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OBPA3OBATEJIBHOE YUYPEXJIEHHUE BBICHIEI'O OBPA30OBAHUA
«1JOHCKOU I'OCYJAPCTBEHHBIM TEXHUYECKHUU YHUBEPCUTET»
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Kadenpa AMM HI'K
Hamnpasnenue 15.03.04 ABTromaTu3anMs _TEXHOJIOTHYECKUX IPOILIECCOB W

POU3BOICTB (OakaiaBpuar)

METOJNYECKHUE PEKOMEHJALIIMN 110 U3YUYEHUIO YYEBHOM
TV CHOUTIIAHBI
«3JICKTp03BTOMaTI/IKa»

OO01mme peKOMEeHAAUNH 110 U3YyYEeHUIO 1 CIIUTIHHbI

BaxxHoil 4acThi0 M3y4Y€HUs OUCUUIUIMHBI «JEKTPOABTOMATUKA» SIBISAETCS
caMocCTosTeNIbHAsL paboTa HaJl yueOHBIM MaTeprasioM. K MOMEHTY M3y4eHHs TaHHOMN
TUCHUUIUIMHBI CTYJIEHTAMHU YK€ OCBOEHBI OCHOBHBIE NMOHATHA W 3aKoHbL. [loaTOomMy
COBETYEM IMPOCMOTPETh KOHCIEKTHI JEKIHI 1O MU3YYEHHBIM [HUCLUMIUIMHAM U
OCBEXHTh 3HaHUA. [locie Kakmoro 3aHATHS TMPOBOJIUTH MPOPAOOTKY JIEKIIMOHHOTO
Marepuaia,  pa30op SKCIEPHUMEHTOB JIA0OPATOPHOTO TMPAKTHKyMmMa, YTEHHE W
KOHCIIEKTUPOBAHWE Y4eOHOW JUTEpaTyphbl, PEKOMEHIOBAaHHOM MPENOJABATEIIEM.
BrinosHaTh oMamHue 3aganus. [ 0OTOBUTH BOIPOCHL.

[Ipn w3ydyeHnn y4eOHOrOo Marepuansa PEKOMEHIYETCS BECTH OTHAEIbHBIC
KOHCIIEKTBI: KOHCIIEKT JIEKIIMA, KOHCIIEKT JIA0OpAaTOPHBIX 3aHATHH M KOHCIEKT
CaMOCTOSITETIbHOM  paboThl  Hanm  ydeOHOW  nuTepaTypod. B koHCcmekTax
PEKOMEHIyeTCS BBIJCISTh BAXKHBIC BBIBOJBI M (POPMYIIBI, POIEIBIBATH BHIUUCICHUS
Y BBIBOJIbI YPABHEHHM, IPENI0KEHHBIX JJISI CAMOCTOSITEILHOIO N3YUCHHUSI.

lenecooOpa3Ho B mpoliecce U3Y4YEHUs Marepuaia BECTH CIEHHAIbHYIO
TETpPaJb-CIIPABOYHUK, COJEPKAIIYI0 OCHOBHBIE OMpPEACNICHUs, (POPMYIUPOBKU
3aKOHOB, (DOPMYJIbI, YpAaBHEHHUS U T.II.

Takke peKOMEHyeTCsl COCTAaBUTh JIUCT, COAEPKAIIMM BaxKHEWIIe U Hauboiee
4acTo ymnoTpeOssieMble MOHSTHS, MpaBWiia U  ypaBHEHHs  Kypca. Takod maucT
MOMOTaeT ObICTpEE UX 3AIIOMHHUT.
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[Ipy moaroTroBke K J1aOOPAaTOPHBIM  3aHATUSAM HEOOXOJUMO IOBTOPUTH
npoieHHbIM MaTepuan. CaMOCTOATENIBHO MCKAaThb OTBETHI HA ITOCTAaBJIEHHBIE
BOITPOCBL.

MeTonnuyeckue peKOMeHIAMH 10 padoTe ¢ JUTEPATYPOi

OcHoBHBIM, HaumbOojee 3(P(EKTUBHBIM METOAOM y4eObl Oblla W OCTaercs
caMocCTosITeIbHas paboTa ¢ y4eOHOU JIUTepaTypou.

YMeHne caMOCTOSITeNIbHO U3Yy4aTh Y4eOHYIO JIMTEpaTypy UMEET HE TOJIBKO
METOJIMYECKOE, HO U OOJIbllIoe MHUPOBO33peHUecKoe 3HaueHue. OOpamasch K
Pa3IUYHBIM JINTEPATYPHBIM HCTOYHHMKAM, CTYJICEHT CPaBHUBAET TOUKHU 3PEHUS UX
aBTOPOB Ha Ty WJM WHYIO MpOOJieMy, OLIEHUBAET yOEIUTEIbHOCTh apryMEHTaluH,
COMOCTAaBJSIET C JIMYHBIMU 3HAHUSAMHU. Tak pa3BUBAETCS CaMOCTOATEIBHOCTD
MBIIIJIEHUS, TPUOOPETAIOTCS HABBIKM aHATUTUYECKOTO MOIX0/1a K IPOUYUTAHHOMY.

Kaxnpiii  crymentr o0si3aH  yMeTh paboTaTh € Y4eOHOW JUTEpaTypoil,
HACTOWYMBO BbIpa0aThIBATh YMEHHE CAMOCTOSITEIBHO TOMOJIHATh CBOM 3HAHUS,
OBJIaJIEBaTh KYJBTYpOM UTEHHA. OITO 3HAYUT, UYTO CTYACHT JOJDKEH TIyOOKO
NOHMMATh COJIEpKAaHUE YYEOHOro MCTOYHHKA, U3BJIEKAaTh U YCBaWBaTh BCE LIEHHOE,
YTO B HEM €CTh, MOJIb30BAaThCS HAyYHO-CIPABOYHBIM alIapaToM, YMETh JelaTh
BBIMUCKU, COCTABIIATH IJIAHBI M KOHCTIEKTHI U3y4aeMbIX HCTOYHHKOB.

BHumatenbHoe uTeHue  y4eOHOM JMTepaTypbl MpeArojiaraeT akTUBHYIO
YMCTBEHHYIO palOTYy, BBINOJHSS KOTOPYIO, CTYJAEHT HE TOJIBKO CJIEIHUT 32 MBICIbIO
aBTOpa W JIOTUKOW €ro J0Ka3aTeldbCTB, HO M KPUTHYECKH UX olieHuBaeT. Ciemyer
HAYYUTHCA BBIJEIATH TJIABHOE U3 MIPOYUTAHHOTO. DTO CIIOCOOCTBYET (HOPMHUPOBAHU IO
MOCIIEJIOBATENIBHOTO, JIOTUYECKOTO MBIIUICHUS, a TaKKe IOMOTraeT XOpOoUIeMy
3alOMUHaHUI0 MaTtepuana. [IpounTaB Matepuan B LEJIOM, CIEAyeT MOApoOHee
OCTaHOBUTHCSI Ha €r0 OTIEIBHBIX YacTSIX, MOAOUpasi KOHKPETHBIM (HaKTHUECKUH,
i poBoi MaTepuall.

JImd jTydiero 3alioOMMHAaHUS. M1 YCBOEHHSI U3y4aeMOM T€MbI €CTh MHOTO ITYTEH.
HaubGonee >¢¢dekTuBHBII M3 HUX — BeJIEHHWE KOHCIEKTa MpOYMTaHHOTO. Bens
KOHCIIEKT, CTYJCHT MPUOOpEeTaeT Ba)KHbIE HABBIKK: yYMEHHE OTOMpaTh M 0000maTh
rJIaBHOE, KpaTko (OpPMYJIUPOBATh OCHOBHBIC  TIOJIOKEHHS, AaHAIM3HPOBATH
npouuTaHHbI MaTepuan. CopepkaHue MU3y4eHHON TEMBbI OJjarojapsi STOMY MPOYHO
OCTaeTCs B MaMSTH.

HaymHaTh KOHCHEKTHPOBATh HYXHO C yKazaHus OuOnmmorpaduaeckux
CBEJICHUNA O KHHUTe. DTO Jenaercs AJsi TOro, 4yrtoObl B JH000€ BpeMs MO Mepe
HaJJOOHOCTH MOKHO OBLUIO BO3BPATUThCA K MPOYUTAHHOMY, YCTAaHOBUTH, OTKYyZa
MOYEPIHYTHI T€ WJIA WHBIE TIOJIOKECHUS B (PaKTHI.

CymiecTByeT HECKOJIbKO (HOpM BeIEHHUs 3amuceil, 1 ObuIo OBl HEMPaBHIBHBIM
PEKOMEH10BaTh KaKyr0-1100 U3 HuX. BeiOOp Toil miu nHoi popMbl 3anuceil 3aBUCUT
OT UHAMBUAYAIBHBIX OCOOEHHOCTEN CTyJEHTa, padOTaIOUIEro ¢ KHUTOM, €ro OmbITa,
cBoMcTB mamsitd. He MeHbIIyl0 pojib HWrpaeT Ha3HAYeHUWE  KOHCHEKTa: s
caM0o00pa3oBaHus, /sl BBICTYIUICHUS] HA CEMUHApE, JI UCIIOIb30BaHUs B OyayIieM
1 T.11. OJJHaKO B JIFOOOM Cily4ae KOHCIEKTHI JOJIKHBI ObITh KPATKUMH.
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CrnenoBatenbHO, YTOOBI YCHEIIHO 3aHUMATbCS CAMOCTOSITENIBHO C y4eOHOM
JUTEPATypOor, HEOOXOUMO B COBEPIICHCTBE OBJAJETh BCEMHU MpPUEMAMH PadOTHI C
yueOHuKOM. KoHeuHO, r1aBHOE B 3TOM Jelie — OMbIT, KOTOPBIM HAKAIUIMBAETCS CO
BpemMeHeM. He Bce cpasy Oyner mnoiyyaThCsi, MOTYT BO3HUKHYTHb 3aTPYyJIHEHUS,
npensaTcTBusA. W 31ech 11 cTyaeHTa 0COOCHHO BaKHBI: BHYTPEHHSISI COOPAHHOCTD,
CaMOJVCLHUIUINHA, HACTOWYNBOCTD, YIIOPCTBO B JOCTUKEHUH ITOCTABICHHON LIENIH.

B TO e BpemMsa 3amada mnpenojaBaresis INOMOYb CTYJIEHTAaM, BIIEPBBIC
MPUCTYMHUBIIUM K CaMOCTOATEIbHOMY H3YYEHHUIO y4eOHON NUTepaTypbl, OBIAJETh
COOTBETCTBYIOIIMMHU NPUEMAaMU. DTy LENb U IPECIEAYIOT HACTOSALINE METOIUYECKNE
PEKOMEHIAIUY.

MeToauveckue PEKOMEHIANUHA I10 MMOATOTOBKE K IK3aMCHY

[Ipu monroToBke K HSK3aMeHY CIEAYeT, MPEkKIE BCEro, M3yUUTh KOHCIEKT
JIEKIIMH U OTMETUTh B HEM MMEIOIIHUECS K3aMEHAIIMOHHBIC BONPOCHL. Eciin kakue-To
BOMPOCHI BBIHECEHBI IIPENOJaBaTe]eM Ha CaMOCTOSATEIbHOE H3yU€HHUE, CIeIyeT
oOpaTUThCs K Y4eOHOU JIuTepaType, peKOMEHI0BaHHO MpernoaaBaTesieM B y4eOHO-
METOANYECKOM KOMIUICKCE JUCIIUTUIAHBI.

He crnemyer cTtpeMuThbCcsi K MEXaHHYECKOMY 3allOMHUHAHHIO (OPMYIUPOBOK
NOHSITHM, TPaBUJI U 3aKOHOB. BronHe 3¢ (deKTUBHON MOXKET OKa3aThCs IMOMBITKA
MOHSITH CYTh SIBJICHUS, BEIpa0OTATh CBOE OTHOIICHHE K HEMY, ONUPAsICh HA MaTepua,
coaepkalleicss B pekoMeHayeMon Jureparype. llpu  BeIBoje ypaBHEHUN
PEKOMEHAYEeTCs 3HaTh UACK0 BbIBOJA, IJIaH. OTBETUTh Ha KOHTPOJIBHBIE BOIIPOCHI B
METOJIMYECKUX YKA3aHUSAX U MOCOOUSIX, YKa3aHHBIX B PEKOMEHAYEeMOM JITepaType.
CBOEBpEMEHHO (0 3K3aME€Ha) MOATOTOBUThH BOIPOCHL. 33/1aTh BOIPOCHI JEKTOPY Ha
KOHCYJIbTallUU.

[lone3no mpu MNOArOTOBKE K 53K3aMEHY BBINIUCATh B OTAECIBHYIO TETpaab
KpaTKHE OTBETHI HA BCE BOMPOCHI IK3aMEHA — BHE 3aBUCHUMOCTH OT TOT'O, €CTh JIU OHHU
B MaTepHaliax JICKIUH, WK ObUTH U3YUYEeHBI 110 YYEOHOM TUTEpaType.

Takke mpu MNOArOTOBKE K HK3aMEHY IIOJIE3HO YWTaTh BCIYX OTBETHl Ha
BOIIPOCHI — 3TO CHOCOOCTBYET pAa3BUTHIO pPEUYM U VYIYYIIaeT BOCIPUATHE U
3aroMUHaHNue UH(pOpMAIUH.

[lone3no BbIMHUCATh OTACIBHO BCE (POPMYINBI U ypaBHEHHS, OTHOCAIIUECA K
BOIIPOCAaM HK3aMEHa.

JIns camMompoOBEpKHM PEKOMEHIYETCS MPOBECTU CICAYIOUIUMN OMbBIT: MpHU
3aKpBITOM TETPaaM, TMOJIOKUB Tiepen coOOW CHUCOK BOMPOCOB I MOATOTOBKU K
HK3aMEHY, MOTBITAThCSI OTBETUTH Ha JIOOBIE BOMPOCHI U3 ITOTO CITUCKA.

I[Ipy moaroroBke K  3K3aMEHY HEOOXOAMMO  y4ecTh  TpeOOBaHU,
NpEIbABISEMbIE K CTYACHTAM W KPUTEPUM OLECHKH 3HaHWW, npuBeacHHble Y MK
JUCLUTUIAHBI.
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MeToauveckue peKOMeHIANUM 110 OPraHU3aANNH J1a00pPaTOPHBIX padoT

JIaGopaTopHbIEC 3aHATHSI OTHOCATCS K HanOoJiee CIOKHBIM BUAAM ayIUTOPHBIX
3aHATUN, Kak JJs CTYIASHTOB, Tak W Jis mpenogaBareneil. Kaxmoe 3ansTue
BKIIIOYAeT, KaK TMpaBWJIO, YEThIPE TMOCJIENOBAaTENbHBIX JTama, TMpu ITOM
MOCJIEIOBATENBHO YepeayeTCsl MHAUBUAyalbHasi CAMOCTOSITEIbHAs JOMAIIHAS paboTa
CTYACHTOB U ayAUTOPHBIC 3aHATHs. JlabopaTOpHBIE 3aHATHS BKIIOUYAIOT CICTYIOIINE
ATansbl padorT:

1. IoaAroroBKa K BHINOJHEHHIO Pa0OTHI

JlomaiHsis TOATOTOBKA  CTYJAEHTa K BBINOJHCHHIO pPabOThl BKJIFOYACT
CJICTYIOIIUE ITAIIbI:

— CryneHt nomxkeH mno ydeOHMKam (ydeOHOMY mocoOMI0) MpopadoTaTth
COOTBETCTBYIOIIMKA TEOPETUYCCKUN MaTepuall, HMCIOIIMA HEMOCPEICTBEHHOE
OTHOIIIEHHWE K TeMe JabopaTopHOW paboOThl. DTO HYKHO Ui OCMBICIICHHOTO
BBITIOJTHECHUS OTIBITOB.

— CTyIeHT JOJKCH O3HAKOMHUTBHCS C METOJMKOW BBIMTOJHEHUS 3aJIaHUS T10
MeronuueckuM ykazaHusM K pabore. CTyJeHT 3HAKOMHTCS C IEJIbI0 PabOTHI,
HEOOXOJMMBIM O00OPYJOBaHHEM W MaTepUallaMd JJisi pa0dOThI, a TaK K€ C XOJOM
BBITTOJTHEHUS JTa0OPaTOPHBIX PadoT.

— CTyICHT ONHCHIBACT METOJIUKY BBIIOJIHEHHUS PAaOOTHI B CBOEM JKypHaie (B
TeTpaau JIsl TAOOPATOPHBIX U MPAKTHIECKHUX padoT).

2. BpinosiHeHue padoOThI HA 3aHATHH

CTyneHT MOJKCH O03HAKOMHTHCS C METOAMYSCKUMHU YKa3aHHSIMH I PabOTHI
Ha paboueM MecTe (TEXHUKON 0€30MacHOCTH, 000pyA0BaHUEM, MaTepHUaJIaMH | T.I1.).

B cooTrBercTBUM ¢ MeTOMUYECKUMU yKa3aHUSMU BBIIOJTHATH BCIO paboTy.

[lo momydYeHHBIM JAHHBIM  CTYAEHTHI TPOU3BOJAT  pacyeTsl  (eciu
HE0OXO0/IMMO), 3aMMCHIBAIOT HAOIOJEHUS, CTPOAT TpaQUKA U JEeNar0T BHIBOJBI. B
KOHIIE 3aHATHS CTYACHTHI MMOJYYaIOT Yy MPETo/iaBaTelis MUChbMEHHOE MOTBEPKICHHE,
yTo paboTa BBHITIOJNIHEHA, BepHO. 711 3TOrO mpemojaBarenb pPACHUCHIBACTCS B
1abopaTOPHON TeTpaau: MUIIET «BHITIOJHEHO», CTABUT JaTy W MoAmuch. B ciydae
MOJIYYCHHSI HEMPABUIIHLHBIX PE3YIbTATOB, pabOTy HAIO TMEpeneaTh, T.€. BHIMOIHUTH
MTOBTOPHO.

3. Odopmiienue padoThI

B OonpmmHcTBE ciiyyaeB 3TO JOMAIIHUM 3Tan padoThl. B xypHaie CTyneHT
opopmiisieT paboTy: 3amoJHAET OTYEThl MO MPOBEJACHHBIM JKCIepUMEHTaM. B
oTueTax JOJKHA OBITh MPEJCTaBlICHA cleaytomas nHpopMalus: TeMa padoThl; LETb
paboThl; MaTepuaibl W 00OpyHOBaHUE;, pe3yJbTaTbl BBIIOJHEHUS PaOOTHI;
HaOJI0JICHMS; OTBEThl Ha KOHTPOJIbHBIE BOIMPOCHI; MPU HEOOXOJUMOCTH HAYEPUECHBI
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rpapukn  QyHKUMA HAa MWUIMMETPOBOM Oymare, WIM C HCIOJIb30BaHUEM
KOMIIBIOTEPA; MO LEJISIM pabOThl JOJKHBI ObITH CPOPMYIHPOBAHBI BBIBOIBI.

Ecnu Bpemsi mo3BosisieT, TO opOpMUTh pabOTy MOKHO Ha 3aHATUU (IIOCie
BBINIOJIHEHUSA  JIaOOpaTOpHOW  paboTbl M TMOJATBEPXKACHHS — IpernojaBaTeieM
MPaBUIBHOCTH NOJYYEHHBIX PE3ynbTaToB). ECIM CTYJEHT MO Kakoi-Inbo MpUYuHe
HE YCIIEBAET 3TO CJeNaTh Ha 3aHATUU, TO 0hOpMIISIET paboTy AoMa.

4. 3ammura padoTbl

[Ton 3ammToit 1abopatopHoil paboThI MOapa3yMeBaeTC:

— IlpencraBienue mnpenoaaBaTeNll0 CBOEro OT4eTa Mo pabore (TeTpaau) ¢
MOJIHOCTBIO 0(OPMIIEHHOM pabOTON M pOBepKa €€ MpernogaBaTesIeM.

— OTBETHI HA KOHTPOJIBHBIE BOMPOCHI [0 TEOPUH U METOJUKE IKCIIEPUMEHTA.

— Cpartp paboTy npernogaBaTento (T.€. 3alIUTUTh €€ Ha OLEHKY) MOXHO Ha
sTOM ke 3aHsaTuu. Ho ecnn odopmiieHne paboThl TPOMO3AKOE MM OOJIbIIas 4acThb
BPEMCHH VIIJIa Ha BBIMOJHEHHE PaOOTHI, TO dYaIle BCETO 3alluTa BBIMOJTHEHHOU
1abopaTOpHOM pabOTHI MPOBOAUTCS HA CIEIYIOIIEM 3aHATHH.

J1J1st OLIEHKH pe3yiabTaTOB pabOTHI UCIOJIB3YIOTCS CIEAYIONINE KPUTEPUU:

— 3HAaHHE TEOPETUYECKOro MaTepHraa rno Teme padoThl;

— TITyOvHA W3y4YeHUs JOTIOTHUTEIBHON JTUTEPATYPHI;

— Ti1yOWHA Y TIOJIHOTa OTBETOB HAa KOHTPOJIBHBIE BOTIPOCHI.

OTMeTKa «OTIUYHOY BBICTABIISIETCS CTYJEHTY, IITyOOKO W MMPOYHO YCBOUBIIEMY
OpOrpaMMHBIA ~ MaTepHall, HCYEPIbIBAIOIIE, [OCIEA0BATEIbHO, TPAMOTHO U
JIOTUYECKU CTPOMHO €ro M3JIarariieMy, B OTBETE KOTOPOTO YBSI3BIBAETCS TEOPHS C
IIPaKTUKOM, OH IMOKa3bIBa€T 3HAKOMCTBO C MOHOTpapUIECKON JTUTEPATypPOH.

OTMeTKa  «XOpOLIO»  BBICTABIAETCS  CTYAEHTY, TBEPAO  3HAIOLIEMY
IpOrpaMMHBIA MaTepHuai, TPaMOTHO U MO CYIIECTBY, U3JIAratoluieMy €ro, KOTOpbIi HE
JOMYCKAaeT CYyIIECTBEHHBIX HETOUHOCTEN B OTBETE HAa BOIPOC, TPABUIIBHO MPUMEHSIET
TEOPETHYECKUE MOJIOKEHUS MIPU PEIIEHUU TPAKTUUYECKUX BOIIPOCOB.

OTMeTKa «yJIOBIETBOPUTEIBLHO» BBICTABISAECTCS CTYIEHTY, KOTOPBII 3HAET
TOJIBKO OCHOBHOM MaTe€puaj, HO HE YCBOWJI €ro JeTajlei, JONYCKAET B OTBETE
HETOYHOCTH, HEJJOCTATOYHO MPABUIBHO (DOPMYIHUPYET OCHOBHBIE 3aKOHBI U TIPABUIIA,
3aTPYIHSETCS B BBINIOJHEHUN TECTOBBIX 3aJaHUMN.

OTMeTKa «HEyAOBJIETBOPUTEIBHO» BBICTABISAECTCS CTYIAEHTY, KOTOpBIA HE
3HAET 3HAYUTEIBHOW YaCTH IMPOTPAMMHOIO MaTepualia, JOMYCKAET CYIIECTBEHHBIE
OINOKH, C 3aTPYTHCHUSMH BBITIOTHSIET TECTOBBIE 3a/IaHUA.



6

JIEKLIUU
10 JUCIUIIIINHEC

Jlexknms 1
IHoynpoBogHUKH
U NOJIYIIPOBOAHUKOBBIE IPUOOPBI
> Teopusi NOJYNPOBOTHUKOB H MEPEX0I0B

B 3aBuCHMMOCTH OT y[€lIbHON MPOBOJUMOCTH BCE BEIIECTBA MOXKHO Pa3AEIUTh HA
TPY TPYIIIbI: IPOBOJAHUKHU, TIOTYIPOBOIHUKU U IUAIEKTPUKH. Y A€TTbHAS MPOBOAUMOCTb
— BEJIMYMHA, 00paTHas yAeIbHOMY CONPOTHUBIICHHIO:

V= (1)
o,

Jlns TPOBOJHUKOB yjENbHAsT MPOBOJMMOCTh TOpaszno Oojblle HYyISA, s
JIRJIEKTPUKOB — MPUMEPHO paBHA HYIIO, MOJYMPOBOJHUKHA 3aHUMAIOT MPOMEKY-
TOYHOE TMOJIOKEHHUE. JIEKTPONPOBOJAHOCTh BEIIECTBA 3aBUCUT OT €ro aTOMHBIX
cBOMCTB (cM. puc. 1, rae mo ocu W OTII0KEHBI BO3MOXKHBIE SHEPreTUUECKHUE YPOBHHU
AJIEKTPOHOB B arome). Y TMPOBOJHUKOB 3JIEKTPOHBI JIETKO JOCTHUTAIOT BBICIINX
SHEPreTUYECKUX YpPOBHEW (30HBI NPOBOJMMOCTH) W TOKHAAIOT aTtoM. HIMeHHO
HaJU4Yhe  CBOOOJHBIX  DJIEKTPOHOB  OMPENENseT  DJIEKTPONPOBOIHOCTh. Y
JTRJIEKTPUKOB MEXKY 30HOW MPOBOJMMOCTA W HOPMAJIBHBIMU HSHEPre THYECKUMHU
YpOBHSIMU (BaJIeHTHAsl 30HA) 3JIEKTPOHOB CYIIIECTBYET 3alpeTHAs 30HA, /i€ HAJIUYne
AJIEKTPOHOB B HOPMAJIbHOM COCTOSIHUM BEIIECTBA HEBO3MOXXHO. JTO MPHUBOJIUT K
IPAKTUYECKOMY OTCYTCTBHIO CBOOOJHBIX 3JIEKTPOHOB. Y TMOJYMPOBOJHUKOB TaKKe
MMEETCsl 3alpeTHasi 30Ha, HO IIMPHUHA €€ ropas3jo MEHbBIIE, YeM Y JIUDJIECKTPUKOB,
MIO3TOMY OTHOCHTEIBHO OO0JbIIoe (HO Tropa3io MEHbIIEe, YeM Yy IPOBOJTHUKOB)
KOJIMYECTBO  DJICKTPOHOB  00JlajaeT  CIOCOOHOCTBIO TEPEeUTH Ha  BBICIIHE
SHEPreTUYECKUE YPOBHHM U Jajiee MOKHHYTh aroM. HeoO0X0auMo OTMETHTh, UTO K
MOJIYIIPOBOJTHUKAM OTHOCHTCSI OOJBIIIMHCTBO BEIIECTB M CIIEKTP UX CBOMCTB BEChMa
LIUPOK.

B ornuume OT NPOBOJHHUKOB Yy MOJIYIIPOBOJHUKOB CYIIECTBYET JBa BHIA
AIEKTPONPOBOJHOCTA — 3JIEKTPOHHASI U JAbIPOYHASA. OJEKTPOHHAs, KaK U B
MIPOBOJIHUKAX, OCYIIECTBIISIETCSI CBOOOIHBIMHU AeKTpoHaMu. Hocurenem 3apsiga npu
JOBIPOYHOU  3BJEKTPONPOBOJHOCTH  SIBIIAETCA ATOM, NOTEPSABIIMKA DJJIEKTPOH U
BCJICJICTBUE ITOTO MPHOOPETIINHN MOJOKUTENbHBIN 3apsia. Ho B oTiauuue oT 3Jiek-
TPOHHOM 3JIEKTPONPOBOJHOCTH HOCHUTENIM 3apsifiOB, JKECTKO 3aKPEIUJICHHbIC B
KPHUCTAJUIMYECKON pEIIETKE, HE nepememaroTcs. [10I0KUTeNbHO 3apsKEHHBIA aTOM,
MMEHYEMbIH JBIPKOH, CO3AaeT BOKPYT ceOsl moje, KOTopoe 00JieryaeT AJisl COCETHUX
aTOMOB NIEPEXOJ JIEKTPOHOB HA BBICHIME YHEPreTUYECKUe ypoBHU. llepBoHavanbHas
JbIPKa MOTJIOIIAET AJIEKTPOH, OTAAHHBIA COCETHUM aTOMOM, M HEUTPAIU3YETCS WM.
Jlanee mpouecc mepeHoca 3apsjia MNOBTOpsieTca. TakuMmM o0pa3oM, OwipouHas
9NeKMPONPOBOOHOCMb eCMb Opel NONOHCUMENILHBIX 3aps008, HO He UX Hocumellel.

a o 8
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Puc. 1. Cxema 3HEpPTreTHUYECKIX YPOBHEH 3JIEKTPOHOB: d — TPOBOJIHUK; O — IMOIYIPOBOHIK; 8
— JIMDIIEKTPUK

B HEB0O30yX)I€HHOM COCTOSTHUU BEIIECTBA, MPU TeMIIepaType abCOTIOTHOTO HYJIS,
BCE€ AJICKTPOHBI HAXOASATCS HA HUBIIUX YHEPTETUUYECKUX YPOBHSX, U TOJIYIIPOBOIHUK
SIBJISIETCSL TUDJICKTPUKOM — OH HE 00J1a7aeT DJICKTPONPOBOAHOCTRIO. [Ipy moBkIIeHN N
TEMIIEPATyphbl, HOHU3UPYIOIIEM WJIM CBETOBOM  OOJIYdEHHUU, BO3JICHUCTBUH
AIEKTPOMArHUTHBIX TOJIEH, aKTUBHOCTD DJICKTPOHOB TMOBBIIIAETCS, U KAaKOE-TO YHUCIIO
UX TIPOXOAUT 3alPETHYIO 30HY U MOKHUAAET aTOM, CO37aBas Mapy JICKTPOH—IbIPKa.
Uucino IbIpOoK paBHO YUCTY CBOOOJHBIX AJIEKTPOHOB, BMECTE OHU COCTAaBJISIIOT napy
3aps006. DTOT MPOLIECC UMEHYETCS eeHepayueti nap 3apsioos. OTHOBPEMEHHO C dTUM
3a CUET XAOTUYHOIO TEIJIOBOTO ABHWKEHHUS IMPOUCXOIAT BCTPEUYM DJIEKTPOHOB H
IBIPOK M UX COBMECTHAs HEUTpanu3aius. ITOT MPOIECC UMEHYETCS peKomMOuHayuetl
nap 3apsi0os. COBMECTHOE JIEUCTBHE T€HEpAIllMUu U PEKOMOMHAIIMU CO3JaeT Ompeie-
JIEHHYI0 KOHLIEHTPAIMIO Map 3apsA/ioB, COOTBETCTBYIOIIYIO YPOBHIO BO30YXKICHUS
BeniecTBa. TakuM 00pa3oMm, 31eKmponpo8oOHOCHb NOYNPOBOOHUKA 3ABUCUM OM €20
cocmoanusi.  llomympoBomHuk  6e3  mpuMeceid  HUMEHYETCS  COOCMEEeHHbIM
ROIYNPOBOOHUKOM WM TIONYIPOBOAHKMKOM I-muna (ot nat. individe). CoOcTBeHHas
AIIEKTPOMPOBOHOCTh CKIIAJBIBACTCS Y HEr0 U3 DJIEKTPONPOBOAHOCTH 0OOUX THIIOB,
HO DJIGKTpOHHAasi — Mpeoldsanaer 3a cyeT OOJbIIeH MMOJBUKHOCTH JJIEKTPOHOB.
Heo0xonumMo OTMETHTH, YTO COOCTBEHHBIE MOJIYNPOBOJHUKU TONYYWIM B TEXHUKE
HE3HAUMTEIbHOE pacmpocTpaHeHue. ['opa3go Oomble pacrpoCTpaHEHBl npUMecCHble
noaynposoonuxu. B ux coctaB BXonaT 6a30BO€ BEMIECTBO M HEOOIBIIIOE KOJIMIECTBO
npuMmecHu. B xauecTBe 6a30BOT0 BelIeCTBa Yaille BCErO MCIONIB3YIOTCS TepMannii Ge
u kpemHud Si. BemecTtBo mpuMmecw 1O BaJEHTHOCTH JOJDKHO OTIUYATHCS OT
6a3oBoro. Tak, mpu H00aBICHUM B YETHIPEXBAJCHTHBIN repMaHUN MATUBAICHTHBIX
CypbMBbI SO mim mbimbsika AS, UX aTOMBbI B3aMMOJICHCTBYIOT C aTOMaMH T'e€pMaHUs
TOJIKO YEThIPbMSI CBOMMM DJJIEKTPOHAMH, a MSATHIM JJIEKTPOH YXOAUT B 30HY
MPOBOAUMOCTH. Takum 00pa3oM, YUCIO CBOOOMHBIX JIEKTPOHOB MPEBBIMIACT YHCIIO
neIpok. IIpumecu, aToMbl KOTOPBIX OTHAIOT 3JIEKTPOHBI, UMEHYIOTCS OOHOpaAMU
(marouuMu), a y TOJYNPOBOJHUKOB C TAaKUMH MPUMECSIMU DJIEKTPOHHAS BJIEK-
TPOMPOBOJHOCTh MPEBBIIAET JBIPOYHYIO. Takue MOJYyNpPOBOJAHUKHA MOJYUHIH
HAaUMEHOBAHUE 2JIeKMPOHHBIX NOAYNPOBOOHUKOE WIH NOIYNPO8OOHUK08 N-muna (0T
jat. negative oTpuaTeIbHbBIN).

Ecan k repmannio Ge m00aBISIOTCS TPEXBaJICHTHBIC MHAWK IN MM aTrOMUHHMA
Al, To UX aTOMBI OTHUMAIOT DJICKTPOHBI OT ATOMOB T€pMaHUs, U B TOJYIPOBOJIHUKE
oOpa3zyercsi mnepeu3ObITOK JbIPOK. Takue NpUMECH HMEHYIOTCS aKyenmopamu
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(orOuparomumu). B TakoMm ciiydae AbIpOYHAs 3JIEKTPONPOBOAHOCTb IPEBBIIIAET
DIIEKTPOHHYIO, W  TOJYNPOBOAHWKH  TOJYYHJIHM HAUMEHOBAHHE  ObIPOUHBIX
HOAYNPOBOOHUKOS ~ WIH  NOJIYNPO8OOHUKo8  P—muna (0T  mar.  Positive
MOJIOKUTENBHBIN ). Heo6X01MMO OTMETHTH, YTO KOJTMYECTBO MpUMecel JOMHKHO OBITh
HUYTOXHEIM. Tak, NpH KOHUEHTpamud mnpumecn 107 % cooTBeTCTBYyIOMIas
poBOAUMOCTh yBenuuuBaercs B 1000 pas.

Haubonee uHTEpecHONM € MNO3MLMHU DBJIEKTPOHUKU SBISETCA TpPaHULA MEXIY
MOJYPOBOJHUKAMHU C PA3IMYHON AJIEKTPONPOBOIHOCTHIO. DTa TPaHHIIA MONTYyYHIIa
HaNMEHOBaHUE nepexod. DPU3MYecKue MpOIEecChl B

LN TIepexo/ie WILTIOCTPUPYET puc. 2. VI3BECTHO SIBICHHE,

Py KOT/Ia BEIECTBA, WOHBI, JJICKTPOHBI, IBIPKH U TaK

— 1 ::r—;' P [ nanee mepememarorcs W3 30HBI, Iie MX KOHIICH-
+py | i”"""i | Tpauuss  BEIMKA, B  COCEAHIOK  30HY, TI€
! L] : ! KOHIIEHTpAILMsl MEHbIIE. ODTO IEJEHANPABICHHOE

B — nepeMeleHne TMOoNyuYWsio HaszBaHue ouggysuu.

! w0 I B 30oHe mepexona OSIEKTPOHBI W JBIPKH  JUd-

5T | — 4 GYHIUPYIOT B COCEIHIOK 30HY, COOTBETCTBEHHO

4 | AJICKTPOHBI U3 P-TOTYNPOBOJIHMKA, /1€ MX U30BITOK,

Lr . g B N-TIOJIYITPOBOJIHUK, TJI€ X HEJIOCTATOK, a JBIPKH —

“Fr HaoOopoT. Ha puc. 2 mguddy3noe mnepemenieHue
Puc. 2.  np-mepexox mpn oreyrcrmn ICKTPOHOB M JIBIDOK  TOKA3aHO — OCHOBHBIMH
BHEIIHEr0 HATPSIKEHHS cTpenkamMu. 3a cueT AUQQGY3HOTO TNepeMelIeHHUs

HOCHUTEJIEH B TPAHUYHOM CJIO€ CO3/Ial0TCsl 00beMHBIE 3apsibl: OTPUIATENIbHBIN — B P-
30H€ M TOJIOKHUTENbHBIH — B N-30HE. Pa3HMIIA TpaHUYHBIX 3apsiIOB MPEICTaBIsSET
co0olt nomeHnyuanvuvili bapvep nepexooda, KOTOPBIA CXEMATHYHO MPEACTaBICH Ha
rpaduxe (puc. 2). 3aech d — Tommmaa rpaHngHoro cios (06sraH0 107-10° em); @ —
OCh TIOTEHIINAJIOB, U, — MOTEHIIMAIBbHBIN O6apbep (00bruHO 0,3—0,7 B). I'pannuHbIe 3a-
PSAIBI CO3MIAIOT DJEKTPUYECKOE TO0Jie, BEKTOp HampsbkeHHocTH E, koToporo Ha-
IpaBJieH OT N-30HBI K P-30HE. [log Bo3aeiicTBHEM 3TOTO MMOJISI BOSHUKAIOT 0OpaTHBIC
MOTOKK (TOK MPOBOJUMMOCTH) HOCUTENEH 3apsga (Ha PUCYHKE TOKa3aHbI
MyHKTUPHBIMUA CcTpesikamu). [Ipu OTCYTCTBMM BHEIIHEW pa3HUIBI TMMOTEHINAIOB
muddy3HbIE TOK U TOK MPOBOJAMMOCTH HAXOASTCS B COCTOSHUM JTUHAMUYECKOTO
paBHOBecHusa. PaccMoTpuM cocTostHUE TIepexo/ia pu JESHCTBUU MPSIMOTO U 0OPaTHOTO
HaIpPSKEHUS.

Iloxg mpsamvim HanpsoxcenHuem TPUHUMAETCA TaKo€ MOJKIIOYEHUE MEpexona K
ANEKTPUUYECKOW LeMu, MNpH KOTOPOM N-30HA MOAKIIOUYEHA K OTPUIATEIHLHOMY
MOJIIOCY, a P-30Ha — K NoJIokKUTeNbHOMY (puc. 3,a). [IpsiMoe HampsbkeHUE co37aeT
DJIEKTPUYECKOE II0J€, BEKTOp HampshKeHHOCTH E,, KOTOporo HampasieH
MIPOTUBOIIOJIOKHO BEKTOPY Ey. [loTeHmmanbHbIi Oaphep MOHUXKACTCS 10 BEITUYMHBI
Ux — Upp , IPH 3TOM BO3pacTaeT auddy3Hbid ToK |7 (HOCHTENAM Jlerde npeonoseTh
MOHWKEHHBIA Oapbep), a TOK MPOBOAUMOCTU |l;p MpPaKTUYECKH HE H3MEHSETCS.
[TomHBIN TOK Yepe3 mepexo

Inzlﬂ,lnp z| npu Iﬂ >> |Hp|z|6 2
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BBenenue Hocutened 3apsiia B 00JacTh, T OHHM SIBJISIIOTCS. HEOCHOBHBIMH,
MOJIYYMJIO Ha3BaHUE UHMCEKyuu Hocumeneu 3apaoa (MHXEKUUs 03HayaeT BBEICHHE,
BIIPBICKMBAHKE). 30HA, OTKYJa UHKEKTUPYIOTCSI HOCUTEIHN, UMEHYETCS dIMUMMmMepPoM,
a Ky/la MHXXEKTUPYIOTCS — 0a3ou. [ MHXKEKUHUU 3JEKTPOHOB 3MUTTEPOM SIBIISETCS
N-30Ha, a ©0a3oii — pP-30HA, JUISI MHXEKIUU JABIPOK — Hao00poT. OOBIYHO
KOHLIEHTpaIMsl HOCHUTENed B IMEpPEeXoJe OTIMYAeTCs] Ha HECKOJbKO MOPSIKOB.
COOTBETCTBEHHO C 3THUM pa3IMyYalOTCs U MHXEKUUW Hocurtenedl. HammenoBanus
SMUTTEp U 0aza y MOJYNPOBOJHUKOBOrO MpUOOpa MPUCBAUBAIOTCS o
npeo01aarone HHKEKIUH.
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Puc. 3. n—p-nepexon py HAJTMYUU BHELTHETO HANPSDKEHHS: a — IPSMOro; O — 00paTHOro

B cayudae oOpatHoro HampsbkeHusl (N-30Ha MOAKIIOYEHA K IOJIOKUTEIbHOMY
MOJIIOCY, @ P-30Ha — K OTPUIATEIbHOMY) KapTHHA MOJHOCTHIO MPOTHUBOMOJIOKHA
(puc. 3,0). Bextopa HanpsbkenHocTr Ex n Ey, cOBIanaroT, NOTEHIUANBHBII Oapbep
BO3pAacTaeT [0 BEIMYMHBI U +  Uygp. Juddysus Hocurenedl npakTHUECKH
npekpamiaercd, Iy = 0, depe3 mepexol NPOXOAHUT TOJIBKO TOK IPOBOIUMOCTH —
MIEPEHOC HEOCHOBHBIX HOCUTENIEH YCKOPSIOIIUM TIOJIEM, BBI3BAHHBIM BHEIIHUM
HampsbKeHHeM.  JTOT TEPEeHOC MMEHYETCS JIKcmpakyueu Hocumenet 3apsaod
(3KCTpakiusl 03HaYaeT U3BJICUEHUE, BhlIepruBanne). TakuM 00pa3om, 0OpaTHBI TOK
losp TpencTaBiaser coOOM TOK IPOBOAMMOCTH, OOpa30BaHHBIA JKCTpaKLUEH
HEOCHOBHBIX HOCUTeNEeH. Tak Kak HEOCHOBHBIX HOCHUTEJIECH OYEHb Malio, OOpaTHBIN
TOK KpailHe He3HauuTeJaeH. TakuMm 00pa3oM, MOJYNPOBOJHUKOBBIA MPHUOOP,
coJiepKallluii OMH N—P-mepexoj, 00JialaeT CBOMCTBOM BEHTHWIS — MPHU MPSIMOM
MOAKIIOUEHUH OH TMPOIMYCKAET OTHOCUTEIBHO OONBIIONW (AECATKM UM COTHH
MUWJIJTUAMIIEP) TOK MPU MAJOM COMPOTUBICHUM MEPEX0/a, a MIpU 0OpaTHOM — KpaiiHe
HE3HAYUTEIIbHBIN TOK.
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» IloJiynpoBOIHUKOBBIE MPUGOPHI

Jluoowt. 11onynipoBOAHUKOBBIM MpUOOp, OOJATAIOIMUN OJHUM N—P-TIEPEXOJI0M,
UMEHYeTCsl duodom. BonpTammepHasi XxapakTepuUCTHKA JUOJa MPHUBEACHA Ha puc. 4,
€ro YCJIOBHOE OOO3HAUeHHWE — Ha puc. 5. BorvmamnepHas xapakxmepucmura —
BOKHEUIIAs JJIsl JIFOOOTO AJIEKTPUYECKOro mpubdopa, rpaduyecku WLTIOCTPUPYIOIIas
3akoH Oma

U
U=IR I[==).
(wn R)

Tak kak oOpaTHBIM TOK MEHBIIE

1 L. pris ! OpsMOr0 Ha  TOPAAKH, TO I
NOBBIIIEHUSI HAISAHOCTH  Tpaduka
Macmitabbl B TiepBoM  (00J1acTh
OpPSMOr0 HANpsDKEHUsI) U TPEThEM
(obmactb  OOpaTHOro  HamMpsHKEHUS)
KBaJpaHTaxX MPUHATHI pa3HbIMH. Kak
BUJIHO W3 pHUC. 4, XapaKTEepUCTUKA
, > HEJIMHEHHA Ha BCEM CBOEM
04 0.6 Uy B NPOTSHKEHUHM, TPUYEM BO3JIE Hadalla
KOOpJAMHAT HEJIMHENHOCTh BBIpaXKEHA

. -150 -100 -5
T

- T T

UnEp . E

E 1740 Oosiee sBHO. 3ateM 3a -

. pAl W COMpO

By 1{-60 TUBJICHUE CTaOMIIN3UPYIOTCS, "
\“‘-.,___‘r I JalbHEHIas HEIUHEHHOCTh O0O0BsC-

© i HAETCS HArpeBOM T'PaHUYHOIO CJIOS.

e Haunnas ¢ TO4YkM A, [najlbpHeHIIee

Pvic. 4. BonbTamnepHas xapakrepucTiika ivoaa MOBBIIICHUE OOPATHOTO HAIPSKEHUS
BBI3BIBACT MpobOoll P—N-mepexoma —

a o ¢ SIIeKTpUYecKkuii  (yuactok A-b-B) wu

Baza ~ JMHTTEp TEIIOBOM (ygacTok B-I).
:|<£ OnexTpudeckuit mpoboit obpatum. OnH
MOJKET OBITh JABYX THIIOB — JIAGUHHbIL W

Puc. 5. VY cioBHBIE 0003HaYEeHUA IUOJIOB: MYHHEb Hblll.

a — nuox; 6 — cTaOWINTPOH; 6 — BapUKaI o o
JlaBuHHBIM  1POOOl  OOBsACHSETCS

PE3KMM YBEIIMYEHUEM UHKCIIa HOCUTENEH 3apsAI0B IIPU YOApHOU IAGUHHOU UOHUZAYUU
nepexooa TpU OMNPENENEHHOM OOpaTHOM HampsKEHUU. XapakTepeH s
OTHOCHUTEJIBHO TOJICTBIX MEPEXOAHBIX CIIOEB C HEBBICOKUM COJECPKAHUEM ITPUMECEH.
TyHHenbHBIN TTPOOOH OOBSICHICTCS MYHHEIbHLIM 2P Ghexmom — TPU OMPENeTICHHBIX
YCIOBUSIX (TOHKUN TMEPEXOJIHOM CJIOM, BBICOKOE COJAEpKAHUE MPUMECEH, BBICOKOE
oOpaTHOE HaNPsHKEHHUE) HEKOTOPHIE IEKTPOHBI MPOXOAT MEPEX0/l, MPAKTHIESCKH HE
u3MeHss cBoeil aHepruu. [lepexoaHoN ciioi Mpu 3TOM HECKOJBKO YMOI0OISIETCS 1O
CBOMM CBOMCTBaM MPOBOJHUKY. B pexxume siekTpuyeckoro mpodosi paboTaroT
HEKOTOpbIE  BHUJIBI  CHEIHUANIbHBIX  JMOJOB,  HANpUMEp  CMAOUIUMPOHDL,
MpUMEHSIIOMECs g CcTaOWin3aluyd HanpsbKeHUs. Y CIOBHOE 00O3HAaueHHE
CTAaOMJIMTPOHOB NPUBEAECHO Ha puc. 5. Pabouuil y4acTOK XapaKTEpPUCTUKH MJIs
cTabunuTpoHoB — b—B, Ha KOTOpOM XapakTepucTHKa MpakTU4YecKu BepTukaibHa (U
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= const.). TermioBo# poOOIl BHI3BIBAETCS MEPETPEBOM MEPEX0]Ia U HEOOpATUM — MPU
HEM Pa3pyILIaeTCs BEUIECTBO MEPEXOAHOIO CIIOS.

N3meneHne temmepaTypbl NPUBOANUT K U3MEHEHUIO COIPOTUBIIEHHUS MOJIYIIPOBOJ-
HUKa 110 3aKOHY

R=Ke ™, (3)

rae K u o — koHCTaHThI, T — Temmneparypa. DTO BbI3bIBACT MOBOPOT BOJIbTAMIIEPHOM
XapaKTePUCTUKH MPOTUB YACOBOU CTPENKH (CM. puc. 4).

Ananu3upys puc. 4, MO)KHO OTMETUTh, YTO TIPH OOPATHOM HAIPSKCHUH MEPEXO]T
o0JlaaeT JUANICKTPUYECKOM TMPOCIONKON (MOTEHIMANBHBIN Oapbep) W ABYyMS
0o0JIacTIMU Pa3HOMMEHHBIX 3aps/ioB, T.€. Ou0o 4
npu  obpamHoM  HanpsdceHuu  obaadaem
ceolicmeamu KOHOeHcamopa coO 3HAYUMENbHOLU
ymeykou (0Opamuulli MOK) 6 OudjieKmpuxe.
I'padbux 3aBucumoctn emkoctd C nmoma oOT
obpatHoro HanpsixkeHust Uy, IpUBENEH Ha pHuC. 6.

[Ipy 3TOM HEOOXOJWMO 3aMETUTh, YTO EMKOCTh Tj—-:-Ep
JTNO0JIa MOKET U3MEHATHCS, IPUYEM DJICKTPHUUCCKH

— MpU W3MEHEHUW OO0paTHOrO HampspkeHus. Ha
ATOM OCHOBAaH MPHUHIMI JEHUCTBUS 6apuxkana —
CHEIUATIM3UPOBAHHOTO  JMOJa, paboTalollero Ha OOpaTHOM HAINPSHKEHUH U
BBIMIOJHSIONIETO  (PYHKIIMIO ~ KOHJIEHCAaTOpa C  TEPEeMEHHOM  E€MKOCThIO  C
JUCTAHIIMOHHBIM U3MEHEHHEM €MKOCTH MPHU MOMOIIU HATIPSKEHHUS.

bnarongapsi cBouM CBONCTBaM JHMOJbBI UCIOJIB3YIOTCS B CHCTEMaX YIIPaBJICHUS B
Ka4yecTRBe:

® BBINIPSIMUTENS IEPEMEHHOTO ToKa. M3BECTHO BBINIPSMIICHUE MTEPEMEHHOTO TOKA
IpY IOMOIIM H0/1a CIEAYIOINUMU criocobamu (puc. 7):

— 00UHAPHBIM OUoO0oM. JINOI IPOMyCKAET MOJOKUTEIBHYIO TTOTYBOJIHY HaIpsDKe-
HUSL W 3aJiep>KMBaeT OTpUIATEIbHYI0. TOK W HampspDKeHHe NpUuoOpeTaroT SpKO
BBIPOKEHHYIO TIylbcaluio. Tak Kak KakAbld 1uoa o00siaaeT eMKOCTHBIMH
CBOICTBaMHU, MyJIbCUPYIOIIAsi CHHYCOMIa HECKOJIBKO CTIIaKUBAETCS (CM. CIEAYIOIIUN
croco0);

— ¢ KOHOEHCamopHuiM cenadcuéanuem. llapannensHo IUOMY yCTaHABIWBAETCS
KOHJIEHCATOp. B muke HampspKeHUs! OH 3apshKAeTCsl, TOTIIONIAs SJICKTPUUYESCKUM 3apsil.
Kak Tonpko HampspkeHHe OKaKeTCS HWDKE 3apsaa KOHIIEHCATOpa, OH pa3pspKaeTcs. 3a
CYET ATOT0 MPOUCXOIUT CTIIAXKUBAHNE TTYJIbCAIINH;

— OUOOHbIM Mocmom. HeTblpe nuojaa BKIIOUYEHBI B MIeyu MOCMA MEXIY IBYMS
ouazonansamu 8 — b (Bxox) u ¢ — d (BbIXoa). DTO OYCHB PACIPOCTPAHCHHAS B TCXHUKE
mocmosasn cxema. B To Bpems, KOT/1a TOK MPOXOJUT Yepe3 AUObI, PACTIONOKCHHBIC
Ha OJHUX IUIeYax, APYrue 3amepThl U HaoOOpoT. TakuMm 00pa3oM, Ha BBIXOJHYIO
JMaroHaj b MOCTOSHHO TIOJIA€TCS BBIMPSIMIICHHOE HAIpPsHKEHUE. DTOT BBIMPSIMHUTEIH
HauOonee 3¢ (PpexkTrBeH U HauboJiee YacTo MPUMEHSIETCSI B CUCTEMAaX YIPABIICHHUS;

® COCTaBHOM YacCTH JIOTUUYECKHUX JIEMEHTOB (CM. JIEKIHIO 9);

e cTaOMIN3aTOPa HANPSDKEHUS (CM. Crmaduiumpomsl);

® IMCTAHIIMOHHOTO KOHJIEHCATOPa MEPEMEHHOM EMKOCTH (CM. 8apuxanbi).

Puc. 6. EMkocTHBIE CBOMCTBA
oA
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Puc. 7. I[I/IOI[HI)IG BBITIPAMUTEIIN: A — OJII/IHapHHﬁ JHUO, 0— KOHACHCATOPHOC CIIa’)KUBAHUE, 6 — I[PIOI[HLIﬁ MOCT

Tpanzucmopel. B otnvuve oT AUOJOB TPAH3UCTOPHI UMEIOT KaK MUHUMYM JBa
(uHOTHA OOJbIe) mepexoda. Yarne BCEro HMCHONB3YIOTCS TPAH3UCTOPHI C JABYMS
nepexolaMu MEXIy TPEeMs CIOSMU MOJYIPOBOJIHUKOB, KaXIbIM U3 KOTOPHIX UMEET
CBOI BBIBOJl — MOJIYNPOBOOHUKOBble Mpuoosbl. B 3aBUCUMOCTH OT THUIIA U Pacro-
JIO’)KEHHUS CJIOEB TPAH3UCTOPHI MOJAPA3NEISAIOTCA HA N—P—N u P—N—P-tunsl. Cpenuss
00JIaCTh TpaH3UCTOPA UMEHYETCA 6a30u, OJIHA U3 KpaWHUX — IMUmMMmMepom, Ipyras —
kosnekmopom (puc. 8). Ha ycnoBHBIX 00O3HauYEHHUSIX CTpelika IOKa3bIBaeT Ha-
NpaBJICHHE TOKa OT IUII0CAa K MHHYCY B BBIBOJIE AMUTTEpA. TpPaH3UCTOP MOXKET
paboTaTh B TpEX peKMMax B 3aBUCUMOCTH OT TOTO, a 6
KaKOBBI HaIpsKEHUS Ha ero mepexogax. Padora B
AKMUBHOM pedicume TIOIIy4aeTcsl B Ciy4ae, Korjaa
Ha SMUTTEPHOM TEPEX0Jie HANPSHKEHHE MpSIMoe, a
Ha KOJUIEKTOPHOM — oOpaTHoe. Peowcum omceuxu
WIN 3anupanuss TOCTUTAETCs Tojadeld 0OpaTHOTO " ¥
HampspkeHus: Ha 00a mepexoxa. Ecim Ha oOomx
Mepexo/iax HanpsKEHUe MpsIMOe, TPaH3UCTOP E E
paboraer B peowume Haceiujenus. B mHambomee o oo o
YaCThIX CIy4dadX HCIIOIB30BaHUA TPAH3UCTOPOB (B TPaH3WCTOPOB: a — Ana N—p—n-tuna; 6 —
YCUJIUTENSAX M T€HepaTopax 4acToThl) TpaH3UCTO-  P-N-Pp-TMna
pBI paboTaroT B aKTUBHOM pexume. [loaromy 3toT
pexuM OyAeT paccMOTpeH Ooiiee moapoOHo. /s mpumepa paccmMoTpum padboty N—p—
N-TpaH3UCTOpa B CTaTHKE, 0€3 HAarpy3KH, KOTJa BKJIIOYEHBI TOJIBKO TOCTOSHHBIE
nuTaromue Hanpsbkenus E; u E; (puc. 9,a). lonspHocTh HanpspKeHU TaKOBa, YTO HA
SMUTTEPHOM MEPEX0/ie HAPSIKEHUE MPSMOE, a Ha KOJUIEKTOPHOM — OOpaTHOE.

[ToaTOMYy CONMPOTUBIECHHUE SMUTTEPHOrO MEpexoja Maylo U sl OO0eCleueHHs
HOPMaJbHOTO TOKa B ATOM IMEPEX0Jie JOCTATOYHO HEOOJBIIOro HampsokeHus E;
(mopsinka necsThiX pgoJjied BodbTa). CONpPOTUBIEHHE KOJJIEKTOPHOTO TMEepexojia
BEIIMKO, W HampspkeHue E, nmnms mpoTexkaHus HOPMATBbHOTO KOJUIEKTOPHOTO TOKA
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OOBIYHO COCTaBJISICT CAUMHUIBI U OCCATKH BOJIBT. HaHpH)KeHI/IH MCKAY JJICKTpOJaMHU
CBA3aHbI 3aBUCUMOCTBIO

Ugn = Ugp + U, (4)

rie Ugs, Ugp Upgs — COOTBETCTBEHHO HAMNPSDKEHUS] MEXKIY KOJUIEKTOPOM H
AMUTTEPOM, KOJUIEKTOpPOM M 0a3oi, 06a3oil u smutTrepoM. Tak Kak mpu aKTUBHOM

pexume Ug »<< Uy s, cnenosarensHo,

Uk_-n #rUg_g. ®)

BonpramnepHas xapakTepucTHKa SMUTTEPHOTO MIEPEXOJA COOTBETCTBYET yya-
CTKY MPSMOr0o HanpsbKeHus (MepBblid KBaapaHT rpaduka cM. Ha puc. 4), a

KOJUIEKTOPHOTO — YYaCTKy 00paTHOTO HAIpPsDKEHUS (TPETUM KBaJIpaHT).

[TpuHIMD paGoThl TPAH3UCTOPA 3AKIIOYAETCS B TOM, YTO MPAMOE HANPANCEHUe
amummepHo2o nepexooa Ug, cywecmeeHHo @iusiem Ha MOK, NpOmMeKanowuil uepes
KOJLIeKMOPHbLU nepexoo.

[Ipu yBenmuenun Upg; yMeHBIIAETCS MOTEHIMAIBHBIA Oapbep 3MUTTEPHOTO
nepexo/ia, COOTBETCTBEHHO MMAaJae€T €ro CONMPOTHBICHHE M BO3PACTAET IMUTTEPHBIN
TOK |5. DJIEKTPOHBI ATOTO TOKAa MHXKEKTHUPYIOTCS U3 AMUTTEpa B 0azy u Onaromaps
aBJIeHUI0 AU y3un MPOHUKAIOT CKBO3b 0a3y B KOJJIEKTOP, YBETUYNBAs TOK KOJIJIEK-
Topa lg. Tak Kak KOJJIEKTOpHBIA Iepexo] paboTaeT Ha OOpPaTHOM HAIpSKEHUH, B
HEM BO3HHUKAIOT 00bEMHBIC 3apsi/ibl (Ha puc. 9,a 0003HAUYEHBI 3HAKAMHU + H -).

a o
K:II{ K:II{ ;
$ ' s I
XXM ki3
Ig Iﬂ—r + 5 rmw py
P KRNI LIRRR ] Vo
$4 ~ 7 _ 1444
vop |t T L
- + @
o =
! . _iI:a“ i o :IE -

Puc. 9. JIBmxeHne 3apsIoB B TPaH3UCTOPE:
a — s N—p-N-tuna; 6 — p—N—P-Tuna

Mexay HAMH BO3HHKACT JJICKTPHUUECKOE TIOJNIE, BTATHBAIOIIEE (9KCmpazupyioujee)
AIIEKTPOHBI, IPUIIIEIIINE OT YMUTTEPA, UEPE3 KOJUIEKTOPHBINA NEPEXOI.

Ecnu TonmuuHa 0a3pl OTHOCUTENBHO Malla M KOHIEHTpauus MpuMecen
(cienoBarenbHO, KOHILEHTpALMs JbIPOK) B HEH OTHOCUTEIHLHO HEBEIUKa, OOJb-
IIMHCTBO TPAH3UTHBIX 3JIEKTPOHOB OT IMUTTEPA HA KOJIJIEKTOP, MPOX0Jis yepe3 0a3y,
HE YCIIEBAIOT PEKOMOMHHUPOBATH C JbIpKaMH 0a3bl M JOCTUTAIOT KOJIJIEKTOPHOTO
nepexoaa. PeKoMOMHUPYIOIIHE SJIEKTPOHBI CO37AaI0T TOK 0a3sl |z UnCIIO 371€KTPOHOB
B 0a3e MOHKHO OCTaBaThCsl MOCTOSIHHBIM. Clie10BaTE€IbHO, CKOJIBKO TPAH3UTHBIX
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AIEKTPOHOB PEKOMOMHUPOBAJIO C ABIPKAMH, CTOJIBKO COOCTBEHHBIX AJIEKTPOHOB 0a3bl
JOJIKHO MMOKUHYTH €€ ¢ TOKOM |z B cooTBeTcTBHHU ¢ nepBbIM 3akoHOM Kupxroda

Toxk 6a3bI MpeaCcTaBIsieT COOOM YTEUKU OCHOBHOTO TIOTOKA KOJUIEKTOp — 0a3a — SMUTTEp
1 JIOJDKEH OBITh KaK MOXKHO MeHbllie. VIMeHHO 715 3Toro 6a3y v JefaroT TOHKOM U ¢iabo
HachIeHHOH AbipkamMu. OObryHO Iz =I5 (1 ... 3 1079). [Toatomy

Iy = Ig. (7)

OCHOBHOE CBOWCTBO TPaH3UCTOPA, MO3BOJISIONIEE UCIIOIB30BATh €T0 B KAUECTBE
YCWJIUTENS, 3aKJIIOYaeTcss B CICAYIOIIEM:  He3HauyumebHbvle  UIMEHEeHUsA
HANPAXNCEHUA HA IMUMMEPHOM Nepexooe NPUGOOAm K 20pazdo 001buium ume-
HeHUAM KO1eKmopHo20 moka. PexoMeHayeMoe orpesesieHue 3JeKTPOJIOB TpaH-
3UCTOPA: IMUMMEPOM HA3bIGAEeMCs 00AACMb, U3 KOMOPOU UHIHCEKMUPYIOMCA
Hocumenu 6 6a3y; KOJIIeKMopoM — 00aacms, 8 KOMOPYI IKCMpAasupyomcs 3apsaobl
u3 6asel, 6azol — obaacmv, 8 KOMOPYIO UHHCEKMUPYIOMCS IMUMMEPOM HEOCHOBHbLE
0/11 Hee HocumeJlu.

[ToTeHMabHAS auarpaMmMa nepexogoB ¥t
TpaH3uCTOpa mpencraBieHa Ha pwuc. 10. Ecnwm
NpeICTaBUTh DJJIGKTPOH B BUJE IIApUKa, a
JuarpaMMy — B BHJIE€ BEPTUKAILHOTO MpopHis ero @f"’r—.\‘
6eroBoi TOPOKKH, MO>XKHO COCTaBHUTh 5 s
MEXaHMYECKYI0 aHaJIOTHI0 pPadOThl MEPEXO0B:
IApUKy  HEOOXOJMMO  3aTpPaTHTh  HEOOJIBIIOE
KOJIMYECTBO SHEPTHUH, YTOOBI IMPEOJIONETh MOIBEM
HAa TEpBOM TIEPEXO/e; MPEONOJIeB €ro, IMIapukK

MOJIyYaeT ropasio OOJIbIIe SHEPTHH, CKATBIBAsCh CO n p n
CITyCKa Ha BTOPOM IIEPEXO]IE. -
[Ipoueccel, mpoTekaromue B Pp—N—P-TpaH3UuCTOPE Puc. 10. MoTeHumansHas

(puc. 9,6) aHANOTMYHBI PACCMOTPEHHBIM C TOY- Anarpamma TpansicTopa

HOCTBIO JI0 HAa00OpOT — 3JEKTPOHBI U ABIPKU MEHSIOTCS MecTaMu. OCHOBHBIMU
HOCHUTEIISIMH 3apsiia aJisi 0a3bl SBISIOTCS DJIEKTPOHBI, & HEOCHOBHBIMU — JIBIPKH.
[locnenuue M MHKEKTUPYIOTCS IMUTTEPOM Ha 0azy, 4TOOBI 3aTEM IKCTPArupOBATHCS
B KOJUICKTOp, MO MYTH PEKOMOWHUPYS C SJIEKTPOHAMH M TIOPOXKJAs TEM CaMbIM TOK
0a3bl.

Tak kak B KOJUIEKTOPHOM IEpPEXOAE pacceuBaeTcsl OOJblle SHEPruu, 4YeM B
AMUTTEPHOM, IUIOUIAJb MEPBOrO JeNatrT Ooibiie. B HEKOTOpPBIX TpaH3UCTOpPAX
MaJiol MONIIHOCTH IUJIOIIAJM MEPEXOJ0B paBHbL. Takue TPAH3UCTOPHI HUMEHYIOTCS
CUMMEMPUYHLIMY W I HUX SMUTTEPOM M KOJUIEKTOPOM SBJISIETCS JroOas u3
KpailHUX o0yacTei.

Tak ke Kak y AuojAa, y TPaH3UCTOpa IMOBBIIIEHHE OOPATHOrO HANPSIKEHHS Ha
KOJUIEKTOPE MOJKET BbI3BaThb MPOOONM KOJJIEKTOPHOTO IEepexojia — CcHavaja
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0o0paTUMBI 3IEKTPUYECKUN (JITAaBUHHBIA M TYHHENbHBIN), 3aTEM MpPHU IOBBIIEHUU
HaIpsHKEHUs] — HEOOPAaTUMBIN TETUIOBOM.

W3 puc. 9 BuAHO, 4TO NOJYNPOBOJHUKOBBIN TPUOJI MPEACTABIIAECT cCOO0M MprodOp,
OOBEIUHSIONMNA JIBE LIEMH — BXOAHYIO, C HampsDKEHUEM NuTaHus Ej;, koTopas
ynpasiseT HampsbkeHueM Ug.;, W BBIXOJIHYIO, C HampsbkeHueMm nutaHus E,, 1o
KOTOpPOM MpoTekaeT ympapisembii Tok lx. Ho nmg moakirodeHuss K IBYM IIEISIM
HY>KHO YeThIpe BBIBOJIA (JIEKTPOIA), a Y TpaH3ucTtopa ux tpu. CienoBaTeiabHO, OJUH
13 2JIEKTPOJIOB Y TPAH3UCTOPA JOJKEH ObITh 00ImMM i o0eux 1eneid. OTcroga o1HO
U3 BaXHBIX OTPULATEIBHBIX CBOWCTB TPAH3UCTOPA — BXOOHAS U BbIXOOHASA yenu
NeKMpuyecky He pazoduensbl noIHOCMbI0 (KaK TOBOPST JEKTPUKH — MEXIY ITUMHU
HEMsAMH HET 2iekmpudeckou pazeazku). JIlo0oi U3 31eKTpoA0B MOXKET ObITh OOIIHM.
Ha puc. 11 npuBezeHbl cXeMbl MOAKIIOYEHHUS] TPAH3UCTOPOB C OOIIMM SMUTTEPOM
(09), obmeit 6a3oii (OB), obmum komnektopom (OK) u pacnpocTpaHeHHasi cxema
NUTaHUA LETEN TPaH3UCTOPA.

Puc. 11. CxeMmbl NOAKIIOUEHHS TPAH3UCTOPOB ¢ P—N—P-miepexonom: a — ¢ amurrepoM (0D); 6 — ¢ Ga3oit
(OB); 6 — ¢ xomnexropom (OK)

OOGecrieunTh THUTAHWE IENEH OT JBYX HE3aBUCHMBIX HMCTOYHMKOB E; m E;
TEXHUYECKH CJIOKHO M, KaK IIPaBUiI0, HE HY)KHO. BMECTO 3TOro UCIosb3yloT MUTaHNE
OT OJHOI0 HCTOYHHKA B BBIXOAHOM Iiemu Upyr, a T TOro 4TOOBI BBIIOJHHUTH
yciaoBue E; < Ep, ucmonb3yeTcss TMOHM)KEHUE HAIPSOKCHUS BXOAHOW LIEMU MPHU

MOMOIIM  MOCJEAOBATEIbHO  BKJIOUYEHHOTO COTIPOTUBJICHUS R;. Jlst
. MOCJIEI0BATEILHOTO COEIMHEHUS
B ik
600 Umnr = E1 + AU, = E1 + |5 Ry,
20 500 8)
] V"" . (
P U ks = B ¢ 400
| L 200 CJIEJIOBATEIBHO YBETIMUCHHE R1
\ L~ —1 BbI3bIBAET YMEHBIIICHUE E..
8 I 5= 200 ma ConpotuBnenne R; mns cxemsl Ob
\ UMEHYETCS IMUMMEPHBIM, TUTSt
I? h Uk B OoCTalnbHBIX CXeM — 0a306biM. Pasnmia
400 300 200 100 5 10 13 20 MIOTCHIINAJIOB AU, Ha3bIBACTCS
1 | I=100ma4 | HANpAdICeHUEM CMEUeHUA Oasbl.
Tgo=5g // - o BaxuaedmmMu — XapaKTepUCTHKAMA
P 0.61 200 TPaH3UCTOpA  SIBISIIOTCSL  6XO0Hasi W
/-—"“' 0,8 A 400 BbIXOOHASL. Jost y1o0cTBa BCE
500
UE-3 B

Puc. 12. CoBMelLleHHasi xapaKTepucTuKa
TpaH3ncTopa
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XapaKTEPUCTUKU TPAH3UCTOpa CBOASATCS B YETHIPE KBaJpaHTa OJHOrO rpaduka (puc. 12).
Ha pricyHke npuBe/ieHa COBMEIICHHAS XapaKTEPUCTUKA JUISl TPAH3UCTOPA, BKIIFOYEHHOTO
nmo cxeme OD. Bxommast xapakrepuctuka [ = f(Uy_, ) rpadudecku wummoct-

pupyer 3akor OMa JuIst BXOAHO# Lenu TpaH3ucTopa, BexogHast [, = f(Ugx_ 5 ).

OTU  XapaKTepUCTHKH PpACIOJIaraloTcsi COOTBETCTBEHHO B TPEThEM M IEPBOM
KBaJ[paHTaX COBMEUICHHOW XapakTepucTuku. O0e OHM OINpPENENSIOT OIUH U3 NEPEX0JI0B
(BXoHast — AMUTTEP-0a30BbI, BBIXOJHAS — OAa30KOJUICKTOPHBIA) W TOITOMY CO-
OTBETCTBYIOT y4acTKaM BOJIbTAMIIEPHON XapaKTEPUCTUKU JUOJIA: BXOJHAs — YYacCTKY
NPSIMOTO HAIIPSDKEHUS, BBIXOAHAS — 00PaTHOTO.

Ho o0a mepexona TpaH3uCTOpa CBSI3aHBI JOCTATOYHO TECHO, MO3TOMY o0e Xa-
PaKTEpUCTUKU TPEJCTABICHBl HE €IUHUYHBIMU JIMHUSMHU, a CEMEHCTBAMHU KPHUBBIX.
CBsi3b MEXJy BXOJHOM W BBIXOJHOW XapaKTEPUCTHUKAMH BBIPAXKACTCS MOKOBOU
xapaxmepucmuxot 1, = f (I ) (uerBeprsiii kBagpant). OcTaBIuMiicss BTOPOH

KBAJPaHT 3aHUMaeT nomenyuanvras xapakmepucmuka U g o = f(Uy_5 ). Tak

KaKk B HEW OTpakeHa 3aBHCHMOCTh BXOJHOT'O HANPSOKCHUS OT BBIXOJHOTO, TO 3Ta
XapaKTEePUCTHKA HMEHYETCS TaKXKe Xapakmepucmukou O0Opamuou Cea3u MmpaH3u-
cmopa. TlocneaHsist UCTIONMB3YeTCs PEIKO M 3a4acTyro omyckaercs. 1o coBMenieHHOH
XapaKTEePUCTUKE MOXHO OINPEICIUTh CICAYIONNE CTAaTHUYCCKHE XapaKTEPUCTHKU
TPaH3UCTOPA:

— KO3(PUIIUCHT YCUIICHHUS 110 TOKY

Al
kp == (©)
AIK
— KO3(DPUIIUECHT YCUIICHHUS TI0 HAMPSIKCHUTO
AU
ky = —=2; (10)
AUy
— KO3(DPHUIIUEHT YCUIIEHUSI TI0O MOIIHOCTH
_ A gAU g o (1)
P AL AUy
— BXOJTHOE COIIPOTUBIICHUE
UE -3
Iy
— BBIXO/IHOE COTIPOTUBIICHUE
UK— 2
Rppy = ——. (13)
Ik

[Topsimok BENWYMH STUX XapAKTEPUCTUK JUISI PA3IUUYHBIX CXEM BKJIIOUCHHS
TPaH3UCTOPOB MpUBEACH B Ta01. 1.
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Tabnuya 1
Baxuenme cBONCTBa OCHOBHBIX CXEM BKJIIOUEHUS TPAH3UCTOPOB
ITapamerp Cxema 00 Cxema Ob Cxema OK
ki Hecstku Hemuoro menbiie JHecstku
€IUHHMITBI
HemHuoro menble
ku o coren Jo coten P
Kp Jlo ThIcsY U Gonee Jlo coren JlecaTku
Rex Jo xunmoom Jlo necaTkoB oM J1o IeCSITKOB KHJIOOM
Rapix Jlo necaTkoB KujiooM Jlo coTeH Kuioom Jlo xunmoom
T4 B n10060i1 snexkTpruyeckoi 1enu 4acTh IEKTPOHOB
T HC Y4aCTBYCT B HAIIPABJICHHOM J3JICKTPUYICCKOM TOKC, a

TR PO T T X TPTILY, r PN R N W
PRy R e

~f COBEpIIAECT XaOTUYECKUE TEIUIOBBbIE IepeMelieHus. 3a
CYET ATOr0 Ja)xe MpU TOCTOSHHOM TOKE BeJIMYMHA
Toka  OecrmopsiioYHO  HM3MEHsieTCs  C  KpaiiHe
~  HE3HAYUTEJIBHOW AaMIUIUTYAOW U COCTOMT M3 JABYX
COCTaBIIIOIINX — TOCTOSIHHOW lo W mepemeHHOM Iy
(puc. 13). Jlns BBIXOOHOW LE€NM TPAH3UCTOpA, OOJIAJAIOUIETO YCHINTEIbHBIM
sbdexToM 3TH GIAYKTyallM CTAHOBATCS JIOCTATOYHO 3HAYMMBIMHU. XaOTHUYECKHE
(uyKTyauuu TOKa IOJIyYMJIM HAUMEHOBAHUE COOCMBEHHO020 wymMa MmMpaH3ucmopa.
Ha3panue myM npucBO€HO MOTOMY, YTO IpOIIE BCEro 3TOT 3(p¢eKT HabioIaTh B
TPaH3UCTOPHOM pajuonpueMHuKe. [Ipy OTCYTCTBUM BHEIIHErO CUTHaja NMPUEMHHK
U3a€T LIYM ONPEAEIIEHHOTO YPOBHS.
JUisg ycunurenei, coaepKammx noxylnpoBOJHUKOBBIE TPAH3UCTOPHI (Tak e, Kak
U JUIsl JOpYyTHUX), YpOBEHb COOCTBEHHOIO IllyMa HEOOXOJHWMO YYMTHIBaTh IpHU
OIIPENIETICHUH nopo2a 4y8CMEUMENbHOCMU — BEIUYMHBI MUHUMAJIBHOTO BXOJHOTO
CUTHaja, Ha KOTOPBIM pearupyeTr yCWINTEIb. Y POBEHb COOCTBEHHOIO IIyMa JIOJKEH
OBITh HMKE IOpora 4yBCTBUTEIbHOCTHU. l1lyMOBOE HampsikeHHe MOXKHO ONpPEAETUTh

o ¢opmyne HaiikBrucTa

rie Kk — mocTtosHHas bBoibliMaHa, NPHOJIHU3UTEIBHO 1,38-10'23 TOK/Tpa;
T — abcomoTHas Temmepatypa; R — compotuBnenue; [lp — HIUPHHA TOJIOCHI
MIPOMYCKAEeMBIX YacCTOT.

B cucremax ympaBieHHS TPaH3WCTOPHI dYallleé BCETO HMCIOJB3YIOTCS Kak
COCTaBHBIC YaCTH AJICKTPOHHBIX YCHUIUTEICH U TEHEPATOPOB YaCTOTHI.

+ b
Puc. 13. dnykTyaumm Toka

Koumponvnuie éonpocwt u 3a0anus

1. YUto takoe ¢uzmyeckas OCHOBa MPOBOJIUMOCTH MOJYIPOBOIHHUKOB?

2. KakoBa momkHa OBITh BaJ€HTHOCTH JIOHOPHBIX M aKIENTOPHBIX MPUMECEH IO
OTHOIIIEHHIO K 6a30BOMY BEIIECTBY?

3. Uto Takoe MOTEeHIMAIBHBIN Oapbep nepexoa?

4. KakoB NpUHILMIT ICMCTBHUS TOJIYITPOBOJHUKOBOTO Iroaa?

5. Uto Takoe cTaOWIUTPOH, BapuKar?
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6. KakoBa 001acTh NpUMEHEHHUS MOTYNPOBOAHUKOBBIX JUOJ0B?

7. OnuuuTe pacnpeeseHue NOTEHIMAIO0B B pa3IMYHbIX TUIIAX TPAH3UCTOPOB?

8. Onummure cXxeMbl MOJIKIIOUEHHUS] TPaH3UCTOpOB. JJI1 dYero Ciuyxur
conpoTuBIIeHUE 0a3bl (AMUTTEPA)?

9. PaciudpyiiTe COBMEIIEHHYIO XapaKTEPUCTUKY TPAH3UCTOPA.

10. Kakue cymiecTByeT IJIlaBHbIE CTATUYECKHUE XapaKTEPUCTUKHU TpaH3UCTOpa?
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Jlekums 2
CrneunanbHble NMOJYNPOBOIHUKOBbIE
U 3JIEKTPOBAKYYMHBbIE TPUOOPBI

» TyHHeJbHbIE THOIbI

Snonckuit yuenbii Ecaku mpennoxun B 1958 r. mynuenvnwiti 0uoo, KOTOpPHI
OTJINYAJICS OT OCTAJBbHBIX JHOJIOB TEM, YTO OCHOBHBIM PabOUYUM PEKHUMOM JIJIsi HETO
SIBJISIETCS TYHHEIbHBIN TIpo0oii. Kak 1 B 0OBIYHOM IMOJIe B HEM UMEETCS OJIUH P—N-
nepexoq. Ho B ornuuume OT OOBIYHOTO, KOHIEHTpALMs TpUMEceld Ype3BbIUYaliHO
Boicoka (mopsimka 10°-10%° cm™®). DTo npHBOAMT K YAETBHOMY CONPOTHBICHHUIO, B
COTHM M TBHICSYU pa3 MEHBIIEMY, YeM y OOBIYHBIX JH0J0B. [lomynpoBOgHUKH CO
CTOJIb HUYTOXXHBIM COINPOTHUBJICHUEM MMEHYIOTCS 6bIpodcOeHHbiMy. TonmnHa
Iepexoa B BHIPOKICHHOM MOTYIIPOBOIHUKE B JCCATKH pa3 MeHse (mopsiaka 107
MM), a IOTEHIIUAJIbHBIA Oaphep MPUMEPHO B JIBa pasa BhIIC. B TyHHEIBHBIX AUO0AX
cymecTByeT aAudQy3us HOCUTENed dYepe3 mepexoi H oOpaTHbIA Jpeid mnon
BIMSTHUEM DJJIEKTPUYECKOro ToJjii Ha mnepexoge. Ho OCHOBHyI posib Hrpaer
TyHHEIbHBIN 3(pdekr. OH COCTOMT B TOM, YTO B COOTBETCTBUM C 3aKOHAMHU
KBaHTOBOW (DM3UKH, MPU JOCTATOYHO MAJION TOJIIIMHE MOTEHIIMAIBHOTO Oapbepa,
UMEEeTCSl 3HauMMasi BEpPOSTHOCTh TMPOXOXKACHUS Oapbepa dJIEKTpOHaMH 0Oe3
U3MEHEHNs uX 3Heprud. OH BO3MOKEH U B TOM CIIy4yae, €CJIM SHEpPrusl AJIEKTPoa,
BBIp@)KEHHAsI B DJIEKTPOHBOJIbTAX -3B, HIKe MOTEHIMaIBHOrO Oapbepa B BOJbTaX.
HeoOxonumoe ycioBue: s 3JIEKTPOHOB MO APYTYIO CTOPOHY Oapbepa IOJIKHBI
UMEThCS CBOOOJIHBIE ypOBHU »dHepruu. IIpomecchl B TYHHETBHOM JHOJE
WUTIOCTPUPYIOT dHEpreTuueckue auarpammsl (puc. 14). OHu npeacTaBisioT coOoi
KOMOWHAIMIO W3 CXEM DJHEPreTHYECKHX YpPOBHEH (CM. puC. 1) M TOTEHIIMAIbHBIX
nuarpamm nepexoaa (cm. puc. 3). [lomuMo ux pacnpeiereHusi OHM TOKa3bIBAOT
YPOBHU DSHEPrHHM B BAJCHTHBIX 30HAX W 30HAX IMPOBOJUMOCTH IO 00€ CTOPOHBI
Oapnepa. BeneacTtBue KOHTAKTHOM pa3HUIIBI IMOTEHIIMAIOB 30HBI B OJHOW 00JacTh
CABUHYTHI TIO OTHOIIEHWIO K JPYrod Ha BBICOTY MOTEHIMAIbLHOTO Oaphepa. Ha
auarpaMMax yKa3aH TOJIbKO TYyHHEJIbHbIM TOK. Jlmarpamma Ha puc. l4,a
COOTBETCTBYET OTCYTCTBHUIO BHEIIHErO HaIpspKeHWs. KOHTaKTHBIM MOTEHUHAIBHBIN
Oapbep cocTaBisieT B mpuBefeHHOM npumepe 0,8 3B, a mmpuHa 3anpeTHON 30HBI —
0,6 »B. Mexnay obmacTaMu CyIIECTBYET KOpHUIOp, TyHHenb mupuHoit 0,2 3B, ¢
000MX TOPIIOB KOTOPOTO pACIONAraioTcsl BaJCHTHBIE 30HBI. Tak Kak YCIOBUS
MIPOXO’KIEHUSI TYHHETSI B 00€ CTOPOHBI OJIMHAKOBBI, ITI0 HEMY B 000X HAMPaBICHUIX
MPOTEKAIOT TYHHEJIbHbIE TOKH, U CYMMapHBIN TOK Yepe3 Mepexo/i paBeH HYJIIO.

I[Ipy mnomaue Ha mnepexod MNPSIMOTrO HAMNPSIKEHUS 0,1 B (puc. 14,6)
MOTEHIMAJbHBIA Oapbep CHMXKAETCS Ha 3Ty BeauuuHy u coctaBisier 0,7 »B. C
MPaBOro TOpLIA TYHHEISl PAacHOJIOKEHbl BaJ€HTHbIE YPOBHH, C JIEBOTO — YPOBHHU
MPOBOJIMMOCTH.

a o
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Puc. 14.  Dueprerndeckue  AuarpaMmsl  N—P-iepexona B TYHHEIBHOM  JHOAE:

a-U=0,6-U=0,1B;6-U=0,2B;2—Ugsp =0,2B

COOTBETCTBEHHO TYHHEJIBHBIA TOK TEYET cjieBa HampaBo (mpsmoil Tok). llpu
JAJIbHEHITIIEM YBEJIMUEHUH TPsMOro HampspkeHus (Ha puc. 14,6 — 10 0,2 B) o6nactu
cJieBa M CIIpaBa OT Mepexoja emie 0oJblile CMEIATCS U TYHHENb MePeKPhIBACTCS —
HET HU OJIHOTO «CMEXKHOTO» Jisi 00enx o0JsiacTeil SHEepPreTHYecKoro YpOBHS, Ha
KOTOPOM MOJKET Pa3MECTUTHCSI AJIEKTPOH MPOBOAUMOCTH, T. €. HE BBINOIHACTCA
YCJIOBUE TYHHEJIBHOTO MEPEX0/IA.

Ha puc. 14,2 u3o0paxen nepexo 1moja Bo3aeicTerueM oopaTHoro Hampspkenus 0,2 B.
[Torentmanbheiii 6apbep coctaBisier 0,8 3B + 0,2 B = 1 3B. BepxHuii BajeHTHBIH
YPOBEHbB CIpaBa PacHoIOKEH BBIIIE TAKOBOTO CJIEBA. 3a CUET ATOro 00pa3yercsi TYHHEIb
mmpuHoit 1 3B — 0,6 3B = 0,4 5B, mo koTopomy TeueT 0OpaTHBIN TOK — CIpaBa HAJIEBO.
KBazmpaHT npsiMoro HampspKEHUs! BOJIBTAMIIEPHOM XapaKTEPUCTUKU TYHHEIBHOTO JHOAA
IIpHUBEJIEH Ha puc. 15.

B touke 0 cymmapHblii TOK OTCYTCTBYET, U TOUKAa COOTBETCTBYET CHUTyallUH
puc. 14,a. Ilpu nosbimiennn npsimoro HamnpspkeHust Upp B uHTepBasie 0 — A B
MEepeXo/ie TOABISAETCS W PACHIUPSETCS HAHEDIETUYECKUH TVHHENb. [Insmon
TYHHEIBHBII TOK PE3KO BO3pPACTAET U B TOY $ 1o, i YCHOBHOE
puc. 14,6). obosHadEHHE

[Ipu panpHeitmem mnoBeimieHud Upp 1
ye3HOBeHHa ero B Touke b. CoorBercrsel
KOTOpbIM B Touke b paBeH Hymo. JlanbHeunme
mup@dy3HBIM U TIOJNIEBBIM TOKAMH, KaKk H
BOJIbTAMIIEpHAs] XapaKTEPUCTHKA OOBIYHOIC
KacaeTcsl BOJBTAMIIEPHON XapaKTEPUCTUKU I
0OpaTHOTO TYHHEJIBHOTO TOKAa OHa Tak ke 1 -0l o1 oz 03 04

Puc. 15. Xapakrtepuctuka TYHHErbHOro
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VYuactok A-b oOmagaer oTpULATENbHBIM YIJIOM HakiaoHa K ocu U, 4ro Kak Obl
NpOTUBOPEUUT 3akoHY Oma. [103TOMy y BBIPOXKJIEHHBIX HOIYIIPOBOJHUKOB HMMEETCS
BTOPOE HA3BAHUE — NOIYNPOBOOHUKU C OMPUYAMETbHLIM conpomugieHuem. TepMuH
JuieH (U3WYECKOro CMBICTIa — OTPULATEIBHOIO CONPOTUBICHHUS HE OBIBa€T — HO
BMECTE C TEM OYEHb 00pa3eH, YTO U MPUBEJIO K €r0 IIUPOKOMY PaCIpOCTPAHEHUIO.

Ha puc. 15 xapakrepuctuka ydactka A-b o0namaer BBICOKONH KPYTH3HOM —
HE3HAUUTEIbHOE M3MEHEHUE HANPSIKEHUS BEIET K PE3KOMY M3MEHEHHIO TOKa. DTO
NpPUBEJIO K IIMPOKOMY TIPUMEHEHUIO TYHHEIBHBIX [JHOJOB B YCHIUTENSX,
OECKOHTAKTHBIX MEPEKII0YaTeNsAX, T'€HEepaTopax CBEPXBBICOKOW (10 NECITKOB
rurarepir) yactorsl — CBY.

» Tupucropol

JpyruMm BUJOM TIOJYNPOBOJHUKOBBIX NPUOOPOB C OTPHUIATEIBHBIM CO-
NPOTUBJICHUEM  SBJISIIOTCS  TUPUCTOPbl. OHM  TMOAPA3ACISIIOTCI HA  OUOOHblE
(Ounucmopwvl) U mpuooHvle (MPUHUCTOPDL).

Junuctop obOnamaer Tpems pP-N mepexogamu 1o cxeme N-p-n-p. CrpykTypa
JUHUCTOpa mpuBeAeHa Ha puc. 16. Tam ke mnpuBeneHa HKBUBAJICHTHAs CXeMa
JUHUCTOpPA B BUJIE IBYX TPAH3UCTOPOB P—N—P U N—P—N-TUIOB, MOSICHAIOIIAS MPUHIINI
ero pabotsl. Kak BUIHO W3 cTpYKTYpHI, 1Ba nepexoaa I1; u Iz — paboraroT B nmpsimom
Hanpasienun, a Il — B oOpatHom. B skBuBanentHori cxeme II; u Il sBisroTcs
SMUTTEPHBIMHU TEPEXOIAMHU TPaH3UCTOPOB cOOTBETCTBEHHO Ti; m Tp, a I, —
KOJUIEKTOPHBIM MEPEX0JI0OM 000MX TPAH3UCTOPOB.

Isa Ry L Eyq
| |

Il P ? Pa|Ti=1Ig,
5+ - ntE, * K, n &+
E 2 I, E
& — p K B p ¢ —
] 11 I,
Lin=1g 91$ n

Puc. 16. CtpykTypa IuHHCTOpA U €r0 SKBUBAJICHTHAS CXeMa

O6macte 6a3el b; Tpamsuctopa T; OIHOBpEMEHHO SBIAETCS KOJUIEKTOPHOU
obnacteio K, tpansucropa T,, a o6macts 6a3bl b, Tpansucropa T, — KOIIEKTOPHOM
obnacteio K; tpansuctopa Ti. COOTBETCTBEHHO 3TOMY KOJIJICKTOPHBIA TOK MEPBOTO
TpaH3uctopa lx; siBasieTcst TokoM 0a3bl BTOporo TpaHizuctopa g, a lx, npencrasiser
coboit lg;. Ilpm OTCYTCTBMHM OCTaIBHBIX TEepexoaoB, dYepe3 mnepexon Il
(KONMIEKTOpHBIN), paboTaronuii Ha OOpaTHOM HAMPSDKEHWH, TMPOTEKan  Obl
HEOOJIBIION 00paTHBIN TOK, CO3/TaHHBIN HEOCHOBHBIMH HOcuTensMu. Ho ecnu B 6azy
TPAH3UCTOPAa CO CTOPOHBI AMUTTEPA MHKEKTUPYIOTCSI B OOJBIIOM KOJUYECTBE
HEOCHOBHBIE HOCHUTEIIH, KOJUIEKTOPHBIN TOK BO3pacTaeT MPOMOPIUOHATIBLHO MPIMOMY
HaIpsHKEHUI0 SMUTTEPHOTO TMEpPexo/ia, KOTOPOE U SIBJISIETCS MPUYUHOW HHIKEKIIMH.
Hampsbkenne Ha  KOJJIEKTOpe HAO0OpPOT  YMEHbBIIAeTCs, TaK Kak Majaer
CONPOTHUBIICHUE KOJUIEKTOPHOTO Mnepexoaa. OmnucaHHas CHUTyalHsi COOTBETCTBYET
pPEXKUMY HACBIINIEHUS OOBIYHOTIO TpaH3ucTtopa. Hedro mogoOHOEe MPOUCXOAUT U B
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nanHoM ciydae. Yepes nepexonsl I1; u I3 B o0nactu, npumsikatoniue k nepexony Il
MHKEKTUPYIOTCS HEOCHOBHBIE HOCHUTEIH, KOTOPBIE YMEHBIIAIOT CONPOTUBICHUE B
HEM, YBEJIMYMBAIOT TOK U YMEHBIIAIOT [TaJICHUE HANIPSKEHUS.

[Ipy DOBBIIIEHUN HANpPSKEHWS HA JU-

et HHCTOpE TOK CHadyaja pacTeT MEIJIEHHO,
9TO COOTBETCTBYET BOJIETAMITEPHOM

307 B XapaKTEPUCTHKE OOBIYHOrO auoja (Y4acToK
— 0—A na puc. 17). IIpuGop Kak Obl «3amepT».
IB?:,I?{_iZ:.._ Comnpotusnenue nepexojaa I, emie Benuko,

Tl B T A Y TaK KaK [IOYTHU BCE BHEIIHEE HAIPSKECHUE

- 0,17 {’] Uppp  PCAMBYETCA HA I1,, nanpsbxenus Ha 1) u
OBP ! IIF, v

L * H3 HC3HAUYUTCIIbHBI. I/I HOBTOMy HpSIMOI/I TOK

r ° 10 Uk p-n mepexomoB Manu. Ilpu yBenWYeHUH
Loge HaIpsDKEHUSI  BCJICICTBUE HEIMHEHWHOCTU
XapaKTEPUCTUKU TOK HAUYMHAET BO3PACTATh
Bce cwibHee. Ho mnpu »3TOM YHCIO
HOCHUTENEH, HMHXEKTHpyeMbIX B oOsactu Il, Bo3pacraer, CONpOTHUBIEHHUE 3TOTO
nepexojia Majaaer, COOTBETCTBEHHO pacTeT HampspkeHue Ha nepexogax II; u Il u
pacTeT MOpSAMOM TOK, T. €. MpOIlecC HAayMHAeT MojcTeruBaTh cam cebs. [lpu
Hanpsixcenuu exatovenuss Ugg (Touka A) mporecc mpuoOperaeTr JaBUHOOOpa3HBIM
XapaKkTep.

Tok pe3ko, CKauKOM BO3PACTAET, MIPU 3TOM 32 CUET YMEHBIIECHUS CONPOTUBIICHUS
[, Takxe pe3ko magaeT HampsbkeHHe Ha 3ToM repexoje (yuactok A-b). B touke b
KOHLIEHTpallMsl HMH)XEKTHPOBAHHBIX HocuTened B 30He [I; mocturaer Takoi
BEJIMYUHBI, YTO CO3/IAl0TCSI 0ObEMHBIE 3apsibl, COOTBETCTBYIOIINE MPIMOMY BKIIIO-
yeHuto. TakuMm o0pa3oM, BCE MEPeXoAbl TUHUCTOPA HAXOASITCS TOJ MPSIMBIM
HaIPSKEHUEM, YTO COOTBETCTBYET PEKHUMY HACBILIEHUS IPOCTOrO0 TpaH3ucTopa. A
ATOT PEKUM XaPAKTEPU3YIOT OOJBIITNE TOKH MPU OTHOCUTEIHHO MAJIOM HAMPSKEHUH
(yuactox b-B). Hanpasnenue ydactka A—b moja orpuuarteiabHbIM yriioM K ocu U
MO3BOJIIET NPUYUCIUTh THUPUCTOPHl K TOJYNPOBOAHUKAM C OTPHUILIATEIBHBIM
compoTHBIeHHEM. Pe3koe, ckaukooOpa3HOe M3MEHEHHE XapaKTEPUCTUKHU TMO3BOJISET
HCIIOJIb30BaTh THPUCTOPHI B KAUECTBE MEPEKIIOYAIOIICH anmnapaTtypbl, B YaCTHOCTH,
7UTst 0ECKOHTAKTHOTO YIIPABJICHHS CHIIOBBIMU DJIEKTPOBUTATEISIMHU.

Ecnu oT ogHOM 13 0a30BBIX 001acTei clenaTh BBIBOJ, TOTYYUTCS YIIPABIISIEMBIH
MEPEKITIOYAIOIINNA TPUOOP, UMEHYEMBIN MPUOOHBIM MUPUCOPOM VI MPUHUCTIOPOM.
Bonpramnepnass xapakrepuctuka mnpuBeneHa Ha puc. 18. IlomaBas Ha BbIBOA
VIOPABICHUS MIPSIMOE HAIPsHKEHUE, MOXKHO perymupoBath Ugk. Uem Gombie Tok lyrp
gyepe3 ympaBisieMbld miepexon, TeM Huxke Oynetr Ugk. [lapameTpsl y TpHHHCTOPOB B
MPUHIMIIE TaKUE €, YTO Yy IUHHUCTOPOB, C JOOABICHUEM BEIWYUH, XapaKTepH-
3YIOIIUX YIPABISIOUIYIO LETIb.

OObIuHbIE TPUHUCTOPHI HE 3aMUPAIOTCS MPU MOMOUIM YIPABISAIONIEH 1enu, s
UX 3alupaHus HEO0OXOJMMO YMEHBIIUTh TOK 10 BeJIMYMHbl HUXE lppx. OmHako
pa3pa0oTaHbl TPUHHUCTOPBI, [JJIs 3alUpaHUsl KOTOPBIX JOCTAaTOYHO  uepes
YOPaBJISIOMIUI  3JEKTPOJ, MOJAaTh KOPOTKUM HUMITYJIC OOpPATHOIO HaNpsKEHHUS.
Pa3paboTanbl Takxe cummempuynvie mpuHUCMOpPsl, UMEIOIIUE CTPYKTYpPY N—P—N—pP—

Puc. 17. XapaktepucTtuka guHucropa
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N (BoJpTaMmepHasi XapaKTepHCTHKA TMpUBEAeHa Ha puc. 19), oTmmparommecs Mnpu
1000 TONSIPHOCTH YIPABIISIOMIETO HAMPSDHKEHUS U OJMHAKOBO MPOBOJSIINE TOK B
000HUX HaIpaBJICHUSX.
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Puc. 19. Xapakrepuctuka CUMMETPHYHOIO
TPUHUCTOpA

Puc. 18. XapakrepucTtuku TpUHHCTOpa

YcnoBHble 0003HaYEHUS TPUHUCTOPOB HA AJIEKTPOCXEeMax MpUBeaeHbI Ha puc. 20.
a o 8 2 0
Puc. 20. VYcnoBHble 00O3Ha4YeHHs  TPUHUCTOPOB: a4 ©W 6 — C  BBIBOIOM  OT
N-00J1aCTH; 6 M 2 — C BEIBOIOM OT P-00JIacTH; 0 — CHMMETPHYHOTO TPUHUCTOPA

> TlojieBbie TPAH3UCTOPHI

Unero nonegvix  TpaH3UCTOPOB, HMEHYEMBIX TAKKE KAHAIbHLIMU WA
yHunonapueimMu (A1 OTAUYUS  OT  OOBIYHBIX  TPAaH3UCTOPOB, HA3BAHHBIX
ounonsipHuiMu), TIPEIIOKUI emme B 1952 r. ogun u3 m3obperareneil TPaH3UCTOPOB
[oknu. ['7maBHBIM JOCTOMHCTBOM IIOJIEBBIX TPAaH3UCTOPOB SBJISETCA BBICOKOE
BXOJIHO€ COMPOTHUBIIEHHE, COU3MEPUMOE C TAKOBBIM Y SJIEKTPOHBIX JIAMII.

[IpyHuMIT  ycTpoWCTBA W BKJIKOYEHHUS  ITOJIEBOTO
TPaH3UCTOpPAa C P—N-MEpeXoAOM, a TaK K€ €ro YCJIOBHOE
n3o0pakeHne mokazanbl Ha puc. 21. [lmactuaka w3
NOJMYyNpPOBOJHUKA,  HAampuMmep, N-Tuma, UMEeT Ha
NPOTUBOMOJIOKHBIX ~ KOHILAX JJIEKTPOJbI, C TOMOIIbIO
KOTOPBIX OHA BKJIFOUYEHA B BBIXOJHYIO (YIPABIIEMYIO) LIENb
YCWIMTENBHOIO Kackaia. JTa 1eMb MUTAeTCA OT UICTOYHHUKA
E, u B Hee BkitoueHa Harpy3ka Ry . Bponbs Tpan3ucropa
c MPOXOJUT TOK OCHOBHBIX HOCUTENCW. B Hamem npumepe
ATO SJEKTPOHHBIM TOK. Bxomnas (ympasisitomias) IHemnb
Pue. 21, Cxema oxmioverys  TPAH3HCTOPA oOpa3oBaHa C MOMOIIBIO  TPETLErO
nonesoro Tpawauctopa ¢ p-n  MIEKTPOJA, TMPEJICTABIAIOMIEIO CO00W 00NacTh € IPyruM
Nepexoaom TUIIOM 3JICKTPONPOBOAHOCTH. B gaHHOM ciydae 3TO p-

001aCTh.

H
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Nctounuk nuTtanus BXoJHOU 1enu E; cozmaer Ha eAMHCTBEHHOM P—N-Tiepexojie
JTAHHOT'O TPaH3UCTOpa 0OpaTHOE HampsihkeHre. Bo BXOAHYIO 1IeTh BKIIFOYEH UCTOYHUK
yCUJIUBaeMbIX KoJjiebanuii I

duznyeckue Nporecchl B MOJICBOM TPAH3UCTOPE MPOUCXOMAST CICTYIOUTUM 00pa30M.
[Ipy m3MeHEHWUM BXOJHOTO HANPSDKEHUs, SBISIOIIETOCS OOpPAaTHBIM HaNpsKEHUEM,
W3MEHSAETCS  TOJIIMHA 3amnuparomiero (00OBEIUMHEHHOr0) cjos  P—N-mepexona,
MOKa3aHHOro Ha puc. 21 mTpuxoBkoil. COOTBETCTBEHHO MEHSETCS MOTIEPEYHOE CEUEHUE
o0acTu, Yepe3 KOTOPYIO MPOXOAUT TOK OCHOBHBIX HOCUTENICH 3apsijia, T. €. BBIXOTHOM
TOK. JTa 00J1aCTh HA3bIBAECTCS KAHATIOM.

DNEeKTPOoJI, OT KOTOPOTO B KaHAJl BTEKAIOT OCHOBHBIE HOCUTENH 3apsi/ia, Ha3bIBAIOT
ucmoxom W. VI3 xaHanma HOCUTENU MEPEXOJAT K AJIEKTPOAY, KOTOPBIN Ha3bIBAETCS
cmokom C. VICTOK M CTOK aHaJOTUYHBI COOTBETCTBEHHO KAaTOIy M aHOIY
ANEKTPOHHON Jammbl. MHOTIA WX TaKk W HA3bIBAIOT. YMPABISIONIUNA AJIEKTPOJ,
NpeAHa3HAYCHHBIM  JJIsI  PEeryJUpOBaHHsS  TOMEPEYHOTO  CEYCHUs  KaHala,
HA3bIBAEMOTO, 3ameopomM 3 W B KaKOU-TO CTETNICHU aHAJOTHYEH 0aze OMMOJIIPHOTO
TpPaH3UCTOpA, XOTS MO (U3WYECKUM IMPHUHIMIAM CBOEH paboThl 3aTBOp M Oasza
pa3IUYHBI.

Ecnun yBenwumBath 1o aOCOMIOTHOM BEJIMYMHE BXOJHOE HAmpsKEHUE, T. €.
HarpspkeHue 3atBopa Us, To 3amuparoiiuid cioi P—N-nepexo/ia CTAaHOBUTCS TOJIIIE, U
MOTIepEeYHOe CeYeHUEe KaHaja yMeHblaercs. CienoBaTelbHO, €ro COMpPOTHBICHUE
NOCTOSIHHOMY TOKY Ry Bo3pactaeT u Tok croka l. cranoButcss menbine. [lpu
HEKOTOPOM 3aMMparoieM HanpsiKeHUU Us o, TI0MIAb MONEPEYHOTO CEYSHUsS! CTaHEeT
paBHOI HYJIO U TOK |- Oyner Becbma ManbIM. Tpan3uctop Oyaet 3anept. A npu Us =
0 cedenue kaHaja HamOoJblnee, Ry KMMeeT HauMeHblllee 3HAUeHHE (MOpsAIKAa COTEH
OM), u ToK | Oyner HanGospmuM. JIj1st TOro 4TOOBI BXOIHOE HAMNpshKEeHUE Hanboee
3G ()EKTUBHO YIPABISIIO BBIXOJHBIM TOKOM, OCHOBHOM TOJYIPOBOIHUK, B KOTOPOM
Co37aH KaHal, MPUMEHSETCS CPaBHUTEIHHO BBHICOKOOMHBINA, T. €. KOHIEHTPAIIHUS
MPUMECE B HEM OTHOCHUTEIBHO HEBEJIIMKA. Torjaa 3almuparoliuid CJIOM B HEM
nosydaercs Oonbiiei TommuHel. Kpome TOro, HadaibHasi TOJIIMHA CaMOTO KaHaja
(mpu Uz = 0) gomkHa OBITH JocTaToyHO Majoil. OOBIYHO OHA HE TPEBBINIACT
HECKOJIbKUX MUKpOH. 3anuparoinee HampsokeHue U;.,, TpH 3THX YCIOBHSIX HUMEET
BEJTMYHMHY TOPSIIKA €TMHUI] TN JICCITKOB BOJIBT.

[TockonbKy BJI0JIb KaHaJIa TOTEHLIUAJ TOBBIIAETCS 110 MEPE MPUOIIMKEHUS K CTOKY,
TO Ha y4acTKax, OJKe K CTOKY, OOpaTHOE HampshKeHHe P—N-Tepexo/ia YBEIMUMBaeTCs,
Y TOJILMHA 3aMMPAIOIIETO CII0S MOIYYaeTcs: OOJIbIIIE.

VYhpapnstoniee ACHCTBUE 3aTBOpa HAIVISIAHO TOKa3bIBAIOT  YHpAGIAoujue
(cmoxozameopnvie) xapaxmepucmuxu, Bulpaxarmue 3aBucumoctb |=f(Us), mpu
Uc=const (puc. 22). OgHako 3T XapaKTEPUCTUKH HEYAOOHBI IJi PacyeToB U Ha
MIPAKTUKE TOIB3YIOTCS BBIXOIHBIMU XapaKTEPUCTUKAMH.

Ha puc. 23 u3o0paxeHsl guixoonvle (cmoxosvie) xapakmepucmuky KaHaJIbHOTO
tpansucropa |.=f(Us), mpu Usz=const.
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Puc. 22. VYmnpasnstomye (CTOKO3aTBOPHBIC) Puc. 23. BeixogHpie  (CTOKOBBIC)
XapaKTEePUCTHKH TIOJICBOTO TPAaH3UCTOPa XapaKTePUCTUKU TMIOJIEBOTO

TpaH3UCTOpa

OnHu MoKa3bIBaloOT, uTo ¢ yBenuueHueM U; Tok | cHayana pacteT 10BOJIBHO OBICTPO,
a 3aTeM ATO HapacTaHWE 3aMEUISIETCS U TIOYTH COBCEM NPEKpALAeTCs, T. €. HACTYIAeT
SIBJICHUE, HATTOMUHAIOIIIEE HACKIIICHHE. DTO OOBSICHSAETCS TEM, UTO TIpH MoBbIIeHUH U,
TOK JOJDKEH YBEIWYUBATHCA, HO, TaK KaK OJIHOBPEMEHHO IPOUCXOJMT TMOBBIICHUE
00paTHOTO HAMpPSKEHUS Ha P—N-TIepexoe, TO 3alUPArOIINN CJIOW pacIIupsIeTCs, KaHal
CYXHBAeTCs, T. €. €ro COMpPOTHBIIEHUE BO3pACTaeT W 3a CYeT 3TOro Tok |l momkeH
YMEHBIIUTHCA.

Takum oOpa3zoM, MPOUCXOAT IBa B3AUMHO MPOTHBOIMOJIOKHBIX BIUSHUS Ha TOK,
KOTOpBIM B pe3yJibTaTe OCTaeTcs NouTh TMOCcTosHHBIM. [Ipm momaue Oomee
OTPULIATENIBHOTO HANpPSKEHUsS Ha 3aTBOP TOK |. yMeHbIIaeTcss M XapaKTepHCTHKA
IPOXOAUT HUXKE.

[ToBbIlIEHNE HANPSIKEHUS CTOKAa B KOHIIE KOHIIOB MPUBOJUT K BJIEKTPHUUECKOMY
npo0oro pP-N-mepexoja MW TOK CTOKAa HAYMHAET JABMHOOOPA3HO BO3PACTaTh.
Hampsixkenune mnpoOost sIBASIETCS OMHUM M3 TPEACNbHBIX IMapaMeTpoOB TOJEBOTO
TPaH3UCTOPA.

PaGota TpaH3ucTOpa 0OBIYHO MPOUCXOIUT HA MOJOTUX YUACTKAX XapaKTEPUCTHK,
T. €. B 00JacTH, KOTOPYIO YacTO HE COBCEM YIa4yHO HAa3bIBAIOT 001ACMbIO
Hacvlyenus. HamnpspkeHwe, TpU  KOTOPOM HAYMHAETCS dTa 005acTh, WHOTIA
HA3bIBAOT HANPAJICEHUEeM HACbleHus, a 3AlUPAIoLIee HANPSHKEHUE 3aTBOpA MHA4e
€L1Ee HA3BIBAKOT HANPANCEHUEM OMCEUKU.

[ToMrMO BBICOKOTO BXOZAHOT'O COIPOTHBIICHHMSI IOJIEBBIE TPAH3UCTOPHI UMEIOT Psif
MPEUMYIIECTB MO CPABHEHHUIO C OUIONSPHBIMHU TpaH3UCTOpaMHu. Tak Kak B TOJEBOM
TPaH3UCTOPE TOK lc 00pa3oBaH mepeMeIeHneM OCHOBHBIX HOCHUTENCH, KOHIICHTPAITHS
KOTOPBIX OIpPEAEISIETCS] KOJIMYECTBOM IPHUMECEH M IMPAKTUYECKHM HE 3aBHCUT OT
TEMIEPATYPbI, TO MOJEBbIE TPAHIUCTOPHI SABISIIOTCA 0OJIee TEMIIEPaTypOCTa0NIbHBIMU,
T. €. MEHBIIC W3MEHAIOT CBOM XapaKTEPUCTHUKA W MapaMeTpbl NpU HU3MEHEHUH
temreparypbl. OHM MoOryT xopomio paborate B 0Ooiee IIHPOKOM HHTEpBaje
temneparyp. [lpu noBeilieHUN TeMIiepaTypbl HAOTIOJAETCS TOJIBKO MOBBIIIEHUE TOKA
3aTBOpa, KOTOPBIM SIBISIETCS TOKOM HEOCHOBHBIX HOCHUTENIEH, HO BCE K€ OH OCTaeTCs
JOCTaTOYHO MaJblM, M IIO3TOMY BXOJHOE CONPOTHBIICHUE COXPAHSET BBICOKHE
3HaueHus. [loneBod TpaH3UCTOpP CO3Ja€T MEHBIIME IIyMbl U O0MagaeT Oosblieit
CTOMKOCTBIO K JEHMCTBUIO MOHM3HMPYIOLIEro u3inydeHus. 110 paananmoHHON CTOMKOCTH
ATH TPAH3UCTOPBI MPUOIKAIOTCA K AJNEKTPOAHBIM JammnaMm. HemocTtaTkoM KaHaIbHBIX
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TPAaH3UCTOPOB SIBJIICTCSI HENOCTATOYHO BBICOKAas KPYTH3HA XapaKTEpUCTHKU. CXeMbl
BKJIFOUEHUS TIOJEBBIX TPAaH3UCTOPOB B KACKaJ B NPUHLMIIE COBIAJAIOT CO CXEMaMH
BKJIIOUEHHS OUIIOJIIPHBIX TPAH3UCTOPOB.

> DJIeKTPOBAKyyYMHbI€ MPHOOPBI

[lpuHimn JeMCTBUSL  3JEKTPOBAKyYMHBIX IMPUOOPOB OCHOBaH Ha 3¢dekTe
IIEKMPOHHOU IMUCCUU — BBIXOJIA JIEKTPOHOB M3 TBEPBIX WIM JKUAKHX TENl B BaKyyM
Wi Ta3. B OOBYHOM COCTOSHUM Ha TIOBEPXHOCTH TIPOBOJHUKA OOpa3yeTcs
MOTEHIMAIBHBIA Oaphep, HANPSHKCHUE KOTOPOTO BBINIE, YeM JHEPrus CBOOOIHBIX
AJIEKTPOHOB. DTOT Oapbep, UMEHYEMbIH HHOT/IA 37eKMPOHHOU NIEHKOU, TIPETISATCTBYET
BBIXOY DJICKTPOHOB. J[JIs1 TOrO YTOOBI AJIEKTPOHBI €r0 IMPEOJOJIEH, UM HEO0OXOIUMO
COOOITUTh JIOTIOJTHUTEBHYIO SHEPTHI0. JHEPrHs, HEOOXOoauMas JJjIsi TOrO YTOOBI
NPEOJIONICTh Oapbep, UMEHYETCs pabomoil 6vixooda. 110BEpXHOCTh, C KOTOPOH B XOe
OMHUCCHUU  BBIXOAST DJICKTPOHBI, HA3BIBACTCSA amummupyiowjeli. B 3aBHCHUMOCTH OT
Croco0a, KOTOPBIM DJICKTPOHAM COOOINACTCS JIOTOJHUTEIbHAS DHEPrus, SMHCCHS
TOJIPa3ICIIACTCS:

— HA MEePMOIIEKMPOHHYIO — 3a CUET TEIJIOBOW JHEPrHUH; OCOOCHHO IIUPOKO
pacnpocTpaHCHHA B 3JIEKTPOHHBIX TPHOOpaAX;

— aflekmpocmamuyeckyto (Ipyriue Ha3BaHUS — A6MOINCKMPOHHASA, XONI0OHAS) — 32
CYET BHEIIHETO 3JICKTPUYECKOTO TIOJIsA, CHWKAIOIICTO MOTCHIHAIBHBIN Oaphep M
YCKOPSIOIIETO 3JIEKTPOHBL;

— 6mopuyHyl0 — 3a CYeT MPHOOPETEHUSI SHEPruM MaJaroMX Ha AMUTTUPYIOIIYIO
TIOBEPXHOCTH 3JICKTPOHOB (MMEHYEMbIX B TAKOM CIIYUae nePEULHbIMLL);

— AIMUCCUIO NOO YOapamu MaANXCeablX Yacmuy; UMEeT ONpPeleNIeHHOE CXOJICTBO C
OPEIbIIYIIIM CIIOCOOOM, TOJIBKO MCTOYHUKOM JIOTIOJIHUTEIBLHON DHEPTUU SBISIOTCS
OoJee TsHKeNbIe YaCTHUIlhI, Yallle BCEro MOHBI. MIOHHAs sMucCUs SBISETCS OCHOBHBIM
BUJOM B MOHHBIX MPUOOpax ¢ TICIOMUM pa3psaoM (CTaOMIUTPOHBI, HEOHOBBHIE
JIaMIIbl ¥ TaK jaajee).

DnekmposaxKyymMHviMu npubopamu Ha3bIBAIOT MPUOOPHI, B KOTOpPHIX pabodee
IPOCTPAHCTBO, M30JUPOBAHHOE TAa30HETPOHUIIAEMON O00O0JIOUYKOM, UMEET BBICOKYIO
CTETICHb Pa3peKEHUS WU 3aIl0JIHEHO CHENUaIbHOW cpefoi (mapamMu WM ra3amu),
JIEHCTBUE KOTOPHIX OCHOBAHO HA UCTIOJIH30BAHHUH JICKTPUUECCKUX SIBJICHUN B BaKyyMe
win raze. [log BakyyMoOM MOHMMAaeTCs Takas CTENCHb pa3peKeHUs, MpU KOTOPO
AJIEKTPOHBI MPAKTHUYECKU HE CTATKHBAIOTCS C OCTABIIMMUCS TOCIE OTKA4YKW Tas3a
MOJIEKYJIaMU. DJIEKTPOBAKYyMHBIC TIPUOOPHI JCISITCS HA 9/1€KMpOHHble, B KOTOPBIX
MIPOXOJIUT YUCTO IIEKTPOHHBIN TOK B BAKyyMe, U UOHHbIE (2a30pa3psonbie) npubopwl,
JUTSL KOTOPBIX XapaKTEePEH AICKTPUUSCKHUM pa3psi B ra3e WK mapax.

OcoOyto Tpymiy 3JIEKTPOHHBIX JJEKTPOBAKYYMHBIX MTPHOOPOB COCTaBISIOT
9NeKMPOHHble JaMnbl — TIPUOOPHI, TpEJHA3HAYEHHBIC I Pa3IUYHBIX TIpe-
oOpa3oBaHU{ SJEKTPUYECKUX BenuyuH. [0 HAa3HAUYEHWIO OHM MOTYT OBITh YCHIIH-
TEJTHHBIMHY, BBIPSIMUTEIBHBIMA, TEHEPATOPHBIMHU, YACTOTONIPEOOpa30BaTEILHBIMA U
Tak nanee. B 3aBUCHMOCTH OT 4YMCa DJIEKTPOIOB JIAMIIBI PA3ACISIOTCS HA OUOObI
(IBYX3IEKTPOAHBIE), mpuoosbl (TPEXDIIEKTPOJHbIE) W  MHOTORJIEKTPOJHbIE —
mempoowl, NEeHMOObl, 2eKCOoObl, 2enmoobl, OKMOObl U 3HHOObL (COOTBETCTBEHHO
4eThIpeXx-, JAeBATHANIEKTpoaHbie). [lo mpuHIMIy paboThl  JIaMIBl  MOTYT
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MOJIPa3ACNATHCS Ha Pa3InYHbIC TUIIBI, HATIPUMED, MACHEMPOHbl, KIUCMPOHbL, JIAMNbI
bezyweti 80IHbL.

Bonbiyro rpymnmy COCTaBISIIOT 97eKMPOHHO-TYHegble Npudopsl, K KOTOPBIM
OTHOCSITCS TPHEMHBIE M TEPEJAIoNIe TEICBHU3UOHHBIE W OCHMIUIOrpadudecKue
TPYOKH.

B rpynny gomooanexmponnvix npub6opoé BXOAAT SIEKTPOBAKyyMHBIE (O-
TO3JIEMEHTHI i (POTOICKTPOHHBIC YMHOXKHUTEITH.

K oanexmpoocsemumenvnvim  npubopam OTHOCSTCS JIaMITbl HaKaJIMBAaHMS,
ra3opa3psIHBIC U JTIOMUHECIICHTHBIC JIAMIIbI.

OCHOBHBIMH THIIAMH HWOHHBIX TPUOOPOB SBJIAIOTCS Ta30TPOHBI, THPATPOHBI,
CTaOMJIMTPOHBI, PTYTHBIC BEHTHJIU U Ta30BbIC Pa3PSTHUKH.

JlocTaTOYHO MOAPOOHO  pPacCMOTPETh BCE TMPUBEACHHOE MHOTOOOpa3ue
AJIEKTPOBAKYYMHBIX TMPUOOPOB B JAHHOM Kypce JIEKIIMH HEBO3MOXKHO, ITOITOMY
OCTAaHOBHM CBOW BBIOOpD Ha PACCMOTPEHHMH HamOOJee pPacHpOCTPAHEHHBIX DJICK-
TPOJHBIX JIAMII — TUOJIa U TPHO/IA.

> DIeKTPOBAKYYMHBIN THO

['maBHBIM Ha3HAYCHUEM JBYXDJICKTPOJHON SJICKTPOHHOM JIaMIIbl, Ha3blBaCMOM
JIMO/IOM, SIBJISICTCSI BBINIPSIMIICHHE TOKa. J[MOM MMEeT JiBa AJIEKTPOja B CTCKIISTHHOM,
METAJUTMYECKOM WM KepaMHUYecKoM OallloHe ¢ BakyyMoM. OIHHM 3JIEKTPOJIOM
SBIISICTCSL HAKANEHHbIN KAmoo, CIYXAIUWA Ui IMHUCCHH SJIEKTPOHOB. Jlpyroii
AIIEKTPOJT — AHOO — CITY’)KUT JIJISl TIPUTSHKCHHS AJIEKTPOHOB, MCITYyCKAEMBIX KaTOJIOM U
CO3JIaHUs MOTOKAa CBOOOMHBIX AJIEKTPOHOB. KaTon W aHOM aHAJOTUYHBI AIMUTTEPY U
0a3e MONyNpOBOMHUKOBOTO auoAa. Karompl pasnmeisioTcss Ha HenocpeoCcmeeHHO20
WIH APSAMO20 HAKALA W KAmooObl KOCEEHHO20 Hakana (nodocpesuwvie). YCIOBHBIC
0003HAYCHHUsI TUOMIOB TPUBEICHBI Ha pHUC. 24, TaM JXe TpHBEICHA CXeMa Iernei
IMoa.

OCHOBHO¥ SIBIISIETCSI AHOOHAS Yenb, COCTOSIAsI U3 UCTOYHHUKA HANPsDKeHUS Ex 1
IPOCTPAHCTBA MEXIY aHOJAOM M KaToJoM. Bce alieKTpoibl, BhUICTAIOIINE U3 KAaTO/a,
00pa3yroT MoK smuccuu

I, = Ne, (15)

rjiae N — 9ucIio 3JIeKTPOHOB, BRUICTAIONINX 3a 1 ¢ U3 KaTtoja, € — 3apsi dJeKTpoHa. Mexy
aHOJIOM M KaTOJIOM AJICKTPOHBI 00pa3yroT MPOCTPAHCTBEHHBIN 3apsiyl, MPETSTCTBYIOMINI
JBIKCHUIO 3JIEKTPOHOB K aHOy. [I03TOMYy mpu OTCYTCTBHM MOJOKHUTEIIBHOIO WIHA MPU
OTPHUILIATEIILHOM TMOTEHIIMAJIE Ha AaHOJE AICKTpUYECKasl IIEMb KaToJ — aHOJ OTCYTCTBYET,
nuon 3anept. [Ipy He3HAUYUTETHHOM MOJOXKUTEIRHOM IOTEHIUAJIE HAa AaHOJE HE BCE
3JIEKTPOHBI MOTYT MPEOAO0JIETh TOPMO3SIIEE BO3ICUCTBUE MPOCTPAHCTBEHHOIO 3apsia U
AQHONHBIN TOK [ a < 1 o+ Y TOJIBKO NPH JOCTATOYHOM BEJIMYMHE MOTEHIMANa Ha aHOJEe

I, = 1,. Pa3HOCTh TOTEHIMATIOB MEXKIYy AHOJOM U KaTOJOM Ha3bIBACTCS AHOOHbIM

Hanpsidcenuem. TakuMm 00pa3oM, TOK B aAHOJHOM IIEMH BO3MOXKEH TOJBKO TpH
TTOJIOKUTEIILHOM TTOTEHIIMAJIE Ha aHozAe. B AToM M 3akitouaeTcst MPUHITUIT BBITIPSIMIICHHUS
MepEeMEHHOr0 TOKa. BenmnumHa aHOAHOrO TOKAa COCTaBIISICT OT JIOJCH MUJUIMaMIiepa
(MaJIOMOIIIHBIE AHOMBI 11 pajvo- W HW3MEPUTEIBHOW armapaTrypbl) A0 COTEH
MUJUTHAMIIED (KeHOmMpOoHbL — MOITHBIE TUOBI 1711 BEIIPSIMIICHHUS TOKA B CHJTOBBIX IICTISIX).
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B omnune ot nonynpoBOJAHMKOBOIO Y BaKyyMHOI'O TMOJa MPU OOPAaTHOM HAIPSHKEHUN
00paTHBIN TOK MPAKTUYECKU OTCYTCTBYET.

a o

En
Puc. 24. YcnoBHbie 0003HaUCHHST BaKYyMHBIX JTHOIOB a) C KAaTOAOM MPSIMOro Hakaja 0) ¢
TOZIOTPEBHBIM KAaTOOM B) LICIH MO

> DJIeKTPOBaAKYYMHBI TPHO

B oTiimume oT auoja TpUOJbl UMEIOT TPETHUM BIEKTPOJ — YHPABIAIOULYI0 CEMK),
PACTIOJIOKEHHYIO MEXIY aHOJOM U KaTogaoM. OHa CIYKUT JJI4 JIEKTPOCTATUUECKOTO
yIOpaBJIeHUsI aHOAHBIM TOKOM. EciuM HM3MEHATh NMOTEHIMAT CETKM OTHOCHUTEIBHO
Karoja, TO OyJIeT HW3MEHATHCS OJJICKTPUUYECKOE TMojie U
BCJICJICTBUE ITOT'0 CTAaHET U3MEHATHCS aHOJAHBIM TOK. B aTOM
3aKJIFOYAETCsl  YIPaBIISIONICE JICHMCTBHE CETKM. Tak Kak
MOTEHIMAl CETKU JJIsl JJIEKTPOHOB, HSMUTTUPYIOIIUX C
KaTo/la, SIBJISIETCS YCKOPSIIOMMM  (TIOJOKUTEIbHBIA) WU
TOPMO3SIIUM (OTPHUIATEIBHBIN), TO HEOOJBIIOE U3MEHEHUE
CETOYHOTO TMOTEHIHaJla NPUBOAUT K 3HAYUTEIBHOMY
W3MEHEHUIO aHOJHOTO ToKa. B 3TOoM 3akiouaeTrcs ycu-
nuTeneHB  dQgekr Tpuoma. Kartom, cerka W aHOZA Puc. 25. Llenu Tproaa
BaKyyMHOT'O TPHOJIa aHAJIOTHYHBI IMUTTEPYy, 0a3ze W KOJUIEKTOpy TpaH3uctopa. Ha
puc. 25 nokaszanbl I1ienu Tpuoja. IIpy MmoaoKuTeIbHOM MOTEHIMAIE HA CETKE YacTh
AJICKTPOHOB OCEIAaeT Ha HEW, co3/laBasi CETOYHBIA TOK l., aHaTOTMYHBIA TOKY Oa3bl
Tpan3ucropa. CeTounbli TOK Oecrone3eH U naxe BpeaeH. [lo cBoeil BenuunHe OH
ropa3/l0 MEHbIIIE IOJIE3HOIO0 aHOJHOrO Toka |, aHAJIOTHMYHOrO SMUTTEPHOMY TOKY
TpaH3uCTOpa. B HEKOTOPBIX Cilydasx, MpU OTPULIATEIIBHOM MOTEHIIMAJIE HA CETKE, TOK
MOJIHOCTBIO OTCYTCTBYET, UYTO BBITOJHO OTJIMYAECT BAKYYMHBIM TPUOJ OT IOJYIPO-
BOJHHUKOBOTO, TJie HM30aBHThCA OT TOKa 0a3bl HEBO3MOXXHO. B mpoBoae karoja
MPOTEKAET KATOJHBIN TOK

Io=1,+1,. (16)

Katognbiii TOK COOTBETCTBYET SMHUTTEPHOMY TOKY Tpan3uctopa. [logoOHO amo-
JaM, TpUOJbl 00JIa/Ial0T OJIHOCTOPOHHEN MPOBOJIUMOCTBIO U, CIEA0BATEIbHO, MOTYT
WCMOJIB30BATHCA ISl BBIIPAMIIEHHS] NTEPEMEHHOr0 Toka. Ho 11t 3TOro ncnons3oBaTh
WX HET CMBICJIA, TaK KakK JWOJbI IMPOLIE MO KOHCTPYKUHWHM W Jemesie. [aBHoe
Ha3HAYEHUE TPUOJIOB — YCUJICHUE DJIEKTPUUECKUX KOJIeOaHUH.

bosiee cnoxHpie naMmbl C HECKOIBKUMH CETKAMHM NMPUMEHSIOTCA JJISI TEX XKe
LIEJIEH, UTO U TPUOJIbI, HO B HUX YCTPAHEHBI HEKOTOPBIE HEJOCTATKH MOCIETHUX.

KOHmPOJleble eonpocol u 3a0aHus
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1. OObpsAcHUTE UTPUHLMI JEUCTBHS TYHHEIBHOrO JMOJAa U JaiiTe emy
XapaKTEPUCTHUKY.

2. O0bsAcHUTE NPUHIUN JSHCTBUSA AMHUCTOPA U JAUTE EMY XapaKTEPHUCTHUKY.

3. OOBsicHUTE TPUHLIMN ASUCTBUS TPUHUCTOPA U AANTE EMY XapaKTEPUCTHKY.

4. Yto Takoe CUMMETPUYHBINA TUPUCTOP?

5. HazoBure 006s1acTh MPUMEHEHUSI TUPUCTOPOB.

6. O0BsICHUTE TPUHLIMIT IEUCTBUS U YCTPOUCTBO MOJIEBBIX TPAH3UCTOPOB.

7. Ha30BUTE TOCTOMHCTBA M HEJTOCTATKH ITOJIEBBIX TPAH3UCTOPOB IO OTHOLIEHUIO
K OUIIOJISIPHBIM.

8. KakoBa ¢u3nueckas OCHOBa 1 OCHOBHBIE BU/JIbI JIEKTPOHHOU SMUCCUU?

9. Kakue ocHOBHbBIE BUJIbI 3JIEKTPOBAKYYMHBIX TPUOOPOB?

10. OObsicHUTE NPUHLIKIT JEHCTBUS BAKYYMHOIO IMO/A.

11. OOBsICHUTE TPUHIUIT JEUCTBHUS BaKYyMHOTO TPHOJIA.
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Jexknus 3

DYyHKUMOHAJIbHAA KIacCu(PpUKanms

3JIEMEHTOB CHCTEM YIPABJICHUSA U ABTOMATUKH.
rocy1apCTBeHHAasl CUCTeMa NPUOOPOB U3MeEpPEeHUA
U CPeICTB ABTOMATUKU

Curnan, T. €. MOAYJISIIUS HECYIICH SHEPTUH, B LENAX YIPABJICHUS UCTIBITHIBACT
MHO>KECTBEHHBIE TpeoOpa3oBaHus. V3HauanbHOE YOpPaBISIONIEE BO3/ACHCTBUE
MOCTYTAaeT B CUCTEMY YIPABIICHUS W3BHE. MICTOUHHKOM YIPaBIISIFOIIETO BO3ICHCTBUS
MOXET OBITh JHOO KOMaHAa oreparopa JHOO W3MEHEHHWE BHEIIHEH Cpeipl WId
BHYTPEHHETO COCTOSIHUS YNpaBIseMOW MallnHbl (MexaHu3Mma). B mepBoM ciydae
BEJIMYMHA YIPABISIONIETO BO3JACHCTBUA (HaKaTUS Ha Tealb WIH KHOTIKY, TIOBOPOTa
ITypBaJia, MEPEKIIOYCHUS TyMOJiepa WM phluara) orpaHMYeHa U3 I)PTrOHOMHUYECKUX
cooOpakeHui B crily (PU3UOJIOTHIECKUX OCOOCHHOCTEH YelloBeKa U HE MOXKET OBbITh
3HAYUTENbHOW. BO BTOpOM ciyyae HEOOXOJUMO TOMHHTH O TOM, YTO B TEXHHKE
nojy4yeHre WHPOPMAIMU — ITO MPOIECC Mepeaadn dHepruu. Eciu mpu morydeHnn
uHpOpMaIK OT KOHTpOJUpyeMoro oobekTa (mporecca) Oyaer 3abpaHo OoJblIoe
KOJIMYECTBO DSHEPTHU, TEM CaMbIM JTOT OOBEKT (Tporecc) OyneT 3HAYUTEIBHO
HCKa)keH B mpolecce n3MepeHus. CienoBareinbHO, B 000MX Cllydasx yIpaBISIOMIUN
CHUTHAJl Ha BXOAE€ B CHCTEMYy MPHHLUMIHAIGHO HE MOXET 00JagaTh OO0NbIIOoH
MOIIHOCTBI0. Ha BbIXOZE e M3 CHCTEMBl YHPAaBJSIOMIUNA CUTHANI JOJI’KEH 00JajgaTh
MOIIHOCTBIO, COM3MEPUMON C MOUIHOCTBIO YIPaBIIEMOro OOBEKTa (Iporecca).
[TosToMy y OONBIIMHCTBA CHCTEM YIPABICHHS CUTHAJ TMPH IMPOXOXKIECHUH dYepes
CHCTEMY JIOJDKEH OBITh YBEJIMYEH 10 MOIIHOCTH B JECATKH M COTHU pa3. Ilomumo
3TOTO, B MPAKTUKE HEPEAKH CIy4yad, KOTJa BBIXOJHON CHTHAJI 3aBHCUT HE OT BXO.-
HOT'O HampsIMYIO, a OT PE3YyIbTaTOB HEKOTOPBIX OTEPAIM C BXOJHBIM CHUTHAJIOM, T. €.
CPaBHEHHS €T0 C STAJTOHHBIM 3HAYCHHUEM, CYMMHUPOBAHHS HECKOJIBKUX BXOJIHBIX CHUT-
HaJIOB M TaK Janee. B COOTBETCTBHM C TeM, HACKOJIBKO DPa3HOOOpa3HHBI Impeobdpa-
30BaHUSl CUTHAJla B CHUCTEME, HACTOJIBKO pa3HOOOpa3Hbl M (YHKUUU OTAEIbHBIX
9JIEeMEHTOB cHucTeMbl. [loaTomMy Hambosee eCTEeCTBEHHBIM KIACCU(PUKALNOHHBIM
MPU3HAKOM TNPH KJIacCU(UKALUU 3JIEMEHTOB CUCTEM YIIPaBICHUS SIBIACTCS (PYHKIIMS,
KOTOPYIO BBINOJHSET B COCTaBE CHUCTEMbI JaHHBINA 3JIEMEHT, a Kiaccupukanus, mo-
CTpOCHHas Ha 0a3e 3TOro mpH3HAKa, MONy4Yuja Ha3BaHHE (YHKIHOHAJIbHOM
KJaccupukanuu 371eMeHTOB cucTteM ynpasieHusi. CoriacHO (yHKIIMOHAJIbHOU
KJIACCU(UKAIIUU SJIEMEHTHI CHUCTEM YINpPaBICHUS IENATCA Ha CIEAYIOIIUEe TPYIIIBI:

NATYUKH, YCHJIMTEJIH, JIOTH4ecKHne 3JIEMEHThI, npeodpa3oBareJiu,
HCIOJTHUTE/IbHbIE YCTPOHCTBA, OPraHbl YNIPaBJIeHUs U NPUOOPBI KOHTPOJIS.
Jatunkn — mpuOOpHl, MpeAHa3HAYEHHBIC IS TOMydeHUs WHGOPMAIMH O

COCTOSIHUM O0BEKTa WM Ipolecca, mpeoOpa3oBaHusi €€ B MOAYJSILMIO TOrO BUJA
SHEPIruM, KOTOPBIM LUPKYIUPYET B CHUCTEME YIPABICHHS U Tepenadd mpeodpaso-
BAHHOT'O CUTHAJIa B cucTeMy. @u3ndeckas npupojaa MHPopMaluu Ha BXOJE JaTUHKa
MOXET OBbITh JIIOOON — mepemenieHue 00bEeKTa, ero CKOPOCThb, TeMrepaTypa U TaK
naiee. Ha BbIxozie — MOIyINALMS SHEPTUU (KaK MPaBHIO — 3JIEKTPUUYECKON) B CHUCTEME.
BrionHe noHATHO, YTO MEXTy BXOIHBIM U BBIXOJHBIM CUTHAJIOM JIOJKHO OBITh B3AaUMHO



31

OJIHO3HAYHOE COOTBETCTBUE, MPOMOPIIMOHATBLHOCTE. Kak yke 0TMeuanoch BhIIIe, 0TOOP
SHEPrUM OT 00BEKTA B MPOIECCE U3MEPEHUS JTOJKEH ObITh He3HAUMTENbHBIM. OTCIOa
dbopMUPYIOTCS CenyIOUUE TPU (PYHKIMOHATbHBIX TPEOOBAHUSA K JaTYNKAM

— ipeoOpa3oBaHue SHEPTUU B BUJ, YAOOHBIN JIJIs TIepeayu;

— BBICOKasi TOYHOCTh U OJTHO3HAYHOCTh MPE0Opa30BaHMUs;

— KaK MOHO MEHbIIIee 00paTHOE BO3JeHCTBUE HA OOBEKT.

JIaT4yuKy MpPEenCTaBIAIOT BECbMAa MHOI'OYMCIICHHBIM KJACcC J3JIEMEHTOB CHUCTEM
ynpasiaeHuss. OHU MOAPa3JENsIOTCS IO TPEeM OCHOBHBIM IOKa3aTensiM: BUIY
BXOJHOTO CHUTHaja, CIoco0y MmpeoOpa3oBaHUsi COCTOSHMS BBIXOJHOW IIEMU U Xa-
pakrepy npeoOpa3oBaHHOIrO curHaia. I1o 6udy 6xo0Ho2o cucHana NATYUKUA BecbMa
pa3HooOpa3Hbl. B moabeMHO-TPaHCTIOPTHBIX, CTPOUTEIBHO-TIOPOKHBIX U IMYTEBBIX
MalllMHAX U TEXHOJOTHYECKOM O000PYTOBAHUM MTPUMEHSIIOTCS JATYUKU, U3MEPSIOITUE
U3MEHEHHUE COCTOSIHMSI COCTaBHBIX 4YacTe MEXaHMYECKOW DJHEprum o0BheKTa
(monmo>keHue, TEpeMelIeHue, CKOpPOCTh, YCKOPEHHE, YCWIHE, [aBJICHUE) U
temreparypsl. [lo cnocoOy npeoOpa3zoBaHMsl COCTOSIHUSI BBIXOJHOM IENMH JaTUYUKH
MOAPA3ALIIAIOTCS Ha TapaMeTPUIECKUE U TeHEPATOPHBIE.

Ilapamempuueckue oOamuuxku W3MEHSIOT KakKOW-TMOO mapaMeTp (Hampumep,
AKTUBHOE COMPOTHUBIICHHE, UHIYKTUBHOCTb, EMKOCTh) BBIXOJHOM II€TH, MO KOTOPOM
NPOTeKAaeT TOK OT BHENIHErO0 KCTOYHHMKA, MPOMOPIMOHAIBLHO COCTOSIHUIO
U3MeEpsIeMOoro o0beKTa (Iporiecca).

I'enepamopnvie Oamyuxu camMu BbIPAOATHIBAIOT AIIEKTPOIHEPTUIO, BEJIUUYMHA
KOTOPO# MpONOpLHOHATBHA COCTOSTHUIO U3MepsieMoro o0beKTa (Ipoliecca).

[lo xapakTepy mnpeoOpa3oBaHHOTO CHUTHajda JAaTYUKUA TOJpa3JeisioTcs Ha
aHaJIOTrOBbIE (HEMPEPHIBHBIC) U TUCKPETHBIE (C PEICHHON XapaKTepH CTUKOM ).

Ananocosvie damuuxu 0OOJATAIOT HEMPEPHIBHON BBIXOJTHOM XapaKTEPHUCTHKOM,
T. €. BBIXOJIHOW CHTHaJl MX MPONOPIMOHAJIEH BXOJAHOMY BO BCEM JMANa3OHE W3-
MEHEHHUsI BXOJHOTO curHana. ['paduuecku 3aBUCMMOCTh BBIXOJHOTO cHrHaiga Y oOT
BXOJHOTO X (XapaKTepHUCTHKA JIaTUYUKa) BRIPAXKAETCS B BHJIC HEMPEPHIBHON (DYHKITUU
(puc. 26,a). OTcroga BTOpoe Ha3BaHUE ATUX JATUYUKOB — HEMpPEpbIBHBIE. BaxkHelmmm
CBOMCTBOM XapaKTEPUCTUKU SBIISIETCS YroJl O €€ HakioHa K ocu X. TaHrenc 3Toro

dY

yraa igo = d_X €CTh Mepa YyBCTBUTECIIBHOCTH JIATYMKA — BEIMIMHA ero peakiuu dY

Ha eauHWYHOE BozneicTBue X Ha Bxome. Ilo Bumy xapakrepuctuku Y=F(X) Bce
AJIEMEHThl CHUCTEM YINpaBICHUS W aBTOMATUKH (B TOM YHUCJIE U JATYUKH)
MIOAPA3AEISIOTCS HA JINHEWHBIC U HEJTMHEWHBIE.

Jluckpemnvie oamyuxy 00IATAIOT TOJBKO JBYMS YPOBHSIMU BBIXOJJHOTO CHUTHAja
(damre Bcero «BrikmtoueHo» u «BxitoueHo»). [lepekiitoueHre BBIXOITHOTO CUTHAJIA C
YPOBHA HAa YPOBEHb MPOUCXOJUT TMPU JOCTMIKEHWH BXOAHBIM CHUTHAJIOM
OMPENICICHHOTO0 3HAYeHUs1 — BEJIMYMHBI cpabarbiBanus. ['paduuecku 3aBUCUMOCTD
BBIXOJIHOM XapaKTEPUCTUKU OT BXOJHOM MPEJICTABIISIET COOOW CTYNEHYATYIO JTMHUIO
(puc. 26,0). Takas xapakTepuUCTHUKa UMEHYETCS peJielfHOM 10 Ha3BaHHUIO HamboJiee
PacCIpOCTPAHEHHOTO JIEMEHTA, 00Jadarolero nojoOHON XapaKTEpUCTUKON — pelie.
[TonpobHee 0 penelHOM XapaKTepUCTHKE U €€ CBOMCTBax OyAeT paccka3aHO B
COOTBETCTBYIOIIEM Pa3AEie JEKIUH.
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T Tt "Brmrogeno"
I

X

Puc. 26. Bujpl BBIXOTHBIX XapaKTEPUCTUK JATUMKOB: g — AHAJOTOBBIM JATYUK; 6 — JTUCKPETHBIN
JaT4uK; X — BXOJHON CUrHaNl; Y — BBIXOAHOM CUTHAN; X, — BEIMYMHA CpabaThIBaHUs

Yeuaurean TpelHa3HAueHbl ISl yCUJICHUS BXOJHOrO curHama. JlomomHu-
TeJIbHbIE MX (YHKIMU — OYHMCTKA CHTHAJA OT MOMEX M HEeO0OXOIWMBIE Mpeodpaso-
BaHUS. BXOIHOW M BBIXOAHOW CHUTHAIBI YCHJIMTENS OOJaNal0T OMHOU (U3NUYECKOM
npupooid. B 3MeKTpUYecKnX LeMnsx YyNpaBICHHUS 3TO — MOIYJSAIHUS MOTOKA DJIEK-
TposHeprun. HeoOxoaumele QyHKIIMOHATBLHBIC TPEOOBAHMS:

— BBICOKHM KO3 PUIIUEHT YCUIICHNUS,

— MUHUMAaJIbHOE 00paTHOE BO3ECHCTBUE HA BXO/IE;

— 3¢ PeKTUBHOE TTOMEXOIIO/IaBIICHHE.

Bropoe u3 TpeGoBaHuil OOYCIOBIMBAETCS NPUHIMIUAAIGHO MAajOW MOITHOCTHIO
JaT4rKa, KOTOPBIA TPAJUIIMOHHO YCTAaHABIMBAETCS HA BXOJIE YCUITUTEIIS.

Yceunurenu B 3JIEKTPUUYECKUX HEMSAX MOAPa3IesSIOTCsS Ha JIBa BUIA — YCUIUTENN
MOIIIHOCTH ¥ MPOTIOPLUOHATBHBIE.

IIponopyuonaneHoui  ycunumendb W3MEHSET TMPOTOPIMIO MEXKIY COCTaBISIONIIMU
MOIIIHOCTH BXOJHOTO CHTHaja, HANMpUMEP MEXKIy CWIOW TOKa M HampshKEHUEM
(Tpancdopmarop). MOIITHOCT CUTHANIA TIPH ATOM HE YBEJIMIUBACTCS.

Ycunumens MOWHOCIU a CHIHal yIpaBleHAA
YBEIMYHUBACT MOIIIHOCTb
nepeaBaeMoro CUrHajga 3a cuer
SHEPruM BHEIIHETO0 HCTOYHMKA

Bxon yopaenenus

nutanus. [lpuHoun ycuieHus — a—

MOIIMHOCTHU CHUTHAJIa ITOSICHACTCH Egﬁiﬁg‘iﬁmgé T e—

Ha puc. 27. Ycunutenb o0nagaet / ,
JIByMs BXOJaMU — IUTaHUA U / Monynuposat -
yopaBieHus W BbixogoMm. Ot J HELH SHEPTOMOTOX
BXO4a MIHUTAaHHUA K BBIXOOY YEPEC3 Puc. 27. TMpuvHuUMn ycnuneHns MoLLHOCTU

YCUJIUTEIh MPOXOJUT
SHEPronoTOK OT UCTOYHMKA nuTaHus. Ha BXOJ ynpaBieHus ogaeTcs yrnpaBissionni
CUTHAJI, KOTOPBIM MOJYJIMPYET CHIOBOM 3Hepronotrok. I[lpm sTtoM ammiauryna
MOJYJISIHAA A BO MHOTO Pa3 MPEBBIIIAECT aMIUIUTY1y YIIPABIISIIOLIETO CUTHANA A.

DJIEKTPUYECKNE YCUJIMTENIM MOIIHOCTH MOAPA3JACIAOTCS HAa MarHUTHBIE,
3JIEKTPOHHBIE, JIIEKTPOMAILIMHHBIE.
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Jlornyeckme 3j1eMeHTbI U Mpeodpa3oBaTesiM NpeIHA3HAUYEHBI I JIOTHUYECKUX
omepanuii ¢ curHaiamMu u 1peoOpazoBaHusi UX. OCHOBHBIMH JIOTMYECKUMHU
olepalusIMHU SIBISIOTCS: TOBTOPEHUE (JIOTUYECKUM 3eMeHT «J{A» ), oTpulianue uinu
unBepcus (jnoruueckuid snemeHT «HET»), cnoxenue (mornyeckuit snement «UJIN
HA»), ymHoxenue (Jorudeckuit osnemeHt «WJIM HET»). OcHoOBHBIM BUAOM
npeoOpa3oBaTesieil BUAA CHUTHANA SIBISIIOTCS aHaJIOrOBO-IUCKPETHBIE Mpeolpa-
3oBarenu. [lpuHiun npeoOpa3oBaHMs CUTHANA aHAJIOIMYEH TAKOBOMY Yy JATUMKOB
JUCKPETHOrO0 THUMa (CMOTPHU BbIlE). B oTiMuyMe OT JaTYMKOB, Yy aHaJIOrOBO-IHC-
KpPETHBIX Mpeodpa3oBaTesiel BXOAHOM M BBIXOAHOM CUTHAJBI 00Jadat0T OAHOU Pu3n-
YecKoil mpupoaor (3yeKTpuueckoi). Pa3HOBUAHOCTBIO aHAJIOrO-AUCKPETHBIX IMpe-
oOpa3oBareneil ABIsAOTCS aHanoro-undpossie (mmdpartopsl) U HUpo-aHANIOTOBBIE
(memmdpatopsl) npeodOpazoBatenu. [lepBbie MpeoOpa3yrOT aHAIOTOBBIM BXOJIHOU
CUTHAJl B CEPUIO0 KOJMPOBAHHBIX HUMITYJILCOB B JBOMYHON CHCTEME UCUMCIICHUS,
YHUCJIO M TOCIEA0BATENLHOCTh KOTOPBIX COOTBETCTBYET IO CHELHATBHOMY KOAY
YpOBHS BXOAHOTO curHajua. [lemmudparopsl OCYIIECTBISIOT 00paTHOE Mpeodpaso-
BaHue. OCHOBOW OOJBIIMHCTBA JIOTHYECKUX AJIEMEHTOB U MpeoOpa3zoBaTeneil sBiis-
IOTCSl CaMbleé PacIpOCTPAHEHHBIE SJEMEHTHI AIEKTPOABTOMATHKU M YIPABICHHUS —
AJIIEKTPOMArHUTHBIE U AJIEKTPOHHBIE peJie, KOTOPbIE COCTABISAIOT 0COOYIO MOATPYIIITY
B JaHHOM rpyrmme ycTpoicTB. Kpome npeoOpa3zoBanus 1o BUAY CUTHaJIa HEKOTOPbHIE
UCTOYHUKH K TIPEOOPa30BaHUSIM OTHOCST U U3MEHEHHE MPOMOPIUU MEXKIY TOKOM U
HANpsDKEHUEM aHAJIOrOBOTO CUTHAJNA, OTHOCS TakUM O0pa3oM MpOIOPIHMOHATIbHBIC
YCWINTEIN K Tpymme mnpeoOpazoBareneii. Mbpl B CBOMX JIEKIUSAX OyIeM TIpH-
JIEp>KUBAThCs O0JIee PacpOCTPaHEHHOW BepCcHH (PYyHKIIMOHAIBHOU Ki1acCUUKAIIIH,
0 KOTOPOMl MPONOPIMOHAIBHBIE YCHJIMTENIN OTHOCSTCS K TPYIIE YCUIUTENeH.
I'maBHBIM (QyHKIIMOHAIBHBIM TPEOOBAaHHEM K JIOTHUYECKUM dJEMEHTaM U Tpeobpa-
30BaTeNsIM  SIBJISIETCS.  BBICOKAas TOYHOCTh M OJHO3HAYHOCTh HEOOXOIUMBIX
npeoOpa3oBaHUi.

HUcnonnurtenbHble YCTPOWCTBA CHCTEM YNPpPaBJeHMsl TIpeIHA3HAYCHBI He-
MOCPEJICTBEHHO JIsi YIPABJICHHS] CHJIOBBIMU LEMSAMH SJEKTPONPUBO/IA, TMOTOKAMU
BO3/lyXa U pabouelt JKUIKOCTH MMHEBMO — U THAPONPUBOA, TOABMKHBIMHA CUIOBBIMH
AIIEMEHTAMH MEXaHUYECKON TPAHCMHUCCHH.

[TpuHATO CUUTATH TPAHUYHBIM 3JIEMEHTOM CHCTEMbI YIIPABJICHUS TAKOM DJIEMEHT,
B KOTOPOM pPEAIM3YyeTCsl MOTOK SHEPIMH YIPABICHUS, LUPKYJIUPYIOLUN B CUCTEME.
Toraa uCIOTHUTENBHBIMU YCTPOUCTBAMH CHCTEM YIIPABJICHHUS SIBISIOTCS:

— JUIS yIPaBIICHUS SJEKTPONPUBOJOM — MArHUTHBIC MYCKAaTENH, KOHTPOJIEPHI,
TUPHUCTOPHBIC TpeoOpa3oBaTeNd s YIpaBieHUS TpexdasHbIMA ACUHXPOHHBIMU
JBUTATEIISIMH TIEPEMEHHOTO TOKAa C KOPOTKO3aMKHYTHIMU U (Da3HBIMH POTOPAMU H
MOTCHIIMOMETPUYECKHe  mpeoOpazoBarenu Uil  YNOPaBICHUS  JBUTATEIISIMH
MOCTOSSHHOTO TOKa, CEPBOJBUTATENM JUIsI yNPaBICHUS JUCTAHIUOHHBIMH U
ABTOMATHYECCKUMU TTOTCHIIMOMETPAMHU U KOHPOJIJICPAMH,

— VyOpaBIIGHUS THEBMO- W THUAPONPUBOIAOM — TITOBBIE JJICKTPOMATHHUTHI,
VIOPABISIONINE THEBMO- W THAPOPACTIPEIACTUTEIIIMHA, CEPBOBEHTUJIIMH, YIIPaB-
JSIEMBIMU KJIallaHAMU;
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— YOpaBIICHWS MEXaHWYECKOW TpPaHCMHUCCHUEH — TITOBBIE JJICKTPOMArHUTHI,
ANEKTPOTHAPABINICCKAEC U AICKTPOMEXAaHUUECKHE TONKATETH MY(T CIEIUICHUS WU
MEPEKITIOYEHUS, TOPMO30B.

['maBHBIM (YHKIMOHATBHBIM TPEOOBAaHHMEM K HCIOJHUTEIBHBIM YCTPOHCTBAM
CUCTEM YIMPABICHUS SBJISETCS WX COOTBETCTBHE IO BXOJHBIM XapaKTEPHUCTUKAM —
CUCTEME YIIPaBJICHUS U BBIXOAHBIM — YIIPABIISICMOU CHIIOBOM repeaade (IPUBOIY).

Opranbl ynpaBjieHusi U TPUOOPHI KOHTPOJSI TPEAHA3HAYCHBI JJIS CBSI3U
CUCTEMBI YIIPABJICHHS C OIEpaTOPOM; TIEPBBIC JJIs TPeoOpa30BaHUsI MOTOPHBIX aKITUH
orepaTopa BO BXOJHBIC CHUTHAJIBl CHUCTEMbI YIPABJICHHS, BTOPBIC ISl TIpe-
oOpa3oBaHus WH(POPMAIMK O COCTOSHHUHM CHUCTEMBI YIPABJICHUS W YIPaBIIEMOTO
oOBekTa (TIporiecca) B BHJ, JAOCTYIHBIM OpraHaM 4YyBCTB omepaTtopa. K opranam
YIPABICHUS OTHOCSTCS Pa3IMYHOTO POJa phluard, TyMOjepa, IMITypBabl, TEAalIH,
KHOIIKM, KJIaBUIIM W Tak jajee. [IpuOopsl KOHTPOJS MOAPA3ACISIOTCS IO POAY
BO3JICUCTBUS Ha OmepaTopa — BU3YyallbHBIE (3peHue) u aynuonpudopsl (ciyx). Ilo
BUJY TIepeaaBacMoil WH(OpMAIMM TOJAPa3CIsOTCs Ha HTPHOOPHl aHAJIOTOBBIC
(mKkaJbHbIe ¥ THPPOBBIE) U IUCKPETHbIC (MHAMKATOPBI). Y MIKaIbHBIX IPHOOPOB
MOJIO)KEHUE CTPEJIKU Ha IIKaJe MNPONOPIHMOHATBHO YPOBHIO BXOJHOTO CHUTHAJIA.
[MudpoBoit HMHAWKATOP BBIJACT 3HAYCHUE YPOBHS BXOJHOTO CHTHajla B BHJIC
muppoori  wHMopMmaruu. MHAMKATOp BBUIACT JUCKPETHYIO  WH(GOpPMAIHIO.
HaumenbmiuM BpeMeHeM, HEOOXOJIMMBIM OMNEpaTopy HJisi OIEHKH TMOKa3aHUi,
o0nafaeT MIKAJIbHBIA TPUOOpP, BMECTE C T€M TOYHOCTb OIEHKH MOKAa3aHUU Yy HEro
HUKe, 4yeM y mudpoBoro. Takum o00pa3oM, MIKAJIbHBIA MPUOOP CIYKUT ISt
NOCTOSIHHOTO TPHOJIMKEHHOTO KOHTPOJS 3a COCTOsHMEeM mapamerpa. LludpoBoi
npuOOp CIYKUT ISl TOYHOU OIIEHKU COCTOSIHHSI KaKOTo-IMOO mapamMerpa, Mpu 3TOM
BOCTIPUSATHE TIOJIOKEHHS TEKYIIEro YPOBHS OTHOCUTENIHHO MPEEIOB U3MEHEHUS UITU
OMMACHBIX IMOPOTOB XYK€, YeM y MPUOOPOB MIKAIbHOrO Tuna. MHIWKATOp BBITAET
UHPOPMAIIMIO O JOCTH)KCHHH KOHTPOJIHMPYEMBIM IapaMeTpoOM OMpPENeIEHHOTO
3HAUEHUs, Yallle BCETO — MPEEIbHOr0 (HapuMep, BBICOKON TEMIIepaTypPhl )KHIKOCTH
B CHUCTEME OXJIaXJICHUS JBHUrareisi BHYTPEHHETO CropaHus). Ayauonpuodopsl 00-
JaJar0T, KaK TMpaBUJIO, JUCKPETHBIM XapaKTepOM, AaHAJIOTHYHBIM BHU3YAIHBHOMY
uHauKatopy. IlpuMenstoTcs uisi pasrpy3Kd 3peHHs OmepaTropa MpU TeperpysKeH-
HOCTH BU3YaJIbHOW WHOpManuel u s JyOaupoBaHUS 0CO0O0 BaKHBIX CHUTHAJIOB
WHIUKAaTOPOB.

OyHKIIMOHAIbHBIE TPeOOBAHUS K OpraHaM YIIPaBJICHHUS:

— COOTBETCTBHE IPTrOHOMHYECKHM TPEOOBAHUSM K €CTECTBEHHBIM JBUKEHHUSIM
orepaTopa Mo PacloNOKEHUI0, TPACKTOPHUH, BETMYNHE TIEPEMEIICHHUS, YCUITHIO;

— COOTBETCTBHE BBIXOAHBIX TIAPAMETPOB BXOJHBIM IapaMeTpaM CHUCTEMBI
YIIPABICHHS.

OyHKIHUOHAJIbHBIE TPEOOBAHUS K TPUOOpPAM KOHTPOJIS:

— COOTBETCTBHE IPrOHOMHYECKUM TPEOOBAHUSM K TCHXOMOTOPHBIM PEaAKIIHSIM
orepaTopa;

— COOTBETCTBHE BXOJHBIX TMAPAMETPOB BBIXOJHBIM IapaMeTpaM CHCTEMBI
YIIPaBJICHHS.

Ha 6aze ¢ynkuuoHanbHOW KiaccU(UKALMKM 3JIEMEHTOB YIIPABICHUS CO3/1aHa
Oosee oOmupHas Kiaccupukaus MOPUOOPOB aBTOMATHUKH, TEIEMEXaHHUKU,
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TEJIEeMETpUHU, U3MEpeHus — eauHas ['ocyaapcTBeHHass cucTeMa NpudoOpoB u3Me-
penusi u cpeacts apromatukm (I'CII). Tak ke, kak U B (DyHKIIMOHAJIBHOM KJjac-
cupukauy, kiaccupukanmoHHbiM npuzHakoM B ['CII saBnsercss (GyHKUHS, BbI-
MOJIHAEMasl 3JIEMEHTOM, HO 37E€Ch JICJICHHE 3JIEMEHTOB Ha IpyIIbl Oosiee ApoOHOE.
BropsiMm oTinunem knaccuukauuu ['CII oT QyHKumoHanbHOW Kiaccuukanuu
ABIIgeTCs 0osiee MUPOKUI CIEKTP KiIacCUPULUPYEMBIX TPUOOPOB.

I'ocynapcTBeHHas cuctemMa nmpuOOpPOB U3MEPEHMS U CPEJICTB aBTOMATUKU CO3/1aHa
ISl yHA(UKAIUMUM 1O Py MapamMeTpoB Kak CYIIECTBYIOIIMX, TaK W BHOBb
co3naBaeMbIx mpudbopoB. B ctpykrype I'CII peanin3oBaHbl CleayIOMNE MOT0KEHUS

1) T'CIl mo BuAy MOAYIMpPYEeMOW BSHEpPruu (HEPruu yIpaBieHUs) IOJKHA
COCTOSITh U3 OTAEJIbHBIX BETBEH;

2) noJKHA OBITh YHUBEPCAIBHOM;

3) nomxHa obecneyrBaTh peleHre 3a/1ay JJI000H MOTPEOHON CI0XKHOCTH;

4) noctpoeHa 1o 0J0YHO-MOYJIbHOMY IPUHIIHITY;

5) cocTOMT M3 HOPMAIBHBIX PSAIOB MPUOOPOB, YHU(DPHUIIMPOBAHHBIX MO BUIY U

napamMeTpaM BXOJHBIX U BBIXOJHBIX CUTHAJIOB, MTapaMeTpaM MUTAHUS U TabapuTHBIM
pazmepam.

[lepeuncnenHblie MOJI0KEHNUS PACKPBIBAIOTCS HIKE OoJiee MoApOoOHO.

Ilepeoe nonoscenue

B Hacrosmee Bpems I'CII cocrour u3 clueayrondx BeTBEH IPUOOPOB —
AIEKTPUUECKON, THAPABINYECKON, THEBMATHUUECKOW, MPUOOPOB MPSIMOTO JEHCTBUA
(mexanudecknx). CTpykTypa BeTBel ogHoTHIIHA (puC. 28).

IlepBasi rpynna npuOOpoB IpeaHa3HAyYeHA I MOMy4YeHHs WHOpManuu o
COCTOSIHUM KOHTPOJIUPYEMOro oObekTa wiH mporecca. COCTOMT W3 JIBYX KiIacCH-
(UKAIMOHHBIX PYOPHK — IEPBUYHBIX K HOPMHUPYIOIIUX ITpeoOpa3zoBaTesei.

IlepBuuHble mnpeoOpa3oBaTeiM CIyXaT [JIs TMEPBUYHOTO TMpeoOpa3oBaHuUs
dbuzmdeckor mpuponbl curHaia. [lo aHamormm ¢ jgardyukamMu (QYHKIIMOHAITLHOM
KJIaccu(UKaIMi OHU MOTYT OBITh JIBYX THUIIOB — T€HEPATOPHOTO W IapaMeTpuye-
ckoro. Ha Bxome B mepBHYHBIN MpeoOpa3oBaTellb CHUTHAJI MOXET OBITH IFO0OH
¢usnueckoit mpupoAbl (MEepeMeleHrne, yCcuiaue, TemIepaTypa, aBleHHEe U Tak
7anee), B 3aBUCHUMOCTH OT ero Buja. Ha BwIxome mpeoOpa3oBarensi JOKHO OBITH
MPONOPLUHUOHAIBHOE BXOJHOMY CHUTHaly HW3MEHEHHE TOrO BHUJA DJHEPTrUU, BETBU
KOTOPOU MpUHAMJICIKUT Npeodpa3oBaTeb. Tak, B 3IEKTPUUYECKON BETBU MIPUOOPOB HA
BBIXOJIE€ TIEPBUYHOTO MpeobOpasoBartens OyneT aubo AIeKTPOIHEPTHUs, BeIpaboTaHHAS
mpeoOpa3oBaTeieM TEHEPATOPHOTO THIA, JIMOO W3MEHEHHE MapaMeTpOB DJICKTPH-
YECKOU LIeTH npeodpa3oBaTelisi napaMeTpUYecKoro THIa.

B HopMupywommx — n3MeHeHus GU3NIeCKOr MPUPObI CUTHAA HE MPOUCXO/IHT.
Hasznauenue HopMupytoiero npeoOpa3oBartelisi — COrJacOBaHKHE BBIXOJIHOTO CUTHaIa
MEPBUYHOIO MpeoldpazoBaTeisi € BXOJHOM XapaKTEPUCTUKOW MOCIEIYIOLIETO
sleMeHTa (Yalle BCEro, YCWIMTEIA). JpyrumMu clioBaMH, HOPMHPYIOIIHI
npeoOpa3oBaTelb €CTh CXeMa MOJAKJ4YeHHsl MEePBUYHOrO mnpeodpa3oBaresss K
NnocJieyIeMy 3JIeMeHTY CHCTeMbI YIIPaBJieHUS.
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Bropasi rpynna npu6opoB CIyXuT JUisl IpueMa, npeoOpa3oBaHus U Mepeaadyu
uH(poOpMalMM 1O KaHalaM CBA3U. DBOJBIIMHCTBO JaTYMKOB BBIIAET HA BBIXOJE
aHAJIOTOBBI CUTHAJI — MPOMOPLMOHATIBHOE BXOJHOM MHPOpPMALMK U3MEHEHUE CHUJIbI
TOKa, HampsbkeHus, dactoTel. Ho mnpu mnepemade Ha OOJbIIME PACCTOSHHS IO
MPOBOJIAM 3a CYET MX BHYTPEHHEIro CONPOTHBJICHHUS aHAJOTOBBIM CUTHAN HCKaXKa-
etrcs. Bo u30exxaHue 3Toro aHajaoroBblid CUTHANI B MIK(paTopax KOAUPYETCS.

OnexTpuydeckas ITHeBMaTH4ecKkas I'unpaBnmueckas [Tpubops! npsiMoro
BETBb BETBb BETBb JefcTBus

IlepBuuHble
OPEOOPABOBATEIIH | ettt e e e
1-s rpynma
npr6OpOB 1

Hopmupytoniue
OPEOOPABOBATEIIH | ettt

[ udparops |
2-s1 rpymnna v
npubopoB | Kanans! cBsizn |

!

| HemmdpaTopsr |

Hormecgne 3amatuuku | YcrpoiictBa | Perucrpatop
npeodpaso- IporpamMm HaMsITH BI COOBITHH | . . .. .. ... .. .. .. ..
BaTeln

3-s1 rpymma
pubopoB

IIepBuunble
YOMIIUTEIMH | ottt et

Y cemmrenp
MOIIMHOCTH | v it e e e e e e

4-g rpymma
puOOpoB

Hcnonap- Curnannsar
TEJIbHE OPBL [
yCTpOMCTBA

Puc. 28. Crpykrypa snexrpudaeckoii Betsu [ CIT
[Tpubopsr BTopJﬁ rpyr{nb} XapakTEepHBl [UIS TEIEMEXaHUKA W TEJIEMETPUH.

Cuctemsl ynpaBieHus, uzydaemsbie B crenuanbHocTd 170900 «IlogbeMHO-TpaHCcop-
THBIC JIOPOKHBIE, CTPOUTEIHHBIC MAIIMHBI U 0O0OPYIOBAaHKEY, HE HACTOIBKO Pa3BUTHI
MPOCTPAHCTBEHHO, YTOObI BO3HHUKJIA HEOOXOJIMMOCTh B KOJMPOBAHUHU CUTHAJA MPU
ero nepenaye. Bmecre ¢ TeM B KaueCTBE LIEHTPAIbLHOTO YIPABJISIOLIETO YCTPOKUCTBA
CUCTEM yIpaBJieHUs Bce Oouiblliee pacmpocTpaHeHue noiayyarotr IBM, paboratomiue
B nudpoBoM pexkume. s cBsi3u nepudepuitHpIX yCTpOUCTB (HAIpPUMED, TaTYUKOB)
¢ OBM HeoOxoauMbl aHAJOroBo-muGpoBbIe NMpeodpa3oBaTen, KOTOphIE OYIyT
PacCMOTPEHBI B COOTBETCTBYIOIIEM PA3JEIe JEKIHM.
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Tperbs rpynna npudopoB ciay>XuT s IpeoOpa3oBaHus, XpaHeHus, 00padoTKH
uHpopmanuun u GopMupoBaHus KoMmMaH] yrpaBieHUs. COCTOUT W3 JIOTHYECKHUX
npeoOpa3oBaTeneil, 3a1aTYMKOB MPOrpaMM, YCTPOUCTB MAaMSITH, PETUCTPATOPOB.

K soruyeckum mnpeoOpasoBaresiM TIOMHUMO pPACCMOTPEHHBIX BBIINIE TIO-
BTOpUTENEH (Joruueckuit sneMeHT «J{A»), uHBEepcOpoB (JIOTHYECKUI SIEMEHT
«HET»), cymmaropoB (inoruueckuii »saemeHt «WJIM JIA»), yMHOXuTenei
(;mornueckuit anement «MJIM HET») oTHOCATCS ONOKM CpaBHEHMsI WM OJIOKH yC-
JIOBHOTO JIOTMYECKOTo nepexonaa. bonee moapoOHO mocnennue OynyT paccMaTpH-
BAaThCA B JUCLHUIUIMHE «YTIPABICHUE TEXHUUECKUMHU CUCTEMaAMM.

Bmopoe u mpemve nonodcenus ONpENEHSAOT YHHUBEPCAIBHOCTh M HE3a-
BepiieHHOCTh CTpYKTYpbl ['CII. IIpakTrika cTaBUT nepesl CUCTEMaMU YIIPABJICHUS BCE
Oonee cioxkHble 3anauyd. [ pelieHuss BHOBb BO3HMKAIOIIMX 3a7a4 HUMeEomIeiics
knaccupukanuonHod  emxoctu  ['CII  moker — oka3aTbCsi ~ HEJOCTATOYHO.
CrnenoBarenbHO, Uil OCYIIECTBIEHUS TPETBETO M YETBEPTOrO  IMOJIOKEHUS
(ynusepcansHocT ['CII m mpurogHocTu ee ajis penieHus 3ajnay oo TpedyeMoi
CJIO)KHOCTH) HeobxoauMma moTeHIuanbHass ToToBHOCT, ['CII kK BBeIEeHHMIO HOBBIX
KJIaCCU(UKAITMOHHBIX PYOPUK U HaJIWMYUE JIUIIHUX, HE 3alOJIHCHHBIX PYOpPUK —
U30BITOYHOCTD CTPYKTYPHI.

Yemeepmoe nonoxcenue. Bee npudopsl, Bxoasiue B I'CII, npencrasmsitor coboit
dyHKIIMOHANMBHBIE  ONMOKU-MOAynu. OHM HUMEIOT YHUQUIIMPOBAHHBIE BXOJHBIE,
BBIXOJIHBIE M BHYTPEHHHE XapakTepucTUKH. CyllecTByeT IeJIo€ CEMENCTBO
BCIIOMOTATENIbHBIX YCTPOMCTB, OOJEryaromux MOHTaX cxeM u3 mnpubdopo ['CIT —
MOHTa)KHBIE TUIaThl, YHUBEPCAJIbHBIE Pa3beMbl U Kabenu U Tak janee. [IpoektupoBanue
¥ MOHTaXX MPOM3BOJILHOW CXEMBI JIt000i ciiokHocTu u3 npubopos I'CII HanomuHaet
M3rOTOBJICHHUE MTPOU3BOIBHON KOHCTPYKIIMU U3 YHU(PHUIIMPOBAHHBIX SJIEMEHTOB JIETCKOM
urpbl «KOHCTpYKTOp».

Ilamoe nonoxcenue. B I'CII cymecTByIOT CleyIoKe HOPMaIU30BaHHBIC PSJIbI
YHU(PUITUPOBAHHBIX MTAPaMETPOB: MO TadapuTam, MUTAHUIO, CUTHAJIAM.

[To rabapuram u mpHCOCTMHHUTENIBHBIM pazMepam mpudopsl ['CII menstcs Ha
pa3MepHbie Tpynmbl. Kak mpaBuiio, Juisi KaXI0ro Bua NPpUOOPOB pa3MepHas rpymma
CBSI3aHa C OIpPEACICHHBIM TUIIOPA3MEPOM I10 MUTAHUIO U YPOBHIO CUTHAJIA.

[lo mnuTaHWio »SIEKTPUYECKUE TMPHOOPHI MOMPA3IACISAIOTCS Ha TPYIIBl IO
HaIpsHKeHUIO: MocTossHHBIA Tok — 0...+5 B; 5 B; 15 B; 24 B; nepeMeHHbI TOK
gactoroi 50 Hz — 36 B; 110 B; 220 B; Tpexda3znsiii nepemennbiii Tok — 380 B.

Hopmanu3zoBanHbIl psii AaBiIeHWsS NUTaHUd B ruapocucremax — 6,3 Mlla, 10
Mlla, 12,5 MIla, 16 MlIa, 25 MlIlIa, 32 MIIa.

Hopmanu3oBanHbIN psa gaBieHus muTaHus B mHeBMocuctemax — 0,1 MIla .....
0,5 MIIa.

[To Tuny curHana npuOOPsbI IEKTPUUECKON BETBU MOJPA3IECIAIOTCS HA MPUOOPHI
C MOAYJISILIMEN TOKa, aMILTUTY 1bl, YACTOTHI.

[lo ypoBHIO curHaia (aMIUTATYJE MOAYJSLMM HECYHIEH SHEPTruu) MpuOOphl C
MOJYJIALIMEN TOKa MOJpa3eNsaoTcsa Ha 4 TpyIbl ¢ aMIUIUTYA0i oT 5 HA (mepBas
rpynmna) 10 20 pA (deTBepras rpymia); npuOopsl ¢ MOAYJISIIIUEN HANPSIAKEHUS — Ha §
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rpynn ¢ ammuutyzod ot 0...+10 mMB  (mepBas  rpymnma) 10
-10 B...+10 B (BocbMas rpymma).

AMIUIUTYla JaBJIEHHMS CUTHAJIOB MPUOOPOB IMHEBMATUYECKON BETBU YHU-
¢unuposana B npeaenax 0,02.....0,1 MITa.

> OOIIHOCTH M pa3juyusl KJIacCu(PUKAIUii 3JIeMEeHTOB
CHCTEM yIpaBJIeHUsA

[Ipu cpaBHeHUM Mexay coOoi (PYHKIMOHAIBHOM KiacCU(HUKAUK 3IEMEHTOB
cucteM ynpasieHus u kinaccudukanuu ['CIT MOXHO OTMETUTH Kak OOIIUE YepPThI IS
o0eux kinaccuukauuii, Tak u oranuus. OObEUHSAET UX, B IEPBYIO OYEPEIb TO, YTO
paszieseHue JIEeMEHTOB Ha PyOpUKH B 00OMX ClydasX MPOU3BOJUTCS MO OAHOMY U
TOMY € NpPHU3HAKY — MO (DYHKIIMH, BHIMOJHAEMON AJIEMEHTOM B CUCTEME yIpaBiie-
HUsl. BTopbIM 00beIMHSAIONMNM MPU3HAKOM SIBIISIETCSI caM O0BEKT KiIacCHU(UKAILUKU —
aneMeHTsl cucteM ynpaeineHus. ['CII  ornuuaercs oT  QyHKUHOHAIBHOM
kinaccupukanuy - Oonplied  IPOOHOCTBIO CTPYKTyphl. Tak, enuHoMmMy pasaeny
dyHkmoHaNbHON Kiaccupukanuu «/latauku» coorBeTcTBYIOT nBa pasnena ['CII
«IlepBuunbie mpeobpazoBaTenu» u «Hopmupyromiue npeodpa3oBatenn»; CTPYKTypa
tpetbeit Tpynmnbel npubopoB I'CIT (mns mpeoOpa3zoBaHus, XpaHEHUs, 00paOOTKU
uHopManuu U GOPMHUPOBAHKS KOMaH]I YIPABJICHUsS) Topa3io 6ojee ApoOHa, YeM y
COOTBETCTBYIOIIETO pasjiena QyHKInoHanbHOU Kiaccupukanuu. I'CII B otnuume ot
(GYHKIIMOHAIBHON KIIacCU(PUKALMU SIBIISIETCS JIBYXMEpPHOHM KiaccuUKaluen: B Hel
npuOOpHl pa3ACNAIOTCS HE TOJBKO MO BBIMOJHIEMOW (YHKIMH, HO U MO POAY
sHepruu. 3a cuet Toro, yTo B I'CII BKIIIOUEHBI HE TOJIBKO MPUOOPHI YIIpaBiIeHUs, HO U
U3MEpEeHUsl, TeIEMEXaHUKHU U TeJIeMETPHUH, 00beM KIacCU(PUIIUPOBAHHBIX 2JIEMEHTOB
B Hel Oonbire. Y BTopoi rpymmsl mpudopoB I'CII (w1t mpuema, nmpeoOpa3oBaHus H
nepenayd uH(OpManMu MO KaHajaM CBsI3M) HET aHAJIoOroB B (DYHKIIMOHAILHOU
knaccupukanuu. C apyroidl CTOPOHBI, BeChbMa 3HAYHUTENbHAs YacTh MPUOOPOB
ynpaienus He otBedaeT TpeboBanusM ['CIIl: yaudukanuu no pazmepam, TUTaHUIO,
curHanaM. 1 moaToMy He MOKeT ObITh BKIIIOUYEHA B €€ cOCTaB. Takum oOpaszoM, mpu
6onpiiem yncie pyopuk ['CII, komudecTBEHHBIN 00beM KaX 10l PyOpPHKH MEHBIIIE.
CymiecTByIOT U 00jee MelKHe, YacTHbIe pa3nuyus. Tak, yCUJIMTEIU MOILHOCTH B
I'CII otneneHbl OT MEPBUYHBIX YCUIIMTENEH, HO BMECTE C TeM OOBEIUHEHBI B OJHY
IPYINIy C MCHOJHUTEIbHBIMU YCTPOWCTBAMU U CUTHAJIU3aTOPAMH; OpPraHbI
VIOpaBJICHUS Kak OTAENbHBIN pasgen mpubopo ympasieHuss B ['CII coBcem He
npeaxycmoTpenbl. Pazmuuns mexay ['CII u dyHKIMOHANBHON KiTaccupuKanuen emie
pa3 WUIIOCTPUPYIOT, YTO Jt00OM aHaimu3, B TOM YWCIE U KiIaccu(UKalus, BecbMa
YCIIOBEH, CYOBEKTMBEH M BO MHOIOM 3aBHCHT OT JIMYHOCTM AaHAJIWTUKA
(xmaccudukaropa).

KOHmPOJleble eonpocol u 3a0aHuUs

1. Chopmynupyiite, 15 4ero Hy>kKHa CUCTEMA YIIPABICHHUS JIEKTPOTIPUBOIOM ?
2. Onpexnenute, 4TO U3 ceOs MPEICTABIISIIOT:

— QHAJIOTOBBIY MMAPAMETPUUYECKUN TATUNK EPEMEILICHUS;

— IACKPETHBIN MApaAMETPUUECKAN TaTYUK yCUIIUS,
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— QHAJIOTOBBIN I€HEPATOPHBIN TATYUK CKOPOCTHU.

3. [loueMy HEOOXOIUMO YCUIIEHUE CUTHAJIA B CUCTEME YIIpaBICHU ?

4. Otkyna 6epeTcst mpupalieHue MOITHOCTH B yCUIUTENE?

5. Kakue npubopsl Ha maHe U yIpaBieHUsS aBTOMOOUWIIEM (CITUAOMETP, TAXOMETP,
KOHTPOJIb 3apsiTHOTO TOKA, TEMIIEpaTypa OXJIaXIarollel )KUIKOCTH, JaBJIeHUE Macia,
MHIUKATOPbl YKa3aTeJel MOBOPOTA) SIBISIIOTCS IIKATbHBIMU, KaKUE — MHAMKATOPAMHU
U noyemy?

6. Uem oTnnuaercs GpyHkuMoOHanbHas Kiaccudukanus ot kinaccupukanuu ['CIT?

7. Packpoiite ctpykrypy BeTBu ['CII.

8. Uem obocHoBBIBaeTcs yHuBepcaabHOCTh ['CII?

9. K yeMy NpHBOJNT HAJIMYKE JIMIIHUX ssueeK cTpyKTyphl I'CII?

10. Yro obObenuHsieT (YHKIMOHAIBHYIO KilacCH(UKaMio W KiIacCUpUKAIUIO
I'CI1?
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Jexnus 4
JJaTYMKH MOJI0KeHUS U NepeMelleHI s

JlaTuyuKu SBISIIOTCS. MEXAaHMYECKMMHU aHAJIOTaMHM PELENTOPOB OPraHOB YYBCTB.
OHU TOCTaBIAIOT B CUCTEMY YIpaBiIeHUS UH(POPMAIUIO O BHEIIHEH MO OTHOIICHUIO
K  yHOpaBisieMOMYy  yCTpOWcTBY  curyanuu.  CylecTBYIOT W JaTYHUKH,
CUTHAJIM3UPYIOIINE O BHYTPEHHEM COCTOSHUHU O00BbEKTa, HAlpuUMep, JAaBJICHUE Maclia
B CHUCTEME CMAa3KH JBHUTaTelsl BHYTPEHHETO CrOpaHUs, MOJIOKEHUE MOJBHXKHBIX
3BEHbEB MAHUITYJISITOpA MPOMBIILIEHHOTO poboTa U Tak nanee. Kak MHOroo6pasHa
dbusznyeckasi mpupo/aa MpoIeccoB, 3a KOTOPBIMU CIIEIAT JaTYUKH, TAK MHOTOOOpa3Ha
U TIPUPO/ia IEPBUYHOIO CUTHAJIa Ha BXO/JIE B IaTYMK. PaccMOTpeTh Bce MHOTooOpasue
JATYMKOB B OTPAaHUYECHHOM OObEME NaHHOTO Kypca JICKIIUA HEBO3MOXHO, J1a U HE
HYKHO. MBI OrpaHM4YMMCS AaTYUKAMU, XapaKTEPHBIMU JJisi CUCTEM YIIPaBICHUS
NOABEMHO-TPAHCIIOPTHBIX, CTPOUTENBHBIX, JOPOXKHBIX, NYTEBBIX MAIIUH U
TEXHOJIOTHYECKOT0 00O0PYJAOBaHUS MAITUHOCTPOCHMUSI, CTPOUTEIHLHON WHIYCTPUU M
MyTEBOrO XO35MCTBA. TaKOBBIMU SABJISIOTCA: JUCKPETHBIE JATUUKW TMOJIOKECHUS
(KOHEYHBIC BBIKJIFOYATENH), JATYUKU TIEPEMEIIeHUs, CKOPOCTH, YCHIIUSI, YCKOPEHUSI,
naBiieHus, Temmeparypbl. C 3TUMU TaTYUKAMU U O3HAKOMUMCS B IAHHOM JIEKIIUH.

» JIucKpeTHbIE TATYMKHU MOJ0KeHHs (KOHEYHbIE BHIKII0YATEIH)

JlaHHble NATYMKKA PETUCTPUPYIOT HAIMYME WM OTCYTCTBHE HAOJI0JaeMOro
00BEKTa B OINpPEACIICHHON TOYKe (JIMCKpeTe) MPOCTPAHCTBA. DTa TOYKA MUMEHYETCS
TOYKOW HACTPOMKHU WIIM TOYKOW cpabarbiBaHus nartunka. CUTHaN Ha BXOJE JaT4YHMKa
MOJKET MPUHUMATH TOJIBKO JIBa 3HAYEHUS — «OOBEKTa B TOYKE HACTPOWKH HET» U
«OOBEKT B TOYKE HACTPOMKM €CTh». BBIXOIOM JaTuuka SIBISIETCS Y4YacTOK
BJIEKTPUYECKON 1lenu. B 3aBUCMMOCTH OT BXOJAHOI'O CHUTHajla CHUTyalHsl B BBIXOJHOM
IIENU MOXKET OBITh IBYX BUIOB — «BBIXOJHAS 1€ PA30MKHYTa» M «BBIXOJIHAS IIEIb
3aMKHyTa». Kak mpaBuiio, 3T JaTYUKH PETUCTPUPYIOT MEPEX0] 0OBEKTOM I'PAHMIIBI
OMMacCHOW 30HBI WM OKOHYaHWe paboyero xoma oObekra. OTcCloga BTOPOE
pPaclpOCTPAaHEHHOE Ha3BaHUE JUCKPETHBIX JaTYMKOB IIOJOKEHUSI — KOHEUYHbIE
BBIKJIIOYAaTeNW. HemocpeACTBEHHO C JaTYMKOM KOHTAKTUPYIOT —YIPABJIAIONINE
AJIEMEHTHI, Kpemnsmuecs K HabmomgaeMmomy o0bekTy. Eciu o0bekT B ToUKe
HACTPOWKH MPEeKpalaeT ABIKEeHHE (paboTaeT «B ymop»), TO YIPABISIOMINA JIEMEHT
UMeHyeTcsl ynopoM. Eciu 00BEKT Mociae KOHTAKTa ¢ JATYUKOM MOXKET TPOJOJIKHUTh
nepeMelnienre (paboraer «Ha MPOXOI»), TO YHPABISIOMIMI 3JIEMEHT Ha3bIBaeTCS
nuHerkoi. C 1enpto 00jee TOYHON YCTAaHOBKU TOYKU HACTPOMKH, YHIOPHI U JTUHEUKHU
NeNalTCs PeryiupyeMbIMU. JIUCKpETHbIE AATUMKU TMOJOXKEHUS SIBISIIOTCS OYEHb
pPaclpOCTPAHEHHBIMU 3JIEMEHTAMH CHUCTEM YIPABJICHUS M B CHIIy HTOTO 00JIaaroT
OonmpmmM  paszHooOpaszueM TumoB. Krnaccudukamusi TUCKPETHBIX — JTaTIYMKOB
MOJIOKEHUS IPUBEICHA Ha puc. 29.

I[I/ICerTHI)Ie JATYUKH ITOJTOXKCHUA

KonraktHbIE
(MexaHHUYeCKue)
IIpsmoro MrHoBeH- Maruwuto- Maruuto-
JEUCTBUS HOT'0 JEHCT- 3aMKHYTBIE 3aMblIKae-

I'epkoHOBBIE beckoHTakTHBIE

WunykTuBH

DIEeKTpOHHEIE
P ble
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BUA MBIC

| Topuesbie | menesbie

Puc. 29. Knaccudukanus IUCKPETHBIX TaTYMKOB ITOI0KEHHS

Konumaxmmuvie xoneunvie eviknouamenu npamo2o oeucmeus. Y ITUX NaTYUKOB
IIEPEMEILICHUE  YIPABIAIOUIETO JAJEMEHTAa MEXAHUYECKH JKECTKO, HaNpsIMYIo,
CBA3aHHO C MEPEMEIICHUEM MMOJBHKHOTO AJIEMEHTA BBIXOJAHOM KOHTAKTHOW TPYIIIBI
(orctona u Ha3BaHue). TUNUYHBIM MPEICTABUTEIEM JAaTYMKOB JIAHHOTO THUIA
SIBJISIETCSl KOHEUHBIN BhIKIIOYaTenb cepun BIIK 2101, Ilocnenqnue aBe MO3UIIUU B
MapKUpOBKE O0003HAUaIOT MCHOJHEHHWE paboyell TOJOBKM BBIKIIOYATENs U
TUIIOpa3Mep KOHTAKTHOW I'PYIIIIBIL.

Koncrpykust Bbikitouarenss npuseaeHa Ha puc. 30,a. Ilnmymxkep 1 cmeHHoM
paboueil TOJOBKM 2 CBsI3aH C TMOJ3YHOM 3 KOHTAKTHOTO MOCTHKa 4 depes
repMeTuuHyt0 memOpany 5. Ilon3yH cHaOxkeH Bo3BpaTHOM mpyxkuHoi 6. Bo
n30exaHue MOJIOMKH KOHTAaKTOB MPHU OOJIBIIIOM XOJI€ IUTYHKepa KOHTAKTHBIN MOCTHK
CHAa0XXeH KOMIIGHCAaTOPHOM TMpykuHOM /. KOHTaKTHBIH MOCTHK MOXET B
3aBUCUMOCTH OT TIOJIOKEHHUS IUTYH)KEpa 3aMbIKaTh IEMb WJIM MEXKIYy HOPMAaJlbHO
3aMKHYTBIMA 8, WM MEXIy HOPMaJIbHO pa3oMKHYThIMH 9 KoHTakTamu. Bce
AJIEMEHTHI, 32 HWCKIIOUYeHHEeM paldodeil TOJIOBKH, pa3MENIaloTCsi B T'E€PMETHYHOM
Kopryce wu3 cunymuHoBoro cmiaBa 10. Kopmyc cHaGxkeH TpeMmsi pe3bOOBBIMU
rHe3gamu. [Ipy MoOHTake HEHY)KHbBIE T'HE3[a 3akpbIBaroTcs 3arnymkamu 11, a B
OCTaJIbHbIE BBOPAUMBAIOTCS T'€PMETHYHBIE CAJbHUKOBBIE BBOJBI IpoBoAoB 12. Tak
KaK JJIEKTPUYECKas 4YacTh BBIKJIIOYATENS IOJIHOCTBIO I'€PMETHYHA, BBIKJIFOYATEIIO
IPUCBOEHA KaTeropus pasMmerieHus Y3 (1MoA OTKPhITOM HEOOM, B YMEPEHHOM
KJIUMATe).

a 6 Puc. 30. JIuckpeTHble  KOHTAKTHBIE  JATIUKH
MONOKEHHUS: a — KOHEYHBIN BeIKIIOrouaTens BIIK 211;
6 — mukpornepekmodatens tuna MIT; 1 — miymkep; 2
— pabouast ronoBka; 3 — MON3yH; 4 — KOHTAKTHBIH
MOCTHK; 5 — MeMOpana; 6 — Bo3BpaTHas pyxXuHa; / —
KOMIICHCATOpHasl MPYXXWHA; 8 — HOPMAIbHO 3aMKHY-
TBIE KOHTAaKTh; 9 — HOPMaJIbHO pPAa30MKHYTHIE
koHTakThl; 10 — kopmyc;, 11 — 3armymka; 12 —
CalbHUKOBBIA BBOJ; 13 — BEIXOJHEIC KiIeMMBI; 14 —
KOHTAaKTHBIH MOCTHK
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B HOpMaJbHOM COCTOSSHMM BBIKJIIOYATENsd KOHTAKTHBI MOCTHUK 3aMbIKaeT
KoHTakThl 8. Ilpy HaxaTWu YNpaBJSIIONIMM YIIOPOM Ha IUIYHXKEp CHauajga pa3Mbl-
KarOTCSl KOHTaKThI 8, a TIPH MPOJO0JDKCHUHU XO/a IUTYHXKEpa — 3aMBIKAIOTCS KOHTAKTHI
9. CBOOOAHBIM XO/1 MOTJIOMIACTCS MPY>KUHOM 7.

Koneunsle Boixmouatenu cepuu BIIK coorBercTBytor TpeboBanusm I'CIT mo
YHU(DUKAIIUA U TI0ITOMY SIBJISIOTCS OOBEKTaMu dTOW Kiaccudukamuu. B remsx
MOBBINICHUS! YHUBEPCATBHOCTA OHHM BBIYCKAIOTCS CO CMEHHBIMH paboduMu
rosioBkamu (puc. 31). CenextuBHas (T. €. pa3iuyaronias HaIpaBJICHHE IBUKCHUS
YIPABJISAIONIETO dJIEMEHTa) rojioBKa (puc. 31, 8) mpeacTaBiseT coO0 TBYX3BEHbEBOM
JIOMAKOIIMKCS pbhlYar C POJUMKOM Ha KOHIE. lIpu IpOoXOXKIAECHHUM YIIPaABIAIOLICH
JUHEWKU B paboyeM HarpaBieHHH (Ha PUCYHKE — CJIeBa HaIlpaBo), pblyar paboraer
KaK OJHO IIeJI0€, OTKJIOHSSACh M HaxXumas Ha TuryHxep. Ilpu obpatHOoM mpoxoje
phIUar CKJajabIBaeTCs, MPU ATOM IMEPBOE 3BEHO HE IMEpeMeIIaeTcsl U cpabdaThIBaHUS
narynka He npoucxonuT. Koneunbele Beikitouarenu cepun  BIIK  sBistorces
ABTOHOMHBIMU T€PMETUUYHBIMU Tpubopamu. B cimydae, ecnu HDUCKPETHBIM JaTUMK
MTOJIOXKEHUSI SBIIACTCS YacThIO MPUBOJIA, METAINIOKOHCTPYKIIMKM WIIM JIaTdhdKa Oojiee
CJIOKHOTO YPOBHS, B €r0 KAYECTBE UCITOJIb3YETCS MUKPOTIEPEKII0YATEb.

KoHCcTpykIuss THIIOBOTO MHKpoONepekatouaresss npuBeAcHa Ha puc. 30,0. Kak
MPaBUJI0, MUKPOIIEPEKIIOUATEIN 001a0al0T OTKPBITBIMUA BBIXOJHBIMU KieMMamu 13
o/ TalKy WiIu OOJITOBOE IPUCOSANHEHNE ITPOBOJIOB.

Hatunku Tuna BIIK:

a 7] 6
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Puc. 31. PaGoure TOMIOBKM M PbIYard JWCKPETHBIX KOHTAKTHBIX IATYMKOB IOJNOXKEHHUS: a —
IUTYHXKEPHAs, 6 — HECENICKTUBHASI POTMKOBAST; 6 — CEJICKTHBHAS POJTMKOBAsI; & — HECENIEKTUBHBIN;
O — CEJIEKTUBHBIN

DNEeKTpOMEXaHUYeCKass  4YacTb  MHKPONEPEKIoYaTeNlss HE  IepMETUYHa.
Bo3BpaTHO! TpYyKMHOM 3a4acTyrO SIBJIAETCS BBINOJHEHHBI B BHUJIIE PECCOPHI U3
nepMaiios (keJie3HO-HUKEJIEBbIN CIIaB, 00JadatoNIil XOPOIIUMH MEXaHUYECKUMH,
MarHUTHBIMA U DJIEKTPUYECKHMMHU CBOMCTBAMM) KOHTAKTHBIM MocTHK 14,
KomnieHncaTtopHble TpYyKHHBI, Kak @PaBUIIO, OTCYTCTBYIOT — B CHIY 3TOrO
MUKpPOTIIEPEKITIOYaTeIM  OCOOCHHO  YYBCTBUTEJIBbHBI K TOYHOCTH  YCTAaHOBKH
YIPaBJISAIOMINX 3JIEMEHTOB.

OOMmMM TOCTOMHCTBOM KOHTAKTHBIX JUCKPETHBIX JATYMKOB TIOJI0KEHHS TIPSIMOTO
NEUCTBHSL  SIBISIETCS  OTHOCUTEIbHAs  MOpPOCTOTa  KOHCTpyKuuHu. KoHeuHbie
BeIkItouarenu cepun BIIK aGcomtoTHO aBTOHOMHBI, 00JIaalOT OONBIIMM YHCIOM
CMEHHBIX pabOYUX TOJOBOK M B CHIIy 3TOTO YHUBEpPCAJIbHbL. MUKpoNepeKItouaTeaIn
MPOLIE, MEHBIIE IO pa3Mepam, JIerdye, HO MEHEE YHUBEPCAIbHbI U HErepME THUYHBI
(MoryT pacnojaraTbCi TOJBKO BHYTPHM TE€PMETHYHBIX MPHUBOAA, MEXaHU3MA,
Tak pganee). HemocTtaTKoM [HCKPETHBIX JaTYMKOB
BUSI SIBJISIETCSA 3aBUCHUMOCTH CpPOKa CIYKOBbI JaTdmka OT
TpaBistomero sneMenTta. Tak, ana BIIK21 101 pu
apaBistoniero 3neMmenta Oonee 0,5 m/c macmoprHas
JsIeT ¢ 95-POUEHTHOM BEPOSITHOCTHIO 20x10° wmkiIoB
el CKOpOCTH HapaOOTKa Ha OTKa3 yMEHBIIAEeTCs 0 10°

Opy MajbIX 3a30pax MEXAY KOHTAKTaMH BO3HUKAET
JIYIIHOTO CcJosi — UCKpeHue. [lpu memmeHHOM pacxo-
1€ MPOUCXOJUT OTHOCUTEIBHO JIMTEIBHOE BPEMS, YTO
TaKTOB.
ible OaMYUKU NONOJHCEHUS MCHOBEHHO20 Oelicmeus. B
’ TaTYUKOB JAHHOTO THUMA MEXaHUYECKasl U KOHTAKTHas

SIMYHO, a IOCPCACTBOM CIICHHUAJIBHOI0O MCXaHHU3Ma
€HHOro

ynuca;

M; 3 —

Puc. 33. KoHeuHbIn 5 —

BblkntovaTens KY-70
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MTHOBEHHOTO AeicTBuA. Ilpu 3TOM 3aMblkaHHE-pa3MbIKAHUE KOHTAKTOB IPOUCXOIUT
HE CO CKOPOCTBIO YIPABIAIOLIETO JEMEHTA, a4 C MOCTOSHHOW, TOCTATOYHO BBICOKOM
CKOPOCTBIO, 3aaBa€MOW 3TUM MeXaHU3MOM. CylecTByeT HECKOJIBKO THIIOB TAKUX
MexaHn3MoB. OMH U3 HUX n300pakeH Ha puc. 32. Kymuca 1 3akperieHa Ha 0JHOM
BaJly C pOJIMKOBBIM  pblYyaroM 2,  HENOCPEJCTBEHHO KOHTAaKTUPYIOUIUM C
YIPABISAIOMIMUM  3JIEMEHTOM. BHYTpH KyJUChl YCTAHOBJIEH MOANPYKUHEHHBIH
npyxuHoil 3 non3yH 4. Ilom3yn ynupaercss B T-oOpa3HbIi KOHTAKTHBIM MOCTHUK 5.
IIpy mnoOBOpOTE KyJIHCHI OCTpUE MOJ3YyHA CKOJB3UT II0 BEPXHEW NEpEKIaIuHE
MocTuka. [Ipy MNpOXOXKIEHUHM OCTPUEM MEPTBOM TOYKH, MOCTUK BBIXOIUT U3
COCTOSIHUSI YCTOMYMBOIO PAaBHOBECUS M CO CKOPOCTBIO, 3a/1aBa€MOM MPY>KUHOM,
nepeOpachiBaeTCsi B Jpyroe MoJjiokeHHe. [IpOMBINIIEHHOCTBIO — BBITYCKAKOTCS
JATYMKU TOJI0KEHUs MTHOBEHHOTro jAeicTBus cienyronux tunos: BK-200; BK-300;
BIK-1100[0 — ynusepcanbubie, o6mero nasmasenns; KY70 [ — cneupanusupo-
BaHHbIE KpaHOBbIE (MYCTbIE MO3UIMU — HOMEP TUIIOMCIOJHEHMs). BHemHuil BuUa
koHeuHoro Beikatouatenss KY701 npuBenen Ha puc. 33.  PonukoBblEe phluary,
XapaKTepHbIE JJI1 JaTYNKOB MIHOBEHHOro aercTBUs TunoB BK u KV, npusenensr Ha
puc. 31, 2, 0. CenleKTUBHBIN POJIMKOBBIN pblUar 00J1a/1aeT CKOUIEHHBIM POJIUKOM, MO/ -
NPYXUHEHHBIM MPYXUHOW KpyueHus. [Ipu 3axoie ympaBisiiomiero sjieMeHTa Ha
POJIMK CO CTOPOHBI ckoca (Ha puc. 31,0 — cieBa) poJIMK MOBOPAYUBAETCS, IPOITYCKas
ynop 0e3 nepemenenus poryara. [lpu 3axone cnpaBa peluar OTKJIOHSIETCS, U TaTYUK
cpabatbiBaeT. Cpok CIy>KObI 3TUX JATYMKOB HE 3aBUCUT OT CKOPOCTU MEPEMEIICHHUS
YIPABIISIONEro SIeMeHTa W cocTaBiseT mopsaka 20x10° mukiIoB cpaGaThiBaHU.
HenoctaTkoM siBAsieTCS OTHOCUTEBHAS CIOKHOCTh MEXaHHYECKOW YaCTH.
I'eprxonogvie damyuxu nonodcenus. VICKpeHHEe KOHTAKTOB BO3MOXHO TOJBKO B
BO3JYIIHOM Cpejie, cojlieprKaiieil Kuciaopol. B cpene mHEpTHBIX ra3oB (Hampumep,
aproH, rejaui) U B BaKyyMe JJICKTPUUECKHI paszpsj HE mnpoucxoaut. IIpu stom
3HAYUTEIBHO YMEHBIIAIOTCS pa3Mephl KOHTAaKTOB, a CPOK CIYXObl CTaHOBHUTCS
NPaKTUYECKU HEOTPAHUYEHHBIM (110 MacopTy — 110 10° mukitoB cpabaTtbIBaHus). ITO
yIAJIOCh PEAIN30BaTh B TEPMETUYHBIX KOHTAKTHBIX IPYyIIax — FepKoHax. [ epKOHbI
ABJIAFOTCS] COCTABHOW YaCThIO FEPKOHOBBIX JTATYMKOB ITOJIOKEHUS U pElIe.
['epKOHOBBIE JATYHKH ITOJIOKEHUS MOTYT OBITh MarHUTO3aMbIKaromue (puc. 34,a)
U MarHuto3amkHyThie (puc. 34,6). 'epkoH mnpeacTaBisieT co00i MHUHHUATIOPHYIO
CTEKJISIHHYIO aMITyJly, 3all0JIHEHHYI0 MHEPTHBIM I'a30M, Yalle BCEro aproHom. Panee
BBIIYCKAINCh TE€PKOHBI C BaKyyMHbIMM aMIlyJlaMH. B Hee BHaAsHBl ymnpyrue
HOPMAJIbHO PA30MKHYTbI€ KOHTAKThl W3 MEPMaLION. YIPABIAIOLIMM 3JIEMEHTOM
MarHUTO3aMBbIKAOIIEr0 F€pKOHOBOIO JAaT4YMKa SIBJISETCA MOCTOSSHHBIA MarHuT. Ilpu
OTCYTCTBUM MarHUTa KOHTAKThI 32 CYET COOCTBEHHOM YIIPYTOCTH Pa30MKHYTHI.

a 0

i/
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Puc. 34. T'epxoHOBBIE JATUMKH MOJOKEHUS: @ — MAarHUTO3aMbIKAIOIINE;
6 — MarHUTO3aMKHYTHIE

[Tpu npubIMKEHUM MarHuTa KOHTAKThI, MPUTATUBASICH K HEMY, 3aMBIKAOTCSI.

Y MarHuTo3aMKHYTOr0 T€pKOHOBOI'O JlaTYMKa MAarHUT CMOHTHPOBAaH B OJHOM
KOpIyCe C TEPKOHOM, MIOCTOSIHHO 3aMbIKasi €r0 KOHTAKTHI.

VYpaBisronuM 3JIEMEHTOM SIBJISIETCSL JKpaH, BBOJUMMBIA B 3a30p MEXKIY
MarHuTOM M TE€PKOHOM. MarauTHas CBS3b MPU ATOM HAPYIIAETCS M KOHTAKThI
pa3MbIKaloTCs. ['€pKOHOBBIC AATYMKU TOJIOXKEHHSI 00J1alal0T MHOTUMHU JTOCTOMHCT-
Bamu. OHM HaJEXKHBI (JOJATOBEYHOCTh HMX OTPAHUYMBACTCS TOJBKO YCTaJIOCTHOM
U3rHOHON BBIHOCITMBOCTHIO KOHTAKTOB), MUHUATIOPHBI, yI00OHBI B MOHTaxke. BmecTe
C TeM BHOpaIMs U yJaapbl MOTYT MPUBECTU K JOKHOMY cpabatbiBanuto. [locnennee
pe3Ko orpaHuuyuBaeT cepy ux npuMmeHeHus. Tak, OTe€UeCTBEHHbIE MPOMBIIUICHHbIE
poOOTHI MEPBOHAYAIBLHO KOMIUIEKTOBAINCH MPEUMYIIECTBEHHO NAaTYMKAMU TaKOTO
tuna. Ho yaapel B KOHIIE X0/1a TUIOXO CcAeMI(UPOBAHHBIX MPUBOAOB MPUBOAMIN K
YacTbhIM JIOKHBIM Cpa0aThIBAaHUSIM, YTO 3aCTaBMJIO OTKa3aTbCs OT WX NMPUMEHEHHUS.
N3BecTHOE pacnpoCTpaHEHUE TEPKOHOBBIE [ATUYMKU TIOJIOKEHHUS TONYYWIH B
aBTOMATU3WPOBAHHOM METAJUIOPEXKYIIEM O0OpYIOBAHUHU, OXPAHHON CHUTHAIU3AlUU,
kiaBuatype OBM.

OnekmpoHHble  OecKOHmMaKmuvle O0amuyuku  nonodceHus. B oramume  OT
NpeAbIAYIINX, OCCKOHTAKTHBIE JaTYMKK TIOJIOKEHUS HE WMEIOT DJIEKTPUYECKUX
KOHTAKTOB B BBIXOJHOM wenu (oTcona W Ha3BaHue). lIpuHnunuaibHas cxema
n3o0pakeHa Ha puc. 35. [IpuHuun AeWCTBUS MOIYIPOBOIHUKOBOTO TPAH3UCTOPA OBLI
HaMU PAacCMOTPEH paHee, B COOTBETCTBYIOUIEH JieKIMU. JJi1 MOSICHEHWs] MpUHIMIA
JEUCTBUST OECKOHTAKTHOTO JaTYMKa HAM HEOOXOIWMO BCIIOMHUTH YCJIIOBUE OTKPBITO-
CTH 3MUTTEPHO-KOJUIEKTOPHOM LENM TpaH3UcCTopa ¢ N—P—N-nepexogoM. OMUTTEPHO-
KOJUIEKTOPHA LIETIb OTKPBITA (T. €. C IMUTTEPA Ha KOJJIEKTOP MPOTEKAET TOK, B JECATKU
U COTHU pa3 OOJIbLINI, YeM C SMUTTEpA Ha 0a3zy) €clid Ha SMUTTEPE MOJOKUTEIbHbIN
MOTEHIMAN, HAa 0a3e — TOXKE TOJOKHUTEIbHBIN, HO MEHBIINA, HAa KOJUJICKTOPE —
OTpHIIATETBHBIN.
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Puc. 35. TlpuHnunuansHas cxeMa OECKOHTAKTHOT'O TATYHKA MOTOKCHUS

[lepBas pabouasi cUTyalusi — Ha BXOJIe JaTYMKa OTCYTCTBYET CUTHaJ. Paccmorpenue
paboThl aTuriKa Ha4HEeM ¢ TpaH3ucTopa [i. Kak BumHO mo cxeme, u 0asza, U SMUTTEP
MOJKITIOUEHbl K TIOJIOKUTEIBHOW KJIEMME TMUTaHus, TmpuueM 0aza — uepe3
corpotuBiieHue R; (Tak Ha3piBaeMoe CONpOTHUBIIEHUE 0a3bl). DTO CONMPOTUBICHUE
CIY’KUT JIJISl CO3/IaHMsI PA3HUIIBI TTOTEHIIMAIOB MEXIY SMHUTTEPOM U 0a30if, KoTopas,
KpOME 3TOro, CBsI3aHA C OTPHUIIATENIBHOW KIEMMOH NHUTaHus 4depe3 uenb Ry, Rj
Komnekrop cBd3aH ¢ oTpuIaTEIbHOM KieMMoO#l muTaHus uepe3 nenb Li;—Rj3. Kax
BUIUM, YCJIOBHE OTKPHITOCTH coOmtofeHo. Kommektop cBsizan ¢ 0a3oi 1enbio
obpatHoit cBsi3m  L;—R,. Dta cxema mpexacrtaBiaser coOOW  MpOCTEHUIIHIA
MYJbTHBHOPATOpP — reHepaTop kojebanuii. Paboraer oH ciexyrommum oOpa3om. B
HayaJlbHbIII MOMEHT BPEMEHHU TPAH3UCTOP OTKPHIT, U TIO KOJUIEKTOPY MPOTEKAET TOK.
Ha mpoxosxneHnue siaeKkTpudeckuM TokoM 1enu Li—R; Tpebyercss HeKoTopoe Bpems.
Yepe3 5T0 BpeMs 3a CYET IMOCTYIUIGHHUS C KOJUIEKTOpa IO IeNH OOpaTHOW CBSI3H
MOJIOXKUTENIHOTO TOTEHIIMajda TMOTEeHIMad Ha 0a3e BO3pacTaeT, W TPAH3UCTOP
3amupaercs. TOK B IleMd OOpaTHOM CBSI3M MpeKpamiaeTcs, MOTeHIMal Ha Oasze
YMEHBIIIAETCS O NEPBOHAYATIBHOTO 3HAYEHHUS, M HUKIJI NOBTOpsieTcsl. Takum 00pazom
B nenu L;—R, renepupyercs nepemennsiii Tox. IlapanienbHO 3MUTTEpHON LENH
MOAKIIOUEeH KoJjebaTtenbHbli KOHTYp Ci—L,. B nmamHom ciywae oH sBisieTcs
pPE30HATOPOM — HACTPOCH B PE30HAHC C KOJEOaHUSIMU, TEHEPUPYEMBIMU
MynbTuBHOpaTopoM. Karymku L; u L, sBisitoTcsl MHAYKTOPOM NEPEMEHHOrO Mar-
HutHoro mnonst  W. MarHutHoe Tole  BOCIPUHUMAETCA  MPUEMHHKOM  —
WHIYKTUBHOCTBIO L3, IpeoOpa3ysck B HEM B MEpeMEHHYIO dJC. Jlanee Tok mocrymaeT
B KOHTYp u3 auona D; u kongencatopa C,. OHEM MpeACTaBISIIOT COOO0M MPOCTEHIITNIA
CTJIQXUBAIOIIUKN BBITIpAMUTENb. [lociae auona mepeMeHHbIM TOK IpeoOpasyeTcs B
OTHYJIEBOM TNYJbCHPYIOIIMKA. B MOMEHT IHKa TOKAa W3JIMIIHAM TOK 3apsuKacT
KOHJIEHCATOp, @ B MOMEHT TOKOBOT'O MPOBaJia KOHAEHCATOP Pa3psiKaeTcs, CriaKuBast
nyJibcaluioo. BrInmpsamiieHHBI TakuM oOpazom MOJOKUTEIIbHBIM  MOTEHIHAI
nogaetrcs Ha 0a3y Tpanzuctopa T,. baza TpaH3ucTopa CBsi3aHHA C MOJOXKHUTEIHHOM
IIMHOM MUTaHUs Yepe3 conpoTuBieHue R 4, a amutrep — uepe3 Rg, npuuem R 4< Re.
IIpu orcyrcTBUM Ha 0a3ze JOMOJHUTENIBHOTO OTPHUIATENIBHOTO MOTEHIHAla OT



47

BBINIPSMUTEISI TPAH3UCTOP 3aKPBHIT, @ B JAHHOM cliydyae — OTKphIT. Kosiaekrop
Tpan3uctopa T, cBsizaH ¢ 6a3zoi Tpan3uctopa Ts. IIpu otkpeitoctn T, Ha 6a3y Ti
MOJAECTCA TOJIOKUTENBHBIM TMOTEHLMAJ, T3 TaKKe OTKPBIT, U CONPOTUBIICHUE
AMUTTEP-KOJUIEKTOPHON LIENMU MOCIEAHEr0 HE3HAYMTEIbHO. DMUTTEP U KOJUIEKTOP
TpaH3ucrtopa T3 CBf3aHbl C BBIXOAHBIMM KJIE€MMaMM JarTdyvka. B HopmaibHOM
COCTOSIHAM BBIXOJIHAS LIETb JaTYMKaA OKA3bIBAETCA 3AMKHYTOM.

Bropas pabouast cutyariusi — Ha BXOZ€ JaTYUKA MOSBIISIETCS CUTHAL. Y IPABIISIOIIAM
JJIEMEHTOM JAaT4YMKa SBISIETCS OSKPaH, BBOAUMBIA B 3a30p MEXKIY HHIAYKTOPOM U
npueMHUKoM. [Ipu 3TOM MarHuTHas CBS3b MEXIYy HHMH Hapyliaercs, U c 0a3bl
TpaH3ucTopa T, HCYE3aeT JOMOJHUTENIBHBIA MOTEHIMAI CMELIECHHs. TpaH3uCTOp
3aKpbIBACTCs, TOJIOKUTEIBHBIM TOoTeHIMan Ha 0Oazy T3 He momaercs, MOCeTHUMN
3akpbiBaeTCs. COMPOTUBICHUE SMUTTEP-KOJUIEKTOPHOM WENMU BO3PACTAET HACTOJIBKO,
YTO MEXKJY BBIXOAHBIMHA KIIEMMaMM JaTYMKa OJJIEKTPUYECKAs LEMb ITPAKTUYECKH
pazpbiBaetcs. JlaTunk cpabora.

Topuesoit Tuna BTII (puc. 36,a) u menesoit Tuna KBJI (puc. 36,0) natumku
OTJIMYAIOTCS  KOMIOHOBKOW. TopreBol maTyuk pasMemeH B Pe3bOOBOM
HWIMHIPUYECKOM Koprmyce. B Topue ero KOHUEHTPUYECKH PacTONOKEHBI
VHIYKTOPBI U TPUEMHHUK. MarHuTHOE MOJIE€ MEXKY HUMH UMEET TOPOUIHBIE CUJIOBBIC
JUHUW. YTIPaBIAIONIMNA dKpaH MpUOIMKaeTcs K dTomy Topiy. Kopmyc mieneBoro
JaTyMKa MMEET BbIPE3 MEXAY MUHAYKTOPOM M IIPUEMHUKOM. YIIPABIAIOIIAN 3KpaH
BBOJUTCS B 3TOT BBIPE3. ODJIEMEHTHI JJIEKTPUYECKUX CXEM Uil T€PMETHYHOCTH

3aJIMBAIOTCA KOMIIAYHIOM.
a 7]

MiHayKkTop  TpremHik Y MpaBNARLLMIA 3KpaH

\ i | HMHgykTOp Tﬂw
i ™ & ™

YMpaenAKLWL KA 2KpaH

"

Puc. 36. DnexkTpoHHBIE OECKOHTAKTHBIE JATYUKH: d — TOPIIEBOIL; 6 — IIEIEBOM

beckoHTakTHBIE NaTYUKM O00JANAIOT MNPAKTUYECKH HEOTPAaHUYEHHBIM CPOKOM
CIIy’)KOBbI, BBICOKOM HAJEKHOCTHIO, JIOBOJIBHO MaorabapuTHBI, HE TpeOyIoT
AKCIUTYaTallUOHHOTO OOCIYKMBaHUS W MPOCThl B MOHTaxe. K HX HegocTtaTkam
MOXHO OTHECTH CpPAaBHUTEIBHO BBICOKYIO CTOMMOCTb W BBICOKHE TpeOOBaHUS K
KQueCcTBY CTAaOWJIM3ALMU HAMNpsHDKEHUS MUTaHUSA (MO0 MacHOPTHBIM JAaHHBIM — TIO-
CTOSIHHBIN TOK Hamnpsbkenrem 24+0,2 B).
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Hnoykyuonnvle beckonmakmmuble OAMUUKU NOTONHCEHUS. NuaykuuoHHbie
JATYUKH CTOSIT HECKOJIBKO OCOOHSKOM B PSy OCTaJbHBIX JaTYMKOB IOJOKEHUsA. B
OTJIMYME OT KOHTAKTHBIX U TF€PKOHOBBIX J1aTYMKOB,
Aropk BBIXOJHAsA LENIb KOTOPBIX UMeeT cocTosiHus «Llemp
pazomknyta» u  «lemb  3aMkHyTa» = WU
i 8 GeckoHTaKTHBIX anekTpoHHbIX «llenps mpakTuyecku
pazoMkHyTa» U «llenb 3aMKHYTa», WHIYKUIMOHHBIE
JATYUKU O00JaJar0T COCTOSHUSIMHU BBIXOJHOW LENu
L, L «llens oOnamaeT OOJBIIUM COMPOTUBJICHUEM» U
SUPENPN B NP «llenb oOnamaer MaibIM CONpPOTUBIEHUEM». Pac-
CMOTPUM IPHUHIMI JIEUCTBHS JAHHBIX JATYMKOB Ha
N bl - ML npuMepe 0ECKOHTAKTHOIO KOHEYHOTO BBIKJIFOUYATEIS
1o 22~V 43 44 (BKB) (puc. 37). JlaTuuk uMeeT JABE KaTYIIKU WH-
Dﬁ;a_ OykTuBHOCTH L3 m Lp, ycTtaHoBieHHBbIe Ha 0O0IEM
Puc. 37. Unpykvenwii parug  MATHATOIIPOBOJE. [ToBOpOTHBIN  SIKOPBH  SIBIISIETCS
nonoxeHusi GKB pabouum AIIEMEHTOM BBIKJTIOYATEIS,
KOHTaKTUPYIOIIUM C YNPAaBISIOMIUM 3JIEMEHTOM (Ha
PUCYHKE He ToKa3aH). Mexy miiedyaMu SIKopsi 1 MarHUTOIIPOBOJIOM UMEIOTCS 3a30Pbl
01 u &y llpu mepexitoueHUH BBIKIIOYATENsl 3a30pbl M3MeHsAIOTCs. M3BecTHO, YTO
IIOJTHOE CONPOTUBIICHUE UHIYKIIMOHHOMN KaTyIIKU B LIENU IEPEMEHHOT0 TOKa

Z=+R*+(Lo)* (17)

rae R — akTuBHOE compoTHBIIeHUE KaTyIikH, (L®) — MHIYKTHBHOE COMPOTHBIICHUE,

@ = 27f — yrnosas yacTota nepeMeHHOro ToKa ¢ yacToToii f; L — MHAyKTUBHOCTB
KATYILIKH

2 -8
022w ~=S10
L= 5 , (18)
rie W — 49uclio BHTKOB KAaTYyIIKH, S — INIOIIQJbh CCYCHHUS ITOTOKA B BO3IYIIHOM
3a30pe; O — BEIMUMHA BO3IYITHOTO 3a30pa. CiaeqoBaTeIbHO, IPUHSB 32 KOHCTAHTHI R,
o, W, S, MOHO 3anucars

Z=F(0). (19)

[Tapametper natunka bKB mpuHATEI TaKOBBIMU, UTO CONPOTHUBIEHHUE BBIXOIHBIX
nened 1-2 u 3—4 BO BKIIFOYEHHOM W BBIKIIOYEHHOM IOJIOKEHUW OTIMYAKOTCA Ha
HECKOJIBKO TOPSIKOB (B THICSYM pa3).

Takum oOpa3oMm, OJHAa W3 BBIXOJAHBIX IEeNed OKa3bIBA€TCS MPAKTUYECKU
Pa30MKHYTOM (TOK MO HEW Te4eT, HO OYEeHb MaJIblii), a BTOpas — 3aMKHYTOM W TMpHU
MEPEKITIOUYCHUN JaTUNKA MOJIOKEHUE eI MEHSETCS.

K pgocromHcTBaM Jarymka CTOMT OTHECTHM €ro BBICOKYIO HaAEKHOCTb. K
HEJIOCTaTKaM — OTPaHUYCHHE MO MPUMEHUMOCTH (TOJBKO B ILEMSAX MEPEMEHHOTO
TOKa), BBICOKHE TPeOOBaHUS K CTAOMIBHOCTH YaCTOTHI MUTAIOMIETO HAMPSKEHUS.
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> JlaTunKH nepeMeeHust

B ommuue OT IpeaplAyIIUX JaTUUKH IEPEMEILEHUS KOHTPOIUPYIOT OOBEKT HE B
TOUKE MPOCTPAHCTBA, & HA ONPEAEIEHHOM YYaCTKE €ro TPACKTOPHH. JTOT y4acTOK
UMEHYETCS JUala3oHOM U3MEPEHUs JaT4yuKa. B 3aBUCMMOCTH OT TOro, KaKoro poja
NBHKEHME KOHTPOIUPYET  JAaT4YMK, OHU MOAPA3JAEIAIOTCA Ha JIMHEWHBIE U
HOBOPOTHBIE. Bee  JaTYMKM — NEPEMEINEHHS  SBISAIOTCA  IapaMETPUYECKUMH.
[TponOpLUUOHAILHO HU3MEHEHHMIO MOJIOKEHHS KOHTPOJIMPYEMOrO0 OOLEKTa BHYTpU
JMama3oHa M3MEPEHMs Yy HHUX U3MEHSAETCSs OIMH M3 [apaMeTPOB BBIXOHOM
SIEKTPUYECKON LeNH. B 3aBUCHMOCTH OT BHa U3MEHAEMOIO BLIXOAHOIO MapaMeTpa
OHM TIOAPA3JEIAIOTCA HAa JAaTYUKH aAKTHBHOIO, HMHIAYKTHMBHOIO M €MKOCTHOIO
COIPOTHBIIEHUS.

Hdamuuku  axmueéno2o  conpomuéneHus — TOAPA3NENSIOTCsS Ha  JaTYMKH,
KOHTPOJIMPYIOLIME JTUHENHOE IepEMENIEHNE 00bEKTa M TIOBOPOTHBIE. [10 MaTepuany
JaTUUKM TOAPA3AENIAIOTCS Ha METauIMueckue (IIPOBOJIOYHBIE) M YrOJbHEIE.
[TpoBOIOYHBIE JIMHEHHBIE JATYMKKM MOJYyYWId Ha3BaHME pPEOCTaThl. B diek-
TPOTEXHUKE YTOJILHBIE MOBOPOTHHIE JATYMKU IOJYYMJIM DPACIPOCTPAHEHUE B HE-
CBOMCTBEHHOM MM 00IACTH — Ul W3MEHEHUS HaNpsDKEHHs Ha OOBEKTax, Mocle-
JI0BATENbHO WM MapalleIbHO MOAKIIUEHHBIX uM. OTCI0a BTOPOE Ha3BaHUE BCEH
IPYIILI JaTYNKOB AKTUBHOIO CONPOTHBICHUS — IOTEHIHOMETPUYECKHE, T.€.
M3MEHSIOLINE HANPSHKEHHE.

Jlunetinvle npoeonounvie OamuuKu aKMUEHO20 CONPOMUGTEHUS (Peocmanmbi).
KoHcTpyKims peoctata npuBeaeHa Ha puc. 38,a. OCHOBOM €ro sBISETCS KaTyIIKa U3
JIAKMPOBAHHOM ITPOBOJIOKM, HAMOTAHHOMN Ha IUDIIEKTPUYECKHUH cepaeunuk. I1o KkaTymike
CKOJIB3UT IIOJABMKHBIM KOHTakT. Ha GeroBoil JOpOKKE KOHTAKTa W3OJISALMOHHBIN JIAK
yhaned. Y 3TOro M BCEX OCTAIBHBIX THIIOB JATYUKOB AKTUBHOIO COIPOTHBIEHUS
TIOJBIYKHBIM KOHTAKT UMEHYETCS JIaMeJIbIO.

a 6
Namens

K ofbekTy
—

Alk R

MMM"WWM

KaTylwka

Berogan nopoxka

Puc. 38. IIpoBomo4HbIE TATYMKH AKTUBHOTO COIPOTHBICHHSA: d — IPOBOJIOYHBIA JTMHEWHBIN; 6 — TPOBOJIOYHBIN
TIOBOPOTHBIN; 6 — 0003HAYEHMS JaTIYMKA HA CXEMax

Ilosopomuvie npogonouHvle 0amMUUKU aKMUBHO20 conpomuenenus. B otnuuue ot
NpEABIIYIIMX Y 3TUX AATYMKOB JIAMENh MPEACTABISICT COO0M MOBOPOTHBIM phluar
OoCTaTOuyHO Ooubiiod JiauHbl (puc. 38,6). beroBas mopoxkka — ayra OOJBIIOTO
panuyca, mpuOIMKeHHas K mnpsiMoil. KOHCTpYKTHMBHO MeXaHMYecKash 4acTh 3TOTO
naTyuka Ooisiee mpocta. BMecTe ¢ TeM 3aBUCHUMOCTh COMPOTHUBJIEHUS OT yria
MIOBOPOTA €CTh BEJIMUMHA HEJIMHEHHAsI, TOJUYMHEHHAs! CUHY COMIAIBHOMY 3aKOHY, YTO
HEOOXOJUMO YYHUTBHIBATh MPU MPOSKTUPOBAHMU TMpuUBOAa Jatuuka. llpumep
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MPUMEHEHHS] — PETUCTPUPYIOIIAs YaCTh JATYMKOB YCHIIMS U yIJja MOBOPOTA CTPEIIbI
orpannuutens rpysonoabeMHoctu OI'TI-1 cTpenoBbIx KpaHOB.

Jlunetinovle u nogopomuvle Y2olbHble OAMYUKU AKMUBHO20 CONPOMUBTIEHUS.
HenonBu»KHBIM KOHTAaKTOM y ATHUX JIATYUKOB SIBISIETCA HE MPOBOJIOYHAS CIIMPAJIb, 4
yrojibHas MJIACTUHA KIMHOBOM (DOPMBI. 3a cueT M3MEHEHUsI CEUCHUS HEIOABUKHOTO
KOHTAaKTa MpU NMEePEMEIISHUN JIaMeIsl COMTPOTUBIICHUE JaTYMKA U3MEHSIETCS 1o Ooliee
KPYTOMW, YEM Yy MPOBOJOYHBIX JATYMKOB, B 3aBUCUMOCTH OT MEPEMEUICHHUS, T. €. OHU
00Js1aiatoT OOJIbIIe YYBCTBUTEIbHOCTHIO. JTH JIATYUKU MPUMEHSIOTCS B MYTEBBIX
MAallIMHAX, HAIPUMEP, KaK TOYHBIE MOTEHIIMOMETPHI MOJIOKEHUN HUBEIUPOBOYHOIO
Tpoca pUXTOBOYHBIX cucteM mamuH BITP02, BITPC500

OOG1IUM TOCTOMHCTBOM JIJIsl BCEX JIATUUKOB aKTUBHOTO COMPOTHUBIICHHS SIBISETCS
UX YHUBEPCAIBHOCTh — C PAaBHBIM YCIIEXOM OHM NPUMEHSIOTCA B LEMAX Kak
MOCTOSIHHOTO, TaK M MEPEMEHHOr0o Toka. HeaocTaTkom uX SIBISIETCS TPEHUE MEXKIY
JaMeJbI0 U 0ETOBOM JTOPOKKOM, CIIeI0BATEILHO, M3HOC KOHTAKTOB U UCKPEHHE.

Hnoykmuenvie oamuuxu nepemeujerus. K HUIM OTHOCATCSI JTUHEWHBIE aTUYMKH,
MTOBOPOTHBIE TPAaHC(HOPMATOPHI U CEIILCUHBI.

Jlunetinvle unOyKmueHvle Oamuuxku nepemeujeHus. JIas TOYHOTO H3MEPECHUS
MaJIbIX PACCTOSIHHUM (HarpuMep, B aBTOMAaTU3UPOBAHHBIX METAJIIOPEKYIITUX CTAHKAX )
CIY)KaT JATYMKU C MEPEMEHHBIM 3a30poM. OIMHAPHBIN JAaTYMK TMPUBEJICH HA PUC.
39,a. BbIxo1HOM BEIMUUHOMN SBISIETCS TOK B MHIYKTUBHOM KaTYIIKeE

U
==,
Z 0

rae U — HanpspkeHue MUTaHus.

BxogHoil Benm4MHON SBISETCS 3a30p O MEXIY TOJBHXKHBIM SKOPEM U
MarHUTONPOBOIOM. XapaKTEPUCTHKA JaTUHKa, T. €. 3aBucumMocth | = F(0), bopmyis
(17)—(20), wumeer HeJIMHEWHBIH XxapakTep. B 1emsax ympaeieHus —0OoJjee
MPEANOYTUTENIBHBI YCTPOUCTBA C IMHEWHON 3aBUCUMOCTBIO BBIXOJHOW BEJIMYUHBI.

Jlns yBenmuueHusi pabodero auama3zoHa mpuMmeHsercs auddepeHnanabHpid UH-
TYKTUBHBIN gatuuk (puc. 39,6). OH COCTOUT U3 IBYX CHMMETPUYHO PACIIONIOKEHHBIX
KaTyIIeK HHIYKTUBHOCTH U 00IIero skops. Pabounii nuama3on mpeacTaBisieT coOon
JIB€ CUMMETPUYHO pACIOJIOKEHHBIE MPSIMbIE JIMHUM, MPOXOASIIUE Yepe3 Hayajo
KOOpJAHHAT.

a O
b I . I 1
- - - - "".,-"_

’ ",
-l Arkopk / Brixon

AT, L}

.B._ _.-" 5

Pafiouuil MHTEpEAN 5 o Pabouni urTepsan,

Puc. 39. JluneiiHpIe MHAYKTHBHBIC TAaTYNKH TIEPEMEILCHUS: d — OAUHAPHBIN; 0 — muddepeHInanbHbIH
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Jlnst m3MepeHuss PacCTOSTHHWM, OONBIMX, YeM B MPEABIAYIIEM clydae, HC-
MOJIB3YIOTCS TATUYUKH C TOABMKHBIM cepacdHukoM (puc. 40). JIJis qaTIMKOB TaKOTO
tumna gopmyna (18) mpeoOpaszyeTcs B BUA

_ 02nW%Su;107°
I

L

: (21)

riae | — mrHa MarHUTONPOBONIA, Ay — CYMMAapHasi MAarHUTHAS TPOHHUIIAEMOCTh CPE/IbI
BHYTpH KaTymku. Cpema COCTOMT U3 JIBYX

Katyilka KOMIIOHEHTOB — Ha y4dacTKe X — CEepIACYHHUK H
>< BO3YIIHBIA 3a30p O, Ha ydactke (L—X ) — TOJNBKO
[ )
! BO3/YX. KoadpurmenTs MarHuTHOM

< 1= 49800.

F obrperTy
“_:_ POHUIIAEMOCTH: JUII BO3ayxa — 4 = 1; muist ctamm —
b

N du
\ s == (22)
: : dv
Puc. 40. [daTtumk c noaBWXKHbIM
cepaeUHIKOM rae V — 00beM NpoCTpaHCTBA BHYTPU KaTYLIKH.

N3 ¢popmynsl (22) BUIHO, UTO JATYUK 00IagaeT
HEJIMHEWMHON XapaKTepUCTUKOU. TeM He MeHee U3-3a JOCTOMHCTB, OOLTUX JIJISl BCEX
UHAYKTUBHBIX JAaTYUKOB, UCTIOJIB30BAHUE X C OJBIKHON KAaTYIIKON IPU HE OYEHb

BBICOKMX TPEOOBAHMIX K TOUHOCTH U3MEPEHHI BechbMa 3 (HEKTUBHO.

Ilosopomuvie (8pawarowuecs) mpancgopmamopsl SBISIOTCS IEKTPUUECKUMHU
MalllMHaMH C HESBHO BBIPAKEHHBIMU IMOJIOCAMM M CIYKaT HMHAYKTUBHBIMU
JaTYNKAMHU yTJIa TTOBOpOoTa. MIMEIOT HEMOABMKHBIN CTATOP M BPAILAOIIUKCS POTOP,
CBSI3aHHBIN C OmpeesieMbIM 00beKTOM. B ma3bl ctatopa U poTopa yJIOXKEeHBI 1O JIBE
B3aMMHO-TIEPICHANKYJIAPHbBIE OOMOTKH, B CTaTop — TNEpPBUYHBIC, B pPOTOp —
BTOpUuHbIe. [IpM HW3MEHEHHM NOJIOKEHHUSI CTAaTOpa MEHSETCS M HalpsDKEHUE Ha
BBIX0JI€ BTOPUYHBIX OOMOTOK MPU HEM3MEHHOCTH HANPsKEHUS HAa MEPBUYHBIX. Tak,
JUTsI CHHYCHO-KOCHHYCHOTO Tpanchopmaropa CKBT BTopuyHOE HampshkeHue

sina
1+ kpcosa
rne U; — nepsuunoe mampskenme; o — yrom mosopota; Ky — kooddurment

tparnchopmanuu npu & = 0. Bung dopmynsr (23) moka3bIBaeT, 4YTO XapaKTEPUCTUKA
Bpalraromierocss TpaHchopMaropa HEIWHEWHA. OJTO SBISETCA EIUHCTBEHHBIM
HEJIOCTATKOM JIaHHOTO JIaTYHKa.

Cenbcunbl TPENCTABISIIOT COOO0M IEKTPUUYECKUE MUKPOMAIIUHBI ¢ 0HO(a3HOM
oOMOTKOM BO30YXIeHHsT UM TpexdazHoi BTOpUUHOM 0OMOTKOM. I[loNHOCTBIO
oOpaTuMbl: B 3aBUCUMOCTH OT YCIOBHI MOTYT MPUMEHSTHCS M Kak JJeK-
TPOJABUTATENHN U Kak reHepaTopbl. CiiykaT JUIsi U3BMEPEHUST YIIIOBBIX MEPEMEIICHUN.
[IpuHuun paboThl CelbCUHA COCTOUT B cieayromieMm. [lpu BkiIroueHHH CTaTOPHOMU
0OMOTKHM B CE€Th IMEPEMEHHOro Toka HampsbkeHueM U, (puc. 41,a), oHa co3gaer
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MyJbCUPYIOUINI MarHUTHBIA MOTOK, KOTOPBIA HHAYIIUPYET B KaxaA0U (paze poTopHOU
0OMOTKH 3/IC, 3aBUCAILEH OT YIJIa IOBOPOTa POTOPA Ol
E, =E,  cosq,
E,=E, cos(a+120°); (24)
E,=E, cos(a+240).
Bennuuna HanpsbkeHus B J1000i (a3HOM OOMOTKE IMO3BOJISIET CYyIUTh 00 yrie
nmoBopota poropa. CelbCUHBI MPUMEHSIIOTCS MOMAPHO, IPUYEM OJUH paboTaeT Kak

AIIEKTPOJBUTATEINb, @ IPYTrOl — Kak reHepaTop. M3BecTHbI 1Be CXEMbl MOAKIIOYEHUS
CEJIbCUHOB — HHANKATOPHAS U TPaHC(OpPMATOPHAs.

CTI o} CI1

g 9 &
‘G a. i d. 2 a.

Crarop Fotop
J 1, I,

Puc. 41. CxeMmbl cellbCHHOB: @ — cXeMa 0OMOTOK; 6 — MHAWKATOpHAs CXeMa; 6 — TpaHcopmaTopHas cxema

NuaukaropHas cxema mu3oOpaxeHa Ha puc. 41,6 U CIyXUT KaKk CHHXPOHHAas
cucTeMa AMCTAHIIMOHHOW mepenadn mHdopmanuu o0 yrie MmoBopoTa, HampuMep B
NPUBOJIE CaMOMMKCIA, PETUCTPUPYIOMIETO TOJIOKEHHE KOHTPOJIIBHOW — TEJIeKKU
MyTEPUXTOBOYHONW MamuHbl. CelbCHH-MIapa COCTOUT W3 ceibcuH-AaTduka (C) u
cenbcu-ipueMHuka (CII). Bce obmotku kak Bo3Oyxnaenus OC; u OC,, Tak u
BropuuHsle OP; — OPg — coeaunensl napamiensHo. IIpu moBopore potopa C/I,

paboTarolero Kak TeHepaTop Ha yroi (¢, B IEMsIX CBA3H HABOJSITCS YpaBHUTEIbHBIC

Toku |, ctpemsimuecs noBepHyTh potop CII (amexkTpoaBuraTens) Ha yroa .
TpancdopmatopHas cxema mpuBeneHa Ha puc. 41,6. OHa CIYKUT KaK JaTIUK
yriia T[OBOpPOTa, HANpPHUMEpP, B CHCTEME pPEryJUpOBaHUS TITOBOIO  YCHIIUA
HETOJHONPUBOJAHOTO TAraya (cucrema CJleAuT 3a PacCorilacOBaHUEM YacTOT
BpalleHus OYKCYIOIIMX MPUBOJHBIX W HENPUBOJHBIX Koiiec). B oTimume oT mpe-
TBITYIIEH CXEeMbl CTAaTOpHBIE OOMOTKM pasnaeneHbl. Crartopnas obmorka CJ]
MOJKJIIOYeHA K THUTaHW0, ctatopHas oOMoTka CII sBisieTcs BBIXOIHOM: C Hee
caumaetcsi HampsikeHue U,,,. st Toro utoObl cxema pabortana B TpaHcdopMma-
TopHOM pexkume, potop CII momken ObITh 3aTOpMOKeH. CXeMa mpeacTaBisieT coO0on
CHapeHHBIH MOBOPOTHEIN TpaHchopmarop. [ToBopoT potopa CJI BhI3BIBaECT B LEMIX
cBs3u ypaBHUTeNbHbIE TOKU |. Tak kak porop CII 3akinvHeH, ypaBHUTEIbHBIE TOKU
HaBogAT B craTtopHoi oOmoTke CII snektpoaBmwxkyniyto cuiny (3ac) Ugyy,
MPONOPIIMOHANIBHYIO  yriIy ToBopota poTtopa CJIK o0mmm moctomHCTBaM
WHJYKTUBHBIX JATYUKOB MEPEMENICHUS CTOUT OTHECTU MX BBICOKYIO HAJEKHOCTh U
OTCYTCTBUE TMOABUXKHBIX DJIEKTPUUYECKUX KOHTAKTOB, IOATOMY, HET H3HOCA U
uckpenusi. K Hemocratkam — orpaHM4eHUE MO NPUMEHUMOCTHU (TOJBKO B LEMSIX
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MEPEMEHHOT0 TOKa), BBICOKHME TPEOOBaHUS K CTAOMIBHOCTH YAaCTOTHI MUTAIOIIETO

HaIIpsKCHUA.

Emxocmuvle oamuuku nepemeujeHusl.
EMKOCTHOE conpoTHBIIEHHE KOHJIEHCATOpa OIpeaessercs no Gopmyie

1
X, =——, (25)
© " aafC
rac f — YqacToTa HCpCMCHHOI‘O TOKa, C — CMKOCTb KOHI[GHC&TOpa,
&S
C=—, (26)
4wd

IJie £— IUAJIEKTPUUECKasi IOCTOSIHHASL MaTepHalia TUAJICKTPUKA; S — TUIOIIA b IIACTUH; O
— 3a30p MEXIy IUIaCTUHAMHM. B €MKOCTHBIX JaT4MKaxX MEPEMENICHUs] HCIONIb3YeTCs
M3MEHEHHUE BCeX TPEX MEePEMEHHBIX MpaBoi yacTu Gpopmysisl (26).

Emxocmuvle damuuxu ¢ nepemennou niaowaovo naacmux. Ha puc. 42.a
u300pakeH  TMOBOPOTHBIM Jjartyuk (yron wusmepenus — 10 180°). Ilmactuns
IMOBOPOTHOM M  HEMOBOPOTHOM dYacTh 4epeayrorcd. [lmomanpro  miacTuH
KOHJIeHCcaTopa SBIISETCS IUIOMIA b MePEKPhITHS (3amTpruxoBana). [Ipuniun gecTBus
JUHEHHOr0 JaTyuka TMOHSATeH u3 puc. 42,6, 3mecb X — TeKyllee 3HAUYCHHE
nepeMeleHus, L — quana3od u3MepeHus.

a 7]

K 00BEKTY

X

L

Puc. 42. JlaTanku ¢ mepeMeHHOH IUIOMaabI0 INIACTHUH: @ — IOBOPOTHBIE; 6 — TMHEHHBIE

Emrxocmuvle oamuuku ¢ nepemenHviM 3a30pom CHyXaT JJIi TOYHOTO H3MEPEHHS
MasblX JUMHEWHbIX mepeMelnieHuid. [Ipu nepemereHny MOABMKHOW IIACTUHBI (WK
MaKeTa IJIACTUH) U3MEHSETCS 3a30D, CIIEI0BATENIbHO, U EMKOCTb.

Emkocmuvie oamuuxu ¢ nepemenHOU OudieKmpuueckou
NPOHUYAEMOCMbIO Cpedbl  CIIyXKaT JJIsl U3MEPEHHUS YPOBHS
KUJAKOCTH W TPEJCTaBISAIOT CcO00M 0ak ¢ IEHTPaIbHBIM
cTepkHEM TpyO4aroro cedenus (puc. 43).

Crenku 6aka sSBISIOTCS OJTHOW M3 TUTACTHH KOHICHCATOPA,
CTEp)KEHb — ApYyroil. Tak Kak *HUAKOCTb M €€ HACHIIICHHbBIN
nap o0JaaloT pa3HbIMU &, PU U3MEHEHUU YPOBHS KUJKOCTH
€MKOCTh KOHAEHCATOpa H, CIIENOBATEIbHO, €r0 E€MKOCTHOE
COIIPOTUBJICHUE U3MEHSFOTCA.

['maBHBIMEM ~ JOCTOMHCTBAMHM  €MKOCTHBIX  JaTYMKOB
MEepEMEILICHHS SIBJSIIOTCS. UX BBICOKAs TOYHOCTh M OTCYTCTBHE MOJBHXKHBIX JJICK-

]
[—

Puc. 43. EMKocTHOM
YPOBHEMEP
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TPUICCKHUX KOHTAKTOB, T. €. OTCYTCTBHC M3HOCA U UCKPCHUA. HGI[OCTaTKOM ABIACTCA
OIrpaHUYCHHOCTL HNPUMCHUMOCTH — OHHM OOCTATOYHO 3(1)(1)€KTI/IBHBI TOJIBKO B BBbI-
COKOYAaCTOTHBIX LCIIAX IIEPEMCHHOI'O TOKaA.

Koumponvnuie éonpocwt u 3a0anus

1. HazoBuTe OTIMYMSA JaTYMKOB MOJOKEHUS U IEPEMELIEHNUS.

2. B 4eM I1aBHBIN HEAOCTATOK JATYMKOB MOJIOKEHUS IPSIMOIO NEUCTBUSA?

3. OT 4ero 3aBUCUT CKOPOCTh Pa3MbIKaHHsS KOHTAKTOB B JATYMKE IOJIOKEHUS
MTHOBEHHOI'O I€UCTBUA?

4. HazoBHUTE NTOCTOMHCTBA U HEJOCTATKN FEPKOHOBBIX KOHEUHBIX BBIKIIOUATEIICH.

5. B uem npuHIMn nedcTBUS MyIbTUBHOpaTopa ?

6. KakoBo ycnoBue OTKpHITOCTH P—N—P-TpaH3ucropa. Onummre pexuM
«BBIKTI0YEHO)» OECKOHTAKTHOTO BBIKIIOYATENS.

7. Onuuute pexxuM «BKIIIoueH0» OECKOHTAKTHOTO BBIKJIIOYATEIIS.

8. HazoBHUTE TOCTOMHCTBA M HEJAOCTATKU JTATYUKOB MEPEMENIEHUS AKTUBHOIO CO-
IIPOTUBJICHUS.

9. HazoBuTe 1OCTOMHCTBA U HEAOCTATKU MHAYKTUBHBIX JaTYUKOB MEPEMENIECHUSA?

10. Kakue orpaHnueHys IPUMEHUMOCTH EMKOCTHBIX JATYMKOB IIEPEMELICHHUS ?
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Jlekumsa S
JJaTYMKH CKOPOCTH, YCHIIHS, TEMIIEPATYPbI

> JIaTYHKH CKOPOCTH

B snekTpuueckux cuctemax YNpaBICHUS HMCIOJIb3YIOTCSA CIEAYIOIINE NATYUKHU
CKOPOCTH — BBIUUCIUTEIbHbBIC, TAXOTEHEPATOPHI, LICHTPOOCKHBIE.

Boluucnumenvuvle oamuuxu ckopocmu. VI3BeCTHO, 4YTO CKOPOCTb MOXHO
ONpPEAECIUTh, 3HASI MPOUACHHBIA TyTh U BpeMs. COOTBETCTBEHHO M BBIYMCIUTEIbHbIN
JTATYUK CKOPOCTH €CTh KOMOMHAIUSI JBYX JAaTYMKOB — IEPEMEIICHUS, BPEMEHU U
BBIYUCIIUTEIIBHOTO YCTPOMCTBA, MO WX I[OKAa3aHMUSIM OIPEACIISIONIETO CKOPOCTb.
Haunbonee yno06HO mpuUMEHEHHE TAaKOro JaTyuKa IMPU HCIOJIBL30BAHUU B KayeCTBE
[EHTPAJILHON YacTH CUCTEMbl YIpaBJEHHUsI OJIHOIIMHHOTO mpoieccopa (OBM). B
KauecTBEe JlaTYMKa BPEMEHHU MCIOJIB3YETCS COOCTBEHHBIM TAKTOBBIM TI'eHEpaTop
nporeccopa. BBIYMCIUTENBHBIM YCTPOWCTBOM SIBIISIETCA caMm mporeccop. Ilpu
HAJIUYMU B CUCTEME YIIPaBIICHMs IpOIlECcopa TaKOW NAaTUMK SIBJISIETCS Haubosee
IPOCTHIM MO KOHCTPYKIMHU. Pa3HOBUIHOCTBIO BBIYUCIUTEIBHBIX JATYUKOB SIBISCTCS
UMRYILCHBIU 0amyuK, TIPEIHa3HAYCHHBINA JIJII ONPEICICHUsT YacTOThl BpaimieHus. Ha
BpaIniarieMcs: 00ObeKTe yCTaHABIMBACTCS MMOCTOSHHBIA MarHuT, a Ha HEMOABU)KHOU
YaCTU KOHCTPYKLIHMH — KaTyIIKa MHIYKTUBHOCTH. [Ipy MpoX0KI€HUH MarHUTa MUMO
KaTyIIKH OH HABOJIWUT B MOCIEIHEW AIEKTPUUYECKUN UMITYJIbC (3TOT K€ MPUHLHUI
UCIIOJIB3YETCS B MAarHeTO CHCTEMBI 3aKUTAaHUS HEKOTOPBIX OJHOLIMIIMHAPOBBIX
IBUTATENE BHYTPEHHEro cropanus). Karymka cBsi3aHHa C BBIYKCIUTEIbHBIM
YCTPOKWCTBOM, KOTOPOE MO YHCIIYy UMITYJIbCOB B 3a/IaHHOE BPEMS OINPEIEISAET YaCTOTy
BpallCHUSI.

Taxozenepamopwvl. Y J1000TO AIEKTPUYECKOTO TEHEpAaTOpa BBIXOJHOE Ha-
OpsKEHUE MPONOPLMOHANIBHO YaCTOTE BpalleHus Baia. Ha 3ToM OCHOBaH MPUHLIMUI
nercTBusl TaxoreHeparopa. OH mTpencraBisieT co0oil ManorabapuTHYIO JIeK-
TPUYECKYIO MALIMHY IOCTOSHHOTO WJIA MEPEMEHHOTO TOKAa C HCKYCCTBEHHO BBI-
MPSMIIEHHONM XAapAKTEPUCTUKOM — 3aBUCHUMOCTBIO BBIXOJHOI'O HANPSIKEHHUS OT
4acTOThl BpallleHus. B oTiiMume OT BCEX PACCMOTPEHHBIX paHEe NAaTYMKOB Iapa-
METPUYECKOr0 THUIIA, TAXON€HEPATOPBI OTHOCATCSA K F'€HEPATOPHOMY THILY, T.€. OHU
BBIPA0ATHIBAIOT AIEKTPOIHEPTHIO TIPOMOPIIMOHATIEHO BXOJHOMY BO3/IEHCTBHIO.

Llenmpobesxcnvle Oamuuku. KOHCTpyKIUS JaTduKa
pa3spaborana BrepBbie JIkeiimcom Yarrom. Mcnonas3oBancs
B KaueCTBE LIEHTPOOEKHOTO pEeryisiTopa pacxoda Mapa
JUTsT M300pPETEHHOW MM TIapOBOW MamiuHbBL. MexaHnudeckas
4acTh JaT4YuKa IpuBeieHa Ha puc. 44. IIpu Bpamenun Bana

Tpy3bl Ha pblYarax pacxoJsiTcs TIOf JCHCTBHEM
Puc. 44.  Mexanudeckas  [[eHTpOOEKHON CHJIBI, TPEOAOJEBas CWIYy TSKECTH
4acTb Ll,eHTpO6e)KHOFO B
. IEHTPALHOTO  Tpy3a. HEKOTOPBIX  JaTYAKaAX

LECHTPAJIBHBIN Tpy3 3aMeHeH npyxuHou Ilepememienue
LEHTPAIBHOTO IPy3a NPOMOPILMOHAIIBHO YIJIOBOM YaCTOTE BpauleHus. Taknue TaT4nKu
MOJYyYyuiau OOJBIIOE PACHpPOCTPAHEHUE B MEXAHMYECKUX CHCTEMax aBTOMATHUKH,
HarpuMep, B aBTOMAaTUYECKOW CHUCTEME 3allUThl JBUTATESl TPY30BOT0 aBTOMOOWIIS



56

OT CaMOMPOU3BOJBHOTO TMOBBIIIEHUS YacTOThl BpalleHus (paboTa ABUTATENS «B
pazHOCY).

[Ipu wucnonb30BaHMM B KauyeCTBE LEHTPAIBLHOIO Tpy3a IJIEKTPUUECKOTO
KOMMyTaTopa TMOJy4aeM 3JEKTPOMEXaHUYECKYI0 CHUCTEMY aBTOMAaTHYECKOIrO
perynupoBaHus  3ariayOsieHus oTBaja Oyibao3epa B 3aBUCUMOCTH OT YaCTOTHI
BpalieHusi aBuraress. Eciu 1eHTpalbHBIA TPy3 CBsA3aTh C JIIOOBIM W3 PacCMOT-
PEHHBIX paHee [JIaTYUKOB TMEPEeMENIEHHUs, TMOJYYUTCS  MPONMOPIHUOHATBLHBIN
LEHTPOOCXKHBIM JaTUYMK CKOpOCTU. Yale Bcero 3TH JaTUYMKU HCIOJIB3YIOTCS B
COYETaHUM C KOHEYHBIM BBIKJIIOUATENIEM KaK MpejebHble — OHU CpabaThIBalOT B
pexuMe «BrimoueHoy» — « BBIKITIOUeHOY MPU JOCTUKEHUU MPEIeTbHO MaKCUMAaTIbHBIX
WM TIPE/IeIbHO MUHUMAIbHBIX 000POTOB BaJja.

> JIaTYMKH yCHIIHS
Veunue F, mMacca M W ycKOpeHHE @ CBs3aHbl BTOPBIM 3aKOHOM HbroTOHa
F =ma. CrnemnoBaTeibHO, W3MEPsAs CUIYy MHEPIMU Tela W3BECTHOM MAacChl,

KOCBEHHBIM ITyTEM MOXHO ONPENEINUTh YCKOpEHHE. J[aBIIEHUE €CTh YCUIIUE JIEJICHHOE
Ha mom@ans. [lpy W3BECTHON IUIOIIAAM AABICHUE MOXKHO OMNPEACIUTh U3MEPSs
ycunue. OTcrofia BBIBOJI: YCUJIME, YCKOPEHHE U JABICHUE HU3MEPSIIOTCS OJHUMU U
TEMHM K€ JaTYUKaAMU YCUIIHSL.

N3BecTHBI clenyomue TUMBl AATYMKOB YCWIMS: YIPYrue, TEH30METPUYECKHUE,
MarHUTOCTPUKIIMOHHBIE, TbE303JIEKTPUUECKUE.

Vnpyeue oamuuku ycunus. 1o Hanboiee paclpOCTPAHEHHBINM THUIl JATYHKOB.
OHu mpencTaBiIsAiOT cO00OM KOMOMHALIMIO U3 YHOPYroro 3JIeMEHTa W JII000ro u3
PAaCCMOTPEHHBIX BBIIIE JaTYMKA TMEpeMElIeHUs. YIpyrue 3JIeMEHThl 00J1al1aioT
KECTKOCTHOW XapaKTEPUCTUKON

F=cH, (27)

rae F — ycwmue, H — nedopmariust anemenTa, C — KECTKOCTb JIEMEHTA.

B ynpyrux npardyukax ycuiausi HpUMEHSIOTCS YIIPYTHE JEMEHTHI C JIMHEHHON nin
MpUOTMIKEHHOW K JMHEHHOW Xapakrepuctukoi (27) (puc. 45,a). B atom cnydae ¢
MPEICTaBIsACT COOON MOCTOSHHYIO BEIMYMHY — TAHTCHC yIjla HAKJIOHA XapaKTepH-
ctuku kK ocu H. Ilpu HenmmuedHOCTHM F KecTKOCTh cama siBimseTcs (PyHKIuend —
MIPOU3BOIHOM MEepBOro nopsijaka ot F

c=F'(H). (28)

B ynpyrux pgatdyMkax ycwiMsl MPOUCXOIUT JBOMHOE MpeoOpa3oBaHUE: CHayala
YCWJIME B YOPYrOM DJEMEHTE MpeoOpasyeTcs B TEpEeMENICHHE MOJIBUKHOTO KOHIIA
AJIEMEHTa, 3aTeM 3TO IMEPEMEIEHUE B JaT4YMKE IepeMelleHusl mnpeoOpazyeTcs: B
M3MEHEHHE OJIHOTO W3 TMapamMeTpoB (aKTUBHOTO, WHAYKTHUBHOI'O WJIM E€MKOCTHOTO
COIpPOTHUBIIEHUS) BbIXOAHOU 1ienu. Ha puc. 45, 6, 6 u 2 npuBeeHbl OCHOBHBIE THUIIbI
YOPYTUX 3JEMEHTOB JaTYMKOB ycuiusl. BuHTOBas mpykuHa o0JafaeT JIMHEHHOU
KECTKOCTHOM  XapaKTEpUCTUKOW U CIYXHUT Ui [peoOpa3oBaHMsl YCUIMS B
MEPEMEILEHUE B JIOBOJIBHO OOJIBIIOM JMAana3oHe. XapaKTEpPUCTUKU CKOObI M KOJbIA
HenMuHeWHbl. OHU OJIM3KM K JIMHEWHBIM Ha CPAaBHUTEIBHO HEOOJIBIIOM Y4YacTKe, 4TO
OTPaHUYMBAET IMANA30H U3MEPSIEMBIX YCHUIUM. BMecTe ¢ TeM B OTJIMUKME OT BUHTOBBIX
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OpPY>KUH, OHM O0Jafal0T BHICOKOW HArpy30YHOH CIMOCOOHOCTBHIO TMPH OTHOCHUTEIHLHO
HEeOOJIbIINX rabapuTax.

ErmoctHO#

a
F 6 F | narume

Haeneane —
—— . e . L
Membpana 7]

MWHEp oI EpEKTOYATEIE /

HHOVEOHOHHEH
DaTIHE

IlorermuomeTp

Puc. 45. VYmpyrue maT4Mku yCWIHA: a — >KECTKOCTHas
XapaKTEepUCTHKA; 6 — MPYKHUHHBIA IUHAMOMETP; 8 —
ympyrasi ckoba; e — ynpyroe KoJbIlo

[IpumepoM  sBIETCS  IIMPOKO  paclpOCTPAaHEHHOE B TUAPOIPHUBOJIE
anekTporuapaindyeckoe pene npasiaenus (PI) (puc. 46). Ilpunuun npeictBust
MOHSATEH U3 JTOr0 PUCYHKA. OJIEKTPUYECKYIO 4YacTh MPEACTaBISAECT MUKPO-
nepexiroyaress tuna MIL

Tensomempuueckue Ooamuuxu ycuaus. VI3BECTHO, YTO CONPOTUBJIECHHE METAJI-
JUYECKOro MpOBOAHMKA R mpsiMO MpomopiuoHaibHO €ro JiauHe L u obpatHO
MIPOTIOPIIMOHAIIBHO TUIOMIAIN CEUEHUS S

L
R=p—, 29
P (29)

r7ie P — yAenabHas NPOBOJUMOCTb MPOBOJAHUKA.
CrnenoBarenbHO, YEM JUIMHHEE W TOHBIIE MPOBOJAHUK, TEM €r0 CONPOTHUBIICHHUE
Bbilie. Ha 3TOM OCHOBaH NPUHUUI ACHUCTBUS TEH30METPUUYECKUX AATYMKOB WU
TeH30MeTpoB. TeHzomeTp (puc. 47) mpeacraBisieT codoit
? : : OpPOBOJHUK W3 TOHKOM (muametrp 0,02-0,05 wMm)
? : MPOBOJIOKH, PACTOJOXKEHHBI MEXKIYy HIBYMS CJIOSIMU
JTUAIEKTPUYECKON OyMaru Win IJeHKU (CaMOKJIESILEHCsT).
TeH3oMeTp HakJIeuBaeTCsl Ha KOHCTPYKIUIO, HArpy3Ky Ha
KOTOpYI0 HeoOxonumo ompenenuth. [Ipu nepopmarnuu (pacTsKEeHUU WIH CHKATHH)

Puc. 47. TeH3omeTp
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KOHCTPYKIIMM TEH30METp pPAaCTATMBACTCA WM CKUMAETCd BMECTE C HEW,
COOTBETCTBEHHO MEHSETCS €T0 CONPOTHUBIICHUE.

Takum o0pa3oM, TEH30METP MOXHO CUMTATh YNPYrUM AaTYUKOM YCUIHS, B
KOTOPOM YIIPYTHU 3JIEMEHT ABJISETCS BHEIITHUM MO OTHOLICHUIO K CAMOMY JaTYUKY.

Maenumocmpuxkyuonnovle Oamyuxu ycuaus. MarHUTHbIE CBOWMCTBa (Qeppo-
MAarHeTUKOB 3aBHCST OT MX CTPYKTYpbl. B psjne MuHHATIOpHBIX oOnactedt ¢eppo-
MarHeTHKa MarHUTHBIE TOJISI 3JIEKTPOHOB PACIIOJIOKEHBI MAPAJUIENbHO IPYT APYTY.
Otn 00JacTU — OoMeHbl — SABIAIOTCS MUHUATIOPHBIMHU MOCTOSSHHBIMM MarHUTaMH.
Onu pacnosiokeHbl XxaoTuuecku. [lorToMy o611ee MarHuTHoe nose peppoMarHeTuka
B CIIOKOMHOM COCTOSIHMM paBHO HYJI0. [Ipu cxxatuu peppomarueTrika ero CTpykTypa
ynopsiiounBaeTca. JlOMEHbl MOBOpPAYMBAIOTCS, OPUEHTHUPYSCh CBOEW MAarHUTHOMU
OCbI0 TIOTIEPEK HampaBiieHUs cuiibl ckartus. deppoMarHeTMK HauMHAET 00J1aJaTh
CBOMM COOCTBEHHBIM MArHUTHBIM IIOJIEM, BEJIMYMHA KOTOPOTO MPOMOPIIHMOHAIHHA
yCUIIMIO CkaTusi. TakoBa CyTh MAarHUTOCTPUKIIMOHHOTO 3¢ @deKTa, MoJI0KEeHHOTO B
OCHOBY OJHOMMEHHOTO Jaaryuka. JlaTuuk mnpenacrapisieT coOOM HHAYKIIMOHHYIO
KaTylIKy ¢ CEpJACYHHKOM u3 (PeppoMarHeTHKa, TMOJBEPKCHHBIM CHKATHIO
u3MepsieMbIM ycuineM. llpu cxxatuu ceplieyHUK OOpeTaeT CBOMCTBA MOCTOSIHHOTO
MarHuta. MarHuTHOE IOJI€ €r0 U3MEHSET UHAYKIIMOHHOE COIPOTHUBIICHUE KATYIIKH.

Ilvez0onekmpuueckue  oamuuku  YCUIUA. [Tee309mekTpuueckuii 3 PexT
3aKJIFOYAeTCs B TOM, YTO Y HEKOTOPBIX MOJIYIPOBOJHHUKOB (HampuMmep, y THUTaHATa
Oapus) MpH CHKATUM KPUCTAJUIa TONEpeK ero TJIaBHOM JJIEKTPUYECKOM OcH Ha
NEPIECHAUKYJIAPHBIX 3TOM OCH TOPLAX BO3HHUKAET
ANEKTPUYECKUI MOTEHIIUAJ, MPONOPLHOHATBHBIN
cokaturo. OOpaTHBIA MHE303JIEKTpUUECKU  dPdexT,
KOrJla Mpy mnojade MOTEHIMala Ha TOPLbI KpUCTajlia
OH C)KMMaeTcsl U pazkuMmaercs. [Ipsmoli u oOpaTHbIit
MBE302JIEKTPUYECKHid 3 (PEKT MIMPOKO pacpoCTpaHEH
B paJAMOTEXHHUKE, HaOpuMep B  aKyCTHYECKUX
cucremax. Ha mipssMom addexkre ocHOBaH M MPUHITUIT
JIEWCTBHS MBE30IIEKTPUIECKOTO Jatunka yeuiua. OH  pyc, 48, Mbesoanekrpuueckuii
(puc. 48) cocToMT U3 MABYX IMOJYNPOBOJHUKOBBIX AaTdMK: 1 — morynpoBoAHNKOBbIE
mwiactud 1, 3axatelx B o0Ooiime 2. HeobOxomnmo nnacTuHel; 2 — 0bonma
OTMETUTh, YTO MBE303JIEKTPUUYECKUI TaTYMK OTHOCHUTCA K JOBOJIBHO PEIKOMY BHIY
TEHEPATOPHBIX JATYMKOB — OH BBIPAOATHIBAET JIIEKTPOIHEPTHUIO B KOJIUYECTBE,
MIPOMOPLUHUOHAIIBHOM BXOJJHOMY CUTHAIY.

» JIaTYHuKH TeMIepaTypbl

M3 MHOTOYHCIIEHHBIX JATYUKOB B Haieil obiactu (II0JbEMHO-TPAHCIIOPTHBIE,
CTPOHUTENIbHBIE, IyTEBBIC MAIIMHBI M TEXHOJIOTHYECKHE KOMIUIEKCHI) Hamboee
HOMYJISIPHB METAJUTHYECKUE U MOIYIPOBOJHUKOBBIE TEPMOPE3MCTOPHI, JaTYNKHA Ha
OCHOBE MAaHOMETPHYECKOM YIMTKH, TEpMOIAphbl, OMMETAJUIMYECKUE IPEIeIbHbIE
JaTYNKA TEMIIEPATYPHI.

Tepmopesucmopvi TOAPA3IEIAIOTCA HA METAIUIMYECKHE U TOJTYIPOBOIHUKOBBIE.
[TocieiHME MMEHYIOTCS TE€PMHCTOPAMH. 3aBHCHMOCTH MX CONPOTHBJIEHHS R OT
TEMITEPATYPhI T UMEET BHI:
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— JJI MCTAJUIMYCCKOI'O ITPOBOAHMKA

R=Ry(1+pT), (30)
— JIJIS1 IOJTyIPOBOJTHUKA

R=Rye ", (31)

rae Ry — comportuBnenue npu 7' =0, fu y—
TeMIepaTypHbie K03 PUIUEHTHI.
CpaBHuTenbHas XapaKTepUCTUKa
(3aBUCHMOCTH COINPOTHUBIICHHUSI OT TEMIIepa-
Typbl) METAJUIMYECKUX U MOJYIPOBOIHUKOBBIX
TEPMOPE3UCTOPOB TpuBeAeHa Ha puc. 49. U3

F 4+ 1lonynIpoBcgEHEOBER
TEPMOPESHCTOR

IMerannuueckni

JEPMOPEIHCTOP PUCYHKa  BHUJHO, YTO  XapaKTepPUCTHUKA

METAUIMYECKOI0 TEPMOPE3UCTOPAa BO BCEM

Ry T % JaIla30He U3MEPEHHUS JIMHEWHA, a

T XapaKTepUCTUKA IIOJIYIIPOBOJHUKOBOI'O

A B | C TEPMOpE3UCTOpa -HEJIMHEWHa W oOpaTHa.

) o ) BaxuelmmuM  CBOMCTBOM  XapaKTEPUCTUKHU
Puc. 49. XapaKTepucTuku

SIBIIIETCA YTOJl 0L €€ HakjoHa K ocu 1. TaHTeHC
TOr0 yrjia €cTb MEpa YyBCTBUTEIBHOCTH
JaTyuKa. Y  JMHEHHOM  XapaKTEPUCTHKM  METAJUIMYECKOr0  TEepMOpE3UCTOopa
YyBCTBUTEIBHOCTh NIOCTOSIHHA BO BCeM aMamnaszoHe. [lo apyromy y mosiynpoBOIHHKO-
BOro tepMmopesucropa. Ero nuanazon MOXXHO pas3nenuTh Ha Tpu ydactka — A, B u C.
Ha yuacTke A 4yBCTBUTENBHOCTD MOJTYPOBOJHUKOBOTO TEPMOPE3UCTOPA SIBHO BBIIIIE,
YeM METAJUTMYeCKOro, Ha yuacTke B — mpumepHo paBHa, a Ha yyactke C — IBHO MEHbB-
me. Otcroga 00JacTH MPUMEHEHUS TEPMOPE3UCTOPOB: METAJUIMYECKOTO — JIIs
U3MEPEHHSI TEMIEpaTypbl B CPABHHUTEIBHO IIMPOKOM JWAIa30HE, MOJIYIPOBOI-
HUKOBOTO — JIJI 00JIee TOUHOTO U3MEPEHHMS B Y3KOM JHarna3oHe (Y4acTok A).
Manomempuueckuti Oamuux memnepamypsl. (OCHOBHBIM 3JIEMEHTOM 3TOrO
JaTYuKa SBISIETCS MaHOMETpHUYEcKas YJIWUTKa —
CBEpHYTas B CIIUpab MeTaJuIMueckas Tpyoka (puc.
50). Ilonepevnoe cedeHne THYTOW TPyOKH MEHBIIIE,
yeM npsmou. [losroMy mnpu  HOBBIIEHUH
BHYTPEHHETO JaBJCHUS TPyOKa CTPEMUTCS YBEIH-

TepMOpe3ncTopoB

HaTyHy nepeMeleH HA

T YUTh CBOH OOBEM — pACHPSIMHUTBCI. ODTOT IKE
— ahdexT HCIoNMb3yeTcs I U3MEPEHUS JTaBICHUS
—_—

— MaHOMETPOM, OTKyJa W Ha3BaHWe YIUTKA. Ilpwu
Puc. 50 MaromeTpudeckwit paramk A3MEPCHHHM  TEMIICPATypbl BHYTPEHHHH 00beM

TemnepaTypbl TpyOKH F€pMETHUYEH U 3alOJIHEH KUAKOCThIO. Tak

KaK UJKOCTh TNPAKTUYECKH HEC)KUMaeMa, H3-
MEHEHHUE TeMIIepaTyphbl MPUBOAUT K U3MEHEHUIO JABJICHUSI U TTOBOPOTY CBOOOHOIO
KOHIIA TPYOKH. DTOT MOBOPOT PETHMCTPUPYETCS MOBOPOTHBIM JATUYUKOM Mepeme-
1mieHus (HampuMep, €MKOCTHBIM Kak HM300pakeHO Ha JIaHHOM pUCYHKe). Takum
o0pa3oM, B MaHOMETPUYECKOM JIaTUYUKE TEMIIEpaTyphbl OCYILECTBISETCA TPOUHOE
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IpeoOpa3oBaHuE MEPBUYHOIO BO3JAEHCTBUSA: TeMIlepaTypa — AAaBJICHUE — IIOBOPOT —
M3MEHEHHUE CONPOTUBIICHHUS.

Tepmonapel SBASAIOTCS JAaTYMKAMH T€HEPATOPHOTO TUMA. B OCHOBY nedcTBHS
MOJIOKEH TEPMORJIEKTPUUYECKHUI 3P PEeKT: Mpyu HarpeBaHUU cras ABYX METAJJIOB WIH
CIUIAaBOB ¢ OOJIBLION pa3HULEH AIIEKTPONPOBOJUMOCTH (HAIpUMEp, B TepMoIlape
TXK — xpomenb—KoIenb), MeXAy 3TUMH METaJUIaMH MOSIBISETCS 3JIEKTPOIBIKYIIAs
CWia, IPONOPLUOHAIBHAS TEMIeEpaType HarpeBa. Vcrosb3yroTcs A HU3MEpEeHUs
noBoisibHO Beicokux Temmeparyp (TXK — go 700 °C, TXA — no 1200 °C).

Bumemannuueckuii npedenvHulii. 0amuuk memnepamypsbl INPENCTaBISAET COOOH
ANEKTPUYECKU ~ KOHTaKT, TIJIaCTUHAa  KOTOPOrO0  M3rOTOBJIIEHa M3  JBYX
METaIOB ¢ OoJblIoi pa3zHuied koddduuuenta TtemnoBoro pacuupenus. [lpu
HarpeBaHUM TUIACTUHBI OT BHEUIHETO MCTOYHMKA TEIlla WM MPOTEKAIOMIEro Mo Hew
TOKA, 32 CUET Pa3HUIIbl TEIJIOBOTO PACHIMPEHMs] OHA U3rMOaeTCsl, pa3MbIKas KOHTAKT.
OTU [aTYMKKU TONYYWIM OOJIbLIIOE pacHpoCTpaHeHHE B KayeCTBE TEIJIOBBIX pelie,
BCTPaMBAaE€MbIX B MarHUTHBIC IMYCKAaTE€IU W CIYXKalIUX JJIs 3alIUThl Tpex(a3HbIX
ACUHXPOHHBIX JIEKTPOABUTATENIEH ¢ KOPOTKO3AaMKHYTHIM POTOPOM OT MEperpysa.

Konmponwnuie éonpocel u 3a0anusn

1. Kakue 13 pacCMOTpEHHBIX JaTYNKOB OTHOCATCS K T€eHEPATOPHOMY THUITY?

2. HazoBuTe npuHIUI JEHCTBUS BBIYUCIUTEIBHOTO JaTYUKA CKOPOCTH.

3. Ha yem ocHoBaHa paboTa TaxoreHeparopa?

4. Kakue pusnyeckue 3(hPeKThl UCTIONB3YIOTCS B TaTYMKAX YCUITUS?

5. Tlouemy st u3MepeHUs yCWIWS, YCKOPEHHs] M JaBJICHUS MCIOJIb3YIOTCS
1moao0OHBIE JaTYUKU?

6. OOBSICHUTE SABISACTCS JIM TCH30METP YIIPYTUM JaTIUKOM ?

7. CpaBHuTe 0051aCTh NMPUMEHEHHS] METAJUIMYECKOTO0 M IMOJYIPOBOJIHUKOBOTO
TEPMOPEZUCTOPOB.

8. Kakue pusnueckue 3 GheKThl UCTIOIB3YIOTCS B IaTYMKAX TEMIIEPaTyPhl?

9. Kakme mnpeoOpa3oBaHHs MPOXOJUT CHTHAJI B MAaHOMETPUUYECKOM JATYUKE
TEMIIepaTypbl?
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Jexkuus 6
CxeMbl NOAKJJIIOYEHHUS JaTYHNKOB
[Ipy BO3AEHCTBMUM HA MATYMKH MMAPAMETPUYECKOrO THUIA, PACCMOTPEHHBIE B
MNPEIBIAYIINX JBYX JICKLIMSAX, MEHSETCS AKTHUBHOE, €MKOCTHOE WM WHAYKTHUBHOE
COTNPOTHUBIICHUE BBIXOAHOW 1enu. JlJisi TOro 4YTOOBI WM3MEHEHHE COMPOTUBICHUS
npeoOpa3oBajoch B AJIEKTPUYECKUN CHUTHAJ, T.€. B HU3MEHEHHE KOJMYECTBA
ANIEKTPUYECKOM JHEPruHM, HEOoO0XOoAuMa CIHelualbHas dDJCKTpUYEeCKas cXxema
NMOAKJIIOYEHUS JATYMKA K CHUCTEeME YHOpaBlICHUS. OTH CXEMbl MOJYy4YUId B
knaccudukaruu ['CIT naxxe oTAenbHYr0 pyOpUKY M MMEHYIOTCSI HOPMHPYIOIIUMH
npeodpa3zoBareqssMu. Tak Kak ToJiydeHHE HHQPOpMAIIMU OT O00BEKTa, Mpeodpa-
30BaHUE €€ M Tepejayda Jajiee B CUCTEMY YIPABJICHHUS €CTh MPOLECC NU3MEPEHUS
KaKoro-iubo mapameTpa OOBEKTa, Mbl BBIHYXKJECHBI MPUOETHYTh K TEPMHHAM U
OCHOBHBIM TIOJIOXKEHUSIM Te€OPUM u3MepeHus. V3 3Toli Teopuu U3BECTHO, YTO OOBEKT
MOXHO  HM3MEPUTh TpeMsl  pPa3IUYHBIMH  CIOCOOAMHU:  HeMmoCpeaCTBEHHbIM
usMepenueMm, aupdepeHIUAIBHBIM CPABHEHHMEM C JITAJIOHOM H HYJEBbIM
cpaBHeHneM. Ha puc. 51 nmpuBeneHsl npruMephl UCIIOJIB30BaHUS 3TUX CIIOCOOOB MpHU
U3MEPEHUU JJIMHBI U MacChl O0OBEKTA.
a

DELEET

6 DTanoH

STanoH

CBEERT
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Habop stancuoe

AIIII

ObBeKT

Habop stancuoe /

Puc. 51. CmocoObl W3MepeHHs: a — HEMOCPEJCTBEHHOe H3MepeHue; 6 — auddepeHimansHoe
CpaBHEHHE; ¢ — HYJIEBOE CPaBHEHHE

[Ipu Henocpeocmeennom uszmepenuu mnapameTp OObEKTa H3MEpSAETCS BO BCe
CBOEH BEJIMYMHE HEMOCPEICTBEHHO HM3MEPHUTEIBHBIM MPUOOpPOM (B MPHUBEICHHBIX
npUMepax — CJIECApHON JTUHEHKOW W MpYXKUHHBIMU BecaMu — Oe3mMeHoM). JlaHHBIN
croco0 TpedyeT HauMEHbIIIEr0 UHCTPYMEHTAIBHOIO 00ECIIEYeH s, HO BMECTE C TEM
1 HanMeHee TodeH. OOBACHAETCA 3TO CAEAYIOIUM. TOYHOCTh U3MEPEHHs CBsI3aHA C
ero auama3zoHoM. Tak, IleHa JieJieHus (BeTW4YuHa, 0OpaTHas TOYHOCTb M3MEPEHMS)
ciecapHoil nuHeiku puuHoM 500 MM coctaBisier 1 MM, mranreHmupkyss I1[-250
(mmanazon wusMepenus 250 mm) — 0,1 mm, muxpomerpa MK-50  (aumamazon
m3mepenuss 50 mMm) — 0,01 mm.  JlaHHBIH ke cmoco® wu3MepeHus o0yamaeT
HauOOJBIINM JUATIA30HOM — U3MEpAETCS BeChb O0BEKT, CIEAOBATENbHO, U TOYHOCTh
u3MepeHus Oy/ieT HauMEeHbIIEH.

JI7is1 OsICHEHHSI OCTAJIBHBIX CIIOCOOOB HEOOXOIMMO BBECTH TOHSTHE 3TajJoHA. B
HAllleM Cy4yae ATaJlOH — JOMOJHUTEIbHBIA dJeMEeHT (MpuOop, MHCTPYMEHT U T.1.),
UCTOJIB3YEMBI TPU W3MEPEHUM, BEIMYMHA KOTOPOrO OIPENESEeTCS BHE CaMOro
nporiecca U3MepeHust 00beKTa (10 HETO WIIH TTOCTIE).

IIpu ougpgpepenyuarvnom cpasnenuu OOBEKT CpPaBHUBACTCS C JTAIOHOM (B
MPUBEJICHHBIX NMPUMEPAX — C MEPHOU TUIMTKON U TUPEil) U u3MepsieTcsl pa3HuIia (Jar.
muddepenran) Mexay 0OBEKTOM M 3TaIOHOM. Tak Kak pa3HMIIA BCET/Ia MEHBIIE
LEJIOT0, TOYHOCTh H3MEPEHHS B [AHHOM CJIy4yae BBIIIE, Y€M B MPEAbIAYIIEM.
Benuuuna otamoHa ompexaensercs 10 u3MepeHusi oObekta. WHCTpyMmMeHTaabHOE
OCHAIIEHUE U3MEPUTEIBHOTO MPOLIECCa YBEJINYMBAETCS 3a CUET 3TAJIOHA.

W, wnakoHen, TpHU Hyl1e60M CpaBHeHuu WU3MEPSIEMBIH OOBEKT TOIHOCTHIO
YPaBHOBEIIUBAETCS C 3TAJOHOM (B MPUBEACHHBIX MpUMEpPax — ¢ HAOOPOM MEPHBIX
IJIUTOK U HA0OpPOM THpB). JpyruMu cioBamMu, pa3Hulia MEXAy 0ObEKTOM U 3TAJIOHOM
ceoagutcs kK Hymo. CaMm mpoliecc W3MEpeHUs CBOAUTCS K peructparuu (axra
paBEeHCTBa 00BEKTA M 3TAJIOHA. Tak Kak Juarna3oH U3MepeHus (HyJib) HAUMEHbIIIHH,
TO W TOYHOCTH JIAHHOTO CrHocoOa HamOoubmias. BenwmunHa sTamoHa ompenemnseTcs
(BBIUMCIISIIOTCST CYMMapHble MJIMHA IUIMTOK W Macca THpb) TMOCie Tpoliecca
n3MepeHus. MHCTpyMEeHTaIbHOE OCHAILIEHHE HAauOO0JIee CI0KHOE.

Huxe OynyT paccMOTpeHBI CXEMbl MOJKIIOYEHHUS JTaTYMKOB, OCHOBAaHHbIC Ha
BCEX TPEX COCO0ax U3MEPEHHUSI.

> CxeMbl NOAKIIOYCHHUS, OCHOBAHHBIC HA HEMMOCPCACTBCHHOM M3MCPCHHUHA
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llocneoosamenvuoe nookmouenue oamuuxka (puc. 52,a). Ha »toif m mo-
CICAYIOIMMNX CXeMaxX [Jisi MPOCTOTHI M3I0XKEHUS H3MEPUTENbHBIA mpubop Oyner
M300paxaTbCsd BMECTO OCTAJIbHOM CHUCTEMBbI yIipaBiieHus. Torjaa compoTtuBiieHue Ry
(Mo cxeme — BHYTpEHHEE CONPOTUBIIEHUE U3MEPUTEIBLHOTO IprOopa) OyAeT ABISAThCS
COINPOTHUBIICHUEM OCTAJIbHOM CHUCTEMBI YIPABICHUA. J[aTUYMK Ha [JaHHOU CXEMeE
MIPUBEJICH B BUJIC TIEPEMEHHOTO COMPOTHUBIICHUS Rj, TeKyliee 3HaUeHUE KOTOPOro X
3aBUCUT OT COCTOSIHUSI O0ObeKTa Hu3MepeHus. BxoaHol BennumHO#l siBhsercsa X,
BBIXOJIHOM — cuia Toka |. 3aBUCMMOCTh MEXAy HUMH (XapaKTEepHCTHUKA JaTuyrKa
BMECTE CO CXEMOM MOIKIIIOUEHUS) TTOKa3aHa Ha rpaduKe U OMHUCHIBAETCS 3aKOHOM
Oma 1151 TOCEeI0BATEIHLHOTO COCIMHEHUS

U
[=——. (32)
X+ Ry

Kak BugHo u3 rpaduka (puc. 52,68), XapaKTepUCTHKa 3Ta HEJIWHEWHA U HOCUT
oOpatHbIi xapaktep (mpu yBenuueHuu X ymeHbinaetcs |). B cpemnem ydactke A
XapaKTePUCTUKY MOXKHO  YCJIOBHO CYUTaTh JIMHEWHOM C  TOTPEHIHOCTHIO
HEJTMHEHHOCTH O. DTa MOTPEITHOCTh SIBJISCTCS TPAHUYHBIM YCIOBUEM TOYHOCTH
JTAHHOW CXEMbl TOJKIIOUYEHHUS, KOTopas COCTaBisieT OObIKHOBEHHO 5...8 % ot
Jrana3oHa u3MepeHust A.

llapannenvnas (wynmosas) cxema nooxmwodenus (puc. 52,0). B orimume ot
npenbaymieit cxembl 3akoH OMa 115l apaieIbHOTO COSAMHEHUS

U XR, | UX+R,) U U
X +R, XR,, R,

(33)

BuemHuil BUI XapaKTEpUCTUKH COOTBETCTBYET TAKOBOMY Y MOCJEAOBATEIBLHOTO
COCIMHEHU. XapaKTEPUCTHKA TaK K€ SBISICTCS HEIWHEHHON M o0jagaeT oOpaTHBIM
XapakTepoM. TOYHOCTh JAaHHOM CXEMBbI TAKOBA K€, KaK Y IMOCJIEA0BATEIbHOM.

a 9] 8
It Ip mpuX =10
Rl I & N,
&
——o{A)e U I
s W5 )|
@ 2 1 E—
A i
Puc. 52. ITogkmroueHnne  JATYHUKOB: a — TOocImeloBaTeNbHOE, O —  TapauieThHOE;

6 — XapaKTEepPHUCTHUKA COCTMHEHUN

Jlenumens Hanpsdicenus (nomenyuomempudeckas cxema) (puc. 53) npeacTaBiIseT
co00¥l pPa3HOBHIHOCTh MApAJUICIBHOTO MOAKITIOYCHUST aardnka. CxemMa MIMpOKO
pacnpocTpaHeHa B pAAUOTEXHUKE [JIsi W3MEHEHUS HampspkeHus (OTComa W
Ha3BaHue). Bripaxkenue (33) nis Hee OyAET BITIIAIETD
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X
I1=U % I (34)
RH RIRH

Bnusinue BenuuuHbl X B YMCIUTENLHON YacTu BbIpaxeHus (34) Oosee 3HAYUMO,
YeM B 3HAMEHATEJIbHOM. XapaKTEPUCTUKA CXEMbl UMEET MPSIMOU XapaKTep, a TaK Kak
BIIMAHUE X B 3HAMEHATEIHLHOM YacTH HE MPEHEOPEKUMO MaJio, TO XapaKTepUCTHKA
oOnagaeT ABHOW HeNMHEHHOCTHIO. Ee mpsaMoil XxapakTep BBHIFOJHO OTIMYAET AAHHYIO
cxemy oT npenpiaymux. [lpu yBenuuenun R, HETWHEWHOCTh O yMEHBIIAETCS, HO
IIPA 3TOM CHHMKAETCS YyBCTBUTEIBHOCTh JATUMKA — €r0 BO3MOKHOCTb pEarupOBAHUS
Ha  Majble BO3MYyHIEHMss Ha  Bxoje. OnrumanpbHOe  coueTaHue  JJIs
MTOTEHIUOMETPUUECKUX CXEM

Ry = 4Ry, (35)
IPY 3TOM TOYHOCTh CXEMbI IPUMEPHO paBHa 8...10 % nuanazoHa n3mMepeHusl.
I /
&
I
R, X

Puc. 53. Cxema nenutenst HalpsDKEHUS

OOmMM TOCTOMHCTBOM BCEX CXEM HEMOCPEACTBEHHOTO M3MEPEHHUS SIBISETCS MX
OpOCTOTa: B HUX HE BXOAUT HU OJIHOTO DJIEMEHTa, KpOME JaT4YuKOB U
COCIMHUTEIILHBIX MPOBOJAOB. HemocTaTkoM 3STUX CXeM SBISETCS OTHOCHTEIBHO
Hu3Kas TOYHOCTh (5...10 % nuamasona uamepenus). Otrciona cepa MpUMEHEHHS
ATUX CXEM: JUIsl TIOJKIIIOUEHUS JATYMKOB JIMOO C JMCKPETHOM XapaKTePUCTUKOM,
7100 MPUMEHSEMBIX JUTsl TPY00il OlIEHKH 00CTaHOBKH.

»CxeMbl MOAKII0YeHHsI, OCHOBAHHbIE HA TH( (PepeHIHATHLHOM CPABHEHHH

Mocmosas cxema (puc. 54). Jlatuukom siBisetrcst noteHuuometp R;. Ha puc. 54
MoKa3aHa HamOoJiee MpoCTash CXeMa — MOCT CONPOTHBJIEHUM MOCTOSHHOTO TOKA.
JIlmaronanp mocta 1-2 Ha3bIBaeTCAd AMATOHAJIBLIO NMUTAHHUS, a
nuaroHaib 3—4 — m3meputesabHoil. Knemmamu 3 u 4 cxema
MOAKJIIOYAeTCsl K CUCTEME YIpaBlieHUs (B HallleM ciiy4ae — K
aMIIEpMETPY).

Or Toukm 1 B TOYKY 2 DIEKTPUYECKHM TOK MOMKET
MPOXOMUTh AByMs Mapmpytamu: 1-3-2 u 1-4-2. B kakom
HalpaBJICHUM U KAaKOW BEJIWYMHBI TOK OyAeT MpPOTEKaTh IO
COCUHSIONIEN HTU MapUIpyThl HM3MEPUTEIBHOW JUAarOHald Puc. 54. MocToBas
3aBUCHUT OT BEeJIMUUHBI conpoTuBiaeHui Ry, Ry, R3 u Ry.. cxema

TOK B U3MEPUTENBLHOW AUArOHAIN
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Us_4
13_4 — 3 ) (36)
Ry
rae Us4 — pa3HuIla MOTEHIMANIO0B MEXy TOUKaMu 3 U 4:
Us 4 =U3-Upy. 37)
Hns Uy3 m Uy 4 u3 3akona Oma
U3 =1_3Ry;
1-3 = 41314 (38)
Uig =11_4Rs.
IJI€ CUJIbI TOKOB
U
U
fLig=——"7.
Ry + R,

Pemast copmectHo dopmynsl (36)—~(39), momydaeM HampspKEHHE W CHIIY TOKa B
U3MEPUTEITHHON TUaroHanu

U3_4 —U R3 . R1 :
Ry +Ry, Ri+R, (40)
R{Ry — RyR;,
I3 4=

R,(Ri+ Ry )( R +R2)'

HaubGonee wuHTEpEeCHBIM SIBISETCA COCTOSHUE MOCTa, TPH KOTOPOM IO W3-
MEpPUTEIbHON HAaroHajdu TOK He TedeT, T. €. Us,= 0. D10 cocrosiHue uMeHyeTcs
0anancom mocta. [IpupaBusB k Hyn0 dopmyry (40), HETpYIHO BBHIBECTH YCIIOBHUE
Oananca

nu 6aJ_IaHCOBy10 BCIIMYHNHY IICPCMCHHOT'O COIIPOTHUBIICHUA
R,R
R =223 (42)
R,

N3 ananuza dopmyn (40)—(42) BUAHO, YTO TOK B M3MEPHUTEJbHOMH TUATOHAIHU
NMPONOPIHOHAJIEH PA3HUIIE MEKIY TeKYIIMM U 0AJAHCHBIM COCTOSTHMEM MOCTA,
T. €. peanu3zoBaH aud@epeHInanbHbId CIIOCO0 CpaBHEHHS, MNPUYEM ITAJTOHOM
ABJIsIETCS 0aJaHCHOE COCTOSTHUE MOCTA.

Cka3zaHHOE BBIIIE€ CIPABEMJIUBO M JIJII MOCTOB MEPEMEHHOr0 TOKa, MPUYEM B
IJIEYM MOCTA MOKHO CTaBUTh PE3UCTOPHI COMPOTUBIICHUS, UHAYKTUBHOCTH, EMKOCTH
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uiu ux coueranus. [1oaToMy MOCTBI MEPEMEHHOTO TOKa ropas3fo yHUBEpcCalbHEe,
4yeM MOCTOSTHHOTO. Dopmyibl (40)—(42) aJist IEpeMEHHOT0 TOKa MPUHUMAIOT BUJL:

Usa=Ul7 ZBZ "7 Z1Z
+ +
3 4 1 2 (43)
I. . = Lily —2yZ; )
3-4 = ,
Z(Zy+Zy)( 21+ 2Zy)
Z1Z4 = 2223; (44)
/-7
Z, =253 (45)
Z,
rae Zi — MojHoe COIPOTHUBJICHHE I-T0 AJIeMeHTa ( BeJIMYMHA BEKTOPHAs):
7 =R + XL, + XC, )

R, XL, XC — cOOTBETCTBEHHO aKTHBHOE, WHIYKTUBHOE ¥ EMKOCTHOE COITPOTHBIICHHUSI.

MocToBas cxema MOJIKIIOYCHUS TaTYNKOB MOJTydnsia 00IbIIOE pacIpoOCTpaHEHUE
Omarogapss CBOMM JOCTOMHCTBaM. K HHUM OTHOCATCS YHUBEpPCAIBbHOCTH (CXeMa
CTBIKYETCSl ¢ TTapaMEeTPUIECKUMHU JaTYMKaMHU JIIOOBIX TUIIOB M MOXET paboTaTh Kak
Ha TIOCTOSIHHOM, TaK M Ha NEPEMEHHOM TOK€) M BbICOKass ToyHOCTh (1m0 0,5 %
Jana3oHa U3MEPEHUs], YTO BIIOJIHE JJOCTATOYHO JIJI PEIICHUS I10IaBISIOIETO Yrciia
3a/1a4 yIpaBJIeHUsI) TP OTHOCUTEIBHOM MpocToTe. HEKOTOPhIM HEJOCTATKOM CXEMBI
Ha MePEMEHHOM TOKE SIBJISIETCS CJIOKHOCTh €€ HAaCTPOMKM Ha OajJaHCHOE COCTOSHUE —
HEOOXOAUMO TMOCIEOBATEILHO M Pa3/ieIbHO HACTPOWTh BCE TPU COCTABIISIONINC
MIOJTHOTO COMPOTUBJICHUS.

Jugppepenyuanvuas cxema nooxmouenuss B OTIUYHE OT MOCTOBOHM MOXKET
paboTaTh TOJILKO Ha IEPEMEHHOM TOKE M C JIaTYNKAMU C U3MEHSIEMBIMU aKTUBHBIM U
WHJYKTUBHBIM COMNpPOTHUBIICHHUEM. BMecTe ¢ TeM, MpU TOYHOCTH, HE YyCTyHaromiein
TaKOBOM Y MOCTOBOM CXE€MbI, OHH IIPOIIE B HACTPOMKE, UTO SBJISICTCS MPUYUHOU KX
MIPUMEHUMOCTH. M3BeCTHBI yeThipe THMa JuddepeHIInaIbHbIX CXeM, ITPHUBEICHHBIC
Ha puc. 55. OHU TOApa3ACNAIOTCSA MO BUJY HM3MEHSAEMOTO MapamMeTpa Ha CXEMBI C
MePEeMEHHBIM aKTUBHBIM M HHIYKTHBHBIM COMNPOTHUBJICHUEM, Kaxjas M3 KOTOPHIX
MOXET, B CBOIO OUepe/lb, OBITh C OJIMHAPHBIM WJIA IBOWHBIM U3MECHCHHEM.

JudbdepeHnmanbable CXeMbl € TIEPEMEHHBIM aKTHUBHBIM  COIPOTHBIICHHEM
MpUBEACHBI Ha puC. 55, @ u 6. JlaTyukaMu 371eCh SBIAIOTCS MOTEHIIMOMETPHI R —
COCTOSIHMIO OOBEKTa M3MEPEHHS COOTBETCTBYET IOJIOKEHHUE jamenu. [IpuHiun
JNEHCTBHS PAacCMOTPHM Ha Hambojee IMPOCTOM TNpPHMEPE — OJMHAPHOM CXEME C
TEpEeMEHHBIM aKTUBHBIM COINpPOTHBICHHEM. (CXeMa COCTOMT M3 JIByX 3aMKHYTBIX
KOHTYPOB, UMEIOIINX CMEXKHBIA ydacTok a—D. Toukn a u b — Mecra moakitoUeHUS
CXEMBI K CHCTEME ympaBlieHHs (Ha PUCYHKE 3aMEHEHa aMIIEpMETPOM). Y KaKJOoTro
KOHTypa HMEETCS CBOM MCTOYHUK MHTAHHS — BTOpHYHBIE OOMOTKM L; wu L,
tpancdopmaropa Tp;. Tok B KoHTypax

I, = &7

, 47
I, = &7, “n
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T7I€ &1, & — YIACKTPOJABUKYILUE CUIIBI COOTBETCTBYIOIIUX KOHTYPOB, Z;, Z — CyMMapHbIe
MOJIHBIE  COMPOTHUBJICHUS KOHTYpPOB. OJIEKTPOJBHWXKYIIUE CHJIBI B KOHTYypax
HanpaBJeHbl TaK, YTO HA CMEKHOM ydYacTKe & — D OHHM NIPOTHBOIIOJIOXKHBI, T. €.
CYMMApHBIM TOK HAa 3TOM y4acCTKe

6

8 ped
@ 1T @ @i 1T
T hALA AT VALALMTT T AT WV AAALTT
. +— I
L, al Ls; L, a L,
Egx By

Puc. 55. [lubdepeHumanbHple CcXeMbl TONKIIOYEHHS: C HEPEMEHHBIM  aKTHBHBIM
CONPOTHUBIICHWEM: da — OIWHAapHas; 6 — [BOHHAasi; C MEPEMEHHbIM WHIYKTUBHbBIM
COIPOTHUBIICHUEM: 6 — OIMHAPHAs; 2 — IBOHHAA

[Tpu paBenctBe TokoB |; = |, HacTymaer cocTosHue OamaHca — CyMMapHBIM TOK Ha
ydactke @ — b paBen nymio. [Ipu M3MEHEHHMH COCTOSIHMS JaT4MKa (MOTEHIIMOMETpPa
R1) u3MeHsieTcss ConpoTUBIIEHUE NIEPBOTO KOHTYypa U cooTBeTCTBEHHO |;. CocTosiHue
Oamanca Hapymraercs. TOK, MPOTEKAMIIUNA MO y49acTKy a — D mpomopuuoHaleH
Pa3HOCTH MEXIY TEKYIIUM COCTOSHUEM JaTdyuka W COCTOsTHMEM OallaHca, dTo
COOTBETCTBYET CrIoco0y mu3mepeHus auddepeHimaibHbIM CPaBHEHUEM.

[IpyHIMIT AEUCTBUSA OCTAIBHBIX CXEM AHAJIOTWYEH, HO UMEKOTCA U pazinuusd. B
cxeMax JBOMHOro JeucTBus (puc. 55, 6 W 2) M3MEHEHHE COCTOSHUS OO0BeKTa
BBI3bIBAET U3MEHEHHS B 000MX KOHTYpax, MPUYEM HNPOTUBOMOJI0KHOTO XapakTepa. B
TO € BpeMs MPU PABHOM C OAMHAPHON CXEMOW M3MEHEHHUH COCTOSIHUS JAaTYMKA TOK
paccoriiacoBaHusi l,p (BBIXOJHOW CHUTHall cXeMmbl) OyJeT B JABa pas3a BbILIE, T. €.
YyBCTBUTEJIBHOCTh JAHHBIX CXE€M B J[Ba pa3a BbIIIE, a AMANa30H BapbHUPOBAHUS
BXOJHOTO CUTHaja MpHU 3aJlaHHOM Juara3oHe BBIXOJIHOTO — B JiBa pa3a MeHblle. B
CXeMax C MePeMEHHON MHIYKTHUBHOCTBIO (pUC. 55, 6 U 2) JaTYMKOM SIBJISIIOTCSI OJIHA
i o0e BTopuuHble 00MOTKM Ly u L, TpaHcpopmaTopa, a MOABUKHBIM 3JIEMEHTOM
JaTdydKa — CEepACYHUK OJHOM uiau obOemx oOMOTOK. IlepemerieHune cepaeyHHUKA
MNPUBOAUT K  M3MEHEHHWI0  MAarHUTHOW  TMPOHULIAEMOCTH  CpeAbl  BHYTPH
TpaHc(opMaropa, 4TO BBI3BIBAET JIBOMCTBEHHOE W3MEHEHHUE B CXEME: BO-TEPBBIX,
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u3MmeHsetcs koddduuuent Tpanchopmaruu (CM. Kype «IJIEKTPUUECKUE MAIUHBI»),
CJIEIOBAaTENbHO, D3JEKTPOJBIDKYIIAs CUJa BTOPUYHOM OOMOTKH, BO-BTOPBIX,
WU3MEHSETCS] MHIYKTUBHOE CONPOTUBJICHUE BTOPUUHON 00OMOTKH [cM. dhopmyiy (21)].
O6a >TH U3MEHEHUSI COTJIACOBAHHO MPHUBOJIAT K M3MEHEHUIO Toka [dhopmyna (47)].
[loaTOMYy, 4YyBCTBUTEIBHOCTH 3THUX CXEM BBIIIE, YEM C IEPEMEHHBIM aKTUBHBIM
conpoTuBieHrueM. Kpome Toro, y cxeM ¢ nepeMeHHONM UHAYKTUBHOCTBIO OTCYTCTBYET
MOJBMXKHBIN 3JIEKTPUYECKHIM KOHTAKT, CIEA0BATENbHO, HET U3HOCA U HCKpeHus. Bce
TO TpHUBEIO K OONblIEd paclpOCTPAHEHHOCTH TMOCIEAHUX CXeM (0COOEHHO
JIBOMHOrO JEMCTBUS Kak caMOl UYYBCTBUTEIBHOW W3 PACCMOTPEHHBIX) 10
OTHOIICHUIO K CXEMaM C EPEMEHHBIM aKTUBHBIM COIPOTHBIICHUEM.

CxemMbl MOJKIIOUEHHUS, OCHOBaHHbIE Ha JU]PepeHInaTbHOM CpaBHEHUH,
00Jaal0T MO CPAaBHEHUIO C OCTAIBHBIMU CPEIHUMH 3HAUYECHUSIMH CIOXXHOCTU U
TOYHOCTH M TIO3TOMY TOJYYWJIM HauOoJsblllee pacHpoCTpaHEHUE B CHCTEMaX
yIpPaBIICHUS.

»CxeMbl MOAK/TIOYEHHS, OCHOBAHHbIE HA HYJIEBOM CPABHEHHH

[TpuMeHsI0TCS TPU HEOOXOUMOCTH 0C000H TOYHOCTH M3MepeHus. [IpuMeHeHue
UX OrpPaHWUYMBACTCS BBICOKOH CIIO)KHOCThIO. Kak mpaBuiio, HUCIHOJB3YIOTCS B
HACTPOCYHO-PETYIMPOBOYHBIX IOJCUCTEMax. V3BecTHb JBa croco0a ypaBHO-
BEIIMBAaHUs O0BEKTa M3MEPCHHS M DTAIOHA — ABTOMATHYeCKHii 0ajJJaHC U KOM-
nencamusa. Co cxeMaMH, OCHOBAaHHBIMM Ha JTHX CIOC0O0aX, MBI M IHO3HAKOMHUMCS
HIKE.

Cxema nooxkmouenus  «Aemobanarncuwiil

- u
Mocmy TIpUBelieHa Ha puc. 56 U MpencTaBiseT 7
coOOM LeNTyl0 aBTOMATUYECKYI0 CHCTEMY C R
1
COOCTBEHHBIM YCHJIUTENIEM, HCIIOIHUTEIbHBIM 3

MEXaHM3MOM U OOpaTHOW CBSI3bIO, XOTSA €€
byHKIusa coBmagaer ¢ (yHKIMEH JaTdyuka — e - - —
NoJydeHue, mpeoOpa3oBaHUE M Tieperada B 4|_41——F
cucTteMy HH()OPMAITUH O COCTOSTHIUH OOBEKTA. R.
Peructpupyromas 9acTe CXEMbl Haro- Puc. 56. AsTobanaHcHas cxema

MHUHAET OOBIYHBIM MOCT CONPOTHUBICHUH 3a

OJIHUM HCKIIOYEHHEM — CONpOoTHBIEeHUA R3 u R; 00beIUWHEHBI B PETyIUpPYIOIINA
noteHnmoMeTp R3—Ry. Ilpu pazbamancupoBke mMocTa (BO3HHMKAET MPH HU3MEHEHHH
cocTosiHus natuvka R;) B amaroHanu 3—4 Bo3HuKaeT TOK ly. OH mogaeTcs Ha BXOJ
yewurenss Y. Koapdunuent ycuiaeHus Mo MOIIHOCTH YCHIWTENS JOCTaTOYEH,
9TOOBI OH Ha BBIXOJIEC YIPABISI BCIIOMOTATEIBHBIM CEPBO3JIEKTpoABUTaTEIeM M
(;mar. servus — pa6, cmyra). ly — Toxk Ha BeIXOme ycwimrens. JlBuratens M
MEXaHWYECKHU CBSI3BIBAETCS C JIAMEIIbIO0 PEryJupylollero mnoreHuuomerpa Ri—Ry,
nepeMeliiasi €ro B CTOPOHY yMEHbIlIeHHs pazOanaHcupoBku. [lpu HacTymueHuu
cocTostHusl OanaHca TOK |y wucuesaet, u nurarenb M BwikiItouaercs. M3mepenue
aBTOOAAHCHOM CXeMOIl OCHOBAHO Ha MOJIOKEHUHU O TOM, YTO KOJMYECTBO DHEPTHUH,
HEOOXoauMOe ISl TIPUBEACHUS CHCTEMBl B YCTOMYMBOE IOJOXKEHHE, paBHO (0e€3
ydeTa KIiJ]) KOJIMYECTBY SHEPIruH, 3aTPAu€HHOMY Ha BBIBEICHHE CHCTEMBI U3 3TOrO
coctostHusl. O COCTOSIHUM OO0BEKTa U3MEPEHUs CyIaaT JuOO MO SHEpPruu,
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noTpeOJIeHHON NBUTaTeNieM (Ha PUCYHKE MOKa3aH BAaTTMETP), MO0 BU3yaIbHO — IO
MOJIOKEHUIO J1amenst noTeHuuomerpa R3—R4. ToUHOCTh U3MEpEeHMs COCTABISAET COThIE
JI0JIM IPOLIEHTA OT JUala3oHa U3MEPEHHUS.

Komnencayuonnas cxema nookmouenus. 1IpuHuun KoMIeHcauy 3aKI04aeTcs B
TOM, YTO OAJIEKTPOJABIKYILAS CHUJIa, MPONMOPLUOHANIBHAS BXOJHOMY CHUTHANly Ha
JaTYMKE, YPaBHOBEIIMBAETCA PpAaBHOW 10 BEIUYHHE WU
IIPOTUBOIIOJIOKHON I10 HAMPABICHUIO 3JIEKTPOABUKYLIEH
CWJIOW HMCTOYHMKA IHUTAaHUA CXEMbl, KOTOPBIM 3aT€M H
u3Mepserca. B KOMIEHCAIIMOHHOM CXeMe HCIOIb3YI0TCA
TOJIbKO JATYMKHU TeHepaTopHOro tumna. M3BecTHBI ABYyX- U
TPEXKOHTYPHBIE CXEMbl C PYYHOM U aBTOMATHYECKOU
KoMneHcanuen. B kadectBe mpumepa Ha puc. 57 mpu-
BEJIeHA JBYXKOHTYpHAas cxema C Py4yHOW KoMIeHcauuen u
TEPMOIIapOi B KaYECTBE JaTUMKa.

Puc. 57. KoMneHcaumoHHas Cxema COCTOUT M3 JBYX KOHTYPOB — J3TaJOHHOTO H
cxema pabouero. MCTOYHMKOM TOKa B OJTAJOHHOM KOHTYpE

spnserca 6atapest E, B pabouem — tepmomnapa TII (oHa xe
natuuk). [lorenumomerp R, 3TanOHHOrO KOHTYypa CIIYKUT JJI €r0 MOJHACTPOMKHU B
Clydyae W3MEHEHMSI DJIEKTPOJBHKYIIEH CHJIIbI o6arapeu. Ilorennmomerp R;
ortapupoBaH. KoHTypbsl 0051aal0T OOIIMM YYacTKOM — MPaBOW MO PHUCYHKY OT
JaMens 4acTeio noreHuuoMmerpa R; — Rx. bamaHcHoe cocTosiHMEe cXeMbl HacTymnaeT
IIpU PABEHCTBE TOKOB |5 1 |p.

Tak kak 3/1c KOHTYpOB HaIlpaBii€Hbl MPOTHUBOMOJIOKHO, Ha OOIIEM YYacTKe TOK
OTCYTCTBYeT. B 3TOM MecTe KOHTYphI Kak Obl pa3opBaHbl U TOK HE MPOTEKAET B HUX
oboux. CocTosiHUIO OaraHca COOTBETCTBYET HyJIEBOE MOKa3aHUE amrepMeTpa. Tak Kak
I5 = 1p, TO 715 371C, BRIpabaThIBAEMOM TEPMOTIAPOH

E= 1—3 (49)
Ry

T. €. DJIC JaTdyhka OOpaTHO MPOMOPIMOHAIBHO COINPOTHUBICHHIO Ry ¢ BBICOKOMA
TOYHOCTBIO, TapaHTHUPYEeMOW CTaOWIbHOCTHIO |5 B cocrosHme Oamanca cxema
MPUBOAUTCA TMEpPEMEIICHUEM JaMmessl MNoTeHuoMmeTpa Rj;, OTrpaaynpoBaHHOTO
HEMOCPEACTBEHHO B E€IMHHUIAX HM3MEpSIeMOro mnapaMmerpa (B JaHHOM cly4yae —
rpanycax). 3mepeHue npoucxoauT ciaeAyromuM o0pa3oM: MepeMenieHueM Jamens
NOOUMBAIOTCSI HYJIEBOTO MOKA3aHUS amMIepMeTpa, MOTOM CO IIKaJbl MOTEHIIMOMETpa
CUMTHIBAIOT 3HAYEHUE BXOJHOIO CHUrHajla JaTdyvka. M3 Toro, 4ro B MOMEHT
U3MEpPEHUsT TOK B KOHTypax HE TEYeT, CIeAyeT BaKHEWIlee CBOWCTBO
KOMIIEHCAllHOHHOM CXeMbl — B Mpolecce H3MepPeHUs] IHEPrusi OT 00beKTa He
orOupaercs, T. €. oOpaTHOE BO3JIEUCTBUE JAaTUMKAa Ha 00BEKT paBHO HYM0. OTCrON1a
BA)KHOE CJIEJICTBUE — COOCTBEHHAsI TOYHOCTh KOMIIEHCAIIMOHHOW CXeMbl a0COJII0THA.
PeanbHasi TOYHOCTH 3aBUCUT TOJBKO OT COOCTBEHHOW TOYHOCTH 3JIEMEHTOB CXEMBI,
YTO COCTABJISIET, KaK MPaBUJIO, COThbIE M THICSYHBIE JOJU MPOLEHTA OT JHana3oHa
n3Mmepenusi. KommneHncaimonuble cxeMbl HauboJiee CIOXHbIE U HauboJiee TOYHBIE U3
pacCMOTPEHHBIX. B TpeXKOHTYpHBIX CXeMax J00aBJIEH KOHTPOJIbHBIM KOHTYp C
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BBICOKOCTAOUJIbHBIM ~ HMCTOYHUKOM MHUTaHUS  (Hampumep, PTYTHO-KaJIMHEBHIM
rajbBaHUYECKUM 3JeMEHTOM). KOHTpPONBHBIM KOHTYP CIYXHUT JUIsi HACTPOUKH
KOMIICHCAIlMOHHBIM ~ CMIOCOOOM  TOKa JTAJOHHOTO KOHTypa. B cxemax ¢
ABTOMAaTUYECKOM KOMIIEHCAIMEW MPUMEHSETCA CEPBOIPUBOJ JaMENSA, aHAJIOTUYHBIN
TaKOBOMY B aBToOanmaHCHOW cxeme (puc. 56). Bmecto ammepmerpa B paboumit
KOHTYP BKJIFOYAETCSl BXOAHAS LIETTh YCUIIUTEIS.

Heckonbko OCOOHSIKOM B pSAy CXeM TMOJKIIOYEHHUS JAaTYUKOB  CTOST
3JIEKTPOCWIOBbIE Mpeodpa3zoBaresin. Ix 000C00JIECHHOCTh OOBSICHSAETCS TE€M, 4TO,
BO-TIEPBBIX, OHHM CIEHUAIU3UPOBAHBI U CIYXAT TOJIBKO ISl U3MEPEHUs YCUJIUS, BO-
BTOPBIX, Y HUX HET YETKOW TPAaHMIBI MEXKIYy AATYMKOM M CXEMOMW IMOJKIIOUCHUS.
N3BecTHBI ABa TUIA AJIEKTPOCUIIOBBIX MpeoOpa3oBaTesieil — ¢ CUIIOBOM M MarHUTHOM
koMreHcanued. Ob6a OHU HU3MEPSIOT CIIOCOOOM KOMIIEHCAIlMU, TOJBKO B IEPBOM
Cllyyae KOMIIEHCHUPYIOTCSI YCHIIMSI B MEXaHUYECKON cucTeme mpeobpa3oBaresis, a BO
BTOPOM — MarHUTHBIC MOJIS AJIEKTPOMArHuTa.

Onexmpocunosoti  npeobpaszosamenv ¢  cunogou  komnencayueu. Cxema
npeoOpasoBaTess nmpuBeAcHa Ha puc. 58,a. PaGounm 371eMEHTOM, KOHTaKTUPYIOITUM
HEIMOCPEJACTBEHHO C 0OBEKTOM, SIBJISIETCS MHOTOIIEYMi pabouunii peraar 1. OgHo u3
IJIed TOT0 phlyara uepe3 NepeAarolidii pepryar 2 u TATy 3 CBS3aHO C JIBYIUICUUM
OamaHcHBIM pbiuarom 4. OcrtajbHbIE TJICYU CBOOOJHBI M CIIYXKAT JIJISl IMOJKIIOYCHUS
usMmepsiemoro ycunus Pi, P, unu P3. CBoOoaHbIe Tuieun 001aal0T pa3HOM IJIMHOM,
YTO MO3BOJISIET MPU OJHOM JIMAIa30HE BBIXOJHOIO CUTHAJa UCIOJIb30BaTh HECKOIBKO
IMana3oHOB BXOJHOro ycwius. OnaHO W3 Tuied OajdaHCHOTO pblyara siBJsieTCS
cepacuHrkoM nuddepennnanbHoro tpancpopmaropa Ly — L, — Ly — Ly . Tlpum
OJIrbKalIeM pacCMOTPEHUHM O3TOT TpaHcpopMaTop SIBISETCS HE YeM HHBIM, Kak
muddepeHuaTbHOW  CXeMOW — TOJAKIIOYEHHS  JaTduka ¢ IePEMEHHOU
WHAYKTUBHOCTBIO B 000MX KOHTypax (CM., puc. 55,2), mpuueM AaTUUKOM SIBIISIETCA
wievo OanaHcHOro pbraara. CMeXHbIH yd4acToKk a—b KOHTYpOB Hu(depeHIIHaTbHOIO
TpaHcpopMaropa SBISETCS OMAHOBPEMEHHO BXOJHOW I€mbi0 X BCTPOCHHOTO
ycunuteass MomiHoctd Y. Beixoanas uenb Y YCUITUTENS SBISETCA OJHOBPEMEHHO
LENbI0 TUTaHUS CUIOBOro »3iekTpoMarHuta YA. CepleyHUK >IEeKTpOMarHuTa
MPUCOEAUHEH KO BTOPOMY IUIeUy OalaHCHOrO pbluara. BBIXOJHBIM CHUTHAJIOM
npeoOpa3oBaTesl SBISETCS cuia TOKa |y B IIeNMM MUTAaHMs SJEKTPOMAarHuTa (Ha pHC.
58  BeIXOm  mpeoOpaszoBarenss ~ TMpeACTaBiIeH  ammepMmerpoMm).  Pabotaet
npeoOpazoBaTenb cieayomuM obpa3zom. [lpu oTcyrcTBHmM ycunusi Ha pabodem
ppluare JeBoe IuUle4o OaJaHCHOrO phlyara 3aHUMAeT CTPOro CHUMMETPUYHOE
MOJIOKEHNE MEeXy oOMoTkamu nuddepeHnuanbaoro tpaacopmartopa. Toku B ero
000MX KOHTYpax paBHBI M MPOTHUBOTIOIOKHO HAMPABICHBI, HA CMEXHOM YYacTKE & —
D KOHTYpOB TOKM B3aMMHO YHHYTOXArOTCS. Ha BXole B YCHIUTENIb CHTHAI
OTCYTCTBYET, CIIEIOBAaTEIIbHO, OTCYTCTBYET M Ha €ro BBIXOJE. TOK depe3 OOMOTKY
AJIEKTPOMAarHuTa He MPOTEKAeT, MOKa3aHUs aMIlepMeTpa paBHbI HYJIO, CHCTEMa
HaxOJIUTCSl B COCTOSIHMM HYJIEBOTO paBHOBecus. [Ipu mosiBeHMH HA KakoM-Iu0OO u3
CBOOOJHBIX IJIeY pblyara 1 ycuiusi, ppluakHas CUCTEMa MepeMellaeTcs, CepACUHUK
nudpepeHnmanbHOro TpaHcpopMaTopa CMEIIaeTcsl OT HEHTPATBHOTO MOJI0KEHUS, Ha
ygacTke a — b mosiBiissercst TOk paccoriiacoBaHusi. Y CHIIMTENb YCHIIMBACT 3TOT TOK U
nogaeT Ha sJekTpoMarHuT. [locnegnuil pa3BuBaeT BbIpaBHUBarollee ycwine Pg,
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MPOMOPIMUOHAILHOE U MPOTUBOIOJIOKHOE TMEPBOHAYATBLHOMY  BO3MYIIEHHIO.
Cuctema TOpPUXOJUT B COCTOSSHUE CHJIOBOTO PaBHOBECHUS, MPUYEM TOK B IIEMHU
MUTAHUS JIEKTPOMarHuTa CTPOro MPONOPIUOHAIEH BO3MYIIAIOUIEMY YCUIIHIO.
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Puc. 58. DJIeKTPOCUIIOBBIE  MIPeoOpa3oBaTeNH: a — € CWIOBOH  KOMIICHCALIUEH;
6 — ¢ MarHMTHOW KommeHcauued: 1 — paboumit peluar; 2 — mepejarolMid  pblyar;

3 —Tsra; 4 — GanaHCHBIH pblyar; 5 — cepAevHuK; 6 — IKOpb

Dnekmpocunosoil npeobpazosamenv ¢ macHumnou komnencayuetl (puc. 58,0).
[IpeoGpazoBaTenb HE UMEET MEXaHHUYECKOW CHUCTEMBI, 3a CYET ITOTO OH MPOIIE IO
KOHCTPYKIIMH ¥ MeHblIIe 1o rabaputam. OCHOBOM KOHCTPYKIIUU SIBIISIETCA CEPIACYHHUK
5, Ha KOTOPOM HaMOTaHbl JBE KaTylIKu — BXoaHas karymka Wp u KaTymika
oOpatHoii cBsizu Woc. Bxomnas kaTyimika Wrpaer pojib MHAYKTUBHOTO JaT4MKa
NEpEeMEIeHNs], a KaTyllKa OOpaTHOW CBSI3M — CHJIOBOTO AJIEKTpOMarHuta. fxopem
(TIOBMIKHBIM CEPIICYHIUKOM) CITYKHUT IMOCTOSHHBIM MarHuT 6.

BxonHas karyiika COeIMHEHa CO BXOJOM YCHJIUTEIS] MOIIHOCTH Y, a KaTylIKa
00paTHOW CBSI3U — C BBIXOJIOM. B cOCTOSIHMM paBHOBECHS SIKOPH PACIIOJIONKEH CTPOTO
CUMMETPHYHO OTHOCHUTENILHO BXOJHOM OOMOTKH W cepaeuHuka. [Ipu Bo3meiicTBru Ha
AKOph M3MepsieMoro ycuius P cocrosiHue OamaHca Hapymiaercsi, B IENMH BXOIHON
KAaTyIIKd M Ha BXOAE B YCHJIMTENb MOSBISETCS TOK. YCUJICHHBIA TOK IMOAAETCS Ha
KaTyIKy OOpaTHOW CBSI3M, KOTOpas pa3BHBACT yCWIIHME, PABHOE W TMPOTHBOIOJIOKHOE
BO3MYIIAIOMIEMY. BBIXOJHBIM CUTHATIOM, KaK U B MPEABIIYILEM CITy4ae, CIIYKUT TOK Ha
BBIXO/IC YCUJIUTESL.

KOHmPOJleble eonpocol u 3a0aHus

1. Tlepeuncnute cHnocoObl HU3MEPEHUS, CPABHUTE CIOXHOCTh HX HHCTPY-
MEHTAJIbHOT'O OCHAIIICHUSI U TOYHOCTb.

2. Onumure  cXeMmbl — MNOJAKIIOYEHHUsS]  JAaTYMKOB,  OCHOBAaHHbIE  Ha
HEMOCPEJACTBEHHOM M3MEpPEHHMM: MPUHIUI JEUCTBUS, 00JIacTh MPUMEHEHUS,
JIOCTOMHCTBA U HEJIOCTATKH, TOYHOCTh U3MEPEHUSI.
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3. OnuimuTe MOCTOBYIO CXEMY MOJKIIOYEHHUS AaTYUKOB: CHOCOO HM3MEpEeHHs,
NPUHIUI JEHUCTBUA, 00JacThb MPUMEHEHUs, JTOCTOMHCTBA M HEOCTaTKH, TOYHOCTH
U3MEPEHUS.

4. Onumure auddepeHunaibHble CXE€Mbl MOJKIIOYEHUS JaTYUKOB: CIOCO0
M3MEpPEHHUs, IPUHIUI AeHCTBUS, 00JaCTh TPUMEHEHHS, JOCTOMHCTBA U HEJAOCTATKH,
TOYHOCTh U3MEPEHUSI.

5. Onumure cxemy MOAKIIOYEHHUS aBTOOANAHCHBIM MOCT: CHOCO0 H3MEpEHHS,
NPUHIMUI JEHCTBUA, 00JacTh MPUMEHEHUs, JTOCTOMHCTBA M HEIOCTaTKH, TOYHOCTH
U3MEpEHUS.

6. Onumure KOMIEHCAIIMOHHYI0 CXEeMY TMOJKIIOYEHUsI JaTYMKOB: CIOC00
U3MEpEHUs, MPUHIUN JeUCTBUS, 001acTh MPUMEHEHHUSI, TOCTOUHCTBA U HEJOCTATKH,
TOYHOCTh U3MEPEHUSI.

7. OnuiuTe 3JIeKTPOCUIIOBBIE MpeoOpa3oBaTeNu: BHUABI, CIOCO0 H3MEPEHHS,
OPUHIIUI 1EUCTBHUS.
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Jlekums 7
Ycunurenu

Kak yxe orMmeuanoch BbIlie (CM. JIEKIHIO 3), YCHJIMTENINU MpeIHa3HAYEeHbl IS
YCWJIEHHUS BXOJHOIO CHUTHAJa, Kak MpaBWUJIO, OT JaTydhKa, MPUYEM BXOJHOU U
BBIXOJIHOM CHUTHAJbl  yCHJIMTENS OO0JafaloT OJHOM  (U3MYECKOW MOpHUpOIOM.
ONEKTPUYECKUE  YCUIMTENM  MOIIHOCTH  MOJPA3JAENAITCS Ha  MAarHUTHBIE,
AIEKTPOHHBIE, JIEKTPOMAILIMHHBIE.

» MaruuTHbIe YCHIUTEIH

[TpuHuMn 1EMUCTBUS MarHUTHOTO YCUJIMTEJNISI OCHOBAaH Ha U3MEHEHUH MarHUTHOMN
MPOHUIIAEMOCTH  CEpJICYHUKA UWHIYKIIMOHHOM KATYyIIKU TOJ  BO3JEHCTBUEM
MarHuTHOTO MOJsl yrpaBieHus. [Ipore Bcero npuHUIMN ASHUCTBUS MOKHO MOSICHUTH
HA TpUMepe MacHumHoz2o Opoccens Hacviuenus (puc. 59). Ha cxeme 3Ttoro u
MOCJICAYIOMMNX YCUINTENCH AaTUUK WM WHOW YHPABIISIOMMA YCHUIUTEIEM SJIEMEHT
OyneTr mpenacTaBieH B BHUJE TeHeparopa IepeMeHHoro curHaia ['x, a
UCIIOJTHUTEILHOE YCTPOMCTBO WM WHOW YIPaBISEMbId YCHIHTEIEM OJJIEMEHT —
conpoTuBiieHUEM Ry, MarHuTHBINA Apoccesib UMEET CXOACTBO ¢ TpaHC(HOPMATOPOM,
HO 3TO CXOACTBO 4YHCTO BHemHee. [lycTp umeercsa cepAeyHUK, Ha KOTOPBIN
HaMOTaHbI JBe 0OMOTKH — ynpasieHus Oy n paboyas Op. O6MoTKa Oy BKIIOYEHA BO
BXOJHYIO LIelb YCUJIUTENA. B 3Ty e 1enb BKIIOYEHbl WUCTOYHUK YIPABISIOMIETO
curHana ['x W racsmas WHAYKTUBHOCTH Lp. B Beixoanyro uenb oOMoTku Op
BKJIFOYEHBI Harpy3ka Ry M MCTOYHUK NMUTaHMS MEPEMEHHOrO TOKa HampspkeHueM U.
Cuna TOKa, TPOTEKAIOUIETO B CONPOTHBICHHH HArpy3Kd, NpU TpeHeOpe eHUU
€MKOCTBIO BEIXOIHOM 1IETIH

=—Y (50)

rae X — MHIYKTHBHOE COMPOTHBIICHHE,
X =oL, (51)

@ = 27f — yrnosas yactora mepeMeHHOro Toka ¢ yactoToi f, L — MHAyKTHBHOCTB

[eM. popmymy (21)]

B 0,27 2su107®
[

L

: (52)

rie W — 4ncimo BUTKOB OOMOTKH, S — IUIOMIAAh CEYCHHS MAarHHUTOIIPOBO/IA,
| — nIMHA MarHUTOIIPOBOA, 4 — MAarHUTHAS MPOHUIIAEMOCTh MAarHUTOIPOBO/IA.
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Puc. 59. MarHuTHBIA JpocCeib HaCBIIEHUS ; a — cxema MOJKIIOYCHMUS,
0 — XapaKTepUCTHKa
IIppy Hanuyuu MarHUTHOrO MOJA  JUIA B4 (g
(l)eppOMaI‘HCTI/IKOB MardHuTHas HpOHI/IL[aCMOCTB
€CTb TaHI'CHC YyIjla HaKJIOHa Op KpHBOfI 1/—\5‘@; ——————
dB M. _

HAMarHUYMBaHUS K  OCH  HaIPSHKEHHOCTH
MarHuTHOTO 1oJs (puc. 60)

dB
=1 e — T 53
U =1ga JH (53)
rne B - wmarpmwrsas wbgykous, Hoo -

HaIPSKEHHOCTh MarHuTHOro nojs. M3 ananusza
dopmyn (50)—(53) MOXHO clenaTh BBIBOJ, YTO
|;; = f(H). HanpskenHocTh MarHuTHOTO MOJs, B
CBOIO O4Yepe/lb, 3aBUCUT OT Toka |y B oOMOTKe
Oy. Ha HenuHelHOW KpUBOW HaMarHUYMBaHUS

MO’KHO BBIOpaTh Y4acTOK C OOJBIIUM (g, T. €. C

O0TBIIIM [IpUpALLEHUEM B pu
HE3HauuTelIbHOM u3MeHeHnn H. HMeHHO Ha

L 3

Puc. 60. KpuBasi HamarHmumBaHus

9TOM OCHOBaH YCHJIHUTEIbHBIA d(PeKkT MarHuTHOrO ycmiurtens. [lepemennsiii Tok |y
yrpaBiieHuss OT ['x BO BXOJHOW LENH HABOAWUT B CEPACYHUKE IMOTOK MarHUTHOWU
uHAYKIMK By, DTOT MOTOK M3MEHSIET MAarHUTHYIO MPOHUIIAEMOCTh CEpJIEUYHUKA M,
CJIeI0BAaTENbHO, TIOJIHOE CONMPOTUBIIEHUE BBIXOIHOW LIEMU. DTO BbI3BIBAET U3MEHEHUE
Toka |y Ilpy 3TOM aMIIMTyga W3MEHEHHS] TOKAa HAarpy3Kd MOJKET IPEBBINIATH

AMIUTMTYly YIIPABJIAIOMIETO TOKA N0 JIECATKOB

pas. 3asucumocts Iy = f(ly) —

TOKOBAasl XapaKTepUCTHKA YCUIUTENS — MpUBeaeHa Ha puc. 59,6. V3 pucyHka BUJHO,
9TO JpOCCENh HACHIMICHUS Oe3pa3nuueH K TOJMSIPHOCTH BXOJHOTO CHTHAJA.

Koadhdumment ycunenus mo Toky

dl
K, =tga, =—*. 54
1 =180 dl, (54)
KoaddutnenT ycunaeHus mo MOITHOCTH
2
k, = Ul ~Udlywe _ Zydly =Zylie _Zu| g2 (Lo | | (55)
E.dl, Zdly Zy dly
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rie Ex — HanpspkeHue BXOAHOTO curHana, Zy U Zx — COOTBETCTBEHHO IOJHBIC
CONPOTHUBIICHUS BBIXOJTHOM U BXOJHOM I1ierne, lyxx — TOK Harpy3ku XOJI0CTOro XOoja.
Kak BunHo u3 gopmyisl (55), K03p(PULUHUEHT yCUIIEHUS MO MOIIHOCTH — BEIUYHHA
TOTO JK€ TMOpsaKa, 4YTO U KBaapaT koddduimenta ycwieHus 1o TOkKy. Jlis
ycwiuTeneit 6e3 ooparnoit csizu Kp=5...80.

K coxanenuto, Bce 53JEKTPOMAarHUTHBIE MPOLECCHl 00JIAAAIOT  BBICOKOM
oOpatuMocThio. [lepeMeHHbIIl TOK B BBIXOJIHOM LIENH MOPOXKIAET Napa3sUTHBIA MOTOK
MarHuTHOM WMHAYKIWU By, KOTOpBIM HABOAWT mapa3uTHBIN TOK |;; BO BXOJIHOM LIEMH.
OnHuM U3 rIaBHBIX (QYHKIIMOHATIBHBIX TPEOOBAHUM K YCHIIMTEIISIM, PACCMOTPEHHBIX B
JIEKLUH 3, SBISIETCA KaKk MO>KHO MEHblIIee 00paTHOE BO3AEHCTBHE HA BXOI€. 3/1€Ch 3TO
TpeOOBaHWE HE BBIMOJIHSACTCA — TOK |; MOXET NpPUHUMATH JOBOJBHO OOJIBIINE
3Ha4eHwusl. [{1s1 4acTUUHOTrO yMEHBIIICHUS TOKa |7 CIIyKUT racsiias UHIyKTUBHOCTD L.
Ho »Ta MHAYKTMBHOCTH YMEHBIIAET W TOK YNPABJIECHUSA, W3 3a YEr0 PACTET MOPOT
YyBCTBUTEIBHOCTH YCWIWTENS, TaK KaK OH HE 3aMedaeT CJIadblX CHTHAJIOB
ynpapieHus. M3-3a 3TOro MarHuTHBIE JPOCCENN HACBIIEHUS HE TIOMYYUIIA OOJIBIIIOro
pacrpoCTpaHEHUS M UCTIOJIB3YIOTCSI B OCHOBHOM JIJIsl YCUJIEHUSI IMCKPETHBIX CUTHAJIOB.

['opazno Goisiee 3(PphHEeKTUBHBIM SBISICTCS

“fJ 1nojaBieHHe MAPa3MTHOM MAarHUTOMHIYKIMH
L By'j (—’By Fa METOIOM €€ KOMIIEHCAIWM B JPOCCEIBHBIX
— N o — MarHUTHBIX YCUITHTENSX (MBOMHBIX
Cprf= 0y =402 I MATHUTHBIX JPOCCENsX). Cexuust
( L:Bm‘—U L BHzJ —‘ JIPOCCENBLHOTO  MArHUTHOTO  YCHIIMTENS

— npejcTaBieHa Ha puc. 61. MarauTonpoBon

t Ly JIPOCCENBLHOT0  MArHUTHOTO  YCHIIMTENS

P T COCTOMT M3 JIByX HE3aBUCHMBIX KOHTYpoB. Ha

Puc. 6.  Marutuii  gpoccensuun  ICHTDAJIBHBIC —CTEPXKHH ~KOHTYPOB HABHTA
ycunuTens oOmoTtka ymnpasienuss Oy, Ha KpallHUE —

paboure oOmotku Op; u Op,. Ilocnennue
COEJIMHEHBI TaK, 4TO BO30YKJIaeMble UMH MarHuTONOTOKU Bp; 1 Bp, B lIEHTpaIbHBIX
CTEPKHSIX MarHUTONPOBOA HAIIPaBJICHbI HABCTPEUY JAPYT APYrY U Mapa3uTHbIE TOKU
B o0moTrke Oy, BO3HHMKAWOIIME TII0JI WX BIMSIHUEM, B3aUMHO YHHYTOXKAIOT
(KOMITIEHCHPYIOT) IPYT JIpyra.

Jlns yBenwdeHus Kod(hUIMEHTa YCHICHHS HCIOIB3YIOT IOJMarHiYuBaHUE
MarHATOIIPOBO/IA C UCIIOJIB30BAHUEM HOJIONCUMENbHOU 00PAMHOU CE53U.

JI1s1 5TOrO Ha LIEHTpAIbHBIE CTEP)KHU HAaBUBAaETCs 0OMOTKa oOpaTHOM cBsizu Og,
COCIMHEHHAs C BBIXOJHOH IIENBIO Kak IOKa3aHo Ha puc. 62. Ha oOmorky Oc,
PACTONIOKEHHYI0O Ha BXOJHOM Y4YacTKE MAarHUTONPOBOJA, CHUTHAJI MOJAaeTcs OT
BBIXOJIHOWM IICTHM, 3Ta CBSI3b HMMEHYETCS O0OpaTHOW (NIPOXOXKJIECHHWE CHTHaja B
MIPOTUBOMOJIO)KHOM OCHOBHOMY HampaBjeHHI0). Tak Kak MOJSPHOCTh CHUTHaja B
OCHOBHOM HAaIpaBJI€HWU M B OOpAaTHOM CBS3M OJMHAKOBA, dTa CBSI3b HMEHYETCS
nosiokuTeNnbHoW. CUrHam OT BBIXOJHOW IEMHU, YK€ YCUJICHHBIN, MOJaeTcsi oOpaTHO
JJI. TIOBTOpPHOTO ycuiieHus. Takum oOpa3zoMm, oOMoTka O¢ SBISIETCS BTOPBIM
KackagoMm ycuieHus. Hamumyue B JTUHUM OOpaTHOM CBSI3UM JTHOJHOTO BBIIIPSIMUTENS
MPUBOAUT K TOMY, YTO Ha YMPABJSIOMMA y4acTOK MArHUTONPOBOJA IOJAETCA
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MOJIOKUTENIbHOE TOJMArHUYMBAIOIIEE I0JIE CMELIEHUA. OJTO MOJ€ MNPUBOJUT K
CMEIICHUI0 TOKOBOM XapaKTEPUCTHUKU BIEBO, B 30HY OTPUILATEIBHBIX TOKOB
yrnpasieHus (puc. 62,6, rae MyHKTHPOM IOKa3aHa XapaKTepUCTUKa YCWIMTENs 0e3
0oOpaTHOM CBSI3M), YTO UMEET JBA BaXKHBIX CIEJCTBUSA. BOo mepBbIX, HECCUMMETPUUHOE
MOJIO)KEHUE TOKOBOW XapaKTEPUCTHUKUA TOBOPUT O TOM, UYTO JTOT YCHJIMTEINb
CTAaHOBUTCS NOIAPUI0BAHHBIM, T. €. OH IO PA3HOMY pearupyer Ha BXOJHBIE CUTHAJIbI
pa3HOM MOJspHOCTA. BO BTOpBIX, M3-3a HAIMUYMSA TOJSA CMEUICHUS, YCUIUTEIb
pearupyeT Ha ropasno Oojee cinalOble BXOJHBIE CHUTHANbI; CIEN0BATENbHO, €ro
koahduirenT ycuiaeHuss Bo3pactaeT. Ha rpaduxe 3TO mMOKa3aHO IOBOPOTOM
XapaKTepUCTUKHU MPOTUB 4acoBOu cTpenku. KoagduuueHT ycunenus mno MOIMHOCTU
crtaHoButcs paBHbIM 400...500.
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Puc. 62. MarHuTHbI yCHWINTEIb C OOpPaTHOM CBA3bIO: a — cCXeMa MOAKIIOYeHHs; 6 —
XapaKTepPUCTHKA
[Ipu onpeniesieHHOM yCJIOBUM, & UMEHHO
aWoc >aWy p, (56)

rae aWoc n aWpp — KOTUYECTBO BUTKOB OOMOTOK COOTBETCTBEHHO OOPATHOM CBSI3U U
paboueil, ycWIuTeNh C OOpaTHOM CBSI3bI0 TMOMyYaeT HOBOE KayecTBO — €ro
XapaKTEPUCTHUKA CTAHOBUTCS PEJIEHHOM.

Bupa takoi XapakTEpUCTUKU IPUBEIECH HA PHUC.

63. XapakTepucTUKa COCTOMT W3 [JBYX JIMHUM: ) In 4 r
cpabatbiBanusi A — b — B — I' u otniyckanus I' — /] T
-E—-A.

Ha yuactke A — b nuHuu cpabaTbiBaHusI TOKU l
yopasieHus B Oy u Oc¢ elie HemoCTaTOYHbI st T
KaueCTBEHHOT'O WU3MEHEHUS HaIPSKEHHOCTH
MAarHUTHOTO MOJisl, U TOK Harpy3Kd BO3pacTaer, HO A E
KpailHe He3HauuTenbHO. IIpum 3HaueHMM TOKa
ynpasieHus lcp HaunHaeTcsa pabounii yyactok b — “
B nunum cpaGateiBanus. OH 3a CYET BBICOKOTO Iy Lot Lep
KOO(pQUIIMEHTa YCHJICHUS HACTOJBKO KPYT, YTO ngﬁmiiérozi‘;iﬁ';ﬁ'ﬂpe*““” paboTb!
MPAKTUYECKU TMPEJCTABISIET COO0N BEPTUKAIBHYIO

B

]
1 *
I
]
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ouHulo. B Touke B HacTymaeT HachleHWE CEpACYHMKA U Jaliee JIMHUA
cpabaThIBaHUsI UIET TOPU3OHTAIBHO. YMEHBIIICHUIO CUIIBI TOKA OT TOUKHU [ 10 TOUKH
A cooTBeTcTBYeT NUHUA oTnyckaHus. Kak BunHo u3 rpaduka, padounii yuactok J{ —
E nuHMM OTnycKaHus CIBHHYT [0 OTHOUIEHHUIO K pabouemy ywyactky b — B nuHun
cpaOarbiBanus. BHemnuit Buj rpaduka Ha puc. 63 BecbMa CX0X € Ipa@ukom
MarHUTHOTO TUCTEpe3uca. ITO CXOACTBO HE CIy4ailHO. XapaKTEepPUCTHKA YCHIIUTENS
U €CTh NETJIS MAaTHUTHOTO THUCTEpPE3nca, TOJIbKO B APYrUX KOOpAMHATaAX — HE B
koopauHatax B — H  (cMm. puc. 60), a B (QyHKIIMOHAIBHO CBSI3aHHBIX C HUMHU
koopauHatax |y — ly  Jluaum  cpabaThiBaHMsI ~ COOTBETCTBYET  KpHBas
HAMarHUYMBaHUs, JUHUU OTIYCKaHUS — KpuBas pazMmaruuuvBanus. Kak B rpaduxe
rUcTepe3nca, Tak U B XapaKTEPUCTUKE PENEHHOro pekrma padoThl pa3HHIA MEXIY
BOCXOJIAIIEH M HUCXOMSIIEH BETBIMU CBsI3aHA C HEBOCIOJHUMBIMHU TOTEPSIMU
SHEPIruM Ha MepeMarHUuYMBaHUE cepAcdHHKa. B jexkuuu 3, mpuBOIUINCH BHEIIHHUI
BUJ] ¥ TJIaBHAs OTJIMYUTEIbHAS OCOOEHHOCTH peJIeHHON XapaKTepUCTUKU dieMeHTa. B
YaCTHOCTH, TaM OTMEUAaJOCh, YTO BBIXOJHON CHUTHAJI MOXXET UMETh TOJBKO JiBa (B
TPEXMO3UIIMOHHBIX PeJie — TpUITepax — TpH) (GUKCUPOBAHHBIX 3HAYCHUS U MEPEBOJ
AJIEMEHTa C OJIHOTO 3HAYEHHUS BBIXOJHOTO CHUTHAlIa B JAPYroe MPOUCXOJIUT
ckaukooOpa3Ho. Ecnu npeneOpeub HE3HAUUTETbHBIM U3MEHEHUEM |y Ha MHTEpBaIax
A —bu E — A, To rpadpuk Ha puc. 63 MOIHOCTHIO COOTBETCTBYET OMHCAHHIO
peneiHoil xapakTepucTUku. OTCr0/la W HAaNMEHOBAaHHWE PEXKUMA — pEJICHHBIN.
[loaToMy  MarHMTHO-IPOCCEIBHBIA  yCWIHTENb IPUMEHSETCS B  KayecTBe
O0eckoHTakTHOTO pene. Ho 06 aTom Gosee moapoOHO B CIASAYIOMICH JICKITUH.

XapakTepHbIMH  NPEACTABUTENIMM  MAarHUTHBIX  YCUJIUTENEH  SIBISIOTCS
toppounnsie Tuna TYM, nanpumep TYMAS-11. Cepaeunuk ero mpeacTaBiseT
co0o¥ TOp C IIEHTpaJIbHBIM CTEpKHEM. B ceueHuu cepieuHuK COOTBETCTBYET puc. 61.
Ycunurenb UMeeT JIBa KOMIUIEKTa paboynx 0OMOTOK. DTO MO3BOJSET €My BbIIaBaTh
BBIXOJIHOM CHUTHAJI B JBa ajpeca (CBOMCTBO pa3zmHodcenus cucHana). Ha
[IEHTPAJTbHOM CTEp)KHE HAMOTaHO CE€Mb OOMOTOK YIpPaBJICHHS. ITO IMO3BOJSET
MOJIy4aTh CUTHANIBI YIPABICHUS M3 CEMHU PA3IMYHBIX aJPECOB U BBIpAOATHIBATH
BBIXOJIHOM CHUTHal OT CYMMbI BXOJHBIX (CBOMCTBO J102UYECKO20 CYMMUPOBAHUSL
BXOJIHBIX CHUTHaANOB). [ToMruMO 3TOTO, Ha HEHTPANBHBIA CTEPKEHb HAaBHTa OOMOTKA
0oOpaTHOM CBSI3H, YTO MO3BOJISIET YCUIIUTENIO paboTaTh B PEeKMMaAX JABYXKACKaTHOTO
YCUJICHUS U PEIICUHOM.

K mocTomHCTBaM MarHMTHBIX YCUJIMTENEH CIeTyeT OTHECTH UX MPOCTOTY, BBICOKYIO
HAJIC)KHOCTb, JIOBOJIbHO BBICOKMM KO3(puuueHT ycuneHus mo moiHoctd (o 500 B
YCHJIMTETSIX C TOJIOKUTEIEHOM OOpaTHOW CBS3BI0), BBICOKYIO MOIIHOCTH BBIXOJIHOTO
curHaia (no coteH BaTT). K HenoctatkaMm clieyeT OTHECTH OOJbline radaputhl (IO
CPaBHEHHUIO C JIEKTPOHHBIMU YCWIUTENISAMH, 3TO KACACTCsl 3JIEKTPOMAILIMHHBIX, TO TYT
CpaBHEHHE B IM0JIb3y MAarHMTHBIX) W OUIYTHMOE 3ala3/IbIBAHUE BBIXOJIHOTO CHUTHAJA.
SBneHUE, WMEHYEMOE 6peMeHHOU  uHepyuel, OOBICHIETCS TEeM, dYTO Ha
MepeMarHu4YMBaHUE CEpPACUYHUKA HEOOXOAUMO 3aTPATUTh OMNPEJEICHHOE KOJIMYECTBO
sHeprun. Kak u 5000l mporecc nepepacnpeneneHusi SHeprun, NepeMarHu4ruBaHUe
CepACYHMKAa UAET C ONPEACIIEHHOM CKOPOCTBIO,  CIIE[OBATENIbHO, TpeOyeT
ONpE/ENICHHOr0 BpeMeHU. BpeMeHHass uWHepLMs MarHUTHBIX yCUJIUTENIeH B
3aBUCHUMOCTH OT UX MOIIIHOCTH COCTAaBJISIET OT JECATHIX JOJEH CEKYyH/IbI 1O HECKOIBKUX
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CeKyHJ] y Haubosiee MOIIHBIX. [l MOIBEMHO-TPAHCIIOPTHBIX, CTPOUTENBHBIX MU
MyTEBBIX MAIMH BOMPOCHI Ta0apuTOB OOJBIIOrO 3HaueHUs He wuMeT. [lpu
3HAYMUTENIbHBIX Maccax, a CJel0BaTeIbHO, U 3HAUUTENbHON MHEPLHUU pabOYMX OpPraHOB
OTUX MAIlMH, NOTEepsA CEKYHIBI-IPYroM Ha Iepefady CUTHAJIA YIPABICHUS TOXKE HE
MMeeT NMPUHLMIIMAIIBHOIO 3HaueHus. TO eCTh HENOCTaTKM MAarHUTHBIX YCWIATEIEH HE
IIPUHLMIIAATIBHBI JUIsl JAHHBIX MallWH, YTO JEJIA€T MAarHUTHBIM yCWIWTENIb OCHOBHBIM
TUIIOM YCHJIUTENEH I HUX.

> DJIeKTPOHHBbIE YCHIINTEIH

Ilonynposoonukogvie ycunumenu. IlpuHIMN AEWCTBUA TOTYNPOBOJIHUKOBOTO
TpHOJAa JOCTAaTOYHO MoApoOHO ocBemaicss B Jjekuuu 1. [loaTomy ceituac Mbl
OPUCTYIIUM HEMOCPEACTBEHHO K PACCMOTPEHHMIO pabOThl YCWIMTENS Ha ero Oase.
Cy1iecTByeT TpU CXEMBbI MOJAKIIOUEHHUSI TPAH3UCTOpa: ¢ OOIIMMHU dMUTTEPOM, 0a3oil,
kosuiekTopoM. [ToMruMo 3TOTO, CyIIeCTBYET JIBa THUIA TPAH3UCTOPOB — P—N—P u N—p—N.
Bcero miects BO3MOXKHBIX COUETAaHUN CXEMbI M THIIA TpaH3ucTopa. PaccmarpuBaTh Bee
coueTaHus B JaHHOM Kypce HenenecooopasHo. M3 Tabn. 1 nekuuu 1 BeiOMpaem cxemy
COCMMHEHUSI C OoOmmMM SMUTTepoM. [IpM CpaBHHUTENBHO BBICOKHUX JOMYCKAEMBIX
COMPOTUBIICHUSAX HA BXOJI€ M BbIXoj€ (MEpBOE — MO0 KUIOOM, BTOPOE — JO JAECATKOB
KWJIOOM) M TIPM OTHOCHUTEIBHO BBICOKUX MOIIHOCTHBIX IIOKA3aTeNsIX BXOJHOU H
BBIXOJIHOM IIeTIel, 3Ta cxeMa 00J1aJaeT HauOOIbIIUM KOI(PPUIIMEHTOM YCHICHHUS T10
MOIIIHOCTH (710 Thicsid U Ooyiee) M Hauboyiee COOTBETCTBYET YCJIOBHUSIM CHCTEM
yhOpaBieHus: MamuH. MTak, paccMOTpUM B KauyecTBE NpHUMEpa OJHOKACKAJHBIN
MOJTYTIPOBOJTHUKOBBIN  yCUJIMTENh C OOLIMM SMUTTEPOM Ha 0a3e TpaH3HCTOpa
C p—N—P-miepexooM (JaHHBIE TPAH3UCTOPHI 00JAAAIOT HEIUIOXMMHU MOIIHOCTHBIMU
nokazarensamu). (Cxema  Kackajga  yCHUIIUTENS
MOCTOSTHHOI'O TOKa MpuBeeHa Ha puc. 64. Ha cxeme:
TEHEPATOpP TMEPEMEHHOro Toka ['x — DJEMEHT,
BbIPAa0ATHIBAIOIINN CUTHAJ YIpaBieHUs (B cXemax
yOpaBlIC€HMsT — JaT4yWK), COMNpOTUBIeHHME Ry —
AJIEMEHT, MOTPEOJSAIOMIMI YCUICHHBIM cuUrHan (B
cxemax yIpaBJIeHHS Yallle BCEr0 — UCIIOIHUTENIbHbBIN Puc. 64. Cxema kackaga
MexaHm3M); Rg —  comporuBieHue  0asbl.
[IpunoMHUM yCIIOBHE OTKPBITOCTH TPAaH3UCTOpa C P—N—P-IEepexooM: TPAH3UCTOP
OTKpPBIT (T.€. MO IEeNU SMUTTEP — KOJUIEKTOP MPOTEKAeT KOJUIEKTOPHBIM TOK lg, B
COTHM pa3 MPEBOCXOAIINNA Mapa3uTHbIM TOK 0a3bl |z Mo 1enu smutrrep — 06a3a) npu
MOJIOKUTEILHOM TOTEHIMAJIE Ha SMUTTEPE MOJIOKUTEILHOM, HO MEHbIIIEM Ha 0a3e u
OTPULIATEILHOMY II0 OTHOIICHHI0O K HUM OO0OMM MOTEHUUATy Ha KOJUJIEKTOpE.
PaccmotpuM ciyyail OTCYTCTBUSI CUTHaJIA yrpaBlieHHs OT ['x. DOMUTTEp MOACOETUHEH
K IUTIOCY MUTaHusA, 0a3a — Tak ke, HO 4epe3 CONpOTHBICHUE Rp KOJUIEKTOp uepes
Harpy3ky Ry — x Munycy nutanus. ComnpotuBieHue Rp coszmaer mexnay 0Oazoi u
SMUTTEPOM pAa3HHUIly MOTECHLHAJIOB, MPUYEM TMOJOKUTEIbHBIN MOTEHIMan Ha Oa3e
MEHbIIIE. YCJIOBHE OTKPBITOCTH MPU OTCYTCTBUU BXOJHOIO CHUTHAja, KaK BUIUM,
coOJIt0/IaeTCs U MO KOJUJIEKTOPHOM IEMU TeUeT TOK XoJiocToro xojna lxyy. B ciyuae,
ecam Ha ©0Oa3y TolaeTcs OTpPULATENbHBIA IMOTEHUMAl YNpaBJICHUs, pa3HUIA
MOTEHIIMAJIOB MEXIy 0a30d U SMHUTTEPOM YBEIWYMBAETCSA, M YBEIUYUBACTCS TOK
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KoJuiekTopa. Ilpum MONOXKUTENBHOM NOTEHLMANE YNpaBlIeHUS TOK KOJUIEKTOPa
YMEHBIIACTCS.

I'papuuecku paboTy YCHIMTEIBHOIO KackKala WIUIIOCTPUPYET MOTEHILMAIbHO-
BpeMeHHass auarpamma (puc. 65). OHa mnocTpoeHa Ha OCHOBE COBMEUIEHHOM
XapaKTepUCTUKH TpaH3ucTopa (cM. puc. 12, nekmus 1).

Toropan zapar- Ig4 Brxonnas zaparTepHCTHER
TEPHCTHEA Ig= fIg)
______ s ___|___
! l
+ ! !
oo it Ne2_ | S L/
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_________ _'___:__ —_ _——= e ——
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___________ o Al
. 1A 15
IE3
Bzonuaa za-
AKTEPHCTHEA v1g
1= iU pacrep

Puc. 65. IloTeHnmansHO-BpeMeHHas AUarpaMma

[loTeHnmanbHO-BpeMEHHAsI auarpamMma CIYXUT Ui  TpadoaHAIUTUIECKOTO
ONpENEICHUsI  XApaKTEpPUCTUK  YCWIWTEIBHOTO  Kackaja.  XapaKTepHCTHUKa
Ux = f(Up) u3 Broporo xpagpanta rpaduka 3a HeHaJ0OHOCTBIO yCTpAaHEHA M IS
HaTJITHOCTA B TPEThEM, YETBEPTOM M IEPBOM KBaJpaHTax J0OABJICHBI OCH BPEMEHU
T. InarpamMma 4uTaeTcs O YaCOBOM CTPEJIKE B MOCIEI0BATEIbHOCTH KBAJPAHTOB 3 —
4 — 1 — 2. B tpetbeM kBaapante Ha ocu T uzo0paxeno Hanpsbkenue Ha Oaze Ug =

Ucyy + Ux = f(T). 3necs Uy — nampsxenue na 6ase, Uy — IOCTOSHHAs
COCTaBJIAIOIIAs, MPOXO/IAIIas oT muTaHus yepe3 Ry, Ux — cOOCTBEHHO BXOAHOM CUTHAIT
ot I'x. JIunusamu cBsizu ero kpaiaue Ug; u Ug; 1 cpennee Ug, 3HAYEHUS COCTUHEHBI
C BXOJIHOM XapaKTepUCTHKOH |5 = f(U 5). 3HaueHus ToKa 0a3bl B TOUKax lg;, |y u g
cooTBeTCTBYIOT HanpsokeHusIM Ug;, Ug, 1 Ugs. OT Todek nepeceuenus gy, lgy u lg;
JMHWM CBSA3W TIPOBEACHBI Ha TOKOBYIO XapaKTepHCTHKy lx = f(l 5) B UYETBEPTHIN
kBajsipaHT. COOTBETCTBYIOIINE TOYKH Ha 3TOM XapakTepucTtuke — lx;, lxo 1 lgs.
KoadunmenT ycunenus no Toky
K = Al dgy =1y _ (57)
Al Iy —1g
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KoadunmenT ycunenus mo MOIHOCTH

APy (Igs— I3 )Ry

K= = (Pl 2 R
X (53 EI)X

(58)

rne Rx — comporuBnenue BxomHo uemu. M3 dopmyn (57) u (58) BuaHO, 4TO
KO3(PPUIMEHT YCWICHHS TIO0 MOIIHOCTH SIBJSICTCS BEJIMYMHON TOTO JK€ TOPs/IKA, YTO
KBaJipat kod(hdUiMeHTa yCuIeHus 1o Toky. J[st Toro ytoOsl onpenenuts Ko3QhUIMeHTt
YCUJICHUS 110 HANPSHKCHUIO, TTOJTh3YOTCS TIEPBBIM KBAIPAHTOM.

Tyna nepenocsarcs Touku lg;, lxo m lgz (ma xapakrepuctuke Ug = f(lK)
cooTBeTCTBeHHO TOuku Upg;, Ux, u Ugs). Torma kosddunmeHT ycuneHus mo
HaANPSHKCHUIO

AUI( _ UK3 _Ul(l .

[{U = =
AU Upy—Up

(59)

N3 numarpammbl BWIHO, YTO Yy Kackaga ¢ P——P TpaH3ucTopoM (a3upoBka
BBIXO/IHOTO CHTHaja TMPOTHBOIOIOXKHA (ha3UPOBKE BXOJHOT0. Takue YCHIUTEIH
UMEHYIOTCSI  ungepmopamu  (npeodpazyromumu). Ilpu coBmagenun  ($a3upoBOK
BXOJIHOTO M BBIXOJIHOTO CUTHAJIOB YCUJIMTEIN UMEHYIOTCS nosmopumenimu. Takumu
SBJISIIOTCSI, HAPUMEp, YCHIIMTENU Ha 0aze N—P—N-TpaH3ucTopoB. /[uarpamma HarjsiiHO
NOKa3bIBAaeT BIMSHUE COMPOTHBIECHUs 0a3zbl Ha Kod(pduimeHTsl ycuineHus. B camom
nene, u3MeHeHue Rp MPUBOAWT K HM3MEHEHHWIO pa3HUIlbl MoTeHIManoB Ucy Mexmy
sMuTTEpOM U 0Oazoil. Ha mnpuBeaeHHoM mnpuMmepe yBeiauueHue Ry TpUBOAUT K
oryckaHuto JTHHUU Uy, XapakTepUCTUKH TPAH3UCTOPA HEIMHEHHBI M 3TO MPUBOIUT K
n3MeHeHuto npornopiuit Mmexny Ug, g lx u Ug, criemoBatrenbHo, U M3MEHEHHIO
ko3 durmenToB ycumnenus. K coxaneHuto, Takas e 3aBUCUMOCTh (TOJIBKO B 00paTHOM
MOPSIZIKE) CYIIECTBYET MEXIy COINPOTUBICHUEM HArpy3ku U KodhduumeHTaMu
ycwineHus. Kak Mbl TOMHHMM, JJI1 WHIYKTUBHOCTEH, WMEIOMUX (eppOMarHUTHBIN
CEpJICYHHK, HHTYKTUBHOE (T. €. IOJTHOE) COMPOTUBJICHUE 3aBUCUT OT HAMAarHUYEHHOCTH
CeplIeYHMKa, KOTOpass NpH II0Jaye TOKa BO3pacTaeT OT HYyJs A0 OINPEAeSICHHOM
BeMuMHBL. Ecam  3Ta  WMHAYKTUBHOCTh  HAXOMUTCS B BBIXOAHOM  IENH
MOJIYIIPOBOJIHUKOBOTO  YCUJIUTENS, TO MpU JIIOOOM HM3MEHEHUM BBIXOJHOTO TOKA
KOO(PPUIMEHTHI YCUIICHUSI H3MEHSIOTCSA (UTO TPUBOIUT K eIIe OOJbIIeMy H3MEHEHHUIO
Toka). OTcClola BBIBOJ — WCIIOJIB30BAHUE TMOJYIPOBOJAHUKOBBIX YCHUIIUTENEH MpU
HAJIMYMA B BBIXOJHOW WX IIETIM OIIYTUMBIX MHAYKTUBHOCTEH HelenecooopasHo. Jlamee
MBI pacCMOTPUM THUIIOBBIE UCIIOJIHUTENBHBIE YCTPOICTBA cucTeM ynpasiieHusi. Celuac
JIOCTATOYHO TOJIBKO OTMETHUTH YTO BCE OHM MPEACTABIISIOT COOOM 3JIEKTPOMArHUTHL, T. €.
WHIYKTUBHBIE KaTymkd ¢ (eppomarHuTHBIM  cepaedHukoM.  (CrenoBaTenbHoO,
NOIYNPOBOOHUKOBbIE YCUTUMENU HE NPUMEHSIOMCS 8 KA4eCmsee GbIXOOHbIX YCuaumernell
MowHOCIMU 8 cucmemax ynpaeneHusi Mmawiun. [JaBHple 00JacTH NPUMEHEHHS
MOJTYTIPOBO/IHUKOBBIX YCUIIMTENEH B CUCTEMAaX yIpaBICHUs MAILIMH CIICAYIOIINE:

— MpeABaApPUTETHLHOE YCUIICHUE CUTHANA JJIsl TOCIIEIYIONINX JJOTUYECKUX ONepaluii u
caMH 3TH omepanuy (Harmpumep, BXOJHbBIC OINEPAMOHHBbIC YCUIUTENIM B CHUCTEMAaX
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yIpaBieHus myTeBbix MamuH tuna BITIP-1200, BITPC-500). Bonee moapo6HO 00 3TOM
B CJIEAYIOLIEH JICKIUH,

— MpEeBapUTENbHOE YCWJIEHHE CUTHala Uisi MajorabapuTHoro pene. Tak kak
pene — BJIEMEHT IUCKPETHOTO JEWCTBHS, JJIi HEro HM3MEHEHUs KOo3(p(UIIMEHTOB
YCUJICHUS HECYIIECTBEHHBI.

Orpann4eHHOCTh TPUMEHEHUs SBISIETCS OJHUM W3 OCHOBHBIX HEJIOCTaTKOB
MOJIYIPOBOJHUKOBBIX  ycuiautTenaeil. BropsiM —  sBaseTcss  HeCTaOWIBHOCTD
XapaKTEePUCTUK npu U3MEHEHUH TeMIepaTyphI. K JIOCTOMHCTBAM
MOJIYIPOBOJHUKOBBIX YCHJIMTENIEH CleNyeT OTHECTH MalorabapuTHOCTb, MAaJYIO

Ry noTpedyIsieMyl0  MOLIHOCTb, OTHOCHTEJIBHO

K HU3KYI0 CTOMMOCTH U BBICOKHI KOX(PPUIIUEHT

ycunenus. [locnenHuii jgerko yBeTUYMBAETCS

[ TpM TOBBIICHMH KacKagHOCTH ycumurens. Ha

puc. 66 mnpuBeleHa cXxema JIBYXKAacCKaJHOTO

+  ycunutens ¢ o0muM smuTTepoM. Kak BUIHO

® U3 cxeMbl, NEpBBIA KacKaj SBISETCS 0a30BOM

(BxoaHOM) 1enbio BTOoporo. [lns BBeaeHUs

JOTIOJTHUTENIBHOTO ~ MOTEHIMala  CMEIEHUs
BTOPOTO Kackaja MepBbli KackaJ IIYHTUPYETCS CONPOTUBICHUEM Rp;.

Puc. 66. [lByxkackagHblin
NonynpoBOAHMKOBBIN YCUNUTEND

Jlamnosoui  ycunumeno. B nexumm 1, pgoctaToyHo TOAPOOHO  yKe
paccMaTpuBaIUCh (U3MYECKHE OCHOBBI PAa0OTHI d3JEKTPOHHBIX Jamm. C(Cxema
OJIHOKACKaJIHOTO YCHJIMTENSl TOCTOSTHHOTO TOKa Ha 0asze JamMIoBOro TpHUOa
npuUBeIeHa Ha puc. 67,a, a ero XapakTepUCTUKU — Ha puc. 67,6. [IpuBenena nanbosnee
pacnpocTpaHeHHasi cxeMa ¢ OOIIMM KaTOJIOM, aHAJIOTHYHAs IMOJYIPOBOJIHUKOBOMY
YCHWJIMTENIO ¢ OOIUM 3MHUTTEpOM (IS CpaBHEHHS CM. cxeMy Ha puc. 64). Karton
aHAJIOTHUYEH dMHUTTEPY, CETKa — 0a3e, aHoa — KosuiekTopy. llens Hakama kartoma Ha
CXeMe€ He MOoKa3aHa.
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Puc. 67. OnHOKacKaHBIN JTaMIIOBBI YCHUIIUTEh IIOCTOSHHOTO TOKA: @ — CXeMa; O — XapaKTepUCTUKU

Ha xapakrepuctukax: |, — aHomubnii (pabounit) Tok; U~ HampspKeHHE Ha CETKE
(ympasisiromiee); U, — HampspkeHwe Ha aHone. Bce Tpu BennuuHbl (YHKIIMOHAJIBHO
CBSI3aHBl MEXIy COOOH, MO3TOMY XapaKTEPUCTUKU MPEACTABISIIOT COOOW cemeicTBa
HOMOorpamMM. Ha ceTky monaroTcs: MOCTOSIHHAsE COCTAaBISIONIAsl, T. €. HaIpshKeHHE
CMEIICHUs OT MUTAaHMs Yepe3 conpoTuBiieHue Re u nepemenHas coctapistomnias ot ['x.
KoaddurmenT ycuneHus ectb TaHTeHC yriia HakioHa xapaktepuctuku |4 = (U¢) k ocu
Uc. Ipu usmenennn Rc xapakrepuctuku |, = f (Uc) cMematorest (Hanmpumep, nipu
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yBennueHnu Re — BieBo). IIpy 3ToM B OTHOM M TOM € CEYEHHUH 3a CUET HETMHEHHOCTH
XapaKTEePUCTUKU MEHSETCSl YTOJI €€ HaKJIOHA, CJIE0BATENIbHO, KO3(DPUIIMEHT YCUIIEHUS.
Takum oOpazom, Rc sBisiercst aHasoroM Rp B MOMyNpPOBOAHMKOBOM M TaK K€, Kak
nocneanee Biusier Ha kKodduuueHT ycuienus. [lepemennas cocrapisitomas Uce ecth
curHai, TpeOyromuii ycunenus. BooOmie mMexay moiaynpoBOJHUKOBBIM U JIAMIIOBBIM
YCUIMTENEM MOXKHO MPOBECTH MHOTIO aHAJIOTWH. AHanoruyeH U rpadoaHaIuTHYECKU
METOJ OIpEeIeSICHUs TapaMeTPOB KackaJla Mo €ro XxapakTepucTukam. Bmecte ¢ TeM ecTb
U OTJIMYMSA: AHAJOTHMYHBIM TOKY 0a3bl TOK CETKM MPAKTHUYECKH OTCYTCTBYET U Ha
XapaKTepUCTHKAX HE OTPAKEH, XAPaKTEPUCTHKU JIAMIIOBOIO YCWIIMTENsE B paboyem
JranazoHe 0osee JTMHEHHBI.

JlamnoBble ycunuTenu Oosiee TrabapuUTHBI, YEM MOJIYNPOBOJHUKOBBIE, OoJiee
J0pOTH, TPEOYIOT JOMOJHUTEIBHOM YHEPTrUU Ha HArpeB KaToJa, HAYMHAIOT paboTaTh
TOJILKO 4Ye€pe3 HEKOTOpPOe BpeMsl MOCJe BKIIOYEHUS HampsDKeHUs (KOrja Harpeercs
kKaroa). BmecTte ¢ TeM HMX XapakTepUCTHKU OoJjiee JUHEHHBI M OHHM OO0JaJaroT
MEHBIIEHl  TeMmepaTypHOM  HECTaOWJIbHOCTHIO, Y€M  MOJYHNPOBOIHUKOBHIE.
Henoctatkn naMmnoBbIX ycHIMTENEH OOBACHSIOT UX TOPa3fo MEHBIIYI0, YeM Y
MOJYIIPOBOAHUKOBBIX, TPUMEHUMOCTh B CHUCTEMaXx YIpaBJiCHUS, a MUX JOCTOMHCTBA
(MO OTHOUIEHUIO K TMOJYNPOBOJAHUKOBBIM) OOBSICHSIOT TO, YTO OHU BCE Ke
PUMEHSIOTCS.

W3 moiaynpoBOAHMKOBBIX YCHJIUTENIEH W3BECTHBI TaK K€ YCWJIMTEIM Ha Oasze
BapUKaloB M TYHHEJIBHBIX JUOJAOB (CM. Jekuuio 1), u3 jJamMmoBbIXx — Ha 0Oaze
MHOT03JIEKTPOAHBIX JIaMIl. Bce oHM npeaHa3zHavyeHbl 1)1 0COObIX YCIOBUH pabOThI U
pa3MyHBIX ClEeUU(PUUECKUX Ha3HAUYEHUM, KaK IpaBUJIO, HE 00JIaJalOT BBICOKUMU
MOIIIHOCTHBIMH T10Ka3aTesIMU, B CUCTEMAaX YIPABJICHUS MalllUH PaclpOCTPaHEHUs
HEe NOJYyYWIM M B JaHHOM Kypce paccMmarpuBaThecsi He Oynyr. Hckmrouenue
COCTaBJISIIOT 00J1a7atoIIe BBICOKUMU MOIIIHOCTHBIMU MOKa3aTeasiMu Tupuctopsl. Ho
TaK KaK XapaKTEepUCTUKA MPUOIMKEHAa K pelIeHON, TO OHM NPUMEHSIOTCS Kak
MOII[HbIEe OECKOHTaKTHBIE MEpeKiItovaTeny W OyAyT paccMaTpuBaTbCs naajiee, B
JIEKIIUH, TIOCBAIIEHHON HUCIIOIHUTEIbHBIM YCTPOICTBAM.

Dnekmpomawiuntvle ycuiumeny. B 3IEKTPOTEXHUKE TMOTYYUIN OIPEACICHHOE
pactpoCTpaHEHHUE O8YXMAUMUHHbIE azpe2ampl, TIPEACTABISAIONUE COOOW COOCHBIC
AIEKTPOABUTATENb U reHepaTtop. OHU CirykaT Uil TpeoOpa30BaHUi dIIEKTPOIHEPTUU
— 1mbo s mpeoOpa3oBaHMs TEPEMEHHOTO TOKa C BBICOKUM ITOKa3aTelieM
TpaHcpopManuu, Korjga oOObIYHBIE TpaHCchOpMaTOpel HE O4YeHb A()PEKTUBHBI
(HampuMep, CBapOYHBIC TEHEPATOPHI), TUOO I IPeoOPa30BaHUS TTOCTOSHHOTO TOKA
B TIEPEeMEHHBIA (HAmpUMep, OJHOSKOPHBIM mpeoOpa3oBarelb B  CHUCTEME
sHeprocHabxenusi nmyreBod MamuHbel BIIP-1200). MoryT OoHM CHyXUTh W AJIS
YCWJICHHSI TI0O MOIIHOCTH AJIEKTPUYECKOTO CUTHAJNA. B 3TOM ciydae OHU UMEHYIOTCS
anexmpomawunuvimu ycunrumenimu (OIMY).

[IpocTeiimmm OJHOKAaCKaJJHBIM oMY SIBIIICTCS
L Yy O0OBIKHOBEHHBIN T€HEPATOP MOCTOSHHOTO TOKA C HE3aBUCUMBIM
Op BO30YXKJICHUEM, MIPUBOIUMBIN BO BpAIlICHUE

anektpoasuratenem JJ[ (puc. 68). Craropnas oOmorka Oy

= “x SIBJISIETCS. OOMOTKOM YTpaBlIeHUS, BKIIOYEHHONH BO BXOJHYIO
H

Puc. 68. OpHokac-
KagHbIn OMY
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LEeNb YCWINTENS U noiyyarouleil curnan ynpasinenust ot ['x. Poropnas oomotka Op
SABJISICTCSI UICTOYHUKOM SHEPTHUM JJIs1 BBIXOJAHOM LIENH, B KOTOPYIO BKIIFOUEHA HATPY3Ka
Ry. Ilpupamienre MOUTHOCTH B BBIXOJHOM LIETIHM MO OTHOILIEHUIO K BXOJAHOU Oepercs
32 CUeT MEXaHWYECKOW sHepruu siekTpoasurarens. Koadduuuent ycunenus mno
MOIIHOCTH OJIHOKackagHoro MY cpaBHUTEIBbHO HEBBICOK — 50...200. MouHoOCTb
ynpasieHus ot 1 Br.

HauGonpiuee pacnpocTpaHeHHE 3a CUET BBICOKOTO
Ko puUIMEeHTa YCHICHHS TI0 MOIIHOCTH TMOJYYUIU
NBYyXKackagHele OMY ¢ nomnepeyHoil KOPOTKO3AMKHYTON
oOMoTKOHM (puc. 69), uHOrga B JIUTEpaType MMEHYyEMbIe
AMAIUOUHAMU.

AMIUTMIWH TPEACTABISIET COOOM  JIBYXIOJTIOCHYO

AJIEKTPUUYECKYIO MalIuHYy, OOMOTKH  SKOpSI KOTOpOH
pPacCIlONIOKEHBl  MEPIeHAUKYISIPHO  APYr Jpyry Hu
Puc. 69. [lsyxkackagHbit OMY ~ KOHTAKTHUPYIOT € AByMs napamu metok —1 -3 u 2 —4.
C KOPOTKO3AMKHYTOI OOMOTKOI O6mortka cratopa Oy co3maer  ynpapJsrONMii
MarHuTHbeIH oToK @y. PoTopHas oOmoTka Ok pacmolio’keHa Mmonepek dTOro Mmoroka
U SIBIISIETCA KOPOTKO3aMKHYTOM. B cuity Toro, 4ro HauOosnblas 3/1C BO3HUKAET B
IPOBOJAHHUKE, PACIIOJIOKEHHOM MOIEpPEeK MOTOKA, 1 0OMOTKa KOPOTKO3aMKHYTa (a 4To
TaKO€ TOK KOPOTKOTO 3aMBIKaHUs MPEACTABISIIOT ceOe Bce 063 0COOBIX MOSICHEHHI),
To B 00MoTKe Ok BO3HUKAET BechbMa OoJbIIas 3AC. JTO MEPBBIA KacKaj YCUICHHUS.
Tox oomMoTkn Ok co37aeT B CBOKO O4Yepe/b MAarHUTHBIA MOTOK D), HABOMSIIUI B
NEPIEHIUKYSIPHO PACTIONI0KEHHOW poTopHON 00MoTKe Op 3]IC BTOPOTO Kackana,
KOTOpasi M mojaeTrcst OT meTok 2 — 4 Ha Harpy3ky. Kosdbdumment ycunenus mo
MOIIIHOCTH Takux DOMY cocrasiser 4-10%...... 2,5-104. Beixoaaas momHOCTs — 10 100
kBT, BpeMs peakuuu Ha curHan (umHepuumonHHoctsb) — 0,1....0,3 c. Ilpu Hanuuuu
HECKOJIbKUX OOMOTOK yrpaBiaeHuss OMY MOXeT NpOU3BOAUTH alredpanyeckoe
CIOK€HHE HECKOJbKUX BXOJHBIX CHTHaJNOB. OMY 4yacTo NOpUMEHSIOT s
YOpaBJEHUS UCIOJHUTEIbHBIMU JBUTATENISIMU MOCTOSIHHOIO TOKa. JlocTOMHCTBaMHU
OMY sBISAIOTCS BBICOKAs BBIXOJHAS MOIIHOCTh, Oe€3pa3iuyue K Harpyske
yIpaBlIeHUs, BBICOKUN KodhpuimeHT ycunenus. Hegocratku — Gonpinne rabaputhl U
Macca, CJOXHOCTb (CI€JOBaTEIbHO, BBICOKAs CTOMMOCTh M  IOHWYKEHHAs
HAJIe)KHOCTh), HAJIMYHME KOJUIEKTOpA, OTCIOAA: M3HOC ILIETOK U OMATh CHUKEHUE
HaJIEKHOCTH.

Koumponvnuie éonpocwt u 3a0anus

1. B yem nmpuHUUI JeWCTBUSI MArHUTHOTO JIPOCCENS HACHIIIECHUS?

2. HazoBuTe OCHOBHOM HENOCTATOK MAarHUTHOT'O APOCCENS HACBILICHUS.

3. OOBbsSICHUTE MPUHIUIT JEUCTBUSI MATHUTHOTO APOCCEIBHOTO YCUITUTENS.

4. Ha3oBuTe NOCTOMHCTBA U HEJIOCTATKA MAarHUTHBIX YCUJIUTEIICH?

3. Pacuiudpyiite IMOTEHUHATBHO-BPEMEHHYIO IAarpaMmy Kackajza
MOJYIPOBOAHUKOBOIO YCUIIUTENS.

6. HazoBuTe 1OCTOMHCTBA M HETOCTATKH MOJIYITPOBOJHUKOBBIX YCUIIUTEIICH.
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7. 1loueMy NOJYyIPOBOJHUKOBBIN YCHIIUTENIb HE HUCIIOJIB3YETCS KaK BBIXOJHOM B
CUCTEMAaX yIPaBJIECHUA?

8. HazoBUTE TOCTOMHCTBA M HEAOCTATKH JIAMIIOBBIX YCUJIUTEIEH MO OTHOIIEHUIO
K MOJYIIPOBOIHUKOBBIM.

9. O0BscCHUTE MPUHIIMN IEUCTBUS IBYXKackaaHoro OMYVY.

10. Ha3oBuTe 1OCTOMHCTBA U HETOCTATKU OMY.
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Jlekuus 9
Jlornyeckue 3jieMeHTHI M Peodpa3oBaTe/u

> OCHOBHBIC JIOTHYECKHE ONepaluu

MaremaTnueckas JIOTUKa pacCMaTPUBAET TPU OCHOBHBIE JIOTUYECKHUE ONEPALUU:
VMHODICEeHUe, C0JICeHUe U OMPUyaHue.

[lon noruyeckuM yMHOXEHUEM BXOJHBIX BEJTUYMH X1 U Xy (Jlornueckas cBsizka M)
ITIOHUMAETCSI BBIPAKEHUE

Y = XX, (61)

Ecnu 3a X; U X, IPUHATH yYacCTKU II€TIH, UMEIOIINE JIBA COCTOSIHUS, HAIpHUMeED,
HOPMaJIBHO Pa30MKHYThIE€ KOHTAaKThI, TO BhIpakeHHI0 (61) OymeT cOOTBETCTBOBATH
MIOCJIE/IOBATEIIbHOE COEAMHEHNE UX B COOTBETCTBUH C Tabi. 2. IIpuHAB pa3oMKHYyTOE
COCTOSIHME KOHTakTa 3a 1, a 3amkHyroe — 3a 0, MOXHO COCTAaBUTH TaOIUILY
coctosiHui (cM. Tad. 2).

Tabruya 2
CocTosiHrEe BEIMYMH MPU OCHOBHBIX JOTHUYECKUX ONEPAIUAX

Jlornueckas Jlornueckas Peanuzanus B 3HaYeHNUE BEINYNH
onepanus CBsI3Ka BUJIC KOHTAKTOB X1 Xo y
0 0 0
1 0 0

X X
YMHOXKEHNE A 1 2 0 1 0
1 1 1
X, 0 0 0
1 0 1
Cnoxenue NJIN — I 0 1 1
2
1 1 1*
1 — 0
HET X1

Otpunanue — 0 ~ 1

* — 141 — 31€ech HE YHCI0, @ CUMBOJI YKCIIa

Ananusupyst TaOnmuIly, BUIAUM, YTO B3aUMOCBS3b MEXKAY MPUBEICHHBIMU
BEITMYMHAMU TIOJTHOCTHIO COOTBETCTBYET IMpaBUJIaM alreOpandecKoro yMHOXKECHHUS:
0x0=0; 1x0=0; 0x1=0; 1x1=1.

[Tog nmoruyeckuMm CIOXKEHUEM BXOJHBIX BEIMYUH X; U Xp (JIOTMYECKasl CBs3Ka
NJIN) noHuMaeTcst BeIpaKeHUE

OTOMY BBIPAKEHUIO COOTBETCTBYET OTOOpaX€HHWE B BUJEC NapauIeIbHBIX
HOPMaJIbHO Pa30MKHYTBIX KOHTAKTOB. Ta0iMila COCTOSSHUM BETUYMH COOTBETCTBYET
MpaBUJiaM aIreOpanyeckoro CI0KEHHUs C Y4ETOM IpUMeUaHus K Ta0. 2.

[Tox morudeckuM OTpUIIAHKWEM BXOJHOM BelU4uHBI X; (oruueckas cBs3zka HET)
IMOHUMAETCS BBIPAXKEHUE
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y=x1, (63)

r7ie YepTouKa o3HavyaeT oTpuiianue. OToopakeHue JOTMUeCKOro OTPUIIaHUS — B BUJIE
HOPMaJIbHO 3aMKHYTOTO KOHTAKTA.

> MaremaTuyeckue CBOMCTBA JIOTMYECKUX ONepanuil

OTH CBOMCTBa MOYTH TMOJHOCTHIO CXOJHBI C OOBIYHBIMH MaTeMaTH4eCKHUMHU
npeoOpa3oBaHUsIMH, OCOOEHHO €CJIM paccMaTpuBaTh ONEpPaldd BHYTPU OJHOTO
paspsia B IBOMYHON anredpe.

1. 3akoH nepemenieHus

o (64
X1 +X2 = X9 +X1.
2. 3aKOH coueTaHus
x4 (x2x3) = (X1X2) X35 (65)
X1 + (x2 +X3) = (X1 + XZ) +X3.
3. 3aKoH pacrnpeiesieHus
X1Xg + X4X3 = X1(X2 + X3); (66)
X1 ()CZ + .X3) = X4Xo + X1X3.
4. 3aKOH MOBTOPEHUS
X1X4Xq = Xy, (67)
X1 +X1 +X1 = Xq.
5. 3aKOH HYJIEBOI'O MHOXKECTBA
x+0=x,.
6. 3aKOH YHUBEPCAJIBHOTO MHO>KECTBA
xq- 1=y (69)
X1 + 1 = 1 .
/. 3aKOH JOMOJIHUTEIbHOCTH
X1Xq = 0, (70)
X4 + X1 = 1 .
8. 3aKoH TBOWHOW WHBEPCUU
x=x". (71)

* — [BOVHas YepTa o3Ha4yaeT ABOMHOE OTpuULaHue
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9. 3akoH MHBEpCHUH
10.

10. 3aK0H MOTJIOIEHU

11. 3aK0H CKJIIEUBaHUS

(1 +x2)(xq + x3) = x4.

> Jlornyeckne GpyHKUHMH

HOJ] JIOTUYECKOM (1)YHKHHeﬁ IMOHUMACTCA BBIPAKCHUC BUIA

Y= f(x5%0;X35....%,).

(73)

(74)

(75)

I/ICHOHBSY}I OCHOBHBIEC MaTEMaTUYECKHE CBOMCTBA JIOTUUYECKUX onepaunﬁ, MOKHO

I[MOJIYYUTb OCHOBHBIC JIOTHYCCKHC Q)YHKHI/II/I,
3dKOHOMCPHOCTH JIOTHYCCKUX BI)ICKEBBIB&HI/II\;L a UMCHHO!

— 3aIpeT Y =X1%

— HECOBMECTUMOCTD V= YyXy + XgXo
— TaMsTh y=(x1+¥)x;
— «ctpeika [Tupca» y=Xx+x
— «tpux [eddepar y= )E

JlocTaTO4HO BaKHOU

KOTOPBIC BBbIPpAXKAIOT OCHOBHBIC

(76)
(77)
(78)
(79)
(80)

n BCECbMa paCHpOCT'paHeHHOﬁ ABJLICTCA  JIOTMYCCKas

byHKIMsA «maMaTh» (Beipaxkenue (78), rae X; — CUrHaN 3amucu WHbOpMaIu, X, —

CUTHAJI CTHUpaHus uHpopmaiuu, Yy — coctossHue namsatu). Ha
puc. 81 TIpUBEIEHO XapaKTEpPHOE BOIUIOMICHUE H3TOM
(GYHKIIMKM B BHZIE CXEMBI YIpaBieHUS penie Y TOIYKOBBIMU
KHOMKaMu X; (myckoBasi) U X, (CTOM) ¢ MOCTAaHOBKOW pelie
Ha CaMOOJIOKHPOBKY depe3 COOCTBEHHBIH KOHTAakKT Y,
IIYHTUPYIOIIHHI X;.

CampIMu BaXKHBIMU SIBIIIFOTCS MOCJHEAHUE JIBE (PYHKIIHUU

:}{:1
I}{2 ¥
T + D
Pwnc. 81. Peanunsauyus

YHKLMM namMATH

«ctpenka Ilupcay u «urpux Ilepdepar», motomy 4YTO ¢ UX MOMOIIBIO MOXKHO

3aImMcaTh JII000E JJOrMYECKOe BEICKA3bIBAHNE.



88

Huxe, na puc. 82—84, mpencraBieHo ammapatHoe oOecredYeHUe JIOTHYECKUX
omepanuii Tabia. 2 B BHUJAE SJIEKTPOMATHUTHBIX pejieé W OCCKOHTAKTHBIX CXEM Ha
OCHOBE JTMOJIOB U TPAH3UCTOPOB.

«HET»
I 2 X
- Cm
I : @+
| |
' |
B
P —eY
Puc. 82. Peanu3zanus Joruueckux onepanyi Ha pemne
«J1A» «JIN» «HET»
Xie 14 X X oy i
Hom 4 o :}{:23
E T
Ri[[R,[] ¥ Ri[ R[] ¥ EEl
@
i
& — +
- + - +

Puc. 83. Peammzanus Toruueckux orneparuii Ha Juoaax

«J1A» «JIN» «HET»
T T T T T T T = I r—-———— - a
| o R | |
| I - - ief
| R B2y | ! | =
! I I I

: I e | :}{:1: T
| | , ! - !
I ! I Lo + I l
: ER ]
Lol __ [ | b R R

& & | ' ’fz

% b !_ _____ |

Puc. 84. Peanmuszanms 1Oru4ecKrx ormepannii Ha TPHOIAX

Jlornueckuit smemMeHT «IA» HMEHyeTCs TaK K€ KOHBIOKMOPOM, JOTHYECKUU
anement «UJIN» — ouzwvronkmopom, a snement «HET» — unmsepmopom. JIBa
napajuielIbHbIX MHBEPTOpa NaloT Oojee CIOKHbIM joruyeckuil snemeHT — «MJIN —
HET», peanu3ytominii JIOrTH4ecKyr0 QYHKIUIO OTPULIAHUS CIIOKEHUS V= Xq + Xp —
«ctpenky Ilupca». Beime yxke oTmedanoch, YTO OHA SBISIETCS OAHOW M3 JIBYX
0a30BbIX (pyHkuul. [Ipu ee momoIM MOXHO BBIPa3UTh BCE OCTAJbHBIE JIOTUUYECKUE
dbynkuun. Jlornueckuit anemenT «MJIM — HET» Ha repmaHueBbix aquogax (371€MEHT
N-108) siBnsieTcsi OCHOBOM (DYHKIIMOHAIBHOTO KOMILUIEKTa JIOTUYECKUX SJIEMEHTOB
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«Jloruka — Nx». Ilpu noMoum JToruyeckux onepauuii 1 GyHKUUM, pealn30BaHHBIX B
JIOTUYECKUX DJIEMEHTaxX, yAaeTcsi (OpMaliM30BaTh IMPOLIECC CHUHTE3UPOBAHMS CXEM
peneitnoro ynpasienus. [logpoOHee 00 3TOM B Kypce «YTpaBlieHUE TEXHUUECKUMHU
CUCTEMAMM.

> AnmapartHoe o0ecredeHue ajredpandecKux onepauunin
npu noMouu GyHKIUOHAJIBHBIX Peodpa3oBaTeiei

Dyukyuonanvrvle npeobpazoeameny IUAPOKO PACIPOCTPAHEHHBI B CUCTEMAX
yIpaBJICHUS. Onu BBITIOJTHSIOT OTJIeTIbHbIE orepauu YMHOKEHUS,
nudepeHMpoBaHs, UHTETPUPOBAHUS, CBA3aHHBIE C CYMMHPOBAHUEM CUTHAJIOB C
yuyeToM 3Haka. Kpome TOro, CcymiecTBYIOT TaK Ha3blBa€Mble ONnepayuoHHble
ycuaumenu, KOTOPbIe MOTYT UCIIOJIB30BaThCs KaK YHUBEpCaIbHbIE ()YHKIIMOHAIbHBIC
npeoOpazoBaTeu.

» CymmaTopbl

JIJ1st cyMMUpOBaHUSI CUTHAJIOB OJTHOM (pU3MUECKON MPUPOIBI U BHITIOTHEHUS POJIU
AJIEMEHTOB CpPAaBHEHUS MPUMEHSIOTCS cymmamopsi. OHU  BBIIOJHAIOT  POJIb
AJIEeMEHTOB cpaBHEeHHUs. [IpruMepbl cymMmmaTopoB Ha 0a3e MOTEHIIMOMETPOB MPUBEICHbBI
Ha puc. 85.

a 4] 8
E,4 E, By
el 1o e
M R,
e

Es
o T R, FU]lI

Puc. 85. CymmaTophl: @ — MEXaHHMUYECKHX IIepEeMEIICHUH; 6 — TIOCIEeNOBATEIbHBIX HANPSDKEHHUH; 6 —
napaeabHbIX

@ T @

Cxema Ha puc. 85,0 mpenHazHauyeHa sl  DJIEKTPUUYECKOIO CYMMHUPOBAHHMS
MEXaHUYEeCKuX Tepemernnennii. Cxema MpeAcTaBisieT co00il MOCT COMPOTHUBICHUH.
CnaraeMbIMH SIBJISIFOTCS] IEPEMEILICHHS X1, X2 U X3 Jiamesel (IOJABUAKHBIX KOHTAKTOB)
IMOTEHIIUOMETPOB I1, [ U 3, CYMMOMN — MEPEMELICHHUE X4 JIAMENS ITOTEHIIMOMETPA [.
[ToTeHUHOMETpHI I1, I U I3 B CYMME COCTaBIISIIOT CONPOTUBIIEHHE Rj, BKIIOYEHHOE B
wiedo & — b mocra. [Torenmmomerp R, BKiIIOYEH B cuMMeTpudHOe miedo b — ¢ . B
OCTaJIbHBIE TUJIEUYH BKIIFOUEHBI NOCTOSIHHBIE conpoTuBieHus: Rz u Ry. Jluaronans a — C
SIBJISICTCS JIMATOHAJIBIO TTUTaHUS, JUaroHaib b — d — uamepurensHoOi. CONpPOTHBIICHUS
MOTEHIIMOMETPOB JIMHEMHO NPONOPUMOHAIBHBI MEPEMEIICHUIO UX JaMmeneu. [lpu
OaylaHce MocTa
_RiRy R4

Ry Rj

R, (n+r+n). (81)

Cocrosnue X4, = X; + X, + X3  DErMCTPUPYETCI  HYJIEBBIM  COCTOSHUEM
BOJIbTMETpA.
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Ha cxeme (puc. 85,0) mNOpou3BOAUTCS CYMMHPOBAHUE TMOCIEI0BATEIBHO
BKJIIOUEHHBIX HamnpsikeHuin Uz =U, +U,. Ha puc. 85,6 — TO xe€ CyMMHUpPOBaHUE

HaIIpSDKEHUM, TOJIBKO TNapaJUuIebHO BKJIKOYEHHBIX W PE3YJIbTAaT CYMMHUPOBAHUS
npeacraBieH B Buie cuwibl Toka | IlepeuncieHHble CXeMbl MPOU3BOIAT
anredpanyeckoe CyMMHUPOBAHHUE, T. €. YUUTHIBAIOT MOJSPHOCTh HAMNPSIKEHUW WA
HaIIPaBJICHUE IIEPEMEILECHUS JIaMeIsl.

> MHOKUTEJIBHO-AEIUTEIbHbIEC YCTPOHCTBA

OTH yCTPOMCTBA MOTYT BBIIIOJHATHCA HA PA3JIUYHBIX AJIEMEHTAX, B TOM YUCIE U
Ha noTteHuuomerpax. Ha puc. 86 mnpuBeneHa MoOcCTOBasg CXe€Ma MHOYKHMTEIBHO-
JENUTEIILHOrO ycTpoicTBa. CONpOTHBIEHUS IUIEY MOCTa

)l X3 .
R S ) JIMHENHBI ¥ PaBHBbI:
GE‘ R1 = k1x1;
— R E j+— Ry =koxy;
%s 3@ - x4 2 2425 (62)
Ry = k3x3;
Puc. 86. MHoxutenbHoe .
YCTPOWCTBO R4 = k4)C4,

7€ X1, X2, X3 M X4 — IIEPEMEIICHHS JIaMeJIe COOTBETCTBYIOIIMX ITOTEHIIMOMETPOB, K1,
ko, ks u ky — kosddummenTsl mpomopuHoHaNIbHOCTH. M3 yCIOBHS paBHOBECHS
MOCTOBOM CXEMBI

kik, x;x XX
_ M4 M4 14
b= = hte (83)
2/3 X3 X3
kiky .
rae k = ——— — oOmmmiA K03 PUIUEHT IPONOPIHOHATLHOCTH MOCTA.
2K3

3aBucuMOCTh (83) MOKa3bIBAET, YTO PACCMOTPEHHAs CXEMa BBINOJHIET OIHO
YMHOXCHHE ¥ OJTHO JICJICHUE HaJl TPEMS BeIMUMHAMU — X1, X3 H X4 (X — pe3yJybrar).
IIpu paBeHCTBE MepeMENIEHUN X, U X3 MOXHO BBIMIOJHATH ONEPALMI0 M3BICUEHUS
KBaJpaTHOTO KOPHSI.

[Tpumem

X2X3 :X2 :kxl)(:4, (84)

X = Jkx,x, . (85)

[Ipu paBeHCTBE MepeMelleHUi X3 U X4 U TOCTOSTHCTBE CONMPOTHUBIIEHUS R3 MOXKHO
MPOU3BOAUTH BO3BEJACHHE B KBAIpaT

k. k kik
_ Mikg 5 Xq KRy x12. (86)
kyky x; k) Ry

OTCroaa

X2

MHOXUTEIbHO-ACIUTENIbHBIE CBOMCTBA MOCTa MOTYT HCIOJB30BaThCS W IS
BBITIOJIHEHUS IPYTUX aIreOpandecKux oneparuii.
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> [IlnddepeHunpyronimue yCTpoucTaa

B HuMX BbIXOAHAas BEIWYMHA €CTh NPOU3BOAHAS OT BXOJHOW, T. €. SIBIACTCA
CKOPOCTBIO M3MEHEHMSI BXOJHOW BEIWYUHBI. 3BECTHBI 2JIEKTPOMEXaHUYECKUE U
ANEKTPOHHBIE AU DHEepEHIUPYIOIINE YCTPOUCTBA. DIEKTPOMEXAHMUECKUE MTOCTPOECHBI
Ha 0a3e TaxOreHepaTOpOB — TIEHEPATOPHBIX JAaTYMKOB CKOPOCTH, BBIXOJHOE
HaIlpsDKEHWE Y KOTOPBIX MPONOPLMOHANBHO 4YacToTe BpamieHuns Bana. (Cxema
muddepeHurpyIoero ycTpoicTBa Ha 0asze TaxoreHeparopa IMOCTOSHHOIO TOKa
npuseaeHa Ha puc. 87,a. Taxoreneparop 1, Bo30ykaaeTcss CTaTOPHON 0OMOTKOM O,
[Ipu BpallleHUy B pOTOPHOM OOMOTKE HABOJMUTCS 3/IC

d

E:kT (D:kT _(p, (87)
pes 2 dt

rae Kz, — xoadduimeHT nepenayn; @ — yrioBas CKOPOCTb POTOpa; ¢ — Yroi

noBopota poropa. JuddepeHurpyeMoi BETUIMHON 3/1€Ch SBISCTCS (0, POU3BOTHOM

— E. Jlna yno6ctBa HeoOxoammo, uyToObl  auddepeHrupyeMas BeIHMYMHA H

NpOM3BOJIHAsA 00JIafanu OfaHOW (u3myeckod mpupomoi. s 3TOro ucmnonb3yeTcs
KOMITCHCAITMOHHAS CXeMa TOIKITFOUEHUS.

a 6
I
o Tr i i )
L DE% L
& : Bx I Uphix
+Ukn 4 T
Puc. 87. JuddepeHumpyromniye ycTpoWcTBa: a — 3IEKTPOMEXaHUYECKOe;, O —
JIIEKTPOHHOE

Hanpsokenne ¢ Bbixoga motenimomerpa K, U,, HampaBieHO BCTPEYHO D3JC
TaxoreHeparopa E m Ha Bxox ycmmurens ¥V momaercs pasuuna AU = E—Uy, .
BbIXoHOM CUTHaAN yCUIIUTENS MOJAeTCs Ha poTop OalaHCHOTo cepBoaBurareins b.
Baur mociie1Hero MeXaHHUYECKH CBSI3aH C JIAMEJbIO TOTEHIIMOMETPA U TIEpEMEIIacT €€
no HacrymuieHnst 6anancHoro cocrosausi AU =0 wm E = Uy, . Tlpu stom yrox

IIOBOPOTa pOTOpa JABUTATENIS « OyAeT MPOMOPIHOHAIICH 4YacTOTe BpalleHUS
TaxOreHepaTopa, CICI0BATCIbHO, OyIET SBIATHCS MPOU3BOJHOW OT yria MOBOPOTA
€ro poTopa ¢ Mo BPEMEHH.

B oanextponHoMm auddepeHmupyomieM ycTpoictBe (puc. 87,0) B KadecTBe
muddepeHIUpYONIero 3IeMeHTa ucnoib3yercs emkoctb C. Tok |, mpoxoas 1o
OTHOCHTENBHO OOJNBIIOMY CONMPOTUBIEHHIO R, co3maer manenue HanpsokeHus U,

=IR. Ho 3Hauenme ToKa MOXKeT OBITH ONpeeaeHo Yepes Hanpsukenue U,, 6e3 ydera
R, kak

[=cWa (88)
dt

IToaTomy
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au
U, =RC—=—, (89)
dt

T. €. BBIXOJIHOE HAIPSHKEHUE €CTh MPOU3BOJHAs OT BXoaHoro. Ho mpu ydete R B
dbopmyne (88) HampsikeHHe Ha TJIACTUHAX KOHJeHcatopa Oyner paBHO He U, a
pazaune U, — U,,.. B aToM ciyuae ypaBHenue nuddepeHuupyromei nenu OyaeT
UMETh BU]T

dU@bzx 1 dU@x
+ U6blx - : (90)
dt RC dt

Pemenne ypaBaenust (90) rnpu HyJIeBbIX HAYAIBHBIX YCIOBHUSIX

=Rc%(1—e%0). (91)

U

6blX

N3 dpopmyn (90) u (91) BugHo, uto AuddepeHunpoBaHUE B SJICKTPOHHOM
YCTPOWCTBE TPOHU3BOAMUTCSA MPUONM3UTENHHO. TOYHOCTh MU GEpPCHIUPOBAHKS TEM
BBIIIIE, YeM MeHbIIe noctosinHas nuddepenunpoBanns RC.

> UHTerpupyoommue ycrpoicrsea

MoryT OBITh 3JEKTPOMEXaHUYECKMMH M JJIEKTPOHHBIMH, B HHUX BBIXOJHAs
BEJIMYMHA PABHA UHTETPATy OT BXOJHOM.

DONEeKTpOMEXaHUYECKHEe  HHTErpatopbl  MOTYT  cO3[aBaTbcsi  Ha  0Oasze
TaxoreHeparopoB (puc. 88,a). MHTerpupoBaHuE€ TMPOU3ZBOAUTCS IO BpPEMEHHU.
OyHKIMS UHTErpupoBaHus Y 3a1ana npoduieM (yHKIIMOHATBHOTO MOTEHIIMOMETpa
@®n. YV 3TOro NOTEHUMOMETPA CEPJICUHUK BBINOJIHEH C MEPEMEHHBIM CEYEHUEM Tak,
YTO JJIMHA BUTKOB — MEpPEMEHAa U MO0 JJIMHE CepJeYHHKA MoguuHseTcss GyHKuu Y.
Hanpsikenne Ug,, cHUMaeMoe ¢ IIOTEHIMOMETPA, TaKKe IIOAYMHACTCS 3aKOHY
u3MeHeHus Y.

L
Qe
)
oy I

. E_—.
/ Y ‘I:'H —]
—ri‘-U ] J LY o U
De% E U@nn ERIX
PI/IC I/IHTGFPI/IPYIOHII/IG YCTpOI/ICTBa — JJICKTPOMEXaHUYCCKOC,

0 — DIIEKTPOHHBIE

[Ipn nmepemenieHnu JIamensi ¢ MOCTOSHHOM CKOPOCTBIO V €ro NEpPEMEIICHUE 3a
BpeMs t Oyner vt. Hanpsbxkenue B 3ToM ciiyuae
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Uy, = kUvt = kUY, (92)

rae K — Ko duimenT npornoproHaIbHOCTH.
TaxoreHepaTtop MeXaHMYECKM CBs3aH C OaJaHCHBIM cepBojaBuratenem b, B
CTaTHYECKOM PEKUME 37IC TAXOreHepaTopa paBHa HanpskeHuo Uy, nim

do
ky U—=kUY 93
7 dr 43)
IJIe ¢ — yroj moBopoTa Taxoreneparopa. 13 ¢popmysst (93)
k t
Q- =—Ydt, (94)
kTZ 0

I7I€ (¢ — HAa4aJIbHBIN yroJl MOBOPOTA POTOPA TaxoreHepaTopa.
DNEKTPOHHBIE HMHTETPUPYIOUINE YCTPOMCTBA MOTYT OBITH NMOCTPOEHBI Ha 0ase
eMKocTH (puc. 88,6). U3BecTHO, uTO 3apsi Ha MJIACTHHAX KOHJEHCATOpa

q=CU, (95)

Tac C — eMKOCTh KOHICHCATOpAa, U- HAIIPAKCHUC Ha CI'o INIACTUHAX. 3ap5111 g MOXHO
OIIPCACINTD 110 BBIPAKCHUIO

q= jldt. (96)
0

N3 dpopmyn (95) u (96) monmyyaem
t
U:l{hﬁ, (97)
Co

T. €. HalpsKEHUE Ha KOHJEHCATOPE NPONOPIHOHAIBHO MHTErpalxy OT Toka. Ilpu
OIpPEAENEHNU BBIXOAHOro Hamnpsukenus U, Tak ke, Kak ¥ B CIy4ae €MKOCTHOIO
nupPepeHIUpYIOEro YCTPOWCTBA, aKTHBHOE CONPOTHBIEHME R  OKa3bIBaeT
OTpI/IHaTeJIbHoe BIIMAHHUC HA TOqHOCTI) I/IHTerI/IpOBaHI/ISI OKOanTeHI)HO
1
U6blx - I Idt= .[ U@xdt - .[ UBblxdt (98)
Co RCo RCo

IlepBoe cnaraemoe mpeacTaBiIsieT COO0M MCKOMBIM MHTETpaj, BTOPOE — OLMIHOKY
uHTerpupyromieit RC-mernu.

> OnepanyoHHble YCHIUTETH

OTH YCHIIUTENW MIUPOKO PACTIPOCTPAHCHHBI B CHCTEMaX AaBTOMATHYECKOTO
yopaBienns. Ha WX OCHOBE MOXHO pPEalM30BBIBaTh (YHKIIMOHAIBHBIE U
BBIYHCIUTEIBHBIE YCTPOMCTBA, CIIOCOOHBIE C JOCTATOYHOW TOYHOCTBHIO BBITIOJIHSTH
HE0OXO0IMMbIE MaTeMaThudeckue omepanuu. Onepanus CyMMUPOBAHUS BBITIOTHSICTCS
Ha YCUJIMTENE, CTPYKTypa KOTOpPOro TMpeacTaBieHa Ha puc. 89,a. B srtom mu
MOCJICTYIONINX YCHJIUTEISIX B KA4eCTBE COOCTBEHHO YCHJIMBAIOIIETO JJIEMEHTa
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HCIIOIB3YIOTCS KaK MPAaBUIIO OJIHO- JBYXKACKAIHbIE MOTYNPOBOJHUKOBBIC YCHUIIUTEIIH
Ha 0a3e TPaH3UCTOPOB C P—N—P-niepexoaoM. BrixoiHOE HANPSIKEHNUE YCUITUTENS

U6blx — kUaa

rae K — Kod(pGUIMEHT YCUICHHS YCHITUTEIS.

a 9]
-
+ R‘I Rac I
Ugye1 = R, L II:IT
+ My +
+ RZ 5 + gy oa—> T @
gy o5 :): Uswix U+ R, h,, L v bl
5 g Y EXIE—L———
H F. I
E [l] 5 UB}{SE—l:SIi
o i
8 2

g
Ry

Il
1
C 1f
R IT + +
+ + I |
Ugy e— ¥ T % g B% &—]} U T =l [ T
Y Y
p 5 P &
Puc.  89. CxeMBl  ONEpPAllMOHHBIX  yCHIHWTENel: a, 6, 6 —  CyMMHUPYIOUIUX;

2 — muddepeHuupyrouiero

Tak xak
Ua: k1U6x1+k2U6x2 ) (99)
TO

U6blx: k(k1U6X1+ k2U6x2)- (100)

Jlns  paboThl yCWIHMTENSI ¢ HAUMCHBIIMMHU TIOTPEITHOCTSAMH HAJI0, YTOOBI
koadduruieHT ycuiaeHus K Obul mocTosHHBIM. [l craOunm3anuu 3Ha4YeHHS K B
OTICPAITMOHHBIX YCHUIIUTEISAX MPUMEHSIIOT OTPUIIATEIIBHYIO OOPAaTHYIO CBS3b.

Ha puc. 89,a oOpatHas cBsA3b OCYyIIECTBISIETCS depe3 pe3ucTop Ro.. Uepe3 sToT
PE3UCTOP K CYMMHPYIOIIECH TOYKE a MOABOAUTCS HampspbkeHue U,,,., KOTOpoe MOXKHO
paccMaTpuBaTh KakK JOTOJHHUTEIbHOE (TPEThE) BXOJHOE HAINPSIKEHUE CXEMBI.
CnenmoBartenabHO,

Ua:k1U6x1+k2U6x2+kOU6bLX' (101)

BBI/II[y TOro, 410 YCHWIMTCIIb MH3MCHACT 3HAK BXOAHOI'O HAIIPSAXKCHHUA Ha
O6paTHBIﬁ, COOTHOIICHNEC MCIKAY BXOAHBIM M BBIXOJHBIM HAIIPSAXKCHUCM HUMCCT BU]

U...=-kU,. Otcrona

(102)
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HOI[CTaBI/IM IMOJIYYCHHOC 3HAYCHHC HAIIPSKCHUSA Ua H OIpCaAcIMM U3 HCTO Uebzx
1
ky+——
0

6blX

Ecimu xoaddurmient ycunenus K mocrarouno OoibInoi, To cootHomeHue 1/K
Oynet MHOTO MeHbIIe 3HadeHus K. [ToaToMy otHomenueM 1/ K MOxHO mpeHeOpeyb.
CrnenoBateiabHO,

k 1 k 2

Ugblx = _(k_ Uexl + k_ U6x2 ) (104)
0 0

Jliis koadduimenToB Ky, Kz , Ko IMEIOT MECTO COOTHOIIICHHS :

k1/k0 :ROC/R1;

(105)
kz /ko :Roc /R2
Tor}Ia BLIpa>KeHI/Ie AJIs1 BXOHOTI'O HaHpH)KeHI/IH MO>KHO Hpe)ICTaBI/ITB:
R R
Uebzx - _( ROC ngl + ROC U6x2 ) (106)

1 2
OneparmoHHbId yCHIUTEND (CM. pUcC. 89,a) MPOU3BOIUT CYMMUPOBAHUE BXOIHBIX
NEPEMEHHBIX, YMHOKAET KaKJ10€ CllaraéMoe Ha MOCTOSHHBIN KOd(pPUIIUEHT, MEHSET
3HaK CyMMBI Ha OOpaTHBIN.
Onepannio MHTETPUPOBAHUSA BXOJHOM BEIWYHMHBI MPOU3BOAUT ONEPALMOHHBII
YCWINTENb, NpEACTaBICHHbIN Ha puc. 89,6. Mnaterpupyrommii koumeHncarop C
BKJIFOUCH B IIEb OTPHUIATEIbHONM 00paTHOM cBsi3W. Eciay TOK Ha BXOJE YCHIIUTENS

paBeH Hym0, To TOK |, mpoxomsmmuii depe3 pe3uctop R, Oymer paBeH TOKY,
npoxozsiieMy uepe3 pesuctop C. Tok | Ha pe3uctope R Oyaer
u,-U
[ =—— (107)
R
Tok, mpoxoasmwmii uepe3 kouaeHcatop C,
dlU-U
I=C ( “’"’X). (108)
dt
[TpupaBHUBAs STH BBIPAKEHUS
. d(U -Uyy) Uy -U o

dt R

M YYUTHIBAsA, 4TO BEIX0AHOE Hanpskenue ycumurens U,,,, = — KU |, momyunm
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1
U=--U 110
k 6blX ( )

[ToacraBus dhopmyny (110) B (109) u npousBens HeoOXoauMbIe TPeOOPaA30BAHUS,
nonyyuM auddepeHnnanbHOe YpaBHEHUE HHTETPUPYIOMIETO YCUITUTENS

dU 1 k
ghl v, =———U,_. 111
d RC(k+1) ™ RC(k+1) ™ —

[IpounTEerpripyeM 310 ypaBHEHUE

t t
U, = ke U,.dt— ;ijdt. (112)
k+1RC, RC(k +1)

[lepBoiii unen Bbipakenus (112) mpezactaBisieT coOOW HMCKOMBIM HHTErpal,
BTOPO# — ommbOKy uHTerpupoBanus. [Ipu gocrarouno Oosbiom K (y ycuauTenbHbBIX
AJIEMEHTOB OINEPAIMOHHBIX YCHJIUTENEH STOT KOI(P(GUIHUEHT JOCTATOYHO BEIHUK)

k 1

~1, a —— = 0. ITooTOMy mOCIEHUM MHTErPAIIOM,

k+1 7 (k+1)

KakK IIpaBUJIo, Hp€H€6pCFaI-OT " oncpanuvsd MHTCIpUPOBAHUS OKOHYATCIIbHO BBITJIAOUT

MOXHO CUUTAaTb, YTO

1 ¢
eoix _R_CJ.Uexdt : (113)
0

Wuterpupyromuii yCUInTeab TpOU3BOIUT WHTETPUPOBAHUE BXOJHON BEJTUUUHBI TI0
BPEMEHHU, YMHOXKAeT pPe3yJbTaT HHTETPUPOBAHMS HAa TOCTOSHHBIN KOIPQPHUIIMEHT U
MEHSIET 3HAK pe3yJibTaTa M0 OTHOIICHUIO K BXOAHOMY CUTHAIY.

Ha wHTEerpupyromeM yCUIMTENE€ MOXHO BBIIIOJHITH H CYMMHUPOBaHUE
HECKOJIbKUX BXOJHBIX BeIHYMH (cM. puc. 89,8). Omnepauu UHTErPUPOBAHUS H
CyMMHPOBaHUS BXOTHBIX BeUIUH U1, Ugp 11 Uy MOTYT OBITH 3alMCAHBI C YIETOM
paHee MOJTyYEeHHbBIX 3aBUCUMOCTEN Kak

t 1 1 1
Ugwx:—j(—ng +—U, +—U, jdz. (114)
\RC ™ R,C 2 RC

Kaxxmoe w3 cmaraeMbIx yMHOXKaeTcss Ha CBOW KOA(DQPHUIIMEHT, COOTBETCTBEHHO

1 1 1
, )41 .
RC R,C R,C
OneparmoHHbI YCUIIUTENh OyIET BBIMOMHATh QPYHKIMIO AUDPEepeHITMPOBAHMS,

€CJIM €MKOCTh BKJIIOYUTHh HEMOCPEACTBEHHO BO BXOJHYIO IieNb ycunutens (puc. 89,
2). B atom ciiyuae Beipaxkenue (111) nna U,,,, npumeT Buj

dUu dUu
U, =—RC L “* _ RC ! goIx_ | (115)
k+1 dt k+1 dt
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Kak  yxe  ormeuarocb B KOMMeHTapusix kK  dopmyne  (112),

k 1

——~=1,a ——~0, mosToMy BTOPHIM YIEHOM IPABOW YACTH BHIPAKEHHSA
k+1 (k+1)

(115) — ommbko# auddepeHIUpOBaHUs, KaK MPABHUIO, MPSHEOPEraroT, U OTepaIlHsI
g depeHurpoBaHUs OKOHYATEIBHO BBITISIUT

Ure = _re e (116)
dt

Huddepenuupyrommii ONEPAIMOHHBIN YCUJIUTEND IIPOU3BOJIUAT
muddepeHpoBaHre BXOJIHON BETUYMHBI MO BPEMEHM, YMHOXXAET pe3yjbTaT Ha
NOCTOSIHHBIA KO3(Q(UUMEHT W MEHSeT 3HAaK MPOMU3BOAHOW MO OTHOIICHUIO K
BXOJIHOMY CHUTHAIYy.

OnepaloHHbIE YCUJIUTENN B CUIIY CBOEH YHUBEPCAIbHOCTH, MaIorabapuTHOCTH
U CPaBHUTEJIBHO BBICOKOW TOYHOCTH TMOJYUUIH OOJIBIIOE pPACTPOCTPAHEHHE B
CUCTEMAaX YyIpPaBJIEHUS CTPOUTEIBHBIX M JOPOXKHBIX MallMH. B yacTHOCTH, OHU
UCMOJB3YIOTCSI KaK BXOAHBIE IIPeoOpa3oBaTeNM CHUTHAJIOB B IOACHCTEMAxX
ynpasienus myteBbix MamuH tuna BITPC-500, BITP-02 u nogo0HbIX.

> AHAJIOroBbIH 1 HU(POBOI CIIOCOOBI 0TOOPaAKEeHUS
U nepegayu uHpopManuu

B cucremax ympaBieHHS MCIOJIB3YIOTCS aHAJIOTOBBIM M IU(POBOM CrOCOObI
O0TOOpaXkeHus U nepeaadn nHpopmanuu.

[Ipu ananocoéom cnocobe BenMUMHE 3HAYEHUS BXOJHOTO CHUTHAla COOTBETCTBYET
YPOBEHb SHEPrUd WHQPOPMAIIMOHHOTO 3HEPromnoToka. Hampumep, KOHTpoIMpyemblit
o0bekT Tmepemectwics Ha 327 MM, C  HUM CBS3aH JIaTYMK  TIEpEMEIICHUS
NOTeHIIMOMeTpudeckoro tuma. PaccrosiHue mexay Butkamu — 1 M. CrenoBartenbHO,
JaMesb MOTEHIIMOMETpa nepeMecTiwiica Ha N = 327 BuTkoB. ConpoTUBICHUE BUTKA Rp
= 0,5 Om. Jlerko ompeaennTh, YTO W3MEHEHHE COMPOTUBIICHUS MOTEHIIMOMETpa OyAeT
AR = Rzn=0,5-327 =163,5 (Om). Ilpumem, 9T0 JaTINK MOJACOCAMHEH K BXOIY
YCUJIUTENsl 1O  Hambojee TPOCTOM CXeMe IMOCIEA0BATENIEHOTO TOIKITIOUYCHUS.
N3meHeHue cuiibl TOKA JUI MOCJIEA0BATEIbHOTO COEIMHEHNS, COTJIACHO 3aKOHy OMa

Al = v (117)

JAR? + R}
raie Ry — compoTtuBieHue BxomaHOW Iienu ycunuTens. IIpuHsB mocieaHee s

MPOCTOTHI KpailHE HE3HAYUTENIbHbIM M HampsbkeHue mutanus U = 24 B, nonyuum
W3MEHEHNE CUJIBbI TOKA

U 24
AR 1635

Urak, mnepememenuto oObekTta Ha 327 MM COOTBETCTBYET HM3MEHEHUE
MH()OPMAIIMOHHOTO SHEPronoToka Ha Bxoje B ycuinurtenb Ha 0,147 A. Ananorosas

=0,147 A.
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nepegaya vH@opMalu Haubojee JIOTMYHA MO CBOEH CYTH M TpaJUIMOHHA JIs
cucteM ynpasineHus. Ho ¢ curHaioM TO TyTH CIEAOBAaHUSA MPOUCXOIAT U
He)KenaTenbHble n3MeHeHus. [[poBo1a UMEIOT CBOE COMPOTUBIICHHE, MOABEPTAIOTCS
BO3JICHCTBUIO HAaBEJACHHBIX MArHUTHBIX TIOJICH, MPOMCXOIUT yTE€YKa TOKa depe3
M30JIAIAIO U Tak jaaiee. Bce 9TO MPHUBOAUT K MOSIBICHUIO NO2PeuHOCU nepeoayu
ungopmayuu TeM OOJIbLIEH, YEM MEHbBIIE YPOBEHb HSHEPrONOTOKA M YeM JJIMHHEE
MyTh CUTHAJA.

I[Ipu  yugposom cnocobe omobparxcenus u nepeoauu  uHgopmayuu
YPOBHIO CHUTHAJIa COOTBETCTBYET MOCIIEA0BATEIHLHOCTh UMITYJIECOB, TPEACTABIISIONIAS
co0o0if 3amuch UCXOMHON MH(popMamuu B 1UGPOBOM TBOMYHOM Kojne. JKemaTenbHO
BCIIOMHHUTH TIPUHIIATIBI JTBOMYHOM anreOpsI: KaXIbIH
paspsii  JBOMYHOTO YHCIAa MOXKET MPUHUMATh TONBKO JIBa 3HAYCHHUS —
0O u 1, yto oveHb yAOOHO JJIs anmapaTHOM peaju3alid, HYJII COOTBETCTBYET
OTCYTCTBHE UMITYJIbCa, a €AMHUIIE — Haauune. To ke camoe 4ucio 327 B IBOMYHON
dbopme npuMeT BUJ

327 =256+64+4+1=1.28+0-2" +1.2°+0.2° +
+0-2*4+0-2°+1-22+0-2"+1-2°=101000101.

CrnepnoBatenbHo, npu IUGPOBOM croco0e OTOOpa)keHUs BXOAHOW MHGOpMAIIH
«repemenieHue o0bekTa paBHO 327 MM» COOTBETCTBYET IOCJEI0BATEILHOCTh
uMmitybcoB  1-0-1-0-0-0-1-0-1. Kaxnaplii w3 pa3psgoB MPUBEIACHHOTO JBOUYHOIO
qyclia TPEeJCTaBsieT cO0O0il AJIeMEHTapHyl0 eauHuIly uHbopmanuu — oum. s
mudpoBol mepenaun WHGOPMAIMU Ba)XKHOE 3HAUYEHHE WMEET JJIMHA OTACIBHOTO
Yuclia, T. €. YUCJO €ro pas3psloB B JBOMYHOM ucuucieHuu. llpu mnepemade u
XpaHeHuu uHpopMaluu B IUGPOBOM CHUCTEME YINpaBICHUS NJIWHA YUCEN JOJDKHA
OBITH CTPOTO OAMHAKOBOM — MHAYE CHCTEMa HE CMOXET OMPENEIUTh IPAHUILY MEXKIY
IBYMsl CHUTHajJlaMW WIM 3anucsiMu. J[IMHAa OTOENbHOrO 4YHCIa HMMEHYeTCs
pa3psAIHOCTBIO CHUCTEMBI M SIBIAETCA €€ BaXHEHIMM  WHGOPMAIMOHHBIM
nokazateneM. Enuauna uabopmMaluu, paBHas YUCIy ¢ IPUHATON B JTaHHOW CHCTEME
pa3psAIHOCTBIO, UMEHYeTCs Oaiimom. Tak, B MPUBENCHHOM MPHUMEPE Pa3psSIHOCTD
qrclia paBHa 9 U COOTBETCTBEHHO OANT B JAHHOW CUCTEME COIEPKUT 9 pa3psiioB WiIn
9 our uapopmanuu. OTCIOAa BUIHA Pa3HUIA MEXAY OUTOM U OaWTOM: OUT MOXKET
NpPUHUMATh TONBKO 1Ba 3HaueHus — O u 1, a Gaiir — (2" — 1) 3Havenmii ( B
NPUBEICHHOM NpUMEpE — 2° — 1 = 511 3HaueHHii, ClICIOBATEILHO, 15(01(0) 13 %
9 pa3ps10B, MOKHO TIepeIaTh HHPOPMAIUIO O TIEPEMEIICHUA 00BEKTa B TMAMA30HE
0-511 mMm ¢ Tounocteio 1 Mm). [ludpoBoii cmocod HE MOABEPKEH MOTPEITHOCTIM
nepemaun nHQOpMAaIUK, TaK KaK BEITWYMHY MUMITYJIbCAa MOKHO M3HAYAJIBHO MPHUHSTH
JI0OCTaTOYHO BBICOKOW, YTOOBI mTpeHeOpedb H3TuMH morpemHocTsamu. [{udposas
uHpopMaIusl O4YeHb yJ0OHA B XpaHEHWH — «3allOMHHUTH» €€ MOTYT YCTPOWCTBA,
oOnajarolire IByMs yCTOMYMBBIMU cOCTOSIHUSIMU. BmecTte ¢ TeM mudpoBas dpopma
CBsi3aHA C M3HAYAJbHOM MOTPEITHOCThIO 3amucu. J[nmuHa OaliTa M3HAYAIBHO 3aJaeT
COOTHOUIEHHE MEX]y AMANa30HOM U TOYHOCThIO M3MepeHus. Pazymeercsi, TOUHOCTh
MOXHO TOBBICUTb, HO 3TO CBSI3aHO C YBeJIMYEHUEM pa3psaaHocTd. lIpeumyiecTBa
urdpoBoro crocoda oTobpaxkenus: uHGopmaluu 0oJjiee BCEro OUYTUMBI B CUCTEMAaX
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CO 3HAYWUTECIBHOM /JIMHOM KaHAJIOB CBSI3M, B CHCTEMaxX C OOJBIIMM OO0BEMOM
XpaHeHHus UHQOpMalUU U, HAKOHEL, HUu(ppoBOil cnmocod oToOpaxkeHus: nHpopmanuu
ABJIIETCS. OCHOBOM MHKPONPOIIECCOPHBIX CUCTEM YIPABICHUS, MOTYYAIOMUX B CUITY
CBOEH YHUBEPCAIHHOCTH, OOJBIINUX MOTEHIIMAIBHBIX BO3MOXHOCTEH U OTHOCUTEIBHO
HEBBICOKOW CTOMMOCTH BCE€ OOJIbLIEE pacHpoCTpaHEHHE B CHCTEMax YIpaBiICHUS
MamuH. Tak WM WHa4Ye, B COBPEMEHHBIX CHCTEMax YIPaBJICHHS BCE 4YaIle
BCTpPEYAETCs] COYETaHHE MPUOOPOB aHAJIOrOBOro M UU(POBOTO OTOOpaKEHUs
nHpopManu,  cleJoBaTeNbHO, BCTAaeT  BONpPOC 00  aHAIOro-IudpoBHIX
npeoOpa3oBaTesIX.

> AHaJ10roBo-undposbie Mpeodpa3oBaTein

PaccMoTpuM mnpuHLMI JEeWCTBHS MpeoOpazoBaTelis, pabOTaloOIIEr0o METO0M
nopa3psaHOTO KoaupoBaHuss wuHbopmanuu. OH CIyXuUT I TpeoOpa3oBaHUs
BXOJIHOTO HAIpPSDKEHHUS B TOCJIEAOBATEIBHOCTh HMMITYJILCOB, COOTBETCTBYIOUIYIO
3aMMCH BEJIWYMHBI ITOTO HANPSKEHUS B JBOWYHOM Buje. lIpuHImMm aeicTBus
npeoOpa3oBaTesis OCHOBAaH HAa CpPaBHEHHWM BXOJHOro Hampspkenuss Uy ¢ cymmoi
STAJOHHBIX HampsbkeHuid 2. U, BbIpabaTbiBaeMbIX BHYTPH IpeoOpa3oBaTes.
CpaBHeHUE MPOUCXOAUT J0 TEX IMOP, TOKAa CyMMa 3TAJIOHHBIX HAINPSOKCHUN HE OyIeT
paBHa C 3aIaHHOW TOYHOCTHIO BXOJHOMY HampspDKeHUto. [IpuMeHstoTcst pa3audHbIe
Pa30MKHYThIE M 3aMKHYThIe CXeMbl TipeoOpaszoBateneil. [IpuHmun nercTBus
npeoOpazoBaTesis PacCMOTPUM Ha MpuUMepe Haubosiee MPOCTOM MHOTOATATOHHOMN
Pa30MKHYTOI cxeMbl Ha 0a3e pene, mpuBeaeHHoM Ha puc. 90.

R

+

Us

Puc. 90. CxemMa MHOTO3TAJIOHHOTO LU(PPOBOrO TPeoOpa3oBaTENs
HaIpsDKEHUS

Cxema COCTOMT M3 MOCIEAOBATEIBbHO COEIMHEHHBIX Pa3psiIHbIX OJIOKOB, YHCIIO
KOTOpPBIX PaBHO YHCIy OWT B Oaiite mH(pOpMalMyU, NMPUHATOM B JaHHOW cUCTeMe (Ha
pHUCYHKe TpHBeIeHbI aBa Onoka). Ha Bxoxe ycunmrens 1 HensBecTHoe HampspkeHue Uy

1

-1 o
cpaBHUBaeTcs ¢ dTanoHHeM U, = 5 U o AU -2"7 — nus nBoMYHOM CHCTEMBI

cuncienuns, rae AU — MHHHMANbHOE JTAJOHHOE HAINPSHKEHHE, COOTBETCTBYIOIICE
paspemaronieii CrrocoOHOCTH TIpeodpa3oBaTesl.
Ecin U, < U,, To noay4eHHas pa3HOCTh OTPULIATENbHA U B CTApLIEM paspsje Koja

YCTAHABJIMBAETCS HOJb. IIpu 3TOM pesie P; He cpabaThiBaeT M HAa BXOJE YCUIMTENS 2
Oyzner npoussoautscest cpapuenne U, U — U, . Ilpu U, > U, pene P; cpaGotaer, B

pE3yabTaTC 4Cro U3 B Ka4YCCTBC CJIaracMoro IOCTyIIaCT Ha BCC ITOCICAYIOINHC KaCKalbl
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1

cpaBHenus. IIpu 3TomM Ha BTOopoMm ycummurene Uy cparmBaercsa ¢ U, + EU ,> U B

cTapiieM paspsiie KOJa YCTaHABIMBACTCS CMHMIA TPU MOMOIIH OMOJTHUTEIBHBIX
KOHTaKkTOB peiie P; u tak manee. IIporiecc cpaBHEHHSI HANPSDKCHHN MPOU3BOIMTCS 0
HOJTYYCHUS TIOJIOKUTEIILHON pa3HOCTH. [IpH 3TOM B COOTBETCTBYIOIIEM Paspsijic CTABUTCS
CITUHUIIA.

Jlnst i-ro Kackaja cpaBHEHUS

U, =U;,, —U,K;, (118)
rie Ui —  HanpskeHue, TOJIydeHHOE Ha  MpeAbAylIeM  KacKaje;
X _
U., 2%22'1 YAU - sranonnoe HanpskeHue Kackana; K; — 3HaueHue
2
Ompu U;_, <U,;

I-rO pa3psijia BBIXOIHOTO K014, Ki = i .
mpu U, >U,,

MHOI‘OC—)T&HOHHLIC HpCO6p330BaTCHH B HACTOAIICC BpeMSI BBITIOJIHAKOTCA Ha
OCHOBC 6€CKOHTaKTHBIX SHGKTPOHHI)IX TpHFFCpOB. HGJIOCTaTKOM paCCMOTpeHHOFO
Hp606pa3OBaT€JISI ABIIACTCA 60J'IBHIO€ qucJio BBICOKOCTa6I/IJII)HI)IX HNCTOYHHUKOB
HaIIpsAKCHUA. B OJHOSTAaJIOHHOM npeo6pa3013aTene HUMECTCA OAUH HCTOYHHUK
HalIpsKCHUS U 110 JOIIOJIHUTCIBHOMY YCHIIUTCIIIO CO CTa6I/IJII>HI>IM KOE)(b(i)I/IIlI/IeHTOM
YCHUIICHHA B KAXKJIOM KaCKallcC. Hp606paSOBaT€JII/I C 3aMKHYTOﬁ CXEMOU UMEIOT JIUHHU O
O6p&THOI>i CBs3H, UTO IIOBBIIIACT HAACKHOCTD Hp606paSOBaHHH.

Kpome paccMoTpeHHOro MeToaa Mopa3psaaHOTro KOJUPOBaHUS WH(pOpMauu Ipu
Hepenaqe €€ Ha 6OJ'II)HII/I€ paCCTOﬂHI/Iﬂ B TCHCKOMMYHHKaHI/IOHHBIX CUCTCMAX
I/ICHOJ'IBSYIOTCﬂ n HNHBIC METO/bI: IIOCJIICA0BATCIBbHOI'O cycrTa (BpCMGHHOG
KOJIUPOBAHWE), YaCTOTHAas MOAYJSIUMS W Tak jganee. Ho, Kak mpaBuiao, OHHU
UCITONIB3YIOTCS JTMO0 MPU 3HAYUTEIBLHON JIMHE KaHAJIOB CBS3H, JUOO MPH IMeperaye
crenuduyeckoir nHGopMauu, B cCUCTeMax YIPaBICHHs TOJIbEMHO-TPAHCIIOPTHBIX,
CTpOI/ITeJ'IBHBIX n HYTCBLIX MallluH HE HpI/IMeHHIOTCﬂ n B 06’beMe HACTOAIICTO Kypca
JIEKIIUNA pacCMaTPUBATHCS HE OYIyT.

Koumponvnuie eonpocwt u 3a0anus

1. Kak oTpas3uth B BUJIE KOHTAKTOB PEJIE CICAYIOIINE JIOTUYECKUAE ONIEPALINU:

— YMHOXECHHUE;

— CIIOKEHUE;

— oTpuIlaHue?

2. Oxapakrepusyiite OCHOBHBIE JIOTUYECKHUE byHKINAN: 3aIIpeT;
HECOBMECTUMOCTb; MaMsTh; «cTpenka [Tupcay; «mrpux leddepar.

3. OxapakTepu3yHWTe JIOTUYECKHE DJIEMEHTBI: KOHBIOKTOP, JIU3BIOHKTOP,
WHBEPTOP.

4. Oxapakrepusyiite gornueckuit aneMeHT «JIN-HET».

5. B yem 3akmroyaercs MpUHIMN JIEHCTBUS CYMMATOPa Ha IOTEHIUOMETPax?

6. HazoBUTE MHOXKUTEIBHO-IEIIUTEIILHBIE CBOMCTBA MOCTA.
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7. Onumure uWHTETpupoBaHHe © U epeHIpoBaHUE HAa ONEPALUOHHBIX
YCUITUTEISX.

8. B dem 3akitoyaeTcss NPUHLMIN ACHCTBUSA LU(PPOBOro mnpeodpazoBaTes
HaIpsKEHU ?
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Jleknusa 10
HcnonnurtenbHbIe yCTPOMCTBA, OPraHbl yIPaBJIeHUS
U IPpUOOPHI KOHTPOJIA

K nepudepuiiibiM OTHOCSTCS yCTpOMCTBa, HaXOASIIMECS HA TPaHULIE CUCTEMbI
yIpaBlieHUs, U OOecreynBarolue e¢ MHPOPMALMOHHYIO CBSI3b C KOHTpareHTaMu
(Jtat. contra — mpoTUB U aeeHm — NEUCTBYIOIINHI, B3aUMO/ICICTBYIOIIAsi CTOpoHa). B
3Ty COBOKYNHOCTh BXOAST CIENYIOLIME KIaCCU(PUKALMOHHBIE TPYIIbl yCTPOMCTB
CUCTEM yIpaBieHus (CM. JIeKIuio 3):

® JaTYMKU — O0ECrevynBaloT MOJydyeHUe U nepenadyy MHGOpMaIiuu O COCTOSIHUU
00BEKTa yIpaBJICHUS B CUCTEMY YIIPABICHUS;

® CIOJHUTENbHbIE YCTPOMCTBA — TMEpeAaroT KOMaHAHYIO HH(OpMALMIO OT
CUCTEMBI YIIPABICHUS K OOBEKTY;

® Oprasbl yNnpaBlIeHUs — BOCIPUHHUMAIOT OT ONEpaTopa U MEepe/aloT B CUCTEMY
yIpaBiieHUs KOMAaHJIHYIO0 HH(OpMaIIHIO;

e npuOOphl KOHTPOJsL — TMepenarT HHPOPMAIMI0 O COCTOSHUM O0beKTa
yIPaBJICHUS U CAMOM CUCTEMBI OMlepaTopy.

[lepBasi U3 mEpeUMCICHHBIX TPYII, a UMEHHO AATUYMKH, SBISETCS HACTOJIBKO
Ba)XHOM, YTO €€ PacCMOTPEHHUIO OBLIM IMOCBSIIEHBI JIBE JIEKIIMU HACTOSALIETO Kypca
(mexuuu 4 u 5). C ocTajapHBIMU TpYNIAaMHU YCTPOMCTB 03HAKOMHUMCSI B HACTOSIIEH
JEKIHUH.

> McnoJIHuTEIbHBIE YCTPOiCTBA

HcnonuurenbHble yCTPOMCTBA CHCTEM YIpaBICHUS MpeIHA3HAYECHBl He-
MOCPEJICTBEHHO JIsi YIPABJICHHS] CHJIOBBIMU LEMSAMH DJIEKTPONPUBOJIA, MOTOKAMU
BO37lyXa U paboyelt *KUIAKOCTH MTHEBMO- U TUAPOINPHUBO/IA, MOJBUKHBIMHU CHUIOBBIMU
AJIEMEHTAMH MEXaHMYeCKOW TpaHCMHUCCHMU. K HUM OTHOCST 3JIEMEHTHI, B KOTOPBIX
peanu3yeTcss MOTOK SHEPIHH YINpaBIEHUS, HUPKYIHPYIOUUNA B cHcTeMe. Takumu
AJIEMEHTaMH SIBISIOTCS:

— MarHuTHBIE MYyCKaTeIH, KOHTPOJJIEPHI, TUPUCTOPHBIE MpPeoOpa3oBaTENH s
yrapaBiieHus Tpexda3HbIMH ACHHXPOHHBIMU JBUTATENISIMH TIEPEMEHHOTO TOKa C
KOPOTKO3aMKHYTHIMHU U (pa3HBIMU POTOpPAMU M TOTCHIIMOMETPUIECKUE Mpeodpa3oBa-
TEIW [JJs YHPAaBICHHS [BUTaTeIsIMU MOCTOSIHHOTO TOKa, CEpPBOJBHUraTeNd Jis
yOpaBi€HUs JUCTAHIIMOHHBIMM M  ABTOMATHYECKUMHM  IOTEHIHMOMETPaMH U
KOHTpOJIepaMH (yIpaBlI€HUE dJIEKTPOIIPUBOIOM);

— TATOBBIE AIEKTPOMATHUTHI, yHOPABJISIONINE MTHEBMO- u
TUAPOPACIIPEACTUTENSIMH, CEpPBOBEHTHUIISIMU, yIpaBISIEMbIMU KJIaraHaMU
(ynpaBiieHHE THEBMO- U TUJIPONPUBOJIOM );

— TSTOBBIE JIEKTPOMATrHUTHI, JIEKTPOTUAPABINUECKUE U BJIECKTPOMEXaHUYECKUE
TOJNKAaTeNMu MYy(PT CUEMJIEHUS ¢ TEpPeKIIOYeHus, TOpPMO30B (yIpaBlieHUE
MEXaHWYECKOW TPaHCMUCCHUEH).

Bce nepeunciieHHble YCTpPOMCTBAa MO KOHCTPYKIIMU MOKHO pa3lieliuThb HA TpU
OCHOBHBIX BHUJIa: AJIEKTPOJIBUTATENIN, SJIEKTPOMATHUTHI, CIICHUATIM3UPOBAHHBIE PEJIe.
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Onexmpoosuecamenu. B cucremax ymnpaBieHHs B KadeCTBE CEPBOJBHUraTeleit
OPUMEHSIOTCS  DJICKTPOJBUTATeIM  [MOCTOSHHOIO  TOKa W ojxHOGa3HbIe
0€3KOJIJICKTOPHBIC JIBUTATEIH C KOPOTKO3aMKHYTHIM POTOPOM MEPEMEHHOTO TOKa
Masiol (OT COTBIX JOJel BarTa 10 JCSCATKOB BaTT) MOIIHOCTH. B mucnuruinHe
«DIEKTPUYECKHE MAITUHBD IPUHIUIT AEHCTBUS U KOHCTPYKIUS DJIEKTPOABUTaTEICH
paccMaTpUBAIUCH JTOCTATOYHO MOJPOOHO, U B paMKax HACTOSIICH TUCIUIUTAHBI MBI
OCTAHOBHMMCS TOJIbKO Ha CIICIUATH3UPOBAHHBIX YCTPOMCTBAX CHUCTEM YIPABICHUS —
DIICKTPOMEXAHMUCCKUX U DJICKTPOTHAPABIUYECKUX TOJKATEISAX, B KOHCTPYKIIHIO
KOTOPBIX BCTPOCHBI AIICKTPOIBUTATEIIH.

Konctpykuusi anexmpomexanuueckoeo moakamens npuseiaeHa Ha puc. 91. On
MPE/ICTABISICT COOOM DIIEKTPOIBUTATENb C TOJBIM BAJOM, KOTOPBIH OHOBPEMEHHO
SBISCTCA TaWKOHW BHHTOBOM mepegadn. IIpoBOpPOTY BHHTAa MEIIAeT INIIOHKA B
MOAMIMUITHUKOBOM IIUTE 3JCKTPOABHUIATEeNIs. B HEKOTOPBIX CIy4asX HCIOIb3YeTCs
IIAPUKOBAsi BUHTOBAsSI Iepe/iaya.

Ha puc. 92 npuBeneHa KOHCTpYKTHBHas
cXeMa 9IeKMpPOoSUOPABIULECKO20 MOJKAMEISL. M
be3konnekTopHbli  ABUTATENL I[IEPEMEHHOTO _____“_jﬁ_}:'__@_}
Toka 1 ¢ KOPOTKO3aMKHYTBIM pOTOPOM |
pasMellleH B HWXKHEH YacTH KopIyca, 3a- W@
MOJHEHHOTO0 MacjioM. Tak Kak MacisHBIN
pe3epByap He repMETH3UPOBAaH OTHOCHTEIIHHO TP(;"ﬁl'(aTenbm' OMeKTPOMEXaHNeCcKA
SJIEKTPOJBHUraTeNsi, B  KadecTBe pabodeit
’KHUIKOCTH UCTIONIB3YETCsI HE COJIeprKaliee BOIbI
TpaHcopmaTopHoe Maciio. Ha Baiy aBurartess E;{
yCTaHOBJICHAa KpbUTbuaTka 2. Han nmBurarenem 4 — | E—=
pacIioIoKeH IOPIIEHs 3 KOJOKOJIOOOPa3HOi It —— 2
dopmbl. B cTeHKax Kopryca pacroJjiararTcs
KaHabl 4, COCTUHSIONINE BEPXHIO W HHXK-
HIOIO YaCTH pe3epByapa B 00X01 OPIIHS. : ;

[Ipy BBIKJIIOUYECHHOM JBHTaTee IMOPIICHb
NOJl JCHCTBHEM COOCTBEHHOHW TSXKECTH U
BHCIIHETO YCHUJIUS OMNyIIeH B HUXKHEE II0-
goxenne. [lpy  BKIIOYEHHH — JBUTATEINS
KpbUTbUaTKa CO3MaeT MO TMOPIIHEM JH- Ey 1
HAMHMYCCKUI  HAIMop, 3acTaBJSIOIIMN  IMO0-
CJICTHUH TIOHSATHCSI. BHGKTpOFI/I,Z[pElBJII/IIIeCKI/IS 'II:'>(;/IJ'(I:|.(aTeﬂ9bZZ. . _%’;ﬁgﬁgg"'bﬁ;‘pgaf”:s;';”ﬁ
TOJIKATeNH, OOJafalomue IUIABHOM BHEITHEH  yarka: 3 — noplueHs: 4 — KkaHanbl
CHJIOBOW XapaKTEPUCTHKONH M HE CO3JAIO0IINe
OoNbIliie TOKM B O3JCKTPUUYCCKOW IIEMHM TPH 3HAYUTENBHBIX COMPOTHBIICHHUSIX
HNEPEeMEIICHUIO IITOKA, MOJYYHIH JOCTATOYHO OOJBIIOE PACHPOCTPAHCHHUE,
HAmpUMep, B KauyeCTBE MPHBOJOB Pa3MbBIKAHHS TOPMO30B KpaHOB. OCHOBHBIMH
HEOCTaTKaMH, OTPAHWYHBAIONIUMHU WX MPUMEHEHHE, SBISIOTCA 3HAYNUTCIIbHBIC
rabapuThl U Macca, He0OOXOAUMOCTh CTPOTO BEPTHKAILHON YCTAaHOBKH.

Onexmpomacnumer.  Jlns  ynopaBieHHs — MEXaHHMYSCKHMMHU  MPUBOJAMHU
UCTIONB3YIOTCS KaK 3JEKTPOMArHWTHI, BBIMOJHCHHBIE B BHAE CAMOCTOSTEIbHBIX
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YCTPOWCTB, TaK W BCTpOE€HHbIE. llepBble — mOApa3AENsAOTCs Ha KOPOTKO- U
muHHOXO#oBele. Ha puc. 93,6 mnpuBeneH KOPOTKOXOIOBOW — ITOBOPOTHBIM
snexrpomaraut tuma MO — [I 1] B (mycteie mosurmum o6o3Hagaror THmOpasmep),
CIy)XalllUil JJ1s pa3zKuMa KOJOJOK KpaHoBbIx TOopmo30B Tuma TKT. Sxopp 1
LIAPHUPHO KpENMUTCS K OCHOBaHWIO. lIpu mnomade HanpspkeHUs Ha KaTyIIKy
AJIEKTpOMarHuTa 2 sIKOpb MOBOpPAYMBAETCS, Ha)KMMas Ha ToOJIKaTelb 3 (SBISETCS
MPUHAJIEAKHOCTHIO TOPMO3a). 3a CUET Pa3HHULbI JIeY OTHOCUTEIBHO OCH BpalleHUs
Ha TOJKaTrese peanu3yercs ycunue P Oospliee, yeM BTATUBAIOLIEE YCUIIME MArHuTa,
HO C MEHBILIEW BEJIUYNHOU IIEPEMEILICHUS.

JUTMHHOXOJIOBOM 3JIEKTPOMAarHuT MpsiMoro aeictsus (puc. 93,6) mpumeHsiercs
JUIsl TIpUBOAA TMEpPeKIoYeHUs (QPUKIMOHHBIX M KYyJAadKOBbIX MYy(dT, peBepc-
pa3aTOYHbIX KOPOOOK W HMHBIX YOPABISIEMBIX YCTPOMCTB ~MEXaHMYECKHUX
TpaHCMHUCCHI. ['JIaBHBIM  HEJOCTATKOM  TaKUX  JJIEKTPOMArHUTOB  SIBIISIETCS
3HAUMTENIbHAS CUJIA TOKA MPU HEMOJIHOM XOJ€ SIKOpsA. DTO BBIHYKIAET UCIOJIb30BAThH
B KUHEMATUYECKOM 1IENHU MPUBOJIa YIIPYTrUe KOMIIEHCATOPHI XOAa.

B omnuume oOT OpeablAylIero  THMA, DJIEKTPOMArHUTBHI JJIs  [PUBOJA
ANIEKTPOTUAPABINYECKUX U DIIEKTPONMHEBMATHUYECKUX PACHPEICIUTENEH, BEHTHIIEH,
MPEIOXPAHUTEIBHBIX U PA3rPY30UHBIX YIPABISCMbIX KiaanaHoB (puc. 93,6) sBIAOTCS
TOJIKAIOIIMMH, & HE TAHYIIUMU. [[1 repMEeTUYHOCTH Ha MPUBAIOYHOM IUIOCKOCTH
AJIEKTPOMAarHuTa pa3MelieHa crjiourHas meMOpana 4.

<
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Puc. 94. OnektpomarHuTHas mydTa: 1 —
TOPOVAHBIN 3MNEKTPOMarHnT; 2 — SKopb;
3 — pguckun; 4 — wnuueBon Ban; 5 —
oborma

Puc. 93. DJEKTpOMAarHuThl: @ — KOPOTKOXO0BOM MOBOPOTHBIN; 6 — JIMHHOXOMOBOW; 6 — JJIsl IPUBOAA
THAPOIHEBMOANIApaTyphl; 1 — AKOpb; 2 — KaTyllIKa 3JIeKTpoMarHuTa; 3 — Tojikarelnb; 4 — memOpaHa

Kak npumep ycTpoiicTBa cO BCTPOSHHBIM 3JICKTPOMAarHUTOM Ha puc. 94 npuBecHa
AJIEKTPOMArHUTHAasE MHOTOAMCKOBas (ppukimonHas mydta. [Ipu BKIIOYCHHH TOPOM/I-
HOT'O 3JIEKTpOMaruuTa 1 skopb 2, MIPUTATHBAACH K HEMY, CXKMMAeT TakeT (PPUKITMOHHBIX
JMCKOB 3, oOecrieurBas Iepeaady KPyTAIIEro MOMEHTa CO IUIMIIEBOrO Baia 4 Ha
o0oiimy 5.

OpUKITMOHHBIC TUCKH Yepe3 OJUH BXOJST B 3allCTUICHHE CO IUTHIIAMU JIM0O0 BaJa,
1100 0OOMMEL.

K cmenuamm3upoBaHHBIM BBIXOAHBIM PEJIC CHCTEM YIPABICHUS OTHOCITCS
MazHummusle nyckamenyu U KOHmpoJiepsl. MarHuTHBIC ITyCKaTeIN CIIyXat JJIs 3aIycKa
CWJIOBBIX aCHHXPOHHBIX JIBHTATEJICH C KOPOTKO3aMKHYTHIM POTOpPOM. I I1aBHOTO
pa3roHa CHJIOBBIX aCHHXPOHHBIX JBHTaTeICH ¢ (ha3HBIM POTOPOM CIYXKAT KOHTPOJLICPHI
— MHOTOTIO3HMIIMOHHBIC TIEPEKITIOUATENI, N3MCHSIOIINE B TIEPHO pa3rOHa YHCIIO Iap
IIOJIFOCOB OOMOTKH POTOpa M COOTBETCTBEHHO — CHHXPOHHYIO YacTOTy BpAIICHUS.
O MarHUTHBIX IyCKATENSAX U KOHTPOJUIEPAX y)KE YIIOMHUHAIOCH B JISKITHH 8.

> Oprasnsl ynpasJieHUsI

CnyxaT nns TOMy4YeHHs OT oOIeparopa W TNepeJayd B CHUCTEMY YIIPaBJICHUS
KoMaHgHOW wHpopMmarmu. Ha Bxome B Opranbl yhmpaBleHHs — TEpeMEIICHHE,
BBIMIOJIHSIEMOE PYKOMl (B HEKOTOPBIX ClydasX — HOrOi) omepaTopa, Ha BBIXOAE —
M3MEHEHHUE AIIEKTPUUYECKON HEpPruu (B HACTOSIIEM KypCce peub UIET TOJIBKO 00 opraHax
yIIpaBIeHUs dIeKTprUecKux cuctem). OTciona (yHKIMOHAIBHBIE TPEOOBAHUS K OpraHam
yOpaBieHUs, B TMEPBYIO O4Yepelb, OHU JIOJDKHBI COOTBETCTBOBATh TPEOOBAHUSAM
apeonomuky (HayKd O B3aMMOJCWCTBUM YENOBEKAa W MallWHbI), BO BTOPYID —
COOTBETCTBOBaTh IO  IApamMeTpaM  YIpaBIsieMOW  3JieKTpudeckor  nemu. K
APrOHOMUYECKUM TPEOOBAHUSIM OTHOCSITCSI OTPAHWYEHHS TIO PACHOJIOKEHUIO OPraHoB
YIPABJICHUS, TPACKTOPHUH U YCUJIMIO YIIPABJISIOIEro nepemenieHrs. Oprasbl ypaBIeHUs
JOJKHBI  OBITh HE TOJBKO YHOOHO paclojOXKeHbl, B HX Pa3MEIEHUH JO0JDKHA
YUHATBIBATBCS HMX HEpapxXusi MO CTENEHH OTBETCTBEHHOCTH. B pasmemienun u
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KOHCTPYKIIMM OPTaHOB YITPABJICHUS JOJDKHBI OBITH MPEAYCMOTPEHBI U JIOTIOJIHUTENIbHBIC
Mepbl, HaNpuUMep, padbodas MOBEPXHOCTh KHOIOK, JIOXKHOE HaXaThe Ha KOTOPHIE MOXKET
MIPUBECTU K CEPbE3HBIM TOCTEICTBUSAM, JOJDKHA YTalUIMBATHCS BHYTPbH 3alllUTHOTO
Oapbepa; KHOMKHU aBapUHOM OCTAaHOBKM HA0OOPOT JOJDKHBI BBICTYNAaTh W3 3TOTO
Oapbepa, BBIICIATHCS TabapuTOM U IBETOM (TaK Ha3bIBa€MbIE TPUOKOBBIE CTOIIOBBIC
KHOIKH); TyMOJiepa JOJDKHBI pacrojiaraTbCs TaK, 4TOObl M30€XKaTh WX CIIy4ailHOro
BKJTIOUEHMSI, HAPUMEp, JTOKTeM WU oOruiaroM pykara. [lo ycunuio, motpeOHOMY Jyist
MepEeMEIICHHs, OpraHbl YIPaBJICHUS PA3CNIIOTCS HAa pPy4YHbIC, KUCTEBbIC, MAJIBIIEBBIE,
HOJKHBIE (17151 IepeMeneHus] He0OXOMMO YCHIIHE COOTBETCTBYIOIIEro oprana). [1pu Bcex
NPOYUX YCIOBUSX, CKOPOCTh TICUXOMOTOPHON PEaKIMX HOTU BBIIIE, YEM PYKH, TOITOMY
OpraHbl ympasJieHHs], TpeOytole Oojiee OBICTPON peakiluu, MPEANOYTUTEHHO JIeNaTh
HOXKHBIMU (MMEHHO TIOTOMY B aBTOMOOWJIE YCTaHOBJIEHA TIEAalh TOPMO3a, a HE pbIyar).
[To TpaekTopuu TMOTPEOHOrO TMEpPEMEIEHUs] OpraHbl YIPaBJICHUS pPa3ACsaIOTCS Ha
Ha)XKUMHBIE (KHOTIKA, KJIaBHIIIA), TOBOPOTHBIE (phIYar, rejalib), BpalaTebHbie (IITypBall,
MaxOBHK), JUHEHMHOro TmiepeMerieHus (Moi3yH). B aeKTpudeckoM IUTaHe OpraHbl
yIIPaBJICHUS Pa3ACISIOTCS Ha 00JIaarolIye JUCKPETHON (TMepEKTouaTeNii) U IIaBHOU
(perynaropsl) xapakrepucTukoil. [lepBbie mpencTaBiIsaoT co00M M0 CyTH Jieja KOHSUHbBIE
BBIKJTFOUATENId WM PeJie ¢ MPHUBOJOM OT omeparopa (cm. Jiekuuu 4 u 8). Bropeie —
MOTEHITMOMETPBI, PETYIUPyeMble KaTYIIKH WHIYKTUBHOCTA WJIM KOHJIEHCATOPHI, T. €.
JaTYMKKU TIEpEMEIICHUs] C TPUBOJOM OT omeparopa. Hwuke paccMmoTpum Haubosee
TUIOBBIE AJIEKTPUYECKUE OPTaHbl yIIPABICHUSI.

Knonxu. Ha puc. 95,a npuBesieHa KOHCTPYKIIMS HanOoJiee MPOCTON ICKTPHUECKON
kHonkM cepun KME Tak Ha3bpIBaeéMOro TOJYKOBOTO TWIIA — TPYNNbl U3 HOPMAJIBHO
3aMKHYTOTO ¥ HOPMaJIbHO PA30MKHYTOIO KOHTAKTOB, YIPABIAEMbBIX MaJIbLEM
orepatopa. 2JTa KHOIKA HAaxXOOUTCS BO BKIIOYEHHOM TMOJOXKEHUHM, IOKa Ha Hee
HakuMmaeT oneparop. IlosToMy, Korma HyKHO OOECHEUYUTh IJIUTEIbHYI0 paboTy
YIOPaABISIEMOr0 yCTPOMCTBA MNPU KPATKOBPEMEHHOM HAXKATUM KHOIKH, HMPUMEHSIOT
CHEIMATbHYI0 CXeMYy BKJIIOYEHHS  KHOMKH: C OJOKUPOBKOW TPH  MOMOIIH
HmryHTUpyromen 1enu. M3BecTHbl U 0ojiee CIOXKHBIE KOHCTPYKIIMM KHOIOK — C
MEXaHUYECKOM M DJIEKTPOMArHUTHOM OJOKHUPOBKOW BO BKJIIFOYEHHOM COCTOSHUH. Y
KHOTIOK C MEXaHHYECKOW OJOKMPOBKOW B MEXaHU3M TMEPEKIIIOUCHHS] BCTPOCHA Tak
Ha3zpIlBaeMasi 3amiesika Menamena: XpamoBO€ YCTPOMCTBO, OOECHedMBarolee IpU
MIEPBOM HAXAaTUM 3aMbIKAaHWE KHOMNKH, a MpU TOBTOPHOM — €€ pa3MbIKaHue
(aHanormyHas 3alleiKa MPUMEHSETCS B HEKOTOPBIX TUIAX IIAPUKOBBIX pyyek). Y
KHOTIOK C 3JICKTPOMAarHUTHON OJOKHUpOBKOW (puc. 95,0) B ToiIKaTelb KOHTAKTHOMN
IpyHIbl BCTPOECH CEPACUHUK JIEKTPOMArHUTa, a KaTyIIKa 3JIEKTPOMarHiTa BKIOYEHA B
YIPABJISIEMYIO KHOIIKOW LIETTb.

a 7] 6



Puc. 95. KuHomkm ympaBieHus: a — TONYKOBas; 6— cC
= 4 ANIEKTPOMArHUTHON OJIOKMPOBKOM; 6 — TEpPKOHOBas; & — CXeMa
¥ BHeIIHEH OoKupoBKH pere Ky
1

[Tpu HaXkKaTUM KHOTIKK HA 3JICKTPOMArHUT TOJIAETCs HATIPSHKEHUE M OH YJIEP>KUBACT
KHOTIKY B Ha)XaTOM MOJOXXeHUH. [[s1 pa3sMmblkaHus 1IETH, YIPaBISIEeMOW TOIYKOBOM
KHOTIKOM WJIM KHOIIKOW C 3JIEKTPOMArHUTHON OJIOKUPOBKOM, HEOOXOJIMMO BHEITHEE
ycTpoiicTBO. KOHCTPYKIMSI  TOJYKOBBIX KHOMOK —TPEIyCMaTpUBaeT yCTAaHOBKY
JIOTIOJTHUTETBHBIX KOHTAKTHBIX TPYIII JJIs1 YIIPABIEHUS OT OJJHOM KHOIIKU HECKOJIBKUMU
nensMu. J[OCTOMHCTBOM JAaHHBIX THIOB KHOMOK SIBJISIETCST OOJIbIIAass KOMMYTHpYyeMast
MOIITHOCTh — JI0 COTEH BaTT, HEIOCTaTKaMu — OOJIbIIHE rabapuThl U OTPAaHUYCHHE CPOKA
CIIy’)KOBbl W3-32 BBITOpaHHMS KOHTAaKTOB OT HCKpeHHs IpH cpabareiBaHuu. [lomumo
KHOTIOK C OOBIYHBIMHM JJIEKTPUUYECKUMHU KOHTAKTAMU W3BECTHBI 2€PKOHOBble W
CeHCOpHble KHOKU.

I'epkoHOBBIE KHOMNKHM aQHAJOTHMYHBI IO KOHCTPYKIMU MarHUTO3aMbIKA€MbIM
FEPKOHOBBIM  KOHEUHBIM  BBIKJIIOYATENsIM  (CM. Jiekuuss 4).  YIOpaBisIOLIUMA
MOCTOSIHHBI MAarHuT KpPENmUTCS K TOJKATeNt0 KHOMKU (puc. 95,8). I'epkoHOBBIE
KHOMIKK  OOJaJafoT BBICOKOM HAAEKHOCTHIO, MajorabapuTHbl U  TOJYYHIIA
J0CTaTO4YHO OO0JbIIIOE pacrpocTpaHeHue (Hampumep, B kinaBuarype DBM). K ux
HEJ0OCTaTKaM  MOXXHO OTHECTH OTHOCHUTEIHHO HEOOINBIIYI0 KOMMYTHPYEMYIO
MOIITHOCTh W HEIOCTATOYHYIO YHUBEPCAIBHOCTh — KaXJash KHOMKA MPEJICTABIISIET
co00¥ OJIMH HOPMAJILHO Pa30MKHYTHIA KOHTAKT.

[Ipy OGECKOHTAaKTHOM CEHCOPHOM VYIPABJICHUH COCTOSHHE BBIXOJHOW IEMU
U3MEHSAETCS HE NpU KOHTAaKTe Iajblla OIleparopa C KHOMKOW, a TOJIbKO NpHU
IMOJJHECEHUH €T0 K HEW.

Haubonee mpocTas cxema CEHCOPHOTO
yIpaBJIeHUs TMpuUBeIeHAa Ha puc. 96.
Cxema mpencraBmser co0OW  MOCT
WHIYKTUBHOCTEH, OJJHa U3 KOTOPbIX — L
— NPUKPEIICHA C BHYTPCHHEH CTOPOHBL K, = |
nanenu ynpasiienus. [lanens ynpaBiaeHus — 4% <hH
W3rOTOBJIEHA W3 MAarHUTO-MPO3PAUYHOTO
Marepuala U C BHEIIHEW CTOPOHBI Ha HeEe
HaHeceHa MapKHh-poBKa KHONKU. B
HUCXOJIHOM COCTOSISHUM MOCT HAaXOJUTCs B OalaHCHOM COCTOSIHUM M TIO

Puc. 96. Cxema CEHCOPHOro yrnpaBneHuns
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U3MepuTeabHo nuaroHanmu 1-2 Tok He Teuer. KoapduuueHT MarHUTHOM
IIPOHUIIAEMOCTH |L YEJOBEYECKOr0 Tela BBIIIE, YEM  BO31yXd, IO3TOMY IIpH
MOJHECEHUH Taiblla K HWHIAYKTUBHOCTH L; €€ WHIYKTUBHOE CONpPOTHUBIICHUE
U3MEHSETCS, U MOCT BBIXOJUT U3 cOCTOSIHUA OanaHca. Ha uamepurenbHoil 1uaroHanu,
CIIEZIOBAaTEeNIbHO, Ha BXOJE€ B YyCWIUTENb Y (KaK MpaBWIO, MOJIYIMPOBOJHUKOBBIN
OJTHOKACKaIHBIN) MOSABISETCA OTNUparoiee HanpspkeHue. ColnpoTUBICHUE BBIXOTHOU
ey MEXIy KieMMaMu 3 U 4 pe3KO YMEHBIIAETCs — BbIXOJHAs LENb OTIHPAETCS.
CeHcopHble KHOIIKM 00J1aJal0T CaMOil BBICOKOW HAJIEKHOCTBIO CPEN PACCMOTPEHHBIX:
B HUX HET HU OJHOM INOABMXKHOW JI€TaIW U HU OJHOT'O AJEKTPUYECKOro KOHTakra. K
HEIOCTaTKaM MOXXHO OTHECTH MAJIyl0 KOMMYTHPYEMYIO MOIIHOCTB, CJIEOBATENIBHO,

HEOOXOJIMMOCTh JIOMOTHUTEIBHOTO YCUIICHUSI CUTHAJIa

a 6 yIIPaBJICHHUSL.
Tymonepwi. TlpenctaBisitoT €000 TaIbIEBbIC
pBIYaKHBIC HepeKITI0YaTelH. Moryr  OBITBH

JBYXTO3UIIMOHHBIMU W TPEXMO3UIIMOHHBIMH  (C
HEUTpaIbHBIM TOJIOKEHUEM), C (QuKcanuei B
Ha)KaTOM TIOJIO)KEHUU U BO3BPATOM B HEHUTpAJIbHOE,
BBIBOJIAMHU TI0J] TAWKy M BHUHTOBBIMH KJIE€MMaMH.
BuemHuit B W cXeMbl KOHTaKTOB TyMOJjepa
Puc. 97. Tym6nepsi: a — srewnnn  NPHBEJICHBI Ha puc. 97.
BUA; 6 — CXeMbl KOHTaKTOB Ilepexnouamenu SABIISIFOTCS
MHOTOIO3UITMOHHBIMU (0T 3 1o 12 mo3unuii)
MOBOPOTHBIMU MNAJIBIIEBBIMUA OpPraHAMU YIPAaBJICHUS.

’ ° BHemHuil BUI M cX€Ma KOHTAKTOB IPUBEAECHBI Ha
puc. 98.

Ilomenyuomempor Ciy)kaT UIsI HACTPOWKH U

TUTABHOM PEryJIUPOBKU KAKOTO-IHOO0 3JIEKTPHUECKOTO

Puc. 98. [Mepekniovarens: a — Hapamerpa yTeM WU3MEHEHUS AKTUBHOTO

BHELUHWIA BUA; 6 — CXeMbl KOHTaKTOB  COITPOTUBIICHUS. [loapa3nenstoTcss Ha MOBOPOTHBIE U

JuHEWHble  (MION3YHKOBBIE). Y  MOBOPOTHBIX
MIOTEHIIMOMETPOB COINPOTHUBIICHHE KAaK MpaBWIO YyrojapHoe. HMHorma yrosibHOE
CONPOTHUBIICHUE JEJIAECTCS NEPEMEHHBIM IO CEYEHWIO IS NMPHUJIAHHUS HEIMHEHHOIro
BHJIA XapaKTepucTtuke R = f (@), rne R — cONpPOTUBIIEHHE, ¢ — YrOJd OBOPOTA.

Koumponnepsr — MHOTOIO3UIIMOHHBIE CHUJIOBBIC TMepekmtouarenn. Ha pwuc. 99
MPUBEAECHBl BHEIIHUKA BHJ M CXE€Ma pPBIYAXKHOIO KOHTPOJUIEpPA YHPABICHUS
JBUTATENIeM MO beMa OareHHoro kpana. bomee moapoO6HO 00 yrpaBiIeHUU MTYCKOM
Tpex(}a3zHOro aCMHXPOHHOTO JBHUTATeNsl ¢ (ha3HBIM POTOPOM OYIET paccKka3zaHo B
JOUCLUIUIMHE «YTPABICHUE TEXHUUYECKUMHU CUCTEMAMMY.
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Puc. 99. KynauxoBeiit koutposiep KKT-61 u ero koHTakTHasi cucTema: a — BHEIIHUN
BUJI; O — KOHTPaKTHas Tpymnma; 1 — HeoABWKHBIA KOHTAKT; 2 — MOABHKHBIA KOHTAKT; 3
- MPUBOIHAS NpYXHHA;
4 — yrpaBnsromMid Kynadok; 5 — Bait; 6 — peryar ynpasieHust; 7 — KpblIka; 8 — Kopiyc

Ileoanu. Ha puc. 100 mpuBeneHa nepexiovaro-
mas nesadh Ha o 0ase  CHeNHaIM3UPOBAHHOTO
KpPaHOBOT'O KOHEUYHOT'O BBIKJTIOUATEIIS
KV-700] (mycrast mosuiust — HOMEp HCIIOIHEHHS).
[Tenamu TSt TJIABHOTO peryJIupOBaHUS
PEACTaBISAIOT COO0N KOMOWHAIIMIO U3 COOCTBEHHO :
negainy, MEXaHW4YEeCKOM mnepegayd M MOBOPOTHOIO Puc. 100. Mepans ynpasnexus
NOTEHIIMOMETPA.

Cenbcunnvie Komanooannapamsl. SIBISIOTCS ITUIABHBIMH peryisitopamu. B
OTIUYHME OT TMOTEHIIMOMETPOB MPEJACTABISAIOT COO0H OECKOHTAaKTHbIE MPUOOPHI
ynpasnenus. OCHOBOU SBJISIETCS CENbCUHHAA Tapa, paboTaolias B reHepaTOPHOM
pexume (MoapoOHee — CM. JISKIHIO 5). YIPaBIAIOMUNA SJIEMEHT COSTMHEH C POTOPOM
celbCUH — naruuka. [Ipu moBopoTe poTopa B JIMHUSAX CBSI3U CEJIBCUHHOW Mapbl
MOSIBJIIETCSL HAINPSIKEHUE PacCOryiacoBaHUs, MNPONOPLHMOHAIBHOE Iy IOBOPOTA
poTOpa. DTO HAIPSKEHUE U SBIIAETCS YINPABISIIOIMM CUTHAJIOM KOMaHAoanmnapara.

[IpOMBINIIEHHOCTHIO  BBIITYCKAIOTCS CEJIIbCUMHHBIE KOMaHJIOAIIapaThl CEpUil
CKA3, CKAP, CKAIIL TIlocnennsss OykBa 0003HaYeHHUS O3HAYaeT THII
YOPaBJISIONIETro dJeMeHTa (3 — MaxoBUUHBIA pyyHOU, P — phruaxkusiii pyuynoii, I1 —
nenanbHbiil). Komanpoanmapatet CKA3 BcTpauBaioTcsi B MaHENb YHOPaBICHUSA.
Hekoropeie momudukammm CKA3 HUMEIOT CTpeloyHBId yKa3aTellb MOJIOKEHUS
MaxOBUYKA.

> IIpubGopsI KOHTPOIIA

Crnyxar nns mepenadn MHOOpPMAIMK OMEpaTopy O COCTOSHHUH YTPaBISIEMBIX
MPOILIECCOB WJIM MalluHbl. Tak ke, Kak W OpraHbl yHpaBJCHUS, OHU JIOJHKHBI
MOTYUHATHCS ABYM KOMIUIEKCaM TpeOOBaHUM, BO-TIEPBBIX, 110 CBOUM JJIEKTPUIECKUM
rnapaMeTpaM COTJIaCOBBIBATHCS C OCTaJIbHON CHUCTEMOW YIPAaBICHUS; BO-BTOPBIX,
COOTBETCTBOBATh APrOHOMHUYECKUM TpeOOBaHUSAM K npudopam
aynuosuaeonHpopmanuu. Kak yxe orMedanoch B JIEKIUMU 3, TPUOOPHI KOHTPOJIS
MOAPA3NAEISAIOTCS HA IIKAJbHbIC, HU(POBbIE U HWHAUKATOPHBIE. Y IIKaJbHBIX
MpUOOPOB TOJIOKEHUE CTPEJIKM Ha IIKajle MPONOPLHOHAIBHO YPOBHIO BXOJHOIO



110

curHasa. OH o0najaer HaMMEHBLIUM BpEeMEHEM, HEOOXOJUMBIM OIepaTopy s
OLICHKH MOKAa3aHM, HO TOUHOCTh OLIEHKHU MMOKAa3aHUM y HEr0 HUXKE, 4eM y HU(POBOTO
npubopa. Hudpooii npubop BblAAET 3HAYEHHE YPOBHSI BXOJHOTO CHUTHAlIa B BHJIE
uuppoBoil nHPopMauuu. MHIMKATOpP BBIAAET AMCKPETHYIO HHpopMauuio. Takum
o0pa3oM, MIKaJbHBIM TPUOOP CIYXKHUT JUIsl TOCTOSHHOTO MPUOIMKEHHOTO KOHTPOJIS
32 COCTOSIHMEM Kakoro-nubo mapamerpa. LludpoBoit npubop ciayXut ais TOYHOM
OLICHKM COCTOSIHUSI Kakoro-iu0o mapamerpa, MpU 3TOM BOCHPUATHE MOJIOKEHUS
TEKYIIETr0 YPOBHSA OTHOCUTENBHO MPEJETIOB U3MEHEHHSI WIIM OMACHBIX IOPOTOB XYKeE,
4yeM y IpuOOpoB IIKaIbHOTO THNa. MHAMKATOP BbIIAET HHPOPMALIUIO O JOCTUKEHUU
KOHTPOJIUPYEMBIM  [apaMeTpPOM  OMNpPEIEICHHOr0 3HAa4yeHus, 4Yalle BCEro —
peIeTBbHOTO.

lkanvHvie npudopsl. [IpuHIUI NEUCTBUS MIKATBHOTO 3JIEKTPUUYECKOro mpudopa
KOHTPOJISI PACCMOTPUM Ha TNPUMEpPE MArHUTOSIEKTPUYECKOIO H3MEPUTEIHLHOTO
MEXaHHM3Ma, HampuMmep, Nprudopa KOHTPOJISI TEMIEPATyphl OXJIaXkAAI0MIeH KUIKOCTH
npuratenss  SAIM3-238  Ha  LEHTpPaJbHOM  IYJIbTE
ynpasieHuss nmyreBo mamumHon BIIPC-500 (puc. 101).
MexaHu3M COCTOUT U3 TpeX MPOBOJIOYHBIX KATYIIEK,
HABUTBIX Ha TUIACTMACCOBBIN KapKac TaKUM 00pa3oM, 4TO
BEKTOPBI HANPABJICHHOCTU MX DJIEKTPOMArHUTHBIX TOJIEH
IepEeceKaloTCs B LIEHTpEe KapKaca IoJ MpsMbIM yrioMm. B

TOM MECTE€ Ha MOBOPOTHOH OCHM MOMEUIEH MOCTOSHHBIH
E:?ﬁm oo e:TOJV'N ock Orocxe'v'a MAarHuT, )KECTKO COEIMHEHHBIN C yKa3aTeJIbHON CTPEIKOM.
“3mepuTernbHoro npmbopa Maruur pacrnonaraercsi napajule]IbHO CYMMUPYIOLIEMY

BEKTOpPY 3JEKTpoMarHuTHeIX mnosied. [locnenoBarenbHO
OJTHOM M3 KaTylIeK BKJOYEH AaTyuk. [Ipu u3MeHeHuM COCTOSIHMS JaTduKa OajlaHC
AJIEKTPOMArHUTHBIX NOJIEH M3MEHSETCs, MEHSET CBOE HAIlpaBICHUE CYMMUPYIOLIUN
BEKTOP U BMECTE C HUM — IIOCTOSIHHBIM MarHur.

Lugposvie npubopwi. 1ludpoBoit TpUOOP KOHTPOJS TMPEACTABIAECT COOOM
KOMOMHAIIMIO M3 aHaJoroBo-MGpoBOro mpeolOpazoBaTens, Mpeodpa3oBaTels
JBOUYHOIO KoJa B 0Oojiee MPHUBBIYHBIA JECATHUHBIA U LUPPOBOTO HHIUKATOPA.
CrpykrypHass cxema npuBeieHa Ha puc. 102. TlpuHnun npeicTBHUs aHaIOTrOBO-
1 poBOro NMpeodpazoBaTeis paccMaTpUBalICs B IpeaplyIieH ek, B nociaennee
BpeMsi Bce Oousblliee  paclpoCcTpaHEHHE MOJMY4YaloT SKUAKOKPHUCTAJUINYECKUE
U poBble MHIUKATOPHI OJarogapss CBOMM BBICOKUM SPrOHOMHYECKHM CBONCTBaM,
YHUBEPCAIBHOCTH, yI0OCTBY MOHTaXa.

51mB O] DE
N 2 N3 4

Puc. 102. CrpykrypHas cxema ud)poBoro nprudopa KOHTpoms: 1 — 1aTduk; 2 — aHAIOroBo-
mudpoBoi mpeobpas3oBaTenb; 3 — ABOWYHO-ACCATUYHBINA MpeoOpazoBarenb; 4 — mUPPOBOH
WHIIIKATOp

Hnoukamopsr MOJApa3NeNAOTCs Ha BHU3yaJbHble M 3BYKOBble. B  memsix
YIpaBICHUsI MOCTOSIHHOIO TOKa HampspkenneM 5 B, 12 B, 24 B B kauectBe
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BU3YaJbHBIX HWHJIMKATOPOB HCHOJIB3YIOTCS JIAMIIOYKM HAKAJIMBAaHUA  MaJIOU
MOIIIHOCTH. B 1emnsax nepeMeHHoro Toka 00jee BbICOKOr0 HaNpsKEHUs PUMEHSIOTCS
ra3oCBETHbIE HEOHOBBIE JIAMIIOYKHA. 3BYKOBBIE HHJIHKATOpPBI, KaK IPaBUIIO,
OyOnupyroT Hanbosee BaXKHbIE CUTHAJIBI IIPU MEPErpy>KEHHOCTU MYJIbTa yIpaBIEHUs
B3yasibHOM  uHpopmanueit. Ilompazaensitorcs Ha  3JIEKTPOMEXaHUYECKHUE U
3JIEKTPOHHBIE 3yMMEpHI. [IepBbie MPEACTABIAIOT XOPOILIO U3BECTHBIN JJIEKTPUUYECKUAMN
3BOHOK. OCHOBOIl 3JEKTPOHHOIO 3yMMepa SBISETCA TeHepaTtop KoyeOaHuid,
Hampumep, Ha 0Oa3e MynbTHBUOparopa (CM. JIeKUUIO 4, NpPUHUUIN PaOOTHI
OECKOHTAKTHOTO KOHEYHOro BBIKJIIOYATelNs). B BBIXOAHYIO LieTb MYJIbTUBHOpaTOpa
BKJIIOUEH JMHAMUK. B  rmocimenHee  Bpems  IOMy4YarOT — paclpoOCTpPaHEHHUE
MHOT'OTOHAJIBHBIE JJIEKTPOHHBIE 3YMMEDPBI, ITO3BOJIIOIIME pa3jiMdyaTb CUTHAIBI 110
TOHY.

Koumponsnuie éonpocwt u 3a0anus

1. Onumure KOHCTPYKIWIO, TPUHIIUI JEUCTBUS, TOCTOMHCTBA W HEIOCTATKU
AIEKTPOMEXaHUYECKOTO U DJIEKTPOTHIPABINYECKOTO TOJIKATEIEH.

2. TloueMy B  DJIEKTPOTHIPABIMYECKOM  TOJKATele  NPUMEHSICTCS
TpaHcPpopMaTopHOE MACIIO?

3. OnuuuTe TUMBI U KOHCTPYKIIUIO YIPABIISIIONINX 3JIE€KTPOMArHUTOB.

4. HazoBuTe 3proHoMuyeckue TpeOOBaHMs K OpraHaM yIpaBiIeHUS.

5. OnuuuTe TUNBI U KOHCTPYKIINIO KHOMIOK YIIPaBJICHHUS.

6. B ueM nmpuHIMI BHEIIHEH OJOKUPOBKU TOJYKOBON KHOIKH?

7. HazoBUTE NOCTOMHCTBA U HEJOCTATKH T'€PKOHOBBIX KHOIOK IO OTHOIICHHIO K
OCTaJIbHBIM THITAM.

8. B ueM npuHIUII 1eUCTBUSI CECHCOPHOTO YIIPABIICHUS?

9. B 4yem mnpuHUUII ACHCTBUS MArHUTOAJIEKTPUYECKOTO IIKAIBHOTO Tpubopa
KOHTPOJIsA?



