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AHHOTAIMS

Hacrosmmit YMKJ]] npegnHazHayeH B MOMOUIb CTYJEHTaM OYHOM (OpMBI
oOyueHUsI Ha DJHEPreTHYecKoM (aKkyJabTeTe TMPU HU3YYCHUU JUCHUIUIUHBI
«7EMEHTBI aBTOMATUYECKUX YCTPOUCTBY.

[Ipy ero HamucaHUW YYWTHIBAIUCh PEKOMEHJALMHU U3 MOJ0xeHHs «O0
y4e0HO-METOUYECKOM KOMIUIeKce AucuuIUInHby. YMKJL paspabaTbiBancss Ha
OCHOBE yTBEpPXIECHHBIX B YCTAHOBIEHHOM mopsAnke ['ocyaapCTBEHHOro
00pa30BaTEIbHOrO CTaHAAPTA, TUIIOBBIX YUEOHBIX IJIAHOB.

Jucuumea «3J1€MEHThl aBTOMAaTUYECKUX YCTPOKCTB» OTHOCUTCS K LIMKITY
CJ1, siBnsieTcst cneuyaabHON JUCIUTUITMHOM.

B nanHOM y4yeOHO-METOAMYECKOM KOMIUIEKCE OTPAKEHbI CIEIYIOIINe
BOIIPOCHI: COOTBETCTBHUE AUCUMUIUIMHBI «DJIEMEHThl ABTOMAaTUYECKUX YCTPOWCTBY
CTaHJapTy; IOKa3aHa padoyas NOporpaMMa AUCHUIUIMHBI, MOAPOOHO OMUCAH
rpaUK CaMOCTOSTENbHOW Y4YeOHON paldOThl CTYJEHTOB MO JIUCLUIUIMHE Ha
KaXXJblil CEMECTp C yKa3aHHeM €€ CoJiepKaHusl, 00beMa B yacax, CpOKOB U (Hopm
KOHTpOJIS;  pacluCaHbl  METOJWYECKHME  yKa3aHWsd 1O  IPOBEICHUIO
CaMOCTOSITENIbHOM pabOThl CTYJIEHTOB M MPAKTUUYECKUX 3aHIATUN; YyKa3aHbI
PEKOMEHJAMU IO MPOBEACHHUIO JAOOPATOPHBIX 3aHATHUN; NPEIJIOKEH KpaTKul
KOHCHEKT JIEKIMM 110 JaHHOMY KypCy; METOAMYECKHE PEKOMEHIALNUHA IO
BBINIOJIHEHUIO KYpPCOBOM, 1a00paTOpHBIX, MPAKTHUYECKUX W JIOMAIIHUX pPaloT;
ITIOKA3aH [IEPEYEHb IPOrPAMMHBIX IIPOIYKTOB, PEAIBHO HCIOJIb3YEMBIX B IPAKTHKE
NEATENbHOCTH  CTYJEHTOB;  METOAMYECKME  YKa3aHWs 10  IPUMEHEHUIO
COBPEMEHHBIX HMH(POPMAIMOHHBIX TEXHOJIOTMM [JIs TpenojaBaHus y4ueOHOH
OUCLMIUIAHBL, METOAMYECKHE YKa3aHus Mpo(eccCOopCKO-MPeno1aBaTeabCKOMy
COCTaBy II0 OpraHU3alUUd MEXCECCHOHHOIO U JK3aMEHALIMOHHOIO KOHTPOJIA
3HAHWM CTYJIEHTOB; KOMIUIEKTBHI 3aJaHUM Il JA0OPATOPHBIX, KOHTPOJIbHBIX WU
JOMalIHUX 3alaHui; (POHI TECTOBBIX M KOHTPOJBHBIX 3aJaHUN Jii OLEHKU

KadyecTBa 3HAHMU IO JAUCHUILIMHE, KOHTPOJBHLIC BOIIPOCHI K 3a4YCTy M 3K3aMCHY,



KapTa 00ecTIeYeHHOCTH JACITUTLIAHBI KaJpamu podeccopcKo-
IPENOAABATEIBLCKOTO COCTABA.

JucuunnrHa «J€MEHThl aBTOMAaTHYECKUX YCTPOWMCTB» pas3AeieHa Ha JBa
ceMectpa. [Ipenongaercs Ha TpeTheM U 4YETBEPTOM Kypcax. B miectom cemectpe
3arlaHupoBaHo 36 4dacoB Jekuuid, 18 yacoB 1a0OpPaTOpPHBIX 3aHATHI B KOHIE
cemecTpa 3auer. B cenpmom cemectpe 32 yaca JieKuuii, 16 4acoB MpaKTUUECKUX
3ansaTuii, 30 4acoB KypcoBag paboTa B KOHIE ceMmecTpa »dk3ameH. Ha

CaMOCTOATENBHYI0 PabOTy BbIJIEJIECHO 68 4acoB.
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- JEHHE

Kypc «DOneMeHTbl aBTOMAaTHUECKHUX YCTPOMCTB» SIBJISIETCS OJHUM U3
BaXHEWINX. Ero BIMsiHWE Ha CTyJIEHTa OY€Hb BEIUKO. JlucUMIUIMHA «DJIEMEHTHI
ABTOMATHUYECKUX YCTPOUCTBY 3aHUMAET BaAXKHOE MECTO B y4EOHOM IpoIIecCe.

CoBpeMeHHBIE PHEPIEeTUUECKUE CUCTEMbI OTHOCITCS K HanboJjee CIIOXKHBIM
OOJIBIIIMM aBTOMATU3UPOBAHHBIM CUCTEMAaM, CO3JaHHBIM YEJIOBEKOM.

[Ipon3BOACTBO W  pacOpelesieHue  DJICKTPOSHEPIrMH  HUMEKOT  TaKue
0COOCHHOCTH, KaK Hepa3phIBHOCTh ITPOU3BOJICTBA U MOTPEOICHUS BO BPEMEHH TIPU
nepejaye OOJBIIMX MOTOKOB AHEPIMU HA 3HAUMUTENIBHBIE PACCTOSHUS, C OJIHOMU
CTOPOHBI, U MPAKTUYECKHM MTHOBEHHOE PACHPOCTPAHEHUE DJICKTPOMATHUTHBIX W
JJIEKTPOMEXAHUYECKUX  BO3MYIIEHUHW €  Jpyro. B Takux  yciaoBHsX
COOTBETCTBYIOIIEE  KAYECTBO M  HAJIGKHOCTh  DJIEKTPOCHAOXKEHUSI  TpHU
OTPAaHUYCHHBIX 3aTpaTaX MOTYT OBITh OOECHEYEHbl TOJBKO TPH IITUPOKOM
MPUMEHEHHUH COBEPIICHHBIX TEXHUYECKUX CPEJCTB MepepaboTKu UHPOpMAIUU U
WCIIOJIb30BAHUSL €€  JUII  aBTOMATUYECKOTO  YOPAaBJICHUS W 3alUThI
BJIEKTPOIHEPTETUYECKUX CUCTEM.

Bpime ykazanHble 3aJadyd  pEMIAIOTCA KOMIUIEKCOM  aBTOMATHYECKHX
YCTPOUCTB, (YHKIIMOHUPYIOIIUX HA OCHOBE TMEpPepadOTKA € HCIOJIh30BAHUS
MH(pOpPMAIIMU O COCTOSIHUU JJICKTPOIHEPTreTUUECKUX YIIPABISIEMBIX OOBEKTOB, O
BO3MYILIAIOIIMX BO3JICMCTBUSAX HA HUX M O COCTOSHUHM MPOILECCa MPOU3BOACTBA,
nepeaavyr U pacrpeeieHus JJIEKTPOIHEPrun B 1iesioM. HecMoTps Ha OosbIioe ux
pa3HooOpazue  OHM  (DYHKIMOHUPYIOT Ha  OOmMMX  MNPUHIOMUMNAX  Kak
nHpOpMaMOHHBIE TEeXHUYECKHEe cpeacTBa. IlodToMy uH3ydeHHE JTUCHIUIUIMHBI
«7EeMEHTBl aBTOMATHYECKHUX YCTPOWCTB» IE€JIECO00pa3HO IS CIEIUATbHOCTH
«Peneiinas 3a1MTa 1 aBTOMAaTU3aLUS JIEKTPOIHEPTETUUECKUX CUCTEM.

OCHOBOM TIOCTPOEHUS COJCP)KAHUS JUCHUIUIMHBI SIBJISCTCS TPUHITUII
(YHKIIMOHATBHOTO pas3aeneHust aBTOMAaTHUYECKUX YCTPOWCTB

QJICKTPOIHCPICTUICCKUX CUCTEM Ha (I)YHKLII/IOHaJ'IBHBIe SJIEMCHTBI COOTBCTCTBCHHO



OCHOBHBIM THUIIOBBIM ONEpPAIUsM, BBINOJHAEMbIM B aBTOMAaTHUYE€CKOM YCTPOWCTBE
HaJl CUTHAJaMU B MpOIlecce MOIyUYeHHUs, Nepeaadyu U nepepaboTku, 0ToOpaKeHUs
Y UCIOJIb30BaHUs UHGOPMAIIUH.

bonpiioe BHUMaHWE YACIEHO AKTHBHBIM aHAJIOTOBBIM ()YHKIIMOHATHHBIM
AJIEMEHTaM Ha OCHOBE MHTETPAJIbHBIX ONEPAIMOHHBIX yCUIUTENEH U IU(POBHIM
AJIEMEHTaM Ha WHTErPAIbHBIX MHUKPOCXEMaX M OCOOEHHO MPOTpaMMHBIM Ha
MUKPOTPOIECCOPAX.

OCHOBHBIMM  3aJla4yaMU  JUCHUIUIMHBI  SIBJIIETCS HW3Y4YEHHE BOIPOCOB
MIPUMEHEHUSI TEXHUYECKUX CPEACTB aBTOMATUYECKOTO YIPAaBJICHUS W 3aIIUTHI
AIEKTPOIHEPTETUUECKUX CUCTEM.

JlanHoe mocoOHMe COCTaBIEHO C YYETOM pPEeKOMEHJAlUi  y4eOHo-

MeToanueckoro oraeia Aml'Y.



1 Pabouasi nporpaMMa IuCHMILJIMHBI

PaGouass mnporpaMma 10O JAUCIHUIUIMHE «DJEMEHTHl aBTOMAaTHUYECKUX
YCTPOWCTB» COCTaBJ€HAa Ha OCHOBAHHWHM | OCyIapCTBEHHOTO OOpa30BATEIIBHOTO
crangapta BIIO nmo HampaBieHHIO MOATOTOBKH JUIIJIOMHUPOBAHHOIO CHEIMATIUCTA
650900 DJIEKTPOOHEPI'ETUKA cnenmnansHoctu 140203 — «Peneiinas 3ammra

N aBTOMATU3AIHNA SJICKTPOSHCPICTHUCCKUX CUCTCMD.



denepasibHOE areHTCTBO MO oOpa3zoBanuto Poccuiickoit denepanuu
AMYPCKUU I'OCYJAPCTBEHHbBI YHUBEPCUTET
['ocynapcTBeHHOE 00pa30BaTENbHOE YUPEXKICHUE BHICIIETO
npodeCcCUOHATLHOTO0 00pa3oBaHus
(FOYBIIO «AMI'Y»)

«YTBEPXIIAIO»
[IpopekTop no yueOHO-Hay4YHOU paboTte
E.C. AcranoBa
«__» 2006 T.

PABOYAS ITPOTPAMMA

10 HNCIIUITJIIMHC ((3JI€MCHTBI ABTOMATHYCCKHUX YVCT OﬁCTB»
(HaMMeHOBaHNE AUCIUIIINHEL)

i cnenuaidbHOCTH 140203— «PeneiiHas 3a1muTa 1 aBTOMATH3AINS
QJICKTPOOHCPI'CTUUYCCKHUX CUCTCM»

(umdp 1 HANMEHOBAHNE CTICI[HATBHOCTH)

Kypc _3.4 Cemectp __ 6, 7

}[CKHI/II/I 68 (wac.)  DOx3ameH 7 (cemecTp)_ __

[IpakTueckue (CEeMUHAPCKUE) 3aHATHS 16 (ac.) 3auer 6

(cemectp)

JIabopaTopHbI€ 3aHATUSA 18  (uac.)
CamocrosTenbHas pabota 68  (ugac.)
Kypcosas padota 7 cemectp (30 qacoB)

Bcero gacos 200

CocraButens Potauea A.T'., ooyenm, boapyr H.C. accucmenm

DaKynbTET oHEpeemuyecKull

Kadenpa snepeemuxu

2006 r.
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Pabouas IIporpamMma COCTaBJICHA HAa OCHOBAHHH

(I"'ocymapctBeHHOr0 00pa3oBarensHOro cranaapra BIIO unu THHOBOH IporpaMMsl)

Pabouas mporpamma o6cyxaeHa Ha 3acejaHuu Kadeapsl

« » 200 T., IPOTOKOJ Ne

3aBenyromuii kadenpoi

Pabouas nmporpamma oyo6pena Ha 3acenanuu Y MC

(HaMMeHOBaHHe CHCHI/I&J’[LHOCTH)

«_» 200 r., nporokon Ne

IIpencenarens

(noamuce, 1.0.0.)

COI'TACOBAHO COI'NTACOBAHO

Havaneauk YMY [Ipencenarens YMC dakynbrera
(moxnucs, 1.0.0.) (mogmuce, 1.0.0.)

«_» 200 T «_» 200

COTI'JTACOBAHO

3aBeyIoIINi BRIMTYCKAOIICH Kadeapoi

(noanuce, 1.0.0.)

« » 200 T.
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1. Ileqtn 1 32024 JMCHHUILIAHBI, €€ MECTO B y4e0HOM Mpoliecce.

1. uenp npenogaBaHus TUCUUILIIUHBI,
2. 3a/1a4M U3Y4YEHUS AUCLUIUINHBI;
3. mepeyeHb IUCUUIUIMH C YKa3aHUEM Pa3JesioB (TEM), YCBOEHHE KOTOPBIX

CTyACHTaMU H€O6XOI[I/IMO TP U3YUCHUU I[aHHOI\/'I JUCHUITIINHBIL.

eap npenogaBaHusi JUCUUIIMHBI SIBJISICTCS U3YUYECHHE aBTOMATHUYECKUX
YCTPOUCTB, (YHKIMOHUPYIOIIUX HA OCHOBE TMEpPepadOTKH € HCIOJIb30BAHUS
UHGOPMAIIMN O COCTOSIHUU AJIEKTPOIHEPTETUUECKUX YIPABISEMBIX OOBEKTOB, O
BO3MYILIAOUIMX BO3JICMCTBUSAX HA HUX U O COCTOSHUM MPOILECCa MPOU3BOACTBA,
MepeIaun ¥ pacIpeIeICHUS] SHEPTUH.

3ajayaMu JUCHUIUVIMHBI - SIBJISIETCSI M3YYEHHUE BOIPOCOB MPUMEHECHUS
COBPEMEHHBIX TEXHUYECKUX CPEJICTB ABTOMATHUYECKOTO YIIPABICHUS W 3AIIUTHI

QJICKTPOIHEPICTHICCKUX CUCTCM.

CTAHIAPT IIO ITPEIMETY

Jucuumuea «3J1€MEHThl aBTOMAaTUYECKUX YCTPOKCTB» OTHOCUTCS K LIMKITY
CJ1, siBnsieTcst cneuyaaibHOM JUCIUATUITMHOM.

CH.0l. ®DyHKUMOHANIbHBIE 3JIEMEHThl YCTPOMCTB aBTOMATHYECKOTO H
ABTOMATU3WPOBAHHOI'O YIIPABICHUS B AJIEKTPOIHEPTETHKE, UX XAPAKTEPUCTUKHU:
NpeabaBIsieMble K HUM TpeOOBaHUS; MMaCCUBHBbIE M aKTHBHBIE MpeoOpazoBaTenn
napaMeTpoB pexuMa AIIEKTPOIHEPTETUUECKON CUCTEMBI; DJIEMEHTBI
U3MEPUTEIIbHOM JIOTUYECKOM 4aCTHU YCTPOMCTB PEJIEMHOM 3alllUThl U aBTOMATHUKHU

QJICKTPOIHCPICTHYCCKUX CUCTCM.

[MTPUHIIUIT ITOCTPOEHUA KYPCA
B nexmmmonHOM Kypce B 1eI0CTHOUM hopMe 0000MIar0TCs MOTyUYeHHBIE paHee
3HaHUS [0 MareMaTuke, (Pu3nKe, TEOPETUUYECKUM OCHOBAM DJJIEKTPOTEXHHKH,

HpOMBIIHJI@HHOfI QJICKTPOHHUKE, TCOpHUHU ABTOMATHU4YCCKOI'O YHpaBJIICHUSA
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(perynupoBanus). Ha 6aze 3Toro paccMaTpuBarOTCs MPUHITUIIBI JEHCTBUS CXEM U
XapaKTePUCTUKH (PYHKIIMOHAJIBHBIX JJIEMEHTOB aBTOMATHYECKHX YCTPOMCTB
coopa, mepemauu, oToOpakeHMSs M BBOoJa B Lu(poBble ynpasisomue OBM
uHDOpMAIMU ¥  ABTOMATHYECKUX  YCTPOWCTB  YyMPABICHHUS W  3aAIIUTHI

ANEKTPOIHEPTETUUECKUX CUCTEM.

3HAHUA 1 YMEHUA CTYAEHTA

CTylleHThl JOJDKHBI YMETh MCCIEI0BATh W HCHBITBIBATH TEXHUYECKHUE
cpeacTna ABTOMATUYECKOr0 M aBTOMATU3UPOBAHHOTO  YNPABJICHHS
AIEKTPOIHEPTETUUECKUMH CUCTEMaMH W JHEProoObEKTaMH, Kak B MPOIECCe MX
CO3/IaHUsI U Pa3pabOTKU, TaK U B MPOIECCE UX MOHTaXXa U IKCIUTyaTallluu; BIOpaTh
MIPUHIIUIT IOCTPOCHUS CHCTEMBI aBTOMAaTHYECKOTO YIIPABIICHUS.

CTyZIeHThl TOJKHBI 3HATh: CTPYKTYPBl CXEM aBTOMAaTHUKH, COBPEMEHHYIO U
MEPCIIEKTUBHYIO 2JIEMEHTHYIO 0a3y yCTPONCTB pefeiHOM 3alllUThl U aBTOMATUKH.

CTyneHTbl JOJDKHBI BIANETh. METOJAMHM aHalu3a M CHHTE3a CHCTEM
ABTOMAaTHUYECKOTO " aBTOMAaTHU3UPOBAHHOTO yIIPaBJICHUS
AJIEKTPOIHEPTETUYECKUMH  CUCTEMaMM; METOJAMU IOCTPOCHUST W  aHAIU3a

YUCJICHHBIX U aHaJO0TOBBIX Mojeneit CAY U KOHTpOJIS.

JEKIIMOHHBIN KYPC (68 YACOB)

TEMA 1. ABTOMaTH4eCKHME CHUCTEMbI, YCTPOMCTBA U (PYyHKUIHMOHAIbHBIC
anemeHThl (2 HACA)

ABTOMAaTH4YeCcKOe  YIpaBICHUE IPOU3BOJACTBOM U  PACIpPEICICHHEM
AIEKTPOIHEPTUHN. ABTOMATUYECKOE YIIPABICHUE KAaK IPOU3BOICTBEHHBIN MPOLECC.
Curxansl aBTOMAaTHYECKUX YCTPOMCTB. (PYHKUMOHAIBbHBIE YaCTU M 3IJIEMEHTHI
aBTOMaTuyeckux ycTpoilctB. [Ipsimas u oOpaTHas CBsA3M B aBTOMATHUYECKHUX
YCTPOMCTBAX.

TEMA 2. XapakTepuCTUKU 3JIEMEHTOB aBTOMATHYECKUX YCTPOUCTB (6

YACOB)
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Bpemennbie QpyHKIMOHANbHBIE XapakTepucTUkH. lepenaTounsie QyHKIUU.
YacroTHele xapakrtepuctuku. [IpoxomHas xapakrepucrtuka. IlorpemnocTtu
npeoOpa3oBaHus cuUrHaioB. HWHQopManuMoHHBIE XapakTEpUCTHKU. BnusHue

0oOpaTHBIX CBSA3CH HA XapaKTEPUCTUKH DJICMEHTOB.

TEMA 3.YactoTHble puibTpbl aBTOMaTHUeCKuX ycTpoicT (8§ HACOB)

Ha3nauenue, npuHIUN AeUCcTBUSA. XapaKTEPUCTUKU YAaCTOTHBIX (DUIBTPOB.
[TaccuBHBIE pe30HAHCHBIE MOJIOCOBBIE (PUIBTPHI. AKTUBHBIE YaCTOTHBIEC (DUIBTPHI.
BrlnonHeHre W XapaKTepUCTUKU YACTOTHBIX (UIBTPOB. AKTHUBHBIE (DUIBTPHI C
KOHEYHOW HWMITyJIbCHOM Xapaktepuctukoil. [{udpoBbie yacToTHBIE (GUIBTPHI,
BBITIOJIHEHUE TU(DPOBBIX (PUIBTPOB.

TEMA 4.M3mepurenbHble TpeoOpazoBaTenn BXOAHbIX cUrHaIOB(8 HACOB)

Ha3znayenne W pa3sHOBUIHOCTH U3MEPHUTENBHBIX IMpeoOpa3oBaTeleil.
U3MepUTENbHbIE TpaHC(POPMATOPHI U TPAHCPEAKTOPHl. AKTHUBHBIE U3MEPUTEIIbHbBIE
TpaHC(HOPMATOPBI. @Pa30MoBOPOTHBIE JJIEMEHTHI. N3meputenpHbIe
npeoOpa3oBaTe U3MEHEHHM YacTOThl CHHYCOMIAIbHBIX HAIPSKEHUNH U TOKOB.
dopMupoBaTeId OPTOTOHAJIBHBIX W CUMMETPUYHBIX Tpex(da3HbIX CHUCTEM
ANEKTPUYECKUX BEITUYMH.

TEMA 5. UWsmepurenbHbie mnpeoOpa3oBaTed BXOJHBIX  CHUTHAJIOB,
u3Menstomue ux gopmy (6 HACOB)

BpemsiummynbcHble U3MEpPHUTENbHBIE IPE0OpPa30BATENN aMIUIUTYIbI, (a3bl U
yacToThl. M3MepuTenbHble MpeoOpa3oBaTead aMIUIMTYIbl, (a3bl U YacTOTHl B
HEIpPEPbIBHBINA CUTHaN. BhICTponEHCTBYIONIME U3MEPUTENbHBIE MPEeodpa3oBaTen
amMIuuTyel. M3mepurensHble mpeoOpa3zoBarenu (a3bl B HENPEPHIBHBIA CHUTHAI.
N3meputenpHbIe npeoOpazoBaTeu aMILIUTY AbI U YaCTOTBI B
JUCKPETU3NPOBAHHBIA CUTHAIL

TEMA 6. @unbTpbl cuMMeTpUUHBIX cocTaBiisitomux (6 HACOB)

Ha3nauenne u crnocoObl OCYIIECTBJIEHUS XapAaKTEPUCTUK W IOKa3aTeleu
¢buabTpoB. DPUIABTPHI HYJEBOW MOCIeAOBAaTeNbHOCTH. [laccuBHBIE (GUIBTPHI

oOpaTHOM TMOCIEOBATENbHOCTU. AKTHUBHBbIE (QUIBTPHI HANpPSKEHUS M TOKa
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oOpatHO¥  mocnenoBarenbHOCTH.  LludpoBbie  QUABTPHI  CHUMMETPUYHBIX
COCTaBJISIOIIMUX.

TEMA 7. U3mepurenbshble peodpazoBaTenu mouHoct (6 HACOB)

Hasnauenune, BuABl U CHOCOOBI  OCyIIeCTBICHUSA. V3MeputenbHbIC
npeoOpa3zoBarenu MOIIIHOCTH Ha KBaJpaTopax. BpemsumiynbcHbIe
M3MEPUTEIbHBIE MPeoOpa3oBaTEeIM MOITHOCTU. BBICTPOICHCTBYIOIIME aHATIOTOBbBIC
U3MepUTEeIbHBIE TMpeoOpa3zoBarenn MomlHocTH. [{udpoBrie u3MepuUTENbHBIE
npeoOpazoBaTeNu MOIIHOCTH. Amnanoro-uu@poBoi VU3MEPUTENIbHBIN
mpeodpa3oBaTesib MOITHOCTH.

TEMA 8. DnemenTsl cpaBHeHus curiaiioB (6 HACOB)

[lpuHUMOBl  AEUCTBUST W XApPaKTEPUCTUKU  DJIEMEHTOB  CpPaBHEHUSI.
[TaccuBHBIE »JIEMEHTHI CpaBHEHHS. AKTHBHBIE BBIIPSIMUTEIIbHBIE SJIEMEHTHI
CpPaBHEHMS CUTHAJIOB. AKTHBHBIE BPEMAUMITYJILCHBIE JJIEMEHTHI CpPaBHEHUS
YacCTOThl U aMIUIUTYJbI; aMIUIUTYIbl U ¢a3. [[ucKkpeTHbIe 3JIEMEHThl CPAaBHEHUS
¢da3. Ludposbie 351eMEeHTHI CpaBHEHUS.

TEMA 9. U3meputenbHble opranbl aBToMatuueckux ycrporcts (6 HACOB)

Hasnauenue, BUIBI U OCOOEHHOCTH M3MEPUTEIBHBIX OPTraHOB. AHAJOTOBBIC
U3MEPUTEIIBHBIE OpraHbl C OJHOM BXOJHOM BO3JICUCTBYIOLIEH BEJIWYMHOU U C
JIByMsI BXOJHBIMHU BO3JCHCTBYIOIIMMHU BEIUYMHAMU. ITU(POBBIE U3MEPUTEIIbHBIC
OpTraHbI.

TEMA 10. DneMeHTbI JIOTHYEeCKON 4acTh U 00pabOoTKU TU(PPOBBIX CUTHATIOB
(24YACA)

Hasznauenue JIOTUYECKOM 4acTu ABTOMATHYECKUX YCTPOMCTB.
KomOuHamonHele JIOTHYECKHE dJIeMEHThI. Jlornueckue 3JI€MEHThl BPEMEHHU.
CyMMaTOopbl ABOMYHBIX YUCET.

TEMA 11. @OyHKUUOHAIBHBIE  DJIEMEHTHl  IEpE/lalolIed  YacTH
aBromaTuueckux ycrpoiicts (6 HACOB)

Ha3zHauenme W pa3HOBUIAHOCTH. YCWIMTEIM CUTHAJIOB. Y CHIIMTEIN

UMITYyJIbCHBIX ~ CHUTHAJOB. ['€éHepaTopbl  HECYIIMX  MPOLECCOB  CUTHAJIOB.
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Monaynsaropel ¥ JaemoaysATtopbl.  Pacnpenenureny WMIYJNbCHBIX CHUTHAJIOB.
dopmupoBaTenu U mpeodpa3oBaTeIn KOJOB.

TEMA 12. HcnoJHUTENbHBIE 3JJIEMEHTHI AaBTOMATUYECKUX YCTPOMCTB
(6HACOB)

Ha3nauenne u 0OCOOCHHOCTHM WCIOJHUTENIBHBIX  AJIEMEHTOB. DJEMEHTHI
otoOpaxeHus wuHbopmanuu. VICONMHUTENbHBIE YCWINTENIH. beCKOHTaKTHbIC

THPUCTOPHBIC IICPCKIIOYATCIIN.

JIABOPATOPHBIE 3AHATUSA (18 YACOB)

B nabGoparopum CTynEeHTBl 3HAKOMATCA C (PYHKUMOHAIbHBIMH U
WH()OPMAITMOHHBIMUA XapaKTEPUCTUKAMU DJIEMEHTOB aBTOMATHYECKUX YCTPOWCTB,
croco0amMu uX peanu3aluu.

[lepeuenb 1abOpaTOPHBIX PabOT:

1. JluogHbie 37eMEeHTHI cpaBHEHUS (Pa3 ABYX AJNEKTPUUECKUX BEJIUYUH (2 9);

2. AKTUBHBIE U3MEpUTEIbHBIE TpeoOpazoBarenu (4 v);

3. TupucTopHble YCUIUTENN CUTHAJIOB C OOpAaTHBIMU CBS3sIMU (4 1);

4. JluomHbIe 37€MEHTHI CPABHEHUS aHAJIOTOBBIX CUTHAJIOB (2 4);

5. W3meputenbHbIe pelie ¢ ABYyMs BO3JECHCTBYIONIMMU BeIMUUHaMU (44);

6. IlosynmpoBOAHUKOBBIE 3JIEMEHTHI CPABHEHUSI CUTHAJIOB (2 4).

HPAKTUYECKUE 3AHATHUSA (16 HACOB)

1. Pacuer cxembl 3JieMeHTa Ha ONepalMOHHOM ycuiuTene (4 yaca);
2. Pacuer npoxoJHON XapakTepucTuku (4 yaca);
3. Pacuer anemMeHTOB Joruueckoit yactu (4 yaca);

4. PacdeT 3amoMHHAIOMMX 3JIEMEHTOB (4 4Jaca).
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NHANBUAYAJIBHAA PABOTA CTYAEHTOB

Bximrouaer wu3yyeHue JIEKUMOHHOIO MaTepuana W JUTepaTypsl IO

AUCHUILIMHE IIPH IIOATIOTOBKE K IIPAKTHYCCKUM H J'Ia60paTOpHI)IM 3aHATUAM.

MNEPEYEHb U BUAbI MPOMEXKXYTOYHBIX ®OPM KOHTPOJISI
3SHAHUM CTYJIEHTOB

B npouecce wu3ydeHHMs] JUCUUIUIMHBL  «OJIEMEHTHI aBTOMAaTHYECKHUX
YCTPOUCTB» MPELYyCMOTPEHBI  CIACAYIOLIME BHUABI IPOMEKYTOYHOIO KOHTPOJIA
3HaHUU CTYAECHTOB:

- BBINOJHEHHE 2-X KOHTPOJBbHBIX pabOT MO TeMaM, pPAacCMOTPEHHBIM Ha

MIPAKTUYECKUX 3aAHATHUAX;

- TecTUpoBaHUE 1O 4-M OJIOKaM-TeCTaM, PacCMOTPEHHBIM Ha JIEKIIHSIX.
- CTyACHTBI, HE IIOCEUIAlOUIUe JIEKIUOHHBIE 3aHATHSA, IPEACTaBISAIOT

pedepatsl 1o IPOIYILIEHHBIM TEMaM.

KoHTpoabHBIE pad0ThI BKJIKNYAKT CJIeAyI0LHe BONPOCHI

1. Onpenenenne BBIXOAHOTO MPOLIECCA U OTHOCUTEIBHOIO YPOBHSI CUTHAIA
anasioroporo ®HY nepsoro nopsaka.

2. Pacuer koaddunmenta ycunenus u umnegancos OY ¢ OC.

3. DBbluucneHue €eMKOCTH, HEOOXOJUMOW JUIsi TOJy4YeHHUs 3aJaHHOMU
PE30HAHCHOM YacTOThI U ONPEACIIEHNE TIOJIOCH! IPOIYCKaHUs (PUIBTpA.

4. Onpenenenue Z nepenaroynbix GyHkuuit pekypcuBabix UOHY u LHITYD

BTOPOI'O IIOPAAKA.

Tembl 0,10k TECTOB:
1. IlomynpOBOOHUKOBBIE 3JIEMEHTHI CPABHEHHS.
2. AKTHUBHBIE U3MEPUTEIBHBIE TPEOOPA30OBATEINH.

3. MarauTHble YCWINTEIN C CAMOHACBIILICHUEM.
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4. TeppucCTOpBI YCUIIUTEIH.

5. Pacuer  cxemsbl AKTUBHOI'O bunbTpa  HampsoKeHUs — OOpaTHOU
MOCTIEI0BATEIHbHOCTH C UCIIOJIb30BaHUEM MHUHHAMAaJTbHO-(a30BbIX
(ha30MmoOBOPOTHBIX AJIEMEHTOB TIEPBOTO MOPSIIKA.

6. Pa3zpaborats cxemy, GOPMUPYIOIIETO HA BBIXOJE JIMHEHHO-U3MEPSIONIETOCS
HaIPsHKCHUS, TIPU TT0ade Ha €€ BXOJI CTYTIICHYATOTO HAIIPSKCHUSI.

7. PazpaboTaTh MHBEPTUPYIOUIUN YCUIUTEND ¢ KoddduimenTom ycunenus Ky u
BXOJIHBIM COIPOTUBJICHUEM Z,y.

8. Pacuer mapameTpoB KOMIEHCUPYIOMIEH LIETH, KOTOPasi MpU MOAKIIOUEHUN K

ycuurento ¢ OC obecrieunBaeT yMEHBIIICHUE YCUIICHUS.

KYPCOBASA PABOTA

«Pacuer cxembl ABYXKACKAJHOTO YCHIIMTENS C PEICUHBIM BBIXOA0MY

B mpoekte mnpou3BOAUTCS BBIOOP CXEMbI, DJEKTPUYECKUNA pacueT W
KOHCTPYKTHBHAasi  pa3pab0OTka OAHOTO U3  (YHKIMOHAIBHBIX  HJIEMEHTOB
ABTOMATUYECKHUX YCTPOMCTB. IIpOEKT COCTOMT U3 TMOSCHUTEIBHOM PACUETHOU

3aIIMCKH 1 rpa(pnquKoro mMarepualia, mpeaCTaBJIACMOIO CXEMaMH U YCPTCIKAMU.

Bonpocsl k 3auery

1. ABTromarmueckoe ympaBieHne. (OCOOCHHOCTH TEXHMYECKHX CPEJICTB
aBTOMAaTUYECKOTO  YIPABIEHUS IPOU3BOJACTBOM U  PACHPEIACICHUEM
AIEKTPOIHEPTUH.

2. Ponp wuwHpoOpManumu B OCYIIECTBICHHHM aBTOMAaTUYECKOTO YIpPaBICHUS
MpOLIECCOM TMPOMU3BOACTBA U PACHPENEICHUS DIIEKTPOIHEpruu. Bumbl
uH(popmanuu.

3. Curnan. Hecymmii mporecc curtaia, ero MH(OOpPMAIMOHHBIE MapaMeTphI.

DopMbI CUTHAJIOB. MaTeMaTUYECKOE OIMCAHUE CUTHAJIOB.
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4. BxoaHble CUTHaJIbl aBTOMATUYECKUX YCTPONCTB 3JIEKTPOIHEPreTUUYECKUX

CUCTEM.
5. Buner aBTOMATUYECKUX YCTPOUCTB. OyHKIHOHAJIbHBIE 4acTH
aBTOMAaTHYECKUX YCTPOUCTB. QOyHKIMOHAJIbHBIE DIIEMEHTBHI

ABTOMATHUYECKOr0 YCTPOUCTBA.
6. PazomMkHyThIe M 3aMKHYTbI€ ()YHKIIMOHAJIbHBIE 3JIEMEHTHI. Buapl oOpaTHOU

CBi3H, OXBaTLIBaI-OHleﬁ q)YHKIII/IOHaJILHLIﬁ OJICMCHT.

7. @yHKIMOHAJIbHAs XapaKTEePUCTUKA 3JIEMEHTA ABTOMATHUYECKOIO
YCTPOMCTBA.
8. NmmnynbcHas 151 IepexoHast BPEMEHHBIEC XapaKTEPUCTUKHU

(YHKIHMOHAIBHOTO 3JIEMEHTA aBTOMAaTUYECKOTO YCTPOMCTBA.

9. HenpeppiBHass MMIyJbCHas W NEPEXOAHAS XapaKTEPUCTHUKHA aHAJIOTOBBIX
MACCUBHBIX

- muddepenumaropa (4acTHOro (GUIBTpa BEPXHUX YACTOT);

- HHTEerpaTopa (4aCTOTHOrO (UJIbTpa HUKHUX 4acTOT IEPBOI0 MOPSAIKA);

10.IuckpeTHble UMIYJIbCHASA U MEPEXOHast XapakTepucTuku mudpossix GBY
n ®HY nepsoro nopsiaxa.

11. P- mepenarounass (yHKUHS aHajIoOroBoro M Z-nepenatoyHas (QyHKIUS
1M(POBOro NePeIaTOUHOrO AIEMEHTA.

12.KoMmruiekcHasi 4acTOTHas XapaKTepUCTHKA aHAJIOrOBOTO U IIHM(PPOBOTO
AJIEMEHTOB. AMIUTUTYIHO- U ()a304aCTOTHBIE XaPAKTEPUCTUKHU aHAJIOTOBOTO
HEIPEPBIBHOTO U HU(POBOTO 3JIEMEHTOB.

13.1Ipoxognas xapakrepuctuka @OO. Bupabl NpOXOJHBIX XapaKTEPUCTHUK.
Bimssnue orpunarensHoii W nosnoxurenbHo OC Ha HENpepbhIBHYIO
XapaKTEpPUCTUKY. PeneitHas npoxoHast XapaKTepUCTHKA.

14.Haznayenue 4actoTHbIX ¢GuiabTpoB B AY. MaremaTudeckoe OIKMCaHUE
BXOJIHBIX HH(POPMALIMOHHBIX MTPOLIECCOB ABTOMATHYECKUX YCTPOUCTB.

15.Buast punbtpoB mo AUX. Maremaruueckoe onucanne AUX aHaIoroBoro
HOpMHUpOBaHHOTO (QuiubTpa HWwKHUX vacTtoT (DHY). P- nepemarounas

¢bynkuus HopmupoanHoro ®@HUY.
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16. P- mepemarounas Qynkus peanpHoro ®HY ¢ 3aganHON TpaHUYHOM
KPYrOBOM 4aCTOTOW MpomycKaHus Wrp.Ir.

17.Cxema npocreiimux naccuBHbix @HY 1 ®BY neproro nopsiaka.

18.P- mepenatounsie ¢ynkiuu aktuBHBIx OHY, ®BY u [TYD BTOpOTO
rnopsiika. Yem OHU pas3inyaroTcs.

19. AkTuBHBIE QUIBTPHI C KOHEYHOW UMITYJILCHOM XapaKTEpUCTUKOM.

20.Iludpossie yactoTHbie (GUILTPBL. PexypcuBHbie 1udpoBbie (GumsTpsl. He
peKypcHUBHBIE IUPPOBbIE QUITBTPHI.

21. Bemonuenue mudpoBeix GuiabTpoB. CTPYKTYPHBIE CXEMBI. Z-TIepeaTOuHbIe
bynkuun  1UdpoBeIX  GUIBTPOB € 33JaHHBIMM  T'PaHUYHBIMU
OTHOCHUTEJIbHBIMU KPYTOBBIMH YaCTOTAMU IPOITY CKAHUS.

22.Ha3zHaueHue ¥ Pa3HOBUJHOCTH W3MEPUTEIBHBIX IPeoOpa3oBaTENCH.
N3mepurenbHble TpaHCHOPMATOPHI.

23.TpanchopmaTopsl. CxeMbl BKIIOUCHHS U 3aMEIICHUS.

24.AKTUBHBIE U3MEPUTENBHBIE TpaHCHOPMATOPHI. [Torpemnoctu
koa(duirenta TpanchopmaIuu.

25. dazonoBopoTHBIE AMeMeHThI. P- u Z-nepenatounsie ¢hyHkuun. [laccuBHbIe
Y aKTUBHBIE ()a301IOBOPOTHHIE JIEMEHTHI.

26.13meputenbHble TpeoOpa3oBaTeI U3BMEHEHU YaCTOThI B U3MEHEHHUS (ha3bl.
ITaccuBHBIE M AaKTUBHBIE.

27.VI3MepuTtenbHble MpeoOpa3oBaTed HW3MEHEHUH YacTOThl B HM3MEHEHMS
amMuuTyel. [laccuBHBIE M aKTUBHBIE TPEOOPA3OBATENH.

28.DopmupoBaren OpTOrOHAIBHBIX U CHUMMETPUYHBIX TpeX(a3zHbIX CHCTEM
ANIEKTPUUYECKUX BEIUYMH. AKTUBHBIE U ITU(PpoBHIC (DOPMUPOBATEIIH.

29.BpeMsuMITy IbCHBIE U3MEPUTENbHBIC npeoOpa3zoBaTeNH YacTOTBHI,
aMILTUTY AbL, dba3bl. AMIITUTY THO-(ha3Hoe BPEMSIUMITYJIbCHOE
npeoOpa3oBaHuUE.

30. AKTHBHBIN BBIIPSIMUTEIIb HA HHTETPAIIbHBIX ONEPALIMOHHBIX YCUITUTENAX.
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31.beicTponeiicTBYIOIIME HW3MEPUTENbHBIE MpeoOpa3oBaTed  aMIUTUTY/IbI.
CnBOoeHHBIN  KBaApaTUPYIOMIMK  WM3MEpPUTENBHBIM  mMpeoOpa3oBaTesb
aMILTUTYAbl B HEMPEPHIBHBIM CUTHAIL.

32.M3mepuTenbHbIil TpeoOpa3oBaTelh Ha XOJUTOTPOHAX.

33.1lucdpoBoii  OBICTPOACUCTBYIOMIUK  U3MEPUTEIBHBIN  MpeoOpa3zoBaTelb
KBaJipaTa aMIUTUTYAbl TpeX(a3HOTO HAMPSKEHUSI.

34 . U3meputenbHble  npeoOpazoBarenu (a3l B HENPEPHIBHBIA  CHUTHA.
YrpaBiisieMblil BBIIPSMUTEb.

35.U3meputenbHple  MpeoOpa3oBaTeNny aMIUIUTYbI, ¢Ga3bl W YacTOTHl B
JUCKPETU3UPOBAHHBINA CUTHAJL.

36.OWIbTPHl  CUMMETPUYHBIX COCTaBsomMX. HasHaueHue u  crocoObl
OCYIIECTBJICHUS. XapaKTEPUCTUKU U TTOKA3aTeNn (PUIBTPOB.

37.OunbTphl HYJE€BOM NOCIEA0BATEIHLHOCTU. [[acCUBHBIEC U AKTUBHBIE.

38.ITaccuBHble (PUIBTPHI OOPAaTHOM NOCIEAOBATENBHOCTU. TpaHCpeaKTOpHbIE
(GUIBTPHI TOKA 0OPATHOM MOCIEI0BATEILHOCTH.

39.AxTuBHBIE (QUIBTPHI HANPSOKEHUS W TOKa OOpaTHOM MOCIEI0BATEILHOCTU
MIEPBOTO MOPSIKA.

40.BpinonHeHne aKTUBHBIX (QUIBTPOB OOPATHOM MOCIIEA0BATEILHOCTH BTOPOTO
MOPSJIKA.

41.1udpossie buIBTPHI HaIPSKESHUS HYJIEBOI u oOpaTHoO
mocyeA0BaTeIbHOCTU. BrinonHenne 1nudpoBbix (QUIBTPOB CUMMETPUUHBIX
COCTaBJISFOIIUX.

42.NHTerpanbHbli MIEPEMHOXKHUTEIb Cc IIEPEMEHHOMU KPYTU3HOU
XapaKTEPUCTUKHU.

43.HesaBHOE BpEeMANMITYJILCHOE KBaJAPATUPOBAHUE.

44 .VI3mepuTenbHbIil  TIpeoOpa3oBaTelb AKTUBHOW MOIIHOCTA Ha JIMOJHBIX
KBajipatopax. Ero xapakrepucTuku.

45 V3meputenpHbie  TpeoOpasoBaTeny  Ha  Moayistopax.  [llupotHo-
HUMITYJICHBIA MOJYJISITOP. AMIUTUTYTHO-UMITYJILCHBINA MOIYJIATOP.

46.M3mepuTenbHbie TpeoOpa3oBaTeIn Ha BPEMSIUMITYJIbCHBIX KBaJIpaTopax.
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47.T'anpbBaHOMAarHUTHBICE  M3MEPUTEIbHBIE  TPEOOpa3oBaTeNM  AKTHBHOU
MOIIIHOCTH.

48.M3mepuTtenbHble TpeoOpa3oBaTean Ha HHTETPAIbHBIX MEPEMHOXKUTESX.

49 . 11ludpoBbie U3MEpUTETHLHBIE MPE0OPa30BATEIIN MOIITHOCTH.

50.DyHKIMOHAIBHBIE CXEMBI 3JIEMEHTOB CPABHEHUS CHUTHAJIOB HEMPEPBIBHOTO
Y JIMHEMHOTO IENCTBUS.

51.®yHKuMOHANBHBIE W WHGOPMAIIMOHHBIE XAPAKTEPUCTUKH DIEMEHTOB
CpPaBHEHHS.

52.1laccuBHBIE B3JEMEHTHl CpPaBHEHUS. DJEMEHTbl CPAaBHEHUS aMILUTUTYAbI C
3a/IaHHBIM 3HAYECHHEM.

53.Cxema »yeMeHTa cpaBHEHUS (a3 Ha OCHOBE KOJBIEBOTO JIUOJHOTO
JIEMOMYJIATOPA, €ro BpeMeHHbIE AuarpaMmel. [lepexoHbpie XapakTepUCTUKHU.

54. Tpexda3ubie djeMeHTH cpaBHeHUs ammumtyl U ¢a3. [laccuBHbie
aMIUTUTYIHO-(Pa3HbIE JIEMEHTHI CPAaBHEHMUSI.

55.AKTHBHBIE  BBIIPSMHUTEIbHBIE  DJIIEMEHTHl  CPaBHEHUS  aAMIUIUTY]
HENPEPBIBHOTO JICHCTBUS, PEJICUHOTO AEHUCTBHUS.

56.BpeMsiuMIyIbCHBIE DJIEMEHTHI CpaBHEHUS (a3 JUCKPETHOTO JCHCTBUA.
JIByX- ¥ TpeX UMIYJIbCHBIE JUCKPETHBIC SJIEMEHTHI CPaBHEHHUS (as3.

57.1loTeHumanbHble  MOCIEAOBATENbHBIE  AJIEMEHTHl  CpaBHEHHA  (as.
[ToTennuanpbHbIe KOMOWHAIIMOHHBIE JIEMEHTHI CpaBHEHUS (a3.

58.05eMeHThl CpaBHEHUS! YHCIOUMITYJIbCHBIX CUTHAOB. [l poBbie 31eMeHThI
CPaBHEHMS aMILUIUTYAbI C 3aJaHHBIM 3HAYCHUEM.

59.1ludpoBbie 37AEMEHTHl CpaBHEHUS AaMIUIUTYABl W (a3bl C 3aJlaHHBIM
3HAYEHUEM JBYXCTOPOHHETO JICHCTBHUS.

60.AnropuT™  (QYHKITMOHHPOBAHUS HW3MEPUTEIHHOTO OpraHa pPEJICHHOro
JNEUCTBUSL.

61.AHamoroBele U LUQPPOBBIE HW3MEPUTEIBHBIE OpPraHbl C JABYMS BXOJHBIMU

B03I[GI\/'ICTBYIOH_II/IMI/I BCIMYMHAaMM.
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62.13MmepuTenbHble OpraHbl aMIUIUTY bl HAPSYKEHUS! HEIPEPBIBHOTO JIEHCTBUS
Ha 3-X (a3HbIX JUOJHBIX DOJEMEHTaX CpPAaBHEHHUsS C JUHEHHBIMH W
HEJIMHEHHBIMH U3MEPUTEIBHBIMU TPE00Pa30BATEISIMU.

63.13mepuTenbHbIii OpraH ¢ OJAHOW BXOJHOW BO3JCHCTBYIOIIEH BEIUYMHON
PENENHOTO JEUCTBUS HA BBIIPSAMUTEIBHOM DJIEMEHTE CPABHEHUS AMILIUTY/I.

64./3MepUTENbHBIA OpraH C OJIHOW BXOJIHOW BO3JEHCTBYIOLICH BEIWYMHOU
pENEHHOro JEHUCTBUSL HA BPEMSMMITYJIBCHOM DJIEMEHTE CpaBHEHMUS
aMILIUTY .

65.13MmepuTtenbHble pelie MaKCMMAJIBHOTO HANpPSIKEHUS C KOMIApaTOpOM Ha
NEPEKIIIOYAEMBIX UHBEPTOPAX.

66.13MepuTenbHBII  OPraH  MUHHMAJIBHOTO  CONPOTMBIIEHHUS  PEIECHHOIO
JNEUCTBUSL.

67.13mepuTenbHbli OpraH caABUra (a3 pesieiHoro JeicTBUS.

68.M3MepUTENbHBINA OpraH PEIEHHOr0 AEUCTBUS AKTUBHOW MOIITHOCTH.

69.Ycunutenu curnangoB. OOpaTHBIE CBSI3U B YCUIIUTEIIE.

70.Ycunurenu Ha OUNOJAPHBIX M TOJEBBIX TpaH3UCTOpax. JIByXkackajHbie
YCHJIUTEIH.

71.BBICOKOCTA0MIBHBINA YCUIIUTEIh TMEPEMEHHOTO TOKa HHU3KOM YacTOTHI C
o0111ei OTpUIIATEILHONW 00PATHOM CBS3BIO.

72.BpICOKOCTa0MIIBHBIA YCUIIUTEIb IEPEMEHHOTO TOKA BEICOKOM YaCTOTBHI.

73.AMITy IbCHBIE YCUIIUTEINH.

74.1' eHepaTop CUHYCOUIAIBHOTO TOKAa HU3KOM YaCTOThI, BBICOKOM YaCTOTHI.

75.acTOTHBIA MOAYJIATOP C yIpaBisieMbiM TreHepaTtopoM. [lluportHo-
BPEMSIUMITYJILCHBIA MOJYJIATOP.

76.PactipenenuTens UMITYJIbCOB Ha TPUTTEPAX, HA PETUCTPax.

7°7.IHTETpAJIbHBIE UHIUKATOPHBIE MUKPOIJIEMEHTHI.

78.PeBepCHUBHBIN TPAH3UCTOPHBIN WCIIOJHUTEIBHBIA YCUINTENb HEPEPHIBHOTO

JEUCTBUS.
79.MarauTHbIi YCHJIUTEID. XapakTepUCTUKU IIepeMarHuYuBaHus
MAarHUTOIPOBOJOB.
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80.PeBepcuBHBIM MArHUTHBIN YCUIIUTEIb. XapaKTEPUCTUKHU YIPABICHUS.
81. TupUCTOPHBIN YCUIIUTEIb IEUCTBYIOIIETO 3HAUYCHHS IEPEMEHHOIO TOKA.
82.TupucTopHBIE YCTPONCTBA YIIPABIICHHUS.

83.CeMHUCTpOHBIN MepektodaTesb 3-x($ha3Horo NepeMeHHOT0 TOKA.

IK3aMEHALMOHHBIE BOIIPOCHI

1. MsmeputenbHble MpeoOpa3oBaTeld MOIMHOCTH. Ha3zHaueHue, BUIBI H
crocoObl OCYIIECTBICHUS.

2. IlpuHUunbl JEUCTBUS MHTETPAIBHOTO MEPEMHOMKUTENA C TEPEMEHHOU
KPYTHU3HOM XapaKTEPUCTUKH.

3. BpeMeHHble auarpamMMbl MOpsIMOTO BpeMsl HUMIYJIBCHOTO MEPEMHOXKEHUS
TUCKPETU30BAHHBIX MTHOBEHHBIX 3HAUYCHUIA.

4. BpeMsuMITyJIbCHbIE  HM3MEpPUTENIbHBIE  MPeoOpa3oBaTeld  MOIIHOCTH.
N3mepurensHbie MpeoOpa3oBaTesid Ha MOAYISTOPAX.

5. BpemsummyibcHBIE ~ M3MEPHUTENbHBIE  MPEoOpa3oBaTeid  MOIIHOCTH.
AMIUIMTY THO-UMITYJIbCHBIA MOyssiTop UBA.

6. M3meputenbHbIe TPeoOpa3oBaTEIN HA HHTETPATBHBIX TIEPEMHOKHUTEISIX.

7. dOyHKIUOHANIbHAS CXeMa M BpPEMEHHble Tpaduku HU3MEPUTEIHLHOIO
npeoOpa3oBatTeisi AaKTUBHOM W PEAKTUBHOM MOIIHOCTEM C B3aUMHOM
KOMIIEHCAlMEN aMIUIUTY ]l TAPMOHUYECKOW COCTaBIISIFOLLEH.

8. OcobeHHOCTH LU(POBBIX HM3MEPUTENBHBIX MpeoOpa3oBaTesiell MOIIHOCTH.
CtpykTypHas cxema IUGPOBOTO OBICTPOJECHCTBYIONMIETO W3MEPUTEIHHOTO
npeoOpa3zoBaTesl aKTUBHOW MOIIHOCTH.

9. Amnanoro-uudpoBoi U3MEpUTEILHBIN TPeoOpa3oBaTEIh MOITHOCTH.

10. DnemeHTHI CpaBHEHMS CUTHAIOB. [IpuHIUIT IeiCTBUS.

11. XapakTepuCTUKH AJIEMEHTOB CpaBHEHUSI. OyHKIMOHAJIbHBIC
XapaKTEePUCTUKHU.

12. XapakTepUCTHKHA 3JIEMEHTOB CpaBHEHHUS. XapaKTEPUCTUKHU HIEMEHTOB

CpaBHEHUS aMIUTUTY]l U (a3.
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13.XapakTepuCTUKN 3JIEMEHTOB CPAaBHEHHs. XapPAKTEPUCTUKH aAMIUIMTYIHO-
($ha30BOro 37eMEHTa CPABHEHUSI.

14. ITaccuBHBIE 2IEMEHTBI CPABHEHUS. DJIEMEHT CPABHEHMS aMILIUTY .

15. [TaccuBHBIC PIEMEHTHI CPAaBHEHUS. DIIEMEHT CpaBHEHUS (a3s.

16. TIlaccuBHble »5iIeMeHTbl cpaBHeHMs. [IpoxoaHble XapaKTEpUCTUKH.
OTHOCUTENBHBIN YPOBEHDb CUTHAJA.

17. TlaccuBHble »dyeMeHTHl cpaBHeHHs. [laccuBHbIE aMIUTUTYAHO-(ha3HbIE
AJIIEMEHTBI CPaBHEHUS.

18. AKTUBHBIE BBIIPAMUTEIbHBIE 3JIEMEHThl CpaBHEHUs cUTHaiIoB. (Cxema

AKTHUBHOI'O 3JICMCHTA CPABHCHHA aMIINIMTY I HCIIPCPBIBHOT'O HeﬁCTBI/IH.

19.AxTHBHBIE BBINPAMUTEIBHBIE 3JEMEHTHl CpaBHEHUs cUTHaioB. (Cxema
3JIEMEHTA CPABHEHMUS aMIUIUTY [ PEJIEMHOTO 1ENCTBUS.

20.AKTUBHBIE BBIIPSIMUTEIBHBIE JJEMEHTHl CpaBHEHUs CUTHaloOB. C(Cxema
aktuBHBIX JC (a3 DJC HenpepbIBHOTO U TUCKPETHOTO IEHCTBHUS.

21.AKTUBHBIE = BpPEMSUMIYJIbCHBIE O3JEMEHThl CPaBHEHUS  YaCTOThl MU
aMIuMTyapl.  CXeMbl  BPEMSUMITYJIbCHOTO  3JEMEHTAa  CPaBHEHMS
IIPOMBIIUIEHHOW YaCTOThl HENPEPBIBHOI'O AECHCTBUS.

22.U3mepuTenbHblE  OpraHbl € JABYMS  BXOJHBIMH  BO3JIEHCTBYIOLIMMH
BeIMYMHamMu. M3MepurenbHble opraibl MOITHOCTH. DyHKIIMOHAIBHAS CXEMa
U3MEPUTEJIBHOIO OpraHa pejIeMHOrO JIEUCTBHS aKTUBHON MOLIHOCTH.

23.AKTHUBHBIE BBIIPSMUTEIBHBIE 3JIEMEHTHl CpPAaBHEHUSI CUTHAIOB. CXEMBI H
BPEMEHHBIE  JMarpaMMbl  BPEMSIMMITYJIbCHBIX  3JIEMEHTOB  CPAaBHEHHUS
aMIUTUTYAbI C 3aJJaHHBIM 3HAYEHUEM JUCKPETHOTO ACHCTBHS.

24. AKTHUBHBIC BBIIPSAMUTEIbHBIE AJIEMEHTHl CpPAaBHEHUS aMIUIMUTYA U (a3.
3aBHCUMOCTH PAa3HOCTEN UIMTEIBHOCTU HMMITYJICOB OT yrja caBura ¢as u
OT COOTHOULIEHUS AMIUIUTY .

25. AKTHUBHBIC BBIIPAMUTEIBHBIC AJIEMEHTHl CpPAaBHEHUS aMIUIMTYA U (a3.
Cxema 1 BpeMEHHbBIE JUarpaMMbl BPEMSHUMITYJIbCHOTO 3JIEMEHTA CPABHEHUS

(a3 TUCKPETHOTO JICUCTBUS.
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26. JluckpeTHble 3J€MEHTHl cpaBHeHUS (a3. DopMUPOBaHHE IUCKPETHBIX
HNOTEHIMAJIIBHOTO U UMITYJIbCHOT'O CUTHAJIOB.

27.JluckpeTHble 3yeMeHThl cpaBHEHUs (a3. MMmynbcHbIE MOCIIEOBATENbHBIC
DJIEMEHTHI.

28.JluckpeTHble DJIEMEHTBI CpaBHEHUS das. ITorennuanbHble
IIOCJIEA0BATEIBHBIE DIIEMEHTHI.

29./luckpeTHble 3eMEeHTbl cpaBHEHUs (a3. MMmynbcHble KOMOWHHUPOBAHHBIE
AJIEMEHTHI.

30. M3mepurenbHble OpraHbl aBTOMAaTUYECKUX YCTpoiicTB. HazHaueHue, BUabI U
O0COOEHHOCTH U3MEPUTENbHBIX OPTraHOB.

31. [duckperHble »3jeMeHTbl cpaBHEHUS (a3. DyHKIMOHATBHBIE CXEMBbI
aHaAJIOTOBOTO M IIU(PPOBOTO M3MEPHUTEIBHBIX OPraHOB C JIBYMSI BXOJHBIMU
BO3/ICHCTBYIOIIMMH BETNYNHAMU.

32. HW3mepurtenbHble OpraHbl C JABYMS BXOJIHBIMH BO3JEHCTBYIOLIUMU
BenuunHaMu. DyHKIMOHABHBIE CXEMBl U XapaKTEpUCTHKA CpabaThIBaHUS
MUHHUMAaJIbHOTO U3MEPUTEIBHOTO OPraHa MOJHOI'O CONPOTUBIICHHUS.

33. W3mepurenbHble OpraHbl € JBYMS BXOJIHBIMU BO3JEHCTBYIOIIUMHU
BEJIMYMHAMM. ®opmupoBaHue XapaKTEPUCTHUK cpabaTbIBaHUs
M3MEPUTEIBHBIX OPraHOB CONPOTHUBIICHUS.

34. W3mepurenbHble OpraHbl € JBYMS BXOJHBIMU BO3JEHCTBYIOLIMMHU
BEJINYMHAMM. XapaKTEepUCTUKHU cpabaTbIBaHUS HaIIPaBJICHHOTO
U3MEPUTEIBHOTO OPraHa COINPOTUBICHHUS M TPAHUYHBIE XAPAKTEPUCTHUKHU
AJIEMEHTOB CPABHEHHSI.

35. H3meputenbHble OpraHbl C JABYMS BXOJHBIMH BO3JAEHCTBYHOUIUMU
BenuuMHamMu. QDYHKIMOHAIbHAS CXEMa W3MEPUTEIBHOIO HAINPABIEHHOTO
opraHa COIpPOTHBIICHHS.

36. H3mepurenbHble OpraHbl C JABYMS BXOJHBIMH BO3JEHCTBYIOLIUMU

BenmYnMHaMu. M3aMepuTenbHbIe Opranbl ciaBura (as.
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37. W3meputenbHble OpraHbl C JABYMS BXOJHBIMU BO3JEHCTBYIOIIUMU
BeJIMUMHAMHU. M3MepurenbHbie opraibl MOIMHOCTU. PyHKIMOHAJIbHAS CXEMa
M3MEPUTENBHOIO OPraHa aKTUBHOW MOIITHOCTH PEJIEUHOTO JECUCTBHUS.

38. HW3meputenbHble OpraHbl C JABYMSI BXOJHBIMU BO3JEHCTBYIOIIUMU

BCIIMYMHAaMU.

JIMTEPATYPA

OcHoBHas nuTepaTypa
1. OBuapenko H.1., PoraueBa A.I'., boapyr H.C., DinemMeHThl aBTOMaTUYECKUX

YCTPOMCTB 3HEpProcucTeM. YueOHoe nocodue.

JononHuTenbHas auTepaTypa

1. OBuapenko H.M. DiemMeHTBl aBTOMAaTUYECKUX YCTPOWMCTB SHEProcucremM. M.:
Dneproaromusaat, 1995 r.

2. ®adpukant B.JI. Ilanepno JI.b. DnemMeHTHl yCTPOWCTB JUHEHHOW 3alIUTHI U
aBTOMATHKHU dHeprocucteM. M.: Briciras mkona, 1984 r.

3. Unrerpanbupie cxembl CrpaBounuk (moa penakmueit TapabGanoa b.B.) M.:
Panno u cBs3b, 1984 1.

4. Temkuna P.B. [{oporyHnues B.I'. akTuBHbBIE U3MEpUTENIbHBIE MTPEOOpa30BATEIU
Ha WHTErpaJIbHBIX ONEpalruoHHbIX yernrelsx M.: MOU, 1983 r.

5. JIom I'. ananoroBeie u nudpoBbie QUILTPHI: pacdeT U peanusanus. [lepeBos ¢
anruiickoro (mox peagakuueit Terutoka M.H.) M.: Mup, 1982 r.

6. OBuapenko H.M. IlonynpoBOJHHMKOBBIE  3JEMEHTHl  ABTOMATHYECKUX
YCTPOMCTB 3Heprocucrem. M. Dueprousaar, 1981 r.

7. HoporyuueB B.I'. OBuapenko H.M. DiaeMeHTBl aBTOMAaTHUYECKUX YCTPOMCTB

sHeprocucteM. M. Dueprus, 1979r.

3a,Z[aHI/IH JIIA CaMOCTOSITEJIbHOM pa6OTBI CTYACHTOB.
B mpouecce M3yUCHUA AWCHUITIHNHBI (HOCHC KaXXJI0T0 IMPAKTHYCCKOI0 H

7a00paTOPHOTO  3aHATHUS)  CTYNEHTHI  TMOCJEAOBATEIbHO  pa3paldaThIBAIOT
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MPEIOKCHHBIC TPEToaBaTeIeM BOIMPOCHl K CaMOCTOSITENbHOM paboTe u
3alMIIAIOT WX COrjacHo Tpaduky, yKa3aHHOMY B Y4EOHO-METOJMYECKOU

(TEXHOJIOTUYECKOM) KapTe TUCHUILIUHBI.
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Howmep
He/IeH

10

11

12

13

14

Hom

€p

TEMBI

2

4.Y4ueOHo-MeToauuecKas (TEXHOJOTnYecKast) KapTa JUCUUIUINHBIL.

Bompocsl, 3anstus (HOMepa)

n3yvaeMble
Ha JICKITHHI

MIPaKTHY.
(cemuH.)

3 4 5
Beenenue 1

XapakTEepUCTUKH FIIEMEHTOB
ABTOMAaTHUYECKUX YCTPOICTB

BpemenHble (yHKIMOHAIBHBIE
xapaktepuctuku. [lepenarounbie GyHKINH.

YacroTHble XapakrepucTuku. [IpoxonHas
XapaKTEPUCTHKA.

YacroTHbIe GUIBTPHI aBTOMAaTHUECKUX
YCTpOMCTB

Haznauenue, mpuHIUN JecTBUS. 2

ITaccuBHBIE Pe30HAHCHBIC MIOJIOCOBBIE
GUIBTPEI. AKTUBHBIC YaCTOTHBIE (DHITBTPHI.

BEImonHeHNe ¥ XapaKTePUCTHKH YaCTOTHBIX
¢$uIBTPOB

[Mudpossie yacToTHBIE GUIBTPHI,

BBINOJHEHHE TH(POBBIX PHIBTPOB

[udpossie uacToTHBIE GUIBTPHI,
BEITIOJTHEHHE ITUPPOBBIX (HHITBTPOB

W3mepurenbHbIe MpeoOpa3oBaTeny BXOAHBIX
CUTHAJIOB

BpemsiumiryibcHbIE H3MEpUTEIbHBIE
npeoOpa3oBaTeIn aMIUIUTYbL, (a3bl 1 4
YaCTOTHI

Hasznauenue u crioco0bI OCYIIECTBICHHS 4
XapaKTEePUCTHK U MOKa3aTenel GHIbTPOB

AKTHBHBIE (DUIIBTPHI HANPSDKEHUS M TOKA 4
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nabopart.

Hcnonwszyemble
HarJsi. U METO/I.
mocoOust

6

VYu.mocobue 1mo Kypcy
On.Bap., TIaKaThI

VYu.mocobue 1mo Kypcy
On.Bap., IIaKaTel

VYu.mocobue 1o Kypcy
D11.Bap., IUIaKaThl

VYu.mocobue 1mo Kypcy
On.Bap., TIaKaThI

VYu.mocobue 1mo Kypcy
On.Bap., IIaKaTel

VYu.mocobue 1o Kypcy
D11.Bap., IUIaKaThl

VYu.mocobue 1mo Kypcy
On.Bap., TUIaKaThI

VYu.mocobue 1mo Kypcy
On.Bap.

VYu.mocobue 1o Kypcy
D11.Bap., IUIaKaThl

CxeMblL.1.Bap., MIaKaThI

VYu.mocobue 1mo Kypcy
On.Bap., IIaKaTel

VYu4.mocodue 1o Kypcy
D11.Bap., IIaKaThl

VYu.mocobue 1mo Kypcy
On.Bap., IIaKaThI

VYu4.mocobue mno Kypey

CamMocrosTenbHas
paboTa CTyIeHTOB

COZICPK.
7

Jlut-pa 1-7

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

4achl
8

DopMbl
KOHTPOJIS

9

bt onpoc

3amuTa
J1a00paTOPHBIX PabOT

3ammra
11a00paToOpHBIX padoT

3amura
mabopaTOpPHBIX PadoT

3amuTa
J1a00paTOPHBIX PAbOT

3ammra
11a00paTopHBIX padoT

3ammra
abopaTOPHBIX PadoOT



OGpaTHOﬁ IoCICA0BAaTCIIbHOCTH 9J'I.Bap. , IJTaKaThI

15 5 W3mepurensHbIe IpeoOpa3oBaTeTn 4 VYu.mocobue 1mo Kypcy To e 3amura
MOIITHOCTH Ha KBaJIpaTopax On.Bap., TUIaKaThl J1abopaTOpPHBIX padoT
16 6 BpemsumIryibcHBIE H3MEpUTETIbHBIE 5 VYud.mocobue 1o Kypcy To e )
npeoOpa3oBaTeNy MOIIHOCTH Oun.Bap., MIaKaTsl
17 6 [udporsie U3MEPUTETHHBIC 5 VYu.nmocobue 1o Kypcy To e 3amura
npeoOpa3oBaTeI MOIIHOCTH 3J1.Bap., MIakaTel 11ab0paTopHBIX padoT
AHanoro-uu(ppoBoil U3BMEPUTEIbHBIN
wibp p VYu.mocodue 1o Kypcy
18 6  mpeoOpazoBaTenh MOITHOCTH. 6 To xe 2
On.Bap., TUTaKaThI
VY4ebHo-MeTonuecKas (TEXHOJIOrMYecKas) KapTa JUCHUILTAHBI.
3ansaTus (HoMepa) CamocTosiTenbHas
Howmep Bomnpocksl, Hcnons3yemsie
HOMep n3ydyacMbIC HarjiaAaAa. 1 METoQ CDOpMI)I
HeJIeNH Y HPaKTI. o Sopar ' " paboTa CTy/ICHTOB  koHTpOIIS
TEMBI Ha JIEKIIH (ceMuH.) : nocoOus
COJICPXK.  4achl
1 2 3 4 5 6 7 8 9
ITpuHIUIIBL IEUCTBUA U XapaKTEPUCTUKU 3JIEMEHTOB Yu.nocobue no baun
| 7 Kypcy Dn.Bap., Jlur-pa 1-7
CpaBHEHHUS orpoc
TUTIAKATHI
VYu.mocobue o
ITaccuBHBIE JIEMEHTHI CpaBHEHMSI. AKTUBHBIC B
2 1 Kypcy Dm.Bap., To xe 2
BBINIPSIMUTENBHBIE 3JIEMEHTBI CPABHEHUSI CUTHAJIOB. orpoc
TUIAKaThI
VYu.mocobue mo
AKTHUBHBIC BpEMSIHUMITYJILCHBIC DJICMEHTHI CPaBHEHUS
3 7 Kypcy Omn.Bap., To xe
YaCTOTHI ¥ aMIUTATYBI; aMIUTATYABI U (a3.
TUIAKATHI
Iudposrie Vu.nocobue no
4 7 3JIEME CpaBHE 2 Kypcy Di1.Ba To xe 2 bmmonpoc,
JIEMEHTBI CPDABHECHUS. ypcy Di.Bap., S—
TUIAKaThI
H VYy.nmocobue no
a3HaueHUe, BUIBI U 0OCOOCHHOCTH U3MEPUTETHHBIX
5 8 Kypcy Dm.Bap., To xe
OpraHoB
TUIAKaThI
6 8 AHaNoroBble M3MEpPHUTEIbHBIE OPraHbl C OJHOM 2 Vunocobueno = To xe 2 Bamronpoc,
3aIuTa K.p.
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10

11

12

13

14

15

16

10

10

10

10

10

BXOJITHOM BO3JIEUCTBYIOIIEH BEJIMUUHON

Hudposbie n3MepuTeNbHBIE OPTaHbI

Hasznauenve v pa3HOBUAHOCTH. Y CUIIMTENN CUTHAJIOB

Ycunurenu HUMIIYJIbCHBIX CUTHAJIOB

I'eneparopsl HecymuX NMPOLIECCOB CUTHAJIOB

MongynsaTopsl B IeMOIYISTOPEL. Pactpenenurenu
UMIYJILCHBIX CUTHAJIOB

HasnaueHnne v 0COOCHHOCTH UCIIOIHUTEIBLHBIX
OJICMCHTOB

OneMeHTHI 0TOOpaXkeHUs: HHQOopMAaIHK.
HcnonHuTenbHbIE yCHIINTENN

DneMeHTHI 0ToOpaXkeHus: HH(popMaIuu

HcnonHuTtenpHbIS YCHUIIUTEIN

DeKTpoOMEeXaHHIECKHEe TTpeoOpa3oBaTeNy yIiia
MOBOPOTA
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Kypcy Dm.Bap.,
TUIAKaThI

VYu.mocobue mo
Kypcy Oi.Bap.,
TUTAKaThI

Vu.nmocobue 1o
Kypcy Oi1.Bap.

Yu.mocobue mo
Kypcy Dm.Bap.,
I[IJIAKAThl

CxeMmsbl.311.Bap.,
TUIAKaThI

Vu.nmocobue 1o
Kypcy Dm.Bap.,
IJIaKATHI

Vu.nmocobue 1o
Kypcy Oin.Bap.,
MIJIAKATEI
VYu4.nocobue no
Kypcy Da.Bap.,
IJIaKATEI

Yu.mocobue mo
Kypcy Omn.Bap.,
I[IJIAKAThI
Vu.mocobue 1o
Kypcy Dm.Bap.,
J1aKaThl
Yu.mocobue mo
Kypcy Omn.Bap.,
I[IJIAKAThI

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

To xe

Baun onpoc,
3alMTa K.p.

B onpoc,
3ammTa K.p.

By onpoc,
3aIHTa K..

B onpoc,
3aIIuTa K.p.

B onpoc,
3aLIMTA K.P.



2 KpaTkuii KOHCIEKT JIeKIIU i
TEMA 1. ABTOMaTH4YeCKHe CUCTEMbI, YCTPOHCTBA U QYHKIHMOHAJIbHbBIE 3JIEMEHTbI

1. ABTomMarHYeckoe YyIpaBjieHHMe TNPOU3BOIACTBOM M paclmpelesieHHeM
3JIEKTPOIHEePIrUuu.

TexHOJIOrM4ecKnii Mpouecc IPOU3BOJACTBA M PACIPEICIEHUs DBJIEKTPOIHEPIUU
MPECTaBIAET COOOW YMOPSIOUECHHOE B3aMMOJIEHCTBUE COBOKYITHOCTH SHEPreTHYECKHX
00BEKTOB: TypOO- M THAPOreHEPATOPOB, JUHUHN JIIEKTpoINepeaaun, TpaHcPopMaTopoB U
OpPYTrUX MalvH KU anmnapartoB. [Iponecc xapakrepusyercs ONpENENeHHBIM an2opummom
@yHryuoHuposarus. BrinonHeHne airoputMa (QPyHKIIMOHHUPOBAHUS OOECIIEUMBACTCS ITy-
TEM OPraHU3YIOIIETO0 BO3ACHCTBUS HAa HUX W3BHE, HAINPABICHHOIO Ha BBIPAOOTKY H
pacrpeneneHue dJEKTPOIHEPruM  HAJUIekKallero KayecTBa IIPpM  HaWMEHbLIEH €€
cebectouMocTu. Takoe I1ieJieHaNpaBiICHHOE BO3JECHCTBUE  MPEJCTABISIET  COOOM
YIIPaBJIECHUE MPOLECCOM IMPOU3BOJICTBA U PACIIPEAECIEHUS dJIEKTPOIHEPTUH.

B3aumoneiictByromue SHEPreTUYECKHE OOBEKTHI, NOABEpraroIuecs
LEJICHANPABICHHBIM  BO3JCHCTBUSAM,  HA3bIBAIOTCS  YHpasgisemvimMu  OObEKTaMH.
llenenanpaBieHHble  BO3JCUCTBUS HA  yMOpPaBIIeMble OOBEKTHI  OMPEACISIOTCS
aneopummom ynpaeieHus. YTpPaBJICHHE, OCYIIECTBIsAeMOe 0e3 HEemnoCpeaCTBEHHOTO
y4acTHSl 4YEJOBEKAa W CO3HATEIbHO HAINPABJICHHOE HA BBINOJHEHHE aAITOPUTMA
yIPaBJIEHUs, HA3bIBACTCA asmomamudeckum ynpaeieHuem. lIpm aBTOMaTH4ECKOM
YIPABJICHUH MPOLECCOM MPOU3BOJACTBA BO3JEHCTBUS Ha YyrpasisieMble 00beKThl OV,
HaITPABJICHHBIC HA BBINOJHEHHUE AJTOPUTMA YNPABJIECHUS, OCYLIECTBIIET agmomamuyiec-
kas ynpasaaowasn cucmema AYC (puc. 1.1). Ponb uenoseka (oneparopa On) CBOAUTCS K
OpelonpeieNieHuI0 TMOopsiAKa JACHCTBUSA, HalaJKe, BKIIOYEHUIO, HaOIIOJEHUIO 3a

IPABUIIBHOCTHIO paOOTHI YIIPABJISIFOIIEH CUCTEMBI.
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Puc 1.1. CtpyKTypHasi cxema aBTOMaTHU4€CKO CUCTEMbI yIIPaBJIEHUS POU3BOACTBOM U

pacnpeneneHueM dEKTPOIHEPTUN

BosneiictBuss  X,, OKa3plBacMble YIPABIAIOLIEH CHUCTEMOM Ha YIPABISEMbIE
OOBEKTBI, HA3bIBAIOT YHPAGAAIOUUMU 8030EUCNEUAMU.

Ot ynpaBisieMbIX 0ObEKTOB Ha yIPABISIOLIYI0 CUCTEMY NOCTYHAIOT KOHMPOJIbHbIE
go30eticmeusi. Takue  BO3JEUCTBUS  SIBISIOTCS  BHYTPEHHHMMH. ABTOMaTHYecKas

YOpaBJISIIOIIAs CHCTEMa W YIpaBIsieMble OOBEKTHI  IMOABEPTalOTCS  BHEIIHUM

BO3JCUCTBUSIM. BosznmelcTBus | Y~ | Ha BXOJA YIPaBISAIOIICH CHUCTEMBI, HApUMEP CO

CTOPOHBI 4YCJIIOBCKA, MOI'YT OBITH Ha3BaHBI BXOIOHBIMH npocpamMMHbIMU 6030eUCmEUSMU.

Bo3zeiicTeus | | BHeIIHel cpefpl Ha YIpaBlIseMble 0OBEKTHl U YIIPABIAIONLYIO CUCTEMY,
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HEIpPEIBUICHHbIE (CIIy4allHbIE), MEIIAIONIUE BBIMOJHEHUIO AJIITOPUTMOB YIIPABICHUS U

GyHKIMOHUPOBaHUS, MPEJICTABIISIIOT COO0M  8o3MyUaouue 8030ecmausl.

Ha3naueHnne aBTOMaTHYECKON yIpPABIISIIOIIEH CUCTEMBI - 00ECIEYUTh TEXHUYECKU
MpaBUILHOE U SKOHOMUYECKH 1€71eco00pa3Hoe MpOTEeKaHue Mpoliecca MPOU3BOACTBA MPHU
HaJIMYMHM BO3MYINAKOIIMX BO3JAeWcTBUM. (OCHOBHBIMH 3a/layaMd  aBTOMAaTUYECKOTO
YIIPABICHHUs SBJIAIOTCS: YIPAaBICHUE OTIEIBHBIMUA IPOU3BOJACTBEHHBIMHU OIEpaLdsAMU U
OTJEIbHBIMHU YNPABIAEMbIMU OOBEKTAMHU, KOOPAMHHPOBAHUE IMPOU3BOJCTBEHHBIX OIlE-
pauuid B CJIOKHOM IIPOLIECCE IIPOM3BOJACTBA M PACHpPENCICHUS DJIEKTPOIHEPIUU,
oOecrieyeHue TEXHUYECKOM M SKOHOMUYECKON ONTHMH3AIMU MpOoLEecca MPOU3BOJICTBA U
pacrpeneneHus dJIEKTPOIHEPTUH.

Jlis  oCyliecTBICHHs] aBTOMATHMYECKOTO YIPABIECHUS HEOOXOJWM KOMILIEKC
aBTOMAaTHYECKUX yIpaBisironmx yctpouctB. Ilox asmomamuueckum ynpasasiowum
YCempoiicmeom MOHUMAETCS YCTPOUCTBO, YIPABIIsIOIIee 0€3 HEMOCPEICTBEHHOIO YYacTHs
YyelioBeKa OTIENbHOW Omepanuei Wi OTIACIbHBIM YIPaBISIEMbIM OOBEKTOM Ipoliecca
MPOU3BOJICTBa, Hanpumep ycrporctBa AVY, u AVY, ynpasnsomue oobexkramu YO, u
YO, cooTBeTcTBEHHO. ABTOMATHYECKHE  YINPABISIOIIAE  YCTPOWCTBA  CIIEAYET
paccMaTpuBaTh, KaK COCTaBHBIE YaCTU aA8MOMAMUYECKOU YNPAGIAIOUlel CUCEMBL.
ABTOMaTHYeCKasl yNpaBIAIOIIAsl CUCTEMA 00ECIEeUnBAET HEOOXOIMMOE B3aUMOJICHCTBUE
yOpPaBIsiEeMbIX OOBEKTOB B CJOXKHOM TIPOIECCE MPOU3BOJCTBA W pacCHpelesICHUs
anekTpodHepruu. Ha ympaBisiiomryro cHCTEMy BO3JAraeTcs M 3aJada OIpEeNeseHUs
HaWIy4yliero (ONTUMAalbHOTO) B TEXHUYECKOM M 3IKOHOMHYECKOM OTHOLIEHUSX
MPOTEKaHMsI Mpolecca MPOU3BOJCTBA W pPaCHpeAcsIeHUs AleKTpodHepruu. llostomy
aBTOMAaTHYECKasl YIPaBIIAIOLIAs CUCTEMA B LIEJIOM OCYUIECTBIISIETCS HA OCHOBE YIIPaBIIA-
IOIIEr0 BBIYMCIUTENBHOIO KoMmIuiekca YBK, ympaBnstomero aBToMaTU3MpPOBAHHBIMU

00BEKTaMH, T.€. YIPABISIEMbIMU 00bEKTaMHU BMECTE C UX YIIPABJISIONIUMHU YCTPONUCTBAMH.

Brixognsle ynpasisttommue BosuenctBus  YBK  gBISIIOTCS  mporpaMMHBIMH Xin

BO3JICMCTBUSIMM aBTOMATHYECKUX YIIPABILIIOIIMX YCTPOWCTB, HANPUMEDP BXOJIHOE

BO3JeiCcTBUE | Y» |ycTpolicTBa AVY).
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2. ABTOMaTHYeCKoOe yrpaBjeHHe Kak HH(popManMoOHHbII Npoiiecc.

OO0mme TPUHIAIB YIPABICHUS TEXHUYECKUMHU MPOIECCAMH COCTABIISIIOT MPEAMET
CHCIUANTBHOW  HAYKW -  MeXHUueckou  KubepHemuxu, BKIIOYAIOMIEH  OOIIyr0
MaTEMaTHYECKYIO TEOPHUIO YIIPABICHUS TEXHUYECCKUMH OOBbEKTaMU Ha OCHOBE NOJIyUYeHUs,
nepeoauu, nepepabomku u ucnoawv3osanus ungopmayuu. Mapopmanus kaxk 0600I1IEHHOE
MOHATUE TIOJNYYEHHUSI CBEJACHUHW O COCTOSSHUM OOBEKTOB MAaTepUabHOTO MHpA,
YHOOPSIOYCHHOTO  OTPaXCHUS  OOBCKTHUBHBIX  NMPUYMHHO-CJICACTBCHHBIX  CBS3CH
OOBEKTUBHO CYIIECTBYIOIIEH PEATbHOCTH paccMaTpUBAeTCs KaK OJIMH W3 aCleKTOB Ma-
tepun. [lonyuenue u nepenaya nHGOPMAIIMK BO3MOXKHBI TOJIBKO ITyTEM SHEPreTHUECKOTO
B3aMMOJICUCTBHUS MEXKIy €€ HCTOYHHKAMU, W3MEPUTEIBHBIMH IPEe0oOpa3oBaTeIsIMH U
JIPYTUMU DJIEMEHTaMH HH(POPMAIIMOHHBIX YCTPOUCTB.

Ha3zBannbie  BO3HAEHWCTBUS B aBTOMATHYECKOM  YNPABISIIOMIEW  CHUCTEME
(mporpaMMHOE, KOHTPOJIBHOE, YIIPaBJISAIONIEE) MOTYT pPacCMaTPUBATHCS KaK HOCUTEITH
COOTBETCTBYIOIIUX CUTHAIIOB. [103TOMY MOKHO TOBOPUTH, UTO KOHTPOJIbHBIE BO3ICUCTBUS
SIBJITFOTCSL HOCHTEIISIMH  UBMEPUMeNbHOU uHgopmayuu O COCTOSHUU YIPABIIEMOTO
oOwbekTa. [IporpamMmHOEe W yNpaBIAOIIEe BO3ACUCTBHUS MPEICTABISAIOTCS HOCUTEISIMU
COOTBETCTBEHHO NPOCPAMMHOU U KOMAHOHOU UHDOPMAYUU.

Jlnst  GyHKOWMOHUPOBAHUS  aBTOMATHYECKOTO  YIPABISIONIETO  YCTPOWCTBA
HeoOXoMMMa u3MepuTeNbHas WHGOpMAIMsS TOJbKO 00 ympaBiusieMoM oObekte. J[is
(GYHKIIMOHUPOBAHUS ~ aBTOMATHYECKON  YHPABISIFOIICH CHUCTEMBI B IEJIOM, JUIA
BBIpaOaThIBAaHUS MPOTPAMMHON WHGOpPMAIIUK IS aBTOMATHYECKUX  YIPaBJISIONINX
YCTpOMCTB HeoOxoauma wuHGOpMalMs O TMPOTEKAaHWW TIpoliecca MPOU3BOACTBA U
pacrnpeiesieHus 3JICKTPOdHEPTUU B 11ejoM. [103ToOMy B aBTOMAaTHYECKYHO YIPaBIISIONLYIO
CHUCTEMY BXOJAT asmomamuyeckue ungopmayuonuvle ycmpoticmea AUY (cm. puc. 1.1).
[lepenaBaemasi uMu UHPOPMAIIKS BBOJAUTCS B YIPABISIONINA BRIUACTUTEIHHBIA KOMIUIEKC
WiIu 4Yepe3 ycTpoilcTBa oToOpaxkeHuss uHbopmauuu YOH poBoAWTCS 10 CO3HAHUA
yenoBeka  (omeparopa).  BzammopnelcTByromias — COBOKYMHOCTh — aBTOMATHYECKUX
WH()OPMAITMOHHBIX YCTPOMCTB, BXOIAIINX B aBTOMATHYECKYIO YIPABJISAIONIYI0 CHCTEMY,

MOXKET OBITh Ha3BaHa A8MOMAMUYECKOU UHGOPMAYUOHHOU CUCTEMOU.
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Nudopmarust 06 ympaBisieMbIXx OOBEKTaX, COCTOSHHE KOTOPBIX XapaKTEPHU3YETCs

WX BBIXOAHBIMU BEIUYUHAMU | Y- % | U OIIpCACIIACTCA BO3IMYINAOITUMHA BOSHCﬁCTBHHMH

Z- Z, |, MOCTyHaeT B aBTOMaTtuueckue ycrpoicrBa AVY, AHUY B Buae CUTHAIOB | v |,

. | OT MEPBHYHBIX MU3MEPUTEIBHBIX MpeodpaszoBarenent | 741, | | 141, | yIpaBIIIeMbIX

00BEKTOB.

Bosmymaromue BO3AEHCTBHS D Ha aBTOMAaTHYECKYIO YNPABIAIOLUIYIO CHCTEMY
AYC aBISIOTCA MCTOYHUKAMHM nOMeX, HUCKaXaroluMx cucHanvl. [losToMy Ha BXOAe H
BBIXOJI€ ABTOMAaTUYECKHUX YCTPOMCTB BCErJa MMEET MECTO CMECh CHTHAJIOB U IIOMEX.
[';1aBHOM 3amadeld TEXHMYECKHUX YCTPOWCTB ABTOMATHUYECKOM YIIPABISAIOMIEH CHUCTEMBI
SIBJISIETCS] JOCTATOYHO TOUYHOE o0ecreueHne TpeOyeMoro COOTBETCTBUS MEXK/TY BXOJHBIM U
BBIXOJIHBIM CUTHAJIAMHU IIpYM Hanuuuu noMmex. Ha3zBanHas riaBHas 3amada OINpenenser
cnequ(prKy TEXHUYECKMX YCTPOWCTB aBTOMATUYECKOro ymopasieHus. Ecmum ans
TEXHUYECKUX YCTPOMCTB, SBISIOUIMXCA YNPaBISIEMBIMU OOBEKTaMH, IEPBOCTEIIEHHOE
3HAYEHUE UMEET 9HepeemuvecKkas CmopoHa TPOUCXONAIUX B HUX IPOLECCOB, TO IS
TEXHUYECKUX YCTPOUCTB aBTOMATUYECKOIO YIIPABIICHUS IIEPBOCTEIIEHHOE 3HAYEHUE UMEET
ungopmayuonnas cmopona npouecco. [Ipu NpoxokaeHUM CUTHAJIOB Yepe3 aBTOMATHU-

YECKUE YCTPONCTBA MOXKET MEHSThCS (popma wiH (u3nueckas MPUPOJia CUTHAIOB, HO

00I#CHA  cOXpaHaAmbCs uHgopmayus. YTPaBIAOIIAE BO3ICUCTBUS | ' | HA OOBEKTHI

JOJDKHBI  COOTBETCTBOBaTh HMH(pOpManum 00 HUX COCTOSIHUSIX UM NPOrpaMMHOMN

uHpopMaruu.

3. Cursajibl aBTOMATHYECKHUX YCTPOMCTB.

Buo cuznanoe. B aBTOMaTHYECKUX YCTPOWCTBAaX YNPAaBICHHS IMPOU3BOJACTBOM H
pacrpeneneHueM  AIEKTPOIHEPTUM  UCIOJB3YIOTCA  JJIEKTPUYECKHE  CHUTHalbl. B
COOTBETCTBHH C  MPHUPOAOH  HMHPOPMALUU  2IeKmpuyeckull  CcucHal  JOJDKEH
paccMaTpHUBaTbCA KaK  2JIEKMPOMACHUMHBIU NPOYecc €O CAVYAUHO UBMEHAIOWUMUCS
napamempamu (CIydalHbIA 3JEKTPOMArHUTHBINA Tiporiecc). Unpopmayus nosensiemces u
nepedaemcsi npu CAV4AUHLIX USMEHEHUAX Napamempos INeKMpOMASHUMHO20 npoyeccd,
KOMOPbIM CIABUmMcsi 8 COOmeemcmeue OnpeoeieHHblil CMbICA. DIEKTPOMArHUTHBIA MPO-
LECC C HEM3MEHSIOMIMMUCA MMapaMETPaMU CIIyKUT HECYLIMM IpoueccoM; HMzmensaiowuecs
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napamvempul TIPoIecca Ha3bIBAIOTCA UHGOPMAYUOHHBIMU, VA TIPEICTABIISIONMIUMHA CUTHA,
napamMeTpaMu.  XapakTEepPHbIM  JJIEKTPUUECKHUM  CHUTHAJIOM  SIBIISIETCA  CIIy4ailHO
WU3MEHSIONIUNCA NOCTOSHHBIM TOK (puc. 1.2, a) WM mEepeMEHHBIM, B YacCTHOCTHU
CUHYCOUJAIBHBIA TOK C W3MEHSIOMIECHCS aMIUTUTYI0H, da3oi miau gactotor (puc. 1.3).
3HayeHuEe IMOCTOSHHOTO TOKa, aMIUIMTynAa, ¢a3a W 4acToTa CHUHYCOMJAJIBLHOIO TOKa U
SABJISIIOTCST MH(DOPMAIIMOHHBIMU TapaMeTpaMHM HECYIIMX IIPOILIECCOB - MOCTOSHHOTO H
CUHYCOUJATHLHOTO TOKOB.

Ucnons3dyemoe WMHOrJa TOHSITHE PETYISPHOrO CUTHaJa B BHAEC JIeTep-
MUHHPOBAHHOTO TMpOIIECCAa C 3apaHee M3BECTHBIMU MAaTEMaTHYECKHUM OMUCAHHEM €ro
napaMeTpoB M BpPEMEHEM  HX  HM3MEHEHUsI  BCErja  yCJIOBHO,  IOCKOJBbKY
JIETEPMUHUPOBAHHBIN mporiecc HHGOPMAIIUU HE COJEPIKUT.

DNeKTpUYecKre MOMEXH B OOIIEM cllydae TOXKE MPEACTABISIIOT COOOM CiydailHbIe
AJIEKTPOMArHUTHHIE TPOILIECCHhI, OJHAKO TaKHWe, W3MEHEHHE IapaMeTPOB KOTOPBIX HE
CBSI3bIBACTCSI C KaKUM-JIMOO ONpeAesieHHbIM cMbIcioM. [lo3ToMy OHM Bcerja BHOCSIT
ne3uHGOopMaIIUIo.

Cornacao I'OCT 21878-76 paznuyaroTcsi Henpepbl8HOZHAYHbIU CAVYAUHBIU NPOYECC
U CIYYauHas nociedo8amenbHOCmyb, OUCKPEMHbI CYYAUHbIL npoyecc U OUCKPemHas
cayuaunas nociedosamenvHocms. OONACTH 3HAYEHW MMapaMeTpoOB TEPBBIX JIBYX
MPOIIECCOB  SIBSIIOTCSL HEMPEPHIBHBIMM MHOXECTBaMU (KOHTHHyyMaMu), a o0Jjactu
3HAYEHUH NapaMeTPOB JBYX OCTAIbHBIX MPOIECCOB - AUCKPETHBIMU MHOKECTBAMH.

Takum 00pazoM, no xapakmepy u3MeHeHUull 3HAYEHUl Napamempos CIyUaliHble
npoyeccvl 0enamcsi Ha 08a 8uda - HenpepviéHvlie U OucKkpemuvie. JIB€ pa3HOBUIHOCTH B
KOKJOM M3 3THUX JIBYX BHUJOB ONPENENSIOTCS HEMPEPHIBHOCTHIO WU JTUCKPETHOCTHIO
BPEMECHH.

COOTBETCTBEHHO 11€71€CO00pa3HO pa3inuyaTh CUTHAIBL: HenpepwigHbll (puc. 1.2, a)
U OucCKpemuo-HenpepviéHolll (ITUCKPETU30BAaHHBIM TOJIBKO IO BpeMeHH, puc. 1.2, 0),
HenpepblBHO-0UCKkpemublil (TUCKPETU30BAHHBIM TOJBKO MO 3HAYEHUI0 MH(POPMAIMOHHOTO
napamMeTpa, T.€. Mo ypoBHIO, puc. 1.2, B) U Ouckpemmuwii (JUCKPETU30BAHHBIA U MO

BPEMEHHM, U TI0 YpPOBHIO, puc. 1.2, 2).
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Puc. 1.2. HetipepsIBHBIH (@), TUCKPETHO-HENPEPHIBHBIN (0), HEMPEPHIBHO-TUCKPETHBIN (B),
JUCKPETHBIN (I') CUTHAIBI

CurHan  SBISICTCSL  HeNpepbl@HbIM WA OUCKDEMHO-HeNnpepbleHbiM, — €CIU

WH(OPMAITMOHHBIA TapaMeTp HECYIIero mpolecca MOXET ObITh JII0OBIM B TIpenenax

BO3MOXKHOTO JHamna3oHa €ro W3MEHEHHs, T.e. o0pa3yeT HempephlIBHOE MHOXXECTBO
3HAYCHHUH X, HAIpUMEp MOCTOSTHHOTO ToKa (puc. 1.2, a, 0).

Paznuuue MCXKAY  HCHUPCPLIBHBIM W  IUCKPCTHO-HCIPCPBLIBHBIM  CUTHAJIaMU

onpCACIACTCA HCIIPCPBIBHOCTBIO I:l N JTUCKPECTHOCTBIO D BPCMCHH COOTBCTCTBCHHO.

Curnan ABIISACTCA Hel/lpeprGHO-aZ/lCerWZHblM NN auCerl’}’IHblM, €CJIN

MH(OPMAIIMOHHBIN MapaMeTp MOXKET HU3MEHATHCA TOJBKO CKayKOOOpa3HO M NMPUHUMATH
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TOJIBKO OJIHO W3 OTPAHMYEHHOTO KOJIMYECTBA OMpPEAENICHHBIX 3HAYCHUH, 00pa3yromux
JICKPETHOE (CYETHOE) MHOXKECTBO | | 3HAUCHMI D pa3IMYaronIuXCcs Ha (puc. 1.2,
6, ). Paznmnunme MexXay HENpPEephIBHO-AUCKPETHBIM M JIUCKPETHBIM CHUTHaJIaMu
OIIpeieIseTCs HEeMPEPHIBHOCTBIO | | ¥ JUCKPETHOCTHIO D BPEMEHU COOTBETCTBEHHO. Kak
YKa3bIBAJIOCh, XapaKTEPHBIM HEMPEPHIBHBIM CUTHAJIOM SIBJISIETCS MU3MEHSIOMIMICS 0 3Ha-
YEHUIO TOCTOSIHHBIN TOK. K HempepbhIBHOMY OTHOCHUTCS U CUTHAl B BHJIE MNEPEMEHHOIO

MNCPHUOANYICCKOTO TOKA B IPCACIaX OAHOIO IICpuoaa €ro M3MCHCHUA, I/IHq)OpMaHI/IOHHBIM

napamMeTpoM KOTOPOro ABJIACTCA MITHOBCHHOC 3HAUCHHUC.

Ha pwuc. 1.3 mokasaHbl CHrHajmbl C TapMOHWMYECKMM HECYIIMM TOKOM. Ecmm
3HaueHHsA WHPOPMAIMOHHBIX TapaMeTPOB -  AMILTUTYIbI D(pnc. 1.3, a), dassr | |

(puc. 1.3, 6) u 9acTOTHI D Toka (puc. 1.3, 8) - 00pa3ylOT HEMPEPHIBHBIE MHOXKECTBA, TO

CUTHAJIbl OUCKDEMHO-HENpPepbleHble, & €CIIM CUYETHBIE MHOXKECTBA | 1w~ Lux || | Jim /e |

fi- /i | TO cuUTHaJbl JUCKpeTHble. Bo Bcex cnydasx 3HadeHUsT HMHPOPMAIMOHHBIX

napameTpoB GUKCUPYIOTCS B TUCKPETHHIC MOMEHTBI BPEMEHH Y€PE3 UHTEPBAJIbI

[ Juma| 2 ]
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Puc. 1.3. CurHansl B BUJIe U3MEHEHUHN aMILTUTYbI (a), (a3bl (6) U 4acTOTHI (8)

CHUHYCONOAJIBHOI'O TOKAa

Bxoonvle cuenanvi agmomamudeckux ycmpoticme. BXoaHble cUTHANBI | e

M

(em. puc. 1.1) aBTOMaruyeckoro ycTpoiicTBa  (HOPMHUPYIOTCS  NEPBHUUHBIMH

U3MEPUTEIBLHBIMU TpeoOpa3oBaTeysiMu | /7417, fAll; | COOTBETCTBEHHO H3MEHCHUSIM

5

BBIXOJHOH BENMYMHBI | | yIpaBIseMOro o0beKTa M BO3MYIIAIOMHUX BO3jeiicTBHil | |
BbIxo/HblE BENMYMHBI CHHXPOHHBIX TE€HEpPATOPOB, TpaHCHOPMATOPOB U APYIHX
yOPaBISEMBIX OOBEKTOB JJIEKTPUYECKOM YacTU 3IIEKTPOIHEPreTUUECKOW CHUCTEMBbI
ABIISAIOTCA  DJEKTPUUECKMMM BEIMYMHAMHU  (HampuMep, HanpsyKeHUE CUHXPOHHOIO
reHeparopa). Bo3myiaromune Bo3AeiCTBUS Ha yIPaBISIEMbId O0BEKT, KAK MIPaBUIIO, TAKKE
AIIEKTPUYECKHE. XaPAKTEPHBIM BO3MYIIAOIINM BO3JCHCTBUEM SIBIISIETCA U3MEHEHUE TOKA
CUHXPOHHOTO TeHepaTopa, OOYCIOBJIEHHOE KOPOTKMM 3aMbIKAHHEM B JJIEKTPUYECKOU
CUCTEME.

[Ipy u3MeHEHUsX HamnpsHKEHUs BCJIEACTBUE OOBIYHO CIyYallHOTO HW3MEHEHUS

MOHOIHOCTH HArpy3KH CHHXPOHHOI'0O TICHEpaTopa HWJIM BO3HHMKHOBCHHUS KOPOTKOI'O
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3aMbBIKaHUS (XapaKTEPHOTO CIyYalHOTO COOBITHS) MPOUCXOMAT M3MEHEHUS aMIUIUTY/IbI,
da3pl U 4acTOTHI MPUHYKICHHBIX CHHYCOMJAIBHBIX HANPSDKEHHS M TOKa reHeparopa u
BO3HHMKAIOT CBOOOJIHBIE all€pUOJNYECKUE U KOJIeOATEIbHbIE COCTABISAIOINE MEPEXOTHBIX
nporieccoB. COOTBETCTBYIOININE CITyYaitHO M3MEHSIOIIHUECS TI0 aMIUTUTYIe, (ha3e U 9acToTe
HalpspKeHHWE M TOK Ha BBIXOJE TMEPBUYHBIX H3MEPUTENBHBIX TpaHc()opMaTopoB
HaIPSDKEHUS U TOKA SIBJISIOTCS BXOJHBIMU CUTHAJIAMU aBTOMATHYECKOI'0 YCTPOMCTBA, TIPU
ATOM 3HAYE€HHE aMIUTUTYAbI, (a3bl U YaCTOThl MOTYT OBITH JIOOBIMH M3 HEMPEPHIBHOTO
MHO@ecCTBa 3HaueHHi. CBOOOHBIE COCTABJIAIONIME HAMPSIKCHUS U TOKA MPEACTaBISIOT
co0oil BHenTHUE ToMexu. YacTo nmepBUYHBbIE U3MEPHUTENIbHBIE TPeoOpa30BaTEIN CO3AA0T
JIOTIOJIHUTENIbHBIE (BHYTPEHHUE) TOMEXHU.

Takum 00pa3oM, OCHOBHBIMU BXOJHBIMU CHUTHAJaMU aBTOMATHYECKHX YCTPOICTB
ABJISIIOTCSI AHAJIOTOBBIE IUCKPETHO-HENPEPHIBHbIE CUTHAJIBI B BUJIE€ CUHYCOMAAIBHBIX TOKA
U HaNpsDKEHUS C U3MEHSIONIMMUCS aMILTUTY0M, da3oil uiau yactoToit (cMm. puc. 1.3). B
psiJie ClydaeB B KaueCTBE BXOJHBIX CUTHAJIOB MCIOJIb3YIOTCSI CBOOOJHBIE COCTABIISIONINE
TOKOB TMEPEXOHBIX MPOIIECCOB, B YACTHOCTU allepUOIUYECKasi COCTABIISIONIAs, TIPU 3TOM
MIPUHYKJACHHBIE U CBOOOIHBIC MEPUOUUECKUE COCTABIISIONINE SIBJISIOTCS ITOMEXaMH.

Bxonnple curHambl aBTOMATHYECKUX  YCTPOMCTB  YHPABISIEMBIX  OOBEKTOB
MOCTOSIHHOTO TOKa MPEJICTABISAIOT COOOM M3MEHSIONIYIOCS MOCTOSIHHYIO COCTaBIISIOIIYIO
HaIpPsHKEHUS Ha BBIXOJIE U3MEPUTEIIBHOTO JeauTes HanpsokeHus. [Ipu 3ToM nepeMeHHbIe
COCTaBJISIIOIIME SIBJISIIOTCS IOMEXaMH.

4. OQyHKIHOHAIbHBIE YACTH U 3JIEMEHThl ABTOMATHYECKHUX YCTPOMCTB.

[lockonbKy  aBTOMAaTHMYECKOE  yIpPaBJIEHHE  OCYIIECTBISETCS HAa  OCHOBE
WH(OPMAITMOHHBIX TPOIECCOB, IEJECO00pa3HO pa3nuyaTh B3aUMOJEHCTBYIOIIUME YacTH
aBTOMATUYECKUX YCTPOMCTB, OCYIIECTBIISIIOLIME MOJy4YeHUE, Mepenady, nepepadoTky u
UCIOJIb30BaHUE WH(OpMAIMK 71 BO3JCUCTBUS Ha YIpaBisieMblii OOBEKT, BBOJ B
YOPABJISIIONIYI0 BBIYMCIUTENBHYIO MAIlMHY WKW OTOOpakeHue uWHGOpMAaIuy s
yenoBeka.  CocTraBHbIE ~ YacTH ~ aBTOMATHYECKMX  YCTPOMCTB,  BBINOJIHSIONINE
nepednciieHHble (PYHKIIMU, MOXKHO Ha3BaTh usmepumenvrot (MY), nmepenaromeit (KaHal
cBs3u) (I14), noruveckoit (JIY) u ucnonnutensHor (McY) GyHKIIMOHATBHBIMU YacTsIMU

(cm. puc. 1.4).
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B coorBercTtBUM ¢ (DYHKIIMOHATBHBIMU OTMEpAlUSIMH, KOTOPBIE B MPOIECCE
MOJIy4YEHHMsI, TIepejadun, MepepaboTKH M MCIOIb30BaHMs MHGOPMAIIMKN TPOU3BOJATCS HAJl
CUTHAJIaMH, B aBTOMaTUYECKOM YCTPOMCTBE LIeJIecO00pa3HO pa3nudarb (YHKYUOHALIbHbBLE
anemenmol. V300pakeHHE aBTOMATHYECKOTO YCTPOMCTBA B BHIE (DYHKIIMOHAIBHBIX
qyacTeil, JIEMEHTOB U CBSI3€d MEXJy HUMHU Ha3bIBACTCS (HYHKYUOHANbHOU cxeMoll (CM.
puc. 1.4).

ABTOMaTUYECKHE YCTPOMCTBA MENATCA HA annapammuvle W NPOcPaAMMHbIE.
AnnapaTHble aBTOMAaTHYECKUE YCTPOMCTBA COCTOSIT U3 OTACIbHBIX B3aWMOJICHCTBYIOIINUX
KOHCTPYKTHBHO Pa3IHUYUMBIX  (YHKIUOHATBHBIX JJIEMEHTOB. TakKuMU  SBISIFOTCS
HaxXOJIIHECS B JKCIUIyaTalluu B DJIEKTPOIHEPTETUUYECKUX CUCTEMAX M BBITYCKacMbIC B
HACTOSIIIEE BPEMS MPOMBIIIJICHHOCTHIO aBTOMAaTUYECKHUE YCTPOMCTBA.

[IporpammHBIE aBTOMAaTHYECKHE YCTPOWCTBA pa3palaThIBAIOTCS HA OCHOBE
UHTETPAIbHBIX MHKPOMPOLIECCOPOB HUPPOBBIX MHUKPOIIEKTPOHHBIX BBIYHCIUTEIBHBIX
MamuH (MukpoOBM). B nporpaMMHOM aBTOMAaTMYECKOM YCTPOMNCTBE SIBHOE pasjinuue
MEXIYy (PYHKIIMOHAIBHBIMU JIEMEHTAMH M JaK€ MEXKIAY U3MEPHUTEIbHONW U JIOTUYECKOM
(GYyHKIIMOHAIBHBIMU ~ YaCTSAMH  aBTOMATHYECKOrO yCTpoWcTBa wucyesaer. OpHako
GbyHKIIMOHATBHAS CTPYKTYpa aBTOMATHYECKOTO YCTPOWCTBA, ompenemsieMas (PyHKIHO-
HaJIbHBIMU OIlEpallMsIMM HAJl CUTHAJIaMHu, coxpansercs. lloatomy MuKporpoueccopsl
MPOrPaMMHBIX ~ ABTOMATUYECKHUX YCTPOWCTB PACCMATPUBAIOTCS KaK  KOMIUIEKCHI
B3aMMOJICHCTBYIOMNX (DYHKITMOHAIBHBIX JJIEMEHTOB COOTBETCTBEHHO TeM (QYHKIIHSM,

KOTOPLIC OHN B aBTOMATHUYCCKOM YCTpOﬁCTBe BBIITOJIHATOT.
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Puc. 1.4. OyHKIIMOHAIbHAS CXEMA aBTOMATUYECKOTO YIPABJISIIOLIETO YCTPONHCTBA

pPEIEUHOrO IEUCTBUS — aBTOMAaTUYECKOM 3a1{UThl CHHXPOHHOI'O T'€HepaTopa

B aBTomarnueckoMm ycTpoiicTBe peneiHOM 3amuthl (puc. 1.4) curHan X, ot
NEPBUYHOTO  M3MEPUTENBHOrO0  mpeoOpazoBaTenis Toka [c -  HU3MEPUTEIBHOTO
TpaHchopmaropa Toka T4, nepenaBaemslii o kaHany cBsi3u KC (KOHTPOJIbHOMY Kalento),
npeobpasyeTcsi W3MEpUTENbHBIM MpeoOpa3oBarenemM M1 u cpaBHUBaeTCs (3JIEMEHTOM
cpaBHeHuss IJC) ¢ TMpeANUCaHHBIM (3aIOMHHAIONIUM JJIEeMEHTOM 30) 3HaueHUEM
MH()OPMAIIMOHHOIO MapaMeTrpa. OJEMEHT CpaBHEHHUs OIpeAenser, 4YTo TOK I,
CUHXPOHHOTO T€HepaTopa, HampuMep TOK OOpaTHOM IMOCIIeOBATEIbHOCTHU, BBIICIISIEMBbIi
bunbTpyromuM s1eMeHToM DD, mpeBbIIaeT JOMYCTUMOE 3HaueHue U (HopMupyer
JUCKPETHBIM MOTEHLHMAJIBHBIA CUTHAJ, KOTOPBIA IMOCTYyHAaeT Ha JIOTMYECKUE 3JIEMEHTHI
JID1, JID2, peanuzyromue onepanuio BPEMS. Ecnu Tok 00paTHO# 1MOCien0BaTeIbHOCTH
HE CHW)KAETCs 4Yepe3 3a/laHHO€ BpeMs, JIOTUYECKHUE BJIEMEHTHI BBIIAIOT JAUCKPETHBIC
CUTHAJIbl HA UCIIOJHUTENbHBIE IeMeHThl MO 1, M2, KOTOpble OTKIIIOYAIOT BBIKJIFOYATEIb
() CHHXPOHHOI'O TeHepaTopa M pa3BO30YXKIAIOT €ro, OTKJIOYas BbIKIouaTenem ASV

(aBTOMATOM raimieHus mnojs) Bo3oyaurens GE.
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TEMA 2. XapakTepuCTHKH 3JIEMEHTOB AaBTOMATHYEeCKHX YCTPOMCTB

1. BpemenHble QyHKIHMOHAIbHBIE XAPAKTEPUCTHKH.

EcTtecTBeHHas, COOTBETCTBYIOIIAss (PU3MYECKUM TIpolieccaM B DJIEMEHTE
aBTOMAaTUYECKOr0 YCTpOoWcTBa (PYHKIMOHAJIbHAS XapaKTEPUCTHKA OIHCHIBAET €ro
BBIXO/IHOM CUTHAJI IIPU BO3AECHCTBUM HA HETO BXOJHOTO CUTHajla Kak ()yHKIMIO BPEMEHHU.
Ona omnpegensercss pemeHussMU  TU(PEPEeHIMATBHOTO  YpaBHEHUSI HEMPEPHIBHOTO
AJIEMEHTA WIA PAa3HOCTHBIX YPAaBHEHUH aHAJIOTOBOI'O BPEMSAUMILYJILCHOTO U TUCKPETHOTO,
B YaCTHOCTH LIU(POBOIO, 3IEMEHTOB COOTBETCTBEHHO.

[Ipn 0COOBIX AMCKPETHBIX AECTEPMUHHUPOBAHHBIX BXOAHBIX CHUTHAJIAX B BHUJE

CAWMHNYIHOI'O HMMITYJIbCa HCOFpaHH‘{eHHOﬁ JINTCIIBHOCTH, OIIMChIBACMOI'O G,HHHI/I‘{HOI)'I

bynkuuen | 4w | (puc. 2.1, a), © ero NPoU3BOAHOMU, T.€. UMITyJIbCa OECKOHEUYHO Mayon

JUTUTEIbHOCTH, OTIUCBIBAEMOI0O —(byHKuHeﬁ (—I/IMHYJ'IBC&) Xns | (0), BOBHUKAIOIIUX B

MOMCHT BPCMCHH , IMIPpU HYJICBBIX HAYAJIBHBIX YCJIOBHAX IICPCXOJHBIX ITPOLCCCOB B

HEMPEPHIBHOM JJIEMEHTE U MPEACTABISIOT COOOM ero BpeMeHHble (YHKUIHOHAIbHBIC

XapaKTePUCTUKHU - TepexojHyto | 40 | (puc. 2.1, a) u ummynbcHyto | 0 | (puc. 2.1, 6).

BXOI[HBIC CUTHAJIbl ABJIAKOTCA JUCKPCTHBIMHM IIOTCHIOHAJIBbHBIM W HMIIYJIbCHBIM

COOTBETCTBEHHO, a4 XapaKTEPUCTUKA - HENIPEPBIBHBIMU.

xﬂx; (t) xﬂxﬁ(a)
0 — a -
t
XBpix 4 (t) xlnx 13 (t} d
he(t) k(t)
(/] - a
a) ¢ ) ¢

Puc. 2.1. BxogHO¥ cUTHAJI, ONTMCHIBAEMbIN €IMHUYHON (PyHKIIMEH, M HENTpephIBHAS
Mepexo/IHas XapaKTEePUCTHKA (a); BXOJAHOU UMITYJIbCHBIM CUTHAJI, ONTMCHIBAEMBIii ]
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-pyHKIIMEH, 1 HETPEePhIBHAS UMITYJIHCHAS XapaKTePUCTHUKA (PYHKITMOHAIBHOTO dJIEMEHTA

(6)

2. Ilepenarouynbie pyHKUMU.

[Ipu Kcnosib30BaHUM CUTHAJIOB B BHUJIE p-U300paKEHUI

M300paKEHUN AUCKPETUZUPOBAHHBIX | @) | U JTUCKPETHBIX

X(P)

X(@@)

HETIPEPBIBHBIX U Z-

byHKUMNA BpeMeHu |

u | D || X0D) | cOOTBETCTBEHHO (PYHKIIMOHAIBHBIMUA XapPAKTEPUCTHKAMHU DJIEMEHTOB

ABJISIIOTCS p- U Z-TIEpelaTOuHbIe (DYHKIIHH.

[lepenarounas ¢yukuust H (p) HEOpepbIBHOTO 3JIEMEHTA MPEACTaBiIseT coOoM

npsimoe mpeodpazoBanue Jlamaca (p-npeodbpa3oBaHue) €ro UMITYJILCHONW XapaKTEPUCTUKU

0 | (MM TIePEeXOJHOM XapaKTePUCTUKH, YMHOKEHHOW Ha OmNepaTrop p,- M300pakeHue

XeBucaiila nepexogHON XapakTepucTuku). OHa omnpeaensercs OTHOIIEHUEM JIBYX

HHTCIpaJIOB, CBOAAIIMMCA K OTHOIICHUIO ITIOJIMHOMOB OIICpaTOpa p:

H(p) = X gy (P) _ T(r) Xy (D)7 dl _ M (p)
Xpc(P) Ty Xp ¥ Mdt N(P)

rae | Xux(® || Xu(® |- p-npeoOpa3oBaHus (M300pakeHUsI BBIXOIHOTO U BXOAHOTO

CUTHAJIOB. )

[TomuaOM | ¥ | HA3BIBAETCS XapAKTEPUCTUUECKUM OIEPATOPOM, IMOCKOJIBKY KOPHHU

D XapaKTEpPUCTUUECKOTO0 YpPaBHEHHUs | V(P =0 | ONpeAesaioT XapakTep COOCTBEHHOTO

MEPCXOIHOTO IMPOoLCCCa.

HuddepenunanbHoe ypaBHEHHE HEMPEPHIBHOTO 3JIEMEHTa B ONEpaTOpHON (popme

HUMCCT BU:

X poix (P) = H(PYYHYX 4 (P)

(2J16)

OOpatHoe p-npeoOpa3oBaHue (OpPUTHHAN)
pemeHrueM U@ dhepeHnalIbHOTO YpaBHEHUS.

3. YacTOTHBIE XaPAKTEPUCTHKH.

X px (0

oT

XHAIX' (ﬁ)

ABJIIACTCA

OyHKIMOHAIIBHON XAPAKTEPUCTUKOM 3JIEMEHTA aBTOMAaTHYECKOIO YCTPOMCTBA IIPH

YAaCTOTHOM HPEIACTABIICHUU €r0 BXOIHOIO | Xux (/W)
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ABJACTCA KOMIUICKCHAA YaCTOTHAA XapaKTCPUCTHUKA HIIH KOMILJICKCHBIN KOB(b(bHHHeHT

nepenaun. OHa ompenensieT MNPOXOXKACHHE dYepe3 (PYHKIUMOHAIBHBIA  DJIEMEHT

rapMOHUYECKOTO  BO3JICUCTBUSA: Xpx () = X, Binwez | JTUCKPETU3UPOBAHHOTO

Xpx (nT) = X, SinwnT | Y TUCKPETHOTO (OOBIYHO HUDPOBOTO) | *ox (27D » X, HinwnT

¢ TOYHOCTBIO 10 | o | KomriekcHas dacToTHas XapaKkTepUCTUKa TIPEACTaBIsSET

npeodpazoBanue Dypbe UMIYJIbCHON XapaKTEPUCTUKU U TOIYy4YaeTcsl MOJACTAHOBKOWU B

BBIPAKEHUE p-TIEPEATOUYHON (QYHKIUU | #(@ | HENpephbIBHOTO 3JIEMEHTa U B

BBIPAKEHUE

z-miepeaTouHor GyHKuu | #@ | nudpoBOTO ANIEeMeHTa | =<’

K(jw) = X g UW) _ M(jw)

X (GW)  N(w)

)

XBbIX (eij) _ A(ejWT)

K" = _ .
) Xy (@) B(™)

B ornnume oT xomiuiekcHOro KoddduimeHta mepenaun | KUw | HempepbhIBHAS

KOMIUICKCHAsI YaCTOTHAs XapaKTePUCTHKA | K("') | gBiseTcs MmepuoandecKor (yHKIHeH

OTHOCHUTEJIbHOM prrOBOﬁ H9aCTOTbI U IIOJJHOCTBIO OIPCACIACTCA Ha HHTCPBAJIC

| - P9 w79 o | 10 eauHnuHON OKpYKHOCTH (cM. puc 2.2, 6). KoMIiekcHas dacTOTHas

XapaKTepUucTuka | K(") | MOXKeT ObITh JUCKPETU3UPOBAHA, T.€. IPEJICTaBlieHa  Ha0OpOM

BEKTOPOB | K(¢/“*"™") | KOHI[BI KOTOPBIX 00pa3yroT N TOoueK Ha €JUHUYHON OKPY>KHOCTHU

(puc. 2.2, 6). Ona mnpexacraBiasieT co0OM JUCKpeTHOe mnpeoOpazoBaHue Dyphe

JUACKPETU30BAHHON UMITYJIbCHOU XapaKTEPUCTUKHU.

KpuBas, onmceiBaemass KOHLIOM BeKTOpa | XUw | mym | K(¢™) | B KOMIUIEKCHOU

MJIOCKOCTH TIPU M3MEHEHWW W, Ha3bIBACTCSA aMIUIUTYIHO-(Pa3HONW XapaKTepucTUKou. B

HpHMOYFOHBHOﬁ CUCTCMEC  KOOpAMHAT KOMIUICKCHAasA 4YaCTOTHAsd  XapaKTCPUCTHKaA

MPECTABIACTCS ABYMsI XapaKTEPUCTUKAMU: aMIUIUTYIHO-4acTOTHOU (AUX) | X | uiam

KoD) | g ¢azovactotHor (PUX) | /™ | wmm | /D | cooTBeTcTBeHHO. Ha puc. 2.2, a B

Ka4yeCTBE MPUMEPA ITPUBEICHBI YACTOTHBIE XAPAKTEPUCTUKU HENIPEPBIBHOIO, a HA pUC.2.2,
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6 - udpoBOro IMEMEHTa, MPOILECCHl B KOTOPHIX OMHUCHIBAIOTCS MU(DPepeHInaTbHBIM U

Pa3HOCTHBIM YPaBHEHUSIMU IIEPBOTO MOPSAJKA COOTBETCTBEHHO.

Puc. 2.2. YacToTHBIE XapaKTEPUCTUKU HETIPEPhIBHOTO (a) U 1udpoBoro (0)
AJIEMEHTOB

J171st HepepBhIBHOTO 3JIeMeHTa (CM. puc. 2.2, a) uMeeM:

. 1 i (w)
K w) = — k w e// (;W,
(w) Jwt + 1 ( )

1

N1+ wit?

J (w) =- arctgwt

k(w) =

S .

s mudpoBoro seMenTa (cm. puc. 2.2, 0):

a

K(Ee"")y=— _
( ) 1- be ™"

= K(wT) e

k(wT) Za/\/l— 2b%tos w7 + b

bYinwT

J (WT) — arctgl_ b“toswT
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OOpaTHast CBsI3b — KOMIUICKCHAs; B 3aBUCHMOCTH OT KPYTrOBOM YacTOTHI W OHa
MOKET OBITh KaK MOJIOKUTEIBLHOMN, TaK U OTPUIIATEIILHOM.
4. IIpoxoaHasi XapaKTepHCTHKA.

Ilpoxoonoti xapakmepucmuxoil MWW XapaKTEPUCTUKOM BXOJI - BBIXOJ| 3JIEMEHTA

Ha3bIBa€TCAd (DYHKIMOHAJIbHAS 3aBUCUMOCTD | Xewx =/ (Xu) | MEXKAY MH(OPMAILIMOHHBIMU

napamMeTpaM BbIXOJHOTO U BXOAHOI'O IIPOLECCOB B YCTAHOBUBIICMCS PCIKUME pa6OTBI.
HpOXOI[HaH XapaKTCPUCTHUKA OKCIICPUMCHTAJIIBHO MOKCT OBITH ojrydyeHa IIpu
OTHOCUTCIBHO MCOJICHHOM HN3MCHCHHH HH(i)OpMaI_[HOHHOFO mapamMecTpa BXOIHOI'O
Imponecca. HaHpHMep, C€CJIN I/IH(bOpMaHI/IOHHBIMI/I nmapamMeTpamMu ABJIFOTCA YaCTOTa
BXOJHOI'O U aMIUIMTyJla WJIN (1)3321 BbBIXOJIHOI'O CHMHYCOMAAJIbHBIX TOKOB, TO HpOXOI[HOﬁ

XapaKTepHCTHKOﬁ COOTBCTCTBYHOLICTO  3JIEMCHTA  MOXKCT  CIIYKUTh  3aBHCHMOCTD

aOCOJIOTHOTO 3HAaYeHUs Wiau (a3bl KOMIUIEKCHOrO Kodd@uiuenTa | KU» | mepenayu ot

CO, T.€. AMIUIUTYAHO- WIH (Pa304acTOTHASL XapaAKTEPUCTHKA.

Vka3zaHHas 3aBUCHMOCTH | Xasx = /(Xa) | MOXKET OBITh HENPEPBHIBHOM WK

pa3peiBHOM (QyHKUMEH. COOTBETCTBEHHO pA3JIMYAIOTCS HeNnpepuléHas W peleunds
MIPOXOJIHBIE XaPAKTEPUCTUKH.

Henpepuvisnas npoxoonas xapakmepucmuka B 00IIEM Cilydae MPeACTaBIsIeT co00i

HETMPEPBIBHYIO (QYHKIUIO | Xsonxe = /(Xpo) || HE TMPOXOAIIYIO Uepe3 Hayajao KOOPAUHAT U

UMEIOIYI0 TOYKH Teperuba (puc. 2.3, a). [Ipenen oTHoOmIEHMUS MpPUPAIICHHUHN | PXwn | U

DX, | Ha3pIBaeTCHA Ougpepenyuanvhovim kod3pouyuenmom npeoobpazosanus (repeaadn)

9JICMCHTA:

k = lim DX o — AX gy
UD

A px®o DX, dx

BbIX

OTHo1IeHNE AUCKPCTHOIO HM3MCHCHUA X ppirrmas = Xsnixo K BbISbIBABOIEMY €TI0

U3MEHEHUIO | Xowe | (puC. 2.3, a) Ha3bIBACTCI cmamuyeckum Kodpouyuenmom

npeobpaszosanus (Nepeaadmn ):

k. = X pparrmax =~ X
cr b%

BX max

BbIX 0
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Ecau XapaKTCPUCTHUKa HMCCT TOYKH HpOFI/I6a, TO BO3MOXXHBI JABa pPa3JIM4YHbIX

pexuma paboTsl ameMmenta. Ha puc. 2.3, a XapakTepucTuka JEIUTCS Ha TPU ydacTKa

dx

TOYKAMH TIEPErnda, B KOTOPBIX | Kmo = =1 | B npemenax y4acTka MexX1y TOYKAMH
dXBle

neperuda Mexay TOUYKamu neperuda| *w-i 1 | a3a ero npeaeaaMu | XumeJ 1

Cpennuii y4acTok MPUHATO HA3bIBaTh AKTUBHBIM WA JUHAMUYECKUM

AUAIIa30HOM XaPAKTCPHUCTHUKH U OIPCACIIATE OTHOIICHHUCM

X

D — BX max

X

BX min

B nmpeaciiax TMHAMUYICCKOI'0O AuaIra3oHa km | OOBIYHO IMPUHUMACTCA ITOCTOASHHBIM.

B 3aBucumoctr oT QyHKIIMOHATIBLHOIO HA3HAYCHUS DJIEMEHTA OH UMEET CBOUM (pu3nuecKuit
CMBICIT I HAUMEHOBAHHUE.

Pexxum paboThl »yieMEHTa, MPU KOTOPOM 3HAYEHHUS BXOJHOTO M BBIXOJHOTO
MH(OPMAIIMOHHBIX TApaMETPOB HE BBIXOAAT 3a Mpelesbl JIUHAMUYECKOro Juana3oHa,
HUKE HA3BIBACTCS HenpepuvléHuiM. PexxuM paboThl dleMeHTa, MPU KOTOPOM TapaMeTphI
MOTYT NPUHHAMATh 3HAYEHHS TOJIBKO 3a IMpeaesiaMyd JUHAMUYECKOIO IHana3oHa, HUXKE
Ha3bIBAETCS PEKUMOM nepekioueHus. PexuM MepeKIoueHns NpeanoaaracT JUCKPETHOE

HN3MCHCHHC BXOJHOTO ITapaMcCTpa B MpCAciiax, IMPCBbIIAa0IINX:

D/Y/}:r - Bxflax BX min

[IpoxonHasi XapaKTepUCTUKA PEAJbHOrO 3JIEMEHTA, KaK IPAaBWIIO, HEOJHO3HAYHA.
Ha puc. 2.3, 6 mokazaHbl Be BETBU XapaKTEPUCTUKH, COOTBETCTBYIOIINE HapacTaHuto (/)
U CHWKEHUIO (2) BXOJHOTrO HHPOpMalnoHHOro napamerpa. Hannuue nByx BetBeit (1 u 2)
XapaKTEPUCTHK OOBSICHSAETCA NOTEPSIMH SHEPITUU BHYTPHU JIEMEHTA, 00YCIOBIMBAIOIINMHU
norpemHocTy npeodpasoBanus. Ha puc. 2.7, 6 NyHKTHMPOM IOKa3aHa YCpEIHEHHas

XapaKkTepUCTHKa 3.
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K =
v
XBorx 4 " Xbpix
A 3
XBoixmax """~ 2
1 e |
AXfoix __ A9 i
I IJ.':X& i
x|
Xfipix min }_"l'—l'(_" | 2A .
— X
X8Boix 0 A7 11 ! . _H______@gﬂui
0 Xoxmin Xbxmax Xpy o X bx
a) .r)')

Puc. 2.3. HenipepbIBHbBIE TPOXOJIHBIE XaPAKTEPUCTUKH (PYHKIIMOHAIBHOTO 2JIEMEHTA

Penetinas  npoxoonas  xapaxmepucmuxka TPEACTABISIET CO00OM  (PYHKIHUIO

X ppix = f,, (XBX,O,C)

HMCHOIIYIO ITPpU HCKOTOPOM 3HAYCHUU

X

wa | (mapameTpe JeicTBus)

pa3pblB WM U3MEHEHUE 3HAKA NPOM3BOJHOM. DJEMEHT C PEJIEMHON XapaKTepHUCTUKOU

UMEET TOJIbKO JIBa YCTOMYMBBIX COCTOSHUS (pUC. 2.4): OHO — MpHU | *Focd  wvs | a

5

BTOPOE - MNpU | *Foc™ sxx | [lO3TOMY, TpM HENPEPHIBHOM H3MEHEHHH BXOIHOIO

napamMeTpa  BBIXOJHOM  M3MEHSAETCA  CKauKoOOpas3HO.

Peneitnyro  mpoxoaHyro

XapaKTCPUCTUKY MOI'YT HMCTb TOJBKO HEJIWHEHHBIC DJIEMEHTHI C BHYTpeHHeﬁ 500041

BHEITHEH KECTKOU 101024CUMENIbHOU 0OPAMHOU CB8A3bIO.

XBnix A
XBpix, x -

XBoix M|

— -

/]

i i : '
xﬂx’,q xux’g,c o xﬁx’u é‘

a)

-;(- e
bxp  Xbx,o,c

Puc. 2.4. Penelinble NpOXOHBIE XapaKTEPUCTUKU

50



TEMA 3.YacToTHbIe (PUIBTPHI ABTOMATHYECKHUX YCTPOICTB

Ha3nauenne, npuHIMO JeWCTBHS. XapaKTEpUCTUKH YACTOTHBIX  (PUIIBTPOB.
[TaccuBHBIE pE30HAHCHBIE TMOJOCOBBIE (PUIBTPHI. AKTHUBHBIE YacTOTHBIE (DUIBTPBHI.
BrlnosniHeHHe U XapaKTepUCTUKHU YaCTOTHBIX (PUIBTPOB. AKTUBHBIE (PUIIBTPBI ¢ KOHEYHOU
UMITyJIbCHOW  XapakTepucThkoil. LludpoBble yacTOTHbIE (UIBTPHI, BBIIOJHEHUE
1M (PpoBBIX HUIBTPOB.

Hannas Ttema mnoapoOHO paccmorpeHa B Opuapenxko H.M. DnemeHThI
aBTOMAaTUYECKUX YCTPOMCTB 3HeprocucteM. M.: DHeproaromusaar, 1995 r. Kuwura 1,

riiaBa TpeThs, naparpadsr 3.1. — 3.8.

TEMA 4.A3mepuTe/ibHbIe NPe00pPa3oBaTe I BXOAHBIX CHTHAJIOB
Haznauenue U Pa3HOBUIHOCTH U3MEPUTEITBHBIX npeoOpazoBaTenei.
U3MEPUTENIbHBIE TpaHCHOPMATOPbl U TPAHCPEAKTOPHI. AKTUBHBIC H3MEPUTEILHBIC
TpaHchopmaropsl. Da3omoBOPOTHBIE JJIEMEHTHL. M3MmepurenbHble MPeoOpa3zoBaTENH
W3MEHEHUW YacTOThl CUHYCOMJAJIbHBIX HANPSKEHUH W TOKOB. DOpMHUpOBATEIN
OpPTOTOHATBHBIX M CUMMETPHUUYHBIX TPEX(Pa3HBIX CHCTEM DJECKTPUICCKUX BEITUUHH.
Jannass Tema moapoOHO paccMoTpena B OBuapenko H.M. DOnemeHTHI
ABTOMATUYECKUX YCTPOWCTB 3HeprocucreMm. M.: DHeproaromusaar, 1995 r. Kuwura 1,
riiaBa yetBepTas, naparpadsi 4.1. — 4.6.
TEMA 5. U3mepuTe/ibHbIe IPe0dpa3oBaTed BXOAHBIX CHTHAJIOB,
U3MeHsiouue ux gpopmy
BpeMsumnynbCcHbIE H3MEpUTENbHBIE MpeoOpa3oBaTeld aMIUTUTYAbl, (a3sl |
yacToThl. M3MmeputenbHble mpeoOpa3oBaTeNd aMIUIMTYAbl, a3kl M 4YacTOThl B
HENPEPBIBHBIN cCuUTHaJI. bBpICTpOoneiCTBYIONME W3MEPUTENbHBIE TPeoOpa3oBaTENH
amMIuTyel.  M3MeputenbHbie mpeoOpasoBaTenn ¢a3bl B HENPEPBIBHBIM  CUTHAIL
N3meputenpHble npeoOpa3oBaTesid amIUIMTYAbl U YacTOThl B JUCKPETU3UPOBAHHBIN

CHUI'HAJI.
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Jannass TemMa moApoOHO paccMoTpeHa B OBuapenko H.M. Dnements
aBTOMAaTHUYECKUX YCTPOMCTB 3HeprocucteM. M.: Dueproatomusnar, 1995 r. Kuura 1,

riaBa mnsras, maparpadst 5.1. —5.5.

TEMA 6. ®ujibTpbl CAHMMETPHYHBIX COCTABJISIIOLIUX
1. Hazna4veHnue u cnoco0bI 0CyIECTBJIEHMS.
OuinbTpaMd  CUMMETPUYHBIX Ha3bIBAIOTCS

COCTAaBJIAIOIINX N3MCPUTCIILHBIC

npeoOpazoBaTeny Tpex(a3HbIX HECHUMMETPUYHBIX ¢ HEYPaBHOBEIICHHBIX CHUCTEM

CUHYCOUJATBHBIX HANPSDKEHUM U TOKOB B OJIHO(A3HbIC WM CUMMETPUUYHBIE Tpexda3HbIe

HAMPSUKEHHUS U TOKH, MPOMOPIHOHAIBHEIE HX CHMMETPHUHBIM COCTABISIONIIM MPSMOIl
(U,,1,) o6parnoii (U,,L,) unynesoii (U,,1;) nocnenoatensuocteii. Ilpu noaseneHun K

BXOJIHBIM BBIBOJIaM a, b, ¢, N ¢bunbTpa HanpsukeHuit ZV (puc. 6.1, a) uin TokoB ZA (puc.

6.1, 6) Tpex (a3 Mexy BBIXOJHBIMU BBIBOJIAaMH 71, 1 BO3HUKAIOT HaIPSHKEHHE Uiy x

win TOK Lgpy i, onpenensiemsle coctapsionmmu U, U, | U nanpsxennii unu 1, 1, 1

TOKOB.
Zv 7A
S om {a a m
— *: i
Ya Zboax x [HBuxx | I 3 2 C IE‘Hx'K
e O ) lj" —02 ¢ :ﬁux’x )
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Puc. 6.1. CxeMbl BKIIFOUECHHSI (PUIBTPOB CUMMETPUYHBIX COCTABIIAIOIIMX HAINPsKEHUs (a)
1 ToKa (0)

OUIbTPHl CUMMETPUYHBIX COCTABJISAIONINX, JJII KOTOPHIX HE PAaBEH HYIIO TOJBKO
OJIMH 13 KOd(DPUIIMEHTOB MTpeoOpa3oBaHus, ABISIOTCS NTPOCTHIMU. OHU HAXOMAST HMIMPOKOE
IpPUMEHEHUE, 0COOEHHO (PUIBTPBI OOPATHOM U HYJIEBOM IOCIIEI0BATENBHOCTEM.

W3BectHpl u Oojee ClOXHBIE - TpexdasHble U CABOCHHBIE - (DUIBTPHI
CUMMETPUYHBIX COCTaBISOUMX. OHM MMEIOT MO TPU WJIM YEThIPE BBIXOJHBIX BBHIBOJA,
HANpPSOKEHUST Ha KOTOPBIX 00pa3yloT CHMMETPHUYHYIO TpeX(aszHyr CHUCTEMY MpPSIMOW H
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oOpaTHOM TMOCJIEeNOBATEILHOCTE WM MPOMOPIMOHATBHBI TPSIMOM  (MEXIy IBYyMS

BBIBOJIAMH) U 0OpaTHOM (MEXly APYTUMH JIByMS BHIBOJIAMH) TIOCIIEI0BATEIIBHOCTSIM.

B 3aBucumoctu oT cmnoco0a peanu3aldd  YKa3aHHbIX — M3MEPUTENbHBIX
npeoOpa3oBaHuil (PUIBTPHl CUMMETPUYHBIX COCTABISIOUIMX JEJSATCS HA MACCHUBHBIE U
aKTUBHBIE aHAJOroBble M Ha UU(pOBbIE. AHAJIOrOBblE MNACCUBHBbIE (DUIBTPHI
MIPEACTABIIAIOT COOOW COOTBETCTBYIOIIME DSJIEKTPUYECKHE LENU W3 PEAKTUBHBIX U
AKTUBHBIX CONPOTHUBIICHUH. AKTHUBHBIE (UIBTPHI CHMMETPHUYHBIX COCTABIISIOIINX
BBITIOJIHAIOTCS. HAa WMHTETpajbHBIX OMNEPAlMOHHBIX ycuiutensax. Lludppossie GUIbTphI
JeJISATCS Ha annapaTHble, CHHTE3UPYEMbIE U3 UHTETPAJIbHBIX 3JIEMEHTOB 00pabOTKU LU(-
POBBIX CHUTHAJIOB, M Ha IPOTPAMMHBIC, pealn3yeMble Ha MHKPOIIPOLECCOpax U

MUKpOOBM.

M3 mnaccuBHBIX aHAJOrOBBIX (DUIBTPOB BBIACISIOTCS TMEPBUYHBIE (DUIBTPHI
CUMMETPHUYHBIX COCTAaBISIOIINX, MPEACTABISAIOIIME COOOM COOTBETCTBYIOIIHME CXEMBI
COCJIMHEHUN BTOPUYHBIX OOMOTOK TMEPBUYHBIX HU3MEPUTEIBHBIX TpPAaHCPOPMATOPOB
HaNpsDKEHUsT U TOKa W TMEPBUYHBIX TPAHCPEAKTOPOB (MArHUTHBIX TPAHCPOPMATOPOB
TOKAa) WM MEPBUYHBIE MU3MEPUTEIbHBIE TPaHC(HOPMATOPHI CIIEHUATbHON KOHCTPYKIUH.
[TpenmMyI1eCTBEHHO MCHOJB3YIOTCS MEPBUYHbIE (QUIBTPBI HANPSHKEHUS M TOKA HYJIEBON
NOCJIEOBATEIBbHOCTH BBHUJY MPOCTOTHI UX OCyllecTBIeHNUd. OHU MpeACcTaBisioT co00i
COIJIACHOE TMOCIEAO0BATEIBHOE WM TMapajlIeIbHOE COEIUHEHUE BTOPHUYHBIX OOMOTOK
0JIHO(A3HBIX MEPBUYHBIX U3MEPUTENBHBIX TPAaHCHOPMATOPOB HAMPSIKEHUS M TOKA WIH
TPAHCPEAKTOPOB COOTBETCTBEHHO (TpexTpaHchopmaropHble QuibTphl). [Ipu 3TOM HX
BBIXOJIHBIE HampsbkeHue u Tok win JJIC TpaHcpeakTopa paBHBI cymMMaM TpeX (a3HbIX
HaIpsHKEHUH U TOKOB, T.€. PABHBI YTPOECHHBIM 3HAYEHUSIM COOTBETCTBEHHO HANPSIKEHUS
U TOKa HyJeBOW mnocienoBaTenbHOCTH. CyliecTBYIOT Tpex¢aszHble TPeXOOMOTOUYHBIE
NEPBUYHBIE H3MEPUTENIbHBIE TpaHCPOPMATOPhl HANPSDKEHUS, BTOPUYHBIE (a3HbIE
OOMOTKH  KOTOpPBIX COEAMHSIOTCA IO CXEME€ pPa30OMKHYTOTO  TpPEyrOJbHUKA,
cymmupytomeid (asusie HanpsokeHus. VX 0COOEHHOCTBIO SBIISIETCS MATHUCTEP>KHEBOU
MarHUTONPOBOJ, OOECHEUYMBAIOIIMN 3aMKHYTBIM KOHTYpP UMPKYJSIUA MAarHUTHOTO
NOTOKAa HYJIEBOW MocieAoBaTesibHOCTU. Pa3paboTanbl cnenuanbHble KOHCTPYKLMH
KaOeJIbHBIX M IIMHHBIX (I CUHXPOHHBIX T'€HEPATOPOB) MEPBUUYHBIX H3MEPHUTEIBHBIX
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TpaHCHOPMATOPOB TOKA HYJIEBOM TOCIEAOBATEIBHOCTH (OIHOTpaHCPOPMATOPHBIE
GUIBTPHI, B KOTOPBIX CYMMHPYIOTCSI MAarHUTHBIE TOTOKH, CO3/1aBa€Mbl€ MEPBUYHBIMU

(ha3HBIMU TOKAMM).

bnaromaps 3TOMy OHHM MMEIOT OTHOCHUTEIBHO HHU3KHME (MO0 CpPaBHEHUIO
C TpexTpaHC(HOPMATOPHBIM MEPBUYHBIM (DHIBTPOM TOKA HYJIEBOM MOCIIEI0BATEIHLHOCTH)
Toku HeOanaHca (momexu). Toku HebamaHca TPEeXTPAHCPOPMATOPHBIX MEPBUUHBIX
GUIBTPOB OMPENENSIOTCS CYMMON TOKOB HaMarHWYWBAaHUS TPeX TpaHCHOPMATOPOB,
KOTOpas IpU YPaBHOBELIEHHOM
Tpexda3Hoi cuCTeMe TOKOB HE paBHA HYJIIO BBHJY HEHJICHTHYHOCTH TpaHC(HOPMATOPOB

TOKa JaxKeE OI[HOﬁ MNapTuu AAHHOI'O THUIIA.

Hcnonb3yembie cXeMbl COCTMHEHUS] BTOPUYHBIX 0OMOTOK JABYX (a3 oJiHO(Da3HBIX
u  Tpex(}a3sHbIX TMEPBUYHBIX HW3MEPUTEIBHBIX TpPaHC(HOPMATOPOB HAMPSHKCHUS U
BTOPUYHBIX OOMOTOK JIBYX OJHO(a3HBIX MEPBUYHBIX U3MEPUTEIIHLHBIX TPAHCPOPMATOPOB
TOKa BCTPEYHO IMOCJIEIOBATENBHO U MApaJLIEIbHO COOTBETCTBEHHO MPECTABISAIOT COO0M
KOMOMHUpOBaHHbIE  (DUIBTPHI  HANpPSOKEHUST W TOKA MpsIMOM ©W  0OpaTHOU
MOCJIEI0BATEILHOCTEN C OJIMHAKOBBIMU KOMIUIEKCHO-COMPSIKEHHBIMU KO3 dulieHTaMu
K, K, mpeoOpazoBanus. MxXx BBIXOJHBIE HANpPSDKEHHE M TOK, PaBHBIE Pa3HOCTSIM
HampsDKEHU W TOKOB  JBYX a3, HE COJAEpKaT COCTaBISIONIUX  HYJIEBOU
MOCTIEIOBATEILHOCTH HEYPABHOBEUIEHHBIX HECUMMETPUYHBIX CUCTEM HANpPSHKEHUU U

TOKOB.
2. XapakTepuCTHKHU U MOKAa3aTeJH (PUIbLTPOB.

CocraBnstonie 0OpaTHON U HYJIEBOU MOCIEI0BATEILHOCTH TPEeX(Pa3HOUM CUCTEMBI
IPOMBIIUIEHHOTO TOKa MOTYT OBITb OTHOCHUTENbHO HHU3KMMH (II0 CpPaBHEHUIO C
COCTAaBJIIOIIMMH TPSMOM IOCJIEI0BATEIbHOCTH) M BO3HHUKAIOT NPU BO3MYUICHUSX B
AJIEKTPOIHEPTEeTUYECKON CHUCTEME aBapHIHOrO XapakTepa, TpeOyromux ObICTporo
(dopMupoBaHUs BO3ACUCTBUS aBTOMATUYECKUX YCTPOWCTB Ha YIpaBisieMble OOBEKTHI.
[loaToMy Tr7aBHBIMM TOKa3aTelsiMH  (UIBTPOB CHUMMETPUYHBIX  COCTABIISIOLIUX
SBIISIIOTCA UX OBICTPOJIEHUCTBHME M OTHOCHUTENBHBIM YPOBEHb BBIXOAHOTrO curHaiga. OHH

ONpCACIIAOTCA (byHKI_II/IOHaJ'IBHBIMI/I XapaKTCpUCTUKaMH: p- W Z-IICPEAATOYHBIMU
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(yHKIMAMH U KOMIUIEKCHBIMU KOO duimrentamu npeobpasosanus K,(jw), K,(jw) u

wT wT
K, (™), K,(e/"") ananoroBsix u iu(p)poBbIX GUIBTPOB COOTBETCTBEHHO.
OTHOCUTENbHBI YPOBEHb CHTHAJa AHAJOTOBBIX  (IIBTPOB 3aBUCHUT  OT

kodddunmento Ky, K, npeobpazoBanusi mpy HOMHHAIBHOW MPOMBIIIICHHONW 4acTOTE

S =Wy, /2P, omnpemensiomux BBHIXOAHOM CHIHAl OT INOMEX Ha BHIXOJAE (DUILTPOB
HYJIEBOM M OOpAaTHOW MOCIE0BATEIHHOCTEH NP TpeX(Pa3HOW CUCTEME HAMPSHKEHUN WITH
TOKOB ITPSIMOM NIOCJIEA0BATENBHOCTHA HA UX BXOJAX.

[ToMexu TpPEACTaBIAOT cOOOH HampsokeHMe wWid Tok Hebamanca Upygyx, Lysx

BBIX0JI€ PeAIbHBIX (UIBTPOB, OOYCIOBICHHBIC: HETOYHOCTHIO HACTPONKHU (DUIBTPOB U3-32
paz0poCoOB MapaMeTpPOB PE3UCTOPOB U KOHJIEHCATOPOB, PEAKTOPOB U TpaHC(HOPMATOPOB U
UX W3MEHEHMSMHU BCJEACTBHE BO3MYILAIOUIMX BO3JCHCTBUM, TJIABHBIM U3 KOTOPBIX
ABJISCTCS OTKJIOHEHHWE MPOMBIIUIEHHON YacTOThl OT HOMUHAQJIBHOW; HAJIMYHMEM BBICIINX
TApMOHUYECKUX COCTABJISIFOIINX HAIMPSHKEHUN (TOKOB) MPSMON U 0OpaTHOM MM HYJIEBOU
nocieaoBaTebHOCTEN. McTOYHMKaMU TOMEX B aKTUBHBIX aHAJOTOBBIX (DHIIBTpAx
ABJISIIOTCS pa30poOC MapaMeTPOB ONMEPALIMOHHBIX YCUIUTENEH U OTIIMYKE UX OT UACaIbHBIX.

beictposeiicTBue (GUIBTPOB CHUMMETPUYHBIX COCTABISAIONIUX, KaK U JAPYTUX
U3MEPUTENBHBIX TMpeoOpa3oBaTesiei, OnpeAessieTCs IIUTEIbHOCThI0 MX COOCTBEHHBIX
IIEPEXOHBIX MPOLIECCOB MPU HYJIEBBIX HAYAIbHBIX YCIIOBUAX, 3aBUCAILEH OT IMOCTOSIHHOM
BPEMEHHU 3aTyXaHHsI CBOOOJHBIX COCTABJISIONIMX HANPSHKEHUW Wi TOKOB. IIporecch B
MACCUBHBIX W AaKTUBHBIX AHAJIOTOBBIX (UIBTPAX CHUMMETPUYHBIX COCTABJISIFOITUX
onuchIBatOTCs qudPepeHInanbHBIMU ypaBHEHUSIMU TIEPBOTO U BTOPOTO MOpsAAKkoB. OHH
XapaKTepU3yrTCd COOTBETCTBYIOIIMMU p-TiepeaTOuHbIMU  QyHKIMsIMUA. OJHAKO B
MACCUBHBIX  (QUIbTpaX BTOPOTO TOPSAJKA TMEPEXOJHBIE  MPOIECCHl  OCTAIOTCS

AlICPUOANYCCKUMHU, TOT'/Ja KaK B AKTUBHBIX OHH KoyieOaTeJIbHBIE.

Hpoueccm B III/I(l)pOBBIX (I)I/IJ'IBTan CUMMCTPHUYHBIX COCTABJIAIOIIHNX OIMHMCBIBAIOTCA

Pa3HOCTHBIMH YPAaBHEHUAMH U XapaKTEPU3YIOTCA Z-NIEPEAATOUYHBIMU (PYHKIUSMHU.
3. ®uiabTPHI HYJIEBOI MOCJIEA0BATEILHOCTH.
Ilaccugenvie ¢punompur. HanpspkeHue HyJNeBOM IOCIENOBATENBHOCTH — He-

YPaBHOBEIICHHOW Tpex(a3Hoil cuCTeMbl BTOPUYHBIX HAMPSHKEHUH  MEPBUYHBIX
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U3MEPUTENBHBIX TpPaHC(HOPMATOPOB HAIPSHKEHUS, PABHO HANPSIKEHUIO CMELICHUS
V30JIMPOBAHHOW HEUTpald CUMMETPUYHOM HArpy3Kd OTHOCHUTEIBHO 3a3€MJICHHOU
HEUTpaJId CHCTEMbl BTOPWUYHBIX HampspkeHud. [losTomy maccuBHBIA — urbmp
HanpsdceHuss HyJIeBOM MOCIeA0BAaTEILHOCTH COCTOUT U3 TPEX pe3ucTopoB (puc. 6.2, a)

WM KOHJIEHCATOPOB (puc. 6.2, 0), COEAMHEHHBIX MO CXEME 3BE3/IbI.

a ..Z.D r
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Puc. 6.2. Cxembl GpUIBTPOB CUMMETPUYHBIX COCTABIISIONINX HAMPSKEHUN

HyneBoﬁ IIoCJICA0BAaTCIBbHOCTH

Qurbmp moka HyJIEBOW TOCIEIOBATEIHPHOCTUA MPEACTABISIET COO0M BTOPUYHBIN
MU3MEPUTETBHBIN TpaHCPOpPMATOp TOKA C TPEMs MEPBUYHBIMU OOMOTKaMH, K HadajliaM
KOTOPBIX TIOJIBOJISTCS BTOPHUYHBIE TOKH TpexX a3 TEPBUYHBIX H3MEPUTEITHHBIX
TpanchopmaropoB. OpHaKO OOBIYHO TOK HYJIEBOH IOCIEIOBATEIBLHOCTH, Kak
YKa3bIBAJIOCh,  IOJIYYalOT  HEIMOCPEJICTBEHHO OT  IEPBUYHBIX  HM3MEPHTEIbHBIX
TpaHc(OpPMATOPOB TOKA WM HCIOJIB3YIOT TOK B HYJIEBOM MPOBOJIE, COCAUHSIOIIEM
HEUTpaJlb HArpy3KH TpeX OJHO(MA3HBIX MEPBUYHBIX M3MEPUTEITHHBIX TPAHCPOPMATOPOB
TOKA C 3a3€MJICHHON HEUTPaIbIO HX BTOPUYHBIX OOMOTOK, CO€IMHEHHBIX IO CXEME 3BE3/I.
[ToaToMy HEOOXOOUMOCTh B (UIBTPE TOKAa HYJIEBOW IOCIEAOBATEIIBHOCTH B BHJIE
yKa3aHHOTO BTOPUYHOTO U3MEPUTEIHHOTO TpaHc(hopmaTopa TOKa OOBIYHO HE BOSHUKAET.

BreixomHoe compotuBieHHe (QWIBTpa TOKa HYJEBOHW IOCICIOBATEIHHOCTH

ONnpcACIEICTCA TOJIBKO COIIPOTHBJIICHUCM BCTBU HAMArHWYMBAHWA BTOPHUYHOI'O WJIIN

HIEPBUYHBIX M3MEPUTEIBHBIX TPAHCPOPMATOPOB TOKA: Lgpy x » JX i
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Axkmuenuvle uabmpol. 1lockoNbKy HaNpsHKEHWE W TOK HYJEBOW MoOciie-
JI0BAaTEJIbHOCTU pPaBHbl CYMME€ COOTBETCTBEHHO HAaNpsKEHUHM W TOKOB Tpex (as,
aKTUBHbIE  (WIBTPHl HANPSKEHHWSs W TOKA  HYJEBOM  MOCIEAOBATEIbHOCTU
NPEJICTaBIISIIOT COOO0M CyMMaTOphl Ha WHTETPAIbHBIX ONEPAIMOHHBIX YCHUIHUTENSAX C
MIPOMEKYTOUHBIMH (BTOPUYHBIMU) U3MEPUTEITBHBIMU TpaHchopmaTopaMu
Hanpsbkenust 1LV wmu toxka TLA. B ¢unempe nanpsoicenuss OCyleCTBISETCS
oTpHILaTenpHasi oOpaTHasl CBSI3b 110 HANPSIKEHUIO, a B huibmpe moka - oOTpulaTeIbHas
oOpaTHas cBs3b MO TOKy. OHaKo cxema (GUiIbTpa TOKA MOJy4YaeTcsl ¢ He3a3eMJICHHOM
Harpy3Koi, 4To He Bcerja npueMIIeMo.

4. ITaccuBHbIe QUIBLTPHI 00PATHOM MOCJIEI0BATEILHOCTH.

OuIbTpbl HANPSKEHU OOpPAaTHON MOCIEAOBATEIBHOCTH OCYIIECTBISIIOTCA C
UCIIOJIb30BAaHUEM  MEXIy(pa3HbIX BTOPUYHBIX HANPSHKEHWH, HE  COAEpKaIIUX
COCTABJISIIOIIMX HYJIEBOU MOCIEA0BATENIbHOCTH.

N3 Oonpmioro pasHooOpa3uss (QUIBTPOB HANpsOKEHUs OOpaTHOW Mocre-
JI0BATE€IbHOCTH HauboJiee IIMPOKO MCHONb3YEeTCS PE3UCTOPHO-KOHAECHCATOPHBIN
bunstp ZV, (puc. 6.3, a). BektopHble auarpammbl Ha puc. 6.3, 6 COOTBETCTBYIOT
NOJMKIIOYCHHIO  (QUIbTpa K CHMMETPUYHONM CHCTEME HANpPSKCHUH  MPSMOUN

IMOCJIICAOBAaTCIBbHOCTH. U3 JuarpaMmbl BUIHO, YTO IIPHU HOMMHAJIbHOM HpOMbIHIJIGHHOﬁ

yacrore Hanpskenue Uz v = 0 Touku m v n coBmemarores.

Huarpamma Ha puc. 6.3, 6 COOTBETCTBYET MOAKIIOYEHUIO (QUIbTpa K

CUMMETPUYHOU CHUCTEME HAIPSKEHU 00paTHOM MOCIEA0BATEIbHOCTH.
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Puc. 6.3. Cxema (a) ¥ BEKTOpHBIEC TUarpaMmsbl (0, B) pe3UCTOPHO-

KOHJIEHCATOPHOTO (GUIBTpa HAMPSHKEHUS 0OPAaTHOM TOCISIOBATEIIPHOCTH

@I/l]lbmpbl moka O6paTHOI>’I MMOoCJaCA0BATCIbHOCTH, IPUMCHIACMBIC Ha IIPAKTHKC,

BBINIOJIHAIOTCS ¢ UCIIOIb30BaHueM (a3Hbix TokoB 1, , 1, 1.

— 2

5. AKTHUBHBIE (PWIBTPBI HANIPSIKEHUSI M TOKA 00PaTHOM MOCJIe10BATEIbHOCTH.

[IpyHIMOHATBEHO BO3MOXHO OCYIIECTBICHHWE aKTHUBHBIX (DUIBTPOB O0OpaTHOM
MOCTICIOBATEILHOCTH  HANPSDKEHUM W TOKOB IO COOTBETCTBYIOIIMM  CXE€MaM
U3MEpUTETBHBIX TIpeoOpazoBaTeneil ncTouHuKoB DJ[C U UCTOUHUKOB TOKOB B MCTOYHUKU
BBIXOJIHBIX HANpPsDKEHHS] U TOKAa COOTBETCTBEHHO. OJHAKO B KauecTBe (DUIBTPOB TOKA
oOpaTHOM TOCJIEIOBATEILHOCTH, PUMEHSIEMBIX Ha MPAKTHKE, UCIOIB3YIOTCS (DUIBTPHI

00paTHOM IOCIIEN0BATEILHOCTH HANPSHKEHUH, MPONOPLHUOHAIBHBIX BXOJHBIM TOKaM.
[Tostomy ¢unbTpbl Hanpsokenuit ZV, u tokoB ZA, 00paTHOM MOCIEI0BATENLHOCTH

UMEIOT pa3lIMYHbIC BXOJHBIC W3MEpPUTEIbHBIC MpeodpazoBarenu: TpaHCHOPMATOPHI
Hanpsbkeauit TLV (cm. puc 6.4, a), tpancpeaktopbl TAV (cm. puc. 6.4, 6) wiu

TpaHc(HOPMATOPHI TOKA, HATPY>KEHHbIE OAJNTACTHBIMU PE3UCTOPAMHU.

OuIbTp 00paTHOM MOCIEAOBATEIIBHOCTH B COOTBETCTBUU JOJIKEH COCTOSTh U3 IBYX

(a30moBOpOTHEIX dyeMenToB Hampspkenwmit U,,U,. W cymmaropa, peanu3yeMbIx Ha
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OJTHOM  OTEpallMOHHOM ycwiutene. Bpibopom  ¢$a3omoBOpPOTHBIX  DJIEMEHTOB U
OTIPEJICIISIIOTCS. OCHOBHBIE TOKa3aTeNId aKTUBHBIX (DUIBTPOB - OTHOCUTEIBHBIN ypOBEHB

cUrHajia u ObICTPOJICICTBHE.
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Puc. 6.4. Cxembl akTUBHBIX (UIBTPOB OOPATHOM MOCIIEOBATEIHHOCTH
HarpsbKeHus (a) u Toka (0)

[IOCKOJIBKY OTHOCHTENBHBIM YPOBEHb CHTHAJIA 3aBUCUT NPEXKAE BCETO OT

cocraBisiomei  HanpspkeHus — HebGamanca  Uyy  00yCIIOBIEHHONM — W3MEHEHUSAMHM
MIPOMBITIUICHHON 9acCTOTHI, (ha30ITOBOPOTHBIC 3JIEMEHTHI JI0JDKHBI 00€CTICUNBATh BO3MOKHO
MEHBITYI0 3aBUCUMOCTh  a0CONIOTHOTO 3HAYECHHWs] W  apryMEHTa KOMIUICKCHBIX
ko3 pureHTOB MpeodpazoBaHus OT 4acTOThl. CBOHCTBOM HE3aBHCHMOCTH OT YaCTOTHI
a0CoJIIOTHOTO 3HaueHus koddduimenta npeodOpazoBaresss 00Jagal0T HEMUHUMAILHO-

(ha30BBIC DJIEMEHTHI.

[IpakTHueckoe 3HaueHHWE UMEIOT (QUIBTPHI HaAmpsDKeHUs (Toka) OOpaTHOM
(mpsiMOi1) MOCIEeI0BATENbHOCTH, BBIIIOJIHAEMbIE HA OJJHOM MHTErPajJIbHOM ONEPALMOHHOM
yeunurene. [lpu  3TOM  HCHONB3YIOTCS  MUHUMalbHO-(pa3oBble  (Pa30nOBOPOTHBIE
AJIEMEHTBl B BHJIE€ YAaCTOTHBIX (PHIBTPOB HAa OCHOBE HMHBEPTUPYIOUIETO BKIIOYEHUS
ONEpallMOHHOrO yCWIMTENs, Haubosiee yAOOHOTO JUIsl pealu3alid CyMmaTopa.
[IpumeneHue HEeMUHUMAaTbHO-(A30BBIX AJIEMEHTOB ((ha30BbIX KOHTYPOB) HECMOTpPS Ha
CBOMCTBEHHYIO UM HE3aBUCUMOCTb OT YacCTOThI aMIUIUTY/Ibl BBIXOJITHOT'O HAMNPSKEHUS HE

yJlydlllaeT MMEIOIUN Ba)KHOE 3HauyeHUWE HH(POPMAIIMOHHBIN MOKa3aTelb (DUIBTPOB U
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JTaXe yXyAIIaeT ero. YXy/IIIEHUE IMoKa3aTessi OObICHsIeTCs Ooiiee m3MeHeHHeM (asbl
KOMILJIEKCHOTO Koddduimenta mnepeaadn (GazoBOro KOHTypa B (DYHKIHH W3MEHEHUS
MIPOMBITIUICHHON Y9aCTOThI, Y€M YaCTOTHOTO (UIIBTPA, YTO WILTIOCTPUPYETCS CIEITYIONTAM

MIPUMEPOM.
6. Hudposbie GUIABLTPBI CHMMETPUYHBIX COCTABJIAIOIIUX.

AHanoro-uppoBoe  mpeoOpazoBaHME  MIHOBEHHBIX  3HAYEHUH  (pa3HbIX
HANpsOKEHUH U TOKOB HECUMMETPUYHBIX M HEYPABHOBEUICHHBIX TpeX(a3HbIX CHUCTEM B
JUCKPETHBIE 3HAYEHUS B BHJIE pPa3psAIHO-NO3UIMOHHBIX JIBOMYHBIX KOJIOB CO3Ja€T
BO3MOYKHOCTH BBIYMCIICHHI B pEaJbHOM BPEMEHM IAUCKPETHBIX MTHOBEHHBIX 3HAYEHUH,
aMIUTUTY 1 ¥ (pa3 UX CUMMETPUYHBIX COCTaBIAIOMUX. COOTBETCTBYIOIINE BBIUMCISIONINE
M3MepUTENbHbIE TTPeoOpa3oBaTeNM SBIAIOTCS UUMPOBBIMU (DUIBTPAMU CHUMMETPUYHBIX
COCTAaBJISIOIIMX.

B oOmem Buae z-nepeparouHas QyHKUMS LHUPPOBOro (uibTpa CUMMETPUYHBIX
COCTaBJIIONIMX MOXET ObITh IOJIydeHa COOTBETCTBYIOIIMM MpeoOpa3oBaHUEM p-
nepesaToyHoOW (PYHKIIMM COOTBETCTBYIOIIEIO AaHAJOrOBOro (WIbTpa. p-IepenaToyHas
GyHKIUSA QUIBTPa CUMMETPUYHBIX COCTABISIOLIMX MPEJICTaBISIET COOOM NepelaTOuHYIo
(yHKUHIO MapajuielIbHO COEIMHEHHBIX YaCTOTHBIX (uiabTpoB, B yactTHocTH OHY u ITYD
BTOporo mopsaka. I[loatomy z-mepemarouHass (GyHkmus 1udpoBoro  GuiIbTpa
CUMMETPHUYHBIX COCTABISIOIIUX MPSIMONA U 00OpaTHOM MOCIEeN0BATETLHOCTEN MOKET ObITh
3alMCcaHa Kak CyMMa Zz-TIepeJaTOYHbIX (PYHKIUH pPEKYpCHUBHBIX LU(PPOBBIX YaCTOTHBIX
¢unbTpoB. [lo z-nmepenaroyHoll QyHKIMM MOXKET OBITh COCTaBJ€HA CTPYKTYpHAasl cxema
M ppoBoro GuIbTPa CAMMETPUYHBIX COCTABIISIOLIUX.

Opnako Takol 1U(pPOBOHN, KaK M aHAIOTOBBIN, (PWIBTP HUMEET TEOPETHUECCKU
OECKOHEYHYI0O MMITYJIbCHYIO XapaKTEpUCTUKY, OOYCIIOBIMBAIOLIYIO COOTBETCTBYIOIIYIO
WHEPIIMOHHOCTh  (popMHUpoOBaHusi curHana. [lostomy pa3paboTaHbl — aJIrOPUTMBI
(YHKIIMOHUPOBAHUS U CTPYKTYPBI HU(PPOBBIX GUIBTPOB CUMMETPUUHBIX COCTABISIOIINX
npsiMOM M 0OpaTHOM MOCIIENOBATEILHOCTEH, ONMPENeNIONIMX HE0OX0IUMbIE OIepaluu
HaJ (a3HbIMU WIM MEXIy(pa3HbIMU HaNpsLDKEHUSIMU (TOKamH), 00ecreurnBarOIMMu

KOHEYHYIO M OTHOCUTEJILHO MaJTyI0 33JIepKKy (OPMUPOBAHUS CUTHAIA.
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Boruncnenuss nHGOpMalMOHHBIX apaMeTPOB - aMIUIUTY]l U (a3 CUMMETPUYHBIX
COCTaBJIIOIINX HANPSIKEHUH M TOKOB - MOTYT IPOM3BOJUTHCA Kak I0 JUCKPETHBIM
MIHOBEHHBIM 3HAYEHHUSAM CUMMETPUYHBIX COCTABJISIOLIMX,: TaK U MO JBOMYHBIM KOJam
OpPTOTOHAJIBHBIX COCTABIAIOMINX (DAa3HBIX WM MeXAy(a3HbIX HANpPSHKEHUH U TOKOB.
COOTBETCTBEHHO MOKHO pa3ivyaTh JBa AIrOpuT™Ma (PYHKIHMOHUPOBAHMS LH(PPOBBIX

(UIBTPOB CUMMETPUYHBIX COCTABIISIIOLIUX.

TEMA 7. U3mepuTebHbIe IPeodpa3oBaTeii MOIIHOCTH

1. Ha3HayeHue, BUAbI U CIIOCOOBI OCYIIECTBJICHUS

Ha3naueHnem wW3MEpUTEIBHBIX MpeoOpa3oBaTelicii MOITHOCTH TICPEMEHHOIO U
MOCTOSTHHOT'O TOKa SIBJIAETCS (POPMHUpPOBAHHUE SIECKTPUUECKUX CHUTHAJIIOB MH(OpMaluu o
PEaKTUBHOM W AKTUBHOM MOIIHOCTAX CHHXPOHHBIX T'€HEPATOPOB M KOMIIEHCATOPOB,
CTaTUYECKMX  HMCTOYHHUKOB  pPEAKTMBHOM  MOIIHOCTH, JIMHUM  3JIEKTpoIepeaadyun
MEPEMEHHOT0 M MOCTOSHHOTO TOKa M JIPYyTMX  yOpaBiIsieMbIX  OOBEKTOB
AIEKTPOIHEPTETHUECCKUX  CHUCTEeM. V3MmepuTenbHble mpeoOpa3oBaTeii  MOIIHOCTH
OCYUIECTBIISIIOTCS HAa OCHOBE AHAJOrOBOTO IIEPEMHOKEHUS MIHOBEHHBIX 3HAYEHHUM
HEMPEPHIBHO H3MEHSIOIIUXCA HAMPSKEHUS M TOKA WU IU(POBOr0 MEPEMHONKEHUSI UX
JTMCKPETHBIX MTHOBEHHBIX 3HAYCHUI B JIBOMYHBIX KOJaX. BO3MOXXHO U KOMOMHUpPOBaHUE
- aHajoro-mudpoBoe HU3MEPUTEIBLHOE MPEeOoOpa30BaHUE MOIIMHOCTH, PpPeaU3yeMoe
yMHOxaromumu AT

[IpousBeseHne MrHOBEHHBIX 3HAYEHUW, KaK M3BECTHO, IPEACTaBIsACT COOOMU
MTHOBEHHYI0 MOIIHOCTb, B YAaCTHOCTU MPHU CUHYCOUJAJIBHOM TOKE IPOMBIILICHHOMN

YaCTOThI paBHYIO!:

p@®)=U_ sinw tI sin(w ¢-¢)= -
= Ul cosg - Ul cos(20 ;- ¢) 7.1

[TocTostnHast cocrtaBnsomas B BeipaxkeHus (7.1) M ecTh BBIXOJHOM CHTHA

U3MEPUTEIBHOTO TMpeoOpa3oBaTesisi aKTUBHONW MOIIHOCTH. AHAJIOTMYHO MOCTOSIHHAs
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MIPOU3BEICHUSI MTHOBEHHBIX 3HAYEHUH CABUHYTOTO 1O (pa3e Ha yroi 7 /2 HampsOKeHUS U
TOKa TPEJCTaBIsET CO0O0W BBIXOAHOW CHUTHAl M3MEPHUTEIBHOIO MpeoOpa3oBaTelis
peakTuBHO# MoIHocTh Ulsing

[ToaToOMy aHajOroBBIE W aHAIOTO-IU(GPOBBIE HM3MEPHUTEIBbHBIE MPeoOpa3oBaTeIn
MOIITHOCTH ()OPMHUPYIOT BBIXOJHOM CHUTHAJI B BHUJAE IMPOMOPIHUOHAIBLHOIO aKTUBHOW WU
PEAKTUBHOM MOIIHOCTH TOCTOSSHHOTO HAIpPsDKEHUS WM TOKA. BBIXOJHBIM CHTHAJIOM
U(POBBIX HM3MEPUTENBHBIX MpeoOpa3oBaTeieii MOIIHOCTU SBJSIETCS JIBOMYHBIM KO,
OTOOpaXKAIOIIUKA  JUCKPETHbIE  3HAYEHMUS]  TOJIBKO  IMOCTOSIHHOM  COCTaBJISIOLIEH
IPOU3BEACHUS.

I'apMoHHueckass coCTaBIAONIAsl YABOCHHOM MPOMBIIUIEHHON YaCTOThI BBIPAKEHUS
(7.1) mpencraBnsieT co0Ol BHYTPEHHIOIO CXEMY, €HEPHPYEMYIO MPU HU3MEPUTEIHHOM
npeoOpa3zoBannn  MomHOocTH. OHa 3aJepKUBACTCS AHAJIOTOBBIM WM  IH(PPOBHIM
YaCTOTHBIM (UIBTPOM HHIKHUX YacCTOT WJIM KOMIIGHCHUPYETCS MYTEM HCIOJIb30BaAHUS
CYMMBI (Pa3HOCTH) MIPOU3BEICHUI MTHOBEHHBIX 3HAYCHUI COCTaBJISIIOIIMX HAMPSHKEHUS U
TOKa, CIABUHYTHIX MO (a3e, B YACTHOCTH OPTOTOHAIBHBIX, U JPYTUMH METOJAMH.
W3BecTHBI paznuyHble COCOObI TEXHUYECKON peanu3alii aHajJoroBOTO NEPEMHOKEHUS
MTHOBEHHBIX 3HAYEHUI, KOTOPbIE MOYKHO Pa3J€IUTh Ha MPSMbIE U KOCBEHHBIE.

IIpsimble cmocoObI OCYIIECTBISIOTCS HA OCHOBE HEKOTOPBIX (PM3MUYECKHUX SIBJICHUH,
JOMYCKAIOUIUX 3JIEKTPUYECKOE aHaJOrOBOE MOJEIMPOBAHUE ONEPALMH NEPEMHOKEHUS
MTHOBEHHBIX 3HAYEHUM JABYX AJEKTPUUECKUX WIIU JIEKTPUUYECKON M MAarHUTHOW BEJIUYHH.
CBOWCTBOM TNPSIMOTO TEPEMHOKEHMSI SIBJIAECTCS JIMHEWHas 3aBUCUMOCTH BBIXOJHOIO
HanpspKeHHUsl (TOKa) OT KaXJAOW M3 BXOJHBIX BEIWYWH (HANpPSOKEHUS M TOKA) MpHU
MOCTOSIHHOM 3HAUY€HUU BTOPOU U3 HUX.

Cnoco® aHanoroBoro MEPeMHOKEHHUS MTIHOBEHHBIX 3HAUYEHHUM JJIEKTPUYECKOW H
MarHUTHOM BEJIMYMH HA OCHOBE TaJlbBAaHOMAarHUTHOTO 3(dekxra Xomia MOKHO Ha3bIBATh
Cnocob HenocpeoCmeeHH020 NpAMo20 nepemHoxcenusi. VI3 npyrux cmocoOoB mpsMoro
NEPEMHOKEHUS NPAKTUYECKOE 3HAUYEHHWE MMEIT CIOoco0 JIMHEWMHOrO YINpaBieHUs
MTHOBEHHBIMM 3HAUYECHHUSIMU OJHOM U3 MEPEMHOXAEMbIX BEJIWYMH HCTOYHUKOM TOKa,
MPOTIOPIIMOHAIBHOTO MTHOBEHHBIM 3HAYCHUSIM APYroll MEepeMHO)KaeMOW BEIWYUHBI, U

BPEMSIUMITYJICHBIN CI1OCOO.
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Cnoco6 nunetino2o ynpaeienus peairu3yercs Ha OCHOBE MCIIOJIb30BaHMUS JIMHEHHOM
3aBHCHMOCTH OT TOKa KOJUIEKTOpa I, OWIONAPHOrO TpaH3WCTOpa MPH MAaJbIX €ro
u3MeHeHnsx A/, kpyTusHBI IepexoaHol Xapaktepucthku /5 /(U ) - 3aBUCHMOCTH TOKa

KOJUICKTOPA OT HAIIPSAKCHUA U53 OMUTTCPHOM IICPCXOAC.

ray le1 »
oO—
U VD1
o GA1
oO—
—>
_AIBX1
IExZ
O
O

Puc. 7.1. Cxema, NosICHAIIOIIAS AEHCTBHE MHTETPAIIBHOTO IEPEMHOKUTENS C IEPEMEHHOM

KPYTHU3HOM XapaKTEPUCTUKHU

[ToaTOMy COOTBETCTBYIOIIMIA IEPEMHOKHTEIb B  CICHUAIBLHON JIUTEpaType
Ha3bIBAIOT [EPEMHOXKUTEIIEM C TMepeMeHHoM kpyTuszHou. Ilo TakoMy crmocoOy
GYyHKIMOHUPYIOT HHTETpasibHbIe TTepeMHoxkuTeNs TunoB K525I1C1T u K525TIC2.

CymHoCcTh cmocoba TmoscHsieTcs cxemoi Ha puc 7.1. Hcnombsyercs
muddepeHnnanbablil yeunutenb Al Ha Tpanszuctopax VTl wm VT2 ¢ oOmmMM TOKOM
smurrepa 1, ynpaBiasieMoro ucrounuka Toka GA42 . Kak nu3BecTHO, BRIXOIHOU TOK I, = 01,
mudpepeHInaTBLHOTO YCHITUTENS HE COACPKUT IMOCTOSHHOTO TOKA HMCXOJHOTO pPEKHMa
TPaH3UCTOPOB M OMPENEISETCS B COOTBETCTBHUM C MEPEXOJHON XapaKTepUCTUKOU
Iz f(U ) Tonbko n3MeHsiomumMes Harnpsokenuem U, .

PaccMoTpeHHBII TIEpEeMHOXHUTETh (QYHKIIHOHUPYET TPHU Pa3HOMOJSIPHBIX 1/,
U3MCHCHHUSAX OJHOTO M3 BXOJHBIX TOKOB, HO TOJIBKO IPH OJHOIOJIIPHOM H3MCHCHHH, a
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UMEHHO TIPU BO3PAaCTaHHH BTOPOTO BXOJHOTO TOKa I, T.e. SBISIETCS ABYXKBAJAPATHBIM.
BrinoniHeHHEe TEpEeMHOXEHUsSI JBYX BXOJHBIX TOKOB OOOHUX 3HAKOB, B YacCTHOCTH
CHUHYCOHMJIaJbHBIX TOKOB, JOCTUTAETCA MCIOJIb30BaHUEM [IBYX Au(QepeHnanbHbIX
yewnurened Al, A2 (puc. 7.1) ¢ nuddepeHnmranbHpIM ypaBIeHHeM WCTOYHUKOM TOKa
GA2, OKa3aHHBIM YCJIOBHO (TpaH3uctopel VTS5, VT6). COOTHOIICHUSI BEIUYMH B CXEME
MEPEMHOXKHUTENS TIOJPOOHO PACCMOTPEHHI B.

Bpemaumnynvchoiti  cnoco6 TpAMOTO TEPEMHOKEHHS COCTOMT B TOM, 4YTO

JUTUTEIBHOCTh UMITYJIbCa TOKAa C TMPAKTHYECKU MPSMOYToJIbHOM (popMol KpuBOil (puc.
7.2,a) C OTHOCHUTEIILHO BBICOKOW (II0 CPaBHEHHIO C TPOMBIIUICHHOW Jf; ) YacToTou
OCHOBHOM TapMOHHYECKOW cocraBmstonieir (¢ mepuogom 1, =1y =1/ /)  wumm
OTHOCHTENIbHAS Pa3HOCTh JumATeNbHOocTed A4 = (4, -1,)/T, momoxurensHOoro ¢, M
OTPULATENBHOTO £, HUMIYJbCOB (pUC. 7.2,0) MPONMOPIHOHAIBHA TUCKPETU30BAHHOMY
(mepuosom 7, ) MTHOBEHHOMY 3HAUEHUIO OJTHOW M3 IMEPEMHOKAEMBIX BEIIUYHH, HAIPUMED
HanpspkeHuto U, (puc. 7.2, B), a €ro 3Ha4eHWE — BBICOTa MMIyJbca (puc. 7.2,0) —
IIPOMOPITMOHATIbHA MTHOBEHHOMY 3Ha4eHHUI0 Toka I, (puc. 7.2,B). Cpennee (3a nepuon I;)
3HAYCHUE UMITYJIHCHOTO ToKa (puc. 7.2,0) MponopruoHaIbHO IUIOMIAAN UMIYJIbCOB, T.C.
IPOM3BEJICHNIO JTUCKPETH30BAaHHBIX MTHOBEHHBIX 3Hauenmii U, = UT), i, =i(nT))

MMCPCMHOKACMBIX HAIIPAKCHUSA U TOKaA.
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Puc. 7.2. BpemeHHble AuarpaMMsbl, MOSACHSIOUIUE NEPBBIi (a, 0) 1 BTOpoi (T) criocoOsbl
IPSIMOTO BPEMSIUMITYJILCHOTO MEPEMHOKEHUS JUCKPETU30BAHHBIX MTHOBEHHBIX 3HAUECHHI
U,, i, CHHyCOUJIaIbHBIX HAMPSDKCHUS U TOKa (B)

KocBeHnHnbie cnioco0bl NEPEMHOKEHN MIHOBEHHBIX 3HAYEHHUI HANPSDKEHUS U TOKA
OCHOBAaHbl Ha 3aMEHE IPOU3BEICHUS PA3JIMYHBIMU AHATUTHYECKUMU COOTHOILUEHUSMH,
TO>XJIECTBEHHO PaBHBIMU IIPOU3BEIACHUIO.

B HacTosiiee BpemMsi B aBTOMATHYECKMX YCTPOMCTBAX 3JIEKTPOIHEPTreTUUECKUX
CUCTEM HCHOJB3YIOTCS aHAJIOTOBbIE H3MEPUTENIbHbIE IpPeoOpa3oBaTead MOIIHOCTH,
(GYyHKUMOHUPYIOIIME Ha OCHOBE BPEMSMMITYJIBCHOIO MPSAMOIO MEPEMHOXKEHUS U
KOCBEHHOTO C KBaJpaTHPOBAHMEM MI'HOBEHHBIX 3HAUEHMH BEIMUYMH. DTO OOBSICHSETCS
HEKOTOPBIMU HEJOCTATKAMU HEIIOCPEICTBEHHOI'O IaJbBAHOMAarHUTHOI'O TIEPEMHOKUTENS —
XOJUIOTPOHA, TJaBHBIM 00pa3oM  HETEXHOJOTMYHOCTBIO €ro  M3TOTOBJICHUS U
3apucuMocTtbio  OJIC  oT Temmeparypbl OKpYXKarolled Cpenbl, M  IOSBICHUEM
MHTETrPaJbHbIX IEPEMHOXKUTENEH TOJBKO B CAaMOE MOCIIETHEE BPEMSI.

Opnnako pa3paOoTaHbl U raJIbBAHOMArHUTHBIE U HA UHTETPAIbHBIX IEPEMHOKUTENSIX
U3MEpHUTENbHbIE  MpeoOpa3oBaTenu, oOJajarolMe  BaXXHbIM  JOCTOMHCTBOM  —

obicTponeiicTBueM.  Pa3paboTaHbl  Takke  M3MEpUTENbHBIE  MPeoOpa3oBaTeINH,
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GYyHKIMOHUPYIOIIME HAa OCHOBE KOCBEHHOTO TIEPEMHOXKEHHUS C BPEMSUMITYJIbCHBIM

KBa/IpaTUPOBAHUEM.

2. U3MepuTeabHbIE peodpa3oBaTe/ii MOIIHOCTH HA KBAIPaTOpax

[Ipu peanmzanuu H3MEPUTENBHBIX MpeoOpazoBaTeseid MOIIHOCTH IMEPEMEHHOTO
TOKA Ha OCHOBE 3aMEHbI IEPEMHOKEHUS, CYMMUPOBAHUEM CHHYCOUIAJIbHBIX HAMPSHKCHUS
U TOKa TMPOU3BOJUTCS C MpeoOpa3oBaHMEM TOKAa B HANpPsHDKEHHE, a JIIEKTPUUYECKOe
BBIYUTAHUE  KBAJpPaTUPOBAHHBIX  BEJIMYMH —  COOTBETCTBYIOIIMM  BKJIIOUCHUEM
MOJIYTIPOBOJHUKOBBIX BBIMPSIMUTEIEH.

Ha puc. 7.3 u 7.4 npuBeaeHbl NPUHIUMIUAIBHBIE CXEMbl HM3MEPUTEIbHBIX
npeoOpa3oBaTeneil aKTUBHOM MOIIHOCTH, HalpuMep Ha JUOAHBIX AMMPOKCUMHUPYIOIIUX
kBagpatopax (puc. 7.3, a), a peakTuBHOM — Ha BapuctopHbix RU kBanparopax (puc. 7.4,
a). V3MeputenbHble MpeoOpa3oBaTeNd  pazlMyaloTCsd cXeMaMu  (OpMUPOBAHUS
KBaJpaTUpyeMblx BenuuuH. s mnpeoOpazoBaHuss Toka [ B NPONOPUUOHAIBHOE
HampspKeHUe B mepBoM (puc. 7.3, a) MpUMEHSIETCs] U3MEPUTENbHBIA TpaHCHOpMATOP TOKA
TLA, HarpY>KEHHBIA pe3ucTOpoM R, a Bo BTOpoM (puc. 7.4, a) — tpancpeakTtop TAV c
COIPOTHBIICHUEM B3aUMOHMHTYKITUU JX ;.

B u3mepurensHOM  mpeoOpazoBarelie €  BAapUCTOPHBIMU  KBajJipaTopamu
MPOU3BOJIUTCS  KBQJAPAaTUPOBAHUE  HEMOCPEACTBEHHO  MTHOBEHHBIX  3HAYCHUU
chOpMHUpPOBAHHBIX BEJIMYMH C COXpAaHEHHEM HX 3HaKa, a B H3MEPUTEIHHOM
npeoOpa3oBaTeie C JAUOJHBIMM KBaJparopaMyd — BBIIPSAMJICHHBIX (20COJIOTHBIX)
MIHOBCHHBIX 3HAUCHHMH: KBaJApaTOphbl BKIIOUYEHBI B Iienu auoxoB VDL, VD2 y VDU',VD2™
BeIIpsiMuUTENEH (cM. puc. 7.3, a). [Ipu mokazaHHBIX Ha CXEME YCIOBHBIX MOJIOKUTEIbHBIX
HalpaBJICHUSIX MTHOBEHHBIX 3HAYE€HUM U,,4; BEpXHUW KBaJpaTop Mpeodpasyer
MOJIOKUTENIbHBIE MTHOBEHHBIE 3HAYEHHUs, 4 HI)KHUN — OTpPULATEIbHbIE MIHOBEHHBIE
3HAYCHUS HAMPSDKCHU.

KBagparop cocToUT W3 HECKOIBKUX JUOAOB, Hampumep VD1-VD2 3akpbIThIX

obparHbiMU HanpsokenusmMu U-U™ memurens DJIC E, (pesuctopbl R;) crabuibHOTO

HCTOYHHUKaA IIMTaHHusd, HWIIH CTa6I/IJ'II/ITp0HOB. HpI/I MaJIbIX MI'HOBCHHBIX 3HAUYCHUAX
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HanpsokeHust ¥, U conmpoTHBIIEHHE TENMM BBIIPSAMIIEHHOTO TOKa MPaKTHYECKH (IpH

R; I R,) paBHo conporuBienuto pesucropa R, = cigl, (puc. 7.3, 6). [lo Mepe MOBBILICHHS

HaOpsDKEHHUs, Hampumep mpu |u|1 Ulu|l UV, orkpeiBatores amomst VDLVD2  (umm
CTaOWJIMTPOHBI) W TOAKIIOYAIOT Mapauienbho R, pesuctopel R, R,. DKBUBaIEHTHOE
CONPOTHBJIEHUE IIEMM TOKA CTYNEHSIMH yMEHbIIaeTcs mgo R, = cigy . R, = cigy,.
3aBUCHMOCTh MTHOBEHHOTO #; U cpenHero /,, 3Ha4eHuil BRIXOTHOTO TOKA OT MTHOBEHHOTO

u,| u neiicTByromero U, 3HaueHMi HANPSHKEHUS MPEACTABISAET COOON JIOMAHYIO JIMHUIO,

aNIIPOKCUMHPYIOIIYIO ¢ HEOOXO0IMMOK TOYHOCTRIO Imapabdomny (puc. 7.3, 0).

Tfoix
——

17 U'/ [/II U”I ”””UI ’[,I

Puc. 7.3. Cxema (a) 1 BEKTOpHasi 1uarpamma (B) M3MEPUTEIBHOrO MpeodpazoBaTes

AKTUBHOM MOITHOCTH HE JUOJHBIX KBaJpaTopax U UX XapakTepuctuka (0)
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Bekropubie muarpammbl Ha puc. 7.3, B U 7.4, 0 WUIIOCTPUPYIOT (OpMHpPOBAHHUE
KBajJpaTupyemblx HampsokeHuit U, w U, npm koddduimentax TpaHCHopMauu

U3MEPUTENBHBIX TpaHchopmatopoB 7LV u TLA K, = K, = 1,

LY

B
)

<

.

Puc. 7.4. Cxema (a) u BekTOopHas auarpamma (0) U3MEpUTEIBLHOIO Mpeodpa3oBaTeis
PEaKTHBHOM MOITHOCTH Ha BApUCTOPHBIX KBaJIpaTopax

[Ipu Tpexda3HOM HCHOJHECHUH, T.€. TPH HCIIOJB30BAaHUU TpPeX OTHO(A3HBIX
npeoOpazoBaTeieii MOIMHOCTH C OOIIMM PE3UCTOPOM Harpyska R, wm aByx
npeoOpa3oBaTesieii, BKIIOYEHHBIX II0 CXEME JBYX BaTTMETPOB, TapMOHUYECKUC
COCTaBJIIFOIINE TOKOB B3aUMHO KOMIICHCHUPYIOTCS, IOCKOJIBKY CyMMa MTHOBEHHBIX
MOIIIHOCTEH TpeX (a3 paBHa aKTUBHON MOIIIHOCTH.

OpHako TpH HECHUMMETPHHM HANpsSOKCHHWH W TOKOB Ha BBIXOJAE Tpex(a3zHoro
U3MEPHUTEILHOTO TpeoOpa3oBareiss HWMEET MECTO TapMOHHYECKas COCTaBIISIONIAs
yABOEHHOW 4acTOThl. OTHOCHTEIHHBIN YPOBEHb CUTHAJIA CHIDKASTCS TI0 MEpE BO3paCTaHUs
HecummeTpuu. [Toaromy u nipu Tpexda3zHOM HCIIOTHEHHHA HEOOXOUM YaCTOTHBIN (QUITBTP
Ha BBIXO0JIC H3MEPHUTEIHLHOTO MpeoOpa3oBaTelis. Y JOBICTBOPUTEIbHASI COBMECTHAsI paboTa
0J1HO(Aa3HOTO M3MEPHUTEILHOTO TTPeoOpa3oBaTes C MOTYIIPOBOIHUKOBBIM HWHTETPATbHBIM
OTEPAIlMOHHBIM  YCWJIUTEJIEM Ha  BBIXOJE, BBITYCKAEMOTO  IPOMBIIICHHOCTHIO,
obecrieunBaeTcs Py YacTOTHOM (GuIbTpe ZF (yCWUIHMTEIh Ha cxeMe 7.3, a He MOKa3aH) C
MIOCTOSIHHOW BpEMEHHM He MeHee I = 10 Mc; BpeMsl YCTaHOBJICHHS BBIXOJHOTO CHUTHAJIa HE

ypoBHe 0,95 ycTaHOBUBIIErocsi NpPU HYJEBBIX HAYaJIbHBIX YCJIOBHUSX IEPEXOIHOIO

rporecca l‘y =3r = 1.57N = 30 MC.
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3. BpemsiuMIyJibCHbI€ H3MEPUTEJIbHbIE IPe00Pa30BaATE I MOIIHOCTH

K BpeMsuMITyIbCHBIM OTHOCATCS W3MEpPHUTEIbHBIE MPeoOpa3zoBaTEIN MOIIHOCTH,
(GYHKIIMOHUPYIOIIUE TIO CHOCOO0Yy NPsIMOTO TMEPEMHOXKEHHSI Ha OCHOBE IIMPOTHO - H
AMIUTUTYTHO- WUMITYJIbCHOM MOAYJISIIIMA U TIO CIMOCOOYy KOCBEHHOTO TEPEMHOXEHUS Ha
OCHOBE HESBHOT'O BPEMSIMMITYJIbCHOTO KBaIPATUPOBAHMUSI.

HN3mepuresibHbIe TPpeodpa3oBaTein HA MOAYJIATOPAX. [IpOMBIITIEHHOCTHIO
BBIMTYCKAIOTCSI M3MEPUTENIbHBIE MPeoOpa3oBaTelid aKTUBHOW U PEAKTHUBHOM MOIIHOCTEH
Tpex¢a3Hoil ypaBHOBEIICHHON (HE cojepiKallleld TOKa HYJIEBOW MOCIEI0BATEILHOCTH)
CUCTEMBI TOKOB, (DYHKIIMOHHPYIONIHE TIO CIOCO0Y TMPSMOTO BPEMSIUMITYJIHLCHOTO
MIEPEMHOKEHUS.

Pa3paboTanbl  COBEpIIEHHBIE KW MEHEE HWHEPIUOHHBIE  BPEMSIMMITYJIbCHBIE
U3MEpUTETbHBIE TIPE0OpPa30BATENIM AKTUBHOW W PEAKTUBHOW MOITHOCTEH C HIMPOTHO- U
aAMIUTUTYJIHO-UMIYJIbCHBIMA ~ MOJYJISITOPaMH,  BBIIIOJHEHHBIMH HAa  HMHTETPaJIbHBIX
ONEPALMOHHBIX YCHJIATEIISX.

Ha puc. 7.5 npuBeneHa ynpouieHHass cXeMa W3MEpUTEIBHOro npeodpa3oBaTens
AKTUBHOW MOIIHOCTHA C TMOJYINPOBOAHUKOBBIM HIMPOTHO-UMITYJIBCHBIM MOIYJISITOPOM,
(GYHKIMOHUPYIOIUM HAa OCHOBE HMHTETPUPOBAHUS HANPSDKEHUS, MPONOPIMOHAIBHOTO

NEPEMHOXKAEMOMY TOKY.
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Puc. 7.5. Cxema BpeMANMITYJIbCHOTO H3MEPUTEIBLHOTO MTPe0o0pa3oBaTesisi akTUBHOM
MOIIIHOCTH C IIUPOTHO-UMITYIbCHBIM MOIYJISTOPOM, (PYHKIIMOHUPYIOIIMM Ha OCHOBE
MHTETPUPOBAHUS IEPEMHOKAEMOI'0 HAIIPSKEHUS

Hlupomno-umnynvcnoiti  mooynssmop UBT cocrour wu3 wuHrterparopa AJ u
KoMmmaparopa FEA Ha MHTETPajbHBIX ONEPALMOHHBIX yCWIMTENSIX Al u A2
cOOTBETCTBEHHO. CTaObunutpoHsl VDI  OrpaHMYMBAaIOT HANpsSHKEHUE Ha  BXOJE
MHTErpaTopa, IIOCKOJBKY HWHTETPUPYETCS HAIpPSDKEHUE IR, MPONOPLUUOHAIBHOE
MTHOBEHHOMY 3HAUE€HHMIO BXOJIHOTO TOKA, KOTOPBIM MOKET 3HAUYUTEIBHO MPEBBIIIATH
HOMHUHAQJIbHBIA (IIPU KOPOTKUX 3aMBIKAHMSX B 3JIEKTPOIHEPreTUYECKOM CHCTEME), a

crabunutponsl VD2 u VD3 ycranaBnuBaroT HarnpsbkeHust U, u Uy KOTOpbIe JOTHKHBI OBITh

ITOCTOAHHBIMM.

AmnaumyoHno-umnyascusiii Mooynsimop UBA BBITIOTHEH MO CXEME YIPaBIISIEMOIO
BBITIPSMUTENS C MEPEKIIOYATEISIMU Ha MOJIEBBIX YHUIIONSAPHBIX Tpanzucrtopax VTl, V12,
KOTOPBIE MOTYT BKJIKOYAThCsI, HEMOCPEACTBEHHO B LIENIb IEPEMEHHOr0 ToKa. Hanpsiokenue
Ha €ro BBIXOJIC OMMCBIBACTCS yKa3aHHOM NUCKPETU30BaHHOU mepuoaoMm 7, (pyHKIMEN.
[laccuBHBI  PE3UCTOPHO-KOHACHCATOPHBIM  YacTOTHBIA  GuiIbTp ZF  NOpOU3BOAMT

BBIJICTICHUE €ro MOocTOsSHHOM cocTtaBiistromieit Ugpyix KOTOpas mpeodpazyercs B BBIXOJIHOU
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TOK Ippx akTuBHBIM mpeoOpazoBatenieM AUA wucrounmka IDJIC B ucrounuk Toka. OH
BBITIOJTHEH B COOTBETCTBUU C MPUHIMITUAIBHON CXEMOM, 00eCTeunBaIoIel 3a3eMIICHHUE
Harpy3kv, Ha JIByX OIepaiuoHHbIX ycuiutenssx A3 u A4, ¢ oOueill orpuiaTebHON
oOpaTHOM CBSI3bIO.

N3mepuresibHbIe MPeodpa3oBaTe i HA BPEeMAUMITYJIbCHBIX KBAaIPaTopax.

Pazpaboranbsl u3MepuTENbHBIE MPeOoOpa3oBaTeNd AaKTUBHOM MOIIHOCTH THUMA
HUIITAH-301, ¢yHKUMOHHMpYIOIKE 1O  CHOocO0y  KOCBEHHOTO  IEPEMHOKCHHS,
peaau3yeMoro BpeMIUMITyJIbCHBIMU KBaJpPaTOPaAMH.

4. DBbICTPOAEHCTBYIOIIE AHAJIOrOBble H3MeEpHUTe/IbHbIe Mpeodpa3oBaTen
MOIIHOCTH.

JInsi  COBpEMEHHBIX AaBTOMATUYECKUX YHOPABISIOMIMX YCTPOMCTB, OCOOEHHO
YCTPOWCTB MPOTHBOABAPUIHOTO YIMPABIEHUS JJICKTPOIHEPTCTHUCCKUMHU OOBEKTaMH,
HEO0OXO0IUMBI OBICTPOJICHCTBYIOIIME U3MEPUTEIBHBIE TPeoOpa30BaTEIN MOIITHOCTH.

[ToaToMy pa3zpaboTaHbl OBICTPOACHCTBYIONIME W3MEPHUTENbHBIE MpeoOpa3oBaTeIn
BBIIIOJTHEHHBIE HA TAJIbBOHHOMArHUTHBIX [EPEMHOXKUTENIAX — XOJUIOTPOHAaX U
WHTETPAIbHBIX MIEPEMHOKHUTEIISIX C IEPEMEHHON KPYTU3HOM.

l'anbBaHOMarHuTHbIEC U3MEPHUTEIbLHbIE PE00OPa30BaTEIH.

B3anmokomIieHcalusi rapMOHUYECKUX COCTABIISIIOIIMX OPraHUYECKH CBOKWCTBEHHA
CABOGHHOMY  XOJUIOTpPOHY 3a  cueT  auddepeHIUpoBaHUS  MEPEMHONKAEMbBIX
CUHYCOUAAIbHBIX HAMPSXKEHUN U TOKA MPOMBIILICHHOW YaCTOTHI.

PazpaGoransl  rajabBaHOMAarHUTHBIE  OBICTPOJCUCTBYIOIIME  HU3MEPHUTEIbHBIE
npeoOpa3oBaTeNn KaKk aKTUBHOM, TaK U PEaKTUBHOW MOIIHOCTH, BBIMIOJIHSIEMbIE Ha JIBYX
raJilbBAHOMAarHUTHBIX MPE0OpPa30BaATENIX MITHOBEHHOW MOIIIHOCTH.

Henocrarkamu raJlbBAHOMAarHUTHBIX ~ W3MEPUTEIBHBIX  IpeoOpazoBaTeneit
MOIITHOCTH SIBIIIFOTCS, IIJI0Xasi TEXHOJOTMYHOCTb H3rOTOBJICHHMS M 3aBUcUMOCTh JJIC
XoJi1a OT TeMIEPATyPhl OKPYXKAIOIIEH CPEbI.

N3mepurtesbHble MPe0OPa30BaTE N HA UHTETPAJbHBIX MEPEMHOKUTEJISX.

[Ipn mocTpoeHUn OBICTPOACHCTBYIOIIETO HW3MEPHUTEIHLHOTO MpeodpazoBaTess
aKTUBHONW M PEAKTHBHOM MOIIHOCTA OAHO(A3HOTO MPOMBIIIIEHHOTO TOKAa Ha JBYX

HHTCTPAJIbHBIX MEPEMHOKNUTCIIAX H€O6XOI[I/IMO Ppa3JI0KCHUC CHUHYCONJAaJIbHBIX
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HaAMpsHDKEHUS ¥ TOKa Ha JIBE COCTAaBIISIONINE, CABUHYTHIE MO (pa3e Ha HEKOTOPHIA yroj, B
YAaCTHOCTHM  OPTOTOHAJBHBIX  COCTABIAKOIIMX. [loaTOMy CcXemMbl  HM3MEPUTEIBHBIX

npeoOpasoBareneii comepkar (azonoBoporusie snementsl Uf 1- Ub 4 (puc. 7.6, a u 6),
obecIeunBaoNue yKa3aHHBIA yron casura ¢as mexay coctasmsiomumu UV u UY u
(RI)Y,(RI)Y nepemuoxaembix Hanpskenuit U u RI | pasreii | = ¢ V- ¢ § B wacTHOCTH
y=1m/2 (puc. 7.6, 6 u 2). OHM ¥ ONpPENENAIOT OBICTPOACIHCTBHE H3MEPHTEIBHBIX
npeoOpa3oBaresell, MOCKOIBKY HX IMOCTOSIHHBIE BPEMEHHM MOHOTOHHO 3aBHCAT OT yIJia

casura ¢as.

OpHako Nmpu NPUBEAEHHBIX HAa pHC. 7.6, @ U 6 MPOCTBIX CTPYKTYPHBIX CXE€Max IpHU
y < /2 nonuas KOMIIEHCAIMS TAPMOHUYECKUX COCTABIISIONINX 06ECIIEUHBACTCS TOIBKO B

U3MEPUTEILHOM  TIpeoOpa3oBaTesie  peakTUBHOW  MomHocTH  (puc. 7.6, 6), B

npeoOpa3oBaTese aKTUBHOW MOIIHOCTU (puc. 7.6, a) oHa oOecreyuBaeTCsl JUIIb TMpHU
y = 1/2. VYxkasamnsle cocramsomme Uj= UYe” ! Uji= UYe?¥, (RI)j= (RI)j4e”’,
(RI)Y= (RI ))""-Iej” MOMapHO TMEPEMHOXKAITCA: B M3MEPUTEIBHOM MpeoOpa3oBaresie

axtuHoit Momuoctn UV, (RI)) n UY, (RI)Y, a B m3mepurensHoM npeoGpasoparerne

peaxtusHoii mouroctr U, (RDY u U¥, (RI)Y.
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Puc. 7.6. OyHKIIMOHAIbHBIE CXEMbI U BEKTOPHBIE IHArpaMMbl U3MEPUTEIbHBIX
npeobdpazoBaTeseil akTUBHOM (@) ¥ peaKTUBHOM (6) MOIITHOCTEHN Ha MHTErPATbHBIX
MIEPEMHOKHUTEIISIX

5. Anasnoro-un¢gpoBoi n3MepuTeJIbHbIN PpeodpasoBarTelib.

[udpooit mnpeodpazoBaresb MOKET (YHKIIMOHUPOBATh KaK IEPEMHOXKHUTEINb,
MIOCKOJIBKY €r0 BBIXOJHOW TOK MPOTMOPIIMOHANIEH MU(GPOBOMY CHUTHATY MpPU HEU3MEHHOU
OJIC ucTOYHMKA MUTAHUS PA3BETBUTENS TOKOB WJIA MPONOPLMOHAIECH HU3MEHSIOLIEHCS
OJIC npu HEU3MEHHOM [IBOMYHOM KOJI€ Ha €ro BbIXOJE: OOeCleuMBaeTCs JUHEWHAas
3aBUCUMOCTh BBIXOJHOM BEIWYUHBI OT OJAHOW M3 BOJHBIX IMPU MOCTOSIHHOM 3HAYEHUU
BTOPOM BXOJHOW BEJIMYMHBI. [Ipy 3TOM MOTyT NMEPEMHOKATHCS TOJBKO MOJIOKUTEIIHHBIE
MTHOBEHHBIC 3HAQUEHUs HANPSKEHHUS U TOKA, T.€. MEPEMHOXHUTENIbL HE PA3JINYACT 3HAKa
MTHOBEHHOW MOIIHOCTH — SIBJIIETCS ABYXKBAIPATHBIM.

B wum3MmeputenbHOM TmpeoOpazoBarenie uUcnoib3yroTcs ALl  momoxuTenbHbIX
MTHOBEHHBIX 3HAUEHUW TOKA CIEMAIIEr0 THUIIA C PEBEPCUBHBIM CUETYUKOM U

nepemuoxaromuii  [{AIl. Amnanoro-mudpoBoii mnpeoOpa3zoBarenb GYyHKIUOHUPYET B
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TCUCHUHU BPCMCHHU COBIAACHHA II0 3HAKY MI'HOBCHHBIX 3HAYCHUM HaIIPpAKCHUA M TOKaA,

bopMHUpPYEMBIX BPEMSUMITYILCHBIM MPE0Opa30BaTEIIEM.

TEMA 8. DiieMeHTbl CPABHEHHSI CHTHAJIOB

1. IIpuHIUNBI AeiiCTBHUS 3JIEMEHTOB CPABHEHUS.

CpaBHEHHsSI CUTHAQJIOB SIBJIISIETCS OCHOBHOM  HMH(OPMAIIMOHHOW  Omepaiueit
U3MEPUTEIBHON  YacTH  aBTOMATUYECKUX  yCTpoWcTB. CpaBHEHHE  COCTOMT B
COTIOCTaBJIEHUM HAa OCHOBE aHAJIOTOBOTO MOJEIMPOBAHUA WA HU(PPOBON peann3anuu
BBIYUTAHMS OJHOPOJHBIX MH(DOPMAIMOHHBIX MapaMeTpoB. B kauecTBe nHPOPMAIMOHHBIX
napamMeTpoOB UCIOJIb3YIOTCS aMIUIUTYAA, (pa3a U 4acToTa MEPEMEHHOIO TOKa, adCOIFOTHOE
3HAQYEHUE W HalpaBlIeHUE (3HAK) MOCTOSIHHOTO ToKa. (DyHKIHMOHAIbHBIE 3JIEMEHTHI,
ABTOMAaTHYECKUX YCTPOMCTB, BBIIOJHSIOIINE CPAaBHEHUE CUTHAJIOB, HAa3bIBAKOTCS
aneMeHTamMu  cpaBHeHuss (OC) —  AMCKpUMUHATOpaMU. OJIEMEHTBl  CpPaBHEHUS
AIEKTPUUECKUX BEJIUYMH TMOCTOSHHOIO ToKa 00benuHstorcs ¢ DC aMmiuTya oOmum
HA3BaHUEM «DJIEMEHTbI CPaBHEHUS a0COIIOTHBIX 3HAUCHUI.

[IpeumymectBeHHO npumMensitoTcss IC amuutya U (a3 CHHYCOUIaTbHBIX BEJIMYH.
Ecnu ogHOBpeMEHHO MCHOJB3YIOTCS 00a MH(GOPMAIMOHHBIX MapamMeTpa — aMIUIUTyAa U
(aza, TO NPUHLIMI U 3EMEHT CPAaBHEHHS] CUTHAJIOB HA3bIBAIOTCS aMIUIUTYJHO-(Pa3HbIMHU.

AHaNIOroBoe MOAECIMPOBAHUE BBIYMTAHUS PEATU3YETCS LEMAMU IMOCTOSHHOTO TOKa
U MO3TOMY MPEJIIoNaraeT U3MEpPUTEIbHOE NPeoOpa3oBaHUE aMIUTUTYAbl, (Pa3bl U YaCTOTHI
NEPEMEHHOr0 TOKa B COOTBETCTBEHHO M3MEHSIOIIMICS TOCTOSIHHBIA TOK (HAPSHKEHHUE).

AHaOrOBBIN 3J€MEHT CPAaBHEHUSI COCTOUT U3 U] PepeHInalIbHON TacCCUBHOM (1Ba
pesuctopa R1, R2 Ha puc. 8.1, a) unu aktuBHOU (ycunutenb A, Ha puc. 8.1, 6 u B) uenu
MOCTOSIHHOTO TOKa M M3MEpUTENbHBIX mpeoOpazopatenein UII1, U2 urpopManinoHHBIX
napaMeTpoB CpPaBHHUBAEMbIX BEJIMYMH, Hamnpumep cuHycoupanbHbix OJ[C El, E2, B
nponopuroHaibHble HanpspkeHuss Ul, U2 nocrossHHOrOo ToKa. [laccuBHBIE HENPEPBHIBHBIE
OC uUMEIT HENPEPHIBHYIO, @ aKTUBHBIE — HENPEPBHIBHYIO, TaK U PEICHHYIO MPOXOIHYIO

XapaKTEPUCTHUKY.
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Puc. 8.1. DyHKIIMOHAIBHBIE CXEMbI 3JIEMEHTOB CPAaBHEHHUS CUTHAJIOB HEMPEPHIBHOTO (a, 0)
U peneitHoro (B) AeHCTBUS

2. XapaKkTepuCTHKH 3JIEMEHTOB CPABHEHMS.

DOYyHKIMOHAJIbHbIE XaPAKTEPUCTUKH.

OcHOBHBIMH ~ (PYHKITMOHAJIBHBIMU ~ XapakTtepuctukamu JOC HEmpephIBHOTO U
JUCKPETHOTO  JICUCTBHUS  ABJSIFOTCS  MPOXOJHAs W XapaKTEPUCTHUKA  JICMCTBUS
COOTBETCTBEHHO. DJIEMEHTAMU CPAaBHEHUSI CBOMCTBEHHA clieliM(UyHas — TaK Ha3bIBacMast
IrpaHUYHAs XapaKTEPUCTHKA.

IIpoxoonas xapaxkmepucmuxa Tpaduuecku U300pa’kaeT 3aBUCUMOCTb BBIXOJHOIO
WH(OPMAITMOHHOTO TapaMeTpa OT Pa3HOCTH aMIUIUTY, (a3 WM 4acTOT CPaBHUBAEMBIX
CUHYCOMJAIbHBIX BEJIMUUH.

I'panuunaa xapaxmepucmuxa COOTBETCTBYET  COOTHOLICHMSM CPaBHHBAEMBIX
BEJIMYMH, TPU KOTOPHIX BBIXOAHOW HH(pOpMaMOHHBIM mapamerp DC HENpepbHIBHOTO
JNEeUCTBUSL paBeH HYJIO Wiu (popmupyercs BoIXoaHOM curHain DC TUCKPETHOTO JIEHUCTBUS
paBeH Hym0 win (opmupyercs BbixogHOW curHan OC AUCKPETHOro JACHCTBUS C
WJICAIbHOM PEJICUHOM XapaKTEPUCTHUKOW, NPOXOAAIIEH dYepe3 BEPTUKAIBHYIO OCh
yKa3aHHBIX  KoopAauHar.  PeneliHass ~ peanbHasi ~ XapaKTEpUCTUKA  OMNpPEAEssieT

Xapakmepucmuxy 0etcmeusl.
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NudopManuOHHBIMU XAPAKTEPUCTUKAMM SIBISIIOTCS OTHOCUTEIIBHBIA YpPOBEHD
BBIXOJHOr0 curHasia OC HeNnpepbIBHOIO JEWCTBHUS, NOTPEIIHOCTh XapaKTEPUCTUKU
NEUCTBUSA, MOPOr UyBCTBUTEIBHOCTU U MH(OpMaMoHHasi ciocoOHOCTh DC TUCKPETHOIO
JEHCTBUS.

OmHocumenbHblli YPOBeHb BbIXOOHO20 CUSHANA, CIYXKUT Xapaktepuctukoil IC

ammuuty u  ¢a3 ¢ BwiipsMurenbHbiMu  UII, TeHepupyromuMH IOMEXHM B BHUJE

rapMOHHYCCKHUX COCTABJIAIOIINUX HAIIPSXKCHHUA | '« HA BBIXOJC. HpI/I 9TOM JJIA 9C oH

OKa3bIBACTCS 3HAYUTCIIbBHO HHKC OTHOCHTCIBHOI'O YPOBHS BBIXOJHOI'O CHI'HAJIA HII.

HaHpI/IMep, IIpu CPaBHCHUUN aMIUINTYd CHUHYCOWIAJIBbHBIX BCIWYHH, HC COBIIAAAIOIIHUX IIO

(1)336, IIOCTOSTHHBIE COCTaBJIgronIue U | | U BBIIIPAMIICHHBIX HaHpH)KeHI/Iﬁ BBIYMTAIOTCA

apu(MeTnyecKkd, a TapMOHHUYECKHE COCTaBISIONIME - TreoMmeTrpuuecku. [loaTomy

OTHOCHTEIbHBIH YPOBEHb CHTHAJIA 3aBHCHT OT yria | | cyiBura (a3 u OKasbIBaeTcs KpaitHe

HU3KUM MpU yIie ¢ =7/2 | mpd KOTOPOM TapMOHHUYECKHE COCTABIISIIOUIME YABOCHHOU

KPYTrOBOM 4acTOTHI | ¥: | HAXOJATCA B NPOTHMBO(A3E M HUX aMIUIUTYJbl apu(PMETUUECKU

CKJIAJIbIBAFOTCHI.

Jnst yetkoro (popMupoBaHUS JUCKPETHOTO BbIXOAHOro curHaiga DC ¢ peneiHoM
XapaKTePUCTUKON OTHOCUTEIBHBIM YPOBEHBb pa3HOCTU curHanoB MI11, U112 nomxeH ObITh
TakiuM, 4YTOOBl HauOOJIbIIeE MTHOBEHHOE 3HAUYCHHUE IEPEMEHHOM COCTaBJISIONIEH, B

YAaCTHOCTH aMIUIMTyJa TapMOHMYECKOW COCTABJISIONIEM YJIBOCHHOW YaCTOThI, HE

MpeBBINIaTa HaMpsSOKEHUsT JedcTBus | ' [KoMmmapaTropa, T.€. 4TOObI momexa | “( | He

BBIXOJIMJIA 32 TPENENbl METIU pPeNIeMHON XapaKTepucTUKH. Takas momexa JOMyCTUMA,
MOCKOJIbKY HE€ BBI3BIBAET HEYCTOMYMBOIrO JACHCTBHS (BHOpalMM) KoMmmaparopa: eciau
KOMIapaTop JEWCTBYET MOJ BIUSHUEM IOJIOKUTEIbHON aMIUIMTYJIBl TapMOHUYECKOU
COCTAaBJIAIONICH, TO OTpULATEIbHAS AMIUIUTYAA OKa3bIBA€TCS HEJOCTATOYHOW IJis €ro
OTITYCKaHUSI.

OTHOCHUTENbHBIE TOTPEIIHOCTH XapakTepucTuk nedctBus OC ammumryy U (a3

XapaKTCepu3yeT CTCICHb OTIWYHA XapaKTCPUCTHK IleﬁCTBHH OT TIpaHUYHBIX U

ONpENENATCA HanpsbkeHueM | ' | gedcTBHs KoMmmaparopa. YcinoBue neictBus OC

ammutya SJ1C E1, E2 npencraBisieT co00M COOTHOIICHUE:
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k, (E,

m1

- Emz)g = Ug

>

rje D - ko9 (ppurmeHT peodpa3zoBaHuUsl, PABHBIN:

k= W,, _Uoz)/(Eml

—E,>)

O0Oo3Hauast | E. = E,

u | E../EQ,=W | BBIICYKAa3aHHOE YCIOBHE MOXKHO

MPEJICTaBUTh B BUJIC:

knEm (1 - W/z) = U/z

WJIH, TIOCKOJIBKY | 7»=1 || — B BHUAE:

kpE, W, —W,)=U,

OmHnocumenvHhas nocpeutHocnsb XapakKTCPUuCTUKH I[GﬁCTBHHI

ow =W, —W,)/W,

=1-w,

HOFpCIHHOCTB 3aBUCHUT OT aMILIUTY I CPABHUBACMBbIX BCIIMYNH!

ow =U, /kyE,

[Ipu OoNbIIMX AaMIUIUTYJIaX MOrPEIIHOCTh MaJla W TPAKTUYECKH HE

IMPOABIIACTCA. HpI/I OTHOCHUTCJIIBHO MAaJIbIX aMILUIUTydaX IIOI'pCIMHOCTDb 6I>ICTpO

HapacTaeT Mo Mepe UX CHIDKeHHsS (puc. 8.2, a) M XapaKTepUCTHUKA JICHCTBUSI 3aMETHO

OTJIMYAETCA OT TPAHUYHOM.

w A
W,
1 P
ow )
Wa
o -
a) Em 5)

Puc. 8.2. I'paduxu norpemHocTeit (@) U XapaKTEepUCTUKH AEUCTBUS (0) pesIeiHOTO

9JICMCHTA CPABHCHUA aMILIUTY
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Ha puc. 8.2, 6 mnokazansl TpaHuyHas xapakrepuctuka [ DOC ammummryn u

XapaKTEepUCTUKH aAeuctBuss 2u 3 npu| & |u| EJ<EJN

Ycnosue nericteus OC no ¢aze I/1C D u D C TPAHUYHBIM yTJIOM | ¥ . =*7/2

3aBUCUMOCTBIO | Youur = ki, cosyy | — YMEET BU:

Ky (E, cos), =U,

rae | © | — MeHbIIasd aMIuIuTyJa cpaBHHBaeMbix OJIC, Hampumep En=En

Haunbonbimuit BO3MOXHBIN yrojl IeUCTBUA | '+ | 3aBUCUT OT HAMOOJBIIET0 aMILTUTYIHOTO

3HAYCHUS, HAIPUMED | Lomax = Eoima

W, =arccos(U ,; Kk, E,, )

Omnocumenvras noepeutrnocms XapaKTCPUCTUKU ,HGIZCTBHH:

- U
M = 1— zarccos A

wzp n HEmlmax

oy =

[Ipu cHUXEHUU | Ewws | TIOTPEIIHOCTH pacter (puc. 8.3, a). Ha puc. 8.3, 6

noKa3zaHbl TpaHuyHas xapakrepuctuka / OC a3 u XxapakTepucTuku JaeicTBusd 2 u 3 npu

Ejins | A | EVmax = Eiman |, XaPAKTEPUCTUKU JTEUCTBUS ONPEAECTAIOTCA COOTHOIIECHUEM:

Wy = (E/E), = (E/E)e” |y,

M

M OpH | Z.: =const | [PENCTAaBISIIOT COOOH OTPE3KH | |, IpsIMOM, TapayieabHON

IPaHUYHOM JINHUY U IPOXOAALIEH Yepe3 TOUKy | " | Ha BEIIECTBEHHON OCU ():

— Elmin — 1 ||U17
Wﬂ min "~ E - k_ E
2 17 2
Hanpsxenue Y NEUCTBUS ~ KOMIIApAaTopa  WIM  IIar  KBAHTOBAHMS

MH(OPMAIIMOHHOIO MapaMeTpa ONPEIEISIIOT HopO2 YY8CMEUMENbHOCMU, 3 PACCMOTPEHHAs
3aBUCUMOCTb MOTPEITHOCTEN u OT aMIUIMTY]] CPAaBHUBAEMbIX BEJIMYMH O3HAYAET
COOTBETCTBYIOIIEE M3MEHEHHE HHPOPMaIMOHHON crocoOHocTH OC  TUCKPETHOTO

NEHCTBHUA.
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¢/} i
1 o/
by
/7
0 .
a) Ema

Puc. 8.3. I'padpuku norpemrHocteil (a) U xapakTepUCTUKU JeUCTBUS (6) peraeiHOro

AJIEMEHTA CpaBHEHHUs (a3

Hanpsoxkenue | ' | OKBUB@JIEHTHO AJJAWTUBHOM MOTPELIHOCTU | X | [lopoc

yyecmeumenvHocmuy ~ OC  aMIUIATYJ ~ XapaKTEPU3yeTCs HAUMEHbLIEH  Pa3HOCTHIO

aMIuTy AHbIX 3HaueHUH DJ(C | 4Ems |, TP KOTOPOW BO3MOKHO JIEUCTBUE KOMIIApaTopa.

[pu | oW = 1%, =0

AE'"X‘YOPP: %‘P /k >

Brlmieyka3aHHBIM BBIp@KEHHUEM OTIPEIEIASTCS M MOpor yyBcTBUTEIbHOCTH DC a3
KaK HauMEHBIIIee aMIUTUTY/THOE 3HAaUCHHE MEHbIIeH u3 cpaBHuBaeMbIX 1o daze IIC.

Unghopmayuonnasn cnocobnocmes IC a3 onpenensercs:

E maxpa_G E _ E 1

max

N, =
AE,,, AE,,,

nm
cos—(1-0
2( 1]

Ao )

NudopMarimorHas crocoOHOCTh ONMPEAeIseT KOandecTBO HH(popMarmu | = 108,N |

HEOOXOIUMOW i OrpaHWYCHHs] OTHOCUTEIBHON TMOTPEIIHOCTH  XapaKTEPUCTHKU

NENUCTBUS 3HAYCHUEM | W |, WM | "V |, T.€. OTIPpEACISICT "IeHy" oHOM equHUIEI (1 OUT)

KoiaudecTBa MH(popmanuu Ha Bbixojge OC IHUCKPETHOrO JIEWCTBHS NpPH 33aJaHHOM €ro

TOYHOCTH.
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[Tpu onunakoBoM konuuecTBe HpopManuu IC a3 TUCKPETHOTO EHCTBUS UMEET
MEHBIIIYI0 OTHOCUTEJIbHYIO MTOTPEIIHOCTh XapaKTEPUCTUKU IeUCTBUA, yeM DC aMIUIUTY/I.

3. IlaccuBHBIE 3JIEMEHTbI CPABHEHMUS.

AHaJOroBble  NACCUBHBIE  DJIEMEHTBl  CPAaBHEHHS  SIBISIOTCA  3JIEMEHTaMHU
HENpPEpPhIBHOTO  neWcTBUA. OHM  BBINOJHAKTCA HA  JUOAHBIX  U3MEPUTEIIBHBIX
npeoOpa3oBaTesiX CPABHUBAEMbIX BEJIUYHMH, KOTOpbIE OOBIYHO (OPMHUPYIOTCS Kak
HMCTOYHUK CUHYcOUIalbHbIX BeanuuH DJ(C.

DiieMeHTHl cpaBHeHuss ammautyx E.,, E.. (puc. 84) cocroutr u3 naByx
Boinpsimuteniet  VS1, VS2, pesucropoB RI1, R2, oOpasymonmx nDacCUBHYIO
mubdepeHnanbHy0 1enb, W CONPOTUBIEHUN Z1, Z2, BKIIOYAIOIIHUX BHYTPEHHUE
CONPOTHUBIICHUSI HMCTOYHUKOB cpaBHuUBaecMbIXx JOJ[C. B 3aBucumMoCTH OT COE€IMHEHHS
BBIMPSMUTENCH MEXIy COOON MPOM3BOAUTCS BBIYUTAHHE MOCTOSHHBIX COCTABIISIOIINX
Uoi, Uy, BBIIPSAMIIEHHBIX HaNpsDKEHUM — BKJIIOYEHUE C PAaBHOBECHEM HampshKeHHUH (pucC.

8.4, a) unu Iy, I, TOKOB- BKJIIOUEHUE C LIUPKYJISIIIUEN TOKOB (puc. 8.4, 0).

z1 %,

ysq

Puc. 8.4. JlnonHble 371EMEHTBI CPAaBHEHUS aMIUTUTY/L (@, 0) U CXEMBbI UX 3aMEILICHUS

(8, 1)
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DJjieMeHT cpaBHeHHsi (a3 TPUHIMIHAIBHO COCTOWT U3 JIBYX YIIPaBISIEMBIX
BBITIPSIMUTENEH. [IHOTHBIM 2JIEMEHTOM CpaBHEHUS (a3 SBISIETCS KIACCUUYECKUN OUOOHbII
konvyesou demooynsamop (pa3oBbiid TUCKpUMUHATOP). OH COCTOUT U3 KOJIBIIEBON CXEMBI

Ha nuomax VDI-VD4 c pesucropamu RI - R4 w tpanchopMaTOpOB WU JIETUTEICH

cpaBHuBaeMbix J][C D, D Ha pe3ucropax | M | - | & | (puc. 8.5, a). Henurenn unu

o]

TpaHchopMaTopsl  SBJISIOTCS 1O cylecTBy (opmupoBarensmu  IJC | L |, 2

CpaBHUBAeMbIX 1o amrutyae, u3 9C| & || & |, cpaBHUBaeMbIX 1O (ase.

Yvo1r  AQVD2Z

K1 R2

RO R3 R4

®"
i £2 vD
Raz| |(D vy

a)

Puc. 8.5. Cxema snemeHTa cpaBHeHHS (a3 Ha OCHOBE KOJIBIIEBOTO JTHOHOTO

neMoaysiTopa (a) U ero BpeMeHHbIE JuarpaMmsl (0)

Konbuesas avogHas cxeMa BBIMOJIHSAET (QPYHKIUIO JMOJHOTO 3JIEMEHTa CpaBHEHUS
amMuuty cpopmupoBanHbix DJ[C ¢ BKIIOUEHUEM € LUPKYJsALKENd TOKOB. OHAKO B CHITY
CHELM(PUUHOCTH €€ BBIMOJIHEHHUS U BO3MOKHOCTH MPEJCTABJICHUS JIEHCTBUS KOJBLEBOTO
NEMONYJIATOpAa Kak JBYX YIPABISIEMBIX  BBIIPSMUTENEH  KOJBLEBOW  JHOIHBIN
JEMOTYJIATOP CUMTACTCS HIEMEHTOM CpaBHEHHs (a3.

IIpoxoaHble XapaKTepUCTHMKHM ITaCCUBHBIX JIHOJHBIX DJIEMEHTOB CpPaBHEHUs

npuBeAeHbl Ha puc. 8.6, a, 6. Xapakrepuctuku 1 u 2 Ha puc. 8.6, a COOTBETCTBYIOT

CPABHEeHUI0 amMnaunyo, COBNAJAMUX M0 (a3e U CABUHYTHIX MO (a3e Ha yrou | [v]==2
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Onu orpaxaroT BiausHUE Ha (QyHKIMOoHHpoBaHue DC aMmIUUTY] HEMH(POPMAIIMOHHOTO

napameTpa, KakuM Ui Hero sBisieTcss yroia casura (a3. PeanpHas mnpoxomHas

XapaKTepUCTHKA Mpu | OJ W JI©/2 | pacnonaraeTcst B 00JaCTH, OrpaHUYCHHON TpaduKaMu

I u?2.

JIBe mpoxojHble XapakTepucTuku 1 m 2 snemenTta cpaBHeHus (a3 (puc. 8.6, 0)
oTpaxatoT BiusHUE (yHKIMoHupoBanue JC (a3 cootHomeHus ammuryn IJC kak
HEMH(OPMAIMOHHOIO JIJIsl HETO apameTpa.

OTHOCUTENBbHBIN YPOBEHb CUTHAJa CHJIBHO 3aBUCUT OT yrjia CIABUT (a3 MExXIy
CpPaBHUBAaEMbIMU CHUHYCOMJIAJbHBIMU Belu4YuHamu. ['paduku Ha puc. 8.6, B U T
WUIIOCTPUPYIOT COOTHOIIEHUS MEXKAY 6x00HbiM cueHarom (HanpsokeHue Ugpnix) U
OCHOBHOW BHYTPEHHEN IOMEXOW — aMIumMTyaou Uy, TapMOHMYECKOW COCTABIISIOLICH

YABOCHHOW MPOMBILIUIEHHON YacTOThI HanpsbkeHus Ha Beixojae DC aMImuTyn u ¢as.

Ufox | 7 VaBbix f 1

I
a T 7T ¢ 0 Tz 7T P
z

2 | 7

Puc. 8.6. [IpoxonHbie XapaKTepUCTUKH (2, 0) U 3aBUCUMOCTH CUTHAJIA U TIOMEXH (B, T)
Ha BBIXOJIC DJIEMEHTOB CPaBHEHUS aMILTUTY/ (a, B) U a3 (0, T)
AMIUTUTYIHO-(pa3HbIE NACCHMBHBIE JJIEMEHThl CPABHEHHUsl TIOIY4YalOTCS Ha

OCHOBE€ HCIIOJIB30BaHUA paCCMOTpeHHOﬁ 3aBUCUMOCTH aMIIJINTYAbI FapMOHquCKOﬁ
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COCTABIISIONICH yABOCHHOW YaCTOThI HANIPSDKEHHS HA BhIXOJAE AMOMHOTO DC aMIUIUTY/ OT
yrma casura (a3. Ha puc. 8.7, a m 6 mnokazansl amrumtrygHo-(asusie OC,
COOTBETCTBYIOIIHME JBYM Pa3HOBUIHOCTAM AuOAHBIX DC aMmutys (cM. puc. 8.2, a u 0) €
HECUMMETPUYHBIM  BBITIPSMIICHUEM TIOJOKHUTEIBHBIX W  OTPHUIATEIBHBIX TOJYBOJIH

rapMOHHYCCKHX COCTaBJIAIOIINX, O6CCH€‘H/IB3IOI_HI/IM 3aBUCHUMOCTbD MOCTOSIHHOM

COCTAaBJISIFOIICH | Un. |[HATPSDKEHUS HA BBIXOJIE OT yIJIa caiBura (has.

Hanpsoxenue | U | B IEPBOM CXeM€ MNPU | Em=E. U ‘w teo ‘ paBHO CyMMe
HampspkeHust | Ume | (puc. 8.7, ) OC ammmutyn (cMm. puc. 8.2, a) W TOCTOSHHOU
cocTaBisronet | » |, OOyCIIOBIEHHOW HEPAaBEHCTBOM CPEIHUX 3HAYCHHMA D, D

OIHOITIOJYTICPUOAHBIX BBIIIPAMIICHHBIX TOKOB, co31aBacMbIX B Harpyske D

COOTBCTCTBCHHO ITOJIOXKUTCIbHBIMH U OTPULIATCIbHBIMU IMOJIYBOJIHAMU, I'NIABHBIM 06pa30M

BTOPOl TapMOHUKHU. AHAJOTMYHO TOK | ‘w | BO BTOPOW CXEME ONPEACIISIETCS HE TOJIBKO

TOKOM | . OC ammmutyn (cMm. puc. 8.2, 6), HO M TOKOM | ! |, OOYCIOBJIEHHBIM

HEPABEHCTBOM CPEIHUX 3HAYCHUI D, D OJIHOTIOIYTIEPUOIHBIX BBIIPSIMIIEHHBIX TOKOB.

4. AKTUBHBIE BBIIPSIMUTEIbHbIE 3JIEMEHTHI CPABHEHUS CUTHAJIOB.

AxTuBHbIe DC aHAJIOTOBBIX CUTHAJIOB (DYHKIIMOHUPYIOT B KAUECTBE JIEMEHTOB Kak
HEMPEPHIBHOTO, TaK U JUCKPETHOTO AcHCTBUS. OHU BBIMOJHSIOTCS MO YKa3aHHBIM BBIIIE
cxemaM (puc. 8.1, 6 W 6): HENPEpPHIBHOCTH JACHCTBHSA OOECIICUMBACTCS AKTHUBHBIM
BblUMTaTENEM AH, a TUCKPETHOCTh JEUCTBUS — KommopaTtopaM EA. OHM pa3inyaroTcs U
10 U3MEPUTENIBLHBIM IpeoOpazoBatensam HM111, U112 cpaBHUBAEMbIX BEJIMUUH.

Cxemor axmugnvix IC amMnaumyo Henpepvi8Ho20 U OUCKPEemHO20 Oelicmeus Ha
Boinpsimutessix UII npuBenaensl Ha puc. 8.7 u 8.8. BBUAY BO3MOXKHOCTH MOJIyYEHUSI HA
AKTUBHBIX BHITIpAMUTENAX VS, VS2 MOCTOSHHBIX COCTABJISAIONIMX PA3IMYHOMN MOJSIPHOCTH
B cxeMme Ha puc. 8.7 BMecTo Bbrumtarensi AH mokazaH cymmarop AW, coBMmelarouui
¢byukiuio ¢unsTpanuu curHanoB U, Up; WII u BeixogHoro curHana Uppx IC, oH
BbINIONIHSIeTCS B Buje caBoeHHoro HY Broporo nmopsinka. B aktuBHoM OC aMIudTy[
BBITIPSIMUTENIM pabOTAIOT MPAKTUYECKH KaK UcalbHbIC, B3AUMHOE BIUSHHUE MEXKIY HUMHU
orcyTcTByeT. [loaTOMy mpoxojaHas XapakKTEepUCTUKA JUHEWHA U HE 3aBUCUT OT yTJia ]

casura ¢as.
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Puc. 8.8. AKTUBHBI 3JIEMEHT CPABHEHUSI aMILIUTY/l PEJICHHOTO AEHCTBUS

Cxema axkmuenvix IC ¢haz DJAC e;, e, (puc. 8.9) nenpepwvignoco ouckpemnozo

Oelicmeusi COCTOSIT W3 JBYX aKTUBHBIX BepsMutenbHbIXx HWII das:

ITIOCTOAHHBIX

COCTAaBJISIIOIIUX

HaIPsKECHUN

muddepenunansubiM Jl-Brtoyatesnem OV A.
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Puc. 8.9. Cxema akTUBHOTO dJIEeMEHTa cpaBHEHUs (a3

5. InckpeTHble 3J1eMeHTHI cpaBHeHus ¢as.

HuckpetHeiMu HasbiBatoTcst IC, GhopMHUpYIOLIUE TUCKPETHBIE MOTEHIUAIBHBIN U
MMITYJIbCHBIA BBIXOJIHBIE CHUTHAJbl HA OCHOBE JIOTMYECKUX OMEpaluil ¢ JUCKPETHBIMU
MOTEHUUAIbHBIMA WJIA HUMITYJbCHbIMH CHUTHaJlaMH. (COOTBETCTBEHHO Pa3IMYarOTCs
JTVCKPETHBIE MOTEHIUATIBHBIE U UMITYJIbCHBIE DC.

JIucKpeTHble MOTEHIMAIbHBIE WM HWMITYJbCHBIE CHUTHAJBI, HAJ KOTOPHIMHU
MIPOU3BOASATCS JIOTHUECKUE ONepaluu, POPMUPYIOTCS U3 CUHYCOUIAbHBIX CPABHUBAEMBIX
BEJIMYMH AaHAJIOrO-AUCKPETHBIMU MpeoOpaszoBarensamMu. [lo jormdyeckomy aaropuTmy
muckpetHole DC (a3 nendarcs Ha ompeAessiolue IMOPSIOK CIEAOBaHUS JUCKPETHBIX
BXOAHBIX CHUTHAJIOB — moclienoBareibHble M OC, BBIXOAHOM CHUTHal KOTOPBIX
orpeaenseTcss KoMOUHaIMe BXOAHBIX CUTHAJIOB, - KOMOMHAIIMOHHBIE.

6. lludgposbie 3;1eMeHTHI CPABHEHHUS.

Hudposbie OC (QyHKIMOHHPYIOT HAa OCHOBE apU(PMETUYECKOTO BBIYMTAHUS
MH(OPMAIIMOHHBIX MapaMeTPOB B YMCIO-UMIYJbCHON WIH pa3psaHO-UU(poBoil dopMme.
DNEeMEHTBhl CpPaBHEHUS, KOTOPbIE HE TOJBKO BBISABISIOT, KaKOW H3 CPaBHHUBAEMBIX
napamMeTpoB OOJblIE, HO M ONpPENEeNsiIoT, HACKOJIbKO Oosbiie oTHocsTess k OC
HernpepbIiBHOTO nericTBust. B OC AuCKpeTHOro ASHCTBUS TOCTATOYHO JIMIIL OOHAPYKUTh

CurHalli, T.Cc. OIpCACIUTb OoubIIICE (I/IJ'II/I MGHLIHGG) 3HAYCHUC IIapaMCTpa, IIO3TOMY OHH
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MOTYT (PYHKIIMOHHPOBAaTh Ha OCHOBE JIOTMYECKOM OIepalud HEPaBHO3HAYHOCTH JABYX
qHCe.

Dnemenmuvl  CpagHeHus  YUCIO-UMNYAbCHBIX — CUSHANO08  Hauboliee  MPOCTO
peaIM3ylOTCS INpPU CPaBHEHUM NapaMeTpa C 3aJaHHBIM 3HAYEHUEM, HallpuMep Mpu
CpaBHEHMH aMIuMTyael E, cunycounanbHoi OJIC e, mpeoOpa3oBaHHOW B YHCIIO-
UIYJIbCHBIA CUTHAN Uyc B BUAE NOCIEAOBATENBHOCTH N HMMIYJBCOB C 3aJaHHBIM
3HaueHueM Nz s 9TOro MOTYT HCHOJIb30BaThesl cymmupytomue cuetyuku CT.
CueTurK XapaKTEepHU3yeTCsl OINPEJEICHHOW €MKOCTbIO, PAaBHOM HAMOONbIIEMY YHUCITY
UMIIYJIBCOB, KOTOPbIE MOTYT ObITh UM 3a(pUKCUPOBAHBI.

Onemenmul CpagHenusi CUSHANIO8 8 0BOUUYHOM NAPAJLIEIbHOM KoOe, GUKCUPYIOUTUE
OosblIee (MM MEHbBIIEE) 3HAYEHUE OJHOIO M3 HHUX, MOTYT OCYIIECTBIIATHCS HAa OCHOBE
AJIEMEHTOB HEPABHO3HAYHOCTH JIBYX JBOMYHBIX YHUCEN (CyMMAaTOpOB IO MOJIYJIIO JBa
uuppoBeix IBM). Curnan 1 Ha BbIXOJE 3J€eMEHTa HEPaBHO3HAYHOCTH HMEET MECTO
TOJIBKO TMpPU HEPABEHCTBE BXOJHBIX JBOMYHBIX YHUCEN M ONPENENSETCS OCTaTKOM OT
JIEJICHHS] UX CYMMBI Ha JIBa.

Hanpumep. Cxema Ha puc. 8.10 peanusyeT anropuTMbl CpaBHEHUS OJHOPA3PSIHBIX

NBOWYHBIX uncen A u B. HepaBeHCTBY 4ucel COOTBETCTBYIOT 3HA4YE€HUs

A=1, B=0(4? B) 1581041 A4=0.B8=14= B |  QOnpeneiacHue OOJBIIETO 4YHCIA

CBOAMTCA K JIOTMYECKUM OIEpaLUiIM WIH COOTBETCTBCHHO, a

OIIPCACIICHNUC X PABCHCTBA — K OIICpaliuu | € = A5 + A9

AT 14 1 op
1
A=8
8 O— & _I— oF

Puc. 8.10. Cxema peanuzanyy aIrOPUTMa CPABHEHUS OJTHOPA3PSAIHBIX YUCEIT
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TEMA 9. U3mepuTeibHbIE OPraHbl ABTOMATHYECKHUX YCTPOICTB

1. HazHauyeHnue, BUAbI 1 0COOCHHOCTH H3MEPHTEIbHBIX OPraHOB.

HasnaueHne n3MepuTEenpHONM 4acTH aBTOMAaTHYECKUX YCTPOMCTB — MOJIYYEHUE U
00paboTka CUTHAIOB WH(MOPMAITUU O COCTOSHUU YIPABISEMBIX AJIEKTPOIHEPTETUUECKIX
OOBEKTOB M BO3MYIIAIOIIMX HA HUX BO3JAEWUCTBUsX. M3MmepurenbHas 4yacTh OOBIYHO
COJICPKUT HECKOJIBKO W3MEpPUTEIbHBIX OpPraHOB, BOCIHPUHUMAIOLIIMX CUTHAJIBI U
00pabaThIBAIOIINE UX MO PA3IUYHBIM AJITOPUTMAM.

Hampsoxkenue u (BbIXoAHas BenuuuHa ynpasigemoro oOwbekra OY) U TOK i
(Bo3MyMIaroIlee Ha HEro BO3JAEHCTBHE) MEPBUYHBIX M3MEPHUTENBHBIX IMpeoOpa3oBareseit
HAa3bIBAKOTCS BXOJHBIMU  BO3JCHCTBYIOIIMMHU BenuW4YuHaMu. [IpuHATO pasnuyars
U3MEpPUTEIbHBIE OpPraHbl C OJHOW, ABYMS WIHM 0oJjieeé BXOJHBIMU BO3JEHCTBYIOIIUMU
BEJINYNHAMM.

BxogHple BeNIMYMHBI HM3MEPUTENBHBIX OPraHOB AaBTOMATHYECKUX YCTPOWCTB
YOPABISIEMBIX OOBEKTOB MEPEMEHHOIO TOKA — JIUCKPEHTHO-HENpPEpBhIBHbIE, a OOBEKTOB
MOCTOSHHOTO TOKa — HEMNpepbiBHbIE (QPYHKIUU BpeMEHU. BBIXOJHBIE CHUTHAJIBI
U3MEpPUTEIBHBIX OPraHoB MOTYT HUMeTh IOyt ¢opmy wux npexacraBienuid. Ilpu
MHOKeCTBE (OECKOHEYHOM WM KOHEYHOM CYETHOM) BO3MOXKHBIX  3HAYEHUH
MH(POPMALIMOHHOIO TapaMeTpa OHU OOBEIUHSIOTCS OOBIYHO MOHSATHUEM HEMPEPHIBHBIX
BBIXO/IHBIX HW3MEPUTEIBHBIX OPraHOB, M TOJBKO IPU JBYX BO3MOKHBIX 3HAYEHUAX
UH(GOPMAIIMOHHOTO TapaMeTpa — TMOHSATHEM JAUCKPETHBIX MOTEHUUATIbHBIX OPTaHOB.
COOTBETCTBYIOIIME W3MEPUTEIBHBIE OpPraHbl HMMEIOT HENPEPBIBHYID WIM PEICHHYIO
IPOXOJAHYI0  XapakTepucTuky. [loaToMy pasnuyaroTcss HU3MEpPUTENbHBIE  OpPraHbl
HEIMPEPBIBHOTO U PEIEHHOrO AeicTBUs. K M3MEpUTENbHBIM OpraHaM pejielHOro JeHCTBUS
Ha TMPaKTHUKE OOBIYHO OTHOCSTCS U MMEKIINE HENPEPBIBHYIO IMPOXOJIHYIO
XapaKTEePUCTUKY, HO pabOTaIOIINE U B PEKUME MEPEKITIOYCHHUS.

N3meputenpHble OpraHbl peJIeMHOrO JEMCTBUS HE3aBUCUMO OT BHAA ITPOXOJIHOU
XapaKTEpUCTUKN II0 aHAJOTHH C JJIEKTPOMEXAaHWYECKUMH YCTPOMCTBAMM MOTYT TaKkKe
Ha3bIBaTbCA DJIEKTPUYECKMMM HU3MEPUTENIBHBIMU pEJI€ B OTIMYUE OT U3MEPUTEIIBHBIX
OpPraHoOB HENPEPBIBHOIO A€UCTBUA. 110 3IEKTpUYECKUM pesie IOHUMAETCs YCTPOMCTBO,

MMPCAHA3HAYCHHOC IMPOU3BOAUTD CK&‘IKOOGPEBHBIG HN3MCHCHUA B YIIPABIIICMbBIX LCIIAX IIPU
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3aJJaHHBIX 3HAYCHMSX AJIEKTPUUYECKUX BO3JEHCTBYIOIMX BeiauuuH. Ilon BozneiicTBuem
BXOJIHBIX BEJIMUYUH MPOUCXOAUT BO30YKJIEHUE PEJI€ U MEPEX0 ] U3 HAYaJIbHOTO MOJIOKEHHUS
B KOHEYHOE, T.e. MMEET MecTo JeiicTBue pene. [lepexon u3 KOHEYHOrO COCTOSHHUS B
HAYaJIbHOE WM OTIYCKaHHE pelieé UMEET MECTO MPHU CHIKEHUU WIIA CHATHUH BO30YKIEHUSI.

K wu3MepuTenbHBIM JIIEKTPUYECKHUM OpTaHaM peNedHOro JEHCTBUS OTHOCSTCS
TOJIKO T€, KOTOpbIE MpeIHa3HayeHbl CpadaThiBaTh C OINPEACICHHOW TOYHOCTBHIO TPHU
3aJlaHHBIX 3HAYECHMSIX: XapaKTEePUCTHUKON BenuuuHbl. [lpu cpabarbiBaHuM TNpU 3ITOM
NMOHMMAETCSl  BBIMIOJIHEHWE  HM3MEPHUTEIBHBIM  OPTaHOM  PEJICHHOTO  JEHCTBUS
npeaHa3HaYeHHON (PYHKIMU B MPOLIECCE M3MEHEHHUSI CBOETO COCTOSIHMS — JEUCTBUS WU
OTITyCKaHUS, a 33JaHHOE 3HAUCHHUE XapaKTEPUCTUUECKON BEJIMUMHbI Ha3bIBAETCS YCTABKOM
pere.

HecMmoTpsi Ha MHOXECTBO Pa3MYHBIX U3MEPHUTEIBHBIX OPraHOB KaK C OJAHOM, TaK U
HECKOJIbKUMH BXOJHBIMH BO3JICHCTBYIOIIMMU BEIMYMHAMH B OOIIEM cllydae OHH
pearm3yIoT alrOpUTM, KOTOPBIH 3aKIIOYaeTCsl B COMOCTABICHWH 3HAYCHHUN BEJIMYMH,
XapaKTePU3YIOMINI TEKYIIHI PEKUM DIIEKTPOIHEPTrEeTUUECKOTO YIPABISIEMOT0 00BEKTA, C
3aJJaHHBIMU 3HAYCHHUSMHU TEX K€ BEIUYHMH, MOACIUPYEMbIMH OOBIYHO B 3aIIOMHHAOIINX
3JIEMEHTaxX HU3MEepHUTeNbHOro opraHa. Ilo pesynabTaram COIMOCTaBIE€HUS HPUHUMAETCS
3aKJIIOYEHHE O COCTOSHUM OOBEKTa WIM €ro peXuMe U (POPMHUPYIOTCS HEOOXOAUMbBIC
BO3/ICICTBHS HA WCIOJHUTENbHbIE HEMPEPBHIBHOTO WM PENEHHOr0 NEWUCTBUS 3JIEMEHTHI
aBTOMAaTHYECKUX yCTPOUCTB.

OCHOBHBIMU ~ aNTOPUTMAMH  SIBISIIOTCS.  BOCTIPUSITHE  KOHTPOJHPYEMBIX WM
BO3JICHCTBYIOIIMX BEJIIMYMH, MpeoOpa3oBaHue B ¢GopMy, yAOOHYyH st 00paboOTKH,
dbopMHpoOBaHUE XapAKTEPUCTUYECKON BEIMYMHBI M CPaBHEHHUE €€ OMNBITHBIM IYTEM C
3aJaHHBIMU TIApaMEeTpaMH OJIHOPOJHON BEIWYHMHBI, XPAHAIIEHCS B 3alIOMHHAIONIEMCS
3JIEMEHTE. 3aKJIIOUUTENBHON Omepalueil alropuTMa U3MEpPUTENbHOIO OpraHa B OTJIMYUU
OT TMpolecca U3MEPEHUs JIOJDKHO ObITh (OPMUPOBAHUE BBIXOJHOTO CHUTHAJIA,
OMPENICIAIONIETO BO3AEHCTBUS HA yIIPABIsEMbId OOBEKT.

B anroputmax M3MepHUTEIbHBIX OpPraHOB aBTOMATHUYECKUX YCTPOMCTB HE3aBUCHMO
OT (YHKIIMOHATHHOTO HAa3HAYCHUS M DIIEMEHTHOW O0a3bl HMCHOIB3YIOTCS CIEAYIOINe

criocoObl M3MEpPEHUM — HEMOCPEACTBEHHOE CpPAaBHEHHE C HSTAJOHHOW BEJIMYUHOU U
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KOMIIEHCAllMOHHBIA METOXA. Eciu NpUHATBIA AJITOPUTM U3MEPUTEIBHOTO OpPraHa OCHOBAH
Ha MCIIOJIb30BAHUU OIEPALIMM TOJIBKO C CUHYCOUJAIBHBIMYA BEJIMYMHAMU IIPOMBILIIICHHON
YaCTOThl, TO BCE COCTABIAIOLIME BO3ACHCTBYIOIIMX BEIWYMH APYTMX YacTO SBISIOTCS
NIOMEXaMH, JUIsl YCTPAHEHHUsI KOTOPBIX MPEyCMaTPUBAIOTCS YaCTOTHBIE (DPUIIBTPHIL.
OOOOUIEHHBIM ~ AITOPUTM  M3MEPUTENBHOTO OpraHa pejlelHOro JeHCTBUS C
yKa3aHUEM OCHOBHBIX Npeo0pa3oBaHUN M omepauuid B BHUAE CTPYKTYPHOM CXEMbI

MpuBEEH Ha puc. 9.1.

( ) Hayano

I —
L (%), 1(t) ] ggggqg;aﬂﬁux foadedcmByrwuux
I
ZF dacmomnar pansmpagus
>

PopMupoBfarue XapaRmepucmuye -
mlie) utt)] | cxux Oenuvan U, I, 9, Z

|
B8o8 yonolud cpabamsrfanyr u
Hy:Hy ] ﬂaad’p‘%ma »

. ARaau3 Bsinonwesus yerobui

- cpalfamsiGanur o GodGpama
(GRE MANCUMENERBIX UIMEDUITENE=
wOIX ap8anNal)

Cocmornug Cocmosnue
nocne nocae
Boabpama cpabamsiBanun

Puc. 9.1. O6muii anroput™ GyHKIMOHUPOBAHUS U3MEPUTEIBLHOTO OpraHa pejaeiiHoro
NEHUCTBUS

ANTOpUTM H3MEPUTEIBHOIO OpraHa HENPEPBIBHOTO ACHCTBUS OTJIMYACTCS JIMIIb
OTCYTCTBHEM YCJIOBHBIX IE€PEXO0JI0B, OMNPENENAIOIINX cpadaThlBAaHME U BO3BpAT, T.C.
dbopMHpYyET HEMPEPHIBHBIN BBIXOTHON CUTHAIL.

BelosiHEHNE AJITOpUTMa HAYMHAETCS ONEpaLe BBOIA BXOAHBIX BO3JIEHCTBYIOIINX
BEJIMYMH, MOCTYMNAIOIIUX OT MEPBHUYHBIX H3MEPUTEIBHBIX TpPaHCHOPMATOPOB TOKa U
HalpsDKEHUsT B BHJIE HENPEpPBIBHBIX (QPYHKUMH BpemeHW u(y) w  i(t). B cxeme
npeaycMoTpeHa 4actoTHas (Quibtpauus (punbtp ZF) B OpeAnonokeHuu, 4YTO
MOCJIEYIOUIME OIEpaluy ajlrfOPUTMa OCHOBAHbI Ha MPEOOpPa3OBAHMIX AIEKTPUUECKUX

BCIIMYNH HpOMbII.HJIGHHOﬁ HqaCTOThI.
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B cooTtBeTcTBUU ¢ QYHKIIMOHATHLHBIMU Ha3HAYEHUSIMH U3MEPHUTEILHOTO OpraHa o
3HAYEHUSAM BXOIHBIX BO3JCHCTBYIONIUX BEJIUYUH (HOPMHUPYIOTCS TEKYIIUME 3HAYCHUS
XapaKTepPUCTUYECKNX BEIMYMH FH: TOK WM HampspKkeHue, yroia cuapura ¢dasz Y,
conporusienue Z =U/1.

B 3aBucumMoctu OT mpuHIMINA JEUCTBUS MU3MEPUTEIBHOIO OpraHa M croco0a ero
TEXHUYECKON peann3anuu uisi (HOPMUPOBAHMS XapAKTEPUCTHUUECKUX BEIUYUH MOTYT
WCIIOJIB30BaThCA aMIUTUTYAHBIC, JACHCTBYIONIME, 3HAYCHUS W (pa3bl WU OPTOTrOHAJILHBIC
COCTaBJISIIOIINE, a TAK)K€ MTHOBEHHBIE 3HAYEHHWS u(t), i(1) BXOJHBIX BO3JECHUCTBYIOLIUX
BEJINYHH.

BroasTcs wiu popMupyrotcst yciaoBusi cpabaTbiBaHUSI U BO3BpaTa B BUJI€ 3HAUCHUI
YCTaBOK XapaKTEPUCTUUECKOW BEIMYUHBI [y, Hampumep Toka [y, WIM nOapamMeTpsl

XapaKTCPUCTHUK Cpa6aTBIBaHI/I$I, B HaCTHOCTH B IINIOCKOCTH KOMIIJICKCHOT'O IICPEMEHHOI'O Z.

I[IpoBepsieTcs BBIIOJHEHHE YCIOBUIA cpabaThiBaHus U BO3BpaTa, Hanpumep 1 H,

u Hi H,; npu BHINOIHEHUM OJHOTO W3 HHUX M3MEPHUTEILHBIA OpPraH IEpeXOJuT B
COCTOSIHUE TOocJie cpabaThiBaHUs WM TOCJe Bo3Bparta. [Ipu HEBBIMOJIHEHUH HU OJHOTO U3
YCIIOBHI TPOJOJKAETCS BBIMOJHEHUE OINEpalyid alropuTMa 10 YKa3aHHBIX YCIIOBHBIX
IIEPEXO0B.

2. AHAJIOTOBbI€ U3MEPHUTEIbHbIE OPraHbl ¢ OJJHOW BXOJAHOW BO3AeHCTBYIOILEN
BEJIMYHUHOM.

K ananoroBelM, yCIOBHO OTHECEHBI BCE H3MEPUTEIbHBICE OpraHbl Ha
MOJIYTPOBOJHUKOBOM W HHTErPAJIbHOM 3JIEKTPOHHOM »JJeMEHTHOW 0a3ze, B cXxemax
KOTOphIX OTCYTCTBYIOT AIIIl M He wucmonb3yroTcs ornepauuv ¢ UUPPOBBIMU KOAAMU
ANEKTPUUYECKUX BeJIMYUH. [IOCKONBKY JUIsl onepaiuu CpaBHEHUs HEOOXOIUMBI HE MEHEe
JIBYX HaINpsKEHUM WA TOKOB (DJEKTPUUECKUX BEIWYWH), B U3MEPUTEIBHBIX OpraHax ¢
OJHOM BXOJHOM BO3JICMCTBYIOIIEH BEJIWYMHOW MPOU3BOAUTCS WIIM COMOCTABJICHUE
MH(OPMAIMOHHOTO TTapaMeTpa C €ro 3a/IaHHbIM (ITAJIOHHBIM) 3HAYEHUEM, UM CPAaBHEHUE
aMIUTATY, Wik (pa3 ABYX AJICKTPUUECKUX BEIWYWH, SIBISIONIUXCS Pa3sHBIMH (PYHKITUSIMU

OJTHOTO U TOTO k€ MH(OPMAITMOHHOTO IMapaMeTpa BXOIHOM BO3CHCTBYIOIICH BETUUYHUHBI.
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HN3MepuTe/ibHBbIE OPraHbl HENPEPHIBHOIO 1EHCTBUA.

N3MepuTenbHble OpraHbl HEMPEPHIBHOTO JCWCTBUS OMPEACIISIOT HE TOJIBKO KaKOM
U3 JBYX CpPaBHMBAEMbIX OJHOPOJHBIX HH(POPMAIIMOHHBIX TapaMeTpoB OoJblne (Uiu
MEHBIIIE), HO M B KAaKOW CTENEeHHW TMPEBHIIIACT 3HAYCHHE OJHOT0 HWH(OPMAIMOHHOTO
napaMmeTpa 3HayeHUe IpYroro (HACKOJIbKO OH Ooubllie WM MeHblie). M3mepurenbHbie
OpTraHbl BBITOJHSAOTCS HA OCHOBE 3JIEMEHTOB CPAaBHEHUS HEMIPEPBIBHOTO JCUCTBUS.

Hsmepumenvrvie opeanvl Hanpsdcenus uau moka. POpMHUPOBAHUE ABYX
YKa3aHHBIX CPAaBHUBAEMBIX JJICKTPUUECKHUX BEJIMYMH B HW3MEPUTENBHBIX OpraHax
MPOU3BOJIUTCST JIBYMsI M3MEPUTEIBLHBIMU MPEoOpa3oBaTeIsIMU C Pa3HBIMHU MPOXOIHBIMU
XapaKTEepPUCTUKAMU WM CTAaOMIUTPOHAMM, YCTAHABIMBAIOIIMMH 53TAJOHHOE 3HAYCHHE
nH(pOpMaIIMOHHOTO TlapaMeTpa. B m3MepuTeNnbHBIX OpraHax HampsKEHUS MEPEMEHHOTO
TOKa OOBIYHO WCIOJB3YIOTCS ~ JMHEWHBIM W HENWHEWHBI  BBINPSAMHUTEIbHbBIE
M3MEpUTENbHbIE MPeoOpa3oBaTeNid aMIUIMTYbl AJIEMEHTa CpaBHEHUS aMIuuTyna. [lpu
ATOM IMPUMEHSIOTCS HACBIIAIOIIUECS PEAKTOPHI WIH TPAaHCHOPMATOPHI.

Hzmepumenvrvle opeanvt yacmomsi. B OBICTpONEHCTBYIOIIEM H3MEPUTEIHLHOM
OpraHe YacTOThl HCIOJB3YETCS HUHTETPUPYIOUIMNA H3MEPUTENIbHBIM TpeoOpa3oBaTeib ¢
AHAJIOTOBOM MAaMSTHIO - 3aAIIOMUHAIOIIUM KOHJIEHCATOPOM.

HN3MepuTe/ibHBbIE OPraHbl PeJICHHOIO JeiiCTBHS.

N3meputenbHble  OpraHbl  PEJICUHOr0  JIECUCTBHUS — ONPEHCISAIOT, KaKOu U3
CpPaBHUBAEMBbIX OJHOPOJHBIX MH(POPMAIIMOHHBIX MapaMeTPOB OOJIbIlIe WM MEHBIIE, U B
3aBUCUMOCTH OT pe3yJibTaTa CpPaBHEHUS! MPOUCXOAUT HUX CcpabaThlBaHUE WIIM BO3BpaT.
OHM BBINOJHSIOTCSI HAa OCHOBE 3JIEMEHTOB CPAaBHEHHS PEIEWHOT0 U JIUCKPETHOTO
NEUCTBUSL.

H3zmepumenvnvie opeanvl Hanpadxcenus uiu moxa. BpINOTHEHUE YCIOBUN
cpabaThiBaHWsS U BO3BpaTa B M3MEPUTEIBHBIX OpraHax HaIpsOKEHUs] WIM TOKa, Kak
MpaBUJIO, OIEHUBAETCS CpaBHEHHWEM HMH(POPMAIMOHHOTO IapaMeTrpa  BXOJHOU
BO3JICHCTBYIOIIEH  BETWYMHBI  C  3aJaHHBIMU  (ITAJIOHHBIMH)  3HAYCHHSIMU.
NHpopmalinoHHbIM TapaMeTPOM B U3MEPUTEIBHBIX OpraHax MEePEMEHHbBIX HAMPSKEHUS U
TOKa  SIBIISIETCA WX  aMIUIUTyna, TpeoOpasdyemasi  BBINPSIMHUTEIBHBIMU WA

BPEMSUMITYJILCHBIMU H3MEPUTENbHBIMU MPE0Opa30BaTENsIMU B HENPEPBIBHBINA (CpelHee
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BBINIPSIMIICHHOE 3HAYEHHE) U BPEMSIUMITYJIbCHBIN CUTHAJIBI COOTBETCTBEHHO. BO3MOXHO 1
KBaJIpaTUYHOE HW3MEPUTEIbHOE IMpeoOpa3oBaHUE aMIUIUTYJIbI B HENPEPHIBHBIA CHUTHAI.
Takoe npeoOpa3oBaHue MPOU3BOAUTCS B 3JEKTPOMArHUTHBIX W3MEPUTENBHBIX PElle TOKa
Y HAIPSKCHUSL.

3. MH3mepuresbHble OpPraHbl ¢ JABYMSI BXOJAHBIMH BO3JAeHCTBYHOIIMMH
BeJIUYHHAMM.

B ABTOMATUYECKUX YCTpPOMCTBAX DIIEKTPOIHEPTETUUECKUX CHUCTEM
MPEUMYIIECTBEHHO TNPUMEHSIOTCS HW3MEPUTENIbHBIE OpraHbl C JBYMSI BXOJHBIMU
BO3JCUCTBYIOIIIMMU BEJIMYMHAMU - CUHYCOWUJAJIBHBIMU HamnpsbkeHueM Up U TOkoM Ip

peneitHoro nerictBus. K HUM OTHOCSITCS, TJIaBHBIM OOpa3oM HM3MEPUTEIbHBIE OPTaHbI
conporusnenus Z, =U, /I, u pa3snuuHOro Tuma M3MepUTEIbHBIE OPraHbl yIria CIBHMIA

da3 YV wmexay AByMsS BBOJHBIMH BO3ACHCTBYIONIMMHU BEJIUYMHAMH, OCOOCHHO TakK
Ha3bIBAEMbIC H3MEPUTEIIBHBIC OPTaHbl HAMMPABICHNS MOIIHOCTH. I3MepUTenbHbIE OpTaHbI
AKTUBHOM M PEAKTUBHOM MOIIIHOCTEMN BBINOJIHAIOTCS KaK PEIEHHOr0, TAK U HENPEPBHIBHOTO
neiictBusa. K m3MepuTenbHBIM OopraHaM C JIBYMsS BXOJIHBIMH BEIMYMHAMH OTHOCSATCS H
muddepeHuaabHble  U3MEPUTETbHBIC OpraHbl TOKa pEJICHHOro JeHCTBHS C Tak
HA3bIBAEMBIMU TOPMO3HBIMU XapaKTEPUCTUKAMHU CpadaThIBaHUSI C JABYMS BXOJHBIMU
TOKaMH.

Bce u3MepuTenpHbIe OpTaHbl ¢ ABYMS BXOJIHBIMU BO3JICUCTBYIOIIMMHE BETUIMHAMHU
MOTYT BBITMOJHATHCS Ha OCHOBE 3JIEMEHTOB CpaBHEHUs aMILUIUTY., (a3 WK HAa OCHOBE
aMIUTUTYTHO-(a3HBIX DJICMCHTOB CPaBHEHUS PEJICHHOTO WM JHUCKPETHOTO JICHCTBUS.
XapakTepucTUKu CpabaThIBAaHUS HM3MEPUTEIBHBIX OpPraHOB C JIByMS BXOJHBIMHU
BEIMYMHAMHU  TIOJIYy4alOTCSd  OTOOpakeHWeM (Ha  OCHOBE  JPOOHO-JTMHEHHOTrO
npeoOpa3oBaHusI) TPAHUYHON XapaKTEPUCTHKU DJIEMEHTA CPaBHEHUS M3 IIOCKOCTH W B
IUIOCKOCTh XapaKTePUCTUYECKON BEIMYMHBI H M3MEPHUTEIHHOTO OpraHa ¢ M3MCHCHHEM,
eciu Heo0X0ouMO, OPMBI U PACTIONOKEHUS XapaKTEPUCTHUKHU.

XapakTepucTUKu cpabaThIBaHUSA: - B JaHHOM cioydae (QYHKIOHH JIBYX
BEIIECTBEHHbIX WJIM OJHOTO KOMIUIEKCHOTO TMEPEMEHHOTO W MOTYT aJIeKBaTHO
M300paKaThCs B TUIOCKOCTH KOMIUJICKCHOTO COMPOTHBIICHUS Z WM MOITHOCTH S, a TaKkxKe

B ITIOJIIPHBIX HUIIX IMIPAMOYT'OJIBHBIX KOOPAHWHATAX BCIICCTBCHHLBIX IICPCMCHHBIX.
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HN3mepuresibHbIe OPraHbl CONPOTUBICHUS.

N3mepurenpHble  OpraHbl  CONPOTHUBIIEHUS PEIEUHOTO JACHUCTBUSA BXOIAT B
U3MEPUTENBHYKO 4acTb MY ABTOMATHUYECKUX YCTPOMCTB DPENEMHOM  3aIUTHI
ANEKTPOIHEPTETUUECKNX OOBEKTOB OT PA3PYLUUTENbHBIX BO3JEUCTBHII TOKOB KOPOTKHX
3aMbIKaHHM. XapaKTepUCTUYECKOW  BeIMYMHOM  u3MmeputenbHoro opraHa (MO)
CONPOTHUBJICHUS SBISIETCS 3a/laHHas (YHKUMS BBIPAXKEHHBIX B KOMIUIEKCHOW (opMme
OTHOLIEHUM BXOJHBIX BO3JCHUCTBYIOIIMX HAIPSIKEHUW K BXOJIHBIM BO3JACHCTBYIOLINM
TOKaM (KOMIUJIEKCHBIX corpoTuBieHuil). K uamepurtenbHoMy oprany conpotuBieHus KZ

(puc. 9.2, a) moBOASATCS CUHycOUaIbHbIe HanpspkeHue Up U TOK Ip, B B 00IIIEM Clydae

ompeensieTcs OTHOIIICHHE Z,=U,/1,=7,%"", KOTOpOE Ha3bIBACTCS

CONPOTHUBJIICHUEM Ha BXOJE, OTOOPAXKAIOUIUM CONPOTUBJIEHUE, HANpuMmep, Z JIUHUU

anektponepenaaun A5 (puc. 9.2,0).
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Puc. 9.2. Anroputm (a), byHKIHOHATBHAs cxema (0) H3MEPUTEIHHOTO OpraHa
IIOJIHOT'O COIPOTHUBIICHUS.
N3 onpenenenuss pyHkuuum u xapakrepuctuk MO conmpoTuBiieHHs OYEBHJIHA

BO3MOXHOCTh HX OCYHICCTBJIICHUSA KaK IIYTEM HCIIOCPCACTBCHHOIO BbIYHCICHUA

coctapnsomux R u jX otHomenuss Z, =U, /I, u mocnemyromero omnpenencHus HX
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pacmoioXKEeHUs] OTHOCUTEIbHO 3a/laHHOM XapaKTepUCTHKU CpabaThIBaHUSA, TaK U C
MCIIOJIb30BaHUEM KOMIIEHCAIIMOHHOIO METOA.

HN3mepuresbHble Oprausl caBura ¢as.

Jst MO cnoBura ¢a3 peneHoro IeHCTBUS XapaKTEPUCTHUECKOW BEITWYMHOM
ABJISIETCSL YroJl clBUra (pa3 Mexay 3JEKTPUYECKMMU BEIMYMHAMU MEPEMEHHOIO TOKA
(KOMIUIEKCHBIMM BEIMYMHAMH). BXOAHBIMM BO3ACHCTBYIOIIMMHU BEIUYMHAMHU MOTYT
ObITh KaK TOKH, TaK W HampsbkeHus. B ciywae, koraa caBur ¢a3 onpenensercs Mexay
TOKOM /p 1 HanipskeHueM Up, nonydaercss MO nanpasnenus MmomHocTy. [1o n3meHnennto
yria caBura ¢a3 MeXOy MOJBOJAUMBIMM TOKOM M HAIpPsDKEHHEM OH JOCTOBEPHO
(uKcUpyeT H3MEHEHUE HaIpaBJIEHUs TOKa B MECTE€ €ro BKJIIOYEHHS, a HMMEHHO
¢ukcupyer HampaBieHuss Toka [, k Mecty K3. Ilockonsky MO HanpaBienus He
IPEAHA3HAYEH M3MEPATh PEAIBHYIO 3JIEKTPUYECKYIO MOIIHOCTH, BXOJHBIE TOKH H
HANpsDKEHUsT MOTYT BBIOMPATHCS MPOU3BOJIBHO U3 TpeX(a3HbIX CUCTEM ISl JYYIIEro
BBINIOJIHEHUS yKa3aHHOW (PyHKIMU. B cooTBeTCTBHM ¢ (DYyHKIIMOHAIBHBIM Ha3HaYE€HUEM
WO HampaBieHHs MOIIHOCTU OCYILECTBJISETCS Ha OCHOBE CpaBHEHUs (a3 Toka [p u
HanpspokeHust Up.

HN3mepureabHbIe Opraibl MOLIHOCTH.

B ortnmnune or MO HanpaBinenuss momHoctd B MO MOIIHOCTH TPOU3BOISATCS
U3MEpPUTEIbHBIE MpPeoOpa3oBaHUsl M CPAaBHEHHE C 3a/JlaHHBIM 3HAYE€HUEM pealbHOU
AKTUBHOW  WJIM  PEAaKTUBHOW  MOIIMHOCTH  DJEKTPOIHEPTETHUYECKOTO  OOBEKTA.
[Ipumensrorcs MO MOMIHOCTM Kak PENEHHOTO, TaK WM HENPEPBIBHOTO JEUCTBHUS.
OcHoBHBIM 351eMeHTOM MO MOIIHOCTH SIBISETCS WM3MEPUTEILHBIN MpeoOpa3zoBaTelib

aktuBHoM (MITAM) wmm peaktuBHor (MIIPM) MomHOCTH NEpeMEHHOTO TOKa B
IIPONOPLHMOHAIBHBIE OCTOSHHBbIE HampsokeHue wid ToK  Uggyy (Lop,v), KOTOpEIE

CPAaBHMBAIOTCA C OTaJOHHBEIMH 3HadeHusmMu E,;(I,;) »7eMeHTOM cpaBHEHHUS
HEMPEPHIBHOTO WJIM PEIIEMHOTO IEMCTBUS COOTBETCTBEHHO.

OOb1yHO Hcnonb3ytoTcss MO akTUBHOW MOIIHOCTH TpeX(azHOW CUMMETPUUYHOU
CUCTEMBbl HampsbkeHud W TokoB ¢ Tpems HIIAM UWI-UW3 (puc. 9.3), cymma
BBIXOJHBIX HANpPSDKEHUH KOTOPBIX HAa BBIXOAE cymmaropa AW He COIEpKHT
TrapMOHUYECKON COCTaBJISIONIEH YJIBOEHHON YacToThl. [loaTOMy 4acTOTHBIA GUIABTP
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MEXJy CyMMaropoM U KommapatopoM £FEA He mnpegycmarpuBaercs. BpIXoaHbIM
JUCKPETHBIM TMOTEHUIUANBHBIM CcUTHAIOM WO 0OBIYHO SBISETCS TMOJOKUTEIHHOE
nanpsbkenre Up,, Ha BeIXOIE KommapaTopa. [103TOMy B CBSI3M C MHBEPTHPOBAHUEM
BbixogHOro HanpsbkeHus WIIAM  cymmaropom AW B KadecTBe CHUrHajla B

MakcuMalibHOM MO ucnonb3yroTcsl MON0KUTENbHbIE BhIXOAHOE HanpsikeHue UITAM u

E,,, a B MHHMMQIbHOM - OTpHLATENbHbIE. MOIIHOCTE CpabaThIBaHHsA peile

YCTAaHaBJIIMBACTCA 3aAarOuM 3JICMCHTOM B BHAC, HAIIPUMCP, HMCTOYHHKA ATaJOHHOU

DIAC E,;, ycranaBmmBaemoii pesuctopoM R, kak uacte Hampskenus Ugq, Ha

crabunutpone VD.
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Puc. 9.3. DyHKIIMOHAIbHAS CXEMA U3MEPUTEIBLHOIO OpPraHa peJIeHOro 1eCTBUS

aKTUBHOM MOIIIHOCTH

4. lludpoBbie MI3MepHUTEIbHbIE OPTraHblI.

JlocTonHcTBa IUGPOBBIX METOIOB U CPEACTB 00PaOOTKH UH(POPMAITUHU TTO3BOJISIOT
HE TOJBKO PEeaJN30BaTh MPOTPAMMHO Ha MHUKpOIpoleccopax U MUKpoOBM wu3BecTHbIE
CIOCOOBI OCYIICCTBJICHHSI AHAJIOTOBBIX HM3MEPHUTENBHBIX OpPraHOB, HO W BBITIOJHHUTH
HOBBIE QJITOPUTMBbI UX OCYUIECTBJIEHWS, B YACTHOCTH pelIasi B PEaIbHOM BpPEMEHU

muddepeHnnanbuble  YpPaBHEHHSI COCTOSHUW AJICKTPOIHEPTETHUECKUX —YIPABISEMBIX
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o0BekToB. [Ipu 3TOM 0THamaeT HEOOXOAMMOCTh (PHIIHTPAIIUU BXOTHBIX BO3ACHCTBYIOITUX
BEJIMYMH, TMOCKOJIbKY HCIOJIb3YIOTCS M CBOOOJHBIE MX cocTaBiswomue. OgHako mpu
JOCTUTHYTOW B HACTOSIIEEC BPEMS TMPOU3BOIUTEILHOCTH MHUKPOIPOIIECCOPOB TaKOU
QITOPUTM elIe HEe O00ECIeYrBACT HEOOXOIUMOTO OBICTPOJICHUCTBHS H3MEPUTEIBHBIX
opraHoB. [loaTomy ObICTpOACHCTBYIOIIME IUGPOBBIC M3MEPUTEIBHBIE OpPraHbl, KaK M
aHAJIOTOBBIC,  OCYIIECTBISIOTCSI HAa  OCHOBE  HCIOJL30BAHUS  TPUHYKICHHBIX
COCTABJISIONINX HAIMPSDKEHUS W TOKA C YUETOM CHEIM(PUKHA U BO3MOXKHOCTEH mudpoBoii

BBIUMCIIUTEIbHON TEXHUKH.

[Ipy >TOM BO3HHUKAIOT 3aJa4d BBIACIEHUS NPHUHYXICHHBIX COCTaBIISIOIINX
mudpoBeiME  GUIBTPAaMH W ONpeAesieHus  WHGOPMAIMOHHBIX  TMapaMeTpOB
CUHYCOUJANbHBIX BETMYMH, PEHICHUSI KOTOPHIX CBSI3aHbI MPEXKJIE BCEro ¢ 00ecreyeHueM
OBICTPOJICCTBHUSI  M3MEPUTENBHBIX OpPraHoB U  3(PQEKTHUBHBIM  HCIIOJIb30BAHUEM
BBIUMCIUTENBHBIX  cpenctB. Ecnm, Hampumep, aMIUIUTyla  HEMOCPEICTBEHHO
OTCIICKUBAETCA KaK HauOOJblIee 3HAYEHUE TMOCJIEAOBATEILHOCTH  JUCKPETHBIX
MTHOBEHHBIX 3HAa4eHUH (BBIOOPOK), TO JJIS ATOTO HEOOXOIUMBI BpEeMsl, JOCTHUTAIOIIEe
JUIMTENTLHOCTH TOJOBUHBI TIEPUOJA MPOMBIIIIICHHOW YacTOThI, U MOCTOSHHASL 3aHATOCTh
npoueccopa. IloaTomy 1enecooOpa3Hbl MpephIBaHUS BBINOJIHEHUS ONEpaluy IO
ONPEJEICHUIO aMIUTUTY/Ibl U MOJKIIOYEHUE MPOLIECCOPA B MOMEHTBI BPEMEHH NOSIBJICHUS
HauOOJBIINX TUCKPETHBIX MTHOBEHHBIX 3HAUECHUIA.

AMmutyna u  ¢dasza, MOTYT ONPEHENSITbCS MO JABYM CPEAHUM JIUCKPETHBIM
MTHOBEHHBIM 3HAYEHUSIM, MO3BOJISIONIMM BBIYMCIUTH MPOU3BOJHYIO MO JBYM BBIOOpKaM
(oTcyeTam), CABUHYTHIM BO BPEMEHHU HA YETBEPTh MEPUOJA MPOMBIIUICHHONW YacTOTHI U
pPaBHBIM  JIUCKPETHBIM MIHOBEHHBIM 3HAQUYEHHMSM OpPTOTOHAIBbHBIX (CHHYCHOH W
KOCHUHYCHOI) COCTaBJISIOLIUX, WM JIBYyM OTCYETaM, OTOOpaXaroIlUM HEOPTOrOHAaJbHbIE,
CIBUHYTBIC Ha Yroji, MeHblmid pP/2, cocrapustompe. [Ipu 3toMm B 00IIeM ciaydae
HEOOX0aMMO (OPMHUPOBAHME W3 BXOJHBIX BO3JCHCTBYIOIIMX BEJIUYMH CHUTHAJIOB
yopasieHuss MynbTUILIEKCOpoM MIIJI, AL]Il m MHKPOIPOLUECCOPHBIM KOMIUIEKTOM
oonbiux unTerpaibHeix cxeM (BUC) MIIK.

I[IporpaMmMHbie H3MepUTEJbHbIe OPraHbl HeENPEPbIBHOIO 1eiiCTBUS.

XapakTepHbIM INPUMEPOM TEXHUYECKOW pealn3allid Ha MHKPOIPOLIECCOPHOM
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koMmiuiekte BUC sBastoTcs npocpammmubie uzmepumenvHbvle Op2aHbl HENpepbleHO20
oelicmeust amnaumyovl, dacmomsl U ¢pazvl (OTHOCUTEIHHO HANPSDKCHHS Ha IIMHAX
AIIEKTPOCTAHLUN) HANPANCEHUs. U PeaKkmuHou U aKmueHoUu COCMAGIAIOWUX MOKA
CHHXPOHHOI'0 T€HEepaTopa.

HsmepumenvHulil opean amnaumyosl uxcupyem TOJIOKUTEIbHbIE aMIUTUTYHbIE
MTHOBEHHbBIC 3HAUEHUS HANpsKEHUU Tpex (a3, CyMMHpPYET UX U OMNpeeisieT CpeaHee
3HaUYE€HUE aMIUIUTY/Ibl, CPABHUBAET aMIUIUTYAY C 3aJIaHHBIM (IIPEANUCAHHBIM) 3HAUCHHEM
— BBIUMCISIET €€ OTKJIOHEHHME U  ONpENENsieT Ha  OCHOBE  YHUCJIEHHOIO
muddepeHnupoBaHusi, MPOU3BOAHYIO aMIUTUTY/IBI 32 BpPEeMs, HE MPEBBINIAIOIICE OJIHOMN
TPEThE€ YacTU JUIUTEJIBHOCTH [E€pUoJa NPOMBINUIEHHONM YacTOThl. AMIUIMTYAA
(buUKCUpyeTCcsl MyTeM YIPaBJICHUS COOTBETCTBYIOIINM KaHAJIOM MyJsbTuriekcopa MILI v
ALlll. CtpykTypHasi CXeMa aJIropuTMa BBIYUCICHHUS CPEIHETrO 3HAYCHHS] AMIUIUTY]IbI

IIpUBEJICHA Ha puc. 9.4, a.

( Hava rg j ( Havaro )
I
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Puc. 9.4.CtpyKkTypHBIE CXEMBI IPOTPaMM ITU(DPOBBIX U3MEPUTETHLHBIX OPTaHOB

aMILUTUTYbI () U 4acTOTHI (0) HANPSIKEHUS

97



Hsmepumenvrolil opean 4acmomsl TAKXKE COJIEPKHUT BBIUUTAIOIMIMA CUYETUUK
TAKTOBBIX UMITYJIbCOB, B KOTOPbIA NEPUOAUYECKHU ITOCIIE KAXKAOTO CUMTHIBAHUS 1O HYJIA
BHOBb 3alMCBIBACTCS YHCIO HMMITYJIbCOB. [l03TOMY 3a Bpems, paBHOE JIUTEIbHOCTH
MEpHUOJIa MPOMBIILICHHON YacTOThI, YMCJIO HMITYJbCOB B CUETUYMKE YMEHBIIAETCS Ha
HeOoNbIIy0 4yacTb. CTPYKTypHasi cXema ajropuTMa BBIYUCIIEHHUS CPEIHETr0 3HAYeHUS

4acTOThI IpUBE/IeHA Ha puc. 9.4, 0.

TEMA 10. DjieMeHTBhI JIOTHYeCKOil YacTH U 00padoTKH HM(PPOBBIX CUTHAJIOB

1. HazHaveHHe JIOTHYECKON YACTH ABTOMATHYECKHUX YCTPOICTB.

B pesynbrare nepepaboTku MHGOPMALIMKU O COCTOSIHUU YNPABISIEMOI0 0OBEKTa U O
JNEUCTBYIONIMX HA HETO BO3MYIIEHUSX U BbIJAAUYM COOTBETCTBYIOIIMX JUCKPETHBIX, B TOM
yucie IU@POBBIX, CUTHAJIOB H3MEPUTEIIBHOM YacThIO JIOJDKHBI OBITH C(HOPMUPOBAHBI
CUTHAJIbI, OMPEIEISIONINE TUCKPETHBIC YIPaBISIONIME BO3JACHCTBHUS HAa OOBEKT WM Ha
AIIEMEHTBhl  OTOOpaxkeHuss  uHpopmarnuu. DOpMHUpPOBAHME  YKa3aHHBIX  CUTHAJIOB
MIPOU3BOJIUTCS JIOTUYECKOW YacThbI0O aBTOMAaTHUUYECKHUX YCTPOUCTB. JIMCKpETHBIE CUTHAJIBI
JIOTUYECKON 4acTH, BO3JICUCTBYIOLIME HA HUCIOJHUTEIbHBIE 3JIEMEHThl aBTOMAaTHYECKHUX
YCTPOWCTB, BBIPA0ATHIBAIOTCA HA OCHOBE JIOTMYECKUX airoputmoB. [lo moruueckum
aJIropuTMaM NpoU3BOAUTCA U 00pabOTKa U(PPOBBIX CUTHAJIOB, KAaK B JJOTUYECKOM, TaK U B
Ipyrux  (DyHKIIMOHANBHBIX  YacTAX  aBTOMATHUYECKHX  yCTpoucTB.  [loatomy
(GyHKUHMOHAIBHBIE AJIEMEHThl O00pabOTKM UU(POBBIX CHUTHAJIOB M PacCMaTPUBAIOTCS
COBMECTHO C COOCTBEHHO JIOTHYECKUMHU 3JIEMEHTAMHU.

K coOCTBEHHO JOTrHYECKMM 3JIEMEHTaM OTHOCATCS WHTErPalibHbIE MHKPOCXEMBI
(UC) muckpernoro nerictBusi (masiee auckpetrHsie MC), BBIMOTHAIONIUE 3JIEMEHTApPHBIC
JIOTUYECKUE OMNEpali C AUCKPETHBIMH cUrHajgaMu. OCHOBHBIMH W3 HHUX SIBISIIOTCS
OTEpalliU JI02UHeCKo20 ClodceHus (ousvionkyuu) HIIH, nocuueckoeo ymHOMCEHUS
(konvronkyuu) U, nocuuweckoeo ompuyanus (uneepcuu) HE. Pe3ynabTaT UX BBIIOTHEHUS
(BBIXOTHOW CUTHAIT) ompenenseTcs GyHKIUel KoMOWHAUU 00padaThIBaEMbIX (BXOJIHBIX)
JMCKPETHBIX CUTHAJIOB. Ha MX OCHOBE MO COOTHOIIEHUSIM alTreOphl JIOTUKH BBITIOTHSIOTCS
0oJiee CJIOKHBIE KOMOWHAIIMOHHBIC OMEpaIuu, IIUPOKO HCHOJIb3yeMble B LHUQPPOBOI

BBIYHCJIMTEIbHON TEXHUKE.
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CoOOTBETCTBYIOIIUE JIOTHUECKHUE 3JIEMEHThI HA3bIBAIOTCA KOMOMHAMOHHBIMU. [Ipn
TOM OKa3bIBAETCSI BO3MOKHOM peanu3aliys BCeX U3BECTHBIX KOMOMHAIIMOHHBIX ONepalui
nornueckuMu MC, BoImonHAOmMMMU 1Be dneMeHTapHble onepauuun: MJIA - HE wmm U -
HE. K coOcCTBEHHO JIOTMYECKUM OTHOCATCS U IMOCIIEIOBATEILHOCTHBIE 3JIEMEHTHI
3allOMUHAaHUST  AUCKpPEeTHBIX curHanoB (omepamust I[IAMSATDH) wu  3amepxku  ux
npoxoxaeHus (onepauusi BPEMS). Jloruueckass 4acTh COBPEMEHHBIX aBTOMATHUYECKHUX
YCTPOMCTB 4acTO JIOCTATOYHO CIIOKHA, W JUIsl €€ CHHTE3a HUCIOJIb3yeTCsl Kak anredpa
JIOTUKH, TaK U TEOPUs KOHEYHBIX aBTOMATOB.

N3 »snemenToB 00pabOTKM LHU(PPOBBIX CHUTHAJIOB, CBOWCTBEHHBIX HHU(PPOBOI
BBIYMCIIUTEIIbBHON TEXHUKE, HEKOTOPbIE HMMEKOT M CAMOCTOATENIBHOE 3HA4YCHUE JIA
aIapaTHbIX aBTOMAaTHYECKUX YCTPOMCTB 3JIEKTPOIHEPTETUUECKUX CUCTEM.

Pa3paboTka  mporpaMMHBIX ~ aBTOMAaTHYECKMX  YCTPOWCTB  Ha  OCHOBE
YHUBEPCAIbHBIX U CIIEHUATU3UPOBAHHBIX MUKPOOBM 00yciioBnuBaer 1enecoo0pa3HoCTh
PacCCMOTPEHHsI UX OCHOBHBIX MHKPOXJIEKTPOHHBIX JJIEMEHTOB KAaK MHUKPOAJIEKTPOHHBIN

0a3ml IMpOorpaMMHBIX ®YHKHHOH3HBHBIX OJICMCHTOB aBTOMATHYCCKHUX YCTPOﬁCTB.

2. KoMOMHanMOHHBIE JIOTHYECKHUE JJIEMEHTHI.

O6paboTka  JMCKPETHBIX CUTHAJIOB 1o JIOTUYECKUM aNropuTMam
obecrieunBaeTCsl HMHTETPAJbHBIMU ~ MHUKPOCXEMaMH, BBIMOJHSIOIIUMHU  JIOTHYECKHE
onepanuu MJIN-HE unu U-HE. OHu, kak yka3pBanaoch, MO3BOJISIOT PEAIM30BATh JIFOOYIO
JOTUYECKYI0 (YHKIHIO, T.e. 00pa3yloT (PYHKIMOHAIBHO IMOJHBIA HAO0Op JOTHUYECKUX
MHUKpPOCXEM. YKa3aHHbIE MUKPO3JIEKTpOHHbIE Jornyeckue snementsl DWU (MJIN-HE) n
DXU (U-HE) BXxoaT BO MHOTHE CEPUU AUCKPETHBIX MHTETPATBHBIX CXEM.

B coBpemeHHbIX U pa3pabaTbIBa€MbIX  aBTOMATHYECKHX  YCTPOMCTBAx
AIIEKTPOIHEPTETUUECKUX CUCTEM MPUMEHSIIOTCSI B OCHOBHOM Haunboliee pacpoCcTpaHeHHas
cepusi MukpocxeM Ttuna KI55 u ananormuynas tuma K555 u Tak HaszbiBaeMmas
BBICOKOIIOporoBas cepust mukpocxeM tumna K511. Mukpocxemsr K155 u K555 otHocsaTcs
K TpaH3ucTopHO-TpaH3uctopHoi soruke (TTJI), a mukpocxema K511 - k nuogHo-
tpanzuctopuoi (ATJI). B mociennux pa3paboTkax HCHOJIB3YIOTCS U MUKPOCXEMbI THIIA

K561, Beimonnsiembie Ha ocHoBe moisieBbix MJIIT (MOII) tpan3zucropoB. OCHOBHOU HX
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OCOOCHHOCTBIO SIBJISIETCSl Mauiasi OTpedssieMass MOIHOCTh OT UCTOYHWKA NuTaHusg. OHuU
COCTOSIT U3 HAOOPOB Jorudeckux MukpossiemeHToB DXU (U-HE) ¢ pa3HbiM KoHuecTBOM
BXOJIOB.

B cBs3u ¢ pa3nMyUHBIMM HAMpPSKEHUSIMU HUCTOYHUKOB MUTAHUS W PaA3IMYHBIMU
HaIpPsDKCHUSIMUA, COOTBETCTBYIOIIUMH EIWHUYHOMY JIOTHUYECKOMY CHUTHAlly, B COCTaB
cepun K511 BXomsaT corjacyroiiyde MHUKPOAIJIEMEHTHI, O0OECIEeYUBAIOIIUE COBMECTHOE
(GYHKIMOHUPOBAHNE MUKPOCXEM yKa3aHHBIX CEPHIl.

Ha puc. 10.1, a-6 B kauecTBe NpUMEPOB IMOKA3aHbI JIOTUUECKUE dJIeMEHTHI DU,
DX, DW, BpinonHeHHbIe HA MUKpocxeMax DXU pacCMOTPEHHOM CEPUU U PEATU3YIOLINE
aneMeHTapHbele jorudeckue onepaunu HE, W, MJIN coorBeTcTBEeHHO. BrinosiHeHne
uaBepcus HE oguum snementom DXU U-HE owesumuo (Y = X ) (puc. 10.1, a).
Jlornueckoe mepemuoxenue WM (puc. 10.1, ©) BBHIMOTHSETCS HA OCHOBE MPOCTOTO
COOTHOIIICHUS - JBOMHOM WHBEPCUU JIOTUYECKOTO MIPOU3BEICHUS:
X1IYX2® X14Y2 =Y. Jlornueckas cymma WUJIU (puc. 10.1, B) moaydaercs Ha OCHOBE
3aKOHa  WHBEPCUU:  MPOU3BEIICHWE  MHBEPCHM, PpPaBHO  HMHBEPCUM  CYMMBIL:
XIYX2® X1+ X2=Y. Cxema Ha puc. 10. 1, B WUIIOCTPUPYET DETUCTPALHIO
noruueckoit omepanuu  3AIIPET, wacto BcTpewaromieiicss B aBTOMATHYECKHX

ycrpoiicTBax (6okupoBanuu), ¥ = X14x2.

oy DX
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Puc. 10. 1. DynknmonansHbie cxembl Jorudaeckux snmementoB HE (a), U (6), NJIN

(B8) u BAIIPET (T), BEINOMHAEMBIX HA MHTETPAIBHBIX MUKPOIJIEMEHTAX

3. 3anoMuHaOIIHAE 3JI€eMEHThI.

Jlornueckass omnepamuss [IAMATD peanusyercs nNOCpenCTBOM TPUITEPOB U
PErUCcTPOB, CHOCOOHBIX 3alIOMUHATh U XPaHUTh HH(POPMAIIHIO.

Tpurrepsl. [log Tpurrepom nmoHMMaeTcs 3JIEKTPOHHBIN AJIEMEHT, 00JaatoNui
JBYMsI YCTOMYMBBIMU COCTOSIHUSIMH, IIPUYEM MEPEXO] U3 OJHOIO B APYrO€ MPOUCXOINAT
KOKIBIM pa3 1ojA BO3JEWCTBHEM CHrHajgoB. OJIMH U3 CUTHAJIOB 3alHCHIBAET
uH(pOpMAIMI0O B TPUITEP, a BTOPOH CUMUTHIBAET ee. Paznuyarorcs MNOTEeHUUATbHbIE
(cTaTu4eckue) U UMIYJIbCHBIE (IMHAMUYECKHUE) TPUTTEPHI.

llomenyuanvuviii mpueeep. Pa3znuure COCTOSSHUM TOTEHIIMAJIBLHOTO TpHUITEpa
ONpENENsAeTCS] HAIWYUEM WM  OTCYTCTBUEM HA €ro  BBIXOAE JHUCKPETHOTO
NOTEHUUAIBHOTO cUrHaia. BXOAHON cuUrHAmM MOXKET ObITh KaK MOTEHIHUAIbHBIM, TaK U
MMITYJIbCHBIM. [lOTEHIMaNbHBIM TPUITEP OCYLIECTBISAECTCS HA OCHOBE YCHIMTENSA
MOCTOSTHHOTO TOKa C CHJIBHOM TMOJOXHUTEIBHON 00paTHOM CBsI3bI0, OOecIeyuBaroen
PEIEMHOCTh €ro TPOXOJHON  XapakTepucTUkH. OTIMYUTETHHON OCOOCHHOCTHIO
XapaKTEPUCTUKU TPUITEpaA SBISAETCS €€ CHUMMETPUYHOE IIOJIO0KEHUE OTHOCHUTEIIBHO
BEPTUKAIBHOM OCH. [10ATOMY B OTIIMUME OT APYTUX PEIIEUHBIX AIEMEHTOB, HAIIPUMED OT

KoMIIapaTropa, AaJdd HU3MCHCHHA COCTOSIHUU TPUITCPA H€O6XOI[I/IMI>I JBa BXOJIHBIX
CHUraaljia, B 4aCTHOCTHU MOJIOKUTEIbHBIN + Uy, n OTpHII&TGJIBHBIfI - U, UMITYJIbCHI.

Cuemnwviti unmezpanvuviti mpueeep. B ycrpoiicTBax 00paboTku 1ubpoBOI
uHQOpMAIIMK  IIUPOKOE  TMPUMEHEHHE  HaXOAST  CYETHBbIE  [-TpUITEphl U
komOuHUpoBaHHble RST-Tpurrépsl. Tpurrep co cueTHbiM 7 BXOJIOM YIpaBIISETCS
MOCIIEIOBATENBHOCTBHIO UMITYJILCOB OJTHOW MOJAPHOCTU. [Ipu 3TOM "yacTo mcnonp3yercs
JTAHAMUYECKUN MHBEPCHBIN BXOH 7.

Yuueepcanonviti  unmeepanvueiii.  mpueeep. VIHTerpanbHble  TPUTTEPbl OOBIYHO
BBITIOJTHSIFOTCS TaK, YTOOBI UMENIaCh BO3MOXKHOCTh OCYIIECTBIISATh PACCMOTPEHHBIE BBIIIEC U

HeKoTopble apyrue GyHkiuu. OOBIYHO OHU CUHXPOHHBIE, IBYXCTYIIEHYAThIe, HO UMEIOT U
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ACMHXPOHHBIC YCTAHOBOYHBIC BXO/bI, @ TAKKC 110 HCCKOJIBKY BXOA0B OAHOI'O HA3HAYCHUI,

o0wveauHsieMbix nementamu DW (UJIN) unu DX (A).
HNuTerpanbHbie perucTpsbl.

PernctpoM  Has3piBaeTCd  COBOKYNHOCTb M3  HECKOJIBKMX  D-Tpurrepos,
peJHa3HAYeHHbIX Ul 3allOMUHAHMSI MHOTOPa3psIHOro ABOMUYHOro koja. MHpopmanus
B PETUCTP MOKET 3alMChIBATHCS MOCIEI0BATENBHO U MAPAJUIEIBHO U TAKUM K€ 00pa3oM

U3BJIEKAaTbCA W3 pErucTpa. 3amnuchiBaemas HHQOpMAaIMs IMOCTYMaeT Ha BXOJABI BCEX
pa3psaoB (sueek), Hanpumep 1-8-ro peructpa. 3anuch HHPopMauuu Uy ; TPOU3BOIUTCS

IIpHU HAJIMYH UMITYJIbCA un,y Ha OJHOM HJIM HCCKOJIbKUX YIIPABJIAIOIHNX BXOJaX BO BCC

sUehKH peructpa omHoBpeMeHHo. CHuMaercs WH(MOpPMAIUs TakXKe C BBIXOJOB BCEX
paspsiioB OJTHOBPEMEHHO.

[Tocne mnosHOro 3amojiHEHHs perucTpa HMHGOPMALUI0 MOXKHO U3BJICYbh WIIU
napajuielibHo, WIM  TocjieaoBaTenbHO. JIJisi  mOciedoBaTEIbHOTO  M3BJICUCHUS
nHbOpMAIIK HEOOXOIUMO €I11€ BOCEMb YIPABJISIONUX UMITYJIbCOB. PasnnyHbie criocoObl
3alUCH U M3BJICUCHHUS HMH(POpPMAIIMU B PETHCTPAX IMO3BOJISIOT HUCIOIB30BATh WX JUIS
npeoOpa3oBaHus NMapajjIeIbHOTO JBOMYHOIO KOJA B MOCJIEAOBATENbHBIN U HA00OPOT, a

TAKKC JJIs BBIIIOJIHCHUS OIICpAllkH CABHIA.

B Hacrosiiiee Bpemsi BBIMYCKAeTCsl OOJIBIIOE KOJIMYECTBO PETHMCTPOBBIX HHTETPATbHBIX
CXEM, COAEpXkaIlUX, KaK IMPABUJIO, YETHIPE WIJIA BOCEMb Pa3psiOB PETUCTPA B OJHOM
kopriyce MC. Hampumep, unTerpanbHas Mukpocxema 155SHUP1 - 3T0 yHHMBepcanbHBII

CABUTAIOIINI YEThIPEXPA3PSAIHBIA PETUCTD.

4. CymMaTOpbI ABOUYHBIX YHCeI.

CyMMaropbl MpEeACTaBISIOT CO00M KOMOMHAIMOHHBIE JIOTUYECKHE YCTpOMCTBA.
IIpOMBIIIEHHOCTBIO BBIITYCKAIOTCS OJHO-, ABYX- U YEThIPEXpa3psAHbIE MHTEIPAIBHbBIC
CyMMAaTOpbl, KOTOPbIE€ MO3BOJISAIOT CYMMMPOBATh [1BA YUCiA IOCIEAOBATEIBHO pas3psj 3a
pa3psAIOM WM MapaJuIeNIbHO, T.€. BCE pa3psabl CKIaAbIBATh OJHOBPEMEHHO.

BrinosiHeHue onepaunii CyMMHUPOBAHHUS U YMHOKEHHS.
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IIpy BBIIOJTHEHUH CYMMUPOBAHUA N YMHOICEHU CYMMATOPBI UCITOJIb3YIOTCSI BMECTE
C pEerucTpamMu, KOTOpbIE CIIyXaT [Js XPaHEHUS TMPOMEKYTOUHBIX M KOHEUHBIX
pe3yJIbTaTOB. Takne CyMMaTOpbl HA3bIBAKOTCS HAKONTUTEIIbHBIMU.

Jns  BBINOJNIHEHUSI  YMHOXMCEHUs  UCHOJb3YIOTCS  CXEMbl  IOCIJIENOBATEIbHO-
napajuieIbHOTO Y MapaJieIbHOro JAecTBUs. [IpUMEHSIOTCS YMHOXKUTEIHU, padoTarolye B
npsSIMOM W JIOMOJIHUTENIbHOM KoAax. Haubosiee mnpocTo peann3oBaTh YMHOKEHHE B

IIpsAMOM KOZC.

TEMA 11. ®yHKIIMOHAJbHBIE 3JIEMEHTHI Mepeaaoieii 4acTi ABTOMATHYECKUX
YCTPOMCTB

1. Ha3HavyeHus1 1 pAa3HOBHIHOCTH.

[lepenarommas GpyHKIIMOHAIBHAS YaCTh aBTOMATHYECKUX YCTPOWCTB 00€CIeunBaeT
nepenauyy uHbOpManMu Ha OOJBIIME PACCTOSHUS OT DJICKTPUUYECKUX CTAHIUU [0
JACHETYEPCKUX MTYHKTOB JIEKTPOIHEPreTUUECKON CUCTEMBL. [Ipy 3TOM B KaueCcTBE TUHUU
CBSI3M MCIIOJIB3YETCS IeTh: MPOBOJ (a3l JUHUHU ANEKTporiepenaaun - semurs. [lepemada
uH(pOpMaIIMK TPOU3BOJUTCS CUTHAJaMH B BHUJE TOKOB BBICOKON (IO CPaBHEHHUIO C
MPOMBINLJICHHOW) YacTOThl IO HECKOJIbKMM OTJEIbHBIM KaHajlaM, OpraHu3yeMbIM
VIUIOTHEHUEM JIMHUM CBSI3M. BO3MOXKHA Kak OJHOCTOPOHHSS (CUMILIEKCHBIE KaHAJIbI
CBSI3U1), TaK U JIBYCTOPOHHSA (yTUICKCHBIC KaHAJIbI CBSI3M) TMepeaadya nHGOpMaIUU.

OyHKIMOHAIBHBIE ~ 3JIEMEHTHl  MEPEHAIOIIEM  4YaCTH  HUMEKT  HA3HAYEHHUE
00pa30BbIBATh CUTHAJIBI, TPUTOAHBIC IS UX MEpeayd Ha 3HAYUTEIIbHbIC PACCTOSIHUS, U
CO3/1aBaTh KaHAJIbI UX MEPEAAYU 10 TUHUU CBS3H.

Nudopmanust mepenaeTcss aHAIOTOBBIMU WIIM JUCKPETHBIMUA BBICOKOYACTOTHBIMU
CUTHaJaMU. AHAJIOrOBbIE CHUTHAJbl HCIOIB3YIOTCS TpU Tele(POHHOM CBSI3M W A
nepeayu mapameTpoB PEKUMOB PaOOThl AJEKTPOCTAHIMHU (HANPSDKEHUST Ha IIMHAX
ANEKTPOCTAHIIMMA, TOKOB HArpy3Kd W  MOIIHOCTH CHHXPOHHBIX TE€HEpPaTOpPOB)
WH(POPMAIIMOHHBIMU ~ aBTOMATUYECKUMHU  YCTPONCTBAMHM  TEJIEU3MEPEHUS TPEKHUX
pa3paboTok. B coBpeMEHHBIX yCTPONCTBAxX TelEeU3MEPEHH (POPMUPYIOTCS AUCKPETHBIC

CUTHAJIbI IICpcaayda I/IH(i)OpMaHI/II/I. ,)__[I/ICerTHI)IMI/I ABJIIIOTCA CHUTHAJIBI aBTOMATHYCCKHUX
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YCTPOMCTB MHPOPMAIIMH O COCTOSTHUM KOMMYTAIlMOHHBIX allllapaToB Ha AJIEKTPOCTAHLIUAX
U nojacTtaHuusAX (YCTpOHCTB TeJIECHUTHAIM3alMM) M aBTOMAaTHMYECKU™  yCTpOMCTB
YOPABJICHUS UMH (OTKIIFOUEHUS, BKIFOUECHHUS).

Curnanel  mepepaud  HHPOpMAMK  (QOPMHUPYIOTCS  IyTeM  U3MEHEHUH
MH(OPMAIIMOHHBIX MAapaMEeTPOB HECYILEro Mpolecca - FapMOHUYECKOr0 TOKa BBICOKOU
4acTOThl. VI3MEHEHME aMIUIMTYyAbl WM 4YacTOThl IOJ BO3JCHMCTBHEM HENPEPBHIBHOTO
CUTHajia MHMKpo(dOHa WIM H3MEPUTENIBHOTO NpeoOpa3oBaTelisi, HAlPUMEpP MOIIHOCTH,
Ha3bIBAETCA COOTBETCTBEHHO AMIUIMTYIHOW M YAaCTOTHOW monyisuueir. @opMHpoBaHUE
JUCKPETHBIX CUTHAJIOB B BHJIE HMIIYJIBCOB TOKA BBICOKOM 4YaCTOTBl € JAUCKPETHO
U3MEHSAEMOM aMIUIUTYJ0OM WJIM YacTOTOW JOCTHTaeTcs MaHUNYJsIued (BKIIOYCHUEM M
OTKJIFOYEHHEM YMPABIAIOMIMX aMIUIUTYI0M WM 4acTOTOM Lened Hecyllero mpouecca).
[IpeoOpazoBanne  mepeAaHHbIX  CHUTHAJOB B BHJAE  MOJYJUPOBAHHOTO  WJIH
MaHHIYJMPOBAHHOTO TOKAa BBICOKOW YacTOThl Ha IPUEMHOM KOHIIE KaHaja CBS3HU
Ha3bIBACTCS IEMOIYJISIUEH.

@opMUpOBaHHUE IOCIEI0BATEIBHOIO JBOMYHOIO KOAA WJIM KOJOWUMITYJIBCHOTO Ha
€ro OCHOBE JIMCKPETHOIO CHTHajla B BHJIE KOMOMHAIIMI HMITyJIbCOB TOKa BBICOKOU
YacTOTHl NpeACTaBisieT co0oil KoaupoBaHuWe HHPOpMAIUMM, a UX paciudpoBKa Ha
IIPUEMHOM KOHIIE KaHAJIA CBA3U - IEKOAUPOBAHUE.

QOYHKIMOHAIBHBIMU 3JIEMEHTAMH O0pa30BaHUsl CUTHAJIOB INepeaadn MH(popMaruu
ABJISIIOTCS: TEHEPATOPbl HECYIIMX IPOLECCOB, MOIYJISATOPBl WIM MaHUIIYJIATOPBI U
JEMOJYJISATOPHl AHAJIOrOBBIX CHUTHAJIOB; (OPMHUpPOBATENUM U MpeoOpa3oBaTesid KOJOB
JVCKPETHBIX CUTHAJOB; YCWIHMTEIHM CHUTHAJIOB, B YaCTHOCTH HMITYJIBCHBIE YCHIIUTEIIN.
VY1IoTHEHNE TMHUNA CBSA3M YaCTOTHBIMU KaHAJIaMH, 110 KOTOPBIM pa3iudHas MHPOpMaus
nepeaeTcss OJHOBPEMEHHO, JOCTUraeTCsl IOJOCOBBIMHM  YACTOTHBIMU — (UIBTPAMH.
BpeMmeHHOE YIUIOTHEHHME JIMHMM CBSA3M KAaHAJIAMM NEpPeAadyd IUCKPETHBIX CHUTHAJIOB,
NepeJalouINX pa3IudyHyl0 HH(OPMALIMIO TOCIEI0BATEIbHO BO BPEMEHHM, JTIOCTUTAETCs C

HCIIOJIBb30BAHHUECM pacnpeaenmeneﬁ HMITYJIBCOB.

Jlunua mnepegaun uHPopManuu: QGaszHBIM TPOBOJ DJICKTPOINEpenaud - 3eMJIs
CO3/Ia€TCS 3arpa)kJalIUMU PE30HAHCHBIMU YaCTOTHBIMU (DUIIBTPAMHU - 3aTPAJAUTEIISIMU U

KOHICHCATOpaMHU CBi3HU IMpoBOaa QJICKTpoOoIICpCaadn C ABTOMAaTH4YCCKHUM
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HH(POPMAIIMOHHBIM YCTPOUCTBOM. 3arpaguTeld B BHUJC IMapalUICIbHBIX PE30HAHCHBIX
KOHTYPOB BKJIFOUAIOTCSI B Pa3pbIBbl MMPOBOJA JUHUU BJIEKTPOIIEpEAaUYr 110 €€ KOHIAM U,
TakuM 00pa3oM, OTPAaHUYMBAIOT YYaCTOK IIEMU MPOXOXKJIEHUSI TOKOB BBICOKOM 4YaCTOTHI
(ha3HBIM IIPOBOJIOM TOJBKO JIMHHUHM dJIeKTpornepenadn. OHM IPeICcTaBIsI0T OO0 TUIIOBBIC
YCTPOMCTBA, pPACCUMTAHHbBIE HA MPOXOKAECHUE TOKOB HArPy3KHU JIMHUU DJICKTPOIEpEIaun U
BBIJICPKUBAIONIME TMHAMUYECKUE U TEpMUUECKUE Bo3AencTBUA TOKOB K3. KoHieHcaTopsl
CBSI3U IIPUCOCAMHSIOTCS K MPOBOJIAaM JMHUN Tepe]] 3arpaJuTesIsiMu (CO CTOPOHBI JIMHUM
ANIEKTpONEpeaur) M TPEACTABISIOT COOOM YCTpOHMCTBA BBICOKOTO HAIPSIKEHUS C
COOTBETCTBYIOIIEH H30JsIIMed. 3arpaguTeld W KOHJACHCATOPHl CBSI3U  SABJISIOTCA
MIPUHAJJICKHOCTBIO 3JIEKTPOIHEPTETUYECKOTO O0BEKTa - JUHUM DJISKTpOIepeauu - U K
AJIEMEHTAM aBTOMATHUYECKOTO YCTPOMCTBA HE OTHOCATCSA. DJIEMEHTOM aBTOMATHYECKOIO
YCTPOWCTBA SABIACTCS (PUIBTP MPUCOSAMHEHUS BBHIXOAHOTO (HA TEpeaoeM KOHIIE) W

BXOJHOTO (Ha MTPUEMHOM KOHIIE) YCUJIUTEJIS CUTHAJIOB K KOHJIEHCATOPY CBSI3H.
2. Yeuiaured CUTHAJIOB.

Yceunutenu CUTHANOB SBISIIOTCS HanbOojiee yHUBEPCAIBHBIMU — DJIEMEHTAMU
Nepeaarolle 4acTh aBTOMAaTHUECKUX YCTPOUCTB. COOTBETCTBEHHO MCIOJIB3YEMBIM BUAAM
CUTHAJIOB OHU JIETIATCS HA YCWIMTEIN CUTHAJIOB C TAPMOHUYECKUM HECYIIUM IIPOLIECCOM -
YCHWJIUTENN IEPEMEHHOIO TOKA U YCUJIMTEIN UMITYJIbCHBIX CUTHAJIOB.

Haznauenuem ycumurens sBIS€TCS YBEJIMYEHWE MOLIHOCTH CHUTHAJIA 34 CYET
SHEPIUM WCTOYHUKA ero nutaHus. OCHOBHOW MOKa3aTeslb YCWIUTENS - KOd(PhUIMEHT

YCHUWIIMTCIII MOIIHOCTH - OIPCACIICTCA KaK OTHOHICHHC U3MEHECHUMN MOI]_[HOCTCI\/'I

BeixonHoro D P, u Bxomnoro D Py, curnanos:
k ps D PP, N

[IpocTenmmii yCuauTenp MPUHATO HA3bIBATh YCWINTEIBbHBIM KackanoMm. IIpu
HEJOCTaTOYHOM YCHUJICHHM CHUTHajla OJHMM KacKaJOM YCHJIUTENb BBIIOIHACTCA W3
HECKOJIbKHUX KacKaJIoB. Y CHIIUTEIN aBTOMATHYECKUX YCTPOMCTB OOBIUHO COCTOSIT U3 JBYX
WJIM TPEX KaCKaJ0B, KOTOPHIE MOXKHO Ha3BaTh BBIXOJHBIM, BXOJHBIM U ITPOMEKYTOUYHBIM.

B aBTOMaTnueckux YCTPOMCTBAX MPUMEHSIOTCS TPAH3UCTOPHBIE YCWIMTEIH HA

OCHOBE CXEMBbI BKJIIOYEHHS ¢ 00IHUM 3MUTTEPOM (OD) OUIOISIPHOTO U CXEMbI BKIIOUYEHUS
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¢ obmmm uctokom (MO) moneBoro Tpan3ucTopoB. B HOBBIX pa3paboTKax MCIOIB3YIOTCS

HHTCIPAJIbHBIC YCUIINTCIIN.

[IpoxoxkzaeHue CcurHaga 4epe3 YCWIHTENb CONPOBOXKIACTCS  MEPEXOAHBIM
npoueccoM. [ToaToMy XapakTepUCTUKOW YCHIIMTENs SBISETCS NepenaTodHast (yHKIMS
Hy(p) npu npencraBlieHUUd CUTHaJIA M300pakeHHEM (PYHKIMU BPEMEHH, OINHUCHIBAIOIIEH
CUTHaJ, WIN KOMILIEKCHBIM Ko3(dduureHT nepenaun K(jw) npu npeacTaBieHUN CUTHAIA

€TI0 KOMIIJICKCHBIM 9aCTOTHBIM CIICKTPOM.

OO6muM  TpeOOBaHMEM K YCHUJIMTEISIM aBTOMATHYECKHX YCTPOMCTB KpOMeE
MOCTOSSHHOW TOTOBHOCTH K JEHCTBUIO M HAAECKHOCTH (YyHKIIMOHUPOBAHUS SIBIISETCA
BO3MOXHO MEHbIIIEE Je3MH(POPMAIIMOHHOE BO3JACHCTBHE Ha curHajibl. Heobxomumbie
MH(QOPMAIIMOHHBIE XAPAKTEPUCTUKU U TIOKa3aTEIU YCUIIUTEIEH OO0EeCreurBaroTCs MpU
JIOCTaTOYHO BBICOKOM CTAOMILHOCTH KOA(PPUITMEHTOB YCUICHUS (MaIbIX OTHOCHTEIBHBIX
MOTPENTHOCTAX Ko3(ppuULIEHTOR), MPAKTUYECKOMN JIMHEMHOCTH MPOXOTHOM
XapakTepUCTUKA U MaJIOW HWHEPUUOHHOCTU. YKa3aHHbIE CBOMCTBA yCUIIUTENEH
JIOCTUTAIOTCsI C TTOMOIIBIO OTPUIIATEIBHBIX 00paTHBIX cBsizeil. Ha ocHOBe ycumutenei ¢
MOJIOKUTEIIbHOM O0OpaTHOW CBSI3bI0, OOECIeUMBalOIel aBTOKOJIEOATEIbHBIN PEXKUM HX

padOThI, BBHITOIHSAIOTCS TEHEPATOPHI HECYIIUX MPOLIECCOB CUTHAIIOB.

B ycunuTensax paznuyaroTcs 4eThIpe BUa OOpaTHOM CBS3H (ITOJOXKHUTEIHHON WIIN
OTPHUIIATEIILHOM), ONpEEIIeMbIX CXEMON COCMHEHHS BXOJHBIX M BBIXOJIHBIX 3KHMMOB
ycwntenss A ¢ BBIXOAHBIMA M BXOAHBIMH 3aXHMaMHu Ilenu oOpaTHoOU cBsizu. B
3aBUCUMOCTH OT CXEMBbI COCJIMHEHUS BBIXOJHBIX 3aKUMOB I1eru oopatHoi cBs3u (OC) ¢
BXOAHBIMU 3akuMmamu ycwiutenss OC nensiTcs Ha MOCIeAoBaTEIbHYIO, MPU KOTOPOM
CYMMUPYIOTCSI HAIPSIKEHUS U MApAIJIEIbHYIO0, IPU KOTOPOM CYMMUPYIOTCS TOKH.

B 3aBucMMoOCTH OT CXEMBl COCJUHEHHS BBIXOJHBIX 3KUMOB YCUJIIUTENS C
BXOoJHbIMU 3axkuMamu 1enu OC onu nenstcs Ha OC no HanpspkeHuto 1 OC mo Toky.
OO6paTHas CBS3b MO HAIPSHKCHHUIO HE pabOTaeT MPU 3aKOPOUYEHHBIX BBIXOJAHBIX 3a)KUMaX

YCHUIIMTCIIA, a 06paTHa51 CBA3b I10 TOKY IIPpU PAa30MKHYTBIX BBIXOJHBIX 3aKUMaXx.
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Jliist ctabunu3anuy MOITHOCTH OOBIYHO HCIIONB3YIOTCA JIBa BUA OTPUIIATEIHHOM
oOpaTHOM CBsI3M, a WMEHHO — TIOCIIeJIOBaTEbHAs IO TOKY U TMapajuiejbHas 110

HaIPSKEHUIO.

3. Yceniaure MMIYJbCHBIX CHTHAJIOB.

WNneanbHBId  WMITYJIBCHBIA ~ CHTHAJ, OIMUCHIBAEMbIM  d-QyHKIWEH, HUMeEeT
PAaBHOMEPHBIA HENPEPBIBHBIM YAaCTOTHBIM CHEKTp. HenmpepbhiBHBbIA 4acCTOTHBIA CHEKTP
TUIIAYHOTO PEATBHOTO MPSMOYTOJIBHOTO MMITYJIbCa IIUTENbHOCTBIO I (puc. 11.1, a)
XapaKTEPU3yeTCsl JIUIIb W3MEHEHUEM IUIOTHOCTH pacnpeneneHus aMILIUTY T
FapMOHUYECKUX COCTaBJSIIOIIUX B  (YHKIUKU 4acTOThl. @a3pl TrapMOHUYECKHUX
COCTAaBJISIIOIIMX MOCTOSIHHBI. [l03TOMY yCHUIWTENb HWMMYJbCHBIX CHUTHAJIOB JIOJIKEH
oOecrnieurBaTh  OJIMHAKOBOE  yCUJIeHHE  (OJIMHAKOBOE  HW3MEHECHHE  aMIUIUTY.)
FApMOHHYECKUX COCTABJISIONIMX B IMHPOKOM JHAIMa30HE YacTOT, T.€. JOJKEH OBITh
IITUPOKOTIOJIOCHBIM YCUJIUTENEM, U HE JIOJDKEH BHOCUTD JTUHEWHBIX MCKAKEHUHN (pa3HbIX
cABUroB mo ¢aze rapMoHuK). JlJisi MaeasbHOro UMITYJIBLCHOIO YCWJIMTENSI XapaKTepeH
BeleCTBEHHbIN Kod(uument ycunenus Ky (jW), me 3aBucsammii ot gactotsl. Takoi

YCUJIUTENb MBICIUM JIMIIb MPU a0CONIOTHO O€3bIHEPLUOHHBIX 3JIEKTPUUYECKHUX LETX,
YTO MPAKTUYECKH HE MOXKET ObITh JOCTUTHYTO. [lo3TOMYy peanbHbIil UMITYJIbCHBIN

YCWINTENh HEW30€KHO HCKaKaeT WUMITYJIbCHBIM curHan. Ha pwuc. 11.1, 6 mokazana
oOblyHass (opMa KPHBOM BBIXOJHOTO TOKA gy (WM HANPSIKEHHS) YCHUIIMTENS IPH
OpsSMOYTOJbHON (hopMe KpHUBOM BXOJHOTO TOKAa Igy. 3amadd  OCYIIECTBICHHUS
UMITYJIbCHOTO YCUJIUTENSL CBOJATCS K OOECHEYEHUI0 MHHUMAJIbHO BO3MOKHOTO

HCKaXXCHUA, T.C. NOCTHIXCHHIO MAKCHUMAaJIbHO BO3MOKHON MOJIOCHI fy IIPOITyCKaCMBbIX

YacTOT U MUHMMAJILHO BO3MOXHOM 3aBUCUMOCTH (1)8_351 KOMIIJICKCHOI'O KOC—)(I)(l)I/Hll/IeHTa

yeunenuss Ky (jW) or yacToThl (MMHMMAJBHBIX JIMHEHHBIX HCKaxeHUit). [lokazarensmu
MCKKEHUS MPSMOYTOJIBHOTO MMITYJIbCa SBJISIFOTCS Bpemsi fy ycTaHOBIeHUs (poHTa, B
TeueHHe KOTOPOro BBIXOJHON TOK (MJIM HaNpsKeHHe) Bo3pacTaeT oT igyy = 0,149, 1o

igsy = 0,94, ¥ OTHOCHTENBHBIH claj BEPIIUHBI €.
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Puc. 11.1. BXoaHOM CUTHAII ¢ IPSMOYTOJIbHON (pOpMOM KpHBO# (a) ¥ BRIXOJHOM CUTHAI

(0) UIMITYJIBCHOTO YCUIJIHTEIIS

4. I'enepaTopsbl HeCyIIMX MPOLECCOB CUTHAJIOB.

Ilepenaua wuHpOpMaLMK Ha 3HAYUTENIbHBIE pACCTOSHUSA, KaK YKa3bIBaJoCh,
IPOU3BOJMUTCS CHUTHAJIAMHM B BHJIE€ MOAYJIMPOBAHHOIO WJIM MAHHITYJIMPOBAHHOIO TOKa
BBICOKOW wyacToThl. CuHYycOuJanbHble KOJIEOaHHUS BBICOKOM 4YacTOThl M SIBIIAIOTCS
HECYLIUM MPOLECCOM CUTHANOB. OHU CO3/1aI0TCSA F€HEpAaTOpaMy rapMOHUYECKOTO TOKA.

s popMHUpOBaHUS BPEMSUMITYJIBCHBIX, KOJOUMITYJIBCHBIX U pa3psaHOLU(POBBIX
CUTHAJIOB WM JUIsl JBIKEHHUS paclpelenuTesiedl UMIYJIbCOB HEOOXOAUMBbI T€HEepaTOphI
UMITYJIbCHOT'O TOKA HU3KOM 4aCTOTHI.

['eneparop NPUHIUNUATIBLHO MPEACTABISET COOOM YCHIHMTENb C TEepenaToYHON
(GyHKUMEW BTOPOro TMOPS/AKA, OXBAaYEHHBIM TIyOOKOW MOJOXKUTEIBHON 0OpaTHOU
CBSI3bI0» 00€CIIeUNBAIOIICH aBTOKOIEOATEIbHBIN PEeXUM €ro paboThlI.

ABTOKOJIEOAaTENIbHOE COCTOSIHME, sBIIAIONIEeCss paboyuMm Il reHeparopa,
YCTaHABJIMBAETCA IPU HEBBINOJHEHUU YCIOBUSA YCTOWYMBOCTH (YHKIMOHUPOBAHUS
3aMKHYTOTO OJJIEMEHTa C TMepenaTouyHol (QyHkiued BToporo mnopsjaka. [IpuzHakom
BO30YKJICHHUSI aBTOKOJICOAHUI SBISIETCS TMOJOXKUTEIbHAS BEIIECTBEHHAs YacTh KOpHEH
XapaKTEPUCTHUECKOTO0 YypaBHEHMsI BTOporo mnopsaka. [lojoxkurenbHas BelleCTBEHHas

4acTh KOpHEH O3HAYaeT, 4TO aMIUIUTyAa KoJjeOaTelbHOW CBOOOIHOM COCTaBIISIONIEH
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MEPEXOJHOr0 IPOLEcCca HE YMEHBIIAETCSA, a BO3PACTaeT C IOCTOSHHOM BPEMEHU T U
OTPaHUYMBAECTCA TOJIKO NPEAECIbHBIMU 3HAYCHHUSIMH BBIXOJHOI'O HAIIPSDKEHUSI U TOKa
YCUWIIATES], ONPEAECTACMbIMU HANPSIKEHUEM UCTOYHUKA TUTAHUSL.

I'enepatop cuHycouAanbHBIX KOJEOAHUU BBHIMIOJHSAETCA Kak W30UpaTeNbHbIN
YCWJIMTEIb C PE30HAHCHBIM KOHTYPOM, OXBAY€HHBIN JOCTaTOYHO IITyOOKOH JUIsl IepeBoia
€ro B aBTOKOJIEOATEIbHBIN PEXKUM KECTKOU MOJIOKUTEIILHON 00paTHOM CBSI3bIO.

Ha puc 11.2 npuBenen npumep cXeMmsbl PealbHOTO T€HEPATOPA CHHYCOUIANBHBIX

KOJIeOaHMi1 HU3KOH (3BYKOBOI) YaCTOTHI.
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Puc. 11.2. Cxema reHepaTropa CUHYCOMAAIbLHOIO TOKa HU3KOM YaCTOThI

OH BBITIOJTHEH Ha OCHOBE YCHIIUTENS Ha TpaH3zuctopax V711 u VT2, paboraromiero B
pexume kiacca B ¢ TpaHchopMmaTOopHbIMH CBA3siMU. B pesonancHom LC-KOHType
UCIIOJB3yeTCsl 0OMOTKa W, TpaHnchopmaTopa 7L 1, 0OMOTKH W (M HEKOTOPOTO BKIIFOUEHBI B
KOJUICKTOPHBIE 1enH TpaH3uctopoB V11, VT2 ycunurens. Llens oOpaTHOM CBSI3M COCTOUT

u3 06MOTOK WY, WBS’C Tpancopmaropa TLI, ycunuteneit Ha Tpanzucropax V73, VT4 n

tpanchopmaropa TL2. Tpaunchopmatop 7L3 - BBIXOTHOM.
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5. MoayassiTopbl U 1eMOYISAITOPHI.

dopmupoBaHUe CUTHANIA Tiepeladl HHOOPMAITUU TIPU CUHYCOUJIaJIbHOM HECYyIIeM
MPOIIECCE€ - TOKE BBICOKOM YaCTOThI - IPOM3BOJUTCS €ro MOIYISIUEH HCXOIHBIM
HEMPEPBIBHBIM CUTHAJIOM. [Ipy MOAyJIAlMM NPOUCXOAUT HU3MEHEHUE OJIHOTO U3
WH(POPMAIIMOHHBIX MapaMETPOB HECYIIEro IMpoliecca COOTBETCTBEHHO HCXOJAHOMY
HEMPEPHIBHOMY  CHUTHANLy: aMIUIUTyAbl, ¢a3bl uWid 4acToThl. (COOTBETCTBEHHO
paznuyaroTcs aMIUIMTyJHas, ¢a3oBas W YaCTOTHAs HENpephIBHAs MOIyJsuuu. B
nepesaloie 4YacTh COBPEMEHHBIX aBTOMAaTHUECKHUX  YCTPOWCTB  HEINpepbIBHAS
MOJYJISIUS HE UCTIONIb3YyeTcs (OHA MPUMEHSIETCS TOJIBKO MIPH peanu3anuu TeaeOHHBIX
KaHAJIOB CBSI3W IO TPOBOJAM JIMHHUI 3JIeKTporiepeaaydn). BoccTaHOBIEHHE MCXOIHOTO
HEMPEPHIBHOIO CUTHANA JOCTUTAETCS NEMOIYJISAIMEH, B YaCTHOCTH BBINIPSMIICHHEM U
CIJIaKUBAHUEM aMIUIUTYIHO-MOIYJIMPOBAHHOTO TOKA BBICOKOM YaCTOTHI.

[lepenaua mHbOpMaMK aBTOMATUYECKUMU WH(POPMAITMOHHBIMHU YCTPOWCTBAMU
MPOU3BOJIUTCS] JUCKPETHBIMH, OCOOEHHO HHU(POBBIMHU, CUTHAJIAMU, MPECTABISIIOIIUMU
co0Oll UMITyJIbChl TOKOB BBICOKOW 4acToThl. OHU (QOPMUPYIOTCS JTUCKPETHOM
MOAYJISIUEN - MAHUIYJISILUENH CUHYCOMIAIbHOTO HECYIIETO MpOoIecca.

B coBpeMeHHBIX aBTOMATHYECKUX WH(GOPMAIIMOHHBIX YCTPONCTBAX MPUMEHSIETCS
MCKJIFOYUTEIBHO YacCTOTHAs MAaHUIYJISINUSA CUHYCOMJAJIBHOTO HECYUIEro Mpolecca, npu
KOTOPOM JIMCKPETHO H3MEHSETCA €ro uacrora. B Hambonee XapakTepHOM Ciyyae
nepemauyn  wWHGOpPMAIMU  JABOWYHBIM  KOJAOM WM  CHOPMHUPOBAHHBIM U3  HETO
MOMEXOYCTOMUYMBBIM KOJOM Tiepefadye UMITyJbca - | COOTBETCTBYET OJHA YacToTa, a
nepenaue HyJs 0 - qpyrasi.

BoccranoBieHne HMCXOAHBIX HMMITYJILCOB M KOMOWHAUMNA €AUHUI] U HYJEH, T.e.
MOJIydYeHHEe Ha MPUEMHOM KOHIE MepeAaronieil 4acTh MepelaHHOTO KOJIOBOTO CUTHAJIA,
nocturaercs AeMmanunyssnuei.  CooTBETCTBYMOIIME  (DYHKIIMOHATBHBIE  DJIEMEHTHI
nepefamIel 4YacTu aBTOMATHYECKUX WH(GOPMAIIMOHHBIX YCTPOMCTB  HAa3bIBAIOTCS

Mmooynsimopamu (MAaHUIYJISITOPAMU) U 0emooyasmopamu (IEMaHUIYJIATOPAMU).
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[Ipu aBycTOpOHHEH mepemaue MHPOPMAIMKM OHM YCTAHABIMBAIOTCS HA KaXKIOM
KOHIIC JIMHUM CBSI3M M OOBIYHO B THIIOBBIX YCTPOMCTBAX ammaparypbl Iepeaadu
tenenHpopman (AIIT) HaswsBatoTcs MopynsiTopamu-gemoxayisitopamu (M-IIM). B
CBS3U C TEM, YTO HENpPEpPbIBHASI MOJYJSIIUMA B COBPEMEHHBIX aBTOMATHUYECKUX
YCTPOMCTBAX HE MPUMEHSAETCA, COOCTBEHHO MOMAYISATOPHI U AEMOIYJSTOPHl HUXKE HE
paccMaTpuBaroOTCS.

MaHumynsTopsl TPEACTaBIAIOT CO0OW yrpapisieMble OECKOHTAKTHBIE KITIOUH,
BO3JICHCTBYIOIIME HA COOTBETCTBYIOIIME IIEMM TEHEPATOPOB HECYIIUX MPOLECCOB
curHaiioB. IIpocTelmmm U3 HUX SBISETCA aMIUIATYIHBIM MAHUITYJISATOP, 3aIlyCKarOIIUN
U OCTaHaBJIMBAIOLINIA reHepaTop CHUHYCOMJAJIbHBIX KojeOaHuil. DTO - KIIIOY,
3aMBIKAIOIIMI W pa3MbIKalomuil  1ens nojoxutenbHot OC, oOecneunBaroiie
aBTOKOJIEOATEITBLHBIN PEKUM 3aMKHYTOTO YCHINTENS (TeHEepaTopa), WK MePeKITFOYArOIIHMA
nonoxuTenbHy0 OC Ha OTpUIIATENBHYIO.

XapakTepHbIM MPUMEPOM  SIBISIETCS MAHUIYJISATOP, YIPaBISEMBbI  TOKOM
IPOMBIIIEHHONW YacTOThl - OOBIYHO TOKOM Ha BBIXOJI€ KOMOMHUPOBAHHOTO (PUIbTpA
TOKOB MPSIMOI1 M1 0OpaTHOM MOCIEI0BATENLHOCTEMN: IPH MOJOKUTEIHHOM MOTYBOJIHE TOKA
reHepaTop 3alyCcKaeTcsi, a MpU OTPULATENIbHOW ocTaHaBiuBaeTcs. CUTHA MMEET BH/L

MMIyJIbCca TOKA BBICOKOHW YAaCTOTHI JUIMTENBHOCTHIO B IOJNEPHOJA IPOMBIILIEHHOM
vactotel 1,/2.

Ha puc. 11.3 npuBeneHa cxema 4aCTOTHOIO MAHHUITYJISATOpPA U YIPaBIsEMOTO UM
reHeparopa TtunoBoro komruiekta AIIT. B renepatope G Ha Tpansuctope V713
WCIIOJIb3YETCSI PE30HAHCHBIM KOHTYp B BUJE OOMOTKHM w; TpaHchopmatopa TL c
OOMOTKON Woc TIOJIOKHUTEIBHOW 00paTHON cCBsi3M W koHaencaropoB CI u C2.
Manunynsarop M npeacrasisier coboil aBa Tpansuctopa V11 u V12, paGotatomux B
peKHME TEPEKITIOUEHUS ¥ YOPABISIEMBIX HMITYJIbCAMU  JTBOUYHOTO, OOBIYHO
MOMEXOYCTOWYMBOI0, KOAAa WM HMIYJbCAMU Pa3HON MOJISPHOCTU KOJOUMITYJIBCHOTO

CHUIrHajia.
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Puc. 11.3. CxeMa 4aCTOTHOTO MAHUITYJISITOPA C YIPABIsIEMbIM T€HEPATOPOM
[Ipy Mon0XUTENHBHOM BXOAHOM HanpsikeHun Ugy Tpansuctop V711 oTkphIT, a V172
3akpbIT. Yepe3 V11 x yacTu OOMOTKHM Ww; MOJKIIOYEH KoHAeHcatop (C2, BBIXOJHOE

HaIpPSKEHUE Uppy TEHEPATOPA UMEET ONPENICNICHHYIO (BEPXHIOI XapaKTePUCTUUECKYIO)

4acToTy.

[Ipn oTpuLaTEIBHOM BXOJHOM HANpPsDKEHUM (WM HPU €ro OTCYTCTBHM) 33 CYET
JIOTIOJIHUTENBHOIO TOKAa CMELIEHMs TpaH3UcTopa VT2, KOTOpBI Ha cXeMe He IOKa3aH,
OTKphIBaeTca TpaH3uctop V712, a VT1 3akpsiBaetcsa. Konnencarop C2 noakiroyaercs KO
Bcel OOMOTKE Wi, MapaMeTpbl PE30HAHCHOTO KOHTypa JUCKPETHO HW3MEHSIIOTCH,
Oo0yCIIOBJIMBAsl COOTBETCTBYIOLIEE JUCKPETHOE HM3MEHEHHE YacTOThl BBIXOJHOTO

HaIPSDKEHUS Uppy JO HUKHEW XapaKTEPUCTUYECKOW. YKa3aHHbBIE YACTOTHI (BEPXHSS U
HIOKHAS) MMEIOT, Hampumep, sHauenms fp =3120 Tu, f, =2830 I'm u npyrue,

pasnuyaroniecs: Ha HECKOJIbKO COTEH Tepil.
6. Pacnpenesnresin MMIYJIbCHBIX CUTHAJIOB.

Pacripenenurenu umnynscoB PH (puc. 11.4, a) GopMupyrOT UMITyIECHBIN CUTHAT
M0J1 BO3/IEMCTBUEM TaKTOBBIX (CHHXPOHUZUPYIOUIUX) UMITYJIBCOB Uy ¢ B BUJE OTIACIBHBIX
UMITYJIbCOB U, U;, U, KOTOPBIC PACIIPEICIAIOTCS MO OTACIbHBIM IEMSIM U M0 BPEMEHU

(puc. 11.4, 6). Pacnpenenurenu OOBIYHO BBIMOJHSIOTCS IO 3aMKHYTOM CXEME H
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paboratroT nukiandecku. OHM pean3ylTCs Pa3IU4YHBIMM CIOCOOAMHM Ha TPUITEpax C
JUHAMUYECKUMHU BXOJAMHM WJIM PErucTpax € JOTMYECKUMH D3JIEMEHTAMH M CUETUYMKAX
UMITYJICOB C Jemur(ppaTopaMu ABOMYHOIO KOJA B JECATUUHBIM.

Cxema Ha puc. 11.4, ¢ WIUTIOCTPUPYET BBINOJHEHUE PACHPEIEITUTENS UMITYJIbCOB Ha
MHTETPAIbHBIX JBYXCTYNEHYAThIX D-TpUITEpax, U3MEHSIOIIMX CBOE COCTOSHHUE O]
BO3JECHUCTBUEM TAaKTOBBIX UMIIYJIbCOB Uy . VIHTErpanbHbIil JIOTUYECKUN dnieMeHT DWU

(UJIA-HE) uckitouaeT BO3MOKHOCTh OJIHOBPEMEHHOI'O MEPEKIIOUECHUS JIBYX TPUTTEPOB
(xapakTepHOro MOTEHIHATBLHOTO '"cOos" paboThl pachpenenutens). Pacrnpenenurens

3aMKHYTBIA (KOJIBIEBOM): HOBBIM IUKI €ro paboThl [MEPEeKIOYEHUE B COCTOSHUE

eaununbl (1) mepBoro Tpurrepa DT/ W TOSIBIEHUWE CHUTHAJIA U; Ha IMEPBOM BBIXOJE]
BO3MOXEH TOJBKO TIOCJE MEPEKIIOUEHUs BCEX TPUITEPOB B COCTOSHHE HYJIS, KOTJa

eauHMIa ¢ Beixoga DWU noctynaetr Ha uH@opMamoHHbli Bxoa D tpurrepa DT1. OHa

NpOXOAUT ¢ BbIxoga ()1 B TEpBYK I€Nb B BHUJE HUMIyJbCca U; B MOMEHT, Kak
YKa3bIBaJIOCh, MCYE3HOBEHUsS IEPBOTO TAKTOBOIO HMMYyJbca U, c;. BTopoll ummymbc
Uy oo niepeBoaut tpurrep DT1 B ucxogHoe (HyJieBoe), a Tpurrep D712 - B €IUHUYHOE

COCTOSIHUE, TIOSIBIISIETCSI UMITYJIC U, Ha BbIXoAe (J2, MOAKIOUYEHHOM KO BTOPOM LEMNU, U

T.1.
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Puc. 11.4. YcnoBHoe rpaduueckoe 0003HaueHue (a), BpeMEHHas Auarpamma

neiictBus (0) 1 QyHKIMOHANBHASA cXeMa (B) paclpeaesuTessl UMITYJIbCOB Ha TpUITEpax

7. ®opMHUpPOBaTEJIH U NIPe0dpa3oBaTe Il KOJ0B.

[IpocTedimuM  KOAOM  SIBJIIETCS  YUCJIO-UMIYJIbCHBIM  CUTHANI  (YHCIIO
CTaHJAPTHBIX CUETHBIX UMIYJbCOB). Takoi Ko mpeAcTaBiIseT coboi mudpoBoi curHam B
EAMHUYHOMN cUCTeMe cuuciieHus. B aBToMaTnueckux UHPOPMAIMOHHBIX YCTPOUCTBAaX IS
nepeaayn nHGopMalu 00bIYHO HUCIIOIB3YIOTCS IBOMUHBINA pa3psiIHO-IIM(PPOBOI CUTHAT U

Ooiee COBCPIICHHLIC B I/IH(I)OpMaHI/IOHHOM CMBICJIC KOABI HAa €T'0 OCHOBC.
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Dopmuposamenu u npeobpazosamenu 08ouuHo20 Kooa. DopMHpoBaTEIEM
JIBOUYHOTO pa3peaHO-IIM(PPOBOTO KOJa HA BCE COYECTAHHUS HATYPaJbHOIO psija YHCEl B
JIBOMYHOM CHUCTEME CUHUCIEHUS CIY>XUT CTAaHAAPTHBIA MHUKPOSJIEKTPOHHBIA AJIEMEHT -
CUETUYMK HMMITYJIbCOB, BXOASIIMNA B COCTAB MHOTHX CEPUM HHTErPAIbHBIX MHUKPOCXEM.
Cuerunk ¢dopmMupyeT mapaUleIbHbIA JBOUYHBIA KOJ W3  TOCJIEA0BATEIHLHOCTH
pacrpe/ielICHHbIX BO BPEMEHU UMITYJIbCOB, MOCTYIAIOIINX HAa €r0 CYETHBIN BXx0 7.

Dopmuposamenu u npeobpaszosamenu NOMEX0YCMOUYUBHIX K0008.
Ilomexoycmotiuusvie ko0bl. IloMeX0yCTONYNBBIC WIIM TOMEXO3AIIUIIICHHBIE KOJIbI JACISATCS
Ha KOJIbI ¢ OOHAPYKEHNUEM M KOJIbI C UCTIPABIEHHUEM OITUOOK, 00YCIOBIEHHBIX TOMEXaMH
B KaHalle niepeaaur nHpopmamuu. OHM OTIMYAOTCS OT ABOMYHOTO HA BCE COUYCTAHUS H
pa3IUyarOTCs MEXAY COOON KOJOBBIM PACCTOSHUEM - MUHUMAJIBHBIM YHCIIOM €IMHUII, Ha
KOTOPBIC PA3INYaloTCs JIBE COCSIHUE KOJIOBbIe KoMOnMHamuu. KotoBoe paccTossHuE paBHO
YUCITy €IUHUII, ONpeJesieMbIX CIOXKEHHEeM KOJOBBIX KOMOMHAIui mo moxayito 2 (6e3
yueta nepeHoca). Hanpumep, xoaet 101 u 110 paznuuarorcss Ha ne eauuuibl: 101 +
110=011. JIBe cocemnre KOMOMHAIIMKA JBOMYHOTO KOJa HAa BCE COUETAHMS Pa3JIMYarOTCS
TOJIBLKO Ha oAHY 1. Hampumep, u3 BoCbMU KOMOWHAIIMI TpeXpa3psIHOTO JBOMYHOTO KOJ1a
Ha BCE COUCTAHMS BBIJCIAIOTCS TOJIBKO YeThIpe KOMOMHAITMH, pa3nJaromuecs Ha a8e 1, u

TOJIBKO JIB€ KOMOMHAIIMH, pa3nyaronuecs Ha tpu 1.

Hcnonp30BaHnEe TOJNBKO KOAOBBIX KOMOWHAIMM, pa3nuyaronmiuxcs Ha jase 1, a
umenHo 001, 010,100 u 111 (c medernsiM yuciom 1) wam 000,110, 011 u 101 (¢ yeTHBIM
yuciaoM 1), mo3BoJisSeT OOHAPYXUTh HX UCKakeHHe mnomexoil. Iloctymienue Ha
MPUEMHBIA KOHEIl KaHajia CBSI3U OJIHOM M3 BTOPBIX KOMOWHAIIMI MPU Mepeaavye OJHON U3
NEPBbIX KOMOWMHAUMWA WM TOCTYIUIEHME HA NPUEMHBIA KOHEI OJHOM M3 MEpPBBIX
KOMOMHAIM{ NpU Nepenade OJHOM M3 BTOPBIX KOMOMHALMI O3HAYaeT, YTO MPOU30LLIO0

HMCKa)KEHUE CHUTHAJIa TIOMeX0 (omunoKa).

Hcnonb30BaHre TOJBKO KOJOBBIX KOMOWHAIIMN, pa3iuYaroluxcs Ha Tpu 1, a
uMeHHO 000 u 111, wum 001 u HO, v 100 1 011, unu 010 u 101, no3BosisieT ucipaBUTh
HMCKa)XKEHUE TTOMEXO0M OJIHOTO pa3psia MPUHITOro IMU(POBOr0 CHTHAJA WM OOHAPYKHUTH
HCKOXEHHE IBYX pa3psanoB. [lomaras wuckaxkeHue IBYyX pa3psgoB MajOBEPOSITHBIM,

MOYKHO CUUTATh TAKOW KOJI TO3BOJISIOIIMM UCIPABUTH MPUHATHIA UCKAXKECHHBIN MOMEXOMN
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curHan. Ecnu, Hanpumep, curHan Ha npueMHoM kKoHie 100, To oH oTiM4YaeTcss Ha OAUH
paspsn Toiibko OT koMOuHanuu 110, Ha KOTOPYIO MPUHATHIA CUTHAI U JIOJDKEH OBIThH

UCIIPABJICH.

Cy1iecTBYIOT pa3iudyHble MOMEXOYCTONYMBBIE KOPPEKTUPYIOMIUE (TTO3BOJISIFOIINE
UCIIPaBJICHUE MCKAKEHHOTO MOMEXO0W KOJOMMITYJIBCHOTO CUTHAJA) KOJbI, (popMupyembie
13 ABOMYHOTIO KOJIa HAa BCE COUETAHMS 110 ONPEACICHHBIM MTPaBUJIaM COOTBETCTBYOIIMMU
npeodOpazoBaTensiMu KoJoB. OHHM coOjAep>KaT m KOHTPOJBHBIX CUMBOJIOB (€IUHHUI] U
HyJIeH), PaACCTaBICHHBIX MEXIYy Kk WHOOPMAIMOHHBIMA CHUMBOJIAMH. XapaKTEPHBIM

IPUMEPOM SIBJIIOTCS KOPPEKTUPYIOLIKE KOl U peoOpazoBaTenu XeMMHUHTa.

TEMA 12. UcnoJiHMTeJIbHBIE 3JIEMEHThl ABTOMAaTHYECKUX YCTPOMCTB

1. Ha3HaueHue U 0COOEHHOCTH UCIOJTHUTEJIbHBIX 3J1IEMEHTOB.

HcnionHuTenbHble SJEMEHTHI TPEACTaBIAIOT COOOW YCTpPOMCTBA, CIy’Kaliue s
BO3JICHCTBHSI HA YIpPaBISEMbIil OOBEKT, OTOOpakeHHs HWH(OpMaUuU s YeJOBEKa
(omepaTopa) WM BBOJAa HMH(POPMAIUA B YIPABISIIONIYI0 BBIYUCIHUTEIBHYIO MAIIWHY.
VYmopapasitoniee  BO3JACMCTBUE  UCHOJHUTEIBHOTO  3AJIEMEHTa  OOBIYHO  SIBJISETCS
SHEPreTUYECKUM BO3JICHCTBUEM U MPEJICTABIISIET COOON M3MEHSIONIUMNCA TTOTOK SHEPIUH,
BBOJIUMBII B OOBEKT. ITO MOTYT OBITH JOTOJIHUTEIbHBIA TOK BO30YKIEHUSI BO3OYAUTENS
CUHXPOHHOTO TE€HEpPATOpa, TOK BKIIIOYAIOLIErO 3JIEKTPOMATHUTA BBIKIIOYATENSA, MOTOK
Maciia 30JIOTHMKA JIBUTATeNlsl NPUBOJHOTO MEXaHM3Ma HAaIpaBIISIOUIEro amnmapara
TUAPOTYpOUHBI W T.A. VCIOTHUTENbHBIE AJIEMEHThl ABTOMATHYECKUX YIPABISIOMIMX
yCTPOUCTB TpeOyroT it CcBOero (yHKIIMOHUPOBAHUS OTHOCHUTENBHO  OOJBIIHMX
motHocTed. [1oaToMy BaskHOE 3HAUeHHME NMPUOOPETAIOT MX HYHEPreTHUECKUE MOKa3aTesu.
OTHOCHUTENIbHO BBICOKAasi BBIXOJIHAA MOLIHOCTh M HEOOXOJMMOCTh 3HAUYUTEIBbHOTO
YCWJICHHSI MOILHOCTH CUTHaJIa MPU €ro npeoOpa3oBaHUM B YIPABIISIIOUIEE BO3JEHCTBUE
SBJIAIOTCSL TJIABHBIMU OCOOEHHOCTSIMU HMCIIOJIHUTENBHBIX 3JEMEHTOB aBTOMATHUYECKUX
YOPABJISIIOUIMX YCTPOUCTB. B oTnuune ot Apyrux GyHKIIMOHAIBHBIX 3JIEMEHTOB OHHM YacCTO
IOPEJCTaBISIIOT CO0O0M MpeoOpa3oBaTeNy AIIEKTPUUYECKOW SHEPrUd B MEXaHHUYECKOEe

nepeMEILCHHE.
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B kadyecTBE HCIIOJHHUTENBHBIX 3JEMEHTOB B OCHOBHOM IPUMEHSIOTCS: MOIIHBIE
MarHuTHbIE ¥  TOJYNPOBOJAHUKOBBIE YCHUIIUTEIH, OECKOHTAKTHBIE THPUCTOPHBIC
NEPEKITI0YATENN; MOIIHBIE 3JIEKTPOMAarHUTHBIE PeJie MOCTOSSHHOTO U IEPEMEHHOTO TOKa,
CHEUUANIbHbIE  KOHCTPYKIIMM  KOTOPBIX  OOBIYHO  HA3bIBAIOTCS  KOHTAKTOpPaMH,
AIEKTPOJBUTATENIM TOCTOSHHOIO U TEPEMEHHOI0 TOKa; 3JEKTPOTUJIPaBINYECKUE
YCTPOMCTBA (30JI0THUKH C 3JIEKTPOMArHUTHBIM ITPUBOJIOM ).

VYcerpoiictBa  oToOpakeHust  MHQOpManuMud  JJiA  Omeparopa  SBISIOTCS
UCIIOJIHUTENbHBIMU 3JIEMEHTaMU aBTOMATHYECKUX HHOOPMAIMOHHBIX YCTpOHCTB. Ux
OCOOCHHOCTH  OOYCJIOBIMBAIOTCS  CIEUU(PUUHOCTBIO  Tpolrecca  ObICTpOro |
JIOCTOBEPHOTO JIOBEACHHUS JIO CO3HAHHWS YeJIOBeKa TMOoCTymnaromed HHPOpMaIUU.
VYerpoiictBa oTtoOpakeHuss HHGOpPMALMU HAXONATCS Ha JIUCIETYEPCKUX IMyHKTaX
YIOPABJIEHHUS] IPOLECCOM IPOU3BOJACTBA M pacHpeleeHuss IeKTposHeprun. K Hum
OTHOCSITCS YCTpOMCTBa CBETOBOM M 3BYKOBOM CUTHAJIM3AIMHU, BU3YyalbHbIE LU(POBBIE
WHIMKATOpPbl M LHU@porneyaTarouMe YCTpPOWCTBa, MPOCKUMOHHBIE YCTPOHCTBA C
AIIEKTPOHHO-JIYYEBBIMH TPYOKaMH M HSKpaHAMH, 3JEMEHTHI IIUTOB C YIPaBISEMbIMU
MHEMOHUYECKUMHU CXEMaMU AJIEKTPOCTAHIIUNA U SHEPTOCUCTEM U JIp.

2. JyieMeHTBI 0TOOpaKeHNs] MH(POPMALIUH.

OtoOpaxenue wuHPOpMAIMKA TPEJCTABISAET COOOM WM, TJIABHBIM 00pa3om,
BU3yaJlbHOE BOCHPOU3BEJICHUE CUTHAJIOB, WJIM WX (PUKCHUpOBaHUE (PETUCTPAIHIO).
COOTBETCTBEHHO W DJIEMEHTHI OTOOpakKeHWs HMH(POPMAIUA MOXKHO pa3leiuTh Ha
AJIEMEHTBHl  BOCHPOU3BEACHHS U (UKCUPOBAHUSA  CUTHAJIOB.  XapaKTepHBIMU
YCTPOMCTBAMH  OTOOpaXEHHsSI aHAJOTOBOM HMH(POPMALIMM  SIBJIAIOTCS  AHAJIOTOBbIE
U3MEpUTEIbHBIE TMPUOOPHI, BU3yaIbHO BOCHPOU3BOJIAIIME CUTHAJIBI, U CAMOMMIIYIIHE
U3MepUTeNabHble  OpuOOpsl M ocuWyuiorpadgpl,  (PUKCUPYIOUIME  HEMPEPHIBHO
U3MEHSIoNMeCs NH)OPMAITMOHHBIC TTAPaMETPHI,

[Ipumepom nsiemeHTa OTOOpaKEHHS JUCKPETHBIX CUTHAJIOB B HWHTErPATbHOM
UCIIOJIHEHUH SIBIIsIeTCA MHAMKaTOpHas Mukpocxema tuna KS511JIM1 (puc. 12.1). Ona

coaepxkut jorndeckuii snemeHt M-HE ¢ 4deTeippbMsa BXOJamu M MHBEPTOP C MOIIHBIM

BBIX0JIOM Ha TpaH3uctopax V717, VTS, obecrieunBaromiii BBIXOAHOW TOK | ZssxJ 100 | MA|

JIOCTaTOqHBIﬁ I TIMTAHWUA THAWKATOPHBIX JIAMIT HAKAJIMBAHU .
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Puc. 12.1. Cxema uHTETpangpHOro Mukpoanementa tumna K511JI11

[{upoBble MHAUKATOPHI SBISIIOTCS JIEMEHTaAMH OTOOpa)keHus: MH(OpMalUU B yJI00HOU
JUISL BOCIPHUATHS 4YEJIOBEKA JECATUYHOM cucrteme cuucieHus. OHH  COCTOAT U3
ra3opaspsiiHbIX JIaMI  WIM MHAMKATOPOB HA SKUJIKUX KPUCTAIaX, CUETYUKOB H
OECKOHTAKTHBIX KIIIOUEH, MpeoOpasyomux MUGPOBOA CUTHAT B EIWHUYHOM WU
JIBOMYHOM CHCTEME CUUCIIEHUSI B CUTHAJ IECITUYHOTO yucia. [I[puMeHstoTcsi B OCHOBHOM
JIB€ PA3HOBUIHOCTH WHJMKATOPHBIX JIAMI: JE€KaTPOHbI U LU(POBBIE HHIUKATOPHBIE
JIAMIIBI.

JIekaTpoH COCTOMT W3 AMCKOBOTO aHOAA M WHIMKATOPHBIX KAaTOJIOB HMIOJbYaTOM
dbopmbl. TlopsinkoBbIli HOMEp CBETSIIErocs Karoda (TOYKH) COOTBETCTBYET 3HAuallleH
nudpe paspsaa AECITUYHOTO YHUCHa. DIEMEHT OTOOpaxKeHHs MH()OpPMALUU COCTOUT U3
HECKOJIbKHUX JIEKaTPOHOB (COOTBETCTBEHHO KOJIMYECTBY JECSITHUUHBIX Pa3psiOB) U CXEMbl
YOpPaBJIEHUS UMH. Y HEKOTOPBIX AEKATPOHOB B aHOJHOM KOJIbIIE BBIPE3aHbl OTBEPCTHUS B
dbopme nudp, yepe3 KOTopble BUAHO CBEUCHUE pa3psia OKOJIO KaTOIOB.

bonee ynobusiMu 11 oTOOpakeHHs WHGOPMAIMKU  SIBISIOTCS  yugposvie
unouxamopuvle namnol. Katompl HUGpPOBOH J1aMIbl BBIIOJHEHBI B BHUAE LHPP U
pacmoyioKeHbl JIPYTr HaJl JIPYrOM B TakKOW IMOCJEN0BATEILHOCTH, 4YTOOBI JI0OOOW U3
CBETALIUXCS KaTOJOB ObLJI XOPOIIO BUJIEH CO CTOPOHBI CETYATOr0 aHOMA. 3aXKUTAETCS TOT
U3 KaTOJIOB, KOTOPBIM MOJKIIIOYAETCS K OTPULATEIbBHOMY BBIBOJY MCTOYHHKA MHUTAHMS C

MOMOIIBIO OOBIYHO OECKOHTAKTHOIO TPAH3UCTOPHOIO KIIIOYAa CXEMbl YIPABICHUS
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mupoBbiMU JamnaMmu. L{udpoBble gaMmbl UMEIOT U 3IEKTPOAbI B BUJE 3HAKOB (TUIOC,
MUHYC, TOUKA, 3amsTas) u cuMBoJioB (V, A, HZ w np.).

[TpOMBINITIEHHOCTHIO BBITYCKAIOTCS OAHOPa3psiAHbIe UG POBbIE HHANKATOPHI TUIIA
®207, W3 KOTOPBIX MOXET OBITh COCTaBJIEHO YCTPOWCTBO OTOOpaxkeHus Hu(poBoit
uHpopmaruu. MHIMKATOp COAEPKUT TazopaspanHyio udpoByro jamny tuna HWH,
pPacnoJIOKEHHYIO 3a LBETHBIM CBETO(PWIBTPOM Ha JIMLEBOW MaHENHM IUIACTMACCOBOIO
KOpIyca, CXeMy yIpaBjieHHs (Ha MedaTHOM IaTte) W pazbeM. KOHCTpyKIHs KopIiyca
o0ecreynBaeT MEXaHUUECKOE COECIMHEHNE OJTHOPA3PSIAHBIX HHIUKATOPOB MPU HAbope H3
HUX MHOTOPAa3psIHOTO YCTPOHCTBA 0TOOpakeHNs HH(OPMALIUK PA3IUYHOTO Ha3HAUEHUSI.

[To ¢byHKIMOHATBHBIM BO3MOXKHOCTSAM Pa3IMYalOTCS HECKOJIBKO Pa3sHOBUAHOCTEH
MHAUKATOPOB. lIpocTeimuii U3 HUX C HEMOCPEACTBEHHBIM YMPABICHHEM OT JBOMYHO-
JAECSITUYHOTO Jlemu(paTopa COAEPKUT UHTErpaiabHble. [losBuiuck c6emosooHble
yugposvie uHOUKAMOpsl, TPEACTABIAIOIUE COOOM JKIYyThl TOHKHX CBETOBOJIOKOH,
CBUTBIE TaK, YTO MX TOPIIBI HA OJTHOM U3 KOHIIOB XI'yTa - CBETAIIUECS TOUYKHU - 00pa3yroT
aecsituuHyio 1uppy. C TOPOTHUBOMONOKHOIO KOHIIA - MEPEAAIOIIEr0o - JKIYT
MO/ICBEYMBAETCS JIAMIIOM HaKalWBaHUs, 3aKUTAaHHE KOTOPOM COOTBETCTBYET LHU]pe
paspsiaa aecaTU4HOro yucna. CymecTByIOT U MPOECKIIUMOHHbIE HU(POBBIE SKPAHBI.

Lugppocunmesupyrowue UHOUKAMOpbl MPEJICTABIISIOT co0oi Habop
3aCBEYMBAEMBIX HA TEMHOM (DOHE WIIM 3aTEHSIEMbIX HA CBETOBOM (POHEIMHUM (TIOJIOCOK),
oOpaszyronux gecsatuunyro 1udppy. Iludpa cunTe3upyercss u3 CceMU  MOJOCOK,
MOJICBEUMBAEMbBIX  JIAaMIIaMU  HaKaJWBaHWUS  WJIM  MPEACTABIAIONIMX  COOOM
JIOMUHECIICHTHBIE JIaMIbl. CeMH-CerMEeHTHbIE IM(PPOBbIC JaMIbl HAaKaTUBaHUS
BBIITYCKAIOTCSI MPOMBIIIIEHHOCThI0 Tumna VB, oHu BeicBeunBaloT psiag OyKB, a Takxke
3HAKH IJIIOC U MUHYC.

Jlucnneu - 3EKTPOHHBIE YCTPONCTBA C IEKTPOHHO-IYYEBOU TPYOKOH (3KpaHOM) -
BOCITPOU3BOAAT HH(POpMAIHIO B ITUGPOBOMA, andaBUTHON U Tpaduueckoil popmax. DkpaH
COCTOUT U3 CTPOK, B KAKJOM M3 KOTOPHIX pa3MEIIAETCSI HECKOJIBKO JIECATKOB a(aBUTHO-
uu(ppoBeiX 3HAKOB. OHM (OpPMHUPYIOTCS HAOOPOM CBETAILUMXCS Ha BSKpaHE TOYEK,
COOTBETCTBYIOIIINE KOMOUWHAIUU KOTOPBIX OTIpeNeNSI0OTCA CrenuaIbHbIM

3HAKOT€HEePATOPOM, MPEJICTABISIONIUM COOOM JIOTMYECKYI0 cXeMy (MpOrpaMMHUpPYEMYIO
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JIOTHYECKYI0 MAaTpHily), Ha KOTOPYIO U3 IOCTOSHHOTO 3allOMUHAIOIIET0 YCTpOilcTBa
MOCTYMAalT KOJAbI  an(aBUTHO-IM(POBBIX 3HaKOB. Jlucrelt OOBIYHO — SABISETCS
MPUHAIIEKHOCTHIO YHUBEPCAIBHON WU CHEMAIIM3UPOBaHHON Lu(ppoBoit DOBM.

Mmnemocxemsr - Hanbonee ymoOHBI i GUKCHPOBAHUS JUCKPETHBIX CHUTHAJIOB 00
W3MEHEHUSAX DIEKTPHUUYECKHX CXeM (OTKIIOUEHHUSX ¢ BKIIOYCHUAX BBIUMCIHTEICH
CHHXPOHHBIX TEHEpaTOpOB, JHMHUW JIIEKTPONEPENayu) OICKTPUUYECKUX CTAHIUN H
ANEKTPOIHEPTreTUYECKO cucTteMbl. OHM COCTOSIT U3 MHEMOCHUMBOJIOB (FOPHU30HTAIBHBIX
MOJIOC, KBaJpaToOB M ApP.), U3MEHSIONUX OKPACKy WM TIOJOKEHHUE IO/ BO3JCHCTBHEM
JUCKPETHBIX CHUTHAJIOB, MOCTYHAIOMIMX OT COOTBETCTBYIOIIMX HH(OPMALMOHHBIX
ABTOMATHUYECKUX YCTPOMCTB.

3. UcnostHUTEIbHBIEC YCHIUTEIH.

HcnomHUTENbHBIME  3JIEMEHTAMH  aBTOMATUYECKUX YIPABISIOMIUX YCTPOWCTB
HENPEPBIBHOTO JIEHCTBUS, MPEXKJE BCETO PA3IWYHBIX ABTOMATHYECKUX PETYIATOPOB,
OOBIYHO SIBJISIFOTCS MOIIHBIE BBIXOJHBIE YCHWIHTENH. VICHONB3yIOTCS TpPaH3UCTOPHEIE,
TUPUCTOPHBIE, MAarHUTHbIE W KOMOWHHpPOBAaHHbBIE, KaK TIPaBWIO, PEBEPCUBHBIE [C
M3MEHEHUEM HalpaBJIeHHs (3HaKa) BEIXOAHOTO MOCTOSTHHOTO TOKA] YCHUIIUTEIIH.

TupucTopHble 1 MarHUTHBIE YCUJIMTEIH 1O MPUHILIMITY ACHCTBUS, a TPAH3UCTOPHbBIE
4acTO B IIEJIAX IOBBIIICHUS YHEPTETHUYECKOTO HCIOIb30BAHUS HEJOCTATOYHO MOIIHBIX
TPAH3UCTOPOB (PYHKIIMOHUPYIOT KaK YCTpPOWCTBa C (ha30BBIM WM BPEMSIUMITYJIbCHBIM

YIIPaBJICHUEM.

3 IlpakTuyecKkue 3aHATHS

3.1 Meroauyeckue peKOMEHIAINH 110 MPOBEICHUIO MPAKTUYECKUX 3aHATHIA

IIpakTyeckue 3aHATHS NPETyCMAaTPUBAIOT PELICHUE 3a0ad 10 TEMaM JUCLUILIMHBIL.
OcHOBHBIE pacyeTHble (OpMyJbl, HEOOXOAMMBIEC [UIS pEIIeHHs 3ajad, 3agadd (C
OTBETaMM), IPUMEPHI PEIICHHs] TUIOBBIX 3a/7a4 U HEOOXOJIMMBIN CIPAaBOYHBIA MaTepua

MIPUBEIEHHI B [ 1] 1OMOTHUTENBHON TUTEPATYPHI.
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B Hauane mpakTUYEeCKOTo 3aHATHS CIEAYEeT BCTIOMHUTh HEOOXOIUMBIC NJIsi PEIICHMUS
3aJlay TeopeTudeckue cBenieHus (pabora ¢ aynuropueit). Jlanee pazOuparorcs HECKOJIBKO
(Tpu, 4yeTbIpe — B 3aBUCHUMOCTH OT OOBbE€Ma) THUMOBBIX 3agad. [IpuBoauTcs (ecau 3TO
HEOOXO/MMO) QJITOPUTM PEIICHHs] TUIOBBIX 3adad. Pa3Ouparorcs MmpuMeEphbl THUIIOBBIX
omubok. Jlamee s pemieHus TpeasiaraloTcs Oojiee cllokHbIE 3adaud (oaHa, IBE),
TpeOyrolle KPeaTUBHOIO MOAXO0AA.

Boimaercss nomaiiHee pacdyeTHoOe 3aJaHue (€Clu OHO MPEAYyCMOTPEHO MO JaHHOM
TEME), aHAIM3UPYETCS BBITOJHEHUE TPEIBIAYIIEr0 JOMAIIHETO 3a/JaHus, Pa3ouparoTcs

TUIIOBBIE ONTHOKMU.

3.2 [lepeueHb TeM NPAKTUUECKUX 3aHITUI
1. Pacuer cxeMbl 2JIeMEHTa Ha ONIEpallMOHHOM ycuiuTene (4 yaca);
2. Pacder npoxoaHoOW xapakTepHUCTHKH (4 yaca);
3. PacdeTt ameMeHTOB norudeckoi yacTtu (4 Jaca);

4. Pacuer 3amoMuHaIONIMX 3JIEMEHTOB (4 Jaca).

3.3 Meroauueckue yka3aHus K IPaKTHUYECKUM 3aHSATHUSIM
Meronndeckne ykazaHus COJEp)KAT: TEMY M LEIb IPAKTHYECKOrO 3aHATHS,
TEOPETUUYECKHE CBENICHUS, pacyeTHbIe (OPMYIIbl, MPUMEPHI PEIICHUs] TUIIOBBIX 3ajad,

HEOOXOIMMBIN CIIPABOYHBINA MaTepUall.

Tema 1. Pacuer cxeMbl 2jieMEHTa Ha ONEepalluOHHOM YCUJTUTEIIE.
3amaya 1
1. TTocTpouTh cXemy 3JIEMEHTa Ha ONEPALMOHHOM YCHJIMTENE 10 BUAY BPEMEHHOM

AuarpaMMbl BXOI — BBIXO/I.
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3agaya 2.

1. Hanucath ypaBHEHUE 371€MEHTa, U300pakeHHOro HUKe. Kak Ha3bIiBaeTCsl JaHHBIN

snemeHT? Upyy =f(Upy) — 2, mpu R1=2 kOm, R,=4 kOMm, Roc=20 kOm.

R1

Oo— Roc
Usxl1
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f © UBBIX
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Tema 2. Pacuer mpoxXoaHON XapaKTEPUCTUKH.
3anava 1.

1. Hanucatn YPAaBHCHHUEC 2JICMCHTA, CBA3BIBAIOIICC BXOA C BLIXOJA0M.
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2. IToctponts Uy =f(Ugy), mpu Ri=2 kOMm, R,=20 kOm, Uy, =20 MB, Uy, =40

MB, mar 5 mB.

3anaua 2.
1. 3amano ypasuenue Up=-204Uy +Uy,). TlocTpouts cxeMy siaemMeHTa U
paccuuTaTh 3HAYEHHS PE3UCTOPOB.
2. Mocrponts 3aBucuMocTb Upyx =H(Ugy), mpu Upgy, = const =20 MB, Uy, =40
MB, mar 10 mB.
3. Toctpouts 3aBucUMOCTh Uy =f(Upy), npu Upgy, = const =10 mB, Ugy,=40

MB, mar 10 mB.

Tema 3. PacyeT 3j1EMEHTOB JIOTHYECKOM YaCTH.

3agaya 1.

1. ITocTpouTh TAOIUIIEI UCTUHHOCTHU JJIsI JIOTHYECKUX 3JEMEHTOB 1), 2),
3).

2. Kak Ha3pIBaroTcs JaHHBIE DJIEMEHTHI?
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3agaya 2.
1. 3amanel Joruueckue ypasHenus Y = X1UX2, Y = X192,
2. IlocTpouThb JOTMYECKHE OHIIEMEHTHI, pPEANU3YIOIIUE JaHHble (DYHKIMH, B
nornyeckux 6asucax M-HE n NJIN-HE.

3. HOCTpOI/ITB Ta6J'II/II_[BI HCTHUHHOCTHU JAaHHBIX 3JICMCHTOB.

Tema 4. PacueT 3ar1oMHUHAIOIINX DJIEMEHTOB.
3amaua 1.

1. BeiOpath 371€MEHTHI M pacCUUTaTh 3HAYEHUS PE3UCTOPOB CXEMBI OJIHOBHOpaTopa
Opy  CIAEAYIOIUX HUCXOAHBIX gaHHbiX: Uy =10 B, mnmumrensrocts  umMmnynsca

onnoBuOparopa He Menee 3 mc, C=0,01 Mk® | R,/ R;=2 npu BBINOIHEHHHU YCIOBHS Ryt

R3? 2 kOm.
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2. OnpenenuTe MakCUMaJbHYI YacTOTY BXOJHBIX MMIYJIbCOB, UX AMIUIUTYAY U

mmrenabHocTs npu C2=100 n®, Rs=10 kOm.

3anada 2.
1. Cxema, kakoro yctpoicTBa u3zo0paxkeHa Hmwke? Hapucyiite BpeMeHHbIE
JIMarpaMMbl CUTHAJIOB B TOYKax 1, 2, 3, 4.
2. BpeMmeHHble AuarpamMMmbl CIeAyeT MOCTPOUTH ISl TPEX CiaydaeB: 1) IBHIKOK
noTeHIoMeTpa R HaxoauTcs cTporo B cpefaHeil Touke; 2) ABUKOK CMEIIEH BJEBO; 3)

JABHUKOK CMCHICH B IIpaBo.
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4 JIabopaTopHble padoThl

4.1 MeTtonnyeckre peKOMEHIalliy 10 MPOBEICHUIO TaA0OPATOPHBIX 3aHATUN
JlaGoparopHble 3aHATUS MPEAYCMATPUBAIOT IPOBEJCHUE HKCIEPUMEHTa Ha

Ja00paTOPHBIX CTeHJaX. MeTOoAMYecKUe YyKa3aHUs IO BBHIMOJHEHUIO J1abOpaTOPHBIX
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paboT, KOHTPOJILHBIE BOIIPOCHl W HEOOXOIMMBIN CIIPAaBOYHBIA MaTeprail MPUBEIACHBI B [1]
OCHOBHOU JINTEPATYPBHI.

Ha nepBom 3aHsiTum 3aB. nabopaTopuedl NPOBOAUT HMHCTPYKTAX IO TEXHUKE
0€30IacHOCTH, JIeNaeTCs COOTBETCTBYIOLIAs 3amuch B XKypHaie mo Th maGopatopum.
CryneHTbl, HEe MPOILIEAIINE HHCTPYKTaX IO TEXHUKE OE€30MaCHOCTH, K BBINOJIHEHHUIO
71a00paTOPHBIX pabOT HE JOMYCKAIOTCS.

B nHauanme naGopaTOpHOrO 3aHSATHSA OCYIIECTBIISIETCS JOMYCK K BBIMOJHEHUIO
pabotel. [{ns nomycka HEoOXOIMMO 3HATH I1I€JIb U COJEpKaHue pabOThl, TOSICHUTh CXEMY
paboyero ydactka v MOpsA0K NPOBEIEHUS SKCIIEPUMEHTA.

JlabopaTtopHass paboTa BBINOJHSAETCA MOATPYNNON (ABa, TPU HYEIOBEKA), KaXKIOU
NOJATPYIIIE BBIAAETCS UHANBUAYAIBHOE 3aJaHue (MCXOAHbIE JAHHBIE).

Otuer 1o maboparopHoit paboTe  odoOpMIIAETCS  KaXKIbIM  CTYJICHTOM
WHIUBUIYAJIbHO U JOJDKEH COJEPIKATh:

- TEMY U LIeJIb padOThI;

- CXEMY PKCMEPUMEHTAIBHOIO YYaCTKa;

- MPOTOKOJI KCTIEpUMEHTA (B TaOIMYHOM popme);

- 00paboTKy pe3yJbTaTOB UCCIEAOBAHUS (B OTUETE MPUBOAATCS MOAPOOHBIC PACUETHI
JUTSL OJTHOTO AKCIIEPUMEHTAJILHOTO PEKHUMA, MPU BHITIOJIHEHUH HECKOJIBKUX aHAJIOTHYHBIX
pacyeToB pe3yibTaThl IPUBOAITCS B TAOJIUYHOU Qopme);

- pe3yabTaThl 00paOOTKU OMBITHBIX IAHHBIX (B TAOIHYHON (opme);

- rpaduYecKre 3aBUCUMOCTH, MOJTYyYEHHbIE B padoTe;

- BBIBOJIBL.

Texcr oTdera BbIMONHSETCS Ha JucTax @opmata A4 B PYKONHCHOM WIIU
MalIMHONKMCHOM  BHUJE, TIpaduyeckue 3aBUCUMOCTH  CJEAYeT  BBINOJHATH  Ha
MUJUIUMETPOBON Oymare dopmara A4 wmm AS. OO0s3arenbHO yKa3aHUE €IUHUIL
U3MEPEHUSI MPUBOAUMBIX (MOJYYEHHBIX SKCIEPUMEHTAIBHO WJIH PACCUUTAHHBIX)
BenuuuH. Jlomyckaercs  BBINOJHEHUE PAcCYeTOB M IOCTPOEHHE  TIpadHUyuecKux

3aBUCUMOCTEH C TIOMOIIBI0 MPUKIAAHBIX pacdeTHbx mporpamm (MathCAD, Microsoft

Visio).
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JUis  3aIuThl  pe3yibTaToB  JabOpaTopHOl  palbOThl  CleayeT MpeACTaBUTH
IPETOAABATENIO OTUET U OTBETUTH (MIMCbMEHHO WJIM YCTHO) HAa KOHTPOJIbHBIE BOIIPOCHI.
Tembl 1a00paTOPHBIX 3aHATUN NMPUBEIEHBI B paboueil MporpaMme AUCLUIUIMHBL U

HaCTOALIICEM y‘-Ie6HO—MeTOI[I/I‘-IeCKOM KOMIIJICKCC.

4.2 [lepeueHb TeM T1a00OPATOPHBIX 3aHATUI

1. lnoHbIE 37IEMEHTHI CpaBHEHUS (ha3 IBYX JIEKTPUUYECKUX BETUYHH (2 "aca);
2. AKTUBHBIE U3MEpUTEIbHBIC ITpeoOpa3zoBarenu (4 yaca);

3. TupucTOpHBIE YCUIUTEIIN CUTHAJIOB C OOpAaTHBIMU CBA3sIMHU (4 yaca);

4. luoiHbIE 3JIEMEHTHI CPABHEHHUS aHAJIOTOBBIX CUTHAJIOB (2 yaca);

5. 3MeputenbHbIe pesie ¢ ABYMS BO3JICHCTBYIOIUME BeTnuynHaMu (44aca);

6. [1omynnpoBOIHUKOBBIE 3JIEMEHTHI CPABHEHHSI CUTHAJIOB (2 4aca).

4.3 Metoauyeckue yKa3aHus M0 BHITTOJTHEHUIO JIa0OPaTOPHBIX paboT

MeTonuueckne ykazaHus MO BBIMOTHEHUIO Ja00paTOpHBIX paboT mpuBeaeHbHI B [1]
OCHOBHOU JINTEPATYPHI.

Meroauyeckre yKa3aHUsS COJEpXKaT: TeMy U Lelb padOThl, TEOPETHUUYECKUE
CBEJICHUS, oOmnucaHue pabodero ydactka (IKCIEPUMEHTATBHOW YCTAHOBKH), TOPSIOK
MPOBEJICHUS JKCIIEPUMEHTA, O00pabOTKYy pe3yibTaTOB HCCIEIOBAHUS,  KOHTPOJIbHbBIC

BOIIPOCHI M1 HEOOXOMMBII CIIPABOYHBIN MaTepual.

5 CamocrosiTeqbHasi padoTa CTyJIEeHTOB

5.1 Metoauueckie PEKOMEHIAIMU IO BBIMOJHEHUIO CaMOCTOSITENIbHON paboTh
CTYJICHTOB

CamocrosiTenbHas paboTa NpeaycMaTpUBaET:

- IOArOTOBKY CTYJEHTOB K ayJAWTOPHBIM JIEKIMOHHBIM, IPAKTUYECKUM U

Ha60paTOpHBIM 3aHATHUAM,
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- BBIMIOJIHEHHE IOMAIIHUX PACYETHBIX 33JJaHUI 10 OCHOBHBIM T€MaM JIHUCIUILINHBI;

- BBITIOJTHEHHE KYPCOBOM paOOTHI.

Jns ycBOEHUs IUCHUMIUIMHBI, HEOO0XOIHMMa CHUCTEMaThyYecKas CaMOCTOATENIbHAas
paboTa, KOHTPOJIb KOTOPOM OCYIIECTBISIETCS C TOMOIIBI0 Tpaduka caMOCTOSTEIHHOU
paboTHI.

TeMbl ay AUTOPHBIX JEKIIMOHHBIX, MPAKTUYECKUX U JIAOOPATOPHBIX 3aHSATUN; TEMBI U
3aJlaHdsd JUIsl PacyeTHBIX JOMAllHUX pabOT M KypcoBOW pabOThl;  peKOoMeHayemas
JuTepaTypa MpUBEACHBI B pabodeil mporpamMMme JIUCHMUIUIMHBI W HACTOAIIEM Y4eOHO-
METOJIMYECKOM KOMILIEKCE.

KoHTpoib cTEneHu yCBOEHHsI MaTepuaia OCYLIECTBIISIETCS C MOMOIIbI BOIPOCOB
JUIL caMOIpPOBEpKU. Takke Ha KaxJIOW JIEKIMU MNPEIyCMOTPEH S5 MHUHYTHBIA OINPOC
CTYJICHTOB 110 paHee (U CaMOCTOSITENIbHO) U3yYEHHOMY MaTepHay.

Tema 1.

ABTOMaTHUYECKUE CUCTEMBI, YCTPOUCTBA U (DYHKIIMOHATBHBIE JJIEMEHTHI.

CTyaeHT M0JKEH 3HaTh BCe OCHOBHBIE TOHATHS U ONPEEICHUs], TaKe KaKk OOBEKT
yIpaBJieHUs, alropuT™M (PYHKIIMOHUPOBAHMS, BO3MYIIAIOIIME BO3JEHCTBUS, HMETh
MpeacTaBlieHne 00 aBTOMAaTHYECKOM YMPaBICHHE MPOU3BOACTBOM. Kpome TorO,
HEO0OXOIMMO MOHUMATh POJIb ABTOMATUYECKUX CUCTEM, M YETKO MPEACTABIISTH, MPUHIIUII
paboThl PYHKIIMOHATILHBIX 3JIEMEHTOB.

Bormpocs! 1i1st camonpoBEpKH.

1. Uto Takoe «ympaBiisieMble OOBEKThI»?

2. ConepkaHue U HA3HAYEHUE TAHHOTO Kypca?

3. Yro Takoe «aBTOMaTuyeckas HHGOPMAIMOHHAS CUCTEMay?

4. OCHOBHBIEC BUIbI CUTHAIOB?

5. TlepeuncnauTh OCHOBHBIE (DYHKIIMOHAIBHBIE YaCTH CXEMbl aBTOMAaTUYECKOTO
YIPaBJSIOMIETO yCTpoicTBa?

6. Kakue paznuuaroTcst BUIbpl 0OpaTHOM CBA3U?

Tema 2.

XapaKTEPUCTUKH IJIEMEHTOB aBTOMATHYECKUX YCTPOUCTB.
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CryaeHTsl JOJKHBI YCBOMTh NPHUHLIMIHMAIBHOE PA3NIMYAE MEXAY BCEMH BHUJIAMH
XapaKTePUCTUK AJIIEMEHTOB aBTOMAaTHYECKUX YCTPOMCTB, 3HATH BIMSHUE OOPATHBIX CBS3EH
Ha XapaKTEPUCTHUKHU JIEMEHTOB.

Bormpocs! 111 camonpoBEpKH.

1. Kak momy4aroTCsi UMITyJIbCHas W IIEPEXOJIHASI BPEMEHHBIE XAPAKTEPUCTUKHU
(yHKIHOHAIBHOTO 3JIEMEHTA aBTOMAaTUYECKOT0 yCTpoiicTBa?

2. Kakue u3BECTHbI METOJIbI MOJyYEHHS z-TlepeAaToyHor (yHKIMH IUGPOBOTO
AIIEMEHTAa U3 P-NepeAaTOYHON (PYHKIIMU €ro aHaJI0rOBOr0 MPOTOTHHA?

3. Kak mnonywaercs peneiiHass NpOXOAHAsh XapaKTEPUCTUKA W3 HENPEPHIBHOM
IIPOXOJHOMN XapaKTEPUCTUKU?

4. YTo noOHUMAETCS MO/JI MOTPEIIHOCTIMU ITpeoOpa3oBaHus CUTHAIA?

5. Uro mnOHMMAeTCs NOJX OTHOCHUTEJIBHBIM YPOBHEM CHUIHalIa, B YaCTHOCTH
BBIXOJTHOTO CUTHAJIA (DYHKIIMOHAJIBLHOTO 3JIEMEHTA?

6. Uto mpexacrarisier coboil mHPOpMaIIMOHHAS CMIOCOOHOCTh (PYHKIIMOHAILHOTO
anemeHTa’?

Tewma 3.

YacTtoTHble GUIBTPHI aBTOMATHYECKUX YCTPOUCTB.

[Ipu u3ydeHun NaHHOW TeMbl CieayeT OOpaTUTh BHUMAaHWE Ha Ha3HAYEHUE U
OPUHIUI JEUCTBUS YaCTOTHBIX (UiabTpoB. ClleyeT YeTKO pa3iuyarh BHJBl YaCTOTHBIX
bUIBTPOB.

1. KakoBo Ha3HaueHHWE YaCTOTHBIX (PUIBTPOB B ABTOMAaTUYECKHUX YCTPOHCTBAX
AIEKTPOIHEPTETUUECKUX CUCTEM?

2. Kakue ObIBatoT BUbI PUIBTPOB MO AMIUIUTYAHO-YACTOTHBIM XapaKTepUCTUKAM?

3. Kak BbIIAIAT CTpYKTypHble cxembl LU(ppoBbIX pekypcuBHbix ®HY u ®BY
MEepPBOro Mopsaka?

4. Kak cocTaBisieTcsi CTpyKTypHasi cxema IuppoBOro 4acToTHOro Gpuibtpa’?

5. Uro npexacraBasioT coboii cxemsl npocreimunx aktuBHbIXx PBY n ®HY nepsoro
nopsijika?

6. Kakas: anmapaTHas wid OporpaMMmHas — peanu3auus IudpoBOro 4aCTOTHOIO

buiabTpa 0oJiee TEXHUYECKU palliOHaIbHa?
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Tewma 4.

N3mepuTtenbHble mpeoOpa3oBaTeu BXOJHbIX CUTHAJIOB.

HeoOxomumo  pa3nuuarh Ha3HAYeHHWE M PA3HOBUJIHOCTH  M3MEPUTENBbHBIX
npeobpazoBaTeei. 3HaTh, KaK MPOUCXOAUT (HOPMHUPOBAHHE OPTOTOHAIBHBIX H
CUMMETPHUYHBIX TPeX(Pa3HbIX CUCTEM DJIEKTPUUECKUX BETUUUH

1. YUto npencraiisieT cOO0M U3MEPUTEIbHBIN TACCUBHBIN TPaHCPEAKTOP?

2. KakoBa ero nepenarounas QyHKIus?

3. Kak BbINOJIHAETCS aKTUBHBIN U3MEPUTENbHBIN TpaHchopMaTop Toka?

4. KakoBel TpeOOBaHHUA, TMpenbsABIsieMble K (ha30MOBOPOTHBIM 3JIEMEHTaM
aBTOMAaTHUYECKUX YCTPOUCTB?

5. Kak BBINONHSIOTCA aKTHBHBIE W3MEPUTEIbHBIE MPeoOpa3oBaTENM N3MEHEHHM
IPOMBIIIEHHON 4aCTOThl B U3BMEHEHHSI AMILIATY AbI?

6. Kak BBINOJHAIOTCS MAaCCUBHBbIE M3MEPUTEIbHBIE MPEe0oOpa3oBaTed U3MEHEHHI
IIPOMBIIIIEHHON 4acTOThl B U3MEHEHHUSI (Pa3bl U aMILIUTYAbI?

Tema S.

N3mepurenbHbie TpeoOpa3zoBaTed BXOJHBIX CUTHAJIOB, U3MEHSIIOLIUE UX (popmy.

CryneHT JODKeH 3HaTh, Kak paboTaloT BpeMSIMMITYJIbCHBIE MpeoOpa3oBaTelu
aMIuIUTY bl (Gasbl, yacToThl. Kak mnpoucxoaut mpeoOpa3zoBanue ¢Gas3bl B HENPEPHIBHBIN
CUTHAJI, IPeoOpa30BaHUE aMIUIUTY/Ibl B TUCKPETU3UPOBAHHBINA CUTHAI.

1. Yro npeacrapnsieT co00i BPEMSUMIYJIbCHBIA CUTHAT?

2. Bo3MOXHO 71U TpeoOpa3zoBaHUE AMIUIUTYIbl B JJIUTEIBHOCTh MMITYJIbCA IO
JIMHEWHOW 3aBUCUMOCTH ?

3. Kak peanuzyercs AMIIIUTYAHO-(a3HOE BpEMSIMMITYJIbCHOE TTpeoOpa3zoBaHue?

4. Kak omnpenensercs OTHOCUTEIBHBIA  YPOBEHb  BBIXOJIHOIO  CUTHaja
BBINPSMUTENBHBIX U3MEPUTEIbHBIX MpeoOpa3oBaTeiel aMILUTUTYIbl U yriia caBura ¢as B
HEIPEPBIBHBIN CUTHAN?

5. CBolicTBa, KakKMX MPOCTEHIIMX YACTOTHBIX (PUIBTPOB C KOHEYHON HMMITYJIbCHOM
XapaKTEPUCTUKOMN UCIIOJIb3YIOTCS JUTSL npeobpa3oBaHus aAMIUTUTY bl B
JUCKPETU3UPOBAHHBIN HENPEPBIBHBIN CUTHAII?

Tema 6.
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OuIbTPHl CAMMETPUYHBIX COCTABIISIFOLIUX.

CTyaeHT MoJKEH 3HaTh, HA3HAYEHUE U CIIOCOOBI OCYIIECTBICHUS XapaKTEPUCTUK U
nokaszarenei puIbTpoB.

1. Kak BBIMONHSIOTCA TEpBUYHBIE (UIBTPHl HAMPSKEHUS W TOKAa HYJICBOU
IIOCJIEI0OBATEILHOCTH ?

2. Kak BBINOJIHAETCS NACCUBHBIA BTOPUYHBIA (QWIBTP HANpPSOHKEHUS HYJIEBON
MOCJIEA0BATENBHOCTH ?

3. Kak BbIVIAIAT BEKTOPHbIE JUArpaMMbl HaNpsDKEHUS, WLTIOCTPUPYIONIHE
nercTBUa (UIBTpPa HAMpPSHKEHUS OOpPAaTHOW TMOCTEAOBATEIILHOCTH C JABYMS BXOJHBIMH
Mex Ay (pazHbIMU HAPSDKEHUSIMU ?

4. Kak BBIUMCISAETCS aMIUTUTY/1a HANPSKEHU (TOKA) HYJIEBOW MOCIEA0BATEIbHOCTH
B uppoBom dubTpe?

5. Kakue cnocoObl BBIYUCICHHSI AaAMIUIATY CHUMMETPUYHBIX COCTABIISIIOLIUX
UCIOJIb3YIOTCS B LU(POBBIX pusibTpax?

6. Uto Takoe nHGOPMAIIMOHHBIN TTOKa3aTeNb?

Tema 7.

W3mepuTtenbHble MpeoOpa3oBaTean MOUTHOCTH.

CTyneHT JOJKEH 3HaTh BCE OCHOBHBIE IOHSATHUS W OINPEACIICHUS, TaKHE Kak
npeoOpa3zoBaTeilb MOIIHOCTH, KBaJIpaTop, UMETh NPEJCTABICHUE HA3HAYEHUH, BHJAX U
croco0ax OCYIIEeCTBICHUS MpeoOpa3oBaHus MOMHOCTH. Kpome Toro, HeoOXoaumo
NOHUMAaTh pOJIb  AHAJIOrOBBIX, LHU(PPOBBIX, AHAJIOTO-LIU(PPOBBIX  HU3MEPUTEIbHBIX
npeoOpa3zoBaTeIeil MOIIHOCTH.

Bomnpock! it camonpoBeEpKHU.

1. Kak npuHIMNHAIBHO OCYIIECTBIISETCS HW3MEPUTEIbHOE MpeoOpa3oBaHUE
AKTUBHON MOITHOCTH?

2. B dyem cocrouT cnoco0 MPSMOTO BPEMAUMITYJIBCHOTO MEPEMHOKECHHUS
MTHOBEHHBIX 3HAYEHHUU HANPSXKEHUS U TOKA?

3. Kak pyHKIIMOHHpYET N3MEpPUTEIHHBIN MPeoOpa3oBaTesib AKTUBHON MOIITHOCTH HA

BPEMSIMMITYJIbCHBIX KBapaTopax?
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4. 3a cYeT yero MOCTUTaeTcs OBICTPOACHCTBHE U3MEPUTEIBHBIX MTpeoOpa3zoBaTemneit
MOIIHOCTH Ha ABYX IMPEMHOKUTEIIAX?

5. KakoBo Bpems yCTaHOBJIEHHUS BBIXOJHOTO CUTHaJa?

Tema 8.

DJIEMEHTBI CPAaBHEHUS CUTHAJIOB.

CryneHTsl JTOJKHBI YCBOUTH MPUHIUITHATBHOE paznuuue MEXITY
XapaKTEPUCTHUKAMU BJIEMEHTOB CpPABHEHMS, 3HATh MACCHUBHBIC, AKTHUBHBIE, JUCKPETHHIC,
M (PpoBbHIE FJIEMEHTHI CPAaBHEHMUSI.

Bomnpocs! 1111 caMOIpoBEpKH.

1. YUro mpexacraBisier co0oil (yHKIMOHAJIbHAS OMNEpAlMsl CPABHEHUS BXOJHBIX
CUTHAJIOB aBTOMATUYECKUX YCTPONCTB?

2. KakoBbI BU/IbI 2JIEMEHTOB CpPaBHEHHM S ?

3. Kak BbINONTHSETCA MOTYTIPOBOIHUKOBBIN MACCUBHBIN AJIIEMEHT cpaBHEeHUs (az?

4. YeM OTIMYAKOTCS MO BBIIOJIHEHHUIO JJIEMEHTBI CPaBHEHUA aAMILIUTY]I
HETPEPHIBHOTO U PEJICHHOI0 ACHCTBUS?

5. Urto mpenctaBisitoT coOOM IpaHUYHBIE XAPAKTEPUCTUKHU AJIEMEHTOB CpPaBHEHUS
aMITuTy A u ¢gaz?

6. Kakme  paznuuaroTcsi ~ AUCKPETHBIE  DJIEMEHTHhl  CpaBHeHus (a3,
(GYHKITMOHUPYIOITUE TI0 JIOTUYECKUM aJITOpUTMaM?

Tema 9.

N3meputenbHble Opraibl aBTOMAaTUYECKUX YCTPOUCTB.

[Ipy w3yueHMH HAHHOW TeMBbI clielyeT OOpaTUTh BHUMAaHUE HA Ha3HAUEHUE U

0COOCHHOCTH U3MEPUTEIBHBIX OpraHoB. ClenyeT YeTKO pa3auvarh BUJbI N3MEPUTEIBHBIX

OpraHoOB.
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1. KakoBo Ha3HaueHUE HW3MEPUTEIBLHON YacTH aBTOMATUYECKHUX YIPABIISIIOUIUX
YCTPOMCTB ANEKTPOIHEPTETUUECKUX CUCTEM?

2. Yto mpeactaBisitoT cOO0OM BXOJHBIE BO3ACHCTBYIOIIME U XapaKTEPUCTUUECKas
BEJIMYMHBI U3MEPUTEILHOTO OpraHa?

3. Ha kakux »sJemMeHTaX CpaBHEHHS BBINOJIHSIIOTCA W3MEPUTENIbHBIE OpraHbl
HaIpsDKEHUS U TOKa?

4. Kak (pyHKIIMOHHUPYET BPEMSUMITYJIbCHOE HW3MEPUTEIHHOE MAaKCUMAJIbHOE pelie
TOKa?

5. Urto Takoe KOMIEHCAIMOHHBIA CIOCOO OIpeneseHus] COMPOTUBICHUS Ha
32)KMMax U3MEPUTEIBHOIO pese?

6. Ha xakux snemMeHTax CpaBHEHHS] MOTYT BBINOJIHATHCS W3MEPUTEIbHBIE OpPraHbl
CONPOTHUBIICHUS?

Tewma 10.

DNeMEHTBHI JIOTUYECKOW YacTH U 00pabOTKH LU(PPOBBIX CUTHAJIOB.

Heobxoaumo 3HaTh Ha3HAYEHHE JIOTMYECKOM YacTHM aBTOMAaTUYECKHX YCTPOUCTB.
CTyIeHT JOJKEH 3HATh, KaK peajin3yeTcs JIOTHYecKas onepanus naMsTh.

1. KakoBO Ha3HaueHHUE JJOrMYECKOM YaCTH aBTOMAaTUYECKUX YCTPOMCTB?

2. B xakoM pexxume padoTaroT JJIOTHYECKUE DIEMEHTHI?

3. Ilo xakoM cxeMe€ BBINOJHAETCS oOmepanus Jiorudeckoro cioxenus WJIM na
MHTETpalbHbIX MUKpodsieMeHTax tuna U-HE?

4. Tlo xakoil cxeMe BBINIOJHAETCA OmNepauus JOTMYecKoro yMHOkeHus M Ha
MHTETpaIbHBIX MUKpodsiemMenTax tuna U-HE?

5. Kakoil cyMMarop Ha3bIBaeTCsli HAKOMUTEIbHBIM, YE€M OH OTJIHWYaeTcs OT
KOMOMHAIIMOHHOT0?

6. Kak BBINOJIHSAECTCS YMHOKEHHUE JIBYX YHCEJ B JBOMYHOM IapajlIEIbHOM KOje?

Tema 11.

QOyHKIIMOHAJIBHBIE JJIEMEHTHI MIEPEAAONIEH YACTH aBTOMATUYECKUX YCTPOMCTB.

CTyneHT JOJKEH 3HaTh, Kak paboTaloT (PyHKIHMOHAIBHBIE 3JIEMEHTHI Nepeaaronieil

YacTH aBTOMATHYECKUX YCTPOUCTB, 3HaTh MX HA3HAUYEHUS U PA3HOBUIHOCTH.

1. KakoBo Ha3zHaueHue nepenaronieit GyHKIMOHATLHON YacTu?
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2. Kakue TpebGoBaHMS TPEIBSABISAIOT K YCHINTENSM CUTHAJIOB aBTOMATHYECKUX
MH(POPMAILIMOHHBIX YCTPOUCTB?

3. Kak (hyHKIMOHUPYIOT BHEIIHUE OOpaTHBIE CBS3M ABYXKACKaJHOM UHTETPAIbHOM
ycunurene?

4. B 4eM cOCTOUT OCHOBHAsI OCOOEHHOCTh YCUIIUTEIEH UMITYJIbCHBIX CUTHAJIOB?

5. Kak ocymiectisieTcs JIMHUS NIEpeladyi CUTHAJIIOB HHPOPMALIMHU 110 TPOBOJY JIMHU

aNeKTporepeaaun’?

Tema 12.
HcnonHuTtenbHbIE 3JIEMEHTHl aBBTOMATUYECKUX YCTPOMCTB.

CTyJeHT JOJKEH 3HaTh, HA3HAYEHUE U OCOOEHHOCTHU MCIIOJHUTEIbHBIX 3JIEMEHTOB.

1. KakoBO Ha3Hau€HHE UCTIOJIHUTEIbHBIX 3JIEMEHTOB aBTOMAaTUYECKUX YCTPONCTB?

2. Kak oToOpakaeTcst Ha JUCIETYEPCKOM MTyHKTE DJIEKTPOIHEPTETUUECKON CUCTEMBI
JTUCKpeTHasT UHPOpMAIUSL O COCTOSIHUU AJIEKTPUUYECKOM CXEMbI AJIEKTPOIHEPreTUUECKON
CHUCTEMBI?

3. TloueMy B MCHOJHUTEIBHBIX JIEMEHTaX HEMPEPHIBHOTO JICUCTBUS TPAH3UCTOPHI
OOBIYHO PAbOTAIOT B PEXKUME MEPEKITIOUCHHS ?

4. Kak ¢GyHKIMOHUPYET THUPUCTOPHBIN WCHOJHUTEIBHBIN 3JIEMEHT peJeitHOro
nenucTBus?

5. Yro takoe cenbcuH? KakoBo ero HazHaueHue?

6. Kak paboTaeT MarHuTHO-TUPUCTOPHBINA UCIIOTHUTENbHBIN YCUIIUTENh ?
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5.2 I'paduk camoCTOATENBHOM pabOTHI CTYIEHTOB

['paduk camocTosiTeTbHOH pabOThl CTYJIEHTOB IO JUCHUIUIMHE HA KaXKIbIA

CEMECTpP C YKa3aHHMEM €€ COJAEpXaHus, 00beMa B 4Yacax, CPOKOB U (POPM KOHTPOJIS

Moka3zaH Hmwke. B ITYHKTC 5.1 Oosee HO,ZIpO6HO pacnucaHo  COACPKaHUC
CaMOCTOSITCIIbHOU pa6OTBI CTYOCHTOB.
Cpoxku
. DopMbI POKH,
Ne ConeprkaHre cCaMOCTOSATENIFHON paboTHI, TUTEpaTypa O0mwem, gace JTHH Henens
’ KOHTPOJIA
1 2 3 4 5 6
[IpopaboTka JIEKIHOHHOTO MaTepHaja 1o TeMe Bbiun omnpoc,
1 «ABTOMaTHYECKHE CHCTEMBI, YCTPOHUCTBA U ()YHKIIMOHATIHHEIC ) 3ammra ) |
AJIEMEHTEI», PACCMOTPEHIE OCHOBHBIX IOHATHH M nmabopaTopHO
OIPEIeTICHUI O CIIeHaIbHOCTH paboThHI
IIpopaboTka JIEKIIHOHHOTO MaTepHaja 1o TeMe b omnpoc,
’ «XapaKTepUCTUKU JIEMEHTOB aBTOMAaTHIECKUX yCTPOHCTBY, 6 3ammTa 6 23 4
paccMOTpPEHNE OCHOBHBIX TOHATHI U ONPENENIEHUI O BUIaX nmabopaTopHO ’
XapaKTepuCTuK (JIureparypa B myHkre 10: 1, 3, 7) paboTsI
[TpopaboTka JIeKIIMOHHOTO MaTepHaa 1o Teme «JacToTHbie baun onpoc,
3 (UIBTPHI ABTOMATHYECKUX YCTPOHCTBY, pACCMOTPEHHE ] 3ammTa ] 5678
Ha3HAYCHUS W MPUHIIAIA UX ASHCTBHUH (JInTepaTypa B IIyHKTE nmabopaTopHOI T
10: 1, 2, 3) paboTHI
[IpopaboTka JICKIUOHHOTO MaTepHaa 1Mo TeMe Bumi ompoc
«3meputenbHbIE IPe0Opa30BATENN BXOIHBIX CUTHAJIOBY, 3au11/ITI; ’ 9.10
4 paccMOTpeHre Ha3HAUYEHUSI U Pa3HOBUIHOCTH 8 . 8 7
N nmabopaTopHOI 11,12
M3MEPUTENFHBIX IIpeoOpa3oBaTeneii (JIuTeparypa B IyHKTE
paboThl
10: 1, 2, 3)
ITpopaboTka JEeKIMOHHOTO MaTepraa 1o TemMe Bt ompoc
«3MepuTenbpHbIC MPeodpa3oBaTeNId BXOIHBIX CUTHAJIOB, 3au11/IT121 ’ 13. 14
5 M3MEHSIOImKE UX GOPMY», BHIBI U Ha3HAYCHUS 6 . 6 e
. J1a00paTOPHOIA 15
N3MEPUTECIIBHBIX npeo6pa3OBaTeneH BXOJHBIX CUT'HAJIOB 3.60TI>I
(mmreparypa B mynkre 10: 1, 7, 3) P
IIpopaboTka JIeKIMOHHOTO MaTepHaia 1mo TeMe «DuiIbTps Biurr onpoc,
6 CUMMETPUYHBIX COCTABJISIONINX», HA3HAYEHUS U CTIOCOOBI 6 3alnuTa 6 16, 17,
OCYIIECTBIICHUS] XapaKTEPUCTHK U MOKa3arelieid (GUIbTpoB nabopaTopHOi 18
(ymreparypa B mynkre 10: 1, 7, 4) paboThI
[IpopaboTka JIEKIHOHHOTO MaTepHala 1o TeMe
7 «3meputenbHbIe MPeodpa30BaTEId MOIITHOCTH Y, 6 Bbaun onpoc, 6 123
Ha3HAYEHUE, BUBI M CIIOCOOBI OCYIIECTBIICHUS (JIMTEpaTypa B K.p. T
nynkre 10: 1,5, 7)
[IpopaboTka JIeKIHOHHOTO MaTepHala 1Mo TeMe « IeMEHTHI Bt ompoc
8  |cpaBHEHUS CUTHAJOBY, IPUHLUI JEHCTBUS U XapaKTEPUCTUKU 6 < poc, 6 4,5,6
2JIEMEHTOB CpaBHeHHs (uTeparypa B myHkre 10: 1, 7, 3) P
[IpopaboTka JIEKIHOHHOTO MaTepHaja 1o TeMe
9 «3MepuTenbHbIE OpraHbl aBTOMAaTUYECKUX YCTPOMCTBY, 6 Bbiun omnpoc, 6 789
Ha3HAYEHHE, BUABI H 0COOCHHOCTH HU3MEPUTEIEHBIX OPTraHOB K.p. >
(uteparypa B mynkre 10: 1, 7, 4)
ITpopaboTka JEKITMOHHOTO MaTepuaa Mo TeMe «JIEMEHTHI
N 2 b ompoc,
10 JIOTUYECKON YacTu 1 00paboTKH HU(BPOBBIX CUTHAIOBY, « 2 10
(mmuTeparypa B mynkre 10: 1, 7) P
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ITpopaboTka JEKIMOHHOTO MaTepHalia 1o TeMe

1 «DyHKIMOHAJIBHBIE 3JIEMEHTHI IIEpEAaroIIei YacTu b omnpoc, 11,12,
ABTOMATHYECKUX YCTPOMCTBY», Ha3HAUYCHUE U Pa3HOBUIHOCTH K.p. 13
(surepatypa B myHkTe 10: 1, 6, 7)
IIpopaboTka JICKIIMOHHOTO MaTepHaa 1o TeMe
D «/IcnioMHAUTENBHBIE AIIEMEHTHI aBTOMAaTHIECKUX yCTPOHCTBY, Bt ompoc, 14, 15,
Ha3HAYCHUE U OCOOCHHOCTH MCIIOJIHUTEIBHBIX 3JIEMEHTOB K.p. 16

(mureparypa B mynkre 10: 1, 7, 6)
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5.3 MeToanyeckue yKa3aHus MO BBIIIOJHEHHUIO JOMAIIHUX 33 IaHUI

JlomariiHue 3a1aHust BBITIOJHSIFOTCS B OTNIETLHOM TeTpaau Wiu Ha Juctax (opmara
A4 (xaxpoe 3amaHue odopmisieTcs OTACNbHO). 3ajJaHus g pacuera W HUCXOJHbIC
JAHHbIE TpPUBEACHbI HUKE. VcXonHble AaHHBIE BBIOMPAIOTCA M3 TAOJHIBI COTJIACHO
BAPUAHTY.

[Ipy BBINOJHEHUM OOMAIIHErO0 3aJaHUS CIIEAyeT 3alHucaThb KPAaTKOE YCIOBHUE U
IIPOMU3BECTU IEPEBOJ MCXOAHBIX JaHHBIX B cucremy CH. Pemenuwe 3amay JOJKHO
COTMPOBOXKJIATbCS KPATKUMU MOSCHEHUSIMU U TTOJAPOOHBIMU BbIuKcieHusaMHu. Heobxoaumo
INPUBECTU COOTBETCTBYIOIIYIO (POPMYIY, HAaTU HEU3BECTHYIO BEIWYUHY (B OyKBEHHOM
BBIPDAXKEHUHU), 3aT€M IMOACTAaBUTh YKCIIOBbIE 3HAYEHUS M HaWTU oTBeT. [{nsa kaxmou
HalJIEHHOW BEJIMYMHBI HY)KHO yKa3aTh enuHuily umepenus (B cucreme CH). Ecnu npu
pEelICHUH 3a/ay Kakas-In0O BeJMYMHA SIBISIETCS CIPABOYHOM WJIM ONpeaesercs Io
quarpaMMe, cieayeT MNPUBECTH MCTOYHHMK, OTKYyJla OHa B3fiTa (C yKa3aHHMEM aBToOpa,

Ha3BaHWs, roJga U3aaHus 1 CTpaHI/IHBI).

5.4 MeTonuyeckue yka3aHus 1O BBIMOJIHEHUIO KYPCOBOM pabOThI

BeimosiHeHHe H 3ammTa KypcOBOM palOOThl SABIISIETCS Ba)KHOW COCTaBISIOLLEH
CaMOCTOSATEIHLHOM paboThI CTyAeHTOB. [Ipu BbIONHEHUN KypCOBOW pabOThl HEOOXOIUMO:
pa3paboTaTh cXxeMy pejie COMPOTUBICHHUS B COOTBETCTBHE C HCXOIHBIMU JaHHBIMHU;
00eCTeunTh COOTBETCTBYIOIIEE U3MEHEHUE XaPaKTEPUCTHK.

Heobxoaumblii TeopeTHUeCKUi MaTtepuai, NOpsAI0K U MPUMEp pacyeTa, UCXOIHbIC
JAHHBIE ]ISl TPOEKTUPOBAHUS IPUBEICHHI B [1].

KypcoBas pabora BeinonssieTcst Ha nuctax ¢popmara A4 B oobeme 20-40 ctpanul u
rpaduyeckoii yactu (1 uCT), BeIMOTHAeMOM Ha Oymare popmara Al.

3agaHue Ha KypcoByw pabOOTy BbIAaeTcs mOpenojaBaTeneM. B 3amanum
yKa3bIBaeTCs: TeMa KypcOBOM pabOThl, HCXOJHbIE MJAaHHbBIE, COJEp)KaHUE KypCOBOM
paboThl, 1aTa BbIIaYM 33AaHUS U CPOK CJJa9X BHITIOJTHEHHON KypCOBOM pabOTHI.

['pacduk BbINOTHEHUSI KYpCOBOM paOOTHI:
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Ne Conepxanue O0Bem DopMbl KOHTPOJIS Cpoxku
B Hacax (mepenn)

1 2 3 4 5
Br160p crioco6a cpaBHEHUs! BEIUUUH U 2 [TpoBepka nosyyeHHBIX 1
CTPYKTYpHI npoektupyemoro PC JTAHHBIX

2 | CocraBnenue cxembl (HOPMUPOBAHHS 4 IIpoBepka pacuera 1
CPaBHHBACMbBIX BEJIMYUH

3 | Beibop wacToTHOTO PUIBTPA, 6 IIpoBepka pacueta 2
pearupymroIuero opraia

4 | Pacuer k03(ppUIIMEHTOB TIETICH 6 ITpoBepka pacueta 3
¢dopmupoanus PC

5 | Pacuer (ha30moBOPOTHOM CXEMBI 6 ITpoBepka pacuera 3

6 | Pacuer aMIuuTyAHO-4aCTOTHOM 4 4

IIpoBepka pacuera

XapaKTePUCTHKHU

7 | Odopmienue KypcoBor pabOThI 2 HopmoxkoHTpOIh 4

BrimonHeHHast KypcoBasi paboTa claeTcsl MpernojaBaTeliio A MPOBEpKH (ABa-TpH
JIHS), 3allliTa KypcoBOM pabOThl MPOU3BOJUTCS B COOTBETCTBUU C TpadUKOM, MO UTOTaM
3aIIUTHl BBICTABISAECTCS OLEHKAa. CTyIeHThl, HE BBINOJHMBIIME WJIA HE 3alllUTHUBILINE

KypCOBYIO paboTy, K 3K3aMEHAIIMOHHOW CECCUH HE JIOITYCKaIOTCSL.

5.5 KoMrutekTsl 3alaHui JIJIs JOMAITHUX padoT
Tema 1. Pacuer cxembl aieMeHTa Ha ONEPAIAOHHOM yCHIIHTEIIE.
3amaya 1
1. [TocTpouTh cxeMy 3JI€MEHTa Ha ONEPAIIMOHHOM YCHJIUTEJIE 10 BHIY BPEMEHHOM

AuarpaMMbl BXOI — BBIXOJI.

Usx1T

Usx2 v

N4
~—

Vv
~

N
UBBIX

Vv
~
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3amaua 2.

1. Hammcats ypaBHEHHE d7eMEHTa, N300pakeHHOTO HIKe. Kak Ha3pIBaeTCs TaHHBIN

anemenT? Uy =f(Upy) — 2, mpu R,=2 kOm, R,=4 kOM, Roc=20 kOm.

R1

O— Roc
Usxl1

R2_ L&

O— oo

r © UBBIX
oY ‘

Us

3anmauva 3.
1. Tloctpoute cxemy osnemeHta Ha OY 1o BUAY BPEMEHHOM JuarpamMMbl M

ypaBHeHMIO. Kak Ha3bIBalOTCS 371EMEHTHI?

Usx1T

A\ 4
~+

UsBx2

A4
—

T Useix=R2/R1(UBx1-UBx2)

v
~
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3agaya 4.

1. Hamucate ypaBHeHue »sneMeHta. Kak Ha3pIBaeTcsi [JaHHBIA 3JIEMEHT?

UBle :f(UBX) -7, Ipu R;=R3s=4 kOm, R,= R4s=10 kOm.

R2
R1 oY
O—
UBx2 >
UBBIX
R3 o
Usxl1 <[

3anmaya 5.
3. ITloctpouts cxemy snemeHTa Ha OY B COOTBETCTBUU C BPEMEHHOMN AUarpamMmoit

Y YPABHECHHEM.

Usx1T

Vv
~

Usx2

A 4
~

Usbix=((R2+R 1)/R1))(Usx1+UBx2)/2

Vv
~
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Tema 2. Pacuer npoxXoJHON XapaKTEPUCTUKHU.
3anaua 1.

1. HanncaTe ypaBHEHHE 3JIEMEHTA, CBSI3bIBAIOIIEE BXOJ C BBIXOJOM.

R
O—
Usxl1 R oY
o— =
UBx2 OUsbIx
‘ R1
R2

2. HOCTpOI/ITB UBBIX :f(UBX)a HpI/I R]:2 KOM, R2:20 KOM, UBX] :20 MB, UBX2:4O

MB, mar 5 mB.

3anaua 2.
1. 3amano ypasuenume Upg,=-204Ug, +Ug,). Tloctpouts cxemy osnemeHTa U
paccuuTaTh 3HAUEHUSI PE3UCTOPOB.
2. Toctpouts 3aBucuMocth Upyx =f(Upy), npu Ugy, = const =20 mB, Uy, =40
MB, mar 10 mB.
3. Toctpouts 3aBucuMocth Upyy=H(Ugy), mpun Uy, = const =10 mB, Ugy, =40

MB, mar 10 mB.

3anaua 3.
1. 3agano ypaBHenne Upgyy=-(204J,,+10U,,,). Toctpouts cxeMy ycTpoiicTsa
paccUuTaTh 3HAYCHHUS PE3UCTOPOB.
2. IHooctputs 3aBucumocth Upy i =f(Upy), Upy ;=20 MB, Ugy,=1,0 B, mar 0,2 B.

3. [Ipumeuanue: OY BXOIUT B HACHILEHHBIN pexxuM pu Up, =10 B.
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3anaua 4.
1. 3anano ypaBHenne Upy=40(Ugy -Ugy,). TToctpouTts cxemy yerpoiictsa Ha OV
¥ PACCUNTATh 3HAYEHHS PE3UCTOPOB.
2. Ioctpouts 3aBucuMocth Ug Uy ), Uyy =40 MB, Uy, =0,5 B, mar 0,1 B.

3. [Ipumeuanue: OY BXOIUT B HACHILEHHBIN pexxuM pu Up, =10 B.

3amaua 5.

1. IToctpoutk cxemy anementa Ha OY 1o BUAY BpEMEHHON AUArpaMMBI.

N UBX

Vv
~

UBBbIX
/N

3agaya 6.
1. Hammcate ypaBHEHHE, CBS3bIBAIOIICE BXOJHOE HAIpPsSHKEHUE OJJIEMEHTa C

BBIXOZHBIM, ITpU R;=10 kOm, C=1 MK®.
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—-— O

R 1
-

‘o)
Usx UBbIX

1 I 1

2. Moctponts 3aBucuMocTh Upy =1(t), Uy =10 MB. Ilpumeuanne: OY BXoauT B

HAChIIEHHbIH pesxum npu Uy =10 B,

Tema 3. Pacuer 3j1EMEHTOB JTOTHUYECKOM YaCTH.

3amaua 1.

1. ITocTpouTh TaOJHIBI UCTUHHOCTHU JIJIsI JIOTUYECKUX BJIEMEHTOB 1), 2),

3).
2. Kaxk Ha3pIBaroTCS TaHHBIE DJIEMEHTEI?
& Xl — & &
X1 — o— O— o—
X2 —
1) 2)
&
X] — 00—
&
o0—

3)
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3agaya 2.
1. 3amanel Toruueckue ypasHenus Y = X1UX2, Y = X149K2.
2. llocTpouThb JOTMYECKHE OHIIEMEHTHI, pPEANU3YIOIINE JaHHble (DYHKIMH, B
nornyeckux 6asucax M-HE n NJIN-HE.

3. HOCTpOI/ITB Ta6J'II/II_[BI HCTHUHHOCTHU JAaHHBIX 3JICMCHTOB.

3anaua 3.
1. Bamanbl toruueckue ypasaenus Y = X1UX2+X1UX2, Y = X1UK2+X14YX2.
2. IMocTpouth (PyHKITMOHATIBHBIE CXEMBI JOTHYECKUX AJIEMEHTOB JABYX Oazucax U-
HE u UJIN-HE.

3. HOCTpOI/ITB Ta6J'H/II_[BI HCTUHHOCTH AAHHBIX 3JICMCHTOB.

3amaua 4.

1. 3agana TabaIMa UICTUHHOCTU BUIA:

e
\S]
o’
G

MOHO’—OMOE

el Ll (=] =R LN T Fan Y Kan)
el Ll Ll Ll [==) [=> ) fen ) K a»)
e e e = == =0

2. [locTpouth NOTUUYECKOE ypaBHEHUE 3JIEMEHTOB U €ro (PyHKIIMOHATBHYIO CXEMY B

o0asuce -HE.

3anaua 5.
1. 3anano noruueckoe ypaeuenue Y = A BW+BDYA+C), kotopoe Heo6X0a1MO

npeodpazoBats B CHID.
2. IToctpouth TabIMIy UCTUHHOCTH 1O JJAHHOMY yYPaBHEHHUIO.
3. Tloctpouth (yHKIHOHATBHYIO CXEMY JIOTHYECKOTO ycTpoicTBa B Oaszuce WJIU-
HE.
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3anava 6.
1. 3anncars TOrMYECKOe ypaBHEHUE YCTPOMCTBA, IPUBEAECHHOIO HUKE.

2. IIpeobpazoBats ypaBuenne B CHID.

1
X] — O—
1 1
X2 ()—E O——
1 1
X3 — o— ,
1
X4 — o—

3amaua 7.

1. Tloctpouth cxemy »siemeHTa Ha Jorudeckom Oaszuce M-HE mno 3amanHoi

BPEMEHHOW IHarpamMe.

Al
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3agaya 8.
1. CocTaBuUTh TAOJIHUIY UCTHHHOCTH DJIEMEHTA, N300PaKEHHOT'O HIDKE.

2. IlocTpouTh BpEMEHHYIO MarpaMmy padOThI 3JIEMEHTA.

S S| T
J J Q
C C
K K o— __
Q
R R
3amada 9.

1. [TocTtpouth BpeMEHHYIO [uarpammy paboThl AI€MEHTa, H300paKeHHOTO HIDKE.

2. CocTaBUTh TAOJMILy UICTUHHOCTH AJIEMEHTA.

S S| T
J Q
C C
K o—
Q
R
3amaua 10.

1. HOCTpOI/ITB BPCMCHHBIC JarpaMMbl pa6OTBI JJIEMCHTOB, H306pa)KCHHBIX HUXKE.

2. CocTtaBuUTh TAOJIUIIBI HCTUHHOCTH JJIEMEHTOB.
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S| T S| T
— Q —— — Q
C C C
o— C .
Q Q
R R
Samaua 11.

1. [TocTpouTh BpeMEHHbIE AArpaMMBbI pabOThI AIEMEHTA, H300PaKEHHOTO HITKE.

2. CocTaBUTh TAOJIHILY MEPEKIIOUYCHUN (MICTUHHOCTH) DJIEMEHTA.

B Tl Ql T2 Q2 T3
TH R

| Q3
= o= -
TH -

TAKTOBBLIC NUMITYJILChI

3amaua 12.
1. CoctaBuTh TaOIUIly IEPEKIFOYCHUN CXEMBI, MPEICTABICHHON HIKE.

2. IlocTpouTh BPEMEHHYIO IHAarpaMMy YCTPOKCTBA.
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S| Ti S| T2
— J Ql — J Q2
Bxon
™ -e C C
— K o—— QI o K o—— Q2
R R
¢ ®
Q1 &
Q
S| T3 Q4— S| T4
— J Q3 %8 — J — 4
C C
— K o—— Q3 K o—— 4
R R
Q1
Ql—
Ql— & J &
Q Q2— o—
Q3— Q3— BxomHble curaansa
Q4— caumarorcs ¢ Q1, Q2,Q3,(Q4
N2 N3
3amaua 13.

1. CoctaBuTh TaOIUIly HICTUHHOCTHU Jemudparopa Ha 3 BXoa.

2. Iloctpouts ero ¢pyHKIIMOHANBHYIO cxeMy Ha snemenTax U-HE.

3amaua 14.
1. CocTaButh TAOIMIy UCTUHHOCTH AemudpaTopa Ha 4 BXOJa.

2. [MocTpouTts ero pyHkIMoOHANBHYIO cxemy Ha snemenTax M-HE.

Tewma 4. PacueT 3a110MHUHAOINX 3JIEMEHTOB.
3anmaua 1.
1. Paccuurate xommapatop (tpurrep ILlmmuara) npu 3agaHHONW HIMPHUHE METIU

rucrepesuca = 3 Bu tUy =-Uy =10 B,
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UsBx T

R
&>
R 1 oo o
o—: UBBIX
o}
Uon oYy
R2
3amaua 2.

1. Paccuntates xommaparop (tpurrep IlImuara) mpu R;=10 xOwm, R,=40 kOwm,

+UBI)IX: 12B ) _UBbIX =12 B, Uon =5B.

UsBx T

R
N ;D
R1 oo o
o—: UBbIx
Uon oy i
I —

R 2

2. Onpeaenuth MOporu cpabaThbIBaHUS U ITUPUHY TIETIN TUCTEpE3unca.

5.6 KoMIIeKThI 3a4aHUi 1J11 KOHTPOJIBHBIX padoT
Tema 1. Pacuer cxeMbl 21eMEHTa Ha ONEPALlOHHOM yCUJIUTETIE.

3amaua 1
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1. TlocTpouTh cxeMmy 3JE€MEHTA Ha OMEPALMOHHOM YCHIIUTEIIE 1O BUAY BPEMEHHOM

JIHarpaMmbl BXOJT — BBIXOJ.

Usx1 T

Usx2 v

Vv
~—

\ 4
~

/N
UBBIX

3amaua 2.

1. Harmucathb YPaBHCHHUC 3JICMCHTA, I/I306pa}KCHHOFO Hmxke. Kak Ha3pIBaeTcs I[aHHI)II‘/’I

DJIEMEHT? UBBIX :f(UBX) — ?, Ipr R1:7 KOM, R2:9 KOM, ROC:3O KOM.

R1
Oo— Roc
Usxl
R2
o— —ob _
Us o
r UBBIX
oy
3amaua 3.

1. Tloctpouth cxemy nsnemeHta Ha OY 1o BUAY BPEMEHHOM JuarpamMMbl M

ypaBHeHHI0. Kak Ha3bIBalOTCS 371€EMEHTHI?
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Usx1T

v
~—

Usx2

v
—

T Usbx=R2/R1(Usx 1+UBX2)

A 4
—~

3agaya 4.

. Hanucate ypaBHeHHwe »>ieMeHTa. Kak Ha3bIBaeTcsi JaHHBIA 3JIEMEHT?

Uppix=f(Ugx) — 2, pu R;= R5=8 kOmM, R,= R;=20 xkOwm.

R2
R1 oY

O—
Usx2 >

UBBIX
R3

Usx1° T i

R41

3anada 5.
4. Tloctpouth cxemy 3neMeHTa Ha OY B COOTBETCTBUMU C BPEMEHHOW JTrarpaMMon

Y YPAaBHECHHEM.
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Usx1T

A 4
~—

Usx2

v
~—

T Usbix=((R2+R 1)/R1))(Urx1-Upx2)/2

v
~

Tema 2. Pacuet npoxXoaHON XapaKTEPUCTHUKH.

3agaya 1.
1. 3agano ypaBHeHue Upy, =50 Y. Tloctpours cxemy anementa Ha OY mo
JIAaHHOMY YPaBHEHHIO, PACCUNTATh BEJNUHHBI PE3UCTOPOB U eMKOCTEIA.

2. Toctpouts 3aBucuMocTh Upgy =f(t), Uy =40 MB. Ilpumeuanue: OY BxoauT B

HacwleHHbH pexum npu Uy =10 B,

3amaua 2.

1. Tloctpouts cxemy snementa Ha OY 1o BpeMEHHOU Juarpamme.
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A~ UBX

v
—

UBBIX

/

Vv
~

3amaua 3.
1. 3amucath ypaBHEHHE, CBS3bIBAIOIEE BXOJHOE HAINPSHKEHUE DOJEMEHTa C

BBIXOJHBIM, ITpU R,=10 kOmMm, C=0,1 Mx®.

R2

o% Lo

<O

o)
UBBIX

i fOV l

2. BxomHoe HampspkeHHe H3MeHseTcss mo 3akoHy Upy=l-exp(-x), x00,1

[ToctpouTs 3aBucuMocTh Uy =1(t), Uy, =10 MB.
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3agaya 4.
U
1. 3amaHo ypaBHeHHe dneMeHTa Ha OV UBHXZ-O,OI“%. ITocTpOUTH CXEMY

9JICMCHTA.

2. IToctpouts cxemy snemMenTa Ha OV, eciniy U3MEHHUTH 3HaK (-) B PaBOM 4acTU Ha

().

3amaua 5.
1. 3amucath ypaBHEHHE, CBSI3BIBAIOIIEE BBIXOJHOE HAIMPSIKEHUE DJJIEMEHTa C

BXOJHBIM, pu R;=2 kOMm, R,=50 xOwm.

R2

R1
o—o | >

o)
Usx UBBIX

i foy

2. Ioctpouts 3aBucuMocts Up =H(Upy ).

3amada 6.

1. 3ananbl ypasuenus anemMeHToB Upgyy = - 40y, | Uy =204, U = - Uy,

Upux= Ugx. IToctpouts cxemsl 21eMedToB Ha OY 1 paccuuTarh 3HaUEHHs PE3UCTOPOB.

2. Kak "Ha3bpIBarOTCA JaHHBIE DJIIEMEHTHI?
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3agaya 7.

1. Paccunrarh TpaH3UCTOPHBIN KIIOY, UCXOMSI U3 YCIOBUN 00ECIEUCHUS PEKUMOB

orceuku u Hackmenus, mpu E,=10B, E=5B [ =8 A I =10 MmxA

+Ek
Rk2
U

BBIX
R6 VT

UBx

I Rcm

o + Ecm
1

2. [IpuBectu paboTy KiIr04Ya Ha TaOOPATOPHOM CTEHJIE.

3agaya .
1. Paccunrath cxemy mynbTuBHOpaTOopa Ha OY Ha 4acTOTY BBIXOJHBIX UMITYJIBCOB

f=100 I't mpu ckaxuocru 4, C=0,01 Mk® | R,/ R;=1, npuuem Ry+R3? 2 kOm.

R 1 VI
R 2

Va2

‘o)
UBBbIX

Tema 3. Pacuer a1eMEHTOB JIOTHYECKON YacTH.
3agaya 1.
1. CoctaBuTh TabNMIly MCTUHHOCTH YCTPOMCTBA M MOCTPOUTH €r0 JIOTMYECKYIO

CTpyKTYpy B 6asuce U-HE.
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Vvo| DC
X1 0 YO
X2 _
X3 _
X4 150—Y15
Vi
3agaya 2.

1. 3amano noruueckoe ypasHeHre Y = X 1UX2 UX4+X14X2 UX4+X 14X3 UX4
2. IIpeoOpazoBath nanHoe ypaBHenue B CJIHD.

3. CocTaBUTH TaONUIy HCTUHHOCTH YCTPOMCTBA.

3anaua 3.
1. 3agaHo gOorMYECKOE ypaBHEHHE
Y=abWtW+abtW+abtWi+bt+abtH+abli+ab .
2. IIpeobpazoBats ypaBuenue B CJITHD.
3. MuHUMU3UPOBATH C TOMONIBIO KapThl KapHo.

4. TToctpouth PyHKIMOHANIbHYIO cxemy B O0a3uce M-HE.

3agaya 4.
1. ITocTpouTh CXeMy MaTpUYHOTO Jemudparopa, UCIOIb3Ysl MPUBEICHHYIO HUXE

MHUKpPOCXEMY.
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Vvo| DC
X1 0 YO
X2
X3
X4 150——Y15
Vi
3amaua 5.

1. CoctaBuTh TaOIUILy UCTUHHOCTH OJIHOPA3PSAHOTO CyMMAaTOpA.
2. MuHUMH3UPOBATH JIOTHYECKUE YpaBHEHUS 11t S u P.

3. [TocTpouTs pyHKIMOHATBHYIO cXxeMy cymMaropa B 6azuce M-HE.

3agaya 6.
1. 3agans!l 1Ba ynciaa A=99 u B=125.

2. ITocTpouTh cyMMaTop JUIsl yKa3aHHBIX YHCEIL.

3amaua 7.
1. 3amano 4-x pa3psaHbIA JBOMYHBINA HOPMaIbHBIN KOJI C 3alIMTOM IO NMapuTeTy (Ha
YETHOCTB).

2. [ocTpouTh KOIUPYIOLIEE U JEKOJUPYIOLIEE YCTPOMUCTBO A1 YKa3aHHOTO KOJA.

3anaua 8.
1. 3amano 5-Tu pa3psIHBIA NBOMYHBIM HOPMAJbHBIM KOJ C 3aLIUTOM IO MAPUTETY
(Ha YETHOCTB).
2. [ocTpouthb KOIUpPYIOIIEe U JEKOJUPYIOIIEee YCTPOUCTBO A1 YKa3aHHOTO KOJA.
3agaya 9.
1. 3apan 4-X pa3psaHbId TBOUYHBIA HOPMAIbHBIN KOJ C ABOMHBIM TOBTOPEHUEM.

2. [locTpouTh KOIUPYIOILIEE U JEKOIUPYIOIIEE YCTPOMUCTBO A1 YKa3aHHOTO KOJA.
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3amgauya 10.
1. 3agan 4-X pa3psiHbINA IBOMYHbBIA HOPMAJIbHBIN KOJ C TOBTOPEHUEM U UHBEPCHUEH.

2. [locTpouTh KOIUPYIOILIEE U JEKOIUPYIOIIEE YCTPOUCTBO A1 YKa3aHHOTO KOJA.

Samaua 11.
1. 3apano 4-x pa3psIHOE JBOMYHOE YUCIIO.
2. IlocTpouTh perucTp XpaHeHWs Ui JaHHOro uucia Ha R-S — tpurrepax c
BO3MOYKHOCTBIO MApaJIJIEIbHOM 3aITUCH U CUUTHIBAHMUS.

3. ITocTpouTk Takoii ke peructp Ha D — Tpurrepax.

3agaua 12.
1. 3agano 4-x pa3ps/IHOE JBOMYHOE YHCIIO.
2. IlocTpouTh perucTp XpaHeHus sl JAHHOTO YKCiia ¢ MOCIeA0BaTEIbHON 3aMUChHIO
U CYUTHIBAHUEM.
3. IlocTpouTh perucTp XpaHEHUsl C MOCIEAOBATEIbHON 3alUChI0 U MapauIeIbHBIM

CUUTHIBAHUEM.
3agaya 13.

1. ITocTpouTh TaOIHLIBI NEPEKITOYEHUH J1s1 yCTPOUCTB 1) 1 2).

2. Kak Ha3bIBalOT JaHHBIE YCTPOMCTBA.
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3amaua 14.

1. CoctaBuTh TaOIUIy MEPEKIIOUECHUN YCTPONCTBA.

2. [TocTpouth BpeMeHHbIE AarpaMMbl pabOThl yCTPONCTBA.

DC Vvo| DC
1 1 0 —
—+1 2 2
4 4 7 —
R Vi

Tema 4. PacueT 3an1OMHHAIOIINUX DJIEMEHTOB.
3amaua 1.
1. BeiOpaTh 37€MEHTHI M pacCUMTATh 3HAUYCHUSI PE3UCTOPOB CXEMbI OJJHOBUOpaTOpa
Opy  CAEAYIOIUX HUCXOAHBIX gaHHbIX: Upgyy =10 B, mnmmrensrocts  mMmnynsca

onHoBuOparopa He Menee 3 mc, C=0,01 Mk® | R,/ R;=2 npu BBINOIHEHHHU YCIOBHS Ryt

R3? 2 kOm.
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1
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Vil oy
LN >
[ =1 = OU
2w [T
| N R3
Usx. “Tvoe

2. OnpenenuTe MakCUMaJbHYI YacTOTY BXOJHBIX MMIYJIbCOB, UX AMIUIUTYAY U

mmrenabHocTs npu C2=100 n®, Rs=10 kOm.

3anada 2.
1. Cxema, kakoro yctpoicTBa u3zo0paxkeHa Hmwke? Hapucyiite BpeMeHHbIE
JIMarpaMMbl CUTHAJIOB B TOYKax 1, 2, 3, 4.
2. BpeMmeHHble AuarpamMMmbl CIeAyeT MOCTPOUTH ISl TPEX CiaydaeB: 1) IBHIKOK
noTeHIoMeTpa R HaxoauTcs cTporo B cpefaHeil Touke; 2) ABUKOK CMEIIEH BJEBO; 3)

JABHUKOK CMCHICH B IIpaBo.

1

Ir o«

+E
3
S A N o -3

R2

MVH
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6 Metonnueckne yKa3aHus M0 NPUMEHEHUI0 HHPOPMALMOHHBIX TEXHOJIOT il
K undopmarnmonHoMy 006€CrieueHrnI0 MOKHO OTHECTH CIEAYIOIINE PECYPCHI:

1. Cucrema aBromatuzanuu o6udimnorek «IRBIS». JlanHas cucreMa, npeaHa3HauYE€HHAs
JUTsi 00ecCIiedeHusT BO3MOXKHOCTH TOMCKa MH(OpMAIu 0 KHIKHOM (hoHIe OMOIMOTEKH
BV3a. Cucrema mno3BossieT uckaTh HHGOPMAIMIO O OHOJIMOTEYHOM U3JIaHUM TI0
CJIEAYIOIIUM KPUTEPHUSAM: KIIFOUEBBIE CII0BA, aBTOP, 3arJIaBUe, TOJ U3AaHUA U 1P.;

2. Wudopmanmonnas cucrema HopMmaTuUBHBIX JokymeHTOB «Kodeks». Cucrema,
npeaHa3HaueHHas JUJIs MOMCKa HOPMATHBHBIX JIOKYMEHTOB, NMPUMEHSEMBIX B 00JIacTh
DHEPIEeTUKH.

3. Bcemupnas cerp InterNet. J[laHHass ceTb TO3BOJIIET HMMETh JOCTYN K

MH(OPMAIMOHHBIM pecypcaM BCETO MUpa W YHUBEPCUTETAa B YaCTHOCTU. AJpec caiita

AMYyPCKOTO TOCYAapCTBEHHOTO YHUBEPCUTETa WWW.amusru.ru.

4. JloxanbHas Oubnuoreka kadeapbr Onepretuku «CtyaeHT». [laHHBIA pecypc
MpEACTaBIsACT COOOM JJIEKTPOHHBIE BapUAHTHI KHIKHOTO (OHAA, HEOOXOAUMOTO st
y4eOHOTO0 Tpoliecca.

B mporecce 00ydeHUs HCIOIB3YIOTCS DJICKTPOHHBIC TMPE3CHTAIIMU JICKIUNA C
AJIIEMEHTaMH aKTUBHOTO O0YUYEHUS, KaK YKa3bIBAJIOCh BBIIIE, TOJTOTOBIEHBI JIEKTPOHHBIC
CIaiIbl U PUCYHKH, C TMOCJIEAYIOIMM TOKa30M HMX C IOMOIIBI0 MEIHUANpPOEKTOpa M
HOYTOYKa.

7 IlporpaMMHBbIe NPOAYKTHI, PeaJbHO HCHOJb3yeMble B MNPAKTHYECKOM
AeITeJIbHOCTH BBINTYCKHUKA

B mnporecce m3yueHus IUCHUTIIMHBI «DJIEMEHTBl AaBTOMATHYECKUX YCTPONCTBY
CTYJIEHT MpU TOJTOTOBKE K MPAKTUYECKHUM, JaOOPaTOPHBIM 3aHSATHSM, K JEKIIMOHHBIM
KypcaM MCIOJIb3YeT MPOrpaMMHBIC MPOAYKTHI.

Ha xadenpe umeercs mporpammHoe obOecnedenune. OHO mpeacTaBisieT coOoi
porpamMmbl HEOOXOJIUMBIE ISl Y4eOHOTO IMpoIlecca U KOTOPOE MOXKET KaKIIbI CTyJCHT
YCTaHOBHUTHL cebe, JUIsi OCBOSHUS Y4eOHOro MaTepuana Ha COOCTBEHHBIX MEPCOHAIBHBIX
KOMITBIOTEPAX.

Ilpoepammbl ¢ kKomopvimu 00ICHBL pabomams CmyOeHmul.

1. MS Visio (2002, 2003);rpaduueckuii peaakTop
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2. MathCad (2000, 2001, 2003) — cucTemMa MaTeMaTHYECKUX PACUETOB;

3. MatLab — cucrema MoaeTMpOBaHUS;

4. Delphi-6.0 — cucrema ObICTpO# pa3zpabOTKH MPOrpamMm;
5. TlpaBoBas nadpopmanonHas cuctema «Komekcy;

6. IlpaBoBas unpopmanuonHas cucrema «l apanr.

8 MarepuaJibl 10 KOHTPOJII0 Ka4ecTBa 00pa3oBaHuUsA

8.1 Meroauueckue yka3aHus [0 OpraHU3alul KOHTPOJIS 3HAHUN CTYJIEHTOB
B mponecce u3ydeHHs IUCHMIUIMHBL «OJIEMEHTBI ABTOMATHUYECKHUX YCTPOMCTBY
MPEAYCMOTPEHBbI CIEAYIONIUE BUIbl KOHTPOJISI 3HAHUM CTY/I€HTOB:
1. BXoaHO¥M (61111 OTIPOC);
2. MEXXCECCUOHHBIN (KOHTPOJIbHBIE pabOThI, OJIOK-TECTHI);
3. 9K3aMEHAaIMOHHBIN (PK3aMEH);
4. KOHTPOJIb OCTATOYHBIX 3HAHUH (3aUeT).

Baxneniien cOCTaBISIONMIEH U3YUYECHUSI TUCUUIUIMHBL SABJISAETCS KOHTPOJIb 3HAHWUM
CTYJICHTOB, B TOM YHCJIC€ TECTOBBIA KOHTPOJb KAa4eCTBA OCBOCHHUS MPOQPECCHOHATBHON
oOpa3zoBaTelbHON MporpaMMmbl (MPOBEpPKa OCTATOUHBIX 3HAaHUM). lIpuBeneHHbIE HIKE
KOMILIEKTHI 33JJaHUN MO3BOJISIIOT OLIEHUTh CTEIEHb YCBOCHUSI TEOPETUUECKOTO MaTepuana
U TMPAKTUYECKUX HABBIKOB M yYMEHUM MO AUCHUIUIUHE «DJIEMEHThl aBTOMATHYECKUX
YCTPOUCTB» B paMKax yuyeOHOUN TPOrpaMMBbl sl SHEPTETUUECKUX CIIEIIUAIBHOCTEHN BY30B.

8.1.1 BX0oHO KOHTPOJIb

BxogHo#t KOHTpoib 10 JUCHUIUIMHE TPEACTaBiIsieT co0oil  GiuIr-omnpoc,
MO3BOJISIFOIIMK  OLICHUTh 3HAHWE TOHATHM, OIPEICICHUM U  3aKOHOMEPHOCTEM,
MCIOJIb3yEeMbIX B JJAHHOW JUCIUIUIMHE U U3YYaEMBIX B paHee M3YUEHHBIX Kypcax ((pusuka,
TEOPETUYECKHE OCHOBBI AJIEKTPOTEXHUKHU, MPOMBIIIJIEHHAS 3JIEKTPOHHMKA, MaTeMaTHKa),

T.C. MOATOTOBJICHHOCTb CTYJAICHTOB IAJIsI OCBOCHUA JUCHHUIIJIMHBI.
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8.1.2 MexcecCuOHHBII KOHTPOJIb

MeKCECCHOHHBIM KOHTPOJIb BKJIFOYAET TEOPETUYECKUE 3aJaHUsl 110 U3y4aeMbIM
T€MaM, BBIIIOJIHEHUE MPOBEPOUHBIX PAOOT, BHIOIHEHHE TOMAIIHUX PACUETHBIX 3aJaHUU.
Tekymmui KOHTPOJb OCYIIECTBIAETCA CHUCTEMATHYECKHM B TEUCHHE CEMECTpa, IO
pe3yJbTaTaM KOHTPOJISL BBICTABIISIETCS MPOMEXKYTOYHAs arTtecTanus (KOHTPOJIbHbBIC
TOYKHU), SK3aMECHAI[MOHHAs OILIEHKA MO JUCIUIINHE BBICTABISETCA C YUYETOM PE3yJIbTaTOB
MEKCECCUOHHOTO KOHTPOJISI.

Bubpl npomMeKyTOYHOTO KOHTPOJIS:

- BBINIOJIHEHHE KOHTPOJBHBIX pa0OT MO TeMaM, PaCCMOTPEHHBIM Ha MPAKTHUYECKUX
3AHATUSAX;

- TeCTUpOBaHUE IO OJIOKaM-TECTaM, PACCMOTPEHHBIM Ha JEKIIHIX.

- CTYACHTHI, HE TOCCIIAIONINE JICKITMOHHBIC 3aHSATHUSA, MPEICTABISAIOT pedeparsl 1o

MPOMYIIEHHBIM TEMAM.

8.1.3 Dk3aMeHaIMOHHBII KOHTPOJIb (9K3aMEH )

HrtoroBoit ¢hopmoil KOHTPOJIS 3HAHHMKM CTYJICEHTOB SBJIAETCS 3K3aMeH. B oTBeTax
CTYJICHTOB Ha HDK3aMCHE 3HAaHHMS W YMEHHUS OILICHUBAIOTCS IO MATHOAIJILHOW CHUCTEME.
Onpoc CTYZIEHTOB OCYIIECTBIISIETCS B MHUCHbMEHHO-YCTHOM (opme. DK3amMeHAIMOHHBIN
OWJIeT BKJIIOYAET JBA TEOPETHMUECKUX BOIPOCA MO U3YYEHHOMY KYpCy U 3aauy (Kaxabld
BOIIPOC MW 33jlaya — IO pa3HbIM Te€MaM JAUCHUIUIMHBI). JJIS MOArOTOBKM OTBETa Ha

BOIIPOCHI U peleHus 3aj1auun gaerca 40 MuH.

8.1.4 KoHTpOJIb OCTAaTOUYHBIX 3HAHUH (3aUeT)

[IpoBepka kauecTBa OCBOEHHUs MPOPECCHOHAIBHONW 00pa30BaTEIbHON MPOTrPaMMBI
OCYILECTBJISIETCSL TOCHE M3Yy4YeHHUs JUCHUIUIMHBI B BHAE 3adera. Ompoc CTYyJIEHTOB
OCYIIECTBJISIETCSI B MHUCHMEHHO-YCTHOW ¢opme. buner Brmowaer B cebs JBa
TEOPETUYECKUX BOIpOCa MO HU3yYEHHOMY Kypcy. JlJisi MOArOTOBKM OTBETa Ha BOIPOCHI

naercsa 30 MuH.

163



8.2 Kputepuu o1ieHKH 3HAHUM CTYJCHTOB

3HaHMS OLIEHUBAIOTCS 10 YE€ThIPEXO0ANIbHOM TIKaJIe.

OTnnyHO — He MeHee 85% NpaBUIIBHO BBINTOJIHEHHBIX 3aJaHAM; XOPOIIO — HE MEHEE
75% mnpaBWIBHO BBINOJIHEHHBIX 3aJlaHUN;  YJOBJIETBOpPUTENBbHO — He MeHee 50%
MPaBUJIBHO BBIMOJHEHHBIX 3aJaHUl; HEYAOBIETBOPUTENbHO — MeHee 50% npaBUIIBHO
BBITIOJTHEHHBIX 3aJIaHUM.

Medsicceccuonnvlil KOHMpOIL (KOHMPOTLHLIE pabOmbl, OJIOK-mecmul, pegepamol).

Kaxnass kommponvuas paboma BkiIo4aer oaHy 3agady. lIpakTtuyeckue ymeHus
pENIeHHS 3a71a4 OIEHUBAIOTCS TI0 YEThIPEXOAIITLHOM IIIKaJIe.

OTAMYHO — NPABUIILHO PELIEHA BCS 3aJa4l. XOPOILIO — PEMICHUE 3a4a4l COACPIKUT
OLIMOKH HENMPUHUUIUAIBHOIO Xapakrepa. Y JOBJIETBOPUTEIBHO — 3aJadya HE pelleHa /10
KOHIIA, PENICHWE 3aJa4¥ COJEPKUT OIMMOKHA MPUHIUIHUAIBLHOTO XapakTepa, aJlfOPUTM
pelIeHs] BEpPEeH, HO YKCIIOBbIE 3HaueHUsi He BepHbl. HeynoBieTBopuTenbHO — 3a1aya
pelIeHa HEBEPHO.

[IpennoxxeHHbIe Mecmbl UMEIOT CIEAYIONIYI0 PopMYy:

a) 3aKpbITasi C OJIHUM MPABUIBLHBIM OTBETOM;
0) Ha yCTaHOBJIEHUE COOTBETCTBHSI.

Kpurepuu onenku TecToB: OTIMYHO — 95% U Oo0Jiee MpaBUIIBHBIX OTBETOB; XOPOIIIO
75% m OoJsiee MpaBUIBHBIX OTBETOB; YAOBIETBOpUTENIBHO — 60% U Oosiee MpaBUIIBLHBIX
OTBETOB; HEYJIOBJIETBOPUTEILHO — 61% 1 Oosiee HEMpaBUIbHBIX OTBETOB.

CryaeHTbl, He TOCELAOIME JIEKIMOHHbIE 3aHATHUS, NMPEACTABISAIOT peghepamvbl O
NpOMyIIEHHBIM TemaM. Pedepar A0MKeH CcoAepKaTh NOJIHBIA 00BeM HH(OpMaINH,
JIOCTATOYHBIN JIJIS1 PACKPBITUSI TEMBI.

Kpurepun ouienku pedepara: MoaHOCTbIO pacKpbITas TeEMa, OTBETHl HA HABOJSILINE
BOIIPOCHI — OTJINYHO; TeMa pedepara packpbiTa B MOJTHOM 00bEME, HETIOJHBIE OTBETHI Ha
JOTIOJTHUTENBHBIE BOMPOCHI — XOPOINO; TeMa pedepara pacKphiTa HE B MOJIHOM O0bEME,
OTBETHl Ha JOMOJHUTENIbHBIE BOMNPOCHI — YJOBIETBOPUTEIBHO; TeMa pedepara He
pacKpbITa, OTBETOB HA JOMOJHUTEIIbHBIE BOIPOCHI HET — HEYAOBIETBOPUTENIbHO. O0BEM
pedepara cocTaBiseT 25 neyaTHbIX JUCTOB.

IK3AMEHAYUOHHBIU KOHMPOIb
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B oTBerax CcTyJZeHTOB Ha »5K3aMEHE 3HAaHUS W YMEHHs OILEHUBAIOTCSA TIO
nATHOAIIIILHOM TITKaJIe.

OrneHka «OTJIMYHO» CTaBUTCSA B Clydae NMPABWIBHBIX M TOJHBIX OTBETOB Ha 00a
TEOPETUUECKHUE BOIMPOCHI OMJIETa U MPABUIBLHOTO PEIICHUS 3a/1a4H.

OreHKa «XOpOIII0» CTABUTCS B CIIydae:

- MPaBWIBHOTO, HO HEMOJIHOTO OTBETa Ha OJWH M3 TEOPETHUYECKHX BOIPOCOB
owsera, TpeOYIOIIEr0 YTOYHSIOUIMX JIOMOJHUTEIBHBIX BOMPOCOB CO  CTOPOHBI
MperojiaBaTelis WM OTBETa, COACPIKAIICTO OIMMOKM HETPUHIMITHAILHOTO XapakKTepa,
KOTOpPBIE CTYJEHT WCHOPABISIET IIOCJIE€ 3aMEYaHWi (JOTOTHUTEIBHBIX BOIPOCOB)
MPerno/iaBaTess; MPaBUILHOTO PEIICHUS 3a/1a4K;

- TpaBWIBHBIX W TIOJHBIX OTBETa Ha 00a TEOPETHYECKUX BOIpoca OwIera;
3aTPyIHCHUI TIPU PEIICHUH 3a7add, C KOTOPHIMUA CTYJIEHT CHPABJISIETCS MOCJE MOMOIIN
MIPETIOIaBaTElIs.

OreHKa «yIOBIETBOPHUTEILHO» CTABUTCS B CITydae:

- OTBETOB, COJIEPKAIIETO OIMIMOKHM MPUHIMITHAIIBHOTO XapakTepa Ha TEOPETUYECKUe
BOIIPOCHI OMJIETa; TPaBUIILHOTO PEIICHUS 3a/1a4H;

- HEBEPHOrO0 OTBeTa (OTCYTCTBHsI OTBETa) HAa OJWMH M3 TEOPETHUYECKHX BOIPOCOB
ousiera; pelieH s 3aa41 1Mocjie He3HAYMTEIbHON MTOMOIIU MTPENO0/1aBaTes;

- TIPaBUJIBLHBIX U TOJTHBIX OTBETOB Ha 00a TEOPETHUECKHX BOMpOca OmieTa; HEBEPHOTO
penieHus 3aa4n (He CIIpaBUIICs C 3a7ja4ei MOCyIe TTOMOIITH MPEToaaBaTes).

OreHKa «HEYTOBIETBOPUTEIBHO» CTABUTCS B CITydac:

HEBEPHBIX OTBETOB (OTCYTCTBUS OTBETOB) Ha 00a TEOPETUUECKUX BOMPOCa OUIIETa;

HEBEPHOTO OTBETa (OTCYTCTBUS OTBETOB) HA OJIMH U3 TEOPETUUYECKUX BOIIPOCOB OnieTa
Y HEBEPHOTO PEIICHUS 3a/1a4H.

Koumponv ocmamounwix 3nanuti (3auem)

B oTBerax CTyJ€HTOB Ha 3aueTe 3HAHWS U yYMEHUS OIICHUBAIOTCS, KAaK 3a4eT U
HE3aJer.

3adeT cTaBUTCA B CIIyvae:

- MPaBWIbHBIX U MOJHBIX OTBETOB Ha 00a TEOPETUYECKHUE BOIIPOCHI OUJIETA;

165



- MPaBWIBHOTO, HO HEMOJHOTO OTBETa Ha OJWH M3 TEOPETHUYECKHX BOIPOCOB
Owsera, TpeOYIOIMIEr0 YTOYHSIONIMX JIOMIOJHUTEIBHBIX  BOMPOCOB CO  CTOPOHBI
MperoiaBaTelis WM OTBETa, COACPIKAIIETO OIMMOKM HETPUHIMITHAILHOTO XapakTepa,
KOTOpPBIE CTYJASHT WCHPABISIECT IIOCJIE€ 3aMEYaHWi (JOTOTHUTEIBHBIX BOIPOCOB)
IperoaBaTers;

- IPaBUJILHOTO, HO HETIOJIHOTO OTBETA Ha 00a U3 TEOPETUYECKHUX BOMPOCOB OuieTa,
TpeOYyIOIIEr0 yTOYHSIONINX JOMOJHUTEIBHBIX BOIIPOCOB CO CTOPOHBI TPEIOIaBaTeNs HiIH
OTBETa, COJACPIKAIICTO OIMMUOKA HENMPUHIIMIHAIBHOTO XapakTepa, KOTOPbIE CTYJIEHT
UCITPABJISIET TOCTIE 3aMeUaHui (JOTOTHUTENIBHBIX BOIPOCOB) MPEMNO aBaTels;

He3auer craBuTCcsi B ciydae HEBEPHBIX OTBETOB (OTCYTCTBHS OTBETOB) Ha 00a

TCOPECTUUCCKUX BOIIPOCA ownera.

8.3 ®ounrwl 3aannii U1 OEHKH KadyeCcTBa 3HAHUHN

8.3.1 BXxoxHO KOHTPOJIb

Bormpocsl 6nui-onpoca:

1 wacmps (11€CTOM CEMECTD):

1. DHepreTuyecKkuit 0ObEKT 3TO — ...

2. Kak ocy1iecTBiseTcsi B3auMOJIeHCTBUE DYHEPTETHIECKUX 0OBEKTOB?
3. Uto BBI MOHUMAETE MO/ MOHITUEM MHPOPMAITMOHHBIN mporiecc?
4. DNeKTpUYECKUM CUTHAT 3TO — ....

5. Kakue 351eMEHTBI 3HEPrOCUCTEMBI BbI 3HaeTE?

2 yacmo (CeIbMOU CEMECTD):

1. Yto nmoapazymMeBaeTcst moJi HOHITHEM YIIpaBIsieMble OOBEKThI?
2. ABTOMATHYECKAasl CUCTEMA YIIPABJICHHUS 3TO — ....

3. HazoBuTe OCHOBHbBIEC BUbl CUTHAJIOB.

4. Kak npoucxoauT npeodpa3oBaHre CUTHATIOB?

5. Haznauenue puiabTpOB CUMMETPUUYHBIX COCTABISIOMIMNX?
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8.3.2 MeCcecCHOHHBIN KOHTPOJIb (KOHTPOJIbHBIE TOUKH)

Jist 1 yacTu IUCHUTITUHBI (IECTOM CeMecTp).

BapuaHThl TECTOB 110 KaXIOU TEME.

Tema 1. ABTOMaTHYECKHUE CUCTEMBI, YCTPOHUCTBA U (PYHKIIMOHAIbHBIE JIEMEHTHI.

1. ABTOMaTHYECKOE YIPABIISIOLIEE YCTPOUCTBO 3TO — ...

2. B3auMmopeiicTByromue  SHEpPreTuyeckue  OOBEKTBI,  MOJBEpPrarolIrecs
LIEJICHAIPABIICHHBIM BO3JICHCTBUSIM, HA3bIBAIOTCS —

a) YIPaBJISIIOIIUMH O0OBEKTaMU;

0) ynpaBlIieMbIMU 0ObEKTAMH,

B) OOBEKTaMH CBSI3H.

3. CurHan sBIsieTCs HEMPEPHIBHO-TUCKPETHBIM, €CIIH —

a) nH()OPMALIMOHHBIN TApaMeTp U3MEHSIETCS CKauKooOpa3Ho;

0) nH(pOpMaAIMOHHBIN apaMeTp 00pa3yeT HEMPEPHIBHOE MHOXKECTBO.

4. Kakue cursasasl OTHOCATCS] aHAJIOTOBBIM —

a) HEIIPEPbIBHBIE;

0) uudpossie;

B) JMCKPETHO-HEIIPEPHIBHBIE.

5. Kakue cursansl OTHOCATCS K JUCKPETHBIM —

a) IUCKPETHO-HENPEPHIBHBIE;

0) TUCKpETHBIC,

B) HEMPEPBIBHO-IUCKPETHBHIE.

6. HazoBruTe OCHOBHBIE COCTABHBIE YACTH ABTOMAaTHYECKUX YCTPOUCTB?

7. OyHKIIMOHAIBHAS CXEMA 3TO — ...

8. [Tomexu 31O — ...

9. UndopmamoHHBIi MpoIiecc 310 — ...

10. IIepeyncanTy OCHOBHBIE XapaAKTEPUCTUKU CUTHAJIOB.

Tema 2. XapaKkTEpUCTHUKHU HIEMEHTOB aBTOMAaTUYECKUX YCTPOMCTB.

1. ®yHKIHOHANBHAS XapAKTEPUCTHKA 3TO — ...

2. Kakoil BuJl ”M€eeT HeNpepbIBHAS NIEPEXOIHASI XaPAKTEPUCTUKA:
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a) 0)

Xex] (t)/\ Xppix1 (t)/\

0 > t 0 ’t
B)
XBX6(O)/\

0 't

3. Kak o6o3Hauaetcs nepeaaroyHasi GyHKIHS HEMPEPHIBHOTO 2JIEMEHTA:

a) H(p);

6) Z(h);

B) X(2).

4. InddepennmanbHoe ypaBHEHHE HEMPEPHIBHOTO CHTHAJA B OMEpPaTOpHOU (opme

UMEET BU:

X..P)=..

5. IlpoxoaHas XapakTepUCTUKA 3TO — ...

6. AOCOTIOTHAS TOTPEUTHOCTD ATO — ...

7. llorpemHoctn mnpeoOpa3oBaHUs M TOMEXH, BO3HUKAIOIIME B IIpolecce
npeobpazoBanus (PYHKIHMOHAIBHBIM 3JIEMEHTOM CUTHAJIA, ONPEACIISET €ro:

a) YaCTOTHBIE XapaKTEPUCTUKHU;

0) nH(pOpMaLMOHHBIE XapAKTEPUCTHUKHY;

B) (YHKIIMOHAJIbHBIE XapaKTEPUCTUKH.

8. OOpaTHas CBS3b 3TO — ...

9. Ilopor 4yBCTBUTEIBHOCTH ONPEIAEISAETCS . ... HOTPEMIHOCTHIO.

10. UudopmarimonHbiii 00beM 3T0 — ...
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Tema 3. YacTtoTHBIe GUIBTPHI ABTOMATUYECKUX YCTPOMCTB.

1. ®unbTpanus curHaia 31o — ...

2. Kakyro ¢opmy uMeeT aMIUIUTyAHO-4aCTOTHAs XapaKTEPUCTHUKA WICATbHOTO
4aCTOTHOTO (pUIbTpa:

a) KpyroBy1o;

0) NpsAIMOYTOJIbHY1O;

B) DJUIMIIC.

3. ®HY BTOporo nopsjka npeacrasisieT coOoi ....coeauHeHHbIX RC — ¢unbTpa ...
HopsJIKa.

4. AHaNIOTOBBIN YaCTOTHBIN QUIBTP COCTOUT U3 ... .

S.ANIT—...

6. [{ludpoBoit acTOTHBIN PHIBTP C KOHEYHOU UMITYJIHCHOW XapaKTEPUCTUKOM ITO:

a) peKypCUBHBIN QUIBTD;

0) HEpEeKypPCUBHBII PUIBTP;

B) TTOJIOCOBOM (PUITBTP.

7. PexypcuBHbIe 1IUGPOBBIE PUIBTPHI COCTOAT U3 ... coequHEHHBIX [[UD ... u ...
HopsJIKa.

Tema 4. VI3ameputenbHbie TpeoOpa30BaTeIN BXOIHBIX CUTHAIOB.

1. I3mepurenbHbie TpaHCPOPMATOPHI 3TO — ... .

2. HegoctaTkoM MAacCUBHBIX M3MEPUTETHHBIX TPAHC(HOPMATOPOB SBISETCS HATAYUE
... IpeoOpa3zoBaHuUsl.

3.Da30n0BOPOTHBIE AIEMEHTHI CITYKaT JUIA ... .

4. KakoBel p u z — mepenarouynbie (GYHKIUU aHAJOTOBOTO HEMPEPHIBHOTO
(a301oOBOPOTHBIX 3JIEMEHTOB.

5. AKTHBHBIN U3MEPUTENBHBIN TPaHCPOPMATOP TOKA ITO — ... .

6. I3MepuTenbHbIN MACCUBHBINA TPAHCPEAKTOP 3TO — ... .

Tema 5. 3meputenabHble TpeoOpa3oBaTeIM BXOIHBIX CHTHAJIOB, U3MCHSIOIINE HX
hopmy.

1. BpemsiumnysibcHOE TpeoOpa3oBaHre U3MEHEHUH YaCTOTHI 3TO — ... .
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2. IlpeoOpa3oBanue amIuIMTyabl, ¢a3bl M YAaCTOTHl B MPONOPLHOHAIbHbBIE
HaIPSKEHUS IOCTOSTHHOTO TOKA MPOU3BOJIUTCS HA OCHOBE BBIIPSMIIEHUS, ... MTHOBEHHBIX
3HAYEHUH, ... B TCUEHUE BPEMEHU.

3.UMM—....

4. Kakoil ¢yHKIMEH MNPOMBIIUICHHOW 4YacTOThl TOJYy4aeTcs JJIUTEIbHOCTh
UMITyJIbCa?

5. Tlo kKakuM 3aBUCHMOCTSIM IPOM3BOJUTCS BPEMAHMITYJIBCHOE H3MEPHUTEIBHOE
npeoOpa3oBaHUE aMILUIUTY/IbI:

a) MO JIMHEWHBIM;

0) 1o He JIMHEHWHBIM.

6. AMITUTY THO-(pa3HOE BPEMAUMITYJILCHOE MPE0OPa30BaHUE 3TO — ... .

Tema 6. DUIBTPBI CAMMETPUYHBIX COCTABIISIIOIINX.

1. ®UABTPHI CAMMETPUYHBIX COCTABIIAIOIINX 3TO — ... .

2. IlaccuBHbI (UABTP HANPSDKEHUS HYJIEBOW MOCIEAOBATEILHOCTU COCTOMUT W3
TpEX ... WIH ... , COEAUHEHHBIX IO CXEME ... .

3. B ¢uiibTpe HanpsKeHUs: OCylIeCTBIsIeTCs 0OpaTHAas CBSI3b:

a) Mo TOKY;

0) 1o HAMPSHKEHUIO;

B) [0 YacToOTe.

4. @unabTpsl TOKOB OOpaTHOW  MOCJIEIOBATEIbHOCTH,  BBIIOJHAKOTCS  C
HCIIOJIb30BAaHUEM:

a) (pa3HbBIX HANPSKEHUN;

0) MOJTHBIX TOKOB;

B) (ha3HBIX TOKOB.

5. TLA—....

6. [{udpoBoit GpuiIbTp CUMMETPUYHBIX COCTABJISIFOIINX 3TO — ... .

TeMmsl pedeparos.

1. [Ipsimas u oOpaTHas CBSI3U B aBTOMAaTUYECKUX YCTPOMCTBAX.

2. Bnustnue oOpaTHBIX CBSI3€H Ha XapaKTEPUCTUKU FJIEMEHTOB.
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3. [laccuBHBIEC PE30HAHCHBIE MTOJIOCOBBIE (QUITHTPHI.

4. BeimonHenue nuppoBbix GUIBTPOB.

5. AKTUBHBIE U3MEPUTEIbHBIE TPAHCHOPMATOPHI.

6. dopmupoBarenu OPTOTOHAIBHBIX W CHMMETPHUYHBIX TpeX(}a3HbIX CHCTEM
ANEKTPUYECKUX BETUYHH.

7. W3meputenbHble nOpeoOpa3oBaTei aMIUIMTYIbI, ¢a3bl W  YacTOThl B
JUCKPETU3UPOBAHHBI CUTHAIL.

8. BeinosiHeHre nupoBbIX GUIBTPOB CUMMETPUYHBIX COCTABIISIOIINX.

9. BausiHHe Ha HENPEPHIBHYIO MPOXOJHYIO XapaKTEPUCTUKY OTPHUIATEIbHON U
MOJIOKUTEIILHON 00paTHOM CBSI3U, OXBAThIBAIONIUE (GYyHKIIMOHATBHBIC SJIEMEHTHI.

10. Buas! curainoB. MareMaTH4eCKOE ONMCAHUE U XAPAKTEPUCTUKHU CUTHAJIOB.

11. PexypcuBHbie 1Tu(pOBBIE (PHIBTPHI.

12. ®unbTphl TOKa 0OPATHON MOCIIEIOBATENBHOCTH.

JUis 2 yacTH TUCUUIUIMHBI (CEABMON CEMECTP).
3amaHuid N1 KOHTPOJBHBIX pabOT MOAPOOHO pacmucaHbl B MyHKTE 5.6.
«KoMriekTsl 3agaHuii Il KOHTPOJIBHBIX PadoTy.

TeMmsl pedeparos.

1. AHanoro-u¢poBoi U3MEPUTENBHBIN NPE0OPa30BATENb MOLTHOCTH.
. AKTUBHBIE BPEMSUMITYJIbCHBIE JIIEMEHTBI CPABHEHUSI aMILJIUTY Il U YaCTOTBHI.

. Hudpossie 251eMEHTHI CpaBHEHUS.

2
3
4. I3MepuTeNbHbBIE OPraHbl C ABYMsI BXOJHBIMH BO3/IEMCTBYIOIIMMU BEJIMYMHAMM.

5. AHanoro-uu@poBbie MUKPOTIPOIIECCOPHI.

6. MonyJiITOpbl U IEMOAYISATOPBI.

7. ®opMUpOBATENH U MPEe0Opa30BaTEN KOJIOB.

8. HaznaueHuss u OCOOEHHOCTM MCHOJHHUTEIBHBIX 3JIEMEHTOB aBTOMATHUYECKHX
YCTPOMCTB.

9. BeCKOHTaKTHbBIE TUPUCTOPHBIE MEPEKITIOUATEIH.

10. AMmUTy1HO-(ha3HbIE TACCUBHBIEC DJIEMEHThI CPAaBHEHUSI.

11. I'enepaTopbl HECyIIUX MPOLIECCOB CUTHAJIOB.
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12. IludbpoBsie U3MEPUTEIBbHBIE OPTaHbl MOIITHOCTH.

8.3.3 DK3aMEHAIMOHHBIN KOHTPOJIb

KOHTpOJ’II)HBIe BOIIPOCHI K 3K3aMCHY II0 JUCIHUIIIINHC «DJIEeMEHThl aBTOMAaTHYECKUX

YCTPOMUCTBY.

1.

10.

11.

12.

13.

14.

N3mepurenpHble mpeoOpa3zoBaTend MOIIHOCTH. Ha3HaueHuwe, BUABI U CIHOCOOBI
OCYILIECTBJICHUSI.

[TpyHUMIIBI IENCTBUSI MHTETPAIIBHOTO TEPEMHOKUTEIS ¢ MEPEMEHHON KPYTHU3HOU
XapaKTEPUCTUKHU.

BpemeHnHble  auarpaMMbl  [IPSIMOTO  BPEMsI  HMMIIYJIbCHOIO  [IE€PEMHOXKECHHUS
JACKPETU30BAHHBIX MTHOBEHHBIX 3HAYCHUMU.

BpemsanmitynbcHbie U3MEPUTEIIbHBIE npeobpazoBareinu MOUIHOCTH.
N3mepurenbHble MpeoOpa3oBaTesid Ha MOAYISATOPAX.

BpeMaumnynbCHbIE W3MEPUTENbHBIE MPeo0pa3oBaTeId MOUIHOCTH. AMIUIUTYIHO-
UMITyJIbCHBINA Moayisitop UBA.

N3mepurenbHble MpeoOpa3oBaTesid Ha MHTErPATbHBIX IEPEMHOKHUTEIISX.
OyHKIIMOHAIbHAsT ~ CXeMa W BpEeMEHHble  TpadUKd  WU3MEPUTETHHOTO
npeoOpa3oBaTeis aKTUBHOW U PEAKTUBHOW MOIITHOCTEW ¢ B3aUMHON KOMIIEHCAIMen
aMILIUTY A TApMOHAYECKON COCTABIISAIOIIECH.

OcobGenHoctu  UU(QPOBBIX  U3MEPHUTENBHBIX  NpeoOpa3oBaTeNneil  MOIIHOCTH.
CrpyktypHas cxemMa 1U(GpOBOro  OBICTPOJAEHCTBYIOLIETO  HM3MEPUTEIHLHOTO
npeoOpa3oBaTessi aKTUBHOM MOIIHOCTH.
AHanoro-1uppoBoi U3MEPUTENLHBIN MPEe0OPa30BaTENb MOITHOCTH.

DJIEMEHTBI CPABHEHUSI CUTHAJIOB. [IpuHIMI 1eicTBUS.

XapakTepUCTUKU 3JIEMEHTOB CpaBHEHUS. DyHKIIMOHAIBHBIE XapaKTEPUCTUKMU.
XapaKTEePUCTUKH AJIIEMEHTOB CPABHEHHUS. XapaKTEPUCTUKU 3JIEMEHTOB CPAaBHEHUS
aMILTUTYA U (as3.

XapakTepUCTUKH DJIEMEHTOB CpaBHEHHS. XapaKTEPUCTUKH aMIUIUTYAHO-(Ha30BOTO
AIIEMEHTA CPABHEHUSI.

ITaccuBHBIC PJIEMEHTHI CpaBHCHMUA. DJIeMEHT CpaBHCHUA aMIJIMUTY 1.
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15
16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. [TaccuBHBIC P7IEMEHTHI CPaBHEHHUS. DJIIEMEHT CpaBHEHUS (a3.
. ITaccuBHbIE 351eMEeHTHI cpaBHEHUS. [IpoxoaHbie XxapakTepucTuku. OTHOCUTEIbHBIN
YPOBEHb CUTHAJIA.

[TaccuBHBIC AeMeHTHI cpaBHeHUs. [laccuBHBIE amMIUMTYIHO-(Da3HBIE SJIEMEHTHI
CpaBHEHUSI.

AKTHBHBIE BBINIPSIMUTEIIBHBIE 3JIEMEHTHI CPAaBHEHUSA CUTHAIOB. CXxeMa aKTUBHOTO
AJIEMEHTA CPABHEHUSI aMILIUTY/]l HEIPEPBIBHOTO JIEUCTBUS.

AKTHUBHBIE BBIIPSAMUTEIBHBIE AJIEMEHTHI CPaBHEHUSI CUTHAIOB. Cxema 3JIeMEHTa
CPaBHEHUSI aMIUIUTY I PEIIEUHOTO JICUCTBHS.

AKTHUBHBIE€ BBIIPSIMUTEIBHBIE AJIEMEHTHI CpaBHEHHSI CUTHANIOB. CxeMa aKTUBHBIX
OC ¢a3z 3/1C HenpepbIBHOTO U JUCKPETHOTO IEUCTBUS.

AKTUBHBIE BPEMSHUMITYJILCHBIE AJIEMEHTHl CPAaBHEHHUSI YaCTOThl U aMILIMTY/IbI.
Cxembl BpPEMSMMITYJIbCHOTO 3JIEMEHTAa CPAaBHEHUS MPOMBIIUICHHOM YacCTOThI
HEINPEPBIBHOTO JIEUCTBUS.

N3MepuTenpHble OpraHbl C ABYMs BXOJHBIMU BO3/ICUCTBYIOIIMMH BEJIMYHHAMU.
N3meputenbHble opranbl MOUIHOCTH. (DyHKIIMOHAJIBHAS CXE€Ma HU3MEPUTEIBHOTO
OpraHa peJieHOro I€MCTBUS AKTUBHOM MOIIIHOCTH.

AKTUBHBIE BBIIPSMUTEIBHBIE 3JIEMEHThl CPaBHEHHS CHUTHaJOB. (CXeMbl U
BPEMEHHBIC JUArpaMMbl BPEMSMMITYJIbCHBIX 3JIEMEHTOB CPAaBHEHHS aMIUIUTYIbI C
3aJIJaHHBIM 3HAYEHUEM JIUCKPETHOTO JICUCTBHS.

AKTUBHBIE BBIIIPSIMUTEIIbHBIC DJIEMEHThl CPaBHEHHMS aMIUIUTYd U ¢as3.
3aBUCUMOCTH Pa3HOCTEH NJUTENBHOCTH HUMITYJIBCOB OT yrila ciasura ¢as3 u oT
COOTHOILIEHHUS aMIUTUTY.

AKTUBHBIC BBITIPSIMUTEIIBHBIC AJIEMEHTHI CpaBHEHUs aMmIuuTyd U ¢a3z. Cxema u
BpEMEHHBIE  JWarpaMMbl  BPEMSUMITYJIbCHOTO  DJIEMEHTa  CpaBHEHus (a3
JIUCKPETHOTO JICUCTBUA.

JluckpetHbie anemMeHThl cpaBHeHUs (a3. DopMupoBaHHE JTUCKPETHBIX
MOTEHIMAJIBHOTO U UMITYJIbCHOT'O CUTHAJIOB.

JluckpeTHble dJIeMEHTBhl cpaBHeHUs (a3. VmnynbCHbIE TOC/IEI0BATEIbHBIC

DJICMCHTHI.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

JluckpetHble d1eMeHTHl cpaBHeHus (a3. IloTeHIuanbHBIE TOCIIEI0BATEIbHBIC
AJICMEHTHI.

JluckpeTHble d3JE€MEHThl cpaBHeHUs (a3. MmnynbCHble KOMOWHHPOBAHHBIC
AJIEMCHTHI.

HN3meputenbHble OpraHbl aBTOMAaTUYECKUX YCTpOWCTB. Ha3HaueHuwe, BUABI U
O0COOCHHOCTH U3MEPUTEIIbHBIX OPTaHOB.

JluckpeTHbIe 7eMeHTHl cpaBHEHHS (a3. DyHKIIMOHATBHBIE CXEMbI aHAJIOTOBOTO U
M(PPOBOro HM3MEPUTEIIBHBIX OpPraHOB C JBYMS BXOJHBIMH BO3JICUCTBYIOUIUMHU
BEJIMUYMHAMM.

N3mepurenbHble Opranbl ¢ ABYMS BXOJHBIMH BO3JCHCTBYIOIIUMHU BEJIWYMHAMMU.
OYHKIMOHAJIBHBIE CXEMbl M XapaKTepUCTUKA CpabdaThbIBaHUS MHHUMAJILHOIO
W3MEPUTEIIBHOTO OpPraHa MOJHOTO COIPOTHUBIICHUS.

N3meputenbHble OpraHbl ¢ JByMsI BXOJHBIMH BO3/ICMCTBYIOIIMMHU BEIUYUHAMU.
dopMHUpOBaHUE  XAPAKTEPUCTUK  CpabaThbIBaHUS  U3MEPUTEIIBHBIX  OpPraHOB
COITPOTHUBIICHUS.

N3meputenbHble OpraHbl C JIByMsI BXOJHBIMH BO3/ICMCTBYIOIIMMHU BEIUYUHAMU.
XapakTEepUCTUKH  cpabaThIBaHHWS  HAMNPABICHHOTO  HM3MEPUTEIBHOIO  OpraHa
COIIPOTHUBIICHUS U TPAHUYHBIC XAPAKTEPUCTUKHU FJIEMEHTOB CPABHEHUS.

N3meputenbHble OpraHbl C JBYMsI BXOJHBIMH BO3/ICMCTBYIOIIMMHU BEIWYUHAMU.
OyHKIMOHAIbHAS CXEMa U3MEPUTEIBHOIO HAITPABJIEHHOIO OPraHa COPOTUBIICHUS.

N3meputenbHble OpraHbl C JBYMsI BXOJHBIMH BO3/ICMCTBYIOIIMMHU BEIWYUHAMU.
W3mepurenbHble Opraibsl caBura ¢as.

N3mepurenbHble Opranbl ¢ ABYMS BXOJHBIMH BO3JCHCTBYIOIIUMHU BEIWYMHAMMU.
N3meputenbHble opranbl MOIIHOCTH. (DyHKIIMOHAJIBHAS CXE€Ma HU3MEPUTEIBHOTO
OpraHa akTUBHOW MOIIHOCTH PEJIEUHOTO JECUCTBHS.

H3mepurenbHble OpraHbl ¢ IByMsI BXOJIHBIMA BO3JICHCTBYIOIIUMHA BETMYMHAMMU.
DK3aMeHallMOHHbIEC OUJIETHI XPAHATCS B HOMEHKIAType J1e7 Kapeapbl SHEPreTUKH.

Hwuxe npuBeneH npumep ouera.

174



AMYPCKHWI I'OCYJIAPCTBEHHbBIN YHUBEPCUTET

VYTBep:KJIeHO Ha 3aceJaHuU Kadeapsl Kadenpa suepreruku
ot 23 Hos6ps 2006 1. mpoTokosa Ne 4 @aKyabpTET SHEPTETUUECKUN
3aB. xadenpoii H.B. CaBuna Kypc uerBepThiii

CnemmansHocTh: 140203
JucuurminHa: JJI€MEHThI
aBTOMATHYECKHUX
YTBEPXIOAIO YCTPOMCTB

buner Ne 13

1. TTaccuBHBIC PJIEMEHTHI CPAaBHEHHSI. DJIIEMEHT CpaBHEHHS (a3.

2. U3meputenbHble Opranbl €  JABYMS  BXOAHBIMH  BO3ACHCTBYIOIIMMU
BEJIMYMHAMM. XapakTepUCTUKHU cpabaThIBaHUS HaMnpaBJICHHOTO
W3MEPUTENIBHOTO OpraHa CONPOTHUBIICHUS W TPAHUYHBIE XapaKTEPUCTUKH
AJIEMEHTOB CPABHEHUSI.

3. 3anmaua.

3anaya

1. 3aganbl ypaBuenus snementos U, = -409 . U, =209, ; U, =-U,_;

U, = U,,. ITocTpouts cXeMbI 37ieMeHTOB Ha OY ¥ paccunuTaTh 3HAYEHHS PE3UCTOPOB.

B8blX

2. Kak Ha3pIBaroTcs JaHHBIE DJIEMEHTHI?

8.3.4 KoHTpOJb OCTATOYHBIX 3HAHUH (3a4eT)
KoHTponbHBIE BOMPOCH K 3a4eTy MO IUCIUIUIMHE «DJIEMEHTHI aBTOMATHUECKUX
YCTPOUCTBY.
1.  ABrtomaruueckoe  ympaBieHue. (OCOOCHHOCTM  TEXHUYECKUX  CPEJICTB
aBTOMATHYECKOTO YIIPABIICHHUS TIPOU3BOJICTBOM U PACIIPEACTICHUEM JICKTPOIHEPTHH.
2. Ponp mHbOpMAaMK B OCYIICCTBICHHH AaBTOMAaTHYECKOTO YIPABICHUS MPOIECCOM

MIPOU3BOJICTBA U paCIIpeieNICHUs dIEKTPOIHEepruu. Buasl nndopmanuu.
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3. Curnan. Hecymmii mporiecc curnana, ero uHpopmaimoHHbie mnapameTpbl. Dopmer
CUTHAJIOB. MaTeMaTH4eCKO€E ONUCAHUE CUTHAJIOB.

4. BXxonHbIE CUTHAJIIBI aBTOMAaTHYECKUX YCTPOUCTB JJIEKTPOIHEPIETUYECKUX CUCTEM.

5. Bugpl aBTOMaTHM4eCKMX yCTPOWCTB. (DPYHKIHMOHAJIBHBIE YAaCTH ABTOMATHUYECKHUX
yCTpPOUCTB. PYHKIIMOHAIBHBIE 3JIEMEHTBI aBTOMAaTUYECKOTO YCTPOKCTBA.

6. Pa30MKHYTbIE U 3aMKHYTbIE (PYHKIMOHAJIbHBIE 3JIEMEHTH. Buabl oOpaTHOW CBs3H,
OXBAaThIBAIOIIEH (DYHKIIMOHAILHBIN 3JIEMEHT.

7. @yHKIMOHAIbHAS XapaKTEPUCTUKA DJIEMEHTA ABTOMAaTUYECKOI0 yCTPOKCTBA.

8. HmmynbcHas ¥ mepexoaHas BpPEMEHHbIE XapaKTEPUCTUKH (PYHKIIMOHAIBHOTO
AJIEMEHTA aBTOMATHYECKOI'0 YCTPOUCTBA.

9. HenpepbIBHASI UMITYJIbCHASA U NIEPEXOHAS XapaKTEPUCTUKU aHAIOTOBBIX TACCUBHBIX
- tuddepennmarTopa (4acTHOTO PHIIBTPA BEPXHUX YACTOT);

- UHTETpaTopa (4acTOTHOrO (PUIIbTPA HUKHUX YACTOT MEPBOro MOPSAKA);

10. JIuckpeTHble UMITYJIbCHAS U NEepexogHas xapakTepucThuku uudposeix ®BY n ®HY
MEPBOrO MOpPSJIKA.

11. P- nepenarounas ¢GpyHKIHS aHAJIOTOBOTO U Z-niepeaaroyHas GyHKIus udpoBoro
[IEPEJATOYHOTO HJIEMEHTA.

12. KommiiekcHas yacTOTHasi XapaKTEpPUCTUKA aHAJIOrOBOIO U LU(GPOBOIO 3JIEMEHTOB.
AMIUIUTYIHO- U (pa30YaCTOTHBIE XapaKTEPUCTUKH aHAJIOTOBOIO HENPEPBIBHOIO U
1IU(POBOTO IIIEMEHTOB.

13. IIpoxonHass xapakrepuctuka POD. Buasl npoXOAHBIX XapaKTepUCTHK. BiusHue
OTPULATENIBHON U MoJIokKUTENbHOM OC Ha HENMPEPBHIBHYIO XapaKTEPUCTUKY. Peneitnas
MIPOXOJHAsA XapaKTePUCTHKA.

14. HaznaueHnue 4yacTOTHBIX QUIbTPOB B AY. MaremMarnueckoe ONUCaHUE BXOJHBIX
UH(GOPMAITMOHHBIX MTPOLIECCOB ABTOMAaTUUYECKUX YCTPOMCTB.

15. Bunbr ¢dunstpoB mo AUX. Maremaruyeckoe onucanue AYX aHanoroBoro
HOpMuUpoBaHHOTrO ¢unbTpa HwkHUX uactor (DHY). P- nepemarounas dyHkus
HopMupoBanHoro ®HY.

16. P- mepenarounas ¢ynkuus peanbHoro ®HY ¢ 3amaHHON rpaHUYHON KPYroBou

4acTOTOU MpoIycKkaHuss Wrp.IL.
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17. Cxema npocreitmnx naccuBHbix @®HY u ®BY nepBoro nopsiaxa.

18. P- nepenarounsie pynkiuu aktuBHbIXx ®HY, ®BY u [TY® BTOporo nopsaka. Yem
OHH Pa3INYaIOTCA.

19. AxtuBHBIC PUIBTPHI ¢ KOHEYHON UMITYJILCHON XapaKTEPUCTUKOM.

20. Iudpossie uactoTHble (uUIBTPE. PexkypcuBHble 1UdpoBble GUILTPHL. He
PEKypCHUBHBIE LIUPPOBBIE (DUITBTPBHI.

21. Brpmonnenue uudpoBeiXx QUIBTPOB. CTPYKTYpHBIE CXEMBI. Z-TepeJaTOYHbIC
byukiuu  1UGPOBLIX (GUIBTPOB C 3aJaHHBIMM TPAHUYHBIMM  OTHOCUTEIBHBIMU
KPYTOBBIMHU YaCTOTAMH MPOIMYCKAHUS.

22. Haznmauenwme W  Pa3HOBUJIHOCTH  M3MEPUTENBHBIX  IpeoOpazoBaresnei.
N3mepurenbHble TpaHC()OPMATOPHI.

23. Tparcdopmaropsl. CxeMbl BKITIOUCHUS U 3aMEIIICHHUS.

24. AKTuUBHbBIE U3MepUTeNbHbIE TpaHchopmaropsl. IlorpemHocTd kKo3hduimeHTa
TpaHcopmarmu.

25. ®a3omoBOpOTHHIE 2JIeMeHThl. P- u Z-nepenatounsie pyHkuuu. [laccuBHble U
aKTHUBHbBIE (Da30TMIOBOPOTHHIE IJIEMEHTHI.

26. U3meputenbHble MpeoOpa3oBaTeld H3MEHEHUN 4YacTOThl B H3MEHEHUs (a3bl.
ITaccuBHBIE U AaKTUBHBIE.

27. I3meputenbHbie TpeoOpa3oBaTeIn U3MEHEHUN YaCTOThl B U3BMEHEHUS aMIUTATYIbI.
[TaccuBHBIE U aKTUBHBIE TPE0Opa30BaTENH.

28. @opmupoBaTelid OPTOTOHAIBHBIX W CUMMETPUYHBIX Tpex(a3HbIX CHCTEM
AIIEKTPUUECKUX BEJIMYMH. AKTUBHBIE U HU(POBBIE POPMUPOBATEIIH.

29. BpeMmsumnyibCHbIE H3MEpPUTETbHBIE NPEOOPA30BATENM YaCTOThI, AMIUIUATYIbI,
¢da3pl. AMIUTUTYTHO-(Da3HOE BPEMSIMMITYJILCHOE TTpeoOpa3oBaHue.

30. AKTUBHBIN BBIIPSIMUTEID HA UHTETPATIbHBIX ONEPALIMOHHBIX YCUIUTENSIX.

31. beicTpoaeicTByOIIME U3MEPHUTENBbHBIE ITpeoOpa3oBaTeau aMIUIUTY Ibl. CIBOCHHBIM
KBaIPAaTUPYIOIIMI HM3MEPUTENIbHBIA Ipeo0pa3oBaTelb AMIUIUTYABl B HENPEPBIBHBIN
CUTHAJL.

32. 3mepuTenbHblii mpeoOpazoBaresb Ha XOUIOTPOHAX.
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33. IudpoBoit OBICTPOAEHCTBYIONUN H3MEPUTETLHBIN MpeoOpa3oBaTeslb KBajapaTa
aAMIUTUTYJIBI TPEX(PA3HOTO HAMPSIKEHUS.

34. U3mepurenbHble npeoOdpa3oBaTeny (a3bl B HENPEPBIBHBIN CUTHAN. Y IpaBiIseMbIii
BBITIPSIMUTEITb.

35. MW3meputenbHble mpeoOpazoBaTeNd  aMIUIMTYAbl, a3kl W  4YacTOThl B
JMCKPETU3UPOBAHHBIN CUTHAIL.

36. OuibTpbl CUMMETPUYHBIX  COCTaBisitoIIMX. Ha3nauyenme u  crocoOsl
OCYUIECTBJICHUS. XapaKTEPUCTUKU U TTOKA3aTeln (PUIbTPOB.

37. @OuabTphl HYJIEBOU MOCIEA0BATENbHOCTU. [lacCUBHBIE U aKTUBHBIE.

38. TIlaccuBHbie (uIbTpel 00paTHON MMOCIENOBATEILHOCTH. TpaHCPEaKTOpPHBIE
(GUIBTPHI TOKA OOpPaTHOW MOCIEI0BATEILHOCTH.

39. AkTuBHBIE QUIBTPHI HAIPSDKEHUSI U TOKA 0OOpPaTHOM TIOCIIEI0BATEIIBHOCTH TIEPBOTO
MOPSAKA.

40. BpInosHEeHUWE AaKTUBHBIX (UIBTPOB OOpPAaTHOM MOCIEAOBATEILHOCTH BTOPOTO
nopsiaKa.

41. HudpoBbie GUIbTPHl HANPSLKEHUS] HYJEBOM M OOpaTHOW IMOCIEI0BATEIBLHOCTH.
Brimonnenne mu@poBhIX GUIBTPOB CHUMMETPUIHBIX COCTABJISIFOIIHX.

42. IuTerpanbHblii IEPEMHOKUTEID C IEPEMEHHON KPYTU3HOW XapaKTEPUCTUKH.

43. HestBHOE BpEMAMMITYJIbCHOE KBaJIpaTUPOBAHUE.

44, UW3mepuTenbHBIM IpeoOpa3oBaTellb aKTHBHOHW MOIMHOCTH HAa  JIHOTHBIX
KBagpaTopax. Ero xapakTepuCTHKHU.

45. W3smeputenbHble mnpeoOpazoBarenu Ha Moayidaropax. IupoTHO-UMIYIbCHBII
MOZAYJIATOP. AMIUTUTYAHO-UMITYJICHBII MOIYJISTOP.

46. 3meputenbHble MpeoOpa3oBaTesid Ha BPEMSIUMITYJIbCHBIX KBaJApaTOpax.

47. I'anbBaHOMarHUTHBIE H3MEPHUTENIbHBIE TTPEOOpPa30BaTEIN AKTUBHON MOIITHOCTH.

48. 3meputenbHbIe MpeoOpa3oBaTesid Ha MHTErPATbHBIX MEPEMHOKUTEISAX.

49. lludpoBsie U3MEpUTEIIbHBIE TPEOOPA30BATENN MOIIHOCTH.

50. @yHKUHMOHAJIBHBIE CXEMBI 3JIEMEHTOB CpPAaBHEHHUS CHUTHAJIOB HEIPEPBIBHOIO H
JIMHEMHOI'O ACHUCTBUSL.

51. ®yHKkmoHabHBIE U UTHPOPMALIMOHHBIE XapPAKTEPUCTUKH 3JIEMEHTOB CPaBHEHUSI.
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52. [TaccuBHBIE AIIEMEHTHI CPABHEHMS. DJIEMEHTHI CPABHEHHS aMILIUTY /bl C 33JaHHBIM
3HAYEHUEM.

53. CxeMma 31eMeHTa cpaBHEHMS (pa3 Ha OCHOBE KOJIBLIEBOTO JUOIHOIO IEMOYJIATOPA,
€ro BpeMeHHbIe uarpamMmmsl. [lepexoHpie XapaKTepUCTUKH.

54. Tpexda3zHble 3MeMEHTbl CpaBHEHHsS aMIIuTyn U ¢a3. IlaccuBHbIE aMITUTYyIHO-
(a3HbIE AIEMEHTbI CPAaBHEHUS.

55. AKTHBHBIE BBIIPSMHUTEIBHBIE JJIEMEHTHl CPaBHEHUS aMIUINTYJ HENPEPBIBHOIO
JIEUCTBUS, PEJIEUHOTO IEMCTBUS.

56. BpeMsaummynbCHBIE 3JIEMEHTHI CpaBHEHHUS (a3 TUCKPETHOTO nehcTBUA. J[ByX- H
TPEX UMITYJIbCHBIE JUCKPETHBIE 3JIEMEHTHI CpaBHEHUs (a3.

57. IloTeHumanbHbIe NOCIEA0BATENbHBIE JIEMEHTHI cpaBHEHMs (a3. [loTeHunanbHbIe
KOMOHMHAIIMOHHBIE 3JIEMEHTHI CPaBHEHUS (a3.

58. DneMeHThl CpaBHEHHUS YHMCIOUMITYJIbCHBIX CHUTHaNOB. [ludpoBbie 31€MEHTHI
CPaBHEHMS aMILUIUTYAbI C 3aJaHHBIM 3HAUCHUEM.

59. HudpoBble 37€MEHTHl CpaBHEHUS aMIUIUTYIbl U (a3bl C 3aJaHHBIM 3HAUCHHUEM
JIBYXCTOPOHHETO JEHCTBHS.

60. Anroput™m QyHKITMOHUPOBAHUS U3MEPHUTEIBHOTO OpPTraHa PEJICHHOrO EHCTBHUS.

61. AmnanoroBsle M UU(POBBIE M3MEPUTEIbHBIE OpraHbl C JBYMS BXOJHBIMU
BO3JICUCTBYIOIINMH BETUYNHAMU.

62. I3mMepuTenbHble OPraHbl aMIUIUTY/ Il HAPSYKEHUST HEPEPBIBHOTO IEUCTBUS Ha 3-X
(Ga3HbIX JUOAHBIX JJIEMEHTaX CpPaBHEHUS C JIMHEWHBIMU M  HEJIMHEHHBIMU
U3MEPUTETLHBIMU MPE0OPa30BaATEISIMHU.

63. I3MepuTenbHbIM OpraH ¢ OJIHOM BXOJAHOM BO3ACHCTBYIONIECH BETUUUHON PEICHHOTO
JICACTBUS HA BBIIPSIMUTEIBHOM 3JIEMEHTE CPABHEHUS AMILIUTY .

64. VI3MepuTenbHbIN OpraH ¢ OJHON BXOJIHOW BO3JAEHCTBYIONIEH BETUUMHON PEICHHOT0O
JEUCTBUS Ha BPEMSAHUMITYJIbCHOM 3JIEMEHTE CPaBHEHUS aMILIUTY .

65. Hs3mepurenpHble pene MaKCUMAJbHOIO HANpPsDKEHWA C KOMIIAPATOPOM Ha
NEPEKITIOYAEMBIX HHBEPTOPAX.

66. 3MepuTenpHbIN OpraH MUHUMAJIBHOTO CONPOTUBIICHUS PEJIEUHOTO IEMCTBHUS.

67. I3mMepuTenbHblid opran casura a3 peineitHoro 1eicTBHs.
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68. 3MepuTenbHbIN Opral peaeiHoro 1elCcTBUS aKTUBHOM MOIIHOCTH.

69. Ycunurenu curnanoB. OOpaTHbIE CBSA3U B yCUIIUTEINE.

70. VYcunutenun Ha OUIOMAPHBIX M TOJEBBIX TpaH3UCTOpax. JIByXKackaJaHble
YCUJIUTENN.

71. BbICOKOCTaOMIJIbHBIN YCHIIUTENIh MEPEMEHHOTO TOKAa HHU3KOM 4YacTOThl C 00IIeH
OTpPULATEIBHON 0OPATHOM CBS3BIO.

72. BbICOKOCTAOUIIBHBIN YCUITUTENh EPEMEHHOTO TOKA BHICOKOM YaCTOTHI.

73. UMIyJIbCHBIE YCUITUTEIN.

74. I'eHepaTop CMHYCOUJAIBLHOTO TOKA HU3KOM YaCTOThI, BLICOKOW YaCTOTHI.

75.  YacTtoTHBIM  MOAYJNATOpP €  ympaBisieMbiM — reHeparopoM.  IlupotHo-
BPEMSIMMITYJIbCHBIN MOIYJIATOP.

76. Pacnpenenurenb UMIYJIbCOB Ha TPUTTEPAX, HA PETUCTPaX.

7°7. InTerpanpHble MUHAUKATOPHBIE MUKPOJIEMEHTBHI.

78. PeBEpCUBHBIM TPAH3UCTOPHBIA HWCIIOJHUTEIBHBIA YCUJIUTENb HENPEPBIBHOTO
JIEHCTBUS.

79. MarHuTHbIN yCUIUTENb. XapaKTEPUCTUKU NEpEMarHMUMBaHNUsI MAarHUTONIPOBO/IOB.
80. PeBepCUBHBIN MarHUTHBIA YCUIUTENb. XaPAKTEPUCTUKH YIIPABIICHHUS.

81. TupUCTOpPHBIN YCUITUTEND AEHCTBYIOIIETO 3HAUEHUS IEPEMEHHOTO TOKA.

82. TupucTopHBIE YCTPOUCTBA YIIPABICHHUS.

83. CeMUCTpOHBIN TIEPEKITIOYATENh 3-X(a3HOTO MEPEMEHHOTO TOKA.

bunersl xpaHsTCs B HOMEHKIAaType nen kadeapsl sHepreTuku. Huke mnpuseneH

npumep Ousera.

AMYPCKII I'OCYTAPCTBEHHbBIN YHUBEPCUTET

YTBepxaeHO Ha 3acenanuu kadeapbl Kadenpa suepreruxu
ot 23 Hos6ps 2006 1. mpoTokoi Ne 4 @DaKyJIbTET SJHEPTreTUUYECKUI
3aB. xadenpoit H.B. CaBuna Kypc uerBeproiii

CoeunanpHocTth: 140203
JlucourirHaa: DJIEMEHTHI aBTOMAaTHYCCKUX

YTBEPXJAIO YCTPOUCTB
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buner Ne 7

1. Pacnpenenurens UMITyIbCOB HA TPUITEPAX, HA PETUCTPAX.
2. VI3MepuTesbHbIE Oprafbl C ABYMsI BXOJIHBIMHU BO3JIEHCTBYIOIMMH BEJIMYNHAMH.

XapakTepucTUKH cpabaThiBaHUSl HAIMPaBICHHOTO HM3MEPUTENBHOTO OpraHa

COIIPOTHUBJICHUS U I'PAHUYIHBIC XaPAKTCPHUCTUKU IJICMCHTOB CPABHCHM.

9. Kapra o0ecnme4eHHOCTHM IMCHHMIUVIMHBI  KaJApaMu  NPogeccopcKo-
NPenoaaBaTebCKOro cocTaBa
ITIpakTuueckue, KypcoBas
CamocTosiTenbHas
Jlexuu J1abopaTopHbIe pabota 3ader, sSK3aMeH
pabota
3aHSTHUS
AccCHUCTEHT AccHuCTEHT ACCHUCTEHT ACCHUCTEHT
AcCHUCTEHT
kadenpsl Kadeapsl kadenpsl Kadepb! Kadeapsl
DHepreTuku DHepreTuku DHepreTuku P DHepreTuku
OHEPreTUKu
bonpyr boapyr boapyr bonpyr
bonpyr Haranbs
Haranps Haranpsa Haranpsa Haranpsa
CepreeBHa
CepreeBHa CepreeBHa CepreeBHa CepreeBHa

10. Crincok pexkoMeHyeMou JJUTepaTypbl

1. OBuapenko H.U., PoraueBa A.I'., bogpyr H.C., DneMeHTbl aBTOMaTH4YECKHUX

YCTPOMCTB 3HEprocucteM. YueOHoe nocodue.

2. Osuapenko H.M. DnemMeHThl aBTOMAaTHYECKUX YCTPOMCTB »HEprocucremM. M.:

Oneproaromusaart, 1995 r.

3. ®adpukanr B.JI. Ilanepno JI.b. DmeMeHTBI yCTpOWCTB

aBTOMAaTHUKHU 3HeprocucteM. M.: Briciias mkona, 1984 r.

JIMHEWHON 3aIlUuThl U

4. Nnterpanbublie cxeMbl CripaBouHuk (o peaakuueit Tapadanosa b.B.) M.: Panuo

U CBsA3b, 1984 1.

5. Temxuna P.B. loporynnesB B.I'. AkTuBHBIE HU3MEpUTEIbHBIE NMPEeoOpa3oBaTed Ha

MHTETPAIbHBIX OMEPALUOHHBIX yeuuTenssx M.: MOU, 1983 r.
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6. JIom I'. Ananoroseie u 1udpoBsie (GUIBTPBI: pacdeT u peanusanus. [lepeBox ¢
anrnuiickoro (rmox penakuueit Termoka M.H.) M.: Mup, 1982 1.

7. OBuapenko H.M. IlomynpOBOAHUKOBBIE 3IEMEHTHI ABTOMATHYECKUX YCTPOMCTB
sHeprocuctem. M. Dueprousnar, 1981 r.

8. Hoporynuer B.I'. Opuapenko H.M. DnemeHTB aBTOMAaTHUYECKHX YCTPOWCTB

sHeprocucteM. M. Dueprus, 1979r.
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Haraabsa Cepreesna boapyr

accucmenm xagheopul s3nepeemuxu Aml'Y

Uzn-so AMI'Y. Ilognucano k neyatu ®opmar 60 x 84/16. Yen. mew. m.

y4.-u3a. 1. . Tupaxa 100. 3aka3 1
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