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Beenenue

Pa3paboTtka 11r060r0 AIEKTPOHHOTO YCTPONCTBAa COMPOBO-
XKOaeTcs (PpU3MYecCKMM M MaTeMaTHYeCKUM MojennpoBaHneM. Du-
3WYECKOe MOJICIIMPOBAHUE CBA3aHO C OOJBIIMMHU MaTepUATbHBIMH
3aTparaMy, MOCKOJNBKY TpeOyeTcsi M3rOTOBICHHE MAaKEeTOB M HX
TpyAoeMKoe uccienoBanne. Yacto (uzndeckoe MOIEIHpOBaHUE
MIPOCTO HEBO3MOXKHO M3-3a YPE3BBIYAMHON CIIOKHOCTU yCTPOM-
CTBa, HallpUMeEp, NMpHU pa3paboTKe OONBIIMX U CBEPXOOJBIINX
WHTETPaJbHBIX MUKpOCXeM. B aToM ciydae mpuberaror Kk marema-
TUYECKOMY MOJIETTUPOBAHUIO C MCIOJIB30BAaHUEM METOJOB U
CPEICTB BHIUYUCIUTEILHON TEXHUKH.

CymecTByIOT MakeThl NPOrpaMM pPa3iMYHOTO YPOBHS
CIIO)KHOCTH, Hampumep, u3BecTHoid naket P-CAD, conepxamuit
OJIOK JIOTHYECKOTO MOJICTHPOBaHHS IM(POBBIX YCTPOMCTB HIIH
cucrema Designlab. OjHako /i1 HAUMHAKOIINX OHH MPEICTABIISIFOT
3HAYUTENbHbIE TPYAHOCTH B OCBOeHHMH. Kak Toka3zai aHanm3 co-
CTOSIHHSL TIPOTPaMMHOTO OOECIICUCHHSI CXEMOTEXHHUYECKOTO MOjie-
JMPOBaHMs, HA JTale HaYaJlbHOTO OCBOCHHUSI METOAOB aBTOMATH3H-
POBAaHHOTO TIPOEKTHUPOBAHHS W Ha ATalax MPOBEJCHHS MOUCKOBO-
HCCIIEZIOBATENECKUX paboT Ienecoo0pa3HO pPacCcMOTpPEeTh BO3-
MO>KHOCTB MCIIOJIB30BAaHUsI CIEAYIOMUX nporpamm: Micro-Cap V;
DesignLab 8.0; Aplag 7. 0; System Viewl. 9, a takxe, paccMoT-
pennyto Hmwke nporpammy Electronics Workbench (EWB), pas-
pabotannyto ¢upmotii Interactive Image Technologies (Kanana).

[TakeT mpegHa3HA4YeH IS CXEMOTEXHUYECKOTO MOJACIHPOBa-
HHSI aHAJIOTOBBIX M IU(POBBIX AIIEKTPOHHBIX YCTPOHCTB Pa3UdHO-
r0 Ha3HAYEHUs, PEJCTABICHHBIX OOJBIINM KOJIMYECTBOM IPAKTH-
yeckux cxeM. OCOOCHHOCTBIO IPOTrPaMMBI SIBJISIETCS] HAJTHYUE KOH-
TPOJIBHO-U3MEPUTENLHBIX MPUOOPOB, IO BHEITHEMY BUJIY U Xapak-
TEPUCTUKAM MPHOIMKEHHBIX K WX MPOMBIIUICHHBIM aHAaJOTaM.
[IporpamMmMa TO3BOJISIET JOCTATOYHO ONEPATHBHO IOJTOTABIUBATH
9JIEKTPUYECKHE CXEMbl aHaJOTOBBIX, HU(PPOBBIX MJIM CMEIIAHHBIX
aHAIOTO-U(PPOBBIX YCTPOICTB M MPOBOJIHUTH WX MOJEIHPOBa-
HUE C TOJyYCHUEM PEe3yJIbTaTOB B BUJIE OCHUJIIOTPAMM CHUTHA-
JOB U rpa)MKOB YaCTOTHBIX XapaKTEPUCTUK; BO3MOXKHO IMOIY-
YEeHHE TOYHBIX OTCUYETOB C MOMOIIBIO BEPTHKAIBHBIX BHU3WPHBIX
muarid. OHa TakXe TO03BOJISIET KOHTPOJIMPOBATh PEXHUM IO MTOCTO-
STHHOMY TOKY B BBIOPaHHBIX TOYKaX CXEMBI.
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JladopaTtopHasi padora Nel.
HcciienoBanue noynpoBoHHKOBOIO THO/A.

[lenb paboThl. MpUOOpPETEHNE HABBIKOB PACUETOB U HKCIEPHUMEH-
TaJIbHOTO HCCIEIOBAHMS IEKTPUYECKUX LENei ¢ MOITyNpOBOIHU-
KOBBIMU JHOJaMH.

Kpartkas Teopus.

nonynpPoBOAHUKOBBLIE ANOAbI

Ilonynpoeoonuxosbim O0uodom Ha3BIBAIOT TOIYIPOBOHUKOBBIN
pubOp C OJHUM BJICKTPUYECKUM P-N-NIEPEXOJOM M ABYMS BBIBO-
JIaMHU.

B 3aBHCHMOCTH OT TEXHOJIOTHUECKHX TMPOLECCOB, MCIIOIb30BaH-

HBIX TP UX W3TOTOBJICHUH, Pa3IM4ai0T TOYCUHBIEC AMOJBI, CIUIAB-
HBIC U MUKPOCIUIaBHbIE, ¢ TU(PPY3HOHHON 0a30ii, SIUTaKCHATLHBIE
u JIp.
[lo ¢QyHKIMOHANTBEHOMY Ha3HAUYEHHWIO AMOIBI JEJIAT Ha BBIIPSIMU-
TEJIbHBIC, YHUBEPCAJIbHBIC, HMILYJIbCHBIE, CMECHUTEIIbHBIC, ICTEK-
TOPHBIE, MOJYJISITOPHBIE, MIEPEKITIOYAIOIINE, YMHOKHUTEIbHbIC, CTa-
OWITUTPOHBI (OTIOPHBIE), TYHHEIbHBIC, IMapaMeTpruuecKue, (HoToIu-
OJIbl, CBETOMObI, MATHUTOANOIBI, 1UObI | aHHA U T. 1.

BosbIIMHCTBO MOTYNPOBOAHUKOBBIX JIMOJIOB BBITIONHSIOT Ha OC-
HOBE HECHUMMETPHYHBIX p-n-nepexonoB. HuzkooMmHyro o061acTh
JMOA0B HA3BIBAIOT 3MUTTEPOM, & BBICOKOOMHYIO — 0a3zoil. s
CO3[IaHMS IIEPEXO0JI0B C BEHTUIBHBIMU CBOICTBaMH HUCHOJB3YIOT P-
n-,p-i-,n-i-Mepexo/pl, a TaKKe Mepexoibl METAJUl — IOJIyPOBOJI-
HUK.

B peanpHbIX Anonax npsiMas ¥ oOpaTHasi BETBU BOJIbT-aMIIEPHOM
XapaKTePUCTUKH OTIMYAIOTCS OT HACATM3HMPOBAHHOH. JTO 00y-
CIIOBJICHO TE€M, YTO TEIUIOBOW TOK [r MpH OOpPaTHOM BKIIHOUCHUH
COCTaBIISIET JIMIIb 4YacTb OOpaTHOro Toka amona. llpum mpsmom
BKJIIOUEHHH CYIIECTBEHHOE BIIMSHHE Ha XOJ BOJBT-aMIIEPHON Xa-
PaKTEpUCTUKM OKa3bIBACT MaJCHHUE HANPSHKEHUS Ha CONpPOTHBIIC-
HUM 0a3bl 1U0Ja, KOTOPOE HAaYMHACT HPOSBIATHCS YXKE IPU TOKAaX,
npebimammx 2—10 MA.

[Tpy mpakTUYEeCKOM HCIOJIB30BAHUK JIUOJIOB BBIACTSTH COCTaB-
JSFOIME, KOTOPBhIE HMCKAaXaoT HWACAIN3UPOBAHHYIO BOJIBT-aM-
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MEPHYIO XapaKTEPUCTUKY, CII0KHO U HerenecooOpasHo. [Toatomy y
pPEABHBIX AMOAOB B KauyeCTBE OJHOTO W3 OCHOBHBIX MapaMeTpOB
WCTIONB3YIOT 00paTHBIN TOK lo5, KOTOPBIH HM3MEPSIOT MPH Ompe-
JICJICHHOM 3HA4eHWH OOpaTHOTO HANpsDKCHHs. Y TEPMaHHEBBIX
nuonoB Iyep=I,.

VY xpemaneBbiX ly5>>I;, Tak xak 3HaYeHHs OOpPaTHOTO TOKa y
JINOJIOB M3MCHSAIOTCS B ITUPOKHUX Tpenenax (0T IK3eMIUIIpa K K-
3eMILISIPY), B MACHOPTHBIX JAHHBIX Ha KaXIBIH BUJ JUOJA YKa3bl-
BaeTCs €r0 MaKCUMAaJIbHO JIOIYCTUMOE 3HAYCHUE.

TemnoBoif TOK M OCTadbHBIE COCTABJIAIONINE OOPATHOTO TOKA
CHWJIBHO 3aBHUCST OT TeMmmeparypsl. s TEmIoBOTrO TOKa CIpaBe/l-
JIMBa 3aBUCHMOCTb

L(T)=L(To)e™"
rne AT=T-Ty; 1(Ty)-TemnoBoit Tok mpu Temmeparype To; o— TO-
cTosHHbIH Ko duuuent (11 repmanns age~0.09K ™ mpu T<350K,
Ut KpemuHs 0~0. 13K 'mpi T<400 K) (1.1)

C nomompio BeipaxeHus (1.1) MOXKXHO OPHEHTHPOBOYHO OMpeEe-
NSTh OOpaTHBIM TOK NPU Pa3HBIX TEMIIEPAaTypax p-n-nepexona y
repMaHUEBBIX JUOMOB. B KpeMHHEBBIX AMOAax B AMAaIiazoHe pado-
YUX TEMIIEpaTyp MOJII TEIIOBOTO TOKAa B IOJHOM OOpPaTHOM TOKE
HCBEJIMKA: Ioﬁp=103IT, Y HuX 00paTHBIA TOK B OCHOBHOM OIIpEJIe-
JseTcs TeHEePalMOHHO-PEKOMOWHAHHOHHBIMU SIBJICHUSMU B p-n-
mepexo/ie.

Jl1s1 MEKEHEpHBIX PacdyeToB OOPATHOTO TOKA B 3aBUCUMOCTH OT
TEMIIepaTyphl OKPYXAlOUIeH Cpenbl MOXXHO IOJb30BATHCSA YIIPO-
IICHHBIM BBIPKEHHEM

L(DAL(T)2" ™ (1.2)
rae T* — mpupamienne TeMneparypbl, Ipu KOTOPOM 00paTHBIN TOK
Losp(To) yaBauBaercs (T*~8/10°C mns repmanus u T*~ 6/7 °C mus
KPEMHHS).

B mpakTuke WacTto CYMTAIOT, YTO OOPATHBIA TOK TePMaHUEBBIX
JIMOJIOB YBEJIMYMBACTCSl B JIBa Pa3a, a KPEMHHEBBIX — B 2,5 pasa
MIpU yBEIWMYCHUH Temrepatypbl Ha kaxmaeie 10 C. Ilpu sToM dak-
TUYECKOE M3MEHEHUE OOpPaTHOTO TOKa OOBIYHO 3aHMKaeTcs. Tak
Kak 0OpaTHBIM TOK B KDEMHHUEBBIX JI0/IaX Ha HECKOJBKO MOPSIKOB
MEHBIIIE, YeM B T€PMaHHEBBIX, UM YacTO MPEeHEOPEraroT.

[Ipsimast BEeTBb BOJBT-aMIEPHON XapaKTEPUCTHKH IHUONA OTKIIO-
HAETCS OT WCATM3UPOBAHHOW H3-3a HAJIMYHUS TOKOB PEKOMOWHA-
MU B p-n-Tiepexojie, MaJeHus HaNpsDKeHUs Ha 0aze auona, u3Me-

6



HeHHs (MOAYJALMHM) COMPOTHBICHHS 0a3bl NPU MHXKEKIHH B HeEe

HEOCHOBHBIX HOCHTENEH 3apsiia W Haiuuus B 0a3e BHYTPEHHETO

TT0JTsI, BOSHHUKAIOIIETO TIPH OOJIBIITIOM KO3PDHUITHEHTE HHKESKITHH.

C yueToM majeHus HAaNpsOKEHHs Ha 0ase 1oja 3aluIleM ypaBHe-

HHUE IIPSIMOY BETBU BOJIBT-AMIIEPHON XapAaKTEPUCTUKU TUOMA:
I=l(e{V"®eT.1) (1.3)

IZle I's — OMHYECKOE CONPOTHBIIEHHE Oa3pl ANOJA.

dnp,MA T md
P P
i ?a"a” f 88 [ a5 -
2:?"@17/ / 20°
20 ‘0
Amc -60%-
thtp,8 7060 thpB 120 80 /
-~ a
Thow | 20 540 Y8 Foor 23 10 Ugp,8
80
200 200 .
e 125
A /), -
ubp, A Toi, A
Y 5 8

Puc. 1.1. BonpramnepHble XapakTepUCTUKM T€pPMAHHUEBOTO (a) U
KPEMHHEBOTO (6) THOMIOB; YCIOBHOE 0003HaUYeHHE (B)

[Iponorapudmuposas (1.3), HalimeM najeHUe HANPSDKCHHS Ha
quoze:

U=[@7 In(I/IT+1)]+I* r6. (1.4)
Hns mansix TokoB I (1.4) mmeer BuUnR
U=@t In(I/It+1).

[Tagenue HanpsxkeHuss Ha nuojae U 3aBUCUT OT Toka I,
MPOTEKAIOIIET0 4Yepe3 HEeTro, W MMeeT Oojbpllee 3HAYEHHE ¥
nuonoB ¢ ManbsiM /7. Tak Kak y KpEMHHEBBIX THUOJOB Te-
NJI0BOW TOK /7 Majl, TO U HayaJbHbIA y4acCTOK HPSMOU BETBU
XapaKTepUCTUKH 3HAYNUTENHhHO OO0Jiee MOJIOTHH, 9eM y TrepMa-
HueBblX (puc.l.l.). Ilpu yBennueHuu TemmepaTypbl HpsMas
BETBb XapaKTEPUCTUKH CTAaHOBHUTCA OOJiee KPYTOil M3-3a yBelnde-
HUS [7r U YMEHbIIeHHs conpoTuBieHus 0a3pl. [lamenune Hamps-
JKEHHS, COOTBETCTBYIOIIEE TOMY JK€ 3HAUEHHUIO NMPSMOT0O TOKa,
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[P 3TOM YMEHbBIIAETCS, YTO OLECHUBACTCS C MOMOILIBIO TeMIlepa-
TypHoro ko3¢ duunenrta nanpsoxerus (TK U)e.

g=AU/AT (1.5)

TK U noka3plBaeT, HACKOJBKO JOJKHO MU3MEHUTHCS Hamps-
XKEHUE Ha p-n-lepexoje NpHU U3MEHEHUHN TeMIepaTrypsl Ha |
°C npu I=const, ¢ = 2,2 MB/rpan. B nacrosimee Bpemsi Haubomnee
IIUPOKO MPUMEHSIOTCS MHKPOCIJIABHBIE W ME3aJHonbl (Me3a-
SMUTAKCHAIb-HbBIC), a TAKKE NUOJbI C AUPPYy3UOHHON Oa30U.

PaccMOTpUM HEKOTOpbIE THIIBI JUOJI0B, IPUMEHSIEMBIX B HU3-
KOYaCTOTHBIX LIETISIX.

BeinpsiMuTenbHBIC THOBI.

Juonsl, mpegHa3HaueHHBIE JUIA NPEeoOpa30BaHUsl I1EPEMEHHOIO
TOKa B TIOCTOSIHHBIH, K OBICTpOJEHCTBUIO, E€MKOCTH p-n-
nepexoja U CTaOMIBHOCTH MapaMEeTPOB KOTOPBIX OOBIYHO HE
MPEObsBISIIOT CIEUUATIbHBIX TPEeOOBAaHWM, HAa3bIBAIOT BBHIIPSIMU-
TEJIbHBIMU.

B kadecTBe BBINPAMUTENBHBIX AMOAOB HCIOJB3YIOT CIUIABHBIE
SMUTaKCHalbHbIe M AU (Y3MOHHBIE TUOIbI, BHIIOJHEHHBIE Ha OC-
HOBE HECUMMETPHYHBIX P-N-IIEPEXOIOB.

B BRIMpAMHUTENBHBIX AHOAAX MPUMEHSIOTCS TaKXKe U pP-n-mepexo-
JIbl, UCIIOJIb30BaHUE KOTOPBIX MO3BOJIAET CHU3UTH HANPSKEHHOCTh
JIEKTPUYIECKOT0 MOJs B P-N-IIEPEXOJi€ U MOBBICUTH 3HAaYEHUE 00-
pPaTHOTO HaNpsKEHHS, IPU KOTOPOM HaduMHAETCs Mpo0oid. s 3Toi
e LIeTd MHOTJIa MCTIONB3YIOT p -p- WM 1 -n-nepexoabl. s ux
MOJIyYECHUS] METOJIOM S3IUTAKCUU HA MOBEPXHOCTH HCXOAHOTO IO-
JYIIPOBOJHMKA HApPaIIMBAIOT TOHKYIO BBICOKOOMHYIO IUIEHKy. Ha
HEH MeTOJIOM BIUIaBJIEHUS Wi AU(PPy3un co3Mai0T p-n-Tepexombl,
B pe3yJbTaTe 4Yero IojydaeTcs CTPyKTypa p = -p-n WIM n  -n-p-
muna. B Takux aMomax yCHELIHO pa3pellarTcs NPOTUBOPEUUBBIC
TpeOOBaHUs, COCTOAIINE B TOM, UTO, GO-NEPEbIX, Ul MOIYUEHUs
MaJIbIX OOpaTHBIX TOKOB, MajoOro MajeHHsl HANpsDKEHHS B OTKPHI-
TOM COCTOSIHUM M TEMIIEpaTYpPHOH CTaOMIBHOCTH XapaKTEPHCTHK
HEOOXOIUMO MPUMEHSTh MaTeprall ¢ BO3MOXKHO MaJbIM YJIebHBIM
COIIPOTUBJIEHUEM; 80-6MOPbIX, TSl TIOTYUEHHS BHICOKOTO HampsixKe-
HUS IPO00ST U MAJIOM EMKOCTH p-n-Tepexoaa HEoOXOUMO NpHMe-
HATH MOJYIIPOBOJHUK C BBICOKMM YIEJIbHBIM CONPOTHBICHUEM.



ONUTAKCHAIBHBIC AUObI OOBIYHO MMCIOT MAJIOE MaJICHUE HaIpsi-
JKEHHsI B OTKPBITOM COCTOSHHHM U BBICOKOE NMPOOWBHOE HAIpshKe-
HUE.

I[J'I;I BBITIPAMUTEIBHBIX JUOAO0B XapaKTCPHO, UYTO OHU MMCIOT Ma-
JIBIC CONPOTUBJICHUS B MPOBOAANIEM COCTOSAHHUU U MO3BOJIAIOT IIPO-
IyCKaTh OOJbINMEe TOKW. bapbepHas eMKOCTh MX H3-3a OOJBIION
IJIONIAIU P-N-TIEPEXOIOB BEJIMKA M JIOCTUTAET 3HAYCHUM JIECATKOB
nukodapa.

I'epmaHueBble BBHIIPSIMUTENBHBIE TUOIBI MOTYT OBITh HCIOJB30-
BaHbI IPU TeMIlepaTypax, He npebimaroimx 70—80 °C, kpeMHue-
Beie—10 120—150 C, apcenua-rammueBsie—mao 150 °C.

OcHoBHbIE mapaMeTpbl BBINIPAMUTEIBbHBIX TUO0A0B U HX
3HAYCHUA Y MAJOMOULIHBLIX JHOI0B

1.MakcuManbHO JONMYyCTHMOE OOpaTHOE HANpsDKEHHWE JUoja
Uogpmax — 3HAYCHUE HAIMPSIKCHUS, PUIOKESHHOTO B 00paTHOM Ha-
MIPaBIICHUH, KOTOPOE JHOJ MOXET BBLIEPKATh B TCUCHHE JITUTEIb-
HOTO BpPEMCHH 0€3 HapyIIeHHUS ero padOTOCIIOCOOHOCTH (IEeCATKH
— Teicuu  B).

2. Cpegnuil BeIIpSIMIICGHHBIM TOK auoga I, ., — cpeaHee 3a
MepHoJ] 3HA4YeHHWE BBHINPSMICHHOTO IIOCTOSHHOTO TOKa, TIpo-
TEKaIoLIeTo 4epe3 AUOA (COTHH MA — NecsaTKu A).
3.MnynbcHBIN TpsiMON TOK nuoaa I, ,— MHUKOBOE 3HAYCHHE HM-
mylbCa TOKAa NpH 33aJaHHOW  MaKCUMAalbHOW JUIUTEIBHOCTH,
CKBXHOCTH WM (OPMBI MMITYJIbCA.

4. Cpeanuii oOpaTHBId TOK AMOnA los, op — CpeAHEe 3a Mepuoj
3HaueHHEe OOPAaTHOTO TOKa (JIOJIM MKA — HECKOJIBKO MA).

5. CpenHee npsMoe HaNpsyKEHUE UOJa TIPU 33JaHHOM CpEeIHEM
3HaueHnH npaMoro toka Uy, (momum B).

6. Cpennsas paccemBaemas MOIIHOCTb Juona P, — cpeanas
3a TIepUOJl MOIIHOCTb, paccenBaeMas IMOJIOM, TIIpH IPOTEeKa-
HUU TOKAa B MPSAMOM M OOpaTHOM HampasBjieHUsX (COTHH MBT —
necaTku u Oonee Br).

7. JuddepeHnnanbHoe COMPOTUBIEHUE TUOIA Tyyg — OTHOIIEHUE
MIpUpAIIeHUs] HANpsSHKEHUS Ha AWOAE K BBI3BABIIEMY €T0 MajoMy
MPHUPAIIEHUIO TOKa (€IUHHUIBI — cOTHH OMm).



OCOBEHHOCTU PEAJIbHbIX p-n-NMEPEXOOOB

B uneansHOM p-n-miepexoqe oOpaTHBIA TOK YKe IIPU CpaB-
HUTCIIBHO HC6OHBIHOM O6paTHOM HapAXKCHUHN HE 3aBUCHUT OT
3HAa4YCHUA IMOCIICIHETO. O,[[HaKO Opu UCCICAOBAHUAX PCAJIBHBIX P-
N-TIepPexXoA0B HAOJIOMAETCs] JOCTATOYHO CHIIBHOE YBEIUYCHUE
0o0paTHOTO TOKAa NPH YBEJIHMYEHUH NPHUI0KEHHOTO HaImpsKe-
HUS, IPUYEM B KPEMHHUEBBIX CTPYKTYypax oOpaTHBIN TOK Ha 2—3
MopsiIKa BBIIIE TEIIOBOro. Takoe OTIMYHE OKCIEPUMEH-
TaJbHBIX JaHHBIX OT TEOPETUUECKUX OOBSICHIETCA TEpPMOTCHE-
panuell HOCUTENeH 3apsja HEMOCPEACTBEHHO B 00JacTH />Ji-
nepexoga u CynmeCTBOBAHUEM KaHAJbHBIX TOKOB U TOKOB
YTEYKH.

Kananonvie TOkM 0OYCIIOBIEHBI HAJIWYHEM TIOBEPXHOCTHBIX
OHEPIreTUICCKUX COCTO}IHI/II‘/'I, HUCKPUBJIAIONIUX DSHEPTCTUUCCKHUE
30HBI BOJIN3U TOBEPXHOCTH W MPHUBOJSAIIUX K IOSBICHUIO WH-
BEPCHBIX CJIO€B. OTH CIIOW Ha3bIBAalOT KaHaJlaMH, a TOKH,
MPOTEKAIOIMNEe Yepe3 Mepexoa MeKIy WHBEPCHBIM CIIOEM H CO-
CelHel 00JIacThi0,— KaHAJIbHBIMU TOKaMHU.

EmkocTtu p-n-nepexona. Hapsiny ¢ 31eKTponpoBOIHOCTHIO P-
N-Iepexo] UMEET U OINPEIEICHHYI0 €MKOCTb. EMKOCTHBIE CBOM-
cTBa 00YCIIOBJIEHBI HAJIMYUEM 10 00€ CTOPOHBI OT TPAHMIIBI dJIEK-
TPUYECKUX 3apAIOB, KOTOPHIE CO3JaHbl MOHAMHU IpHUMeEce, a Tak-
K€ TMOJABWXXHBIMU HOCHUTCIIAMHU 3apsijia, HaXOAAIIMMUCI B6J'II/ISI/I
TPaHULIBI p-n-TIepexo/a.

EmKocTh p-n-iepexona moapasnessioT Ha JBE COCTABISIONINE:
OaprepHY0, OTPaXalOIIyI0 IepepacrpeesieHne 3apsiaoB B
p-n-niepexone, U AuPPY3UOHHYIO, OTpPaKAUIYIO Iepepac-
npejaesieHue 3apsaoB BOmM3M p-n-mepexona. Ilpum mpsMom
CMEIIEHUN Tepexo/la B OCHOBHOM MpOsBIseTcs Audy3noHHAS
€MKOCTb, IpU 00paTHOM (PEXKHM SKCTPaKLHUH) 3apsabl BOIU3H
p-n-nepexona (B 0aze) MEHSAIOTCS MaJlo U OCHOBHYIO POJIb HTpa-
eT baprepHast eMKOCTb.

Tak kak BHEIIHEEe HaNpsDKCHWE BIMSIET Ha LIMPUHY pP-D-
nepexosia, 3HaueHHEe IMPOCTPAHCTBEHHOI'O 3apsAjga M KOHIIEHTpa-
M0 WHXEKTUPOBAHHBIX HOCUTENEH 3apsia, TO €MKOCTh p-n-
nepexonaa 3aBUCUT OT MPHUIOKCHHOTO HANPAXKECHUA U €ro I1O-
JISIPHOCTH.
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Bapbepnass emkocts Cg,, OOyCIIOBIIEHa HadUYUeM B pP-N-
Mepexo/ic HOHOB JOHOPHOUW M aKIEMTOPHOU MpUMecei, KOTO-
pple 00pa3yIoT Kak OBI IBE 3apsDKCHHBIC OOKIIAIKH KOHACHCATO-
pa. IIpyu u3MeHEHHM 3anMpAIOLIETO HANPSDKEHHUS, HalpuMep
YBCIWYCHUHU, HIMPHHA p-n-nepexoga YBCINYHUBACTCA U YaCTb
MOJIBMKHBIX HOCHTEJEH 3apsya (3JEKTPOHOB B OOJIACTH 71 M JIbI-
POK B 00acTH p) OTCACchIBAE€TCA AJIEKTPHUUYECKHM IOJIEM OT CJIO-
€B, MpUJIeraloIuXx K nepexony. Ilepememenne 3TUX HOCHUTE-
Jiel 3apsjia BBI3BIBACT B ICMH TOK:

I=d Quep/d=Caap*dU/dt,  (1.6)

rae d Qpep/d; 13MeHeHue 3apsina 00eTHEHHOTO CIIOS p-N-Tiepexoa.
3TOT TOK CTAHOBUTCA paBHBIM HYJIIO IO OKOHYAaHWU NEPEXOJHOTO
mporecca M3MEHEHUs TPaHUIl pP-N-TIepexoia.

Bemmuuny COap myisg pe3koro mepexoja MOKHO OIPEACIIUTh U3
MPUOIKEHHOTO BBIPAXKEHUS

Couy= (€80 S/t) \/Uk /(Uk +|U)) (1.7)

rae S,ly -momanp u TonmuHa p-n-nepexoxna mpu U=0.

C yBennyeHneM TpUIIOXKEHHOTO HampsbkeHus U OapbepHas €M-
KOCTb yMEHBINACTCS U3-32 YBEJIWYEHHUS TOJNIIMHBI Mepexona
I(puc.1.2,a).3aBucumocts Coap=f(U) Ha3bIBaeTCs BOIBT-(hapagHOH
XapaKTepUCTUKOM.

Loy Puc. 1.2. BonbT-apaansie xapak-
Coapq TEPUCTUKH p-n-miepexona (a) wu
U3MEHEHUE TOKa NMPH U3MEHECHUH
% NOJSIPHOCTH  HanpspkeHust  (0):1-
IUIAaBHBIM  mepexof; 2—pe3Kuil

e / * nepexon.

a) )

[lpy NOAKIIOYEHUH K P-N-NIEPEXOJYy MPSIMOTO HAMPSHKESHUS
OapbepHasi €MKOCTh YBEJIMYMBACTCS BCIEACTBUC yMEHbIICHUS .
OnHako B 3TOM Cily4ae MpUPAIICHHE 3apsiioB 32 CYET MHXKEKIUU
urpaer OOJBIIYI0 POJIb U €MKOCTh P-N-NIEpexojia ONpENeNseTcs] B
OCHOBHOM JU((y3UOHHOM COCTABISIONICH EMKOCTH.

Jubdy3noHHas eMKOCTh OTpakaeT Gpusnveckuii mpouecce u3-
MEHCHHUS KOHIICHTPAIIUH MMOJBUXHBIX HOCUTEJICH 3apsiia, HaKoII-
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JICHHBIX B O6J13,CT}1X, BCJICACTBUC U3MCHCHUSA KOHLICHTpALUU WH-
JKCKTUPOBAHHBIX HOCHTEIICH.

3ananus no padore.
3aganue 1. lcnons3ys cxemy Ha puc.l.2, uccienyiire npsamyro
BeTBb BAX nM0/1a M CpaBHUTE 3TH JJAHHBIE C PE3yJIbTaTaMU pacué-
TOB 10 (hopmyIie, onmuckiBaromeit BAX p-n nepexona: I=Iy(exp
U/Ui-1), rae I- Tok uepe3 nepexon npu Hanpsokenuu U; [- oOpar-
HbIH TOK; U-TeMnepaTypHbIi NOTEHIMAT IEPEX0/1a, PABHBIA MTPH
KOMHaTHOM TeMrieparype 26 MB.

Cobpath cxemy coriacHo puc. 1.2 u CHATh OKa3aHHsI aMIIepMeTpa
U BOJNIBTMETPA, IIar noTeHuuoMerpa ycraHoButs 10 Owm. Ilo pe-
3yJbTaTaM U3MEPEHUH 3aMOIHATE Ta0uy 1.

Tabauma 1.

No | CunaTokal, A. | Hanpsixenue U, B. OJICE, B.

Puc. 1.2 Cxema gnsa caatus npsimoit BetBu BAX nuona.

3aganme 2. Mcnone3ys cxemy Ha puc.l.3, uccienyiite oOpaTHyro
BeTBb BAX amona u cpaBHUTE 3TH JAaHHBIE C PE3yJIbTaTaMH pacué-
ToB 1o (opmyre, omuceBaromeir BAX p-n mepexoma: I=Iy(exp
U/U-1), tae I- Tox uepe3 nepexon npu Hanpsbkenun U; I- obpart-
HbI TOK; Ui-TeMInepaTypHbI NMOTEHLHAN NMEpPEX0/a, PaBHBIN MpHU
KOMHaTHOM Temrieparype 26 MB.
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Puc. 1.3 Cxema juist cHaTust o0partHoii BetBu BAX nuona.

3apanne 3. Vcnonme3ys cxemy Ha puc.l.4, ucciemyiTe 3aBHCH-
MOCTh 0apbepHOl EMKOCTH Iuoa oT HanpspkeHus U, v cpaBHUTE C
pesynbratamu pacuéra o Qopmyne: C=Cy (Ui/Uo-1). Lens s
HCCIICIOBAHUS COCTOUT M3 UCTOYHMKA HanpspkeHus U, pesucropa
R, remeparopa (ammmutyna 1B, uwactora 1MI'm), mymbrumerpa,
sTanoHHoro kouaencaropa Cyu ucciaemayemoro auoga VD tuma
(ideal) ¢ 6apbepnoii émkocthio C; =100 n® npu HyIeBOM HampsvKe-
HUH Ha Tepexoie.

Puc. 1.4 Cxema u1st iccienoBaHus 0apbepHON €MKOCTH JIUOJIA.

KoHnTpoabHbIe BOnpochl.
1. Kakue tumnsl quonoB Bei 3naere? IlpuBenaure ux ycioBHbIE 000-
3HAYCHMUS.
2. Kak onpenenstor nuddepeHnnan-Hoe U CTaTHIECKOE COPOTHB-
JIEHHE MOJIyTPOBOJHUKOBBIX MTPUOOPOB?
3. Kakue Buzpl mpo6ost p-n mepexoaa CyLECTBYIOT U B UM UX OT-
nnque?
4. Kakumu BuamMu EMKOCTH 00J1aaeT p-n mepexomn?
5. B uém nposiBasieTcs TemneparypHasi 3aBUCUMOCTb ITOJIYIIPOBOJ-
HUKOBBIX TIPUOOPOB?
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JladopaTtopHasi padoTa Ne2.
BoinpsimuTte/ibHbIE YCTPOHCTBA.

Llenv pabomul.. VccnenoBanre 0JHO- U JBYXIOIXYIIEPHOAHBIX BBI-
PSIMUTENBHBIX YCTPOMCTB, CPABHEHUE IOJYUYECHHBIX JKCIEPHUMEH-
TaJILHBIX JaHHBIX C TEOPETHYECKHMH, aHAIIN3 PabOTHI CrIIaKHUBaIO-
mUX QUIBTPOB, CHATHE BHEITHUX XapaKTEPUCTUK.

Kpartkas Teopusi.

[t muTaHus 3J1eKTPOHHOH anmapaTypbl, 3J1eKTpOABUraTeNnei mo-
CTOSTHHOTO TOKA, HJICKTPOJU3HBIX M IPYT'MX YCTAHOBOK BO3HUKAET
HCOGXOI{I/IMOCTB B BBINPAMIICHUN NEPEMEHHOTIO TOKa B IMOCTOSIH-
HBIH.

ITon BEIIpsIMIICHHEM MOHUMAETCSI MPOLIECC MPeoOpa3oBaHus Iie-
PEMEHHOTO TOKa B ITOCTOSHHBIN C TIOMOIIBIO YCTPONCTB, 00JIa/1at0-
LIUX OJJHOCTOPOHHEN MPOBOJUMOCTBIO (JEKTPUUECKUX BEHTHIIEH ).

BeimpsiMutenbHbIE yCTPOCTBA OOBIYHO COCTOST U3 TPEX OCHOB-
HBIX 3JIEMEHTOB: TpaHc(opMaTopa, 3JIEKTPUYECKOI0 BEHTWIS U
crnaxuBawoniero ¢uiasrpa. TpancdopmaTop MO3BOISIET HU3MEHSTH
3HAYECHUE NEPEMEHHOT0 HANPSIKEHUS, OJYyYaeMOro OT MUCTOUYHHUKA
MIUTAHUS 10 3HAYEHUsI TPEOYeMOro BHIIPSMIIEHHOI'O HAIPSKECHUS.
BreinpsMienne TepeMeHHOTO TOKa OCYHIECTBISETCS AIIEKTpHUe-
CKHUM BCHTHIJIEM. SHGKTPI/I‘ICCKI/IC BCHTWJIX IO CBOMM BOJIbT-aMIICpP-
HBIM XapaKTepUCTUKaM MOJpa3lesiioT Ha ABe rpynusl. K nepsoil
OTHOCST BaKyyMHBIE 3JIEKTPOHHbIE U MOJIYIIPOBOJHUKOBBIE TUOIbI,
BOJIBT-aMIIEPHBIM XapaKTEPUCTUKHA KOTOPBIX U1l IIPOBOISAIIETO Ha-
MpaBJICHUSI MOTYT OBITH MPUOIMKEHHO INPEACTABICHBl HAKIOHHBI-
MU HPSMBIMH, IPOXOASIIMMU Yepe3 Hadano KoopauHat (puc. 2.1,
a). Ko émopoii oTHOCAT Ta3opa3paaHbie (HOHHBIE) MPHOOPHI, y KO-
TOPBIX 3aBUCUMOCTH TOKa OT HAIIPSAXKCHUA JISI NPOBOAAMICTIO Ha-
[IPaBJICHUS MOJKET OBITh MPEICTAaBICHA BEPTUKAJIBHOM MPSIMOMN
(puc. 2.1, 6).
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Puc.2.1. BAX mnonynpoBogHUKOBEIX nuoAoB (a), BAX wmonHHBIX
iprOopoB (0).

CriaxxuBatonpie (GuUIbTphl TNpeIHAa3HAYeHBl I yMEHBIICHHS
MyJIbCAI[UM BBINPSIMJICHHOTO TOKAa W HANpPSDKCHUS Ha BBIXOJIC BbI-
MPSIMUTEIIBHBIX YCTPOUCTB.

[Ipu BRIIpSAMIICHUH TIEPEMEHHOTO TOKA B 3aBUCHMOCTH OT YHCIIA
(a3 ceTu, MUTAOMEH BHIMPIMHUTEIHLHOE YCTPOHCTBO, U XapakTepa
Harpy3Kky, a Takxke TpeOOBaHMIA, MPEABABISCMBIX K BBITPSIMIICH-
HbIM TOKY W HaIPSDKEHUIO, JJIEKTPUUYECKUE BEHTHIU MOTYT OBITh
COEIUHEHBHI 110 Pa3TUIHBIM CXeMaM.

[Ipu BBIpsIMIIEHUN OXHO(A3ZHOTO TEPEMEHHOTO TOKAa IMPOCTEii-
UMM CXEMaMH BBIPSIMICHUS SBJISIFOTCS. OJJHO- M JIBYXIIOJIyIICpH-
OJTHasl OJTHOTaKTHBIE OJTHO(A3HBIE CXEMBI.

OHOTaKTHBIMHU BBIPSIMUTEIBHBIMU YCTPOHCTBAMH SIBJISIFOTCS Ta-
KHEe, B KOTOPBIX TOK BO BTOPMYHOH OOMOTKe TpaHchopmaropa B
MIPOIIECCE BBIPSAMIICHUS TPOTEKAET TOJIBKO B OJTHOM HAIPaBJICHUH,
B JBYXTAaKTHBIX BBIIPSIMHUTEIBHBIX yCTPOHCTBAX — B OOOWMX Ha-
[IPaBJICHUSAX.

CxeMa OIHOTAKTHOTO OJHO(A3HOTO OJHOIMOJYIIEPHOIHOTO BBI-
MIpsAMIICHUS TIpeAcTaBiieHa Ha (puc.2.4.) B xadecTBe 3IeKTPHICCKO-
rO BEHTWISI B 9TOW CXEME UCIIOJIB3YETCs MOMYNPOBOTHIUKOBBIN JIU-
on 1.

[Ipy mojade mMepeMEHHOTO CHHYCOMAAIbHOTO HAIPSDKEHUS Ha
MIEPBUYHYI0 OOMOTKY COTJIACYIOIIEro TpaHcpopMaTopa HampsoKe-
HUE Ha 32)KMMax BTOPUYHOHN €ro OOMOTKM OYJET TakKe MepeMeH-
HBbIM CHHYCOHWJIaJIbHBIM, T. €.

U,=UjnSinomt.
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Jroa npoBOAUT 3JIEKTPUUECKUI TOK TOJIBKO B TOM Cilydae, Koraa
€ro aHoJ OTHOCHUTEIbHO KaToAa HMEET MOJOKUTEIbHBIA MOTEH-
nuan. Iloaromy TOk B 1ienu (BTopudHas 0OMOTKa TpaHcdopmaTopa,
JINOJT ¥ HArpy3Ka) MPOTEKAET TOJHKO B OJTHOM HAIIPaBJICHUH, T. €. B
TEYCHHUE OJTHOM TMOJOBUHBI MEPUOJA MEPEMEHHOTO HampsbkeHus. B
pe3yabTaTe 3TOr0 TOK B LIETIH HArPy3KH OKAa3bIBAETCS MYJIbCHPYIO-
UM (HEM3MEHHBIM 110 HAIPaBJICHUIO, HO M3MEHSIOIIMMCS 110 3Ha-
yeHuro). [Ipu 3TOM aMmIUTUTYIHOE 3HAYCHHE TOKA (OTHOCHUTEIBHO
HEeOOJIBIIUM COMTPOTHUBIICHUEM JIM0/Ia B IPSIMOM HAIlpaBICHUH MOXK-
HO TIpeHeOpeYb)

IZm=U2m/ RHa
rae R, — comporuBieHrne nmoTpeOUTeNs 3IEKTPOIHEPTUU (Harpys3-
KH).

KpuBasi momydaemMoro B IMporiecce OJHOIOIYIIEPHUOTHOTO BHI-
MPSIMIICHUS TTYJILCUPYIOIIETO TOKAa MOXET OBITh pa3JioKeHa B rap-
MoOHuYecKui psin Dypee:

i=l,n(1/7+1/2sinot-2/3wcos2 ot-...).

W3 mpuBeeHHOTO BBIPAXKEHUS CIIEAYET, YTO MyIbCUPYIOUIUN TOK
IpU OJHOMOJIYIEPUOJHOM BBINPSMIICHUU, KPOME MEPEMEHHBIX CO-
CTaBJSIIOIIUX PA3NMYHBIX aMIUIMTYJ M 4YacTOT, COACPKUT TaKXKe U
MOCTOSIHHYIO0 cOCTaBILIONy0 Ig=L,/nt. Ilpu »TOM mMOCTOSIHHYIO
COCTABIISIIOIIYI0 HaNpsDKEHUsI HA Harpy3Ke WM CpelHee 3HAYCHUE
BBIIPSIMIICHHOrO HamnpspkeHus: Uy ¢ y4eTOM BBbIpayKeHUsl JJIs TOKa
I, ompenenstoT U3 COOTHOILIEHUS

Ug=Rulg=(In/T)Rg=Usn/nt
Bripaxkas cpenHee 3HauCHUE BBINPSMIECHHOTO HANpPSDKEHUS 4Yepe3
JIEHCTBYIOMEE 3HAYCHUE HANPsDKCHHs Ha BTOPUYHOW OOMOTKE
TpaHcopMaTopa, UMeeM
Ud=U2m/ 7'C=0,45U2

OHONOIYNIEpUOIHOE BBIIPSIMIICHHUE IEPEMEHHOTO TOKA XapaKTe-
pHU3yeTCs TIIyOOKUMH ITyIhCAITUSIMU BEITIPSIMIICHHOTO TOKA ¥ HATIPSI-
xeHust (puc. 2.2.), KoTopsle 0OyCIOBIMBAIOTCS HAaJIMYHEM B KpU-
BBIX BBINPSMJICHHOTO TOKA WU HAIPSDKEHUS] NEPEMEHHBIX COCTaB-
JIAIOIUX — OyJibcauii. st olleHKW myJibcaluuid B TOH WM UHOU
CXEMe BBINIPSIMIICHHS BBOAAT KOA(DUIMEHT MyJbcaluii — ¢, MOJ
KOTOPBIM TTOHMMAETCSl OTHOIIEHHE aMIUIUTYABl A, HanOojee BbI-
PaXXEHHOW TapMOHUYECKOW COCTaBJISIOIIECH, BXOJAIIEH B KpHBbBIC
BEINIPSIMJICHHOTO TOKa WJIM HANpPsDKCHHS, K MOCTOSHHOW COCTaB-
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nsforeit Ay TOKa WM HAIPSKEHUS! B BBIXOHOM IIEMU BBIPSMUTE-
s q=Am/Ag.

Jns ogHONONMYTIEpHOAHOTO BHIPSAMIICHHS C Yy9€TOM TapMOHHYe-
CKUX COCTABIISIOIIUX TOKa KOA(OUIIMEHT MyJIbCAIUit

q=172*L,)/(1/7*15,)=m/2

B Teuenne mosoBUHBI MEpHOAa, KOT/IA aHOJ AMOAA UMEET OTPH-
LATEJIbHBIM OTHOCHUTENILHO KaToJla MOTEHI[HAJl, OH TOKa HE MPOBO-
JIUT, TIPU 3TOM YEPE3 JIUOJ BO3MOXKEH HEKOTOPBIM OTHOCHUTEJIBHO
HEeOOJIBIIION 00paTHBINA TOK, BIMSHAEM KOTOPOTO BO MHOTHX CITyda-
SIX MOKHO TIpeHeOpeUb.

Hampskenue, BOCOpUHUMAEMOE JHOJOM B HEIPOBOMASIIUN TI0JTY-
MepHoA, — OOpaTHOE HANPSIKEHHE Uog,(t) TIPU 3TOM ONpeensieTcs
3HAYCHHEM HaIpsDKEHUS Uy(t) Ha BTOPUYHONW OOMOTKE TpaHChOp-
MaTopa.

CHCHOB&TCHBHO, MaKCHUMaJIbHOC 3Ha-

ud YeHHe OOpaTHOTO HANPSHKEHHS, KOTO-
£ /\ poe INPUIOKEHO K JUOAY B JAHHON
Py \—~ CXeMe, DaBHO AMIUIMTYIHOMY 3Hate-
\/ Huto HanpspkeHus: U, Ha BTOPUYHOHN
ooMoTke Tpancdopmaropa, T. €. Uy,
by max=Uzm . [l03TOMY Tipu BBIOOpE Avoa
) /\ JUIL CXEMBI OJIHOTIONYIIEPUOIHOTO O/I-

L] e e ke e e e e -
= » HO(DA3HOTO OJHOTAKTHOTO BBITIPSMIIC-

o ¢

HUS HEOOXOAUMO, YTOOBI MAKCUMAJIBHO
JOIyCTUMOE 00paTHOE HaNpsHKEHUE

Uy
X nuona ObuTo OOJBINE WM PaBHO am-
5 -——J-—A—-— IUIMTYJAHOMY 3HAYEHHUIO HAIPSHKCHHUS
0 ¢ Ha BTOpUYHOH oOMOTKe TpaHchopMma-

Topa. (U0sp max=Uzm)-

Puc.2.2. [Tynbcaiuu BbIIPSAMIIEHHOTO TOKA.

K HenmocTaTkam OAHOMOTYNEPUOJHONW CXEMBbI BBIIPSIMIIEHUS Clie-
AYCT OTHCCTHU 3HAYUTCIIbHBIC ITyJIbCAlUU BBIIIPAMJIICHHBIX TOKa U
HampsDKeHHs, a TakKe HEJAOCTATOYHO BBICOKOE HCITOIb30BaHUE
TpaHcopMaropa, Tak Kak MO €ro BTOPUYHOW OOMOTKE MPU 3TOM
MOpOTEKACT TOK TOJIBKO B TCUCHHUC IIOJYyIICpUOAA. BI:IHp}IMI/ITeJ'II/I
MOI0OHOTO THITA MPUMEHSIOT TJIABHBIM 00pa30M B MaJOMOIIHBIX
YCTaHOBKAaX, KOT/Ia BBIMTPSIMICHHBIN TOK Mall, a JOCTAaTOYHO Yy/IOB-
JIETBOPUTEIHHOE CTIKWBAHUE ITyJIbCALMH MOXET OBITh oOecreue-
HO C IOMOIIBI0 (pHUIbTpa.
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Cxema NBYXMOJIYHNEPUOJHOTO OJHOTAKTHOTO BBIIPSIMUTENS TpE-
cTaBjeHa Ha puc.2.5. PaccmaTpuBaeMblil JBYXMOIYTIEPUOIHBIN BbI-
MPSIMHUTENH TIPEJICTABIACT COO0M codeTaHWe JABYX OJIHOIONyIEepH-
OJI-HBIX BBINPSIMHUTENEH ¢ 00mei Harpyskoil. IIpu aTom Hampsxe-
HUE U, Ha Ka)KI0H MMOJIOBUHE BTOPUYHONW 0OMOTKHM Tpanchopmaropa
(I—3 n 3-2) MO’)KHO paccMaTpHUBaTh KakK JBa HE3aBUCHMBIX CHHY-
COMJANIbHBIX HANpPSKEHUS, CIABUHYTHIX OTHOCHTEIBHO APYT Apyra
o ¢ase Ha yroa 180°. Tak kak Kaablil J1OJ IPOBOJIUT TOK TOJb-
KO B TEYCHHUE TOM MOJIOBUHBI MEPUOJA, KOT/Ia aHOJI €TO CTAHOBUTCS
[IOJIOKUTEIBHBIM OTHOCUTENBHO KaTOJa, TO HETPYAHO BHUIETh, YTO
IIpY 33JJaHHOM Ha pHc. 2.5. HaNpaBiIeHUH HaNpsHKEHHUsS HAa BTOpHUY-
HO# 00MOTKe TpaHc(opMaTropa MPOBOAUTE TOK OyneT auox /J;, nu-
on /[>. mpu 3TOM OyneT 3aKkpsIT. [lpn m3-
MEHEHHH HAaIIPaBJICHUS HANPSKEHUS Ha
BTOPUYHOH 0OMOTKe TpaHchopmaropa
MPOBOJSALIUM CTaHOBUTCS auon /J[2, a
o Mo /[; pomycKaTh TOK HE OyIeT, Tak
KaK €ro aHoj IO OTHOLIEHHMIO K KaToxy
Ipd 3TOM HUMEET OTPULATEIBHBIA MO-
" rtenmuan. Takum o0pa3oMm, THOIBI B
iy & i cxeMe OyAyT HaXOJUTHCS B MMPOBOSIIEM
L AN/ A fo\ - COCTOSHMM B pa3jinyHbIC IMONYIEPUOJIBI
o ] ¢ HampspKeHus Ha 0OMOTKax TpaHchopMma-
¢ Topa. B pe3synbrate, nuarpaMmbl BbI-
NpSIMJICHHBIX TOKa W HANpsDKEHUS Ha
BBIXOJIC BBINPSMUTEIBHOTO YCTPOMCTBA
OyIyT WMETh BUJ, TPEICTaBICHHBIA Ha
7~ puc. 2.3.

7 Yy Uz

Puc.2.3. JluarpaMmbl BBIPSMIICHHBIX TOKA W HAIPSKEHUSI HA BbI-

XOJI€ BBITIPSIMUTEIIA.

KpuByto BEIIPSAMICHHOTO TOKA MPHU JABYXIOJIYTIEPUOIHOM BBIIPSM-

JIEHUU MO>KHO Pa3fioKUTh B TapMOHUYECKUM psasl Dyphbe:
i,=I,m(2/n-4/31*cos2 mt-4/15n*cosdot-...).

IIpu sTOM, Tak *e KaKk WU IJISI CXEMBI OJHOIOIYTEPUOIHOTO BBI-

MIPSIMIIEHUS, HAPSAAY C IEPEMEHHBIMU COCTABIISIONIMMH TapMOHHYE-

CKMH pSI CONEPKUT W TIOCTOSHHYIO COCTaBIISIONIYIO TOKa

1=2/7*1,5y. TlocTosiHHAST COCTABIISAIONIAS HANPSOHKEHHUS Ha HArpysKe

(cpenHee 3HaYEHUE BBINPSMIICHHOTO HATIPSKEHUS )
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Ud=IdRH=(2 IZm/ TI:)RH=2 Uzm/ ,
rae 1, =U,/Ry — MakcumanbHOE (aMIDIUTYAHOE) 3HAYCHHE BbI-
npsiMIIeHHOTO TOKa; Upy, — aMIDIMTYAHOE 3HAYEHHE HANPSKEHUS
MOJIOBUHBI BTOPUYHOI 00MOTKH TpaHchopmaropa.

Kax BugHO u3 puc.2.3., cpeqHee 3Ha4eHHE BBINIPSIMIIEHHOTO Ha-
MPSDKEHUS HA Harpy3Ke MpHU JBYXIOIYIEPUOJHON CXEME YBEIHUH-
BaeTCs BJBOE 10 CPABHEHUIO C OJHOIOJIYIIEPUOJHOM CXEMOW BBI-
MIPSIMIICHUSI.

Bripaxass cpeaHee 3Hau€HME BBIIPAMIIEHHOTO HalpsOKEHHS Ha
Harpyske 4yepes JeHCTBYIONIee 3HAUCHNE HAIPSKEHUS Ha TTOJIOBUHE
BTOPUYHON OOMOTKH TpaHCPOpMaTOpa, MOoIydaeM

Ud=2U2m/TC=0,9U2.

Kak cnenyet u3 puc.2.3., myJibcaliiy ToOKa B ABYXMOJYyIEPUOTHON
CXeMe 3HAYUTENbHO YMEHBIAIOTCS 10 CPAaBHEHHUIO CO CXEMOM O-
HOIIONYTIEPUOTHOTO BbIIpsiMiieHus. KoapduuueHnt mnynbcanuu B
JAaHHOM CITy4ae

q=(4/31*L,1)/(2/7t*121,)=0.667.

MakcuManbHoe 3HaueHHe oOpaTHOrO HAINPSKEHMS Ha IUOJaX B

paccMaTpuBaeMoM cxeme
Uo6p max=2U2m°

[eiicTBUTENBHO, KOT/Ia OJMH U3 JAMOAOB MPOITYCKAeT TOK, OTEH-
LUaJI €ro KaToJa OKa3bIBaeTCs MPAKTUYECKH PABHBIM MOTEHIUAITY
aHOJa, TAK KaK HE3HAUYNTENBHBIM NaJICHUEM HAIPSHKCHHS Ha AUOAC
IIPH 3TOM MOXXHO TpeHeOpedb. ToT ke MOTeHIHal UMeeT M KaToJ
BTOPOTO JIM0JIa, B JAaHHYIO YacTh IEpH0/ia HEMPOIYCKAIOLIETO TOK,
TaK Kak KaToJpl 00OMX IMOJOB B CXeMe CBsi3aHbl. B pesynbrare
Pa3HOCTh MOTEHIUAJIOB KAaTOJa M aHOJa HEMPOIyCKAIOUIEro TUO0Aa
paBHa pa3HOCTH MOTCHLIUAIOB BHIBOJOB | M 2 BTOpUUHONH 0OMOTKH
TpaHcdhopmMaTopa, T. €. Uj3+uz=2u, (cM. puc.2.3.).

B cpaBHeHNM CO CXEMOH OJHONOIYNEPHONHOTO BBINPSMUTENS B
JIBYXIOIYTIEPHOIHOM TOK BO BTOPUYHOW OOMOTKE TpaHCdopmaTo-
pa He COIEPX HUT MOCTOSHHOW COCTABISIONICH, TaK Kak B 3TOH 00-
MOTKE TOK IIPOTEKAET B TEYECHHE BCErO NMEPHUOMA, BCIEACTBHE YETO
[MOJIMarHMYMBaHNUE CEpJCYHNKA B JAHHOM CIllydae OTCYTCTBYET, Te-
IIJIOBBIE NTOTEPH MPHU 3TOM YMEHBIIAIOTCS.

C yderoMm 3TOro NpUMEHEHHE ABYXIOIYNEPHOAHOM CXEMBI BbI-
npsMIIeHUs 0oJiee NPEANOYTUTENBHO, Y4EM OJHOIIONYIIEPHOAHOM.

CHmKeHnsT 00OpaTHOTO HANPSDKEHUS, BO3/IEHCTBYIONMIETO HA THOJ
B HENpPOBOJSLIYI0O YacTh IEPUOJA, U YMEHBIIEHHS pPACUETHOHU
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MOIIHOCTU TpaHchopMaTopa MPH JBYXIIOIYIEPUOTHOM BHIIPSM-
JICHUH TIEPEMEHHOTO TOKa MOXKHO JOCTHTHYTh TPU IEPEeXolie OT
OJTHOTAKTHOHM CXEMBI K ABYXTaKTHOH (MOCTOBOI) CXeMe.

BrimipssmMuTenb, BRITIOIHEHHBIN IO MOCTOBOU cxeme (puc. 2.6), mo-
3BOJIICT IOJNYYHUTh JBYXIOIYIEPUOIHOE BBINPSMIICHUEC MEPEMEH-
HOTO TOKa TPH TIOJTHOM HCIIOJNIb30BaHUM MOIIHOCTH TpaHc(hopMa-
TOpa, HE UMEIOIIETO CPETHETO BBHIBOAA OT BTOPHUYHON 0OMOTKH. B
ATOM cXeMme B T€UCHHE MOIyNepHoja, KOTa MOTEHIMAN BBIBOJA a
BTOPUYHOH OOMOTKM TpaHCchopMmaTopa OyJeT BHINIE MOTEHIIHAIa
ero BeIBoAa b, Tok mponyckaroT auojbl 1 u 3. Ilpu sTom auonasl 2 u
4 HaxoAsATCsA B HEMPOBOJSIIEM COCTOSIHUM. B cneayromuii nosyie-
puo OyAyT NPOBOUTH TOK COOTBETCTBEHHO JUOMBI 2 U 4, a AUOMBI
I 1 3 OymyT HAXOAWUTHCS B HEMPOBOIAIIEM COCTOSHUN. Hampasire-
HHUE TOKa B IIETIM HATrPy3KH B Te€UE€HHE 00OMX MOJIYNEpPHOAOB Iepe-
MEHHOT'O HAPSDKCHUSI IPU STOM HE MEHSIETCS.

Takum o00Opa3oM, paccMaTpuBaeMasi CXeMa SBIISETCS CXEMOWM
JIBYXTIOIYTIEPUOMHOTO BBHITIPSIMIICHUS. 3HAUCHUS CPEIHETO BBI-
MPSIMIICHHOTO HANPSOIKCHHS HA HArpy3ke u ko3dduiuenTa myibca-
WU JIIT MOCTOBOTO BBITIPSIMUTENSL ONPEACISAIOTCS TaK Ke, KaKk U
JUTS OTHOTAKTHOTO JIBYXITOJTYIEPHOTHOTO BEITIPSIMHUTEIIS.

JlanHas cxeMa BBIMPSMIICHUS [TO3BOJISIET MOYIUTh 33IaHHOE BHI-
MIPSIMIIEHHOE HANPsDKEHHE MPH YUCIIE BUTKOB BTOPHUYHOW OOMOTKH
TpaHcopMaTopa, BABOE MEHBIIIEM, YeM B OJHOTAKTHOH ABYXIIONY-
TIEPUOTHOM CXEeME BBRIIPSIMIICHHS TIPU TPOYNX PABHBIX yCIOBHUSX.

Tak Kkak BO BTOpPUYHOM OOMOTKE TpaHCcpopMaTopa B pac-
CMaTpUBAEMON CXeMe MPOTEKAeT HE IMyJIbCUPYIOIIHA, a CHHYCOU-
JAITBHBIA TIEpEMEHHBIN TOK, 3TO TO3BOJIIET YMEHBIIUTH rabapuThl
TpaHcopMaTopa Mo CpaBHEHHUIO C TpaHCHOpPMATOPOM, HEOOXOIH-
MBIM [T TUTaHUS OJTHOTAKTHOTO JIBYXIIOYIEPHUOTHOTO BEITIPSIMH-
TeJNs, PACCYNTAHHOTO HA Ty € MOIIHOCTh, TPUONM3UTENbHO B 1,5
paza.

3HaueHHe MaKCHMaJbHOTO OOpAaTHOrO HAIPSDKEHUS NpU OJIMHA-
KOBOM BBITIPSMIICHHOM HamnpspkeHuH Uy U1 MOCTOBOM CXeMBI (CM.
puc. 2.6) TakKe OKas3pIBaeTCA B JBA pa3a MEHBIINE, YeM IS OJHO-
TAKTHOW JIBYXIIOJYTIEPUOIHON CXEMBbI BhIPsAMIICHUS (CM. puc.2.5.).

MocToBbIE CXeMBbI TO3BOJISIOT OCYIIECTBISITh BBIIPSIMIICHHE Tie-
PEMEHHOTO TOKa B ITOCTOSHHBIN 0€3 UCITOIE30BaHMS COTIIACYIOIIETO
TpaHcopMaTopa IMpPH HEMOCPEJACTBEHHOM IOJIBEJACHUHN CETEBOTO
MIEPEeMEHHOTO HAIPSKEHUS K BEHTUJIHBHOMY MOCTY, KOTJa Harpsi-
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KEHHE MUTAIOIIEeN CETH HAXOAMUTCSA B COOTBETCTBUU C BBINIPSIMIIsie-
MBIM HalpsSKEHUEM.

PaccMoTpeHHBIE CXEMBl BBIIPSMIIEHUS HWMEIOT OTHOCUTENIBHO
Oospiine 3HadYeHus koddduumeHTa mysabcanuid. Mexay TeMm s
MUTaHUs OOJBIIEH YacTH AIEKTPOHHO anmapaTypbl TpeOyeTcsl BbI-
MIPSIMIIEHHOE HAIpsDKeHHe ¢ KO3 (HUIIMEHTOM ITyJIbCcalliy, He Tpe-
BEITITaromM 3Hauenuit q=0,002—0,02.

Koa¢ddunument nmynbcanuii BHIMPSIMIACHHOTO HATPSHKEHUSI MOXKHO
3HAUUTEIIBHO CHHU3UTh, €CJIIM Ha BBIXOJE BBIIPSIMUTENS BKIOUYUTH
CTIIXXUBAIOIINN dJIeKTprUeckuii ¢uinbTp. [IpocTedmumu criaxu-
BaIOIUMHU (PUILTPAMHU SBJISIOTCS KOHJCHCATOP, BKIHOYACMBIN Ia-
paeNbHO cab0TOYHOW HArpy3Ke, M JIPOCCelib, BKIIOYaeMbIH T10-
CJIEZIOBATEIBHO C CUIIbHOTOYHON HAarpy3KoH .

Jpyrue opunbTpsl (KOMOWHUPOBAHHBIE), IPECTABIISIFOIINE COOOH
COUYETaHHUSA E€MKOCTHBIX W HMHIYKTHBHBIX 3JIEMEHTOB, IO3BOJIIOT
MOJTyYUTh JIOCTATOYHO Majble 3HadeHus koddduuueHTa mynbca-
1007058

[Tpy ucnonb30BaHMM MPOCTEHILIET0 €MKOCTHOTO (HIbTpa Criia-
JKUBaHUE IMyJbCALMHA BBHIIPAMICHHOTO HANPSKEHUS U TOKA MPOHUC-
XOJIUT 32 CUET MEPHOAMYECKON 3apaakn KoHaeHcaTtopa ¢puibTpa Cgy
(xornma HampspKeHUE Ha BBIXOJE TpaHchopMmaropa IMpeBbIIIacT Ha-
MPsDKEHUE Ha HArpy3Ke) U MOCIENyoIIel ero pa3psiKi Ha COMpo-
THUBJICHUE Harpy3ku Ry.

Konpencarop, Kkak M3BECTHO, HE MPOITYCKAET MOCTOSTHHON COCTaB-
JSFOLLEH TOKa M 00JIaAaeT TeM MEHBIIUM CONPOTUBIICHUEM JUIA Tie-
PEMEHHBIX COCTaBISIIOLIMX, YEM BBIINIE MX YacTOTa. EMKOCTHbBIE
(bUIBTPBI PEANOYTHTENHHO TPUMEHSITh B CXEMax BBITIPSIMIICHHUS C
MaJbIMH 3HAUCHHUSIMH BBIIPSAMICHHOTO TOKAa, TaK KaK IPU STOM
Bo3pacTaeT 3PPEKTUBHOCTh CTIIAKUBAHUS.

[Ipocreimuii HHIYKTABHBIN CTIIQKUBAIOIMIUNA (QIIIBTP COCTOUT W3
WHAYKTUBHOM KaTyIIKM — JIPOCCEeNs, BKIIOYaeMOTO IOCJeI0Ba-
TEIbHO C HArpy3koh. B pesyibrare IyJbCalUil BbIIPSIMIEHHOTO
TOKa B KATyUIKE WHAYKTUBHOCTH BO3HMKAET 3JIEKTPOJABIKYLIAs
cwia camonHaykuun ep==L*(di/dt),koTopas B cuiny 3akoHa 3JI€K-
TPOMATrHUTHON MHAYKIIUU CTPEMUTCS CTIAAUTh IMyJbCAlUd TOKA B
LIETIM HArpY3KH, a CIEIOBAaTENbHO, U MyNbCALIMY HANPSXKECHUS HA €€
3akuMax. MHAyKTHBHBIE (DUIBTPHI OOBIYHO MPHMEHSIOT B CXEMax
BBIIPAMJICHUS C OONBIIUMH 3HAYEHHWSIMHU BBIIPSIMIICHHOTO TOKA,
TaK Kak B 3TOM cllydae yBennduBaeTcs dPGEeKTUBHOCTh CTIaKHUBa-
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Hus. [lpumep Mcnonb30BaHMs KaTyWIKM B KadecTBe (DUIIBTpa mpen-
cTaBieHa Ha pucyHke 2.7. Ha puc.2.8. mpeacraBieHa OCUUIIO-
rpaMMa BBIXOJHOTO CUTHAJIA CO CIVIAXKMBAIOIINM (UIIBTPOM.
Puc.2.7. Ucnonp30BaHue KaTyIIKy B KauecTBe QUIbTpa.

10H
4 a2
é 1200 60H=z 1k p—

L)
@

Evpand | Ground (&

—Time base Trigger
X position |-D_2|:| Lewel |D,DC| H

RE bi | A | I |8 B |

~Chanrel A ——— Channel B

[zo00 W Diw B |[zo0 wiDiv =]
¥ position [-1.20 = Y pasition | 1.50 |;_|‘
scjoE@ @ Ac|o/EE

v |H]e

Puc.2.8. OcunmiorpaMMa BEIXOJHOTO CUTHAJa CO CTIIaXKUBAIOIUM
bumsTpPOM.

3ananus no padore.
3aganue 1. MccrnenoBaTh OJHOIOMYTIEPHUOTHBIN BRIIPSIMHUTEIH

s aToro cobepute cxeMy OJHOTONYIIEPHOAHOTO BBITPSIMUTENS
corjacHo puc 2.4.
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Puc. 2.4 CxeMa 0JJHOTIOJIYTIEPUOAHOTO BBITTPSIMUTEIIS.
3aganue 2. MccrnenoBarh JBYXITOMYTNEPHUOTHBIA BBIPSIMHUTEINb.
Jus storo cobepute cxemy puc. 2.5.Ilomyunte BpeMeHHYIO nua-
rpaMMy Ha ocHuniorpade.

IE P Puc. 2.5 Cxema nByx-
S MOJTYTIEPUOTHOTO BbI-

TIPAMUTEIIA.

&
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3aganue 3. VccnenoBarh JBYXITONYNEPHOIHBI MOCTOBOM BBINpS-
mutenb. s atoro cobepute cxemy puc. 2.6. [lomyuure BpemeH-
HYIO IMarpamMMy Ha ocuuiuiorpage.

&

AN .

Puc. 2.6 Cxema qByXIOIYNIEPHOIHOIO MOCTOBOTO BHIIPSIMHUTEIIS.

3ananne 4. [IpoBecTm wWcciaenoBaHWE, aHAJTATHYHBIE 1. 2, TIPH
BKJIFOUCHHUH B CXEMY BBIITPSIMUTEIIS

a) MHAYKTABHOTO CTJIKUBAIOMIETO (DUIbTPa;

0) EMKOCTHOTO CTJIaXKHBAIOIIETO (DHUITBTPA;

B) I'- o6paznoro (LC- tuna) crinaxusatoriero GpuibTpa;

r) [1- o6paznoro (CLC-tuna) crimaxusatoriero ¢uibtpa. [IpoBectn
00paboOTKy pe3yIbTaTOB U3MEPEHUI.

3aganue 5. CocTaBUTh KpaTKHE BHIBOJBI IO paOOTE U OTBETUTH Ha
KOHTPOJIbHBIE BOIIPOCHI.

KoHTponbHBIE BOTIPOCHI.
1. TlosicHuTe Ha3HAYEHUE BHIIPSMUTEIBHBIX YCTPOUCTB.
2. VYkaxure, Kakue TPeOOBaHUS MPETBABISIOTCS K TUOJAM, HC-
IIOJIB3YEMBIM B BBIITPSIMUTENBHBIX YCTPOUCTBAX.
3. Ha3zoBUTEe OCHOBHBIE THIBI OJHO(A3HBIX BBITPIMHTEIHHBIX
CXEM.
4. OOBbsICHUTE OTIMYME OJHOTAKTHOH CXEMBI BBIPSIMIICHUS OT
JBYXTaKTHOM.
5. TlosicHuTe TPUHIUIT JEUCTBUSA OJHO W JIBYXIIOIYNEPHUOTHON
CXEM BBITIPAMIICHHS.
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6. M300pa3ute BpeMeHHbIC AHarpaMMbl HANPSKEHUH U TOKOB Ha-
IPY3KH OIHO M IBYXIIOJYNEPUOIHOHW CXEM BBINPAMICHHUS 0e3
CTJIa)XKUBAOIIET0 (PrutbTpa.

7. Ha3oBuTe OCHOBHBIE BH/IBI CTIIAKUBAIOMINX (HIBTPOB.

8. TlosicHute, B KaKuX Clydasx Lei1ecooOpa3Ho MCIOIb30BaTh WH-
IOYKTUBHBIC, & B KAKMX — €MKOCTHbIE (DUIBTPHI MM UX COYECTaHMS.
9. KakoBo 3HaueHHe KOG GUIKMEHTA TyIbCAMN HATIPSHKCHUS HITH
TOKa UCCIIElyEMBIX BBIIPSIMHUTENBHBIX CXeM?

10. TloscHute Ha3HAUEHHE COTIACYIOIIETO TpaHc(opMaTopa B BhI-
HPSIMUTEIbHBIX CXEMaXx.

JlabopaTopHas pa6ora Ne3.

N3y4yeHne cTaTHYeCKUX BOJIbT- aMIIEPHBIX XapAKTEPUCTHK
TPaH3UCTOPA.

Llenv pabomul. ccnenoBaHue CTAaTUYECKUX BXOIHBIX U BBIXOJIHBIX
XapaKTePUCTUK TPAH3KUCTOPA U ONPECTICHUE MO HUM XapaKTepH-
CTUYECKHUX /- TapaMeTPOB.

Kpartkas Teopus.

HpI/I HCIIOJIb30BAHUU TPAH3UCTOPOB B pPa3/IMYHBIX CXEMax MpEa-
CTaBJIAIOT HpaKTI/I‘iCCKI/Iﬁ HUHTCPEC 3aBUCHUMOCTU HAIPAKCHUA U
TOKa BXOJHOW 1ienu (BXOTHBIC BOJBT-aMIIEPHBIM XapaKTEPUCTUKH)
W BBIXOJHOH TIenn (BBIXOJIHBIC WM KOJUICKTOPHBIC BOJIBT- aMIiep-
HBIC XapaKTEPUCTUKH). DTH XapaKTEPUCTHKH MOTYT OBITh 3amuca-
HbI aHAIUTHYECKH WM MOCTPOeHbI rpaduuecku. [locneanuit cro-
co0 Hambosee MPOCT M HAIISANCH, IOATOMY OH HaIlen mnpeodia-
Jaroriee npuMeHeHue. BoJbT-aMIEPHBIM XapaKTEPUCTHKU CHU-
MAaroT Opru OTHOCUTCIbHO MCIJICHHBIX M3MCHCHUAX TOKA W HaIp-
XKeHUs (10 MOCTOSTHHOMY TOKY), B CBSI3U C YeM HX HA3bIBAIOT CTa-
THYeCKMMHU. BuJ XapakTepUCTUK 3aBUCUT OT CIOCO0a BKIIHOUCHHSI
TPaH3KUCTOPA.
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Puc. 3.1 Cxema BKiIIOUEHHS TpaH3UCTOpa ¢ ob1uei 6a3oit (Ob).

CyliecTByIOT TpU croco0a  BKJIFOUEHHUS TPAH3HMCTOpa: ¢ OOIIei
0azoii (OB), obmmMm smurrepoM (OD) m 0OMMM KOJUIEKTOPOM
(OK). O criocobe BriIIOYeHUS ¢ 001Iel 0a301f TOBOPUIIOCH TIPH pac-
CMOTPEHUHU IpUHLMUNA JAECUCTBUS TpaH3ucropa. Pasnuume B cro-
co0ax BKIIFOUEHHSI 3aBUCHUT OTTOI'0, KAKOW M3 BBIBOJIOB TPAH3UCTOPA
SBJISIETCA OOIIMM I BXOLHOM M BBIXOAHOW nenei. B cxeme Ob
00111eli TOYKOM BXOJHOI M BBIXOJHOM Iieneil siBiisieTcs 0a3a, B cxe-
Me OO — amuTTep, B cxeme OK — komnekrop.

B cumy Toro, 4To craTH4eckre XapaKTepUCTUKH TPAH3UCTOpa B
cxemax OO wiu OK mpuMepHO OJMHAKOBBI, Jajiee paccMaTpuBa-
FOTCSI XapaKTEPUCTUKH TOJIBKO JUISI ABYX crioco0oB BitodeHus: Ob
u 09.

Cxema ¢ OB (puc.3.1). Berxomasie XapakTepUCTUKH TPAH3UCTO-
pa B cxeme OB oTpakaroT 3aBUCUMOCTb TOKa KOJUIEKTOpa I, OT Ha-
MPSDKEHUST HA KOJUIGKTOpPE OTHOCHTENbHO 0a3bl Uyg mpu (uKCHUpo-
BaHHOM Toke smutTepa 1,=[,=F(U,s)l,=const (puc.3.2.) 3necs, pac-
CMaTpUBAaETCs TPAH3UCTOP THIA P-n-p, modromy HampspkeHue Ug
OTpHULIATEIBHOE.

Bonbr-amnepHbeie XapaKTEpUCTUKH HUMEIOT TPH XapaKTEepHbBIE
obmactu: I — cwibHas 3aBucuMocTh Ik ot Uy (HemmHeiHas Ha-
yaspHas 00J1acTh),

/| — cnabas 3aBucumocth I, ot Uy (nmHeliHas oGnacts), /// —
Mpo0O0# KOJIEKTOPHOTO TepeXo/ia.

Hna cxemsr Ob xapakTepHO pacroyio)keHHWe HadajJbHOW objacTh
IneBee ocu opauHat. 310 00YCIOBICHO TEM, YTO HANPSHKEHUE Ha
KOJJIEKTOPHOM Tiepexojie TpaHsucropa B cxeme Ob ompenensercs
CyMMOU BHYTPEHHEH Pa3sHOCTH MOTEHIUAIOB <py U BHEIIHErO Ha-
npsokeHUs Uy,
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Puc. 3.2 BbixonHble XapaKTepUCTUKHU TPAH3UCTOPA, BKIFOYEHHOTO
no cxeme ¢ Ob.

IIpu Uy = 0 u 3agaHHOM TOKE 3MHUTTEpa JBIPKU TepedpackiBa-
I0TCSI B KOJUIEKTOP W3 0a3bl OJ JCHCTBHEM BHYTPEHHEH pasHOCTH
noteHanoB ¢o; mpu U = 0 Toxk I # 0. UToObI yMeHBIIUTH TOK I,
HY’KHO CO3/1aTh BCTPEYHBII MMOTOK JBIPOK Yepe3 Mepexol, T. €. Te-
PEBECTH KOJUIEKTOPHBIM Tlepexoi MyTEéM W3MEHEHHs MOJSPHOCTH
HanpskeHust Uyg pexXuM MHXXEKIHMH HOocuTenel 3apsaa (B pekuM
smutTepa). [Ipu mogaue HEKOTOPOTO HANPSHKEHHS TOJIOKUTEIHEHON
nossipaocTa Uy (Ha puc. 3.2 oTKIaapiBaeTcs BIEBO OT To4kU ()
MOTOKH JBIPOK uepe3 KOJUIEKTOPHBIN Iepexoa OyAyT B3auMHO
ckoMmneHcupoBaHbl M TOK  [,=0. EcTecTBeHHO, 4TO ¢ yBeIMYCHHEM
Toka I, a1 aTOro HeoOXoaUMO MoAaTh HampspkeHne Us OOJbITei
BEJMUYMHBL. DTUM OOBSACHSIETCS CMEUIEHHE BJIEBO HAYaJbHBIX yda-
CTKOB XapaKTEPUCTHK IIPH OoJbIeM Toke I,

OCOOCHHOCTBIO XapaKTEPUCTHK B 00JacTU // SBJIAETCS WX HE-

00JIbIIOH MOIbEM TP YBeIMUeHUH HanpspkeHUs U,g,
Hekotopoe yBenmuenne Toka I, oOycroBnvBaeTcsi yBeTHUYEHHUEM
koddduimenTa nepenayn ToKa a TPaH3UCTOpPa BCIEJCTBUE BO3HU-
Karomiero 3¢ dexra MOAYIALMHU TONIIMHEI 6a30Boro cios (3ddekra
MoayJAnuu 6a3bl), a Takke pocta Toka lyo- F(Uys)

Oddext Momyauu 0a3sl CBA3aH C PACIIUPECHUEM KOJUIEKTOP-
Horo mepexona L, 3a cuer yBennueHus: 0ObEMHOTO 3apsiia B HEM,
BBI3BaHHOTO TOBBIIeHNeM HanpsokeHus Ug. [lockonbky pacmmmpe-
HHE TIepexoj]ia MPOUCXOIUT TIIABHBIM 00pa3oM 3a c4eT 0a30BOTO
ciosi, Kak Oojiee BBICOKOOMHOTO, MOBbIIIeHHE HampspkeHUs Ug
MPUBOIUT K YMEHBIIEHUIO TOJIMHBI 0a30Boro ciod Lg, a cienoBa-
TEJNBHO, K YMEHBIICHHUI0 YHUCIIA aKTOB PEKOMOWHAIWI JBIPOK C.
3JIEKTPOHAMU B Hell, yBenmueHHto koddduirenTa a u Toka .
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HekoTopoe Bo3pacranue Toka I, Ha BEIXOJIHBIX XapaKTEPUCTHUKAX
MIPH TIOBBIMICHUH HarpsbkeHus: Uy BCIENCTBUE YBETHMYEHUS KO-
(dunmenTa a 3a cueT dddexTa MoIyISIIH 0a3sl (puc. 3.2) xapakTe-
pusyercs nuddepeHIraIbHbIM COMPOTUBICHUEM KOJUIGKTOPHOTO
nepexoga  TIye-dUs/dl;  I,=const, koTopoe MOxeT ObITh HAWJCHO
M3 KOJUJIEKTOPHBIX XapaKTEPUCTHK KaK OTHOIIEHHE MpHUpaIIeHUN
HaNpsDKEHUsT U TOKa. J[Jisi MaJOMOIIHBIX TPAH3UCTOPOB BEIIMYMHA
Ixs) coctasiseT 0,5—1 MOwm.

Ipu I, = 0 3aBucumocts I, = F(Uys) npeacrasnser coboi oopar-
HYIO BETBb BOJIFT-aMIIEPHOW XapaKTEPUCTUKU KOJIEKTOPHOTO pP-N-
nepexoga. OOpaTHBI TOK KOJUISKTOPHOTO TEPEX0ja OIMpPEeisieT
COCTaBJISIONIYIO /ip B KOJUIEKTOPHOM TOKE TPaH3UCTOPa.

B o0Omactr // BEIXOIHBIE XapaKTEPUCTHKH MPAKTHICCKA JTHHCH-
HBl U CONPOTHBIICHHE TyG) MOXKHO TMPHHATH HeM3MEHHbIM. Toraa
JUtst 3ToM obmactu 3aBucuUMOCTh I, = F(Uys) MOXKHO TpeICTaBUThH B
aHAITMTHYECKOH popme:

L= al,+ U/t )+ (1)

Hannuue cocrasmstromeit Iy B Belpaskenuu (1) sBiserca ogHoi
Y3 TIABHBIX NPUYHH TEMIIEPATYPHON 3aBUCHMOCTH BBIXO/HBIX
(KOJIIEKTOPHBIX) XapaKTEPUCTUK TPaH3UCTOpa. BiusiHue Temmepa-
Typbl IPUBOAMUT K M3MCHECHHUIO TOKA lxo U CMELICHHIO XapaKTepH-
CTHK BBEPX IPH MOBBIIIEHUN TeMIIepaTypbl (ITyHKTUPHBIE KPHUBBIE
Ha puc. 3.2) ¥ BHU3 IIPU €¢ CHIDKCHUH. Takoe ke BO3-IACHCTBHE Ha
KOJUICKTOPHBIC XapaKTePUCTUKK (B MEHBIICH CTEIEHU) OKa3bIBAaCT
W 3aBHCUMOCTh OT TeMIeparypel KodpduuueHta o ITo 00y-
CJIOBJICHO TEM, UTO B pabodeM Auamna3zoHe TeMIlepaTyp HaOJIrogaeT-
Cs1 HEKOTOPOE YBeIUueHUe KO3 (UIIUSHTA 0L C POCTOM TeMIIepaTy-
PBL

KomnekropHbie XapakTEpUCTHKH MOXXHO CYHMTATh SKBUJIHU-
CTAaHTHBIMH B HEOOJIBIION 00macTn u3MeHeHus Toka I,. ITpu sTom
PaBHBIM MIPHUPAIICHUAM TOKA [, COOTBETCTBYIOT IPUMEPHO PaBHbBIC
npupauieHus: Toka I, (puc. 3.2). B Gonbliom nuamnazoHe u3MeHe-
HUS SMUATTEPHOTO TOKAa XapaKTEPUCTUKH HENb3S CUUTATh SKBHIHU-
CTAaHTHBIMH B CHJIy UX 0O0JIC€ T'YCTOrO PACIOJOKEHHUS MPH MajbIX
u OonbIIMX TOKax I, u Gojee peaKoro — MpH HMPOMEKYTOUHBIX
3HAYCHUSIX. YBenudeHue Kod((UIMEeHTa o W JIOCTIKEHHE UM
MaKCHMaJbHOTO 3HAYEHHS C BO3PACTAHWEM 3MHUTTEPHOTO TOKa
OOBSICHSICTCS OTHOCHUTEJIBHBIM YMCHBIICHHEM YHCIa aKTOB pe-
KOMOMHAIIMH JBIPOK B 0a3e ¢ POCTOM KOJMYECTBA BXOISAIINX B
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Hee IBIPOK. J[JIsl MajJOMOIIHBIX TPAaH3UCTOPOB MAaKCUMyMY Kod¢-
(uIenHTa o COOTBETCTBYET TOK SMUTTEpa, paBHbIH 0,8—3 MA.

T
U =4

iy

'yﬂ-l

Puc. 3.3 BxoaHble XapakKTepUCTUKHA TPAH3UCTOPA, BKIFOUEHHOTO TI0
cxeme ¢ obmeit 6a30ii.

Juis  TpaH3ucTOpa CYIIECTBYET MpeAesl IOBBIMIECHUS KOJIJICK-
TOPHOTO HAINpPSDKEHHS BBHULY BO3MOXKHOTO DIIEKTPUIECKOTO MPOOOsi
KOJUIEKTOPHOTO Tiepexoia (06sacthb /// Ha puc.3.2), KOTOPBIA MOXKET
MepeiTH B TEIUIOBOM MpoOoii. BenmnuynHa A0MycTHMOro Hampsbke-
Hust Uy YKa3bIBa€TCsl B CIIPAaBOYHHUKAX.

Bxoonvie xapakmepucmuxu tpansucrtopa B cxeme Ob (puc. 3.3)
MPEJICTABISIOT c000it 3aBucuMocTb 1, = F(U,5)Us=const u o Bugy
ONMU3KK K TIPSMOW BETBU BOJBT-aMIIEPHOIM XapakTepHUCTUKU p-n
nepexoja (auomaa).

Bxonnas xapakTepucTuka, cHATas npu OosbiieM HanpsbkeHud Uy,
pacrionaraeTcs JieBee M Bhllle. IT0 oOycnoBiuBaercs 3¢dexkrom
MOIYJISIIMK 0a3bl, NPUBOSIIUM K IOBBILIEHUIO I'PAaAWEHTa KOH-
[IEHTPAIH IBIPOK B 0a3e U yBEIMYCHUIO TOKa L.

Cxema ¢ OD. B cxeme ¢ OD BBIBOJ 3MUTTEpa SBISETCS OOLINUM
JUIS. BXOJIHOM M BBIXOJHOMW Iiened Tpansuctopa. HanpspkeHus: nu-
taHus Ug,, Uy, OJAIOTCS COOTBETCTBEHHO MEXKIY 0a30¥ U IMHUTTE-
pOM, a TaKkKe MEXIY KOJJIEKTOPOM U IMUTTEPOM TpaH3UcTopa. bes
ydera IMajieHus HanpspkeHus B 0a3oBoM cioe HanpspkeHue Ug, orr-
penenser HanpsokeHWe Ha AIMUTTEPHOM Tepexoze. HanpsokeHne Ha
KOJUIEKTOP-HOM II€peX0/ie HaXoAiT Kak pa3HoCcTh Uk3-Usg,.
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Buvixoonvie xapaxmepucmuxu Tpansucropa B cxeme ¢ OO or-
pEeAensIOT 3aBUCHMOCTHh KosuiektopHoro Toka [ =F(U,) mpu
Ie= const. Kak u ana cxemsl Ob, 31ech MOKHO BBIICIUTHh TPU Xa-
paxkTepHble 00JIaCTH: / — HadalbHas 00JIacTbh, / — OTHOCHUTEIHHO
ciabas 3aBucumocts Iy ot Uy, /// — 1po0oii KOJIEKTOPHOTO Tie-
pexona.

KonnexropHsle XapakTepuUCTHKH TpaH3ucTopa B cxeme ¢ OO oTiu-
YaroTcsl OT COOTBETCTBYIOIIMX XapakTepucTuk B cxeme Ob. B ua-
CTHOCTH, OHM Ha4YWHAIOTCS M3 Hadalla KOOPJUHAT W y4acToK / pac-
nojaraercss B nepBoMm kBajapante. [lpu U, = 0 HampsikeHue Ha
KOJUIEKTOpHOM mepexojie paBHO Us,, KOJUIEKTOPHBIM MEpexo]| OT-
KPBIT U UHXEKTUPYET IBIPKU B 6a3y. [loTOkH IBIpOK depe3 KoIeK-
TOPHBIN MepeXxo] (0T KOJI-JIEKTOpa B 0a3y W OT SMUTTEPA B KOJIJICK-
TOpP) B3aUMHO ypaBHOBEmUBaOTCSI U TOK L, = 0 . [1lo Mepe moBBI-
uieHus: HanpsbkeHus: Uy, B obnactu | npsimoe HampspkeHHe Ha KOJl-
JIEKTOPHOM IIEPEX0JIe CHUXKACTCS, €r0 WHXKEKIHS YMEHbBIIIAeTCs, U
ToK I, Bo3pacraer. Ha rpanuue ¢ obmacTsio // mpsimoe HampsoKeHUe
CHHMAETCs ¢ KOJUIGKTOPHOTO Iiepexo/ia U B 00J1acTH // Ha mepexoje
IeicTByeT oOpaTHOe HanpspkeHue. Touke mepexoa oT o0yacTu / K
obmactu / / coorBeTcTBYyeT Hampsbkerue Uy, mopsaka 0,5—1,5 B.
Otnuuue xapakTepucTUK sl cxeMbl OO B o0sacTH // TOKaxeM,
BeIpasuB B (1) Tok I, uepes Is u Tok I B cooTBeTcTBHM € hopmynoii:
I,= I+l [Tocne 3amennl U Ha Uy, moigydaem KOJUJIEKTOPHbBIE Xa-
PaKTepUCTUKH TpaH3UCcTOpa B cxeme O, 3amucaHHbIC B aHAIUTU-
yeckoii hopme:

a Ukk

I+ +
l-a rm6)1—a) 1-a
Ukxk
rk(6)/(1+D)

Leo=PIs+

+(1+B)*IK07 (2)

rae f=l/lz=a/(1-0)—xo3p bUIMUEeHT mepeTadyu TOKa B
cxeme O03.

Koad¢umuent B nmokaspiBaeT CBSA3b TOKAa KOJJICKTOpPA C BXOIHBIM
TokoM lg. Ecimu urst TparzuctopoB koaddunuent a = 0,9-0,99, to
koddurment B = 9-99. MHpIMU cllOBaMU, TPAH3UCTOP B CXEME C
OD naet ycuieHHe MO TOKY. DTO SIBISETCS BaXXHEMIIUM MpPEeUMy-
[IECTBOM BKJIFOYEHHS TpaH3HUCTOpa 1Mo cxeme ¢ OO, uem, B 4aCTHO-
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CTH, ompenenseTcss Oojiee MIMPOKOE MPAKTHYECKOE NPUMEHEHHE
3TOM cXeMbl BKJIIOUEHHS IO cpaBHEHUIO co cxeMoi ¢ Ob.

Bripakenne (2) MOKHO TIEpETHCaTh B BUJIE:

IK=BIG+UK3/ rK(6)+IK0(3) ’ (3)
FAE Ms) = Nk (1 + B), /o= (1 + B ko
Tax xe kak u B cxeme Ob, KOJIEKTOpHBIE XapaKTEPUCTUKH HMEIOT
HEKOTOPBIA HaKJIOH K ocu abcuuce (puc.3.2.), BbI3BaHHBIN 3 dek-
ToM MoayJssnuu 0a3el. OJHAKO ATOT HAKJIOH B cxeme OO Ooubliie,
yeMm B cxeMe Ob, Tak kak maible u3MeHeHHUs KO3(PUIMEHTa a TI0
JIefcTBHEM HM3MEHEHHWS HANpsKEHHS Ha KOJUIEKTOPHOM MEepexojie
JIAI0T 3HAYMTEIbHBIC U3MeHeHus ko3dduuuenta B = o/(1 — o).
VYka3aHHOE SBJICHHWE yYWUTHIBACTCS BTOPHIM CllaraeéMbiM B TPaBOi
gacTu ypaBHeHus (3.). JluddepeHnuaibHOe COMPOTHBICHUE Tk(5)
KOJIJIEKTOpHOTrOo mepexona B cxeme ¢ OD B (1 +f) pa3 MeHblue
mudepeHnnaTbHOr0 COnpoTUBIeHUS T((0) B cxeme ¢ Ob u co-
craBiseT 30—40 kOm.
W3 npuHImMna neldcTBUS TPaH3MCTOpPA M3BECTHO, YTO Yepe3 BBHIBOJL
0a3pl MPOTEKAIOT BO BCTPEYHOM HAIPABICHUH JIBE COCTABIISIONINE
Toka (cM. puc.3.1.): oOpaTHBI TOK KOJJIEKTOPHOTO Tiepexona Iy, u
yacTh ToKa aMutTTepa (1 — a)/,- B cBsi3u ¢ 3TUM HyneBoe 3HaYCHHE
Toka 0asbl (/s = 0) ompenensercs paBeHCTBOM YKa3aHHBIX COCTaB-
JISIOUINX TOKOB, T. €. (1 — a)l,. HyneBoMy BXOZHOMY TOKYy COOT-
BeTCTBYIOT TOK 3MutTepa I, =lw/(1 — a) = (1 + B)lxo ¥ TOK KoJI-
nextopa Li=al,+;=al/(1-0)+Lo=(1+p)lx.MaBIMU crOBaMu, mpu
HYJICBOM TOKE 0a3bl depe3 TpaH3ucTop B cxeme ¢ OO mpoTekaer
TOK, Ha3bIBACMbIM HAuaJbHBIM WJIM CKBO3HBIM TOKOM l(3) U pas-
Helid (1 + B) L. OTUM 00ycioBNHMBaeTCS HaTUYKE TPEThEH COCTaB-
nsrotnie Toka I B Beipaskenusx (2) u (3). Takum oOpa3oM, TOK KOJI-
JIEKTOpa MPH BXOJAHOM TOKE, paBHOM HYJIIO, B cxeme ¢ OD B
(1 + B) pa3 6omnbuie, uem B cxeme ¢ Ob.

Ecin e sMHTTEpHBIN Hepexoj MepeBeCTH B HEMPOBOJISIIEE CO-
CTOSIHUE, T. €. moAarh HanpspkeHue Ug,> 0, TO TOK KOJUIEKTOpa CHU-
surcs 10 Iy, (puc.3.4.) u Oyner onpenensiTbcss OOpPaTHBIM (TEILIO-
BBIM) TOKOM KOJIJIEKTOPHOT'O TEPeXoja, MPOTEKAIONIMM IO LEMU
0a3za — kosurekTop. O0MacTh XapaKTEpUCTHUK, JIeKaImas HIDKE Xa-
PaKTepUCTUKH, cOOTBeTCTBYIOMIEH I = 0, Ha3pIBaIOT 00JIACTHIO OT-
CEUKH.
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Puc.3.4. Beixogusie (a) u Bxomuble (0) XapaKTEpUCTHKH TpaH3U-
CTOpa, BKJIFOUEHHOT'0 10 cxeMme ¢ 0.

KonnekTopHble xapakTtepucTuku B cxeme OO, Tak e KaK U B CXe-
me OB, monBep:keHBI TeMmepaTypHbIM cMemnieHnsaM. OHaKO TeM-
NepaTypHble BO3JEMCTBUSA 3/1eCh MpPOSIBIAIOTCA CHJIbHEE, 4YeM B
cxeme OB. D10 00yCIOBIICHO, BO-TIEPBBIX, HATMIUEM MHOKHTEISI
(1+PB) nepen Ixy B dopmyne (2) u, BO-BTOpBIX, 0OJee CHIBHBIMU
TEeMIepaTypHBIMH H3MeHeHHAMHU Kodddunuenta f= o/(1 — o) npu
OTHOCHUTEJIbHO MaJlbIX TEMIEpaTypHBIX U3MEHEHHAX K03 (uimeH-
Ta 0.

Bonee pe3ko 31ech BhIpakeHa M HEIKBUIUCTAHTHOCTh XapakTe-
PHUCTHK, TaK KaK 3aBUCUMOCTb KO3((HUIMEHTa a OT TOKa IMHUTTEpPA
(KoyTekTopa) CHIILHO CKa3hIBAeTCS HA 3aBUCUMOCTH K03(durmeH-
ta ot Toka I,(I;). Heo6xonnmo ykas3are u Ha TOT (aKT, 4TO B CXe-
Me ¢ OD npoboii KOIJIEKTOPHOTO Mepexo/ia HACTYNaeT MpH KOJUIEK-
TOPHOM HanpsbkeHuu B 1,5—2 pa3a meHblieM, 4eM B cxeme ¢ OB.
Bxonueie (06a30BbIe) XapaKTEpUCTHKH TPAH3UCTOPA OTPaKalOT 3a-
BHUCHUMOCTH TOKa 0a3bl OT HampsDKEHHUs 0a3za — IMHUTTEp MpH (HUK-
CHUPOBAaHHOM HAIPSXKEHUHU KOJUIEKTOP — 3MUTTEP:

I,=F(Us,) Ux,=const.

IIpu U,,=0 BxomHas XapaKTEpUCTHKa COOTBETCTBYET IPSMOU
BETBH BOJBT-aMIICPHOM XapaKTEPUCTUKU JABYX P-N-IIEPEXOA0B
(3MUTTEPHOTrO U KOJUIEKTOPHOT0), BKJIFOYEHHBIX [1apaljIeNIbHO.
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Tok 0a3bl MpU 3TOM PaBEH CyMME TOKOB 3MUTTEPa U KOJLICKTOPA,
paboTaromero B pexxnuMe SMUTTEpPA.

IIpu U,,<0 Tok 0a3pl COCTaBISET MaIy YacTh TOKa SMHTTEpA.
IIpu onpenenennoit Benmuune Ug, mogada HanpspreHust Uy,<0 BBI-
3BIBAET YMCHbIIICHUE TOKA Ig, T. €. CMEICHUE BHU3 XapaKTEPUCTHK
OTHOCHUTEIBHO KpUBOH co 3HaueHueMm Uxs = 0. [lanbHeiiiiee yBe-
JIMYeHUEe a0COMIOTHON BeluuuHbI Uy, TaKKe CMEIIACT XapaKTepH-
CTHKHU K OCcH aOCIMCC BCIICACTBHE YMEHbIIEHUS TOKa Ig u3-3a 3¢-
(hexta MOTyISATIUM Oa3bI.

B toke Is mpucyrctByer cocrasisitomas I.lloatomy npu Ug,<0
BXOJIHBIC XaPAKTEPUCTUKU HCXOJAT M3 TOYKH C OTPHUIIATEIBHBIM
3HAYEHHEM TOKa 0a3bl, paBHBIM Iy.

3aganus no padore.
3aganme 1. CHATL cEMENCTBO CTATUYECKUX BXOIHBIX U BBIXOIHBIX
XapaKTEPUCTUK TPAH3UCTOPA, BKIFOUYEHHOTO MO CXeMe ¢ 00IIen
0a30ii, ¥ ONPEeNUTh 110 HUM XapaKTepPUCTUIECKHe h- mapaMeTpel.
Cxema g uccnenoBannst BAX Tpan3ucropa mokaszana Ha puc. 3.5.
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Puc. 3.5. Cxema uia custust BAX tpansucropa c Ob.

CewmeiictBo BXoaHBIX BAX cHUMaeTcst pu (pUKCHPOBaHHBIX 3HA-
yeHusix Uy, nytém wusmenHeHuss Ttoka I, u umsmepenus Ugp,
.CemelicTBOo BBIXOOHBIX BAX cHHUMaeTcss NpH (PUKCHPOBAHHBIX
3HaueHusx I, nyTém uzmenenus Hanpskenus: Uy, U u3mepenus Iy,
3aganue 2. MzMeputb MoTylib KO3 PHUIIMEHTA ITepeaadl TOKa
amMuTTEpa. hy; Ha BRICOKOH yactoTe. Cxema [Tt U3MEPEHHSI MOTYJIS
koddduilneHTa nepegadu ToKa nokasana Ha puc. 3.6
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Puc. 3.6. Cxema i1t u3MepeHust KodQQHIMeHTa epeiadn ToKa.

Monynb ko3 dunrenTa nepeaadn Toka hy,= I/ I, paccuntpiBaercs
IO TIOKA3aHUsIM aMIIepPMETPOB.

3amanme 3. CHATL CEMENCTBO CTATUYECKNX BXOAHBIX M BBIXOIHBIX
XapakTePUCTUK TPAH3UCTOPa, BKIIOUEHHOTO 1o cxeme ¢ O, u om-
peneNnuTh 0 HUM XapakTepuctuieckue h- napamerpsl. Cxema Jiist
nuccnenoBanust BAX Tpan3ucropa nokasana Ha puc. 3.7

ooy —

Puc. 3.7. Cxema mns castus BAX tpansucropa ¢ 0.

3aganue 4. CocTaBuTh KpaTKKe BBIBOJBI 10 paboOTe M OTBETHTH HA
KOHTPOJIbHBIE BOIIPOCHI.

KoHTpoJibHBIE BONIPOCHI.
1. Ha3oBuTe TUIBI TPAH3UCTOPOB.
2. HapucyiiTe Tpu cXeMbl BKIIOUECHHS TPAH3UCTOPA B CXEMY.
3. YcraHoBHTE B3aUMOCBSI3b MEX/IYy TOKAMH 3MUTTEPa, KOJJIEKTOpa
u 6a3bl TPaH3UCTOPA.
4. 3anuiuuTe B3aUMOCBSI3b MEXKAY HE3aBUCHMBIMH NEPEMEHHBIMHU
TPaH3UCTOPa KaK YETHIPEXIIONOCHHUKA Yepe3 h- mapameTpsl.
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JladopaTtopHasi padoTa Ne4.

HN3yyeHue 0IHOKACKAIHBIX yCUJIMTeJIell HA OMIOJISIPHBIX TPAH-
3HCTOpAX.

Llenv pabomoi: Hccnedosanue npumeHenss Mpan3ucmopa 8 cxeme
00HoKackaodHno2o ycunumens nanpscenusi ¢ OJ. Hcecnedosanue
BNUAHUSL NAPAMEPOB INEMEHINOB CXEMbL YCUTUMENbHO20 KACKA0A
(¢ O3) na e2o ocHoBHbIE XaAPAKMEPUCUKUL.

Kpartkas Teopus.
Knaccupukayus ycunumeneii

Bce ycmnurenu MOKHO HOIpa3feNMTh Ha JBa Kiacca C JH-
HEWHBIM I HENMHEHHBIM PEeKUMaMH paOOTHI.

K ycunurensM CITHHEHHBM PEXUMOM
p a6 o Thl (WK YCUIUTENSIM MIHOBCHHBIX 3HAYCHUHN ) TIPEAbsBIIS-
eTcs TpeOoBaHHME TOJyYeHHs BBIXOIHOTO CHTHANA, OJM3KOTO IO
(hopme k BxomHOMY. MckaxkeHns: (hopMbI CUTHANA, BHOCHMBIE YCHITH-
TeJieM, JOJDKHBI ObITh MUHUMAIIBHBIMU. JTO JIOCTHTaeTcs Omaromaps
MIPONOPIMOHANBHOM Iepe/iaue yCUJINTEeNeM MTHOBEHHBIX 3HAUeHUH
HanpspKeHHUs (TOKa), COCTABJISIONIMX BO BPEMEHHM BXOIHON CHTHAJ.
Koo urmentsr ycnmenns 31ech pacCUUTHIBAIOT MO aMILTUTYTHBIM
WM JEUCTBYIONINM 3HAUSHUSIM (B CIydae CHHYCOMJAJbHOTO CHTHA-
Jla) HaNpsKEHUS U TOKA.

Baxueimmm mokazaTesaeM YCHIUTENEH ¢ JMHEHHBIM PEXUMOM
paboTBl sBISIETCI AaMIOJIHUTYIHO-YacTOTHAA Xa-
pakTte-pucTuk a (AUX), orpaxkaromnias 3aBUCUMOCTh MO-
nyist ko dunuenta ycunenus K, ,onpeneneHHoro st CHHYCOH-
JAIFHOTO BXOJHOTO CHTHAJa, OT YacTOThl. B 3aBHCHMOCTH OT BHAa
AYX ycunuTenn C JIMHEHHBIM DPEKUMOM paOOTHI TOPa3JEIsIOT
(puc.4.1.) Ha ycunumenu MeONeHHO UIMEHSIOWEL0Cs CUSHANA (YCUTU-
menu nocmosinnozo moxa — YIIT), ycunumenu 38yxoevix uacmom
(Y3Y), ycunumenu evicoxoii wacmomst (Y BU), wupoxononocuwie ycu-
aumenu (ITY) u yskonoaocuwie ycurumenu (YIIY).
XapaxtepHas ocobenHocTh YIIT — cmocoOHOCTh yCHIIMBAThH CHUT-
HallBl ¢ HIKHEH 9acToTOW, mpumbimkaromeics k Hymo (f;> 0).
Bepxnuss rpannma vactotsl f, B YIIT MoXeT cocTaBisTh B 3aBUCH-
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Mocti ot HasHauennst 10°—10° T'u. V34 xapaxTepusyercs 4actor-
HBIM JMana3oHoM OT aecsiTkoB repi (f,) no 15—20 kI’ (f;). YBU
HMMEIOT I0JIOCY IPOIYCKaHUS OT JECATKOB KWJIOTEpL 0 JECATKOB U
coreH Merarepu. IIITY uMeOT HUKHIOIO TPaHULy YacTOTHI MpH-
MEpHO Takylo ke, kak Y3U, u BepxHioto — kak YBY. Ha ocHose
IIITY BBIMONHSIOTCA AUHElHbIE UMNYIbCHBLE YCUTUMENU.

VIIV xapakTepu3yloTcsi IPOIYyCKaHUEM Y3KOW IOJIOCH Yac-
TOT.

YCUJIIUTEIIN
I \
Ycunurenu ¢ Ycunurenu ¢
JIMHEUHBIM HEJIMHEWHBIM
pexKUMOM pexUMOM pa-
0OTHI
VIIT Vy34y YBY HIITY VITY
Puc4.1.

B ycunumrtensx ¢ HEIHUHCHHBM pPECXU-
M OM pabd O T Bl MPOMOPHHOHAIBHOCTH B MepeAaue MIHOBEHHBIX
3HAYEHWI BXOMHOIO CHrHajia OTCYTCTBYeT. [locie mOoCTKeHus He-
KOTOPO# BEJIM--YMHBI HAITPSDKEHUS BXOHOTO CHTHAJIA MPH €ro YBe-
JUYCHUN CHUTHAJl HAa BBIXOJC YCHIINTEISA OCTaeTCs 0e3 M3MEHCHHS
(orpaHuYMBacTCS Ha HEKOTOPOM YpoBHE). Takue yCHINTEH HAIILITH
MpUMEHEHHEe I TpeoOpa3oBaHMs BXOJHOTO CHUTHANIA, HAIIPUMED
CHHYCOMIAJIBHOIO, B  HUMIYJbCHBIA  CHUTHAT  (VCunumeinu-
oepanuyumenu). OHA UCHONB3YIOTCS TaKXKe IS YCHUJICHHS HM-
MYJIbCOB (HeIUHElHble UMNYIbCHbIE YCUTUMENU).

B Hacrosimee Bpemst ycWIIUTENbHas TEXHUKA Oa3WpyeTcs Ha
JUHEHHBIX (aHAJOTOBBIX) HHTETPAIBHBIX MHKPOCXEMaX, UTO yUH-
THIBAETCSI CMBICIIOBOI HAIPaBJIICHHOCTBIO MPEACTABICHHOTO MaTe-
puaa.
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YceunaureasHblii kackan ¢ O3,

OcHOBHBIMU 371eMeHTaMu cXeMbl ¢ OO (puc.4.2.) SBISIOTCS UCTOY-
HUK nuTanud E,, ynpasisemsblil aieMeHT-Tpan3uctop 7 u pe3u-
ctop Ryi. DTu sneMeHTs 00pa3yloT TTaBHY 0 LeEeNb
YCUJIMTENIBHOTO Kackajia, B KOTOPOM 3a CueT MIPOTEKaHMs YII-
paBisieMoro Mo Ienu 0a3bl KOJJIEKTOPHOTO TOKAa CO3/1aeTCsl yCH-
JICHHOE MePEMEHHOE HaMpsKEHUE Ha BhIXoae cxeMbl. OcTalb-
HbI€ 3JE€MEHTBl KacKajlla BHIIOJHAIOT BCN OMOTaTeab -
HYy 10 poiab. Konaencaropel Cp, Cp, SBISIIOTCS pa3feiauTesb-
veiMu. Konperncarop Cp,) HCKII0O9aeT MIyHTUPOBAHUE BXOTHOU
Lenyu Kackajaa IeNbI0 MCTOYHUKA BXOJHOTO CHUTHAJNa MO IO-
CTOSIHHOMY TOKY, YTO IO3BOJISIET, BO-MIEPBIX, UCKIIOUUTH HpPOTE-
KaHWE TIOCTOSIHHOTO TOKA Yepe3 UCTOYHHK BXOIHOTO CHTHAJIA TIO TeTTH
E,. —R; —R[ u, BO-BTOPBIX, 00ECICUUTh HE3aBUCHMOCTh OT BHYTPEH-
HETO COIIPOTHBJICHUS 3TOr0 UCTOYHMKA K, HampshkeHus Ha 0asze [,
6 pexuMe nokosd. @ynkuus kouaeHcaropa C,, CBOAUTCS K IPO-
IyCKaHWIO B IIETIh HArPY3KH TEPEMEHHOW COCTABIISIONIEH Hampsi-
JKCHUS U 33/ICP>KAHUI0 MOCTOSTHHOW COCTaBIISIONICH.

-Ek
-5

1

I,
—— 0
Fa

[
s: 2

Puc.4.2. YcunurenspHseii kackan ¢ O0.
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Pesuctopsl R;,R, ucnonb3yrorcs s 3ajaHus pesxxuma MmoKost
kackaga. Ilockonbky OWMONSIPHBIA TPAH3UCTOP YIPaBIACTCS
TOKOM, TOK TOKOS YIIPABJIIEMOTO 3JIEMEHTa (B TAHHOM CIIydae TOK
Ixn) CO3maETCS 3a1aHMEM COOTBETCTBYIOMIECH BETUIMHBI TOKA Oa3bl
nokos Ig,. Pesucrop R, npennazHaven s co3gaHus LENU Mpo-
TekaHusa Toka lg,. CoBMecTHO ¢ R, pesuctop R; obecreunBaer mc-
X07HOe HampspkeHne Ha 0asze Upjy, OTHOCHTENIBHO 3a)KUMa «+» HUC-
TOYHHMKA MUTAHHUS.

Pesuctop R, siBIsieTcs 3JEMEHTOM OTpPHUIIATETIBHONH oOpaTHOU
CBSI3H, MIPEAHA3HAYCHHBIM IS CTA0MIM3allUK PEKUMA ITOKOST KacKa-
Ia pu u3MeHeHnn temmnepatypbl. Konpencatop C, myHTHpYET pe-
3uctop K, 1o nepeMeHHOMY TOKY, UCKIIIOUasi TEM caMbIM MpOsBiIe-
HUE OTPUIATENFHONW OOpaTHOHM CBS3M B KackKajie IO TEepPEeMEHHBIM
coctapiromuM.  OtcytctBue KoHmeHcatopa C, mpuBeno OBl K
YMEHBIIEHUIO KO3(D(MHUIIEHTOB YCUIICHHST CXEMBL.

HazBaHne cxeMBbI «C OOIIMM SMUTTEPOM» 03HAYAET, UTO BHIBO
SMUTTEpa TPAH3UCTOPA MO MEPEMEHHOMY TOKY SIBJISICTCSI OOIIUM
JJTS1 BXOJTHOM M BBIXOJIHOM LIENEN KacKaza.

TemrmiepaTypHasi 3aBUCMOCTh MapaMETPOB PEKUMA TOKOS 00Y-
CJIOBJIMBAETCS 3aBUCUMOCTBIO KOJUIEKTOPHOTO TOKA MOKOS Iy, OT TeM-
neparypbl. OCHOBHBIMU TMPUYMHAMHU TaKOW 3aBUCUMOCTH SIBJISIFOTCS
M3MEHEHHS OT TEeMIepaTyphl HAYaJbHOTO TOKa KOJUIEKTOpa
[ 0(3), HanpspKkeHHs us, u Kodpdunmenrta 3. TemneparypHas He-
CTa0WJIbHOCTh YKa3aHHBIX MApaMETPOB MPHBOJMT K MPSIMON 3aBUCH-
MoCTH ToKa l; oT Temmieparypebl. [Ipu oTcyTcTBUU Mep 1O cTaOUIIH-
3aIuu TOKa l; ero TemmnepaTypHble U3MEHEHHUS BhI3bIBAIOT U3MEHE-
HUE PEKUMa IOKOS KacKasia, YTO MOXKET IMPUBECTH, KaK OyJeT Io-
Ka3aHo Jajee, K pekuMy pabOTHI Kackaja B HEIMHEHHOW o0nacTu
XapaKTEPUCTUK TPAH3UCTOpAa M HCKKECHUIO (OPMBI KPHBOH BHI-
XOJIHOTO CcUrHajia. BeposTHOCTH TMOSIBIEHUS HCKaXXEHUU IO-
BBIIIAETCS C YBEIUYCHUEM aMIUTUTYbI BEIXOJHOTO CUTHAA.

[Mpunuun pgedictBus kackaga OO 3akitoyaeTcs B CleIylo-
IeM. HpI/I HaJIWU4YUU NOCTOSAHHBIX COCTABJIAIONIUX TOKOB W HANpsA-
KEHHUI B cXeMe MMojada Ha BXOJ| KacKaja MEepEeMEHHOIr0 HaIps-
JKEHUS TPUBOIUT K TOSBICHHIO TMEPEeMEHHON COCTaBISOMIEH
TOKa 0a3bl TpaH3WCTOpa, a CJEeJO0BATENbHO, MEPEMEHHOU CO-
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CTaBIAIONIEH TOKAa B BBIXOJHOW I[eMH Kackanaa (B KOJJIEKTOP-
HOM TOKE TPaH3UCTOpa). 3a CUEeT MaJeHHUS HAIpPSIKCHUS Ha pe-
3uctope Ry co3pmaeTcs mepeMeHHas COCTABIISIIOLIAs HaIpshKe-
HHS Ha KOJUIEKTOpE, KOoTopas depe3 KoHaeHcatop C, mepeaaercs Ha
BBIXOJI KaCKaJla — B LIENIb Harpy3KH.

Yceunureabnslil kackaa ¢ OK (3MuUTTepHblii MOBTOPUTED).

Cxemy puc. 4.3 HazpBator kackagom c¢ OK, moTomy d4TO
KOJIJISKTOPHBIM BBIBOJ TPAH3UCTOPA 110 MEPEMEHHOMY TOKY SIBIISI-
eTCsl OOIIMM 3JICKTPOJIOM JIJIsl BXOJAHOM M BBIXOJHOM Ienell Kacka-
Ja. OMUTTEPHBIM MTOBTOPUTENIEM CXEMY Ha3bIBAIOT BCIECICTBHE TO-
r0o, YTO €€ BBIXOJHOC HAIPSDKEHUE, CHUMAaeMOE C DMHUTTEpa TPaH-
3UCTOpA, OJIU3KO MO BEIUYMHE BXOJAHOMY HAMPSIKEHUIO (U, = Ugy
+ Ug, ® Ugx) ¥ COBMAJACT C HUM 10 (a3ze.

£

Cp2
Fr _|
R2 §

Ra FH

Puc. 4.3 Cxema ycunurensHoro kackajaa ¢ OK.

Pesuctop R, B cxeme BBINONHAET Ty K€ (YHKIHIO, YTO U
pesuctop Ry B cxeme O3, — co3gaHue U3MEHSIONMIETOCS HaMpsi-
JKEHUA B BBIXOJHOM LENM 3a CYET NPOTEKaHHs B HEH TOKa,
yIpasisieMoro mo nenu 6a3pl. @yHknug kouaeHcaropa C,, cBo-
JUTCS K Iepejlaye B HArpy3Ky MEPEMEHHOU COCTAaBISAIOLIEH BbI-
xonHoro curHana. Pesucropsl R; ,R, mpennasnauensl mis 3ana-
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HUA pCKUMaA IMOKOSA KacCKala. I[J'ISI MOBBIIMICHUA BXOAHOT'O COIIPO-
THUBJIEHUS pe3ucTop R, cxeMmy yacTo HE BBOJSIT.

PaccmoTpum mapametps! kackama OK 1mo mepeMeHHOMY TOKY.
C 37Ol 1enpi0 MpEeACTaBUM KacKajJl €ro CXeMOW 3aMelIeHus
(puc. 4.3, a).

4

)

R
rf
"0 N - AYAYAYS
L L rki=]
Rr P ra :}
c'_}
-
'EI:J ’
= |
o = RH -
Er +\j Fa <, <
[.\-\'\_,'/ :} :_"__-.-
L |

Puc.4.3 (a) Cxema 3amelnieHus yCMIUTEIbLHOTO Kackana ¢ OK.

Bxoonoe conpomuenenue kxackaoa OK onpenensercs napai-
JIENIBHO COEAMHEHHBIMU conpoTuBieHusiMu Ry R, 1 conpoTus-
JICHUEM BXOJHOM LENU TPAH3UCTOPA Tyy:

RBX=R1 | | R2 | | I'px .
IIpu onpeneneHun ryx BeIpa3zuM HanpsbkeHue Uy, uepes Tok Ig:
U= [rs+(1+B) (1, +R, | [ Ry)]
U nojenuM Hamnpsbkenue Uy, Ha TOK Ig:

rn=rs+(1+B)(r,+R | [R,). 4.1.)

Comnporusnenue r, i cxembl OK BXoauT B cyMme ¢
R, | | Ry , B CBSI3M ¢ 4eM CONPOTHUBIICHHE BXOTHOH IENH TPaH3H-
cTOopa I, W BXOJHOE compoTHuBieHHE R, kackama OK Ooumbie,
yeM B cxeme OD. [Tockonbky T, 0OBIYHO MHOTO MeHbIE R, ||
Ry, a s MEHbIIIE BTOPOIO €JIaraeéMoro IpaBoOd 4acTU BBIPAXKECHUS
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(4.1.), n1st BXOJHOTO COMPOTHUBJICHUS YMUTTEPHOTO MOBTOPHUTE-
JISI MOYKHO 3amucarhb

RszRI | | RZ | | [(1+B)(R3 | | RH) (4°2°)

[Ipu BEIOOpE BBICOKOOMHOTO BXOJHOTO JCIUTENS BXOJHOE
CONMPOTHBIICHHE KacKaZa MOJydaeTcs AOCTATOYHO OOJBIIHUM.
Tak, npu f = 50 u R, || R, =1 kOm Ry = 51 kOM. Onako npu
MOBBIIICHHBIX BXOJHBIX COIMPOTHBICHUSAX HENb3sl NMpeHeOperaTh
CONPOTUBIICHUEM Ty(,), IIYHTHPYIOUIMM BXOJHYIO LENb KacKaja
(puc.4.2.,a). B artom ciygae Ooyiee TOYHOE BBIPpAXKEHHE IS
BXOJIHOTO COTIPOTUBIIEHHUS KacKaJla UMEeT BUJ

RBX=R1 | |R2 | | [(1+ﬁ)(R3 | |RH) | | rK(3) . (4'3')

Bbicokoe BXOHOE CONPOTUBICHUE SIBISICTCS OJHUM W3
BaXHEHmMX npenmymects Kackaga OK.

Buicokoe exoonoe conpomuenenue mpebyemcs B ciaydae npuMe-
HEHMsI Kackaja B Ka4eCTBE COIJIACYIOLIETO 3BEHA npu pabome om
UCTNOYHUKA 6XOO0H020 CUSHANA, 001a0aiujeco0 GblCOKUM 6HYM-
DEHHUM CONPOMUGTEHUEM.

Onpenenum KOod3PdHUUHMEHT yCHIEHHUS
motT o ky K. ITockonabky TOK I 3/1eCh IBJISIETCS 4aCcThIO TOKa
I, monyunm:

1, =(1+p)1; K2/ Rt 4.4
Ru
" C YUECTOM
IGZIBX RBX/ Ipx
nojry4yacm

=L (1+p) B ROV R 45

re H

Koaddumuent ycunenns no Toxy B cxeme OK
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KI:(1+B)& R>// Ru

re Ru

(4.6.)

B

T.C. OH TaK)Ke 3aBUCHUT OT COOTHOomeHnH R, mr, ,R,uR,.B
MPEANOJIOKEHUN Ry R1; MMEEM

K~(1+) Ro// Rn @.7.)

Rn

CornacHo BeipakenusiM (4.6.) u (4.7.) xackan OK obecrnieunBa-
er ycunenue no toky. Ilpu R, = Ry ¥ 0AuHAaKOBBIX 3HaYEHHSIX
R, xo3dpdunuentrr ycunenus mno Toky B cxemax OK u O3
IPUMEPHO OAMHAKOBHI.

Kospdunmenr ycmneHu s mo HampaX e HHIO
K, paccuuTsiBatoT mo ¢popmyie

KM”[DM (4.8.)

Re + Res

Hns ouenku xoddpounuenta Ku npumem R,» R, a Be-
nuuuHy R,y ompenenum npubiauxeHHo no (4.2.):

Rux=(1 + B)[R, || Ry]. IIpu aTom Ky« 1. TouHbll pacyeT na-
et Ky< 1 u B npenene /Cy cTpeMHUTCS K eUHUIIE. DTO CBOHCTBO
kackanma OK uCIonp3yroT, Korjga HeoOX0UMO MOBBICUTH MOTI-
HOCTh CUTHAJa IPU COXPAHCHUHN BEIWYUHBI €TO HAMPSIKCHUS.

ITockonpky Ki«l, k 03 b M mI M e HTYyCHITECHHSA
no moimHocTu Kp Onu3ok mo BenuyuHe kK K.

BrixogHoe compotuBiIeHHUEe Rpyy Kackama OK,
npecTaBsAoIee coO00i CONMPOTHBICHHUE CXEMBI CO CTOPO-
HBI SMuTTepa (puc. 4.2., a), onpeaeaseTcs U3 COOTHOIICHUS

0+ Re// R1// R2

15 =R, | |1, ,rie b=p . (4.9.)

Run=R, | | (1,
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Brixognoe compotuBienue kackaaa mano (10—50 Owm). Omo
CBOLICMBO UCHONBL3YIOM, K020d He0OX00UMO peuwlams 3a0ayy co-
2Naco8anus 6bIXOOHOU Yenu YCUiumens ¢ HUZKOOMHBIM CONPO-
musnenuem nazpysxu. Ipu atom xackag OK mpuMeHSIOT B Ka-
YECTBE BBIXOJAHOTO KacKajaa yCHITUTEIS.

YeunnureasHsblii kackan ¢ Ob.

Cxema kackaga ¢ Ob npusenena Ha puc.4.4. Ero anements! £, R,
MpeHa3HavYeHbl IS 3a/laHus Toka l,; B pexume nokos. Ocraib-
HBIE DJIEMEHTHI KacKaja BBINIONHAIOT Te e (DYHKIHH, 9TO U B
cxeme OD. B mpunnmmne peanusamus cxembl Ob momyckaer wuc-
MOJIb30BaHKE M OOIIETO0 UCTOYHUKA MUTaAHUS E,.

Paccmotrpum mapamerphl ycunutenbHOro kackaga Ob mo mepe-
MEHHOMY TOKY. JlJI1 3TOTO BOCMOJB3yeMCs €ro CXeMOH 3amele-
HUs, IpUBEJCHHOM Ha puc.4.3.(a).

PacueT mo cxeme pI/Ic.4.3.(a),uaeTRBX:R3| |[r3+(1-a)r6] .

+Ea E

Rz
Rk

Cp2
Cpl

Rr § RH
Er /4
T

Puc.4.4. YcummrensHsiii kackazn ¢ OBb.
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Puc. 4.4 (a) Cxema 3amenieHus1 yCHIUTeNnsHOro kackazaa ¢ Ob.

Bxoanoe conmpoTuBieHHe KacKala oIpenesnsieTcs INIaBHBIM o0pa-
30M COIIPOTUBIIEHUEM T, U cocTaBisieT 10—50 Om. Manoe 6xoonoe
conpomugnenue AGIAEMcs CYuecmeenHbiM HedoCmamKkoM Kackaod
Ob, Tak Kak 3TOT KacKaJ] COo3/1aeT OOJBIIYI0 HATPY3Ky AJISI HCTOY-
HHMKa BXOJHOTO CHTHAaA.

ITo nepeMeHHOH COCTaBIAIOLIEH TOK KOJJIEKTOpA CBSI3aH € TO-
KOM 3MUTTepa cooTHomeHueM I, = a*1,. [Tockonpky mens SMHUT-
Tepa TpaH3HCTOPa BXOJMT BO BXOJHYIO LIeb KacKaa, koagguyu-
eHm ycunenus no moxy 31ech Mmenvule eouruyvl. COOTHOLICHHUE
g Ky, nonmyuenHoe u3 pacuera cxemsl puc. 4.3., 6, UMeeT BUJ

Rx// Ru
o~
Ru

K~ @.11.)

Koadounuent ycunenus no Toxy B cxeme ¢ OB cymiecTBeH-
HO (B 10—50 pa3) menbuie, uem B cxemax ¢ O0 u OK.
PacueT koapdumenTa ycuiaeHUs 1O HANIPSHKEHUIO JaeT
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o Rx// Ru
Re + Re

Ky~ 4.12.)

CornacHo BeIpaxeHuto (4.12.), koadppunueHt ycuiaeHus mo Ha-
npsbkeHnio kackana ¢ Ob Bo3pacTaeT ¢ yMEHBIICHHUEM BHYTpPEH-
HEro COIpPOTHBJICHUS MCTOYHUKA BXOAHOTO curHana. Ilpo-
cTeiilme pacyeTsl MOKa3bIBAIOT, 4TO Ipu Rr — 0 ko3¢ dunu-
SHT yCWJICHUS MO HampsbKeHHIo kackaga ¢ Ob mpubnmxkaercs
Kk BeanunHe Ku xackaga ¢ OD.
BrixogHoe comporuienune kackaga ¢ Ob
RBle:RK | | rK(6)zRK (4.13.)

B cxeme OB BbIXOIHBIE XapaKTEPUCTHKH OTJIMYAIOTCS OOJb-
med JTUHEHHOCTBIO, a TPaH3UCTOP MOXET HCIOJIB30BATHCA TPH
OoJpIlIeM KOJUIEKTOPHOM HampspkeHuH, yeM B cxeme OD. B coot-
BeTCTBUHU ¢ 3TUM Kackan ¢ OB Oyzer BrmosiHe onpapiaH Mmpu HEOO-
XOJIMMOCTH TIOJIYYCHUs TOBBIIMICHHBIX 3HAYEHHH BBIXOJIHOTO
HanpsDKeHUs, Korna kackax OD He MoKeT OBITh MPUMEHEH BBH-
Ty HEBO3MOXXHOCTH HMCTOJB30BAaHUS TPAH3UCTOPA IO HATPSKEHUIO
WU HEAOCTATOUYHOM JMHEHMHOCTU XapaKTEPUCTUK. Y CUIUTENb-
HbeI Kackaa ¢ OB mpu 3TOM CIy>XHUT B KaueCTBE BBIXOJHOTO
Kackajia ycmintens, a kackaa ¢ OK — b kadecTBe NMpeABBIXOTHOTO
kackana. Kackan ¢ OK Oyner npencrabnsarth juist kackana Ob uc-
TOYHUK BXOJHOTO CHUTHaja C MaJbIM BHYTPEHHUM (BBIXOJIHBIM) CO-
MIPOTHBIIEHHEM, YTO BaXXHO JUIS MpuMeHeHud kackana Ob.

3ananus mo padore.

3amanme 1. CocTaBhTe CXEMy IS UCCIICOBAHUS KacKaja ¢
o0muM 3mutTepoM (1o anamoruu ¢ puc. 4.5).Ilonyunre ociui-
JIOTpaMMy BXOJTHOTO M BBIXOJJHOTO CUTHAJIOB (II0 aHAJIOTHH C TIPH-
mepoM 1). CpaBHHTE pe3ynbTaThl pacdera kackaga ¢ OO c akcre-
PUMEHTOM .
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Puc. 4.5 Opnokackaguslil yeunurens ¢ O0.

3ananme 2. CocTaBbTe CXEMY JJIsl HCCIIEJJOBAHUS Kackaja ¢
OB (cMm. puc. 4.6). [lonyunure ocuuaiaorpaMmy BXOJHOTO U
BBIXOJHOTO CHTHaJNOB (10 aHajmoruu ¢ npumepom 2). C mo-
MoIbIo ociuiorpada onpenenure KodPOUIUESHT YCUICHUS
kackajga ¢ Ob u cpaBHUTE ero ¢ pacueTamu.

Mpumep 2.
i Tore base T - : 7
JULNUWHMW 000 e B W x| 0 |_MM
B o pedin il [amn A
[ B | 8| [0 ENENEN Frequency
Charvl & L]
e — = ===
0 [t | 200 F pasition 220 Arpituda W
H A 0| " Aio|ER = Dffrer
- Commen +
(] i ]

BrixogHas ocuuiiorpaMma yCuJim-
teast ¢ OB.
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Puc. 4.6 Opnokackanasiii yennurens ¢ Ob.

3ananme 3. CocTaBbTe CXEMY JJI HCCIEJOBAHUA IMUTTEP-
Horo noBropurensi(kackaga ¢ OK) (cm. puc. 4.7). IlonyuuTte
OCHHJUIOTPAMMY BXOJHOTO M BBIXOJIHOTO CUTHAJOB (IO aHa-
noruu ¢ nmpumepom 3). C momouipto ocuunnorpada omnpese-
nute ko3 punuent ycunenus kackaga ¢ OK u cpaBuute ero
C pacyeTamu.

Mpumep 3.
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Puc. 4.7 Ycunurensueiii kackan ¢ OK (SMUTTEpHBIN TOBTOPUTEI).

KoHnTpoabHbIe BONpPOCHI.
1. Ot kakuX mapaMeTpoB 3aBUCHT KOA(PGUIIMEHT YCUIICHHSI KacKa-
Jla Ha TPaH3UCTOPE, BKIIFOUEHHOM TI0 CXeMe C OOIIUM IMUTTEPOM?
2. Kak onpenenuTh mapaMeTpsl Kackaja 1mo cXeMme ¢ OOIHUM dMHUT-
TEpOM TIpH ero paboTte B kiacce A?
3. Ilouemy paboTa TpaH3UCTOPHOTO Kackajaa B kiacce B conposo-
JKIAETCsl MOSBJICHUEM 3HAUNUTEIbHBIX UCKAXKEHUN?
4. Yem knacc ycwienusi AB ornuuaercs ot kiacca C?
5. Kak naiiTu auama3oH BXOJHOT'O CUTHAJIa CXEMBI, U3 YCIOBUS €€
paboTsl B ki1acce A?
6. Kakne MeTobI cTaOMIM3anuy peskumMa mokost Bam n3BecTHBI?
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JladopaTopHasi padoTa Ne5.
HccnepoBanne noaynpoBoIHUKOBOI0 CTA0MJIMTPOHA.

Llenv pabomui. [IpnoOpeTeHre HABBIKOB pacueTa U 3KCIIEPUMEH-
TaJBHOTO MCCIIEIOBaHMSI AJIEKTPUYECKUX IETIeH C MOITyIPOBOTHH-
KOBBIMH CTAOMIIUTPOHAMH.

Kpatkas Teopmus.

Pexum snekrpuyeckoro nmpodost p-n-nepexoja HaXoIUT IPaKTH-
4yeckoe MpUMeHeHHue. Takue JUOAbI HOCAT Ha3BaHUE IOJIyNPOBOJI-
HU-KOBBIX CTaOUJIUTPOHOB.

Hampsokenue ctabumuTpoHa B pabodeM pekMe MaJIo 3aBUCHT OT
Toka. Ha paboueM ydacTke XapakTEPUCTUKH OT i 110 1 i 3aBU-
CHUMOCTb HaIlPsDKEHHUsI OT TOKa XapakTtepusyeT auddepeHnaibHoe
COIIPOTHUBIICHUE CTAOMIUTPOHA:

RizAUCT. / AIcT.
[Ipu ucnonb30BaHUM CTAOMIUTPOHA Ul CTAOMIIM3AaLlMU HampshKe-
HUSL €r0 BKJIIOYAIOT NapajieIbHO Harpy3ke R.

B Hepa3BeTBIEHHYIO 4acTh LENM BKJIIOYAIOT OTPAaHUYUTEIIbHBIN
PE3UCTOpP, COMPOTUBIICHHE I' KOTOPOTO JOJDKHO OBITh 3HAYHUTEIHLHO
Oonbie nuddepeHnraIbHOro COPOTUBIICHUS CTabMUTpoHa R;.

IIpy AByXCTOPOHHEM M3MEHEHUU IMUTAaHUS PabOUyI0 TOUKY Ha
XapaKTepUCTUKE CTAOMIMTPOHA BRIOUPAIOT ITOCEpeInHE pabodero
ydacTka, T.e.

ICT=(Imax+Imin)/ 2
Jist 3TOr0 HaNpsPKEHUE MUTAHUS JOJKHO OBITh PaBHO:
&= Ugtr*(I,+H,,) (5.1)

ITpu u3MeHeHNH HaNpPsDKEHUS MUTAaHUS! BCIEACTBUE HECTaOMIIb-
HOCTH B IIpeziesiax Agy HaNpspkeHUe Ha CTaOMIIMTPOHE U Harpys3Ke
Oyxner m3meHsTcsa Ha BenunHy AU, KOTOpasi 3HAaYUTEIbHO MECHb-
e Agy. M3 Beipaxkenus (5.1.)cnenyer:

Agy= Ugtr*(Iytle)= AU tr*(AU/R+AU/R))
WU
AU =Agy/(1+r/R+r/R;).

[Ipu r/R>>1 cnenyet AU, <<Ag T.c. HANPSKECHUE HA BBIXOJIC
H3MEHSETCS 3HAUMTEIbHO MEHbIIIE, YeM HAIIPSKCHUE Ha BXOJE CTa-
OmIUTpOHA.
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Crabuiu3anus HanpsHKEHUS UMEET MECTO U MPU M3MEHEHUS CO-
MIPOTHUBJICHUSI HArPy3KH, TaK IIPH BO3PACTaHUH TOKA HArpy3ku I, Ha
A 1, HanIpsDKeHUE Ha CTaOMIUTPOHE JODKHO CHU3HTCA Ha (r*A Iy).
OpHaKo 3TO HE MPOMCXOIHUT , T.K. CPa3y XK€ PE3KO yMEHbIIACTCS
TOK CTa0WJIUTPOHA U PE3yJIbTUPYIOIIEe U3MEHCHHE TOKAa B Hepas-
BETBJICHHOH 1IeTH OyeT MEHbIIIe U3MEHEHHSI TOKA Harpy3KH:

Aly=AL-Al;.
[Ipu 3TOM pe3yabTUPYIOIIee U3MECHEHUE HATIPSKCHHUSI HATPY3KU

AU=r*(AL-Al,) (5.2)

[IOJTy4aeTCsl MEHBIIIE, YeM MTPH OTCYTCTBHU CTAOMIMTPOHA T.K.

Al =AU /R;
TO W3 BhIpaXkeHus (5.2.) cienyer

AU =(*AlL)/(1+ v/Ry)

T.€. CTAOMIM3aLMs TEM BBIIIE , UeM Oonbine otHornenue r/R; . On-
HAaKO YPE3MEPHOEC YBEJIUYCHUE COMPOTHBIICHUS COMPSIKCHO C
OOJIBIION TOTEpPEl MOIIHOCTH B HEM M IO3TOMY SIBISIETCS HEBHI-
TOJTHBIM.

KauecTBo paboThl CTa0MIN3aTOPOB HAIPSDKCHUST XapaKTePU3yeT-
cs kod(hdunmentom cradmimzanuu. K., paBeH OTHOIICHHIO OTHO-
CUTEIFHOTO M3MEHEHHUs BXOJIHOTO HANpsDKeHHs CTadmim3aropa K
OTHOCHUTEIHbHOMY U3MECHEHUIO HAMPSKCHUS HATPY3KU

KCT=(AUBX/ UBx)/( AUH/ UHCD)'

3ananus no padore.
3aganme 1. CobOparb cxeMy i cHATUSL oOpaTHOH BetBU BAX

CTaOMJINTPOHA W TOCTPOUTH TpadUK 3aBUCHMOCTH TOKa CTaOWIIH-
TPOHA OT IPUIIOKECHHOI'O HANPSKEHUA.

470 Ohm

AAA——9 |
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3aganue 2. PaccunTtaTh BETUUMHY TOKA Y€pe3 Harpy30UHBIA pe3u-
ctop 22 KOM ¥ IOCTPOUT HArpy304YHYIO IPSAMYIO, IPOXOASIIYIO
gepe3 paboduyro TOUKY CTa0MIMTPOHA. PaccunTaTh BEMUNHY CO-
MIPOTHUBIICHUS 0AIIACTHOTO PE3UCTOpA.

3aganue 3. CoOpaTh cXeMy U IPOBEPHUTH pacUETHBIC 3HAUCHUSL.

|

[ ez

Bennunna conpoTuBieHns] 0amIaCTHOTO PE3UCTOPa B CXEME
JIOJIKHA COOTBETCTBOBATH PACUCTHOMY 3HAUCHUIO.

3aganue 4. Mi3MeHuTh HanpsbkeHUe Ha BXxoje 1o 24 B u 3adukcu-
pOBaTh IOKa3aHUS BOJIBTMETPOB. [Ipon3BecTn mocTpoeHne Ha Tpa-
(uke. Haiitu rpadudeckn n3MeHEHNS HATPSDKCHASI HA COITPOTUB-
neHun Harpy3ku. CpaBHUTH paCu€THOE 3HAYCHHUE C SIKCIIEPUMEH-
TOM.

3anganue 5. Paccunrtarh K03(HUIIMEHT CTAOUIU3AIMK CTAOMIUTPO-
Ha. [To BAX HaliTu conpoTuBiIeHUE CTAOUIUTPOHA.

KoHTpoabHbIe BOpoCHI.
1. Yro Ha3pIBaeTCst CTaOMIUTPOHOM? J[JIsl 4ero MCIob3yeTcsl cTa-
omuTpoH?
2. Ha xakoM IpHHIIHIIE TOCTPOeHa padoTa CTa0MIUTPOHA?
3. OOBSICHUTH IPHUHIIAT cTa0mm3amu Ha BAX.
4. B kakux npenenax AUpy OCYIIECTBIISICTCS CTA0WIM3AIUS IPU
MTOMOIIIH CTaOUIUTPOHA?
5. Kakue 3nauenusi Upy MOTYT M0/1aBaThCA HA MPOMBIIIEHHBIE CTa-
OUIAUTPOHBI?
6. Uto takoe kod(hduIueHT cTabunu3aiuy, HaiTu Kak kodhduiu-
€HT CTaOMITH3aIum?
7. YUrto Takoe crabunmuzarop? ['me ncmonb3yercs cTabuim3aTophl?
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JladopaTopHas padoTa Ne 6.
Da30MHBEPCHBIN KacKa.
Llenv pabomul. 3yuenue ha30MHBEPCHOTO KacKaja.

Kparkas Teopus.

dazomHBEpPCHB U Kackapna (Kackaa c pa3elieHHON
Harpy3Koi) TpemHa3HaYeH IS TOJYYEHHUS ABYX BBIXOIHBIX
CUTHAJIOB, MMelomux caBur no ¢asze B 180°. Cxema ¢azoun-
BEPCHOTO

ppad
. &
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Puc. 6.1. Cxema ¢a3zomHBEepCcHOTO Kackana (a) M ero BPpEeMEH-
Hble JHarpammsl (6, 8, T)

Kackaja npuBejieHa Ha puc.6.1., a. BeIXxo1HbIE CUTHAIBI CHUMAOT-
Csl C KOJUIEKTOpa M dMHTTepa TpaH3zuctopa. CUTHAN Hy,xp, CHU-
MaeMBbIi C 3MUTTEpPa, COBIMAAAET MO (a3e C BXOAHBIM CHTHAJIOM
Uy (puc. 6.1, 6, ), a CUTHAN blgpy|, CHUIMaeMbIil C KOJUIEKTOPa
(puc. 6.1, 2), HaxoguTcs ¢ HUM B mpoTuBo(daze. Jlmarpammusl,
mpuBeAcHHBIE Ha puc 6.1, 6—r, WIIIOCTPUPYIOT MOJYUCHUE
000UX BBIXOJIHBIX CUTHAJIOB.
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PaccmoTpum nokazarenu (ha3oMHBEPCHOTO Kackana. BxoaHoe
COMPOTHUBIICHHUE KaCKaaa PACCUMTHIBAIOT MO aHAIOTHUH C Kac-
kagom OK:

R,=R; | [R;| | [rs+(14B)(r+R3 | [R)] . (6.1.),
WM TPUOITIKEHHO

Ro~(1+B)(r, +R, | [R,») . (6.2.)

KoadhpummeHT ycmneHns o HaNpsHKSHHIO 10 TIEPBOMY BBIXOIY
K, onmpenenstor mo anamoruu ¢ kackagom OO, a mo BTOpOMY
Beixony K, — mo ananoruu ¢ kackagom OK:

Kum—(B(Ri | | Ru1))/(Rr+R,y), (6.3.)
Ko2((1+B)*(R, | | Ri))/(Rr+R,,).  (6.4.)

KoaddumuenTsr ycunenus kackajua mo 00OUM BBIXOJaM MO-
YT HAXOJUTHCS B Pa3IMYHBIX COOTHOIICHUAX MEXIy COOOH.
OT0 ompenenseTrcs B OCHOBHOM COOTHONICHHSMH BEINYHH
Ry | | Ruim R, | | Ry2. IIpy BBINIONHEHUH paBEHCTBA:

A+P)*(R, | | Ru)=BRi | | Ru1) x0dddumments yennenus
1o 000WM BBIXOJIaM MOJNYYATCS OJUHAKOBBIMH.

[Tockonbky B 3HAMeHaTenu cooTHomeHui (6.3.), (6.4) co-
BMecTHO ¢ R; Bxoaut BenuunHa Ry (6.2.), Oosbiiasi BEIpaXKCHUS B
gucnutene, kodhpunuentr ycunenus K, K,, okassiBarorcs
MEHBIIIE eIMHUIIBI.

3ananus no padore.

3ananuel. CobOpars Ha30MHBEPCHBIA KacKaJ COTJIIACHO CXEMeE
puc. 6.2. Harpy3ky nmoaknwouuth K Bbixony l.Ilomyuuts oc-
LUJJIOTPaMMYy BBIXOJHOTO CHI'Haja, caelaTbh BBIBOJ O COOT-
HoleHHH (a3 BXOJHOTO U BBIXOJHOTO CHUTHAJOB, MO OCIIHIJI-
norpady onpenenuTb Ko3pQUIUESHT yCUTIEHHUS CXEMBI.
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Puc. 6.2 ®azonmHBEpCHBIA KacKaja C HArpy3KOM, MOAKIIOUEHHON K
BBIXOTY 1.

3apanne 2. Cobpath (pa3oMHBEPCHBIN KacKaJa COTJIACHO CXeMe
puc. 6.3. Harpy3ky moakniouuth K Beixony 2.Ilomyuuts oc-
[UAJJIOTPAMMY BBIXOJHOTO CHTHaja, CAejaTh BBIBOJ O COOT-
HONIEHHH (a3 BXOJHOTO U BBIXOJHOTO CHUTHAJIOB, IO OCIIHJI-
jgorpady onpeaeautTh Ko3(GpOUIUESHT YCUTICHUS CXEMBI.
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Puc. 6.3 dazouHBepcHBIN Kacka] ¢ Harpy3Koi, MOAKIIOYEHHOHN K
BBIXOY 2.
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KoHTponbHBIE BONPOCHL.

1.Urto Ha3siBaeTcs (ha30MHBEPCHBIM KacKamoMm?
2. Jlnst wero mpuMeHAt0TCs $a30MHBEPCHBIM KacKaaom?
3. KakoBsl oceBble moka3arenu (pa3oMHBEPCHOTO Kackaaa?

JlaGopaTopHasi paGora Ne 7.

AHanu3 padoTsl 3aekTpruyecknx puiabTpoB (RC-puabTpa
HU3KHX 4aCTOT).

Llenv pabomui. H3yuenue pabomoi d1eKmpuiecKux Quibmpoas.
Kpatkas Teopmus.
@OuabTpylomme 3JeMeHThI.

OuIbTPYIOIIKE 3JIEMEHTHI UCIIONb3YIOTCS B OJIOKAX MUTAHUS JUIS
(uIpTpanMy CUTHAJIOB, B KAYECTBE KOPPEKTHUPYIOIMINX 3BEHHEB B
cUCTEMax ynpaBieHUs U T. A. OunbTpbl AensaTcs Ha JBa OOJIbIINX
KJIacca - HaCCUBHBIC U aKTUBHBIE (OTJIMYHMEM aKTUBHOI'O (HIbTpa
SIBJSICTCS] HATMYUE aKTUBHOTO AJIeMEHTa - 00baHO 310 OVY). Ecnm B
($UIBTpE COACPKUTCS OJMH PEAKTHUBHBIA 3JIEMEHT, TO TaKOU
¢ubTp Ha3bIBaeTCsA GUIBTPOM HEPBOIO MOPAJKA, €CIIU J1BA- TO
BTOPOI'O HOPSJKA U T. 1.

Haubonee pacnpocTpaHeHHBIM TACCUBHBIM (HIBLTPOM IIEPBOTO
nopsijka seisiercss uHrerpupyoomas RC -iiens. 91oT punbTp B TEX-
HUKE 3JIeKTPOIUTaHMs Ha3blBaeTcs [ '-00pa3HbIM, a B ayANOTEXHU-
Ke- QUIBTPOM HIKHUX YacTOT, a B TEXHUKE YIIPABJICHHUS - KOPPEK-
TUPYIOLUIUM WM HHTETPUPYIOIIMM 3BeHOM. OCHOBHBIMU XapaKTe-
puctukamu GrtbTpa seistores AUX n ®UX. Hanpumep, mist wH-
Terpupylomien mnenu (puc.7.1) OHM ONMHUCHIBAIOTCS BBIPAKEHUSIMHU:

K(f)=20 log [ 1/ /1 + (2 afRC)* | ; o(f) = arctg (-2nfRC).

Ecnu Ha puc. 7.1 noMeHsaTs MecTamu 31eMeHThl R u C, To nomyyum
(WIBTp BEpXHUX YaCTOT.
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Knaccuueckoit cxemoit  ¢unprpa BTOpoOro  mopsiuka
siBisieTcst mocnenoBarenbHas RLC-niens (puc. 7.2). Ecnu BeIXOA-
HOHM CHTHAJ U3MEepsATh Ha KoHAeHcaTope, moryduMm @HY(ero AXY
rmokaszaHa Ha puc. 7.3), a ecii Ha HHAYKTHBHOCTH - DHUY.

Kak Bunno u3 puc. 7.3, RLC-nens o0nagaet sBHEIMU PE30HAHCHBI-
mu cBoiicTBamu, ee AXY u @XY onuckIBatOTCS BHIPAXKEHUIMMU:

K(F)=1/ \/ QdF/ Fy)* + [1+(F/Fo)’* ; g=arctg [2d/(F/F\-Fy/F)],

rae d=R/2 A/C/ L - xoadurmenT 3aryxanusi, ero obparHas Be-

JTMYMHA Ha3bIBaeTcs noOpoTHOCTRI0 Q = 1/ d , wacTo onpexnensiemMoit
kak Q = F/ AF, rae AF - mmpuHa 1moJyiocel poryCcKaHusi o YPOBHIO
0, 707(-3 nb);

Fo=1/ (2 n ~/LC) - pe3oHancHas yacTora.
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oo o

ILl

R
i 1 00K ]
L AYAYAY &

@ 1% DKy —— he

Puc. 7.1 Unterpupyromas RC-nens.
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Puc. 7.2 Ilocnenoparensuas RLC-1miens (ribTp 2-ro mopsaka).

B npaktuueckorr peanmsanuu  RLC-gunbTpoB Haubombiiue
TPYAHOCTH BO3HHKAIOT C U3TOTOBJICHWEM KaTyIIeK UHIYKTUBHOCTH,
CBSI3aHHBIC C MPOOJEMON MacChl U Te€OMETpUYEeCKHX pasmepoB. C
nosenenreM OV 3Tu mpoOyieMbl pelieHbl C MCHOJIb30BaHHEM aK-
TuBHBIX RC -dunbtpos. IlosBumuck OE3bIHIYKTHBHBIE YaCTOTHBIE
¢bunsTpel. Ha puc. 7.4 npuBenena cxema aktuBHoro ®HY Broporo
nopsaka Ha OY, AXY koroporo nokasaHa Ha puc. 7.5

W3 nmonocoBeIx (hUiIbTPOB HaUOOIbIIEE PACIIPOCTPAHEHUE ITOITY-
g GuIbTPHI, JIXU KOTOPBIX OMHUCHIBAIOTCS TOJWHOMaMH bat-
TepBopTa, YeObimea u beccens; mnst pacyera Takux (QUIBTPOB
OPUMCHSAIOTCA CIICHHUAJILHBIC Ta6JII/IIH:I.

@uasTpel BatTepBopTa. OTH GUILTPH XapaKTEPU3YIOTCS MaK-
cuMabHO TwIockod AUX B mojoce mporryCKaHus. YTpaBieHUE Be-
JINYUHON BBIXOJHOI'O HANPSXKCHUA U nepeCTpoﬁKa 10 49aCTOTC B
IIMPOKOM JIMANa30HE OCYIIECTBIAETCS B ITHX (DUIbTpaxX MpOIIIE,
4eM B JPYTUX (PHUIbTpax, MOCKOJIBKY NMPHU KaCKaJIHOM COEIHHEHUHU
BCC CCKIIMM HACTPaUBAIOTCA Ha OJIHY U Ty K€ 4aCTOTY.
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Puc. 7.3 AUX ¢umsTpa 2-T0 TIOpSAIKA.

OuiabTpsl YedbimeBa. Ot QuibTpel 0oOecneynBaOT HaWBBIC-
myo kpytusHy AUX B nepexoaHoil mosoce yactoT. OaHaKko mpu
aTroM AUX B moJIOCE TPOMYCKaHUs MPHOOPETaeT KoJeOaTeIbHbII
xapakTep. UeM Ooibllie HEPaBHOMEPHOCTH B MOJIOCE TPOITYCKAaHUS
TEM BBIIIE KPYTU3HA 3aTyXaHMs B IEPEXOHOM MOJI0CE YacToT.

\ I CILITI
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1 0KOm 10nF 1 0O 1 OKCm
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Puc. 7.4 AxrusHsiii punetp HY Ha OY.
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Puc. 7.5 AUYX ¢unpTpa HKHHEX 9acTOT, coOpanHoro Ha OY.

OuasTpsl Beccensi. Gunptper beccens 00nanaoT MakcuMalbHO
IJIOCKOM XapaKTEpPUCTUKON TpyNIOBOrO BPEMEHHU 3amla3ibIBaHUs
(mpomsBomHas ot ®UX mo gactore) u muHEHHOCTHI0O OUX B morno-
ce mponyckanusa. KpyTusna 3aryxanust GuibTpa HEBEIHKA.

3aganus no padore.

3ananuel. BeimonHuTh MOAENMpOBaHHUE Ipolecca mpeodpa-
30BaHUS CUTHAJIOB CUMMETPUYHOH MNPSIMOYTOJbBHON M Tpe-
yroibHOi Qopmbl npu noMomu RC- ¢unbrpa HUKHHX dac-
toT. IlocTpouTs rpaduku curHaga Ha BeIXOAE (QUIBTpA, €ro
AY n ®Y xapaktepuctuku. CrenaTs BBIBOJ O XapakTepe
npeobpaszoBanuit RC- ¢punsTpa.
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M Fio de: Platter

)

Puc. 7.6 Cxema nenu(a), ycraHoBKa reHepatopa (0), u3oOpaxeHue
BXOJTHOTO Y BBIXOJHOTO CUTHAJIOB (B) 1 AUX (T).

I?I?? E ] LNDOUT
|
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1 uF

1

1 Ohm 1H
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l '

Puc. 7.7 (a) llocnenosarensnas RLC — uens (puibtp 2-ro nopsia-
Ka).
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3apanme2. Ha pucynke 7.6 (a) mOMEHITH MecTaMH 3JIEMEHTHI R 1
C u nonyuuth QUIBTP BepXHUX 4acToT. IlosyuuTs M300paxkeHue
BXOJTHOTO W BBIXOJTHOTO cuTHaiI0B 1 AUX ¢unbTpa.

3ananne3. CoOpare mnocnegoBarenbHyio RLC- mems puc. 7.7
(¢unbTp 2-ro mopsaka). [lomyuuts n300pakeHre BXOJHOTO U BBI-
xogHoro curHanoB U AUX ¢unbtpa.

B)

X

M Bode Plotter
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Puc. 7.7 Cxema nemnu (a),n300paKCHHE BXOIHOTO M BBIXOJHOTO
curnaios (0), AUX (B) u ycraHoBKa reHeparopa (T).

KoHTpoJIbHBIE BOIIPOCHL.

1. Uto Ha3bIBaeTCS MAaCCUBHBIM GUIbTpoM? JIJIsT 4eTo OHU HCTIONb-
3YIOTCS?

2. Yto Ha3bIBaeTcs KOA(GGUIUEHTOM CriaKuBaHus GUIBTpa?

3. st RC- punptpa npoBeaute pacuér AUX n ®UX B nuanazone
yactoT 0,1...... 100 kI'u u cpaBHUTE UX C pe3yJibTaTaMy MOJIEIH-
pOBaHuUA.

Jla6opaTopHnas padora Ne 8.
JAnddepenunanbHblil ycuanTeab.

Llenv pabomoi: I3ydenne nuddepeHInaIbHOTO YCHITATEIS.

Huddepenunansupiii yeunurens (1Y) saBnsercs oIHUM U3 OCHOB-
HBIX KacKaJoB omnepannoHHoro ycwmutens. [Tpocreimmii 1Y (puc
8.1.) cocToUT U3 ABYX OJJMHAKOBBIX ILI€Y, KAXKJ0€ U3 KOTOPBIX CO-
JCPKUT TPAH3UCTOP U PE3UCTOP HArpy3Ku DMUTTEPbI TPAH3UCTOPOB
COCIMHEHBI MEX Ty CO00M U Yepes pe3ucTop R., MOIKIFOUEHBI K 00-
ek mmne. Ipu oguHakoBbx BXxoaHbIX curHanax U, u U, Toku Tpas-
3UCTOPOB TaKXe OyIyT OAMHAKOBEL, @ 3TO 03HAYAET, YTO Pa3HOCTh
MOTEHIMAJIOB MEXY KOJUIEKTOpaMH OyAeT paBHa HyIIO (3TO CiIydaid
pexxuma ycuineHus cuadasnoro curnana). Ecam Ha o6a Bxona
M0/1aTh OAMHAKOBBIE [0 YPOBHIO, HO pa3Hble MO (a3e CUrHajbl, TO
B PEe3yJIbTaTe TOK OJHOTO TPAH3UCTOPA YBEIMUHUTCS, a IPyroro Ha
CTOJIBKO K€ YMEHBIIUTCSL..
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Puc.8.1 . Cxemsl mpocreiimux Y.

B sToMm ciydae pa3HOCTh MOTEHIIMATIOB MEXKIy KOJIIEKTOPaMHU
Oyzer mpomopuHOHalbHA YABOCHHOMY 3HAUYCHHIO H3MEHEHHS
HAaIpSKEHUsT HA KOJUIEKTOpe TpaH3ucTtopoB. Ilpu 3tom uyepes
pe3uctop Re; OymeT Teub HEM3MEHHBIN TOK. ECiH mMonmoxuTenbHOe
MIpUpaIIeHne TOJIYYUT CHUTHAJ TONBKO Ha OJHOM BXOJ€, HAIpH-
MEp, Ha MEpPBOM, ATO MPHUBEAET K YBEIUUYCHUIO KOJUJIEKTOPHOTO
Toka Tpanzuctopa VTI u, ciepoBaTeabHO, TOKA 4Ye€pe3 PE3UCTOP
R.. Ho yBenuuenue najneHus HanpsoKeHHs Ha pes3ucrope R
BBI30BET YMEHBLICHUE DPa3HOCTH MOTEHIHMAJIOB MEXAY 0a3oi u
SMUTTEPOM TpaH3ucTopa VT2, U ero TOK YMEHBIIUTCS, IPUYEM U3-
MEHeHHe ToKa TpaHzucropa VT2 OymeT TakoBO, YTO MPHUPANICHUS
HaMpsDKEHUH SMUTTEep-0a3a 000MX TPaH3UCTOPOB OYyAyT OJMHAKO-
Bbl. CliefoBaTeNbHO, MPU YBEIWYEHUH BXOJHOIO HANPSDKEHUS Ha
HEKOTOPYIO BEJMYMHY MOTCHLMAJ 3MUTTEPA YBEIMUYUTCS HA IOJO-
BUHY 3TOW BeNW4MHBL [Ipu 3TOM mpupameHne HampspkeHus 6asza-
SMHTTEP IJIs1 000HMX TPAH3UCTOPOB OyJIET OAWHAKOBBIM, HO Pa3HOTO
3HAKA.

OueBuIHO, 9TO HE3aBHCHUMO OT TOTO, Ha KaKOM BXOJ| KacKafa Io-
JTAIOTCSI HAIIPSDKEHUS, TOKH TPAH3UCTOPOB MEHSIOTCS OAUHAKOBO U
MIpUpAICHHs KX BBI3BAHBI MOJIOBHHOW Pa3HOCTH HAMPSKEHUH,
MPUIOKEHHBIX MEXIY BXOAaMHU. DTO JaeT OCHOBAHWE MPH aHAIU3e
nuddepeHInaIbHOr0 Kackaaa pacCMaTpHBaTh TOJIBKO OJHY €ro MOJOBH-
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Hy, CUNTAasl, YTO K Er0 BXOAY NPUIIOKEHO HAIPSKEHNE, paBHOE TI0JIOBHHE
Pa3HOCTH HampsDKeHWH Ha Bxonax 1Y, a compoTHBIICHHE B LEIH IMUT-
Tepa R. paBHO HyIIIO.

Baxnoii xapakrepuctukoit 1Y spisercs ko3QOUIUESHT MO1aBICHHS
cuH(}a3HOTO CUTHANA, KOTOPBII MOKAa3bIBAaET, BO CKOJIBKO pa3 Ko3pdu-
[UEeHT ycuiieHus IupQepeHIuanrbHOro BXOAHOTO CHUTHana, MpUIIo-
’KEHHOTO MEXIy BXOJaMU Kackana, Ooiblie Kod(UIIeHTa yCuIeHus
cuH(A3HBIX CHTHAJIOB, ACHCTBYIOMIMX MEXIY KaKIbIM BXOJOM H 00-
el MHUHON. AHAM3 MOKA3bIBAET, YTO AN yBEIHUeHHs Ko dunueHta
HOJABJICHNS] HEOOXOAMMO YBEJIMYUTh CONMpoTUBIeHUE R.;. OnHako mpu
9TOM TIPUXOAUTCS CTAJKUBATHCA C TpoOieMoil obecrieueHns HeoOX0au-
MOTO PEXHMa TPaH3UCTOPOB 110 TIOCTOSHHOMY TOKY. TpyJIHOCTH 3aKJI0-
YAlOTCA B HEOOXOIMMOCTU YBEIMYEHHS HANPSKEHUS MUTAHUS O Ta-
KOM BETMYMHBI, YTO €TO peanu3alusi CTAHOBUTCA TEXHHUYECKH He-
1eneco00pasHoi.

Jlng ycTpaHeHHsl 3TOr0 HeoCTaTKa BMecTO pe3ucropa R., Bkioda-
10T Tpau3ucTop 1o cxeme ¢ O (puc. 8.1, 6), KOTOPHIH BBHIOIHAET POIIb
UCTOYHMKA ToKa. BerxopHoe conpoTuBnenue Tpansucropa VI3 He pas-
HO OECKOHEYHOCTH M IIPUMEPHO PaBHO AH((epeHInaIbHOMY COTpPO-
THBIICHHIO KOJUIEKTOPHOTO MEPEXO/a.

XoTsa B uaeansHoM auQdepeHnuanbHOM Kackaie CHH(a3HBIH
BXOJIHOW CHT'HaJ HE BBI3BIBAET IIOSIBICHUS BBIXOJHOTO CHTHANa, B
peambHOM Kackaae MMeeTcs HeOodbImod BHIXOAHOW curHam. OH
00yCIIOBJICH HE TOJHON MACHTHYHOCTHIO XapaKTEPUCTUK TPAH3UCTO-
POB, KOJUIEKTOPHBIX HATPy30K M BHYTPEHHUX COTPOTHBICHHN HCTOY-
HHUKOB BXOJHBIX CHTHAJIOB.

Baxneiimum napametpom Y sBusercs kod3QUIHEHT yCHICHUS
auddepeHunanbHoi coctapistomeid curnana K, KoTopsli yacto
Ha3bIBAIOT TPOCTO Kodduimentom ycunenus. [Ipu anamuze Y mo-
KeT paccmarpuBathes kKak kackaa ¢ OO npu Re = 0. CnenoBarenbHo,
ero K03(UIMEHT yCUICHHS OMPEEIIETCS BHIPAKECHUCM:

K=0R/[Re+(1-0)(Ri+Ry)],
rae Ry=R;=Ry;R.’;Ry- 00beMHOE cOpOTHRIICHNE IMHUTTEpPa U 0a3bI CO-
OTBETCTBEHHO; K, - BHyTpEHHEE COMPOTUBIICHHE HCTOYHUKOB CHTHANA; 4
-ko3(duimenT ycunenus Toka B cxeme ¢ Ob.
OueBuiHO, uTO K03 PunueHT ycuienus J|Y 3HaUnTenbHO OoMbIIe,
geM y kackana ¢ 09, mockoibky Re=0(mms kackana ¢ O3 xoaddumpmeHt
yCImIeHus obpatHo mponoprmonaneH R, + R, ) CnenosarensHo, mpu ro-
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pa3no MeHblIeH HecTaOUIBHOCTH CTaTHYECKOTo pexxuMa J1Y nmeer
ropaszio 0onpmui KoAQOUIMEHT YCHICHUS, YTO SBISETCS €r0 BTOPHIM
Ba)KHBIM IIPEUMYLIECTBOM.

B ciyyae MCTOYHUKOB CHTI'HANA C MajbiM BHYTPCHHHM COIPOTHB-
nenueM (Ri; < 1kOm) u HeOonpmKX pabounx Tokax (MeHee 1 MA) BTO-
PBIM ClaraéMbiM B 3HaMEHATEJE MOCIEIHEr0 BBIPAKEHUS MOXKHO IIpe-
HeOpeds; Toraa:

K=a(R\tRe).
[Mpu 0=0,9;R,=4 kOm;R,=100m nomyuum: K=360.
Ipu onpenenennn kodddumuenta ycuneHus ciHMa3HON COCTABIAIONICH
Ha oba Bxoma JIY mogaercs BXOJHOH CHUTHAN OT OJHOTO MCTOYHHKA.
[1pu TakoM ycnoBur KO3()PUIMEHT YCUIICHHS OPEENIeTcs KakK:
Kc=0R,/2R;

Cnenyrommuit napamerp /1Y - ko3dduuueHT nopaneHus cuHdpas-
HOi cocraBnsomeid K, - Xapakrepusyer BnusHHE CHH(A3HOH co-
CTaBIAIONICH BXOJHOTO CHTHAla Ha JU(dEepeHIHaTbHYI0 COCTaBIISAI0-
IIyI0 BBIXOAHOTO curHana. [10cKonbKy Ha mpakTuke cuH(pa3Has COCTaB-
JISIOIas BXOJHOTO CHIHAJla MOXET B THICSYM pa3 MpeBbimath audde-
PEHIHATEHYI0 COCTABISIONLYI0, TO 3Ha4UeHUEe K 10/mKkHO ObITh MeHbIe K
Ha HECKOJBKO MOpsAkoB. COOTHOLIEHHE MOJYJEH ABYX 3THUX BEJIUYMH
NPUHATO XapaKTEepPHU30BaTh KOIPPUIMEHTOM MOJaBICHNS CHH(PAZHOM
COCTABIISIFOIIEH, BRIPRKEHHBIM B JICIIHOENAX:

K,=20LgK/K,,
PacnpocTpaneHHBIM THIOM CHH(pA3HOTO CHTHANA SBISIOTCS pPa3iny-
HbIC MOMEXW W HABOJKH, JCHCTBYIONINEC OJHOBPEMEHHO Ha 00a
Bxoga [loatomy yBemmuenne kodddumumenra K, - omuH U3
OCHOBHBIX  MyTeM  MOBbIIEHUSI noMexoycrounBoctu JY Jlns
oueHKH K, ucrone3yercs BeIpaKeHue:

K,=Ri/R."9,
rae 0 = Aa /a + AR/ Ry - xosdpdunment acummerpuu Y, T
€. CyMMa OTHOCHTENbHBIX Pa30pocoB MapamMeTpoB €ro IJied.

Koaddunuent nomarneHus cuHpa3zHON COCTABISAIOIICH Haxo-

JUTCSL B OPSIMOM 3aBUCUMOCTH OT CONPOTHUBIICHUS HWCTOYHHUKA
curnana K., CiemoBaTenbHO, 3TO CONMPOTUBICHHUE JOJKHO OBITH
KaK MOHO OoJblie. Pasnuuaror BXxomHbie conpotusienus Y s
muddepeHanbHOi U CHH(A3HOW COCTABIISIONNX CHUTHANA, KOTO-
pBI€ CYIIECTBEHHO pa3n4aloTcsi. BXomHOe CcOmpoTHBIEHHE IS
muddepeHIManbHON  COCTaBISIIOIICH ~ PaBHO — yIBOCHHOMY-
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BXOJHOMY COIIPOTHUBIICHUIO KaXJ0H moyioBuHbl Y U ompene-
JSE€TCS BBIPA-)KEHUEM:
R=2[(B+DR.+Ry]

Hanpumep, nipu = 100; R.' =25 Om; u R,-150 Om R;= 5, 35 kOm.

INockoneky conpotuBieHne Ry 06paTHO NPONOPLMOHATIBHO TO-
Ky NoKosl I, , TO U1 yBEITMYEHHs] BXOJHOTO COIPOTHUBIICHHS IIeIIe-
c000pa3HO UCTONB30BaTh 1Y B pexkrMe MaibIX TOKOB H HCIIONB30-
BaTh TPAH3UCTOPHI C BHICOKMMHU 3HaueHUsIMH P, HanpuMmep, kackan
Hapmunarrona, Tak, ecim Ieg= 50 MxA u f=2000, To
Re' = 0,5xOm u R;=2MOwm.

BxonHoe compoTuBieHne ans  cuH(a3HOW COCTaBIISIOIICH
ONpeleNsieTCss CONPOTUBICHUEM HUCTOYHUKA ToKa K, B cooTBercT-
BUU C BBIPQKCHUEM

R.=(p + 1) Ri. [lockomsky Ri>>R,', T0 Rc >>R; .

ITapamerp J1Y -nmuHamMudeckuil nuama3oH XapakTepU3yeT OT-
HOIICHHEC MAaKCUMaJbHOTO W MHUHUMAJBHOTO HAMPSIKCHUS
BXOJHBIX CHUTHAJIOB, BBIPOKEHHOE B JieluOenax MUHUMAaIbHBIHI
CHTHAJl OTPAaHUYMBAETCS YPOBHEM COOCTBEHHBIX IITYMOB, & MaKCH-
MaJbHbIA HEJIMHEHHBIMU HCKaXEHUSIMH. OLEHUTh MAKCHUMAJIbHO
JOMYCTUMBIN CHUTHAJI MOXKHO TakK: MyCThb B pekuMe mokos Uco
"0.5Ucc . Tpy MONOKHUTENBHO# MONSPHOCTH BXOAHOTO CHUTHAIA TI0-
teanuan Uc yMeHbIIaeTcss BIJIOTH A0 HYyJs (HachlleHWe), a
IIpU OTPHUIATEIbHON MONAPHOCTH yBEIHMYUBaeTcs BIUIOTH 10 Ucc
(3amupanne) B oboux ciydasx MakCHMalbHOE NpHpalicHUE Ha-
npsikeHus: Ha KosuiekTope coctaBisieT 0.5Ucc Jlenst 3Ty BeIuuuny
Ha KOO(D(MUIMEHT YCHIICHHUS, MOJIy4YaeM MaKCUMAIbHO JOIMYCTH-

MBI BXOJTHOM CUTHAJI

CuH(azHble CHTHaJbBl MOTYT MMETh TOpa3io OOJbIIHe aMILIU-
Tynel, veM auddepenmuanpasie, T. K. K.<<K, . O6pryno K, < 1,
M03TOMY CHUH(A3HBIE BXOJHBIC CUTHAJIBI MOTYT COCTaBIISITH HE-
CKOJIBKO BOJIBT, BIIOTH A0 Ucc .

HenzbexHas acummeTpus 1ied peadbHBIX Y sBiseTcs mpu-
YUHOU TOTO, YTO B PEKUME TTOKOSI UMEETCS Pa3HOCTh TOTCHITUATIOB
MEXJy Toukamu 1, 2, KOTOPOH COOTBETCTBYET Ha Bxoje nudde-
pEHLUUANBHBIM CHUTHAJI, Ha3bIBAEMbIM HANpSHKEHUEM CMELLCHUS
Hyst Uy, . UToOBI yCeTpaHUTh pa3daiaHC BBIXOIHBIX MOTEHIMAJIOB,
HYXKHO MOJaTh Ha BXOJ Iu(QepeHInanbHblid curaai, paBHbIid Uy,
U UMEIOIIMKA HpPOTHBOIOJIOXKHBIM 3Hak. HamnpsbkeHue cmelieHus
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HYJISI COCTOMT M3 HECKOJIbKUX CJIAaraeMbIX, KaXJ0€ M3 KOTOPBIX
3aBUCHUT OT pa3dpoca TOKOB AMHUTTEPA, KOJIIEKTOPHBIX COMPOTHB-
JICHUH U JIp.

Pa3zbpoc TOokOB 3MuTTEpa 00YCIOBJICH Pa3dpOCOM TEIIO-
BBIX TOKOB 3MUTTEPHBII IepexonoB. [isi BbIpaBHUBAHUS TOKOB
sMUTTEPOB Ha Bxox Y momaercs nuddhepeHIManbHbIA CHTHA:

Ua=0In(Ie/1c0)

Jyis BTOpO#l coCTaBSONICH, 00YCIOBICHHON pa3dpocoM KoJi-
JIEKTOPHBIX COMPOTUBIEHUN Pa3HOCTh KOJIEKTOPHBIX TOTEH-
[AaJIOB B PEKUMeE TTOKOSI COCTaBUT:

Ua=20In(AR/Ry)

Hanpshkenue cMmeleHns HyJs 3aBUCUT OT TeMIIepaTyphl. JTa
3aBHCHUMOCTh XapaKTEepPHU3YeTCS TeMIepaTypHOW UYyBCTBUTEIHLHO-
CTBIO, KOTOpast YMECHbBIIACTCSA BMECTE C YMCHBUICHHUCM HAIIPSKCHUSA
cMmenenus. Kpome HavanmbHOro pa3dopoca KOJIEKTOPHBIX MOTEH-
[AaJI0OB, UMEET MECTO TaKXe HaYallbHbIH pa30aiaHC BXOIHBIX
TOKOB 1gx . OTO TOK cMereHus. Ero BImsHIE MPOSBISIETCS B TOM, 9TO
MPOTEKast Yepe3 BHYTPCHHEE COMPOTHBIICHHE UCTOUYHUKA BXOHOTO
CHTHalla, OH CO3J]aeT Ha HEM TNaJeHWE HaIMpsHKeHHUs, KOTOpoe
PaBHOCHUIIBHO TOSIBICHUIO HATIPSKEHUS CMEIICHHUSI.

3aganus no padore.

3aganmel. CobOpars cxemy audHepeHIInaIbHOTO YCUIUTENSI CO-
rnacHo puc. 8.2 . C momouipio BOJBTMETPOB, MOJKIIOYEHHBIX K
KOJUIEKTOpaM TpaH3ucTopoB Y, M3MepuTh HampspkeHUE CMelle-
HUSI TPU U3MEHEHUHM CONPOTHUBIICHU B LieTH KojuiekTopa: Ry, R,, u
CPaBHHTH MOJyYCHHBIE Pe3yJbTaThl C JaHHBIMU pacu€ToB 1o ¢op-
MyJie:

U=20(AR,/ Ry), THE (- pa3HOCTH MMOTEHITHAIIOB MEKIYy TOUKaMH |
u 2. C moMomipio BOJIBTMETPA B OMUTTEPHBIN 1Ienn Tpan3ucropa T;
MIPOKOHTPOJIMPOBATH TOK MOKOSI.

3aganue2. B cxeme puc. 8.2 Mexay Toukamu | U 2 MOAKIIOYUTH
ocuuiuiorpad M MOJYYHTh OCHMJUIOTPAMMBI BBIXOJHBIX CHUTHAJIOB
cxemsl. [lo mokazanusimM ocumntorpada onpeaenuTs Ko3QQUIUEHT
yCUJICHUS cxeMbl. Pe3ynbTar cpaBHUTH ¢ pacuéramu 1o ¢popmyie:
K=0R,/R'-+(1-a) (Ri+Ry), mpy BBIOPAHHBIX MapamMeTpax TPaH3H-
ctopoB (R'e=5 Om, Ry=10 OMm, a= 0,99). O6BACHUTH Pe3yIIbTAT.
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3apganne3. B cxeme puc. 8.2, u3menss Gpasy HCTOYHUKOB BXOAHBIX
CUTHAJIOB, UMUTHPOBATh CHH(A3HbIE BXOAHBIC CHUTHAJIBI, Audde-
PEHLUAIbHBIE CUTHAJBI U CMEIIAHHBIM pexxuM ((pas3bl OTIMYAOTCS
Ha HECKOJIBKO TpamycoB). OukcupoBaTh oCIMILUIOTpamMMBl. Pe3yiib-
TaT 00bscHUTL. [lo moka3sarensm ocummaorpagda OmpenesnuTs Ko-
3¢ HUIMEHT yCUIICHHsI U CPABHUTH C pacd&TaMH.
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Puc. 8.2 Cxema muddhepeHnnanbHOTO YCHITHTENS.
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KO]—[TpOJ’lb]—[ble BOIIPOCHI.

1. Ilepedyncinuth 3J1€MEHTHI U3 KOTOPBIX COCTOUT npocrenmuii Y.
2. UYemy paBHa pa3HOCTh NOTEHIHAIOB MEXIy KOJJIEKTOpaMHU
tpansuctopoB VT1 u VT2, npu nogade Ha BX0oA CHH(A3HBIX CHI-
HaJoB?

3. Yemy paBHa pa3HOCTb MOTEHIMAJIOB MEXIY KOJJIEKTOPaMHU
tpansuctopoB VT1 u VT2 npu nogade Ha BXOJ pasHbIX MO ¢asze
CUTHAJIOB?

4. IlepeuncnuTh U 0XapaKTEPU30BaTh BAXKHEHIITUE XapaKTEPUCTUKU
Ay.

5. 3amucate BeIpaKeHME IS ompenencHus koddduuuenra ycue-
Hus [V B cilydae MCTOYHMKA CHTHAlla C MallbIM BHYTPEHHHUM CO-
MIPOTUBJICHUEM.

6.ITo xako#t (opMysie MOKHO ONpenenuTh KOIQPUIHEHT YCHUICHHS
cHH(A3HOTO CUrHaja.

7. Kak ompenensercst Ko3QQHUIMEHT MoJaBIeHUs cuH(pa3HOH co-
CTaBJISAIONICH CUTHAaA.

JlaGoparopHnas paGora Ne 9.
OnepanyoHHbIe YCHIMTEH.
Leab pabomul: 13ydeHue onepalioHHOrO yCUIIUTENS.
Kpatkas Teopwus.

OINEPAIIMOHHBIE YCUJIUTEJN

TepMuH «OIEpPalMOHHBIA YCUIIUTEIIbY OTHOCHTCS K YCHUIIUTEISAM TIO-
CTOSIHHOTO TOKa C OONBIINM KOI()GHUIMEHTOM YCHIICHHS, UMM
middepeHnmaNbHBIN BX0A (1Ba BXOAHBIX BBIBOJA) U OJWH OOIITHiA

U ekl BBIXOJT (OIMH BBIBOJ).
BX -—
Haspanue stux ycunure-

LB . tiT Jiei CBSI3aHO C TMEepBOHA-
YaJbHBIM MX NPUMEHECHH-

— €M IJIaBHBIM 00pa3oM st

Puc. 9.1, OB0sHaYEHWE O B BBITIOJTHEHHST  Pa3JIMYHbBIX

ANEKTPOHHELX CxEMEX. OnepaHI/Iﬁ HajJ AaHaJioro-
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BbIMHU BEIMYMHAMH (CJI0KCHUE, BHIYUTAHUE, UHTETPUPOBAHUE U P.).
Opnnako Onaroiaps TOCTHIKEHHSM B OOJIACTH MHKPO-3JIEKTPOHUKU U
[IMPOKOMY BBIITYCKY OIIEPAIIMOHHBIX YCHIINTENEH B HHTETPAITBHOM
WCIIOTHEHUH OTKPBUINCHh MX OO0Jiee IIMPOKHE CXEMOTEXHHYECKHE
BO3MOKHOCTU. B Hacrosiiee Bpems oneparmontsie ycumurenu (OY)
WTPAIOT POJIb MHOTOIIEIEBBIX AJIEMEHTOB IIPH TTOCTPOCHUH armapaTy-
pBI CaMOTO Pa3NMYHOTO HazHaudeHHs. OHU NMPUMEHSIOTCS B YCHIIH-
TENILHON TEXHHKE, YCTPOWCTBAX TeHEPAIlMM CUTHAJIOB CHHYCOUIANIb-
HOW W UMITyJIbcHOU (hopM, B cTaOMIIM3aTOpax HAMPSDKEHUS, aK-
TUBHBIX (PUIBTPAX H T. .

Ycnoaoe o6o3HadeHne OY nokazano Ha puc. 9.1. Oaun U3 BXo-
JIOB
yeunutensa(UBX, «+») Ha3pIBaeTCd HEHMHBEPTHPYIOIINM, a BTO-
poit (UBx.u, «-») — mHBepTUpyomuM. [Ipu momade curHana
Ha HEUHBEPTUPYIOIIMN BXOJI MPUPAIICHUE BHIXOIHOT'O CHTHAJIA

+Ek1

T7
R9
Uex H
'———————4:'E
+ BB
Uex M -
-—
o F11
T Rig
F12
-Ek2
&

Puc.9.2.IlpuHiunuanbHas cxema OlepalndoHHOTO yCHIIUTETS.

CoBMajaer mo 3Haky (¢as3e) ¢ mpupalnieHrueM BXOJHOTO CUTHAA.
Ecnu e curnan nojiaH Ha MUHBEPTUPYIOLIUI BXOJI, TO IPUPALLECHUE
BBIXOJIHOTO CHTHAJIa UMeET 0OpaTHBIN 3HaK (TPOTHBOMOIOKHBIA MO
(aze) Mo CpaBHEHHUIO ¢ MPUPAILEHUEM BXOAHOTO cUrHana. MHBepTH-
pYIOIIKH BXOJ 4aCTO HUCHOJB3YIOT JUIsl BBEACHUS B ONEPALIMOHHBIM
YCHITUTENh BHEIITHUX OTPUIATETIHHBIX OOPATHBIX CBA3EH.
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OcnoBy OV cocraBisier nuddepeHInanbHblii Kackal, NpruMeHse-
MBIl B KQYECTBE BXOIHOTO KacKa/ia YCHIHTENs. BBIXOIHBIM KacKajoM
OV 00BIYHO CITY’KHAT SMHUTTEPHBIH moBTOpUTEH (D11), obecneurBaro-
it TpebyeMyIo Harpy304HyIO CIIOCOOHOCTH Bcel cxeMbl. [lockoib-
Ky KO3(p(QUIHMEHT yCHIeHHs IO HANPSDKEHUIO SMUTTEPHOTO MOBTO-
puTens OIM30K K eIWHHIe, HeoOXoauMoe 3HaueHne Kuoy omnepa-
LHOHHOTO YCHJIUTENS JOCTUTAETCS C MOMOIIBIO TOTIOTHUTEIBHBIX
YCWIUTENBHBIX KaCKaJlOB, BKIIIOUAEMBIX MexIy auddepeHiuas-
HbIM Kacka-ioM u OIl. B 3aBUCHMOCTH OT KOJIMYeCTBa KacKaJIoB,
HCITOJIb3YEMBIX UTSI TONMy4deHus TpeOdyemoro 3HadeHus Kuoy, OY
MoJpa3fensaioT Ha ABYX- U TPeXKacKaaHBIE.

B nByxkackagusix OY B yCWJIEHHM BXOJHOTO CHTHAJIa ydacT-
BYIOT BXOJHOH nuddepeHnnanbHblii Kackaj W OAMH JIOTIOJIHU-
TEJNBHBIA KacKaj, a B TPEXKACKaJHbIX — BXOIHOW IH(pepeHIrab-
HBIA U JIBa JOTOJHUTENBHBIX Kackaaa. B Tpexkackamueix OY Bxof-
HOU uddepeHInaIbHbI Kackaj OOBIYHO BBITIONHSIOT C PE3UCTUBHBI-
MH Harpy3kamu, a B JABYXKAacKaJHBIX- C JUHAMUYECKHMH Harpyska-
mu. [loMuMO 3TOro, omeparMoOHHbIE YCHWJIMTEIM MOIYT COJEpXaTh
BCIIOMOTaTebHbIC TPAH3UCTOPHBIE KACKaJbl M 3JIEMEHTHI, TpeHa-
3Ha4YeHHbIEe, HAIIPUMep, IS CIIBUTA YPOBHEH HAIIPSDKEHUS B TPAKTE
YCHJICHUS, CO3/IaHHMsl HCTOYHUKOB CTaOWJIBHOTO TOKa, OTpH-
LaTeNbHBIX OOPATHBIX CBs3eH M0 CHH(]A3HBIM OIMOKAM YCHIICHUS
U T. 1.

Jnga wmmrocTpanuu  pacCMOTPUM  MPHHIUIIHATBHYIO CXEMY
npocteitmero TpexkackagHoro OV, mpuBeaeHHyI0 Ha puc.9.2.
(mukpocxema 140V [1). Iluranue cxeMbl OCYIIECTBIISICTCSA OT ABYX
UCTOYHUKOB +E,; u — E,, ¢ 0AMHAKOBBIM HampsbkeHueM. Mctou-

HHMKH [IMUTaHKUs UMEIOT OOIIYI0 TOYKY: |Ek1| = |Ek2| =Ek.

BxoaHo#l ycunuTeNnbHBIA KackaJl BBIOJHEH Ha TPaH3UCTOpax
T, T,. BbIxozipl IEPBOIrO Kackaja CBsSI3aHbl C BXOJaMHU BTOPOro Kac-
Kaja Ha TpaHzucropax 7Is, Ty . Pe3uctop B 1ienu KojuiekTopa TpaH-
3ucTOpa 1’5 OTCYTCTBYET, TaK KaK BBIXOIHON CHTHAJI BTOPOTO KacKaja
CHUMAETCSl TOJIBKO C KOJIEKTOpa TpaH3ucropa Ts McrouHuk cra-
OMJIBHOTO TOKa BO BTOPOM Au(QepeHIHanbHOM KackaJle He UCIIOJb-
3yercs. TpeOyemasi crabMIbHOCTh CyMMapHOT0, TOKa /, TPAH3UCTOPOB
Ts Ts nocruraercsa ¢ noMmollblo pe3ucrtopa R, = Rs. [lagenue Ha-
npspKeHus: Ha pesuctope Rs oT mporekanus Toka [, obonx TpaH3u-
CTOPOB TOBBIILIAET MTOTEHLMAT UX SMHUTTEPOB, YTO HEOOXOOUMO st
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HEMOCPE/ICTBEHHO!N CBSI3M 0a3 TPaH3UCTOPOB C BBIXOJAMU HPEIbI-
OyLIEero Kackazaa.

Tpetuit ycHIMTENbHBIM KackaJl BBITIOJHEH Ha TpaH3UCTOpax
T, Ts. Beixog ero cBsizaH ¢ BXOAOM TpaH3uctopa T, HA KOTOpPOM
pean30BaH BBIXOJHOM 3MUTTEpHBINA NOBTOpUTENL. IlocTpoeHue
TPETHEr0 YCUJIUTEIBbHOI'0 KacKaJla TaKOBO, YTO TPAH3UCTOpPHI 17,
Ts mpeAcTaBISAIOT cOO0U Kak OBl yIIpaBIIsieMbIe SJIEMEHTBI BXOTHOTO
JIETUTENS] SMUTTEPHOTO TIOBTOPUTEIIS. Y IpaBICHUE TPAH3UCTOPOM
T; Ipou3BOAUTCS IO LENMu 0a3bl BBIXOJAHBIM CHUTHAJIOM BTOPOTO
Kackajlla, yIpaBJIEeHUE TPaH3UCTOPOM Ts- MO LENu SMUTTEpa Ha-
NpsDKEHUEM Ha pe3uctope Ri,, co3maBaeMbIM OT MPOTEKaHUS Ye-
pe3 3TOT PEe3UCTOP TOKA AMUTTEpa TpaH3UcTopa 7y9. TpaH3ucTop
Ts BXOOUT B KOHTYpP IOJIOKUTEIHHONH 00paTHOH CBSI3H, MO3BO-
JISIFOIIEH 00eceunTh BBICOKHH KOA(QQUIMEHT yCUIICHHs TPETHEro
kackaga. CoBMecTHOE JielicTBUE TPaH3UCTOpPOB 77 u Ts HampaBe-
HO JIM0O Ha yBenWuyeHue, 1100 Ha yMeHbIIeHHe (B 3aBUCUMOCTH
OT CUTHaJIa Ha BXojie TpaH3ucTtopa T¢) BXOAHOTO HANpPSIKEHUS
SMUTTEPHOTO0 MOBTOPUTEIS, T. €. NOTEHIMANa 0a3bl TPAH3UCTOPA
Ty oTHOCHUTENBHO WHBI —FE,;. [loBBIIIICHHE HampsbKeHUs Ha Oasze
Tpan3uctopa Ty 00yCIOBIUBAETCS yMEHBIIEHUEM COTPOTHBIICHUS
ITOCTOSHHOMY TOKY TpaH3ucTopa 77,a Takke yBEITWYEHHUEM CO-
MIPOTHUBJIEHUS TpaH3UCTOpa 15, U HAOOOPOT.

PaccmotpuM xapakTep U3MEHEHUS! BBIXOJHOTO HaIpsDKEHUS
OY npu u3MeHeHHH CUTHalla Ha 0a3e TpaH3ucropa 77,

[Mpu Bxoausix HanpstkeHUusx OY Uy, =Ugc, =0 Hanps-
JKeHUE Ha KOJUIEKTOpe TpaH3uctopa T, TakoBO, 4TO OJIM3KHE IO
BENMYMHE TOTEHIMAIBI 0a3bl M SMUTTEpa TpaH3ucTopa 7, OTHOCH-
TeapHO MHHE -Ex, paBHBI +E, 1 HampspkeHUEe Ha BeIxone OV
Usgpix = 0.

Ecnu mon nmeiicTBMEeM BXOJHBIX CHTHAJOB (ITOKAa3aHHBIX Ha
puc.9.2. B BHjIe MOTYBOJIH) HAIPSDKEHUE HA KOJUIEKTOPE TPaH3HU-
cropa T yBenuuutTcsa (MOJOXKUTEIbHAS IOIYBOJIHA), TO YBEIHU-
yaTcs Takxke TokH g, I, Tpanzucropa 77 DTO NPUBOJIUT K yBEIHU-
yeHuto TokoB I, I, Tpansucropa Ty. Hanpsbkenue Ha pe3ucrope
R, nmoBbiaercs, uro ymenbluaeT HanpsbkeHue Ug, u Toku g, Iy
Tpan3uctopa Tg BBumy Bo3pacranus Toka /, TpaH3uctopa 17 u
yMeHbIleHusT Toka Ik TpausucTopa Ts moTeHIMaNbl 0a3bl U
SMUTTEPA TPaH3UCTOPA T9 OTHOCUTENIBHO LIWHBI — FEg, CTaHOBSITCS
oonbpme +Ex. Ha BbIxone ycunutens: BO3JaeTcs HapsHKEHHE TMOo-

72



T0XUTEeNbHOU moasapHOCTH U,y,> 0 (Ha puc. 9.2. mokazaHa
0e3 cko0ok).[Ipu cHWKEHHH HaNpsOKEHUS Ha KOJUIEKTOPE TpaH-
3ucrtopa Ts TOKM TpPaH3UCTOPOB T, T¢ yMEHBIIAIOTCA, a TOKHU
Tpan3uctopa I's YBEIUUUBAIOTCS.. DTO MPUBOJNUT K YMEHBIIICHUIO
MOTCHIMAJIOB 0a3bl U AMUTTEpa TpaH3UuCcTOopa Tg OTHOCUTEIBLHO IITH-
HEI - Ey,, HA BRIXOIE yCHIIUTENS OyAeT AeHCTBOBATh HANPSIKCHHE
otpunarenbaoil momsipaoctu Uppix< 0 (Ha puc.9.2. mokazaHa
B CKOOKax).

OueBUAHO, MAaKCUMAJIbHOE BBIXOAHOE HAMPSKCHUE U pyxmax
OTPUIATEIBHON TOAPHOCTH OyaeT Omm3ko K -Eyx, = -E,, a MakcH-
MaJIbHOE HaNpsyKEHUE MOJIOKUTEbHOU nossipHocTy U T g max— K+
E,.; = +Eg.Peakuuio ycunuresns Ha BO3JEHCTBUE BXOJHBIX CUTHa-
JIOB JIETKO MPOCIEAUTb, pacCMOTPEB MPOXOXKJIEHUE YCHUIIMBae-
MOT'0 CHTHAaja 0 BCEMY TPAKTy YCHUJIEHHS (KaK IOKa3aHO Ha PHC.
9.2., HanpuMep, MpH Tojauye MOJOKUTEIBHONW IMOJTYBOJHBI Ha-
NpsDKEHUST HA HEMHBEPTUPYIOIWMUI BXOJA IPHU 3a3€MJICHHOM HMH-
BepTUpYIOMEM BXojne). OmnepanuoHHBIE YCHIUTEIH XapaKTepHh-
3YIOTCSl YCUJIUTEIBHBIMU, BXOJHBIMH, BBIXOJHBIMH, JHEPreTHUC-
CKUMH, Jpeli(OBBIMH, YACTOTHBIMH M CKOPOCTHBIMH  IIa-
pamerpamu. PaccmoTpum Hanbosee CyecTBEHHBIC U3 HUX.

'E"rd'u.n L.}
________ +Eﬁ".____-_-|-n—
B ERD R -
wuid 5148 Heumbopmu-
o Pymied
Ao ey L Are
g L) A
i'Ir!.:'.l' mar
———— Y ——
"Ly

Puc. 9.3 Ilepenarounsie xapakrepuctuku OVY.
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Baxneiimumu xapakrepuctukamu OV SBISIOTCS €r0 aMIUIATYI-
Hble (TIepeaaTodHbie) xapakTepuctuku (puc.9.3.). Ux npencrapmns-
0T B BUJI€ ABYX KPHUBBIX, OTHOCSIINXCSI COOTBETCTBEHHO K MHBEP-
TUPYIO-IIEMY W HEWHBEPTHPYIOIIEMY BXOJaM. XapaKTepUCTHKH
CHMMAIOT TpH I0Jlaye CUTHaJIa HAa OAMH M3 BXOJOB NPHU HYJIEBOM
cUrHaze Ha Apyrom. Kaxnaas u3 KpUBBIX COCTOUT U3 TOPU30HTAIIb-
HBIX W HAKJIOHHOTO Y4acTKOB. |'OpH30HTaIbHBIE YYaCTKH KPHUBBIX
COOTBETCTBYIOT PEXHUMY IOJHOCTBIO OTKPBITOrO (HACBILIEHHOTIO)
a100 3aKPHITOTO TPAH3UCTOPA BBIXOJHOTO KackKaaa (IMHUTTEPHOIO
nosroputesst). IIpy n3MeHeHnu HanpsKeHUs1 BXOJHOIO CUTHajla Ha
9THX YyYacTKaxX BBIXOJHOE HANPSDKCHUE YCHIIUTENsl ocraercs 0e3
M3MEHEHHUs M onpesensercs HanpsmKeHUAME U pxmax U oo max,
VYKka3aHHbIE 3HAYCHHWsS MaKCHMAJIbHBIX BBIXOJIHBIX HaIPSKEHUN
Onmu3ku K HanpsokeHwio E, mcToynmkoB murtaHus. HaxmoHHOMY
(TMHENHOMY) Yy4YacTKy KPHUBBIX COOTBETCTBYET NPOIOPIHMOHATIbHAS
3aBHCHMOCTh BBIXOJHOTO HANpPsDKEHUS OT BXOJHOTO. YTOJI HaKJO-
Ha  ydyacTka  ompexaensercss  Kod(QOUIMEHTOM  yCHJICHUS
Kuoy=AU,/AUgx onepanmonHoro ycwiutens. 3HaueHue Ko, 3a-
BHUCUT OT THIIa OY U MOXET COCTaBIATh OT HECKOJIBKUX COTEH /10
coTeH Teicad W Oonee. bonpmme 3raueHust K, MO3BOISIOT MpH
OXBaTe TAKUX YCWINTENEW TIIIyOOKOH OTpHIaTeIbHON OOpaTHOM
CBS3bIO MOJIY4aTh CXEMBI CO CBOMCTBAMHU, KOTOPBIE 3aBUCAT TOJIBKO
OT IMapaMeTPOB e OTPUIIATEIIHFHOW 00paTHOM CBS3H.

Puc.9.4 [lepenarou-
HbIE XapaKTEPHUCTH-
KH OTePaIlMOHHOIO
YCHIIUTEIIS IPU Ha-
YUK pazbanaHca.
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Kpussie, npuBenennsie Ha puc. 9.3., MpoXoJaT uepe3 HyJb.
Cocrosinue, korna Uy, = 0 mpu Uy, = 0, Ha3piBaeTcs OanaHCOM
OVY. Onmnaxo mis peanpHbix OY ycnoBue OataHca 0OBIYHO HE BBI-
nonasietrcst (Habmromaercs paszbananc). Ilpu Uy, = 0 BeIXOmHOE Ha-
npsokenue OY moxer ObITh Oonbiiie win MeHbine HyNs ( Uy =
+AUppx wn Uy, = -AUyx).Ha puc. 9.4, TyHKTHPHBIMU JTHHUASMHA
IOKa3aH BO3MOJKHBEIN B MEPEAATOYHON XapaKTEPUCTUKH PEaib-
HbiXx OY mpHu BXOJHOM CHTHAlIe, MOAAaBAEMOM Ha HEUHBEPTUPYIO-
it Bxoxd. Hampsoxenue Uy, pu koTopoM Uy, = 0, Ha3bIBaeTCA
BXOJHBIM HampspKeHUEeM cMeleHus Hysl. OHO ompenenseT 3Have-
HUE HaNPsHKCHHSI, KOTOPOEe HEOOX0oIuMo moaath Ha Bxon OV s
co3nanusi OanmaHca. Hampsokenust Ugyo M AU, CBSI3aHBI COOTHO-
HMICHUEM: UCM0= AUBHX / KUOY

OcHoBHOIl mpuumHON pazbamanca OV sBiseTcs CyImiecT-
BYIOIIMI pa30poc TapaMeTpoB 3JIEMEHTOB Au((epeHIHaTbHOTO
YCUIIUTENILHOTO Kackaia (B YacTHOCTH, TPAaH3UCTOPOB). 3aBUCH-
MOCTh OT TeMmrepaTypbl napameTpoB OV BEI3BEIBACT TEMIIEpATyp-
HBIA Jpeiid) BXOAHOTO HANPSUKEHUS] CMELICHUS W TeMIIepaTyPHbIH
npeiid BBIXOJHOTO HaIpsbKeHUs. BxomHOE conmpoTHBIICHUE, BXOJ-
HBIE TOKH CMEIIEHUS, Pa3HOCTh W JIpeiid BXOMHBIX TOKOB CMEIIIe-
HUS, a TAKKE MaKCUMaJIbHOE BXOHOe nu(depeHInaibHOe Hampsi-
JKEHHE XapaKTepU3yIOT OCHOBHBIE MapaMeTPbl BXOIHBIX IleTiel
OTICPAlIMOHHBIX YCHIIUTEICH, KOTOPHIE, B CBOIO OYepedb, 3aBUCSAT
OT CXEMbI HCII0JIb3yeMoro auddepeHnaaIbHOr0 BXOIHOTO KacKa-
na. Hampuwe BXOMHBIX TOKOB CMEIIEHHUS OOYCIOBIMBACTCS KO-
HEYHBIM 3HAY€HHEM BXOJHOTO COMpPOTHBICHUS nuddepeHmmnamb-
HOTO Kackaja, a UX PasHOCTh — CYIIECTBYIOIINM pa3dpocoM ma-
paMeTpoB TPaH3UCTOPOB (Pa3IUYUEM HAYaIbHBIX BXOJHBIX TOKOB
cMmetnenus). HauanpHble BXoaHble TOKU cMerieHus OY ¢ audde-
pEHITHATBHBIM KacKaJIoM Ha OWIOJSIPHBIX TPaH3UCTOpPax OImpere-
JISIOTCA TOKaMU 0a3 TPaH3MCTOPOB NPHU 3a3eMIICHHBIX Bxonax (0a-
30BBIMH TOKaMH TPAH3UCTOPOB B PEIKUME IMOKOS), a MPU HATHUUUU
KacKaJI0B Ha IMOJICBBIX TPAH3UCTOPaX — TOKAMH yTeUeK 3aTBOPOB.

Puc. 9.5 Beenenue g0m0aHU-

R TENBHBIX ~ PE3UCTOPOB  BO
- UBBX  gxonm-upie wemu OV  mus
+ - HCKITFOUCHUS pasbananca,
R2 CO310BAEMOT0 BXOJHBIMU
— TOKaMH.
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HCO6XOILI/IMOCT]) yu€Ta BXOAHLIX TOKOB BO3HHUKACT IIPU IIO-
cTpoernu cxeM Ha OV, Korja B 1eNb OJHOTO WM 000MX €ro BXO-
JIOB BKIJTFOUAFOTCS Pe3ucTOpHI (puc. 9.5). [1pu HeomnHAKOBBIX BEIH-
qnHax COHpOTI/IBJIeHI/Iﬁ PE3UCTOPOB WM BXOAHBIX TOKOB IaACHUSA
HanpspKeHus: Ha pe3uctopax R; u R, OyayT HeoanHaKOBBIMH, YTO
co3maeT Mexay Bxoaamu auddepeHnmambHOE HAMpsHKEHWE W CO-
OTBETCTBCHHO BLI3BIBACT IIOSABJICHWE Ha BBIXOAE HEKOTOPOT'O Ha-
npsokeHus: (pasbananca). BBumy Hanuuus BXOJHOTO HampsDKEHUS
CMEUICHUS] U BXOJHBIX TOKOB cMelleHusi cxembl Ha OY mnpu-
XOIUTCS JOTOJHATH 3JIEMEHTaMH{, TpeAHa3HaueHHBIMU Ui Ha-
YanbHOUM UX OanaHCHPOBKH. banaHCHPOBKa OCYIIECTBISIETCS Iy TEM
MOAAa4Yy Ha OJUH U3 BX0J0B OY HEKOTOPOro IOMOJHUTENIBHOIO Ha-
MIPSKEHUS ¥ BBEJIEHUS PE3UCTOPOB B €TI0 BXOIHBIE IIETIH.

MaxcumanbHbIM 1 hepeHnranbHbIM BXOAHBIM HaNpsSKeHHEM
JUMUTHpPYETCSl HampshKeHHe, mojaBaeMoe Mexnay Bxogamu OV B
cXeMe, JUId MCKIIFOUEHUS MOBPEXICHUS TPAH3UCTOPOB nuddepeH-
LMaNbHOTO Kackazaa. [t 3amuTsl Mexay Bxogamu OV BKITIOYAOT
BCTPEUYHO-NIAPAJUICIBHO JIBa TUOJIa UK CTA0MIINTPOHA.

4l Kygy
LT S—— ¥
iz L
aj ||
| t—— -
& folin % 7
|
. |
i |
180 : 7
(A

8 g

$ii-
Puc.9.6. AUX (a) u ®UX (6) onepaimOHHOTO YCHITUTEIIS.
Hamnune cungasznoro HampsbkeHust Ha Bxogax OV BbI3bIBaeT

TIOSIBJICHUE BBIXOAHOW cHH(a3HOW ommOKky ycuiaeHus. Tak ke Kak
u s auddepeHraabHOTO Kackaaa BIHMsSHUE CHH(A3HOTO BXOJ-
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HOTO HAaNpsDKEHHUS! OLEHUBAIOT KOA(PQPUIUEHTOM OCNabJIeHUs! CHH-
¢aznoro curnana (KOCC).

BeixogueiMu mapametpamu OV ABJISIIOTCS BBIXOJHOE COMPO-
TUBJICHHE, & TAaKK€ MAaKCHMAaJIbHOE BBIXOJIHOE HAIPSKEHUE U TOK.
OVY nomkeH o0nagaTh MajbIM BBIXOJHBIM COMPOTHBIICHUEM IS
oOecrieueHus BRICOKHX 3HAUYEHUI HANpsOKEHUS HA BBIXOZE MPH Ma-
JIBIX COMPOTHUBIICHUSAX HArpy3KH. Manoe BbIXOHOE CONPOTHBIICHUE
(mecsatku u cotHu OM) JoCTUTaeTCs MPUMEHEHHEM Ha Bbixoje OY
SMUTTEPHOI'O TIOBTOPUTENA. MaKCHUMalbHOE BBIXOJHOE HaIlpshKe-
HUE (TTOJIOKHUTEITFHOE M OTPUIATENIBHOE), KaK YKa3bIBAIOCH, OJIM3KO
K HanpsbkeHuto nutanusa E, = Ex; = Eg,, KOTOpo€ MOXET cOCTaB-
aate 3—15 B. MakcumanbHbIil BBIXOAHOH TOK OTrpaHUYMBAETCS
JOITYCTHUMBIM KOJUIEKTOPHBIM TOKOM BBIXOJHOTO Kackama OV.
Oneprernueckre napameTpbl OY OIEHHWBAIOT MaKCHMAJIbHBIMH
NOTPeOISICMBIMU TOKAMU OT O0OMX MCTOYHUKOB MUTAHHS U COOT-
BETCTBEHHO CYMMAaTOPHOW NOTPEOIsIEeMO MOIITHOCTBIO.

Ycunenne rapMOHMYECKUX CUTHAJIOB XapaKTEPHU3yeTCs YaCTOTHBI-
mu napameTrpamu OV, a ycuiieHHE UMITYJIBbCHBIX CHUTHAJIOB - €T0
CKOPOCTHBIMHY WJIM TUHAMHYECKUMH ITapaMeTPaMH.
YacToTHbIE MapaMeTpsl OMPENEISIIOT 10 aMIUIUTYAHO-9aCTOTHON
xapakrepuctuke OV (puc. 9.6, a), KoTOpas UMEET CIIaJA0IINNA Xa-
pakTep B 001aCTH BBHICOKOM YacTOTHI, HAYMHASI OT YaCTOTHI Cpe3a
fep. IlprarHO¥ 3TOTO SABNSAETCS YaCTOTHAS 3aBUCHMOCTb Iapa-
METPOB TPAaH3UCTOPOB U Mapa3UTHBIX eMKocTell cxemsl OY. YacTo-
Ta f; mpu xotopoii k03 pu-
Yoy nueHt ycunenust OY paBeH
eJIMHAIIE, Ha3hIBAETCS Yac-
TOTOH €AUHUYHOTO yCuJle-
(4 o) Hus. [1o rpannuHoit yacro-
&fﬂm Te fy,, KOTOPOI COOTBETCT-
N BYET CHI)KeHHeE K03 duin-

ﬁiﬂ’am == ——\:1?' enta ycuwienus OY B \/5

I dir ! pas, OLEHUBAIOT ITOJIOCY
] NPOITYCKAHHS 4acTOT yCH-
- e I . JIUTENIS, COCTABJISIOLLY IO
4 fg + er 3 Jutst coBpeMeHHbIX OV ne-
- - cartku MI'n.
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Puec.9.7. Peakius OY Ha Bo3/eHCTBUE CKauka HaMpsSKEHUs Ha BXO-
Ie.

[Ipu ycunenun curHamoB OY 0OBIYHO OXBATHIBAETCS OTPUIATEINb-
HOM 00paTHOM CBS3bIO 10 MHBEPTHUPYIOIIEMY BXoly. BBuay co3na-
BaeMOTr'0 YCHUJIMTEIEM B 00JIACTH BHICOKUX YacTOT (Da30BOTO C/IBHTA
BBIXO/IHOTO CHTHalla OTHOCHTEIBHO BXOIHOTO (pa30BO-dacTOTHAs
xapaktepuctuka OY 10 MHBEPTUPYIOUIEMY BXOIy NPHOOpETaeT
nononHuTenbHbIA (cBepx 180°) dasossrii casur (puc. 9.7., 6). dus
HEKOTOPOH BBICOKOW YacTOTHI MOJTHBINA (pa30BbIi CIBUT CTAHOBUTCS
paBHBIM 360, 4TO COOTBETCTBYET MOJIOKUTEIBHONH 0OPATHO# CBA3M
[0 MHBEPTHUPYIOIIEMY BXOJYy Ha 3TOW yacToTe. DTO MPHUBOIUT K
caMOBO30YXKIeHNI0 cxeMbl. lJis1 ycTpaHeHHs] caMOBO30YKICHHUS B
OV BBOAAT BHelIHUE KOppekTupytomue RC-1ienu, mo3posisromniue
HECKOJIbKO M3MEHHTH XOJI aMIUTUTYAHO-4aCTOTHOW M (ha309acToT-
HOI xapaktepuctuk. [Tapamerpsl RC-nieneit 1 Mecta ux noacoenu-
HEHHS K MUKpocXeMme (I UCKITIOUEHUS CaMOBO30YKICHHS) yKa-
3BIBAIOTCS 3aBOJIOM M3TOTOBHUTEIIEM.

Junamuyeckumu napamerpamu OV SABISIOTCS CKOPOCTh Ha-
pacTaHus BBIXOJHOTO HANPSKEHHS (CKOPOCTh OTKIMKA) M BpeMs
YCTaHOBJIEHUS BBIXOJHOTO HampsokeHHs. OHH OMpEeAeNsIoTCS I10
peakuuu OY Ha BO3JCHCTBHE CKayka HAMpsDKEHUs Ha Bxone (puc.
9.7., a, 6). CKOpOCTh HapacCTaHUs BBIXOJIHOTO HAMPSKECHUS V Uy
HaXOZST 10 OTHOIICHHWIO MPHPAIICHUS BBIXOAHOTO HANPSKEHHS K
BPEMEHH Ha y4YacTKe H3MEHEHHS BBIXOJHOTO HAIPSDKEHUS OT
0,1uBpix 10 0,9U,,,x. Bpemst ycTaHOBIEHUS BBIXOIHOTO HAIPSKCHUS
tyer OIICHMBAIOT WMHTEPBAJIOM BPEMEHH, B TEUYEHHE KOTOPOTO BBI-
XOJHOE HampspkeHue u3mensiercs ot yposss 0,1 go yposus 0,9 yc-
TaHOBUBIIErocs 3HadeHus. Psag cxem OY nomyckaroT BBeIEHHE
KOPPEKTUPYIOUIHX LeMNeH, YIy4IIaoniX napaMeTpbl VUBBIX U ty;.
Hug OY Vuseix =0,1 /100 B/mke, a ty.. = 0,05 /2 Mkc.

[Mupokoe mpakTHyeckoe Hcroib3oBaHHe OY B aHaIOroBbIX
CXeMax OCHOBBIBACTCS TJIABHBIM 00pa30oM Ha NMPUMEHEHWU B HUX
pPa3IMYHOTO pOJia BHENIHWX OTPUIATENFHBIX OOpATHBIX CBS3EH,
yeMy crocoOCTByeT 0oJibInoe 3HaueHue Ko3(pduunenTa ycuneHus
Kuoy, a Taxke BBICOKOE BXOJIHOE M MaJIO€ BBIXOJIHOE COIMPOTHBIIE-
Hus OVY. Bricokue kadecTBa mapaMeTpoB coBpeMeHHbIX OV mo-
3BOJISIFOT, B YaCTHOCTH, 0€3 BHECEHHUS 3aMETHOM MOTPENTHOCTH IpH
pacuere cxem Ha OY npuaumats Kuoy —oo, Kioy—00, Ryoy—©.
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3ananus no padore.
3aganuel. Onpenenuts padounii quamna3oH 4actotel OY:
LF157(K140Y 1) u LM108 (K140Y114). g aToro coOpath cxe-
My COTJIacHO puc. 9.8

- IN CILIT

Puc. 9.8 Cxema i onpeaeneHust pabovero quamna3oHa

st onenku pabdovero auanasoHa yactotr OY usmepstot ero AUX
U ONPEACTISIIOT €r0 BEPXHIOK IPaHUYHYIO YaCTOTY IO YPOBHIO
0,707, 4TO COOTBETCTBYET crajy ycuieHus Ha 3ab. [{ns nonyyeHus
AUX B cxemy BkiouéH Bode Plotter.
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3aganue2. [IpoBeprTe MOAETUPOBAHNE BIUSHHS HANIPSDKEHUS
cMermenns Hynst OV Ha ero BBIXOHOE Hanpspkenue. s aToro
BOCTIOJIB3yHTECH CXeMOit puc.9.9.
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Puc.9.9. Cxema [u1st MOIETTMPOBAHHSI BIMSTHUS HANIPSHKEHUS CMe-
mieHus HyJist OY Ha BBIXOJHOE HANPSDKEHUE.
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MopenupoBaHue 1eIeco00pa3HO MPOBOAUTE B CIACAYIOMIEM MOPAI-
Ke: ycTtaHoBUTb 3HaueHUs lp.= l,s=0, 17151 Vo5 B3SITh 3HAUCHUS
1,3,5, 10MB u ¢ momo11po MyJsTUMETPA U3MEPUTH COOTBETCT-
BYIOILIME UM BBIXOJHbIE HANPsKEHUS U,yos. I10TydeHHBIN pe3yapTaT
CPaBHHUTH C pacuéTamMu 1o GpopmyJe:

Usos= Vos (1+R3/R1).

KontponbHbIe BOIIPOCHI.
1. Kakoe ycrpoticTBo HazbBaeTcss OY?
2. Yem oTiMuaroTcs nepefaTrodHble XapakTepucTukd OY 1o uH-
BEPTUPYIOILIEMY 1 HEMHBEPTUPYIOIIEMY BXoaam?
3. Kakoii Bug umeer JIAUX cranpaptaoro OY?
4. Kak BXO/HOE HaNpsKEHHWE CBUTA BIMSAET HA BUJ NEPEIATOYHOM
xapaktepuctuku OY?
5. 3adueM Bo BxojHOM Kackane OV ucnons3yroT auddepeHnnaisb-
HbIN
YCUIIUTEND?
6. O0bscHUTE ¢ Kakoil 1enbio B OY UCHONB3YIOT CXEMBI T'eHepaTo-
poB
TOKa U ‘““TOKOBOTO 3epKaia’.

JlaGopatopHas padora Nel(.

HccnenoBanne 0CHOBHBIX CXeM BKJIIOYEHHS ONEPANMOHHBIX
YCHJIUTeJIeH.

Lens padbomui: Hccneoosanue ocnosnuvix cxem exniouenus 0Y,
onpeodesieHue napamempos U XapaKmepucmuK yCuiumenabHblxX
ycmpoiicme Ha oaze OY.

Kpartkas Teopus.

PaccmMoTpuM HEKOTOpBIE TPUMEPHI MOCTPOCHHUS aHAJIOTOBBIX
cxeM Ha OY, pexxuM paboTbl KOTOPOTO OCYLISCTBISACTCS B Mpere-
Jax JTUHEHHOTO y4acTKa MepeJaTOuHbIX XapaKTePUCTHK.

NuBeprupywommii ycuinureab. VHBEPTUPYIOUUN YCHUIIUTEIND
(puc. 10.1.), n3MeHAOmUI 3HAK BBIXOAHOTO CHUTHAalTa OTHOCH-
TEJILHO
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BXOJIHOTO, CO3J]aeTCs BBEACHHUEM I10 MHBEPTUPYIOLIEMY BXOIY
OV ¢ nomompro pesuctopa Koc mapaminensHOW OTpHLIIATENBHON
00paTHOM CBS3M 10 HANpPsOKCHHUIO. HemHBEepTHUPYIOMINN BXOM CBSI-
3BIBAETCS C

oOIIeli TOYKOM BXOJAa M BBIXOJA CXeMbI (3a3emilsieTcs). Bxo-
HOW CHUTHAJ MOJaeTcsl Yepe3 pe3ucTop R; Ha HMHBEPTUPYIOIIUN
Bxoxg OVY.

Roc
o

(W]

R UBkbIlx

\+|

Puc.10.1.CxeMa HHBEPTUPYIOMIETO YCHINTEIS.

ITokazarenu CXeMBl MOXXHO OIPEACIUTH, BOCIIOJH30BaB-
IMCh ypaBHEHHEM TOKOB Juis y3na 1. Ecnu mpuusats Ry0y
=00 u BxoaHo# Tok OV loy = 0, 1o I, = Iy, oTKyxaa:

U66—U0=_ Ussvi — U0 (10.1.)
R1 Roo
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[pu Kuoy —oo nanpspkenue Ha Bxojie OY Uy=U,/Kyoy—© B
cBsA3U ¢ yeM Beipaxenue (10.1) mpuHUMaeT BUA:
Usx/Ri= - Upp/Roee  (10.2.)
CrnenoBarenbHO, KOAPGUIUSHT YCUIICHUS 110 HANPSHKCHUIO WH-
BEPTHPYIOLIETr0 YCHIUTENU C MapajyielbHOH oO0paTHOH
cBsa3pi0 Kum = U,,/U, ompenensercs mapaMeTpaMH TOJBKO
MMaCCUBHOW YacCTU CXEMBI:
K= - Roe/Ry. (10.3.)
Bribop Roc= RI1, xorma Kum= - 1, mpupmaer cxeme puc.
10.1.cBOICTBO MHBEPTUPYIOIIETO TTOBTOPUTEIS HAMPSIKCHUS (MH-
BepTopa curaana). [lockonsky Uy—0, BXOJIHOE CONPOTHUBIEHUE
CXEMBI R.:x =R;. BrixogHO€ CONPOTUBICHUE YCUITUTEINS:

R 1+ Roc/ R1
P 8gvixo(1+ Roc/ R1) (10.4.)

Kuoy

npu Kuoy—oo 65113K0 K HYJIO.

HeunBeprupyrommuii ycuaureiab. Heunseptupyromui
yeunutenb (puc.10.2.) cComepXHUT MOCIET0BATEIHHYIO OTPH-
LaTeIbHYI0 OOpPaTHYIO CBS3b IO HAMpPSDKEHUIO, MOJAHHYIO IO
WHBEPTUPYIOIIEMY BXOJY; BXOJHOH CUTHAaJl TOJAeTCs Ha He-
HHBepTHpYlomHKi Bxog OV.

B cuny paBeHcTBa HYIIIO HanpsikKeHUs: Mexay Bxogamu OV
(Up = 0) BXOIHOE HANpPSKEHUE CXEMBI CBS3aHO C BBIXOJHBIM
HaIpsHKEHHEM COOTHOIIICHHEM

Rl
UBX:UBBIX — (1 0.5.)
R1+ Roc

OTKy1a K03 (PUIIMEeHT yCUIIeHN HENHBEPTUPYIOMIETO yCHITUTENS

Kup=1+R,/R;.  (10.6.)
ITpu R,.=0 u R, =00 npuxoaum Kk cxeme NOBTOPUTENS
(puc. 10.3.)
BxoagHoe compoTHBIE€HHE HEWHBEPTHUPYIOUIETO YCHIUTENS
R;x, paBHOe BXxogHOMY comnpoTuBieHuio OY 1o HEMHBEPTH-
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pymooueMy BXOJy, BeJHKO; BBIXOJHOE COIPOTHUBIICHUE
RBBIX—0. Ero HaxonaT u3 cooTHomenus (10.4.).

HeunBeptupyronuii 1 UHBEPTUPYIONMIUN YCHUIUTENHU IIUPO-
KO HCIOJB3YIOTCS B Ka4e€CTBE BHICOKOCTAOUIIBHBIX yCHIHUTE-
JIeHl pa3IuYHOrO Ha3HAYEHUS.

Roc

1o

UEkBIx

Puec.10.2.CxeMa HEMHBEPTUPYIOIIETO YCUITUTES.
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Uegx

Puc. 10.3 Cxema noBropuresnsi.
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3ananus no padore.
Yacts A.
3aganuel. UccnenoBanne nuBepTupytomiero ycunutens. Coopars
cxeMy HHBepTHpymomero ycunurens (Ha ocHoBe MC1456C) co-
rinacHo pucyHky 10.4. [Tomy4yuts ocuuIOrpaMMBbl BBIXOAHBIX Ha-
HPSDKEHUH IPU PAa3IMYHBIX 3HAYEHUSIX COIPOTUBIEHUS 00paTHON
cBa3u (o1 10 10 150 kOM) ¢ marom 20 kKOMm.

** Electronics Workbench Professional Edition

e Ll 7] ajafe 4 9 '
K Gy

Untitled
Ll
Oscilloscop
=y hod
‘ ol —
T B.8B68 = T2 14 7675 = pranl 14 2675 s
VAL [-312. 6213 nY VAR | 496.9805 U waAel | 889 cale my
VB! 3.1818 v VB | -4.9141 ¥ VBB | -8.8951
~Time base Trigger hannel hannel B
[foostdv [ Edge =] [ wiDiw B | [10 wiDiv ] Reduce |
Kpostion [0 ]| Level ¥ positon [ 140 2| ¥ posiion 120 ]| Feverse |
Fraquency W B | e oo JCIEES Ac|o|EH Ac|o|EE save
Duyeycle [f0 [ =
Ampitude [S00 [ [mv I
ottt 0 [
- Common 5
(] ¥ O]
hd
< >

Ready 15.08 5 Temp: 27

14 myck oo RU B Aapec ’<,||:_ &«
Puc. 10.4 Cxema UHBEPTUPYIOLIETO YCHIIUTENS U BBIXOHASI OC-
LUJIOTPaMMa.

3aganue 2. [Toctpouts rpadux AUX npu pa3inuyHbIX H3MCHEHUSIX
cornportuBieHus ooparHoii cBs3u (ot 10 1o 50 kOm) ¢ marom
10kOm.
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3aganue 3. CpaBHUTh 3HaueHHE KO3 (UIMEHTa YCHIICHUS TIO TO-
CTOSIHHOMY TOKY, PaCCUMTaHHBIM O ocLuuiorpady ¢ xodpduim-
SHTOM YCHJICHHs, pAaCCYNTaHHBIM IO GopMmyIie

Ko= Ro/R.

3ananue 4. PaccuuTaTh BXOJHBICE M BBIXOJHBIE CONPOTHUBIICHUSA
yCI/UII/ITeJIﬂ HpI/I paSJII/I‘IHBIX 3HAYCHUAX KOS(b(i)I/IIH/IeHTa yCI/UIeHI/IS[:
RBX=R1, RBle OC=RBI>IX. ® (1+ROC/R1)/K0V. F)Ie RBle paBeH 200 OM'

Yacts B.
3ananne 1. VccnenoBanue HemHBepTupyiomiero ycunutens. Co-
Opatb cxeMy HHBepTUpYIOLIero ycunutens (Ha ocnose MC1456C)
cornacHo pucyHky 10.5. IToayuuTh OCIMILIOrPaMMBI BBIXOJHBIX
HampspKeHUH  TIpW pa3iMyYHBIX 3HAUYEHUSX COIMPOTHUBIEHHUS 00part-
HoMt cBs3u (0T 10 o 150 kOm) ¢ marom 20 kKOm.

x|

| | |

Fraquency [1 H [H= H
Duty cyele [50  [H =
Amplitude  [S00 H [~ B

oftst [0 P

- Commoan

+
I e 0]
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< ol

Ti B.8868 = T2 76925 = Ti-T1 76925 =
Sl & 2745 mW R 442 . 1685 ml AR | 455, 8841 mV
W1 &3 . 8485 mY B2 S.@8537 W VBZ-VB1 S.8147 W

—Time baze Trigger Channel & Channel B

Bige JE % [t wiow & | [io viow ]|l E==

¥ position Lewel 0.00 Iﬂ W position | 1.20 E ' position |-1.20 E Reverse

[ EAED BEN ~[5/et] | acioER e o|EH e |

Puc. 10.5 Cxema HEMHBEPTUPYIOLIETO YCUIUTENSA U BBIXOJHAS OC-
LHUIIOrpaMMa.

3aganue 2. [loctpouts rpadpuk AUX npu pazaumyHbIX U3MEHEHHUSIX
conpoTuBiIeHUI o0parHoii cBs3u (0T 10 mo 50 kOm) ¢ mrarom
10kOm.

3ananne 3. CpaBHHATH 3HaUYeHUE KOA(D(PHUIMEHTA YCUIICHHS 10 TI0-
CTOSTHHOMY TOKY, PACCUMTAHHBIM I10 ocuuuiorpady ¢ Kodpduiu-
€HTOM yCHJICHUS], paccunTaHHbIM 10 popmyiie Koe= Roo/R+1.

3ananmne 4. PaccunTaTh BXOJHBIC U BEIXOHBIC COMPOTUBIICHUS
YCUIIUTEIIS IPU PA3JIMYHBIX 3HAYCHHUSIX KOd((UIIMEHTa yCUICHUS:
Bxoanoe conpotusnenue Ry oe=(1+K,y/Koc) Ray.

Brixogroe conpotuBieHNe Ry oc= Rippx/1HKoy/ Ko

3aganue 5. Crenath BBIBOIBI 110 PA0OTE U OTBETUTH HA KOHTPOJIb-
HBIE BOTIPOCHI.
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KoHTpoabHBIE BONPOCHI.
1.UeMy paBHO BXOJTHOE COTIPOTUBJICHUE HHBEPTUPYIOLIETO YCHITH-
Tens?
2. UeMy paBHO BBIXOJHOE COMPOTHUBIICHHUE WHBEPTHUPYIOIIECTO YCHU-
nuTens?
3. Kak cootHOCATCS 1O (Da3e BXOMHOE M BHIXOAHOE HAIPSKCHHUE
WHBEPTUPYIOIIECTO YCUIIATEIIS?
4 Uemy paBeH KO3((UIMEHT yCHICHHS WHBEPTUPYIOLIETO YCHIIU-
Tens?
5. Uemy paBHO BXOJIHOE COIPOTHBIICHNE HEHMHBEPTHPYIOIIETO YCH-
nuTens?
6. UeMy paBHO BBIXOJIHOE COIPOTHUBIICHHE HEHMHBEPTUPYIOIIETO
ycunurens?
7. Kak cootHocsTCS 1O (haze BXOAHOE M BBIXOJHOE HAIPSIKEHHE
HEWHBEPTUPYIOIIETO YCUIUTEIS?
8. Uemy paBeH k03 (PUIIMEHT yCUIIEHUS HEMHBEPTUPYIOIIETO YCH-
JIATEIIS?
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