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Jlexkums 1
Knaccupukanus 3JIeKTPOHHBIX POMBIILUIEHHBIX YCTPOMCTB. 3a1a4u Kypca
«JIeKTPOHHBbIEC MPOMBILLICHHbIE YCTPOHCTBAY.

ILlnan

1. O6ume noHATHA 00 SIEKTPOHUKE U IPOMBIIIIEHHOW A5iekTpoHuKe. O6na-
CTH IIPUMEHEHUS POMBIIIEHHO W AJIEKTPOHUKU. EE CBS3b C 2JIEKTPOTEXHU-
KOM M DHEPTETUKOM.

2. Tlonstre 00 3IEKTPOHHBIX MPOMBIIIIEHHBIX YCTPOUCTBAX U UX TPUMEH €-
Huu. MIynibCHBIE METO 161 00pabOoTKU HH(OPMALUH.

3. PoJb 37€KTpOHHBIX NPOMBIIIIEHHBIX YCTPONCTB B CUCTEMAX aBTOMATHYe-
CKOTO PEryJIMpOBaHUs 00BHEKTOB U MTPOIIECCOB.

KuaroueBble cj10Ba
DIIeKTpOHMKA, MH(POpMAITMOHHAS AJICKTPOHHKA, TIPOMBITIUICHHAS JJICKTPOHHUKA,
npeoOpa3zoBaTeNN ANEKTPUUECKON SHEPTUH, AIEKTPOHHBIC MPOMBINLICHHBIE YCTPO M-
CTBa, aBTOMATUYECKOE PETYIMPOBAHNE, CUCTEMA ABTOMATUYECKOTO PErYIUPOBAHUS,
ABTOMAaTU3UPOBAHHBIN AJIEKTPOIPUBO/I.

dnekmponuka 0XBaTHLIBAeT OOIMPHBII pa3aes HAYKH U TEXHHKH, CBS3a H-
HBII ¢ M3yYeHHEM H MCMOJb30BaHHEM Pa3JIUMYHbIX (U3MUYECKUX SIBJIEHHUIi, a
TaKsKe pa3padOoTKOH U NPUMEHEeHHeM NPHUOOPOB M YCTPOMCTB, 0CHOBAHHBIX HA
NMPOTEKAHUM YIEKTPUYECKOT0 TOKA B BaKyyMe, ra3e u TBepaoMm TeJjie. Takumu
npudopaMu SBJISIOTCS  NOAYNPOBOOHUKOBble (TIPOTEKAaHUE TOKAa B TBEPJAOM TeJe),
aekmpoHHble (MIPOTEKaHUE TOKAa B BaKyyMe) U uUOHHble (IIPOTEKaHWE TOKAa B rase)
npubopsl. [ TaBHOE MECTO Cpeir HUX B HACTOSIIECE BpEMsI 3aHUMAOT MOJTYTPOBOTHH-
KOBBI€ TIPHOOPHI. OOIIMM CBOWCTBOM BCEX Ha3BAaHHBIX MPUOOPOB SIBISIETCS TO, UTO
OHH SIBJISIFOTCSI CYIICCTBEHHO HENUHEUHbIMU JleMeHmamuy, HETMHEHHOCTh UX BOJIbT-
aMIIEPHBIX XapaKTEPHUCTHUK, KAK MPABUJIO, SIBISETCS MPHU3HAKOM, OTPEISIISIONIM
BAKHEWIIINE UX CBOMCTBA.

Ilpomvuunennan InekmpoHuKa — 3TO 4YACTh FIEKTPOHUKH, 3aHUMAIOIASICS
NMpuMeHeHHeM TOJIYNPOBOIHUKOBBIX, 3JIeKTPOHHBIX M HMOHHBIX MPUOOPOB B
npoMbIieHHOCTH. HecMoTpst Ha pa3inuue 06acTeil NpUMEHEHNs 1 MHOTOOOP a-
3U€ PESKUMOB PadOThI TPOMBIIIICHHBIX MEKTPOHHBIX YCTPONCTB, OHU CTPOSITCS Ha
OCHOBE OOIIUX MPHUHIIMIIOB U COCTOSAT U3 OTPAHWMYECHHOTO YHCIa PYHKIIMOHAIBHBIX
y3710B. O0IIMe MPUHIIKITEI TOCTPOEHHSI 3TUX (DYHKIIMOHAIBHBIX Y3JI0B — 3JICKTPOH-
HBIX CXEM — M pacCMaTpUBACT MPOMBITITICHHAS 3JICKTPOHHKA.

B cBoto ouepenpb, B IpOMBIIDICHHYO JIEKTPOHHUKY, 00ECIIeYHBAOITyI0 Pa3HO00-
pa3Hble BUIbI TEXHUKH SJICKTPOHHBIMU YCTPOWUCTBAMU HU3MEPEHHUS, KOHTPOJI,
YIIPaBJICHUS U 3aIUTHI, a TAKKE JICKTPOHHBIMU CUCTEMaMH MpeoOpa3oBaHUs dJICK-
TPUYECKON DHEPTUHU, BXOJIST:



1) ungpopmayuonnan nekmponuKka, X KOTOPOH OTHOCSTCS DICKTPOHHBIC
CHCTEMBI M YCTPOMCTBA, CBSI3aHHBIE C W3MEPEHHEM, KOHTPOJIEM U YIPABICHUEM
MPOMBIIIIEHHBIMU 00BEKTAMH M TEXHOJIOTMUECKUMU MPOLIECCaMU, a TaAKXKe C Tep e-
nadeil, 00paboTKON U 0ToOpakeHneM HH(OpPMauu. YCUIUTEIN CUTHAIOB, 'eHepa-
TOPBI HAMPSKEHUN PA3IUIHON (OPMBI, IOTUYECKUE CXEMbI, CUETUUKH, HHAUKATO P-
HbIC YCTPOMWCTBA U JTUCIUIEH BBIYUCIMTEIbHBIX MAIIMH — BCE 3TO YCTPOMNCTBA MH-
(bOopMaIMOHHON AJIEKTPOHUKHU. XapaKTEePHbIMU Y€PTaMU COBPEMEHHOW HH(OpMaIH-
OHHOM AJIEKTPOHUKHU SIBJIIFOTCS CIOKHOCTh U MHOTOOOpa3ue pelacMbIX 3a/1a4, Bbl-
COKO€ OBICTPOACHCTBHE U HANEKHOCTh. HPpOpMaMoHHas 3JIEKTPOHUKA B HACTO 5I-
11ee BpeMs HEPa3phIBHO CBA3aHA C IPUMEHEHUEM HHTErPAIbHBIX MUKPOCXEM, Pa3BU-
THE U COBEPIICHCTBOBAHUE KOTOPBIX B IIABHOW MEpE ONpENEIsIeT YpOBEHb Pa3 BUTHUS
ATOU OTPaCIH JIEKTPOHHOU TEXHUKH;

2) JHepzemuueckas INeKMPOHUKA (npeodpazoeamenvHas MexXHUKa),
CBsI3aHHasT C TMpeoOpa3oBaHMEM BHUAA OJICKTPUUYECKOTO TOKa ISt nenei
AIIEKTPONPUBOJA,  DBJEKTPUUECKOM  TATH,  BJEKTPOTEPMUH, DICKTPOTEXHO-
JIOTUH, 3JIEKTPOIHEPTETUKHU U T. 1. [TouTn no10BUHA TPOU3BOAUMOM 3IEKTPOIHEPTUN
noTpedIisieTcsl B BUI€ MOCTOSIHHOTO TOKA WM TOKAa HECTaHJAPTHOM 4acTOThl. boiib-
11ast 4acTh MPeoOpa3zoBaHUN FIEKTPUUECKON SHEPTUH B HACTOSIIIIEE BPEMS BBITIOJIH sI-
eTcsl MOJYIPOBOJHUKOBBIMU MpeoOpazoBaresisiMi. OCHOBHBIMHU BHJIaMU ITpeoOpa3o-
BaTeJiel ABIISIOTCS BBIIPSIMUTENH (IpeoOpa3oBaHue MEPEMEHHOTO TOKA B MOCTOSH-
HBIH ), THBEPTOPHI (peoOpa3zoBaHre MOCTOSHHOTO TOKA B MIEPEMEHHBIH ), IpeoOpa3o-
BaTelIM 4YaCTOThl, PErylMpyeMble MpeoOpa3oBaTesid MOCTOSHHOTO M MEPEMEHHOTO
HaIIPSIKEHUU.

Pa3BuTHE 3NEKTPOIHEPTETUKU U DJIEKTPOTEXHUKH TECHO CBA3AHO C DJIEKTPOHUKOM.
CI105KHOCTh MPOLIECCOB B JHEPTOCUCTEMAX, BBICOKAsI CKOPOCTh UX MPOTEKAHUS I1O-
TpeOOBaJIM IIMPOKOTO BHEIPEHUS JIJIsl pacyeTa peKUMOB U YIIPaBJICHUS MPO LIECCAMU
AIIEKTPOHHBIX BBIYUCIUTENbHBIX MalMH (DBM), cBA3aHHBIX C CUCTEMOM CIIOKHBIMU
AIIEKTPOHHBIMH YCTPOICTBAMH U CHAOKEHHBIX Pa3BUTHIMU YCTPOMCTBAMHU JIJIsl OTO0-
paxenus uHpopmanuu. OCHOBHBIE MTPOIIECCH MPOU3BOJICTBA ABTOMATU3UPYIOTCS HA
OCHOBE COBPEMEHHBIX YCTPOUCTB UHPOPMAIIMOHHOM 3JIEKTPOHUKH, B KOTOPHIX B IO-
CJIETHUE OBl IIMPOKO MPUMEHSIOTCSI HHTErPalIbHbIE MUKPOCXEMbI 1 MUKPOIIPOLIEC-
copel. He MeHee TeCHO CBsi3aHa C PHEPTETHKON U AIIEKTPOMEXaHUKOW SHEPreTHd e-
cKast 35eKTpoHHKa. [loaynpoBoIHUKOBbIE TPpeoOpa30BaTeIM AEKTPUYECKONW SHEPTUU
SABJIAIOTCS OJJTHUMU U3 OCHOBHBIX HArPY30YHBIX JIEMEHTOB CEeTeH, X paboTa BO MHO-
rOM OIpEAEISiET peXUMBbI paboThl ceTeld. BeHTunbHbIe TpeoOpa3o BaTeIN UCIOJIb3Y-
FOTCSI JUI TIMTAHUSL JEKTPONPUBOIOB U JEKTPOTEXHOJOTUUECKUX YCTAHOBOK, JJISI
BO30YXKIEHUS] CUHXPOHHBIX AJMEKTPUYECKUX MAIIMH U B CXEMax 4acTOTHOTO MyCKa
ruporeHeparopoB. Ha ocHOBe NoJynpOBOJHUKOBBIX BEHTUIIbHBIX ITpeoOpa3oBare-
Jed CO3JaHbl JIMHUM JJIEKTPONEpEaad IMOCTOSIHHOTO TOKa OOJbIIONW MOIIHOCTU U
BCTABKU IIOCTOSIHHOTO TOKA.

Takum 06pa3zom, 3JIEKTPOHHBIE YCTPONCTBA ABJIAIOTCS BaXKHBIMHU M BEChMa CJIOXK-
HBIMU KOMIIOHEHTaMHU JHEPTreTHUECKUX U DJIEKTPOMEXaHWYECKUX YCTAaHOBOK U CH-
CTeM, W JIJIsl UX CO3JaHUs HEOOXOIMMO MPUBJIEKATh CHEIHUAIMCTOB B 001aCTH MPO-
MBIIUIEHHON 3J€KTPOHUKH, ABTOMATUKUA U BBIYMCINTEILHONW TeXHUKH. OQHAKO WH-
KEHEPbHI, CTICIMATM3UPYIOIIMECS B 00JIaCTH AJIEKTPOIHEPTETUKU U AIIEKTPOTEXHUKH,
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HE MOTYT YCTPAaHUTBhCA OT PEIICHHUs BOMPOCOB, CBS3aHHBIX C 3JEKTPOHHKOM. Bo-
MEPBBIX, OHU JOJDKHBI YMETh 4Y€TKO C(HOpMyIupoBaTh 3aady Al pa3paboTyuKa
AIIEKTPOHHBIX CXEM U TMPEACTABIISATE TE TPYAHOCTH, C KOTOPBIMU MOKET CTOJIKHYTHCS
pa3zpabotuuk. He moiHo 3aganHble TpeOOBaHMS MOTYT IMIPUBECTH K CO3JJaHHIO HEpa-
00TOCITIOCOOHOTO YCTPOMCTBA, a HEOMPABIAHHOE 3aBBIIICHUE TPEOOBAHUI — K TIO-
BBIIIICHUIO CTOMMOCTH ¥ CHIDKESHHIO HAJIC)KHOCTH JIEKTPOHHOT0 000pynoBaHwus. J{ist
TOTO YTOOBI TOBOPUTH C pa3pabOTUMKOM IIEKTPOHHOM anmapaTypbl Ha OJTHOM SI3BIKE,
HA/JI0 OTYETIMBO MPEJACTABIATH Ce0E€, YTO MOXKET BBIMIOJHUTH JJICKTPOHUKA M KaKOM
IIEHOW M KaKuMu criocobamu 310 gocturaercs. [lociennee HeoOXoAUMO TakxKe JJis
KBATH(PHUIIMPOBAHHOTO BEIOOPA 000PYA0BAHUS, BEIITYCKAEMOTO MPOMBIIIIICHHOCTHIO.
Bo-BTOpBIX, BO3HHMKAET HEOOXOJAMMOCTH TPAMOTHOM AKCIUTyaTalldd SJIEKTPOHHBIX
YCTPOUCTB. B-TpeThux, HHKEHEPHI-AJIEKTPUKN MPUHUMAIOT aKTUBHOE yJacTHE B pa-
00Tax MO MOHTaXYy W Hajagke OOOpYyAOBaHUS, B TOM YHCIE DJICKTPOHHUKH. B-
YETBEPTHIX, IPOCKTUPOBAHKE PsiIa SHEPTETUIECKUX YCTAHO BOK, B TOM YHCJIC JIMHUN
nepezad MOCTOSTHHOTO TOKa, TPeOyeT COBMECTHOM pabOThI CIICIUATICTOB 110 SHEPT e-
TUKE 1 TpeoOpa3oBaTeIbHON TEXHHKE.

Bce aTo TpeOyer 00mbImx 3HaHUN B 00JIaCTH MPOMBITITICHHOH 3JIeKTpOHUKHU. Oc-
HOBY AITHUX 3HAHWHU 3aKJIabIBAaCT M3y4CHHE Kypca «DIJIEKTPOHHBIC MPOMBIILICHHBIE
YCTPOUCTBa». B HEM M3JI0KEHBI CBEIEHUSI O COBPEMEHHBIX (DYHKIIMOHABHBIX Y3JIaxX
cxeMax MH(OPMAIMOHHON U SHEPTeTUUECKOH 31eKTpoHUKH. Kypc moMoxeT mpuH -
THUIO TPAMOTHBIX PEIIICHUN B HHKEHEPHOU MpakTuke. i1 coXpaHeHusI U MOCTOSTHHO-
ro TIOBBIIICHUS CBOCH HMHXKEHEPHOUW KBaTM(DUKAIMK WHXKEHEP JOJIKEH PEeryisipHO
CIEIUTh 3a HaydyHOU muTeparypoil. OCOOEHHO 3TO KacaeTcsl TaKo OypHO U3MEHS 10-
miericst 001acTh, Kak MPOMBINUICHHAS AJIEKTpOHUKA. VH)XKeHep MoJpKeH CO3HaBaTh
OTPaHWYEHHOCTh CBOMX 3HAHWH U HE MBITAThCS MPUHUMATh PEIICHU B TOM 00JacTH,
IJIe €ro KOMITETEHIUS orpanndena. [loatomy o/1HOM U3 3a1a4 Kypca SBIISIeTCS TTOAT0-
TOBKa K YTEHHUIO CIEIHUATHHOW JIMTEpaTypbl B 00JACTH CXEMOTEXHUYECKOU AIIeK-
TPOHHUKH.

Muorue BaxHemme mpoOieMbl HAyKd U TEXHUKH BO3HHKAIOT HAa CTHIKAX HayK.
DNEKTPOHUKA, IEKTPOTEXHUKA U SHEPTETUKA HBIHE COMPHUKACAIOTCSI OYEHb OJIM3KO,
TpeOyIOT COBMECTHOM pabOThl YUEHBIX U MHXKEHEPOB, OOJILIINX 3HAHHI B CMEKHBIX
00JIacTAX.

DNeKTpOHHAs TEXHUKA HEMPEPHIBHO Pa3BUBACTCS, KAXAYIO 3a/7a4y MOXKHO e-
[IMTh HA OCHOBE PA3JIMYHBIX CXEMHBIX BAPUAHTOB: MOXKHO IMOCTPOUTH CXEMY Ha JIHC-
KpPETHBIX KOMITOHEHTaX, MOYXHO BBITIOJHUTh €€ Ha MHTETPATbLHBIX MHKPOCXEMaXx,
MPUMEHUTh MUKPOIPOIECCOPHBIN KOMIUIEKT, MPOBeCTH 00padoTKy nHpopMaIuu B
(PP OBOM WM aHATOTOBOM BHie. Kakoe pemierne BpIOparh? B koHeUHOM cuere, Bce
pelaeT YJKOHOMUYECKHI aHAlIu3, W MPUHSATHE HEBEPHOTO PEIIeHUs (CKaXXeM, OTKa3
OT HUCIOJb30BAHUS MUKPOCXEM) MOKET HE MOMEIIATh PEUICHUIO JIOKAILHON TEeXHH-
YEeCKOM 3a/1a4u, HO B UTOTE OKAXKETCSl YOBITOUHBIM JIJIsI HAPOJHOTO XO3SIHUCTBA: yBe-
JMYUTCSI CTOMMOCTh 000PYOBaHUS, WIM BO3PACTET CTOUMOCTh €T0 JKCIUTyaTallHH,
WIA YMEHBIIUTCS CPOK CIyxObl. [louT Kaxablii MH)KEHEp Ha CBOEM MECTE BO3/IEHi-
CTBYET Ha TEXHUYECKYIO MOJUTHKY B CBOEH 00JaCTH U MpH pa3pabOTKe U OTCTaNBa-
HUU TEXHUYECKUX PEIICHUI TOJDKEH BHICTYIATh HE TOJBKO KaK CTICIUAIUCT, HO M KaK
IpaKIaHUH.
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DO YyHKIHOHAJIBHO U KOHCTPYKTHBHO 3AKOHYEHHbIE CPeACTBA MOJIy4YeHHs], 00-
padoTKH, HCII0JIb30BaHUs HH(OpPMALMU 1/ YIIPABJIEHHS 00bEKTAMH U IIPOLIE C-
caMu, 0TOOpaskeHUs COCTOSIHUS 00 bEKTA U CBSI3M €r0 ¢ IPYruMH yIpaBJIsIIOIIU-
MM Cpe/JICTBaMM, a TAK Ke MPeodpa30oBaTe/M JJIeKTPHYeCKOM IHePr UM HA3bIBAKOT
3J1eKTPOHHBIMH NMPOMBILLICHHBIMH YCTPOHCTBAMH.

[IpoMbIlIUIEHHAsT BJIEKTPOHHMKA MOCTOSHHO pPa3BUBAETCA. DTO OMNPENENSeTCS B
NEPBYIO OYEpPEb HENPEPHIBHBIM COBEPUICHCTBOBAHUEM €€ JIEMEHTHOM 0a3bl. Jiie-
MeHTHas 0a3a MPOMBIIUICHHOW JJIEKTPOHUKH MPOLUIA HECKOJIBKO 3TalloB Pa3BUTHSL.

Hayano pa3BuTHS NPOMBIIIIEHHON 3JEKTPOHUKU OBLIO MOJIOKEHO CO3/IaHUEM
ANIEKTPOBAKYYMHBIX U ra30pa3psiAHbIX MpubopoB. Huzkas HaneXHOCTh, CI0KHOCTh
AKCIUTyaTaluy, 00bIuasi NoTpedseMas MOIHOCTh, TPOMO3/AKOCTb PeaT3alliu sIB U-
JHMCh B MOCJEAYIOIIEM TOPMO3SAIIMMH (PaKTOpaMH paclIMpeHust 00JacTe MpUMEH e-
HUI DJIEKTPOHUKU. DJIEKTPOBaKyyMHbIE MPUOOPHI B HACTOSIIEE BpPEMsl HAXOIAT
OTPaHUYEHHOE IPUMEHEHHE B TPOMBIIIICHHOMN JIEKTPOHUKE, a Ta30pa3psiIHbIE TP U-
OOpBI UCTIOJIBL3YIOTCS TPEUMYIIECTBEHHO B BUE 3JIEMEHTOB UHUKALIUU.

JlanpHelmeMy pa3BUTHIO MHPOPMAIIMOHHOW 3JEKTPOHUKH CIIOCOOCTBOBAJIO CO-
3panne B 1948 1. TpaH3UCTOPA, a YHEPTETHUECKOM IIEKTPOHUKU — pa3padoTKa U To-
CJIeTyIOIIIee COBEPIICHCTBOBAHUE CHIIOBBIX MOJIYIPOBOJHUKOBBIX MPUOOPOB (M O-
0B, TUPUCTOPOB U TPAH3UCTOPOB).

[IpumeHeHre TPaH3UCTOPOB MO3BOJMIO HAa OIMPEAEICHHOM ATale 3HAaYUTEIbHO
NOBBICUTh HAJEKHOCTb, YMEHBIIUTh MOTPEOJICHHE MOILIHOCTU, rabapuThl, a TAKKE
3aTpaThl Ha MPOU3BOJICTBO M 3KCIUTyaTallMIo 3IEKTPOHHOM anmapatypbl. OqHako o 0-
mas TeHJCHUUS YJIyUILeHHUs] YKa3aHHBIX MOKa3aTesieil B YCIOBHUSAX BO3pACTaIOLIEH
CJIO’KHOCTH DJIEKTPOHHOM armaparypsl, CBSI3aHHOMN C YCJIOKHEHUEM BO3JIaracMbIX Ha
Hee 3a/1a4, BbI3Bajla HEOOX0JMMOCTh MEPEX0/ia OT anmnapaTypbl Ha TUCKPETHBIX KO M-
IIOHEHTaX K €€ UHTErpaJIbHOMY UCIIOJTHEHUI0. HaunHas ¢ 70-X rogoB npouwioro cTo-
JeTusi Bce 00JIbIlasi 4acTh 3JEKTPOHHOM anmnaparypsbl cTaja IPOU3BOJUTHCS Ha UHTE-
rpalibHbIX MUKpOcxeMax. COBpEMEHHBIN 3Tal pa3BUTHA UHPOPMALIMOHHOMN AJIEKTp O-
HUKH XapaKTEPU3YETCS MUPOKUM UCITOIb30BaHNEM KOMIIOHEHTOB MUKPO3JIEKTPOH U~
KH, BKJIIOYas OOJbIIME U CBEPXOObIIME HHTETPATbHBIE CXEMbl, MUKPOTPOLIECCOPHI
Y MUKPOKOHTPOJUIEPHI.

B unopManimoHHON 3MEKTPOHUKE UMITYJILCHBIM MPUHITUI TOCTPOCHUS CUCTEM,
[0 CPaBHEHMIO C aHAJIOTOBBIM, 3aHUMAET JIOMUHUpYIoLIee nosoxenue. Ha 0aze num-
MyJbCHOW TEXHUKHU BBITIOJHIIOTCS CUCTEMBI YIIPABJICHUS U PErYJIMPOBAaHUS, YCTPO H-
CTBa U3MEpEHUs U 0ToOpakeHus: nHpopManuu. Ha Hell ocHOBaHa u(po Basi BEIYUC-
JUTENbHAS TEXHUKA.

B oTiimyume oT aHaOTOBBIX CUCTEM, B KOTOPBIX CUTHAIBI U3MEHSIIOTCS HETIPEPHI B-
HO BO BpEMEHH (HampuMep, HAIMPSKEHUE U3MEHSIETCS MPONOPLUUOHAIBHO PEryIHUpY-
€MOIl TeMmIeparype), B UMITYJIbCHBIX CHUCTEMAX HCIOJIb3YIOTCS CUTHAJIBI (HAIpsixKe-
HUE, TOK) UMITYJIbCHOU (DOPMBL.

[IpeoOnanaroiiee MpUMEHEHHE UMITYIbCHBIX CUCTEM OOYCJIOBJIEHO CYILIECTBEHHO
MEHBIIMM MOTpeOJIeHHEM TOKa (OOJIBIIMM K. II. J1.), BBICOKOW TOYHOCTHIO, MEHBIIEH
KPUTUYHOCTBIO K H3MEHEHHMIO TEMIIEpPaTyphl, OOJIbIIEH MOMEXOYCTOMYHUBOCTBIO.
HemanoBaxHyI0 pojb UIParOT TAKXKE OTHOCHUTENbHASI MPOCTOTA CPEICTB MPEACTAB-
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JeHus UHQPOPMAIMKA B UMITYJILCHOU Popme n Hammune d3PPEKTUBHBIX CIIOCOOOB €€
00paboTku (IpeoOpazoBaHus).

Pa3ButHe SHEpTETHUECKON IMEKTPOHUKHA CTUMYJIMPYETCS BCEBO3PACTAIOIIUM TP €-
OOBaHMEM MOBBILICHUS YJIEIbHOTO BECA ANEKTPOIHEPT MU, TOTPEOIIEMOM HA TOCTO-
SHHOM TOKE M Ha MEPEMEHHOM TOKE HECTaHIApTHOM YaCTOTHI, a TaK)KE HEIPEPHI B-
HBIM COBEPILICHCTBOBAHUEM JIEMEHTHOM 0a3bl (YBEIUYEHUEM €IMHUYHON MOIIIHOCTH
CUJIOBBIX MOJIYIIPOBOTHUKOBBIX TPUOOPOB, YIYUIICHUEM X JUHAMUYECKUX MOKa3 a-
TeJeH, MOsABJIEHUEM NMPUOOPOB HOBBIX TUMNOB). Bee 3T0 Mo3BOJIsIET co3AaBaTh OoJiee
s¢(deKTUBHBIE YCIOBUS TEHEPUPOBAHUS, TIEPEadu U PACTIPEACTICHUS IEKTPOIHEP-
T'UH, TIOBBIIIATH AJIEKTPOBOOPYKEHHOCTh TPY/Q, a TAaKXKE MCIOJIb30BaTh O0JIee Mp O-
M3BOJUTENBHYIO TEXHOJIOTHIO B PA3JIMUHBIX OTPACIISAX NPOMBIIUIEHHOC TH.

YcTpoiicTBa HHEPreTUUECKON 3JIEKTPOHUKM HAXOAST IIMPOKOE NMPUMEHEHHE B
aNeKTpoTnpuBoe. PaccMOTpuM cuctemy peryimpyeMoro 3JeKTpOINpPUBO/Ia, B KOTO-
poii Tpedyemoe ABIWKEHHE pabouyero opraHa JOCTHUTAaeTcs Oyaromapsi perympoBa-
HUIO COOTBETCTBYIOLIMX BBIXOJHBIX BETMUMH — CKOPOCTH BpPAILIEHHs, MOMEHTA U yT-
Jla IOBOPOTA Bajia JBUTATEIIS.

Perymupyemsiit 35eKTpOIIPUBO OOBIYHO CTPOUTCS MO CHCTEME «YIPaBIIICMBINA
npeoOpazoBarellb — ABUTATENb), B KOTOPOU JJ1s1 00ecreyeHus 3aJJaHHOTO KauecTBa
PEryIMpOBaHUs UCTIOJb3YIOT pa3jMuHble 0OpaTHbie CBsI3U. CTpyKTypHas cxema pe-
T'YJIMPYeMOil 3aMKHYTOM (C 00paTHOM CBSI3bI0) CUCTEMBI ANEKTPONPUBOA MIOKA3aHA
Ha puc. 1.1.

X ey Bl v B el v ] po
XOC
JOC [
90+
80+
704
Puc. 1.1. CtpykrypHas cxewgﬁj YEESIGLAIp UBO 1A
40

JBurarens M, IpuBOISAIINIMI B ILB%{ ¥hepenauy MII pa-
0ounii opran PO TpOU3BOICTBEHHOIO €T IIUTAaHUE OT YIIPaBJIs -
Moro npeobpazoBatenst VII, BBIXOAHLRETAGH Xy KRTOPOT0 (OOBIYHO HAMpPSIAKE-
HUE WM YaCTOTA) MOYKET U3MEHSTHCS B IITUPOKUX TIPeIeiax.

JIist perynupoBaHusi KaKOM-IMOO BBIXOJHOM BEIMYMHBI (KOOPAUHATHI) Xpprx AJIEK-
TpoTpHUBOJa MO0 TpeOyeMOMy 3aKOHY BBOJIUTCS OOpaTHast CBSI3b, OCYIICCTBIIIONIAS
COCIMHEHNE BBIX0/1a CUCTEMBI ¢ €€ BX040M. OOBIYHO TaKasi CBSI3b PEATM3yeTCs C MO-
MOIIIBIO JTaTyrka o0paTtHO# cBsi3u /JOC, BBIXOJHOM CUTHAII KOTOPOTO Xoc MOJAETCs
Ha BXOJI PETyJIMPYIOLIErO yCTPOWCTBA (CXEMBbI YHpaBJICHUS) 3JEeKTpornpuBoaa PV
BMECTE C BXOJHBLIM 3aJar0lIMM CUTHAJIOM Xgx cucTeMbl. B PV conocraBisercs 3a-
TTAHHOE Xgx M TEKYIIEE Xoc 3HAUCHUS PETYIMPYEMOM BEITMIUHBI Xppx M BHIpaOaThIBa-
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eTcsl HeOOXOIMMBIN 3aKOH U3MEHEHHUS CUTHANIA Xy. DTOT CUTHAJ TIOCTYIACT Ha BXOJ
VII, ¢ mOMOIIBIO KOTOPOTO M OCYIIECTBIETCS yIIPABJICHUE ABUTaTeaeM M ¢ Lebio
pPEryIMpOBaHUS KOOPAUHATHI Xpprx. Ha MPaKkTUKE MOKET PEryJMpoBaThbCs HE OJIHA, a
HECKOJIbKO KOOPJMHAT 3JIEKTPOIIPUBOJA, B 3TOM CJIy4ac MCIIOJb3YETCS HECKOIbKO
00paTHBIX CBS3EH.

DIIeKTPOHHBIE TMPOMBIIIUIEHHBIE YCTPONUCTBA — NUCIUIIIMHA, 3aBepIIaronas 00-
IIyI0 CXEMOTEXHUYECKYIO MOITOTOBKY OaKalaBpOB CIIEHUAIbHOCTH.

Leab1o npenogaBaHus ABJISICTCS MOATOTOBKA OaKalaBpoB, CIIOCOOHBIX MPOECK-
TAPOBATh Y3JIbI AJCKTPOHHBIX YCTPOWCTB 00pabOTKM WMH(OpManuu ¢ 3aJaHHBIMH
(YHKIMOHATIBHBIMU U TEXHUKO-3KOHOMHUYECKHUMH TOKa3aTeIiIMU HAa COBPEMEHHOM
arieMeHTHOW 0Oaze (uudpoBbIE W JIMHEHHBIE MHTErPAbHBIE MUKPOCXEMBI MAaJIOM,
cpeaHeil, 00NbIION CTENEHN UHTErPallMi, MUKPOTPOLIECCOPHI).

3anadeii npenogaBaHusi TUCIUILTUHBI ABJISAETCS] JOPMHUPOBAHUE HABBIKOB 110 /I
X0/1a 0aKaJaBpOB K MOCTPOCHUIO U TIPOESKTUPOBAHUIO YCTPOCTB HHGOPMAIIMOHHOMN U
DHEPTETUYECKOM ANEKTPOHUKH.

N3ydenune Kkypca OCHOBBIBAECTCS HA 3HAHUM CIIEAYIOIIUX JTUCLHUILIAH:

«DJIEKTPOHHBIE LIETIM U MUKPOCXEMOTEXHUKa», « MHKPOIIPOLIECCOPHBIE CUCTE-
Mbl», «lludpoas cxemoTexHukay, « BRINpSIMUTENU U CTaOWIU3ATOPBIY, «PerymsTo-
PBI HAPSI)KEHUSI 1 UHBEPTOPBD.

KOHTpOJI bHbIC BOIIPOCHI

UTo Ha3bIBAETCS NEKTPOHUKOM?

Uro Ha3bIBaETCS NPOMBIIIEHHOM 3JIEKTPOHUKOMN?

Kakue 3agaun pemarorcesi CpeacTBaMHU MPOMBIIIIEHHOW 3JIEKTPOHUKA?
Kakue cocTaBHbIC YaCTH BXOASIT B IPOMBIIIICHHYIO 3JIEKTPOHUKY?
HazoBuTte xapakTepHbie (PyHKIIMOHABLHBIC Y3JIbI U 00JIACTH MPUMEHEHUS 1 H-
(bopMarMOHHO ! JIEKTPOHUKH.

HazoBuTe xapakTepHbIe YCTPONUCTBA M 001aCTH IPUMEHEHHUS YHEPTETUY SCKOM
AJIEKTPOHHKHU.

Urto BXOJUT B MOHSITHUE FJIEMEHTHOU 0a3bI MPOMBIIIICHHO M 3JIEKTPOHUKH?
UTo Ha3bIBAIOT 3JIEKTPOHHBIMU MPOMBIIUICHHBIMU YCTPOUCTBAMHU?

Kakyto posb urparot 3J€eKTpOHHBIE TPOMBIIIUIEHHBIE YCTPOUCTBA B CUCTEMAX
aBTOMAaTUYECKOTO PEryJIMPOBaHUs 00BEKTOB U MPOLIECCOB?

arowbddE

o

© o N

Jlekuus 2.
Cucrembl aBToOMaTH4ecKkoro peryauposanus (CAP)
Ha 0a3e Muxkponpoueccopusix cucrem (MII).

ILnan
1. TlousiTue 00 ympaBiIeHUU U KOHTPOJIE COCTOSIHUSI 00BEKTa PEryIUPOBAHUS.
2. MukpompoiieccopHasi CUCTeMa YIpaBJIeHUs U KOHTPOJIS.



KaruesBbie ciioBa
Cucrema aBTOMAaTu4eCcKOTro PEryaupoBaHus. YNpPaBiICHUE U KOHTPOJb. MuUK-
pormnporiieccop. [udpposoii koa. MukpornpoueccopHasi cucteMa. MUKpOKOHTPOJUIEP.

OcHOBHBIE IPOLECCHI MPOU3BOJACTBA ABTOMATHU3UPYIOTCSI HA OCHOBE COBPEMEHHBIX
YCTpOUCTB MUHPOPMALIMOHHOM 3JEKTPOHUKH, B KOTOPBIX B MOCJIEIHUE TOIbI HIMPOKO
IIPUMEHSIOTCSI MHTETPAIIbHBIE MUKPOCXEMBI 1 MUKPOIIPOLIECCOPHI.

Hwmwxke paccmarpuBaercs o0000IIeHHAs CTPYKTypHass  CXeMma d3JEKTPOHHOTO
YCTpOMCTBA YIpaBJeHUS U KOHTPOJII COCTOSIHUSA OOBEKTa ¢ MPUMEHEHUEM MUK O-
KOHTpOJUIEPA, KOTOPAask NPEACTABICHA Ha PUCYHKE 2.3.

Kontpomupyembie mapamerpsl 00beKTa (TeMIeparypa, AaBJeHUE, BIAKHOCTb U
T.J.) IpeoOpa3yloTcsi JaTivuKaMu B aHAJIOTOBBIC AJIEKTpUUECKUE cUrHaibl. [lpu
HEOOXOAMMOCTHU 3TH CUTHAJIBI YCWIIMBAIOTCS, @ 3aTeM NpeoO0pa3yroTcsi C MOMOIIIBIO
YBX u AUII B mudposoii koa. [luppoBoit koA NOCTynaeT Ha MUKPOKOHTPOJLIED,
r7ie OCYIIECTBICTCS OCHOBHas 00paboTka MHPOpMAIMu B pealbHOM MaciiTade
BpeMeHu U Qopmupyercs 1udpoBOM CUTHAI yIpaBisioero Bo3aeicTeusa. [lomy-
YeHHbI curHai rnpeodpaszyercs c nomoisto LIAIT B aHanmorosyro gopmy u npuBo-
JUT B JIEUCTBUE UCTIOJHUTEIbHBIN MexaHu3M (MM), KoTopwlii B CBOIO Ouepeib
BO3/ICUCTBYET HEMOCPEACTBEHHO Ha OOBEKT.

- BHEIIHNE
@{:’ A=Y K :%COH BO3JIEICTBUS
]| — |
ﬂ ]_[A]'[:V,\ UM O6bexT—
VBX|_— AL —
MTAPAMETPBI OBBEKTA

Puc. 2.3. CtpykTypHasi cxema 3JIEKTPOHHOTO YCTPOKWCTBA
yIPaBICHUS U KOHTPOJISI COCTOSIHUS 0OBEKTa

J| — mar4uk;

Y — ycunurens;

YBX — ycTpOMCTBO BEIOOPKHU—XPAHEHUS;

AIII — ananoro—1mdpoBoit mpeodpa3zoBaTelb;
MK — MUKpPOKOHTpPOJIIED;

HAII — mudpo—ananoroslii mpeodpa3zoBarensb;
IIK — mpeobpa3oBaTeib KOJI0B;

COMU — cpencta oToOpaxeHuss THPOPMAIIIH;
MM — WCIIOJIHUTENBHBI MEXaHU3M.
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[Tomumo 3TOTO, TMGPOBOM KO, CPOPMUPOBAHHBIA MHUKPOKOHTPOJLIEPOM,
npeoOpazyercs ¢ TOMOIIBbI0 IpeoOpa3oBaTesisi KOJa M MOCTYIAET Ha CPECTBO
oTOOpaXxeHusi, IA€ BblAaeTcs HHGOpPMaUs O TEKYIIEM COCTOSIHUM OO0OBEKTa B
dbopMme, ymoOHOH 11 BOCTIPUSATHS OIIEPaTOPOM.

KoHTpoibHBIEC BONIPOCHI

1. Kakue QpyHKIMOHATbHBIE y3JIbI BXOJST B 3JIEKTPOHHOE YCTPOUCTBO YIIPaB-

JICHUSI U KOHTPOJIsI?

[TprHIMI 1EWCTBUS SJIEKTPOHHOI'O YCTPOKUCTBA YIIPABICHUSU KOHTPOJIA.

J{ns1 uero npeiHa3HAYCHbI TaTYUKA?

Jlii uero npeaHa3Ha4Y€Hbl YCUIUTENN?

Jl71g yero npeaHa3HaueHbl yCTPONCTBA BHIOOPKU-XPAHEHUS U aHAJIOTO-

uupoBbie npeoOpazoBaTenu?

J71g yero npeaHa3Hau€Hbl yCTPOKWCTBA BBIOOPKU-XPAHEHUS U IUPPO-

aHaJIoroBbIe MpeoOpazoBaren?

J171s1 yero npeaHa3HauYeHbl MUKPOKOHTPOJUIEPHI?

8. Jlus uero npegHa3zHadeHbI IpeoOpa3oBaTeI KOJIOB U CPEACTBA OTOOpaxk e-
Hus uHopmarmu’?

akrownN

o

~

Jlexkums 3.
Nudopmanus. Jatunku — ucrounnku MHPpopmauuu. OCHOBHbIE
BU/bI 1aTYMKOB, IPUHIMIIBI UX AeiCTBHS, 0OCHOBHbIC TPeOOBaHMSA
K COBPEMEHHbIM JaTYHKaM.

ILnan
1. OcHoBHbI€ cBeneHUs 00 MHPOPMAITHH.
2. Tlonsarue o natumkax. Knaccudukamms gataukoB. TpeOoBaHU, IPEIb S BIIS-
€MBI€ K JaTYUKaAM.

KiaiwoueBsble cjioBa
Nudopmanms. CrotictBa mHGopMmarmi. Hocurenn uabop Marmu. J[aTaukm.

Nudopmanuss — 370 3HaHUS WIM CBEACHUS O KOM-TMOO WM O 4eM-JHO0o.

Nudopmanust — 3T0 CBEIEHUS, KOTOPBIE MOKHO COOMpPATh, XpaHUTh, IEPEAABaTh,
oOpabaTsiBaTh, MUCTOJIL30BATh. TepMUH HHPOpPMAIUSI TPOUCXOIUT OT JATUHCKOTO
cioBa informatio, 4To 03HaYaeT CBEACHUS, Pa3bICHEHUS, U3JIOKCHHE.

B texnuke moa mHpopManmeil MOHUMAKT COOOIICHUS, NepeJaBaeMble B
(¢opMe 3HAKOB WJIM CUTHAJIOB (B 3TOM CJIy4yae eCThb HCTOYHUK COOOIIeHHUI, 1mOo-
JydaTteJb (IPUEMHHUK) COO0LIIEHUIA, KAHAJI CBSI3H). B NpOMBINLIEHHOM 3JIEKTPO-
HHKe HHPOPMALUA IepeIaeTcs € MOMOUIBIO JJICKTPHYECKUX CUTHAJIOB B (hopme
HANPSZKeHUS WM TOKA. B 3JIEKTPOHHBIX IPOMBILLIEHHBIX YCTPOMCTBAX AJIA 00-
padoTKN MHPOPMALMH HIMPOKO NMPUMEHSIIOTCS MMIYJIbCHbIC U HM(POBbIE Me-
TOBI.
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HNudopmanusi — 310 0TpakeHNE BHEIIHETO MUPa ¢ TOMOIIBIO 3HAKOB WJIU CHUT-
HayioB. HpopMamoHHast HEHHOCTh COOOIIEHNUS 3aKJIF0YAETCS B HOBBIX CBEJICHUSIX,
KOTOPBIE B HEM COJIepKaTCsl (B YMEHbIIICHUN HE3HAHMUS ).

CroiicTBa unpopmanmu:

1.

2.

7.

MOJTHOTa — CBOKCTBO HH(MOPMAIIH UCUEPIIBIBAIONIE (IS TAaHHOTO MOTPeO u-
TEJIs ) XapaKTepU30BaTh OTOOPaKAEMBbIif 00h EKT HIIH MPOIIECC;
aKTyaJTbHOCTh— CTIOCOOHOCTH MH(POPMAITUN COOTBETCTBOBATH HYKJ1aM IOTP €-
ourens B HyKHbIA MOMEHT BPEMEHU;

JI0CTOBEPHOCTH — CBOMCTBO MH(POPMAIINU HE IMETh CKPBHITHIX OMHO0K. J{0-
CTOBepHas HHPOPMAIHS CO BpEMEHEM MOKET CTaTh HEI0CTOBEPHOM, €CITH
ycTapeeT ¥ IepecTaHeT OTPaxaTh HICTHHHOE MOJIOXKEHUE JIET,

AOCTYITHOCTb — CBOMCTBO HH(POPMAIIIH, XapaKTEPU3YIOIIee BO3MOKHOCTD €€
MOJTY9EHUS JTAHHBIM TIOTPEOUTENEM;

PEJIEBAaHTHOCTh — CIIOCOOHOCTh MH(OPMAIMK COOTBETCTBOBATH HYK/aM (3a-
pocam) oTpeouTeIs;

3aIUIIEHHOCTh — CBOMCTBO, XapaKTepU3YIOlee HEBO3MOKHOCTh HECAHKITHO-
HUPOBAHHOTO UCITOJIb30BAHMS WM H3MEHEHHS HH(OpMAaIny;
SPTOHOMHYHOCTH — CBOMCTBO, XapaKTepu3yrollee yao0cTBO (hopMbI M 00'b-
ema nHPOPMAIIUHU C TOUYKH 3PEHUS JAHHOTO IIOTPEOUTEIS.

HNudopmaruro cieayer cYuTaTh 0COOBIM BHAOM peCcypca, MpU 3TOM UMEETCS B
BUIy TOJIKOBaHHE "pecypca' Kak 3amaca HeKMX 3HaHUN MaTepHallbHbIX MPEAMETOB
WA SHEPTETUYECKUX, CTPYKTYPHBIX WM KaKUX-JIMOO IPYTUX XapaKTEPUCTUK Mpe-
MeTa. B otnmune oT pecypcoB, CBA3aHHBIX ¢ MaT€pUAIbHBIMU IIpeiMeTaMu, UHGO p-
MalMOHHBIE PECYPCHI SIBISIFOTCS HEUCTOLMMMBIMHU U MPEANOJIATAI0T CYILECTBEHHO
WHBIE METOJbl BOCTIPOM3BENCHUSI W OOHOBJICHUS, YeM MarepuaibHbie pecypchl. C
ATOU TOUKH 3PEHHSI MOKHO PaCCMOTPETh TakUe CBOICTBA MHGOPMAIIUH: 3alIOMHUHA -
MOCTb; MEPEAaBacMOCTb; BOCIPOU3BOJUMOCTD; MPEOOPa3yeMOCTh; CTUPAEMOCTb.
HNudopmarus Bcerja cBsizana ¢ MaTepuaibHbIM HocuTesieM. Hocurtesiem ungop-
MallMd MOXXET OBITh: JTFOO0N MaTepuabHBIN MpeaMeT (Oymara, KaMeHb | T.1.); BOJI-
Hbl Pa3JIMYHON MPUPOJIBI: aKyCcTHUUecKasi (3BYK), DJIEKTpOMarHuTHas (CBET, paguo-
BOJIHA) U T.J.; BEILECTBO B PA3JIMYHOM COCTOSIHUM: KOHUEHTPALUs MOJIEKYI B JKUJ-
KOM pacTBOpE, TEMIEPATYpa U T.J.

Knaccupukanust 1aT4MKOB, 0CHOBHBIC TPe0OBaHHUSA K HUM

ABTOMaTH3aIUS PA3JIMYHBIX TEXHOJIOTHUYECKUX MPOIECCOB, IPGHEKTUBHOE

yIpaBlieHUE Pa3IUYHBIMU arperatamu, MalliHaMu, MEXaHU3MaMU TPEeOYIOT MHO-
TrOYMCJIEHHBIX U3MEPEHUN Pa3HOOOPa3HbIX (U3HY ECKUX BEIUYHH.

JlaT4uKH (B IUTEPATYpE YaCTO HA3bIBAEMbIE TAKKE U3MEPUTEIbHBIMU NIPEO O-

pazoBaTesiMu), WIK MO-APYroMy, CEHCOPbI SBIIIOTCSA 3JIEMEHTaMU MHOTUX CH-
CTEM aBTOMATHKH - C MX IMOMOIIBIO MOJTy4aloT HHGOPMAIUIO O MapameTpax KOH-
TPOJIMPYEMOU CUCTEMBI UM YCTPOUCTBA.

JaT4MK — 3TO 3IEMEHT U3MEPUTEINBHOTO, CUTHAIBHOTO, PETYIUPYIOLETO WIN

VIPABISIONIETO YCTPOMCTBA, MPEOOPa3 YO KOHTPOJIUPYEMYIO BETUIUHY (TeM-
repaTypy, IaBJIEHUE, YacCTOTY, CHIIy CBETa, JEKTPUUYECKOE HAMpPSHKEHUE, TOK H

12



T.J1.) B CUTHAJ, YIOOHBIN JIJIs1 U3MEPEHUs, TIepeaaun, XpaHeHus, 00paboTKu, peru-
CTpaluu, a UHOT/1a U JIJI1 BO3JEHCTBUS UM Ha yIpasisieMble pouecchl. M mp o-
e, JaTYUK — 3TO YCTPOUCTBO, MpeoOpa3yroIee BXOJHOE BO3ACHCTBUE JTIOOOM
(bu3nMYeCcKO BEIMUUHBI B CUTHAM, YAOOHBIN /151 TaTbHEUIIIETO UCTIOIb30BaAHUS.

Hcmnonp3yembie JaTYMKU BeCbMa pa3HOOOpa3Hbl M MOTYT ObITh Kjaccuguim-
POBaHBbI 1O Pa3JIMYHBIM MPHU3HAKAM:

B 3aBucuMocTH OT BH/Ia BXOJHOW (H3MepsieMOii) BeJIMYUHbI PA3INYaIOT:

JATYUKA MEXAHUYECKUX MEepEeMEIlEHUN (JITHEHHBIX U YTJIOBBIX), THEBMATUYECKUE,
ANEKTPUYECKUE, PACXOIOMEPDL, TaTYUKU CKOPOCTH, YCKOPEHUS, YCUJIMS, TEMIIEP a-
TYpBbl, TABJIICHUA U JIP.
B Hacrosiee Bpemsi CyIIECTBYET MPUOJIM3UTENBHO CIEAYIOIIEE paclpeacsicHUe
JIOJIM U3MEPEHUN Pa3IMYHbIX (PU3NYECKUX BETMYUH B MPOMBIILIICHHOCTHU: TEMIIe-
patypa — 50%, pacxona (MaccoBsIii © 00beMHbIN) — 15%, naBnenue — 10%, ypo-
BeHb — 5%, KoimdecTBO (Macca, oobem) — 5%, Bpemst — 4%, DJIeKTpUUECcKre U
MAarHUTHBIE BETUYUHBI — MeHee 4%.

IIo BMaY BBIXO/HOM BeJIMYUHBI, B KOTOPYIO Ipeo0pa3yeTcs BXOAHAs Be-
JIMYMHA, PA3JINYAIOT HedleKmpuieckue v 71eKmpuieckue.

BoMbIIMHCTBO JATUMKOB SBJISIOTCS AJNEKTPUUECKUMU. DTO 00YCIOBJICHO Cle-
IOYIOIMMU JOCTOMHCTBAMU 3JIEKTPUUECKUX U3MEPEHUM:
- JJIEKTPUYECKUE BENUYMHBI YJOOHO NEpeNaBaTh Ha pacCTOSIHUE, IPUYEM IIepe a-
4ya OCYIIECTBIISIETCSI C BBICOKOM CKOPOCTHIO;
- BJIEKTPUYECKHE BEIMYMHBI YHUBEPCAIbHBI B TOM CMBICIIE, UTO JIOOBIE IpYyTHE Be-
JMYHMHBI MOTYT OBITh IPEOOPa30BaHbl B JIEKTPUUECKHUE U HA0OOPOT;
- OHM TOYHO IpeoOpa3yroTces B IM(PPOBOM KO U MO3BOJISIIOT JOCTUTHYTH BHICOKOU
TOYHOCTH, YYBCTBUTEILHOCTH U OBICTPOICHCTBHSI CPEACTB U3MEPEHUNA.

Ilo npuHUMIy KeHcTBUSA JaTUMKU MOXKHO pa3/ieluTh Ha JiBa Kjacca: eeHepa-
mopHvle U napamempudeckue (AaTYUKU-MOIYJATOPHI). ['eHepaTopHbIE JaTYNKU
OCYILECTBJISIIOT HEMTOCPEACTBEHHOE NMPE0OPa30BaHNE BXOIHOW BEINYUHBI B DJIEK-
Tpudeckuii curHai. [lapamerpruyeckue TaT9MKU BXOTHYIO BEIMUUHY MPE0Opa3yror
B M3MEHEHHE KaKoT0-JIM00 3jekTpudeckoro mapamerpa (R, L wim C) naruuka.

Ilo npuHIUNy AeiicTBUS JATYUKU TAKKE MOXKHO Pa3/Ie/IUTh HA OMUYECKHE,
peocTarHble, (POTOREKTpUYECKUE (OMTUKO-3JIEKTPOHHBIE), WHAYKTUBHBIC, €M-
KOCTHBIE U JI.p.

Ilo Buay BhIpa®aTbiBa€MOr0 CHTHAJIA PAa3IMYalOT TPU KJacca JaT4yUKOB:

- QHAJIOTOBBIC JATYUKU, T. €. JATYUKH, BbIpaOaThIBAIOUIME aHAJIOTOBBIA CUTHAJ,
MPONOPLUHUOHATILHO U3MEHEHUIO BXOHOM BEJIMYUHBIL;

- nu(dpoBbIE JATYUKH, TEHEPUPYIOIIUE MOCIECA0BATENLHOCTh UMITYJIbCOB WJIH JIBO-
UYHOE CJIOBO;

- OMHapHbIe (ABOWYHBIE) TaTYUKU, KOTOPbIE BBIPA0ATHIBAIOT CUTHAI TOJIBKO ABYX
YpOBHEM: "BKIIOUEHO/BBIKITIOUEHO" (MHaue ToBOPs, 0 vty 1); MOJyYnsm MUpoKoe
pacrpocTpaHeHue 61aroaapsi CBOel MpocToTe.

TpeboBanus, npeabaBiAsieMble K TaTYUKAM
- 0JIHO3HAYHAasl 3aBUCUMOCTb BBIXOJIHOW BEIUYUHBI OT BXOHOM;

- CTa0MIIBHOCTH XapaKTEPUCTHK BO BPEMEHU;
- BBICOKAsI YyBCTBUTEIILHOCTD;
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- MaJIble pa3Mepbl U Macca;

- OTCYTCTBHE OOpATHOrO BO3JACHCTBHS Ha KOHTPOJMPYEMBbIN MpOIecC U Ha KO H-
TPOJIMPYEMBIN ITApaAMETP;

- paboTa Npu pa3IM4YHbIX YCIOBUAX IKCILTyaTalUH;

- pa3IM4YHbIC BAPUAHTHI MOHTAXKA.

KoHnTpoabHbIe BONPOCHI

1. Yro HazwIBaeTcs nHPpOpMAIUCH?

Uro moHuMaroT 1Mot uHpopmaImei B TeXHuke?

C noMo1ip10 4ero nepeaaércst uHGopMaIus B P OMBIIIICHHO U 3JIEKTP 0-

HUKE?

4, Kakue MeTo b1 00padoTKH HHPOPMAITUX TPUMEHSIOTCS B SJICKTPOHHBIX

MIPOMBINIUICHHBIX YCTPONCTBAX?

Kakumu cBoiicTBamMu Xapakrepusyercs naopmarius?

6. Yro sBisercsa HocuteneM undopmaruu? [IpuBenure npuMepsl HOCUTENEH

nHpopMarum.

Yt0 Ha3BIBaeTCSA JAaTIUKOM?

[To xakuM npu3HAKaM KJIaCCUGUIUPYIOTCS TaTUUKHU?

Kak noapasziensitorcst JaT4uKy B 3aBUCUMOCTH OT BUAA BXOHOM (M3Mepsi-

€MOi1) BeJTMYMHBI?

10.Kak noapa3ienstorcst JaTYMKUA B 3aBUCUMOCTH OT BH/1a BHIXOJHOM BEJIU-
YUHBI?

11.Kak noapa3iensitoTcst JaTYUKU [0 TPUHIUITY AEHCTBUS?

12.Kax nmoapa3ienstoTcst JaTIUKH 110 BUY 00padaThIBaeMOTO CUTHAIA?

13.Kakue TpeboBaHUs NPEIbABIAIOTCS K JaduKkam ?

ol w N

© N

Jlexkuus 4.
Buambl 2j1eKTpUYeCKUX CUTHAJIOB U MX mapaMeTpbl. CriekTpbl curHaJioB. Ipe-
HMYILEeCTBA nepeaaun HHGOpPMAIIUN B BUIe HMIIYJbCHBIX CUTHAJIOB.

Ilian
1. Bupasl aneKTpudecKux cUrHajioB. VX mapamMeTpsl 1 XapakTepUCTHKH.
2. Jluckpernsaiys 1 KBAaHTOBAHHUEC
3. Crnektp cursana.

KiarwueBble ci10Ba
DNeKTpUYeCKUi CUrHaia. AHaJIOTOBBIN curHai. Juckpernsiit curnain. Ludpo-
Bo curHal Jluckperuszanusa. KBantoBanme. Criektp curnana. Mopaysamus. NUm-
MTyJIbCHAS. MOTYJISIIAS.

Buambl 3j1eKTpHYeCKUX CUTHAJIOB U MX nmapaMeTpbl. CriekTpbl curHaJaos. Ipe-
UMYLIECTBA nepeaayd MHPOPMaLMU B BHAe UMIYJIbCHBIX CHTHAJIOB.
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[lepenaua undopmanuu Ha OOJBIIME PACCTOSHUS PEATU3YETCS B OCHOBHOM C
MOMOTIIBIO NIEKTPUUECKUX M ONTUYECKUX CUTHAIOB. OOBSICHSAETCA 3TO TEM, UTO CHUT-
HaJIbI TAHHOTO BUJIa MOYKHO MepeaBaTh Ha OTPOMHbBIE PACCTOSHUS (TEOPETUYECKH Ha
JM00bIe pacCTOSIHUA B Ipeaenax BcenenHoil) ¢ oueHb 00JbIIONH CKOPOCThIO (OKOJIO
3x10° M/c). B 3TOM Kypce paccMaTpHuBarOTCs BOMPOCHI KAY€CTBEHHOTO M KOJIHY -
CTBEHHOTO aHaJM3a TOJIbKO AJIEKTPUUYECKUX CUTHAIOB. CBsI3b MPEACTaBISIET COOOM
MpoIecC Mepeaaun cooOIIEHN OT UCTOYHUKA K noydaTeno. CooOIIeHueM Ha3bl-
BalOT COBOKYITHOCTb CBEJCHHUI O COCTOSIHUM KaKOTr0-TM00 MaTepHaIbHOTO OOBEKTA.
HcTouHMK B TOJTydaTeh COOOIEHUH pa3ieJIcHbl HEKOTOPO# Cpeoid, B KOTOPOU HC-
TOYHHUK 00pa3yeT BO3MYIIEHHUS, OTOOpaKaroIpe COOOIIeHNe U BOCTIPUHUMAEMBIC
nosyyareneM. Ouznueckas peabHOCTh, U3MEHEHUSI KOTOPOU B MPOCTPAHCTBE U BO
BPEMEHU OTOOpaXaroT MepenaBacéMoe COOOIIEHUE, Ha3bIBAaeTCsl cUrHaioM. Hampu-
Mep, MPHU Pa3TOBOPE HCTOYHUKOM COOOIIECHHI SBJISETCS TOJOCOBOM anmapar 4eyioB e-
Ka, B KAUECTBE CUTHAJIA BBHICTYMAET U3MEHSIONIEECS] B IPOCTPAHCTBE U BO BPEMEHU
BO3/YILIIHOE JIaBJICHUE - aKYCTUUYECKHUE BOJIHBI; MOJYyUYaTEeNIEM CIIy>KUT YEI0BEUECKOEe
yx0. B coBpemeHHOM 0011eCcTBE 715 IEpeIay pa3aMuHOro poaa COOOIIEHHU mp O-
KO HCIIOJB3YIOTCS AJIEKTPUUIECKUE CUTHAIIBI - JIEKTPOMArHUTHBIE KOJICOaHMsI, U3Me-
HEHUs TapaMeTpoOB KOTOPBIX OTOOpaXKaloT mepeaaBacMble COOOIIEHUS. DIEKTPHY e-
CKHE CUTHAJbl UMEIOT PsJl MPEUMYILECTB MEpE]] CUTHATAMHU Jpyro (usmdyeckou
OPUPOJBI - OHU MOTYT TIepeaaBaThCsl Ha BechbMa OOJIbIINE PACCTOSIHUS, UX GopMy
MOHO TPeoOpa30BHIBATH CPABHUTEIHLHO MPOCTHIMU TEXHUYECKHUMHU CPEICTBAMH,
CKOpPOCTb MX paclpocTpaHeHus OJM3Ka K CKOpocTH cBera. Ilpu nepenave curHaibl
MCKaKaIOTCs BCJIEACTBHE HECOBEPIIECHCTBA (HEUACATbHOCTU XapaKTEPUCTUK) TEXH U-
YECKHUX YCTPOUCTB; KPOME TOTO, HA CUTHAJIbI HAKJIA/IBIBAKOTCS IOMEXH, SBIISIOLINECS
CTOPOHHUMH BO3MYIIEHUSIMH PA3JIMYHOTO MPOUCXOKICHUS U MEUIAIOIINE TOYHOMY
BOCTIPOM3BEICHUIO COOOIIeHNUs Yy noryyaTensi. CUCTEMBI epeaadyu CUTHAJIOB J0JIK-
Hbl OBITh TIOCTPOEHBI TaK, YTOObI, HECMOTPS HA UCKAXXEHUS U MOMEXH, COOOIIEHNE
BOCCTaHABJIMBAIOCH C 33/IaHHOM TOUHOCTHIO. J[J1s1 M3ydeHus: cucTeM mnepeaaydu Heo O-
XOJIUMO 3HaTh Pa3MYHbIE CIIOCOOBI MPEACTABICHUS AIEKTPUIECKUX CUTHAJIOB U Me-
TOJbI UX aHAJIN3a.

AHaJI0roBbI¢, IMCKPETHbIC U HU(POBbIE CUTHAJIBI

AHaJIOTOBBIM CHUTHAJIOM B CUCTEMAaxX MEpPeAadyy Ha3bIBACTCS HENPEPBIBHBIN DIIEK-
TPUYCCKUN WM ONTUYECKUW curHaibl F (t), mapaMerpbl KOTOpOro (aMIuuTyaa, da-
cToTa WM (haza) U3MEHSIIOTCS 10 3aKOHY HEMPEPHIBHOW (PYHKIIMK BPEMEHU UCTOYH H-
Ka uH(pOopMauUK, HATPUMEP, PEYEBOTO COOOIIECHUS, TOABUKHOTO WJIM HETIOIBHKHOTO
n300paxkeHus u T. A. HenpepbiBHbIE CUTHAIBI MOTYT IPUHUMATh JIFOObIE 3HAUYECHUS
(OeckoHEYHOE MHOKECTBO) B HEKOTOPBIX Tpenenax (pucyHok 1.1).

ERE ity |
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a 0
Pucynoxk 1.1 - AHaoTrOBBI HENPEPHIBHBIN CUTHAJL.

JIMCKpETHBIE CUTHAIBI - COCTOSAT U3 OTIEIbHBIX AJIEMEHTOB, MPUHUMAIOIIX KO-
HEYHOE YKCJIO PA3JIMYHbIX 3HAaYEHUI. AHAJIOTOBbIE JUCKPETHBIE CUTHaNBI F (t) MOX-
HO TIOJIYYUTh U3 HenpepbiBHBIX F (1), MCIOJIBb3Ys TUCKPETU3aIMIO IO BpeMeHH (depes
uHTepBai T,), KBAaHTOBaHHUE IO aMIUIMTY 1€ WM MO BPEMEHH U IO aMIUTUTYE OJTHO-
BpeMeHHO (pucyHok 1.2 a, 6, B). Ludposoii curnan F (t) dopmupyercs B Buge rpyi-
bl UMITYJIbCOB B JBOUYHOW CHCTEME CUMCIICHUS, COOTBETCTBYIOIIUX aMIUIUTY]IC
KBAaHTOBAaHHOT'O MO YPOBHIO U JUCKPETHOTO MO BPEMEHHU aHAIOTOBOTO cUrHaia (p u-
CyHOK 1.2, T), mpH 3TOM HaIW4YHE DICKTPUIESCKOTO UMITYJIbca COOTBEeTCTBYeT "1" B
JBOMYHOW cucTemMe cuuciaeHus, a orcyrctBue - "0". OCHOBHBIM MPEUMYIIECTBOM
M(POBBIX CUTHAIOB SIBJISIETCSI BBICOKAsI MOMEXO3AIIUIIEHHOCTh, TaK KaK MPU HAJIU-
YUU IIyMOB M UCKAKEHUH MIPU UX TEpeiadye JOCTATOYHO 3apErucTpupoBaTh HA MPHU-
eMe HaJIMuKe WK OTCYTCTBUE UMITYJIbCOB. [[peoOpazoBanme HEMTPEPHIBHOTO CUTHAIA
B IIU(POBOI MOKET OCYIIECTBIATHCS P MOMOIIM UMITYJIbCHO -KO10BOM MOAYJISIINH,
nenbTa - MOyJisiuu, auddepeHuanbHON UMITYJILCHO-K010BOM Moayssiiuu (KM,
M, IUKM) n ux Mmoaudukanuid. Takum oOpa3oM, s OTydeHUs (P OBOTO CHUT-
HaJla MPUHIMIHAILHO HEOOXOIUMO MPOU3BECTH TPU OCHOBHBIC OTICpAIMK HaJa He-
MPEPHIBHBIM CUTHAJIOM: JTUCKPETU3AIMIO 10 BPEMEHH, KBAHTOBAHME MO YPOBHIO U
KOJINPOBaHUE.

Ananoroseiit curnain f(t) HazpIBaeTCs MePHOAUIECKHM, €CJIH CYIIECTBYET JCH-
CTBUTEIbHOE unciio T, Takoe, uto f(t+T)=f(t) mast moOwix t. [Ipu sToM T Ha3bIBacTCS
NEePHUOI0M CUTHAJIA.

J{uCKpeTHbIE CUTHAJIBI OTJIMYAIOTCS OT AaHAIIOTOBBIX TEM, UTO MX 3HAYEHUS
M3BECTHBI JIUIIb B TUCKPETHBIE MOMEHTHI BPEMEHHU.

[Iporiecc npeodpa3zoBaHusi aHAIOTOBOTO CUTHANIA B IUCKPETHBINA HA3bIBACTCS
BpeMeHHOM qucKkpeTn3anueii. [Iponecc BOCCTaHOBJIEHUS aHATIOTOBOI'O CUTHAJIA U3
JVCKPETHOTO HAa3bIBACTCSI BPEMEHHOM IKCTPANOJIsue.

g poBble CUrHAJBI TPEICTABISAIOT COO0M TUCKPETHBIC CUTHAJIBI, KOTOPHIE
B JTUCKPETHBIC MOMEHTHI BPEMEHU MOTYT MPUHUMATh JIMIIIb KOHEYHBIN PsiJl TUCKPET-
HBbIX 3HA4EHUN — ypoBHeH kBaHTOBaHMs. IIporiecc mpeoOpa3zoBaHUs JUCKPETHOTO
CUTHaJIa B IU(PPOBOI HA3BIBACTCSI KBAHTOBAHHEM 10 YPOoBHIO. Kaknplii U3 ypoBHEH
KBaHTOBAHUS KOAUPYeETCs yucioM. OOBIYHO JIs1 3THX IENIeH UCTIONB3YETCs 1BOUYHOE
KOJMPOBaHKUE, TaK, YTO KBAHTOBAaHHBIC OTCUETHI X, (NT) KOAMPYIOTCS JIBOUYHBIMH
yycyiamu ¢ N paspsgamu. Yucso ypoBHel kBanToBaHusl N 1 HaiMeHbIIIee YUCJIO JIBO-
WYHBIX pa3psaoB M, C MOMOIIBIO KOTOPBHIX MOXHO 3aKOJAUPOBATH BCE 3TU YPOBHH,
CBSI3aHBbI COOTHOIIICHUEM

m = intllog 5 V) (1.20)
rae int(X) — HauMeHbIIIee 1IENI0C YHCII0, HE MCHbIICE X.

CrneKTp cMrHaJja - B PJAMOTEXHUKE 3TO PE3YNbTAT PA3JIOKEHHUsSI CUTHANIA Ha
0oJiee MpOCThIE B Oa3uce OPTOTOHAIBHBIX (DyHKIIMNA. B KauecTBe pa3iokeHust oObI -
HO MCTIOJIb3YyeTcs mpeoopazoBanue Pypre. B paamoTexHuke B kKauecTBe OA3UCHBIX
(GYHKIMM HUCTIONB3YIOT CUHYyCOUAAIbHbIE QyHKIUH. KpoMe rapMoHHUECKOTO psija
@ypbe MPUMEHSIOTCS U APYrUe BUIbI pa3yioKeHu: o pyHkuusaM Yomma, beccens,
Xaapa, Jlexannapa, nosuHnoMmam YeOwimmeBa u p. B nudpoBoit 06paboTke CUrHATIOB

16



http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%A4%D1%83%D1%80%D1%8C%D0%B5
http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D1%87%D0%BB%D0%B5%D0%BD%D1%8B_%D0%A7%D0%B5%D0%B1%D1%8B%D1%88%D1%91%D0%B2%D0%B0
http://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%BE%D0%B2

Ul aHanW3a MPHUMCHSIOTCS JUCKpETHbIE IIpeoOpaszoBanust: Dypbee, XapTiw,
BEMBIICTHBIC U JIP.

Fit)
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Pucynok 1.2 - JIUCKpeTHBIE CUTHAJIBI:
a) - TUCKPETHBIN 10 BPEMEHH; 0) - TUCKPETHBIN 10 YPOBHIO; B) - TUCKPETHBIN 110
BPEMEHU U 10 YPOBHIO;
r) - tudpoBON TBOUYHBIN CUTHAIL

CrekTp nepuoudecKoro CUrHaia iBJIsIeTCS JUCKPETHBIM U ITPEACTaBIIsIET HA0OP
rapMOHHMYECKHUX KOJIeOaHUH, B CyMME COCTABIISIOIIMHN UCXOIHbIN curHai. Pa3noxe-
HUE CUTHAJIa B CIIEKTP MO3BOJISIET NPU U3BECTHOM pEaKIIMU CUCTEMbI HA KaKOU -TH00
IIPOCTOM CUTHAJI, HATPUMEP, HA CUHYCOUJAIBHOE KOJIeOaHue ¢ ONpeIeIEHHON YacTo-
TOM, OTIPEICITUTh PEAKIIAI0 CHCTEMBI Ha JIFOOOU CJI0KHBIM CUTHAJI, Pa3JI0KHB €T0 B
P TI0 CUHYCOUIaTbHBIM KOJICO aHUSIM.

Ha npakTuke criekTp u3MepsroT IMPU MOMOLIM CHeUaTbHBIX TPUOOPOB — aHAIHU-
3aTopoB cuekrpa. Eciu mo curaaiom S(t) moOHMMATh JIEKTPUYECKOE HAIP SYKCHHUE Ha
pesucTope conpotuBiieHueM 1| OM, TO CIIEKTp 3TOT0 CUTHaMa S(®) MOYKHO 3aM1caTh
CIICIYIOIM 00pa3oM:
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http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%B0
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S(w) = f s(t)e ™ dt
—oC 1
IJie O - yrJioBas yacToTa paBHas 2xf.
CrekTp curHasa siBJsIeTCS BeIMYUHON KOMIUIEKCHOM U TIPEACTABIISICTCS B BUJIC:
S(w)=A(®)e ", re A(w) - aMILIHTY{HO-9aCTOTHAS XapAKTEPUCTHKA CHTHAA,
¢(®) - hazo-yacTOTHASA XapaKTEPUCTUKA CUTHAJIA. DHEPTHs CUTHANA, BhIJEIsIeMas Ha

pe3ucTope, OyeT paBHa

/2
[ st
_-1"{:'2 ,
Cpe,Z[HSIH MOIIHOCTB -
T/2
= [ sty

—T.."'E .

JIOCTOMHCTBO UMITYJIbCHO-IU(POBBIX TEXHOJIOT U 3aKJIFOUAETCS HE B UX Kade-
CTBE, @ B TOM, YTO MO>KHO HAJI€KHO Mepe1aBaTh U KOMUPOBATh, COXPAHATh U BOCTIPO-
U3BOJUTH UCXOJIHOE COCTOSIHUE CUTHANA (HE 0ObEKTUBHOM pealbHOCTH, OHA FOPa3 10
IIMPE BCEX BO3MOKHBIX CUCTEM, @ UMEHHO HA4aJIbHOT'O CUTHAJIA), TO3TOMY OHU M H-
TEHCUBHO 3aBOEBBIBAIOT MH(POPMAIIMOHHOE ITP OCTPAHCTBO.

YBenumueHne o0bemMa N3MEPUTEIILHON HHGOPMAIIUH, TTepeaBacMOM 10 KaHaiaM
CBSI3H, MPHUBOJUT K BCe 0oJiee MHUPOKOMY MPUMEHEHUIO UMITYJIbCHONW MOJYJISLINY,
KOTOpast UMEET LENbIA Psi MPEUMYILECTB NEPET MOAYIISLNENH TApMOHNYECKUX KOJIe-
Oanuit. IMmynbcHas MOAYISIMS UCTIONB3YETCSI B U3MEPUTEIbHO -MH(POPMAIIIOHHBIX
cuctemax (MUC) c BpeMeHHBIM pa3/iefIeHuEM KaHAJIOB, B KOTOPBIX B May3ax MEXIY
UMITYJIbCaMHU, HECYITMMH HHGOPMAIIMIO 00 0JTHON U3MEpsSIeMO BEeIMYUHE, pa3Melia-
ercsi uHpopManus O APYrux M3MepseMblx BennuuHax. [locnenoBarenbHOCTh MM-
yJIbCOB ITO3BOJISIET MOAYJIUPOBATh HECKOJIBKO MIApaMETPOB CUTHANA, T. €. OoJiee 3(-
(EeKTUBHO HCTOJIL30BaTh KaHal CBA3U. [IprMeHeHre UMMYIbCHBIX CHUTHAJIOB JACT
BO3MOXHOCTbh CYLIECTBEHHO YBEJIMUYHUTh MOIIHOCTh B HMMITYJILCE MPHU HEOOJBIION
CpEIHEN MOIIHOCTH M TEM CaMbIM ITOBBICUTH IIOMEXOYCTOMYUBOCTh IEPEAAYU U H-
dbopmarum.

HanGonee gacTo UCTIONIB3YIOTCS UMITYJILCHI IPSAMOYTOJILHON (DOPMBI, KOTOPBIE
JIeTKO (POPMUPYIOTCS HA OCHOBE COBPEMEHHOM 3JIEKTPOHHON 0a3bl.

Ko HTPOJBbHBIEC BOIIPOCHI

Kaxue curnasnbl Ha3bIBalOTCS aHAJIOTOBBIMHU, TUCKPETHBIMU U ITU(P OBBIMU?
Yo Ha3bIBAETCS KOJUYECTBOM HHPOpMAITHH?

[lepeuncnute equHULBI U3MEPEHUS UH(DOpMALIUK.

Yo Ha3pIBAETCS CIEKTPOM CUTHaa?

B yeM cocTOUT MpenMyniecTBO NEPENAYH CUTHATIOB UMITYJIbCHBIMU METOIAMU?

ko
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Jlexnus 5.
Monayasinusi CATHAJI0B. BUIbI MOTYJISIIIMY MMITYJIbCHBIX CUTHAJIOB.
JAuckperusanus u kKBantosanue. Koauposanue ungopmanuu.
OcHoBHBIE BBl KOIOB

ILnan
[TonsTne o monymanuu. Buasl Moaysiium.
2. IIpeoOpa3zoBaHue aHATIOTOBOT'O CUTHANA B IIM(ppoBo# B, IMmybcHas MO Y-
msiusi. KBaHTOBaHME 1O YPOBHIO.
3. TlonsaTue o koaupoBaHUU. Pa3HOBUIHOCTH KOJIOB.

=

KiarwoueBble cj1o0Ba
Monynsmus. Quckpernszanus. KsanroBanue. Kox. Konuposanue.

Moaysamus (mar. modulatio - meprocms, pasmeprocms) — TPOLECC H3MEHEHHUS
OJIHOTO WJIM HECKOJIbKUX MapaMeTpOB BRICOKOYACTOTHOTO MOJYJIUPYEMOTO KOJjed a-
HUS TI0 3aKOHY MH(GOPMAIIMOHHOTO HU3KOYAaCTOTHOTO cooOueHus (curnana). B pe-
3yJbTaTe CHOEKTP YHPABIIOIIEIO CUTHAJIA IEPEHOCUTCS B 00JIACTh BBICOKUX YaCTOT.
[lepenaBaemas nHbopMaIys 3aJI0K€Ha B YIIPaBJIAIONIEM curHaie. Posb nepeHocyuka
uH(GOPMAIMKM BBIMOJIHIET BHICOKOYACTOTHOE KoJiebaHHWe, Ha3biBaeMoOe HecymmM. B
KayeCcTBE HECYIIEr0 MOTYT ObITh HCHOJIb30BaHbl KOJEOAHUS Pa3IU4IHON (POpMbI
(IpAAMOYTOJIbHBIE, TPEYTOJIbHBIE U T. JI.), OJHAKO Yallle BCEro NPUMEHSIOTCS rapMO-
HUYECKHE Kosiebanusi. B 3aBuCMMoCTH OT TOTO, Kakoil U3 mapamMeTpoB HECYIIIETo KO-
ne0aHusi U3MEHSETCs, Pa3JIMYaloT BUJ MOYJISIIMHY (aMIUIMTY IHasl, YacToTHas, (azo-
Bad U Ap.). Moaynaiusi JUCKPETHBIM CUTHAJIOM Ha3bIBA€TCsl UPPOBON MO YIISIIIUEH
WJIM MAHUYJISLIACH.

[IpeoOpazoBanne HEMPEPHIBHOTO CUTHANA B MU(POBON MOKET OCYIIECTBIATHCS
IpU MOMOIIA UMITYJIbCHO-KOJAOBOM MOJYIISILIUY, JAebTa-MOAYIAIUH, quddepeHiu-
aTbHOW UMMyIbCHO-K0A0BOM Moy (MKM, JIM, INKM) u ux moaudukaimii.
Takxum oOpa3zom, 11 TOTydeHUs MUPPOBOTO CUTHAJIA MPUHITMITHAILHO HE0OX0IUMO
IIPOM3BECTH TPHU OCHOBHBIE OTIEPALIMH HAJ] HEMIPEPBIBHBIM CUTHAJIOM: IUCKP ETU3ALHIO
M0 BpEMEHH, KBAHTOBAHUE IO YPOBHIO U KOJUPOBAHHUE.

JIt060¥ AUCKPETHBIN WM HUPPOBOM CUTHAI - 3TO MOCJIEA0BATEIbHOCTD UMITYJIb-
COB, CIIEAYIOIIMX YEPE3 paBHbIE MPOMEKYTKH BpEMEHU. AMIUIMTY/IAa (BBICOTA) ATUX
MMITYJIbCOB MPOTNOPLHMOHAIBbHA 3HaUeHUsAM A(t) B 0OTcueTHbIX Toukax. s mudposo-
ro CUTHaJIa XapaKTepHO TO, YTO OTCUETHBIEC 3HAUEHUS MTPEACTaBJICHbI B (hopMe yucen,
TO €CTh B BHJI€ KOJOBBIX I'PYIII, COCTOSIIMX U3 UMITYJIbCOB C JIByMs 3HaYEHUSIMU aM-
wmwmrty 1 u 0.

N3006pa3zum Takoh mu¢ppoBOM CUTHAT BO BPEMEHHOM 007aCTH - MaKCUMAaJIbHBIN
YPOBEHb - TPETUI MOXKHO MEpPENaTh KOJOBOM rpymmoi Buaa 11, cpegnuii ypoBeHs -
Buza 10, MuaMManbHbI ypoBeHs - Buaa 00.

[IpeoOpa3oBaHre HEMPEPHIBHOTO AHAIOTOBOTO CHUTHANA B JUCKPETHBIA MOKET
OBITh OCYIIIECTBIICHO B COOTBETCTBUHU C TEOPEMOIl OTCUETOB, noka3zaHHOU B.A. Ko-
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http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D0%BA%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%81%D1%83%D1%89%D0%B8%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%80%D0%BC%D0%BE%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%80%D0%BC%D0%BE%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BF%D0%BB%D0%B8%D1%82%D1%83%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D0%B8%D0%BF%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F_%28%D0%B2_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B8_%D0%B4%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D1%8B%D1%85_%D1%81%D0%BE%D0%BE%D0%B1%D1%89%D0%B5%D0%BD%D0%B8%D0%B9%29

TEILHUKOBBIM B 1933 T.: m000ii HEMPEPBHIBHBIN CUTHAT C OTPAHUYEHHBIM YaCTOTOM
Fuyake CIIEKTPOM, MOKET OBITh TIOJIHOCTHIO MIPE/ICTABIICH B BUJIE CBOUX JUCKPETHBIX
BO BPEMCHHU OTCYETOB, B3ATHIX uepe3 uHTepBan Bpemenu T ,=1/2 F ..., Ha3pIBaeMoii
MEPUOJIOM JUCKpEeTH3aluu. TeXHUYecKu orepaiusi JTUCKPETU3aIlMu M0 BPEMEHU
OCYIIECTBIIAETCS MPU TOMOIIM KITFOYEBBIX CXEM ITyTEM IMOJIYYEHUSI CUTHAJIOB C aM-
TUTATYTHO -UMITYJILCHOM Moayssinueit (AUM).

Omneparids KBaHTOBaHMWS IO YPOBHIO MO3BOJISIET MpeoOpazoBaTh OCCKOHEUHOE

MHO>KECTBO OTCUETHBIX 3HAUYEHHUI aHAJIOTOBOTO CHUTHaja B KOHEYHOE MHOMKECTBO
pa3pemEHHbIX YPOBHEH, TIEpEHyMEPOBaTh 3TH YPOBHU U MepeaaBaTh HHPOPMAIIUIO
00 amrummTyAe oTcuéTa B BHJE JBOMYHOW KogoBoM komOumHaimu ¢ MKM. [lms
YMEHBIICHUS YHCJIa pa3pelICHHbIX YPOBHEW KBAHTOBAHUS IPUMEHSCTCS HeJTMHEHHAS
omepalys CKaTvs TMHAMUYECKOTO JIMara3oHa CUr Haa.
Omeparyss KOIUPOBaHUS 3aKIIIOYACTCS B MpeoOpa3oBaHUM HoMepa "pa3pemeéHHoro”
YPOBHS B KOJIOBYIO KOMOWHAIIMIO JBOMYHOW CUCTEMBI CUMCTICHHS, COCTOSIITYIO U3 M
cumBoJsioB Buaa "0" u "1", rie BenrmurHa m Ha3bIBACTCS Pa3PsAIHOCTHIO Koja. B mu ¢-
pOBbIX cuctemax npeodpazoBanus ¢ MKM Hanum npuMeHeHne HaTypajibHBIN JBO-
WYHBIN KOJ M €ro MOIU(DHUKAIUS - CHMMETPUYHBINA TBOUIHBIN KOJ. [[BOMYHBIE KOIBI
[0 BPEMEHU UX MOSABJICHUS pa3Ie/IAI0TCS Ha Mapajljie/IbHbIE, €CJIM CUTHAJIBI KOJOBOM
TCPYNIBI MOSBIAIOTCS OJTHOBPEMEHHO, U TIOCJIE0BATEIIbHBIE, €CJIM CUTHAJIBI KOJOBOM
IPYIIIbI MOSIBISIOTCS MOCJE0BATEIbHO BO BPEMEHH, pa3psl 3a pa3psioM.

A
H a) AMCKPETHBIA CUrHan
t
A
11 1
_10 2 > Pa3pELHEHHbIE Vi OBHH FEAHTCEAHHA
00 H 3 6) KBaHTOBaHHbIA CUrHan
t

B) LMhpoBON CUrHan
U o o [
11 10 00 11 t

Bunrer konos

[Tocne Toro, Kak HENpPEepHIBHOE COOOIIECHHUE C TOMOIIBIO KBAHTOBaHUS MPe00 pa3o-
BaHO B IUCKPETHOE COOOIIEHUE, ero He0OX0UMO TepeaaTh 1Mo KaHary cBs3u. [Ipu
ATOM Tepeada J0/HKHA OCYIIECTBISATHCS 0€3 NCKAKEHUN W ¢ MUHUMAJTbHBIMA K C-
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KaXKCHUSIMU.
[Ipeobpa3zoBanue TUCKPETHOTO COOOIICHNS B TUCKPETHBIN CUTHAJ, OCYIIECTBIIS-
€MO€ 0 ONPEAEIEHHOMY ITPABUITY, Ha3bIBAETCS KOJIUPOBAHKUEM.
Kop - 3T0 COBOKYITHOCTH YCJIOBHBIX CUTHAJIOB, 0003HAYaOIIMX JUCKPETHBIE CO-
0OI11IeHNUS.
JI71s1 IpakTUYE€CKOTO OCYIIECTBICHUS Mepeaul KOMaH bl HY>KHO TepeaBaTh BUIEO -
WIK PaJvo - UMITYJIbChI, OTJIMYAIOIIMECS IPYT OT JApyra Tak, 4YTOObl HA MIPUEMHOM
KOHIIE WX MOXHO OBUI0O pa3jJUMuuTh M HANPaBUTh K CBOUM OOBEKTaM.
JIBonuHbIN K01, coneprkanmii 0 u 1, 3HAYUTEIBHO YBEIMYUBACT HAAEKHOCTH TIEp -
Jla4d, XOTs IJIMHA KOJOBOTO CJIOBA IIPU 3TOM YBEJIMYMBAETCS MO CPABHEHMIO C JI€C SI-
THYHBIM KOJIOM.

LA A A

\ ,

- f2 ——— f f2 '

~ 30UUMABIL
Y usmepban '

nepedaemcs 4ucno 11 nepedaemcs sucno 13

Puc.3.12. Ilepenaya komoBeix komOuHaruii 1011 u 1101.

CxeMHas peanu3aius ornepanui ¢ IBONYHBIMHU KOIAMH BBITIOJHSETCS ¢ HOMOIIBIO
YCTPOMUCTB pENIeHHOTO ASHCTBUSI, 001aJal0MIMX ABYMSI YCTOMUUBBIMU COCTOSTHUSIMU,
cooTBeTCTBYIOIMMHU O U 1, 3TO: 31EKTPOMEXAaHUYECKUE PEIIE, TPUTTEPHI, MATHUTHBIE
3JIEMEHTHI C MPSMOYTOJLHOM METIIEW TUCTEPE3NCA U JIP.

Haubonb1ree pacrpocTpaHeHHE MOTYIWI JBOUYHO - AECITUIHBINA KOJI, TJI€ KayKIbIN
paspsi IECSATUYHOTO YHKCJIA 3alUChIBACTCS B BUJE KOMOMHAIMU JBOUYHOTO KOJa,
HanpuMmep: yucio 9 coorsercrByer 1001, yncno 3 coorserctByer 0011, Torma 399
COOTBETCTBYET 0011 1001 1001.

CyuecTBYIOT Apyrue BHAbl KOJA0B:

a) eOUHUYHO - 0eCAMUYHBIL, KOTJA KaXJA0MY JECITUYHOMY YHCITy PUCBAUBAETCS
onpenenéHHoe kommdectBo enunuil (o 10). KogoBas komOMHAIIMS P TOM TIOJTY-
YaeTcs NIMHHOM, HarpuMep uuciio 234:

0) uucno - umnyrbcuvlii K00 (eouruyrwvlli k00). KomoBble KOMOWHAIIMU, KaK U B
NpEeAbIIYILEM CIydae, OTAMYAIOTCS APYT OT APyra KOJUYECTBOM €AUHMUII;

B) K00 Mop3e, BiepBble IPUMEHEHHBIN B 1844 1. B HEM KaXKI1blii CUMBOJI IPEACTaB-
JsIeTCst HAOOPOM TOYEK U THUPE:

* - mepeAaéTcs Kak eMHUIA OJTHUM UMITYJIbCOM;

- iepenaércs 3-Ms eqUHUIIaMK 0€3 UHTEPBAJIOB;

- uHTepBan o3Hauvaet 0 , Hanpumep, curHain SOS:
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[{udpst pu STOM TOTydarOTCs JJIMHHBIE, Hampumep, gucio S5: 101 <-> 101 <-> 101,
T.e. 10101010101 .

r) [lamupaszpsaousiii koo booo, B KoOTopoM 1UPHI TEPEAArOTCS TaK Ke, KaK OYKBBI:
Awu1->10000

bu6->00110

Bu 13 -> 01101

I'u 10 -> 01010

1) MedHcOYHap oOHbll menecpaduviii koo (aHaorudeH koay boso):

A -> 00011 xak 3 u T.1.

b-> 11001

B -> 10011

I'-> 11010

e) ko0 I pesi. B HEM MeHbIIIe IpeoOpa3zoBaHUi, B CIOKHBIX CXeMax IPU ATOM IIPOH 3-
BOJIUTCS MEHbBIIIE KOMMYTAIMH, TOK U3MEHSCTCS pPeXe, CIeA0BaTeIIbHO, BO3MOXKHO
MEHBIIIE TTOMEX.

Tabmuna 3.2
JECATHYHBIH [BOHYHBIH kKo I'pes
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 —1+—=0100 0110 <
5 0101 0111 <
6 ‘ 0110 <« 0101 <
- l 4UCND MEHAEMCH
B 3-x pospaddx moneka b odHoM pospade
jucna Medsomcs b 2-x paapsdax

PaccMmoTpeHHbIE KOIBI SIBIISIIOTC ST HEMOMEXO03aIUIIICHHBIMU, T.K. 0JTHA KOMOWHAIIHS
OT IPYroi OTIMYACTCS BCErO B OJTHOM pa3psije:

2 -> 0010

3->0011 .

Ecnmu momexa MCKa3uT nepByr0 KOMOWHAIIHMIO, TO OyJE€T MPUHAT CUTHAJI, HaIpUMED,
0011 BmecTo 0010, u He sicHO, MPHUHSITA UCKAXEHHON -1 KOJTOBass KOMOWHAITUS, TO
7 2-51 KOJI0Basi KOMOUHALIUS TPUIILIA HEUCKAKEHHOW, ONIPENEIUTh 3TO TpyAHO. Jis
MIPEOIOJICHHSI TIOJOOHBIX TPYAHOCTEH MIPUMEHSIOT HOMEXO03AUiUUIEHHblEe UIU KO-
pekmupyruiue koovl. OHU IENSATCS HA 2 TPYMIIBI:

1) koAb C OOHAPYKEHUEM OIIMOOK,

2) KOJibl C 0OHAPYKEHUEM U UCTIPABJICHUEM OIIMOOK.

DTH KOABI MO3BOJISIOT 00HAPYKUTh OIMOKHU B KOJTOBBIX KOMOMHAITHSX.
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Kon ¢ mpoBepkoil Ha YETHOCTH

Takoi ko oOpa3yercs myTéM 100aBiIeHUS K NIEpelaBaeMOil KOMOMHAIIMM CUMBOJIOB
OJIHOT0 KOHTpOJIbHOTO cuMBoJia (0 mim 1) Tak, 4T0OBI 0011I€€ YMCIIO €AUHUILL B TIEP €-
TaBaeMO¥ KOMOMHAIINHA OBUIO YETHBIM:

| .
000110 0 0001100
101010 1 1010101
H}TI)\OP MAallHOH- KOHTPOJILHbLIC HEpCAaBacMbIC CHMBOJIbLI
HbLIC CHMBOJ1bI CHMBOJIbBI C YETHBLIM YUCIIOM CAMHHILL

Ha npuéMHoOM KOHIIe MPOU3BOJUTCS MPOBEPKA HA YETHOCTh. B MpUHATHIX KOMOUH a-
LUSX MOJCUYUTHIBACTCS KOJIUYECTBO €IUHMII, U €CJIM OHO YETHOE, CUUTAIOT, YTO HC-
KaxxeHUi He Obu10. Torna nocnenHuid (KOHTPOJIbHBIN) CUMBOJI OTOPACHIBAIOT U 3aIlU-
CHIBAIOT HAYAJIbHYIO KOMOMHauI0. Takoil KoJ MOXeT OOHapyKUTh OIIMOKH, KpaT-
HbIC 3, 5 ¥ T.J., HO YETHOE KOJIMYECTBO OMMMOOK OOHAPYKHUTHh HE MOXKET, M TOT/1a T1e-
pedadya  CUTHaJA  MOXKET  MPOUCXOAUTb C  CWIbHBIMH  HMCKKCHUSMM.
[To TakoMy € MPUHIUILY MOKET ObITh OCTPOEH KOJI C IPOBEPKOM HA HEUETHOCTD.
[IpoBepka KOJOB OCYHIECTBIISIETCS CUYETYMKAMHM, BBIINOJHAEMBIMH Ha TPUITEpPAX.
B mpuHIune MecTo pacnosoKeHusi KOHTPOJIbHBIX CHMBOJIOB HE UMEET 3HAUCHUS: UX
MOYHO 3allMChIBATh U MOCJIE MHPOPMAILIMOHHBIX CUMBOJIOB, U TIEpE]l HUMH, U Yepeys
MH(OPMAMOHHBIE CUMBOJIBI C KOHTPOJIbHBIMU. OJTHAKO MPOU3BOJIbHOE PACIIOJIOX €-
HUE KOHTPOJIbHBIX CHMBOJIOB 3aTPYAHSET MPOBEPKY NpuHATOro koxa. [llupokoe pac-
MPOCTpPaHEHUE MOyl KOO XemMmunea, No3BOJAIONMNA OOHAPYKUTh U UCTIPABUTH

OIIMOKH. KOHTpOJ'II:HBIe CHMBOJIbI B HEM pasMCIIarOT Ha MCECTaX, KpPAaTHBIX

n 4
9" ma 29 91 92 93 9 .
£ L 4, 2,24% 4,2 gr1.0., a UMEHHO B no3unusx 1, 2, 4, 8, 16... Kakoii u3 cum-

BOJIOB JIOJDKEH CTOATH HAa KOHTPOIbHOM 1o3uiuu (0 wim 1), onpenenstoT ¢ TOMOIIbI0
MIPOBEPKH Ha YETHOCTb.
PaccMoTpum mpumep KoJOBOW KOMOWHAIMH, cojaepxaimeii 4 nH()opMarmoHHBIX
cumBosa 1101. [{ns ee 3ammThl HEOOXOAUMO PaCcCTaBUTh KOHTPOJBHBIE CUMBOJIBI B
no3unusx 1, 2, 4. O6o3naunM uHdopmanmonasie cumBoisl U1, M2, 13, N4, a ko -
TpoabHble cuMBoOJIbl K1, K2, K3. Torna kogoBas komOuHaiust OyAeT UMETh BUI:

K, K; Uy K; U; U, U, i 1010101  (3.4)

Ha npuémuom koHIie 17151 TPOBEPKH MPABUIILHOCTHU MPUHATOMN KOJIOBOM KOMOWH a-
IIUU UCTIOJIL3YIOT METOJI MMPOBEPKH Ha 4ETHOCTh. Ecim curnan npomén 6e3 uckaxe-
HUW, TO CyMMa €IWHUIl B MPHUHITON KOJOBOW KomOuHaiuu aact 0, T.K. B COOTBET-
CTBUHM C (DyHKIIMEH HEPABHO3HAYHOCTH:

1 @1=0 1®0=1 0D0=0 0@ 1=1. (3.5)

Yucno npoBEpOK PAaBHIETCS YUCITy KOHTPOJIbHBIX CHMBOJIOB. B KaK/101 TpOBEPKE
y4aCTBYET TOJBKO OJMH KOHTPOJIbHBIN CUMBOJI. CYMMHUPYIOTCS CUMBOJIBI, CTOSIIIIUE B
mosummax 1, 3, 5, 7, zarem - 2, 3, 6, 7, nmanee - 4, 5 6, 7.

B cootBerctBuu ¢ (3.4) u (3.5) ato:
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K, + Uy + U3+ U, =0
K, + Uy + U,+ U; =0 (3.6)
K;i + U; + I+ U, =0

Eciu curnan npomén ¢ uCKakeHUsIMHU, TO TP MPOBEPKE CyMMa €AMHHUIL AacT 1.
[lo pe3ynbTaTy CyMMHpPOBAHUS KaX/101 U3 IPOBEPOK COCTABIIAETCS JBOUYHOE YUCTIO,
KOTOPOE yKa3blBaeT MecTo McKaxeHus. Hanmpumep, 1-1 u 2-s nmpoBepKu MOKa3aiu
HAJIMYUE UCKAKEHUS, T.€. B PE3YJIbTaTe CYMMUPOBAHUS MOJYUYUIN €AUHUIIBL, & CYM-
MHpoBaHue 1o 3-i nposepke aano 0. Haumnas ¢ nocnenHen npoBepKy, 3aMCbIBacM
nBonunoe uncio 011. Dto coorBerctyer 3 (V11=3) y 03mauaer, uto B 3-M cuMBOIIE
KOJOBOM KOMOWHAIIMM, BKJIOYas KOHTPOJbHbIE CHUMBOJIbI, BO3HUKIO HCKa)XECHUE,
3HAYUT, 3TOT CUMBOJI Hy’KHO HUHBEPTUPOBATh, T.€. HICIIPABUTh Ha MPOTUBOIOJIOKHBIN:
O ma 1, wmm 1 Ha 0. TTocne 3TOr0 KOHTPOJBbHBIE CUMBOJIBI, CTOSIIIME HA 3apaHee 13-
BECTHBIX MeCTax, OTOpachIBaIOT.

@OyHKIHMOHABHBIE Y3JIbl, UCIIOJIb3yEMBbIE Il MPeoOpa3oBaHMs KOJOBBIX KOMO u-
HAI[UM, HA3bIBAIOTCSl KOJONIPeoOpa3oBaTesisiMU. JTO CJIOKHbIE YCTPONCTBA, COCTO sI-
e u3 0oJbioro uucia gorudeckux snemenTo U, WIW, HE, WJIW-HE, U-HE u
Ip., BBINOJHEHHbIE Ha HMHTErpaibHbIX MUKpocxemax. K komompeoOpazoBarensim
MO>KHO TaK)k€ OTHECTH IU(PPATOPbl, JEMUPPATOPHI, CUETUUKH.

KosmyecTBOM MHpOpMaIMK HA3bIBAIOT YUCJIOBYIO XapaKTEPUCTUKY CUTHAJA, OT-
paXarolllylo Ty CTENIEHb HEONIPEIEICHHOCTU (HEMOJHOTY 3HAHUMN ), KOTOpAas HCUE3aeT
1OCJIe MOJIy4eHUs: COOOIIEHUs B BUI€ JJAHHOT'O CUTHAIA. DTy MEPY HEOTPEIeIeHH O-
CTH B T€OPUH UH(OPMAIMK HA3bIBAIOT SHTP OIHUEH.

Ilpumep. Yenosek OpocaeT MOHETY M HAOJIOIAET, KaKOM CTOPOHOM OHA yMaJeT.
O6e CTOpPOHBI MOHETHI PABHOMPABHBI, IOTOMY OJIMHAKOBO BEPOSITHO, YTO BHITIA/IET
OJIHAa WM Apyras cTopoHa. Takoi cUTyaluy NpUMHUCHIBAETCS HayalbHas HEOMpes e-
JICHHOCTb, XapakTepu3yemasl IByMs Bo3MOKHOCTAMHU. [locie Toro, kak MoHeTa yra-
J€T, JOCTUTAETCS MOJIHAS ICHOCTh, U HEOTIPEIETICHHOCTh UCUe3aeT (CTAaHOBUTCS PaB-
HOU Hy0). [IpuBeeHHbII TpUMEP OTHOCUTCS K TPYIIIE COOBITUI, IPUMEHUTENBHO K
KOTOPBIM MO>KET ObITh ITOCTABJIEH BOMIPOC TUIA «Aa-HeT». KommuecTBo nHbopManumy,
KOTOPOE MO>KHO MOJIy4YHTh IPU OTBETE HA BOIPOC THIIA «1a-HET», HA3bIBAETCS OUTOM
(anrn. bit — cokparmienHoe ot binary digit— aBowuHas eauHuia). butr — MuHU-
MallbHas €IUHMIIA KOJMYecTBa MH(pOpMaluu, H00 MOJYyYUTh MUH(OPMAIUIO MEHb-
Iyto, 4em 1 out, HeBo3MokHO. [Ipu monydennu nadopmaiinu B 1 OUT HeompeneeH-
HOCTb yMEHbINAeTcs B 2 paza. Takum oOpazom, Kaxaoe O6pocaHne MOHETHI JaeT HaM
uHpopmaimio B 1 Our. B kauectBe Apyrux Mojienen moydeHus Takoro ke KoJnY e-
cTBa MH(GOPMALIMU MOTYT BBICTYIATh AJIEKTPUUECKas JIAMITIOYKa, ABYXITO3UIIMOHHBIH
BBIKJTIOYATENb, MATHUTHBIA CEPJEUHUK, TUOJ U T. 1. BKIIOUEHHOE COCTOSTHUE ITUX
00BEKTOB 00BIYHO 0003Haua0T LKUdpoi 1, a BeIKIMoueHHOE — UPpoii 0.

CBsi3p MEXy KOJIMYECTBOM MH(POPMALIMH U YHUCIOM COCTOSIHUNA CUCTEMBI yCTa-
HaBnBaeTcs Gopmynoir Xaptm: i=l0g,N, rae +— xommdecTBo MHPOpMAIUK B OU-
Tax; N — 4HCJI0 BO3MOKHBIX COCTOSHUN. Ty ke (opMyily MOKHO IIPEICTABUTH HHA-
ge: N=2',

I'pynna u3 8§ 6utoB uHpopmalu HazbiBaeTcs Oailtom. Eciiu OUT — MUHUMAaIb-
Hasl enuHuUIa HHPOopMaIu, To 0alT ee ocHOBHas equHuUIa. CyIIECTBYIOT IPOU3BO -
HBbIC €AUHUIIBI MHPOpMAINK: KIT0OaT (kOaiit, k0), Mmerabaiit (Mbaiit, M0) u rura-
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Oaitt (I'6aiit, I'0). 1 k6 = 1024 Gaitra = 210 (1024) GaiitoB. 1 M6 = 1024 k0OaiiTa =
220 (1024 x 1024) GaiitoB. 1 I'6 = 1024 Mb6aiita = 230 (1024 x 1024 x 1024) GaiiToB.
DTH eAUHUIIBI Yallle BCEro UCTOJB3YIOT JIJIS yKa3aHus oobema mamsata DBM.

KoHTposbHBIE BONIPOCHI

1. Yto Ha3bIBaeTCS MOIYISIIACH?

2. Ilepeduncnaure BUbI MOTYISIIMA. YeM OHU pa3inyaroTcs?

3. Kakwue oneparnuu He0OX0IMMO IPOU3BECTH HAJl HEMPEPBIBHBIM CUTHAJIOM
11 TIOJTy4eHUs U (POBOTo cCUrHaa?

4. Yto Ha3bIBaeTCS AUCKPETU3ALMEN CUTHaIa 0 BpeMeHu? UTo Ha3pIBaeTcs
KBAaHTOBaHUEM CUTHaJIa [0 YPOBHIO?

5. Yto Ha3pIBaeTCs KOIMIECTBOM HHpopMarun? HazoBuTe eqMHAIIBI U3MED €-
HUSL THPOpMALIHH.

6. Uto HazeiBaetcst kogom? [lepeuncianre BUIbI KOJOB.

Jlekumus 6.
O0me xapakTepuCTHKH, TapaMeTPbl 1 0003HAYEHUA
HM(POBBIX HHTEIPAJTBHBIX MHKPOCXEM.

Ilnan
1. Tlonsitne 06 MHTErpalbHBIX MUKPOCXEMaxX Pa3IMYHON CTENEHU WHTErpa-
117078
2. Cuctema 0003HaYECHUN HHTErPATLHBIX MUKPOCXEM.
3. Ha3nauyenue u npumMeHeHne nudpoBbIX MUKPOCXEM.

KiaruesBbie ciioBa
Mukpocxema. Lludposas unrerpansHas Mukpocxema. IlosrynpoBoiHUKOBas
Mukpocxema. [Inénounas mukpocxema. ' ubpunnas mukpocxema. bombias uaTe-
rpaibHasg cxema. Cepust MukpocxeM. Jlorudeckas onepanus. Jlornueckas GyHKIus.
Mukponpoueccop. MUKpomnpoueccopHbli KOMIUIEKT.

Unumeepanvuas mukpocxema — MHUKPOIJIEKTPOHHOE H3JIENUE, BHITIOIHSIOIICE
ompeneneHHyo QyHKIUIO peodpa3zoBanusi, 00pabOTKK cUrHaANIA U (TIJTM) HAaKaIIiBa-
HUS HTHPOPMAIIHMH U UMEIONIEe BBICOKYIO INIOTHOCTD YITAKOBKH AJIEKTPUISCKH COCIT -
HEHHBIX AJIEMEHTOB (WJIM 3JIEMEHTOB U KOMIIOHEHTOB) U (MJIM) KPUCTALIOB, KOTOPOE
C TOYKHU 3peHUsl TpeOOBaHUN K MCIBITAHUSAM, TPUEMKE, TIOCTABKE W IKCIUTyaTaIliu
paccMarpuBaeTCs Kak €IMHOE 1eNoe.

Lugposas unmespanvnas mukpocxema — MHUKPOCXEMa, IpeIHA3HAYCHHAS IS
npeoOpazoBaHus U 0OpabOTKU CUTHAJIOB, U3MEHSIOIIUXCS MO 3aKOHY JUCKPETHOU
byHKINH.

B 3aBucUMOCTH OT TEXHOJIOTHH U3TOTOBJICHUS UHTETPATLHBIE MUKPO CXEMBI MOTYT
OBITH MOJIYITPOBOIHUKOBBIMH, TUICHOYHBIMH WM THOPHHBIMH.
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llonynpoeoonuxkosas mukpocxema — MHUKPOCXEMA, BCE DJIEMEHTHI U MEXdJIe-
MEHTHBI€ COETMHEHUS KOTOPOH BBIMOJHEHBI B 00BEME U HA M0 BEPXHOCTHU MOIYIPO-
BO/THUKA.

IInenounas mukpocxema — MHUKPOCXEMA, BCE JIEMEHTBI U MEKAJIEMEHTHBIE CO-
€IMHEHUS] KOTOPOM BBITIOJHEHBI TOJIBKO B BHJIE€ TUICHOK MPOBOASIIMX U JUAJIEKTPU-
YECKUX MarepuaioB. BapmaHTamMu TUIGHOYHBIX SIBJISIIOTCS TOHKOTUIEHOYHBIE U TOJI-
CTOIUICHOYHBIE MUKPOCXEMBI.

l'ubpuonas mukpocxema — MHUKPOCXEMa, COJepKaliasi KpOME 3JIEMEHTOB MPO-
CTbI€ U CJIOYKHBIE KOMIIOHEHTHI (HalpuMep, KPUCTAIUIBI MUKPO CXEMbI TTOJTYIIPOBO/I-
HUKOBBIX MUKpOcXeM). OTHUM U3 BUJIOB THOPUIHON MUKPOCXEMBI SIBJISIETCS MHOT O-
KpUCTaJIbHasi MUKPOCXEMa.

C noMo1bI0 yugposwvix Mukpocxem npeodpa3yroTcs 1 00padaTbIBatOTCs CUTHAIIDI,
M3MEHSIIONMECS M0 3aKOHY TUCKpeTHOW (yHKImu. YacTHBIM ciiydaeMm muQpOBBIX
MHUKPOCXEM SIBIISIETCS JIOTUYECKass MUKPOCXEMa, BBITIOIHSIONIAs OTEpaIlii C JBOUY-
HBIM KOJIOM, KOTOPbIE OMKUCHIBAIOTCS JIOTUUECKON areOpoil.

Mukponpoieccop — NporpaMMHO-YIPABIIIEMOE YCTPONCTBO, OCYILIECTBIIAIOIIEE
npo1iecc 06padboTku nudpoBoi HHGOPMAITMH 1 YIIPABJICHUS UM. ITO YCTPOUCTBO U3-
TOTOBJICHO Ha OCHOBE OJJHOM MJIM HECKOJILKUX O0JbIMX UHTErpanbHBIX cxeM (BHC).
MukponpoiieccopHOil Ha3BaHa MUKPOCXeMa, BbITIoHsAoIas pyHkunto MII i ero
yacTu. COBOKYIMHOCTbh 3THX U APYTUX MUKPOCXEM, COBMECTHUMBIX MO APXUTEKTYPE,
KOHCTPYKTUBHOMY HCTIOJIHEHUIO W DJIEKTPUYECKUM MapaMeTpaM, Ha3BaHa MHUKD O-
npoiueccopHbiM koMiiekToMm (MIIK).

MukpocxeMbl  pa3palbaThIBAlOTCS U BBINYCKAIOTCS  MPEANPUSATUIMU-
M3TOTOBUTEISIMH B BHJIE cepHil. Bce MHOT00Opasue BhIMyCKaeMbIX CEpU MUKPOCXEM
COTJIACHO TPHUHATOW CHUCTEME YCJIOBHBIX OO0OO3HAUYEHUN 1O KOHCTPYKTHBHO-
TEXHOJIOTUYECKOMY MCIIOJHEHUIO JENUTCS Ha TPU T'PYIIIbI — MOJYIPOBOJHUKOBBIE,
ruOpUIHbIE, TPOYUE. YKA3aHHBIM I'PYIIIaM MUKPOCXEM B CUCTEME YCJIOBHBIX 000-
3HaYEHH MPUCBOCHBI cieaytonme uudpsi: 1, 5, 7 — nosynpoBogHIKOBbIE (0003HA-
yeHue 7 MPUCBOCHO OECKOPIYCHBIM); 2, 4, 8 — TUOpUAHBIC; 3 — MPOYNE MUKPOCXE-
MBI.

[lo xapakrepy BbINOIHsIEMbIX PyHKIMI B POA MUKpocxeMbl 1oJipa3 AesI0TCS Ha
NOArpyMIbl (T€HEPaTOPhl, MOAYJSTOPHI, TPUTTEPHI, YCUIUTEIN U AP.) U BUBI (TIpe-
oOpazoBarenu 4acToThl, (ha3bl, JIUTEILHOCTH, HANPsKEHUS U 11p. ). [lo mpunaToi cu-
cteMe 0003HaueHHE MUKPOCXEMBI IOJHDKHO COCTOSITh U3 YEThIpEX 3JIeMeHTOB. [lepBbIit
AIIEMEHT — LU(pa, COOTBETCTBYIOMIAS KOHCTPYKTUBHO-TEXHOJIOTMYECKOW TpYIIIIE.
Bropoii anemeHT — nBe-Tpu Mdphl, IPUCBOCHHBIE TAHHOW CEPUU KaK MOPSAKOBBIN
HOMep pa3paboTku. Takum 06pazom, IepBbI€ BA AIIEMEHTA COCTABIIAIOT TPU-UETHIPE
uu(pbl, ONPEACIAIONIME MOJTHBIA  HOMEpP CEpUUM MUKpPOCXeMbl. TpeTrud 3remMeHT
— 7ABe OYKBbI, COOTBETCTBYIOIIME MOATrPYIIIE U BUY. YETBEPTHIN 3JIEMEHT — I1O-
PAIKOBBIN HOMEpP pa3pabOTK MUKPOCXEMBI B JAHHOM CEpUH, B KOTOPOH MOKET OBITH
HECKOJIbKO OJIMHAKOBBIX MO (YHKIIMOHAIHHOMY MPU3HAKY MUKpOcxeM. OH MOXKeT
COCTOSITh KaK U3 OJHOU HU(DPBHI, TaK U U3 HECKOJbKHUX.

[IpuBenem npumep yCIOBHOTO 0003HAYEHUS MMOIYIPOBOJHUKOBOW MUKPOCXEMBI
— cxembl cunxponuzanuu MIIK ¢ nopsimkoBeiM HOMepoM cepur 800 1 HOMEpoOM
pa3pabOTKU MUKPOCXEMBI B JaHHOU cepuu 1Mo (PyHKIIMOHAIILHOMY MPHU3HAKY 1.
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Cepun

e e
1 800 B F 1
TTT

Yenobusid Homep paspadomnd
munpocxens: 8 danwod cepuu
70 PYHRUUOHATONOIY FPUSHERY

BUG (0 @yHKUUOHAABHONY HAIKHAYEHU)

flodepyrira

flopadnobmi nomep Bawnod cepud

TDyana (mn KoKCmpyKmuBHo-mexHOoNn08UYBCKONY ULHONHEH L)

[TonmHoe o6o03Hauenue mukpocxemsbl 1800BB1.
[Ipumep ycnoBHOTO 0003HAYEHHS MOIYIPOBOTHUKOBONW MUKpOCXeMbl: JID N—
HE c nopsiakoBbIM HOMEpOM cepuu 33 1 HOMEPOM pa3pabOTKH MUKPOCXEMBbI B J1aH-

HOM cepuu No PyHKIMOHAILHOMY Tipu3HaKky 1. [ToaHOEe 0003HaYEHHE MUKPOCXEMBbI
133JIAL.

TN AT

Yenobuord Homep paspadomad
murpocxensr 8 dawnod cepul
N0 @PYHKQUOHATEHONY MOUSKANY

BUG (mo @yuKGUONANOHONY HASHAYENUR)

Nodepyma

NTopsdnoberd  Homep Bawwod cepuu

Ipynna (7o KowcmpysmubHro-mexHoNoUYECKIMY UenoaHERUn)

B nocnennee BpeMs mpu 4eTbIpeX3HAYHOM HOMEpPE CEpUU MEPBYIO LUPPY NOPs 1-
KOBOTO HOMepa cepur (Wi BTOPYIO IU(Ppy HOMEpa CEpUH) YCTaHABIMBAIOT B 3aBU-
CUMOCTU OT (PYHKIIMOHAJIBHOTO Ha3HAYEHUs] MUKPOCXEM, BXOJAIMX B ceputo. Tak,
mudppa 0 ompenenser, 4TO AaHHAS CEPHUsl MHUKPOCXEM MpeqHa3HaueHa il KO M-
wiektanuu ObiToBoM POA. Iludpa 1 mpucBanBaercs MUKpOCXeMaM aHaJIOTOBBIM,
uugpa4 — mukpocxemam OV, mudpa S — cepusiMm tudpoBbIX MUKpocxeM; 1udpa 6
— CEpUU MUKPOCXEM MaMsITH, KaK ONIEPATUBHOM, TaK U IOCTOSIHHOM, 1iudpa 8 — ce-
pusim MIL

JIJ11 MUKPOCXEM, UCTIONb3YEMBIX B YCTPOMCTBAX IIMPOKOTO MPUMEHEHHUs, B HaUa-
ne obo3HaueHust craBurcs OykBa K: K133JIAl. MukpocxemaMm, pa3audarommmcs
TOJIbKO KOHCTPYKTHBHBIM UCIIOJIHEHHEM, IPUCBAUBAIOT, KaK PaBUIIO, EAUHOE LU -
poBoe 0003HaueHue cepuu. [ XapakTepuCTUKN MaTepuaia 1 TUIla KopIryca rnepes
u(GpoBbEIM 0003HAYEHUEM CEPUU MOTYT OBITh J00ABJICHBI CleAyomue OykBbl: P —
r1acTMaccoBbii kopiryc tuna JJUII; A — rutacTMaccoBbIi IUIEHApHBIN Kopyc; M —
Metaimiokepamuyeckuit kopryc tuna AU, E — mMeramno-nosmMepHbIii KOpIyc TH-
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na JIUIT;, C — creknokepamudeckuii kopmyc tuna JJNUIT; 1 — crekinokepamudeckuii
IJICHapHBIN KopITyc; H — kepamudeckuit «0e3BBIBOHOM» KOPITyC. B yc10BHBIX 000-
3HAYEHUSAX MUKPOCXEM, BBIITYCKaeMbIX B OECKOPITyCHOM BapHaHTE, Mepes HOMEPOM
cepuu 100aBIsIOT OYKBY b.

Indposbie nHTErpaibHbIe MUKpPOCXeMbl. Ha3HayeHMe 1 IPpUMEHeHHne

[udpoBbie MUKPOCXEMBI IPEACTABISIIOT COO0H 3JIEKTPOHHBIE YCTPOMCTBA, TTO3BO-
JSIIOLIME CTPOUTH MPAKTUYECKH BCe y3Jbl U 0J0ku DBM, B KOTOpBIX 00pabarbiBae-
Mas uH(popmals npeAcTaBieHa B BHUJIEC IBOMYHBIX uKcel. [lepeMeHHbIe BeTMUUHbI
¥ (QYHKIIUU OT HUX, KOTOPBIE MOTYT NMMPUHUMATh TOJHKO ABa 3HadyeHus 0 u 1, Ha3 bI-
BaIOTCSI COOTBETCTBEHHO JIOTUYECKUMH MEPEMEHHBIMH U JIOTUYECKUMU (QYHKIHSIMU.
CgoticTBa jorudeckux (yHKIMNA U3ydaeT ajareOpa JIOTUKa, a yCTPOUCTBA, peann3y-
IOIIME JIOTUYEeCKUE (PYHKIIMH, HA3bIBAIOTCS JIOTUY€CKUMHU WK 1TUdpoBbIMU. B 0CHOBE
U(GPOBBIX MUKPOCXEM, BBIMTYCKAEMbIX MHOTOMIJUIMOHHBIMH CEPHSIMHU, HAXOSATCS
npocTeiime KOMOMHAIMOHHBIE U(POBBIE JIEMEHTHI, MOTCHIMATIbHBIC, UMITYJIhC-
Hble, UMITYJIbCHO-NIOTeHLIHaNbKble. Hanbomnee mmmpokoe pacnpocTpaHeHue Moayduiu
MOTEHIIMAIbHBIC JIOTHYECKHE eMeHThl (JID). g HUX XapakTepHO HAMYUE CBA3U
10 TTOCTOSIHHOMY TOKY MEXJy BXOJIaMH M BbIXOJaMH cxeM CXeMOTEeXHUYECKas pea-
JU3aus MOTEHIMATBHBIX MU(PPOBBIX MUKPOCXEM OCYIIECTBIISETCS Ha OCHOBE psia
TUIIOBBIX 0a30BbIX JID.

[pocreiimeit nornueckor ¢pynkuueit susiercs gyakust HE (ornueckoe otpu-
[[aHKMe WM MHBEPCHs), KOTopas 3anuchiBaeTcs kKak Y(X) = X . B oleKTpOHHBIX cXe-
Max OTPHULIAHUE PEATM3YETCS C MOMOIIBIO KIroueBoro anementa HE, moctpoenHoro
Ha YCWJIUTENIbHOM Mpubope. CUrHalibl Ha BHIXO/I€ KIIFOUa MHBEPTUPYIOTCS B 3aBUCH-
MOCTHU OT 3HaUY€HUM BXOJHBIX CUTHANOB. [lo Buny peanuzyeMoil jorudeckou QpyHk-
K 0azoBeie JID MOTYT OBITh pa3enieHbl Ha MPOCTEHUIIHE AIEMEHThI OTHOCTYIIEHY a-
ton (M, WIW, HE, —HE, WIN—HE) u nByxctynenuaroit (M—WJIN, N—
WNJIN—HE) noruku. Crneayer OTMETUTh, YTO BCE MOTEHUHUAIbHbIE HU(POBBIE 3Jie-
MEHTBI MOTYT padO0TaTh B JIBYX JIOTHYECKUX pexkumax. Eciu 3a «1» MpUHAT BBICOKHIA
YPOBEHb CUTHAJIA, UMEET MECTO «ITOJIOKUTEIb Hasl JIOTHKay padboThl anemenTta MJIN—
HE. Ecim 3a« 1> npuHAT HU3KKK YPOBEHb CUTHAJIA, MTOIYYaEM «OTPULATENLHYIO JI0-
ruky» padbotsl nementa I—HE [1]. Kak npaBuio, nmacrioptHoe o0o3HadeHue JID
COOTBETCTBYET (DYHKIIMH, PEATTU3YEMOU JJIsl «IIOJIOKHUTEIHHOM JIOTHUKNY. CyIecTBY-
10T IUGPOBBIE KIIIOUYHU C TPEMS BBIXOJHBIMHU COCTOSHHUSIMU (TpUCTAOWUIIbHBIC). BhI-
XOJIHOM KacKaJl TAKOM CXEMBbI IIEPEBOIUTCS B TPETHE COCTOSIHUE « PA30MKHYTOY», €cin
[0 CHELMAILHOMY BXOJY YIIPABJIEHUS M0J1aHa KOMaH/a.

Ha ocHoBe 1in(p OBBIX 3JIEMEHTOB OJTHO- M IBYXCTYIIEHYATON JIOTUKH MOTYT OBITh
MOCTPOEHBI CJIOKHBIE (PYHKIIMOHAIBHBIE Y3JIbl: KOMOMHATOP HBIE CXEMBI (HarmpuMmep,
CYMMAaTOPhl, MYJbTUILJICKCOPHI) U CXEMBbI C MaMATHIO (TPUTTEPHI, CUSTIMKU, PETH-
cTphl). Bce coBpeMenHble cepur LHUPPOBBIX MUKPOCXEM, KaK MPABUIIO, BKIHOYAIOT
Pa3JIMYHbIC TUIIBI TPUTTEPOB, MPEACTABISIONIMX YCTPONCTBO C ABYMS YCTOMUHUBBIMU
COCTOSTHUSIMH, COJIEpIKaIliee 3alIOMUHAOIIMN OUCTAOMILHBIN 3JIEMEHT (COOCTBEHHO
TPUITEp) U cXeMmy ympasieHus. Hanbomnee mmpokoe pactpoCTpaHEHHUE MOJTyYUIIH
tpurrepsl THoB RS, D, T u JK.
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KoHTpoJIbHBIE BOIIPOCHI

UYro Ha3bIBacTCS MHTETPATbHOM MUKPOCXEMOM?

Uro Ha3pIiBaeTCs MUGPOBOM HHTETPATHHON MUKPOCXEMOM?

Uro Ha3bIBaeTCS NOJyNIPOBOJHUKOBOM MUKPOCXEMO?

Urto Ha3bIBaeTCS IIEHOYHOW MUKPOCXEMOM?

Yro Ha3pIBaeTCS THOPUAHON MUKPOCXEMOIT?

Yro Ha3BIBAETCSI MUKPOIIPOLIECCOPOM?

Kak noapa3ziesnsirorcs 1o KOHCTPYKTUBHO -TEXHOJIOTMYECKOMY ITPU3HAKY ?
Kakue QpyHK1IMU pearm3yroTcs ¢ IOMOIIBI0 HUPPOBBIX MUKPOCXEM?

YeM 0TIIMYAIOTCS MHTErPATIbHBIE TPUITEPHI OT KOMOMHALIMOHHBIX JIOTUYECKUX
AJIEMEHTOB U CXeM?

WCoNo~wNE

Jlexknus 7.
Hpuaoune! nocrpoenus HAIL

ILnan
1. TlonsTre o uudpo-aHaIOroBOM IpeodpazoBaTere.
2. OO61mme TUIbI U(PPO-aHAJIOTOBBIX IPE0Opa3oBaTEINCH.

3. HambGonee mmpoko pacnpocTpaHSHHBIE METOIbI ITU(PO -aHAJIOTOBOT0 MpeoOpa-
30BaHUS.

KiarwueBble cjioBa

[Mudpo-ananoroserii mpeoOpazosaresb. MeTo bl (PO -aHATOTOBOTO peoOpa-
30BaHus. [IAIl ¢ 1BOMYHO-B3BEMICHHBIMU PE3UCTOPAMHM.

[udpo-ananorossrii mpeodpazosatens (LIAII) — ycTpoiicTBO, mpeaHa3HaueHHOE
111 peoOpazoBadus TUPPOBOTO (OOBIYHO TBOMYHOTO) KOJIa B aHATIOTOBBIN CUTHAI
(TOK, HAIPSIYKEHUE WK 3apsii).

LAII npumensiercst Bceraa, Korjaa Hajgo mpeoOpa3oBaTh CUTHalI U3 LHU(PPOBOTO
IIPEICTABJICHUSI B aHAJIOTOBOE, HAIPUMEpP, B IMPOUTPHIBATENAX KOMMOAKT-THUCKOB
(Audio CD).

B snekTpoHHBIX ycTpolcTBax ynpasiieHus: 1 KoHTposst LIAIT ucnionb3yrotes ais
npeoOpa3oBaHus HUPPOBOTO KOAA, TOCIIE 00PadOTKHU €ro ¢ HOMOIIBIO MUKPOIIPOIIEC-
COPOB U MUKPOKOHTPOJUIEPOB, B aHAJIOTOBbIE CUTHAJIBI YIIPABJICHUS, BO3/IEUCTBY FO-
i€ Ha KOHTPOJIUPYEMBIN OOBEKT.

B HekoTopbix cxemax aHanoro-udpoBbix npeoodpazonareneit LIAIL sBisitoTcst ux
COCTaBHOM 4acTbhlO, BbIpa0aThIBasi aHAJIOTOBBI CUTHaNI OOpaTHOM CBSI3U, KOTOPBIN
CpPaBHHUBAETCS B X0JI€ MPEOOPA30BaAHUS C U3MEPSIEMbIM (3TAIOHHBIM) CUTHAJIOM.
Cy1iecTBYIOT clienyromye Hauoosee o01pe TAIbI dJIeKTpoHHBIX [AIT:

— IIMPOTHO-UMITYJIbCHBINA MOAYJISITOP,

— LHAII nepeauckpernsanuu,

— B3BemmBatommii [HAIT (LIAII ¢ B3BelIEHHBIMU PE3UCTOPAMU),
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http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%97%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B0%D0%BA%D1%82-%D0%B4%D0%B8%D1%81%D0%BA
http://ru.wikipedia.org/wiki/Audio_CD
http://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D1%80%D0%BE%D1%82%D0%BD%D0%BE-%D0%B8%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F

— nenHast R—2R cxema (LIAIT ¢ pe3uctopHoii cetkoit R—2R),

— cermenTHbIN TAII,

— rubpuansie HAIL

CymiecTBYIOT JBa HarboJiee NIMPOKO pacpOCTPAHEHHBIX METO1a IIU(PPOAHAIIOT O-
BOTO MpeoOpa3oBaHMs: C HCIIOJIb30BaHUEM B3BEIICHHBIX PE3UCTOPOB (pHUC. 2, a) U
MHOT03BEHHOM IETIOYKH Pe3UCTOpOB (puc. 2,0).

Kak nokazano nHa puc. 3, [HAII ¢ 1BOMYHO -B3BEIIEHHBIMU PE3UCTOPAMU COCTOUT
U3 CIEAYIONMX KOMIIOHEHTOB: a) N KIIOYEH, MO OJHOMY Ha KaXIbld paspsij,
VIOPaBISIEMbIX BXOJHBIM CHTHAJIOM, ©O) IIETMOYKH B3BEIICHHBIX PE3UCTOPOB, B)
HUCTOYHUKA OMOPHOTO HampsibkeHus Uy, ¥ T') CyMMHPYIOUIETO 3JieMeHTa (0OBIYHO
OTIEPAIIMOHHBIN  YCWINTEIh), C TOMOIIBIO KOTOPOTO CYMMHUPYIOTCS TOKH,
MPOTEKAIOIIME Yepe3 LENOYKY PE3UCTOPOB, YTOOBI MOIYYUTh aHAJIIOTOBBIA CUTHA,
MPOTIOPIMOHATIHFHBIN IMPPOBOMY CUTHATY Ha BXO/IE.

Peructp, koTOphwlii mnpeamosaraeTcsi BHEIMIHUM 10 oOTHomeHuto Kk [AII,

BBIpa6aTBIBaeT JABOHUYHOC YHUCIIO N, COCTOAIICC U3 N IBOUYHBIX pa3psAa0B:
n—1

N=a,12014a, 2224 . . | 43,21423,20= > a2t
= €

Puc. 2 bazosbie cxemnbl [AII

l
Cymmu-

- + pytouwmnn
anemMenT
R[] 2Rr|]2%R 2'R 2"2R oN-1R
y KLI LIK 1 J L1

1 ____l_____l__l

(fP ' MP

s

Puc. 3 HAII ¢ ABOMYHO-B3BELICHHBIMHU Pe3UCTOPAMH
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Kaxnprii I-i1 pa3psia ynpasisieT KinodoM K KOTOpbIi MO IKITI0YaeTCsl K UCTOYHUKY
ornopHoro HanpspkeHus Uy, koraa a=l, uim k 3emne, xoraa g = 0. [Ipeanonaraercs,
YTO BHYTPEHHEE COMPOTHUBIICHUE UCTOUYHHKA OMIOPHOTO HampsikeHus: Ry, paBHO HY-
0. CONpOTHUBIIEHUS PE3UCTOPOB, COSAUHEHHBIX C KIIFOYaMH, TAKOBBI, YTO 0OECTIeUU-
BAETCSI MPONOPUUOHATBHOCTh MPOTEKAIONIET0 B HUX TOKA JBOMYHOMY BECY COOT-
BETCTBYIOIIETO BXOJTHOTO pa3psiia. Tak, CONMPOTUBIIEHUE PE3UCTOPA B CTAPILIEM pa3-
pszie uMeeT 3HaueHue R, compoTuBieHue cieayrmero pesuctopa 2R u tak nanee,
BILIOTh J0 CONPOTHUBJICHUS PE3UCTOPA B MIIANLIEM pas3psie, 3HAYeHHE KOTOporo 2™
'R. CenoBarenbHO, TOK, IPOTEKAIOMMIA HA BXOIE CYMMHPYIOIIETO 3JIEMEHTa, OyIeT

—1 Uon —2Uon a, U a, U
(= Sk SR kR
D10 ypaBHeHUe MOXKeT GHITh NEPeNuCcaHO KaK
1= 2:1_1 (an—1 2" 4 an 224 . . 4a,2!42,20)=
n—I| l
== 2n—l R 2 daj 2 (2)

T. €. BeixoJHOe Harnpspkenue ALl nponopiuoHaibHO YUCTTY, 0TOOpaXKaloleMy T
KJIFOYM, KOTOPBIC MOJKIFOYCHBI K UCTOUHHUKY Ugp (T. e. 8=I). MakcuMaibHbIN BbI-

XOJTHOM TOK OyJIeT MPOTEKaTh, KOTAa BCE Koaq)cpHuHeHTLI 8; OyayT paBHHI 1:
lmax = Uor —)/(R-2"). 3)

Takum ob6paszom, BeixogHoe HampspkeHue LIAIl mpomoprmoHambHO CymMMe
HAMPSKEHU CO CBOMMH BECaMH, O0YCJIOBIICHHBIX JIMIIb TEMH KIIOYaMH, KOTOPHIC
MOJIKJIFOUEHBI K UCTOYHUKY Uy,

KoHTpo/bHbIE BONIPOCHI

1. JIns wero npennaznadensl LHAIT?
2. llepeuncimre ocHoBHBIE BU bl LIAIL
3. Uznoxwurte mpuniun aeiicteus LIAIl ¢ 7BOMYHO-B3BEIIEHHBIMHU PE3UCTOPAMHU.

Jlexknus 8.
ndposbie n3mepurtesbHbie Npudopsl. Hludposoii BoabTMETP ¢ BpeMms-
HMITYJIbCHBIM MPeo0pa3zoBaHueM IJI U3MEPEHNsI HANIPSKEHUS CUTHAJIA.

ILlnan
1. O6ume cBeaeHus 0 MUPPOBBIX U3MEPUTENBHBIX Tpubopax. [{udpossie BOJIbT-
METpHI.
2. Bpemsi-uMnynbCHBINA BOJBTMETP.

Kirouessble ciioBa
[Hudposoit npubdop. Hudbposoit BoabTMeTp. Bpemsi -uMiynbCHbIN BOJILTMETP.
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[Mudpossie BoapT™MeTpHI (LIB) mmpoko pacmpocTpaHeHbl B TEXHUKE W3MEPEHUS
MOCTOSIHHBIX M TEPEMEHHBIX HAMpsKEHUH. ITO 0OBSCHICTCS MHOTHUMHU JOCTOWH-
CTBAMM: BbICOKAsi TOUHOCTh, IIUPOKUN TUANIa30H U3MEPEHUN, BbICOKAsI UYBCTBUTEIb-
HOCTh, IU(POBOI OTCUET, ABTOMATUYECKHUI BHIOOP Mpe/ena u3MEepEHus U MOJSIpHO-
CTU U3MEPUMOTO CUTHAJIA, BO3MOXHOCTh BBOJIa HH(popmainu B DBM.

JanpHenmee paszsutue LB, pacumpenne nx BO3MOKHOCTEN U YIIYUILICHHUE X apaK-
TEPUCTUK JIOCTUTAETCS TMpUMEHEeHHeM MuKporpoueccopoB (MII), BcTpanBaembix
HEMOCPENCTBEHHO B U3MepumenbHbvlii Ipudop.

Knaccudummpyrot LIB o HazHaueHo (MIOCTOSIHHOTO HANPSIKEHUsI, YHUBEPCATb-
HbIE€, UMITYJILCHBIE), IO CXEMHOMY PEIICHUIO (C MKECTKOM JOTMKOW paboThl U C MHUK-
POIPOLECCOPHBIM YIIPABICHHUEM), IO METOIY aHAIOTO-UU(PPOBOTro NpeoOpa3oBaHUs
(BpeMsI-UMITYJIbCHBIE, TOPA3PSATHOTO YPAaBHOBEIIMBAHUS, YACTOTHO -UMITYJIbCHBIE).

YuurteiBas, yto 1IB nepemMeHHbIX HanpsHKeHUN MPeCTaBIAIOT co00M coueTaHune
[IB nmocTOSITHHOTO HampsiKEeHHUsI U BXOJHOTO U3MEPUTENBHOTO IpeoOpa3oBaTens mne-
PEMEHHOT0 HANPSKEHUS B TOCTOSIHHOE HAaNpsikeHue (3Tu mpeoOpazoBarean 0ObIYHO
HAXOJSATCS BO BXOJHOM YCTPOUCTBE), PACCMOTPHM MPUHIIUII ACHCTBUS TPUOOPOB T10-
CTOSIHHOTO HampsKEHUS.

CtpykTypHas cxema U BpEMEHHBIE TUarpaMMbl BPEMS-UMITYJIbCHOT'O BOJIbTMETPA
IIpUBeEIEeHbI Ha puc 8.1.

['enepatop nuHeHO-u3MeHstomero Hanpsikenus (I'JIMH) 77, , ycTpoicTBO cpaB-
Henusi YC, oqnoBubparopsl /3 u [, u tpurrep 7 oOpa3yroTt npeoOdpa3oBareinb BX0O-
HOTO HamnpsbkeHus: (0003HaY€H MyHKTUPOM) Uy, B UHTEPBaI BpeMeHU Al, B TeueHue
KOTOPOTO OT TeHeparopa MpsMOYTOJIbHBIX UMITYJILCOB /| yacTtoToM fy uepes mornye-
ckuii aneMeHT U Ha cueryuk Cu npoxoaut N umnynabcoB. O4eBUAHO, UTO YUCIO N
MPONOPIUOHATILHO At, a 3HAYUT U u,,. PPOHT cUrHaANa 2 Aenurens 4acToTel Y (da-
CTOTa €ro BBIXOJHBIX CUTHATOB B K pa3 meHsIe fy) yctanaBmBaer tpurrep 7 uepes
oaHOBUOparop / 3 B cocTostHue 1, cOpacsiBaeT Cu B HyJIEBOE COCTOSIHUE U 3aITyCKaeT
1. Cpe3 curnama 2 gaet KOMaHay Ha 3amuch Koja u3 Cy B peructp mugppoBOro OT-
cuetHoro yctpouictBa [JOY. Kornauy ctaHoBUTCS OOJIBIIE U,,, GPOHT cUTHANA 4 ye-
pe3 onHoBuOpatop /4 Bo3Bpamaer tpurrep 7' B ucxogHoe cocrosinue. M3 puc.8.1,6
BHUJIHO, YTO

N=AUT, = At fy: A= U, IS . (8.1)

rae S — kpytusHa Ug(t);

.'1\'::1. .-rl_l "I'S }{":m . 'r"IIIJ-x :.5':"'{' Jr'lrl:' ; (8'2)
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Puc 8 .1 CtpykTypHas cxema BpeMsi-UMIYJbCHOTO BOJIbTMETPA
(a) 1 ero BpeMeHHbIE AUarpaMmsl (0)

KOHTpOJI bHbIC BOIIPOCHI

1. Kakue noctonHcTBa y IUPPOBBIX BOIBTMETPOB?
2. Kak knaccupuuupyot nudpoBbie BOJIbTMETPHI?
3. [lpunuun AecTBYS BpeMs-UMITyJIbCHOTO HU(POBOTO BOJIBTMETPA.

Jleknusa 9.

IIpuMeHeHMe UMITYJIbCHBIX YCTPOHCTB B CXeMaXx ylipaBJieHUs
NPOMBILNLICHHOW ABTOMATHKHU (ABTOMAaTHU3aLMsl U3MEPEHUS U

KOHTPOJIs1 YPOBHA)

U B CYETHBIX cXeMax (peJjie BpeMEHHU €O

CYeTYUKOM HMIIYJIbCOB).

ILnan

1. TlonsTHe O CUTHAIM3ATOPaX YPOBHS KUIAKOCTH.
2. TlpuHimn neicTBUS CUTHAIM3ATOPa YPOBHS KUAKOCTH.
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3. Pene Bpemenu.

KirwudeBbie ciioBa
[TpowmpbinenHas apromatuka. CUrHAIM3aTOP YPOBHS KUAKOCTU. Pene Bpeme-
HU.

Curnaaun3aTopsl ypOBHSI KMJIKOCTH

CurnammzaTopbl YPOBHSI SIBJIIIOTCSI HauboJiee pacnpocTpaHEHHBIMU YCTPOMCTB a-
Mu aBToMaTuky. [IpuHIMN AEHCTBHS 3THX YCTPOMCTB BEChbMa pa3HOOOpa3eH 1 ompe-
JensieTcs Kak PU3n4eCKUMHU CBOMCTBAMHU CPE/IbI, TaK U MOCTABICHHBIMU 33/1auaMu. B
MIPOMBIIUIEHHOCTH JIJISI UK3MEPEHUSI U CUTHAIM3ALUNA YPOBHS Pa3JIMUHbBIX KUJKOCTEN
B EMKOCTSAX HCIOJB3YIOT Pa3jIMyHbIe CTHOCOOBl. M3MepuTenn M CUTHAIU3ATOPHI
YPOBHS MOTYT OBITh PAAapHOTO THIA, YaCTO MPUMEHSIIOTCS TOTUIABKOBBIC JaTYUKH -
MIPY BCIUTBITHH TTOTIJIaBKA CpabaThiBaeT KOHTAKTHBINA UM OCCKOHTAKTHBIM CUTHAIN3 a-
TOp. JlOCTaTOYHO pacnpOCTpaHEHbl EMKOCTHBIE CUTHAIM3ATOPBI, MPEICTABIISIIOIINE
C000¥ KOHTPOJILHBIE 3JICKTPO/IbI, TOKPBHITHIC H30JIUPYIOIIUM CJIOEM, Hanmpumep, Ppro-
pormnactoM. Koraa )KUIKOCTh MOKPBIBAET AJIEKTPO/IbI, IMOIKIIOYEHHBIE K TEHEPATO-
Py, YBEIMYHUBACTCS SJEKTPUYECKAST EMKOCTB 3JIEKTPOJA OTHOCHUTEIBHO CTEHOK P e-
3epByapa WM PSAOM PacCIlOJIOKEHHOTO BCIIOMOTATENBHOTO AJIEKTPO1a, U3MEHEHHE
KOTOPOM M3MEPSET BTOPUYHBIA mpuoOop. s curHanm3anud ypoBHS dJIEKTPOIIPO-
BOJIHBIX HEArpECCHUBHBIX JKUJKOCTEH 4Yallle BCEro NPUMEHSIOT KOHTPOJIbHbBIE 3JIEK-
TPOJIbI, IPEACTABIISAIONIME COO0M MPYT U3 HEPIKABEIOIIEH CTAIM UM MHOTO MaTepua-
Jla, HE MOJIBEPKEHHOTO OKHUCJICHUIO, 3aKPEIUIEHHBIM Ha CHEUATbHOM U30JISITOPE -
30H/E, KOTOPbIH HMMEET KPENEKHbIE SJIEMEHTHI.

OOGBIYHO YpOBEHb NMEPEMEHHOTO HANPSIKEHUSI HA KOHTPOJBHBIX AJIEKTPOAaxX CO-
cTaBJsIeT 0KoJIo 6 B, a anekTpoHHas cxema cpabarbIiBaeT IpU CONMPOTUBIICHUH B LIETIH
KOHTPOJBHOTO 3yeKkTpoaa Hmke 3 kKOm. Cxema cUrHalIM3aropa AODKHA HUMETh
CUMMETPUYHBIA BXOJI /I 00EUX MOJIyBOJIH KOHTPOJIBHOTO HampspkeHus. Hampsixe-
HUE, BBIJICIICHHOE HA U3MEPUTEILHOM PE3UCTOPE, BBINPSIMISIETCS M MOCTYIAET Ha
BXOJ] IOPOTOBOTO 3JIEMEHTA, UMEIOILLETO THCTEPE3UCHYIO XapaKTEPUCTUKY, HA BBIXO-
7€ KOTOPOTO TMOJKIIFOYaeTCsl pele WM OCCKOHTAKTHBIM KOMMYTAITMOHHBIM dJe-
MEHT.

CurHanmuzaropbl YpOBHSI Yalle BCEr0 MPUMEHSIOTCA KaK COCTaBHAs 4acTb CH-
CTEMBl ABTOMAaTUKH, KOHTPOJMPYIOIIEH EMKOCTh. BBIXOABI CUTHANIW3aTOPOB IO JI-
KIIFOUYAOT K YIPABJIOLIEN CXEME WM K YCTPOUCTBAM JHUCTAHIIMOHHOM CBETOBOU M
3BYKOBOM cUTHaM3auu. B cxeme, n300paxEénHoi Ha puc. 9.1, HCTIONB3yIOTCS 4yB-
CTBUTEJBHBIE PEJIE MOCTOSTHHOTO TOKA, UMEIOIIME TUCTEPEZUC XAPAKTEPUCTUKN TOKA
cpabaTbIBaHUs U OTIYCKaHMsI, UYTO MPEAOTBPAILAET XAOTHUHOE CpadaTbIBaHUE B MO-
MEHT KaCaHHs BOJIOW KOHTPOJIbHOTO 3JIEKTpoaa. Mo HbIE MOCTBI TO3BOJIAIOT 11014~
BaTh HA 3JIEKTPOAbl IEPEMEHHBIN TOK. DJIEKTPOJIUTUYECKUE KOHIEHCATOPbI MPEI0T-
BpalaloT JIO)KHOE cpabaTbiBaHUE perie NP BOJHEHUU MOBEPXHOCTU BOJBI, oOecIe-
yyBasi HEOOJBIIYIO 33JE€pP’KKYy Ha BKJIIOUEHHME M OTKIKOYEHHE pene. Beixoasl pene
MOJKIIOYAOT K JUCTAHIMOHHBIM CBETOBBIM M 3BYKOBBIM OINOBEHIATENSIM — WJIU
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YCTPOMCTBAM aBTOMATUYECKOI'0 HAINOJHEHUS EMKOCTU. [IpOMBINUIEHHBIE CXEMBI
CUTHAJIM3aTOPOB YPOBHS OOBIYHO COIEP)KAT TPU HE3ABUCUMBIX KaHaJIa KOHTPOJIS, KO-
TOPBIE Yallle BCEr0 MUCIOIb3YIOTCS [JIs1 YIpPaBJIEHUST HACOCaMHU IO JBYM paboyuM
YPOBHSIM - BEPXHEMY U HWIKHEMY, a TPETUM KaHAJ UCIIOJIb3YETCsl sl KOHTPOJIS aBa-
PUIHOTO YPOBHSA - HMXKHETO WJIM BEPXHETO B 3aBUCHUMOCTH OT HA3HAUYECHUSI EMKOCTH
U aIropUT™Ma paboThl YIPABISIONIETO YCTPOICTBA.

Fu1
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EmkocTe ¢ BOgOW
Puc. 9.1

Pene BpemMeHun

Pene BpeMeHu HIMPOKO MPUMEHSIOTCS B OBITY W MPOMBIIUIEHHONW aBTOMAaTH-
K€ JUIS MIOJIyYEHMS 3aE€PKKH BKIFOUEHUS WIN OTKIIFOUECHHSI PA3JIMYHBIX YCTPOWCTB, B
CXEeMax CUTHAJM3AIIMH, B PA3JIMIHBIX OBITOBBIX TPUOOPAxX Il OTPaHUICHHS BPEMEHH
pabOThI 3TUX YCTPOMUCTB, €CJIM 3a0BUTH UX BBIKIIIOUNTH. JlaHHBIE YCTPONWCTBA MOYKHO
MCII0JIb30BaTh I ABTOMATHYECKOT'O OTKIIFOYEHUS IEKYPHOTO OCBEILEHUS, BKIIIOYE-
HUSL OXPAHHOW CUTHAIM3ALNN YEPE3 HEKOTOPOE BpEMS, MOCIIE TOTO, KaKk Bl OKKHY-
JM OXpaHsIeMBbI 00BEKT, B KAUeCTBE TaliMepa aBTOMAaTUYECKOTO OTKIIFOUCHHSI dJICK-
TpoobopyaoBanus u T.1. Kak mpaBuiio, B cxeMax pese BpEMEHH MCTIOJIb3YIOT Clie-
UAIM3UPOBAHHBIE MUKPOCXEMBI - CUETUYMKU C TPENYyCTaHOBKOW KO3 duineHTa ne-
JICHWS] U BCTPOEHHBIM 33JIaI0IIMM F€HEPATOPOM, YTO MO3BOJISIET U3MEHSATH ITApaAMET-
pbl YCTPOWCTBA B OYEHb IIMPOKUX Npeaenax. [Ipu oTCyTcTBUUM crienuannu3upoBaH-
HBIX MUKPOCXEM peJjie BPEMEHH JIETKO cOOpaTh Ha OUYEHb HIMPOKO paclpOCTpaHEH-
Hbix KMOII snemenTax. i nosrydeHus: KOpOTKUX BBIIEPIKEK B HECKOJIBKO CEKYH/T
MHOTJIa UCTIOJIL3YI0T 3apsiaHble RC menu, KoTopble MOAKII0YAI0TCS K TOPOTOBBIM
AJIeMEHTaM C BBICOKHMM BXOJHBIM comnpoTuiieHueM - KMOII tpurrepam IlImuTra,
KOMITapaTopaM, HHTerpajbHbiM TaiitMepam NESS5N, omnepannoHHBIM YCUIMTENSM,
IIOJIEBBIM TPAH3UCTOPAaM M JAPYTUM AJIEMEHTaM, HO TAKHE CXEMBbI CJIOKHO HacTpau-
BaTh, a CTAOWJILHOCTH HX BBIJEPKKH HEBBICOKA.

Pene Bpemenu (puc. 9.2) coOpaHo Ha CHEHHATM3UPOBAHHONW MHUKpPOCXEME
KP512IIC10, oveHb mIMPOKO MpUMEHSEMON B MOJOOHBIX ycTpoiicTBax. TouHoe
BpeMs 3aJIepkKKu cpabaTtbiBaHus ycTaHaBiuBaercs nogdbopom R1, Cl. Jlna nuc-
KPETHOT'O U3MEHEHUS BPEMEHHM 33E€PKKH B IIMPOKUX IIPEENax UCIIOIb3YOTCS BXO-
TIbI IpEeTyCTaHOBKHU KodddurmenTa neneanss M1 ... M5, Ha3HaueHHE KOTOPBIX IMOKa-
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3aHO B Ta0uuie. YCTaHOBKOM MEpEeMbIUYeK Ha IJIaTe MOXHO 3a/aTh BpeMs OT He-
CKOJIbKMX CEKYHJ[ 10 HECKOJbKHUX CyTOK. [lepembruka S1 mo3BoJIS€T MOTY4YUTh pa3-
JIMYHBINA peXUM pabOoThI: €CJIM 3aMKHYTh TUIOIIAAKK 1, 2, perne BpemeHu Oyner me-
PUOJMYECKU BKJIIOUATHCS M BBIKIIOUATHCS 4YEpe3 3alaHHOE BPEMs, IPUUYEM BpEMsI
BKJIFOYEHHOTO COCTOSIHUSI PaBHO BPEMEHU BBIKIIIOUEHHOTO cOcTosiHus. Ecim 3a-
MKHYTb IUIOIIAAKU 2, 3 - pefie BpEMEHU OTCUMTAET 3aJaHHbIA MHTEPBAI U BKIIFOUUT
BBIXOJTHOE peJie, KOTOPOE OCTAHETCS B 3TOM COCTOSIHUU CKOJIb YT'OIHO JIOJT0, IOKa HE
OyZeT BBIKIIIOYEHO M 3aHOBO BKJIFOUEHO HaIpsKeHUe nutaHus. bosee ynoOHa Muk-
pocxema MC14536BCP wmmu CD4536B, xoTopas wumeer MMpOKH Juana3oH
HarpsikeHus nutanus - 1o 18 B, BMecto +6 B y KPS12IIC10, 4TO m03BOJISET JIETKO
BCTPaMBATh y3Jbl 33JIEPKKA BPEMEHU B Pa3IMUHbIE YCTPOWCTBA ABTOMATUKU Ha
KMOII mukpocxemax.
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KoHTpobHbIE BONIPOCHI

1. Kakue criocoObl IpUMEHSIOTCA ISl U3MEPEHUST U CUTHAIM3ALUN YPOBHSI KU/ -
KOCTEMN?

2. [IpuHimun qeicTBUS CUTHAIM3ATOPa YPOBHS JKUIKOCTH.

3. ly1s1 uero mpeHa3HAYEHBI peJie BpeMeHH?

4. TlpuHuun eiCTBUS pPelle BPEMEHM.
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Jlexkuus 10.
YcerpoiicTBa 3a1HMTHI U IPOTUBOABAPUMHOM ABTOMATHKH CETH
MEePEMEHHOI0 TOKA U JJIEKTPUPUIIUPOBAHHOI0 TPAHCIIO PTA.

Ilnan
1. OOmme cBeneHust 00 aBapUAX B CUIIOBBIX DJICKTPOHHBIX YCTPONCTBAX.
2. TlpuMmeHeHre yCTpONCTB 3alUTHl U aBApUIHOW aBTOMATHKH.

KiaruesBble ciioBa
Agapus. YcTpoiicTBO 3auThl. [I[poTMBOaBapuiiHas aBTOMaTHKA.

ABapuy, BO3HUKAIOIIME MPH SKCIUTyaTallil CUJIOBBIX DJIEKTPOHHBIX YCTPOWUCTB, B
caMOM OOILEM BHJI€ MOKHO pa3JIeiUTh Ha JBE TPYIIbl: BHYTPEHHUE U BHEIIHUE.
Buytpennue aBapuu 0OyCJIOBJIEHBI, KaK MPAaBUJIO, OTKA30M WJIM MU3MEHEHHEM Tap a-
METPOB OJTHOT'O WUJIM HECKOJIBKUX 3JIEMEHTOB YCTPOMCTBA, a BHEIIHUE — OTKJIOHEHU-
€M CBEPX JOIYCTUMBIX 3HAYEHUH ITapaMETPOB JICKTPOIHEPTUH, TUTAKOLIEU YCTPOU-
cTBO. JlJIs Ipe10TBpalIeHNs] pa3BUTHS ABAPUHUHBIX ITPOLIECCOB B CHJIOBBIX MIEKTPO H-
HBIX YCTPOMCTBAX MPEIYCMATPUBAIOTCA Pa3IMYHbIE BUJBI 3auT. [locnennue otnu-
YaroTCs (PYHKIMOHAIbHBIM Ha3HAYEHUEM U CXEMOTEXHUYECKUM HCIIOJTHEHUEM.

OCHOBOl MHOTHX BTOPUYHBIX MCTOYHUKOB NHUTAHUS SIBISETCS BBIIPSIMUTEID.
BuyTpennue aBapuu BBIPSAMUTENS Yallle BCEro ObIBAIOT CBSI3aHbI C MOBPEKICHUEM
TUPUCTOPOB WJIM HApYIIEHUsIMU paboThl cucTembl ynpasieHus: (CY). ABapuu, BbI-
3BaHHBIE BBIXOJOM U3 CTPOSI TAPUCTOPOB IO IPUUMHE IEKTPUYECKOTO WIN TEIIOBO-
ro npo0osi, IBJIAIOTCS, KaK MPaBUII0, HAMOO0JIee TIKEIBIMU, TaK KaK COMPOBOXKIAIOTCS
MPOTEKaHUEM B CXeMe OOJIBIIMX aBapUMHBIX TOKOB. Tak, mpoOoil 0AHOTO U3 TUD U-
CTOPOB TpeX(PazHOT0 MOCTOBOTO BHIMPSIMUTENS TPUBOJUT K BO3HUKHOBEHUIO KOPO T-
koro 3aMmbikanus (K3) Mexay 1ByMst COOTBETCTBYIOIMMHU (pa3aMu, paccMaTpUBaeMo-
ro 00bIYHO Kak pexuM BHyTpeHHero K3. MakcumanbHble 3HAUE€HUSI aBapUUHBIX TO-
KOB B 3JIEMEHTaX CXEMbI BBIIPSIMHUTENS MPHU 3TOM 3aBUCST TaKXKe€ OT MOMEHTA BO 3-
HukHoBeHus: K3 (T. e. ¢a3pl coorBercTBytomiei D/1C). B Hanbosee HebGaar onpusT-
HOM CJIy4ae 3Ha4CHUE aBapUNHBIX TOKOB B LEMSX HEMOBPEXKICHHBIX THPUCTOPOB J10-
CTUTAET IBOMHOM aMIUIUTYAbl YCTAHOBUBILETOCsl TOKA, KOTOpas nosiisierca npu K3
Ha BBIXOJIE COTJIACYIOIIEro TpaHcopmaropa. ITo 3HaUCHHUE OTIPEIETSICTCS] BHYTPEH-
HUM CONPOTHUBIICHUEM MUTAIOLIEH CETH M MapaMeTpamMu COIJIacyrouiero Tpaicdop-
Maropa.

[Ipy BO3HMKHOBEHUM BHEIIHUX WM BHYTpeHHMX K3, a Takke pu TOKOBBIX Mep e-
Ipy3Kax 3JEMEHTHI BBIPSIMUTENEH MOABEPTratOTCs NOBBILIEHHBIM TEIJIOBBIM U 3JIEK-
TPOAMHAMHUYECKUM BO3JIEUCTBUAM. /(1151 mpenoTBpamieHns BbIX0J4a U3 CTPOs OC TaB-
HIMXCs B paboTe NOIYIPOBOAHUKOBBIX JIEMEHTOB MPUMEHSIOTCS Pa3JIMUHbIC 3aIlIUT-
HBIE CPENICTBA.

Crnenyer OTMETHTb, YTO PsJl BHYTPEHHHUX aBapuil (Harmpumep, HapylIeHUue HOp-
ManbHOU paboTel CY, moTeps ynpapiasieMOCTH TUPUCTOPOM U JIp.) HE BBI3BIBAET 3HA-
YUTENIbHBIX U3MEHEHUN TOKOB B JJIEMEHTAX CHJIOBBIX LENEM, HO MPUBOJUT K YXY -
IIEHUIO0 BBIXOJHBIX MapaMETPOB (HEMAOMYCTUMBIM OTKJIOHEHHUSIM BBIXOJHOTO Harpsi-
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’KCHUS1, MMOBBIIICHHBIM YPOBHAM MyJbcauui u ap.). Eciu notpedurens KpuTudeH K
TUM U3MEHEHUSAM, TO BO3HUKAET HEOOXOIUMOCTh €0 3alUThI IPH aBapHsIX TAKOTO
poza. K BHEIIHUM aBapusiM Tak)K€ OTHOCHUTCS MOSIBJICHUE Ha BXOJI€ CETEBBIX MEPEH a-
NPSIKEHU, CHOCOOHBIX HAPYIIUTH HOPMAIbHYIO Pa0OTY CXEMbI WM MPUBECTH K BbI-
XOJly U3 CTPOsI €€ MEMEHTOB. J{JIs1 UCKITIOYEHHs 3TOT0 HE0OOXOAMMO IpeaycMarp u-
BaTh 3aIlIMTY OT BXOJIHBIX MEpeHaNpsKEeHU .

OCHOBHBIMH TPEOOBAaHUSIMU K 3aIIUTHBIM CPEACTBAM CHJIOBBIX 3JIEKTPOHHBIX
YCTPOMCTB B LIEJIOM U - BBIIIPSIMUTEIIEH B YaCTHOCTH SIBJSIIOTCS TPeOOBaHUs 10 oOec-
NEUEHUIO HAZSKHOCTH, CENIEKTUBHOCTH U ObICTpoeiicTBUs. Eciu nepoBeie 1Ba Tpe-
O00BaHUS XapaKTEePHBI 151 0OJBITMHCTBA AJICKTPOTEXHUIECKUX YCTPOUCTB, TO TpebO-
BaHUE 10 OBICTPOAECUCTBHIO OOYCIOBIEHO CIEU(PUKON CUIIOBBIX MOJIYIPOBOIHUKO-
BBIX MPUOOPOB, KOTOPHIE 00J1a/1aI0T HU3KOU MEeperpy304Hoi cnocooHocThI0. Kpome
TOTO, BBIXOJ U3 CTPOS ATUX MPUOOPOB MPOUCXOUT MPHU MPEBBILICHUH JTOMYCTUMbIX
MTHOBEHHBIX 3HAYEHUI TOKOB W HANPSIKEHWM, MPUBOJSIIIEM K HAPYIIEHUIO BHYT-
PEHHEN UX CTPYKTYpBI.

Haunbonee npocThiM cr1iocoOOM 3a1UThI TOTYIPOBOAHUKOBBIX IPUOOPOB ABIISIET-
Csl UCTOJIb30BAHUE MPEJOXPAHUTEINICH, BHIMOIHEHHBIX HA OCHOBE IJIABKMX BCTABOK.
OT0 crnenuaibHbIE TUIIBI MPEI0XPAHUTENCH, OTIIMYAIOIIMXCS BHICOKUM OBICTPOICH-
ctBUeM. Takue ObICTPOIEHCTBYIOUHE TPEAOXPAHUTENN OOBIYHO MPEAHA3 HAUESHBI JJIsI
3anmThl OT TOKOB K3, HO He neperpy3ku. Oco0eHHOCTHIO UCTIONIL30BaHUS MPEAOXpa-
HUTENEN SBIAETCS HEOOXOIUMOCTh COTJIACOBAHMUS TEIIOBBIX SKBUBAICHTOB TJIABKUX
BCTABOK U MOJYIIPOBOJHUKOBBIX NpUOOpPOB. OObIYHO A 3(D()EKTUBHON 3aIlUThI
HE00X0AUMO HEIOTPYKaTh MOJIYIIPOBOHUKOBbIE TPUOOPHI 10 TOKy. HekoTopsie Tu-
bl IPEAOXPAHUTENEH, MPEIHA3HAYECHHBIE JIJIS 3aIUThl CUJIOBBIX JUOJ0B U TUPUCTO-
pPOB, UMEIOT CPECTBA CUTHAIM3ALIMY B BUJI€ MUKPOTEpEKIIouarenei, cpadbarsiBato-
IMX TpU MEPEropaHuy IUIABKOW BCTaBKUM. OCHOBHBIM HEIOCTATKOM 3alUTHBIX
YCTPOMCTB, BBINIOJIHEHHBIX HA OCHOBE MPEA0XPAHUTENIEH, ABJIAETCSI HEOOXOJUMOCTD B
3aMEHE NEPErOpeBIINX BCTaBOK, YTO CHUXKAET CTENEHb aBTOMAaTH3aluu padoT Mpu
oOcity>kuBaHuM. B TO ke BpeMsi MpeAoXpaHUTENH SIBISIOTCS MPAKTUYECKU €1 H-
CTBEHHBIM 3()(DEKTUBHBIM 3aIIUTHBIM YCTPONCTBOM MOJYTPOBOIHUKOBBIX IPUOOPOB
IpU UX MapajuleIbHOM coequHeHUH. OOBIYHO KOJIMYECTBO MApaIENbHO BKIIOYaE-
MBIX MPUOOPOB BHIOMpPAETCS C 3amacoM, 00ECTEYMBAIOIIMM HOPMaTbHYIO paboTy
AIIEKTPOHHOTO YCTPOICTBA MPU BBIXOAE U3 CTPOSI OJJHOTO U3 TPYMIIbI MapajuIeIbHO
BKJIFOUEHHBIX TPUOOPOB.

JUis 3a1MThl BBIIPSIMUTENEH IIMPOKO MPUMEHSIOTCS OBICTPO ASHCTBYIOIIME aBTO-
MaTUYECKUE BBIKIIOUATENHN, 00eCeurBalOIMe MHOTOKPATHOE IEUCTBUE U BO3MO K-
HOCTbh JUCTAHIIMOHHOTO YIpaBieHUs. ABTOMATUYECKHUE BBIKIIOYATENIH (aBTOMATHI)
OOBIYHO YCTAaHABJIMBAIOTCS HA BXOJE BBINPSAMUTENEH B LEMX, 10 KOTOPHIM B CXEMY
MOCTYNACT HANpsDKEHUE NUTaroled cetu. OTKIIOUEeHUE aBTOMATOB IPHU aBAPUKMHBIX
TOKaxX MPOUCXOJUT 3a CUET JECUCTBUS MX 3AILUTHBIX IEKTPOMArHUTHBIX YCTPOMCTB,
cpabarbIBaIOIINX MPU JOCTHKEHUHM aBapUMHBIM TOKOM YCTAHOBJICHHOTO 3HAYEHHUSI.
Bpemsi oTKIOYEHHS] COBPEMEHHBIX OBICTPOAECUCTBYIOIIMX aBTOMATOB COCTABIISIET
€IMHULIBI MWUIMCEKYHJ. OTKIIIOYEHUE aBTOMAaTa MpU TOKaX MEperpy3ku MpoOu3BO-
IUTCSL 3a CYET cpabaThIBaHUS BCTPOEHHBIX B aBTOMAT TEIUIOBBIX 3allIUTHBIX
ycTpoiicTB. O4eBUAHO, YTO MapaMETPhI 3AIIMTHOTO aBTOMATa JIOJDKHBI BEIOUpPAThCS
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U3 YCJIOBHS 00€CTICUCHUS 3allUThl HEMOBPEKICHHBIX MOTYITPOBOIHUKOBBIX MPHUO O-
POB IIpH BOSHUKHOBEHWU aBapui. J{iist moBwImeHNsT SQGEKTHBHOCTH 3aIUTHI B M OIII-
HBIX BBINIPSIMHUTEISIX HHOTAA MCITOJIB3YIOT COYETAaHHE aBTOMATHYSCKUX BBIKJIOYATe-
Jel U KopoTko3ambikareneil. [lociaenHue npencTaBisiioT co00i ycTpoicTBa, co3/1a-
forpe «riyxoey» K3 MmerammmaeckuMy KOHTaKTaMu OOBIYHO Ha BXOJ1€ BBITIPSIMHUTEIIS.
Onu oOnanaroT 60s1€€ BBICOKMM OBICTPOJAEHCTBHEM 10 CPABHEHUIO ¢ KOMMYTAIIUO H-
HBIMH aBTOMAaTaMH W MPHU cpabaThbIBAHUH ITYHTUPYIOT TUPUCTOPHBIC IEMH TaK, YTO
aBapWHBIA TOK HAYMHACT MPOTEKaTh Yepe3 KOHTAKTHI KOPOTKO3aMbIKATENsT MHUHYS
I[ENY TUPUCTOPOB. 3aTe€M MPOUCXOAUT CpadaThIBaHHE aBTOMATAa, OTKIIFOYAIOIIETo T0-
BPEXKICHHBIN BBITIPSIMUTEIH OT CETH.

B ympaBisieMbIX BBIIPSIMUTENSAX, BBIMOJHIEMBIX Ha THPUCTOPAxX WM JPYTHUX
YIPaBIsiEMbIX TOJIYIPOBOHUKOBBIX MPHOOPAX, BO3MOYKHO UCIIOJIh30BaHHUE APYTUX
CIIOCOOOB 3alUTHI, PEATU3YEMBIX MOCPEICTBOM IEKTPOHHBIX YCTPOUCTB. OCHO B-
HBIMH U3 HUX SIBJISTIOTCS: OJIOKUPOBAHUE YIIPABJISIONIMX UMITYJILCOB THPUCTOPOB; ITe-
PEBOJ BHINIPSIMUTEIST B MHBEPTOPHBIM PEKUM ITyTEM CIBHUTA YIPABJISIIONIX UMITYJIb-
COB B TUPHUCTOpPAX; MPUHYAUTEIHHOE MPEPHIBAHUE aBAPHUIHBIX TOKOB C TOMOIIBIO
KOMMYTHPYIOIIEH €MKOCTU. DJEKTPOHHBIE 3aluThl HambOosiee 3()(HEKTUBHBI TPH
BHEIIHUX aBapHUAX, KOTJla BCE 3JICMEHTHI CXeMbl K MOMEHTY BO3HUKHOBCHHS aBapHH
paboTaroT HopMaiTbHO. OOBITHO B TIPe0Opa30BaTENAX HCTIOB3YIOT KaK 3JICKTPOHHEIE,
TaK M AJIEKTPOMEXaHUIECKHUE YCTPONCTBA 3aIUTHI, YTO MO3BOJISIET OCYIIECTBUTS 3 a-
IIUTY B OOMMPHOHN 00JIACTH Pa3IMYHBIX aBAPUHHBIX PEKUMOB, BOZHUKAIOIIHX ITPU
sKkcIuTyaTanui. KOHTpOIb BO3HUKHOBEHHI aBapUil OCYIECTBIISICTCS JaTYUKaMH CO-
OTBETCTBYIOIIUX MTApaMETPOB.

KOHTpO.H BHbIC BOIIPOCHI

1. Ha kakue rpynisl pa3AeisiioTcs aBapuu, BO3HUKAIOIIHE IPU IKCILTyaTalluu

CUJIOBBIX DJIEKTPOHHBIX yCTPOUCTB? YeM 0HM 00YCIIOBIIEHBI?

C 4eM cBsI3aHbl BHYTPEHHUE aBapUU BBITIPSIMUATEIIS ?

YTo OTHOCUTCSI K BHEITHUM aBapHsIM BBITIPSIMUTES?

4. Tlepeunciute OCHOBHBIE TPEOOBAHUS K 3aLIUTHBIM CPEICTBAM CUIIOBBIX JICK-
TPOHHBIX YCTPOUCTB.

5. Kakue cpencTBa mpuUMEHSIOTCS 7151 3alUTHI CUTIOBBIX JIEKTPOHHBIX
YCTpPOMCTB?

w

Jlexknusa 11.
CTpykTypHasi cxeMa ¥ NPUHIIAI PadoThl pajuonepeaaomx u
PaaAMONPHUEMHBIX YCTPOMCTB.

Ilnan
1. CtpykTypHas cxema 1 MPUHLUI pabOThI paguoTIEpeIatoIero yCTPOUC TRA.
2. CTpyKTypHasi CXeMa 1 MPUHLIUI pa0OThl MPUEMHHUKA MMPSIMOTO YCUIICHHUS.
3. CTpyKTypHas cxeMa U PUHLKUI padOThI CYNEPreTePOIUHHOTO IPUEMHHKA.

KiarwoudeBbie ciioBa
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Papmonpenaronee ycTporucTBO, pafuONPUEMHOE YCTPOUCTBO, MPUEMHUK IIp S~
MOT'0 YCUJIEHHUS, CYNIEPTETPOIUHHBIN MPUEMHUK, MOIYJIATOP, 3aAI0IIUI T€HEPATOP,
CHHTE3aTOp YacTOT, TeHEPaTOp HEC YIIIeH YacTOThl, FETEPOAUH, MpeoOpa3zoBareb 4a-
CTOTBI, IEMOAYJISATOP, NETEKTOP, YCUIIUTEND BRICOKUX YaCTOT, YCUIIUTENb HU3KUX 4 a-
CTOT, YCWJIUTEb MOUTHOCTH

[lon panunonepenarommm yctpoiictBoM (PIInY) nonumaror koMiiekc 000pyao-
BaHUs, MpEAHA3HAYEHHbIH i1 (OpMHUpPOBAHUA U U3Iy4YEHHUs paguocurHaion. Oc-
HOBHbIMHU y3Jamu PIInY sBiAt0oTCS reHeparop HECyler 4acTOThl U MOAYJATOp. B
COBpEeMeHHBIX cucTeMax ¢Bs3u PIIaY comepxut u apyroe o00pyaoBaHue: HICTOYH U-
KW MATaHUs, CUCTEMbI CUHXPOHU3ALMU, aBTOMAaTUYECKOTO YIIPABJIEHUS, KOHTP OJISL U
CUTHAJIM3AllMH, 3AIUTHI U T.]I.

O060061IeHHas CTPYKTYypHAs CXeMa PaJroINepeaaroIiero yCTpoucTBa C aMIUIUTY -
HOM 100 ($ha30BOM MOMYJISIIMEN CUTHATIOB TIpHBeIeHa Ha pucyHke 11.1.

IlepBuuHbI CHUrHAI, NOJJEXKAIIMNA IEepenade, IMOCTYNAeT Ha BXOJAHYIO LETIb.
Bxoanas nens o0ecnieduBaeT corjacoBanue 3Toro curaia ¢ PIInVy.

['ereparop Hecymier 9acTOThI (OPMHUPYET KOJCOAHUS HECYIIEH 9acTOThI, KOTO-
phI€ U SBISIOTCS IEPEHOCUUKAMH cOO0IIeHs. B COBpeMEHHBIX CHCTEMAax CBSI3HU T e-
HEpaTOp HECYIIEW 4YacTOTHI BBINOJHSAIOT B BUAE CUHTE3aTOpa 4acToT. CuHTE3aTop
4acTOT - YCTPOUCTBO, IpeHA3HAYCHHO € 17151 ((OPMHUPOBAHUS B 33IaHHOM JIMaNa3oHe
JacTOT BBICOKO CTaOMJIBHBIX KOJICOAHUH, OMpeneIieMbIX CTa0MILHOCTRIO TTapamMeT-
POB 33J1aOIIET0 TEHEpaTopa.

Monynarop - y3en, B KOTOPOM Ha MapaMeTpbl HECYILETro KoJieOaH!sl HaKJIabIBa-
eTcs mepenaBaeMoe COOOIIECHHE.

! Pencparop

' wecymedt Cuwresatop g | Sasmoumit |
i SacToTM sacTor rencparop

—pi Bromax | Moayastop | ) Yowurea || Buxoanas
uens. MOUINOCTH uen.

Puc. 11.1 O60011ieHHas CTpyKTypHasi cXema paJuolepeIaroIiero ycTpoucTa

YcumTelnb MOIIHOCTH NPEIHA3HAYEH JJI YBEIUYEHUS YPO BHS paJMOCUTHANA 10
BEJIMYUHBI, ONPEJIEIIIEMON MOIIIHOCTHIO U3JIy4aEMOIr0 CUTHaIa B cucteMe cBsizu. He-
obxonumoe cornacoBanue PIInY ¢ anTteHHo# oOecrneurnBaeT BbIXOHAS 1I€Tb.

[Toxg pagmonpuemusiM yctpoiictBoM (PIIMY) moHumaercsi KOMIUIEKC TEXHUWY e-
CKHUX CPEJICTB, NPEAHA3HAYEHHBIX JIJIS BBIJCICHUS PaJIMOCUTHAJIOB C OTIPEICTICHHBIMU
CBOMCTBAMH M3 MHOYKECTBA JICKTPOMArHUTHBIX KOJICOaHUH, TPUCYTCTBYIOIIUX B Me-
cte mprueMa. MOIHOCTh MOJE3HOTO CUTHAJIA MOYKET COCTABISATh HUYTOKHYIO JOJIHO
OT CyMMapHOW MOIIHOCTH JJIEKTPOMAarHUTHBIX KoJieOaHuii B Mecte nmpuema. PIImY
MPEIHA3HAYCHO /I BBIJIEJICHUS TIOJIE3HOTO PaJiMOCUTHAJIA U3 CMECHU MPUHATHIX CHUT-
HAJIOB ¥ BOCCTAHOBJICHUS MEepPEaBacMOro CoOOIICHHUS.

OcHoBHbIE XapakTepucTUKU PIIMY BO MHOTOM OnpenenstoTcst CTpyKTYpOU €To
nocTpoeHus. B HacTosi1iee BpeMsi UCTOJb3YETCs] HECKOJIBKO TPUHIIMIIOB IOCTPOCHUS
PomY. PaccmoTpum iBe HanboJiee 4acTo BCTPEYAIOIIMECS TEXHOJIOTHH MpHeMa p a-
JIMOCUTHAJIOB.

40



Cxema npHueMHUKa NPSIMOT0 YCUJIEHUS MPUBEJEHA Ha pucyHke 7.6. Ha Bxon mpu-
€MHHUKA IMTOCTYIIACT BCA COBOKYIHOCTb CHUIHAJIOB, HAaBEJCHHBIX B QHTCHHE B MECTE
npueMa. Hapsiny ¢ mosje3HbIMH CUTHAJIaMH B MPUEMHOW aHTEHHE HABOASATCS AJIEK-
TPOMArHUTHbIE KOJIEOAHUS APYTrUX PaAHUOCTAHUMN U UHBIX HICTOYHUKOB PaJiMOU3IYy-

YCHUA.
Yewnur Youanr lNpeolipaiona
ek Jlesioayn ik Tk CHIHANA
panmoe ATOp HHIKHX B
HACTOT WACTOT oooBIeHIA
(Harpy3ea)

Puc. 7.6 CtpykTypHas cxema IpUEMHHKA NPSIMOTO YCUJICHUS

YcunmuTenb paguovacToT U3 CMECH HaBEIEHHBIX B aHTEHHE CUTHAJIOB BBIOUPAET U
YCWJIMBAET TOJBKO T€ KOJIEOaHUs1, HaCTOTa KOTOPBIX COOTBETCTBYET HECYIIIEH YacTOTe
MOJIE3HOTO CUTHAJA. 3aTeM BBIJCIICHHBIM M YCUJICHHBIH O HEOOXOJUMOTO YPOBHS
II0JIC3HBIH PaJluOCUTHAJI TIOCTYTIAECT HA JEMOYJIATOP. JleMO 1y TOp BBIIOIHSAET OTl e-
patmu, oOpaTHbIE OTlepalusiM MOAYJISAIMU B MEpelaTuuKe, B UTOTE Ha BHIXO/IE JIEM O-
ayasTopa (opMHUpPYeTCs CUTHAJI, COOTBETCTBYIOILMI nepenaBaeMoMy coodiennto. B
OOJILIIMHCTBE CJIy4aeB ATOT CUTHAJ CJIa0d ¥ MO3TOMY YCUJIMBAETCS 10 HEOOXOAMMOM
BEIMYUHBI B YCUJIUTENIE HU3KUX 4acTOT. Harpy3koi ycunurens HU3KUX 4acTOT SIBISI-
ercsi mpeoOpa3oBaTellb CUrHaia B COOOILEHMUS.

Cxema npueMHHKa OYEHb [TPOCTa, HO C POCTOM YacTOThl IPUHUMAEMOT'0 CUTHAJA
CTAHOBUTCSI BCE TPYJIHEE 0OECTICUUTh XOPOIIYI0 H30UPATETbHOCTh U YYBCTBUTEb-
HOCTb NMPUHUMAEMBIX CUTHAJIOB, 0COOEHHO MPU NEPECTPONKE HECYILEH YacTOTHI.

bonee yHuBepcanbHOM sIBIsiETCS] TEXHMKA IpHeMa ¢ MPeoOpa3oBaHUEM YaCTOTHI
OPUHUMaEMbIX cUrHajioB. OOOOIIEHHasT CTPYKTypHas CXeMa CylepreTepoIuHHOTO
IIPUEMHHUKA NPUBEJEHA HA pucyHke 11.2

leTepoann

. Vewaurea
Wewwme| | Mipeolip B Jleseo | [Wewmmme|

Tk AIOBATE (= f sy 1= AT Nk =w{Harpys

PULIHO= fii ounod op HHAKHX KA
WACTOT R TOT NACTOTH ACTOT

Puc. 11.2 CrpykrypHas cxema cyneprerepoJuHHOrO IMIPUEMHHKA

OTmuuTeNnbHONH 0COOCHHOCTHIO CYNEPTeTePOJAMHHOTO TIPUEeMa SBIISIETCS TPeo O-
pazoBaHue (MEPEHOC) CIEKTpa MPUHUMAEMOTO CUTHAIA U3 00J1aCTH HECYIIEH 4acTo-
TBI B 00J1aCTh MPOMEKYTOYHOHN YaCTOTHI C TTOMOIIBIO MECTHOTO MaJIOMOIIHOTO TEHe-
patopa (rerepoauHa). JIOCTOMHCTBOM TaKOW TEXHOJIOTHH MpHEMa SBISETCS TO, YTO
P U3MEHEHUH HECYIIEH 9acTOThI MPUHUMAEMOTO CUTHAJIA HET HEOOXOUMOCTH H3-
MEHSThH IMapaMeTpbl HACTPOWKN MHOTOKACKaJIHOTO YCHIJIMTENS PaJuovacToT, J0CTa-
TOYHO U3MEHHUTH YaCTOTY TerepoauHa. TeXHHUEeCKH 3TO ropasio mpoiie, 4emM 100 u-
BaThCs OJMHAKOBOTO U3MEHEHHSI TTAPAMETPOB B KacKaJlaX CoO CIJIOKHBIMH XapaKTep U-
CTHUKaMH. B KOHEYHOM MTOTE 3TO JIa€T BO3MOYKHOCTh CTPOUTH IPUEMHHUKHU PaTAOCHUT-
HAJIOB C XOPOIIMMH MTOKa3aTeIsIMU YYBCTBUTEIBHOCTH U M30UPATEIIbHOCTH, TaK Kak
OCHOBHOE yCHJICHHE CUTHAJIa OCYIIECTBIISETCS B MOCTOSIHHOM JHAla30He 4acToT.
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Ha Bxoa ycunurens paguoyactot (YPY) nocTtymnaer Bcsi COBOKYITHOCTh CUTHAJIOB
Y TIOMEX, HaBEJICHHBIX B aHTEHHE B MECTE MpHUeMa. Y CUIIUTENb PaIu0YacTOT BBITIOJ-
HSIET TIPEIBAPUTENBHYIO CEJIEKIIMIO (0TOOP) CUTHAIOB C YaCTOTOM, paBHOM 4acTOTe
M0JIE3HOTO (MPUHUMAEMOTr0 ) curHaia. OCHOBHOE YCUJIEHUE CUTHAJI [TOJTy4aeT B yC U-
auTene npoMexkyTouHoit yactoTsl (YIIH), Ha BX04 KOTOPOTO MOCTYNAOT PO TYKTHI
npeoOpa3oBaHus, MOJy4aeMbI€ B MpeoOpa3zoBaTesie 4aCTOTHI IPU CMEIIMBAHUU TIP U-
HHUMaeMOoro curHaia ¢ Beixoga YPU u konedbanuii rerepoauna. [Ipeodpazoparenem
YacTOTHI HA3BIBAIOT YCTPOUCTBO, C TOMOIILIO KOTOPOT'O EPEHOCUTCS CIIEKTP MPUH U-
MaeMOTO CUTHalIa, PACTOJI0KEHHBIN B palOHE YaCTOTHI HECYIIIET0 KOJIeOaHUs, Ha3bl-
BaeMBIH paIMOYaCTOTOM, B 00J1aCTh HECYIIUX KOJIEOAHUN C IPYTUM 3HAYCHUEM Y a-
CTOTBI, HA3bIBAEMOU MPOMEKYTOYHOM YaCTOTOH.

[ocnenyromme y3bl IPUEMHUKA: 1EMOAYIATOP, YCUIUTENh HU3KUX YaCTOT,
Harpy3Ka BBITIOJHSAIOT T€ JK€ OTIepaIiu, YTO U MOJ00HBIE KaCKa lbl TPUEMHHKA TP si-
MOT0 YCUJICHUS.

OCHOBHBIMH XapaKTEPUCTUKAMU PATUOTIPUEMHBIX YCTPOUCTB SBJISIOTCS UYBCTBU-
TENbHOCTh, U30UPATEIbHOCTD, IOMEXO0YCTONYNBOCTD.

[IpenmymmecTBa MUPPOBBIX METOIOB 00padOTKK HHpOpMAaIH (TIeperada, XpaHe-
HUE, IpeoOpa3oBaHue) CIOCOOCTBOBAIM IIMPOKOMY PaCIpOCTPAHEHUIO IIUPPOBBIX
CUCTEM CBA3U. JlOCTOMHCTBOM NPEICTABIICHUS CUTHAJIOB B LIU(POBOM BUJIE SIBISIETCS
TaK)Ke €€ YHUBEPCAIbHOCTh, TO €CTh HE3aBUCUMOCTb OT PUPO/IbI NIEPEaBAEMBbIX C O-
o61menmnii. CoBpeMeHHbBIE CUCTEMBI CBA3U CIIOCOOHBI TepeIaBaTh HE TOJIBKO JUCKPET-
HbI€ COOOIIIEHMS], HO U HEMTPEepbIBHBIE (KaK [0 BPEMEHH, TaK U M0 ypoBHI0). JlJist mp e-
o0pa3zoBaHUs HEMPEPHIBHBIX CUTHAJIOB B MU(POBBIE CIYKAT CHIEHUAIBHBIE YCTPO H-
CTBa - aHanoro-mudpossie npeodpazoparenu (ALIL).

KoHTpoabHbIe BONIPOCHI

=

UYro Ha3bIBaecTCA paHONEPEAAOIINM YCTPOUCTBOM?

2. HazoBuTe 0CHOBHBIE (PYHKIIMOHAIBHBIE Y3JIbI PAIHOTIEPEIAIOIIEI0 yCTPOHCTBA
Y UX Ha3HA4YCHUE.

UYro Ha3bIBaeTCs paMONPUEMHBIM YCTPOMCTBOM?

4. Ha3zoBuTe 0CHOBHBIE PYHKIIMOHAIbHBIE Y3JIbl PAAUONPUEMHOTO YCTPO IICTBA U
VX Ha3HAYCHUE.

w
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Jlexkuus 12.
CTpyKTYypHBIE CXeMbI M IPUHIUI PA0OTHI TeJIEBU3MOHHBIX MepPeaa0 X
U IPUEMHBIX YcTpolicTB. Ucno/ib30BaHKe TeJIeBU3HOHHBIX YCTPOICTB B
NPOMBILLICHHOCTH.

ILnan
1. CtpykTypHas cxeMa U MPUHLMI JECHCTBUS TEIICBU3NOHHOW CUCTEMBI.
2. [IpuMeHeHne MPOMBIIUIICHHBIX TEIEBU3MOHHBIX YCTAaHOBOK.

KiarwueBble ci10Ba
TeneBuieHnEe, TENEBU3UOHHAS CUCTEMA, MIEpenaroas 4actb T B cuctemsi,
npuéMHas 4acth 1B cuctemsl, pa3BEpTKa, CTpOYHAS pa3BEPTKA, KAIPOBAS Pa3BEPTKA,
CUTHaJI U300pakeHwMsI, BUI€0CUTHAIL, TTOJTHBIN T B curaan

TB cuctema (pucyHok 12.1) cOCTOUT U3 ABYX YaCTEH: Iepeaaromie 1 mprueM-
HOM, COCIMHECHHBIX JIMHUEH CBsI3U. B mepenaromield 4acTu CHCTEMBI U300pakKeHHE
Ha0JII0/1aeMOT0 00BEKTa C MOMOIIBI0 OOBEKTHBA 2 MPOCLMPYETCS HA TIEPEIAIOLIYI0
TpyOKy 3, Haxosurytoca B nepenaromeit TB kamepe 1. [lepenaromas TpyOka B mp o-
1iecce pa3BepTKU (GOPMUPYET BHIEOCHUTHAT, KOTOPBIH MOCTIE MPEABAPUTEILHOTO YCH-
nenus B ycwmmrene TB kamepsl 5 noctynaer B TB kanan 7. [Insa TB pasBepTku Ha
OTKJIOHSIIOIIYIO cUCTEMY 4 nepeaaromiel TpyOKy MOJar0TCs SJIEKTPUUECKUE CUTHATIBI
nUI000pa3Hoii GOPMBI CTPOYHOM YACTOTHI MU YACTOTHI MOJICH. DTH CUTHAIIBI BRIpAo a-
TBIBAIOTCS B OJIOKE pa3BepTOK 6 mepemarorield kamepsl. B TB kananme mpoucxoaut
JaJbHENIIIee YCUICHUE BUICOCUTHAIIA, KOPPEKIIHS €ro UCKaKEeHUH U (opMUpOBaHUE
noiHoro TB curnana, 11 4ero B BUAEOCUTHaAN 3amermBatoTces racsmue u CU ctpok
U TOJIEW. DTU UMIIYJbCHI 3aBOJATCS B TB KaHan OT cnenualibHOro reHeparopa um-
MyJIbCOB - CUHXporeHeparopa 9. CuHxporeHeparop BeIpadaThIBACT UMITYJILCHI, HEO O-
XOJIUMBIE JIJ1s1 pa0oThl Bcell TB crucTeMbl 1 00ecTieurBaeT CTPOTOE COOTHOIIICHUE Y a-
CTOT MeX1y HUMU. BeipabateiBaemble cuHxporeHeparopoM CU o0ecneunBaroT CUH-
XPOHHOCTH U CUH(A3HOCTh Pa3BEPTOK MPUEMHOM U iepeaaroieit Tpyook. [Tockonabky
0JIOK pa3BepTOK Mepenaroliel TpyOKH HaX0IUTCSI HETIOCPEICTBEHHO B Tepearoniei
kamepe, To KCHU u CCU otnensHO MOABOASTCS K COOTBETCTBYIOIIMM I €HEpaTOpam
0JI0Ka pa3BepTOK HEMOCPEICTBEHHO OT CUHXporeHeparopa. Heo6xonumas st cuH-
XpOHU3aIUK 0JI0Ka pa3BepTOK NPUEMHOM TPYOKH cMeCh CUHXPOUMITYJILCOB Mepe a-
€TCsl BMECTE C BUACOCUTHAIIOM.
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Pucynoxk 12.1 - CtpykrypHas cxema TB cuctemsl

CdopmupoBaHHbIi M yCUIIEHHBIN 1OHBIA TB curnan noctymnaer Ha MOJIYJIATOP
paauonepenaTyrka 8, 1€ MOAYJIUPYET €ro HECYILYIO YacTOTY, a 3aTEM B BUJE BBIC O-
KOYaCTOTHBIX KOJIEOAHUH TOCTYMHAET B MEPEJAIOIIyI0 AaHTEHHY.

[IpuHATEIE NPUEMHONW aHTEHHOU PAJIMOCUTHAIIBI HETIOCPEACTBEHHO MOCTYIAIOT B
TB npuemnuk. CoBpeMeHHble TB npueMHHKH CTPOSTCS TOJIBKO IO CYIEprerep o-
IVHHOU cxeMe. B TeneBu3zopax mpuMeHsAeTcss COBMECTHOE YCHIICHUE BBICOKOYACTO T-
HBIM TPaKTOM CUTHAJIOB U300paXEHHsI U 3ByKOBOTO COMPOBOKIEHUS C TOCIETY IO-
MM UX Pa3JeICHUEM U JOIOJHUTEIbHBIM YCUJIEHHEM. B 3aBUCHMOCTH OT TOYKH
pa3JeNeHns CUTHAJIOB yCWIINTENbHBIN TPakT T B npueMHuKa CTpOUTCS IO OJJHOMY U3
JBYX BApUAHTOB, HA3bIBAEMBIX OJJHOKAHAJIbHBIM U JBYXKaHAIbHBIM.

OnHokaHaIbHAA CXeMa IMpeArnoJiaraeT ooIiee yCHIeHHEe Ha MPOMEKYTOUHOM Y a-
ctote TB curnansa u curHana 3ByKOBOTO CONMPOBOXKAEHUs (cM. pucyHok 12.1). ITo-
ATOMY B BBICOKOYAaCTOTHOM 4yacTH TeneBuzopa 10 ocyiecTBisieTcss BHIOOP COOTBET-
CTBYIOILIETO KaHAJIA, IPEABAPUTEIBHOE YCHUIICHUE PAAUOCUTHAIIOB U UX YAaCTOTHOE
npeoOpa3oBaHue B MPOMEKYTOUHbBIE YaCTOThI 300pakenus (38 MI'1) u 3ByKoBOTO
conpoBoxaeHus (31,5 MI'n). Oba curnana nocyie npeoOpa3oBaHUs YCUIMBAIOTCS
OJHUM MHOTOKAaCKa{HBIM YCUJIUTEIIEM IPOMEKYTOUHOM 4acTOThI 11, KOTOpBINA HMeEeT
JOCTAaTOYHO HIMPOKYIO IIOJIOCY ITPOITYCKAHUS @ 3aT€M JETEKTUPYIOTCS aMIUIUTYAHBIM
nerekropoM 12. BugeoaerekTop mpeacTaBisieT co00i HETMHEHHBIN 3JIEMEHT U BbI-
NOJIHAET (PYHKILHMIO MpocTeiiiero npeoodpasonareisi. [loaroMy Ha ero Bxojie, KpoMe
BUJICOCTIEKTPA, 00pa3yeTcs TaAK)KE CUTHAI YaCTOThl OMEHUI MEeXTy IPOMEXYTOUH bI-
MU HECYIIUMHU 4acTOTaMH M300pakeHHsI W 3ByKa. Pa3HOCTHBIN CUTHAI ¢ 4acTOTOU
froyu — frusg =38-31,5 MI'1i MOy IMpOBaH MO YacTOTe U aMIuuTyzAe. Ilone3nas wu-
(dbopmarliusi, COOTBETCTBYIOIIAS] CUTHATY 3BYKOBOT'O COIPOBOXKAEHUS, OTIPEESIETCS
UM curnana pa3HOCTHOM 4aCTOTHI.
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OcCHOBHOE MPEUMYILIECTBO OJHOKAaHAIbHON cxembl TB mpuemMHHKa COCTOUT HE
TOJIbKO B OTCYTCTBHUU HEOOXOJIUMOCTH UMETh OTACIbHbBIC TE€TEPOAUHBI U CMECUTEIH
JUTsI CUTHAJIOB M300payKEHUS M 3ByKa, HO M B TOM, UTO OTCYTCTBYET HECTAOMIBHOCTH
HAaCTPOMKH CUTHAJIA 3BYKOBOTO COITPOBOK/ICHHUS, CBSI3aHHAs! C U3MEHEHUEM YaCcTOThI
rerepoarHa B 6j0ke 10. B 1aHHOM ciydae OTKIIOHEHHE YacTOThI I'eHepaTopa BbIC O-
KOYaCTOTHOTO OJioKa TEeNeBU30pa OT HOMHUHAIA MPUBOAUT K PAaBHOMY U3MEHEHHUIO
MPOMEXKYTOUHBIX YacTOT BHMJIEOCUTHANA M CUTHAJA 3BYKa, a Pa3HOCTHAs 4acToTa,
paBHas 6,5 MI', octaercss Hen3MeHHOU. Ha pa3HOCTHYIO 4acTOTYy HACTPOEHBI yCHU-
JIUTEIh MPOMEKYTOUYHOM 4aCTOThI 3BYKA, aMILTUTYIHbIA OTPAHUYUTENb U YaCTOTHBIN
JIETEKTOP, BXOJIAIIHME B KaHAIT 3BYKOBOTO conmpoBoxaeHus 13. Kpome toro, B 6510k 13
BXOJUT U YCUJIUTENIb HU3KOW YaCTOThI, C BBIXOJ[a KOTOPOT'O YCUJICHHBIM CUTHAJI 3BY-
KOBOM 4aCTOTHI MOJIAETCS HA aKyCTUYECKYIO cUCTEMY 14.

Ycunennsiit BugeoycunurenaeM 15 monnsiid TB curaanm momgaercs Ha 610K IIBETHO-
cTh 16, B KOTOpOM (POPMHUPYIOTCS BUJIEOCUTHAIBI OCHOBHBIX IIBETOB, IO IBOJUMBIE K
IIBETHOMY KHHECKoITy 17.

C BBIXO1a BUICOYCUIINTEIISI CUTHAJI IOCTYIIAET TAKXKE B KaHAJ CUHXPOHHU3aluH 18,
B KOTOPOM 00€CIeUrBaETCs OTACICHHE CHHXPOUMITYJILCOB OT BUACOCUTHATIA U Pa3-
nenenne CCHU u KCU. Jlanee 3T UMIYJIbChl CUHXPOHU3UPYIOT 33/aI0IIME FEHEp a-
TOPBI OJIOKOB KafpoBoii 19 u ctpounoii 20 pa3BepTOK JIEKTPOHHBIX JTy4ell KHHECKO-
1a COOTBETCTBEHHO. DOpMUpyEMbIE T€HEPATOPAMU Pa3BEPTOK OTKJIOHSIONIUE TOKH
MOJIAI0TCSl HAa OTKJIOHAIOUIYIO CUCTEMY KHMHECKoma. Kpome Toro, BEIXOIHOM KacKajl
reHeparopa CTPOYHOM Pa3BEPTKH OJTHOBPEMEHHO CIY)KUT MCTOYHUKOM BBICOKOTO
HaMPSDKEHUS JUJI MUTAaHUS KUHECKOTa, KOTOPOE MOJIy4aeTCsl MyTeM BbITPSMIICHUS
UMITYJIbCOB CTPOYHOM YaCTOTHI, 00pa3yeMbIX B 0OMOTKE aBTOTpaHCchopMaTopa 3TOTO
Kackana. B coBpemennbix TB npueMHMKaxX UCMOJIb3YIOTCS aBTOMAaTUYE€CKUE PETyIIH-
POBKH psiJla IapaMeTPOB, HAPUMEDP, SIPKOCTH, pazMepa pactpa. bioku 10, 11 npu-
E€MHUKA, KaK MPaBUJIO, OXBAYEHBI CXEMOW aBTOMATUYECKOW PEryJIUPOBKUA YCUIICHUS
(APY), obecneunBaromieli NoA1epKaHUe BbIXOJHOTO YPOBHS BHJIEOCUTHANIA KaK MPU
Mepexo/ie NpuemMa ¢ OJIHOM MporpaMMbl Ha APYTYIO, TaK U MPU U3MEHEHUH YCIIOBHIA
pacnpoCcTpaHeHUs] PAJAUOBOJH U APYrux (GaKTOPOB, BIMSIONIMX HA BEIMYUHY BUEO-
CUTHAJIA.

B npOoMBIIIIEHHOCTH IMPOKO MPUMEHSFOTCSI METOIbI U CPEICTBA, UCTIOJIb3YEMBIE
B NIPUKJIAJHOM TEJCBUACHUU. DTO KacaeTcs Kak 3a7a4y HaOJIOJEeHUS 3a pa3IUnyHbI-
MU OOBEKTaMH, TaK U U3MEPEHUIN BCEBO3MOIKHBIX BEJIMYHH.

[IpuknagHeie (MpOMBILUIEHHBIE) TeaeBU3UOHHbIE ycTaHOBKH (IITY) ncnosns3y-
IOTCSI B KOCMUYECKHX HCccieqoBaHusax. Hemnb3si cebe mpencTaBUTh STUX UCCIEH O-
BaHWN 0€3 HCIOJIb30BaHUA TMPHUKIAIHOTO (KOCMHUYECKOTo) TeneBuaeHus. Habmro-
JIEHUE U KOHTPOJIb 32 MOBEACHUEM U CAMOYYBCTBHEM KOCMOHABTOB B JIETATEIbHBIX
anmaparax, BH3yaJlbHO€ HCCJIEOBaHKE JIAaHAIAPTOB JaleKuX IUIAHET, YIpaBlie-
HUE CaMOJBIKYIIMMUCS amnmnaparaMy, NOCIAHHBIMM C 3€MJIM Ha OTU IUIAHETHI,
BO3MOJKHO TOJILKO IMPH MIOMOIIHU TeNeBHACHHS. OTpOMHBIEC YCIIEXH HAYKH O KOCMOCE
HE MOTJIM ObI OBITH JOCTUTHYTHI 0€3 UCTOJIb30BAHUS CIICIIUATBHBIX TEICBU3NOHHBIX
YCTPOWCTB.

ATomHBIE HccienoBaHusA. Hayunas u TexHojormueckas paboTa ¢ pagmoak-
TUBHBIMH BEIIECTBAMHM YacTO CTABUT TOJ Yyrpo3y 370POBbE M KU3HBb IKCIIEP U-
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MEHTaTOPOB U TEXHOJIOT0B. Mcnoyib30BaHKe CHICHAIbHBIX TEIEBU3MOHHBIX YCTaHO-
BOK B JTHUX CJIydasX JeNaeT yKa3zaHHyl paloTy OesomacHoil. TeneBupeHue mos-
BOJISIET HA PacCTOSIHUM HAOJII0JaTh, HAPUMEpP, 3a MPOIleCCaMU B aTOMHOM P €ak-
Tope. B KomIiekre co cnenuanbHBIMH paboTaMu OOBEMHBIE M IIBETHBIE YyCTa-
HOBKHM KaK OBl yIJHHIIOT PYKH YEIIOBEKAa, al0T BO3MOXKHOCTh TMPH BU3YAITHHOM
KOHTPOJIC POU3BOUTh Pa3HOOOpa3HbIE MAHUMNYJIUNA C PaJIHOAKTUBHBIMU MaTe-
puasamM#, OCTaBasch Ha 0€30MaCHOM OT HUX PacCTOSIHUU. KOHTpOJbh MPOMBINDICH-
HOM mponykiuu. Ha MHOrMX 3aBojax u ¢aOpuKax HCIOJIB3YIOTCS MPOMBIILICH-
HBIC TEJIEBU3UOHHBIC ABTOMATHI, OCYIIECTBIIOMME KOHTPOJIb PAa3IMYHBIX Iap a-
METPOB HM3TOTOBJISIEMBIX M3IEIHIA: pa3MepoB, KOHPUTypaluu, HAIMYUS J1e(EeKTOB
B CTPYKType (HampuMep, PaKoBUH BHYTPU CTAIBHOTO JIUCTA) W Jp. BakHbIM 006-
CTOSITETIbCTBOM SIBJISIETCS B 9THUX YCTPOMCTBaxX OECKOHTAaKTHBIA METOJ KOHTPOJIS.
DTO 3HAYUT, YTO MPU U3MEPEHHUH, HAPUMEP, TOJIMUHBI U3AeTus (MMPOBOJOKHU, Me-
TAUTMYECKOTO JIUCTA) HET HEOOXOMMOCTH MPUCIIOHATh K HEMY KaKoi-mbo u3me-
pPUTENbHBIA MHCTPYMEHT, 3aJep>KUBaTh WU MPUOCTAHABIUBATh MPOU3BOJICTBEH-
Hblii mponecc. llepenaromas kamepa TEJIEBU3MOHHOTO aBTOMAaTa «CMOTPHUT» Ha
u3/iene, a OOpa3yIOIIMICS MPH 3TOM BHUACOCUTHAT CIYXKHUT I YIPaBJICHUS,
CUTHAIM3AIMA W aBTOMATHYECKOU PEryJMpOBKH.

Jucneruepuzanusi npousBojicTBa. Jlucneruep (C aHri.) — KOHTpOJeEp, pacro-
PAIUTENb; TUCTICTYEPHU3as — CHUCTEMa IICHTPATM30BaHHOTO KOHTPOJSI M YIpaB-
JeHus (Ha TpaHCTIOPTE, MPOU3BOJCTBE), OCYIIECTBIsIEMas nucrerdepom. Jlucmet-
YEPCKUE TEJICBU3UOHHBIC YCTAHOBKH IO3BOJIIIOT JUCTIETYEPY OCYIIECTBIATH OIle-
paTUBHBIN BU3yaJbHBIH KOHTPOJbh NPOM3BOJACTBA. Tak, Hampumep, HE BBIXOJs
U3 CBOET0 CIY’)KEOHOTO MOMEIIEHHUs, JUCIIETYEp Ha IKpaHe BUACONPOCMOTPOBBIX
YCTPOWCTB MOKET HaOr0JaTh paboTy COOPOUYHBIX KOHBEHEPOB, COPTHPOBKY Baro-
HOB Ha JKEJIE3HO0POKHOM CTAHIUH H TIP.

VYuebHoe TeneBueHue. TeneBueHre CTajao MUPOKO MPUMEHATHCS 11 y4ueO-
HBIX 1enei. Hampumep, B MEIUIIMHCKUX KIMHHUKAX OCYIIECTBISAECTCSA MOKa3 Ha
OOJILIIIOM TEJIEBU3UOHHOM I[BETHOM JKpaHE CIOXKHBIX XHUPYPTHUECKUX OTIepaluid
st OONBIION ayIUTOPHUH MOJIOJBIX Bpadyel U CTYJACHTOB-MEIUKOB.

KoHTpo/bHbIE BONIPOCHI
N3 xakux yacTel COCTOUT TEJIEBU3MOHHAs cucTeMa’?
Kaxue ¢pyHkunoHanbHble OJOKK BXOIST B MEpENAOIILyI0 YacTh TB cuctembr?
[IpuHuun nevicteusa nepenaromeit TB cuctemsr?
Kakue ¢pyHkumnoHanbHbIe OJOKH BXOAAT B MPUEMHYIO yacTh TB cuctembr?
[Tpunumn neiictBusa npuéMHoii yactu TB cuctempr?
I'ne mpumenstorcs npukiaausie TB ycraHoBku?

ok wn

Jlexkuus 13.
BenTHJABHBIC IPeoOpa3oBaTe/JbHbIE YCTPOMCTBA: BHINPAMUTEJIH,
HHBEPTOPbI U PeryJasaTopbl HanpsikeHus. [Ipeodpa3oBaTenbHoe
YCTPOMCTBO KaK ABTOMATHYECKHH PeryJsTop B aBTOMATHYECKHX
cHCTeMAaXx.
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ILnan

1. OO1me cBeeHus 0 BEHTUIIbHBIX Pe00pazoBaTessX.

2. CTpyKTypHas cXeMa yIpaBJsieMOr0 BBIIPSIMUATEIS.

3. [lonsiTue 06 UMITYJILCHOM MPE0Opa3zoBaTesie MOCTOSIHHOTO HATPSIKEHUS.
4. CTpyKTypHas cxema HHBEPTOpa.

KiawueBble cjioBa

BenTuibHbIM ipeoOpa3zoBaTenb, yIpaBsieMblil BBITPSAMUTENb, UMITYJIb CHBIH
npeoOpa3oBaTelib MOCTOSHHOI O HAMIPSI)KEHUS, UHBEPTOP.

3HauuTeNbHAsl YaCTh MPOU3BOAUMON 3JIEKTPOIHEPTUU MOTPEOIISETCS B BUJIE O-
CTOSIHHOTO TOKa WJIM TOKa HECTaHIapTHOU yacToThl. [IpeoOpa3oBaHue sneKTpuye-
CKOM SHEPTHHU B HACTOSIIEE BPEMS BBIMOJIHSIETCS MOIYPOBOIHUKOBBIMH MPE0Opa3 0-
BaressiMi. OCHOBHBIMU BUJAaMH MpeoOpazoBaTesieil sIBISIOTCS BBIMPSIMUTENH (TIpe-
00pa3oBaHKE IEPEMEHHOTO TOKA B IOCTOSIHHBIN), HHBEPTOPHI (MpeoOdpa3zoBaHue MO-
CTOSIHHOT'O TOKA B IIEPEMEHHBIN ), TPe00pa30BaTesld YaCTOTHI, PEryIupyeMble Ipeo O-
pa3zoBaTeny MOCTOSIHHOTO U IEPEMEHHOTO HANp SYKEHU.

[osrynpoBOIHUKOBBIE TTPEOOPA30BATENN IEKTPUUECKON SHEPTUU SBIIAIOTCS OJ1-
HUM U3 OCHOBHBIX HArPY30YHBIX 3JIEMEHTOB CETEH, NX padoTa BO MHOIOM OIIpeesi-
€T peKUMBbI paboThl ceTeil. BeHTuibHbIe MpeoOpa3zoBaTeny UCIIONIb3YIOTCS AJIS TUTa-
HUS DJIEKTPONPHUBOJIOB U AEKTPOTEXHOJIOTHUECKUX YCTAaHOBOK, I BO30YKIACHUS
CHUHXPOHHBIX AJIEKTPUYECKUX MAIIMH U B CXEMaxX YaCTOTHOTO IyCKa T'MIpOTreHepaTro-
pOB.

CTpykTypHasi cxeMa yHpaBJsieMOr0 BbINPSIMHUTEJISI NPEACTABJICHA HA PHC.
13.1, a. OCHOBHBIMU (PYHKUIMOHAILHBIMU y3JIaMH JAQHHOTO YCTPOMCTBA SABJISIOTCS:
YIPAaBIISIEMbIN BBIIPSIMUTENL Y Bn, 00eCreuuBarolMil BRIIPSIMIICHUE IEPEMEHHOTO
TOKa M YNpaBieHUE TOKOM 3apsla; peryiaarop P, BbIpaOaThIBAIOIIMM HMITYJIbCHI
yIIpaBJIEHUS] TAPUCTOPaAMH, (paza KOTOPBIX U3MEHSETCS 10 OINPEIEICHHOMY 3aKOHY B
3aBUCHUMOCTHU OT HAINpSKEHUSI CETH, HAIIPSKEHUs! OaTapeu, TOKa Harpy3KH U pexuMa
3apsa; peKUMMHOE YCTPOUCTBO PV, mepekimovaroiiee pexum 3apsa.
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Puc. 13.1. CtpykTypHas cxema ynpaBJisieMOro BBIIPSIMUTENS (2) U JUarpaMMBbl
yIpaBieHUs] 0AHO(PA3HBIM BBIIPSIMICHHBIM TOKOM (0): YB1 — ynpaBisiemblil BeIIpsi-
MUTEIb,

P — perymsarop, PY — pexxumHoe ycTponCTBO

Perynupyrommm 35eMEHTOM B YIPaBJISIEMBIX BBIIPSIMUTENSIX SIBISETCS TUP UCTOP,
KOTOPBIA OTKPBIBACTCS UMITYJIbCOM TOKA, ITOJaBAEMbIM HA YIPABJIIIOIIMMI AJIEKTP O,
Y 3aIAPAETCs B PE3YJIbTATE CHUKEHUS 10 HyJII MTHOBEHHOT'O 3HAYEHUS BBINPSMIICH-
HOT'O TOKA IPH MEPEXOJIC YEPE3 HYJIb NEPEMEHHOTO HaNpsDKeHUs nuraHusa. CMmenie-
HUEM YIPABJSIOIEr0 UMITYJIbCa OTHOCHUTENBHO HYJIEBOUW (Da3bl HampsKEHUs] CETH
MU3MEHSETCSI MOMEHT OTIIHPAHUs TUPUCTOPA, & TEM CAMBIM M YI'OJl OTCEYKHU BBINPSIM-
JIEHHOTO TOKa M €r0 CpeAHee 3HaueHue. B 3aKpbITOM COCTOSIHUM THUPHUCTOPA BCE
HaNpsHKEHUE MUTAHUS MPUIIOKEHO MEXIY €ro aHoJO0M M KaToJO0M, TOK yT€UKU (B
Harpys3ke) 0JIM30K K HyJIt0. B OTKpBITOM COCTOSIHUM TUPUCTOPA OT UCTOYHHUKA IUT a-
HUS dyepe3 OaTapero NpOTEKaeT TOK 3apsia, IPYU 3TOM NaJICHUE HANpsKEHNUs Ha TUD U-
CTOPE COCTABJISIET JOJIM BOJIbTA U IOTEPU DHEPTUN HE3HAYNTEIIBHBI.

Perynsitop P colepUT yCTpOICTBA pyYHOTO U @BTOMaTHUECKOTO U3MeHeHus (da-
3bl YNPAaBIBIIOUMX HMIIYJIBCOB. DJIEMEHTbl PYYHOI'O PETYJIMPOBAHMS CIIy)KaT IS
YCTaHOBKU TpeOyeMOro TOKa 3apsijia Oarapeu, a 3JIeMEHThl aBTOMaTHYECKOTO pery-
JMPOBAHUS — JJIA MOJIJIepKaHUsI CTAOMIIbHOCTH YCTAHOBJICHHOTO TOKA MM U3MEHE-
HUS €r0 B 3aBUCMMOCTH OT TOKA Harpy3KH U HaIpsKEeHUs: OaTapeu.

Perynstop P mMoxeT 0a3upoBaThCsl HAa MPUHLUIE TOPU3OHTAILHOTO WM BEPTH-
KAJIbHOT'O YyIIpaBieHUs. [IpMHIMI rOpU30HTANbHOIO YIIPABIEHUS OCYLIECTBIIETCS
CIBUT'OM CHHYCOUAILHOTO HAIIPsDKEHUS 10 (ase, a 3areM (GOopMUPOBAHKEM U3 HETO
VMITYJIbCA YIIPABJIEHUS TUPUCTOPOM. [IpMHIMIT BEPTUKATIBHOTO YIIPABICHUS 3aKIIO-
4aeTcsl B TOM, YTO YNPABISAIOIIMN UMITYJIbC (OPMHUPYETCS B MOMEHT paBeHCTBA I10-
CTOSIHHOTO Harpsi>keHust ynpasiienus U U mepeMeHHOTO HanpshKeHus Ug MUI000pas-
HOM (POPMBI, CHHXPOHH3UPOBAHHOT'O C IEPEMEHHBIM HAIPSKEHUEM, 1101aBaCMbIM Ha
aHoJibl TUpUCTOPOB. M3mensist Hanpsibkenue U, T. €. caBuras no BepTUKaId MOMEHT
paBeHcTBa HarpsikeHuid U 1 Ug, MOKHO PEryupoBaTh a3y yrnpaBisioero uMmyib-
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Ca OTHOCUTEIIbHO MOMEHTA IOJAa4M IIOJIOKUTEIILHOW IOJYBOJIHBI HANpPSKEHUS Ha
aHOJI TUPUCTOPA.

PexxumMHoe ycTpoicTBO PV aBTOMAaTHYECKU MEPEKITI0YACT PEXKUM pabOThl YIIpaB-
JSIEMOTO BBIIPAMUTENS Y Bn B 3aBUCUMOCTH OT HalpsiKeHs: oarapen. PY Mmoxer me-
peKITIoYaTh TOKM UMITYJIbCHOTO ToJ3apsiaa 0arapen WM BKIIIOYATh YCKOPEHHBIN ee
3apsia.

[IpuHUMIT ynpaBieHUs] TOKOM IIPU JIBYXIOJIYIIEPUOJTHOM BBIITPSIMIICHUU SICEH U3
auarpamm, npuBeneHHbIX Ha puc. 13.1, 6. OgHoda3zHoe HampsiKEHUE Ha BBIXOJIE
YIPABIIEMOTO BBIIPSIMUTENS U, MOKAa3aHO CIUIOIIHBIMU JIMHUSAMH HaJa NpsAMoil E,
n300paxkarolel 3./1.Cc. aKKyMYJISITOpHOI Oatapeu, a MoyBOJIHbI HANps)KEHUs Ha Bbl-
XO0/J1€ HEYNPaBJISIEMOT'0 BBIPSIMUATENS — IITPUXOBOW JIMHUEH.

Tox 3apsina npoTekaeT B Ty 4acTh NOJYNEPUO/a, KOTAa HalpsiKeHue U, 0onbiie £
(3TO OoTHOCHTCS K cxemaMm 0e3 (uibTpyrolero apoccens). PerymupoBanuem yria
C/IBHTA 0L YIPABJISIONIETO UMITYJIbCA U, JIOCTUTACTCS] M3MEHEHHE TOKa 3apsna i3 Oara-
peu (< ap U i3> ig).

B tpex¢azHom ynpaiasieMoM BBIIPSMUTENE UMEIOTCSI TPU TUPUCTOPA, KaXKAbIA U3
KOTOPBIX BRIIPSAMIIICT HANPSDKEHUE OJTHOM U3 TpeX (a3. B ocTambHOM MpHUHIMI ICH-
CTBHUSI BBIPSIMUATENS TAKOU XKeE.

CxeMmbl perynsiTopoB—CTadMIM3aToOpPOB U MHBEPTOPA MpeICTaBIEHbI Ha puc. 13.2—
13.4. VYnpasnsgemble BBIIPSIMUTEIN U PETYIATOPHI MOCTOSHHOTO HANpSHKEHUS K C-
MOJIB3YIOTCSL B 3JIEKTPOIIPUBOJIE TOCTOSIHHOTO TOKa. MIHBEpTOPHI UCIONB3YIOTCS B
IIPUBOJIE IEPEMEHHOTO TOKA U YaCTOTHOM YIPaBJICHHUH JIBUTATEJIEM.
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R P o
U H u,
5 el UBosx Upy 3 -1—8-— z 2] q Ry []
= w a) UBuix
+ Ty ! g
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v Y, R
Ugy - H 1— nmaT4uK BBIXOJHOTO HAIpsHKe-
| _I X B 5) HHS, 2 — CPaBHHBAIOLIEE YCTPOi-

CTBO. 3 — VCHJIMTEJIL ITOCTOSHHO-

Puc.13.2. Cxembl cTaOUIN3aTOPOB C HEMIPEPHIBHBIM PETYIUPOBAHUEM:
a — TOCJIeI0BaTeNIbHOE BKIIIOYEHHE PETYIUPYIOIIErO AIeMEeHTa; 6 — NmapauieibHOe
BKJIFOUEHHUE PETYIUPYIOLIETO 3JEMEHTA; 8 — CTPYKTYPHAsI CXEMa CUCTEMBI yIpaBJie-
Hua CY
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Puc.13.3. IMnymbCHBIN peTyssTop:
a — DKBUBAJICHTHAsI cXeMa, 0 — IuarpaMma BhIXOJIHOTO HAIPSHKEHUs Ha Harpy3Ke,
B — 3aBUCUMOCTh KO3 dUIlMeHTa MyIbCAlUi OT BpEMEHU Pa30MKHYTOTO CO-
CTOSTHUS KJTFOUa

Tp

= Bxod Beixod ~.
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Puc. 13.4. CtpykTypHas cxema UHBEpTOpa

KoHTposbHbIEe BONIPOCHI

1. HazoBute BeHTUIIbHBIE TIPe0Opa3oBaTeNbHBIE YCTPOUCTBA, MPUMEHS EMbIC B
CHCTEMAX aBTOMATUYECKOTO PEryJIMpOBaHUs.

2. IlpuBenute mpuUMepbl UCTOJIb30BAHUSI BEHTUJILHBIX MPEOOpPa30BaTEIbHBIX
YCTPOWCTB B CUCTEMAX aBTOMATUYECKOTO PETYIUPOBAHUS.

Jlexkuus 14.
CucremMbl ynpaBjieHHs BEHTHJIbHBIMHU NPeodpa3oBaTe MU
U TpebGoBaHus K HUM. CxeMa 0JHOT0 KaHAJIa CUCTEMbI yIIpaBJie-
Hus Ha UMC npu BepTHKAJIBLHOM CIIOC00€ ynpaBJeHUs.

ILlnan
1. OOume cBeneHUst O CUCTEMax YIpPaBJICHUS BEHTHJILHBIMU IpeoOpa3oBare-
JISIMH.
2 IlpuHIMNBI TOCTPOEHUSI CUCTEM YNPABJICHUA. [ OPU30HTANBHBIN U BEPTH-
KaJIbHBIM CTIOCOOBI.
3. MHOroKaHainbHbIE U OJHOKAHAILHBIE CUCTEMBI YIIPABJICHUS.
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KaroueBnie ciioBa

BenTunbHb1M ipeoOpa3zoBaTesb, CUCTEMA YITPABJIEHUS, TOPU30HTAIIbHBIN
NPUHIMI, BEPTUKAIbHBIN PHUHIINII, MHOTOKaHAJIbHBIE CUCTEMBI YIIPABIIEHHSI, OJTHO-
KAHAJIbHBIE CUCTEMBI YIIPABJICHHUS.

Cucrtema ynpaBunenusa (CVY), obecneunBaromias nojgady oTInuparo-
[IMX UMIIYJIbCOB Ha TUPUCTOPHI NpeoOpazoBaresns JI000ro TUia, COBMECTHO C Ipe-
oOpa3oBareneM pelaeT KOMIUIEKC 3a/1a4, CBSA3aHHbIX C POPMUPOBAHUEM U PETYJIH-
POBAHUEM €0 BBIXOJHOTO HAIPSKEHUSI.

B BenombIX ceTrbio npeoOpa3zoBaTessix ¢ €CTECTBEHHOM KOMMYyTauuen (ynpas-
JSIEMBIX BBIIPSIMUTENAX, BEOMBIX MHBEPTOPAX, PEBEPCHUBHBIX MPeoOpa3zoBaTessix,
HEMOCPEICTBEHHBIX ITPE0OPa30BaTEIAIX YaCTOThI) CYIMIECTBYET OONTHOCTh B peain3a-
IuU cucteM ymnpasieHus. OHa 00yCIOBIMBACTCS UACHTUYHOCTHIO YIPABJIAIOIIETO
BozaercTBus CY Ha CHIIOBYIO CXEMY, KOTOPOE MPOSIBISIETCS B U3MEHEHUH MOMEHTA
NO0Ja4Y¥ OTHHUPAIOIIMX UMITYJIbCOB Ha TUPUCTOPHI 110 OTHOIIEHUIO K CUHYCOHIAIbHO
U3MCHSIIOIICHCS KPUBOW HANPSIKEHUS CeTH (T. €. yIila YIpaBJeHUs o).

[loaToMy, HECMOTPS Ha TO, YTO MPUBOJAUMBIN HIKE Marepuall OTHOCUTCS K
YIPABIISIEMBIM BBIIPSIMUTENSM, €70 MOYTH LETUKOM MOYKHO OTHECTH U K OCTAJIbHBIM
npeoOpa3zoBaresisiM JaHHOTO Kiacca.

B cuny toro uto CVY paccmarpuBaeMbIx npeoOpa3zoBaresieid 0CylecTBISIOT
perynupoBaHue (pa3pl yNpapisSOLIMX UMIYJIbCOB, UX YaCTO HA3bIBAIOT CUC T € -
MaMHi UMOyidibcHO-¢pa3oBoro ynpasiuenusa (CUDY).

OOmumu TpeOOBaHUSAMHM, IPETBABIIEMBIMHU K CHCTEME YIIPaBIICHHS TTpeoOpa-
30BaTeNieM, SIBIISIFOTCS:

1) HamexxHOE OTIHPAHKE THPUCTOPOB CHIIOBOM CXEMBI BO BCEX PEXKMMAX €€ pa-
OOTHI;

2) miaBHOE (B HEOOXOJMMOM JHAIa30HE) PEryjIdpoBaHHME yIriia O [MOJadu
YIPABISIOMIMX UMITYJIbCOB HA THPUCTOPHI;

3) BbICOKAsi MOMEXOYCTOMYMBOCTD U HAJIEKHOCTb.

CucTeMbl yNpaBJICHUsS] BBINOJHAKT MO CUHXPOHHOMY U AaCHH-
XPOHHOMY IPUHIMUIAM.

CHUHXpOHHBINA MPUHIUI UMITYICHO-(A30BOTO yIpaBJIeHUsS ITpeoOpa3oBares-
MU SIBJSIETCS HauOoJiee pacnpocTpaHeHHBIM. Ero xapakrepusyer Takas (hyHKIMO-
HaJlbHas1 CBsI3b y3J0B CY, NmpenHa3HAueHHbIX ISl MOJYYEHMs YIPaBJSIIOLMX HM-
MyJIbCOB, MPU KOTOPOU CUHXPOHU3ALIMS YIIP ABIISIOIINX UMITYJILCOB OCYIIECTBIACTCS
HanpsHKEHUEM CETH NEPEMEHHOTO TOKa.

CymHOCTh CHHXPOHHOrO HpHHIMIA NocTpoeHuss CY U (PyHKUHMOHAJIBHOE
HA3HAYEHUE €€ y3JI0B [MOKAKEM Ha IPUMEPE BBINIOJHEHUS KaHAJIa Y PABICHUS O JTHUM
TupucTopoMm npeodpazoparens (puc. 14.1). B cxemy kaHana BXogaTre Hep aTo p
onopHoro HanpsxeHnusa [OH, wyans-opran HO u ycwu-
AUTeNb-popMUPO BaTenb Y@ OTHUPAIONMX UMITYJIHCOB.

['enepatop omopHoro (pa3pepTbiBaroiiero) Hanpspkenuss ['OH gopmu pyer
M3MEHSIIOIIEECs] BO BPEMEHHU HaNpPSIKEHHUE Uy CUHYCOUAAILHON, TPEYroJIbHOM, MUJI0-
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oOpaznoii u npyrux ¢opm. C nmomonpio HO omopHoe HampsiKEHUE TeHepaTropa
CPaBHMBAETCS C YNPABIAIOIIMM HaIPSKEHUEM Uy, IpeoOpasosarend. Koraa omnop-
HOE HanpsiKeHue (B MPOIECCe ero yBEJIUUeHHs WM YMEHBILIEHHs) IOCTUTAeT Harlpsi-
JKEHUS U y,, Ha BBIX0J€ /1O BO3HUKAET UMILYJILC, KOTOPBIN MTOCTIE NPEABAPUTENLHOIO
yCcwiIeHusI 1 pOpMHUPOBAHMS TI0IACTCS B YIPABJIAIONIYIO IIEMb THPUCTOPA Mpeodpazo-
BaTelsl.

N3menstonieecss BO BPEMEHH OTOPHOE HAIPSIKEHUE CO3JACTCS C y4acTHEM
HaNpsHKEHUs. CETH NIEPEMEHHOTO TOKa (OJHOM WJIM HECKOJIbKHX €€ (ha3), B CBA3U C
YeM OIMOPHOE HAIIPSDKEHUE U (POPMUPYEMBIi UMITYJIEC CU XPOHU3UPOBAHBI BO BPEM e-
HU C HANpPSOKEHUEM CETH MEpEeMEHHOTro Toka. [lyreM m3MeHeHus BeIMYUHBI HaIlpsi-
HKEHHUS Uy, OCYILECTBIIAIOTCSA CABUI BO BPEMEHH BBIXOJHOTO MMITYJbCA M PETYIIHPO-
BaHUE YIJIa 0, a CJIE0BATEILHO, U BBIXOIHOTO HANpsKEHUs IpeoOpazoBaTers.

Ynpassionee HanpsKEHUE Uy, MOKET NPEJCTABIATE COOOM pasHOCTH (MIn
OBITH IPOMIOPIIMOHATILHBIM €11) HEKOTOPOT'O HAIPSKEHUS] YCTABKU HAIPSKEHUS, Xa-
PaKTEpU3YIOUIEro peryarpyemblii napamerp (Hanpsokenue Uy, Tok |y, yactoTy Bpa-
LICHUS IKOPS JBUTATENS 7 U T. 11.). B 3TOM ciydae cuctema OyeT oXxBaueHa OTpHIa-
TEJILHOU 00paTHOM CBA3BIO IO PETYIMPYyEMOMY MapaMeTpy, YTo 0OECTIEUUT ero cTa-
owmzanmo. Ecau B kauecTBe yNpapisIONIETro HAMPsIKEHHs UCIIOIb30BaTh MEPEMEH-
HBII CHUTHAJI, HAIpUMEP CHUHYCOUAAIBLHON (POPMBI HU3KOW YaCTOThI, TO Oy/IET OCy-
HIECTBJIATHCS MOJYJISILUS YIJia o IO CUHYCOUJAIILHOMY 3aKOHY, 4TO TpeOyercs A
dbopmMupOBaHU KPUBOU BHIXOIHOTO HAPSIKEHUS HETIO CPEACTBEHHBIX MTpeodpa3oBa-
TEJEU YaCTOTHI.

['enepaTop OMOPHOTO HANIPSIKEHUSI COBMECTHO C HYJIb-OPTaHOM TPEICTABISIOT
baszocaBurawmee ycTpoicTtBo @CYV, sBuagmomeecs BaXKHEHIIM B
CHUHXpOHHOU cucteme ynpasienus (puc. 14.1). I[lockonpky pabota @CY ocHOBaHa
HA CPABHEHUU JBYX HAIPsKEHUH (OMOPHOTO U YIPABJISIIOUIET0), €ro MPUHIUN JeH-
CTBUS Ha3bIBAETCS] BEPTUKAIbHBIM.

CHUHXpOHHBIE CUCTEMBI YIIPABJICHUSI MHOTO(a3HBIMU MTPe0Opa3zoBaTENsi MU MO-
I'YT OBITH BBITIOJHEHBI 0 MHOTOKAHAIILHOMY M OJTHOKaHATBHOMY CIIOCO0aM.

B MHOoOrokaHaialbHOW cucteme ynpaBianeHus (puc. 14.2)
pPEryJMpoOBaHUE yrila 0. OCYUIECTBIIIETCA OT OOILEro YHpaBIIIIOLIErO HANpsKEHUs
[P BBIMOJHEHUHU KAXKJIOT0 KaHalia o tumy puc. 14.1.

KonmyecTBO KaHAIOB paBHO YMCIy TUPUCTOPOB B cXeMe mpeoOpaszoBaress
(tak, B CY Tpexda3zHOro MOCTOBOIO YNPaBISIEMOTO BBIMPSAMUTENS YUCIO KAHAIOB
paBHo 1ectu). llpu cooTBeTCTByOIIEH CHHXpOHU3AUUU (Pa30CIBUTAOIINX
YCTPOMCTB OT CETH MEPEMEHHOT0 TOKa (Ppa3supoBKu) cucteMa GopMHUPYET AJisi TUPU-
cTOpoB B ¢azax a, b, ¢ ynparnstonme UMIyIbChl, CAMMETPUYIHBIE OTHOCHTEIILHO
TOYEK €CTECTBEHHOTO OTIUpaHus (cM. puc. 6.15, B), uto Tpedyercs At paboThl cXe-
MBI.

MHorokaHanbHbIN cIOCO0 YIpaBJIeHHs MOJIy4Yri IMIMPOKOE PacIpOCTpaHEHUE
onaronaps npocrtote BeinoJHeHUs CVY, yHUPHUKAIIMK €€ y3JI0B, a Tak:Ke IPUMEHHUM O-
CTU JJIsl Pa3IMYHOTO THUMA mpeoOpa3zoBareieil. Bmecte ¢ TeM B Takux cucTeMax
NPEIbSABISIOTCS MOBBIIICHHBIE TPEOOBAHUS K HIIEHTUYHOCTH PEryIMPOBOYHBIX Xa-
paKTepUCTUK (pazocABUTAIOMIUX ycTpoiicTB oo = F(U,,) OTAENbHBIX KaHAJIOB BO BCEM
JAuarna3oHe M3MEHEHUS YNPAaBJAIONIEro HampsikeHus. Pa3ianuue peryampoBOYHBIX
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XapaKTEPUCTUK MPUBOJAUT K OTIMYHIO YIJIOB O [0 KaHAJIaM YIPABJICHUS] TAPUCTOPa-
MH, ACUMMETPUHU YIPABISAIOIIMX UMITYJILCOB, YTO CO3/1a€T, HAIPUMEP, B yHpaBiisie-
MBIX BBIIPSIMUTENSAX JOTIOJHUTENbHBIE HU3KOYACTOTHBIE MTyJIbCALMU BBITPSIMJIEHHOTO
HaMpsKEHUS.

B onlHOKaHAaNBbHOMW CHCTEME yIpaBICHUS peryIupoBaHue (a30B0-
r'o CJIBUTa yIPaBJSIOIIMX UMITYJIHCOB MPOU3BOJAUTCSA [0 OJHOMY KaHATY C MOMOIIBIO
o011ero (pa3oCcABUraroLIET0 YCTPONUCTBA, UMITYJIbChl KOTOPOTO 3aTeM pacIpeaessioT-
cs 10 ensiM (opMUPOBaAHUS 3AITYCKAIOIIMX UMITYJIbCOB JUJIS KQXK/10T0 U3 TAPUCTOPOB
npeoOpazosarels. biaarogaps npumMeHeHHIO 001Iero (pa3ocaBUTAIOIIET0 YCTPOMCTBA
OJTHOKaHaJIbHAsl CUCTEMa CIIOCOOHAa 00ECTICUNTh CaMble BRICOKHUE TPEOOBAaHUS B O T-
HOIIEHUU CUMMETPHUM YHPABISIOMIMX UMITYJIbCOB. OHAKO M3-3a YCJIOKHEHUS CH-
CTEMBbI YNpAaBJIEHUS, OCOOEHHO MJIi PEBEPCHUBHBIX MPeoOpa3oBaTenel U Hemocpe-
CTBEHHBIX MpeoOpa3zosareseii uactothl (HITY), o mHOKaHAIBHBIHN CIIOCOO MOCTPOEHUS
CY MeHee pacipoCTpaHEH.

Ha cuctemy ynpasieHusi BO3JIaratoTcsi 4acTo JOCTaTOYHO CJIOKHbBIE 33J]a4H 110
(OpMUPOBAHUIO U YIPABJIEHUIO BBIXOIHBIM HANPSI>KEHUEM BEHTUJILHOTO Mpeoopazo-
Baremsi. CY mMoxer obecnieunBarh CTAOMIM3AIIMIO BHIXOTHOTO HAMPSIKEHUS, €ro U3-
MEHEHHE 10 HEOOXOIMMOMY 3aKOHY, PEBEPC BBIXOJHOTO HAIPSKEHUs, TPEOyeMyIo
JIOTUKY BKJIFOUEHUS U OTKIIOUEHHUS U T. 1. CocoObl pelieHus 3a1a4d 3aBUCAT OT KOH-
KpPETHBIX TpeOOBaHUN B OTHOUICHUH YIPABJICHUS BHIXOJHBIM HAIPSKEHUEM MPeoo-
pazoBarens.

B paccMOTpeHHBIX CUHXPOHHBIX CHUCTEMax YINPaBJICHUS MOMEHT IOJTy4YEHUS
YIPABISAIOIIEr0 UMITYJIbCA (T. €. YroJ YIpaBJIEHUs (L) OTCUUTBIBAETCS OT HEKOTOPO
TOYKH HaNpsDKEHUs NUTAIOLIEH CEeTH (HalpuMmep, OT MOMEHTA €ro Nepexoja uepes
HyJIb). Takass CHHXpOHU3AIMs OT HAPSDKEHUS MUTAOIIEH CETH OCYIIECTBISIETCS MO-
CpEACTBOM I'eHepaTopa ONopHOTO HanpsikeHus. Hauano orcuera yria o 6o coBna-
JAeT C MOMEHTOM CHHXPOHH3alUH, JIMOO CABUHYTO OTHOCUTEIILHO HErO Ha HEKOTO-
PBIi MOCTOSIHHBIN (Pa30BBINA YTOI.

B acMHXpOHHBIX CHCTEMax yMPABJICHUS CBSI3b BO BPEMEHHU YIPABJISIIO X UM-
NyJbCOB C COOTBETCTBYIOUMMHM TOYKAMHU HAIPSIKEHUS MHUTAIOLIEH CETH Wrpaer
BCIIOMOTATENIbHYIO POJIb, HATPUMED CIIYKUT JJIsl OTPAaHUYECHHUSI MUHUMAJIbHBIX U MaK-
CUMAaJIbHBIX 3HAYEHUN YIJIOB ynpasieHus o. CaMu ke ynpaBisOIMe UMITYJIbChI [10-
JTy4aroT 0e3 CHMHXPOHHU3AIMU Y3JI0B CUCTEMBI YIIPABJICHUS HAIIPSKEHUEM CETH Tepe-
MeHHOTO Toka. dazocaBuraroniee ycTpOMCTBO, MPUHIUMIHAILHO HEOOXOAUMOE JIJIst
CHUHXPOHHBIX CUCTEM, 3[1€Ch OTCYTCTBYET.

Tpebyemwiii yeon a ynpaBieHUs] TAPUCTOPAMHU 8 dCUHXPOHHbLX CUCINEMAaxX co-
30aemcs Kaxk pe3yibmam pe2yiupo8aHus UHMeEP8ai08 MeXCOy UMNYIbcamu (4acTOTHI
UX CIIEIOBAHUS) 8 3AMKHYMOU cucmeme ¢ npeoopasosamenem Uiy e2o Hazpy3Kou.

[IpuHIMI TOCTPOEHHSI ACUHXPOHHOW CUCTEMBI YIIPABJICHUS ISl TPeX(PazHOTro
MOCTOBOTO YIPABIIIEMOTO BBIIPSIMUTENS WLTIOCTPUPYET PyHKIMOHAJbHAS CXeMa
puc. 14.3. HeoOxoauMmple 151 3TOM CXEMBI IIIECTh BBIXOIHBIX KAHAJIOB YIPABJISTIOIINX
UMITYJIbCOB C (Da30BBIM CIBUIOM MEXY HUMH B COCEHUX KaHaiax B 60° moJryyaror
OT pacrpenenurens uMirysibcoB PH, 3ammyckaemoro ot Benyuiero reseparopa Bl pe-
I'yJIMpyeMOU 4acTOThl. MI3MeHeHune 4acToTel B/ OCYHIECTBISAETCS HANIPSIKECHUEM pe-
ryiasitopa Py moa neficTBreM HampsiKEHHs] YCTaBKU M HaNpsHKEHUs JaTduka /[ pery-
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JMPYEMOTO MapameTpa (HampsKEHHsI WM TOKa MpeoOpa3zoBaTesis, 4acTOThI Bpallle-
HUS KOS ABUTATENA U T. 1.). CUTHAJIOM TaTYHMKa B CXEME CO3/1aeTCs OTpUIlaTeIbHAs

oOparHasi CBSI3b [0 PErYIUPYyEMOMY Mapamerpy.
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Puc. 14.1. CtpykrypHas cxema KaHaia

yIpaBJieHUs] TAPUCTOPOM Mpeodpa3zoBare-
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Puc. 14.2. CtpykTypHas cxemMa MHOTOKaHAIbHOM
CHUCTEMBI yIIpaBJeHUs MpeoOpazoBaresieM

bnaronaps Hanmu4auio oTpULIaTEILHONM 0OpaTHOM CBA3U B CXEME aBTOMaTHYECKU
CO3/IAI0TCS yTIIbl YIPABICHUS 0, 00ECIIEYMBAIOIIE B COOTBETCTBUH C YCTAaBKOU Tpe-
Oyemble 3HaUCHHUS PETyIMPYyEeMOro mapamerpa npeoopa3zoBareis Wik ero Harpy3KHu.

ACHHXpOHHBIE CHCTEMBI YIPaBJICHUS TPeoOpazoBaTesIMU MPUMEHSIOT TIPH
CYIIECTBEHHBIX NCKAKEHUSIX HAPSKEHUS TUTAIONICH CETH, B YaCTHOCTH TIPH 3HAYH-
TEIILHOW HeCHMMETPUHU Tpex(a3HBIX HANPsOKSHWH 1o BeawuuHe U (asze. Mcmop3o-
BaHUE B TAKUX YCJIOBHUSIX CUHXPOHHOUW CHCTEMBI HEBO3MOYKHO BBHUJIY ITOJTYJarOIICHCS
HEIOMYCTUMON acUMMETPHHM B yIJaX o MO KaHajlaM YIPaBJiCHUS THUPUCTOPaMHU.
Hanbonee pacnpoctpanens acuaxponnbsie CY B mpeoOpazoBaTessiX, MOTPEO JIAIOIMIX
MOIITHOCTh, COU3MEPUMYIO C MOIITHOCTHIO ITUTAFOIICH CETH.
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Yemabra

Puc. 14.3. ®ynkunoHaibHasi cXxeMa aCUHXPOHHOM
CHUCTEMBI YIIpaBJICHUS MPeoOpa3zoBaTeIsIMU

Ko HTPOJBbHBIC BOIIPOCHI

1. JIns yero npeaHazHaueHbl CHCTEMBbI YIIPABJICHUS BEHTUIILHBIMU IIpeoOpas o-
BaTEISIMU

2. HazoBuTte criocoOb! yrpaBiieHrs: BEHTWIbHBIMH IIpeoOpa3oBarensiMu. Pac-
KpOWTE X 0COOCHHOCTH.

3. OOBsiCHUTE MPUHIUI paOOThl CUCTEMBI YIIPABJICHUS 110 BPEMEHHBIM U a-
rpaMmam.

4. CTpyKTypHas cXeMa MHOTOKaHAJIbHOM CUCTEMBI YIIPABJICHUS.

5. CtpykTypHas cxema OJJHOKaHaTbHOM CUCTEMBI yIIPaBIICHHUS.

Jleknus 15.
ABTOMATHU3MPOBAHHBIN JIEKTPONPHUBO/I OCTOSTHHOTO ToOKa. PeryaupoBanue
ckopocTu Bpamenus JAIIT (pa3ron, padora Ha HOMHHAJBHOM CKOPOCTH U
TOPMO:KEeHHE).

ILnan
1. O6umwe moHaTHsI 00 aBTOMATU3WPOBAHHOM 3JICKTPOIIPUBO/IE TTOCTOSIHHOTO
TOKa.
2. PerynupoBaHue CKOPOCTH BpalICHUS JBUTATENS MOCTOSHHOTO TOKa C IO-
MOIIBIO YIIPABIIEMOTO BBIITPSMUTEIS.

KiarwudeBbie ciioBa
ABTOMAaTU3MPOBAHHBIN AJIEKTPOIPUBO/I, IBUTATEND IOCTOSIHHOTO TOKA, YIIPaB-
JIIEMBIN BBITIPSIMUTENb, PETYJIMPOBAHUE CKOPOCTH JABUTaTENsl MOCTOSIHHOTO TOKA.

ABTOMATU3UPOBAHHBINA 3JEKTPONPUBO/] MOCTOSHHOTO TOKA — 3TO COBOKYII-
HOCTb YCTPOMCTB, 00ECTICUNBAIOIIMX PA3TOH, TOPMOKEHHUE U PETYIUPOBAHUE CKOP O-
CTH JBUTATEJIsl IOCTOSSHHOI'O TOKA B COOTBETCTBUU C MOTPEOHOCTSIMHU pabOvero me-
XaHU3Ma.
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J1J11 M3MEHEHUsI CKOPOCTH JIBUTATENS TOCTOSIHHOT'O TOKA MCTIOJIb3YETCSI CUCTe-
ma YB-JIIIT. OcuoBHele omneparuu B padote YB-/IIIT cnexyronmwe: pa3ron, padbora
Ha TIOCTOSTHHON CKOPOCTH M TOpMOKeHHe. MHorga TpedyeTcss N3MEHHUTh HarpaBlie-
HUE BpAIllEHUs IBUTATENsl, T.€. OCYIIECTBUTHL peBepc (puc.l).

Perymuposanue ckopoctu AIIT BO3MOXHO:

U,=var, log(®g) = const = n=var;
U,=const, log (®g) =var = n=var,
rae: U, — HanpsoKeHHe Ha SIKOpE JIBHTATElI,

l,; — TOK OOMOTKHM BO30YXK/ICHMUS,

@, — MOTOK BO30YKICHUS IBUTATEIIA,

N — CKOpPOCTh BpalllEHUs JBUTATEIS.

Jlyumme 3KCIuTyaTalliOHHBIC XapaKTePUCTUKU MTOJYJIAOTCs MPH PEryJIMpoBa-
HUM CKOPOCTHU 1O M3MeHeHHto HanpspkeHus skops: N=f(Uy). IToatomy paccmotpum
perymupoBanue ckopoctu HIIT mepBbeiM crmocobom, T.e. paboTy HEpEeBEPCUBHOTO
npuBoaa aist JAIIT npu HezaBucumom Bo30yxkaenuun: Ug=var, |,,=const. (puc.3).

[Ipu Bpamenun JIIT Ha ero 3axumax Bo3HUKaeT npoTUBO-O/C

Eq= CeDgn, (1)
rjae: Cp — KOHCTPYKTUBHBIN KOAPPHUITUSHT JBUTATEIIS.
[Tpunoxennoe k JIIT BeImpssMIIeHHOE HANPSYKEHUE JOJDKHO OBITh:

Uda: Ed+ Id Rﬂ, (2)
rae R, — akruBHoe conpotusiienue sikopst AI1T.
Orcropaa:
| Ugo -Ce®gn
d = Ry
Uda - ldRa
n= C. ®, (3).

DOTH BBIPAXKCHHS TOKA3BIBAIOT, YTO, HM3MCHSS BEIUYMHY BBIIPSIMICHHOTO
HaMPSKSHUS TTOBOIUMOE K SIKOPIO, MOKHO M3MEHSATh CKOPOCTh BpaIlleHHsI N JBUTa-
terst. Kpome Toro, 1t BpaleHus: JBUTATENs JOJDKHO OBITh BBITIOJHEHO YCIOBHE:

Udo > Eq

JIJi muTaHus Lenu JBUratelisi HOCTOSTHHOTO TOKa B 3aBUCHUMOCTH OT PEKUMA
ero padoTel, NOTPEOIAEMON MOIITHOCTH, TOIMYCTUMOM MyJIbCAlUU TOKA, HAIIP SIKCHHUSI
Ha Harpy3Kke, CTENEeHU MCTIOJIb30BaHUS 1O MOIIMHOCTH U JAPYrux (aKTOPOB CIyXkar
oaHoda3Hble U TpexdazHbie BRIMPAMUTEM. CXeMbl TpeX(pa3HbIX YIPaBISIEMbIX BbI-
npsIMUTENEH, padoTalomKUX Ha ABUTATENh, U300paXeHbl HA puC 3, a, 0, a UX pacyeT-
Has CXeMa Ha puc. 3, B.

Bo Bcex anekTpornpuBoiax B MOOBIX CIydasXx pa3TOH HY>KHO MPOU3BOIUTH TO-
cteneHHbIM yBenuueHueM Ug,. CTpykrypHas cxema cuctembl YB-JIIIT umeer Bua
(puc. 5, 6). Paccmotpum mopmoorcenue nurarens B cucteme YB-JIIIT. Jlomyctum, B
MOMEHT BpeMeHHu = t; ABurarens Bpamaercs co CKOpOCTbIO N = Ny C 3Hepruen W =
W, , 3amacéHHON B MaxOBBIX Maccax npusoja. [Ipu topmorkenun: Ny = 0, w; = 0.
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B 3aBucuMOCTH OT c10C00a CBEJICHUS K HYJIIO SHEPTHH TPUBO1a W pa3InyaroT
TPHU CIOCO0A TOPMOIKCHUS

1) na BeIOere (cHsAiTHEe Uy M CBOOOJHOE TOPMOKEHHUE C TPECHHUEM );

2) nTMHAMUYECKOoe (TOPMOKEHUE C MPUHYAUTEIILHBIM MPEBPAIICHUEM SHEPTUU
W B TEILJIO);

3) pexyneparuBHOE (MPUHYAUTEIILHOE BO3BPAIIICHUE SHEPTUU W1 B TTUTAIOIILYIO
CETh).

KoHTpoJibHBIE BONIPOCHI

1. Uto Ha3pIBaeTCS SIEKTPONPUBOIOM?

2. Kakue ciocoObI MPUMEHSIOTCS PEryJIMPOBAHUS CKOPOCTH JBUTATENS TTOCTO-
STHHOT'O TOKa?

3. Kakue pexxrmbl pabO0ThI IBUTATENS HEOOXOUMO YUUTHIBATh B MPOIIECCE P €-
T'YJIUPOBAHUS CKOPOCTH JBUTaTENsl TOCTOSHHOTO TOKa?

4. Yto Ha3bIBACTCs YIPABJISIEMBIM BBITIPSIMUTEIIEM ?

5. Kakum 06pazomM mpou3BOAUTCS PETyIUPOBAHUS CKOPOCTH JBUTATENSI TTOCTO-
SSHHOTO TOKa C MOMOIIbIO YIPABJISIEMOTO BBITIPSIMUTEIIS?
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Puc.1 IuarpamMmmsbl npouecca peryjiMpoBaHusi HepeBePCUBHOIO
(a) u peBepCcHBHOIO (0) JIEKTPONPHUBOAA
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Puc. 2 Cxema peryjupoBaHusi CKopocTbi0 BpameHus AT
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a) 0)

YB

Puc.3 Tpexdaznbie ynpasisemble BoIpsamuTen (a,0) padoratonme va 11T, u ux
SKBHBAJICHTHAA (B) cxeMa
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Jlexkmus 16.
CTpykTypHas cxeMa 3JIEKTPONPUBO/AA MOCTOSTHHOT0 TOKA J1JIsl PeryJIUPOBAHUS
U ctadbuaumzanun ckopoctu JAIIT.

ILnan
1. OO1me cBeAeHMs O PEeryIUpOBAaHUN CKOPOCTU JBUTATEII.
2. CTpyKTypHas CXeMa U BpEMEHHbIE JUarpaMMbl pabOoThI YIIPaBIIEMOTO BBIIIP Si-
MUTEJISl Ha JIBUTATeh TOCTOSIHHOTO TOKA.

KiroueBble cj1oBa
DJIEKTPONPUBOJ OCTOSHHOTO TOKA, PEKYNEPAaTUBHOE TOPMOKEHUE, YIIPaBJIsi €-
MBI BBIIPSIMUTEITb, 3aBUCUMBIA UIHBEPTOP, CUCTEMA YITPABIIIEMBIN BBITIPSIMUTED -
JIBUTATEIIb ITIOCTOSTHHOTI'O TOKA.

DJIEKTPONIPUBOJ, NIEKTPUYECKH NMPUBO/J, COBOKYITHOCTh YCTPOWCTB JIS
npeoOpa30BaHus JIEKTPUUECKOM SJHEPTUN B MEXaHUYECKYIO U PETyIUPOBaHUS OTO-
Ka IpeoOpa30BaHHOM 3HEPTUU MO ONpPENeNEHHOMY 3aKOHY. O. sIBIIsieTCA HanboJee
pacnpoCTpPaHEHHBIM TUIIOM MIPUBOAA.

Bo Bcex 3neKTponpuBo1ax B IIOOBIX CIIydasiX pa3roH Hy>KHO IPOU3BOIUTH MO-
CTETEeHHbIM yBeauueHueM Ug,, TpUYEeM CKOPOCTh MOJBEMA OMPENETIETCH Toypex -
ITostromy B cucteme YB-/IIT pasron aBurarenss JOJDKEH MPOU3BOAUTHCA IO U A-
rpamme (puc. 16.1,a).

CtpykrypHas cxema cuctemsl YB-JIIT umeer Bua (puc. 16.1, 6).

PaccmoTpum mopmoowcenue neurarens B cucreme YB-JIIT. Jlomyctum, B MO-
MEHT BpeMeHH T = {; nBuraresns Bpaaercs o CKOpOCTbO N = Ny C SHEPTUEn W = Wy,
3aMMCcaHHOM B MaxOBbIX Maccax npuBoja. [Ipu topmoskennu: Ny = 0, w; = 0.

B 3aBucuMocTH 0T crioco0a CBEEHUS K HyJIIO 3HEPTUU IPUBOJA W, PA3IUYa0T
TPHU CIOCO0A TOPMOIKCHUS

1) na BeiOere (cusiTie Uy 1 cBOOOJHOE TOPMOKEHUE C TPCHUEM );

2) ITMHaMHUYECKOE (TOPMOKEHHE C MPUHYAUTEIbHBIM IPEBPAILIEHUEM SHEPTUN
W B TEIJIO);

3) pexynepaTuBHOE (IPUHYAUTEIHHOE BO3BPAILEHUE S3HEPTUN W1 B TUTAIOIILYIO
CeTh).

IIpu pexkynepaTiBHOM TOPMOKEHUM ABUTATEJIsl O/IHO U TO e YCTPOMCTBO
npeodpaszosaress (Bb), padoraomero na JAIIT, Oynet paGoTraTth B IBYX pe:Ku-
Max: B pe:xuMe ynpap/jisieMoro oinpsvutesis (YB) u B pe:kume 3aBHCHMMOTO
unsepropa (3U). Ilpu TopmoskeHuu nBuraress YB Hajg0 nmepeBecTy B peKum
3U, 1.e. Haxo ocymecTBUTH neperaruenne AIIT mo oTHOMIEHUI0O K BEHTHJIBH 0-
My 010Ky ipu nomoum koHTakTopa Il (puc. 16.2):

[lonoxenue 1. YB—aBurareabHbIi pexuM (yIpaBIisieMbIi BBITPSIMUTE]Th )

[Honoxenune 2. 31 — reHepaTOpHbBIN PEXKUM (3aBUCUMBII HHBEPTOP).

60



al 0°
i— RN
O t
Ul
f( UC.IH’.}“ > t
I z
/N A\ AN S a
rgJ f Y- | | IdHo v12 If' :OM )
"a H %_\ v
/—'\
. nl—[OM
< >t
BB Lo
:ZS% D { @ é Oom.
- B030.
o(t)
cy
0)
| uyo
B

Puc. 16.1 JInarpammbl (a) pa3roHa ABUraTteJisi B cHCTeMe
YB-JIIIT u cmpykmypnasa cxema (6) cucmemut
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Puc. 16.2 Cxema BeHTHJIBLHOTO npeodpa3oBaTeJis
padoraromero na J{IIT
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YroOsl B 9TOM cHUcTeMe 00ECIIeUnTh PEKyNepaTHBHOE TOPMOKEHHE, HE0OX0-
MO

1) mepexmtounts JIIT mo oTHOmICHHIO K BeHTHIbHOMY 010Ky (IT B 2).

2) yCTaHOBUTH HEOOXOJMMBIN HauadbHBIA yroj onepexenus B mia 3U, T.e.
Olxon = Olyay -

3) U3MEHATh BEIIMYHHY yTJia 3 0 TeX mop, noka ckopocts N=0.

Ecau nocnie octaHOoBa ABUTATENSE BEPHYTHCS K YIJlaM YIPaBJICHUS O, HO KOH-
takTop Il He mepekmoyaTh, TO BEHTHIHLHBIN OJOK HauHET paboTarh B pexxkuMe YB,
coznasas Ha JIIIT HanpsikeHue, MOJAPHOCTh KOTOPOTO IMPOTUBOIIOJIOKHA ITIEPBOH a-
YaJIbHOMY 3HAUEHHIO HaIPsKEHUs. DTO MPUBOJUT K U3MEHEHHIO HAIpaBJICHUs Bp a-
IICHUsI ABUTATENS (PEBEPC).

KoHTpoJibHbIE BONIPOCHI

1. Yto Ha3pIBaeTCS AIEKTPONPUBOIOM?

2. UTo Ha3bIBACTCs YIPABJISIEMBIM BBITIPSIMUTEIIEM ?

3. Uto Ha3bIBAETCS PEKYNEPATUBHBIM TOPMOKEHUEM ?

4. KakuM 00pa3oM UCTIOIB3YIOTCS YIPaBIIIEMbI€ BBITPSMUTENN JJIsI PETYJIMPOBa-
HUS JIEKTPOIIPUBO/IA IOCTOSTHHOTO TOKA?

S. IlpyHIMIT AEUCTBUS CUCTEMBI YIIPABJISIEMbIN BBIIPSIMUTEND - JIBUTATENb ITOCTO-
SHHOTO TOKA.

Jlexkuus 17.
ABTOMATH3MPOBAHHBIN 3JIEKTPONPUBOJ NepeMeHHOT0 TOKa. Cnoco0bl
peryJiMpoBaHus BeJUYHUHBbI HANPAKEHUSA U YaCTOTHI Ha BbIXO/e
BEHTHJILHOT0 Npeodpa3oBaTeJisd 4aCTOTHI.

ILnan
1. O6ume cBefeHus: O pEeryJIMpOBaHUM CKOPOCTH JBUTATENsl IEPEMEHHOTO TOKa.
2. TupucToOpHBIN PErYKIATOP NEPEMEHHOTO HAIMPSIHKEHHUS.

KiaroudeBblie ciioBa
DJEKTPOIPUBOJ IEPEMEHHOTO TOKA, PETYIUPOBAHUE CKOPOCTHU ABUTATENS T1€-
PEMEHHOTO TOKA, PETYJSATOP NEPEMEHHOTO HANPSKEHHUS.

Jl1st perynupoBaHusl HApsXKEHUST Ha HAarpy3Ke, MUTAOIIEHCs OT 01HO(a3HOTO
HaIPSIKEHUSI, TPUMEHSIETCS TUPUCTOPHBIN PETYIATOP HAMPSIKEHUS, MPEICTABIISA FO-
M Ba BCTPEUHO-TIApaAUICIbHO BKIIFOUEHHBIX TUPpUCTOpA (PUC.2).

B 3aBucumocTu ot crioco0a peryaupoBaHus peryasiTOpOM BO3MOKHBI J1Ba
croco0a: MMPOTHO-UMITYJILCHBIN U (Da30BBIil.
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Puc.2 CunoBas cxema 0/1HO()a3HOTO THPUCTOPHOTO PETYISATOPA [TEP EMEHHOTO
HaMPSIKCHUS
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Puc. 3 BpemenHble nuarpaMmsl APOTHO—UMITYJILCHOTO METO/1A PETYIIN

£

Puc. 4 Bpemennsie nuarpamMmsl (pa30BOT0 METO1a PEryIMPOBaHUs
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[Ipu HIMpOTHO-UMITYJILCHOM PETYIUPOBAHUH HA MOHIKEHHOM yacToTe 06a Tu-
pUCTOpa HAXOISTCA BO BKIFOUEHHOM (1,,) ¥ BBIKIIOYCHHOM (1) COCTOSIHUU B Te-
YCHUU UHTEPBAJIOB, O0bIIHX, YeM repuo/ (T¢) MUTAOMIEero HAPsHKSHUS, T.e. Pery-
JSTOp paboTaer B pexruMa ““BKIIFOUEHO-BbIKIIIOUEHO” (puc.3). Ilpu noxaue ynpas-
stronmx uMmyascos (Uy) Ha THPUCTOPHI C MOSBICHUEM HAa HHUX NIPSIMOTO aHOJHOTO
HaMNpsKEHUsT OHU MPOITYCKAIOT 00€ MOTyBOJIHBI HANPSIKEHUSI B HATPY3KY U BBITIO JI-
HSIOT POJIb KITIOYA, MPOBOJISIIIErO TOK B ABYX HanpasiieHUsX. [Ipu cHatuu ynpasms-
IOLUX UMIYJIbCOB C TAPUCTOPOB OHH BBIKIIIOYATCS: KIIFOY PAa3OMKHYT, HAMPSI’K €HUE
Uy mTOK Iy B Harpyske paBHbBI HYJO. [Ipy pe3koM BKITIOYCHHUH W OTKITFOY CHHU
HArpy3Kd PEryJsITOp MOXET BBITIOJHATh (DYHKIUI0O OCCKOHTAaKTHOTO ITyCKarels,
MPEIHA3HAYEHHOTO JJIi  MOJKIIOYEHUS PAa3IMYHbIX MMOTpeOUTENe: JBUraTesnei,
AIIEKTPOTEPMHUUECKUX YCTAHOBOK U T.JI., K ceTH. [Ipu neproanueckom BKIIFOUEHUU U
OTKJIFOUEHHUH KJTI0Ua 1epuoaoM T, MOsIBUTCS BO3ZMOYKHOCTh PETYJIMPOBAHUS MOIITHO-
CTH B Harpy3kKe 3a CueT U3MEHEHUS JJUTEbHOCTH BKIIOYEHHOTO COCTOSIHUS TUD U-
CTOPOB l;; OTHOCHUTENIBHO IIEPUOIa HOBTOPEHUS LIMKIOB T:

’y:tBKJ'I/T :

Cpennss 3a nepuoga T MouHOCTb B Harpy3ke Py=Pymay .y, TOE Py
- MOIITHOCTH B HATPY3Ke MPHU OTCYTCTBUHU PETryIMPOBaHUs. DTOT (Pa30BBIN METO P e-
IyJIMpOBaHUs 0a3upyeTcsl Ha YNPaBICHUU JCUCTBYIOIIMM 3HAUYEHUEM MEPEMEHHOTO
HaNpsKEHHUsI Ha Harpy3Ke, MyTeM U3MEHEHUs yriia IpOBOAUMOCTHU( A) TUpUCTOpA B
MOJIYTIEPUOJIE CETEBOT0 HANIPSIKEHUSI (3TO COOTBETCTBYET U3MEHEHHUIO UTUTEIbHOCTH
MPOTEKaHUS TOKa Harpy3KU B TE€UEHHUH MOJYTIEPHOIa CETEBOTO HAMPSHKEHNUSA ).

Merto MOXKeT OBITh peaTn30oBaH MO0 W3MEHEHHEM YTIJia BKIIOUEHHUS (0) CHU-
JIOBBIX TUPUCTOPOB B MOJIyNIEPUOE CETEBOTO HAIPSKEHUs, TMO0 M3MEHEHUEM yTiia
BBIKITIOUEHUS (J) THPUCTOPOB, TMOO TaM U APYTHUM OJHOBPEMEHHO (ABYXCTOPOHHEE
dazoBoe perymupoBanue). OTcuer yrioB o, B BeIeTcs OT TOYKH Iepexoja uepes
HYJIb CETEBOTO HAIPSKEHUS.

Ecnu mpo a0 mkuTeIbHOCTh TPOTEKaHUsI TOKa HArPY3KU B OJTHOM TOJIYyIIEpHUO/Ie
CETEBOT0 HANPSDKEHUS PaBHA TPOJOJDKUTEIBHOCTH IPOTEKAHUS TOKA HATPY3KHU B CJie-
TYIOIIIEM TOJTyTIEPUO,Ie CETEBOr0 HAMPSIKEHUS, TO TAKOE PEryJIMPOBAHNE HA3bIBACTCS
cumMerpuuHbIM. [Ipu 3TOM:

M=y 5 0= 0 5 B1=Po;

rae: A,Ap, ; 01,05 ; B1,B2 -COOTBETCTBEHHO, YTibl MPOBOJUMOCTH, BKIIOUCHHUS,
BBIKITIOYEHUSI THPUCTOPOB B CXEME Ha PUC.2, B MOJOKUTEIHHOM U OTPUIATETIHHOM
MOJTYTIEPUOJIaX CETEBOTO HANPSIKEHMUSI.

Ha puc.4 a,0,8 npuBenensl hopMbl HanpspkeHus: (KAPHBIMU JIMHUSIMK) Ha aKTHB-
HOM Harpy3ke oAHO(a3HOro perysitopa JJs CIy4aeB KOrja H3MEHSETCs JMOO o
(puc.4,a), mb6o B (puc.4,0), mibo o u B oxHOBpeMeHHO (puc.4,B). [Ipu HECUMMET-
pUYHOM (Ha30BOM PErYJIMPOBAHUU A =A,;.

Cuctema ynpapieHusi, B KOTOpoM (opMupyercsi yHpaBlSIOMIMNA CUTHA
UMEoUMi GopMy UMITYJIbCa ONIPENEIEHHON JUTUTENLHOCTH U (Pa3sy KOTOPOTO MOKHO
peryimpoBarh, Ha3bIBAIOT UMITYJIbCHO-(Da30BBIMH.

B 3aBucumocT OT mpuHIMIA U3MEHEHHsI (ha3bl YIPaBIAIOMIETO UMITYJIbCA,
cucteMbl (ha30BOTO YIpaBieHUsI ObIBAIOT: TOPU3OHTAIbHBIE, BEPTUKAIbHBIC U LU (]-
pOBBIE.
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PaccmoTtpum cuctemy ympaBlieHHs, TOCTPOCHHYIO 0 BEPTHUKATILHOMY MPH H-
LUITY.

[lpu BepTUKATBHOM YNPABICHUW YIPABISIONMA UMITYIbC (POPMUPYETCS B
pe3ylibTare CpaBHEHUS] Ha HEJIMHEHHOM 3JIEMEHTE BEIMYUH MEPEMEHHOTO (CUHYCO U-
JaTbHOTO, TUJIO00PA3HOT0, TPEYT'0JILHOTO) U MOCTOSIHHOTO HanpskeHU. B MoMeHT,
KOT/Ia 3TH HANPSKEHUS CTAHOBSITCSI PABHBIMH M X PA3HOCTh U3MEHSIET TOJIIPHOCTD,
IPOUCXOAUT (GOPMHUPOBAHUE UMITYJIbca. Dazy UMITySIbCA MOYKHO PEryIUpPOBaTh, U3-
MEHsISl BEJIMYMHY MOCTOSIHHOTO HaIpshKeHUs. B kauecTBe HEMMHEHHOro 3JeMeHTa
OOBIYHO MPUMEHSIOT TPAH3UCTOP.

Takum o6paszom, (pazocaBuraroiiee yCTpOHUCTBO MPHU BEPTUKATILHOM YIIPaB-
JICHUW COCTOMT U3 reHepaTopa NepeMEHHOT0 HAIIPSIKEHUS U y3J1a CPABHEHUS.

Ha puc. 5 mnpencraBieHbl CTpPYKTypHash CXe€Ma BEPTUKAIBHOM CHCTEMBI
yIpaBjieHus: 0JHO(]A3HBIM PEryIITOPOM MEPEMEHHOT'O HANPSHKEHUS U BPEMEHHBIE
AuarpaMMebl € paboThl.
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Puc. 5 CrpykrypHas cxema (@) BEpTHKAIbHOW CHUCTEMBI YIIPABIECHUS U BP EMEHHBIE
nuarpaMmsbl (0) e€ paboTsl

Cucrtema paboraer crenyrommm odopazom. ['eneparop nepeMeHHOTO HaMpsIK e-
Hust [T1H 3arnyckaeTrcs Npu NOCTYIUIEHUH ¢ CUHXpoHM3aTtopa C HampsKeHUs] B MO-
MEHT IOSIBJICHHS Ha THAPUCTOPAX NPSMOTO HAMPSKEHHUS], T. €. B TOUKAaX €CTECTBEHHOM
kommyTatmu. C Beixoaa [ 7/H nHanpsbxeHue nuiooOpa3zHoil (opMbl MOCTYMAeT Ha
YCTPOMCTBO cpaBHeHMA Y C, 1€ OHO CPABHUBAETCS C HANPSKEHUEM ynpasiieHus U,
B MomeHT cpaBHEHHMS MJIO0OPA3HOTO M YMPABIIIONIEIO HAMPSHKECHUH YCTPOHUCTBO
CpaBHEHUSI BbIpabaThIBaCT UMITYJIbC, KOTOPBIA 4epe3 paclpeAeuTeNlb UMITYJIbCOB
PH noctynaer Ha popMupoBarem uMmnyinbcoB @H,, @HU, n nanblie yepe3 BbIXO-
Hble Kackanbl BKy, BK, Ha Tupuctopsl VSy, VS, CUIOBOI CXeMBI peryasTopa mepe-
MEHHOT'O HaITPSKEHUS.
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PaccMmoTpuM paboTy perysstopa nepeMeHHOro HanpshbkeHus (puc.2) ¢ ha3oBbIM
yIpaBJicHHeM Tpu akTUBHOW Harpy3ke (Ry). Ilpu MOJO0KHUTEILHOM MOJIYNIEPUO/IC
Hanpspkenusi cetr U Tupuctop VS2 okazpiBaetcs 1o 00paTHBIM HaIpsi)KEHUEM, a TH-
puctop VS1 HaxoauTcs Mo MpsIMBIM HanpsbkeHueM. Jlo MOMeHTa 1ojauu Ha BXOJ TH-
puctopa VS| ympaBisromero UMITyJIbCca oIS THIN 3aKPBIT U HAIIPSKEHUE Ha HArpy3-
ke Uy ® TOK Harpy3ku Iy Npu 3TOM OyayT paBHbI Hy0. [Ipy  o=wmt, Ha THPUCTOP
VS1 nmocrtymaer oTnuparolyii UMIyJIbC U OH BKMoudaercsa (puc. 6,a). K Harpyske
npuknaabiBaeTcs HanpsbkeHue Uy . Tok B Harpy3ke iy, €CJIM Harpy3ka akTUBHAs, 10-
BTOpsiET hopMy HaNpsDKeHHsI. B MOMEHT m t=n MO JISIpHOCTD HAMPSIYKEHHSI CETH MEHSIETCS,
TOK Harpy3KH CItajiaeT K HyJo u tupuctop VS13amupaercs. Jlo orrmpanus VS2, T.e.
710 MOMEHTa ®l=m+0, HanpsHKEHUE U TOK B Harpy3ke oTCyTCTBYIOT. [Ipu mogaue B
MOMEHT ®t=n+0a ynpaBisBIero uMmysibca Ha VS2, oH oTnupaercs, HanpsKeHUe Ha
Harpy3ke Uy BHOBB CTaHOBUTCSI paBHBIM HampspkeHuio cetd Uy=Uc. B moMeHT
ot=2nnpoucxoaut 3anmpanue VS2. [Ipu akTHBHON Harpy3Ke JJIMTEILHOCTH POBO-
JSIIET0 COCTOSIHUSL TUPUCTOPOB OMpeensiercs, Kak A=m-o. MOIIHOCTh B aKTUBHOM

Harpy3kec MOKHO OIIPCACIIUTD UCPE3 I[Gf/iCTBYIOIIIGG 3HAYCHUC HAIIP SDKCHUA HAa HAI'PY3KE
Uy:

P, =U’/R,

rac

U, = lj(ﬁUCSina)t)zda)t:UC 1@, Sin2a
" T 2r

a

Takum 006pazom, U3MEHSS YTOJI PETyJUPOBAHUS 0, MOKHO MEHSTH BEJIMUUHY
BBIXOTHOM MOIIHOCTH.

KonTtpoJibHbIe BONPOChI

1. Yto Ha3bIBaETCsI AMEKTPOIPHUBOIOM MIEPEMEHHOTO TOKA?

2. Kak MOYKHO peryJMpoBarb CKOPOCTb IBUrATENS IEPEMEHHOTO TOKA?

3. Uto Ha3bIBaeTCS PErYIEITOPOM TIEPEMEHHOTO HANPSHKEHUS?

4. TTpuHimn paboThI peryssTopa NepeMeHHOTO HAMPSKEHMSL.

5. Kak ocyInecTBisieTcst yrpasieH!e peryysiTopoM NEPEMEHHOTO HAMPSKEHUST?
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