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BBEAEHME

B Hnactosiliee BpeMst MOJYYHsH GOJbIIOE pacnpoCTpaHEHHe JeK-
TPOHHBIE CYETHble CXeMHl, KOTOpble INMPOKO HCHOJIb3YIOTCSI He TOJIbKO
B IM(POBBIX BBIYMC/IHTEJIbHBHIX MallMHAX, HO M B Pa3HOOGpPa3HBIX H3Me-
PHTEJbHbIX W YNpPaBJAIOIHUX CHCTeMaXx.

CueTHblE 3/IEKTPOHHBIE CXEMbl CTPOSITCS HE TOJBKO Ha TPaH3HCTO-
pax WM 3JEKTPOHHBIX Jamnax. PassutHe 3Toff 06JacTH NpHUBEJIO
K CO3/aHHI0 NPUGOPOB, CHEUHANbHO NMPEAHAa3HAUEHHBIX JJISi CYETHOH TeX-
nukd. K Takum npu6opaM OTHOCATCS JeKaTPOHBI M TPOXOTPOHHI.

PacnpccTpaHeHre [eKaTpPOHOB, HeCMOTps Ha GypHOe pa3BHTHe
TPaH3UCTOPHOH TEXHUKH, OOBACHAETCS BHICOKOH SKOHOMHUHOCTBIO H NpO-
CTOTOl MX CXeM, a TaKXe BO3MOXKHOCTbIO BU3yasbHOH HHAMKALHH pe-
sysabTaTa 6e3 NpUMEHEHHS [OMNOJHHUTEJNbHBIX YCTPONCTB.

JlekaTpoHBl NpeNCTaBJAIOT COGOH MHOr03JEeKTPOAHYIO ra3opaspsii-
HYIO JIaMITY, COCTOSIILYI0 M3 JIHCKOBOIO aHOJA H CHMMETPHUYHO pacIloJio-
JKEHHBIX BOKDPYT HEro MHJIMKAaTOPHbIX KaToJoB (B HaunGoJee IIHMPOKO
pPacnpoCTpaHeHHBIX KOHCTpYKUHMsiX 9THX KatonoB 10). IMoctymsenne Ha
NeKaTPOH BXOJIHOTO HMMIY/IbCa BbI3bIBAET HAMNPAaBJICHHOE IepeMelleHne
pa3psia, TOpSILEro MeXIy aHOJOM M OJHMM M3 KaToJOB, HAa CJenyio-
WA KaTol. .

Wupukauus yucia NMOCTYNMBIIMX HMINYJbCOB MOXKET NPOHU3BOAUTHCS
BH3yaJbHO — Yyepe3 NpoO3payHblfl KymoJs OajoHa JAeKaTPoHA Mo MOJo-
JKEHUIO DPa3psiHOTO CBeYeHHS, a TaKXKe 3JeKTPHYeCKH — IO HampsKe-
HHMIO Ha Harpyske B IlelH KaToJ0B.

Jlexannasi mepecueTHasi syeiika Ha JleKaTpPOHe COCTOHT B NpocCTefi-
IleM cJay4ae M3 OJHOro-ABYX TPaH3UCTODOB M HECKOJbKHX DPE3HCTOPOB
U KOHIEeHCAaTOpOB, HE CYUHTAas CaMOT0 JAeKaTpoHa.

Taxas e syefixa Ha TpaH3ucTOpax TpeGyeT HCIONb3OBAHHS OKOJIO
20 TpaH3uCTOPOB, 0KOJIO 50 KOHJEHCATOPOB M PE3UCTODPOB, a TakxKe Cle-
LHaJIbHOTO YCTPGHCTBA JJISi BH3yasbHOH MHJAMKAUMHU De3yJbTaTa.

JlocTaToOuHO IMPOKME YACTOTHHIH AHAanNasoH COBpeMeHHBIX JeKaTpo-
HOB (HECKOJIbKO COT ThICSY Fepl), pasHooGpasHble BO3MOMKHOCTH HX
UCIO/Ib30BAHHS, a TaKXKe CPaBHHUTEJbHO HeBLICQKAash CTOMMOCTb — BCe
5TO CNOCOGCTBYET ~pAaCMpPOCTPAHEHHIO JIeKaTPOHOB B HM3MCPHTENBHON,
UCNIBITATEIbHOH M peryJaupylolell amnapartype.



nasa nepBas
NMPHHUMIT PABOTbI JEKATPOHA

KPATKME CBELEHMA O TFA3OPA3PAAHLIX MPUBOPAX
C TNEIOWHMM PA3PAAOM U NPUHUMN PABOTHI AEKATPOHA

T'asopsauble npu6oOpH C TJEIOWHM Pa3psiioM, PasHOBHAHOCTHIO KO-
TOpPBIX BJSIETCS HeKaTPOH, NMOJIYYHJH UIHPOKOE pacnpocTpaHeHHe 6.aro-
Japsi CaefyIOIHM OCOGeHHOCTSIM:

a) OTCYTCTBHIO HaKa/la KaToja, 410 jesnaeT 3TH npuGopsl GoJee
HaleXHbBIMH H 5KOHOMHYHBIMH, 4eM 3JIEKTPOHHBIE JIaMIIbI;

6) -nellernsHe NpuUGOPOB, CBS3aHHOH C OTCYTCTBHEM B HHX CJOX-
HBIX JeTajefi W4 JeTajed, TpPeGYIOLHX JOPOroCTOsILEd TeXHOJOTHH
WM JepUIUTHBIX MaTepHaJioB;

B) 6OJbIIOMY CPOKY CJAyXKG6bl, XOXOASLEMY 1O AECATKOB THICHY
4acoB;

I') SPKOMY CBe4YeHHIO Pa3psiAHOTO INPOMEXKYTKA, €CTECTBEHHO pe-
waioomeMy npo6aeMy BH3YaJbHOH HHAHKAUMH paGouyero COCTOSHHSI HpH-
6opa ¥ KOHTpoJs 3a paboToff ammapaTypsl Ha 3THX HpHGOpax;

I) YCTOHYMBOCTH DPaGOTHl B OueHb WIMPOKOM TeMIIepaTypHOM [Ha-
nazoHe (0T —60 no +130+150°C), uTO BHIrOZHO OT.JIHYAET rasopas-
psHbIe TPHGOPH OT NOJYNPOBOAHHKOBBIX;

€) He3HauMTeJbHBIM Da3psifHbLIM TOKaM, BbICOKOMY K. M. X. U 60Jb-
UM BbIXGUIBIM HaNpAXeHHsIM.

PaccMoTpuM  xpaTKo u3anky pabGoTel rasopaspsiiHoro mnpu6opa.
Mpocrefiunit M3 HUX NpencTaBisgeT TPYOKY, 3anoJHEHHYIO ra3oM MpH
ONnpejle/leHHOM JaBJeHHH M HMeIOLIYI0 1Ba 3JeKTPoJa — aHOL H KaToj
(puc. 1,a).

Ecnn noBellaTh HanpsiKeHHe Ha 3JeKTPOjax Takoro mnpubopa
U CJIeJHTb 32 TOKOM B €ro llenH, TO Ha BOJIbT-aMNePHOA XapaKTepHCTHKe
MOXKHO OTMETHTb HECKOJIbKO THNHuHBIX oGaacreil (puc. 1,8). Kaxnas
H3 obsacTelf XapakTepu3yeTcss OCOGEHHOCTAMH IBHMXKEHHMS H NOSBJEHHA
3/IeKTPOHOB H HOHOB B 3anoJiHsOLieM TPYGKY rase.

HanomHum, 4To HoHH3auMefi rasa HasbIBalOT mpoliecc 06pa3oBaHHUs
B HeHTPaJbHOM Tra3e HOHOB — 3apSIKEHHBIX IIOJIOKHTENbHO HJIH OTpH-
naTeJbHO aToOMOB M MoJjekya. O6pazoBaHHe HOHOB TPOHCXOAHT B INpPO-
necce CTOJIKHOBEHHH HeH1paJbHbIX aTOMOB H MOJIeKYJ € ADYrHMH aTo-
MaMH, MOJIEKyJNaMH HJIH 4acTHIAMM, a TaKXe Noj JeficTBHEM YJbTpa-
¢duoneToBoro uau y-o6syuenus, oGayuenuss GOTOHaMH M T. A. B 3TOM
ciaydyae HeHTpaJbHble aTOMbl HJH MOJIEKYJbl fIOYY4al0T HAH TepsIioT
3JIEKTPOHbHl H IPHOGPETAIOT COOTBETCTBYIOULHMET 3apsn.
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IlepBass o6GJacTb Ha BOJIbT-aMIEPHOH XapaKTePUCTHKe HA3bIBAETCs
06J1aCTbI0 THXOrO HecaMocToATeJabHOro paspsja. Tox mpuGopa 3pecb BLI-
3bIBA€TCSI NMPUCYTCTBHEM HOHOB, 06pa30BaBIUUXCS MOJ JAeHCTBMEM BHeIL-
HUX M3JIy4eHHi, TAKHMX Kak cBeT. Bropas oGsacTb HasbiBaeTcsi 06/1acTbio
THXOFO CaMCCTOSITE/IbHOrO paspsija. 3/ech yXe HaurHAeT UrpaThb poJib
MOHH3allMs 32 CYeT CTOJKHOBEHWH 3/IEKTPDOHOB H MOJIEKYJ ra3a BHYTpPH
TPYGKH.

Tperbss oGmacTb — 3T0 06,1aCTh HOPMAJILHOTO TJIEIOLIEro paspsaa.
B npouecce Tielonero paspsiia 3HauyMTeNbHas 4acTb HOHOB CKallJIHBaeT-
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Puc. 1. BosbpT-amnepHas XapaKTepucTHKa Tra3oBOro

paspsna.

I — o6a1acTh THXOro HecaMoCTOsITeJNbHOro paspsima; I/ — o6aactb

THXOTO CaMOCTOSATENbHOrO paspsifa; [l —o6aactsy TaeOlero
paspsna; IV — o6aacTs Ayrosoro paspsina.

ca y Karona M o6pasyeT NMpOCTPAHCTBEHHBIH 3apsj, KOTOpHI co3jpaeT
60JbIIYI0 HANPSAKEHHOCTb NMOJA BOAM3U karona (puc. 1,6). YHacTb uoHOB
HoJ HeHCTBHEM 3TOrO NOJSI PasroHseTcst B CTOPOHY KaToja H BblGUBaeT
M3 Hero TnepBHYHble 3JeKTpoHb. Ilocsennue, obGnanasi BGAM3M Karona
6o/bIIOH SHepruefi, HOHU3HPYIOT aTOMBl HHePTHOIO rasa, cosjfaBas HO-
Bble HOHBI M BTOpHYHHIE 3jeKTpoHbl. I[Ipomecc Hocur saBHHOOGpasHBIN
xapakrep. IloBuillleHHe TOKa paspsiia B 9TOM CJyuae He BbI3bIBAET YyBe-
JIMYeHHs NJIOTHOCTH TOKAa KaToja, a JHIIL NPUBOAUT K YBeJHUYEHHIO
miollagy KaToja, oxBayeHHOH paspsjoM. IlpeumyllecTBeHHast Homnusa-
IIMsl aTOMOB IIpH TJelOLleM paspsiie BOJM3M KaTofa HPHUBOAMT K IIO-
ABJIEHHIO XapaKTepHOH HJd TJelollero paspsifia KapTHHB KaTOJXHOrO
CBEYEeHHsI.

OTMeTuM, 4TO TJEloUIuA pa3psii MOXKEeT BO3HHKHYTb, ec/H Hampsike-
HHe HCTOYHUKA muTaHus Eo mo KpaiiHeil Mepe paBHO HsH Bbllle Hamps-
MEHHMs 3aXKMraHusi U, rasopaspspHoro npu6opa. IlomnepkuBaTbCs
TJeoIlH pa3psii MoXeT Yyxke npd GoJjee HU3KOM HanpsiKeHHH — Ha-
NPSI’KEHHH T'OPEHUS Ur.

UerBeprasi ocHOBHAast 06/1aCTb Ha BOJIbT-aMIIepDHOH XapaKTepHCTHKE
o6ycsoBJieHa AYroBHIM pa3psiioM, NpH KOTOPOM BeCb KaTOJ OXBaue:
pa3psaioM, H GOJbIIYIO POAb HrpaeT SMHCCHS 3JEKTPOHOB C Pa3orperoro
KaTtofa npu OGoMGapaupoBKe NOJIOXKHTEJIbHbIME HOHAMH.
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Hcnoabsyemass B npubopax TJaewmoLlero paspsifa 06JacTb HOpMalb-
HOro TJEIOUIero paspsiia XapakTepH3yeTCss TOKaMHM OT HAECATHIX JoJei
MuJIMaMIepa 10 COTeH MHJJIMaMIep INPH NaJeHUH HanpsiKeHus Ha
Tpy6Ke NMOps/Ka AECATKOB H COTEH BOJIbT.

Tt HOpMAJIBHOTO TJ/IEIOILEro pa3psifia XxapakTeplbiM sBJSETCS CBe-
ueHue pa3psiiHOM o6GJaacTH, KOTOpOe pacrmajaercss Ha HECKOJbKO HacTeh.

Ha xaroje BuieH TOHKMH CJIOH CBETSILErocs rasa-— nepBoe KaTojn-
HOe CBeyeHHe.

3a nepBbIM KaTOAHBLIM CBeYEHHEM cJellyeT TeMHOe KaToJHOe Mpo-
CTPaHCTBO.

TemHoe KaTonHOE MpPOCTPAHCTBO NEPEXOJUT B TJelOlllee CBeyeHHe,
NpoUcxosillee B KaTOAHOH oGJacTH.

Hanee upyt ¢apaneeBo TeMHOe NPOCTPAHCTBO, MOJIOXKHTEJLHOE CBe-
yeHHe W aHOJHOe CBeyeHHe, HMeloLlHe HeGOMbIIYI0 SPKOCTb.

B npuGopax Taeollero paspsja, B TOM 4Yucae H B [JeKaTPOHAX,
IIaBHYIO pOJIb B BU3yasbHOH MHAMKAIMK UrpaeT Tieiouiee cBeuenHe. OHo
MOXKeT HMMeTb pa3JuyHbiil flBeT M 3aBUCMT OT COCTaBa HaMOJHSIOLIEro
Tpy6Ky rasa.

ITpuboprl Taeloniero paspsiia MOMXKHO PpasOHTb Ha J1Be OCHOBHBIE
IPYNNbl — HEYNpaBJisieMble M ynpaBaseMble. K HeynpaB/seMbiM npuGo-
pPaM OTHOCATCSI CTAGHIHTPOHDLI, pa3iHuHble NPUGOPHL AJs1 CBETOBOH HMHJH-
Kaluu ¥ 1. 1. B ympaBaseMmbix npubopax JHGO peryjaupyercss Hampsi-
JKeHHe 3aXKUraHMs aHoAa (THPATPOHBI, TALUHOTPOHBI), JUGO MPOU3BO-
IMTCS yIpaBJjieHHe NepeHoCoOM pa3psijia ¢ OJHOro 3JeKTpoja Ha ApYyroi
(nexaTpoHBl, HOMOTPOHBI).

ITpu u3bupaTenbHOM NepeHoce pa3psifa € KaToAa Ha KaTox y Bcex
IeKaTPOHOB HCMOJIb3yeTcsi TO 06CTOATENbCTBO, UTO KaTO/ B, PacloJokKeH-
Hble HernocpeJCTBEHHO BOMM3H TOpPsILUEro, HMEOT CPaBHHTENbHO HH3KOe
HanpsiKeHHe 3axKuranus. CHUXKeHMe HanpsKeHHsl 3a)KMraHus 1Js Ta-
KHX KaToJOB O6YCJ/OBJIEHO MOBBIILIEHHON KOHUEHTpauuefi HOHOB M 3JeK-
TPOHOB, CO371aBaeMoOfi TOPSLIMM KaToJOM. DTO NO3BOJSET NPOBOJHTH
HanpaBJieHHOe IlepeMellleHHe paspsiia 1o 3JeKTpofaM  JAeKaTpoHa,
HCTONIb3ysl JOCTAaTOYHO NPOCTHE CPEACTBA.

ITo cnocoby nepeMmelneHusi paspsiia JAeKaTpOHBI JeadTcs Ha ABYX-
MMIyJIbCHBlE, OJHOMMITY/IbCHbIE H JE€KATPOHH C HANpaBJEHHBIM KaTo-
IIOM; 10 YacTOTHBIM XapaKTepHCTHKAM — Ha HH3KOYACTOTHBIE M BHICOKO-
yacroTHble. ITo cxeMHBIM (YHKUHSIM A€KaTPOHBI AENATCS HA CUETHBIE,
KOMMYTaTODHbIE H PEBEPCHBHBIE.

ABYXUMMYJIbCHbLIK AEKATPOH

PaccmorpuM yeTpoficTBO M NPUHIMI paGoThl ABYXHMIIYJIbCHOTO Ae-
KaTpoHa ¢ koabduuvenTom nepecuera 10, oguH M3 BapHAHTOB KOTOPOTo
nokKa3aH Ha pHuc. 2.

CucteMa 3/1eKTPOLOB 3TOrO AeKaTpoHa cocTouT 3 30 mThIpeo6pas-
HbIX KaTOAOB, CHMMETDHYHO PACHOJNOMKEHHBIX BOKPYr JAMCKOOGPasHOro
anofa (puc. 3). Kartoawl pasGurtsl Ha fecsiTb rpynn. Tpu katoma Kax-
IOH Tpynnbi HecyT pasiuyHble (yHkuuu. OLMH H3 HHX HasbiBaercs
MHAUKAaTOPHEIM KatoaoMm (K), Bropoil — nepsbim mnoakaronoMm (I1KI)
U TpeTHil — BTOpuIM noakartonoM (/TK2). Katoasl 0oaHHAKOBOro HasHa-
YeHUs COelMHEHbl BHYTPH 6ajsioHa [JeKaTpoHA DePeMbIYKAMH B KaTO.-
HBI€ KOJ/Iblld, HMelolllHe BBIBOJL HA LOKOJb. MICKnioueHHeM sBjisieTcsl OLHH
U3 HH/[MKATOPHHIX KaTOLOB (HY/eBOH), KOTOPHII MMeeT OTHEe/JbHBIA BHI-
BOJ Ha LOKoJb. DTOT KaTOX HCNO/b3YeTcsl B KaueCTBe BHIXOJHOTO 3JEK-
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Tpojia, a TaKKe CJIYXHT JJs c6poca NoKasaHui (YCTaHOBKH JeKaTpoHa
Ha HYJb).

YcoBHast 3J1eKTpHYECKast cXeMa BKJIIOYEHHSI JeKaTpeHa INpHBejeHa
Ha pHc. 4.

Tluranne sexkaTpoHa oCyHIecTBJsieTCss OT HCTOYHHKA, HaMNpsiKeHHe
KoToporo ofecmeunBaeT 3aKUramne M ropeHHe OJLHOrO H3 3J1eKTPOJO0B
NpH HAJUYHH ONpENEJEHHOIrO OrpPaHUYUTEJIbLHOrO pe3HcTopa Rz B aHOA-

5 ]

Puc. 3. Cxema pacnoJo-
2KeHHs1 3JIEKTPOAOB B CHET-
HOM JBYXHMMYJbCHOM J€-
KaTpoHue.
1 — anon (A); 2 -- KoOJbIO,
o6befHHsIolIee HHINKATOPHBIE
katonbl K,—Ko; 3 — Kosblo,
o6bequHsiiolllee TepBble MNOA-
katoawl ([TK1); 4 — xoablo,
o6beluHsollee BTOpbIe MOJX-
katoanl (ITK2); 5 — uyneBoit
uHauKkaTopHbll  katon  (Ko);
Puc. 2. O6wuit 6 — MHAMKATOPHHH KaTOX;
BHI  ABYXHM- 7 — Bropoii moAkaTtox; &8 —

nepBBIfi MOAKATOMN.
NYyJIbCHOTO AeKa-

TpoHa.
1 — anon; 2 —xa- Hoit uenu. Ha noakaTtoam uepes
TOMbl; 8 — GaJlioH: pa3Bsi3bIBaIONLMe De3UCTOPH Ry H Ry

4 — KepaMHyeckuil

H30JIATGD. nojaeTrcst MOJIOKHTeJbHOEe CMellie-

HHe; B CTATHYECKOM COCTOSIHHH pas-

psIL yCTAaHABJIHBAeTCS MeXJy amo-
JIOM W OJHHMM H3 HHAMKATOpHBIX KaTomoB. Ilpemennt pabouero TOKa,
NpH KOTOPOM NPOHCXOJUT HOpMasbHas paGoTa [eKaTPOHA, yKa3blBAKOT-
cs1 B €ro nacmoprTe.

TMepenoc pa3psiza c JMoGOro MHAHKATOPHOrO KaTola Ha CJeyIoui
oCyllecTBJsieTCS Tofadedl Ha KoJblla MOAKATOJO0B ABYX OTPHUATENbHBIX
CMEILEeHHbIX APYI OTHOCHTEJNbHO ADYra BO BPeMEHH MMMyJabcoB. PopMu-
poBaHHe MNOZOGHEIX HMIY/NbCOB TPOM3BOJAUTCS YIpaBisiollell CXeMo#
nocje 1101a4yd  Ha ee BXOJ 3aNyCKalollero BHEIIHEro HMIyJjbca.
B uneampHoM cayyae copMHpPOBaHHBIE MMIYJbChl NPSIMOYTOJIbHBL H
BTOPOl MMIYJIhC HayMHAETCS Cpa3y Mocje OKOHYaHHSI IepBOro.

TepBblit MO BpeMeHH HMIYJbC MOCTyNaeT Ha KOJIbLO NepBbIX MOJ-
KaTo0B, BTOPOi — Ha KOJbLO BTOPHIX MOIKaTOA0B. B MOMeHT mpuxozia
NEepBOr0 HMIYJbCa BCe NMEPBHIE MONKATOAM NPHOGPETAIOT OJMHAKOBbIH
OTpHLIATE/bHBI MOTEHLMAJ, MOBHLILAIOLLHI HANpPSKEHHe MeX1y aHOAOM
H TNepBHIMH TOAKaTonaMu. BG6au3u ropsiero HHAHKAaTOPHOTO Karojla
uMeeTcst 00JacTb NMOBBILIEHHON KOHLEHTPAlUHM HOHOB H 3JIEKTPOHOB, KO-
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TOpast CHHXKaeT HAmpsi’KeHHe 3aXKHTaHHA U IJIs COCENHero C HUM Inep-
BOrO MO0/KAaTOoJAa MPaKTHUSCKH [0 HaMpsiKeHNs ropenHsa ur. Hanpskenue
32;KHraHHsl OCTAJblbIX MEepPBbIX MOJAKAaTOAOB OCTaeTcs CPAaBHHUTENbHO BI-
COKHM H3-33 OTpaHMYeHHBIX pPa3MepoB 06JIaCTH MOBHILEHHOH KOHUEHTpa-
IIHY MOHOB H 3/IeKTPOHOB BOKPYT TOPAILEro 3JeKTpoja.

Bce 3To MPHBOAMT K NepeHocy paspsla Ha TNepBbH MNOAKATOJ,
OmKaiul K ropsiieMy Karony. Pas3BuTHe paspsiia BbI3bIBAaeT INOHH-

Upy-

Puc. 4. dnexkrpuueckas 2 r3
cXeMa BKJIOYEHHSI JIBYX- ——a
HMIYJIbCHOrO  JIEKaTpOHa.

Puc. 5. M3ameHeHue mnoTeHuHana
aHoJa NpH TiepeBoAe paspsifa C

JKeHue MOTeHLHasa aHOLa Ha BeJIH- ONHOr0 MHAMKATOPHOTO KaToxa
4uHy, ~ TNPHOJHM3HTENbHO  paBHYIO Ha ApYroi.
AMIVIMTYyle OTPHUATEJIbHOr0o HMIYy/Ib- 1 — notennHas aHoma; 2 — HMNYJbC

ca Ha nepBHX mojxarofax. Ha- ua [T1KI; 3 —umnyabc Ha ITK2.
psixeHHe MeXIYy aHOJOM H TODeB-

UMM MHIMKATOPHBIM KaTOJLOM INPH 3TOM CTaHOBMTCS HEHOCTAaTOYHHIM
175 TIOAEPIKAHHUS PA3psila MeXAY HHMH, H OH TacHer.

BTopoii OTpHuATEeNbHBLIH HMIYJbC, NOXBOAMMBIH K KOJbLY BTOPBIX
[10KaTO/ 0B, IIOC/I€ OKOHYAHHA NEPBOrO BBbI3bIBAET BO3HHKHOBEHHE pas-
psiga Ha BTOPOM MNoOjAKarojfe, GJMXKalileM K ropeslieMy NepBOMY MOX-
xaroay. llocse OKOHYaHHSI BTOPOro HMIYJibCa Ha MO/AKaTORax BOCCTa-
1aBJIMBaercsl HaNMpsiKeHHe CMeWleHHd M HanpsiKeHHe Ha aHOJe COOTBET-
cTBeHHO Bo3pacTaeT. [lpy 3TOoM Bo3nuMKaeT paspsa Ha HHAHKATOPHOM
KaTojxe, O/HXKaHIleM K NepeMellleHHOH [IOHM3MPOBaHHOHK 30He. PasButne
paspsiia 3acTaBiisieT NMOracHyTb FOpPeBIUHE BTOPOH NOJKATON, M HAa 3TOM
3aKaHYMBaeTCsl UMK/ HanpaB/JeHHOTO nepeHoca paspsia C OXHOTO HHIH-
KaTOpHOro Karona Ha cocepHuit. Ilpu mojaue ciaepywiuell mapel nepe-
HOCSILIMX MMIYJbCOB Ha KOJbLA NMOXKAaTONLOB NpolLecC Nepexoja paspsiia
Ha CJefYIOWHKH HHIHKATOPHLIA KaTOX NMOBTOPSETCS.

Ha puc. 5 nokasana t¢opma HanpsiKeHHS Ha aHOJe B npollecce nepe-
lloca pa3psifia C OXHOIO HHIMKATOPHOrO KaToja Ha chaelymowui. [IBa
MOJIOXKHTENIbHBIX THKa Ha rpaduke COOTBETCTBYIOT NOAbEMY aHOLHOrO
HOTPSXKEHUs BblILE HANpSIXKEHHs TOPEHHMsl, YTO BLI3BIBAET 3aXKHraHHe
paspsia Ha CJelyloleM 3JeKTpoe.

ITocnencraTeIBHOCTD MMRVJBCOB, MOJBORMMBIX Ha BXOX YINpPAaBJslO-
el cxeMbl, BhI3bIBAaeT ABHXKeHHEe pa3psla BAOJb KOJblla KaTOm0B, MpH-
yeM mocae KaxAbix 10 BXOoAHBIX HMIYJbCOB Ha pesucTope Ry
(cM. puc. 4) B Lend HYJEBOTO KaTola BO3HMKAIOT BEIXOMHBIE MMITYJbCHI,

yacToTa TMOBTOPEHHS KoTophix B 10 pa3 HMXKe YacTOTH BXONHBIX HM-
flyJIbCOB.
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OAHOUMNYSIbCHBLIA AEKATPOH

OpHOUMNY/bCHBIA [€KaTPOH — 3TO OJHA H3 PA3HOBMAHOCTEH CUEeT-
HBIX JIaMIL.

[IpeuMy1ecTBO OJHOMMIYJABCHOIO JEKATPOHA COCTOHT B TOM, YTO OH
Tpe6yeT aasi CBoeli paGOTHl JHUIIb OAHOTO YMPABJSIOLIEr0 HMIYJabCa
H, CJEI0BATeNEHO, eNaeT BO3MOXHBIM NpHMeHelHe 6ojiee MPOCTBIX CXeM
ynpasJjenus. HelocraTrok ero— HecKoJIbKO MeHbllasi CXeMHast THGKOCTh
M0 CPABHEHHIO C ABYXHMNYJbCHBIM, TaK KaK OH He NO3BOJSIET CTPOMTH

...___.__._?_.__._Q’+£u

s

ir1mzins— x ik £,°
[+

R, A
Bbix00
Bxod p——
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Puc. 6. CxeMa pacrosioxeHust Lo

3JEeKTPOLOB B OJHOHMMYJIbC-
HOM JeKaTpoHe. Puc. 7. Dnekrpruueckas cxema

1—anox (A): 2— xombuo, o6b- BKJIIOUEHHS OJHOMMITYLCHOTO

elHHsollee HHIAWKAaTODHHIE Ka- JI€KaTpoHa.
Tonbl K;—K,; 3 — konbuo, 06b-
eluHAllee MepBbie TMOAKATOABI

I1K1); 4 — xonbuo, -
oK Yrone %ozli‘&.mzzbel}'f;‘,?ﬂ PEBEPCHBHBIE CXEMBI CUETA HMIyJb-

5 — KOJBIO, Oﬁ'beﬂ.ﬂﬂﬁlomee COB.
TpeTbH noakaTombl [1K3—ITK3s; PaccMoTpHM ojHH H3 BapHaH-
Som e e A  TOB OXHOMMIY/ILCHOTO AEKaTpotia C
8 —katon; 9 —mepmft momka-  KodddHuuueHToM mnepecyera 10.

Ton; 10— BTopoft momkarom; 11 — Kak Bugno u3 puc. 6, 40 xa-

TPETHR NORKATOR. TOJOB AeKaTpOHA, CHMMETPHUYHO pac-
NONIOXKEHHBIX BOKPYr O6IUEro aHo-
na, pa36utel Ha 10 rpynn. KaToxul ¢ ofHHAKOBBIM HasHaueHHeM OOLeLH-
HeHD! TEPeMBIUKaMH B UYeTipe KOJbLA, OAHO M3 KOTOPBIX COEXHHSET
HHIHKATOPHLIE KaTOABl, a OCTa/bHble — NepBhie, BTOPble H TPeTbH nepe-
HOCSIILHE NOAKATOAbl. BEIBOAB Ha LOKOJIb HMeOT KAaTONHble KoJblla
TNepBBIX, BTOPHIX H TPETbHX MOAXATOLOB M HHAHKATODHBIX KAaTOLOB.
OtzenbHble BHIBOAB HMEIOT HyJEBOH KaToj H LITHIPL TpeTbero MoaKaTo-
13, PACIONOKEHHbIi MEXAY MACBATHIM M HYJEBBIM HHIHKATODHBLIMH
katonamu. ITocieHne MOTYT CJYXKUTb MCTOYHMKOM BHIXOAUBIX HMMIYJb-
COB.

IMpunuunnanubHas cXxeMa BKJIOUEHHST OJHOMMIYJLCHOTO JeKaTpoHa
nokasana na puc. 7. TIpH OTCYTCTBHH ynpaBJsIOILET0 HMTYyJhca Pa3psif
NpoTeKaeT MeXIy 4HCAOM H OJHMM H3 HMHAWKATOPHBIX KaToioB. [l
mepeHoca paspsga Ha CAeAYIOLWMA KaTOA Ha BXOA CXeMH M0JAaeTcs
OTPHUATEJLHEIA YNPABJAIOWHAA HMOYAbC, BJACACTBHE 3TOTO Pa3HOCTDL MO-
TeHIHA/NOB MeXIy AHOXOM W BCeMH NEPREIMH, a TaKKe BTODHIMH N0I1-
KaTofaMu yBeJHUNBaeTCH.
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Tak xak nanpsixenue 3a)kuravus mJs WTHIPS NMePBOro MOJKaTOxa,
6sMKafllero K ropsileMy KaToxy, yMeHbLIAeTCs 3a CYeT HOHHOM MOA-
FOTOBKH NPHGJIU3UTEbHO A0 HANpPsKeHHs TOpeHHs, TO HA HeM HauyHHaeT
pa3BuBaTbca paspsi. O1HOBpeMeHHO HanpsiKeHue MeXK1y AHOAOM H To-
pALLMM HHIMKATOPHBIM KaTOJOM IOHHKAeTCsl 10 BeJHUYHHBI, HeJocTaToy-
HOW 1A NOJZepXKaHHsi paspsiaa, M OH TlacCHeT.

PasBuTiie paspsiia Ha MepBOM NOJKaTOAE MPUBGAMI K YBEJAHUEHHIO
najeHus HampsikKeHHs Ha pesuctope R;. Tak kakK pasHocTb MOTEHLHAJ0B
MeX1y aHOJIOM H 5J]EKTPOJIOM, Ha KOTOPOM NPOMCXOAUT Paspsii,
OCTaercs HeM3MEHHOH, TO OJHOBpPEMEHHO MOBbIILAETCH NOTEHUHAaJa aHoAa.

Koraa nanpsokenne Mexay aHo10M M KOJIbIOM BTOPBIX NOAKAaTOOB
CTAaHOBHTCsl JIOCTATOYHO BBICOKHM, MPOHCXOXMT TMEPeHoC paspsga ¢ mep-
BOTO M0]1KAaTolda Ha COCEJIHHH WITEIPb BTOPOro MOAKATOJa, TaK KaK OH
oKasblBaeTcs O/KalllinM K HOHU3MPOBAHHON 30He.

Ilocne oKoHYAHHSI YNPABJSIOLIEr0 HMMIYJbCa Ha KOJbIAX TMepBbIX
I BTOPbIX MOJAKATOZOB BOCCTAHABJIMBAETCS HAauajbHOE [10/10KUTEAbHOE
cMelleHHe, H paspsij MepexoiHT Ha TPeTHH NMOAKATOM, COCeAHMH C 30HOH
MOBbILIEHHON HOHM3alHH (BCE TPETbH MOAKATOABl HE HMEIOT CMELIeHHsl
OTHOCHTE/IbHO Kopryca). Ilpouece, aHajornuHbli ¢ mpoleccoM B UeNi
NepBOro MoaKaToAa, NPUBOAMUT K MEPEHOCY pas3psia Ha HHIHKATOPHbLIH
KaToJ M TpeKpalleHHIo paspsga Ha TpeTuH moxpkartox. [lopaua nocae-
AYIOLIHX BXOMHBIX MMITYJ/IbCOB BbI3bIBaeT INepeMellleHHe paspsiza Ha CO-
ceaHue HHAHKaTopHble KaToabl. Tlocse 10 BXOAHBIX HMIYJbCOB Ha pe3H-
cropax Ry m Ry B cxeme [eKaTpOHA BO3HMKAeT BBIXOJIHOH HMIYJbC.

M3 puc. 7 BHAHO, YTO WITHIPb TPETbEro MOAKATONA, NpeALIECTBYIO-
LHH LITBIPIO BBIXOAHOTO (HYJNEBOr0) KaToJa, HMeeT WHIHBHIYaJbHbIM
BbIBOJA Ha IOKOJb. Pesnctop Ry, mo/icoepnHeHHBIH K LITHIPIO MOLKATOAA,
TMOAKJIOUEH HEMOCpeJACTBEHHO K BBIBOLY HYJeBOoro karopga. bBuaaromaps
3TOMY PAa3HOCTb MOTEHLHAJIOB MEXJY UY/eBbIM KaTOJOM H TPeTbHM MOJ-
KaTOLOM MaJio 3aBHCHT OT HAarpysku B Llenu Katojaa, uto obecrnedyuBaer
yBepeHHbl# mepexoa paspsia C TPCTbEro nojKaToia lia HyJeBOH HIJH-
Katopubli xaron. Hysesoit BbiBojg TpeTbero mnoxkaroga Moxer OBITh
HCNOJIb30BAH TaKXKe AJs IMOJNy4YeHHs] KODOTKOrO BbIXOAHOrO HMIlyJabCa,
KOTOpPLIH MpejUIeCTBYeT MO0 BpeMEHH BLIXOJAHOMY HMIYJbCy Ha HYJEBOM
KaToze.

AEKATPOH C HAMPABJIEHHBIM KATOAOM

B nocsneauue roabl MOSIBUACS 1IOBbI TN JAeKaTpolla ¢ Tak Hasbl-
BaeMbIM HampaBJIEHHbIM KaTOjOM, NO3BOJISIOUIMH MOJYYHTb CpaBHH-
TeJbHO BBICOKHE CKOpOCTH cueta (1o 1 mey).

B aTux mekatpoHax Hcnosb3yercsl 3Qp@ekT «moJoro Katopar, no3Bso-
JSIOLIHA TepeMellaTb pa3psii N0 KATOAYy B HYXXHOM HalpaBJeHHH.

OddexT mosoro KaToga MOKHO NOSICHHTH C NOMOLLbio npubopa, rae
paspsil MPOMCXOIHT OZHOBPEMEHHO Ha 1BAa KaTOAA, PAcClO/IOXKEIHbIX Ha-
CTOJIBKO OJIH3KO, UTO HX KAaTOHHbIE paspsiiHble 06/MacTH CMBbIKaloTCs. TIpu
9TOM I[E€PBUYHBIE 3JIEKTPOHBI C OJHOTO K3 KaTOJ0B TEHEPHPYIOT HOHHI
B o0sactd BTOporo kKaroma u HaoGopoT. [locienHee 06CTOATENLCTBO
nosbliIaeT o6LLee KOJHYECTBO HOHOB B KaToAHOM o6sacTH, 4TO NpPHBO-
JIUT K YBEJHUEHHIO HAMpSIXKEHHOCTH moJis BOJNM3H KAaTOACB M YHC/Ia Iep-
BHYHBIX 3JEKTPOHOB M, CJEJOBaTeJNbHO, K MOBHILIEHHIO MJIOTHOCTH TOKA
B 06sacTH cOMMKEIHBIX KaTOLOB.

Paspsig npu npounx paBHBIX YCJOBIHsIX MEPeXojliT Ha TOT y4acToK
KaToja, re HMEeT MeCTO MOBBILIEHHAS] IMHCCHs 3/JEKTPOHOB H TJe, Ta-
KUM 00pasoM, o6jerdaioTcsi yCJOBHsl NOAAepxaHus paspsja. ITosTomy
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ecJid Ha CIVIOIIHOM KaToae MMeEETCs OTBEpPCTHE HJH LIe/Nb HYXKHBIX pas-
MepoB, TO pa3psja NEpexodHT Ha Kpasi 3TOrO OTBEPCTHS HJIH ILLEJIH.

Ha puc. 8a u 6 cXeMaTHYHO MOKa3aHo pacnoJioxxeHde 1leJieBbIX
KaTo/0B M aHoja B JeKaTpolie C HanpabJieHHbIMH KaTOAaMH. Cucrema
€ro 3JeKTpOJOB COCTOHT M3 10 HHIMKATOPHbIX KaTOAOB H 10 nosaxaro-
JIOB, PacCnoJIOXKEHHbIX MeXJY HHMH, a TakxKe HHJIHHApHYECKOTro aHoza.
Ha xosablo WHJHMKATOPHBLIX KaToJ0B IMOJaeTCss TNOJIOKHUTeJbHOoe CMelle-
nue. IlonkaToabl coefuHEHBI BHYTPH GasioHa JleKaTpoHa nepeMblukaMH

>~1

Puc. 8. JlekaTpoH ¢ HanpaBJeHHBIMH KaToJaMH.

a — BHJ CHCTEMBI 3JIEKTPOMOB CBepXy, 6 — BHI CHCTEMbi

9/71eKTPOJIOB COOKY; 6 — 3JIeKTPHYecKast CXeMa BKJIOUeHHS

JleKkaTpoHa; [ — BBHIBOA KaToOAa; 2 — «KPIOYOK»; J — Kpasl

wend Katona; 4 — aHoX; 5 — NOJIOKeHHe YCTaHOBHBULIErocst

paspsma; 6 — moJioXkeHHe pa3psila B Hauyajle ero pa3BHTHS,
7 — NOJIKaTOMABI.

M MMeloT OJMH oOwnii BuiBoj. KaTojabl, B 3aBHCHMOCTH OT Ha3HAYEHM$
JleKaTpOHAa, MOTYT YacTHUHO COeJMHATLCS BHYTpPH GaJuioHa WM HMEThb
OTJlesibHble BEIBOJIBI Ha ILOKOJIb.

DyeKTpHUECKasi cXeMa BKJIOYEHHs JieKaTPoHa NpHBeJeHa Ha pHuC. 8,8.

B ucxojnoM cocTosiHMH pa3psij, yCTallaBJHBAeTCs Ha OJHOM H3
MHMKATOPHBIX KaTO/0B, NMPHYEM Ha Kpasix liejH, o6pa3oBaHHOl napaj-
JIeIbHBIMH YYaCTKaMH CTepKHsl .(«KpIouKa») kaToma. «Kpioukn» KaTomOB
HaKJOHEeHbl K pajuycy, NpoXojslleMy uepe3 IEHTP aHoja moj YIJIOM
oko.10 45°. BceaeactBue storo objacTb pa3psiia MHAMKATOPHOTO KaToOAa
(a, cTrano ObiTh, ¥ 06saCTb NMOBLILIEHHOH HOHM3aLHH) CMellleHa B CTOpPO-
Hy Omwkaiimero sesoro nojgkartoaa. CienoBaTesbHO, €ro HanpsiKeHHe
3a)KHMaHHS CHHIKEHO MO CPABHEHHIO C HamNpsiKeHHeM 3aKuraHus OJH-
Kaiilero K paspsaHoll o6GnacTi npasoro nojakarojia. Ilepenoc paspsina
C OJIHOTO M3 KaTO/OB Ha CJEAYIOUIHIH OCyLIeCTBIACTCS MOAa4YeH Ha elHH-
CTBEHHOE KOJIbIIO NMOJKATOJ0B OTPHLATENbHOTO YLPaBJAAIOUIEro HMIYJb-
ca. 3axuramue paspsija NPOHCXOAMT MeX]y aHoaoM u Ommxafileit
K aHOJly TOYKOM MOAKATOAA, Paclio/OKEHHOro B 30HE MOBbIIEHHOH KOH-
LeHTpalMd HOHOB M 3seKTpoHoB (puc. 8). K Xouiy passutus pas-
psila mocsiefHuil MepexojHT Ha Kpas Uiend NOAKaToAa, T. €. CMellaeTcs
B CTOPOHY OJsMKalillero JeBoro Karoja.

ITocne oKoHuUaHWsi yNpaBJAsIOLIEro HMNyJabCa Ha MOJKaToJax BOCCTA-
HABJIMBAETCSi HAMpsIKEHHe CMeleHHsl, H pPaspsaj ¢ ropsiuiero MoAKaToAa
N0 aHAJOTHH C BBHIIEU3JIOXKEHHbIM NMEPEXOANT Ha OuMKalmuil JeBbilt Ka-
Ton. Ha atom mpoiecc nmepeHoca paspsiia ¢ KaTo/la Ha KaToj 3aKau-
YHBaeTcsl.
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CaMocTosiTesIbHOE HamnpaBJieHHOE cMellleHHe pPaspsiHoi obsacTd Mo
KaTojaM M NMOJAKaTo#aM B NpOLECCce Pa3BUTHA pa3psia co3aaer spdexT,
KOTOpBI JOCTHTA/ICA MNepeMellleliieM paspsga Ha BTOPble WJH TPETbH
MOJAKaTOAbl B JBYX- M OJHOUMIYJAbCHBIX JekaTpoHax. Tak Kak oTcyT-
CTBYET MOTEPs BPEMEHH Ha MepeHoC pa3psina Mo JBYM HJIH TPeM MOJKa-
TOAaM, B JIeKaTpOHAxX C "HanpaBJEHHbIM KaTOJAOM MOXIIO IOJYYHTb
CPaBHUTEJNBHO BBHICOKHE CKOPOCTH CYETa.

HenocraTkoM mekaTpoHa C HanpaB/eHHbIM KaTOJOM SIBJSIETCA OTCYT-
CTBHEe BO3MOKHOCTH TPOBOAMTbL DEBEPCUPOBAHME CcHeTa.

LAEKATPOHbI C AOMOJIHUTESIbHBIMU BLIBOOAMU 3ISJIEKTPOAOB
HA LLOKOJIb

OnucanHbie B NpeAbIAyLIHX Naparpadax JeKaTpoHbl MOMKHO HCIOJb-
30BaTh JIHIIb B CPAaBHHTEJbHO HECJIOXKHBIX NEepPecyeTHhIX YCTPOMCTBAX,
TaK KaK OTJAeNbHO Ha LIOKOJIb BHIBEJIeH TOJIbKO HYJIEBOH HHIMKATODHBIH
KaToj (He cunrasi anona). OcrajibHble 3JEKTPOJBI OJMHAKOBOrO HasHa-
YeHHs] 3aKOPOYEHBl BHYTPH 6a/ljloHa 1 UMeIOT 00'be/HHEeHHbIE BBHIBOJBI.

DyHKUMH JeKaTPoOHa MOryT ObITb 3HAYHTENbHO DACLIHPEHbI, €c/H
Ha LIOKOJIb BBIBECTH OINpeJie/ieHHble 3JeKTPOAbl M3 CHCTEMbl KaTOJ0B H
MOJIKaTO/I0B.

B KOMMYTaTOpHBIX [E€KaTPOHax OT/AeJbHble BBIBOAH HMeEIOT Bce
MHJMKaTODHbIE KaToAbl. STO MO3BOJISIET HCNOJb30BATb HX B CXeMaXx, Bhbl-

Tun ne-
IMapaveTpu
ors3 Oor4 or7

Hanpsixkenne 3axurauusi (He 6o.ee), 8 420 375 430
Hanpsixenue MCTOYHHKA NHUTAHHA, 8 . . 450 450 +25 450+13,5
Hanpsixkenne ropedns, 8 . . + « « « « 190+20 125 225— 265
Hanpskenue cMellleHHs NOAKATONOB, 8 40 35 36—44
TOK QHOKA, MA + « v o « v v o o o 0,6—0,8 0,5 0,7—0,85
AMNIHATYRA  ynpaBAsIOIIHX  HMITyJib-

COB, B v v v v v v i e v v a e e 110—140 150—200 130—150
JHMTeNBHOCTD YNpaBISIOMUX UMY JIb-

COB, MKCEK . o « o v o o o o o o o« 17—22 160 =7
IlnurenbHoCcTs NepenHero (pPoHTa yo-

PaBJSIOIIHX HMMNYJbCOB (He MeHee),

MECEK  « « v e v v i v e e e e e 2—5 15 —_
Hanpsxenne Ha Katolduofl Harpyske

(MAKCHMATBHOE), 8. v « v + o + o o & 15 15 15
CkopocTb cuera, ey:

T MAKCHMAIBHAT « « v o + o o o o 4 & 20 000 2 000 50 000
MHHHUMUVIBHAT « « o o« o o o+ & e 1 0,01 0,01
Hanpsixxenne cGpoca, 8 « . . . . . . - — 130—170

ConpoTuB/IeHHe KaTOAHOH  HAarpyskH

(ue Goaee), kKoM . . . . . . e e e — — 33
TMpenensHoe BHIXOMHOE HANpsiKeHHE Ha

KATOHAX, 8 « « « v v o v v s v o o o 15 15 15
IIBeT CBGYEHHA . . + & o « « & « « . o | DHONETOBBIH OpaHxKeBo- Cunuft

KpacHbIit

HoMepa KaTonoB, BhIBeAEHHBIX Ha 10~

KOMB o o v v o o o o o o s o o o v s Hynepoit Hyuaesoft Hynesolt
Kos¢duuuenr nepecuera . . . . . . . 10 10 10
KOHCTPYKIHA « . o v v v v v v 0w o OnsonM- JByXuM- AByXum-

NMyJIbCHbIA NyJIbCHBIR nyJ/1bCHBIA

HasnageHme . . . . . .« . v v v v . Cder H fesieHHe 4acTOTH

* Jlanunie npe/iBAPHTENbibIE,
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HOJIISIIOMX GeCKOITaKTHOE Mepek/ioueHHe emefl, a TakXKe B CUeTHO-
pewaioutnx ycrpoiictBax. MIHAHKaLMs pe3yJbTaTa B CXeMax, HCIOJb3YiO-
IAX KOMMYTAaTOpHble JeKaTPOHbI, MOXET MNapaJiesibHOo MPOBOJAHTHCH
C MOMOULbI0 HH(pomeyaTaloWuX yCTPOHCTB.

ViHorfa nJisi 9KOHOMHMH OTIE/JbHO BHIBOAATCH TOJNbKO HEKOTOpbie H3
MHHMKATOPHBIX KaTOJOB.

B peBepcuBHBIX HeKaTPOHAX, KOTOPBIMH MOI'YT OHITb TOJIBKO HBYX-
MMOYJbCHbIE, NOMOJHUTENbHO BBIBOASTCS Ha IOKOJb NEpBBIi M BTOPOH
NOAKATOABI, PACMONOKEHHble MeXIy HEBATHIM M HYJEBHIM HHJIHMKaTOp-
HBIMH KaTojaMu. D10 06CTOSITENbCTBO, Kak GyAeT BHAHO M3 JAaJibHEH-
ero, MO3BOJISIET CTPOMTh HA TAKMX AeKaTPOHAxX NpoCTble PeBepCHBHHIE
CXeMBl CYeTa.

CyuiecTByIOT M pyrue PasHOBHIHOCTH JeKaTpoHoB. B Ta6n. 1 mpu-
BeJieHbl JaHHble JEKaTPOHOB, BBHITYCKAaeMbIX OTEYeCTBEHHOH NMpOMBIILIEeH-
HOCTBIO.

KOHCTPYKLIUA OEKATPOHOB

KOHCTPYKTHBHO [eKaTpoH mnpeicTaBiasier co6ofi cucTeMy IITHIpe-
06pasHbIX UMIUHAPUYECKHX KAaTONOB, PACMOJIOMKEHHHX BOKPYr JHCKO-
06pa3HOro MM LUMJIMHApHYecKOro aHona. Jus oGserdeHusi BH3yadbHOH
MHAMKAL{K TOJOXKEHUS Pa3pALHOTrO CBedeHHss yepe3 KymoJs Mpo3pauHoro

Ta6nauna 1
KaTpoHa
ors Alol Alo2 Al103 A104 A105
480 375 430 420 430 415
=600 =420 =435 =435 - 450 450
255—295 105—145 190—230 225—265 235—275 =125
36—44 36—44 35—40 36—44 50—€0 ~40
1,1-1,3 0,3—0,45 1,1—-1,56 0,7—0,85 0,9—1,05 1,35—1,65
80—110 135—165 ~180 130—150 160—190 ~200
3—10 200—1 000 =20 =7 =3 =200
0,3—0,5 10—30 8 — 0,4—0,5 —_
7,5 15 — 15 15 15
100 000 1000 20 000 50 000 100 000 1000
0,01 0,01 0,01 0,01 0,01 0,01
75—125 135—165 =150 130—170 120—160 =150
7,5 - - — 33 12
7 20 — 15 15 15
Tony6o# OpanxeBpo- CuHnuit Cuunft OpaHXKeBo-
KpacHbI# KpacHbIit
0,3,5,9 Bce Bee Bce Bce Bce
10 10 10 10 10 10
C uamnpas- JByxaM=- JiByxXHM- T ByXHM=- By xaM- JByXHM-
JIEHHBIM TYJIbCHBIR Ty CHBIR My IbCHBIA My.1bCHBIN MyJibcHBIR
KaTOROM
CueT u GecKOHTaKTHas KoMMyTauus
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Ga/i0oHa HaMMEHbWHA JHaMeTp PacHoJOXKCHHA KaTol0B JejaloT Mopsi-
Ka 20 mm. Jdnuna paGouux uacreil KaToja, BO3BBILAMOLIMXCS HAfA Kepa-
MMYECKHM H30/1ATOpPOM, 7 MM. PaspsjiHoe cBeueHHe 3aHHMaeT NMPHUMEPHO
NONOBHHY 3TOM AJIHHBI, 4TO oOecrieddBaeT HeoOXOMMMBIA JHanasoH
H3MeHeHHs] TOKOB B GOJIbIIYIO H MEHBUIYIO CTOPOHY !(M3BeCTHO, UTO MpH
TNelOLIEM paspsijfie H3MeHeHHe paboyero TOKa He MPHBOJAHT K H3MEHEHHIO
ero MJOTHOCTH Ha KaTojle, a MeHfeTCs JHIIb MJOWaAb Karoja, OXBa-

yeHHasi pa3pPsi/IoM).

Ukana Urana

I

QL0

Puc. 9. KoncTpykTuBHOE obopMmiente wKatbl eKaTpoHa.
a, 8 — MpaBHJbHO; 5, & — HeNnpaBHJIbHO.

Kynon 6annona jieKaTpoHOB jasi OGjervyeHns BH3YaJbHOH HH/IM-
KauuH paspsajga HHOTAA AenaroT naockuM. OTMETHM, 4TO pPAacloJioKeHHe
undpoBofi WKaabkl Ha Kynose 6ajloHa JleKaTpOHA TaKKe WrpaeT 3HAYH-
TeJbHYI0 POJib /151 Ge30LIMGOYHON HMHAMKALMH TOJIOXKEeHHs1 paspsja.

Ha puc. 9,0 nokasaHo mpaBusbHOe, a Ha puC. 9,6 HenpaBubHOE
NoJIOXKEeHHe WIKaJbl N0 AJIHHE JeKaTpoHa, Ha puc. 9,6 mpaBHJIbHOE, a Ha
puc. 9,2 HenpaBHIbHO® OQOPMIIEHHe LHU(PPOBOH IIKAJBL.

Bannonsl nekaTpOHOB HAMOJMNHSIIOTCS CMECHIO ra3oB MOA HEGOIBIIMM
AasjeHneM. BriGop HanosmeHHsi ompenessieTcsi HeOGXOAMMONH CKOPOCTbIO
cyeTa JAeKaTpoHa M APYyruMH ¢akrtopamu. OT cocTaBa CMeCH 3aBHCHT
UBET Pa3psjHOro cBeueHus. Tak, rejiieBO-HEOHOBas CMeCh, KOTOpPOil Ha-
TQJHAIOT HM3KOYaCTOTHbIE AEKAaTPOHBI, HMEeT OpaHKeBO-KpacCHOe, a re-
JIMEBO-BOJIOPOJHAS CMeCh, MpejfiHa3HaueHHasi AJsi 6GoJiee BHICOKOYACTOT-
HbIX AEKaTPOHOB, — (PHOJIETOBO-CHHEE CBEUEHHE.

Flnasa BTOpas
XAPAKTEPUCTUKU REKATPOHOB

CTATUYECKME XAPAKTEPUCTUKMH

TMocnenyroomuit Marepuas H3JOXKeH C TOYKH 3PeHHss PabOTHI JBYX-
HMIYJIbCHOTO HekaTpoHa. OAHAKO C HEKOTOPHIMH NONPAaBKaMM OH OCTaeT-
¢ BepHbIM NPHMEHHTENbHO K OAHOMMIYJBCHBIM [EKaTPOHAM M K JHeKa-
TPOHAM C HAaNpaBJeHHBIM KaTOJOM.
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B peasbHoM nByXuMNy/nbCHOM JeKaTpoue Bce 30 paspsiiHbIX npome-
KYTKOB XapaKTePH3YIOTC COOGCTBEHHbIMHM HAMNpSIKEHUSIMH TODPEHHS H
CTEMeHpI0 BO3/IEHCTBHSA Ha COCe/HHE PaspsiHble MPOMEXKYTKH. ITO 06y-
C/IOBJIEHO TeXHOJIOTHYeCKHM pPa3bpocoM TeoMEeTPHH €ro 3JeKTPOJAOB H
COCTOSIHHEM MOBEPXHOCTH.

Jlnst -03HaKOMMIEHHS CO CTATHYECKHMH XapAKTEPHCTHKaMM eKaTpoHa
NpUMEM, YTO BCE €ro paspsjHble MPOMEXKYTKH HAEHTUUHH KaK MO reo-
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Puc. 11. 3aBucumoctb na-
NpsXKEHHH TmepeHoca OT

Puc. 10. T'eomerpusi paspsa- TIPOUSBENEHHS  NaBJICHHA
HBIX NMPOMEXYTKOB B JIeKa- rasa (p) mua paccrosne
p Tpgﬂe MeXJy 3JIeKTponaMu (X).

1 — ontTuManbHas o6aacTh.

MeTPHH, TaK H MO CBOHCTBaM MOBEPXHOCTH 3JeKTpomoB. Tako#t nekaTpou
6yneM CUHMTaTb HIea/bHbIM.

Kak yxe oTMedasoch, OCHOBOM MeXaHH3Ma HanpaBJEHHOrO mepe-
HOCa paspsiia sIBJSEeTCA TMOHHXKEHHE HANpsSIKEHUs 3aXHraHug panda
3JIEKTPOJa, coce/iHero ¢ ropaumm. ITpakTHuecky oHO MpeBbillaeT Hamnps-
*KEeHHe TOpEeHHs] BCEro Ha HECKOJbKO BOJBT. Pa3HOCTh HampsKenui 3a-
MHFaHHsi M TOPEHHsl B 3TOM CJyyae Ha3biBaeTCs HaNpsKeHHeM Mepe-
Hoca (Uni).

Ecan, nampumep, paspsp ropur Ha wunpukatopHoM karomge Ko
(puc. 10), To MoHMKeHHe MOTEHUMasJa MePBHIX MOAKATOLOB MO OTHOLIE-
Huio K Katony Ko Ha BenuuuHy un BbI3BIBAaeT MepeHoc paspsaaa Ha MOM-
katon [1Kl,. Paspsan ua noaxarozme [TK!y He paspupaercs, Tak Kak Ha-
NpsiXKEeHWe NepeHoca .JA Hero (Upp) YBENHYEHO H3-3a CPAaBHHUTEJLHO
GOJIbLIOTO PacCTOSAHHA OT ropsiuero aiektpona Ko, a crano 6uTb, ¥ OT
MOHH3HpOBaHHOH 30HBL Takum o6pa3om, COO/MIOLEHHE YCAOBUS Ums>>lni
Heo6XOAMMO IS MpaBUJbHOM paGoTH [JeKaTpoHa.

YcoBHe Upp>>Uyn) HOCTHTAETCH HE TOJNBKO PA3JHYHBIMH PACCTOSAHMSA-
mu Mexpay anekrponamu ITKIg—Ko u IIKI1g—Ko, HO M BenMuuHOH TOKA
Ha TOpslleM 3JeKTPOZe, a TakKKe JaBJeHHEM ra3oBoH cMecH B GaJsiOHe
JileKaTpoHa.

Ha puc. 11 nokasana 3aBUCHMOCTb BEJIMYHHBI HANPSKEHUH Uny H Ugp
OT TpPOHW3BEICHHsA JAaBJeHHS Ta3oBOH cMecH p BHyTpu GaJj/oHa Ha pac-
CTOsIHMEe X OT NOAKAToJa MO TOpPSLIEr0 KaToja.

M3 pucyHKa MOXKHO 3aK/IOUHTb, YTO CYLIECTBYET HEKOTOpas OMNTH-
Ma/ibHasA 06/acTb NMPOM3BeNeHHH pXx, ANA KOTOPOH XapaKTepHO HAoOCTa-
TOYHOE MpeBbIlIEHHE Upy HAJ Uy H B TO e BpeMs CaMa BEJHYHHA Up
ellle He CJMIIKOM BeJHKa, DTO OOCTOSATEJBCTBO [aeT BO3MOMKHOCTb HC-
noJib30BaTh B KauecrBe yNpaBJsiOLIUX MMMYJbCOB CHIHAJBI C HeGONBILIOA
aMNJINTyROH.
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CBOU AEKATPOHOB M3-3A MEPEHOCA PA3PSJA
"B OBPATHOM HAIPABJIEHMM

Tponecc nepeHcca paspsifia B HyXHOM HANPaBAEHHH NPOHCXOLUT
MMEHHO 7aK, KaK ONYCaHO B MpeAblyliux naparpadax B cayyae, eciH
BpeMs 1peCbiBaHUS Paspsila HA KaXKIOM 3JEKTPOLe LOCTATOUHO BEJHKO.
YMEHbLIEHHH 3TOr0 BpeMeHH (4To TpeGyeTcs B Ciyyae MOBHI-
WeHUA CXOPOCTH cueTa) B JeKaTPOHe BOSHHKAIOT MPOLECCHl, NPHBOJSILIHE
K CGosin: B ero pa6ote. OTi COOH CBSI3aHBI C JMHAMMKON YCTAHOBJEHHS
HOHH3HPOBAHHBIX 06/1aCTefl OKOJIO TOpPSILUX 3/MeKTPOJOB,

Pazinualor nBa BMZa TaKkuX c60eB — C6OM BC/IENCTBHE OBGPATHOrO
NepeHocz M JHCKPHMHHALMOHHbIE COOM.

C6c# BenencTBue o6paTHOrO mepeHoca MPOSIBASETCS B TOM, 4TO npH
NOMNbITKE 1€PEBECTH pPas3psifl ¢ n-ro 3/1eKTpofa Ha .(n+1)-f anekTpon
(ynpaBazoUuA UMIYABC NOAAETCS HA KOJBLO MNePBHIX MOJKaTONOB),
paspsj ycraHaBiMBaeTCA HAa (n—2)-M anekTpoge. Ilpu nopave ympas-
JIAIOUIErs MMIYJbCA HA KOJBIO BTOPHIX NMOXKATONOB Paspsij MEpPEXOLHT
Ha (n—ij-H 57€KTPOJ M 3aTeM 3aropaeTcss CHOBA TOT e 3MEKTPOS
(n-#l), ¢ xoToporo Nenanach NMOMBITKA NEpeBeCcTH paspsi. TaKuM o6pa-
30M, MOZ3Ya KAXKAOH c/elyloulell Napel MMIYJIbCOB 3aCTaBAsSeT paspsif
nepeMeliaThCa 10 OJA0H M TOH XKe TpOMiKe 3JeKTPOJOB.

Ias: T0ro 4TOGLI MOHATH, MPH KAKHX YCJOBHSIX MOXET BOSHHKHYTb
OIMHCAaHHZE SIBIEHHE, PaccMOTpHUM mpouecc GoJee noppo6uo. Ipexnosno-
XKHM, YT paspsll nepeHocutcs ¢ (n—Il)-ro snekTpona Ha n-#, a 3aTeM
Ha (n+1)-A. Eciu raysa Mexnay NepeHOCSLHMMH HMIYJbCaMH BeJIHKa,
TO MPOLSCC NepeHoca paspsfa NPOHCXOAHT Kak oO6bluHO. OpgHako mpH
YMEHbIIENHH Nay3bl MeX1y HMIYJbcaMM JEHOHH3alMsi B 30He (n—2)-ro
3/1eKTPOZad. BhHI3BaHHas pa3psAnoM Ha (n—l)-H anexkTpon, elle He ycie-
Baer 3ak:uuThcsi. KpoMe Toro, moHusaumus B 30He (n+1)-ro aiekrpona
OKasblBacT:sl HEJOCTATOYHOH H3-32 HeGOJIBIIOrO BPEMEHH rOpeHus pas-
pSIAa Ha #-M 3JIeKTPOe.

Bce 370 MpUBOAMT K TOMY, YTO MOJAya MEPEHOCALIEro HMIYJbca Ha
KOJIbLIO fCPBBIX MOAXaTONOB BLI3BIBAET MEpeHOC paspsiia C n-ro Ha
(n—2)-& z1ekTpon.

Ha psc. 12,0 nokasan BpeMeHHOH npouecc ¢HOpMUPOBaHHsI Hamps-
KeHHA zamuranua Haé (n+41)-M B (n—2)-M npoMmexyTKax mnocje mnepe-
Boja paspsafa (¢ n—l)-ro Ha n-ii snektpon. M3 pucyHka BumHO, 4TO
HanpsKexye 3axKuramus Ha (n4-1)-M 3/1eKTpOLe CHMXKaeTcs He Cpasy
nocJe 3&ropaHMsi paspsaia Ha n-M 3JeKTpole. AHAJIOMHYHO, MOBBILIEHHE
HanpsiKe:sssa 3aKHraHusg Ha (n—2)-M 3J€eKTPOAe NMPOXOAMUT MOCTENEHHO.

BepcstHoCTh mepsHOCa B HYKHOM HanpaB/IeHHH MOBHILAETCS, €C/H
nepeHocsuIvi UMMyJb: NMOJAeTCA Ha KOJIbLO NMEePBHX I10JKaTOAOB NOC/e
TOYKH MNepeceveHHss KPUBBLIX AJasf 06oHX 371ekTpojoB. Jlo Touku mnepe-
CeyeHHs KDHBBLIX G6oJee BeposiTeH OOpaTHbI IepeHOc paspsiia Ha
(n—2)-k snexTpon.

Hanpasnenue mepexoja paspsifia NPH NPOYHX DPaBHBIX YCJIOBHSX
3aBHCHT OT aMIIUTYAsl NMEPEHOCSAIUX HMIyJbcoB. Ecan aMmiuTyna uM-
IyJbCOB HE CJHIIKOM BeJAMKa, TO paspsAn B npoMmexytkax (n+1) u
(n—2) pazBHUBaeTcs IOCTAaTOYHO MEIJIEHHO, TaK YTO KDHBble HarmpsixKe-
Hufl 3axwuraHua Ha pHC. 12,0 ycnmeBalQT mepeceybCssi K MOMEHTY mpo-
6051 mponeKyTKa.

Ecnk e aMIiMTy[Qbl NEpEHOCALIUX HMIYJLCOB Yepecuyp BeJlHKH,
TO paspsi B NpPOMe}RYTKax pa3BHBaeTcs OBICTPO, H NEPBHIM MOXeT
saropetbcs (n—2)-fi 3/€KTPOJ, TaK Kak K MOMenTy npo6os npoMexyTKa
KplBble La pHC. 12,4 He yCmeBaioT nepeceubesl,

16




IMpakTnka noaTeepxkjaer 51oT ¢akT. IIpn yMeubllieHHH BpeMeHH
npeGbiBaHIisl pa3psifia 1la A-M 3J1eKTPOJie BEPOSTHOCTb NepeHoca paspsi-
Ja B o0paTHOM HanpaBJ/IeHHH YBeJMYHBAETCsi NPH NOBBILIEHHOH aMIJIU-
TyJle MMNyJbCa, NpeiHa3HaYeHHOro AJs HepeHOca Paspsjga C n-ro aJjek-
Tpoia Ha .(n+1)-i.

PaccmMoTpum Tenepb apyro#t THn c60st — AUCKPHUMHHALHOHHBIH, TaK-
)Ke CBSI3aHHBIH C JIHHAMHMKOH pa3BHTHS pa3psina. DToT THn c6Osi BBI3bI-
BaeT BO3BpaT paspsjna Ha (n—l)-i 2JeKTpoj NpH NOMbITKE €ro mnepe-
noca ¢ n-ro na (n+1)-it ’nexTpo/I.

Uy s
7 Z Ki
—T, t 4 r
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Puc. 12. IunamMuKa u3MeHeHHs] HaNpsiKeHHH 3axKura-
HHUA Ha 3JIGKTPOJA2X INOC/JAEe OKOHUYAHUSA MNEPEHOCHALIEro
HUMOYJbCa.

1 — HanpsixeHue 3axuraHus (u,) npomexytka A—K, .
2 — u, — NPOMEXYTKa A_Kn—23 3 — u, — NpoMexyTKa
A—K, .\, 4—u, npomexytka A—K,_.; ! — MoMeHT
OKOHYAHHsI NMEePeHOCsLIero HMMyJbca.

B cxemax ynpaBjeHHsl JleKaTPOHaMH JJisi TepeHoca paspsja ¢ n-TO
Ha (n+1)-ft 2JeKTPOA K mnocne/HeMy INpPHKAAAbIBAeTCs OTPHLATeJbHOE
HanpsiKeHHe H OJHOBpeMeHHO Ha mpejulecTByouHi (n—il)-# 3JeKTpoa
N0/laeTCsl NOJIOXKUTEIbHOE HanpsikeHde. DTO NPUBOJAUT K 06JerueHuio
yC/IIOBHI TepeHoca paspsja B HYXKHOM HanpaBJeHHH.

O/HaKO B peasbHBIX CXeMaX 3TH YCJIOBHSI MOryT ObITb HapyIleHbL
IMycTh, Hanpumep, paspsi NPOHCXOAUT Ha snekrpon [TK2y (cm. puc. 9),
Ha anektpon ITKIly mopano cMeiuienne +60 8, a moTeHlHaa HHAHKATOp-
noro kKarojga Ko pasen uymo. Ilocne mpekpaillenss AeHCTBHSI OTpHIA-
TenbHOro Mmnyabca Ha [TK2y Ha HeM BOCCTaHaBJIMBAETCS HANpsiKeHHEe
cmenlenust +60 6, uTo NPUBOAMT K mepexojy paspsiia Ha HHAMKATOPHbIM
Katon Ko.

Ecan no kakuM-nuGo NpHYMHAM HanpsiKeHHe CMelleHHs Ha TMojKa-
toae I1Kly uesenuko (Hamnpumep, +20 8), To mocje BOCCTaHOBJEHHS
cMemtenns +60 & ua smekrpoie ITK2; HanpsikeHHe Ha NpOMeXyTKe
aHoj — HHAMKATOpHBIA KaToj Ko Bcero Ha 20 6 mpeBOCXOAMT HampsiKe-
HHE Ha NpoMexyTKe aHoj — nojkatojn I1Klg (pasHuua 3THX Hampsixe-
HHH Ha3biBAaeTCSl HANpsIKEHWeM JHCKPHMHHAIHH).

Ecau wa ITKly He3afoaro nepej STHM NPOMCXO/HJ paspsj, TO BO-
KPYT HEro eme COXPaHeTcsl OCTATOYHAs MOHM3AlMs, YMeHbLIAoLlas €ro
HanpsoKeHue 3axkuranusi. B To ke BpeMsi Ha HHANKATOPHBIA KaToj Ko
TOMbKO HAuMHAeT AefiCTBOBATb NMPOCTPAHCTBEHHBIA 3apsil, co3AaBaemLiil
paspsinoM Ha sinekrpone [1K2y. DTu daxkiopbl NPHUBOAAT K Mepexoay pas-
psina ¢ ITK2, B o6paTHoM Hanpasienud Ha saekTpop ITKly mpu nepo-
CTaTOUHOM BpeMeHH mnpeGbiBanus paspsina na [TK2,. 3atem paspsa
CaMOCTOATEJIbHO TIEPEXOAMT Ha TpeAbiAyLHiA HHAHKATOPHBI KaTOA.

Ha puc. 12,6 noka3zano, KaKk H3MEHSIOTCS HAMpSIKEHHS 32XUraHus
(n+1)ro u (n—I)-ro sjekTpoxa mocae 3axkKuranus paspsana Ha
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n-m anektpoae. Ms pucyHka Buumo, uTo yBepeHHBI mepeHoc ¢ fi-ro ha
(n+1)-fi ameKTpox MOXKeT NPOBOAMTLCS JIHLIb MOCAE AOCTATOYHOro
cOMMMKEHHS KPHBBIX TNpPH YC/IOBHH, €CJH HanpsiXKeHHe JHCKDHMHHALHH
He JejaTh depecuyp OGOJBIIHM.

Coo6paxenns, H3/I0XKeHHble B 3TOM naparpade, nossoastor cop-
MYJHpOBaTh HEKOTOpble NpaBHJiA, OTHOCALLHECH K YNpPaBJEHHIO ABYX-
HMIYJIbCHBIM J€KaTPOHOM (NpaBHJIa JOCTAaTOYHOCTH):

1. Bo u3GexaHHe oGpaTHOro mepeHoca paspsifia NP MOBBILIEHIBIX
CKOpPOCTfIX CueTa aMMJIHTyda MepeHOCAIlero HMOy/abca J0/PKHA OBbITh
MeHbllle YCTalHOBJEHHOH MAaKCHMaJlbHOH aMMJHTYJAbl MO KpaiiHeli Mmepe
B TeYeHHe HEKOTOPOro BpPeMeHH Ta. BpeMs Ta ompejensercss BHAOM rpa-
¢uxa H3MEHeHHs HANpsIKEHHH 3aKMraHhs 3JeKTPOJOB Ha puc. 12.a.
JonycTuMasi aMIUIMTyJa 3aBHCHT OT BpeMeHHM npeGLiBanHa pa3psAja Ha
n-M 2JIeKTpoje.

2. Hanpsi>keHne NQHCKPHMHHALKH, T. €. PA3HOCTb HANpSAXKeHHH MeXIy
HHIHKaTOPHBIM KaTOAOM H NEpPBbLIM MOAKATOAOM, JOJIKHO ObiTh GoJblie,
YyeM OMpejeseHHbII MHHHMYM, 3aBHCALUHA OT BpeMeHH npeObiBaHHs pas-
psiia Ha BTOPOM MNOAKaTOJ€. 3aBHCHMOCTh MHHHMAJIbHOTO HamnpsikKeHHs
JMCKPHUMHHALMKH OT BpeMeHH NpeGblBaHuS paspajna Ha BTOPOM MOAKa-
TOJe NMOKa3aHa Ha puc. 12,6.

3. Hanpsaxenue MexAay JoGBIMH ABYMS KaToJaMH He JOJIXKHO mpe-
BHILIATH ONpELEJeHHOr0 MAaKCHMyMa, HECKOJbKO MEHBUIEro HampsikeHHS
ropenus. DTO He Mo3BoJsieT JIOGOMY H3 HHX paboTaTbh B KauecTBe aHOJA.

ITo noHATHBHIM cooGpakeHHAM Noc/iefHee OOCTOATENBCTBO perjameH-
THPYET MAaKCHMAJIbHYI0 AaMIUIHTYAy OTPHLATEeJbHEIX MEPEHOCALIHX HM-
NyJabCOB, MOJABOAMMBIX K M0/JKaTOLOM.

B Ta6n. |1 npuBefeHbl jaHHHE 00 aMIVIHTYJaX H AJMTEJIbHOCTAX
YOPaBJAIOWUX HMIYJIbCOB JUIl OTeYeCTBEHHBIX JABYXMMIYJbCHbIX JeKa-
TPOHOB, YIOBJIETBOPSIOLHX MPaBHIAM JOCTATOUYHOCTH.

HEUMAEAJIBHOCTb CBOMCTB AEKATPOHOB

Tloc/sie M3rOTOBJEHHS peasibHblil JeKaTPOH (ABYXHMIYJIbCHBIH, OAHO-
MMIYJ/IbCHbIA HJH JEKaTPOH C HANpaBJIeHHbIM KaTOJOM) MOXET HMeTb
nedexrTrl, 06yc/OBIeHHbe TeXHOJIOTHYECKHM PasbpocoM reoMeTpUH 3JieK-
TPOLOB, a TaKkKe COCTOSHHEM HX MOBEPXHOCTH.

BeJencTBHe 3TOTO CTaTHYECKHE XapaKTEPHCTHKH OTAEJNbHBEIX KaTOJ0B
IeKaTpoHa (HanpsiKeHHe TOPEeHHs1 H 3aXKHTaHHs) TaKxKe HMelT pasbpoc
M OTJIHYAIOTCS OT XapaKTePHCTHK HIeaJbHOrO AEKaTpOHA.

MexaHuueckue fedeKTH 3JEKTPOJOB, KaK NpaBuio, 06HApYXKUBAIOT-
CSl H3TOTOBHTeJiEM B NpPOIleCCe MCHBITAHHS TOTOBHIX MPHGOpPOB. JledeKThl
xe, 06yCJ0BJIEHHHE COCTOSIHHEM TIOBEPXHOCTH 3JEKTPOJOB, NpPOABJAOTCA
B OCHOBHOM B TpoLecce 3KCIUIyaTalHH H HX TAXKEJO BBIIBHTb Ha CTa-
JIMH H3TOTOBJIEHHS NEKaTPOHOB.

H3MeHenHe COCTOSIHHS TOBEPXHOCTH 3JIEKTPOAOB BBbI3bIBaeTcst 3a-
rPSISHEHHSIMH MaTepHaJIoB, H3 KOTOPbIX M3rOTOBJAIOTCS JeTa/i JeKaTpo-
noB. KpoMe TOTo, OHO MOXeT MeHSITbCs BO BPeMeHH H B SHAUHTEJbHOI
CTereHH 3aBHCHT OT pexHma paGoTel nmpuGopa,

U3 nedexToB, 00YC/JOBIEHHBIX H3MEHEHHEM COCTOSIHHSI NMOBEPXHOCTH
57eKTPOJ0B, HauGo/ee H3BecTeH 3Q(deKT MpHMHIKalollero karoja. Eciu
PeXHM HCMOJb30BaHHsl NEKaTPOHA BhI3biBaeT J0Jroe HempepriBHOe rope-
HHE OJHOrO0 M3 KaTOJO0B, TO H3MePEHHE HAaMNpsKEeHHs TOPEHHS NpPHUMbI-
KaIolllMX K paspsjy 3/7eKTPOLOB NOKAa3blBAaeT, YTO C TeYEHHeM BpPeMeHH
NPOHCXOJMT CyIleCTBEHHOE H3MeHeHHe 3Toii BeJMuYHHHL Ilpupoja 3Ttoro
fiBJIeHUs] CBsi3aHa, KaK yCTaHOBJIEHO, C M3MEHEHHEM XapakTepa 3arpfs-
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HEHHUsI 3JIEKTPOJOB, HAXOASILHXCSI B 30He AEHCTBHS NPOCTPAHCTBEHHOrO
3apsiia ropsiiero 3JeKTpOAa.

Jlnsi neKaTpoHOB, HANOJIHEHHBIX HHEPTHBIMU rasaMu Ges mpumecef,
HarnpsikeHHe TOPEeHUsI NPHUMBIKAIOLIKX 3/1eKTPOJOB MOCTENEHHO BO3pacTaer
H npubauMKaeTcsi K BeJHYHHe, nmpeBocxojsileil npubGau3uTeabHo Ha 25 6
HOMHHaJIbHOE.

IIpu Hcnosb30BaHHH B KayecTBe HAMOJIHEHHS [EKaTPOHOB CMeceH,
cojiepiKalHx BOJOPOJA, NPOHCXOAHT o6paTHoe sBJjeHHe. Hampsikenue
ropeHusi MPUMBIKAIOUHX 3/1eKTPOLOB MOCTeNeHHO najfaer. B To ke BpeMs
Halpsi)KeHHe TOPEHUs] TOpSILero 3JMeKTPOoja COXPaHARTCS MPAaKTHUECKH
HEN3MEeHHbIM.

SbdeKT NpUMBIKAIOLIEro 3/eKTpoja MPHBOAHT K TOMY, YTO MOC]eN-
HHe KacKajbl MHOTOpa3psiiHbIX JeKaTPOHHBbIX CYETUHKOB OKa3blBAIOTCS
HECNMOCOGHBIMH K NPaBHJbHOMY CUETY HMIYJbCOB.

Jlns cxeMHoli KoMmeHcauud yKazaHHoro sdgekra oGbYHO mpHGe-
raloT KaK K yBeJHUYEHHIO aMIUIHTYAH, TaK H K YBEJHYEHHIO JNJIHTEAbHOCTH
NepeHOCsIHX HMNYJIbCOB, MOABOAHMEIX K MOAKATOAAM JEeKaTpOHOB.

Fnasa TpeTbs
CXEMb! YMPABJIEHUSI ODEKATPOHAMM

OBLLUE COOBPAXEHUA

Ilpexxne yeM mnepefiTH K ONHCAHHIO KOHKDETHBIX CXeM BKJIOYEHHs
JIeKaTPOHOB, 11eJ1eCOO6Pa3HO0 OTMETHUTb HEKOTOpble MOMEHTHI, obuiHe AJs
BCEX CXeM.

1. Kak npaBujo, npocrefilide cXeMbl Ha JAeKaTPOHaX CTPOSATCA Ha
ocHOBe OJIOK-CXeMBl, NOKa3aHHOH Ha puc. 13. JlekaTpoHHOe yCTpPOHCTBO
BKJIIOYaeT B ceGsi reHepaTop BXOJHBIX HMIYJbCOB, HECKOJBKO CUETHHIX
KAaCKaJioB M YCTPOHCTBO mJjsi c6poca MOKa3aHHMA [eKaTpOHOB HAa HYJb.

Ecan yacrora cie0BaHHS BXOAHBIX HMIYJbCOB BHICOKA, TO OJHH
WIH [Ba NepBBIX CYETHBIX KacKaja BBINOJHSAIOTCS Ha OCHOBe BBICOKO-
YaCTOTHBIX JeKaTpoHOB. B ocTambHEIX KacKajax oG6si3aTe/bHO IpHMe-
HSIIOTCSI HM3KOYaCTOTHBIE [JEKaTPOHBI, TaK Kak Npu pabGoTe HA HHU3KHX
yacrorax (uuxke 10 2y) onu Gosee CTaGHIbHHL

BxoasblM MMIOysbcoM MJIsi CYETHBIX KacKaJOB B TAaKHX CXeMax siB-
JiieTCsl BBIXOJHOH MMINYJbC, CHHMAEMblif C HYJEeBOro HHIHKaTOPHOTO

Puc. 13. Buok-cxema ycrpoficTBa Ha HeKaTpOHaXx.

1 — reHepaTop BXOHHBIX HMINYJbCOB; 2 — cxeMa (oOpMHpPOBaAHHUSA
YNpaBJIAOIIMX HMNYJAbCOB; & -— KeKaTpoH; 4 — ycrpolictBo c6poca
TNoKa3aHU# NEeKaTPOHOB Nepel HAYaJIoOM cyeTa; 5, 6 — mepBHR H
BTOPOR CyeTHbIe KacKalbl.



Karoaa nexkartpoHa npeablayulero kKackaja. Cxema q)OlelpOBal!l/lﬂ Kax-
JIOr0 CYETHOro Kackaja BHINOMHSCT NpeoGpa3oBanue MOCTYNAOUIETO HM-
nysbca W obecnieuMBaeT HanpaB/eHHbI nepeHoc pas3psija JEKATPOHA.

2. Cxembl dopmupoBaHHsi JJIsi ABYXAMIYJAbCHBIX JEKaTPOHOB He
00s13aTe/IbHO  JOJKHBl T€HEPHPOBATh JBAa MOC/ACAOBATENbHBIX IIPSIMO-
YrOJIbHBIX MMIIyJbCa C MECTKHMH JONMycKaMu mo ¢ase, JJIHTeJIbHOCTH H
aMIUIATYZe. ITO HEeoOXOAHMMO JIMIIL HAa MNpPeleJbHBIX CKOPOCTAX CyeTa.
Ha npakrtuke, Kak npaBujo, HCHOMb3YIOTCS YNPOIEHHbIE CXEMDLI (POPMHU-
poBaHus THNA ycwiauTeldelt ¢ AByms ¢asocasurawiumu RC-nenoukamy,
Ha BBIXOZE KOTOPBIX 00pasyloTcs CABHHYTHle mo (pase ummysbcol, Ecre-
CTBEHHO, YTO HMIIY/IbChl, MOJyUeHHble B TaKHX CXEMaX, NOJNKHBl yI0BJE-
TBOPSTb YC/JIOBHSIM AOCTAaTOYHOCTH, C(HOPMYJHPOBAHHBIM Bhillle.

Ananornunble ycTpoiicTBa HCHOJB3YIOTCS B KauecTBe cxeM (OpMH-
POBaHUst M JJIs OJHOHMITY/IbCHBIX J€KATPOHOB.

[MaccuBHBle LlenM pacllenyieHHst MMIYJbCOB /S JBYXUMIYJAbCHBIX
JEKaTPOHOB M LeMH, CaAyKaliHe jJisl MepeBoja paspsija N0 HOAKATOAAM
O/THOMMIYJIbCHOTO JeKaTpPoHa, HMeloT paamuunbiii Buja. OjaHako, ecsu
3TO He BbI3bIBAGTCS OCOOGBIMH COOOpaeHHSIMH N0 yJAYYIIeHHIO PaGoTHI
KOHKPETHBIX JeKaTPOHHBIX YCTPOHCTB, HEOGXOAHMO [MOJIb30BATHCSI TH-
noBbIMH cxeMaMH (puc. 14), pekoMennosanubimu B UTY Ha geKaTPoOHSI

3. IlapasuTHasi eMKOCTb MeX1y aHONOM H KaTOAOM JleKaTpOHa ua-
CTO MOXKeT CJIYXHTb NPHYHHOH HeyHOBJETBOPHTENLHOH paGoThl CUer-
HOrO Kackaja.

BoJibiioe aHOLHOE COMNPOTHBJIEHHE [EKATPOHOB B COYETAHHH C na-
Pa3HTHOH eMKOCTbIO YBe/JHUHBAeT NMOCTOSTHHYIO BPEMeHH aHOIHBIX llemnefl.
Ilpekpaluenne neHcTBUsi ynpaBJsioOLlero HMOyJbca Ha MOAKATON JOeKa-
TPpOHA B 3TOM CJiyuae He NMPUBOJAHT K CHHXPOHHOMY YBEJHUUYEHHIO MOTEH-
1yuana aHona. DTo BbLI3LIBAET BPEMEHHOe MOracaHHe paspsiia B JeKaTpo-
He M, COOTBETCTBEHHO, paccachiBaHHe HOHH3HPOBAHHOH 30HBI BO3Je
paHee ropeBLIEro MOAKATOAA.

BoccTaHoB/IeHHe aHOJHOTO HANpPSIKEHHSI MOC/Ie MPOMeXYTKa BpeMe-
HH, OMNpeJeJsieMOro IOCTOSIHHOH BpeMeHM aHOJHOH LemH, 3acTaBJsieT
pa3psi 3axeubCsi Ha cJayyafHOM HHIHMKAaTOpPHOM Katoxe. B peasnbHOM
NeKaTpOHe paspsili 3aXKUraeTcs Ha KaToje, HUMEIOLeM [0 KaKHM-JIH60
NpUYHHAM HaHMeHbllee HaNpsiXKeHHe 3aXKHraHHsl.

Iljisi HEKOTOPOH KOMIEHCALHH YKA3aHHOTO sIBJEHHsI aHOJHOE CONpo-
THBJIEHHE HEOGXO0JHMO MPHMAaHBaTb HENMOCPEeJCTBEHHO K MaHeJH AEKaTpo-
Ha. YKasaHHO€ MEpONpHsiTHE MCK/I0YaeT BJIHsIHHE eMKOCTH MOHTaxa
(kotopasi momer pocruratb 30—50 ng)). Tenepb NocTOSHHAast BpeMeHH
aHONHOH LeNH [AeKaTPOHA OMpEeLeNsieTCs TOJNbKO €ro MeX3JEeKTPOIHOH
€MKOCTbIO, cocTaBJsiollei okoso 10 ng. .

BbICOKOUACTOTHBIE NEKATPOHBI AJs1 AaJbHEHIIEro CHHXKEeHHs INOCTO-
SIHHOM BPEMEHH KOHCTPYHPYIOTCS Ha YBeJH4YeHHble paGouHe TOKH, UTO
JlaeT BO3MOXHOCTb COOTBETCTBEHHO YMEHBIIHTb aHOJHOe CONPOTHBJIEHHE.

4. BoixoJHOe CONPOTHBJIEHHE, BKJI0OYaeMoe B LieNb HYJEeBOro HHIH-
KaTODHOTO KaTOZAa, MOXKeT NPH HEKOTOPbIX YCNOBHAX HapywaTb padory
CYETHOTO KacKaza.

Ecnu paspsin ycTaHaB/IHBAaeTCsl Ha HYJEBOM KaTtoje, TO €ro MOTEeH-
1HaJ 3a cYeT NaJEHHsl HampsKeHHsl Ha BHIXOJHOM CONPOTHBJIEHHH
MOBHIIAETCH MO OTHOLIEHHIO K JAPyrumM KartonaMm. Eciau moreHuuan Bbl-
XOLHOTO KaToja OTJHYAaeTcsi OT TMOTeHIHaNa OCTaJbHbIX KaTOLOB Ha
BeJHUHHY, NPeBHILIAIONIYI0 HaNpsiXkeHue NepeHoca 4epes 1Ba NPOMEXKY-
TOUHHIX 3/€KTPOJd, TO pa3psAi MEepPeHOCHTCS Ha OJHH H3 COCeNHHX
HHJIMKATOPHBIX KaToOB. JI/Isi yMeHbIUEHHsS BJIHAHHS yKa3aHHOrO 3((dek-
Ta Ha paboTy AeKaTPOHA MHOIJa HCIOJb3YIOT HEKOTOPOE OTPHUATENbHOE
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Puc. 14. CxeMbl TUNOBbIX NACCHBHBIX ()OPMHPYIOUWHX Liened AJs 3amycka

JACKaTPOHOB.
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cmelleHHe Ha HynaeBo# kaTod. Ilpu 3ToM mocTuraercsi ymeHbllieHHe pas-
HHUbI MeXJy MOTEHUHANAMH HYJIEBOTO WHAMKATOPHOrO KaToia M rpym-
MOH OCTaJbHBIX KATOAOB MPH COXPAHEHHH AMIUIUTYAbl BBIXOAHOTO HM-
nysabca AeKaTpoHa.

Tak, nanpumep, mpu mojaue Ha HyJeBOH MHAHKATOPHBI KaTtop
OTPHIATENbHOrO cMelleHHs 20 8 MOMKHO NOJYYHTb AMILIUTYAY BBHIXOJ-
Horo curHana 40 s (nmoreHunasn meusiercs or —20 8 go +20 8). Ilpu
STOM ero MOTEHUHAaJl OTJNHYAeTCs OT MOTEHUHaJa APYTHX KAaToJO0B He 00-
Jee ueM Ha 20 8, UTO YNOBJIETBOPSIET YCJIOBHUSAM AOCTATOUHOCTH.

5. OnuH M3 BHIOB HapylleHHs1 paGOThl JEKATPOHOB MOXKeT GHTb
CBfI3aH C BeJIMYHHOH BHYTPEHHEro CONMPOTUBJIEHUS cxeMbl, HOpMHDyioleH
ynpaBJsIoOLie HMIYJbCH [Js NOAKAaTOROB. EcCad 3TO CONMpOTHBJIEHHE
BeJIHKO, TO NajeHHe HANpPsiKeHHS Ha HeM 3a CYeT TOKa MO/JKaToJ0B
NPHBOAHT K SKBHBAJIEHTHOMY YBEJHUYEHHIO HANpPSMKEHHS cMelleHus NOA-
KaTofoB. 3TO CcMelLleHHEe MOXKET OKa3aTbC HACTOJNBbKO GOJIbIIHM, YTO
yIpaBJSIOUIHE UMITYJIbChl HE CMOTYT NepeBecTH pa3psi C HHAHMKATOPHBIX
KaToJ0B Ha MOJKATOMBI.

Ha npakruke Takoe fiBjleHHe BO3HHKAeT INPH HCIOJb30BAHHU CXEM
(hOPMHPOBAHHSI HMIIYJIbCOB, HMEIOLIMX MaJioe CONMpPOTHBJIEHHE MO Mepe-
MEHHOMY TOKy H GoJIbllloe COTPOTHBJEHHe MO mocTostHHomy. IIpu BHICO-
KOH 4acToTe C/IefOBAHHSI BXOJHBIX HMIYJbCOB KOHAEHCATOp cxembl ¢op-
MHDOBaHHs 11013apsI:KAETCsi TOKOM [MOJKATONOB, MDHYEM ero 3apsij He
ycrneBaeT CTeKaTb 3a BPEeMsi May3bl MeXJy BXOAHBIMH HMIIYJIbCaMH.

Iast yerpaHeHusi 0A0GHOTO SIBJEHHsS PE3HCTOPHI yTeukH cxem ¢op-
MHPOBAHHUsSI BBICOKOYACTOTHBIX KAcCKaJoOB 3aMeHsIOT JHOAAMH, BOCCTaHaB-
JIHBAIOLHMH TOCTOSIHHYIO COCTaBJISIOILYIO.

CXEMbl YMPABJIEHMA [ABYXUMNYJIbCHbIMU  OEKATPOHAMU

B srom u creaywouleM naparpadax Moj cxeMaMu ynpaBJjieHHs TNOJL-
pas3yMeBalOTCs CXEMbl, HCIOJb3YIOUIHE B KayecTBe BXOAHBIX CHIHAJIOB
HMIYJIbChl, CHHMaeMble C BBHIXOJHOTO Pe3HCTOpa AeKaTPOHA NpPeAbiayLIero
CUETHOTO Kackaja.

Kak yke oTMeuasioch, NpsIMOYrosibHasi ¢opma YNpaBJASIOLIHX HM-
NyJabCOB CyLIECTBEHHA HJIs1 JeKaTpoHa, paGoTalollero TMpH BHLICOKOH
CKOPOCTH CyeTa, TaK KaK ObICTpOe yCTAHOBJIEHHe [MOJHOH aMIUIUTYLbl
MMIyJbCa HA MOJKAaTOJAX COKpalllaeT BpeMs MepeBoja paspsila Ha HO-
BLIH 3J1eKTPOA U TeM CaMBIM oGecreuHBaeT MpejelbHYI0 CKOpPOCTb pa6o-
Thl [JeKaTpOHa.

Ecsu ynpasjsiiolive HMMAyJIbChl He MPSIMOYTrOJIbHBI, TO JAJIST HOpMaJib-
HOil PaGOTBl NEKATPOHOB HX J[UIHTENBHOCTb HOJXKHA OLITH YBeJHueHa
¢ TeM, YTOGBI JJIHUTEJNbHOCTH HMNYyJbCa BOJMH3H ero BepLIMHBI He OKasa-
Jach MeHblle yKa3aHHo# B Taba. l.

Beugy Toro 4to ¢OpMHpOBaHHE MNPSMOYIOJBHBIX HMIYJbCOB [O-
BOJIbHO CJIOKHO, B CJlydae HCIIOJIb30BAHHS ABYXHUMIYJbCHBIX NeKaTPOHOB
Ha TOHMMKEHHBIX YacCTOTaX MPHMEHSIOT YNPOLIEHHble CXeMbl yNpaBJeHHS.
B HUX TNpPOCTHIMH CPeACTBAMH JOCTHraeTcs pacllellyieHHe HCXOJHOro
O/IMHOYHOTO MMNyJbca Ha gBa. Ha mnpaxTuKe mnpuMeHsieTCs GoJblioe
KOJIMYECTBO YIPABJISAIOUWHX CXeM, HCMNOJb3YIOUIHX 3JEKTPOHHBIE JIAMIIbL,
TPAH3HCTOPHl M rasopaspsianble NPHOOPHL

Pasnoo0pasne HCHOJb3yEMbIX CXCM YKa3blBaeT Ma TO 06CTOsITesb-
CTBO, UTO MOKa elle de pa3paboTano ylpasisiiollee YCTPOKCTBO, KO1Opoe
HMeeT HeCOMHeHHbIe MPeMMYILECTBA lepef OcTanbHbIMH. B cBsA3d c 3THM
11e1ec006pa3HO MPHBECTH OMHCAHME HECKOJbKHUX THIHYHBIX YIPOLIEHHBIX
CXeM, TMPUMEHNeMBIX AJI YNpPaBJeHHs NBYXHMIYJbCHHIMH JE€KaTPOHAMH.
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Puc. 15. YmpoueHHple cxeMbl YNpaBJieHHS JABYXUMIYJbCHBIMH Je-
KaTPOHaMH.

B cxeme puc. 15,4 MONOXKHTENBHBII HMNYJbC C BHIXOXHOTO pesH-
cTopa IpenbiAyllero AeKaTpOHAa YCHIHBAaeTcss H INiepeBOpPauHBaeTcs Mo
(dase. YcuneHnbli MCXORHBIA HMIYJbC C pesHcTopa R, NocTynaer Ha
nojxaToxsl depes xBe ¢opmupyomux RC uenn. Juddepernupyrouas
uenb C3R4Rs obecrieunBaeT MTHOBeHHOE MOCTYIJIEHHe HMIyJabca Ha mep-
BHlE MOJKATOAB M NMEpPexoj] paspsjia HeKaTpOHa Ha OAMH U3 HuX. Uepes
NPOMEXYTOK BpeMeHH, omnpelenseMblit eMKocTbio C3 H pesHcTopaMHu Ry,
R amminTyga uMnysibca HauyMHaeT MajaTh.

B 3T0 BpeMsi 3amepxKaHHBI HMIYJbC, CHHMaeMBfi ¢ HHTerpHpylo-
wel nenu R3C, ¥ mopalompicst Ha BTOpHE NMOAKATOAH, NpHoGperaeT
HeOGXOXHMYI0 aMIJMTYRy. Paspsp ZXekaTpoHa NepexOXHT Ha COOTBET-
cTByiomuii Bropofi mopkaton. Ilocse OKOHYAHHS BXOZHOrO HMIYJbCa
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HanpsXKeHue Ha BTOPHIX MOAKATOMAX TaKKe HAYHHAET NJABHO CHHXKATb-
Csl, M paspsil jJleKaTpola NepPexOAHT Ha CJeAylouHii KaToj.

B ynpaBasiowei cxeme Ha puc. 15,6 JocTHraercsi 3HauMTENbHO
60/blias CKOPOCTb cyeTa, Hexeau B CxeMe pHC. 15,a 3a cueT HCHOJb-
30BaHHA Anoia [;, KOTOpbIl CHOCOGCTBYET CTEKAHHIO B LIEMH MOAKATO-
JIOB  HakamiuBalowerocss 3apsiia npH  GOJbLIMX  CKOPOCTSX CueTa.
B ocranbHoM MexaHu3M paGoTbl cxeM i15,a U 6 OfHHAKOB.

Eue 60/blIMe cKOPOCTH PaboTLl peanusyloTess cxeMoil Ha puc. 15,6.
3/iech nepBbIfi NOAKATOA [€KAaTPOHA MOACOEAHHEH K aHOAy HOPMAJbHO
3anepToro NeHTOAa, a BTOPOH MOAKATO/ — K €ro skpanHoil cetke. ITocae
N0a4yu TOJIOKHTEJNBHOTO BXOAIIOTO HMMMYJbCa Ha YNPABJSIOULYIO CETKY
NeHTona Yepe3 Hero HauHMHAeT TeYb TOK, M HANpPsAXKEHME HA €ro aHoje
najgaer. IIpn sTom paspsin B [eKaTpoHe NEPEXOAMT HA TePBBIH MojKa-
To4. ONHOBpPEMEHHO TOK 3KpaHHpYyOLIeH CeTKH IeHTOJa MOCTelNeHHO
paspskaer KoHaeHcatop Cj, UTO MPHBOAHT K TMOSIBJEHHIO 3a71€pIKaHHOIO
OTPHIIATEJbHOTO HMMYJ/bCA Ha BTOPOM IMOAKATOJE.

Kak nokasa/ja mpakTHKa, B 3aBUCHMOCTH OT JJIHTEJIbHOCTH BXOAHBIX
HMIyJIbCOB, T. €. B 3aBHCHMOCTH OT CKOPOCTH PaboThl TNpeablaylIero
JleKaTpOHa, HOMHHAJBI KOHJEHCATOPOB W PE3HCTOPOB MAaCCHBHBIX wLemnei
(OpPMHPOBAHHSA HMIYJbCOB JIOJKHbI H3MeHATbCA. [IpH CHHKEHUM CKOpO-
CcTH paboThl TpeABIAYILEro 1eKaTPOHA, HaNpHMep, NPUXOAMTCS YBeJH-
yuBaTh eMKOCTb KoHgeHcaTopoB Cz u Cy4 (puc. 15,a), Cy u Cy (puc. 15,6)
u Cy (puc. 15,8).

Ynpasasowas cxema JJs MeXKacKajHOro (pOPMHPOBAHHS HMIYJb-
COB, NpHBeJleHHas Ha pHC. 15,2, cBOOOAHA OT 3TOrO HEA0CTATKAa H MOXET
HCIOJIb30BATbCSI HE TOJbKO B KAackagax ¢ pas3HbIMH PaGOYHMH CKOpPO-
CTSIMH, HO M B KacKaJax C HeH3BeCTHHIM 3apaHee paclpejejeHHEM BO
BpeMelld BXOJHBIX HMIyJbcOB. BXopHo#t uMmnysabc a/1s ynpasssioliel
Jgamnbl (OPMHPYeTCsi UMIYJAbCHBIM TpaHchopmaTopoM Tp; (C cepredynH-
KOM M3 OKcH(pepa HJIH JAPYroro BBICOKOYACTOTHOTO MArHHTHOro MaTe-
puaja), BropuuHas o6MoTKa /] Kotoporo siBasieTcsi nosblwatouiei. Ilps-
MOYTOJIbHBII HMIMYJbC TOKA B LENH HYJeBOrOo HHAMKATOPHOro KaToxa
(puc. 15,e) BbI30BeT mosiBleHMe Ha nepBHYHOH oO6MoTKe / Tpancdopma-
TOpa JBYX WUMIYJbCOB, MPHYEM IOJIOXKHTE/IbHBIH HMIIYyJbC COOTBETCTBYET
nepesHeMy (POHTY HMIY/bCa TOKA B LEMNH HYJEBOIO KaTola JeKaTpoHa,
a OTpULLATe/bHBIH — 3aHeMy (POHTY. JIJHTENbHOCTb M aMIVIUTYHA HM-
MyJIbCOB 3aBHUCAT OT YHC/IA BHTKOB NepBHYHONH OOMOTKH M OCTalOTCsA He-
M3MEHHBIMH TP M3MEHEHUH CKODOCTH cueTa JeKaTpoHa.

B cxeme Ha puc. 15,2 ucrosnbsyercsi TpanchopMaTop ¢ CeplLeUHHKOM
31X18X7 mm u3 okcupepa M-2000. O6moTka I comepxur 900, a 06-
motka /] — 1600 ButkoB mposona I19B 0,1 mnm.

COOTHOLIEHHe MeX/]y BMTKAMH BTODHUHO# M TeEpBHYHOH OOMOTOK
Tpanchopmaropa noxbupaercsi Tak, 4ToObl B HEHArpyXeHHOM COCTOSi-
HHH aMIIATYJa MMIYJbCOB BTOPHYHOH OGMOTKH cocrapasna 20—25 s.
TTos03xUTebHBIH HMITYJILC HA BTOPHYHOH 06MOTKe TpaHchopmaTopa mpH-
obperaer (GopMy, GJH3KYIO K TNPAMOYrO/bHOM, 33 CUeT Cpe3aHHs Bep-
IIMHBL CeTOYHBIMH TOKAMH JaMIBl, OTpPHUATeJbHOe CMellieHHe KOTOpOH
cocrasaser 10—15 6. Jlas nopapiaeHust KoJjebaTeqbHbIX MPOLECCOB B HM-
nyJbCcHOM TpaHcpopmaTope HeOGXOAUMO WIYHTHPOBATH €ro NepBHUHYIO
06MO01Ky pesuctopom c conporusienneM 20—30 xos. Cxema yBepeHHO
pa6oTaeT Ha NpeJeNbHBIX CKOPOCTSIX JBYXHMIYJIbCHBIX J€KaTPOHOB,

B nocsnenHHe Toabl MOSIBUJIOCH MHOFO cxeM (POPMHPOBAHHsI HMIYJIb-
COB, HCMOJIb3YIOLMX TPAH3HCTOPH, KOTOPble YBEJIHYHBAIOT HaJeKHOCTb
M COKpalamT rabaputhl cxeM. OnHa H3 HHX npeicTasjexa Ha puc. 15.0.
Sra cxeMa mpeAcTaBiseT co60l GIOKHHT-renepaTop C YeTbipexoOMoTou-
HBIM TpancpopmaTopom Tp,. ®yukuueir o6MoTkn I siBisieTcs co3aanHe
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NOJI0XKHTEJbHOH 0OpaTHOH CBASH MKy KONJNEeKTOpOM u 6a3oil TpaH-
sucropa Ty. Ilopbiwiaiowasi o6mMotka /V co3naet uMnyJibchl, MOJaloLiHe-
csi Ha nojkaTtoiabl jekatpona. OGmotka [ sBasercs sxoaHoi. Has
CTabuu3alik NapaMeTPOB TPAH3UCTOP HECKOJIbKO MPHOTKPHIT 3a CUET MOJ-
KJI0YeHHsi ero 6aspl K NoTeHuHoMeTpy R4R;. Pesuctop R, urpaer Tak-
®e posb JeMNnQUpYIoLlero sneMeHTa AJs [OJAaBJEHHS KoJebaTenbHbIX
npouecco B TpaHcdopmartope. Juox [, 3anept HanpsiKEHHEM, cHUMae-
MbIM C noTeHuuomerpa RiRj ¥ Tok uepe3 o6MoTKy /I Tpanchopmartopa
He HIeT.

®opwmbl HanpsaKenu#l B cxeme Ha puc. 15,0 nokasausl Ha puc. 159¢.
B MoMeHT mocTynjieHHsi BHELIHEro HMIyJbCa COOTBETCTBYIOILEH MOJsAp-
HOCTH Ha OOMOTKY / HOTeHuuasJ TOUKM COeAuHeHHs auoxa [; ¢ o6MoT-
Ko#t /] CTaHOBHTCS OTPHUIlATENBHBIM, [AHOJ HAaUMHAET NPOBOJAWTL M TMOTEH-
uuan 6a3pl TpaHsuctopa mnaaaer. [lpu 3rom TpaH3ucTop oTnupaeTcs,
M ero NpoBOJAHMOCTb PereHepaTHBHO YBEJHYMBAETCSl 3a cYeT MOJOKH-
TeJbHOH o6paTHOM cBfi3n Mexay obmortkamu [l u I1l, xonpencatop C,
3apsKaeTcsi TOKOM 0a3bl, BC/IEACTBHE Yero MOTeHLHan mocjejHel MoBhI-
waercs.

Korpa napacranue Toka uepe3 TpaHsucrop T, mpekpaiaercs, npo-
1lecc 3apsiia KOHJeHcaropa NpOJOJKaeTCsi MAKCHMaJbHbIM TOKOM, [OKa
noteHuMas Ga3bl He JOCTHIHET MOJIOXKHTEJbHOrO 3HAYeHusi, J0CTaToY-
HOTO JUUIS HEKOTOpOro Moj3anupaHusi TpaH3ucTOpa.

YMeHbllleHHe TOKa TPaH3WCTOpA BbLI3bIBaeT pPa3BHTHE 0GPaTHOro
pereHepatuBHoro mnpoiecca. floreHunan KoJseKTopa BO3BpallaeTcs K HC-
XOJHOMY COCTOSIHHIO, @ 3aTeM CTaHOBHTCs eille GoJiee OTpHILATENbHBIM 3a
cyeT JeHCTBHS TMPOTHBO-3. [. C., OOyC/OBJEHHON 3amaceHHOH B TpaHc-
dbopmaTtope sHepruei.

IMpu cnagaHuu 3. J. C. NOTeHLMaa KOJJIEKTOpa BO3Bpallaercs

K HCXOjJHOMY cocrosiHuio. [Tocse paspsina KoHpeHcaropa Cj cxema roTo-
Ba K 3alycKy C/eJyiOLlHM BHEIIHHM HMIyJbCOM. 3a cueT MpOTHBO-
3. . C. UMNyJbC OJIOKHHT-reHepaTopa uMeeT BHIGpoc, mo dQopme H
aMnuuTye GJM3KUA K [OJIOXKHTENbHOMY, HO MNPOTHBOMO/IONKHOH TMOJSIp-
HOCTH. :
WmMnynbe, TpancopmupyeMblii nossimaiomeit o6Morkoit 1V, pasge-
asiercsi guopamu My u 3 Ha j1Ba [oc/eJ0BaTeNbHbIX [0 BPEMEHH HM-
ny/pca, KOTOpble NMOJABOAATCH K KOJIbLLAM NepBbIX H BTOPBHIX NMOAKATO[0B
aekaTpoHa. [luoabl BKJOYeHbl TAaKHM 06pa3oM, UTO NepBas NO BpPEMEHH
MOJIOKHTE/IbHASL YaCTh HMIMYJsbca GJIOKHHT-reHepaTopa MojaeTcss Ha mep-
BbIll TOJKATOA B BHAE OTPHLATEJbHOrO HMMNYyJbca, a BTOpasi, OTpHuA-
TeJbHAasi YacTb MOCTYINaeT Ha BTOPOHl MOAKATOA.

B umnyabciom TpaHcdepmartope Tp; ucnoab3yercs cepleyHHK
31X 18X7 mm us okcudepa M-2000. O6motka / cogepxkur 100, o6MOT-
ku Il v I1Il —no 60 u o6morka [V — 300 BHTKOB.

HyxHo oTMeruTh, 4TO AJs Xopollefl paGoThl GIOKHHT-reneparopa
o6motka /V jJomKHAa HMeTb MHHHMAJbHYIO MEXBHTKOBYIO €MKOCTb H
€MKOCTb CBSI3H C ApYrHMH oGMOTKaMu (6oJibline €MKOCTH yMeHbIIaioT
KPYTH3HY GPOHTOB YNpaBJSIOLEr0 HMIYJbCa U Jaxe NPHBOAAT K CPHIBY
pa6oTbl GJIOKHHT-reHepaTopa).

JsuTesbHOCTh UMNyJbca GJIOKHHT-reHepaTopa MoOXKeT ObiThb OTpe-
ryjauposasna noja6opoM emkoctH Koujencatopa Ci. Tak, nanpumep, npH
eMKocTH koHaeHcatopa C; 0,1 MK¢ [AMTENBPHOCTD HMNYJbCa paBHA
40—50 mrcex, a npu C; 0,5 MK NJANTENBHOCTb MMINYJbCA BO3pacraer
no 120—130 mxcex.

3HayuTe/IbHOE paclpocTpaHeHHe B CXeMaxX yNpaBJ/eHHs AeKaTPOHAMHU
NOJIYYHIM THPATPOHB TJEIOUIEr0 paspsija C XOJOLHBIM KatoioM. ITo0
- OOBACHAETCS MX HaleXXHOCTbIO, MasbiMy rabaputamu, a Takxe Crnoco0-
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HOCTbIO T€HEPHPOBATb MMMYJbCH C JOCTAaTOYHON aMIIHTyIOH, YTO Haer
BO3MOJHOCTb JIETKO HCMOJIb30BAaTh MX IJf 3amycKa JeKaTPOHOB.
[MpuHnMIHanbHAsi cXeMa OJHOTO M3 TAKHX YCTPOMCTB NpPHBENEHA HA
puc. 16,a. OcHOBa cXeMBl — KIYUIH DeJIaKCAllHOHHHI reHepaTop Ha
MuHHaTiopHoM TtHpaTtpone TX5B. BxonHo#t curean, monydyeHHHIH ¢ mpe-
JABIYLIET0 NeKaTpPOHa, NMOJXKUraeT THPATpPOH, U KoHaeHcatop C, pa3psi-
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Puc. 16. CxeMbl yApaBleHHS HAa THPATPOHAX TJICIOLIErO
paspsiza.

JKaeTca Yepe3 OTDaHHYHTENBHBIA pesancrop Rs. 3aTem 3apsix KoHueHca-
topa C; BOCCTaHABJHBaeTCS TOKOM, TeKyUIHM uepe3 pesHcTop Rs, H
cxeMa BHOBb roToBa K paGore. [locrosinHasi BpemeHH R3C, 3anaer puu-
TeNbHOCTb HCXOAHOrO yMpaBJsIOLlero uMnyJbca. Ilosyduenue aByx CABH-
HYTHIX BO BPEMEHH HMIYJbCOB JIOCTHraeTCs OGHYHHIM C€HOCOGOM C Tio-
Mompio aupdepenuupyiowedt uemu CR, u HHTErpupyomel uend
Cs(Rs'l‘Roﬂp.n).
non [, B aTofl cxeMe HEOGXOAHMM /Il BOCCTAHOBJIEHHS MOCTOSH-
HOMl CcOCTaBasiOLlell HanpsiKenus cmeteHus. Hduox [, mossoaser yse-
JIHYMTh TIOCTOAHHYI0 BpeMmeHH paspsjaa uenu Cg(Rs+Rosp.x) H coxpa-
HHTh HeGOJIBIIYIO IIOCTOSIHHYIO BPeMeHu 3apsja uen CgRs, 4To HeoGxo-
JIHMO I GHICTPOTO BOCCTAHOBJIEHHSI TOTOBHOCTH cxeMbl. Omnucannas
CXeMa YNOBJETBODHTeJbHO paboraer o 1—1,5 Key.
Ecnu TpeGyercsi MOBHIIEHHE CKOPOCTH PaGOTHl CXeMBl, TO MOXeT
OLiTh MpHMeHeHa cXeMa ¢ AByMsi TupaTpoHaMH |(puc. 16,6), dopmupyio-
mas OTAe/bHbE HMIYAbCH AJsi NMEPBHX M BTOPHX Nojkatofos. Yacte
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éxémp Ha JI; paGoraer omuMcaHHbIM Bblile 06pasoM u TreHepHpyeT HM-
MyJbC AJIS1 NEepBbIX MOAKaTonoB. BTopoii THpaTpoH mpo6GuBaercs mocje
YaCTHYHOrO BOCCTAHOBJIEHHSI 3apsina eMkoctH C, 3a cuer NpoTeKa-
HHSL TOKa pa3psAja Napas3uTHOH €MKOCTH CeTKa-— KaToj THpa-
TpoHa Jl, H Jpyrux eMkocreil uepes pe3uctop Rs. 3amep:KaHHBIH 1Mo Bpe-
MeHH MMIYJbC, BHI3BAHHBIH 3THM NPOLIECCOM, NMOCTYNaeT Ha BTOpPble MOJ-
KaToAsl JeKaTpoHa.

YNPABNAIOWIME CXEMbI 419 OAHOUMNYJIbCHbLIX AEKATPOHOB

B KayecTBe OCHOBH YympaBJstiomlefl CXeMbl Jis OXHOUMITYJbCHBIX
JIeKaTPOHOB MOXKeT HCHOJIb30BAThCs JI06asi H3 CXeM, OMHUCAHHBIX paHee.
ITpn 3TOM, ecTecTBeHHO, He HCHOJB3YIOTCS LENH [Js pacUlenjeHuss HC-
XOJHOro HuMmyJbca. PopMHpOBaHHe NOTEHUMAJOB HAa MNOAKATOAaX, Ha-
NPABJIEHIO MePeBOAAUIMX Daspsis NeKaTPOHA, OCYLLECTBJAETCS C TO-
MOILBIO LleneH, BKIIOYEHHBIX MOCJE0BATEJIbHO C MOAKATOAAMH.

[IpaBusbHBIH BBHIGOD CXEMBI 3THX LENei, a TakkKe CXeMbl, reHepHu-
pyouieffi MCXOAHBI MMIyJbC, MO3BOJISET CHEJNAaTh CUETHYIO CXEMy MeHee
KPHTHYHOH K OTKJOHEHHIO [apaMeTPOB NEKATPOHA OT HOMHHAJIbHBIX.

B ocHOBHO#l cxeMe 3anycKa OJHOHMIYJIbCHOTO N€KaTPOHA, IIOKa3aH-
HOM Ha puC. 7, CONPOTHBJEHHSI PE3UCTOPOB R M R3 N0BOJIbHO KPHUTHUHBL,
Ilpu yBenHueHHH CONMPOTHBJEHHH TOK B LENH COOTBETCTBYIOUIMX MOJ-
KaTOLOB OKa3blBaeTCsl HeJOCTaTOYHBIM [Jsi o6pasoBaHus 3pdeKkTHBHOH
HOHU3ALHOHHOH 30Hbl BOKPYT TOPSIUHX TNOJKaTOLOB. YMeHbIIEHHEe S3THX
CONMpPOTHBJIEHHH MOXET NPUBECTH K TOMY, UTO NajeHHe HampsiKeHHs Ha
HHX OKaXXeTCsl HeJOCTATOYHBIM JJIsl MEepeBOAa paspsjia C ropsiluero moj-
Karoja Ha CHeAyIolWull 3/eKTPOA.

JIaa ynyymeHHs: XxapaKTePHCTHK OCHOBHOT'O YCTPOHCTBa MOXeT ObITh
HCIIO/b30BaHa cxema pHC. 17,a. 3mech CONPOTHBJIEHHS DPe3HCTOPOB R
u R; Bbllle, YeM HX ONTHMAJbHOE 3HaUeHHe B Hpeiblyllied cxeMe, oJHa-
KO Napa/uIeNbHO K HHM MOJKJIOYeHbl KoHaeHcatoph Cp u Cs.

B Hauasie HCXOIHOTO OTPHLATENbHOIO HMIYJbCa Pas3psij ycTaHaBJH-
paerca Ha noakartome [IKI. Ero noreHunas MOBBIIAETCsl 1O Mepe 3a-
psana emxoctu C, TokoM Ha mozkaron ITKI. B kakoii-To MoMeHT, onpe-
JiessieMblii BeJHYUHOM TOKAa U eMKOCThio Cs, pa3HOCTb MOTEHIHAIOB MEX-
ﬁ, ITK! u IIK2 craHoBHTCS NOCTaTOYHOH 1Jifl mepexoja pa3psia Ha

K2. Tlocne storo uepes BpeMsi, ompeje/sseMoe NOCTOSTHHOH BpeMe-
Hu RyC, mnepBblii MOAKAaTOR TOTOB K HOBOMY LKAy paboThl, Tak Kak
KouzneHcatop Cp ycneBaer paspsaputhes. CrenyeT 3aMeTuTb, YTO TOK Ha
ITKI B 3Toli cXeMe OrpaHHYHBAeTCH JHIUb AHOJHBIM CONPOTHBJEHHEM
NeKaTpOHa, YTO CO3JaeT YCIOBHE [JIs MHOJYYeHHs ONTHMAJNbHON 30HBHI
noHusanuu Bokpyr ITKI. Ilocne OKOHYaHMs HCXOAHOTO OTpPHIATEJNbHOrO
uMIyJabca paspsii nepexoaut Ha [TK3, a saTeM ONMHMCaHHbBIM Bbillle CIIO-
co6oM Ha cJaeaylomuii uHAMKaTopHbli karon. HMumonm [y smech mpenHa-
3HaueH A/ GLICTPOr0 BOCCTAHOBJEHHS NMOCTOSHHOM COCTaBJsOLEA Ha-
OpsixKeHUs Ha MoJKaTojax.

Cxemy Ha puc. 17,6 ciepyeT npusHaTh eue 6oJee HafeKHOH B I\;Ka-
3aHHOM BHme cMbicie. B cxeme rambBanmyeckue csssu [TKI u K3
MeHsI0TC MecTamu. Biaronapsi aToMy, HeGOJbIIOHA MOMXKHIaIOUWHA TOK,
uaymuit Ha [TKI (KOTOpH# HaXOAMTCS O] KAaTOJHBIM MOTEHLHAJIOM)
cosjaer GnaronpusTHBE YCJAOBHS JJs TNepeXoia Ha Hero paspsia
¢ HHAEKATOpHOro Karoja. Wmnyabe, npunoxennnii x ITK2, uepes kom-
nencatop Cp moctynaer Takke M Ha [IKI. OnHako Tak KaK B Havab-
Hbiit MomenT ITK] wnaxopmiacsi mop Oojiee HHM3KHM IIOTEHIHAJIOM, 4YeM
IIK2, To u nocne nojayd HMIyJabCca COOTHOUIEHHE MOTEHIHANOB COXpa-
HAeTcs, DTO OMOJHHTENbHO CHOCOGCTBYeT mepexody paspsna Ha [TKI.
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Iocne sapsina koupencatopa C, paspsan nepexoxaut ua [IK2. B mpo-
uecce ropeinus paspsina na [TKI/ u ITK2 xoupgencarop C; paspsikaercs
v norenuuan [TK3 cTaHOBHTCs OTpHIATENbHbIM, MPHOAMKASCL K MOTEH-
uuany [1K2. Tlocne oKOHYUaHHMs OTPHLATEJNbHOTO HMMYJ/bCa IOTEHHHAN
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Puc. 17. YcoBeplieHCTBOBAHHbIE CXEMbl BKJIOUEHHS
OJHOUMTYJIbCHBIX JI€KaTPOHOB.

ITK3 coxpausiercsi 61arogapsi ero eMKOCTHOM CBSI3H C KaTOLOM, YTO CIO-
cobeTByeT mepexofy Ha Hero paspsina ¢ [1K2. Tlepeunoc paspsina ¢ I1K3
Ha CJeJyIOIHH MHAMKATOPHBI KAaTOJ MPOUCXOJHUT OOBIYHBEIM CIHOCOGOM.

Ha puc. 18 npuBeneHa KOHKpeTHass cxema YNpaBJeHHs] OJHOHM-
NyJbCHBIMH JeKaTPOHAMH, BKJIOYAlOMas THPATPOHHYIO CXeMY TeHepanuu
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Puc. 18, Cxema ynpaBieHHs] OJHOHMIMYJbCHBIM JieKa-
TPOHOM.
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HCXOHOTO OTpHUAaTeNbHOro uMmnyabca. Homunanst Ry u Cy na puc. 18
3aal0T AJHTENbHOCTb OTpHUATENbHOI'O HMIlyJIbCa, NOCTATOYHYIO AJis pa-
GOTBl OJHOMMIYJILCHOTO J€KaTpoHa.

Hpu 3anyckKke J€KaTpOHOB C HamnpasJeHHbIM KaTOAOM MOXKHO HC-
noJb30BaTh Te XKe yCTpOf/'ICTBa AJis1 TeHepalHH HCXOJHOro OTpHLiaTeNb-
HOrO HMINyJibCa, YTO H AJd 3anycka OJIHOMMIYJbCHBIX JA€KAaTPOHOB. Hu-
KaKHX JONOJIHHUTEJbHbIX NMaCCHBHbIX (bOpMPlpleLl.le ueneﬁ B 3TOM CJy-
yae Jle TpeGyeTtcs.

YNPABJIAIOLLUE YCTPOMUCTBA, UCNOJIb3YIOWUE CUTHAIbI
OT PA3JIMYHBIX [OATYMKOB

Korna pekaTpoHHBIH cueTYMK pPaGOTaeT OT KAKOIo-1HG0 BHEIIHEro
JlaTYHKa, HallpuMep OT 3JEKTPOCEeTH, MeXaHHYeCKOro KOHTAKTa, cYeTUHKa
lefirepa-Mionniepa, ¢dorosaTuvka M T. A., TO BXOJHOH CHrHaJ JAOJKeH
6bITb COOTBETCTBYIOIHM 06pa3oM npeo6pa3oBaH jJisi YNpaBJEHHs HEKa-
TpoHoM. s 3TOH Lesnu ClyXKaT crneunasbHble (HOpPMHpYIOLLHe CXEMBI,
HeKOTOpble M3 KOTOpHIX NOKa3aHbl Ha puc. 19.

Ha puc. 19,¢ npeacraBneHa cxema (HhOpMHPOBaHHs YIpPaBJSIOLHX
MMIY/JIbCOB MPH CHHYCOMJAJbHOM BXOJHOM CHrHase. [l HopMmaJbHOH
paboThl JeKaTpoHa HeOOXOQHM CIBHI CHHYCOHJAJbHBIX CHFHAJOB IO
(a3e Ha nepBOM M BTOPOM MojKaTojgax okoso 45°. Cusur hasbl Ha BTO-
poM TmojkaToje MO OTHOWIEHHI0 K ¢pase mepBOro 3ajaerTcs Lenou-
kot RyC,. CriesloBate/ibHO, NP H3MEHEHHH BXONHOM YacToT eMKocTb Cy

2)

Puc. 19. Cxembl hopMHPOBAHHS YNPABJSIOMMX HUMIYJIbCOB NPH
HCNOJMB3OBAHUHN PA3JIMYHBIX HCTOYHHKOB BXOIHBIX CHIHAJIOB.
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dasocasuraomedt unernoukn RoC, nonmxna usMenatocs. B Taba. 2 npuse-
IleHbl JlaHHble 0 HeoOGXOoQMMOH eMKOCTH KoHmeHcatopa C, W aMIIHTYIb
CHHYCOMJAJIBHOTO CHTHaja Ha BXO#Ee MJs PasHbIX 4YacroT.

Ha puc. 19,6 mokasaHa cxema ympaBJsioumero ycrpoificrBa (pa6o-
TAIOWIEr0 OT CHHYCOMIAJbHON Bonumg,, NpeACTaBsIIoNero co6oil HecuM-
METPHUHBI TpUITep. Mamenenne yacTOTH CHrHana He BJHseT Ha paGory
TaKoOH CXeMBI. .

Ta6auma 2

Yacrora cue-

Ta, 24 . .| 4000 | 2000 | 1000 500 200 100 50
Emxkoctb, ng 700 | 2000 | 5000 | 10000 | 20000 | 50 000 | 100 000
Amniury-

na, 8. . .|20—70]15—80| 15—95 | 15—95 | 15—95 | 15—95 | 15—95

Ha puc. 19,2 nmpencrassieHa cxeMa JJisi CueTa YHCJa 3aMBIKaHHHA
MeXaHHYeCKOrO KOHTaKTa. B mpomexyTke BpeMeHU MeXAy 3aMbIKaHUAMU
kontakta K xongencatop C; (puc. 19,8) sapsixaercss uepes 6GaJnacTHHIH
pesuctop R; 1o nampsixenus pemntens R(R,. B MOMeHT 3ambikaHus
KOATAaKTa MQTeHnHa] OOK/JagKH KoHjeHcaropa C), CBA3aHHOH € KOHTaK-
ToM, nanaer no Hysas. Ha Takyio e BejnuuHy najaer noTeHuuasn Apy-
rofi o6kmajK#H KOHAEHCATOpa, CO31aBasi YMNPABJSIOLIMA HUMOYJbC IS
nekaTpona. CompoTHBJeHHEe pesucTopa RjI0MKHO GbITh NMOZOGpaHO Ta-
KMM, 4TO6H eMKocTb C) ycnesia mepe3apsiiHTbCsl K CJefyioLleMy 3aMbl-
kanuto Kontaxta. llenb R,Cy; cxeMBl CIYMHT I/l HCKpOralleHHs.

Ha puc. 19,0 noxasaHa cxeMma, MOJydYamlollas BXOJHble CHFHAJb OT
dorosnementa P3. BxogHoil curaj, YCHJEHHHIH MEHTOLOM 6K3IT,
MO aeTcs HA HeCMMMETPMUHBIt TpHUrrep, BHpaGaTbiBaloLluil OTpHLATEJb:
HBIl ynpapasiowufi umnysabc. Touka A B cxemax Ha puc. 19,6, e u d
ABNAETCA BHIXOAHON M CBsi3aHa co cxeMoil Ha puc. 19,8, dopmupyroutel
[Ba CABHHYTBIX BO BPEMEHH OTDHUATEJbHBIX HMIYyJbCa.

CXEMbl AN CEPOCA TMOKA3AHUMA AEKATPOHOB HA HYJIb

Y1066l TIPOM3BECTH MPABHJBHBIA OTCYET, HEOOXOAMMO YCTaHOBHTD
Bce pa3psAbl JEKATPOHHOrO CUETYMKA Mepe] HauajoM paGoTHl Ha HyJb,
T. e. IIePeBECTH Pa3pa] BO BCEX AEKATPOHAX HA HYJEBOH HHIHKATOPHbIA
katon, OnHa M3 cxem cO6poca Ha Hyab mpejcraBieda na puc. 20,a.
B MOMEHT pa3MblKaHHs KOHTaKTa “K 1eBATb OObeLHHEHHBIX KaTONOB
ZeKaTpOHa [PHOGPETAIOT TMOJOKUTEIbHBIA MOTEeHIHA 100—150 8 TaxK
*e, Kak 4 06a KoJjblla MOJKAaTOAOB, H PasHOCTb MOTEHIHAJOB MEXIy
HyJeBHIM KaTOJOM M aHOJOM OKAa3bIBAeTCH 3HAUHTEJbHO GOJblIEH, deM
MEX/y aHOAOM W OCTaJbHLIMH KaTojaMu H nonkaroaamu. CieicTBHeM
3TOro sBJAETCA YCTAHOBJEHHe paspsAla Ha HYJeBOM Karoie, rie OH
M OCTaeTcs TMOC/Je BOCCTAHOBJNEHHS 3aMKHYTOrO COCTOSIHHSI KOHTAaK-
Ta K.

PaccMoTpenHasi cxema cOpoca sBAseTcss mpocrefilied M IIHPOKO
npuMeHseTcss TaM, rie BpeMs c6poca JeKaTpOHOB HA HYy/b HE JIHMHTH-
pyeT pa6oThl cxeMbl B HesqoM. OJHaKO B HEKOTOPHIX C/ydasx, Koria He-
06XOIMM MOACUET HMIYJALCOB Ges MoTepb Ha BpeMs cGpoca, HEOGXOLMMO
npuMeHATb Gonee GBICTPHIE cOpoc.

Cxema c6poca Ha puc. 20,6 ucmosb3yeT THPaTpPOH C He6OJIBITHM
CONpPOTHBAEHHEM pe3uctopa R; B ero KaTojHOH muemd. STOT PesucTOp
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BKJIIOYaeTCH B LENMb KoJiell KaToJOB H NMOJKATOAOB JeKaTpoHa TaK e,
KaKk H HOPMaJbHO 3aMKHYTHI KOHTaKT cxeMbl cGpoca Ha puc. 20.a.
B MoMenT mojauu MOJIOXKHTEJBHOTO HMNYyJbCa Ha CeTKy THPaTpoHa OH
3axkuraercsi, 1 KoHpencatop C, paspsixaercss Ha pesuctop Rz ¢ mocro-
suHof BpeMeHnH R3Cs. Tl0JIOKHTeNbHbI 3KCIOHEHUMAJBHBA  HMIYJbC
amnintyoii okomo 150 8, Bo3HHKAWUMil Ha pe3ucTope Rj;, MOmHUMaeT
MOTEHIHAJI KOJIbLla HHIMKATOPHBIX KaTOJ0B M KOJIEl MOAKaToNOB, UYTO
0o6yCJ/IOB/IIIBAET MNepexof paspsja Ha HyJaeBOH IITHIPb KaTona JeKa-
TPOHA.

Puc. 20. Cxembl c6poca noka3aHuil NEKATPOHOB HA HYJIb.

3axuMel A B cxeMax 2 ¥ 0 SBJISAIOTCA BHIXOAHHMH M COENHHSIOTCHA
¢ 3aXHMOM A CXeMH 8.

B npyrux cxemax c6poca (puc. 20,8, 2 u d) pa3psig nepeBOLHTCA
Ha TOT H3 MHIHKATOPHBIX KaTOJOB [eKaTPOHA, KOTOPHI neJyyaer OTpH-
uaTesibHbIl MOTEHIHAN MO CPABHEHHIO C OCTAJBHBIMH. YBepeHHHE c6poc
paspsina c moboro KaToga Ha BHIOPAHHBIA MOJNyYaeTcsi NMPH CHHIKEHHH
ero norexnuana Ha 100—150 s.

B MomeHT mozauH Ha ynpapJisiollylo ceTKy THpaTtpoHa (puc. 20,2)
MOJIOXKHTEJAbHOTO HMMNYyJbca THPAaTPOH OTNHpaeTési, W Kougeucartop Cs
paspsixaeTcss Ha peauctop Ry ¢ mnocrtosinoii BpeMmenu R;C;. Orpuua-
TeJNIbHBI HMMMYJIbC, BO3HHKAIOIIMA HAa KaTO#ax MHEKATPOHOB, YBEJHUH-
BaeT pPas’HOCTb NOTEHIHANOB MeXAY HHMH H aHOLOM, UTO NPHBOLHT
K nepexoly paspsifa Ha BGpaHubili Katon. Pesucropnl RRg (puc. 19,8)
CJAyXKaT AJiSl pa3BA3KH KaTOLOB JIeKaTPOHOB Pa3JIIMHBIX KacKajioB.

B anasornunofi cxeme c6poca Ha puc. 20,0 HCNOMb3yeTcsi /1EKTPOH-
Has namna. [lpu nomaye Ha ee ceTKy COPMHPOBAHHOIO MOJIONKHTENDb-

31



HOrO HMMNy/bCAa B aHOJNOH IeNmi JaMmbl BO3HUKAeT OTPHUATEJbHbIH

HMITYJIbC, KOTOPBI ¢ 3axima A nojaercst Ha Katoabl J€KaTpoloB.
Hanomuum, uto npu BbiGOpe BeJIHYHHBI HanpsiKeHWH cOpoca B KOH-

KPETHBIX CXeMax cJjeJlyeT PYKOBOJCTBOBATbCsl J@HHBIMM Tabu. 1.

MMTAHUE CXEM HA JEKATPOHAX

Ilutanue peKaTPOHHBIX CXeM CKJAJIbIBA€TCS M3 TMHMTAaHUs AaHOJHBIX
ueriel JeKaTPOHOB, MHTAHWs JaMn (TPaH3HCTOPOB, THPATPOHOB) CXeM
yrpaB/eHHs M NMHUTaHUA Lienell CMeLleHHs..

Ecan uuco mekaTpoloB B yCTPOMCTBe HEBEJHKO, TO 11€/eco06pasHo
npUMensiTb OOLUIMH MCTOUNHK laNpsi’KeHUss JaAs JeKaTPOllOB H CXeM
ynpasJellnsi, HCMNOJb3Ys JIeJNHTENH HanpsiKeHHs.

B MHorosammoBoil cxeme /s CHHKeHHst moTpebseliisi  3HEPTHH
HMeeT CMbIC/ TMPOH3BOJIHTb MHTAHHE JIEKATPOHOB H YIPABJSIOWIHX CXeM
OT pasjiebHbIX HCTOYHHKOB MHTAHHS.

[lpn paspaboTke HCTOYHMKOB MUTaAHHsI cjelyeT o6GpaTutn ocoboe
BHUMaHHe Ha YCTpaHeHHe CBf3ell MO LeNAM MHTAHHS MeX/]Yy CUETHBIMH
KackajaMH. B HeKoTOpBIX ciyuasgx AJS yMeHbLIeHHs KojeOaHWi aHOI-

HOTO TOKa JA€KaTPOHOB ue.necooépaaﬂo CTa6HJIH3HPOBaTb AHOJIHOE TH-
TaHHe.

naBa yeTBepTas
METOAbl COEOAMHEHUA CYETHbIX KACKALOB

KACKAOHOE COEAMHEHME LAEKATPOHHbLIX SAYEEK

Jns nojcyera 6OJBIIOTO YHC/IA HMINYJbCOB ((Gosbiue (10) mnekaTpoH-
Hble sIYEHKH COEJIMHSIOTCS B KacKajHble LENOYKH, MpHYeM UYHCJI0 sdeeK
B lLENOYKe onpejieasieTcss TpebyeMoil eMKOCTbi0 cuetyHka. EMkocTb 1e-
MOYKH, T. €. MaKCHMaJbHOe 4YHCJIO HMIYJbCOB, KOTOPble MOTYT ObITb
cocunTanbl, paBHa 10®—I1, rje n— YHCJIO JEKAaTPOHHBIX sYeek.

O6bluHasi KacKajHas CxeMa COeJ/IMHEHHs siueeK MNpejicTaBasieT coboi
LeNoYKy H3 1 JHeKal, B KOTOpPOH Kaxjas jaekaja COCTOHT H3 yMpas-
JSIIOIETO YCTPORCTBA M JleKaTpoHA. BrIXoaHOH MMIyJbe ¢ HYJIEBOro Ka-
TOj@ MpeAbIAyLUIero JeKATPOHA SBJSETCS BXOAHBIM JUIsi TMOCJenyolel
JieKaJibl.

Ilpu nepejade nMnysabca ¢ JeKaTpoHA Ha JIeKaTPOH B TaKOH cxeme
BO3HHKAIOT HEH30eXKHble NMOTEpPH BpeMeHH. DTO BHAHO H3 CJEYIOLIEero
npumepa. Ecau paspsii MpPOMCXONMT Ha HeBATHIH KaToj JEeKaTPOHA, TO
NPUX0Jl [EeCATOro CYETHOTO HMIMYyJabCa HAa BXOJ YNpPaBJjAOlleH CXeMbl
BHI3bIBAET MOC/AENOBATENbHBIH TNepexo] paspsjia Ha WITHIPH MEPBOTO U
BTOpPOTO MOJKATOAOB M JHLIb 3aTeM Ha WThIPb HYJEBOrO KaToja
(puc. 21).

TakuM 06pasoM, NPOMEKYTOK BPEMEHH MeXy HauajloM JeCATOro BXOA-
HOrO HMMIyJbca M MPHXOJOM paspsjia Ha HyJeBOH KaToj JeKkarpona
NpUGAM3HTEIbHO DaBeH CYMMapHOH [JINTENbHOCTH yNPaBJISIOUHX HM-
MyJIbCOB HA MOJKaTojlax. Tak Kak MMIYJbC Ha HyJEBOM KaToje JAeKaTpo-
Ha OJHOBPEMEHHO SIBJIAETCS BXOAHBIM JUTSl Cje]ylolied 1eKajpl, TO 3TO
Gyner o3HauaTh 3ama3/biBaHue (Ha CyMMapHyiO JUIHTeJbHOCTL YNpaB-
JSIOUIHX HMITYJIbCOB) MNepefaud HMIyJjbca C JeKaTpoHa Ha JEKaTpol.
B ciyuae coennHeHHs HECKOJBKHX siyeeK B II€MOYKY BBIXOJHOH MMIYJbC
nocsenHeil AeKaibl 3amnasfblBaeT MO OTHOWIEHHIO K BXOJHOMY HMITYJbCY
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LeNOYKH 1A BpeMs NT, Te T— CyMMapHas AJHTENbHOCTb YNPaBJsiou[uX
MMIYJIbCOB KacKaja, a fi— YHC/I0 KACKaJ0B B LENnouke.

Tak kak MJIATeNBHOCTb YMPaBJSIOHX MMIYJbCOB HEBENHKA M CO-
cTaBJsieT OOLIYHO JeCATKH MHKPOCEKYHJ, TO 1jsi GOJIbLUMHCTBA MpaKTH-
YEeCKHX CciydaeB TaKHe MOTepH BpeMeHH BMmoJjHe ponycTumbl, OHaKo
B HEKOTOPLIX CJyuasix, Korja tpebyercst GoJbllasi TOYHOCThL HU3MepeHHs
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Puc. 21. HanpsieHue B uensix JeKaTpoH-
HOro Kackapa.
a — BXOAHble HMNYJbCHI; 6, 8 — UMINYJIbCBI Ha
epBBIX H BTOPBLIX MNoAKaTodax; &, 0—}{Ml‘ly.’!b-
Chl B ILleNH JEeBATOTO W HYJEBOrO KAaTOlOB; € —
BHIXOJHOH HMNYJbC C NMEPBOr0 KaTOAa; I — BBI-
XOAHOH HMIYJbC C NEBATOro Karona, TIoJdY4eH-
HbIA ¢ nomolibio TpaHchopmaTopa; T — BpeMms
3aNepPXKKH MEXNY OeCATHIM BXOIHBIM HMNYJbCOM
H HMNOYJLCOM Ha HYJEBOM KaToze.

MOMEHTA MOCTYMJIEHHS MOCJEIHELO CUETHOTO HMINyJbca B CUETYHK, NMpPO-
cTefillafi CXeMa COeNHHeHMA jneKan (Hanpumep, puc. 15,4 u 6) oka3shi-
BaeTCsl HeyJOBJIETBOPHTE/IbHO.

DTOT HEeJOCTaTOK YCTPaHseTCs B CXeMe, B KOTOPOMl MOMEHT MnpH-
X0l JeCATOrO CUETHOrO UMNyJbca QHKCHPYeTCs MO MOMEHTY yxoaa pas-
psina c JeBSTOro KaToja, a He MO MOMEHTy HPHXO/a ero Ha HyJesofi
Katox. Ecan mekaTpoH, HanpHMep KOMMYTaTOpPHBI, HMEET HIAHBHAYaJib-
HbIfl BBIBOJ JEBATOro KAaToAa, TO 3TOT MOMEHT OnpejesifeTCs mo 3ai-
HeMy (pOHTY uMmysabca Ha Harpyske paessitoro katosna. Ilotepu Bpe-
MeHH ynpasasiollef cxeMbl, pearupyomeii na saanuit Gpout UMNyabea
111enmoro KaTona, MPaKTHYECKH OveHb MaJjbl H COCTAaBJIMIOT OKOND

MKCEK.
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) B kauectse mpocroil ynpaBJso(efi cxeMbl, pearupyolueii Ha 3af-
HHil QPOHT HMIyJabca KaToAa, MOXKeT ObITb MCIOJIb30BaHAa Ji06as H3
CXeM THIA JKAYWEro TPUITepa, GJOKHHT-TeHepaTopa WJH YCHJIMTEJbHas
cxema (puc. 15,2) ¢ uMOyabCHBIM TpaHcHOpMaTOpOM B LemH AEBATOro
Karofa. B mnocaenHeit N0CTAaTOYHO JIMIND H3MEHHTh NOMAPHOCTH BKJIIO-
YEHHsi BTOPHYHO# OOGMOTKM MMIYJIbCHOTO TpaHCopMaTopa, 4To6Hl B MO-
MEHT OKOHYAHHS HMIYJbCa HA JEBSTOM KaTOAE Ha ceTKe ympasisiouieit
JlaMibl craefyiolled aekafbl TMOSBHJCS TOJOXHTEJAbHHH BXOLHOH HM-
nyasc (puc. 21,5¢). KackagHoe coepuHende nekaj Nmo Takoil cxeMe naeT
MUHHMAJIbHblE NIOTEPH BPEMEHH BCeH LeNMOYKH NPH JI0GOH JJHTENbHOCTH
yIPaBJSIIOLIHX HMIYJIbCOB.

COEAUHEHUE LOEKATPOHHBLIX AYEEK MPU PEBEPCUBHOM CUETE
MMNYJIbCOB

MurepecubiM aJisi MPakTHKH ClyvyaeM SIBJSETCH DeBEPCHBIBIN cueT
HMIYJIbCOB, COOTBETCTBYIOULHH apPHQMETHUECKHM ONepalusM CJOMKeHHS
M BBIUHTAHHA. YIPaBJsAIOWAs CXeMa, COeIHHSIONAs peBepCHBHBIE KacKa-
IH, NOJKHA peardpoBaTh Ha HampaBJeHHe NBUMKEHUs Paspsja Mpejbl-
nywero pekatpona. Tlpu mepexone paspsiia c jessToro KaToja Ha Hy-
JIEBOH yNpaBJAIOUAsf CXeMa CJleyloLlero Kackaja [oJKHa reHepupo-
BaTb JlBa HMMIyJbCa, OGECNEYHMBAIOUIHX NEpeHoC paspsifia B JeKaTpoHe
B TOJIOXKHTEJbHOM HampaBbjeHud. B ciyyae nepexopa paspsiza B Ha-
NpaBJeHHH OT HYJEBOro KaTofa K [eBSITOMY YIpaBJsiollass cxema cJe-
nyioweil nekajabl 10MKHa CHOPMHPOBATH MMIYJbCHI, NEpPEBOAsLIUE pas-
PAA B [EKaTPOHe B OTPHUATEJbHOM HANpaBJEHHH.

Ynpasasioliye CxeMbl, YyBCTBHTEJbHblE K HAMPaBJIEHHIO [ABHMKEHHS
paspsiia MexXAy HYyJeBHIM M JeBATHIM KaTONaMH [eKaTPOHA, [O0BOJbHO
CJIOXHBI, IO3TOMY B HacTosillee BPeMsi [Jisi OJyYeHHs MHOTOKACKa[HbiX
peBepCHBHBIX CXeM HCIOJb3YIOTCHA [EKATPOHbl C HHAMBHAYAJbHBIMU BBI-
BOJAMH Ha LOKOJb IUTHIpe#l NepBOro M BTOPOrO NMOAKATOLOB, PacroJo-
JKEHHBIX MeXJy HYyJeBbIM M NeBATBIM KaTojaMH. B panbHefimiem Gymem
HasplBaTb 3TH NOJKATOAB! YIPaBJASIOLIHMH.

Takoft ngekaTpoH NO3BOJsIET MNOMYYUTb [BA BLIXOHHBLIX HMIYJbCA,
pacnoJioXKeHHe KOTOPHIX BO BpeMeHH 3aBHCHT OT HAlpaBJ/ieHHs [BUXKe-
HUSL paspsja B fAekaTpoHe. i NoJyYeHHS WMIYJbCOB YIpaBJsioOLiue
MOAKATONB COEJHMHAIOTCS C KOJblAMH INOAKATOMAOB Yepe3 HarpysouHble
ycrpoiictBa Zy u Zp (puc. 22,a). Ilpu nepexone paspsiza oT AeBSTOrO
KaToja K HyJeBoMy, HaH HaoOopoT, Ha Z; U Z, BOSHHKAIOT HMIIYJbCHI
HanpsixKeHuss, 00ycJIOBJEeHHbIE TOKOM pa3psiia Ha moakaronsl. Janrenb-
HOCTb HMIIYJIbCOB PABHA AJHUTEJbHOCTH BXOJHBIX YNPaBJSIOUIUX HMIYJb-
COB, a BPEMEHHOH NOPSJIOK ONpeje/seTcs HanpaBjieHueM IBHXKEHHs pas-
psga B pekatpoHe. Ecin, Hanpumep, pa3psn B 1eKaTpOHe ABHIKETCA OT
JIEBATOTO KaTola K HyJEBOMY, TO MMIYJbC CHadaja BO3HHKaeT Ha mep-
BOM ympasJsiouleM NMOAKaTole, a 3aTeM Ha Bropom. OGpaTHoe nBUXKe-
HHe paspsifia naet o6paTHYIO NOCJELOBATEJbHOCTb HMIIYJIbCOB Ha yNpas-
JSIOLIHX TIOAKATOJAX.

Ecnin Zy u Zp coepdHATh CO BXOAAMM [IBYX YNpPaBJSIOLIAX CXeM,
OT[le/IbHO CBSISAHHBIX C KOJIbIIAMH TIEDBBIX H BTOPBIX MOAKAaTONOB CJe€-
AYIOLIEro JeKaTPoHa, TO TNOPSLOK BO3HHKHOBEHHs YNPABJSIOWHX HM-
MyJbCOB Ha CJAENyIOlieM AeKaTpOHe GyHeT OMNpeneNATbCs HamupaBJeHHEM
JIBHXKEHHsl paspsija B NpeAbIAyLIeM JeKaTpoHe.

AHajorHYHO MNPOH3BOLWTCH U COEJHHEHHE B 1ENOUKY HECKOJbKHX
KacKafoB.
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Ha puc. 22,6 mpencrasnera cxéMa corndcoBatius peBepcuBHbix K-
CKajJ0B € MOMOWBIO TpaHCHOpMaTopoB. UHC/I0 BHTKOB OGMOTOK TpaHc-
dopmaropa BLIGMpAaeTCA C TAaKMM DacyeToM, YTOGH HMIYJbChl, BO3HH-
Kaiollye B UemH YHPaB/A0IKX MOAKATONOB, NEPELaBajHCh Ha CETKY
ynpaanmou.(eﬁ JaMmnel ¢ HeOOJIbIIUMHU HCKaXeHHSIMH. tﬂOSTOMy B Kaye-
CTBE MaTepHasa CepAeYHHKA JOoMKeH GbITb HCHOJNb30BAH BbICOKOYACTOT-
Hblil MaTepHaJl, HanpHMep OKCHOep.
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Puc. 22. Cxembl ynpaBienns AJf PEBEPCHBHHIX JEeKAaTPOHOB,
HMEIOLHX BEIBOJbI NMOAKATONOB, PACIONOKEHHEIX MEXAY HyJe-
BbIM H JeBSITHIM HHAMKATOPHLIMH KaTOAAMH.

Tlpu paGoTe ¢ uMmynbcaMH GoJBIIOA AMUTENbHOCTH JyulIHe pe-
3yNbTAaTBl MOTYT OBITb JOCTHTHYTHI MNpDHMEHEHHEM JIaMMOBBIX CXEM
C PeoCTaTHO-eMKOCTHbIMH CBA3SIMH. BXOJHBIE UMNYJNbCH AJS HHX CHH-
MAaiOTCs C PEe3HCTOPOB, HCMOJb3yeMbIX B KaueCTBe HArpysouHBIX 3JeMeH-
TOB Z; B Za.

Ha puc. 22,6 nokasana ofna H3 Takux cxeMm. Pexum maamnsl Jla
nono6paH Tak, 4TO ecjau obe ee CETKH HAXOAATCS MOJ OAHHAKOBBIM MO-
TEHIHAJIOM, TO TOK TeuyeT depe3 ee NpaByio MOJOBHHY, a JieBas ee MOJIO-
BHHA 3amepTa. YNpaBisioliMe MMIYJbCH Ha MNepBHX [0AKaTOAax He
NPHBOAAT K M3MEHEHHIO DeXHMa JIaMIbl, eCJH TOJNbKO paspsj He ycTa-
HaBJIMBaeTCsd Ha JeBSATOM LITHIPe MNepBOro mnogkaTofa. B mocaenHeM
ciaydae 6iarofaps BO3HMKHOBEHHIO HampsixeHHsi Ha pesucTope Rs sieBast
MOJIOBHHA Jamnbl JI; HauHeT NPOBOAMTb, H OTPHLATENBHBII HMMYJBC
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¢ pesucropa Ry uepés kougeHcarop C; MOCTYMHT 1A WIHHY MepBBHIX MOA-
KaTo0B CJIEAYIOLLIEro JIeKaTpoHa.

B cxemax puc. 22,6 u 6 ynpaB/siOllHe LeNH, COeAMHEHHbie CO BTO-
PHIMH TOJKAaTOJaMH, OAMHAKOBbl C OMHCAHHBIMH M TO3TOMY He MNOKa-
3aHHl.

nasa natas
NPUMEHEHME OEKATPOHOB

DNEKTPUYECKAS PETMCTPAUMSA 3AAAHHOIO UYMUCNA
MMNYNbCOB B AEKATPOHHOM CYETYMKE

ITpu ncno/b30BaHHK CYETYHKOB YacTO BO3HHKAET MOTPEGHOCTb MOJY-
49UTh BBIXOJHOH CHTHAJ Ioc/je MOCTYIUIEHHs HAa BXOJ 3aJaHHOrO 4YHC/a
umnyabcoB. Takne 3ajpauum 'MOryT HMeTb MeCTO, HanpuMep, mpu pacda-
COBKE KaKHX-JMHGO HM3JeNHH HJAM XKe MpH OTCYeTe 3aJaHHBIX OTPE3KOB
BpeMeHH.

O mnoJydYeHHH NEKATDOHHBIM CUETIHKOM 3aJaHHOTO YMCIAd HMIYJb-
COB MOXHO CYIHTb BH3Yya/JIbHO (MO MOJIOKEHHIO CBETSALINXCS KaTONOB Je-
KaTpOHA) M 3JIEKTPHYECKH (MO HANpPSXKEHHI0 B COOTBETCTBYIOLLEH KaTON-
HOM 1emM KOMMYTaTOpHOro aekatpoHa). IlocnenHuit crnoco6 Gosee mpu-
eMJeM B CJydae, ecJH CKOPOCTH PaboThl CUeTYMKa BEJHKH H yCTaHOBKA
paboraer 6e3 yuyacTHsl 4YeJOBeKa, T. e. aBTOMaTHyecku. limeercs He-
CKOJIbKO MeTOJI0B MOJIyYeHHs 3JeKTPHUeCKOro CHrHaja ¢ MHOroKacKau-
HOH JeKaTPOHHOH cXeMbl B MOMEHT MOCTYIJIEHHs HA €€ BXOJ 3aJaHHOTO
4HCJIa MMMYJIbCOB.

Ha puc. 23 npuBeseHa cxeMa TPEXKAacKaJHOTO CYETUYHKA, HCMOJb-
3ylollasi Tak Ha3blBaeMyl0 CXeMy COBMNAajeHHH Ha JAHOJax AJs Perncrpa-
LMK 3aJaHHOTO YHC/JIA BXOAHBIX MMNysabcoB. CHIHaJ Ha BBHIXOJE CXeMbl
coBMajieHHi nosBjasieTcss TOJBKO B TOM cjydae, KOrja OJLHOBPeMeHHO KO
BCeM pauomaM OGyayT MNpHJIOXKEHB 3anupamjouive HanpsikeHus. Ilyctb
auon [ mOAKMIOYEH K NATOMY KaTony AeKatpoHa JIj, CUHMTAIOLLEro
ennHuubl, AHon [, — K TpeTbeMy KaToldy nekaTpoHa Jlp, CUMTAIOLIErO
JeCATKH, U auox 3 — K [eBITOMY KaTony.jaekaTpoHa JI, CUMTAIOLIEro
COTHH BXOJHBIX HMITYJIbCOB.

[Tepen Hadajsom paGoTh, Korja paspsfabl B JeKaTPOHAax YCTHOB-
JIeHBl Ha IyJeBHIX KaTOjfaX, Bce JHOABI OTMEepPThl M HaNpsXeHHe HA BHI-
XOJIHOM TOUYKe cxeMbl coBnajeHuit mano. Korna ke paspsan B JekaTpoHe
TEPEHOCHTCS Ha KaToj, K KOTOPOMY MOMK/MIOYEH AHOJ CXeMbl CoBmaje-
HUH, TO Moc/iefHH 3anupaercs, TaKk Kak MHTaHHe CXeMbl COBMajeHHH
OCYLLECTBJSAETCSI OT HCTOYHHKA HampsikeHHeM +10 6, a nampaxenne Ha
KaTONHOM Harpyske «ropsiuiero» karoga pasHo +15 e.

3anupanue OAHOTO MJH HBYX [IHOAOB CXEMbl COBMAajeHHH, ONHAKO,
He BBbI3BIBaeT CYLIECTBEHHOro H3MeHeHHs HANpSXKEHHs 1la ee BBIXOIe,
M TOJbKO B MOMEHT, KOTrja Bce TPH AHOJa 3amHpaiOTCsi, Ha BBIXOIE
cxeMbl COBMajeHHil BO3HMKaeT HampsiKeHHe +10 8, KOTOpOe MOXKeET pe-
THCTPHPOBATBCS AanbHefmuMK ycTpolictBaMu, B jnaHHOM npumepe Bbl-
XOHOH HMMIyJbC CXEMBI COBMAaJeHHil BO3HWKaeT B MOMEHT INpPHXOAA
935-ro uMmysabca Ha BXOJ CUeTYHKa.

Ilns yiO0BJeTBOPUTENbHON PAGOTBl CXeMbl AHOAbl JOMKHEI 06najnath
MaJblM TPAMBIM M GOJbIIMM oGpaTHHIM conporuBiennsmu. Caenosa-
Te/NbHO, 11e71ec006pa3Ho HMCMOb30BaTL NJsi CXeM COBNAJEHHH KpeMHHe-
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Bbie WM TepMaHueBble IHOAH, ob6Jajaloliue HY¥HbIMH XapakTepHCTH-
KaMH.

IMpuBenennass Ha puc. 23 cxema ypo6Ha TeM, YTO OHA JOMYyCKaeT
BO3MOXKHOCTb MPHCOENHHEHHS K CYETUHKY elle OJHOH HJIM HEeCKOJbKUX
cxeM COBNajfieHU#, HACTPOEHHBIX Ha JAPYTHe dYucjaa. B3aumMubix nmomex
B TaKOM YycCTpoilicTBe Ha6/0faThCsi He Gyner.

Ecan Heo6xonuma HacTpofKa TOJBKO HAa OMHO YHCJIO, TO MOXKET
GLITb NMPHMeHEHA CXeMa pPerHCTPaluH 3aJlaHHOr0 YKCJIa HMNYJIbCOB, B KO-
TOpoH HcHosb3yeTcsi cOpoC cueTdHKa nepej HauaJoM pabGoTbl Ha YHCIO,
JIONOJIHUTEJbHOE K 3ajaHHOMY. B necsiTHYHOM cHCTeMe CYHCJICHHSI TOR
JOMOJIHHTEJNbHBIM  NOHMMAaeTCss 4YHCJIO, OINpejelseMoe  BbipaXKeHHeM
D=10"—N, rne D — ponosHuTENbHOE YKCIO, 1 — YHCJIO HH(}POBBIX pas-
psinoB paHHoro uucna, N — 3ajannoe uucio. Ilpu 3TOM cueT4nk HayHer
CYMTaTh HE C HyJsl, @ C JONOJHUTENBHOro 4ucia. B MoMenT npuxona
Ha BXOJ CYETYHKa MOCJEIHEro MMNY/bCa 3aJaHHOTO YHC/A HA HYJNEBOM
KaToje BBIXOJZHOTO [eKAaTpPOHA KaCKajHOH CXeMbl BO3HHKHET HMIYJbC.
Ecau, HanpuMep, nepex HauvasoMm paGoTel MpOH3BeNeH cOPOC TpeXKacKal-
HOro cuetynka Ha uudpy 935, TO BBIXOJHOH HMMIyJbC HAa HYJIEBOM Ka-
TONE MOcJeqHero aeKaTpoHa BO3HHKaeT MocjJe NMPHXOAAa Ha Bxoj 65 uM-
NyJbCOB.

PaccMoTpenHble CXeMBl PErHCTpalliH 3aJaHHOTO YHCJa He SBJASIOTCA
€/IHHOTBEHHBIMH, OJHAKO BCe JIpYyrHe CX€Mbl TaKOro Ke Ha3HaueHus
OCHOBAHBI Ha Tex e MNPHHIHUNAX.

B 3aBucuMocTH OT BHEa TpeOyeMOro BBIXOAHOTO CHTHajda HMIYJBC
C perucTpaTopa 3aJaHHOrO 4YHCAa [OJKeH GbiTh npeoGpasoBaH. [IpH
COPTHpOBKE jeTaseli mo mapTusiM, Hampumep, TpeGyeTcs mocie HaGopa
HYXHOTO YHMC/a neTaneil OCTAHOBHTh HX MOTOK. Yallle BCEro sto LOCTH-
raetcsi KOMMyTalliell KOHTAaKTOB B CHJIOBOH saekrpuueckoit menn. Jlas
yIpaBJeHHs] MCIOJHHTEJIbHBIM YCTPOHCTBOM MOXKHO HCMOJNb30BATh OJHO-
JaMNOBBI YCHIHTENb C 3JEKTPOMATHHTHBIM pejie B aHoAHO# iemu. Ecim
HYKHO 3aCTaBHTb CPaGOTaThb MOMLHOE pelie, TO K BBIXOAY YCHIHTENBHOM
JaMnbl MOJACOEJHHSIeTCs THPaTPOH, B aHOAHYIO IeNlb KOTOPOro BKJIO-
4yaeTcsi COOTBETCTBYIOLIEE peJie.

Peructpatopsl 3afaHHOTO 4YHCJa JIEKO MpeBPAIlalOTCsi B reHepa-
TOPH OTPe3KOB BpeMeHHM 3alaHHON HiuTedbnocTH. JLasi Takoro mnpespa-
ILleHHs] OCTATOYHO MOJABaTh HA BXOJ PErucTpaTopa HMNYJbChl C H3BE-
CTHO#l CcTaGuAM3HPOBaHHON wacToToH. Toraa ycTaHOB/iEHHOe HAa perH-
cTpaTope ¢ MOMONIBIO MEPeKJoYaTe/iell YHCI0 HMNYJIbCOB GyJeT COOTBer-
CTBOBaTh BNOJHE ONpeleleHHOMY uuTepBany Bpemenn T=nff, roe n—
YHCJI0, YCTAHOBJIEHHOE Ha MepeKmouatessix, a | — 4acToTa CiielloBaHHd
MMNYJbCOB Ha Bxoje. TaKue cxeMbl Yaule BCEr0 HCHOJb3YIOTCs AIs TOU-
HOro 3ajaHusi BPEMEHHBIX NPOLECCOB.

LEJNTENU YACTOTHI

B u3MepuTeNbHON NpaKTHKe YAaCTO BO3HHKAET Heo6XONMMOCTb B Ji€-
aureasix 4actoThl. K mpuGopaM, HCNOJb3yIOUIHM JeNHTEJNH 4YacTOTEl,
OTHOCSITCS CXeMbl CTAaHZAPTOB YacTOTH C HeCKOJbKHMH YacTOTaMH Ha
BBIXOJle, CXeMbl TeHepalii MeTOK BPeMEHH Iist ocumorpadoB H CXeMbl
CHHXDOHM3ALMH Ha KPaTHBIX YacTOTAaX. Kak u3BeCTHO, BHICOKOCTaGHJIb-
Hble YacTOTHl MOTYT GBITb MOJIYYeHB TOJBbKO NPH HCNOJNB30BAHHH KBAp-
LEeBHIX TEHEpaTOpPOB, HUKHHI NOPOT YacTOThl KOTOPHIX COCTaBJsAeT He-
CKOJIbKO KHJIOTepll, MO3TOMY MOJydyeHHe CTaOH/IM38HPOBAHHBEIX HH3KHX 4a-
CTOT TaKiKe HEBOSMOMKHO 6e3 NpHMEHEHHs jenauTesedl 4acTOTHL
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ITpocThie nenuTenH 4YacToTel cOGUPAIOTCS M3 NEeKaTPOHHBIX fYeeK,
KaK 3T0 GbLIO onuCaHO Bhillle, Takue cXeMbl NMO3BOJSIIOT MOJYYaThb KO3(h-
GHIKUeHTb 1eJieHHs YyacToThl, KpaTHele 10. O6wui K03 HIHEHT feNeHUs
YacTOTHl LENOYKM, COCTABJEHHOH M3 [IEKATPOHHBIX siueeK, paBeH 107,
rae n— uucao siveek. OpHAKO MHOrZAa HeoGXoAuM Ko3pdHUHEHT neJe-
HHsl, pPaBHBI KaKOMy-aH60 RpyroMy uucay. IlpuMeHenne KOMMyTatop-
HOTO JeKaTpoHa MO3BOJIsieT INOJYYHTh NMPOCTHIMH CPeACTBaMH Ko3(pdu-
LHeHTH JeneHus, otauunsie ot 10. Ha puc. 24 npencrasiieHbl cxeMbl Ha

JIeKaTpoHax ¢ KodhdHuuenToM nenenns 2 H 5.
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Puc. 24. CxeMbl JesleHHs1 4acTOTHl Ha 2 ¥ 5 ¢ [OMOWBI0O KOMMYTaTop-
HOTO ZIeKaTpoHa.

Ias nonyuenus kospduuuenta nenenus 2 (puc. 24,a) KaTOAHBIA
pesucrop Rs nenaetcs o6utuM njs KatomoB 0, 2, 4, 6 u 8. [Ipu srom"
TOK paspsifa OyAeT NPOXOAMTb 4epe3 pPe3ncTOp Rz Mocjae NPHXOZa BTO-
poro, YeTBepToro, MIECTOro, BOCbMOrO, AECSTOro, ABEHaALaToOro H T. I.
BXOJHBIX HMMIYJbCOB, YTO COOTBETCTBYET MEJEHHIO BXOJHOA HacTo-
TH Ha 2.

Ins pmenenusi wacToThl Ha 5 i(puc. 24,6) Boixonnok pesuctop Rj
IeKaTpoHa fenaercsi oOuM nis katonoB 0 u 5. Tox yepes pesucrop Rz
B 3TOM cJyyae GyIeT NPOXOAHTHL MOCJAE MOCTYMJIEHHS Ha BXOJ CXeMbl
NepBoro, NSATOro, NECATOro, MATHAALATOrO H T. 4. uMmyancos, Caeno-
BaTe/bHO, HanpsiKeHHe Ha pesucTope Ry GymeT HMeTb 4acrorty, B 5 pas
6osiee HH3KYIO, YeM BXOJHasl.

C noMoLIbI0 KOMMYTAaTOPHOTO JeKaTPOHA MOXKHO NOJYYHTb He TOJb-
Ko Koapduuuentn penenusi 10, 5 u 2, Ho u HekoTopnie npyrue. Koad-
GHIKMEeHT feneHusi, paBHLIA, HanpuMep, 3/10, monyyaercs MPH BKJIOYEHHU
oGleli HarpyskH B uenb kKatonoB 0, 3 u 6, a KO3p(dHUHEHT meseHHs
4/10 — npu BriOueHuH ee B uenu Karomos 0, 2, 5 u 7. Ilousatao, uto
HHTEPBAJIbI BPEMEHH M€Ky BHIXOAHBIMH HMOYJbCAMH B ABYX MOCIENHHX
cayyasix He OGYAyT paBHBIMH (B Cjyyae paBHOMEDHOH MOC/ELOBATENb-
HOCTH MMNYJILCOB Ha BXOJe), HO 4acTo 3T0 H He Tpebyercs. Eute Goab-
fiee YHCJIO 3HAYeHHl KOI(DOPHUHEHTOB [eJeHHA MOMKHO MOJYYHTb NpH
HCHOJb30BaHHH KOMMYTATODHOTO [AeKaTPOHA C YMCJIOM HHAHKATOPHBIX
Katonos, He paBHbiM 10. Vi3BecTHBI, HanpuMep, KOMMyTaTOpHble JieKa-
TPoHH ¢ 12 Katonamu, faomue Koadpduuuents nenenus 3, 4, 6, 12uT. 0.
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FEHEPATOP CETKW BPEMEHM [JIS OCUMINJIONPA®OB

TIpu WCTONb30BAHHH 3JIEKTPOUNbLIX H ULIeHpOBBIX ocuunorpadpos
yacTo BO3HMKAaeT HEOGXOAMMOCTb B MOJIyYeHHH CETKH BpPeMeHH /as Tou-
HOro onpeje/eHusi BpeMEHHHIX Napamerpos mnpoueccoB. Ecan amurens-
Hble TIPOLLECCHl JOJKHBI H3MePSATbCsSt ¢ GOJIbLION TOYHOCTbIO, TO MaCIITal-
Has ceTKa BpPeMEHHEIX OTMETOK JOJIKHA MMeTb HECKONbKO 3HaueHHil.

Ha puc. 25 npuBejeHa ojHa M3 CXeM, NpelHa3HaueHHbIX ANS pa-
60Tl co WieipoBbLIM ocuuiorpadom. 3afaouluii redepaTop ¢ Ksaple-
BoHl craGuausauuedf, coOpaHHBIi Ha JeBOM (IO CXeMe) TpHOJE JaM-
nol JI;, pa6oraer Ha yactoTe 1 xey. Bropoit TpHOA 3TOi NaMMbl HCMOMNb-
3yercsi B KauecTBe (opMHpOBaTeNsi BXOAHBIX HMNY/bCOB AJA YNpaB-
Asiolledl cxembl JeKaTpoHa.

B xauecTBe jenuTessi 4acCTOTbI npuMeHeHa TpexkKacKajHasg cxema

Ha JeKaTpoHax, reHepupylollasi BbIXOAHbBIE HMIYJLCH ¢ wactoTamu 100,
10 w1 ey.

JexkaaHble siyeHKH coOpaHbl MO cXeMeé C pPeoCTaTHO-eMKOCTHOMH
cBs3bio. B menb KaTomoB aekaTpoHa Jl; W samnbl JI; MOC/ef0BaTeNbHO
BKJIIOUEHBl PE3HCTOPBI ¢ HeOOJbIIUM conpoTusjeHHeM Ry u Rg. Tenepn-
pyeMoe Ha BHIXOJHOH TOUYKe 3THX PE3HCTOPOB HamNpsiKEHHe MOAAETCH HA
CeTKy JieBoro (mo cxeme) Tpuoaa Jamnbl JIs YCHJIHTE/s, B BbIXOAHYIO
Lenb KOTOPOro BKJIOYeH wuiefi — oTMeTuHk ocumasiorpada. Hanpsike-
HHe Ha CeTKe 3TOro TpHojaa GyJaeT MMeTb BHJ MOC/eN0BATeNbHOCTH HM-
nynabcoB ¢ uacroroit 1000 24, Kaxpabli [eCATbii H3 KOTODHIX HMMeeT
MOBHILEHHYIO AMIJIMTYAY. YBeJHYeHHe aMIJIHTYAbl AECATOrO HMMIlyJ/bCa
06ycJIOBJIEHO BO3HMKHOBeHHEM pa3spsja Ha HYJeBOM KaToje [IeKaTpo-
Ha JI,, NIPUBOASILHKM K TOBLIIEHHIO HANPSKEHHsI Ha lenouke RgRyj.

Has cosnanus MetokK yactoTl 10 u 11 24 ucnosb3yeTrcs BHIXOLHOE
Hanpsikenue nexkatponos JI, u Jlg, nopaBaeMoe ¢ MOCJe10BaTe/bHO
BKJIIOUEHHBIX Pe3HCTOPOB Ry u Rj, uepes pasjie/iuTe/bHbiil KOHJeHca-
top Cis Ha ceTKy mpasoro Tpuoaa jaamnsl Js. HanpsikeHnue 3gech umeeT
BHUJ MOC/IEL0BATEJbHOCTH HMIYJbCOB ¢ 4acToToit 10 ey, npuyeM Kaxabif
JlecAThIl M3 HHUX (CeKYHAHBIH) HMeeT MOBbILIEHHYIO aMIJHTYRY.

V3meHenne TOKa, 0GyC/IOBJEHHOE [OJIOKHUTEIBHBIMH HMIYJ/1bCAMH
na cetkax Jamnbl JIs, co3faer B uuielidax UMIYJdbChl TOKa PasHOro Ha-
npasneHus. Biarogaps sToMy macmiTabHas BpeMeHHAsl ceTKa Ha sKpade
WJM TUIeHKe wJiefipoBoro ocuusiorpada umeer ynoOHbil Bua. OTMeTKkH
BpemeHu 0,001 u 0,01 cex mpencraBasilOT cO6OH MOJMOXKHUTEJbHbIE, a OT-
meTku 0,1 u 1 cex oTpuLATe/bHble HMIYJbCHI.

Jliist mpaBUJIbHOM OPHEHTHPOBKH BO BPEMEHH nepej HAyaJoM OCLHJ-
JorpadMpoBaHus [eKaTPOHbl YCTAHABJIHBAIOTCS HAa HyJab. B MOMeHT Ha-
yaja ocuuijorpadupyemMoro mpouecca KoHtakt K pa3ambikaercs, M Ha
CeTKy ynpasJsitolleil Jamnel JI; "HaYHHAIOT MOCTynaTbh BXOJHble HM-
nysabchl ¢ yactoroit 1000 ey.

Onncannas cxeMa npu f06aBJieHHH NEKATPOHHBIX JeJHTeJel 4acro-
Thl MOXeET OBITb HCNO/Nb30BAHA AJsi TMOJYyYeHHst Gojiee HH3KOUACTOTHBIX
MeTOK BpemeHH. Be3 cyuiecTBeHHBIX H3MeHEHHMH 3Ta ke CXeMa NPHCHQ-
cabnuBaeTcs JJisi PaGoOTHl C 3/IEKTPOHHBIM OCUMJLIOrpadom,
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CTAHAAPTBI YACTOTHl M NPUMBOJA CHMHXPOHHBIX
SNEKTPOABUT ATENEN

Heckonbko OT/IHUHBI TpeGOBaEHS K MAEJHTENSAM YaCTOTHl, HCIOJIb-
3yeMblM /IS NPHBOAA HH3KOYACTOTHBIX CHHXDOHHBIX 3JEKTpOABHraresef,
WIH B HEKOTOPHIX CTaHAApTax 4YacTOThl, IAe BBIXOJHOE HaMpsiKeHue
JIOMKHO GBITh GIM3KHM K CHHYCOH[AJIbHOMY.

W3 yskux )(cKkBaxHOCTb mopsinka 10) BbIXOUHBIX MMIYJBbCOB JeKa-
TPOHA 3ATPYAHHMTENbHO BbIIENHTb FaPMOHHKY OCHOBHO uacToTsl. [losro-
My €cJi Ha BbIXOJE HeOGXOAHMO HMeTb CHHYCOHJA/JbHOE HamnpsKeHue,
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Puc. 26. CxeMbl BKJIOYeHHST KaTORAHOM Harpy3ku IeKaTpoOHA.

a— A9 UPHAAHHS BHIXOAHBIM KOJEeGaHMAM CHHYCOHAAJbHOrO BHAa; 6 — AAs TO-
JIyueHMsi Ha BbIXOJe NPAMOYFOJBbHBIX KosneGauuil.

TO MOXHO B KaueCTBe BBIXOJHOTO YCTPOHCTBA IHCMOJb30BATh MYJIbTH-
BU6PATOpP, CHHXPOHU3HPYEMBIH 1€KaTPOHOM, WM TPHUTTEp C ABYMs YCTOMH-
YHBBIMH MOJIOKEHHSIMH, TaKKe 3aNyCKaeMBIil JeKaTPOHOM.

B KkauecTBe BBIXOJHOrO YCTPOMCTBa MOXeT ObITb HCHOJb30BaH H
KOMMYTAaTOPHBIi {eKaTPOH € PE3UCTOPAMH B KaTOAHBIX LleNSX MO CXeMe
puc. 26,a. CTyneHuaToe HaNpsKeHHe, CHHMaeMoe C BBIXOJHOR TOYKH
cxeMbl, 6y13k0 Mo GopMe K CHHYCOMIAJILHOMY H MOXeT OBITb HCHOJb-
30BaHO 6e3 majbHefimiux ¢opMupyIOMMX ycTpoficTB. Jlis CriaaKHBaHMS
BHIXOJHOTO HanpsXKeHHsl K BEIXOLHOH TOUKe MOMKJIOYAeTCs KOHIEHCATOP.

Brixoanoe Hanpsixenue (puc. 26,6) 6narojapsi o6beAHHEHHIO HHIH-
KaTOpHBIX KaTOA0B B ABe rpymnsl mo nAte WTYK (Ko—Ks u Ks—Ks)
HMeeT CKBaXKHOCTb .

B ucnonb3yeMbix A/ TOAOGHBIX Liesiell HeauTensax 4acTOTHl, TaK Ke
KaKk 4 B CTaHAapTax 4acTOTH, NO TOHATHM NPHYMHAM HeT HeoOXonu-
MOCTH NPHMEHATb C6poc HA HyJb Nepel HauajoM paboThl

HEKOTOPLIE TMPUMEHEHMUS CYETYMKOB UMNYJIbCOB

JIi060fi MEeKaTPOHHHIH CUETUYHK MoxKeT OBITb HCIOJNB30OBAH AJIfi M3Me-
penusi oTpe3koB BpeMeHH. OH MoOXeT 3a1aBaTbCA 3aMKHYTHIM COCTOS-
HHEM MeXaHHUeCKOro KOHTAKTAa, OTKPHTHIM COCTOSIHHEM SIeKTPOHHOHN
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JaMnel B T. O. EclH KOHTaKT WIM 3JEKTPOHHAsi JlaMNa YCTaHOBJIEHHI
MEeXJy CYeTYMKOM H HCTOYHHKOM HMIYJBbCOB CO CTAaOHJIM3HPOBAHHOH 4a-
CTOTOH, TO MMIMYJbChl CMOTYT MPOXOAHTb B CUETUHK TOJNBKO B MPOMEXKY-
TOK BpPEeMeHH, COOTBETCTBYIOULHA NpPOBOASAIUEMY COCTOSTHHIO HCHOJBb3ye-
moro 3jementa. CieloBaTe/bHO, N0 YHCJAY 3a(DHKCHPOBAHHBIX B CYETUHKE
MMIYJbCOB MOXHO OylneT cynuTb 06 H3MepseMOM HHTepBaje BpeMeHH.

Puc. 27. CxeMa oIHOBPEMEHHOIO PEBEPCHBHOrO cyeTa JBYX
10C/IE0BATe/IbHOCTEH HMIYJIBCOB.

Paspemarouiasi cnoco6HOCTb TAaKOrO CYETYHKA ONMpPENENHTCS I110JaBaeMoit
Ha ero BXOox 4acrtortoit. Hanpumep, mas uactoter 10000 2y muHMMaabHOE
H3MepeHHoe BpeMs He MoxkeT ObiTb MeHbiuie 0,0001 cex.

3ajaya NPOrpaMMHOTO yNPAaBJEHHs] IMOJOXKEHHEM HHCTPYMEHTa,
CKODOCTbIO BpallleHHs 3JEKTPOJABHrarteJst H T. A. COCTOMT, KaK NpPaBHJIO,
B CPaBHEHMH (PAKTHYECKOH CKODOCTH HJIH NOJIOXKEHHS ¢ 3agaHHbiM. Pac-
cornacoBaHHe 00eHX BeJHYHH mpeoGpasyeTcsi CPaBHHBAIOUIMM YCTPOH-
CTBOM B YNpaBJSAIOUHH CHrHAJ, KOTOPbIH BO31efiICTBYeT Ha OpraHbl pery-
JUpoBaHMsl ynpaBJsieMoro o6bekra. Ecinm mporpaMma M CHrHam o Co-
CTOSIHHH YNPaBJIsieMOro OOBEeKTa MNpeiCTaBJsOT coboiff moc/ieaoBaTeb-
HOCTb 3/IEKTPHYECKHX HMIYJbCOB, pacnpeje/eHHbIX BO BPeMeHH, TO B Ka-
4ecTBE CpaBHHBAIOLIErO YCTPOHCTBA HCNOJb3YIOTCS peBepCHBHBIE 3JI€K-
TPOHHbIE CYETUYHKH.

Huxe onucana cxema peBepCHBHOTO CYETYHKA HA JeKaTPOHe, CPaBHH-
Baiolasi J[Be HenpepbIBHbIE MOC/IEJOBATEIbHOCTH HMIYJbCOB ONHOBpE-
menHo (puc. 27). Ee BBIXOZHO/ CHTHaJ TNPOMNOPIHMOHAJIEH paccor/jaco-
BaHHIO MeXIy MNocleaoBaTeNbHOCTIMH uMnyJabcoB. CpasHHBalomiee
YCTPOHACTBO COCTOMT M3 NBYX YNPaBISIOWHX ycTpoficTB Ha nammax JIi
u Jl; © IBYXMMIYJbCHOTO PEBEPCHBHOrO AeKaTpoHa JI3. BrixonHele TOY-
KH O0060HMX YIPaBJSIOUHX YCTPOACTB MOJK/IIOYEHH K KOJbLAM MOAKATO-
noB uyepes guonsl [y, Mo, M3 u Ha

Us cxembl. Ha puc. 27 BHAHO, YTO NMPH MOKAYe BXOJHBIX HMIYJbCOB
ToJIbKO Ha Bxod I paspsiiHoe cBeueHHe B AeKaTpoHe OyJeT Mepemelarb-
C1 B ONHY CTOPOHY, HAanpHMep IO 4acoBOH cTpeske. Ilofaua BXOXHBIX
HUMIYAbCOB TOJBKO Ha Bxod 2 Oyner BbI3bBaTL NepeMelleHHe pas3psl-
HOTO CBeueHHsl B NMPOTHBONOJIOXKHOM HampaBsJenHu. B ciaydae ojgHOBpe-
MEHHOH [M0Jayil YNpaB/siOHX HMOYJAbCOB OT pa3ibiXx HCTOUHHKOB HA
o6a Bxona HampasJeHHe H CKOPOCTb NepeMellleHUs Pa3psifAHOro CBEYeHHs]
GyAyT 3aBHCETh OT COOTHOMIGHHS YaCTOT OOOMX HCTOUHHKOB. YCJIOBHEM
NpaBUAbLHON pPaGOTH [EKaTPOHA B TaKOM peXHMe SBJISETCA “HICHTHU-
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HOCTb naccupHbiX dopmupyomux uenelt RagRy ¢ RiRy u RyCs ¢ ReC,,
a TaKkKe OJIMHAKOBasl JJIMTEJbHOCTL ¥ aMIVIMTYIa MMIYJbCOB 1A BXOAAX.

Jl1s nonMMaHMsi mpolleccoB NepeHoca pa3psiia npu paboTe jeka-
TPOHA OT JBYX YNpPaBJSIOL{HX CXEM PacCMOTPIM TPH BO3MOXKIbIX cay-
yas,

1. Uacrora csesoBaHHsi MMIyJbCOB Ha 060MX BXOAax OJHHAKOBA,
HO OHM CMelieHbl JPyr OTHOCHTEJNbHO Apyra Ha BpeMs, GoJbliee, yeMm
CyMMapHasi JJIMTebHOCTb YHPaBJSIOWMX HMIYJbCOB.

B sTom pexume Kaxabii umnyanc Ha Bxode I Bui3biBaeT mepenoc
pa3psijia B OJHOM HamnpaBJleHHH, a CJaelylOlHH 32 HUM 10 BPEMEHH HM-
nyabc Ha Bxode 2 Bhi3biBaeT oOpatHblii nepeHoc paspsia. Takum o6pa-
30M, pa3psiiHOe CBEYeHHe COXPaHsieT CBOe [10JIOKEHHE, YTO COOTBET-
CTBYET PABEHCTBY BXOJHBIX 4aCTOT.

2. YHacTtoTa csaefoBaHHsi MMOYJbCOB Ha 0GONX BXOJAaX O/JMHAKOBA,
M MMIYJBbCH TNMOSIBJASIOTCS HAa HHUX OJIHOBPEMEHHO.

Ynpapasiolllie MMNYJbChl MOSIBJASIOTCS HAa 0OGOHMX KOJbilax MO/Ka-
TOJIOB OJHOBPEMEHHO, UTO BBLI3bIBAET MEPEXoj paspsja Ha OAHH M3 MO-
KaTo/0B, PAcNO/OXKEHHbIX CpaBa M C/ieBa OT CBETSILIEroCsl MHAMKATOP-
HOTo KaToja, MJH Ha o6a mojgkarojna onHoBpemeHno. [ocsie okonuanus
HMIYJIbCOB, CHOPMHPOBAHHBIX AKTHBHBIMH luensiMu R3Ry u R;R3 Ha
KOJIbIIaX OJHOBPEMEHHO BO3HHKAIOT WMMYJbCH, CHOPMHUPOBAHHBIE HHTe-
rpupylomumu uensiMu RgCs u ReCy. IloTeHuHanbl Konen NpH 3TOM Mpo-
JIO/IKAI0T OCTAaBaThCsi OJIMHAKOBBIMH, TaK YTO HMKAKOrO HOBOTO Mepexoja
pa3psga He npoucxoaut. Ilocse OKOHYaHMsI YNpPaBJSIOUMX HMMMYJbCOB
Ha MHTErpUPYIOIUX LeNsiX paspsii MepexoiUT HAa WHAHUKATOPHBIH KaTof,
OmKalIui K cBeTsleMycsl, T. €. HAa HcxoAHbii. M1 B sToM ciyuae pas-
psIHOe CBeYEHHe COXPaHsieT CBOe MOJIOXKEHHE, COOTBETCTBYIOLEe paBeH-
CTBY BXOJHBIX YacTOT.

3. BxoaHoit umnyabc Ha Bxode 2 mosiBisieTcsi Mo3xe, HeXeJd Ha
Bxode 1, Ho B MoMeHT, Koria Ha Bxode I uMmysbC elie He KOHYHJCH.

Buauase paspsin mepenocutcss Ha mojakaroj Kosbua [1KI. Tlocne
OKOHYaHHsl NMPSAMOYroJIbHOrO HMNyJbca Ha Koablie [TKI ero norenuuad
He BO3BpALlaeTcsi K HCXO/JHOMY, a CTAHOBMTCS PaBHBIM MOTEHUHandy
HHTETPHPOBAHHOTO HMOyabca, nocrynaiowero u3 uend ReC, Ecau Bce
Ke paspsij mepeiiieT Ha mojgkartox kogeua /1K2 BcieacTBue TOro, 4To
Ha HEM B 3TO BPeMsl MOJEPKHBAETCsl MOTEHUHA] NPSMOYrOJbHOIO HM-
nyabca uenu RzRs, TO mocie ero OKOHYAHMsi paspsii BepHeTCsl Ha CBe-
THBLIMICS paHee mofkartoj Koabua [TKI. Tlocne oxondaHusi ynpasasio-
IHX UMITYJbCOB Paspsi[ YyCTAHOBHTCS HA HCXOMHOM KaToje.

Bblio MOATBEPKAEHO 3KCIEPUMEHTAJbHO, YTO Ja)ke TMPH OYeHb
HeGOJIbIIOM Pas/vYHM BXOJHBIX 4acTOT JeKaTpoH paGoraer Ge3 oWHGOK
IpH YCNOBHH, YTO MMIYJbChl OGEHX YNPAaBJAIOLWIMX CHCTEM HIEHTHYHBL

HyXHO OTMeTHTD, 4TO Ta e CXeMa MOXKET C YCIIeXOM OCYLIeCTBJIATH
He TOJIbKO BHIUMTAHHME, HO M CJOXKEHHe IBYX IOC/IeJOBaTeNbHOCTEH HM-
NyJbCOB NPH COOTBETCTBYIOLLEM NepekaioueHuu orpogos A, B, B u I
ymupasasiiolux cxem Ha jamnax JI; u Jlz. B atom cayuae, npasaa, ofHO-
BpeMeHHOe MNOsIBjeHHe HMIYJbCOB Ha JBYX BXOAax IPHBOMMUT K mepe-
JBIXKEHHIO paspsja TOJNbKO Ha caepylownit katon. as obxona sTOH
TPYAHOCTH HEOGXOAUMO BBOJHTb 3a[l€PKKY MEXAY BXOJHBIMH HMIYJb-
caMH.

[pu ynpaBneHHH KakHM-AHOO OGEKTOM MporpaMmHas M0C/eL0Ba-
TeJbHOCTb MMIYJbCOB mHOZaercs Ha Bxod I, a mocieloBaTelbHOCTb
HMIYJIbCOB, COOTBETCTBYIOWIAsi (AKTHUECKOMY COCTOSIHHIO OObeKTa, Ha
Bxod 2 (uau nao6opoT). BrixonHOH curhadi, BO3,U,eHC'£BleLLU/Iﬁ Ha opra-
Hbl DeryJHpOBAHHsl 00bEKTa, CHMMAeTcsi C KaTOAHOH Harpyskd JeKa-
TpoHa JI3 M MoXeT MMeTb ABa BMJa. B 1iepBoM ciydyae mpH paccoria-
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COBAHMH BXO/IbIX MOC/EL0BATEJLHOCTE MMNYJLCOB Paspsij NMOKHAAET
HyJeBoH KaToj 1 ycTaHaB/iuBaeTcs lla Katoje /| uaum 9 pekatpoua,
B 3aBHCHMOCTH OT 3Haka paccorsacoBanusi. CurHasn paas peryasTopa
o0beKTa onpejensieTcsi B TaKOM CXeMe TONbKO HampaB/eHHeM nepexona
pa3psina. Bo BTopoM ciaydae BBIXOJHOM CHIHA/ CpaBHUBAIOLLEro YCTpO#-
CTBa 3aBHCHT HE TOJBKO OT 3HaKa paccoryiacoBallisi, HO H OT ero BeJH-
YHHBL,

*E,
&

@ﬂk’!_______:l:_________:
(77 e )

s
Crema
ynpaé~
SIeHUSA

Puc. 28. Cxema j/s perHcrpauuy BeJHYMHBI paccorsiaco-
BaHHA.

R,
" Bbirad

Ha puc. 28 usobpaxkeHa cXxeMa CpaBHEHMsl, HalpsiKeHHe Ha BbIl-
XOAHOM TOUKe KOTOPOH 3aBHCHT OT MOJIOXKeHHs paspsijia B JeKaTpoHe.
OHo HauGoJblllee, Korja paspsii ycTaHaBAHBaeTCss Ha Xartone 9, H
yMeHbLIaeTCsi NPH Nepexofe paspsifa Ha Katoawl 8, 7 M mocjepyoulue
KaTobl.

OnucaHHas JleKaTpOHHas cxeMa peBepcHBHOro cuera (puc. 27)
MOXKeT OLIThb MCNOJb30BaHA [Jsi TreHepallMH BBICOKOCTAaGHJbHBIX HH3KO-
yacTOTHHIX KoJsebanuit ¢ uactotoil F=i(f;—f3)/10, rne-f; u fo — Bxoansie
yactorthl. Tak, Hanpumep, a/s NoJydYeHHs1 aHanasoHa yacror 48—52 a2y
[J151 KOHTPOJISt TIPOMBILIJIEHHOM CeTH MOXKHO BOCIIOJIb30BAaThCsl KBAPLEBBIM
redepatopom ¢ wuacroToii Ha 5350 ey (f;) ¥ BBHICOKOCTAOHMIBLHBIM
(0,25% ) RC renepatopom ¢ ananasoHom uactoT 150—550 24 (f). Ilo-
JyueHHble Ha BBIXOJE PeBePCHBHOTO KacKaja MMMYyJbCH C_4acTOTOH
520—480 2y nensiTcsl ellle OJHMM JeKaTPOHHBIM KackaJoM. BrixojHble
KonebGanus gekajbl HMEIT AMana3oH dactor 52—48 2y mpu cTaGuab-
HocTH oKoJo 0,025%. TlpunaHHe BHIXOAHBIM KOJeOaHHSAM JOeKaibl CHHY-
COMIAMBLHON HJIM TPAMOYroJibHOA (OPMBI NPOHM3BOAMTCS C IOMOLIBIO
BKJIIOUEHHs] PE3HCTOPOB COOTBETCTBYIOLIEIO CONPOTHBJEHHS B Lielb KaTo-
0B OKOHeyHoro nekatpoHa (cM. puc. 26). Taxk Kak KoseGaHusi Ha BHI-
X0le JeKaTpoHA HMeEIT CTyNeHYaTHii BHA, AJsI CIJIaXMBaHMsI KPHBOH
ueaecoogpasr{o MOJK/IOUATh K BBIXOJY KOHJEHCATOp €MKOCThbI0 MOpsiiKa
0,05 mxp.

TEHEPATOP TOYHOWM CTYMEHYATO M3MEHSEMOM YACTOTHI

OnucbiBaeMO€ HHKe YCTPOMCTBO AaeT BO3MOXKHOCTb MNOJy4aTh KO-
ne6aHus 3BYKOBOA M MH(Pa3BYKOBOHl 4acTOT NMPH COXPaHEHWH B J06OH
TOUKE BCEro JHanasoHa BbICOKCH CTaGH/IBHOCTH TeHepHpyeMBIX KoJe-
GaHuii.
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Ha puc. 29 npusenena uactb cxeMbl 3Toto ycrpoiictea. ['enepaTop
co6paH lia MATH KAackajgax KOMMYTaTOPHBIX NeKaTPOHOB, COeJIMHEHHbIX
nocnepoBarenbHo. Ha mnepBeiff Kackaj LeNoYkd MNOAAIOTCA HMMITYJBCH
¢ yactoroit 10000 ey or KBapuesoro reHeparopa. Jlis MCK/IOYeHHs MO-
Tepb BpPeMEHH NMpH Mepefave HMIMYJbCOB B NOCTeAylOlHe KacKajbl Bbi-
XOAHBIE HMIYJAbChl CHUMAIOTCS C JEeBATHIX HHAMKATOPHBHIX KAaTOLOB JeKa-
tponoB. Onu auddeperuupyiores (uenouka CiRg), u oTpuuaTenbHbil
BCIJecK npoauddepeHIMPOBAHHOTO HMNYJbCA NOAAETCH Ha HECHMMET-
puuHBIi TpuUrrep ¢ jaMnoit Jla, reHepUPYIOWMA MMIYJbC AJHTENbHOCTHIO
okono 50 mxcex. Umnynbc nopaercs vepe3 QopMupylolllHe UenH Ha
MOAKATOAB CJAEAYyIONEro fAeKkaTpoHa. Jlis mnoJyyeHHs MaKCHMaJbHOM
ckopocTu paGoThl ynpamisiomas cxeMa NepBOro AekaTpoHa cofpaHa Ha
IBYX HECHMMETPUUHBIX TPHITEpax, 3amycKaeMblX MOC/IE0BATENbHO.

BoixoaHo#i MMIyJbC TMOCJELHETo [AeKaTPOHA, BO3HMKAWWIMK TpU
nepexoje paspsiia ¢ AeBATOro KaToja Ha HYJEBOH, COOTBETCTBYeT Mepe-
X0lly BCEro [eKaTpOHHOro cuetdnka c¢ uucaa 99999 ma 00000. Stot
MMIIyJIbC TIOCTYNaeT Ha BXOJ 3/EKTPOHHOH cxeMbl, cOpaceiBaioiiei pas-
psiABl B AeKaTpOHaxX Ha BHIGpaHHbIe KaTOJML.

Cxema remeparopa cGpacHBAIOLIEro HMMy/bca co6paHa Ha Jammnax
J,, JIs n Jlg. OTpunatensubiii Becnjeck npoauddepeHunpoBaHHOro BHI-
XOJHOr0 HMNyJbca AekaTpoHa JI3 ycHIMBaeTcs, nepeBOpPayHBaeTCa MO
dase u nepejaercss Ha KaTOAHBI NMOBTOpHTeNb, COOpPaHHBHIA Ha MpaBoM
(no cxeme) Tpuome samnbl Jl;. YcuineHHble MO MOUHOCTH HMMYJbCH
nojaloTcs Ha Tpurrep ¢ jaamnoli Jlg, KOTOpHi BbHIpabarhiBaeT NpPSMO-
YrOMbHBIE HMIYJbC JJIMTEJBHOCTbIO mMopsiaka 60—80 mrcex. Mmmyssc
TPHITEpa MOABOLMTCH K CeTKe HOPMa/bHO 3aMepToro Jyu4eBOro TeTpo-
na Jlg KoTopbifi ycwiuBaer ero nmo MomHocTH. C TeTpoaa HMIyJibC
c6poca, uMeoluil aMIINTYAy OKoJjo 250 6, moABOAUTCS dYepe3 pPa3sA-
3piBaioe pe3uctopbl (Rsp, Rgs M T. 1.) K BBIGPAHHBIM C MOMOILBIO
HeTouHblx nepekniouarenelt (/1;, II; w T. A.) KatoaaMm NATH JeKa-
TPOHOB.

JlnuTenbHOCTb MMIyJibca cOpoca BBHIGHpaeTCst LOCTAaTOYHO KOPOTKOH,
yTo6bl COpOLIEHHAsi cXeMa Morja ObiTh FOTOBOH AJA MojcyeTa BXOAHOIO
HMIyJbCa, CAEAYIOIEro BCJeJ 3a HMIYAbCOM, Bh3BaBIMM c6poc, H
JIOCTaTOYHO GOJBUION A/l YCTAaHOBJEHUs1 pa3psaa Ha BbHIOpaHHBIA KaToOA.
Ecau, Hanpumep, NepekmouaTeJd yCTaHoBjleHH Ha uucio 99877, To
Kax/blii pa3 mocsie MOCTYMJeHHs Ha BXoj 123 MMMysbCcOB NPOHCXOAHUT
c6poc, U CXeMa HAaYMHAET CYMTATh CIEAYIOLYI0 cepHi0 u3 123 uMmysb-
coB. B cayuae mopaum Ha BXOJ MMIYJbCOB CO CTaGH/IBHON YacTOTOH
BLIXOJIHBIE HMIYJIbCHl YCTPOMCTBA, NOJYy4YaeMble, Hanpumep, C KaToA-
HOTO TOBTOpHTeNA Ha jammne JIy, 6yayT umerh yacrory F=f/(10 000—n),
rie fo— crabunbHas 4acToTa, a n— Jo6oe Iejoe UHCIO, YCTaHABJH-
BaeMoe nepexswoyateasMu. Ha sTom ocHoBaHO MNojyYeHHe CTyNeHYaro
HU3MeHsAeMOi TOYHOH YacTOTHI.

Us ¢opmyabt F=f./(10000—n) BHAHO, YTO YACTOTa AUCKPETHBIX
YacTOTHHIX TOYEK BHIllE NMPH MajbIX 3HAaYeHHAX N M HHUXKe NpU 3Haye-
puax n, G6auskux k 10000. Tlostomy Gosee BHITOAHO HCIOJB30BATH
reHepaTtop AJs paboTH Ha HH3KHX YacTOTax.

PaccmoTpeHnasi cxemMa MoOxeT OBITh HCIOJb30BaHa AJs MOACYETa
cepuit uMnysabcoB. C 3ToH Ledbl0 B aHONHYIO LieNb JaMmbl KaTOAHOIO
NOBTOPHTE/S BKJ/IOYaeTcsi 3MeKTPOMEXaHHYeCKHA CYETYHK, KOTOpPHI moj-
CUHTHIBAET YHMCJO CEPHil MMIYJIbCOB C KOJHUUECTBOM HUMIYJBCOB B CEpHH,
3ajlaHHBIM B cueTuuke. Ha BXOA cueTunKa MOABOASITCA HUMIYJbCH, NOA-
JAexamue cdery. Mix yacrtoTa cjenoBaHHs He JOJIKHA NpEBHINATh CKO-
POCTH paGoOTH MepBOro AEKaTpoHa.
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DEKATPOHHbIA YACTOTOMEP-OA3OMETP

IoBbimenne TpeGoBaHHH K TOYHOCTH YacCTOTOMEPOB M (ha30MeTpoB
NpHBEJO B TNOC/Ie[Hee BpeMs K CO31aHHI0 NPHOOPOB, OCHOBAHHEIX Ha
cyere umnyabcoB. OaHaKo uMdpOBHE yacTOTOMEPH H (a3omeTphl, mo-
CTPOeHHble Ha BAaKyyMHBIX JamIax, JIOBOJBHO CJIOXKHB 1l TPOMO3JKH.
[TosTomy Tam, rae HaMmepsieMble YacTOThi He MPEBOCXOAAT HECKOJbKHX
KHJIOTepL WM TJe HM3MepsieTcss pasHoCTb (a3 Mexay [ByMs Koseba-
HHSIMH HHU3KOH 4YacTOTHI, HCHOJNb30OBaHHe [AEKaTPOHOB NPHUBOAHT K pes-
KOMY YNpPOILEHHIO amnmapary-

o1 . ] pui. Ha puc. 30 npeacrasae-
Brog 1 1 3 5 Ha OJ0K-cxeMa yYacToToMepa-
— ibasomeTpa Ha JAeKaTpoHax,
J_ f a Ha puc. 31 —cxema ero
YNpaBJSIOIEro cTpoiicTBa.

Bgz| 2 4 6 B qacmToymege-qmao-
— S MeTpe, KaK 3TO BHIHO H3

' Wﬁ"w‘,’bcw 6J10K-CXEMBI, HCHOMBb3YeTcst

NATHKACKaAHbIi CYETUHK Ha
CUETHBIX [JleKaTpoHax, MsATH-
KacKaJHbIH perucrpatop 3a-

JAaHHOro yucaa, aHaJIoTH4-
l—ycﬂnméenb NMOCTOAHHOTO TOKa IepBoro Hblﬁ o cxeMe yc'rpoﬁc'rBy
KaHana; — YCHJIHTE/Ib MOCTOSIHHOrO TOKa
BTOPOro KaHaJjla; 3 — ynpasasiiollee YCTpod#- Ha pHcC. 29 (6e3 Gnoka C6P9'
cTBO; 4 — KBapueBhlli reHepaTop; 5 — NATH- ca), ympasJjsioliee ycTpou-
KackaaHbIi lleKa‘l‘é)OHHblﬂ peructpatop 3a- CTBO, YCHWJ/IUTEJNH TMOCTOSIHHO-
AaHHOro 4YMCaa; — NATHKacKaAHBbIH Jexa- “ _

TPOHHBIA CYETUYHK MMIYJIbCOB. F0 TOKa H KBapLEBLIH TIeHe

patop c uactrotoit 10000 ey.

C noMobi0 JeKaTPOHHO-

ro 4actoToMepa-(asoMeTpa, COOPAHHOIO MO YKasaHHOH Ha puc. 30
cXeMe, MOKHO NpPOU3BOAMTDL CJeJYIOHe U3MEPEHHS:

1. Onpenenats pasHocTb (a3 [ABYyX HU3KOYACTOTHBIX HamnpsKeHHil.
Jaist 3TOrO MEpBOe MCC/e1yeMOe HanpsiKeHHe MOoAKaouaeTcss na Bxod 1,
a Bropoe —Ha Bxod 2 (puc. 30). Ilepsoe muccienyeMoe HanpsiKenue
YCH/IMBAETCSl YCHJIMTENleM H TMOCTYNaeT B YNpaBJsiolilee yCTPOHCTBO, KO-
TOpOE B MOMEHT TPOXOXMIeHHA (aspl KojeGaHHs uepe3 HyJb MNOAKJIO-
uaeT KBAPUEBbIH reHepaTop K CYETYMKY MMNYJbCOB. B MOMEHT mpoxox-
NleHHsi Yepe3 Hy/b (asbl BTOPOro KoJsiebaHHs, YCHJIEHHOTO YCHJIUTENEM,
ynpasJjsiollee YCTPOMCTBO OTK/IOYaeT KBapUEBbIl reHepaTop OT Ccyer-
urka. Takim 06pa3oM, MO UHMCIY HMIYJAbCOB, 3a(DUKCHPOBAHHBIX CUETUM-
KOM, MOXHO ONPEJEJHTb PasHOCTb (as.

2. VIaMepaTb mepHOj HHM3KOYACTOTHBIX KoaeGammit. Ilpu sTom o6a
BXOJa COEAMHAIOTCS MNapajienbHO. YmpabJsiiolliee YCTPOHCTBO MOJKJIO-
YaeT KBapLeBbli reHepaTop K CUYETYHKY B MOMEHT NMPOXOXKJAeHHus (a3l
Konegg(;ionﬁ uepe3 Hy/ab H OTK/IOYaeT B MOMEHT NPOXOXJeHUs (a3bl de-
pes .

3. MamepsATb OTpPe3oK BpeMeHH MeXK1y INBYMSI 3JEKTPHYECKHMH HM-
nynbcaMu (nojawrcs Ha Bxod umnyabcos). Ynpasisioliee ycTpoHCTBO
MOJK/MI0YaeT KBapLEBLI TreHepaTop K CUETYHKY B MOMEHT TNpHXoja
NepBOrO  HMNyJabca W  OTK/AIOYaeT B MOMEHT IpHXoja BTOPOro
UMIyJbca.

4. VamepaTb mepHO/ HH3KOUACTOTHHIX KOJeGaHMil C MOBBILIEHHOMN
TOYHOCTBIO, HCMOJb3Ysl PETMCTPATOpP 3aJaHHOrO YHCIA. YnpasJsioliee
YCTPOHCTBO NPH 3THX H3MepeHHsX NOAK/IIOUAeT KBapleBblii reHepaTop
K CUETYHKY B MOMEHT NMpPOXOXKJeHHus (a3bl HM3KOYACTOTHOrO KoJeGaHHs
Yepes Hysb M OTK/AIOYaeT reHepaTop mocje pPerHcTPalHH 3aJaHNOro yHCaAa
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NepHONOB HM3MepsieMbIX KoseGaHHil. YBeJuYEeHHe TOYHOCTH JOCTHUraeTcs
3a CYeT YBEJHUYEHHS HHTEPBAJIOB H3MEPEHHH.

JTa Xe KOMOHMHALMf 1aeT BO3MOXKHOCTb M3MepsATh MEepHOj AO0CTa-
TOYHG BHICOKOUACTOTHEIX KoJeGanuii (10 10 key), mojaBas Ha BXOZ
CYETYHKA HMIYJbCHl HCC/Ie[lyeMOH YacTOTHl, a Ha BXOJ perucrpatopa
3ajaHHoro uucna uacrory 10 xey. Torma umcao MMMyJabCOB 3a MEPHON
BpEMEHH, 3a/1aBaeMblii PErHCTPATOPOM, MO3BONAET CYAHTb 06 HCCieaye-
MBIX BBICOKOYACTOTHBIX KOJeOaHHUAX.

Pa6ora ynpasasiomero ycrtpoiictBa (puc. 31) mporekaer cienyio-
muM o6pasoM.

Jo nHaxaTus kHomku Ku (u3MepeHue) 610K HAXOJHTCA B HCXOLHOM
coctosinuy. Jlesnl#t (mo cxeme) TpHOA nammbl JI5 B [EPBOM CHMMETpHU-
HOM TpHITEpe NpPH 3TOM OTKPHIT, a npaBblit 3akpuiT. HeonoBas nammna JI,
He roputr. Bo BTOpOoM CHMMeTpHYHOM TpHITEPe JeBHIH Tpuoa namnu JI7
TOXE OTKpBIT, a NMpasbiil 3akphT. IIpasbiii TpHox Jammnst JIg B 310 Bpe-
MS OTKPBIT H, IIYHTHPYS] CBOMM MaJ/IbiM BHYTPEHHHM CONPOTHBJIEHHEM
peanctop Ry B CeTOUHOH IenH MNpaBoii MOJOBUHBEI NEPBOTO TPHITEpa,
JenaeT ero HeYyBCTBHTEJbHBIM K HMIYJ/bCaM, IOCTYNAIOIUM C OGOHX
kaHaoB (Bxod I m Boixod 2). IlyckoBas cxema ¢ jamnoit JIy, npex-
cTaBjsiollass co60# HECHMMETPHUYHBIH TpPUITEP, HAXOAMTCA B COCTOSIHHH
yCTOHYMBOrO paBHOBECHs; NMpPaBbifi TPHOJ 3TOH JiaMmbl OTKPHIT, a Je-
BbIl 3aKpBIT.

Konznencatop Cio NMOMHOCTBIO pa3psiZKeH U 3aMKHYT HaKoOpOTKO
KHOMKO# mycka KH.

IMpu naxatun kHonku Ku no uemu RygRs0Cr9 mpoxomuT TOK 3apsina
koujeHcatopa Cyo. MMnyabc HaupsikeHus Ha pesuctope Ry 3amyckaer
Tpurrep Ha Jamne JIy. 3angHuii GpOHT MMNyJbca Ha aHOLE NPaBOro
TpHoja JaMnbl JI;; MePeBOJHT BTOPOH TPHITED B HOBOE COCTOSIHME paB-
HoBecusi. B peaynbrare 3atoro mpaBblii TpHOA Jammbl Jlg 3anupaercs, U
NepBBHIl TPHUITED CTAHOBHTCA YYBCTBHTENbHBHIM K HMIyJbcaM I€pBOro
KaHana (HO MPOJOMKAET OCTAaBaTbCs HEUYBCTBUTENbHBIM K HMIIyJbCaM
Broporo kanana). Temepb 610K OTceukH BpeMeHHOro uHTepBana (JIs)
MOATOTOBNEH K paboTe, O YeM CHTHAJU3HUPYET CBeYeHHe HEOHOBOH NaM-
ol JIg (ITodeoroska), 3aropaiwluefics NMPH «OMNPOKHABIBAHHH» BTOPOrO
TpHITEpa.

B cayuae uamepenuss pasHocTH a3 Ha BXOJbI NEPBOTO H BTOPOro
KaHa/JoB NmpuGopa MOJAIOTCs JBa CHHYCOMJAJbHBIX Kojie6aHHS ¢ HEKOTO-
pbiM ()a30BBIM CIABHTOM MeXAY HUMH. AMIVIMTYIAbl HanpsixKeHu#i MOryT
GBITb PA3JIHUHBIMH. YCHJEHHOE YCHJIHTEJNeM IMOCTOsTHHOrO Toka [ (cM.
puc. 30) HampsKeHWe NepBOre KaHasla MOJAeTcs HA HHAMKAaTOp HyJs,
npeacTaBsomUi co60f HeCHMMETpPHUHBIH TpHUITEep, COOPaHHBIA Ha JaM-
ne Jl,. Ycunuresp HacTpawBaeTcsi TaKuM o6pasoM, yTOOH NMPH IEpexoj]e
BXOJIHOTO HAIpsIXKEHUsl Yepe3 HyJb HalpsiKeHHe Ha BbiXoJe CTaHOBHJIOChH
paBHBIM HaMpsiXKEHHIO cpabaThiBaHHSI HecuMMeTpuuHoro Ttpurrepa. Ilpu
ero cpa6aThiBaHUM 3aropaeTcs HeoHoBas namna JI; (MHAMKATOp HYJs
Bxod IY).

Hanpsixenue, monyyaemoe Ha aHoJe IpPaBoro TpHOJA TPHUITEPA,
nuddepenuupyerca ¢ nomolplo nenodykn CiRy M MojaeTcss Ha CETKY
JlaMIbl YCHIUTE/S] MMIYJbCOB IIEPBOro KaHaja (/eBblii TPHOA HOpMaJb-
Ho 3aneproit Jamnbl Jlg). ITosoKHTeNbHEIE HMIYJBCHL YCHJIUBAIOTCA H
nojaiorcsi yepe3d KoniaeHcatop Cs Ha 6JIOK OTCEUKH BPEMEHHOTO HHTep-
Basa (nammna Jg).

Pa6ota Broporo xaHaaa (namna Jljp M mpaBblil TPHOJ JIaMIIbi J3)
NPOMCXOJHT TOYHO TAK XKE, KaKk M mnepBoro KaHana. [Ipu moJioxeHu#
Pasa nepekniouatens II uMnyJabchl ¢ paBoro TpHoZa Jammul Jl3 uepes
KoHnencatop Cg momajnaroT B GlOK OTCEYKH BPEMEHH.
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Bsiok oTceukn Bpemenudro unrepBana paGoTaeT cienyloliuM 06pa-
3om. OT mepBoro uMmysbca nepBoro kaHana Tpurrep Ha samme Jlg onpo-
KH/IbIBAeTCs, B Pe3ysibTaTe Yero OTKPBIBAeTCs JieBblii Tpuox JaMmel Jg,
M Ha CYETYHK OT HCTOUHHKA HMMyabcoB HH, HauHHAIOT moCTymaTh MM-
nysbcel. B 510 ke Bpems saropaetcs neonosas snamna JI, (Hamepenue).

Tloka mepsblii TpUITep HAXOAHTCS B ONPOKHHYTOM COCTOSHHH, OH
UYyBCTBHTENIEH K MMIYJIbCaM, NMOCTYNAlOLIUM W3 BTOPOrO KaHasla, W He
UYBCTBHTEJIEH K HMIyJbCaM W3 NepBoro kaHaja. ITosToMy oH BO3Bpa-
ILaeTcsl B MCXO/HOE COCTOsiHMe, Korjaa yepe3 BpeMsi Al MPHXOAHT HM-
nyjabc H3 BTOporo kanana. Ilpum sTom 3amupaercsi JeBHIi TpHOA JaM-
nbl Jg, racner neonosast namna Jl, 0 MMIyJbChl [EpecTaloT MOCTYNaTh
B cuetyuk. Yepes xonpencatop Cip Ha BTOPO# TpuITep MOmaeTcs OTPH-
LlaTe/bHBIH HMINy/IbC, BO3BPAUIAlOLIMH €ro B HCXOfHOe cocTosHue. Ilpa-
BblA Tpuon Jamnbl Jlg OTKpHIBAaeTCsi M, WIYHTHPYS NepBblid TpHUITep, He-
JIaeT ero IHeYyBCTBHTE/JbLHBIM K HMNYyJAbCaM OT NEPBOTO M BTOPOr0 KaHa-
JIOB. ¥YnpasJsiioliee YCTPOACTBO NPUXOAHT B HMCXOJHOE COCTOSIHHE.

Ilpn wu3MepeHuMm nepHojsa HH3KOUACTOTHBIX KoJeGaHuii KoHJeHCa-
top Cs nojcoenuHsieTcss Nepek/awodatejeM [I K aHOMy JIeBOro TpHOAA
aamnsl Jl3. Torja [Ba Ioc/eloBaTe/bHbIX MMIYJbca, NOCTYNAOUMX HA
koHnneHcaTopsl Cs n Cg M3 OJHOH TOUKH cxeMbl, GYLyT COOTBETCTBOBATDH
NpoXoxKJeHHI0 (asbl uccaenyeMoro kKosnebGanus uepes 0 u 360°. Kosnue-
CTBO MMIynbcoB c¢ vactoTod 10000 ey B cueTuHKe 3a 3TOT HHTepBal
OfpeNeauT AJIHTEJbHOCTb TepHoxa KosebaHus.

Hcnosnb3oBaHne perucTpatopa 3aJaHHOTO YMC/Ia NO3BOJSIET JNOGHTB-
cst GOJIBLION TOYHOCTH NMPH u3MepeHHMH 4dacToT Huxke 500 ey. Tak, Ha-
npumep, AJs TOYHOTO M3MepeHHsi 4acToThl 50 2y HYXHO HAaCTPOHTb
cueTdHk cepuit Ha 500 LMKJIOB, a HccaelyeMoe HanpsiKeHHe C YacTOTOH
50 24 noaBecTH Ko BXOAY NepBoro kaHana Bxod I u k saxumy HH,
CBSI3aHHOMY uepe3 Tpuox JI2 ¢ perucrpatdspom. Ko BTOpOoMy KaHaay
Bx00 2 HyxHO nojasecTH BBIXOJHOM MMIyJbc perucrpartopa. Ilocie na-
yaja H3MepeHHss B MOMEHT INpHXoja NepBoro umny/bca 50 24 cueTHHK
HayMHAeT CYHTaTb MMNyJabchl 10 key, momsoguMble K 3amumy HH,,
a pEerHcTpaTop — HMIYJbChl HCC/e/[yeMOfi 4acTOTHI,

IMocne npoxoxpaenns 500 MMIY/AbCOB B PErHCTPATOp IOC]eHHA
MoJaeT CHUrHajl Ha BXOJA BTOPOro KaHaja YHPaBJSIOLIEr0o YCTPOHCTBA
¥ npekpautaet cuer. JliuTenbHOCTh M3MepeHHsi cocTaBaser 10 cex, 4To
M03BOJISIET MOBLICHTH €ro TOYHOCTb Jo 1-10-5.

Hetounoctp wactorhl 50 24 ompenessieTcss MO YHCAY HMMITYJbCOB, Ha
KOTOpoe oTnuYaerTcs uudpa B cyeryuke ot 100000. Tax ke mpocTto
onpejensieTcs, HanmpuMmep, MNOrpelwrHocts yacTothl 48 ey. Jas 3aToro
HYXHO yCTaHOBHTb perucrpatop Ha untppy 480. Torma morpem-
HOCTb ONATb MOMET M3MepATbCS M0 OTKJOHEHHIO LHpH cYeTyHKa
ot 100 000.

Bo3MOXHB HeKOTOpble JPYrHe NpHMeHEHHs OINMCaHHOro mpHbopa.
Tak, uanmpumep, MOXHO H3MepSATb HHTePBaJ BPeMEHM MeXKAy JAByMA
MMIy/IbCAMH, TIOfABasi MX HAa 3aKHMB Bxod umnyrbcos.

Ipubop ¢ ycmexoM MoxeT ObITb HCMOJb30BAH MPHU CyeTe HMIyJb-
COB MOHH3HDYIOILEro H3JyueHHsi B silepHOM TeXHHKe, KOra HeO6XOXMMO
H3MepeHHe YHC/Ia HMMYJbCOB 3a JNAHHBIA MHTepBaJ BPeMEHH HJH oMpe-
JejeHHe MHTepBaJa BPeMeHH, 32 KOTOpbl Ha BXOJ CYeTYHKA NOCTyMaeT
3aJlaHHOEe YHCJO HMITYJbCOB. )

B mepBoM cayuae HMMyJbcH, OBHapykeHHbie cuerymkom [Ieiirepa-
Miosslepa WM CUHMHTHINSLHOHHBIM CYETYHKOM M c(POPMHPOBaHHbE mO-
crenymollell cXeMo#, TMORAIOTCH Yepes 3aXKHM I’IngB cueTynk mpubopa.
Torma perucTparop 3aJaHHOTO YMC/IA, CYMTAKOUIMA HMIYJbCH CO CTa-
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6unpiiofi wactotoit (3axknm HH,), ucnosndyercs ajsi 3afabiisi BpeMcHH
oTCYeTd.

Bo BTOopoM cayuae cOpPMHPOBAHHBIE HMMIYJbCHI HOHH3HPYIOLLETrO
H3JIyUEHHs] TOABOASATCS KO BXOAY MEPBOrO KaHaja YIpaBJsiOLEro
ycrpoiictBa u uepe3 tpuog JIp (zamum HMH,) — Ha BXOm perucrparopa,
YCTaHOBJIEHHOTO Ha 3ajaHHOe uucJ0. BbiXoj perucrpatopa MOACOENHU-
HseTcsi K 3axuMy Bxod 2. K cueTunky MONBOASITCS MMMYJbChl M3BECTHOM
4acToThl. [To KOJIHUECTBY HMMYJbCOB B CUSTUAKE MOMKHO ONpPENEJHTb HH-
TepBas BPEMEHH, 3a KOTOPHIH Npolia CepHsi HMIYJbCOB H3JIYyYeHHS
C 3a/laHHBIM YHCJIOM.

TAXOMETPbI

IlpuMenenne uH(POBOH CYETHOH TEXHHKH MO3BOJIIET MOJNYUHTb JIO-
Oble, Hamepe] 3ajaHHbie TOYHOCTH H3MEPeHHsi H OTcUeTa, KOTOpble Helo-
CTHXKHMBI TIDH HCNOJIb3OBAIMH TAaXOTeHepPaTOPOB M CTPOGOCKOMHYECKHX
TaXOMeTPOB.

Huxe npusegeHo onucaHHe OJHOTO H3 TaxXOMETPOB C HCMOJb30-
BaHHeM JekaTpoHoB. C NOMOLUBIO TAKOTO TAaXOMETPa MOMKHO H3MEpHTb
cKOpocTh Bpailenusi Typounsl o 20000 06/mur npu TOYHOCTH OTCYETA
+1 o6/mun. Taxomerp aBTOMaTHYECKH BO30GHOBJISIET 3aMep ; CKOPOCTH
Kaxable 3 cex, mpuyeM pe3y/bTaThl H3MEPEeHHil MOTYT CYHMTHIBATbCsl BH-
3yanbHO U ¢oTorpadupoBaThCs € MOMOIIBIO aBTOMAaTHYeCKHX YCTPOMHCTB.
UsmMepenne cKopocTH TypOUHBI TPOM3BOLHMTCS 3a HHTEpPBaa B | ceK u
c6poc nokasaHufi cuerunka 3a 0,2 cex o HOBOro 3amepa,

Ha puc. 32 npexacraBnena 6Jsok-cxema Taxomerpa. Ilutaembifi oT
TypOuHBl TpexdasHblii reHepaTop MPHBOAMT B JABHXKEHHe CHHXPOHHBIHA
5JIEKTPOJBUraTe/b, YCTAHOBJIEHHBH B M3MepHuTesbHOM mpu6ope. Ha ocu
3/IEKTpOJBHTaTelIsl 3aKpemjeH AHcK ¢ 60 we-
J§IMH, KOTOpBIHl OCBelllaeTCs JlaMNOi HaKaJH-
Banusi. [epManneBbifi GOTOANON, MOMEIIEHHEIH
3a JMCKOM, TeHepHpyeT 60 3/1eKTpHUECKHX
HMIYJIbCOB 3a KaxAbli o6opor aucka. [Tocie
YCHJIEHHSI 3TH HMIYJbChl MOCTYNAIOT Ha KJlO-
2 4eByI0 CXeMy M yepe3 Hee B cueTuMK. Kaioue-
5 Basi cxeMa MpOMyCKaeT HJH 3alHpaeT IOTOK
A 6 MMITyJIbCOB, TeHepHpyeMblX (GOTOAMONOM, B 3a-
BHCHMOCTH OT MOJXaHHBHIX Ha Hee BHEMIHHX
3 ynpasisiioux curuajos. Ilociennue cosna-
I0TCS CHCUMANBHBIM OJIOKOM, K KOTOPOMY MO
nBym wuHaMm A u b noaBonsiTcs OT HCTOY-
HHKa HMOVJbCH ¢ yactotofi | ey. Mmnyabch
na wmune A sanasgeiBator Ha 0,2 cex mo OfT-
HOLUEHHIO K HMMYJbcaM Ha uHHe b.

Bsaok ympaBieHHs npeicraBiser co6o#
CXeMy C TpeMs YCTONYHBBIMH IOJIOXKEHHSIMH.

1 &

Puc. 32. Bagok-cxema

uudpoBoro Taxomerpa.

1 — naTuuK  CEeKYHIHBHIX
HMMIYJIbCOB; 2 — ymnpaB-
Jsilolliee ycTpoficTBO; 3 —
KiljoueBast cxema  (3Jek-
TPOHHBIR KsamaH); 4 —
CYETYHK HMIMYJBbCOB Ha
ZleKaTpoHax; § — TypOuHa;
6 — Tpexda3HHt reHepa-
TOD; 7 — CHHXPOHHH
3J1eKTPONBHTaTeNb C IH-
CKOM M YCHJIHTENb HM-
nyascoB ¢oronuona.

52

B HeM McKJ/IOuaeTcsi KaxAblf TPETHH HMIYJbC
M3 1[OC/e0BaTeJbHOCTH HMIYJIbCOB WHHBL A,
a yacToTa MOBTOPEHHsI HMMNYJAbCOB WHMHEI B
JEJHTCH Ha TPH. BHIXOnHbIE HMMYJbchl 6JI0Ka
ynpaBJieHHs,, COOTBETCTBYIOLIHe 1Mo ¢a3e BXOL-
HBIM HMIyJbCaM WHHb A, ynpaBJasilOT KJloye-
BOH cxeMoii, 3amupas ee Ha 2 cex Tmocje
OJHOCEKYHJIHOTO HHTepBana H3MepeHHH. Brl-
XOJHbie HMIYJbCH, COOTBETCTBYIOIIHe mo ¢a-
3e BXOJAHBIM MMIyJbCaM IIHMHB b, mpoHu3Bo-



AT cO6poc MEKaTPOHHOTO CYETYHKA Mepel KaXAbiM CEKYHAHLIM HHTCP-
BaJIOM H3MepeHHs. Mexly oxonuandeMm CeKylIHOr0 UHTepBaja H3Mepe-
HHSl M HMNyJbcoM cOpoca NpPOU3BOAMTCS BHU3yasnbHOe CYHTBIBAHHE pe-
3ynbTara.

OneKTpHYecKas cxeMa TaxoMeTpa MOKa3aHa Ha puc. 33, a uanps-
XKEHHSI B Pa3/MyHBIX ee TOYKax — Ha puc. 34.

Kak BHIHO M3 cxeMbl pHC. 34 NaTYUK CEKYHIHBIX HMIYJIbCOB Bbl-
TNONHEH Ha KBapLeBOM reHepaTtope c 4yacToToift 1 xey (Ha namne JI))
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Puc. 33. BpeMeHHEle XapaKTepUCTHKH CXeMBl TAXOMETpA.

a — MMIYJbCH B HENAX HYJEBOro H BOCBMOro KaTOAOB AEKaTpo-
Ha JIz (puc. 33), momauiHecs Ha WHHH A H B COOTBETCTBEHHO;
6 — Tok uepe3s OOMOTKY pese P, (pese cpabaThiBaeT H OTHY-
CKaeTcst C 3alepXKKOH N0 OTHOIIEHHIO K NepefHeMY H 3alHeMY
bpoHTaM HMNYJBCOB TOKAa); 8 — YNPABJSIOUIMe HMIYJbCH, MOX-
BOOHMBIE K KJIOUeBOH cxeMe, W TOK uepe3 JaMmny J; & — HM-
NmyJbC TOKAa 4epe3 pejie P;, NpUBOASIIHA K c6pPOCY CUETUHKA;
T, — nepuon u3Mepenusi (1 cex); T; — NEepHOX CUHTHIBAHHS pe-
syabTaTa (1,8 cek); T3 — mepHol, KOrAa CueTYHK c6GpomeH Ha
HyJb mNepel cJhaeAyiomuM usmepenueM (0,2 cex).

C MOCJERYIOLIHM JeJeHHeM YacToThl Ha TPex jJeKaTpoHax (Ha puc. 34
nokasahbl jBa JekaTtpoHa JlIg u JIs). B kauectBe npubopa JIs Hcnounb-
3yeTcsl KOMMYTaTOPHbBIl 1eKaTpOH, YTO MO3BOJIAET CHHMATb C €ro BOCh-
MOT0 M HYJEBOTO KaTOHOB CABHHYTble BO BpeMeHH Ha 0,2 cex HMNyJbCH
H TIOfaBaTh WX Ha WHHB 5 u A coorBercTBeHHO (puc. 33,a).

JIBeHaAUaTHKATOAHBIH NeKaTPOH JI7 HCIOJb3yeTcsi B KauecTBe MeJH-
TeJdsi 4acTOTH Ha Tpu. [l 3TOro ero Karoibl OGBEJHHSIOTCH B TPH
rpymnsi: 0, 3,6, 9—1, 4,7, 10—2, 5, 8, 11

Korna paspsa B Aekatpone JI; ycTaHaB/aMBaeTcsl Ha KaToiax, B Le-
NH KOTOPHIX BKJIOYEH Pe3HCTOpP Rgo, MOTEHUHAJ CeTKH NPaBOrO TPHOAA
namnu JIg nopHHMaercsi, W pese P; B ee aHOXHOM lenu cpaGaThHBaeT
(puc. 33,6). TeM caMbiM Mpekpallaercss MOAAaya CEKYHIHBIX HMIYJbCOB
¢ aamnu Jlg K kawodeBoit cxeme (samnbl JIyo u Jpy).

Tak Kak pese cpaGaThbiBaeT C HEKOTODPOH 3ajlepXKof, To K Kiioue-
BOH cxeMeé NpPOXOAST fBa H3 KaXKAHIX TPeX HMIMYJbCOB, BO3HHKAIOUWIHUX
Ha anopme Jammsl Jg (puc. 33,8). Korna paspsan B jmexatpone JI7 mepe-

53



Puc. 34. Cxema mu¢po

a — NMPpoMeXyTOouHass NeKaTpOHHAasA nekana, oAHHaKoBas C nekanHof
TOYHBIE JA€eKaabl, ONHHAKOBBIE

XOIHT Ha KaTOABl C pe3UcTOpaMH R u Rsap, MOTEHIHMas CETKH JIeBOTO
TpHojaa Jaamnel Jlg MogHMMAaeTcs 10 TOYKH OTCEYKH aHOJHOTO TOKa.
B xaymem pexume namna Jlg OTKpoeTcss B MOMEHT OpuHXOJa Ha ee
CETKY HMIyJbCa C pe3ucTopa Ry, YCTaHOBJIEHHOrO B LIENH BOCbMOrO Ka-
Tona mekatpoua JIs. Tok neBoro Tpuopa nammel Jlg 3actasiser cpaGo-
TaTh pesne P, B ee aHoAHOM uenu. DTo peje cpabaThiBaeT Ha KOpPOTKOe
Bpems W 3a 0,2 cek 10 Hayajsa CUETHOro LHKJa IPOH3BOAHT cOpoc ne-
KaTpOHOB CYeTYHKa Ha HYJb, MOAK/IOYas € IIOMOLLbIO KOHTaKTa HHIH-
KaTopHble KaTOAB (KpoMe HyMeBbix) M NONKAaTOAbl fAekatponoB J;3
u J5, a TakKe TPH AEKAaTPOHA, He MOKA3aHHBIX HA CXeMe, K HCTOYHHKY
TOJIOKHTENBHOTO HAMPSIKEHUsl. DTO Ke pesie MOXKeT MojaBaTh CHTHAM Ha
¢doTokamepy AJis CHEMKM pe3yJbTara, 3adHKCHPOBAHHOTO B CYETUHKe.

CueTHlle uMnyasch oT dotoauosa DL ycunupaiorcs gamnoli Jg
W NOCTYNAOT B CYETUMK uepe3 KuloueBylo cxemy. Ilocienuss npeacras-
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BOro taxomerpa.

Ha mnpaBoM TpHoXe Jnaminl JI; U nekaTpoHe JIs; 6 — TPH NPOMEKY-
¢ nekano#t Ha JI14/Is.

JiieT coGoft TpHrrep ¢ JABYMsS YCTOHYMBBIMH COCTOSIHHSIMH, cOGpaHHBIf
ua namnax J1 u JIj;. KmoueBasi cxema OTKpbiTa B HHTEPBa/n BpEMEHH,
COOTBETCTBYIOILEH OTKPBITOMY COCTOsIHMIO JaMmbl JIjo ((puc. 33,8). B Te-
YeHHe 3TOr0 BpPEMEHH HMMyJabchl (GOTONHOAA, MOABOAUMEIE KO BTOPOA
ynpasasioueil cetke saMmbl Jlyp, YCHAMBAIOTCS W MEPENAOTCA Ha BXOJ
cueryuka (nammna JIyp). Takum o6pasoM, nokasauus cuerdynka (/13
H JIj5) COOTBETCTBYIOT CKOPOCTH TypGHHHI.

C nomouwbio kaoya K, MPoM3BOAMTCH KOHTPOJb PAGOTHI CUETYHKA.
BxuioueHneM Kiioua mpephiBaeTcs LEMb UMMYJbCOB OT mpeo6GpasoBaTels,
M BMECTO HHX TMOABOASTCA WMIYJbCHl OT KBapueBOro reHepaTropa
¢ vacroroit 1000 ey. Kmouom K, mpou3BOAHTCS OCTaHOBKAa TaxoMeTpa
¢ «(uKcanueil mMocJeaHEro pesysabTaTa CHeTYHKA.
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NEPEKJIIOYATENMN ANA TENEMETPUM

B o6nactu TeJIEMETDHH, TEJEYNpaBJeHHsT H CBA3H HaxoaaT sce 6o-
Jiee LWIHPOKOe pacCnpoCTpaHeHHe 3JEKTPOHHble NepeK/aioyaresd HCTOYHHKOB
CHrHaJIOB, KOTOpble NO3BOJIAAIOT YNPOCTHTbL JIMHHH CBA3M H YMEHbIIHTb
HX 4YHCJO.

Kak npasuJio, SJleKTPOHHbIﬁ nepex/yuare]b COCTOMT H3 HECKOJbKHX
NOJKJ/IOYEHHBIX K OOLUeH JHHHH nepefavyn KJlO4YeBbIX CXeM, yepe3 KOTO-

Ry K ycunruresio
u Quckpusunamopgy

TIKZ Gy
(ot ,(___ﬁ.._._ _o_ .;. -=
o

UMnysocs cur- 2 L 2?3 4}"5 6?7 6'3;
X Qo
..L Cxema '—J
B~ ynpas- s

Henus

C, SC, TRCs 50 2L
T LTI
Bxad 1 Bxod 3 Bxad 5

8x0d 2 Bxod 4  Bxod 6

Puc. 35. CxeMa ynpouieHHOro 3JeKTPOHHOTO mepe-
Koy aTens.

Bxod I — Bxon TeneMeTpHueckofl cucTeMmsl; Bxod 2, 3,
4, 5, 6 — Bxolbl KaaHGPaUHOHHBIX reHepaToOpOB.

pble TPAHCIHPYIOTCS CcHrHajbl. KiloueBble cXeMbl MOC/I€A0BATeNbHO OT-
KpBIBAIOTCS Ha ONpeJe/ieHHble HHTepBaJibl BPeMeHH, KOTOpble 3a4aloTesl
ClelHaNbHBIM TeHepaTopoM HMITYJbCOB,

HcnonbsoBanue KOMMYTaTOPHOTO JeKaTpOHA B KauecTBe reHeparopa
MMNYJIbCOB AJS NepeKJIoYeHHsl MO3BOJSET [0 CPaBHEHHIO CO CXeMaMH
Ha BaKyyMHBIX JaMNax NOOHTbCs CYLIeCTBEHHOM SKOHOMHM B cXeMe re-
liepaTopa NpH OJHOBPEMEHHOM YBEJHYEHHH YHCJA NepeKaIoyaeMbiXx KaHa-
nos fo 10. B aToM pexuMe BbIXoqHnas LeNb KaxXAOro KaTofa AeKaTPOHa,
HCNIOJIb3YEMOr0 B KauyecTBe MepekJiodaTesisi, COeJHHAeTCs CO BXOAOM
COOTBETCTBYIOLLEH KJIOYEBOA CXeMBl.

FiMeloTcsi, OHAKO, YAaCTHBIE 3a[1aUd B TEJEMETPHH, Ile NpPHMEHeHHe
"JIEKATPOHOB MOXET J[aTh elle OoJbllyl0 3KOHOMHIO. OaHHM H3 TaKHX
ciyyaeB MOXeT GbiTh [epellaya JaHHBIX O CHTHajle C H3MeHsiouledcs
YacTOTOH COBMECTHO C.OTMeTKaMH, NpeJCTaBJAIOLIMMH COOOH 3apaHee
3ajJlaHHble BBICOKOCTAGH/IbHbIE YaCTOTHI.

Ha puc. 35 npexcraeneHa cxema yCTpOHCTBA .Jisi ll€penayu CHrHa-
JOB OT HECKOJbKHX YaCTOTHbIX BXOJOB Ha YacCTOTHBIA AHCKPHMHHATOP,
npeoGpasylomnii MX B CHCHaJbl IOCTOSIHHOTO TOKAa, COOTBETCTBYIOLIHE
N0 YPOBHIO YacCTOTe BXOIHLIX CHTHAJIOB.

B 1uenb KaTomOB [eKaTpoHa MOJAIOTCS CHTHaJbl OT PasjHYHBIX
MCTOYHHKOB 4YacCTOTH. B menb o6benuHeHHbIX katomos 0, 2, 4, 6 u
NOCTYNAeT CHTHA/ OT Te/leMETPHYECKOH CHCTEMEI, a B Lenb KaToxos I, 3,
5, 7 n 9 4acToThl OT BBLICOKOCTaGHNbHBIX HCTOYHHKOB, CJyXKaulux AJst
KanuGPOBKH BLIXOAHOTO YpOBHS AHCKpHMHHATOpa. Bce yacToTn HMelOT
NOpSIZOK COTeN KHJOorepi.
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AmnnuTyana KojeGaMuit Ha KaToAHON Harpyske JekaTpoHa Ansl mpa-
BIJIbHOH paGoTHl TepeksioyaTesis He AOJ/KHA npesbimath 10 8. dddekr
NepeK/IOYeHHsi COCTOMT B TOM, YTO NpPOBOAMMOCTb MeEXIY AaHOLOM M
HITBIpEM KaToja, Ha KOTOPDOM yCTaHaBJWBaeTCsi pa3psij, OKasblBaeTcs
3HAYuTeJNbHO OOJbLIEH, YeM Mexay aHOJOM H OCTaJbLHBIMH KAaTOLaMH.
3a cyeT 3TOro B AaHOAHOH Hemi pxeKaTpoHa HaG/OAAOTCS KosieGaHHUs
TOH JKe 4acTOTBI, YTO M Ha Harpy3Ke cBeTsilerocsi wTteips Karoga, Cie-
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Puc. 37. BecKOHTaKTHBIH KOMMYTATOp C KJIO4aMH Ha 3JeK-
TPOMAarHHTHBIX peJie.



JYeT 3aMeTHThb, YTO 3JEKTPHYECKasi CBsI3b MEX/JY aHOAOM M CBETSIIUM-
C KaTONOM OKa3blBaercsi GoJiblied y Tex THMOB JeKaTPOHOB, paspsi-
HOE CBeyeHHe KOTOPbIX YaCTHYHO 3aXBaThIBAET aHOA.

C anopa jekaTpoHa KOMMYTHpPyeMble KoJieGaHHs MOAAKTCS HA yCH-
JIHTeJb, C HEro— Ha WYYBCTBHTEJIbHBIH JHCKPHMHHATOpD M C BBIXOAA
JUCKPHMHHATOPA — HAa YCHJHTENb [J5l MHTAHHs OTKJIOINSAIOUHX MJACTHH
9JIEKTPOHHOMYYEBOH TPYOKH.

JBe npyrue cxeMbl KOMMYTaTOpOB, Noka3aHHble Ha puc. 36 u 37,
o0ecreyyBaT MaJjlioe TNepexojHoe CONPOTHBJIEHHe BXOJ—BBIXOJ.

Cxema puc. 36 npejacrasisieTr coG0i GeCKOHTAaKTHBIH KOMMYTaToOp
Ha JHOJax C ynpaBjeHHeM OT JeKaTpoHa. B HCXOZHOM COCTOSIHMM Ha-
npsixKeHHe HMeeTCsi TOJbKO Ha pesncTope R;. DTo HampsKeHue uepes
yeunurens (T,) moctynaer nHa auox [, u 3anupaer ero. B pesyasrare
HanpsiXeHHe BXOJa NepPBOro KaHaja IOCTYNaeT Ha BBIXOJ KOMMYTaropa.
Ocranbuble guonst Hdo— /o vuepe3 Majioe BBIXOJHOE COMPOTHBJIEHHE YCH-
qureneit 3aMblkatloT Bxoabl 2—I0 Ha kopmyc. [locrynmienne Ha BXOA
JlekaTpolla HMNyJbca [epeMellaeT paspsifi C ero nepsBoro Karojaa Ha
Bropoi. Ilpu 3TOoM K BBIXOAY, MO aHAJOTHH ¢ NpPEABIAYLIHM cJaydyaewm,
NpHCOeiHHsIeTCS BTOPOH BXOA.

Cxema puc. 37 Hcmoab3yeT B KauecTBe KJioued 3/1€KTPOMAarHHTHbLIE
peng. B ocranbHoM mNpHHIMN paGoOTbl KOMMYTAaToOpoB COBHajaer.

MNPUBOP AN1A YMNPABJIEHUA PEXXMMOM CBAPKU

Hcnosb3oBaHHe 1J1st yNpaB/leHHs: BpPeMeHEeM CBapKH YCTPOHCTB C Ha-
KOMUTEJIbHOH €MKOCTbI0 YacTO He MO03BOJSiET MOJYYHTb HEOOXOXHMBIX
TouHccTell. BBUAY 3TOro HHTEpeCHO NMPHMEHeHHe AeKaTpOHOB B mpubope
JJ1s1 TOUHOrO yNpaBJieHHs BPEeMeHeM IUOBHOM M TOYEYHOH CBAapKH.

B omnucbiBaeMoM npu6ope MpakTHYECKH JOCTAaTOYHAsi TOYHOCTb pa-
GOTbl TOJIy4aeTcss MPH HCIOJb30BAHHH TAKOI'O HCTOYHHKA YacTOThl KakK
npomblllIeHHass sjaeKkTpoceTb 50 ey. BosabmuM 3KcniyaTauHOHHBIM IIpe-
MMYLIEeCTBOM NMpuGopa sB/SETCs TO, YTO AEKATPOHBbI AONYCKaOT BH3Yallb-
HYI0 HH/JHKALMIO MPaBHJIbHOCTH PAGOTHL. YCTPOHCTBO MOCTPOEHO Ha ABYX
JeKaTpOHaX, OJHH H3 KOTODHIX YNpaB/sieT BpeMeHeM NPOIyCKaHHs TO-
Ka, uepes MeCTO CBapKH, a BTOPOH — May3oil MexJy nepHoaamu Mpomy-
CKaHHUS TOKa.

Ha puc. 38 nokasana cxeMa ycrpoiicrBa ajs wmosHoil csapxu. Cero
[IOMOLIbIO YEPE3 MECTO CBAapKH NepHOAHYeCKH [MPONyCKAlOT HMIYJbChl
TOKa, pasjelieHHble ONpefeNeHHBIMH nay3aMu. CxeMma MOCTpOeHa TaKHM
06pasoM, uTO Naysa Mex1y NepHOJaMH NpONMyCKaHWs ToKa, OIpene-
nseMasi LeKaTpoHOM JIz, paBHa 4YeThIpeM LHKJIaM, a MepHOA CBapKH,
onpefensiemMblii 1eKaTPOHOM JI4, — NATH LHKJAAM KoneGaHW# 4YacTOTHl
50 ey.

Ha 3axum A cxembl nocrynaior cHOpMHPOBAHHbIE MPSMOYroJbHbIE
KoneGanus 50 2y, KoTophle orpanuuupatorcs auomamu [, u Hip. Cuny-
couja, H3 KOTOpOH ¢(OpMHPYIOTCS NpsiMOyroabHble KoneGanua 50 e,
MOXKeT 6biTb CABHHYyTa 1O (pa3e K ONOPHOH 4YacToTe C NOMOLbIO (a3o-
BpallaloUero MOCTa, He NOKa3aHHOro Ha cxeme. B HCXOfHOM COCTOAHHH
paspsinel B JeKaTpOHAX YCTaHABIHMBAIOTCH Ha HYJEBHIX KaTojax.

[Mocne cospanusi HeOGXOJMMOrO [aBleHHs B TOYKe CBapKH KOH-
takT K, 3aMmblkaercs, a KoHTakt K, pasmbikaercsi. IIpsMoyrosibHble KO-
JeGanusi ¢ uacToToii 50 ey MoCTymaioT Ha JBe CXeMbl COBNajeHHi
(RiRs o3 u RyR 4 Hel7), BoiXoAb KOTOPHIX (3axuMbl B u B coorser-
CTBEHHO) CBfi3aHbl C ceTKamu ynpasaswowux aamn J1, u J5. Kore6anus
GyLyT MOETynaTb M3 CETKH JIaMIl TOJbKO B TOM cilyuae, €ClIH Ha TOuKe
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cxeMmbl COBHajeHnfl, CBA3aHION C KaTO/OM JIeKaTPOHA, MMeeTcsi MOBHI-
leHHOe HanpsKeHHe, COOTBETCTBYIOIlEE TFODEHHIO Paspsa Ha TOT Xe
KaTozl.

Tak KaK B HCXONHOM COCTOSIHHH Paspsib B AEKaTpoHaxX YCTaHOB-
JeHbl Ha HYJEBbIX KaTONAX, TO BHAYaJje MMIYJbCH IPOMYCKAIOTCH TOJb-
ko k qamne JI,. Korna paspsan B nekaTpoue Jlp MpOJABMHETCH 1O UeT-
BepTOro Karoaa, cxema coBnaneHuil RioRpMlell; npuoGperer cnoco6-
HOCTb NMPOTYCKaTb MMNYJbchl K namne Jls, W aekatpon JI; nauHer cuu-
tatb. I[Ipu 3ToM paspanl B aexkatpone JI, GyJeT OCTAaBaThCA Ha YeTBeEp-
TOM KaToje, TaK Kak cxema cosnanenuit R;R3/./l; He nponyckaer BxoA-
Hble UMIyJbCht Ha Jamny JIj u3-3a yxoja paspsja ¢ HyJeBOro KaTona
nexatpona JI, mocne mpuxona K saxumy A mATOro MMImyabca.

Paspsan B pgekatpone JI, mocieloBaTesbHO MEPEHOCHTCA € KaToja
Ha KaToi, M B MOMEHT, KOrJla OH yCTaHaBJHBAETCA HAa MATOM KaToje,
Ha ceTKy Jsamnbl JIs mocTynaer HOJOXHTENbHbIH HMIysabc. Ha ee aHone
BO3IIMKaeT GO/blUOH OTPHLATENbHbI HMIYJLC, KOTOPHIE cOpachiBaeT Je-
KaTpoHbl Ha HyJb. Ilocie 3TOro Bech OmMMCAHHBIA IMKJ MOBTOpSETCA.

Kak BUAHO H3 cxeMBH, BO BpeMs paboTel nekatpoHa JI, BXojHble
HMIYJILChl €r0 ynpasJsiolleli cXeMbl OJHOBPEMEHHO MOCTYMalOT Ha ceT-
Ky saamnbl Jlg. C aHoma 3TOH J1aMmbl ‘MMIYJbCH IOCTYNAlOT Ha CXeMy
MOJKMTa MOLIHBIX MFHMTPOHOB. CnBur (asbl UMNy/abCOB Ha 3axume A
MO OTHOLUEHHIO K omopHoH uyacrore 50 2y mMo3BoJsieT peryJjupoBaTh yroin
OTCEYKH UTHHTPOHOB. UHC/IO LMKJIOB pPaGOTHl MTHHTPOHOB, yCTaHaB/IMBae-
MOe yCTPOHCTBOM, H OTCeYKa TOKAa B KaKIOM IHKJe, yCTaHaBJMBaeMmast
¢dasoBpalareseM, ONpPELeNAOT MOJHYIO 103y TOKa yepe3 MeCTO CBapKH.

Ias npekpaienns pa6oThl nmpubopa Heo6XOJHMO Pa3OMKHYTb KOH-
takT K; u 3aMKHYTb KOHTAaKT K, 4TO NMpUBOAMT K CGpOCY [AEKaTPOHOB
Ha HyJb B cayyae, ecau pa6oraer aekaTpoH Jlp, T. €. eCIH KOMMyTa-
uMst NPUXOAMTCA Ha naysy. Eciu Ke KOMMyTaluusi KOHTAaKTOB NPHXO-
JIHMTCS Ha nepuoj pa6orbl mekatpoHa Jl,, TO LHKJ CBapKH 3aKaHYMBAETCs
HOpMasbHO, H JIMIIb [OC/Ae NMpHXo#a paspsAna B jgekatpone JIy Ha ms-
THIi KaToJi JeKaTPOHBI cOpachiBAaiOTCs Ha HYJMb, M CXeMa IpeKpalaer
paborty.

IIpu ToueuHoii cBapKe pafouMi LMK/, KOTOPHIH COCTOMT H3 Nay3bl
¥ TepHoja CBapKu, ABJSETCA ENMHCTBEHHBIM. [l MOBTOpEHHs LHMKJA
Tpe6yercsi mosTopHOoe BKjlouenue. Ha puc. 39 npuBenena cxema pJafl
TOYEeYyHOM CBapKH, HAaCTpPOeHHad Ha Iaysy, PaBHYIO TPeM LHKJaM, W Ie-
PHOZ CBAapKH, paBHBIl YeThIpeM LHKJIaM 4acToThl 50 2y.

Tlepen Hauasom paGoThl nekaTponsl cGpomeHsl Ha uymab, [locne
3amblkanusi KoHTakTa K; ¥ pasMbiKanHsi KOHTakToB Ky m Ks MMIyJbChl
¢ wacrtoroit 50 2y mocrynaloT uepes cxemy cosnageHnit R R Mp/[; na
cerky samnbl JI;. Paspsin B nexkatpone JI; fBMXKETCsl 10 Tex Mop, MOKa
He yCTaHaBJMBaeTCss Ha TPeTbeM KaToje, MOTeHLua] KOTOPOro ImoBbI-
maeTcss u oTmHpaer cxeMy cosnaneHult RoRs[Jell;. Hauunas c uersep-
TOTO BXOJHOTO WMIYJbCa, paspsj B jekaTpoHe JI, MOC/I€L0BATENBHO
nepeHOCHTCA Ha TNoCHepyoliue KaToxwl, a jekatpon Jl; oCTaHaBJH-
BaeTcsl.

BosunKHOBeHHe paspaja HAa YeTBEPTOM Kartoje AeKaTpoHa JI, mpH-
BOAMT K TNOSIBJEHHIO MOJIOXKHTEJIbHOrO HMIY/bCa Ha CeTKe YyNpaBJsio-
uell gamnel JI; 0 TeM caMblM K mepexopy paspsna B nekaTpone Jl Ha
yeTBepThIl KaTol. Tax Kak oGe CXeMBl COBMajJeHHil mocjie 3TOro TepalT
CHOCOGHOCTb MPOMYCKaTh HMIYJIbCH K YNPaBJSIOUIMM CXEMaM, paGounit
LMK 3THM 3aKaHYHBaeTC.

Kak u B cxeme .1l LIOBHOM CBapKu, BO BpeMs pPaGOTHl [eKaTpo-
Ha JI; BXxoaHble MMMYJbCH, MOCTYNAWLIHE HA J3MNY J3, onHOBpeMEHHO
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MOJABOAATCH K ceTke JaMmmbl JJg. C ee aHOja HMMIyJbChl NMOJANOTCA Ha
CXeMy MNOJKHra HrHHTPoHOB. Pasmbikanue Koutakra K; u 3aMbikaune
koHTakTOB K; n K; Breuer 3a coGoit c6poc 1eKaTpoOHOB Ha HyJb He-
3aBHCHMO OT COCTOSIHMSA 00GOHMX JeKaTpoHoB. TeM caMBbIM CxeMa MpPHBO-
JUTCSl B HCXOJHOE COCTOSIHHE.

B ofoux cxeMax peryJiupoBKHM CBapkH ()asa BBIXOJHBIX HMIIY./IbCOB
I/ TOJXKHUFa HFHHTPOHOB COOTBETCTBYeT (hase INpPSIMOYTOJbHBIX KOJie-
Ganuii, MoABOAMMBIX K 3axumy A. TeM cambiM gocTHraerTcs 1eo6Xomu-
MBIl peXHM MNOAXKHIA HIHUTPOHOB.

[TyreM Hec/OXKHBIX KOMMYyTaLHH ¢ HOMOLIbIO Hepeksiouareseil pe-
KUM paGoThl CXeM peryJaupoOBKM CBapKH MOJXKET mNepecTpaHBaTbcsi HA
JIPYI'yI0 IJHTeJbHOCTb pabouux mepHomos. IIpeBpalileHne cxeMbl LIOBHOH
CBAPKH B CXeMYy JJi1 TOYEYHOH CBAPKH TakKXKe MOXKeT ObiTb NPOH3Be-
JIleHO C TIOMOILBIO MPOCTHIX HepekJioveHuil. B npuBenennbix Ha puc. 38 u
39 cxemax, oaHako, paGouue nepuojabi He MOryt ObiTb Gosbuie 10 IuK-
aoB 50 ey. JIns yBenuyeHMs] AJMUTENbHOCTH MEPHONOB HEOGXOMHUMO HC-
MOJb30BaTh JeKaTPOHbl C GOJbIIHM KO3bdHIHEHTOM TmepecyeTa HAH
KacKajHoe BKJIOYeHHe [eKaTPOHOB.

FEHEPATOP TMPAMOYIOJlIbHbIX KOJIEBAHUMA C TOYHbIM
COOTHOLLUEHHUEM MOJIYBOJIH

Huxe npuBojauTCsi omHcaHue YCTpOHCTBa Ha JeKaTpOHaXx, reHepH-
PYIOLLEro NPSMOYroJibHble KoJieGaHHsI C TOYHBIM COOTHOIUEHHEM JJIHTe/b-
HOCTeH TOJIOXKHTENbHOH H OTpHIaTenbHOH mosyBosH. COOTHOIIEHHE JJIH-
TeJbHOCTEMl MOXeT YCTaHaBJAMBATbCA B nperesax or 1:99 no 99:1
C MOMOLIBIO IIETOYHHIX mepeKaoyaTesell. Takoe ycTpolicTBO MOXeT GbITh
HCTOJIb30BAHO INIPH HEKOTOPHIX M3MEpeHHsIX, a TaKkKe B CIelHaJbHBIX
3JIEKTPOHHBIX TepeKJoyaTesx.

Tenepatop paGoraer crenywomuM oGpasom (puc. 40). Jexarponwt
J, w JI, ynpasasioTes OGBIYHBIMH cxeMaMH Ha samnax JIy u Js. Jlam-
nol JIg u JI; o6pasylorT TpHrrep ¢ ABYMf YCTOHUMBBIMH COCTOSIHHSIMH,
ynpasaseMblii sgamnofi JIs. KosnebaHus c Tpurrepa mocTynawT Ha YCH-
JNHTEb MOLIHOCTH ¢ jammno#i JIg, npeicrasisiouiuii co6oil KaTomHbIA
NOBTOpHTENb. B HayasbHOM COCTOSIHMM pPaspsig B jekaTpoue JI, ycra-
HosneH Ha karoge /0, a B pnekatpone JI,— Ha katone /. Tourrep Ha-
XOMHUTCA B TOJOXKEHHH, KOTAa jamna Jlg OTKpHITa, a Jamna Jl7 3akphiTa,
YTO COOTBETCTBYET MOJIOKHTENbHOR MOJYBONHE Ha BBIXOJE.

ITocTynatomne Ha BXOJ IePBOro AeKaTpPOHA HMIMYJbCH 3aCTaBJsIOT
paspsii B HeM NPOJBHraTeCsi Ha caefylomue kartoabl. Korma paspsn
B nekatpoHe JI; yCTaHaBJIMBaeTCsi Ha KaToOje, CBA3aHHOM C JABHKKOM
nepexsoyatessi I1;, BosHMKalOUlMii HAa HeM HMIYJbC 4eDe3 KOHJEHCa-
top Cs mocTynaeT Ha CeTKy JieBOro TpHoja Jamnul Jls. Oanako Jamna
OTHHpaeTcss TOJbKO B TOM CJyyae, ecid MOTEHLHasJ ee CETKH JONOJHH-
TeNbHO MOAHAT. [loBbIIIEHHE NOTEHIHasNa CEeTKH HMeeT MeCTO B MOMEHT,
Korja Ha Karoje jaekaTpoHa JIy, K KOTOpDOMY MOJK/IOYaercs pesHu-
crop Rs, ycranaBmuBaercs paspan. [lpu coBnazenud HMMY/bCOB Ha
Ry, u Cs nesbiit Tpuoj saMibl JIs OTKDHIBAETCA W HMITYJIbC C €r0 aHoja
onporupbiBaer Tpurrep. C 3TOro MOMeHTa HAYMHAETCsl OTPHIlATE/bHAA
nosyBosHa KoseGanufl. TOUHO TaK e cOBNAajeHHE MMIYJIbCOB Ha Jecs-
THIX KaTojax AekatponoB JI; u JI4 BiedeT 3a coGoit oTmHpaHHe MPaBoOToO
tpuoaa Jamnsl Js. Tpurrep mpu 3ToM nepefpacbiBaeTcs B HCXOJLHOE
MOJIOXKEHHe, W UMKJ HaydHaercs: cHavasna.

Ins ymeublienusi BpPeMeHH mepesapsila KOHJeHCATOpa Cs nocye
yBeJIMUEHHs NMOTEHIHAaJa HA KarToje AeKatpoHa Jls, CBA3AHHOM C JBHXK-
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KoM mnepekyouarens [l mapanienbHo pesncropy Ry ycTaHoBJeH
anon s Dto ynyumaer ycnoBHs paGoThl cXeMbl NPH Majoil AJHTEb-
HOCTH TOJIOKHTEJILHBIX [OJIYBOJIH.

HenocraTkoM [aHHOTO YCTPOACTBA $IBJASAETCS TO, 4TO €ro MAaKCH-
MaJsibHasi BBIXOJAHAsi yacToTa okasbiBaercs B 100 pas Huxe paGoueit
YacToOThl MEPBOrO JeKaTpoHa, T. e. MoJjydaercss He Beiue 100 2y.

SAKNIOYEHMUE

PacemoTtpennble Bbille c/yuan NMpHMeneHHs AEKaTPOHOB NAJeKo He
HCUEPNBLIBAIOT BCEX 3aJI0XKEHHLIX B HHX BO2MOXKIOCTeH.

HMspectio, HanpuMep, O TPHMEHEHHH JEKAaTPOHOB B 3/eKTPOl-
HBIX apudmMomMeTpax H JAPYrHX CUETHO-aHAJHUTHYECKHUX MallUHAX, Tje
BecbMa yJOOHBI BO3MOXKHOCTb PEBEPCHUBHOTO CyeTa, AECATHUHASI CUCTEMa
nepecyeTa i BH3yanbHbIi OTCUET pe3yJbTaTa, JlaBaeMble AEKaTpOHAMI.
BricoKkne CKOpOCTH cueTa JaloT onpejieieHHble NpPeMMyLIecTBa NEKATPOH-
HbIM CYeTHO-aHA/JHTHYECKHM MAalIHHAM 1O CPaBHEHHIO C 3JJEKTpoMexa-
HuyecKHMH. JleKaTpOHBI Pe3KOo yBEJHYHBAIOT GLICTPOAEHCTBHE M TOYHOCTD
H3MEpHTeJbHbIX M YNPaBJSIOWUX NMPUGOPOB ¢ HUGPOBHIM OTCYETOM 32
cyeT 60JIbLIOH CKOPOCTH PaGOTHl H MPOCTOTHI yNpaBJIEHHS.

MHTepecHbIM H BaXKHBIM NPUMEHEHHEM JeKaTPOHOB sIBJSIETCS CO3Ja-
HHe Ha HX ocHOBe 3JeKTpoHHHX ATC, uTO mocTHraercsi 3aMeHOM 37€K-
TPOMEXaHHYeCKHX INArOBHIX HCKaTeleli KOMMYTaTODHBIMH AEKaTPOHAMH.
Hcnosb3oBanue gsis ynpasJieHHsi [1€KaTPOHAMH MOJYHNPOBOJHUKOB MO3BO-
nsief no6utbes BBICOKOH HafexHoCTH 37eKTpoHHblx ATC.

IIpuMeHeHHe MMHHATIODHBIX THPATPOHOB C XOJIOJHbIM KaTOXOM
B CXeMax ynpaBjieHus AeKaTPpOHAMH MO3BOJisieT ellle GoJiblue YNPOCTHTh
JleKaTPOHHBlE CUETYHKH, a TJIaBHOE, MOMOTaeT WM C YCHEeXOM KOHKYpH-
pOBaThb C 3AEKTPOMEXAaHHYECKUMH CUETUHKAMHM KaK MO HaJeXHOCTH, TaK
H MO CTOMMOCTH.

B uenoM, ZekaTpoHbl MO3BOJISIIOT CHJABHO pacluMpUThb 06JaacTb mpo-
HUKHOBEHHsI 3/IEKTPOHUKH B Pas3jMuHbe OTPac/¥ HApPOJHOro XO3sHCTRA.
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