOZHOM
CUTHAJI COCTaB/IA€T He MEHee JeCATHhIX J0/Iell BONIbTA, a CONPOTHUB/IEHME
Harpy3kyu — KMJIOOMBI. B 3THX yC/TOBUAX JOIYCTUMO IIpeACTaBIeHNE rep-
MaHMEBOTO IMOfa KaK U/iea/IbHOTO BEHTIA; TaKas MOZe/b («IMHETHOro»
HDeTeKTUPOBaHMA) CpPa3y >Ke JaeT I OCTOSIHHOV COCTaB/IAIOIEN BBIXOJ -
HOTO HaNpPsDKEHUS:

Uy = ug, (6.1)

'€ Upgy — AMIUVINTYAAa HAIPAXKEHUA Hecymeﬁ Ha BXOJI€ JETEKTOpa.
AMIUII/ITY}Ia HM3KOYaCTOTHOI'O HAIIPAXKEHMA Ha BbIXO[E:

Ugyy =mU,,. (6.2)

m — K09GPULMEHT MORYIALUY aMIUIUTY{HO-MOLYIMpOBaHHOrO (AM)
CUTHAJIA.

XUTPOCTU CMeLLeHHOro auoaa

[TpakTuka papmuomobuTesieil MoKa3siBaeT, YTO paboTa AeTekTOpa C
He6Oo/IbLIIM Havya/IbHbIM TOKOM, IIPOIYILIeHHBIM 4Yepe3 AMOf, Bpofe Obl
C7IerKa y/my4uIaeTcs.

PAAUOAIOBUTEAD: B xHuzax nuwym, 4mo npoucxobum cCMeuLeHue 8
«MoUKy MAKCUMANbHOU uyscmeumenvHoCcmu».

B meiicTBUTENBHOCTY — BCe A0 B CIUIIKOM 6O/bLIOM CONTPOTUBIEHUM
AMONHOTO BEHTWIS IPY MaJ/IbIX BXOAHBIX curHamax. OHO ¥ yMeHbIIaeT B
06b14HOIT cxeMe 3 deKT feTeKTUpOoBaHusA (II0 CPaBHEHMIO C YIIPOILEHHOI!
Mofienbio). Oco6eHHO XapaKTePHO 3TO IJIsi KPEMHMEBBIX IMONOB: OHU IPU
Uy < 0,5 B BOOO1IIe TPaKTUYECKY 3aKPbITHI.

PAAMIOAIOBUTEAD: S NOHAN: nponyckanue Ha4anvHozo moka (puc. 6.2)
8bI600UMN 8EHMUNL HA YHACMOK C MEHLULUM CONPO-
mueneHuem.

Ha, Ho... ;1A nosBneHns 9 deKTa feTeKTUPOBaHMA Ha BBIXOZE TPeby-
eTcs, YTOOBI ICTOYHMK CUTHaIa 06eCIiedn/I MOCTOSTHHYIO COCTABIISIOIIYI0
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BBINPAM/IEHHOTO TOKa, He MEHbINYI0, YeM 3Ha-
yeHMe CMelfaolero Toka (Hampumep, 25 MxA B
cxeMe Ha puc. 6.2).

PAAMOAIOBUTEAD: /g uezo? , Puc. 6.2. Cmewjarowuti mok
ynyywaem OemeKmuposeaHue,

A mHauve gyiop 6yzeT Bcerga OTKpHITHIM! HO CHUXaem X00Hoe

ITpn Hanps>keHun CUrHasa, gonyctum, 0,5 B conpomuenexue

3TO COOTBETCTBYET BXOZHOMY CONPOTYB/IEHMIO:
Uy /21, ~10 kOm.

PAAMOAIOBUTEAD: A KaK 3mo2o docmuun?

HecmoxxHo: npeHebperasi CONpOTUB/IEHNEM OTKPBITOTO AMOJa, IOfe-
NIUTe BXOJHOE HAIIpsDKEHMe Ha CYMMY MMIIEAaHCOB MICTOYHMKA CUTHAIa
Y HarpysKu jieTekTopa. Ec/iu nonydeHHas aMImTyna Toka Hecyleit 3Ha-
YUTE/IbHO NMPEBHIIIAET BEMNYMHY CMEIIAOIIEro TOKa, IETEKTOp paboTaThb
6yneTt. Ecriu HeT, TO gMoOJ, OCTaHEeTCs, YBbI, IOCTOSTHHO OTKPBITBIM.

WTax, neTeKTops! CO CMELIAIOIIMM TOKOM TPeOYIOT HU3KOOMHBIX MCTOYHHU-
KOB curHas1a! B TO >ke BpeMs PMHYAVTETbHOE YBeMYeHye IIOCTOSHHOI COCTaB-
JISIOLIEl TOKA CIIOCOOCTBYET CHVDKEHMUIO MCKKEHMUI, O YeM OyZIeT masiee.

MapannenbHbi aeTeKTOp

[TpucoenyauM «HIDKHMIT» BBIBOJ, pesucTopa Harpysku K BY Bxopgy, kak
Ha puc. 6.3, a. Hu /151 OCTOAHHOI COCTAB/IAIOLIEN TOKA, HY J/Is1 MOTY/IN-
pyroiero xonebaHus, 1o CyTH Jielia, HU4ero He u3MeHmIoch. [lepeBepHyB
Teriepb cxeMy (puc. 6.3, 6), IOTy4MM M3BECTHBIN 110 KHUTaM TaK Ha3bIBae-
MBI IapasIIENbHbIN JETEKTOP. '

OT1nnumeM 3TOit KOHQUIYpaLlMM OT paHee PAaCCMOTPEHHON BepCUM
ABJIAETCA TaKXe IPUCYTCTBME Ha €€ BbIXOJie, IOMUMO HU3KOYAaCTOTHOTO
HaIpsDKEHMUs, ellle ¥ IIOJTHOTO BXOAHOro curHana. Ilosromy B mpakTiude-

Ch

Usx Usx I _| l_ Ro
Ch I R Cx Cm—l— R
a 6 -
Puc. 6.3. lepebpoc pesucmopa Puc. 6.4. Qunempyiowaa aqelika
Haepysku (a) npespawaem npensamcmeayem npoxoxoeHulo

demekmop 8 «napanneneHsil» (6) BY cuerana Ha 8bixo0
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cKoit cxeMe (pHc. 6.4) IpeRyCMOTpeHa JONONHUTENbHAA GUIBTPYIOMIasA
sa4qeiika R,C, and cHATUA HexenaTenbHoit BU cocrasnsaromeii.

K mapannensHoMy fieTeKTOpy 06paIjaloTCs B TEX CIy4asnX, KOTr/ja cxema
AMKTYeT HeOOXOMMOCTh HETIPEMEHHO €MKOCTHOI CBA3M C MICTOYHUKOM
CUTHaJIA.

HeTtekTop «C yaBoeHuem»
IATta cxeMma (puc. 6.5) 4acTO NONAafAETCA B ONMCAHUAX PAAMONIOOUTEND-
CKUX HpMeMHI/IKOB.

PAAMOAIOBUTEAD: ITuuym, umo oxa obecneuusaem 6060e 6onvuiee npo-
demexmuposanHoe HanpaxeHue, Yem mpaouyuoH-

Uex °|1 vD2 Hblil demexmop.
VD1 Cc2 R
T V1 pesoH B 3TOM, KaXeTCs, eCThb, He IpaBja mu?

‘ Ha muope VDI MBI MMeeM BBHINPAM/IEHHOE Hamps-
P ::;gﬁ;f:&g;’;”fp >KEHJe C HAIOXKEHHBIM Ha HETO BXOTHBIM CUTHAJIOM;
ydeaueaem danexo  TIPOU3BEMIA MIOBTOPHOE JIE€TEKTUPOBAHNE, TIONTy4aeM
He 8cez0a Ha BbIXOJI€ Y{BOEHHBI 9 PeKT.

PAAMOAIOBUTEAD: 3Haeme, u cama KOHPU2ypauus, 6 omauyue om npo-
CMo20 napannenvHozo demexmopa, evienaoum Gonee
«3a8ePUIEHHO», YO NU...

MexaHu3sM paboThI HOKOGHBIX cxeM Xopolo u3dydeH. 3gxech CI Ha oTpu-
I[aTeTbHOM ITHMKe 3apsDKaeTcA A0 aMIUIMTYAbI BXOAHOTO CUTHAJIA, @ Ha IOJI0-
JKUTENTbHOM — OTKphIBaeTcA VD2 u 3apaAf nepepacnpenensieTca Mexay
nocnefoBatenbHo coepyHeHHbIMU CI u C2. Yepes HECKONIBKO IEpPUONIOB
BY curnHana 6ygeT ZOCTUTHYTO OTHOCUTENbHOE «yABOeHMe»: C2 oKa3bl-
BaeTCs 3apsDKEHHBIM IIPMMEPHO [0 ABOVHOI aMIuTyabl. Tak paboTaioT
I[eITI0YeYHble BHICOKOBOJ/IBTHbIE BBHIIPAMUTENN, HEPEAKO COCTOSIME U3
MHOTYX 3BEHbEB. .

PAAMOAIOBUTEAD: 3Hauum, y0eoeHue OeilicmeumenvHo 803MOHCHO?

Mla, HO TONBKO IIpY pAAE YCIIOBUIAL.
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YcnoBue 1. BoixofHOE COIPOTUB/IEHNE UCTOYHMKA CUTHAJIA JHO/IKHO
6BbITH HM3KMM — Ha [iBa MOPs/IKa MeHbIIe R.

YcnoBue 2. OTHOILIEHYE YaCTOT — HECYILeil 1 MOAYUPYIOLIE — NO/DKHO
‘ObITH, 110 MEHbLIIEN Mepe, 50-KpaTHBIM, MHaue HeU36eXHbI MCKaKEHVIA.

YcnoBue 3. YpoBeHb BXOJHOTO CUTHAJIA JIO/DKEH ObITh He HVDKE OfHOTO
BOJIbTA, MHAYe JOOaB/IeHNe BTOPOro AMOAA He YCUIINT, @ HA060poT, ocra-
6ut aPexr.

A caMbIM YMHBIM peiieHueM 6ymetT — BooO1ie usberaTb NpuMeHeHNs
TaKVX 9K30THYECKMX (4 aBCOMOTHO HEHY>KHBIX) CXEM.

IMUTTEPHbDbIN AEeTeKTop

+E1
HaHHaﬂ CX€Ma IMO3BOJ/IAET JIOTUYHO CHATD l'IpO6}IeMbI

C UCKaOXXEHUAMU B AVONHOM JieTeKTope (0 KOTOPBIX }
6ymet 4yyTh Hike). K TOMY ke, 9TO XOpoiuuit BapuaHT

. R c
/1A IETEKTOPA B COCTAaBE MHTETPA/IbHOM CXEMBI. uT™
BrnpoueM, B cxeMe puc. 6.6 HeTPyJHO OIIO3HATH -E2
HNEeTEeKTOP CO CMEUAIOIIM TOKOM, OT/INYME COCTOUT Puc. 6.6.
JIMIIBb B TOM, YTO BXOJHOI TOK 3/I€Ch B h, , pa3 YMeHb- _ mummepHeiii
demekmop umeem
weH. IlosBnseTCA BOSMOXHOCTD M36aBUTBCA OT Heffo- 0 "% o

CTaTKa JIMOJIHOf;I CX€Mbl — HU3KOTO BXOOHOTI'O COIIpO- conpomuseneHue
TUBJICHUA.

«JINHENHbIN» N «KKBaAPaATUUYHbIN» feTeKTOpPbI

PaccMOTpeHHBIe HAMM BBIllie CXeMBI JeTeKTUPOBAHUSA VMEIOT OFHY
0611[y10 0CO6€HHOCTD: HaIIpsDKEeHVe Ha OTKPbITOM HEJIMHEIHOM 3/IEMEeHTe
IpEefCTaBIIsAeT COO0II TONIBKO PasHOCTDh MeXAY orubaromieit AM kone6aHnsa
Y1 Be/IMYMHOI BBIXOJHOTO HaNpsKeHNA (TOT JKe «CUTHA OIIMOGKM», aHaIO-
TMYHO YCUITEIbHBIM CXeMaM ¢ 06paTHOI cBA3bI0). [IoaTOMY fleTekTOpBI
TAKOTro By/a 06eCcriednBaloT Majible MCKaXXKeHNs, IpudeM popMa XapaKre-
PUCTUKY HEJIMHEITHOTO 37IeMEHTa COBEpLIEHHO He Ba)KHa!

PAAMOAIOBUTEAB: A uuman, umo n060ti Oemexmop A6nAemcsa NuHel-
HbIM ONIAL «CUNbHBIX» cuzHanos. ITomomy umo ona
MaKkux CuzHanos xapaxkmepucmuxa oemexmu-
pyrouezo anemenma annpoKCUMUPyemcs KycouHo-
NUHENHOT, cocmosuieil U3 08YX NPAMDbIX.
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9t10 HeBepHO. Hu npy KaKMx yCmoBUAX 5KCIIOHEHI[MAIbHAA XapaKTepy-
CTMKa IO/TYyTIPOBOJJHMKOBOTO IIepeXo/ja He 9KBMBa/IeHTHA COCTaB/IEHHOM U3
ABYX IPAMBIX.

B03MOXXHBI KOHQUTYpaLyK, B KOTOPBIX IIPOUCXOAUT HENMMHENHOE TIpe-
o6pa3oBaHMe CUTHajIa B COOTBETCTBUM C POPMOIT XapaKTEPUCTUKHU IIPSIMOIA
Tepefiauy TPAH3UCTOPA, IPU ITOM OTCYTCTBYeT OTpUIaTe/IbHasE OOpaTHas
CBA3b. ITO UX CBOVICTBO MCHO/B3YETCA AJIA MOCTPOEHNsS JETEKTOPOB CO
crielyanbHBIM GYHKIMOHATbHBIM IIpeobpa3oBaHyeM, HAIpUMeD, B M3Me-
purenax 3ppeKTUBHBIX MK norapudpMudecKux 3HadeHuit. [Jis1 IMHENHOI
AEeMOMY/IALMY TaK/e CXeMbI HETIPUTOJHBI: HY IPU KaKMX CaMbIX «CH/IBHBIX»
CHUTHaJIaX OHY He 00eCIIeYVBaIOT IVHEHOTO JIeTEKTUPOBAHMA.

6.2. AHann3: MHUMO NPOCTON AUOAHDBIN AeTEeKTOP

UckaxeHun B AeTeKTope

O6paruTe BHMMaHye: HM3KOYACTOTHBII TOK, IPOXOSILII Yepe3 pesu-
CTOp Harpy3KH, IPOTEKAeT TaKXXe U Yepe3 HeNIMHENHBIN 3/IeMeHT — JVIOA,.

PAAVIOAIOBUTEAB: Pasee? I 0 makom He 3a0yMbl8acH. ..

A Befib 3TO MOXET SABUTHCA NMPUYMHON MCKa)XKEHWII MPOeTEKTVPOBaH-
HOT'O CUTHaJIa.

- B mo/tHOM cOOTBEeTCTBUM C PyHaMEHTa/IbHBIM NPaBuUIoM (4.6), Kak u
A5 06071 CXeMBl, TTie eCTh 3IEMEHT C OHOCTOPOHHEN IPOBOAUMOCTHIO,
HeXXe/laTeNIbHOe 3aKpbIBaHMe AMOMA Ha MUKaX orubaoleir 6yfeT BO3HM-
KaTb, €C/IY1 HE BBIIIOTHEHO YC/IOBME:

I>i (6.3)

rae I — mocTrosAHHaA COCTaB/AIAA TOKA Yepe3 AUOf, a i — aMIUVINTYAA
HU3KOYaCTOTHOTO TOKa.

B pmerexTope Ha mmone o6a 3Tu TOKa CO3-

DAIOTCS TONBKO BXOAHBIM BBICOKOYAaCTOTHBIM

I - 230,( curHanoM. Bsrnanute Ha puc. 6.7. Ilyctp Ha

220« Harpyske feTrekropa RI MMeeTcs MOCTOAHHaA
Puc. 6.7. VickaxeHus COCTaB/IAIOIIAA MPONETEKTUPOBAHHOIO HaIfps-
803HUKAIOM U3-30 xenusa Uy, u nepemenHasn mUy, Torga 04eBUHO:
paznu4un Hazpy3oK ona (
nocmosHHoU u nepemexHoL == (6.4)

cocmasnanuwux R1
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Ecnn moteHumometp R1 BeIBefieH [i0 npefiena (ABMKOK — B KpailHeM
HIDKHEM 10 CXeMe TONIOXKEHUN ), TO:
mUy
(6.5)
R1
YcnoBue oTCyTCTBUS MCKaXKeHMit (6.3) BBINOTHAETCS aBTOMaTU4eCK:
Benb Bcerga m < 1.
Ecnu reneps ABMIKOK ITOTEHIIMOMETPA IIepeMeEIEH B ITOI0XKEHNE, COOT-
BETCTBYIOLle€ MAaKCMMYMY YCUJIEHMA, TO HarpysKa JIeTEKTOpa /1A Hamnps-
YKEHWA HU3KOI 9aCTOThI OyIeT COCTOATD Y>Ke U3 MapajiebHO COeNVHEH-

HbIX R1 u R2, n:
i=mUy, (i + i)
Rl R2

[Tony4yaercs, uro npu m > R2/(R1+ R2) (B paccMarpuBaeMoit cxeme —
npu m > 0,5) HapyIlaeTcs yc/IoBue HEUCKa>KeHHOTO JieTeKTpoBaHuA (6.3).
YT10o6BI YpaBHATH Harpy3KM AjIA IOCTOSTHHOTO ¥ ITIEPEMEHHOTO HaIps-
YKEHII, MOXXHO MONBITaThCA yBeMM4YnTh R2: Tak npu R2 = 1 MOm uckaxe-
HUs OYAYT OTCYTCTBOBATH Aake Npy 80-IPOLIEHTHOM MOLY/IAIIN.
Jpyroit cnoco6 moscHeH Ha puc. 6.8:

100k
HETPYAHO IIOACYMUTATDH, YTO CONPOTUBJIEHUA
Harpysku JeTeKTopa Ji/Is IOCTOSHHOIO U Iepe- I 100 220«
MEHHOI'0 HaNpsXXeHMI pa3nnyaloTcsa 3[echb

(xorga peryisiTop yCTaHOB/IEH Ha MaKCUMYM) Puc. 6.8. lpouzpant
Bcero Ha 16%, T. e. ;o m < 0,84 mMckaxeHus 8 ycusieHuU — 3amo
OTCyTCTBYIOT. [IpaBza, 1 BbIXOZHOM CUTHAJI CHU- YCMPAHUNU UCKaXeHUA
>K€H BJIBOE, HO C 3TUM MOXXHO IIPYIMUPUTDHCS.

Monoca moaynupymowmnx 4actot

JononuuTenbHbIe MCKAXXEHNS B IETEKTOPE MOTYT BO3HMKATh JI/IS Hau-
BBICIIMX YaCTOT MOAY/IMPYIOLIETO HANps>KeHUs, KOTAa 3aMeTHas JOA
TOKa BbIfI€/IECHHOIO CUTHa/la OyfeT mpoTeKaTh Yepe3 eMKOCTb HarpysKu.
AMnnTyza o6111ero Toka COCTaBUT, C Y4€TOM 3TOM eMKOCTH:

i=mU, 1/ R* +(27FC,, ). (6.6)

OxasbiBaercs, mpu m~1 ycnosue (6.3) onsATh HapyuaeTcsa: TOK IO
(6.6) c pocrom F nipeBsicur (6.4). B T >ke BpeMst CIMIIKOM YMeHbIINTD Cy,
He/b3s (BO BCAKOM C/ydae, OHa HO/DKHA ObITh Ha MOPAAOK 607bliie eMKO-
CTH IMOfA).
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MyTaHuMUa ¢ «<BXOAHbIM CONPOTUB/IEHUEM»

PAAUMOAIOBUTEAD: ITouemy nymanuya, 6e0v 07 NOC1e006aMenvHO20
demexmopa 8 110601 KHUNKe daemcs dopmyna:
Ry, = 0,5R?
C BXOZHBIM CONIPOTHB/IEHUEM HEJIMHEHBIX CXeM JIeNIo 0O6CTOUT HEmpo-
cto. [IOHATHO 1 BaM, YTO, CKaXKeM, IIPY TAPMOHMNYECKOM HaIIpsIKEHUM
BXOJIHOJ TOK JIETEKTOPa AB/IAETCA Pe3KO HECMHYCOUATbHBIM?

PAAMOAIOBUTEAD: Boobuie-mo oda...

B 3Ty ycnoBuAXx, ecimm y>k BECTU pedb O BXOZHOM COITPOTUB/IEHNM, C/IEAyeT
TpeXKfie OTOBOPUTB, KAKO# CMBICII OyzieT pUaBaThCs STOMY IOHATHIO

HomycTuM, MICTOYHUK CUTHaJ/Ia MMeeT BHyTPEHHee CONpPOTMBIeHMe R,
Cnepyet 0>Xuaarh (a Tak OHO ¥ €CTh), YTO BHIIIPSAM/IEHHOE HanpsokeHne Uy,
6ymeT (maxke mpy «ujearTbHOM» AMOfE) Telepb 3aMETHO MeHbIlle aMIUIN-
tyabl OJIC curHana egy, ¥ TeM MeHblIle, 4eM 6obiie R;,. ITOT PaKT MOXKHO
IIPUINNCATH BIMAHUIO «BXOZHOTO CONPOTUB/IEHNA» IeTEKTOpa Ry, CHMKa-
I0lleMY HaIpsDKeHMe IPONOpLMOHanbHO Ryy /(R + Ryy ).

AHanu3s npuBeneT, IPaBja, K TPAHCLIEHAEHTHOMY YPaBHEHMIO.

PAAVIOAIOBUTEAB: Heyxcenu ezo npudemcs pewsamo?

He cTont. U He peias, MOXXHO CHe/laTh YeTKUIL BBIBOJ;: ICKOMas BeJy-
Y1MHA BXOZHOTO COIIPOTUBJ/IEHNA He SAB/ISETCA MOCTOSHHO; C yBE/IMYEHEM
R, 30 dexT feTeKTMPOBaHMA CHIDKAETCA MefTIEHHee, YeM MOXKHO 65110 651
0XMAaTh. 3aMeTUM, OFHAKO, YTO 37ieCh Ry, MONTy4YaeTcs NMPMHIMIINATIBHO
BO MHOTO pa3 MeHbliie, 4eM 0,5R (0cO6€HHO Npy MaJIbIX COIIPOTUBICHUAX
MCTOYHMKA CUTHAA).

PAAVOAIOBUTEAD: M Kaxk jice e20 paccuumoiéams?

ITpu HM3KOOMHOM MCTOYHMKE PAacyeT «BXOJHOTO COIPOTUBIICHUS»
BOOO11le TepsieT CMBICT, TaK KaK B OO/IBIIMHCTBE C/Ty4YaeB OKa3bIBaeTCsA Bep-
HBIM IIPOCTOE COOTHOLIEHMeE, yTouHsAomee (6.1):

U, =(0,8..0,9)uy,.

Jlpyroe merno, ecut feTEKTOP MOAK/IIOUEH K KojiebaTeTbHOMY KOHTYPY.
3nech Hac MHTepeCyeT CHIDKEHME ero JOOPOTHOCTH, CBA3aHHOE C OTOOpOM
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aHepryn. IlorpebyeTcs O-MHOMY ONpENeNUTh BXOJHOE CONPOTHUBIIEHNE
AeTeKTopa: ,
Ryy = 22X,
2P
rie P — MOIHOCTB, OTOMpaeMas JeTEKTOPOM M3 KOHTYpa. VI3 ycnoBus
6amanca MOII{HOCTE, y4uTbhiBaA, 4TO:

P=U./R,
v npuHuMas Uy = Uy, TIoNyJaeM 3HaKOMOe:
RBX = O)SR. (6.7)

DTy BeIMYMHY CNEAYeT YIUTHIBATh IIPU pacyeTe 3aTyXaHUs, BHOCYMOTO
AEeTEKTOPOM B P€30HAHCHYIO CCTEMY, HO U TOJIbKO!

KcraTn, B cxeMe nmapanenbHOro AeTeKTopa pe3yicTop R OTIOTHUTETbHO
noprpy>aet BY Bxoz. CoOTBETCTBEHHO CHIDKAETCA BXOJHOE COIIPOTHBIIE-
HM€ /I pe30HAHCHBIX liere:

_ 05R-R _ R/3

™ “05R+R (68)

«O6paTHOe conpoTuBneHne»

PAAMOAIOBUTEAB: Ecmb udes: ecnu cmpemumucs k Haubonvuemy 6x00-
HOMY CONPOMUBTIEHUIO, MONCHO 8006U4E OMKA3AMBCA
om pesucmopa Hazpysku (unu 63amv ezo oueHv 6071b-
woil eenuuunvl). Ponv Hazpysku cmarvem uzpamv
obpamnoe conpomuenerue 0uooa Rz, a 0ns demex-
mopa 6ydem nonyueno Ry, =0,5R;, (puc. 6.9).

BoTt TMnuuHbI IpUMep TOrO, Kak HelpyuemneMas MOJeNb MOBJIeKIa
omm604HbI BBIBOA,. Takoro mapaMeTpa nepexofa, Kak «o6paTHoe conpo-
TUBJIEHME», He CyllecTByeT!

PapMOAIOBUTEAB: Kax xe max? Bo ecex kHuxcxax...

BripoueM, kak u «npsimoro». O6paTHbIit TOK I, TOYTH He
3aBUCAT OT HAIIPSDKEHNA. I
Jlerxo mopcuymTaTh (M3 ycnoBus 6anaHca MOLIHOCTEN!):
BXOIHOE COIPOTHUBJIEHME NETEKTOpa He MOXeT ObITb Bb,c;‘ffe' f;(?,bm
6onpme U, /21,. Tax npu ucnonp3oBanum auopa 1J1402A  conpomusnerue?

. . Toneko npu
(I, < 50 MxA) n aMmMTyzIe KOne6aHwmit Ha BXofie, paBHOi 1 B, W T
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R, 6ymeT cocTaB/IATh, BOSMOXHO, MNIIb 10 KOM... VITak, yTo4HEHHast MOTeNb
AMOJa Jajla BTOPOE C/laraeMoe K BXOJHOJ IIPOBOAMMOCTH I€TEKTOPA.

quCTBVITeJ‘IbHOCTb AeTeKTopa

B3rnsaHeM Ha cxeMy aMHUTTepHOro AeTekropa (puc. 6.10, a), kak Ha
SMUTTEPHBIN NIOBTOPUTENb C EMKOCTHOI Harpyskoi (paccMOTpeHHBIN
paHee B «IIlare 4»).

Ho, B oTtmyme ot noBTOpUTENA, TOK IIOKOA B IeTEKTOPE BCerpa fom-
JKeH OBITb BBIOpaH «HEMPaBWIbHO», YTOOBI He MO3BO/IATH EMKOCTH Pas-
PSXKaTbCA B IPOMEXYTKE MEXY IByMs IOJIOXXUTENbHBIMY IIO/TyBOTHAMU
Kone6aHmil Hecyueit:

I, <<iy, (6.9)

+E1
+E1 ]
E 3necy iy — aMIJIUTYAA TOKa
} 3 ._l_. Hecyleil YaCTOThl f B 9MUTTepe
Aol | on Al | S on 1S MOZIENIN TPAH3MUCTOPA, He yuu-
TBIBAIOLIEl OTCEUKY Ko/e6aHMil.
-E2
a

'E26 AHanus BBIABASET 37eCh JBa

BO3MOXXHbBIX BapMaHTa.

Puc. 6.10. YyacmeumenbHOCMb He 3a8ucum B L ® .
0m moka (a); 8o3pacmaem ¢ ymeHbuieHueM ApUaHT 1. VWIbTPYIOLMUNA KOH-
moka (6) peHcatop C, uMMeeT JOCTAaTOYHO

6O7IBILIYI0 EMKOCTb, YTOOBI BBIIOMHSNIOCH: 2TfC,; << S, rfie S — KpyTu3Ha mpsi-
MoV Tlepefiady TPaH3MUCTOpa B paboueit Touke. [IpakTUUeCKy 3TO JOCTIDKIMO,
€C/IM Hecyllas ¥ MORY/IMPYIOILAsA YaCTOThbI PaslINyaloTCsA Ha HOPAAKU. DTOT
PEXMM 3MUTTEPHOTO AeTEKTOpa Hauborlee BHITOEH B OTHOLIEHUY YyBCTBHU-
TEIPHOCTY — OHA COOTBETCTBYET YyBCTBUTENIbBHOCTH IVIOFHOTO IeTeKTOpa.

B maHHOM cly4yae SMMTTEPHBII IOBTOPUTENb Harpy>XeH (/i HeCy-
1ef1 YaCTOTHI) Ha CONPOTYUBIIEHNE, 3HAYNTEbHO MEHbIIIEe €T0 BHIXOJHOTO
COIIpOTMB/IEHMS, paBHOrO 1/S. CriemoBaTeNnbHO, TMIIOTETMYECKYIO BETMYMHY
i,, COOTBETCTBYIOLIYIO TMHEHOMY PEXUMY PaGOThI, 3aUCaTh HPOCTO:

of —

iy =Sugy,
Kak B JII060M KacKafie, Ifie SMUTTEPHBIIT pe3NCTOp 3a6/I0KMPOBaH KOH/EH-
caTopoM 6ONbIION EMKOCTH.

Tenepb nony4daeM ycnosue 3¢p¢$eKTUBHOTO AeTEKTUPOBAHNA, IIPOTUBO-
TIOJIOXKHOE YC/IOBMIO paboThl 6€3 oTceukn:

I, <<Sugzy, m.e ug >>1,/8S. (6.10)
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OtHomenue I,/S cocraBnsger Ay OGUITONAPHBIX TPAH3UCTOPOB, Kak
M3BECTHO, 25 mB. OTcrofa 1 mony4aeTcs OlLjeHKa Ipefe/IbHOI YyYBCTBU-
TEIBHOCTM [IeTEKTOpa K BXOZHOMY curHany. [Ipy MeHbIINX aMIUIUTyAAX
IeTeKTMPOBaHMe TOXKEe BO3MOXKHO, HO BBIXOAHOII 3¢ deKT pe3ko magaeT
(«kBagpaTUYHOE» [ETEKTUPOBAHME).

BapuanT 2. EMKOCTD puIBTPYIOIErO KOH/IEHCATOPA CPAaBHUTENTbHO
HeBenmuka: 2nfC,, > S. B aToM ciry4ae ycnosue 3¢ PeKTMBHOrO HeTEKTUPO-
BaH, IPOTUBOIONIOXKHOE YCIIOBUIO paboTHI 6€3 OTCeUKM:

I, <<2nfCpuigy, T. €. Ugy >>1,/27fC,,. (6.11)

YyBCTBUTENTPHOCTDb JEeTEKTOpa Telepb OKa3blBaeTCs SIBHO HMXKe.
IToBBICUTD €€ CMOXXET CHIDKEHME TOKa, YMEHbIIalollee KPYTU3HY: MBI
BO3BpallaeMcs TOrAa K BapuaHTy 1. ViMeHHO 3TO (2 He HEO6XOAMMOCTD
«pexuma, 6/IM3KOTo K OTCeUKe IO XapaKTEPUCTUKE TPAH3UCTOPa», KaK
JaCTO CYNTAIOT) BBIHY)KAAeT YMEHbLIATh SMUTTEPHBIN TOK JeTEKTOPA.

JanpHeimmit pacyeT CXeMbl CBOAUTCA K 00€CIIeYeHNIO OTCYTCTBUA MCKa-
XKEHMIT MOTYIMPYIOLIell YaCTOThI Ha OTPULIATE/IbHBIX MTOTYBOTHAX OrM6alo-
1IeVi CUTHAJIA TPV U3BECTHO aMIUINTYAE BBIXOTHOTO HAIIPSDKEHNA Ugy,y.

Takoit pacuer (A1 SMUTTEPHOrO NMOBTOPUTENSA, HAaTPY>KEHHOTO Ha
eMKocTb — cM. «IIlar 4») MBI IPOBOANTD yMeeM, U, pa3yMeeTcs, ero Hajo
BECTY /I HAMBBICIIEN U3 4acTOT MOpynAuum Fp.

Ha aToi1 yacToTe aMIIMTy[ja SMUTTEPHOTrO TOKa (a OH, KaK U paHee,
COCTONT U3 TPeX COCTaBIAOIINX: Yyepe3 R,, uepes Cy 1 yepe3 BHEIIHIOO
Harpysky R, HOIKITIOYEHHYIO Yepe3 pasfie/INTe/TbHbI KOHAEHCATOP) TIOMY-
YaeTcs paBHOI:

2
, 1 1 )
iy =mugy || —+— | +(2nF,C,)". (6.12)
R3 RH
YcmoBue OTCYTCTBMS OTCEUKM Ha HIDKHEI! IIO/TyBOTHE MOLY/IMPYIOLIETO
HaIlpsDKEHNS, IO0-TIPEeXXHEMY:

I,>i,
3mech 3TO YC/IOBUE JIETKO BBIITIO/THUTD.

KcraTy, BXOZHOe COIIPOTHBIIEHIE CXEMBI, PaBHOE Uy | hy 5 | /21, Harps-
MYIO 3aBUCUT OT TOKa TPaH3UCTOpA.
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UcTokoBbIN feTeKTop

HaHHas cxema (puc. 6.10, 6) 1ieHHa IpaKTU4YeCKU 6eCKOHEYHBIM BXOf-
HBIM COIPOTHB/IeHNEM. BrinonHenne ycnoBus 3 pekTUBHOTO AeTEKTUPO-
BaHMA Uy, >> I, /S IpAMO 3aBUCHUT 3[ieCh OT BeNMIMHbI ToKa. Hanpumep,
Ist feTektopa ¢ TpansucropoM 2I1305A npu Toke 5 mMA (korga S = 6 MA/B)
TpebyeTcsa aMIINTYAa CUTHA/Ia Ha BXOJe, IO KpaitHeil Mepe, 3—5 BOJIBT.
OpHako IpyM CHMOXKEHMM TOKa 0 50 MKA MMHMMaIbHOE 3Ha4eHMe KpY-
TU3HBI COCTaBUT YXKe 6-4/0,05/5 = 0,6 MA/ B, oTHOWIEeHNE | /S monyda-
eTcs npu 3ToM paBHBIM 80 MB. U onATh C yMeHbIIEHVEM TOKA BCIUIBIBET
IpeXH:AsA Npo6bneMa MCKaXKeHMIt, BHI3BaHHBIX Harpy3KOil.

6.3. NepemMHOXXeHne KonebaHun

I'IepeMHomm'enm ncmecuntTenm

AHanoroBble IepeMHOXUTENN HaXOAAT NIPUMEHEHMe KaK B TEXHUKe
GYHKIMOHAaIBHOTO IIpe06pa3oBaHMs CUTHAJIOB, TaK U Ipy Ipeobpaso-
BaHMM UX CHEKTPOB. MOAYIATOPHI, eMORYIATOPBI, CMECUTENN, YMHOXM-
TEM YaCTOTBI — BCE 3TY PaclpOCTPaHEHHBIE Y3/Ibl PAKTUIECKY MMEIOT B
OCHOBE CX€MBI IIEPEMHOXKEHNA.

Janeko He Bcerga TpebyeTcs MOMHOLIEHHOE (TaK Ha3bIBaeMOe «YeThl-
peXKBaJjpaHTHOE») IIepeMHOXKeHMe IBYX BXOAHBIX curHanoB. CkaxeM,
IJISL PaAOYacCTOTHOTO CMECUTE/IA HepeRKo OBIBaeT OCTaTOYHO, YTOObI Ha
BBIXOfie XOTs ObI IPUCYTCTBOBa/Ia COCTaBJIsAIOIIasA, 06pa3oBaHHas Iepe-
MHOXX€HMEM CUTHAJIOB (IIYCTh M HapARy c Apyrumu). VIMeHHO co cxeM
TaKOTO pofia, Kak 60j1ee MpOCTHIX, MBI M HAYHEM.

PAAMIOAIOBUTEAB: B cMecumene — 6videneHue HyscHbIX npo0yKmos npeoo-
PA306aHUS 2aPAHMUPOBAHO UIOUPAMENLHBIMU CUCTe-
mamu (punvmpom npomescymouroti uacmomot 8 paou-
onpuemnuxe). IToamomy, Kax Kaxemcs, cmecumenem
MOdEM NOCTYHcUMb T110601i HentuHeliHbIlL Inemenm.

CxeMbl, 1e/ICTBUTENBHO, IONYYAIOTCA pabOTOCTIOCOOHBIMM, A IO ONTH-
MU3alMM PYKM JOXOAAT fAa/ieKo He BCerfa. :

PAAMOAIOBUTEAB: HPOC"’IO cmpauwiam pacyemaol: 6epOAMHO, OHU 04eHb
C/IOMCHbL.
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Hamra sajaya 1iokasarsb, YTO 3TO HE TaK.

Ynpomas 3afjaqy, OfVH 3 IEPEMHOXKaEMBIX CUTHA/IOB 6yfieM CUNTATh
3aBEOMO «C/TabBIM», TPAKT Nepefayuy Ayl Hero — nuHeiHbIM. TakuM o6pa-
30M, B aHAJIOTOBBIX CMECUTE/IAX BCTIOMOTaTe/IbHbIe Kosie6aHnA 60/IbIIOro
ypOBHA (Kone6aHNMA reTepofyHa) YIPaB/IAIoT epefaTOYHBIMI XapaKTepH-
CTMKAaMM TPaKTa Ji/IA CUTHa/Ia. 3aia4ya aHa/IOTMYHA 37IEKTPUIECKON perynm-
poBke ycunenus! IToaTomy 3aech Bbl 1 0OHapyXXUTe MHOTYIE 3HAKOMBIE 10
«Illary 4» pemenns.

KpyTusHa npeobpasoBaHusn

IIpyHLMI pa6oThI pacCIIPOCTPaHEHHBIX CMECUTEIEN COCTOUT B yIpaB-
JIEHUM KPYTU3HOI yCuIuTenbHoi cxeMsl (HenpemeHHo 6e3 OOC) kore-
6anueM rerepopuHa. [la ciydaes, Korja AONyIIeHMe TMHEHHOCTH A/
CMIHaJa B M3BECTHOI Mepe cO6monaeTcs, BBOAUTCA NPUHATHIA B pafuo-
TEXHMKe NapaMeTp — KPYTH3Ha Npeobpa3oBaHusA:

gy = Splpy (6.13)

I€ Uy, — AMIUIUTYRA CUTHANIA, ig,, — aMIUIMTYHA TOKa pabodeit rap-
MOHMKM IIpeoOpasoBaHHBIX Ko/mebaHuit (HampuMep, IPOMEXYTOYHOI
YacCTOTHI).

B o61eM crrydae MOXXHO BBeCTH K03 uIMeHT npeo6pa3oBaHuA:

Upy = Kptpy. (6.14)

Amnnutyga konebaHuii retepoauHa

OueBMAIHO, YTO «KPYTH3Ha Ipeobpa3oBaHNA» IIOApasyMeBaeT A/iA AaH-
HOJt CXeMbl M3BECTHYIO aMIUIMTYAY KOle6aHmit reTepoayHa.

PAAMOAIOBUTEAB: HasepHo, ecmv cmoicn 2080pumv 06 onmumanvHoii ee
senuvure?

Ja, ¥ Tako# ONTUMYM AEIICTBUTENBHO CymiecTByeT. KakeTcs mormyHbiM
¥ TIOATBEP)KAAETCA aHAIM30M: €C/IM aMIUIMTYAA KoleOaHuMIl TreTepofHa
TaKOBa, YTO Ha MX IMKE YCUINTE/IbHAsA CTPYKTYpa AOBOAUTCA HO 3ammpa-
Hus (S, =0), To 6yzeT nonydeHa KpyTu3Ha npeo6pasoBanus, 6mmsKasn K
IpeNeNbHO JOCTVKVUMOIA.

PAAMOAIOBMTEAD: 9mo sacHo UHMyumueHo.
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3aKkoH ynpasneHusA

ITocKONBKY >KelaTenbHO, YTOOBI (PYHKIMIO CMECUTENA BBINOMHANA
AEICTBUTENBHO IIEPEMHOXXUTENbHAA CXeMa, TIOCTONIBKY TPe6YIoT, YTOObI
HapameTp MpsMOit ITepefjauy MEHANCA BO BpeMEHU 10 CUMHYCOMAATbHOMY
3aKOHY. A 3TO 3HAYUT, YTO CBA3b MEXAY, CKa)KeM, TApMOHUIECKA U3Me-
HAIOIVIMCS HAIIPSDKEHUEM TeTepOAHA Y KPYTU3HOI! YIIPaB/IseMOro yCH-
JINTENA JO/MKHA 6bITh IMHENHOM!

B 3TOM City4ae Yepes HarpysKy, KpoMe TOKOB IIPOMEXYTOYHOI aCTOTHI,
6yRYT MpPOTEKATh JIMILID TOKY C YaCTOTaAMM CUTHAJIa, TeTePOAVIHA ¥ BTOPOIi
rapMOHUKM IIOCTIERHETO.

PAAMOAIOBUTEAD: A ec/iu 3mo ycnosue He cobniooaemcs?

Torpa MOMy4aT CMECUTENb, XOTA U QYHKIMOHMPYIOIUII B IPUHITNIIE,
HO cofiep><alliyil B BHIXOHOM TOKe IIPOAYKThI B3aMMOJe/ICTBIA CUTHAIA C
MHOTVIMY TapMOHMKAaMI IeTepPOAIHA. A 3TO OC/IOKHAET BONPOCHI YaCTOT-
HOJI ceneKIuu, fa, KpoOMe TOTo, ¥ He aeT BO3MOXKHOCTY JOCTUYD IIOTEH-
LIMATIbHO BENIMYMHBI S

PAAVIOAIOBUTEAD: Kcmamu,-a xakosa sma senuuuna?

Ee 3HaueHme JaBHBIM-OABHO BbIUYMCIIEHO:
S, =0,25S, (6.15)

rfe S, — HauBBICLIee 3HaYeHVe KPYTU3HBI Ha IMKe Ko/ie6aHMil reTepo-
OUHA.

CnoxeHue KonebaHumn

ITpencTaBnseT MHTEpeC Cy4aii, KOIja B KacKaje IPUMEHSAIOT I0/1€BOM
npu60p, MEXAY 3aTBOPOM ¥ MCTOKOM KOTOPOTO EJICTBYeT CyMMa Koneba-
HUIt cuTHana u retepopuHa. [IpakTudecky yno6Hee ofMH CUTHaI TOfaBaTh
Ha 3aTBOp, APYTo Ha UCTOK, KaK Ha puc. 6.11, a.

Y noneBoro TpaH3ucTopa 3aBucuMocts S(Uy,,) — nuHeitHasA. 3HaunT, Ipu
CHHYCOMJA/IbHOM HaIIpsDKEHVY TeTepOoAyHa TpeGyeMblil 3aKOH YIpaBIeHUs
- Kak pa3 obecrniedeH. BripoueM, 1 nnpubopa ¢ yrpasiAoLyM IepexosoM
cXeMa IIOCTpOeHa Bce >ke HeBepHO. OTpakeHHas Ha puc. 6.11, 6 fopaboTka
IpUBefeT K TOMY, YTO HaIpsKeHMe MeXy 3aTBOPOM M MCTOKOM OyzmeT
ReVICTBOBaTh (IIpyM OTCYTCTBUM CUTHaja) TaK, KaK IIOKa3bIBaeT puc. 6.12.
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n

Puc. 6.11. Kone6aHus 2emepoduHa ynpasnaiom KpymusHol (a);
RC yens obecnevyusaem npasusnbHeili pexum cmecumens (6) I /

3apsAp KOHJEHCATOpa NPUOTKPHIBAIOIIMMCSA Tepe-
XOfIOM 3aTBOP-MCTOK CO37aeT aBTOMAaTUYECKOE
CMellleHMe CpefHero ypoBHA U, ~ . B Halpas- 0 v
JIeHUM «MyHYyca». B utore, kak ato u Tpebyercs, o
OTpMLIaTeNbHBI MUK Konebanuit U (t) 3akpbiBaeT

TpaH3ucrop (S,,, = 0), MONOXXUTENbHBIA — COOT- |
BETCTBYeT MaKCUMalabHOI KpyTusHe (S,,,). VI3 '
rpadyKa ITOHATHO, YTO ONTVMAJIbHAS aMIUIUTYAA  pyc, 6.12. Asmomamuyeckoe

HaIlpsA)KEeHWUs T€TEPOAVIHA: cmeujeHue cosdaemcn
demexkmuposaHuem Ha
ur =0,5(U,p +0,5 B), nepexode

CYuTasd, YTO IONOXUTEIbHOE HANpsXKEHME OTINMPaHNUA YIIPaBIAIOLIETO
nepexopa cocrapnser 0,5 B. [Jo6aBuB repmanueBbiit guog (0603HaueHO
IYHKTUPOM Ha puc. 6.11, 6), MBI YMeHBIIUM 3aXOJ B HOJIOXKUTENbHYIO
obnacts Uy, no 0,1—0,2 B.

Ecnu Bce BHINONMHEHO TPaBU/IbHO, TOTHA, pa3yMeeTCs, B COOTBETCTBUM
c(6.15): S, =0,25S, rae S — kpyTH3sHa Tpansucropa npu Uy, = 0, rapanTu-
pyeMas NacopTHBIMM JaHHBIMM M COOTBETCTBYIOILAA 3[€Chb S, ..

PAAMOAIOBUTEADL: Ho omkyda 63amv Ons pacuema HanpaxeHue
omceuxu Uyp? B cnpasounuxax oHo ecnu u daemcs,
Mo ¢ 02pOMHBIM PA36POCOM...

9710 TaK. B TO Xe BpeMs npyu OTK/IOHEHUM aMIUIUTYAbI KOTe6aHwii rete-
POAVHA OT ONTMMYMa B M06YI0 CTOPOHY KPyTH3Ha IIpeo6pasoBaHMs CHU-
xaeTca. Kpome Toro, 3axoxieHne B 06/1aCTb OTCEYKM TOKa BBI30OBET HeXe-
JaTelIbHOe Ipeobpa3oBaHyie Ha FAPMOHMKAX FeTEPOAVIHA.

PAAMOAIOBUTEAD: M Kax 6vimo?
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B03MOXXHO, 4TO pa3paboTUNK NPefyCMOTPUT MHAMBUAYAIbHYIO pery-
NMPOBKY BETUYUHBI U .

ITycTp pelreHO NpUMEHUTD B CMeCUTeTIE TPaH3UCTOp CTpykTypsl MOII.
O cMmelenny, KOHEYHO, 3a60TUTDHCS Telleph U3NMIIHE. 3a/jaB MACIOPTHOE
3Ha4YeHMe TOKA MTOKOSA KacKafia, Ipu KOTOPOM rapaHTUpOBaHa KpyTu3Ha S,
MBI B ONITMMAJ/IBHOM Cydae 6yzieM uMeTh: S, =25, a OTCIOfa pacCYMUTHI-
BaeM BemuuHy S, OfHAaKO ypOBEeHb aMIUIMTY/bI Uy, JOBOASAIIMIL KacKas
A0 3allMpaHNs, pacyeTy U 371eCh He IOAfaeTCs.

YBBI, aHaJIOTMYHBII CMECUTENb CO CIIOXKEHMEM Koebaumit Ha 6unonsap-
HOM TPaH3UCTOPE [iaNIeKO He YROBNEeTBOPSAET CTPOTMM TPe6GOBaHMSAM: 3aBH-
cumocTtb S(Uy,) 3Aech He NMMHelHasA, a SKCIIOHEHIMa/IbHaA.

Kackap c pa3saskon

I[IpocTbie cMecuTeny 06M1aal0T HEJOCTATKOM: B3aNMOB/IMAHMEM MEXKAY
L[eNAMM CUTHAJIA, TeTepPOMHA U IIPOMEXYTOYHOI YaCTOThI Yepe3 MeXAY-
aneKTpopHbie eMKkocTu. Ha puc. 6.13 npoxofHble eMKOCTM UCK/IIOYEHbI
MeTofamu, u3BecTHoIMH 110 «IIlary 3».

910 — muddepeHLMaTbHBIN KaCKaj, B KOTOPOM FeTEPOAUH YIpaB/isAeT
TOKOM (@ 3HaUMT, ¥ KPYTU3HOI) TpaH3ucTopHoi nmapsl VT1, VT2. BxogHoit
curHan Ha 6ase VT1 peiicTByeT OTHOCUTENbHO 6a3bl VT2,

OnTuManbHasA aMIUIMTYHAa TeTepofuHa Ha 6a3e VT3 oTHOCUTENTbHO
HIDKHEro BBIBOZA R,, Kak U Npexfe, JODKHA B KpaliHell TOUKe OTpuIia-
Te/IbHO IIO/TyBOTHBI IOBOAUTb CMECHUTE/IbHbIE TPAaH3UCTOPHI A0 3aKphIBa-
HuA. To ecTb, AO/KHA COCTAB/IATD:

u.~|E3-E2|.

+E1
Paccuuraem S, — KpyTU3sHy NpsaMoii epefaun

muddepeHIMaTPHOTO Kackafia Ha IOIOKUTEIbHOM

nmKe KonebaHmit rerepoauHa. B 3T MOMEHTHI TOK

VT3 6yzer Bo3pacTaThb BABOE IO CPaBHEHMIO C TOKOM uc}

nokos (I;). OcTraercs y4ecTb, YTO TOK KaXX/IOTO U3 via

TpansuctopoB VT1, VT2 6yseT HalIONIOBMHY MEHBILIE, ' Er

geM y VT3, 1 4TO NIpy BK/IIOYEHUM 110 AuddepeHLn- Ra

a/IbHOM cXeMe KPYTM3Ha CHMDKAeTCA BJBOE, YTOOBI -E3

HO/TYYUTb OKOHYATENbHO: S, =201, Puc.6.13.
OTmeTuM, 4TO TpebyeMbiit 3aKOH M3MEHEHMA  TpexmpansucmopHas

. cxema usonupyem
KPYTHM3HBI B CTPYKType puc. 6.13 obecnieunBaercs: - mpex wacmom

VvT1 Uny

-E2
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Ipeo6pa3oBare/ib HANPSDKEHMA B TOK AaeT TMHEHYIO CBA3b MEXAY Hamps-
)eHueM Ha 6aze VT3 u TokoMm puddepeHmanbHOro Kackaja, cefoBa-
TENIbHO, U €0 KPYTU3HO. A 3HaYMT, OlleHKa BeIMYMHHI S; 10 popmyne
(6.15) 6ymeT mpaBUIBHOIA.

PAAUOAIOBUTEAD: MHe Kaxemcs, 8 cmecumens no puc. 6.13 mosxHo éHe-
cmu ps0 ycosepuierHcmaosaruil. Cxaxcem, npumeHumso
nonesvie mpansucmopwvt Ha mecme VT1, VT2, amo
0acm 8vicoKoe 8X00HOe CONpomueneHue 0N CUZHANA.

Bbl He IpUHANYM BO BHMMaHNe, YTO Y NOJNEBBIX NPpUOOPOB KPyTHU3HA
BOBCE He IIPONOpIMOHaNIbHA TOKY. [Ipu cuHycOMaanbHOM HampsKEHUN
reTepoAyHa oHa OyfieT U3MEHATbCA HECUHYCOUAIBHO.

PAAMOAIOBUTEAD: 3Hauum, He 200UmcH...

ITouemy xe? Vicmonb3oBanue B KayecTBe VT3 TakKe IIOZIEBOTO TPaH3M-
cropa (06s13aTenbHO 6€3 MCTOKOBOrO pe3sncTopal) MCIPaBUT HEROCTATOK
(momymariTe, Io4YeMy) ¥ JacT BOSMOXXHOCTD IOTYYUTh IPEfETbHO JOCTH-
XXMMYIO KPYTU3HY NIpeo6pasoBaHusI.

PAAMOAIOBUTEAB: A Kcmamu, He nyquie 6vt Ha puc. 6.13 3auynmupo-
samv KoHOeHcamopom pezucmop R, umo6vi nosoi-
CUMb 4y8CMBUMENLHOCHb NO 6X00y 2emepoouHa?

9710 6yAeT ommMbKOI TOro ke CBOMCTBA: B COOTBETCTBUM C XapaKTepu-
CTMKOI IpsAMOII Tiepefauu VT3 cBsA3b KPyTU3HBI C HalpsDKeHMeM Ha 6ase
IPeBPAaTUTCA U3 TIMHEHO B 9KCIIOHEHIMAIbHYIO.

PAAVIOAIOBUTEAB: Boo6uje-mo, pas neped nHamu nepemHoxcumen,
6X00bL CUZHATIA U 2emePOOUHA O0NHHBL Obimb IKBU-
8ATIEHMHDBL, UX MONHO MEHAMb MECMAMU?

HexxenatenbHo. IIpu mogade xonebanmit rerepoguHa Ha Bxog gudde-
PeHLIMATIBHOTO KacKaja 3TH Kone6baHus OyAyT ypaBisTh paclpefeleH1eM
Toka VT3 Mexpy nnedamu. MOXHO y6euTbCs, YTO MMHENHOCTD CBA3M
TOKOpAcIpefie/ieHNs C MTHOBEHHO! BeNIMYMHOM HAMPSXKEHUA He COOTIO-
JaeTCsl HU ISt OUIIONAPHBIX, HY [JIs ITOJIEBbIX TPAH3MCTOPOB; XOPOLIETO
aHaJIOTOBOFO NTePeMHOXEHNA JOOUTHCSA Hemb3s. B kayecTBe ynpakxHenus
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MOMBITANTECH BCE XKe IOTYy4YUTDb TOKOpacnpeneneHme, 6/1mM3Koe K CHUHYyCOn-
Aa/IbHO U3MEHAIOWIEMYCS, VICIIONIb3YA UAEI0 «TOKOBOI'O 3€PKaia».

Tem He MEHEE, CMECUTE/Nb HA TOKOpAaCIIpeNeeHun MMEET IIpaBO Ha
JKU3Hb, 1 MBI BEDHEMCS K HEMY ITIO3XK€E.

CrpaxoBKa OT HETOYHOCTUN

OueHnBast ONITUMAaNIbHOE 3HAYEHVE AMIIUTY/bI KOTIeGaHMI TeTEPOIMHA,
MBI, pasyMeeTcs, JOITyCKaeM U3BECTHYIO IIOTPEIIHOCTD, K KOTOPOIt J06a-
BUTCS B CXeMe M OLIMOKa YCTAHOBKYM 3a[JaHHOM BennunHsI U, He oueHb
CTpallleH 3aHVDKEHHBII YPOBEHDb BO30YXX/JeHUs TIEPEMHOXKUTENIS; ONacHee
niepeBO30Yy>K/IeHMeE, TIPU KOTOPOM CXeMa B TeYeHNe KOHEYHOI SO IepH-
opa 3akpsita. CrefcTBreM GyeT BBICOKNI YPOBEHb HeXXe/laTeNbHBIX [IPO-,
AYKTOB IIpeo6Opa3oBaHMs.

Jlydwie npu BIGOpe U, HAMEPEHHO ee 3aHM3UTh. KOHeYHO, 3HaueHue
KPYTU3HBI Ipeo6pasoBaHus S;; YMEHBIUNUTCA IPOMOPLUOHATIBHO CHHU-
YKEHVIO aMIUINTYLbI FeTepoAnHa. [I/isi TAKOTO pelleHNs eCTh U elle OfHO
coobpaxxeHue.

«CVNbHBIN» CUrHan

Mbl IpUHMMaY aMIUIMTYRY CUTHa/Ia IIpeHeOpeXMO MasIoif, HO 3TO
MOXET OBITh COBCEM He TaK. BO3MOXXHBI HeXXe/laTe/bHble MCKaXXEHUS
II0/IE3HOTO CUTHA/Ia HAa MMHMMYMaxX TOKa KacKajia, IpUBOAIILNeE, HAalpy-
Mep, K Mapa3uTHOMY [eTeKTUPOBAaHMIO. BEIXOMUT, UTO ¥ C 3TOI TOYKM
3peHMsI OIIaCHO JOBOAMUTD CXeMy Kone6aHMeM reTepofyHa 10 3alMpaHus.
CregyeT OCTaBNIATH 3aIac TOKa, YTOOBI BBINOMHANOCH M3BECTHOE QyHAa-
MeHTanbHoe ycnoBue (4.6).

BanaHcHbIN cmecuTenb

MHorga BbI, BO3MOXHO, 6yzeTe omacaTbCs IEPerpy3sky BBIXOZHOTO
TpaKTa NPOCAaYUBAIOLINMCS KonebaHMeM reTepOANHA, A/ IOAaBIeHNA
KOTOPOT'O Ce/IeKTMBHBIE CBOMCTBA KOHTYpa Ha BBIXOfie IpeobpasoBarens
HEeJOCTaTOYHBI. B pa3/mmyHbIX pafuocucTeMax IPUMEHAIOTCA 6anaHCHbIE
MOZY/IATOPBI, A/Is1 HUX TaKXKe TpebyeTcs OTCYTCTBME Ha BBIXOJiE OFHOTO U3
IIepeMHO>XaeMbIX CUTHAJIOB.

CuMMeTpUYHOEe BK/TIOUEHME HaTPYy3KN B KOITIEKTOPbI 060OMX TpaH3u-
cTOpoB AuddepeHanbHON Maphl MO3BO/AET FOOUTHCA KOMIIEHCAVN
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IPOTUBOIO/KOXKHO HaIlPaB/IEHHbIX TOKOB, ITY/IbCHPYIOLIX C YaCTOTOM reTe-
pomuHa. OTa ujes NPUBOSUT HAC K «BYXKBaJPaHTHOI» CXeMe.

KniouyeBble cmecntenm

9TO BaXKHBIN K/IACC TEPEMHOXKUTENbHBIX CXeM, B KOTOPBIX KolebaHme
reTepoAMHa 3aKPbIBAET VIIM OTKPBIBAET KaHA/bHBI TPAKT, 4YTO 9KBMBA-
JIEHTHO YMHOXXEHUIO Ha «IIPAMOYTO/NbHOe» Komebanue. Hegocrarku ove-
BU[HBI: Ha/IM4ue NPOAYKTOB Npeo6pa3soBaHMs CUTHaa Ha rapMOHMKaX
4acTOThI reTepouHa. He Bcerma 3To Tak yx omacHo. 3aTo K/Il0ueBble CMe-
CUTENM MMEIOT Cepbe3Hble NPENMYILEeCTBa.

ITpenmymecTBo 1. AMIIMTYAa KOle6aHMIT reTepOfMHA He BIMAET Ha
KpyTusHy (koadduimenT) npeobpasoBanus, YTo obecrneuynBaeT OTINY-
HYIO CTabM/IBHOCTD ITapaMeTPOB CUTHAIBHOT'O TPAaKTa.

IIpermymecTBO 2. 3HaYMTENBHO JIerde BBIE/IUTD IIOCTOSHHYIO COCTaB-
ASIOLIYIO IIPK ITepEeHOCe CIIeKTpa CUIHajIa Ha «HY/IEBYIO YaCTOTy». A 3TO
HeO6XOAMMO IpY MOCTPOeHUM (a30BbIX ETEKTOPOB CUCTEM aBTOIOJ-
CTPOJKY, CUHXPOHHBIX A€MOAY/IATOPOB ¥ TOMY NOZOOHBIX (PYHKIIMOHAIb-
HBIX Y37I0B. YIO6HO IPUMMEHATb TaKMe CXeMBI ¥ IIPU IMMOCTPOEHNN MOLY-
nsaTopoB (Hampumep, 6aTaHCHO-MOAY/IMPOBAHHOTO ¥ OZHOIIOMIOCHOTO
CUTHAJIA).

IIpeumymectBo 3. Takme cMecutenyu 6osnee HpucrnocobneHsl ans
paboThI ¢ curHanamu 60/1bLUIOTO YPOBHS: BeAb 3/ieCh, B TIEpBOM Ipubmm-
JKEeHWM, HeJIMHEIHBIX 3/IEMEHTOB BOOOILEe HeT.

IIpeumymecTBO 4. B OCHOBHOM TpaKTe NPaKTU4YECKM HET YIIPaBIAI0-
IMX CUTHAIOB (a 3HAYMUT, /Ierye M36aBUTHCS OT IIpOCaYMBaHMUA Koneba-
HUSA reTepopuHa). Yalne Bcero K/Io4eBble CMECUTENN BBHIIOTHAIOTCA KaK
6amaHCHbIe, a 9TO eLie 60/blle 0C/Tab/IAeT BIUAHE TeTEPOIIHA.

PAAMOAIOBUTEAD: Bepoammo, évt 0adume cetiuac onucanue wupoxo
U38ECMHO020 KONbUELBO20 CMECUMEN HA 0U00ax?

OmnycTuM: ero MOXXHO HaifT¥ BO MHOTMX KHurax. Paccmorpum 6ornee
uHTepecHble cxembl. Ha puc. 6.14, a npeacTaBieH, KaXXeTCsA, 3HAKOMBbIN
6aTaHCHBIN KacKaj C pasBA3KOi?

PAAHOAIOBUTEAD: He coscem: y 8ac 6xo0v. cuznana u zemepooura nome-
HAUCL Mecmamu.
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LA.A.JJ_ ___R[T] L]]R__ BepHo. U eme opHo: ypoBeHb
KO/Ie6aHuUil TeTepOAiHa HaCTONMBKO
i HY  Bemuk, uro AuddepeHUManbHAA Tapa

paboTaeT B pexxuMe TOKOBOTO KJTIOYa.
9TO 3HAYMUT, YTO Bech TOK VT3 npote-
KaeT NOIlePEMEHHO TO Yepes JIEBOE, TO
Uon VT2 Yyepes Nnpasoe I71e4o napswl. [l1s aroro
BIIOJIHE JOCTaTOYHO, YTO6BI pasMax
VT3 Uc Kone6aHuit, BeCTBYIOLUX MEXAY
6asamu, 6611 He MeHee 0,5 B.
HeTpynHo moka3saTb, YTO YyABO-
ennbiit Tok ITY B Takoit 6amaHcHO
cXeMe paBeH:

a 6

Puc. 6.14. B k/1io4eeom moKogom
cmecumene VT1 u VT2 noo4epedHo iy = 0,6, (6.16)
3akpeimel (a); pa3osbili 0emodynamop
nossonaem @bidesUMb KOMNOHEHMY

3gech ‘i — aMOIUT a TOKa
nocmosHHo20 moka (6) A C YA

JaCTOTHI CUTHA/Ia B SMUTTEPaX TOKO-
BOTO KJTIOYA.

Ha puc. 6.14, 6 nsob6pakeH CMHXPOHHBII fieMopynaTop ¢ LC dunsrpom,
BBIXOHBIMM BETMYMHAMY ABJIAIOTCA MOCTOSTHHASA COCTaB/IAIOMasA TOKA U
Mopympytomiee Kone6anue. Tak ke BHIITIAAUT cxeMa (pa3oBOro AeMomyns-
topa. Pas6bananc guddepeHunanbHoOi maphl Mo MOCTOAHHOMY TOKY, 00y-
CIIOBJ/IEHHBI} BXOZHBIM CUTHAJIOM, PaBeH:

I-I,=1I, ~0,6i,

opu yCiiOBUU, YTO Konmebaumnsa rerepoaMHa U CUMrHasia TO4YHO C(baanpo-
BaHBbI.

HlemonynupoBaHHOe auddepeHIIaTbHOE HANPs)XKEHME Ha BBHIXOJE
¢unprpa HY pasHo:

Uy, =1,-2R; uy,,, =mU,,.

Puc. 6.15 orpaxkaeT Apyrue cxeMbsl — Ha 6a3e aHa/IOrOBBIX K/TIOYelt
HaMpsDKEHM, B KaYeCTBe KOTOPHIX IPMMEHEHBI Pa3/IyHble II0JIEBblE TPaH-
sucropsl. [locTossHHAsA COCTaBNANLIAd BHIXOJHOTO HAaNPsXKEHUA TaKxKe
cocraBnsaeT 0,6 OT BXOLHOI aMIIMTYAbI — IPU TOYHOM (asUpOBaHUM.
Hnsa ynpapieHusa KI104aMyM Ha MX 3aTBOPbI NOAAIOTCA IPAMOYTO/IbHbIE
Konebanus B mpotuBodase. BrpoueM, oHM MOTYT OBITh ¥ CMHYCOMAANb-
HBIMU, €C/IV VX aMIUIMTYAa BenuKa: pakTmyeckoe orpanudenue 6yger
peann3oBaHO XapaKTepUCTUKaMM TpaH3UCTOpOB, Ecnm e aMminTyna
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Puc. 6.15. B kniouesom cmecumerie nosiedbie mpaH3ucmopsl nepekioYamcsa
npomugogasHeiMu ynpasnalouwumMu umnynecamu

YHpaBaAwOMNx KonebaHmit HemoCTaTO4YHa — CX€Ma IIPpEBPATUTCA B IIOJO-
611e 06BPIYHOrO aHA/IOTOBOT'O MIEPEMHOXUTEIA.

6.4. AHanu3. AMNANTyQHOe OorpaHnyeHve

AnddepeHumanbHbIN OrpaHuYUTeNnb

Bes orpaHnumuTesNeit aMIUIMTYABI He 060MTICH TPY CO3JAHNUM YaCTOTHBIX
[eMOAY/IATOPOB, opMupoBaTeneit onopHsIx Konebanmit. [locrpoenne
TPAKTOB Ilepefauy C OTPAHNYNTE/IIMY MO3BO/IAET MOMYYUTD CIeLMaNb-
HYIO aMIUIMTYAHYIO XapaKTePUCTUKY IOTIOCOBOTO YCWINTENA, HalIpUMep,
norapupMmuvecKyio.

PAAVIOAIOBUTEAD: A no-Moemy, nt06as nuHelinas cxema 6ydem «obpe-
3amb» nepedasaemvlii CUZHAT, eCNU €20 PA3MAax npe-
8vicum onpedeneHHbvill npeode.

OH Ha3bIBaeTcs amepTypoit orpanudenus AU, (puc. 6.16, a). Bor
IIpaBbl, HO TOJILKO B IIPMHIIUIIE.

Bbixoa h ‘ ‘lz
Ha camom fenne K OrpaHUYNTENI0 ¥
Bxopn

HpefbABIAIOT 0cobbie TpeboBa- }

HMA: CUMMETPUYHAA aMIUINTYRHAA /|
XapaKTepUCTHMKa, ObICTpOfeicTBHE, HR !

COOTBETCTBYMOIlee pabouemy fua- ' a ' 6

Na30Hy YacTOT (TO eCTb, HATIPUMED,  pyc. 6.16. AMNAUMYdHAA XapaKmepucmuKa

crepyeT usberaTb NMpuUMeHEHUSA peaﬂngeggepaHWumeﬂﬂ cenaxeHa (a);
anepmypa dugppepeHyuanbHo20 o2paHudumens
HACHIAIOMXCA TP aH3MCT0pOB)’ He 3agucum om aenuyuHel moka (6)
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PaccmaTpuBas KarodeBble CMECUTENN, MBIl y>X€ OTMETUIM CUMMe-
TPUYHBIN AP PepeHManbHbI KacKal KaK OTPaHNYMUTETb aMIUIUTYHABI.
Pas6epem mogpobHee 3Ty Kimaccudeckyio cxemy (puc. 6.16, 6), kotopas
IJ1A MaJIbIX CUTHAJIOB ABJIsI€TCA NMHeHOI. Ee cBoiicTBa KaK OrpaHMYNTENA
OCHOBaHBI Ha TOM, YTO, IIOCKOJIBKY 001IMi1 TOK napsl I puKcUpoBaH, TOK
KaXX/IOTO 13 TPAH3UCTOPOB HE MOXXET MPEBBICUTD 1.

AnepTypa orpaHuYeHun

Kax ouennTs ee BenmnunHy? [IoHATHO, YTO aMIZIMTYZHAA XapaKTepUCTHKA
peanbHOt CXxeMbl SIB/IETCS He KyCOYHO-/IMHEIHOIA, a II1aBHoI1 (puc. 6.16, a).
CunTas BIXOGHBIM CUTHAJIOM Pa3HOCTb TOKOB KOJ/IZIEKTOPOB, BXOHBIM —
PasHOCTb HanpsDKeHuit 6a3, ee MOXXHO IIOTYYMUTh B TAKOM BUE:

AI=1-2-"°_ tne a=Au/2¢,.
e +e

PAAMOAIOBUTEAD: Hy u gpopmyna!

Mla, OT TakOro «HayKoO6pa3HOro» MmoAxofa Majno monb3bl. Popmyna
C/I0XKHa, HO He 9TO I1aBHas 6ena. XyxKe, YTO OHa He laeT BHATHOTO KpuTe-
pusA I'paHMUL allepPTYPHL.

PAAVIOAIOBUTEAD: Ho A He 8UiKy, KAK ee MOXCHO YNpoCmums.

W ne napo. [TomHuTE Hall ceKpeTHBIN IpueM? ByeM nHTepecoBaThCA
TOYKOJ CONPSDKEHNA IBYX MOAeei: TMHENHOM (/11 Ma/IbIX CUTHAJIOB) U
IIpefie/IbHO He/TMHETHOM (BeCh TOK Yepe3 OFHO U3 IjIey).

Jns nuHeitHOro CcIydYas:

Al = —l—SAU = d
2 4,
3pmech yuTeHo, 4TO KpyTusHa cbanmaHcupoBaHHOM auddepeHIanbHO
CXeMbl — 3TO IOJIOBMHA KPYTU3HBI TPAH3UCTOPA, M IIPM 3TOM TOK B KaX-
AN TPAaH3UCTOP — IOJIOBMHA OO1IEro TOKA.
Hna upeanbHOro OorpaHUYEHU:

Al

AU.

=],

K max

Orcrofa olleHKa anepTypbl MeXAY YCIOBHBIMM TOYKAaMM «M37I0Ma» Ha
puc. 6.16, a:

AU, =4¢, =100 B (6.17)

(mnsa «<HOpManbHOI» TeMiepaTypsl). Kpacuso, He Tak /mn?



LWar 6. HenuHenHble Kackagbl 153

MapagoKc BXOAHOro CONPOTUBNEHUA

BxopgHoe conpotunenne auddepeHnanbHOM CXeMBbI IS CTaObIX CUT-
HAJIOB PaBHO, KaK VI3BECTHO:

R, =2h,,/S. (6.18)

PAAUMOAIOBUTEAD: Ho ozpanuuumens pabomaem 6edv 6 pexcume «nepe-
epysku». He cHusum nu amo 6xo0Hoe conpomuseHue
cxemvl? A OHA, B03MOXNHO, NOOKNIOUEHA K KOneba-
MenvHOMY KOHMYPY...

Yo e, IpOBeAeM IPOBePKY (He YUUThIBAsSL, AJIS IIPOCTOTHI, YACTOTHBIX
3aBUCUMOCTENN).

[Ipu neperpyske Ha Bxofie auddepeHnanbHOro KacKajga — BXOKHOI
TOK He MOXKeT ObITh MeHbIle Hy/IA U 607biue, YeM I / b, ,: KOIZia aMIVINTY/a
Ha BXOfle 3HAYMTE/IbHO [IPEBbIIIAET IIOTIOBUHY anepTyphl, GpopMa Koreba-
HUI TOKa 6a3bl CTAHOBUTCSA NMPAKTUYECKY IPSIMOYTONbHOIM. MOLIHOCTD,
paBHas Uz l/h, ,, noTpébsieMas BXOLOM BO BpeMs IMONIOXUTENbHON
HO/TYBOJIHBI, JO/DKHA GBITH OTHECEHA KO BCeMy Nepuopy (IofenieHa Ha 2), a
3HAYUT, yC/IOoBMe 6a/laHCca MOIHOCTY TIPUIMET BUJ;

2

Upx _ Upyl
2RBX 2th3
OTtcrona:
U, h
Ry, = ———BXI 213 (6.19)

PAAMOAIOBUTEAD: Heyxcenu conpomuenerue pacmem ¢ pocmom 8X00HO1

amnaumyovi?

Ha! Jlerko mopcuymraTh, 4TO BeIpaxkeHus (6.18) u (6.19) (mna mamoro u
60/IBIIIOTO CUTHA/IA) JAZY T OfVHAKOBDIN PE3yNbTaT IIPK Uy, =20, =50 MB;
3TO — OLleHKa IPaHULBI, pasfensaoniei 06/1acTy IpUMeHEeHNUs Mojernein
«MaJIOTO CUTHajIa» ¥ «6ONbBIIOTO CUTHA/Ia» IT0 BXOGHOMY COIIPOTVIB/IEHMIO.

PAAVIOAIOBUTEAD: UYmo onsamv-maxu coomeemcmeyem anepmype
100 mB. To sxce camoe vucno!

Teniepb Bbl yOeqU/INCH, YTO OHO HE CITY4aitHO.
ST M0OOIIBITHBIE BBIBOJBI IIPUTOAATCS HaM Jlajiee.
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6.5. LC-reHepaTtopbl
banaxc amnnutyn

PAAMOAIOBUTEAD: I1o-mMoemy, 8psi0 nu KMo moxem noranoeamocs,
4mo co30aHHbLil UM aémozeHepamop He 3apabomarn.
Hyscna nu 30ecv kaxas-mo Hayka?

be3ycnoBHo, Hy>Ha. Cnernioe KOIMpoBaHMe CXeM 3TO He TYYIUUIi Iy Th.

VI3BeCcTHO, 4TO reHepaTop — 3TO, B CYU[HOCTHU, YCUIUTEND, OXBa-
YEeHHBI TOJIOKUTENbHOM 0OpaTHON CBA3BIO UM COAEP KAIMIT YACTOTHO-
M36MpaTebHYIO Iielb (KomebaTeIbHBI KOHTYP).

Bbl, KOHEYHO, IIOMHYTE YCIOBMUA CaMOBO36Y>K[eHNA TaKOTO YCUIN-
TenA?

PAAMOAIOBUTEADB: A mo Kak je: 6ananc ¢a3 (oH kax pasz u docmuza-
emcs opezanu3ayueti noAOKHUMeNbHOU 06pamHoil
ceasu) u 6ananc amnaumyod. Bmopoe noopasyme-
eaem, Kajcemcs, umo koddpduyuenm nepedauu o1
CXeMbl C pa3soMKHYmoti 06pamHoti cé:3v10 00MHEeH
6vimp 6onvuie eOUHUUDL.

91O AB/IAETCA YCIOBUEM CaMOBO36Y>XaeHMs; HO 6almaHC aMIINTY], —
COBCEM JIpyToe.

He Bcerna moHMMaloT, 4To BaKHeJIINe IT0Ka3aTeNny — CTabMIbHOCTD
reHepypyeMoii YaCTOTHI, aMIUIUTYAa U ¢popMa Ko/rebaHmit — ornpepens-
€TCsA peXXMMOM YCTaHOBMBIIMXCA KosiebaHmit. VIMEHHO TyT U JOCTUTaeTCsa
6anaHC aMIUIMTY/, B TIO[UIMHHOM CMBICTIE.

PAAMOAIOBUTEAD: 10 ectmv?

KoaduumeHT nepenay o 3aMKHyTOI! ITeT/ie YMEHBINAETCA 0 €AVHNUIBI
3a cyer JieitcTBUA (PaKTOPOB, OrpaHNMYMBAIOLINX pa3Max KojiebaHMit.

PAAMOAIOBUTEAD: Ho makue pakmopul, mvt 2080punu, ecmo 8 n1060il
cxeme...

Na, ogHako, He6e3pasmNIHO, KakKM 06pa3oM OHY €I CTBYIOT.
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Hacbiwenune TPaH3UCTOpa

BaM BcTpeyanach cxeMa reHepaTopa, MCIONb3YIOIas GMIONSIPHBI
TPaH3UCTOP, MOf06HasA M3o6paxkeHHOI Ha puc. 6.17, a. Ilogkmounte
ocummtorpad K KO/IIEeKTOpYy TPaH3UCTOpa B COGpaHHOM reHeparope. U,
€c/iu BaM moBe3eT (He Mpom30ieT CpbIBa Konebanmit), Bol 6yfeTe Habmo-
AaTh OCUUIIOTPaMMY, KaK Ha +Eg —
puc. 6.17, 6.

BupgHo, 4TO oOrpaHmMyYeHue
aMIJIUTYABI CBA3aHO C MOMEH-
TaMM HacChlLeHUS TPaH3UCTOpa:
HapacTaHue Koneb6aHMil MpUBO-
AT K OTKPbIBaHMIO — HA HIDKHE
nonysonue upu U (t) <Ug(t) —
KO/NIeKTOpHOro mepexopa. Ha a 6
HEM U IIPOUCXOAUT 6bICTpOC pac- Puc. 6.17. [eHepupyemas amnnumyoda

ogpaHu4yusaemca omkpbieaHuem nepexoaa (a),
XOlOBaHME OCTAaTKOB 3HEpPIum, nosmomy oHa uKcuposana (6)
3amaceHHOoM B MHAYKTUBHOCTH L,
3aTeM — YaCTUYHBI pa3pAf 1o 3Toi nenu eMkoctu C. A Korga paspsap,
IpUBeAET K 3aKPbIBAHMIO IIEPEXOJ]a — BHOBb 3aITyCKAeTCs KonebaTenbHbIil
npoliecc.

YBbI, HeoNpeAeneHHas JINTe/IbBHOCTb POLECCOB, IIPOUCXOAAIIMNX NPU
OTKPBITOM KOJ/UIEKTOPHOM IIepeXOfie, OTPULIATE/IbHO BIUsET Ha CTaOU/Ib-
HOCTb 4aCTOTBHI.

Yny4ymenus popmbl KonebaHuit (a 3T0 ¥ 3HAYUT — IOBBILIEHUS CTa-
6MIPHOCTM 4acTOTHI!) MOXHO BOCTUYD OCNab/IeHMeM IOIOXKUTENbHO
o6paTHOI CBA3M.

+Eg

PAAMOAIOBUTEAD: B uem mym npuuuna ynyuwenus?

B aToM cryyae aMImMTyAa KaXkoi CleAyloleil BOMHbI Kome6aHmii
HapacTeT OTHOCUTENbHO IIpefbIAyleli HEHAMHOTO, a 3HAa4UT, He TakK
XeCTOKO 6yzieT 06pe3aTbCsi OTKPHIBAIOLIMMCS TTEPEXOOM.

PAAMOAIOBUTEAB: ITonamHo.

XoTs, CINIIKOM YMEHbIIAsA O6paTHYIO CBs3b, Mbl PUCKYEM JOBECTU OENIO
[0 CpbIBA T€HEpaALIUN.
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CxeMBI TaKOro pofia 06/1aial0T OYEeBUTHBIM IOCTOMHCTBOM: YCTONYH-
BOJ1 M JIETKO PacCYUTHIBAEMOI aMIUIUTYAO Kole6aHui1, paBHO IPUMEPHO
|Ex — E;|. Korna npeabasnsiorcs cepbesHbie Tpe60BaHMSA K CTa6MIBHOCTH
YacCTOThI, IPENIOYNUTAIOT OCTAHAB/IMBAThCA Ha TAKUX aBTOT€HEpaToOpax, B
KOTOpPBIX 6a/laHC aMIUIUTYH, JOCTUTAETCA C MMOMOILBI0 aBTOMaTUYECKOTO
CMeIlleHNA.

ABTOMaTNYeCcKoe cmelleHne

TpaH3ucrop coBMecTHO ¢ KoHAieHcaTopoM C2 (puc. 6.18, a) o6pasyioT
3HAKOMBIil SMUTTEPHBIN IETEKTOP. YPOBEHD IY/IbCALIMI Ha SMUTTEPE OCTA-
eTCS IPYMEPHO ITOCTOSTHHBIM IIPY HapacTaHUM aMIUIMTYAbI KonebaHmi
Ha KOHTYpe, a 3Ha4MT, B KaKOJ-TO MOMEHT HaCTYIUT 6aaHC aMIIUTYL,
(puc. 6.18, 6).

K coxxaneHuio, B 3T0i1 cXeMe He/lIerKo MOA06paTh HaMIYYINyIO CBA3b
C TPaH3UCTOPOM, T. €. Koappuuuent Bxmodenns n = Cl1/(Cl+C2): npu
CIIVIIIKOM CUJIbHOJ CBA3M YCTAHOBMBIIEeCS 3Ha4YeHMe aMIUIUTY/AbI Ha 6a3e
MoxeT npeBbIcuTs | Ey — E;|, ¥, 3Ha4NT, HeM36€XXHO OTKpbIBaHME KOJIIEK-
TOPHOTO IIepeXofja: BEPHYIUCH K NpeAbIAYIei cXeMe... YMEHbIIEHME XKe
CBSA3M, BO3MOXKHO, TIPUBEJET K CPbIBY KO/Ie6aHMIA.

AHanoOrMYHBIMYU CBOJCTBaMM O6/IafiaeT aBTOreHepaToOp Ha IOTEBOM
TPaH3NCTOPE C YIPABIAIOIMM IepexofioM. [IBa BapuaHTa NpUBeENEHbI Ha
puc. 6.19.

JleTexTUpOBaHMe KOMeOaHMII IEPEXOKOM 3aTBOP-MICTOK BbI3bIBaeT
nossieHye Ha C, 3aIIMpaIoLiero HaNpsHKeHUA cMelieHna. ITO IPUBOAUT
K TOMY, YTO 10 Mepe HapacTaHMA aMIUIMTYABI Ha KOHType rapMOHMKa
TOKa TPaH3MCTOpa Ha ITOJ YaCTOTE He YBEMUYMBAETCH, a AaKe MajaeT
(u3-3a Bo3pactanusa Uy). Ha ompenenieHHOM ypoBHe HacTymaeT 6anaHc
aMIUIATYE.

+Eg

+Egf=mmmm————-
t =
C Us(t) L
L
c
2 R o +E 5 - V] B (t)
+E5 -
a 6 a 6
Puc. 6.18. B 2eHepamope ¢ Puc. 6.19. [eHepamop ¢ asmocmeweHuem
asmomamuyeckum cMmeweHuem (a) Ha 3ameope 8bINOJHAIOM
NOCMOAHHAA COCMABANAIOWAA HANPAXKEHUA ¢ aemomparcgopmamopHoli (a) unu

3Mummepa 3asucum om amnsaumyoei (6) emKocmHou cea3bio (6)
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K coxxarennio, oxxupaeMslit 3¢ ekt 37iech ToXKe JOCTUTAETCA INILUb IIpU
BecbMa c/1aboi1 06paTHOI CBsA3K. A MHaYe aMIUIMTYAA YCTaHOBMBLINXCS
Ko/me6aHMiT Ha KOHTYpe JIETKO JOXONUT JI0 AeCATKOB BonbT. IIpn u, = E
ee CTabuIM3aLys CHOBA IIPOMCXOAUT ITyTEM OTpaHUYEHNs, a JOIIYCTUMOe
HaInpsDKeHMe Ha 3aTBOPEe OKa3bIBaeTCS MPEBBILIEHHbIM.

OrpanquMe B netne

HamHoro nmpegmoyTuTenbHee cXxeMbl, B KOTOPBIX, C POCTOM pasMaxa
KO/Ie6aHMit, HAYMHAETCSA OTPaHUYEHNE B TPAKTe Iepefayy, He COIPOBO-
X[jaloleecs BIUAHNEM Ha JO6POTHOCTb KOHTYpa. CyTb fiefia B TOM, YTO6BI
6aTaHC aMIUIUTYJ YCTaHaB/IMBAJICS PaHbllle HACHIIEHNS BXO/Ia M/IV BbIXOZA
yeunurens. Ilocnenyonue cxeMbl OTHOCATCA KaK pa3 K 9TO KaTerOpUM.

CHoBa auddepeHumnanbHblil orpaHnuUTeNb

9Ty 3HAKOMYIO CXeMy NpAMO MOXXHO JMCIIO/Ib30BaTh KaK aBTOreHepa-
TOp. MBI 3HaeM, 4To arneprypa AuddepeHIMaTbHOTO OTPAHNYUTENA «IIO
BXOZy» He 3aBUCUT OT Toka. Ho Ipefenisl BLIXOZHOTO TOKa, 6€3yCIoBHO,
3afaroTcs pexxumoM. Ha puc. 6.20 pasmax xonebanmii Toka I, He MOXeT
ObITH 60/IbILIe BeMMYMHEI I, 3aflaBaeMoji reHe-

pPaTopoM TOKa; 9TUM U JOCTUTAETCS OrPaHU- +E—
JeHMe HalpsDKeHMs Ha KoHType. Ecmu Tok [ T
He [IPEBBIILAET AECATKOB-COTEH MUKPOAMIIED,
TaK, 4TOObI COO/TIONATOCH:

IR, /2<E, (6.20)

TO TpaH3uCTOp VT2 He OKaXkeTcs B HachlLle-
HVM, 4YTO U Tpe6OoBaIoCh.

3mech ynBOEHHas aMIUIMTYAAa TeHepHu-
pyeMbIX KoneGanmit, IpUOMUSUTENDBHO PAB- p. . s o0 Fenepamop ¢ numatuem
Has IR,, mofmaeTcs MOACYeTY (PE30OHAHCHOE  KOHMYpPa 02paHUYeHHbIM MOKOM:
COTIPOTUBJIEHNME KOHTYPa R, ¢ HEKOTOPOI1 TOY- 02paHuseHa u amnsumyoa

Konebanuti
HOCTBIO OOBIYHO U3BECTHO).

Ymo6HO ¥ TO, 4YTO aMIUIMTYAA IPAKTUYECKU He 3aBUCUT OT YPOBHSA
ob6paTHOI1 cBA3M; HemonHoe mopkniodeHue 6aspl VT K KOHTYpy Ha
puc. 6.20 MOXET MMETb CMBICIT TOTIBKO C LIe/IbI0 COXpaHEeHMs JOOPOTHOCTH
B MOMEHT CaMOBO30Y>X/IeHN.
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Jlerko BBIPa3UTb M YC/IOBYE CAaMOBO30Y KIE€HMs IS TAKOI CXeMBI (TpaH-

3UCTOPbI — OUIIONAPHBIE):
IR,n>0,,
I/ie TOK — B MM/I/IMAMIIEPaX, a CONPOTUBIIEHME B KMTIOOMaX.

IIpoBepsTe BBIBOA caMOcTOATENbHO! Benmunna R;, omKHa yINTHIBATh
3aTyXxaHue, BHOCMMOE CPaBHUTE/IbHO HEOO/MBIIMM BXOZHBIM COIPOTUBIIE-
HueM au¢depeHINanbHOM CXeMBL. A B peXXMMe YCTaHOBMBIIMXCA Koneba-
HMI1, KaK Mbl 3HaeM, BXOGHOE COIPOTHUB/IEHNME TOIBKO BO3pacTeT!

DBe uenun o6paTHoO cBA3N

BBICOKYI0 CTaOMIBHOCTD YaCTOTHI 06€CIIEYNBAIOT FeHepaTOpHI C fudde-
PpeHLMaNIbHOM YCMIUTENTbHOM CXeMOIA, B KOTOPOIt M36MpaTeNIbHbIL KOHTYP
BKJIIOYEH B I€Nb He ITOJIOXKUTENbHOI, a OTPUILIaTe/IbHON 0OpaTHOI CBA3MY,
HanpuMep, Tak, Kak Ha puc. 6.21. ITomoxxurenpHasa obpaTHas cBA3b Che-
JIaHa YaCTOTHO-HE3aBMCHMOI1; ee BeIMYMHA TTOAGMPaETCA 0 MUHMMANb-
HOMY YPOBHIO, 06ecrednBaloleMy YCTOYMBOE BO36Yx/IeHNe.

PAAMOAIOBUTEAD: Heyxcenu makoe pabomaem? +E
Hla. Bonblie Toro: mpu yKasaHHOM HacTpolike R

MOXHO JOOMTbCA BBICOKOM CTabMIBHOCTU
YacCTOThI Ko/mebaHmit, fake eciu JOOGPOTHOCTD

KOHTYPHOU KaTyIUKV HU3Ka: MOCTOBAs CXeMa flaeT L
addexT yBenuueHus KpyTusHsl Hpa3o4acTOTHOM =+=c
XapaKTepUCTUKU.

. Puc.6.21. Bmocmosoli cxeme
PAAHMOAIOBUTEAB: Ho Y éac He napannenvHvli, npamoyzonsHoe konebarue

a nocneoosamenvHulll Kose- CHUMaemcackonnekmopa
v mpaH3ucmopa
6amenvHoiil KoHmyp... P P

IToTOMy 4YTO €ro COmpOTUBIEHME HA PE30OHAHCHO YaCTOTe MUHMU-
MasbHO. 3ech-TO U 6yAeT Haubobllee yCuaeHe, JOCTATOYHOE ISl BO3-
6y>xpeHnsa Koneb6aHmMit.

BasaHc aMIIMTYZ JOCTUTAETCs1, KOHEYHO, OTPaHMYEHNEM B YCHIUTEIE, HO
(3a cyeT HEOOBLIYHOTO BK/IIOUEHMS) OTPAHIYEHME TO He B/IUSET HA KOHTYP.

YcnoBueM BO3SHMKHOBEHMsI FeHEPALMU SBIIAETCS 3f1ech (ecnu koapu-
LIVIEHT Ilepefauy YCUINTEIS CUUTATh OY€Hb BHICOKMM) OIpe/e/IeHHbII pa3-
6anmanc MocTa, 06pa3yeMOro 4eTbipbMs /I€eMEHTAMM:

k>—" 3
r+R
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rae k — ko3 duumeHT KeeHna BHIXOGHOTO HaNPsAXXEHN, YCTAHOB/IEH-
HBII IOTEHIIMIOMETPOM, R — coNpoTuBIEeHNEe pe3ucTopa, MOC/IeR0Ba-

TeIbHOro ¢ LC-11embio, a ¥ — CONPOTHUBIIEHME TOM LIeNN IPK pe3oHaHCe:
r=WL/C)/Q.

PAAMOAIOBUTEAD: [louemy e s Hu20e He 6cmpeuaro no0oOHbIX cxem?

Hanuune B CUTHa/IbHBIX LENAX PE3VCTUBHBIX 37IEMEHTOB TMMUTUPYET
06/1acTb MCIIONIb30BaHMA TAKOTO POJA CXEM AUAINIa30HOM YacTOT A0 COTEH
Kutorepl. JIpyroit HeFOCTaTOK: FApMOHUYECKMUII CUTHANI MOXHO CHATD
TOJNIBKO C TO4KM coefuHenus L u C (B 4aCTHOCTH, Ha KO/UIEKTOpE MMeeTCs
IIPAMOYTO/IbHOE KoebaHue).

6.6. KeapueBasa ctabunnsauna 4acToTbl

KBapueBbiit pe3oHaTop

ABTOreHepaTOophl, CTabMIN3MPOBaHHbIE KBAapIeBBIM PE30HATOPOM,
HaXofiAT mypodYaiiee npuMeHeHne. CTabMIbHOCTD YaCTOTHI CBA3aHa C
ABYMs (paKTOpaMy: BEICOKOI CTaGM/IBHOCTBIO SKBUBA/IEHTHBIX 9/IEKTpyYe-
CKMX TapameTpoB pe3oHaTopa (L, 1 Cyp) ¥ ero BBICOKOII SKBUBAIEHTHOI!
RO6POTHOCTBIO.

IInacTuHa nbe30KBapLia C MOAKIIOYEHHBIM K Heil YCUIUTE/TbHBIM 3J1e-
MEHTOM MOXXeT ObITb BO36y>kZleHa Ha 4aCTOTe IOC/IeR0BaTENbHOTO VI
TIapaJlIeNIbHOTO Pe30HaHCa ee 9KBMBAIEHTHO CXEMBI.

MapannenbHblit pesoHaHC

Ha aToi1 9acToTe Mo/mHOEe CONPOTMBIIEHME pe30HAaTOpa (COBMECTHO C
BHEIIHNMM PEaKTUBHBIMY 9/IEMEHTaMM) OY€Hb BE/IMKO; B Lelb IIOOXKM-
Te/IbHOI 0OPATHOI CBA3Y Pe30HATOP JO/DKEH OBITh BK/IIOYEH MapalIe/IbHO.
CxeMbI TeHEpaTOpPOB MOTY4aIOTCA IPOCTHIMY (OHM +E
IIOBTOPAIOT IIPUBBIYHbBIE CXEMBI C NApaJlIeIbHBIMU
LC-xoHTYypamu, cM., Hapumep, puc. 6.22), erko E

HOMYYUTh CUHYCOMAANbHOE KonebaHme Xopouieit [=Fe°:
¢dopmsl. _L ‘

HepocraTok: 3aBMCMMOCTD YaCTOTBI OT BEMM-  pyc, 6.22. BosGywdeHue Ha
YMHBI BHEUIHUX PEAKTUBHOCTEI, OOBIYHO — €MKO- NapanensHoM pe3oHaHce:

CTH, [efiCTBYOLIEl MapasielbHO PE3OHATOPY. Kf,‘:,%‘;:’,;‘;‘ﬁ'ggﬁg"
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KsBapiieBas nacTiHa urpaeT npy TOM po/ib MHAYKTUBHOCTH, @ BO36YX-
fieHMe TPOMCXOAUT HECKONBKO B CTOPOHE OT YaCTOTHI MEXaHMYECKOTO
pesoHaHca. Bce 3TO, KOHEYHO, He BIIOIHE OTBeYaeT 3afjade CTabunm3anum
YaCTOTHI.

MocnepoBaTenbHbIN pe30HaHC

3nech ONMHOE CONPOTUB/IEHNE P€30HATOPAa MMHMMA/bHO, KBapl] O/I-
KeH OBITh BK/IIOYEH B LIE€Tb ITOJIOXKUTEIbHOM 0OPaTHOM CBA3M MOC/IENOBa-
TenbHO. [Ipy MpaBM/IbHOM NOCTPOEHMY — FeHepaTop 06eCIeYnT BBICOKYIO
CTabMIBHOCTb YaCTOTBI: OHA COOTBETCTBYET 3[eCh COOCTBEHHOI 4acTOTe
MeXaHMY€eCKOTO pe3oHaHca.

PAAUOAIOBUTEAB: B uem cocmoum amo sawe npasunvHoe nocmpoeuue?

[TocmoTpuTe Ha puc. 6.23, KOTOpHINT U30- " Pesomarop |
6pakaeT 3KBMBAJIEHTHYIO CXeMy pe3oHaTopa ! L CreRyg
COBMECTHO C BXOJJHOU ¥ BBIXOJHOI LIETIAMM YCH- ,

TIUTENsA, He IOBOpa4YMBalolLero ¢asy konebaHmit. Spiuipiuivipivipioiniod
ComnpoTuB/IeHNUs BBIXOfa ¥ BXOfA YCUINTENA yeunutens
COeVHEHBI MOCTIEOBATENIbHO C 9KBMBA/IEHTHBIM
CONPOTHB/IEHNEM NOTEPD KBapLia Ry,

Rex Rauix

PAAMOAIOBUTEAD: 3HaAuum, oHU 6HOCAM Puc. 6.23. Bo36ymdenue
aO6a80‘lele nomepu? Ha nocnedosamenbHOM
Ppe30HaHce: 8X0dHOe U 8bIX0OHOE
Ymenvuarom 0o6pom- conpomuaneHus cHuxaiom
Hocmb? dobpomHocme Keapua

Hy, xoHeuHo. CTabM/IBHOCTb FeHepUpPYeMOIt YaCTOTHI CHMKAETCS, YTO
HexenaTenbHo. Kak ¢ aTuM moctynurs?

PAAMOAIOBUTEAD: ﬂOZdbble?OCb.’ CHUNAMb 8X00HOE U BbIXOOHOE conpo-
mueneHue.

ITpaBuibHO.
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Hu3KoOMHbIN BXOA M BbiXxop,

B cxeme Ha puc. 6.24, a pe3oHaTOp BK/IIOYAETCA MEXAY SMUTTEPAMI.
KoHeuHo, BMecTO Koe6aTe/IbHOro KOHTYpa Bbl MOXKETE UCIIONIb30BATh U
Pe3UCTUBHYIO Harpy3Ky, IPOBEPUB PEeXMMBI TpaH3UCTOpoB. Ho myumre
BCe-TaKM COXpaHUTE KOHTYP.

Bo-nepBbIx, Ipy 3TOM cXxeMa +E . .
cMoXeT paboTaTb Ha 3Ha4M- [Y]m Rs[T]
12« 1k
TeJIbHO 60/Iee BBICOKMX 4acTo- T g
Tax. R2 5,1k
Bo-BTOpBIX, COOTBETCTBYIO- 0
" oo vr1] |vr2] | vrs
1[eJI HACTPOVKOI KOHTYpa BB
MOXXeTe HOOUTbCS TreHepaluu
a

Ha OI[HOfI U3 BBICIINX MEXaHU- 6
YeCKUX TapMOHUK KBapLieBOM
Puc. 6.24. HuzkoomHobie 8x00 U 861X00

TUTacTHHBL. .. obecnequsaiom 8eICOKYI0 cmabunsHOCMb
B-TpeTbux, pacCTpONMKON uyacmomel (a); npumeHeHue <mokoeozo sepkana (6)

KOHTYpa OTHOCUTENIbBHO HOMM-
Ha/IbHOM YaCTOThI KBaplia MOXXHO BBI3BaTh IIEPECTPOIIKY reHepupyeMoil
4acTOTHI B He6OMbIINX Npefenax. X0oTs, BO3MOXXHO, 3TO GyeT HeJerko.

PAAUOAIOBUTEAD: Tlouemy Henezko?

MpbI Xe crenyaabHO N03ab0TUINCh O TOM, YTOOBI HE BHOCUTD 60/Ib-
1I0ro 3aTyXaHus B pesoHatop! Ecimu Bce-Taku Heo6xoaMMa mepecTporika,
HO6POTHOCTD NPUAETCA UCKYCCTBEHHO CHUKATb.

PAAMOAIOBUTEAD: Kak s nonsan, keapuesviii zenepamop cmpoumcs no
NPUHUUNY: HUSKOOMHDBLIL 6X00, HUSKOOMHDLY 6bIX00, U
Hem nosopoma asol.

Bl nonsn BepHo. Ha puc. 6.24, 6 xak pa3 Takoi mpumep: peo6paso-
BaTe/Ib TOKAa B HAIIpAXKEHME IONONTHEH «TOKOBBIM 3€pKa/loM» Ha TPaH3U-
cropax VTI1 u VT2; o6mmit oBopoT ¢a3bl paBeH HYJIIO.

YHuBepcanbHana auddpepeHumnanbHana cxema

Teneparopsi ¢ auddepeHIVaNTbHBIM YCUINTENEM U TIOCTENOBATE/IbHIM
xoHTypoM B e OOC, kak Ha puc. 6.21, oTIM4YHO pabOTAIOT NPy 3aMeHe
KOHTYpa KBapLieBbIM Pe30HaTOPOM (KOHEYHO, Ha He O4€Hb BBICOKVX YacTO-
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Tax) — cM. puc. 6.25. IToMuMo TOro, 4TO MpY TAKOM
BK/TIOYEHVY NIPaKTUYECKM He CHIDKaeTcA JobporT-
HOCTb KBaplia, 37lech K TOMY >Ke KpajiHe Maja pac-
ceuBaeMas HA HEM MOIHOCTb.

C moc/efHMM BOIIPOCOM CTOMT pasobparbcs
Puc. 6.25. B Mocmosoli OTHAENBHO.

cxeme HeCN10XHO CHU3UMb
MOWHOCMb Ha Keapuye

MolHocCTb, paccenBaeman KBapLuem

OHa Bcerfja yKasbIBaeTcs B JOKYMEHTAL[MM Ha PE30HATOP.
PAAMOAIOBUTEAD: Heyscenu maxoti napamemp cywecmsyem?

Ha, mpepcraBbTe. O6BIYHO MOIIHOCTD He JO/DKHA IPEBBIILATD NECATKOB
(coTeH) MMKpOBATT, MHaYe He MOXET ObITh peann3oBaHa 3aflaHHasA CTa-
6M/IBHOCTD YaCTOThI; He MCK/IIOYEHO flaXKe paspylleHue KBapLeBoi Iia-
CTVHBL.

SIcHO, YTO IIpM pe3OHAHCe, KOTAa KBapl MpeACTaB/AeT CO60I COIPOTHB-
nenne Ry, MOMHOCTD ONPE/IENseTCs TOKOM Yepes pe3oHatop:

i
Py = 2”’ , (6.21)

Ifie i — aMIUIMTYAQ TOKa NEpBOJ TApMOHMKN I€HEPUPYEMOI1 YaCTOTHI, /1A
KOTOPOJ1, KOHEYHO, CTIPaBeIIUBO (CM. puc. 6.23):

u

i= .
Ry + Rpppy + Ry

YeM BbIllle Ka4eCTBO CXeMbI (T. €. YeM MeHblle Rgy, Ry, Ryp), TeM
60blile, K COXKaIEHNIO, MOILIHOCTbD, BhIfie/isieMas Ha KBaplie TPy U3BECTHO
SJIC Ha BbIXOAE YCWINTENA U:

2
u

PKB ~ T. (6.22)
ITogo6HOro MpoTMBOpEYM HET Y ﬁ(gul)(bepeﬂuuanbnoﬁ CTPYKTYPHI
(pmc. 6.25), rue:
L
R2’
a yMeHbLIeHNe Ry, 1o (6.21), CHMXAeT ¥ paccenBaeMyI0 MOIHOCTb.

i
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6.7. Bonpocbl U3 NpakTUKn

PAAHOAIOBUTEAB: Coced, HavuHaowuti paouoniobumens, ycosepuieH-
CMeosan ony6IuKo8aHHYI0 cXemy 0emeKmopa MuHU-
amiopHozo paduonpuemHuka: max kax 00 ouooa
meuem mox He HU3KOL, a 8bICOKOLL YACMOMbL, MOHCHO
oboiimucy 30eco KOHOeHCAMOPom MeHvulell eMKocmu
(puc. 6.26). Abcypo, spoode 6oL...

Ha yx!
PAAMOAIOBUTEAD: Ho ucnpasenen-
Has cxema 3apa- s
MK 1
6omana. 000

a 6
CrenoBario Moty Jabliie, BHIOpo-
A A ? P Puc. 6.26. SkoHoMusA Ha KOHOeHcamope

cuB guof Boobuie. [poMkoCcTh mpuema GonbuIot eMkocmu?
Hake YBeIMIMU/Iach ObI.

PAAMOAIOBUTEAD: Ilouemy?

ITocnenoBaTenbHOE COENMHEHME AMOAA Y KOHIEHCATOpa — 3TO HOHCEHC;
CTallIOHAPHBIM COCTOSIHMEM TaKOJ I[ENOYKHU AB/IAETCA 3aNpaHye AMofa
3apAnOM, HaKOIZIEHHBIM Ha €MKOCTH. 3HAUNT, TaKas Liellb 9KBMBaJI€HTHA
IPOCTO KOHEHCATOPY (ero ponb urpaet 6apbepHas eMKOCTb AMOfA).

B nmeiicTBUTENBHOCTH AEeTEKTUPOBaHME MMPOVICXORUT, IIO-BUAUMOMY, Ha
HEIMHEJTHOM XapaKTepUCTUKe YCUIUTENbHOTO TPaH3UCTOpa.

PAAMOAIOBUTEAD: MUugy Ot ycunumens «HenonspHulil» aneKkmponumu-
ueckuii koHoeHcamop. B kHuze pexomeH008aHo 6KI0-
4eHue no puc. 6.27. Kax nuwym, pesynomupyou,as
senuuuna emxocmu pasua e C/2, a C: kaxoviii us
KoHOeHcamopos Oeticmeyem Uiy 0N 00HOL Noy-
B07IHbL MOKA, a 0N NPOMUBONONONHOL OH KaK Obl
3amKHym 0uooom. Imo max?

Her, aTo 3a6my>xpgenne. Bbl cormacurech, YTO MpeANOXXeHHBIN IBYXIO-

JIIOCHMK HE MOXXET IIPOITYCKaTh MMOCTOAHHBIN TOK?
e} '+_'_| e}

Puc. 6.27. Yemy pasHa
«HENONIAPHAA» eMKOCMb?

PAAVIOAIOBUTEAB: [la, 3mo o4esuoHo.



164 WUckyccTBO cxemoTexHUKU. MpocTo 0 CNoXHOM

i 330 3HauMT, AMOABI JO/KHBI OBITH BCErfa 3aKPBITHI.
Tak u 6ymeT — u3-3a HAaKOIUIEHUA B CpefHeN TOUKe
IIOJIOKUTENIBHOTO NOTeHIMana, 61M3Koro K muKy

F IIOTEeHLIAJIOB Ha aHOAAX AMOJOB. DTO NMOALEPXKN-

550 BaeT HEOOXOAMMYIO MOIAPU3ALUI0 KOHAEHCATOPOB,
a obmasn eMKkocTb 6ymeT Bce e paBHa C/2, Kak #js

IIOC/IEAOBATEIBHOIO COeIUHEHA.
Puc. 6.28. [0e
npuYuUHa 8bicokou
cmabunvHocmu?

PAAMOAIOBUTEAD: Cxemy asmozenepamopa (puc. 6.28) s omovickan 6
Hnmepreme. Asmop o6vscHsiem 8bicOKYI0 cmabuno-
HOCMb YACMOmMbt BLICOKUMU BX00HBIM U BbIXOOHBIM
conpomueneHusmMu, He yxXyouaouwumu 006pomHo-
cmu koumypa. [ns nosviueHus smux conpomusrne-
HUil CneyuanvHo 86e0eHbl PE3UCMOPBL 8 UCMOKO0BYI0
U amummepHyio yenu. YoeoumenvHo?

O6psicHeH e IUI0XO0€: Belb B peXkuMe 6aTaHca aMIUTUTY/, IpU6OpPHI BpAX
¥ HAXOJSATCS B YCUIUTENIbHOM peXXyuMe. A 3Ha4MT, BIIO/THE MOTYT LIyHTH-
poBaTb KOHTYP.

PAAVIOAIOBUTEAD: But He 8epume, umo cxema cmabunvha?

Bepio, HO puunHa uHas. [leiicTByeT a¢pPeKT orpaHNYeHNs B NeTIe —
3a CYeT CHVKEHMA HAIIPSIKEHWA CTOK-MCTOK II0JIEBOTO TPAH3UCTOpA MpK
IIO/IOKUTE/TbHBIX NMKAX KomebaHuit Ha KoHType. OTu nposansl U, npe-
BPALLAIOT YCYINTENb B OTPAHUYNTE/b, CHIDKAA YCUIEHME.

VimeHHoO pjist TOro 4T068!I HOcTUranoch a¢pdexruBHoe ymenbuenue Uy,
Yl UMEIOT CMBIC/I Pe3UCTOPBI B UCTOKE ¥ IMUTTepe (a He AnA KaKoi-mmbo
VHOW 11en).
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6.8. [lononHeHue gna nio603HaTeNnbHbIX

O6pauleHune cxem

M3BecTHO, YTO KaXKJ0Ji IMHEITHOM cXeMe MOXXHO ITIOCTaBUThb B COOTBET-
cTBMe obpaleHHYI0. [Ipy 3TOM CONPOTUB/IEHNA MEHAIOTCA Ha IPOBOAM-
MOCTH, EMKOCTH 3aMEHAIOTCS MHAYKTUBHOCTAMM, MapaJlie/IbHble COENVHE-
HUS — IIOC/Ie0BaTe/IbHBIMY, TOKY — HAIIPSDKEHUAMMY; M HA060POT.

VIHTepecHO, YTO MAeanbHbIN AVOA MHBApUAaHTEH K 06paleHuo. ITo
HOAICKa3bIBAET ITyTh CO3[AaHNA HEOOBIYHOTO K/Tacca AETEKTUPYIOIIMX CXeM,
ABNAIOIMXCA JETEKTOPaMU TOKa (B OT/IMYME OT TPaAULIMOHHBIX €TEKTO-
POB HaIIPsKEHUS).

HeTteKTop TOKa

PaccmoTpum 1ienouxy Ha puc. 6.29, a. ITpy mpoTekaHny BHICOKOYACTOT-
HOTO TOKa B HeJl YCTaHaB/IMBAETCA PEXUM, KOTZa MO ITIOCTOSTHHO OTKPHIT.
B o6pa3oBaBiIeMcs 3aMKHYTOM KOHTYpe ITOAB/IAETCA IIOCTOAHHBII TOK, ITO
Be/IMYVHE PaBHbII aMIINTYAie BXOZHOTO ToKa: I =iy, OH u GyzeT mpope-
TeKTMPOBaHHBIM TOKOM. [I/1A CHATUA BBIXOJHOTO TOKa — B J€TEKTUPYIO-
IIYIO LIENOYKY MOCe,0BaTeNIbHO CefyeT BKIIOYUTD AATYMK TOKA C BO3-
MO>XXHO MEHBIINM COIIPOTUB/IEHUEM.

ITpu aHanuse neTeKTOpa TOKa HEOOXOAMMO YUMTHIBATh ITOC/IENOBATE/Ib-
HBI€ CONTPOTUB/IEHUS], IOKa3aHHbIe Ha 9KBMBA/IEHTHO cXeMe puc. 6.29, 6.
BxopHoe conmpoTuBneHue getekropa (13 ycnoBus 6anaHca MOLIHOCTH):

Ry =2r,

rge r — CyMMa BCeX IOC/efoBa-
TENbHBIX CONPOTUBIIEHMUIL: r =1, +T1,
(puc. 6.29, 6). BeiTh MOXeT, 3ieCh IIpH- lex ‘ lex i |
FeTCsA Y4ecTb TaKk>Ke BXOZHOE COMpo-

TUBJIEHNeE CNefylolero kackaga. Ecim !
NPUHATH BO BHUMaHME TObKO CONPO- Q] b ]
1
TUBJIEHJE TTOYIIPOBOAHMKOBOTO BeH- - T
TUJIS, TO JIETKO HO)IY‘-ISI/(I)TI:: . p .
Rpy =—, Puc. 6.29. llocmosHHbIt Mok cnedyem

Ipy 3a amnnumydou konebarud (a);
rae BxomHoit BY Tok gepe'rc;] B MUIIN- conpomuenieHus 8pedam HU3KOOMHOCMU
aMIIepax demekmopa (6); smummepHsil nepexod
pax. 3mo 8eHMuNb U damy4uK moka (8)
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PAAHOAIOBMTEAD: Bot usnazaeme xaxue-mo HO80CMU; novemy xe 5
Huzde He 6cmpeyan no00OHBIX cxem?

CMmoTpuTe: YTOOBI IOMTYYUTDh MO-HACTOSAIEMY HU3KOE BXOAHOE COIIPO-
TUBJNIEHNE, HaripuMep, 50 Om, moTpebyeTcsa 3HaYMTENbHAA aMIIUTYHA
BXOJHOTO TOKa — nopaAaka 1 MA. To ecTb, 9Tu cXeMbl OTHOCUTEILHO MAJIO-
YYBCTBUTE/IBHBI.

PAAMOAIOBUTEAD: To20a crmouno au Ha HUX omenexamocsa?

Kak xoTure... Mos uenb 6b1a: TOMOYb pacIIMpUTh Kpyrosop. Beerga
Heo6X0IyIMO MOAHATHCA Haj, Mo60i pob1eMoit — XOTs 6bI Ha OfMH YPO-
BeHb BBILIE, YTOOBI HANTHU [JeICTBUTEIHHO ONITUMA/IbHOE PELIEHNE.

Ho 3aBepuim 3T0T CiokeT. VIHAYKTMBHOCTD L BBIOMpaeTCA TaKo Beu-
YMHBI, YTOOBI B Hee OTBETB/IA/NIACh HE3HAYNTENbHAA JO/IA BXOFHOTO TOKA.
ITpu 3TOM TOK 4epe3 MHAYKTMBHOCTb MOXXHO OLI€HUTD TaK:

i, =0,012/7fL.

3mech npuHATO, yTo BY HampskeHue Ha nepexofie BCErzia COCTaBIsAeT
npumepHo 25 mB. C gpyroit CTOpOHBI, A7 MOAYIMPYIOLINX YaCTOT C/IERyeT
YYUTBIBATh BEIMYMHY IOCTOAHHONM BpEMEHH LieTu, paBHyIo L /1.

[IpakTuyeckas cxema fleTeKTOpa TOKa, BKIIOYEHHOTrO Ha Bhixofie BY
ycunurens, usobpaxxeHa Ha puc. 6.29, 6.

YnpaBneHue no nognoxke

PAAVIOAIOBUTEAD: Ilouemy 6bt He YNOMAHYAU CMeCUMeENnU Ha 08YX3a-
meopuovix MOII-mpansucmopax?

ITpocTo He XOTeN OTB/IEKAaTbCA Ha TpuBMaibHble Belyu. Ho maTepecHo,
YTO aHAJIOT IBYX3aTBOPHOT'O CMECHUTE/IA MOXKHO IIOCTPOUTD ¥ Ha OOBIYHOM
onHo3aTBopHOM MOII-Tpansucrope.

PAAMOAIOBUTEAD: 90 Kax?

Vicnonb3oBaTh MOAIOKKY.

PAAHUOAIOBUTEAD: Bpooe 6bt ee npuHamo coeouHsmy ¢ UCMOKOM...
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2N305A 2MN305A
I_rgTep.
curHan 5% curHan 2

a 6
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Puc. 6.30. YnpaeneHue no nodnoxke — aHasnoz 08yx3ameopHo20 mpaHaucmopad (a);
coemeujeHHbili 2emepoduH (6)

OpHako BCIOMHUTE, YTO IOJ/IOXKKA AB/IAETCA MO CYTH Jiella BTOPbIM
YTIpaB/AIOIINM 3/1€EKTPOLIOM.

HanpsxeHnus, mogaBaeMble Ha MOAJIOXKKY (aHAa/IOTMYHO TOMY, KakK
¥ NoflaBaeMble Ha 3aTBOP TPAH3UCTOpa C YIPaBIAIOLIUM IIEPEXOLOM),
ROJDKHBI JIeXKaTh B 06/1acTM OTpUIIaTe/IbHBIX 3HAYEHUI /I pubopa ¢
KaHanoM n-tuna. IlJoroMy-To MbI BcTpedaeM 3fech 3HakoMy1o RC-1ienouxy
aBrocMmellenus. Ha puc. 6.30, a Bbl 3amMeTHTe ellje OHO: aBTOCMeIlleHNe
VICKTIOYaeT cTabmnm3anuio Toka!

Ecnu Benuumna u, mogo6paHa MpaBMIbHO, eif 6yeT COOTBETCTBOBATb:
Siin = 0; S, = 0, rae S — u3BecTHOE 3Ha4eHMe KpyTusHol mpu Uy, = 0.

PAAHOAIOBUTEAB: CHoBa uydeca. ITouemy mHe HUK020a He NONAOANOCH
Huuezo no0o6H020?

Jleno B TOM, YTO 3aBOABI-U3TOTOBUTENY He VCIIBITHIBAIOT YCUTUTENb-
Hbele MOII npu6opsl B pexxuMe yIIpaB/lIeHUA NMOTEHIMATIOM ITOAIOXKKHA.
Ha mpaxTuke BcTpeyaioTcss paboToCIoco6Hble 3K3eMIUIAPbI C 60IbLION
YT€4YKOIi IOAN0KKA-UCTOK. TaK YTO CXeMy IPUXOAUTCA aipecoBaTh JIMIIb
PafMONIOOUTENAM /IS SIKCIIEPYMEHTOB.

B ykasaHHOM IpMMEHEHMM MOXKHO IOIBITATbCA HAa CMECUTETBHOM
TPaH3MCTOpE OPraHN30BaTh 3a0[{HO U reTepoauH (puc. 6.30, 6).

PAAMOAIOBUTEADB: Bom amo da!

Ho npupeTcst cMUPUTBCS € YXyALIEHMEM Ka4eCTBa pabOThl CXeMbI: BeAb
TPaH3MCTOP, pabOTAIOLIMIL B aBTOTeHepaTOpe, B TedeHNe 6onbleit 4acTu
nepuopa Boo6ie 3akphIT. VI, KOHeYHO, Mpeo6pa3oBaTeb C COBMELEHHBIM
reTepoAHOM GOMUTCS CMIbHBIX CUTHAJIOB, KOTTja He UCK/TIOYEHO 3aXBaThI-
BaHMe YaCTOTHI TeTEPOMHA.
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YeTbipexKkBagpaHTHbIN NepeMHOXUTeNb

VIHOTHa HIpM IOCTPOEHNM TIEPEMHOXKMTENS TPe-
6yeTcs IOMTHOCTBIO CKOMIIEHCHPOBATh BCE COCTABIIA-

ot IOLIMe BXOAHBIX CUTHAJIOB B L€ Harpysku. B Takom

Uc ,_FF Clly4ae NPUMEHAIOT JBOMHYI0 6alTaHCHYIO CXeMY:
}_ pobaBnaoT BTOpoi AuddepeHLMaNbHbIN KacKaf,
BO36y>X/laeMBlil IreTepOAMHOM INPOTUBO(dasHO,

U BBIXOJIbI €T0 TEPEKPECTHO MOAKIIYAIOT K KOHIIAM

BBIXOJIHOM LIeITN.
R IMonyuymBIIasacs nNpyu 3TOM KOHGUTypauus — 3TO
Puc.6.31.5 DeouHol i ecTh MONHOLEHHBI YETHIPEXKBANPAHTHbII Mepe-
KomneHcupylomcaece ~ MHOXUTeNb (puc. 6.31). OH NpuMeHsAeTCA B COCTaBe

6XO0Hble cocmaensioujue  yTHTErpaibHBIX CXEM.

Cmecutenb ¢ ynpasnaemMmbimMm conpotusneHnem

M3BecTHasa upes YHOpaBaAE€MOr'0 aKTUBHOT'O COIIPOTUBIEHUA MOXET
OBITH IIEpE€HECEHA U B TEXHUKY CXEM IIEPEMHOXXEHUA.

PAAMOAIOBUTEAD: B camom Oene, 803bmem ammeHI0amop ¢ Nonesvim
mpansucmopom (ka Ha puc. 4.18), nodadum Ha 3amsop
Konebarue 2emepoouHa — Hem He CMeCUmens?

CwMecutenb. ViMeroummil OMHO TOCTOMHCTBO — +E1
IIPOCTOTY, ¥ MHOTO HeJOCTAaTKOB: HEYROOCTBO {m
COTIPSXKEHMUS C pe30HAHCHBIMU CUCTEMaMMy, HeMa- VT1
JIoe 3aTyXaHMe, OTPaHMYEHHbI YaCTOTHBIN AMa- curvan v
Ma3oH...

PAAMOAIOBUTEAB: JKanv. -E2

reTtep.

Ho M0XHO BCTpauBarh yIpaBIAeMOe CONPO-  puc 6 32 VT3 ynpasnsem
TUBJIEHVE B YCUIIUTE/IbHBIE KOH(l)MI‘ypauMM! ko3¢ guyueHmom nepedayu,
Puc.6.32 meMOHCTpUpYeET OBHY U3 YAAYHBIX CXEM Ho He mokamu
TaKOro pofa.

Ins ee pacyeTa cregyeT 3HaThb OAMH CEKpeT: CONPOTUB/IEHME KaHaa
MOII-TpaHsucTopa ouneHnBaercs Kak R, ~1/8 (umeeTcsa B BUAY Kpy-
TU3HA 1A YCUINTENTbHOTO PeXXMMa IIpY paBHOM HaIlpsKeHUM Ha 3aTBOpeE).
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BeixomuT, 4TO MTHOBEHHasA KpyTU3Ha 9Toi AuddepeHInanbHON yCUIn-
TEIbHOJ CXeMbI, paBHas:
1

1/S,+1/S,+Rg,’

(6.23)

IIPUMEPHO paBHa S, TO eCTb cXeMa 3KBUBAJIEHTHA ITpOCTOMY CMECUTEIIO Ha
ITOJIEBOM TPAH3UCTOPE.

PAAVIOAIOBUTEAD: B uem sce mozoa cmuicn ycnoxHeHHOU mpexmpan3u-
cmopHotl KoHduzypayuu?

BO-IIepBbIX, 3[€Ch XOPOLIO pa3BA3aHbI LEIN TPEX YaCTOT. A, BO-BTOPbIX,
M 3TO ITTaBHOE, 3[€Ch HET COCTABIAIOLINX TOKOB C 4aCTOTOM reTepoanHa.

PAAMOAIOBUTEAB: ITouemy?

Tax Benp (Ipy paBHBIX MOTEHLIMATAX SMUTTEPOB) 3aTBOp V13 HUKaK He
MOXXET B/IMATH Ha TOKM B CXEME.

B kauecTBe ynmpakHeHuMs [jaliTe OLIEHKY BEIMYMHBI aMIUIMTYABI TOKa
reTepoAVHa Yepe3 KOHTYP Ipu He6o/IbLIOM pa3bamaHce CXeMBI, CKaXKeM,
npu U, —U,, =0,1 B. " emme: HeT /i1 MpOCTOro crnocoba MMKBUAMPOBATH
BIMsIHME pa3bamaHca?

PAAVIOAIOBUTEAB: [Jozadancsa! Ho monuy...

OI.ICHMTC TaKKe B/IMAHNE IIPOCAYVBAHNA HAIIPAIKEHUA U Y€PE3 EMKOCTD
3aTBOp-KaHaJl.
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MHOIOTPAH3UCTOPHDIE
CXEMHbIE CTPYKTYPbI

[ina coepemeHHOU aHAn02080Ll CXxeMOMexXHUKU XapakmepHol
C/I0XKHble CXeMHbie KOH(u2ypauyuu u3 MHOXecmaa mpaH3ucmo-
po8, oxeayeHHvle obweli ompuyamenbHol 06pamHoli c8A3bio.
OHU NpuBoOAM HAYUHAIOWUX 8 3aMewameslbCMe0: Kaxxemcs,
HeB03MOXHO He MOJIbKO CAMOCMOAMesIbHO NPUOYMAams HEYMo
noodobHoe, HO U npocmo pa3obpamecs, kKak oHo pabomaem.

JarHell a2z npocmsim A3bIKOM pa3bsACHUM MO, YMO Ka3a-
J10Cb HeNOCMUXUMbIM. HayHem OH CO cxeM, 8 KOMOPbIX pexum
83AUMOCBA3AHHbLIX MPAH3UCMOPO8 ycmaHaenusaemcs asmo-
mamuvyecku. [lanee paswvAcHAemca: Kak cmabunusupyromca
CU2HANbHbIe Nnapamempbl, KaK Npoekmupyiom usmepumesibHole
CXeMbl, Ha 4YMo B/1UAIOM YPOBHU CU2HANOB.

Pas6upaiomca npakmuyeckue 80npocel, cmasswue 8 mynuk
paduosniobumeneli. Mexdy npo4um, packpeleaemca Hekul «2/1ae-
Hbili cekpem» KOmopbiM 811adetom paspabomuuku MAakux cxem.

Bmecme ¢ nio6o3HameneHbiM Yyumamenem 6ydem paspabo-
maHa MUKpocxemMa npoMblUW/IeHHO20 8biNyCKa.

7.1. CamocTtabunumnsunpyiowmeca cxembi

O6paTHan CBA3b MO peXxumy

Ipu paccMOTpeHMY 37IEMEHTAPHBIX IMHEHbBIX KACKa/[OB MBI IIOCTOSTHHO
obpaiany BHMMaHMe Ha TaKye CXeMBI, OIlpefie/IeHHbIe CBOCTBA KOTOPBIX
MOYTH He 3aBUCAT OT MAPaMETPOB NIPMMEHEHHbIX B HUX IIOTYTIPOBOJHUKO-
BBIX IPUOGOPOB. JTa BadkHass 0COOEHHOCTb 06ecreYnBaeTCs OTPULIATENb-
Holt 06patHoii cBa3bio (OOC), meficTByIOLIEl B OTAENBHOM KacKafe.
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B cnydasnx, korga Heo6X0nMMO YHOBIETBOPUTS elle 60/lee BHICOKUM
TPe6OBaHMAM K TOYHOCTH, UCIIONb3YIOTCS CTIOXKHBbIE MHOTOTPaH3UCTOP-
HbI€ CXeMbl, PefCTaB/AIMe 060/ efUHYI0 CTPYKTYPY, OXBadYeHHYIO
o6meit OOC.

Ho mbI HauHeM ¢ npumeHenns OOC pnsa penieHus 4aCTHOM 3afadm.
BMecTo cTabunmsanuu pe>KMMOB OTAE/NbHBIX KaCKaJIOB HEPEAKO peanusy-
eTcs upes ob1eit cTabunusanuy Bceil B3aMMOCBA3aHHOM CTPYKTYPBI IPU
IIOMOIIY OTPULIATENIbHOM OOPaTHOI CBA3MU IO PEXUMY, OXBaThIBAIOLEN
CXeMY LIe/IMKOM.

OTo npuAaeT cxeMaM YAMBUTETbHOE CBOICTBO COXPaHATh paboToCIIoco6-
HOCTb B IIMPOKOM MaTria30He M3MEHEHM BEJIMYVMH CONPOTUBIIEHNI pe3n-
CTOPOB, HANIPSDKEHUI MUTAHNA U T. . TPY MMHMMAa/IbHOM 4MC/Ie TAaCCUBHBIX
a71eMeHTOB. YT0, KOHEYHO, 0COOEHHO LIEHHO I MHTETPa/IbHbIX CXEM.

PAAVIOAIOBUTEAB: MHe 8cez0a KA3anoch, 4¥mo aemopvl XumpoymHoix
cxXem — Kakue-mo eenuKue 2eHuu, 61a0eroujue cexpe-
mamu, HeussecmHoiMu npodanam.

CexpeThl, [eICTBUTENBHO, €CTh. 3ajjaya 3TOM KHUTU — CHeNaTh UX
HBOCTYIIHBIMM Ka)KJOMY >KeJIaIoLeMY.

TpaH3UCTOPHOE KONbLO

CospaHye caMoCTabuIM3MPYIOLIENICA CXeMbl BCETAIa HAYMHAIOT C TIOf-
60pa TPaH3UCTOPHOTO «CKe/leTa», 06pa3yiolero 3aMKHYTO€ KO/IbL[O OTPH-
IIaTe/IbHOIt 06paTHOlt cBA3K. IIpy 9TOM 0653aTE/IbHO YYUTHIBAIOT TPU TPe-
6oBaHu.

Tpe6oBanue 1. BXOLHBIM 37IEKTPOAOM TPAH3UCTOPA MOXKET CIY>XXUTb
6a3a MM IMUTTEP; BBIXOZHBIM — 3MMUTTEP MU KO/IEKTOP.

Tpe6oBanue 2. JIO/>KHO NMPUCYTCTBOBATh HEYETHOE YMCIO TPaH3M-
CTOpPOB, BK/TIOYEHHBIX B 3aMKHYTO€E KO/IbLIO Y4acTKaMy 6a3a-Ko/IexTop.
9T0 — OYeBMAHOE YC/IOBME TOTO, YTOOBI O6paTHasA CBA3D IO PEXXMMY OKa-
3a/1ach OTPULIATE/TbHOM.

Tpe6oBanue 3. TpaH3UCTOPHI AO/KHBI COBMEILATHCA IO YPOBHAM
HaIpsDKEHMIT Ha 97IEKTPOJaX: MX coYeTaHMe B CTPYKType o6s3aHo obecre-
4MBaTh MM BCEM OJJHOBPEMEHHO aKTUBHBIN PeXUM paboThI.

ITon6op TPaH3UCTOPHOTO KO/MblLia 3aKaHYMBAETCHA YCTaHOBIEHMEM
IIOTEHILIMA/IOB BCEX TOYEK CXeMbl. TeM caMbIM 3aiaeTcs peXKUM KaXK7ioro 13
TPAH3UCTOPOB 110 HANPSXKEHMIO.
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;

Puc. 7.1. [locmpoeHue
camocmabunusupyrowelica
CMpyKmypbl HAYUHAemcsa
co «ckesiema»

E

Puc. 7.2. HenpasunsHo:
He c02/1ac08aHO No
HanpaxeHuam!

2

Puc. 7.3.
Komb6unupyiomcs
npu6opel ¢ pasHeiMu
munamu cmpykmyp

p— +E

'KZ‘
I52

VT2 — +1,48B

2] Jlx

+0,7B —= R VT!
Is1 i'al

Puc. 7.4. Bce moku
00/MKHBI NpOoMeKame
om «NOCa» K KMUHYCY»
UCMOYHUKA NUMAHUsA

Jl1a npocreitines [ByXTPaH3MCTOPHOI KOHDM-
rypauuy — Tpe6OBaHMIO OTpUIIATENBHOM 06paT-
HOJ CBA3M Y[ OBJIE€TBOPAIOT [jBa BapMaHTa, U30-
6paxeHHbIe Ha puc. 7.1 u 7.2.

PAAVIOAIOBUTEAD: Hy, 8mopas cxema xax-mo
nookauana...

BepHo: TpaH3MCTOPHI HECOBMECTUMBI IO YPOB-
HSAM HaIlpspKeHuiA. Jlerko mpocnemguTs, 4TO OHM He
MOTYT OJHOBPEMEHHO HaXOAUTbCA B aKTMBHOM
pexxuMe. TpymHOCTb paspelaeTcs coO4eTaHNEM
HIpNOOPOB Pa3HbIX THUIIOB IIOTYIPOBOLHUKOBBIX
cTpykKTyp (puc. 7.3).

3ajaHMe MOTEHLMAIOB B CXeMe HAaYMHAIOT C
IPUCOENVHEHUA K UCTOYHMKAM MUTaHNA (B HYX-
HOI1 IO/IIPHOCTH). A MMEHHO: MATAIOIIME IIOTEH-
LIMaJIbl MOAAIOT Ha BCe 3/IEKTPO/ibl, HE Y4aCTBYIO-
mue B 06pa3soBaHMM KO/IbI]a OOpPAaTHOM CBA3Y
(cMm. puc. 7.4, rae pasButa uges puc. 7.1). Ilocne
3TOrO, KaK BUHO 110 PUCYHKY, 3afjlaya Haxox/je-
HMS IOTEHIIMAJIOB APYTUX TOYEK CXEMBI CieNia/iach
TpuBManbHOI. [loiifeM fanbie.

MyTn ana Tokos

KaxxjoMy TpaH3MCTOpPY B KOJIbLe OTpULIATENb-
HOJT 06paTHOI CBA3M JO/KEH O6bITh obecredyeH
aKTUBHBII pexuM paborsl. [l aToro cnepyer
obecnieynTd IyTH [/Is1 TOKOB BCEX 9MEKTPOMOB C
y4eTOM MX HOpPMaJIbHOTO HalpasieHusA. B mpu-
Mepe Ha puc. 7.4, rie 9TU HanpaBaeHnsa 0603Ha-
4eHBbl, Cpa3y 3aMeTHO:

a) HeT Iy TH [/ TOKOB Iy, u Ip;

6) HeT myTH AN ToKa I, momMumo 6asbl Tpansucropa VT1 (a ycnosue
I, = I, manexo He Bcerfja IpUEMIEMO).

TlanbHeiliee IpeBpallleHye Hallell CXeMbl SCHO U3 puc. 7.5. OcTanoch
BBI6pAaTh HOMMHAJIBI PE3UCTOPOB, C LiE/IbI0 00€CIeYnTh 3aaHHbIe 3HaYe-

HUA TOKOB.
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PAAVIOAIOBUTEAD: 91O CONHHO?

Takoi1 pacyeT y>xe IIOATOTOBJIEH, KOTAAa Mbl Ha3Ha-
YU TIOTEHLIMAIbl 97IEKTPONOB: B I€/I0 BCTYIAET IIPO-
cto 3akoH OMa.

PAAMOAIOBUTEAD: Hy, e20-mo s 3Hato...

Torpga BaMm (/15 TOTO Xe mpuMepa pUC. 7.5) TOKHO p,. 75 Pesucmopts

OBITD IIOHATHO: o6pasyilom nymu
07B 018 moKoe
Iy, = Iy, = Ip = R 5
3 E-14B

Ty = Ipy = —1o—

3apaiiTe TOKM M IONy4YNTe 3HA4eHUA conmpoTusneHuit. [IpaBga, Mbl
npeHebperny ManbIMU TOKaMy 6a3 TPaH3UCTOPOB; MHaYe C/IEROBAIO GBI
y4ecTb, 4TO:

I,,=1,+1

92 R1 B

I, =1, — I,

[Tompo6yiiTe B co6paHHOI cxeMe M3MEHUTb BETUYMHBI Pe3NCTOPOB
OTHOCHUTENIbHO PacyeTHbIX 3HAYEHMIA.

PAAMOAIOBUTEAB: IIonvimancs: HanpsiceHust Ha 6v1600ax MPAH3UCMO-
pos noumu He usmensomcs. MeHAIOMCA MOAbKO
senurMuUtbl moxkoa!

BoT aTuM 1 1jeHHBI CXeMbl, KOTOPbBIMM Mbl 3aHUMaeMcA. VIX TpyaHO
BBIBECTM U3 YCU/IUTE/IBHOTO PeXMMa JaXke O4eHb O0/IbIIVMY BapuauyusIMu
IIapaMeTPOB 37IEMEHTOB. '

Ha puc. 7.6 1 7.7 noka3aHbl 3Talbl CO3JaHN BapyaHTa CXEMBI, «CKeIeT»
KOTOpOJ COOTBETCTBYeET puc. 7.3. VI3 puc. 7.7 erko B3sITb COOTHOLUEHNUS,
CBA3bIBAIOLIME TOKYM TPAH3UCTOPOB U CONPOTUBJIEHNUA Pe3UCTOPOB (pu
BBIOpaHHBIX HaNPSXKEHUAX MUTAHNUA):

Iy =131+IK2 =;—1,
0,7B
Ipo =1y —Ip, =

R2
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+E1 v;‘ 078 A npuMep Ha puC. 7.8 yXe WITIOCTPUPYeT
o UCIIO/Ib30BaHME TAKOM CXE€MbI B KaCKOZHOM

v | ycunmuTesie ¢ HU3KOBO/IBTHBIM IuTaHueM. [lpu

all 1o, HM3KUX IUTAIOIMX HANPSKEHUAX HEJIETKO

+0,7B :I:VT"‘ CTa6MIN3UPOBATH PEXUM OOBIYHBIMY CIIO-
1'32 cobamu! Haitgure 3mech 371€EMEHTBI, COOT-

Puc. 7.6, fns numaus 6aser  BETCTBYIOLIME PHC. 7.7. Pa3bepurech, Kakum
VT1 Heobxodum omdensHeii ~ OOPasoOM ycTpaHeHa oTpuLiaTe/ibHasA o6paTHas
6onee HU3KUl nomeHyuan CBSAI3b IO CUTHATTY.

MmaBHbIN cekpeT

+El Packporo ero: pexxum mo6oro TpaHsucTopa

KOJIbILIa ONIpefeNAeTCS TONMbKO 0COOEHHOCTAMMU
BXO7]a IIOAK/TIOYEHHOTO K HeMY (C/IeAyIolero B
konble o6mieit OOC) TpaHsucTopa.

Tak, oTMe4ast HeCTaGMIBHOCTb TOKA aKTUB-
HOTO 3/IEMEHTa, He TOPOIIUTECh BO3/IaraTh BUHY
Ha Jipeii¢ ero COO6CTBEHHBIX ITapaMeTpPOB: 3HalTe,
Puc. 7.7. Paspa6omka 4TO NPO6/IEMBI BbI3BaHbI MCK/TIOYMUTEIHO HECTa-

cxemel 3asepuiena 6MNIBHOCTBIO BXOTHBIX BelM4YMH (Harpumep, Iy,
Uj,) crienyiolero TpaH3ucTopa B Kosblie!

+2B

100 2,7«
1 Cna6oe 38eHO
—l— 2T368A 2T363A

INopgxnoueHne mapanieIbHO HArpy304HOMY
PESUCTOPY ONHOTO M3 TPAH3UCTOPOB y4acTKa
6a3a-3MUTTep IIOC/IENYIOLIETO — 3TO BCEITIA «C/a-
60€ 3BEHO» B cCXeMax C 00111 cTabummsanyei.

Puc. 7.8. Cxembi c obwieli >
cmabunusayueli pexuma PAAMOAIOBUTEAD: Tlouemy:

He3ameHuUMbl npu
HU3K080J/IbMHOM numaxuu

BcrioMHNMTE Halll «IJIaBHBIM ceKpeT». Tok
IEePBOTO M3 TPAH3UCTOPOB OyneT IjeNNKOM
HAaXOAUTHCA TIOJ, BNIMSAHNEM TeMIlepaTypHoro apeiida Hanpskenus Uy,
BTOpOTO. {IponopiyoHanbHOe ¥3MeHeHMe TOKa TPAH3UCTOPa, K KOTOPOMY
HIOAK/IIOYeH nepexoy (Hanipumep, VT2 Ha puc. 7.5) MOXeT 0Ka3aTbCs HELO-
HyCTUMBIM (CKaXkeM, BBI3BaTh 3aXOf] B HacChIllleHe BTOPOro KacKaja ycu-
nuTtens puc. 7.6).
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PAAMOAIOBUTEAD: Kak xe 6vimov? +E1
+E1 R1
Hampumep, «npuBsa3aTb» KOHel pesu- R2 e
CTOpa Harpy3ku K IpyTOMy OTEHLMANY. .,
Bsrnanure Ha puc. 7.9, a. Tox VT2 N W
TeIephb paBeH: vT1 o
E2+0,7B A1
Y — -E2
R1
a 6
To ecTb, OH TeM 6oree cTabuUIEH, YEM  Puc. 7.9. MossiwieHue cmabunbHocmu
Boime E2! Yto, KOHE4YHO, He cCIlaceT OT docmuzaemcs npueaskod K

0ononHUMenbHLIM nomeHyuanam
HeCTabMIbHOCTY caMoro HampshKeHus E2.

Ta xe nenb Ha puc. 7.9, 6 fOCTUTHYTa BKIIOYEeHNEM CTabmInTpoHa (ero
OTHOCHTE/IbHBLI TEMIIEPATYPHBIit ipeitd Bce-Taky MeHbIIIe).

7.2. Crabunnsauma curHanbHbiX NapameTpoB

O6wana OOC no curHanam

LlenHOCTD CNOXHBIX cxeM ¢ o6meit OOC elte u B TOM, YTO OHU MOTYT
obecreunTdb cTabMIM3aNMIO pabounx MapaMeTpoB, — CKaxkeM, k0apdu-
1MeHTa nepefadn. [Ipudyem He TONMBKO J/Is IEPEMEHHBIX COCTAB/IAIONINX, A
Y1 /151 TIO/IHBIX BXOJAHBIX CUTHA/IOB. 37iech MbI OyzieM BIlepBble IMETbD JIeTI0
C IMHETHbIMM CXeMaMM «IIOCTOSTHHOTO TOKa», I/ie IO ONpeAeNIeHHOM cTe-
IIeHY He PasNN4aloTCs MOCTOSHHBIE M IIEpEMEeHHbIe COCTaB/IAIOLME BXOH -
HBIX HanpspkeHuit (TokoB). Te u fpyrue paBHO ABNAIOTCA «BXOLHBIM CUT-
HAaJIOM».

Oxsat o6meit OOC sABNAETCA MOLUIHBIM METOAOM ITOTYYEHNUA CXEM C
3a/laHHBIMU CBOJICTBaMM, HEYYBCTBUTENbHBIX K ITapaMeTpaM OT/e/TbHBIX
3/IEMEHTOB.

Yeunnutenb NnOoCTOAHHOIO TOKa

Pa3oMKHeM TpaH3UCTOPHOE KObLIO CAaMOCTabMIM3NPYIOILEiCsa CTPYK-
TYPHI B 1I060M MecTe (HO TO/IBKO He Iepefi SMUTTEPHBIM IOBTOPUTENEM).
IMomyunrca ycunurenbHas cxema, MMeloIas BXoy, (IpefHa3HauYeHHbIM 1
06paTHOI CBSA3Y, €TO IPMHATO Ha3bIBaTh MHBEPTUPYIOLINM) U BBIXOL.
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ITepBsIit Kackaj TaKOTO YCHINTENS BO/DKEH OBITh HempeMeHHO audde-
peHLMaNbHBIM: Belb HEOOXOAMMO MMETh ¥ BTOPOJ BXOJ — AJIA MOfa4YM
BHelIHero curHana! B mpocTeiimem cnydae ponb CUTHaZIbHOTO BXOAA
UTpaeT BTOPOJ U3 BXOLHBIX 3IEKTPOMOB IIEPBOro TPaH3UCTOpa (IMUTTEP
unyu 6a3a), OTCOeAVMHEHHBIN /IS 3TOTO OT ITUTAIOLEN IIMHBI.

Tak Ha puc. 7.10 — 3HaKOMas HaM IO
puc. 7.5 cxema npeBpaieHa B guddepeHiy-
anbHbIl yeunurens (JY); BTopbeiM (HeuHBep-

(-) Bxoa Bbixog,
R bt TUPYIOLIMM) BXOOM CIYyXUT amutrep VTI.
(+) Bxon Puc. 7.11 usobpaxxaeT HECKONIBKO ApY-
HeuHBepTUPYIoLLMiA X KOHUrypaiuit ycunnuTteneit moCTOAH-

. T . UTb, YTO KaX

Puc. 7.10. JupeperyuanoHoil Horo Toka. MoxHo npocnen » 1TO Aas

ycunumerss NOCMOAHHO20 MOKA U3 HUX npmro,uHa J19)8: | HOCTPOCHI/IH CXEMBI C
umeem 08a 8xo0a U 8bix00 o6me171 06paTHOI71 CBA3BIO.

a 6 8

Puc. 7.11. PaznuyHole cxemol QudhchepeHyuanbHbix ycuaumesnbHoiX Cmpykmyp
pabomocnocobHbl MoNbKo npu Hanu4uu o6pamuoti cea3u

PAAUOAIOBUTEAD: Kak 06 amom moxcHo cyoump?

ITpocTo nmpoBepbTe, YTO NPU COEAMHEHUM VHBEPTUPYIOLIETO BXOAa C
BBIXOZIOM YCM/IUTESI BCEe aKTHBHBIE IPMOOPBI COBMEILAIOTCS PYT C APYTOM
II0 YPOBHSAM HaIpsKEHMIA.

PAAUOAIOBUTEAD: MHe Kajcemcs novemy-mo, 4mo cxemvt He 6yoym
pabomamep.

Pasymeercsa, — 6e3 o6paTHOI CBA3K: Belb B HUX OTCYTCTBYIOT 3JIe-
MEHTBI CTabuIM3anuy pexxMoB.



War 7. MHOroTpaH3ncTopHble CXeMHble CTPYKTYpPbi 177

PAAMOAIOBUTEAB: 3auem sice 6bi710 ux usobpaxams?

)lM(b(bepeHumaanmﬁ YCUIUTEND IIOCTOAHHOTO TOKa CAYXXMUT JUIIb
3arOTOBKOIA [i/Is1 NOCTPOEHUs CTa6MJIM3MpOBaHHbIX JIMHEHBIX CXeM. DTUM
MBI ¥ 3a/iMeMcCA.

I'Iosropm'enb HanpaXXeHna

B nmio60it us xoudburypauuit Y 3aMkHeM

KOJIBL[O OTPULIATENbHOI 06paTHOI CBA3M C BBIXOAA
Ha MHBepTUpYILIMit BXof. CBOICTBa NOTY4EHHOTO Bxon
NIVHEITHOTO YCTPOMCTBA OLIEHUTD JIETKO: NpeHe-
6peras Ko NMOpBI «HATIPSKEHMEM OLIMOKN» MEXTY
Bxopamu, umeem: U, =~ U,,.

Ilepen HaMu MOBTOpUTEND HANpsKeHUA (CM.,
Harpumep, puc. 7.12).

R2
VT2

VT1 Bobixoa

R1

Puc. 7.12. [loemopumene
HanpaxeHus: 8xo0Hoe u
8bIXOOHOE HanpAXeHuA
omcyumelaaromcsa om

Macwra6bHbii ycunurenn 6ol (o 0dHou u modi xe)
MOYKU CXeMbl

Ecnu ob6paTHas cBA3b NoOfaHa 4epe3 AETUTENDb
HanpspkeHus (Ha puc. 7.13 ato R1, R1'), — nonmyuurcs
cxeMa MacIITabHOTO ycunurend. JleficTBUTENbHO,
cuurast, Y10 Uy, + Uy, = 0, uMeem:

U Rl U
R1+RI ®®
Uy = KyUpy K, =(R1+R1')/RY'.

KCTaTI/I, IIpUMEHEHME 30€ECH CIIENMATIBHOI'O JIMCl)-
(bepeHu;Maanoro BXOOHOro Kackapma I103BOJIMJIO Puc. 7.13. MacwmabHbit
ycunumens: 8X00Hoe U
CHU3UTD NOI'PEUTHOCTD, BbI3BAHHYIO IIPOTEKAHNUEM 8bIXOOHOE HANPAXKEHUA

BXOOHOI'O TOKaA I10 COHPOTMBIICHM}IM HENINTENA. omcyumelearomcsa
OMm «HUXHe20» KOHUa
denumens

Mpeo6pa3soBartenb ToKa B HanNpaXeHne

CoenyHuM HEMHBEPTUPYIOLIMIT BXOR yCUIUTeNA ¢ 06mieit mmuoi. Ecin
BBIXO[[HOJ CUTHAJI IIOfiaH Yepe3 pe3ncTop 0OpaTHOI CBA3M Ha BXOJ, YCHIIN-
TeJA, TO 3TA XKe TOYKA ABUTCA BXOFOM IOTyYMBLIErocs rpeobpasoBarens
TOKa B HaIllpsDKEHMe, HATIpUMep, TaK, KaK Ha puc. 7.14.
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Cunras npene6pexumo ManbimMu Kak Uy,
TaK u I, nonyyaem:

I =1, I, =Ug /R, oTCIORA:

Upsx = IpxR.
Puc. 7.14. B npeobpasosamene
moka 8 HanpsaxeHue —
CmeweHne Hyna 8bIX00HOe HanpAXeHue
omcyumsieaemcs om
BriBogyiMbie Boilie GOPMY/IBI AJISE BBIXOf-  HeuHsepmupyiowezo exoda

HOTO HaNpsDKeHUsI MOXKHO IIPUHATD pasBe 4TO

B Ha4a/IbHOM Ipu6MKeHun. MBI CO3HATENIbHO UTHOPUPOBAIU BIMAHME
IOCTOSHHOTO HAaNpsDKeHUsA MeXAy Bxomamu 1Y B paboueM pexume, a
Belib OHO faneko He HyneBoe! COCTaBIAIONIYIO 9TOTO HaNpsKeHUd, He
3aBUCAILYIO OT BEIMYVMHBI CUTHA/IA, Ha3bIBAIOT HAIIPSIKEHMEM CMEIEHUS
Hy/1s1. TouHee roBops, HaNpsDKEHME, KOTOPOe MOTpebyeTcs NoAaTh Ha BXOf,
4TO6BI JOOUTHCA HY/IS Ha BBIXOJiE, ¥ OyAieT CMelleHMeM HYIIA.

B cxemax, rjje npuMeHeH HECUMMETPUYHBII BXOIHOM Kackaf, Hynb 1Y
rpy6o cmemeH: g puc. 7.10, 7.12 — na 0,7 B, a pua puc. 7.13 — paxke Ha
1,4 B. B camoM fiene, 60/1ee TOUHBIE COOTHOLIEHUA [Isi, HAIIpUMepP, Mac-
mrTabHOro ycunurens puc. 7.13:

U,..Rl
ﬁ?’ ~Upy —(Ugsy +Upas),

Upux = KyUpx =Ky (Ugy, +Usgss).

B03MOXXHO, YTO HeXKe/laTeIbHbIN, HeCTaOM/IbHBIN BTOPOI! WiIeH 1 6yneT
B OCHOBHOM OIIp€fie/IATh BBIXOJHOE HANPs)KEHME CXEMBI.

PAAMOAIOBUTEAD: MO Kpatine HeNnpusmHo, pasymeemcs.

OTMeTbTe: YeM Bhlllle yCUTIEHNe, TeM 6o/ble HeCTabMIbHOCTS!
PAAMOAIOBUTEAD: Coznace. VI kax sice 60pomvcs co cmeujeHuem Hynsa?
B 3aBMCHMOCTY OT CUTYaL Uy, TIOM/IEM II0 OFHOMY M3 TpeX ITyTeil.

ITyTs 1. ViHOTIa MOXXHO IPMMMPUTHCS C HAIMYMEM 3HAYUTENTLHOTO CMe-
mieHus Hy/nsA. HanpuMep, B crabunmsatrope HanpsOKeHUA 5TO CMelleHue
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MO>XHO Y4€CTb COOTBETCTBYIOIIEH KOPPEKTUPOBKOI BeTMIMHBI OTIOPHOTO
HaIpsDKEeHUA.

IyTs 2. Ecnu TpebyeTcs MOBbILIEHHAsA TOYHOCTD IepefaYy MOCTOAH-
HBIX YPOBHei1 (yCMIUTeNb OCTOSAHHOTO TOKa), He 060iTHCh 6e3 cuMMe-
Tpu4Horo AuddepeHManbHOro BXOFHOro kKackaga (puc. 7.11, 8). Ipy6oe
CMellleHyie HY/IA IMKBUAPOBAHO, @ TOHKMMM 3¢ dexTamu MbI 3aiiMeMcs B
«Iare 8».

IIyte 3. Ecniu cxema mpusBaHa paboTaTh TONBKO C IepeMEHHBIMMU
COCTaB/IAIOLIVIMU, MOXKHO IIPOCTO Pa3fe/INTh 3ajlaui: TOYHOI Iepefayn
Ko/le6aHmit ¥ CTabMIM3aLuy pe>XKuMOB.

PAAMOAIOBUTEAB: Kakx amo cdenamv?

Ceityac 6yzeT nokasaHo.

Ycunurenb nepeMeHHOro HanpXxeHna

BriBeieHHBIE GOPMYIIBI /ISl BBIXOZHBIX HANPSOKEHUI He TEPSIOT BeAb
CBOE€JI CVJIBbI, €CT OTHOCUTD MX JIMIID K aMIUIMTYRHBIM 3HAYE€HNAM IIepe-
MEHHBIX COCTaBJISIOINX, KOTTIa MHTEPECYIOT MMeHHO oHn? bonee Toro, B
ocnegHeM ciy4ae paboTa cxeM ropasfo jaydile COOTBETCTBYET OXXM/a-
HUSAM: BBIIIO/IHEHME YCTIOBUIA TUIIA Uy, << Up.y U Ugy << Upy WA AMIUIN-
TY[, HAIIPSDKEHMI TapaHTUPYeTCA BHICOKMM yCHUIIEHMEM B IETIIE.

Korpa He TpebyeTcs ycuieHUs IIOCTOSTHHBIX
COCTaB/IAIOIINX BXOJHOTO CUTHA/IA, IPUXOAAT
K BapMaHTaM, IOJKOOHBIM puc. 7.15.

3necp K, =(R3+R4)/R4 peiicTBUTE-
JIEH TO/IbKO Ha TeX YacCTOTaX, Ile EMKOCTHOE vT1
conpotusienne 1/2nfC mano no cpaBHEHMIO
¢ R4. Bricokoe ycunesnue A nepeMeHHBIX
CUTHAJIOB He CONPOBOXKAAETCSA HeXenaTeNlb-
HBIM yBeln4eHueM fpeiida HanpsOKeHUs Ha
BbIxofe. Benp ¢ Touky 3peHus pexxuma (mns Puc. 7.15. [ina nocmoanHou
MMOCTOSHHOM COCTaB/IAIONIEN) CXeMa AB/IAETCA cocmaaraouiel) Hanprwenua

Ha 8xo0e ycunumernb A6/1Aemca
IIPOCTO IIOBTOPUTE/IEM HAIIPSOKEHU . noemopumersnem

+E ¢
R2
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OnepaLunoHHble ycunurenu

PAAMOAIOBUTEAD: Yem Oanvuie, mem 60avuie MHe ACHO, YMO 8bl, 1O
cymu Oena, pasbupaeme onepayuoHHbvle ycunumenu
(OY) u nuneiinvle cxemvl HA UX OCHOBE.

9T0 oTYacTyH BepHO. ECi MBI IpMMeEHNM YIIpOIIeHHBIE CXeMHbIe 060-
3HaYeHM, KaK Ha puc. 7.16, To MoiMEM CYIIIECTBO CTPYKTYPbI IMHETHBIX
YCTPOJCTB C 0611eit 06paTHOI CBA3BIO, HE3ABUCUMO OT TOTO, KaK peasu-
30BaH YCUIUTEND.

OpHako cxeMbl, KOTOpbIe MbI pa36ypaiu, He AB/IAIOTCA KIaccudeckumy OY.

Puc. 7.16. [losmopumens (a), macwumabHeil ycunumens (6), npeobpasosamesnb moka
8 HanpA)xeHue (8), ycunumesns NnepemMeHHO20 HanpAXeHUA (2) — cmpyKmypel Ha 0cHoge
dugpeperyuaneHeix ycunumenel

PAAMIOAIOBUTEABD: T020a 4mo ecmb OnepayuoHHbitl ycunumens?

ITonATHME ONEPALIMOHHOTO YCUIUTENS NMPUILIIO U3 TEXHUKM aHAJIOTO-
Boro MofenupoBauus. C MOABNEHMEM JeleBbIX MHTerpanbHbXx OY oHM
Clie/Ia/IACh TUIIOBBIMM 3/IEMEHTAMM Pa3/IMYHBIX IMHEHBIX U HETMHENHbIX
YCTPOICTB.

PAAMOAIOBUTEAD: Ho novemy e mo, umo mvt paccmampusant, amo He OY?

Co6CTBEHHO, YHMBEPCA/IbHBII ONEPallOHHbIN YCUINUTENTb — 3TO U
ecTb fuddepeHUMANbHBIN YCHMIUTEND IIOCTOAHHOTO TOKa. To/bKO K HeMy
IpeNbABAIOTCA HEKOTOPbIe 0cobbIe Tpe6OBaHMA.

Tpe6oBanme 1. llIxana ypoBHel BBIXORHBIX HanpspkeHuit OY momkHa
6BITh JOCTATOYHO LIMPOKOIA, ¥ IPMMEPHO CUMMETPIYHOM OTHOCUTETBHO
«CpenHeit TOYKM» UCTOYHMKOB MUTAHMA.

Tpe6oBanue 2. [Inana3oH JONYCTUMbIX CMH(}A3HBIX BXOJHBIX HaIps-
>KeHMI OTDKEH COOTBETCTBOBATD IIKajie BHIXOGHBIX HAMIPSXKEHMUI.

Tpe6oBanue 3. [IpuHMMaIOTCA MepHI [/ YIy4llIeHNs BCeX IIapaMeTpoB,
BIMAIOIIMX Ha TOYHOCTD M3MepuTenbHbIX cxeM ¢ OY (310 KacaeTcs Koad-
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dunmeHTa ycueHns, cMelieHns 1 apeitda Hys, BeTMYNH BXOFHBIX TOKOB,
YPOBHS IOfiaB/IeHMs CMH(]a3HOTO CUTHAIA).

Tpe6oBanue 4. CrienianbHO PEIIAIOTCA BOIPOCH YCTONYMBOCTH.

Mbi He 6yfeM 3fech pa3bupaTh HI CXeMOTEXHUKY YHUBEPCA/IbHBIX OIle-
PALMOHHBIX YCU/IUTEIEN, HY UX IPUMEHEHMe: STUM TeMaM IOCBAIEeHa CBOsA
nuteparypa. XoTs NIpUHIUINAIbHBIE CTOPOHBI 3THX BOpocoB B «IIlare 7»
u «Illare 8» Tak My MHaYe 3aTParMBalOTCA.

OT/e/bHO Mbl paCCMOTPUM /IULID O61IYIe IOAXOABI K CUHTE3Y CIlelMalb-
HBIX CX€M, OT KOTOPbIX TpebyeTcsi ToYHas1 Iepefaya IIOCTOSTHHBIX HAIps-
>KEeHUI U TOKOB.

7.3. UameputenbHbie CXeMbl

O6xopumca 6e3 onepaLMOHHOro ycunurens

TepMuUHOM «M3MepUTETbHBIE CXEMBI» MbI 0O beIMHUM GYHKI[MOHAIIb-
HBI€ Y37/IbI, K KOTOPBIM IIPENbABIAIOTCA TPeOOBaHNA NPefeNIbHO JOCTIKY-
MOJi TOYHOCTY TOTO MJIX MHOTO 37IEKTPUYECKOTO ITapaMeTpa, B TOM YICIIe U
AJiA IIOCTOSAHHBIX COCTAB/IAIOLUIMX CUTHA/IOB. [Ipyyem fuanasoH BXOZHOTO
(BBIXOEHOTrO) CUTHaMa MOXeT ObITh COIIOCTaBMM C YPOBHAMM NMTAIOLINX
HanpsDKeHuit. PaspaboTunk oka3bIBaeTCs IMOPOI B CUTYalMy, KOrja Ipy-
MEHATb TOTOBYIO MHTerpanbHylo cxemy OY Ana nocTpoeHmna Npenyns3noH-
HOTO YCTPOJCTBA HelleNieCOOOpa3HO WM 3aTPYAHUTENBbHO.

Bo-nepBbIx, nMemolmnecsa HaIpAXXEeHUA IUTAaHUA MOTYT HE COOTBET-
CTBOBAaTh TPEOYIOIMMCS /I YHUBEPCAIbHOTO YCUIUTENA.

Bo-BTOpBIX, pabounii AMana3oH ypOBHe CUTHA/IOB MOXKET IIPeBbILIATh
TOT, Ha KOTOPBIJ1 paccYnTaHbl cTaHAapTHbIe OY.

B-TpeThbux, GbICTpOAENICTBYE, OTPAHUYEHHOE €ellle M 37IeMEHTaMy
9aCTOTHOII KOppeKuuy (HY>HOM A7 ob6ecniedeHns yCTOMIMBOCTY YCUIIN-
Tens ¢ K03 PULUMEeHTOM yCHIeHUA B JeCATKY ThICAY, OXBaY€HHOTO Iy60-
KOt 06paTHOJ! CBA3BIO), MHOT/]Aa OKa3bIBAETCA HEJOCTATOYHBIM.

B-4eTBepTHIX, peub, BOSMOXXHO, BOOO1Ie UJET O peanu3aluy ysia pas-
pabaTbIBaeMOJt MHTETPAIbHOM CXEMBI.

ITpopa6oTka BapuaHTOB MOXET CKIOHUTD HaC K OTKasy OT YHMBEPCa/Ib-
HOTO (¥, B CYLITHOCTH, B KaXX/IOM YaCTHOM CJTy4ae «M36BITOYHOTrO») Onepa-
IMOHHOT'O YCU/IUTE/IA B I10/1b3y NIPMMEHEHMA HECTIOXKHOM CIIeIMaNIu3nupo-
BaHHOJ IIPeLM3MOHHOM cxeMbl. Ha 3TOT ciy4aii cyliecTByeT U IIOAXOJ K
paspabortke.
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HanpsxeHune ownbkn

B paccMoTrpennbix Hamu Boinle cxemax ¢ OOC BxofHOe HampsKeHue
IIepBOTO KacKajja MpefcTaBysieT co60it Ty «ommnbKy», KOTOpas 1 OTpaXkaeT
HECOOTBETCTBME JeICTBUTE/IbHBIX ITePeJaTOYHBIX CBOVICTB CX€MBI IPOCTOI!
pacyeTHOI MOZAEN.

PAAMOAIOBUTEAD: Henv3st nu pasobpams

R2 .«
Kaxoti-Hu6yo» npumep?

HlaBaitTe pacCMOTPMUM 3/IEMEHTAPHYIO CXEMY
Usx R1 HIOBTOPUTE/IA HanpsikeHus (puc. 7.17).
BxopHoe (/151 IepBOro TPaH3UCTOpa) HaNps-
Puc.7.17. BHexomnencu-  XeHue Uy, NpsAMO sABNAAeTCA abCOMIOTHOM
posarHom noémopumene  yorpenIHOCTHIO: Beib BMECTO TpebyeMoro s
8bIXOOHOU nomeHyuan
omcmaem om nomenyuana  TIOBTOpUTENs: U, = U,y 30€CH MBI MMEEM:
exo0a
Upix = Upx + Usay.

Ho6aBo4Hoe cnaraeMoe He OyfeT, KOHEYHO, IOCTOSHHO BEINYMHOIL.
Jleno He TONBLKO B €T0 TeMIEepaTypPHO 3aBUCHMOCTH, XOTA ¥ OHA HeNpu-
arHa. O6paruTech K cxeme: noteHuuan konnexropa VT1 pasen U, + U,
a 3Ha4YMT, AJIA TOKA IIEPBOTO TPAH3UCTOPa (ecu He yIUTHIBaTh I,) cripa-
Be[/IUBO:

Iy = Iy, =(E=Upyx —Upoy )/ R2.

C pocToM BXOEHOTO (M BEIXOFHOTO) HaIIps>KeHMs TOK Konnekropa VT1
ymeHbmaetca! CrefoBaTeNIbHO, CHIDKaeTCA U BemuumHa Uy, : BIXOHOM
IIOTEHIIa/I OTCTAeT B CBOEM YBEIMYEHMM OT NOTEHIIMATIA BXOJA.

PAAMOAIOBUTEAB: Kopoue, K, <1.

MeHHO TaK.

KomneHcupylowmi TpaH3ucTop

B M3MepuTeIbHBIX CXEMaX HaNpsDKeHMe 6a3a-IMUTTEp BXOSHOTO TPaH-
3MCTOpa HEMTPaNIU3YIOT MyTeM BCTPEYHOTO BKIIOYEHNA BTOPOTO mepe-
xofa. Ho 4To6nI mo6UThCA AEICTBUTEIBHON KOMIIEHCALINY, HEJOCTATOYHO
ele UAEHTUIHOCTY TPAH3UCTOPOB Y EAMHOTO MX TEMIIEPATYPHOTO PeXXMMa
(aTO MOCTMUIaETCA UCIIONb30BAHMEM COITIACOBAHHBIX TPAH3UCTOPHBIX Map
B 0011[eM KpUCTAITE).
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[IpemenbHas TOYHOCTb CXEMBI peanu3yeTcs,
Korga obecmeyeH OAMHAKOBBIN IIEKTPUUECKIIL R2
pexmM 060MX TPaH3NCTOPOB Maphl: TO €CTb — OfM- VT2
HaKOBble 3HAYEHMsI KOJUIEKTOPHBIX TOKOB ¥ IIOTEH- VT vt
I[V1aJIOB, HE3aBMCHMO OT CUTHAJIa Ha BXOJIE. Uax * ° | Usbix

IIpeo6pasoBaHHbIe TPaH3UCTOPHBIE KOMIbI]A TOTO
Ke TIOBTOPUTETISA, HO yXe C Bo6aBIeHHO! KOMIIEH-
cauuei1, u3o6pakeHsl Ha puc. 7.18, ogHako cnexyer
MpeIIOYECTh BapMaHT C BK/IIOYEHNEM KOMIIEHCUPYIO-
IIlero TPaH3UCTOpa BHYTPb KOJ/IbI]a 06paTHOI CBA3N.

PAAMIOAIOBUTEAD: Tlouemy?

CnepuTte 3a MHOI1: B TOYHOM ITIOBTOPUTEJIE CXEMa
RO/DKHA GBITH OCTPOEHa TaKuMM 06pa3oM, 4TOOBI
Ipy M060M BXOAHOM HANpsDKEHMM COONMofanocy:  Puc.7.18. Hanpaxenua
U. =U 3 U 6asza-amummep VT1u

593 = Ups,- SHAUMT, C yBenmudenueM Uy TOK KO- VT3 OonkHbl 83GUMHO
JIeKTOpa KOMIIEHCHpYIollero Tpansucropa VT3, Tak KonggeHCUPoeambcn (a)
8bl800 KOMNEeHcuUpyilowe20
xe, Kak u'y VT1, 06513aH CHIDKATbCA. TpaNSUCMOpa Us KOG

HexenameneH (6)

PAAMOAIOBUTEAB: [la; Hy mak umo?

To, 4TO MPONOPLIMOHAIPHO YMEHbLIAIOIIMIICA TOK 6a3bI BXOJHOTO TPaH-
3MCTOpa Ha puC. 7.18, 6 COOTBETCTBOBaN OBl OTPULIATETBHOMY BXOFHOMY
COTIPOTUBIIEHUIO CTPYKTYPHI; peanu3auynsa KOMIEHCMPOBAHHOM CXEMBI
HOTpe6yeT BBefleHUS TIO/IOXKUTENbHOI 06paTHOI cBA3M!

PAAHOAIOBUTEAD: Tlonyuaemcs, max.

A 370 He6e301macHO; CKaXKeM, B CITy4ae, eC/IM BHIXOJHOE CONPOTUB/IEHUE
MCTOYHMKA CUTHA/A IPEBBICUT | Ry, |, Hems6exxHa oTeps yCTOMIMBOCTH.

CornacoBaHue pexxmma napbi

VITak, OCTaHOBMBILVCh Ha IIEPBOM BapMaHTe, MBI JO/DKHBI OTMOTHUTD
ee Tenepb LeIsiMY, 06eCrIeYNBAIOIIMY COIIACOBAHHBIN PEXWM A/ TPaH-
sucropa VT3. HaunHaltoT Bcerfja ¢ BK/IIOYE€HMA KO/IEKTOPHOTO pe3UCTOpa
TAKOJ1 )Ke BEeIMYMHBI, YTO M Y APYTOrO TPAH3MCTOPA MAPhI: TETIEPb OCTAETCA
YPaBHSATD /IIUb IIOTEHIMA/IBI KOIEKTOPOB.
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R2

VT2, VT4
129HT1B

Usbix

VT1, VT3
129HT1B

6

Puc. 7.19. lMpu R2 = R3 paseHCmMa0 Ko/1/IeKMOPHbIX NOMEHYUAJI08 O3HA4Yaem
U paseHcmao moKoa (a); KomneHcuposaHHsIli noemopumens 20mos (6)

Ina VT1 (cm. puc. 7.19, a):
Ui =Upux + Uy
Us = Ugyx + U
U =0.

ObecreunTdb TAKOM XKe PEeXUM A/ KOMIIEHCUPYIOILETO TPaH3UCTOPa
(Uggss =0) He IpencTaBnAeT TPYAHOCTE: M. puc. 7.19, 6.

Ha nocregneM pucyHke moBTOpUTE/b, BEOOaBOK, HECKOIBKO Y/TY4IlIEH.
YcrpaHeH O4eBUHBIN HEJOCTATOK — JOBOBHO OO/IBIION BXOTHOI TOK (TOK
amutTepa VT1); COOTHOLIEHVE IS HETO BbIBEIUTE CAMOCTOSITENIbHO. CHYDKEHVIIO
3TOrO TOKA IIOCPEACTBOM YBE/IMUEHNS CONPOTUB/IEHMI KO//IEKTOPHBIX pe3y-
CTOPOB IIPEIATCTBYeT BO3MOXHBIIT pa3balaHC COITIACOBAaHHOM Mapbl 6a30BBIM
TOKOM V'T2. YMEHbUIINTD €T0 ¥ IIOMOTaeT COCTaBHOM TPaH3UCTOP.

PAAUOAIOBUTEAD: V] Heyscenu ama npumumusHas cxema spdexmuena?

OHa fjaeT TOYHOCTbD Nepefauy HaIlpsHKEHM A, He MEHbIIYIO, YeM CXeMa CO
CJTIOXKHBIM OITePAL[VIOHHBIM YCU/IUTENIEM — MO>KETe IIPOBEPUTb.

KoneuHo, MbI He nepe6epeM 3[ieCb MHOXKECTBA BO3MOXHBIX CX€MHBIX
pelleHnit: Ha MPOCTelflleM IIpyMepe Mbl pa3o6pasiy JMILb METOH, IOAXOF.

7.4. inana3oH ypoBHeN

LLikanbl ypoBHen

CxeMbl CO CTabUIM3MPOBaHHBIMY NTapaMeTpaMu (0CO6EHHO — CXeMbI
TUIIA U3MEPUTEIbHBIX) Pa6OTAIOT B LIMPOKOM AMaINa30He YPOBHEN BXOJ-
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HBIX ¥ BBIXOJHBIX HAIlpsXKEHUM U TOKOB Harpysku, KOIfja HET CMBICIA
BBIJIENIATD [TOHATHE «BXOJHOTO CUIHa/Ia» B POTUBOIIOIOXKHOCTD «PEXUMY
IIOKOs». VICXOMHBIMM JaHHBIMM ABISIOTCA IPaHULBI IIKA/T BO3MOXXHBIX
MTHOBEHHBIX 3HAYEHMI BXOTHBIX Y BBIXOJHBIX 3/IEKTPUYECKUX BETUYUNH.

VI pacuyeT HOMMHA/IbHBIX 3HaY€HMI A/IA CXEMBI BEleTCA 3/IeCh y>Ke He
JVICXOJiS M3 HECYIIIECTBYIOLIETO «PeXKMMa IIOKOSI», @ 3 TOTO YC/TOBUSI, YTOOBI
Ipy M060M BO3SMO)XHOM COYETAHUM ITUX INIEKTPUUECKIUX BE/IMUMH COXpa-
HAJICA aKTUBHBIN PeXXUM TPaH3UCTOPOB CXEMBI.

Mpo6nema cuHpasHOro HanpsXXeHUA

Ananmusupys B «Illare 4» COOTHOIIEHNSA YPOBHEN B POCTBIX IMHENHBIX
KacKaJjax, Mbl 3a60TU/IVCh TMIIb O BHIXOFHOM LiENM YCUTUTENbHOI CXEMBI,
Ifie pUCYTCTBYeT «60nbiIoit» curnan. Ho 3gech yke 9TOro HEROCTATOYHO:
Beflb Ha IepBbII KacKaj, CXeMHOJ CTPYKTYPBHI IO Lieny 06paTHOI CBA3M
TOXE ITOCTYTJaeT, IT0 MEeHbIIIeit Mepe, YaCTh BXOJHOTO «O0/IbIIOrO» CUTHA/A
(a, To M Bech LIeTMKOM, KaK B IIOBTOPUTETIE).

[TpakTnyecky paBHble APYT APYTY NOTEHUVA/IbI HA MHBEPTUPYIOLLEM U
He VHBEpTHpYIOLeM BXxofax auddepeHunanbHOro yCuamTensa — 3To Tak
HasbiBaeMoe cuH(}asHoe HanpsxkeHue. Cob6crenHo ansa 1Y oHo BoBce
He AB/IAETCA BXOMHBIM, IIOTOMY ¥ He paCIIpOCTPaHAETCA Hajlblile IEPBOTO
Kackazia. OfHaKO OHO BCe-TaKy NIPUCYTCTBYET Ha BbIBOJAX TPAH3UCTOPOB
(OTHOCHTENBHO «3eM/IN»). 3HAUUT, IPUXOAUTCA He 3a6BIBaTh IPOBEPATDH
YPOBHM HanpsHKEHMUI He TONIBKO B IIOC/IETHEM, HO U B ItepBoM (auddepen-
LIMaIbHOM) KacKaje.

PAAMIOAIOBUTEAD: B uem cymv nposepxu?

9710 Xe 0'-ICBMJJ,’H0' IIBI/I MO6BIX JOIYCTUMBIX CUH(A3HbIX IIOTEHLMAIaX
Ha Bxofie (0T Usx.max 10 U sx.min) KOJIZIEKTOPHBIE IIepeXOAbl BCeX TPaH3UCTO-
POB, OTHOCAIIMXCSA K BXOGHOMY KacKapy, BO/DKHBI OBITh 3aKPBITHI.

PAAVIOAIOBUTEAD: AX, 0a, paxbvuie Mol yice HAKAa0bl8anu maxoe mpe6o-
eaHue 0115 ouddepeHyuanvHozo Kackaoa.

Bepno.

ITono6HbIe e MpOBepKY ANA PasIMYHBIX KOHPUrypauuit BpsAg nu
MOTYT BbI3BaTb 3aTpyAHeHus. K npumepy, ana puc. 7.13 notenuuan Ha
6ase VTI He BnpaBe npepbimarh 3Hayennsa E—U,,, = E—0,7 B u He fjon-
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+E1
XeH omyckarbcs Humke Ug, +Ug,; =1,4B. Ecnu

HY>KHO IIPefyCMOTpeTb paboTy CXeMbl TaKXe M

Uk VT2 .
e IIpM OTPMIIATENbHBIX HANpPsOKEHUAX Ha BXOfe,
COOTBETCTBEHHO ONYCKAIOT ¥ IOTEHLMAJ Ha KOJ-
VT3 nektope VT3 (puc. 7.20).
—1 Pasymeercs, mofo6Hble Ipo6/IeMBl OTIAJAIOT
P i A1 CXeM THIIa peo6pasoBaresieil TOKa B HaIIps-

i

Puc. 7.20. PacwupeHue
duana3oHa donycmumbIX
CUHa3HbIX cuzHanos
mpebyem noeviwerus U, u YpoBHU BbixoAa
noHuxeHuA Uy,

JXKEeHHue: TaM CMH(l)a3HbII}‘I CUTHAJI paB€H HY/IO.

Bompoc 06 ypoBHsAX Halps)KeHUI Ha BBIXOfE

OKOHEYHOTO0 TPaH3MCTOpPa, OCBEUIEHHBIN B

«IlIare 4», TpebyeT 37eCh yTOYHEHMA IO PMYMHAM, KOTOpbIe OYRYyT ceit-

yac sAcHHI. Tak, paccMOTpeB B KaueCTBe IIpuMepa CXxeMy Ha puc. 7.21, a, Mbl

3aK/II04aeM, YTO MMOTEeHIIMAII Ha ee Bbixofe (amurrep VT4) He MOXXET OBITH
IIPOU3BO/IbHBIM.

+E1

V13

a 6

Puc. 7.21. lLikana 8bix00HbIX HanpaxeHul ozpaHuyeHa (a);
2eHepamop 6annacmHo2o0 moka oOHo8pemMeHHO pewaem u 3adady cosuza yposHs (6)

PAAMOAIOBUTEABD: A B8UINCY, MO OH HUKAK He HUJKEe HanpsIKeHus Ha 6ase

VT2, a unaue omxpoincs 6vt KonneKmMopHuiii nepexoo
VT2

lIa, BBIXOAHO€ HAIIPsAXKEHNE HE MOXET CTAaTb HUIKE CMH(t)a3HOI‘0.
BosHukaet 3ajavya CABUIa LIKa/Ibl BBIXOOHbIX YPOBHeﬁ «BHU3».

PAAMOAIOBUTEABD: [ ue20?
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IToToMy 4TO, BO3MOXHO, TpebyeTcs 6o/mee MMPOKMIL AMania30H BbIXOJ-
HBIX HamnpsDKeHuit. 3aMeTbre eme ofHO: yxe npu Uy, =0 sakpoertcs
VT4 — TOK ero sMuTTEpa CHUSUTCA JIO HYIIA.

PAAVOAIOBHUTEAD: Pa3ae?

9710 3aKoH OMa — IIOCMOTPUTE Ha TOK Yepe3 Harpy304HbIil Pe3UCTOP.
BosHukaer 3ajja4a 6a/1/1acTUPOBKY BHIXOJHOTO TPaH3UCTOPA.

WUtak, paboTa c pa3HONONAPHBIMM CUTHAIaMy iaXKe Ha XOIOCTOM XOZY,
T. €. ipu I, =0, TpebyeT [OPabOTKY CXEMBI.

CaBUr ypoBHA

Crpos cxeMy THIIa MaCIITaOHOTO YCU/IUTENIA PasHOIOJISIPHBIX HAIIPsDKe-
HUI IO TUITY pUC. 7.16, 6, MBI CTa/IKMBaeMCA C CUTYaIyelt, KOTfja BBIXOTHOE
HaIpsDKeHe MOXKeT ObITh Kak BBIIIe, TaK M HIDKe CMH(]a3HOTO BXOJHOTO
CUTHa/Ia. 3HAYNT, IPUXOAUTCS COIIOCTAB/IATD AUATIA30HbI YPOBHe CuH}pa3-
HOTO HaNpsKEHVA ¥ YPOBHeEN HAIIPsKEHMIT Ha BBIXOfie (IIKasTy BHIXOZHBIX
Hanpspkenuit). He Bcerma ux nerko coMectuts (puc. 7.21, a).

CxeMbl, nofio6HBIe puc. 7.20, paspewraioT OJOOHYIO TPYAHOCTD 3a CYET IPH-
MeHEeHMsA TPaH3UCTOpa PYTroro TUIa NpOBOAMMOCTH, HO 3TOT BapMaHT MOXKET
6BITH IIPO6/IEMATIYHBIM /151 MHTETPAIIbHOI CXEMBI.

Puc. 7.21, 6 mokassIBaeT peaqn3anyio CABUIA YPOBHA C IpUMEHEHNEM
reHepaTtopa Toka Ha VT5. B Heli miKa/ia BRIXOAHBIX HAINIpsIKEHUI cMe-
IIleHa OTHOCUTENIbHO [iMana3oHa Halps KeHMI Ha KoinekTope VT2 BHU3
Ha BermuuHy Uy, + I, R. Perynupys BTopoe cnaraeMoe, MOXXHO pacrioso-
XXUTD 9Ty LIKaTy OTHOCUTE/IBHO «HY/Is» JKeJlaeMbIM 00pa3oM, HalpuMep,
CUMMETPUYHO.

bannacTHbI TOK

CHoBa cpaBHUM puc. 7.21, a u 6. TenepaTop Toka Ha VT5 BBIIONHSAET
TaloKe elne ofHy GyHKIuMIO: 3afjaeT 6a/UIACTHBIN TOK BBIXOfA, PaBHBIN I,
He JIONyCKasA 3alMpaHusA BBIXOAHOTO TpaH3ucTtopa VT4 u obecneunBas
CaMbI/l HYDKHU YPOBEHDb BHIXOJHOrO IIOTE€HLIMA/IA, PaBHbIN NOTEHIMATY
6aser VT5.

INopmBemeM UTOT — YTO MBI JOJDKHBI CAE/IATb IIPY CO3[JaHMY CXEMBI.

Bo-nepBbix. Boi6paTh HanpsKeHNs MUTaHNUA Tak, 4Tob6sl E1 > U
¥ —E2 <U gy min'

BBIX.max
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Bo-BTopnIx. Ectit 9T0 TpebyeTcs, TO TEM MM MHBIM CIIOCO60M «OTBA-
3aTh» LKAy BBIXO/A OT IKa/Ibl CMHGA3HBIX HANIPSIKEHMIL.

B-Tperbux. 3agaTh 6a/1/TIacTHBI TOK OKOHEYHOTO TPAaH3MCTOPa U3 YCIIO-
BUS OTCYTCTBMS 3aKpbIBaHMA /IS BCEX BOSMOXHBIX 3HaueHMit Ugyyy.

PAAMOAIOBUTEADB: Ho 6edv npocmotii pesucmop, npucoedurenHvill x
«MUHYCOB0T» NUMArouield wuHe, moxce co3daem 6an-
JIACMHBIT MOK.

9TO0 Tak, HO IIpOBEOUTE 3/IEMEHTApPHbIE pacu€ThI, ! BbI YGCJIMTCCI), 49TO
ONITMMA/IbHOE 3HA4YE€HME COIIPOTUBJ/IEHUA nono6pa'rb CJIO>KHO.

Tok Harpy3sku

Pacuer Tpebyemoro 6anmacTHOro Toka ycnoxHsercsa npu I, #0.
HauBHO 651710 6b1 [10/1araTh, YTO «COMPOTHUB/IEHNE HATPY3KI» BCETNa BKITIO-
YeHO MEXX[Y BLIXOIOM ¥ HYJIEM.

PAAMOAIOBUTEAD: Mmne max u xasanoco...

Harpyska MoxeT 6bITh «IIpUBsi3aHa» He K HY/eBOi1 1He. VI faxke 6bITb
BOBCE HE OMMYECKOI.

PAAMOAIOBHUTEAB: 10 ecmb — HenuHetuHou?

Jla. CnenoBaTenbHO, Mbl HO/DKHBI PacIonaraTh B 061eM Clydae faH-
HBIMU O TOM, KaK MeHAeTcA Iy B 3aBUCUMOCTH OT Upyy, TO €CTh BOIbTaM-
TIepHOIt KpUBOIt Harpysku!

BrnipoueM, dbakTudeckn TpebyeTcs 3HATh MUIIb OGHO 3HaUYeHue I, o
U giix. mae 160 A0 Uy, ., — CMOTPA IO TOMY, KaKOJ U3 3TUX CTTydaeB
ABJIAETCA «HAUXY[LIVMM», COOTBETCTBYIOIMM HaMMEHbIIIEMY TOKY I1OC/IEN-
Hero TpaHsucTopa. IToarpyska 6amnacTHBIM TOKOM NpK3BaHa He JOMY-
CTUTD €r0 3aKpbIBaHMA B 3TOM C/Tydae.

AByxnonspHble Kackagbl

CxeMsl, TOKO6HBIE M300paXKEHHON Ha PUC. 7.22, MCK/IIOYAIOT 3aKphl-
BaHJe OKOHEYHOro Kackafia. [IoaToMy oHM He HY>XXJal0TCA B 6a/I/TacTHBIX
Tokax. Ho Hafio 6BITb TOTOBBIM CTO/IKHYTBCA CO CBOMMM OCOOEHHOCTAMMY,
MHbIE 13 KOTOPBIX OYAYT 3aTPOHYTHI B Ja/IbHENILEM.
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Hame paccMOTpeHME MHOTOTPaH3MCTOPHBIX +E1
cXeM, OXBayeHHBIX 061ieit o6paTHON CBA3BIO (B
TOM 4MCJIe U3MEPUTETbHBIX) OTPaHNYMBAJIOCh ITOKA L Boxoa
NUIIb OJHOM CTOPOHOI: BopocamMyu cuHTe3a. He '
MeHee BaXKHBIIl BOIIPOC KOMUYECTBEHHOTO aHa-
nu3a — TpebyeT ocoboro pasroBopa, B «Illare 8». _EzI
PAAUOAIOBUTEAB: IIpedsusicy, umo smo cnoxHas Puc.7.22.BdeyxnonapHix
OKOHeYHbIX Kackaoax
mema. obecneyusaromcsa
niobele HanpaeneHusa
8bIXOOH020 MOKA

Ja, M03TOMY HauMHAIOIMIT MOXKET ITIOHAYaTy ee
VI IPONYCTUTD. XOTsA MPO6/IEMBI CTOAT TOTO, YTOOBI
IIOTPaTUTh Ha HUX BpeMdA. B ToM umucite, 4TO6bI 0CO3HATh: MHOTOTPaH3M-
CTOpHBIE CTPYKTYPHI C 00111eii OTpULIATe/IbHOI 0OPaTHOI CBA3bI0 — BOBCE
He MaHalles /IS pellleHNs MoObIX 3afa4 IMHEHO CXeMOTEXHYKY, a JIVIIb
JacTHOE CPEACTBO, 3aHMMaloliee (IIpy TPaMOTHOM €ro IIPMMEHEHNUM) CBOe
CKPOMHO€E MECTO.

7.5. Bonpochbl U3 NnpakTUKn

PAAUIOAIOBUTEAB: B 6pouwitope, omkyoa s 6341 cxemy npedycunumens
(puc. 7.23), ckazaro, 4mo pexcum nepeozo mpanHsucmopa
ycmanasnueaemcs nomenyuomempom R2. Tonvko smom
PeINCUM NOUEMY-O He PecynUpyemcs...

EcrectBenno. BenuunnHa R2 onpepenser - ? -20B
pexxuMm BoBce He VT1, a VT3! B camom pene, 56K VT2, VT3
KT315A

Ha OCHOBaHMM HaLIETro «IJIABHOTO CeKpeTa» — Vi
TOK cTOKa VT1 3aBMCHT OT BXOfia C/IeAYIOILLeTO
Kackaga. B panHOM ciyvae:

= 532 + Yo = 13 =23 mKA Puc. 7.23. Ha umo enusiem
C1 M -
R1 56 kOm nomeHyuomemp?

|_

I

(He mMpUHMMas BO BHMMaHMe HE3HAYUTENbHOro 6asoBoro Toka V712).

PAAUOAIOBUTEAB: A umo mam Hacuem VT3¢
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Mbl y6epunnuch, YTO TOK IONIEBOTO TPaH3UCTOpa KpaiiHe Mall.
CnenoBaTenbHO, MOTEHIMAN UCTOKA IPUMEPHO PaBeH HANPSKEHUIO
orceuky (Begp U, =0), u:

I, =U,../R2.

Ot R2 3aBucHT TakXe M KO3QPUIMEHT mepefauy HaNpsIKEHUS:
K, =(R2+R3)/R2.

PAAMOAIOBUTEAD: A cobpan nabopamopHuiii cmabunuszamop no cxeme
puc. 7.24. Ho npu ucnsimanuu Ha X0n0cmom xo0y
He y0aemcs NOny4ums 8biX00HOe HanpseHue Hudxe
0,5 B (0anee nomeHnyuomemp nouemy-mo npexpa-
waem ynpasnimo HAnNPAXeHUeM). ..

+158B
K140YA8A 1k

Korpa BBl cTponIu noBTOpUTEND, HE Yhe-
IVIACh B BOSMOXXHOCTM aKTMBHOTO peXynMa
AN TPaH3MCTOPOB BO BCEM [MamasoHe
BXOAHBIX ypoBHeii. Bens npu U,, =0 (uemy

KT6304 KT818B6

° AO/DKHO COOTBETCTBOBATDb Uy = 0) TPaH3M-
Ucras=0...+9B
+ crag=9 - CTOpbI 6yAYT 3aKpbITHI!
Puc. 7.24. Touemy He nonyuyaemcs PAAMOAIOBUTEAD: TouHo...
CHU3UMb cMabunusuposaHHoe

HanpsaxeHue?
A €Il€ TOYHEE, OHM 3AKPOIOTCA YXKe

TOIJa, KOIJla TOK Harpy3Kyu CpaBHAETCA C
TOKOM yT€4KJ KO//IEKTOPHOTo nepexopa Tpansuctopa KT818b. M3 amueii
uHGOpMaLMHK CIERYeT, MEKAY IPOYMM, YTO:

R, =05B/I,

9TO IMO3BONAET OLCHUTDh BXOJHOE€ CONTPOTUB/ICHME BAllIETO BOIBTMETPaA...
PAAVOAIOBUTEAB: Ionumaro: amo wymka.

Ecnu ceppesHo, TO HY>XXHO 6b1710 06ecrieunTh BBIXOZHOMY KacKany 6a-
MIaCTHBIN TOK, XOTA ObI Tak, Kak Ha puc. 7.25. Tok yepes R, npu MUHMK-
Ma/IbHOM BBIXO{HOM HAIIps>KeHNUM, JO/DKEH ObITh 607b1le I; 5 OKOHEYHOTO
TPaH3UCTOpa (C y4eTOM €ro BO3MO>KHOTO Harpesa).
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PAAHOAIOBUTEADB: Ecmv udes: 6 08yxmpansucmop- — +158
HOtL cmpyKmype Ol NOBbIUEHUS

CMABUNLHOCMU MOKA KORNEKMOopa KT8186
VT1 0o6asumpv pesucmop 6 yenv
amummepa (R1 Ha puc. 7.26).

HaBaiiTe nmpoBepum: QR
-156B

E-U,, U, —Up, = I,(R1+R2),

Uctas

Puc. 7.25.
- - - bannacmHeili mok
= E—=Ups =Upo) =Ups . OosmKeH npeabiuame
! R1+R2 MoK ymeyxu
Pesucrop RI BnuseT Ha BeTM4YMHY TOKA, HO HE IMEET mpaxsucmopa

OTHOILIEHNUs K CTENIeHM CTaOUIBHOCTH, OMpeensaeMoit
qucnnTeneM BoipaxeHua. CaMocTabunmusupyioumecs
CTPYKTYPbI HE COOTBETCTBYIOT M3BECTHBIM IIO TPafu-
IIIOHHBIM cXeMaM 1a6/moHaM. JlaHHBIIT pe3uCTOp U3JH-
IIIEH.

PAAVIOAIOBUTEAD: Y MeHA 0mKa3ana ycunumenvHas
cxema. Ha puc. 7.27 a2 npocmasun
pesynvmamol 3amepa nomeHyua-
nos. Y ece-maxu He mozy onpeoe--

o Puc. 7.26. Yny4wunu
AUumv, KaKot u3 mpaH3ucmopos cmabunbHocmb?

HA0o0 3amMeHAMmb.

OTbicKkaTh e eKTHBI TPAaH3UCTOP B Hepaboralolei camMocTabuim-
3UPYIOLIENICS CTPYKTYpe ObIBaeT Helerko: Ipy BbIXOfie U3 CTPOSA OHOTO
M3 TPAaH3UCTOPOB M3MEHSIOTCS peXXUMBI Bcex! B 60/MbIIMHCTBE CydaeB
paspbIB KO/IbIIa 06paTHOI CBA3M BefleT K TOMY, YTO MCIIpaBHbIe IPUGOPEHI
OKa3BbIBAIOTCA MM 3aKPbITBIMY, MU TNIEPEXOAAT B HaChIlleHNe. 3HAYMUT,
HafIo MICKaTh TOT, [/I1 KOTOPOTO COYeTaHMe
HaIIps>KeHMI He COOTBETCTBYET HM OJHOMY
M3 BO3MOXXHBIX COCTOSAHMIL: OH-TO U Gymer *2.78 |]:2.78 98 .
nedeKTHBIM. 28 ) )

Jlis McripaBHOJ CX€MBbI, O4€BUITHO, IIOTEH- —H
IMansl Bcex 6a3 M KOMIEKTOPOB JOJDKHBI :
cocraenATth 0,7 B. Ha puc. 7.28 nogospurenen e
pexxum VT3: HyneBoe HanpskeHMe Ha 6ase Puc. 7.27. Kakoil us
COOTBETCTBYET 3aKPbITOMY TPAaH3UCTOPY,  mpaH3ucmopos HeucnpaseH?
HO mpu 3ToM U, , He MOXeT 6bITh Hy/IeBbIM!

+3B ¢ ¢
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Hanmiuio kopoTkoe 3aMbIKaHMe KOIJIEKTOP-
3MUTTEP.

PAAHMOAIOBUTEADB: Xopowio, a umo sce
y meHa?

Cutyanus B Ballleil 3ajlaye CIOXHee:

Puc. 7.28. Y HeucnpasHozo VT3
nomeHYuansl 6assl U KONNEKkMoOpa HaIIps>KEHUsA Ha JJIEKTPOLaxX BCEX l'IpM60POB
Hecosmecmumeol ' B IIpUHIINIIE COBMECTUMBI. OtMmeTuM TpaH-

3UCTOP, HAXOAAIMICA B MHMMO aKTMBHOM
pexume (VT2). ITpu paspbiBe KOJbLia aKTUBHBII peXXKIIM HEBO3MOXXEH; TIOCTIE
HEKOTOPOT'O Pa3gyMbs FOTOBO Y 3aK/II04€eHMe: O6pbIB Ko/tekTopa VT2.

7.6. lononHeHue gna nio6o3HaTenbHbIX

CrabunusnpoBaHHbI ycunurenb

3HAKOMACh C MOPAAKOM CO3JAaHUA CXEM C
ob1eit cTabunnsanyeit peXxxuMa, Mbl COCTaBUIN
OfHY M3 MPOCTHIX KOHurypaumit (puc. 7.5). A
puc. 7.29 yxe usobpaxkaeT IOCTPOEHHBIN Ha ee
OCHOBe JIBYXKacCKaZHbIil ycunurtenb. Jlo6aBnen
PesUCTOp KOMIEeKTOpHOI Harpysku ansa VT2 (on
HAXOJWTCS BHE KOJIbIa 0OpaTHOI CBA3M, a 3HAYMT,
He B/IMsIET Ha TOKU TpaH3uctopoB). Kpome artoro,
IIPeAyCMOTPEHO BK/IIOUYEHME PE3UCTOPa MEXIY
6a3oit VT1 u amurrepoM VT2 (3TO MO3BONMUIO
nofilaBaTh Ha 6a3y BXOJHOJ BbHICOKOYACTOTHBI -

Puc. 7.29. KoHdoeHcamop
C2ycmparsem o6pamuylo  curHain). [loxanyit, koHbuUrypauus ynobHa ais

C6A36NOYCUNUBAEMOMY  grimycKa ee B Ka4eCTBE MUKPOCXEMbI YCHIUTENS;

cueHany N .
4YTO XK€, 3aMMEMCA €U I€Ta/IbHEE.

Pa3pabaTbiBaem UHTErpanbHylo Cxemy

3ajagum TokM KackafmoB: Iy, =0,4MA, I, =2mA. Canras h,, ~ 30,
HIO/Ty4aeM BeTM4YMHbI 6a30BbIX TOKOB: 13 1 66 MA.

Pe3ucTop R3 BK/TIOYEH B KOJIbIie 06paTHOM CBA3M, a 3HAUMUT, Ha/I4Me eTr0
MO>XXET CHUSUTD CTabMIbHOCTD. [IpegycMoTpuM XOTs 651, 4TO6bI OTOMHN-
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Te/IbHOE MaJieHMe HaIIPsDKEHN Ha HeM OT TOKa 6a3bl COCTaBIIsAo He 6ortee
0,1 B, Torga ana R3 nonmyvaercs:

R3=0,1 B/13 mxA = 8 xOm.

ITorenunan smurrepa VT2 cocrasnser: Uy, +0,1B ~0,8B, orciona
nonmy4aem i R1I:

R1=0,8 B/2 MA =400 Om.
ITorenuyan 6aspt VI2: U, =U,, +0,7 B =1,5B, oTciofia umeeMm A R2:
R2=(6,3B -1,5B)/(0,4 MmA + 0,066 mA) = 10 kOm.

YBenuueHNI0 HOMMHAA pe3uCTOpa Harpysku R4 (IIpu xenaHuu HOIy-
4uTh 60sbliIee ycuneHue) OymeT NpensaTCTBOBATh CHIDKEHME Npefe/TbHOM
aMIUIMTYABI HEVICKaXXEHHBIX KoebaHmit Ha Bbixofie. s u,,, =1 B — 1o
MeHbIlleit Mepe TaKoi ke BETMYMHBI O/DKHA OBITh Pa3HOCTb IIOTEHIMAIOB
Ko/iekTopa u 6a3nt VT2. IlpubaBnsas eme 0,5 B (3amac Ha BO3SMOXXHYIO
HeCcTabUIbHOCTD), 6yieM MMeTh:

Uy, =U,, +1,5B=3B,

R4=(6,3B)/2 mA =17 kOm.

PacyeT 3/1eMeHTOB BOOGpaXkaeMoit MHTETpaAbHOM CXeMbl Ha 3TOM
3aBeplleH.

PAAMIOAIOBUTEAD: [Io200ume, 0a cy0s no 8eAU4UHAM COnpomuene-
HUTL NONYUUNACL 8 MOUYHOCMU MUKPOCXeMA MuUna
122YH1 — wupokononocHwiii ycunumenv!

Cropnipu3. Kak BupuTe, MBI BOCIIPOM3BEIN XOJ MBIC/IN €€ pa3paboTYMKOB.

dusnuyeckuin aTanoH

PAAMOAIOBUTEAD: MHe KAamemcs, 4mo nosviueHus cmabunvHocmu
pexuma cxem MoxHO docmub 60nee CUNLHOLL Ompu-
uamenvHoil o6pammoil ceasvio. OHa nyuuwe 6ydem
npomueooeiicmeosams n1060My USMEHEHUIO PEXUMA.

9T0 3a6myXAEHME. DNEKTPUYECKIE PEXUMBI B CKO/Ib YTOFHO CTIOXHOIA
CTPYKTYpe Bcerfia ONMMpPAIOTCA Ha HEKOTOpble 3Ta/lOHHbIE QU3NYECKMe
BE/IMUMHBI, KOTOpBIEe ¥ PUTYPUPYIOT B YNCTUTENAX PaCYeTHBIX GOPMYIL.
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PAAUOAIOBUTEAD: Ymo amo 3a amanoxwl maxue?

TeopeTuueckyt BOSMOXKHO, YTOOBI POJIb 3Ta/IOHA BBIITOTHII KaKOii-Mn60
TOK. B kauecTBe Kypbe3a MO>KHO IIPUIIOMHNUTD ONYyO6/IMKOBaHHBIE CXEMEBI, B
KOTOPBIX GM3NYECKUM 3TATIOHOM ABJIANICA IO CYILECTBY Iy p...

B 3aBMCMMOCTM OT CX€MbI, OTIOPHBIMM MOTYT OKa3aTbCA HaNps>KeHUS
IIMTaHNA, HAPsDKEHNA CTabuamsanuy CTabyImTpoHoB. B KOHIIE KOHIOB,
VIM MOXXET CITYXUTb IpocTO Uy, TPAH3NCTOPA, YTO MbI ¥ MIMENN B IIPUMM-
TUBHBIX cCXeMaXx (peanbHbIM (PU3NYECKUM STAIOHOM TOTAA SB/IAETCA Tep-
MMYEeCKII IOTEHLIMA TIepexofa ¢r).

Hu npu xakoit caMoit «rimy6okoi» 06paTH0M CBA3YU CTabMIBHOCTD
PEeXMMOB He MOXeT GBITB /Ty4llle CTabUIbHOCTY ONTOPHOrO 3TajIoHa. Beerpa
HaJI0 OCO3HaBaTb, KAKMM PU3NYECKUM STA/IOHOM ONPERENAIOTC PEXXVMBI
B cxeMe. VIHaye OHa CTPOMTCA IO AOTAJIKe, ¥ MOXKHO JK/JaTh CIOPIIPU3OB.



LWAT 8

AHANN3
MHOIOTPAH3UCTOPHbIX CXEM C OOC

Smom «lllae» npedHazHaveH 0nA Npopu U Xenaruwux yeny-
6ume noHumarue. OH noceAweH 80NPOCAM aHANU3A NTUHelHbIX
cxem ¢ obweli OOC: 8 omHoOWeHUU moYyHocmu, 4acmomHO20
duana3oHa, ouHamuyeckux ceoticms. Okaseleaemcs, Ymo pac-
yembl He MAkK C/I0XHbI, KK MOXHO 6bi710 8006pasume. Ho Heo-
XKUOAHHO B8bIACHAEMCA, YMO 8 NOOO6HbIX CXeMAax OCHOBHYIO pOJlb
uepairom HenuHelHole 3¢pghekmol. 3a00HO npuxooumcs passeu-
8ame xo0a4ue 3a671y0eHus.

Kak yacmomHasa 2paHuya moxem 3asucems om memnepa-
mypobl; noYemMy 3mMummepHbili N0OBMOPUMENb XyXKe, YemM npo-
cmoli ycunumens, pabomaem Ha Hazpy3Ky; 4mo mMoxem u Ymo
He MoXem 06pamHas Cefizb — Yumamesa oXuoaem MHO20
clopnpu3o8. Kak 06614H0, pazobpaHsl 80NpoCsl U3 NPAKMUKU.

A cmpaHuypl, nocssaweHHvle paspabomke aHano208bix cmMa-
6unusamopos HanpsxxeHus, 6yOym nosie3Hel abCoMNOMHO 8cCem.

8.1. TouHOCTb U3MepUTENbHbIX CXem

MNokasarenu KauecTsa

Paspa6oTka aHa/IOTOBBIX CXeM IIpefIo/IaraeT HelpeMeHHO KoJde-
CTBEHHYIO OLIeHKY MapaMeTpoB. BcrioMuHaloTCA Takyue BeIMYMHBI, KaK
BXOJHO€ ¥ BBIXOZHOE CONPOTHMBIIEHUS, KO3 PuumeHT nepenaun (unm
OTK/IOHEHME €ero OT YCTaHOBJIEHHOTo 3HadyeHus)... Kaxercs, oHu-to u
RO/DKHBI MHTEPECOBATh B MIEPBYIO O4Yepenb: Kak Ipu BbIbope KoHpurypa-
1K, Tak ¥ Ipu ee pacuere. Ho aTo 3a6myxaeHne, M HaM MPEACTOUT paso-
6parbcsa — modemy.
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Vimes peno co cxeMaMy THIIa U3SMEPUTENbHBIX, IPUXOAUTCA CKENITIYe-
CKY OTHOCUTBCS K I epeHIanbHbIM TapaMeTpaM. B camoMm fene, Takue
CXeMbI HMKaK HeJ/lb3sl OTHECTH K MaJIOCUTHA/IbHBIM. [[ManasoH BXOJHbBIX
M BBIXOJHBIX 9/IEKTPUYECKMX Be/IMYNH ObIBAET TAKOB, YTO TEPsIET CMbICT
TIPUBBIYHOE IIOHATYE «PEXKMMa» aKTUBHBIX 3/IEMEHTOB.

Tak yTO GYHKUMOHMPOBaHME CXeM BPSAM, I MOXKET XapaKTepu30BaTbCA
HapaMeTpaM¥y, CBA3aHHBIMYU C He6O/IbIIVMY NIPUpPALeHVAMM HaIpsDKEeHWA
U TOKOB OTHOCUTENBHO GMKCHPOBAHHBIX X 3HAYEHMIL.

OpHUM U3 YCIIOBMIL, ONpeNeNsIoINX YCIeX, sBAeTCS NpaBUIbHOE
HasHaYeHMe TI0Ka3aTeell KadecTsa.

IIpaB nu paguono6MUTeNns, CUNTAIOLMIL, YTO TOYHAA M3MEPUTENb-
Hasl cXeMa, IpefHasHaYaeMasl /i IMOAK/IIOYEeHNA K BBICOKOOMHOM 1ieny,
[O/DKHA ¥IMETh MaKCUMaIbHO BO3MOXKHOE BXOJHO€ CONPOTUBIIEHNME?

PAAMOAIOBUTEAB: He comHesarocw.

A 3ps. OgHO TO/NbKO HeorpaHudeHHoe yBenuuenne dU ,, /dl, eme He
O3HayaeT yCTPaHeHNs NOCTOAHHOTO (M/IN, YTO ellle XyXKe, fpeiidyoliero
TEMIIEPATYpPOit) BXOZHOTO Toka. KOTOpBIit, 6bITh MOXET, HaCTOIBKO Pe3KO
CHU3UT TOYHOCTBD, 4TO 60pb6a 3a MmoMydeHne BBICOKOTO fuddepeHIab-
HOTO CONPOTYBJIEHUS ITOTEPAET CMBICIL.

PAAUMOAIOBUTEAD: T020a KaK e NPasunvHo nooxooums K 0eny?

J/1s cxeMbl, OT KOTOPOI TpebyeTcss HaMBbICIIAast TOYHOCTD Iepefad CUT-
HaJla, MHTEPECYET, B KOHEYHOM CYeTe, OJHO: B KaKMX Mpefieax 6yfieT Haxo-
AUTbCA pe3yNbTUPYIOLas MOrPeIHOCTS, omybka. [Ipudem B 3aBUCMMOCTI
oT /I06bIX (aKTOPOB, OA/IEXKALINX YUETY: YPOBHSA BXOFHOTIO CUTHAJIA, M3Me-
HEHMI HaNpsDKEHUI MUTaHUA M TOKa Harpy3Ku, TEMIEpaTyphl U T. [,

CocrasnsiolLye 3Toi MOIPELIHOCTI ONPEAENSIoTCA 061elt CTPYKTYpOil
nuHetHO! KoHurypauyu. Ho BHe 3aBMCMMOCTM OT CTPYKTYpbl — IIpe-
fe/bHasA BeIMYMHA HANIPsDKEHMS oLMOKY Ha Bxofe auddepeHInanbHOro
YCUIUTENA NOCTOSAHHOTO TOKa Ha/IOXXUT OTpaHMY€eHNEe Ha TOYHOCTD, KOTO-
PY10 BOOGI1ie MOXKHO OXMAATb OT CXEMBI.

AHanu3s HanpsXXeHUA oWwn6Kn

KoHeuHo, Hac 6yayT MHTEpecOBaTh TONIBKO CXeMbI ¢ 6a/TaHCHBIM KacKa-
IOM Ha Bxofie (0 ApyruX HeT CMbIC/Ia ¥ TOBOpUTb). ByneM 3aHuMaTbCA
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¢dbakTopamy, MpeNATCTBYIOIMMM ITOTHOV KoMneHcanyy omm6bku. Taknx
¢dakTopoB fBa.

®axkTop 1. HeupaeHTMIHOCTD TpaH3ucTOopoB. OHa XapaKTepusyeTcs
PasHOCTBIO HaNpsDKeHMIT 6a3a-aMUTTEP TPAH3VCTOPOB IPU OAVHAKOBOM
UX peXuMe.

Hamnpumep, ana cornacoBanHoii nmapel 129HT1B TexHuyeckue ycnosus
npenycmarpusarot: U, —Uy, | <3mBupu I =1 mAunU,; =5B.

Ha camoMm pene ykasaHHasA pa3HOCTb IIOYTY HE 3aBUCUT OT PeXKMMOB
TPaH3UCTOPOB, NIOKA 3TU PEXXMMBI COT/IaCOBAHBI.

PAAMOAIOBUTEAD: Bot umeeme 6 8udy, umo npu opyzux 3HaueHusx
mokoe — nozpewHocmp 6yoem ma sxe?

Ha. Ho pns GunonspHeIX, a He /1A IONEeBBIX TPaH3UCTOPOB!

PAAVIOAIOBUTEAD: Hy 60m, Hanpumep, ¥ c02naco8anHoti noneeoti napol
504HT2A pa3nocmv HanpsceHuil 3ameop-ucmox He
6onee 30 mB npu I = 100 mxA, U, = -5 B.

rTa crpaBeINBO TOMBKO i1l OrOBOpeHHOro pexxuma. Ilpasaa, MoxxHO
HOJIaraThCs Ha TO, 4TO BemnunHa AU, c yMeHblIeHueM I, MOXET CHU-
XaTbCs, HO He BO3pacTaTh.

Cnepyet o6pamaTh BHMMaHMe U Ha NpefeTbHYIO BeIMYMHY TeMIlepa-
TypHOTO fipeiida pasHOCTM BXOJHBIX HAINPXKEHMUIT; COOTBETCTBYIOIINE
HaHHbIE MOXKHO HAaliTU B JOKyMEHTALIMMN.

dakTop 2. Pas6ananc TokoB. CTelneHb BIMAHUA €ro Ha pasHOCTb
HaIpsDKEHUI B3aIMHO KOMITEHCHPYEMBIX SMUTTEPHBIX IepeXO/i0B BbIpa-
XaeTcst, COOCTBEHHO, KPYTU3HOM TpaH3ucTopa. To eCTh HaJio MMETb B BUSLY
IIPOCTOE, HO pyHJIaMeHTaTbHOE COOTHOIIEHMeE:

AUg, = Al /S, (8.1)

W3 (8.1) mbI 11erko BeiBefieM: 10-IIpoLieHTHOe pa3Inyne KOINIEKTOPHBIX
TOKOB MICHTUYHBIX TPAH3MCTOPOB BbI3bIBaeT pasHully Hanpsokenuin Uy,
paBHYyI0 2,5 MB.

PAAMOAIOBUTEAD: Kak, He3asucumo om abcosommuix 8enuMum 3mux moxoe?

[a, HO OTIATD >Ke — He /IS HO/IEBBIX TPAH3MCTOPOB. YOEeAUTECD 3/IEMEH-
TapHBIM PAcueTOM, YTO J/I1 HUX — B/MSHME OTHOCUTENIBHOTO pa3bamaHca
ToKOB Ha AU, magaeT ¢ ymeHbIeHMeM ..
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VimeHHO pas6amaHC TPaH3UCTOPOB cOracoBaHHOM Auddepenman-
HOI1 apsl TpebyeT AeTanbHOTrO paccMOTpeHus. IIoToMy 4To OH onpegernseT
TY COCTABJIAIONLYIO IIOTPELIHOCTH, Ha KOTOPYIO MO>XXHO peaibHO IOBINATb.
CHayasia HaC MHTePeCYIOT IPMYMUHBI BO3MOXKHOTO PasIniusi TOKOB.

Pa36poc KONNEeKTOPHbIX Ppe3ncTopos

3TOT PaKTOp HEMOCPEACTBEHHO AUKTYET PasHMILY TOKOB, EC/IU IIOTEH-
IIMa/ibl KOJIJIEKTOPOB COITTaCOBAaHHOM TPAaH3UCTOPHONM Iaphl paBHbl. He
3a6yzieM, YTO OTHOCUTE/NbHOE pa3nnyme PaKTMYeCKUX BEIUUUH ABYX
CONPOTUB/IEHUI NIPU JIOITYCKe, HanpuMep, +10% MoxeT goctuds 20 mpo-
LeHTOB. EC/tu pesucTopbl BHIIIOTHEHBI HA KPUCTAaJI/Ie MHTETPA/IbHONM CXEMBI,
TO MX ULEHTUYHOCTb BECbMa BbICOKA.

Pasnnumne KOnNneKTopHbIX HaNpPsXKeHNN

Pasymeercs, B CTpyKType ¢ 0611eit 06paTHOI CBA3BIO MbI BeieM peyb O
toit Bemunue AU, koTopast 06yc/toB/ieHa CXeMOJ ITOCTIERYIOLNX KacKa-
IOB — He 3a0bIBaeM Halll «ITIABHBIV CEKPET».

PAANOAIOBUTEAD: Ilonamnuo. Bepoamno, pasnuuue KonnekmopHvix
HANPAKEHUTL AUAEM HA XAPAKMEPUCMUKU NPAMOT
nepeoa1u mpansucmopos?

Her, IMPAKTUIECKN HE BINAECT — IIPU OYE€HDb MAJIBIX TOKAaX KO/MJIEKTOpa
(‘{TO TUIINMYHO O/1 peXXUMa KOMIIECHCMPOBAaHHOI'O BXOJHOI'O Kacxana).

PAAUOAIOBUTEAD: T020a uem e OnacHa pasHuya KoneKmopHvix nomeH-
yuanos?
+E
R R Omna BbI3bIBaeT pa3nnyue TOKOB Pe3UCTOPOB.
Uk OnATb npuxoaMM K pazbanancy.
Uk + AUk

W3 puc. 8.1 BUAHO, YTO OTHOCUTENBHBIN pa3ba-

JIaHC paB€H!:
} Al AU,
Puc. 8.1. Yem sbiwe E, - = .
mem meHbuwe pazbanawc, I E- UK
cozdasaembili pasnuyuem OueBupHO, yBeNMYEeHME NIOTEHIMA/Ia IMTAHNUSA

KOJ/I/IeKMOPHbIX

HanpaxeHui yay4qimaeT CMMMETPUIO TOKOB.
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OTBeTBNeHue Toka

PaBeHCTBO TOKOB pe3cTOpOB Harpysku auddepeHIaIbHOI Tapsl He
O3Havaer ellie paBeHCTBa TOKOB KO/UIEKTOPOB. [lo/kHa ObITh OLleHeHa oA
TOKA, OTBETB/IAIOLIAACS B IIOCTIEAYIOLIYIO YaCTh CXEMBI.

Hepenxo BemMymHa OTBETBIIAIOLIETOCS TOKa 60Jiee BCETO 3aBUCUT OT
BHEIIIHell Harpy3Ky, ¥ OT YPOBHA BXOJHOIO CUTHaa. JHAYMT, aHaIU3 JOJI-
JKeH OBITh IIPOBEMEH MJIA BCEro AMana3oHa BO3MOXKHBIX U3MEHEHMUI! yIIo-
MSHYTHIX BeJIMYUH.

MapaaoKc «BbIXOQHOIO CONPOTUBNEHUA»

Jl1s1 MHOTMX NIPUBBIYHO, BIIPOYEM, YTO BeIM4IMHa Ay depeHnmanpHOro
napamerpa dU g, / dI,; Kak pas ¥ [O/DKHa XapaKTepu30BaTh BIIMSHME TOKA
Harpysky Ha TO4HOCTb CX€MBI.

PAAMOAIOBUTEAD: Hy, KOHeuHO, 3O Jice 8bIX00HOe conpomusneHue.

To ecTb TpebyeTcs Bpofie 6bI IPOBECTH €r0 pacyerT.

PAAMIOAIOBUTEAB: IMO C/IO#HO?

He oyens. Hafio oLleHMTDb BeNMMYMHY KPYTU3HBI IIPSIMOI Iepefadyl ycu-
nuTenbHol cxeMsl S, =|dU,,,, /dl ,, | (mpu aTOM cxema cuntaeTcs pabo-
TaloLIell Ha KOPOTKO3aMKHYTYIO HarpysKy).

Ceityac s npofeMOHCTpUpYIo ofuH ¢okyc. PaccmoTpum cxemy puc. 8.2,
711 Hee KpyTU3Ha:

Sy = % +128B
B31
(Bxombl muddepeHUNANBHOIO YCUNUTENA — 3TO
amutTep u 6asa VT1). BbiX0A
[naps Ha cxeMy, pasBepHeM LieN04Ky GopMy:
dl 2= h2132dI B2;
dly, =dly, - dIKl,'
dly =—dUg,, /R1=—dl,,/ Sle; co::;;:&iﬁ:zzzf:em
CMbIC/1 TUWb BN MATbIX
dly, =S$,dUs,, ey
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Ortciona 6e3 Tpyaa Mmomy4aeTcs:
S, = S$ihy159 )
2192
S,R1
3aueM Mbl Boruucaanu Sy? IToromy 4To ¢ 9TOJ BEMMYMHONM IPAMO CBA-
3aHO MCKOMOE€ BBIXOIHOE CONIPOTUBIICHUE:
1 S dau,,
RBI)IX g dUBbIX
rie dU,, /dU gy, vMeeT cMbIcT K03 uumeHTa nepefaum HalpsKeHUs C
BBIXOfIa Ha BXOJ IO Lienyu obpartHoit cBa3u. Hampumep, o puc. 8.2 on
paBeH R3/(R2+ R3). CnegoBaTe/nbHO:

h

+ 2132

S,R1 R2+R3
Rpyx = ST : R
112192 3

b

(8.2)

IMonaras U,,, =5B, 6e3 Tpyna onpefennM TOKM TPaH3UCTOpoB (6e3
BHeIHel Harpyskn): [, = 0,25 mA, I}, = 0,065 mA. IT0 faeT 3HaveHMsA Au-
depeHIMaNbHBIX TAPaMeTPOB TPAaH3UCTOPOB: S, =10MA/ B, S, =2,6 MA/ B.
Cunuras, 4o h, , = 40 g VT2, u3 (8.2) nonyvaercs: Ry, =20 Om.
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PAAMOAIOBUTEAD: Ipomosoxo... Ho 8 06uem-mo nonammo.

Terepb MOXKHO CMeJIO B3ATbCA 32 OL|€HKY BAMAHUA HaTPY3Ky Ha BBIXOJI-
Hoe HamnpspkeHue. CKaxkeM, IpU MOABJIEHNI TOKAa Harpy3Ky BeIMYMHOM
5 mA — Hackonbko cHU3UTCA Uy, ?

PAAMOAIOBUTEAD: 9mo sacHo: Ha AU, = Al Ry, =0,1 B.

A Tenepb NPUKUHDBTE, KAK USMEHATCSA PEXUMBI B CXeMe npu [, = 5MA:
TOK 6a3bl VT2 Bo3pacteT o 125 mMA, VT1 3akpoeTcs, HanpsDKeHMe Ha
BBIXOfi€ YIIaJleT MMPAaKTU4eCKu K0 HynA!

PAAVIOAIOBUTEADB: Bom amo cropnpus...

JlaHHbIN IMOKMUPYIOLUIA IIPUMEP TOTO, YTO IMHENHASA MOJENIb OKa3bIBa-
€TCs IIO/IHOCThIO HeaJleKBaTHOM — OTHIOAb He nocneauuit B 3ToM Illare.



Lar 8. AHanu3 MHOroTpaH3nCcTopHbIX cxem ¢ OOC 201

PAAMOAIOBUTEAD: 3HAYUM, MbL 3PS NOMPAMUNIU 8peMS HA MAEMAMU-
"eckue ynpajcHeHus...

IToxamyit. BnpoyeM, aHanu3 BBHIXOJHOTO COIPOTUBIIEHUSA CXEMHOM
CTPYKTYPBI MOXXET OKa3aThCs1 He6€eCII0Ie3HbIM, €C/IY IIPMMEHNUTD €T0 TaM, I7ie
NMHEeIHAs! MOJIeNb JEeVICTBYET. A MIMEHHO, COOTHOLIeHMeM I Ry, yno6Ho
BOCIIO/Ib30BaTbCA B LIE/ISIX IIPOBEPKY Ha BO3MOXXHOCTb CAaMOBO36Y>KIEeHMA.

8.2. Yctonumsoctb cxem ¢ O0C

KomnneKkcHbin KoO3pPpuumneHT nepegaum Toka

Bb110 6BI CIMUIKOM CMENBIM YTBEPXKAATh, YTO 3a/la4ya aHAJIM3a yCTOM-
YMBOCTY MPOCTA. MBI 3[leCh /IMILD IOMBITaeMCsA pPa3o6parbcs B CyleCTBe
ABJICHUN.

B03MOXXHYI0 HEYCTOIYMBOCTD CXeM C 0OpaTHOI CBA3BIO YAOOHO MHTEP-
IpeTUPOBaTh Kak pa3 depes ee auddepeHmanbHOEe BBIXOZHOE CONPO-
TUBJIEHME, 0OPAaTHO IPONOPLVOHATIbHOE KPYTU3HE YCUIUTENA — VMes B
BUJy YaCTOTHYIO 3aBUCMMOCTb 3TOTO NTapaMeTpa. Y YMThIBATh 3[ieCh MpaK-
TUYECKY TIPUXORUTCA TUIIDb K03 PUIMEHT epefady ToKa 6a3bl — CaMblil
3aBMCUMBIN OT YaCTOTHI IIApaMeTp.

ToBOp#I I3BIKOM TEOPETUYECKOI ITTEKTPOTEXHNUKM, KO DUIMEHT IIepe-
Ja4y TOKa 6a3bl ABJIAETCA He [EVICTBUTE/NBHOM, a KOMIIJIEKCHOV BeN4n-
HOI1. B BecbMa BBICOKOJI CTETIEHM CIIPABEA/INBO:
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hao = —22—, (8.3)

I7le B YMC/TUTeNIe — CTATMYECKOe SHaUEeHNMe IlapaMeTpa, a OTHOCUTENBHO f,
6ynmeT cKasaHO HIDKe.

Anamu3 1Y Ha yCTOMYMBOCTb HaYMHAETCA C TOTO, YTO B COOTHOLLIEHNE
IS BBIXOJTHOTO CONPOTYBIIEHMA NOACTaB/IAIOT KOMIUIEKCHBIE K09 duiy-
eHTBI Ilepeflauy TOKa, 3aBucsIye oT YacToTsl. Harpumep, k paccMoTpeH-
HOJ1 paHee cxeMe (puc. 8.2), ansa KoTopoit popmyna ans Ry, (8.2) yxe
TIO/Ty4€eHa, MBI TeIlepb 3alyIleM:

h2132
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PAAMOAIOBUTEAD: A Ky0a sice nodesanucv R2 u R3?

Jlna ynpomenns npumeM R2 = 0 (mpeBpaTiM MacITaGHbIA YCHINTENb
B IIOBTOPUTEND, CM. pUC. 8.3, a). Bbl mpocTiTe MHE JXemaHue He 3arpOMOX-
[aTb CyTb fie/ia FO6aBOYHBIMYU KO3 PHULIMEHTaMU?

PAAMOAIOBUTEAB: OxomHo.

Hanee:

h2132 . ;
SZR1(1+]f/f,32)+1 A+ 3 Jra)

BBIX = =

Slh2132

1 N 1 N if
Slh2132 SIS2R1 fﬁ281h2132 .

(8.3)

MNoTteHunanbHaa HEYCTONYNBOCTb

Jnst Toro 4To6nI cxeMa c o611t 06paTHOIT CBA3bI0 CAaMOBO36yAMIaCh,
HY>KHO, YTOOBI BBIIIOIHU/INCH CPa3y HECKONIBKO YC/TOBUIA.

Bo-nepBbIX, aKTMBHAsI YaCTbh BBIXOHOTO CONPOTUB/IEHNA AO/DKHA OBITh
oTpuuarenbHoi. Ha Tex yacroTax, rae 3To NpoucxoanT, CXeMa CTaHOBUTCSA
IIOTEHLaJIbBHO HEYCTOINYMBOIA.

Bo-BTOpBIX, Ha OJHOI 3 YaCTOT B AUAIIa30HE TOTEHL{MATIbHOI HEYCTO -
YMBOCTHU pPeaKTUBHbIE COCTABJIAIOLIME BBIXOJHON MPOBOAMMOCTHU U IIPO-
BOJMMOCTM HarpysKiu JO/DKHBI CKOMIIEHCHPOBaThCA (CyMMa paBHa HYIIIO).
ITa TOYKa U COOTBETCTBYET BO3MOXHOI1 YaCTOTe reHepaLiuim.

B-TpeTbux, aKTMBHaA NpPOBOAM-
MOCTb (ITO/IOXKUTEeNbHAasA) HArpy3Ku
Ha 3TOJ 4acCTOTe JO/DKHA OKa3aThCA
MeHbl1le a6COMIOTHOI Be/TMYMHbI OTPU-
LIaTe/IbHOM BBIXOJHOV IPOBOAMMOCTY
cxeMsl (TO ecTb CyMMa — OTpUIIaTe/b-

+E

Cx .
I HOI1).
a 6 Tenepb coBeplIeHHO SCHO, 4TO
Puc. 8.3. Ycmotiusbiii nosmopumens AY, KoTOpBIt Mbl aHANM3UPOBANU
(a) npu dobaenenuu mpaHsucmopa (puc. 8.3, a), ycToituuB Bcerga: aKTUB-

npespawjaemcsa 8 NOMeHYuanbHO
Heycmouyusebili (6)
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Hasl COCTaBJIsioMIast ZBbIX, TO €CTh NepBble [Ba c/1araeMsbix (8.3), MONMoXxu-
TeJIbHA.

OnHako pacCMOTPUM IOXO0XKYI0 KOH(PUTYPALIMIO C COCTABHBIM TPaH3M-
cTopoM Ha Bbixogie (puc. 8.3, 6).

IIpuHAB, [y1 yIpoLIeHMA BBIKIAJOK, YTO TpaH3ucTopsl VI2u VT3 opgn-
HaKOBBHI ( foo =t ), MBI, 6€3 0CO60TO JOMOTHNTENBHOTO aHA/IN3Aa, UCXOAUM
u3 npexnero Bbxpamem/m /1 BBIXOJHOTO CONpOTUB/IeHN:A. Tonbko 3ame-
HAEM B HEM, I10 IIOHATHBIM NIPUYNHAM, h2152 na h2192-ha1as, a S, Ha 0,5S,.
Torpa:

h2132h2133 ) 2
+1|-(1+jf/
0,58,R1(1+ jf / f,, )} A+ if /)
BBIX = =

Slh2 132h2133

1 2 '
= 2 - f + 2if . (84)
Slh2132h2133 SlSZRl f|32 Slh2132h2133 fBZS h h

21927721393

«HesHaunrenpbHasi» JOPabOTKa CXeMBbI CYLIIeCTBEHHO M3MEHW/IA e€e CBO-
CTBa: C IOBBILIIEH)EM YaCTOThl aKTUMBHAs YaCThb BBIXOHOTO COIIPOTUBIIE-
HUsA (TIepBble TPM Y/ieHa) HEIIPEMEHHO CTaHET OTPUIiATebHO!

Jlerko yBMAETD, YTO 3TO CIYYMTCH, BO BCAKOM Ciy4ae, npu f > fp,.
A 3HauuT, IpUMEHEHME TPAH3UCTOPOB C NYYIIMMM YaCTOTHBIMU CBOI-
CTBaMU paCIIMpPUT AUATIA30H YCTONYMBOCTH, U Ja/blile Mbl YBUAUM, YEM
3TO IO/IE3HO.

Ianee, u3 (8.4) BUIHO, 4TO PeaKTUBHAA COCTaBsAOmAsA Zphix (IIOCTIER-
HUIT 4/IeH) MMeeT MHAYKTUBHBIN XapakTep. ClefoBaTebHO, ONacHa
€MKOCTHasl Harpyska.

PeanbHan HeyCTOMUMBOCTb
Hama HOBast cxeMHas CTPYKTypa CcTajla IOTEHLIMAIbHO HEYCTOMYMBOIA.

PAAVIOAIOBUTEAB: Ymo 3Hauum — nomenyuanvro? Byoem nu camosos-
OyxcoeHue 8 OeticmeumenvHocmu?

Yro6BI 3TO y3HATH, NIPUAETCS MOMYYNTH BhIpaXKeHMe Jia o6paTHOIM
Be/IMYMHDI: KOMIUIEKCHOV BBIXOJHOM MPOBOAMMOCTH 1/ Z prix, BHIAENUB
AECTBUTENbHYIO M MHMMYIO YacTH.
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PAAVIOAIOBUTEAD: Ilozo0ume: max 6edv 8biX00HOe CONPOMuUBeHUe Mo
8enu4uHa, 00pamuan kpymusxe. 3Hauum, 8vIX00HAS
NPOBOOUMOCID IO U eCb KPYMU3HA. A ee MvL nony-
YUY panvie.

B npuHIMnEe, BepHO — C AByMs IIONIPaBKaMM.

Bo-mepBbIX, BoIpaxkeHMe A Sy HaZIO CAeNaTh KOMIUIEKCHBIM, ITOACTA-
BUB KOMIUIEKCHbIE KO3(ppULIMeHThI Ilepefaust TOKa.

Bo-BTopbIx, yuecTb Koo duieHT 06paTHOI! CBsA3YU (BBIXOIHOI HeUTETID).

PAAMOAIOBUTEAB: ITycmb mbt amo coenanu — u 4mo oanvuie?

Amnanusupys BbIpakeHue a1/ Z shix, HaJIO OTBETUTD Ha BOIIPOCHI:

¢ He CTAaHOBUTCS /I Ha HEKOTOPBIX YaCTOTaX aOCOMIOTHAS BEIMYMHA OT-
PUILIaTeNIbHOM aKTMBHOM COCTaBJ/IAIONIE BBIXOJHOV NPOBOAMMOCTHU
6o0bl1Ielt, Y4eM aKTUBHAs IIPOBOAMMOCTD (ITOTIOKMUTENbHAS) HATPY3KN?

¢ UMeIOT /M peaKTHBHbIE IPOBOAMMOCTH BBIXOfla M HArpy3Ku pasHble
3HaKM?

¢ He CTAaHOBATCA /M OJMHAKOBBIMYM Ha 3TUX YaCTOTAX MX BETMYMHBI?

PAAMOAIOBUTEAB: Eciu ecmv xoms 6v1 00HO «Hem»?

Torma onaceHnsA CHMMAIOTCA.

Camo co60it pasymMeeTcs, 4YTO Hafio IPOBOAUTD PACUeThl, OPMEHTUPYACH
Ha HauXy#Lmit cnydait (MakCMManbHas OXXKuaaeMas BeMunHa Ry,), a ecnm
C,, mpenmonaraeTcsa MeHAIOLIeics, — TO B iaia30He BO3MOXKHbIX 3Haye-
HUI 5TON eMKOCTMH.

PAAVIOAIOBUTEAD: Jlonycmum, pacuem noxkasan, 4mo camoeos3oyxoeHue
peanvo. Mnu xe cobparmbiil ycunumens 6036y0uscs.
Kax 6vimp?

BosmoxxHo, IIpUAETCA UCIIO/Ib3OBATDh 3/IEMEHTDI YaCTOTHOM KOppeKIuM.
3}],'er MbI ITIOJAOLI/IN K C/TIO’KHBIM BOIIPOCAM, Y>K TOYHO BbIXOJAIIVM 32 paMKU
xuuru. Ho s Bce PpaBHO HE MOT'y yOEp>KaTbCA OT HEKOTOPBIX 3aMeYaHUI.
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MNpepenbHan yacToTa ycMneHns no ToKy

Boiwe y Hac Gpurypuposan napametp fz, 1 opa 06bACHUTD, YTO ITO.
9To Ta YacTOTa, Ha KOTOPOI MOAY/b KO3 PuLMeHTa nepefayy TOKa CHU-
XaeTcs B v/2 a3 MO CPABHEHMIO CO CTATUIECKVM 3HAYEHVEM .

PAAMOAIOBUTEAB: OmKyoa ee 63Amv?

Ins orpenbHbIX IpubopoB (Hanpumep, 1T403) fﬁ HETIOCPEICTBEHHO
rapaHTUpPYyeTCA U3TOTOBUTENIEM, HO 3TO pefKo. Yalle IpuxoguTcsa camoMy
[iaBaTh OLEHKY fg.

PAAMOAIOBUTEAD: Kak amo moxcHo coenamuv?

ITpocTo 3HaTh, YTO Ha JAHHOU YaCTOTE CONMPATAIOTCA ABe Pas3NNYHbIe
MOJIe/IV TPaH3UCTOPOB, KOTOPBIE HaM IIPUXOAM/IOCH UCIIO/B30BATh PaHee:
¢ ¢ pUKCUpOBaHHBIM K03 ULMEHTOM Iepefayy TOKa, PaBHBIM €ro
CTaTH4eCKOMY 3Ha4YeHMIO (/I HU3KMX YacCTOT);
+ ¢ k09¢hdNLMEHTOM IIepefaYM TOKa, MOAY/Ib KOTOPOro 06paTHO Npo-
HOPLIVIOHA/IEH YacTOTe (/I O4eHb BHICOKVX YacTOT).
Mo>xHO NpAMO MONB30BATHCA YAOOHBIM COOTHOWEHUEM: f; = fr./h, 5,
CBA3BIBAIOLIMM MCKOMYIO YaCTOTY C XapaKTePHOI YaCTOTO TPaH3UCTOPa
fr (Toit, npu xoropoit | b, , |=1).

PAAMOAIOBUTEAD: He oueHv-mo nonsammo...

Paz6epeMm xoHkpeTHBINI npumep. [Ina 2T6086 cnpaBoYHMK faeT:
| h,,5 |2 2 Ha yacTore 100 MIy. Torpa | h,,, |=16ymeT Ha YacTOTe, KAaK MUHM-
MyM, 100-2 = 200 MIy.

A BenuuHa h,, /1A 5TOTO e TPAH3NUCTOPA JIEXUT B npepenax 40—160.
3HauuT, B HaUXyAuUeM cydae: fz = 200/160 = 1,25 MI¥.

PAAVIOAIOBUTEAB: B Hauxyowem — amo 6 xaxom?
B aHHOM cy4yae — Ipy MaKCHMMaIbHOM H, ;.

3BeHO NepPBOro NOpAaKa

Ha yacroTax, CyIieCTBEHHO MeHbIINX, YeM f; HauGoree BbICOKOYACTOT-
HOTO 3 TPaH3MCTOPOB, CXeMa C OTPULIATENIbHO 06paTHOI CBA3BIO CaMoO-
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BO36yIMTbCA He MOXET: YaCTOTa BO3MOXKHOJ IeHepaums Bcerga 6ymer
NeXaTh BO/IM3Y NpefieNIbHOM YaCTOTHI YCUIEHMA TIO TOKY.

Ha 3T0 1 pacCYMTBHIBAIOT: IPOCTO MICKYCCTBEHHO CY>KAIOT BO MHOTO pa3
YaCTOTHBII Auana3oH Y. [Ins aToro HaMepeHHO BBOAAT KaKylo-1n6o us
€MKOCTel, OT KOTOPBIX Ipy pa3paboTKe BBICOKOYACTOTHBIX YCUIMTENEN
CTapajnch, HaIPOTUB, U36aBUThCA (cpaBHUTE ¢ «Illarom 3»).

He Bcsikoe cy>keHue 4acTOTHOTO Ayana3oHa gocturaet nemu. Ho ecnu
OHO 06ycC/IaB/IMBaETCA €fMHCTBEHHBIM MHEPLIMOHHBIM 3BEHOM (TaK Ha3bl-
BaeMbIM 3BEHOM 1-T0 nopsjka) — cxeMma ycToiunsa. B camom piene, kakoBa
6b1 HU GbI/Ia KOHUTYpaLVsA, KPYTU3HA YCUINTENS IIpU 3TOM OyzeT BbIpa-
XaTbCs TaK:

SY
14 G/ fruae

rge fmax — 4acCToTa, 1A KOTOPOﬁ HaYMHAETCS CIaji YaCTOTHOM XapakrTe-
PUCTUKHU 3BEHA.

B uncnuresre — craTuyeckoe 3HaUEHUE KpYTHU3HBI: BEXb MBI IIPENTIIOA-
raem, 4To

S= (8.5)

fmax << fﬂ, (8°6)

¥, C/IeAOBaTeNbHO, YACTOTHbIE CBOVICTBA TPAH3UCTOPOB NPUHUMATD B pac-
YeT HeT CMBIC/IA.

Ycnosue (8.6) pst (8.5) IPUBOAKT K TOMY, YTO /M06as cxeMa OKasbiBa-
€TCs IOTEHLIMANTbHO YCTOMYMBOM — aKTUBHASA COCTAB/AIONIAs KOMIIIEKC-
HOTO BBIXOJIHOTO COTPOTMB/IEHMs1, 06PaTHO IPOMOPLMOHAIBHOTO S, 3aBe-
JOMO TIONIOXKUTENbHA.

BupTyanbHblit TPaH3NCTOP

O6patutech k mpuMepy Ha puc. 8.4, rie 4aCTOTHasA KOPPEKIA co3/jaHa
BKJIIOYEHVEM KOHJieHcaTopa. I1o cylecTBy, ero eMKOCTb MMUTHUPYET gud-
dy3MOHHYI0 eMKOCTb «TpaH3UCTOpa», ob6pa3oBaHHoro us VI2 u VI3 u
MIMEIOLLEero napameTpst: b, , = h, ,h,,5,, S =0,5S,, C; =C.

IMockonbky BemnumHa C 3HAYNTENBHO 60/IbIIe COOCTBEHHBIX eMKOCTe
TPaH3UCTOPOB (a MHave oHa 6ecrione3Ha), Takoe BKIIOYEHMe NpeBpaliaeT,
C TOYKM 3pE€HM:A YACTOTHBIX CBOJCTB, iBa TPaH3UCTOpa B ofiuH. B camom
nene, usBectHoe HaMm u3 «Illara 3» cooTHoOIIEHME:

C,a = S/21'tf | h213 L
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MBI JIETKO MOXXeM IIpeo6pa3oBaTh:
C, =S/2nf, =S/2nfh,,,.

Beenenne go6aBounoit emxocTyt C, urparoneit
Kak 651 ponb «1udPy3noHHOI», COOTBETCTBYET
9KBMBAJTIEHTHOMY 3Ha4eHMIO fg /1 COCTaBHOTO
«BMPTYa/IbHOTO TPAH3UCTOPaA»:

=8/2nCh,..=S,/4nCh,. . h,. ... Puc. 8.4. BknioyeHue
fﬁSKB 213 2 2132772133 Koppekmupyiowezo
_ KoHOeHcamopa npeepawiaem
Ecnu Benuunny C BbI6pany Tak, Y4TO6B Hau cocmasHol mparaucmop
6onbiuee sHa4eHNe fyors GBUIO BO MHOTO pas 8 «OOUHOYHBILI» —
HIDKE MVUHMMAZIbHO BOSMOXHBIX fg, U fg; TO supmyaneHeit

6yRyT npaKTM4eCKy MCK/IIOYEHBI BIUSAHUA APY-
TMX YaCTOTHO-3aBUCUMBIX (pakTOpOB, KpoMe 3BeHa 1-ro nopspka. B cym-
HOCTH, Mbl BEpHY/UCh (B OTHOLIEHUY YCTOMYMBOCTM) K KOHPUTYypauun
puc. 8.3, a.

JT1060MBITHO, YTO TEOPETUYECKN — AHAIOTUYHBIA 3P PeKT KOppeKumn
MOXeT OBITh JOCTUTHYT MHaYe: eCIu OAVH U3 TpaHsucropos VT2, VT3
B3AT C TPAaHNYHON YaCTOTON f‘3 BO MHOTO pa3 MeHbIIIEi, 4YeM JIPYTOM.

PAAVOAIOBUTEAD: CMbICTL 4ACMOMHOT KOppekyuu — yxyouiums nepe-
OamouHble c80licmea cxemvl 8 OUANA30He YACMOM.
Ho 8eodv, ¢ opyzoil cmopoHbt, 3mo u nnoxo?

Ha, k coxanenuio. OgHaKo 3aMeTbTe: €C/IM MPUMEHEHbI TPAH3UCTOPBI
C BBICOKMMM 3HaYe€HUAMU fﬂ, noTpebyeTCsi KOppeKTUpYIolas eMKOCTh
MeHblIIe BeJIMYMHBI.

PAAMOAIOBUTEAD: 3HAUUM, 4ACMOMHble C60UCMBA YYHUAMCA?

Boo6uie-To ga. Ho, B yacTHOCTH, He 060i1TICh 6e3 pacueToB. VIMu MbI
3aliMeMCH Jiajiee.
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8.3. YacToTHbIe CBOMCTBA CXemM

TunnuHble oWwMN6KN

PacripocTpaHeHO MHeHMe, YTO OTpuLiaTeIbHasA obpaTHas CBA3b pac-
IIMpsET IO0IOCY NPOMYCKaHUA Y CTAOMIM3UPYET aMIUINTYSHO-4aCTOTHYIO
XapaKTEPUCTUKY JIMHEHbBIX CXEM.

PAAMIOAIOBUTEAB: A pasee amo He mak?

Ja, B 0611eM, TaK OHO ¥ €CTb... BO MHOTMX KHUTaX MOXXHO BCTPETUTD
BBIK/IaJIKV, IOATBep)Kjatoniye, 4to npumeHenue obeit OOC Ako6b1 ynyy-
IIaeT BO MHOTO pa3 YaCTOTHbIE CBOJICTBA YCUINUTENS.

PAAMOAIOBUTEAD: AK06b12??

CHoBa ¥ CHOBa MbI 6yfieM IIpefOCTeperaTh OT HaMBHOTO HOBEpUS K
TOTOBBIM pelLleNITaM.

Tunmyxasa ommbka B TOM, YTO YIYCKAIOT U3 BUAY TPaHMULIbI TPYMEHM-
MOCTM TeX VIM MHBIX 06IMX NOoNoXXeHuit. BeiBogsl, 6asupylommecs Ha
NVHEVHbIX MOJeNAX, HY>)KHO C BE/IMKOI OCTOPOXKHOCTBIO pacnpocTpa-
HATb Ha CXeMBl, paboTaromue ¢ 6onpmmmu curnanamm. IToromy 4ro Takue
BBIBOZIBI COO/Ia3HAIOT He 3aI/IAfbIBATh «BHYTPb» CXEMbI, HE NBITAThCA
IIOHATD IIPOUCXOASAIINE B HEl ITPOLIECCHI.

PAAVOAIOBUTEAD: Imo u He Karemcs HeoO6X00UMbIM...

Baie muenue ommm6ouno. Ceityac moitMeMm, moyemy.

3BeHO C orpaHnvyeHnem

BcrioMHMM nONI0OXKEHMA T€OpUM 3aMKHYTBIX CUCTEM aBTOMATU4YECKOTO
perynupoBaHusa. Ha cTpykTypHO cxeMe, uso6paxxeHHOI Ha puc. 8.5,
IIpeACTaB/IAET MHTEPEC MOCIENOBATEIbHO BKIIOYEHHbIE: 3BEHO C OTpaHu-
YEHMEM U MHEPLMOHHOE 3BEHO.

OueBuaHO, YTO C MOBLILIEHMEM YaCTOTH W on;moro CUHYCOMTAD-
HOro Ko/me6aHusa Bbllle 1/T, Ipy 3aflaHHON aMIUIMTY/Ae Ha BXofe (a 3Ha-
4T, ¥ BHIXOJIE) CHCTEMBI, JO/DKHA Pe3KO HapacTaTh aMIUIMTYfa CUTHATIa Ha
BbIXOfle (a 3HAYMT, ¥ BXOJie) 3BeHa C orpaHuyeHmeM. HakoHen, kone6anus
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o K2 Bbixoa

BBIZIYT 3a MpEJe/Ibl allepTYpPhl Ki(w) [ 715 > T >

OrpaHMYMTENA: 3TO U OymeT

peanbHbIM IpENeIoM 4acTOT- Koo(w)

HOro apmuamna3oHa CUCTEMBI.

Puc. 8.5. C pocmom yacmomel 8o3pacmaem
amnaumyoa cuzHana Ha 8xode ogpaHuyumens

PAAMIOAIOBUTEAD: Ho Kakoe omHowenue asmo umeem K ycunumenvHot
cxeme, nycmo u ¢ o6wieil 06pamnoii cesa3vio?

IIpamoe. B xaXzioM U3 KacKaJjoB IPUHLIMUIINATIBHO MMEIOTCA (HPaKTOPhI
KaK aMIUIMTYZHOTO, TaK ¥ YaCTOTHOro orpaHudeHus. Ho paHpiie Bcero
OHU NPOABATCA, KOHEYHO, B TOM MecTe J1Y, rie uMeeTcs TPaH3UCTOP, pabo-
TAIOLIMI C MAKCUMAaJIbHBIM MCIIO/Ib30BaHMEM JUMHAMUYECKOTO AMalla3oHa.

PAAMOAIOBUTEAD: 10 ectnv 0xoHeuHbLil?
Her, npegokoHeYHBbIIA.
PAAMOAIOBUTEAD: Kak e max?

310 MBI pa3bepeM HIDKe.

Hu3Ko4acToTHbIN BbIXOAHON TPaH3UCTOP

JIucras crapble pafgyon06MTeIbCKME )XYPHaIbl, OTMEYaelllb: B IIPEX-
HJe oAbl Ka3a/oCh 3aMaHYMBBIM MCIIO/Ib30BATh B LIVPOKOIOTIOCHBIX HU3-
KOYaCTOTHBIX YCH/IMTENAX JlellieBble MOIIHbIE TPAH3UCTOPHI. VIX myoxue
YaCTOTHbIE CBOJCTBA NMPENATCTBOBAMM Obl X IPUMEHEHNIO, 6yAb 3TO B
Kackapax 6es o6paTHOIt CBA3M.

A Mexny TeM IOJo6HbIe 9KCTIEPYMEHTHI BEU +€
IIOpOJ1 K CTPaHHBIM pesy/bTaTaM. R1

Onsa puc. 8.6 npu puKCUpOBaHHON aMIUIUTYHE VT2
BBICOKOYaCTOTHOT'O TOKA KOJIZIEKTOPa BHIXOAHOTO VAL Buixon
TPaH3MUCTOPA iy, = iy — aMIUIUTYAA ero 6a3oBoro Ru

TOKa B cxeMe ¢ obmeit OOC HapacTaeT ¢ yBe-
JINYEeHNEeM YacCTOTHI IlepeflaBaeMbIX KonebaHmil. :
. . +Puc. 8.6. [lpu cHuxeHuu
HetcTBUTENBHO: P52l Npedebixodroid
KaCKazb nepezpyxxaemca

is, =iga/ | Py |, 64308bIM MOKOM OKOHEYHO20
mpaxsucmopa
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a Mopynb ko3¢ uieHTa epeauM ToKa BBIXOFHOTO TPAH3JMCTOPA C YaCcTo-
ToJ1 magaet. He Hamo yauBIATbCA, €CM aMIUIMTYAA TOKa 6asbl faxke mpe-
BBICUT €T0 IOCTOAHHYIO cocTaBsiomyio (i; > I;), BeAb Mbl MMeeM 37ech
JeNIo C TOKOM Itepe3apsfa muddy3noHHOI BXOFHOM eMKOCTH.

Ternepb MOHATHO, YTO €C/IV HAPYIIUTCS 06sA3aTeNIbHOE YCIOBHE:

iKl < IKD (8-7)

TO Hem3bexeH 3axof] B 0671acTh 0OTCeyky TpaHsucropa VT1, oH-TO U Ipos-

BUT CBOJICTBA «3BE€HA C OrpaHm4eHuemM». Kcratu, curHabHasi COCTaBIAL-

1jas Toka Komnekropa V711 BK/IIoOYaeT He TO/MbKO TOK 6asbl VT2 (aMnnury-

BOi1 i5,), HO ¥ TOK Yepe3 pe3ucTop R (aMmutygoit i, = ug, /R =i, /S,R).
Ilonnas aMninTyna:

Igy =g, g,

PAAUOAIOBUTEAB: He coenacen ¢ amu: 8edb 6a308biii MoK HA 8bICOKUX
yacmomax emMKOCMHbI. 3HAUUM, CYyMMUPOBAmMbs
Haoo ¢ yuemom ¢a3vi?

B npuHIMIIE BBI IpaBbI, 1 CyMMa Bpofe 6bl fo/pkHa 66Th MeHbLIe. Ho
A/ He CIMLIKOM BBICOKMX YacTOT — JIy4llle B BUJjaX HaJle)XHOCTY HaMe-
PEHHO 3aBBICUTD OLIEHKY ToKa. KcTaTy, BO3MOXHBI Beib JONIOTHUTENb-
HBbIe TIOBOPOTHI (pa3bl 6a30BOTO TOKA, M3-3a TOTO, YTO TOK HATPY3KU MMeeT
€MKOCTHYIO COCTaB/IAOILYIO0. A 9TO CTy4aeTcs 4acTo!

Vicxopsa us (8.7), oLleHNBaeM Ipefe/IbHYI0 YaCTOTY, Ha KOTOPOJ Heyc-
Ka)keHHas Iepefiaya CUTHaJIa ellle TapaHTHpoBaHa. Ecnu xe norpebyercs
pacUIMpUTb YaCTOTHBIN AVAaNa3soOH CXeMbl, IPUJETCS YBEIUINBATh TOK
IIOKOSI IIPEABBIXOTHOTO Kackajia yTeM yYMeHbllle-
HuA R!

B cxeme ¢ aMuTTepHBIM BbIXOOM (puC. 8.7)
IPeABBIXOJHOM TPaH3UCTOP AO/DKEH obecreyn-
BaThb TY K€ CaMYyI0 aMIUIUTYAY Toka 6a3pl VT2. Ho
TOJIbKO IlepeMeHHas COCTaB/IAoIasg TOKa Yepe3

+E

VT2
VT1 Bbixon,

Puc. 8.7. SMummepHolli

8biX0D He daem _PesuCTOp BBIYUCIAETCS, KOHEIHO, HAYeE:
PpacwupeHus 4acmomHozo L
duanasoHa I = Ug, /R~ Uprix /R,

Tpe6oBanus k Toky mokost V1’1 nomy4aTcs NpaKTUIeCKN TEMU XKe.
Brpoudem, KaK MBI ceifqac yBUAVM, BOIIPOC O peanu3auyy BBIOpaHHOro
TOKA IIOKOs NPEBbIXOJHOTO TPAH3MCTOPA He TaK-TO IPOCT.
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TemnepaTypa n npepenbHana 4acToTa

PAAMIOAIOBUTEABD: Heysicenu memnepamypa moxcem enusmo Ha 4acmom-
Hole céoticmea cxem? He eepumcs...
OpnHako 3T0 Tak. BCHOMHUM «I/IaBHBINA ceKpeT»: 6a30Bast LieNb BbIXOJ-
HOTO TPaH3UCTOpa OIpeReNsieT PEXUM INPEAbIAYILETr0. A PEXUM IPeABbI-
XomgHOro npubopa, Kak Mbl BBIAICHU/IY, IMEET pellalolee 3HaYeHMe.

Paccmotpum puc. 8.8, a. OueBnaHo: +E 1t +E1
R +E
I, =Ig+1g, =Ug, /R+15, T2 VT2

3HakoMOe HaM «ci1aboe 3BEHO»: VT1
CTabUIBHOCTD TOKa KojutekTopa VT1
HeBbICOKa. Ho Temepp MbI TOHMMaeM, a 6 .
YeM 3TO OIIaCHO: YXYLLIEHNEM YaCTOT-

. YXYR Puc. 8.8. «Cnaboe 38eHo» (a):

OoIpefeneHHOro YPOBHH (Onpenenﬂe- npusooUM K UCKAXXeHUAM 8bICOKUX Yacmom;
. Heobxoduma ¢pukcayua pexxuma (6)
MOTro aMIUIUTYAOM TOKa 6asbl BBIXO[ -
HOro TpaH3uCTOopa I 52), Korjga HapymuTCs yCJI0BUE (87) A Takoe CHIDKEHME
B€CbMa BEPOATHO IIpU pa60Te B YCIOBUAX TIOBBILLIEHHOM TeMIIEpPATYPHI.
Ocobenno — ecnu B KayecTBe VT2 B3AT FCpMaHMCBbIﬁ TPaH3UCTOP, KaK
3TO INPAKTUKOBAJ/IOCh B CXEMaX IIPEXXKHUX JIET.

PAAMOAIOBUTEAD: IloueMy niox umeHHO 2epmManuesvlii?

Bo-nepBhIX, C POCTOM TeMIIEPATypsI CHIDKaeTcs BemmunHa Uy, BBIXOJ-
HOTO TPaH3MUCTOPA, IpUYeM, y FepPMaHMEBBIX IPMOOPOB — OTHOCUTENTBHO
CUIIbHEE.

Bo-BTOpBIX, yBeNMueHe TeMIepaTypsl IPUBOAUT K Pe3KOMY POCTY
TOKA YTeYKM KO/UIEKTOPHOTO nepexofa Iy, Bemnunna aToro Toka Moxer
ROXOAUTD O MWIAMIIEP Y MOLITHBIX TepMaHMEBBIX IPUOOPOB.

3ameTsTe, I}z, MpoTeKaeT B 6a30BOI1 LieN IPOTHUBOIOIOXKHO paboueMy
6a30BOMY TOKY.

PAAHIOAIOBMTEAD: Boixooum, umo I, c pocmom memnepamypuvt moxem
UsMeHumv Hanpasnexue?

Jlerko. Torpa (mpu nocrosHHOM I}) Iy, ymapeT eme cunbHee!



212 WUcKyccTBO cxemoTexHuKK. [pocTo 0 CnoXXHOM

ITo kpaiitHeit Mepe, IEpPBBII U3 STUX ABYX (PaKTOPOB yCTpaHseTCs mepe-
XonoM K u3BecTHOMY u3 «Illara 7» BK/II0YEHMIO C TOBBIILIEHHO CTabU/Ib-
HOCTBIO pexxuMma (puc. 8.8, 6). IlenHo: yMeHbIIIaeTCs 3a0MHO U IIepeMeHHas
COCTaBJIAIOIIAs KOMIEKTOPHOTO TOKA IPEABhIXOHOrO TpaH3ucTopa (oHa
BK/TIOYaeT MPaKTUYECKM TOMBKO if,).

Mo cTpaHMUam cTapbixX XKypHanos

Bxmiouenne, Hartogo6ue BapuaHTa, M306pa>keHHOro Ha puc. 8.9, cobnas-
HAET HAYMHAIOLIVX PafyonoOuTeneil «<9IKOHOMIeT 97IeMEHTOB». 3/1eCh TOK
KOJIIEKTOpa IIEpBOTrO TPAH3MICTOPA PaBeH:

+E I
Iy, =I5 = "K_Z_Imso-

VT2 h213
Obs3arenpHOE yCIOBUeE:
I, >i, = s
K1 B2 — | h l
213
Puc. 8.9. B ynpowerHom»  OYTIET HAPYIIEHO y>K€ HA YMEPEHHO BBICOKMX 4aCTO-
nosmopumene mox Tax, YTO IOB/IEYET 3a COO0I HEN3OEXKHBIE MICKaXKe-

konnekmopa VT1
Hedocmamovien, HusA. BripoyeM, BnusaHme ToKa Iz MOXET IIPUBECTU

nuHeiiHocmb coxpansemca K TIPEKPAILEeHNI0 pabOThI CXeMBI Ha BCEX YaCTOTaxX
nuwe npu HuskoM KAy nivg mI06BIX CUTHATIOB, IOTPO6GHEE BbI y3Haete 06
aToM u3 «Illara 10».

Cxembl ¢ KOppeKuven

B «3aKOppeKTMpPOBaHHOM» YCUIIUTENIE BCEIfia MMeeTCA OJHO 3BEHO,
VIHEPLMOHHOCTb KOTOPOTO HECPaBHEHHO 607IbllIe IPOYNX: TO CAMOE 3BEHO
IIEpBOTO MOPAAKaA, KOTOPOE U CIY>KUT rapaHTHeN YCTONYMBOCTH.

C pocTOM YacTOThI paHbllle BCETO Ha4MHAET [OBBIIIATbCA YPOBEHb CHUT-
Hajla Ha BXOJie MMEHHO 9TOr0 MHEPLMOHHOrOo KacKa/a. V BIIo/IHe BEPOATHO,
4TO Meperpyska npousoitfeT B Kackafe, pefIIeCTBYIOIEM eMY, a BOBGE He
B IIPENOKOHEYHOM (BIIpOYEM, OHYM MOTYT M COBIIAfiaTh).

Mudbl «nonocbl NponycKaHnA»

IOnsa anamoroBoi cxembl ¢ ob6ueit OOC 06sA3aTeNbHBIM ABAAETCA
COXpaHeHJe IMHETHOCTM B 3aJlaHHOM fiMalla3OHe 4acTOT, MCK/IOYaloliee
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MOMEHTBI pasMbIKaHUsA 06paTHOI CBA3K. 3aMeThTe: ITOKa 3TO 0becIeyeHo,
HMKAKOrO CIIafja aMIUIMTYSHO-9aCTOTHOM XapaKTepUCTUKM HaOMOAaThCsA
BoOOG1IIe He OyzerT.

PAAMOAIOBUTEAB: Cmano 6vimv, 2panuya nonocel NponycKanus 3aéu-
cum om ypoeHsa cuznana?

Ha, eciu ee 3Ty rpaHULY IOHMMATDh B CMBIC/IE COXPaHEHM JIMHEITHOCTH
nepepauu. Paguonio6urenp-npakTiK ¥ 11O OMBITY XOPOLIO 3HAET: B TAKUX
cXeMax, IIpy NpeBBIILIEHNN ONpeielIeHHOM YaCTOThI BXOJHBIX Ko/e6aHuii,
HUKOTZa He Hab/IofaeTCs MPOCTO CIafi aMIUIUTYAbI Ha BBIXOJiE, a BCETAa
HOSIB/IAIOTCA MCKaXEHMA. \

PAAMOAIOBUTEAB: Ho noéciody nuwym o pacuiupenuu nonocst npony-
CKaHus 3a cuem o6pamnoti céA3u...

ITpu 3TOM yIyCKaloT M3 BUAY: CHIaj, aMIVIMTYZHO-4aCTOTHOM XapaKTe-
pUCTUKY, 0OYCIIOBNIEHHBIN TapaMeTpaMy akTUBHOM yacTu 1Y, o3Havaer
pesKoe BO3pacTaHMe HaIpsDHKEHMA OMMUOKHM, CXeMa IPOCTO OKa3bIBaeTCs
IIeperpy>KeHHO. AHa/IN3 YaCTOTHBIX CBOMCTB ycuureneir ¢ 06meit OOC
Ha 6a3e IMHEHON MOJeNN, KaK IPaBU/IO, BOOOLIe HepomycTrMm!

Bbinre MbI pa3o6pannuch B TOM, KaK OLleHUTh FapaHTUPOBAHHYIO BepX-
HIOI0 TPAaHUYHYIO YaCTOTY pabOThI CXeMBI B peXXuMe 6O/bIIOro CUrHala
IIPY VICIIBITAaHUY €€ CMHYCOMa/IbHBIM Konme6anueM. OgHaKO 9TO MajIo YTO
AAcCT [/1s BbIAICHEHWA peaKLuii CTPYKTYpP Ha HeCTal[IOHapHOe BO3/ieliCTBHE,
HanpuMep, UMITY/IbC Ha BXofie. B Takux ciydasx mojyiesHee He YaCTOTHBIN, a
BpEMEHHOW MOAXO,

8.4. InHaMmnyeckune CBOMCTBa CXem

CKOpOCTb HapacTaHuA

PeanpHas 37IeKTPOHHAA CxeMa He CIOCOOHa BOCIIPOM3BECTH Ha BBIXOfiE
CKa4OK HampspKeHMs (Toka) ¢ 6ecKOHeYHOI KPYTH3HOI PppoHTa. dTOMY
HPENATCTBYET Pl (PakTOPOB, OTPAaHNYMBAIOLINX NPefe/IbHYIO BETUINHY
Vo =[dU g (t)/dt],,.. Tak Ha3piBaeMO# CKOPOCTM HapacTaHusa (Mo
Crajia) BBIXOZHOTO HanpshkeHNA. CyleCTBEHHO TO, YTO I OFHOI M TO
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e CXeMbl CKOPOCTY HapacTaHMA M CIafia OOBIYHO MMEIOT COBEPIIEHHO
pasHble 3HaYeHUA. B pAfe ciydyaeB BaXKHa TakKXKe Ipefie/ibHasA BeNMYMHA
Vi =[dl g (t)/dt] ..

BBepneHHbIiT TOKa3aTenb y[0O6€H TeM, YTO OYeBMIAHBIM 006pa3oM CBSA3bIBa-
€TCsI C mapaMeTpoM BxopHoro Bospeiicteust AU 4, (t)/ dt. TTycts Ha BXOf, HofjaH
VIMITY/IbC C M3BECTHOI KpyTusHoi pponTa. Toraa, Hanmpumep, MacIITabHBbIN
YCUIUTEND HO/DKEH 06/1afjaTh CKOPOCTBIO HAPACTAHMUA TI0 BBIXOAY:

v, >k, W)
dt
4TO6BI He MPOM3OILIO pa3MBIKaHUA 001Leil 0OpaTHO CBA3M.

ITpenenbHYI0 CKOPOCTb HapacTaHMA BBIYMCIAIOT U3 YCTIOBYA, YTO TPAH-
3MCTOP CXEeMbI, OTPAaHMYMBAIOLNIT ee OBICTPOAEICTBME, HAXOMUTCA Ha
nopore akTMBHOro pexxuma. Kak sTo fienaerca, Mbl yBUAMM Ha IIpuMepax.

3apAag eMKOCTU HarpysKku

YacTo mpepenbHas CKOPOCTh HapacTaHMs (CHaja) — 9TO CKOPOCTb
3apsAfia Wiy paspsfia eMKOCTH, IlapanjenbHoit Harpyske: V, =1,,,/C,
(umn Vi = Ipy3p / C).

Hanpuwmep, s puc. 8.10, a, rae n3obpaxkeH BO3MOXKHBIN GparMeHT
BBIXOfIa yCUuTess, 3apsaj Cy, MOXKeT IIPOUCXOFUTb TOKOM, TapaHTUPOBaH-
Has BeJIM4YMHA KOTOPOTO:

I

34P =

Limax = In = Boyon iy max — Lo (8.8)

a 3Ha4MT, CKOPOCTb HapacTaHuA 6yaeT 3aBUCETb OT MaKCHMMATbHOTO TOKa
KoJUteKTopa I, BOIyCKaeMOoro CXeMoi.

A pns puc. 8.10, 6 (13 ycnoBus Haxoxaenus V11 Ha rpaHy 3anypaHus,
T. e Iy, = 0):

+E +E Lopp =Topmae =T ® Myplg = Iy =
R R
VT2 VT2 =h, ., (E-Ug;x—0,7B)/R-1,. (8.9)
IH IH
—— —
VT1 VT1

c c Urak, TOK 3apAfa eMKOCTM Harpysku
I " I " paBeH NpeBBHILIEHUI0O MAKCHUManbHOTO
a 6 BBIXOTHOTO TOKa (KOTOPBIt MOXXET OTAATh
CXeMa Ha IpaHMIle BbIXOfia pUGOPOB U3

Puc. 8.10. pu HU3KkoomHol Hazpy3ke 6
mpydHo obecneyume ckopocme YCHUIUTEIBHOTO peXXuMa) Hafi Haubob-

Hapagm(%')w (a);aﬂﬂaMungmngoeo IIYM TOKOM, NOTpe6nsieMbIM aKTUBHOI
8bixooa 2MO20 Heneeko ocoobumecsa
daxe Ge3 Hazpy3Ku YaCThIO HaTPY3KM.
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PAAYOAIOBUTEAB: Bvi800 npedcmasnsemcs 04e8UOHbIM.

ITo Mepe HapacTaHMs BBIXOZHOrO HAaIpsDKeHUs BenuumHa V|, Gyger
U3MEHATHCA B 3aBUCMMOCTH OT BYJjAa BOJIbTaMIIEPHOI KPUBOJ Harpy3KIl.

PAAVMIOAIOBUTEAD: A ecniu Hazpy3ka — pe3ucmop?

Torma npocto: Iy, = Uy, / R,, TOK Harpy3Kky yBeIMIMBAETCA IO Mepe
3apsAfa. 3Ha4NT, Jaxke A1 6onee ymayHoro BapmaHTa puc. 8.10, a Tok
3apspa 6yzeT, K COXXa/IeHUIo, CHIDKATbCA ¢ HapacTaHueM Upg,,,.

PAAVIOAIOBUTEAD: SHAUUM, HAUXYOuiue OUHAMUMECKUE C60LICMBA COOMBem-
CIMEYI0M 8bICOKUM YPOBHAM 8bIXOOHO20 HANPAHCEHUS?

Ha, ato cnexpyert u3 (8.8). Bo3aM0XHO, 3TO He BbI3OBET NIPO6/IEM B peasib-
HBIX C/ydasx (Hampumep, nepefada MMIYIbCa C 3KCIIOHEHLIVATbHBIM
nepegHM PPOHTOM).

PAAUOAIOBUTEAD: Kaxemcs, umo eapuarm c smummepHoim nosmopume-
nem (puc. 8.10, 6) donsicer 6vimpb 3HAUUMENLHO TIYULUE. ..

On sHaunTenpHO Xyxe! 3pech gaxke npu I, = 0 emxocTb Cy; 3apsKaeTcs
IPaKTUYECKM IKCIIOHEHIIMATBHO (cM. 8.9).

C poctoMm Uy, monycTuMas cxeMoi CKOpOCTb Hapac- Usex(t) >
TaHWA HANPSXKEHUA CTPEMUTCA K HYJIIO, OTCIOfA — BO3- t
MO>KHBI€ VICKa)XeHW ITepefHero PpoHTa BXOFHOTO BO3-
meitcTBUsA (TaM, rie 3HaueHue V,; y)Xe HE[OCTATOYHO):  Puc. 8.11. 3apAd
TaK, KaK 3TO OKa3aHo Ha puc. 8.11. EemMKoCcmU Hazpysku

8bl3osem uckaxkeHusa

PasymeeTcs, monpaBuTh [1e710 MOXXET UCIIONIb30BaHME dporma

IOBBILIEHHOTO noTeHnMana E qisa nurauus pesucropa

R Ha puc. 8.10, 6, nmu fgaxke reHepaTOp TOKa B Ka4eCTBe HAarpys3KM Ipef-
BBIXOJJHOT'O TpaH3ucTopa. [IpoBepbTe, YTO M3MEHUTCA MPU 3TOM B COOT-
HoueHuu (8.9).

Paspsap eMKOCTN Harpysku

OH rapaHTHpYeTCs paBUIbHBIM BBIOOPOM 6a/macTHOrO pe3ucTopa Ry
(cm. puc. 8.12, a), Benb OH M 06pasyeT IyTh paspsaga.

PAAVIOAIOBUTEADb: EMKOCmb paspsaicaemcs ewe u uepes HazpysKy.
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BosmoxxHo. Ho Begp Ha-
Tpy3Ka MOXeT ObITh BBICOKO-
OMHOJ1. A MOXeT Jake JaBaTh
TOK, HA000POT, 3apsXKAIOLIVI
€MKOCTb.

Jlerko mpocneguTh IO
cXeMe, YTO B CaMOM KpajfHeM
Clrydae, KOT/ja BBIXOJHOM TpaH-
3VMICTOP IOYTH 3aKPBIT:

Puc. 8.12. bannacmHelli peaucmop moxem He obecne-
yums 6bicmpozo paspaoda C,, (a); npednoumumernesHee
2eHepamop 6annacmto2o moka (6)

U.. +El
Ipisp =——B%——+IH. (8.10)
b

3pech MONOXNUTENbHOE HampaBleHue I, OTBeyaeT BTEKAOI[EMY B
Harpy3Ky TOKY (a IpOTMBOIIONIOXKHOE HAalIpaBJ/IeHye OY/ieT NpeIsTCTBOBATh
‘paspany eMkocTu). CHIDKEHMIO YPOBHS ITOTeHIMaa
Voo Ha BBIXOZIe COOTBETCTBYET yMEeHbIIEHME Pa3psALHOTO
lti TOKa, YTO I'PO3UT UCKKEHMAMM HIDKHEI YacTy criaja

- VIMITY/IBCHOTO CUTHaJIa, KaK Ha puc. 8.13."

 Puc. 8.13. Paspa0 3aMeHMB paspAHbII PE3UCTOP reHepaTopoM ba-

emMKocmu Hazpy3ku —
NpuYuHa uckaxenuti  JTACTHOTO TOKA, Mbl HECKOJIBKO YIYyYIUMM AMHAMUKY
cnada umnyneca cxeMsl (cM. puc. 8.12, 6), Tak Kak Temnepb yxe:
Ipp =1+1, (8.11)

Kor,’qa Harpy31<0171 ABJIIAECTCA OMUYECKOE COHPOTI/IBHCHMC, l'IOTIY‘-IaeTCHZ
Iopsp =I+Upyy /Ry,

Xopo1Io BUAHO: YeM IUMpe JO/DKEH ObITh fMalla30H YPOBHEN Ha BBIXOZE
cxeMBI (B CTOPOHY OTpUIIaTeNbHbIX 3HaueHmit Uy, ), TeM TpyZAHee obecIe-
YMTh 3a/JaHHBIN IIpefieNl Ha CKOPOCTb ciaja V.

PAAHMOAIOBUTEAD: 3HAuum, HA00 y6enudusams 6annacmmuiti mox.
YBBI, 3TO IpUBeET K 06aBOYHON Harpy3Ke Ha BBIXOHON TPAH3UCTOP

BO BpeMs IONIOXKUTENbHOrO PpoHTa. To €CTh K YMEHBIIIEHUIO TapaHTUpPO-
BaHHOJ1 CKOpPOCTM HapacTaHms!
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PaAnOATOBUTEAD: Kaxk xe 6vimp?

CunTalOT MHOIAA ONPaBAAHHBIM IIPUMEHEHNE Y)Ke YIOMUHABIINXCS
ABYXITOSIPHBIX BBIXOHBIX KacKafioB. OHM paboTaioT s mo6oro us nepe-
IIaJioB CUT'HajIa TaK ke, KaK paCCMOTpeHHbIe HaMyl B KaueCTBe IpyMepa
CXeMbl — IS TIOTIOKUTENBHOrO GPOHTA.

CxeM [BYXIO/SPHBIX KaCKaZoB IPEIIOKEHO MHOXECTBO; B KaXK/Ol
M3 HUX KaK 3apsf], TaK ¥ paspsfi eMKOCTU HArpy3Kku IPOUCXOOUT Yepe3
OTKPBITBIN TPAH3UCTOP.

BbicTpoaencTene BbIXOAHOIO TPaH3UCTOpPa

PasymeeTcs, AyMHaMMYecKue CBOMCTBA cXeM C 001eit 06paTHOI CBA-
3bi0 OYIyT OrpaHMYeHBI JaXke IIpU paboTe Ha YUCTO AKTHMBHYIO HarPY3KY.
A 0cHOBHBIM (aKTOPOM, BAMAIOIIMM Ha BO3SMOXXHOCTM CX€MbI BOCIIPOM3-
BOJMTb HAPACTAHUS U CIIaJbl HATIPSDKEHMI, OKaXXeTCs B OOJIBIINHCTBE CITy-
YyaeB OBICTPOJENICTBYE TPAH3UCTOPA IOC/IENHETO KacKasia.

Kak yxa3bIBanoch paHee, [/isi HECTAI[IOHAPHBIX BO3JECTBUIT MIHEP-
IIOHHOCTb TPaH3MCTOpa GbIBaeT YEOOHO CBA3BIBATh C IIOCTOSIHHOI Bpe-
MeHM T. OHa XapaKTepu3yeT IPOLeCC SKCIIOHEHIMATbHOTO YCTaHOB/IEHNS
ToKa Ko/tekTopa I, (t) mpu ckauke 6a3oBoro toka. Tak, ecu mpoucxo-
[NUT U3BECTHOE M3MEHEHME KO/UIEKTOPHOTO TOKa, TO 3HaYeHye ToKa 6a3bl
peanbHOro TPAaH3UCTOPA B JAHHbII MOMEHT BPEMEHM OMpeNeseTCs Cre-
AyOIMM 06pa3oM:

I (t) LT dl(t)
>

h213 h213 dt

rae hy , — cTaTudecKoe 3HaYeHue IapaMeTpa. basoBbiit TOk, IO cpaBHe-

HUIO C 6€3bIHEPLIVIOHHO MOJIeNIbIO (/1 COOTBETCTBYET IepBOE C/IaraeMoe),
uMeeT fob6aBoK:

I(t)= - (8.12)

LdIK(t)
h dt

OH cBs3aH C IOCTOAHHOI BpEMEHM pPealbHOTO TPaH3MCTOPA, ¥ CKOPO-
CTBIO HapacTaHMA (CIaja) TOKa C y4€TOM 3HaKa IIPOU3BOJHOIL.

Al = (8.13)

219

PAAMOAIOBUTEAB: Omkyda 634nuce maxue popmynvt?

A BBI M3y4anu B Byse npeobpasoBanns Jlamnaca?
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PAAMOAIOBUTEAD: Jla, npunomunaro.
Ymo-mo 0060nbHO
xumpoe.

Ecnu B nonpo6yeTre NPUIOMHUTD, TO
nerko mposepute (8.12). Bo BcakoMm cmy- . o1 lpu socnpoussedenuu

Jae, XapaKTep TOKa 6asbl WIIIOCTPUPYETCS ¢ppoHmoe — 6a308bili Mok
puc. 8.14. OKOHEYHO20 MPax3UCmMopa umeem
8bI6pocbl 060UX HanpasneHuli

PAAMIOAIOBUTEAD: Ho st 6usicy, mexdy npouum, umo I 6 npoyecce cnada
Oace cMeHsiem HanpasneHue HA NPOMUBONONoNcHOe!

U 3T0 BriO/THE MOXKET COOTBETCTBOBATD JI€/ICTBUTETBHOCTI.

Vrak, iia TOro, 4To6bI 6/1aronoTyvHo NepenaBaTbh GPOHTHI CUTHANA
C 3alaHHOJ KPYTHU3HOM, AValla30H TOKOB 6a3bl BHIXOZHOTO TPaH3UCTOpa
HOJDKeH obecreYMBaThCA C 3aMacoM, paBHbIM Al B KaXXAyI0 CTOPOHY
(puc. 8.14). A aro, Kak U NIpeXx/ie, HaK/IafbIBaeT COOTBETCTBYIOILYE Tpebo-
BaHMA Ha NPEABBIXOAHOM KacKa/i: OH He JOJDKEH BBIXOAUTDb U3 aKTMBHOTO
peXyMa Jjaxxe B CTydae MUHMMATbHOTO U3 BO3MOXHBIX 3Ha4eHU h,,,.
W, pasymeeTcs, kaueCTBEHHas OLIEHKA, JAHHAsA HAMJ paHee B OTHOLIEHUMN
MIX YaCTOTHBIX CBOJICTB, OCTA€TCs BIIO/IHE CIIPaBEM/IVIBOI U Telepb.

Hanpumep, gnsa npubopa 2T6085 MBI paHee yke MONMYYMIN:
fr =200 MIy. A, 3sHas, 94TO [ Hero Xe: h,,; = 40—160, B Hauxy/weM ciy-
Jae IIOCTOSHHYIO BpeMeHM MMeeM paBHoi — 110 ¢popmyre (5.7):

T=hy,/2nf, = _160 0,12 mxc.
6,28-200

9710 GyzmeT BepxHel1 OLleHKOI; pakTHIeCcKoe 3HaueHye B OO/MbIINHCTBE
ClTy4yaeB HAMHOTO MEHbIIIe. ‘

Mexxpy npo4mM, HETPYHHO Telepb Neperncarhb ¥ GopMYIy I Hellocpen-
CTBEHHOTO pacyeTa BeIMYMHBI BbIOpoca 6a30BOro TOKa M3BECTHOTO TPAH3M-
cTopa, ecnu TpebyeTcs obecrieunTdb 3aaHHYIO BEIMYMHY napamerpa Vi

Al =V, /2xf,. (8.15)

BpOCOK TOKa Harpysku

Cny4aii 11iepeMeHHOJ Harpy3Ky Ha BbIXOfle — He PEKOCTb B 3/IEKTPOH-
HBIX YCTpPOWCTBAX, U, B psAfe CIy4aeB, HEOOXOAMMO, YTOOBI TMHEHbI
PeXMM He HapylLIaJcsAd B MOMEHTbI CKaYKOB TOKa, IHa4Ye HeM30e>KHbI HeXxe-
naTe/bHbIe «BCIIECKM» BHIXOFHOTO HATIP)KEHMA.



LWar 8. AHanu3 MHOroTpaH3NCTOPHbIX cxem ¢ OOC 219

Pacuet momyctumoit Benuuunsl V, =dI,, /dt BelieTcs, KaK U paHee, C
Y4€TOM TOTO, YTO KOMMYTAIIsl HATPy3KM IPUBOJMT K IIOSB/IEHMIO BBIGpOCa
6a30BOT0 TOKa BBIXOHOTO TPAH3UCTOPa (OTHOCUTENIHLHO €r0 BETMYMHBI B
yCTaHOBMBILIEMCA pexxume) Ha (dI, /dt)/2nf,.

He cnenyer ynyckaTb 13 BUZa, YTO 3TOT BHIOPOC BO3MOXKEH U B HAIIPaB-
JIeHUY, TIPOTYBOIIOIIOXXHOM OOBIYHOMY HanpasieHuo Toka! OueHKy mpo-
BOJIAAT, KOHEYHO, s U, = const, HO 06513aTe/IbHO HAZl0 YOEAUTHCSA, YTO
TIPENBBIXO/IHOI KacKaj| criocoben obecnieunTdb TpeGyemblit TOK 6a3bl Ipu
Mo60M YpOBHe HaIpsDKeHNs Ha BbIXOfie (B Ipefenax pabodero auarna-
30HA). :

B kauecTBe KOHKPETHOJ peanu3anuy M3JT0KEeHHBIX OOIMX IPYHIN-
IIOB — CTOMUT PacCMOTPETH Tellepb CTAOMIN3aTOPhI HATIPSKEHMA.

8.5. AHanorosas cTabununsauma HanpsXxeHnA

Cospaem ctabunusartop

TpynHO HailTV 3/IEKTPOHHOE YCTPOMCTBO, Ifie He IPUMEHSINCh OB
CTabuMM3aToOphl HalpsKeHus. V, TeM He MeHee, OIIMOKY 3[eCh HEPEAKIL.
IToaTOMy ecTb CMBICTT HE OTPaHMYMBATbCA OTCHUIKONM K MMeIOIeiics B
AOCTaTKe TUTepaType, a yKa3aTb Bce )Ke Ha 0CO6EHHOCTH 3TOro KIacca
JIVHEHBIX CXeM C 06111ei1 06paTHOII CBA3bI0. MBI TOYEPKHEM T€ MOMEHTHI,
KOTOpbI€ Yallle BCETO YIYCKaIoT.

ITo cymecTBy aHa/JIOTOBBIN CTAaOMIN3AaTOP HANPSAKEHUS ABIAETCH
noBTopuTeneM (60 MacIITaGHBIM YCUIUTENEM) BHICOKOCTaOMIBHOTO
OIMOPHOTO HANPsDKEHUA — BOT U ONIpefielieHa CTPYKTypa cxeMbl... Ho s
ycIiexa 3TOro HeOCTaTOYHO.

CeTteBoOM BbinpAMUTENb °

OwmbKy B pacyeTe BBIIPSIMUTESA, IPEALIECTBYIOLIET0 CTabMIN3aTOPy
(puc. 8.15, a), He MCIIPaBUTDb IIOTOM HMKAKOIA, JaXKe CAMOJ «yCVIEHHOM»,
crabunusanueir. YTo6BI TAKOTrO He CIYYMIOCH, HEOOXOAMMO SICHO TIpef-
CTaB/IATb COOTHOLIEHNS YPOBHEI HATIPS>KEHMIT, KAK OHM M306paskeHbI (st
CMHYCOMJANIbHOTO MUTAIOLIEro HallpshKeHus) Ha puc. 8.15, 6. V1, B nepByio
odeperb, GOpMYy BBIXOFHOTO HANPSKEHUS CETEBOTO BBIIPAMUTEIA.



220 WUckyccTBO cxeMoTexHUKU. MPpocTo 0 CnoxHOM

Ua(t) Usbine (t)

Bux

U]

Puc. 8.15. HuxHul yposeHb nynibcayuli Ha 8xo0e cmabususamopa (a)
00/KeH oKazameocs evilie mpebyemMo20 8bIXOOH020 HanpsxeHus (6)

Kax BUHO, Ha IMKaX HAaNPsKEHUs BTOPUYHOI 0OMOTKM KOHAEHCATOP
dunbTpa 3apsrKaeTcs MOYTH A0 aMIUIMTYRHOTO 3HaYeHMA U,. TouHee:

U pip.max = %2 —Upp.

IIpsiMoe nafieHMe HANp)KEHUA Ha AMOAHOM BeHTUne Uy, — ero Bax-
HeMIuii CpaBoYHbIi napaMerp. O6bIYHO OHO He mpeBbimaer 1 B s
KpPEMHMEBBIX IMOMOB, a B CTy4ae MOCTOBOTO BBIIIPAMMTENA 3Ty BEIMIMHY
HaJIo YABOMTD.

B mpomexxyTke MeXAY COCEHMMM IIMKaMM KOHIEHCATOP pa3psKaercs
Ha Harpysky. Cumuras npouecc paspsAfa IMHENHbIM, a €ro JAUTEIbHOCTDb
paBHOI IONIOBMHE IEPUOLA YaCTOTHI CeTH (A ABYXIONTYIEPUOKHOTO
BBINIPAMUTENIA), IONyYaeM CIaji HaNpsDKEHMS Ha eMKOCTHA:

AU ~I,At/C, (8.16)

e, HanpuMep, At = 0,01 ¢ s vyacroTsl cetu 50 [, YpoBeHb MMHUMYMOB
BBIIIPSIM/IEHHOTO HAIIPsDKEHNS OyAeT paBeH:

U gsinzp.min = U pbinip. max — AU.

PAAUOAIOBUTEAD: B KkHUzax oarwomcs Gonee cnoxHvie Popmynvi, uem
(8.16).
IToToMy 4TO MX aBTOPHI IPMHUMAIOT IIPOIlECC pa3psAfa KOHIeHCcaTopa
9KCIIOHEHLIMaTbHBIM.
PAAMOAIOBUTEAB: []a 6e0v max oHo u ecmb!
Ha — 1t oMyM4ecKoyt Harpy3Ku. A OTKYy7a Bbl B3A/IM, YTO OHA TaKOBa?

PAAMOAIOBUTEAB: He 3Haro...

K ToMy ke MbI 37eCbh IpeHeOperIN TeM, 4TO JINTENbHOCTD paspsAfa Bce
’Ke MeHblIie TIO/TyTIepMOfia — CKO/IbKO-TO JI/IMTCA U 3apsf.
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PAAMOAIOBUTEAD: Bom suoume!

Ho npuHATbIe HaMY JONYIIEHNA IPUBERYT MPOCTO K TOMY, YTO BBIYMC-
meHHBIit 110 (8.16) pasmax mynbcaumit AU MOMyYNTCA C/IerKa 3aBbIIIEHHbIM.
U mpekpacHO: 3TO 06ecre4ynT MnoesHblii 3amac.

YunTech yIpoIuaTh pacueThl, IpMHUMask MOJieliN, KOTOpbIe OYAyT 3aBe-
JIOMO He JIy4lile peafbHOCTY (IIOMHMTE, MBI 06 9TOM roBOpM/IN?)

PAAUOAIOBUTEAD: []a 51 He npomua.

IIpyHUNII aHAaJIOTOBOJ CTAOMIN3ALMM COCTOUT B TallIeHUY U3/IUIIHETO
HanpspkeHys1. OBHaKO HEBO3MOXKHO H06aBUTD HefocTaoero! ITosromy B
n060ii MOMEHT BpeMeH! JO/DKHO cobmiopatbes: Uy (8) > Ugyy.

HekoTopsle McTOUHMKY IUTaHU (HanpuMep, Ipeobpa3oBareny IIOCTO-
SHHOTO HaNpsDKeHUs B NepeMeHHoe B cocTaBe DC/DC koHBepTepOB)
BBIJAIOT IIOYTY IPSAMOYTO/IbHBIE KONe6aHNsA, YTO HAMHOTO CHIDKAEeT Tpe-
60BaHMA K BenuyuHe GUIBTpPYIOLIEl eMKOCTH. B Takoit cutyauun 3a At
cnenyet 6paTh JIUTENbHOCTD PPOHTOB KonmebaHmMiA.

Koa¢puumeHT nonesHoro gencrama

Munumansro gonycrumas pasanua (Ugypp o —Up ) onpenensercs
KOHKPETHOJ CXeMOJ1 CTaOU/IMU3aTOPa, HO, BO BCAKOM C/Ty4ae, He MOXKET OBITh
MeHblle 1—2 B. HeonpaBgaHHOe NMOBBILIEHVE BHINPAMIECHHOTO HalpsKe-
HuA cHokaeT KIIJI cxembr: Benb MOWHOCTD, paBHAsA (U g0 pin = Upsix ) - Lip
pacceuBaeMasi peryIMpyIoLIuM TPaH3NCTOPOM, TepseTcs BycTyio! Kpome
BCEro MpOYero, 3TO CBA3aHO ¢ Ipobmemoit oTBofa Terna. Ho Henbssa u
6amaHCUpPOBATh «Ha PaHMU»: CTAOMIN3ATOP HANIPAXKEHUS JO/DKEH ObITH
TakoBbIM. To ecTb 06ecreynBars paboTOCIIOCOOHOCTD U NPY CHIOKEHHOM
0 3a[JaHHOTO IpefieNa MEPBUYHOM HallpsKEHUM.

BripoueMm, aTi coo6pakeHusA MHOTAA OTCTYIAIOT Iepef co6/1asHoOM, yBe-
JIUYUB U,, COKOHOMUTD Ha BEMNYMHE EMKOCTH KOHMIeHcaTopa GuabTpa.

Wtaxk, npy 3alaHHOM TOKe Harpyskiu I, paspaboTuuky npuaercs nosa-
6OTUTBCA O COOTBETCTBYIOIEM BbIOOpe BeMUMH U, U C, 4TOOBI UX cove-
TaHMe, Kak MMHUMYM, obecneunBano paboTocroco6HOCTb cTabunmsaTopa.
Xoporo ¢pukcupyembie ocuumiorpadoM «IyHKM» Ha BBIXOZHOM HaIlps-
>KeHuM 6YBYyT CBUAETENBCTBOBATh O TOM, YTO aBTOPY KOHCTPYKLMM He
YAanoch 3Toro fo6uThes. IIomo6HBIN «CTabUIM3aTOP» My4Lle 6bIIO 6B He
nenaTth Booobiie.
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OnopHoe HarnpaxeHve

OHo co3faeTcst 06bIYHO KPEMHMEBBIM CTaGMINTPOHOM, Yepe3 KOTOPBbIit
3afiaH ToK. OT KauyecTBa MCTOYHVKA OIOPHOTO HANIPSXKEHUA Ha EBATD
BecATHIX OyAyT 3aBMCETh MapaMeTpsl CTabunusaropa.

IlepBoe, yeMy Hafio yAEIUTb BHUMaHue, — 3TO
pexuM cTabunuTpoHa. TexHUYIECKOI JOKyMeH-
TalMel OTOBOPEH JMANa30H OMYCTUMBIX TOKOB
I (puc. 8.16), 06bryHO mmpokwmit. C gpyroii cTo-
POHBI, /Il 4aCTO IMPUMEHSAEMOTO BKIIOYEHN,

Puc.8.16. Yem GnuxeEx  y306pakeHHOTO Ha puc. 8.16, ClipaBeINBO:
HanpaxeHuio cmabunusayuu,

mem YyecmeumensHee cxema E-U
K HeCMAabuILHOCMU 3M020 I, =1, -I=—-—]. (8.17)
HanpsaxeHus R

Yro BBI ycMaTpuBaeTe B 3TON popmyre?

PAAMOAIOBUTEABD: A 3ameuaro obunue 3HaKos «MUHYC», a4 I3Mo scez0a
Hacmopaxcusaem.

BepHO: 3TO OTpaXkaeT BBICOKYIO YYBCTBUTE/IBHOCTb TOKAa CTaGMIUTPOHA
K U3MEHEHMIO Pa3/INYHBIX (paKTOpOB.

PAAUOAIOBUTEAD: Kaxkux umenno?

Takux pakTOpOB CTONBKO, CKOJIBKO HE3aBMCUMBIX IIepeMeHHbIX B (8.17):
HeCTabM/IBHOCTD NMUTAIOILeTo HanpsbkeHnA E u BxogHoro Toka 1Y I, pas-
6poc daxTiyeckux BeMMIMH HanpspkeHnit crabummsanum U, U conpo-
TUB/IeHMIt pe3uctopa R. Kak Bcerna, cienyeT yoemuTbCs B TOM, 4TO 3Haye-
Hye [, He BBIXOUT 3a JOIIYCTMMBIE Npeferibl Jaxke IIPU CaMbIX Hebmaro-
IPUATHBIX COYETAaHNUAX.

Wl ocHOBHOIT TIpO671EMOJI OKa3BIBAETCS TO, YTO CPABHUTENBHO HEGOb-
1as HeCTabMIBHOCTD HAaNIpsDKEHNA NUTaHuA E MOXKeT BbI3BaTh M3MEHEHMe
passoctu (E—U_;) B Heckonbko pas! CHUBUTH CTONb BHICOKYIO YYBCTBU-
Te/IbHOCTb NMOMOXKeT yBenudeHue E, mo sToit npuunHe 14 NIUTaHUM CTa-
6UMUTPOHA He JOBOIbCTBYIOTCSA MOPOI MMEIOIIVIMCA Y)Ke BBIIPAMUTEIIEM,
a yCTpaMBalOT OTHENbHbIN BHIIIPAMUTEND C IIOBBIIIEHHBIM HaIIPSAXKEHMUEM.

Tak KaKk MCTOYHMK OTIOPHOTO HAIIPsDKEHNA ONpefieNiAeT MOTeHIManbHble
TOYHOCTHBIE IIapaMeTpPhbI BCEN CXEMBI, TO MM MBI 3aiiMEMCA JaJiee.
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CTabunbHOCTbL Onopbl

Bo3Mo)xHas HecTabUNbHOCTD BemuuHbl U, CBA3aHA C UBMEHEHNAMMU
TeX )K€ CaMBbIX BeJIM4YMH, O KOTOPbIX Mbl TOBOpu/u B cBA3u ¢ (8.17). [IBa
daxTopa: TeMnepaTypHas HeCTabMIbHOCTb CONIPOTUBIEHNS R 1 TeMiepa-
TYPHBIit fipeitd paboueit BeTBU XapaKTepUCTUKM CTaOMIUTPOHA — yCTpa-
HAIOTCA (B cyyae He06XOAMMOCTH) MCIIO/Ib30BaHMEM IIPelV3VIOHHBIX 9J1e-
MEHTOB.

Crenenp BIMAHNUA M3MEHEHMII NNUTAIOIIEro HanpsokeHusa E Ha omnop-
HOe HanpshKeHNe 3aBUCUT OT IaCIOPTHOTO NMapaMeTpa CTabuamTpoHa —
muddepeHIIaTbHOTO COMPOTUBIEHUS 7. OOBIYHO IPUBOAVITCA BEPXHMIT
Ipefiel 3TO BENMYMHBI C YKa3aHMeM ToKa I, Ipu

+15...+30B
KOTOPOM ITPOM3BOAMTCS 3aMep (a BOOGIIE C POCTOM 504044 360
TOKa o AflaeT).

ITycTtp Ha cxeme puc. 8.16 cTabMINTPOH THUIA 2T208K
2C117T,U,; = 6,4 B,R =2,2 kOm. HecTabunpHOCTD » o +6,4B
U,; NMerKo OLeHUTh AJisi U3BECTHBIX MPEfEIOB ’ 2Tt
M3MEHEeHUsA HanpsXeHus nuraHud. Tak npu E =

Puc.8.17.
15...30 B nuanasoH Toka I 6yzeT 3aK/Io4eH MeXAY CmabunusuposanHii
41n10,7MA.EctulI=0,a Ter <20 Om, 1O IIO/TYYa€M, zeHepamop moka Oenaem
4TO NPy KONeOAHUAX HANIPSDKEHNS IINTAHUSA B yKa-  ONOPHOe HanpsxeHue
He3zasucumoim om
3aHHBIX Npefie/iax U3MEHEHNE ONIOPHOTO HANIPAXKE- pepguuHo20 numaxus

HUA MOXXET JOCTUraTh:
AU, = Al r.,. =6,7-20 =130 MB.

Kax 6b1Tb, ecriut Takas BenuumHa Hefonyctuma? [IpyMeHUTDb KacKagiHoe
BKJIIOYEHYE JIBYX siueeK co cTabunurponamu. Ho 3HaunTenbHO ygobHee
VICTIONIb30BaTh CTAOMIM3MPOBaHHBIN reHepaTop ToKa — puc. 8.17.

Bnuanue Ha onmopHOe HanpsKeHMe U3MEHEHNIi BXOTHOTO TOKA YCUIIU-
Tens I olleHnBaeTCs, aHa/IOTUYHO, Kak Alr,,.

PAAMIOAIOBUTEAD: Hy, mox 8xo0a HecyuLecmaeeHeH, U, cnebosame/zbuo,
Ha smom pacuem HecmabunvbHOCMU 3aKoHYeH.

9T0 He TaK: YyTb HMKE Mbl PACCMOTPUM BapMaHT, B KOTOPOM TO/IBKO
JaHHBI TOK (BBITEKAIOIINIL M3 BXO/A) ¥ MIUTAET CTAOM/IUTPOH.
VIsMeHeHus TOKa BXOZa MOTYT ObITh BbI3BaHBI:
* BO-NIEPBBIX, U3MEHEHMEM TOKA HArpysku ot I, . mo I, ,crnencTBu-
eM OyZeT BIMSHME 3TOTO TOKAa Ha BBIXOJHOE HANpsDKEHME CTabu/In-
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3aTOpa. YMEHbLINTD €T0 BO3MOXKHO YBelIM4eHneM OOIIero yCuIeHns
ZY no Toky dl; /dI.

¢ BO-BTOPBIX, M3MEHEHVEM NUTAIOIIEr0 HAIPSDKEHVA OT HaYIMEHBILIETO

[0 HanboIbLIETO, CIEACTBIEM OYIeT JOMOMHNTENbHAA 3aBUCYMOCTD

CTaOGMIM3MPOBAHHOTO HANPSDKEHNs OT NMEPBUYHOTO. YMEHBIINTD ee

MOXXHO CXeMOTeXHMYECKMMM NpMeMaMM, CTaGMIM3UPYIOMMM TOK

BXOfia.

e VT2 *+Usux Pa36epeM 3Tu pyeMbl Ha TUIIMYHOI A/1A CTabu-

R1 t nusaropa cxeme (puc. 8.18). 9To 3HaKOMBIN Mac-

R2 ITaGHBIN YCUIUTEND, TONBKO 37IeCh CTAOMIMTPOH

Vi ABNAAETCA UCTOYHUKOM BXOOHOTIO Hanpﬂme}ma.
VD1 R3 OueBuaHoO:
Puc. 8.18. Cma6unumpon ICT = I:—n ~ IKI = (UBbIHP _UBbIX _Usaz)/Rl _Isz.
numaemca amummepHbim .
mokom VT1 Toxk 6a3b1 VT2 paccuuThIBaeTCA MPOCTO:

Iy, =1,/ g,

Y4Ts MMHUMaJbHO TapaHTMPOBAaHHOE 3HaueHMe Ko3pouimenra
nepefa4yy Toka TpaHsucTopa VT2, Mbl MOMY4YMM BEPXHIO TPAHUILY Jis
I,, KOTOPYIO YRO6HO MCIIONMB30BATD [I/IA OLIEHKM BO3MOXXHOTO BIMAHUA
HarpysKu.

B camoM pene: npenenbl M3MeHeHNA I, Iy M3BECTHBIX KOMe6aHMAX TOKA
HarpysKy onpene/sior Ty Bemunuy Al .. = Al = Al ;,, OT KOTOPOI1 3aBUCAT:

+ Kone6aHus onopHoro Hanpsxeana AU, = Al ;7.

+ Konme6aHUA HanpsyKeHus omwmbku yemmmurensa AU, = Al ./ S,.

U nepBoe, 1 BTOpOe paBHO MPUBOJAT K M3MEHEHUAM BBIXOHOTO HaIIps-
xeHus. He cnemyer 3a6b1BaTh, KOHEYHO, 4TO, KaK /I MacIITa6HOrO ycu-
TIATENS:

R2+R3 R2+R3
AUBHX = T(AUCT +AU531) = _R3_'AIBZ(rCT +1/Sl),(8,18)

Ecnmu HecTabunbHOCTL HampsikeHus (8.18),
BbI3BaHHAsl HETIOCTOSHCTBOM HarpysKi, IOMy4deTcs
CMUIKOM 6O/IBIIOI, €CTh CMBIC/ YMEHBIIUTD TOK
6asbl’ VT2, HanpuMep, IpUMEHEHNEM COCTaBHOTO

TpaHsucTopa (puc. 8.19). Ilogymaiire, xakoit Bax-

P oot Heltmmmit HeyuTeHHBIt Hamy (axTop GyneT ompene-

docmuzaemca nosbiweruem  JIATD TeIepb BO3MECTBIE TOKA HATPY3Ki Ha Be/IN-
yCUuneHus no moky unHy U, a TeM BpeMeHeM MBI TIO/fIeM fablile,

VT3
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W3 cootHOweHN (8.17) 0O4eBMAHO, YTO YeM MEHbIIe pa3HULIa MEXY
Ugpime ¥ Uggx» TEM CUIIBHEE BIUAET NIEPBUYHOE HANIPSKEHME HA TOK, IIPO-
XOnAmMit Yepes cTabuauTpoH. boree Toro: TeM cuibHee BINAET Ha 3TOT
TOK Be/IMYMHA BXOJHOTO HAMIPSXKEHU perynmpymoinero Tpaisucropa Ug,,
3aBMCANIAA OT TOKA HATPY3KN.

PAAUOAIOBUTEAD: M0 U ecmb 00NONHUMeENvHbLl Pakmop, 0 Komopom
8bL ynomuHanu?

TouHo. PagukanbHOe pelieHne COCTOUT B TOM, YTOOBI 3aMEHUTD Pe3N-
crop R1 cxeMmoii reHepaTopa Toka (puc. 8.20).

PAAI/IOAIOBI/ITEAB: ,Hymaio, Yymo sma cxema +UBbinp
nompebyem 3anaca VT2
6x00HOZO Hanpﬂ)lfeHUH.

ITocmpaoaem KII]]...
Ha, BenmuumHa (UBbIHP‘min - UBbIX - Usaz) HE vTi

MOXKeT OBITh TeIlepb MEHbIIIEe TOTO Ipefena, Ipu
KOTOPOM HachiljaeTcs Tpansucrop V13 (Hamps-
>KeHU CTabMnmMsanuy BCIIOMOTaTe/IbHOTO CTabu- Puc. 8.20. eHepamop moka:
nutpoHa). IlosToMy Bcerpa >kenaTebHO MMETh nomeHyuasbl 8 cxeme He
JIA NUTaHUs 0a30BOII ey peryaupyiolero  8/1uAlom Ha mok onopHozo
A 1 P yZMpyIoI cma6unumpona VD1
TPaH3MCTOPA NOIOTHUTENbHBIN BHIIIPAMUTEND,
JAIOLINI TOBBIIEHHOE HAIIpsIXKEHME.

VD1

PAAUOAIOBUTEAD: Ho eciu 6yoem maxkoil evinpsamumens, mozoa yoacmcs
obotimuce u 6e3 zenepamopa moxa!

BnionHe BO3MOXXHO — pacuyeT IMOKaXeT.

Opeiid HanpsaxeHna ownbKN

Y5Ke YKasbIBa/IoCh, YTO M3MEHEHNS BXOTHOIO HAIIPSKEHNUS YCUTUTENS
IIOCTOSIHHOTO TOKa (T. €. HalpsDKeHMA OMMOKY) MOTYT ObITh BbI3BaHBI:
KoNe6aHUAMY BBHIIPAMIEHHOTO HAIPsXKEHMS, HEITOCTOAHCTBOM TOKa
HarpysK»...

Henbas 3a6bIBaTh M PO TEMIEPATYpPHBIit Apeitd HampsxkeHus 6Gasa-
aMuTTep. B 3ajlaHHOM AMana3oHe TEMIEPATYP OKpY’>Kalollel Cpefbl 3Ta
HecTabumIbHOCTb (AU, ) MOXKET BBI3BAaTh HEAOMYCTUMbIE M3MEHEHMS Upyyy.
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Jns HeperynmupyeMbix ctabunusaropos (¢puk-
CMpOBaHHOe ciH(}a3HOe HaNpsKeHMe) KOMIIEHCa-
LIS HaIIPsDKEHVS OIMOKY MOXKET GBITh YIIpOIIeH-
HOJI: IpMMEHEeHMEeM KOMIIEHCHPYIOIIETO TPaH3MU-
CTOpa, TOCTaB/IEHHOTO B TaKO1 )K€ PeXUM — Kak,
HanmpuMep, Ha puc. 8.21. 3pmech, pasymeercs,

Puc. 8.21. CyMMa TOKOB TpaHsuctopos VT1 u VT3 pasHa
JugpeperyuansHoe (Uor —0,7B)/ R4.
8K/o4eHue
komneHcupyem opeli¢ Uy,

YpoBeHb nynbcauyni

Co6cTBEHHO roBOps, MysIbCaMM BbIIIPSAMIIEHHOI'O HAIIPSIKEHUA BXOOAT
B 0611.1}’10 HECTaOM/IBHOCTD IIEPBUYHOTO HAIIPAXKECHU .

PAAMIOAIOBUTEAD: Tak 8edb MvL npocnedunu, Kakum o6pasom yuumoi-
saemcs 6nusHue amoti HecmabunvHocmu (6y0v oxa
donzospemeHHoU unu oOeiicmeyrouieti ¢ y080eHHO
uacmomotl numatoweil cemu), Hamemunu 603mMox-
Hble Nymu ee CHUNEHUS; 0 YeM He Pa3e08op?

HepCJJ,'KM Cirydau, Korjga MEeJIEHHasA HeCTabMIbHOCTD BbIXOJHOT'O HaIIpA-
>KeHMs 6710Ka NUTaHUA BCe-TaKy He CTO/b ONacHa.

A BOT Ha/lO)KeHHbIe HA HETO HM3KOYaCTOTHBIE nynbcauuy MOryT OKa-
3aTbCs, HAIIPUMED, B pa6oqu AUarasoHe 49aCcToT MUTaEMON YCMIII/ITCIIbHOﬁ
cxembl. Y1 TOrZAa IBbITAIOTCA, HE YCIOXHAA CYLIECTBEHHO CTa6I/UIMBaT0p,
KaK-TO CHU3UTDb YPOBEHDb nynbcaum?[ OIIOPHOI'0 HAIIPAXECHWA.

PAAMOAIOBUTEAD: BeposimHo, MO#HO npocmo Kmouums punvmpyousyio
emMKocmv napannenvHo cmabunumpony (puc. 8.22, a).

s —by g1
: T
I R1 I SZ
— —Bi- H -+ L A
r2| | ¢! rl1c1
Uer Ucr
a 6 8

Puc. 8.22. Owubka: 8knioyeHue hunsmpyiouje2o KoHOeHcamopa napanienbHo cmabunumpory
6eccmbicieHHo (a); cnedyem ucnonb3osams RC punemp (6) unu noemopHoe avinpamneHue (8)

s
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YacTo Tak 1 noctynawT. 9p¢eKT, pasyMeeTcs, paBeH HyIIO: COIPOTMBIIe-
HMe CTabMIMTPOHA A/IS TIEpeMEeHHOM COCTaBIAIOILEl TOKa 1 6e3 Toro Maro.

PAAHOAIOBUTEAD: A NPUCOEOUHUMY KOHOEHCAMOP NAPANNIENLHO 8bIX00Y
cmabunuzamopa?

Euie 6onee Henerno.

Yro6s1 HamnyymuMm obpasom mposasuinca adpdexr punbrpyomero
KOHJIEHCAaTOPa, CTIERYeT pasfeNnnuThb 6alnmacTHbI pe3UCTOpP Ha iBe paBHbIE
4acTH, Kak Ha puc. 8.22, 6, rme Rl = R2 =0,5R. AMIIMTYyfa nepsoii rap-
MOHMKM Iynbcauuit Ha emkoct C1 6ymer B mfRC1 pas MeHblie, YeM Ha
BBIXOJi€ BBIIPAMMUTENIA.

Ecnu 6anmactHseiil pe3uctop u 6e3 Toro umeeT He6ONbIION HOMM-
HaJl, TOTAa NIpOBepbTe, He JACT /I JIy4IUue pe3ynbTaThl PUIbTP C AUOAOM
(puc. 8.22, 6), BenmM4MHY Iy/IbCALIMI1 HA BHIXOJle KOTOPOTO OLIEHUTE, KaK U
JU151 OGBIYHOTO BBIIPAMMUTENA, 11O (8.16).

KommyTauma Harpysku

[Moax/tioyeHne ¥ OTK/IIOYEHNE TIOTpe6uTeNelt CBA3aHO C MTHOBEHHBIMM
6pockaMy BBIXOJHOTO TOKa CTabumm3aTropa, KOTOpble, pa3yMeeTcs, He
MOTyT 6BITh OTpaboTaHBI CXeMO. 3HaUUT, BO3MOXHBI HeXKe/laTelTbHbIe
BCIIJIECKY HANIPSXKEHNA, K IPUMEPY, B MOMEHThI VT2
MEPEKIOYEH NS TOTUYECKMX MUKPOCXEM. +10B 216086, Uswx=638B

YTo6Bl 3aIUTUTBCA OT ITUX BCIIIECKOB,
HepeaKo IpefycMaTpUBaIOT EMKOCTD Ha BBIXOfe
CTabMIM3aTopa, TaK, KaK MmokasaHo Ha puc. 8.23.
Ee ponp — orpaHuunth BenuuuHy V,, cBs-
3aHHYIO ¢ 6pocKaMy TOKa Harpysku. Bpap nu
KTO-TO OTBAXUTCS yTBEPXKAATD, 4TO BEMNIMHY K::gé:?éza%q g;’f,‘;‘zg‘;‘;’n )
3TOV €eMKOCTY BBIOMPAIOT PACUETHBIM ITYTEM.  gpaujaem ecnnieck HaNPAXeHUS
U, TeM He MeHee, IPOCTeILINIT aHaMU3 ObII 6b1  NPU KOMMymayuu Hazpysku
IIOYYUTETbHBIM.

Homyctum, 4To B cTabunnsatope (puc. 8.23) mpousouno ckaykoobpas-
HOE yBeNMYeHMe TOKAa Harpys3ku [, =20 mA Ha BenuuuHy Al, =5 MA.
HaumnaeTcs pa3psAj BBIXOZHOTO KOHJIEHCAaTOpa TaK, YTO:

AU gy — _é&-l_
dt C-
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B cxeme, npefcTaBneHHoN Ha puc. 8.23, 3TOT npolecc OKa3bIBaeTcA
HemocpencTBeHHO Ha Bxope OY: dU,, /dt =dU,,, /dt, 4To Bbi3biBaeT
HapacTaHMe BBIXOJHOTO TOKa (T. €. ToKa aMuTTepa VT2) CO CKOPOCTHIO,
oIIpefieNIsAeMOi KPY TU3HOM YCUIUTENTbHOM CXEMBI:

dl,, _ S AU 55,
v
dt dt

Ecnu okxaxkeTcs, YTO 9TO, OTyYE€HHOE M3 /IMHETHOV MOZIE/IN, 3HaYeHMe CKO-
POCTY HapacTaHMA TOKa He MOXKeT ObITh pealbHO 06ecIieyeHO CXeMOt, SHAUMT,
MOMEHTY KOMMYTallMM Harpy3ku 6yzieT COOTBeTCTBOBATD IpoBan Uy, .

Jst puc. 8.23 nerko monyunts (cumras, uro dl, =~ dI,):

dl,, dal,, di,,
S, =

~ R OM,152
AU, dU,g dIy,

Ionaras h,, ~40 gns npubopa 2T608B, u yuursiBas, 4TO0 HpU
Iy, =10 MA S, = 400 A/ B, nomy4aem:

S, =40-400=16 A/ B.

~

YT106bI COXpaHANACh IMHENHOCTh CXeMbl B MOMEHT CKayKa TOKa, J/Is

Hee JO/DKHA ObITh 0becrieyeHa CKOPOCTh HapaCTaHU:
-3
v, > o _16.510°
dt 10
a BeCh IepeXOfHbIN Npolecc 6yaeT nmuThcs MeHee 0,1 mxc.

VIHoit M1 He TOfO3peBAET, YTO C YBe/IMYEHMEM YCUIIEHNS B IIeT/Ie 06paT-
HOJI CBA3M CTabMIM3aTOpa HaNpsDHKEHUA BO3pacTaloT TpebGoBaHMA K ero
OUHAMMYECKUM CBOJCTBaM. «BbIcOKOKaueCTBEHHbIE» CXeMBbI MMTAHUS,
VICTIONIb3YIOIIYE C/IOXKHBbIE ONEepalliIOHHBIE YCUTUTENN, BOOOIIIe He CIIo-
COOHBI OTC/IEXMBATD NMynbcanuu Harpysku! B Takux cnyvasax QyHxims
KOHJIEHCATOPa COCTOUT NIMIIb B TOM, YTOOBI MOAIEP)KATh HA KAKOE-TO
BpeMs BBIXOJHOE HallpsiKeHMe B Pa3yMHBIX IIpefie/iaX; O TOYHOCTU 3TOTO
IapaMeTpa He UAET U peyn.

Ouenum HanbonbLmit 6pocok 6a3oBoro Toka TpaHsucropa V12 B pac-

CMaTp¥BaeMOJ1 CxeMe, YYUTBIBasA, 4TO BhIwIe A/ 2T608B 65110 monyyeHo:
Sfr 2200 My,

=80 MA / mxkc,

d 1 80

—_ = = 0,06 MA,
dt 2nf. 6,28-200
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Brr6poc Toka 6a3bl perymMpyIomero TpaH3MCTOpa OKa3ascsa He3sHa4M-
TEeNIbHBIM 10 CPAaBHEHMIO CO CTaTM4YEeCKUM 3HaYEHMEM TOKa B LIV KOJI/IeK-
topa VT1 (HeckonbKo MA): HapyLIeHA TOYHOCTY BBIXOJHOTO HAaIIPSDKEHUA
B MOMEHT CKayKa Harpysky He IpeABUAUTCS, BemmynHa C JoCTaTOYHa.

8.6. Bonpocbl 3 NpakTnKn

PAAMOAIOBUTEAD: Bom npumep, viuumantbuiil u3 kHuzu. B ycunumerne
¢ K, = 200 HenuHetinvle UckaieHUs cocmasniom
10%. CHusumv ux 0o 1% nezko: 0ocmamo4Ho 8éecmu
06pammy10 cé513b ¢ yHemom mozo, 4mo:

U, /U, =1/(1+K,B),

20e U u U’;; — npexcree u Ho80e 3HAUEHUS HANPsIxce-
Huil aKeusaneHmHoil nomexu, a f — koagdduyuenm
nepedauu yenu ompuyamenvHoil 06pamHoti césA3u.
IToocuem oaem B = 0,045. ITouemy 6vt He 2060punu o
MaKux 8vIMUCTIEHUAX?

A ecrm nopgymarb? HenuHeliHble MICKaXXeHUA
B yCUIIUTeNe O3Ha4yaloT: K, BOBCce He ABNAETCA
KOHCTAHTO}, KaK HaMBHO T10/IaTA€TCs B BBIK/IA]-

153y41 2T904A

kax! B wacTHOCTH, eC/u MCKaXKeHUsI BbI3BaHBI Ru
KaKuM-1160 BUJJOM OTpaHNYEHMs B aKTUBHBIX

npubopax, ux He CHU3UTb HMKAKO# 06paTHOI E—— Q,K
cBA3bI0 (IIpYU 3aJaHHBIX YPOBHAX CUTHA/MA Ha

BBIXOfIE). Puc. 8.24. lllupokononocHsili

ycunumens?

PAAVIOAIOBUTEAD: I[Ipusimens pewiun cobpams ayouoycunumens (puc. 8.24)
ons wacmom 20 Iy — 20 xIy. Ha ecaxuii cnyuaii o
Oaxce 8351 CBY mpansucmoput. YousumenvHo npocmas
cxema!

ITocMoTpuTE BHMMATENbHO: NIPU Tepefadye HENPEPHIBHBIX JBYXIIONAD-
HBIX Kone6aHMII Hem36eXXHbI MOMEHTBI pasMbIKaHMA OOpaTHON CBA3M
(xorma 06a TpaHsucTOpa 3aKpbiThl). Ha puc. 8.25, a mokasaH mpoiecc Ha
6a3ax TpansucropoB Ug(t) B mpzeanusupoBaHHOI cxeMe.
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Us ve PeanbHblii onepaniOHHbIN yCH-
Un 078 Uni JIUTENb He MOXKeT, KOHEYHO, BOC-
0,78 IIpOU3BECTU MI'HOBEHHBIE CKaUKN
HaIllIpAXEHUA BEIMYMHOM OKOJIO
P 1,4 B. MoxHo 6bI710 OBI, ITOXa-
a o

_ Tyil, YIOBIETBOPUTHCS, ey OB

Puc. 8.25. TouHoe socnpoussedeHue konebaHuti Hebexo .
mpebyem M2HOBeHHbIX CKa4K08 6a308020 PEXOAHDBIN IIPOLECC 3aHUMAT,
HanpaxeHus (a); 8 peanbHoli cxeme cuzHan CKaXkeM, 0 5% OT mINTEeNIbHOCTU

uckaxaemcs (6)

HIOJIYBOJIHBI Konmebaumit (25 mxc
mns f = 20 kly), 1. e. po 1,2 mxc. Ho paxxe ais aroro OY fomkeH ob6napath
IIpefie/IbHON CKOPOCTDhIO HapacTaHMsI IO BBIXOAY 6oree 1 B/mxkc.

Y npumMeHeHHOI MuKpocxembl 153Y]l1 rapanTupoBaHHOe 3HaYeHue V;
BO MHOTO pa3 MeHblie. Vickaxxenus Ha yactore 20 xIy 6ynyT, KOHe4HO,
Kyga 60/bIMMI, YeM NIOKa3aHHbIe Ha puc. 8.25, 6.

PAAUOAIOBUTEAD: B 6710ke numanus cmabunumpon 0onxeH, no moemy
3aMbICTLY, NUMAmMbCA yie CMabunU3uposaHHvim
nanpscenuem (puc. 8.26). Ho maxem He pabomaem...
B uem deno?

ITpu nopave MATAHKUS — Ha BBIXOJle CXEMBI ¥ He MOXKET BO3ZHUKHYTh
APYTOTO HaTIpsDKEHUsI, KpOMe HYJIA: IPOCTIERUTe, YTO COCTOSHME «BCe TPaH-
3MICTOPBI 3aKPbITHI» ABMAETCA BIOJHE YCTOMIMBBIM. VIsMeHeHMe CXeMBbI
(puc. 8.27) n36aBUT OT 3TOTO HEJOCTATKa, COXpaHAs Baily (6e3ycioBHO,
HIOJIE3HYIO) UAEIO.

PAAMOAIOBUTEAD: Coenan 12-80nvmoe6uiil 8vinpamumens, HO BbinpamieH-
Hoe HanpsxceHue pasHo novemy-mo 16 B! IIposepsro
807IbMMEMPOM BMOPUUHYI0 06MOMKY mpaHcPopma-
mopa — mpebGyemvie 12 B nanuyo. Omxyda numnee

Hanpsxenue?
Usx Usbix Usx Usbix
Puc. 8.26. [Toyemy Ha Puc. 8.27. 30ece «<Ha4anoHbIl

8biIx00e HO/b? cmapm» 2apaHmupo8aH
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BbI 3a6b111, YTO HIKa/IBI BOIBTMETPOB IIEPEMEH-
HOTO TOKa rpafiyupyioTcs B 3¢ peKTUBHBIX 3Have-
HUAX CMHYCOMAA/IbHBIX HalpspKeHmit. [lokasanue,
paBHOe 12 B, COOTBETCTBYeT aMIUIUTY/e HalpsiKe-
Hus 124/2 =17 B! Hajio yMeHbIIATb YIC/IO BUTKOB.

PAAMIOAIOBUTEAD: Moii 0pyz — paduoniobumens
cobupaem ycunumenv mMous-
Hocmu knacca A. Tok noxos
mpausucmopa (puc. 8.28)
cmabunu3uposan Ha yposHe
1,5 A. Tonvko 6om ycunumenv
nouemy-mo omKasvléaemcs y
He20 pabomamp. B uem npu-
yuna?

B «uepecuyp cunbHOM» cTabunmusauuu. Beno-
MOTaTeNnbHBI TPaH3UCTOP, CTAOMIN3MPYIOIMIA
TOK KOJ/I/IEKTOPa, MOfIaB/IeT TaKXKe M COCTAB/IAIO-
1[yio none3Horo curHana. Hapgo Bxmountsd ¢pumb-
TpYIoliee 3BeHO (puc. 8.29).

+12B

470 {

o

0,5

Puc. 8.28. Kak
3acmasume ycunumerns
ycunusame?

+12B

Puc. 8.29. RC 38eHO
ycmparsem ompu-
uamernobHyio 06pamHyio
C8A3b NO CU2HanNy
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MHOIOKACKAAHbIE AHANNOTOBbIE CXEMbI

Bonpocsl cosmecmumocmu pa3pabomarHeix N0 0moesibHO-
CMu Kackaoos 4acmo 8binadaiom u3 NoJsA 3peHus, 8 KpaltHem
C/lyyae, 2080pAM 0 KAKOM-MO «Cco21aco8aruu». Ho owubku npu-
800AM K MOMY, YmMO conpAzaembie Kackaobl HENPAsuIbHO yHK-
YuoHUpylom 8 yenouke.

B smom «lllaze» paseacHAemcs, Yymo makoe coemecmu-
MOCMb NO UHGOPMAYUU, U KAKUMU peweHUaMU oHa docmuaa-
emca. OwubKu 8 conpaxeHuuU Kackadoe obopayueaiomcs u opy-
2ol cmopoHoU: 8o30elicmeuem nomex u 0axe camoso3byxoe-
Huem. Ecnu He noHUMame npuyuH asneHut, mo 6opbba ¢ HUMU
okaxemcs 6e3ycnewHou. Ho npobnemel nezko cHumatomces npa-
BUJTbHLIMU CXEMHbIMU peweHUAMU.

Pa3o6patibi uHMepecHvle npakmuyeckue cumyayuu, Hanpumep,
K020a SMUmMMepHoIli No8Mopumesb He A8/15emca MakoBbIM.

9.1. CoBmecTumMoCTb No nHpopmayum

Cucrema n nogcncremol

HpI/IBbI‘lHO CUNTATh, YTO IJIEKTPOHHAA CX€Ma COCTABJ/IEHA, KaK N3 KY6I/I—
KOB, 3 OTHAEC/IbHBbIX KaCKaJlOB.

PAAMOAIOBUTEAD: A pasee pa3pabomka ycmpoiicmea He HaYUHAemcs ¢
nodpasdeneHust Ha PyHKYUOHANbHBIE Y37IbI?

B npuHIUIIe, 3TO TaK: ONTMMM3ALNIO BCE CXEMBI KaK I[€/IOr0 MOXHO
pa3Be 4TO BOOOpasuUTh B KauecTBe ujeana. PeanbHOM 3ajjadeii ABIAETCS
paspaboTKa KaXXJOro u3 «Kyoukos» B oTAenbHOCTH. COOCTBEHHO, YeMY 1
6bUIM IOCBALEeHB! npeppipyye «Ilarm».

OpHako CIenManncThl, BAafelolyie OCHOBaMM TaK Ha3bIBaeMOTO
«CUCTEMHOTO TIOIXOfia», IPEABUAAT TYT HEKOTOPYIO TPYAHOCTb.
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PapnoAroBUTEAD: Kakyrwo?

Pa3pa6oT4yyuK BHIHYXXJEH MOCTOAHHO 06pamarbcs K 3aJaHHBIM J/IA
CUCTEMBI TEXHUYECKUM TPeb6OBaHMAM, YTOOBI HaMAydumuM obpasom
BBIOpaTh IapaMeTphl ee COCTABHBIX YacTeil (IOfCUCTEM).

PAAMOAIOBUTEAB: He nonumaro. Jlonycmum, mvi 3a0ymanu paduonpuem-
HUK. 3a0aoum Koadduruenmol ycuneHus KAacKkaoos...

Ho Bexp aTO onTMMM3aIOHHAsA 3ajiada, Tpebyoliast y4eTa KOMIJIEKC-
HOTO II0Ka3aTejIs KayecTBa. B camoM fesnte: Macca, CTOMMOCTD, HaIeXKHOCTD
6ymy1iero anmapara, BEpOsATHO, He MeHee Ba)XXKHbI, YeM 3/IeKTPUIECKye
napaMeTpbl (4yBCTBUTENIBHOCTD, HA/IMYME M CTENIeHDb [IOflaB/IeHNs Mapa-
3UTHBIX KaHAJIOB IIpMeMa, YPOBEHb IEePEKPECTHBIX MOMeX U T. I..) [la u
HOCTIefHIE MOTYT IPOTUBOPEYUTH APYT APYTY.

Pa3paboTumk, NIpuAyMaBLUINIT «XOPOLIVE» KACKa/bl /ISl CBOEIO ala-
paTa, He 3aKOHYWMII [€710, @ CAe/all TONbKO IepBblit war. Eme He pa3 npu-
[EeTCA eMy NepecMOTPETh CXeMY, IPOBOJS OLIEHKY Pa3/IMYHbIX XapaKTe-
PUCTUK ITOTTY4MBIIETOCA YCTPOICTBA, POOYs JOOUTHCA HAaMTydIIero ux
COoYeTaHMA M3MEHEHNMEM CXeM OTAENbHBIX KacKafoB. Bo3aMOXXHO, OH mpu-
HeT B pe3y/lbTaTe K pelleHuIo mepepaboTars U GYHKIMOHANBHYIO CXeMY
(sabpakoBaB BCIO MPEXHIOW paboTy), YTOOBI pafuUKaTbHO IOBBICUTD
3¢ deKTUBHOCTD YCTPOJICTBA B LIE/IOM.

PAAMOAIOBUTEAB: Smo, 8epoAmHo, cnedcmaeue HeonvimHoCMmu.

Hao60poT, 3TOT-TO myTh M MO3BO/AET XOTA 6Bl OTYACTY IPUOINSUTHCA
K OIITMMYMY CUCTEMHOTO IT0Ka3aTe/lsA KayecTBa.

W nepBbIM U3 Tex GaKTOPOB, KOTOPbIE IPUAETCS YUYUTHIBATh TOMY, KTO
COCTaBJIfAET C/IOXKHYIO CXeMY M3 3/IEMEHTaPHBIX «KyOMKOB», 6y/ieT B3auMo-
[eVICTBMeE, B3aMOB/IMUSHME KacKaioB. BosHMKawomum 31ech npobiemMaM u
nocBsieH 3ToT «Ilar».

«CornacosaHmne» Kackafjos

PAAVIOAIOBUTEAD: He noHumarw, nouemy vl 63471u KABbIMKU 3MOM npu-
8bIUHDBLIL N0 IUMepamype mepmuH...

ITpocTo xo4eTcs NMpuBIeYb BHUMaHME K OlIMOKaM, 6e3ayMHO JOITycKa-
€MbIM B IIPOCTOM, Ka3a/loch 6bl, Bonpoce. [oBOps 0 IpaBU/IBHOM COIJIa-
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COBAaHMM BBIXOZIa OFHOTO KacKajia C BXOJOM PYTOro, MBI IIOfipa3yMeBaeM,
KOHEYHO )K€, OTIpe/ie/IeHHbIV KPUTEPUIT «IIPaBUIBHOCTU»?

PAAMIOAIOBUTEAD: Pasymeemcs: paseHcmeo 8v1x00H020 cOnpomueneHus
UCMOYHUKA CUZHATIA 8XOOHOMY CONPOMUBIIEHUIO NPU-
emuuxa (R, = Ryy). Bce mbt uumanu, ymo npu smom
docmuzaemcs nepedaua MakKCuMyma MOULHOCMU
noze3H020 cuzHana.

Ho xak pa3 370-To (KpoMe pefKMX C/Ty4aeB) He CIMLIKOM BaXKHO.

PAAVIOAIOBUTEAB: Bom me6e pa3s! Ilouemy?

IToToMy 4TO ycuneHue TPaH3UCTOPA IO MOIHOCTH (€C/V TONIbKO peyb
MZIeT He O CBEPXBBICOKMX YaCTOTAX) AOCTATOYHO BEIUKO, YTOODI Ha Tep-
BbIV II/IaH BBIIBUTA/INCh COBCEM JIpYyTHe IMOKa3aTe/INn KavyecTBa.

Jlake BO BXOAHBIX KacCKajjaX BBICOKOYYBCTBUTENbHBIX I PUMEMHO-
YCUIIUTENIbHBIX YCTPOJCTB, I/ie, Ka3ajioch ObI, HauTy4lilee MCIONIb30BaHNe
MOIIJHOCTY CUT'HAJIa TapaHTUpPYeT MIHMMA/bHbIN YPOBEHDb ITYMOB, [IE/IO B
HeiCTBUTENIbHOCTY OOCTOUT C/IO)KHEE — 3TOT BOIPOC MOSAICHEH B CAMOM
KOHIIE.

A HaM 3pech, paccMaTpuBas 3afady CONPsKEHUA KacKajioB, He/lb3s
3a0bIBaTh ITIaBHOTO: ¥ BXOJHBIE, ¥ BBIXOJHbIE CONPOTUBIIEHUS B CXeMaxX
SABNAIOTCA IPUHIUIIMATIBHO HEIMHENHBIMY, Jla ellle M BeCbMa Heompefe-
neHHbIMU. [ToaTOMY yKasaHHasA 3afiaya 3aMHTEpeCYeT HAc, IpeXzie BCero,
C TOYKM 3pE€HMsA COXpPaHEHUs PaCYeTHHBIX CBOVICTB KaCKaJOB IIPM UX CThI-
KoBKe. To ecThb, MHPOPMALIMOHHOI COBMECTUMOCTHU KaCKaJOB.

NHdopmaLUOHHbIe SneKTpUYecKue BeNMUmnHbI

Bompoc, kakoe 13 4eTbIpex IpUBENEHHbIX HIUXKe IPUOIVKEHHBIX COOT-
HOILIEHMIT XapaKTepusyeT paboTy SMUTTEPHOTO IIOBTOPUTENA?

Uppix = Upxs (9.1)
Uppx = lBXhZXSRH;
- gy = UpyRy;

ippx = ipxhoo
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PAAHMOAIOBUTEAD: CmpanHo... IToxanyii, abconiomno xaxooe! B xa-
00oM — BbIXOOHAS INeKMPuUecKas eenuduna (Hanps-
HeHue Unu Mmok) cés13aHa co 8X00HOI.

CoBepliIeHHO BEPHO.

Ho numpb nepBoe (9.1) oTpakaeT CyLiecTBO NepefaTOYHBIX CBOVICTB
paccMaTpuBaeMoro Kackaja, 6yaydym cBOOOIHBIM, K TOMY XKe, OT Yy4acTusA
IapaMeTPOB TPaH3MCTOPa M Harpy3Ku. Bxopsmmm ciofa BenmmynHaM (BXOA-
HOMY ¥ BBIXOZHOMY HaNpsDKEHMIO) MbI TIPUIaeM CMBICTT 37IEKTPUYEeCKUX
aHaJIoroB NepefaBaeMoit MHpopManuy.

Hna KaXXIoro u3 KackajjoB, paCCMOTPEHHBIX HaMy, BCeTAa AaBanach
dbopmyna, cBsa3biBaionass MHPOPMaLMOHHbIE BEMUYMHBI: HAaNpUMep,
BBIXO/IHOJ TOK CO BXOJJHBIM HallpsDKeHMeM (/1A mpeobpa3oBaTeisa Halps-
XKEHJA B TOK), BbIXOJHO€ HAIIpsKEHME CO BXOZHBIM TOKOM (M1 mpeobpa-
30BaTe/ld TOKA B HAIIPSXKEHME)...

W, ckaxxeM, B mocnegHeM cay4ae HalpsbKeHye Ha BXOfie BOBCe He ABJIA-
eTca MHOpMaLMOHHON BennmuuHoi. OHO He 0653aHO GBITH B CTPOrOM
COOTBETCTBUY C IIOJIE3HBIM CUTHa/IOM!

Korga ymyckaioT u3 BUAY TaKkue BellM, CIEACTBYEM SABIAETCA OMNO0Y-
Had CTHIKOBKA IieTleil ¢ pa3HOPOXHBIMYM MHPOPMaLIOHHBIMMU J/IEKTpUYe-

- cKkumu BenmmuuHamiu. IIponnmoctpupyeM aTo npuMepaMu.

CeAa3sb HanpaXeHune-HanpaxxeHue

B ycunurenbHoit cxeme (puc. 9.1, @) HUSKOOMHBIN BBIXOJ] Tpeo6pa3oBa-
Te/A TOKa B HaIIpsDKEHMe Ype3SMEPHO Harpy>keH HUM3KUM BXOJHBIM COIIPO-
TUBJIEHMEM aHAJIOTMYHOIO KacKajia. BeIurpsllll B ycuieHnn nomydaercs
IIeHOJ HeBepHOTO MHPOPMALVIOHHOTO CONpPsDKeHMs (BBIXOXHasA Beu-
YMHa [IEPBOro KacKajila — HanpsKeHMe, a BXOJHOI [/ BTOPOTo AO/KEH
ABNIATHCA TOK).

vT1 VT2

a 6

Puc. 9.1. Owubka: 08a npeobpazosamens MoKa 8 HaNpsXKeHuUe CMbIKo8aMo Hesb3A (a);
Npu NpasubHOM CONPsXeHUU Ry, , >> Ry, (6)
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Pe3ynbTaToM CTBIKOBKM HECOBMECTMMBIX KaCKa/IOB AB/IAETCS CIERYIO-
11ee. B 3aBMCUMOCTH OT COOTHOILIEHUA MeX/y BBIXORHBIM (Ry,,, ) 1 BXOA-
HBIM ( BX.2) COIPOTUBIIEHUSIMU CMEXHBIX KacKafloB — B OFHOM M3 HMX
6yneT HapyIIeHO eiCTBUe O6paTHOI CBA3Y, M OH IPEBPATUTCA B O6BIY-
HBI1 KaCKaJi MaKCUMAJIbHOTO YCWIEHUA.

IIpu Rpyy ) > Ryyy: Upyy 5 = gy 1y, R3.

IIpu Ry, < Rpy,: Upyy, = igy RIS,R4.

B o6oux cnydasx B COOTHOLIEHMe, XapaKTepusylolliee NepefaTouHbIe
CBOI1CTBa ABYXKAaCKaJHOI CXEMbI, BOL/IM ITapaMeTpPhbl TPaH3UCTOPOB. UTO
3TO O3HayaeT?

PAAMOAIOBUTEAD: 3HA10: HECMAOUNLHOCMb XAPAKMEPUCMUK nepedayu,
B03MONCHOCMY UCKANEHULL CUZHATIOB.

BepHo, HO 3aMETbTE €1IC OAHO. 3anucaHHble COOTHOLIIEHM HUKAK He
BBITCKAIOT U3 GaSOBbe Q)OPMYJI, CIIpaBE/INBBIX IjIsI KAXXA0ro 13 KackajgoB
10 X CTBIKOBKMA: !

Upnix = ipx \RL Upyyx, =gy ,R3.

PAAMIOAIOBUTEADb: A KaK e 00/MiHHbL Obimb NPABUnbHO CONPANCEHDL
Kackaowi?
[paMOTHO OCTPOEHHBII BApMAHT ABYXKACKaJHOTO YCYINTENA — Ha
puc. 9.1, 6.
3nech cripaBeAInBO:

Ugrx ) = ipx 1 RL Upgy, = Upy ,R4/R3,

HPI/I COCOVHEHMM KAaCKaOB COCTBIKOBAaHbI TEIIEPb OJHOPOOHbBIE BE/IN-
YMHDBI — BBIXOJHBIE M BXOJHDbIE HANIPAXKEHMUA, TAK UYTO Upy , = Uppy 5 CIE-
AOBAaTE/IbHO:

Ugyy, = igy R1-R4/R3. (9.2)

CBoitcTBa KacCKaZioB ITpU MX COIIPAXKEHUN HE HAPYIIEHbI.

CBA3b TOK-TOK

Bricokoe BXO[HOE CONpOTHMBIeHMEe KacKkafa Ha VT2 Ha puc. 9.2, a
«COTTIACOBAHO», KaK KaXKeTCs, C BIXO{HBIM COIIPOTUBJIEHMEM IIPELIECTBY-
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IOIIETO reéHepaTopa TOKa. Ho B Takoit cxeme
COCTBIKOBaHbI HECOBMECTUMBbIE KaCKaJlbI:

ippx1 = Ugx, / RL, Uy, =gy ,R3/R2, VT1 VT2

ORHAKO: Uy » = Upy h, ,R3/R1

(npu ogMHaKOBBIX 06MOTKaxX TpaHchopMaTopa a
¥ BOCTAaTOYHO 60/IBILOI X MHAYKTUBHOCTH). '

Tak kak BBIXOAHO} MHGPOPMAIMOHHOIL
BETMYMHOI IepBOro KacKaja SIBNIAETCS TOK,
IpaBuU/IbHee NIPMMEHUTb BO BTOPOM Kackape, VT2
HaInpuMmep, npeo6pasoBaTe/ib TOKa B HaIIpsDKe- VT
Hue (puc. 9.2, 6):

ippx1 = Upxy / RL, Uppy, =ipy,R3,

Ippx1 = inx.o Upnxa = Upx R3/RL (9.3) Puc. 9.2. OLUGKa: d6a
npeobpasosamens

. HanpaxeHuAa 8 MoK coeouHAMs
PAAMOAIOBUTEAD: [Tonazan, 4mo cxema 10 " on, o0 (a): npu npasunsHom

puc. 9.2, a 0ana 6vt 601v-  conpaxeHuu Rgy, << Ry, (6) -
wiee ycuneHue.

BesycnosHo. Ho MeHblee ycuneHue 060paunBaeTcs BBICOKOI CTabMIIb-
HOCTBIO M OTCYTCTBMEM McKaxeHuit. KcraTu, fByxkackajHasa cxeMa co CBA-
3bI0 TOK-TOK — ¥ €CTh TaK Ha3bIBaeMasi KaCKOHasl.

PAAMOAIOBUTEAD: A 3ameuarr, umo npasunvHoe uH@OpMayuoHHoe
conpsiieHue npeononazaem 606ce He PaseHCcMB0
conpomuseneruti CoeOUHAEMbLX KAcKaoos, a, Hao6o-
pom, ux peskoe pasnuque?

Ha. Oto Tpe6oBaHMe, BIIpOYEM, MOXKHO U O60MTH.

CBA3M Hanps»KeHne-ToK N TOK-HanpsXxeHne

B 3nakomoM yxxe HaM 110 puC. 9.1, @ IByXKacKafiHOM YCUINTeNE AJis
IIPaBUIbHOTO CONPSKEHMS KaCKa/loB BBEJleH NONOTHNUTENbHBIN PE3NUCTOP
R5 (puc. 9.3), «npeBpamaomuit B TOK» BBIXOJHOE HaNpsDKeHNe [IepPBOTo
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vT1 VT2

Puc. 9.3. [lna npasuneHo20 conpaxeHUA
€ 6X000M 8MOpo20 Kackada 0obaeneH
nocnedosamernsHeili peaucmop

vT1 VT2

Puc. 9.4. ConpsixeHue ¢ 8bICOKOOMHbIM
8x000M 00CMu2aemca NapansesnibHoIM
pe3ucmopom

Kackaga. Ecnm tonbko obecmedeHo:
R5>> Ry, u R5>>R,,,, To nerko

HOMTYYUTh:
Ugyy, =igg R1-R3/R5.  (9.4)

AHajIOTMYHO MOXHO I[Opa60TaTb

'M3BECTHYIO 110 pHC. 9.2, a cCXeMy, BKIIIO-

YMUB IapajaenbHbill pesuctop R4 kak
HarpysKy IepBOro Kackaja.

Korga B3aT0: R4/n’ <<Ry,, m:
R4 << Ry ,, TO 14 yCUINUTENA Ha pUC. 9.4
IONTy4YaeTcA:

Uppx, = Ugy R4-R3/(nR1-R2). (9.5)

Mexpy npoumnm, B cxeMe ¢ TpaHcop-
MaTOpPOM Pe3MCTOp HarpysKku obecreyn-
BaeT ellje ¥ pABHOMEPHOCTb aMIUIUTYHO-
YaCTOTHOI XapaKTEPUCTUKN: KaK BO/IN3N

pe3oHaHnca TpaHC(l)OpMaTOPa, TaK M HA HU3KMX YaCTOTaX — KOrjga CHM>Xa-
€TCsA MHAYKTUBHOE COITPOTUBIIEHNE I’ICPBM'-IHOI?I 06MOTKM.

Pa3BeTBneHuvn

Bompocsl COBMECTMMOCTY COINPATAEMBIX KaCKaZlOB UI'PalOT BaXKHYIO
PO/Ib Py OpraHM3aLyy pa3BeTBIeHNi B cxeme. Hanpyumep, He BbI3biBaeT
COMHEHMI1 OAK/II0YeH)e K OGHOMY BBIXOAY HECKOMBKMX BHICOKOOMHBIX
BXOJIOB CIeAYIOLMX KacKafoB (puc. 9.5, a). OgHaKko A/ CBA3YM THUIIA TOK-
TOK Iapajlle/ibHOEe COeRMHEeHNe
HM3KOOMHBIX Harpy3ok IIpOTMBO-

mokasaso (puc. 9.5, 6).

PAAUIOAIOBUTEAD: [Touemy?

Bo-nepBsIx, TPyAHO 06ecieunThb
pacipepiefieHue BHIXOZHOTO TOKa a 6

IIepBOro KacKajja B 3alaHHOM IIpo-
MOPLMUM MEXAY OTAEeNbHbBIMU BXO-

IaMMu.

Puc. 9.5. [NapannensHole 86iCOKOOMHbIe 8X00b!
He enustom opyz Ha Opyaa (a); HenpasusibHo:
mokoabie 8X00bl napannenume Henb3s (6)
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PAAMOAIOBUTEAD: TIoHAmMHO: 0H 6y0em pacmexkambvcsi 06pamHo nponop-
UUOHAILHO CONPOMUBTIEHUSM 8X0008...

W yuruTe, uTO, B06aBOK, M3-3a HENIMHENHOCTN CONPOTMBIIEHNI 3TO
pacrpepenenue, BO3MOXKHO, He 060iiaeTcs 63 MCKa>keHMi CUTHATIOB.

JIBa (1 60/1ee) HU3KOOMHBIX BXOa COBMECTUMBI TO/IBKO TOTAa, KOTAA
BK/IIOYEHBI ITOC/IEf0BATEIbHO B LieTb, MH(POPMALMOHHOI BETMYNHOM KOTO-
PO AB/IAETCA TOK.

PAAMOAIOBUTEAD: Kax sice moxHo opeanusoeamv 30eco nocnedosamens-
Hoe sxnoueHue?

Hanpumep, ¢ noMol1pio paspgenmnTenbHbIX TpaHCPOpMaTOpOB.

PAAHOAIOBUTEAD: Hy, amo nnoxoil 6v1x00.
VT4

IMoxanyii. Torga BOT BaM mpuemieMoe pelile-
HJe — «pasMHOXXEHME» TOKa ITPeAbIAYIero Kackaga V1!
C IOMOIIIbIO «TOKOBOTO 3epKaa» (puc. 9.6).

lka=11 Ika=1

Puc. 9.6. «Tokoeoe
3epkasno» cozoaem

OﬁbeAMHeva He3asucumsle yenu
8bIXOOHO20 MOKa

He MeHee BHMMaTeNnbHO [O/KHBI Ipopaba-
THIBATbCA BONPOCHI OO6befMHEHMA BBIXOJOB.
HeonsITHBI pagnonioburenb, cBeqs ABe Lenu B }l z
OffHY TOYKY, BOOOpaXKaeT, YTO CIOXWI CUTHAMbl. T
XoTs pesy/nbTaT CyleCTBEHHO 6yAeT 3aBUCETb KaK
OT BBIXOJHBIX COIIPOTUB/IEHNI UCTOYHMKOB CUTHA-
JIOB, TaK 1 OT BXOfia ITOC/IEAYIOILETO KacKaja.
Tunu4Hell npuMep MOJO6GHOrO pofa «CBA3MU» R1
n3obpaxxeH Ha puc. 9.7 (mpeobpa3oBaTeb YaCTOTHI,
B KOTOPOM CUTHAJI TeTepOAHA IIOCTYIAeT Ha BXOK,  Puc. 9.7. YnpowjenHoe

CMECUTENIbHOTO TPaH3UCTOPa Yepe3 eMKOCTb Cp). «cnoxerue»
cueHanos npusobum
K é3aumo3sasucumocmu
PAAVIOAIOBUTEAB: A 4o, KIAcCU4ecKas cxema. uened

B uem mym owubxa?

Bo B3auMo3aBUCUMOCTY 06beyHAEMBIX Lieneit. VI3-3a Manoro BbIXOf-
HOTO CONPOTHUBJIEHNA MCTOYHMKA Ko/lebaHMit reTepoiuHa KoHpeHcaTop Cy,
OKa3aJICA BK/IIOYEHHBIM IIapajlIeNIbHO Ko/ie6aTeIbHOMY KOHTYPY, BIUASA Ha
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€ro IepecTpoiiKy 1o yactore. B cBoio oyepefp, 3Ta mepecTpoiika He MOXKET
He BO3/Ie/iCTBOBATh Ha YpOBeHb Ko/ebaHmMI1 reTepoAMHa Ha 3aTBOpe. DTOT
ypoBeHb 3aBUCUT OT KoadPuimenTa nepegaum, paBHoro C,; /(Cy +C),
KOTOPBIi1 IIPY PETYIMPOBaHNM BXOJHOTO KOHTYpa MEHSETCS POIOPLIO-
Ha/IbHO KBaJpaTy 4acTOTbl HACTPOMKAL...

PAAMOAIOBUTEAD: T020a 60m 6am cxema ¢ «OuddepeHUuanvHbim» 6Km0-
ueHuem 6xo0a (puc. 9.8, a). Mexoy 6a3oii u smumme-
pom deiicmayem cymma 08yxX 8X00HbIX HANPAKEHULI

U ul,
U 21 V3 skBuBaneHTHON cxeMbl (puc. 9.8, 6)
Ui BBl IIOIMETE, YTO 3TO COBCEM He Tak.
z2  IlepemarouHble CBOJCTBA /I CyMMbI CUTHA-
—  JI0B 6yBYT OIpenensaTbCs BHIXOXHBIM COMNPO-
L_——— TUBJICHUEM Z, UICTOYHUKA, JEeCTBYIOLIErO B
Ve { ) amMuTTepe. Y ecnu He yaacTcs cenarh Copo-
TUBJIEHME Z, O4Y€Hb MaJIbIM, TO 3TO 06epHeTCA
a 6 CHIDKEHMEM YCMIEHUA KacKaja (B pasHoit
Puc. 9.8. HanpsxeHue 6a3a- Me€pe€ Ha pa3/INYHbIX 4acTOTaXx). '

ImMummep cmecumena — eoece

He cymma 08yx []C (a); obpamHas
ceAsb delicmayem yepes 8bIX0dHOe PAAVIOAIOBUTEAD: Hy, amo ewje He max

conpomueneHue 2emepoduHa (6) CMPAUHo...

Ho Bpo6aBok pou3osieT MMHeapu3aysa ero XapaKTepUCTUKU IPAMONL
nepenayn.

PAAMOAIOBUTEAD: M npexpacHo!

A BBI He 3a6bUIH, YTO COOMPAINCh MOMYYUTh HEVMHENHBIN KacKaj, —
CMeCUTeNb?

PAAMOAIOBUTEAD: AX, 04...

TpymHOCTM OTHajfaloT, KOTAA A/IA CIOXKEHMSA ABYX HaIpsOKEHMI
VICIIONIb3YIOT IO/THOLIeHHbIe Ay depeHIanbHbIe CXeMbI, pa306paHHbIe B
«IIlare 2». Ho xak 6bITb, ecriu TpebyeTcss 06befuHeHMe 60MbIIEro Ymucia
curHanos? Torfa UCIONb3YIOT pasinyHble KOHGUIypauuy npeobpasopa-
TeJlell TOKa B HAaIIpsDKEHMe, TO3BO/IAOLIMX CyMMMPOBATh TOKM. B ToM ke
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«IIlare 2» MBI y>Ke pacCMaTpMBaIM BapMaHT MOH06-

HOJI CXeMBI C CYMMUPYIOLIVIMM PE3VCTOPaMM. -
BO3MOXHBI M [pyrue pelieHus, B pa3BUTHE

KaCKOJHBIX CXeM — CO C/IO)KEHMEM TOKOB. Tak, s ql )

puc. 9.9 (mpu FOCTaTOYHO 60/IBIIOM VHAYKTUBHOM

COIIPOTMBJIEHMM APOCCeNsa Ha pabouymx 4acToTax) !

o R1 i1 +ig+...
BBIXOZHOM TOK 6yzieT 06pa3oBaH C/IOXKEHMEM TOKOB 'J:_L »
o6 beAVHAEeMbIX KaCKaJOB i, i,...

. Puc.9.9. [ina
™! KacKaabl Ipu IIIO6OM X YUCiie BCerga CoBMe- CYMMUPOBAHUSA CU2HAN08
CTUMBI, €C/IN UX o61uee BBIXOOTHO€ COIIPOTUBJ/IEHUE Npu200HbI pasnuyHele
KOH¢ueypayuu
CYUWECTBEHHO BbIIIE€ BXOOHOI'O COIIPOTUBJICHUSA KACKOAHBIX CXEM

KacKaJja C TOKOBBIM BXOJIOM.

Jo cux mop MBI 3aHMMAJIMCh BOIIPOCAMM COBMECTMMOCTH KaCKaJoB
10 BUAY MHPOPMALMOHHBIX 37eKTpuYeckux BenuuuH. He MeHee BaxkHa
COBMECTUMOCTb MX IO curHanaM. OHa MMeeT IPSMOe OTHOLIEHNE K CTe-
TIIeHY BO3/Ie/ICTBUA Ha TPAKT CUTHAJIa Pa3/IMYHBIX IIOMEX.

9.2. HekoHTpONMpyembie CBA3N B CXemax

MNpo6nembl camoBo36yXKaeHUA ycunutenemn

Ecnu BaM npuxopmiock paboTaTb ¢ BbICOKOYYBCTBUTEIbHBIMYU YCU/IN-
Te/IAIMIY, BbI XOPOILIO 3HaeTe, KaK JIErko CaMOBO36Y>KAAIOTCS TaKye CXeMBI.
[lns Toro 4To6bI CO3aBaTh YCTOMYMBBIE MHOTOKacKaJHble TMHEIHbIE
ycTpoiicTBa, He06X0AMMO pa3obpaThcs B IpUUMHAX HEPAOOTOCIIOCOOHO-
CTY YCUIIUTENA, KXK/BIA U3 KaCKafJoB KOTOPOro caM I1o cebe COBEpIIEHHO
YCTOMYMB.

HeMmanoBa)kHbie B 3TOM acCleKTe BOIPOCH NPaBUIbHOTO KOHCTPYH-
POBaHMA — BBIXOAAT, pa3yMeeTcs, 32 paMKyu cxemoTexuuku. Ho, Mexagy
IIPOYMM, CTIERYeT 3aMETUTD, YTO CTelleHb ONTaCHOCTH, CO3[aBaeMoil Hexe-
JNIaTe/IbHBIMMU CBSA35AMM Yepes IMapasuTHbIe EMKOCTH, a TaKXe Yepe3 mapa-
3UTHBIE B3a¥MHbIe MUHAYKTUBHOCTY MEXXAY CXeMHBIMY 37IEMEHTaMM, OTHO-
CALIMMIUCA K PasIMYHbIM KacKafjaM, OOBIYHO IpeyBeINIMBAIOT.

PAAMIOAIOBUTEAD: J]a, 1 KaK-mo 80€847 CO CBUCMAUUM YCUNUMETEM.
IIpo6osan ycunumo SKpanuposxy — smo HUKAK He
nomoeno.
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Bce BepHo. Hama 3afaya — paccMoTpeTb cxeMoTexHM4Yeckue Pak-
TOPHI, BIUAIOIIME Ha YCTONYMBOCTb. ITO Te Xe caMmble PaKTOPHI, KOTO-
phle ONpeReNAOT 3alMIIEHHOCTh TPAaKTa OT M0ObIX TOMEXOBBIX BO3-
meitcTBuit. [leno B TOM, 4YTO B 6O/IBIIMHCTBE CIy4aeB HeXKelaTe/lbHbIE
CBSI3M [IeJICTBYIOT Yepe3 obIie LIy YCUINTENA B MECTAX COTIPSKEHNI
KaCKafoB.

Mapa3uTHble NnapameTpbl O6LUX WNH

51 He pa3 HamlOMMHAJI O TOM, YTO CUTHaJIbHble HANPSXKEHNA B CXeMax
(xax ¥ m06bIe HATIPSDKEHNS) MMEIOT /1Ba IO/TIOCA.

PAAHUOAIOBUTEAD: 3Haeme, 8vipabamviéaemcs npusviuka c4umamo
6MOPOLL NOMIOC HANPANEHUS Kak Obl asmomamuye-
CKU «303eMTIEHHDIMY...

3namw. IlpogykroM Takoi
WIIO3UM SABJIAIOTCA YCUIIUTENN,
yBelllaHHbIe TUPIAHAAMU pas-
BA3BIBAIOIINX ¥ QUIBTPYIOLINX
Hemne.

[TonsiTaemcs pasobparbcs,
KaK JeiCTBYIOT Iapa3uMTHbIE
MeXJyKacKafiHbie CBS3Y B CXe-
Max, IIOCTPOeHHHIX 6e3 ydyeTa
COBMECTMMOCTM KacCKafioB IO
CUTHa/laM. B TMIIMYHOI CTPYKType Takoro BHUja, M306pakeHHOI Ha
puc. 9.10, BbI Cpa3y OTMETHUTeE 3/1eMeHTHl Z, — Z, KOTOPBIX He 6b1710, pasy-
MeeTcs, B IEpBOMCTOYHMKE, OTKYAA 3aMIMCTBOBaHa cXeMa. JTY 37IEMEHTHI
OTPa)KalOT Mapa3uTHbIE IapaMeTpPbl OOLINX IjeTell YCUINUTeNA: MINHbI
HIUTaHUA ¥ 061Ielt, «3eM/ITHOM» IIMHBI.

Usex 1

Puc. 9.10. O6wue wuHs! ycunumena —
3mo pacnpedenieHHble CONPOMuUBeHUA

PAAVIOAIOBUTEAD: Boo6u46-mo cuumanm ace MoKy coeOUHUMeNbHO20
npoeoauuxa IKBUNOMEHUUATIDHLIMU.

910 omunbdKa. Ilaxce CPaBHUTEIDbHO KOpOTKMﬁ OTPp€30K MOHTa>XHOTO
IIpoBOJA M/IN II€YATHOIO IIPpOBOSHMKA oénanae’r 3aME€THBIM aKTUBHDBIM
COITPOTUBJIEHUEM.
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PAAHOAIOBUTEAD: Kakoe yi mam conpomuenerue!

Tak Befib HepeNKO COTBHIX WM THICAYHBIX foneit OMa B obeit Lemu
JOCTaTOYHO /I CaMOBO36YXIeHNs HU3KOYaCTOTHOTO YCH/AMTENS C MOLI-
HBIM BBIXOJHBIM KacKajoM, pa6oTamoiuM Ha HU3KOOMHYIO Harpysky.
BosBpamasce k cxeme puc. 9.10, BbI OTMETHTE, YTO B Z, BXOAUT TaKXKe 1
BHYTpPEHHee COIIPOTUB/IEHNE MICTOYHMKA MNTAaHUA.

PAAUOAIOBUTEAD: OHo, 803MOXCHO, He mak Y mano, coenacen.

B gmamasoHe paguo4YacTOT 3HaYMTEIBHO BeCOMeEe BK/IaJ IIapa3suTHOM
MHIYKTUBHOCTY IIPOBOAHMKOB 001¥X Iierneil. OTpe30K MOHTaXHOTO Ipo-
Bofia JymHoM 10 cm mOKaXkeT 3HaYeHMe MHAYKTUBHOCTH OKO/o 0,1 mxlH; Ha
yacroTe 20 MIy MHAYKTUBHOE CONMPOTUB/IEHME Nony4aeTcsa 12 Om.

PAAVOAIOBUTEAD: Heyscenu? He oxcudan.

PaccMoTpuM mos HOBBIM YITIOM 3peHMs NOBefeHMEe YCUTUTENbHOM
cxeMbl Ha puc. 9.10.

Haripsixenne curnasa Ha BbIXOJie, HAIIpMMep, IIEPBOro KacKajia BbIpa-
)KaeTcs, KaK U3BECTHO:

Upx, = Upx 1SRL

ITO HampsKeHMe AeMCTBYeT Ha Harpyske KacKajia U BbIJieNiA€TCA Ha
xojutekTope VT1 oTHOCUTENIbHO BepxHero (1o cxeMe) koH1a R1. Ho oHo He
SIB/IAETCA BXOZHBIM [yIsi BTOPOTO KacKajia, BO YTO, MOXXET ObITh, XOTEIOCh
ObI BEPUTD: Ugy,y | # Upy ,.

JeitCTBUTE/IBHO, [iBa IIO/TI0CA BXOJA — 9TO SMUTTEP U 6a3a TPaH3UCTOPA.,
WU ecnu 6asa VT2 gns curHaja CoefMHEHa C KOMJIEKTOPOM NPERBIAYIIEro
KacKajja, TO NOTeHI[Ma/l SMUTTEPa IO CUTHA/Iy BOBCE HE COOTBETCTBYET
IIOTeHLIMaTy BEPXHero KOHIa Harpysku R. VI B Toit, M B ipyTOIi TOUKE NpH-
CYTCTBYIOT pa3/IM4yHble HANpsIKEHUA IOMeX, BbI3BaHHbIE IIPOTEKaHMEM
CUTHAJIbHBIX TOKOB KacKa/iOB Yepe3 CONpOTUB/IeHN o6mumXx Lerneit. Mexmy
IIO/TI0OCaMM BXOJja BTOPOTO KacKajja, KpoMe II0/Ie3HON COCTAB/IAIOMIEH Uy, 1y 1»
IPUCYTCTBYIOT C/IaraeMble HaIlps)KeHMsA IIOMeX.

ITIOHATHO, YTO 3TM MOMeXy OYAYT YCHJIEHbI IOCHefyoLlell YacThIo
CX€eMBlI.

V3-3a TOTrO, 4TO Mapa3uTHbIE IIepeMeHHbIe IOTEHIMa/Ibl OOIUX LIVH
(MBI X HasBanM OMexaMy) 06pasyIOTCA 3a CUET MIPOXOXKAEHNA CUTHA/ID-
HBIX COCTaB/IAIOIUX TOKOB KaCKaJOB [0 CONPOTUB/IEHUAM Z, — Z, 3TUX
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LIVH, IIOHATEH BBIBOJ O HaJIW4YMM B TaKOJ CXeMe HEKOHTPONMPYEMbIX
06paTHBIX CBA3€EI MEX/Y NOCHEAYOIIVMN ¥ NPeAbISYLIIIMI KacKajaMu
yCHIeHNA.

Ecnu xe mobutend BoO6aBoOK IMOACOEAMHUT 3a3eM/IAEMBbIIT KOHEI] MCTOY-
HUKa CUTHajIa He K amuttepy VT1, a, HanpuMep, K TOUKe, OTMEYEHHO Ha
cXeMe 3HaYKOM «3eMJIs», BK/IIOUMB TeM CaMbIM ITapa3UTHBIE MaJieHNs Hanps-
XeHus Ha Z, — Z, BO BXOJHYIO LIeIlb [IepBOro KacKajia, TO Ha 3TOM MOCTpoe-
HJ€ MTO/THOCTBIO HepaboTOCIIOCOOHOTO yCHINTENA OyAeT 3aBepIlIeHO.

PAAUOAIOBUTEAB: MO3CHO NONpasumo 0eo, NOOKNIOUAS MENOY UUHOU
NUManus u «3emneit» 60KUPo8OUHDbLLL KOHOEHCAMOD.
A ewje nyvuie — HeCKOMbKO KOHOEHCAMOPOS 6 PA3HbIX
mouxax.

970 He AacT KenaeMoro 3¢ pexTa: eMKOCTHBIE COIIPOTHBIIEHNS OOBIYHO
C/LULIKOM BE/VKM, YTOObI 3aMETHO M3MEHUTD PacIipefie/ieH)e IIOMEXOBBIX
IOTEHIIMA/IOB Ha HU3KOOMHBIX 9/IEMeHTaX. B Takux ciy4asx B paguomo6u-
TENbCKOI TUTepaType BEIHOCUTCS 3a6aBHbINM BEPAUKT: «CK/IOHEH K CaMo-
BO36Y>KIEHMION...

KoHCTpyKuun o6wmnx WwuH

Bce-Taku 1060BOI NyTh 60pBHOBI C MAPa3UTHBIMMU CBA3AMM B YCUIIU-
TeJ/le — CHVDKEHME aKTHBHBIX ¥ PEaKTUBHBIX COCTABIIAIOIINX COIPOTHUBIIE-
Hui1 061ux Lemneit. TpyaHO 060/ TI 3TOT BaXKHBII BOIIPOC, XOTS M OTHOCH-
IVIACS K KOHCTPYMPOBAHMIO, 8 He K CXEMOTEXHIIKe.

Bsl, HaBEpPHO, HEOBHOKPATHO BUJEMN BbICOKOYACTOTHYIO CXEMY, IIOMe-
ILEHHYIO B 3aMKHYTYIO METa//INYECKYI0 KOPOOKY?

PAAMOAIOBUTEAB: KoHeuHo: amo, 6u0UMo0, 0enaemcs 6 Uensax sKpaHuposu.

He Tonsko. Ho u p1s TOro, 4To6bI MONMYYUTh M€aNbHBI IPOBOJ,
«3eM/IN», MUHAYKTUBHOCTb KOTOPOTO paBHa HYJIIO.

PAAUOAIOBUTEAB: ITouemy Hynto?
VIHRYKTUBHOCTb IIPOBOJAILEI IIOIOCTY TOYHO PaBHA HY/MIO (HO TONBKO

ec/u ee pa3Mephl He TaKOBbI, YTOOBI ABUTHCA HENPENYCMOTPEHHBIM Pe30-
HAaTOpOM).
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YoB/IeTBOPUTENIBHO CITY>XUT AJIA 3TOM XK€ Lie/IM IIPOCTO IJIOCKasA MeTasl-
nMYecKas IacTuHa (I1accy), Ha KOTOPOJ pacroaraeTca MOHTaX — He
cuiuKoM 6/1m3Ko K KpasMm. [TOHATHO, YTO TaKoe MIacCH JO/KHO He TONbKO
IPUCYTCTBOBATh, HO M ABIATHCA GAKTMYECKMM IIPOBOJIOM «3EMIM»: KaX-
AbII 37IEMEHT MPUCOENVHAETCA K HEMY OTAEeNbHO B O/yKaiiiueit TOYKe,
MHOJ BapMaHT MPOCTO He MMeeT HMKAKOTO CMBICTIA.

IIpu ucnonbp3oBaHMUY IEYATHOrO MOHTaXKa OOLIMM IIPOBOJOM OOBIYHO
ABJIAETCS OfUH IPOBOAAIINIA CTION ABYXCTOPOHHETO META/I/IU3MPOBAHHOTO
AV3/IEKTPpUKa.

Ecnu BBl ¢ 3a3eMsioNIelt MIIACTUHOIN CIOXUTE BTOPYIO, M30/IMPOBaH-
HYI0 OT Hee TOHKOJ IIPOK/IaIKOM, ITOTyYUTCA BHICOKOKaYeCTBEHHAs LIVHA
nuTaHus. B mpousBoAcTBe — NMOAOOHBIN CAaHABUY peanu3yeTcss MHOTO-
CJIOMHOJ IeYaThIo.

He cnenyer HageATbCsA, YTO yKa3aHHbIE MEPBI 3aCTPaXyIOT OT CAaMOBO3-
6y>xmeHVs HU3KOYaCTOTHBI YCU/IUTENIb: B HEM Napa3UTHAs CBA3b 3aMbIKa-
€TcA Yallie BCEro 4yepes BHYTpeHHee COIPOTUB/IEHE UCTOYHMKA MUTaHNA.

3awmuieHHble MeXayKacKkagHble CBA3N

ITpaBunbHas ux KoHQUrypauus obecrednBaeT COBMECTMMOCTD 110 CUT-
HaJlaM, ¥ fie/IaeT aGCOMIOTHO YCTOMYMBOI paboTy BBICOKOUYBCTBUTENBHOTO
MHOTOKaCKaJHOro ycunurend. Jlaxe mpyu «HeyfauHbIX» KOHCTPYKLMAX
o61yX Lenest ¥ HU3KOKa4eCTBEHHOM MICTOYHMKe TUTaHu!

PAAMIOAIOBUTEAD: VI Kaxkum e okycom amo 0ocmuzaemcs?

HocTturaercs BHIGOPOM TaKMX CBsA3€ll, IpU KOTOPBIX BO BXOGHYIO LieTlb
Ka)X/IOr0 KacKafia He BK/IIOYAIOTCs TIOMEXOBBIE CUTHAIBI C OOIIMX IIPOBO-
THMKOB.

Ha puc. 9.11, a B 3aMKHYTbIiI KOHTYp, 06pasoBaHHBII BTOPUYHOI
06MOTKOII (BBIXOJJOM MCTOYHMKA CUTHA/Ia) M Y4aCTKOM 3aTBOP-MCTOK

TpaH3UCTOpa (BXOHOM C/IEAYIOLIEro Kackaza), I"J |
BXOJUT ellle ¥ OTpe30K obuieit muubl. Ecin

cXeMa OoTpakaetT OeNCTBUTENbHBIN MOHTAX, }é }§
v _—_1'
a

TO Ha/MLO omMbKa, CBA3aHHAA C BHECEHMEM

B KOHTYP CONpPSDKEHUSA MOMeX OT NajeHus 6

HAIIPAKEHUA HA yYaCTKe OOIIeit IIMHBL. Puc. 9.11. HenpasuneHo: nomexa
Puc. 9.11, 6 oTobpaxcaeT NMPaBUIBHYIO 6HOCUMCA 8 KOHMYP CONPAXEHUA

. 0Ompe3KoMm WuHbl (a); c8A3b C WUHOU
OpraHM3aLUI0 KOHTYPa COMPKEHUA: 06a 5= e = o o ke (©6)
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IIO/II0CA BBIXOAHOTO HANIPsS>KEHMA MCTOYHMKA NPSAMO COEAVHEHBI C IByMA
nomocamMu Bxofpa. CBA3b C IIMHOM [O/KHA OBITH BCEraa NMUIIb B €IUH-
cTBeHHOI TouKe. Ho po6remMa B TOM, YTO OOUTHCS 3TOTO He BCETAA TaK
JKe JIeTKO, KaK 3[IECh.

BoccTaHOBUTD «pa3OUTBIN» KOHTYP CONPSDKEHMS, M TEM CaMbIM IIONTY-
YUTh 3AINILEHHYIO MEXAYKACKaZiHYIO CBA3b, IOMOTAal0OT CXeMOTEXHMYE-
CKJe METOJbI, X MBI ¥ PACCMOTPUM.

CBAasb HanpaXeHune-HarnpaxeHune

OHa oYeHb YYBCTBUTEIbHA K TOMeXaM Ha OOLIMX LIVMHAX, KOTOPbIM ITOfi-
Bep)KeHa Ipy ourmbkax. [l ycrexa Heo6XOMMO BCAKUI pa3 IOMHUTbD,
OTHOCHUTENIBHO KaKMX TOYEK CXeMBI AEICTBYIOT BXOJZHBIE M BBIXOJHbIE
II0JIe3Hble HAIIPSDKEHMS IIPMMEHEHHBIX KaCKaJioB.

HamnpspkeHue curHana, nofaHHoe Ha 6a3y (3aTBOpP) TPaH3NCTOPA, Aeit-
CTBYeT OTHOCUTE/IBHO €ro 3MUTTepa (MCTOKa), a IOJAHHOE Ha SMUTTEP —
oTHOCHUTeNbHO 6a3pl. Eciu B aMuTTEpe BKIIOYEH pe3ucTop o6paTHOI
CBA3Y, TO HallpsDKeHMe, IPWIOXKeHHOe K 6a3e, AeiiCTByeT OTHOCUTENBHO
KOHIIa 3TOTO Pe3NCTopa.

BxopHoe HanpsixeHue auddepeHINaNbHOTO YCUINTENS, TIOAAHHOE
XOT#A 6BI TONBKO Ha OJVIH €T0 BXOJ, BCE€ PaBHO JIe/ICTBYeT OTHOCUTETHLHO
BTOPOTO BXOfja.

BrixofgHOe Hampsi)KeHMe CXeM, CO3JlaHHOe IafieHueM OT TOKa Ha
Harpyske, e/ICTByeT OTHOCUTENIbHO BTOPOTO KOHI]a HarPy3KM.

BrIxomHOe HampsKeHMe CXeM, /I KOTOPBIX KoadpuumeHT nepenaun
HAIpsKEeHUs OIpefenseTcs OTPULATENIbHOI 0OpaTHOM CBA3bIO, UMEIO-
IIMX HU3KOE BHIXOJHOE CONPOTUBIIEHNUE, IEVICTBYET OTHOCUTENILHO TOJ XKe
TOYKM CXEMBI, YTO ¥ BXOHOE.

PAAVIOAIOBUTEAD: Bce amo 3syuum a6cmpa1<mno, a Henv3sA U paccmo-
mpems npaxmuueckue cumyauuu?

K Hum mbl u nmepexopaum. Ha puc. 9.12, a (cBA3b HampskeHue-
HaIpsKeHye) KOHTYP CONpsiKeHus rpy6o paspyiueH, Ha Bxop, VT2 nocry-
IIaeT CyMMa CUTHAJIOB — IOJIE3HbIN (Ha KOHTYpe) IUTIOC IIOMeXY, IPUCYT-
CTBYIOIIME Ha IIMHE IUTAaHUA OTHOCUTENbHO «3eMu». Hamuio HeBepHOe
CONpsDKEHMe IO CUTHAJIAM.
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Puc. 9.12. HenpasusnbHo: ycusieHa nomexa ¢ WuHsl numanus (a); cnedyem npumeHume:
UHOYKMUBHYI0 c8A3b (6); mpaH3ucmop o6pamHoli npogodumocmu (8); «<mokKogoe 3epKano (2)

PAAMOAIOBUTEAB: [To380nbme, 0a s cmo pa3 6cmpeyasn nodobHoe 6K0-
yeHue!

BoT moToMy Baly cXeMsl ¥ CaMOBO36y>xaanuch cto pas. [Ipo6nema B
TOM, 4TO (B OT/IM4YME OT PUC. 9.11) KOHTYp CONpPs>KEHUS CBA3AH C ABYMS
pasubpiMu myHaMu. Kak 0605ty 3Ty TpygHOCTB?

MHAyKTVIBHaﬂ MeXxayKacCKkagHaAa CBA3b

B cxeme puc. 9.12, 6 BbIXOAHO€e HalpsiKeHMe NpeAbIAYyIero Kackaaa
TpaHCPOPMUPYETCA Ha BXOJ, IOCIERYIOIEro. DTUM JOCTUTAeTCA YHUBEp-
ca/ibHasi COBMECTMMOCTb IT0 cCUrHanmaM. Puc. 9.12, 6 oTpakaeT mpaBuIbHOE
HOAK/TIOYeHNe BTOPUYHOI Henu (cpaBHUM c puc. 9.11).

VIHpyKTUBHasA CBA3h B IpuHIUITe Haubonee samumena. OHa MOXeT C
yCIIeXOM MPUMEHSATBCS He TONBKO /I pe30HAHCHBIX (KaK Ha pUCYHKE), HO
¥ IIMPOKOMONOCHBIX cxeM. Ho B mociemHeM ciy4yae, Ipy HEyMe/IoM Npu-
MeHEHUY, MOXKET BHECTY HeXKe/IaTe/IbHYIO YaCTOTHYIO 3aBUCHMOCTb.

Bcerga cyiecTBYIOT mapa3uTHbIe eMKOCTH, 06pasyiolye ¢ 06MOTKOI
TpaHcopMaTopa pe30HaHCHYIO CUCTEMY. BeTmumHbI 3TUX eMKOCTelt Hens-
BECTHBI, TaK YTO [TOJIaTaThCS HA OLIEHKY YaCTOTHI TAPasMTHOIO pe30HaHca
HE CTOMT.

ITopaBneHue mapaienbHOrO pe3oHaHca TpaHCcGopMaTopa B MIMPOKO-
IIOJIOCHOM CXeMe MOXKeT ObITh 06ecleueHO0 HU3KOOMHBIM BBIXO[oM (60
HU3KOOMHBIM BXOZOM CJIEAYIOLIEro Kackaja). [l 9Toro O/MKHO BHIIIOJ-
HATHCSA:

2nfL >R

BO BCEM IMAIIa30HE 4YaCTOT.
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Cawmblit 671arOpUATHBIN PEXUM PabOTHI I IVPOKOIIOIOCHOTO TPaHC-
¢dbopmaTopa — 3TO KOPOTKO€ 3aMbIKaHMe 10 BHIXOAY (HaIipyMep, BXOf, IIpe-
obpasoBartest TOKa B HaIIpsDKEHME).

PAAMOAIOBUTEAD: Bom ys He npeononazan... Ilouemy?

Torga moYTyt He UTPAIOT POV HY BeJIMYMHBI MHAYKTUBHOCTY OOMOTOK,
HJ NTapa3UTHbIE EMKOCTM.

ITpaBaa mO/MKeH IPU3HATD, YTO IPY 3TOM B 6OJIbILEl CTENeHN OKasbI-
BaeT HeTaTMBHOE B/IMAHME TaK Ha3blBaeMass MHAYKTUBHOCTb pacCesTHNA.

PAAVIOAIOBUTEAB: A 80mM euje 80NPoc: 4mo ecnu Kosdduyuenm mparc-
dopmayuu omnuuer om eOUHUYbL?

9to mpocrto. TpaHcdopmaTOop NMOAHMMET YPOBEHb CUTHANA, €CIN
06MOTKa C 6O/IBLINM YMC/IOM BUTKOB O6pallieHa B CTOPOHY, I7ie COIPOTMB-
JIEHYIe BBILIE.

YepepoBaHue CTPYKTyp

[ToHATHO, YTO MHAYKTMBHAA CBA3b YCTPOMUT fla/eKo He Bcerga. Kak
BUJHO U3 puc. 9.12, 6, ucnonb3oBaHyue B MOCNEAYIOIEM KacKaJie TpaH-
3MCTOpPa CO CTPYKTYPOit IPOTUBOIOIOXHOTO TUIIA Ja/I0 BO3MOXHOCTD
IIOfIaTh HaIpsKEHME C Harpy3Ky MepBOro Kackajja HeIoCpeACTBEHHO Ha
BXOJ{ BTOPOTO, 136€)KaB BHECEHNS B KOHTYP COIPsKEHNA IIOMeX 13 061mux
Lerneit.

«TokoBoe 3epKano»

Konodurypauus, nsobpaxxenHas Ha puc. 9.12, 2, 103BonAeT «IpuU3eM-
JIUTH» Harpy3Ky MepBOTo Kackaja M TeM CaMbIM YOOHO CBA3aThb ee C BXO-
[OM CTIeAYIOIIEro.

PAAMOAIOBUTEAD: MHe Kaxemcs, 4mo emMecmo 00H020 30eCb ABUNUCD
Cpasy mpu conpsxeHus.

9ro BepHO. Ho cBa3p mexay VT2 u VT3 samminaeTcsa npaBUIbHBIM
BK/TIOYEHMEM, KaK [TOKa3aHO Ha PUCYHKe; CBA3b e Mexnay VT1 n VT2
OTHOCUTCA K TUITy TOK-TOK, O Hell — HIDKe. °



LLar 9. MHorokackagHbie aHanorosble cxembl 249

CrnepyeT nONyTHO OTMETUTD, YTO ITApaMeTPhl IPSAMOI Nepefadn Aas
CXEMBI C «TOKOBBIM 3€PKalOM» IPAKTUYECKU HE OTIMYIAIOTCA OT TAKUX XKe
A1 UICXOMHOM CXeMBI Ha puc. 9.12, a (13-3a IpYMEPHOro paBeHCTBa TOKOB
B 060¥X II/IeYaX «TOKOBOTO 3e€pKajan).

AnddepeHumnanbHbIn ycunutennb

Bxopbl nuddepennmuanpHoi

CXeMbI MIPEKPACHO CONPATAIOTCSA

C MI06bIM MCTOYHMKOM CHUTHAIa

(puc. 9.13, 6), ecnu He HaJeNnaTh
1

o1M60K — Kak Ha puc. 9.13, a.
Ycunutenu ¢ koadpuiyeHToM
mepefauyy HaNpsDKEHUs, TOCTU-

raljomMM COTE€H ThICAY — 3ITO Puc. 9.13. HenpasuneHo: mexoy 8xooamu
OOBbIYHO COEMHEHMS HECKOIBKIX dughgpepeHyuaneHol cxeMol npocayusaemcs

. ! nomexa (a); coeduHsAem 8x00bl C 08YyMA NOIOCAMU
muddepeHIanbHBIX KacKaoB. ucmoyHuka cuzHana (6)

MyTaHuua ¢ pa3BA3Kou

PaspasbIBalomad 11€MOYKa MOMOXET NMPAaBUTbHOMY COMNPSIXEHMIO
KacKaJIOB IT0 CUTHAaJIaM, eC/IY TOTIBKO e€ BK/IIOYUTh IPaBUIBHO. A OmINOKM
BeCbMa 4YacCThl: B3TTIIHUTE puc. 9.14, a, rae koHpeHcaTop C, COeIMHUIN C
o61meit MMHON BONMM3M Kackajja — UCTOYHMKA.

PAAVMOAIOBUTEABD: Re A

A uuman pexomeHndayuio: 3a3em-

JIAMb BCe NIeMEHMbL, OMHOCAULUECS Cr Ce

K 0aHHOMY KAcKaody, 6 00HO mouxe. -

30ecv max u nocmynunu. }_Lﬁ

OpHako BaM JO/DKHO OBITH Tenepb ) ! {
SICHO, YTO IPaBW/IbHAsI OpraHU3aLMs a 6
CBA3M COOTBETCTBYET PHC. 9.14, 6: KOH- Puc. 9.14. HenpagunbHo: nodknioyeHue

Typ CONpAXKEHUS HE pa3OpBaH HEBEP- yenu Rpcpft)BﬁUBgem koHmyp
conpsixkeHus (a); cnedyem usmeHuUMb
HBbIM BK/TIOYE€HMEM. coedunenue (6)
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. PAAMOAIOBUTEAD: Cozndcen: 8038paujaemcst

Re Ce Kk puc. 9.11.
Cl:l " Korpa pagnonio6urenu He IOHUMAIOT HEO6-
XOIMMOCTY MIPOCTIEXMBATh KOHTYP COMpsiXke-
HMA, CIEACTBYIEM OKa3bIBAIOTCA HE TOMBKO
Cs HEYCTOYMBbIE K TIOMEXaM CBSI31, a JiaXKe IPo-
CTO MMIIHME 37ieMeHTHl. Kak, Hampumep, Ha

puc. 9.15, a.
a 6

PAAUOAIOBUTEAD: Ilo380/1vme, HO ama
Puc. 9.15. Heneno: dse RC aueliku A ?
ABHO U36LIMOYHBI (a); TUWIHUE cxema — camas Knaccu-
demanu usbimaem (6) yeckas kaaccuxa!

Tak 1 ectb. OgHaKO CMOTpUTE: CBS3aB €UHCTBEHHBIM KOHJ€HCATO-
' pOoM 3MUTTep ¢ BepxXHUM (IO CXeMe) BBIBOLOM Pe3NCTOPa HarPy3Ku, MBI
BOCTUTHeM U Tpebyemoro 3¢ dexTa 6/IOKMPOBKY SIMUTTEPHOTO PE3UCTOPA,
M IPaBU/IBHOTO CONIPsDKEHNA 1O CUrHanaM (puc. 9.15, 6).

PAAMOAIOBUTEAD: M demaneti cmano menvude... IIpocmo uydeca.

CBA3b TOK-TOK

ITopo6Has cBA3b B MPUHIMIIE YCTOIYMBA K IIOME€XaM: B Hell OTCYTCTBYeT
3aMKHYTBIII KOHTYp conpspkeHus. Ha nepBbiit B3rIaj nmoteHuuan 6asnl
VT2 (puc. 9.16, a) He JO/DKEH BIVATH Ha pabOTY CXEMBI.

TeMm He MeHee, MOMeXM Ha NIMHAX MOTYT BO3JECTBOBATb U 37€Ch,
TOJIBKO Me€XaHM3M MHoIi. BcmoMHMB, uTo TpaH3uctop V11 uMeeT KOHed-
HYIO BHIXOZHYIO IPOBOAUMOCTD (cM. «IIIar 2»), MbI noJiMeM, 4TO ITy/Ibca-
LYY HanpspKeHuA 6a3bl (a 3HAYUT, ¥ HANPsOKEHNA Ha CTOKe) U, 9KBUBa-

JIEHTHBI BO3Je/ICTBUIO IIOMEXU

+E1 +E1 IPsIMO Ha 3aTBOP:
Rp

VT2 -
Upx oxs = &2/ S.
VT1 Ce
O6paturech K MacHOPTHBIM
. JHaHHBIM pacHnpoOCTpaHEHHBIX
a 6 IIO/IEBBIX TPAH3UCTOPOB, U BB
Puc. 9.16. [lomexa Ha wiuHe 3K8u8aneHMHa o6Hapy>KMTe, YTO OTHOLIEHME
8X00HOMy 8030elicmauto (a); ly4duie 3aMKHymMb

KOHMYP CONPAXEHUA (6) £,,/S He Tak yXx Mano (MoxeT

npesbIats 0,1).
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W3-3a HEBBICOKOTO BBIXOJHOTO COIPOTUB/IEHMA KacKajja — MCTOYHMKA
CBA3b TOK-TOK OKa3aJIach BCe Xe MOJIBEepXEeHHOII ToMexaM. Bo3aMoXxHo, 4To
NIPUAETCA 3aMKHYThb KOHTYP COIIPsDKEHNA pa3BA3bIBalollell eMKOCTbIO, KaK
Ha puc. 9.16, 6.

Jlns1 cpaBHeHNMs yKaXkeM, 4To ecrv Ha MecTe V11 npuMeHeH npeo6paso-
BaTe/Ib HaIPsDKEHNS B TOK Ha GUIIONAPHOM, a He Ha ITOJIEBOM TPaH3NCTOpe,
TIOfjaB/IeHyie TOMeXY 110 IINTaHMIO OyeT He MeHee YeM ThICAYEKPAaTHBIM;
TaKas CBA3b 3allyilleHa 63 JOMOMTHUTENbHBIX Mep.

N3BecTHass 0COOEHHOCTb CXEMHBIX CTPYKTYP MaKCMMaJIbHOTO yCH-
JIeHNs, — HEeBbICOKOEe BBIXOJHOE CONPOTUB/IEHME, — 00epHY/Iach Tenepb
HafieHNeM CTeTIeHM 3aIUMILEHHOCTY MEXXYKaCKaJHbIX CBA3eIL.

Uenu cmewennn

OHM CBA3BIBAIOT BXOJHBIE 9/IEKTPOAbI TPAH3UCTOpA C IIMHAMM IINTA-
HIIAL, ¥ IO9TOMY HEPEJIKO Pa3bMBaIOT KOHTYP COMPsKeHNs. VIMEHHO TaKyIo
CUTYaLIMIO BBl BUAUTE Ha puc. 9.17, a, rae nenutens RI1R2 nepenaet Ha 6a3y
He TONIbKO YaCTh MMOCTOAHHOTO HANIPS)KEHNA C IUMHBI, HO ¥ IPUCYTCTBYIO-
IyI0 Ha Hell moMexy. KoHe4HO, ypoBeHb IIOMeXM Ha BXofie 6yzmeT ompefe-
JNIATHCS IApaMeTPaMu ie/IUTeIs, HVDKHee IIeY0 KOToporo o6pasyior u R2,
Y BXOHOE CONIPOTUBJIEHME KacKajia, i COMPOTUB/IEHUE MCTOYHUKA CUT-
Haa.

Ho, Bce ke, 9TOT YpOBEHb MOXKET OKa3aTbCsA HEAOIMYCTUMBIM, U TOTAA
MICTIONb3YIOT M3BECTHBIE y)XKe€ MEeTOAbl pa3BA3KM, KaK, HallpuMep, Ha
puc. 9.17, 6.

B aTOM BapMaHTe KOHTYp, BK/IIOYAIOLINii, KpOMe MCTOYHMKA CUTHasa
M BXOfia KacKafia, mapajie/ibHble MM pe3sucTopsl R1 u R2, coepuHseTcA C
HY/IeBOJ1 LIVHO JIMLIb B OFHOI TOYKe; 60/Ib-
mas BenuuuHa C, M30/IMpYyeT ero OoT UCTOY-

HUuKa +E. +E

B psipe cy4yaeB, 0CO6€HHO IIPU UCIIONB30- R1
BaHUY IOJIEBBIX IPUOOPOB, OKOOHBIE MePHI
OKa3bIBaIOTCA M3NMUIIHKUMM. Tak Ha puc. 9.18,
ecnu pesuctop RI umeer BenmnuuHy 1 MOwm, R2
a BHyTpeHHee CONPOTUBIIeHNE MUKPOJOHa
cocrassier 100 Om, momexa c mnubl E1 6yner

+E

a 6
4
nofas/nexa B 10 pas. Puc. 9.17. Peaucmop R1 eHocum
Eme pas oTMeyalo: 3ajjadya CO3aHMA noMeXxy ¢ WUHb! & KOHMYP
YCTOMYMBBIX OTHOCUTENBHO CAMOBO3GyXje-  COPAweHus (a) neobxoduma

pas3esnska (6)
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HJA MHOTOKACKa/IHbIX CX€M ITOTHOCTBIO COBIAJAET C
3ajjayeil IIOBBIIIEHMS 3aIIMIIEHHOCTH CX€M OT pas-
nu4yHoro pona nmoMex. CkaxkeM, CeTeBBIX ITy/IbCALIVil
IIMTAIOUINX HAIIPSKEHMUI.

R1

Puc. 9.18. Peaucmop R1
60/1bUI020 HOMUHANA
npakmuyecku He
B8HOCUM nomex

9.3. Bonpocbi N3 NpakTUKn

PAAUMOAIOBUTEAD: Ymobvt nosvicums ycunexue, 0asaemoe cxemoil Ha
puc. 9.19, 2 ysenuuun nazpysky nepeozo kackaoa
(unoyxmuenocmo opoccens L), Ho amo He 0ano Huxa-
xozo agppexma. Toz0a s yeenuuun conpomusnerue
Hazpy3Ku 8mopozo Kkackaoa R3, Ho maxice 6e3pe3ynv-
mamno. B uem sice deno?

Ilepen HaMy — ABYXKacKaZHasi cxeMa CO CBS-
3bI0 TOK-TOK (T. €. KACKOJfHasA) C.HU3KOOMHBIM

BbixooM. Koadpuument nepegaun 3gece, ove- vie
BUIHO, paBeEH: Cl'i
K. = Lppix.1 Uppixa _ SR2 R2
U= =9 . 2,2k R3

3,3k

Upx1  IBxa

HORATHO, UTO Ipx; = Ipux.i Puc. 9.19. louemy He
VITax, CnefoBaso yBeNMINBATD COMPOTUBIIE.  yooni i iaaemca ycuneue?

Hue pe3ucropa R2!

PAAMOAIOBUTEAD: [Ipu nposepke ycunumens (puc. 9.20) Ha 8vixo0e npo-
cywueaemcs cunvHolii Porn ¢ wacmomoii 100 Iy,
3HAYUMETILHO NPeBLIUAIOULULL YPOBEHD NYTIbCcaluli HA
wune E1. Omxyoa o 6epemca?

SIBnenue 06BACHMMO: BBI 3[€Ch He YUIU, YTO BHIXOJHOE HANpsKeHMe
SMUTTEPHOTO IIOBTOPUTE/IA OTCUUTHIBAETCA OTHOCUTE/NBHO TOM YK€ TOYKM,
4TO ¥ BXO[HOE, Ha pHUC. 9.20 — 9TO 3a3eMJ/IEHHBI BHIBOJ BTOPUYHOII
06MOTKY BXOZHOTO TpaHCcopMaTopa. 3HaUMT, K JAHHOI TOUKE U JOIDKEH
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OBITH MOAK/IIOYEH HIY>KHUIL (110 cxeMe) BbiBox C2, a
TeM caMbIM — sMuTTep VT2 1o curHainy.

CoenyHMB yKa3aHHBIN BHIBOJ, C MMHOM E2, BB
IIOfa/IM Ha yCUIeHNe BTOPBIM KacKaZioM Bce feil-
CTBYIOIIME HA 9TOI MIVMHE OTHOCUTEIBHO «3eMJIN»
IIOMeXM, B TOM Y¥CJIe ¥ ITY/IbCAIIUY CETEBOTO BHIIPS-
mutens. Ecmu ucrtounuk E2 6yneT MCIIONb30BaThCsA
IUIs1 MATAHUS TaKXKe U MOCTIEAYIOMMX KacKa/oB YCH-
JINTENs], CAMOBO30Y>KeH)e TapaHTUPOBAHO.

Puc. 9.20. B yem npuquHa
CUNbHO20 ¢poHa?

PAAMOAIOBUTEAD: VI3 08YX JHypHANbHBIX CXeM HU3KOHACIMOMHOZ0 YCUNU-

mens (puc. 9.21) moti coced — 10HwLil paouoniobumensv
pewiun evibpamv 6mopoil sapuanm: npumeHeHuem
IMUMMEPHO20 NOBMOPUMETIST MOICHO, KAK OH C/ibl-"
Wan, CHU3UMb BbIX00HOE CONPOMuUeeHUe, CO2NIAC08A8

cxemy ¢ HU3KoomHou Hazpyskou. On npae?

Yerryxa. Bropoit BapuaHT BOBCe He AB/IA€TCA SMUTTEPHBIM IIOBTOPUTETIEM.

PAAMOAIOBUTEAD: To ecmb kax?

BXO,II €0 INTAETCA TOKOM, a HE HANIPAJKEHNEM. 3Ha4YNT, 3TO — HU3KO-

CTabM/IBHBIN YCUINTEb TOKA ¢ KoaduuyenToM nepenaun K, =h

cxeMbl aOCOMIOTHO 3KBUBA/JIEHTHBI.

O6e

219°

PAAVIOAIOBUTEAD: Mos udest cmecumens (puc. 9.22) ocHoeaxa Ha usmeHe-
HUU CONPOMUBIEHUU NOe8020 MPAH3UCMOPA, CIOS-
uie20 6 yenu nepedauu, konebarnuem zemepooura. Kax

sam cmecumernv?

NS RS
a 6

Puc. 9.21. Ymo sbibpame: ycunumene Puc. 9.22. Cmecumene
¢ obwum amummepom (a) unu € ynpaenaembimM NOC/1e008amenbHbiM
amummepHuili noemopumen (6)? conpomusneHuem?
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OH He 6Gyner paboTarb: ympaBieHue
U compoTMBNEHMEM, BKIIOYEHHBIM MOCTIE-
[OBaTe/IbHO C OY€Hb BHICOKMM BBIXOAHbBIM
COIIPOTUBJIEHNEM TPENbIAYILETO KacKazja,
6eccmbicnenHo. CreayeT HpUMEHMTH
cMecuTe/lb, paboTaoLyil 10 NPUHIUITY

Puc. 9.23. Cmecumens YIIpaB/IeHUs pacIpefe/ieHueM TOKOB, KakK
nepepacnpedensem mok
npedbidyuje2o Kackada Ha puc. 9.23.

9.4. lononHeHne ana niobo3HaTeNbHbIX

CornacoBsaHue no wymam

B MukpodonHoM ycunurene (puc. 9.24) pemieHo, puMeHEHNEM COITIa-
cyiollero TpaHcpOpMaTopa, CHUSUTD BIVSIHME LIYMOB BXOJHOTO ITO/IEBOTO
TPaH3UCTOPA.

DTO BAMAHME MOXKHO OTOOPa3UTb MOJENBIO, COAepXKalleil B Leny
3aTBOpa «M/€a/IbHOTO» TPAH3MCTOpa SKBMBATIEHTHBI MCTOYHMK LIYMO-
BOTO HANIPSYKEHUSA €y, CYMMUPYIOLIETOCs C IOIE3HBIM CUTHAIOM. Tak mis

npu6bopa 2I1303A cpegumit kBagpar IJIC mymos,
2N303A K
@ i COITIaCHO TMacmoprty, He mpeBsiaeT (0,03 MxB)

Ha Kaxpsle 1 Iy monockl yactoT. IIpuMeHeHne
TIOBBIIIAIOUIETO Tpancq)opMaTopa YBENIMYNUT, KaK
K TCA BE€Hb HAIIPSXKEHUA IT HOT'O CUT-
Puc. 9.24. HapawueaHue aXeTCid, ypo PAXKEHNA TIOTIESHOTO C
8UMKO8 8MOopUYHOL Hana. VI TeM 6onblie, 4eM Bbille KO3QuIMeHT
06MomKu ewe He 03Hayaem  tpaHcpopMauuu #n, (BXOZHOE CONPOTUBIIEHNUE
ynydweHus coenacoeaHun
KacKajia MpakTU4EeCKN 6eCKOHEYHO).

PAAMOAIOBUTEAB: TTonyuaemcs, umo yeenuuueas 4ucno 6UmKoe émo-
puuHoil 06mMomKU, Mbl 0OCMUZHEM HeOZPAHUYEH-
HO020 npeeviuleHUsl YPOBHS NOJIE3HO20 CUZHANA HAD
wymamu?

Ha camom pere Her.

Bo-nepBbIX, HUKAKVM COT/IACOBaHVEM He/Tb3s1 CHU3UTD BE/IMUMHY OTHOLLIe-
HUs1 3¢ PEeKTHBHBIX HAIIPSDKEHNI LIlyMa M CUTHaJIa HYDKe TOJ, KOTopas onpe-
AENAETCS LIyMaMyt BHY TPEHHErO CONPOTMB/ICHMS CTOYHMKA CUTHANIA, — B
COOTBETCTBHSA C U3BeCTHOI popmynoit Haitksucra ey, = 4RKTAf.
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K npumepy, akTuBHoe conpotusieHue R =100 Om npu TeMmeparype
T =300 K sBnseTcs reHepaTOpoOM IIYMOBOTO HampsKeHus (B monoce
vactot Af =10 xI'yy) 0,13 mxB 3!

A 6bIBaeT, YTO HEOTPAaHUYEHHOTO CHIDKEHMSA BIIMAHYUA IIYMOB TPaH3U-
CTOpa HEeT CMBIC/IA OOMBATHCA: M3-3a HEM36€XXHOTO MPUCYTCTBYA Ha BXOfE
¥ IPyTOTO pofia MoMex (3NeKTpUIeCKUX HaBOJIOK).

Bo-BTOpBhIX, «ynydllleH)e COrlaCcOBaHUA» OTPaAaHUYEHO MapasUTHON
€MKOCTbIO BO BXOJHOJ LieNM TPaH3UCTOpa, NpeBpalnalleii BTopud-
HYI0 06MOTKY TpaHcpopMaTopa B KonebaTenbHblit KOHTYp. PesoHaHCHasA
YacTOTa, Npy 6ONBLIOM YNC/Ie BUTKOB, MOXKET OKa3aTbCs B paboueM fna-
Ma30He, YTO HEAOMYCTUMO AJIA IMPOKOIIOIOCHOTO YCU/IUTENS.

A B y3KOIIOJIOCHOM — Ha060pOT, MMEHHO pPe30HAaHC BXORHOI Lienu 1
omnpenensaeT MAaKCMMYM HanpsXXeHUs CUIHa/la Ha 3aTBOpE.

B-TpeTbux, npu cOnpoTUBIEHUM LiENM 3aTBOPa OT COTEH KUIOOM U
BBIILIE HEMb3s yKe peHe6peub [06aBOYHBIM BIMAHMUEM TAKXKe U TeHepa-
TOpPa LIYMOBOT'O TOKA iy;;, KOTOPBIif IPUCYTCTBYET B 60/Ie€ TOUHOI MOJENN.
Kak 3To BnMsieT Ha corlacoBaHye, MBI ceifyac yBUAMM Ha npumepe 6umo-
JIIPHOTO TPaH3MUCTOPA.

Lym 6unonsapHOro TpaH3ucropa

IITymoBast MOfie/Ib COIEP>KUT IPAKTIYECKY He3aBMCUMBbIe MCTOYHMK LITyMO-
BOTO HANPsDKEHUA ey, ¥ LIYMOBOTO TOKa iy, B leny 6asbl. I1o aToit mpuunse
addexTHBHOE 3HaYEHIIE IKBUBAIEHTHOTO HAIIPSDKEHVS IIlyMa Ha BXOJE YCUIN-
TeNbHOTO Kackazia (puc. 9.25), 06yc/oBeHHOe TPaH3MCTOPOM, 6yfieT paBHO:

Uy =+ efu +(iy Ry ). (9.6)

3pech R; — conpoTusneHue 6a30BoI1 LNy /1A LTyMOBOTO TOKa, PaBHOE,
oueBuAHO: Ry = Ry R, /(Ry, + R, ), TO ecTb 06pa3oBaHHOE NapajlleNIbHbIM
COEMHEHMEM BXOJJHOTO CONIPOTMB/IEHNMA KacKafia ¥ BHYTPEHHETO COMpO-
TUBJIEHUS MICTOYHMKA CUTHAJIA.

R, =R’ R, — 370 B laHHOM Clyuae
aKTMBHOE CONPOTUBIIeHNE MUKPOGOHA. I

B (9.6) yuTeHO, YTO IpU CIO>KEHUM @:
HEKOppeNMpPOBaHHBIX IPOIECCOB CYM-
MUPYIOTCA X MOIIHOCTM.

Puc. 9.25. MakcumansHoe npesbiweHue

Teneps onpenenum BenuIMHY Hanpsi- cuzHana Hao wymom 6ydem npu
JXKeHus CUrHasia Ha BXOje YCM}IMTCHH. conpomus/ieHuUU UCMOoYHUKA, MEHbWEM

9JIC MCTOYHNKA CUTHANA: €. = €M, ITie 6x00H020 conpomuerenus



256 WcKyccTBO cxeMoTexHunKn. NpocTo o cnoxHoOm

e, — 9JIC, cosnaBaemas MUKpopoHOM. BHyTpeHHee CONMpOTHUBIEHME
PaBHO Ry, a 3HAYMT, KaK JIETKO Y6eUThbCsA, Hanbonblliee HANIPsKEHME CHUT-
Hana (paBHoe 0,5e,11) IeViICTBUTENBHO IONyYaeTca Ipu R, = R,,.

Ho 3Ha4MT /i1 3TO, YTO MMEHHO 1 = ,/R,, /R, u obecneunBaer onTu-
MajibHOe cornacopaHme? Pasymeercs, HeT. MakcMMyM IOKa3aTesns Kade-
CTBa U / Uy BOBCe He 6y/IeT COOTBETCTBOBATh MAKCHMYMY U : BETMYMHA Uy,
TaK>Ke 3aBYICUT OT 71, @ 3HAUMUT, «COI/IACOBaHMe II0 IIyMaM» GyfieT JOCTHT-
HYTO IIPY MEHbIIIEM, YeM OXXMAAN0Ch, 3HadeHnM R,!

PAAMOAIOBUTEAD: Bawiu 20108010MHbBIE BLIKNAOKU HECKONLKO nyezarom.

3TO BCero NMIIb HECKOIBKO HECTIOXHBIX GopMyIL. [la ¥ IpUBeeHBI OHM
371eCh BOBCE He JI/Is1 TOTO, YTOOBI Bbl HEMEIEHHO OpainCh 3a BBIYMC/ICHUS:
BCE PaBHO OCTOBEPHBIX JAHHBIX O IIapaMeTpax IIYMOBOJ MOJENMN ey U iy,
CEpUITHO BBIITYCKaeMbIX TPaH3UCTOPOB HeET.

PAAMOAIOBUTEAD: Kaxk jice mozoa Oeticmeosamv?

Ha npakTuke He OCTaeTCs HMYEro MHOrO, KaK BHIOpATh BEMMYMHY
COIIPOTHBIIEHMS MCTOYHMKA BXOJHOTO CUTHANA (IlepeCYUTAHHYIO K BXOAY
TPaH3UCTOPa) TAaKO Xe, KaK U Ta, IIPU KOTOPOI KOHTPOIIUPYETCS KO3d-
¢unment myma Fy; B 3aBofgckux ucnbitaunsax. Hanpumep, ans npubopa
2T208B F;; < 4 0b npu R, = 3 xOm...

PAAMOAIOBUTEAD: Kak nonumame smu yudpui?

OTO0 9KBUBAJIEHTHO TOMY, KaK OyATO 6Bl €CTECTBEHHBIN LITyMOBOJI CUTHAJI,
cosnaBaeMblit 3000-OMHBIM BHYTPEHHMM COIPOTUBJIEHMEM MCTOYHMKA,
Bo3poc Ha 4 0B (He 6onee). DTuM u ucyepnbiBaeTcsa pacyeT. ONTUMUCT
6yZmeT Io/MaraThCs Ha TO, YTO BEIMYMHA COIIPOTMBIIEHN, IPUBEAECHHAs B
TE€XHUYECKUX YCTOBUAX, HE TaK YXK CU/IPHO OT/IMYAETCA OT HaMBbITOJHEN -
1€l 1A JAaHHOTO TUIIA TPaH3UCTOpa.

PAAUOAIOBUTEAB: A umo denamv neccumucmy?

HaBepHo, IOITbITAaTbCA 3KCIIEPUMEHTATIBHO H0)106paTb CTEIIEHDb Corya-
COBaHMsA C UICTOYHUKOM, IIpU KOTOpOl?I OTHOIIICHUE Hanpaxenmﬁ CUTHa/Ia u
mymMa MaKCHMMAaJIbHO. Co3HaBas, TeM He MEHee: pe3ynbprar, HOHY‘ICHHHﬁ Ha
CIIY‘-I&ﬁHOM 3K3EMIINIApPE TPAH3UCTOPA, HENb3s IIPUHMUMATD 3a 06].1.(14171
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HAAEXHOCTb MNONYNPOBOAHUKOBbBIX CXEM

O6bIY4HO HAOGEXHOCMb RMOHUMAEmCS 8 CMbIc/ie 8bIXo0a
us CmpoA 3/1emMeHmos, 8 YACMHOCMU NOJlyNPOBOOHUKOS.
HauvuHarowum Heu3eecmHo, 4mo 803MOXHbl MAKXe CMPAaHHble
«HeucnpasHoOCMu», He C8A3aHHbIe C OMKA3aMU MpaH3ucmopos:
npocmo mpaH3ucmop nocmaesieH 8 HeycmoUduesili 3/1IeKmpu-
qecKkuli peXkum.

Ymo amo makoe, kak NOHUMAaMe CMbIC/1 npedeslbHo-0oNny-
CMuMBbIX 3Ha4YeHull 8 CNPABOYHUKAX, KAk co3dasams ycmoliyu-
8ble CxeMbl — 3MuM 8onpocam .noceawleH «Llaz». Ocobo pac-
cmMampueaemcs 8/iusHUe mensio8biX MOKO8 MpPaH3ucmopos Ha
HAoeXxHOCMb CXeM, U NOKA36l8GeMCA, KaK €20 yCmpaHume.

Pa3obpaHo MHOXecmeo npumepos cxem, 3aUMCMBO8AHHbIX
u3 lumepamypei, 8 Komopeix 0onyujeHol oOWUbKuU, 8/1usAOUUE HA
HAO0eXXHOCMb CXeM, 8 MOM Yuc/ie 00CMAMOYHO KOMUYHbIe.

10.1. HapeXXHOCTb 3N1IeKTPNUYECKOro peXxuma

MHuMble oTKa3bl

Pecypc paboThl monynpoBOAHMKOB NpaKTUYeCKM HeEOTPaHUYEH.
W, ogHaKo, OTKa3bI 9/IEKTPOHHBIX CXeM — He HaCTO/IbKO pPefKoe AB/IEHIE,
KaK MOXXHO 6b1/10 651 0XkuzaTh. OOGBIYHO BBIACHAETCS, YTO OKA3a/INCh IIpe-
BbIIIEHHBIMM TIpefeNIbHO-KONyCTUMblEe 3HaYEHUA HaNPAXKEHUII, TOKOB,
paccenBaeMoii MOITHOCTH, YTO ¥ IIPUBETIO K BBIXOMY M3 CTPOs 97IEMEHTA.

Ho 6b1BaeT, 4T0 607b1IIE IPO6IEM JOCTAB/IAIOT CUTYALUY 3aTaJOYHBIX
«HEVICIIPaBHOCTEl», He CBA3aHHBIX COOCTBEHHO C OTKa3aMy KOMIIOHEHTOB
cxeMbl. [TpuunHOI ABNAIOTCA HEOObIYHBIE OOpATHBIE CBA3M, HE YUYTEHHBIE
M3-3a C1aboro 3HaHMA CBOWCTB ITONYNPOBOJHMUKOB ¥ HEJOIIOHMMAaHUS

CMBIC/IA TIPeAENTbHO-JOMYCTHMBIX BETMYMH.
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OwunbKa B cnpaBovHuKe?

3arnsaHeM B fokyMeHTaumio. Ha mepBblit B3rnAj Bce NMpefCcTaBA-
eTCs SCHBIM: IJIf M060ro TpaH3UCTOpa aHbl TPV 3HAYEHNA NpefeIbHO-
HOIYCTUMBIX HaIIpsDKEHMI MeXXAy anektpopamu. K npumepy, ans npubopa
tina 2T625A-2 ykasano: Uy, = 5B, Uygore =60B,Uy,,.. =40B

PAAUOAIOBUTEAB: Cmon, noxosice, mym Kaxas-mo ouubka: Henv3s 6edv,
8 camom Oene, nodamv 60 8onbm mexn0y KonIeKmo-
pom u 6asoil, He npesvicUs donycmumoe 3HaueHue
U,.!

K .

Ho 3aMeTbTe: NOK06HbIE KaXYIIMEC «KHEYBA3SKU» B CIIPaBOYHMKE — Ha
KaXk[Iof CTpaHMLIE.

PAAMOAIOBUTEADB: Onams cexpemui?

HeitcTBuTenbHO. VI TYT He 060MTHCH 6€3 06CTOATENBHBIX Pa3bsACHEHUIL.

JNlaBUHHbBIN npo6oi

3anept 11 TPaH3UCTOP, AU HAXOAUTCA B aKTUBHOM peXxmume, — B
060ux clydasix OH MMeeT XOTA OBl OAVH Iepexof, HaAXOASIIUIACA TIOf
06paTHBIM HaIIpsHKEHMEM: 3TO Nepexof] Ko/uleKTop-6asa. OfHa u3 cocTas-
JISIIOIIMX TOKA YTeUKM I, CBA3aHa C Ha/IM4MeM HEOCHOBHbIX HOCHUTeIEN B
IIO/TyTIPOBOHMKOBOM Matepuaie. [IpeBbIllieHO HONyCcTHMOe HalpsKeHue
MeXAy Ko/mnekTopoM u 6asoit (puc. 10.1, @) — 3TO 3Ha4YMT, YTO Ha4anach
AOIO/THUTENbHASA MOHM3ALMS AaTOMOB KPUCTA/I/INYECKOM pelIeTKH, BO3-
HMKaeT JlaBMHa CBOOOAHBIX HOCUTeTIel: Tpo6oit mepexopa. TouHO Tax e
po6uBaeTcs 1 OOBIYHBII YOS,

Ho gna HOpMasnbHOI paboThl B aKTMBHOM
pexume (puc. 10.1, 6) ycnosusa U, <U
MOXKET ObITh HEMOCTATOYHO.

*+Ex KBmaxc

PAAVIOAIOBUTEAD: A 6 yem pasnuua?

a 6

Puc. 10.1. Hanpsxerue, Hleno B TOM, 4YTO TOK 3MUTTEpa B TOI Xe
6onvwee, yem Uy, 2po3um

npo6oem (a), Ho U npu CTeIleHM, YTO U TOK I;;,, OfBEP)KEH IIpoueccy

MeHbWeM HanpaXeHuu moxem JIABMHHOI'O pa3MHOXXEHUA HOCUTENEN B KOJI/IEK-

U3MeHUMbCA HanpaeneHue |
6a308020 moka (6) TOPHOM IIEPEXOAC:
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3HaYNT, He UCK/TIOYEHO, YTO KOHIICKTOPHbIﬁ TOK MOJXET CTaTb 34€Cb
Aaxe 6onplIe 3MUTTEPHOTO TOKaA...

PAANOAIOBUTEAB: A uuman, Memby npovum, 4mo 6 nepsvix, maxk Hasvi-
8aeMblx «MOUEUHbIX», MPAH3ucmopax 6bL10 UMEHHO
max.

BepHo, HO 1114 3TUX TPaH3UCTOPOB Hayaja IOMYIIPOBOSHUKOBO 3pbl
IpPUMEHA/NIACh MHAA CXEMOTEXHMKA.

He 3a6siBaiiTe, 4TO Lienb f;06aBOYHOrO TOKa KOJ/IEKTOpa 3aMBbIKa-
eTca yepe3 6asy. BbIxoguT, YTO KpoMe HOpMaIBHOTO TOKA 6a3bl, paBHOTO
I, /(hy5 +1), B 3TOI eI MOXET BOSHUKHYTD (TP OTIpeieIeHHOM Hamnps-
YKEHVY) JOMIONTHUTENbHASA COCTAB/IAIONIAs IPOTMBOIOIOKHOTO 3HaKa.

PAAMOAIOBUTEAD: ﬂOZdbblBaIOCb, Umo HUYe20 Xopouiezo 6 IMom Hem?

Pasymeercsa. HaunHaeTca He)xenaTenbHOE yXyZlleHue IapaMeTpOB
6UIIONIAPHOTO TPAH3MUCTOPA: CHIKAETCS BBIXOHOE CONPOTMBIIEHME, U, YTO
caMoe HenpuATHOe, K03 uLmeHT pAMOIt epefayn Toka 6assl h,,, cTa-
HOBUTCS OTPULIATENbHbIM!

PAAMOAIOBUTEAD: YousumenvHo... Ho ece-maxku — uem xoHxpemHo
0NacHvl NPOUECCyl, CBA3AHHbIE C USMEHEHUEM HANPAB-
nenus moxa 6asvi? M, enasuoe, Kkaxyro eenuuuHy Kon-
nexmopHozo Hanpaxernus (ecnu ve Uy, ) cuumamo
npeoenvHo 0onycmumo?

Jlis 060CHOBaHHOTO OTBETa C/IEAyeT HEMHOTO NOAPOOHee pa3obpaThCs
B IIPOVICXOAAIINX ABTEHNUAX.

W npuiiio BpeMs CO3HAaTbCA B ONHOM «HETOYHOCTU»: IO CUX ITOP MBI
KaK-TO He fe/la/iy pasnuuusa Mexny auddeperiyanbHpiM KoadunmeH-
TOM Nepefiauy ToKa 6asbl h, 5 = Al, /Al u unrerpanbubiM Bo, = I /1.
U a0 BiONHE OMTycTUMO A/A pacyeToB. CO6CTBEHHO rOBOPS, X He pas-
NNYAIOT ¥ TPy IIpMEMKe Ha 3aBOJie-U3TOTOBUTENe (3aMepsis MOPOit TOf
HasBaHMeM Hh,,, faxke HEKOTOPYIO TPeThIO BemnuuHy). OfHako B 06macTu
NpeAnpo6OofHBIX ABNEHNI 1Ba YKa3aHHBIX ITapaMeTpa HauYMHAIOT CYIlije-
CTBEHHO PaCXOAMUTHCA.
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I'pal-lmu-loe HanpAXeHune

B TpaH3ucTOpHOM KacKafie ¢ 3aJaHHBIM TOKOM aMurTepa (puc. 10.1, 6)
6yzmeM yBeMuMBaTh KO/UIEKTOPHBIN IOTeHIMA. B onpeneneHHbIT MOMEHT
(rIpu Tak Ha3bIBaeMOM IPaHIMYHOM HAIIPSDKEHMY) TOK 6a3bl CTaHET PaBHBIM
HYJIIO, 2 3aTeM CMEHMT HampabjieHue. 9TO — HepBasA XapaKTepHas TOYKa:
BeMuMHa B, HEOTPaHMYEHHO PaCTeT, CTAHOBSICH 3aTeM OTPUIIATE/TbHOIL.
JIerko MOHATH, YTO IPaHMYHOE HAIpsKEHME 3aBUCUT OT BEIMYMHBI TOKa
(Bo3pacTas ¢ yBem4eHNeM TOKa SMUTTEPA).

Y HEKOTOPBIX TPaH3UCTOPOB BEMMYNHA TPAHNYHOTO HANPsDKe s Uy,
IpSIMO OrOBOpeHa JOKyMeHTalyeil. KOHTponb ee mpousBoOUTCA M3roTO-
BUTE/ISAMM OYeHb IPOCTO: NMOfadell HAPSHKEHUS MEeXAY KOIEKTOPOM M
3MUTTEPOM IIpu «06OpBaHHOIT» 6a3e (TOrAA TPaH3UCTOP BCETMa OKa3bIBa-
eTCs B PeXMMe, IIpy KoTopoM I, =0, To ecTb B, = o). Tak, mna nmpubopa
2T388A-2 no macnopty U, He MeHee 50 Bnipu I, =10 MA.

K3zp

PAAMOAIOBUTEAD: Kak amo noHumamov?

3IT0 03HavaeT, YTO P BK/IoYeHUN ¢ 06opBaHHoOI 6a3oi mpu Uy, =50 B
TOK TpaH3ucTopa He npeBbicuT 10 MA. Ho, KOHEYHO, He 3HAYMT, YTO NOTpe-
6UTENI0 peKOMEHIyeTCs IKCIUTyaTHpOBaTh Npubop Takum obpasom!

HanpsxeHune nepesopoTa ¢asbl

ITpomomxum yBenuyeHue NOTEHIIMANIA KONIEKTOPA, M Mbl JOCTUTHEM
BTOPOJ1 XapaKTepHOM TOYKM: HAYHET HEOTPAHMYEHHO BO3PACTATh U, HAKO-
Hell, UI3MEHNUT 3HaK BeIN4MHa h,,,. CooTBeTCTBYIOIee Hanpsokerne U,
Ha3bIBAIOT HepeaKo HaIpsDKeHNeM IepeBopoTa (a3l 6a3oBoro Toka. [Tpu
AanbHelIleM BO3pacTaHUM HaNpsDKeHusa KoadduumeHr h,, ,, ocraBasich
OTpUILIATe/IbHBIM, OyIeT YMEHBIIATHCA 0 a6COMIOTHO BETMYMHE.

[TonsATHO, YTO MMEHHO npeBbilieHne U, co3faeT yrposy yCTOMINBOCTI
CXeM: BXOJHOe COIIPOTHBIIEHNE TPAaH3UCTOPA CO CTOPOHBI 6a3bl Ry, CBA-
3aHHOe C h,,;, CTAHOBUTCSA OTpULIATENbHBIM. PaccMOTpuM BeTpevalomuecs
IIPaKTUYECKM BapUAHTBI.

MutaHune 6a3bl pUKCMPOBAHHBIM TOKOM

DTo caMblit HeHaJeXHbI BapuaHT (puc. 10.2): Bexp npu U,, >U,
BXOZIHOE CONIPOTMBIIEHME TPAH3UCTOPa Ry CTAaHOBUTCA OTPUILIATENbHBIM.
BosHuKarowmas nonoXxuTenbHas o6paTHast CBA3b BbI3bIBAET HEMe[ICHHBIN
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. +E
mpo6oit (ecmu TOMBKO TOK KOJJIEKTOPA He OTpaHu-

4eH). DTO ke OTHOCUTCA, pasyMeeTcs, ¥ K BK/Iode- 4
HMIO ¢ «060pBaHHOI» 623011

Bornbiiie TOro: /1A TaKMX CXeM ONAacHO mpubnu-
XaThCA faXke K TPaHNYHOMY HANpsDKEHUIO, KOIha
pe3Ko HapacTaeT TOK Ko/lekTopa. [Ja u Boo6ie ux

a 6

Puc. 10.2. Cxemeo!

. € npuHyOumesnbHo
OCTEperaloTcs UCNONb30BAaTh M3-3a CKBEPHOI CTa-  3adasaembim mOKOM
6M/IBHOCTH 6a3b! HeHadeXHel
+
KoHeuHoe conpoTtusneHue 8 uenu 6asbl o
B
9To — 3HaKoMas KOHQUIypauus 3aKpBITOTO
kmoya (puc. 10.3). BxogHOe cOIIPOTHBIEHNE TPaH- ~
3MCTOpa 3aUIYHTUPOBAHO R, B pesynbrare o6paTHas Puc. 10.3. Yem
o MeHbWe gentuduHa
CBA3b HE CHIENIAETCA IIONIOXXUTE/TBHOM, ITOKa He BIITON- R,, mem Gonee
HuTCa: R Ry, /(Rg+Rpy) <0, TO ectb (—Ryy ) <R;. SbICOKOE HaNpANEHLie
ebloep)xuseaem
A 3TO cnyuMTCA NIpU HaNps>KeHUAX, 3aMeTHO 60/b- 3akpb,f,,b,a KoY

mux, 9yeM U,. 3a KONyCTUMYIO BETUYNHY HaIpsXKe-

HMsA MOXXHO 6path U,. Hanbonbluas ycTOMYMBOCTb COOTBETCTBYET 3aMbl-

KaHMIO 6a3bl Ha HMUTTEP: Yallle BCEro Mpo6oit BO3SMOXKEH TOIAa /IMIIb U

UKE > UKBmmc'

PAAVIOAIOBUTEAb: O0HAKO, TUCMAR CNPABOUHUK, S BUKCY, MO PedKo 20e
npusooumcs 3naverue U,

B 607bIIMHCTBE CTy4aeB MPSAMO OTOBOPEHO AOMYCTUMOE HaNpsKeHNe
KOJI/IEKTOP-3MUTTEP B MHTepecyiolleM Hac BKmodeHnn: U, .. Tak, ykasa-
HMe B nacropre npubopa 2T355A: U, ,, =15 B npu Ry, <3 kOm — He
TpebyeT noscHenmit. U, Bo BcakoMm cirydae, Uy, ABNAETCA Y>K TOYHO OITY-
CTUMBIM IIpK /106071 KOHEYHOI! BeM4YNHe Ry

ConpoTuBneHue B Luenu smuTTepa

IIpn R; =0 u xoHeuHOI BenmnmunHe R, (puc. 10.4, a) nonoxmuTenbHas
obpaTHas CBA3b IO PEXMMY OTCYTCTBYET ¥ IOTeHIIMA/ Ha KOJITIEKTOpe
orpannumBaeTcsa muub U, . OIHAKO He/lb3s YITyCKaTh U3 BUY BO3MOX-
HOJ1 HEYCTOMYMBOCTY 110 CUTHAJTY.

PAAMOAIOBUTEAD: M0 KAK NOHUMAMb?
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B 6a3e MorytT MmeThCs CHUT-
HanbHble nenu (puc. 10.4, 6),
u npu U>U, He uckmoYeHo,
4YTO BBINNOJTHUTCA YyC/IOBUE IOJIO-
XHUTENIbHOM OOpaTHOM CBA3M:

a 6 P (=Rpx) =—hy,R, <R;. Ponb Ry
Puc. 10.4. Ycmoliuussili no pexxumy kackao (a) VIpaeT 3AECh BHIXOMIHOE COMPOTHB-
MOXem cmame Heycmolivuaeim 01a cuzhana ~ JIEHME MCTOYHMKA CUTHAJIA, HAMIpU-

npu Hanpaxexuu, 60ﬂbng,6‘leA6 gg (6);3mo  Mep, pe30HAHCHOE COMPOTUBIIEHNE
8eposimHee 8 Kackaoe be3 8
P (e) KO/Ie6aTeIbHOTO KOHTYpa.

Rs

PAAMIOAIOBHUTEAD: 3Hauum, camoeo36yxioerue?

I[a... HO, €C/IN 9Y€CTHO, TaKad CUTyalust Majo-

+ +
BeposTHa. Hanpskenne, npu xkotopoM (-h,,,)
Re R YMEHBIIUTCA B TaKOM CTETIeHU, BUAMMO, IIPEBbI-
cut yxe U, . Kyna onachee, ecrn KacKa| BKIIIO-
R r. YeH Io cxeMe 6e3 pe3ucTopa 06paTHOI CBA3YU
k<] 3 N
-E -E
a 6

(puc. 10.4, 8), xorna |Ryy| nna curnana smaun-
TebHO MeHbille. [/ HepeMeHHbIX COCTaB/IAIONMX

. TOKOB U Hanp;m(ennﬁ MBI KakK 6bI NMEEM 31€eCh
Puc. 10.5. B ycmouuusom

no pexumy kackade cny4ai, cooTBeTcTBylomuit puc. 10.3. 3Hayur,
(a) He uckniodeHbl YCTOMYMBOCTD KacKa/la Ha YaCTOTe CUTHaJ/Ia rapaH-
penakcayuoHHele <
Kone6aHuR npu tupyetrca npu U, < U, ., TONTBKO COIIPOTUB/IEHUE
npegbiweHuu Uy, (6) R mpucyTCTByeT Tenepb IMUIID [/Ig CUTHaa!

ConpoTtuBneHue B Lenax 6a3bl n smutTepa

MBI yXe IOHMMaeM, YTO HEYCTOMYMBOCTD PeXXMMa, BO3HUKAIOIIas
npu (—Ryy ) =—h, ,R, <Ry, cM. puc. 10.5, a, 3gech BpsAx nu 6yseT MMeTh
MeCTO, ¥ TOTEHIMA/I KOJUIEKTOpa orpaHnuuBaetcs b Uyg,,... OfHako
B KacKajie MaKCMMaJIbHOTO ycuieHus (puc. 10.5, 6) BO3MOXKHOe oTpuLa-
TelIbHOE CONPOTMB/ICHNE TPAH3UCTOPA AJIA CUTHaNa OyAeT 3HaYMTEeNIbHO
MeHbllle TI0 abCOMOTHOI BemunuHe. ECM MbI XOTMM MCKIIOYUTD PUCK
BO3HMKHOBEHM aBTOKoMe6aumit (koraa |R,,| < R;), To CHOBa orpaHM4um
KOJ/IZIEKTOpHOE HalpshKeHue BemndnHoi Uy ,p.
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Cxema [lapnuHITOHa

Yo MOXKHO cKa3aTb 06 ycToitumBocTy pexxuma VT2 Ha puc. 10.6, a?

PAAMOAIOBUTEABD: E20 6a3a npucoedutera Kk HU3KOOMHOL yenu: 8vixo0y
IMUMMEPHO20 NOBMOPUMEST, YO XOPOULO.

+40 B makc. +50 B makc. +60 B makc.
VT1,VT2 VT1,VT2 VT1,VT2
2TC613b 2TC613B6 2TC613B
1k
100k
-E -E -E
a 6 8

Puc. 10.6. [lpu omcymcmeuu nymu 0515 06pamH020 moka 8mopo20 mpaH3ucmopa
npedenbHoe HanpsxeHue konnekmopa — Uys,, (a); ¢ pesucmopom mexody
amummepom u 6a3oll — Uy, (6); c 6annacmubim mokom — Uy, (8)

Ho Benpb npm HanpsikeHUM KONIEKTOP-IMUTTEP, PABHOM IPaHUYHOMY,
IpeKpaTUTCs TOK 6a3bl VT2, He Tak n?

PAAMOAIOBUTEAD: 3HA4UM CaHem Hyne6biM, U MoK IMummepa npeovi-
Oywezo mpansucmopa... Ilnoxo: kackao nepecmarem
pabomamp.

Ha, u npu fanbHeleM Bo3pacTaHuy HanpspkeHnsa VT2 okaspiBaeTcs B
pexuMe ¢ «o60opBaHHOI 6a30i1». 3HAYNT, TPaHUYHOE HANIPSDKEHNEe — Tpe-
He J/1s TaKoit KOHQUIypanmm.

JlocTaToYHO BKIIOYUTH MEXAY 6a30i u amutrrepoMm VT2 pesucrop —
¥ IOTIyCTMMBIM HalpsKeHUeEM OKaXKkeTcs yxe sHaueHue Uy, (puc. 10.6, 6).
Eme 6onee ycroitunBa cxeMa, B KOTOPOJ IPEAYCMOTPEH PE3UCTOP AJIA
rapaHTMPOBAHHON NOATPY3KM NMOBTOPUTENS 6A/IaCTHBIM TOKOM: 1€Ilb
6a3b1 VT2 cTana no-HacTosieMy Hu3KooMHoit (puc. 10.6, 8).

KackogHoe BKnioyeHune

Mbi BupenM, YTO TAPAHTUM INEKTPUIECKON YCTOMINMBOCTH peXMMa
TPaH3UCTOPOB B psfie CIy4aeB HefocTaTouHO. OTpuIaTeNIbHast BeMYMHA
h,,5 (4TO BepOATHO Npy HanpsDKeHUAX, 6mskux K Uy;, .. ) BeieT K pUcKy
CaMOBO36YXIeHNA.
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C 3Tolt TOYKM 3peHNA KaCKOHBI ycunuTenb Hanbonee 6e3omaceH: B
riery 6a3bl «<BepXHETrO» TPAH3UCTOPA, HAXOAALIErOCA MOJ] BBICOKMM HaIps-
XKEeHMeM, HeT HUKAaKMX CONMPOTUBIIEHNI /I CUTHA/IbHON COCTaB/IABLIEN
ToKa 6a3bl. U, ; . ABNAETCA €AVHCTBEHHBIM OTPaHIYeHNEeM Ha KO/IEKTOP-
Hoe HampspkeHye. Ecim Mbl TOTOBbI CMUPUTBCA C BEPOATHOCTBIO CHYKe-
HY BBIXOZHOTO CONPOTUB/IEHUA IIPU Yepecyyp BbICOKMX HAaNPSKEHUAX...

PAAMOAIOBUTEAD: Bce amo xopowo. Ho, paccmampueas paouonto6u-
menvcKue cxemol, & BUIKY, MO Koe-20e 0ONycmumoe
07 MPAH3UCIMOPA HANPSAIEHUE ABHO NPEBLIUEHO.

910 BepHO. ToT akT, 4TO YCTpoitcTBa OOBIYHO BCe Jke paboTaloT, 06b-
SICHAETCA MPOCTO: GONMBIIMHCTBO 9K3EMIIAPOB MONYIPOBOSHMKOBBIX
npu6OPOB UMEIOT ITapaMeTphl (M IITaBHOe — IPAaHUYHOE HATpsAXKEHME) B
IeICTBUTENBHOCTY 3HAYUTEILHO BbILLE, YeM HVDKHUIL IIpefeN, HOpMUPO-
BaHHBIJ TEXHUYECKMMI YCTOBUAMM.

51 6B1 He COBETOBAI Ha 3TO IOJIAraThcA. A TeM 6o/ee — YUUTBIBAs U3Me-
HEHWs NMapaMeTpOB IOMYIIPOBOAHVKOB IIpY MOBBILIEHHOI TeMIleparype:
K 9TOMY CIOXETY MBI ¥ IEPEXORUM.

10.2. TennoBas yCTONYNBOCTb aHaNOroBbIX CXxem
Tennosbie TOKN

PAAMOAIOBUTEAD: B caoe 8pems, cob6pas cmabunusamop HanpsaiceHus no
onucanuito, 83amomy u3 6powroput (puc. 10.7), s cmon-
KHYNCA ¢ HeobBACHUMbIM si6neHuem. TTocne HazpysceHus
CXeMbL MAKCUMATIbHBIM TMOKOM 8 MedeHUe HECKONKUX
MUHYmM — CHAMUe Ha2py3Ku NPUBooOUno K pesKomy
603pACMAHUI0 8bIX00H020 HANPANEHUS U NOSBIEHUIO
nynvcayuii. CmpanHo, 4umo uepes Hekomopoe 8pems
HOPMANbHAS CMAOUNIUSAUUS 80CCIAHABNIUBATIACY...

Baia cxema nmokasare/nbHa.

Ocob6eHHOCTD cxeM ¢ obmeit OOC B TOM, YTO 3a KECTKOM CTabUIb-
HOCTBIO BBIXO[[HBIX ITapaMeTPOB Cpa3y He BUAHA CKPbITasi BO3SMOKHOCTb
BBIXOJ]a OTZIE/IbHBIX 97IEMEHTOB M3 YCUIUTEIBHOTO peXXMa.
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BCIIOMHUM «I7IaBHBINI CEKpeT» caMOCTabu- -s08 iy
MU3UPYIOLIMXCA CXEM: BEIMIMHA TOKA JI060ro
aKTMBHOTO 3/IEMEHTA OTPENE/AETCH OLKII0UEH-
HbIM K HEMY BXOJIOM [pyroro asnemenra. Eciu
TaKas CBA3b BBINO/THEHa HeyfgadHo (6e3 yuera
pasorpeBa IONMYNPOBOJHUKOB, @ 0COGEHHO rep-
MaHMEBbIX), BIIOJIHE BEPOATHO HapyLIEHME HOP-
MajIbHOTO PEXMUMa, BIVIOTh [0 CBOEOOpasHOTro
«BBITECHEHMSA» paboUero ToKa NpefbIAyIIero of;’:;;%{?g’;;’;ﬁ%‘#’%‘;ﬂ

TpaH3UCTOPpa TEII/IOBBIM TOKOM 6a3bl. MOKO8 yme4Ku MOWHbIX
mpaH3ucmopos

PAAUOAIOBUTEAD: Sl HAUUHAIO NOHUMAMDb: COCMABHOTL MPAH3UCMOP, 8
KOMOopoM He npedycMompeHvl pe3ucmopot ymeuex 6
6a3oevix yensx, npexpawaem pabomy npu Hanpsice-
HUU, PABHOM 2PAHUYHOMY — MbL 06 IMOM 2060pUNU.

9TO BEepHO, HO Mbl He YIIOMMHA/IV APYroro: rpaHUYHOE HAaIpsKEeHMe
IIpU 3aJaHHOM TOKe Pe3KO CHMKaeTcs ¢ TeMmepatypoit! U stoT daxT He
yIMeeT OTHOIIEHMS K 3/IeKTpudecKoMy npo6oio. OH ABNsAETCA CIEeACTBIEM
TEMIIEPATypPHOTO POCTa 06PaTHOTO TOKA Iy 5.

BbiTecHeHune ToKa 6a3bl

ViccnemoBaHye Ballleif HEyJauHO CXeMbl MIPOSICHAET Heno. Tok yTeukn
nepexofa KOMIeKTop-6a3a MOIHOTO IPOXOAHOTO TPaH3UCTOPa, He uMes
APYTOro mMyTH, IPOTEKaeT Yepe3 ero SMUTTEPHBIN Mepexof], COCTaBIAA
JacTb paboyero 6a3oBoro Toka atoro npubopa (puc. 10.8, a).

PaprioarosuTEAb: Ho 6edv senuuuna I, mana...

ITpu koMHaTHOI1 TemnepaType. TyT oHa TepsiIach B 06111eM ToKe 6a3bl —
flake Ha XOTIOCTOM XOfly CTabuimsaropa.

Crout Temepb pa3orpeTrbcs IepexojaM — ¥ KapTMHA MeHSeTCH.
BospacTatoumit TOK yTe4ky BIIOTTHE MOXKET IIPEBBLICUTD TpebyeMblit 6a30-
BBIf TOK. DTO BepOsATHEE BCETO B PeXMMe, 6/IM3KOM K XOIOCTOMY XOfY.
IIpenpimymnii TpPaH3UCTOP 3aKPOETCS TOT/A IIOTHOCTDIO, pa3phbiBasi KOMbIIO
06paTHOI CBA3YM — CTabMIM3aIys MpeKpalaeTcs.
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PAAMIOAIOBUTEAD: Mou 3ameput nokasviéanu 6yomo 6ot npo6oti npoxoo-
HO20 mpaHaucmopa.

B peiicTBUTENBHOCTY OH BIIO/IHE UCIIPABEH.

Bnpouewm, B 3T0J1 cXeMe ellje paHbllie HACTYIIUT aHAIOTMYHBII MHUMBI
po60i1 IpeRbIAYILero TPAaH3UCTOPA... KOTOPBII BB, 51 [yMal0, yCTAHOBU/IN
Ha o611[eM pajuaTope ¢ IPOXOFHbIM?

PAAMOAIOBUTEAD: Hy da, 01 oxnamdenus.

HpeBpaTI/IBHJCI‘OC}I Ha fi€ji€ B IO OIrpeEB.

bannacTHbIn TOK

Ecnyu Mbl cobupaeMcs co3aBaTh YCTOIYMUBDIE B TEITIOBOM OTHOLIEHUN
CX€MBI, TO BCET/ia JO/DKHBI MMETh B BUJY, YTO C IOBBIILIEHNEM TeMIIepa-
TypBl 6a30BBIi TOK TPAaH3MCTOPa MOXeET M3MEHUTb HanpasieHue! U Ha
3TOT C/Ty4aii MyTh AJIA TOKA JO/DKEH OBITH IIPENYCMOTPEH.

PAAMOAIOBUTEAD: 3Hat0: HA00 obecneuums 6aniacmuvlil mox.

Hy, xoHeuHo. Pe3uctop yTeuku B 6a3e Ry (puc. 10.8, 6) paccuntbiBaeTcs
TaKuM 06pa3oM, YTO6BI 6a/1aCTHBIN TOK GBI 3aBeOMO 6OJIbILIe, YeM MaK-
CUMasbHas BenunHa I, ;) — € y4eTOM 0XKIJaeMOro HarpeBa TPaH3MCTOpa.
Torma u1 B HauxypIIeM c/Tydae TOK SMUTTEPa MPeALIECTBYIOLIEr0 TPaH3N-
CTOpa He ynafeT 0 HyJIA:

I

O min

=U,/R;-1

KBOmax*

B maHHOM ciy4ae crabunmsaTop 6bUI pacCYUTaH
Ha QUKCHMpPOBaHHOE HaIpsXKeHUe — TYT OCOOBIX
1po6nem HeT. OHY NOABATCH, €CIY MbI 3aXOTHM BBe-

# s CTM PETYNIUPOBKY BBIXOJHOTO HATIPSIXKEHUA.
Ila
 [Rs PAAMOAIOBUTEAD: Bt umeeme 6 6udy, umo
menepv Uy 6yoem meHamuvca?
a 6
Puc. 10.8. Tok ymeuxu Ha, Ipy CHM>KeHUM HaNps)KeHUA Ha BBIXOfie —
MOWHO20 MpaH3aucmopa

ycunueaemcs umxes ~ YMEHBIIAETCS M BeZmauHa 6anmacTHoro Toka. V1 ato

h,,5pas (a); npunomowu B peXKuMe, Kak pa3 Haubosee OIIacHOM I IPOXOJ-

pesucmopa e20 omeodsm :
u3 6a3bi (6) HOTO TpaH3ucropa!
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PAAMOAIOBUTEAB: B kakom cmuicnie — +Usine
Haubonee onacHom?

HaumeHpIlleMy BLIXOJHOMY HaNlPsKEHUIO COOT-
BETCTBYeT, pasyMeeTcs, MakcuMyM U, M MaKcu-
MYM pacCcenBaeMoii MOLTHOCTY. 3HAYMUT, U TEIIO-

o +Usbix
BOJ TOK I k5o O KNIAETCA 3[1€Ch 6onblue.

Puc. 10.9. bannacmHeili
PAAMOAIOBUTEABD: Kaxk xce 6voimv? mok co30aemcs cxemoli

«MOKO0B8020 3epKana»

IIpuxopuTcs NpOABIATD U300peTaTENbHOCTD. [I/Isl CO3MaHMs MOCTOSAH-
HOro 6a//TaCTHOTO TOKa MAYT B XOJ BCIIOMOraTe/IbHbIE CXEMBI F€HEPATOPOB
TOKa, JIOMIO/THUTE/IbHbIE MICTOYHMKM HaIIPsDKEHMI U TIpoJee.

Perynarop HampskeHus, cxeMa KOToporo usobpaxeHa Ha puc. 10.9,
ycroirunBo pabortaet (B ToM uncrte u 63 Harpy3Ku) npu M06BIX AOMYCTH-
MBIX TeMIIEpaTypax NPOXOAHOro TpaH3ucTopa. [locTosHHBI 6aIacTHBIN
TOK 33J]JaH CXEMOJ «TOKOBOTO 3epKaJa».

PAAMOAIOBUTEAD: A 0715 uez0 mym nocmasneH 0uoo?

YT10o6bI MOBTOPUTE/H HE 3aKPHIBA/ICS B HIDKHUX ITOJIOXKEHMAX JBUXKKA
perynaropa. IIpocTo mpoaHanusupyitTe HanpsHKEHUA B CXeMe.

Heno, xak BUAMTe, peXKAe BCETO, B YMEHUY YBUJETD «C/abble 3BEHbA»,
CHMDKAIOIIVEe HaJIeXXHOCTDb CXeM. DTO He BCerfa YIaeTcs...

10.3. Pa36op owmnb0ok

OrpoMHas HOMEHK/IAaTypa TUIIOB IOJYIPOBOJHMKOBBIX NpuUGOpPOB
n36aB/sgeT, Kak KaXkeTcs, OT 3aTPYAHEHUIT NpU NOAGOpe MOAXOHALIETO
TpaH3UCTOpa, Auoaa. M Bce xe HepeAKyM OLIMOKYM pacyeTa MapaMeTPOB
pexyMa, KOrjja YTo-To He y4/In.

ITOT pasfien LEe/IMKOM MOCBALIEH pa3bopy nmpuMepoB Takoro poga. OHu
He BBIIyMaHBbl, a B3ATHI M3 OIYO/IMKOBaHHBIX OIIVICAHUI PafiMoI06UTe Nb-
CKMX KOHCTPYKIMIA, a 3HAYUT, B KaKoi-TOo Mepe TunnyHsl. Hago moHu-
MaTh, 4TO PYHKIVIOHMPOBAHME ONBITHOIO 9K3EMIISIPA ellfe He SB/AETCS
[IOKa3aTe/IbCTBOM I'PaMOTHOCTY pa3paboTKM, He OTMEHsET BHUMATENbHOTO
M3y4eHMs PeXMMOB PabOThI BceX KOMIIOHEHTOB. A Pa36op qy>Xux omm6ox
IIOMOXXET He Hafle/laTh TaKUX >Ke CBOMX.
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+15B .
Cnyuvait 1. IIpaBunbHO 1M BbIOpaH TpaH3M-

CTOp AJI1 YMHOXWTENsA 4acCTOTHI B IlepefaTYMKe
(pmc. 10.10)?

+11B

I I__
_.l
KM3506
PAAMOAIOBUTEAB: A 4mo, éce 8epHO: HaNpsxeHue
nUmManus He npeeocxooum
donycmumozo ons KII350b
=15 B).

Puc. 10.10. Qwubka:
donycmumoe HanpsxeHue
CMOK-UCMOK He (U

npesbilieHo MoJIbKO 8
pexume nokos, cnedyem

npumeHums K306 OHHaKO Bbl OOJI)KHBI IIOMHUTH: B KacCKage C
Harpyskoit B Bufie fpoccens, TpaHchopmaTopa u
T. II. MTHOBEHHBI IIOTEHLMAa/I HA BbIXOOeE l'IpeBbIIl[aeT IIOTEHLMAa/I HINHbI

IINTAHNA.

CHmaxc

PAAVIOAIOBUTEAB: Jla, coenacen. 3Hauum, mpan3ucmop 0onmxceH Ovimo
svibpan 30ecv us ycnosus: U, >15B+uy,,.

Cnyuyaitr 2. HeocMoTpuTebHOE NpUMeHEHME pejle BBIHYXAANO He
OJHOTO yMe/blia 3aMeHATDb TPOOUTBIIT TPAH3UCTOP B K/IIOYEBOIL cxeMe (CM.,
HanpumMep, puc. 10.11, a).

PAAHOAIOBUTEAD: Omuezo xe oH npobvemcs, ecnu HanpsxceHue numa-
HUs He 60nbUEe 00NYCMUMO20?

HaBajtte mpukuHeM. B 06MOTKe 3/1eKTpOMAarHuTa ¢ MHAYKTMBHOCTBIO,
Hanpumep, 0,5 IH, Korga yepes Hee TedeT TOK 50 MA, 3araceHa MarHUTHas
sHeprus LI’/ 2 = 0,0006 .

PAAMOAIOBUTEAD: 910 8e0b oueHb Mano?

Hert, Hemano. Pa3mbikaHue Kiio4a
+9B  — +9B IpuUBefEeT K 3alyCKy 3aTyXalommux
A Kone6aHMit B KOHTYpe, 06pa3oBaHHOM
06MOTKOJ U MapaienbHON eif mapa-

_E_ 3UTHOM €MKOCTbIO. A Yyepe3 4eTBepTh

1epuoja 3TUX KonebaHuit — sHeprus

a 6 O06Hapy>XMTCA B BUJe 3apAfa «KOH/EH-

Puc. 10.11. HenpasusbHo: 6pocok catopa» (CU”/2= LI’/2). Ecnn npu-
HanpsxeHus camouroykyuu obmomku  HATH C = 300 nd, 6pocok HanpsKEHUs

pene nogpedum mpaH3ucmop (a); 1
abpysUm SauumiL Buod (6) Ha 06MOTKe OKaXkeTcsl paBHbIM 3,5 kB!
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PAAMIOAIOBUTEAB: []a, 6071ee uem docmamouno ons *E—1 +E
npo6os...

3aumrHbiit guop (puc. 10.11, 6) mOBBICUT HazeX-
HOCTD JIMIIb B TOM CJIy4ae, €C/I CaM He BBIfIeT U3
CTpOS1, Tacsi HAKOIUIEHHYIO B KaTyLIKe SHEPTHUIO.
a 6
PAAVIOAIOBUTEAB: IToHumatro: oH. donxcen_oony- o 10.12. HenpasunbHo:
cKamov nNpAMou MmoxK He Huie MoK nepeoezo

pabouezo moxa ob6momxu. MpaK3UCmMopa Hu'iem e
ozpaHuyeH (a); pesucmop

npespaujaem ez0 8
BepHno. HacbiweHHbIl KoY (6)

Cnyuyaii 3. B cxeme TpaH3ucTopHOro kiwod4a Ha puc. 10.12, a He npen-
YCMOTPEHO KaKOro-m160 OrpaHMYeHMsT KOI/IEKTOPHOI'O TOKa YIPaB/sAI0-
1Iero TpaH3uCTopa.

PAAMOAIOBUTEAB: 3amo, 6bimb moxicem, mox e2o 6asvi Kak-mo ozpaHuveH
cxemot...

Hapexxia HeoCHOBaTe/IbHa: Beb BEpXHAA rpaHuLa KoapduiumenTa h,,
HepeNKo Aiaxke He HOPMUPYETCS, 0COOEHHO TIpM IIOBBILIEHHOI TEMIIEpPaTYype.
CKONbKO-HUOYAb NPORO/KUTENIbHAA paboTa TAaKOTO «K/II0Ya» IMPUBOLUT
O6BIMHO K HApACTaloLLeMy PasorpeBy, 3aBepLIAOLIIEMYCs TEI/IOBBIM IIPoGoeM.

PAANOAIOBUTEAD: 3Hnauum, Heo6x00umo o2paHuveHue moxa pesucmo-
pom 8 uenu Konnekmopa.

MoxxHo ¥ Tak (Torga BbIiifieT HaChILEHHBII K04, Kak Ha puc. 10.12, 6).
Ho monycTuMo BKIIOUMTD U B SMUTTEP, IIOTYYUTCS TEHEPATOP TOKA.

Cryyait 4. Pa3psy koHfieHcaTopa 60/b1107 eMKOCTH Yepes3 TPaH3MCTOP-
HBIit K04 IPEAYCMOTPEH cXeMoit aBTomaruku (puc. 10.13, a). [Tono6xoe
BK/TIOUeHMe He6e30IacHO A/ TPaH3UCTOPa, O MUHMMA/IbHO BO3SMOXXHOM
COIIPOTUBJIEHNY KOTOPOTO B HACBILIIEHHOM COCTOSSHMM MBI HE MMEEM [laH-
HbIx. CKopee Bcero, IOMYCTUMBIiT TOK KO/ZIEKTOpa (Jaxke /1 MMITY/TbCHOTO
pexxuma) 6yeT IpeBbILLEH.

PAAMOAIOBUTEAD: IIpocmo 8K04um mokoozpanuuueauuti peaucmop
(puc. 10.13, 6).
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-E
10
1r o5mk LI 0,5Mmk
5 I él I
a 6

Puc. 10.13. HenpasunbHo: Knio4 paspaoa
pabomaem 8 Hedonycmumom pexxume (a);
Hy)eH 02paHu4umenbHeili pesucmop (6)

WckyccTBO cxemoTexHUKK. MPOCTo 0 CNOXKHOM

+| 2000mk

I

a 6

Puc. 10.14. bpocok 3apAdH020 MOKa moxem
nospedume mpaHaucmop (a); npumeHuM
02paHu4umesne MoKa KOpomkKoz20 3amblKaHus (6)

Curyyaii 5. IToxo>xuii mpumep: B crabumsaTtope Hanpspkenus (puc. 10.14, a)
BO3MOXXHO NOBPEXJEHNME TPAH3MCTOPa MMITYIbCOM TOKa, 3apsKalOILero
BBIXOHOI1 KoHeHcaTop. IIpocTeimit orpanuunrens Toka (puc. 10.14, 6)
3aLUITUT OT MMITYJIbCHOJ TIEPETPY3KM He TO/IBKO PETy/IMpPYIOLINii TPAH3UCTOD,
HO ¥ VICTOYHUK ITUTAaHWUsA, OH CpaboTaeT TaxoKe M MpYU CTy4aifHOM KOPOTKOM
3aMbIKaHMM HarpysKu. IIpenenbHbIN BBIXOAHO TOK B TaKOV CXeMe:

I = 0,6 B
K3~ R °
orp

Cnyuait 6. Huxkorga He BbIKIIOYaliTe YCMIMTENbHBbI KacKaj Ha
puc. 10.15, a! CHATME IUTaHNA IPUBERET K TOMY, YTO 3apsDHKEHHBI KOH-
JEeHCaTOp OKaKeTCA HeiCTBYIOIMUM MeXAy 6a30it (IMoTeHLMan KOTopoii
paBeH Telepb HYIIO) M SMUTTEpOM TpaH3ucropa. Hampsixenue 7 B B
HO/IAPHOCTY, 0OpaTHOI AJIA epeXofia, PeBbIIAET JOIYCTUMOE.

PAAHOAIOBUTEAD: Kak sce 6oimo?

Ecnu nmoyemy-nmm60 HEBO3MOXHO M3MEHUTD PEXUM KacKajia, Crielma-
JIUCT TIOJfieT Ha YCTAHOBKY 3amyTHOro anopa (puc. 10.15, 6) npemoxpa-
HAIOIETO Nepexof OT nmepenonocoBKu. CaMofieATeIbHBIM e MacTepaM
Yaie BCero BooOle He MPUXORUT B TOJIOBY
MPOBEPUTH, HE BO3HMKAIOT JIX HEJONYCTUMBIE
PEeXMMBbI 37IEMEHTOB B MOMEHTBbI KOMMYTaLlM — —
IUTaHUA. 78 A

+
:[220M|<
a 6

Puc. 10.15. HenpasuneHo:

PapnoarosuTEAb: Ho cxema-mo camasi o6viy-
Hasfg. 3Hauum, omxa3vl

MPaH3ucmopos u3-3a npe-
eviuenus Uy, . OOMHCHYL

MAKC

6vimy yacmuiMu...

HanpAXeHue Ha AMUMMEepPHOM
KoHOeHcamope npu cHAMUU
numanusa npo6bem nepexoo (a);
mpe6yemca 3awumHbili duod (6)
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Cracaet ofHO 06CTOATENBCTBO: TP06OIt ITepexofia SMUTTep-6a3a BHICO-
KOYaCTOTHBIX IPUOOPOB MOYTH BCerfa 6e3omaceH: 3T0 — He JIABMHHBII, a
TaK Ha3bIBaeMblit 3eHepOBCKMI1 P06 oit. [I/1s1 CTaGUIUTPOHOB OH BOOO1IE
ABnsAeTcsa pabounum pexxumoM. KoHeuHo, Tok npyu npo6oe foMmKeH OBITH
OrpaHM4eH Ha JONYCTUMOM YPOBHe; OOBIYHO TaK ¥ CITy4aeTcs.

PAAMIOAIOBUTEAD: MHe npuuisnio 6 207108y: a MHo2uUe i NPOCMampusarom
CB0U CXeMbL C MOUKU 3PeHUS NPOUECCO8, BO3HUKAIO-
WUX NPU BKTIIOUYEHUU U BLIKTIIOUEHUU?

HpaKTI/IKaM U3BECTHO, YTO 3HAUYNTE/NDbHAA YaCTh OTKAa30B alapaTyphl
KaK pa3 ¥ BOS3HMKA€T B MOMEHTDI BK/IIOYEHW A -BbIK/TIOYECHWA.

Cnyvai 7.

PAAVIOAIOBUTEAD: 30ecb A8Mop Kax pa3 3ausumus smummepHoiii nepe-
X00 om npo6os npu anuparoulem umnynvce 601vuLOL
amnaumyowt (puc. 10.16, a).

Ota 3amura MHUMasA. PacnipefienieHne 06paTHBIX HAaIIpsDKEHUI Ha ABYX
IIOC/IefOBaTe/IbHBIX ITEPEXOiaX 3aBMCUT OT C/Iy4alfHOTO COOTHOLIEHMA UX
obpartHbIx ToKOB. IIpakTyeckn Bce

Janupamuiee HAIIPsAXKEHNE OKAXKETCA -L Bt E- —L >t E —L
IIPNJIOKEHHBIM K II€pEXony C MEHb- 10k q
MM TOKOM YTEYKU. Ecnu TakoBBIM
OKaXXeETCA Nepexo TpaH3nucropa, T0 B p

a

CXeMe 6YJICT BCEro JIMIIb CTabmansmu-

POBaH TOK IpO60s Ha YPOBHE O6PAT-  Puc. 10.16. HenpasunbHo: duod, 603MOXHO,

HOTO TOKa ayopa I, JlUWb 02paHu4um MoK npo6os (a);
0 € pe3ucmopom — obecneyeHa 3awjuma

nepexoda (6); donycmumo u mak (8)

PAAMOAIOBUTEAD: B opuzunane mpansucmop npumerer kpemHuesoiil,
a 0uod — zepmaruesniii.

Vi

8

Toraa ykasaHHOE FapaHTMPOBaHO Ha 100 IPOLEHTOB.

Hob6aBnenne pesucropa (puc. 10.16, 6) obecriednT He TONBKO Aeit-
CTBUTENbHYIO 3AIIMUTY Ilepexofa, HO M MOBBILIEHME OBICTPOAECTBUA
kmoya. 3PpdekTUBHO M MapajieibHOe BKIIOYEHNME 3alIUTHOTO AUONA
(puc. 10.16, 8).
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Cnyuvait 8. [Ina nuTaHMA KacKajja Ha Ioje-
BOM TpaH3ucTope (puc. 10.17) Bei6paHoO omacHoe
HanpspkeHMe 50 BonbT. BeposaTHO, paspaboTumk
CTPEMMJ/ICA TIOBBICUTD YCUJIEHUE YBEIMYEeHUEM
pesncTopa HarpysKiu B CTOKe IIpy 3alaHHOJ Beu-
yyHe ToKa (0Komo 2 MA).

Puc. 10.17. HenpasunbHo: PAAMIOAIOBUTEADB: A 4mo mym onacHozo?
HanpAxeHue CMoK-ucmox
ycmotiyueo monbKko npu Pacuemnoe HanpseHue
€MabunbHOM MOoKe, a OH He U, cocmasnsem npu-
2apaHmupyemcsa cxemoui

mepHo 9 B, amo He npesvi-
waem 0onycmumozo 07st
mpansucmopa KIT103K.

U Bce xe... YMeHblIeHME TOKA XOTA 6b1 Ha 10% mpuBeAeT K Bo3pac-
TaHMIO HAaNPsOHKEHMA CTOK-UCTOK 6osblile, 4eM Ha 4 B — BOT u BBIXOf 3a
ROMYyCTUMBII npexen!

PAAMIOAIOBUTEAB: B camom dene...

ITo peny, Hamo 6BIIO y4eCTb ¥ BOSMOXKHBIN TeMIIEPaTypPHBIi Apeitd Toka
CTOKa, ¥ pasbpoc XapaKTepUCTIK 9K3EMIUIAPOB IOMYIIPOBOAHMKOB OFHOTO
TUIA, ¥ HETOYHOCTb CONPOTUBJIEHNII PE€3UCTOPOB, U BETMYNHY IepEMEH-
HOJ COCTaBJIAIOLIEN HalIpsXKEHNA Ha CTOKe.

PAAHOAIOBUTEAB: BeposmHo, Haoo ewje oyeHums, umo 6ydem 8 MomeHm
nooavu NUMaHUs.

CoBepllleHHO BEPHO: HAalIpUMeP, UCTOKOBbII KOHAEHCATOP B MEpPBbIit
MOMEHT paspsKkeH. BaBecuB Bce 3TO, Mbl Bps/A MM MoK GBI Ha Takoe
BBICOKO€ HaIIpsXKeHMe MUTaHNS.

Cnyuyait 9.

PAAMOAIOBUTEAD: B cmapom cnpasounuxe MHe nonanucy Ha 2na3a 2ubpuo-
Hbte Muxpocxemot cepuu 222 Ha mpansucmopax 21317
C npedenbHbiIM HANPANCEHUEM KONTeEKmOp-amummep 5 B.
Henonammo, xax paspabomuuxu yXumpunucs co3oams
Ha 0CHOBe IMuUx NPUBoPos Ko Ons PoPMUPOBAHUS
UMNYnbCos 9-60n16bMOB0LE AMNAUMYObL?
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ITpuBoxy cxemy (puc. 10.18). Pasbepurecn
caMM, B 4eM TYT JeJIO.

Cnyyaii 10.

PAAVIOAIOBUTEAD: BbixoOHot kackaod ycunumens
38yxosoti uacmompi (puc. 10.19)
A NOCMPOUZ NO cXeme U3 paouo-

Puc. 10.18. lpu 3akpeimom

n106UmMenvCKo20 HypHana. KAI04e HanpAXeHue
Buixoonas mowgsocms — 1 Bm. pacnpedensemca
B noposHy mex0y 08yma

pexcume NoKos MoK oKoHeu- HU3KOBOMBMHBIMU
HbIX MPAH3UCMOPOB COCMABUT mpaxsucmopamu,

_ _ npu omKkpelimom —

10 MA. Ho s xax-mo comHesa Hackuanemon oba
10Cb 8 HAOeNHOCMU...

Cniacu60 3a XOpOIIYIO MITIOCTPALIMIO TaK Hasbl-
BaeMoJf TEI/IOBOI IONOXXUTENbHOM 06paTHOI
casu. Onenum KIIJI (nmpu MakcuManbHOI Mol - rT402A
HOCTM B Harpyske, paBHoit 1 Bm), ckaxeMm, B 50%, 5
Torga 1 Bm 6ymeT paccenBaTbcs TakXKe M Ha BHIXOA- =

FT404A

HBIX TpaH3ucropax (no 0,5 Bm Ha KaXXAOM, ecnyu
COXpaHSAETCA CUMMETPUA).
TennnoBoe conpoTHUBIIEHME ITEPEXOA-Cpena A

I'T402 u I'T404 0,1 °C/mBm. 3HauuT, IpM AAUTEND- Puc. 10.19.

» D HenpasunbHo: mok
HOJt OTAiaue MAKCMMA/TbHOV MOIUIHOCTY TIEPETPEB |\ omn e oo
cocraBut 50°C, TO eCTb nepexofibl pa3orperoTcA 0 Hapacmaem
70°C.

ITpu aTOM 06paTHBIN TOK KOMNEKTOpa I, 5, Y HEKOTOPBIX 9K3EMILIAPOB
TPaH3JCTOPOB MOXKeT BodpacTu o 0,8 MA.

B 6a30BBIX LieNAX OKOHEYHBIX IPMOOPOB 6a/nnacTMpOBKa He IIpeaycMo-
TpeHa.

PAAMOAIOBUTEAB: OmM0 MeHA U cMyujaem.

[IpaBunbHO cMyliaeT. 9TO 3HA4YMUT, OOpaTHble TOKM (II/IIOC CPaBHU-
TENIbHO He6o/IbIlMe KO/IIEKTOPHBIE TOKY NPEABIAYIUX TPAH3UCTOPOB)
Hens6exxHo 6ymyT ycumeHbl B KOJIEKTOPHON uemnyu B h,,; pa3. Tok mokos,
BO3MOXHO, YBeM4InTCA 10 50—100 MA!

ITosiBnenue monomuurenbHoro Toka 100 MA B BBIXOGHOM KacKafie BbI30-
BeT BbIfie/IeHMe TaM Ko6aBo4HOI MomHOCTH 12 B-0,1 A =1,2 Bm. Tenepb
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He ITIOMO>XKET [ja)Ke CHATME BXOJHOTO CUTHAJIa: YCTOMYMBOCTb CXEMBI IIOTe-
pAHa, CTpeMUTeNbHOE HapacTaHMe TOKa 3aBePIINTCA HEM36EXKHDIM Iepe-
ropaHMeM.

Cnyvaii 11.

PAAVIOAIOBUTEAB: Mot 10Hbiti coced co6pan no onucanuo camooenvHoiil
npubop 0ns usmepexus napamempa h,,, mpansu-
cmopa (cxema Ha puc. 10.20). Bpowropa npednucuoi-
8aem npu NOAvL308AHUU NOOKAIOUAMb 6A308blil 8bI600
nepevim, a OMKII0UAMb NOCIIEOHUM, YmobvL npedom-
epamumo onacHoe 07151 MPAH3UCMOPA BKTIIOUEHUE «C
obopsannoii 6asoti». Ho paduoniobumens Huxax He
Kenaem cobn100amp IMo...

Puc. 10.20. O6a3amensHo IIpennaraeMbie IPeSOCTOPOKHOCTU CMEXOT-

/U nodKsoHame 50370%"7 BOPHBI: peXUM ¢ PUKCMPOBaHHBIM TOKOM 6a3bl

86l600 NepebiM? (pabounit pns npubopa) Kyzia onacHee BK/IIOYEHUA C
«060pBaHHOIt 6230i1»!
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NMPAKTUKA: CO3JAEM KOHCTPYKLWUA
HA PA3JINMHOW SNIEMEHTHOW BA3E

Y asmopa 3mozo npakmuuecko2o waza, AnekcaHopa
YepHOoMbIpOUHA, 803HUK/A udes co30amb Bbl6pAHHbIE KOH-
cmpykyuu Ha pasnuyHol snemeHmHoU 6ase. Hanpumep, cos-
O0ame 0na o6cyx0eHuUs ¢ Yyumamenamu-paduoniobumenamu
be2ywue 02HU CHA4YanNa HA lAMNAx, NOMOM MPAH3UCMOpPax,
MUKPOCXeMax, MUKpOKOHMPONepax, — 4mobbi MOXHO 6bi10
Ha@2nA0HO ysudemb U CXOOCMBO, U pas/luyus Mexoy HUMU.
Pempo-eapuaHm (Ha namnax, 371eKMpoOMAzHUMHbIX pene u
m. n.), ecmecmeeHHoO, paccMampuseaemcs 0718 3HaKomMcmea, a
He 0n1a u32omoesieHuA. Tam, 20e Kakue-mo 8apuaHmel Hepea-
Jlusyemel (Hanpumep, ycunumesnb Ha MUKPOKOHMPOJINepe), ux,
ecmecmeeHHo, He 6ydem.

11.7. ToToBUMCA K CO34aHNI0 COOCTBEHHDbIX
pagnoniodbnTenbCcKnx KOHCTPYKLUN

KoHCTpyKLMn Ha pa3nuyHoii anemeHTHol 6a3e. [ina yero?

OT pepakrtopa. )
Yeaxaemole paduoniobumenu! Smu ycmpolicmea Ha pasnu4yHol ne-
MeHmMHoU 6ase onoimHeili paduoniobumens A. YepHombipOuH pas-
paboman, uszomosun, nposepun u 3acmasun pabomame cam.
lModmeepxxoeHuem momy sensomes POJIUKU, KOMOpble MOXHO NOCMO-
mpems Ha calime Hawe20 uzdamesnibcmea www.nit.com.ru.

Ecnu ckasarp, 4TO 3Ta MpaKTHYecKas ITaBa pacCYMTaHa Ha HaYMHAI0-
1ero pafuomoburens, sTo 6yfer... Hy He TO, YTOObI COBCEM HeIlpaBfia.

ABTOp HajieeTcs, YTO PafyOMIOONTENb, YATAIOLINIA ITU CTPOKH, YMEET,
II0 KpaifHeil Mepe, [ilep>KaTh B PyKaX NMas/IbHUK, B COCTOSITHUM OT/IMYMUTD
TPaH3UCTOP OT KOHJE€HCAaTOpa, CABbIIIA/ TaKye CTpallHble CI0Ba, KaK
«MY/IBTUBUOPATOP», «CYNEPreTepOAH», «<KaCKOJHAsI CXeMa» U Y>Ke pasy-
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YUJICS BEPUTD B YTBEPXKEHNUA «eC/IU PA3BEPHYMb NPU MPAasieHuy neuam-
HY10 NAIAMY 800/b CUNIOBYIX TUHULL MAZHUMHO020 NONLST 3eMAU, MO OHA NPO-
mpasumcs 8080e Ovicmpee».

B 3TOM IIpaKTMYeCKOM ILIare, Mbl C BAMHU, YBa)KaeMblil pafyio00yTeNb,
[IOIBITAEMCS TIPUOIMU3UTHCA K YBIEKaTe/IbHENLIEMY MUPY 3/1€KTPOHMKH.
IIpexxpe yeM HavyaTh Hallle IyTeLIECTBUE, HY>)KHO, YTO Ha3bIBAETCS, «HA
Gepery», HOrOBOPUTHCS O HEKOTOPBIX MOMEHTAX.

Fpe 6patb netanu?

B Hacros1lee BpeMs OTBET NPOCT — B MHTEPHET-MarasuHax (Mam xe
B CIelMa/lIM3MpOBAHHBIX Mara3yHax, TOPTYOIUX PaAyoOfeTaNAMM, eC/IU
PaAMOMIO6MTENb XUBET B KPYNHOM ropoze). CaM aBTOp NONb3YeTCA ABYMA
. MHTepHeT-MarasuHamu — «IIpomanekTponuka» (http://www.promelec.ru)
u «IInatan» (http://www.platan.ru), Ho 3TO BOBCe He 3HaYMT, YTO HMKAKUX
VIHBIX IHTE€pHET-Mara3uHOB He CYILECTBYET B IIPUPOTE.

-Vuure, npo6yitre, Google, Yandex 1 Boo61e VIHTEpHET BOCTYTIEH BCeM!
Bropoit ncTouHuk meTaneit — BbIlIeALIasA U3 CTPOsA ammaparypa. Ho 3pgech
HY>KHO TOYHO 3HaTb, 110 KaKOJf IpMYMHE aNlaparypa BbIlIa U3 CTPOSL.

BrimayBas 13 Hee Ty MIM MHYIO [leTa/lb, Bbl 3apaHee HO/KHbBI ObITH
FOTOBBHI K TOMY, YTO MMEHHO OHa OKa>XeTCs HETONHOI, TIO3TOMY, IIpex/e
4yeM YCTaHaB/IMBATb €€ B TY WM MHYI0 KOHCTPYKIIMIO, ieTallb 3Ty 06s3a-
Te/IbHO He06XOAMMO IIPOBEPUTD.

JTro6ble meTany HEM3BECTHOTO IMPOMCXOXKAEHMA HY)KHO 6€30 BCAKOIM
Xa/moCTy BbIOpachIBaTh, Kak 6b1 KpacuBO OHM He Bhirnagenu! Opun Bor
3HaeT, CKO/IbKO 3/IbIX IIYTOK ChITpajna ¢ pafuonmoO6uTesIMy Ipe3yMIILus
MICIIPaBHOCTY HEBEOMO OTKY/ia BbllTasHHOTo 6apaxal

Oco6€eHHO 3TO KacaeTcs 3/MEKTPOUTUIECKMX KOHAIEHCATOPOB, U BABOIHE
0c06eHHO — NpOM3BENEHHbIX, VBB, B POLHOM oTeuecTBe! PasHoro popa
peTpo-AeTanu, C BO3pacTOM, IPEBHIILAOIM Balll COOCTBEHHBII, yBaXkae-
MBIi1 pafiomo6uTe b, TOXKeE JTy4lile 651 BBIKMHYTb, 60 OTAATh SHTY3MacTaM
peTpo-anmaparypbl — OHM CYMEIOT HalITy eMy JOCTOITHOe IIpYMEHEHMe.

MpumevanHne.
MomHume, HeucnpasHvie 0emanu — 00OHA U3 CAMbIX 4ACMbIX NPUYUH
HepabomocnocobHoCcMu 8awiux KOHCMpyKyud.

Cam aBTOp — 4ero yX rpexa TauTb, — He BCeT/fia ClefyeT 3TUM COBETaM
(3TO NETKO 3aMETUTh Ha HEKOTOPBIX PO/IMKAX, OIyOIMKOBAHHBIX Ha caifTe
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nspaTenbcTBa). Ho y Hero ecTb mepef; BaMy NpeuMYIECTBO, yBa)KaeMblii
Panyuomo6uTeNb — OH 3HAET, YeM 9TO MOXET TPO3UTD, ¥ OH B COCTOSTHUY
MPOBEPUTD TO, YTO YCTAHABIMBAET B KOHCTPYKLIMIO. BaM ke 3TOMY TO/IBKO
MPefiICTOUT Hay4YUThCA, IOITOMY Ha II€PBBIX IOPaX Jy4Yllle He PUCKYITE.

Yem 3ameHNTb AgeTtanb?

XoTA B KOHCTPYKIVAX, ONMCAaHHBIX B 9TOI I71aBe, aBTOP CTapasICcs Npy-
MEHSAThb CaMble «OPOCOBBIE» EeTal, MOXET CIYYUTHCA TaK, YTO MMEHHO
TaKOJ leTa/u Y pafyomo6uTeNs M He OKaXKeTcsA. Bo MHOTMX »ypHa/IbHBIX
CTaThsX, I7ie ONVMChIBAETCA Ta WIM MHAsA KOHCTPYKINA, 0653aTeNbHO Crle-
AyeT IIVHHBIN IIepevyeHb TOro, Y4eM MOXKHO 3aMEHUTD TY W/IX MIHYIO IeTallb,
VICITO/Ib30BaHHYIO B JAHHOJ KOHCTPYKIVINL.

Takoit epeyeHb, IO MHEHMIO aBTOPa, 6B YMECTEH BO BpEMEHa, KOIZia,
KpOMe OTeYeCTBEHHBIX AieTasell, JOCTaTh 6b110 U Hedero u Herpe. Ceitgac
Ha KaXIYIO0 TaKYIO JeTa/Ib MOXKHO IPUBECTY CIIVMICOK U3 HECKONIbKMX JIeCAT-
KOB, €C/I He COTeH, HaMMEHOBaHMII JleTajiell OT CaMbIX pa3HbIX IPOM3BO-
IUTEIIeN CO BCeX YTONIKOB 3eMIIN.

ITo 3TOM IpUYMHE B 3TOI KHUTE Bbl HUTAE He HalifieTe TAaKOro CIy-
CKa — BMECTO Hero aBTOp OyHeT yKasbIBaTh, KaKMMM KpPUTEPUAMMU OH
PYKOBOZACTBOBAJICA IPY BBIOOpE TOTO M/ MHOTO KOMIIOHEHTA. Tak 4To He
X[IVITe, yBaXKaeMblil pafiyio/io6yTelb, YTO B KayeCTBE 3aMeHbI TPAH3UCTOPY
KT315b 6ynet ykasan KT315T (BoT Benukoe oTkpoitue!). HeT, B kauecTBe
3aMeHbI OyZieT yKa3aH /110601 TPaH3UCTOP CTPYKTYPHI N-p-n C AOMYCTH-
MBIM HaIIpsDKEHNEM He MeHee CTONbKY-TO BOJIBT, JOIYCTVMbIM TOKOM KOJI-
JIEKTOpa He MeHee CTONIbKU-TO MUUTUAMITED, ¥ K03 GUIIMEHTOM yCUIeHU
He MeHee CTONbKY-TO efUHNL.

A panbiie — 6epute cipaBoYHMK (pasymeeTcs, B VIHTepHeTe!) ¢ onuca-
HMeM TOTO W/I IHOTO TPaH3UCTOpa (eC/M paguomo6uTeNs ele He 3HaeT —
IUIs1 UMITOPTHBIX KOMIUIEKTYIOIIMX OHM HasbiBaloTcA datasheet), u cpaBHM-
BaJiTe ero napaMeTphl C yKa3aHHbBIMM KPUTEPUAMIU.

Ecnu mapaMeTpsl TpaH3UCTOPa MOAXOMAT IO BCEM STUM «He MeHee» U
«He 6onee», 3HAUNUT, IM MOHCHO 3aMEHUTDb OTCYTCTBYIOILYIO AE€Tab, €CIN
HEeT — MIIMTE CAEAYIOLMIT BapUaHT.

- CoserT.

H Kcmamu zo0eops— 6 uHmepHem-mazasuHe «[lnaman» Ha cmpa-
Huye 3akasa umeemcsa cheyuanevHuil ¢unemp, Komopsili no3gosisem
8bINOJIHUMbL asmomamudeckuli nodbop demaneli no napamempam, a
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8 uHmepHem-mazasute «[IpomaneKmMpoHuUKa» Ha cmpaduyax calima
umeromcs ceodHvle mabsnuybi N0 KOMNOHEHMAM, C yKa3aHUeM 3HayeHul
Haubonee ynompebumeneHbix npu 8si60pe napamempos.

Korzma nopgxopsamas geTtanb HalifieHa, HY>)KHO IIPOBEPUTD AJIA Hee ellje
OBa mapameTpa — KOpHycC (BIMIIETCS M OH B Hallly KOHCTPYKLuIo 6e3
CYLeCTBEHHOI IepefieNIKy IIaThl) U, pa3yMeeTcs, nieHy! BoT TakoB B
o6uux yepTax MexaHu3M 3aMeHBI feTaneit. [IpuBbIKaiiTe K HEMY cpasy,
yBa>KaeMBblil pafyonoOuTeNb.

BTopoit MOMEHT, KOTOpPHIN CleflyeT UMeTb B BUAY — €C/IN BAPYT Y
panMomo6uTeNI He OKaXKETCA Pe3UCTOPOB WIM KOH/IEHCAaTOPOB HY>KHOTO
HOMMHana. B mogasnsiomem 601bMMHCTBE ClTy4aeB paboTOCIOCOOHOCTD
KOHCTPYKLMM He HApYLINUTCS, eC/I HOMMHA feTanu 6yget Ha 10—20 npo-
IIEeHTOB MeHbIlle WM 60JIbllle YKa3aHHON BeIVYMHBI.

EcTb cutyanym, xoraa TpebyeTcs s fetasneit ocobast TOYHOCTD (Hampu-
Mep, B pa3nu4HbIX GUIbTPax), HO B 9TOM C/Iy4ae Takue ocobbie Tpe6oBa-
HUA 06A3aTeNbHO 6yAyT yKa3aHbl B onucaHuy. O4eHb 4acTO aBTOPBI TOM
MM MHOM KOHCTPYKLMM YCTAaHAB/IMBAIOT B Hee [ieTalu TOTO HOMMHAIA,
KOTOPBIi IPOCTO OKa3aJICsA B JAHHBINI MOMEHT «Iof, pykoit». TunmdyHas
cutyanusa — 610KMPOBOYHbIE KOHIEHCATOPbI OJHOTO HOMMHAJIA O BCEl
KOHCTPYKLIMH, XOTS B HEKOTOPBIX MECTaX X eMKOCTb HaBEpHAKa MOXXHO
65110 OBI BBIOPATh ¥ IIOMEHbDIILIE.

IToaToMy, BCTpeTHB B CXeMe pe3UCTOp MM KOHAECHCATOp C HOMMHAJIOM,
OTCYTCTBYIOIMM Y PafuoNIoOuTeNs, He ClIefyeT HeMe/IEeHHO 6pocaThCs
Ha €ro IOMCKHU, CTOUT IOCMOTPETD, HET X B Ha/IMuuy 6/1ypxaiiiero 60mb-
LIEro MM OMVKaiIIero MEHbIIIETO.

ABTOpPY BCTpETU/ICA HAa IIPAKTUKE aHEKAOTUYECKMIA CITydail, KOIja 4eno-
BeK, M3TOTAaBAMBAIOIMI KOHCTPYKIIMIO, IO KaKOW-TO MPUYMHE HE CMOT
HaiiTu g Hee pesuctop 1 MOM. OH nocTynua BecbMa HaXof4MBO —
COeIMHI NOCIEN0BAaTEeNbHO TP pe3ucropa Ha 330 kOM, u A IOTHOTO
CYACThs AOMAs/I «B XBOCT» elle pe3uctop Ha 10 kOm. IIpsmo 6epu kanp-
KYNATOp U cunTan!

Ha camoM piene aTo caMasi HacTosIas INTyNOCTb — OOBIYHBIN pe3u-
CTOPHBIN INMPIIOTPe6 MIMEET TeXHONIOTMYeCKMe JOIYyCcKu nopagka 5—10%
HOMMHaJIa, A pe3uctopa B 330 kOM 310 15—30 KOM, KOTOpBIE TPOCTO
IepenIoHy T 3TH Xankue 10 kOM «B xBocTe». [loTroMy noBTOpUMCA elije
pas — B 6O/IBIUMHCTBE KOHCTPYKLMIT HOMMHA/IBI Pe3UCTOPOB Y KOHJIEHCa-
TOPOB MO>KHO HEMHOTO M3MEHSATH B GO/BLIYIO VIV MEHBIIYIO CTOPOHY.
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Perynupyem Temneparypy »ana nasanbHuKa

Yem nmasaTh? [I1ynblit OTBET Ha ITyTIbIN BOIIPOC — MasIbHMKOM. YBBI, HE
BCe Tak IpocTo. [lepBoe, 4TO 0653aTeNBHO CIIERYET CAENATh — 3TO COOpaTh
A1 Mas/IbHMKA TEPMOPETYNATOP, B IPOTUBHOM C/Iy4ae BCe Ballly M/IAThl
BBbIJIepP)KaT MaKCUMYM OJHY Ilepemnaiky (IpeAronaraeM, 4To NasnabHYI0
CTAHIVIO YUTATETIIO IPMOOPECTH CIIMIIKOM HaK/IafHO).

Jla u majika OT neperpeToro nasjabHUKa CMOTPUTCS KpaiiHe HeacTe-
TUYHO, He TOBOPS y>Ke O IIepPeXOHOM contpoTusieHny. CxeM TaKuX TEpMO-
perysTopoB — Mope, Boibupaiite mo6yio. [IpuBeny HeCKONMbKO MPUMEPOB
cxeM u3 cetu VIHTepHer.

Cxema Ne 1. BopoTbcs ¢ neperpeBoM y nasibHMKa MOXKHO npocTo. Vgem
B MarasyH 9/IeKTPOTOBapoB (KaK IIPaBU/IO, B TOT XK€ CaMblif, I7ie ¥ TIOKY-
IaJICs 3TOT Mas/IbHUK) U [TOKYIaeM He6onbiyio (pa3MepoM C OOBIYHBI
BBIK/IIOYaTe/Ib) KOpoOOUKy cBeToperynsaropa. Ee ele oueHb 4acTO Ha3bl-
BaIOT MHOCTPAHHBIM CTIOBOM AMIMMEP.

Eire HaM MOHaOOUTCS ceTeBO IIPOBOJ, C BIWIKOI Ha KOHIIE M pO3€eTKa
ms oTKpbITON mpoBopkyu. Ha He6ombiyto daHepKy 3aKkpeniieM AUMMeEp U
po3setky. [TopxiouaeM ceTeBoi MPOBOJ, COITTACHO MHCTPYKIMY ISl AMMMeEpa.

B poseTky MbI 6yieM BK/TIOYaTh Halll TAs/IbHUK, @ CBETOPETYIATOP y HAaC
IIPEBPATUTCA B PETYIATOP TeMIIEpaTyphl MasAAbHOrO Xasna. Mo)XHoO BOC-
IIO/Ib30BAThCs1 TEPMOIIAPOI, MAYIIEN B KOMIUIEKTE C JlelIeBbIM KMTaICKUM
MPOBBIM TECTEPOM, ¥ MAPKEPOM IIPUMMEPHO OTTPAafyMPOBATh IIOTI0XKeE-
HUA perynaTopa AMMMepa B COOTBETCTBUM C TEMIIEPATYPON Masd/IbHUKA.
IMTasTp TakuM MoaMPUIMPOBAaHHBIM NasATbHUKOM CTAHOBUTCA HAMHOTO
ymo6Hee, a JOMTOTHUTENIbHBIE 3aTPAThI He peBbIcAT 200 py6neit.

Cxema Ne 2. Cxema (puc. 11.1), koropyto npeacrasun B Vintepuere C. Ipu-
uerxo (BopoHex) 3sauHTepecyeT MHOTMX pafmomobuTeneit CBoei MpocTo-
toit. [Togo6Has cxema paHee Iy6/1MKoBanach 1 B

xypHane «Pagno» (1975, Ne 6, c. 53). YcrpoiicTBO ¢ VD1, KA226 . ¢
TI03BO/IAET PETYIMPOBATh MOUIHOCTD MAs/IbHMKA < \xfms

OT IOJIOBMHHOI /10 MaKcuManbHOIL. [Ipu ykasan- 8 I g
HbIX Ha CXEME 3/IEMEHTAX MOIIHOCTD HATPYSKM 1 || | 7o | 30x g
He JIo/DKHa rpeBbimath 50 BT, HO B Teyenme yaca 3 || |*638B *
cxeMa MOXXET IlepeHecT 1 Harpysky 100 Br 6e3 R2 30« ,
0COOBIX MOCTIENCTBIIA. )

TIpMHIMIMATBHAS CXeMa perynsTopa mpu-  Luc 11.1. Cxema npocmozo

pe2ynamopa memnepamypel
BefieHa Ha puc. 11.1. Eciiu Tupucrop VD2 3ame- Xana nasnbHUKa
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ctuth Ha KY201, a guog VD1 — na KJ[203B, MoIHOCTh HOAK/II0YaeMOIt
Harpy3Kiu MO>XHO YBE/IM4YNTD. BbIXOIHass MOLTHOCTb MMHMMA/IbHA B Kpaii-
HeM JIeBoM (110 cxeMe) IONo>KeHuH ABIDKKa R2. B manHOM BapuaHTe pery-
JIATOP CMOHTMPOBAH B IIO[ICTaBKe HACTO/IBHOJ JIaMIIbI METOJIJOM HaBECHOTO
MoHTaxa. [Tpu aToM sKOHOMUTCS OffHA ceTeBasi po3eTKa, KOTOPhIX BEYHO
He XBaTaeT. IToT perynsitop pabotaer y C. [puiieHKo B TeueHe MHOTHX
net 6e3 KaKMX-M60 HapeKaHMIL.

Cxema Ne 3. Tepmoperynupymoias npucrtaBka Kk nasanbHuky. [Ipu
paboTe ¢ mas/IbHUKOM HEPEeRKO BO3HMKAaeT HEOOXOAMMOCTb MOAOUPATD
ONTUMAJIbHYIO TeMIIEPaTypy Harpesa ero anaa. 9TO MOXKHO CHenaTh C
IIOMOUIBIO IPUCTaBKY, NpeanokeHHo A. Toruununvim (1. Kysnenk Ilen-
3eHCKoit 0011.). [TpucTaBKa O3BO/IAET ITOTYYNTh Ha HarpysKe 4eThIpe pas-
HBIX HaNPsDKEHUA.

B nokaszanHOM Ha cxeMe (puc. 11.2) nomo>xeHny Nas/IbHUK MUTAETCA
OJHOIIONYNEPUOAHBIM HallpsOKeHMEM, NMO9TOMY TeMIlepaTypa HarpeBa
>Kajla MMHMMaAJIbHA.

Korza Beikmrogarenb S1 CTOUT B IIOMOXKEHUN

Vi.v4  3aMKHYTBIX KOHTaKTOB, TEMIIEpATypa Xaja BO3-
2265
st\sz | & pacTaer, HIOCKO/IbKY Mas/bHUK Tellepb IIUTAeTCA
x1 ZAAV1IAVS X2 IBYXIIO/TyIEPUONHBIM HaNIPsXKEHUEM.
< <g
@ . Ct g Ecnu e, Ha060pOT, KOHTaKThl IEPEKIIIO-
o g 2
§ T dowx || & darens S1 — pasOMKHYTHI, a S2 — 3aMKHYTHI,
¢ <T TeMIepaTypa Xaa eie 60/bIlle — Belb Masi/b-
AV2ARva HYIK Tellephb MUTAETCA MY/IbCUPYIOLMM HAIIPsI-
)KEHUEM OT OJHOIIONYNEPUOJHOTO BBIIPAMU-
Puc. 11.2.Cxema ' TeNs ¢ KOHIeHCATOpoM GMIbTpa.
mepmopezynupytouseli . )
npucmasku Jns panpHeilIero MOBBILIEHUS TeMIepa

TYPbl HaJI0 3aMKHYTb KOHTaKTbI 060UX BBIKIIO-
yaTesieil — IOIYYUTCS SBYXIIONTYIIEPHOAHBIN BHIIIPSIMUTEND C PUIBTPYIO-
IVIM KOHJIEHCaTOpPOM.

JlaHHBIe feTaney NpUBeNEHBI /I MasAIbHMKa MOITHOCTBIO 40 BT. B cny-
Yyae IpYMeHeHNs Mas/IbHUKA MHOM MOIHOCTY HaJJoOOHO COOTBETCTBEHHO
U3MEHUTb eMKOCTb KOHEHCATOpa U MOfo6paTh AMOABI C APYTUM 3Haye-
HMEM BBINIPAMIEHHOTO TOKa.

Cxema Ne 4. Kak n3BecTHO, Iipyu paboTe C IOJIEBBIMYU TPAH3UCTOPAMU
u MukpocxeMamu cTpyktypbl KMOII gacto BosHuKaeT npobnema, cBs-
3aHHasA C BBICOKMM IIOTEHIINAIOM >Kaja Mas/lIbHUKA, IUTaeMOro OT Ipo-
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MBIILJIEHHOM ceTU HampspKkeHusA. CBA3aHHO 9TO C TeM, YTO MOJIeBble TPaH-
3MCTOPBI ¥ MUKPOCXEMBI, ITOCTpoeHHbIe o TexHomoruyn KMOII, odyeHs
4yBCTBUTENbHBI K 9/IeKTpuieckuM nonam. Haubornee ornacHsIMY ABNAIOTCA
97IeKTpUYECKIe 110715, BO3HMKAIOIIVE B pe3y/IbTaTe CETEBbIX HABOAJOK Py
MIMTAHUY Tadg/TbHUKA NIepeMeHHBIM HanpsbkeHueM 220 B. [lop meitctBuem
TaKVX II0JIelt ileTalb MOXKET BBIITH U3 CTPOS Ja)Ke IIPY KPaTKOBPEMEHHOM
KacaHuM ee BHIBOJA JKa/IOM BK/IIOYEHHOTO Nas/IbHUKA.

B papmomo6uTenbckoi mMTepaType BCTPEYaloTCs ONMMCAHNA IIPUEMOB
60pbOBI C 3TVM HETaTUBHBIM ABJIEHUEM, KOTOpble OOBIYHO CBOAATCA K
MIOHVDKEHMIO HANPSXKEHUA NMUTAaHUA MasgnbHuKa 1o 12—40 B unu nepe-
JleNKe caMoTo Mas/IbHMKa. Bce 3Ty olepauyy OTHOCUTENBHO TPYAOEMKH U
BCe paBHO He JAIOT ITOTHO 3alThI OT IP060s JeTanu.

Opnnako npo6eMa MoXxeT 6bITh pelieHa MHave (nuier Onez Ha http://
revolution.allbest.ru/). Benpb f1s TOro, YT065I OMTHOCTHIO YCTPAHUTD BIIU-
sIHYe BbICOKOBO/IbTHBIX HaBOOK JOCTAaTOYHO IIPOCTO Ha BpeMs Maifku
BBIBOfla MUKPOCXEMBI OTK/TIOYATh MasAbHMUK OT CeTH. Bpemsa maiky Kax-
JOTO BBIBOJiA /0601 MUKPOCXEMBI M/IM TPAH3UCTOPA JO/DKHO OBITH Kak
MOXXHO MEHbBIINM, TIO3TOMY 3a BpeMs MaiiKy JjaXKe HECKObKUX BBIBO-
OB >Ka/I0 OTK/TIOYEHHOTO OT CETY NMasA/MbHIKA IIPOCTO He YCIIEBAET OCThI-
BaTbh HAaCTO/NbKO, YTOOBI He/Mb3sA ObIIO
OCYILIeCTBUTh Ka4eCTBEHHYIO IailKy.
EcrecTBeHHO, Ha BpeMs KOTZa >Kaylo ~2208

K1.2_-.
onyckaeTcAi B KaHU(}OIb, Ha HErO | 2
6epeTcs IPUIION MY MPOCTO MAas/b- A Krasnoiny

2 +9 B

K1.1

HUK KJIafleTCcAd Ha NOACTaBKYy HYXKHO He DD1 K176M1A7
3a6bIBaTh BK/IIOYATh €r0 B CETh.
Ha puc. 11.3 nokasaHa NpuHLHU- 2-9B

nuanbHasg CXxeMa yCTpOMCTBa, I03BO-
JISIOLIETO aBTOMATU3UPOBATh MPOLIECC Puc. 11.3. Cxema, obecnequsarowan
BK/IIOYEHMA/OTK/IIOYEHNs TMas/NIbHUKA CEHCOPHOE BelicTioHenLE naRTbALKa
Ha BpeMmd maiikun. KoMMyTanusa 1enm HarpeBaTeIbHOTO 37IeMEHTA OCY-
LIECTB/IAETCSA Py MIOMOLLY HOPMa/IbHO 3aMKHYThIX KOHTaKTOB 3/IEKTPO-
MarHuTHoro pene P1.

Ynpasnserca perne npu oMoy ceHcopHoro fgatunka Bl, B2. B ucxo-
JHOM COCTOSHMM Ha BXOJjaX JIorm4eckoro snemenTa DD1 npucyrcreyer
IIOTEHLIMA/I BHICOKOT'O JIOTMYECKOIO YPOBHS, @ Ha €r0 BHIXOfie — IOTEHIAI
HU3KOTO ypoBH:. TpaH3MCTOp IIpy 3TOM 3alepT, 1 06MOTKa perne obecTo-
YeHa, a MMAsA/IbHUK BK/IIOYEH B ceThb. ECM KOCHYTbCA manblLieM 3/1eKTpo-
moB Bl u B2, To conpoTuBieHne MeXXAy HUMM YMEHBIIUTCA, U Ha BXOfie
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unaBepTopa DD1 BhIIeIMTCA NOTEHLMAT HU3KOTO JIOTMYECKOTO YPOBH, a
Ha 6a3e TpaH3MCTOpa MOABUTCS BBICOKMIT TOTeHIMa. TpaH3MUCTOP OTKpO-
€TCs, perie BKIIOUYMUTCS, ¥ €r0 KOHTAKThl PAa30MKHYT 1j€llb HarpeBaTe/IbHOTO
aneMeHTa nasanbHuKa. Konpgencarop Cl1 u pesucrop R2 obpasyior dunsrp,
YCTPaHAOIINII BAMsAHME Ha CXEMY CETEBBIX HABOJOK.

B xayecTBe ceHCOpa MOXXHO MCIIO/Ib30BaTh [iBa OTPe3Ka XOPOIIO 3aiy-
>KEHHOJ ME€HOM IIPOBOJIOKY JMaMeTpOM OKo/10 0,5 MM U iNINHO 5—7 MM,
KOTOPpbI€ KPEIATCA Ha PYKOATKe Mas/IbHUKA B yTOOHOM MecCTe Ha pacCTos-
HUY OKOJO 3 MM JipyT OT Apyra. Crioco6 KperteHus IpOou3BOJIeH U 3aBU-
CUT OT KOHCTPYKLMM Py4KM IasnbHuka. [Inara ycrpoiicta pasmeniaerca
OT/IE/IbHO B II/ITACTMACCOBOM KOPITYCe, CEHCOP COEIMHAETCS C II/IaTO Ipu
IOMOIIIY 3KPaHMPOBAaHHOTO NpoBofa. IIpu sToM oneTKy npoBopa cie-
AYeT COeAMHUTD C O6IMM IPOBOKOM cxeMbl. YTOObI IPOBOJ, He MelLias Ipu
Hajike, ero MO)KHO 0OMOTaTb «3MeJKOi1» BOKPYT PYKOATKM Mas/IbHUKA,
3aKpeNMB y €€ KOHIIa M30/IEHTO.

B xadyecTBe 371eEKTPOMarHUTHOTO pejie MOXET ObITh MCIIONb30BAHO
moboe pere, HafiexxHO cpabaTbiBalolee py HanpspkeHnn 9 B (Hanpumep,
P3C-37). BmecTo ykasaHHOI Ha cxeMe Mukpocxembl K176JIA7 MoxxHO
VICTIO/Ib30BaTh I00YI0 APYTyIo MuKpocxemy ctpykTypbl KMOII, Ha 6a3e
KOTOPOI1 MOXXHO IIOCTPOUTb MHBEPTOP.

Cxema Ne 5. Tlo cpaBHEHMIO C AMOAOM Iiepe-
MEHHBII Pe3UCTOP U He IpOollle, ¥ He HaJ[eX- -L[ Y ¢
Hee. Ho nmasnbHuK ¢ guomoM cnaboBar, a pe3u- r _”_(
CTOp I03BOJIsIeT paboTaTth 6e3 mepekana u 6e3
HefmoKasa. I'me B3ATbh MONIHBIN, MOAXOMSIIINIA v.- v
IO CONPOTUBIIEHNIO IIePEMEHHBI pe3uCTop? Puc. 11.4. Cxema
Hpome Ha'f/'ITl/i IIOCTOSIHHBIN, a BBIK/TIOYaTeNb, ngggﬁ;"’::"‘;‘,‘:gfm
IIpUMEHAEMBIN B «K/IACCUIECKON» CXEME, CME- MOWHOCMU NAA/IbHUKAG
HUTDb Ha TPEXIIO3ULIMOHHBIN (cM. puc. 11.4).

KO213
" Cxema Ne 6. IToBeicutb KIIJT peryaaTopa T Mn213A
MO>XXHO BKIIOYeHMeM fuopa (puc. 11.5), mpen- 220188 270 o

naraet 0. Bopodamuuii (VIBaHO-PpaHKOBCKas
0651.). IIpu atom gocturaercs 6omee ygo6HbIi1
npepen perymupoanns (50—100%). ITonympo- Puc. 11.5. Cxema

6 pe2ynamopa mowHocmu
BOJHMKOBBIE IIPMOOPHI MOXKHO Pa3MeCTUTDb Ha Ha mpex demansx
OJTHOM pajiiaTope.
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Cxema Ne 7. Bpspj, mu Haflo6HO 06 BACHATD KOHCTPYKTOPY allapaTypsl,
YTO Ka4eCTBEHHYIO MaiiKy MOXXHO IOTYYUTD JIUILUD B Y3KOM TeMIlepaTyp-
HOM JAMamnasoHe kaja nasnbHuKa. KpoMe Toro, mnactMaccoBbie pyuku
COBpEMEHHBIX NaA/TbHUKOB IIPY UX IleperpeBe HEPEAKO IIABATCA, OT Y€Tro
KOXYX Ias/IbHMKA CHa4yasa pa36anTeIBaeTcs, a IOTOM BOOOIIe BbINafaeT
M3 PYYKY, IPO3sI «COOTBETCTBYIOIMMY Oemamu». CyIleCTBYIOT pa3/Iu4yHbIe
CIIOCOOBI OTpaHUYEHUS TEMITEPATYPhI Nas/IbHMKA:

¢ IIaCCUBHBbIE — BK/IIOYEHME IOC/IEJOBATEIbHO C MasAIbHUKOM JIaMIIbl

HaKa/IMBaHMs, MOIHOTO pPe3UCTOpa U/ UOMA;
¢ aKTMBHbIE — MMUTaHMeE MAs/IbHUKA Yepe3 PeryasaTop MOIIHOCTH (Ha-
IpsDKEHNsI) Ha TUPUCTOPAX, MOIHBIX TPAH3UCTOPAX M T. II.

ITpennaraemoiit B. Beceounvim (UA9LAQ, r. TioMeHb) CTymeHYaTHIi
PerynATOp HANPsKEHNA /A MUTaHUA Mas/IbHUKA He IIPEeTeHAyeT Ha Opy-
TMHA/IbHOCTD, HO IIO3BOJISIET NMPOCTHIMU CPEACTBaMU MOJ0OpaTh HYX-
HYIO TEMIIEPATypY >Ka/ia M OCYLIECTB/IATD €r0 AeXypHOe MUTaHMe B Iay3e
Mexpy naiikamu. IlpuHImn pa6otsl ycrpoiicTa (puc. 11.6) ocHoBaH Ha
OJJHOIIO/TyTIEPMOLHOM BHINIPSM/ICHUM IIEPEMEHHOTO HAIIPsDKEHUS C IOCTIe-
AYIOIIMM YBeIM4YEHNEM NOCTOAHHOTO HAIIPSXKEHNUA Ha «HAKONMTENbHBIX»
KOHJIEHCATOPaX CINIaXKMBao1ero GpuibTpa.

B ucxogHoM cocTogsHuM

-« @ mTTTTEmTmssTsETEsTTEsssT ]
MNaATTbHUK, ITIOACOCANHEHHDBIN !
5, ACOCT SA1.1,2 QU SA1.2
K YCTPOUCTBY, BBIK/IOUYEH, o—P}—4
VD1

IIOCKO/IbKY IIEPEKNMIOYATEND g, keoze | 3222 sx:::; K nasmurKy
SAl mpe6biBaeT B cpefHeM ~220B T

. === 10MK 22mk 47mK
(HeTpaIbHOM) ITOJIOXKEHUM. x4508 ] x450B8] x4508

Y - - 7

Iina 6picTpOro mporpesa
NasANbHUKA TIEPEKTI0YaTeNb Puc. 11.6. Cxema cmyneH4amozo peaynamopa

HanpAaxeHus 0719 NUMAHUA NAAIbHUKA
SA1l mepeBoOfAT B BepxHee

IO CXeMe TTOJIOXKEHMeE, T. €. BKTIOYAIOT MasA/TIbHUK HETIOCPECTBEHHO B CETb.
3arem SA1 nepeBOfAT B HUKHee IOJIOKEHME, Y NIUTaHME Nas/IbHUKA IIPO-
M3BOUTCA TONIBKO OT MOJIOXKUTENbHBIX ITOTYBOJIH IIEPEMEHHOTO HaIpsiKe-
HuA (AexypHblit pexkxuM). [Jo pabodeit TeMniepaTyphl M3 3TOTO MONOXKEHNS
Mas/IPHUK pa3orpeBaeTcs 3a AEeCATOK CEKYHJ IOC/e BK/IIOYeHNs TyMbre-
poB SA2 u SA3.

ITajtky Manmora6apuTHbIX feTaneil OCYIeCTB/AOT IpY BKIIOYEHHOM
(samxHyTOM) SA2 M BBIK/TIOYeHHOM SA3. Borniee MacCHBHBIe jeTa/Iu MAsIOT
Ipy BK/IIO4eHHOM SA3 u BeIkmioueHHOM SA2. [l naitku eie 6omee KpyT-
HBIX fleTajieit 3aMbIKaloT 06a TymM6repa — SA2 u SA3.



284 WcKyccTBO CcxeMoTexHUKM. MPOoCcTo 0 CNoXXHOM

HanpsokeHue Ha nasAIbHIKE COCTAB/IAET:

+ 6e3 koHpeHcaropa C1 — 110 B;

¢ c xoHpeHcatopom C1 —130...140 B;

¢ 1pu BKIo4eHHOM SA2 — 140...160 B;

¢ npu BKI0OYeHHOM SA3 — 160...180 B;

¢ 1py BKIo4eHHbIX SA2 1 SA3 — 180...200 B.

STHU HaNpsA>KEHMUA 3aBUCAT KaK OT MOIHOCTY IIPMMEHAEMOTO Naslib-
HMKa, TaK ¥ OT (pakTI4eckoi1 eMKocTi KoHaeHcaTopoB C1 —C3 u Hamps-
xeHns B cety. [Ipy HeOCTaTOYHOM HampsKeHuM (HarpuMep, Ipy CUIbLHO
IIeperpy>XeHHO CeTi) BMECTO OFHOTO AVOfa YCTaHAB/IMBAIOT JVIORHBI
MOCT, a II0C/Ie Hero — Habop KOHJEHCaTOPOB.

B ycTpoiicTBe MOXKHO NPUMEHATD SUOABI, pacCCYMTaHHBIE Ha ob6par-
HOe HampsDkeHye He Hipke 400 B u Tok 3 A, KOoHfieHcaTopsl — ¢ pabounm
HampspkeHueM 350—450 B. B kauectBe SA1 npumenen Tym6nep I12T-2 co
CPesHVUM HeMTPalbHBIM NONOXKEeHNEM. MOXXHO IIPUMEHUTD U OOBIYHBIII
rajIeTHBIN MepeKIoYaTeNb Ha Tpy nomoxkenus. SA2 u SA3 — o6biuHbIe
OIHOIIOMIOCHbIE TYMOnephl, HanpuMep, TB2-1. KonnyecTBo nepexiiodae-
MBIX KOH/IEHCATOPOB MOXXHO YBEIN4INUTb, YTOOBI KOMOMHaLIMeEl MX BKITIO-
4eHJA TOYHee BBICTAB/IA/IACh TeMIIepaTypa Xara.

Cxema Ne 8. PaccMOTpyM aBTOMAT BBIK/IIOUYEHMA IaA/bHMKa. B pagno-
MI06UTENbCKOM MPAKTUKE YaCTO BCTpeYaelIbCs ¢ Mpo6rmeMoit BKIIOYEH-
HOTO Nas/IbHUKA, OCTaBJIEHHOTO 6e3 Habmofenns paguonoburenem. Ilpu-
YMHOV MOXKET IOCTTY>XUTh AIVHHBIN Te/le(OHHBIIT pasroBop, Te/IEBU3NOH-
Has repenava, 3BOHOK B iBepb U T. I1. OTolifelib Bpofe 65 Ha MMHYTKY, a
CMOTpMILb — IIPOLIEN 4Yac, [PYTO.

ITosTomMy nonesHa cxeMa aBTOMaTa, KOTOPbIN OTK/I0OYaeT Has/IbHUK
yepes 3aflaHHOe BpeMs. Takoe MHTepecHOe YCTPOICTBO OY€Hb IIOMOTaeT
3a6pIBYMBbIM papguorioburenam. Ero paspaboran I. Illanno, r. Butebck
(Pagmomniobutenb — Ne3 — 1998)

IIpunnunuanbHasA cxeMa aBTOMAaTa IIoKasaHa Ha puc. 11.7, a. OcHoBoik
YCTPOJICTBA SIBIAETCSA peie BpeMeHM, COOpaHHOe Ha YeThIpexX TPUITepax
Imurta (MMC K561TJ11).

Crabunusatop HanpspkeHus cobpaH Ha aneMeHTax R4, R5, C2 u VD5,
BBIXO[JHOE HaIIpsDKeHMe KOTOporo cocrasindeT 8—12 B.

Pa6oraer aBTOMAT cregytoumm ob6pasom. Kuonka «ITyck» SB1 pacno-
NIo>KeHa Ha nopctaBke (puc. 11.7, 6). IIpy nogHATOM Nas/IbHUKE 3aMKHY-
Thle KOHTaKThl SB1 3anpemaior pab6ory pene. Ho Kak TOIbKO MasIbHUK
OKa3bIBaeTCA Ha MOACTABKE, KOHTAKTbl KHONKM Pa3MbIKAIOTCsA, ¥ HaUuMHa-
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Puc. 11.7. Aemomam 8bIKNI0HEHUA NAAJIbHUKA: NPUHYUNUA/TbHAA cxXeMa (a);
pacnosnoxeHue KHonku «[1yck» (6)

€TCA OTCYeT BpeMeH!. BennHa BbIJIep)XKI BpeMEeHM 3aBYICUT OT eMKOCTH
C1 u conporusnenus R1. B jaHHOM ci1ydae oHa cocTaB/isieT 0Koo 20 MUH.
Bce aTo Bpems masnbHuK paboraeT. Kak TO/MbKO MCCsAKaeT 3amac BpeMeHH,
Has/IbHNUK OTK/II0YaeTcs. Bo BpeMs paboThl C Mas/IbHUKOM, T. €. IpM KaX-
[OM TIONHATUY €TO C MOACTABKYU perie BpeMeHM cOpachIBaeTCs, ¥ OTCYET
Ha4yMHaeTCA 3aHOBO.

B xauectBe SB1 ncnonbzoBan Mukponepexmiodarens MI122. Taxectn
MajIora6apuTHOTO MasAbHMKA MOXXET OKa3aTbCA Majo [Is HaAKaTUA Ha
«MUKpHK». [I09TOMY 13 Hero y#anAioT BO3BPaTHYIO NPY>XUHY U, U3rubas
BTOPYIO IIPY>XXMHY, YCTaHaBIMBAIOT HEOOXOAUMYIO YYBCTBUTETBHOCTD.
ITocme Takoit BOpaboOTKM «MUKPUK» CpabaThIBan fake OT 25-BaTTHOTO
HasAIbHUKA.

Bbl60p MOLWHOCTU NaAJibHUKa

ITasnbHUKOB, IO 6O/BIIOMY CYETY, HY>)KHO [Ba, Ha pasHble MOIIHOCTH.
OtuMabHO, IO OIBITY aBTOPA, MMETh TaKyI0 KOMOMHaIVIO: 20—25-BaTTHBIN
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" 60-BaTTHBI, Befib BpeMs OT BpeMeHM BO3HMKAeT HeOOXOAMMOCTD MasATh
KaKye-TO MacCUBHbBIE YaCTU M/IM TOJICThbIE IIPOBOJA, Ma/IOMOIIHBIM I1asA/Ib-
HMKOM BBI MX IIPOCTO He IpOrpeeTe.

BonpHOIT BONpOC — >Kano masabHUKA. B 0OBIYHBIX, OTEYECTBEHHOTO
«pasnBa», MasAIbHMUKAX OYEHb YACTO B KaUECTBE )KaJla BCTaB/IEH IO/IbIi Mefi-
HbII1 cTep)KeHb. [IoKyTiaTh Takue Mas/IbHUKY CTIERYET TONbKO B KpaliHEM CITy-
Jae — IIpY BBICOKOJ TEMIIEpaType Mefib Ha BO3AyXxe 6YKBa/IbHO TOPUT, OChI-
TasACh YEPHOI1 LIEeTYXO0 OKMCHU. 3a TOfi-ABa Balll MEHBIN CTEPXKEHb YMEHb-
LINTCA B AMaMeTpe 4yThb M He BABoe. Ho camoe xypiee — 3ra e OKUCh
HaMepTBO 3a6beT rHe3fio, Ky/ja BCTaBJIeH CTepXeHb Mas/ibHuKa. IToatomy
BBITALMTh €0 ITOTOM M3 Mas/IbHUKA [I/Id 3aMEeHbl — 3aJaykKa, JOCTOMHasA
Tepaxsa. BeiBanu cry4an, YTO Mas/IbHUK IMPOCTO BBHIGpAchIBaICA.

IToaToMy ka0 Mas/IbHMKA JO/DKHO ObITh 0653aTe/IbHO HUKEMMPOBaH-
HbIM! Taxke — HeHaBA3YMBBII COBET: MASATbHUK JTy4llle 6paTh ¢ Kepamuye-
cKkuM HarpeBaTtenieM. OH He CTOPUT 3a Tpy-4eThIpe IOfia, KaK 3TO ClTy4aeTcA
C OOBIYHBIMY MTASANIBHUKAMIU (BIIpoyYeM, 6yfieM ClipaBefIMBBIMU — Y CPERY
HYX ITOTIAJAlOTCA ONTOXKUTENIN).

Eie opyts MOMEHT — Mefib ITpU KOHTAKTe C Pacll/IaBJIEHHBIM MPUIIOEM,
KaK 9TO HM YAVBUTE/IbHO, paCTBOPSAETCA B HEM, KaK caxap B ropsA4eM 4Yae.
VIMeHHO 3TO — NpUYMHA NOAB/IEHMS Ha XKajle IasA/IbHMKA KaBEPH U Bble-
MOK, U, KaK CIeICTBHE, YacTast HeOOXOUMOCTb €ro 3aTauMBaTh. BopoTbes
C 3TUM sIBJIEHMEM MO>KHO ABYMs criocobamu:

* croco6 1 — npuobpecTy NpuIoit, B KOTOPOM 3apaHee PacTBOPEHO

HEKOTOpOe KONMYECTBO Mefy (COCTaB IPUIOA OOBIYHO NMIIETCS
Ha KaTyIIKe C IPUIIOEM, €C/IM, pa3yMeeTcs, OH M3TOTOBJIEH «3a Oy-
IpOM» — OTeYECTBEHHbIC IIPOM3BOAUTENN 10 TaKUX ITIyIIOCTENA He
OITycKaloTcs1). B TakoM mpurioe MeHbIN CTEp)XeHb NPAaKTUYECKN He
pacTBOpsieTCs, OCKO/IbKY IPUIION 1 6€3 TOro HackhIleH MeAbIo;

* cnoco6 2 — npuobpecTu CTepXKeHb U3 CHEeLMaNTbHOTO CIUIaBa, KO-
TOPBIN YCTONYMB K JIEJICTBUIO PACIl/IaBJIEHHOTO IIPUIIOA. ITO MOXKET
6bITh MO0 «BEYHOE XKAJIO» U3 CTAJIbHOTO CIIIaBa, TM60 He TaKoe Bed-
HOe, HO M3 MEeJHOTO (CIJIaB 3TOT HEMHOTO 60J1ee >KeThIi, YeM Mefb,
KOTOpas MMeeT KPaCHOBATBII OTTEHOK).

ABTOp NpeANnoYnTaeT BTOPOI BAPMAHT — Ha MEJHOM CII/IaBe IPUIIOi
HEPXXUTCA JTydllle, ¥ TI0 9TOV MPUYMHE OH 6ojiee «yIIpaBisieM», YTO BaXKHO
IIpY NaliKe KOMIIOHEHT IS IOBEPXHOCTHOIO MOHTaXa.

3arauMBaTh XKaJIo Nas/IbHMKA MOXKHO Pa3HbIM CIIOCOO0M. ABTOP, MCXOAS
M3 COGCTBEHHOTO OMbITA, 3aTauMBaeT 60-BaTTHDIN MAas/IBHUK «YITIOM», &
20-BaTTHBINT — «Ha cpe3». [lo/b3yeTcs TONbKO IPpAMbBIMY Xanlamu. PasHoro
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POAa «IOFOYKM», «/IONIATOYKM», KOHYChI C BHICBEP/IEHHBIMM B HUX IbIPKaMy
¥ IPOYYIO 5K30TUKY CUMTAET 6/I1aXKBIO.

W nocmeguuit, 06s13aTeNnbHbBIN KOMIIOHEHT — 0/10BOOTCcOC. He Hy>xHO
TIpY BbIMAMBAHMM PAsHUPATb MUKPOCXEMbI Ha YaCTH «aKM JIeB JOGBIUY».
CrnenyeT akKypaTHO IIPOTpeTh Ka)XXAYIO HOXXKY NasIbHUKOM, YOpaTh C Hee
IIPUIION OJIOBOOTCOCOM. VI 3aTeM JIETKMM ABIDKEHMEM PYKM aKKypaTHO
U3BJIeYb MUKPOCXEMY U3 IUIATHI.

MpumeuaHue.

n Onosoomcoc 0osxeH 6bimb 06A3amesibHO € MepIOHOB8bIM HAKOHEYHU-
KoM (Umobbl He oxnaxdame mecmo nalku) u obAa3amenbHO Memaniu-
yeckum (nacmmaccoseili 8 meyeHue 200a HenpeMeHHO paséanumcs om
NOCMOAHHbIX yOapos NPYKUHbl).

Kak naatb

Hns maitku Tpe6GyeTcs Ba KOMIIOHEHTa — NMpUIOIL 1 ¢mioc. ABTOp
O4YeHb PEKOMEHJYET ITOIb30BAThCA IPH MaiiKe COflep>KalyM cepebpo mpu-
noeM — y Hero 60/iee HU3Kas TeMIlepaTypa IIaBlIeHNs], Y OH AaeT 6onee
aKKypaTHYIO MaiKy (IpaBaa, ¥ CTOUT OH JOPOXKe).

Taxoke MOXKHO IIO/Ib30BAaTbCA MPUIIOEM, COepXKamuM Mefb. OTedecT-
BeHHbIE IIPUIION NPAKTIIECKN BCE COTiEPXKaT B CBOEM COCTaBe CBMHEI, OT
KOTOPOTO, B CMTy BPEHOCTH, Ha 3amajie ceifdyac BCEMM CUIaMy OTKa3biBa-
fotcsA. Ho 4To HeMIry cMepThb, TO pyCCKOMY 4€I0OBEKY, KaK M3BECTHO, XOpOIIO!

— Coser.
Y0o6Hee ucnone308ame KoMbuHayuto npunoli+gnioc (pnioc Haxodumca
8HyMpu mpy604KU U3 NPUNOSA), HO U Yucmell npunol nodotidem.

ITpumnoes xenarenbHO UMETh, KAK MMHUMYM, TP TUIIOpasMepa:
+ nuametpoM 0,35—0,5 MM Ji/14 MIOBEpPXHOCTHOIO MOHTaXa;

¢ 0,75—1 MM /19 OOBIYHOM MK,

¢ IIPUIION B NPYTKAaX /IS MaiiKy MOILIHBIM Mass/IbHUKOM.

j Coser.
Meyamueie nnamel nydwe 8cezo NAsmMb Npu meMnepamype xana naso-
Huka 200—220 zpadycos. [lpu makoli memnepamype 8 ka4secmae gnoca
xopouwio pabomaem o6bI4HAA cOCHO8AA KaHugonb nubo ¢ioc JITU-120.
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ABTOp, KCTaTV TOBOPA, pajfy 9KCIIEPMMEHTA HECKOIbKO /IET MCIOMb-
30BaJ B KauecTBe ¢II0ca COCHOBYIO CMOJIY — NpeKpacHblit adpdext! A
BOT (TIOCBI TpaKTUYHee )XUKME, PACTBOPEHHBIE HA CIIMPTY: «KHApOLHbIE
CpEeACTBa», «pa3bops>KeHHbIe» alleTOHOM, XOPOILY pa3Be YTO J/Is TOKCH-
KOMaHOB.

Coser.

L.!J Ana naliku KoMnoHeHMO8 0/1A NOBEPXHOCMHO20 MOHMAXA Jiy4yule
ucnosib308ame 6€30MMbIBOYHbIU (B/IIOC — NPO3PAYHYIO XKesImo8amyio
XKUOKOCMb, NPAKMUYeCKU He 0CmasnAaiowyio ¢/1e0os.

CranbHble U3fieNNs, TOYepHEBILe cepebpsHble KOHTAKTbI, OKUCTIEHHbIE
JTy>K€HbIe fleTa/Ii HY>KHO IaATh U TeMIIepaType Xana He MeHee 280—300
rpafycoB u ucnonb3oBats ¢ioc JITV-120. Ecniu Temneparypa u ¢ioc He
IIOMOTAIOT, C/IEAYET Pa3orpeTh Nasi/IbHUK 0 TeMmnepaTypsl B 350 rpaycos,
U TIO7Ib30BaThCA:

+ 60 masIbHOM KUCIOTO (PacTBOP X/IOpUAA IIMHKA);

+ 60 oxcupanoMm (6emnbiit MOPOLIOK /1A YMCTKM JKajla Mas/IbHUKA);

+ 160 CPerCTBOM /IS OUMCTKU Harapa C yTIOTOB.

OTU MHTpERUEHTb OOBIYHO CAMPAIOT BCE «O KOCTE».

Ecnu e 1 3TO He NIOMOIJIO, OCTaeTCsA PafiMKaAbHbIN yTh — MeXaHI4e-
CKaA 3a4MCTKa KOHTaKTOB.

BHumanmne.

Mpu nalike noyepHesUX cepebPAHLIX KOHMAKMO8 cmapalimecs He 80bi-
Xame ucnapeHus — npu 83aumodelicmeuu cepebpaHol «4epHOMel» C
nocom abidenaemcs ceposodopod, Komopwil, KaK U38ecmHo, A008UM.

O6MoTOYHBIE IPOBOJIAa B 9MajIeBOJ M3ONALMM C/IEAYET 3a/My>XUBaTh
Takxe npu Temneparype 280—300 rpagycoB U MOb30BaTbCA «HAPOJ-
HBIM CPefCTBOM» — TabJIeTKOJI aCIMpMHA IIOIIOJIaM C CYX0it KaHU(OJIbIO.
JblmaTh CIapeHNAMY NPY STOM TOXE He C/IEAYeT, IOCKONbKY IpY pasiio-
JKE€HUY acIIMpYHA BBIAEAIOTCA pacKaJleHHbIE Mapbl YKCYCHOM KUCIOTBHI.

CoBerT.

l.!‘ Mnamel nocne naliku o6A3amenvHO cnedyem NpomMbleame — 8 MOM
yucsie u homomy, 4ymo Heommbimeili ¢nioc 6ydem «npumsazusame» u3
8030yXa 8/1a2y U 8CAKYIO OpAHb.
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Bce MoxeT 3aKOHUYUTBCA MO0 6ONBIIMMM yTeuKaMu U HepaboTo-
CIOCOOHOCTHIO KOHCTPYKLMY, MO0 [jaXke MOBEPXHOCTHBIM HPO6OEM.
Kaungones n JITU-120 XopouIo OTMBIBAIOTCSA CIUPTOM MU alleTOHOM
(HO, HM B KO€M cITy4yae, HM CKUIIMAAPOM, HY PaCTBOPUTENIAMM TUIa 646!),
ocranbHble (II0CHl — BOROIL.

YTO HY>KHO MOMHUTb NpPW Nanke?

ITaitka — 3TO He Ha/ANBIBaHMe MIPUIOS, KaK CMOJIBI M/IM 1{EMEHTA, Ha
coefiuHsAEeMbIe fieTalu. ITO MPOLIEeCC BCAChIBaHNA NPUIIOSA B MUKPO3a30Pbl
3a CYeT KaIlV/UIAPHbIX ABEHMIT M afre3uy (IIPUIUIIAHN) IIPUIIOA 3a CYET
TIOBEPXHOCTHBIX sAB/IeHNI (0OTMedaeTcs Ha http://mimiwaxer.narod.ru/
fignya/aaol10paika.html). Bce aTo anekTpocTaTuyeckme CUIbI, XOTA 3TO
He NPUBBIYHAA J/I1 BaC 97€KTPOCTATHUKA, ITO CUJIBI MEXXMOJIEKY/ISIPHOTO
B3aMMOJENCTBYSA Ha 6/IM3KMUX paCCTOSHUSX.

W 3pech HY)KHO 4eTKO IIOMHUTD, KaK pabOTaIOT SIBIEHUS CMaYMBaHUS
Y KaNWIIAPHOCTH.

Bo-nepBbIX, eciM KOHel] XKajla CTPAXHYT OT M3/INUIIKA [IPUIIOS MIIN
BBITEPT O TPATIKY, TO 3Ta 6/ECTAIIAs TOBEPXHOCTb 06/IalaeT CUTbHBIM
IIPUTSDKEHMEM pacIlIaBlieHHOro npumos. OHa MOXKeT BBICOCATh €ro OTKY/Aa.
9TO HY>XXHO, HallpMMep, PV OTIIajiKe 3/IEMEHTOB VIV VICIIPaB/IEHN TTaliKuL.
Jlns ynanmeHust 60/1blIero KOMM4YeCcTBa IPUITOs PUMEHSETCA KYCOK 9Kpa-
HUpYIOLIel OIIETKY OT Kabes.

Mpumeuanune.

n Cywiecmeyem nassiibHUK € NOX6UHKOU HA KOHUe, KOmopas Kak JIOXKa
3anonHAemMca npunoem npu KacaHuu cmapou natiku, xoms celiyac npu-
HAMO NpUMeHAMb 8aKyyMHbIU 0omcoc.

Bo-BTOpbIX, ecu BBl BO3bMeTe Ha KOHYMK >Kala Majo MPUIOS, TO
HedeMy OyZleT BCachbIBaTbCs B 3a30p MEXAY CIlayBaeMbIMM [I€TA/IsIMU, U
HeuyeMy GyZieT OKpY>KaTb 3TOT 3a30p IO IIEPUMETPY.

B-TpeTbMX, ey pUIIOA MHOTO, TO Malika 6yAeT B Bu/e CIMLIKOM 60/Ib-
IOV KaIlIX ¥l MOXKET 3aMKHYTb COCEIHME KOHTAKTBI.

B-ueTBepThIX, ecniu KaHudonu unu Qaoca HEJOCTATOYHO Ha XKaje
Hass/IbHMKA, @ TaK >Ke IIPY HeOCTaTOYHOI TeMIlepaType, TO Majika IonyJa-
eTcs He 671eCTsLIelt, PBIXJION ¥ HeMPO4YHOIL. To ke Mmoy4aeTcst Ipu CAMULI-
KOM BBICOKOJ1 TeMIlepaType, Koria ¢Iioc ucyesaeT paHblile, YeM CHeaeT
mobpoe perno.
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B-niaTsIx, ecnu KaHuG oy uiav ¢ioca MHOTO B 3a30pe€, TO OH TaM KMUITUT
Y BBIIJIECKVBAET [IPUIION B BU/ie GPBIST Ha COCEHIE KOHTAKTBI.

B-11ecThIX, IpU HY)KHOM KO/IMYECTBE TIPUIIOA M HY>KHOIT TeMIlepaType
Has/IbHMKa (M He CIMLIKOM GOJIBIION Macce CIIayBaeMBIX JleTajelt) mpu-
IO/ aKKypaTHO CaMOCTOSITENIbHO 06TeKaeT CrauBaeMble KOHTaKTBI ¥ CAMO-
CTOATE/IbHO BCACBIBAETCS B MUKPO3a30pbl MeXAy HUMH. To ecTs, hpopma u
IIPOYHOCTH Maitky GOPMUPYIOTCS CaMM, KaK HY>KHO.

MpumeyaHne.

n MomHume, ymo 08e 3a4uujeHHble Xomb 00 3epKasibHo20 61ecka MedHble
demasnu HUKo20a He COEOUHAMCA eMecme (passe 4Ymo 8bl UX CK/ienaeme
unu ceapume). lpu nalike OHU COEOUHAIOMCA MOHKUM C/I0EM Npunos,
Komopeili 8cacvieaemcs mMexoy HUMU, MOJIbKO eC/lu OHU yXe Xopouwlo
3anyxeHol (NOKpbIMbI npedsapumesnbHO MOHKUM C/10eM NPUNOs).

Vitak, nepep naitkoit criauBaeMble MeCTa HYXXHO 3a/IyAUTb WM UCIIONb-
30BaTh y>Ke 3a/7y>KeHHbIE e Ta/lN.

Py4Hol1 majike y>xe, HaBepHO€, COTHU M/IM THICAYM JIET, U C T€X MOP
IIOYTM HUYETO He M3MEHUIOCH B TEXHOIOTMY, cMo/Ia (kaHu(o/b) oHa 6bina
¥ TOTZa CMOJIa, @ OJIOBO ¥ CBMHeEL| TaK)Ke He U3MEHUINCD.

HekoTopble 3a4UIAIOT MPOBOAA MAs/IBHUKOM WIN CIIEMATbHO 3/1eK-
TPUUECKOI 00XKUTAIKON UIIV 3a>KUTANIKOM.

@roponacToBasg U30ONALNA He IVIABUTCA NMasA/TbHIUKOM, a IIPY TOPEHUN
JICITyCKaeT GeJIblit bIM C BBICOKMM cofiepxkaHueM ¢pTopa 1 GTOPUCTHIX coe-
nuHeHwmit. [Tonaganye aToro AbIMa B I7a3a MPUBEAET K UX XMMUYECKOMY
O>KOTY.

Korpa cuniiaere u30ms1yI0 KycaykamMu, TO IPOBOJ 3aXKMMaeTe IIHIle-
TOM OJHOJ1 PYKOJ1, a Apyroit nerko cxmumaere Kycadakamu (HE JOCTABAA
[0 JXVJIOK) u tanerte usonaumio. Eciy Kycauku ocTphie, TO M30NALMA
JIETKO Clie3aer.

CoserT.

L.!J Hy»xHOo Oepxxame Kyca4dku naockol Yacmeto, HanpasneHHolU om npoeood,
umobbl cpe3aeman U3ONAYUA ynupanace 8 smy nsocKylo 4acme, a He
3aXKUManace CMopoHou, 3amoyveHHoU Ha y2on.

Henb3sa cunpbHO CXXMMATh IIpy 3TOM KYCa4K¥, TO €CTb OHU HE JO/IKHbI
HM B KOEM C/Iy4Ya€ OCTaBJ/IATb HaAp€3bl M BMATUHDI HAa MEHBIX JKMJIaX.
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Coser.

Ecnu npu 3a4yucmke y 8ac omopeasniocb HECKObKO XUTOK eMecme € U30-
nayuel unu 8bl 3amMmemusiu BMAMUHbI OM Kycayek, mo obpexbme nposod
U cHosa 3a4uuyatime KoHeu.

Oco6eHHO TPYAHO MUHIETOM Jiep>KaTh PTOPOIIACTOBBIIT IPOBOJ, TaK
KaK IMOCTIeHMII BCeT/ja MBUIKMII Ha o1ymb. [InMHIeT ¢ rmagkumu rybkamu
MO>KET He yfiepXaTb IpoBof,. [InHIieT ¢ 3y6uaTsiMy ry6kaMy MOXKeT TIOBpe-
AUTD U3OJIALMIO VIV KUK,

B naHHOM cry4ae >Ke/laTe/IbHO He MCIO/NIb30BaTh MUHLET C TOHKMMMU
KOHYMKaMM, TaK KaK IVIOIafb 3a)KuMa OyfieT Mara, ¥ IpuAeTCcS HaKIMMAaTh
CHJIbHEE ¥ MOXKET OBITh M 3TO He IIOMOJKET.

— Coser.
Ecnu nposod 8bickane3vieaem, mo syduwle HaKpymumes e20 Ha KOHYUK
nuHyema, Ymo06sl ygenu4ume nioujads mpeHus.

B mo60oM crydae MUHIET ¢ LIMPOKUMY IyOKaMu IIPeAIIOYTUTENEH, KaK
MeEHbIlIe TPaBMUPYIOLIMI1 IPOBOA.

Heckonbko coBeToB No namnke Pa3iInyHbIX 21eMEeHTOB

IIaiika papmoneraneit Ha maary. Ilepen najikoit pafguopeTanu Ha NaTy,
ee clefyeT MOATOTOBUTH. C MOMOLIBI0 Y3KMX IIOCKOT'y6IleB COTHUTE
BBIBOZBI JIeTa/lM TaKUM 06pa3oM, 4TOObI OHM BXOAMIN B OTBEPCTUSA
TI7IaThl.

— Coser.

H MonesHo umemeo cneuuanvHoe npucnocobneHue 018 2ubkKu 6bi80008
demarneli nod onpedenieHHble pACCMOAHUA MeX0Y MOHMAXHbIMU omeaep-
cmuamu.

Bcrasbre fieTanb B oTBepCcTMA Ha I1are. [Ipu aToM cregure 3a npaBusib-
HBIM pa3MelieHyeM (TIOMAPHOCTDIO) feTay, HalIpUMep, IUOKOB MK 3JTeK-
TPONMUTUYECKMX KOHJleHCaTOpOB. Iloce 3TOro crerka pasBeAuTe BHIBOABI
C IPOTUBOIOJIOXHO CTOPOHBI IUIaThI, YTOOBI fleTa/lb He BBHINafana U3
cBoero Mecta. He cnefyer passoguTh BbIBOZIBI CIMILIKOM cuibHO. Ilepen
TaJiKOJi ellle pa3 MPOTPUTE XKaJIO Mas/IbHUKA O BIAXKHYIO Iy6Ky!
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Pacrnionoxms xano nasgnbHuKa MeXAy
BBIBOJIOM ¥ IIaTOM, KaK M300paxkeHO Ha
puc. 11.8, a, pasorpeiiTe MeCTO ManKu.

w=w BpeMs pasorpepa JOMKHO COCTaBIAThb

—— He 6onee 1-2 ¢, 4TOOBI He BBIBECTY U3

a 6  CTpOsA AeTajb WM IUIATY.

Puc. 11.8. 3manei natiku Yepes 1-2 ¢ mogHecuTe MpuUINon K

MecTy maitku (puc. 11.8, 6). ITpu kxaca-

HUM TIPUIIOEM >Kajla MasyIbHUKA MOXeT 6pbI3HYTh ¢mioc. ITocne Toro,

KaK Heo6XOofMoe KOMUYECTBO MPUIIOA PaCIIaBUTCA, OTBERUTE IIPOBO-

JIOKy OT MecTa maiku. Ilogepxure xano mas/jbHUKaA B TeYEHME CEKYHIbI

y MecCTa NaiiKy, YTO6BI IPUIION PaBHOMEPHO pacIipefe/InIcsA 10 MeCTy

naiiku. ITocne aToro, He ciBUTas AeTaNb, ybepuTe Mas/IbHUK U ITOJOKINUTE
HECKOJ/IbKO MTHOBEHMI, TOKAa MECTO MaliK/ He OCTBIHET OKOHYATEIbHO.

Temmepb MO>XKHO OTpe3aTh M3/IMILIKY BHIBOJIOB C IIOMOILIbIO 60KOPE30B.
IIpu sTOM CrefuTe 3a TeM, YTOOBI He TIOBPEANUTD MECTO IaKM.

ITpoBepnTe MecTo maiiku! KauecTBeHHOe MeCTO MaiiKu COeAVHAET
KOHTAaKTHYIO IUIOLIA/IKY ¥ BBIBOJ [leTa/IM, MMeEeT I/IafiKylo U 6/1eCTAInyIo
IIOBEPXHOCTb.

Ecnu Mecro naitku umeer chepudeckyio popmy mnu uMeer CBA3b C
COCeHMMM KOHTAaKTHBIMM IIJIOIIAZKaMM, pa3orpeiite MecTo NMaiku o
pacIiaB/ieHnsA IpUIOsA U YAanuTe u3nmuiuky npumnos. Ha sxane masnpHuKa
BCErfia OCTaeTCsA He6O/bIIoe KOMMYECTBO MIPUIIO.

Ecnu MecTo maitku MMeeT MaTOBYIO IIOBEPXHOCTD ¥ BBIITIASUT MCLia-
panaHHbIM, TO TOBOPAT O «XOJIONHOI Majike». Pazorpeiite MecTo maiku
B0 pacrIaB/IeHMs IIPUIIOA U faiiTe eMy OCTbITh, He cABUras fetanu. [Ipu
Heo6xoauMMocTy f06aBbTe HEMHOTO IPUIIOA.

ITocrne 5TOro MOXHO YHA/IUTBb OCTATKM (II0CA C IJIAThI C TOMOILBIO ITOfI-
XOJAILIIETO PacTBOPUTENS. JTa ollepalus He ABJIAeTCA 06513aTe/IbHOI, BeAb
¢dmioc MoxeT ocTaBaTbcA Ha InaTe. OH He MelllaeT ¥ HU B KOEM C/ydae He
BNMsAeT Ha GYHKLMOHMPOBAaHME CXEMBI.

OnTuManbHOE NporpeBaHNe MeCTa ClauBaHn fgetanei. Ecin Bol nad-
eTe TPaH3UCTOP, IPUAEP>KUBaIITe NIMHI[ETOM €r0 BBIBOABI BO U36exaHue
‘MX nieperpeBa. Ecim Hy>XHO CIIasiTh KOHIIbI ABYX 3a/Ty>K€HHBIX IIPOBOJHM -
KOB, IVIOTHO CAaBUTE UX JIPYT C IPYTOM U IO MECTA UX CONPUKOCHOBEHMS
OOTPOHbTECH MAA/IbHMKOM C KaIljiell IPUIIOs Ha KOHIIE XKaJia.

Kak TO/IbKO ITOBEPXHOCTb IIPOrpEETCs, IPUIIOi PacTE€4eTCA U 3alIOTHUT
MPOMEXYTKU MEeXAY NMpoBofHUKaMN. I11aBHBIM [iBIOKEHMEM Mas/IbHMKA
paclpesieIuTe IPUIION PABHOMEPHO 10 BCEMY MECTY ClTaMBaHM.
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MpumeuaHne.

n MpodomxumensHocmeb naliku He OO/KHA npesviuams 5 c. [lpunol
6bicmpo meepdeem u Kpenko coeduHsem O0emanu. OOHAKoO He cmoum
c08u2ame € Mecma cnasHHole NPoBOOHUKU euje 8 meyeHue 10 c.

Bo BpeMs MOHTa)ka HY>XHO YYMUTBIBaTb, YTO, HAJTAXKMBasA KOHCTPYKLINH,
IIPUXOANTCA NeperanBaTh IPOBOSHMKY UM 3aMeHATh feTanu. Hanpumep,
KOHIIBI ieTajieil, KOTOpbIe COEAVHAIOTCS C OOIMM IIPOBOJHUKOM B COOT-
BETCTBUY CO CXEMOJ, C/IeAyeT IIPUIIaBaTh He B OHO TOYKeE, a Ha HEKOTO-
POM pacCTOSTHUM OfYH OT APYTOTO.

. Coser.
He pexomeHdyemcs 3akpy4usame KOHUbl demaseli B0Kpy2 NPOBOOHUKA.

Hcnonb3oBanue nmaanbHOM nactel. IIpu majixe B goMalmIHMX ycro-
BMAX INIPUIOI OOGBIYHO HAHOCAT C IIOMOINBIO TOPAYEro NMasAbHUKA.
KoHTponupoBaTh KOMNYECTBO PaCIaBIEHHOTO IPUIIOA, TIEPEHOCUMOTO
IasA7IbHMKOM, KpaJiHe 3aTPYJHUTE/IbHO: OHO 3aBUCUT OT TEMIIEPATYPHl IJIaB-
JIeHVA IPUIIOA, TEMIIEPATYPhl ¥ YMCTOTHI XKa/la X OT APYTUX PaKTOPOB.

He mcxmoyeHo npu 3TOM IonafaHue Kamenb paclaaB/I€eHHOTO IIpU-
1os Ha NMPOBOJHMKM, KOPIIyca 3/7IEMEHTOB, U30MALMIO. DTO 3aCTaBsAeT
BeCTU paboTy KpaifHe OCTOPOXKHO M aKKypaTHO, M BCe JKe OBIBaeT TPYAHO
HBOOUTHCS XOPOIIETO Ka4eCTBA MaKM.

O6neryuTh NaiiKy ¥ yIy4IINTb €€ MOXKHO C IIOMOIIbIO Mas/IbHOM MACThI.
Jns mpuroToBNAEHNU A MACThl HANMMIBHUKOM M3Me/TbYaIOT IIPUIION U CMeIl-
BaIOT €ro ONMJIKY CO CIMpTO-KaHudonbpHbM ¢rrocom. Konmnyectso npurmos
B ITacTe NOA6MpaeTcs ONBITHBIM ITyTeM. Ec/iu nacTa nmomy4mnsiach CIviikom
TYCTOJf, B Hee fOOaB/IAIOT CIUPT. XPaHUTD IaCTy HY>KHO B IUVIOTHO 3aKPHI-
Baromerica nocype. Ha MecTo maitky macTy HAaHOCAT He6ONMbLUIVIMY O3aAMMU
MeTa/IIN4eCKOi T0IaTOYKOIA.

Mpumeuanue.
lMpumereHue nasaneHol nacmsi no3gonaem usbexame nepezpesa Masno-
2abapumHeix demavreti U NosYynpPoOBoOHUKOBbIX Npubopos.

ITpu cpamyBaHNM IPOBOAOB, TPYOOK, CTEP)KHEI, KOIIa HET BO3MOXKHO-
CTU BOCIIO/Ib30BaThCS AMEKTPUIECKUM MaA/TbHUKOM, IPUMEHAIOT <MAsIIb-
HYIO JIeHTY». YTOOBI M3rOTOBUTD Nas/IBHYIO JIEHTY, HEO6XOAMMO CHavana
COCTaBMTD ITACTY U3 IOPOIIKa Npumos, KaHngonu u BasenuHa. [Topomok
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IIO/Iy4aIOT ITyTEM ONM/IMBAaHMA NMPYTKA MPUNOA HAIMIBHUKOM C KPYITHO
Hace4dkoi1 (Menkas 3abuBaetcsa npumnoem). [IpurorosneHHy0 nacTy HaHO-
CAT TOHKMM C/I0€M Ha MUTKAJIEBYIO JIEHTY. MecTo maitky o6MaThIBaIoOT B
OIIVH CJION «ITas/IbHOV JIEHTOM», CMaYMBaIOT OEH3MHOM MM KEPOCUHOM U
nomxuraioT. CoeiiHsAeMble IIOBEPXHOCTH XK€/IaTebHO NPeABapUTENbHO
0o6myauTh.

Kak maats menkue peranmu. Ecniy Hy>XHO NasATh MeNIKue AeTanu MU
meTany, 6odiyecs meperpeBa, a HET Mas/IbHUKA MaJjIoil MOLUTHOCTH, TO
HaiiKy MOXXHO OCYIeCTBIATh 6onee MOIIHBIM masnbHuMKOM. HyxHo
HaZIeTh Ha €ro >KaJIo CBEPHYTYIO B CIMPajib MEJHYIO IIPOBOJIOKY TaK, Kak
nmokasaHo Ha puc. 11.9. KoHery 3Toit IpOBOIOKY JO/KEH OBITH 3aTOYEH 110
TaKoJ >ke popMe, KaK ¥ >KaJI0 OOBIYHOTO Masi/b-
HJKa, COBeTYyeT caifT http://transistor.3dn.ru.

Tunmm4yHbie OMMOKY HAYMHAIOIMUX PATVO-
nobuteneit. Haunnaomue paguomoburenn
KacaloTCs MeCTa IaliKM TOJIbKO KOHYMKOM
Xaja nasnbHuKa. IIpu sToM K MecTy maiku
IIOIBOAVNTCA HEROCTATOYHO Tera. ONBITHBIN

Puc. 11.9. lfpucnocobnerue panMOHIOGI/ITeIIb oénanaeT 4YYBCTBOM OIITU-

K "Z’L’L‘;(’L‘)’(ngz’z ::aaku MaJIbHOM Ternonepenauy. OH MPUKIafbIBaEeT

Xano Mas/NbHUKA TaKMM 06pasoM, 4TOOHI

MeXIy HUM ¥ MeCTOM Iaifky 06pa3oBaach Kak MOXHO 60/IbliIast IVIOLafb

KOHTakTa. KpoMe TOro, OH 04eHb O6BICTPO BBOAUT MEXTY XKa/IOM M AeTa-
JIbI0 HEMHOTO IIPUIIOA B Ka4eCTBE TEIIONPOBOAHMKA.

Hauunaromue paanono6uTeny pacriaBisioT HEMHOTO IPUIIOA U C
HEKOTOPOI1 3aiep>XKKOJ IIOABOAAT ero K Mecty nauku. [Ipu aTom gactp
¢dmoca ncnapsercs, NpUIIOI He MMeeT 3alUTHOTO C/I0s, I03TOMY Ha HEM
obpa3syeTcs OKCHMAHAA IJIEHKA.

XKano

MepaHbiii npoBoAa,

i

MpumeyaHwue.

n Mpogpeccuonan, Hanpomus, 8ce20a kacaemca mecma natliku 0OHospe-
MeHHO nassieHUKom u npunoem. [Ipu 3mom mecmo naliku o68osakusa-
emcs kannel 4yucmoeo pacnsasa euje 00 moeo, Kak ¢hioc ycneem ucna-
pumecA.

HauuHaromye pagnono6uTeny 4acTo He YBepeHbl, He IIEPErpeTo in
MecTo npunos. OHM CIMIIKOM PaHO OTBOMST >Ka/io Mas/IbHUKA OT MeCTa
MajiKy, 3aTeM BBIHY>K/I€HbI OIIATb NOABOANUTD €TO AJIA MOAOrpeBa, BHOBb
OTBOJSAT.
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PesynbraToM AB/IAETCA cepoe MECTO MaiiKy C HEPOBHBIMM I'PaHUIIAMM,
TaK KaK coefiyfHsAeMble IeTa/y Obl/I HarpeThl HeAOCTaTOYHO CUJIbHO, & CaM
IPOLIECC JIVJICA CTMIIKOM JIONTO, ¥ KOO(OHMIA yCIe/ MCIapUThCA.

MpumevaHue.
Macmep, Hanpomus, Hazpesaem mecmo naliku 6biICMPO U UHMEHCUBHO U
3asepuwiaem npouyecc pe3Ko U OKOHYAMEeIbHO.

Eme omm6ka HauMHAIOMNX pagMoMo6uTeNeil — KOMIIOHEHTBI asAIoT,
a MOTOM OTKYCBHIBAIOT NUIIHIOK AnuHY Hoxek (http://interlavka.narod.
ru/novenkim/nov06.htm). [Ipu 3TOM KaueCTBEHHOTO KOHTAaKTa BOOUTbCSA
CNIO>XKHO. [TOBBIIIEHHBIIT TEIVIOOTBOJ, ¥ YC/IOXKHEHHDI AOCTYTI JKa/la K MeCTY
TIAMKV TOJIBKO YXYALIAIOT 06pa3oBaHue HafIe)KHOTO COENVMHEHMS.

- Cosert.
®opmytime 86180061 KOMNOHEHMOB U obpe3atime ux neped nadlikou.

ITpu mpaBUIBbHOI TEXHONOTUY ONI0BO 6y/ieT «06TeKaTb» KOHTAKT CaMo-
crosTenbHo. O6paliaiiTe BHMMaHMe Ha COCTOSTHME BBIBOJIOB KOMITOHEHTOB:
cepble MaTOBBIE BBIBOABI — OKUC/IeHHBbIE. [Ipuperca myauTp ¢ ¢pmocoMm.
BynbTe 0CTOpPOXXHBI, Beflb MOXKHO Ilepe)Ke4Yb KOMIIOHEHT.

ITajika MenKux feTanei, MMEIOIMMX MIACTMACCOBBIN Kopnyc. Ilajiky
TaKMX JleTaJiell Haio IPOU3BOAUTH C 0c060Ii aKKypaTHOCTBIO. BosbMeM,
K IpumMepy, cBeToamnon. OHu ceifdac IPMMEHAIOTCA NIOBCEMECTHO B Kade-
CTBe MH[MKATOPHBIX 3/IEMEHTOB M/IM KakK 3/IeMeHThI nmoficeTkn. Kopmyc
CBETOAMOfA Clle/IaH U3 Ipo3padHoi IIacTMaccol. IIpu cuibHOM Harpese
BBIBOJ{bI CBETORMOJA MOTYT IIPOCTO OTBA/IUTHCS VTN IIPOU3OIET IIOMYT-
HeHJe NMPO3PavHOro MIACTHKA, M3 KOTOPOTO BIIIOJTHEH CBETOMO,

BHumaHume.
Masme céemoouo0bl HA00 Ha paccMoAHUU He MeHee 5 MM om Kopnyca.
Bpems naliku He 00/1KHO npeabituams 3—5 ¢.

BbIBOZ MeXAy MECTOM HAaiKM U KOPIIYCOM CBETOAMOAA HaZO 3aXKaTb
nuHieToM. [IunieT 6ygeT oTOMpaTh OT BHIBOAA JIUILIHEE TEIIO, IPEROT-
Bpalas neperpes

Ilo¢ne maitky BHIBOABI CBETONMOMAA HAJO HaleXXHO M30IMPOBATD.
B TakoM Bufie CBETOAMOJ He CTPALIHO PasMellaTh B II0O0OM MeCTe CUCTEM-
HOro 6710Ka He 604Ch 3aMbIKaHUA.
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Bce 3Tu pekoMeHaaIuy B paBHOM CTEIIEH OTHOCATCA U K APYTYUM 3J1€K-
TPOHHBIM KOMIIOHEHTaM, MMEIOLMM I/IACTMACCOBBIN KOPITYC, HAYMHAs C
KOHJIEHCaTOpPOB, KOHYas TPaH3UCTOPaMM.

ITajika cBOGOIHBIX IPOBOKOB ¥ NTEKTPOHHBIX KOMIIOHEHTOB. IIycTh
HEOOXOMMO COERMHUTD CBETOAVION C OTPAaHMYMBAIOIUM PE3NCTOPOM M
IpPUIIASATh K HUM NUTAIOLINI Kabenb. 31ech He MCTIONb3YIOTCA MOHTa)KHBIE
mTUTHI, IUIATHI I JPYTHe BCIIOMOTaTe/lbHble 37ieMeHThl. Heobxoanmo
BBITIOJTHUTD CTIEAYIOLINE ONepaliiin.

ITar 1. CHATH M30MALMIO C KOHIJOB IIpOBOfia. TOHKME MefIHbIe IIPOBO-
BHMKY a6COMIOTHO YMCTHI, TaK KaK OHM OBUIM 3alMINEHBI U30/IALMEN OT
KMCTIOpOJia ¥ BIaXKHOCTH.

Ilar 2. CKpyTUTb OTAeNbHbIE IPOBOAKM XXWIbl. TakuM 06pa3oM, MOXHO
IIpefOTBPaTUTD MX MOCeyollee pa3/ioXMayMBaHue.

IIar 3. 3anyanTh KOHIIBI MPOBOAOB. Bo BpeMs ny>eHus pasorperoe
KaJIo Mast/IbHUKA HeOOXOAMMO ITOABECTY K IPOBOAY OFHOBPEMEHHO C IIpHU-
noeM. IIpoBof; HEO6XOAMMO XOPOLIO Pa3orpeTh, YTOOBI MIPUIION PaBHO-
MEPHO pacIpefeNnICcA N0 IOBEPXHOCTH XTIyTa. Jlerkoe moTupaHue xauaom
IIOMOTAET paclpefeNIeHNI0 IIPUIIOA 10 BCE A/IMHE Ty >KEHUA.

IIar 4. YKOpOoTHUTb BBIBOZIbI CBETOAMO/A U PE3MCTOPA M TAKXKe 3aTyAUTh
uX. XOTA BBIBOABI ¥ JIYAUINCH IIPY U3TOTOB/IEHUY Paii03/IEMEHTOB, HO
B IIpOLiecce XpaHEHMA Ha HUX MOT 06pa3oBaThCsl TOHKMIA C/IOV OKMCTIOB.
ITocne my>xeHus MOBEPXHOCTb BHOBB OyAeT uncroit. Ecnu ucnone3syiorcs
OYeHb CTapble pafiMoOfeTa, BhIIasHHbIE U3 KaKMX-/IM60 I/IaT, Ha HUX, KaK
MpaBMUJIO, CUJIbHO OKMC/I€Hbl. BBIBOABI TaKUX AeTaseit mepey Ty>XeHueM
HEOOXOIMMO OYMCTUTD OT OKUCIIOB, HAIIPUMEP, IOCKPECTH MX HOXKOM.

Ilar 5. Yuoep>xuBasA coefuHsAeMble BLIBOJbI ITapa//IeNIbHO APYT APYTY,
HaHeCUTe Ha HUX He6O/IbIIIOe KONMMYIECTBO PacI/IaB/IEHHOTO pumost. Mecto
HaifKyl JO/DKHO IIPOrpeBaThcs O6BICTPO, PACXOf, MPUIIOS IIPY 3TOM JO/DKEH
6b1Th 2—3 MM (1pu guameTpe 1,5 MM). Kak TonbKko nmpunoit paBHOMEpHO
3aIO/THUT MPOMEXYTKY MEX/Y COeUHAEMBIMI BBIBOLaMU, HEOOXOAMMO
6bICTPO OTBECTH HasIBHUK. MeCTO MaliKyl JO/DKHO OCTaBaThCs B JIOKOE,
IIOKa IIPUIION He 3aTBepfeeT IIOHOCTDI0. Ec/iu fleTanu cABMHYTCA paHbllle,
TO B Iajfke 06pa3yloTCcs MUKPOTPEILMHBI, CHIDKAIOIMe MeXaH4eCK1e 1
3/IEKTpUYECKIE CBOVICTBA COEIMHEHMS.

ITajika MUKpOcCXeMbl Ha nedaTrHylo nnary. Ilaiika pagnoperanei B
TIIaTy TpebyeT MEHBIUMX YCUINIL, YeM COeAVHEHMe CBOOOMHBIX POBO-
[OB, TaK KaK OTBEPCTHA B IUIaTe CIy>KaT XOPOIIMM (PUKCATOPOM IpHUIIan-
BaeMoit feranu. OGHAKO U 3[ieCb Pe3y/NbTaT 3aBUCUT OT OMbITA U yHayn.
IlepBasi cxeMa MM IEPBbIN MPOEKT, COOMpaeMblit Ha MaKeTHOI IIIaTe,
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CKOpee BCEro, 3aBepIINTCA KPaxoM ellle Ha MEePBbIX IIPONassHHbIX TOYKAX,
KOTOpble 6yAyT BBHIIIANETD TaK, Kak 6YATO 3TO CIUIOLIHOI MPOBOJHMK...
Ho mocre HeCKONMBbKMX yIIpa>KHEHMIT KaXKA0e coefyiHeHye OyaeT BHITIANETb
BCe JIyyllie ¥ JIyvIle.

Kaxk 106uTbCsI paBHOMEPHO XOpoOLINX coefuHeHuit. Vtak, mepeitmeM K
OINMCAHMIO OT/IE/IbHBIX IIaroB.

Iar 1. ITpunoit u >kano NasajabHNKa IOABOAATCA K MOHTAXHOM TOYKe
ogHOBpeMeHHO. JKamo nmasmpHMKA JO/DKHO KacaTbcs Kak obpabarsiBae-
MOTO BbIBOJIa, TaK M IIAThL.

IIar 2. ITono>xxeHue asa MasgabHMKa He MU3MEHsIETCs, IOKa IIPUIION He
IIOKpOeT paBHOMEPHBIM CJIOEM BCe MECTO KOHTaKTa. B 3aBucumocTu ot
TeMIIEPATYpPhl NasA/IbHMKA 3TO NPOAO/KAETCA OT MOTyCEKYH/bI IO CEKYH/IbI.
3a 3To BpeMs [IPOMCXOAUT JOCTAaTOYHBIN HarpeB MeCTa MaiKu.

Iar 3. Tereps ka0 Nas/IbHMKA C/IeRyeT 06BECTH IO MOMYKPYTY BOKPYT
06pabaThiBaeMOro KOHTaKTa, OJHOBPEMEHHO IlepeMelas IMPUIION BO
BCTPEeYHOM HampaBjieHuu. Takum o6pa3oM, Ha MeCTO MaiKy HAHOCUTCSA
enie okoso 1 MM npumnosA. MecTo naiky HarpeTo HaCTONbKO, YTO pacIia-
BUBLINIICA IIPUIION IO, JEeCTBUEM CUJI IIOBEPXHOCTHOTO HATAXKEHMS PaB-
HOMEPHO pacCIpeensieTcs Mo BCeil KOHTaKTHOM IIOLIafiKe.

IlTar 4. [Tocne Toro, Kak HEOOGXOAMMOE KOIMYECTBO MPUIIOSI HAaHECEHO
Ha MeCTO IaliKy, MOXXHO OTBECTM IIPOBO/IOKY NMPUIIOA OT MECTa MaMKM.

IIar 5. beicTpoiit OTBOA, XKaja nasiibHUKA OT MecTa naiku. [Toka eme
JKUIKWUI ¥ MOKPBITHIN TOHKUM C/10eM (JIioca IIPUIIoi 0OpeTaeT CBOI0 OKOH-
YaTenbHYI0 GOpMY M 3aCThIBaeT.

Ecnm xarno nasibHuKa MMeeT ONTMMAIbHYIO TEMIIEPATYPY, BECh IIPOLiECC
Ipofo/DKaeTcs He 6omee ofgHO ceKyHABL VI mocie He60MbIION MPaKTUKN
BCe TOYKM IMAJIKy HAYHY T IIOXOAUTD APYT Ha Ipyra KakK ABe KaIlIi BOJbIL.

Ilepen majikoit Ha nuate. [Ipexxge yeM NpUCTYIIUTD K Ialike, pa3bepu-
Tech ¢ I1aToi. Eciu BbI flenanu ee caMOCTOATENbHO, TO, CKOpee BCero, OHa
6e3 mas/IbHBIX MOKPBITHIL: ro/nasi Menb. [lepen maikoi Bce KOHTAaKTHBIE
IUTOLIAIKM NIpUETCA OOMyAUTD: MOKPOITe UX (P/IIOCOM M HaHECUTE OI0BO
HasUIbHUKOM TaK, YTOOBI He 3aKPBITh OTBEPCTHS B II/IATe.

IIpu npaBUIbHO NOROOPAHHOM TeMIEpaType U XopoLieM (IIoce, 0I0BO
C )Ka/la mas/IbHMKA CaMO «06TedyeT» BCIO KOHTAKTHYIO IJIOLIAfIKY, KaK
TONIBKO BBl €€ KOCHETECh.

o Coser. /
He cmoum 6pame Ha xXano nasnbHUKG 02pOMHbIe Kanau 0/108a: Kacaemecs
Xanom npymka, u Yepes cekyHoy Ha xase 6ydem Heobxo0umMoe Kosiu4ecmeo.
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ITnaTa, OKpbITast 07I0BOM (IIPOMBILIIEHHOTO M3TOTOBJIEHN), U36aB/isieT
OT 3TOJ1 pabOTHI, HO ¥ CTOMT COOTBeTCTBeHHO. [Tnata roroBa? IIpu Heo6xo0-
IBMMOCTH yAaMuTe OCTaTKM (IIoca, ¥ MoXKeTe IIPUCTYIATh K MHalike.

ITajika meyaTHbix nmnat. [leyaTHas mIaTa CMIbHO o6JleryaeT mpouecc
M3TOTOBJIEHUS pafinocxeMbl. Bce amekTpuyeckue coefyHEHUs BBIIOJ-
HEHBI IOPOXKKaMu U3 MefHoM ¢onbru. [leTany HajeX)XHO 3aKpeIUIEHbI U He
6osTCs BUOpaumii.

BcrasigeM feTanb B HY>)KHOE MeCTO IUIaThl ¥ MOAOMpaeM HY>KHYIO ITy-
6uny nocagku. HaHocum ¢ioc MareHbKOM KMCTOYKOM.

bepeM masA/nIbHMKOM HEMHOTO NMPUIIOSA U MOJHOCUM K MECTY IalKu
TaKuM 06pa3oM, 4TOObI ITIOCKOCTD XaJia OplIa o6palljeHa K JeTaju, a caM
MasA/IbHUK HaXOAMJ/ICA TIOf] YI/IOM 45 rpajiycoB.

Mpumevanne.

n Mpu xopowem ¢nioce, HOPMALHOM Npunoe U HOPMA/TbHO HAPemom
nasneHuke nalika OOHOU KOHMAKMHOU NAowWaoKu 3aHumMdem OKOJIO
CeKyHObI.

ITpaBu/IbHO BHINIOIHEHHAA ajiKa He O/DKHA MIMETh KaKUX-/TM60 HaIlIbl-
BOB, TPEILVH U JO/DKHA 6/1ecTeTs.

Topuaiye HOXKM TMKBUAMPYeM OCTpbIMM Kycaukamu. [Tocite okoHya-
HMA MOHTa)Xa ¥ BBITIOJTHEHWA ITyCKO-HA/IafIOYHBIX paboT, IpOTHpaeM IIaTy
cnupToM. [IpuMeHeHMe alleTOHa He PEKOMEHAYIO, HEKOTOpbIe AeTalIn
¥ IPOBOJia MOTYT nocTpagarh. Hy a anieMeHTHI, cofepKalle MeXaHuKY,
TaKue Kak perre, TyMO/iepsl ¥ IOACTPOEeYHbIE PE3UCTOPHI, BOOOLIIE Heb3st
MBITb HUYEM, MX BIIaMBAIOT IIOC/IE IPOMBIBKH.

Coser.
Ana HayuHatowux pekomeHOyI0 Ha4ame ¢ ONbIMO8 Ha MakemHol naame.

ITop6upaem onTuManbHOE pacnonoXeHue fgetaneit. OTHuUINBaeM
KYCOYeK I/IaThl HY)KHOTO pa3Mepa, BllauBaeM KOMIIOHeHThI. CoenVHEeHUS
menaeM TOHKMM npoBopoM. He 3a6siBaeM npo neperpe. PaboTtaem akky-
PaTHO ¥ BHMMATENbHO, YTOOBI CTy4aifHO He 3aMKHYTh COCEHII€ KOHTAKTBI.
VHorpa mone3Ho MpoBepUTh 3aMbIKaHMe AOPOXKEK TeCTEpPOM, MHOTAA Ha
CBET BUAHO. YYMMCA U TPEHUPYEMCH.

A CKOMbKO IPMATHBIX MUHYT (4acOB, AHEN) BBl IPOBeEfieTe B IOMCKAX
HeIPaBMIbHOTO COeAVHEeHN!
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Eme ogHa XuTpOCTh Hanocnenok. PaccMoTpuM, Kak BbINaATb pafyope-
Ta/b U3 IJIAThI, WIX YCTPAHUTD JOCaJJHOE 3aMbIKaHMe KOHTAKTHBIX IIONa-
BOK MUKPOCXEMBI.

Jlns 9TOr0 NOHAaKOO6MTCA KyCOYeK MeIHOI OIUIETKY OT SKPaHMPOBaH-
Horo nposoga. [IpukragpiBaeM OIJIETKY B HY>)KHOE MeCTO, KaraeM ¢moca,
npyKuMaeM nasinbHuK. [Ipumnoit Bmurancsa B Hee.

OcTaercs nokavaTbh Bce HOXKKM NMHIIETOM U U3BJIeYb JieTab. [l aToM:
1€/ €CTh Y CIIeL{a/IbHbIe OJIOBOOTCOCHI, OTMedaeTcs Ha http://datagor.ru/.

3aMeHa pe3nCTOPOB, TPAH3NCTOPOB B OOBIYHBIX IUIaTaX. PaccMoTpuM
TaKMe TPaH3UCTOPbI, KOTOPbIEe MMEIOT IIPOBO/IOYHBIE HOXKKM U BIIauBa-
I0TCA B OTBepPCTUA Ha IvtaTe. OTHIAasATh TaKoit KOMIIOHEHT (0COOEeHHO ecnu
3TO KOHJIEHCATOP, PE3UCTOp MM TPAH3UCTOp — JieTanu, umewouue 2-3
BBIBOJIa) Mp0o6/IeM He cocTaBiseT. [JJoCTaTOYHO MPOrpeTh C 06paTHOI CTO-

,pOHBI II/IAThl KOHTAKTHbIE MJIOIAAKN ¥ IIpY IIOMOIIY NIHIIETA BHIAEPHYTh
37IEMEHT U3 I/IATHI.

ITepen naiikoit HOBOTO 97IeMeHTa HEOOXOAMMO MPOYMUCTUTD OT IPUIIOA
oTBepcTyA. BOT TyT TO M npuXoaUT Ha MOMOIIb UTOJIKa OT mpuua. Mrma
ClieNlaHa U3 Hep KaBelllel CTaay, K KOTOpoil Ipunoi He npununaer. Eo
O4eHb YOOHO NMPOYMIIATh OTBEPCTHS B IIEYaTHBIX I/IATaX.

Cosert.

@ Ymobel cnyqaliHo He nospedume Memanau3ayuo omeepcmuli 8 MHO20-
C/I0UHBIX NJIAMAX, KOHYUK U20/1KU JTy4duwe 3amynume npu nomMowu Hao-
¢buna unu MouuILHOR20 Kpyaa.

3amMeHa MHKpOCXeM B OOBIYHBIX IIaTax. Uto fenarp, ecnu TpebyeTcs
BBINIAsATh MUKPOCXEMY, IMEIOIIYI0 MHOTO BbhIBOiOB. HanmpuMmep, Mukpo-
cxeMy ¢ 16 HOXXKamu. BapuaHTOB TyT HECKONIBKO.

Bapuanr 1. IIpu ncnonb3oBaHuM TepMOBO3YIIHOM 11as/IbHOM CTaHLMU
JBOCTaTOYHO IPOCTO NPOrPeTh A0 TeMIepaTyphl IVIaB/ICH IIPUIIOA BECh y4a-
CTOK, Ha KOTOPOM 3aIassHa MMKPOCXEMa, ¥ IIMHIIETOM BBITAIVUTD €€ U3 IUIATHI.

BapuaHT 2. MOXXHO BOCIIO/Ib30BaThCs CIEI[MA/IbHOMN IIMPOKON Hacaf-
KOJ Ha >XajI0 MasA/MbHUKA, KOTOpad NporpeBaeT OFHOBPEMEHHO Cpa3y Bce
BBIBOJIbI MMKPOCXEMBI.

Bapuanr 3. Eciu e 1monb3oBaTbCsi OOBIYHBIM HAs/IbHUKOM, TO TYT
CHOBA Ha NOMOIIb NpujeT uraa. Vironky HajeBaloT Ha TOpYalMii KOHIMK
BbIBOJ/Ia, HArpeBAIOT MasA/IbHMKOM KOHTAaKTHYIO IUIOLAAKY U, C/IETKa Bpa-
jas Iy, HafieBalOT ee Ha BBIBOA. [IoTOM Aai0T OCTHITH IpUIIOI0 U YOU-
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paioT uriy. BeiBop okasbpiBaeTcst 0CBOOOXKAEHHBIM OT npumnos. [losTopus
TaKyI0 OIepalyio HeCKOIbKO pa3 (110 KOMNYEeCTBY BHIBOJIOB MUKPOCX€EMbI)
ee MOXXHO OyZieT JIerko CHATB C IJIaThl.

3amena SMD koMnoHeHTOB Ha miaarax. SMD — Surface Mounted
Devices — KOMITOHEHTBI /ISl IOBEPXHOCTHOI'O MOHTaXka — TaK pacimgpo-
BBIBAETCsI 9Ta aHIVINIICKAsA ab66peBuarypa. OHu obecriednBaloT 60J1ee BBICO-
KY10, 110 CPAaBHEHUIO C TPAAUIIMOHHBIMY I€Ta/IAMY, IVIOTHOCTh MOHTaXa. K
TOMY >K€ MOHTa)XX 3TVX 3/IEMEHTOB, M3TOTOBJIEHNE IIEYaTHOM IIaThi OKa3bIBa-
10TCsA 60JTIee TEXHONIOTUYHBIMY U [{eLIeBBIMU [IPY MACCOBOM IIPOM3BOJCTBE.
IToaToMy 9Ty 37IEMEHTBI ITOTYYaIOT BCe 6OJIbIlee pacIipOCTPaHEeHMe Y ITOCTe-
IIEHHO BBITECHAIOT K/IACCUYECKME JIETa/Iy C POBOIOYHBIMM BBIBOIAMM.

OueHb 4YacTO BCTaeT 3ajava mnaiku atux SMD komnoHentoB. Eciu
paHbllle OHM BCTPEYA/TNCh B OCHOBHOM Ha KOMIIBIOTEPHBIX II/IATaX, TO Cel-
YacC OBEPXHOCTHBI MOHTaXX MOXKHO BCTPETUTD U B YCUIUTE/IAX U B MaJIO-
raGapuTHBIX IPMEMHIKAX U APYTOi OBITOBOI TEXHUKE.

Iyist pabOTHI C TAKMMMU AeTa/IAMU YAOOHee Bcero, KOHEYHO, BOCIIONb30-
BaTbCs TOPSAYMM BO34yXoM. TepMOBO3AyNIHbIE Mas/IbHbIE CTAHIINY KaK
pas u npegHa3HavYeHs! /IS TAKOTO Bufa paboT. HampasisieM cTpyio Harpe-
TOrO BO3/IyXa Ha IOJJIeKallNi1 3aMeHe /IEMEHT U IIoC/ie pasorpesa Ipu-
051 IIPOCTO CHMMaeM IMHIIETOM [eTajib C IVIaThl. TeMIeparypa I1aB/IeHus
IPUIIOS, UCIIO/Ib3YEMOTO JJIs1 IOBEPXHOCTHOTO MOHTaXa, KaK IPaBUJIO,
nexxurt B npegenax 180—200 °C.

BHumaHmwe.
Bo usbexaHue nospexoeHus 3/1eMeHMmos8 memnepamypy 8030yXad Ha 8biIX00e
U3 nasbHo20 (heHa He pekomeHOyemcsa desiame 8biuwie 250—300 °C.

IMTajika Takux MeNKuX feraneil Tpedyer akkypatHocTu. [Ipexxae yem
OpaTbcA 3a nepenaiky paboueii IUIaThl, XKeNaTe/IbHO IIOTPEHUPOBATHCA Ha
HEVCIIPaBHOI1, TOKOOpaB TeMIlepaTypHBIN peXXuM (peHa 1 Harop Bo3ayxa.

BHumaHne.
CunoHelli Hanop Moxem cOyme coceGHUe 371ieMeHMbl C NIamol.

[IpunanBaTe fgeTanyu ropA4MM BO3JAYXOM TOXKe O4Y€Hb MPOCTO.
Heo6xopuMo MoNIOXXUTh Ha MpeABapUTENbHO CMOYEHHBIE (IIOCOM KOH-
TaKTHbIE IIOLIA KV NIPUIIaBAEMblil 3/IEMEHT ¥, IPUiepXKIBasd ero Uro-
KOJ1 M/IV IMHIIETOM, HarpeTh 0 PacIlIaB/IeHNs IIPUIIOH, KOTOPbIN Hale)KHO
3auKcupyeT feTanb.
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Yro pmenaTsh, eciu Heo6XoAMMO npoussBecTu naiky SMD KommnoHeH-
TOB, a IIOfl PyKaMy HeT Nas/IbHOTO (peHa. Me/Kue AeTanu MOXKHO MasATh U
06bIYHBIM NasA/bHMUKOM. Ha mopiexxaliyio 3aMeHe fieTaIb KallaeM Karle/IbKy
drmioca, pAKOM ¢ Hell IOXKUTHCS KYCOYeK IIPUIIOA.

3areM Has/NIbHMKOM pPacCIUIaBIsAETCA NPUIION TaKMM 06pa3oM, YTOObI
Karle/bKa IpUIIOA OXBaThiBajIa 06a KOHIA fAeTanu. JleTanb CHUMAETCs INH-
L[€TOM.

Coser.

Y Konmakmusre nowaoku Hado o4YUCMUMe OM JIUWHE20 Npunos. B amom
HAam NomMoxem cneyuaneHas onsemxa ons ydaneHus npunos. OHa nped-
cmasnsem coboli cniemeHHbili U3 MOHKUX MeOHbIX NPOBOO0E X2yMuUK.

Ha npoBopky HaHOCUTCA (IIOC M IPUIKUMAETCA MAA/TIbHUKOM K MECTY
naiky. OnieTka, Kak ry6ka, BIUTbIBaeT pacllIaB/IEHHbIV IIPUIION, OCTaB-
JIAs Ha KOHTAKTHBIX IUTOMIaZKaX TOIbKO TOHYAMIINII CJION.

IIpunasTph HOBBIIL 37TeMeHT 6OJIBLIOTO TPyAa He cocTtaBuT. Ero Hajmo
HIOJIOXXUTH Ha KOHTAKTHbIE IJIOIIAIKY ¥, HAOpaB Ha Mas/IbHUK He6o/bIoe
KO/IM4Y€eCTBO IIPUIIOsA, IPUKOCHYTBCSA K BHIBOJAM 3/IeMEHTa.

BHumaHnme.
He 3a6ydbme neped ycmaHoskoli 0emanu HaHecmu HA KOHMAKMHble
naowaoku HeMHozo ¢hnroca.

Topaspgo 60sbire mpo6neM BO3HMKAET, KOTAA Ha0 IPUIIAATh MUKPO-
CXeMY, MMEIOLIYI0 60/IbIIOe KONMMYECTBO G/IM3KOPACIIONOKEHHBIX BbIBO-
noB. [Ipy nmomomy masAnAbHONM CTAaHIMM ONepanysa MO IaliKe 3aHMMaeT
HeCKOJIbKO MMHYT. MUKpOCXeMa yCTaHaB/IMBAeTCA Ha IJIaTy. BeIBOfbI
TLJATe/IbHO MO3ULOHMPYIOTCA Ha KOHTAaKTHBIX IIIOIIAAKAX, IIpefBapu-
TEJIbHO IOKPBITBIX TOHKUM C/I0eM (IIoca, ¥ CBepXy rOpAYUM BO3AYXOM
IPOM3BOAUTHCS HArPEB O IUIAB/IEHNUSA IPUITIOS. ITO OBICTPBIN U YOOHBIN
crioco6 manku.

Ho u 3gech MOXXHO 060MTHCh OOBIYHBIM Mas/IbHUKOM. MuKpocxema
yCTaHaBIMBAETCsA Ha NMpefBapUTEe/NIbHO 3a4MIleHHble KOHTAaKTHbIE II7IO-
IIA/IKV ¥ TIIATEbHO NMO3UIIMOHUPYETCA.

- Coser.
Ymobel 80 8pemsa naliku MUKpoOCxemMa He COBUHY/IACb, MOXHO nNpuxed-
mume npunoem KpatiHue HoXku. [Tlomom nponausaromcs éce 861800bl.
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Teneps TpebyeTcs yRANUTD M3NMIIKY IPUIIOA U YCTPAHUTD TIEPEMBIYKY
MeXAY BeIBofaMu. [I7s1 9TOl e/ ONATh MOXKHO BOCIIONIb30BaThCA OIIET-
KOI1 151 yganeHus npumnost. OmieTka NpyXKMMaeTcs TOPAYNM Nas/IbHUKOM
K BBIBOJIaM MMKPOCXeMbI. VI3IMUIKY NPUIIONA BIUTHIBAIOTCS B OIIETKY.
OcTaeTcs TONMbKO MUHMMAJIBHOE KOIMYECTBO MPUIIOSA, HEOOXOAMMOE /s
HaJIeX)KHOTO KpeIUIeHNsI MUKPOCXEMBI K KOHTaKTHBIM IUIOIIa/IKaM.

ITocne ymaneHus M3MUIIKOB IPUITOS HEOOXOAMMO BHUMATENTBHO OCMO-
TPETh BHIBOABI MUKPOCXEMBI Ha IIPEMET OTCYTCTBYS 3aMbIKaHMit (JTydiie
BOCITO/Ib30BAThCSA /IS 9TOTO YBE/IMYUTENbHBIM CTEK/IOM). I1ajika BHIIARUT
IIOYTH KaK 3aBOJCKas.

Co BpeMeHeM, ecnu He 3a6pocuTe 3TO yB/IeKaTelbHOE ¥ MHTEPECHOe
3aHATHeE, BbI IpHOOpeTeTE ellle ¥ CTO/Ib HeOOXOAMMBIN B TI0O0OM Jiefie OIbIT.
CMOo>KeTe CaMOCTOSTE/IBHO PELINATD KAKOJA ellle JOTIO/THUTE/IbHbI MHCTPYMEHT
BaM ITOHAZIOOUTDHCS, KaKyie PacXOJHble MaTepHasIbl Ty4lile CIO/Ib30BaTh.

Coser.

@ 3atidume Ha calim 00H020 u3 8edywux npoussodumernel Nas1bHO20 060-
pyoosaHus Hemeukou ¢pupmel Ersa http.//www.ersa.com/ unu e2o poccuii-
ckyio sepcuio http://www.ersa.ru/. Tam MOXHO Halimu MHO20 UHMepecHoU
uH¢opmayuu o Hogeliwux mexHoso2uAx 8 obnacmu nadku, o npuMeHse-
Mom 060pyd08aHUU U 0 npuemax pabomel C pasUuYHbIMU 8UOAMU NASATTb-
Hukoa.

Bny-naitka SMD-KOMIIOHEHT B fOMAIIHUX ycnoBusx. Paboras ¢ SMD-
KOMITOHEHTaMM, pafyuomobuTteny o6s3aTeIbHO CTaIKUBAIOTCA € Ipobite-
Moyt ux mayiku. CTONKHYBIIMCH OGHAXKAbI C HEOOXOIMOCTDIO Maliku 6onee
TBICIYM KOMIIOHEHT (YTO PacTSAHY/IOCh Ha TPU HENENN), aBTOP NMPUAYMaI
C/IEAYIOLLYIO TEXHOIOTHIO /1A MalKM IUIAT, Ha KOTOpbIX SMD-KOMITOHEHTBI
PacIoNIOXKEHBI C OFHOM CTOPOHBI. EClu Takue KOMIIOHEHTHI eCTh € 06enx
CTOPOH, BTOPYIO CTOPOHY NIPUAETCA MasATh pykamu. VinmocTpauym u nop-
po6HOCTH cM. Ha caifTe aBTOpa http://chav1961.narod.ru/radio/technology/
blitz/blitz.html.

IIar 1. Heo6xoaumo npuo6pecTy masi/IbHYIO 1IACTY, Ha PbIHKE MM Ha
http://www.promelec.ru/. ITacta npepcraBnser co60it MOPOIIOK IPUIIOA B
CMECH C XJIOPUCTBIM IIMHKOM M KaKOWM-TO BA3KOM CTPYKTYPOI Ha BOJHOM
OCHOBE.

Illar 2. BHayane Ha 6ymMaXkke, Ha KOTOPOJ1 BbIBEIEH PUCYHOK IlevarT-
HOJ IJIaThI (JTy4llle B HATYPaJbHYIO BEIMYMHY U C YKa3aHMEM BCeX JieTa-
7eit) pacKaafbIBaeM IO CBOMM MecTaM Bce SMD-KOMIIOHEHTHI, KOTOpbIe
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HY>KHO 6yZieT npumnasaTb. He Hy>XHO IIpOIycKaTh 3TOT 3Tall, — Korja 6yzeT
BBITIO/IHEH CNIEYIOIINIA YHKT, y BaC OCTaHEeTCA O4YEeHb Majio BpEMEHN [/
YCTaHOBKYM KOMIIOHEHT Ha IIIaTy, [IO9TOMY BCe JO/DKHO OBITh 3apaHee IOf
PYKOIt.

IIar 3. [IpoTpaBieHHYI0 MEYAaTHYIO IJIATYy 3aYMINAIOT IIKYPKON U
IOKPBIBAIOT C TIOMOLIBIO KMCTOYKY IMas/IbHOI nacroit. Oco6o obpaTtute
BHUMaHMe — OTBEpPCTHA B IIJIaTe CBEPINUTH HeNb3sA, UX HYXHO OyneT
BBICBEP/IUTD TOBLKO MOCTIE Maikm!

ITacTa JO/KHA efiBa TOKPBIBATh JOPOXXKM, YTOOBI OHM BCE «IIPOCBEYM-
Ba/IM» Yepe3 c/Ioit nacTel. YToObI paBHOMEpHee pa3MasaThb IacTy IO IIIaTe,
OYeHb He MIOMeIaeT KallHy Th Ha IJIATy OfHY KaIUTIo BOAbI. VI36BITOK BOABI
KpailHe BpefieH — IIpyU ee BBIKMIIaHMM (CM. flajniee) AeTanay MOTYT CHBU-
HYTbCA ¢ MeCT. Bonbne nmycTbie MecTa Ha IIaTe, €CTECTBEHHO, Ma3aTh
IacToit He HaJo.

IMacty my4ine «<HaAKOBBIPATB» CO JTHA EMKOCTH, IIOCKO/IbKY IPUIION OCefiaeT
BHM3, Y1 B BEpPXHE YaCT! B OCHOBHOM PacIIO/IaraeTcs BA3KasA CTPYKTypa.

MexaHMYEeCKUX YCU/IUI TIPU «KOBBIPSHUM» HY>KHO IIPUMMEHATh MUHU-
MYM, YTOOBI IIOPOLIOK IPUIIOS He CIUIICS OT AaB/ieHus (s 0ObIYHO IPOCTO
HepeBOpauyBalo 6aHKY ¥ Jalo IacTe BpeMsi CTe4b BHM3). B MHCTpyKumu mo
IIPMMEHEHUIO [TAaCThl peKOMEHIyeTCsl paboTaTh B peCIMpaToOpe U B BEHTH-
MpyeMbIx oMeleHnax. Ha Moit B3I/, STNX peKOMEHAALil O4YeHb JaXxke
CTOMT NpUAEPXUBATbCA!

IIar 4. Ha mogroToBieHHYI0 TakuM 06pa3oM IUIaTy IepeKIabIBaeM C
6yMa>kky Bce KOMITOHEHTBHI ITO CBOMM MecTaM. CTpeMuThCs Kak-To 0060
TOYHO YCTaHAaB/IMBaTh KOMIIOHEHTHI HE HY>XHO, IJTaBHOE, YTOOBI BHIBOJBI
KOMIIOHEHTOB ITOIa/IM Ha CBOM KOHTAaKTHBIe Iomaaky. bonbime getanu
C IUIOCKO¥ TOBEPXHOCTHIO (HanpuMep, MOIIHbIE K/II0UM) HY>KHO IIpH yCTa-
HOBKe C/Ierka IPYKaTh, OCTA/IbHble [leTa/lM KaKuX-1mbo MpIyKuMOB He
Tpe6yIoT.

IlTar 5. BepeMm yTior, — Kakoit xe paguomnoburens 6e3 yriora! CraBum
YTIOT ITOZIONIBOJI BBEPX, YCTAaHAB/IMBAEM TEPMOPETYIATOP B CpefHee MOJIOo-
YKEHVe MaKCUMa/IbHOV MOIIHOCTHM, BK/IIOYaeM ¥ XJeM, ITIOKa Mapy pa3 He
cpaboraer TepmoperynaTop (YTo6bl cTabunM3aupoBanach TeMiuepaTrypa
noBepxHOCTH). IIpaBM/IbHO HarpeTHIi YTIOT HO/DKEH I/IaBUTh Ha MOJOLIBE
07I0BO, HO He >Ke4Yb IUIATY.

Illar 6. Ha moBepxHOCTD yTIOra K/IafieM 4YeTbipe HeHY>XHbix SMD-
pesucTopa, a Ha HUX — IUIATy C Pa3/ioXXEHHbIMU JleTansaMu (pe3snucTopbl
HY>XHBI, YTOOBI MCK/IIOYUTh KOHTAKT IIAThI C IOBEPXHOCTBIO YTIOTa).
TepnenuBo XpmeM, Korjja nacTa Ha IIOBEPXHOCTM HayHeT IJIABUTHCA.
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HY)KHO, 4TOOBI OHA pacmiaBunacp 110 BCel IIOBEPXHOCTH mnatel! 3aTeM
AaKKypaTHO CHMMaeEM IUIaTy U JaeM €l OCTHITb.

BHumaHne.

He 830ymalime ymo-mo npu 3momM mpoaame UAU Npuxumame (0co-
6eHHO 6osbwue 0emanu ¢ noCcKoli N0BepPXHOCMbIO) — npunoli Hemeo-
JIeHHO U3-N00 HUX 8bimeyYem u Ymo-HUbyOb 06A3amesibHO 3aMKHem —
nposepeHo!

Ecnmn macTel HamMa3saHO MMHMMA/ZIbHO KOIMYECTBO, HUKAKUX IOCTO-
POHHMX 3aMBIKaHMIt (B TOM 4uciIe u 1oy koprmycamu SMD-Mukpocxem)
HMKOT/Ia He IIPOMCXOHUT, KaK 3TO H/ HEBEPOATHO.

IIar 7. OcTeIBLIYIO NIIATYy 06A3aTEIBHO MOEM KMCTOYKOM C MOIOLIM
cpenctBoM («Kamms», «@Deitpu» ¥ T. f1.), @ IOC/Ie 3TOTO — CIUPTOM MIIN
areroHoM. Ecnu macTsl 661710 MHOTO, Ha TOBEPXHOCTH IVIaTHI Oy/AieT Macca
ME/IKMX ¥ Me/IbYalilMX IIAPUKOB IIPUIIOA — UX BCE, €CTECTBEHHO, HY)XHO
OTYUCTUTD ITOM K€ KUCTOYKOI.

BHumaHwe.
; Masanerold nacmel dosmxeH 6biMb MUHUMYM.

IIar 8. CBepnuM oTBepCTHSA. YCTaHABIMBaeM OOBIYHbIE KOMIIOHEHTBI.
Hacmaxxmaemc4.

[Tarika mojy4aeTcsA OYE€Hb aKKypaTHas — IOYTM KaK 3aBOjCKas.
CKOpOCTB IaiKy BO3pacTaeT He IPOCTO B pa3bl — Ha IOPAJKM.

- Mpumeuanue.
lnasHasa npobnema— npuHoposumsca ¢ memnepamypoll ymioea u ¢
monwuHou c/108 nacmeoi.

CrepyeT ¥MeTb BBUAY, YTO TAKMM CIIOCOOOM He CTOMT IasATh BXOJZHbIE
KaCKaJibl yCYJIUTENEN C BBICOKMM BXO[IHBIM CONPOTMBJIEHMEM — OCTaTKM
IIaCThl HaBepHAKA BOXTYTCA B [IOBEPXHOCTHDIN C/I0J IJIaThI M BCe HAIop-
TAT. KOHe4HO, BMeCTO yTIora HAMHOTO Jry4iie 6bia 6bI Masg/IbHAA CTAHIMA
¢ peHoM, ecrut OHa eCTb.

Heckomnbko ¢10B 0 mpo6reMax 3Toro MeToza. JIByx/IeTHUI OIIBIT IIpYMe-
HEHMA 3TOi TeXHOIOTMM aBTOPOM BBIABM/I HECKOJIBKO ITpo6ieM — 1, ecTe-
CTBEHHO, HECKO/IbKO Iy Teil X penieHnsa. KOpoTKo 0CTaHOBMMCA Ha HUX.
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ITpo6nema 1. [TasATb onyMcaHHBIM CIIOCO6OM OXHOCTOPOHHME IIATHI
HeXe/aTenbHo. [IpuunHa npocta — K09 UILMEHT TENNIOBOrO pacmmpe-
HYS M€Yl ¥ CTEK/IOTEKCTO/INTA HECKOIbKO OT/IMYAETCA APYT OT ApyTa (XOTA
u HeMHoro). ITo 3Toit mpuyYMHe Npy Majtke M3rU6 IIaThl MOXET JOCTUIATDb
0,2—0,3 mM. M3-3a 3TOrO0 OHa HarpeBaeTCsd HEpaBHOMEPHO, U Kpas ee
crerka nopropamot. K Tomy e y HEKOTOPBIX MapOK OJJHOCTOPOHHETO CTe-
K/IOT€KCTO/INTA MpU TAKOM HarpeBe HauMHAeTCs BHYTPEHHEe paccloeHne
(o6bpasoBaHue mysbipeit).
Brixopm nmpocToii — Bcerja MCIo/nb30BaTh IByXCTOPOHHMI CTEKTOTEK-
CTOJINT, a HEUCIIO/Ib3YEMYIO CTOPOHY Mefu IIpOCTO yAanATh. Ha aByxcToO-
POHHEM CTeK/IOTEKCTOJIUTE OIVICAHHBIE BBIILIE ABJIEHNA HU pasy He Habmo-
[auCh, fa M MaiKa C HUM MOJTy4aeTcsi HAMHOTO 6o7iee «poBHas» (BUAMMO,
¥3-32 TOTO, YTO Mefib C HVDKHEN CTOPOHBI IIaThl 06ecreuynBaeT paBHOMeEp-
HOe pacIipefie/ieHyie Tell/Ia 10 IIOBEPXHOCTM I/IaTHI).
ITpo6nema 2. IIpu naitke MOTyT BO3HMKATb IPO6IEMBI B BBICOKOBOJIBT-
HBbIX 1enAx. [lero B TOM, 4TO Ipu MaliKe Ha IIOBEPXHOCTM IUIAThI HEU3-
6exxHo ocTaeTcs U (moc, ¥ Menbyamme mapuky onosa. Ha HanpspkeHMAxX
no 50—100 B auanekTpuyeckme CBOMCTBA IIIAThl IPAKTUYECKM HE YXY/-
INAIOTCA, @ BOT Npy 60/Tee BBICOKMX HANIPSDKEHMAX Ha IIOBEPXHOCTY HAuM-
HaeTCs «6eHTabCKMIT OTOHb» C HEM36EXHO TedaTbHBIMI OCECTBUAMM
IJ1s1 KOHCTPYKLIMM. )
JI1s ycTpaHeHus 3TOi HENPUATHOCTH C/IEAyeT IPUAECPXMUBATHCA HEKO-
TOPBIX NPaBUII:
* HU B KOEM C/Iy4ae He 3a4MiiaTh miaTy nepep nasikoi. llIkypka Hens-
6e>XXHO OCTaBUT C/Iefibl Ha K/IeeBOil OCHOBe, KOTOPOI1 Obla NpuKiIee-
Ha K CTEK/IOTEKCTO/IUTY Mefib, ¥ Ha 9TuX 60posfax o6a3aTeIbHO OCA-
AYT U 0710BO, U ¢moc. BMeCTO 3a4MCTKM IJIATHI IIKYPKOI ee Heo6-
XOA¥MO Ilepefi MaiKoyl MpOTepeTh paCTBOPOM KUCIOTHI (YKCYCHOI,
COJIAHOIL), TTOCTIE YETO CIOIOCHYTh;

¢ a30THYIO ¥ CEPHYIO KUC/IOTHI UCIIO/Ib30BaTh He C/IEAYET, MOCKONbKY
IepBas OCTaB/IsAET Cepbe3Hble C/Iefbl HA MEIM, a BTOpas paspyllaeT
OCHOBY I/IaThl;

¢ HaHOCMTe MMHMMYM macThl. Ee mpakTudecku He HO/DKHO OBITb.
VigeanbHblit clydait, KOTfa MOCIe Maiiky BCe JOPOXKKYM IIATHI Oie-
CTAT, HO H/ Ha OIHO He 3aMeTHO HM OJHOM KaIl/IN IIPUIIOs;

+ ecnu mtata 6ymeT paboTaTh B BHICOKOBOJIBTHBIX LIEILAX, IIOC/IE MOJKY
ee JKelaTeIbHO MMHYT IATh IPOKUIATUTD B Bofle (3TO He INYTKa, a
abCOMIOTHO cepbe3Has peKOMeHAalusa). B Boxy kemarenbHo foba-

-~



306 WcKyccTBO CxeMOTEXHUKU. IPOCTO O CNOXHOM

BUTb HECKOJIbKO Kamlelb yKcyca. ITocme Kumnsa4eHus mmary crnemyer
IIPOMBITH ellje pa3, a 3aTeM BBICYIUUTD B TEIUIE;

¢ mIaTy 006s3aTebHO HYXXHO IIOKPHITb IaIIOH-TaKOM WIN JIaKOM
ISOTEMP.

OnsiToM paborbl ¢ SMD koMmoHeHTaMu AenuTCsA B VIHTepHeTe
Anexcandp Tumowxun (TANK). Heckonbko coB npo Heo6XoauMBIe Ais
3TONI e/ MHCTPYMEHThI ¥ PacXoHble MaTepuabl. IIpexse Bcero, 3To
IVHIET, OCTpasi UT'OJIKa YUIM HMINMJIO, KYCauKyl, IIPUIIOi, OYEeHb II0/Ie3eH
6bIBaeT LIIPUI] C ZOCTATOYHO TOICTON UTOJIKOII [/ HaHeceHMs ¢roca.

ITocKO/IbKY caMy fieTaiu OYeHb MeNKIe, TO 000MTHUCH 6e3 YBenMInTeNb-
HOTO CTeK/Ia TO)Ke 6pIBaeT oueHb nmpo6reMaTyso. Eie notpebyercs ¢mioc
JKVKWIL, )KeTaTeIbHO UCIIONIb30BaTh HEMTPaIbHbIN 6€30TMbIBOYHBIIL.

B mio6uTenbCcKkMX YCIOBUAX yAOoOHee BCero Takue feTaay MasATh MpK
IIOMOIIY CIelMaTbHOTO Mas/IbHOTO ¢eHa WM I0-PYyTOMy — TEPMOBO3-
AYLUIHOV MasA/NbHON cTaHIMeli. Bbibop ux ceifyac B nmpopaxe JOBOIBHO
BEJIVIK U LieHBI, 6/1arofiaps HalllM KUTaiCKUM JPY3bsM, TOXKE OUY€Hb AeMO-
KpaTU4HbIe ¥ JOCTYIIHbI 6O/IBIINHCTBY PafiMOIIOOUTENEN.

IToHago6UTCs MasAMbHUK C TOHKUM >XanoM. Jlydiie, eci 9TO XKano
6yneT BBIIIOIHEHO 110 TEXHONOTMK « MUKPOBO/IHA», pa3paboTaHHOI HeMell-
koit pupmoit Ersa (puc. 11.10). OHO oTMyaeTCs OT OOBIYHOTO JXKajia TeM,
4TO MMeeT HebosblIoe yrmy6/ieHne, B KOTOPOM CKaI/IMBAeTCA KalelbKa
IPUIIOA.

72,5

=, =
cﬂjjftl X 1 3 j
L3 23 a3

a 6

Puc. 11.10. [abapumHeole pazmepsl Xan no mexHonoauu «MukpoeonHa»

Takoe ><aso fenaeT MeHbIIIe 3a/IMIIOB. IIPK Majike 6/IM3KO PacIOIOXKEH-
HBIX BBIBOZOB 1 fOpoxeK. HacTosATeTbHO peKOMEHAYIO HaliTH Y BOCIIO/b-
30BaTbca. Ho ecnm HeT Takoro »kasa, TO MOJLOMIET MasA/IbHUK C OOBIYHBIM
TOHKMM HaKOHEYHMKOM.
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Kak nsrotraBnusartb neyatHble nnarbl

ITpouecc M3roTOoBNEHUA IMEYATHON II/IaThl MOXHO pasfeNuTb Ha
HECKOJIbKO ILIarOB:

¢ HaHeCTM Ha I/IaTy PUCYHOK JIOPOJKEK;

¢ NPOTPAaBUTD IUIATY, YTOOBI YJAIUTh HEHY>KHYIO YaCTb MeV;

¢ NPOCBEP/INATD B IIJIaTe€ OTBEPCTHUA.

Ceituac Bo Bropoe aecatunetue XXI Beka, Hanbosee mpocToi crnocob
HaHEeCTM Ha II/IaTy PUCYHOK — 3TO «Ia3epHblit yTior». Onmcannii aToi Tex-
Honoruu B VIHTepHeTe He CYeCTb, aBTOP M CaM B CBOE BpeMs OTMETU/ICSH
Ha 3ToM nonpuie (xypHan Paouo Ne 9 — 2001 e. — c. 35). IToaromy nog-
PO6HO MBI Ha Hell OCTaHaBIIMBATbCA He OyieM.

Mpumevanne.

n UmeHHO no smoli npuduHe 8 3mom «lliaze» paduonio6umens He Hatidem
HU 00HO20 pUCYHKA ne4amHoul N1amol — 8ce OHU eCMb 8 3/1eKMPOHHOM
sude Ha calime uzdamenbcmeaa. 3aHUMame umu 6ymazy coeepuieHHO HU
K yemy.

Pucynok c¢ mnatsl, BoinonHeHHsIt ¢ momombio JIVT (o6wmenpunsaToe
cokpaienue s ¢ppasbl «1a3epPHO-YTIOXKHASA TEXHONOTHSA») JIETKO OTMBI-
BaeTCs aljeTOHOM.

ITpoTpaBuTh NMIaTy C HAHECEHHBIM Ha Hee PUCYHKOM B JOMAIlIHUX YC/IO-
BMAX MOXHO JIByMs pacCTBOpPaMM:

¢ 760 XJIOPHBIM >KeTe30M;

* 60 «HApPOAHBIM CPENCTBOM» — CMEChI0 MEIHOTO KyIopoca ¥ Io-

BapeHHO COMU B COOTHOIIEHUM 1:2.

BTopoit BapuaHT B HEKOTOPOM pOfie Mpole — BCe KOMIIOHEHTHI /A
HEro MOXXHO KYNIMTb B MarasuHe I/ CaffoBOJIOB M B OOBIYHOM IPOAYK-
TOBOM MarasyHe (TOrfia KaK 3a XJIOPHBIM >KeJlle30M HY>KHO o6paiaTbcs B
CrenManu3pOBaHHbIN MarasuH MO0 B MHTEPHET-Mara3yH), HO IPOLecC
TpaB/IEHUA B 3TOJ CMeCH IIPOTEKAeT MeJl/ICHHee.

Coser.

l.!J Ecnu 8bl, ysaxaemoili paduoniobumerns, 8cepbe3 HACMPOeHbl HA dJ1eK-
MPOHUKY, He nosleHumece hpuobpecmu WUPOKYI0 CMEKIAHHYI0 Nocydy
C 3aKpbigalouwjelica KpbllWKoU (ydwe npAMOY20/bHYI0), u 0683amesibHO
3akpeigalime ee, Ko20a n1AMA Mpasumca — ObIWAMe NAPamu 3Mux
pacmeopos OmHio0b He NOJIe3HO 0151 300POBbA.
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He nonenuTech 3aiiTut 1 B anTeKy, 4To6bI IPUOGPECTY APy XUPypride-
CKJX IIepYaTOK — ITOJIOCKATh PYKM B 9TUX PacTBOPax TaK)Ke He CTOUT.

BHumaHme.

bydeme akkypamHel npu passedeHUU KOMNOHeHmM 8000l — X/I0pHoe
Xene3o (0co6eHHO 6e3800HOE) NPU PACMBOPEHUU OYeHb CUSTbHO Pa3oepe-
saemcs!

BriBanm cmy4yau — jomanach OT HarpeBa MOCyAa. Takxke 3aBegure
OTAE/NbHYIO 6aHKY C XOPOIIO 3aKPBIBAIOIIENCS KPBILIKOM [Isi XPaHEHUS]
PacTBOPOB MEXXAY TPaB/IeHUAMM — BBICBIXAIOLINIT paCTBOP MMEET AYPHYIO
IIPUBBIYKY PACIIONI3aThCs 110 BCEMY, KaK IteCeHb (0COOEHHO 3TUM OT/INYa-
€TCsI BTOpOe CHaf{oObe).

BHumanmne.

U Hu 8 Koem crlyyae — nosmopumca euje pas — HU 8 KOeM CJlyyae He
neimatimece Nos1b308aMbCA 8 COMAWHUX YC/I08UAX MpPembUM pacmeo-
pom — asomHol kucnomol! [la, ona mpasum nnamy O0axe 6eicmpee
XJIOpHO20 Xesle3d, Ho ec/iu nepabie 08a pacmeopa nPocmMo 8peodHbI O/1A
300p0o8bA, mo bblowas poHMAaHOM npu MpasieHuu asomHol Kucsiomod
d8yokuce azoma — cunoHeliwuli ObixamenoHoili A0!

OT Hero MoXHO, YTO Ha3bIBAETCA, U «JIACThI 3aiBMHY Th». Korma pacTBop
YTPaTUT CBOIO «TPAaBUTENIbHYIO CUIY», €TO HYXKHO pPa3BeCTU KaK MOXXHO
60/IbIIVIM KONMYECTBOM BOJABI, ¥ BBUIUTh B YHUTa3, IOC/IE 4ero o6s3a-
Te/IbHO ABa-TP} pa3a CIUTb BOAY.

CyiecTByeT Macca «<HApOJAHBIX» PelieNTOB peaHUMaIMy TaKUX pac-
TBOPOB, YTOOBI ITOITO/Ib30BATHCS MMM ellfe HeKoTopoe BpeMms. Ho, o MHue-
HJIO aBTOPA, BBUIMTD M KYIIUTh HOBOE OyfeT u ObICTpee, U Jierye.

Jna cBepieHus B IJIaTe OTBEPCTUII HY>XHBI ABe BellU — Jpelb U
cBepr1o. Vicxons U3 cO6CTBEHHOTO OIbITA, aBTOP PEKOMEHI0BajI ObI UMETD
TIO] PYKOit TPU JIpenu: '

¢ MaJIeHbKYIO0 PYYHYIO [Ipe/ib C MUTaHNEM OT aKKyMY/IATOpaA Ji/isl CBep-

JIEHUS OTBEPCTUI UAMETPOM JI0 2 MM;
¢ Jipenb-1IypyIIOBEPT AJIA CBEP/IEHNS OTBEPCTHMI AiiaMeTpoM o 10 Mm;
¢ TSDKETYI0 MOIIHYIO fipe/ib C NIUTaHMeM OT CeTU JiI M3TOTOBJIEHUS
OTBEPCTUIA B METAJIJIE.
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MpumeuaHue.

n Ana ceepneHua omeepcmuli 8 ne4aMHbIX NIAMAX CAMbIM UOEA/IbHbIM
uHcmpymeHmom 6binu 661 meepoocnIasHele ceepna u3 Kapbuoa eosb-
¢pama — oHu pexxym nnamei Kak macsno!

YBbHI, UX, BO-NEpPBBIX, BeCbMa HENPOCTO M HeJeIeBO HOCTATh.
A, BO-BTOPBIX, OHM OT/IMYAIOTCS YPE3BbIYAIIHOI XPYIKOCTHIO — CIIOMATh
UX jerde, 4eM cnu4ky. Yto6sl cBepnuth uMmu (a TeM 6071ee ¢ TOMOLIBIO
PYYHOII Apenn), Hy>KHa TBepAas pyKa ¥ o4eHb OO0JIbIIOi HaBBIK, II03TOMY
HauMHAOLIeMY JTy4liie HAYaTh C OObIYHBIX CTA/IbHBIX CBEPII.

MpumeyaHue.

n ‘Cneayem mMOoIbKO NOMHUMb, YMO OHU 6YOym oYeHb bbICmMpPo MynuMmbCA:
CMmeK10meKCcmoum — 0CHO8a Ne4YamHbix niam, — cooepxum 8 cebe
CMmekKJsiHHble HUMU, a C8ep/luMmb CMeKJ10 — 8ce pdeHo, YMOo C8epsIuUMb
HaxoauHblli Kpye.

IToaToMy BMecTe cO cBep/aMu cpasy npuobpeTute 1mb6o aniMasHbIi
Hafduab, mM60 ouYeHb MeNKMIT HaXKAaYHbIil OPYCOK, YTOOBI 3aTa4nBaTh
cBepra. Jlake He IBbITalTeCh OKYNaTh Haf(MIN HALIIETO Aa/IbHEBOCTOY-
HOTO CcOcCefia — aBTOPY Hapy pas M3 YMCTO CIIOPTUBHOIO MHTEpeca yAaBa-
JIOCh 3aBA3bIBATh VX PyKaMJ B y3elL.

Tounth cBepsia — 60/bIIOE MCKYCCTBO, HAYYUTh 3TOMY C IIOMOLIBIO
KHUTY HeJlb3s, I09TOMY HPOCTO IOCTAapaiiTeCh 3aTOYUTH €ro o 06pasy u
HIOFO6MIO APYTUX CBEPIL.

MpumeuaHwe.
lMomHume — npasuneHo 3amoyeHHoOe c8epsio niamy ceepsaum, a He pas-
dsuzaem Obipy 80 8Ce CMOPOHbI, 06pasysa 8OKpPY2 0MEepCcMus «20PKy>».

ITosaToMy BHOBb 3aTO4YEHHOE CBEp/IO He IIOJIEHUTECh MPOBEPUTH Ha
HEHY>XHOM KyCOYKe MaTepyaja: «TOpKa» — CaMblit 00 BEKTUBHBII KpUTe-
puit TpaBUIBHOM (BEpHEe, HenpasunvHoil) 3aTOUKM.

Yem nurtatb KOHCTPpYKLn

Ilo aHanorum ¢ «maATh Mass/IbHUKOM» — KOHEYHO XK€, IIEKTPUIECTBOM.
YBHI, JNIEKTPUIECTBO TOXE MOXET 6BITD pa3HOro Kaiectsa — B nwobom
UCTOYHUKE SHEPTUM NIPUCYTCTBYET T. H. BHYTPEHHEE€ CONNPOTUBIIEHNE,
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KOTOpOe HOpOoif BeCbMa IPUYYA/INBO MOXET IOBIMATh HA pabOTy KOH-
CTPYKLMMN.

ABTOp MOXXET IPUIIOMHUTD He OJMH CTy4ali, KOIJa 10 HECKO/IbKO CyTOK
YXO[M/IO Ha TIOUCK HEUCIIPAaBHOCTY, IIOKA He OKa3bIBa/I0Ch, YTO IPUYMHON
ee AB/IAEeTCA He CaMa KOHCTPYKIMA, a UCTOYHMK IuTanuA. [losromy Hay-
YEeHHBIJ TOPbKYM OIBITOM aBTOP BCETAA, 10 BOSMOXXHOCTM, IMTaeT BHOBb
paspabaTbiBaeMyi0 KOHCTPYKIMIO OT aKKyMYNATOPOB — €C/U, KOHEYHO,
3TO BOOOIIIe MOXKHO Cie/IaTh.

Jla, akKyMy/IATOPBI TSKEbI, 12, Y HUX 60/IbIuye rabapuThl, i, X HY>KHO
3apsKaTb — HO C HUMM y Tebd ecTb TapaHTHdA, 4YTO TBOe HepaboTaromiee
YCTPOICTBO He paboTaeT Mo KaKMM-TO CBOMM BHYTPEHHMM NPUYMHAM, &
He OTTOTO, YTO €T0 3aNNTAIN «KYTKO APAHDIO».

Ecnu e Bbl, yBaXkaeMblil paioOII00UTENb, TI0/Ib3yeTeCh KAKMM-TO HeBe-
ROMBIM 6710k0M IuTaHus (0cob6eHHO usrotosneHHbIM Camu-3Haere-Ize),
6yZAbTe FOTOBBI KO BCeMy. A jTydlile — BCe-TaKyl IepeiiauTe Ha 6aTapey mim
aKKyMY/IATOPBI.

A menepv — eneped! [lenaem nepeyio KOHCMPyKyuso...

11.2. MNepBan KOHCTPYKLUUNA: «6eryuime orHny...

Mouemy MMeHHO «6eryume orHm»

Jns Haueit nepBoi KOHCTPYKIMY B 97IEKTPOHMKY «Oeryliye OrHU»
BBIOpAHBI He CIIYYaifHO. DTO «yCTPOMCTBO» 06/IafiaeT I7IaBHbIM JI/Is HauM-
HaOIero Ka4eCTBOM — HAITAJHOCTBIO. PaloCcTHO Muraouye OoroubKu,
KaK HUYTO JPYroe, CKaXyT BaM, YBaXKaeMblil pafyoNi06UTeNb, YTO BbI
BITOJIHE CIIOCOOHBI OCY/INTD IPEMYAPOCTM YBJIeKaTe/lIbHeIe HayKu —
3JIEKTPOHMKM.

K ToMy ke Ha nepBbIX ITIOpax 3TO — €Ba M He €AVIHCTBEHHBII [IeBajiC,
KOTOPBIiT pafMoMI06UTeNb CMOXET IPUMEHUTS y cebs moma. [loBecuTnb Ha
enky, HanpuMep! [[ns «6eryuyx orseit» HaM NOTpebyeTCs BBILIEAIIAs U3
CTpOs efI0YHasA I'MP/AH/A, YTO, 110 ONbITY aBTOPA, He IIPE/ICTABIIAET COBEP-
IIIEHHO HMKaKoit mpo6meMsl. Bce, 6€3 MICK/TIOYeHNA, €/IOYHbIE TUP/IAHIbI
IIPOM3BOJICTBA HALIETO /1a/IbHEBOCTOYHOIO COCENja HEM3MEHHO BBIXOMMIN
U3 CTPOS Ha BTOPOI1 IeHb OKYIKN. 3a0JHO IIOYMHUTE TO, YTO Y BaC €CTbh,
yBakaeMslit paguomo6uTens! [lepBbii BapyaHT «6erymyx orHei», KOTo-
pbIit MBI CienaeM, 6yfeT....

... HA MUKpoOcxemax.
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«Beryume OrHN» Ha MUKpocCxemax

Bbl cipocuTe, moyeMy He Ha TpaH3ucTopax? OTBeT MPOCT, yBa’KaeMblil
papyono6uTens. TpaH3MCTOPHBIE «O€TyIye OTHM», KaK U BCA TPaH3M-
CTOpHasA «uudpoBaA» 3NMEKTPOHMKA, OT/IMIAETCA YPE3BbIYAHO IITIOXO
IIOBTOPSI€MOCTBIO.

Hu onna u3 fiecsiTka, 1Mo KpaitHeit Mepe, TPaH3MCTOPHBIX CXeM «beryimmx
OTHelf» Y aBTOpa He 3apaboTaa «c momo60poTa», Bce NPUXOAUIOCH HOTO
¥l HyAHO KOBOAMTH O yMa. Co6paTh ke HepabOoTAIOLIYIO M/ TTOMTYXKUBYIO
KOHCTPYKIMIO — JTYYIINii CITOCO6 OTOUTH OXOTY 3aHMMATbCA 3NIEKTPOHMU-
KOI1 BOOO11le, Yero aBTOp M CaM He XO4eT, ¥ BaM He >Ke/aeT!

IIpuHnunuanbHas cxeMa. MUKpOCXeMbl 110 CPaBHEHMIO C TPAH3UCTO-
paMyu — 3TO TMTAHTCKMII War Buepef. VI, KoHeYHO Xe, Cpeiu MUKPOCXeM
00s513aTe/IbHO HalfeTCs TaKast, KOTopas 06eCIeYnuT HaM «ITOYTH TOTOBBIE»
6erymue oruu. 3to Mukpocxema tina K176ME8, u HasbiBaeTcs OHa «ecs-
TUYHBI CYETYMK C AemmdpaTopom». Y Hee eCTb iBa CYETHHIX BXOJIa, BXOJ,
cbpoca ¥ 1ecATb BHIXOHOB.

ITpu mocTymnIeHnn UMITyZIbCOB COOTBETCTBYIOILIEN ITO/IAPHOCTY Ha CYeT-
HBIJ BXOJ MUKPOCX€MbI BHYTPEHHUI CUETYMK MUKPOCXEMBI YBETMINBAET
CBO€ 3HaYeHMeE Ha efUHULY (B IMTEpaType A/Is TAKOTO AEACTBUSA €CTh AaXe
crielyasbHOE Ha3BaHMe — MHKPEMEHT).

HemndpaTop, MMeOLIMIICI BHYTPU MIUKPOCXeMBI, Ipeo6pasyeT TeKy-
l[ee 3HAYEHME CYETUYMKA B CUTHAN, ONMM3KMII K HANIPSXKEHNIO MUTaHWUA
MMKpPOCXeMbI Ha OfHOU M3 BBIXOAHBIX IMHMIA. O6GBIYHO OH Ha3BIBAETCS CHUT-
HaJIOM «JIOTMYeCKON efUHUIbI», COKpallleHHO — 7or.1. Ha Bcex ocTanb-
HbIX BHIXOJZHBIX IMHUAX B 9TO BpeMs GyfieT CUrHaJI, 6/M3KMit K HYJTIO, KOTO-
PBIil Ha3bIBAETCSA «TIOTMYECKUM HY/IeM» Wiu JIor.0).

IIpu Ka>KZOM HOBOM CYETHOM MMITY/IbCe CUTHAJ JIOL.1 6yneT nepeme-
I[aThCs C OJHOI BBIXOHON TVHUY Ha APYTYI0 (YAMBUTENbHOE COBIafie-
HJle — TaKoit pe>kM paboTbl Ha3bIBaeTCs «Oeryiei eguHULIeN».

Bce, uTo HaM ocTaeTcss — NpUOGABUTD K 3TON MUKPOCXEME: -

¢ reHepaTop MMITYIbCOB (4TO6 CUMUTANO);

¢ UCTOYHUK IUTaHMUA (4TOO MUTANO);

¢ YeTbIpe MOIHBIX BBIXOZHBIX KacKaja, YHpaB/IALNX TaMIOTKaMH

(4T06 MUrano).

CxeMa Takoro BapmaHTa «6eryimux orHeit» npusefeHa Ha puc. 11.11.
TeneparopoM 3pmech saBasercsa mMukpocxema DD1, konpencatop Cl un
pesuctop R1, ucrounuk nuranua — auopbl VD1—VD3, koHpeHcaTopsbl
C2—C4 u pesucrop R4. Yerpipe opmHakoBbix kKommiekta R2, R3, VT1
00pasyloT Lieny yIpaB/ieHNs TaMIIOYKaMI.
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DD1.3 DD1.4 DD1.2 DD1.1 DD1 - K17611A7
DD2 - K176U1E8 VD2

C5

+
I22MK

Puc. 11.11. Cxema sapuasma «bezyujux ozreli» Ha MMC K176 ES

RS Q4
DD2

T1.1..T1.4 - KN957A
R2.1...R2.4 - 3,3«
R3.1...R3.4 - 1k

Co6paHo ycTpOIiCTBO Ha Il€YaTHON Iare
U3 OTHOCTOPOHHErO CTEK/IOTEKCTONMUTA TONIK-
Hoi1 1,5 MM pasmepamu 62,5x50 mMm. PasBopKy
NEeYaTHOI I/IATHI /1A «/1a3€pHOTO YTIOTa» ¥ CXeMY
pacnonoXxeHus AeTaneil MOXXHO B3ATb C caiTa
HM3aTeNbCTBa WWw.nit.com.ru. A BHEITHNIT BH[,
YCTpOJCTBa IpuBefieH Ha puc. 11.12.

ITocMoTpeTs xe «BXXMBYI0» Ha paboTy yCTpOit- TR
CTBa MOXXHO Ha PO/IMKeE, pasMELIEHHOM Ha caiTe 6ud ycmpoticmea
M3[IaTe/IbCTRA. «beyujue 02HU»

Hacrpoiika. Hactpoliku ycTpoitcTBo He TpebyerT.

Ananoru. Ecnmu mukpocxemer K176VE8 y Bac He OKaeTCsl, ee MOXHO
3aMeHUTb 3apyOexxHbIM aHasioroM CD4017 um nopo6Hoit emy. B cepun
K561 ectp noxoxxas no pyHkuymoHanbHocTn Mukpocxema K561VE9 (3apy-
6exxublit aHanor CD4022), HO y Hee HECKOJIBKO JIPYToe pacIloIoXKeHue
BBIBOJIOB, I I10]] Hee IIPUZETCA NepeAeblBaTh IJIaTy.

Mukpocxemy K176JIA7 moxxHo 3ameHuTbh Mmukpocxemoit K561J1A7
ynu 3apybexxHsM aHanmorom CD4011. Tpausuctopsr — mio6bie ¢ pabounm
HanpspkeHueM He Hipke 300 B 11 fonmycTMMBIM TOKOM He HIDKe TOKa IOTpe-
6nenua namn. Crabunutpon VD1 — mo6oit ¢ HanpsxeHneM cTabnunmsa-
yuu 8—10 B, guoget VD2, VD3 — nro6bie umnynbcHble, VD4 — 110601k
BBIIIPAMMTENbHBIN C JOMYCTUMMBIM HallpsKeHMeM He Hunke 600 B u morry-
CTMMBIM TOKOM He HIDKe TOKa NOTpeb/ieHus maMmiL.

Konpencarop C2 o6sa3arenbHo JOMXKeH ObITh KepaMMUYeCKUM.
Koupencarop C4 — mo60it Hea/IleKTPOMMTUYECKMIA C JOMYCTHMBIM HaIps-
>keHMeM He Hike 250 B, koHpeHncaropsl C3 u C5 — 3neKTponuTuiecKue c
pabounm HanpspkeHyeM He Hoke 10 B u 350 B, cooTBeTcTBeHHO. Bee pesn-
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ctopsl — SMD tunopasmepa 0805 (coorBeTcTBYIOT pesuctopam MJIT-
0.125). K ocTanbHBIM fleTanAM 0COOBIX TPe6OBaHMIT HET.

«Bberywme orHn» Ha MUKPOKOHTponnepe

IIpuanunuanpHas cxema. Cpa3y IpefCTaBII0 YUTATENAM CXEMY
ycTpoitctBa (puc. 11.13). ITepBoe, 4T0 6pocaeTcs B I71a3a — YTO CXEMBI-TO,
cobcTBeHHO roBops, u Het! EcTh mpocTo «kybuk» (B pusuke Takue
«KYOMKIM» OCTPOYMHO HAapeK/Iy «4ePHBIMU SILIMKAMMU»), K KOTOPOMY ITIOf-
K/TI0YEeHbI YeThIpe CUMICTOPA C IaMIIOYKaMM, €CTb 3HaKOMasi HaM ILielb
OUTaHWsA, IpUYeM He ¢ KOHIEHCATOpOM, a ¢ pesuctopoM — u Bee! Kak xe
Bce 3TO paboTaer?

1 M
C2I R2 vD2 R3 Cetb
1 T 47k KA521A | 47%
A
Lat]| La2 ™~
® R1 VD3
39« DD1 KO521A
RES . Vcc La3| Lad
el | e
Y = ] T3 T4
§——,__— GND EZ PBO
_{c1 C3+| VD1 T1..T4
Timx 220mMK T KC147A BTA136-400
1 L L J I _L

Puc. 11.13. lpuHyunuaneHas cxema «be2ywux o2Hel» Ha MUKPOKOHMpoOiepe

Het nu BHYTpM 3TOro «Ky6mka» 3HaKOMOTO HaM IeHepaTopa, MIu
cYeTYMKa MM ellle Yero-Hu6yap mogobHoro? Pasymeercs, ecTh, yBa-
)KaeMbIil pafinono6uTenb, ¥ He MPOCTO €CTb — MX TaM ThIcAYM!
MuKpOKOHTpONIEp — 3TO, IO CYyTH, MaZieHbKaA BM, ynpasnsaemad npo-
rpaMMOoIJi, a He IPOCTO MUKPOCXeMa C AeCATKOM HoxeK. VI ynpasndeTca
3TOT MMKPOKOHTPOJI/IEP MIPOTrpaMMOii, 3alIMCAHHON B HETO C IIOMOIIbIO
IporpaMMaropa.

JaBaiiTe Ha MMHYTKY IpefCTaBUM cebs, yBaXKaeMblil pafyonooureb,
MaJ/IeHbKUM 4e/I0BE€YKOM, KOTOPbIN YM€ET YIPaB/ATb PasHbIMM 3/IEKTPOH-
HBIMM [ieTaZbKaMy — TUPUCTOPAMH, TPAH3UCTOPAMH, TaMIIOYKaMM U
npod4. Kak 6bI TOCTYIII TaKOV MaZIeHbKUII Ye/IoBeYeK, eC/ 6bI MbI IIOIIPO-
cunm ero u3o6pasuTb HaM «beryue oram»? HaBepHoe, OH 65

+ Bxouns 65l epByIO TaMIIOUYKY.

+ Tlomoxkman 661 HEKOTOpOe BpeMs (HalpuMep, OGHY CEKYHAY).
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BbIK/TI04MI GBI IEPBYIO TAMITOYKY.
Bxmiouns1 61 BTOPYIO TaMIIOYKY.

CHoBa 1off0X/jam 661 HEKOTOPOE BpeMsL.
Boix/mi04n1 651 BTOPYIO TAMIIOYKY.
Bxriounst 661 TPETHIO TAMIIOYKY.

CHoBa nofoxzan 6b1 HeKOTOpOe BpeMsl.
BBIK/TI0YWIT GBI TPETHIO TAMITOUKY.
Bxmiounn 61 4eTBEPTYIO TaMIIOYKY.
CHoBa nofioXja 651 HEKOTOpOe BpeMsl.
BbIK/TI04MT GBI YE€TBEPTYIO TAMIIOUKY.
W Havan 6Bl Bce CHOBA 11O CIMCKY, HAYMHas C I1.1 — MBI BEAb He MPO-

CWIM €TO OCTaHaB/IMBAThC!

BoT Takas 3amuch IU1aHa paboT Ha CelMaJTbHOM MCKYCCTBEHHOM
A3bIKe (OH Ha3BIBAETCs SA3BIKOM IPOrPaMMUPOBAHMs) M Ha3bIBAETCS IPO-
rpaMMoii. A Halll MaJIeHbKIi YelIoBeYeK — 3TO U €CTh MUKPOKOHTPOJI-
7ep, BHIOMHAIONMIA 3Ty IIporpamMmy. K BenmkoMy coxxasieHuIo, Coo6IuTh
BaM 4TO-TO GosIbIlIee PO MporpaMMy aBTOpP He MOXKET: IPOrpaMMMUpPOBa-
HMe — 3TO COBEPIIEHHO 0cobast HayKa, ¥ PO HEro Hajio MUCaThb OT/e/b-
HYIO KHVDKKY, 160 HaiiTM ¥ MPOYNTATh )K€ HAUCAHHYIO, HAIIPUMED,
benos A.B. CamoyunTens pa3spaboTdynKa yCTpOiCTB Ha MUKPOKOHTPOJI-
nepax AVR. Kunra + CD, 2-e u3p., nepepa6 u gomn. (y3HaTb HOAPOOGHOCTH
M KyIIUTh €e MOXKHO Ha caiiTe M3JaTe/IbCTBa o cchike http://nit.com.ru/
index.php?p=v&isbn=978-5-94387-808-4).

Mpumeyanne.

Imom camoy4yumene packpsieaem cekpemsl MUKPONPoueccopHoli mex-
HUKU, 3ampazusaem 0CHO8bI Yugposoli 102uKu, NPUHYUNLI NPOZPAMMU-
posaHuA. HanucaH npocmeiM, NOHAMHbLIM A3bIKOM, CHAGXeH cxeMamu,
unlCMpayuaMu u npakmudeckumu npumepamu. llocne nonynapHou
meopemuyeckoli 4acmu asmop nepexooum K Npakmuke peasiusayuu
ycmpolicme Ha MUKpOKOHmMporsnaepax. B kasecmee npumepa ucnosne3y-
tomca mukpokoHmponnepsl AVR ¢pupmel Atmel. Paccmampusaiomca ux
NpUHYUNLI NocCMpoeHua u ocobeHHocmu apxumekmypsi. locne onuca-
HUA MUKpOCXeM 8 KHU2e daemcsa pA0 NpaKkmMu4eckux ypoKos no ux npu-
MeHeHulo. B HuUX Ha npumepax paduosniobumesnb NOWA2080 YHUMCA KAK
cnocobam nocmpoeHus 371eKMPOHHLIX CXeM C NpuMeHeHUeM MUKpO-
KOHMpOoJI71epos, mak u npuemam npoz2pammupogaHus. O0Ho8pemeHHO
¢ pasbopom npumepos udem usydeHue A3bIK08 Npo2pammuposaHus. Bce
npozpammHsie npumepel 0aHbl cHavana Ha Accembnepe, a 3amem Ha CH.
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Camoyuumene 6Gydem noneseH HAYUHAIOWUM paspabomuyukam 3nek-
MpoHHBIX ycmpolicms, paduomobumensam U CmyGeHmam mexHUYeCcKuUx
BY3o08. Knuza conposoxdaemca CD. Cocmas uHgopmayuu CD paccmo-
mpeH Ha 0broxke.

Ha caiiTe uspgaTenbcTBa Www.nit.com.ru eCTb MCXOQHBIN TEKCT U 3arpy-
304HBIA (aiin NporpaMMsel CelMaabHO AJIA HAlIMX «Oeryuyx oruei».
[l TOrO YTO6BI MMKPOKOHTPOJI/IEP CMOT paboTaTh 110 3TOJ IIpOrpaMMe, ee
HY>XHO B Hero sanmucarb. JlefiaeTcs 9T0, Kak y>Ke yIIOMMHa/ aBTOP, C IOMO-
IIBIO CTIEIMa/IbHOTO YCTPOCTBAa — MPOrpaMMaTopa.

ITonpocuTe cBOMX popuTeENneil, 3HAKOMBIX M/IM TPOCTO Y4aCTHUKOB
KaKoro-HuOysb MHTEepHeT-PpopyMa, YTOObI BaM ITOMOIJIM €€ 3alucaTh B
MUKPOKOHTpOJIep (MM ITOfCKa3alMm, Ifie 3TO CfleflaTh) — CaMMM BaM IOKa
3Ta 3ajiaya He 1107} CUITY.

ITnara. CaMo ycTpoiicTBO co6paHO Ha IUIaTe U3 ONHOCTOPOHHETO CTe-
K/IOTEKCTONMUTA TONIMHOM 1,5 MM, pasmepamu 42,5x17,5 MM. PasBopky
IeYaTHOM IVIaThI JJIs «/Ia3€PHOTO YTIOTa» M CXEMY PacHoONOXKeHNs JieTa-
neit MOXKHO B3ATb Ha cajiTe U3[aTeNbCTBA. TaM ke MOKHO IIOCMOTpPeTh
«BXXVUBYIO» Ha paboTy yCTpoOJiCTBa.

Buewnnit Buj yctpoiicTea npuBefieH Ha puc. 11.14.

Hacrpoiika. HacTpoliiku ycTpoicTBo
He Tpebyer.

Ananoru. MMKpOKOHTpoOnnep, nIpu-
MEHEHHBIM B Halllell KOHCTPYKUMH —
tuna ATTinyl3. 3amMeHUTb ero MOXKHO
Ha MuKpokoHTponnepm ATTiny25,
ATTiny45 mmu ATTiny85, x0T OHM CTOAT
3aMeTHO jjopoxke. Kpome Toro, ata 3ameHa
norpebyeT HeGONbIION NEepeNe/TKM IPOrPaMMBI, IOCKONIbKY Pa3BOJIKa CUT-
HAJIOB 110 HOXKKaM 3TUX KOHTPOJUIEPOB HEMHOTO pa3NiM4aeTcs.

Puc. 11.14. BrewHuti 8ud «bezyujux
ozHeli» HaO MUKPOKOHMpoOepe

MpumevaHne.

n Obpamume eHUMaHUe — He nepedesikKu neyamHol nnamel, a nepedesku
npoepammel! Mo — 02pOMHOE nNpeuMywecmso npopamMmmupyembix
MUKPOKOHMPOJINIEPO8 NO CPABHEHUIO € OBbIYHBIMU MUKPOCXeMamu —
aubkocme.

Bce pesucropsl B Hauleit KOHCTpYKUuu — SMD Tunopasmepa 0805
(cooTBeTCcTBYIOT pesuctopam MJIT-0,125). HeanekTponurudeckme KOH-
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meHcaTopsl — Taxke SMD Tunmopasmepa 0805 (MX MOXHO 3aMEHATH TONBKO
KepaMm4ecKuMu KoHaeHcaTtopamn). Pesucrop R3 — mo60it ¢ somyctumoit
MOIIIHOCTBIO paccessHus He MeHee 1 BT. Cumucropsl — mobble ¢ pabounm
HanpspkeHueM He Hike 400 B, gomycTMbIM TOKOM He HIXKe TOKa IIOTpe-
6neHus MaMIToueK, ¥ Kak MO>)KHO MEHBIIMM TOKOM YIIPaBJIAIOIIETrO 37IeK-
tpona (B mpenenax 20—30 MA). BeIxomHble TMHUY MUKPOKOHTPOJIIEpa
HOCTAaTOYHO C/1abgHbKIE, CUMUCTOP C OOIBIINM YIIPaB/IAIOLIMM TOKOM OHM
MOTYT IPOCTO He BKII0YUTb. OCTaIbHbIe leTany — JTo6bIe.

«Beryu.wle OrFHW» Ha /1IeKTPOMAarHUTHbIX pene

He cMmeitrech, yBakaeMbliit paguomnio6utens! Eciu Bl fyMaeTe, 4TO O
U300peTeHNs TPAH3KUCTOPA JIIOAY )XV/IY B ITelllepaX ¥ MUTANCh CheS0OHOI
I/IeCEHbIO, TO BBl O4eHb IITy6oKo 3abmyxaeTech. CxeMy, KOTOpas puBe-
HeHa Ha puc. 11.15, MOXXHO 6b1710 cOOpaTh U NATHAECAT, U CTO JIET Ha3af,.
W — 4ro yauBuUTENBHO, — UX CO6Mpanm!

Utak, umerorcs aBa perne, ABa KOHAEHCATOPa U TPU pe3UCTOPaA, COEAM-
HeHHBbIe KY4Koi1 mpoBofoB. Kak >xe oHu o6ecreyar HaM 6er oruein B 9Toi,
6e3 BCAKOTO IpeyBenuYeHus, uCTopudeckoitr cxeme? Pabora npmHmyunm-
anbHOI cxeMbl. PazbepeM ee noppo6Hee, IOTOMY YTO B CYIIY APEBHOCTHU
TaKMX CX€M IIPOYUTATh 06 ITOM B APYTOM MeCTe BaM BPSJ /U YHAACTCA.

B Haya/ibHBI MOMEHT BpeMeHM KoHfieHcaTop C2 yepes IepBYyI0 KOHTAKT-
Hylo rpynmy pene Rell, pe3uctop R2 u TpeTblo KOHTaKTHYIO TPYTIITy pere
Rel2 coepyneH ¢ mmHOI MUTaHKA U 3apsDKEH [0 HanpspkeHusA +36 B.

Lal |La2 éasé.m Ces

+36B

Bl

e, o hdL- EJILJ

Puc. 11.15. lpuHyunuaneHas cxema «6e2yuwux oeHeli» Ha 3/1eKMPOMAzHUMHbIX pene
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Konpencatop C1 depes pesuctop R1 1 4eTBepTy10 KOHTAaKTHYIO TPYTIITY
pene Rell HaunHaeT 3apsaTbcs OT IMHBI MuTaHuA. Korga HampsikeHue
Ha HeM JIOCTUTHET Benn4uHbl 24 B (310 mpomsoiifeT npuMepHoO 4epes
CEeKyHJly TOC/Ie BKIIOYEeHMs MMUTaHuA), cpaboraeT pene Rell, o6mMoTka
KOTOPOTO IOAK/IIOYEHa ITapaienbHO KoHAeHcaTopy Cl.

B pesynbraTe cpabaThiBaHuA pe3aucTop R1 OTK/II0OYaeTCsA OT HampsiKe-
HIA IUTaHNA, ¥ KOHIEHCATOp HaYMHAEeT PaspspKaThcs yepes 06MOTKY perte
Rell, ynep>xuBas ero B cpaborasieM cocrosHun. Korma HanpsixeHue Ha -
KOHJIeHCaTope yIafieT MpMMepPHO Jio 7 B, pee OTIyCTUT AKOPb, Pe3UCTOP
R1 cHOBa OKa)keTcs MOAK/IIOUEH K HAIIPSXKEHMIO IUTaHMA, ¥ LMK/ IIOBTO-
purcs. Bce 910 ecTb He 4TO MHOe, KaK MY/IbTUBUOPATOP, TONBKO COOpaH-
HBIVI Ha perie.

YTo >Ke IIPOMCXOAUT B 9TO BpeMs ¢ pete Rel2? B MoMeHT cpabaTbiBaHuA
pene Rell xougencarop C2 yepe3 nmepByio KOHTaKTHYIO rpymuny perne Rell
OKa3bIBaeTCs MOAKIIOYEHHBIM K 06MoTKe perte Rel2. HanpsixxeHue Ha HeMm,
KaK MBI YK€ TOBOPWIN, PaBHO HAIIPSIKEHMIO MATAHMA.

ITosaTomy B 06MoTKe perne Rel2 HemenieHHO BO3HMKaeT 6POCOK TOKa,
IpUBOAALINII K cpabaTbiBaHuIO perne Rel2. Uepes cBoI0 4eTBEpPTYIO KOH-
TaKTHYI0 Tpynny pene Rel2 nogkmiouaeT pesuctop R3 k HampskeHMIO
nuTaHud. Vl reneppb yepes o6MoTKy pene Rel2 Bce Bpems 6ygmeT Teub TOK,
MIOJIePXKMBAIOI UL €0 BO BK/IIOYUEHHOM COCTOSHMY, T. €. HOBOE COCTOAHME
pene 6ymeT yCTONYMBBIM.

Korza pene Rell ornyctut sikops, koHAeHcaTop C2 OTK/IIOYAETCA OT
o6MoTKM perte Rel2 u yepes mepByio KOHTakTHYIo rpymuy pene Rell, pesu-
crop R2 u TpeThi0 KOHTAKTHYIO Ipynmny peie Rel2 okassiBaeTcs MOAKIIO-
4eH — He K HaIIpsDKEHMIO CeTH, KakK 6blIo paHee, a K 061eMy IIPOBOAY
(moromy 4To y>xe cpaboraino pene Rel2).

HanpsokeHne Ha HeM, padyMeeTcs, ObICTpO mafjaeT fo Hyns. Koraa B
cnepyromuit pa3 cpaboraet pene Rell, 3To KoHfjeHCaTOp OKaXkeTCs MOA-
K/ITI0UeHHBIM K 06MOTKe perne Rel2, u ¢pakTideckn 3aMKHeT ero 06MOTKY.
Perne Rel2 nipyu 3TOM HeMen/IeHHO OTIYCTUT AKOPb, pe3uctop R3 okaxkeTcs
OTK/IIOYEHHBIM OT IIMHbI MATAHNA U peTie OCTAaHETCA B 3TOM HOBOM YCTOM-
YMBOM COCTOSTHMM.

Y3HaeTe, yBaXkaeMblil paiMONIOOMUTENb, KAKOE YCTPOIICTBO aBTOP TONIBKO
yTo onucan? KoHeuyHo e, 3T0 — TPUITeP, ellle OfUH KOMIIOHEHT Ludpo-
Boit anextponuku! Hegapom nepsrie 9BM, msrorosneHHbie eue B 30-e
TOZIbI IPOILIOTO CTOMETH, COOMPANNCh Ha 97IEKTPOMAarHUTHBIX perne!

Hy a Bropas u TpeTbsi KOHTaKTHbIe Ipynbl pere Rell u Bropas KoH-
TaKTHas rpymmna pene Rel2 o6pasyior eme ogyH M3BeCTHBINT B I POBOIT
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3NeKTpOHMKe 6710k — Aemmdparop, BbIOMPAIOWMIi A/ TOPEHNS OfHY 13
YeThIpeX TUPJIAH,

Mb1 He mpeparaeM 4UTATENIO CAENATb 3T «berylyue OrHM», a BOT
IIOCMOTpeTH (a I/TaBHOe — IMOCAYIIaTh!) UX paboTy MOXXHO Ha POJIMKE,
HAOCTYIIHOM Ha cajiiTe U3JaTenbCTBa. IIpefcTaBisaeTe, C KAKMM 3BYKOM
paboTany B Te TOAbI Te yKe fanekue nepsrie IBM!

11.3. Bropasa KOHCTPYKLWA: yCUNNTENb HU3KOI YacTOTbl

Kak pa6ortaet ycunurenb HU3KO# 4acToTbl

Tpe6oBannsa k YHY. IIpexxpe yeM IpUCTYNNUTD K M3TOTOB/IEHUIO YCH/IN-
Tensa Hu3koi yactoTsl (YHY), kocHeMCsl caMbIM KpaTKuM 06pa3oM OCHOB
ero pa6otrsl. OcHoBHYI0 QyHKIMI0 YHY MOXXHO chopMynmpoBath OFHON
¢dpasoit — ycuanuTh BXOFHOI 3BYKOBOJ CUTHAJI KO MOLIHOCTH, HEO6X0mM-
MOJ1 Ji7Is1 ero BOCIIpou3BefieHMs aKycTudeckoit cuctemoit (AC), v npyu sToM
BHECTM B CUTHa/I MMHMMAJIbHbIE ICKaXXEHM.

Jlna BeimonHeHus aroit pyHkuuu YHY gomken:

¢ BO-TIEPBBIX, UMETb BBICOKMII KO3 UIMEHT YCUIEHUS IO MOIHO-

cTH:

¢ BO-BTOPBIX, IMETb MaKCMMAaJIbHO JIMHEIHYIO NIepefaTOYHYIO XapaK-

TEPUCTHKY, T. €. TpadMK 3aBUCYMOCTY BeIMIMHbI CUTHAJIA Ha BBIXOJIE
YCUINTENA OT BeIM4MHBI CUTHAjIa Ha €ro BXOfie JO/DKEH IIPEACTaB-
NATb c060it a6COMOTHO NPAMYIO IMHUIO, IIPOXOAAILYIO Yepe3 TOUKY
(0,0) xoOpAMHATHO IIOCKOCTH.

Mpumevanue.

n Y8bl, makas xapakmepucmuka, Kak u 8ce udeasieHoe, npakmuyecku Heoo-
CMUXUMa, Nnomomy 4mo ycusumesnbHbie 3/1eMeHmel, 6y0b Mo namnsi,
mpaH3uCMopes! UU MUKpocxemel, 061adaom nepedamoyHbiMU Xapak-
mepucmukamu, 3a4acmyio 0axe omoaneHHO He HaNnOMUHAaWUMU nps-
MYIO0 JIUHUIO. ’

Bpo6aBok ko BceMy, dopMa 3TUX XapaKT€pPUCTUK 3aBUCHUT elle U OT
YacTOThl CUTHa/Ia, MOJJaBa€MOr0 Ha BXOJI, XOTA Ha HM3KMX YacTOTaX 3Ta
3aBUCUMOCTD PefKo nmpuobpeTaeT karactpoduyeckue Macmrabsr. Kak xe
B TaKMX YCTIOBUAX BOGUTbCA KaueCTBEHHOI paboThl ycumnTenes?
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MepepatoyHan

a xapaKTepucTuka 6
TpaH3ucTopa
AN e
I T . [ N
\ y PeyronbHbIii curHan, —t— TpeyronbHbit curHan,
| nocTynas Ha BXo4 : NAIOC CUrHaN CMeLWeHns
< TpaHaucTopa npespawaeTca (BenuYNHaA ero oTMe4eHa CTPenkomn)
B MPYnny OCTPOKOHEYHbIX fOCTYNasn Ha BXOA TPaH3MCTopa
> NUKOB NPeBpPAaLLAeTCa Ha BbIXOAE B
“NoYTN” TPEYroNbHbIv CUrHan,
’\ MMeloLLnii XapaKTepHbie

HECMMETPUYHDbIE UCKAXKEHURA
nukos

Puc. 11.16. llepedamoyHebie xapakmepucmuku:
a — nepedamoyHas Xapakmepucmuka mpaH3ucmopa;
6 — nodaHa NoCMoAHHAA COCMAsNAWan

IlepepaTouHble XapaKTepUCTUKU. PaccMOTpuM 1 IpuMepa mepe-
BATOYHYIO XapaKTepUCTUKY TpaH3ucTopa (puc. 11.16, a). Ona npencras-
nseT coboi1 3aMBICTIOBATYI0 KPUBYIO, KOTOPYIO C MacCOi OTOBOPOK MOXKHO
Ha3BaTb 3KCIIOHEHTOIA.

Ha rpaduxe (puc. 11.16, a) nerko MoXKHO YBUJETb, YTO BEPXHAA 4acTh
KpUBOI1 607Iee-MeHee TIOX0XKa Ha MPAMYIO IMHMIO ([0 KpaitHell Mepe, 10
CpaBHEHMIO C HUKHel! ee 4acTbio). Eciu 661 HaM yaanoch [ ycuneHus
CUTHAJIa MCIIO/Ib30BaTh TO/IbKO BEPXHIOI0 YaCTh KPUBOI1, TO MbI IOTYy4M/IN
6bI JOCTaTOYHO XOpolllee MPUOIIDKEHUE K Ueary.

Cpenarb 3TO JOBOZIBHO IIPOCTO — HAaJ[0 NOAATh Ha BXOJ TPaH3MUCTOPa
BMECTE C YCUIMBAEMbIM CUTHAJIOM ellle AOIOTHUTE/IbHYIO NOCTOSHHYIO
COCTaB/IAIOINYI0, KOTOpask CMECTUT YCUIMBAEMBIN CUTHAJI B «IIOYTH IIps-
MYI0» 06/1aCTb IlepefjaToOYHO XapakTepucTuku (puc. 11.16, 6). dta gomorn-
HUTENIbHAA COCTABJIAIONIASA TaK M HA3bIBAETCA — «CMeIIeHMEe».

PexxuMbl paboTHI YCMIUTENbHBIX 371EMEHTOB. B 3aBucuMocTu or
COOTHOIIEHMA BEIMYMHbI CUTHA/IA ¥ BEIMYMHBI CMEILIEHNUA Pas3uyaloTCA
HECKOJIBKO PeXXMMOB pabOTbI yCHINUTEIbHbIX 3/IEMEHTOB:

¢ pexum A — BeIMYMHA CMeELeHUs 3aBefoMO 6orblie 060ro BO3-

MOXXHOTO CMI'Ha/Ia Ha BXOJ€ YCU/IMTEIS;

* pexuM B — BenmnumHa cMellleHMs TaKOBa, YTO CYMMAapHBI CUTHAN
MOXKET 3aXOAUTh B 00/1aCTh Haua/IbHOTO M3rMba IepefaToYHOI KpH-
BOIJf, a IIOPOJI AaXke M B JIEBYIO YacThb IrpadyKa, Ije TPaH3UCTOp BOBCe
He YCU/IMBAET CUTHAI;

+ pexum C — cMelieHye KaK TAKOBO€ OTCYTCTBYET COBCEM.
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KoneuHo, camMbli1 Ty41nii B IVIaHe IPUOMVDKEHNA K UAeany — PEXXUM A,
HO 3a TaKoe NMpuOIMKeHMe IPUXOAUTCA IIATUTh OYEHDb JOPOTYIO LieHY,
BENb YCU/IUTENbHBIN 3/IEMEHT YCU/IMBAET HE TONIbKO ITO/IE3HbIN CUTHA, HO
M TIOJAHHOE CMelleHNe. YCuIeHe JKe CBA3aHO C BbIJie/IeHUeM TeI/IOThI —

'Tak yX ycrpouna npupoga. KITJI. ycunureneit knacca A (kmacc ycunnrens

OIpefie/sIeTCs peXUMOM paboThl €ro BBIXOJZHBIX TPAH3UCTOPOB) HaxKe
TeOopeTHM4eCKM He MOXKeT 6bITh 60rbIe 50%, B peaTbHOCTH XK€ OH ellle
MeHbIIIE.

HenpemeHnHbIit aTpubyT ycunuTenei Knacca A — rUTaHTCKUeE pajua-
Topbl. [losTomy B uncToMm Buje knacc A B YHY npumensaeTcsa JOCTaTOYHO
penKo, 0O6BIYHO 3TO BCe-Taky HeKas pa3sHOBUAHOCTD Kilacca B.

I'maBHbIN HeLOCTATOK Knacca B — To, 4TO BXO[HOJ CUTHAI MOXET Bpe-
MeHaMM OKa3bIBaTbCsA B 06/1acTH, T/ie YCMIeHNs CUTHaIa HeT BoBce. Bo 4To
IIpEeBPaTUTCA B 3TOM C/lydae BBIXO[IHOJ CUTHAJI, JIydllle jaXke He AyMaTb.
Kax peumts 3Ty npo6bnemy?

Jlo oTBeTa crielMaanCThl JOAYMAANCh MHOTO AeCATUIETUI Ha3af —
HYXHO, YTOOBI CUTHAJI YCU/IMBAJI He OfMH 9JIEMEHT, a ABa! OauH — ogHy
«IIOIOBUHY» CUTHasa, Apyroi — apyryio. Cpgenarb 3TO JOBOIBHO IpPO-
CTO — HY>XHO IOfIaTh BXOHOJM CUTHA/ Ha iBa TPaH3MCTOpPa pas3HOIll Npo-
BOIMMOCTH (T. H. KOMII/IEMEHTapHasl Mapa) 160 MO/aTh Ha J[Ba OJMHAKO-
BBIX TPaH3JICTOPA ABa MPOTMBO(dA3HBIX CUTHAJIA, 3 YCU/IEHHbIE CUTHAJIBI
oIpefieNIeHHbIM 06pa3oM CIIOXKUTb.

IlepemaToyHasa XapaKTepMCTMKA TaKOM «IIapOYKM» IMOTy4aeTcsA He
COBCeM IIPAMOIt, B 06/1aCTV HeGO/BILNX CUTHAIOB Y Hee IPUCYTCTBYET T. H.
«CTYNIEHbKa», HO €€ B HEKOTOPOM CTEIIEH! MOXKHO «3aJJaBUTh» CMELL[EHNEM.
Ycunurenu, B KOTOPBIX [i/IS1 yCUAEHUSA CUTHAJIa MCIIONIb3yeTCA Mapa yCuIn-
TEe/IbHBIX 3/IEMEHTOB, Ha3bIBAIOTCS ABYXTAKTHBIMH, B OTAINYME OT OfHO-
TAKTHBIX, B KOTOPBIX TaKOJ 37IEMEHT OfMH.

Knacc C, HecMOTps Ha CBOIO BBICOKYI0 SKOHOMUYHOCTD, B YHY ucmons-
3yeTcs pefKo — CIMIIKOM BEJIMKM BHOCUMMbIE MM MCKaXKeHus. 3aTO 3TOT
KJIacc C yCIleXoM IIpMMeHAETCA B nepefaTynkax. Begp B cuny cnenudnku
M37Ty4aeMOro NepeaTduKoM CUTHa/Ia B IIepefaloleii TeXHIKe CYIeCTBYIOT
3¢ dexTUBHBIE CIOCOOBI YCTPaHEHMsT UCKAXKEHMIT, BHOCUMBIX KaCKaf{oM,
pa6oraromum B kinacce C. IIpy 3ToM 5SKOHOMUYHOCTD KacKaja Py U3NTY-
YaeMol IepefaTYNKOM MOIIHOCTY B EAMHMLBI, AECATKU MM Jaxe COTHU
KM/IOBAaTT CTAHOBUTCS CIIMIIKOM CEpPbe3HBIM (HaKTOPOM, YTOOBI MM IIpe-
He6perars.

BrnipoyeM, MH)XeHepHasa MBIC/ID U 3[leCh He ipeM/IeT — B Ky/IbTOBOM
YHY «Quad-405» u ero knoHax paspaboTYMKy MyTeM OpUTMHAIBHOTO
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TEXHWYECKOTO PEIleHNs 3aCTaBU/IN-TaKy BHIXOJHbIE TPAaH3UCTOPHI pabo-
TaTb B K/1acce C, ¥ OMY4YUTh TP 3TOM IIPEKPACHBII 3BYK!

Mpumevuanwue.

n Kak sudume, yeaxxaemoili paduoniobumestb, Noy4ums udeasbHo auHel-
HYI0O nepedamoyHylo Xapakmepucmuky, MOJIbKO MAHUNYJ/IUPYs pexu-
mamu pabomel ycunumeneHolx 3/1emeHmos, npedcmassnsem cobol
8eCbMa CJIOXHYI0 3a0ady. :

O6parHas cBasb. Y 31ecy Ha nomoip paspaborunkam YHY npuxopur
TEXHUYECKOE pelleHe, LIMPOKO NPUMEHSIOIEECs B YCTPOICTBAX aBTOMA-
THYeCKOTO PeryIupoBaHusA — o6parHas cBash (puc. 11.17). Viges obpar-
HOJ1 CBA3M NPOCTa — YCU/IMBAEMBbIV CUTHAJI IIOJA€TCS He Ha BXOJ, YCU/IN-
TE/IbHOTO 9/IEMEHTA, a Ha BXOJ CIIeLMaIbHOTO 6/10Ka CpaBHEHMA.

. Ha gpyroii ero Bxop uepes penurendb HanpsokeHuda R1, R2 mogaerca cur-
HaJI C BbIXOJja YCUIUTENIbHOTO 97eMeHTa. Ec/u 06a curHaia ogyiHaKoBBI, Ha
BbIXOfi€ YCTPOJICTBa CpaBHEHUA CUTHa/la HeT. Ecim >xe oHM OT/IMYaroTCA,
Ha BBIXOJie YCTPOJCTBa CpPaBHEHU IMOAB/IAETCA TaKoM CUTHaJ. bymyun
IIOJaHHBIM Ha YCU/IMTE/bHBIN 3/IEMEHT, OH IIPMBENET BbIXOGHONM CUTHAI
yCUAUTENA B TOYHOE COOTBETCTBME €r0 BXOAHOMY curHany. Iloatomy
BBIXOZHOJ CUTHAJl YyCUIUTENA Beerfa OyeT MponopLOHaieH BXOGHOMY,

a K09¢PUUMEHT MPONOPIMOHATIBHOCTHI

S (unrait — koapdpuumeHT ycuneHu)

OyZeT onpenenaTbCcs TONbKO COOTHOILIE-

'Boronron  HMEM BE/IMUMH PE3UCTOPOB Ae/MTe/Ns

emal - ganpsokenusa R2/R1. Atu pe3auctopsl no

IpUPOJie CBOEN ABNAIOTCA 37IEMEHTaMU

C TOJ CaMOJ JIMHENHOM NepeRaTOYHON

XapaKTepUCTUKOM, KOTOPYI0O MbI TaK
CTpEeMUMCA IIONMY4YUTbD.

BxoaHoM
curHan

Puc. 11.17. O6pamHas ceA3b

NMpumevanne.

n Kpacueaa sma meopus Ha npakmuke, pasymeemcs, UMeem c80U HIOAQHCb,
HO 88edeHuUe o6pamHoli C8A3U 8 YCUMUMENU PEeAnbHO U OYeHb Cyuje-
CMaeHHO yay4uaem Ka4ecmao 38yKa.

KayecTBo 3Byka. Cka3aB «KauyeCTBO 3ByKa», Mbl IIOJHMMAEM LIe/IbIi
IUIaCT BOIIPOCOB, CBA3aHHBIN C 0OBEKTUBHO OLIEHKOJ KauyecTBa YCUIIN-
TeNA: Cy6'beKTUBHBIE-TO OLIEHKM [aBaTh IIPOIle IPOCTOr0 — «He Hpa-
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BUTCsI» ¥ TouKa! [I/I1 OLIeHOK KauecTBa 3BY4aHWsA YCHIUTENA UCTIONb3YIOTCA
pasnnuHble okasarenyu. Hanpumep, k03¢ uumeHT rapMOHMK — paccun-
TaHHOE IO pe3y/IbTaTaM M3MEPEeHMII COOTHOIIEHE BETMIMHBI TAPMOHMK
CHUTHa/Ia K OCHOBHOMY TOHY (Tpy60 roBops, CKO/IBKO OTCEOATHHBI BHOCUT
yCUIUTENb B UCXONHBIN CUTHAIT).

TTOHATHO, YTO YeM MeHbllle BHOCUMBIE YCHIUTENIEM MCKAXKEHMUSA, TEM
Jy4IINUMH, 1I0 6O/IBIIOMY CYeTy, 6YAYT COOTBeTCTBYIolMe Koadpduim-
eHTsl. Hy>)kHO TO/IBKO He 3a6bIBaTh, YTO BbI, YBaXKaeMblil pafuoII0OMUTeNb,
Ae/laeTe YCUINTEb He I TOTO, YTOOBI HaC/aXKAaTbcA HUSKUM Ko3ddu-
L[MEHTOM TapMOHUK; a YTOOBI C/TYIIATh MY3BIKY.

Mpumeuanune.

n 3anpocmo moxem Cly4umsCca, Ymo ycunaumens ¢ Xyowumu yugposbimu
nokasamenamu 38y4um npusmHee 0na eawezo cnyxa. Coeem 8 3mom
cnydyae oOuH — maxHume pykol Ha yugpesl! Ecnu el dymaeme, 4mo ece
MYX4UHbl MUpa xeHamel Ha 90-60-90, 3mo O0HO u3 cameix 2/1y60KuX
sawux 3a6nyxoeHul!

WTak, mo Heo6XOAMMOCTY KPAaTKMIiI SKCKYPC B 06/1aCThb, Kacalolyocs
ycunuTeneit HU3KOM 4aCTOThI, 3aKOHY€eH. II0OCKOIbKY B KauecTBe IPMMEPOB
MBI C BaM¥ pacCMaTpUBaIM TPaH3UCTOPHI, IIEPBHII BAPMAHT YCUTUTENEN Y
Hac u 6yfieT Ha TPaH3NCTOpax.

Ycunutenb HU3KOM 4acTOTbl Ha TPaH3UucTopax

Bri6op kxmacca ycunurens. Cpasy npenynpesuM paauono6uTens —
HenaTh yCUINTENb K/acca A Ha TpaH3UCTOpax Mbl He 6yzieM. [IpuynHa npo-
CTa — Kak ObI/IO CKa3aHO BO BBEJEHNM, TPAH3UCTOP YCUIMBAET HE TONBKO
TIO/Ie3HBIIT CUTHAJI, HO Y IIOflaHHOE Ha Hero cMeleHue. [Tpoine rosops, ycu-
NMBaeT MOCTOSHHBII TOK. TOK 9TOT BMeCTe C II0/Ie3HBIM CUTHAJIOM ITOTeYeT
1o akycTudeckoii cucreMe (AC), a AMHAMUKY, K COKA/IEHUIO, YMEIOT 3TOT
HIOCTOSIHHBII TOK BOCIIPOM3BOAMUTD. J[€/IaloT OHM 3TO CaMbIM OYE€BUIHBIM
06pa3oM — BBITOJIKHYB WK BTAHYB A dy30p 13 HOpMaIbHOTO ITOTOXKe-
HMA B IIPOTHBOECTECTBEHHOE.

IMonpo6yiitTe npikark nansueM Auddysop AMHaAMMKA — U Bl ybe-
AUTECh, B KaKOJl KOIIMap NpeBPaTUTCA IPYU STOM M3JaBaeMblil 3BYK.
IToCTOAHHBII TOK IO CBOEMY JIEVICTBMIO C YCIIEXOM 3aMeHAEeT Ballly ITa/Iblibl,
IO9TOMY AMHAMMYECKON IoJoBKe OH a6COMIOTHO NMPOTMBONOKA3aH.
OTaenuTb >Ke MOCTOAHHBIN TOK OT IEPeMEHHOTO CUTHA/Ia MOXXHO TO/TBKO
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vis[ +[C3 158 ;BYMA cpencTBamu — TpaHcdop-
3oL | KT837A | "T2200m« |
. ﬁ MaTOpPOM M/ KOHJ€HCATOPOM, —
1oo.<[] ) ¥y 06a BapuaHTa, 4YTO Ha3bIBAETCHA,
J Vo1 & I OJMH XyXe pyroro.
— Ka213a 4 Sron IIpuHEuUNNanpHasgs cxema
c1
VT2 ], -
1owk | k131801 VT2 ! (] Ly YHY Nel CxeM% IIEPBOTO YCH
VT4 NMUTeNs, KOTOPBIit MBI cobepeM,
4 pal  R7 KT8374 IpuBefeHa Ha' puc. 11.18.
22“9 22«1 330 3rto ycunurens ¢ o6paTHOIL
A . . o
CBA3bl0, BBIXOHOM KacKaj KOTO-
Puc. 11.18. lpuHyunuanerHasn cxema YHY Ha poro pa60TaeT B pexume B.
mpa+3ucmopax c o6pamHoli céA3blo, 8bIXOOHOL E
Kackad komopo2o pa6omaem 6 pexume B AMHCTBEHHOE HOCTOMHCTBO
3TOM CXeMbl — IIPOCTOTa, a

TaKXe OfHOTUITHOCTDb BHIXOHBIX TPAaH3MCTOPOB (He TpebyeTcs crnennanb-
Hble KOMII/IEMEHTapHblIe Naphl). TeM He MeHee, OHa JOCTATOYHO LIMPOKO
IpUMeHAETCA B YCUIUTENAX He6onmpmoit MomHocTu. Eme oguu miioc
CXeMbl — OHa He TpebyeT HIMKAKOi HaCTPOIKM, ¥ IIPY UCTIPABHBIX JETA/AX
3apaboTaeT cpa3y, a HaM 3TO Ceif4yac OYeHb BaXKHO.

PaccMoTpuM paboTy 9TON CXeMBbl. YCUIMBAaeMblil CUTHA MOAAETCA
Ha 6a3y TpaH3ucropa VT1. YcuneHHsblit 3STUM TPaH3UCTOPOM CUTHAI C
pesuctopa R4 nogaercs Ha 6a3y cocraBHOro tpansuctopa V12, VT4, ac
Hero — Ha pesucrtop R5.

Tpansuctop VT3 BK/IIOYEH B peKuMMe SMUTTEPHOTO MOBTOPUTENA.
OH ycunuBaeT MO/I0KUTETbHbIE IOMTYBONHBI CUTHATA Ha pesuctope R5 u
ropiaeT ux 4epe3 koHgeHcarop C4 na AC.

OTpunarenbHbie Xe MOTYBOIHBI YCUTBAEeT COCTaBHOM TpaH3ucTop VT2,
VT4. I1pu sToM najieHue Hanips>keHns Ha fmope VD1 3akpbiBaeT TPaH3UCTOP
VT3. Curnan c BbIXOfia YCWINTENIA MOJAETCS Ha JIENIUTENb ey 0OpaTHOI!
cBasu R3, R6, a ¢ Hero — Ha sMuTTEp BXOAHOro TpaHsucropa VT1.

Taxum o6pasom, Tpausucrop VT1 y Hac u urpaer posib yCTpOMCTBa
CpaBHEeHMA B Lieny 0OPaTHOI CBSA3N.

Mpumeyanne.

n O6pamume 8HUMaHuUe — nocie008amesibHO C pe3ucmopom R3 aknio-
ueH KoHOeHcamop C2. 3mo 3Ha4yum, Ymo Oeslumesib HaNPAXeHUA y Hac
4acmomHo-3asucumslid.

ITocTOAHHBI TOK OH YCUIMBAET ¢ KOI(PPULIMEHTOM YCUIEHNs, PaBHbIM
eguHuIe (II0OTOMY YTO CONPOTUBIIEHME KOHAeHcaTopa C TOCTOSHHOMY
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TOKY TeOpeTn4ecKy 6€CKOHEYHO), a IIO/Ie3HbII CMTHAN — ¢ K03 uimeH-
TOM, paBHBIM cooTHOLIeHMI0 R6/R3.

Kak BupuM, BeM4MHa eMKOCTHOTO CONPOTUBIIEHNA KOHJiEHCAaTopa B
aToi1 dopMyne He yuuTeiBaeTcs. YacToTa, HauMHAsA C KOTOPOIT KOHMIEHCa-
TOPOM IIPM pacyeTax MOXKHO IpeHeGpeyb, Ha3BIBAETCSA YACTOTOI Cpesa
RC-nenoyxu. YacToTy 3Ty MO>KHO paccYuTarh o ¢popmyie

F = 1/(RxC).

Jins Hawero nmpuMepa oHa Oygmer okono 18 I, T. e. 6onee Hu3KMe
4aCTOTHI YCH/TUTEND OyeT yCUIMBATh XyXKe, 4eM OH MOT ObI.

ITnara. Ycunurens cobpaH Ha njaTe M3 OGHOCTOPOHHETO CTEK/TOTEK-
CTO/NMTA TONLMHOM 1,5 MM pasMepamu 45x%32,5 MMm. PasBofiky neyarHoit
I/IAaTHI B 3€pKa/IbHOM M300paXkeHUM U CXeMY PacIoNIOKeHMsA JieTaneil
MOXKHO B3ATb Ha cajiiTe M3fjaTelbcTBa Www.nit.com.ru. Tam >xe cMoTpum
pomuk o pa6orte ycunurensa. Xouy cpasy npefynpeiuTb paguonobu-
Te/iA — 3BYK, BOCIIPOM3BOAVIMBIN YCU/IMTE/IEM, 3alIMChIBA/ICA B POJMKE C
MOMOLIbIO BCTPOEHHOTO B $oToanmnapar MMKpogoHa, Tak 4TO TOBOPHUTD O
KayecTBe 3BYKa, K COXaJeHuto, 6yner He
coBceM yMeCTHO! BHelHm BuL ycunurens
npuBeAeH Ha puc. 11.19.

OnemenTHan 6asa. [Ipu usroroBneHnn
ycunurena Tpansucropb VT3, VT4 MoxxHO
3aMeHUTDb MI0O6BIMU, PacCUMTAHHBIMM Ha
HalpsKeHMe He MeHee HaIllpsDKEHU IUTa-
HUA YCUITATENSA, U IOTTYyCTUMBIM TOKOM He
MeHee 2 A. Ha Takoif ke TOK JO/DKeH GBITh  Puc. 11.19. Brewruti 6ud ycunumens
paccunTaH u guop VDI.

OcTanbHble TPaH3UCTOPHI — /MI06GBIE C AONMYCTMMBIM HaIIpsDKEHVEM He
MeHee HalpsDKeHUe NUTAaHUA, U JOMYCTUMBIM TOKOM He MeHee 100 MA.
Pesucropsr — mobsle ¢ JOMYCTUMOIT paccerMBaeMOi MOLHOCTBIO HE MEHee
0.125 BT, kOHZIeHCATOPbl — 3NEKTPONUTUYECKHUE, C EMKOCTBIO, HE MEHee
YKasaHHO/ Ha cxeMe, ¥ pab0ouMM HalpsHDKEHMEM Ha MeHee HaIlpsyKeHNsA
MUTAHUSA YCUITUTEIIA.

Paguatopsl piisa ycunutend. Ilpexxpe Yem nmonpo6oBaTh M3TOTOBUTD
Hally BTOPYI0 KOHCTPYKIIMIO, flaBajiTe, yBa)KaeMblil pafuomniobuTens,
OCTaHOBMMCS Ha pafiMaTopax il ycunuTens, Ta MajeHbKasn amoMuHNe-
Bas IUTY4Ka, KOTOPYIO Bbl BUJIE/TM B POIMKE, IPUTOIHA [I/IA IEMOHCTpalMu
paboTHl ycuInTeNA, HO COBEPLIEHHO He IOAXOAUT JI/ISl €r0 HOpMa/lbHOI!
skcmryaranyy. C TaKMM MTIpyIIeYHBIM pafyaTOpPOM BBIXO[HBbIE TPaH3U-
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CTOPBI CTOPAT Yepe3 Mapy MUHYT I'POMKOI My3bIku. [1o/HBIN TenIoBoii
pacyeT pafuaToOpOB JOCTATOYHO C/I0XKEH, TO3TOMY IIPUBEiEM 37IeCh BECbMa
YIPOLIEHHYI0O METOAUKY MX pacyeTa.

Bo-nepBbIX, BHIYMC/IAEM MaKCUMMAaAbHYI0 MOIJHOCTb YCUIMUTENA IIO

dbopmyrne:
P=(UxU)/ (8 xR), Bm,

rae U — HanpsbKeHMe NIUTaHUA ycuwantend, B; R — conporusnenne AC
(06b19HO OHO cocTaBsAeT 4 unu 8 OM, XOTS 6BIBAIOT U MICK/TIOUEHNA).
Bo-BTOPBIX, BHIYMC/ISIEM MOIIHOCTD, PacCEMBAEMYIO Ha KOJ/IEKTOPax
TPaH3UCTOPOB, O popMyTIe:

P,..= 0,25 B, Bm.

B-TpeTbux, BEIYMC/ISIEM IIOIAAb PaiiaTopa, HeOOXOAMMYIO A/ OTBOAA
COOTBETCTBYIOIIETO KOIMYECTBA TeIlIa:

§=20xP,,, cm?

B-‘ICTBCPTL]X, BbI6I/IpaeM nnn u3roTaB/IMBa€M pagmarop, Ijioumanb
IIOBEPXHOCTHU KOTOPOTO 6YJICT HE MEHeEe paccqm‘aHHoﬁ.

MpumeyaHwve.

n Mpu useomosneHuu paduamopa He 3abvigatime, Ymo asloMuHUe8as Nna-
CMuHa umeem 08e CMOoPOHbI, a He 00HY, U, paduamop naoujaodeio 100 cm?
6yoem umemo pasmepsi 8osce He 10x10 cm, a 10x5 cm!

YkasaHHBIN pacyeT HOCUT BeCbMa IIPUOIN3UTENBHBIN XapaKTep, HO [
PafMoNI0OUTENbCKOM MPAKTUKY €T0 0OBIYHO ObIBaeT JOCTaTOYHO. [Ins
Halllero yCU/IMTENA NMpU HaIpsOKeHuM nmuTanud 12 B u conpoTusienun
AC, paBHbIM 8 OM, «IIpaBMWIBHBIM» pauaTopoM Oblla 6bI amOMIHMEBAsS
IJIaCTMHA pasMepaMy 2X3 CM M TONIMHOM HE MEHEE 5 MM JI/I KaXX/I0ro
TpaH3ucTopa. Vmeiite BBUAY, uTO 60/lee TOHKas IIaCTMHA IJIOXO Iepe-
HaeT TeIIO OT TPAH3UCTOPA K KpasAM IVIaCTUHBI. X04eTcs cpa3y Ipeaympe-
JUTh — PafMaTOPbl BO BCEX OCTANIbHBIX YCUIIUTENAX TOXKE JO/KHBI ObITH
«HOPMaJIbHBIX» pa3MepoB. Kakux uMeHHO — 1ocumTaiiTe camu!

KauecTBo 3By4yanus. Eciu Bbl, yBa>kaeMblil pafgyonio6yTenb, BHUMA-
TeNIbHO NPOCMOTpeny (TouHee, IPOCITYLIaN) POIUK Ha CaiiTe U3[aTeNb-
CTBa, TO 0OpaTH/IM BHYMaHMeE, YTO 3BYK YCUIUTENA HE COBCEM YMCThIN —
3TO 3aMETHO JjaXKe C TeM MUKPOQPOHOM, KOTOPbIN MCIONb3OBAICA IPU
3aIUCH.
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ITpnumHa 3TOro — «4MUCTHI» PEXMM K/Iacca B B BHIXOZHOM KacKafe,
XapaKTepHble ¥ICKa)KeHNsA KOTOPOTo fa)ke o6paTHas CBA3b MOTHOCTHIO
CKOMIIEHCUPOBaTh He criocob6Ha. Pagu skcriepumMenTa nompo6yiite 3ame-
HUTDb B cxeMe TpaHsucTop VT1 na KT3102EM, a tpansuctop VI2 — Ha
KT3107J1. 9! TpaH3UCTOPHI UMEIOT 3HAYNTENBHO 60/mbLINMit K03 pum-
et ycunenus, yeM KT3156 u KT361B. U Bbl o6Hapy>xute, 4TO 3By4aHMe
YCUINTeNA 3HAYUTENbHO YIYYIINIOCh, XOTA BCe PaBHO OCTAHYTCH 3aMeT-
HBIMY HEKOTOPbI€ MICKa)KEHMAL.

IIpuunHa 3TOTO TaK>Ke OYeBUAHA — 6ONMbLINIT KOIDPUIMEHT YCUTEHNA
YCUIINTEJIA B Lie/IOM.00ecriednBaeT 60/bIIYI0 TOYHOCTb paboThl 06paTHOI
CBsI3U, ¥ 6ONIbIINIT ee KOMIIEHCUPYIoLnit 9 eKT.

I[IpuanunmuanbHaa cxema YHY Ne2, CxeMa BTOpOro Hallero yCManTens
3HAYMTENIBHO C/IOXKHEe, HO 3aTO IO3BOJIIET NOMYYUTh U 60JTee KaueCTBEH-
HOJ 3By4aHue. JJOCTUTHYTO 3TO 3a cyeT 6o/ee COBEPLUIEHHOM CXeMOTeX-
HUKM, 6071b1IeTO KO3 dUIMEHTa yCuIeHus yCunuTens (1, CiefoBaTenbHo,
6onee rmy60Koit 06paTHOJ CBA3M), a TAKXKE BO3MOXXHOCTDBIO PETyTNPOBATh
Hava/JbHOE CMellleHle TPAaH3UCTOPOB BHIXOAHOTO KacKaja.

Cxema HOBOTO BapMaHTa yCM/IMTeNA NpuBefeHa Ha puc. 11.20. dtor
YCWINTEND, B OT/INYME OT CBOETO IIPEAIIeCTBEHHIKA, IMTAETCA OT ABYXIIO-
JIIPHOTO MCTOYHMKA HAIIPSKEHMA.

R3 R7 [T]
10k 74 L1100
Vo KT3617 vT6

+12B

VT12
KT819r

c
J 10MK —_I Ls1
VT8 R14
KT3156 1«
_E-7MK
VT1,VT3 v vm VT11
KT310711 VTS ha KT315 KT818r

r
R4 R5 R9 R11
3,9« 3,9« 100 []100

-12B

Puc. 11.20. lMpuryunuansHasa cxema YHY Ha mpaH3ucmopax
C yly4yUWeHHbIM Ka4ecmeom 38y4aHuA
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Mpumevanue.

n Ymobsi usbexxams e danvHeliwwem nymaHuysl, 6yoem cuumame Hanps-
XeHueM NUMAHUA 3MO20 ycunumena HanpskeHue Kaxool nosio8uHbl
UCMOYHUKG, a He ux obwyio CyMmy.

BxopHoit Kackap, ycumuTens Ha TpaHauctopax VI1—VT3 o6pasyer T. H.
mnddepennyanbubiil ycunurenb. Tpansucrop VT2 B guddepenumann-
HOM YCU/IKTeIE IB/IAETCS MCTOYHMKOM TOKa (ZOBOMBHO 4acTo B Audde-
PEeHLMAIbHBIX YCUIUTEAX B KaUeCTBe MCTOYHMKA TOKA CTABAT OOBIMHBIN
Pe3NCTOp JOCTATOYHO 6ONBIIOrO HOMMHaNA). A TpaH3uctopsl VT1 u VT3
06pasyioT ABa MyTH, IO KOTOPBIM TOK U3 UCTOYHMKA YXOAUT B HATPy3KY.

Ecnu TOK B Lleny OJHOrO TPaH3UCTOpPA YBEIMYMUTCA, TO TOK B I[eNN
APYroro TpaH3MCTOpa YMEHBHINTCA Ha TOYHO TAaKyIO K€ BETUUYMHY —
MCTOYHUK TOKa NOJAEPKMBAET CYMMY TOKOB 060MX TpPaH3UCTOPOB
MIOCTOSTHHOIA.

B urore TpaHsuctops! guddepeHLnanbHOr0 YCUINTENA 06pasyioT
IIOYTH «UAEANIbHOE» YCTPOICTBO CPAaBHEHMA, YTO BaXKHO JI/Is1 KAYeCTBEH-
Hot paboTsl o6paTHOI cBA3u. Ha 6a3y ogHOro TpaHsucropa nojaeTcs
yCUIIMBaeMBIii CUTHAII, Ha 6a3y pyroro — curHana o6paTHOJ CBA3M Yepe3
AenuTenb HaNpsDKeHus Ha pesucTtopax R6, R8.

ITpoTuBOdasHLI CUTHA «PACXOXKAEHNA» BBIAEIAETCA Ha Pe3uCcTopax
R4 u R5, 1 nocrynaer Ha fiBe LIeTIOYKM YCUTIEHUA:

+ Tpansucrop VI7;

+ TpaH3uctopbl VI4—VT6.

Mpumeuanne.

n Smu mpu mpaH3ucmopa o6pasylom «mokKoeoe 3epKasno», obnadaioujee
uHmMepecHsIM c8olicmeomM — MoK, npoxodaujuli 4epez mpaHaucmop VT6, 8
MOYHOCMU paseH MoKy, npoxodaujemy Yepes mpaHaucmop VT5.

Korga curHan paccormacoBaHus OTCyTCTBYET, TOKM OOOMX IfeNOYeK, T. €.
TpaH3uctopos VI7 u VT6, paBHbI, 11 HalIpsi)KeHNE B TOYKE COEMHEHMA UX
KOJIZIEKTOPOB (B Hallleli CXeMe TaKOi TOYKO MOXKHO CUNTATh TPAH3UCTOP
VT8) B TOYHOCTHU paBHO HYJIIO.

IIpu nosBIeHMN CUTHATIA PAaCCOI/IACOBAHNA TOKM TPAH3UCTOPOB CTAHO-
BATCA pasHBIMM, ¥ HANIPsDKEHMeE B TOYKe CONMHEHNA CTAHOBUTCS 6orblie
VI MEHbIIIe Hy/A. TO HaNpsKeHNMe YyCUAMBAETCA COCTaBHBIM 3MUTTEp-
HbBIM ITIOBTOpUTENIEM, COGpaHHBIM Ha KOMIUIEMEeHTapHbIX apax VT9, VT10
n VT11, VT12, u nocrynaer Ha AC — 3TO BHIXOJHOM CUI'HAJl yCUTATENA.
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Tpansucrop VT8 ucnonbsyerca i peryIMpOBKH T. H. TOKa «IIOKOI»
BBIXOZIHOTO KacKajia. Korma iBinkok mofcTpoednoro pesnucropa R14 Haxo-
OUTCA B BEPXHEM IO CXeMe MOJIOXKeHUM, TpaH3ucrtop VT8 monHocTeio
oTKpsIT. [Ipy 9TOM nafeHne HanpsHKeHMe Ha HeM 6/u3ko K Hymio. Ec xe
IEPEMELIATH ABMXKOK PE3UCTOPA B HIDKHEE IIOJIOKEHNE, TTaJ€HME HAIIPA-
JKeHMs Ha TpaHsucTope VT8 6ynmeT yBenmuMBarbcsa. A 3TO paBHOCHIBHO
BHECEHMIO CUTHaJIa cMellieHNs B 6a3bl TPaH3MCTOPOB BHIXOJHOTO SMUTTeEP-
HOTo noBroputens. [IpoucXomuT cMellieHMe pe)kxyMa UX paboTsl OT K/1acca
C mo xnacca B, a B npuHImne — u fjo Knacca A. 370, KaK MbI yXKe 3HaeM,
ONMH M3 CrIoc000B ymy4llleHMUs KaueCcTBa 3ByKa — He C/IeflyeT Io/laraTbCs
B 9TOM TO/IbKO Ha JiefiCTBYEe OOPaTHOII CBA3M.

Ilnara. Ycunurenb cobpaH Ha mnate U3 OFHOCTOPOHHETO CTEK/IOTEK-
cronuTta TonuuHoMi 1,5 MM pasmepamu 50x47,5 MM. PasBofiky nedatHoit
I/IaTHl B 3€PKa/lbHOM M300pa)keHUM M CXeMY PacCIlONIOXKeHUs JeTareit
MOJKHO CKayaTb C CaiiTa u3fare/lbCcTBa. TaMm sxe paboTy ycunmuTens cMo-
TPUM Ha ponuke. BHemHmit Bup ycu-
nuTeNA NpUBeAeH Ha puc. 11.21.

AmHanoru u sneMeHTHas 6asa. [Ipu
OTCYTCTBMM HeOOXOAMMBIX JieTanei
Tpau3uctopsl VT1, VT3 MoxxHO 3ame-
HUTH MIOOBIMM MalOWIyMALIMMMU C
AOITYCTUMBIM TOKOM He MeHee 100 MA,
JOIYCTUMBIM HalpsOKEHMEM He HIDKe
HaNpsXXeHUA NMUTAHUA YCUIUTENA U

Puc. 11.21. BHewHul eud ycunumensa
KaK MOXXHO 60/mbmnM ko3 duimes- C YNYYLIEHHBIM KAYECMBOM 38Y4AHUSA

TOM YCHUJIEHUA.

CoserT.

Ana kayecmeeHrnol pabome! ycunumens eaxxHo, 4Ymobbl xapakmepu-
CMUKU 3Mux mpaH3ucmopos 6l MakcuManeHo udeHmuynsl. Tak ymo
obAzameneHO npuobpemalime cpaly napy mpaH3ucmopos, a He cobu-
patime ux «c 6opy no coceHke». [lpuobpemeHHan napa, Kak NPasuno, oka-
3bi8aemca us o0HoOU napmuu, Mak 4mo ecme Hadexoa nony4umes docma-
moyHoe npubnuxeHue K udeany.

Criea/IbHO /11 TAKUX CXeM IPOMBIILIEHHOCTBIO BHITYCKAIOTCS TPaH-
3UCTOpHBIEe COOPKM, IpefiCTaB/IAIoLE cO00IT Tapy TPaH3UCTOPOB B OGHOM
KOPIYCe C MAKCMMa/IbHO NOf06HBIMY XapaKTepUCTUKaMK — 3TO 65171 65
MJiea/TbHbII BAPUAHT.
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Tpausucroper VT9 u VT10 06s13aTenbHO JO/MKHBI OBITh KOMIIIEMEH-
TapHbIMM, TakOKe Kak ¥ VT11, u VT12. OHM JO/DKHEBI 6BITh paCCYMTAHBI HA
HaIpsDKEHMe He MeHee YABOEHHOIO HanpsDKeHusa nuTanus ycunurens. He
3a0bly, yBa)KaeMblil pafyoONI00TeNb, YTO YCUINTEND IATAETCA OT JIBYX-
MOJIAPHOTO ICTOYHMKA HaIIPSDKeHNA?

[/ 3apy6e>KHBIX aHAJIOrOB KOMITZIEMEHTapbIe ITapbl OObIYHO YKa3bIBa-
I0TCS B JOKYMEHTAI[} Ha TPAaH3UCTOP, AJIA OT€YeCTBEHHBIX IpUOOPOB —
npupgercsa nonoteTh B VHete! TpaHsucTopsl BbixogHOro Kackaga VT11,
VT12 fonoMHUTENbHO JO/DKHBI BhIIEP>)KMBATh TOK, HE MEHbILNIL:

I,=U/R, A,

rie U — HanpspkeHMe MUTaHUA YCUIUTEN,
R — conporusnenne AC.

Mpumevanwue.

n Takxe mpaH3ucmopeol 8bIX00HO20 KACKaoa 00/IKHbI uMemb 0onycmumyto
pacceusaemyio MOWHOCMb He MeHee 8bideniaemol. Dopmyna ona ee pac-
uema 6bin1a npugedeHa 8 pacdeme paduamopos, Ho 8 Kadecmeae U HyXHO
UCnosL308aMeb YyOBOEHHOE HANPAXeHUe NUMAaHuUA ycuaumens.

s tpansucropos VT9, VT10 forycTMBIii TOK JO/DKEH ObITh He MeHee:
I,=1/B, A,

rfe I, — MakcuMabHBIN TOK BBIXOZHBIX TPaH3UCTOPOB;
B— K09 GUIMEHT yCUIeHNs BBIXOTHBIX TPaH3MCTOPOB.

O6paTuTe BHMMaHME, YTO B JOKYMEHTAIMM HA MOIHbIE TPAH3UCTOPDI
VIHOTZIA IPUBOJATCA ABa K03 puivenTa ycuneHus — OfyH i peXXuma
YCUIEHUS «MJIOTO CUTHajIa», APYToit — miA cxeMbl ¢ O3.

Bam HyXeH [/1s1 pacyeTa He TOT, KOTOPBIN A/IA «Ma/lOro CUTHAaIa».
O6patuTe BHMMaHue TaloKe Ha 0cobeHHOCTh TpaH3ucropoB KT972/KT973 —
X K03 OULIMEHT ycuieHns cocTapsieT 6onee 750.

HaitieHHBII BAMY aHAJIOT JO/DKEH 0071ajaTh He MEHBIINM K03¢ duiiyeH-
TOM YCWIEHMSA — 3TO CYLeCTBEHHO JyIA JaHHOM cxeMbl. OCTanibHbIE TPaH-
3MCTOPBI AO/DKHBI MMETDb JOIYCTMMOE HAaIIpsKeHUe He MeHee YIBOEHHOTO
HaIpsDKEHNA MUTaHUA YCUIUTENA U JOITyCTUMBIiA TOK He MeHe 100 MA.

Pesuctopsl — mo6bie ¢ JOMYCTMMOI pacceMBaeMol MOLUIHOCTBIO He
MeHee 0.125 Bt. KoHpileHCcaTOpbl — 971€KTPONUTUYECKIE, C EMKOCTBIO HE
MeHee yKa3aHHOJ ¥ pabouyuM HalpsKeHMeM He MeHee HallpsDKeHMs IIATa-
HUA YCUTTUTENA.
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Ycunutenb HU3KOI YacTOTbl HA MMKpOCXemax

Cxema na K174YH14. Mukpocxembl B yCU/TMTENAX HM3KOM 4acTOTHI
NPUMEHSAIOTCA JBOAKMM 06pa3oM — nmnbo Kak COCTaBHasA 4acTh YCHUIIM-
TeNsA, MO0 KaK YCUIUTENb LEeTMKOM. SIPKUM NpUMEPOM BTOPOIT KOHI[EN-
uuu apnsaetcss Mukpocxema K174YH14 (sapy6exHsrit ananor TDA2003).

OTta naTHHOrasA MMKpocxeMa B Kopryce TO-220 (B Takue KopIryca yma-
koBaHH TpaH3ucTopbl KT818—KT819) npexcrasnseT co6oit MOMHOCTHIO
TOTOBBII K YyTIOTPe6/IEHMIO YCUINTEND, K KOTOPOMY TpebyeTcs TONMbKO MO
COeAIMHUTD HECKO/BKO 3/IeMEHTOB 06BA3KM. CXeMa TaKOro YCHM/INTENA TIpH-
BefieHa Ha puc. 11.22.

=3 YT Ona siBNAieTCA TUIIOBOM ¥ IPMBOAMTCA
ony W [ B ONMCAaHMM Ha AHHYI0O MMKPOCXEMY.
5 K174yH14 Cpa3sy xoueTcs faTh YMTATeN0 OfUH
ygt coBeT Ha Gynyinee — ¢ HE3HAKOMBIMU
MMKpOCXeMaMH CBOIO IIEPBYI0 KOHCTPYK-
LIMI0 Bcerfa cobupaiiTe 1O THUIIOBOI
cxeMe, IMOTOMY 4TO 6e3 Hajiexxaliero
OIbITa paboTHI C TOW M/IM MHOI MUKPO-
CXeMOil Bbl HE CMOXETe OIIpefie/IuTh,
HaCKO/bKO KPUTUYHBIM i paboThl
P";JJ;?{?;E‘::Z‘:;’;’;’:;?;:%’;?“ ABIAETCS TUIL /MM HOMMHATL TOTO WM
MHOT'O 3/IEMEHTA TUIIOBOM CXEMBI.

ITnara. Ycunurens cobpaH Ha neyar-
HOM IJIaTe M3 OJHOCTOPOHHETO CTEKI/IO-
TEKCTONUTA TONMIMUHON 1,5 MM pa3me-
pamu 22,530 mM. PasBoaKy nedaTHOM
NIaTHl B 3epKaJbHOM M300pa>keHuu u
CXEMY pacnoNOKeHUs ieTaneil MOXXHO

. B3ATDb Ha cajiTe M3/laTelbCTBa. TaM Xe

Puc. 11.23. BHewHul sud N

ycunumens HY Ha MUKpocxeme HOCTYIIEH U PONMK C IEMOHCTpauuein
K174Y¥H14 paboThl ycunmrens.

Hukaxkux oco6pix Tpe6oBaHMi IO 3aMeHe HeTanell HeT, MUIIb OBl X
pabodee HanpsDKeHNe ObIIO He HIDKE HATIPSDKEHNA MUTaHMA MAKPOCXEMBI.
BHemHuit Buj ycunurens npepcTaeieH Ha puc. 11.23.

Cxema Ha K157Y]] 1. ITpuMepoM npyMeHeHI MUKPOCXEMbI KaK COCTaB-
HOM 9acTU KOHCTPYKIVU AB/AETCA YCWINTEND, CX€Ma KOTOPOro IIpuBefieHa
Ha puc. 11.24. OcHOBOJ CXeMBbI ABJIAETCA MOLIHbLI ONIEpaLMOHHBIN YCUITH-
Tenmb K157Y]]1, K BHIXOy KOTOPOTO MOAK/IIOYeH ABYXKACKaZHBIA yCUIIN-
Te/Ib MOIITHOCTY Ha KOMIUIEMEeHTapHbIX napax VTI1, VT2 u VT3, VT4.

C7 470mk
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| R13 100 Vi3

oP2
K157V 1A R17_100k KT818r

Ls1

ry
C4 10mk

Puc. 11.24. MpunyunuansHaa cxema YHY
Ha mukpocxeme K157¥41

Bonbimoit 3anac mo MONTHO-
ctn OY mosBonmui NpuMMEHUTh
B yCMAUTENE TPaH3UCTOPHI C
BOCTaTOYHO OPAVMHAaPHBIMMU
XapaKTepUCTUKAMM, a GOJBILIOI
3anac ycuieHus — MpUMEHNUTD
B BBIXOJJHOM KacKafie peXXuM
C 6e3 NONONHUTENBHOM MOJ-
CTPOJKM TOKA HOKOSI.

Ilnara. Ycunurens cobpan
Ha MeYaTHOM IJaTe M3 OfHO-
CTOPOHHErO CTEK/I0TEKCTONNUTA

TONMIMHOM 1,5 MM pasmepamu 27,5x45 MM. Pa3BofKy ne4aTHoO¥ niaThl
B 3€PKa/IbHOM M300pa)XKeHNM M CXEMY PacNONOXKEeHUs [leTanell MOXHO

B3ATDb Ha cajiTe M3[jaTe/bCcTBa. TaM Xe JoCTy-
TIeH POJIMK C leMOHCTpaumeit paboThl ycumm-

TENA.

BHeIIIHMﬁ BUO YCHUIIUTENA NIPUBEOEH Ha

puc. 11.25.

Ananorn. IIpn oTcyrcTBMM HEOOGXOAMMBIX

AeTasiei uX ClefyeT 3aMEHUTh B COOTBETCTBUM
C peKOMeHALMAMM, U3/I0OXKEHHBIMY NIPY OINHU-
CaHMM BTOPOTO BapMaHTa TPaH3UCTOPHOTO
ycunurens. I1puBbIKaiiTe, yBakaeMblil paiuo-

Puc. 11.25. BHewHuii 8ud
ycunumena HY Ha Mmukpocxeme

nmiobuTtens, K caMOCTOATENBHOCTH!

Ki157y41

Ycunutenb HU3KOI YacTOTbl Ha NEKTPOHHbIX namnax

Cxema. J/IEKTPOHHBIE TAMITBI — VICTOYHMK 6ECKOHEYHBIX «CBALIEHHBIX
BOVH» B cpefie ayanodunoB. PaccMOTpUM cXeMy OJHOTO OYEHb IIPOCTOTO
ycunuTens, 4To6nl paguonio61TeNns NOMyYns XoTa 661 HeKOTOpoe Mpef-

CTaBJIEHME O IIpENIMETE.

Cxema ycunmurens npyusefeHa Ha puc. 11.26. 3To AByXKacKafHbI OFHO-
TaKTHBII YCUTUTEND K1acca A, coOpaHHbII Ha KOMOVHMPOBaHHBIX JIaMIIaX
6®3I1. [epBorit Kackaz co6paH Ha TpuogHoit 9acTi nammsi JI1, u obecre-
YMBaeT IpeBapUTeNbHOE YCHUIIeHNe CUTHATA.
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Mpumevanne.

Cxema 8K/moYeHUA 1IaMnbl 04eHb NOXOXA HA cxemy eKno4vYeHuUA no1eso20

mpaH3ucmopa. BepHee, H0060pom, CXeMbl 8KJ/TIOYEHUA noJiesbix mpaH3iu-
Cmopoe8 NosmMopAKM coomeemcmeaytowue iamnosbie CXembl.

Crabunmusanmus pexmuma
paboTh mepBOro Kackaza ocy-
LIIeCTBASAETCA C TMOMOIIbIO
ra3oBoro crabunutposna JI2.
CurHajl ¢ aHofla TpMOfia Yepe3
pasfenuTeNbHbI KOHJEHCATOP
C mocrtymnaer Ha NEHTOJNHYIO
4acTb JIaMIIbl, BK/IIOYEHHYIO
10 YIbTPAaNMHENHON cXeMme
K/macca A.

O6paTHas CBA3b B yCU/INTENE
oTcyTcTByeT. OfHOTaKTHHE

- [Ilns
330 I MK | | 470k

Puc. 11.26. lpuryunuansHaa cxema YHY Ha
N1eKMPOHHbIX KOMBUHUpOosaxHbix namnax 60311

YCUIMTENY LIMPOKO MPUMMEHSAIOTCA B 1aMIIOBOIt TexHuke. [Toromy uto
BBIXOJIHOI TpaHCOPMATOP AB/IAETCA NPAKTUIECKM HEU3OEXKHOI YacThbIO
n060ro 1aMIoBoro ycumuTens. CIMIIKOM yX «HEMOAXOHALel» Harpys-
KOV [yIsl IaMII ABJIAIOTCS AMHaMmu4ecKye ronoBku AC, a OH, KaK yXXe yIo-
MMHANOCh, 3¢ PEKTUBHO «OTCEKAET» MOCTOAHHYIO COCTAB/IAIONIYIO aHOT -
HOT'O TOKa JIAMIIbl, He IIPOITYCKasi ee B HarPY3KYy.

K ToMy >Xe OHOTAKTHBIN YCUIUTENb HaMHOTO IIpOLle B CXeMHO-
TEXHUYECKOM OTHOLIEHMY, U 00/1ajjlaeT — He CTAaHEM YTBEPXJaTb, YTO
JIy4IIUM, CKa)kKeM — MHBIM KauecTBOM 3ByKa. OOYC/IOBNIEHO 3TO TEM, YTO
M3-32 HECHMMETPUY [TepeJaTOYHOI XapaKTEPUCTHUKY YCUIUTENBHOTO JJ1e-

Puc. 11.27. BHewHuti 8ud ycunumens H4
Ha 3N1eKMPOHHLIX KOMBUHUPOBAHHbIX
namnax 6311

MEHTa B peXXuMe A, UCKaXKeHUs CUTHaA
o6oraijaT CUrHan YeTHBIMU TapMOHM-
KaMM, a B peXMMax JBYXTaKTHOIO yCH-
nenus (B KOTOPOM pabOTalOT NPaKTH-
YeCKM BCe TPaH3UCTOPHbIE YCUIUTENN)
nepefaToYyHas XapaKTepMCTUKA OKasbl-
BaeTCA HaMHOTO 60/Iee CHMMETPUYHOI.
B pesynbraTte sToro curHan oboramaercs
B OCHOBHOM HEYETHBIMM TapMOHMKAMU.
YeTHBIE TAPMOHMKN — 3TO OGBIYHBIN
OKTaBHBIN PAM, NPUBBIYHDINA 1A Y€O0-
BEYECKOro yXa, B OT/INYME OT HeYETHBIX,
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HJIKaKOTO MY3BIKaJIbHOTO CTPOs He 06pasylomux. VI ecu 4eTHbIe TapMoO-
HYIKY TIPOCTO Je/IaloT 3ByYaHye YCUINTeNs 6o/ee 3BOHKNUM, YeM ClIefyeT,
TO HeYeTHbIe BOCIIPUHMMAIOTCS CTYXOM KakK 6e3rpaMOTHBI HeMY3bIKa/lb-
HBIJ1 aKKOPJ, KOTOPBIN /IeTKO 3aMevaeT Jjake YeJIOBEK C OTTONTAaHHBIMU
MefiBefieM yLIaMu.

BuewHnit Buj, ycunurens IpuBefeH Ha puc. 11.27.

PaboTy ycunurens cMOTpUM Ha poO/MKe, JOCTYITHOM Ha caiiTe u3ja-
TEIbCTBA WWW.Nit.com.ru.



NMPUNOXEHUE

CTpyKkTypa 0603HaueHN 31eMeHTOB B Cxemax

YcnoBHoe 6ykBeHHO-LMpOBOe 0603HaYeHNE 3aMMChIBAIOT B BUTE
II0C/IefOBaTENbHOCTH GYKB, 1udp ¥ 3HAKOB B OFHY CTPOKY 6e3 mpobernos.
KonuyecTBo anmeMeHTOB B 0603HaYeHNY PYKOBOAAIIVMY JOKYMEHTaMI He
ycraHaBnmuBaeTca. O603HaueHMe s7ieMeHTa (MMO3ULMOHHOE 0603HaUYeHME)
B 00111eM C/Ty4yae COCTOUT U3 TPeX YacTell: BUJ| 3/IeMEHTa; HOMep 97IEMEHTa;
BBIMTO/IHAEMYIO QYHKIIHIO.

B mepBoii YacTH 3aIMCHIBAIOT OJHY MM HECKOIBKO OYKB (6YKBEHHBIN
KOZ) O/ yKasaHusA BUJa 3IeMeHTa. Bo BTOpoit YacTu 3anychIBaloOT OHY
VIM HeCKONbKO Iudp /s yKasaHUA HOMepa 37eMeHTa JaHHOTO BUJA.
B TpeTbeit yacTH 3anyChIBAIOT (B pAfe ClydaeB) OYKBeHHbIN KOJ PyHK-
LMM 37IEMEHTA.

OaHo6yKBeHHbIe Kogbl BUAOB 3/IeMEHTOB

BykBeHHbIe KOIbI BUIOB 37IEMEHTOB IIPEACTAaB/IAIOT COO0J IPYIIIBL, KOTO-
PbIM IIPUCBOEHBI 0603HaYeHMs OFHOIN 6yKBOI. PaccMOTpMM 3T IpyIIIBL

OnHOGYKBeHHbIe KOfIbI Hanbo/Iee pacipOCTPaHEHHbBIX BIJIOB 31€EMEHTOB:

A — ycTpoiicTBa, HAMpUMep, YCUTUTENN, IPUOOPHI TeNleyTIpaBIeHNA;

B — nmpeo6pa3oBaTeny He3MEKTPUIECKUX BEINYMH B TEKTpUYECKye
(kpoMe reHepaTOpOB ¥ MICTOYHUKOB IIMTAHNA) WM HA060POT;

C — KOHJIeHCaTophI;

D — cxeMbl UHTeTpabHbIe, MUKPOCOOPKI;

E — anemeHTHI pa3Hbie;

F — paspapgHuku, npegoXpaHuUTeNN, YCTPOICTBA 3aLliUTHBIE;

G — reHepaTopbl, UCTOYHMUKY INTAHUSA, KBapLieBble OCIV/IIATOPHI, ;

H — ycTpoitcTBa MHAMKaMOHHBIE M CUTHAJIbHBIE, HANIPUMeEP, NpU-
60pbI 3BYKOBOI1 ¥ CBETOBOJ CUTHAIM3aLIN, MHAMKATOPBI;

K — pene, KOHTaKTOPBbI, IyCKaTeNM;

L — KaTymky MHAYKTMBHOCTH, BPOCCENN;

M — pgBurarenmu;

P — npubopsl, u3MepuTeNIbHOE 060PY/IOBaHNE;

Q — BBIK/IIOYATE/N ¥ Pa3beAVHUTENN B CHIOBBIX LIETIAX;

R — pesucrtopsr;
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S — ycrpof&c*rna KOMMYTallMOHHbIE B LIENAX YIIpaB/JI€HNUA, CUTHa/IN3a-

IOV 1 USMEPUTETIBHBIX;

T — TpancdopMaTOpEl, aBTOTPaHCPOPMATOPHI;
U — npeo6pasoBare/y 3NEKTPUIECKIX BEIUH B INEKTPIIECKIe, YCTPOii-

CTBa CBA3Y;

V — npubopsI 371€KTPOBaKyyMHBbIE, IIOTYIIPOBOLHMKOBBIE;
W — JIMHUM U 97IEMEHTHI CBEPXBBICOKOJ YaCTOThI, aHTEHHBI;

X — COCAMHEHM A KOHTAKTHBIC,

Y — ycrpoitcTBa MexaHUYECKME C 37IEKTPOMAarHUTHBIM IIPUBOLIOM;
Z — ycTpoiiCTBa OKOHEYHbIe, GVIBTPBI, OTPAHUYNUTENIN.

AByx6yKBeHHble KOgbl

Jl1a yTOuHEeHuA BUJa 3/1IEMEHTOB JIOITYCKAETCs IPUMEHATD IBYXOYKBeH-
HbIe WIN Ja>ke MHOTOOYKBEHHBIE KOZIbI. D/IEMEHT MOXeT ObITh 0603HaYeH
He TO/IbKO OffHO¥ 6ykBo#1 (06111MM KOZIOM BUa 97IEMEHTA), HO M IByMs OYK-

BaMt (KOIOM aHHOTO 3/IEMEHTA).

le/[ IIpUMEHEHUN JIBYX6YKBCHHbIX KOZOB n€epBas 6YKBa JOJIDKHA COOT-
BETCTBOBAThb rpyIie BUao0B, K KOTOpOﬁ IIPpUHAMJICOKUT I/IEMEHT:

BD — peTexTop MOHM3UPYIOIINX
U3ITy4EeHUIt;

BE — cenbcuH-IIpUEeMHHK;

BF — TenedoH (kamncionn);

BL — ¢orosnemenr;

BQ — nbe303neMeHT;

BR — faT4mK 4acTOTHI BpallleHN;

BS — 3BykocHMMaTeNb;

BV — maT4muk ckopocTu;

BA — rpoMxoroBopurens;

BB — MarHMTOCTPUKLIMOHHBI
37IEMEHT; .

BK — TenmoBoi1 JaTYMK;

BM — mMuxpodos;

BP — maTt4uk maBneHus;

BC — cenbcuH-maTYMK;

DA — cxema uHTerpaibHas aHano-
roBas;

DD — cxema uHTerpanbHas, uud-
poBasi, TOrM4EeCKuI 3/IEMEHT;

DS — ycTpoiicTBa xpaHeHus
uHbopMaLy;

DT — ycTpoicTBO 3afiepXKKHM;

EL — namna ocBeTuTenbHas;

EK — HarpeBaTe/IbHbI 3/IEMEHT;

ET — nuponarpos;

FA — mMcKpeTHBI 37IEMEHT
3alIMTBI 110 TOKY MTHOBEH-
HOTO JelICTBUS;

FP — pmucKpeTHbI 37IEMEHT
3alMTHI 110 TOKY MHEPIIVIOH-
HOTO JIeVICTBUS;

FU — npepoxpanurens
IIJIABKUI;

FV — guckpeTHblil 371eMeHT
3aIUMTHI 110 HAIIPSDKEHMIO;



336

MCKyCCTBO CXeMOTeXHUKW. l'lpocro O CNNOXHOM

GB — 6arapes;

HG — unpuxaTop CMMBOIbHBIIL;

HL — npu6op cBeTOBOI CUTHAIN-
3anum;

HA — npu6op 3ByKoBOI CUTHaIHU-
3anuu;

KV — pene HanpsxeHus;

KA — pene TokoBoe;

KK — perne anekTpoTennoBoe;

KM — MarHuTHBIN ITyCcKaTe/b;

KH — pene ykasaTenbHOE;

KT — perne Bpemenn;

LL — ppoccenb MIOMUHECLIEHTHOTO
OCBelIeHNA;

PC — cyeT4MK MMITy/IbCOB;

PF — vactoromep;

PI — cueTuMK aKTMBHOJ 9HEPIUM;

PR — ommeTp;

PS — perucrpupyrtommit mpu6op;

PV — BonbTM™MeTP;

PW — BarT™meTp;

PA — ammnepmerp;

PK — cueTymk peakTUBHO SHEpPIUM;

PT — yachr;

QF — BBIK/TIOYaTEND
aBTOMAaTU4eCKUIi;

QK — KOpOTKO3aMBbIKaTe/Nb;

QS — pasvemunuTEND;

RK — Tepmopesucrop;

RP — noTenuyuomerp;

RS — myHT M3MepUTENbHBIN;

RU — Bapucrop;

SA — BHIKIIOYATEND
VIV TIEpEK/II0YaTe Ib;

SB — BBIK/TIOYATEND
KHOIIOYHBII;

SF — BoIK/IIOYaTEND
aBTOMAaTUYeCKMIA;

SK — BrIKIIOUaTENM,
cpabatbiBaomye
OT TeMIlepaTyphl;

SL — BBIK/IIOYaTeENN, CpabaThIBalo-
mye OT YPOBHA;

SP — BhIK/TIOYaTeNN, CpabaThIBalO-
IIMe OT JaB/IeHMUS;

SQ — BrIKITIOYaTENN, CpabaThIBalO-
IIMe OT MONOXKEHNS;

SR — BBIKITIOYATENN, CpabaThIBaIO-
IIMe OT YaCTOThI BpallleHN;

TS — anekTpoMarHUTHBINA CTabM-
JIU3aTOP;

TV — tpancdopmarop HanpspkeHws;

TA — TpancdopmaTop ToKa;

UB — mopynarop;

Ul — puckpumuHaTOp;

UR — gemopynarop;

UZ — npeo6pa3oBare/ib 4aCTOT-

HbII1, UHBEPTOP, FeHepaTop
YaCTOTBI, BBINIPSIMUTENb;

VD — auop, cTabunmutpos;

VL — npubop 3/1eKTpoBaKyyMHbIit;

VS — tupucrop;

VT — tpansucrop;

WA — aHTeHHa;

WE — oTBeTBUTE]ID;

WK — kopoTKo3aMbIKaTeb;

WS — BeHTU/Ib;

WT — TpancdopmaTop, HeOGHOPOA-
HOCTb, (ha30BpalllaTesIb;

WU — arTeHioaTop;

XA — TOKOChEMHMK, KOHTaKT

CKOJIb3S1IMIA;
XP — WITBIpS;
XS — rHe3sfo;

XT — coepuHeHue pa3bopHoOe;
XW — coeguHuTEND
BBICOKOYACTOTHBII;
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YA — aneKTpOMarHur; YH — 3/1eKTpOMarHuTHbII IATPOH
YB — TOpMO3 C 371€EKTpOMarHuT- VI TI/IATA;
HBIM IIPMBOJOM; Z1. — orpaHMYNTEND;
YC — mydra c anexrpoMarHUTHEIM ZQ — GWIBTP KBapLeBBIIL.
IIPUBOJIOM;

ByKkBeHHble Kogbl GyHKUMUN 1eMeHTOB

BykBeHHBIe KOfbl QYHKUMI KOABI MCIIONB3YIOT TONBKO A/IA 061eit
XapaKTEePUCTUKY (PyHKLMOHATBHOIO Ha3HAYEHUS I/IEMEHTa, HalIpuMeD,
«BCIIOMOTaTe/IbHbIN», «3alliUTHBIN», «umq)pOBof/‘[» UT. O

Nlns yrounenus GyHKIMOHAIBHOTO Ha3HAYEHNUA OFHOOYKBEHHBIN KOJ
VIHOT/]a HOTO/HAIOT NocneRyomymu 6ykamu u (vim) uudpamu. B atom
CTy4ae JO/DKHBI ObITh IPUBEIEHbI COOTBETCTBYIOLINE OSCHEHUS, HATIPK-
Mep, Ha IoJie cxeMbl. BykBeHHbIe KOIbI /i yKa3aHNUsA PYHKIMOHAIHLHOTO
Ha3HAYECHU A 7IEMEHTOB TaKOBBHI: '

A — BcnoMorarte/IbHBbIif; N — u3MepuTe/IbHbIINL;

B — HampaBneHue ABVOKEHUA P — npomnopuyoHa/IbHbIiL;
(Bnepep, Ha3aj, BBepx, BHU3, Q — cocTtosHue (CTapT, CTOI, Orpa-
II0 YaCOBOJI CTpeJIKe, IPOTUB HUYEHMe);
4acOBOJ CTPENIKM); R — Bo3Bpar, cbpoc;

C — cuwmraroumis; S — s3anoMmHaHMe, 3aIUCh;

D — muddepenuypyrommit; T — cuHXpoHM3auM, 3aiePIKKa;

F — 3aumrHbIl; V — ckopocTb (ycKOpeHMe, TOpMO-

G — uchbITaTeIbHBbII; KeHue);

H — curHanbHbIi; W — cnoxeHne;

I — uHTerpupymommii; X — yMHOXeHue;

K — rtonkaromimii; Y — aHa/oroBslit;

M — raBHBbIT; Z — undposoii.

MepeueHb YCNOBHbIX 0603HauYeHU
3/1IeMeHTOB B CXemMax

Ha nocnepyiomux crpaHuijax IpUBOAUTCA IepedeHb YCIOBHBIX 060-
3Ha4YEeHMI1 97IEMEHTOB B CXEMaX, KaK 97IEKTPOHHBIX KOMIIOHEHTOB, TaK U
JIVHMI, BCIIOMOTaTe/IbHOM MHOpMaIyu u 1mp.
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Pe3UCTOPkL! NOCTORHHBIO
—{}— obuiee o603Ha4eHne s} 0,06Br —{}0,125B71 —{=1}-0,25B7
—{=—1- 0,587 —{ T} 1Bt —{ T }-28r —{ ¥ 1587 —{X—108B7

Pe3ucTopbl NOCTORHHBLIE C AONONHUTENbLHLIMY OTBOAAMK
c OAHUM CUMMETPUYHBIM —F— C OAHWUM HECYMMETPUYHBLIM

—|_|__L|— C AByMs —I_'ll_ﬁ_l?— C WEeCTbIO —r___‘— LUYHT U3MEPUTENbHBI

Pe3uncropbl NepeMeHHbIe C 3aMbIKaIOLWNUM KOHTaKTOM

| i :
- -
\T—lil— wim —-il— COBMELLEHHO —F_L_I- wm -—Fi}— pasHeceHHo
Pe3ucTopbl noACTpOeUHble

—5 obLiee 06o3HaueHVe —¢— B peocTatHom _ﬁ_ nepemeHHbiii ¢

BK/IIOYEHUU NOACTPOAKON
Tepmope3ncTopsl

NPSAMOro NOAOrpesa C NONOXUTENBHBIM 5ﬁ_ NPSIMOro NoAOrpesa C OTPULLATENbHLIM
TemMnepaTtypHbiM KO3 HULNEHTOM T  TemnepatypHbiM KO3GPULMEHTOM

¢t’
:¢— KOCBEHHOr0 Noaorpesa
v N

TeH30opeancTopbl BapucTopb!

ANHENHBIR :¢— HeSIMHeNHbIA :¢— obuiee 0603Ha4eHne
U )

Pe3ncropsi nepemMeHHbie

—|—_L_|— wnn —5 obLwee o603Ha4veHue —Qﬁ— NpW PEoCTaTHOM BK/IIOYEHUIN

~ C Pa3oOMKHYTOM NO3uLMet U CTyneH4aTbiM
HENNHEeNHbIM PerynmpoBaHu —5
G nennue perympo em o perynuposaHuem
C AOMONHUTENBbHLIMU OTBOJAMWN C HECKONIbKMMU NOABUXHBIMW KOHTaKTamMu

CABOEHHbIN Pe3ncCTo|
MexaHN4YeCKn CBA3aHHbIMU ne P P

- - cTyneHyaToe
nnasHoe perynmposaxHmne —(ﬁl—— van —Ei; perynuposaHue

perynmpyembiii ¢ c norapndmmecuxom gaaxgg?ip:_miﬁ;“o”
NOMOLLIbIO ABUraTens XapakTepucTukon pakTep

log perynuposaHus exp perynMposaHusi

TW 4%

KoHpeHcaTopbl NOCTOAHHOW €MKOCTH

_L J_ C 0603HaueHHbM BHewHum L anekTpuueckmi
T oGulee 0GoaHa enue 7T anektpopom T nonsipusosaHHeii
| o C TpEMs BbIBOAAMY, | |_ c TPems BhiBoAaMY,
? xﬁggulea%?av:muﬁ -L —L “306paKeHHbI 1“306paXEHHBI
P | COBMELLEHHO pasHeceHHO
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KoHaeHcaTopbl NOCTORHHOK 6MKOCTUN
! | _ nocnenosatensHbiM
—I—— nwnu ——I-— wm —==— NPOXOAHOM J— ONOpHbili —[__] COGCTBEHHLIM

T T T pesucTopom
'-_-_I_: 1 B 3KPAHUPYIOLLEM KOPMYCE C OAHOV '-_-_I_ 1
i 1
: T : 06Knaakoii, CoeANHEHHOM C KOPrycoM : T +._ C BLIBOAOM OT KOpnyca
L " s .
= NOMEXONOAABNRIOWMNIA = LIMPOKOMNONOCHBIV

KoHpeHcaTopbi NepeMeHHOoH eMKOCTH

%{ obee 0603HaueHne 7|J,g %&’ ‘7? TPEXCEKLMOHHbI * NOACTPOENHbIN

-
J‘ifg: anddepeHunanbHbIN * C NoABUXHO 06KNanKon —71 ABYXCTATOPHbIA
4

BapukoHgabi BapuomeTpbl foHuomeTpbl
_* o6uee 0603HaueHUe
V]
O6MOTKM
O WM~y obluee 0603HaueHUe — Y'Y Y\ ynpasnaiowas  —v"\— pabovas
MarHuTHOro ycunurens
CO CKONb3ALUMMUN KOHTaKTaMmn oYY Y (Hauano o6MoTku — TouKa)
‘ nepBuyHas 06MOTKa TpaHcdopmaTopa Toka —’TT"L‘— vnm —’TTL’\— C oTBOAAMY
MarsuronpoBoab!
$eppuToBbIi deppoMarHuTHbIi ¢
—_—— PPOMArHUTH
(Toncras nMHun) BO34YLIHbLIM 3a30POM Pe BrHUTHBIA
Y 13 HemarHuTHOrO marepvana (MegHbiii) — — — MarHUTOAU3NEKTPUHECKNA

KaTywku vHaYKTMBHOCTH

Cu
A CMarHUTOANANEKTPUYECKUM v
MarHUTONPOBOAOM r Y‘m C MeAHbIM MarHuTonNpPoOBOAOM
(% ~AY NoacTpaemas MarHUTOAMANEKTPUYECKUM ("UYT
MarHUTONPOBOAOM CO CKONb3AWMMU KOHTAKTaMun
Oaxodasnbie asToTpaHchOpMaTOpbl ’ Perynartopsi

¢ peppOMarHUTHLIM MarHMTONPOBOAOM

—_— C perynupoBaHuem obwee
obuiee 0603HaveHne
l_/vT\_l LLY ! L%J HanpsKeHns o6o3Ha4yeHune
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TpaHcpopmaTopbl oaHOda3Hbie ABYXO6MOTOUHbIE

| ¢ peppoMarHUTHbIM
obLee 0603HaveHe MarHuTonpoBOAOM U C NepeMeHHoW
3KpPaHOM Mexay CBA3bIO
o6mMoTkamm
™~ co CTyneH4aTbim LMAJ C OTBOAOM OT CpenHen ToHKu
perynmposaHuem .rYTYT 0fHO 06MOTKN
TpaHchopmaTopHble rpynnbi NameputenbHbie TpaHchOpMaTOpPbl TOKA

U:Cj{j coepuHeHne o6MOTOK

A~ 7~ C O4HUM MarHATONPoOBOAOM U
w 3B€30a-TpeyrosibHuK I I | ' ABYMSA BTOPUYHbIMU obmoTkamu

Tpancpopmaropst TpexdasHbie ¢ peppoMarHMTHbIM MarHUTONPOBOAOM ABYXOOGMOTOYHbIE

LYY Y\

| LYY Y\ 3Be3aa - 38e34a C BbiBEAEHHOW HENTpanbHOM (CpeaHen) ToHKon
LYY Y\

&M 3Be34a — 3uraar ¢ BbiBeeHHOWM HeTpanbLHON
Yy ELLM (cpenHemn) Toukom
LYY Y\

p =
TpexdasHble aBTOTPaHCPHOPMATOPDLI C TpaHcdopmaTops!
deppomMarHMTHbIM MarHUTONPoOBOAOM Bpaujaowuecs, ¢pasospawjarenu
obwee

coeamHeHue o6MOTOK B 3Be3ay 0603HAYEHWE

MarHuTHble ycunaurtenu

c Asymsa pabounmm u obLuent
—@_ obLuee 0GosHadeHe \M ynpasnsioLei 06MoTkaMm

C AsymMsi nocneposarenbHO

~ C NPSMbIM
COEeAnHeHHbIMN paboyMmu
:m‘ 06MOTKaMM 1 [ABYMS BCTPEYHO camoB036yXaeHMeM 1
= BKNIOYEHHLIMM CEKLIMAMM ggy"g" yanpaanmou.mmu
ynpasnsioweit 06MOTKN MOTKamMu
Mnaexue npegoxpaHurenn BbLAENEHa CTOPOHA
—F—3— obwee oGo3Ha4veHme —fF—3— _GuicTpogeicTeyiowmit  —F—J— OCTaIOWANACA NOA,
. . HanpsxeHvem
MeANeHHOASUCTBYIOLLMIA o
-—E— wwv =l (Tyronnaskmi) « —F=4— nnm ——g— VHEepPUNOHHbLIN
Mpo6usHble Boikniovarenn— Pasvepunurenn—
npepoxpaHuTenu npegoxpaHuTenu npeaoxpaHuTenu

e _Z _Z
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MpepoxpanuTenu ¢ CUrHaNU3UPYIOWKM YCTPOACTBOM

%_ C CaMOCTOSATESNbHON
LenbIo CUrHanusaumm

:%— c o6uwei uenbio

—F—3— cwurHanusaumm
—

M 6
e3 ykasaHus uenu
e cuUrHanmaaumu

lNMpepoxpaHuTenu naaskue yaapHoro aeicTaus

—E— obwee 0603Ha4eHne

TepMu4eckme KaTyluku
(npenoxpanurenn)

—E—=— ¢ camocrosTensHoii

> __ Cxemol curHannsauum

—=h-

—T.

C TpexsbiBOAHLIM

ﬁ— KOHTaKTOM
__ CUrHanusaumn

Boikniouarenu—pasbeguHMTENN
(c nnaBxum npenoxpaHuTenem)

2L

Boixniovatrenu tpexdasHbie C aBTOMaTUYECKUM OTKIIOYEeHueM no6bix n3

.
!
1 T_E— nNasKuX NpeaoxpaHuTenei yaapHoro AeicTans

— =

[y Sy |

—> &— ABYX3NeKTPOAHbLIN

—pF__}—obuwee 0603Ha4eHne

WapoBOW C 3aXura—
—0 O— IOLNM 3NIEKTPOAOM

—\ £— pPOroBo

NOHHbIN
ynpasnsiembilii

TPEXaNeKTPoAHbLIA
C ra3osbIM HanoNHeHem

MckpoBbie NPOMEeXyTKU
—> | €— [ABYX3NEKTPOAHbIA
I CUMMETPUYHDBI
Paspaanvkv
—— BEHTUNbHbIA U

MarHUTOBEeHTU/bHbIV

—M)— ANEKTPOXMMUHECKUIA

—gl— YrONbHbIMA

—>  &— TPExXaNeKTPOAHbIN

T

—_<g— Tpybuatsiii

—0 O— LWapoBoM

—@— BaKyyMHbIii

WMOHHBIN C ra3oBbiM
HaNoNHeHUeM A,BYX3NEeKTPOAHbIA

CUMMETPUYHbIV C
ra3oBbliM HaNONHEHNEM

BbICOKOHACTOTHbIE LUMPOKOMNONOCHBIE Pa3pPAAHNKNA

npeasapuTensbHON
3aWnThLI NPUEeMHNKa
n P Q Gnokuposku nepenaTuka @— 3aWUTI IPUeMHUKA

BbICOKOHACTOTHbIE Y3KONONOCHLIe Pa3PABHUKYA

D C BHELIHNUM
pe3oHaTopom

nepecTtpoiika
pesoHaTopom

C BHYTPEHHUM
pe3oHaTopom

D C NnepeHacTpanBaemMbiM BHELIHUM PE30HATOPOM (M3MEHEHME Pa3PAAHOIro NPOMEXYTKa)

<] camoso3sBpar
O oTtcyrcTeve camoso3spara

AN nyTeBoro uan KOHUeBoro
BblKNoyarens

DyHKUUN
X BbiKNlOYaTens

~<1> pyrorawexve

o aBTOMaTU4eckoe
cpabartbiBaHue

— pa3bveguHutens
q KOHTaKTopa

o BbIKMlOYaTens—
pasveanHuTens
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KoHTaKkTbi KOMMYTaLMOHHOIO YCTPOACTBA

—~—_  3aMbiKalowwii —A_wwm_AF pasmbikalowmin _/: nepexkNioYaloWwmn
— nepeksioyalowmii C HeNTpanbHbLIM _/,;— nepeknioyatens 6e3pasmbikaHna Lenu
—0— >
— LIEHTPanbHbIM NONOXEHUEM — (MocTOBOW)
—t IL. C ABOMHbIM 3aMblKaHUEM ——“E C ABOMHbIM pa3MbikaHUEM

KoHTaKTbl UMNyNbCHbIE

. 3aMbiKalowWwui Npu ~ ¢ 3aMBIKAIOWMIA NpY /. 3aMblKalowWwuin
cpabarbiBaHUKn cpabarbiBaHuu 1 Bo3BpaTe npu Bo3Bparte
pa3MbiKaoWwunin Npu pa3MbiKaloLwmn Npu pa3mbliKalowmn npn

l; BO3BpaTe E cpabarbiBaHuu 1 BO3BpaTe E cpabarbiBaHumn

KOHTaKTbi B KOHTaKTHO# rpynne, cpabGaTbiBaiowmii paibuwe no
OTHOLUEHMIO K APYIrMM KOHTaKTaM rpynnbl

— —  3aMbIKaoWwi —— PasMeikaioumii

KOHTaKThi B KOHTAKTHOIA rpynne, cpabaTbiBalouii No3Xe No
OTHOLUEHMIO K APYrMM KOHTaKTaMm rpynnbl

— 3aMbiKaloLWniA —— PasMbikalowmii
TepMOKOHTaKTb!
—~ Y zambkaowmii ALY pasmuikaiowmit

KoHnTakTbl 6e3 camoBo3Bpara

— o— 3aMbIKAIOLNI —/%— win —o%—  pasmMblKaloWwmin

KOHTaKTbl C CaMmOBO3BpPaTOM

—~ . 3ambiKaloWmin —L nnn —2— paambiKaowmit

l KoHnTaxTbl nepexniovaouie ¢ HeTpanbHbIM LeHTPaNbHbLIM NOJIOXEHUEM C
CaMOBO3IBPATOM U3 JIEBOIr0 MNOJIOXEeHUA n Ges BO3BpaTa u3 NpPasoro NOJMI0XXeHns

KoHTakTbl xou'ralcropé .
— " a__ 3amblKalowmi A pasmeikaowmit _/QdL ;37_"0""_';2'32';:“““
—~Bg— Pa3MbIKAIOLMIA AYrOracuTeNbHbIN —a 232;:3&”;:3(;3”0“‘am"ecmM
KoxTakTbl
—%—  mbIKIONaTENS — 0 ;:g:;::ﬁﬂeﬂ;ﬂ —~1— pasveannuTens

KOHTaKTbi KOHLEBOTO BLIKNIOYUTENS
&~ 3ambikaiowmii —«t paamuikaowmii

KoHTakThi 3aMbiKalowme ¢ 3amepieHueM, AecTayioumm

B oo

"~ npucpabaTbiBaHum " npw Bo3Bparte — cpabatbiBaHum
— ':||: }"{ v BO3Bparte
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KoHTaxTs! pasmbikaloume ¢ 3ameaneHmeM, AeiCTBYIoWmumM

__)fr_ —]I}— —ﬁ'— npw cpabatbiBaHnn
npv so3spare
ﬂ;t npu cpabatbiBaHUn m( P pa ILE v Bo3Bparte
p Avoas:
obuwee o N
HeNbHbINA
-t o6o3HaueHue B4 e —PE— obpawennsii —Bf— Wormkn
N CTabUNNTPOH -pil- sapukan I cTabunuTpoH E/l/ CBETON3NY4AIOLLMIA
OAHOCTOPOHHWIA ABYXCTOPOHHWUIA yHatowwm
—ﬁ— 73, 17] _ﬁ_ ABYXHaNPaBEHHbIN —ﬁq— TENNO3ANEeKTPUIecKUn
MOAYNb C HECKONIbKUMW OAWHAKOBLIMU ANOAAMU, C O6LLMM:
aHOAHBLIM U CAMOCTOSTENbHBLIMU KaTOAHbIM N CAMOCTOSITENbHBLIMU
KaToAHbLIMU BbIBOAAMW aHOAHbLIMU BbiBOAAMU
Tupucropbl
ANOAHbLIN, 3anupaemMbiii B [VOAHBIA, NPOBOARWWIA B TPUOAHbLIA,
Pt o6paTHOM HanpaBneHun tH o6paTHOM HanpasneHuu EI obuwee 0603HaveHune
TPUOAHLIA, NPOBOAALLUA B TPUOAHbIA, NPOBOAALLMIA B TPUOAHbLIN
FBJ‘ o6paTHOM HanpaBneHun ¢ '?." 0o6paTHOM HanpasneHuy, 'E"‘ BbIK/IIOYaEeMbli,
ynpasneHuem no aHoay obwee o6o3HaueHne obuiee 0603Ha4eHue
" o TPUOAHLIN, 3annpaemblii B 06paTHOM
—m— hwm —ﬁ_ AMOAHBIN CUMMETPUHHEIN ?l_ HanpasneHWK C ynpasaeHnem no aHoay

BbIK/IIOYAEMBbIA TPUOAHDIA, 3anupaemsiii B

TPUOAHbLIM, 3anupaemMblii B 06paTHOM
_BE. HANDABNEHMM C YNDARNEHUEM N0 KATOY -EH_ o6paTHOM HanpaBieHUn C ynpaBneHnem no

aHoay
TPUOAHBIA, NPOBOAALLMIA B 06PaTHOM TPUOAHbLIA CUMMETPUYHBINA
HanpasneHuu C yrnpasneHmem no Katoay (AByHanpasneHHbIi) — Tpuak
TupUCTOpbI TeTpoaHbie
FBH vnu ?Ha wnu FB; nnm |;B# 3anvpaemslit B 06paTHOM HanpasneHuu
TpaH3ucTopsl K
\T/ TMNa p-n-p -PT oAHOMNepexoaHblii ¢ N—-6a3oi \T/ NaBUHHOrO TUNa N-p-n
TMNa n-p-n c BLIBOAOM TMNa n-p-n, KONNEKTOP AByx6a30Bbiii TUNA
OT BHYTPEHHero 3KkpaHa COEAUHEH C KOPNYCOM n-p-n
AByx6a3oBblit TUNa nByx6a30BbLI TUNA P-N-i-p OQHONEPEexXOAHbiii C
p-n-i-p C BbIBOAOM OT C BLIBOZIOM OT i—06nacTu p-6a3oit
i—obnactun
NMonesbie TPaH3UCTOPLI
+T C KaHasnoM Tuna n -T-I- C KaHaIoM Tuna p *i c 3aTBopom LLloTTkun
C M30/MPOBaHHbIM 3aTBOPOM 6€3 BbiIBOAA OT NOANOXKU:
L o6oraueHHOro Tuna ¢ |L_ o6orawenHoro Tunac L o6enHeHHoro Tuna c
]‘ﬂ pP-KaHanoM ]H n-KaHanom | f | p-KaHanom
L o6GepHeHHOro Tuna ¢
| f | nN—KaHanom
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MonesBble TPaH3NCTOPDbI
|L_ cwusonvposaHHLIM 3aTBOPOM OBGoraLeH— L_ ¢ u3onmposaHHLIM 3aTBOPOM C BLIBOIOM OT
]‘}] HOrO TUNA C N—KaHaNOM, BHYTDEHHUM HI NOAIOXKM 060raleHHOro TMNAac P-KaHanom

coeguHeHnem UCToka v NOANT0OXKU

LL

™ C ABYMS U30IMPOBAHHbLIMK 3aTBOPamMy 06eAHEHHOrO TUMa C P—KaHanoM, C BbIBOAOM OT NOANOXKU
@DoTouyBCTBUTENLHBIE NPUGOPLI

\ doTopesuncTop, \ doTopesucTop
g obuwee 0603HaveHVe anddepeHumanbHbin

N NN
p R
N

| - -||— ¢doTobaTapesn

/4

doroamop, doToTepMope3ncTop I— ¢doToaneMeHT

dOTOTPaAH3UCTOP TUNA \1\ $OTOTPaAH3UCTOP TUNA
p-n-p n-p-n

OnTo3neKTpoHHble Npn6ops!

/5

CS =WV ) v ONTPOH JUOAHBLIN CS - §Z> vmu\ ONTPOH TUPUCTOPHbIA
|
¢ dpoToanoAOM N
— > OnTPOH

Vv = bt ] (SZ -y SZE— ycunutenem, nsobpa- 62 - peaﬂc’ropnuﬁ
XeHue COBMELLEHO

SZ —_— C pOTOTPAH3NCTOPOM U C v = ¢ $hoTOoTPaH3NCTopoM 1 6e3 BuIBOAA

- BbLIBOAOM OT 6a3bl —> ot 6a3bl

QEq

- ¢ GOTOAMOAOM M yeunuTENEM,
Y=& n306paxeHne pasHeceHo wm Aatumukm Xonna

DneKTPOHHbIE NaMIbl
Avoabi
ABOWHOM C pas—
npsaMoro KOCBEHHOro LBOWHOWM C AenbHbIM KATOAOM
Hakana Hakana o6LWwuM KaToaoM KOCBEHHOro
Hakana

Tpuvoab!

C KaToaom NpAMOro Hakana

ABOMAHOM C KAaTOAOM KOCBEHHOIO
Hakana v co cpeHuM BbIBOAOM OT
CEeKUMOHUPOBaHHOro noaorpesarens

C KaToA0OM KOCBEHHOro Hakana

ABOMHON C pasaensHbIMK KaToaamMu ¢
BHYTPEHHWM pa3aenmTenbHbIM 3KpaHoM
1 OTBOAOM OT HEro

ik

MHoroceTouHbie naMnbl

NEHTOA, C KAaTOAOM KOCBEHHOMo Hakana
C BHYTPEHHUM COEAMHEHUEM MEXAY
KaTOAOM U aHTUAMHATPOHHOK CEeTKON

NEeHTOoA, C KaToAOM KOCBEHHOIO Hakana
C BbIBOAOM OT KaXA0M CeTKU

%41
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CoeauHEeHNUA KOHTaKTHbIE pa3beMHble
—>—— unu ——1)>— ob6uee o603HaYeHne

l-lefn>|pexnpoe;o.cu,m>;e
—|:|>— —_—— ——
; - [ 1] -1 1"~
unmn I~ 2 | 2 | 12
ain wm 3 5] —H3
> 4 [ 4 ] —1 4
LUTbIPY 4eTbIPEeXNPOBOAHOIO KOHTAKTHONO Pa3beMHOro COeAVHeHUs!
—— —— —- -
1 1 [ 1] —1
2 2 2 | — 2
wnm 5 wan 3 mnm 13
4 4 -~ 4
NHe3na 4eTbLIPEXNPOBOAHOIr0 KOHTAKTHOrO Pa3beMHOr0 COeAUHEHNS
— —
1 -
uwnu nwin 3 |-
4
MNMepemMbIHKM KOMMYTaLVOHHbIE fMepeMbI4YKu KOHTaKTHbIE
—&—)>— Ha pa3mbikaHue —< »— C BbIBEAEHHbIM WITbIPEM o—e
o—8
EB:' Ha nepexnioueHue —<(-I—)>-— C BLIBEAEHHLIM FrHE310M
PacnpocrpaHeHue Toka, CUrHana, tHpoOpMauumn U NOTOKa SHepPrumn
B 060oMx
B OQHOM B 060umx
—— N —&— >~ NN -H—&  HanpasneHusax ———
HanpasneHun ORHOBPEMEHHO HanpasneHusx
HanpasneHue Toka, curHana, uHGopmaLUum 1 NOTOKa 3HePrun
—e—>— nepepava —e—¢&— npuem
PacnpocrpaHeHue 3Heprum B HanpasneHusax 5
o o B o6oux
|—>— ot TokoBeayuwieii umHLI  |—¢— K TOKOBEAYLLEN WnHE ——— HENDABNBHVAX
ABTOMaTH4ecKkoe MoacrpoeuHoe CamoperynupoBaHue, Bbi3BaHHOe
perynuposaHue perynupoBsaHue PU3NYECKNMHU NPOLLECCaMU NN BeNnUYNHaMu

/\ / //  nuHeliHoe * HennHenHoe

————— JInHUA AN BbIAGNEHUS YCTPOACTB, PYHKLUVOHANBHLIX FPYNI, YacTell Cxembl

AxpaHupoBaHue
—————— obwee 0603Ha4eHue Eiaie anekrpocraTnyeckoe W 3NEeKTPOMarHuTHoe
’ A\ -————— 1
-

[ /2N & i | | rpynnbl
L wwm { ) Fpynnbl IMHUA 3N1EKTPUYECKOi CBAaN 1 | 3nEMeHTOB

-~ e EEmEmeme- =

3azemneHns

-J__— obwee 0603HaUEHNE @ 6ecluymHoe (uucToe) @ 3aUTHOE

/7[7 win | wwm | Snextpuveckue coepuHeHus ¢ KOpnycom (Maccoi)
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JInHum cea3n
znenpmecxoﬁ, npoBsoaa, kabenu, — « — - —  3aWTHLIZ NPOBOAHUK (PE)
WNHbI

wnm rpynnosas —ABCDEF Hanuuyue TekcTa Hag NuHuen

— ABCDEF — Ha/muue Tekcra s pasphise ABCDEF —— Hanu4ue Tekcra B Hauane unm
KUK ——ABCDEF KOHUE nMHun
, PasseTBnenus (CAMAHUNR) NUHMIA INEKTPU1ECKOoi CBA3N B
—'”TLI-LI-I— wnn W)_%_{)?TL JIVHUIO rPYNNOBOIA CBA3K, pa3BoAKa XXun kabens nnm
NPOBOAOB XryTa
I wnmn r wan = PasseTBnenun (CNMAHUA) NMHKUIA rpynnNoBoi CBA3M

U3nom nuHuii anexTpuyecKoi CBA3N, NNHUIA rPYNNoOBOH CBA3K, NpoBoAa, Kabens, WNHbI

[— nop, yrnom 90 rpagycos ( noa yrmnom 135 rpapycos

NMepeceueHne NMHWA 3NEKTPUHECKOR CBA3N, NUHNI rPYNNOBO CBA3U, 3/1IeKTPUHECKHN
He CoeaAuHEeHHbIX NPOBOAOR, kabeneil, LWIMH INEKTPUIECKN HEe COeAUHEHHbIX

nepeceyeHue rop yrnom M3710M NOA YoM
+ wm X g9 rpanycos _K v r< 135 rpapycos

AnexrTpuueckue CBA3N C OTBETBNICHUAMMN

| noA, yrnamu, KpaTHbiMn
—l— wan C 0aHUM 7— wan \T_ wm Jr— 45 rpanycos
He [ONYCKaeTCs B KAYeCTBe TOYEK
_l_lllj OTBETBNEHUSI UCNONL30BATL
—+— wan -T-l- C AByMS wnm 3NEMEHTHI YCNOBHbIX rpaduveckmx
0603Ha4YeHUin, UMeloLme BUa ToYEK,
WU3NOMOB, NepeceyYeHnin u T.4.
CxeMbl BbINONHEHHbIe aBTOMaTU3NpPOBaHHbIM cNoco6om
JIMHUW rPYNMOBOY CBA3W HEYTOMLEHHbIE, ANA OTASNEHUNA ATUX NINHWI OT NepPeceKaloLmMXCs
C HAMU MW NAPANNENBHBIX UM JIMHWIA 3NEKTPUHECKON CBA3M HA IMHUIO rPYNMNOBO CBA3K
HaHOCAT HaK/NQHHbIE LWTPUXU

JInHun anexTpuyeckoii cea3u, rpadpuyecku cnusaemble

X X
—)SLl— un —X)—r— 8epTukansHo Y l“‘ wnun it“ rOPU3OHTaNLHO
Y Y

X<t— unu —=X OGPbIB NMHUMN 3NEKTPUUECKO CBA3KN

WuHb
s 1 unun |_| ] ob6uwee o603HaveHe Iﬁr:‘l oTBeTBNeHUE
nepeceKkaloWwmecs U 3NeKTPUYecku o
HECOBAMHHHBIE m oTBOAYI (OTNAlKM)

Fpynnbi NPoBOAOB, NOAKNIOYBHHBIX K OAAHON TOUKE 3NEeKTPU4ECKOro CoeaUHeHus
—o0— W ~ \y~  2npoBoga —+— 4 nposopa —F 6onee YeTbipex NPoOBOAOB

Fpynna nuuui anexTpnyeckoil CBA3N, MeloLnx obuee GyHKUUOHANLHOE Ha3HaYeHne

n —— . 6ykBa "n" 3aMEHRETCH YUCNIOM,
—74— oAHONMHeHas N MHOrO/IHENHAasA  yka3bIBaIOWMUM KONNYECTBO INHWA

B rpynne
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Jiniun anexTpU4ecKoii CBA3U C OTBETBNEHUEM B HECKOSILKO NapannenbHbix

—E obwee o603HaueHne

WAEHTUYHbIX Lenei

|3 — ® 3| cooTBeTCTBYeT
1U306paxeHnIo

MHoronuHeiiHbie rpynnbl INHWIA 31eKTPUIECKoi CBA3N

rpynna nvMHWi paséusaeTcs Ha NoArpynnbl NPY NOMOLLY HTEPBAIOB.
Mpu 3TOM B KaXA0M NOArpynne A0MKHO GbiTb OANHAKOBOE KOIMYECTBO NUHWIA;
KPaHAs NOArpynna MOXeT COAePXaTb MEHbLIEEe KOIMYECTBO NUHWA

OaHoNuHeliHbIe rpynnbl ANHUA 3NEKTPUIECKOWh CBA3U

__+%_ Unu —4/— 13 nBYX NUHWIA
—,i wwm —4f— s qublbengHMﬁ

+3V|ﬂ
+5Mﬂ

M —A4H— 13 Tpex nuHwii
W —f— w3 nsaTn nHwii

I pynna nuHuii anexrpuyeckoi cea3u, umerowmx obuee

——— /8 nepexoa OT MHOrOAVHENHOrO U306paXeHns K
opHoNMHenHOMY (Hanpumep 8 nuHuiA)

OAHONUHENHO

7 W306paxeHHsbIi
—e+ MHOTOXUAbHBIN
(CemMnXumnbHLIN)

kabenb

./

MHOrONUHENHO
1306 paxeHHbIN
MHOMOXWUANbHbIN
(ceMmxnnbHblit)
kabenb

DYHKUMOHANbHOE Ha3HaYeHne

=]

n
7 | ::n Kax,aas MHUS umeeT
oTBETBNEHUE

4eTbipe OCYLECTBACHbI
MHOFOXWNbHLIM Kabenem

WL
T

Fpynna nuHuii aneKTpu4eckoii CBA3U, OCYLLECTBJIEHHas "n” (LWecCTbio)
CKpYy4€eHHbIMU NpoBOAaMu, U306paxKeHHan

_._\7A_6_. O[HONMHENHO

MHOrOIMHENHO

T Fpynna nuHnii SNeKTPUYEecKoli CBA3M, YeThipe U3 KOTOPbIX OCYLLEeCTBAEHbI

—Yeee. CKPY4EHHBIMW NPOBOAAMMU

—\_J/ "\~ ru6kuM nposoaom

JIunu 3NeKTpU4ecKon CBA3KU

Fan

3KpaHMpoBaHHas, NoKa3aHHasn He N0

- €€ yqacTKax

BCEl [UIMHE IMHWN, a HA OTAENbHbIX

4aCTUYHO KPAHUPOBaHHAS

© aKpaHUpoBaHHas

3KpaHupoBaHHaA C OTBETBNEHNEM OT

—=9--= T— —= aKkpaHa

3KpaHupoBaHHas C oTeeTeNeHneM

Ipynna nHAUBUAYANLHO IKPaHUPOBAHHBIX IMHWUIA BNIEKTPUHECKON CBS3N,
umeiowmx obuiee GpyHKUMOHaANBHOE Ha3HaYeHUEe

n
:—___;z% o6uiee 0603HaueHNe

(=}

C oTBETBNEHNEM

Fpynna nuHMit 3NeKTPU4ECKOoii CBA3M (WecCTb) B o6Liem akpaHe, n3obpaxeHHbie

—(—‘.7& OfIHONMHENHO

-

———

premramn m—
s s w—

-

MHOrOIMHEIAHO
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Tpynna nMHUiA 3NEKTPUHECKO CBA3U, YeTbiPe U3KOTOPbIX HAXOAATCS

LLLLL
T

B o6Guem akpane
CoeaviHeHns aKpaHa
——@=— vnn ') unn -—@—— unn 7 ckopnycom ——@—— umm 1) c3emneil
AT T 11

SkpaHupoBaHHbie NpoBoaa unu kabenu c oTBOAOM Ha 3emnio
OT KOHLIa 3KpaHa

f _—e -

KoakcuanbHbie kaGenu

OT NPOMEXYTOYHOW TOHKMN IKpaHa

Uy

A Y
—E)— obuiee o6oaHaveHne —?— 333eMNEHHbIl —l\-e-o— 3KPaHWPOBAHHBIN
/

~ -

Ecnun xoakcuanbHas CTpykTypa He
o win P COEANHEHHBI C e npoaonxaeTcs, TO KacaTenbHas K
/;; jf KOprnycom OKPY>XHOCTW HanpasieHa B CTOPOHY

1306 paxeHna KOaKCUanbHO CTPYKTYPbI

NMocTonaHHbIA TOK

OCHOBHOE 0603Ha4YeHue ————— 00603Ha4YeHne anbTepHaTMBHOE
MonsapHOCTL NOCTORAHHOIO TOKa NMepemenHbIli TOK
OCHOBHOE C yKa3aHuem
— oTpuuaTtenbHas ~
+ nonoxurensHas puua o603HaueHne 10U genpummb vacToTSI

“m” NpoBOAHANA JIMHUA MNOCTORHHOr O TOKa HanpsXeHuem “U”
110 ABYXNDOBOAHASA IMHUS NOCTOSHHOIO
TOKa HanpsixeHem 110 B
TPEXNPOBOAHAA NIMHUA NOCTOAHHOIO TOKA, BKNIOYaA CpeaHuin NpoBoa,
2M —— 110/220 B HanpsixeHuem 110 B Mexay kaxabiM BHELHUM NPOBOAHWUKOM U CPEAHUM
nposoaom 220 B — mexay BHELWHUMU NPOBOAHUKAMU

m——U o6uee 0603Ha4eHmne 2

m~f NepemMenHbIit TOK ¢ Yucnom ¢ha3 "m”, yacroroii "f’, Hanpumep nepemMeHHbIH
3~ 50y Tpexda3sHblii TOK 4acToTOi 50 My

MNepemennbiii Tok yucnom pas "m”, yacroroi "f", Hanpsxxenmem "U”
TpexdasHbiin, yactoToi 50 Ny,
HanpsixeHuem 220 B

TpexdasHblit, HeTbiPeXNPOBOAHAA NNHUA (TPY NPOBOAA, HeVTPanb) YacToToON
50 l'u, HanpsxeHuem 220/380 B

TpexdasHbin, NATUNPOBOAHANA NNHKA (TPY NpoBoAaa das, HelTpanb, OAuH
3NPE~50 Ny 220/380 B ggg/sgsnoaaammrlbm C 3a3emneHueM) vyactotoi 50 i, HanpsxeHuem

TpexdasHbii, YeTbipex NPOBOAHANA NMHUA (TPY NPoBOAA $a3, OAUH 3aLLUTHBIN
3PEN~50 'y 220/380 B  npoBoA C 3a3emMneHneM, BbINONHAIWMA GyHKUMIO HeitTpanu) yactoTtow 50 My,
HanpsxeHuem 220/380 B

m~fU obwee 0603HaYeHne 3~50 Iy, 220 B

3N~50 'y 220/380 B

YacToTbl NePEeMeHHOro Toka (0OCHOBHbI® 0603HauYeHUS)

A YNbTPasByKOBbIE

~
~~ NPOMbILLNEHHbIE ~ 3ByKOBbIE T 1 paanonacToThl

~
~ CBepXBbiCOKUe
~

Toku
A~ NOCTOSHHbI N NEPEeMEHHbI 22 NyNbCUpYIoLWmMiA
O6moTKM

opHodasHan C ABYMS BbIBOAAMW l— opHodasHas C BLIBOAOM OT CpeaHei ToYku
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O6mMoTKM
Ase opHodasHbie, kKaxaas TPV OAHOdA3HbIE, KAKAAA | m  w. »
'm” opHOMa3HbIX, kKaxaas u3
” 13 KOTOPbIX C ABYMS ”l 13 KOTOPbLIX C ABYMSI |
BLIBOZAMM BBIBOAMM KOTOPbIX C ABYMS BbiBOAAMU

" 2~ peyx¢dazHas c pasgenb— ” 3~ TpexdasHas c pa3gens— Im MHOrogasHas “n” ¢ YAcnom
HbiMU a3amu HbiMu pa3zamu n~ pasfensHbix pas “‘m”

AByxdasHas TpexnposogHas |_  mByxdasHas yeTbipexnpoBoaHasn

aByx-TpexdasHan T-o6pasHoro coeanHerns (06moTtka Ckotra)

60° 120° Yron, noa KOTOPbIM BK/IIOYEHbI
TpexdasHas V-06pas3Horo coeauHeHns \/ 06MOTKM, HaNpMMep Noa yrnamu
ABYyX a3 B OTKPbITbI TPEYroNAbHUK 60 1 120 rpaaycos

O6moTKM TpexdasHbie
coeanHeHHas B 38€3,
COEAVHEHHas B 3Be3AY — coeauHeHHan B 3seany, ¢ b ¢ Bbﬂaenennoﬁ .
BLIBEAGHHON HENTPan.xio 3a3eMNEHHON HeATpanbio

COeAVHEHHan B CoeMHeHHan B Pa3oM-—
TPeyronbHWK /_\ KHYTbIil TPEYroNbHMK 5" COeAUHEeHHasn B 3ursar

S > < AP

coeavHeHHan B 3Ursar, C BbiIBeAeHHOW HeTpanbio

O6moTKM YeTbipexdasHbie
obuwee gb6o3HaueHne Y& C BbIBOAOM OT CpeaHei To4KU

X

O6mMoTKM WecTudasHbie

Y * coeauHeHHas B ase 06paTHbIe 38e3ab! Y Y coeavHeHHan B ABOHYIO 3834y
Lr )T coenvHeHHasn B aBe o6paTHbIe 38e3/bl, C pasAeNbHbIMW BEIBOAAMMN OT CPEAHNX TOHEK

X coeanennan e 3seany *— CoeavHeHHas B 38e3/y, C BLIBOAOM OT CPeaHel TOHKM

XX

coeaguHeHHasn B ABa TpeyronbHUKa O COoeguHEeHHaRA B LLeCTUYronbHUK

O6mMOoTKM WecTudasHbie

T coeAvHeHHan B BOWHOM 3uraar, ¢
\x( coeavHeHHas B ABOAHOM 3uraar %( BLIBOJOM OT CPEHEN TOHKN
Umnynscbl
NPSAMOYrOnbHbIN NPAMOYroNbHbIA o
J L nonoxirensbi LI Gronuarensmii _J\_ TpaneuenaansHbiit
( | C KpYTbiM CNaaom -J_I_I— OBYNONAPHBLIA _IJJ—L CTyneH4yaTbi
OCTPOYroNbHbIN — /—  OCTPOYrONbHbIi KPYTbiM GPOHTOM
—/\— NONOXUTENbHbIV oTpuuaTenbHbin —-ﬁ— C KpYTLIM GPOHTO
/\ OCTPOYrO/ibHbI C 3KCNOHEHLMANbHbLIM CNAAoM —/\\/¥ rapMOHUYEeCKnin
Munoo6Gpa3aHbie UMNYNALCHI
/] C NNHEVHbIM HapacTaHuem I\ C NNHEWHLIM CNaaom

UckaxeHHble UMNYNbCbl
Mpumeyarue: Ksanupuumpylowme CUMBOSIbI SBASIOTCA YNPOLLEHHLIM BO

cnpousseneHnem Gopm ocCuNNorpamMmm CoOOTBETCTBYIOLLUX UMNYNLCOB
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?pw,w:n;::g:)m Yacrovul _\/\/\J_ UMnynscobl nepemMeHHoro Toka
Curnansi
N wwm A van A ananoroseii  #uam D uudposoit H  BbicOKkuiA ypoBeHb
& oTpuLATEeNbHbIN
NONOXUTENbHBI o
nepenag ypoBsHs L HU3KWI ypoBEHb
—r_ nepenag, yposHs —I_ curnana
Moaynsuuu
A amnautypHas f win F vacrotHas i ¢asosan

[[_wwm P wmnynscras <= dasoso-umnynscHas _4\],  “acToTHO-uMnynbcHas

_I-I-l_ 3",,‘,',‘,’;,‘:%:2‘ _|<l= wwpotHo-umnynscHan [ les] | BPEMA-uMnNynscHan
: (3
2” psonuHo _|_|_3

#
| [ KOQOBO-UMNYyNbCHaR NSTUPA3PAOHbIA KO

KOA TP 13 cemu

Bo3apeiicTBus
::l TepMuyeckoe > 3NeKTpoMarHuTHoe [ neesoanexTpuyeckoe

-
Y\ MarHMToCTPUKUUOHHOE ™\ 3NeKTPOAVHAMUYECKOE _/~Vy™\_  OT UHAYKTUBHOCTU

ranbBaHOMarHUTHbIA anexTpocTaTuyeckoe,
-}~ ovconpommaneHus (=3 adodexT (Xonna) _| eMKOCTHO adpdexT
D MarHuTHoe ))) ynsTpassyka —— 3amegneHus
WUanydyenue

\\ HenoHunsupyiouiee snekTrpomMarHmtTHoe,

boToaneKTpUIecKuit abeKT /7 CBeTOBOE, ONTo3NeKTpuyeckui apoexr

?f&%’é'éﬁﬁg.‘.’%ﬂg% \‘\ noHusupyouiee X Namn HakanMeaHus
Ona ykasaHus BUAa U3ny4eHus AonyckaeTcs NPUMEHATb GyKBbI
IR wvHdpakpacHoe UV ynsrpaduonerosoe
5 CanasbonTuyeckan [> Ycunenvwe Y Cymmuposanue
t° TemnepartypHas 3aBUCUMOCTb n Moporpesarens
ConpoTtusneHus 2
R X
—{}— axktusHOe —{ "} peaktusHOE —{—}— nonHoe
X Xc
—{_}— WHAYKTMBHO peaxTuBHoe —{}— emKoCTHOe peaKkTuBHOe

MarHuTbi NOCTORHHbI@

EN D yKasaHve nonspHoOCTU MarHura

[L—] o6uee o6oaHaueHne (ceBepHBiA nomioc "N)

VineanbHble UCTOUHUKMU NneanbHble rmpaTopbl

$ roxa q) — N



