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Metoauyeckue ykazaHus o AUCIUIUIMHE «CXeMOTEXHHKA
TEJIEKOMMYHHUKAIIMOHHBIX YCTPOUCTBY» COJIEPIKAT 3aJaHus ISl 00yUaromuxcs,
HEOOXOUMBIE ISl TPAKTUUECKUX 3aHSITHH.

[TpopaboTka npensioKeHHbIX 3aJJaHUM O3BOJIUT CTYICHTaM IPUOOpecTH
HEO0OXOMMBbIE 3HAHUS B 00JIaCTH U3y4aeMOU TUCIUILINHBI.

[Ipennaznavens! 151 oOyvaromuxcs HanpasiaeHus noarotropku 11.03.021
NHpoxoMMyHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3U
[Ipoduns «Cructembl MOOUIIBHON CBSI3UY



Conep:xanue
Bsenenue
[IpakTnueckoe 3ansarue 1
[IpaxTnueckoe 3ansarue 2

[IpakTnueckoe 3ansarue 3

[IpaxTueckoe 3andarue 4

Cnucok PEKOMCHAYEMBIX I/IH(l)OpMaIII/IOHHI)IX HCTOYHUKOB



BBEJIEHUME

IIpy wu3ydyeHum Kypca Hapsly C OBIAJEHUEM CTYIEHTAMH TEOPETUYECKUMMU
MIOJIOKEHUSIMU YJIENIITCSl BHUMAaHUE TPUOOPETEHHUIO TPAKTHUECKUX HABBIKOB, C TEM, YTOOBI OHU
CMOTJIM YCTIEITHO IPUMEHSTh UX B CBOEH TMOCIEyIONIel padoTe.

Lenbt0 OCBOSHMS AUCHUIUIMHBI SIBJISIETCS] TIOJTOTOBKA O0YUYAIOIIMXCS K MCIIOIb30BaHUIO
CPEICTB JMCIIETYEPCKOIO U TEXHOJOIMYECKOIO YIpaBIEHUS MpPU HKCIUTyaTallUd CHCTEM
AIIEKTPOCHAOKEHHUS, a TaKXKe IMOJATOTOBKA BBITYCKHHKOB K PEIICHHIO 3a/ad, CBS3aHHBIX C
JKCIUTyaTallMe, Halagkod U TPOEKTUPOBAHUEM aBTOMATU3MPOBAHHBIX HH(OPMALIMOHHO-
VIPaBJIAIOMUX CHCTEM, TIOBBIIAOMNAMU 3(P(PEKTUBHOCTE W HAISKHOCTh OSKCIUTyaTaI[HH
AJIEKTPOIHEPTETUYECKUX CUCTEM.

B pesynbrare ocBOEHUS NaHHOW AMCHUILUIMHBI (POPMUPYIOTCS CIEIYIOIINE KOMIETEHIINN
y oOy4aromierocs:

[IK-1.4: IlpencraBnser NpUHUUIB pabOThl 000PYIOBaHUS CHCTEM COTOBOW CBS3H,
TEOPETUYECKUE OCHOBBI UX MTOCTPOCHUS U 0OCTYKUBaHUS.

W3yunB naHHBIN Kype, CTYACHT JIOJKEH:

3HaTh: Ha3HAUEHUE aBTOMATU3UPOBAHHON CHUCTEMBI IUCIETYEPCKOTO YIPaBICHUS.

YMeTh: peann30oBbIBaTh MPOrPaMMbl AKCHEPUMEHTAIbHBIX HCCIEIOBAaHHUM, BKIIOYAS
BBIOOD TEXHUYECKUX CPEJICTB U 00pabOTKY Pe3yIhbTaTOB.

Bnagets: cuctemoit coopa, 00paboTKK U mepeaadyn TeIeMeXaHNIeCKO HHPOPMAIIHH TI0
CETSIM CBSI3H.

Peanu3zanus KOMOETEHTHOCTHOIO MOIX0/1a IPETyCMAaTPUBAET IIUPOKOE UCIIOJIB30BaHUE B
y4eOHOM TIpoIlecCCe AaKTUBHBIX W MHTEPAKTHUBHBIX (OpM mpoBeaeHHUs 3aHATHH (pa3bop
KOHKPETHBIX CHUTYyallMi, coOeceloBaHUE) B COYETAaHWU C BHEAYJUTOPHOM paboOTOH € LEJbIo
(dhopmMupoBaHUS U Pa3BUTHS MTPOPECCHOHATBHBIX HABBIKOB Y 00 YyJaIOIIUXCH.

JlekiMOHHBIA Kypc sBIsieTCS 0a30i I TOCIEAYIOMIETO IMOTYYSHHUST O00yJaronuMUCS
IIPAKTUYECKUX HABBIKOB, KOTOPbIE IPUOOPETAIOTCS HA MPAKTHUECKUX 3aHATHUAX, POBOJANUMBIX B
aKTHBHBIX (popMax: [eloBblE UIPbl; CHUTYALMOHHbIE CEMHHapbl. MeToauKa IpOBEICHUS
NPAKTUYECKUX 3aHATHUH W MX COJEpKAHMWE IPOJUKTOBAHBl CTPEMJIEHHEM KaK MOXHO
3ppeKxTHBHEE pa3BUBaTh Y CTYACHTOB MBIIUICHUE U UHTYHLINIO, HEOOXOAUMBIE COBPEMEHHOMY
CHELUANINUCTY. AKTHUBHBIE ()OPMBI CEMUHAPOB OTKPBIBAIOT OOJIBIINE BO3ZMOKHOCTH /7Sl IPOBEPKU
YCBOEHUS TEOPETHUYECKOrO U MPAKTUYECKOro MaTepuaia.



IIpakTnueckoe 3ansiTe 1 YpoBHEBas CTPYKTypa MOJIENEN CUCTEMBI IIEpElaul JaHHBIX U
CUCTEMBI TEJIEMEXAHUKH.
Henb 3ansarTus: IlpuoOperenue 3HaHUl 00 YpOBHEBOM CTPYKType MOJENIEH CHUCTEMBI
nepelaui JaHHBIX U CUCTEMBbI T€JIEMEXaHUKHU.
Bonpocs! 1151 06cyxkneHus.
1. TenemexaHuka B SHEPreTHKE.
2.Cuctema aBTOMaTHYECKOIO PETYIUPOBAHMUSL.
3.CpenctBa cbopa u nepenaun nnpopmarmu (CCIIN). .
4.Cetp ACKVYD.
3ananmue.
Pacuer TexHMUYECKUX XapaKTEPUCTHK MO BapUaHTaM.

IIpakTnueckoe 3ansTue 2 [lepenava u npuém TeneMexaHMUECKUX CUTHAJIOB.
Heab 3ansiTis: Pacuer TEXHUYECKUX XapaKTEPUCTUK TEIEMEXaHUYECKUX CUTHAJIOB.

Bomnpocsl s 00cyx1eHus
5.0cHOBHBIE IOHATHS TEOPUU UHPOPMAIIMHN IPUMEHUTEIBHO K TUCIETYEPCKOMY U
TEXHOJIOTHYECKOMY YIIPABJIEHHUIO B SHEPTrOCHCTEMAX.
6.0c00EHHOCTH TeJIeMEXaHUKU TOPOJICKUX IEKTPUUECKUX CEeTeH.
7.CpencrtBa 1 CUCTEMBI TEJIEMEXAHUKH.
8.CUrHaJibl aHaJIOrOBbIE, TUCKPETHBIE, MOy TUPOBAHHBIE.
9.KoaupoBanue nadopmaruu.
3ananmue.
PacueTr TeXHMYECKMX XapaKTEPUCTUK IO BapUAHTaM.

IIpakTHyeckoe 3aHATHE 3 ABTOMAaTUYECKUE CUCTEMBI PETYJIMPOBAHUU OTOIIJICHUS,
BEHTUJISILIUM, TOPSYETO BOJOCHAOKEHHUSL.

Hexaw 3ansiTHSA: PacyeT cUCTEMBI peryJIMpOBaHUs OTOIUICHUS, BEHTHIISAIIUN, TOPSIETO
BOJIOCHAOKEHUS.

Bonpocsl 1u1st 00Cy:KIeHust
9.KoaupoBanue nadopmaruu.
10.TenemMexaHnyeckue KOMIUIEKCHI, 00IIas XapaKTepPUCTHKA.
1 1.MuKpomnporeccopHbie KOMIUIEKChI TEIIEMEXaHUKH.
12.0To0paxeHne TeaeMeXaHnIeCKO HHPOpMaIIUH.

3ananue
[Ipou3BecTH pacyer COrjIacHO BbIJIAHHOTO BapHaHTA.

IpakTuyeckoe 3ansaTHEe 4 OTOOpAKECHHE TEIEMEXaHUUECKOW MH(POPMALIHH.

Leab 3aHATHA 3aKITIOYAETCS B O3HAKOMJICHMHM U NMPAKTHYECKOM NPUMEHEHUH METOJI0B
0TOOpaXeHUs TeIeMeXaHNYeCKoi HH(OPMALIUU.

Bonpocs! 1is 00cyxneHust
13.Ilepenaua u npuém TeaeMEXaHUUYECKUX CUTHAJIOB.
14.Cucremsbl cbopa, 00pabOTKH U Mepeiaun TeJIeMeXaHHueCKol nHhOopMaInu.
15.ABromaTuzanus Ha TOC.

16.ABTOMaTHYECKHUE CUCTEMBI peryjJimpoBaHus1 TEIIOCHAOKEHMSI.
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3aganue

HpOI/I3BeCTI/I PacucT COrjiaCHO BbIJAHHOT'O BapHaHTa.

CIIMCOK PEKOMEHAYEMbIX HH®POPMAIMOHHBIX HCTOYHUKOB

6. YYAEBHO-METO/MYECKOE 1 THO®OPMAIIMOHHOE OBECIIEYEHHUE JTUCIUIIJIMHBI (MO YJIS)

6.1. PexomeHayemas JiuTepatypa

6.1.1. OcHoBHas JlUTEpaTypa

ABTOpBI, COCTABUTENHU 3arnaBue W3patensctBo, ron |  Anpec
JI1.1 |B.. Mupssiit, HU. |IIpuknagsas merposorus: yaeGHoe mocodue , 2012 https:/intb.
Makaposa donstu.ru/c
ontent/prik
ladnaya-
metrologiy
a
ABTOpBI, COCTABUTENHN 3arnaBue WspatensctBo, ron | Azmpec
JI1.2 |T.A. Ckopuk, HA.  |Merponoruueckoe obecredeHne, CTaHaapTH3ALHS, , 2013 https:/intb.
CrpaxoBa, H.I. cepTU(UKAIS U DKCTIepTU3a: ydeOHoe mocodue donstu.ru/c
lanxuHa ontent/metr
ologichesk
oe-
obespeche
nie-
standartiza
ciya-
sertifikaciy
a-i-
ekspertiza
JI1.3 |Kaiinosa B. H., Merposorus, craniapTA3anus U cepTHHUKALIS. , 2015 http://e.lan
I'pebuesa T. H., IpakTukym book.com/
Tecnenxo E. B., books/elem
Kynuxosa E. A. ent.php?
pll_id=61
361
JI1.4 |BunorpamoBa A. A., |3akoHOmaTeIbHAS METPOJIOTHs: yaeOHOE TOCOOHe , 2018 https://e.la
VYurakos U. E. nbook.com
/book/1068
74
JI1.5 |Tony6, O. B., Cypkos,|CTanmapTH3amusi, METPOJIOTHS U CEPTUHUKAITUSL: Capatos: http://www
W. B., I1o3HsKOBCKHI, | yaeOHOE TTOCOOHE Bysosckoe .iprbooksh
B. M. obpasosanue, 2014 |op.ru/4151.
html
JI1.6 |IIymoBkuw, A. I1., MeTposorus v pagnon3MepeHns: yaeOHoe mocobme Tam00B: http://www
IManacrok, FO. H. Tam0OoBCKuit .iprbooksh
roCylapCTBEeHHBINH | Op.ru/6411
TEXHUYCCKHI 3.html
yauBepcuret, DbC
ACB, 2011
6.1.2. [lonotHUTeILHASI TUTEPATypa
ABTOpEI, COCTaBUTENH 3ariaBue M3 patenscTBO, TON Anpec
JI2.1 |Acraiikun, A. 1., MeTposorus ¥ paanon3MepeHHs: yaeOHoe mocooue Capos: Poccuiickuit | http://www
ITomaskos, A. I1., (henepanbHbIi .iprbooksh
Iepbaxk, FO. I1., SIIEPHBIN eHTp — | 0p.ru/1844
Acraiikun, A. 1. BHUNDD, 2010 0.html




JI2.2 |JIrotuxos U. B., Mertpororns 1 paauon3MepeHHst: yaeOHuK Kpacrosipck: https://bibli

domun A. H., Cubupckuit oclub.ru/in

Jleycenko B. A., (enepanbHbIH dex.php?

Bukropos /1. C., YHHBEPCHUTET page=book

Ouionos A. A. (CDY), 2016 &id=4973
46

6.1.3. Meroguueckue pa3padoTku

ABTOpBI, COCTABUTENU 3arnaBue WspatensctBo, ron | Anpec
JI3.1 |AU'TY; coct. AT PykoBozcTBO U151 peniofaBaTeneii mo opranuzarmu u  |Poctos wv/J1.: UL] https://ntb.
Cano)xHUKOBa IUTAHUPOBAHUIO PA3JIUYHBIX BUAOB 3aHATUI 1 AI'TY, 2018 donstu.ru/c
CaMOCTOSITENbHOH paboThl 00ydaromuxcs B JJoHCKOM ontent/ruko
rOCY/IapCTBEHHOM TEXHUUECKOM YHUBEPCUTETE: METO/. vodstvo-
yKa3aHusI dlya-
prepodavat
eley-po-
organizacii
-i-
planirovani
yu
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HJs1l OpraHn3annuun CaMOCTOSTECIbHOU pa6OTBI
10 TUCUUTLIIMHE
«CXeMOTEeXHUKA TeJIeKOMMYHUKAIIMOHHBIX YCTPOHCTBY
JUTsE 00Y4aIOIUXCS TI0 HANPABIEHUIO MOJATOTOBKH
11.03.021 MadoKOMMYHUKAITMOHHBIE TEXHOJIOTHH U CUCTEMBI CBSI3U
[Tpoduns «CructeMbl MOOUIIBHON CBSI3H



Metoauyeckue ykazaHus o JucHuIinHe « CXeMOTeXHUKa
TEJIEKOMMYHHUKAIIMOHHBIX YCTPOUCTBY» COJIEPXkKAT 3aJaHUs JJIsl CTYJICHTOB,
HEOOXOUMBIE JJIsl OpTaHU3alMd CAMOCTOATEIBHON paOOThI.

[IpopaboTka npensioKeHHbIX 3aJJaHUi TO3BOJIUT CTYJIEHTaM MPUOOPECTU
HEO0OXOMMBbIE 3HAHUS B 00JIaCTH U3y4aeMOU TUCIUILIUHBI.

[Ipennasznavens! 151 ooyuaromuxcs Hanpasienus 11.03.021
NupoxoMMyHUKAITMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3U
[Ipoduns «Cructembl MOOUIIBHON CBSI3UY



COJEP)KAHUE

Benenue

. O01as xapakTepucTUKa CaMOCTOSTeTbHON PabOThI

. KOHTpOJIbHBIE TOUKHU U BUJIBI OTYETHOCTH IO HUM

. MeToanueckrue peKOMEHJaluK M0 U3YYEHHUIO TEOPETUYECKOTO MaTepurala
. MeTtonueckue peKOMEHJAUH MO MOJrOTOBKE K MPAKTUYECKUM 3aHATHIM
. MeTonueckne peKOMEHIalliK 1O MOArOTOBKE JTOKJIaaa

. MeTonueckre peKOMEHIallkK MO MOJATOTOBKE K TECTUPOBAHUIO

. Meroanueckue peKOMEHIAINH TI0 BHIMOJHEHUIO KOHTPOJIbHOU PabOThHI

. MeTtonueckne peKOMEHJalUU MO MOJTOTOBKE K 3a4ETy

Cnucok peKOMEHAYeMbIX HHPOPMAIIMOHHBIX HCTOYHHKOB
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BBEJIEHUME

Lenp MeTonuyeckux yKa3aHUH — OKas3aTb IIOMOIIb CTYAE€HTaM B OCBOEHUHM Kypca
«CXeMOTEXHUKA TE€JIEKOMMYHUKAIIUOHHBIX YCTPOHCTBY.

JlaHHbIE METOJMYECKHUE YKa3aHMsI HANpaBJI€Hbl Ha CUCTEMATU3UPOBAHHOE M JIOTUYECKU
MIOCJIEIOBATEIbHOE ~ M3YYEHHE  TEOPETHUUYECKUX  BOIPOCOB, CBSA3AHHBIX C  MPOEKTHOM
JESITEIbHOCTBIO, C MOCIEAYIOIIMM 3aKpelyIeHUeM MaTepuaja MpHU BHIIOJHEHUH MPaKTHYECKUX
paboT, MoAroTOBKH pedeparos, JOKIAA0B, IPE3CHTAIIUN.

[lepen HauanoMm Kypca 11e51eco00pa3HO O3HAKOMMTBCSI CO CTPYKTYpOH IMCUUIUIMHBI Ha
OCHOBAaHUHU IPOrPaMMbI, a TAKXKE C IOCIEI0BATEIbHOCTBIO U3Y4YEHUS TeM M ux odbemom. C
LENbI0 ONTUMAJIbHONW CaMOOpPraHU3alMUd HEOOXOJUMO CONOCTAaBUTh 3Ty HH(MOPMALHIO C
rpaduKoM 3aHATHM U BBIABUTH HamOoJiee 3aTpaTHbIE MO BPEMEHU U OOBEMY TEMBI, UYTOObI
3apaHee OIpeNeNNThb Uil ce0sl Iepro/ibl 0ObEMHBIX 3aJJaHHM.

1. OBIIIASI XAPAKTEPUCTHUKA CAMOCTOSITEJIbHOM PABOTBI

HGJ'II)IO OCBOCHHUA JUCHUINIMHBI  ABJIACTCA U3YUCHUC CTYACHTAMH O6HII/IX MMPUHIUIIOB
MIOCTPOCHHUSI CHCTEM TEJIEKOMMYHMKAIM, HX OCHOBHBIX IapaMeTpoB M TpeOOBaHUH,
MpeIbABISEMBIX K HUM HH()POKOMMYHUKALIMOHHOW ammapaTrypoi, a Takke H3ydeHHe MpUHLUIA
JEHUCTBUS U CTIOCOOOB peaTM3allii YCTPOMCTB, BXOSIINX B COCTaB CUCTEM TEICKOMMYHHUKAITUN
" INCPCIICKTHUB UX PA3BUTHA, MPUMCHUTCIIBHO K OHEPTCTUUCCKUM 00BEKTaAM.

B pesynbrare ocBOEHHUS NaHHOM AMCHUIUIMHBI (POPMHUPYIOTCS CIEIYIOIINE KOMIETSHIINN
y 00y4aromierocs:

[IK-1.4: TlpencraBnser NpUHIUIBI pPabOThl OO0OPYIOBAaHUS CHUCTEM COTOBOW CBS3H,
TEOPETUYECKUE OCHOBBI UX MTOCTPOCHUS U 00CTYKUBAHUS.

CamocTtosarenbHas paboTa no aucuuruinie «CpencTBa AUCTIETYEPCKOro U TEXHHUUECKOTO
KOHTPOJIS» BBIMOJIHAETCS C LIENbI0 MOJTYYEHHUs M 3aKpeIUIeHUs 3HAHUM, MPUOOPETeHHBIX MpHU
M3Y4YEHUU TEOPETHYECKOr0 MaTepHarna.

2. KOHTPOJIBHBIE TOYKHA U BUJ1bI OTYETHOCTHU 1O HUM

KoHTposnb kadecTBa M CpPOKOB M3YUEHHE TE€M JIEKLIUW BBITIOJHSIETCS B COOTBETCTBUU C
yueOHbIM rpadukoM. OdopmisieTcs B BUA€ KOHCIEKTUPOBAHUS TEKCTA.

KoHTposnb kauecTBa U CPOKOB BBHINIOJHEHHS MPAKTHUUECKUX 3aJaHUI OCYIIECTBIIAETCS B
COOTBETCTBUU C yueOHBIM rpadpuxkoM. OdopMIisieTcss B COOTBETCTBHUH C 3aJaHUEM.

KonTpons kauecTBa cmaud JOKJIaa OCYHIECTBIISIETCS B COOTBETCTBHM C Y4YEOHBIM
rpaduxom. OdopmisieTcss B COOTBETCTBHHU C 3aJJaHHEM.

YcneBaeMOCTh CTYJIEHTOB OLIGHHUBAETCS B XOJI€ TEKYLIEro KOHTPOJS M MPOMEXKYTOYHOU
aTTecTaluu.

3. METOAUYECKHUE PEKOMEHJIALUHA 110 U3YUYEHUIO TEOPETUYECKOI'O
MATEPHUAJIA

W3y4yenune 1r000r0 pasgena WM TEMBI ClIEyeT HAauMHATh C O3HAKOMJICHHS C BOIIPOCAMHU
IUIaHa M3YYCHHs TeMbl. TeOpeTHHecKHil MaTephai NPEICTABIsEeT COOONH KOHCHEKT JICKIIHH,
coJiepKaluil HeoOXo UMbl Habop yTBepkJIeHUH U (opMyna (0e3 neTanbHBIX MOApOoOHOCTEH),
HO C MOJIPOOHBIM OOOCHOBAaHMEM HUX HCIOJBb30BAHUS MPU PELICHUH KOHKPETHBIX 3ajad. Ilpu
U3yYeHUM MaTepuaja HeoOXOJAWMO TIOMHUMO JIEKIMOHHBIX MAaTepHalioB  HUCIMOJIb30BaTh
PEKOMEHyeMYI0 OCHOBHYIO U JOMNOJHMUTENbHYIO JIUTEpaTypy JUIsl JIy4IIEro YCBOEHUs
MaTepuaa.

OcBauBaTh TEOPHIO CIEAyeT B COOTBETCTBHM C TOM IMOCIEI0BATENBHOCTBIO, KOTOpas
IpeJCTaBieHa B IUIaHe JIeKIUK. MeToauka paboThl ¢ JIUTepaTypoil ImpeaycMaTpuBaeT BeleHUE



3alUCH MPOYUTAHHOTO B BHJIE IJIaHA - KOHCIEKTA, OMOPHOTO KOHCIEKTa. JTO MO3BOJIUT CACIAThH
3HAHUS CUCTEMHBIMU, 3a(DUKCHPOBATH U 3aKPEIIUThH UX B MIAMSITH.

JUIs  yCHENIHOTO OCBOEHUSI JUCIUIUIMHBI, HEOOXOJWMO CaMOCTOSTEIHHO JIETATBHO
U3YYHUTh TMPEJICTaBICHHBIE TEMBI 10 PEKOMEHIyeMbIM HCTOYHMKaM wuHpopmamuu. [Ipu
MOJITOTOBKE K 3aHATHSAM CJEAYEeT PYKOBOJCTBOBATHCS YKAa3aHUSMH M PEKOMEHIALUSIMU
IIPENOAABATENS], UCIIOJIb30BaTh OCHOBHYIO JIMTEPATYPY M3 IMPEIACTaBICHHOTO MM cnucka. s
HamOonee TIIyOOKOTO OCBOCHHUS JUCIMIUIMHBI PEKOMEHIYETCS UW3ydaTh JIHTEpaTypy,
0003HAYCHHYIO KaK «IOTIOJIHUTEIbHAS» B IPEJCTaBICHHOM criucke B PT1/I.

BOl'lpOCbI AJISI MOATOTOBKH K YCTHOMY OIIPOCY TEKYHIEro KOHTPOJIsA

1.06macTh MpUMEHEHHsI, Ha3HAUYEHHE U 33/1a4H OTIEPATUBHO-IUCIIETYEPCKOTO YIIPABICHUS
TEXHUYECKOTO KOHTPOJIS B CUCTEMAX

ANEKTPOCHAOKEHUS.

2.Ha3HaueHne aBTOMAaTU3UPOBAHHON CUCTEMBI IUCIETYEPCKOTO YIIPABIICHUS.

3.IlocTpoeHnne ycTpoilcTB AUCIETYEPCKOTO U TEXHOJIOTHUYECKOTO YIIPaBICHHUS.

4.Cuctembl TelIeMEXaHUKH, 0COOEHHOCTH UCIOIb30BaHUs, (PYHKIIMHU, TUTIOBBIE CTPYKTYPHI,
KOH(UTypaiuu.

5.CucreMsl TeaeynpaBlieHUs, TEIECUTHATIU3ALNN U TeJIEPEryTUpOBaHUS.

6.YpoBHEBas CTPYKTypa MOJECIIEN CUCTEMBI MIEPEIAYN TAHHBIX U CUCTEMBI TEJIEMEXaHUKHU.
7.CriocoObI pa3jienieHrs KaHAJIOB U CUTHAJIOB.

8.Kananb! cBsI31 10 GU3NYECKUM MPOBOJIHBIM JIMHUSIM CBSI3H, 110 JIMHUSM JIEKTpOTIepeaayu.
9.Kananel TeeMexaHUKHU MO paclpeeuTENbHBIM IEKTPUUECKUM CETSM.
10.TenemMexaHnuyeckue KOMIUIEKCHI, OOIIasi XapaKTepUCTHKA.

11.MuxkponponeccopHble KOMIUIEKCHI TEJIEMEXaHUKH.

12.010o0pakeHne TeaeMexXaHNIeCKo HHPOPMAIIHH.

13.Mo3auuHble TUCIETYEPCKUE IUTHI, MHOTO3KPAaHHbIE CUCTEMbI, KOHCTPYKIUH, TIPUHIUIIBI
yIpaBiIeHUS.

14.Cuctemsbl cbopa, 00pabOTKH 1 TIEpeIauu TeIeMEXaHUIECKON HHPOPMAIIHH.
15.Anmapatypa oToOpakeHus TeleMeXxaHnuecko nHpopMaluu. AnmapaTypa TeIeMEXaHUKHU C
3JIEMEHTaMU ONTOBOJIOKOHHON TEXHUKHU.

Kpurtepuu onieHKH yCTHOTO onpoca

[TonHOTa OTBETA HA IOCTABJICHHBIN BOIIPOC, YMEHUE UCIIOIb30BaTh TEPMUHBI, TPUBOIUTH
MIPUMEPBI, JIETaTh BHIBOIBI.

3a Kaxaplid OJ0K B CyMMe OOYyYarOIMICs AOJKEH MOJIYyIUTh 25 0ayioB, U3 HUX 5 — 3a
MOCEIIeHUe 3aHATHH, 5 - DBreimogHeHWE JONOJHUTENBHBIX 3aJaHUN (IOKJIAJ, CTaThs,
npe3eHTanus ), 10 — 3a BRINOJHEHNE TECTOBBIX 33/IaHUM, 5 — 32 3alIUTY 1aOOPaTOPHBIX padboT

Kputepuu nonyueHus: oreHKu:

- pe3yabTaT, COoJep>Kalluii MOJHBIA MPaBUIBHBIA OTBET — MaKCHUMAaJbHOE KOJIUYECTBO
0aI0B;

- pe3ynpTaT, COJCpPXKAIIWA HEMOJIHBIM NpPaBUIbHBIA OTBET (CTENEHb MOJHOTHI
oTBeTa — Oonee 60%) wiIM OTBET, COACpP)KAIIUN HE3HAYUTEIbHBIE HETOYHOCTH— 75% oOT
MaKCHMaJILHOT'O KOJIMYECTBA 0aIoB;

pe3ynbTaT, COAepKAIINI HEMOJHBIN MPaBUIbHBIN OTBET (CTEMEHb MOJHOTHI OTBETA — OT
30 no 60%) unu OTBET, COAEpKAIINA 3HAUUTETbHBIE HETOYHOCTH -40 % OT MaKCHMalIbHOTO
KOJIHU4YeCTBa OaJlIOB;

- pe3ynbTaT, COJAEPKAIIMK HEMOJIHBIA MPABWIbHBIA OTBET (CTENEHb MOJHOTHI OTBETA —
Mmenee 30%), HempaBUIIBHBIN OTBET (OTBET HE MO CYIIECTBY 3a/1aHus1) WIH OTCYTCTBHE oTBeTa — 0
% OT MaKCHUMAJIBHOTO KOJIHNYECTBA OAJIOB.



4. METOAUMYECKHUE PEKOMEHIAIIMHA 110 TIOAI'OTOBKE K IPAKTUYECKHUM
SAHATUAM

[Iporiecc MOArOTOBKM K MPAKTUYECKUM (CEMHHAPCKUM) 3aHSATHSAM BKIIOYAET M3y4ECHUE
HOPMATHUBHBIX  JIOKyMEHTOB,  OOS3aTeNbHOW W JIOTIOJIHUTENIBHOW  JIUTEpaTypbl IO
paccMaTpuBaeMOMY BOIIPOCY.

Henocpencreennoe IIPOBE/ICHUE IIPAKTUYECKOTO (ceMHHApCKOTO) 3aHATUA
MPE/Ioaraer:

- MHJIUBUyaJbHBIE BBICTYIUICHUS CTYACHTOB C COOOIICHUSMH 10 KaKOMY-IHOO BOIIPOCY
W3y4aeMOU TEMBI;

- ppoHTAIEHOE 00CYXKICHUE pacCMaTPUBACMON TTPOOIEMbI, 0000IIEHUS ¥ BBIBOIBI;

- peleHue 3a1a4d U ynpaxHeHUH 1mo oopasity;

- peleHre BapuaHTHBIX 33J1a4 ¥ YIIPaKHEHHI;

- pelIeHNEe CUTYallMOHHBIX TPOU3BOICTBEHHBIX (MMPOQECCHOHANBHBIX) 3a1aY;

- TPOCKTHPOBAHWE W  MOJEIHPOBAHWE  Ppa3HbIX BHJIOB W  KOMIIOHEHTOB
podeccrnoHabHOM 1A TEIbHOCTH.

[Iporiecc MOATOTOBKH K MPAKTUYECKUM (CEMHUHAPCKUM) 3aHATHSIM BKIIIOYAET M3YyYEHUE
HOPMATHBHBIX  JIOKyMEHTOB,  OOS3aTeNbHOW W  JIOTIOJIHUTENIHOW  JINTEpaTypbl IO
paccMaTpuBaeMOMY BOTIPOCY.

5. METOAUYECKHUE PEKOMEHJIALIUU 11O ITOATI'OTOBKE JOKJIAJTA

K camocTrositenbHoi paboTe OTHOCHTCS HaMCaHWe M 3aluTa JokKiaga B cemectpe. [loarotoska
nokiaaa nmo gucruruimHe «OO0Imas 3MeKTPOTEXHUKa» - OJUH W3 OCHOBHBIX ATAloOB y4eOHOTO
mpouecca B OOy4e€HHUH  CTYIEHTOB, KOTOPbIM  HEOOXOIUMO  MNPHOOPECTH  HAaBBIKU
CaMOCTOSITEJILHOTO HCCIEAOBAHMUS U TPEJCTaBICHUS] €ro pe3ylbTaToB. TeMa BblOHpaeTcs
CTYIAEHTOM CaMOCTOSITEJIHO 110 COTJIACOBAHUIO C MPEIO/IaBaTEIEM.

[IpumepHbIe TeMBI TOKIaIa:
1.006nacth mpUMEHEHHs, Ha3HAYEHUE M 3aJadd ONEepaTUBHO-AUCIETUYEPCKOTO YIpPABIECHUS WU
TEXHUYECKOTO KOHTPOJIA B CUCTEMAX
ANEKTPOCHAOKEHUS.
2.Ha3HaueHne aBTOMAaTU3WUPOBAHHOW CHCTEMBbl aAucrneTdepckoro ympasieHus (ACHY) B
SHEProcUCTEMax.
3.ITocTpoeHne ycTpoiCTB IUCHETYEPCKOTO M TEXHOJIOTHYECKOTO YIIPaBICHHUS.
4.Cuctembl TelleMeXaHUKH, 0COOEHHOCTH MCIOJIb30BaHUs, (PYHKIIHUU, TUTIOBBIE CTPYKTYPHI,
KOH(UTYpAIIIH.
5.CucreMsl TeJeynpaBlieHUs, TEIECUTHATU3ALNN U TeJIEPEryTUPOBaHUS.
6.YpoBHEBas CTPYKTypa MOJeJiell CUCTEMBI Mepeayy JaHHbIX U CUCTEMBbI TeJIEMEXaHUKH.
7.Crioco0bl pa3zieneHnst KaHaJlOB U CUTHAJIOB.
8.Kananbl cBs131 10 GU3UYECKUM MPOBOJHBIM JIMHUSIM CBSI3H, 110 JIMHUSM 3JIEKTpOTIepeaayu.
9.Kananel TeeMexaHUKH MO paclpeeUTENbHBIM JIEKTPHUYECKUM CETSIM.
10.TenemexaHnnyeckue KOMIUIEKCHI, 00IIas XapaKTepUCTHKA.
1 1.MuKpomnporeccopHbie KOMIUIEKCHI TEIIEMEXaHUKH.
12.0106paxkeHue TeneMexaHn4ecko nHpopMaIuu.
13.Mo3anuHbple AUCIETYEPCKUE IIMTHI, MHOTOSKpPAaHHBIE CHUCTEMBbl, KOHCTPYKIUHU, MPHHIIUIIBI
YIPABIICHHUS.
14.Cucremsbl cbopa, 00pabOTKH U Mepeiaun TeJIeMeXaHHUeCKol HHpOopMaInu.
15.Annapatypa oToOpa)kKeHus TeleMeXaHnuecKoi mHpopMaluu. AnmapaTypa TeleMeXaHUKU C
3JIEeMEHTaMU ONTOBOJIOKOHHOM TEXHUKH.

OO0ume pekoMeHIalUM N0 MOATOTOBKE JOKJIA/AA
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Jlokiiaz 1oJKeH BKII0YaTh B ce0sl BBEJEHHE, OCHOBHYIO YaCTh U 3aKIIIOUECHHUE.

Bo BBezeHuum HEOOXOIMMO OTPa3UTh OOOCHOBAaHME AKTYAIbHOCTH BBHIOPAHHOW TEMBI,
KpaTKoe OMUCAHWE TEKYLIEr0 COCTOSHHS MpoOieMbl. B HEM CTyIEHT NOJDKeH yKaszaTh Leb U
3aauu paboThl, 0OBEKT UCCIIETOBAHMS, SIIEMEHTH HOBU3HBI, BBEJICHHBIE B MPOIECCE HATUCAHUS
pabotel. HeoOxommmo mepedncianTb MpoOIeMbl, KOTOPhIE JOJDKHBI OBITH PEIIEHBI B paMKax
BBIOPAHHOM TEMBI.

OcHOBHasl 4acTh JOKJIaJa JOJDKHA COAEp)KaTh BOIPOCHI, MPEAYCMOTPEHHbIE B IUIaHE
paboTbl. B Helt HE0OOXOAMMO OTPa3UTh TEOPETHUECKHE OCHOBBI, PACKPBIBAIOIINE CYTh MMPOOJIEMBI,
[IPOAHAJIU3UPOBATh COOpAaHHBIE MaTEpHAIbl, XapaKTEPU3YIOLIUE IPAKTUYECKYI0 CTOPOHY
00BEKTa HCCIENOBAaHHUA. OTOT pas3ield MOXKET cojaepKaTh pabouue TaOJHIbI, JAUarpamMmbl
(InarpaMMbl U Jpyrue MaTepuasibl.

B 3axioueHue HEOOXOIMMO OTpPa3UTh BBIBOJALI U IPEAJIOKEHUS, IOJIyYEHHBIE B
pe3ynbTaTe mpenbayiieit padoTel. OHM TOJHKHBI OBITH CHOPMYITUPOBAHBI YETKO U TOUKH.

Crincok nuTepaTypbl BKIIOYAET B aji()aBUTHOM THOPSIAKE CIIMCOK COBPEMEHHBIX 3aKOHOB U
HOPMAaTUBHBIX  aKTOB, COOTBETCTBYIOIIEW HAy4yHOM  JUTEpaTypbl, HAy4YHbIX pabdor,
CTaTUCTUYECKUX COOPHUKOB U IPYrMX UCTOYHUKOB, BBIITYILIEHHBIX HE pAaHEE IISITH JIET.

OdopmiieHne J10KJIa1a U MOPSAIOK 3ALMTHI

O6beM paboTbl — 4-7 CTpaHUI] IPOHYMEPOBAHHOTO KOMITBIOTEPHOTO TEKCTa, Mpu@T, 14,
unTepBan 1,5, nons crangapthele. Wmoctpanuu, ¢otorpaduu, pucyHku, rpaduku, KOTOpbIe
MOSIBJISIFOTCS. HA TEKCTE, JOJKHBI ObITh IPOHYMEPOBAHBI.

BreimonHenHbIid  gokmam mpoBepsieTcss mpenonaBatreneM. Ecnmum  moxmam  odopmieH
COTJIaCHO TMPEIbSBISIEMbIM TpeOoBaHMSIM, TO paboTa JOMyCKaeTcss K 3alluTe, O YeM
MpernojaBaTesieM [eNalTcsd 3alucH Ha THUTYJIbHOM JHcTe paboTel. Ecnu nmokman wumeer
OTpUIATENIbHBIM OT3bIB, TO JOKYMEHT BO3BpalllaeTcsi Ha JOpabOTKy C MOCIEIyIOIIHUM
MIPEJICTaBICHUEM O €r0 MOBTOPHOM PACCMOTPEHHH.

TpeGyemblil ypoBeHb OpUTrHHAIBHOCTH He MeHee 50%.

Jlokyiambl MOTYT COINPOBOKJATHCS MPE3CHTALMEN, OTpa)arolleil OCHOBHbIE MOMEHTHI
BBITIOJIHEHHOTO UCCIIEIOBAHMUSL.

Kputepun oueHKH 10KIaa

Kpurepuit [Tokazarenn MakcumManibHOE
OIICHKH pedepara KOJIMYECTBO OaJlsIOB
1.CTtenenb packphITUS | - COOTBETCTBUE COAEpkKaHUS TeMe pedepaTta; 1
CYUIHOCTH MPOOJIEMBbI | - MOJIHOTa M TIyOMHA PACKPBITHS OCHOBHBIX 1
HOHSITUI TPOOIIEMBI;
- yMmeHue paboTaTb C  JIUTEPATypoOil, 1
CUCTEeMAaTU3UpOBaTh U  CTPYKTYpUPOBATH
MaTepHar, 1
- ymenue  0000mIATh, COIOCTABJIATh
pa3nyHbIe TOUYKH 3peHust 1o 1
paccMaTpuBaeMOMY BOTIPOCY;
- apryMEHTUPOBATh OCHOBHBIEC MOJOXKEHUS U 1
BBIBO/IbI;
- yMeHHEe YeTK0 ¥  OOOCHOBaHHO 2
(bopMynHUpoBaTh BBIBOIbI;
- CaMOCTOSTENBbHOCTb,  CIHOCOOHOCTH K
OTpENIeNIEHNI0 COOCTBEHHON MO3UIMH 110
npobieMe M K NPaKTHYECKOM ajanTainuu
MaTepuaa
2.Cobunoienne - IPAaBUWJIBHOCTh U aKKYPaTHOCTh O(hOpMIICHUS 1
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TpeOoBaHU o | pedepara
opopMIICHHIO -TOYHOCTb B IIMTUPOBAHUM H  YKa3aHUH 1
MCTOYHHMKA TEKCTOBOTO (pparmeHTa,
- cobOmogenue TpeboBaHUN K 00BeMy W 1
CTpYKType pedepara;
- TPAMOTHOCTB M KYJIbTypa H3JI0KEHUS 1
3.YpoBeHb  3alllUTHI | - AOKJIAJ CTPYKTYpPUPOBaH, PaCKpbIBAET TEMY 1
pedepara - JaHbl TpaBUJIbHBIE, APTYMEHTHPOBAHHBIC 2
OTBETHI HA YTOYHSIOIUE BOIIPOCHI
- Ccrapabl NPEICTaBICHbl B JIOTMYECKOU 1
NOCTIEIOBATEIHLHOCTH u odopmiieHHe
MPE3EHTALINH; 1
- KOJIMYECTBO ciaiioB He 6osee 10
MaxkcumanbHO€ KOJIMYECTBO OaJIIOB 17

JIsi TMOATOTOBKM TIPE3EHTAallMd K 3amuTe pedepara, oOydaromeMmycss Heo0X0IuMO
ucrnoab3oBatk PowerPoint. KonnyecTBo craiiioB mpe3eHTauu K 3amnmre pedepara — He Oosiee
10.

MakcumanbHOE KOJMYECTBO OAJIOB, KOTOpOE OOYYaIOIMIMICS MOXKET TMOJIYYUTh 3a
MOJTOTOBKY pedepaTa W MPE3CHTAUU K HEMY cocTaBisieT 17 6amioB. bamiel yduTsiBaroTcs B
MpoIiecce MPOBEIEHUS TEKYIIETO KOHTPOJISL.

17 OayJIOB — OLIEHKA «OTIUYHO;

12-16 Gay;IOB — OIIEHKA «XOPOIIIOY;

8-11 GayIoB — OIIEHKA «YIOBIIETBOPUTEIHHO

Menee 8 6aI0B — OIEHKA «HEYI0BJICTBOPUTEITHHOY.

6. METOAUYECKUE PEKOMEHJIAIIUU 110 ITIOATI'OTOBKE K TECTUPOBAHUIO

VYcnemHoe BBINOJHEHHE TECTOBBIX 3aJaHHUM  SBISETCS HEOOXOAMMBIM  YCIOBHEM
WTOTOBOM TIOJIO)KMTEIIbHONW OIIEHKHM B COOTBETCTBHH C PEUTHUHTOBOM CHCTEMON OOy4YeHUSI.
BeinonHeHne TeCTOBBIX 3aJaHUM MPEJOCTABISIET CTYACHTAM BO3MOXKHOCTb CaMOCTOSITEIBHO
KOHTPOJMPOBATh YPOBEHb CBOWX 3HAHUM, OOHApYKHUBaTh MpOOENbl B 3HAHUAX U MPUHUMAThH
Mepbl 0 UX JUKBHAaUUH. DopMa H3JI0KEHUs TECTOBBIX 33JaHUW TMO3BOJSET 3aKPENUTh U
BOCCTAaHOBUTh B MAMSTH IMPOUIECHHBIA Marepuai. TecToBble 3aJaHusl OXBAaThIBAIOT OCHOBHBIE
BOIIPOCHI IO AUCUUIUINHE «OCHOBHBIE YCTPOICTBA CUCTEM TEIEKOMMYHHUKALIAN.

Y crTymeHTa ecTb BO3MOXKHOCTH BBIOOpa TMPABUIIBHOTO OTBETa WM HECKOJIbKHX
MPaBUJIbHBIX OTBETOB M3 YHUCIA MPEJIOKEHHBIX BapUaHTOB. JlJIg BBIIIOJIHEHUS TECTOBBIX
3aJaHU CTYACHTHl JOJDKHBI M3YyYWTh JIEKIIMOHHBIA Marepuan I0 TeME, COOTBETCTBYIOLIUE
pasznenbl y4eOHUKOB, y4EOHBIX TOCOOUN U IPYTUX UCTOYHHKOB.

KOHTpOobHBIN TECT BBINOJHAETCS CTYACHTAMH CAMOCTOSITEJIbHO BO BPEMSI CEMUHAPCKUX
3aHSITUM.

IIpuMmep TECTOBOrO 3a1aHMS

Bri6epuTe 0JIMH MM HECKOJILKO MTPABUIBHBIX OTBETOB:

1. OcHOBHBIE 3TIEMEHTHI NIEKTPUUECKOM IIeTIH

a) CONPOTHUBJICHHUE;

0) EeMKOCTb;

B) UCTOYHUK MTUTAHMUS,

r) TenedoH

Kputepuu oneHnBaHusi KOMNeTeHIUI



OrneHka «OTJIUYHOY» BBICTABIISCTCS CTYACHTY, €CIIM KOJMYECTBO NMPAaBUIIBHBIX OTBETOB
Ha TeCTOBbIE 3a7anus npesnimaet 90 %.

O1eHKa «XOPOILO0» BBICTABIIAETCS CTYJICHTY, €CJIH KOJMYECTBO MPABWIBHBIX OTBETOB Ha
TeCTOBbIE 3a/jaHus npesbiiaet 70 %).

OneHka  «yIOBJIETBOPUTEIHHO»  BBICTABIACTCS  CTYACHTY, €CJIM  KOJHYECTBO
MPaBUJIbHBIX OTBETOB HA TECTOBBIC 3aAaHus npeBbimaet 50 %).

OneHka «HEYHOBJICTBOPUTEIBHO»  BBICTABISIETCS  CTYACHTY, €CIH  KOJHYECTBO
MPaBWJIBHBIX OTBETOB Ha TECTOBbIE 3amaHusi coctaBisier MeHee S50 %, nubO OTBETHI
3aMMCTBOBAHBI.

OdopmiieHre 0TBETOB HA TECThI

OTBeThI Ha TECTHI OPOPMIISIOTCS Ha CTYIEHTOM Ha OT/AEIHHOM JIMCTE CAMOCTOSTEIIBHO.
B npaBom yriy npocrasisiercss @O u rpynna, nanee cieayeT HOMEpP TecTa M BbIOpaHHBIN
BapHaHT OTBETA.

7. METOJUYECKUE PEKOMEHJIAIIAU IO BBITTIOJTHEHHUIO KOHTPOJIBHOM
PABOTbI

KontponbHast pabota, kak ofHa U3 (OpPM OLIEHKH YpPOBHSI MOJTOTOBKH CTYJIEHTOB,
CTaBUT CBOEHM IENbI0 3aKpelyieHue TEOPETHUUECKUX 3HAHUM, MOJYYEHHBIX CTYAEHTaMU B
mpoLecce W3y4eHHUs AAHHOW NUCHUIUIMHBI, ¥ MPHOOpPETeHHWE HMMU HaBBIKOB IPAKTHUYECKOTO
aHayin3a oco0eHHOCTe! (PYHKIIMOHUPOBAHMS OPTaHU3ALUi B COBPEMEHHBIX YCIOBUSX.

BrimonHeHne KOHTPOJIBHOW pabOTHl  CHOCOOCTBYET MNPUOOPETEHUIO CTYACHTAMH
HaBBIKOB CaMOCTOSITEIbHON paboThl ¢ NMEPBOMCTOUHUKAMHU, YU€OHOM, HAyYHOU! U CHelUalbHOMN
JUTEPaTypoil, yMEHUH BBIACNIATH B HUX IVIABHOE, aHAIU3UPOBATh, 0000111aTh, JTOTUYHO W3JIaraTh
W3Y4YEHHBIN MaTepHall.

Iesb1o HanuCaHUs KOHTPOJILHON PabOTHI SIBISIETCA CO3AAaHUE Y CTYIEHTA L[EIIOCTHOTO
BIIEYATIIEHUS O MPO(PECCHOHAIBHON AEATENBHOCTH, YTO CHOCOOCTBYET BBIPAOOTKE y CTYJEHTOB
YMEHHSI OPHUEHTHPOBATHCS B 3aKOHOJATENIIBCTBE M CAMOCTOSITENIBHO INPUHMMATh PEIICHUs IO
IIPAKTUYECKUM CHUTYalUsM; 3aKPENHUTh 3HAHUS, IOJIyYEHHBIE B PE3YJbTaTe CaMOCTOSTEIbHON
paboTHI HAJ Y4COHBIM MaTEpPHUATIOM.

K BBINOJIHEHUIO KOHTPOJIBHOM PabOThl CTYEHTHI IPUCTYNAIOT TOJIBKO MOCIE YCBOCHHUS
Bcex TeM mnporpaMMel. KoHTposibHas pa0oTa sBIsieTCd OTYETOM O CAMOCTOSITENIbHOM pabote
CTYIEHTA.

OdopmiieHre KOHTPOJILHON PadoThI M MOPSA0K 3aIUTHI

KonTtponbHas paboTa 10JKHA UMETh TUTYJBHBIHN JIUCT, TUIaH PaOOThI, HEMIOCPEICTBEHHO
TEKCT (YCJIOBHE 3a71a4 U PEIICHUE).

KontponpHas  paGora gomkHa ObITh  akkypatHo  odopmieHa(popmar A4,
MAIIMHOTIMCHBIA TEKCT, pazmep JjeBoro mois 20 mMm, mpaBoro — 10 Mm, BepxHero — 20 mwm,
HkHero — 20 MM, OTCTyH KpacHOW cTtpoku 1,5, MexcTpounslii untepBan 1,5, mpudr 14,
TimesNewRoman), umeTs HyMmMepalui0 CTPaHHIl U CHUCOK HCIOJIb30BAaHHBIX HMCTOYHHUKOB, B
KOTOPOM YKa3bIBAIOTCS BCE HCIIOJIb30BAHHBIE JUTEPATypHbIE HCTOUYHUKH, PACIIOIOKECHHBIE B
a(aBUTHOM MOPSAIKE U MPOHYMEPOBAHHBIE.

KontponpHast pabotra mpeicTaBiseTcs Ha MPOBEPKY IMpernojaBaTenio, Jaiee
OCYILIECTBIISICTCS 3aIIUTa B BUJIE COOECEeI0BAHUS.

Kpurtepun oneHnBaHusi KOHTPOJIbHOM PadoThl

YpoBeHb KadecTBa MHCHbMEHHON KOHTPOJBHOM pabOTBl CTyIEHTa OMpENeNseTcs ¢
WCIIOJIb30BAHUEM CIIEIYIOIIEH CUCTEMBI OIICHOK:
Tabnuia 6 - Kpurepun orieHKM KOHTPOJIBHOM paboThI

Kpurepun onenku MaxkcumansHoe
KOJINYEeCTBO 0aJlIOB

BBINIOJTHEHHUE 3aJaHUI
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MakcuMainbHOE KOJINYECTBO OAJIIIOB 17

[lo pe3ynaprataM YCTHOTO OIpoca IO KOHTPOJBHOW pabdore oOy4aromemycs
BBICTABJISIETCS OLICHKA «3aYTEHO», UJIU «HE 3aYTEHOM.

OneHka «3auTeHO0» BBICTABIIAETCS O0y4YaIOUIEMYCsl, ECIIN:

- oOyuaromuiics 3HaeT M BOCIPOM3BOAUT OCHOBHBIE TOJIOXKEHHUS IUCLUIUIMHBI B
COOTBETCTBUHU C 3aJaHUEM, IPUMEHSET MX JUIsl BBIIIOJIHEHUS THUIIOBOTO 3a/aHusl, B KOTOPOM
OYEBH/JIEH CNIOCOO pelIeHUS;

- oOydaroluiicss 1eMOHCTpUpYeT Oa30Bble 3HAHMS, YMEHHUS U HaBBIKH, NPUMEHEHHbIE
IIPY BBITIOJIHEHUY 33JaHUI KOHTPOJIBHON paboThI;

- y oOy4aromerocsi He UMEETCSl 3aTPYAHCHUI B MCIIOJIB30BAHUH HAYYHO-TOHATUHHOTO
anmnapara B TEpPMUHOJIOTUH Kypca, a €CIU 3aTPYIHEHUS UMEIOTCS, TO OHU HE3HAYUTEIIbHBIE,

- Ha JIOTIOJIHUTEJIbHBIE BOIMPOCHI MpEeroaaBaress 00ydaroluiicss 1an MpaBHIbHbIE WIN
YaCTUYHO MPaBUJIbHBIE OTBETHI.

Komnerennus(-n) nmu ee (ux) yactb(-u) chopMupoBaHbl Ha 0a30BOM ypoBHE (YPOBEHB
1) (cm. Tabm.).

OneHka «He 3a4TeHO» CTaBUTCS 00ydarolemMycs, eClu:

- oOyyaromuiicss UMeeT MNpeACTaBIEHUE O COJCpKAHUHM JUCUUIUIMHBI, HO HE 3HAEeT
OCHOBHbIE TOJIOKEHHUs (TeMbl, pa3fenia, 3aKOHa U T.H.), K KOTOPOMY OTHOCHUTCS 3aJlaHue, He
CHOCOOEH BBINIOJHUTH 3a/laHUE C OYEBUIHBIM DPEUICHHEM, HE BIIaJeeT HaBBbIKAaMH B 001acTu
M3y4aeMoM AUCLIUILINHBL

- oOyyaromuiics He JIEMOHCTpUPYeT 0a30BbIC 3HAHUS, YMEHHS U HABBIKH, HEOOXOUMBbIC
JUTSI BBITIOJTHEHUS 3aIaHUH KOHTPOJIBHOW paboTHI;

- B TIpolecce OTBeTa IO TEOPETHUECKOMY M TPaKTUYECKOMY Marepuany,
coJiepKalieMycsi B BOIIPOCax KOHTPOJIBHOM pabOThl, JOMYIIEHb! PUHIUIHAIBHBIE OLITUOKH MTPU
U3JI0’KEHUU MaTepuara.

Komnerenmus(-u) unu ee (ux) 4actb(-u) HEe CHOPMHUPOBAHBI.

KonTponbHas paboTa, npuzHaHHAs HE OTBEYAIOIIEH MPEIbsSBISEMBbIM TPeOOBAHUSM,
BO3BpalIaeTCs CTYACHTY JUIsl JOPAaOOTKHU, IPU 3TOM YKa3bIBAIOTCA €€ HEAOCTAaTKU M JAI0TCs
peKoMeHAauuu s uX ycrpaHeHus. CTyIOeHTy mpeuiaraeTcss € y4eToM 3aMedyaHui
MpernoaBaTelis BTOPUYHO MPEICTaBUTh KOHTPOJIbHYIO pabOTy BMECTE € MepBOil paboTOH.

8. METOAUYECKHUE PEKOMEHJIALIUHA 11O NIOATI'OTOBKE K 3AYETY

3adeT ABJIICTCS (bOpMOfI OLCHKHM Ka4€CTBa OCBOCHUA O6y‘IaIOIJ_[I/IMC$I O6paSOBaTCHLHOﬁ
IporpaMmsbl 110 JUCHHMIIIIMHE. ITo pe3yiibTaTaM 3a4cTa o6yqa}ou1eMycsl BBICTABJISICTCA OLICHKA
GBadyTCHO» UJIN «HC3a4YTCHO».

OHeHKa BadTCHO» BBICTABJISICTCA Ha 3a4CTC O6y‘laIOH_[I/IMC5{, cCln:

- o6yqa}0u11/117lc;1 Ha6pan o TCKYLIEMY KOHTPOJIIO HeO6XO,Z[I/IMLIe 1 J0CTAaTOYHBIC OaILIbI
JJI BBICTABJICHUA OIICHKHW aBTOMATOM;

- O6yan0HlHﬁCﬂ 3HACT MU BOCHPOU3ZBOAHUT OCHOBHBIC IIOJIOKCHUA JUCHUIIJIMHBI B
COOTBCTCTBUU C 3aAaHUEM, HNPHUMCHIACT HUX JIS1 BBIIIOJHCHHUA THUIIOBOT'O 3aJdaHUSA B KOTOPOM
O4YCBHICH croco0 PCUICHUA,

- 06yqa10m1/117lc;1 MpOACMOHCTPHUPOBATL 0a3oBbIC 3HAHUA, YMCHHUA U HABBIKA Ba)XKHEUIITUX
PpasacIoB IMPOrpaMMbI U COACPIKAHUS JICKIHUOHHOTO KYPCa,
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- y oOyyaromerocsi He UMEeTCs 3aTPyIHEHUH B MCIOJIB30BAHUM HAYYHO-TIOHATHIHOTO
anmnapara B TEPMUHOJIOTUU Kypca, a €CJIU 3aTPYAHEHUS UMEIOTCS, TO OHU HE3HAYUTEIILHBIE,

- Ha JONOJHUTEJbHBIE BOMPOCHI MPENoiaBaTelsi 00yJaromuics Jain MpaBHIbHbIC WIN
YaCTUYHO MPABUIIbHBIE OTBETHI;

Komnerennus (1) wim ee yactb (M) copMHpoBaHbl Ha 0a30BOM ypoBHE (ypoBeHB 1)
(cm. Tabm. 1).

OneHka «He 3a4TeHO» CTaBUTCS Ha 3a4eTe 00ydaroluics, eclu:

- oOyyaromuiicss UMeeT NPEeACTaBIEHUE O COJACPNKAHUM JUCLUUIUIMHBI, HO HE 3HAeT
OCHOBHBIE TOJIOKEHUS (TeMbl, pa3zenia, 3aKOHa U T.[.), K KOTOPOMY OTHOCHUTCS 3a/laHue, He
CIOocOOEH BBITIOJNHHUTH 33JJaHWE C OYEBHUIHBIM pEIICHUEM, HE BIIQJCET HAaBBHIKAMH IOATOTOBKH
pedeparoB U Mpe3eHTaluii K HUM ¢ IOMOIIBIO MPOTPaMMHBIX IPOAYKTOB, HE OPUEHTUPYETCS B
MPaKTUYECKUNM CHUTyallMM, HE 3HACT OCHOBHYIO TEPMHHOJIOTHIO IPOLECCOB IMPOEKTUPOBAHUS
IIBENHOTO MPOU3BOJICTBA;

- UMEIOTCS CYIIECTBEHHbIE MPOOEbl B 3HAHUM OCHOBHOTO MaTepuaja o MporpaMmme
Kypca;

- B TIpolecce OTBeTa IO TEOPEeTHUYECKOMY M IPAaKTUYECKOMY Marepuany,
coJiepKalieMycsi B BOIIPOCax 3a4eTHOIro OwujeTa, JOMYIIEHbl NMPUHIUIHAIbHBIE OLIMOKU MpU
U3JI0’KEHUU MaTepuaa,

- IMEIOTCSI CUCTEeMAaTHYeCKUE TPOITYCKA O0YYarOIIMIACS JIGKIIMOHHBIX, MTPAKTHYECKUX U
71a00paTOPHBIX 3aHSATHI M0 HEYBAKHUTEIHHBIM MPUUNHAM;

- BO BpeMs TEKYIIEro KOHTPOoJIs oOydarouuiicss Habpaja HeJOCTaTOUHbIe JJIsl IOMyCcKa K
9K3aMeHY (3aueTy) Oasuibl;

- BOBpEMSl HE IMOATOTOBUJ OTYET IO MPaKTUUYECKUM U JabopaTopHbIM paboTam,
npeaycMoTpeHHsim PIT/I.

Komnerenmusi(n) win ee 4acTh (1) He cHOPMHUPOBAHEI.

CIIMCOK PEKOMEHAYEMbIX HH®POPMAIIMOHHBIX HCTOYHUKOB

6. YYHEBHO-METOJNYECKOE H UH®OPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJIMHBI (MO YJIS)

6.1. Pexomenayemas autepatypa

6.1.1. OcHoBHas JuTepaTrypa

ABTOpBI, COCTaBUTENH 3arnaBue WznatensctBO, TO |  Anpec
JI1.1 |B.. Mupusriit, HU. |TIpukianHas MeTpOIOTHs: yaeOHOE TIOCo0He , 2012 https://ntb.
MakapoBa donstu.ru/c
ontent/prik

ladnaya-
metrologiy
a

ABTOpEI, cocTaBHUTENH | 3ariaBue H3patenscTBO, rOf Anpec
JI1.2 |T.A. Cxopuk, HA.  |Merponoruueckoe obecrieuenue, CTaHaapTH3ALINS, , 2013 https://ntb.
Crpaxosa, H.W. cepTU(HKAIMS U DKCIIEpTH3a: yaeOHoe mocobme donstu.ru/c
TankuHa ontent/metr
ologichesk

oe-

obespeche
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JI1.3 |Kaiinosa B. H., Merpornorns, cTaHfapTA3anus ¥ CepTHHUKAIS. , 2015 http://e.lan
I'pebuesa T. H., [pakTuKym book.com/
Tecnenko E. B., books/elem
Kynukosa E. A. ent.php?

pll_id=61
361

JI1.4 |Bunorpanosa A. A., |3akoHomareibHasi METPOJIOTHS: y4eOHOE oco0He , 2018 https://e.la

Vaxos U. E. nbook.com
/book/1068
74

JI1.5 |Tonyo, O. B, CraHgapTu3aius, METPOJIOTHs U cepTHHUKAIINS: Capatos: http://www
Cypxos, 1. B., y4eGHOe mocodue BysoBckoe .iprbooksh
Io3nsaxoBckuii, B. M. obpaszoBanue, 2014 |op.ru/4151.

html

JI1.6 |IlynoBkumn, A. II., Mertponorus 1 paiuou3MepeHus: yaeOHoe nocodue Tam00B: http:/Aww
IManacrok, 0. H. TamOoBCKuit .iprbooksh

rocyIapCTBeHHbIi | Op.ru/6411
TEXHUYICCKHH 3.html
yHuBepcuter, ObC
ACB, 2011
6.1.2. /lonoJHUTE/ILHAS JIUTEPATypa
ABTOpBI, COCTABUTENH 3arnaBue Wz narenscTBO, rof Anpec

JI2.1 |Acraiikun, A. U., Mertposorus 1 paauor3Mepenust: yueGHoe ocooue Capog: Poccwuiickuii | http://www
TTomaskos, A. I1., (henepanbHbIi .iprbooksh
[lepbax, 0. IT,, sIepHBIN LeHTp — | 0p.ru/1844
Acraiikun, A. 1. BHUND®, 2010 0.html

JI2.2 |JTrotuxos U. B., MeTpoIorus 1 paauor3MepeHust: yueOHUK Kpachosipck: https://bibli
®omun A. H., Cubupckuii oclub.ru/in
Jleycenko B. A., (benepanbHbIi dex.php?
Bukropos /I. C., YHHBEPCHUTET page=book
®unoHoB A. A. (CoY), 2016 &id=4973

46
6.1.3. MeTronnueckne pa3padoTKu
ABTOpBI, COCTaBUTENH 3arnaBue WznatenscTBO, O Anpec

JI3.1 |AT'TY; coct. A.T. PykoBOCTBO [uTst IperofaBaTeseii mo opranusauu i |Poctos w/J1.: WIL] https://ntb.

CarnoxHHKOBa TJIAHUPOBAHUIO PA3JIMYHBIX BUJOB 3aHITUN U AI'TY, 2018 donstu.ru/c
CaMOCTOSTENLHON PaboThl 00yJaroIuXxcs B JJOHCKOM ontent/ruko
rOCY/IapCTBEHHOM TEXHHYECKOM YHHBEPCHTETE: METOI. vodstvo-
yKa3aHUsI dlya-

prepodavat
eley-po-
organizacii
-i-
planirovani
yu
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1. MeTonnueckue yka3zaHusl TIO BBITIOJTHEHHUIO MPAKTUUECKUX (J1a0OpaTOPHBIX
3aJaHuM

Pelienne KOHKpETHBIX 3a7a4, CHOPMYITHMPOBAHHBIX B TEXHUUECKOM 3a/IaHUH, U
MPOBEICHNE HEOOXOAUMBIX PACUETOB MIPOBOJAMUTCS C MPUBJICYECHUEM UCTOYHUKOB, Tie-
pEUHCIEHHBIX B paszaene «Jlureparypay.

2. Uenp u 3a1auu MPAKTUYECKUX (J1TAOOPATOPHBIX 3aJaHUMN

POEKTUPOBAHUE YUUT II€JIECOO0PAa3HOMY IPUMEHEHUIO TEOPETUYECKOIO
MaTepuana Kypca A pelleHHs 3aJad TEXHUYECKOI0 pacyeTa paauolepearoliux
YCTPOICTB, palMOHATBLHOMY M 0OOCHOBAaHHOMY BbIOOPY Hambojee MpaBUIbHO-TO UX
pElIeHUs], pallMOHAIbBHOMY HMCIOJIb30BAHUIO CHEIMAIbHON JTUTEPaTyphl, pa3BUBAET Y
CTYJICHTOB HAaBBIKM HWHXEHEPHOIO MPOEKTUPOBAHUS PAJAMOTEXHUYECKOW  arf-
naparypsbl, HOJArOTABIUBACT UX K AUTNIOMHOMY MPOEKTUPOBAHUIO.

3. 3agaHue 1Mo NpPOEeKTUPOBAHUIO HA MPAKTUYECKUX (JTAOOPATOPHBIX 3aHATHIX

3ajaHue 1Mo MPOSKTUPOBAHUIO SBJISIETCS OTYETHBIM JOKYMEHTOM, 0€3 KOTOPOTo
MOSICHUTEIIbHAST 3alMCKa Ha TMPOBEPKY HE TMPUHUMACTCS, a MPOEKT K 3allUTe He
JIOTyCKaeTCH.
uTepaTypa peKo C€HJIOBaHA TaKW 00pa30 4YTOOBI MPU OTCYTCTBUU B OUO
JUOTEKE OJHOW KHU M €€ O HO ObUIO 32 €HUT OJHOW WU IBY S JIpy U M.



B TexHu4eckoM 3aJaHUM K TPOEKTY NMPUBOASATCS TPeOOBaHUS MO MapameTpam
U XapaKTepUCTUKaM pa3padbaTbiBa€MOro nepeiaTyuka.

3.1. McxonHble aHHBIE 151 IPOEKTUPOBAHUS

3.1.1. Ha3znaueHue mnepenaTuyvka (HampuMep: paJudOBEIIATEIbHBIA, CBI3ZHOU U
T.A.) . 3A€Ch IPUBOJASTCS CBEICHMS ONPEIEIEHHOT0 BUAA O repeaaBaeMoil HHpopMa-
LMY U YCTIOBUAX pabOTHI NEpeaTurKa.

3.1.2. BeixogHas MONIIHOCTh B PEKHMME HETNPEPBIBHBIX KOJCOAHWN WM HM-
MyJIbCHOM PEXHME.

3.1.3. PaGouas yactora uiau pabouunii quama3oH 4acTorT.

3.1.4. Bug MoaynsiLiMy WJIM MaHUITYJISILAN.

3.1.5. HectabuinbHOCTH (CTAOMIBHOCTH) YaCTOTHI KOJICOAHUM.

3.1.6. Ipyrue TexHuueckue TpeOOBaHUs K PaIUONEPENATUUKY.

Kpome Toro, B 3alanuu IpUBOJASTCS OCHOBHBbIE TpeOOBaHUS MO 0O0BEMY BbI-
MOJIHAEMBIX PACYETOB, IpapruecKoMy MaTepuany U SKCIIEPUMEHTY.

[Ipu BBIMOTHEHUH MPOEKTA TEXHUYECKOE 3aJJaHUE ClIeyeT 1opaboTaTh, BEIOpAB
u 00OCHOBaB Jipyrue, He ykazaHHble B Tabnuuax (B.1-B.11), nononHu-TenpHbIe
TEXHUYECKUE XapaKTEPUCTUKU IPOESKTUPYEMOT0 MepeaaTunKa.

4. O0beM U coaepKkaHue IPOeKTa

POEKT COCTOMT W3 TOACHUTEIbHOW 3amucku o0bemMoM 3040 cTpaHuIl
PYKOIIMCHOTO TEKCTa W JBYX JHMCTOB Tpaduueckoro wmarepuana. Jlomyckaercs
BBIMIOJTHEHUE 3aIUCKU HA MEPCOHATIBHOM KOMIIBIOTEPE.

Conepxanue MOSICHUTEIILHOM 3aIIiCKHA JIOJKHO COOTBETCTBOBATH
TEXHUYECKOMY 3aJIaHUIO.

Kaxxmas mosicHuTenpHast 3amucKa JOKHA COACPkKATh CICAYIOIIAE pa3aeiibl U
MaTepUAIIbI:

1. TUTynbHBIN JUCT, BBITIOJHEHHBIA B COOTBETCTBUH CO CTAHAAPTOM .

2. 3a1aHue HA TIPOEKT .



3. Conepxanue. B HeM pUBOASATCA Ha3BaHMS Pa3/eiiOB U MOAPA3AEIOB B TOU-
HOM COOTBETCTBHHM C TEKCTOM IIOSCHUTEIBHON 3alUCKU U C YKa3aHHEM CTPAHUILL.
[Ipumep copeprkaHus NOSICHUTEIBHON 3aIIMCKU MTPUBEJICH B TIPUIL. 2.

4. BBeneHue, B KOTOPOM PacKpbIBAETCS HA3HAYEHUE M OCHOBHBIE OCOOCHHOCTH
MIPOEKTUPYEMOTO MEPEIATUNKA.

5. Pacuet u cocrapnenue (yHKIMOHATIBLHOM CXEMBI IIepelaTunKa.

6. Pacuer »1meKTpUYECKUX PEKUMOB pabOTHI BHICOKOYACTOTHBIX YCHUIIUTENEH
MOITHOCTH.

7. PacyeT aNeKTpUYECKUX PEXUMOB pabOThl YMHOXKHUTENEH 4acTOThl (IpH Ha-
JUYUU TaKOro TpeOOBaHUS B 33a/IaHUN).

8. Pacuer BO3OyauTens nepenaryuka (B YaCTHOM Clydae OJIHOTO aBTOreHepa-
TOpa) U CTAOMIIBHOCTH YaCTOTHI KOJIEOAHUH.

9. Pacuer 6JI0KUPOBOYHBIX 3TIEMEHTOB CXEMBI.

10. Pacuer BBIXOAHOTO Kackaja MOIYJATOpA.

11. Tabnuupl ¢ yKka3aHHeM BCEX HANpPsKEHUH M TOKOB, TpeOyeMBIX ISl UTAa-
HUS MepelaTurKa, pacder ero npomsinensoro KIII.

12. Onrcanue cxemMbl KOHTPOJIS, 3aIUThI U YIIPABIEHHUS IEPEAATUUKOM.

13. KOHCTpYKTUBHBIH pacyeT OJHOTO M3 Y3JIOB MepeaaTduka (1Mo yKa3zaHUIO
MpernojjaBaress).

14. Pe3ynbTaThl SKCIEPUMEHTAJIBHOW TPOBEPKU OTIEIBHBIX KAaCKaI0B IepeaaT-
yuKa (Mpy HAJTUYUK TaKOTO TpeOOBaHUS B 3aaHUH).

1 . Cneundukanus K NPUHIUIHATBHON IIEKTPUUECKON CXEME.

1 . Cucok ncnoap30BaHHOM JINTEPATYPBI.

1 . IIpunoxenus.

[IprHIMIIHANIBHAS 3JIEKTPUYECKAST CXEMA COCTABIISIETCS ITOCIIE BBIIIOJHECHUS
BCceX pacueToB. Ha Hell MOKa3bIBatOT BCE 3JIEMEHTHI PACCUMTAHHBIX U HEPACCUUTAH-
HBIX KAaCKaJIOB, LIEMU CBSI3M MEXY KaCKaJlaMu, OpTraHbl YIIPABICHUS U KOHTPOJIS 3a
pabotoii paguonepenaryuka. B cxeme A0MKHBI OBITH TPEAYCMOTPEHBI MEPHI IO T0-
BBIIIICHUIO YCTOMYMBOCTH PAOOTHI BEHICOKOYACTOTHBIX KaCKaJ0B U BHIMIOJHEHUIO TPe-
OOBaHUM AJIEKTPOMArHUTHOM COBMECTUMOCTH. B 3TO# CBS3U B 11€T1b MUTAHUS BKITIO-
qaroTcs GUIBTPHI HU3KUX YaCTOT, HA BBIXOJIC MEepelaTuyrKa MpelyCMaTpUBaETCs UC-
M0JI30BaHKE MOJI0COBOTO QUIBTPA.

C menbro KOHTPOJIA 3a pabOTON paguonepesaTInKa MpeayCMaTpUBaACTCs MpHU-
MEHEHHE CHEIUalbHBIX JAaTYMKOB. Tak, Hampumep, JJisi KOHTPOJIS BEJIUYMHBI BbI-
XOJIHOW MOIIHOCTH HCIMOJB3YETCSl HAIPABICHHBIA OTBETBUTEIb TOKOB AaKTHUBHBIX
DJIIEMEHTOB MOIIHBIX KaCKaJOB — IIyHTHI, COCTUHSEMbIE C M3MEPHUTEIbHBIM MpUOO-
pOoM, U T.JI.

B MoIHbBIX Kackagax cieAyeT MpelyCMaTpUuBaTh JIEKTPOHHBIE CXEMbI 3aIUThI,
MPEIOTBPAILAIOIIME BPEIHbIC TTOCIEACTBUS, CBI3aHHBIC C HAPYIIEHUEM HOPMAaTUBHO-
r0 SKCIUTyaTallMOHHOTO peXuMa padoThl paauornepeaardynka. [Ipu BHICOKOBOJIBTHBIX
UCTOYHUKAX MuTaHus (CBel € 1 Mpeayc aTpUBAETCs MPU EHEHue OJIOKUPOB
KU U CH Hallu3a WM.

a CX€ € MOKa3bIBalOT Op aHbl YIpaBlieHUs pabOTOM pajguomnepenaaTdynka
BKJIIIOYEHUE M3 EpPEHHUE YPOBHS O HOCTH NEPECTPOUKOMN YaCTOTHI U3JIy4ae O O
CH HaJla U T.[I.
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Tabnuua. 1
Tema: Ilepenatuynku COTOBOM MOABMKHOMN (MOOMIIEHON) PAJMOCBSI3H

H
TexHuueckue ycioBus oMtp Baphanta
1 2 3 4 5 6 7 8 9 10

1.Momxocts AC, BT 20 8 5 2 0,8 0,25 0,5 0,6 3,0 0,6
2.JInanazoH pabounx 890— 890— 890— | 1710— | 1850— | 1710— | 1850— | 824— 824— | 1850-
yacToT, MI'11 915 915 915 1785 1910 1785 1910 849 849 1910
3.Pa3genenue kaHaIoB UBP UBP UBP UBP UBP UBP YBP KP KP KP
4.Yucno KaHAJIOB Ha He- 8 8 8 8 8 8 8 55 60 62
CYLIYIO

5.HIupuHa paanokanana, 200 200 200 200 200 200 200 1250 1250 1250
Kkl

6.CkopocTh niepeiauu, 271 271 271 271 271 271 271 1228 1228 1228
Koéwur/c

7.Bun monynsiuuu I'iaMm | I'iM | TUM | T'iM ramMm | 1'iMm | ’'imM pdEMY DOM-Y DOMY

MC MC MC MC MC MC MC

Ilpunamoie coxkpawenusn: YBP, KP — cOOTBETCTBEHHO 4aCTOTHO-BPEMEHHOE M KOJOBOE Pa3ECICHUE KAHAJIOB;
I'IMMC — rayccoBa 4aCTOTHast MOAYJISIIUSA C MUHUMAJIbHBIM CJIBUTOM;
ODOM-Y — yeThIpéXypOBHEBaAsI OTHOCUTEIIbHAS (ha30Basi MAHUTTYJISIITUS;
AC — aboHEHTCKasi CTaHIUSI.



INPAKTUYECKUE 3AHATUA

MCTOIII/ILIeCKI/IC YKa3aHUs K MPAKTUYCCKUM 3aHATUAM

Pemenue 3amay — HE0OXOAMMOE YCIOBHE YCHEHIHOTO M3YYEHMS TUCLUIUIAHBI.
3aiaun 3aKpervIsioT B MaMsaTH (pOpMYIIbl U TPUBUBAIOT HABBIKU MTPAKTUYECKOTO MPHU-
MEHEHHUS TEOPETUUECKUX 3HAHU.

Ha npaktuueckue 3aHsATUSL CTYACHT J1OJDKEH MPUXOJIUTh, UMesl TIpU ce0e TaHHOe
nocobue, yueOHUK MO paJuoIepeaatonuM YCTPOUCTBAM U KOHCHEKT Jiekuuil. Kax-
Il CTYIEHT 00513aH pemaTh 3aJa4l CaMOCTOSATEIbHO, KOHCYJIbTUPYACH Y Mpernojia-
Barens. CTy/eHT, He YCHEeBUIMM PElIUTh 3a/a4d Ha 3aHSITHH, 0053aH PEIIMTh UX Ca-
MOCTOSATENBHO.

3amaun peKOMEHAYETCsl pellaTh B CIEYIOIIEH MOCIe10BaTebHOCTH:

— O3HaKOMJICHHE C YCJIOBUEM 3aJauyM; BBIJEJICHUE TJIaBHOTO BOMpOCa 3aJauyu
(Uro nemsectHo? Kakosa 11enb petienus?);

— aHanu3 conepkanus 3anaun. MccnegoBanue ucxoAaHbix AaHHbIX (UTO M3BecT-
HO? YUTo nano?). BHeceHne NONMOMHUTENBHBIX (YTOUHSIOMIMX) YCIOBUHM IS TOJTy4e-
HUS OJIHO3HAYHOI'O OTBETa. AHAIN3 PEKOMEHAYETCS HWJUIIOCTPUPOBATH PUCYHKaMU
(ciexTp KosebaHUM, cXeMa Kackaja, BOJbT-aMIepHas XapaKTepUCTUKA aKTUBHOTO
dJIEMEHTA U T. IL.);

— COCTaBJICHUE TJIaHa PEUICHUs 3a/1a4u;

— OCYIIIECTBIICHHE TIJIaHA PEIICHHUS;

— MpoBepKa oTBeTa (MpOBEpKa pa3sMEPHOCTEN, pEeICHUE ITOM K€ 3aJjaul PYTUM
CII0COO0M).

B navasie ka)xJ10r0 3aHATHA MPENOoiaBaTellb BbI3bIBAET HECKOJIBKO CTYJIEHTOB K
JOCKE JUIsl KOHTPOJBHOTO pelIeHHs] HanboJiee TPYAHBIX 3aJay JOMAIIHEro 3aJaHusl,
OTMEUYaEeT B JKypHaJle BBIMOJHEHHE JOMAIIHEro 3aJlaHusd CTyJIeHTaMu Tpynnbl. Bo
BpeMsi MPAKTUYECKOr0 3aHATUSA MpenojaBaTeilb OLEHUBAET B JKypHAJle aKTUBHOCTh
CTYJEHTOB (IIpH pelieHnu Ha padounx mectax). CTyIeHT, akTUBHO pabOTaBIIMA Ha
BCEX 3aHATHUAX, HA MOcCJeIHEeM moiiydyaer 3adeT. CTyAeHT, IpOMyCTUBIINN 3aHATHE,
00s13aH pelIUTh 33J]a4l CAMOCTOSITEIbHO M OTYUTATHCS Ha CIEIYIOUIEM 3aHATHH WU
BO BpeMsl 3aueTa B KOHIIE CEMEeCTpa.

CryneHT, HE MMEIOUIUN 3adeTa MO MPAKTHUYECKUM 3aHATHSAM, K 3K3aMEHY IO
Kypcy He aomyckaercs. OOmumii 3a4eT Mo JUCUUIUIMHE BBICTABISACTCA MPHU HAIMYUU
3a4€TOB MO MPAKTUYECKUM U JIA0OPATOPHBIM 3aHITHUSIM.



IIPAKTHYECKOE 3AHATHE Ne 1

CTpyKTypHBIE CXeMbI paauoONepPeIATYNKOB

1. Obwue ceedernus

Pa3HooOpa3Hbie TUIBI MEPEAaTYNKOB BBIMONHIIOTCS Kak KOMOMHAIMM COOT-
BETCTBYIOIIMX KAcKaJoB U 0710koB. O00OMIEHHAs CTPYKTYpHAs CXeMa paJuonepeiat-
YHMKa MpeJcTaBieHa Ha puc. 1.1.
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! COO00IIeHHs CYBC

Puc.1.1. O600ménnHas CTpyKTypHas cxema pajJuornepeaTauka

Ha puc. 1.1 o6o3Hauens: MY — MOAYISIIMOHHOE YCTPOMUCTBO; KaK MPaBUIIO,
yeunurenan Hu3koi yactotel; CYBC — cuctema ynpasieHus, OJIOKUPOBKH M CUTHAJIU-
3a1uu.

YacTroTHass MOAYJALMS OCYIIECTBISETCS B BO30ynuTeNe nepenardyuka, (azo-
Bast — B BU-yMHOXUTENSAX WM YCWIHTENSX, UMITYJbCHAS U amIuiuTyaHas — B BU-
yemnutensx. OgHonosiocHass MOAYJIALMS MPOU3BOAUTCSA B IEPBBIX KacKajax mepe-
narynka. Monynsarop — aro BU-kackan nepenardmka, B KOTOPOM OCYILECTBISETCS
Monyisanus. C momomipro anmapatypel CYBC aBTOMaTM4eckH BBINOJIHSAIOTCS Ce-
AyIOLIME OIepaluu: BKIoYeHUe/BoIkItoueHue PIInY, nepectpoiika no yacrore, cra-
OuM3aIys napaMeTpoB, 3alluTa MepcoHalia nepelaTyuka Npyu HapyeHuu HOpMallb-
HBIX YCJIOBUM SKCIUTyaTalluu U T.J.

IIpu cocraBiieHun U pacué€re CTpyKTypHOU cxemsbl PIInY wmcxondar u3 ero Ha-
3HAYEHMsI, YCIOBUH pabOThl U CIEAYIOLUMX OCHOBHBIX IapaMeTpoB: P 4— BBIXOJHOHN



MOIIHOCTH, MOJABOAUMON K aHTEHHE; ffy...fp — AMana3oHa pabo4MX YacTOT, CTa-

OWJIBHOCTH YaCTOThI, BU/1a MOJYJISILIUU U XapaKTEPUCTUK MOIYIUPYIOLIET0 CUTHAIA.
CocraBiienre CTpyKTypHOU cxeMbl PIInY sBnsieTcss OpuEeHTHPOBOYHOM Mpolie-
IypOH, OCKOJIBKY OHA IPOU3BOJMUTCSI HAa OCHOBE UCIIOIB30BaHUSA YCPEAHEHHOIO KO-

s durmenra ycunenns no mornHoctT Kp, mpepcrapisroniero co0oif OTHOLIEHHE

HOMHUHAJIBHBIX (TTACTIOPTHBIX) MOIIHOCTEH 3JCKTPOHHBIX MPHOOPOB JBYX COCEIHHX
KacKaJoB. 3aja4a COCTaBJICHHUS CTPYKTYPHOU CXEMBI COCTOMT B TOM, YTOOBI OIIpEIe-
JUTH PAIMOHAJILHOE YKCIIO KACKAJOB BBICOKOW YacTOTHI MEXIY aBTOI'CHEPATOPOM H
BbIXozoM PIInV, oOecneumBaromee BBITIOJHCHHUE 3aJIaHHBIX TEXHUYECKHX TpeOoBa-
HUH K MepefaTYrKy NP MHUHHMAJIBHBIX 3aTpaTax CPEACTB HAa WU3TOTOBIICHHUE M NPHU
noctaTodHo BeicokoM KITJI.

Konebanus manomorHoro Bo30ymutens (Pg,y <0,01BT) m cpaBHHTEIBHO
HU3KouacToTHOrO ( f 4y <10MI'1) mocnenoBaTeabHO YCHUIMBAIOTCS HECKOJIBKUMU

KacKaJaMu YCWJICHUS M YMHOKEHHUS YacTOThI, T.€. JOBOJSATCA JI0 3aJJaHHOM MOIIHO-
CTH Y YaCTOTBHI.

Ecin pabouas dacTtoTa mnepenaTyvka JIEKUT B HEKOTOPOM JUala3oHe
Af = fp — fy, TO mocTpoeHue Bo30yauTens ycnoxusercs. [Ipu HeOonpmoM yncie

pabounx 4acToT BO3OYIWUTENIb CTPOUTCS MO MPHUHIUITY KBapIl-BOJIHA, YTO O3HAYAECT:
Ka)JIOW U3 4aCTOT COOTBETCTBYET CBOM KBaplLEBbIM aBTOreHeparop. llepexon ¢ ognoun
YacTOThl Ha JPYTYI0 OCYIIECTBIISIETCS C MOMOIIbI0 KOMMyTaropa. B mpocTenmmx
BO3OYIUTENSAX TAKOTO THUIA UCIOIb3YeTCsl TaKKe HHTEPIOJSAIMOHHBIA MPUHIUM
dhopmMupoBaHUs BBIXOJHBIX KojeOaHui. [Ipu GonblioM yuciae 4acTOT BO3OYIUTEINb
npecTaBisieT coboi 1U(POBOM CHHTE3AaTOP YaCTOT, B COCTAB KOTOPOTO BXOJUT
KBapIIEBbI aBTOI€HEPATOP, Ha3bIBAEMbI OMOPHBIM, JEIUTEIb C IEPEMEHHBIM KO3 (-
dbunmenTom aeneHus u cucrema OAITY.

B MOUIIHBIX OKOHEYHBIX TPAH3UCTOPHBIX KacKajax MPUXOIUTCS OOBEIUHSTH
JUISL COBMECTHOM pabOThl MHOTO (JECATKH, COTHH) TPAH3UCTOPOB C MOMOIIBIO CXEM
CJI0’KEHHUS MOIITHOCTEM.

B npoMexyTouHBIX Kackajgax HEe0OXOJIMMO HCIOJIL30BaTh MPUOOPHI C BHICO-
kuMu koddpdunmentamu ycwieHus no MomHoctH. KIIJI memneit coriacoBanus
00b1uyHO He Oonbmue. OpuentupoBouno KIIJ[ meneii corimacoBaHusi MOTYT OIpese-
naThCs Tabm. 1.

Tabnuua 1
Kp 10 20 >4()
n 0,8 0,7 0,5 0,4 0,25
Ji(o

HpI/I COIIOCTABJICHUHN CIIPABOYHBIX HJAdHHBIX C Tpe6yeM01‘/'1 MOIITHOCTBIO Pl Ha

HCKOTOpOﬁ qacCTOTC f HYXHO HMCTb B BHAY CIICAYIOOICC: MAKCUMaJIbHaAsA
MOIITHOCTH Pl MaJIO UBMCHACTCA B PA3JIMYHBIX CXCMAX U HA PA3JIMYHBIX 4aCTOTAX, TAK

KaK OOBIYHO OorpaHuYCHA JOIIYCTUMBIMH MOIIHOCTAMHU PACCCUBAHUA, KOJJICKTOPHBIM
HaAIIPSAKCHUCM UJIIH TOKOM;, KHI[ KOHHCKTOpHOﬁ LOCIIN 77 HCCKOJIBKO ITOBBLIINACTCSA C

YMCHBIICHUCM YaCTOTbI, OJHAKO 3TH HU3MCHCHUA HC3HAYNTCIIbHBI, KOS(i)(i)I/IHI/IeHT



YCUJIEHUSI IIO MOLTHOCTH HA 4acTOTax, i€ OH HE U3BECTEH, OIIpeaeseTcs 1o popMy-
2

4
K _ R‘! f
aIe Bp —48p 7 . lITpuxoM 0003HAUYEHBI TUIOBBIE IKCIIEPUMEHTATIbHBIE KO Pu-

UMEHT YCUJIIEHUS 110 MOITHOCTH U YaCTOTA, B3SIThIE U3 CIIPABOYHBIX JaHHBIX.

Pacuér ctpykTypHo#t cxembl PIInY HaunnHaeTcs ¢ onpeneneHuss HEOOXOIUMOT0
quciia TPAaH3UCTOPOB JIJIS MOJTYUCHHS 3aJaHHON MOITHOCTH U, KaK MpaBUjIo, C BEIOOpa
AKTUBHOI'O 2JIEMEHTAa OKOHEYHOT'O KacKaza.

2. Ilpumep nocmpoenuss cmpykmypHou cxembl paouonepedamyura

HcxonHble TaHHBIE: COCTABUTH CTPYKTYPHYIO CXEMY PaJuONEPENArOEro yCT-
porictea (PIInY), nmeromero BbixoaHY! MouiHocTs P 4= 7,5 Bt Ha uactote f =

=50 MI'n. Mopynsuust ammnutyaHas (m = 1). Jlomyctumass HecTaOWIBHOCTH

yactotsr 107°. Hanpsioxkenue nuranus £ = 12 B.

a) BeiOOp aKTHBHBIX JIEMEHTOB JIJIsl aMILTUTYTHOTO MOAYJISITOpPA.

AM npou3BoguTcsi MO0 B OKOHEYHOM Kackaje, MO0 OJTHOBPEMEHHO B OKO-
HEYHOM U MpPEeJOKOHEUHOM Kackajax. [locnennuii ciydail mpruHaAJIeKUT K KOMOUHU-
POBAaHHOW MOJYJISIIUHU, YTO SIBJSETCS PAa3HOBUIHOCTHIO AM. [l mMpoeKTUpyeMoro
PIInY BoiOuMpaem koMOMHUpOBaHHYIO Moayisiuio. [Ipy AM BBIOOp OKOHEYHOTO
TPAH3UCTOPA ONPEAEIAETCA PEKUMOM MaKCUMaIbHOU MOILHOCTH:

Pymax = P4(1+m)? =7,5-4 =30 Br.
Takas momHocTh Ha yactote 50 MI'1y MOXeT ObITh MOJTy4eHa HA TPEX TpaH3M-

ctopax tuna KT903A. KonebaTenbHast MOUTHOCTh B KOJJIEKTOPHOM LEMU TPAH3UCTO-
pa BBIXOJHOTO Kackaga Pj, cTporo roBopsi, OTJIMYaeTcs OT MOLIHOCTU OTAaBacMoON B

HArpy3Ky P 4 max H3-3a IIOTEPH B LEIHU COINIACOBAHMS.

PA max PlrlllC >
rae 7,c — KIIJI nenu coryiacoBanus.

OOb1yHO B TPAH3UCTOPHBIX TICPCAATUMKAX BILJIOTH OO0 BOJIH ACHUMCETPOBOIO
AWAaIIa3oHa BCCra MOKHO ITOJIYUUTh BCIINYUHY nUC , MAJIO OTJIMYAIOMIYIOCA OT 1. Ilo-

3TOMy HpI/IHI/IMaeM
P =B =30 Br.

Kak nmpaBwuiio, U3roTOBUTENN TPAH3UCTOPOB YKAa3bIBAIOT HEKOTOPBIE TUIIOBBHIE
JKCIICpUMCHTANIbHBIC JaHHble. Bocmomedyemcs umu. Torma mpu [’ =50 M,

' ro_
P'=10 Br, K =3.
OpI/ICHTI/IpOBO‘IHO JJIs1 B036Y)KIICHI/IH TPAaH3UCTOPOB OKOHCYHOT'O KdCKalla HC-

00X0/1MMa MOIIIHOCTh

P 30
P =—=—=10 Br.
BXok K 3

p



BXonHasi MOIIHOCTh /I OKOHEYHOro Kackana Ppy .. OYAET ABIATHCS BbI-
XO/IHOH MOIIHOCTBIO TIPE/IOKOHETHOTO KaCKana Pppry re» T-€. PRpry e = Ppx o -

HeO6XOIII/IMO OIIPCACINTD ITOCTOAHHOC HAIIPSKCHUC HAa KOJUICKTOPC B PCIKUMC

MaKCHUMaJIbHOM MOIITHOCTH EK max » KOTOPOC CKJIaAbIBACTCA M3 HaHpH)I(eHHﬁ, moJjay-
YCHHBIX OT MOAYJIATOPA UQ =mkE nyr WU UCTOYHHKA ITMTaHUA

E

K max

max
= Epr (1+m) =24 Bt <E goon.

Be16op THna TpaH3uCTOpa MPEJOKOHEYHOIO KacKazia ONpeleNsaeTcss He TOJb-
KO HEOOXOAMMOM BEIMYMHOW MOIIHOCTH P|j7x, HO M BenuduHoW Kppx 3TOro

TPAH3UCTOpPA W HAIIPSKCHUCM IIUTAHUA C€TO KOJIJICKTOpHOﬁ O CIIu. YIIO6HO,"ITO6BI
HpCHOKOHCqHBIﬁ KaCkaJd MOT' IMUTATBCA OT TOT'O K€ MCTOYHHKA C HAIIPAKCHUCM En )

YTO U OKOHEYHBIH Kackaa. B oTiauyme oT KOHTypa OKOHEYHOro Kackaja 3/1ech MpHU
JOCTaTOYHO BBICOKMX KO3(P(PUIMEHTAaX YCUJICHHS TPAH3UCTOPA MO MOIIHOCTH Helle-
1ecoo0pasHo MpebsBIATE TpeboBaHue Bbicokoro 3HaveHust KIIJI koHTypa 71pC.

[TpenoKOHEeUHBIH TPAH3UCTOP OJHKEH 00J1a1aTh MOIHOCTBIO :
Ppxox

MuCnx

Pk =

Hpumem npc =0,7; Torna
PIHK = 10/0,7 = 14 Br.
Taxyro MOIIHOCTH IpU BBICOKOM K p MOYKHO IOJyYUTh OT ABYX TPAH3UCTOPOB

KT904 .
Ha pa6oueii yactore 50 MI'i K p npe1oKOHEUHOT O KacKaja:
2
S ( 100]2
K =Kp| — | =8| —| =32.
PIIK P f 50
MoHocTh Ha Bxoje Tpan3uctopoB KT 904 paBua

P
:ﬂ:ﬂ:0944 Br.

BXnik
K PITK 32
KOJIJICKTOpHOC IMUTAHUC 3TUX TPAH3UCTOPOB MOKHO OCYIICCTBIIATH YCPC3 06-
MOTKY TpaHC(I)OpMaTOpa. HpI/I 3TOM MOAYJHPYETCA OJHOBPEMCHHO OKOHEYHBIN U

HpCHOKOHeqHBIﬁ KaCKaabl, 4YTO O6YCJ'IOBJ'II/IB3,CT MaJible HEJIMHCHHbBIC NCKAXKCHMUS.

0) Boi6op AD niist aBTOreHepaTopa U MpOMEKyTOUHBIX KackaoB 2, 3, 4.
JlanbHeiiliee MOCTPOCHUE CTPYKTYPHOM CXEMbl MPOU3BOJIUM CIEIYIOUIUM 00-
pazom.

OO6patuMcst K BBIOOpPY TpaH3HMCTOpa JJisi aBToreHepartopa. Ilockonbky mormyc-

THMAs HecTabuIbHOCTH10 > ,TO 3TO OOCTOSITENIbCTBO OMpeAesieT HEOOXOAUMOCTh
MMETh B BO30yAHTENIe KBapieByr crabwimzanuio. Kpome Toro, Al mobkeH OBITH
MaJIOMOIIIHBIM U paboTaTh HAa OTHOCUTEJBHO HU3KOW uacTtoTe. B 3aBUCUMOCTH OT



qacToThl A" M €ro BHIXOJJHOW MOIIHOCTH OMPEACIISIETCS YUCIIO MPOMEKYTOUHBIX Kac-
kanoB. Eciau ucnonb3oBaTh B cxeMe NepefaTyrKka ABa yTPOUTENsl, TO YacTOTa BO30Y-
nuTens OyneT paBHa

frap 50
= LPAB _ 27 o5 5MI'n.
Jaan ===

Jlns  aBTOTrEeHEpaTtopa CieayeT BbIOpaTh BBICOKOYACTOTHBIM MAaJOMOITHBIN
TpausucTop, umerommii  f; >(20-50) f,, T.e. Tpansucropsl Tuna KT 334, KT 324 u
np. Beibupaem tpansucrop mns AI' KT331 ¢ gomycTuMol MOUTHOCTBIO pacCesHUS
0,015Bru f =250 M.

[Tonmo>xuM, 4TO BBIXOIHASI MOIITHOCTH Hariero Al™ momxHa 6bITh paBHoii 0,002 Br.
Torma mexay Bo30OymuTeNeM M MPEJOKOHEYHBIM KAacKaJOM MOKHO MOCTaBUTh TPHU
KackaJa: IBa MAJIOMOIIHBIX YTPOUTEINSI U OJMH OTHOCHUTEIILHO MOIIHBIA YCUIUTEIb-
HbI Kackaja. Takum oOpa3oM, OpUEHTHUPOBOYHO CTPYKTYpHasl cxemMa IepeaaTduka
Oyner UMeTh BUJL:

1 2 3 4 5 6
A
AT YMH. YMH. YM Ml M2 4\(

qacrt. qacrt.

\ 4
\ 4
\ 4
\ 4
\ 4

Puc. 1.2. CrpykTypHas cxema nepeaaTyuka

Bo30yxxnate TpaH3UCTOpPHI MPEIOKOHEYHOTO Kackaja MOXKHO OT YCHIIUTENS,
KOTOpBIﬁ JOJDKCH 00€ecCIeunTh MOIITHOCTS:
p Lo, 044
M, — - 0.4 ~
2

Tlyeyum,

1 BT.

Takyro momrHOCTh Ha yacToTe S0 MI'1 MOXKHO MOJYYHUTH C MMOMOIIBIO TPAH3H-
cropa KT 602. 3tor tpan3uctop Ha yactore 50 MI'11 uMeeT BBICOKOE yCUJIEHHE IO
MOIITHOCTH:

' f’ 2
KP:KP =L 264224
f

Ha B030y:x1eHue kackaga TpeOyeTcsi MOIIHOCTb

P
o 18T 05 BT,
24

PBX4 = K

Teneps nepeitiém K BIOOPY TPAaH3UCTOPOB I yMHOKUTENEH. {15 OOIbIITUH-
CTBa CXeM, pa0OTaIOIMIKNX B YMHOKHUTEILHOM PEXUME, MOKHO CUUTATh, YTO MIPHU Yac-

P

TOTEe BO3OYXICHHS f < O,3f—T BBIXO[HAsl MOIIHOCTh U KO3(P(GUIIMECHT YCHIICHUS TI0
0
MOIITHOCTH TPaH3HMCTOpa MajaroT B NV pas:
A Kp

Py=-L K, =P
N=N O Ty



B pexume ymuoxxkenust KIIJ] konaekTOpHOro KOHTypa JOJKEH ObITh 00s3a-
TEJIbHO HEBBICOKUM, T.K. B IPOTUBHOM Cllydae M3-3a HU3KOW Harpy>KeHHOW 0OpOT-
HOCTH KOHTYpa OyAyT IJI0XO OT(HUIBTPOBBIBATHCS COCETHHE TAPMOHUKH.

[Ipu mocTpoeHHH CTPYKTYPHOM CXEMbl BaKHBIM C TOYKH 3pE€HMs YHU(DUKAIIUN
ABJIACTCS IPUMEHEHHE 110 BO3MOKHOCTH OJHOTHUIIHBIX TPAH3UCTOPOB. ECiu npuHATH
Ny = 0,7, TO TPAH3UCTOP YMHOKUTENS TOJKEH 00€CIIEUUTh MOIIHOCTh

Pgys 0,04
nyy 07

B kauecTBe akTUBHOTrO 3J€MEHTa B YTPOUTEIE MOXKHO HCIOJIb30BaTh TPaH3U-
crop KT 602:

PIYM3 = ~ 0,06 BrT.

1
Py = 3 0,3 Bt > 0,06 Br;

24

KPN:3 :?:8.

Ha B030yxaeHue TpeThero kackajaa (BTOPOro YMHOXHUTENs) TpeOyeTcss MOIIl-
HOCTh
0,06

PBX3 = ~ 0,0075 Br.

Ilpumem 1nyy, =0,7. TpaH3UCTOP NEPBOTO YMHOXKHUTES JOJDKEH BbIpaOaThI-

BaTh MOIIIHOCTb
0,0075

PIYM2 = ~ 0,0IBT.

b

PaccMoTprM BO3MOXKHOCTH MCHOJB30BAHUSI B KaueCTBE aKTUBHOI'O 3JIEMEHTA
tpan3ucrop KT 331. Kak u3BecTHO, TpaH3UCTOP CIENYET BHIOMPATh TAKOM, Y KOTOPO-
ro JIOMyCTUMasi MOIIHOCTh PAaCCEMBAHUA TOTO K€ MOPSAKA, YTO U KosebarenpHas — P .

VY tpanzucropa KT 331
Prop =0,015Br.

Ecnu npumenuts popmyny

(1-m)
Py =hH e
n
U npuHATh 171= 0,5, 4T0 crpaBeATMBO I OOJIBIIMHCTBA IMOJIYIPOBOAHUKOBBIX MPH-
6opos (17;=0,5...0,7), To
Py =Py =F =0,015 Br,
CJIEIOBATEIBHO, B YCHIIMTEIIBHOM PEKHME TPAH3UCTOP O0SCIICYUT
P =0,015BTt, K, =8.
[Tockonbky B ymHOXkuTene P; u Kp ymensmaiorcss B N pas, TO
By, ~ 0,005 Br, K, ,*3,

By, = 0, 205 = 0,002 Br.




Takxum 06pa3om, B pe3yiibTaTe pacuera CTpYKTypHas cXeMa pajuorepeaaTyuka
OPUEHTHPOBOYHO OYJIET UMETh CICAYIONTUNA BUI:

TA
AT | 0,002Br 0.011B1 0.06B1 1,0Br | 2mp. | 14Br| 31p. | 30Br
KT331 » KT331 KT602 » KT602 > KT904 > KT903

—— 5,5 MI'y ——4—16,5MI'—¢— 50 MI'i—4——50 MT'y —4— 50MI'u— 50MTI'n

2 o
. 7

® Gl

Puc. 1.3. CrpykTypHas cxema paauornepenraryuka

[lepBblii YMHOXKUTENIb U ABTOT€HEPATOP TPEOYIOT MOHM)KEHHOTO MUTAHUSA, KO-
TOpOE 00€CIeYnBaEeTCsl MYTEM BKIIOUEHMs racsauiero pesucropa. CTaOMINTPOH MO-
BBIIIAET CTA0MIBLHOCTD HanpsikeHus B Al

3. VYnpaosicnenus u 3aoauu

1. M300pa3ute CTPYKTYpHYIO CXEMY MepeaaTdyuka ¢ 4aCTOTHOM MOIYJISIUEH |
MOSICHUTE Ha3HAUEHUE €€ KackanaoB. 3 kakux cooOpakeHUN BHIOMPAIOTCS] aKTUBHBIC
AJIEMEHTHI IJIsl OKOHEUHOI'0 Kackaaa?

2. N3006pa3ute CTpYKTYpHYIO CXeMy Iepenatuuka ¢ (a3zoBOd MOAYJAIMEH U TO-
SICHUTE HA3HAYEHHUE OTACIBbHBIX €€ KacKaJoB. B ueM mpeumyliecTBa U HEJOCTATKU
TAKOTO nepeaaTyuka’?

3. Tlo KakuM ONPUYUHAM HCMOJB3YIOT CXEMbl CYMMHUPOBAHHUSI MOIIHOCTEN aKTHB-
HBIX 3JIEMEHTOB, OTJACJIBHBIX PaJAHMOYacTOTHHIX OJ0KOB? HazoBute crocoOwl croxe-
HHS MOIITHOCTEM.

4. C xako# LIeNbI0 UCMOJB3YETCA B MEpeAaTUYMKax PEKUM CUHXPOHHU3ALMMU T€HE-
paTopoB? M3o6pasure cxemy BbIXOAHOTO Kackana PIInY, B xoTopoil mpumeHsieTcs
ATOT PEKUM.

5. YUto Takoe paguOCUTHAI U KAKUMHU MapaMeTpaMu OH XapaKTEepU3yeTcs?

6. UeM oTim4aroTCs aHAJIOTOBBIE U ITU(POBLIE paguonepeaaronue yCTpoucTra?

7. Tlepeunciute TOCTOMHCTBA, HEIOCTATKH M 00JIACTH TPUMEHEHHUS TTPOBOJIHBIX U
OECITPOBOIHBIX PAAUOIUHUM.

8. B ueMm coctout npouecc Mmoaynsiuuu? [lepeunciaure BUABI MOAYJALIMU, UX OC-
HOBHBIE JIOCTOMHCTBA U HEJOCTATKH.

9. B ueM cXOXE€CThb M OTIWYME MPOILIECCOB MOAYISAUMM U MaHunyasiuu? Ilepe-
YUCIUTE 00JIaCTU MPUMEHEHUS MaHUTTYJISIIIUU.

10. Ilepeuncnute paguOTEXHUYECKUE CUCTEMBI, B KOTOPBIX UCTIOJIB3YIOTCS PaIUO0-
Nepegarue yCTpOUCTBA.

11. TlpuBeaure kiIaccuuUKaMIo paaHONEPEIAONINX YCTPOUCTB, MPUHATYIO B
ctpanax CHI'.



12. [lepeuriciuTe OCHOBHBIE NapameTpbl PagUONEpPEaTIUNKOB U OOBSICHUTE HUX
3HAYECHUE JJISI PATMOTEXHUYECKOU CUCTEMBI.

13. Yto Takoe KIIJ[ PIInY? Kak on ompenensiercsa? Kakue mepbl HEOOXOIUMO
MIPUMEHHTB JJISI €TO MOBBIIEHUSA?

14. B xakux paauornepenamnx yCTPOMCTBAX UCTIONb3YETCs YMHOKEHUE YaCTOTHI?

15. PaccumnTaiite K03 PUIIMEHT YCUICHHS PaJuoNepeIaTyuKa 10 MOIIIHOCTH B pa3-
ax W JeuuOernax MpU MOIIHOCTH CUTHaNa, IepenaBaeMoro B aHteHHy P, =15 kBr,

k03 unnent K 4y = 0,75 n momHocTH Bo30ynutens Ppozy = 10 MBrT.

16. N300pa3ute CTpyKTypHYIO cXeMy MHorokackajanoro nepenaruuka PJIC. Ilo-
SCHUTE HEOOXOAMMOCTh MHOTOKACKaIHOTo noctpoeHus PIInV.

17. ChopmynupyiTe TeXHUUECKHE TPEOOBAHUS U COCTABbTE CTPYKTYPHYIO CXEMY
nepenaTynka sl 3ByKOBOTO CONPOBOXKIAEHHUS TEIIEBU3MOHHBIX TPOTPaMM.

18. Paccumuraiite k03(pdUIIMEHT YyCUJICHUS] paJuoNepenaTyrka Mo MOIIHOCTH B
pazax u aenudenax npu kodppuureHTe yCuieHus nepBoro kackaaa 7 b, BToporo —
10 nb, tpetbero — 5 nb. CocraBbeTe cTpyKTypHYIO cxeMy PlInVY marucrpanbHoli pa-
JTUOCBSI3U, paObOTAIOIIETO C OAHOMOJIOCHON MOYJISIIHEH.

19.CocraBbTe cTpyKTypHYyI0 cxemy PIInY mudposoit paguopeneitHoll NUHUU |
chopMynHpyHTe TEXHUUECKUE TPEOOBaHUS K MEepeJaTUUKYy.

20. N3o0pa3ure cTpyKTypHYIO cxemy aboHeHTckoro PIInY coToBoii cuctemsl pa-
IUOCBSI3U 1U(poBoro tuna. [losicHUTe TPUHIMI TOCTPOEHUSI COTOBOM CUCTEMBI pa-
IUOCBA3U, PACIpEAEIICHUE B HEW YaCTOTHI.

21. Chopmynupyiite TeXHUYECKHUE TPEOOBAHUS U HAPUCYHTE CTPYKTYPHYIO CXEMY
YKB UM nepenaruuka crepeopOHHUUECKOTO paIiOBEIIaHus.

22. HapucyiTte CTpYKTYpHYIO CXEMYy paAuoNepeaaTUnKa-pETPAHCIATOPA IIPHU
MHOT'OCTaHIIMOHHOM JOCTYIIE C YaCTOTHBIM pa3/IeIICHUEM KaHAJIOB.

23. ChopmynupyiTe TeXHUYECKUE TPEOOBAHUS U COCTaBbTE CTPYKTYPHYIO CXEMY
nepeaaTyruka nudpoBoro paauorenedoHa.

24. CocTaBbTE CTPYKTYPHYIO CXeMy paauoBemiarenbHoro YM-nepenaruvka, pa-
OoTarolero no cxeme npeodpazoBaHus (pazoBON MOIYJSIUHU B YACTOTHYIO, €CIIH He-
cymas yactorta 45 MI'n, neBuanus yactorsl 50 k', mojioca MOAYIUPYIOMINX YaCTOT
30 — 15000 I', neBmarust ¢assl 2,5 paauaHa. BeixogHas MOIIHOCTH TMepeaTIMKa
1 xBT.

25. ChopmynupyiiTe TeXHUUECKHE TPEOOBAHUS U COCTABbTE CTPYKTYPHYIO CXEMY
nepegaTyYuka ONTHYECKOro JUara3oHa.

IIPAKTHYECKOE 3AHATHE Ne 2

DNEKTPOHHBIE PEKUMBI TEHEPATOPOB ¢ BHEIIHUM Bo30yx)aeHueM (I'BB)

1. Obwue ceeoenus

I'eneparop ¢ BHemHUM Bo30yxaeHueM (I'BB) mnu He3aBucuMbIM BO30YXII€E-
nueM (I'HB) mpennasnauen s nmpeoOpa3oBaHHsl SHEPIHMM HMCTOYHMKA TMUTAHUS B
HHEPTUI0 BHICOKOYACTOTHBIX KoJieOaHUN. DTO HAa3BaHHWE T€HEPATOp MOJYUUI B CHILY
TOTO, YTO CBOM (DYHKIIMU OH BBIMOJHSET TOJBKO MPHU MOJaye HAa €ro BXOJ CUTHaia



ONpPEeACIEHHON aMIUIMTYIbl M YaCTOThl OT BHEUIHETO, HE3aBUCHUMOTO MCTOYHUKA KO-
ne6anuii. 'BB coctout u3 akruBHOTrO 251emMeHTa (AD), cucteMbl Bo30yxaeHus (CB),
Harpy3ouHoi cucteMsl (HC), nctouHukoB nutanus u cMemenus E u Eqyy u ne-

neit 6nokupoBku Cpy b X Cppix b CB conep:KUT HCTOYHHUK BO30YXKIECHUSA U BXOJI-

HYIO IIeTb COIJIacOBaHUs, o0ecrneunBaeT (HOPMUPOBAHUE TAPMOHHUYECKOT'O BXOIHOTO
HanpsHKEHUsT WK BXOJHOTO TOKa W nojady nocieaHux Ha AD. B HC BxonsT uenb
COTJIACOBaHMS M Harpys3ka, Kotopas obecreunBaeT (OPMUPOBAHHUE BBIXOJHOTO CHT-
Haja U Mojady ero B aHTEHHY WM Ha BXOJ Mocleayromiero kackaaa. O600ménnas
cxema ['BB umeer cienyrommi Bu:

{BX {BHX
—> 4—
—o
A
CB Upos Upx AD BBIX Uy HC
v
e ©
| | | |
[ 1 |
CBXQ) CBBIX@

Puc. 2.1. Oboowennas cxema I' BB

Bo BxoaHo# nenu AD AEHCTBYIOT CIEAYIONIME HANIPSKECHUS : HAIPSIKEHUE BO3-
OyXKIEHUS Uy,, =U,, cOsS®!, ynpaBisioliee MpoieccoM MpeoOpa3oBaHUs dHEPTUU
MCTOYHHMKA ITOCTOSIHHOTO ToKa Ej; B 3Hepruto BU-konebaHuil; MOCTOSHHOE Hampsi-
’KEHUe cMelleHus Ey, , onpenensdomnee BEI0Op paboyell TOUKU Ha CTaATUCTHYECKON
IPOXO/HOM Xapakrepuctuke AD. MCTOUHMK MEPHOAMIECKOTO BO3OYKACHUS Ug,; U
UCTOYHHUK IIOCTOSIHHOIO CMELIEHHUs E(s CO3AI0T BO BXOAHOW Lemu AD TOK iBX,
oOpa3ylomnuii Ha yHOpaBJSIONIEM 2JJIEKTpojae AD MIHOBEHHOE HamNpshKeHUE
Upy = ECM +U gy COS@ I . Tlog nercTBUEM 3TOTO HAIPSHKEHUS U BKJIOUEHHOM HCTOY-
HUKE MUTAaHWsI BBIXOIHOM 1ienn Ej; Ha BbIxoge AD MOSBISIETCS BBIXOIHOM TOK Igp vy .
OTOT TOK MPOXOIUT IO LETSAM Harpy304HOM CUCTEMBI U 00pa3yeT MajeHue HampsoKe-
Hus Upg, B pe3ynbTare 4Yero Ha BbIXoAe AD TMOSIBIAETCA HAIPsSKEHUE
Uprrx :EH—uH :EH_UH cosmt .

OcHoBHbIMHU pexxuMaMu padoTel AD I'BB sBastorcs: Henonanpspkéansiii (HP),
rpannusblii (I'P) u nepenanpspoxkénnsiii (I1P). BB ¢ mocTossHHON aMIUIUTYION CHUT-
Hajia Ha BBIXOJI€, KaK MPaBUIIO, pab0OTaeT B KPUTHYECKOM PEKHUME, TaK KakK ITOT pe-

KUM XapaKTCPU3YCTCA HAWIIYUYIINMHU JHCPICTHYCCKUMM ITOKA3aTCIIIMU. FpaHH‘lHBIfI
PEXKUM 1aCTO UMCHYIOT KPUTHUYCCKHUM, IIOCKOJBKY OH OYUCHbB KPUTHUYHO PCAarupycT Ha



U3MEHEHUE HanpsbkeHun U, , Ecps,Ej7 u conporuBieHue Harpysku Zpy. Ilpu

BX >

yYBEIMYCHUU U,, ,

Ecpys m ymenesmienuu £y conportuBieHus Ry reHepaTop «CBa-
JIMBACTCS» B NIEPEHANPSKEHHBIN, @ B IIPOTUBOIIOI0KHOM CIIy4ae — B HEJAOHAMPSIKEH-
HBIU PEKUM.

Ouenp yacto I'BB HaspIBaroT ycwimreneM, MOTOMY YTO Ha €ro BBIXOJE IIPaK-
TUYECKU BCET]a BBILIE U TOK, U HAIIPSDKEHUE, B KOHEYHOM CUYETe U MOIIHOCTh. Kpome
TOr0, MepBasi rapMOHMKAa TOKAa M HAIPSDKEHHS Ha BBIXOJE IO (opME COBHANAET C
BXOJIHbIM curHajoMm. [loatomy BaxkHeimum nokazarenem ['BB sBusercs koaduin-

€HT yCHWJIeHUsI 1Mo MomHocTH K,. OJIHAKO paccMaTpUBa€MOMY YCTPOWCTBY OOJIbIIE

MMOAXOOUT HA3BAHHUC I'CHCPATOP, ITIOCKOJIBKY €T0 BBIXOI[HOﬁ TOK IIO (1)0pMe HE COBIIa-
AacT C BXOOAHBIM CHUI'HAJIOM, a4 TCHCPUPYCT MCPHUOJNICCKYIO IMMOCIICAOBATCIIBHOCTL KO-
CUHYCOUIAJIBHBIX HUMITYJIBCOB, KOTOpPAsA MOXKCT OBITh npcacTaBjCcHa psaa0oM <Dypbe.
IlocTosiHHAS COCTaBJAOIIAA U aMINIMTYyAbl KOCUHYCOUAAJIbHOT'O UMITYJIbCA JICTKO OII-
peaAciIAI0TCA C ITIOMOIIBIO KOG)(l)(bI/ILII/ICHTa IIPpONMOPIHUOHAJIBHOCTH &, X1,AD,..., KOTO-

pbIe 3aBHUCAT TOJIBKO OT yria orceuku 6. MX 3HaueHue omnpenesisioT mo Tabiuuam
1160 1o rpaduxam.

B 3aBucuMOCTH OT yria OTCEYKM pa3IUYaloT CIEAYIOIIUE KIAacChl PabOoThI
I'BB: 4 — mpu 6 =180°; 4B — npu 90° <60 <180°; B — npu 6 =90°; C — npu
0 <90°. Knacc /[ Ha3pIBaeTCs KIIFOYEBBIM PEKUMOM.

bananc MOIIHOCTEH [J1s1 BBIXOHOMU I[N MMEET BH]T

fy=H+Ppyc-
rae Fy — MOIIHOCTb, OTpedsieMast OT UCTOYHUKA ITUTaHHUS;
Pp 4 — MOIIIHOCTb, paccenBacMasi B BUJIE TEIUIa Ha BBIXOJHOM 3JIEKTpojie AD;

P =0,5U 1 gy, — none3Has MOIIHOCTE Ha BBIXOJIE TEHEPATopa, T/e
Ipg [x| — HepBas rapMOHHMKA BHIXOHOTO TOKA I'BB.
bananc MomiHocTEeN BO BXOHOM 1I€IHU UMEET BUJT
PBXl :PCO +PPACBX9
rae Py, — MOIIHOCTh HCTOYHHKA BO30YX/IECHHUS;

POCM — MOIIHOCTHh HCTOYHHUKA CMCIICHMSI,

Ppx p 4 — MOLIHOCTb, pacCeHBacMas B BUJIC TEILIA HA YIPABIIAIOLIEM SIIEKTPOJIC AD.

Onextponnbiid KIIJ[ BeixomHoM nienu AJ:
_ B
Ny = P )
a nmosiaei KIT AD:
P]

= b
P, + PCo + PBX]

U

Koadpdunment ycunenus:t AD nmo montHocty B 'BB:



P

K, =8B
Py
1 BBIX,
OTHolIeHUE g= Ha3bIBAIOT KOC—)(l)(I)I/II_II/IeHTOM (I)OpMBI BBIXOAHOTI'O TOKA.
BBIX,,
U
— —~ BbIX
OTHolIeHHE é —E— BbIpaXacT KOB(i)(i)I/H_II/ICHT HCIIOJIB30BAHUA HAIIPAKC-

17
HUA ITNTaHUA BBIXOJIHOﬁ O CIIn.

M3 BbILLIEN3NOXEHHOIO cnenyer, 4To

1 IBbIX] Ui _ 1

=21 B, 2%

BBIX, 0 7 2

B

B pexxume knacca A MakcumanbHoe 3HaueHue g =& =1 u teopernuecku KI1J]

HE MOXeT ObITh Oombie 0,5.

B pexxume ¢ oTceukoil MakcumanbHoe 3HaueHue & =1,a g — 2, T.e. TeOpeTu-
4ecKH 175 = 1. M3 ckazaHHOro 5icHO, uTO ycmiutens ¢ BeicokuM KIIJ[ nomxen pabo-
TaTh C OTCEYKOW TOKA, T.€. B HEJIMHEHHOM PEXUME.

[lonuyro uHpopManmio 0 pexxumax paboTel AD MOXET AaTh AUHAMHUYECKas
XapaKTEPUCTHKA, T.€. 3aBUCUMOCTb, KOTOpas OAHO3HAYHO CBA3BIBAET MIHOBEHHBIC
3HAYEHUS BBIXOJIHBIX TOKA U HAIIPSKECHMUS.

I'paduk annmpokcMMUPOBAHHONW AMHAMHUYECKON BBIXOJHOM BOJBT-aMIIEPHOU
XapaKTEPUCTUKHU M300paxeH Ha puc. 2.2, a. YyacTok I cOOTBETCTBYEeT HelOHAIps-
KEHHOU o0sacTH, yyacTok Il — nepeHamnpsi>keHHON, Touka A — rpaHUYHOM (KpUTHYE-
CKOI1).

Ha puc. 2.2, 6 moka3aHsl BPEMEHHbBIC 3aBUCHMOCTH Igp v (®t) mpu pas-

JINYHBIX 3HAYCHUSX BbIXOAHOTrO HanpspkeHust U pp;y M MOCTOSHHOM yrie oTced-
ki 0 =90". Hauano Bpemennsix orcuetoB (@f = 0)m1st Kaxa0ro pexuma yKa3aHo
Ha pUCYHKaX.
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Puc. 2.2. lunamuyeckas xapakTepucTuka (a) u hopma BRIXOJHOTO TOKa (0)

B Pa3JIM4YHBIX PEKUMax padOThl aKTUBHOT'O 3JIEMEHTA (B)

B HeloHANPSHKCHHOM  PeXXUME UMITYIIBC Iy ry (wt) umeer popmy 0Tpe3Ka KOCHHYCOUIBI U ETO
aMIuMTyaa Bospactaer ¢ poctom U gy v . B rpaHHdHOM peskiMe aMILINTYAa HMITYTbCa BBIXOJI-
HOTO TOKa MakCUMallbHa. B HeIOHANPSHKEHHOM PeXKUME B UMITYIIbCE Lpyry (wt) nosensercs

TIpOBaJl, yBeIMUMBaroIuiics ¢ poctom U gz iy .

I[JUI pacqéTa TOKOB CTATHYCCKHUC XaPAKTCPUCTUKH IIPUTOAHBI JIMIIb IJIA Oe-
SBIHCPIMOHHBIX aAKTHBHBIX 3JICMCHTOB, U3 KOTOPBIX TOJIBKO JIAMIIBI U IIOJICBBIC TPAH-
3HUCTOPHI B 0OJBIICH YacTH UX pa60qer0 Aralria3doHa 663I>IHepI_II/IOHHBI. I[JISI 6I/IHOJ'I$Ip-
HBIX TPaH3UCTOPOB (BT) HHTCPBAJ YaCTOT, I'IC UX IMOBCACHHUC OIIUCBIBACTCA CTATUYC-
CKUMH XapPaKTCPUCTUKAMU, COCTABIIACT HCCKOJIBKO IIPOUCHTOB OT BceH oOJractu pa-



06ounx gactoT. Yactoruele cBoiictBa BT HarisiAHO MPCACTABIIAOT YaCTOTHBIC XapaK-

TEPUCTUKU MOIYJIS ‘ ﬂ u pa3oBoro yriaa @ {3 » KOTOpBIE TIPE/ICTABIICHBI HA PUC. 2.3.

Becw nmuama3zon pabouyux 4acToT yJI00HO pa3aesuTh Ha TpU oOnacTu. B obnac-
TH HU3KUX YacTOT (OSa) 30,3%) BT MoxxHO paccMaTpuBaTh Kak OC3bIHEPIIMOHHBIH

B

AKTUBHBIM DJJIEMEHT C =B° u Pp = 0. B 1uanasoHe CcpegHMX YacTOT

(0,30) g <O < 30)) BT — unepnuonHslil 3neKkTpoHHbIN TTpubop. [lo Mepe yBenuye-

B

HHUA 9aCTOTBI B OTOM AHAIIa30HC 3HAUYCHHC

YMCHBIIACTCA, A gD ﬂ — YBCIIMYNUBACTCA.

B

HHCPIIUOHCH. OTIICJIBHBIC mapamMcCTphI BT cBs3anbl CICAYOIHUMHU COOTHOIMCHUAMM
B=15...30, Tﬁ ZBTT . SZBSBX . fOC :fT +fﬁ

ITpu

=0,707 u Qg = 45°. B nuama3oHe CpeIHHMX 4acToT @ > 3a)ﬁ BT Taxxe

BT

4500 L

T
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|
|
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Puc. 2.3. YacToTHBIE XapaKTEPUCTUKH OUMOJISIPHOTO TPAH3UCTOPA

2. IIpumep pacuéma I'BB

Hcxoaublie naHHbIE:

Paccunrtats reneparop MmomHocTeio 10 BT B ntnana3zone vactor 25 ... 50 MI'w;
HOMUHAJIbHBIA PEXKUM — IPAHUYHBIHN, HaNpskeHue nuranus 24 B.

Bri6upaem tpanzuctop 2T903 A co clieayronumMu napaMmeTpaMu:

f;=120MTu, P,, =30Br, S,, =0,44% R, =0,08xOm,
rb:ZOM,C}:JSOWD,sz(Q2—OJ)(},nglKMH®,EE) =60B,
0

n

L, =3A U, =60B, U =15...70.

oon on K6()0n

[Tomaraem, uro TpaH3ucTOp paboTaeT B pexxkume kiacca B, 6 = 90°.

=3B, Ly =5ulH, iy,

Pacyer KONJNEKTOPHOW Lenwu
1. AMmuTyna nepeMEeHHOTO HANPsKEHUS



8P, .
o1 (9 )Sep : EI%

Uy, = Ex| 0.5+0.5 \/1 =

L e

2. MakcumaibpHOe HaIIPSKCHUC Ha KOJUICKTOPC HE NOJDKHO ITPCBBIIIATD

]:19,2 B.

E =F_,.+(1,2..1,3)U <E  E =24+19,2-1,3=48,968 <60 B.
K. K ( ) K,y Ky Kmax
3. AmmuuTyzaa nepBoil TApMOHHMKHU TOKA
2P
Iy =—1;IK =&_104A
1 UK 1 19,2
ep

4. TlocTtosiHHAA COCTaBJAOIIAA KOJIJICKTOPHOI'O TOKA

[o4 (9) 0,319
I =221 <I :
<0 Ll(QJ el 3= {05 }104 0,655<3 A,

5. MakcuManbHbIN KOJJIEKTOPHBIN TOK

5

I
. ’ 0,655
=% < . - A.
*imax a,(0)  “maxoon >max 0,319 =2,074<3

6. MakcuMaibHasi MOIIHOCTh OTpe0sieMasl OT UCTOYHHMKA MUTAaHUS
Py=E, -1,;F,=24-0,655=15,96 Br.
7. Koadp¢puuueHT 1mone3Horo AeWCTBUSA KOJJIEKTOPHOM LENU MpU KOJUIEKTOPHOU
Harpyske

M5 =%; M = 151096 =0,62.
8. MaxkcuMmaipHas pacceuBacMas MOIMHOCTDb Ha KOJIJICKTOPC TPAH3HUCTOPA
Ppyc =P, =Py
P, =15,96-10=5,96 Br <30 Br.
9. HomMuHanpHOE CONMPOTHUBIICHUE KOJUICKTOPHOU 1SN
R, :&; R, = 15,2 =19 Om.
1 1,4

K

PacuerT BXOI[HOﬁ OCIIHu

1. COHpOTI/IBJ'IeHI/Ie MCXKOAY 68,30BBIM U OSMHUTTCPHBIM BBIBOAAMH TPAH3UCTOpA
IIpu h2130 = 30 .



R.=R. = h2130 1— h2130 .
0 "¢ 2g.f -C 27 f,-C, R, |
m -9 m- =0 hys

30

R. =R, = X

0 ¢ 2.314-120-10°-1200-107"

x| 1- 630 — - [~180m.
2.3,14-120-10°-1200-107'2-8-10

2. ConpoTuBJICHHUE MEXIY KOJUICKTOPOM | 0a30ii TpaHnzuctopa R1:
h
R=—20 g - 306 — ~2300Om.
27 fr - Cy 2-3,14-120-10°-180-10

3. Koadduruenr y:

X :1+71(0)'27['f1< Gy~ Ry

¥ =1+0,5-2-314-120-10°-180-1071%2 .19 ~ 2,3.
4. Ammnurtyaa Toka 0asbl:

2 2
1+ h2190'i 1+ 30-ﬂ
Ju 120
I.,.=x- A1 =2,3

- ’ . 1, 04 = 1,9 A.
‘! B 7, (0) " 30-0,5
5. HampsxkeHue cMemeHus Ha SMUTTEPHOM TEPEXOIE

yolr —6)- Ry .
Egy =—1g - 0 Mz + Eomes

S

1+ h21 0"

J ( 7

0,5-18
Egy =-19- 2 +0,7=-0,7B.

2
14(30.2%
120

6. IlocTostHHBIC COCTAaBJIAIOIIHNC 0a30BoOrO " OSMUTTCPHOT'O TOKOB

I 0,65
[ =—2%0 | =2"%0,02A,
60 h 60 30

2130
]90 = ]60 +IK0; 130 =0,65+0,02=0,67 A.
7. MaxkcumaibHOoe O6paTHoe HaIpsHKEHUE CMEIIEHNUS HA DMUTTEPHOM IIEPEXOIE:

P (1+cosb)-R,, o E
09

o D omc;
1+ (h2]30 ’ f]
S




E, =-19- 18 +0,7=-2,3<—-4B.
2
\/H(

2
30. 20
120

8. 3HaueHwMs LBX(B »Ipx,, 9RBX03 1 Cpyp,:

Ly :L5+%;LBX03 =5+%=7HFH;
~ [(1+71(0)-27r-fm-CKA 'RK)"%""%"‘?G (9)-27r-fK-LJ
’/'BXO3 - Z 4
) [(1+o,5-2-3,14-120-106-50-10-‘2-19)-2+o,5-2-3,14-120-10"’-50-10—9]
BX,, T

2,3

Tex,, =2 0M;

R :[’”6"'(1"'71(‘9)'}12130)"”3}

BX g 2z ~Tex,, T R,,, |:1 4 (‘9):| )
[2+(1+0,5:30)-0 ]
BX,, — —-2+18:0,5=7,9 Om.
03 2,3
By 100 , 30

- .C, = = 0,002 M.
Hoo2m-f, Ry TP 2.3,14-120-10°418

9. PesuctuBHaAs U PCaKTuBHAA COCTABJIAOINIUC BXOJHOT'O COIMPOTHUBIICHHNA:

R
Vox =Ty, + o =3y =2+ 7,9 >~ 20Mm;
1l n L 1+]30.2%
2150 fm 120
RBXoa';
xszzﬂ'f'Lona_ )
1+(h2130'fj
S
73.30.&
X, =2-3,14:120-10°-7-107 + 120__6,10m.

10. BxoaHast MOIITHOCTE

Py =0,5-17 -1y 3Py =0,5-1,97-2=3,6Br.

b



11. Koappunument ycunenus
P Ko 10

K. = BbIX; - A
Pop. P 36

12. MakcumanbHasi MOITHOCTb, pacCEMBaeMasi B TPAH3UCTOPE

3.

P,.=P + P, ;P =5,96+3,6=9,56 Br.

PACpIx

3. Vmpaowcnenus u 3a0auu

1. W3o6pa3ute BpeMeHHbIE AUArpaMMBbl HANPSKEHUNH U TOKOB JJI1 BXOJIHOU U
BbIXOJIHOM 11erieit ['BB, paboraroiiero Ha HaCTPOCHHYIO Harpy3Kky B kjacce A. 3amu-
LIUTE BBIPAKECHHMS JIJIS BCEX TOKOB M HAIPSKEHUI, a TAaK)KE ISl BBIXOJHOW U pacceu-
Baemoi momHoctei u KITJI.

2. Omnpenenure kiacchl padbotrsl ['BB. Breimonnurte ycioBue 3amaum 1 muis
I'BB, pa6oratomiero B kinacce B. [Touemy MoIHbIe reHepaTopbl padoTaIOT ¢ OTCEYKOM
BBIXOJTHOT'O TOKa?

3. C moMouipl0 BpEMEHHBIX AHArpaMM, HalpsKEHU U TOKOB BO BXOAHOW U
BbIXoAHOM 1ensix I'BB u pe3onancHoro ycunutens, padotatoniux B kiacce C, o0bsic-
HUTE pa3Inuue MPUHIUNA UX paOboThI.

4. TlocTtpoiTe UMITYJIBC BBIXOJHOIO TOKa C MOMOILIBIO TMHAMUYECKOW Xapak-
tepuctrku BAX I'BB, paboraroiiero B He1IoHANPsKEHHOM PEKUME C YUETOM OTCEU-
ki 6 <90°. B kakoMm pexume OyneT paboTarh TeHEpaTOp MPH YBEIWYCHHH COIPO-
TUBJICHUS Harpy3KH?

5. TlocTpoiiTe MMIYJbC BBIXOJHOTO TOKAa C IMOMOIIBIO JUHAMHYECKON Xapak-
tepuctuku BAX I'BB, paboraromiero B KpUTHUYECKOM PEXUME C YIIOM OTCEUYKU
0 >90°. Kak OynmeT M3MEHSATHCS MOIIHOCTh MEPBOM TapMOHUKKM Toka AD, eciu
YMEHBILINUTH YroJl OTCEYKH B uHTEpBaiie oT 180 mo 120°7?

6. I'eneparop paboraer B MepeHANPSHKEHHOM pexuMe. YTOJd OTCEeYKH
6 = 90°. [locTpoiiTe UMITYJIbC BBIXOJHOTO TOKa C MTOMOIIBIO JUHAMHYECKON XapaKTe-
puctuku AD. Kakum 00pa3oM HaJg0 U3MEHUTH COMPOTHUBIICHUS HAarpy3ku AD, 4ToObI
MOJIYYUTh KPUTHYECKHUIN pEKUM?

7. W300pa3ute 3KBUBAJCHTHBIE CXEMbl OMIOJISIPHOIO TpaH3UCTOpa MpU OT-
KPBITOM M 3aKPBITOM IEPEX0AaxX U MOCTPOUTE BEKTOPHBIE JUATPAMMBI, MOSACHSIOLINE
MPOLECCHI, TPOUCXOASIINE B TPAH3UCTOPE HA NOBBILIEHHBIX YacToTax. Kakne Mepsl
MPUMEHSIOT JIsI YCTPAHEHUs YaCTOTHOW 3aBHCUMOCTH? 3amuIIUTE YCJIOBHUSA KO-
PEKIIUU.

8. I'BB pabotaeT Ha kojie0aTENbHYIO CUCTEMY C PE30HAHCHBIM COINPOTHBIIE-
HueM 90 Om. M3MepeHsl CIeayIOlne BEJIUYHMHBI: IMOCTOSHHAS COCTAaBIAIOIIAs KOJ-
nekropHoro toka 0,2 A, Hanps>KeHUe MUTaHUS KOJUIEKTOPHOM nenu 35 B, ammutyna
KosuiekTopHoro Hanpspkenus 30 B. Onpenenute kosie0aTenbHYI0 MOLUTHOCTD U 3JIEK-
TpoHHbIN KII/I.

9. TlocTosiHHAs COCTaBISIONIAsA TOKA KOJUIEKTOpa | A, aMIUIMTy1a KOJUIEKTOP-
HOTO HanpspkeHus 25 B, Hanpsbkenune nutanus 27 B, yron orceuku 90°. Onpenenure
MOIIHOCTb, PACCEUBAEMYIO KOJIJIEKTOPOM.



10. Onpenenure aMIUIUTYAy UMITYJbCa TOKa KOJUIEKTOpPA U €ro NEpBYIO rap-
MOHHKY, €ClIM aMIUIMTYa HanpsskeHus Bo30yxaeHus 1 B, kpyTuzHa nmpoxoaHo# xa-
pakrepuctuku AD 6 A/B, HanpsbkeHue cMelleHus Ha 6a3e paBHO HANPSDKEHUIO 3aIu-
paHus KOJUIEKTOPHOIO TOKA.

11. KonebarenbHnas MomiHocTh reHepatopa 20 Bt mpu ammniutyne Hampsike-
Hua Ha koJuiekrope 50 B. Onpenennre HanpsKeHHE CMELICHUS U HANpSKEHUE BO3-
OyXXneHuss B 1ienu 0a3bl, €CJIM yroj OTCEYKH KOJUIEKTOPHOIO TOKa 90°, KpPyTH3HA
MPOXOJIHOM XapakTepuctuku 2 A/B, nanpsbkenue 3anupanus 0,7 B.

12. Onpenenure aMIUIMTYAy UMIYJIbCA KOJUIEKTOPHOTO TOKA TPaH3UCTOpPA, €C-
T HanpsDKEHUS MATAHUS KOJUIEKTOpHOU 1enu 20 B, kpyTu3Ha JIMHUU KPUTUYECKOTO
pexuma 2 A/B, ammuiutyaa KoJIJIEKTOPHOro HanpsbkeHus 18 B.

13. Ammnutyna anonnoro HanpsbkeHus 3000 B. [Tapamerpsl KOHTypa reHepa-
topa: eMkocTh 500 n®, unnykruBHocTh 200 MKI'H, 1o6poTHOCTH 100, KO3PdULIHEHT
BKIItoueHHs 1. Onpenenure KOHTYPHBIN TOK U K0J1eOaTeIbHYI0 MOIIHOCTb.

14. TlocrosiHHas cocTaBisiOllas TOKa KoyuiekTopa | A, amMIumTyna KoJUIeK-
TOPHOTO HampskeHus 25 B, HanpsbkeHne nutanus 27 B, yron oTceuku KOJIEKTOPHO-
ro Toka 90°. OnpenennuTe MOIHOCTb, PACCEMBAEMYIO KOJUIEKTOPOM TPAaH3UCTOPA.

15. Onpenenure MOIIHOCTh, pacCeUBAEMYI0 aHOJ0M Jjamibl ['BB, snexTpos-
HBIM, KOHTYpHBIM (1enu cornacoBanus) U oomuid KIIJ, ecnu MOIIHOCTH MUTaHUS
aHOJHOW 1enu 5 KBT, MOIIHOCTH B Harpy3ke 4 kBT, aMIInTy1a HANPsKEHUS HA KOH-
Type (uenu coriacoBanusi) 3 kB, pe3oHaHCHOE CONMPOTUBIECHUE HATPYKEHHOTO KOH-
typa 20 kOm.

16. YcraHOBUTE BO3MOKHOCTH HCIIOJIB30BaHUS TPAH3UCTOpPA C JIOMYCTUMOU
CyMMapHO! MOIIHOCTBIO IOTEPH HA 3ANEKTpoaax 2 BT, ecnm amMminTyna KOJUIEKTOP-
Horo HanpspkeHus 20 Br, Hanpsokenne nutanus komiekropa 30 B, komnekropHas Ha-
rpy3ka 50 OM, mocTostHHas cocTaBismomas Toka kojuiekropa 0,3 A, momyctumas
MOIIIHOCTh, paccerBaemas B uenu 6assl - 0,3 B.

17. BB B rpaHM4HOM peXHMME NP yIJ€ OTCEYKH aHOAHOTO TOKAa 90° MMEET
KoJebaTeapHy0 MoIHOCTh 5 BT. Kakas MakcumanbHasi MOITHOCTh MOKET OBITh T1O-
Jy4yeHa B PEKUME yJIBOEHUA (YTPOCHHUS) YaCTOTHI MPU HEM3MEHHOM HAIPSKEHUU TH-
TaHUs aHoxaa?

18. I'BB paboraer B rpaHUYHOM pPEKHUME Ha HArpy3Ky C dKBHUBAJIEHTHBIM CO-
npotuBiaeHueM 2 KOM Ipu yrie OTCEYKU 90° U MOCTOSHHOW COCTaBIISIIOLIEN BBIXOJ-
Horo Ttoka 0,1 A. Onpeaenute BBICOKOYACTOTHYIO BBIXOJHYIO MOIIHOCTh Ha MEPBOM
rapMOHHKE.

19. T'eneparop paboTaeT B KPUTUUECKOM PEKHUME IPU HANPSHKEHUSIX CMelle-
Hua mMuHyc 100 B u caBura anmpokcumupoBanHoi BAX munyc 70 B. Onpenenure
ITOCTOSTHHYIO COCTAaBJISIFOLIYIO aHOJHOTO TOKA, €CIIM KPyTU3HA BBIXOJHOM XapaKTepu-
ctuku 10 MA/B, a BXoHO€ BBRICOKOYACTOTHOE HanpshkeHue 120 B.

20. U3ob6pa3ute BXxOAHYIO Lienb TpaH3ucTopHoro I'BB mo cxeme ¢ oOuum
HMUTTEPOM, pabOTAIOIIETO C HYJIEBBIM cMelleHneM. [loueMy TpaH3uCTOpHBIE YCHUIIU-
TEJIM MOITHOCTH YaCTO MCIOJIb3YIOTCS B PEXKUMAX C HYJIEBbIM CMELIEHUEM?

21. Omnpenenure aMIUTUTYAY UMITYJIbCa KOJJIEKTOPHOI'O TOKA, €CJIM aMILIUTyAa
HanpspKeHUs: Bo30yxkaeHust 1 B, kpyTu3Ha npoxoIHON XapaKTepUCTUKU TPAH3UCTOPA



6 A/B, HanpsbkeHHe cMellleHusl Ha 0a3e paBHO HANPSHKEHUIO 3allMpaHusl KOJUIEKTOP-
HOTO TOKa.

22. JlamnoBbli reHepaTop padoTaeT B KPUTUUECKOM PEKHUME C YTIIOM OTCEUKH
90°. Kak uamenurcs snexktponnsiii KIIJI renepaTopa mnpu yMeHbIICHHUH aMIUIUTYbI
HarpsHKeHUs: BO30YKIeHUs B JIBa paza?

23. YaBouTelb 4acTOThl pabOTaeT B HEJOHANPSHKEHHOM PEXHUME C YIJIOM OT-
ceuku 60°. Kak n3meHuTCS BenMuyuHa KOJjJeOaTeqbHONW MOIIHOCTH, €CIU YCTAHOBHUTH
yroJl OTCEYKH 90°, COXpAHMB MPEKHUMHU aAMIUTUTY]y UMIYJIbCa TOKAa U HANPSKEH-
HOCTb pexXuma?

24. TpaH3UCTOPHBIN YABOUTENb YaCTOThI pabOTaET C YoM oTceuku 60°. Kak
U3MEHHUTCS BEJMYMHA KOJIeOATENbHOW MOIIHOCTH, €CJIM YCTAaHOBUTH YIOJ OTCEUKH
90°, COXpAaHHUB MPEKHUMHU aMIUTUTYly UMITYJIbCa KOJJIEKTOPHOTO TOKa U CONPOTHB-
JIEHWE HAarpy3Ku?

25. TpaH3UCTOpHBIN TeHepaTop paboTaeT B KPUTHUECKOM PEKUME C YIJIOM OT-
ceuku 90°. Kak m3menutcs snextponHbld KIIJl u xonebGarenpHass MOILIHOCTH IMPHU
YMEHBIICHUH aMIUIUTYAbl HANpsiKeHUs: BO30yxaeHus Ha 20 %?

IIPAKTHYECKOE 3AHATHE Ne 3

Ienu cornacoanusi I'BB

1. Obwue ceeoenus

Ha naHHOM mpakTUYeCKOM 3aHATHU OYIYyT PacCMOTPEHbI OCOOEHHOCTU IO-
CTpPOEHUS MACCUBHBIX 1IETEH, YCTaHABIMBAEMbIX Ha BXoje U Bbixoge AD B 'BB. Me-
KOy UCTOYHUKOM BY-curnana, AD W Harpy3kod BKIIOYAIOTCS LIENU COIVIACOBaHUS
(I1C), koTOpHBIC pa3aeisatoTCs Ha BXOJIHBIC, MEKKACKAHBIC U BBIXOIHBIE.

B kauectBe 1emneil coriiacoBaHusi, 0COOEHHO B MOIIHBIX KacKajax, UCIIOIb3Y-
10TCcs1 pe3oHaHcHbie [[C. B ManoMoNIHbIX, TPAH3UCTOPHBIX KACKadaX UCIOJIb3YIOTCS
Takke anepuoanudeckue u apoccenbHbie LIC. Baxkneitmeit xapakrtepuctukoit LIC sB-

P
msierest KU 110 :P—H , KOTOPBI YYUTHIBAET NOTEPU MOIIHOCTH. /{151 paboThI

BX 10

AD B onTUMaIbHOM (KPUTUYECKOM) PEKHUME B BBIXOJHYIO IEMb BKIIOYAETCS COIMPO-
THUBIICHUE HArpy3KH R;, xp , KOTOPOE, OJHAKO, MOKET OTIMYATHCS OT peajlbHOW Ha-

IpY3KHU Z;, . JIJig BBIXOJIHBIX KaCKaJ0B Z;, — CONPOTUBIICHUE aHTCHHBI, IEPECUUTAHHOE
ko Bxony LIC, st mpoMeKyTOUHBIX — BXOJJTHOE CONPOTUBIIEHUE MOCIEAYIOEro Kac-
kana. [lepsas 3agaua [{C — npeoOpa3oBaHue 3aJaHHOTO KOMIUIEKCHOTO COMPOTHUBIIE-
HUsL Z;; B COTIPOTUBIIEHHE Ry 1. BTOpast 3ama4ua — pusbTpanus rapMmonuk. s peanu-
3anmu pacdeTHbIX pexxumMoB AD LIC gomkHa ObITh TakoW, YTOOBI BXOJHOE HaMpsIKe-
HUE WM BXOJIHOM TOK CJEAYIOIIEro Kackaaa Obuih OJM3KU K rapmoHrdeckuM. Kpome
TOT0, AHTEHHE YPOBEHb FAPMOHUK J0JKEH yAoBIeTBOpATh OMC. Pasznuuaror 1Be no-



CTAaHOBKHU 3aJjauM corjacoBaHusi AD: ¢ Harpy3koil Ha (UKCHUPOBAHHON 4YacTOTE U B
3aJIaHHOM I10JIOCE YaCTOT.

Bnauane paccmotrpuMm mpocteie 1enu coriiacoBanus. Iloxg takoir LIC Oyaem
MOHUMATh KOJIeOaTeIbHYI0 CUCTEMY, B EMKOCTHYIO WJIM MHAYKTHUBHYIO BETBU KOTO-

POIi BKJITIOYEHO CONPOTUBIIEHUE HArPY3KHU Z;. I3 371€KTPOTEXHUKU U3BECTHO:

1. PeakTuBHas cocTaBisitoniasi BHYTPEHHErO0 COMPOTHBJIEHHUS TeHepaTopa U CO-
MPOTUBJICHUSI HATPY3KU JOJIKHBI OBITh CBEJIEHBI K HYJIIO, UTO MOKET OBITh JIOCTUTHY-
TO BKJIIIOYEHUEM B CXEMY KOMIIEHCUPYIOUIUX PEAKTUBHOCTEH COOTBETCTBYIOLIMX 3HA-
KOB.

2. BuyTpeHHee comnmpoTUBIEHUE R, AOMKHO OBITh PAaBHO BXOJHOMY XapaKTepH-
CTUYECKOMY COMPOTUBIECHUIO YETHIPEXIIOIIOCHHUKA.

3. ComnpoTHBIEHHE HATPY3KHU JOJKHO OBITH PAaBHO BBIXOJHOMY XapaKTepUCTHYe-
CKOMY COIMPOTUBIICHUIO YETHIPEXITOIIOCHUKA.

B o0miem ciaydyae S5KBUBAJEHTHYIO CXEMY IPOCTOM LIETIH COIJIACOBAHUS MOYKHO
MPEICTaBUTh B BUE, N300pakeHHOM Ha puc. 3.1.

Puc. 3.1. DkBuUBaJIeHTHAs cXeMa MPOCTOM LIENHU COTIIACOBAHUS

CornacHo BTopoMy 3akoHy Kupxroda, MoXHO 3anucath ypaBHEHUE
1 1 1

R jxy Ry+jxp’

Petienriem aToro ypaBHeHuUs OyayT CIICIYIOIINE COOTHOIICHUS :

2 2
Ry +X R+x? X R
R1:—2 2)X]: 2 2; 2: 1:Q7 X1X2:R1R2,
R, X, Ry, X
rae O — T0OpPOTHOCTh MOCe0BaTEIbHON X, Ry WIM SKBUBAJICHTHOM €¥ mapasieib-
HOH 1ICMOYKH.
[IpumeneHue npuBeICHHBIX (GOPMYJ PACCMOTPUM Ha MPUMEPE MEKKACKATHOMN

LEeNU corjilacoBanus. B Tako nenu

UBb]X UBX 1
RIZRBBIXIZI—I)RZZRBXZZ 2,X1:QL>X2:—>

BbIX, 1 BX, oC 1

rne g, Upys Rpyy, — COOTBETCTBEHHO TOK, HANPSYKEHUE, COIIPOTUBIICHUE HA BbI-
XOJI€ aKTUBHOI'O 3JIEMEHTA IIEPBOr0 KacKaaa;
Iyyvrs Ugyss Ry, — COOTBETCTBEHHO TOK, HAIPSDKEHUE, CONPOTHUBIICHHE Ha

BXOAC aKTHUBHOT'O 3JICMCHTA BTOPOI'O KaCKala,



Ll ) Cl — COOTBCTCTBCHHO MHAYKTUBHOCTb U CMKOCTb ICIIN COIJIACOBAHUA (Ha-

pUMep, MapajvieIbHbIi KojJeOaTeIbHbIA KOHTYD);
® —3Ha4eHHUEe YacTOThl KoJeOaHUIl CUTHaA.

VYcioBueM MOJIHOIO COTIaCOBaHUS HA 4acTOTE @ 6YIICT PaBCHCTBO
2

Jo,
RBbIX] = R— =pQ = RPE3 )

BX2
rae p =X;| =X, — BOJIHOBOE COIIPOTUBIIEHUE KOHTYPA;
O, Rpg3 — COOTBETCTBEHHO IOOPOTHOCTH M PE30HAHCHOE CONPOTHUBIIEHHE KOHTYPA.
Cormacyroinyro 1enb Ha3blBalOT MHBEPTUPYIOUIEH, €CIM BBIIOJIHAETCA COOT-

2 .
HomeHne Z py = P AH , TneZ zv =Ry + jX, — BxomHoe conporuBiaeHue LIC,

[ ]
Z, =R, + jX, — conpOTUBIIEHHE HATPY3KH; p — XapPaKTEPUCTHUYECKOE CONPOTHUB-
nenue LC.

I[IC Ha3piBalOT  TpaHCHOPMUPYIOIIEH, €CIIM  BBHINIOJHSIETCS  YCJIOBHUE

() ()

2
Z gy =np-Zy, rae np— kodpoumment tpanchopmamuu. OcobeHHOCTs TpaHChOp-
MHUPYIOIINX LENEl: BXOJHOE CONPOTHUBIECHUE M3MEHSETCS NMPOMOPLUUOHAIBHO U3MeE-
HEHHIO CONPOTUBIIEHUS HArPy3KH.

[IpumepoM uHBepTHpYIOUIEH Lenu sBiseTcss [-00pa3Hblil cornacyromui ye-
TBIPEXIIOIOCHUK Npu O >>1, pacCMOTpeHHBIN BbIlIe. bojee CloKHbIE HHBEPTUPYIO-
me uenu — 31o [1- u T-o6pas3ubie 3BeHbs (puc. 3.2, a, 0). [logoOGHbIe 1IeNTM UHBEPTHU-
PYIOT CONPOTUBIIEHUE MPU BBINOJHEHUU COOTHOLICHUM X;=X>=-X; , upu 3TOM
p= ‘X | .

L1 L1 L2 C1 C2 C1 L2
1 2 1
¢ ¢ TC L1 L2 L1 C2
& d rd T
& . 7 & - —=

a §) B r

Puc. 3.2. [Ipumeps! uHBepTUpYIOWKX U TpaHchopmupyromux LC

Ha puc. 3.2, B, r u3o6paxens! 2 Bapuanrta tTpanchopmupyromux LC. Ycnorue

ZBX = l’l% : ZH BBIIMTOJIHACTCA, €CJIN 3JICMCHTHI LICTIN YAOBJICTBOPAIOT COOTHOIICHUAM
Xl = —Xz = (n2 +1)X3 = —nTX4.

Ecmu Tpe6yeTC51 COIJIaCOBAHUE B HCKOTOPOﬁ I1OJIOCC YaCTOT HUJIN KEJIATCIIBHO
MOJIYYUTh OOJIbLIYIO KPYTU3HY cKaToB AUX-ycunuTens, peKOMEHIYETCS MCHOJb30-
BAaThb CJIOKHBIC LIC, KOTOPbIC 00BIYHO HUCIIOJB3YIOTCA B OKOHCYHBIX KaCKadaX, II03TO-
MYy OHHM HA3BIBAIOTCA CJIIOKHBIMU CXEMAMH BBIXOJA. HOCH@I[HHH npeacTaBsICTCA B
BHAC CUCTCMbI IBYX CBA3AHHBIX KOHTYPOB — aHTCHHOTI'O, C 3JICMCHTAMH HaCTpOﬁKH, u
POMEXKYTOUYHOTO (KOJJIEKTOPHOTO, aHOIHOT0). B KauecTBe 3J1eMEHTOB CBS3H MEXKIY



KOHTYpPaMHt MOTYT BBICTYIIATh KOHACHCATOP, KaTYIIKAa MHAYKTHUBHOCTHU WUJIN B3dHUMHAA
HHAYKTUBHOCTD MCKAY KATYIIKAMH JIBYX KOHTYPOB. OI[I/IH N3 TIICPCUYUCIICHHBIX BApPH-

aHTOB IIPUBENIEH Ha pucC. 3.3.
CH

Iy

Puc. 3.3. CinoxHast cxeMa BbIXO/1a

B pannorexHuyeckux cUCTEMax MepelaTyukKu paboTaroT B IMIMPOKOM JHuana-
30He 4acToT. LIIMpoKomoJoCHBIMU Ha3bIBAIOT YCUJIUTENU, OTHOCHUTENIbHAS paboyas
M10JIOCA YAaCTOT KOTOPBIX COCTABIIAET IE€CATKU MPOLEHTOB U OOJIbIIE, T.€. OTHOILICHUS
npesbimaet 2. [upoxononocusie L[C BRIMOMHAIOT 100 HA OCHOBE (DUIBTPOB U3
LC-anemenToB, 1160 Ha TpaHChoOpMaTOpax UK TPAaHCPHOPMATOPAX—ITHHHSIX.

Ecnu otHomienune He mnpessimaet 3...5, To LIC HecnoxkHO BbIMoJHUTE Ha LC
®HUY. [Ipocreitmuit ®HY-npeodbpaszoBatenb npeacTapisieT coO0M Mociae0BaTeIbHOE
coenuHenue ['-00pa3HbIX 1EenoyveK, Kak Mmoka3zaHo Ha puc. 3.4.

Puc. 3.4. Cornacyromas uens Ha peakTuBHbIX LC-3neMeHTax

[TpoektupoBanue IIC Ha 6aze ®HY ocymiecTBasieTCs M0 METOAMKAM MPOESK-
TUpOBaHUs (PUIABTPOB. MakcumalbHble paboune 4acTOThl OMPESISIIOTCS BO3MOXK-
HOCTBIO CO3JaHMsS cOCpenoTOYeHHBIX LC-3]IEMEHTOB U COCTAaBIAKOT HECKOJIBKO T'H-
rarepii.

TpanchopmaTopbl ¢ MAarHUTHOM CBSI3BI0 MEXKIY OOMOTKAaMH MOTYT BBITMOJHSATh
onny u3 ¢Gyskuuid [[C — npeobpa3zoBaHusi CONPOTUBJICHUN TPU OTHOIICHUU

Jmax f <50 na vacrorax npumepHo 10 10 MI'm.

min

TpancdopmaTop—nuHHsS npeacTaBiseT coO0OW TOPOUAANBHBIN WM  (HEeppUTO-
BbII CTepKeHb ¢ AByMsi 00MoTKamMu. OOMOTKH CO€IMHEHBI TAKUM 00pa3oM, 4YTO 0Opa-
3YI0T JBYXIPOBOAHYIO JIMHHUIO TEpeAadd, Mo KOTOPOH pachpocTpaHseTcs Oerymias
BOJIHA OT MCTOYHMKA KojiebaHuM K Harpy3ke. B Tpancdopmartope, mokazaHHOM Ha
puc. 3.5, BOJIHA paclpOCTpaHAETCs MO JUHUM OT KiieM 1 — 3 k kiiemMmam 2 — 4. Ecnu k
KJieMMaM 1—3 MOJKIIOYUTh UCTOYHUK KOJeOaHui, a K KiieMMaM 2—4 HarpysKy, TO KO-
s dutment N = 1. UtoOsl monyunts N # 1, IpUMEHSIOT MOC/IEI0BATSILHOSC WIIH T1a-

PaICIIBHOC BKIIFOYCHUC TpaHC(i)OpMaTOPOB.



Bx1

UBxl UBI)IXI
|
IEX IExz
: 2 UBx2 UBI;IX2 |:| RH
3 4 U D
BX( IBx3
UBX3 UBI)IX3
Puc. 3.5. Cxematuyeckoe n300paxxeHue 1 1

TpaHchopMaTopa-IuHUU
Puc. 3.6. IIpumep sxaouenus

B cxeme (puc. 3.6) Bxoabl Tp€X TpaHC(HOPMATOPOB-IMHUM COECIMHEHBI Mapa-

JICJIIBHO, 4 BBIXOAbI — ITOCJICAOBATCIIBHO. 4 3 PUCYHKA HATrJIAAHO BUIHO, YTO TOK B Ha-

— IBX
I'PY3KEC IH =~ , d aMIJIMTyada HallpsaKCHUA B HAarpy3Ke U = 3U . qu/ITBIBaH 9TU
3 s H BX

Uy =& Paccmarpu-
i 9 P

COOTHOIICHMHA, ITOJIYUYUM, YTO BXOOAHOC COIIPOTUBJICHUC RB)( =
BX

1
BaeMbIi TpaHcopMaTop MoHMKaMi ¢ ko3 duimeHTom Tpanchopmanuu N =§ :

[Ipumensisi Apyrue BapuaHThl BKJIIOUYEHHUS, MOXKHO TOJYYUTH TMOBBIIAIOIINN TpaHC-
dbopmatop ¢ HeIbIM WIH IpOOHBIM N.

2. llpumepwvl pacuema 6x00nblx yeneti coenacosanuss I'BB CBY u
OHY-mpancihopmamopa
Il p um e p 1. Paccuntars BXxoAHyto 1enb corinacopanus ' BB CBY, eciu u3-

BECTHA BXOJIHAs MPOBOJMMOCThH TpaH3UCTOpa Ha paboueit yacrtore Y,, =0,02— ;0,05

CM.

Pemw e nwue Hia HC nonynpoBOAHUKOBBIX ycunuTened momuHoctu CBY
MPUMEHSIOT OJHO—, ABYXIUIEH(OBBIE, YETBEPTHBOJIHOBBIE U JIpyrue mpeodpa3zoBaTe-
mu conporusinenuit. Tononorua LIC CBY oanouuieigoBoro u 4eTBEpTHBOJIHOBOTO

npeoOpa3zoBaTelis oKazaHa Ha puc. 3.7.
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P, | Ha AD P, — 1 Ha AD
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Puc. 3.7. Tononorus LIC CBY oxnouuieiidoporo (a)
1 4ETBEPTHBOJIHOBOTO (0) mpeoOpazoBaTeneit

Kaxk HU3BCCTHO, COOTHOIIICHUC OJIA BXOHHOfI MMpOBOAUMMOCTH JIMHUHU oe3 IMOTECPh,
Yﬂ HaI‘py}I(CHHOﬁ Ha IIpOBOANMOCTDH, UMCCT BU/I:

I./H cos(zﬂljﬂflsin(zﬂl}
Ay P\ Ay

1
a = )
P lcos(zﬂl]ﬂ/ Y, sin(zﬂl]
P Ay Ay

rac¢ pO— BOJHOBOC COIIPOTHUBJICHHUC JIMHUMU, iﬂ— JJIMHa BOJIHBI B JIMHHU, /- JJIMHAa

Y

JUHUY, Y7y — IPOBOJUMOCTB HArpy3KH.

B xauectBe IIC nmnsa mamero cimywas BeiOupaeM [IC, u3o0paxk€éHHyr0 Ha
puc. 3.7, 6. MHUMYIO YacTh CKOMIIEHCHUPYEM COOTBETCTBYIOIIMM BBIOOPOM JJTHHBI

nuierida /7. BxoaHas mpoBOAMMOCTb pa30MKHYTOIO (Y u =0j nuieriga Oyner pas-

Ha

. o1 21
Yyy=B,=] l‘g( lmja
Pur Ay
rac pl[[— BOJIHOBOC COHpOTI/IBJIeHI/Ie Hlﬂeﬁ(i)a.

B cootBercTBHM C YCJIOBHAMH KOMIICHCAIIUN PCAKTUBHOCTH

By =-Bpx ;
L2, |0,
P Ay

2
OTKyaa tg —ﬁlm =050 -

AT

[
Ecm pj; =50 Owm, TO /”tﬂ = 0,24 . BonHOBOE CONPOTUBIIEHUE YETBEPTHBOJI-
JI

HOBOI'O Hpeo6pa30BaTeJ15{ paccunuTacMm, BOCIIOJIb30BABIINCH q)OpMyHOfI



A e 1
mpu [=—L,y =
P 4

° 1 p
Tak kak Y, =—=0,02, TO = /— =50 Om.
Ja P P 0,02

Il p um e p 2. Paccuurate ®HU-tpancopmarop: rpaHUYHBIC YACTOTHI
f =25 MI', fp =50 MI'; nHarpy3ounoe compotuBieaue R ., = 14 Om;

BXOJHOE compoTuBieHne Kgy,,, = 7 OM; momycTumas HepaBHOMepHOCTH AUX
Aa < 0,05 nb.

P e m e v u e. Beioupaem cxemy ®HY-tpancdopmaropa (puc. 3.8).

,,_rYW\I ________ AN
R C

BXunom 2 -7 Cm N [j RHHo.w

4
2

Puc. 3.8. Cxema ®HY-tpancdhopmaropa

R
B _ o g~ S 30

RBXHOM ’ ! fmin - 25 -
2) Ilo tabn. 3.7 [3] nnsa Aa = 0,0436 nb nonyyaem o < 0,0098 u KbBg > 0,82.

1) Onpenensiem 7' =

3) OmpenensieM 4MCIIO peaKTUBHBIX JIEMEHTOB MpuU paBHOOepeHHOo AUX:

2
2Arch\/ ! _55 (r=1)

_ 4r
m = 2

Kf+1
Arch 5

K -1

_ 2-1)°

J L0 Ko

mt = ’41 = =3,08.

Arch( * ]
4-1

OxpyrisieM m~ 10 m=4.
4) Jlns paaobOenpennoii AUX yrounsiem o, Aa, KbB IR

r—1

K2+1)
(r—1)2 +4r-ch’ ﬂArch( L)
2k

5:




5 2-1 = 0,006
(2—1)2+4.2.ch2[3Arch(2 “)J

22 -1

1 1
Aa =101g| — |=101 = 0,026 1b.
g(l—&j g(1—0,006] 8

1-+/5 1-4J0,006 _0.856.

KBB
TN 1+4/0,006

5) PaccuuthiBaeM ko3 dunueHTsl &, Q,,04,0,;

pu m =4
—2M —2M M2
a, = 5 ;
(0%
0622—,063 =— , Ogq =T1ray,
a]
e M:2\/1+r-4 5054 ’
r (1+8)M* +6H
4
H = ot - Ha+cu ;
v
v=1+—;
K7

IIpu paBrokonebarensaiom AUX b=4,c=1,a=1.

1 1
v=14+—=125, u=1-—=0,75 ,
4 72

H=4-125% (412520752 +1.0,75% )= 6.566.

1+2 0,006-4
M=2 4 2
2 (1+0,006)-0,75 +0,006-6,566

_35)

1,25-1,25* -2-1,25 1,25-1,25* -2-1,25 ’ 1,25
o, = + +—— =0,57;
2:2 22 2

12
2 _019; =2
0,57

=1,095; ay =2-0,57 =1,14.

ay =

3navenus LC-amemeHTOB B cxeMe (cM. puc. 3.8):
a R

Jj7 "HHuom (X.+1
=t o S 13 m—1 R.. <R, -
J 27TfB y j+l 27Z'fBRHHOM p ] s ’ BX nom H nom >



L = alRHHOM _ a, _ a3RHH0M _ a,
1 27TfB , ’ 27TfBRHHoM , ’ 27Z.fB , ) 27TfBRHH0M .

=0T 6 00510 =25 uln
2-3,14-50-10 ’
= O 09510 T =50 uln
2-3,14-50-10 ’

C; = 20 _ 498 o,

2:314-50-10°-14
C, = L14 =259 10>,

2.314-50-10° 14

3. Vnpaosicnenus u 3aoauu

1. M3oOpasute Bapuanthl npocteitmux LC, BbImoNHEHHBIX B BuAe ['-00pa3HbIX
3BeHbeB DHY. O0BsicHuTh 0coOeHHOCTH UX TpruMeHeHus: B [ BB.

2. Nzob6pazute nammoryto [IC, mpeacTapiasioniyto co00il KOHTYp € YaCTHYHBIM
BKJIIOUEHHEM. BKitounTe u3mepurenbHble MPUOOPHI U YKAKUTE 31€MEHTHI HACTPOUKHU
stoi LIC. Onumure nocienoBaTenbHo npoiecc HacTpouiku L[C.

3. Ilo xakum npuuyuHam BeixoaHble L{C mnepegaTumka BBINONHSIOT TO Oolee
CJIOXHBIM cXeMmaM, 4eM npomexyrouynas L[C?

4. V3o0pa3uTte CIOXKHYIO CXeMY BbIXoja nepenarynka. Onummure npoieaypy Ha-
ctpoiiku cinoxknoi L{C ¢ moMonibpio n3MepUuTeNbHbIX MPUOOPOB U HACTPOSUHBIX JJie-
menToB 1]C.

5. U3o6pasute Bapuanthl mnpocrteimux LIC, BbmomHenubix B Buzae T- u Il-
oOpa3nbix nenoyek ®HY. 3anuimure cOOTHOIIEHUE JIJIsl peaKTUBHOCTH. Uemy paBHO
XapaKTepucTUYecKoe conpoTtuniieHre Takux L{C?

6. B uém 3akimrouaercsa pazHula Mexy cBorictBamu punbTpoB batTepsoprta, Ye-
onieBa u Kayspa?

7. Ha yém oCHOBaH NMPUHILUII CTPYKTYPHOTO CUHTE3a (PUILTPOB?

8. JlaliTe ompeneneHue MHBEPTUPYIOIIMM U TPaHC(HOPMUPYIOMIUM LENsM coria-
coBanus. [IpuBeante npumepsl KX NOCTPOCHUS.

9. B 4éM COCTOMUT Ha3HAYEHUE LIETIEN COMIACOBAHUSA B MHOTOKACKaJIHOM Iiepeaar-
YHKeE.

10. [Touemy 1enu CBA3M LEIECOOOPA3HO CTPOUTH MO CTPYKTYpE (HUIBTPOB HUZKUX
4acToT?

11. IIpu xakux ycinoBusax B kauectBe L- u C-351eMEHTOB 1ieneil CBA3M MOXKHO HC-
M0JIb30BaTh OTPE3KU JJIMHHBIX TUHUN?

12. U306pa3ute cxemy TpaHnchopmaTopa Ha OTpE3Kax JUTMHHBIX JIUHUH ¢ KOdhdu-
LMEHTOM TpaHchOopMaIu CONpPOTUBICHUH 1:16 Mpu HECUMMETPUYHBIX BXOJE U BbI-
X0JIE.



13. Ilepeuncnure NpUYMHBI, OrPAHUYUBAIOIINE MTOJOCY COINIACOBAHUSA BBIXOJHBIX
COIIaCyIOIIMX Lenen.
14. Onpenenure napametpsl u KIIJ LIC, BeimonnenHoit B Buae I'-o0pazHoro 3Be-

Ha, eciii ' BB oOecrieunBaeT 3agaHHbIil pexuM npu Ry, =175 0M Ha vacrote [ =

=10 MI', a BXOAHOE CONPOTHBIEHHE Clexyromero kackaga R,y =50 Om. [oGpor-
HOCTb KOHTypa QO = 100.

15. BeinmosiHuTE NpEeapIAyIIyIO 3aAa4y JUIsl TEX KE YCIOBUM U B CIydae NMpUMEHE-
Hus [1-o0pa3Horo 3BeHa.

16. Onpenenure napamerpbl T-o6pa3zHoro 3BeHa ®HY, BKIIOUEHHOTO B KOJIIEK-
TopHyto 1enb ['BB ¢ BbIXOAHBIM compoTuBieHueM R, =50 OmM, paboTtaromumM Ha

yacrote 1,5 MI'u. BxogHoe conpoTuBiaeHHE CAEAYIONIETo Kackaga Ry, =25 Owm.
17. IlonHOE CONMPOTHUBIICHUE HATPY3KW JUHUM MEPEJAYM C BOJHOBBIM COINPOTHB-

nenueM 50 Om paBHo 75—-100 Om. JlyiinHa BoJHBI B TMHUU cocTaBisieT 1 M. Onpene-
JIUTE BO3MOKHOE MOJTHOE COMPOTUBIECHUE HArpy3KH Ha PAcCTOSHUMU 5 M OT UCTOYHH-
Ka CUTHaJja.

18. Onpenenure ANMHY U BOJHOBOE CONPOTUBIICHHUE JIMHUU, NMPU KOTOPBIX MOJ-
HOE€ COMPOTHUBJICHUE HATPY3KH JMHUU OYJIET YUCTO BEHIECTBEHHBIM, €CJIM Ha YaCTOTE
500 MI'u KOMIUIEKCHOE MOJIHOE CONMPOTUBIICHUE HATPY3KU BO3AYIIHOW JIMHUU TEpe-

na4yu paBHO 30—j-65 Om.
19. Beruuciure ko3(hPUITMEHTBI OTPaXKEHUs, COOTBETCTBYIOIINE TOJHBIM COIPO-

3 . . o
tuBiieHUsIM 10” — J:50 wu 15+ j:30 Om 1 HalAUTE MOTHOE CONPOTHUBIEHUE, KOTOPOE

COOTBETCTBYET KOd((DULIMEHTY oTpakeHus [ = 0,5'61450 IUIS TAHUY TIEpeIavn C BOJI-
HOBBIM compoTuBieHueM Z, =50 Om.

20. PaccunrtaiiTe BBIXOJHYIO COTJIACYIONIYIO IIEMb YCHUJIMTENS, BBHIIOJHEHHOTO Ha
tpanzucrope 2T903A, ecnu pabouas yactora YM f= 100 MI', conpoTuBnenue Ha-
rpy3ku R, = 50 OM, 5KBUBaJICHTHOE CONPOTHBIIEHHE COINIACYIOMIEH LIENH Ha BBIXO-
HBIX  OJEKTpPOoJax TPaH3UCTOpa, OOECMeYHBAIONICe ONTHMAIBHBIA  PEXKUM,
Ry, =20 Om, BeIxOaHAsS éMKoCTh Tpansuctopa C, = 50...180 nd.

21. Onpenenute napameTpbl BXOAHOW IIENU COIVIACOBAHUS YCWIIUTENSI MOILHOCTH,
eciu Ha paboueit qactote f, = 200 MI' mapaMeTps! BXOAHON LIEIH MOIIHOTO OH-

IOJISPHOrO TpaH3ucTopa omnpenenensl: Ry =10m, R, =13,2 Om, L, = 3 ul'n,
C,, =720 nd.

22 BoeluuciauTe mosiHbIe CONPOTUBICHUS HATPY3KW JIMHUU TIepeadu c BOJIHOBBIM
conpotuiieHreM 75 OM s koddduimentoB otpaxenus —1; 0.1; 0. 5%¢*" Uenoms-
3yiite nuarpammy Cmuta—Bonbnepra.

23. TlocTpoiiTe coriacyrouyo Lenb Ha TpaHCcPopMaTOpax—IUHUAX ¢ KOdDPuim-
€HTOM TpaHCchOpMaIlUU CONTPOTUBIEHUM 1:16 TP CUMMETPUYHBIX BXOJI€ U BBIXOJIE.

24. IlpuBenuTe cxeMy BBIXOAHOM KOJeOaTeIbHOW CHCTEMbI MOIIHOTO JIAMIIOBOTO
reHepaTopa U Ha e€ mpuMepe pacCMOTPUTE MPUHIMIBI aBTOMAaTHU3UPOBAHHOW Ha-
CTPOUKHU KOHTYPOB.



25. HN300pa3ute CTPYKTYPHYIO CXEMY CHUCTEMbl aBTOMAaTHUECKON pPEryIupOBKH
CBSI3U C HAarpy3kou u chopMyJIMpyHTE OCHOBHBIC MPUHIIUIIBI TIOCTPOCHUS CXEM aBTO-
Harpy3KHu.

IIPAKTHYECKOE 3AHATHE No 4

Cxemorexuuka 'BB

1. Obwue ceeoenus

[Tocne onpeneneHus akTUBHOTO AJIEMEHTa (TPaH3UCTOP, TEHEpaTOPHAs JIaMIia,
TPUOJ, TETPOJ, TIEHTO) U HArpy304YHOU CHUCTEeMBbI (pe30HaHCHasl, (PUIbTpOBas, are-
pUOJAMYECKAsi) BaXXHBIM 3TallOM B MOCTPOSCHUM MPUHIUNUAIBHOU cxembl [ BB sBis-
€TCsl BEIOOp 00111ero 2J1ekTpoaa AD U TOUkH 3a3emieHus. OOLIMM Ha3bIBAETCS dJICK-
Tpoa AD, npuHaJIeKAIMA OTHOBPEMEHHO BXOJIHOW M BhIxoaHOM HensaMm ['BB. Tpéx-
ANEKTPOAHBIE AD MOXKHO BKIIFOYATh MO CXEMaM C OOIIUM AMUTTEPOM (KaToI0M, HC-
TOKOM), 00111e#1 6a30i (CETKOM, 3aTBOPOM) U OOITUM KOJIEKTOPOM (aHOJOM, CTOKOM).
B 3aBucumocTu oT TOro, Kako 3nexkTpoa AD BrIOpaH 00IIMM, CYIIECTBEHHO pa3iiu-
4aloTCsl OCHOBHBIE mapamMeTpbl 'BB. OTu oTnnuus BhI3BaHbl pa3HBIMU 3HAUYCHUSIMU
BXOJIHOM, BBIXOJHON U MpOXOoaHOU mpoBoaumocteid AD B cxemax ¢ O3, Ob u OK.
Oco0eHHO BeJIMKa POJIb MPOXOTHON MPOBOJUMOCTH, OT KOTOPOW 3aBUCHUT CBSI3h MEXK-
1y BXOJHOU U BbIXOAHOM 1ermsiMu ['BB. 3a c4€T 3TOi NpOBOIMMOCTHA BO3HUKAIOT SIB-
JIeHUsT OOpaTHOM peakIMH U MPSMOro MPOXOKJACHUS MOIIHOCTH U3 BXOJHOM IIENU B
Harpy3Ky, BPEIHOE BIMSIHUE KOTOPBIX YCHUIIMBAETCS C POCTOM YaCTOTHI.

OO61mue pexoMeHJaluu 10 BBIOOPY OOIIETo 3JIEKTPOJia CBOASTCS K CIEIYIOIIe-
My: B JJAMIIOBBIX CXE€Max Ha TPUOJaX, IJI€ MPOXOJHasi MPOBOAUMOCTb OMPEIACIACTCS
6ombimoii émrocthio anoy — cetka (C . ), MmoxHo noctpouts I'BB 1o cxeme ¢ 06mum
KaTOJIOM, YCTOMYMBO pabOTaIOmUM 10 YacToT mopsnaka equuun MI't. [Ipu MorrHo-
CTU JI0 CTa — IBYXCOT KBT HUCHOJIB3YIOT TETPOJbI, ¥ KOTOPHIX EMKOCTh C w Ha 1.2
MOpsiZIKa MEHBIIE, YeM y TPHOJIOB, YTO MOBBIIIACT MpeeabHo paboune yacToTel [ BB
Ha 9TUX Jammnax 10 coreH MI'n. I1pu 6onbiioit momuoctu I'BB 1 Ha yacTorax Bhiiie
necsaTkoB MI'1l mpUMEHSIOT TPUOBI 10 cXeMe ¢ o01el ceTkoil. B aToM ciydae poib
IPOXOAHON EMKOCTH BBINOJHAET EMKOCTh aHOM — KaTtoA ( C 4 ), OOBIYHO Ha MOPAIOK

menbmie yeM C .. DT0 c031aéT GaronpusTHBIC BO3MOXHOCTH JUIS YCTOMYHBOMN pa-

6otel 'BB. B ycunurensx MOIIHOCTH Ha OWITONSAPHBIX TPAH3UCTOPAX MPUMEHSIOT B
ocHOoBHOM cxeMbl ¢ OD. Cxembl ¢ Ob ucnonb3ytorcs Ha OOJBIIMX YacTOTaX — IO-
psaka frp, TAe LeHOW ociabiieHus: TpeOOBaHUN K CTaOMIIBHOCTH YAAETCS MOIYYUTh

IPUEMJIEMOE YCHUJIEHME MOIIHOCTH, KOTOpPO€ HE MOryT oOecneduTb cxeMbl ¢ OD.
Cxembl ¢ OK u3-3a HM3KOrO KO3 (dUIHEHTa YCUICHHS MO0 HANpPSKEHUIO B Y3KOIIO-
nocHbIX I BB npakTruecky He UCIIOIb3YOTCH.

B I'BB u apyrux yctpoicTBax HEOOXOAMMO COEIUHSATH C KOPIyCOM Mpudopa
«3eMII€i» OJIHY U3 TOYEK cXeMbl. TOUKy 3a3eMJIeHHUS Ha/l0 BHIOMPATh TaK, YTOOKI Ma-
pa3uTHas €MKOCTh Ha 3€MJII0 YYACTKOB CXEMbI C OOJIBIIMM BBICOKOYACTOTHBIM II0O-
TEHIMaJIoM OblIa MUHUMAJIbHOM. PaznuyaloT TOUKM HEMOCPEICTBEHHOT'O COSIUHEHUS



KOpITyca ¥ TOYKH C HYJEBHIM BBICOKOYACTOTHBIM MOTEHIIMAIOM, a TaKKe COCIMHCH-
HBIE C KOpITyCOM OJIOKMPOBOYHBIMU KOHAeHcatopamu. B I'BB mo cxeme ¢ obmum
AMUTTEPOM (KaTOJ0M, UICTOKOM) M 00Iel 0a30ii (CETKOM, 3aTBOPOM) OOBIUHO C KOP-
MyCOM COEIUHSIOT OOIIMHA 3JEKTPOMA, KOTOPBI OKa3bIBACTCS 3a3€MJICHHBIM KakK II0
MOCTOSTHHOMY TOKY, TaK M MO BBICOKOW YacToTe. B Tex cimydasx, Korma oOImuid dek-
TPOJ JOJHKEH UMETh KaKOW—TO MOCTOSHHBIM MOTEHIUAI, 3TOT AJIEKTPOJI 3a3eMIISETCS
yepe3 OJIOKMPOBOYHBIN KOHACHCATOP MO BBICOKOH dacTore. OT 3TUX MpaBUI MPUXO-
JOUTCS OTCTYNaTh, €CJIM B HEKOTOPBIX AD (TpaH3HCTOpax) ¢ KOPILYCOM COSIMHEH OJINH
U3 BBIBOJIOB (KOJIIEKTOp). JlJIs ymydIeHus OXJIaXXACHUS TPAaH3UCTOP HYKHO yCTaHaB-
JMBATh Ha IIACCH, T.€. 3a3eMJIATh KOJUIEKTOP MO MOCTOSIHHOMY TOKY. B TO e Bpems
I'BB moxeTt 0b1Th ocTpoeH 1o cxeme ¢ O unu ¢ Ob.

2. IIpoekmuposanue snewnux cxem I' BB

Yro6sl obecnieunth pacu€THbil pexxum ['BB, HY)XHO mpaBUIBHO CHPOEKTUPO-
BaTh BHEIIHUE cXxeMbl ' BB — nutanms, cMelieHus, coriacoBaHus.

Brixognas nens AD I'BB coneput 1ienb coriiacoBaHUsl U UCTOYHHUK MTUTAHUS.
OTHU 3JEMEHTHI CXEMbl MOXKHO BKIIFOUUTH MOCJIEI0BATEILHO U000 mapasiensHo. [lpu
MOCJIEIOBATEILHOM CXEME MCTOYHUK MUTAHMS, BBIXOJHAs corjlacyromasa uenb u AD
COCIMHEHBI TTOCIIEN0BATENbHO. JIJIsl HCKIIFOUEHUS TTOTEpU MOIIHOCTH BY B nCTOUHMKE
MATAHUS U YCTPAHEHUSI HEXKENATEIbHBIX CBA3CH MEXAY KacKaJaMu NepeaaTyuKa ye-
pe3 UCTOYHUK MUTaHUS TociaeaHul moakirodaetcs Kk AD yepes ®HY, o6pa3zoBaHHbIM
Lgg u Cgz . UT0OBI MCKITIOUNTH BO30YXKJACHUS KoJICOaHHWM B 1emu, oOpa3oBaHHOM
bunbTpoM U AD, B HEe BKIIOYAIOT aHTUMAPA3UTHBINA Pe3UCTOp R4, DKBUBAJICHTHAS
uens nutanusa aiuga HY npencrasnena Ha puc. 4.1.

Ha AT Lgn
. AR

1 _

— “Em — Cmm Faim

Puc 4.1. DxBuBasieHTHas1 cxeMa nutanud mist HY
Jlns onpeneneHusi OJIOKMPOBOYHBIX AJIEMEHTOB BOCIOJIB3YEMCS M3BECTHBIM B

Teopuu GUILTPOB COOTHOIICHUEM
L
R=p=/|=.
« = P C

C
Tak xax R, =R, L=L,,, Cp;, =Cy, =~ » TO NapameTpsl ®HY, npencras-

JeHHOTO Ha puc. 4.1, OyayT onpenensaThes GopMyIoi
2
LEJT - 2RA17 'CEﬂ-

EMKOCTb GJIOKHPOBOYHOIO KOH/IEHCATOPA M BEIMUYKMHA Pe3UcTOpa R 477 OOBIYHO
1
BbIOMpaeTcs u3 yenosuii: ————<0,1- R, R, <0,1-R., rne R, — BXOAHOE CO-
min ~ = BJI
IPOTUBJIEHKE BBIXOJHOM LIEMH COTIACOBAHMUS, M3BECTHOE U3 €€ PacyeTa.



Ha puc. 4.2. uzoOpaxkeHa nocnegoBaTeabHas cxeMa nuTanus AD.

Bxoman KHAPYSE
COTTIAac .
K LEIIR
B 1
Len Fum
Bxzon A 1

En
i 7 = cm — Cgm

Puc. 4.2. IlocnenoBarenbpHast cxema nuTaHust AD

Cxema mapasnienbHON ey NUTaHus, B KOTOPOIM BCE JIEMEHTHI, 00pa3yromune
I'BB, coenunHeHbl napaiienbHoO, MpeIcTaBiIeHa Ha puc. 4.3.

Len Cp
K
BrixomHan EHATTVZEE
Fun B  OTTTAS .
LIEIIb
E'l'.[ I::E]'.[ BXO.D;
T 3

Puc. 4.3. Ilapannenvhasn cxema numanus A9

Pacuetnbie GpopMysbl I mapajieaIbHON CXEMBI TaKHe e, KaK ISl TTOCJIeN0-
BaTEJILHOU

1)@, ‘Lsﬂ >> Ry ; 2)R,;; <0,1-R.; 3) Cyr :L;ﬂz; 4) CE/Y] zCP,
2-R,;
[Tpu oxHOM U TOM ke BenmuuHe R 47 OJTOKMPOBOYHBIE €eMKOCTU U MHAYKTHUBHO-
CTH B IOCJIEAOBATEIBHON CXEME MUTAHUS MHOTO MEHBIIIE, YEM B IapajljICIbHOM.
Jl1s1 BBIOOpa pabodeil TOUKM Ha YIPaBISIONIUN 3JIEKTPO] OAAIOT MTOCTOSIHHOE

HalpsHDKCHUE M TMPUMEHSIOT MapajuielibHyto (puc. 4.4, a) WM IOCIEI0BaTEIbLHYIO
(puc. 4.4, 6) uenb CMEIICHUS.
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Puc.4.4. CxeMbl nogaun GUKCUPOBAHHOTO HAMPSHKEHUS CMEIICHUS
Ha yIpaBJISEMbINA dJIEKTPOJ
ABTocmMmernieHne oopa3yeTcsl B pe3yJibTaTe MajeHusl MOCTOSHHOIO HaIpPsKEHUS

Ha COMPOTHUBJICHWU aBTOCMEIIEHUS R, M3-3a MPOTEKAHUs IO HEMY MOCTOSIHHOM CO-
CTaBJISIONICH BXOJHOTO TOKa. Pa3nuyHble BapuUaHTHI CXEM aBTOCMEIICHUS MPECTaB-
JIeHbI Ha puc. 4.5.

Exon CEn
| |
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Puc. 4.5. CxeMbI aBTOCMEILICHUS:
a — ToclieioBateNibHast; 0 — mMapajuiesibHas; B — IOCieaoBaTeNbHas, 00yCIOBICHHAs
MIPOTEKAHUEM AMUTTEPHOTO TOKA

IIpumep: Tloctpouth npuHIMIUANBHYIO cxeMy ['BB Ha TeTpojie ¢ 00mumM KaTogom.
[Iutanune anona AD nocienoBaresibHOE. CMENMIEHUE OCYIIECTBISAETCA OT OTAEIBHOIO
MCTOYHUKA (BBIMIPSMUTEINS) MO MOCIENI0BATENbHON cXeMe BKIIOUEHHUS. DKPAHUPYIO-
11ast CeTKa IMUTAETCA OT OTAECIABHOIO UCTOYHUKA. JIJIs1 KOHTPOJISI peKrMa BKIIFOYArOTCS
U3MEpUTEIIbHBIE PUOOPHI.

Ha puc. 4.6 npuBeneHa cxema IMOCIEI0BATEIbHOIO MUTAHUS B LEMU CETKU U
anona I'BB, co6panHoro Ha teTpoje.
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Puc. 4.6. Cxema I'BB Ha TeTpoze ¢ nociie1oBaTeIbHbIM TUTAHUEM LIENN
CETKHU U aHOJa

B cxeme nannoro I'BB nenu BXoja M BbIXOJIa HE OTJIMYAIOTCS OT THUIIOBBIX.
HoBbIM 351eMEHTOM 34€Ch SBJISETCS CXEMa IMUTAHUS AJIEKTPOHHOM CETKH, KOTOpas
MOXKET OBITh OCYILECTBIIEHA OJTHUM U3 TPEX CIOCOOOB: @) OT OTACIBHOIO UCTOYHHMKA
HanpsbkeHus: £y (Kak IOKa3aHO Ha cxeMe); 0) OT UCTOYHMKA HampsbkeHus E 4 de-

pe3 racsiui pesucTop (B JaHHOM cXeMe OTCYTCTBYET); B) OT UCTOYHUKA E 4 depes
JEIUTENb (B CXEME OTCYTCTBYET). BIOKHPOBOUHBIMU d51eMeHTaMu ABIsitOTCS Cpy3 U
Lg 7> Kounencarop C,,, ycmemHo urpaeT posb CTaTHYECKOTO dKPaHa, eCiM BBICO-

KOYaCTOTHBIN MOTEHIMAN CETKU OTHOCUTEIBHO KaToaa OJIM30K K Hymto. st ero pac-
y&Ta UCTOIB3YeTCs cienyromas Gopmyna:

C,,, =(50...200)C

rne C 5, — EMKOCTh camoro npubopa MexKJy aHOJAOM U SKPAHHOU CETKO.
B cxeme nokaszaHbl mpuOOpHI ]CO , 1 Cao° 1 Ay - OO0mue nmpaBuiia BKIIOYEHHS

HpI/I60pOB TaKOBBI: a) HpI/I60pBI MAarauTHO—3JICKTPHUYCCKOT'O THIIA OJIA U3MCPCHUA TO-
KOB U HaHpH)KCHI/Iﬁ MOXHO BKJIXOYATh B PA3PbIB TCX IMPOBOAOB U K TAKHUM TOYKaAM,



KOTOpbIE€ HE MMEIOT BHICOKOYACTOTHOTO MOTEHIIMAa OTHOCUTEIBHO 3eMIIH; 0) 3a)KU-
MBI KaXJ10ro npubopa OJOKHpYIOT KoHAeHcaTopoM Oousblioi émkocT (1...10) nd;
B) IpUOOPBI JIJIs1 U3MEPEHUSI TOKOB JKEJIaTeIbHO BKJIIOYATh B LIETH, HE UMEIOUIUE BbI-
COKOI'0 IOTEHIHANA.

3. Vmpaowcnenus u 3a0auu

1. M306pa3ute cxeMmy napajieIbHOTO MUTaHUS B LIEISAX aHOJIa U yIpaBJIAIonIeH
cetku nammnoBoro I'BB. KakoBsie €€ 10CTOMHCTBA U HEIOCTATKU ?

2. N300pa3uTte cxeMmy MOcien0BaTeIbHOI0 MUTAHUS B LIETSAX aHOJA U YIpaB-
sromed cetku. KakoBele €€ JOCTOMHCTBA U HETOCTATKHU ?

3. IloueMy mpu CIOXKEHUM MOLIHOCTEN AD OrpaHHMYMBAIOTCS NapaAJUICIbHBIM
BKJIIOUEHUEM HE 0osiee NBYX—TpEx AD?

4. HazoBuTe 00J1aCTH NPUMEHEHHUS JIBYXTakTHOro BKIto4YeHUs AD. [louemy B
JJaMIIOBOM TEXHUKE OTKAa3bIBAIOTCS OT JIBYXTAKTHOI'O NMOCTPOEHUS, & B TPAH3UCTOP-
HOW IBYXTaKTHBIE T€HEPATOPHI UCIIOJIB3YIOTCS IIUPOKO?

5. B 4ém cocToaT 0COOEHHOCTH MOCTPOCHUS IIETNell MUTaHUs Hakaja JaMIlOBO-
ro aBTOT€HEepaToOpa NPy MUTAHUU IEPEMEHHBIM TOKOM?

6. Hapucyiite cxemy I'BB ¢ 0611eii ceTkoi Ha TETpoje C Mojiaueii HanpsKeHUsI
CMEILEHUs OT BBIIpSIMUTENA. B 4éM cocTOSIT 0COOEHHOCTU €€ TOCTPOeHUs?

7. Hapucyiite cxemy 'BB ¢ 061muM 3MUTTEpOM U 3a3€MJIEHHBIM KOJJIEKTOPOM.
B 1uéM cocToaT ocobeHHOCTH €€ TOCTPOSHUS?

8. Kakue 1nenecoobpa3HO NPUMEHSATH MOCTOBBIE CXEMbI MpPH MOCTPOCHUU
PIInV, nepekpriBaroniero auanas3oH 1,5...30 MI'?

9. IloueMy Ha MpPAKTUKE MHUPOKO MPUMEHSIOT KBaAPATypHbIE MOCTOBBIE CXEMBI,
HECMOTPS Ha OONBIIYIO CIIOXKHOCTh X NMPAKTUYECKON peann3auu?

10. U306pasute cxemy I'BB ¢ mapamienbHO—IBYXTaKTHBIM BKIIOUeHHEM AD.
[Touemy Takue cxembl MOJIy4atoT BCE OOJIbIIee pacIIPOCTPAaHEHHUE HA MPAKTUKE?

11. CoctaBpTe TOMoJIorHueckyro cxemy ycuiutenss CBY Ha momeBoM TpaH3u-
cTtope. B 4ém cocTosIT 0COOEHHOCTH TOCTPOCHUS TAKOU CXEMbI?

12. 306pa3uTe NpUHLUUIHAIBHYIO CXEMY JABYXTAKTHOTO MOJYNPOBOJIHUKOBOTO
YCUJIUTENSE MOIIHOCTH C NMPUMEHEHHEM TpaHchopmaTtopoB-nuHuil. B uém cocrour
UX PEUMYLIECTBO 110 CPABHEHUIO C TPAAULIMOHHBIMHU CXEMaMM?

13. Tlouemy Ha mpaxkTUKe Bce OojblIee paclpOCTPaHEHUE MONTYYalOT JIBYXTAKT-
Hele ['BB na 6anaHcHbIX TpaH3uctopax? B kakoMm nuana3oHe 4acTOT OHM paboTa-
10T?

14. CocTtaBbTEe NPUHIUIIHAIBHYIO CXEMY TETPOJHOI'O YCHIIMTENS MOIIHOCTHU 3-TO
TEJIEBU3MOHHOTO NMana3zoHa. llepeuncinure npemMymecTBa U HEJOCTATKH CXEM C
OK u OC.

15. U3006pasute cxemy BbixoaHOW nenu ['BB Ha OumnosisipHoM TpaH3UCTOpE
tuna KT921A. Harpy3ouHas cucrema — IIMPOKOAMANA30HHBIA TpaHCdopmaTop.
[utanue mnocnegoBarenbHoe. Omnpenenure €MKOCTh OJIOKHPOBOYHOI'O KOHJAEHCA-

Topa, eciu R, = 50 Owm, fp= 50 MI'n.



16. IToctpoiite Beixoanyto 1enb ['BB Ha noneBom Tpan3ucrope tumna 211901A ¢
I1C Tuna nByx3BeHHoro T—oOpa3Horo ¢uisTpa. [lutanue napamnensHoe. Onpene-

JIUTE 3HaYE€HUs OJIOKHPOBOYHOTO apoccens Lg, ecnu f, = 15 MI'n, R, = 600 Owm.
17. 306pa3ute BoixoaHyo 1enb I'BB Ha Tetpone ['Y-44b ¢ pe3onancHoil Ha-
rpy3koi. Onpenenure 6JIOKUPOBOUYHBIE AIEMEHTHI, €CJIM AUANa30H pab0oyuX 4acToOT

0,6...1,2 MI';, a R, = 1,2 kOm.

18. Onpenenute 3Ha4eHUE OJOKUPOBOYHBIX AIeMeHTOB Lg, Cg, ecnu Tpuog ['K—10I1
pabotaer Ha vactoTe f = 0,5 MI'u, a amMmmnTyna nepBoil rapMOHUKH BBIXOJIHOTO
ToKa Ippix1 = 20 A ¥ BBIXOJHOE HANps)KEHUE HA HArpy304Hou cucrteme Uppy =
=9,2 kB.

19. BeixonHo#t kackana paauoeniatenbHoro PIInY paGotaet Ha tpuoge 'U-68A
Ha yactoTe 500 k['11 ¢ KOMOMHUPOBAHHBIM cMeleHueM. OnpeaeauTe ConpoTUBIIe-

HHUE PE3UCTOpPA aBTOCMEIICHHUS U 3HAUYCHHE OJIOKUPOBOUHBIX JIEeMEHTOB Loy, Cew,

ecau I;o=5 A, Ec,=—-350 B.
20. PaccuuraiiTe conpoTuBieHue pe3uctopos aenutens B 'BB, cobpannom Ha

tpansuctope KT603 ¢ O3, ecnu mocTosHHBIA 0a30BbI TOK Ig) = 3,4 MA, E.y =

= 0,7 B, E;7= 12 B. Onpenenure MOLUIHOCTh, PACCEUBAEMYIO Ha JACIUTENSIX, a TaK-
K€ €EMKOCTbh pa3JAeUTEIbHOr0 KOHJIEHCATOPA.

21. CocraBbre cxemy kackana PIInY na terpon I'Y-70b nns pabotsl B nuana-
3oHe BU. Bribop Hparpy304HOi CHUCTEMBI U CTIOCOOOB MUTAHUS LIETIEH BBIMOJIHUTE
CaMOCTOSITEIbHO. PaccunTaiiTe 31€MEHTHI IIENU YKPAHUPYIOUIEH CETKHU.

22. O0ocHyiiTe HanboIee SKOHOMUYHBIN C PHEPTreTHUECKON TOYKHU 3PECHUS CIIO-
c0o0 MUTaHUS SKPAHUPYIOIIEH CEeTKHU.

23. [lepeuncaute cmocoObl MOJYYESHHUSI aBTOMAaTHYECKOT0 cMeleHus. [loscuure
MIPUHITUIT TIOJIYYCHUsI aBTOMATHUYECKOTO CMEIICHHUS Ha MpPHUMEpPEe CXeMbl ¢ 0000-
ménHeM AD. Kakoe neiictBue Ha pexxum padotsl ' BB oka3biBaeT aBToCcMenieHue?

24. CocraBpte cxemy I'BB ¢ pacnpenenénnbeimM ycuiieHueMm. B kakom nnamna3oHe
4acTOT OHa ucnoJibzyeTcs? Ilepeuncnure €€ JOCTOMHCTBA U HEJOCTATKH.

25. Kakue pexxumbl paboThl Bo3MOXkHbI B CBU-1mogHoM reHepatope ¢ BHEII-
HUM BO30yxkaenneM? Kak onpegensercs B HeM KO03hPUIHEHT YCHJICHUS TTO MOTII-
HocTu? COCTaBbTE OJIMH U3 BAPUAHTOB YCHIIMTEIBLHOTO KacKaja.

IIPAKTHYECKOE 3AHATHE Ne 5
I'enepaTopsbl ¢ caM0OBO30Yy:KIeHHMEeM (ABTOTeHEPaTOPbI)
1. Obwue ceeoenus

ABtoreneparop (Al') — 3TO HCTOYHUK AIEKTPOMArHUTHBIX KosieOaHuii, BO30Y-
KIAOMINXCA CaMONPOU3BOJIBbHO, 0€3 BHelHero Bo3naencTsus. [loatomy Al B oTnu-



yur oT ['BB wacto Ha3bIBalOT reHepatopoMm ¢ caMoBO30yxJeHHeM. CXeMOTeXHHKa
Al ocHOBBIBaeTCsl Ha 00ECIIEYEHNH YCIOBUI CaMOBO30YKAEHUs — 0alaHCOB aMIUIM-
Tya U ¢a3. Kak uzBectHo [1], 3TH ycnoBuUS BBINOMHSIOTCA B TPEXTOUEUHBIX CXEMax
AI" — emkocTHOM U UHAYKTUBHOMU. ['1aBHOE TpeboBanue, npeabspisieMoe K Al', — BbI-
cokasi cTaOMIbHOCTh 4acToThl. B coBpemenHbix PIInY AI' B OCHOBHOM BBITIOJIHSAIOTCS
Ha MOJIYIPOBOJHUKOBBIX AD—TpaH3uCTOpax, MO0 TUoaax.

B Ttpansucropubix Al 3aBUCHUMOCTh HECTAOMJIBHOCTH YaCTOTBI OMpEesieTCs
BBIPAKCHUEM

Aw 1 1+(1+K,,)-6
—_— CO'T,—CO'T PR i A—
® 0, ’ ‘ K

oc

b

rae (O, — 10OPOTHOCTB KOJIEOATEIbHON CUCTEMBI;
T, — IIOCTOSIHHAs! BpEMEHU CTaTUYECKOHN KpYTU3HBI S;
¢, =w-t, — (pa3za KpyTU3HBHI S.
[TocTosiHHAsT BpEMEHU W CTaTWYeCKas KPyTH3HA BO3PACTAlOT C YBEIWYCHUEM
TOKa KoJutekTopa. IlocTossHHAs: BpeMEHH KOJIJISKTOPHOMU 1ETTH
T =Cy 75,
rne C, — eMKOCTb KOJUICKTOPHOHN IeTH, KOTOpasi MajJaeT ¢ YBEJINYCHUEM HarpsikKe-

HHUS Ha KOJUIEKTOPE;
Y5 — CONPOTUBIICHUE Oa3bl;

bespaszmepnslii koappuueHT
§=[1-7,(0)]/S1;-1,(0).

Hapsiny ¢ HenmocpeACTBEHHBIM BIUSHUEM Ha YacTOTY MOCTOSIHHOW COCTaBIISIIO-
el KOJUIEKTOPHOTO TOKa U HANpsHKEHHS] HAa KOJUIEKTOpPE CYUIECTBEHHBIM SIBIISIETCS
TaK)Xe M UX KOCBEHHOE BO3/ICMCTBHE HA YAaCTOTY BCIEJCTBHE U3MEHEHUS TEMIIepaTy-
pPbI TPAH3UCTOPA U3-3a BBIJEICHUS MOILIHOCTH, pacCeMBaeMOi Ha KoJuiekTope. M3me-

HCHHUC TeMHepaTypBI O6YCHOBHI/IBaeT HCCTa6I/IHBHOCTB JaCTOTHEI
Aw 1
:_2 'wTs'gf'Rnc'Iko'Eﬂa
@ Oy
r7e ¢, — TeMIepaTypHbIA KOAPGUIIUEHT MMOCTOSHHON BpeMeHu T ;

R

ne — TCITIOBOC CONPOTHBJIICHHUC MCXKIY IIEPCXOJOM U KOPITYCOM.

CocTaBasionyo HeCTaOMIbHOCTH YacTOThI, CBSI3aHHYIO C BIMSIHUEM TeMIIepa-
TYpbI (CaMOpPa3orpeBoM), HEOOXOAMMO YYUTHIBATh TOJIBKO MPU U3MEHEHUHN HampsKe-
HUA NUTAHUS KOJUIEKTOpa. BiusiHMe camopa3orpeBa Ha 4acTOTY MOKHO YMEHBIIHT,
MIPUMEHHB OXJIKIArONUK panguarop. OXIaKAeHUe TPUBOAUT K CHHXKEHUIO TEIJIOBO-
IO CONMPOTUBJICHHUS.

st ocnabneHus BIUSHUS TMEPEUYUCICHHBIX J1eCTa0MIN3UPYIOMKX (aKTOpOB
ATl moMeIamT B TEPMOCTAThI, OCYIIECTBIISIIOT MOAOOP BHICOKOYACTOTHRIX AD U mpe-
LU3UOHHBIX 3JIEMEHTOB KOJ€0aTeNbHOTO KOHTYpa, 00ECrneyrBaloT MPUMEHEHUE Iie-
YaTHOT'O MOHTaxa M T.J1. Takol crnoco0 crabuiusaiuu yactoTel Al' Ha3bIBaeTcs ma-
pamerpuueckuM. OH MO3BOJIIET CHU3UTHh HECTAOWJIBHOCTH YacTOTHI /10 3HAUYCHHM

5.10%..5-107. JlanpHelIee MOBBINICHHE CTAOUIIBHOCTA BO3MOXKHO TPH HCIIOJB30-



BaHud B Al B KauecTBe 37€MEHTOB K0JIeOATEIBLHOTO KOHTYpa PE30HATOPOB Ha IO-
BEPXHOCTHBIX akycTuueckux BosHax (ITAB) u kBapuesbix pesonaropos (KP). Al ¢
pezonatopamu Ha ITAB ucnonb3ytorcs Ha yactotax BIIOTh 10 1...2 ['Tu. Crabuib-
HOCTb YaCTOThI UX KOJICOaHUH JUIIb HA OAUH-TIONTOpA MOPSAKA XyKe CTAOMIbHOCTH
KkBapueBbIx Al

[Ipsimyto crabunuzanuio yactotel Al ¢ momompio KP ucnons3ytor B Bo30ynu-
tensix PIInY, korna HecTaOMIIBHOCTH YaCTOTHI 3a JUIMTEIbHBIN MPOMEKYTOK BPEMEHU
HE IOJDKHA IIPEBBIIIATH 107*.

OnHa 13 BO3MOKHBIX NPUHIMIUAIBHBIX CXEM FapMOHUKOBOIO KBapueoro Al
n300pakeHa Ha puc. 5.1.
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Puc. 5.1. IlpunnunuanbsHas 3J1€KTpUUECKasi CXeMa aBTOreHepaTopa

OO6b1yHO TpH pacuerax KP 3amMeHsIOT SKBUBaJIEHTHON CXEMOU IMOCie10BaTENb-
HO COEMHEHHBIM aKTUBHBIM R, W peakTUBHBIM X, CONPOTHUBICHHUAMH, T.€.

Ly =Ryp + jX 5 = rKB(1+jU)(1_UTO "'ﬂ'o)_l >
1

rane RKB:rKB[(l_TOU)2+TOZ:| )

Xy = Rep [ 1-7, +0, - 7,07 |

— i_£ _ a)KBLKB
TOZG)OCOFKB > U_QKB f f 5 QKB R
K rI(B
rac FKB ) LKB ) QKB — COOTBCTCTBCHHO AKTHUBHOC COIIPOTUBJICHUC, MHIAYKTHUBHOCTD,

nobpotHocTh KP;
C( — €MKOCTb KBapleaepKaTeIs.

[Ipumepro no 20 MI'm KP Bo30yx7maloT Ha OCHOBHOM dYacToTe, a BBIIIE
20 MI'tt — Ha MexaHMYeCcKUX rapMoHUKax. JlJis yMeHbIIeHUsI HECTAOUIBHOCTH 4acTO-
Thl ¥ MOBBIIIEHUS DKCIUTyaTallMOHHON HajexHocTu Al paccenBaemas MOIIHOCTb Ha

KP P, He momKHA NPEBBIIIATh JOMYCTUMOTO 3HAYCHUsT Py, ., YKa3aHHOTO B CIpa-

BOYHBIX JaHHBIX:
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KB — ~ KBoon *

B AT’ ¢ kBapiem KCnoJib3yI0OT MAJIOMOIIHbIE AD pa3IUyHbIX TUIIOB, TOCKOJIbKY
KosiebaTesnbHass MouiHOCcTh AT Py, BblAeNsseMas B KOJUIEKTOPHON IIETH, TOTO K€ I10-
psaaka, uto Py, , u coctaBnser 1...10 MBT. BeiOop tna AD 3aBucHT OT TpeOOBaHHU

K KOHCTpYKTUBHOMY o¢popmieHuto Al'. [l yCTpoICTB Ha 3J€MEHTAaX € COCPEAO0TO-
YEeHHBIMU TapaMeTpaMH M THOPUIHBIX Yallleé BCETO MCIMOIB3YIOT TPAH3UCTOPHI U
TpaH3UCTOpHbIE MaTpullbl. [l0CKOIBKY MapaMeTphl OUIONSIPHOTO TPaH3UCTOPA 3aBU-
CSIT OT COOTHOLIEHUS MEXy pabouell yacTOTOM f,, W rPaHUYHON YacTOTOU KO3 du-

IMEHTA Tepe/lauyd TOKa B CXeMe C OOIIMM YMUTTEPOM PEKOMEHIYETCsl BEIOUpaTh AD
TaK, 4YTOOBI BBIMOJHSIOCH YCIOBUE

f ep = (3 =5 ) K*
HapaMeTpLI IMOJICBBIX TPAH3UCTOPOB B HII/IpOKOﬁ 00JIaCTH 4YacTOTHI MOYTU HE
MCEHAKTCA U TOJIBKO C HCKOTOpOﬁ KpHTH‘ICCKOfI HJaCTOThI pr PE3KO MPOABIIAIOTCA UX

HHCPIUOHHBIC CBOICTBA. I[J'ISI BBI60pa IMOJICBOT'O TPAH3UCTOPA MOXXHO IIPUHATH
f.<0,8f,, .
KP BBI6I/IpaIOT Ha 3aJaHHYIO YaCTOTY, €CI0 THUII OIIPCACIIACTCA Tpe6OBaHI/I$[MI/I K
HCCTa6I/IJIBHOCTI/I HaCTOThbI AF, MpeaAIO4YTCHUC CIICAYCT OTAABATH KP ¢ maneiMu 3Ha-

YCHUAMHU IMPOU3BCIACHUA COFKB , IPpHU 9TOM JICTYC BBIMMOJHAIOTCA YyCIIOBUA caM03036y-

xaeHus B Al', 0coOOEHHO Ha TapMOHMKAX.

B ocHoBe 0011ero meroaa pacuera JEKUT YpaBHEHUE CTAIMOHAPHOTO PeXUMa
Al:

SLP.KUC.ZH = 1 .
KPYTI/I?)Ha 6I/IHOHHPHOFO TPaH3UCTOpPA Scp ONIpCACIIAACTCA BBIPAKCHUCM

Se =S, (1+/9,)",
rae Sep = S-;/l(O);

S — KpyTH3Ha alMPOKCUMUPOBAHHOMN CTATUUECKOM MPOXOTHON XapaKTEPUCTUKY;
71 (0) — Kod(pULIMEHT pa3ioKeHUs IEPBOM TAPMOHUKN KOCUHYCOUIAJIbHOT'O

UMITYJIbCA,
9 — BBICOKOqaCTOTHBIﬁ YFOJI OTCC‘IKI/I;
S
Q) = =~ — HOpPMHPOBAHHAs YacTOTA [0 f; .
)
.

Js = Sr!

V4 o
K, =——2— — k03¢ unueHt oOpaTHON CBA3M.
Z2+ Z3



' Z] (Zz + Z3 ]
Z, =—————= — COIPOTUBJICHUEC HAIPY3KHU.

Z] + Zz + Z3
Zi=R +jX,;
Z,= Rz. + jX,;[ — KOMIUIEKCHBIE COMPOTUBIIEHUS KONEOATEILHON CHCTEMBL.
Zs = R, + jX,

B cxeme AT (cm. puc. 5.1) KP BxiroueH nociie1oBaTeIbHO ¢ AJI€MEHTaMH KOH-
Typa u notepu Ha KP mHOro Oojbliie, 4eM B OCTaJIbHBIX AJIEMEHTAaX CXEMBI, T.C.
P.o;, =0 1 MOXHO CUUTATh, YTO

P = PH + Py .
Tormga MoxHO cunrtath, 4T0 R; = Ry =0, a BCS MOIMHOCTh P BBIIEIAETCS Ha

P
conpoTuBieHHn Ry = R, (1 + a) ,Te a= R_H . C y4eTom NMpUHATHIX JONYIICHUN
KB

Z1=jXq, £2 = jX;, Zs = jX, :RK3(1+a)+jXKB;

1 1 1 5 !
X = R Xy = o Clowg =C1——— = Cl[l_(wkclLl)T
a)K 131{3 a)K 2 COKLI

ypaBHEHHUE CTALMOHAPHOrO peskuma Al IpuMeT Buj
) -1 XX
S (1 + ]QS) 2 =1
R, (1+a)+]()(1 +X, +XKB)
[Tocne pasfeneHus DTOrO ypaBHEHUS Ha JIEHCTBUTEILHYIO U MHUMYIO YacTH
TOJIyYMM UCXOHBIE PABEHCTBA U1 ONPEAEICHHS IAPAMETPOB U PEKUMA KBAPLEBOTO
Al:

Ry (1+a)=5-X, X, (1+Q) ",
X =—(X,+X,)-Q R, (1+a).

2. IIpumep pacueTa TapMOHUKOBOTO aBTOT€HEPATOPA C KBAPIIEM MEXKTY KOJUICKTOPOM
u 0a3oit

HcxoaHbie JaHHBIC:
MOIIHOCTG B Harpyske B, = 0,15 MBT;

pabouas yactota fp =40 MI'm;

A
OTHOCHUTEIbHAs HECTAOMIBLHOCTD YaCTOTHI —f =0,510".

PemeHnue.
1. Boibupaem ounomnspusiii Tpansuctop ['T311 co craeayronumu napameTpamu:



F,, =500 MI'w; /p1=50;

’”é =600wm; C,=C, =1nd,
Iemax =S0MA; Ugny o =12 B;
Uome= 0,3 B; §;,= 0,05 A/B;

Pryax = 0,15 Brnpu 7., = +25°C.
2. BeiOupaeM KBapLEBbIil FeHEPATOP CO CAECTYIOUUMH NTapaMeTPaMu:
F, =20 MI't; Tig =50 Om;

Oz =10; Pps., =2 MBT.
3. BriOupaem mpocTelinylo cXeMy T'apMOHHMKOBOI'O KBaplLEBOIO aBTOreHepaTopa

(puc. 5.1).
Pacuet cxemsl npoBoguM Ha f,= 40 MI'n, uto coorBeTcTBYeT BO30yx)aeHu0 KP Ha

BTOPOU MEXAHUYECKON TapPMOHUKE.
4. Onpenenum napameTp KaduecTBa KBapliia:
Ty =@, Cy I <0,5;
T = 2m40-10° -5-10 " -50 = 0,06 <0,5.
5. BeiOupaeM aMIUTUTYy TOKA Iymax U KOOPQOUIUMEHT @, HANPSKEHHE Ha KOJUIEKTO-

pe Uk,, yron orceuku 0.

iemax < (0,5...0,8) Leoon
Lemax — 10 MA;
PH
a=——"—""<0,25;
(PKB + P2)
a=0,1;
UKO S (0)4' . 035) UKB()on 7
Uko = 5B;
(6) = 0,1...0,3;
»(6) =0,2;
6 =60°
rae PKBaan — MOIIHOCTB, Belaensiemas Ha KP; a P, — MoOILIHOCTB, paccenBaeMas Ha

AKTHBHOM COIIPOTHUBIICHHUH Koy1e0aTeJIbHOH CUCTEMBI.

6. OmpeensieM MOIIHOCTh, paccenBaemyro Ha KP, u konebaTenbHyI0 MOIIIHOCTD, BbI-
JEJSIEMYI0 B KOJJIEKTOPHOM LIeTIH U3 ypaBHEHMsI OajlaHCca MOIIHOCTEH:

P =P, +P,+P,.
[Ipuaumaem P, =0 BBUIY €€ MalIOCTH.

P
Py == P, =22 =1 5uBr
KB a KB 0.1 »> MDT,

b

2



P, :PH+PKB =0,15+1,5=1,65 mBr;
PKB = 1,5 MBT< PKB()OIZ =2MBT

7. HaXOJII/IM AIIIIPOKCUMHUPOBAHHBIC ITAPaAMCTPBI TPAH3UCTOPA. B MaJIOMOHOIHBIX TpPaH-
S3UCTOpAX IMPpU HCAOUCIIOJIBb30BAHUU HX II0 TOKY HCO6XOI[I/IMO CUMTAThCS C HEJIUHEH-
HOCTBIO CTATHYCCKUX XAPAKTCPUCTUK U YUUTBIBATH 3aBUCUMOCTb UACAJIIN3UPOBAHHBIX
mapamMcTpOB DKBUBAJICHTHON CXEMbI OT BBICOTBI HMITYJIbCA.

_ S

— ; . ' -1
Sn_ls'll(maw r:h2103/Sn; S=h2103(l’6+l”) ;fS_—v;
S - s
S, =0,15A/B; r=333 Om; S= 0,127 A/B; f; =65MIw.
8. BoruuciisieM HOpMUPOBAHHYIO YaCTOTY KoJieOaHUH.

Q= Q; Q,=40/65=0,61.
Js
9. Onpenensem 3HaueHUE KOA(DPuUIMeHTa 0OpaTHOM CBS3H.

. U2 v, C 1 2 -1
KOC:U—:_Q’ZM, C13K8:Cl_ 2 :Cl[l—(a)e ‘Cl‘Ll) ]-
cloke X1 &) w; L

I[Hﬂ 9TOT'0 BOCIIOJIB3YCMCA YPABHCHUCM OaytaHca AMIIIATY .
251,
Rye(l+a) = Scp xp - xp(L+Q5)

2P U ]
R — KB ’ ] — c2 ; U — K max S — S . 0 .
I9K6 112<B KB x2 c?2 S(I—COS 6) cp 7/1( )9
K = C13K6 _ ilfmax 71 (9) .
“C, 2P, S-(I1-cos@)’(1+a)1+Qy)’
2
1©-0,2
K, 0.017-9, ~0,17.

¢ 2.0,015-0,5% 11136
10. Paccuntaem napaMeTpsl K0yiebaTeIbHON CUCTEMBI.

C13K6 :a)Z_l [KOC .Sl .(1+2.TO .Qs)"?;; '(1+a)_1 '(1+Q§)_1]0’5 _a)gco};
1 1

1 1
C . = -{[0,17-0,0254-(1+0,12-0,61) - — +—-——]>° =5.10"21 =
loke 2.3 14.4.107 il ( ) 50 1,1 1,3 ] }

=35 ud.

I/IHIIYKTI/IBHOCTB Ll Hn CMKOCTH Cl OIIPpCACIINM M3 BBIPAKCHUA

n2

(n-17?

1< 0)22L1C1 <

[Tpumem 0)22L1C1 =2 .Torna

C, = C13K6 . — 35
L (02 -1’ 0.5
— (0>, (1) ’




zcla);Ll_l.L _ 1
®,Cp, .. 40-40-35
11. Haiiném nomnpaBKy K 4acTOTe KoJIeOaHUM:
v=[x(1+K,.)+Qr, ] [27,x,(1+K,.) +(7,£ —l)rk]_l;
- 1+0.17 +0,61-50
. 27-40-10% -35-102 _16.

20,06 (- 1+0’617 ) +(0.06-0.61-1)-50
2.3,14-40-10%-35-10"

L =10,7 Mkl

1

OTHocCHUTENIBbHAS HECTAOUIBHOCTh YaCTOTHI

A
MoV 08107505107
f 2Q3K6
12. OHpeI[eHI/IM rapMOHHYCCKUC COCTABJIATOIINEC TOKA KOJUICKTOPA U aMIUIMTYAY Ha-
npspKkeHus Ha 6asze u apyrue napametpsl Al

I
_ , : _ n
L, =0(0)ie max, 131 =0(0)i max, U = 57.0)"
I, =10-2,22=22mA, I,; =10-0,39=3,9MA Uy =—>>—0,16B.
0 ’ ’ 0,27-0,2
AMHJII/ITYIIa HaHpH)KCHI/IH Ha KOHHCKTOPC
2-P
Uy = —;
I, "COS Q.
cos @, =[1+(Sgpx, + Q)T
_ -1 21-0,5 _ .
cos@ =[1+(0,127-0,8 ; S +0,6)717% = 0991;
1-3,14-40-10° 20010~
2-1,65-107°

0,85 B.

7 39.107°-0,991

MOIHOCTb, TOABOIUMAS K KOJUIEKTOPHOM ICIIH:
R=1E,; P,=2,2-5=11MBr.

PaccenBaeMasi MOIITHOCTh Ha KOJIJICKTOPC

P,.=P,—-P; P, -=11-1,65=9,35MBr;
9,35mMBr < P,,,,, = 0,15 BT.
TTocTosHHAS COCTABISIIONIAs TOKA Ga3bl
1
Ijo="2%5 1, =22 0,044 mA.
hy1, 50

Hanpsixenue cmenienus Ha 6ase:



u,=UU,. +U5[7/0(6?)(1+Q§)_0’5 —7,(r —=0);
U, =0,3+0,16-[0,11-(1+0,36)° —0,61]= 0,22 B.

OmnpenensieM BEIUYUHY CONPOTUBICHUS PE3UCTOpPa aBTOCMEIECHUS R,. C poc-

TOM 3TOTO COINPOTHBJICHHUS YBEIWYMBAETCA €ro CTaOWIM3HpYIOlee NEeUCTBHE U
YXYALIAIOTCS PHEPreTHUecKue Moka3areiau. B kauecTBe KOMIPOMHCCHOTO pEelIeHUs
pexomenayetca BeiOupate R,= 100...500 Om. IIpunumaem R,= 300 Om. Compo-

THBIEHUE R; HaiaéMm u3 cootHomeHus Rg=(10...20)x2 =200...400 OMm. Bo3pméMm

R; =300 Om. Benuuuny Cy| onpemenum u3 ycnopus:

10
Co1 = ;
a)K-R3
10 10°®
Ir-4-10"-300 6,28-12

Paccuurtaem HaIIPAKCHUC NCTOYHHUKA ITUTAHUA En " MMaACHUC HAIIPSKCHUSA Ha

=133 n®.

pesucrope Ry:
E, =Ugo +Uxo +150) - Ry;
E,= 54+(2,2+0,044)-107-300~ 5,7 B;
Ul =Uey +Uxo + 1) Ry + I5R5;

U =0,22+(2,2+0,044)-300=1,0 B.
[IpuHMaem TOK uepe3 JETUTENb:

I =51, I,=5-0,044=0,22 MA.
ConpoTuBieHUE ACIUTENS B LIENU MUTAHUS:

RIZA; Rl :—1’0 = :6KOM,
Iy—1Ig 0,17-10

o En=Upi g = 2871 519000
2 Iy > 0,22-10°

3. VYnpaosicnenus u 3aoauu

1. 3anmummTe ¥ NOSICHUTE ypaBHEHUs OajlaHca aMIUTUTYI U (a3, ycioBus ca-
MOBO30YKJI€HUS U YCTOWYMBOCTU aMIUIUTY/Ibl U YACTOThl aBTOKOJIEOaHUIA.

2. TlocTpoiiTe XapaKTEPUCTUKHU CPENHEN KPYTU3HBI B MATKOM M KECTKOM pe-
KUMaX CaMOBO30YKICHHUS.

3. Ompenenute HaUMEHBIIYIO YAaCTOTY KoJeOaHUI aBTOreHepaTtopa ¢ TpaHC-
(bopMaTOpHOH CBSI3bIO, MEPECTPANBAEMOIl EMKOCTBIO, €CIH KO3(PPUIMEHT 00paTHOM
cBsi3u paBeH 0,3, uHAYKTUBHOCTH KOHTYpa 0,1 MkI', no6potHOCTh 50, KpyTH3HA TPO-



xoaHOM xapaktepuctuku - 0,1 A/B. BriusHreM BBIXOJHOTO HaNpsKEHUsI HA TOK KOJI-
JIEKTOpa MOXHO MpeHeOpeyb.

4. TloscHute 0COOEHHOCTH HCIIOJIB30BAaHUS aBTOMAaTHYECKOTO U KOMOUHUPO-
BAaHHOTO CMeEIIEeHMs (CMEIIeHHEe OT MCTOYHMKA MUTAHUS aHOJAa WJIM KOJUIEKTOpa B
KOMOHMHAIIMU C aBTOCMEIIEHHEM) B TPAH3UCTOPHBIX U JIAMIIOBBIX aBTOT€HEpPaTOpaXx.

5. Pe3onancHoe compoTuBieHue KoHTypa 5 kKOwm, ko3dduuueHt obpatHOI
cBsi3u 0,3, koaduimenT peakunn BoixogHol nenu 0,05 , koahPUIMEHT BKIIOYEHUS
koHTypa 0,2. Onpenenure KpyTuszny AD 1Jisi caMOBO30YX/ICHHs aBTOT€HEepaTopa.

6. B aBroreneparope ¢ €éMKOCTHOW OOpaTHOW CBS3BIO HCIIOJIB30BaH KOHTYP
noopotHocThio 100 u pe3onancHoi yactoroit 3 MI'n. Ilonaras ¢asy KpyTusHbl paB-
HOH HyO, a ¢dazy koddduimenta ooparHoit csi3u pasuoit 0,01, onpenenure caBuUr
4acTOThI aBTOT€HEPATOPa OTHOCUTEIBHO PE30HAHCHON YaCTOTHI.

7. W3oOpasute cxemy OJHOKOHTYPHOT'O aBTOT€HEpaTopa C eMKOCTHOW 00pat-
HOM CBSI3bI0 (EMKOCTHAsl TPEXTOYKA) M BBIBEJIUTE YPAaBHEHHE PE30HAHCHOTO COMpPO-
TUBJICHUSI OTHOCUTENIBHO TOUYEK BKIIOYEHUS TpaH3UCTOpa U KoddduirieHTa oOpaTHOM
CBSI3M. 3alUIIUTE YCIOBUE CAMOBO30YKICHUS.

8. M3oOpa3ute cxemy OJHOKOHTYPHOTO aBTOTE€HepaTopa Ha JiamIe ¢ UHAYK-
TUBHOW O0OpaTHOM CBS3bIO (MHAYKTHUBHAS TPEXTOUKA) U BBHIBEUTE YpaBHEHUS ISl pe-
30HAHCHOTO COMPOTHUBICHUS U KO3 dUlMeHTa 00paTHOM CBI3U. 3aNUILIUTE YCIOBUE
CaMOBO30Y>KJIEHUSI aBTOT€HEPATOPA.

9. TloctpoiiTe Harpy304HbIE XapaKTEPUCTUKU aBTOT€HEpPaTOpa, UCTIOIb3Ys Xa-
PaKTEPUCTUKU CpeAHEN KPYTU3HBI IJIsl MSTKOTO U JKECTKOI'O PEXUMOB CaMOBO30YXK-
nenusi. Onpeaenute MUHUMAaIbHbIe 3HAYEHUsI CONPOTUBIICHUSI HArpy3ku, oOecreun-
BaloIllMe CaMOBO30YX/IeHHE KOJIeOaHMil.

10. CamoBO30yIMTCS JTU aBTOTEHEPATOP IO CXEME €MKOCTHOM TPEXTOUKH, €CITU
MHIYKTUBHOCTh KOHTYpa - 1 MKI'; eMKOCTb, BKIIOUEHHAsI MKy 0a30il U SIMUTTEPOM
Tpan3ucTopa, - 20000 nd; eMkocTh MexAy KoiuiekTopoM M smurrepoM 5000 nd;
T0OpPOTHOCTH KOHTYpa - 50; KpyTHU3Ha TpaH3UCTOpa B paboueit Touke 10 MA/B?

11. M300pa3urte cxeMy TpaH3UCTOPHOTO aBTOT€HEPaToOpa MO CXeMe MHIYKTHB-
HOM TPEXTOYKU C UCTOUYHUKOM MNuTaHusd. PezonancHas yacrtota koHtypa 1 MI'u, em-
KOCTh MEXy 0a30if u komiekTopoMm 1600 nd, HHAYKTUBHOCTDh MEXAY 0a30M U SMUT-
tepoMm 0,5 MkI'. IIpoBepbTe, BBITONHSIETCS U YCIOBHE CaMOBO30YKIEHUS, €CIIU KPY-
TU3HA B paboueil Touke Tpansuctopa 0,2 A/B. BrnusHue BBIXOJHOTO HANpsKEHUS HA
TOK TPAH3UCTOPA HE YUUTHIBACTCA.

12. C noMomnibio ypaBHEeHHs OanaHca aMIUTUTYA U a3 NOKaXUTe 3aBUCUMOCTh
4acTOThI aBTOKOJIE0aHUM OT (Pa30BOro CABUTa KPYTU3HBI KOJJIEKTOPHOTO TOKA.

13. Tloyuemy yxyamiaroTcsi 3HEpreTMYecKue MoKazaTesd U 3aTPYyIHSETCS Bbl-
MOJIHEHUE YCJIOBHS CaMOBO30YK/IEHUS aBTOT€HEpaTopa, €CIM 4acToTa KojaebaHuil aB-
TOT€HepaTopa OTJIMYAETCS OT PE30HAHCHOM YacTOThI KOJeOaTeIbHONW CUCTEMBI?

14. Bo cKoibKO pa3 U3MEHUTCS OTHOCUTENIbHAs HECTaOMIBHOCTh YaCTOThI aB-
TOreHepaTopa MpH yBEJIUYEHUU AOOPOTHOCTU KOJeOaTeIbHOM CUCTEMBI Ha MOPSIOK,
a ¢a30BOro yria cpeiHel KpyTH3HBI - B J1Ba pa3a?

15. CpaBHuTE HEIOHAMPSKEHHBIM W NEpEeHANPSHKEHHBIM PEeXKUMbI pabOThl aB-
TOTeHepaTopa ¢ TOUKH 3PEHUS] HECTAOMIIBHOCTH YaCTOTHI.



16. Kakumu ipeumyIiiecTBaMu 001a4aeT €eMKOCTHAsI TPEXTOUYKa M0 CPaBHEHUIO
C UHIYKTHUBHOMW C TOYKHU 3pEHUS HECTAaOMJIBHOCTH 4acTOThI? B Kakux ciydasx ciemy-
€T MPUMEHSTh HETIOJHOE BKIIOYEHUE KOHTYpa B LIETb KOJUIEKTOp — 0a3a?

17. O6BsicHUTE, TTIOYEMY C YBEJIIMUCHUEM 3aTyXaHUs KOHTYypa BO3pacTaeT BIIMS-
HUE KOJIJIEKTOPHOTO HAMPSHKEHUST Ha HECTAOMIIBHOCTh YaCTOTHI?

18. Tlouemy B CTaOMJIBHBIX MO YACTOTE aBTOT€HEPATOPAX 3amac 1Mo camoBo30y-
KICHUIO HEJIb3s OpaTh CIUIIKOM OOJIBIITUM?

19. Ilpoananu3upyite BbIpa)K€HHE, ONpPEAEIIoNnee HeCTaOMILHOCTh YacTo-
Tel AI' Ha TpaH3ucTtope (cM. “OOmmue cBeAeHHs’) W MPEIJO0KUTE MEphl IO e
YMEHBIIICHUIO.

20. B dopmyne, onpenenstoieit 3HaueHne 4actotel Al f = , OTCYTCTBYET

1
JLC
CUMBOJI HanpsbkeHus. [lokaxuTe, 4ToO U3MEHEHHE MUTAIOUIUX HAMPSKEHUIH PUBOJUT
K U3MEHEHUIO YaCTOTHI.

21. Ilouemy kackan, ciaenyronuii 3a Al', kak npaBuiio, paboraer B OydepHomM
pEXKUME UM B PEKUME YMHOKEHHUSI pAIHOYACTOTHI?

22.Yto Takoe «mapameTrpuyeckas CTaOMIM3aIMs 4acTOThI» M KaKOW OTHOCHU-
TETbHON CTaOUIILHOCTH MOYKHO JOOUTHCS, UCTIONB3YS €7

23. HapucyiiTe cxeMy U 00bSICHUTE IPUHIUI JEHCTBUS AUOJHOTO aBTOreHepa-
Topa. YTo Takoe CHHXPOHU3aLMs TeHepaTopa?

24. IIpuBenute cxembl RC-reneparopoB ¢ Tpéx3BeHHON RC-1enbio U ¢ MOCTOM
Buna u naitite uX CpaBHUTEIIBHBIN aHAJIN3.

25. HapucyiiTe ciekTp kojiebaHUM aBTOreHepaTopa U 00bsICHUTE 00pa3oBaHuE
«TbEAECTaNa» CIEKTPATIbHON JIMHUU.

IIPAKTHYECKOE 3AHATHE Ne 6
YacToTHBIE MOAYJIATOPBI

1. Obwue ceeoenus

YacToTHas Momysauus ocyuecTBisercs B 3ajawoomem Al PIInY myrem Bo3-
JNEUCTBUS MOAYJIUPYIOIIUX KOJeOaHWM Ha HECYIIYI0 4YacTOTy JMOO MalOMOIIHOM
I'BB nytem nonydenus ¢pa3oBoi MOAYISIIUU U IPpeoOpa3oBaHus €€ B HACTOTHYIO.

Yacrora xosnebanuii B AI' onpenensercs pe3oHaHCOM KosieOaTeNbHON cucTe-
Mbl. Eciii HeKOoTOpbIM 00pa3oM BO3AEHCTBOBaTH HA PE30HAHCHYIO CUCTEMY, TO CHUH-
XPOHHO C 3TUM BO3JEUCTBUEM OyJeT U3MEHsTCs yactoTa. Hambonee mpocTo MOXKHO
nonyuuth UM-konebanus, eciu B pe30HAHCHYIO CUCTEMY BKJIIOUUTH BapHKail.

DKBHBAJICHTHAs1 CXEMa 3aKPBITOTO p-n-MEpexoia AMo/1a okazaHa Ha puc. 6.1.
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0
|

o)

Ta

C,
Puc. 6.1. IlonHas 5kBUBaJICHTHAs cXeMa BapHKara (a), napasiesnbHas (0)
Y TIOCJIeTOBATEIIbHAS (B) CXEMBI 3aMEIIICHHUS BapUKaIia P 3aKPhITOM p-A1-TIePEX01e

Ha puc. 6.1 BBeieHbI 0003HaAYCHUS
C — eMKOCTb Mepexoa;

R — conpoTuBIeHUE TIEPEX0/Ia;

7 — CONPOTHUBJICHUE TIOTEPH;

Lg — HWHAYKTUBHOCTb BBIBOIOB,

C,, — eMKOCTb MaTpoHa MOJIynpoBoJHUKOBOTO npudopa (O6sryHO C, << C).
1. Benrnunna emkoctu C paBHa

C=C (1+ £),
P
rae E — HanpsbkeHUE Ha BapuKarie,
C,, — eMkocTs ipu E = 0;
() — KOHTaKTHas pa3HOCTh noreHuuanoB (¢, = 0,3...0,4 B nis repmaHueBbIX
auoa0B; @, = 0,8 B 114 KpeMHUEBBIX);
y — Kod(pdULHMEHT, 3aBUCAIIMNA OT 3aKOHAa KOHIICHTpAaIlMu IMpUMecedl B p-n -

1 o
NEPEXONle, y =~ NHPH CTYNEHYATOM H3MCHEHHH KOHICHTpALH (pe3kuii mepexon);

1 o o
y=—7 TPH JIMHCHHOM H3MCHCHMH KOHUCHTDALHM (mnaBHBIA Tepexon); ¥y =-1

(cBepxpe3kuii mepexon).
2. Koaddunument nepexpoitusi eMkoctu C:
C o, +F

max :( min )7 R

C i (pk+Emax

min

rne  En,. — onpenensercs mpoOWBHBIM HAMPSHKCHUEM p-n-TIepeXo/a;
Emin — MUHIMAaJTIbHOE HANIPSOKEHUE CMETIICHUSI.
Cymma ammuntyn mogynupytomiero Ug U BeICOKOYacToTHOTO U, HaNpsHKeHUH
HE J0JKHA MPEeBbIIaTh HAMPSHKEHUsI cMelleHust Ha p-n-tiepexone (Ug + U, < |Ey)).
3. IlapannenbHas M TOCIEAOBATENbHAS CXEMbl 3aMEIICHUS 3aKpPBITOTO p-n-
nepexoia 1uoja mokasansl Ha puc. 1, 0, B. Ha BBICOKMX YacToTax cripaBesIMBBI Cle-
AYIOIINE COOTHOILICHUS:



Rox——,
0)2C2r
1
QO > wCr’

riae Qg — N10OPOTHOCTh EMKOCTH 3aKPBITOTO p-n-TIepeXo/a.
4. JleBuanys 4acToThl M MHACKC YacTOTHON Moaysanuu (UM):

N, S,..U
Af():SqMUQ; m= 0 _Zum Qa
Finax Finax

rae S, —ko3(pduunueHT nponopuroHaIbHOCTH.
Ug, Fiax — COOTBETCTBEHHO aMIUIMTyJa U MaKCUMallbHas 4acToTa MOJIYJIH-

pyroIero kojieOaHus.
5. JeBuarust yacToThl U UHAEKC (hazoBoit Moayssuu (OM):
Aj; = Foind@ = FrinSpUq |
n1¢_w — Agﬂ — Lgd)-"UQ ,
e Sy — KO3(pPUIIUEHT MPOMOPIIMOHATHFHOCTH.

6. KoappunmenT napazutnoit ammurygsoit moaynsauuu (ITAM) npu padote aB-
TOT€HEepaTopa B HEJOHANPSI)KEHHOM PEXHUME:

AU _ N O

U fOer

rae fo — CpeaHss 4acToTa aBTOKOJIeOaHUH;
O, — 1OOPOTHOCTb KOHTYpA.

7. OddexruHas mmpuHa cnekrpa UM-konedanus npu yyere OOKOBBIX COCTaB-
JSIOIIUX, aMIUTUTYbl KOTOPBIX COCTaBISAIOT HE MeHee 5 % OT aMIUIUTYAbl HEMOJY-
JIMPOBAaHHOM HECYIIEH paBHA:

a) mpu m,,, <<l

115 =2Fnax My, + 1) = 2Fnax 5

0) mpu m,,, >>1

11, =2 Fiyax (myy, +1) = 24f,.

8. Tlomoce mponyckanus 2Af, ; pesonancHoro ycunutens YM-konebanuid, mpu

KOTOpOH K03()(OUIUEHTB HENMHENHBIX (Kf2) B 4acTOTHBIX (Kj) MCKaKCHHH HE IIpe-
BBIIIAET 33/IaHHBIX, COOTBETCTBEHHO PaBHBI

. 2m’ 24,
2A]((),7 Z Fma.\'] \‘ ’n'“‘ ’ 2A.f0‘7 2 f v ’

i H Kfz -1



9. CxeMbl YaCTOTHBIX MOJYJIATOPOB MPH aBTOTpaHC(HOPMATOPHOM (a) U €MKOCT-
HOI1 (0) cBA3M BapuKama c KoyiedaTeIbHbIM KOHTYPOM aBTOI'€HEpaTopa MPUBEICHBI Ha

puc. 6.2.

AHanuTUYECKUE COOTHOIICHUS IJIA pacueTa MmapaMeTpoB YaCTOTHBIX MOIYJISATO-

POB MpPUBEICHBI B TAOII.

6.1.

S

ST

=

-E

S
g

Puc. 6.2. CxeMbl 4aCTOTHBIX MOAYJIATOPOB

Taobmuna 6.1

Ilapamemp

Cxema (a)

Cxewma (0)

1 | Kpytusna mony-
JSAUUOHHOM XapakK-
TEPUCTUKHU

A
5, = o

Uqg

S

s

_ T rtf

C

2L+ 54 )

MO

CaBur ueHTpaib-
HOHM 4aCTOTHI aBTO-
reHeparopa mnoJ
BO3JIeHICTBUEM MO-
TyJIUPYIOUIETO Ha-
NPSKEHUS

Moo
o

_§Afgzx 1,
2\ fo 2 p

Cy

oy
CM [

)

3 | KoaddunueHr ne-
JIMHEWHBIX UCKa-

1
KEHUU NPH Y = ——

AV

K. =
Af,

H,




4 | HecTaOWJIBHOCTD
HaIpsHKEHUS CMe-

THUMOM yXOA¢€ 4ac- | -~

ToThI((AfoMp)max) Evo Uy P'Cuo) | Eyo \ fo P P'Cyo
1
npu y=--

2. Ilpumep pacuema yacmomnoz2o mMooyiamopa
Ncxonnsie qanubie. PaccuuTaTh 4acTOTHBIM MOIYJATOP HA OUIIOISIPHOM TpaH-
3UCTOpPE €O CIECTYIOIUMH JaHHBIMU: Hecymas yactota f, =10 MI'L,

A, —
OTHOCHTE/IbHAs JEBMALMSA YacTOThl 2O = 0,5-10 3, KO3 (PUIIMEHT TapMOHUK

H
K < 5%, ntnanazod MOAYIMPYIOIIUX 4acTOT Fini, =300 ... Fjj .« =3400 I'm.
Pemenue
PacueT monynsTopa npoBOAMM B CIIEIYIOLIEH MOCIEI0BATEIbHOCTHU
1) Pacuet aBTOreHepaTopa.
2) Boibop BapuKkana v pacyeT ero pexxuma.
3) Pacuet eMKOCTH CBSI3M Bapukarna ¢ kKojebarenbHol cuctemon Al' u nenurens Ha-
MPsDKEHUS U1 TT0Aa4y HAIPSKEHUS] CMELICHUS Ha BapHKail.
1. BeiOupaem tpanzucrop Mainoit momuoctu KT 331 co cnenytonmmu napamerpamu:
Ce =5 n®; C, =8 n®; 7, =120 nc; U, = 0,6 B; Uy,,, =15 B; ix,,, =20 MA;

Ubpon =3 Bs Poon =15 MBT; Sp =20 MA/B; fep =250 MI'n. Cuuraem, 4TO

cpenHuii koaduimeHT ycunenus Toka B = 20.
2. PaccuuraeM rpaHuyHbIe YaCTOTHI [ B> Jo:

f 250
fﬁ:%; Jp="y =125 MIm << 2f,=20 M, fo =1+ fp:

£, =262,5 MI'nL.

Takum 006pa3oM, HEOOXOAUMO MPUMEHEHUE KOPPEKTUPYIOIIEH LETTOYKH.
3. BpiOupaeM NpUHLIUNHUATIBHYIO CXEMY 4YacTOTHO—MoayiaupoBaHHoro Al, m3obOpa-

+0O — . |1
En _L06n1 1 I

T L0 el

C3

ci'r L6n Cp2
+O 1l

Bxoa HY

?

Rkop I:I RH




KEHHYIO Ha puc. 6.3.
Puc. 6.3. [IpunuunuanbHas 3JeKTpuyeckas cxema
4aCTOTHO-MOYJIMPOBAHHOI'O T€HEPATOPa

4. HaiineM BeMYMHY CONPOTUBIICHUS 0a3bl:

7’-OC

CKCZ

b

1”6 =

dKTHUBHasi 4aCTb KOJIJICKTOpHOﬁ CMKOCTH

12
Coy =(02-03)C,; Cpp =125 1d; 75 :% =96 Om.

b

5. OnpenenuM ciaenyrolne 3EMEHThl KOPPEKTUPYIOIIEH HENOYKHU:

Ryop :(3...5)%. 1_|_(J]:_H)2 :
B

2
RKO},:S-%- 1+(£j ~34 Owm;

20 12,5
_ C 1 1,8 nd
= : = =1, I J
O 2mfa-Ry,’ KO 2.3,14-262,5-10° 34
1 1
9T A A R, = G 12z160 Owm;
27 fop - G, 2-3,14-250-10°-8-10
R,=160>R,,, =34
1 R .RQ) 1
Rl(opzﬁ; R'op =27 OM.

[Tpurumaem R';,, =30,

6. OnpenenuM KpyTU3HY IPOXOAHOM XapaKTEPUCTUKHU TPAH3UCTOPA C KOPPEKLIUEH:

1 A
SK: N K: J—
—— 5% =003

KOP

7. BolOupaem aMIUIMTyAy MMITyJIbCa TOKa, HANPSDKEHUE MUTAHUS KOJIIIEKTOPA, BEJH-
yiHy KO3 puiimenTa oOpaTHON CBSI3U, YTrOJI OTCEUKHU:

L g max :Oag'ix() =16 mA, U,,, =0,3-U

on KOoJl Koon
K,,=1, 6=60°, o7=0218, o;=0391, 7y,=0102, Cosf=0,5.
8. IlpousBenem pacuet pexxuma AJ:

=4,5B.

L, = Tosieman -1 (0); Ly =16-0,391= 6,3 MA,
IKO = L ppmax "% (0); Iy =16-0,218=3,5 MA;
I

K—

16
— BbIX max . K _ ~ .
P TS -cost) VB Toz.05 0




U, =—0L;
1 KOC
U
R, =—"L;
Iy

P =05U -1y ;
Py =1y,
P

PAC

=P, —P;

P

7’]3 :?‘-100%;

0

E

CM

=Uome — U51

‘ECM +U51‘<U500n;

_ UKI
5 =
UK0
I
gKP :1_ BbIX max ’
Se Ui,

TakuM obpazom, ycaosue &, <0,5&,,

cosf ;

1,1
U,q:?:l,l B;

1.1
R,=—"> =170 B;

63-1073

~05-11-63-1072 = 3,5 MBr;

Py =3,5-45-10" =15,75 MBr;
P,.=1575-3,5=12,25 uBr;

3,5

15,75

b

E. =06-11-0,5= 0,05 B;
=0,65 B <3 B;

n,= %222%;

,1
)

&= =0,25;

16
20-4,5

Eop=1- =0,82;

BeIIONIHsAEeTCA: & =0,25<0,56,, =0,41.

9. PaccuuTaem sneMeHThI KojiebaTenbHON cucteMbl Al'. BeibepeM BeTUYMHY MHIYK-

TUBHOCTU KOHTYpa

Qo = Qr =100.
Torma
,OZCOH'L3;
1
CZ_
2 9
Ct)H-L3
Ry =P >
p= RK,
R3K6
v C
G=-%;
p
C
Cy=—-;
27K

Ly =10 Mmk['H ¢ 1OOPOTHOCTBIO 0, =100. TIpumem
p=2-314-10-10°-1-107° = 62,8 Owm;
1
Cy = = 2.5 nd;

(2-314-10-10%)?.1.1076
R, = 62,8-100 = 6,28 kOwm;

p= 170 =0,165 ;
6280
v 250
C1 =———=1500 nd,
0,165
Cp =1500 nd;
-1
1 2
Gy = (———j = 400 nd.
250 1500



'
10. Beruucinsgem eMKoCTH ch2 u C;. UroObl conpoTUBICHNE HATPY3KU R, (mepecdu-
TaHHOE K BBIXOJHBIM 3JIEKTPOAAM TPAH3UCTOpa) HE MEIIA0 3aMETHO TOOPOTHOCTU
' '
KOHTYpa, JOCTaTOYHO MpUMEeHHUTh R, = 3R, . IIpumem R, =300 Om. Kak u3BecTHO,

JIO6pOTHOCTB HOCJICI[OB&TCJIBHOﬁ OCIIOYKH

X R |
ch;:ﬁ: —H—l,aeMKocn, CC62: )
Ry, R, @, R, -ch

HomycTum chg =5, rorna Q.. = 2,24, R, =50 Om.
1

62 = 6
2-3,14-50-10-10° - 2,24
C =C -C, C; =1500-140 = 1360 nd.

C, ~ 140 nd.

6) >

11. Paccuntaem HAIIPSKCHUC B LCTIN CMCUICHU .

37 .
Ug=E,, +-0| 1,080 |, Ug =005+ 142 | Z215 B:
< | y0(0) 0,03 0,102
(3..5)-B cos6 5-20 0,5
= 1+ . R, . = 1+ =48 .
T v.(0) |’ AT 4.0,03] 0,102 KOMm;

2
C

IIpoBepka (sz “Ropp =10 << Ryyep = 4800 Om;
!

3Rycr 3-4800

R, ZT; R, = =720 Owm;
UK
1,1
RI:R,,CT-UI, R1:4,8-215;2,4 KOM;
b 9
Rzle.U—B; R2=2,4-£;2,1 KOM;
E,-Ug 45-2,15

12. IIpou3Beaem pacyeT Leny MUTAHHUS.

R, =5R.; R, =5-170 =850 Ow;
1 1
C. = . C. =
@, -0,1° 5 9.3,14-10-10°-0,1

Ep=Ug + 1 Ry; Ep=45+35-850=75 B;

bJI

=0,16 MxD;




13. Bribupaem Bapuxan KB104E, emkocTh KOTOpOTO Cg0 =100 n® npu U, =4B u

noopotHocth ero 150 na uacrore 10 MI'n. IlpenenbHble mapameTpbl BapuKana

Ujon = 45B; Py,,, =100 MBt. CTenieHp HeMHENHON BOIbT(QAapagHON XapaKTepUCTU-
1

Kd m=—.
2

14. Onpenensgem cMelieHre Ha BapUKare, OJIM3Koe M0 BEIMUYMHE K HAMPSKEHUIO KOJI-
JneKkropHoro nurauus Epy. Ilycts U, 60 = 4,0 B.

15. PaccuntaeM eMKOCTb CBS3U BapuKamna ¢ KOHTYpHbIM C., W IIPOU3BEIEM YTOUHE-
Hue BennunHbl eMkoctu Al' G5 .

Pacuyer pexnMa Bapukana npou3BEAEM 10 CIEAYIOMUM (HOpMYyIIaM:

, 4 . 4.0,05
Ug = K, Ug =———=0,13;
e T 271405
Uq =Ua(Usy + 0. ); Uq = 0,13-(4+0,5) = 0,68;
AC, 4 ACp  4-0,5
CRL B = 70,05 =0,067;
CBo l1+m Cpy 1+05
Aa)a
-3
® 2-0,5-10
Kp = o Kg="""""_20015;
57 ACy B= 0,067
Co
Ky -G [0,015-250
p, = : = === =0,158:
6 C’6 9 p6 150 s
0
P 1
Ug = Uy ; o = 0158 1 1=1045 B:
P 0,165
u 1,045
Copg = Cyy; Coe = ———-150 = 285 nd;
Up, — Uy 0,055
Cce C2

Cy =1500-285 =1215 nd.

C YUCTOM BJIMAHUS BApUKAIIA HA KOHTYP BMCCTO paCCIlI/ITaHHOﬁ CMKOCTH C2 B

Al HyxHO BKIt04UTh Cy =1215 nd.
16. Paccuntaem pe3UCTUBHBIN IEAUTENb R R, B LIENIA CMELICHHUS BApUKAIla, yYUThIBAs
CIIEAYIOIIHE YCIIOBUA:
R R R 1
1) EH 172

_ . << =470 xOm.
4 B; 2) R +R, Q

R +Ry max 8



BTOpOC YCIIOBHUC BBOIUTCA OJIA TOIO, YTOOBI Harpy3ka HMCTOYHHKA MOIOYJIN-

pYomero curaajia ObI1J1a IOCTOSTHHOM B ITOJIOCE YaCTOT Fmin L F

max °

RiR
ITpumem A kOwm,
Rl + R2
torga Ry =5,6 kOM, Ry =45,5 kOwm.

3. Vnpaoswcnenus u 3a0auu

1. HapucyiilTe BpEMEHHYI0 M CIEKTPaJlbHYI0 JUArpaMMbl YacTOTHO—
MOJlyJINPOBAHHOI'0 KOJI€OaHUs, €CIIUM MOJYJIUpYIollee HanpsbkeHue Ue= Uocos$t.

2. MOXHO 1M 10 OCUUJIIIOTPAaMME BBISIBUTH pazinnure Mexay UYM- u ®M- ko-
ne0aHusAMH, €CIIU MoAyJIupYyollee HanpsikeHue Ue = UncosQt?

3. Omnpenenute pacupenesieHue SHEPTUHU 110 CIEKTPY yacToT npu UM u ®M.

4. TlosicHuTe CXOICTBO M pa3nuuue B cnektpe AM u @M. 3anummure BbIpa-
KEHHUE, TI03BOJIAIONIEE ONPEAEIUTh Tpedyemyto nojocy yactotr npu AM 1 OM nns
oOecreyeHus: HeMCKaXKEHHON Tiepeiayn.

5. OOsscHUTE, yeM 00yCIIOBJIEHA MOBBIINICHHAS TOMEXO3aUIUIIIEHHOCTh YIJIO-
BOM MOJYJSIMU MO cpaBHEHHIO ¢ AM? Kak 3aBHCUT ITOMEXO03allUIIEHHOCTh OT UH-
JeKCa MOTYJISILIMM ?

6. Ilepeuncnurte OCHOBHBIE HENOCTATKH KOCBEHHOT'O c1loco0a nosyueHus YM.

7. Kaxo#l aneMeHT, KpoMe BapuKamna, MOKHO HCIIOJIb30BAaTh B KA4ECTBE Yac-
ToTHOrO Monyisaropa? Kakum oOpasom ynaércs obecneunTh TpeOyeMyr CTaOMIIb-
HOCTb YaCTOTHI ITPU NPSIMOM criocobe noiayyeHuss YM?

8. Omnpenenute kodpuIMEHT napasuTHO AM reHepaTopa, eciau aBToreHepa-

TOp paboTaeT B HeAOHANPsKEHHOM pexume, Q= 150 , Op = 50, pu 1) Af/ fo= 0,001;
2) Af/ fo=0,002.

9. YacTtoTHasg MOIyJsIIMs Moiy4yaeTcss MyTéM mpeodpasoBanus (azosoil. Ka-
KO€ YMHOKE€HHE 4acTOThl moTpedyeTcs st noinyuenus AFy= 50 x['1, ecnu monoca
Moaynupytomux yactor F=50-15000 I'u? MakcumanbHas neBuanus (a3pl paBHa:
a) 0,5 pan, 0)35° B)140°.

10. IlocTpoiiTe CTPYKTYpPHYIO D3JIEKTPUUECKYI0 CXEMY BEIIATEJIbHOTO
YM-nepenatuuka, padboraroiero no cxeme npeodpaszosanus ®M B UM, ecnu fo=
=45 MI'n, Afp= 50 k', F=30-15000 I'u, Ap = 2,5 pan.

11. Kakoii crieKTp 4acTOT JIOJKEH MPOMYCKaTh MEPBbI 1 OKOHEUHBIH YMHOKHU-
TEJIM 4acTOT B CTPYKTYpHOU cxeMme no 3agade 107

12. Onpenenute KOdOPUIMEHT MEPEKPHITUS O €MKOCTH KPEMHHUEBOI'O Bapu-

kana /1901b (y = —1/2) npu nuamMenennn HanpsokeHus cMmetnenus: a) ot 0 1o 5 B; 6) ot
5 no 10 B.

13. Onpenenute conpotusieHue norepsb Bapukana 1901A mpu Q = 25° fo =
=50 MI'm;, C =30 nd.



14. Onpenenute 1OOPOTHOCTH Bapukana Ha dactoTax fo; = 10 MI'n u fop =

=100 MTI', eciiu ero 100poTHOCTH Ha yactote fo = 50 MI'1, Q = 30.
15. OnpenenuTe CONMPOTUBIICHUE MOTEPh I' U DKBUBAJICHTHOE COMPOTUBIICHUE

R, Bapukana KB109A, ecnu Ha fo= 50 MI'u, O = 300. Emxoctb nepexoga C = 12 nd.
16. Onpenenute ko3 duiment napazutHoit AM npu UM reneparopa ¢ momo-

IIbI0 BapuKarna, €ciid TeHepaTop padoTaeT B HEJAOHAIPSKEHHOM peKUMeE MpH fo = =

50 MT', Afg= 0,5 MI', Q= 50, Q = 230 106pOTHOCTh €MKOCTH 3aKpPBITOTO p—Hi-
nepexoja.

17. Onpenemure nonocy npomyckanus 2Afp 7 n Oy ycunurens YMK, npu ko-
Topoii KOAhPUIIMEHT HENMHEHHBIX HCKaxeHud He mpeBbicuT: a) 0,3%; 6) 0,5%;

B) 1%; ecnu Afy = 50 k', F'=30-150001"1, fo = 73,1 MI'11.

18. Ompenenure nonocy nponyckanus 2Afy7 U Ok PE30HAHCHOTO YCHIMTENA
YMK, npu koTopoit ko3 dunieHT yacToTHbIX uckaxkeHuit K ve npessicut: a) 1,03%;

0) 1,05%; B) 1,1%; ecu Afy = 50 k', F=30-15000T"m; A = 4,1 m.

19. Onpenemute Ky, B UM mo cxeme puc. 6.2, ecmu Afpo = 1,7 xI'n, Afy =
=21,2 k'

20. Onpenenute emMkocTh Cyo BapuKkamna ¢ pe3kuM p—n-nepexoaom B UM, co0-
paHHOM 10 cxeMe puc. 6.2, a, korna: KHy <4 %, Afopo <1 kI, fo =25 MI'n, A fy =
=15kl C,=6 nd, p=0,1.

21. Onpenenute aMIUTUTYly MOAYJIUpYyoero HanpstkeHus Uq , ecinn Eyg =
= 8 B. cxonnplie naHHbIe aHAJIOTMYHEI 3aga4de 20.

22. Onpenenute HECTAOUIBHOCTh HAMPSDKEHUS] CMEIICHHS] MOJIYJATOpA, MpHU
KOTOPOM yXoJ 4acToTel reHepaTopa He npeblcuT 500 'u. McxonHble n1aHHbIE aHAJIO-
ru4Hbl 3aga4de 20.

23. Onpenenute KOd(PPUIUEHT BKIIOUEHUS p MOAYJIATOpAa NpPU EMKOCTHOU
CBsI3M ¢ TeHepaTopoM (puc. 6.2,0) nmpu KOTopor K03(PPUIMEHT HEIMHEWHBIX UCKaXKe-
Huii Mmonynupytomero curtana KHy, < 2 %. B MoaynsaTtope ucnosib30BaH BapHUKall

J1901Bb, emxocts Bapukana C, = 30 n®d npu £, = 6 B. EMxocts koHTYypa C) = 4 1D,

fo=30 MI'u, Afp=12 xl'11.

24. OnpenenuTre CABUT LIEHTPAJIbHOW YacTHW aBTOI€HEpPATOpa MO/ BO3AECHCTBU-
€M MOJYJIUPYIOIIETO HANPSIKEHUS, €CIIU K0P HUIIMEHT BKIFOYSHUS MOTYJISITOpa p
= 0,04. McxonHple JaHHBIC aHAJIOTUYHEI 3a7aue 23.

25. Onpenenure KPyTU3HY MOAYJISIMOHHOW XapaKTEPUCTUKU W aMIUIUTYIbI

MOJYJINPYIOLIEr0 HAPsKEHUSI YaCTOTHOIO MOAyJATopa (cM. 3aaauy 23), eciu p
= 0,04.



IIPAKTHYECKOE 3AHATHE Ne 7
{u¢poBbie MOAYIATOPHI

1. Obwue ceeoenus

OO6muM y Bcex MepelaTyuKoB, pabOTarOMUX B OCCIPOBOJHBIX PATUOTUHUAX,
ABJIIETCS TO, YTO BBIXOAHOW cUTHAN (GOPMUPYETCS HAa BHICOKOYACTOTHOM HECYIIEH.
OTnUYUTENBHBIM MPU3HAKOM IU(GPOBOr0O paauoNeperaTyuka SBISETCS HAIUYUE B
€ro cocTane IU(PPOBOro MOAYIATOPA UIU MAHUITYJIATOPA.

Mopynsauus npu nepenadye AUCKPETHBIX CUTHAJIOB HA3bIBAETCS MAHUITYJISIUEH.
B 3aBHrcHMOCTH OT mapameTpa Hecylero KoueOaHus, KOTOPbI MmojiBepraercs u3MeHe-
HUIO 110 3aKOHY TepeaBaeMoro cooOIleHus (MEepBUYHbIA CUTHAN), pa3IuyaioT clie-
JYIOIIME€ OCHOBHBIE BUJbl MAHHUITYJIALMU: aMIUTUTYIHYIO (AM,), yactotHyio (UM,),
¢dazoByto (OPMy). [lpu MaHUNYISAIUU 3aKOIMPOBAHHBIN MTEPBUYHBIA CUTHAI TPECTAB-
JSieTCSl B BHUJIE HEMPEPBHIBHO YEPENYIOUIUXCS TUTIOCOB MM MUHYCOB — MOCBUIOK (TOKO-
BbIX WM OE€CTOKOBBIX). JJTUTENBHOCTH OJJHOM MOCHUIKH (I1ay3bl) paBHA T.

BaxxHeNmuMu XapakTepUCTUKAMU CUTHAJIa MAHUITYJSIUUU SIBIIIOTCA: CKOPOCTH

1

nepeaadun U M= OCHOBHAsd 4acTOoTa MAaHUITYJIALINH f MH :2—, IMUpHYHA ITOJIOCHI
T T

4acToT, 3aHMMAeMO# curHanoM Mauumynsuuu Iy, MI'n >B(6ur/c), roe B — cxko-
POCTh TIEpeIauy CUTHAJIa MAaHUTTYJISIITUU.

HpI/I aMHHI/ITYI[HOﬁ MaHHUITYJSIOUU OOUH BHCKTpI/ILICCKI/Iﬁ CHUT'HAJI KOga COOTBCT-
CTBYCT HU3JIYYCHUIO MMOJIHOM OHCPIUHU IICpCaAaTINKA (HOCBIJ'IKa), a I[pyI‘DfI CUTI'HaJI — OT-

CYTCTBHIO 3TOTr0 M3JIy4eHus (maysa). Pesynprupytomuii cursan npu AMy paBeH
s(t) =

Acos2r - f .t - nBoWYHAs eAMHULI;

0 - IBOMYHBIN HOIIb,

rae Acos2xf .t — KoaebaHue HeCylleil YacTOTHI.

B o0mem cnydae paguocurHai npu aMIUIUTYIHON paauoTenerpaduu onuchiBa-
€TCSl 3aKOHOM:

s(t)=A-[1+V(t)]cos2m - f,t.

[Ipu yacToTHOM Tenerpaduu TOKOBOM MOCHUIKE COOTBETCTBYET paboTa nepeaar-
YyiKa Ha OJIHOM YacToTe, a 0€CTOKOBOM — paboTa Ha Apyroi yacrore. Pe3ynbTHpyio-
AN CUTHAJ PaBEH

Acos2r - fll‘ - IBOMYHAS €IUHUIIA;

Acos2m - fot - JIBOWYHBIH HOJIb,

s(t) =

Tac f] I/IfZ — 4aCTOThI, CMCIIICHHBIC OT HCCYH_Ieﬁ IlElCTOT]':Jf‘C Ha BCJIMYHHLBI, PABHBIC 110

MOJIYJIO, HO MIPOTHUBOIIONIOXKHBIE IO 3HaKy. Pa3HOCTh yacToThl f> — f7 = 2Afy) Ha3bIBa-
€TCsl YACTOTHBIM CABUTOM WJIM Pa3HOCOM 4acTOT. Bbicoko4acTOTHBIE KOJeOaHUs MpU
TaKMX M3MEHEHUSX YaCTOThl MOXHO pacCMaTpUBaTh Kak KoJieOaHUsl ¢ 4YaCTOTOH Mo-
OyJSUUU, Y KOTOPOrOo MOAYIUPYIOIIUNA CUTHANT MMeeT (GOopMy MPSIMOYTOJIbHBIX HUM-
MyJIbCOB, & MaKCUMaJIbHAs JIeBUAIMS YacTOTHI pu OuHapHoit UM, paBHa Af>.



[Ipu pa3zoBoit MaHUTYJIALMHA TOKOBBIM TMOCBUIKAM U May3aM COOTBETCTBYIOT KO-
nebanus, paznuyaromuecs mo ¢asze Ha 180°. Takas MaHUMYISAIUS HAa3bIBACTCS TaKXKe
OounapHo# ¢dazoBoit Manumnysuei. [lomydarommuiicss CUTHan UMEET CIeYIOUIUI BU/:

npu OunapHoit ®M,,

S(0) Acos2r - f .t Acos2r - fit - nBoWYHas eNMHMUIA;

Acos(27[ . fct +77) - Acos2r - le‘ - IBOUYHBIA HOJIb.

[Tockonbky cnpur (asel Ha 180° (77 ) PKBUBaJICHTEH YMHOXXEHUIO KOCUHYCOU/IBI
Ha MUHYC 1, TO 3TO MO3BOJISIET UCTIOJB30BATh YI00HYI0 GOpMYIHpoBKY. Eciu umeet-
csi MOTOK OuTOB M V(f) ompexaensercs AUCKPETHOW (YHKUMEH, 3HAUEHHE KOTOpPOH
paBHO +1 npu nepenauve equHuLel (1) u Munyc eguHuIE (—1) Tpu nepenaye Hyss, TO
NepeaHHblid CUTHAJI MOXKHO ONPENENIUTh CIeAYIOUIUM 00pa3oM:

s(t)=A-V(t)cos2r- f.t.

AnbrepHatuBHOi (popmoil nByxypoBHeBoil ®PM siBnsiercs oTHocuTenbHas OM
win nuddepenuanbaas OOM-2(DPSK) - B MexayHapoIHON KOAUPOBKE.

ITpu OPM-2 pasznmuune B npueme 0 — 1 mpou3BOOUTCS 1O OTHOCUTEIIBHOMY W3-
MeHeHHUI0 (a3bl B TakToBble MOMEHTHI. [Ipu ODPM (aza ¢ u ynpasinsioiiee HanpsiKe-
HUe Vy U3MEHSAETCS BCAKUM pa3, KOrJa Ha MAaHUIYJIATOpP MOCTYNAeT OYepeaHas €au-
HHMIA [UpoBoil uMyabcHOM nocaenoparesbHocTd LHUC. Ecan Vy= 0, To dasa cur-
Haja OCTaeTcsi Hem3MeHHOW. TakuMm o0pa3om, OTHnagaeT HEOOXOJUMOCTh B Iepenaye
OMOPHOr0 CHUTHaJa W ympoumaercs aemonynsuus. ns (opmupoBanus curhaia
ODOM-2 ucnonb3yroTcsi 6anaHCHbIE MOAYISTOPHI.

[Ipu ouenke 3((PEeKTUBHOCTH Pa3IUUYHBIX METOIO0B (popMupoBaHUS HUDPOBBIX
PaJAMOCUTHAIOB HYXKHO 3HATh BIMSHUE PA3JIMYHBIX (PAKTOPOB HAa HIMPHUHY MOJOCHI
MpOIyCKaHUus cUrHaia. JlaHHbI mapaMeTp Mpek/ie BCEro 3aBUCUT OT CIOCOOOB Ma-
HUMYJIAIMUA U PUIbTpauy, TPUMEHSIEMBIX JJIsl CO3aHMs TIOJIOCOBOT'O CUTHAA.

[Ipu ammurygHoit Manunyasiuuu (ASK — B MeXIyHapoJHOM KiacCU(pUKALIMN)
HIMPUHA MOJOCHI MPOMYCKaHUs, KaK ObLJI0O OTMEUEHO BBIIIE, HEMOCPEICTBEHHO CBsI3a-
Ha co ckopocTho nepenaun LHUC u onpeaensieTcss COOTHOLIEHUEM

I1,, =(1+6)B, (7.1)
rjae B — ckopocTh nepenayn OUTOB;

6 — K03 GULKEHT, 3aBUCAIIUNA OT crocola (UIBTPALMK MOJOCOBOTO CUTHAJA;
0<e6<l.

®opmyna (1) npumeHruMa U JUIsl ONPEEICHUs MOJIOCHl CUTHANA MPU OMHApHOU
¢azoBoit manunymsun (PSK).

[Tpu 6Gunapuoit yacroTHoi Manunysauuu (FSK) mupuny nonocsl MOKHO HalTH
C IOMOIIIBIO BBIPAKEHUS

I1,. =2Af +(1+6)B, (7.2)
rae 2Af = f» — f| — CIBUI 4acTOT WJIM YaCTOTHBIN pPa3HOC.

B dopmyne (2) npu ucnons3oBaHuM o4eHb BbicOKUX yacToT (MI'1) monoca on-
pezensaeTcs B OCHOBHOM IepBbIM cinaraeMbiM ¢ Af . Ha Huskux yactorax (I'ir) moMu-
HUpyeT BTopoe ciaraemoe (1 + ) B.

J{nst cy’KeHMsl MOJIOChl KaHAJIa MCTOJIb3YIOT MHOTOYPOBHEBBIE METO/bI MAHUITY-
msun; OOM—4, OOM-8, MMC, KAM-16, KAM—64 u T.1.



[Ipu peanuzanuu MHorodaszHou nepenaun curanoB (MPSK) moxHO 100uThCs

3HAYUTENBHO 0oJiee H3P(PEKTUBHOIO UCTIOIb30BAHMS TTOJIOCHI:
1+b 1+5b
Hypsk =| —— |B=|——~ |B>
L log) M
rae L — 4uciio OUTOB, 3aKOIMPOBAHHBIX B OJHOW CUTHAIBHOW MOCBLIKE;
M — KOITM4eCTBO Pa3IUYHBIX MOCHUIOK.

Jliist MHOrOYypOoBHEBOM yactoTHOM Manunmyisiuuu (MFSK) st pacuera nomocsl

CUTHaja UMeeTcs cienyromas popmyna:

(I+d)M
I pgx = T&;ET
2

[Ipu nepenave nU@PpPOBBIX CUTHAIOB 3(PPEKTUBHOCTH HCMOJIB30BAHMS CHEKTpa
paguocurHaia OLEHUBAETCS OTHOLIEHUEM

s= B
HM
rae I~ mupuHa NOoJIOCHl MPOIMYCKAHUS NPU PA3HbIX BUAAX MAHUIYJSIHUU. S paBHA
yucity outoB LIMC B cekynny (B), npuxoasuuxcs Ha 1 ['11 monockl paguoTpakTa.
B xayecTBe Mepbl MPOU3BOAUTENIBHOCTH LHU(PPOBBIX CUCTEM CBSI3U MCIOIB3YETCS

E
6

TAKKC IIapaMcTp N — OTHOIICHHC SHCPIrUr CUTHAJIA HA ] OUT K IUIOTHOCTH IIryMmOB
0

Ha | T'n. Tak xak E,= P -7, (rae P — MoumHOCTh curHana B Br; r, — BpeMs nepenaun

P
1 E P
oJHOTO OuTa), a B =—/, TO g = é = )
T, No No KkIB

riae k — nocrosuHasa boneiMana, k= 1,3808- 10723,119}(3/[{;
T — remnepatypa B KenbBuHax (abcomoTHaAs TEMIIEpaTypa).

E B
6 (v o
CBsa3p mapametpa w C AOCTIXHMMOM CIEKTpalbHOM 3 PEKTUBHOCTHIO 7

0 M

&:H_M.(zB _1)
NO B HM

IIpn oueHKe pa3IMYHBIX CUCTEM KOAUPOBKU OYEHb BAXKHBIMU SBIISIIOTCS CBEJE-
HUs 00 UX MPOMU3BOAMTENILHOCTH B MpUCYTCTBUU nomex. Ha puc.7.1 mpencrabinena

BbIpaxkaeTrcs popmynoit

E
3aBUCUMOCTh YaCTOTHI ITOSIBJICHUS OMTOBBIX OIIMOOK OT OTKJIOHECHHUS —6, oJIsA pas-
0
JIMYHBIX CXCM KOIHUPOBAHUA.
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Puc. 7.1. Teopernueckas 4acToTa MOSIBICHUSI OUTOBBIX OMMOOK
JUTSL pa3JIMYHBIX CXEM KOJUPOBAHUS

2. Ilpumep pazpabomxu yugdpoeoco mooyramopa
Hcxonunie naHHbIC:

CocTaBbTe CTPYKTYpPHYIO CXEMY YCTpoucTBa sl (POpPMUPOBAHMS CUTHaNA
O®M-8 1 OlLIEHUTE €T0 MOMEXOYCTOMUYMBOCTh B cpaBHEHUN ¢ KAM—S.
Pemenue: 1. Iloctpoum BekTOpHYIO AuarpamMmmy curtaia OOM-S.

[Ipexxne Bcero HEOOXOAMMO OTMETUTh, YTO «CUTHAJIbHBIE KOHCTPYKIIHK»
CJIOHBIX MAHUIYJIUPOBAHHBIX MO OMpPEACICHHOMY 3aKOHY CHUTHAJIOB OTIMYAIOTCS
cuMmMeTpueit. CUMMETPUYHBIN CUTHAJ C JTIOOBIM YHUCIIOM COCTOSIHUI MOXHO C(HOpMHU-
pOBaTh, CyMMHUPYS JIBa OPTOTOHAJIBHBIX (CABUHYTHIX MO (aze Ha 90°) HampsKeHUs
BbIcOKOM yacTtoThl U=V coswf u U=V sinwt, ecau ux aMIiuTyasl V. U Vg U3MEHATh
M0 PEryJIsiPHOMY 3aKOHY.



Ha puc. 7.2 noka3zana nuarpaMma COCTOSIHMM BBIXOAHOTO curHaiga OPM-S§.
N3 BeKTOpHON AMarpaMmbl CIEAyeT, 4To IJs noirydyeHus curHaia ODOM-8

YIPaBIAIOIINE HANPsOKeHUsT V. U Vg JOJKHBI OPUHUMATh TPU PA3JIUYHBIX YPOBHS:
+1, —1 u 0 «3anper», koraa coorBercTBytomuii curnan U, u U oOpaiaercst B HYJIb.

TpexypoBueBbie BU-curnansr U, u Ug MOXKHO MONY4YUTh HAa BbIXOJE OajaHc-
HBIX MOAYJIATOPOB, €CJIM Ha HUX MOJaBaTh TPEXYPOBHEBBIE YNPABIAIONINE HAIPSKE-
HUA V. U V.

U5:1
sy = AvostZa, + 7 )
s =Acos(2q, - 3:) s(1y— Acos(2af, + IJ‘
sfy=Acos{2H, +7) s = Acosi2af,)
q h"
Ue=-1 Ue=1
' 7
s =Acos(2af, + '{:] wiry=Avos(2ay + T’TJ

\

()= Acos(277, + 3-?;1’]
U:=-1

Puc. 7.2. Bektopnas nuarpamma curnaia OOM-8
BxogHoil MOIynMpYIOMIMI CUTHAJI, KaK H3BECTHO, MPEJCTaBISCT HUPPOBYIO
HUMITYJIbCHYIO TIOCJIEIOBATEIbHOCTh, B KOTOPYIO 3aJI0KEHO COOOIIeHHE. DTy MOCIe/10-
BaTEJIbHOCTh HEOOXOJIUMO MpPeoOpa3oBaTh B MapajlIeibHBINA KOJ, YTOOBI IMOJTYYUTh
ynpasistomue mudpoBeie HanpspkeHust Vi, Vo, Vi, mis yero notpeOyeTcs npeodpa-
30BaTelIb MOCIeA0BaTEILHOTO KoMa B mapauienbubiit (I1K). st ynpasienus 6ananc-

HBIM MOJYJATOPOM HYKeH TpexypoBHeBbIi curHasn U, u Uy, KoTOphIii BhIpabaThiBa-
eTCsl MpeoOpazoBaTeyieM TUIA «KOJI—HAMPSHKCHUEY.

2. CoctaBuM TabJIMIy COOTBETCTBHS YNPABIISIIONIMX CUTHAIOB V. U Vg Ha BBI-
xoje [AII BxoaasiM 1udpoBbIM curHaigaM Vi, V,, Vi.



Taoauna 7.1

Howmep no3unuu u kox co- | YpoBeHb HanpsikeHus Ha | Da3oBble MoJIoke-
OTBCTCTBU:A HAIIPSAKCHHUA BXOJZEC BM HUA BBIXOOHOI'O
Vi, V,, V3 CUTHaja

1. 000 V.=0 V,=- 3n/2

2. 001 Ve=-1 V,=-1 Sm/4

3.011 Ve=-1 V=0 n

4.010 Ve=-1 V,=+1 3n/4

5.110 Ve=0  V,=+1 /2

6. 111 Ve=+1  V,=+1 n/4

7. 101 Ve=+1 V= 0

8. 100 V=41 V,=- Tn/4

9. 000 V.=0 Vo=-1 3n/2

Tab6n. 7.1 u BekTOpHast nuarpamma (puc. 7.2) HarOT BO3MOXKHOCTb OMPEACIHUTH
CIeAYIOMUN MopsAI0K (OPMUPOBAHUS CUTHAJIOB: CTapIIMi paspsan 1udpoBoro koja
BbIpabaThIBa€T CUTHAN V|, KOTOPBII B CBOIO OYEPEIbh MCIOIB3YETCS IS MOTyUSHUS
yrIpasisionero HanpsbkeHus V. [1o 3akoHy cpeaHero paspsiga U3MEHSETCS CUTHAI
V,, B COOTBETCTBHUU C KOTOPHIM (opMHUpyeTcs yIpaBisiollee HamnpsokeHue V.
Munaamuit pa3psia nudpoBoro Kojaa onpeaesseT Nopsa0K U3MEHEHUs CUTHaIA V.

Ta6u. 7.1 mo3BOJsIET BBISIBUTH €III€ OJHY OCOOCHHOCTh OOpa30BaHUS CUTHAJIOB.
VYnpasnsroniee HanpsbkeHue V. Ha Bxojae bBM1 mensercs tak ke, kak u Vi, (cieayer

HUMCTb B BUAY, YTO 3HAUCHUIO KOA4 Vl =0 COOTBCTCTBYCT HAIIPSAKCHHUC Vc = -1, a IIpu

V, =1 — Hanpspkenue V. = +1), oqHako ecimu V3 = 0, TO Ipu U3MEHEHUHN COCTOSHUS
Vi (¢ «0» Ha «1» 1 HA0OOPOT) HaNpsDKEHUE V. TOIKHO MPUHSATH 3HAUYCHHUE HYIIS, T.C.
CUTHaN V3 «KOPPEKTHUPYET» HampsikeHue V.. DTH 0cOOEHHOCTH (OPMUPOBAHUS CHT-
HajoB Vi, V3 1 HanpsbkeHus: V. HEOOXO0IUMO TIOJIOKUTh B OCHOBY pa0OOThI mpeodpa-
30BaTelNs «KOA—HamnpspkeHue» 11p.

XapakTepHO, YTO MPHU OCYIIECTBICHUU WHBEPCHOTO MPEOOPa30BaHMS CUTHAIA
V3 dhopmupoBaHre HanpspDKEHUS Vg IPOUCXOIUT IO TOW K€ CXeMe, KaK W HaIpshKe-
HUE V.

3. PaszpabGortaeM anroputMm paboThl TpeoOpazoBareneld HUPPOBOTO Kojaa B
yIPaBIAIOLIEE HAIpsKEHUE V. U V.

Ha Beixone mpeoOpaszoBarens Ilp; ycTanaBimuBaeTcsi TpeXypOBHEBOE HarmpsiKe-

Hue [, ecam Ha ero BXOJ MOAAOTCS OJJHOBPEMEHHO KOJOBBIC CUTHAIBI ViU V3 B CO-
OTBETCTBUU C Ta0I. 7.2.

Tadauna 7.2
Vi 0 0 0 0 1 1 1 0
Vs 1 1 1 1 1 0 0
V, 0 -1 -1 -1 +1 +1 +1 0




Ha Bbpixone npeoOpazoBatens Ilp, ycranaBnuBaetcs TpexypoBHeBoe Us, eciu

Ha €ro BXOJ MOJAIOTCS OJTHOBPEMEHHO KOJIOBBIC CUTHAIBI V, U V3 B COOTBETCTBHH C
tabi. 7.3.

Tabauna 7.3
Vi 0 0 1 1 1 1 0 0 0
Vs 1 0 0 1 1 0 0 1 1
\2 -1 -1 +1 +1 +1 -1 -1

4. CocTaBUM CTPYKTYPHYIO cXeMy HH(ppoBOro Moaystopa curaaga OOM-S8.

[udpopoiit mMoaynsaTop MOMKEH cojaepkath mpeoOpaszoBatens koma (1K), 2
npeobOpaszoBaTeis kKoja B ymnpabistoiiee Hanpspkenue (Ilpg, [p,), uaseptop (M), 2
OaancHbIx Moayisitopa BM1 u BM2, da3ocasuraromiee ycTpoicTBo (@), reHepaTop
paguodactothl (I'), cymmarop (2). CTpykTypHas cxeMa MOIYJIsTOpa UMEET CIEAYIO-
1010707 8:3791
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Puc. 7.3. CtpykTypHas cxema MOIyJsTOopa

[TomMexoyCTOWYMBOCTh CUTHAJIOB C TEM WJIM MHBIM BUJOM LU(DPOBOI MOIYJIsi-
[IUU OIIEHUBAETCA MO PACCTOSHUIO d MEXY OMMKaWIIMMU TOYKAMU HAa aMIUTMTYHO—
¢da3zoBoil nuarpamme curHajioB. Uem OoJblie paccTosHHE d MEXAYy OJMKaWIIMMu
TOYKaMU CO3BE3/IMs Ha KOMIUIEKCHOM IJIOCKOCTH, TEM BBIILIIE TOMEX0YCTOWYMNBOCTh. B
HallIeM CJIy4ae MOMEeX0YCTOMYMBOCTh 00OMX CUTHAJIOB MIPUMEPHO OJIMHAKOBA.
5. IlocTpouM cUTHaANBHYIO KOHCTPYKIUIO («co3Be3nue») curnaia OOM-8 u
OLICHUM €€ MOMEXO0YCTONYHUBOCTb.

om
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Puc. 7.4. Co3se3aue curaana OOM-8 (a); co3Be3aue curHaia KAM-8 (0)

3. Ynpaosxcnenus u 3a0auu

1. HazoBuTte BUABI MAHUMYJISIUN.

2. Yto nmoHUMaeTcs Moj CKOPOCTHIO MAHUITYIISIUU?

Kak onpenensiercs yactota MaHUIYJIILUNA?

3. Or 4ero 3aBHCUT MOJIOCA NPOMYCKAaHWUS MaHUITYJIMPOBAHHOTO CUrHana?
[IpuBeauTe NpUMepsI.

4. HapucyiiTe cxemy OCYIIECTBICHHS aMIUTUTYTHON MAaHUIYJISIIIUU U MOSICHU-
Te €€ paboTy.

5. Tlosicaute 0OCOOEHHOCTM 4YacTOTHOM Manunyisiuuu. Hapucyiite rpaduku
YaCTOTHO—MAaHUITYJIMPOBAHHBIX KOJIEOAHUH.

6. Hapucyiite cxeMy OCYyIIECTBICHHS] YACTOTHOW MAHUIYJISIIIUM U TOSICHUTE
e€ pabory.

7. B uém coctout cyumHocTh (pazoBoil MmaHumynanuu? CocTtaBbTe CXeMy IO-
JTy4yeHus: OuHapHoU (a3zoBoil MAHUMYJISLIUH.

8. B ueMm cocTouT cymHocTh OTHOCUTENbHON (AuddepeHnnanbHoi) (ha3oBoil
MaHunysiuu? Tloyemy 3TOT BUJI MaHUTYJISIIIUK MOTY4YMI pacnpoctpanenue? Hapu-
cyite rpaduku curnana npu OOM-2.

9. HazoBuTe TpH OCHOBHBIX MpeuMyIlecTBa HU(POBON Mepesadyn mepes aHa-
soroBor. KakoBblI €€ HemocTaTku?

10. Kak npu aMIuMTyJHOM MaHUMIYJSLUUU MPEIACTABISAIOTCA JBOMYHBIC 3HAUE-
HUS U KAKO€ OIpaHUYEHUE UMEET JaHHBIA MoaXoa?

11. Yro Takoe MHOroypoBHeBast MaHumyssiuua? [lepeuncnure e€ 1OCTOMHCTBA.

12. CocrtaBbTe cxemy 1ubpoBOro MoayisTopa mjig (HOPMHUPOBAHUS CUTHAJA
O®M—4 (QPSK) u Hapucyiite amMmuTyaHo—(pa3zoByto auarpammy (“‘co3pesnue’) s
ATOTO CUTHAaJA.

13. CocraBbTe cxemy 1ubpoBOro MoayisTopa mjisg (HOPMHUPOBAHUS CUTHAJA
npu kBagpatypHoit Mmanunyasiuuu KAM—16 u nosicaute ero padoty.

14. Hapucyiite CTpyKTypHYIO CXeMY HH(PPOBOro MOAYIATOpa AJi (OPMHUPOBA-
Hus curHasia YMMC. B ueM cocTouT 0COOCHHOCTh €ro paboThI?

15.Konebanue BbICOKOI 4acTOThI JOJKHO HMCIOIB30BATHCA B JBYX Pa3IUUYHBIX
cxemax nepenauu curiaina: OOM-2 u OOM—4. [InuTenbHOCTh CUTHAJIBHOMN MOCHUIKH

paBHa 107 c. Onpenenure OTHOLIEHUE SHEPTUM CUTHANIA HA | OUT K MJIOTHOCTH IIy-
MoBHa 1 ' (E';/ Ny) (B J10) Anst KaxI0ro cilydasi, €ClId yPOBEHb IIPUHATOIO CUTHA-

na S(¢) = 0,005sin(2x- 10%¢ + 0)B, a u3mepeHHasi B IPUEMHHUKE MOILIHOCTH IIIyMa paBHa
251078 Br.
16. Onpenenure OTHOIIEHUE CUTHAI/IIYM, HEOOXOAMMOE JJIA MOJydeHUs 3(¢-

¢dextuBHOCTH 1ON0CH 1,0 MpHU aMIUIUTYAHOM, YaCTOTHOM, (pa30BOM M KBaJpaTypHOUH
dazoBoif MaHUTTYIALKAX. YacTOTY MOSIBICHHS OIIMOOK CUUTANTE paBHOM 107,



17. Ouenure moyuocy 4actot, TpeOyemyto aisa nepenauu curaagoB OOM—4 co
ckopocTbio 2400 6ut/c u curnanoB OOM-8 co ckopocthio 4800 6uT/c, ecnu mupuHa
NOCTYyNHOM mojockl paBHa 2400 I'u, a nuana3oH nepenaBaeMbiXx yactoT oT 600 1o
3000 I't. JlocTaTOYHO JIM ATOM IOJIOCHI?

18. CoctaBbTe cxeMy pacnpe/IesIeHUs YacTOT JJIsl KXo BO3MOXKHOM L—OuToBOM
KOMOMHAIlMM TPU MHOTOYPOBHEBOM YACTOTHOM MaHUNYJIALMM, €CIUM Hecyuas
fn =250 kI'n, wactroTHslil pasHoc f; =250 KIm mia M =4 u M =8 (M — 4ucno

Pa3IUYHBIX CUTHAJBHBIX MOCBHUIOK). Kakyio CKOpOCTh mepelayd MOKET MOJJIEp KH-
BaTh cxema?

19. YpoBeHb MONIIHOCTH CHUTHaNA, MOJTYYEHHOTO IU(GPOBOM CUCTEMON CBA3H,
paBen 15125 Br, a a¢dextuBHas mrymoBas teMrnepaTtypa npueMuuka — 1500°K. Haii-

JIUTE OTHOILLICHUE Eg/ N, nns KaHana cBA3U co cKopocTbio nepenauun 2400 6ut/c.

20. Yemy paBHa 3(p(HEKTUBHOCTh HCIOJb30BAHUS YACTOTHOM, aMIUIMTYIHOMH,
($ha30Boil 1 KBapaTypHOU (Ha30BON MAHUTYJISIIIUUA TIPU CKOPOCTH TMOSBJICHUS OIIUOOK

107% B kanane ¢ oTHOmEHMEM curHai/mryMm paBabeiM 12 J16?

21. OueHuTe WHMPHUHY MOJOCH! AJISI AMIUIMTYIHOW U YaCTOTHOM MaHUITYJISIUUM,
€CJIM CKOpOCTh Iepeaaun JaHHbIX paBHa 2400 Out/c. [Ipu paccMoTpeHUH 4acTOTHOM
MaHUIYJSALUY CYUTANTE, YTO UCTIOAB3YOTC 4acToThl S0 kI'n u 55 xI'm.

22. Omnpenenute MUHUMAJIBHOE MEKTOUEUHOE PaccTosHue d ,,,,,, , CPEIHUI KBapa-

THYECKUI YPOBEHb CUTHAJIA G, HOPMHUPOBAHHOE PACCTOAHUE d ,,,,,, /O ISl 8—TI03ULIMOHHOM

aMIUTUTYJHOU, (a30oBoil M KBagpaTypHOoil MaHunyiasuuu. CpaBHUTE HX IMOMEXO-
YCTOMYUBOCTH (T.€. MEHBIITYIO BEPOSATHOCTH OIIUOKH).

23. Ilepeunciute nmapaMeTpbl, KOTOPbIC UCIIOIB3YIOTCS ISl OIEHKH d(DPEeKTUB-
HOoCTH IUPPOBBIX cucteM. Oxapakrepusyiite ux. [Ipuseaure npumepsl.

24. CocTaBbTe YIPOILIECHHYIO CTPYKTYPHYIO CXeMy IU(pPOBOro nepeaaTunka
paauopeneiHon uHuu cBsi3u. [losicHute npuHLun e€ padoThl U HaApUCYHTE rpaPuKu
paboThl MAaHUTITYJISATOPA.

25. IlokaxuTe, 4TO cxema aemoayiaropa curtana ¢ KAM, nzoOpaxeHHas Ha
puc. 7.5, BoCCTaHaBIUBAeT ABa curHan dy(t) u d,(¢), KOTOpble 3aTeM MOTYT 00be-

JAUHUTBCA C OCJIIBIO BOCCTAHOBJICHHA CHUTHAJIA.
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Puc. 7.5. demonynsarop curnana ¢ KAM:



BM1, BM?2 — 6anancubie moaynsitopsl; I — nenurens; F = 90° — gazocaBuraroriee
ycTpocTBO; I' — renepatop paaunocurnanon; ®HY1, ®HY2 — punbtper
HU3KUX YaCTOT

IIPAKTHYECKOE 3AHATHE Ne 8

NMnyjabcHbIE MOAYJIATOPBI

1. Obwue ceeoenus
NmmrynibcHasE MOAYJISAINS IIUPOKO MIPUMEHSCTCS B PaJMOIOKAIUH, PaJHOBEIIa-
HUHU, a TAK)KC B MHOTOKAHAJIBHBIX PAIUOPEICHHBIX U KOCMUYECKUX JIMHHSIX CBS3H.

Bunapl vMyibCHOM MOJYIISIIIUUA XapaKTePU3YIOTCs CKBakHOCThIO q = Ty/t, tae Ty u
T — NIepUO/] TOBTOPEHHUS U JJTUTEIHBHOCTh UMITYJIbCA.

B paguonokanuu tunuyHa paboTa ¢ BRICOKUMHU CKBaKHOCTAMH 10 1000 u 60-
Jiee, a B pauopeNeHHbIX TUHUAX CBSI3U ¢ HU3KUMU (q = 2...10).

Pexxum akTuBHOTO AmemMeHTa (AD) Ipu UMIYJIbCHOM MOAYJISAIIMHU OMUCHIBACTCS

UMITYJIbCHBIMU 3HaYeHUSIMU TOKA (Igpix i), MomHOCTH (P1u) U 1Ip., a Takke CpeTHUMHU

3HAYCHUSIMU lgyix cp, Plep 1 Ap. CpenHsist MOIIHOCTE OMpPENEISIET TEINIOBOM PEKHUM
nepenatunka. Jisi IpSAMOYrOJbHBIX MMIYJIbCOB MMITYJIbCHBIE U CPEIHUE 3HAUCHUS
CBSI3aHBI CJIEAYIOIIUMHU COOTHOIIECHUSIMU::

Igbix.cp= Lspx.u/q; Plep= P1n/q.

Jlist mutanust AD npu UMITYJIBCHONW MOJYJISIIIUN UCTIONB3YIOT MOJYJISIIIUOHHbBIE
ycTpoiicTBa (MVY) ¢ YaCTHUHBIM WIH MOJHBIM pa3psaoM Hakonutesns sHepruu (HD).
[lo cymectBy MV sBISIOTCS UMITYTbCHBIMM UCTOYHUKAMH NTUTaHus Juist AD. B kaue-
CTBE HAKOMHUTENICH SHEPTUU MPUMEHSIOT JTUO0 EMKOCTH, JIMOO UCKYCCTBEHHbIE JIJIMH-
ueie uauK (M/JT). B nmepBom ciiyuae B KauecTBe KOMMYyTatopa (KJIr04a) UCTOJIb3Y-
I0TCS UMITYJIbCHbIE MOAYJISITOPHBIE JIAMITbl MJIM TPAH3UCTOPBI, @ BO BTOPOM — MPUOO-
PBI HOHHOTO THUIA (TUPATPOHBI) WU TIOTYIPOBOAHUKOBbIE MPUOOPHI (TUPUCTOPHI).

Harpy3skoit MV sBIsiIOTCSI aKTUBHBIE 3JIEMEHTHI (MAarHUTPOH, aMIUTUTPOH, IIPO-
NETHBIA KIUCTPOH, SJEKTPOHHAS JlaMIla U Jp.), OCHOBHBIMH MapamMeTpaMH KOTOPBIX
SABJISIFOTCSL:

E ¥ Epop — HOMHHAJIBHOC U TOPOTOBOE HATIPSKCHHS,
[y — HOMUHAJIBHBINA TOK B UMITYJIbCE;
Ro = E/ Ipy—cTaTuyeckoe conpoTUBIEHHUE (COMPOTUBIIECHUE 11O MTOCTOSHHOMY
TOKY) Harpy3Ku;

R4 = dE/dly, — nunamuueckoe (nuddepeHipaibHoe) CONPOTUBICHUE HArPYy3KH.

MonynsimoHHble yCTpoHcTBa BMecTe ¢ AD (Harpy304Hoi) Ha3bIBalOT UMITYJIbC-
HbIMU MoayJiaTopamu (UM).

Pe3suctuBHas cxema UM ¢ yacTUYHBIM pa3psioM HAKOMUTENS MOKa3aHa Ha



puc.8.1, a popma MoIyIHpYIOIIETO UMITYJIECA HAa Harpy3ke — Ha puc. 8.2.

+E Ry C,
o — 4|
I
IL R
o—| L Cny 1 Cnp 2 E
Harpyska

T Ion

Puc.8.1. Pe3uctuBHas cxema UMITYJIbCHOTO MOJYJISITOPA:
Cr1, Crip — mapa3utHbele EMKOCTH CXEMBI; o — aHOAHBIN TOK KOMMYTaTopa

(xnmroya); Iop — HOMHHANIBHBIN TOK HArpy3ku; E — HanpspkeHue Ha Harpyske

Ha puc. 8.1 mynkTupom mokazansl napaszutheie EmMkocTu cxeMbl (Cryp, Cro).
Cymmaphas napaszutHas €MKocTh cxeMbl paBHa Crp = Cry1+Crp. Ha puc. 8.2 Epax —
ammaTyaa umiyiabca; AE = Epax—Emin — crian BepuimHbl umiyibca; ¢ — IIHTENb-
HOCTh (DPOHTA MMITYIIBCA; Tep — JUIMTEIBHOCTD CPE3a UMITYIIbCA; Ty — IIUTENBHOCTD

HUMITYJIbCA; T — JUIUTEIBHOCTh BEPIIMHBI UMITYJIbCA.
JlnmurenbHOCTh (POHTA MOIYJHPYIOHIETO MMITyJbca At AD MarHeTpOHHOTO
Tuna (pe3ko HeJIMHeHas Harpy3Ka):

T = ECy/lan = RolonCr/lan;
pruOOPOB TPUOIHOTO TUTIA (JIMHEHHASI HATPYy3Ka):
9 =3 Ro Cp;
npu6opoB tumna «O» (cr1abo—HennHeHas Harpy3Ka):
T = 2,5 Ro Gy,

rae lyn — aHOAHBIM TOK KOMMYTATOPA.

0,1E max

0,5E max




Puc. 8.2 @onma umnvinca u
I[JII/ITCJIBHOCTB Cpe3a UMIIYJIbCA B PC3UCTUBHOM MOAYJIATOPC paBHA:

TIpU JIMHEWHOU HAarpyske Tep= 2,2R[RoCr/(R+Ry);
npu cnabo-HeNMMHENHON Harpyske Tep=3R RoCr/(R+R);
IpU PE3KO-HENUHEWHOM Harpyske Tep=3R Cp;
riae R=R;Ry/(R1+R»).

N3meneHnne HanpsHKeHUsT HA HAKOMTUTEIbHOM KOHJICHCATOPE 3a BpeMsl UMITYJIbCa:

AE=Enax — Emin=lon Tw/Cy=Emax Tw/RoCy.

[Ipu 3TOM OTHOCHUTEJIbHOE U3MEHEHUE HANPSIKEHHUS HA Harpys3ke (KoddduimeHt

(dhopMBI) orpeiesieTcs:
€ = AE/ Ejpax = TuR&/Cu(Rg+R;)Ry;
rae R; — nunamudeckoe (nuddepeHimaibHoe) COMPOTUBICHHE MOYISTOPHOM
JIAMITBI;

R4 — muddepenunanbHoe cONpoTUBIEHUE HArPY3KH MOAYIISITOPA.

CxeMbl MOJYJISITOPOB C TIOJIHBIM Pa3psiioM HAKOMUTENS OTIMYAIOTCS MO THUITY
JuHUU (C pachpenesiEHHBIMU TMapaMeTpaMy WM UCKYCCTBEHHBIE; OJHOPOJHBIC HIIH
HEOJHOPOJHBIC; OJIMHAPHBIC, ABOMHBIC WM YYeTBEPEHHBIC U T.1.); TIO BUAY 3apsjaa
(pe30HAHCHBIN WM JIMHEWHBIN) U 10 BUY MUCTOYHUKA MUTAHUS. DT OTIMYHUS OTpa-
’KaroTcs B Ha3BaHUAX cxeM. Ha puc. 8.3 nmokazana cxema MOJyJIATOpa C pe30HAHCHBIM
3apsiZIOM OJIMHAPHOMW 1IETIOYE€YHON MCKYCCTBEHHOM JIMHUU Yepe3 UOJ OT MCTOYHUKA
MTOCTOSTHHOTO HAIPSIKCHMUS.

L D < |
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J_LO—” L c |::| U1 Harpyska E
Il
1
] L 1
C —C1
I
1 L

Puc. 8.3. IMITyJIbCHBII MOAYJSATOP C NOJIHBIM Pa3psiiOM HAKOIIATEISA
Lsap — 3apsanblit Apoccens; Da,p — 3apsunbiii 1uoj; L u C — HHIYKTHBHOCTD U €M-
KOCTh siueiiku popmupyromeit muaun; UT — umnynbscHbiil Tpancdopmatop; Ul u E —
aMIUTUTY/bl UMITYJILCOB HanpsbkeHus Ha nepBoit oomotke MT u Ha Harpyske; U, —
HaIpsDKEHNUE Ha JIMHUU



2. Ilpumep pacuema mooyramopa
Paccuutath MOIYJISIIUOHHOE YCTPOMCTBO C MOJHBIM pa3psiloM HAKOMUTENS, 3a-
psYKaeMoro OT MCTOYHHUKA MTOCTOSTHHOT'O TOKA, JIJISI MarHeTPOHHOTO reHeparopa (puc.

8.3).
Hcxoanblie naHHbIE:
Hanpsixenue nHa narpyske(E) 4,8 kB
Tok narpy3ku B ummnysbce (Io,) 4 A
JIMUTEeNhbHOCTh UMITYJIBCA(T) 2 MKC
Yactora cienoBanusi uMiyiabcoB(F) 400 I'
dopma BBIXOJHOTO UMITYJIbCA:
T¢ 0,157
Tep 0,3t
AE 0,01E

2.1. Pacuem pa3psounoi yenu HakonumeJis
ConpoTuBIEHNE MarHETPOHA IMOCTOSSTHHOMY TOKY

Beibupaem p7= 75 Owm.
Koaddunuent rpanchopmaimu uMnysibcHOro Tpaichopmaropa

R
| Ro :J1200:4
P 75

Hanpsixenue Ha nepBuyHON 00MOTKe TpaHchopMaTopa

v =2 - B9 15608,

nn, 40,91
rae #r — KIIJ] umnynbcHoro tpanchopmaropa. [lpunumaem 77 = 0,91.
Tok B nepBu4HON 00MOTKE TpaHchopmaTopa

n_ 44 =152 A.

I = n-1, _
Jn. 0,91

HaHpH)KCHI/Ie Ha HAKOMUTEIHLHOUN JTUHUHN
U, 1260

U. = -
" Bn. 0,509

rae np— KIIJ pa3psanoit nenu. [Ipunumaem #p = 0,9;
B — koadduireHT nepenaaa HaNpPsKEHUsT Ha JIMHUU MpU €€ pa3psie Ha Harpys3-
KY, paBHbII

=2660 B,

/ _Ro
B=—F7—Ry=—=pi-
Ry +pu n



2.2. Bvlbop kommymupyowezo sjiemeHma

[Ipu BeIOOpE THpATpOHA WJIM TUPUCTOPA PYKOBOJICTBYIOTCS CJICAYIOIIMMU JIaH-
HeiMu: Uy = 2260 B, I;=15,2 A, 1= 2mkc, F =400 I'1.

Bri6upaem tupuctop IRKDLA450. S25, umeromumii Uy, = 2500 B u 1,,,,=460 A.

2.3. Pacuem gpopmupyroweco 08yxXnonocHuka

B xagecTBe IBYXITOIIOCHHKA BRIOWPAaEM UCKYCCTBEHHYIO JUIMHHYIO JTUHUIO I1e-
MOYEYHOr0 TUMNa. YUCIIO KOHTYPOB JIMHUU

P> 0,4 04

— =4,
( 7, j 0,105
T
pacy

T T
re (;’bj ~0,7-? ~0,7.015=0.105.
t pacu

T

O6H_IaSI HHAYKTUBHOCTD JIMHUHN
[ _T P 2:10°-75

y = =T75mklH
2 2
OOmas eMKOCTh JIMHUU
2-107°
c, ——— =219 4 013wk,
2-p, 275
EMKOCTb KOH/IEHCATOPOB M MHAYKTUBHOCTH KaTYIICK KaXKIOH STYCHKH JINHUN PaBHBI
L, 75
L=-""=—=18,8 MkIH,
k 4 ’
:C_]:: 0.013 _ 5 15.10 .

2.4. Pacuem 3apsonotul yenu Hakonumens
Bri6upaem pe3oHaHCHBIN pexxuM 3apsaHou ueny, T.e. & = T/To= 0,5. Koaddu-
[IUCHT MOBBIIICHUS HATPSDKEHUS HA TUHUH TIPH 3apsizie
T 7
y=14+e *® =1+e 210 =1,86,
rae Qyp— noOpoTHOCTH 1ienu 3apsiaa. Beioupaem Q) = 10.
HanpsxeHue NCTOYHUKA TUTAHUS

g, =Yn 200 _j43p
y 1,86
NBAayKTUBHOCTH 3apsIHOMN LETH

1 1
L = =
T o4n?x’ - FP-C, 41°-0,5°-400%-13-107
I/IHIIyKTI/IBHOCTB 3apAAHOI0 APOCCCiIA IIPUHUMACM
Lyyy ~ Ly =48,8TH.

XapakTepuCTUYECKOE COMPOTUBIICHUE 3aPSTHON 1IENU

=48,8 I'n.



poz\/L3 :\/ 48, =61,2 kOm.

C, 13-10°°
MaKCI/IMaJIBHOC 3HAQUYCHUC SapﬂI[HOFO TOKa
E
I, =—1 = 1430 =23,4-10" A.

M o, 61,2-10°
CpeL[Hee S3HAYCHUC 3apAdHOTO0 TOKA
1,86

Iy = Iay 2-=0,023422=13,7-10° A,
T T
OddexTuBHOE 3HAUEHUE 3apsIAHOTO TOKA
-3
_ Imax _ 23,410 =16,6-10"A.

J . = =
N NG
MOI_HHOCTB HNCTOYHHUKA ITUTaHUS
P, =E,l,, =1430-13,7-10" =19,6 Br.
MormHocTh, moTpebasieMas JJMHUEH B Mpolecce 3apsa:
c,U; . 13-107-2660°

P, = F= 3 400 =18,4 Br.

KII 3apsigHoi uenu

P, 18,4

n,=—Lt=——=0,939.

P, 19,6

KII moaynsitopa
3 6
77=PCP _E-1,-7, F:4,8 10°-4-2-10 400:0,78.
P, P, 19,6

2.5. Tpebosanus Kk uCMOYHUKY NUMAHUSL(BLINPAMUMETTIO)
HanpsixeHue BeIIpAMUTEIIS En> 1430 B.
MOIIHOCTD BBIIPSMUTENS Pr>19,6 Br

ITocne »Toro BBI6I/IpaeM N paCCUUTBIBACM CXCMY BBIIIPAMUTCIIA.

2.6. Bulbop 3aps0no2o 0uooa(Dsqp)
TpebGoBanus K 3apsSIHOMY AUONY:
MakcuMaJIbHBIN TOK auoAa .« 23,4*1073A.
Cpennnii Tok quona I, 13,7*1073A.
OG6parnoe Hanpsokenue Ha quozae Uyg, > 2660 B.
Beionpaem auox D1005b, y kotoporo Uys, = 4000B, Iyp max = 0,1 A.
2.7. Pacuem cozenacyroweu yenu

B MOAYJIATOpPAx, pa60Ta101u1/1X Ha HArpy3Ky MarocTpoHHOI'0 TUIld, IIapaJIJICIbHO

NEePBUYHON OOMOTKE MMIYJICHOTO TpaHCPOopMaTopa BKIIOUAIOT COTJIACYIONIYIO 1ie-
nouky R1C1 (puc. 8.3) ¢ Tem, uToOBI BO BpeMsi (pOHTA MOIYIUPYIOIIETO UMITYJIbCA
o0ecrneynTh HEOOXOMMOE COMPOTHUBICHUE HATPY3KH I pa3psja HAKOMUTEIbHOU

JIMHUH.

Rl=p,; =750m,



7, 0,15-2:10°°

3R1 3-75
MonHocTs, paccenBaeMasi Ha conpotuBieHun R1:

B, =C,-U}-F =1333-10"-(1260) -400 = 0,85 Br.

Ha stom pacucT MOayJITOpPpa OKOHYCH.

Cl= =1333 n®d.

3. Ynpaosxcnenus u 3a0auu

1. KakoBel 0COOCHHOCTM HMMIYJIbCHOM pPabOThl MepeAaTYUKOB MPU OOJIBLION
CKBa)XHOCTH ?

2. N3o0pa3ure CTPYKTYPHYIO CXEMY UMITYJIBCHOTO MepelaTunKa.

3. C Kakoi LEeNbI0 B HUMITYJIbCHBIX MOAYJATOPAX HMCIOJIB3YIOTCS HAaKOMUTEIU
sHeprumn?

4. YKa)xxuTe OCHOBHBIEC THUITbI UMITYJIbCHBIX MOJIYJISTOPOB U CPABHUTH UX CBOWCTBA.

5. Onpenenute CpeHI00 MOIIHOCTh UCTOYHUKA MUTAHUS MOAYJSATOPA UMITYJIbC-
Hoit PJIC, ecin momnocts uznyuenust 1 MBt, KIIJI ¢unepa 0,8, nmonusiit KIT/] mar-
HerpoHa 0,5, IIUTENBHOCTh UMIYJbca 4 MKC, a 4acTOTa CJIEIOBAHUS HMITYJbCOB
250 I'.

6. Onpenenute CONPOTUBICHUE HArpy3Kd MOAYJISATOPA UMITYJIBCHOIO MHOIOPE30-
HAaTOPHOT'O KJIMCTPOHA, €CIM CPEHSs BBIXOAHASI MOLIHOCTh KIUCTpoHA 16 kBT, 3mek-
tponHbli KII/] xnmuctpona 0,4, yckopsiromee Hanpsikenue 250 kB, ckBaxxnocts 200.

7. OnpenennuTte eMKOCTh U pabouee HalpsHKEHNE HAKOMUTENbHOIO KOHIEHCATOpa
B CXEM€E MOJYJISITOPA C YACTOTHBIM Pa3psiOM HAKOIMTEISA, €CIU aMIUIUTYJa UMITYJIb-
ca Ha Harpyske 25 kB, JONMycTHMO€ CHMYKEHHE aMIUIMTYJbl Ha BEPUIMHE UMITYJIbCa
200 B. Moaynsatop paboTaeT ¢ nmepeMeHHOM JIUTEIbHOCThIO uMITysbea (2...6) MKc,
TOK Harpy3ku 10 A.

8. Onpenenure JOMYCTUMYIO BEJIMYMHY Napa3uTHOW €EMKOCTH MOAYJIATOpA C Yac-
TAYHBIM DPa3psAIOM HAKOMMUTENS, €CIAU HampsbkeHne Ha Harpyske 10 kB, Tox um-
MyJbCHON MOJYNATOpHOM Jamnbl 15 A, nmutenbHOCTh ¢ppoHTa umnyiabca 50 He. Ha-
rpy3Ka: a) MarHeTpoH, 0) TpUOAHBINM reHepaTop. YTo HyX HO clienaTh i YMEHbIIIe-
HUS JUIUTENbHOCTH ()POHTA MPH 33JaHHOM BEJIMYMHE MMAapa3UTHON eMKOCTH ?

9. OT KaKux nmapaMeTpoB CXEMbl MOAYJIATOPA C YACTUYHBIM pa3psiiOM HAKOIIUTE-
JIS1 3aBUCHUT JITUTENIBHOCTh (DPOHTA U cpe3a UMITYJIbCa HAPSLKEHUs Ha Harpy3ke?

10. Ha kaxoif TOK clieqyeT BbIOMPATh UMITYJILCHYIO MOAYJISTOPHYIO Jammy Jis
oOecrieueHus JIUTENbHOCTU (ppoHTa MMIysbca 30 He, eclii mapa3uTHasi EMKOCTb MO-
nynaropa paBHa 50 nd, a HOMUHAJIBHOE HAIPsKEHWE MarueTpoHa 15 kB?

11. Yem ompenensercs IIUTENBHOCTh CPE3a MMITyJIbCa Ha HAarpyske, €Clid OHa
3allyHTUPOBAaHA UHAYKTUBHOCTBIO?

12. UckyccTBEeHHAs JMHHAS JIMHUS 3apsiKaeTcsl OT UICTOYHHMKA NMOCTOSIHHOTO Ha-
NpsDKeHUsT Yepe3 MHAYKTUBHOCTh. Hampsikenue ncrounuka nutanus 5 kB, emkocTh
muHnu 0,04 Mx®, HHIYKTUBHOCTB 3apsiAHOTO Jpoccens 4 I'H, akTUBHOE CONPOTHUBIIE-
Hue uenu 3apsaga 500 Om. Onpenenute KIIZI nenu 3apsaa 1 MakCuMallbHOE Hampsi-
KEHUE Ha JINHHH.

13. [louemy B MOAYJIATOPE C MOJHBIM 3apsAIOM HAKOMMUTENSI HE MPUMEHSAETCS 3a-
PAI TMHUU YEPE3 aKTUBHOE COMPOTHUBIIEHUE?



14. Onpenenure MakCUMaJIbHYIO YacTOTY CJIEIOBAHMS MMITYJIbCOB, MaKCHUMaJlb-
Hoe HanpspkeHune Ha MJIJT u KIIJI uenu 3apsna MoaynaTopa ¢ IOJIHBIM 3apsioM Ha-
KOIUTEJISA, €CIU HaIpsKeHHe ncrouHuka nuranus 10 kB, 3apsaHas MHAYKTUBHOCTD
16 T'n, conpotuBnenue noreps 3apsaanoi nenu S00 Om, eMkocTh 0aHOM sueiiku N1JT
20 n®, a yucIo AYeeK B JIMHUH 4.

15. Onpenenure HanpsbkeHue nutanus moxyisaropa ¢ MJJI, ecin conporusie-
Hue Harpy3ku moayistopa 900 Owm, BomHoBoe conpotusienue MIJI 35 Om, Hamnps-
*eHue Ha Harpyske 40 kB, noopoTHocTs 11enu 3apsiaa 20.

16. Omnpenenute HaUMEHbIIUUA KOIPGUIMEHT TpaHCPOPMALIUA BBIXOIHOTO
Tpancopmaropa moxynaropa ¢ MJIJI, BosHOBOE CONMpOTHBJICHUE JIMHUM M MaKCH-
MaJIbHOE HANpsHKEHUE HA JIMHUM, €CJIM MAKCUMAaJbHOE HANpSKEHUE HA aHOJAE TUpa-
TpoHa 16 kB, HanpsxeHne Ha Harpy3ke 28 kB, a Tok Harpy3ku 35 A.

17. Kak n3mMeHATCS mapaMeTpbl BBIXOHOIO UMITYJIbCa MOAYJATOPA C YACTUUHBIM
pPa3psAIOM HAKOMMUTEINS], €CJIM: YMEHBIIUTD WU YBEJIMYUTh HAKOMUTEIBbHYIO €EMKOCTD;
3apsIIHOE CONPOTHUBIICHUE; JUINTEIBHOCTh U YaCTOTY CIIEOBAHUS 3ayCKAIOIINX HM-
IIyJIbCOB; MAapPa3UTHYI0 €MKOCTh; IIYHTUPYIOLIYIO HArpy3Ky; CONPOTHUBICHUE HArpys3-
KH?

18. Onpenenurte MOIIHOCTh MOTEPH HA aHOJE MOAYJATOPHOM JIaMIIbl, €CIU TOK
JaMIibl BO Bpemsi ummyibsca 40 A, JIUTENbHOCTh UMITyJIbCA 1,5 MKC, 4acToTa Cleno-
BaHus nMmnyJsibcoB 500 ['u. Hanpsbkenue Ha HakonuTelbHOM eMKocTH 28 KB, a Ha Ha-
rpy3ke 26,5 kB.

19. Onpenenure ANIUTENBHOCTH CIajla UMITYJIbCA HANPSXKEHUS HA MArHETPOHE B
PE3UCTUBHOM MOJIYJISITOPE, €CIHM 3apsAIHOE U 3apsgHO—Pa3psAHOE COMPOTUBIICHHE
paBHBI R, =R, =20 kOM, a C, =80 nd.

20. /115 moJiy4eHHUs] UMITYJIbCa HAIpPSKEHUS JUIMTENBHOCTHIO 50 HC MCIOIb30BaH
OTPE30K KOAKCHAJIBHOTO Kabes co CIUIOMHON u3osiuueid. OnpenenuTs IIMHy Kabe-
7151, €CIIM OTHOCUTENbHAS JUAIEKTpUYECKask MPOHUIAEMOCTh U30JISIMUN PaBHA:

a)2,3;0)4.

21. MoaynsTop ¢ 1enoYeyHOM JIMHHOM JMHUEH oOecrneunBaeT IJIUTEeNbHOCTD 5
MKc. Onpenenure cyMMapHble EMKOCTh U MHIYKTUBHOCTb JIMHUU, €CIU €€ BOJIHOBOE
CONPOTHUBIIEHUE PaBHO 75 OM.

22. Ecnu AIuTEeNnbHOCTh MMIyJIbCa 1 MKC, YacToTa cieqoBaHusi UMIYIbcoB S0
k[’ ¥ ncnonpzyercss UMIyabCcHbIA Tpuoa I'C—14 ¢ HOMUHANBEHON BBIXOAHON MOLIHO-
CThIO B HEMPEPBHIBHOM pexkuMe 2 BT, TO Kakyr0 MOIIHOCTbh OH MOXET 00eCredyuTh B
MMITYJIbCHOM pEXUME?

23. OueHuTe BEIUYUHY €MKOCTH HAKOMHUTEIBHOTO KOHJIEHCATOpa MOIYJATOpA,
€ClIi TOK Harpy3ku 15 A, nonyctumoe cHukenue Hanpsbkenus 100 B, anurenbHOCTh
UMITYJIbCOB: a) 0,8 MKc; 0) 2,5 MKC.

24. OueHnTe U3MEHEHHE JTUTENBHOCTH (POHTA MOTYJIUPYIOUIETO UMITYJIbCa MPH
napa3uTHo eMkoctu Moayistopa 200 nd, ecnu HanpskeHre Ha marHeTpone 50 kB,
a TOK KOMMYTHpYOLLIen Jtlamnbl yBennueH ¢ 20 A 1o 30 A.

25. Omnpenenure OIUTENBHOCTh CIajla UMITYJbCa B PE3UCTHUBHOM MOAYJIATOPE
(puc. 8.1), ecnmu Ry = Ry =10 xOm; Cj7 =200 nd; conpoTuBiIeHNE Harpy3Ku MO-



nyJaaTopa nocTosstHHoMy TokKy 450 OM; Harpy3ka: a) JuHelHas; 6) ci1abo — HeJIMHEH-
Hasl; B) pe3KO—HEIMHEITHA.
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1. MeTonnueckue yka3zaHusl TIO BBITIOJTHEHHUIO MPAKTUUECKUX (J1a0OpaTOPHBIX
3aJaHuM

Pelienne KOHKpETHBIX 3a7a4, CHOPMYITHMPOBAHHBIX B TEXHUUECKOM 3a/IaHUH, U
MPOBEICHNE HEOOXOAUMBIX PACUETOB MIPOBOJAMUTCS C MPUBJICYECHUEM UCTOYHUKOB, Tie-
pEUHCIEHHBIX B paszaene «Jlureparypay.

2. Uenp u 3a1auu MPAKTUYECKUX (J1TAOOPATOPHBIX 3aJaHUMN

POEKTUPOBAHUE YUUT II€JIECOO0PAa3HOMY IPUMEHEHUIO TEOPETUYECKOIO
MaTepuana Kypca A pelleHHs 3aJad TEXHUYECKOI0 pacyeTa paauolepearoliux
YCTPOICTB, palMOHATBLHOMY M 0OOCHOBAaHHOMY BbIOOPY Hambojee MpaBUIbHO-TO UX
pElIeHUs], pallMOHAIbBHOMY HMCIOJIb30BAHUIO CHEIMAIbHON JTUTEPaTyphl, pa3BUBAET Y
CTYJICHTOB HAaBBIKM HWHXEHEPHOIO MPOEKTUPOBAHUS PAJAMOTEXHUYECKOW  arf-
naparypsbl, HOJArOTABIUBACT UX K AUTNIOMHOMY MPOEKTUPOBAHUIO.

3. 3agaHue 1Mo NpPOEeKTUPOBAHUIO HA MPAKTUYECKUX (JTAOOPATOPHBIX 3aHATHIX

3ajaHue 1Mo MPOSKTUPOBAHUIO SBJISIETCS OTYETHBIM JOKYMEHTOM, 0€3 KOTOPOTo
MOSICHUTEIIbHAST 3alMCKa Ha TMPOBEPKY HE TMPUHUMACTCS, a MPOEKT K 3allUTe He
JIOTyCKaeTCH.
uTepaTypa peKo C€HJIOBaHA TaKW 00pa30 4YTOOBI MPU OTCYTCTBUU B OUO
JUOTEKE OJHOW KHU M €€ O HO ObUIO 32 €HUT OJHOW WU IBY S JIpy U M.



B TexHu4eckoM 3aJaHUM K TPOEKTY NMPUBOASATCS TPeOOBaHUS MO MapameTpam
U XapaKTepUCTUKaM pa3padbaTbiBa€MOro nepeiaTyuka.

3.1. McxonHble aHHBIE 151 IPOEKTUPOBAHUS

3.1.1. Ha3znaueHue mnepenaTuyvka (HampuMep: paJudOBEIIATEIbHBIA, CBI3ZHOU U
T.A.) . 3A€Ch IPUBOJASTCS CBEICHMS ONPEIEIEHHOT0 BUAA O repeaaBaeMoil HHpopMa-
LMY U YCTIOBUAX pabOTHI NEpeaTurKa.

3.1.2. BeixogHas MONIIHOCTh B PEKHMME HETNPEPBIBHBIX KOJCOAHWN WM HM-
MyJIbCHOM PEXHME.

3.1.3. PaGouas yactora uiau pabouunii quama3oH 4acTorT.

3.1.4. Bug MoaynsiLiMy WJIM MaHUITYJISILAN.

3.1.5. HectabuinbHOCTH (CTAOMIBHOCTH) YaCTOTHI KOJICOAHUM.

3.1.6. Ipyrue TexHuueckue TpeOOBaHUs K PaIUONEPENATUUKY.

Kpome Toro, B 3alanuu IpUBOJASTCS OCHOBHBbIE TpeOOBaHUS MO 0O0BEMY BbI-
MOJIHAEMBIX PACYETOB, IpapruecKoMy MaTepuany U SKCIIEPUMEHTY.

[Ipu BBIMOTHEHUH MPOEKTA TEXHUYECKOE 3aJJaHUE ClIeyeT 1opaboTaTh, BEIOpAB
u 00OCHOBaB Jipyrue, He ykazaHHble B Tabnuuax (B.1-B.11), nononHu-TenpHbIe
TEXHUYECKUE XapaKTEPUCTUKU IPOESKTUPYEMOT0 MepeaaTunKa.

4. O0beM U coaepKkaHue IPOeKTa

POEKT COCTOMT W3 TOACHUTEIbHOW 3amucku o0bemMoM 3040 cTpaHuIl
PYKOIIMCHOTO TEKCTa W JBYX JHMCTOB Tpaduueckoro wmarepuana. Jlomyckaercs
BBIMIOJTHEHUE 3aIUCKU HA MEPCOHATIBHOM KOMIIBIOTEPE.

Conepxanue MOSICHUTEIILHOM 3aIIiCKHA JIOJKHO COOTBETCTBOBATH
TEXHUYECKOMY 3aJIaHUIO.

Kaxxmas mosicHuTenpHast 3amucKa JOKHA COACPkKATh CICAYIOIIAE pa3aeiibl U
MaTepUAIIbI:

1. TUTynbHBIN JUCT, BBITIOJHEHHBIA B COOTBETCTBUH CO CTAHAAPTOM .

2. 3a1aHue HA TIPOEKT .



3. Conepxanue. B HeM pUBOASATCA Ha3BaHMS Pa3/eiiOB U MOAPA3AEIOB B TOU-
HOM COOTBETCTBHHM C TEKCTOM IIOSCHUTEIBHON 3alUCKU U C YKa3aHHEM CTPAHUILL.
[Ipumep copeprkaHus NOSICHUTEIBHON 3aIIMCKU MTPUBEJICH B TIPUIL. 2.

4. BBeneHue, B KOTOPOM PacKpbIBAETCS HA3HAYEHUE M OCHOBHBIE OCOOCHHOCTH
MIPOEKTUPYEMOTO MEPEIATUNKA.

5. Pacuet u cocrapnenue (yHKIMOHATIBLHOM CXEMBI IIepelaTunKa.

6. Pacuer »1meKTpUYECKUX PEKUMOB pabOTHI BHICOKOYACTOTHBIX YCHUIIUTENEH
MOITHOCTH.

7. PacyeT aNeKTpUYECKUX PEXUMOB pabOThl YMHOXKHUTENEH 4acTOThl (IpH Ha-
JUYUU TaKOro TpeOOBaHUS B 33a/IaHUN).

8. Pacuer BO3OyauTens nepenaryuka (B YaCTHOM Clydae OJIHOTO aBTOreHepa-
TOpa) U CTAOMIIBHOCTH YaCTOTHI KOJIEOAHUH.

9. Pacuer 6JI0KUPOBOYHBIX 3TIEMEHTOB CXEMBI.

10. Pacuer BBIXOAHOTO Kackaja MOIYJATOpA.

11. Tabnuupl ¢ yKka3aHHeM BCEX HANpPsKEHUH M TOKOB, TpeOyeMBIX ISl UTAa-
HUS MepelaTurKa, pacder ero npomsinensoro KIII.

12. Onrcanue cxemMbl KOHTPOJIS, 3aIUThI U YIIPABIEHHUS IEPEAATUUKOM.

13. KOHCTpYKTUBHBIH pacyeT OJHOTO M3 Y3JIOB MepeaaTduka (1Mo yKa3zaHUIO
MpernojjaBaress).

14. Pe3ynbTaThl SKCIEPUMEHTAJIBHOW TPOBEPKU OTIEIBHBIX KAaCKaI0B IepeaaT-
yuKa (Mpy HAJTUYUK TaKOTO TpeOOBaHUS B 3aaHUH).

1 . Cneundukanus K NPUHIUIHATBHON IIEKTPUUECKON CXEME.

1 . Cucok ncnoap30BaHHOM JINTEPATYPBI.

1 . IIpunoxenus.

[IprHIMIIHANIBHAS 3JIEKTPUYECKAST CXEMA COCTABIISIETCS ITOCIIE BBIIIOJHECHUS
BCceX pacueToB. Ha Hell MOKa3bIBatOT BCE 3JIEMEHTHI PACCUMTAHHBIX U HEPACCUUTAH-
HBIX KAaCKaJIOB, LIEMU CBSI3M MEXY KaCKaJlaMu, OpTraHbl YIIPABICHUS U KOHTPOJIS 3a
pabotoii paguonepenaryuka. B cxeme A0MKHBI OBITH TPEAYCMOTPEHBI MEPHI IO T0-
BBIIIICHUIO YCTOMYMBOCTH PAOOTHI BEHICOKOYACTOTHBIX KaCKaJ0B U BHIMIOJHEHUIO TPe-
OOBaHUM AJIEKTPOMArHUTHOM COBMECTUMOCTH. B 3TO# CBS3U B 11€T1b MUTAHUS BKITIO-
qaroTcs GUIBTPHI HU3KUX YaCTOT, HA BBIXOJIC MEepelaTuyrKa MpelyCMaTpUBaETCs UC-
M0JI30BaHKE MOJI0COBOTO QUIBTPA.

C menbro KOHTPOJIA 3a pabOTON paguonepesaTInKa MpeayCMaTpUBaACTCs MpHU-
MEHEHHE CHEIUalbHBIX JAaTYMKOB. Tak, Hampumep, JJisi KOHTPOJIS BEJIUYMHBI BbI-
XOJIHOW MOIIHOCTH HCIMOJB3YETCSl HAIPABICHHBIA OTBETBUTEIb TOKOB AaKTHUBHBIX
DJIIEMEHTOB MOIIHBIX KaCKaJOB — IIyHTHI, COCTUHSEMbIE C M3MEPHUTEIbHBIM MpUOO-
pOoM, U T.JI.

B MoIHbBIX Kackagax cieAyeT MpelyCMaTpUuBaTh JIEKTPOHHBIE CXEMbI 3aIUThI,
MPEIOTBPAILAIOIIME BPEIHbIC TTOCIEACTBUS, CBI3aHHBIC C HAPYIIEHUEM HOPMAaTUBHO-
r0 SKCIUTyaTallMOHHOTO peXuMa padoThl paauornepeaardynka. [Ipu BHICOKOBOJIBTHBIX
UCTOYHUKAX MuTaHus (CBel € 1 Mpeayc aTpUBAETCs MPU EHEHue OJIOKUPOB
KU U CH Hallu3a WM.

a CX€ € MOKa3bIBalOT Op aHbl YIpaBlieHUs pabOTOM pajguomnepenaaTdynka
BKJIIIOYEHUE M3 EpPEHHUE YPOBHS O HOCTH NEPECTPOUKOMN YaCTOTHI U3JIy4ae O O
CH HaJla U T.[I.
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Tabnuua. 1
Tema: Ilepenatuynku COTOBOM MOABMKHOMN (MOOMIIEHON) PAJMOCBSI3H

H
TexHuueckue ycioBus oMtp Baphanta
1 2 3 4 5 6 7 8 9 10

1.Momxocts AC, BT 20 8 5 2 0,8 0,25 0,5 0,6 3,0 0,6
2.JInanazoH pabounx 890— 890— 890— | 1710— | 1850— | 1710— | 1850— | 824— 824— | 1850-
yacToT, MI'11 915 915 915 1785 1910 1785 1910 849 849 1910
3.Pa3genenue kaHaIoB UBP UBP UBP UBP UBP UBP YBP KP KP KP
4.Yucno KaHAJIOB Ha He- 8 8 8 8 8 8 8 55 60 62
CYLIYIO

5.HIupuHa paanokanana, 200 200 200 200 200 200 200 1250 1250 1250
Kkl

6.CkopocTh niepeiauu, 271 271 271 271 271 271 271 1228 1228 1228
Koéwur/c

7.Bun monynsiuuu I'iaMm | I'iM | TUM | T'iM ramMm | 1'iMm | ’'imM pdEMY DOM-Y DOMY

MC MC MC MC MC MC MC

Ilpunamoie coxkpawenusn: YBP, KP — cOOTBETCTBEHHO 4aCTOTHO-BPEMEHHOE M KOJOBOE Pa3ECICHUE KAHAJIOB;
I'IMMC — rayccoBa 4aCTOTHast MOAYJISIIUSA C MUHUMAJIbHBIM CJIBUTOM;
ODOM-Y — yeThIpéXypOBHEBaAsI OTHOCUTEIIbHAS (ha30Basi MAHUTTYJISIITUS;
AC — aboHEHTCKasi CTaHIUSI.



INPAKTUYECKUE 3AHATUA

MCTOIII/ILIeCKI/IC YKa3aHUs K MPAKTUYCCKUM 3aHATUAM

Pemenue 3amay — HE0OXOAMMOE YCIOBHE YCHEHIHOTO M3YYEHMS TUCLUIUIAHBI.
3aiaun 3aKpervIsioT B MaMsaTH (pOpMYIIbl U TPUBUBAIOT HABBIKU MTPAKTUYECKOTO MPHU-
MEHEHHUS TEOPETUUECKUX 3HAHU.

Ha npaktuueckue 3aHsATUSL CTYACHT J1OJDKEH MPUXOJIUTh, UMesl TIpU ce0e TaHHOe
nocobue, yueOHUK MO paJuoIepeaatonuM YCTPOUCTBAM U KOHCHEKT Jiekuuil. Kax-
Il CTYIEHT 00513aH pemaTh 3aJa4l CaMOCTOSATEIbHO, KOHCYJIbTUPYACH Y Mpernojia-
Barens. CTy/eHT, He YCHEeBUIMM PElIUTh 3a/a4d Ha 3aHSITHH, 0053aH PEIIMTh UX Ca-
MOCTOSATENBHO.

3amaun peKOMEHAYETCsl pellaTh B CIEYIOIIEH MOCIe10BaTebHOCTH:

— O3HaKOMJICHHE C YCJIOBUEM 3aJauyM; BBIJEJICHUE TJIaBHOTO BOMpOCa 3aJauyu
(Uro nemsectHo? Kakosa 11enb petienus?);

— aHanu3 conepkanus 3anaun. MccnegoBanue ucxoAaHbix AaHHbIX (UTO M3BecT-
HO? YUTo nano?). BHeceHne NONMOMHUTENBHBIX (YTOUHSIOMIMX) YCIOBUHM IS TOJTy4e-
HUS OJIHO3HAYHOI'O OTBETa. AHAIN3 PEKOMEHAYETCS HWJUIIOCTPUPOBATH PUCYHKaMU
(ciexTp KosebaHUM, cXeMa Kackaja, BOJbT-aMIepHas XapaKTepUCTUKA aKTUBHOTO
dJIEMEHTA U T. IL.);

— COCTaBJICHUE TJIaHa PEUICHUs 3a/1a4u;

— OCYIIIECTBIICHHE TIJIaHA PEIICHHUS;

— MpoBepKa oTBeTa (MpOBEpKa pa3sMEPHOCTEN, pEeICHUE ITOM K€ 3aJjaul PYTUM
CII0COO0M).

B navasie ka)xJ10r0 3aHATHA MPENOoiaBaTellb BbI3bIBAET HECKOJIBKO CTYJIEHTOB K
JOCKE JUIsl KOHTPOJBHOTO pelIeHHs] HanboJiee TPYAHBIX 3aJay JOMAIIHEro 3aJaHusl,
OTMEUYaEeT B JKypHaJle BBIMOJHEHHE JOMAIIHEro 3aJlaHusd CTyJIeHTaMu Tpynnbl. Bo
BpeMsi MPAKTUYECKOr0 3aHATUSA MpenojaBaTeilb OLEHUBAET B JKypHAJle aKTUBHOCTh
CTYJEHTOB (IIpH pelieHnu Ha padounx mectax). CTyIeHT, akTUBHO pabOTaBIIMA Ha
BCEX 3aHATHUAX, HA MOcCJeIHEeM moiiydyaer 3adeT. CTyAeHT, IpOMyCTUBIINN 3aHATHE,
00s13aH pelIUTh 33J]a4l CAMOCTOSITEIbHO M OTYUTATHCS Ha CIEIYIOUIEM 3aHATHH WU
BO BpeMsl 3aueTa B KOHIIE CEMEeCTpa.

CryneHT, HE MMEIOUIUN 3adeTa MO MPAKTHUYECKUM 3aHATHSAM, K 3K3aMEHY IO
Kypcy He aomyckaercs. OOmumii 3a4eT Mo JUCUUIUIMHE BBICTABISACTCA MPHU HAIMYUU
3a4€TOB MO MPAKTUYECKUM U JIA0OPATOPHBIM 3aHITHUSIM.



IIPAKTHYECKOE 3AHATHE Ne 1

CTpyKTypHBIE CXeMbI paauoONepPeIATYNKOB

1. Obwue ceedernus

Pa3HooOpa3Hbie TUIBI MEPEAaTYNKOB BBIMONHIIOTCS Kak KOMOMHAIMM COOT-
BETCTBYIOIIMX KAcKaJoB U 0710koB. O00OMIEHHAs CTPYKTYpHAs CXeMa paJuonepeiat-
YHMKa MpeJcTaBieHa Ha puc. 1.1.

Lo YacToTHii b da308biil b AMIUTATYOHIA | | WMnynbCHbIA |
i ! MOZYnATop V! MOOYNATOD b MOLYNATOP b MOLYNATOP .
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i E Bosbynurens T : :' YacCTOThI ' MOILIHOCTH b MOIIHOCTH :
o . f u % ! i
1 ) ) | [ | [ + |
Lo S S " ! S S L __e !
- e R . e s
Lo | MY = MY = MY |
i Hctounuk Amnmapatypa

! COO00IIeHHs CYBC

Puc.1.1. O600ménnHas CTpyKTypHas cxema pajJuornepeaTauka

Ha puc. 1.1 o6o3Hauens: MY — MOAYISIIMOHHOE YCTPOMUCTBO; KaK MPaBUIIO,
yeunurenan Hu3koi yactotel; CYBC — cuctema ynpasieHus, OJIOKUPOBKH M CUTHAJIU-
3a1uu.

YacTroTHass MOAYJALMS OCYIIECTBISETCS B BO30ynuTeNe nepenardyuka, (azo-
Bast — B BU-yMHOXUTENSAX WM YCWIHTENSX, UMITYJbCHAS U amIuiuTyaHas — B BU-
yemnutensx. OgHonosiocHass MOAYJIALMS MPOU3BOAUTCSA B IEPBBIX KacKajax mepe-
narynka. Monynsarop — aro BU-kackan nepenardmka, B KOTOPOM OCYILECTBISETCS
Monyisanus. C momomipro anmapatypel CYBC aBTOMaTM4eckH BBINOJIHSAIOTCS Ce-
AyIOLIME OIepaluu: BKIoYeHUe/BoIkItoueHue PIInY, nepectpoiika no yacrore, cra-
OuM3aIys napaMeTpoB, 3alluTa MepcoHalia nepelaTyuka Npyu HapyeHuu HOpMallb-
HBIX YCJIOBUM SKCIUTyaTalluu U T.J.

IIpu cocraBiieHun U pacué€re CTpyKTypHOU cxemsbl PIInY wmcxondar u3 ero Ha-
3HAYEHMsI, YCIOBUH pabOThl U CIEAYIOLUMX OCHOBHBIX IapaMeTpoB: P 4— BBIXOJHOHN



MOIIHOCTH, MOJABOAUMON K aHTEHHE; ffy...fp — AMana3oHa pabo4MX YacTOT, CTa-

OWJIBHOCTH YaCTOThI, BU/1a MOJYJISILIUU U XapaKTEPUCTUK MOIYIUPYIOLIET0 CUTHAIA.
CocraBiienre CTpyKTypHOU cxeMbl PIInY sBnsieTcss OpuEeHTHPOBOYHOM Mpolie-
IypOH, OCKOJIBKY OHA IPOU3BOJMUTCSI HAa OCHOBE UCIIOIB30BaHUSA YCPEAHEHHOIO KO-

s durmenra ycunenns no mornHoctT Kp, mpepcrapisroniero co0oif OTHOLIEHHE

HOMHUHAJIBHBIX (TTACTIOPTHBIX) MOIIHOCTEH 3JCKTPOHHBIX MPHOOPOB JBYX COCEIHHX
KacKaJoB. 3aja4a COCTaBJICHHUS CTPYKTYPHOU CXEMBI COCTOMT B TOM, YTOOBI OIIpEIe-
JUTH PAIMOHAJILHOE YKCIIO KACKAJOB BBICOKOW YacTOTHI MEXIY aBTOI'CHEPATOPOM H
BbIXozoM PIInV, oOecneumBaromee BBITIOJHCHHUE 3aJIaHHBIX TEXHUYECKHX TpeOoBa-
HUH K MepefaTYrKy NP MHUHHMAJIBHBIX 3aTpaTax CPEACTB HAa WU3TOTOBIICHHUE M NPHU
noctaTodHo BeicokoM KITJI.

Konebanus manomorHoro Bo30ymutens (Pg,y <0,01BT) m cpaBHHTEIBHO
HU3KouacToTHOrO ( f 4y <10MI'1) mocnenoBaTeabHO YCHUIMBAIOTCS HECKOJIBKUMU

KacKaJaMu YCWJICHUS M YMHOKEHHUS YacTOThI, T.€. JOBOJSATCA JI0 3aJJaHHOM MOIIHO-
CTH Y YaCTOTBHI.

Ecin pabouas dacTtoTa mnepenaTyvka JIEKUT B HEKOTOPOM JUala3oHe
Af = fp — fy, TO mocTpoeHue Bo30yauTens ycnoxusercs. [Ipu HeOonpmoM yncie

pabounx 4acToT BO3OYIWUTENIb CTPOUTCS MO MPHUHIUITY KBapIl-BOJIHA, YTO O3HAYAECT:
Ka)JIOW U3 4aCTOT COOTBETCTBYET CBOM KBaplLEBbIM aBTOreHeparop. llepexon ¢ ognoun
YacTOThl Ha JPYTYI0 OCYIIECTBIISIETCS C MOMOIIbI0 KOMMyTaropa. B mpocTenmmx
BO3OYIUTENSAX TAKOTO THUIA UCIOIb3YeTCsl TaKKe HHTEPIOJSAIMOHHBIA MPUHIUM
dhopmMupoBaHUs BBIXOJHBIX KojeOaHui. [Ipu GonblioM yuciae 4acTOT BO3OYIUTEINb
npecTaBisieT coboi 1U(POBOM CHHTE3AaTOP YaCTOT, B COCTAB KOTOPOTO BXOJUT
KBapIIEBbI aBTOI€HEPATOP, Ha3bIBAEMbI OMOPHBIM, JEIUTEIb C IEPEMEHHBIM KO3 (-
dbunmenTom aeneHus u cucrema OAITY.

B MOUIIHBIX OKOHEYHBIX TPAH3UCTOPHBIX KacKajax MPUXOIUTCS OOBEIUHSTH
JUISL COBMECTHOM pabOThl MHOTO (JECATKH, COTHH) TPAH3UCTOPOB C MOMOIIBIO CXEM
CJI0’KEHHUS MOIITHOCTEM.

B npoMexyTouHBIX Kackajgax HEe0OXOJIMMO HCIOJIL30BaTh MPUOOPHI C BHICO-
kuMu koddpdunmentamu ycwieHus no MomHoctH. KIIJI memneit coriacoBanus
00b1uyHO He Oonbmue. OpuentupoBouno KIIJ[ meneii corimacoBaHusi MOTYT OIpese-
naThCs Tabm. 1.

Tabnuua 1
Kp 10 20 >4()
n 0,8 0,7 0,5 0,4 0,25
Ji(o

HpI/I COIIOCTABJICHUHN CIIPABOYHBIX HJAdHHBIX C Tpe6yeM01‘/'1 MOIITHOCTBIO Pl Ha

HCKOTOpOﬁ qacCTOTC f HYXHO HMCTb B BHAY CIICAYIOOICC: MAKCUMaJIbHaAsA
MOIITHOCTH Pl MaJIO UBMCHACTCA B PA3JIMYHBIX CXCMAX U HA PA3JIMYHBIX 4aCTOTAX, TAK

KaK OOBIYHO OorpaHuYCHA JOIIYCTUMBIMH MOIIHOCTAMHU PACCCUBAHUA, KOJJICKTOPHBIM
HaAIIPSAKCHUCM UJIIH TOKOM;, KHI[ KOHHCKTOpHOﬁ LOCIIN 77 HCCKOJIBKO ITOBBLIINACTCSA C

YMCHBIICHUCM YaCTOTbI, OJHAKO 3TH HU3MCHCHUA HC3HAYNTCIIbHBI, KOS(i)(i)I/IHI/IeHT



YCUJIEHUSI IIO MOLTHOCTH HA 4acTOTax, i€ OH HE U3BECTEH, OIIpeaeseTcs 1o popMy-
2

4
K _ R‘! f
aIe Bp —48p 7 . lITpuxoM 0003HAUYEHBI TUIOBBIE IKCIIEPUMEHTATIbHBIE KO Pu-

UMEHT YCUJIIEHUS 110 MOITHOCTH U YaCTOTA, B3SIThIE U3 CIIPABOYHBIX JaHHBIX.

Pacuér ctpykTypHo#t cxembl PIInY HaunnHaeTcs ¢ onpeneneHuss HEOOXOIUMOT0
quciia TPAaH3UCTOPOB JIJIS MOJTYUCHHS 3aJaHHON MOITHOCTH U, KaK MpaBUjIo, C BEIOOpa
AKTUBHOI'O 2JIEMEHTAa OKOHEYHOT'O KacKaza.

2. Ilpumep nocmpoenuss cmpykmypHou cxembl paouonepedamyura

HcxonHble TaHHBIE: COCTABUTH CTPYKTYPHYIO CXEMY PaJuONEPENArOEro yCT-
porictea (PIInY), nmeromero BbixoaHY! MouiHocTs P 4= 7,5 Bt Ha uactote f =

=50 MI'n. Mopynsuust ammnutyaHas (m = 1). Jlomyctumass HecTaOWIBHOCTH

yactotsr 107°. Hanpsioxkenue nuranus £ = 12 B.

a) BeiOOp aKTHBHBIX JIEMEHTOB JIJIsl aMILTUTYTHOTO MOAYJISITOpPA.

AM npou3BoguTcsi MO0 B OKOHEYHOM Kackaje, MO0 OJTHOBPEMEHHO B OKO-
HEYHOM U MpPEeJOKOHEUHOM Kackajax. [locnennuii ciydail mpruHaAJIeKUT K KOMOUHU-
POBAaHHOW MOJYJISIIUHU, YTO SIBJSETCS PAa3HOBUIHOCTHIO AM. [l mMpoeKTUpyeMoro
PIInY BoiOuMpaem koMOMHUpOBaHHYIO Moayisiuio. [Ipy AM BBIOOp OKOHEYHOTO
TPAH3UCTOPA ONPEAEIAETCA PEKUMOM MaKCUMaIbHOU MOILHOCTH:

Pymax = P4(1+m)? =7,5-4 =30 Br.
Takas momHocTh Ha yactote 50 MI'1y MOXeT ObITh MOJTy4eHa HA TPEX TpaH3M-

ctopax tuna KT903A. KonebaTenbHast MOUTHOCTh B KOJJIEKTOPHOM LEMU TPAH3UCTO-
pa BBIXOJHOTO Kackaga Pj, cTporo roBopsi, OTJIMYaeTcs OT MOLIHOCTU OTAaBacMoON B

HArpy3Ky P 4 max H3-3a IIOTEPH B LEIHU COINIACOBAHMS.

PA max PlrlllC >
rae 7,c — KIIJI nenu coryiacoBanus.

OOb1yHO B TPAH3UCTOPHBIX TICPCAATUMKAX BILJIOTH OO0 BOJIH ACHUMCETPOBOIO
AWAaIIa3oHa BCCra MOKHO ITOJIYUUTh BCIINYUHY nUC , MAJIO OTJIMYAIOMIYIOCA OT 1. Ilo-

3TOMy HpI/IHI/IMaeM
P =B =30 Br.

Kak nmpaBwuiio, U3roTOBUTENN TPAH3UCTOPOB YKAa3bIBAIOT HEKOTOPBIE TUIIOBBHIE
JKCIICpUMCHTANIbHBIC JaHHble. Bocmomedyemcs umu. Torma mpu [’ =50 M,

' ro_
P'=10 Br, K =3.
OpI/ICHTI/IpOBO‘IHO JJIs1 B036Y)KIICHI/IH TPAaH3UCTOPOB OKOHCYHOT'O KdCKalla HC-

00X0/1MMa MOIIIHOCTh

P 30
P =—=—=10 Br.
BXok K 3

p



BXonHasi MOIIHOCTh /I OKOHEYHOro Kackana Ppy .. OYAET ABIATHCS BbI-
XO/IHOH MOIIHOCTBIO TIPE/IOKOHETHOTO KaCKana Pppry re» T-€. PRpry e = Ppx o -

HeO6XOIII/IMO OIIPCACINTD ITOCTOAHHOC HAIIPSKCHUC HAa KOJUICKTOPC B PCIKUMC

MaKCHUMaJIbHOM MOIITHOCTH EK max » KOTOPOC CKJIaAbIBACTCA M3 HaHpH)I(eHHﬁ, moJjay-
YCHHBIX OT MOAYJIATOPA UQ =mkE nyr WU UCTOYHHKA ITMTaHUA

E

K max

max
= Epr (1+m) =24 Bt <E goon.

Be16op THna TpaH3uCTOpa MPEJOKOHEYHOIO KacKazia ONpeleNsaeTcss He TOJb-
KO HEOOXOAMMOM BEIMYMHOW MOIIHOCTH P|j7x, HO M BenuduHoW Kppx 3TOro

TPAH3UCTOpPA W HAIIPSKCHUCM IIUTAHUA C€TO KOJIJICKTOpHOﬁ O CIIu. YIIO6HO,"ITO6BI
HpCHOKOHCqHBIﬁ KaCkaJd MOT' IMUTATBCA OT TOT'O K€ MCTOYHHKA C HAIIPAKCHUCM En )

YTO U OKOHEYHBIH Kackaa. B oTiauyme oT KOHTypa OKOHEYHOro Kackaja 3/1ech MpHU
JOCTaTOYHO BBICOKMX KO3(P(PUIMEHTAaX YCUJICHHS TPAH3UCTOPA MO MOIIHOCTH Helle-
1ecoo0pasHo MpebsBIATE TpeboBaHue Bbicokoro 3HaveHust KIIJI koHTypa 71pC.

[TpenoKOHEeUHBIH TPAH3UCTOP OJHKEH 00J1a1aTh MOIHOCTBIO :
Ppxox

MuCnx

Pk =

Hpumem npc =0,7; Torna
PIHK = 10/0,7 = 14 Br.
Taxyro MOIIHOCTH IpU BBICOKOM K p MOYKHO IOJyYUTh OT ABYX TPAH3UCTOPOB

KT904 .
Ha pa6oueii yactore 50 MI'i K p npe1oKOHEUHOT O KacKaja:
2
S ( 100]2
K =Kp| — | =8| —| =32.
PIIK P f 50
MoHocTh Ha Bxoje Tpan3uctopoB KT 904 paBua

P
:ﬂ:ﬂ:0944 Br.

BXnik
K PITK 32
KOJIJICKTOpHOC IMUTAHUC 3TUX TPAH3UCTOPOB MOKHO OCYIICCTBIIATH YCPC3 06-
MOTKY TpaHC(I)OpMaTOpa. HpI/I 3TOM MOAYJHPYETCA OJHOBPEMCHHO OKOHEYHBIN U

HpCHOKOHeqHBIﬁ KaCKaabl, 4YTO O6YCJ'IOBJ'II/IB3,CT MaJible HEJIMHCHHbBIC NCKAXKCHMUS.

0) Boi6op AD niist aBTOreHepaTopa U MpOMEKyTOUHBIX KackaoB 2, 3, 4.
JlanbHeiiliee MOCTPOCHUE CTPYKTYPHOM CXEMbl MPOU3BOJIUM CIEIYIOUIUM 00-
pazom.

OO6patuMcst K BBIOOpPY TpaH3HMCTOpa JJisi aBToreHepartopa. Ilockonbky mormyc-

THMAs HecTabuIbHOCTH10 > ,TO 3TO OOCTOSITENIbCTBO OMpeAesieT HEOOXOAUMOCTh
MMETh B BO30yAHTENIe KBapieByr crabwimzanuio. Kpome Toro, Al mobkeH OBITH
MaJIOMOIIIHBIM U paboTaTh HAa OTHOCUTEJBHO HU3KOW uacTtoTe. B 3aBUCUMOCTH OT



qacToThl A" M €ro BHIXOJJHOW MOIIHOCTH OMPEACIISIETCS YUCIIO MPOMEKYTOUHBIX Kac-
kanoB. Eciau ucnonb3oBaTh B cxeMe NepefaTyrKka ABa yTPOUTENsl, TO YacTOTa BO30Y-
nuTens OyneT paBHa

frap 50
= LPAB _ 27 o5 5MI'n.
Jaan ===

Jlns  aBTOTrEeHEpaTtopa CieayeT BbIOpaTh BBICOKOYACTOTHBIM MAaJOMOITHBIN
TpausucTop, umerommii  f; >(20-50) f,, T.e. Tpansucropsl Tuna KT 334, KT 324 u
np. Beibupaem tpansucrop mns AI' KT331 ¢ gomycTuMol MOUTHOCTBIO pacCesHUS
0,015Bru f =250 M.

[Tonmo>xuM, 4TO BBIXOIHASI MOIITHOCTH Hariero Al™ momxHa 6bITh paBHoii 0,002 Br.
Torma mexay Bo30OymuTeNeM M MPEJOKOHEYHBIM KAacKaJOM MOKHO MOCTaBUTh TPHU
KackaJa: IBa MAJIOMOIIHBIX YTPOUTEINSI U OJMH OTHOCHUTEIILHO MOIIHBIA YCUIUTEIb-
HbI Kackaja. Takum oOpa3oM, OpUEHTHUPOBOYHO CTPYKTYpHasl cxemMa IepeaaTduka
Oyner UMeTh BUJL:

1 2 3 4 5 6
A
AT YMH. YMH. YM Ml M2 4\(

qacrt. qacrt.

\ 4
\ 4
\ 4
\ 4
\ 4

Puc. 1.2. CrpykTypHas cxema nepeaaTyuka

Bo30yxxnate TpaH3UCTOpPHI MPEIOKOHEYHOTO Kackaja MOXKHO OT YCHIIUTENS,
KOTOpBIﬁ JOJDKCH 00€ecCIeunTh MOIITHOCTS:
p Lo, 044
M, — - 0.4 ~
2

Tlyeyum,

1 BT.

Takyro momrHOCTh Ha yacToTe S0 MI'1 MOXKHO MOJYYHUTH C MMOMOIIBIO TPAH3H-
cropa KT 602. 3tor tpan3uctop Ha yactore 50 MI'11 uMeeT BBICOKOE yCUJIEHHE IO
MOIITHOCTH:

' f’ 2
KP:KP =L 264224
f

Ha B030y:x1eHue kackaga TpeOyeTcsi MOIIHOCTb

P
o 18T 05 BT,
24

PBX4 = K

Teneps nepeitiém K BIOOPY TPAaH3UCTOPOB I yMHOKUTENEH. {15 OOIbIITUH-
CTBa CXeM, pa0OTaIOIMIKNX B YMHOKHUTEILHOM PEXUME, MOKHO CUUTATh, YTO MIPHU Yac-

P

TOTEe BO3OYXICHHS f < O,3f—T BBIXO[HAsl MOIIHOCTh U KO3(P(GUIIMECHT YCHIICHUS TI0
0
MOIITHOCTH TPaH3HMCTOpa MajaroT B NV pas:
A Kp

Py=-L K, =P
N=N O Ty



B pexume ymuoxxkenust KIIJ] konaekTOpHOro KOHTypa JOJKEH ObITh 00s3a-
TEJIbHO HEBBICOKUM, T.K. B IPOTUBHOM Cllydae M3-3a HU3KOW Harpy>KeHHOW 0OpOT-
HOCTH KOHTYpa OyAyT IJI0XO OT(HUIBTPOBBIBATHCS COCETHHE TAPMOHUKH.

[Ipu mocTpoeHHH CTPYKTYPHOM CXEMbl BaKHBIM C TOYKH 3pE€HMs YHU(DUKAIIUN
ABJIACTCS IPUMEHEHHE 110 BO3MOKHOCTH OJHOTHUIIHBIX TPAH3UCTOPOB. ECiu npuHATH
Ny = 0,7, TO TPAH3UCTOP YMHOKUTENS TOJKEH 00€CIIEUUTh MOIIHOCTh

Pgys 0,04
nyy 07

B kauecTBe akTUBHOTrO 3J€MEHTa B YTPOUTEIE MOXKHO HCIOJIb30BaTh TPaH3U-
crop KT 602:

PIYM3 = ~ 0,06 BrT.

1
Py = 3 0,3 Bt > 0,06 Br;

24

KPN:3 :?:8.

Ha B030yxaeHue TpeThero kackajaa (BTOPOro YMHOXHUTENs) TpeOyeTcss MOIIl-
HOCTh
0,06

PBX3 = ~ 0,0075 Br.

Ilpumem 1nyy, =0,7. TpaH3UCTOP NEPBOTO YMHOXKHUTES JOJDKEH BbIpaOaThI-

BaTh MOIIIHOCTb
0,0075

PIYM2 = ~ 0,0IBT.

b

PaccMoTprM BO3MOXKHOCTH MCHOJB30BAHUSI B KaueCTBE aKTUBHOI'O 3JIEMEHTA
tpan3ucrop KT 331. Kak u3BecTHO, TpaH3UCTOP CIENYET BHIOMPATh TAKOM, Y KOTOPO-
ro JIOMyCTUMasi MOIIHOCTh PAaCCEMBAHUA TOTO K€ MOPSAKA, YTO U KosebarenpHas — P .

VY tpanzucropa KT 331
Prop =0,015Br.

Ecnu npumenuts popmyny

(1-m)
Py =hH e
n
U npuHATh 171= 0,5, 4T0 crpaBeATMBO I OOJIBIIMHCTBA IMOJIYIPOBOAHUKOBBIX MPH-
6opos (17;=0,5...0,7), To
Py =Py =F =0,015 Br,
CJIEIOBATEIBHO, B YCHIIMTEIIBHOM PEKHME TPAH3UCTOP O0SCIICYUT
P =0,015BTt, K, =8.
[Tockonbky B ymHOXkuTene P; u Kp ymensmaiorcss B N pas, TO
By, ~ 0,005 Br, K, ,*3,

By, = 0, 205 = 0,002 Br.




Takxum 06pa3om, B pe3yiibTaTe pacuera CTpYKTypHas cXeMa pajuorepeaaTyuka
OPUEHTHPOBOYHO OYJIET UMETh CICAYIONTUNA BUI:

TA
AT | 0,002Br 0.011B1 0.06B1 1,0Br | 2mp. | 14Br| 31p. | 30Br
KT331 » KT331 KT602 » KT602 > KT904 > KT903

—— 5,5 MI'y ——4—16,5MI'—¢— 50 MI'i—4——50 MT'y —4— 50MI'u— 50MTI'n

2 o
. 7

® Gl

Puc. 1.3. CrpykTypHas cxema paauornepenraryuka

[lepBblii YMHOXKUTENIb U ABTOT€HEPATOP TPEOYIOT MOHM)KEHHOTO MUTAHUSA, KO-
TOpOE 00€CIeYnBaEeTCsl MYTEM BKIIOUEHMs racsauiero pesucropa. CTaOMINTPOH MO-
BBIIIAET CTA0MIBLHOCTD HanpsikeHus B Al

3. VYnpaosicnenus u 3aoauu

1. M300pa3ute CTPYKTYpHYIO CXEMY MepeaaTdyuka ¢ 4aCTOTHOM MOIYJISIUEH |
MOSICHUTE Ha3HAUEHUE €€ KackanaoB. 3 kakux cooOpakeHUN BHIOMPAIOTCS] aKTUBHBIC
AJIEMEHTHI IJIsl OKOHEUHOI'0 Kackaaa?

2. N3006pa3ute CTpYKTYpHYIO CXeMy Iepenatuuka ¢ (a3zoBOd MOAYJAIMEH U TO-
SICHUTE HA3HAYEHHUE OTACIBbHBIX €€ KacKaJoB. B ueM mpeumyliecTBa U HEJOCTATKU
TAKOTO nepeaaTyuka’?

3. Tlo KakuM ONPUYUHAM HCMOJB3YIOT CXEMbl CYMMHUPOBAHHUSI MOIIHOCTEN aKTHB-
HBIX 3JIEMEHTOB, OTJACJIBHBIX PaJAHMOYacTOTHHIX OJ0KOB? HazoBute crocoOwl croxe-
HHS MOIITHOCTEM.

4. C xako# LIeNbI0 UCMOJB3YETCA B MEpeAaTUYMKax PEKUM CUHXPOHHU3ALMMU T€HE-
paTopoB? M3o6pasure cxemy BbIXOAHOTO Kackana PIInY, B xoTopoil mpumeHsieTcs
ATOT PEKUM.

5. YUto Takoe paguOCUTHAI U KAKUMHU MapaMeTpaMu OH XapaKTEepU3yeTcs?

6. UeM oTim4aroTCs aHAJIOTOBBIE U ITU(POBLIE paguonepeaaronue yCTpoucTra?

7. Tlepeunciute TOCTOMHCTBA, HEIOCTATKH M 00JIACTH TPUMEHEHHUS TTPOBOJIHBIX U
OECITPOBOIHBIX PAAUOIUHUM.

8. B ueMm coctout npouecc Mmoaynsiuuu? [lepeunciaure BUABI MOAYJALIMU, UX OC-
HOBHBIE JIOCTOMHCTBA U HEJOCTATKH.

9. B ueM cXOXE€CThb M OTIWYME MPOILIECCOB MOAYISAUMM U MaHunyasiuu? Ilepe-
YUCIUTE 00JIaCTU MPUMEHEHUS MaHUTTYJISIIIUU.

10. Ilepeuncnute paguOTEXHUYECKUE CUCTEMBI, B KOTOPBIX UCTIOJIB3YIOTCS PaIUO0-
Nepegarue yCTpOUCTBA.

11. TlpuBeaure kiIaccuuUKaMIo paaHONEPEIAONINX YCTPOUCTB, MPUHATYIO B
ctpanax CHI'.



12. [lepeuriciuTe OCHOBHBIE NapameTpbl PagUONEpPEaTIUNKOB U OOBSICHUTE HUX
3HAYECHUE JJISI PATMOTEXHUYECKOU CUCTEMBI.

13. Yto Takoe KIIJ[ PIInY? Kak on ompenensiercsa? Kakue mepbl HEOOXOIUMO
MIPUMEHHTB JJISI €TO MOBBIIEHUSA?

14. B xakux paauornepenamnx yCTPOMCTBAX UCTIONb3YETCs YMHOKEHUE YaCTOTHI?

15. PaccumnTaiite K03 PUIIMEHT YCUICHHS PaJuoNepeIaTyuKa 10 MOIIIHOCTH B pa3-
ax W JeuuOernax MpU MOIIHOCTH CUTHaNa, IepenaBaeMoro B aHteHHy P, =15 kBr,

k03 unnent K 4y = 0,75 n momHocTH Bo30ynutens Ppozy = 10 MBrT.

16. N300pa3ute CTpyKTypHYIO cXeMy MHorokackajanoro nepenaruuka PJIC. Ilo-
SCHUTE HEOOXOAMMOCTh MHOTOKACKaIHOTo noctpoeHus PIInV.

17. ChopmynupyiTe TeXHUUECKHE TPEOOBAHUS U COCTABbTE CTPYKTYPHYIO CXEMY
nepenaTynka sl 3ByKOBOTO CONPOBOXKIAEHHUS TEIIEBU3MOHHBIX TPOTPaMM.

18. Paccumuraiite k03(pdUIIMEHT YyCUJICHUS] paJuoNepenaTyrka Mo MOIIHOCTH B
pazax u aenudenax npu kodppuureHTe yCuieHus nepBoro kackaaa 7 b, BToporo —
10 nb, tpetbero — 5 nb. CocraBbeTe cTpyKTypHYIO cxeMy PlInVY marucrpanbHoli pa-
JTUOCBSI3U, paObOTAIOIIETO C OAHOMOJIOCHON MOYJISIIHEH.

19.CocraBbTe cTpyKTypHYyI0 cxemy PIInY mudposoit paguopeneitHoll NUHUU |
chopMynHpyHTe TEXHUUECKUE TPEOOBaHUS K MEepeJaTUUKYy.

20. N3o0pa3ure cTpyKTypHYIO cxemy aboHeHTckoro PIInY coToBoii cuctemsl pa-
IUOCBSI3U 1U(poBoro tuna. [losicHUTe TPUHIMI TOCTPOEHUSI COTOBOM CUCTEMBI pa-
IUOCBA3U, PACIpEAEIICHUE B HEW YaCTOTHI.

21. Chopmynupyiite TeXHUYECKHUE TPEOOBAHUS U HAPUCYHTE CTPYKTYPHYIO CXEMY
YKB UM nepenaruuka crepeopOHHUUECKOTO paIiOBEIIaHus.

22. HapucyiTte CTpYKTYpHYIO CXEMYy paAuoNepeaaTUnKa-pETPAHCIATOPA IIPHU
MHOT'OCTaHIIMOHHOM JOCTYIIE C YaCTOTHBIM pa3/IeIICHUEM KaHAJIOB.

23. ChopmynupyiTe TeXHUYECKUE TPEOOBAHUS U COCTaBbTE CTPYKTYPHYIO CXEMY
nepeaaTyruka nudpoBoro paauorenedoHa.

24. CocTaBbTE CTPYKTYPHYIO CXeMy paauoBemiarenbHoro YM-nepenaruvka, pa-
OoTarolero no cxeme npeodpazoBaHus (pazoBON MOIYJSIUHU B YACTOTHYIO, €CIIH He-
cymas yactorta 45 MI'n, neBuanus yactorsl 50 k', mojioca MOAYIUPYIOMINX YaCTOT
30 — 15000 I', neBmarust ¢assl 2,5 paauaHa. BeixogHas MOIIHOCTH TMepeaTIMKa
1 xBT.

25. ChopmynupyiiTe TeXHUUECKHE TPEOOBAHUS U COCTABbTE CTPYKTYPHYIO CXEMY
nepegaTyYuka ONTHYECKOro JUara3oHa.

IIPAKTHYECKOE 3AHATHE Ne 2

DNEKTPOHHBIE PEKUMBI TEHEPATOPOB ¢ BHEIIHUM Bo30yx)aeHueM (I'BB)

1. Obwue ceeoenus

I'eneparop ¢ BHemHUM Bo30yxaeHueM (I'BB) mnu He3aBucuMbIM BO30YXII€E-
nueM (I'HB) mpennasnauen s nmpeoOpa3oBaHHsl SHEPIHMM HMCTOYHMKA TMUTAHUS B
HHEPTUI0 BHICOKOYACTOTHBIX KoJieOaHUN. DTO HAa3BaHHWE T€HEPATOp MOJYUUI B CHILY
TOTO, YTO CBOM (DYHKIIMU OH BBIMOJHSET TOJBKO MPHU MOJaye HAa €ro BXOJ CUTHaia



ONpPEeACIEHHON aMIUIMTYIbl M YaCTOThl OT BHEUIHETO, HE3aBUCHUMOTO MCTOYHUKA KO-
ne6anuii. 'BB coctout u3 akruBHOTrO 251emMeHTa (AD), cucteMbl Bo30yxaeHus (CB),
Harpy3ouHoi cucteMsl (HC), nctouHukoB nutanus u cMemenus E u Eqyy u ne-

neit 6nokupoBku Cpy b X Cppix b CB conep:KUT HCTOYHHUK BO30YXKIECHUSA U BXOJI-

HYIO IIeTb COIJIacOBaHUs, o0ecrneunBaeT (HOPMUPOBAHUE TAPMOHHUYECKOT'O BXOIHOTO
HanpsHKEHUsT WK BXOJHOTO TOKa W nojady nocieaHux Ha AD. B HC BxonsT uenb
COTJIACOBaHMS M Harpys3ka, Kotopas obecreunBaeT (OPMUPOBAHHUE BBIXOJHOTO CHT-
Haja U Mojady ero B aHTEHHY WM Ha BXOJ Mocleayromiero kackaaa. O600ménnas
cxema ['BB umeer cienyrommi Bu:

{BX {BHX
—> 4—
—o
A
CB Upos Upx AD BBIX Uy HC
v
e ©
| | | |
[ 1 |
CBXQ) CBBIX@

Puc. 2.1. Oboowennas cxema I' BB

Bo BxoaHo# nenu AD AEHCTBYIOT CIEAYIONIME HANIPSKECHUS : HAIPSIKEHUE BO3-
OyXKIEHUS Uy,, =U,, cOsS®!, ynpaBisioliee MpoieccoM MpeoOpa3oBaHUs dHEPTUU
MCTOYHHMKA ITOCTOSIHHOTO ToKa Ej; B 3Hepruto BU-konebaHuil; MOCTOSHHOE Hampsi-
’KEHUe cMelleHus Ey, , onpenensdomnee BEI0Op paboyell TOUKU Ha CTaATUCTHYECKON
IPOXO/HOM Xapakrepuctuke AD. MCTOUHMK MEPHOAMIECKOTO BO3OYKACHUS Ug,; U
UCTOYHHUK IIOCTOSIHHOIO CMELIEHHUs E(s CO3AI0T BO BXOAHOW Lemu AD TOK iBX,
oOpa3ylomnuii Ha yHOpaBJSIONIEM 2JJIEKTpojae AD MIHOBEHHOE HamNpshKeHUE
Upy = ECM +U gy COS@ I . Tlog nercTBUEM 3TOTO HAIPSHKEHUS U BKJIOUEHHOM HCTOY-
HUKE MUTAaHWsI BBIXOIHOM 1ienn Ej; Ha BbIxoge AD MOSBISIETCS BBIXOIHOM TOK Igp vy .
OTOT TOK MPOXOIUT IO LETSAM Harpy304HOM CUCTEMBI U 00pa3yeT MajeHue HampsoKe-
Hus Upg, B pe3ynbTare 4Yero Ha BbIXoAe AD TMOSIBIAETCA HAIPsSKEHUE
Uprrx :EH—uH :EH_UH cosmt .

OcHoBHbIMHU pexxuMaMu padoTel AD I'BB sBastorcs: Henonanpspkéansiii (HP),
rpannusblii (I'P) u nepenanpspoxkénnsiii (I1P). BB ¢ mocTossHHON aMIUIUTYION CHUT-
Hajia Ha BBIXOJI€, KaK MPaBUIIO, pab0OTaeT B KPUTHYECKOM PEKHUME, TaK KakK ITOT pe-

KUM XapaKTCPU3YCTCA HAWIIYUYIINMHU JHCPICTHYCCKUMM ITOKA3aTCIIIMU. FpaHH‘lHBIfI
PEXKUM 1aCTO UMCHYIOT KPUTHUYCCKHUM, IIOCKOJBKY OH OYUCHbB KPUTHUYHO PCAarupycT Ha



U3MEHEHUE HanpsbkeHun U, , Ecps,Ej7 u conporuBieHue Harpysku Zpy. Ilpu

BX >

yYBEIMYCHUU U,, ,

Ecpys m ymenesmienuu £y conportuBieHus Ry reHepaTop «CBa-
JIMBACTCS» B NIEPEHANPSKEHHBIN, @ B IIPOTUBOIIOI0KHOM CIIy4ae — B HEJAOHAMPSIKEH-
HBIU PEKUM.

Ouenp yacto I'BB HaspIBaroT ycwimreneM, MOTOMY YTO Ha €ro BBIXOJE IIPaK-
TUYECKU BCET]a BBILIE U TOK, U HAIIPSDKEHUE, B KOHEYHOM CUYETe U MOIIHOCTh. Kpome
TOr0, MepBasi rapMOHMKAa TOKAa M HAIPSDKEHHS Ha BBIXOJE IO (opME COBHANAET C
BXOJIHbIM curHajoMm. [loatomy BaxkHeimum nokazarenem ['BB sBusercs koaduin-

€HT yCHWJIeHUsI 1Mo MomHocTH K,. OJIHAKO paccMaTpUBa€MOMY YCTPOWCTBY OOJIbIIE

MMOAXOOUT HA3BAHHUC I'CHCPATOP, ITIOCKOJIBKY €T0 BBIXOI[HOﬁ TOK IIO (1)0pMe HE COBIIa-
AacT C BXOOAHBIM CHUI'HAJIOM, a4 TCHCPUPYCT MCPHUOJNICCKYIO IMMOCIICAOBATCIIBHOCTL KO-
CUHYCOUIAJIBHBIX HUMITYJIBCOB, KOTOpPAsA MOXKCT OBITh npcacTaBjCcHa psaa0oM <Dypbe.
IlocTosiHHAS COCTaBJAOIIAA U aMINIMTYyAbl KOCUHYCOUAAJIbHOT'O UMITYJIbCA JICTKO OII-
peaAciIAI0TCA C ITIOMOIIBIO KOG)(l)(bI/ILII/ICHTa IIPpONMOPIHUOHAJIBHOCTH &, X1,AD,..., KOTO-

pbIe 3aBHUCAT TOJIBKO OT yria orceuku 6. MX 3HaueHue omnpenesisioT mo Tabiuuam
1160 1o rpaduxam.

B 3aBucuMOCTH OT yria OTCEYKM pa3IUYaloT CIEAYIOIIUE KIAacChl PabOoThI
I'BB: 4 — mpu 6 =180°; 4B — npu 90° <60 <180°; B — npu 6 =90°; C — npu
0 <90°. Knacc /[ Ha3pIBaeTCs KIIFOYEBBIM PEKUMOM.

bananc MOIIHOCTEH [J1s1 BBIXOHOMU I[N MMEET BH]T

fy=H+Ppyc-
rae Fy — MOIIHOCTb, OTpedsieMast OT UCTOYHUKA ITUTaHHUS;
Pp 4 — MOIIIHOCTb, paccenBacMasi B BUJIE TEIUIa Ha BBIXOJHOM 3JIEKTpojie AD;

P =0,5U 1 gy, — none3Has MOIIHOCTE Ha BBIXOJIE TEHEPATopa, T/e
Ipg [x| — HepBas rapMOHHMKA BHIXOHOTO TOKA I'BB.
bananc MomiHocTEeN BO BXOHOM 1I€IHU UMEET BUJT
PBXl :PCO +PPACBX9
rae Py, — MOIIHOCTh HCTOYHHKA BO30YX/IECHHUS;

POCM — MOIIHOCTHh HCTOYHHUKA CMCIICHMSI,

Ppx p 4 — MOLIHOCTb, pacCeHBacMas B BUJIC TEILIA HA YIPABIIAIOLIEM SIIEKTPOJIC AD.

Onextponnbiid KIIJ[ BeixomHoM nienu AJ:
_ B
Ny = P )
a nmosiaei KIT AD:
P]

= b
P, + PCo + PBX]

U

Koadpdunment ycunenus:t AD nmo montHocty B 'BB:



P

K, =8B
Py
1 BBIX,
OTHolIeHUE g= Ha3bIBAIOT KOC—)(l)(I)I/II_II/IeHTOM (I)OpMBI BBIXOAHOTI'O TOKA.
BBIX,,
U
— —~ BbIX
OTHolIeHHE é —E— BbIpaXacT KOB(i)(i)I/H_II/ICHT HCIIOJIB30BAHUA HAIIPAKC-

17
HUA ITNTaHUA BBIXOJIHOﬁ O CIIn.

M3 BbILLIEN3NOXEHHOIO cnenyer, 4To

1 IBbIX] Ui _ 1

=21 B, 2%

BBIX, 0 7 2

B

B pexxume knacca A MakcumanbHoe 3HaueHue g =& =1 u teopernuecku KI1J]

HE MOXeT ObITh Oombie 0,5.

B pexxume ¢ oTceukoil MakcumanbHoe 3HaueHue & =1,a g — 2, T.e. TeOpeTu-
4ecKH 175 = 1. M3 ckazaHHOro 5icHO, uTO ycmiutens ¢ BeicokuM KIIJ[ nomxen pabo-
TaTh C OTCEYKOW TOKA, T.€. B HEJIMHEHHOM PEXUME.

[lonuyro uHpopManmio 0 pexxumax paboTel AD MOXET AaTh AUHAMHUYECKas
XapaKTEPUCTHKA, T.€. 3aBUCUMOCTb, KOTOpas OAHO3HAYHO CBA3BIBAET MIHOBEHHBIC
3HAYEHUS BBIXOJIHBIX TOKA U HAIIPSKECHMUS.

I'paduk annmpokcMMUPOBAHHONW AMHAMHUYECKON BBIXOJHOM BOJBT-aMIIEPHOU
XapaKTEPUCTUKHU M300paxeH Ha puc. 2.2, a. YyacTok I cOOTBETCTBYEeT HelOHAIps-
KEHHOU o0sacTH, yyacTok Il — nepeHamnpsi>keHHON, Touka A — rpaHUYHOM (KpUTHYE-
CKOI1).

Ha puc. 2.2, 6 moka3aHsl BPEMEHHbBIC 3aBUCHMOCTH Igp v (®t) mpu pas-

JINYHBIX 3HAYCHUSX BbIXOAHOTrO HanpspkeHust U pp;y M MOCTOSHHOM yrie oTced-
ki 0 =90". Hauano Bpemennsix orcuetoB (@f = 0)m1st Kaxa0ro pexuma yKa3aHo
Ha pUCYHKaX.
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Puc. 2.2. lunamuyeckas xapakTepucTuka (a) u hopma BRIXOJHOTO TOKa (0)

B Pa3JIM4YHBIX PEKUMax padOThl aKTUBHOT'O 3JIEMEHTA (B)

B HeloHANPSHKCHHOM  PeXXUME UMITYIIBC Iy ry (wt) umeer popmy 0Tpe3Ka KOCHHYCOUIBI U ETO
aMIuMTyaa Bospactaer ¢ poctom U gy v . B rpaHHdHOM peskiMe aMILINTYAa HMITYTbCa BBIXOJI-
HOTO TOKa MakCUMallbHa. B HeIOHANPSHKEHHOM PeXKUME B UMITYIIbCE Lpyry (wt) nosensercs

TIpOBaJl, yBeIMUMBaroIuiics ¢ poctom U gz iy .

I[JUI pacqéTa TOKOB CTATHYCCKHUC XaPAKTCPUCTUKH IIPUTOAHBI JIMIIb IJIA Oe-
SBIHCPIMOHHBIX aAKTHBHBIX 3JICMCHTOB, U3 KOTOPBIX TOJIBKO JIAMIIBI U IIOJICBBIC TPAH-
3HUCTOPHI B 0OJBIICH YacTH UX pa60qer0 Aralria3doHa 663I>IHepI_II/IOHHBI. I[JISI 6I/IHOJ'I$Ip-
HBIX TPaH3UCTOPOB (BT) HHTCPBAJ YaCTOT, I'IC UX IMOBCACHHUC OIIUCBIBACTCA CTATUYC-
CKUMH XapPaKTCPUCTUKAMU, COCTABIIACT HCCKOJIBKO IIPOUCHTOB OT BceH oOJractu pa-



06ounx gactoT. Yactoruele cBoiictBa BT HarisiAHO MPCACTABIIAOT YaCTOTHBIC XapaK-

TEPUCTUKU MOIYJIS ‘ ﬂ u pa3oBoro yriaa @ {3 » KOTOpBIE TIPE/ICTABIICHBI HA PUC. 2.3.

Becw nmuama3zon pabouyux 4acToT yJI00HO pa3aesuTh Ha TpU oOnacTu. B obnac-
TH HU3KUX YacTOT (OSa) 30,3%) BT MoxxHO paccMaTpuBaTh Kak OC3bIHEPIIMOHHBIH

B

AKTUBHBIM DJJIEMEHT C =B° u Pp = 0. B 1uanasoHe CcpegHMX YacTOT

(0,30) g <O < 30)) BT — unepnuonHslil 3neKkTpoHHbIN TTpubop. [lo Mepe yBenuye-

B

HHUA 9aCTOTBI B OTOM AHAIIa30HC 3HAUYCHHC

YMCHBIIACTCA, A gD ﬂ — YBCIIMYNUBACTCA.

B

HHCPIIUOHCH. OTIICJIBHBIC mapamMcCTphI BT cBs3anbl CICAYOIHUMHU COOTHOIMCHUAMM
B=15...30, Tﬁ ZBTT . SZBSBX . fOC :fT +fﬁ

ITpu

=0,707 u Qg = 45°. B nuama3oHe CpeIHHMX 4acToT @ > 3a)ﬁ BT Taxxe

BT

4500 L

T
—r
|
|
|
4

q
q
<
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Puc. 2.3. YacToTHBIE XapaKTEPUCTUKH OUMOJISIPHOTO TPAH3UCTOPA

2. IIpumep pacuéma I'BB

Hcxoaublie naHHbIE:

Paccunrtats reneparop MmomHocTeio 10 BT B ntnana3zone vactor 25 ... 50 MI'w;
HOMUHAJIbHBIA PEXKUM — IPAHUYHBIHN, HaNpskeHue nuranus 24 B.

Bri6upaem tpanzuctop 2T903 A co clieayronumMu napaMmeTpaMu:

f;=120MTu, P,, =30Br, S,, =0,44% R, =0,08xOm,
rb:ZOM,C}:JSOWD,sz(Q2—OJ)(},nglKMH®,EE) =60B,
0

n

L, =3A U, =60B, U =15...70.

oon on K6()0n

[Tomaraem, uro TpaH3ucTOp paboTaeT B pexxkume kiacca B, 6 = 90°.

=3B, Ly =5ulH, iy,

Pacyer KONJNEKTOPHOW Lenwu
1. AMmuTyna nepeMEeHHOTO HANPsKEHUS



8P, .
o1 (9 )Sep : EI%

Uy, = Ex| 0.5+0.5 \/1 =

L e

2. MakcumaibpHOe HaIIPSKCHUC Ha KOJUICKTOPC HE NOJDKHO ITPCBBIIIATD

]:19,2 B.

E =F_,.+(1,2..1,3)U <E  E =24+19,2-1,3=48,968 <60 B.
K. K ( ) K,y Ky Kmax
3. AmmuuTyzaa nepBoil TApMOHHMKHU TOKA
2P
Iy =—1;IK =&_104A
1 UK 1 19,2
ep

4. TlocTtosiHHAA COCTaBJAOIIAA KOJIJICKTOPHOI'O TOKA

[o4 (9) 0,319
I =221 <I :
<0 Ll(QJ el 3= {05 }104 0,655<3 A,

5. MakcuManbHbIN KOJJIEKTOPHBIN TOK

5

I
. ’ 0,655
=% < . - A.
*imax a,(0)  “maxoon >max 0,319 =2,074<3

6. MakcuMaibHasi MOIIHOCTh OTpe0sieMasl OT UCTOYHHMKA MUTAaHUS
Py=E, -1,;F,=24-0,655=15,96 Br.
7. Koadp¢puuueHT 1mone3Horo AeWCTBUSA KOJJIEKTOPHOM LENU MpU KOJUIEKTOPHOU
Harpyske

M5 =%; M = 151096 =0,62.
8. MaxkcuMmaipHas pacceuBacMas MOIMHOCTDb Ha KOJIJICKTOPC TPAH3HUCTOPA
Ppyc =P, =Py
P, =15,96-10=5,96 Br <30 Br.
9. HomMuHanpHOE CONMPOTHUBIICHUE KOJUICKTOPHOU 1SN
R, :&; R, = 15,2 =19 Om.
1 1,4

K

PacuerT BXOI[HOﬁ OCIIHu

1. COHpOTI/IBJ'IeHI/Ie MCXKOAY 68,30BBIM U OSMHUTTCPHBIM BBIBOAAMH TPAH3UCTOpA
IIpu h2130 = 30 .



R.=R. = h2130 1— h2130 .
0 "¢ 2g.f -C 27 f,-C, R, |
m -9 m- =0 hys

30

R. =R, = X

0 ¢ 2.314-120-10°-1200-107"

x| 1- 630 — - [~180m.
2.3,14-120-10°-1200-107'2-8-10

2. ConpoTuBJICHHUE MEXIY KOJUICKTOPOM | 0a30ii TpaHnzuctopa R1:
h
R=—20 g - 306 — ~2300Om.
27 fr - Cy 2-3,14-120-10°-180-10

3. Koadduruenr y:

X :1+71(0)'27['f1< Gy~ Ry

¥ =1+0,5-2-314-120-10°-180-1071%2 .19 ~ 2,3.
4. Ammnurtyaa Toka 0asbl:

2 2
1+ h2190'i 1+ 30-ﬂ
Ju 120
I.,.=x- A1 =2,3

- ’ . 1, 04 = 1,9 A.
‘! B 7, (0) " 30-0,5
5. HampsxkeHue cMemeHus Ha SMUTTEPHOM TEPEXOIE

yolr —6)- Ry .
Egy =—1g - 0 Mz + Eomes

S

1+ h21 0"

J ( 7

0,5-18
Egy =-19- 2 +0,7=-0,7B.

2
14(30.2%
120

6. IlocTostHHBIC COCTAaBJIAIOIIHNC 0a30BoOrO " OSMUTTCPHOT'O TOKOB

I 0,65
[ =—2%0 | =2"%0,02A,
60 h 60 30

2130
]90 = ]60 +IK0; 130 =0,65+0,02=0,67 A.
7. MaxkcumaibHOoe O6paTHoe HaIpsHKEHUE CMEIIEHNUS HA DMUTTEPHOM IIEPEXOIE:

P (1+cosb)-R,, o E
09

o D omc;
1+ (h2]30 ’ f]
S




E, =-19- 18 +0,7=-2,3<—-4B.
2
\/H(

2
30. 20
120

8. 3HaueHwMs LBX(B »Ipx,, 9RBX03 1 Cpyp,:

Ly :L5+%;LBX03 =5+%=7HFH;
~ [(1+71(0)-27r-fm-CKA 'RK)"%""%"‘?G (9)-27r-fK-LJ
’/'BXO3 - Z 4
) [(1+o,5-2-3,14-120-106-50-10-‘2-19)-2+o,5-2-3,14-120-10"’-50-10—9]
BX,, T

2,3

Tex,, =2 0M;

R :[’”6"'(1"'71(‘9)'}12130)"”3}

BX g 2z ~Tex,, T R,,, |:1 4 (‘9):| )
[2+(1+0,5:30)-0 ]
BX,, — —-2+18:0,5=7,9 Om.
03 2,3
By 100 , 30

- .C, = = 0,002 M.
Hoo2m-f, Ry TP 2.3,14-120-10°418

9. PesuctuBHaAs U PCaKTuBHAA COCTABJIAOINIUC BXOJHOT'O COIMPOTHUBIICHHNA:

R
Vox =Ty, + o =3y =2+ 7,9 >~ 20Mm;
1l n L 1+]30.2%
2150 fm 120
RBXoa';
xszzﬂ'f'Lona_ )
1+(h2130'fj
S
73.30.&
X, =2-3,14:120-10°-7-107 + 120__6,10m.

10. BxoaHast MOIITHOCTE

Py =0,5-17 -1y 3Py =0,5-1,97-2=3,6Br.

b



11. Koappunument ycunenus
P Ko 10

K. = BbIX; - A
Pop. P 36

12. MakcumanbHasi MOITHOCTb, pacCEMBaeMasi B TPAH3UCTOPE

3.

P,.=P + P, ;P =5,96+3,6=9,56 Br.

PACpIx

3. Vmpaowcnenus u 3a0auu

1. W3o6pa3ute BpeMeHHbIE AUArpaMMBbl HANPSKEHUNH U TOKOB JJI1 BXOJIHOU U
BbIXOJIHOM 11erieit ['BB, paboraroiiero Ha HaCTPOCHHYIO Harpy3Kky B kjacce A. 3amu-
LIUTE BBIPAKECHHMS JIJIS BCEX TOKOB M HAIPSKEHUI, a TAaK)KE ISl BBIXOJHOW U pacceu-
Baemoi momHoctei u KITJI.

2. Omnpenenure kiacchl padbotrsl ['BB. Breimonnurte ycioBue 3amaum 1 muis
I'BB, pa6oratomiero B kinacce B. [Touemy MoIHbIe reHepaTopbl padoTaIOT ¢ OTCEYKOM
BBIXOJTHOT'O TOKa?

3. C moMouipl0 BpEMEHHBIX AHArpaMM, HalpsKEHU U TOKOB BO BXOAHOW U
BbIXoAHOM 1ensix I'BB u pe3onancHoro ycunutens, padotatoniux B kiacce C, o0bsic-
HUTE pa3Inuue MPUHIUNA UX paOboThI.

4. TlocTtpoiTe UMITYJIBC BBIXOJHOIO TOKa C MOMOILIBIO TMHAMUYECKOW Xapak-
tepuctrku BAX I'BB, paboraroiiero B He1IoHANPsKEHHOM PEKUME C YUETOM OTCEU-
ki 6 <90°. B kakoMm pexume OyneT paboTarh TeHEpaTOp MPH YBEIWYCHHH COIPO-
TUBJICHUS Harpy3KH?

5. TlocTpoiiTe MMIYJbC BBIXOJHOTO TOKAa C IMOMOIIBIO JUHAMHYECKON Xapak-
tepuctuku BAX I'BB, paboraromiero B KpUTHUYECKOM PEXUME C YIIOM OTCEUYKU
0 >90°. Kak OynmeT M3MEHSATHCS MOIIHOCTh MEPBOM TapMOHUKKM Toka AD, eciu
YMEHBILINUTH YroJl OTCEYKH B uHTEpBaiie oT 180 mo 120°7?

6. I'eneparop paboraer B MepeHANPSHKEHHOM pexuMe. YTOJd OTCEeYKH
6 = 90°. [locTpoiiTe UMITYJIbC BBIXOJHOTO TOKa C MTOMOIIBIO JUHAMHYECKON XapaKTe-
puctuku AD. Kakum 00pa3oM HaJg0 U3MEHUTH COMPOTHUBIICHUS HAarpy3ku AD, 4ToObI
MOJIYYUTh KPUTHYECKHUIN pEKUM?

7. W300pa3ute 3KBUBAJCHTHBIE CXEMbl OMIOJISIPHOIO TpaH3UCTOpa MpU OT-
KPBITOM M 3aKPBITOM IEPEX0AaxX U MOCTPOUTE BEKTOPHBIE JUATPAMMBI, MOSACHSIOLINE
MPOLECCHI, TPOUCXOASIINE B TPAH3UCTOPE HA NOBBILIEHHBIX YacToTax. Kakne Mepsl
MPUMEHSIOT JIsI YCTPAHEHUs YaCTOTHOW 3aBHCUMOCTH? 3amuIIUTE YCJIOBHUSA KO-
PEKIIUU.

8. I'BB pabotaeT Ha kojie0aTENbHYIO CUCTEMY C PE30HAHCHBIM COINPOTHBIIE-
HueM 90 Om. M3MepeHsl CIeayIOlne BEJIUYHMHBI: IMOCTOSHHAS COCTAaBIAIOIIAs KOJ-
nekropHoro toka 0,2 A, Hanps>KeHUe MUTaHUS KOJUIEKTOPHOM nenu 35 B, ammutyna
KosuiekTopHoro Hanpspkenus 30 B. Onpenenute kosie0aTenbHYI0 MOLUTHOCTD U 3JIEK-
TpoHHbIN KII/I.

9. TlocTosiHHAs COCTaBISIONIAsA TOKA KOJUIEKTOpa | A, aMIUIMTy1a KOJUIEKTOP-
HOTO HanpspkeHus 25 B, Hanpsbkenune nutanus 27 B, yron orceuku 90°. Onpenenure
MOIIHOCTb, PACCEUBAEMYIO KOJIJIEKTOPOM.



10. Onpenenure aMIUIUTYAy UMITYJbCa TOKa KOJUIEKTOpPA U €ro NEpBYIO rap-
MOHHKY, €ClIM aMIUIMTYa HanpsskeHus Bo30yxaeHus 1 B, kpyTuzHa nmpoxoaHo# xa-
pakrepuctuku AD 6 A/B, HanpsbkeHue cMelleHus Ha 6a3e paBHO HANPSDKEHUIO 3aIu-
paHus KOJUIEKTOPHOIO TOKA.

11. KonebarenbHnas MomiHocTh reHepatopa 20 Bt mpu ammniutyne Hampsike-
Hua Ha koJuiekrope 50 B. Onpenennre HanpsKeHHE CMELICHUS U HANpSKEHUE BO3-
OyXXneHuss B 1ienu 0a3bl, €CJIM yroj OTCEYKH KOJUIEKTOPHOIO TOKa 90°, KpPyTH3HA
MPOXOJIHOM XapakTepuctuku 2 A/B, nanpsbkenue 3anupanus 0,7 B.

12. Onpenenure aMIUIMTYAy UMIYJIbCA KOJUIEKTOPHOTO TOKA TPaH3UCTOpPA, €C-
T HanpsDKEHUS MATAHUS KOJUIEKTOpHOU 1enu 20 B, kpyTu3Ha JIMHUU KPUTUYECKOTO
pexuma 2 A/B, ammuiutyaa KoJIJIEKTOPHOro HanpsbkeHus 18 B.

13. Ammnutyna anonnoro HanpsbkeHus 3000 B. [Tapamerpsl KOHTypa reHepa-
topa: eMkocTh 500 n®, unnykruBHocTh 200 MKI'H, 1o6poTHOCTH 100, KO3PdULIHEHT
BKIItoueHHs 1. Onpenenure KOHTYPHBIN TOK U K0J1eOaTeIbHYI0 MOIIHOCTb.

14. TlocrosiHHas cocTaBisiOllas TOKa KoyuiekTopa | A, amMIumTyna KoJUIeK-
TOPHOTO HampskeHus 25 B, HanpsbkeHne nutanus 27 B, yron oTceuku KOJIEKTOPHO-
ro Toka 90°. OnpenennuTe MOIHOCTb, PACCEMBAEMYIO KOJUIEKTOPOM TPAaH3UCTOPA.

15. Onpenenure MOIIHOCTh, pacCeUBAEMYI0 aHOJ0M Jjamibl ['BB, snexTpos-
HBIM, KOHTYpHBIM (1enu cornacoBanus) U oomuid KIIJ, ecnu MOIIHOCTH MUTaHUS
aHOJHOW 1enu 5 KBT, MOIIHOCTH B Harpy3ke 4 kBT, aMIInTy1a HANPsKEHUS HA KOH-
Type (uenu coriacoBanusi) 3 kB, pe3oHaHCHOE CONMPOTUBIECHUE HATPYKEHHOTO KOH-
typa 20 kOm.

16. YcraHOBUTE BO3MOKHOCTH HCIIOJIB30BaHUS TPAH3UCTOpPA C JIOMYCTUMOU
CyMMapHO! MOIIHOCTBIO IOTEPH HA 3ANEKTpoaax 2 BT, ecnm amMminTyna KOJUIEKTOP-
Horo HanpspkeHus 20 Br, Hanpsokenne nutanus komiekropa 30 B, komnekropHas Ha-
rpy3ka 50 OM, mocTostHHas cocTaBismomas Toka kojuiekropa 0,3 A, momyctumas
MOIIIHOCTh, paccerBaemas B uenu 6assl - 0,3 B.

17. BB B rpaHM4HOM peXHMME NP yIJ€ OTCEYKH aHOAHOTO TOKAa 90° MMEET
KoJebaTeapHy0 MoIHOCTh 5 BT. Kakas MakcumanbHasi MOITHOCTh MOKET OBITh T1O-
Jy4yeHa B PEKUME yJIBOEHUA (YTPOCHHUS) YaCTOTHI MPU HEM3MEHHOM HAIPSKEHUU TH-
TaHUs aHoxaa?

18. I'BB paboraer B rpaHUYHOM pPEKHUME Ha HArpy3Ky C dKBHUBAJIEHTHBIM CO-
npotuBiaeHueM 2 KOM Ipu yrie OTCEYKU 90° U MOCTOSHHOW COCTaBIISIIOLIEN BBIXOJ-
Horo Ttoka 0,1 A. Onpeaenute BBICOKOYACTOTHYIO BBIXOJHYIO MOIIHOCTh Ha MEPBOM
rapMOHHKE.

19. T'eneparop paboTaeT B KPUTUUECKOM PEKHUME IPU HANPSHKEHUSIX CMelle-
Hua mMuHyc 100 B u caBura anmpokcumupoBanHoi BAX munyc 70 B. Onpenenure
ITOCTOSTHHYIO COCTAaBJISIFOLIYIO aHOJHOTO TOKA, €CIIM KPyTU3HA BBIXOJHOM XapaKTepu-
ctuku 10 MA/B, a BXoHO€ BBRICOKOYACTOTHOE HanpshkeHue 120 B.

20. U3ob6pa3ute BXxOAHYIO Lienb TpaH3ucTopHoro I'BB mo cxeme ¢ oOuum
HMUTTEPOM, pabOTAIOIIETO C HYJIEBBIM cMelleHneM. [loueMy TpaH3uCTOpHBIE YCHUIIU-
TEJIM MOITHOCTH YaCTO MCIOJIb3YIOTCS B PEXKUMAX C HYJIEBbIM CMELIEHUEM?

21. Omnpenenure aMIUTUTYAY UMITYJIbCa KOJJIEKTOPHOI'O TOKA, €CJIM aMILIUTyAa
HanpspKeHUs: Bo30yxkaeHust 1 B, kpyTu3Ha npoxoIHON XapaKTepUCTUKU TPAH3UCTOPA



6 A/B, HanpsbkeHHe cMellleHusl Ha 0a3e paBHO HANPSHKEHUIO 3allMpaHusl KOJUIEKTOP-
HOTO TOKa.

22. JlamnoBbli reHepaTop padoTaeT B KPUTUUECKOM PEKHUME C YTIIOM OTCEUKH
90°. Kak uamenurcs snexktponnsiii KIIJI renepaTopa mnpu yMeHbIICHHUH aMIUIUTYbI
HarpsHKeHUs: BO30YKIeHUs B JIBa paza?

23. YaBouTelb 4acTOThl pabOTaeT B HEJOHANPSHKEHHOM PEXHUME C YIJIOM OT-
ceuku 60°. Kak n3meHuTCS BenMuyuHa KOJjJeOaTeqbHONW MOIIHOCTH, €CIU YCTAHOBHUTH
yroJl OTCEYKH 90°, COXpAHMB MPEKHUMHU aAMIUTUTY]y UMIYJIbCa TOKAa U HANPSKEH-
HOCTb pexXuma?

24. TpaH3UCTOPHBIN YABOUTENb YaCTOThI pabOTaET C YoM oTceuku 60°. Kak
U3MEHHUTCS BEJMYMHA KOJIeOATENbHOW MOIIHOCTH, €CJIM YCTAaHOBUTH YIOJ OTCEUKH
90°, COXpAaHHUB MPEKHUMHU aMIUTUTYly UMITYJIbCa KOJJIEKTOPHOTO TOKa U CONPOTHB-
JIEHWE HAarpy3Ku?

25. TpaH3UCTOpHBIN TeHepaTop paboTaeT B KPUTHUECKOM PEKUME C YIJIOM OT-
ceuku 90°. Kak m3menutcs snextponHbld KIIJl u xonebGarenpHass MOILIHOCTH IMPHU
YMEHBIICHUH aMIUIUTYAbl HANpsiKeHUs: BO30yxaeHus Ha 20 %?

IIPAKTHYECKOE 3AHATHE Ne 3

Ienu cornacoanusi I'BB

1. Obwue ceeoenus

Ha naHHOM mpakTUYeCKOM 3aHATHU OYIYyT PacCMOTPEHbI OCOOEHHOCTU IO-
CTpPOEHUS MACCUBHBIX 1IETEH, YCTaHABIMBAEMbIX Ha BXoje U Bbixoge AD B 'BB. Me-
KOy UCTOYHUKOM BY-curnana, AD W Harpy3kod BKIIOYAIOTCS LIENU COIVIACOBaHUS
(I1C), koTOpHBIC pa3aeisatoTCs Ha BXOJIHBIC, MEKKACKAHBIC U BBIXOIHBIE.

B kauectBe 1emneil coriiacoBaHusi, 0COOEHHO B MOIIHBIX KacKajax, UCIIOIb3Y-
10TCcs1 pe3oHaHcHbie [[C. B ManoMoNIHbIX, TPAH3UCTOPHBIX KACKadaX UCIOJIb3YIOTCS
Takke anepuoanudeckue u apoccenbHbie LIC. Baxkneitmeit xapakrtepuctukoit LIC sB-

P
msierest KU 110 :P—H , KOTOPBI YYUTHIBAET NOTEPU MOIIHOCTH. /{151 paboThI

BX 10

AD B onTUMaIbHOM (KPUTUYECKOM) PEKHUME B BBIXOJHYIO IEMb BKIIOYAETCS COIMPO-
THUBIICHUE HArpy3KH R;, xp , KOTOPOE, OJHAKO, MOKET OTIMYATHCS OT peajlbHOW Ha-

IpY3KHU Z;, . JIJig BBIXOJIHBIX KaCKaJ0B Z;, — CONPOTUBIICHUE aHTCHHBI, IEPECUUTAHHOE
ko Bxony LIC, st mpoMeKyTOUHBIX — BXOJJTHOE CONPOTUBIIEHUE MOCIEAYIOEro Kac-
kana. [lepsas 3agaua [{C — npeoOpa3oBaHue 3aJaHHOTO KOMIUIEKCHOTO COMPOTHUBIIE-
HUsL Z;; B COTIPOTUBIIEHHE Ry 1. BTOpast 3ama4ua — pusbTpanus rapMmonuk. s peanu-
3anmu pacdeTHbIX pexxumMoB AD LIC gomkHa ObITh TakoW, YTOOBI BXOJHOE HaMpsIKe-
HUE WM BXOJIHOM TOK CJEAYIOIIEro Kackaaa Obuih OJM3KU K rapmoHrdeckuM. Kpome
TOT0, AHTEHHE YPOBEHb FAPMOHUK J0JKEH yAoBIeTBOpATh OMC. Pasznuuaror 1Be no-



CTAaHOBKHU 3aJjauM corjacoBaHusi AD: ¢ Harpy3koil Ha (UKCHUPOBAHHON 4YacTOTE U B
3aJIaHHOM I10JIOCE YaCTOT.

Bnauane paccmotrpuMm mpocteie 1enu coriiacoBanus. Iloxg takoir LIC Oyaem
MOHUMATh KOJIeOaTeIbHYI0 CUCTEMY, B EMKOCTHYIO WJIM MHAYKTHUBHYIO BETBU KOTO-

POIi BKJITIOYEHO CONPOTUBIIEHUE HArPY3KHU Z;. I3 371€KTPOTEXHUKU U3BECTHO:

1. PeakTuBHas cocTaBisitoniasi BHYTPEHHErO0 COMPOTHBJIEHHUS TeHepaTopa U CO-
MPOTUBJICHUSI HATPY3KU JOJIKHBI OBITh CBEJIEHBI K HYJIIO, UTO MOKET OBITh JIOCTUTHY-
TO BKJIIIOYEHUEM B CXEMY KOMIIEHCUPYIOUIUX PEAKTUBHOCTEH COOTBETCTBYIOLIMX 3HA-
KOB.

2. BuyTpeHHee comnmpoTUBIEHUE R, AOMKHO OBITh PAaBHO BXOJHOMY XapaKTepH-
CTUYECKOMY COMPOTUBIECHUIO YETHIPEXIIOIIOCHHUKA.

3. ComnpoTHBIEHHE HATPY3KHU JOJKHO OBITH PAaBHO BBIXOJHOMY XapaKTepUCTHYe-
CKOMY COIMPOTUBIICHUIO YETHIPEXITOIIOCHUKA.

B o0miem ciaydyae S5KBUBAJEHTHYIO CXEMY IPOCTOM LIETIH COIJIACOBAHUS MOYKHO
MPEICTaBUTh B BUE, N300pakeHHOM Ha puc. 3.1.

Puc. 3.1. DkBuUBaJIeHTHAs cXeMa MPOCTOM LIENHU COTIIACOBAHUS

CornacHo BTopoMy 3akoHy Kupxroda, MoXHO 3anucath ypaBHEHUE
1 1 1

R jxy Ry+jxp’

Petienriem aToro ypaBHeHuUs OyayT CIICIYIOIINE COOTHOIICHUS :

2 2
Ry +X R+x? X R
R1:—2 2)X]: 2 2; 2: 1:Q7 X1X2:R1R2,
R, X, Ry, X
rae O — T0OpPOTHOCTh MOCe0BaTEIbHON X, Ry WIM SKBUBAJICHTHOM €¥ mapasieib-
HOH 1ICMOYKH.
[IpumeneHue npuBeICHHBIX (GOPMYJ PACCMOTPUM Ha MPUMEPE MEKKACKATHOMN

LEeNU corjilacoBanus. B Tako nenu

UBb]X UBX 1
RIZRBBIXIZI—I)RZZRBXZZ 2,X1:QL>X2:—>

BbIX, 1 BX, oC 1

rne g, Upys Rpyy, — COOTBETCTBEHHO TOK, HANPSYKEHUE, COIIPOTUBIICHUE HA BbI-
XOJI€ aKTUBHOI'O 3JIEMEHTA IIEPBOr0 KacKaaa;
Iyyvrs Ugyss Ry, — COOTBETCTBEHHO TOK, HAIPSDKEHUE, CONPOTHUBIICHHE Ha

BXOAC aKTHUBHOT'O 3JICMCHTA BTOPOI'O KaCKala,



Ll ) Cl — COOTBCTCTBCHHO MHAYKTUBHOCTb U CMKOCTb ICIIN COIJIACOBAHUA (Ha-

pUMep, MapajvieIbHbIi KojJeOaTeIbHbIA KOHTYD);
® —3Ha4eHHUEe YacTOThl KoJeOaHUIl CUTHaA.

VYcioBueM MOJIHOIO COTIaCOBaHUS HA 4acTOTE @ 6YIICT PaBCHCTBO
2

Jo,
RBbIX] = R— =pQ = RPE3 )

BX2
rae p =X;| =X, — BOJIHOBOE COIIPOTUBIIEHUE KOHTYPA;
O, Rpg3 — COOTBETCTBEHHO IOOPOTHOCTH M PE30HAHCHOE CONPOTHUBIIEHHE KOHTYPA.
Cormacyroinyro 1enb Ha3blBalOT MHBEPTUPYIOUIEH, €CIM BBIIOJIHAETCA COOT-

2 .
HomeHne Z py = P AH , TneZ zv =Ry + jX, — BxomHoe conporuBiaeHue LIC,

[ ]
Z, =R, + jX, — conpOTUBIIEHHE HATPY3KH; p — XapPaKTEPUCTHUYECKOE CONPOTHUB-
nenue LC.

I[IC Ha3piBalOT  TpaHCHOPMUPYIOIIEH, €CIIM  BBHINIOJHSIETCS  YCJIOBHUE

() ()

2
Z gy =np-Zy, rae np— kodpoumment tpanchopmamuu. OcobeHHOCTs TpaHChOp-
MHUPYIOIINX LENEl: BXOJHOE CONPOTHUBIECHUE M3MEHSETCS NMPOMOPLUUOHAIBHO U3MeE-
HEHHIO CONPOTUBIIEHUS HArPy3KH.

[IpumepoM uHBepTHpYIOUIEH Lenu sBiseTcss [-00pa3Hblil cornacyromui ye-
TBIPEXIIOIOCHUK Npu O >>1, pacCMOTpeHHBIN BbIlIe. bojee CloKHbIE HHBEPTUPYIO-
me uenu — 31o [1- u T-o6pas3ubie 3BeHbs (puc. 3.2, a, 0). [logoOGHbIe 1IeNTM UHBEPTHU-
PYIOT CONPOTUBIIEHUE MPU BBINOJHEHUU COOTHOLICHUM X;=X>=-X; , upu 3TOM
p= ‘X | .

L1 L1 L2 C1 C2 C1 L2
1 2 1
¢ ¢ TC L1 L2 L1 C2
& d rd T
& . 7 & - —=

a §) B r

Puc. 3.2. [Ipumeps! uHBepTUpYIOWKX U TpaHchopmupyromux LC

Ha puc. 3.2, B, r u3o6paxens! 2 Bapuanrta tTpanchopmupyromux LC. Ycnorue

ZBX = l’l% : ZH BBIIMTOJIHACTCA, €CJIN 3JICMCHTHI LICTIN YAOBJICTBOPAIOT COOTHOIICHUAM
Xl = —Xz = (n2 +1)X3 = —nTX4.

Ecmu Tpe6yeTC51 COIJIaCOBAHUE B HCKOTOPOﬁ I1OJIOCC YaCTOT HUJIN KEJIATCIIBHO
MOJIYYUTh OOJIbLIYIO KPYTU3HY cKaToB AUX-ycunuTens, peKOMEHIYETCS MCHOJb30-
BAaThb CJIOKHBIC LIC, KOTOPbIC 00BIYHO HUCIIOJB3YIOTCA B OKOHCYHBIX KaCKadaX, II03TO-
MYy OHHM HA3BIBAIOTCA CJIIOKHBIMU CXEMAMH BBIXOJA. HOCH@I[HHH npeacTaBsICTCA B
BHAC CUCTCMbI IBYX CBA3AHHBIX KOHTYPOB — aHTCHHOTI'O, C 3JICMCHTAMH HaCTpOﬁKH, u
POMEXKYTOUYHOTO (KOJJIEKTOPHOTO, aHOIHOT0). B KauecTBe 3J1eMEHTOB CBS3H MEXKIY



KOHTYpPaMHt MOTYT BBICTYIIATh KOHACHCATOP, KaTYIIKAa MHAYKTHUBHOCTHU WUJIN B3dHUMHAA
HHAYKTUBHOCTD MCKAY KATYIIKAMH JIBYX KOHTYPOB. OI[I/IH N3 TIICPCUYUCIICHHBIX BApPH-

aHTOB IIPUBENIEH Ha pucC. 3.3.
CH

Iy

Puc. 3.3. CinoxHast cxeMa BbIXO/1a

B pannorexHuyeckux cUCTEMax MepelaTyukKu paboTaroT B IMIMPOKOM JHuana-
30He 4acToT. LIIMpoKomoJoCHBIMU Ha3bIBAIOT YCUJIUTENU, OTHOCHUTENIbHAS paboyas
M10JIOCA YAaCTOT KOTOPBIX COCTABIIAET IE€CATKU MPOLEHTOB U OOJIbIIE, T.€. OTHOILICHUS
npesbimaet 2. [upoxononocusie L[C BRIMOMHAIOT 100 HA OCHOBE (DUIBTPOB U3
LC-anemenToB, 1160 Ha TpaHChoOpMaTOpax UK TPAaHCPHOPMATOPAX—ITHHHSIX.

Ecnu otHomienune He mnpessimaet 3...5, To LIC HecnoxkHO BbIMoJHUTE Ha LC
®HUY. [Ipocreitmuit ®HY-npeodbpaszoBatenb npeacTapisieT coO0M Mociae0BaTeIbHOE
coenuHenue ['-00pa3HbIX 1EenoyveK, Kak Mmoka3zaHo Ha puc. 3.4.

Puc. 3.4. Cornacyromas uens Ha peakTuBHbIX LC-3neMeHTax

[TpoektupoBanue IIC Ha 6aze ®HY ocymiecTBasieTCs M0 METOAMKAM MPOESK-
TUpOBaHUs (PUIABTPOB. MakcumalbHble paboune 4acTOThl OMPESISIIOTCS BO3MOXK-
HOCTBIO CO3JaHMsS cOCpenoTOYeHHBIX LC-3]IEMEHTOB U COCTAaBIAKOT HECKOJIBKO T'H-
rarepii.

TpanchopmaTopbl ¢ MAarHUTHOM CBSI3BI0 MEXKIY OOMOTKAaMH MOTYT BBITMOJHSATh
onny u3 ¢Gyskuuid [[C — npeobpa3zoBaHusi CONPOTUBJICHUN TPU OTHOIICHUU

Jmax f <50 na vacrorax npumepHo 10 10 MI'm.

min

TpancdopmaTop—nuHHsS npeacTaBiseT coO0OW TOPOUAANBHBIN WM  (HEeppUTO-
BbII CTepKeHb ¢ AByMsi 00MoTKamMu. OOMOTKH CO€IMHEHBI TAKUM 00pa3oM, 4YTO 0Opa-
3YI0T JBYXIPOBOAHYIO JIMHHUIO TEpeAadd, Mo KOTOPOH pachpocTpaHseTcs Oerymias
BOJIHA OT MCTOYHMKA KojiebaHuM K Harpy3ke. B Tpancdopmartope, mokazaHHOM Ha
puc. 3.5, BOJIHA paclpOCTpaHAETCs MO JUHUM OT KiieM 1 — 3 k kiiemMmam 2 — 4. Ecnu k
KJieMMaM 1—3 MOJKIIOYUTh UCTOYHUK KOJeOaHui, a K KiieMMaM 2—4 HarpysKy, TO KO-
s dutment N = 1. UtoOsl monyunts N # 1, IpUMEHSIOT MOC/IEI0BATSILHOSC WIIH T1a-

PaICIIBHOC BKIIFOYCHUC TpaHC(i)OpMaTOPOB.



Bx1

UBxl UBI)IXI
|
IEX IExz
: 2 UBx2 UBI;IX2 |:| RH
3 4 U D
BX( IBx3
UBX3 UBI)IX3
Puc. 3.5. Cxematuyeckoe n300paxxeHue 1 1

TpaHchopMaTopa-IuHUU
Puc. 3.6. IIpumep sxaouenus

B cxeme (puc. 3.6) Bxoabl Tp€X TpaHC(HOPMATOPOB-IMHUM COECIMHEHBI Mapa-

JICJIIBHO, 4 BBIXOAbI — ITOCJICAOBATCIIBHO. 4 3 PUCYHKA HATrJIAAHO BUIHO, YTO TOK B Ha-

— IBX
I'PY3KEC IH =~ , d aMIJIMTyada HallpsaKCHUA B HAarpy3Ke U = 3U . qu/ITBIBaH 9TU
3 s H BX

Uy =& Paccmarpu-
i 9 P

COOTHOIICHMHA, ITOJIYUYUM, YTO BXOOAHOC COIIPOTUBJICHUC RB)( =
BX

1
BaeMbIi TpaHcopMaTop MoHMKaMi ¢ ko3 duimeHTom Tpanchopmanuu N =§ :

[Ipumensisi Apyrue BapuaHThl BKJIIOUYEHHUS, MOXKHO TOJYYUTH TMOBBIIAIOIINN TpaHC-
dbopmatop ¢ HeIbIM WIH IpOOHBIM N.

2. llpumepwvl pacuema 6x00nblx yeneti coenacosanuss I'BB CBY u
OHY-mpancihopmamopa
Il p um e p 1. Paccuntars BXxoAHyto 1enb corinacopanus ' BB CBY, eciu u3-

BECTHA BXOJIHAs MPOBOJMMOCThH TpaH3UCTOpa Ha paboueit yacrtore Y,, =0,02— ;0,05

CM.

Pemw e nwue Hia HC nonynpoBOAHUKOBBIX ycunuTened momuHoctu CBY
MPUMEHSIOT OJHO—, ABYXIUIEH(OBBIE, YETBEPTHBOJIHOBBIE U JIpyrue mpeodpa3zoBaTe-
mu conporusinenuit. Tononorua LIC CBY oanouuieigoBoro u 4eTBEpTHBOJIHOBOTO

npeoOpa3zoBaTelis oKazaHa Ha puc. 3.7.
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P, | Ha AD P, — 1 Ha AD

L e e L —P i

[ ]
<> s
4
§)

Puc. 3.7. Tononorus LIC CBY oxnouuieiidoporo (a)
1 4ETBEPTHBOJIHOBOTO (0) mpeoOpazoBaTeneit

Kaxk HU3BCCTHO, COOTHOIIICHUC OJIA BXOHHOfI MMpOBOAUMMOCTH JIMHUHU oe3 IMOTECPh,
Yﬂ HaI‘py}I(CHHOﬁ Ha IIpOBOANMOCTDH, UMCCT BU/I:

I./H cos(zﬂljﬂflsin(zﬂl}
Ay P\ Ay

1
a = )
P lcos(zﬂl]ﬂ/ Y, sin(zﬂl]
P Ay Ay

rac¢ pO— BOJHOBOC COIIPOTHUBJICHHUC JIMHUMU, iﬂ— JJIMHa BOJIHBI B JIMHHU, /- JJIMHAa

Y

JUHUY, Y7y — IPOBOJUMOCTB HArpy3KH.

B xauectBe IIC nmnsa mamero cimywas BeiOupaeM [IC, u3o0paxk€éHHyr0 Ha
puc. 3.7, 6. MHUMYIO YacTh CKOMIIEHCHUPYEM COOTBETCTBYIOIIMM BBIOOPOM JJTHHBI

nuierida /7. BxoaHas mpoBOAMMOCTb pa30MKHYTOIO (Y u =0j nuieriga Oyner pas-

Ha

. o1 21
Yyy=B,=] l‘g( lmja
Pur Ay
rac pl[[— BOJIHOBOC COHpOTI/IBJIeHI/Ie Hlﬂeﬁ(i)a.

B cootBercTBHM C YCJIOBHAMH KOMIICHCAIIUN PCAKTUBHOCTH

By =-Bpx ;
L2, |0,
P Ay

2
OTKyaa tg —ﬁlm =050 -

AT

[
Ecm pj; =50 Owm, TO /”tﬂ = 0,24 . BonHOBOE CONPOTUBIIEHUE YETBEPTHBOJI-
JI

HOBOI'O Hpeo6pa30BaTeJ15{ paccunuTacMm, BOCIIOJIb30BABIINCH q)OpMyHOfI



A e 1
mpu [=—L,y =
P 4

° 1 p
Tak kak Y, =—=0,02, TO = /— =50 Om.
Ja P P 0,02

Il p um e p 2. Paccuurate ®HU-tpancopmarop: rpaHUYHBIC YACTOTHI
f =25 MI', fp =50 MI'; nHarpy3ounoe compotuBieaue R ., = 14 Om;

BXOJHOE compoTuBieHne Kgy,,, = 7 OM; momycTumas HepaBHOMepHOCTH AUX
Aa < 0,05 nb.

P e m e v u e. Beioupaem cxemy ®HY-tpancdopmaropa (puc. 3.8).

,,_rYW\I ________ AN
R C

BXunom 2 -7 Cm N [j RHHo.w
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Puc. 3.8. Cxema ®HY-tpancdhopmaropa

R
B _ o g~ S 30

RBXHOM ’ ! fmin - 25 -
2) Ilo tabn. 3.7 [3] nnsa Aa = 0,0436 nb nonyyaem o < 0,0098 u KbBg > 0,82.

1) Onpenensiem 7' =

3) OmpenensieM 4MCIIO peaKTUBHBIX JIEMEHTOB MpuU paBHOOepeHHOo AUX:

2
2Arch\/ ! _55 (r=1)

_ 4r
m = 2

Kf+1
Arch 5

K -1

_ 2-1)°

J L0 Ko

mt = ’41 = =3,08.

Arch( * ]
4-1

OxpyrisieM m~ 10 m=4.
4) Jlns paaobOenpennoii AUX yrounsiem o, Aa, KbB IR

r—1

K2+1)
(r—1)2 +4r-ch’ ﬂArch( L)
2k

5:




5 2-1 = 0,006
(2—1)2+4.2.ch2[3Arch(2 “)J

22 -1

1 1
Aa =101g| — |=101 = 0,026 1b.
g(l—&j g(1—0,006] 8

1-+/5 1-4J0,006 _0.856.

KBB
TN 1+4/0,006

5) PaccuuthiBaeM ko3 dunueHTsl &, Q,,04,0,;

pu m =4
—2M —2M M2
a, = 5 ;
(0%
0622—,063 =— , Ogq =T1ray,
a]
e M:2\/1+r-4 5054 ’
r (1+8)M* +6H
4
H = ot - Ha+cu ;
v
v=1+—;
K7

IIpu paBrokonebarensaiom AUX b=4,c=1,a=1.

1 1
v=14+—=125, u=1-—=0,75 ,
4 72

H=4-125% (412520752 +1.0,75% )= 6.566.

1+2 0,006-4
M=2 4 2
2 (1+0,006)-0,75 +0,006-6,566

_35)

1,25-1,25* -2-1,25 1,25-1,25* -2-1,25 ’ 1,25
o, = + +—— =0,57;
2:2 22 2

12
2 _019; =2
0,57

=1,095; ay =2-0,57 =1,14.

ay =

3navenus LC-amemeHTOB B cxeMe (cM. puc. 3.8):
a R

Jj7 "HHuom (X.+1
=t o S 13 m—1 R.. <R, -
J 27TfB y j+l 27Z'fBRHHOM p ] s ’ BX nom H nom >



L = alRHHOM _ a, _ a3RHH0M _ a,
1 27TfB , ’ 27TfBRHHoM , ’ 27Z.fB , ) 27TfBRHH0M .

=0T 6 00510 =25 uln
2-3,14-50-10 ’
= O 09510 T =50 uln
2-3,14-50-10 ’

C; = 20 _ 498 o,

2:314-50-10°-14
C, = L14 =259 10>,

2.314-50-10° 14

3. Vnpaosicnenus u 3aoauu

1. M3oOpasute Bapuanthl npocteitmux LC, BbImoNHEHHBIX B BuAe ['-00pa3HbIX
3BeHbeB DHY. O0BsicHuTh 0coOeHHOCTH UX TpruMeHeHus: B [ BB.

2. Nzob6pazute nammoryto [IC, mpeacTapiasioniyto co00il KOHTYp € YaCTHYHBIM
BKJIIOUEHHEM. BKitounTe u3mepurenbHble MPUOOPHI U YKAKUTE 31€MEHTHI HACTPOUKHU
stoi LIC. Onumure nocienoBaTenbHo npoiecc HacTpouiku L[C.

3. Ilo xakum npuuyuHam BeixoaHble L{C mnepegaTumka BBINONHSIOT TO Oolee
CJIOXHBIM cXeMmaM, 4eM npomexyrouynas L[C?

4. V3o0pa3uTte CIOXKHYIO CXeMY BbIXoja nepenarynka. Onummure npoieaypy Ha-
ctpoiiku cinoxknoi L{C ¢ moMonibpio n3MepUuTeNbHbIX MPUOOPOB U HACTPOSUHBIX JJie-
menToB 1]C.

5. U3o6pasute Bapuanthl mnpocrteimux LIC, BbmomHenubix B Buzae T- u Il-
oOpa3nbix nenoyek ®HY. 3anuimure cOOTHOIIEHUE JIJIsl peaKTUBHOCTH. Uemy paBHO
XapaKTepucTUYecKoe conpoTtuniieHre Takux L{C?

6. B uém 3akimrouaercsa pazHula Mexy cBorictBamu punbTpoB batTepsoprta, Ye-
onieBa u Kayspa?

7. Ha yém oCHOBaH NMPUHILUII CTPYKTYPHOTO CUHTE3a (PUILTPOB?

8. JlaliTe ompeneneHue MHBEPTUPYIOIIMM U TPaHC(HOPMUPYIOMIUM LENsM coria-
coBanus. [IpuBeante npumepsl KX NOCTPOCHUS.

9. B 4éM COCTOMUT Ha3HAYEHUE LIETIEN COMIACOBAHUSA B MHOTOKACKaJIHOM Iiepeaar-
YHKeE.

10. [Touemy 1enu CBA3M LEIECOOOPA3HO CTPOUTH MO CTPYKTYpE (HUIBTPOB HUZKUX
4acToT?

11. IIpu xakux ycinoBusax B kauectBe L- u C-351eMEHTOB 1ieneil CBA3M MOXKHO HC-
M0JIb30BaTh OTPE3KU JJIMHHBIX TUHUN?

12. U306pa3ute cxemy TpaHnchopmaTopa Ha OTpE3Kax JUTMHHBIX JIUHUH ¢ KOdhdu-
LMEHTOM TpaHchOopMaIu CONpPOTUBICHUH 1:16 Mpu HECUMMETPUYHBIX BXOJE U BbI-
X0JIE.



13. Ilepeuncnure NpUYMHBI, OrPAHUYUBAIOIINE MTOJOCY COINIACOBAHUSA BBIXOJHBIX
COIIaCyIOIIMX Lenen.
14. Onpenenure napametpsl u KIIJ LIC, BeimonnenHoit B Buae I'-o0pazHoro 3Be-

Ha, eciii ' BB oOecrieunBaeT 3agaHHbIil pexuM npu Ry, =175 0M Ha vacrote [ =

=10 MI', a BXOAHOE CONPOTHBIEHHE Clexyromero kackaga R,y =50 Om. [oGpor-
HOCTb KOHTypa QO = 100.

15. BeinmosiHuTE NpEeapIAyIIyIO 3aAa4y JUIsl TEX KE YCIOBUM U B CIydae NMpUMEHE-
Hus [1-o0pa3Horo 3BeHa.

16. Onpenenure napamerpbl T-o6pa3zHoro 3BeHa ®HY, BKIIOUEHHOTO B KOJIIEK-
TopHyto 1enb ['BB ¢ BbIXOAHBIM compoTuBieHueM R, =50 OmM, paboTtaromumM Ha

yacrote 1,5 MI'u. BxogHoe conpoTuBiaeHHE CAEAYIONIETo Kackaga Ry, =25 Owm.
17. IlonHOE CONMPOTHUBIICHUE HATPY3KW JUHUM MEPEJAYM C BOJHOBBIM COINPOTHB-

nenueM 50 Om paBHo 75—-100 Om. JlyiinHa BoJHBI B TMHUU cocTaBisieT 1 M. Onpene-
JIUTE BO3MOKHOE MOJTHOE COMPOTUBIECHUE HArpy3KH Ha PAcCTOSHUMU 5 M OT UCTOYHH-
Ka CUTHaJja.

18. Onpenenure ANMHY U BOJHOBOE CONPOTUBIICHHUE JIMHUU, NMPU KOTOPBIX MOJ-
HOE€ COMPOTHUBJICHUE HATPY3KH JMHUU OYJIET YUCTO BEHIECTBEHHBIM, €CJIM Ha YaCTOTE
500 MI'u KOMIUIEKCHOE MOJIHOE CONMPOTUBIICHUE HATPY3KU BO3AYIIHOW JIMHUU TEpe-

na4yu paBHO 30—j-65 Om.
19. Beruuciure ko3(hPUITMEHTBI OTPaXKEHUs, COOTBETCTBYIOIINE TOJHBIM COIPO-

3 . . o
tuBiieHUsIM 10” — J:50 wu 15+ j:30 Om 1 HalAUTE MOTHOE CONPOTHUBIEHUE, KOTOPOE

COOTBETCTBYET KOd((DULIMEHTY oTpakeHus [ = 0,5'61450 IUIS TAHUY TIEpeIavn C BOJI-
HOBBIM compoTuBieHueM Z, =50 Om.

20. PaccunrtaiiTe BBIXOJHYIO COTJIACYIONIYIO IIEMb YCHUJIMTENS, BBHIIOJHEHHOTO Ha
tpanzucrope 2T903A, ecnu pabouas yactora YM f= 100 MI', conpoTuBnenue Ha-
rpy3ku R, = 50 OM, 5KBUBaJICHTHOE CONPOTHBIIEHHE COINIACYIOMIEH LIENH Ha BBIXO-
HBIX  OJEKTpPOoJax TPaH3UCTOpa, OOECMeYHBAIONICe ONTHMAIBHBIA  PEXKUM,
Ry, =20 Om, BeIxOaHAsS éMKoCTh Tpansuctopa C, = 50...180 nd.

21. Onpenenute napameTpbl BXOAHOW IIENU COIVIACOBAHUS YCWIIUTENSI MOILHOCTH,
eciu Ha paboueit qactote f, = 200 MI' mapaMeTps! BXOAHON LIEIH MOIIHOTO OH-

IOJISPHOrO TpaH3ucTopa omnpenenensl: Ry =10m, R, =13,2 Om, L, = 3 ul'n,
C,, =720 nd.

22 BoeluuciauTe mosiHbIe CONPOTUBICHUS HATPY3KW JIMHUU TIepeadu c BOJIHOBBIM
conpotuiieHreM 75 OM s koddduimentoB otpaxenus —1; 0.1; 0. 5%¢*" Uenoms-
3yiite nuarpammy Cmuta—Bonbnepra.

23. TlocTpoiiTe coriacyrouyo Lenb Ha TpaHCcPopMaTOpax—IUHUAX ¢ KOdDPuim-
€HTOM TpaHCchOpMaIlUU CONTPOTUBIEHUM 1:16 TP CUMMETPUYHBIX BXOJI€ U BBIXOJIE.

24. IlpuBenuTe cxeMy BBIXOAHOM KOJeOaTeIbHOW CHCTEMbI MOIIHOTO JIAMIIOBOTO
reHepaTopa U Ha e€ mpuMepe pacCMOTPUTE MPUHIMIBI aBTOMAaTHU3UPOBAHHOW Ha-
CTPOUKHU KOHTYPOB.



25. HN300pa3ute CTPYKTYPHYIO CXEMY CHUCTEMbl aBTOMAaTHUECKON pPEryIupOBKH
CBSI3U C HAarpy3kou u chopMyJIMpyHTE OCHOBHBIC MPUHIIUIIBI TIOCTPOCHUS CXEM aBTO-
Harpy3KHu.

IIPAKTHYECKOE 3AHATHE No 4

Cxemorexuuka 'BB

1. Obwue ceeoenus

[Tocne onpeneneHus akTUBHOTO AJIEMEHTa (TPaH3UCTOP, TEHEpaTOPHAs JIaMIia,
TPUOJ, TETPOJ, TIEHTO) U HArpy304YHOU CHUCTEeMBbI (pe30HaHCHasl, (PUIbTpOBas, are-
pUOJAMYECKAsi) BaXXHBIM 3TallOM B MOCTPOSCHUM MPUHIUNUAIBHOU cxembl [ BB sBis-
€TCsl BEIOOp 00111ero 2J1ekTpoaa AD U TOUkH 3a3emieHus. OOLIMM Ha3bIBAETCS dJICK-
Tpoa AD, npuHaJIeKAIMA OTHOBPEMEHHO BXOJIHOW M BhIxoaHOM HensaMm ['BB. Tpéx-
ANEKTPOAHBIE AD MOXKHO BKIIFOYATh MO CXEMaM C OOIIUM AMUTTEPOM (KaToI0M, HC-
TOKOM), 00111e#1 6a30i (CETKOM, 3aTBOPOM) U OOITUM KOJIEKTOPOM (aHOJOM, CTOKOM).
B 3aBucumocTu oT TOro, Kako 3nexkTpoa AD BrIOpaH 00IIMM, CYIIECTBEHHO pa3iiu-
4aloTCsl OCHOBHBIE mapamMeTpbl 'BB. OTu oTnnuus BhI3BaHbl pa3HBIMU 3HAUYCHUSIMU
BXOJIHOM, BBIXOJHON U MpOXOoaHOU mpoBoaumocteid AD B cxemax ¢ O3, Ob u OK.
Oco0eHHO BeJIMKa POJIb MPOXOTHON MPOBOJUMOCTH, OT KOTOPOW 3aBUCHUT CBSI3h MEXK-
1y BXOJHOU U BbIXOAHOM 1ermsiMu ['BB. 3a c4€T 3TOi NpOBOIMMOCTHA BO3HUKAIOT SIB-
JIeHUsT OOpaTHOM peakIMH U MPSMOro MPOXOKJACHUS MOIIHOCTH U3 BXOJHOM IIENU B
Harpy3Ky, BPEIHOE BIMSIHUE KOTOPBIX YCHUIIMBAETCS C POCTOM YaCTOTHI.

OO61mue pexoMeHJaluu 10 BBIOOPY OOIIETo 3JIEKTPOJia CBOASTCS K CIEIYIOIIe-
My: B JJAMIIOBBIX CXE€Max Ha TPUOJaX, IJI€ MPOXOJHasi MPOBOAUMOCTb OMPEIACIACTCS
6ombimoii émrocthio anoy — cetka (C . ), MmoxHo noctpouts I'BB 1o cxeme ¢ 06mum
KaTOJIOM, YCTOMYMBO pabOTaIOmUM 10 YacToT mopsnaka equuun MI't. [Ipu MorrHo-
CTU JI0 CTa — IBYXCOT KBT HUCHOJIB3YIOT TETPOJbI, ¥ KOTOPHIX EMKOCTh C w Ha 1.2
MOpsiZIKa MEHBIIE, YeM y TPHOJIOB, YTO MOBBIIIACT MpeeabHo paboune yacToTel [ BB
Ha 9TUX Jammnax 10 coreH MI'n. I1pu 6onbiioit momuoctu I'BB 1 Ha yacTorax Bhiiie
necsaTkoB MI'1l mpUMEHSIOT TPUOBI 10 cXeMe ¢ o01el ceTkoil. B aToM ciydae poib
IPOXOAHON EMKOCTH BBINOJHAET EMKOCTh aHOM — KaTtoA ( C 4 ), OOBIYHO Ha MOPAIOK

menbmie yeM C .. DT0 c031aéT GaronpusTHBIC BO3MOXHOCTH JUIS YCTOMYHBOMN pa-

6otel 'BB. B ycunurensx MOIIHOCTH Ha OWITONSAPHBIX TPAH3UCTOPAX MPUMEHSIOT B
ocHOoBHOM cxeMbl ¢ OD. Cxembl ¢ Ob ucnonb3ytorcs Ha OOJBIIMX YacTOTaX — IO-
psaka frp, TAe LeHOW ociabiieHus: TpeOOBaHUN K CTaOMIIBHOCTH YAAETCS MOIYYUTh

IPUEMJIEMOE YCHUJIEHME MOIIHOCTH, KOTOpPO€ HE MOryT oOecneduTb cxeMbl ¢ OD.
Cxembl ¢ OK u3-3a HM3KOrO KO3 (dUIHEHTa YCUICHHS MO0 HANpPSKEHUIO B Y3KOIIO-
nocHbIX I BB npakTruecky He UCIIOIb3YOTCH.

B I'BB u apyrux yctpoicTBax HEOOXOAMMO COEIUHSATH C KOPIyCOM Mpudopa
«3eMII€i» OJIHY U3 TOYEK cXeMbl. TOUKy 3a3eMJIeHHUS Ha/l0 BHIOMPATh TaK, YTOOKI Ma-
pa3uTHas €MKOCTh Ha 3€MJII0 YYACTKOB CXEMbI C OOJIBIIMM BBICOKOYACTOTHBIM II0O-
TEHIMaJIoM OblIa MUHUMAJIbHOM. PaznuyaloT TOUKM HEMOCPEICTBEHHOT'O COSIUHEHUS



KOpITyca ¥ TOYKH C HYJEBHIM BBICOKOYACTOTHBIM MOTEHIIMAIOM, a TaKKe COCIMHCH-
HBIE C KOpITyCOM OJIOKMPOBOYHBIMU KOHAeHcatopamu. B I'BB mo cxeme ¢ obmum
AMUTTEPOM (KaTOJ0M, UICTOKOM) M 00Iel 0a30ii (CETKOM, 3aTBOPOM) OOBIUHO C KOP-
MyCOM COEIUHSIOT OOIIMHA 3JEKTPOMA, KOTOPBI OKa3bIBACTCS 3a3€MJICHHBIM KakK II0
MOCTOSTHHOMY TOKY, TaK M MO BBICOKOW YacToTe. B Tex cimydasx, Korma oOImuid dek-
TPOJ JOJHKEH UMETh KaKOW—TO MOCTOSHHBIM MOTEHIUAI, 3TOT AJIEKTPOJI 3a3eMIISETCS
yepe3 OJIOKMPOBOYHBIN KOHACHCATOP MO BBICOKOH dacTore. OT 3TUX MpaBUI MPUXO-
JOUTCS OTCTYNaTh, €CJIM B HEKOTOPBIX AD (TpaH3HCTOpax) ¢ KOPILYCOM COSIMHEH OJINH
U3 BBIBOJIOB (KOJIIEKTOp). JlJIs ymydIeHus OXJIaXXACHUS TPAaH3UCTOP HYKHO yCTaHaB-
JMBATh Ha IIACCH, T.€. 3a3eMJIATh KOJUIEKTOP MO MOCTOSIHHOMY TOKY. B TO e Bpems
I'BB moxeTt 0b1Th ocTpoeH 1o cxeme ¢ O unu ¢ Ob.

2. IIpoekmuposanue snewnux cxem I' BB

Yro6sl obecnieunth pacu€THbil pexxum ['BB, HY)XHO mpaBUIBHO CHPOEKTUPO-
BaTh BHEIIHUE cXxeMbl ' BB — nutanms, cMelieHus, coriacoBaHus.

Brixognas nens AD I'BB coneput 1ienb coriiacoBaHUsl U UCTOYHHUK MTUTAHUS.
OTHU 3JEMEHTHI CXEMbl MOXKHO BKIIFOUUTH MOCJIEI0BATEILHO U000 mapasiensHo. [lpu
MOCJIEIOBATEILHOM CXEME MCTOYHUK MUTAHMS, BBIXOJHAs corjlacyromasa uenb u AD
COCIMHEHBI TTOCIIEN0BATENbHO. JIJIsl HCKIIFOUEHUS TTOTEpU MOIIHOCTH BY B nCTOUHMKE
MATAHUS U YCTPAHEHUSI HEXKENATEIbHBIX CBA3CH MEXAY KacKaJaMu NepeaaTyuKa ye-
pe3 UCTOYHUK MUTaHUS TociaeaHul moakirodaetcs Kk AD yepes ®HY, o6pa3zoBaHHbIM
Lgg u Cgz . UT0OBI MCKITIOUNTH BO30YXKJACHUS KoJICOaHHWM B 1emu, oOpa3oBaHHOM
bunbTpoM U AD, B HEe BKIIOYAIOT aHTUMAPA3UTHBINA Pe3UCTOp R4, DKBUBAJICHTHAS
uens nutanusa aiuga HY npencrasnena Ha puc. 4.1.

Ha AT Lgn
. AR

1 _

— “Em — Cmm Faim

Puc 4.1. DxBuBasieHTHas1 cxeMa nutanud mist HY
Jlns onpeneneHusi OJIOKMPOBOYHBIX AJIEMEHTOB BOCIOJIB3YEMCS M3BECTHBIM B

Teopuu GUILTPOB COOTHOIICHUEM
L
R=p=/|=.
« = P C

C
Tak xax R, =R, L=L,,, Cp;, =Cy, =~ » TO NapameTpsl ®HY, npencras-

JeHHOTO Ha puc. 4.1, OyayT onpenensaThes GopMyIoi
2
LEJT - 2RA17 'CEﬂ-

EMKOCTb GJIOKHPOBOYHOIO KOH/IEHCATOPA M BEIMUYKMHA Pe3UcTOpa R 477 OOBIYHO
1
BbIOMpaeTcs u3 yenosuii: ————<0,1- R, R, <0,1-R., rne R, — BXOAHOE CO-
min ~ = BJI
IPOTUBJIEHKE BBIXOJHOM LIEMH COTIACOBAHMUS, M3BECTHOE U3 €€ PacyeTa.



Ha puc. 4.2. uzoOpaxkeHa nocnegoBaTeabHas cxeMa nuTanus AD.

Bxoman KHAPYSE
COTTIAac .
K LEIIR
B 1
Len Fum
Bxzon A 1

En
i 7 = cm — Cgm

Puc. 4.2. IlocnenoBarenbpHast cxema nuTaHust AD

Cxema mapasnienbHON ey NUTaHus, B KOTOPOIM BCE JIEMEHTHI, 00pa3yromune
I'BB, coenunHeHbl napaiienbHoO, MpeIcTaBiIeHa Ha puc. 4.3.

Len Cp
K
BrixomHan EHATTVZEE
Fun B  OTTTAS .
LIEIIb
E'l'.[ I::E]'.[ BXO.D;
T 3

Puc. 4.3. Ilapannenvhasn cxema numanus A9

Pacuetnbie GpopMysbl I mapajieaIbHON CXEMBI TaKHe e, KaK ISl TTOCJIeN0-
BaTEJILHOU

1)@, ‘Lsﬂ >> Ry ; 2)R,;; <0,1-R.; 3) Cyr :L;ﬂz; 4) CE/Y] zCP,
2-R,;
[Tpu oxHOM U TOM ke BenmuuHe R 47 OJTOKMPOBOYHBIE €eMKOCTU U MHAYKTHUBHO-
CTH B IOCJIEAOBATEIBHON CXEME MUTAHUS MHOTO MEHBIIIE, YEM B IapajljICIbHOM.
Jl1s1 BBIOOpa pabodeil TOUKM Ha YIPaBISIONIUN 3JIEKTPO] OAAIOT MTOCTOSIHHOE

HalpsHDKCHUE M TMPUMEHSIOT MapajuielibHyto (puc. 4.4, a) WM IOCIEI0BaTEIbLHYIO
(puc. 4.4, 6) uenb CMEIICHUS.
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Puc.4.4. CxeMbl nogaun GUKCUPOBAHHOTO HAMPSHKEHUS CMEIICHUS
Ha yIpaBJISEMbINA dJIEKTPOJ
ABTocmMmernieHne oopa3yeTcsl B pe3yJibTaTe MajeHusl MOCTOSHHOIO HaIpPsKEHUS

Ha COMPOTHUBJICHWU aBTOCMEIIEHUS R, M3-3a MPOTEKAHUs IO HEMY MOCTOSIHHOM CO-
CTaBJISIONICH BXOJHOTO TOKa. Pa3nuyHble BapuUaHTHI CXEM aBTOCMEIICHUS MPECTaB-
JIeHbI Ha puc. 4.5.

Exon CEn
| |
[
_— FEoom
— 1
Fom 1
a 0 B

Puc. 4.5. CxeMbI aBTOCMEILICHUS:
a — ToclieioBateNibHast; 0 — mMapajuiesibHas; B — IOCieaoBaTeNbHas, 00yCIOBICHHAs
MIPOTEKAHUEM AMUTTEPHOTO TOKA

IIpumep: Tloctpouth npuHIMIUANBHYIO cxeMy ['BB Ha TeTpojie ¢ 00mumM KaTogom.
[Iutanune anona AD nocienoBaresibHOE. CMENMIEHUE OCYIIECTBISAETCA OT OTAEIBHOIO
MCTOYHUKA (BBIMIPSMUTEINS) MO MOCIENI0BATENbHON cXeMe BKIIOUEHHUS. DKPAHUPYIO-
11ast CeTKa IMUTAETCA OT OTAECIABHOIO UCTOYHUKA. JIJIs1 KOHTPOJISI peKrMa BKIIFOYArOTCS
U3MEpUTEIIbHBIE PUOOPHI.

Ha puc. 4.6 npuBeneHa cxema IMOCIEI0BATEIbHOIO MUTAHUS B LEMU CETKU U
anona I'BB, co6panHoro Ha teTpoje.
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Puc. 4.6. Cxema I'BB Ha TeTpoze ¢ nociie1oBaTeIbHbIM TUTAHUEM LIENN
CETKHU U aHOJa

B cxeme nannoro I'BB nenu BXoja M BbIXOJIa HE OTJIMYAIOTCS OT THUIIOBBIX.
HoBbIM 351eMEHTOM 34€Ch SBJISETCS CXEMa IMUTAHUS AJIEKTPOHHOM CETKH, KOTOpas
MOXKET OBITh OCYILECTBIIEHA OJTHUM U3 TPEX CIOCOOOB: @) OT OTACIBHOIO UCTOYHHMKA
HanpsbkeHus: £y (Kak IOKa3aHO Ha cxeMe); 0) OT UCTOYHMKA HampsbkeHus E 4 de-

pe3 racsiui pesucTop (B JaHHOM cXeMe OTCYTCTBYET); B) OT UCTOYHUKA E 4 depes
JEIUTENb (B CXEME OTCYTCTBYET). BIOKHPOBOUHBIMU d51eMeHTaMu ABIsitOTCS Cpy3 U
Lg 7> Kounencarop C,,, ycmemHo urpaeT posb CTaTHYECKOTO dKPaHa, eCiM BBICO-

KOYaCTOTHBIN MOTEHIMAN CETKU OTHOCUTEIBHO KaToaa OJIM30K K Hymto. st ero pac-
y&Ta UCTOIB3YeTCs cienyromas Gopmyna:

C,,, =(50...200)C

rne C 5, — EMKOCTh camoro npubopa MexKJy aHOJAOM U SKPAHHOU CETKO.
B cxeme nokaszaHbl mpuOOpHI ]CO , 1 Cao° 1 Ay - OO0mue nmpaBuiia BKIIOYEHHS

HpI/I60pOB TaKOBBI: a) HpI/I60pBI MAarauTHO—3JICKTPHUYCCKOT'O THIIA OJIA U3MCPCHUA TO-
KOB U HaHpH)KCHI/Iﬁ MOXHO BKJIXOYATh B PA3PbIB TCX IMPOBOAOB U K TAKHUM TOYKaAM,



KOTOpbIE€ HE MMEIOT BHICOKOYACTOTHOTO MOTEHIIMAa OTHOCUTEIBHO 3eMIIH; 0) 3a)KU-
MBI KaXJ10ro npubopa OJOKHpYIOT KoHAeHcaTopoM Oousblioi émkocT (1...10) nd;
B) IpUOOPBI JIJIs1 U3MEPEHUSI TOKOB JKEJIaTeIbHO BKJIIOYATh B LIETH, HE UMEIOUIUE BbI-
COKOI'0 IOTEHIHANA.

3. Vmpaowcnenus u 3a0auu

1. M306pa3ute cxeMmy napajieIbHOTO MUTaHUS B LIEISAX aHOJIa U yIpaBJIAIonIeH
cetku nammnoBoro I'BB. KakoBsie €€ 10CTOMHCTBA U HEIOCTATKU ?

2. N300pa3uTte cxeMmy MOcien0BaTeIbHOI0 MUTAHUS B LIETSAX aHOJA U YIpaB-
sromed cetku. KakoBele €€ JOCTOMHCTBA U HETOCTATKHU ?

3. IloueMy mpu CIOXKEHUM MOLIHOCTEN AD OrpaHHMYMBAIOTCS NapaAJUICIbHBIM
BKJIIOUEHUEM HE 0osiee NBYX—TpEx AD?

4. HazoBuTe 00J1aCTH NPUMEHEHHUS JIBYXTakTHOro BKIto4YeHUs AD. [louemy B
JJaMIIOBOM TEXHUKE OTKAa3bIBAIOTCS OT JIBYXTAKTHOI'O NMOCTPOEHUS, & B TPAH3UCTOP-
HOW IBYXTaKTHBIE T€HEPATOPHI UCIIOJIB3YIOTCS IIUPOKO?

5. B 4ém cocToaT 0COOEHHOCTH MOCTPOCHUS IIETNell MUTaHUs Hakaja JaMIlOBO-
ro aBTOT€HEepaToOpa NPy MUTAHUU IEPEMEHHBIM TOKOM?

6. Hapucyiite cxemy I'BB ¢ 0611eii ceTkoi Ha TETpoje C Mojiaueii HanpsKeHUsI
CMEILEHUs OT BBIIpSIMUTENA. B 4éM cocTOSIT 0COOEHHOCTU €€ TOCTPOeHUs?

7. Hapucyiite cxemy 'BB ¢ 061muM 3MUTTEpOM U 3a3€MJIEHHBIM KOJJIEKTOPOM.
B 1uéM cocToaT ocobeHHOCTH €€ TOCTPOSHUS?

8. Kakue 1nenecoobpa3HO NPUMEHSATH MOCTOBBIE CXEMbI MpPH MOCTPOCHUU
PIInV, nepekpriBaroniero auanas3oH 1,5...30 MI'?

9. IloueMy Ha MpPAKTUKE MHUPOKO MPUMEHSIOT KBaAPATypHbIE MOCTOBBIE CXEMBI,
HECMOTPS Ha OONBIIYIO CIIOXKHOCTh X NMPAKTUYECKON peann3auu?

10. U306pasute cxemy I'BB ¢ mapamienbHO—IBYXTaKTHBIM BKIIOUeHHEM AD.
[Touemy Takue cxembl MOJIy4atoT BCE OOJIbIIee pacIIPOCTPAaHEHHUE HA MPAKTUKE?

11. CoctaBpTe TOMoJIorHueckyro cxemy ycuiutenss CBY Ha momeBoM TpaH3u-
cTtope. B 4ém cocTosIT 0COOEHHOCTH TOCTPOCHUS TAKOU CXEMbI?

12. 306pa3uTe NpUHLUUIHAIBHYIO CXEMY JABYXTAKTHOTO MOJYNPOBOJIHUKOBOTO
YCUJIUTENSE MOIIHOCTH C NMPUMEHEHHEM TpaHchopmaTtopoB-nuHuil. B uém cocrour
UX PEUMYLIECTBO 110 CPABHEHUIO C TPAAULIMOHHBIMHU CXEMaMM?

13. Tlouemy Ha mpaxkTUKe Bce OojblIee paclpOCTPaHEHUE MONTYYalOT JIBYXTAKT-
Hele ['BB na 6anaHcHbIX TpaH3uctopax? B kakoMm nuana3oHe 4acTOT OHM paboTa-
10T?

14. CocTtaBbTEe NPUHIUIIHAIBHYIO CXEMY TETPOJHOI'O YCHIIMTENS MOIIHOCTHU 3-TO
TEJIEBU3MOHHOTO NMana3zoHa. llepeuncinure npemMymecTBa U HEJOCTATKH CXEM C
OK u OC.

15. U3006pasute cxemy BbixoaHOW nenu ['BB Ha OumnosisipHoM TpaH3UCTOpE
tuna KT921A. Harpy3ouHas cucrema — IIMPOKOAMANA30HHBIA TpaHCdopmaTop.
[utanue mnocnegoBarenbHoe. Omnpenenure €MKOCTh OJIOKHPOBOYHOI'O KOHJAEHCA-

Topa, eciu R, = 50 Owm, fp= 50 MI'n.



16. IToctpoiite Beixoanyto 1enb ['BB Ha noneBom Tpan3ucrope tumna 211901A ¢
I1C Tuna nByx3BeHHoro T—oOpa3Horo ¢uisTpa. [lutanue napamnensHoe. Onpene-

JIUTE 3HaYE€HUs OJIOKHPOBOYHOTO apoccens Lg, ecnu f, = 15 MI'n, R, = 600 Owm.
17. 306pa3ute BoixoaHyo 1enb I'BB Ha Tetpone ['Y-44b ¢ pe3onancHoil Ha-
rpy3koi. Onpenenure 6JIOKUPOBOUYHBIE AIEMEHTHI, €CJIM AUANa30H pab0oyuX 4acToOT

0,6...1,2 MI';, a R, = 1,2 kOm.

18. Onpenenute 3Ha4eHUE OJOKUPOBOYHBIX AIeMeHTOB Lg, Cg, ecnu Tpuog ['K—10I1
pabotaer Ha vactoTe f = 0,5 MI'u, a amMmmnTyna nepBoil rapMOHUKH BBIXOJIHOTO
ToKa Ippix1 = 20 A ¥ BBIXOJHOE HANps)KEHUE HA HArpy304Hou cucrteme Uppy =
=9,2 kB.

19. BeixonHo#t kackana paauoeniatenbHoro PIInY paGotaet Ha tpuoge 'U-68A
Ha yactoTe 500 k['11 ¢ KOMOMHUPOBAHHBIM cMeleHueM. OnpeaeauTe ConpoTUBIIe-

HHUE PE3UCTOpPA aBTOCMEIICHHUS U 3HAUYCHHE OJIOKUPOBOUHBIX JIEeMEHTOB Loy, Cew,

ecau I;o=5 A, Ec,=—-350 B.
20. PaccuuraiiTe conpoTuBieHue pe3uctopos aenutens B 'BB, cobpannom Ha

tpansuctope KT603 ¢ O3, ecnu mocTosHHBIA 0a30BbI TOK Ig) = 3,4 MA, E.y =

= 0,7 B, E;7= 12 B. Onpenenure MOLUIHOCTh, PACCEUBAEMYIO Ha JACIUTENSIX, a TaK-
K€ €EMKOCTbh pa3JAeUTEIbHOr0 KOHJIEHCATOPA.

21. CocraBbre cxemy kackana PIInY na terpon I'Y-70b nns pabotsl B nuana-
3oHe BU. Bribop Hparpy304HOi CHUCTEMBI U CTIOCOOOB MUTAHUS LIETIEH BBIMOJIHUTE
CaMOCTOSITEIbHO. PaccunTaiiTe 31€MEHTHI IIENU YKPAHUPYIOUIEH CETKHU.

22. O0ocHyiiTe HanboIee SKOHOMUYHBIN C PHEPTreTHUECKON TOYKHU 3PECHUS CIIO-
c0o0 MUTaHUS SKPAHUPYIOIIEH CEeTKHU.

23. [lepeuncaute cmocoObl MOJYYESHHUSI aBTOMAaTHYECKOT0 cMeleHus. [loscuure
MIPUHITUIT TIOJIYYCHUsI aBTOMATHUYECKOTO CMEIICHHUS Ha MpPHUMEpPEe CXeMbl ¢ 0000-
ménHeM AD. Kakoe neiictBue Ha pexxum padotsl ' BB oka3biBaeT aBToCcMenieHue?

24. CocraBpte cxemy I'BB ¢ pacnpenenénnbeimM ycuiieHueMm. B kakom nnamna3oHe
4acTOT OHa ucnoJibzyeTcs? Ilepeuncnure €€ JOCTOMHCTBA U HEJOCTATKH.

25. Kakue pexxumbl paboThl Bo3MOXkHbI B CBU-1mogHoM reHepatope ¢ BHEII-
HUM BO30yxkaenneM? Kak onpegensercs B HeM KO03hPUIHEHT YCHJICHUS TTO MOTII-
HocTu? COCTaBbTE OJIMH U3 BAPUAHTOB YCHIIMTEIBLHOTO KacKaja.

IIPAKTHYECKOE 3AHATHE Ne 5
I'enepaTopsbl ¢ caM0OBO30Yy:KIeHHMEeM (ABTOTeHEPaTOPbI)
1. Obwue ceeoenus

ABtoreneparop (Al') — 3TO HCTOYHUK AIEKTPOMArHUTHBIX KosieOaHuii, BO30Y-
KIAOMINXCA CaMONPOU3BOJIBbHO, 0€3 BHelHero Bo3naencTsus. [loatomy Al B oTnu-



yur oT ['BB wacto Ha3bIBalOT reHepatopoMm ¢ caMoBO30yxJeHHeM. CXeMOTeXHHKa
Al ocHOBBIBaeTCsl Ha 00ECIIEYEHNH YCIOBUI CaMOBO30YKAEHUs — 0alaHCOB aMIUIM-
Tya U ¢a3. Kak uzBectHo [1], 3TH ycnoBuUS BBINOMHSIOTCA B TPEXTOUEUHBIX CXEMax
AI" — emkocTHOM U UHAYKTUBHOMU. ['1aBHOE TpeboBanue, npeabspisieMoe K Al', — BbI-
cokasi cTaOMIbHOCTh 4acToThl. B coBpemenHbix PIInY AI' B OCHOBHOM BBITIOJIHSAIOTCS
Ha MOJIYIPOBOJHUKOBBIX AD—TpaH3uCTOpax, MO0 TUoaax.

B Ttpansucropubix Al 3aBUCHUMOCTh HECTAOMJIBHOCTH YaCTOTBI OMpEesieTCs
BBIPAKCHUEM

Aw 1 1+(1+K,,)-6
—_— CO'T,—CO'T PR i A—
® 0, ’ ‘ K

oc

b

rae (O, — 10OPOTHOCTB KOJIEOATEIbHON CUCTEMBI;
T, — IIOCTOSIHHAs! BpEMEHU CTaTUYECKOHN KpYTU3HBI S;
¢, =w-t, — (pa3za KpyTU3HBHI S.
[TocTosiHHAsT BpEMEHU W CTaTWYeCKas KPyTH3HA BO3PACTAlOT C YBEIWYCHUEM
TOKa KoJutekTopa. IlocTossHHAs: BpeMEHH KOJIJISKTOPHOMU 1ETTH
T =Cy 75,
rne C, — eMKOCTb KOJUICKTOPHOHN IeTH, KOTOpasi MajJaeT ¢ YBEJINYCHUEM HarpsikKe-

HHUS Ha KOJUIEKTOPE;
Y5 — CONPOTUBIICHUE Oa3bl;

bespaszmepnslii koappuueHT
§=[1-7,(0)]/S1;-1,(0).

Hapsiny ¢ HenmocpeACTBEHHBIM BIUSHUEM Ha YacTOTY MOCTOSIHHOW COCTaBIISIIO-
el KOJUIEKTOPHOTO TOKa U HANpsHKEHHS] HAa KOJUIEKTOpPE CYUIECTBEHHBIM SIBIISIETCS
TaK)Xe M UX KOCBEHHOE BO3/ICMCTBHE HA YAaCTOTY BCIEJCTBHE U3MEHEHUS TEMIIepaTy-
pPbI TPAH3UCTOPA U3-3a BBIJEICHUS MOILIHOCTH, pacCeMBaeMOi Ha KoJuiekTope. M3me-

HCHHUC TeMHepaTypBI O6YCHOBHI/IBaeT HCCTa6I/IHBHOCTB JaCTOTHEI
Aw 1
:_2 'wTs'gf'Rnc'Iko'Eﬂa
@ Oy
r7e ¢, — TeMIepaTypHbIA KOAPGUIIUEHT MMOCTOSHHON BpeMeHu T ;

R

ne — TCITIOBOC CONPOTHBJIICHHUC MCXKIY IIEPCXOJOM U KOPITYCOM.

CocTaBasionyo HeCTaOMIbHOCTH YacTOThI, CBSI3aHHYIO C BIMSIHUEM TeMIIepa-
TYpbI (CaMOpPa3orpeBoM), HEOOXOAMMO YYUTHIBATh TOJIBKO MPU U3MEHEHUHN HampsKe-
HUA NUTAHUS KOJUIEKTOpa. BiusiHMe camopa3orpeBa Ha 4acTOTY MOKHO YMEHBIIHT,
MIPUMEHHB OXJIKIArONUK panguarop. OXIaKAeHUe TPUBOAUT K CHHXKEHUIO TEIJIOBO-
IO CONMPOTUBJICHHUS.

st ocnabneHus BIUSHUS TMEPEUYUCICHHBIX J1eCTa0MIN3UPYIOMKX (aKTOpOB
ATl moMeIamT B TEPMOCTAThI, OCYIIECTBIISIIOT MOAOOP BHICOKOYACTOTHRIX AD U mpe-
LU3UOHHBIX 3JIEMEHTOB KOJ€0aTeNbHOTO KOHTYpa, 00ECrneyrBaloT MPUMEHEHUE Iie-
YaTHOT'O MOHTaxa M T.J1. Takol crnoco0 crabuiusaiuu yactoTel Al' Ha3bIBaeTcs ma-
pamerpuueckuM. OH MO3BOJIIET CHU3UTHh HECTAOWJIBHOCTH YacTOTHI /10 3HAUYCHHM

5.10%..5-107. JlanpHelIee MOBBINICHHE CTAOUIIBHOCTA BO3MOXKHO TPH HCIIOJB30-



BaHud B Al B KauecTBe 37€MEHTOB K0JIeOATEIBLHOTO KOHTYpa PE30HATOPOB Ha IO-
BEPXHOCTHBIX akycTuueckux BosHax (ITAB) u kBapuesbix pesonaropos (KP). Al ¢
pezonatopamu Ha ITAB ucnonb3ytorcs Ha yactotax BIIOTh 10 1...2 ['Tu. Crabuib-
HOCTb YaCTOThI UX KOJICOaHUH JUIIb HA OAUH-TIONTOpA MOPSAKA XyKe CTAOMIbHOCTH
KkBapueBbIx Al

[Ipsimyto crabunuzanuio yactotel Al ¢ momompio KP ucnons3ytor B Bo30ynu-
tensix PIInY, korna HecTaOMIIBHOCTH YaCTOTHI 3a JUIMTEIbHBIN MPOMEKYTOK BPEMEHU
HE IOJDKHA IIPEBBIIIATH 107*.

OnHa 13 BO3MOKHBIX NPUHIMIUAIBHBIX CXEM FapMOHUKOBOIO KBapueoro Al
n300pakeHa Ha puc. 5.1.

= Kp L ¢t L1 RH
VT1
\|
A
il 07
Co1 == Rs R6 C?IZ
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Puc. 5.1. IlpunnunuanbsHas 3J1€KTpUUECKasi CXeMa aBTOreHepaTopa

OO6b1yHO TpH pacuerax KP 3amMeHsIOT SKBUBaJIEHTHON CXEMOU IMOCie10BaTENb-
HO COEMHEHHBIM aKTUBHBIM R, W peakTUBHBIM X, CONPOTHUBICHHUAMH, T.€.

Ly =Ryp + jX 5 = rKB(1+jU)(1_UTO "'ﬂ'o)_l >
1

rane RKB:rKB[(l_TOU)2+TOZ:| )

Xy = Rep [ 1-7, +0, - 7,07 |

— i_£ _ a)KBLKB
TOZG)OCOFKB > U_QKB f f 5 QKB R
K rI(B
rac FKB ) LKB ) QKB — COOTBCTCTBCHHO AKTHUBHOC COIIPOTUBJICHUC, MHIAYKTHUBHOCTD,

nobpotHocTh KP;
C( — €MKOCTb KBapleaepKaTeIs.

[Ipumepro no 20 MI'm KP Bo30yx7maloT Ha OCHOBHOM dYacToTe, a BBIIIE
20 MI'tt — Ha MexaHMYeCcKUX rapMoHUKax. JlJis yMeHbIIeHUsI HECTAOUIBHOCTH 4acTO-
Thl ¥ MOBBIIIEHUS DKCIUTyaTallMOHHON HajexHocTu Al paccenBaemas MOIIHOCTb Ha

KP P, He momKHA NPEBBIIIATh JOMYCTUMOTO 3HAYCHUsT Py, ., YKa3aHHOTO B CIpa-

BOYHBIX JaHHBIX:



P.,.<P

KB — ~ KBoon *

B AT’ ¢ kBapiem KCnoJib3yI0OT MAJIOMOIIHbIE AD pa3IUyHbIX TUIIOB, TOCKOJIbKY
KosiebaTesnbHass MouiHOCcTh AT Py, BblAeNsseMas B KOJUIEKTOPHON IIETH, TOTO K€ I10-
psaaka, uto Py, , u coctaBnser 1...10 MBT. BeiOop tna AD 3aBucHT OT TpeOOBaHHU

K KOHCTpYKTUBHOMY o¢popmieHuto Al'. [l yCTpoICTB Ha 3J€MEHTAaX € COCPEAO0TO-
YEeHHBIMU TapaMeTpaMH M THOPUIHBIX Yallleé BCETO MCIMOIB3YIOT TPAH3UCTOPHI U
TpaH3UCTOpHbIE MaTpullbl. [l0CKOIBKY MapaMeTphl OUIONSIPHOTO TPaH3UCTOPA 3aBU-
CSIT OT COOTHOLIEHUS MEXy pabouell yacTOTOM f,, W rPaHUYHON YacTOTOU KO3 du-

IMEHTA Tepe/lauyd TOKa B CXeMe C OOIIMM YMUTTEPOM PEKOMEHIYETCsl BEIOUpaTh AD
TaK, 4YTOOBI BBIMOJHSIOCH YCIOBUE

f ep = (3 =5 ) K*
HapaMeTpLI IMOJICBBIX TPAH3UCTOPOB B HII/IpOKOﬁ 00JIaCTH 4YacTOTHI MOYTU HE
MCEHAKTCA U TOJIBKO C HCKOTOpOﬁ KpHTH‘ICCKOfI HJaCTOThI pr PE3KO MPOABIIAIOTCA UX

HHCPIUOHHBIC CBOICTBA. I[J'ISI BBI60pa IMOJICBOT'O TPAH3UCTOPA MOXXHO IIPUHATH
f.<0,8f,, .
KP BBI6I/IpaIOT Ha 3aJaHHYIO YaCTOTY, €CI0 THUII OIIPCACIIACTCA Tpe6OBaHI/I$[MI/I K
HCCTa6I/IJIBHOCTI/I HaCTOThbI AF, MpeaAIO4YTCHUC CIICAYCT OTAABATH KP ¢ maneiMu 3Ha-

YCHUAMHU IMPOU3BCIACHUA COFKB , IPpHU 9TOM JICTYC BBIMMOJHAIOTCA YyCIIOBUA caM03036y-

xaeHus B Al', 0coOOEHHO Ha TapMOHMKAX.

B ocHoBe 0011ero meroaa pacuera JEKUT YpaBHEHUE CTAIMOHAPHOTO PeXUMa
Al:

SLP.KUC.ZH = 1 .
KPYTI/I?)Ha 6I/IHOHHPHOFO TPaH3UCTOpPA Scp ONIpCACIIAACTCA BBIPAKCHUCM

Se =S, (1+/9,)",
rae Sep = S-;/l(O);

S — KpyTH3Ha alMPOKCUMUPOBAHHOMN CTATUUECKOM MPOXOTHON XapaKTEPUCTUKY;
71 (0) — Kod(pULIMEHT pa3ioKeHUs IEPBOM TAPMOHUKN KOCUHYCOUIAJIbHOT'O

UMITYJIbCA,
9 — BBICOKOqaCTOTHBIﬁ YFOJI OTCC‘IKI/I;
S
Q) = =~ — HOpPMHPOBAHHAs YacTOTA [0 f; .
)
.

Js = Sr!

V4 o
K, =——2— — k03¢ unueHt oOpaTHON CBA3M.
Z2+ Z3



' Z] (Zz + Z3 ]
Z, =—————= — COIPOTUBJICHUEC HAIPY3KHU.

Z] + Zz + Z3
Zi=R +jX,;
Z,= Rz. + jX,;[ — KOMIUIEKCHBIE COMPOTUBIIEHUS KONEOATEILHON CHCTEMBL.
Zs = R, + jX,

B cxeme AT (cm. puc. 5.1) KP BxiroueH nociie1oBaTeIbHO ¢ AJI€MEHTaMH KOH-
Typa u notepu Ha KP mHOro Oojbliie, 4eM B OCTaJIbHBIX AJIEMEHTAaX CXEMBI, T.C.
P.o;, =0 1 MOXHO CUUTATh, YTO

P = PH + Py .
Tormga MoxHO cunrtath, 4T0 R; = Ry =0, a BCS MOIMHOCTh P BBIIEIAETCS Ha

P
conpoTuBieHHn Ry = R, (1 + a) ,Te a= R_H . C y4eTom NMpUHATHIX JONYIICHUN
KB

Z1=jXq, £2 = jX;, Zs = jX, :RK3(1+a)+jXKB;

1 1 1 5 !
X = R Xy = o Clowg =C1——— = Cl[l_(wkclLl)T
a)K 131{3 a)K 2 COKLI

ypaBHEHHUE CTALMOHAPHOrO peskuma Al IpuMeT Buj
) -1 XX
S (1 + ]QS) 2 =1
R, (1+a)+]()(1 +X, +XKB)
[Tocne pasfeneHus DTOrO ypaBHEHUS Ha JIEHCTBUTEILHYIO U MHUMYIO YacTH
TOJIyYMM UCXOHBIE PABEHCTBA U1 ONPEAEICHHS IAPAMETPOB U PEKUMA KBAPLEBOTO
Al:

Ry (1+a)=5-X, X, (1+Q) ",
X =—(X,+X,)-Q R, (1+a).

2. IIpumep pacueTa TapMOHUKOBOTO aBTOT€HEPATOPA C KBAPIIEM MEXKTY KOJUICKTOPOM
u 0a3oit

HcxoaHbie JaHHBIC:
MOIIHOCTG B Harpyske B, = 0,15 MBT;

pabouas yactota fp =40 MI'm;

A
OTHOCHUTEIbHAs HECTAOMIBLHOCTD YaCTOTHI —f =0,510".

PemeHnue.
1. Boibupaem ounomnspusiii Tpansuctop ['T311 co craeayronumu napameTpamu:



F,, =500 MI'w; /p1=50;

’”é =600wm; C,=C, =1nd,
Iemax =S0MA; Ugny o =12 B;
Uome= 0,3 B; §;,= 0,05 A/B;

Pryax = 0,15 Brnpu 7., = +25°C.
2. BeiOupaeM KBapLEBbIil FeHEPATOP CO CAECTYIOUUMH NTapaMeTPaMu:
F, =20 MI't; Tig =50 Om;

Oz =10; Pps., =2 MBT.
3. BriOupaem mpocTelinylo cXeMy T'apMOHHMKOBOI'O KBaplLEBOIO aBTOreHepaTopa

(puc. 5.1).
Pacuet cxemsl npoBoguM Ha f,= 40 MI'n, uto coorBeTcTBYeT BO30yx)aeHu0 KP Ha

BTOPOU MEXAHUYECKON TapPMOHUKE.
4. Onpenenum napameTp KaduecTBa KBapliia:
Ty =@, Cy I <0,5;
T = 2m40-10° -5-10 " -50 = 0,06 <0,5.
5. BeiOupaeM aMIUTUTYy TOKA Iymax U KOOPQOUIUMEHT @, HANPSKEHHE Ha KOJUIEKTO-

pe Uk,, yron orceuku 0.

iemax < (0,5...0,8) Leoon
Lemax — 10 MA;
PH
a=——"—""<0,25;
(PKB + P2)
a=0,1;
UKO S (0)4' . 035) UKB()on 7
Uko = 5B;
(6) = 0,1...0,3;
»(6) =0,2;
6 =60°
rae PKBaan — MOIIHOCTB, Belaensiemas Ha KP; a P, — MoOILIHOCTB, paccenBaeMas Ha

AKTHBHOM COIIPOTHUBIICHHUH Koy1e0aTeJIbHOH CUCTEMBI.

6. OmpeensieM MOIIHOCTh, paccenBaemyro Ha KP, u konebaTenbHyI0 MOIIIHOCTD, BbI-
JEJSIEMYI0 B KOJJIEKTOPHOM LIeTIH U3 ypaBHEHMsI OajlaHCca MOIIHOCTEH:

P =P, +P,+P,.
[Ipuaumaem P, =0 BBUIY €€ MalIOCTH.

P
Py == P, =22 =1 5uBr
KB a KB 0.1 »> MDT,

b

2



P, :PH+PKB =0,15+1,5=1,65 mBr;
PKB = 1,5 MBT< PKB()OIZ =2MBT

7. HaXOJII/IM AIIIIPOKCUMHUPOBAHHBIC ITAPaAMCTPBI TPAH3UCTOPA. B MaJIOMOHOIHBIX TpPaH-
S3UCTOpAX IMPpU HCAOUCIIOJIBb30BAHUU HX II0 TOKY HCO6XOI[I/IMO CUMTAThCS C HEJIUHEH-
HOCTBIO CTATHYCCKUX XAPAKTCPUCTUK U YUUTBIBATH 3aBUCUMOCTb UACAJIIN3UPOBAHHBIX
mapamMcTpOB DKBUBAJICHTHON CXEMbI OT BBICOTBI HMITYJIbCA.

_ S

— ; . ' -1
Sn_ls'll(maw r:h2103/Sn; S=h2103(l’6+l”) ;fS_—v;
S - s
S, =0,15A/B; r=333 Om; S= 0,127 A/B; f; =65MIw.
8. BoruuciisieM HOpMUPOBAHHYIO YaCTOTY KoJieOaHUH.

Q= Q; Q,=40/65=0,61.
Js
9. Onpenensem 3HaueHUE KOA(DPuUIMeHTa 0OpaTHOM CBS3H.

. U2 v, C 1 2 -1
KOC:U—:_Q’ZM, C13K8:Cl_ 2 :Cl[l—(a)e ‘Cl‘Ll) ]-
cloke X1 &) w; L

I[Hﬂ 9TOT'0 BOCIIOJIB3YCMCA YPABHCHUCM OaytaHca AMIIIATY .
251,
Rye(l+a) = Scp xp - xp(L+Q5)

2P U ]
R — KB ’ ] — c2 ; U — K max S — S . 0 .
I9K6 112<B KB x2 c?2 S(I—COS 6) cp 7/1( )9
K = C13K6 _ ilfmax 71 (9) .
“C, 2P, S-(I1-cos@)’(1+a)1+Qy)’
2
1©-0,2
K, 0.017-9, ~0,17.

¢ 2.0,015-0,5% 11136
10. Paccuntaem napaMeTpsl K0yiebaTeIbHON CUCTEMBI.

C13K6 :a)Z_l [KOC .Sl .(1+2.TO .Qs)"?;; '(1+a)_1 '(1+Q§)_1]0’5 _a)gco};
1 1

1 1
C . = -{[0,17-0,0254-(1+0,12-0,61) - — +—-——]>° =5.10"21 =
loke 2.3 14.4.107 il ( ) 50 1,1 1,3 ] }

=35 ud.

I/IHIIYKTI/IBHOCTB Ll Hn CMKOCTH Cl OIIPpCACIINM M3 BBIPAKCHUA

n2

(n-17?

1< 0)22L1C1 <

[Tpumem 0)22L1C1 =2 .Torna

C, = C13K6 . — 35
L (02 -1’ 0.5
— (0>, (1) ’




zcla);Ll_l.L _ 1
®,Cp, .. 40-40-35
11. Haiiném nomnpaBKy K 4acTOTe KoJIeOaHUM:
v=[x(1+K,.)+Qr, ] [27,x,(1+K,.) +(7,£ —l)rk]_l;
- 1+0.17 +0,61-50
. 27-40-10% -35-102 _16.

20,06 (- 1+0’617 ) +(0.06-0.61-1)-50
2.3,14-40-10%-35-10"

L =10,7 Mkl

1

OTHocCHUTENIBbHAS HECTAOUIBHOCTh YaCTOTHI

A
MoV 08107505107
f 2Q3K6
12. OHpeI[eHI/IM rapMOHHYCCKUC COCTABJIATOIINEC TOKA KOJUICKTOPA U aMIUIMTYAY Ha-
npspKkeHus Ha 6asze u apyrue napametpsl Al

I
_ , : _ n
L, =0(0)ie max, 131 =0(0)i max, U = 57.0)"
I, =10-2,22=22mA, I,; =10-0,39=3,9MA Uy =—>>—0,16B.
0 ’ ’ 0,27-0,2
AMHJII/ITYIIa HaHpH)KCHI/IH Ha KOHHCKTOPC
2-P
Uy = —;
I, "COS Q.
cos @, =[1+(Sgpx, + Q)T
_ -1 21-0,5 _ .
cos@ =[1+(0,127-0,8 ; S +0,6)717% = 0991;
1-3,14-40-10° 20010~
2-1,65-107°

0,85 B.

7 39.107°-0,991

MOIHOCTb, TOABOIUMAS K KOJUIEKTOPHOM ICIIH:
R=1E,; P,=2,2-5=11MBr.

PaccenBaeMasi MOIITHOCTh Ha KOJIJICKTOPC

P,.=P,—-P; P, -=11-1,65=9,35MBr;
9,35mMBr < P,,,,, = 0,15 BT.
TTocTosHHAS COCTABISIIONIAs TOKA Ga3bl
1
Ijo="2%5 1, =22 0,044 mA.
hy1, 50

Hanpsixenue cmenienus Ha 6ase:



u,=UU,. +U5[7/0(6?)(1+Q§)_0’5 —7,(r —=0);
U, =0,3+0,16-[0,11-(1+0,36)° —0,61]= 0,22 B.

OmnpenensieM BEIUYUHY CONPOTUBICHUS PE3UCTOpPa aBTOCMEIECHUS R,. C poc-

TOM 3TOTO COINPOTHBJICHHUS YBEIWYMBAETCA €ro CTaOWIM3HpYIOlee NEeUCTBHE U
YXYALIAIOTCS PHEPreTHUecKue Moka3areiau. B kauecTBe KOMIPOMHCCHOTO pEelIeHUs
pexomenayetca BeiOupate R,= 100...500 Om. IIpunumaem R,= 300 Om. Compo-

THBIEHUE R; HaiaéMm u3 cootHomeHus Rg=(10...20)x2 =200...400 OMm. Bo3pméMm

R; =300 Om. Benuuuny Cy| onpemenum u3 ycnopus:

10
Co1 = ;
a)K-R3
10 10°®
Ir-4-10"-300 6,28-12

Paccuurtaem HaIIPAKCHUC NCTOYHHUKA ITUTAHUA En " MMaACHUC HAIIPSKCHUSA Ha

=133 n®.

pesucrope Ry:
E, =Ugo +Uxo +150) - Ry;
E,= 54+(2,2+0,044)-107-300~ 5,7 B;
Ul =Uey +Uxo + 1) Ry + I5R5;

U =0,22+(2,2+0,044)-300=1,0 B.
[IpuHMaem TOK uepe3 JETUTENb:

I =51, I,=5-0,044=0,22 MA.
ConpoTuBieHUE ACIUTENS B LIENU MUTAHUS:

RIZA; Rl :—1’0 = :6KOM,
Iy—1Ig 0,17-10

o En=Upi g = 2871 519000
2 Iy > 0,22-10°

3. VYnpaosicnenus u 3aoauu

1. 3anmummTe ¥ NOSICHUTE ypaBHEHUs OajlaHca aMIUTUTYI U (a3, ycioBus ca-
MOBO30YKJI€HUS U YCTOWYMBOCTU aMIUIUTY/Ibl U YACTOThl aBTOKOJIEOaHUIA.

2. TlocTpoiiTe XapaKTEPUCTUKHU CPENHEN KPYTU3HBI B MATKOM M KECTKOM pe-
KUMaX CaMOBO30YKICHHUS.

3. Ompenenute HaUMEHBIIYIO YAaCTOTY KoJeOaHUI aBTOreHepaTtopa ¢ TpaHC-
(bopMaTOpHOH CBSI3bIO, MEPECTPANBAEMOIl EMKOCTBIO, €CIH KO3(PPUIMEHT 00paTHOM
cBsi3u paBeH 0,3, uHAYKTUBHOCTH KOHTYpa 0,1 MkI', no6potHOCTh 50, KpyTH3HA TPO-



xoaHOM xapaktepuctuku - 0,1 A/B. BriusHreM BBIXOJHOTO HaNpsKEHUsI HA TOK KOJI-
JIEKTOpa MOXHO MpeHeOpeyb.

4. TloscHute 0COOEHHOCTH HCIIOJIB30BAaHUS aBTOMAaTHYECKOTO U KOMOUHUPO-
BAaHHOTO CMeEIIEeHMs (CMEIIeHHEe OT MCTOYHMKA MUTAHUS aHOJAa WJIM KOJUIEKTOpa B
KOMOHMHAIIMU C aBTOCMEIIEHHEM) B TPAH3UCTOPHBIX U JIAMIIOBBIX aBTOT€HEpPaTOpaXx.

5. Pe3onancHoe compoTuBieHue KoHTypa 5 kKOwm, ko3dduuueHt obpatHOI
cBsi3u 0,3, koaduimenT peakunn BoixogHol nenu 0,05 , koahPUIMEHT BKIIOYEHUS
koHTypa 0,2. Onpenenure KpyTuszny AD 1Jisi caMOBO30YX/ICHHs aBTOT€HEepaTopa.

6. B aBroreneparope ¢ €éMKOCTHOW OOpaTHOW CBS3BIO HCIIOJIB30BaH KOHTYP
noopotHocThio 100 u pe3onancHoi yactoroit 3 MI'n. Ilonaras ¢asy KpyTusHbl paB-
HOH HyO, a ¢dazy koddduimenta ooparHoit csi3u pasuoit 0,01, onpenenure caBuUr
4acTOThI aBTOT€HEPATOPa OTHOCUTEIBHO PE30HAHCHON YaCTOTHI.

7. W3oOpasute cxemy OJHOKOHTYPHOT'O aBTOT€HEpaTopa C eMKOCTHOW 00pat-
HOM CBSI3bI0 (EMKOCTHAsl TPEXTOYKA) M BBIBEJIUTE YPAaBHEHHE PE30HAHCHOTO COMpPO-
TUBJICHUSI OTHOCUTENIBHO TOUYEK BKIIOYEHUS TpaH3UCTOpa U KoddduirieHTa oOpaTHOM
CBSI3M. 3alUIIUTE YCIOBUE CAMOBO30YKICHUS.

8. M3oOpa3ute cxemy OJHOKOHTYPHOTO aBTOTE€HepaTopa Ha JiamIe ¢ UHAYK-
TUBHOW O0OpaTHOM CBS3bIO (MHAYKTHUBHAS TPEXTOUKA) U BBHIBEUTE YpaBHEHUS ISl pe-
30HAHCHOTO COMPOTHUBICHUS U KO3 dUlMeHTa 00paTHOM CBI3U. 3aNUILIUTE YCIOBUE
CaMOBO30Y>KJIEHUSI aBTOT€HEPATOPA.

9. TloctpoiiTe Harpy304HbIE XapaKTEPUCTUKU aBTOT€HEpPaTOpa, UCTIOIb3Ys Xa-
PaKTEPUCTUKU CpeAHEN KPYTU3HBI IJIsl MSTKOTO U JKECTKOI'O PEXUMOB CaMOBO30YXK-
nenusi. Onpeaenute MUHUMAaIbHbIe 3HAYEHUsI CONPOTUBIICHUSI HArpy3ku, oOecreun-
BaloIllMe CaMOBO30YX/IeHHE KOJIeOaHMil.

10. CamoBO30yIMTCS JTU aBTOTEHEPATOP IO CXEME €MKOCTHOM TPEXTOUKH, €CITU
MHIYKTUBHOCTh KOHTYpa - 1 MKI'; eMKOCTb, BKIIOUEHHAsI MKy 0a30il U SIMUTTEPOM
Tpan3ucTopa, - 20000 nd; eMkocTh MexAy KoiuiekTopoM M smurrepoM 5000 nd;
T0OpPOTHOCTH KOHTYpa - 50; KpyTHU3Ha TpaH3UCTOpa B paboueit Touke 10 MA/B?

11. M300pa3urte cxeMy TpaH3UCTOPHOTO aBTOT€HEPaToOpa MO CXeMe MHIYKTHB-
HOM TPEXTOYKU C UCTOUYHUKOM MNuTaHusd. PezonancHas yacrtota koHtypa 1 MI'u, em-
KOCTh MEXy 0a30if u komiekTopoMm 1600 nd, HHAYKTUBHOCTDh MEXAY 0a30M U SMUT-
tepoMm 0,5 MkI'. IIpoBepbTe, BBITONHSIETCS U YCIOBHE CaMOBO30YKIEHUS, €CIIU KPY-
TU3HA B paboueil Touke Tpansuctopa 0,2 A/B. BrnusHue BBIXOJHOTO HANpsKEHUS HA
TOK TPAH3UCTOPA HE YUUTHIBACTCA.

12. C noMomnibio ypaBHEeHHs OanaHca aMIUTUTYA U a3 NOKaXUTe 3aBUCUMOCTh
4acTOThI aBTOKOJIE0aHUM OT (Pa30BOro CABUTa KPYTU3HBI KOJJIEKTOPHOTO TOKA.

13. Tloyuemy yxyamiaroTcsi 3HEpreTMYecKue MoKazaTesd U 3aTPYyIHSETCS Bbl-
MOJIHEHUE YCJIOBHS CaMOBO30YK/IEHUS aBTOT€HEpaTopa, €CIM 4acToTa KojaebaHuil aB-
TOT€HepaTopa OTJIMYAETCS OT PE30HAHCHOM YacTOThI KOJeOaTeIbHONW CUCTEMBI?

14. Bo cKoibKO pa3 U3MEHUTCS OTHOCUTENIbHAs HECTaOMIBHOCTh YaCTOThI aB-
TOreHepaTopa MpH yBEJIUYEHUU AOOPOTHOCTU KOJeOaTeIbHOM CUCTEMBI Ha MOPSIOK,
a ¢a30BOro yria cpeiHel KpyTH3HBI - B J1Ba pa3a?

15. CpaBHuTE HEIOHAMPSKEHHBIM W NEpEeHANPSHKEHHBIM PEeXKUMbI pabOThl aB-
TOTeHepaTopa ¢ TOUKH 3PEHUS] HECTAOMIIBHOCTH YaCTOTHI.



16. Kakumu ipeumyIiiecTBaMu 001a4aeT €eMKOCTHAsI TPEXTOUYKa M0 CPaBHEHUIO
C UHIYKTHUBHOMW C TOYKHU 3pEHUS HECTAaOMJIBHOCTH 4acTOThI? B Kakux ciydasx ciemy-
€T MPUMEHSTh HETIOJHOE BKIIOYEHUE KOHTYpa B LIETb KOJUIEKTOp — 0a3a?

17. O6BsicHUTE, TTIOYEMY C YBEJIIMUCHUEM 3aTyXaHUs KOHTYypa BO3pacTaeT BIIMS-
HUE KOJIJIEKTOPHOTO HAMPSHKEHUST Ha HECTAOMIIBHOCTh YaCTOTHI?

18. Tlouemy B CTaOMJIBHBIX MO YACTOTE aBTOT€HEPATOPAX 3amac 1Mo camoBo30y-
KICHUIO HEJIb3s OpaTh CIUIIKOM OOJIBIITUM?

19. Ilpoananu3upyite BbIpa)K€HHE, ONpPEAEIIoNnee HeCTaOMILHOCTh YacTo-
Tel AI' Ha TpaH3ucTtope (cM. “OOmmue cBeAeHHs’) W MPEIJO0KUTE MEphl IO e
YMEHBIIICHUIO.

20. B dopmyne, onpenenstoieit 3HaueHne 4actotel Al f = , OTCYTCTBYET

1
JLC
CUMBOJI HanpsbkeHus. [lokaxuTe, 4ToO U3MEHEHHE MUTAIOUIUX HAMPSKEHUIH PUBOJUT
K U3MEHEHUIO YaCTOTHI.

21. Ilouemy kackan, ciaenyronuii 3a Al', kak npaBuiio, paboraer B OydepHomM
pEXKUME UM B PEKUME YMHOKEHHUSI pAIHOYACTOTHI?

22.Yto Takoe «mapameTrpuyeckas CTaOMIM3aIMs 4acTOThI» M KaKOW OTHOCHU-
TETbHON CTaOUIILHOCTH MOYKHO JOOUTHCS, UCTIONB3YS €7

23. HapucyiiTe cxeMy U 00bSICHUTE IPUHIUI JEHCTBUS AUOJHOTO aBTOreHepa-
Topa. YTo Takoe CHHXPOHU3aLMs TeHepaTopa?

24. IIpuBenute cxembl RC-reneparopoB ¢ Tpéx3BeHHON RC-1enbio U ¢ MOCTOM
Buna u naitite uX CpaBHUTEIIBHBIN aHAJIN3.

25. HapucyiiTe ciekTp kojiebaHUM aBTOreHepaTopa U 00bsICHUTE 00pa3oBaHuE
«TbEAECTaNa» CIEKTPATIbHON JIMHUU.

IIPAKTHYECKOE 3AHATHE Ne 6
YacToTHBIE MOAYJIATOPBI

1. Obwue ceeoenus

YacToTHas Momysauus ocyuecTBisercs B 3ajawoomem Al PIInY myrem Bo3-
JNEUCTBUS MOAYJIUPYIOIIUX KOJeOaHWM Ha HECYIIYI0 4YacTOTy JMOO MalOMOIIHOM
I'BB nytem nonydenus ¢pa3oBoi MOAYISIIUU U IPpeoOpa3oBaHus €€ B HACTOTHYIO.

Yacrora xosnebanuii B AI' onpenensercs pe3oHaHCOM KosieOaTeNbHON cucTe-
Mbl. Eciii HeKOoTOpbIM 00pa3oM BO3AEHCTBOBaTH HA PE30HAHCHYIO CUCTEMY, TO CHUH-
XPOHHO C 3TUM BO3JEUCTBUEM OyJeT U3MEHsTCs yactoTa. Hambonee mpocTo MOXKHO
nonyuuth UM-konebanus, eciu B pe30HAHCHYIO CUCTEMY BKJIIOUUTH BapHKail.

DKBHBAJICHTHAs1 CXEMa 3aKPBITOTO p-n-MEpexoia AMo/1a okazaHa Ha puc. 6.1.



O
0
|

o)

Ta

C,
Puc. 6.1. IlonHas 5kBUBaJICHTHAs cXeMa BapHKara (a), napasiesnbHas (0)
Y TIOCJIeTOBATEIIbHAS (B) CXEMBI 3aMEIIICHHUS BapUKaIia P 3aKPhITOM p-A1-TIePEX01e

Ha puc. 6.1 BBeieHbI 0003HaAYCHUS
C — eMKOCTb Mepexoa;

R — conpoTuBIeHUE TIEPEX0/Ia;

7 — CONPOTHUBJICHUE TIOTEPH;

Lg — HWHAYKTUBHOCTb BBIBOIOB,

C,, — eMKOCTb MaTpoHa MOJIynpoBoJHUKOBOTO npudopa (O6sryHO C, << C).
1. Benrnunna emkoctu C paBHa

C=C (1+ £),
P
rae E — HanpsbkeHUE Ha BapuKarie,
C,, — eMkocTs ipu E = 0;
() — KOHTaKTHas pa3HOCTh noreHuuanoB (¢, = 0,3...0,4 B nis repmaHueBbIX
auoa0B; @, = 0,8 B 114 KpeMHUEBBIX);
y — Kod(pdULHMEHT, 3aBUCAIIMNA OT 3aKOHAa KOHIICHTpAaIlMu IMpUMecedl B p-n -

1 o
NEPEXONle, y =~ NHPH CTYNEHYATOM H3MCHEHHH KOHICHTpALH (pe3kuii mepexon);

1 o o
y=—7 TPH JIMHCHHOM H3MCHCHMH KOHUCHTDALHM (mnaBHBIA Tepexon); ¥y =-1

(cBepxpe3kuii mepexon).
2. Koaddunument nepexpoitusi eMkoctu C:
C o, +F

max :( min )7 R

C i (pk+Emax

min

rne  En,. — onpenensercs mpoOWBHBIM HAMPSHKCHUEM p-n-TIepeXo/a;
Emin — MUHIMAaJTIbHOE HANIPSOKEHUE CMETIICHUSI.
Cymma ammuntyn mogynupytomiero Ug U BeICOKOYacToTHOTO U, HaNpsHKeHUH
HE J0JKHA MPEeBbIIaTh HAMPSHKEHUsI cMelleHust Ha p-n-tiepexone (Ug + U, < |Ey)).
3. IlapannenbHas M TOCIEAOBATENbHAS CXEMbl 3aMEIICHUS 3aKpPBITOTO p-n-
nepexoia 1uoja mokasansl Ha puc. 1, 0, B. Ha BBICOKMX YacToTax cripaBesIMBBI Cle-
AYIOIINE COOTHOILICHUS:



Rox——,
0)2C2r
1
QO > wCr’

riae Qg — N10OPOTHOCTh EMKOCTH 3aKPBITOTO p-n-TIepeXo/a.
4. JleBuanys 4acToThl M MHACKC YacTOTHON Moaysanuu (UM):

N, S,..U
Af():SqMUQ; m= 0 _Zum Qa
Finax Finax

rae S, —ko3(pduunueHT nponopuroHaIbHOCTH.
Ug, Fiax — COOTBETCTBEHHO aMIUIMTyJa U MaKCUMallbHas 4acToTa MOJIYJIH-

pyroIero kojieOaHus.
5. JeBuarust yacToThl U UHAEKC (hazoBoit Moayssuu (OM):
Aj; = Foind@ = FrinSpUq |
n1¢_w — Agﬂ — Lgd)-"UQ ,
e Sy — KO3(pPUIIUEHT MPOMOPIIMOHATHFHOCTH.

6. KoappunmenT napazutnoit ammurygsoit moaynsauuu (ITAM) npu padote aB-
TOT€HEepaTopa B HEJOHANPSI)KEHHOM PEXHUME:

AU _ N O

U fOer

rae fo — CpeaHss 4acToTa aBTOKOJIeOaHUH;
O, — 1OOPOTHOCTb KOHTYpA.

7. OddexruHas mmpuHa cnekrpa UM-konedanus npu yyere OOKOBBIX COCTaB-
JSIOIIUX, aMIUTUTYbl KOTOPBIX COCTaBISAIOT HE MeHee 5 % OT aMIUIUTYAbl HEMOJY-
JIMPOBAaHHOM HECYIIEH paBHA:

a) mpu m,,, <<l

115 =2Fnax My, + 1) = 2Fnax 5

0) mpu m,,, >>1

11, =2 Fiyax (myy, +1) = 24f,.

8. Tlomoce mponyckanus 2Af, ; pesonancHoro ycunutens YM-konebanuid, mpu

KOTOpOH K03()(OUIUEHTB HENMHENHBIX (Kf2) B 4acTOTHBIX (Kj) MCKaKCHHH HE IIpe-
BBIIIAET 33/IaHHBIX, COOTBETCTBEHHO PaBHBI

. 2m’ 24,
2A]((),7 Z Fma.\'] \‘ ’n'“‘ ’ 2A.f0‘7 2 f v ’

i H Kfz -1



9. CxeMbl YaCTOTHBIX MOJYJIATOPOB MPH aBTOTpaHC(HOPMATOPHOM (a) U €MKOCT-
HOI1 (0) cBA3M BapuKama c KoyiedaTeIbHbIM KOHTYPOM aBTOI'€HEpaTopa MPUBEICHBI Ha

puc. 6.2.

AHanuTUYECKUE COOTHOIICHUS IJIA pacueTa MmapaMeTpoB YaCTOTHBIX MOIYJISATO-

POB MpPUBEICHBI B TAOII.

6.1.

S

ST

=

-E

S
g

Puc. 6.2. CxeMbl 4aCTOTHBIX MOAYJIATOPOB

Taobmuna 6.1

Ilapamemp

Cxema (a)

Cxewma (0)

1 | Kpytusna mony-
JSAUUOHHOM XapakK-
TEPUCTUKHU

A
5, = o

Uqg

S

s

_ T rtf

C

2L+ 54 )

MO

CaBur ueHTpaib-
HOHM 4aCTOTHI aBTO-
reHeparopa mnoJ
BO3JIeHICTBUEM MO-
TyJIUPYIOUIETO Ha-
NPSKEHUS

Moo
o

_§Afgzx 1,
2\ fo 2 p

Cy

oy
CM [

)

3 | KoaddunueHr ne-
JIMHEWHBIX UCKa-

1
KEHUU NPH Y = ——

AV

K. =
Af,

H,




4 | HecTaOWJIBHOCTD
HaIpsHKEHUS CMe-

THUMOM yXOA¢€ 4ac- | -~

ToThI((AfoMp)max) Evo Uy P'Cuo) | Eyo \ fo P P'Cyo
1
npu y=--

2. Ilpumep pacuema yacmomnoz2o mMooyiamopa
Ncxonnsie qanubie. PaccuuTaTh 4acTOTHBIM MOIYJATOP HA OUIIOISIPHOM TpaH-
3UCTOpPE €O CIECTYIOIUMH JaHHBIMU: Hecymas yactota f, =10 MI'L,

A, —
OTHOCHTE/IbHAs JEBMALMSA YacTOThl 2O = 0,5-10 3, KO3 (PUIIMEHT TapMOHUK

H
K < 5%, ntnanazod MOAYIMPYIOIIUX 4acTOT Fini, =300 ... Fjj .« =3400 I'm.
Pemenue
PacueT monynsTopa npoBOAMM B CIIEIYIOLIEH MOCIEI0BATEIbHOCTHU
1) Pacuet aBTOreHepaTopa.
2) Boibop BapuKkana v pacyeT ero pexxuma.
3) Pacuet eMKOCTH CBSI3M Bapukarna ¢ kKojebarenbHol cuctemon Al' u nenurens Ha-
MPsDKEHUS U1 TT0Aa4y HAIPSKEHUS] CMELICHUS Ha BapHKail.
1. BeiOupaem tpanzucrop Mainoit momuoctu KT 331 co cnenytonmmu napamerpamu:
Ce =5 n®; C, =8 n®; 7, =120 nc; U, = 0,6 B; Uy,,, =15 B; ix,,, =20 MA;

Ubpon =3 Bs Poon =15 MBT; Sp =20 MA/B; fep =250 MI'n. Cuuraem, 4TO

cpenHuii koaduimeHT ycunenus Toka B = 20.
2. PaccuuraeM rpaHuyHbIe YaCTOTHI [ B> Jo:

f 250
fﬁ:%; Jp="y =125 MIm << 2f,=20 M, fo =1+ fp:

£, =262,5 MI'nL.

Takum 006pa3oM, HEOOXOAUMO MPUMEHEHUE KOPPEKTUPYIOIIEH LETTOYKH.
3. BpiOupaeM NpUHLIUNHUATIBHYIO CXEMY 4YacTOTHO—MoayiaupoBaHHoro Al, m3obOpa-

+0O — . |1
En _L06n1 1 I

T L0 el

C3

ci'r L6n Cp2
+O 1l

Bxoa HY

?

Rkop I:I RH




KEHHYIO Ha puc. 6.3.
Puc. 6.3. [IpunuunuanbHas 3JeKTpuyeckas cxema
4aCTOTHO-MOYJIMPOBAHHOI'O T€HEPATOPa

4. HaiineM BeMYMHY CONPOTUBIICHUS 0a3bl:

7’-OC

CKCZ

b

1”6 =

dKTHUBHasi 4aCTb KOJIJICKTOpHOﬁ CMKOCTH

12
Coy =(02-03)C,; Cpp =125 1d; 75 :% =96 Om.

b

5. OnpenenuM ciaenyrolne 3EMEHThl KOPPEKTUPYIOIIEH HENOYKHU:

Ryop :(3...5)%. 1_|_(J]:_H)2 :
B

2
RKO},:S-%- 1+(£j ~34 Owm;

20 12,5
_ C 1 1,8 nd
= : = =1, I J
O 2mfa-Ry,’ KO 2.3,14-262,5-10° 34
1 1
9T A A R, = G 12z160 Owm;
27 fop - G, 2-3,14-250-10°-8-10
R,=160>R,,, =34
1 R .RQ) 1
Rl(opzﬁ; R'op =27 OM.

[Tpurumaem R';,, =30,

6. OnpenenuM KpyTU3HY IPOXOAHOM XapaKTEPUCTUKHU TPAH3UCTOPA C KOPPEKLIUEH:

1 A
SK: N K: J—
—— 5% =003

KOP

7. BolOupaem aMIUIMTyAy MMITyJIbCa TOKa, HANPSDKEHUE MUTAHUS KOJIIIEKTOPA, BEJH-
yiHy KO3 puiimenTa oOpaTHON CBSI3U, YTrOJI OTCEUKHU:

L g max :Oag'ix() =16 mA, U,,, =0,3-U

on KOoJl Koon
K,,=1, 6=60°, o7=0218, o;=0391, 7y,=0102, Cosf=0,5.
8. IlpousBenem pacuet pexxuma AJ:

=4,5B.

L, = Tosieman -1 (0); Ly =16-0,391= 6,3 MA,
IKO = L ppmax "% (0); Iy =16-0,218=3,5 MA;
I

K—

16
— BbIX max . K _ ~ .
P TS -cost) VB Toz.05 0




U, =—0L;
1 KOC
U
R, =—"L;
Iy

P =05U -1y ;
Py =1y,
P

PAC

=P, —P;

P

7’]3 :?‘-100%;

0

E

CM

=Uome — U51

‘ECM +U51‘<U500n;

_ UKI
5 =
UK0
I
gKP :1_ BbIX max ’
Se Ui,

TakuM obpazom, ycaosue &, <0,5&,,

cosf ;

1,1
U,q:?:l,l B;

1.1
R,=—"> =170 B;

63-1073

~05-11-63-1072 = 3,5 MBr;

Py =3,5-45-10" =15,75 MBr;
P,.=1575-3,5=12,25 uBr;

3,5

15,75

b

E. =06-11-0,5= 0,05 B;
=0,65 B <3 B;

n,= %222%;

,1
)

&= =0,25;

16
20-4,5

Eop=1- =0,82;

BeIIONIHsAEeTCA: & =0,25<0,56,, =0,41.

9. PaccuuTaem sneMeHThI KojiebaTenbHON cucteMbl Al'. BeibepeM BeTUYMHY MHIYK-

TUBHOCTU KOHTYpa

Qo = Qr =100.
Torma
,OZCOH'L3;
1
CZ_
2 9
Ct)H-L3
Ry =P >
p= RK,
R3K6
v C
G=-%;
p
C
Cy=—-;
27K

Ly =10 Mmk['H ¢ 1OOPOTHOCTBIO 0, =100. TIpumem
p=2-314-10-10°-1-107° = 62,8 Owm;
1
Cy = = 2.5 nd;

(2-314-10-10%)?.1.1076
R, = 62,8-100 = 6,28 kOwm;

p= 170 =0,165 ;
6280
v 250
C1 =———=1500 nd,
0,165
Cp =1500 nd;
-1
1 2
Gy = (———j = 400 nd.
250 1500



'
10. Beruucinsgem eMKoCTH ch2 u C;. UroObl conpoTUBICHNE HATPY3KU R, (mepecdu-
TaHHOE K BBIXOJHBIM 3JIEKTPOAAM TPAH3UCTOpa) HE MEIIA0 3aMETHO TOOPOTHOCTU
' '
KOHTYpa, JOCTaTOYHO MpUMEeHHUTh R, = 3R, . IIpumem R, =300 Om. Kak u3BecTHO,

JIO6pOTHOCTB HOCJICI[OB&TCJIBHOﬁ OCIIOYKH

X R |
ch;:ﬁ: —H—l,aeMKocn, CC62: )
Ry, R, @, R, -ch

HomycTum chg =5, rorna Q.. = 2,24, R, =50 Om.
1

62 = 6
2-3,14-50-10-10° - 2,24
C =C -C, C; =1500-140 = 1360 nd.

C, ~ 140 nd.

6) >

11. Paccuntaem HAIIPSKCHUC B LCTIN CMCUICHU .

37 .
Ug=E,, +-0| 1,080 |, Ug =005+ 142 | Z215 B:
< | y0(0) 0,03 0,102
(3..5)-B cos6 5-20 0,5
= 1+ . R, . = 1+ =48 .
T v.(0) |’ AT 4.0,03] 0,102 KOMm;

2
C

IIpoBepka (sz “Ropp =10 << Ryyep = 4800 Om;
!

3Rycr 3-4800

R, ZT; R, = =720 Owm;
UK
1,1
RI:R,,CT-UI, R1:4,8-215;2,4 KOM;
b 9
Rzle.U—B; R2=2,4-£;2,1 KOM;
E,-Ug 45-2,15

12. IIpou3Beaem pacyeT Leny MUTAHHUS.

R, =5R.; R, =5-170 =850 Ow;
1 1
C. = . C. =
@, -0,1° 5 9.3,14-10-10°-0,1

Ep=Ug + 1 Ry; Ep=45+35-850=75 B;

bJI

=0,16 MxD;




13. Bribupaem Bapuxan KB104E, emkocTh KOTOpOTO Cg0 =100 n® npu U, =4B u

noopotHocth ero 150 na uacrore 10 MI'n. IlpenenbHble mapameTpbl BapuKana

Ujon = 45B; Py,,, =100 MBt. CTenieHp HeMHENHON BOIbT(QAapagHON XapaKTepUCTU-
1

Kd m=—.
2

14. Onpenensgem cMelieHre Ha BapUKare, OJIM3Koe M0 BEIMUYMHE K HAMPSKEHUIO KOJI-
JneKkropHoro nurauus Epy. Ilycts U, 60 = 4,0 B.

15. PaccuntaeM eMKOCTb CBS3U BapuKamna ¢ KOHTYpHbIM C., W IIPOU3BEIEM YTOUHE-
Hue BennunHbl eMkoctu Al' G5 .

Pacuyer pexnMa Bapukana npou3BEAEM 10 CIEAYIOMUM (HOpMYyIIaM:

, 4 . 4.0,05
Ug = K, Ug =———=0,13;
e T 271405
Uq =Ua(Usy + 0. ); Uq = 0,13-(4+0,5) = 0,68;
AC, 4 ACp  4-0,5
CRL B = 70,05 =0,067;
CBo l1+m Cpy 1+05
Aa)a
-3
® 2-0,5-10
Kp = o Kg="""""_20015;
57 ACy B= 0,067
Co
Ky -G [0,015-250
p, = : = === =0,158:
6 C’6 9 p6 150 s
0
P 1
Ug = Uy ; o = 0158 1 1=1045 B:
P 0,165
u 1,045
Copg = Cyy; Coe = ———-150 = 285 nd;
Up, — Uy 0,055
Cce C2

Cy =1500-285 =1215 nd.

C YUCTOM BJIMAHUS BApUKAIIA HA KOHTYP BMCCTO paCCIlI/ITaHHOﬁ CMKOCTH C2 B

Al HyxHO BKIt04UTh Cy =1215 nd.
16. Paccuntaem pe3UCTUBHBIN IEAUTENb R R, B LIENIA CMELICHHUS BApUKAIla, yYUThIBAs
CIIEAYIOIIHE YCIIOBUA:
R R R 1
1) EH 172

_ . << =470 xOm.
4 B; 2) R +R, Q

R +Ry max 8



BTOpOC YCIIOBHUC BBOIUTCA OJIA TOIO, YTOOBI Harpy3ka HMCTOYHHKA MOIOYJIN-

pYomero curaajia ObI1J1a IOCTOSTHHOM B ITOJIOCE YaCTOT Fmin L F

max °

RiR
ITpumem A kOwm,
Rl + R2
torga Ry =5,6 kOM, Ry =45,5 kOwm.

3. Vnpaoswcnenus u 3a0auu

1. HapucyiilTe BpEMEHHYI0 M CIEKTPaJlbHYI0 JUArpaMMbl YacTOTHO—
MOJlyJINPOBAHHOI'0 KOJI€OaHUs, €CIIUM MOJYJIUpYIollee HanpsbkeHue Ue= Uocos$t.

2. MOXHO 1M 10 OCUUJIIIOTPAaMME BBISIBUTH pazinnure Mexay UYM- u ®M- ko-
ne0aHusAMH, €CIIU MoAyJIupYyollee HanpsikeHue Ue = UncosQt?

3. Omnpenenute pacupenesieHue SHEPTUHU 110 CIEKTPY yacToT npu UM u ®M.

4. TlosicHuTe CXOICTBO M pa3nuuue B cnektpe AM u @M. 3anummure BbIpa-
KEHHUE, TI03BOJIAIONIEE ONPEAEIUTh Tpedyemyto nojocy yactotr npu AM 1 OM nns
oOecreyeHus: HeMCKaXKEHHON Tiepeiayn.

5. OOsscHUTE, yeM 00yCIIOBJIEHA MOBBIINICHHAS TOMEXO3aUIUIIIEHHOCTh YIJIO-
BOM MOJYJSIMU MO cpaBHEHHIO ¢ AM? Kak 3aBHCUT ITOMEXO03allUIIEHHOCTh OT UH-
JeKCa MOTYJISILIMM ?

6. Ilepeuncnurte OCHOBHBIE HENOCTATKH KOCBEHHOT'O c1loco0a nosyueHus YM.

7. Kaxo#l aneMeHT, KpoMe BapuKamna, MOKHO HCIIOJIb30BAaTh B KA4ECTBE Yac-
ToTHOrO Monyisaropa? Kakum oOpasom ynaércs obecneunTh TpeOyeMyr CTaOMIIb-
HOCTb YaCTOTHI ITPU NPSIMOM criocobe noiayyeHuss YM?

8. Omnpenenute kodpuIMEHT napasuTHO AM reHepaTopa, eciau aBToreHepa-

TOp paboTaeT B HeAOHANPsKEHHOM pexume, Q= 150 , Op = 50, pu 1) Af/ fo= 0,001;
2) Af/ fo=0,002.

9. YacTtoTHasg MOIyJsIIMs Moiy4yaeTcss MyTéM mpeodpasoBanus (azosoil. Ka-
KO€ YMHOKE€HHE 4acTOThl moTpedyeTcs st noinyuenus AFy= 50 x['1, ecnu monoca
Moaynupytomux yactor F=50-15000 I'u? MakcumanbHas neBuanus (a3pl paBHa:
a) 0,5 pan, 0)35° B)140°.

10. IlocTpoiiTe CTPYKTYpPHYIO D3JIEKTPUUECKYI0 CXEMY BEIIATEJIbHOTO
YM-nepenatuuka, padboraroiero no cxeme npeodpaszosanus ®M B UM, ecnu fo=
=45 MI'n, Afp= 50 k', F=30-15000 I'u, Ap = 2,5 pan.

11. Kakoii crieKTp 4acTOT JIOJKEH MPOMYCKaTh MEPBbI 1 OKOHEUHBIH YMHOKHU-
TEJIM 4acTOT B CTPYKTYpHOU cxeMme no 3agade 107

12. Onpenenute KOdOPUIMEHT MEPEKPHITUS O €MKOCTH KPEMHHUEBOI'O Bapu-

kana /1901b (y = —1/2) npu nuamMenennn HanpsokeHus cMmetnenus: a) ot 0 1o 5 B; 6) ot
5 no 10 B.

13. Onpenenute conpotusieHue norepsb Bapukana 1901A mpu Q = 25° fo =
=50 MI'm;, C =30 nd.



14. Onpenenute 1OOPOTHOCTH Bapukana Ha dactoTax fo; = 10 MI'n u fop =

=100 MTI', eciiu ero 100poTHOCTH Ha yactote fo = 50 MI'1, Q = 30.
15. OnpenenuTe CONMPOTUBIICHUE MOTEPh I' U DKBUBAJICHTHOE COMPOTUBIICHUE

R, Bapukana KB109A, ecnu Ha fo= 50 MI'u, O = 300. Emxoctb nepexoga C = 12 nd.
16. Onpenenute ko3 duiment napazutHoit AM npu UM reneparopa ¢ momo-

IIbI0 BapuKarna, €ciid TeHepaTop padoTaeT B HEJAOHAIPSKEHHOM peKUMeE MpH fo = =

50 MT', Afg= 0,5 MI', Q= 50, Q = 230 106pOTHOCTh €MKOCTH 3aKpPBITOTO p—Hi-
nepexoja.

17. Onpenemure nonocy npomyckanus 2Afp 7 n Oy ycunurens YMK, npu ko-
Topoii KOAhPUIIMEHT HENMHEHHBIX HCKaxeHud He mpeBbicuT: a) 0,3%; 6) 0,5%;

B) 1%; ecnu Afy = 50 k', F'=30-150001"1, fo = 73,1 MI'11.

18. Ompenenure nonocy nponyckanus 2Afy7 U Ok PE30HAHCHOTO YCHIMTENA
YMK, npu koTopoit ko3 dunieHT yacToTHbIX uckaxkeHuit K ve npessicut: a) 1,03%;

0) 1,05%; B) 1,1%; ecu Afy = 50 k', F=30-15000T"m; A = 4,1 m.

19. Onpenemute Ky, B UM mo cxeme puc. 6.2, ecmu Afpo = 1,7 xI'n, Afy =
=21,2 k'

20. Onpenenute emMkocTh Cyo BapuKkamna ¢ pe3kuM p—n-nepexoaom B UM, co0-
paHHOM 10 cxeMe puc. 6.2, a, korna: KHy <4 %, Afopo <1 kI, fo =25 MI'n, A fy =
=15kl C,=6 nd, p=0,1.

21. Onpenenute aMIUTUTYly MOAYJIUpYyoero HanpstkeHus Uq , ecinn Eyg =
= 8 B. cxonnplie naHHbIe aHAJIOTMYHEI 3aga4de 20.

22. Onpenenute HECTAOUIBHOCTh HAMPSDKEHUS] CMEIICHHS] MOJIYJATOpA, MpHU
KOTOPOM yXoJ 4acToTel reHepaTopa He npeblcuT 500 'u. McxonHble n1aHHbIE aHAJIO-
ru4Hbl 3aga4de 20.

23. Onpenenute KOd(PPUIUEHT BKIIOUEHUS p MOAYJIATOpAa NpPU EMKOCTHOU
CBsI3M ¢ TeHepaTopoM (puc. 6.2,0) nmpu KOTopor K03(PPUIMEHT HEIMHEWHBIX UCKaXKe-
Huii Mmonynupytomero curtana KHy, < 2 %. B MoaynsaTtope ucnosib30BaH BapHUKall

J1901Bb, emxocts Bapukana C, = 30 n®d npu £, = 6 B. EMxocts koHTYypa C) = 4 1D,

fo=30 MI'u, Afp=12 xl'11.

24. OnpenenuTre CABUT LIEHTPAJIbHOW YacTHW aBTOI€HEpPATOpa MO/ BO3AECHCTBU-
€M MOJYJIUPYIOIIETO HANPSIKEHUS, €CIIU K0P HUIIMEHT BKIFOYSHUS MOTYJISITOpa p
= 0,04. McxonHple JaHHBIC aHAJIOTUYHEI 3a7aue 23.

25. Onpenenure KPyTU3HY MOAYJISIMOHHOW XapaKTEPUCTUKU W aMIUIUTYIbI

MOJYJINPYIOLIEr0 HAPsKEHUSI YaCTOTHOIO MOAyJATopa (cM. 3aaauy 23), eciu p
= 0,04.



IIPAKTHYECKOE 3AHATHE Ne 7
{u¢poBbie MOAYIATOPHI

1. Obwue ceeoenus

OO6muM y Bcex MepelaTyuKoB, pabOTarOMUX B OCCIPOBOJHBIX PATUOTUHUAX,
ABJIIETCS TO, YTO BBIXOAHOW cUTHAN (GOPMUPYETCS HAa BHICOKOYACTOTHOM HECYIIEH.
OTnUYUTENBHBIM MPU3HAKOM IU(GPOBOr0O paauoNeperaTyuka SBISETCS HAIUYUE B
€ro cocTane IU(PPOBOro MOAYIATOPA UIU MAHUITYJIATOPA.

Mopynsauus npu nepenadye AUCKPETHBIX CUTHAJIOB HA3bIBAETCS MAHUITYJISIUEH.
B 3aBHrcHMOCTH OT mapameTpa Hecylero KoueOaHus, KOTOPbI MmojiBepraercs u3MeHe-
HUIO 110 3aKOHY TepeaBaeMoro cooOIleHus (MEepBUYHbIA CUTHAN), pa3IuyaioT clie-
JYIOIIME€ OCHOBHBIE BUJbl MAHHUITYJIALMU: aMIUTUTYIHYIO (AM,), yactotHyio (UM,),
¢dazoByto (OPMy). [lpu MaHUNYISAIUU 3aKOIMPOBAHHBIN MTEPBUYHBIA CUTHAI TPECTAB-
JSieTCSl B BHUJIE HEMPEPBHIBHO YEPENYIOUIUXCS TUTIOCOB MM MUHYCOB — MOCBUIOK (TOKO-
BbIX WM OE€CTOKOBBIX). JJTUTENBHOCTH OJJHOM MOCHUIKH (I1ay3bl) paBHA T.

BaxxHeNmuMu XapakTepUCTUKAMU CUTHAJIa MAHUITYJSIUUU SIBIIIOTCA: CKOPOCTH

1

nepeaadun U M= OCHOBHAsd 4acTOoTa MAaHUITYJIALINH f MH :2—, IMUpHYHA ITOJIOCHI
T T

4acToT, 3aHMMAeMO# curHanoM Mauumynsuuu Iy, MI'n >B(6ur/c), roe B — cxko-
POCTh TIEpeIauy CUTHAJIa MAaHUTTYJISIITUU.

HpI/I aMHHI/ITYI[HOﬁ MaHHUITYJSIOUU OOUH BHCKTpI/ILICCKI/Iﬁ CHUT'HAJI KOga COOTBCT-
CTBYCT HU3JIYYCHUIO MMOJIHOM OHCPIUHU IICpCaAaTINKA (HOCBIJ'IKa), a I[pyI‘DfI CUTI'HaJI — OT-

CYTCTBHIO 3TOTr0 M3JIy4eHus (maysa). Pesynprupytomuii cursan npu AMy paBeH
s(t) =

Acos2r - f .t - nBoWYHAs eAMHULI;

0 - IBOMYHBIN HOIIb,

rae Acos2xf .t — KoaebaHue HeCylleil YacTOTHI.

B o0mem cnydae paguocurHai npu aMIUIUTYIHON paauoTenerpaduu onuchiBa-
€TCSl 3aKOHOM:

s(t)=A-[1+V(t)]cos2m - f,t.

[Ipu yacToTHOM Tenerpaduu TOKOBOM MOCHUIKE COOTBETCTBYET paboTa nepeaar-
YyiKa Ha OJIHOM YacToTe, a 0€CTOKOBOM — paboTa Ha Apyroi yacrore. Pe3ynbTHpyio-
AN CUTHAJ PaBEH

Acos2r - fll‘ - IBOMYHAS €IUHUIIA;

Acos2m - fot - JIBOWYHBIH HOJIb,

s(t) =

Tac f] I/IfZ — 4aCTOThI, CMCIIICHHBIC OT HCCYH_Ieﬁ IlElCTOT]':Jf‘C Ha BCJIMYHHLBI, PABHBIC 110

MOJIYJIO, HO MIPOTHUBOIIONIOXKHBIE IO 3HaKy. Pa3HOCTh yacToThl f> — f7 = 2Afy) Ha3bIBa-
€TCsl YACTOTHBIM CABUTOM WJIM Pa3HOCOM 4acTOT. Bbicoko4acTOTHBIE KOJeOaHUs MpU
TaKMX M3MEHEHUSX YaCTOThl MOXHO pacCMaTpUBaTh Kak KoJieOaHUsl ¢ 4YaCTOTOH Mo-
OyJSUUU, Y KOTOPOrOo MOAYIUPYIOIIUNA CUTHANT MMeeT (GOopMy MPSIMOYTOJIbHBIX HUM-
MyJIbCOB, & MaKCUMaJIbHAs JIeBUAIMS YacTOTHI pu OuHapHoit UM, paBHa Af>.



[Ipu pa3zoBoit MaHUTYJIALMHA TOKOBBIM TMOCBUIKAM U May3aM COOTBETCTBYIOT KO-
nebanus, paznuyaromuecs mo ¢asze Ha 180°. Takas MaHUMYISAIUS HAa3bIBACTCS TaKXKe
OounapHo# ¢dazoBoit Manumnysuei. [lomydarommuiicss CUTHan UMEET CIeYIOUIUI BU/:

npu OunapHoit ®M,,

S(0) Acos2r - f .t Acos2r - fit - nBoWYHas eNMHMUIA;

Acos(27[ . fct +77) - Acos2r - le‘ - IBOUYHBIA HOJIb.

[Tockonbky cnpur (asel Ha 180° (77 ) PKBUBaJICHTEH YMHOXXEHUIO KOCUHYCOU/IBI
Ha MUHYC 1, TO 3TO MO3BOJISIET UCTIOJB30BATh YI00HYI0 GOpMYIHpoBKY. Eciu umeet-
csi MOTOK OuTOB M V(f) ompexaensercs AUCKPETHOW (YHKUMEH, 3HAUEHHE KOTOpPOH
paBHO +1 npu nepenauve equHuLel (1) u Munyc eguHuIE (—1) Tpu nepenaye Hyss, TO
NepeaHHblid CUTHAJI MOXKHO ONPENENIUTh CIeAYIOUIUM 00pa3oM:

s(t)=A-V(t)cos2r- f.t.

AnbrepHatuBHOi (popmoil nByxypoBHeBoil ®PM siBnsiercs oTHocuTenbHas OM
win nuddepenuanbaas OOM-2(DPSK) - B MexayHapoIHON KOAUPOBKE.

ITpu OPM-2 pasznmuune B npueme 0 — 1 mpou3BOOUTCS 1O OTHOCUTEIIBHOMY W3-
MeHeHHUI0 (a3bl B TakToBble MOMEHTHI. [Ipu ODPM (aza ¢ u ynpasinsioiiee HanpsiKe-
HUe Vy U3MEHSAETCS BCAKUM pa3, KOrJa Ha MAaHUIYJIATOpP MOCTYNAeT OYepeaHas €au-
HHMIA [UpoBoil uMyabcHOM nocaenoparesbHocTd LHUC. Ecan Vy= 0, To dasa cur-
Haja OCTaeTcsi Hem3MeHHOW. TakuMm o0pa3om, OTHnagaeT HEOOXOJUMOCTh B Iepenaye
OMOPHOr0 CHUTHaJa W ympoumaercs aemonynsuus. ns (opmupoBanus curhaia
ODOM-2 ucnonb3yroTcsi 6anaHCHbIE MOAYISTOPHI.

[Ipu ouenke 3((PEeKTUBHOCTH Pa3IUUYHBIX METOIO0B (popMupoBaHUS HUDPOBBIX
PaJAMOCUTHAIOB HYXKHO 3HATh BIMSHUE PA3JIMYHBIX (PAKTOPOB HAa HIMPHUHY MOJOCHI
MpOIyCKaHUus cUrHaia. JlaHHbI mapaMeTp Mpek/ie BCEro 3aBUCUT OT CIOCOOOB Ma-
HUMYJIAIMUA U PUIbTpauy, TPUMEHSIEMBIX JJIsl CO3aHMs TIOJIOCOBOT'O CUTHAA.

[Ipu ammurygHoit Manunyasiuuu (ASK — B MeXIyHapoJHOM KiacCU(pUKALIMN)
HIMPUHA MOJOCHI MPOMYCKaHUs, KaK ObLJI0O OTMEUEHO BBIIIE, HEMOCPEICTBEHHO CBsI3a-
Ha co ckopocTho nepenaun LHUC u onpeaensieTcss COOTHOLIEHUEM

I1,, =(1+6)B, (7.1)
rjae B — ckopocTh nepenayn OUTOB;

6 — K03 GULKEHT, 3aBUCAIIUNA OT crocola (UIBTPALMK MOJOCOBOTO CUTHAJA;
0<e6<l.

®opmyna (1) npumeHruMa U JUIsl ONPEEICHUs MOJIOCHl CUTHANA MPU OMHApHOU
¢azoBoit manunymsun (PSK).

[Tpu 6Gunapuoit yacroTHoi Manunysauuu (FSK) mupuny nonocsl MOKHO HalTH
C IOMOIIIBIO BBIPAKEHUS

I1,. =2Af +(1+6)B, (7.2)
rae 2Af = f» — f| — CIBUI 4acTOT WJIM YaCTOTHBIN pPa3HOC.

B dopmyne (2) npu ucnons3oBaHuM o4eHb BbicOKUX yacToT (MI'1) monoca on-
pezensaeTcs B OCHOBHOM IepBbIM cinaraeMbiM ¢ Af . Ha Huskux yactorax (I'ir) moMu-
HUpyeT BTopoe ciaraemoe (1 + ) B.

J{nst cy’KeHMsl MOJIOChl KaHAJIa MCTOJIb3YIOT MHOTOYPOBHEBBIE METO/bI MAHUITY-
msun; OOM—4, OOM-8, MMC, KAM-16, KAM—64 u T.1.



[Ipu peanuzanuu MHorodaszHou nepenaun curanoB (MPSK) moxHO 100uThCs

3HAYUTENBHO 0oJiee H3P(PEKTUBHOIO UCTIOIb30BAHMS TTOJIOCHI:
1+b 1+5b
Hypsk =| —— |B=|——~ |B>
L log) M
rae L — 4uciio OUTOB, 3aKOIMPOBAHHBIX B OJHOW CUTHAIBHOW MOCBLIKE;
M — KOITM4eCTBO Pa3IUYHBIX MOCHUIOK.

Jliist MHOrOYypOoBHEBOM yactoTHOM Manunmyisiuuu (MFSK) st pacuera nomocsl

CUTHaja UMeeTcs cienyromas popmyna:

(I+d)M
I pgx = T&;ET
2

[Ipu nepenave nU@PpPOBBIX CUTHAIOB 3(PPEKTUBHOCTH HCMOJIB30BAHMS CHEKTpa
paguocurHaia OLEHUBAETCS OTHOLIEHUEM

s= B
HM
rae I~ mupuHa NOoJIOCHl MPOIMYCKAHUS NPU PA3HbIX BUAAX MAHUIYJSIHUU. S paBHA
yucity outoB LIMC B cekynny (B), npuxoasuuxcs Ha 1 ['11 monockl paguoTpakTa.
B xayecTBe Mepbl MPOU3BOAUTENIBHOCTH LHU(PPOBBIX CUCTEM CBSI3U MCIOIB3YETCS

E
6

TAKKC IIapaMcTp N — OTHOIICHHC SHCPIrUr CUTHAJIA HA ] OUT K IUIOTHOCTH IIryMmOB
0

Ha | T'n. Tak xak E,= P -7, (rae P — MoumHOCTh curHana B Br; r, — BpeMs nepenaun
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Puc. 7.1. Teopernueckas 4acToTa MOSIBICHUSI OUTOBBIX OMMOOK
JUTSL pa3JIMYHBIX CXEM KOJUPOBAHUS

2. Ilpumep pazpabomxu yugdpoeoco mooyramopa
Hcxonunie naHHbIC:

CocTaBbTe CTPYKTYpPHYIO CXEMY YCTpoucTBa sl (POpPMUPOBAHMS CUTHaNA
O®M-8 1 OlLIEHUTE €T0 MOMEXOYCTOMUYMBOCTh B cpaBHEHUN ¢ KAM—S.
Pemenue: 1. Iloctpoum BekTOpHYIO AuarpamMmmy curtaia OOM-S.

[Ipexxne Bcero HEOOXOAMMO OTMETUTh, YTO «CUTHAJIbHBIE KOHCTPYKIIHK»
CJIOHBIX MAHUIYJIUPOBAHHBIX MO OMpPEACICHHOMY 3aKOHY CHUTHAJIOB OTIMYAIOTCS
cuMmMeTpueit. CUMMETPUYHBIN CUTHAJ C JTIOOBIM YHUCIIOM COCTOSIHUI MOXHO C(HOpMHU-
pOBaTh, CyMMHUPYS JIBa OPTOTOHAJIBHBIX (CABUHYTHIX MO (aze Ha 90°) HampsKeHUs
BbIcOKOM yacTtoThl U=V coswf u U=V sinwt, ecau ux aMIiuTyasl V. U Vg U3MEHATh
M0 PEryJIsiPHOMY 3aKOHY.



Ha puc. 7.2 noka3zana nuarpaMma COCTOSIHMM BBIXOAHOTO curHaiga OPM-S§.
N3 BeKTOpHON AMarpaMmbl CIEAyeT, 4To IJs noirydyeHus curHaia ODOM-8

YIPaBIAIOIINE HANPsOKeHUsT V. U Vg JOJKHBI OPUHUMATh TPU PA3JIUYHBIX YPOBHS:
+1, —1 u 0 «3anper», koraa coorBercTBytomuii curnan U, u U oOpaiaercst B HYJIb.

TpexypoBueBbie BU-curnansr U, u Ug MOXKHO MONY4YUTh HAa BbIXOJE OajaHc-
HBIX MOAYJIATOPOB, €CJIM Ha HUX MOJaBaTh TPEXYPOBHEBBIE YNPABIAIONINE HAIPSKE-
HUA V. U V.
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Puc. 7.2. Bektopnas nuarpamma curnaia OOM-8
BxogHoil MOIynMpYIOMIMI CUTHAJI, KaK H3BECTHO, MPEJCTaBISCT HUPPOBYIO
HUMITYJIbCHYIO TIOCJIEIOBATEIbHOCTh, B KOTOPYIO 3aJI0KEHO COOOIIeHHE. DTy MOCIe/10-
BaTEJIbHOCTh HEOOXOJIUMO MpPeoOpa3oBaTh B MapajlIeibHBINA KOJ, YTOOBI IMOJTYYUTh
ynpasistomue mudpoBeie HanpspkeHust Vi, Vo, Vi, mis yero notpeOyeTcs npeodpa-
30BaTelIb MOCIeA0BaTEILHOTO KoMa B mapauienbubiit (I1K). st ynpasienus 6ananc-

HBIM MOJYJATOPOM HYKeH TpexypoBHeBbIi curHasn U, u Uy, KoTOphIii BhIpabaThiBa-
eTCsl MpeoOpazoBaTeyieM TUIA «KOJI—HAMPSHKCHUEY.

2. CoctaBuM TabJIMIy COOTBETCTBHS YNPABIISIIONIMX CUTHAIOB V. U Vg Ha BBI-
xoje [AII BxoaasiM 1udpoBbIM curHaigaM Vi, V,, Vi.



Taoauna 7.1

Howmep no3unuu u kox co- | YpoBeHb HanpsikeHus Ha | Da3oBble MoJIoke-
OTBCTCTBU:A HAIIPSAKCHHUA BXOJZEC BM HUA BBIXOOHOI'O
Vi, V,, V3 CUTHaja

1. 000 V.=0 V,=- 3n/2

2. 001 Ve=-1 V,=-1 Sm/4

3.011 Ve=-1 V=0 n

4.010 Ve=-1 V,=+1 3n/4

5.110 Ve=0  V,=+1 /2

6. 111 Ve=+1  V,=+1 n/4

7. 101 Ve=+1 V= 0

8. 100 V=41 V,=- Tn/4

9. 000 V.=0 Vo=-1 3n/2

Tab6n. 7.1 u BekTOpHast nuarpamma (puc. 7.2) HarOT BO3MOXKHOCTb OMPEACIHUTH
CIeAYIOMUN MopsAI0K (OPMUPOBAHUS CUTHAJIOB: CTapIIMi paspsan 1udpoBoro koja
BbIpabaThIBa€T CUTHAN V|, KOTOPBII B CBOIO OYEPEIbh MCIOIB3YETCS IS MOTyUSHUS
yrIpasisionero HanpsbkeHus V. [1o 3akoHy cpeaHero paspsiga U3MEHSETCS CUTHAI
V,, B COOTBETCTBHUU C KOTOPHIM (opMHUpyeTcs yIpaBisiollee HamnpsokeHue V.
Munaamuit pa3psia nudpoBoro Kojaa onpeaesseT Nopsa0K U3MEHEHUs CUTHaIA V.

Ta6u. 7.1 mo3BOJsIET BBISIBUTH €III€ OJHY OCOOCHHOCTh OOpa30BaHUS CUTHAJIOB.
VYnpasnsroniee HanpsbkeHue V. Ha Bxojae bBM1 mensercs tak ke, kak u Vi, (cieayer

HUMCTb B BUAY, YTO 3HAUCHUIO KOA4 Vl =0 COOTBCTCTBYCT HAIIPSAKCHHUC Vc = -1, a IIpu

V, =1 — Hanpspkenue V. = +1), oqHako ecimu V3 = 0, TO Ipu U3MEHEHUHN COCTOSHUS
Vi (¢ «0» Ha «1» 1 HA0OOPOT) HaNpsDKEHUE V. TOIKHO MPUHSATH 3HAUYCHHUE HYIIS, T.C.
CUTHaN V3 «KOPPEKTHUPYET» HampsikeHue V.. DTH 0cOOEHHOCTH (OPMUPOBAHUS CHT-
HajoB Vi, V3 1 HanpsbkeHus: V. HEOOXO0IUMO TIOJIOKUTh B OCHOBY pa0OOThI mpeodpa-
30BaTelNs «KOA—HamnpspkeHue» 11p.

XapakTepHO, YTO MPHU OCYIIECTBICHUU WHBEPCHOTO MPEOOPa30BaHMS CUTHAIA
V3 dhopmupoBaHre HanpspDKEHUS Vg IPOUCXOIUT IO TOW K€ CXeMe, KaK W HaIpshKe-
HUE V.

3. PaszpabGortaeM anroputMm paboThl TpeoOpazoBareneld HUPPOBOTO Kojaa B
yIPaBIAIOLIEE HAIpsKEHUE V. U V.

Ha Beixone mpeoOpaszoBarens Ilp; ycTanaBimuBaeTcsi TpeXypOBHEBOE HarmpsiKe-

Hue [, ecam Ha ero BXOJ MOAAOTCS OJJHOBPEMEHHO KOJOBBIC CUTHAIBI ViU V3 B CO-
OTBETCTBUU C Ta0I. 7.2.

Tadauna 7.2
Vi 0 0 0 0 1 1 1 0
Vs 1 1 1 1 1 0 0
V, 0 -1 -1 -1 +1 +1 +1 0




Ha Bbpixone npeoOpazoBatens Ilp, ycranaBnuBaetcs TpexypoBHeBoe Us, eciu

Ha €ro BXOJ MOJAIOTCS OJTHOBPEMEHHO KOJIOBBIC CUTHAIBI V, U V3 B COOTBETCTBHH C
tabi. 7.3.

Tabauna 7.3
Vi 0 0 1 1 1 1 0 0 0
Vs 1 0 0 1 1 0 0 1 1
\2 -1 -1 +1 +1 +1 -1 -1

4. CocTaBUM CTPYKTYPHYIO cXeMy HH(ppoBOro Moaystopa curaaga OOM-S8.

[udpopoiit mMoaynsaTop MOMKEH cojaepkath mpeoOpaszoBatens koma (1K), 2
npeobOpaszoBaTeis kKoja B ymnpabistoiiee Hanpspkenue (Ilpg, [p,), uaseptop (M), 2
OaancHbIx Moayisitopa BM1 u BM2, da3ocasuraromiee ycTpoicTBo (@), reHepaTop
paguodactothl (I'), cymmarop (2). CTpykTypHas cxeMa MOIYJIsTOpa UMEET CIEAYIO-
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Puc. 7.3. CtpykTypHas cxema MOIyJsTOopa

[TomMexoyCTOWYMBOCTh CUTHAJIOB C TEM WJIM MHBIM BUJOM LU(DPOBOI MOIYJIsi-
[IUU OIIEHUBAETCA MO PACCTOSHUIO d MEXY OMMKaWIIMMU TOYKAMU HAa aMIUTMTYHO—
¢da3zoBoil nuarpamme curHajioB. Uem OoJblie paccTosHHE d MEXAYy OJMKaWIIMMu
TOYKaMU CO3BE3/IMs Ha KOMIUIEKCHOM IJIOCKOCTH, TEM BBIILIIE TOMEX0YCTOWYMNBOCTh. B
HallIeM CJIy4ae MOMEeX0YCTOMYMBOCTh 00OMX CUTHAJIOB MIPUMEPHO OJIMHAKOBA.
5. IlocTpouM cUTHaANBHYIO KOHCTPYKIUIO («co3Be3nue») curnaia OOM-8 u
OLICHUM €€ MOMEXO0YCTONYHUBOCTb.
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Puc. 7.4. Co3se3aue curaana OOM-8 (a); co3Be3aue curHaia KAM-8 (0)

3. Ynpaosxcnenus u 3a0auu

1. HazoBuTte BUABI MAHUMYJISIUN.

2. Yto nmoHUMaeTcs Moj CKOPOCTHIO MAHUITYIISIUU?

Kak onpenensiercs yactota MaHUIYJIILUNA?

3. Or 4ero 3aBHCUT MOJIOCA NPOMYCKAaHWUS MaHUITYJIMPOBAHHOTO CUrHana?
[IpuBeauTe NpUMepsI.

4. HapucyiiTe cxemy OCYIIECTBICHHS aMIUTUTYTHON MAaHUIYJISIIIUU U MOSICHU-
Te €€ paboTy.

5. Tlosicaute 0OCOOEHHOCTM 4YacTOTHOM Manunyisiuuu. Hapucyiite rpaduku
YaCTOTHO—MAaHUITYJIMPOBAHHBIX KOJIEOAHUH.

6. Hapucyiite cxeMy OCYyIIECTBICHHS] YACTOTHOW MAHUIYJISIIIUM U TOSICHUTE
e€ pabory.

7. B uém coctout cyumHocTh (pazoBoil MmaHumynanuu? CocTtaBbTe CXeMy IO-
JTy4yeHus: OuHapHoU (a3zoBoil MAHUMYJISLIUH.

8. B ueMm cocTouT cymHocTh OTHOCUTENbHON (AuddepeHnnanbHoi) (ha3oBoil
MaHunysiuu? Tloyemy 3TOT BUJI MaHUTYJISIIIUK MOTY4YMI pacnpoctpanenue? Hapu-
cyite rpaduku curnana npu OOM-2.

9. HazoBuTe TpH OCHOBHBIX MpeuMyIlecTBa HU(POBON Mepesadyn mepes aHa-
soroBor. KakoBblI €€ HemocTaTku?

10. Kak npu aMIuMTyJHOM MaHUMIYJSLUUU MPEIACTABISAIOTCA JBOMYHBIC 3HAUE-
HUS U KAKO€ OIpaHUYEHUE UMEET JaHHBIA MoaXoa?

11. Yro Takoe MHOroypoBHeBast MaHumyssiuua? [lepeuncnure e€ 1OCTOMHCTBA.

12. CocrtaBbTe cxemy 1ubpoBOro MoayisTopa mjig (HOPMHUPOBAHUS CUTHAJA
O®M—4 (QPSK) u Hapucyiite amMmuTyaHo—(pa3zoByto auarpammy (“‘co3pesnue’) s
ATOTO CUTHAaJA.

13. CocraBbTe cxemy 1ubpoBOro MoayisTopa mjisg (HOPMHUPOBAHUS CUTHAJA
npu kBagpatypHoit Mmanunyasiuuu KAM—16 u nosicaute ero padoty.

14. Hapucyiite CTpyKTypHYIO CXeMY HH(PPOBOro MOAYIATOpa AJi (OPMHUPOBA-
Hus curHasia YMMC. B ueM cocTouT 0COOCHHOCTh €ro paboThI?

15.Konebanue BbICOKOI 4acTOThI JOJKHO HMCIOIB30BATHCA B JBYX Pa3IUUYHBIX
cxemax nepenauu curiaina: OOM-2 u OOM—4. [InuTenbHOCTh CUTHAJIBHOMN MOCHUIKH

paBHa 107 c. Onpenenure OTHOLIEHUE SHEPTUM CUTHANIA HA | OUT K MJIOTHOCTH IIy-
MoBHa 1 ' (E';/ Ny) (B J10) Anst KaxI0ro cilydasi, €ClId yPOBEHb IIPUHATOIO CUTHA-

na S(¢) = 0,005sin(2x- 10%¢ + 0)B, a u3mepeHHasi B IPUEMHHUKE MOILIHOCTH IIIyMa paBHa
251078 Br.
16. Onpenenure OTHOIIEHUE CUTHAI/IIYM, HEOOXOAMMOE JJIA MOJydeHUs 3(¢-

¢dextuBHOCTH 1ON0CH 1,0 MpHU aMIUIUTYAHOM, YaCTOTHOM, (pa30BOM M KBaJpaTypHOUH
dazoBoif MaHUTTYIALKAX. YacTOTY MOSIBICHHS OIIMOOK CUUTANTE paBHOM 107,



17. Ouenure moyuocy 4actot, TpeOyemyto aisa nepenauu curaagoB OOM—4 co
ckopocTbio 2400 6ut/c u curnanoB OOM-8 co ckopocthio 4800 6uT/c, ecnu mupuHa
NOCTYyNHOM mojockl paBHa 2400 I'u, a nuana3oH nepenaBaeMbiXx yactoT oT 600 1o
3000 I't. JlocTaTOYHO JIM ATOM IOJIOCHI?

18. CoctaBbTe cxeMy pacnpe/IesIeHUs YacTOT JJIsl KXo BO3MOXKHOM L—OuToBOM
KOMOMHAIlMM TPU MHOTOYPOBHEBOM YACTOTHOM MaHUNYJIALMM, €CIUM Hecyuas
fn =250 kI'n, wactroTHslil pasHoc f; =250 KIm mia M =4 u M =8 (M — 4ucno

Pa3IUYHBIX CUTHAJBHBIX MOCBHUIOK). Kakyio CKOpOCTh mepelayd MOKET MOJJIEp KH-
BaTh cxema?

19. YpoBeHb MONIIHOCTH CHUTHaNA, MOJTYYEHHOTO IU(GPOBOM CUCTEMON CBA3H,
paBen 15125 Br, a a¢dextuBHas mrymoBas teMrnepaTtypa npueMuuka — 1500°K. Haii-

JIUTE OTHOILLICHUE Eg/ N, nns KaHana cBA3U co cKopocTbio nepenauun 2400 6ut/c.

20. Yemy paBHa 3(p(HEKTUBHOCTh HCIOJb30BAHUS YACTOTHOM, aMIUIMTYIHOMH,
($ha30Boil 1 KBapaTypHOU (Ha30BON MAHUTYJISIIIUUA TIPU CKOPOCTH TMOSBJICHUS OIIUOOK

107% B kanane ¢ oTHOmEHMEM curHai/mryMm paBabeiM 12 J16?

21. OueHuTe WHMPHUHY MOJOCH! AJISI AMIUIMTYIHOW U YaCTOTHOM MaHUITYJISIUUM,
€CJIM CKOpOCTh Iepeaaun JaHHbIX paBHa 2400 Out/c. [Ipu paccMoTpeHUH 4acTOTHOM
MaHUIYJSALUY CYUTANTE, YTO UCTIOAB3YOTC 4acToThl S0 kI'n u 55 xI'm.

22. Omnpenenute MUHUMAJIBHOE MEKTOUEUHOE PaccTosHue d ,,,,,, , CPEIHUI KBapa-

THYECKUI YPOBEHb CUTHAJIA G, HOPMHUPOBAHHOE PACCTOAHUE d ,,,,,, /O ISl 8—TI03ULIMOHHOM

aMIUTUTYJHOU, (a30oBoil M KBagpaTypHOoil MaHunyiasuuu. CpaBHUTE HX IMOMEXO-
YCTOMYUBOCTH (T.€. MEHBIITYIO BEPOSATHOCTH OIIUOKH).

23. Ilepeunciute nmapaMeTpbl, KOTOPbIC UCIIOIB3YIOTCS ISl OIEHKH d(DPEeKTUB-
HOoCTH IUPPOBBIX cucteM. Oxapakrepusyiite ux. [Ipuseaure npumepsl.

24. CocTaBbTe YIPOILIECHHYIO CTPYKTYPHYIO CXeMy IU(pPOBOro nepeaaTunka
paauopeneiHon uHuu cBsi3u. [losicHute npuHLun e€ padoThl U HaApUCYHTE rpaPuKu
paboThl MAaHUTITYJISATOPA.

25. IlokaxuTe, 4TO cxema aemoayiaropa curtana ¢ KAM, nzoOpaxeHHas Ha
puc. 7.5, BoCCTaHaBIUBAeT ABa curHan dy(t) u d,(¢), KOTOpble 3aTeM MOTYT 00be-

JAUHUTBCA C OCJIIBIO BOCCTAHOBJICHHA CHUTHAJIA.
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Puc. 7.5. demonynsarop curnana ¢ KAM:



BM1, BM?2 — 6anancubie moaynsitopsl; I — nenurens; F = 90° — gazocaBuraroriee
ycTpocTBO; I' — renepatop paaunocurnanon; ®HY1, ®HY2 — punbtper
HU3KUX YaCTOT

IIPAKTHYECKOE 3AHATHE Ne 8

NMnyjabcHbIE MOAYJIATOPBI

1. Obwue ceeoenus
NmmrynibcHasE MOAYJISAINS IIUPOKO MIPUMEHSCTCS B PaJMOIOKAIUH, PaJHOBEIIa-
HUHU, a TAK)KC B MHOTOKAHAJIBHBIX PAIUOPEICHHBIX U KOCMUYECKUX JIMHHSIX CBS3H.

Bunapl vMyibCHOM MOJYIISIIIUUA XapaKTePU3YIOTCs CKBakHOCThIO q = Ty/t, tae Ty u
T — NIepUO/] TOBTOPEHHUS U JJTUTEIHBHOCTh UMITYJIbCA.

B paguonokanuu tunuyHa paboTa ¢ BRICOKUMHU CKBaKHOCTAMH 10 1000 u 60-
Jiee, a B pauopeNeHHbIX TUHUAX CBSI3U ¢ HU3KUMU (q = 2...10).

Pexxum akTuBHOTO AmemMeHTa (AD) Ipu UMIYJIbCHOM MOAYJISAIIMHU OMUCHIBACTCS

UMITYJIbCHBIMU 3HaYeHUSIMU TOKA (Igpix i), MomHOCTH (P1u) U 1Ip., a Takke CpeTHUMHU

3HAYCHUSIMU lgyix cp, Plep 1 Ap. CpenHsist MOIIHOCTE OMpPENEISIET TEINIOBOM PEKHUM
nepenatunka. Jisi IpSAMOYrOJbHBIX MMIYJIbCOB MMITYJIbCHBIE U CPEIHUE 3HAUCHUS
CBSI3aHBI CJIEAYIOIIUMHU COOTHOIIECHUSIMU::

Igbix.cp= Lspx.u/q; Plep= P1n/q.

Jlist mutanust AD npu UMITYJIBCHONW MOJYJISIIIUN UCTIONB3YIOT MOJYJISIIIUOHHbBIE
ycTpoiicTBa (MVY) ¢ YaCTHUHBIM WIH MOJHBIM pa3psaoM Hakonutesns sHepruu (HD).
[lo cymectBy MV sBISIOTCS UMITYTbCHBIMM UCTOYHUKAMH NTUTaHus Juist AD. B kaue-
CTBE HAKOMHUTENICH SHEPTUU MPUMEHSIOT JTUO0 EMKOCTH, JIMOO UCKYCCTBEHHbIE JIJIMH-
ueie uauK (M/JT). B nmepBom ciiyuae B KauecTBe KOMMYyTatopa (KJIr04a) UCTOJIb3Y-
I0TCS UMITYJIbCHbIE MOAYJISITOPHBIE JIAMITbl MJIM TPAH3UCTOPBI, @ BO BTOPOM — MPUOO-
PBI HOHHOTO THUIA (TUPATPOHBI) WU TIOTYIPOBOAHUKOBbIE MPUOOPHI (TUPUCTOPHI).

Harpy3skoit MV sBIsiIOTCSI aKTUBHBIE 3JIEMEHTHI (MAarHUTPOH, aMIUTUTPOH, IIPO-
NETHBIA KIUCTPOH, SJEKTPOHHAS JlaMIla U Jp.), OCHOBHBIMH MapamMeTpaMH KOTOPBIX
SABJISIFOTCSL:

E ¥ Epop — HOMHHAJIBHOC U TOPOTOBOE HATIPSKCHHS,
[y — HOMUHAJIBHBINA TOK B UMITYJIbCE;
Ro = E/ Ipy—cTaTuyeckoe conpoTUBIEHHUE (COMPOTUBIIECHUE 11O MTOCTOSHHOMY
TOKY) Harpy3Ku;

R4 = dE/dly, — nunamuueckoe (nuddepeHipaibHoe) CONPOTUBICHUE HArPYy3KH.

MonynsimoHHble yCTpoHcTBa BMecTe ¢ AD (Harpy304Hoi) Ha3bIBalOT UMITYJIbC-
HbIMU MoayJiaTopamu (UM).

Pe3suctuBHas cxema UM ¢ yacTUYHBIM pa3psioM HAKOMUTENS MOKa3aHa Ha



puc.8.1, a popma MoIyIHpYIOIIETO UMITYJIECA HAa Harpy3ke — Ha puc. 8.2.

+E Ry C,
o — 4|
I
IL R
o—| L Cny 1 Cnp 2 E
Harpyska

T Ion

Puc.8.1. Pe3uctuBHas cxema UMITYJIbCHOTO MOJYJISITOPA:
Cr1, Crip — mapa3utHbele EMKOCTH CXEMBI; o — aHOAHBIN TOK KOMMYTaTopa

(xnmroya); Iop — HOMHHANIBHBIN TOK HArpy3ku; E — HanpspkeHue Ha Harpyske

Ha puc. 8.1 mynkTupom mokazansl napaszutheie EmMkocTu cxeMbl (Cryp, Cro).
Cymmaphas napaszutHas €MKocTh cxeMbl paBHa Crp = Cry1+Crp. Ha puc. 8.2 Epax —
ammaTyaa umiyiabca; AE = Epax—Emin — crian BepuimHbl umiyibca; ¢ — IIHTENb-
HOCTh (DPOHTA MMITYIIBCA; Tep — JUIMTEIBHOCTD CPE3a UMITYIIbCA; Ty — IIUTENBHOCTD

HUMITYJIbCA; T — JUIUTEIBHOCTh BEPIIMHBI UMITYJIbCA.
JlnmurenbHOCTh (POHTA MOIYJHPYIOHIETO MMITyJbca At AD MarHeTpOHHOTO
Tuna (pe3ko HeJIMHeHas Harpy3Ka):

T = ECy/lan = RolonCr/lan;
pruOOPOB TPUOIHOTO TUTIA (JIMHEHHASI HATPYy3Ka):
9 =3 Ro Cp;
npu6opoB tumna «O» (cr1abo—HennHeHas Harpy3Ka):
T = 2,5 Ro Gy,

rae lyn — aHOAHBIM TOK KOMMYTATOPA.

0,1E max

0,5E max




Puc. 8.2 @onma umnvinca u
I[JII/ITCJIBHOCTB Cpe3a UMIIYJIbCA B PC3UCTUBHOM MOAYJIATOPC paBHA:

TIpU JIMHEWHOU HAarpyske Tep= 2,2R[RoCr/(R+Ry);
npu cnabo-HeNMMHENHON Harpyske Tep=3R RoCr/(R+R);
IpU PE3KO-HENUHEWHOM Harpyske Tep=3R Cp;
riae R=R;Ry/(R1+R»).

N3meneHnne HanpsHKeHUsT HA HAKOMTUTEIbHOM KOHJICHCATOPE 3a BpeMsl UMITYJIbCa:

AE=Enax — Emin=lon Tw/Cy=Emax Tw/RoCy.

[Ipu 3TOM OTHOCHUTEJIbHOE U3MEHEHUE HANPSIKEHHUS HA Harpys3ke (KoddduimeHt

(dhopMBI) orpeiesieTcs:
€ = AE/ Ejpax = TuR&/Cu(Rg+R;)Ry;
rae R; — nunamudeckoe (nuddepeHimaibHoe) COMPOTUBICHHE MOYISTOPHOM
JIAMITBI;

R4 — muddepenunanbHoe cONpoTUBIEHUE HArPY3KH MOAYIISITOPA.

CxeMbl MOJYJISITOPOB C TIOJIHBIM Pa3psiioM HAKOMUTENS OTIMYAIOTCS MO THUITY
JuHUU (C pachpenesiEHHBIMU TMapaMeTpaMy WM UCKYCCTBEHHBIE; OJHOPOJHBIC HIIH
HEOJHOPOJHBIC; OJIMHAPHBIC, ABOMHBIC WM YYeTBEPEHHBIC U T.1.); TIO BUAY 3apsjaa
(pe30HAHCHBIN WM JIMHEWHBIN) U 10 BUY MUCTOYHUKA MUTAHUS. DT OTIMYHUS OTpa-
’KaroTcs B Ha3BaHUAX cxeM. Ha puc. 8.3 nmokazana cxema MOJyJIATOpa C pe30HAHCHBIM
3apsiZIOM OJIMHAPHOMW 1IETIOYE€YHON MCKYCCTBEHHOM JIMHUU Yepe3 UOJ OT MCTOYHUKA
MTOCTOSTHHOTO HAIPSIKCHMUS.

L D < |
+E 3AP 2AP on
o | . Un i<
R1
J_LO—” L c |::| U1 Harpyska E
Il
1
] L 1
C —C1
I
1 L

Puc. 8.3. IMITyJIbCHBII MOAYJSATOP C NOJIHBIM Pa3psiiOM HAKOIIATEISA
Lsap — 3apsanblit Apoccens; Da,p — 3apsunbiii 1uoj; L u C — HHIYKTHBHOCTD U €M-
KOCTh siueiiku popmupyromeit muaun; UT — umnynbscHbiil Tpancdopmatop; Ul u E —
aMIUTUTY/bl UMITYJILCOB HanpsbkeHus Ha nepBoit oomotke MT u Ha Harpyske; U, —
HaIpsDKEHNUE Ha JIMHUU



2. Ilpumep pacuema mooyramopa
Paccuutath MOIYJISIIUOHHOE YCTPOMCTBO C MOJHBIM pa3psiloM HAKOMUTENS, 3a-
psYKaeMoro OT MCTOYHHUKA MTOCTOSTHHOT'O TOKA, JIJISI MarHeTPOHHOTO reHeparopa (puc.

8.3).
Hcxoanblie naHHbIE:
Hanpsixenue nHa narpyske(E) 4,8 kB
Tok narpy3ku B ummnysbce (Io,) 4 A
JIMUTEeNhbHOCTh UMITYJIBCA(T) 2 MKC
Yactora cienoBanusi uMiyiabcoB(F) 400 I'
dopma BBIXOJHOTO UMITYJIbCA:
T¢ 0,157
Tep 0,3t
AE 0,01E

2.1. Pacuem pa3psounoi yenu HakonumeJis
ConpoTuBIEHNE MarHETPOHA IMOCTOSSTHHOMY TOKY

Beibupaem p7= 75 Owm.
Koaddunuent rpanchopmaimu uMnysibcHOro Tpaichopmaropa

R
| Ro :J1200:4
P 75

Hanpsixenue Ha nepBuyHON 00MOTKe TpaHchopMaTopa

v =2 - B9 15608,

nn, 40,91
rae #r — KIIJ] umnynbcHoro tpanchopmaropa. [lpunumaem 77 = 0,91.
Tok B nepBu4HON 00MOTKE TpaHchopmaTopa

n_ 44 =152 A.

I = n-1, _
Jn. 0,91

HaHpH)KCHI/Ie Ha HAKOMUTEIHLHOUN JTUHUHN
U, 1260

U. = -
" Bn. 0,509

rae np— KIIJ pa3psanoit nenu. [Ipunumaem #p = 0,9;
B — koadduireHT nepenaaa HaNpPsKEHUsT Ha JIMHUU MpU €€ pa3psie Ha Harpys3-
KY, paBHbII

=2660 B,

/ _Ro
B=—F7—Ry=—=pi-
Ry +pu n



2.2. Bvlbop kommymupyowezo sjiemeHma

[Ipu BeIOOpE THpATpOHA WJIM TUPUCTOPA PYKOBOJICTBYIOTCS CJICAYIOIIMMU JIaH-
HeiMu: Uy = 2260 B, I;=15,2 A, 1= 2mkc, F =400 I'1.

Bri6upaem tupuctop IRKDLA450. S25, umeromumii Uy, = 2500 B u 1,,,,=460 A.

2.3. Pacuem gpopmupyroweco 08yxXnonocHuka

B xagecTBe IBYXITOIIOCHHKA BRIOWPAaEM UCKYCCTBEHHYIO JUIMHHYIO JTUHUIO I1e-
MOYEYHOr0 TUMNa. YUCIIO KOHTYPOB JIMHUU

P> 0,4 04

— =4,
( 7, j 0,105
T
pacy

T T
re (;’bj ~0,7-? ~0,7.015=0.105.
t pacu

T

O6H_IaSI HHAYKTUBHOCTD JIMHUHN
[ _T P 2:10°-75

y = =T75mklH
2 2
OOmas eMKOCTh JIMHUU
2-107°
c, ——— =219 4 013wk,
2-p, 275
EMKOCTb KOH/IEHCATOPOB M MHAYKTUBHOCTH KaTYIICK KaXKIOH STYCHKH JINHUN PaBHBI
L, 75
L=-""=—=18,8 MkIH,
k 4 ’
:C_]:: 0.013 _ 5 15.10 .

2.4. Pacuem 3apsonotul yenu Hakonumens
Bri6upaem pe3oHaHCHBIN pexxuM 3apsaHou ueny, T.e. & = T/To= 0,5. Koaddu-
[IUCHT MOBBIIICHUS HATPSDKEHUS HA TUHUH TIPH 3apsizie
T 7
y=14+e *® =1+e 210 =1,86,
rae Qyp— noOpoTHOCTH 1ienu 3apsiaa. Beioupaem Q) = 10.
HanpsxeHue NCTOYHUKA TUTAHUS

g, =Yn 200 _j43p
y 1,86
NBAayKTUBHOCTH 3apsIHOMN LETH

1 1
L = =
T o4n?x’ - FP-C, 41°-0,5°-400%-13-107
I/IHIIyKTI/IBHOCTB 3apAAHOI0 APOCCCiIA IIPUHUMACM
Lyyy ~ Ly =48,8TH.

XapakTepuCTUYECKOE COMPOTUBIICHUE 3aPSTHON 1IENU

=48,8 I'n.



poz\/L3 :\/ 48, =61,2 kOm.

C, 13-10°°
MaKCI/IMaJIBHOC 3HAQUYCHUC SapﬂI[HOFO TOKa
E
I, =—1 = 1430 =23,4-10" A.

M o, 61,2-10°
CpeL[Hee S3HAYCHUC 3apAdHOTO0 TOKA
1,86

Iy = Iay 2-=0,023422=13,7-10° A,
T T
OddexTuBHOE 3HAUEHUE 3apsIAHOTO TOKA
-3
_ Imax _ 23,410 =16,6-10"A.

J . = =
N NG
MOI_HHOCTB HNCTOYHHUKA ITUTaHUS
P, =E,l,, =1430-13,7-10" =19,6 Br.
MormHocTh, moTpebasieMas JJMHUEH B Mpolecce 3apsa:
c,U; . 13-107-2660°

P, = F= 3 400 =18,4 Br.

KII 3apsigHoi uenu

P, 18,4

n,=—Lt=——=0,939.

P, 19,6

KII moaynsitopa
3 6
77=PCP _E-1,-7, F:4,8 10°-4-2-10 400:0,78.
P, P, 19,6

2.5. Tpebosanus Kk uCMOYHUKY NUMAHUSL(BLINPAMUMETTIO)
HanpsixeHue BeIIpAMUTEIIS En> 1430 B.
MOIIHOCTD BBIIPSMUTENS Pr>19,6 Br

ITocne »Toro BBI6I/IpaeM N paCCUUTBIBACM CXCMY BBIIIPAMUTCIIA.

2.6. Bulbop 3aps0no2o 0uooa(Dsqp)
TpebGoBanus K 3apsSIHOMY AUONY:
MakcuMaJIbHBIN TOK auoAa .« 23,4*1073A.
Cpennnii Tok quona I, 13,7*1073A.
OG6parnoe Hanpsokenue Ha quozae Uyg, > 2660 B.
Beionpaem auox D1005b, y kotoporo Uys, = 4000B, Iyp max = 0,1 A.
2.7. Pacuem cozenacyroweu yenu

B MOAYJIATOpPAx, pa60Ta101u1/1X Ha HArpy3Ky MarocTpoHHOI'0 TUIld, IIapaJIJICIbHO

NEePBUYHON OOMOTKE MMIYJICHOTO TpaHCPOopMaTopa BKIIOUAIOT COTJIACYIONIYIO 1ie-
nouky R1C1 (puc. 8.3) ¢ Tem, uToOBI BO BpeMsi (pOHTA MOIYIUPYIOIIETO UMITYJIbCA
o0ecrneynTh HEOOXOMMOE COMPOTHUBICHUE HATPY3KH I pa3psja HAKOMUTEIbHOU

JIMHUH.

Rl=p,; =750m,



7, 0,15-2:10°°

3R1 3-75
MonHocTs, paccenBaeMasi Ha conpotuBieHun R1:

B, =C,-U}-F =1333-10"-(1260) -400 = 0,85 Br.

Ha stom pacucT MOayJITOpPpa OKOHYCH.

Cl= =1333 n®d.

3. Ynpaosxcnenus u 3a0auu

1. KakoBel 0COOCHHOCTM HMMIYJIbCHOM pPabOThl MepeAaTYUKOB MPU OOJIBLION
CKBa)XHOCTH ?

2. N3o0pa3ure CTPYKTYPHYIO CXEMY UMITYJIBCHOTO MepelaTunKa.

3. C Kakoi LEeNbI0 B HUMITYJIbCHBIX MOAYJATOPAX HMCIOJIB3YIOTCS HAaKOMUTEIU
sHeprumn?

4. YKa)xxuTe OCHOBHBIEC THUITbI UMITYJIbCHBIX MOJIYJISTOPOB U CPABHUTH UX CBOWCTBA.

5. Onpenenute CpeHI00 MOIIHOCTh UCTOYHUKA MUTAHUS MOAYJSATOPA UMITYJIbC-
Hoit PJIC, ecin momnocts uznyuenust 1 MBt, KIIJI ¢unepa 0,8, nmonusiit KIT/] mar-
HerpoHa 0,5, IIUTENBHOCTh UMIYJbca 4 MKC, a 4acTOTa CJIEIOBAHUS HMITYJbCOB
250 I'.

6. Onpenenute CONPOTUBICHUE HArpy3Kd MOAYJISATOPA UMITYJIBCHOIO MHOIOPE30-
HAaTOPHOT'O KJIMCTPOHA, €CIM CPEHSs BBIXOAHASI MOLIHOCTh KIUCTpoHA 16 kBT, 3mek-
tponHbli KII/] xnmuctpona 0,4, yckopsiromee Hanpsikenue 250 kB, ckBaxxnocts 200.

7. OnpenennuTte eMKOCTh U pabouee HalpsHKEHNE HAKOMUTENbHOIO KOHIEHCATOpa
B CXEM€E MOJYJISITOPA C YACTOTHBIM Pa3psiOM HAKOIMTEISA, €CIU aMIUIUTYJa UMITYJIb-
ca Ha Harpyske 25 kB, JONMycTHMO€ CHMYKEHHE aMIUIMTYJbl Ha BEPUIMHE UMITYJIbCa
200 B. Moaynsatop paboTaeT ¢ nmepeMeHHOM JIUTEIbHOCThIO uMITysbea (2...6) MKc,
TOK Harpy3ku 10 A.

8. Onpenenure JOMYCTUMYIO BEJIMYMHY Napa3uTHOW €EMKOCTH MOAYJIATOpA C Yac-
TAYHBIM DPa3psAIOM HAKOMMUTENS, €CIAU HampsbkeHne Ha Harpyske 10 kB, Tox um-
MyJbCHON MOJYNATOpHOM Jamnbl 15 A, nmutenbHOCTh ¢ppoHTa umnyiabca 50 He. Ha-
rpy3Ka: a) MarHeTpoH, 0) TpUOAHBINM reHepaTop. YTo HyX HO clienaTh i YMEHbIIIe-
HUS JUIUTENbHOCTH ()POHTA MPH 33JaHHOM BEJIMYMHE MMAapa3UTHON eMKOCTH ?

9. OT KaKux nmapaMeTpoB CXEMbl MOAYJIATOPA C YACTUYHBIM pa3psiiOM HAKOIIUTE-
JIS1 3aBUCHUT JITUTENIBHOCTh (DPOHTA U cpe3a UMITYJIbCa HAPSLKEHUs Ha Harpy3ke?

10. Ha kaxoif TOK clieqyeT BbIOMPATh UMITYJILCHYIO MOAYJISTOPHYIO Jammy Jis
oOecrieueHus JIUTENbHOCTU (ppoHTa MMIysbca 30 He, eclii mapa3uTHasi EMKOCTb MO-
nynaropa paBHa 50 nd, a HOMUHAJIBHOE HAIPsKEHWE MarueTpoHa 15 kB?

11. Yem ompenensercs IIUTENBHOCTh CPE3a MMITyJIbCa Ha HAarpyske, €Clid OHa
3allyHTUPOBAaHA UHAYKTUBHOCTBIO?

12. UckyccTBEeHHAs JMHHAS JIMHUS 3apsiKaeTcsl OT UICTOYHHMKA NMOCTOSIHHOTO Ha-
NpsDKeHUsT Yepe3 MHAYKTUBHOCTh. Hampsikenue ncrounuka nutanus 5 kB, emkocTh
muHnu 0,04 Mx®, HHIYKTUBHOCTB 3apsiAHOTO Jpoccens 4 I'H, akTUBHOE CONPOTHUBIIE-
Hue uenu 3apsaga 500 Om. Onpenenute KIIZI nenu 3apsaa 1 MakCuMallbHOE Hampsi-
KEHUE Ha JINHHH.

13. [louemy B MOAYJIATOPE C MOJHBIM 3apsAIOM HAKOMMUTENSI HE MPUMEHSAETCS 3a-
PAI TMHUU YEPE3 aKTUBHOE COMPOTHUBIIEHUE?



14. Onpenenure MakCUMaJIbHYIO YacTOTY CJIEIOBAHMS MMITYJIbCOB, MaKCHUMaJlb-
Hoe HanpspkeHune Ha MJIJT u KIIJI uenu 3apsna MoaynaTopa ¢ IOJIHBIM 3apsioM Ha-
KOIUTEJISA, €CIU HaIpsKeHHe ncrouHuka nuranus 10 kB, 3apsaHas MHAYKTUBHOCTD
16 T'n, conpotuBnenue noreps 3apsaanoi nenu S00 Om, eMkocTh 0aHOM sueiiku N1JT
20 n®, a yucIo AYeeK B JIMHUH 4.

15. Onpenenure HanpsbkeHue nutanus moxyisaropa ¢ MJJI, ecin conporusie-
Hue Harpy3ku moayistopa 900 Owm, BomHoBoe conpotusienue MIJI 35 Om, Hamnps-
*eHue Ha Harpyske 40 kB, noopoTHocTs 11enu 3apsiaa 20.

16. Omnpenenute HaUMEHbIIUUA KOIPGUIMEHT TpaHCPOPMALIUA BBIXOIHOTO
Tpancopmaropa moxynaropa ¢ MJIJI, BosHOBOE CONMpOTHBJICHUE JIMHUM M MaKCH-
MaJIbHOE HANpsHKEHUE HA JIMHUM, €CJIM MAKCUMAaJbHOE HANpSKEHUE HA aHOJAE TUpa-
TpoHa 16 kB, HanpsxeHne Ha Harpy3ke 28 kB, a Tok Harpy3ku 35 A.

17. Kak n3mMeHATCS mapaMeTpbl BBIXOHOIO UMITYJIbCa MOAYJATOPA C YACTUUHBIM
pPa3psAIOM HAKOMMUTEINS], €CJIM: YMEHBIIUTD WU YBEJIMYUTh HAKOMUTEIBbHYIO €EMKOCTD;
3apsIIHOE CONPOTHUBIICHUE; JUINTEIBHOCTh U YaCTOTY CIIEOBAHUS 3ayCKAIOIINX HM-
IIyJIbCOB; MAapPa3UTHYI0 €MKOCTh; IIYHTUPYIOLIYIO HArpy3Ky; CONPOTHUBICHUE HArpys3-
KH?

18. Onpenenurte MOIIHOCTh MOTEPH HA aHOJE MOAYJATOPHOM JIaMIIbl, €CIU TOK
JaMIibl BO Bpemsi ummyibsca 40 A, JIUTENbHOCTh UMITyJIbCA 1,5 MKC, 4acToTa Cleno-
BaHus nMmnyJsibcoB 500 ['u. Hanpsbkenue Ha HakonuTelbHOM eMKocTH 28 KB, a Ha Ha-
rpy3ke 26,5 kB.

19. Onpenenure ANIUTENBHOCTH CIajla UMITYJIbCA HANPSXKEHUS HA MArHETPOHE B
PE3UCTUBHOM MOJIYJISITOPE, €CIHM 3apsAIHOE U 3apsgHO—Pa3psAHOE COMPOTUBIICHHE
paBHBI R, =R, =20 kOM, a C, =80 nd.

20. /115 moJiy4eHHUs] UMITYJIbCa HAIpPSKEHUS JUIMTENBHOCTHIO 50 HC MCIOIb30BaH
OTPE30K KOAKCHAJIBHOTO Kabes co CIUIOMHON u3osiuueid. OnpenenuTs IIMHy Kabe-
7151, €CIIM OTHOCUTENbHAS JUAIEKTpUYECKask MPOHUIAEMOCTh U30JISIMUN PaBHA:

a)2,3;0)4.

21. MoaynsTop ¢ 1enoYeyHOM JIMHHOM JMHUEH oOecrneunBaeT IJIUTEeNbHOCTD 5
MKc. Onpenenure cyMMapHble EMKOCTh U MHIYKTUBHOCTb JIMHUU, €CIU €€ BOJIHOBOE
CONPOTHUBIIEHUE PaBHO 75 OM.

22. Ecnu AIuTEeNnbHOCTh MMIyJIbCa 1 MKC, YacToTa cieqoBaHusi UMIYIbcoB S0
k[’ ¥ ncnonpzyercss UMIyabCcHbIA Tpuoa I'C—14 ¢ HOMUHANBEHON BBIXOAHON MOLIHO-
CThIO B HEMPEPBHIBHOM pexkuMe 2 BT, TO Kakyr0 MOIIHOCTbh OH MOXET 00eCredyuTh B
MMITYJIbCHOM pEXUME?

23. OueHuTe BEIUYUHY €MKOCTH HAKOMHUTEIBHOTO KOHJIEHCATOpa MOIYJATOpA,
€ClIi TOK Harpy3ku 15 A, nonyctumoe cHukenue Hanpsbkenus 100 B, anurenbHOCTh
UMITYJIbCOB: a) 0,8 MKc; 0) 2,5 MKC.

24. OueHnTe U3MEHEHHE JTUTENBHOCTH (POHTA MOTYJIUPYIOUIETO UMITYJIbCa MPH
napa3uTHo eMkoctu Moayistopa 200 nd, ecnu HanpskeHre Ha marHeTpone 50 kB,
a TOK KOMMYTHpYOLLIen Jtlamnbl yBennueH ¢ 20 A 1o 30 A.

25. Omnpenenure OIUTENBHOCTh CIajla UMITYJbCa B PE3UCTHUBHOM MOAYJIATOPE
(puc. 8.1), ecnmu Ry = Ry =10 xOm; Cj7 =200 nd; conpoTuBiIeHNE Harpy3Ku MO-



nyJaaTopa nocTosstHHoMy TokKy 450 OM; Harpy3ka: a) JuHelHas; 6) ci1abo — HeJIMHEH-
Hasl; B) pe3KO—HEIMHEITHA.
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1. HEJIb U COAEP KXAHUE PABOTBI

[lenbto pabOTHI ABJISIETCS O3HAKOMJICHUE C TEOPUEH U MPAKTUKOW MPUMEHEHHUS
BXOJHBIX LEIEN PaAUONIPUEMHHUKOB C IIEPECTPAUBAEMON YaCTOTOM.

Teopernueckas 4acTb COAEPKUT OCHOBHBIE CBEJACHUS O HA3HAYCHUU BXOJHBIX
nenei, Hanbosiee ynoTpeOUTEIbHBIE CXEMbl BXOAHBIX IEMEH THUara30HOB YMEPEHHO
BbICOKMX 4yacToT M CBY, crocoObl HacTpoiiku Ha pabouyyr0 4acTOTy, OCOOCHHOCTH
BXOJHBIX LICNICH IIPU HACTPOCHHON U HEHACTPOCHHOM aHTEHHAX, a TAK)XKE CBEIECHUS O
CBONMCTBAaxX M MapameTpax BXOIHBIX LENEH.

B pabote paccmaTpuBaroTcs CleayIOIHe BOPOCHI:

— HCCJIEJOBAHHUE BXOAHOM LIETU IIPU EMKOCTHOU CBSI3U C AHTEHHOW;

— HCCIIEIOBAaHUE BXOJAHOM LIENH TP UHAYKTUBHOU CBSI3U C aHTEHHOM;

— HCCIIEOBAaHHE BXOJHOW LENM NPU HHAYKTUBHO-EMKOCTHOW CBSI3U C
AHTEHHOM.

Jna  Kaxaou CXeMbl HCCIEAYeTCd W3MEHEHUE MOMAYJS PE30HAHCHOIO
koxhdunrieHTa nepenayn npu U3MEHEHUN YaCcTOThl HACTPOoiku. MccmenyroTest Takxke
aMIUTUTYTHO-4aCTOTHbIE M (PA304aCTOTHBIE XAPAKTEPUCTUKH OJIHOKOHTYPHBIX
BXOJHBIX ILieneil. PaboTa mpoBOAUTCS Ha KOMIIBIOTEPE B MPOrPAMMHOM cpeje
Electronics Workbench. Kparkue cBenenus mo MoaenupoBaHUIO B 3TOU cpelie Mpu-
BeneHbl B Ilpunoxenun 1. Jlng kaxmod wuccineayeMol CcXeMbl coOupaeTcs
ANIEKTPOHHAST MOJIETh BXOJHOW II€TIH, BKJIIOYAIONIAs HEOOXOIUMBIE TPHOOPHI s
uccienoBanus. Heo6xoaumplie cBeieHMsI 110 BBITIOJHEHUIO pa0OTHI MPUBEICHBI B Ta-
parpade «kcnepruMeHTaNnbHas 4acTby.

[Tocne BeimoaHEHUST pabOTHI COCTABIACTCS MHAUBUAYAIBHBIN OTYET, KOTOPHII
JIOJKEH BKJIFOYATh PACUYETHYIO YacTh, UCCIEAYEMbBIE CXEMBbI, SKCIIEPUMEHTAIBHO TO-
Jy4YeHHbIE PE3yibTaThl B BUJie TaOiull U rpaduKoB M BbIBOJBI MO padote. [ns
BBITIOJIHEHUSI PACYETOB PEKOMEHIYETCS HMCIIOJIb30BAaTh KOMIIBIOTEPHYIO IPOrpaMMy

«Pacuer BXOIOHBIX HCHCfI)), KOTOPYIO MOXXHO ITOJYYHUTH y IIPCIIOaBaTCIIA.



2. BXOJHBIE HEIIN PAJIMOITPUEMHHNKOB

2.1. HazHayeHue BXOAHBIX Iienen
Bxoonvimu yensamu (BLl) paouonpuemnuxa Ha3bIBaIOT IIETH, CBSI3BIBAIOIINE

aHTeHHO-(I)I/II[CpHYIO CUCTEMY C IICPBBIM YCHWIIMTCIIbHBIM HWJIH Hp€O6pa30BaT€J'IBHI)IM

KACKaJIOM ITPUEMHHUKA.
OcHoBHbIMM HazHaueHusIMU Bl siBisttoTcst:
— Iepejaya NPUHATOrO CUTHala OT aHTEHHBI K BXOJy 9TUX KacKa/oB;
— TIpeaBapuTenbHas (pUIBTpaLKs BHEIITHUX TOMEX.
O6piyHO  BI[ mnpencraBiasiOoT cOOOM  MACCHUBHBIA  YETBHIPEXITOIIOCHUK,
coJiepKaluil konedarenpHble KOHTYpbl. Hanbombliee pacnpocTpaHeHUE MOIYYUIN
ONHOKOHTYpHbIe BIl. MHOTOKOHTYpHBIE BXOAHBIE LIEMU NPUMEHSIOTCA TOJBKO IpHU

BBICOKUX TPEOOBAHUSIX K M30MPATEIIbHOCTH BXOIHOM IIETTH.

2.2. TunoBbie cxeMbl BXOJAHBIX leneH
Ha puc. 1-4 npuBeneHsl HEKOTOPBIE YaCTO BCTPEYAIOIIMECS CXEMBI OJHOKOH-
TYPHBIX BXOJHBIX eneil. CXeMbl OTIMYaI0TCs CIIOCO0aMU CBSI3U BXOJHOTO KOHTYpa C

anteHHoil. Ha puc. 1 npuBeneHbl cxeMbl ¢ TpPaHCPOPMATOPHOU CBSI3bIO MEXY KOH-

TypoM LgCx 1 aHTEHHOM.
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Puc. 1. Cxemsl ¢ TpaHCc(HOPMATOPHOI CBA3BIO OAHOKOHTYPHOW BXOAHOM LIEMTU ¢ AaHTCHHOM:

a — ¢ OHIIOJIIPHBIM TPAH3UCTOPOM; O — C TIOJICBBIM TPAH3UCTOPOM
B cxemax Ha puc. 2 UCHOJIb30BaHA €MKOCTHAs CBSI3b BXOJIHOTO KOHTYypa C aH-
TEHHOH, a B CXeMaxX Ha puc. 3 BXOJAHOW KOHTYp CBS3aH C aHTCHHBIM (HUIEPOM Yepes

aBTOTpaHcHopMaTop.
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Puc. 2. Cxembl ¢ EMKOCTHOM CBA3bI0 OTHOKOHTYPHOM BXOJIHOM LIEMU C aHTEHHOMN
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Puc. 3. Cxemsl ¢ TpaHCc(hOpMATOPHOI! CBA3bIO OAHOKOHTYPHOU BXOAHOM Lienu ¢ ¢puaepoM

[ToaxmroueHne BXOAHOTO KOHTYypa
K AaKTUBHOMY DJIEMEHTY MOXET OBbITh
IIOJIHBIM WJIM YaCTUYHBIM B 3aBUCUMOCTHU

OT BXO/IHOI'O COITPOTHUBJICHUA ITOCJIC/IHC-

ro. MmMeromuii Majioe BXOJHOE COIPO-

TUBJICHUE  OUIOJSIPHBIN  TPaH3UCTOP

OOBIYHO TIOJIKITIOYAETCSI YaCTHYHO, Yy TI0-
Puc. 4. Cxema JByXKOHTYpHOU BXOJHOH LI€NIU JIEBOT'O BO3MOJKHO ITIOJTHOC BKITIOUCHHC.

Ha puc. 4 npuBenena oaHa u3

HamOoJee pacpOCTPAHCHHBIX CXeM JABYXKOHTYpHOU BLI. 31meck cBs3b mepBOTro KOH-

Typa ¢ aHTeHHOU — TpaHcdopmaTopHas. CBs3b MEXKYy KOHTYpaMu — BHYTPUEMKOCT-
Has 4depe3 KoHaeHcaTop Ccp; M BHEIIHeeMKOCTHas 4epe3 Cepo. JByxxoHTypHas BIL]

NO3BOJISIET TOJYy4YHUTh Oosiee ONM3KYH0 K MNPSIMOYTOJbHOM aMIUIMTYJHO-4aCTOTHYIO

XapaKTCPUCTUKY, CICAOBATCIIbHO, IIOBLICUTD I/I36I/IpaTeJ'IBHOCTb.



2.3. OcHOBHBIC TapaMeTPbl BXOJHBIX LeneH
OCHOBHBIMH 3JIEKTPUYECKUMHU XapakTepuctukamu BL sBistoTcs:

1. Koagpgpuyuenm nepeoauu nanpscenus, KOTOPbIA OMpPeaenseTcs OTHOIICHH-

€M HamnpsHKEHUsl CUTHAJIa Ha BXOJE MEPBOro aKTUBHOTO 3JeMeHTa nprueMHuka (Ugy) K

O/IC curnana B anTeHHe Ea, a B clIy4yae MarHuTHOM ((peppuTOBOI) aHTEHHBI — K Ha-

NPSKEHHOCTH TOJIsl CUTHAJIA.

2. Ilonoca nponyckauusi — MUAPUHA OOJACTH YACTOT C JIOMYCTHMOW HEpaBHO-
MEPHOCTHIO KO3 (UILIMEHTA NTepeaayu.

3. U36upamenvrocms, XapakTepu3yoIias yMEHbIIEHHE KO3 PUIIUNCHTA TIepe-
JlauM HAMpsDKEHUs TPU 3aJaHHOM paccTpoiike K(f) Mo cpaBHEHHIO ¢ PE30HAHCHBIM
3HaueHueM K.

Bxongnas unens Bmecte ¢ YPU oOecrneuuBaeT 3alaHHYI0 H30UPATEBHOCTD
IIPUEMHHKA I10 3€pPKaJbHOMY KaHaIy M MO KaHally TPOMEKYTOUYHOM YaCTOThI, a TAKKE
0011yI0 MPeIBApUTENIbHYIO (DUIIBTPALINIO TTOMEX.

4. Ilepexpvimue 3adanHo2o oOuanazora uacmom. BXomHas 1enb AOHKHA
o0ecreynBaTh BO3MOKHOCTh HAaCTPOMKH Ha JIOOYI0 4acTOTy 3aJaHHOrO JMana3oHa
NpUeMHUKA, W TPU O3TOM ee¢ TMokazatenu (kKodddumueHT mepemaadd, mojaoca
IPOITYCKaHUsI, U30MPATEILHOCTD U T. 11.) HE JOJHKHBI 3aMETHO U3MEHAThCs. J(nama3on
paboyux 4YacToT XapakTepu3yercs Ko3(Q(PUUMEHTOM MEepeKphITUS Auana3zoHa kj,
PaBHBIM OTHOILLICHUIO MAKCUMAJIIBHOM YaCTOTHI HACTPOMKHA K MUHUMAJIBHOM.

5. Ilocmosincmeo napamempog 6xo0HoU yenu PU N3MEHEHUH TTapaMeTPOB aH-
TEHHbl U aKTUBHOI'O 3JIEMEHTA. DTO BaXXHO MPU HEHACTPOCHHBIX aHTEHHAX, KOTOpPbIC
BHOCAT B BIl akTMBHOE M pEakTUBHOE CONPOTHUBJICHUS. BHOCHMMOE aKTHUBHOE
CONpPOTHUBJICHUE yBeauuuBaeT norepu BIl, 4To mpuBOAUT K pacHIMPEHUIO MOJIOCHI
NpPOMYyCKaHUsT M YXYJAUIEHUI0  u30upaTenbHOCTH. BHOcMMoOe  peakTHBHOE

COIMPOTHUBJICHUC ITPUBOIUT K UI3BMCHCHHUIO H&CTpOﬁKH B]_[

2.4. DKBMBAJICHTbI IPUEMHBIX AHTCHH
OKBUBAJICHTHYIO CXE€MY HPUEMHON aHTEHHBl MOXXHO IIPEJICTAaBUTh B BUJIC

renepatopa ¢ DJIC E, (umu ¢ TOKOM [,) U BHYTPEHHHM COIPOTUBICHUEM Za.



IA GA BA {—;l

[ 8]

Buytpennee conporusnenue reaeparopa 3/[C B oOiiem ciiydae COAEPKUT aKTUBHYIO
U PEaKTHUBHYIO COCTaBISIONINE, T.€. Zo = Ra + jXa. Ecnu anTenna obecrneunBaer
IIpMEM CHUTHajJa B JIMANa30HE YaCTOT, TO Takas AHTEHHA COJIEPKUT PEAKTHUBHYIO
COCTaBJISIFOIIYKD CONPOTUBICHUS W B TEOPUH pPAgUOINpPUEMa  HA3bIBACTCA
HenacmpoenHot. Ilpu paboTe nmpueMHUKA Ha (PUKCUPOBAHHOW YACTOTE MPUMEHSIOT
HAcmMpoeHHvle AHTEHHBI C YUCTO aKTUBHBIM BHYTPEHHUM CONPOTHUBJICHUEM.

BuyTtpenHee compoTHBIEHHE HEHACTPOCHHBIX AHTEHH CIIOKHBIM 00pa3oMm
3aBUCUT OT 4acTOoThl. OJIHAKO €CJIM pa3Mepbl AaHTEHHbI HEBEJIUKH IO CPABHEHUIO C
JUTMHOM BOJIHBI, TO JJISI IMANa30HOB JIJTMHHBIX, CPETHUX U KOpoTkuX BojH (/IB, CB,
KB) MoxHO mo100paTh OTHOCHUTEIBLHO MPOCTHIC SKBUBAJICHTHI aHTEeHH. Tak, Iy 1ua-
na3oHoB /[B u CB 3KBHBaJ€HTHBIE CONPOTUBIICHHUSI AHTEHHBI MOKHO B IIEPBOM IpHU-
OJIM>KEHUU TIPEACTAaBUTh B BUJIE eMKOCTU Ca, a BeIMUMHA £ MOXET ObITh HalJIeHA U3
BBIPAKCHHUS:

E, =El,,

rae £ — MOIyJib HANPSHKEHHOCTU JJIEKTPUUECKOW COCTABJISIFOIIEH IOJISI CUTHAJIA B
MECTE IPUEMA;

[» — NENCTBYIOIIAS BHICOTA AHTCHHEI.

2.5. DKBHBAaJIeHTHAs cXeMa BXOJAHOM Lenu

OKBHMBAJICHTHAs CXeMa OJHOKOHTYPHOW BXOJHOM LIENM NPEACTaBICHAa Ha
puc. 5. 3nech aHTEHHO-(QUAEpHas LENb MPEJCTaBICHAa I'€HEPaTOpOM Toka [, C
npoBoguMocTsIMU Ga U B, KOTOpbIE B O0ILEM Cllydyae BKJIIOYAIOT B ce€0sl MapaMeTphl
JJIEMEHTOB CBSI3U AHTEHHBI C KOHTYPOM. BX0/ IIepBOro aKTUBHOI'O DJIEMEHTA IIPUEM-

HHKa BMCCTC C ICILIMH CMCUICHU IIPCACTABJIICH ITIPOBOAUMOCTAMUA GBX 141 BBX'

Puc. 5. DxBuBajgeHTHAsI cXE€Ma BXOIHOU LIEMH

7
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OKBUBAJIGHTHYIO CXEMy MOXHO MpeoOpa3oBaTh K BHUAY, IMOKAa3aHHOMY Ha
puc. 6, ecnu MPOU3BECTH TMEPECUYET BXOJHBIX M BBIXOJHBIX MMAapaMeTpoB K Koieda-

TETHLHOMY KOHTYDY.
Puc. 6. IIpeobpazoBanHasi 5KBUBAJICHTHASI CXeMa BXOAHOH IeTH

3nech nepecyuTaHHble mapameTpbl G o= m*Ga; B’y = m*Ba; G'ax = 1 G gy,
B'agx=n" Byy.

Kak BHIHO M3 SKBHBAJICHTHBIX CXEM, 00INas €MKOCTh KOHTypa BKIIIOYAcT B
ce0s mepecuynuTaHHbIE K KOJIeOaTeIbHOMY KOHTYPY €MKOCTH aHTCHHBI M aKTHBHOTO
JNeMeHTa, a oO0mas axkTUBHAs MPOBOJAUMOCTh KOHTYypa BKJIIOYaeT B ceOs
NepeCYMTAaHHbIC MPOBOJUMOCTH AHTEHHBI W aKTUBHOrO 3jeMeHTa. CieaoBaTeIbHO,

napaMeTpbl aHTCHHBI U BXOI[HOI\/’I MMPOBOAMMOCTH AKTHBHOI'O 3JICMCHTA BJIMAIOT Ha

94aCTOTY HACTPOUKH U TOOPOTHOCTH (M30UPATENHHOCTD) KOHTYPA BXOAHOM IIETIH.

2.6. Bxoanble nenu npu padore ¢ HCHACTPOCHHBIMU AHTEHHAMH
2.6.1. BxonHas nenb ¢ eMKOCTHOM CBSI3bIO C AHTEHHOM
Cxema BII u 3kBHBaJICHTa aHTEHHBI B AMaNa3oHaxX JUIMHHBIX U CPEIHHUX BOJH

n300pakeHa Ha puc. 7.



Puc. 7. DxBuBaneHT anteHHsl U BL] ¢ eMKOCTHOM CBSI3bIO

Bxoanas uenb cocTouT U3 eMKOCTH cBsi3U Cgy U KOHTYpa, HACTpauBaeMoro Ha
4aCTOTY NNPUHUMAEMOI'0 CUTHAJIa KOHJIEHCATOPOM nepeMeHHoU eMkoctu C. Bennun-
Ha eMKOCTH C.; BBIOMpACTCs HEOONBIIOW W COCTABISICT CIMHMILI MUKOdapaa. ITo

nemaercst moromy, uro npuemuuku CB, JIB aumanazoHoB pa®oTaror, Kak MPaBHIIO, C
HEIITATHBIMA AHTCHHAMH, BEJIMYHMHA TApaMETPOB KOTOPBIX MOXKET H3MEHSTHCS B
Oonpmux mpenenax. (s Toro yroOwl aHTeHHa ciabo Biausiaa Ha BII, ee cBs3b C
KOHTYPOM BXOJIHOM IIEITH BBITIOJHSIOT CJIA00M.

Monyns pe3ornancHoro koddduimenta nepenaun Bl
. . 2
|Ko| = ‘UBLIX/EA‘ = (m/6K3)CCB (2nf,) L

rae O, — YKBUBAJICHTHOE 3aTyXaHHE KOHTYPA;
L — MHIyKTHBHOCTB KOHTYDA.
KBanparnynas 3aBMCHMOCTD ‘Ko‘ OT 4acToThl HacTpoiiku BI[ oObscHseTcs
TEM, YTO KaXJas M3 BEJIMYMH, ONPEICIAIOIAs HANpsSHKEHUE Ha BBIXOAE BXOJIHOM
uenu (TOK I, w >KBUBaNEHTHOE CONPOTUBIIEHUE KOHTYpa), NPONOPIHOHAIbHA

BEJIMYUHE f.
N3meHeHue pe30HaHCHOTro KO3 (UIMEHTa epeIadyn BXOJHOM LEMU C eMKOCT-

HOM CBSI3bI0 C aHTCHHOM I10 JAUAIIa30HY IIOKAa3aHO Ha pUC. 8.
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Puc. 8. I3Menenne Mo tyist pe30HaHCHOTO Kod(hduiineHTa nepeaadan BXOAHOU 1ETH
C EMKOCTHOM CBSI3bIO C aHTEHHOM IIPU NIEPECTPOMKE;

JIPY BxYVY — nuamna3on pabouux 4acTOT BXOAHOTO YCTPOMCTBA
N3buparensHbie cBoiictBa BLl mpu Ooapmmx paccTpoiKax ONpeaesstoTCs

KOHTYPOM 3TOM 1enu (puc. 9).

U

ex02 pr———— - — - - — -
AF

ex01 |

i
|
|

,61

Puc. 9. U3MmeHeHue moaochl IIPOITYCKaHHUA B IUAIIa30HC 9aCTOT
[Ipu nepectpoiike KOHTypa B AMANA30HE YACTOT OT fomin 10 fomax, €CJIH 3aTyXa-
Hue kKoHTypa BIl Hem3meHHo B quama3oHe paboyux 9acTOT, aMIUIMTYIHO-9acTOTHAS
XapaKTePUCTUKA KOHTYpa PacHIupsieTCs, YTO MPUBOJIUT K YXYAIICHUIO U30UpaTelib-
HbIX cBOicTB BII.
2.6.2. BxogHasi nenb ¢ UHAYKTUBHOM CBSA3bI0 C AHTEHHOM
Cxema BXOJHOW LENM W JKBUBAJIEHTA AHTEHHbI TIpuBeAeHa Ha puc. 10.

OnemeHThl Ca U L) 00pa3yloT aHTEHHYIO LIETIb.
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Puc. 10. OxBuBanenT antenHsl U BIl ¢ uHAYKTUBHOH CBS3bIO

MaruautHas cBa3b M MeXAy KOHTYPOM BXOJHOM LIENU U AHTEHHOM LEIbIO
BbIOMpaeTcs cnaboi, MO3TOMY BHOCHUMBIMU CONPOTHBIICHUSMU W3 OJHOW LIEMU B
APYTYIO B IEPBOM MPUOIMKEHUN MOKHO IPEHEOpeb.

Monynb ko3¢ duinenta nepenauu BI;

‘KO‘ = ‘UBLIX/EA‘ :(KCB m/(SKB l_fA2/f02

JNET

Paznuyaror aBa Buaa Bl ¢ mHaykTUBHOUM CBS3bI0. Eciu fA > fi max, BXOJHAs
[eNb HAa3bIBAETCS BXOJHOM IEMbI0 C «yKOPOUYEHHOW» aHTEHHOU, eciu fa < fo min —
BXOJHOM LIETBIO C «yMJIMHEHHOW» aHTEHHOU. 31€Ch f) min U fo max — COOTBETCTBEHHO
MaKCMMallbHasi ¥ MHUHUMallbHas paboyue 4YacToThl JAuanazoHa mnepectpoiiku BILI.
Crnyudaii, korja fy HaXOIUTCS MOCepeanHe Auana3zoHa nepectporiku Bll, Ha mpakTuke
OOBIYHO HE BCTpEYaeTCs. IDTO OOBICHSAETCS CYIIECTBEHHONW HEPaBHOMEPHOCTHIO
kodhdunmenta nepenaun Bl B gumanmazone pa®odmx 9acToT, KOT/a pe30HAHCHAS

4acToTa aHTCHHOM LCIIN OKAa3bIBACTCA B €TI0 IIPCACIAX.

PaccmoTpum aBa mipefenbHbIX ciydas: fa >> fomax- ¥ fa << o min-

B mnepBoMm ciydae, mpu CHIBHOM YKOPOUYECHUM AHTEHHBI, BEJIIMYHMHA |KO|
2 :
IPOIOPIMOHATBHA . ITO OOBICHIETCS TEM, YTO TOK [, TPU CHIBHOM YKOPOYEHUH

MPONOPLIHOHAIEH BennunHe O, u BHocuMas B kouTyp BL[ DJIC Ey, okasbiBaeTcs

IIPONOPUMOHAIIBHA KBAIPATy YaCTOTHI.
Bo BTOpOM crnyuae, T. €. IpU CUJIILHOM YJUJIMHEHUUA AHTEHHBI, TOK B AHTEHHOU

Ienu 0OpaTHO MPOTIOPIIMOHAIICH YacTOTe BXOAHOrO curHana. [losTomy BHOCHMAs B
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koHTyp BI] OJIC oka3biBaeTcsi HE3aBUCUMOI OT 4acTOThl cUrHayia. CiaeqoBaTeIbHO,
HarnpsbkeHre Ha Bbixojae BIl u koadduimeHT nepenadyd MOCTOSHHBI B JIUAa3oHE
yactoT nepectporku BlIl mpu ycnoBum mOCTOSHCTBA 3aTyXaHUs KOHTYpa, YTO B

OOJIBIIMHCTBE CJIy4acB ABJICTCA JOCTOMHCTBOM.
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Puc. 11. 3MeHeHHE MOTYIISI pE30HAHCHOTO KOA(PPHUITUCHTA ITepeIadll BXOHOH ICTIH
C MHIYKTUBHOM CBSI3bI0 C AHTEHHOM TPHU MEPECTPOMKE;
clieBa — P YKOPOUYEHHOM aHTEHHE, CIIpaBa — IIPU yUIMHEHHOU

Henocratkom Bl ¢ MHAYKTUBHOW CBA3BIO IIPU CWJIBHOM YJIMHEHUU AHTCHHBI
SBJISICTCS Majas BeJWYMHA pPEe30HAHCHOro kodddumuenta nepemaun. [lo stoi
MIPUYMHE TaKasl CBS3b PEAKO HCIOJIb3YETCS HA MPAKTHUKE.

N36upatenbHbie CBOMCTBA BXOTHOM II€NU C MHIYKTUBHOM CBS3BIO C aHTCHHOM
OTPENENAIOTCA HM30UPATEIIbHBIMU CBOMCTBAMHM HArpy>XEHHOTO KOHTypa STOH IIeIHu.

[Ipu 60X paccTpoiKax CieayeT TaKKe YUYUTHIBATh BIUSHAE aHTEHHOTO KOHTYpA.

2.6.3. BxogHas nenb ¢ HHAYKTHBHO-eMKOCTHOM CBSI3bI0 C AHTEHHOM

CxeMa BXOJHOM LENU M 3KBHBAJICHTA aHTEHHbI M300pakeHa Ha puc. 12. B
paccmarpuBaemor BIl wcronb3yercss nBa BHAA CBSI3M C AHTECHHOW: €MKOCTHasi W
uHAyKTUBHAasA. CxeMma JIMHEWHA, T03TOMY KO3(P(PUUMEHTHI Nnepeaayl CyMMUPYIOTCS.
[Ipy WHOYKTHUBHOM CBSA3M UCIIOJNB3YETCS «yMJIMHEHHAs» aAHTEHHA C MaJlbIM
«YUTMHEHHEM». 3a CYET €MKOCTHOM CBsI3W KOA((OUIIMEHT TMepeaadyrd BXOIHOM IernH
YBEIIMYMBAECTCA C POCTOM YaCTOTbl HACTPOMKHM, 3@ CYET WHAYKTUBHOW —
YMEHBIIIAETCS.
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Puc. 12. Bxognas nenb 1 3KBUBAJICHT aHTEHHBI TPU UHAYKTUBHO-€MKOCTHOM CBSI3U

CoBMmecTHasg QJICKTPUYCCKAasd M MArduMTHass CBA3b IPHUBOAUT K TOMY, 4YTO
MOAYJIb PC30HAHCHOI'O KOB(b(I)I/IHI/IeHTa nepecaadyu ci1ad0 3aBHUCUT OT 4YacCTOTHI
HaCTpOfIKH BXOI[HOfI OCIIv, a IO BEJIIMYMHEC OKa3bIBACTCA 3HAYUTCIBHO 60J'IBIJ_II/IM, ycM
B CJIy4dac HHHYKTHBHOﬁ CBA3H IIPHU CHUJIBHOM «YKOPOYCHHUH) AHTCHHEI. Takoro BHU A

BH HaXOJAT HINPOKOC IIPAKTUICCKOC IIPUMCHCHUC.

2.7. HacTpoiika BXOIHOM Henu

JUis mosyuyeHus 3aJaHHOTr0 KO3 PUIIMEHTa NePEKPHITHSI Ha BCeX MOAHAana3o-
HaX B KOHTYpax UCHOJb3YIOT 100aBouHble KoHAaeHcaTopbl Cy u C; (puc. 13), koTopsie
YMEHBIIAIOT BIUsHUE eMKOCTH Cy Ha 4aCTOTY HACTPOMKU KOHTYpa U, CJIEA0BATEINBHO,

YMEHBIIAIOT KO DHUIIMEHT MePEKPHITHSI.

Puc. 13. [Tony4enne 3amanHoro ko3 GuimeHTa nepekpeIThs JUama3oHa

B cBsA3uM ¢ MUKpOMMHHATIOpH3ALMEN amnmaparypbl I HaCTPOWKHA KOHTYPOB
BMECTO TPOMO3JKHUX MEXaHUYECKUX OJIOKOB KOHJIEHCATOPOB NEPEMEHHON €MKOCTH

(KIIE) B HacTosiee BpeMsi 0ObIYHO IPUMEHSIOT BapUKaIbl. [ TaBHOE MPEUMYIIIECTBO
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BApUKAIlOB — MaJjbl€ pa3Mepbl, MEXaHUYECKash HAJEKHOCTb, IIPOCTOTA aBTOMAaTUYe-
CKOI'0 ¥ JUCTAaHLIMOHHOTO YIIPABJICHUNW HACTPONKOM.

Cxembl BKJIIOYEHHS BapUKAllOB B KOJIEOATENbHBIM KOHTYp IpPHUBEACHBI Ha
puc. 14. Perynupyromee HanpspKeHUE Ha JHOABI MOAACTCS IMOTEHUHOMETPOM OT
CTaOWJIN3UPOBAHHOIO  HCTOYHHMKA.  Pe3ucrop  HyXeH I  YMEHbIICHHS

LIYHTHUPYIOIIETO IEUCTBUS HA PE30HAHCHBIN KOHTYP LN YIIPABJICHUS HACTPOUKOM.

aj 6)
Puc. 14. CxeMsbl 251€EKTPOHHOI HACTPOMKH KOHTYpa

Henocratkom BapukanoB B cpaBHeHuu ¢ KIIE sBiseTcs HENMHEWHOCTH INpH
OOJIBIINX YPOBHAX CUTHAJNOB M nomex. OciabuTh HeIuHEHbIE 3(PPEKTH MOKHO U3-
BECTHBIM MPHUEMOM — MPUMEHEHUEM OaJlaHCHBIX (IBYXTAKTHBIX) cxeM. B naHHOM
ClIy4ae TaKOW CXEMOH SBJIAETCS BCTPEYHO-IIOCIIEIOBATEIBHOE BKIIOYEHHUE JBYX Ba-
pUKanoB (PUCYHOK 6 — CIIpaBa).

Jlji1 HaCTPOMKHU KOHTYPOB C NMOMOIIIbIO BaApUKAIOB 11€J1IECO00pa3HO MPUMEHSTh
HE MEXAaHWYECKHE PETYJSTOPbl HANPSKEHUS CO CKOJIB3SAIIUMU KOHTaKTaMH, a
JJEKTPOHHBIE  WCTOYHMKH  PETYJIMPYIOLIErO0  HANpSUKEHUS —  CHHTE3aTOPbI
HanpsokeHus. OHM  coleplkaT TeHeparop HMIIYJIbCOB U LHU(PPOaHATIOTOBBIH
npeodpazoBatens (LAIID), sBastomuiics UCTOUHUKOM CTYNEHYATOrO0 HACTPOEYHOIrO
HAIpPsDKEHUS KOJIE0ATENIbHOTO KOHTYpA. YIPABISIIOUIEE YCTPOWCTBO JJII HACTPOMKH
MOXeT coaepxaTb Mukponpouneccop (MII), 3amomuHaronmiee U HporpaMMHOE
YCTPOWCTBA, a TAKKE OPraHbl PyYHOT'O YIPABJIECHUS.

Ilepexnrouenue IIOA1MaNIa30HOB MOXET OCYILECTBIIATBCS Kak
NEPEKITIYATEISIMU CO CKOJIB3SIIIIMMY KOHTAKTaMH, TaK U 3JIEKTPOHHBIMU KJIIOYaMHU, B
KauecTBE KOTOPBIX CIyKaT KOMMYTalMOHHbIE Juoxbl. [lepexmtouarenu co
CKOJB3SIIMMHA  KOHTAaKTaMU HMMEIOT HU3KYK0 HAJEKHOCTb UM 3aTPYIHAIOT

ABTOMATHYCCKOC M AUCTAHIOMOHHOC YIIPAaBJIICHHUC IICPCKIIIOYCHUCM. 9HCKTpOHHBI€
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KJIFOYM Ha KOMMYTAIIMOHHBIX JTUOJIaX MPOCThI U HAJICKHBI, TTO3BOJISIIOT OCYIIECTBISTh
ABTOMATUYECKOE U JUCTAHIIMOHHOE YIPABJICHUE MOJHOCTHIO Ha JIEKTPOHHBIX y3/aX.
HX HEnoCcTaTOK — HEJIMHEMHOCTh AUOJHBIX KIFOYEH MPHU CUJIBHBIX MOMEXaX, KOTopast
MPUBOJUT K YXYAIICHHIO MHOTOCUTHAIBHON N30UPaTEIbHOCTH.

[TepexntoueHnue nojauana3oHoB — OoJyiee ClIOXKHas 3ajadya, YeM SJIEKTPOHHAs
HacTpoiika. [ToaTroMy pa3paboTumky paguoanmapaTypbl CTaparoTcs HE HMPUMCHSTH
MEPEKITIOUECHUE MOIIMANIa30HOB BO BXOJHBIX LEMAX. Takas BO3MOKHOCTb MOSIBIISIETCA
npu HHOPATUHHOM MTOCTPOSHUN MMPUEMHHKA, KOT/a TIepBas MPOMEXYyTOUHAsT 4acTOTa
BBIOpaHa BBIIIIE MAaKCUMAJIbHOM YacTOTHI JUalia3oHa MPUEMHHUKA U 3€PKAJIbHBIA KaHal
pacmoJIoKEeH AAJEKO 3a MpejaesiaMy Jhana3oHa MPUHUMAEMbIX 4acToT. B kauectBe
BXOJHOW IIENMM B TaKUX MPUEMHUKAX OOBIYHO MPHUMEHSIOT HeIepecTpanBacMbIe

(GUABTPHI HU3KUX YACTOT.

2.8. BxoaHble Henu Npu HACTPOEHHOH AHTEHHE

Hactpoennble aHTEHHBI TPHUMEHSIOTCS, KaK TMpaBUIO, TPH TpUEeME Ha
METPOBBIX U 00Jee KOPOTKMX BOJIHAX, a TaKKe MPH MPOPECCHOHATHHOM MpHEME Ha
JIEKaMETPOBBIX BOJIHAX, HAIPUMEP HAa MAruCTPajJbHBIX JIMHUIX CBS3U. B aTHX ciyua-
X OOBIYHO MPEIbIBISIOTCS BHICOKHE TPEOOBaHUSI K YyBCTBUTEILHOCTH MPUEMHHKA,
KOTOpasi OrpaHryueHa ero COOCTBEHHBIMH IIIyMaMH, IO3TOMY Ba)KHO OOECIIEUNTh Hau-
JY4IIYIO [Iepeady CUrHaia OT aHTeHHBI K Bxony Y PY.

Koadduiment nepenaun mMeeT MakCUMajdbHOE 3HAYCHHE TPH CO2NACOBAHUU
anmenHwvl ¢ puoepom, a ¢pudepa — ¢ 6xooom npuemnuka. [Ipu s3Tom B pumepe nmeet
MECTO PEKHUM OeryImieil BOIHbI, YTO HEOOXOAUMO TaKkKe VISl YCTPAHEHUS UCKaKCHHM
CUTHAJIa, BBI3BAHHBIX OTPAKEHUSIMHU TpU Ooibiion mnuHe ¢uaepa. CoriacoBaHue
duaepa ¢ BXoAOM NMPUEMHHUKA U TIOTYUYCHHUE 33IaHHOTO PE3YIbTUPYIOIIETO 3aTyXaHUs
JOCTUTAIOTCS BBIOOpOM Kod(pduiineHToB Tpancopmaiuu. PezonancHsiii ko duim-

CHT IICpcaadu Ipr COriiaCoBaHnuu ONPCACIIACTCA BhIPAKCHUCM
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3nech mapamerp D ompenensieT AOMYCTUMOE YBEJIMYEHHE 3aTyXaHUs KOHTypa
BXOJHOM IIEMH 3a CYET €ro Harpy3Ku aKTUBHOUN MPOBOJAMMOCTBIO aHTEHHBI U BXOJTHOM
IIPOBOJIMMOCTBIO aKTUBHOTO 3JieMeHTa: D = d 4 / di. Ilpu BBICOKONH J0OpOTHOCTH
KOHTYpa BXOJIHOHM LIETH JOIYCTUMBIN KO3(PGUIMEHT pacIlIMpeHus: MOJ0Chl MpPOIyc-
kaHusi D ctaHoButcs O0oibuM. B 3ToM ciiyuae mipeaenbHbiil KoddpuimeHTt nepena-
YU BXOJIHOW LEMHU ONPENEIIAeTCs TOIbKO COMPOTUBICHUEM aHTEHHBI U BXOJIHOW IPO-
BOJMMOCTbIO aKTUBHOT'O 3JIEMEHTA.

HactpoeHnHble aHTEHHBI OOBIYHO HMEIOT JOCTATOYHO UIMPOKYIO TOJIOCY
IPOMYCKAHHUSI, IO3TOMY MOXHO HE YYHMTHIBATh M3MEHEHHSI UX CONPOTUBIICHUS MPHU
pacctpoiikax. Torma pe3oHaHCHas KpuBasi BXOJHOM ILienu OyJeT 3aBUCETh B
OCHOBHOM OT XapaKTEPUCTUKH SKBUBAJICHTHOI'O KOHTYpA.

Kpome pexuma coriiacoBaHuss TPUMEHSETCS PEXKUM  ONMUMATLHOZO0
paccoenacosanusi,  00ECIEUMBAIOIIMI  MUHUMAJIbHBIA KO3 UIMEHT  1Iyma
IpUEeMHUKA U, CJIEA0BATEIbHO, €r0 HAWBBICIIYIO YyBCTBUTEIHHOCTh. OOBIUHO pacyeT
BXOJIHOM IIeNMU BEAYT B PEKUME COTJIACOBAHMS, a ONTUMAJIBLHOTO PAaCCOIIaCOBAHUS
NOOWBAIOTCS TPU HACTPOWKE MPUEMHUKA ITyTeM HEOOJBIIOTO YBEIMYEHUS CBS3U

KOHTYpa C aHTEHHOI.

2.9. Bxoansblie uenu npueMuukos CBY

Kak m Ha yMmepeHHO BBICOKMX 4YacToTaxX, BXxoAHblie nenu CBY puanazona
UMEIOT XapakTep PpE30HAHCHBIX CHUCTEM WM (UIBTPOB, OAHAKO creruduka
MHKPOBOJIHOBOI'O JMaria3oHa JelaeT HMX CXEMHYI0, a IJJaBHOE€ KOHCTPYKTHBHYIO
peanu3aluoo COBEPIIEHHO APYroi, MOCKOoIbKY Ha yacTtoTax Bbiie 300+500 MI'y onu
BBIITOJIHSFOTCS HA DJIEMEHTAX C PACIPEACIICHHBIMU ITapaMeTPaMHU.

ITo cnocoby peanuzamuu pe3zoHaropel CBY gensT Ha IUIOCKOCTHBIE U
oObeMHbIe. [110CKOCTHBIE PE30HATOPHI BHIMOJHAIOTCS HAa OCHOBE JIMHUU Iepeaadyu
Pa3IMYHBIX TUIIOB: HECUMMETPUYHOM U CUMMETPUYHON MHKporonockoBoi (MIL),

LIEJIEBOW, KOIUIAHAPHOU U Jp. B nenumerpoBom nana3oHe NPUMEHSIOT OTPE3KU KO-

16



aKCUalbHbIX JMHUNA. KOHCTPYKTMBHO pe30HATOpP MOXKET ObITh KOPOTKO3aMKHYTBHIM
WIM Pa30MKHYTBHIM Ha KoHILE. [Ipu anekTpuueckoil 1uHE MEHbLIE YETBEPTH JITTUHBI
BOJIHBl KOPOTKO3aMKHYTBIA OTPE30K 3KBHUBAJICHTEH HWHAYKTHMBHOCTH, a PAa30MKHY-
TBI — eMKOCTHU. JINHUM, JIMHA KOTOPBIX KPaTHA YETBEPTH JJIMHBI BOJIHBI, CTAHOBATCS
PE30HAHCHBIMU M SKBUBAJEHTHBIMM  COOTBETCTBEHHO IapaUIEIbHOMY  WJIU
[I0CJIEIOBATENIBHOMY KOHTYpY. KOpOTKO3aMKHYThIE PE30HATOPbI HA MUKPOIOJIOCKO-
BBIX JIMHUSX MUMEIOT MaJlble pa3Mephl, Majble MOTEPU HA U3ITYyYEHUE U CPABHUTEIBHO
BBICOKYIO J00poTHOCTE (Q =200+300), HO u3-3a HATUYUS KOPOTKO3aMBIKATEIISI
CJIOXKHEE TEXHOJOrn4ecku. IIpocTeie B M3rOTOBICHUM Pa30MKHYTBIE HA KOHLE PE30-
HATOpbI BCJIEJICTBHE MOTEPh HA H3JIyYEHUE HMMEIOT 00jiee HU3KYI0 JT0OPOTHOCTb
(0 <100).

B CBY TpakT pe3oHATOpbl BKIIOYAIOTCS II0 CXEME JBYX- WJIH YEThIPEX-
noyitocHuka. Ha ux ocHoBe MOT'yT 0Opa3oBBIBaThCS COCTaBHbIE pe3oHATOpbl. Kpome
IPSIMOYTOJIBHBIX, IPUMEHSIOT IUIOCKHE PE30HATOPBI TAKXKE KPYIJIOW, SJTUITHYECKOM
u KoibleBoi (opmbl. IlepecTpoiika 4acTOTHI MIOCKUX PE30HATOPOB MOMKET OBITh
MEXaHUYECKOM — H3MEHEHHEM pa3MepoB, a TaKXKe 3JIEKTPUUYECKON — OOBIYHO C
IIOMOILBIO BKJIIOUEHHOTO B PE30HATOP BapUKalIa.

[Ipumensiempie B PIlpY CBUY OGonee BbICOKOJOOPOTHBIE OOBEMHBIE
PE30HATOPBI JIENATCS Ha TBEPAOTENbHBIE W TOJble. TBEpPAOTEIbHBIE PE30HATOPHI
IPEICTaBIAIOT cO00il HeOOMbIIME 00bEMBbl JUANIEKTPUKA WIH (EeppuTa, B KOTOPBIX
UMEET MECTO OOBEMHBIM PE30HAHC 3JIEKTPOMArHUTHOTO MOJsA. JudnekTpuueckue
PE30HATOPBI MPEICTABISAIOT COO0M AUCKU, UIMIUHAPHL, OPYCKH, KOJblla U T.II., GopMa,
pa3Mepbl U IUAJIEKTPUYECKasi MPOHUIIAEMOCTh KOTOPBIX BbIOpaHbI TaK, YTOOBI B HUX
Ha 3aJaHHOM YacTOTE BBIIOJHINCH YCIOBUS 3JEKTPOMAarHUTHOIO PpPE30HAHCA
BCJICACTBUE SBJICHHSI IIOJIHOIO BHYTPEHHETO OTPAXKEHUS JIEKTPOMArHUTHOW BOJIHBI.
Takme  pesonatopsl  BechMa  KomMmakTHel. ~ CoOcTBeHHas  JOOPOTHOCTH
JURJIEKTPUYECKUX PE30HATOPOB Ha CAHTHUMETPOBBIX BOJHAX JOCTUIAET HECKOJIBKUX
TBHICSIY U MOKET OBITh €I11€ YBEIUYECHA IyTEM OXJIAXKICHHUS.

B CBY TpakT AU3IEKTPUYECKHE PE30HATOPHI BKIIOYAKOTCSA JIBYMsI CIIOCOOaMHU.

HpI/I IICPBOM criocooe PE30HATOP BKIIOYACTCA MCIKAY ABYMS HCCBA3dHHBIMU JIMHUAMU
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nepeavn, HapuMep, pacroyIOKEHHBIMU OPTOTOHAIBHO WIIM Pa3JeIeHHbIMU YYaCTKOM
BOJIHOBOJIa. Ha pe30HaHCHOI yacToTe AMAJIEKTPUUECKUN PE30HATOp BO30YKIaeTcs, U
JMHUH OKa3bIBAIOTCS CBSI3aHHBIMU €T0 ToJieM. [Ipu BTopoM crioco6e TuiieKTpuiecKuii
PE30HATOp HAaXOJIWUTCA BHE OCHOBHOI'O TPaKTa U CBSI3aH C HUM 3JIEKTPOMArHUTHBIMU
nojsiMu. Ha pe3oHaHCHON 4yacToTe AMAIEKTPUYECKUN PE30HATOp BO30YXkAAETCA, €ro
NIEPEU3IIYYEHHOE T10JI€ KOMIIEHCUPYET I0JIE MAJAIOLIe BOJHBI U B TPAKTE BO3HUKAET
cTosvasi BoJIHA. Bianu oT pe3oHaHca AMAIEKTPUUECKUNA pE30HATOp HE BO30YXKIEH, U
BCSI MOIITHOCTh B TPAKTE MOCTYIAET B HArpy3Ky. lloacTporika 4acTOThl AUAIIEKTpUYE-
CKOI'O PE€30HATOPA TIOCTUTAETCSI BHECEHUEM B €T0 DJIEKTPHUUECKOE MOJIE METAIUINYECKHUX
WIH TARJIEKTPUIECKUX TEIL

HauGonee tunuuHbll ¢eppumossviii  pezonamop TPENCTaBIAECT COOOM
THiateslbHo oTuu@oBaHHyo chepy muamerpom 0,3...1 MM U3 MOHOKpHCTAIa
xeneszoutrrpueBoro rpanara (JKUI'), moMemeHHyr0 B LEHTpPE JABYX OPTOrOHAJIBHO
PaCIOJIOKEHHBIX METENb CBSI3U, MIOCKOCTh KOTOPBIX COBHAJAET C HAIpaBICHUEM
NOCTOSTHHOT'O TNOAMarHu4uBaroniero noisisg. Kaxknmas W3 mertenb COEAMHEHA OJHUM
KOHIIOM C MOJBOJSIIEH (OTBOJAIIEH) JIMHUEH, a Ipyroi ee KoHel 3azemiieH no CBY
C IOMOIIIBIO YETBEPTHBOJIHOBOTO OTpe3Ka. 1Ipu onpeneneHHOM cOYeTaHUM BHEIIHUX
marautHoro U CBY mosneir B Takoil cdepe m3-3a (pu3mdeckux CBOUCTB (depputa
BO3HUKACT (EppOMArHUTHBIA PE30HAHC, U €CIM U3-32 OPTOTOHAJIHLHOCTH
pacnoyIOKEHUs] TMeTellb CBSI3U CBSA3b MEXJIYy BXOJOM M BBIXOJIOM (PEPPUTOBOTO
pe3oHaTopa OTCYTCTBYeT, TO mpu pe3oHance uepe3 chepy KUI smeprus CBU
nepeaaeTcs OT BXoAa K BBIXOY.

OnHUM U3 TJIABHBIX JOCTOMHCTB (hePPUTOBBIX PE30OHATOPOB SIBISETCS BO3MOXK-
HOCTb TOTy4eHHs OOIBIINX 3HaYeHni 106poTHOCTH (Q = 10%) BIIOTH 10 MILIAMET-
POBBIX BOJIH, IPUYEM 3TO €IMHCTBEHHBIN TUIl pe3oHaTopoB CBY, pe3oHaHcHas yvac-
TOTa KOTOPBIX HE 3aBUCHUT OT Pa3MEPOB, & ONPEIEIAETCS TOIBKO HAIPSIKEHHOCTBIO
IIOCTOSIHHOTO ITOAMAarHM4MBaroLero noi. Jpyroe Baxxnoe 10ctonHcTBO OP — BO3-
MOKHOCTb BECbMa IIMPOKOJAMANIA30HHONU MEPECTPOMKN PE30HAHCHOM 4aCTOThI U3ME-
HEHHEM HaIpsHKeHHOCTH MarHuTHoro mnojsi. Hemocratkom OP siBisiercss cuibHas

3aBUCHUMOCTD p€3OHaHCHOﬁ YaCTOThI OT TCMIICPATYPBHI.
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[Tonble 0O0bEMHBIE PE30HATOPHI B PATUONPUEMHONM TEXHUKE B HACTOSIIEE
BpEeMsI UCIIOJIB3YIOTCS KpalHe PEeAKO U3-3a TUIOXUX MAaccOrabapUTHBIX MOKa3aTesie u
HUA3KOW KOHCTPYKTHUBHOW M TEXHOJIOTMYECKOW COBMECTUMOCTHU C APYTMMU y3JIaMU U
6soxamu PIIpVY, BbIIONIHEHHBIMU 110 MHTETpaibHOM TexHonoruu. K ux nocronHcream
OTHOCHUTCSI BO3MOKHOCTh pe€aju3alldd OYE€Hb BBICOKHUX JOOPOTHOCTEH, a TaKxke
HAJIC)KHAsl DKPAHUPOBKA OT BO3JCUCTBUS BHEIIHUX JJIEKTPOMATHUTHBIX IIOJIEH.
Perynsipubie 00bEeMHBIE PE30HATOPHI MPEACTABISIOT COOOM OTPE3KHM BOJTHOBOJHBIX
WM KOAKCUAJIbHBIX JIMHUM Tepeaaun, 3aMKHYThIX Ha KoHIaX. CyIlIecTBYIOT TaKke
paaualbHble, CIUpPaIbHBIE PE30HATOPHI, KOJIbIIEBbIE PE30HATOPHI OErymieil BOJHBI U
np. CoequHeHUs OTPE3KOB JIMHUK TEpeJayd, B TOM YHUCIE PA3JIWYHBIX TUIOB U B
COUETAaHMU C DIJIEMEHTAaMH C COCPEIOTOYEHHBIMU TlapaMmeTpaMu, oO0pasyroT
PE30HATOPHI CIOKHOU POPMBI.

Haubonee pacnpoctpanenubiMu y3namu BIl npuemunuxoB CBY sBistitorcs
pazHoo0OpasHbie (GUIBTPHI, PATMUYAIONINECS M0 BUAY AIEKTPHUUECKUX XapaKTEPUCTHK
(MOJIOCOBBIE, PEKEKTOPHBIC, BEPXHUX YACTOT).

Hau6Gonee mmpoko B PIIpY CBY npuMeHSIOTCS MOTOCOBBIE M PEKEKTOPHBIE
GuIBTPHl Ha MHKPOIIOJIOCKOBBIX JIMHUAX. [IpocTeiiiine monocoBble (QUIBTPH Ha
MUKPOIIOJIOCKOBBIX JIMHUSIX MPEACTaBISAIOT COO0OM MOCIE0BATEbHO CBSA3aHHbIC

yepe3 TOPLEBbIE EMKOCTH MOJIYBOJIHOBBIE PA30MKHYThIE pe30HATOPHI (puc. 15).
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Puc. 15. KoHCTpyKIIMM BXOJIHBIX IIENIEH HA MUKPOIOJIOCKOBBIX JTUHHUSIX

[IIupuna mosiocsl npomnyckanusa 3Tux [ID omnpenensercs MWMUPUHON 3a30pOB

MCXKY PE30HATOPpAMU: YEM MCHBIIC 3a30P, TEM CUJIbHEC CBsA3b U IIHUPC I10JI0CA 11
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Ha puc. 16 u 17 npuBeaeHbl BapuaHThl MOJKIIOYEHUSI PE30HATOPOB HA KOAKCH-
ANbHBIX JIMHUSX U OOBEMHBIX PE30HATOPOB. sl ycTpaHeHUs BIMSHUS U3MEHEHHM
KOMIUIEKCHOT'O BBIXOJIHOTO CONPOTHUBIICHUS aHTEHHO-(UAEPHOTO TpaKTa Ha XapakTe-
PUCTHUKH MEPBOr0 Kackaja paguoNpHUEMHOIO YCTPOMCTBA MEXIY BBIXOAOM TPAKTa U
BXOJIOM KacKaJa BKJIIOYAKOT HEB3aHUMHbIE (DEpPPUTOBBIE YCTPONCTBA — BEHTHIN WM

LUAPKYJISTOPBL.

Puc.16. BxonHble yCcTpoiicTBa MPUEMHUKOB JEIIUMETPOBOTO JUANIa30HA HA KOAKCHAIbHBIX
pPE30HATOPAX CO CBA3BIO C AHTEHHOM @ — TPU MOMOIIH METIN 6 — IPU MOMOIIH 30H/1a,
6 — IPU TTOMOIIY HEMOCPEICTBEHHOI0 KOHTAKTA
Puc. 17. Bxoansle ycTpolicTBa IPUEMHUKOB CAHTUMETPOBOTO JIMaNla30Ha HA 00bEMHBIX PE30HATO-
pax co CBSI3bIO C aHTCHHOMW MPU TIOMOIIHU: @ —1uadparmsel, 6 — METIU, 8 — 30Ha
[Ipu paboTe mpueMHMKa U TIepeAaTIrKa ¢ o0IIel aHTEHHON HUCIIOIB3YIOTCS aH-

TCHHBIC TICPCKIIIOYATCIIN, BBIKJIHOYATCIIN HA p-i—l’l AUOoJax HJIM I'a30BbIX PaspsAHUKaAX

Y OTPAHUYUTEIN. B psizie cilyyaeB NIpUMEHSIOTCS YIPABIISEMbIE ATTEHIOATOPBI.

2.10. OcHOBHBIE BBIBO/IbI

Bxonnas nens noibkHa HamOoJiee MOJHO MEpeaBaTh YHEPrUI0 CUTHAA U3
QHTGHHBl B TIEPBBIM KacKajJ NPHEMHUKA M OCYIIECTBIATH MPEIBAPUTEIHHYIO
(GUIBTPALIMIO CUTHAJIA OT MIOMEX.

Bxongnas menb comepKuT QWIBTp W IENH CBS3M (QUIbTpa C aHTCHHOH M

YCUIIMTCIIBHBIM 3JICMCHTOM ITOCJICAYIOIICTIO KaCKalla.
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KoadduimenT nepenaun no HampsiyKEHUIO BXOJAHOU LEMU MOXKHO OMNPENIETUTh
KaK Mpou3BeneHne Kod(hPUIIMEHTOB nepeaadyn Uenu CBA3M (UiIbTpa ¢ aHTEHHOM, 9K-
BUBAJICHTHOTO (MJIBTPA U 1IENH CBA3M (PUIBTPA C YCHIIUTEIbHBIM 3JIEMEHTOM IOCIe-
QYHOLIEro KacKajaa.

AUX, @YX ¥ CeNeKTUBHOCTh BXOJAHOM LIETIN ONPEAEIIAIOTCA B OCHOBHOM AYUX,
@YX 1 CEeNEeKTUBHOCTBIO PE30HAHCHOIO KOHTYpPA U 3aBUCAT OT €r0 3KBUBAJIEHTHOIO
3aTyXaHHs.

OKBHMBAJICHTHOE 3aTyXaHHE KOHTypa BXOJHOW IENH ONPENENACTCS €ro
KOHCTPYKTUBHBIM 3aTyXaHHUEM W BHOCHUMBIMHU 3aTyXaHHSIMU CO CTOPOHBI AHTEHHOM
LEINH U CO CTOPOHBI MOCHEAYIOIIETO KacKaaa.

MakcumanbHblii KOG DUIHEHT repeadn BXOAHON IeNu 00eCrednBaeTCs mpH
ONTUMAJIbHON CBSI3M AHTEHHOW LIENMU U BXOJA MOCJIEAYIOIIEro Kackaaa ¢ KOHTYpOM,
IIPU KOTOPOM BHOCHMOE B KOHTYpP 3aTyXaHHME M3 aHTEHHOW LIENU PAaBHO BHOCUMOMY
3aTyXaHUIO OT mnocieayruero kackaaa. ns nomydeHust Ky pax KOHTYP AOJDKEH
UMETh MaJIbI€ ITIOTEPH.

N3menenune peszoHaHcHOro koddduiveHTa Mepeaadyd BXOJHOW LENH II0
JIarna3oHy B OCHOBHOM ONpEJeNseTcs U3MEHEeHHEeM Ko3(@uinenTa nepenayu 1enu
CBSI3M €€ (PUIbTPA C AaHTEHHOM.

[Ipr eMKOCTHOHM CBSI3M C AHTEHHOW W NPU €MKOCTHOW IMEPECTPOMKE KOHTypa
BXOJHOW 1enu Ko3((PUIMEHT neperayu pe3Ko MU3MEHSeTCs IO JIMana3oHy, M03TOMY
ATOT BUJ CBSA3M NPUMEHSIOT B HEJOPOIMX NMPUEMHHUKAX, MPU MaJoM KoddduimenTe
NIEPEKPBITUS IUANA30HA U T. 1.

CpaBHutenbHO HeOousblIOe Hu3MeHeHue K, B paboueM auama3zoHe 4YacToT
MO>KHO MOJIYYUTh NPU TPaHCHOPMATOPHOU CBSI3U € «YIJIMHEHHOI» aHTEHHOM.

Bo BX0IHOM 11enM MOKHO OCYLIECTBUTH COINIACOBAHUE 110 MOIIHOCTH CUTHAJIA,
COOTBETCTBYIOIIEE MAKCUMAJIbHOMY KO3(P(UIHUEHTY Nepenaydd, U COTJacoBaHUE IO
rymMam, mpu KOTOpoM K03 (UIIMEHT IIymMa NPUEMHIKAa MUHIMAJICH.

Ecmn mymsr YPU Benuku 1O CpaBHEHUIO C IIyMaMHM BXOAHOM LENH, TO
MUHUMYM Kod(dduieHTa myma BXOJHOM uenu coBMmecTHO ¢ YPY mnomyudaercs

IPaKTUYECKHU ITPU ONTUMAIIBHON CBSI3H.
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Vaydmienne kodduiimeHTa Iryma IO CPaBHEHHIO C €r0 3HAYeHUEM IIpH
ONTUMAJILHOM CBSI3U MPOMOPILMOHAIBHO JI0JI€ IIYMOB YCUJIUTEIBHOIO 3JIEMEHTa B
oOmux mrymax cxeMbl. Ecnu rymbr YPY Manel, To MUHUMYM KO3 UIIUEHTA TITyMa
MOJIy4aeTcsl MPU CBS3M, OoJiee CHIBHOM, YeM HEOOXOJMMO JJisS COIJIACOBaHUS 10
MOIITHOCTH CHUTHAJA.

Ha uactorax Huzke 100 MI'11 KOHTYp BXOJHOM 1€ BBIMOJHSIETCS Ha
cocpenoroueHHbIx LC-anemMenTax. B nuana3zonax JJiMH BOJIH KOpode 1 M B KadecTBe
KOJIe0aTEILHOI0 KOHTYpPa BXOJHOM LIENH HMCIHOJIB3YIOT LENU C pacrpeieieHHbIMU
napaMmerpamMu. B nuamazoHe JAEHUMETPOBBIX JUIMH BOJH Haubojee MHUPOKO
UCIIOIB3YIOTCSl OTPE3KH KOAKCUATBHBIX WJIM MOJOCKOBBIX JTMHUH.

[IpumeHeHue MOJIOCKOBBIX JIMHUHN MO3BOJISAET BBIMOJHUTD Y3JIbl 1 PE30HAHCHBIC
IENU TPUEMHUKA B €IMHOM TEXHOJOTMYECKOM ITUKJIC TI0 HHTETPaIbHON TEXHOJIOTHHU.
B nuanazone caHTUMETPOBBIX U 00JIe€ KOPOTKUX JIJIMH BOJIH HapsiAy C MOJOCKOBBIMU
JUHUSMH B KauyeCcTBE HW30MPATECIBHBIX CHUCTEM BXOJHBIX IICTICH IPUMEHSIOT

00BEMHBIE PE30HATOPBI.

2.11. KoHTpOJIbHBIE BONPOCHI

l. Ykaxure Ha3HaYEHHE U MIEPEUNCIIUTE OCHOBHBIE XapakTepucTuku BLI.

2. Ilouemy HacTtpoiika koHTypa BI[ ¢ nDomompl NEPEMEHHOM EMKOCTH
MPEAINOYTUTEIbHEE HACTPONKH MEPEMEHHON UHYKTUBHOCTBIO?

3. Hapucyiite cxembl BI[ ¢ pa3HbIMH BHUIamMu CBS3U KOHTYpa C AHTEHHOW U
OOBSICHUTE Ha3HAYEHUE DJICMEHTOB.

4. CocraBbpTe PKBUBAJICHTHBIE cXeMbl BLl ¢ pazauyHbIMU BUJIaMH CBSA3M KOHTypa
C QHTEHHOM.

5. Kakumu mapamerpamu omnpenensiercss koddduiment nepenaun BI[? Ycmous
MOJIy4eHHs] MaKCUMallbHOTO KoadduinenTa nepenauun BLI.

6. KakoBbI yclioBUsI COTJIaCOBaHMSI aHTEHHBI C BXOJI0M IMPUEMHUKA?

7. U3 xakux cooOpakeHui BHIOMPAETCS CBS3h BXOJAHOTO KOHTYpPA C HACTPOSHHOM
aHTeHHON? CXEeMBI CBSI3H.

8. M3 kakux cooOpakeHUNl BBIOMpPAETCS CBsI3b BXOAHOTO KOHTypa C

HEeHacTpoeHHOW aHTeHHOW? [ToueMy? CxeMbl CBSI3H.
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9. Ot 4ero 3aBucut u3dUpaTenbHOCTH BIL?

10.01 yero 3aBUCUT MIMPUHA MOJIOCHI ITportyckanus BI{?

11.Kak BeIOMpaeTcs cBsizb BXOJHOTO KOHTYPa C aKTUBHBIM AJIEMEHTOM?

12.Ilepeuncnure OCHOBHbBIE THUIIBI 0O0BEMHBIX pe3oHaTOpoB W (uiibTpoB CBY.
ucrone3yembelx B KadectBe BIL[ PlIpY. Onmmmre wnx gocToMHCTBA U
HEJOCTATKHU.

13.Kakumu cooOpakeHUsIMH pPYKOBOACTBYIOTCS Ipu BblOOpe Tuna AYX

(MaKCI/IMaHBHO IIJIOCKas, paBHOBOJIHOBA, BHJII/IHTI/I‘-ICCKa}I) BXOIHBIX CI)I/IJ'IBTpOB

CBY PITpVy?

2.12. 3agaum AJ1 CAMOKOHTPOJISA

1. IlpeceneKTop NMpPUEMHUKA MEPECTPAUBACTCA MEPEMEHHBIM KOHJIEHCATOPOM C
eMkocThto 16+318 nd. HuaayktuBHOCcTh KOHTYypa 0,273 wMIH, emkocCcTh
MoHTaxka 20 nd. Paccumraiite KpaHUWE 4YacTOTHl IHANA30HA NEPECTPOUKHU
[IPUEMHHUKA.

2. B OIHOKOHTYpPHOM CEJIEKTUBHOM YCHIIUTEJIE €MKOCTh KOHTYpa YBEJIIMYEHA, a
MHAYKTABHOCTh KOHTYypa YMEHBIIEHAa B OJMHAKOBOE KOJIMYECTBO pa3. Kak
U3MEHATCS (YMEHbBIIATCS, WM YBEJIMYATCsl) PE30HAHCHOE YCHIIEHHE M T0JIoca
NPOIYyCKAHMs, €ClId JOOPOTHOCTh KOHTypa M IHapaMeTpbl CXEMbl He
M3MEHUIIUCH?

3. Ilouemy B muana3zonHbix PIIpY oauH M3 KOHAEHCATOPOB KOHTYypa AEHAIOT
noactpoeunbiM?  [louemy  HeoOXoawmMoO  TpeaycMaTpuBaTh  HEKOTOPOE
U3MEHEHNUE UHIYKTUBHOCTA KOHTYPHOM KaTyIIKH?

4. PaccuuTaiiTe SKBUBAJIEHTHYIO TOOPOTHOCTh KOHTYpa BXOAHOW LENH I Beula-
tenpHOTO PIIpY, ncxons 3 tpedyemMoii mojaockl MPOMyCKaHusi, KOTOpasi B 11a-
nazone CB nomkHa ObiTh He MeHee 9 k1, a yacToTHas U30MPATETLHOCTH Ha

KpallHUX YacToTax nojockl npomyckanus (540—1600 kI'n) He npessimaet 3 ab.
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2.13. Cnucok qureparypbl

. KosocoBckmii, E.A. YcrpoiictBa mpuemMa u 00pabOTKU CHUTHAJIOB. Y4eOHOE
nocobue mis By30B / E.A. KomocoBckuii. — M. : ['opsiuast nunust — Tenexkom,
2007. —456 c. : ui.

. Mukpoajekrponnbie ycrpoiictBa CBY / I'.. Becenoe, E.H. Eropos,
I0.H. Anexun u ap. ; nox pea. I'.. BecenoBa. — M. : Beiciias mkona, 1988. —
280 c.

. Muxkposiaekrponnbie ycrpoiictea CBUY / H.T. bosa, 10.I'. Edppemos, B.B.
KonuH [u np.]. — K. Texnuka, 1984. — 184 c.

. Ilnakcuenko, B.C. YcrpoiictBa mpueMa u 00paOOTKH CUTHAJIOB : YueOHOE
nocobue. — Taranpor : U3a-8o TPTY, 1999. — 108 c.

. PagnonpuemMublie ycTpoiictBa : YueOnuk aisi ByzoB / H.H. ®omun, H.H.
byra, O.B. l'onoBuH [u 1p.] ; nox pea. H.H. ®omuna. — 3-e uzn., crepeoTur. —
M. : T'opsiuas nunus — Tenekom, 2007. — 520 c. : ui.

. Teepnoreabnsie ycrpoiictea CBY B Texnuke cBssu / JI.C. 'accanos, A.A.

JIunaros, B.B. Mapkos [u n1p.]. — M. : Paano u cBs3b, 1988. — 288 c.
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3. PACHETHASA YACTD

Paccuntath M3MeHEHHE MOJYJSI PE30HAHCHOTO KO3 (dUIIMEHTa Mepeaadyu Mo

u hopMynamMu IpUBEIACHBI HA puc. 18.

nuana3zony oT 600 k' 1o 2 MI'1 1J1st BXOJIHBIX IIENe ¢ EeMKOCTHOM M MHyKTUBHOU
CBSI3bI0 KOHTYpa C aHTEHHOH. PacyeT pekoMeHAyeTCs BBIMOJIHATH C UCIIOJIb30BAaHUEM

nporpammsel «Pacuet u rpaduxu Bll». OxHa mporpaMMbl ¢ HEOOXOIUMBIMU JaHHBIMHU

[ F T — ki i
' = a3 = s |el=
Pammmﬁaamqanh’-i E u_lﬁ

Pac4ET BLL npi EMKOCTHOI CBASM C AHTEHHORA | PacuéT BL, NpH MHAYKTUEHOM CBASM C 8HTEHHOM |

YacToTa HacTpoliki BL, f= GUU Ky

f Mpw pac4ETE NPMHATO!

Pac4éTHele dopMynb:
€] = |E."rsm;;"—-¢f_¢|= (/8 g ) Cop (205 - L

Srs= 6p +m° (285 ) L2 ne

'5"3'3 i
Pac4uTaTh
|%a|= \—/

MocTponTe rpaduK

| Ceop=4.7n0®; L=180 mel'r: m = 0.00. 05 =0.02; gu =278 A0 O

| PacugThas vacts .

== g

| PacqET BLL Npi EMKOCTHOA CBRZM C BHTEHHORA | PacuéT BLL NpK MHAYKTHEHOR CBASM C BHTEHHOMA

YacToTa HacTpaoliki BL f= GE-JD . Ky

Mpw pac4eTe NpUHATO:

[|  #e=006Lo=180 wels, &4 =278.107% Cu S5 =002,

Bra aHTeHHbI

@ "yrxopoderHaA” 70 "yanrHEHHER"

Pac4ETHbie doprynb:

|K'J | = |i’rﬂmfﬁ'ﬁ| =y 'm/l 53-3‘1 -1 ,-';j.;,2|.|ll,|'£.2f£.1

dga =
PacauTaTe
|4 |= \—/

MocTpouTe rpad ‘

Kop =0,142, f4=2.2 M £21=110 vela Kes =0.08; f=450 ' L1= 1200 nlm

—— .
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4. IKCIEPUMEHTAJIBHASI YACTb
[Tepen BwIMmoOIHEHHEM J1a0OPATOPHOUM PabOTHI COBETYEM O3HAKOMHTHLCS C IPH-

JIO)KeHusaMu 1 u 2.

4.1. UccnenoBaHue BXOJAHOM e NP eMKOCTHOM CBSI3M ¢ AHTEHHOM

CoOpatb cxemy miist uccieaoBanus (puc. 19).

]

[ [=] [0
+
2]

(=}

Puc. 19. Cxema BXOAHOM LI€TIH TP EMKOCTHOM CBSA3U C aHTEHHOU

YceranoBute mapamerpel Ra = 80 Om; Ca = 75 n®d; Ccs= 10 nd;
Lx =260 mxI'a; Cx =300 n®; RBx = 10 xOm, CBx = 20 1.

Ha ucrounuke ycranoButs Hanpspkenue 1 B (em. mpui. 1). Yactora 3aaercs B
COOTBETCTBHUH C IKCIIEPUMEHTOM.

[IponsBecTr HACTPOWMKY BXOJHOU LIETIH.

YcranoButh Ha reHeparope yactory 1 MI', oTKpbeITh OKHO ocuusuiorpada
JIBOMHBIM ILIETYKOM MBIIIIU 10 €r0 N300paKEHUI0, TPOBEPUTH YCTAHOBKY MapaMeTpPOB
pa3BepTKU M MaciTada M300pakeHHusl Ha ocuuiuiorpade, MpOU3BECTH 3aIyCK IMPO-
rpaMMbl U HAaCTPOUTh MEPEMEHHBIM KOoHAeHcaTOpoM CK BXOJIHYIO 1IE€Tb B PE30HAHC

10 MAaKCMMAaJIbHOMY 3HAa4YCHHIO CUI'HAJIa HAa BBIXO/IC.

26



Frequency [1.0 2T

Duty oyele [50 2] %

Amplitude |1 ENEEE

Offzet FE= 20 pF
— Common +
(= (" *

B Oscilloscope E==
oLl =
4 3
T 2.4851 m=s T2 H.BEBEA = T2-T1 —-2.4851 m=
oy g A
w1 277 .5518 mV "WHZ WHZ-WH1
— Time base Trigger Channel A Channel B
[0 500/ div E| Edge mE 2] [10 mi/s O =l [ wiom [Z] | Reduce |
¥ position [ 0,00 = Lewvel 0.o0 = ¥ position | 000 2} [ position [ 0.00 =y Rewverse |
Ml o | a0 O ac 0| EH A o |EE save

Puc. 20. BoixonHOe HanpsiKeHUE BXOJIHOM 1IENU IPH PE30HAHCE

HM3MeHeHne eMKOCTH KOHACHCATOpAa IMIPOU3BOJAUTCA I'OPAYNMHU KIIaBUIIAMHU ( I10

ymomdanuto C u C + Shift).
Hcnonbe3yss KHONKY «may3a» U Kypcop, HU3MEpPHUTh aMIUIMTYAY BBIXOJHOTO

HanpsDKeHUs BXOAHOW wnenu. Paccuurars koadduuuent nepenaun. CoOXpaHUTbH

pE3yJIbTaTHI.

OHpe,Z[eJII/ITB N3MCHCHUC PC30HAHCHOI'O KOG)(b(i)I/IIII/IeHTa nepcaadnm Mu I10JIOCHI

IPOITYCKAaHMSI BXOJHOM LIETIH MPH €€ MEePEeCTPOKe MO IUana3oHy

[Ipu BBIMOTHEHUU 3TON YacT PabOTHI PEKOMEHIYETCS MCIIOIh30BATh TUIOTTED

(Display Plotter) u okHo Display Graphs.
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Puc. 21. AMIIIMTY THO-4aCTOTHAs XapaKTEPUCTHUKA BXOAHOM 1IEMU HA IIOTTEpE

MeTtoauka ompeneneHus pe3oHaHCHOro kod(dduimenta mnepenadyd M MOJIOCHI
MPOITYCKAHMSI TI0 aMIUTUTYIHO-9aCTOTHOM XapaKTEPHUCTHKE 3aKII0YACTCS B CIIEIYIO-
meM. Y CTaHaBIIMBAETCS ONpPEICICHHOES 3HAYCHHE BEJIMYMHBI EMKOCTH BXOJIHOM IICTIH
koHseHcatopom Ck. 3amyckaercs mnporpamma, u 1o AUX omnpenensitoTcs
pPE30HAHCHAs YacTOTa U MOAYJIb PE30HAHCHOTO Kod(duimeHTa nepeaaun (puc. 22).
Eciu BXOJHOE HampsDKEHHE TeHepaTopa YCTaHOBJICHO paBHbIM 1 B, To 3HaveHHE
BBIXOJTHOTO HAMPSOKEHUS] BXOJHOM IIETH B BOJIBTAX YHUCIEHHO PaBHO KOA(DPHUITUEHTY
nepenaun. Jns ompeneseHus MOJIOCkl MPOMYCKaHUS MPOU3BOIUTCS OLIEHKA YacToT,

Ha KoTophix crax AUX nocturaet ypoBHs 0,707 OT pe30HaHCHOTO 3HAYCHHUS.
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&8 Analysis Graphs ===
D|HS|R &|2e] =waE o
Statistics [Analog] Bode leciIIuscupe]
vhodnie cepi 1.ewb
ST
300m |
250m A
=
) E Z200m —
150m
100m o
= UITE T T T 1
500K 260K 620K g20% T40K 200K
175 - Gain |E
el x1 603.2000K
o 125 vl 333.436Tm
5 100 4 %2 635.7500K
B V2 235.8962m
= 75 dx 32.5500K
A gl dv -97.5405m
B 1/dxz 30.7220u
2z 1/dy -10.2521
N min x 500.0000K
R e e o | lmax x 800.0000K
e =60 R SBOE: Nimin 70.5884m
Frequem’:}' {HZ} max vy 333.49499Tm
Phase (deqg)

Puc. 22. AUX n ®UX BxoaHoi uenu B okHe Display Graphs

B cootBerctBuu ¢ puc. 22, pezonancHas yactora npu C = 80 % cocraBisieT
603 kI, Mmoxys pesoHaHncHOTO Kod(ddurmenta nepenaun pasen 0,333, Ha rpaHuie
MOJIOCHI TIpoITycKaHusi kodpduimeHT nepenayu manaer ao 3Hadenus 0,235, cnpasa
IpaHUlIel NOJIOCKHI IpoIycKaHus siBisieTcd yactora 635 k', ciesa ee TpeOyeTcs on-
peaenunTh, MoJI0Ca MPOMyCKaHUsl cOCTaBUT 28 kI 'w.

N3Mensisa BeIMUMHY €MKOCTH KOHTYpa BXOAHOM 1enu ot S % 110 95 %, cienayet
OTIPEJICTNTh PE30HAHCHBIC YaCTOTHI, MOYJIM PE30HAHCHOTO KO3 (UIMEHTA TTepeaadn

" 3HAYCHUA I10JIOCHI IIPOITYCKaHHA BXOI[HOﬁ OCIIN.
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Pe3ynbTarel 3aHecTH B TaOMUIly W MOCTPOHTH IpaduK 3aBUCUMOCTH MOIYJIS
pe3oHaHcHoro Kodhduimenta nepegaun Ky u moaockl mpomyckanus [ or yacToTsl

HACTPOWKH BXOJTHOM IIETIH f.

Taomuna
Cy 5% 25 % 50 % 75 % 95 %
Jo
Ko
Iy 5

OnpenenuTs U3MEHEHHE PE30HAHCHOTO Kod(h@uIMeHTa mnepenayu BXOIHOU
LEIN [P U3MEHEHUHU €MKOCTH CBSI3U Cy.

Hactpouts BxonHyrwo uenb Ha yactoTy 1 MI'n. M3MeHsisi eMKOCTh CBSI3U OT
5n® go 30 nd, onpenenuTs U3MEHEHHWE PE30HAHCHOIO KO3 UILMEHTa Nepeaadu
Bxo1HOH 11enu 1o AUX. 3anomHuTh TaOIUIly U IOCTPOUTH TpaduK.

OnpenenuTs U3MEHEHHE PE30HAHCHOTO Kod(h@uIMeHTa mnepenayu BXOIHOU
LEIU [PYU U3MEHEHUHU BXOJHOTO CONPOTUBIICHUS Ry.

W3meHsst BXOAHOE CONIPOTUBIIEHHE ITEPBOT0 Kackaja NpUeMHHUKA Ry oT 1 kOM
10 30 kOwm, onpeaenuTb U3MEHEHHE PE30HAHCHOTO KO3 dUIlMeHTa nepeaayu BXO/I-

HOM e Mo AUX. 3anoHUTh TaOJIHITy U IOCTPOUTH TpaduK.

4.2. UccaenoBanue BXOAHOM LeNu NP MHAYKTHBHON CBA3M € YAJHMHEHHOH
aHTEeHHOH

Co6pats cxemy Bl npu «ymmuHenHOW» anTeHHE (puc. 23).

VYcranoButh napametrpsl cxeMbl: Rg = 80 Owm; Cq = 100 n®; Ck = 800 nd;

RBX =10 KOM, CBX =300 mD.

[TapameTpsl TpaHcpopMaTopa yCTAaHOBUTH B COOTBETCTBUU C pUC. 24.

Onpenenuts pe30HaHCHYIO 4acToTy aHTeHHOH uenu (Cy, Ly) IpU «yIJIMHEH-

HOMW» aHTEHHE.
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Puc. 23. Cxema BXOJIHOM LieNU NIpU yIJITMHEHHON aHTEHHE

[Ipy MHAYKTUBHOM CBSI3W AHTEHHBI C KOHTYPOM BXOJIHOM LIEMH HMMEETCS JIBa
CBSI3aHHBIX KOHTYpa, HACTPOCHHBIX HA pa3HbI€ 4acTOTHL. B ciydae yIJIMHEHHOW aH-
TEHHBI aHTEHHAs LIENIb HACTPOEHA HAa YaCTOTY HMYKE HAMMEHBIIEH YaCTOThI THANa30Ha
HepecTPOMKHU KOHTYpa BXOJHOU 1enu (puc. 24).

3a cyeT B3aMMHOW CBSA3M MEXKIY KOHTYypaMH PE30HAHCHAs 4YaCcTOTa aHTEHHOM
LA 3aBUCUT OT 4aCTOThI HACTPOUKHU BXOJHOIO KOHTypa. PekoMeHnayercss HacTpoUTh
BXOJIHYIO LIeTlb HAa HUXKHIOIO YacToTy Auana3zoHa (okosio 600 kI'1), BEIBECTH Ha 3KpaH
AUYX, u 10 MakCUMyMy JIEBOM KPUBOW ONPEAECIUTh YaCTOTY HACTPOMKU AHTEHHOU
LEIN.

CHSTB 3aBUCUMOCTbH PE30HAHCHOTO KOA(PUIlMEeHTa Iepeiadyu BXOJTHON LIETH OT

4acTOThl HACTPOHKU. V3MeHsIa BeIMUnHY eMKOCTH KOHTYpa Cy BXOAHOM 1enu oT 5 %

10 95 %, onpenenuTs Pe30HAHCHBIE YaCTOTHI U MOIYJIH PE30HAHCHOTO KO3 huIneH-
Ta rnepeaadyr BXOJHOM Lenu. Pe3ynbraTel n3MepeHuil 3aHOCATCA B TAaOJIUILy, U CTPO-

uTcs rpaduk uccienoBaHHon 3aBucumMoctu Ko(f).
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Transformer Model 'ideal’

7 Fel % ) (2] ¢ |

| B

Sheet 1 I

Frimary-to-zecondarn turns ratio (M]: i1 odel
Leakage inductance [LE}: il]_l:lm |:u:|‘l 0 Mew Library

H
412 i
Magretizing inductance [LM): !EI.EIEID'I H EE‘H 20 —Eﬂlt-_l
: i ; ! pad-16 C
Primary winding resistance [RP): IE e pgd-20 .&‘
Secondany winding resistance [RS): i‘l 0 Nz pgd-24 P st
pigd-28 _“&’_|

pad-36 Delete
pod-48 R
pad-36 Fename |

oK OTmeHa
N
OK OTmena
&8 Analysis Graphs = = [E=
D= E[SIR &(%e] @lww|e)] i@
Statistics [Analug]l Oscilloscope Bode |
vhodnie cepi 2.ewb
doe e i
3 -
3 -
o 2 4
5 2
500m A
T T T T 1
300K 320K 460K 540K 620K TOOK
[ Gain EI
i x1 444 .0000K
== vl 3.4400
=T ®2 624 .0000K
=
» —200 Va2 3.1301
] dx 180.0000K
. dy -309.9304m|
=800 1/dx 5.55564y]
1/dy -3.2265
T : : : min x 300.0000K
max X TO00.0000K
SO0E SEOF 450F OF
300K 320 450K 540K i e
Frequency (Hz) max ¥ 3.4400
A

Puc. 24. AMIIMTY THO-4aCTOTHAsI XapaKTEPUCTUKA MTPU yIJIMHEHHON aHTCHHE
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4.3. UcciienoBanue BXOAHOM LeNH NPH HHIYKTHBHO-€eMKOCTHOH CBSI3H €
aHTEHHOH

Cobpatps cxemy BII, 1omoiaHuB mpeaplIyllyl0 CXeMy KOHJEHCATOPOM CBSI3U
Ccp (puc. 25). YcraHoBUTH BeJIMYMHY eMKOCTH cBsi3H 20 nd.

N3Mensiga BenmuuHy eMKOCTH KoHTypa CK BXoaHOH 1ienu ot 5 % 10 95 %, on-
peleauTh PE30HAHCHBIC YACTOThI U MOJYJIM PE30HAHCHOTO Kod(pdulineHTa nepenadu
BXOJIHOW 1ieru. Pe3ynbTarhl M3MepeHuil 3aHeCTH B TAOJIHUILy M MOCTPOUTH rpaduk
UCCeI0BaHHON 3aBUCUMOCTH Ky(fp).

OOBSICHUTH BIHUSIHUE €MKOCTH CBS3M Ha CTENEHb HEPAaBHOMEPHOCTH K03(du-

MUCHTA IICpCaadu 110 JUAIIa30HY.

Puc. 25. Cxema BXOAHOM 1€MW MPU UHIYKTUBHO-EMKOCTHOM CBSI3U C aHTEHHOU

4.4. UcciaenoBanne BXOJAHON Lenu NMPU UHAYKTHBHOM CBSI3H ¢ YKOPO4YeEH-
HOIl AHTEHHOH

CoOparp cxemy BIL[ npu HHIYKTHBHOW CBSI3M C YKOPOYEHHOW aAHTEHHOM

(puc. 26), yOpaB 13 npeapiayuieil cxembl KoHieHcaTop cBsizu Cep M MBMEHUB Iapa-

MeTpel: Rgq =75 Om; Cg = 40 n®d; C = 800 n®d; Rgx = 10 kOM, Cgx = 50 n®. I1apa-

METpPBI TpaHCHOpMATOPa YCTAHOBUTH B COOTBETCTBUU C pucC. 26.
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sheet 1

Primary-to-secandary turns ratio [M]; I

Leakage inductance [LE): 0.0001 H
t agnetizing inductance [LM]: m_ H
Primary winding resiztance [RP): E_ M=
Secondary winding rezsiztance [R5]: [0 He

IN OUT

Puc. 26. Cxema BXOJIHOM LieNIM IPU YKOPOUEHHOMN aHTEHHE

B cnydae ykopoueHHOM aHTEHHBI aHTEHHAS 1Ellb HACTPOEHA HA YaCTOTY BBIIIIE
HauMOOJBIIEH YacTOThI JMAana3oHa MEepecTPONKM KOHTypa BXOJAHOW menu (puc. 27).
PexomeHtyeTcs HACTPOUTHh BXOJHYIO IIEMb Ha BEPXHIOK YaCTOTY Juarma3zoHa (0KOJo
1,5 MI'nr), BeiBecTn Ha 3kpaH AUX ¥ mo MakCUMyMmy IpaBOid KPHUBOM OINpENEIUTh

4acTOTYy HACTPOMKU aHTCHHOM LIEIIH.
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Puc. 27. Pacnionoxxeane AUX KOHTypa BXOAHOM 1ienH (CIeBa) M aHTCHHOTO
KOHTYpa (crpaBa)
N3mMensis BenmunHy eMKOCTH KOHTypa CK BXoaHO# menu oT 5 % 10 95 %, on-
peleauTh PE30HAHCHBIC YACTOTHl U MOJYJIM PE30HAHCHOTO Kod(duireHTa nepeaadu
BXOJIHOW 1ienu. Pe3ynbTarhl M3MEpeHuil 3aHeCTH B TAOJIHUILy M MOCTPOUTH rpaduk

UCCeI0BaHHON 3aBUCUMOCTH Ky(fp).

4.5. Conepxkanue oT4eTa

OTuer 0 paboTe 10JIKEH COAEePKaTh:

TUTYJIbHBIN JIUCT;
— CXEMBI BXOJHBIX IICTIeH MPU €MKOCTHOW, WHIYKTHBHOM I/I:I/IH):[yKTI/IBHO—
€MKOCTHOM CBSI3M KOHTYpa C aHTEHHOM;
— rpaduKu U3MEHEHUs MOJYJS PE30HAHCHOTO KoddhdUIMEeHTa Tmepeaadn
IpY MU3MEHEHUHW YaCTOThl HACTPOWKH BXOJHOMW IICTIH, MOJYYCHHBIC TIPH
BBIMIOJTHEHUH PACUETHOTO 3a/1aHUs;
— DJKCHEPUMEHTAIBHO CHATHIE 3aBUCUMOCTH B (popMe TaOJIHIl U TPAPUKOB;
— BBIBOJIBI O pabore.
B BbIBO1axX HEOOXOAMMO AAaTh CPABHUTEIBHYIO XapaKTEPUCTUKY CXEM BXOJIHBIX
nene, uccieqoBaHHbIX B pabore. Criemyer oOpaTuTh BHMMAaHHE HA W3MEHECHHE
pe30HaHCHOTO Kod(hduimeHTa nepenayu, mojaochl MPOIMyCKaHUs U U30MPaTeIbHOCTH

BXOJIHOM L€ IIPH €€ MEPECTPOUKE M0 JUANAZ0HY.
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HNPUJIOKEHHUE 1. ELECTRONICS WORKBENCH

Electronics Workbench — nporpammuoe oGecrieueHue, mo3BoJISIoee CUMYJIH-
pOBaTh yCTPOMCTBA B JOCTYIHOM BuE. TecHas MHTErpauus co CXeMaTUYECKUM pe-
naktopom, SPICE cumynsiTopom AeiaaetT CUMYIISIIUIO JIETKOW U JOCTYITHOM.

[TonHblli KOMIUIEKT AHAJIM3aTOPOB YJIY4YIIAET IPOU3BOAUTENIBHOCTh IPHU
aHaM3e PEKUMOB PabOTHI M CTAOUIBLHOCTH BAIIer0 MpPOEKTa. DTO 00OecreurnBaeT
SPICE 3 — uHXEeHEpHbI CUMYJISTOpP aHAJOrOBbIX, HU(PPOBBIX U CMEIIAHHBIX LEenen
10 MOCTOSIHHOMY U IIEPEMEHHOMY TOKY 33 HUCKJIFOUUTEJIbHBIE MOIIIHOCTH U TOYHOCTH.

Hanuuue oOmupHbIX OMOTMOTEK TUIIOBBIX MOJIEJIEH 03HAYAET, YTO BBl CMOXKeE-
T€ HalTh YycrpoilctBo, HyxkHoe BaMm. Taxxe Electronics Workbench moxer
oOMeHMBaThCsl (algaMu C JPYTUMU CHUMYJISITOPAMU M DKCIOPTUPOBATH MAKETHI B

dbopmat PCB.

OcHoBHas MaHeJbL

1 2 3

l£ /| ({F | pm

NEIE
Y| o] Bmw| g

D|=8|5

CIRAEIL Y
B Flely

| ANA

Ak

|
£

1 — dynxuus nus nocrpoenus rpadukoB (Analysis Graphs);

2 — yrmpaBJieHHE MaclITaboMm;

3 — 3amycK / OCTaHOBKAa CUMYJISIIINH;

4 — HabOp OCHOBHBIX KOMITOHEHTOB;

5 — IpUOCTaHOBKA CUMYJISILIUN.

OCHOBHBIE KOMIIOHEHTbI

JI71st KaXKA0To JIEMEHTa €CTh BO3MOKHOCTh BBICTABIICHHSI HEOOXOAUMBIX Mapa-
MeTpoB ¢ momomib ¢yHkuuu «CBoiicTBa kommoHeHTa» (Components Properties).
OyHKIUS BbI3bIBAETCS ABOMHBIM KIMKOM IO 3JEMEHTY JMO0 uyepe3 KOHTEKCTHOE Me-

HIO 2JICMCHTA.
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Taxoke ecTb BOBMOKHOCTB JOOABIISATH HOBBIE U PEJAKTHPOBATH CYIIECTBYIOIIHE
Mozenu 3yieMeHTOB (MeHio «CBoiictBa kommnoHeHTa» (Components Properties) Bo

BKiaake «Moaenb» (Model)).

Iaotrep (Bode Plotter)

| (TR Phase | | save |
—Martical ——— Horzontal
I un EE n
F| 200 de = [Fl10 = [GH=
I|-200 4B = B [mHz 5
: — — -152.1dE
§ & =2 1.748kHz=
S O P om

[Ipu cumynsiuu ¢ nomoIbio miorrepa MoxHo cmotpets AUX (Magnitude) u
®UX (Phase) mogenu B nuueitHoM (Lin) minu morapudmuaeckom (Log) macmirale.
3ajaBas rpaHMIlbl 10 YyacToTe u ociadiaenuto (st AXY) wiu daze (s GUX) moxk-
HO M3MEHATh MacwTad oToOpaxeHus rpaduka g yinydmeHus HarasgHocty. [lepe-
JIBUTasl yPOBEHb 10 CTPOKE CTPEIKAMU ««—» «—>» MOKHO TOUHO ITOCMOTPETh 3Haye-

Hue QyHKIUU MPU HY>KHOM 4acToTe.

Ocuuagorpag (Oscilloscope)

(m |
{a'|
i
I
Oscilloscope mpexactaBisieT co00il CUMYJIATOP JIBYXKaHAIBHOTO OCIHIJLIOTPA-

(1)21. C ero IMOMOIIbI0O MOKHO CHUMATb OCHUJIJIOIPpaAMMBbI CUTHAJIOB, a4 TAKKC U3MCPATH

AMIIIMTYy CUTHaJIa 1 BDCMCHHBIC XapPaKTCPUCTHUKH.
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EEE=
m™ 4 1755 = T2 24 . 1755 p= T2-T1 ZH HBHEA =

it —25.1423 mW Wi —23.1423 mW SN —2.32461e—-13W
WH1 1.2217 mW B2 —82. 2968 pW WB2-NE —1.2148 mY

— Time baze Trigger Channel A Channel B

Eige l | [z /D B | [=Zmw/Di S| EeEE
H position Lewel 0.00 = ¥ position | .00 Bl |  position [-1.20 = Reverse |
BER bin | A8 | EIEN ~ | 8| B | #c|0/EE Ac|o/EE Save |

Jlist u3MepeHuil mpelyCMOTPEHbl 2 METKH, HUKE B OKHE ocuuiuiorpada oro-
OpakaroTcsi 3HAUCHUS JIJIs1 KKJ0M M3 METOK OTHOCHUTEIIBHO TIEPBOTO M BTOPOTO Ka-
Hana (s nepBoi metku: T1 — Bpems, VA1 — ammuutyaa nepBoro kanaina, VB1 —
aMIUTUTY/Ia BTOPOTO KaHaja, aHAaJOTUYHO W JIJIT BTOPOM METKH), a TaKKe Pa3HOCTh
stux 3HaueHudl (T2 — T1 — usmenenue no BpeMenu, VA2 — VA1 — u3meHeHue 3Haue-
Hus U1 iepBoro kaHaia, VB2 — VB1 — u3meHenue 3HaueHus Juisi BTOPOTO KaHasa).

Jlns Gonee yAOoOHOTO MPEACTAaBICHUS MOXKHO MEHSATh MacmTad OTOOpa)KeHUs
curHaia no Bpemenu (ot 10ns/div mo 1s/div) m oTaenpHO I Kaxaoro kaHauga (OT
10 nV/div no 5kV/div), a Takyke ypoBeHb HYJIS AJIsI KaX0T0 U3 KaHanoB (Y position).

Analysis Graphs

JlanHast (QyHKIOMS TIO3BOJIIET IOCMOTPETh B YBEIMYEHHOM BHJIE TTOKA3aHHS
ocmmmnorpada (Bkiaaaka «Oscilloscope») n mnorrepa (Bkimanka «Bode»). Macmitad
JUIsl OTOOpaXkeHus rpaduKOB OTAECIBHO HE 3aJaercs, OH OyAeT HJEHTUYHBIM C
MacmTaboM, YCTaHOBJIEHHBIM g ocuuiuiorpada v mioTTepa. 31ech TaKXkKe €CTb
BO3MOXHOCTh yBEJIMYMBATh OTACIbHBIC YYACTKH TOJYYCHHBIX TpaduKOB WIH

YCTaHABJINBATH MacmTabd o ocu Left aBTomaTnuecku.
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HUcTounuk nutanusa (Function Generator)

[ [ [
S

L

| i

Frequency |00 B [kHz B

Duty cycle [50 [ =

Amplitude [ B v B
offzet [0 [

— Common i

(% [ (o

JIns UCTOYHMKA MUTAaHUS 3aJaercs BUJ curHaia, yacrora (Frequency) u am-

mwiryaa (Amplitude) konebanuii.
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MMPUJTOKEHHUE 2. METOAbI MOIAEJINPOBAHUS
Hactpoiika cxeMbl B pe30HAHC U U3MEPEHUE Pe30HaHCHOTO Kod(dpuimenTa mne-
penaym.
B nanHo#t naGopaTtopHOil paboTe B CXEMbl BKIIOYAETCS KOHACHCATOP C
MEPEMEHHON eMKOCThI0. VI3MEeHeHue eMKOCTH KOHAEHCAaTOpa BEAET K HU3MEHEHUIO

pe3oHaHCHOM YacToThl KoHTYpa. B Electronics

Variable Capacitor Properties L'zjﬁ
Label Valie |Faut | Disply] Workbench mis 3T0ro mcnonesyercs 3j1e€MEHT
Kei I «Variable Capacitor».
Capacitance [C): |10 uF = o .
_ I l s B cBoiictBax (Properties) aToro komro-
Setting: IED E E
st [5 E x HEHTa 3aJaeTcsl KIaBHIIA KJIaBUATYypbl (IO
YMOJIYAHUIO Uconb3yercss «C»), ¢ MOMOUIbIO
KOTOPOM MOKHO YMEHbINATh (yBEIUYUBATD,
JOTOJIHUTENBHO yaepxkuBas «Shifty) mporent
0K I OTreHa |

BKIIFOUCHUA, a4, CICAOBATCIIBHO, M HTOI'OBOC

3HaueHue syemeHta (Key) ero makcumanbHoe 3HaueHue (Capacitance), MpOIEHT
BKIIIOUeHHMs (Setting), ¥ 3HaAUYCHHE HA KOTOpPOE OyJET M3MEHSTHCS MPOLICHT BKIIIOYE-
HUs npu HaxaTuu kiaBunm (Increment). s 6osee TouHOM HACTpOiikK 3HaueHue In-
crement yCTAaHOBUTBH PAaBHBIM 1.

[Tocne Toro kak BeI COOpaiv MOTHOCTHIO CXEMY M TIOJIKIIFOYHIINA BCE DJIEMEHTHI,
oTKpoiiTe ocumwnorpad, ycranopure macmrad Bpemenu (0,10+0,50) ms/div, mac-
mrtad mo kanainy B 5+50 mV/div, 3anyctute cumymnsnuio (cM. npmi. 1 «OcHoBHas
naHenby»). Tenepp, U3MEHsS ¢ KIaBUATyphbl NPOLIEHT BKIKOYEHUs KOHAEHCAaTopa, Ha-

0JIr0/1aiiTe 32 U3MEHEHUEM aMIUIUTY/Abl C TOMOLIBIO0 OcuuiIIorpada.
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T B.oaaa £ T 2. aag - Ti-Ti . eaae =
RT | R A2 -
a1 -7.27218 mV W2 WVBZ-WVEI
Tima base Trigger Channel & Channal B
[1.00mss div El| Bdge = = [ 50 mi/Div H [0 mviDiw <13 § EFTic e
¥ position | 000 2] | Lewel [0.00 E ¥ position | Z.00 2l ¥ position | 0.00 =] | Reverse |
EEW Bis | B EEN ~| e Bq | AC |0 |EE AC | 0| EE Save

HetpyaHo 3ameTHTh, YTO TpH W3MEHEHUU EMKOCTH aMIUIUTyAa JOCTUTaeT
MakcuMyma Ha yuacTke «B», a Ha yuacTke «[» amMmumTyaa CcHOBa MajaerT.
Bo3sBpaimaem 3HaueHWe €MKOCTH, TIPH KOTOPOM JOCTHTANICSI MAKCHUMyM — Y4acTOK
«». lamee yBenmunBaem Macmtad no Bpemenu (0,1+5 ps/div) u usmepsiem 3Hade-
HUE aMIUIUTYIbl BBIXOJHOTO CHUTHAJA, UCIIOJB3YS «METKW», OIHY U3 KOTOPHIX YyCTa-
HABJIMBAaEeM B MAKCUMYM, BTOPYIO — B MUHUMYM (CM. PUCYHOK HIKE).

AMHHHTy,Z[a BBIXOOAHOI'O CUTHAJIAa 6y,HeT paBHa:
UBI)IX = |VB2 — VB1| /2

OTcro/1a HaXOUTCS PE30HAHCHBIN KO3 HUIIMEHT epeIayu:

K0 = Ugpix/Usx-
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™ Oscilloscope

NN

4
4

= FET
T 22 .8338 ms=s Tz 22 . 8348 ms=s T2-Ti 1.88808 ps
i " "0 N
WE1 -42.1474 mW B2 42 .1474 mV WHZ-WE1 84,2948 D
— Time base Trigger Channel A——— Channel B
; = : =] . =] ReduceJ
[0.50p=! div ]| Edge R 2 [ 5O vl Div =1 [ z0 mivibiu = Hl|eRatEesls
H position [ 0.00 5| Lewsl 0.00 B | ¥ pasition [ 200 =] | o pesition [ 0.00 [2] | FRewerze
K&l b | mi Bl - B Bt A | o | I AC | 0| [ Save

B nannoit naboparopHoii pabote cxemy cHadaia HEOOXOJUMO HACTPOUTH B pe-
3oHaHc. [ casatus AUX u ®UX ucnonwszyercsa [lnorrep (cm. mipui. 1). Ilepen 3a-
MyCKOM CUMYJISIIIUU pa3BepHUTE OKHO [lmoTTepa (CM. pUCYHOK HUXKE) U YCTAHOBUTE
rpaHUyHble napaMmeTpbl: o ropusoHTtanu (Horizontal) — BepxHioro rpanuny (F) mo-
psanka 2+5 MI', mmwxkaiow (/) — 300500 x['; mo Beptukanu (Vertical) BepxHIOIO
rpanuny (F) nopsigka —20-+20 nb, nuxkHioro (/) — —60+-20 nb aist norapudmuyecko-
ro Macmrada u BepxHIow rpanuity (F) nopsanka 1, Hwkaiow (/) — 0 s TMHEHHOTO
macuirada.

Tenepsb, caBUras «METKY» C MOMOIIBIO MBIIIH, JTHOO CTPEIOYKAMU HA TIAHEH
IUIOTTEPA «<—» «—», CHUMAEM 3HAaY€HHE MO TOPU3OHTAIM U BepTUKAIH. UTOOBI
yBusieth AUX u @YX B yBenuueHHOM Macitabe Bbi3oBUTE (PyHKIMIO Analysis

Graphs ¢ ocHOBHOI manenu (cM. mpui. 1).
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HN3Mepenne mosiocsbl NponycKaHus
B nmannoit maGopaTopHO# paboTe TpeOyeTcs M3MEpPUTh MOJIOCY MPOIYCKaHUU
o ypoBHto 0,7 (-3 ab) u 0,1 (-20 nb). [l 3Toro HEOOXOIUMO HACTPOUTH CXEMY B
pe3onanc, noctpoutb AXY um wm3meputh 3HaueHne AYUYX B makcumyme. YHacrora

MakcumyMa AUYX nmommkHa coBmaaaTh ¢ 4aCTOTOM KojieOaHWM. BBIUMCINB 3HAUYCHUE
0,7 (-3 nb) ot makcumyma AYUX, HaliTH JIBa 3HAYEHUS YaCTOTHI (CIIeBA —fin U CIIpa-

Ba —fmax OT MAaKCUMyMa), Ipu KOTOopoi 3HaueHne AUYX Oimke BCero K BIUYHUCICHHO-

my. lIupuna nonockl nponyckanus OyAeT paBHa:

A= f max —f min.
st ypoBust 0,1 (20 ab) u3MepeHue monockl NpoNyCcKaHus MPOBOASTCS aHa-

JJOTUYHO.
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MUHHUCTEPCTBO HAYKHU U BBICIIET'O OBPA3OBAHNMS POCCUNCKON
®EJIEPALINU
®EJIEPAJIBHOE 'OCYJAPCTBEHHOE BIO/JKETHOE
OBPA3OBATEJILHOE YUYPEKJIEHHUE BBICIIIEI'O OBPA3BOBAHUSI
«IOHCKOM T'OCYJAPCTBEHHBIV TEXHUYECKAH YHUBEPCUTET»

Texnosiornyeckuiit UHCTUTYT cepBuca (pusman) AT'TY B r.CraBpomno.ie
(TUC (puman) AI'TY B r.CraBpomnoJe)

METOJUYECKHUE YKA3ZAHUASA

JUISL OpTaHU3AIUN CAaMOCTOSATEIHLHOM PaOOTHI
no auctuiuinHe «CeTu U CUCTEMbl MOOMITLHOM CBSI3M
11t OaKaJIaBpOB HAIIPABJICHHS TIOJITOTOBKH
11.03.02 NupokOMMYHUKAIITMOHHBIE TEXHOJIOTUM U CUCTEMBI CBS3U
npoduias Cructembl MOOUIBLHOM CBSI3U"



Metoudeckue yKkazanus 1o quciurinHe «CeTu U CHCTeMbl MOOMIIBHOM CBSI3M»
COJIepIKaT 3aJjaHus ISl CTYICHTOB, HEOOXOAUMBIE JIJISl OPraHU3AIMHA CAMOCTOSTEIBHON padOTHI.

[TpopaboTka mpeIoKEHHBIX 3aIaHUN TIO3BOJIUT CTYICHTaM IPHOOPECTH HEOOXOUMbIE
3HAHUS B 00JIACTH M3y9aeMOU TUCIUILTUHBIL.

[IpennaznayueHs TUTSt CTYJCHTOB HaIpaBJICHUs MOATOTOBKH 11.03.02
NH()OKOMMYHUKAIIMOHHBIC TEXHOJOTHU W CHUCTEMBI CBsI3U mpodmib CUCTEMBI MOOHMILHOM
cBs3H"



COJEP)KAHUE

Beenenne

. O01as xapakTepucTUKa CaMOCTOSTeTbHON PabOThI

. KoHTpOIbHBIC TOYKH ¥ BUIBI OTYCTHOCTH 110 HAM

. MeToudeckne peKOMEHIAlNY TI0 U3YUEHHUIO TEOPETUISCKOr0o MaTepraa
. MeTomuieckne peKOMEHIAINHN IO MTOJATOTOBKE K MPAKTUICCKUM 3aHATHSIM
. MeTomuieckne peKOMEH AU TI0 TIOATOTOBKE JOKJIaaa

. MeTouieckre peKOMEH AN IO TTOJATOTOBKE K TECTUPOBAHUIO

. MeTouieckrne peKOMEHIAIUN TI0 BBITIOJTHEHUIO KOHTPOJILHOUM pabOThI

. MeTomveckune peKOMEH AU 110 TTOATOTOBKE K 3a4eTy

Crcok peKOMeH TyeMbIX HH()OPMAIIMOHHBIX HCTOYHUKOB
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BBEJIEHUME

Lenp MeToauueckux ykazaHUM — OKa3aTh NOMOIIb CTyJE€HTaM B OCBOEHHHU Kypca «CeTu
U CHCTEMBI MOOMIIBHOH CBSI3M.

JlaHHbIE METOJMYECKHUE YKa3aHMsI HANpaBJI€Hbl Ha CUCTEMATU3UPOBAHHOE M JIOTHYECKU
IIOCJIEJOBATEIIbHOE H3YyUYEHUE TEOPETHUECKUX BOIIPOCOB, CBSI3aHHBIX C AJIEKTPOTEXHUKOH, C
MOCJIEYIOLIUM 3aKpEIJICHUEM MaTepuaja MpU BbIIOJIHEHUU MPAKTUYECKUX padoT, MOATOTOBKU
pedeparos, T0KIAI0B, TPE3CHTAILUN.

[lepen HauanoMm Kypca 11€51€c000pa3HO O3HAKOMHUTBCS CO CTPYKTYpOM JMCUUIUIMHBI Ha
OCHOBAaHUHU IPOrPaMMbI, a TAKXKE C IOCIEI0BATEIbHOCTBIO U3Y4YEHUS TeM M ux odbemom. C
LENbI0 ONTUMAJIbHONW CaMOOpPraHU3alMyd HEOOXOJMMO CONOCTAaBUTh ATy HHPOPMALUIO C
rpaduKoM 3aHSATHM WU BBIABUTH HamOoOJee 3aTpaTHbIE 10 BPEMEHU M O00bEMY TEMbI, YTOOBI
3apaHee OIpeNeNNThb Uil ce0sl Iepro/ibl 0ObEMHBIX 3aJJaHHM.

1. OBIIIASI XAPAKTEPUCTHUKA CAMOCTOSITEJIbHOM PABOTBI

Henbto u3yueHus AMCLUUILIUHBI SIBJISETCS TEOPETUYECKOE OCBOEHHME OOY4arOUUMUCS
OCHOB  (DYHKITMOHHUPOBAHUS ceTeli W CUCTeM MOOWIBHOM CBSI3M, HEOOXOMUMBIX ISt
(hopMUPOBaHUS CHEIUAINCTA B 00JIACTU MOOMJIBHOM CBSI3M, TIOHUMAHUS POJIM TEXHUKHU CBS3U B
npodeccnoHabHOM /eATeNbHOCTH; (OPMUPOBAHUS OOIIETEXHUYECKON KYyIbTYphl MBIIUICHUS,
CroCOOHOCTH K 0000IIEHHIO, aHATTN3Y, BOCTIPUITHIO HH(OPMAIMH, IOCTAHOBKE 1IEJTH M BBEIOOPY
nyTell e€ MOCTHKEHHUS, MPUMEHSIEMBIX B PEIICHHH TPO(PECCHOHAIBHBIX 3aJad W HAy4YHO-
HCCIIEIOBATENIbCKON JAESITETbHOCTH.

B pesynbrare ocBOEHHUS NaHHOM AMCHUIUIMHBI (POPMHUPYIOTCS CEeIyIOIINEe KOMIETSHIINN
y o0y4aromierocs:

YK-1.3: [IpumensieT pe3yabTaThl aHAJIU3a B IPo(ecCHOHATBLHOM cepe;

IIK-1.1: Ananu3upyeTr cTaTUCTHYeCKHe MapaMeTpbl Tpaduka, MPOBOAUT pacyer
UHTep(eilicoB BHYTPEHHHUX HANpPaBJeHUNl CeTH, BbIPAOATHIBAECT PpelleHUs 10
OnepaTHBHOMY NnepeKoH(UIryprupoBaHHIO ceTH, HU3MEHEeHUI0 napamMeTposB
KOMMYTAIIMOHHOI MOJCHCTEMbI, CeTeBbIX IJIATHOPM U 000PYI0BAHMSI HOBBIX TEXHOJIOT Ui ;

IIK-6.1: OcymecTBisieT YaCTOTHO-TEPPUTOPHAJILHOE IJIAHUPOBaHME  ceTel
PaaMog0CTyNa ¢ MCHOJIb30BAHUEM CPeICTB aBTOMATHU3AIMU NMPOEKTHPOBAHMS CPEICTB U
ceTeil CBAI3M M X 3JIEMEHTOB.

CamocrosarensHas pabora mno aucuuiuiniHe «CeTM U CHUCTeMbl MOOWIIBHOM CBSI3U»
BBITIOJIHSETCS. C LENbI0 MOJYYCHHS] U 3aKpeIyieHUs 3HAHHUM, MPHOOPETEHHBIX NMPU U3yYECHUU
TEOPETUYECKOr0 MaTepHarna.

2. KOHTPOJIBHBIE TOYKH U BU/JIbI OTYETHOCTH 11O HUM

KoHTponb kadecTBa U CPOKOB M3YU€HHE T€M JIEKLUU BBITIOJHSIETCS B COOTBETCTBHH C
yueOHbIM rpadukoM. OdopmisieTcs B BUIe KOHCIEKTUPOBAHUS TEKCTA.

KoHTposnb kauecTBa U CPOKOB BBINIOJHEHHS MPAKTHUECKUX 33aJaHUI OCYIIECTBIISAETCS B
COOTBETCTBUU C yueOHBIM rpaduroM. OdopMisieTcsi B COOTBETCTBUHU C 3aJaHHEM.

KoHTpons kauecTBa coauu JOKJIaJa OCYLIECTBISETCSI B COOTBETCTBHH C Y4EOHBIM
rpapuxom. OpopmiseTcst B COOTBETCTBUU C 33aJJaHUEM.

VYcneBaeMoCTh CTYyJIEHTOB OLIEHHWBAETCS B XOJI€ TEKYLIETO KOHTPOJS M MPOMEKYTOUHON
aTTeCTallHH.

3. METOAUYECKHUE PEKOMEHJIALIUMU 110 U3YYEHUIO TEOPETHYECKOI'O
MATEPHAJIA
N3yuenue n1r000r0 paszena Wi TeMbI CleyeT HaUMHATh C O3HAKOMIIEHHUS C BOIIPOCAMHU
IUTaHA W3Yy4YeHHsI TeMbl. TeopeTHuecKuil marepuai MpeACTaBiseT COOOM KOHCIEKT JIEKIUH,
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coJiepkanuii HeoOXo QMBI HaOOp yTBepxkAcHU U (popmyn (0e3 aeTanbHBIX MOAPOOHOCTEH),
HO C MOAPOOHBIM OOOCHOBAHMEM WX HCIIOJIB30BAHMS TPU PEIICHUH KOHKPETHBIX 3amad. [lpwu
W3YYCHUH MaTepuaga HEeoOXOIUMO IMOMHUMO JIGKIIMOHHBIX MATepUANIOB  HCIOJIb30BaTh
PEKOMEHyeMYI0 OCHOBHYIO U JONOJHHUTENbHYIO JUTEpaTypy JUIS JIy4IIEero YCBOCHHS
MaTepuaa.

OcBanBaTh TEOPHIO CIEAYeT B COOTBETCTBHM C TOM IMOCIEIOBATEIBHOCTHIO, KOTOpAs
MpeJCTaBIeHa B IUIaHE JIEKIUH. MeToauka paboThl ¢ JIUTepaTypoil IpeaycMaTpuBaeT BeIACHUE
3aIHMCH MPOYUTAHHOTO B BUJE TUIAHA - KOHCIIEKTa, OTIOPHOTO KOHCIIEKTa. DTO MO3BOJIHT CJICNIATh
3HAHHS CHCTEMHBIMH, 3a(DUKCHPOBATH M 3aKPEIIUThH UX B TIAMSITH.

JUIs  yCHIENIHOTO OCBOCHUS JTUCIUIUIMHBI, HEOOXOJAMMO CaMOCTOSITEIILHO JCTATbHO
W3YYHTh TMPEJACTABICHHBICE TEMBI 10 PEKOMEHIYyeMbIM HCTOYHHKaM wuHMopMmamuu. [Ipu
MOATOTOBKE K 3aHITHSIM CIIEAyeT PYKOBOJCTBOBATHCS YKA3aHWSAMH W PEKOMEHIAUSIMU
MIPEeTo1aBaTelisl, UCIOJIb30BaTh OCHOBHYIO JIUTEPATypy M3 MPEICTaBICHHOTO UM crucka. J[ms
HamOojiee TIIyOOKOTO OCBOCHHUS JUCIMIUIAHBI PEKOMEHIYeTCs UW3ydaTh JIHTEpaTypy,
0003HAUYECHHYIO KaK «JIOMOJTHUTEIbHAS B MpeacTaBieHHOM criucke B PTIJI.

Bonpochl /Uisi NOATOTOBKH K YCTHOMY ONPoOCy TeKyinero kourpoJs (biok 1)
1.CranaapTbl MOOHIILHOM CBSI3H.
2.Beenenne B cranmapt GSM.
3. IIpHHIMITB OpTaHU3alUK COTOBOM CETH MOOHIIBHOMN CBSI3H.
4.CTtpyKkTypa KOMIIOHEHTOB ceTd. CTpyKTypa Ciryx0.
5.Kanans! cBs3u.
6.AHTEHHBI B CUCTEMaX COTOBOM MOOHIILHOM CBS3H.
7.AHTEHHBI MOOMJIBHBIX CTAHIIHMH.
8.AHTEHHBIE CUCTEMBI 0a30BBIX CTAHILIUH.
9.0c00EHHOCTH pacIpOCTPaHEHHsI PaIMOBOIIH.
10.ITapameTps! cUCTEM PaanOCBSI3U.
11.CtpykTypHast cxeMa MOOWJIEHOW CTaHIIHH.
12.KonupoBanue pedyeBbix curHainoB. Konep kaHana.
13.GMSK-monysmsiuusi.
14.BbICOKOYACTOTHBIE TPAKTHI B MOOMJIBHOM CTAHIIUH.
15.0kBanaiizep B MOOMIBHOM CTaHIIUH.
16.SIM-kapTa B MOOMIIBHOW CTaHIIHH.
17.CtpykrypHast cxema 0a30Boii ctanuuu crannapra GSM.
18.DyHKIIMOHUPOBAHKUE CUCTEM COTOBOM MOOMIILHOM CBsi3M cTanmapra GSM .
19.3anaun ¥ METOABI MPOSKTUPOBAHHUS B CUCTEMaX COTOBOU CBSI3H .
20.Pacmipenenenyve kaHaJIOB B COTOBOM CETH.
21.EMKOCTb COTOBOM CETH MOOMIIBHOM CBS3U.
22.M3MepeHys 1 MOHUTOPHUHT B PaJIMOYaCTOTHBIX CHCTEMAX.
23.U3MmepenHune nmapamMeTpoB B paJlOYaCTOTHBIX CHCTEMAX.
24 TlepCrieKTHBBI pa3BUTHSI CHCTEM COTOBOW MOOMIIBHOM cBsizu. T
24.peThe OKOJICHHE CUCTEM MOOUIILHON CBSI3H.

Bonpocel U151 MOATOTOBKH K YCTHOMY onpocy Tekyuiero koutpoJs (biok 2)

. Kimaccnduxanys TenekoMMyHHKaIIHOHHBIX CHCTEM
. Cery cOTOBOI1 OJIBUKHON CBSA3U

. CeTH TpaHKHHTOBOH CBSI3U

. CeTr IepCcOHAIBHOTO PaliOBBI30BA

. Cetn MOOMITbHOM CITYTHUKOBOH CBSI3H

. BonokonHno-ontrnueckue cetu

. CucreMsl IEPCOHAIBHOTO PaMOBBI30BA

. CTpyKTypa NeiKUHTOBBIX CUCTEM

. [letimxunaroBerit mporokon POCSAG

10. TTeitmxunroBsiii nporokonr ERMES

11. TleimxunroBeiid nporokon FLEX

12. Cetu TpaHKWHTOBOU CBSI3U

13. Opranu3zamusi TPaHKUHTOBOU PaIOCBSI3N

14. Knaccugukanus cereil TpPaHKHMHTOBOM CBSI3U

15. TCP ¢ pacnpeneneHHbIM YIPaBIISFOIIAM KaHAJIOM
16. TCP ¢ BbIzIE/ICHHBIM YITPABIISIONIMM KaHAJIOM

17. IlpuHIMIIBI TOCTPOEHUS TPAHKUHIOBBIX CETEH

18. CIryTHHKOBBIE CUCTEMBI CBSI3H

19. Knaccugukamust CHCTEM CITyTHUKOBOW CBSI3H
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20. IIpHHIUITBI TOCTPOEHHUS CITyTHHKOBBIX CHCTEM CBS3U
21. O0630p CTyTHUKOBBIX CHCTEM MOOWIIBHOM CBSI3H

22. CucreMbl COTOBOH CBSI3U

23. IlpuHIuIs! G yHKIMOHUPOBAHHUS CHCTEM COTOBOH CBSI3H
24. Jlenenne o0CIyXKHBacMOH TEPPUTOPHH HA COTHI

25. IloBTOpHOE HCIIOIB30BAHUE YACTOT

26. CocTaB CUCTEMBI COTOBOM CBSI3U

27. AnroputMbl (YHKIIOHUPOBAHHS CHCTEM COTOBOI CBSI3H
28. AHaJIOTOBBIE CHCTEMBI COTOBOI CBSI3H

29. LindpoBsie cHCTEMBI COTOBOH CBS3U

30. CucreMBl MOOWIIBHOM CBSI3H 3-TO ITOKOJICHHS

31. CocraB cucreMsl coToBO# cBs3u crangapra NMT-450
32. Opranuzanys COeAMHEHNI U NPUHIKIB aapecanuu abonentoB (NMT-450)
33. Ycranosnenue Bxosuiero Beizoa (NMT-450)

34. YcraHOBIEHHE UCXOSIIETO BHI30BA

35. OOMeH coolleHnsIMU B peskuMe 3cTadeTHOM neperadu
36. Obopynoanue cranaapra NMT-450

37. CoroBast cucTeMa MOABIDKHOM cBsi3u cranmapta AMPS.

KpuTtepuu ouenku ycTHOro onpoca

[TonHOTa OTBETA HAa OCTABJICHHBIN BOMIPOC, YMEHUE UCTIOIH30BATh TEPMUHBI, TPUBOIUTH
MIPUMEPBI, JIETATh BHIBOIBI.

3a Kax/plil OJ0K B cyMMe 00ydaroImuiics TOJKEH MOJIY4YuTh 25 0ajioB, U3 HUX 5 — 3a
MOCeIleHne 3aHSITHH, 5 - DBreimonHeHWe MOTOJHUTENBHBIX 3aJaHUN (IOKJAJ, CTaThs,
npe3enTanus ), 10 — 3a BBHITIOJTHEHHE TECTOBBIX 3aJaHMi, 5 — 3a 3aIUTy JJa00paTOPHBIX padOT

Kpurepuu nomydeHus olieHKH:

- pe3yabTaT, COJAEpKAIIUK TOJHBIA MPABHIbHBI OTBET — MAaKCUMAJIBHOE KOJHUYECTBO
0aJos;

- pe3ynbTaT, COJEpXAIUi HEMOJHBIA MPaBUIbHBI OTBET (CTEMEHb TMOJHOTHI
oTBeTa — Oomee 60%) wiM OTBET, COACpKANTUN HE3HAYUTEIbHBIE HETOYHOCTH— 75% oOT
MaKCHMaJIbHOTO KOJINYeCTBa 0aljIoB;

pe3ynbTaT, COAepKAIINI HEMOJHBIM NMPaBUIIbHBINA OTBET (CTENEHb MOJHOTHI OTBETA — OT
30 no 60%) uau OTBET, COAEpXKAIINK 3HAYUTETbHBIE HETOYHOCTH -40 % OT MaKCHMaJbHOTO
KOJIMYECTBA 0aJIJIOB;

- pe3yabTaT, COoAep KAllluil HETOJIHbIM MPaBUIbHBIN OTBET (CTEMEHb MOJHOTHI OTBETA —
Mmenee 30%), HenpaBUIIbHBIN OTBET (OTBET HE MO CYIIECTBY 3a/1aHusl) WIH OTCYTCTBHE oTBeTa — 0
% OT MaKCHUMaJIbHOTO KOJIM4YeCTBA 0aJlIOB.

4, METOAUWYECKHUE PEKOMEHIAIIUHA 11O IOAI'OTOBKE K IPAKTUYECKHUM
3AHATUAM

[Iponiecc MOATOTOBKHM K MPAKTUYECKUM (CEMHUHAPCKMM) 3aHSATHSIM BKIIIOYACT M3YYCHUE
HOPMATHBHBIX  JIOKyMEHTOB,  OOS3aTENIbHOW W JIOTIOJIHUTEIILHOW  JIUTEPaTypbl IO
paccMaTpuBaeMOMY BOTIPOCY.

HenocpencrBeHHoe — MpoOBe/ICHUE NPaKTUYECKOTO  (CEMHHApPCKOTO)  3aHSATHS
MPE/IoJIaracr:

- MHJIUBU1yaJbHbBIC BBICTYIUICHUS CTYJCHTOB C COOOIICHUSMU TI0 KAKOMY-JTHOO BOIIPOCY
M3y4aeMOU TEMBI;

- poHTaANIbHOE 0OCYXIEHUE paccMaTpUBaeMOn TPoOIeMbl, 000011IEHUS U BBIBObI;

- pellieHue 3a1a4 ¥ YIpaKHEHUH 1o 00pasity;

- pelieHne BaprHaHTHBIX 3a7a4 U yIPaKHEHUH;

- pellleHre CUTYAIlMOHHBIX TPOU3BOJICTBEHHBIX (MPOodeccHoHANbHBIX) 3a1a4;

- MPOEKTHpPOBaHME W  MOJEIMPOBAaHME  pPa3HBIX BHUJAOB M  KOMIIOHEHTOB
npodeccruoHaNbHOM IeATENbHOCTH.

[Iporiecc MOATOTOBKM K MPAKTHUUECKUM (CEMHHAPCKUM) 3aHATHSAM BKIIOYAeT U3Y4YCHUE
HOPMATUBHBIX  JOKYMEHTOB, OO0S3aTe€IbHOW U  JOTOJHHUTEIBHOW  JUTEpaTypbl IO
paccMaTpuBaeMoMy BOIIPOCY.



5. METOAUYECKHUE PEKOMEHJIAIIUHA 11O NOAI'OTOBKE JOKJIATA

K camocrositenbHOM paboTe OTHOCUTCS HAlMCaHWE M 3alllUTa JOKIafa B CEMECTpE.
[TonroroBka noknaga mo gucuuimHe «CeTh M CHCTEMbl MOOWJIBHOW CBSI3W» - OJIUH W3
OCHOBHBIX JTaloB y4yeOHOTO TMporecca B OOY4EeHHH CTYICHTOB, KOTOPBHIM HEO0OXOIMMO
npUOOpPECTH HABBIKM CAMOCTOSITEIIBHOTO HCCIICAOBAHUS M TPEACTABICHUS €r0 Pe3yJbTaTOB.
Tema BbIOMpaeTCs CTyICHTOM CaMOCTOSITENIBHO O COTJIACOBAHUIO C IPEIOAaBaATEIIEM.

[IpumepHBbIe TEMBI JOKIAAA:
1.Cet MOOMIIBHOM CIIyTHUKOBOH CBSI3U
2.CucteMbl MOOWIIBHOH CBSI3U 3-TO MOKOJICHUS
3.CTpyKTypa el PKUHIOBBIX CHCTEM
4.V cTaHOBIICHHE BXOJAIIETO BEI30BA
5. IIpUHIMIIBI TOCTPOEHHMS CITYTHHKOBBIX CHCTEM CBSI3H
6.Y cTaHOBJICHNE MICXO/ISIIETrO BBI30BA
7.00MeH coo0LIeHUAMU B pesKUMe 3CTaeTHOM nepeadu
8. Kimaccugukanus cucreM CIlyTHUKOBOH CBSI3U
9. THITBI TENEKOMMYHHUKAIIHOHHBIX CHCTEM
10./lenenue o6cnyxuBaeMoil TEPPUTOPHU HA COTHI
11.Cucremsl TeneBelanus
12.TIoBTOpHOE UCIOJIB30BAHHE YACTOT
13.Cucrembl TOIBUKHOM CBS3U
14.CocraB cucTeMbI COTOBOI! CBSI3U
15.CetH cOTOBOI1 MOABHKHOMN CBSA3U
16.ITokoneHus cucteM COTOBOH CBSI3U
17.CeTH TpaHKMHIOBOH CBS3U
18.AHaOroBbIE CHCTEMBI COTOBOM CBSI3H
19Cetu nepcoHanbHOTroO PaJuoBLI30BA
20.1lucdpoBbie cUCTEMBI COTOBOM CBS3H

B pe3ynapTate mOATOTOBKH JOKIaAa CTYJASHT MOXKET BBICTYNATh HAa KOH(EPEHIUAX U
CEeMHHapPaXx IO 3TOMY BOIIPOCY.

O01mme peKoOMeHIAUH 110 MOAT0TOBKeE J0KJIAAa

Jloknaz noymKeH BKIII0YaTh B ce0sl BBEJCHHE, OCHOBHYIO YaCTh U 3aKIIIOYCHHE.

Bo BBenmenun HEOOXOAMMO OTpa3uTh OOOCHOBAaHWE AKTYaJbHOCTH BBIOPAHHOM TEMBI,
KpaTKO€ OMHUCAHHE TEKYLIEro COCTOSIHHUS MpoOieMbl. B HEM CTyneHT MoJKeH yKaszaTh LeNib U
3a/1auu paboThl, OOBEKT UCCIIETOBAHUS, JIEMEHTHI HOBU3HBI, BBEJICHHbBIE B MPOIIECCE HAMUCAHUS
pabotel. HeoOxomuMo mepedncinuTh MpoOaeMbl, KOTOPhIE IOJKHBI OBITh PEIICHBI B paMKax
BBIOPAHHOM TEMBI.

OcHoOBHasi 4acTh JOKJIaJa JOJDKHA COJAEPXKAaTh BOIMPOCHI, MPEIyCMOTPEHHBIE B IJIaHE
paboTel. B Helt HEOOXOAMMO OTPa3UTh TEOPETUUECKUE OCHOBBI, PACKPHIBAIOIIUE CYTh IPOOIEMBI,
MIPOAHAJIM3UPOBATh COOpAaHHBIE MaTEpPUANIbI, XapaKTEPU3YIOIIUE MPAKTUYECKYIO CTOPOHY
o0BeKTa HCCIEAOBAHUA. DTOT pa3fie]l MOXET cojAepkaTb pabouue TaOIUIBI, JUATPaMMBI
(InarpaMMBbl U Ipyrue MaTepuasbl.

B 3aximoueHue HEOOXOAMMO OTpPA3UTh BBIBOJALI U MPEAJIOKEHUS, IOJIyYCHHbIE B
pe3ynbTraTte npeablayiiei pabotel. OHU JOKHBI OBITH CHOPMYIUPOBAHBI YETKO U TOUKH.

Crircok nuTepaTypbl BKIOYAET B ali(haBUTHOM MOPSIIKE CIIMCOK COBPEMEHHBIX 3aKOHOB U
HOPMAaTUBHBIX  aKTOB, COOTBETCTBYIOIIECH HAy4yHOW  JUTEpaTypbl, HAy4YHBIX pabdoT,
CTAaTUCTUYECKUX COOPHUKOB U IPYTMX UCTOYHUKOB, BBIMYIIIEHHBIX HE pAaHEE IISITU JIET.

OdopMmienne 10KIa1a U NOPSAOK AU THI

O6beM paboThl — 4-7 CTpaHUI] IPOHYMEPOBAHHOTO KOMITBIOTEPHOTO TeKCTa, mpudT, 14,
unTepBan 1,5, mons crangaptHeie. Wmmoctpanuu, dotorpaduu, pucyHku, rpaduku, KOTOpbIe
MOSIBJISIFOTCS. HA TEKCTE, JOJDKHBI OBITh IPOHYMEPOBAHBI.

BroimonHenHslid  MOKNan mpoBepseTcs mnpenojaBateneMm. Ecim  mokman  odopmiieH
COTJIACHO TPEAbSBISIEMbIM TpeOOBaHUAM, TO pPadOTa JOMyCKaeTcss K 3alluTe, O YeM
MpernojaBaTesieM [EeNalTCs 3aliuch Ha THUTYIBHOM JHcTe paboTel. Ecnam mokman wumeer
OTpUIIATENLHBIM OT3bIB, TO JOKYMEHT BO3BpalllaeTcsi Ha JOpadOTKy C MOCIEIYIOIINM
MIPEJICTABJICHUEM O €r0 TTOBTOPHOM PACCMOTPEHUH.

Tpebyemblil ypoBeHb OpUTHHATBHOCTH HE MeHee 50%.
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Jloxnaabpl MOTYT COMPOBOXKAATHCS IMPE3CHTALMEH, OTpa)Karoleid OCHOBHBIE MOMEHTHI
BBITIOJTHEHHOTO MCCIIEIOBAHUS.
Kpurtepun onenku qoksiaga

Kpurepuit [Toka3zarens MakcumaibHOe
OIICHKH pedepara KOJINYECTBO 0aJIIOB
1.Ctenenb packphITHs | - COOTBETCTBHUE COAEpkKaHUS TeMe pedepaTa; 1
CYLIHOCTU IIPOOJIEMBbI | - MOJIHOTA M IIyOMHA PACKPBITHS OCHOBHBIX 1
HOHSATHI MTPOOIEMBI;
- yMeHue pabotaTb €  JIUTEPATYpOil, 1
CUCTEeMATH3UPOBAaTh W  CTPYKTYpUPOBATH
MaTepual; 1
- yMEHHUE 000011aTh, COTIOCTAaBJISITh
pa3nu4yHbIe TOYKH 3peHust 1o 1
paccMaTpruBaeMOMY BOTIPOCY;
- apryMEHTUPOBATh OCHOBHBIC IMOJIOXKCHUS H 1
BBIBOJIBL;
- yYMEHHE YeTKO H  OOOCHOBaHHO 2
(hopmMyIUpOBaThH BBIBOJIBI;
- CaMOCTOATENILHOCTh, CIOCOOHOCTH K
OTIpPENIeTICHNI0 COOCTBEHHOW TO3WUIMUA  TIO
npobiieMe M K TPAaKTUYECKOW ajarnTaliu
MaTepuaa
2.Cobmronenue - IPaBWJIBHOCTb U aKKYpPaTHOCTh 0(OPMIICHUS 1
TpeOoBaHU mo | pedepara
0(hOpMIICHUIO -TOYHOCTh B I[MUTHPOBAHMM W YyKa3aHUU 1
HCTOYHHKA TEKCTOBOTO (pparmMeHra,
- coOmoneHne TpeOboBaHWT K 00BeMy U 1
CTpyKTYpe pedepara;
- TPAaMOTHOCTb U KYJIbTypa U3JI0KEHUS 1
3.YpoBeHb  3allUTHI | - AOKJAJ CTPYKTYPUPOBaH, PACKPHIBAET TEMY 1
pedepata - JIaHbl TIpaBWJIbHBIC, APTYMEHTHUPOBAHHBIC 2
OTBETHI Ha YTOYHSIOIINE BOIIPOCHI
- Claiapl  TMpeACTaBiIeHbl B JIOTMYECKOM 1
MOCIIEZI0BATEILHOCTH u odopmiieHne
MIPE3CHTAIINH; 1
- KOJIMUECTBO cJiaiinoB He Oosiee 10
MaxkcumanbHO€ KOJIHYECTBO OaJIJIOB 17

Jlisi TIOATrOTOBKM Tpe3eHTalMu K 3amuTe pedepara, oOydaromiemycss HE0OXOIMMO
ucrnoan3oBatk PowerPoint. KonnyecTBo ciiaiiioB mpe3eHTanuu K 3amure pedepara — He Goiee
10.

MakcuMaabHOE KOJMYECTBO OalioB, KOTOpPOE OOYYaroIIMKCS MOXKET TOJY4uTh 3a
MOJITOTOBKY pedepara u mpe3eHTaluu K HeMy cOocCTaBiisieT 17 0amuioB. bamisl yYuTHIBAIOTCS B
MpolLecce MPOBEACHUS TEKYILIET0 KOHTPOJIS.

17 6anioB — OLIEHKA «OTIUYHOY,

12-16 GannoB — OLIEHKA «XOPOIIIOY;

8-11 GannoB — OlLIEHKA «YIOBIETBOPUTEIHLHO»

Menee 8 6amI0OB — OlLIEHKA «HEYAOBIETBOPUTEIHHOY.

6. METOANYECKHUE PEKOMEHIALMHA 11O NIOATI'OTOBKE K TECTUPOBAHUIO
YcnemHoe BBINIONHEHHE TECTOBBIX 3aJaHUM  SBISETCS HEOOXOIUMBIM YCIOBHUEM
WUTOTOBOM TIOJOXKUTEIBHON OIIGHKH B COOTBETCTBUM C PEHUTHHTOBOM CHCTEMOH OOyueHus.
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BbinosiHeHuEe TECTOBBIX 3aJaHUM INPEAOCTABIISIET CTYAEHTAM BO3MOKHOCTb CaMOCTOSITEJIBHO
KOHTPOJIUPOBAaTh YPOBEHb CBOMX 3HaHUH, OOHApY)XMBaTh MPOOENbl B 3HAHUAX M NPUHUMATH
Mepbl M0 UX JUKBUAauuu. PopMa H3JI0)KEHUS TECTOBBIX 3aJaHMM IO3BOJIAET 3aKPENUTh U
BOCCTAaHOBUTH B IAMATH NPONACHHBIM MaTepuan. TecToBble 3a/laHUsl OXBATHIBAIOT OCHOBHBIE
BOMPOCHI 10 TucHUILTHHE «CeTH U CUCTEMBI MOOWIBHOM CBSI3U.

VY cryneHTa ecTb BO3MOYKHOCTh BbIOOpa NPABUJIBHOTO OTBETa WM HECKOJBKHUX
MIPaBWJIbHBIX OTBETOB W3 4YMCJA MPEIJIOKEHHBIX BapuaHTOB. [[Is1 BBINOJHEHUS TECTOBBIX
3aJlaHUN CTYIEHThl JOJDKHBI M3YyYUTh JIEKIMOHHBIM Marepuan Mo TEeME, COOTBETCTBYIOLIUE
pas3zaensl y4eOHHKOB, Y4eOHBIX IIOCOOMH U APYTUX HCTOUYHHKOB.

KOHTpObHBIN TECT BBINOIHAETCS CTyJEHTAMH CaMOCTOSITEJIbHO BO BPEMSI CEMHUHAPCKUX
3aHATHI.

TecroBbIe 3a1aHusA

Br16epuTe 0/1MH MIIM HECKOJIBKO TPABUIIBHBIX OTBETOB:

1. DnemMeHThI 3eKTPUUECKOM 1eTH:

a) COMPOTHUBJICHUE,

0) eMKOCT®b,

B) UCTOYHUK MUTAHMUS,

r) Tenedon

Kpurepun oueHMBaHusI KOMIIETEHIM I

OreHKa «OTJIMYHOY» BBICTABIISICTCS CTYICHTY, €CIU KOJUYECTBO MPABUIBHBIX OTBETOB
Ha TeCTOBBIE 3a7aHus mpeBnimaet 90 %.

Or11eHKa «XOPOIIIO» BBICTABIISACTCS CTYACHTY, €CITU KOJUYECTBO MPABMWIBHBIX OTBETOB Ha
TeCcTOBbIE 3a/1aHus npesbimaet 70 %).

OuneHka  «yIOBIJIETBOPUTEIBHO»  BBICTABISAETCA  CTYJEHTY, €CIH  KOJIMYECTBO
MPaBUJIbHBIX OTBETOB Ha TECTOBBIE 3a1aHus npesbiiaet 50 %).

OueHka «HEYIOBJIETBOPUTEIBHO»  BBICTABIISIETCSI  CTYACHTY, €CIH  KOJUYECTBO
MpaBWJIbHBIX OTBETOB HA TECTOBble 3agaHus cocraBisier MeHee 50 %, nub0 OTBETHI
3aMMCTBOBAHBI.

OdopmiieHne 0TBETOB HA TECTbI

OTtBeThl Ha TeCThl OQOPMIIAIOTCA HAa CTYACHTOM Ha OTJEIBHOM JIUCTE CAMOCTOSITENBHO.
B npaBom yray npocraBnsercs @O u rpynmna, nanee ciieayer HOMEP TeCTa UM BBIOpAHHBIN
BApUAHT OTBETA.

7. METOJIMYECKHUE PEKOMEH/IAIIMH IO BBIITOJTHEHHUIO KOHTPOJILHOM
PABOTbI

KonrpospHast paboTa, kak ogHa W3 (OPM OLEHKHA YPOBHS IOATOTOBKU CTY/ICHTOB,
CTaBUT CBOCH IIENbIO 3aKPEIJICHHE TEOPETUYECKHX 3HAHUM, MOJYYCHHBIX CTYJCHTAMH B
npolecce M3YYeHHs NaHHOW IUCHUIUIMHBI, W NPUOOPETeHHE WUMH HAaBBIKOB HPAKTHYECKOTO
aHaM3a 0COOCHHOCTEH (DYHKIIMOHMPOBAHHS OPTaHU3ALUN B COBPEMEHHBIX YCIOBHSX.

BeimosiHeHne  KOHTPOJBHOM pabOThI  CIIOCOOCTBYET MNPUOOPETEHUIO CTYACHTaMH
HaBBIKOB CAMOCTOSITENIbHOM pabOThl ¢ MEPBOMCTOYHHKAMH, YI€OHOM, HAYYHOU W CIIEIUABLHOM
JUTEPATYPOH, YMEHHI BBIACIATH B HUX INIaBHOE, aHAIM3UPOBATh, 0000IIaTh, JOTMYHO U3JIaraTh
U3y4CHHBIN MaTepual.

Ilesb1o HanMCaHUs KOHTPOJBLHON PabOTHI SIBISETCS CO3AAaHUE Y CTYAEHTA IEIOCTHOTO
BIIEYATIIEHUS O MPO(PECCHOHATBHON AEATENIBHOCTH, YTO CHOCOOCTBYET BBIPAOOTKE y CTYJEHTOB
YMEHUSI OPHEHTUPOBAThCA B 3aKOHOAATENBCTBE M CAMOCTOSATENBHO MPUHUMATh PEUIEHUs 110
MPAKTUYECKUM CUTYallUsIM; 3aKpPENUTh 3HAHUS, MOJYYEHHBIE B PE3yJIbTaTe CaMOCTOSTENbHOU
paloThI HaJl y4eOHBIM MaTEpPUAJIOM.

K BBINOJIHEHUIO KOHTPOJIBHOM pabOThl CTYJCHTHI MIPUCTYMAIOT TOJIBKO MOCIE YCBOCHHUS
Bcex TeM mnporpaMMmsbl. KoHTposibHas paGoTa sIBIsSeTCS OTYETOM O CaMOCTOSATENBHOW paboTe
CTY/IEHTA.



KontponeHast pabora mpencraBisieT co0Oil CKBO3HOE 3aHATHE IO OCHOBHBIM TEMaM
Kypca 10 BapuaHTaM U BKJIIOYAET B ce0s CIIEAYIONINE pa3aeibl:
. CTpyKTypHBIE CXEMbl HCTOYHUKOB BTOPUYHOTO TUTAHUSI.
. [lapameTpudeckue cTaOUIN3aTOPHI HATPSDKEHHUS.
. UmmynbcHBIE CTa0MIN3aTOPBI HAPSKECHUS.
. [losynnpoBOIHUKOBBIE UHBEPTOPHI.
. CrnaxxuBaromiue QuibTpsl.
. Yeunurenu Ha OUIOJISPHBIX TPAH3UCTOPAX.
. OnepaliioHHbIE YCUITUTEIN.
. 'enepaTopsel IPsIMOYTOJIbHBIX UMITYJIBCOB.

OdopMmieHHe KOHTPOJIbHON PadoTHI M MOPSAAOK 3aIMThI

KonTponsHast pabota 10KHa UIMETh TUTYJIBHBIHN JIHCT, IJIaH pabOThI, HETIOCPEICTBEHHO
TeKcT (yCIO0BHeE 3a/1a4 U PEIICHUE).

KontponsHast  pabora gopkHa  ObITh  akkypaTHO — odopmieHa(popmar A4,
MalIMHONMCHBIM TEKCT, pazmep JieBoro noist 20 MM, mpaBoro — 10 mm, BepxHero — 20 mm,
HIkHEro — 20 MM, OTCTyH KpacHOM cTpoku 1,5, MexcTpounslii uHTepBan 1,5, mpudr 14,
TimesNewRoman), umeTs HyMmepaluio CTPaHMI] M CIHCOK HCIOJb30BAaHHBIX MCTOYHHUKOB, B
KOTOPOM YKa3bIBAalOTCS BCE HCIIOJIb30BAHHBIE JIMTEPAaTypHblE HCTOUYHUKH, PACIOJIOKEHHbIE B
a(paBUTHOM MOPSAJKE U POHYMEPOBAHHBIE.

KontponsHast pabotra mpeicTaBiseTcss Ha MPOBEPKY IpernojaBaTesnio, Jaiee
OCYILIECTBJISIETCS 3aIIUTa B BUJIE COOECEeI0BaHUSI.

Kpurtepuu onieHuBaHusi KOHTPOJILHOM padoThI

YpoBeHb KauecTBa MHCbMEHHON KOHTPOJBbHOM pabOThl CTylIEHTa OIpENeNseTcs ¢
HCI0JIb30BAHNEM CIIEIYIOLIEN CUCTEMBI OLICHOK:
Tabnuma 6 - Kputepun o1ieHKH KOHTPOJIHHOU PabOThI

cO~NO OIS~ WN -

Kputepuu onenku MakcuManibHOE
KOJIMYECTBO OalIOB

BBIIIOJTHEHHUE 3aJaHuN

OO WN P
N WWwWwWwww

MaxkcuMalibHO€E KOJIMYECTBO 0aJUIOB 17

[Io pe3yaprataM YCTHOTO OINpoca IO KOHTPOJBHOH paboTe oOydaroreMmycs
BBICTABIISICTCS OLICHKA «3aYTCHOY, HITU «HE 3a4TCHOY.

O11eHKa «3aUTEHO» BBICTABISICTCS 00yJarOIIEMYCsl, €CITH:

- 00OydYaroIuics 3HAET W BOCHPOHM3BOJIUT OCHOBHBIC TIOJIOKCHUS JUCIHMIUTMHBI B
COOTBETCTBUU C 3aJlaHMEM, NMPUMEHSET WX JJIs BBINIOJHEHUS TUIIOBOTO 3aJ[aHUs, B KOTOPOM
OUEBUJICH CIIOCO0 peIICHUS,

- 0Oy4aroIuiCcs NEeMOHCTPUPYET 0a30BbIC 3HAHHS, YMCHHS U HAaBBIKH, TIPUMCHCHHBIC
MIPH BBITIOJIHEHUH 33aHUI KOHTPOJIBHON pabOTHI;

- y oOydaromierocst He UMeeTcs 3aTpyIHEHUI B HCIMOJIB30BAHUM HAYyYHO-TIOHSTUHHOTO
amnmapara B TEpMUHOJIOTHUU Kypca, a €CIU 3aTPYyAHECHUS UMEIOTCS, TO OHH He3HAYUTEINbHBIE,

- Ha JIOTIOJIHUTEJIbHBIE BOIMPOCHI MpEeroaaBaTess 00yJaromuicss 1an MpaBUIIbHBIE WIH
YaCTUYHO MPaBUJIbHBIE OTBETHI.

Kowmnerenmus(-u) umu ee (ux) yactb(-u) chopMupoBaHbl Ha 0a30BOM ypOBHE (YPOBEHB
1) (cm. Tabm.).

OreHKa «HEe 3a4TEHO» CTaBUTCS 00yUYaOIEMYCs, eCITH:
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- oOydarouuiics MMeeT MPEICTaBIEHUE O COJICP)KAHWU AUCHUIUIMHBI, HO HE 3HAET
OCHOBHbBIE TIOJIOKEHUS (TEMBbI, pa3fenia, 3aKOHa U T.1.), K KOTOPOMY OTHOCUTCSI 3aJlaHUE, HE
CrOocOOCH BBITMOJIHUTH 3aJlaHME C OYEBUIHBIM DEIICHHWEM, HE BIAJICCT HaBBIKAMH B 00JacTu
M3y4aeMOU JUCUHUILIAHBI,

- oOyuaromuiics He IEMOHCTPUPYET 0a30BbIC 3HAHUS, YMEHHS M HABBIKH, HEOOXOIUMbIE
JUIS BBITIOJIHEHUS 33JaHUH KOHTPOJIbHOM pabOThI;

- B IIpolecce OTBETa IO TEOPETUYECKOMY H IPAKTUYECKOMY MaTepualy,
coJiepKalieMycsl B BOIIPOCaxX KOHTPOJIbHOM paboThl, JOMYIEHbl IPUHLIUIINAIbHbBIE OIINOKU MPU
W3JI0KEHUU MaTepuana.

Komnerennusi(-u) wim ee (nx) 9actb(-1) HE CPOPMUPOBAHBIL.

Kontponbsaas paborta, mpu3HaHHAsh HE OTBEYAIOIIEH MPEABSBISIEMBIM TPeOOBAHUSM,
BO3BpALIaeTCsl CTYACHTY JUIsl JOPAaOOTKU, IPU 3TOM YKa3bIBAIOTCA €€ HEJOCTATKH U JIAlTCs
peKoMeHAauuu s uX ycrpaHeHus. CTyOeHTy npeuiaraeTcss € Y4eToM 3aMedyaHuid
IIpernogaBaTelis BTOPUYHO MPEICTaBUTh KOHTPOJIbHYIO paboTy BMeCTe ¢ IEpBOi paboTOil.

8. METOAUYECKHWE PEKOMEHJALIIUHA MO NOAI'OTOBKE K 3AYETY BbJok 1(6
cemecTp)
[Ipouenypa 3auera (AuddepeHIMPOBAHHOIO 3ayeTa) Kak OTIEIbHOE KOHTPOJIbHOE

MCPOIPUATHUEC ITPOBOJUTCA IO CICAYHOIIUM BOHpOC&M:
1.CranaapThl MOOHIILHOM CBSI3H.

2.Beenenue B crannapt GSM.

3. TIpHHIMITE OPTaHU3alUK COTOBOM CETH MOOHMIIBHOMN CBSI3H.
4.CTpyKkTypa KOMIIOHEHTOB ceTu. CTpyKTypa cinyxo0.
5.Kanans! cBs3u.

6.AHTEHHBI B CUCTEMaX COTOBOW MOOHIILHOM CBS3H.
7.AHTEHHBI MOOMJIBHBIX CTAHIIHH.

8.AHTEHHBIE cCHCTeMBbI 0A30BBIX CTAHIUH.

9.0c00EeHHOCTH pacpOCTPAHEHHSI PaIUOBOIH.
10.ITapameTpbl cUCTEM PaInOCBS3H.

11.CtpykTypHasi cxeMa MOOWJIEHOW CTaHIIHH.

8. METOANYECKHUE PEKOMEHJIAIMMA 110 NIOATI'OTOBKE K 3AYETY buok 2
(6 cemecTp)

12.KoaupoBanue peueBsix curHanoB. Konep kanana.
13.GMSK-monysmsiuusi.

14.BbICOKOYACTOTHBIE TPAKThI B MOOMJIBHOM CTaHIIUH.
15.9kBanaiizep B MOOMIBHOM CTaHIIUH.

16.SIM-kapTa B MOOMIIBHOW CTAHIIHH.

17.CtpykrypHast cxema 06a30Boi ctaHuuu crannapra GSM.
18.DyHKIIMOHUPOBAHKUE CUCTEM COTOBOM MOOMIILHOM CBsi3M cTanmapra GSM .
19.3anaun ¥ METOABI MPOSKTUPOBAHHUS B CUCTEMaX COTOBOM CBSI3H .
20.Pacmipenenenre kaHaJIOB B COTOBOM CETH.

21.EMKOCTB COTOBOM CETH MOOMIIEHOM CBSI3H.

22.3MepeHns 1 MOHUTOPUHT B PAJMOYACTOTHBIX CHCTEMAX.
23.U3mepenne mapamMeTpoB B PaJHOYACTOTHBIX CHCTEMAX.

24 TlepCrieKTHBBI pa3BUTHSI CHCTEM COTOBOW MOOMIIBHOM cBsizu. T
24.peThe OKOJICHHE CHCTEM MOOUIILHOM CBSI3H.

Bomnpocs! 1151 HOATOTOBKH K YCTHOMY ONPOCy TeKyinero konrpousi Biok 1 (7
cemMecTp

. Kimaccndukanys TenekoMMyHHKaIIHOHHBIX CHCTEM
. Cetn cOTOBOM TTOABMKHOM CBSI3H

. CeTH TpaHKHHTOBOH CBSI3U

. CeT IepcOHAIBHOTO PaliOBBI30BA

. Cetn MOOHITbHOM CITYTHUKOBOH CBSI3H

. BomokonHo-ontnyeckue cetn

. CucreMbl IEPCOHAILHOTO PaIMOBBI30Ba

. CTpykTypa NeiPKUHIOBBIX CHCTEM

. [e#mxunrosstit nporokon POCSAG

O 001NN~ W~
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10. Ie#mxuaroBBIil TpoTokon ERMES
11. Ieimxunrossiii nporokon FLEX

12. CeTy TPaHKUHIOBOH CBSI3U

13. Opranusanys TpPaHKUHIOBOW pajiiOCBsI3U
14. Kimaccndukamnus cetel TpaHKHHTOBOH CBS3H

15. TCP ¢ pactpeneneHHbIM yIpaBIIsSIOIIAM KaHAJIOM

16. TCP c BBIIETICHHBIM YIPABIIOMINM KaHAIOM

17. IIpuHIMIIBI TOCTPOEHUSI TPAHKUHIOBBIX CETEH

18. CIiyTHUKOBBIE CUCTEMBI CBSI3U

8. METOAUYECKHWE PEKOMEHJIALIUHA MO NOAI'OTOBKE K 9K3AMEHY

(Baok 2, 7 CEMECTP)

19. Knaccrugukamys CHCTeM CITyTHAKOBOI CBSI3H
20. IIpHHIOUITEI TOCTPOEHHMS CITYTHHKOBBIX CHCTEM CBSI3H

21. O630p CITYTHUKOBBIX CHCTEM MOOMIIBHOH CBS3H
22. CucreMbl COTOBOH CBS3H

23. IlpuHuuns! yHKIIMOHUPOBAHUS CUCTEM COTOBOM CBSI3U

24. Jlenenue o0CiIyKUBaeMONH TEPPUTOPUU Ha COTHI

25. TIoBTOpHOE UCTIOIb30BAHHUE YACTOT
26. CocTaB CHCTEMBI COTOBOM CBSI3U
27. ANropuT™MBbl (YHKIIMOHUPOBAHUSI CHCTEM COTOBOM CBSI3U
28. AHAJIOrOBBIE CHCTEMEI COTOBO CBSI3U

29. ITudpoBbie CHCTEMBI COTOBO# CBSI3H

30. CucteMbl MOOMIIBHOM CBS3HU 3-T0O MOKOJICHHUS
31. CocraB cucreMsl coToBOM cBs3u crangapra NMT-450

32. Opranuzanys CoeIMHEHHI U NPUHIMIB aapecaruu abonentos (NMT-450)
33. Ycranosnenue Bxomsiero BeizoBa (NMT-450)

34. YcraHOBJICHHE UCXO/IAIIETO BBI30BA
35. OOMmeH coolIeHnsIMU B peskuMe 3cTadeTHOM nepeadu
36. Obopynoanue ctanaapra NMT-450
37. CoToBas cuctema MoJIBUKHOM cBsizu cranaapra AMPS.

CHUCTEMBI.
CIIMCOK PEKOMEHAYEMbBIX THOOPMAINMNOHHBIX UCTOYHHUKOB
6.1.1. OcHoBHas JlUTEpaTypa
ABTODHI, 3arnaBue Wz narenscTBO, rof Anpec
JI1.1 [Yepmrerona, E. A. CucreMsl U ceTu nepenadd nadopmanun. HYacts 1. Cankr-TlerepOypr: | http://www
CucreMsl iepeaadn HHGOPMAIMH Poccuiickuii .iprbooksh
rOCyIapCTBEHHBINA | OP.ru/1796
THAPOMETEOP OJIOTH 6.html
YeCKui
yHusepcurert, 2008
JI1.2 [Marmunkuii, b. H. Mertozpl Tiepeauu JaHHBIX B COTOBBIX CHCTeMax cBsi3u: |HoBocHOMpCK: http://www
y4aeOHOe TTocobue Cubupckuit .iprbooksh
rOCylapCTBEeHHbINH | 0p.ru/4547
YHHUBEPCHUTET 9.html
TEIEeKOMMYHHKAIU 1
1 UH(HOPMATHKH,
2013
JI1.3 |Bepmuu A. H. COTOBBIE CHCTEMBI CBSI3H Mocksa: Uuteprer - | http://www
YuuBepcurer .iprbooksh
Nudopmarmonssix | op.ru/5217
TexHonoruii 7.html

(MHTYUT), 2016

6.1.2. JlonoJiHNTEILHAS JIUTEPATYPA

ABTOpHI,

3arnaBue

| M3 parenscTBO, TOx | Anpec
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JI2.1 |YnoBukusn, B. JI. CHUCTEMBI U CETH CBSA3H C MOABIKHBIMHA O0BEKTAMM: Tam060B: http://www
y4eOHoe ocodue TamOoBcKuit .iprbooksh
rocy/apCTBEHHBIH | Op.ru/6457
TeXHIYECKUH 4.html
yHuBepcurer, ObC
ACB, 2012
JI2.2 |Kokopuy, M. T CrannapTsl TpaHkrHroBo# cBsa3 TETRA n APCO 25. [HoBocubupck: http:/Aww
OrrcaHne 1 CPaBHUTEIBHBIN aHaH3: yueOHoe nocodue | Cubupckuit .iprbooksh
rocy/iapcTBeHHbIi | 0p.ru/6955
YHHBEPCHTET 8.html
TEIEKOMMYHHUKAIM i
1 HHOPMATHKH,
2016
6.1.3. Meroguueckue pa3padoTku
ABTOpHI, 3arnaBue | Wz narenscTBO, rof Anpec

13




ABTODHI, 3ariiaBue M3narenbcTBO, rOf Anpec

JI3.1 [Hocos, B. 1., MogenupoaHnue cucreM cBsi3u B cpene MATLAB: HoBocubupck: http:/Avww
Tumomyk, P. C., y4eOHoe ocodue Cubnpckuit .iprbooksh
Hpoznos, H. B. roCy1apCTBEHHBIN op.ru/5548

YHHBEPCHTET 2.html
TEIEKOMMYHHUKAIH i
1 HHOPMATHKH,
2006
JI3.2 |Bepmunus, A. C. MonenupoBanue OeCrpOBOJHBIX CHCTEM CBSI3H: Tomck: Tomckuit http://www

y4eOHOoe ocobHe U1 CaMOCTOATENEHOH pabOoTEI rocymapctBennsiit | .iprbooksh

CTYJICHTOB YHHUBEPCHTET cHCTeM | Op.ru/7213
YIpaBICHUS U 6.html
PaMOdIICKTP OHUKH,
2014

6.2. ITepeuens pecypcoB HHGOPMAIMOHHO-TEJIeKOMMYHHKANMOHHOI ceTn "MuTepHer"

D1 |Yexmapes FO.B. BeruncnuTenbHble CHCTEMBI, CETH U TEIEKOMMYHHUKAIMHU [ DIeKTpOHHBIN pecypc]/ Uekmapes
10.B.— Dnextpon. TekcroBbie ganubie.— M.: JIMK Ilpecc, 2013.— 184 ¢.— Pexxum noctyna:

32  |CruspoB O.K. BoloKOHHO-ONTHYECKHE CETH U CUCTEMBI CBsi3H [DnekTpoHHbIi pecypc]/ Crispo O.K.—
OnekTpoH. TekcToBble qanHbie.— M.: COJIOH-TIPECC, 2009.— 266 ¢.— Pexxum foctyma:
http://www.iprbookshop.ru/8660.— 3BC «IPRbooks»

93  |babkos B.}O. Cucrembl MoOMIIbHOM cBsi3u. TepMuHBI U onpeselieHus [ DnexTpoHHbld pecypc]/ badkos B.1O.,
Tonanrt I'.3., PycakoB A.B.— DiekTpoH. TekcToBbIe nanHble.— M.: T'opsiuas munust - Tenekom, 2011.— 160
¢.— Pexxum noctyna: http://www.iprbookshop.ru/12043.— 3BC «IPRbooks»

94  |Marnuukuii 5.H. Mertoapl nepeaayn JaHHBIX B COTOBBIX CHCTEMAaX CBS3H [DIIEKTPOHHBIN pecypc]: yueOHoe
nocobue/ Marnunxkuiit b.H.— DnexkTpoH. TekcToBble faHHble.— HoBocuOupck: Cubupckuii rocy1apCcTBeHHbIN
YHHBEPCHUTET TEICKOMMYHHKaIMi 1 nHpopmatuk, 2013.— 178 c.— Pexum pocrymna:
http://www.iprbookshop.ru/45479.— 5BC «IPRbooks»

6.3.1 IlepevyeHb NpPOrpaMMHOro odecnedeHust

6.3.1.1{ Microsoft Windows 7

6.3.1.2|Kaspersky Endpoint Security

6.3.1.3[Microsoft Office 2007

6.3.1.4

6.3.1.5| [nst npoBeaeHus 3aHsTHil ucnons3yercs Moodle — cuctema yrpasieHus KypcaMu (3JIEKTpOHHOE 00ydeHwue),
TaKOKe M3BECTHAS KaK CHCTEMa YMpaBleHUs! 00 ydeHHEM WK BUPTYajbHAs 00yJaromas cpeaa.

6.3.2 [lepevyens nHGOPMALUOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1|- Bbubmmoreka craumapro 'OCT URL.: http://www.gost.ru

6.3.2.2|- TTatentsr Poccun URL: http://ru-patent.info

6.3.2.3|- Pocmatent Poccun URL: http://www1.fips.ru/wps/wcm/connect/content_ru/ru/

6.3.2.4]- OOuiecTBO ¢ orpaHuueHHON O0TBeTCTBEHHOCTHIO «KoHcynbTaHTILToc - CTaBpOnoNbCKuit Kpaii».
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METOJUYECKHUE YKA3ZAHUASA

110 BBIMTOJIHCHHIO ITPAKTUYCCKHX pa60T
110 AMCHUIIIINHC «CetH 1 cHCTEMBI MOOMIBHOM CBSI3M»
HJl CTYACHTOB HAIIPpAaBJICHHUA ITOATOTOBKHU

11.03.02 NupoKOMMYHHKAITMOHHBIE TEXHOJIOTUM U CUCTEMBI CBS3U
npoduiab «CrucTeMbl MOOUIBHOM CBA3M



Meroauyeckne ykasaHus 1Mo JucHUIUIMHE «CeTH M CHUCTeMbl MOOWIIBHOM  CBSI3H»
coJiepKat 3aJaHus s CTYJICHTOB, HEOOXOJUMBIE [T IPAKTHYECKUX 3aHATHHA.
[IpopaboTka MpeIoKEeHHBIX 331aHUI TIO3BOJIUT CTYACHTaM HpUOOPECTH HEOOXOAUMBbIE
3HaHUS B 00J1aCTH U3y4aeMOM JUCIMITIIHHEI.
[Ipennasnauens! ast crygeHtoB Hampasienus 11.03.02 MuadpoxoMMyHUKAITMOHHBIE
TEXHOJIOTUH U CHCTEMBI CBSI3U PO «CUCTEMBI MOOMIIBHOM CBSI3U»
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BBEJJEHUE

HpI/I HU3YyYCHHMU KypCa Hapiaay C OBJIaJCHUEM CTYACHTAMHU TCOPCTUUCCKUMU IIOJIOKCHUAMU
YACIACTCI BHUMAHHC HpI/IO6pCTCHI/IIO MPaKTUYCCKUX HABBIKOB, C TCM, yTOOBl OHH CMOIJIH yCneuiHo
MPUMEHSATh UX B CBOCH MOCIEIyoIei padoTe.

]_ICIH)IO HU3y4YCHUA JUCHUITIINHBI SABJISICTCA TCOPETUYCCKOC OCBOCHHC 06y‘{aIOH_[I/IMI/ICSI OCHOB
(YHKUMOHUPOBAHUS  CETeH M CUCTEM MOOWMIIBHOM CBSI3M, HEOOXOAWMBIX s (OPMHUPOBAHHS
CreuannucTa B 00NacTH MOOWJIBHOM CBSI3M, MOHUMAHUSI POJIM TEXHWUKU CBA3M B NMPOQecCHOHANBHON
JeATebHOCTH; (POPMUPOBAHHUS OOIIETEXHUYECKON KyJbTYPhl MBIIIICHHUS, CIIOCOOHOCTH K 00OOIIEHHUIO,
aHan3y, BOCIPUATUIO HHPOPMAIIH, TOCTAHOBKE 1€ U BBIOOPY MyTel €€ JOCTHIKEHHS; PUMEHIEMbIX
B pCHICHN N HpO(I)CCCI/IOHaJII)HI)IX 3aaa4d u Hay‘-IHO'I/ICCHCILOBaTCJIBCKOI\/'I JACATCIIBHOCTH.

JISKIIMOHHBINA ¥ MPAKTHYECKHI KypC TUCIUILINHBI COACPIKUT 3HAHMSI CETeH U CUCTEM MOOHMJILHOW CBS3U
u q)YHKHI/IOHI/IpOBaHI/ISI CUCTEM OITHMAJIBHOI'O COYC€TaHHA DJJIEMEHTOB TEXHHUYCCKHUX CUCTEM IIO
mapamMerpamMm Nporu3BOAUTEIILHOCTH, HAACKHOCTU U KAa4YCCTBa O6CJ'Iy)KI/IBaHI/IH 110 pa3JIM4YHbIX BUIOB OCHOB
HAyYHOTO SKCIEPHMEHTa, oOeclieurBaolIe y  CTYAEGHTOB B WX NPAKTUYECKOH JAeATEIbHOCTH Ha
TBOPYECKOM, 3BPUCTUYECKOM M PENPONYKTHBHOM YPOBHSIX IIPOBEICHUS MH)KEHEPHBIX UCCIIEIOBAHUMN 110
aHaJIn3y, 1 CUHTE3Y.

[IpuMenenne MeToAa CHUCTEMHOTO aHaIM3a K M3YYEHUIO JAaHHOW JIUCIMIUIAHBI
OoTmpeNeNsieT CICAYIONIUE €ro 3aJadi: HW3Y4YeHHEe NpoOJieM B HMCTOPHUYECKON TIEPCIICKTUBE,
paciiupeHre 3HaHUS CTYACHTOB, pa3BUTHE CHOCOOHOCTH CTYJACHTOB K TIOHUMaHUIO |
KPUTUYECKOMY OCMBICIICHUIO TIPOOJIIEM COBPEMEHHOCTH, 0OCYK/IaeMBbIX B CPEJICTBaX MacCOBOM
nHpOpManuK, JTUTEPATYpe, a TaKKEe MPUOOPETCHHE HABBIKOB MOCJIEIOBATEIHRHO M TPaAMOTHO
M3JIaraTh CBOM MBICJIH B YCTHOW M MUChbMEHHOU (hopme.

B pesynbrare ocBoeHUs JaHHOW JUCIMIUIMHBI (POPMUPYIOTCS CICTYIONINE KOMIIETEHITUN
y o0y4aromierocs:

YK-1.3: [IpumensieT pe3yabTaThbl AHAJIU3A B IPO(ecCHOHATILHOM cepe

IIK-1.1: Aranu3upyeTr cTaTUCTHYeCKHe MapaMeTpbl Tpaduka, MPOBOAUT pacyer
UHTep(eilicoB BHYTPEHHHUX HAaNpaBJieHHMd ceTH, BbIpadaTbiBaeT pelieHus 10
ONepaTUBHOMY NnepeKOH(PUrypUpPOBAHUIO ceTH, W3MEHEHUI0 napaMeTpoB
KOMMYTAIIMOHHOM MOJCHCTEMbI, CeTeBbIX IJIATHOPM U 000PY10BAHHUS HOBBIX TEXHOJIOTHH

IIK-6.1: OcymecTBisieT YaCTOTHO-TEPPUTOPHAJIbLHOE IJIAHUPOBaHME  ceTel
PaauoOAOCTyNIA ¢ MCHOJIb30BAHUEM CPEACTB ABTOMATH3ALMM NPOCKTHPOBAHMUSA CPEACTB U
ceTeil CBSI3M M MX 3JIEMEHTOB

N3y4uB naHHBINA KYypC, CTYAEHT JOJHKEH:
3HaTh: TEOPETUYECKUE OCHOBBI IOCTPOCHHUS, COCTaB 000PYA0BAHUS U OCHOBHBIE
XapaKTEePUCTUKH CeTel U CUCTEM MOOUIILHOU CBS3H;

IIPHUHOMIIBI IIOCTOCHH CYIIECTBYIOINNUX WU MEPCIICKTUBHBIX ceTeil U cucTeM MOOMIIBHOM CBA3HU,
HNCPCICKTHUBHBIC MOJCIU 1 COBPEMCHHOC 060py,Z[OBaHI/Ie ceTell ¥ cUCTEM MOOMIIBHOM CBiA3H,
JanbHenIIme MNEPCICKTHUBBI TCXHUYCCKOI'O PA3BUTHUA ceTell ¥ cuCcTeM MOOMIIBHOM CBSI3H.

VYMeTh: caMOCTOSITEIBHO pa6OTaTB C y‘Ie6H0fI, cnpaBquoﬁ u y‘Ie6HO'MeT0,I[I/I‘leCKOI7I
HHTepaTypOﬁ, MMPUMCHATH CIICHUATIU3UPOBAHHBIC IIPOTPAMMHBIC ITPOAYKTHI IJIsI OTIPCACIICHUA
mapaMETpPoOB U XapaKTCPUCTUK CUCTEM U CPCACTB MOOMILHOM CBA3H,

MMPUMCHATH HA MPAKTHUKE, ITIOTTYUYCHHBIC TCOPCTUYUCCKUC 3HAHUS 11O JUCHUIUINHC UIS aHaJIn3a U
MPOCKTUPOBAHUA ceTel M CHCTEM MOOUIBLHOM CBsI3H,

HCIIOJIb30BAThH B OpraHrU3alnunu pa6OTBI OCHOBHBIC ITPUHIUIIBI TIOCTPOCHUS CYHICCTBYIOINX U
MEPCHCKTUBHLIX CUCTEM U ceTeil MOOMIIBHOM CBs3H,

HCIIOJIb30BATH METOJOJIOTUYCCKHUEC OCHOBLBI ITIOCTPOCHUA HH(bOKOMMyHHKaLIHOHHBIX ceTei Ipu ux
pa3pa60TKe H SKCIUTyaTaluu.



Brnanets: HaBbIKaM# paboTHI ¢ y4eOHOM U y4eOHO-METOJMUECKON JIUTEPATYPOil TIPH peIIeHUs
3a1a4 MpohecCHOHATBHON NeATEIbHOCTH
Peanusanus KOMIIETEHTHOCTHOTO MOAXOAA IIPEIyCMaTPUBAET HIMPOKOE UCIIOIb30BAHUE B

y4eOHOM Tpolecce AaKTHBHBIX W WHTEPAKTHBHBIX (OpM MpoBeAeHUs 3aHATHHA (pa3bop
KOHKPETHBIX CHTYyallWid, cOOECceJOBaHNE) B COYCTAHWUU C BHEAYAUTOPHOU pabOTON C IENbI0
(bopMUpPOBaHHS U Pa3BUTHS MPO(PECCUOHATBHBIX HABBIKOB CIICIIHAIUCTOB.

JIeKIMOHHBIN Kypc sIBIsieTCs 0a30d IS TMOCIEAYIOIIEro MOJYYEeHHUs O0yJaromuMUcCs
MPAKTUYECKUX HABBIKOB, KOTOPbIE IPUOOPETAIOTCS HA NMPAKTHUECKUX 3aHITHUAX, TPOBOIUMBIX B
aKTHBHBIX (opMax: JeloBbIE WIPHl; CHTYalMOHHbIE CEMHUHApbl. METOAMKAa MPOBEICHUS
NPAaKTUYECKUX 3aHATHA W WX COJCp)KaHWE TPOJUKTOBAHBI CTPEMJICHHEM Kak MOXHO
s eKTHBHEEe pa3BUBATh Y CTYACHTOB MBIIUICHHE W MHTYHIINIO, HEOOXOIUMBIE COBPEMEHHOMY
CTIEUUANTNCTY. AKTHBHBIE ()OPMBI CEMHHAPOB OTKPBIBAIOT OOJIBIIIE BO3ZMOKHOCTH JIJIsl IIPOBEPKU
YCBOEHUS TEOPETHIECKOTO U MPAKTUIECKOTO MaTepraIa.

IIpakTnueckoe 3ansiTue 1. llnppossie curuajibl B MOOMIBHBIX CHCTEMaX Nepeaavn
uHopManun.

Heab 3ansTHs 3aKI04aeTcs B (QOPMHUPOBAHUM Yy CTYIEHTOB Tpo(deccuoHaIbHOM
kommneteHuu: I1K-5.2; T1IK-4.1; IIK-1.1.111K-6.1; T1K-6.2

Bonpocsl 1715 00cyxaeHust
1.CtangapThl MOOMJIBHOM CBS3H.
2.Beenenue B crangapt GSM.
3.IIpuHLUIIBI OpraHU3alK COTOBOM CETH MOOWIILHOM CBSI3H.
4.CtpykTypa KOMIOHEHTOB ceTu. CTpyKTypa CIIyk0.
5.Kanass! cBs3H.
IIpakTuyeckoe 3ansaTHe 2 HINpoKoNoJIOCHbIE CHTHAJIBI B MOOMJIbHBIX CHCTEMAX Nepeaadu
uHpopmanum.
Heas 3aHsTHA 3aKIIOYaeTCss B (QOPMHUPOBAHWUU Y CTYIEHTOB TMpodecCHOHATBHOMN
xomnerenuun: 11K-5.2; I1K-4.1; ITK-1.1.1T1K-6.1; I1K-6.2

Bonpocsl 115 00cyxaeHust
6.AHTEHHbI B CUCTEMAX COTOBOM MOBUIbHOW CBA3M.
7 .AHTEHHbI MOBUNbHbBIX CTaHUMN.
8.AHTEHHble cUCTEMbl 6A30BbIX CTAHLUNA.
9.0cobeHHOCTN pacnpoCTpaHEHUs PaANOBOJIH.
10.MapameTpbl cucTEM pPaamnoCBA3M.
IIpakTuyeckoe 3anaTne 3 CoryiacoBanHbie GUIbBTPHI

Ieap 3ausiTHsi 3aKIIOYacTCs B (OPMHUPOBAHUHM Y CTYIEHTOB MPO(ECCHOHAIBLHOU
xomnerenmuu [1K-5.2; T1K-4.1; T1K-1.1.111K-6.1; TIK-6.2

Bomnpocs! ajst 00cy:xaeHUs

14.BbICOKOYACTOTHBIE TPAKTHI B MOOMJIBHOM CTaHIIUH.

15.9kBanaiizep B MOOMIBHOM CTaHIIUH.

16.SIM-kapTa B MOOMIIBHOW CTAHIIHH.

17.CtpykTypHas cxema 6a30Boii cTaniuu ctangapta GSM.
18.DYHKIIMOHUPOBAHNE CUCTEM COTOBOW MOOMIIBHOM cBsi3u cTaHmapta GSM .
19.3aaun 1 METONBI MPOESKTUPOBAHMS B CHCTEMAaX COTOBOM CBSI3H .
20.Pacmpenenenre KaHaJIOB B COTOBOM CETH.

IIpakTuyeckoe 3ansaTHe 4 IloMexoycToiiunBoe KOAMPOBAHNE B MOOMJIBHBIX CHCTEMAX
nepenayu uHgpopmanuu
Henb 3ausiTHsi 3aKII0YaeTCs B (OPMHUPOBAHUM Yy CTYIEGHTOB MpPO(decCHOHATbHOM
kommerennuu: [1K-5.2; I1K-4.1; IIK-1.1.1T1K-6.1; ITK-6.2
Bonpocel 115 o0cyxaeHust



19.3anaun 1 MeTOABI MPOSKTUPOBAHUS B CUCTEMAaX COTOBOM CBS3H .
20.Pacnipenenenue kaHajIoB B COTOBOM CETH.

21.EMKOCTB COTOBO# CETH MOOMIBLHOM CBSI3H.

22 ./3mepeHnst © MOHUTOPUHT B PaI04aCTOTHBIX CHCTEMaX.
23.M3mepeHne napaMeTpoB B Paio4acTOTHBIX CHCTEMaX.

24 TlepCrieKTHBBI Pa3BUTHSI CUCTEM COTOBON MOOHIIBHON CBSI3H.
24.peTbe OKOJICHHE CUCTEM MOOHIBHON CBA3H.

CIIMCOK PEKOMEHAYEMbIX HHOPOPMAINMWMOHHBIX NCTOYHUKOB

ABTOpBHI, 3arnaBue Wz narenscTBO, rof Anpec
JI1.1 |Yepnenosa, E. A. CucrteMsl U cetu niepenadu nHopmanmu. HYacts 1. Cankr-IlerepOypr: | http://www
Cucremsl nepenady HHGOPMALIN Poccuiickmit .iprbooksh
rocy/lapcTBeHHbI | 0p.ru/1796
THIPOMETEOPOIIOTH 6.html
YECKHUI
yHuBepcurer, 2008
ABTOpBHI, 3arnaBue Wz narenscTBO, rof Anpec
JI1.2 |Bepnun A. H. COTOBBIE CUCTEMBI CBSI3U Mockga: Untepher - | http://www
YHuBepcurer .iprbooksh
Nudopmarmonnsix | op.ru/5217
TexHomoruit 7.html
(MHTYUT), 2016
JI1.3 |Marnuukui, b. H. MerTonbl epeayn JaHHBIX B COTOBBIX cucTeMax cBsizu: [HoBocnOupck: http://www
y4eOHoe nocobue Cubupckuii .iprbooksh
roCy/lapcTBeHHbIN | Op.ru/4547
YHHBEPCHUTET 9.html
TEIeKOMMYHHKAIH
1 UH()OPMATHKH,
2013
6.1.2. [lonoJiHNTEIHLHAS JIUTEPATYPA
ABTODHI, 3arnaBue Wz narenscTBO, rof Anpec
JI2.1 |Kokopuu, M. T'. CranmapThl TpaHKUHIOBOM cBsisd TETRA u APCO 25. |HoBocuGupck: http://www
Omnucanue 1 CpaBHUTEIBHBIN aHATU3: yaeOHoe mocobue | Cubupckuit .iprbooksh
rOCYyIapCTBEHHBIA | OP.ru/6955
YHHUBEPCHUTET 8.html
TEIeKOMMYHHKAIHU i
1 MH()OPMATHKH,
2016
J12.2 |YaoBukuwn, B. JI. CHCTEMBI U CETH CBA3HU C TIOABMKHBIMH 00BEKTaAMU: TamMO0B: http://www
yaeOHOe Tocobue Tam0Oo0BCKuit .iprbooksh
TOCYIapCTBEHHBINH | OP.ru/6457
TEXHUYCCKHI 4.html
yauBepcuret, DbC
ACB, 2012
6.1.3. MeTronnueckue pa3padoTKu
ABTOpHI, 3ariaBue H3patenscTBO, oA Anpec
JI3.1 |Bepumuuun, A. C. MognenupoBanue 6€CIIPOBOIHBIX CHCTEM CBSI3H: Tomck: Tomckuii http://www
y4aeOHOE TTOCOOME IS CAMOCTOSTEIBHOM paboThI TOCYIapCTBEHHBIN .iprbooksh
CTY/ICHTOB YHHUBEPCHUTET CHUCTEM | OP.ru/7213
YIIPaBJIECHHUS U 6.html

PaanO3IEKTPOHUKH,

2014




J3.2

Hocos, B. 11, Mopnenupoanue cucreM cBsi3u B cpene MATLAB: HoBocubupck: http:/Avww

Tumomyk, P. C., y4eOHoe ocodue Cubnpckuit .iprbooksh

Hpoznos, H. B. TOCYAapCTBEHHBIN op.ru/5548
YHHBEPCHUTET 2.html

TeTeKOMMYHHKAITH H
1 HH(OPMATHKH,

2006

6.3.1 IlepeuyeHb NporpaMMHOro odecnedeHust

6.3.1.1|K-406

6.3.1.2|Windows 7 nuensnonnas no nogmcke Microsoft Imagine premium (orutara npossienus moamecku Imagine

premium o cuery IM29470 or 28.01.2019r);

6.3.1.3|Kaspersky Endpoint Security 0E26-180226-121730-167-197;

6.3.1.4|Microsoft Office 2013 Professional Plus nunensuonnoe cornammenue Ne64277464;

6.3.1.5|Microsoft Office 2010 Professional Plus nunensnonnoe cornamenre Ne 49405992;

6.3.1.6|KoncynpranT+ noroop «O6 nHdpopmanmoHHoi momaepxkke» Ne 1226/18 ot 9.06.2018r. ¢ conpoBokacHIEM

crienyaIucraMy KOMIIaHUU

6.3.1.7|MathworksMatlab nunensuonnoe cornamenue Ne614270;

6.3.1.8|Mathworks Simulink nunensuonsoe cornamenue Ne614270;

6.3.1.9|IDEARDUINO 6ecrmiatHa 06e3 orpaHHYeHUH B y4eOHOM MpOIiecce;

6.3.2 Ilepeuenb MHGOPMALMOHHBIX CIIPABOYHBIX CHCTEM

6.3.2.

1|Cupasounas npasoas cucrema (CIIC) Koncynsrantllitoc: http://www.consultant.ru
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1. HEJIb U COAEP KXAHUE PABOTBI

[lenbto pabOTHI ABJISIETCS O3HAKOMJICHUE C TEOPUEH U MPAKTUKOW MPUMEHEHHUS
BXOJHBIX LEIEN PaAUONIPUEMHHUKOB C IIEPECTPAUBAEMON YaCTOTOM.

Teopernueckas 4acTb COAEPKUT OCHOBHBIE CBEJACHUS O HA3HAYCHUU BXOJHBIX
nenei, Hanbosiee ynoTpeOUTEIbHBIE CXEMbl BXOAHBIX IEMEH THUara30HOB YMEPEHHO
BbICOKMX 4yacToT M CBY, crocoObl HacTpoiiku Ha pabouyyr0 4acTOTy, OCOOCHHOCTH
BXOJHBIX LICNICH IIPU HACTPOCHHON U HEHACTPOCHHOM aHTEHHAX, a TAK)XKE CBEIECHUS O
CBONMCTBAaxX M MapameTpax BXOIHBIX LENEH.

B pabote paccmaTpuBaroTcs CleayIOIHe BOPOCHI:

— HCCJIEJOBAHHUE BXOAHOM LIETU IIPU EMKOCTHOU CBSI3U C AHTEHHOW;

— HCCIIEIOBAaHUE BXOJAHOM LIENH TP UHAYKTUBHOU CBSI3U C aHTEHHOM;

— HCCIIEOBAaHHE BXOJHOW LENM NPU HHAYKTUBHO-EMKOCTHOW CBSI3U C
AHTEHHOM.

Jna  Kaxaou CXeMbl HCCIEAYeTCd W3MEHEHUE MOMAYJS PE30HAHCHOIO
koxhdunrieHTa nepenayn npu U3MEHEHUN YaCcTOThl HACTPOoiku. MccmenyroTest Takxke
aMIUTUTYTHO-4aCTOTHbIE M (PA304aCTOTHBIE XAPAKTEPUCTUKH OJIHOKOHTYPHBIX
BXOJHBIX ILieneil. PaboTa mpoBOAUTCS Ha KOMIIBIOTEPE B MPOrPAMMHOM cpeje
Electronics Workbench. Kparkue cBenenus mo MoaenupoBaHUIO B 3TOU cpelie Mpu-
BeneHbl B Ilpunoxenun 1. Jlng kaxmod wuccineayeMol CcXeMbl coOupaeTcs
ANIEKTPOHHAST MOJIETh BXOJHOW II€TIH, BKJIIOYAIONIAs HEOOXOIUMBIE TPHOOPHI s
uccienoBanus. Heo6xoaumplie cBeieHMsI 110 BBITIOJHEHUIO pa0OTHI MPUBEICHBI B Ta-
parpade «kcnepruMeHTaNnbHas 4acTby.

[Tocne BeimoaHEHUST pabOTHI COCTABIACTCS MHAUBUAYAIBHBIN OTYET, KOTOPHII
JIOJKEH BKJIFOYATh PACUYETHYIO YacTh, UCCIEAYEMbBIE CXEMBbI, SKCIIEPUMEHTAIBHO TO-
Jy4YeHHbIE PE3yibTaThl B BUJie TaOiull U rpaduKoB M BbIBOJBI MO padote. [ns
BBITIOJIHEHUSI PACYETOB PEKOMEHIYETCS HMCIIOJIb30BAaTh KOMIIBIOTEPHYIO IPOrpaMMy

«Pacuer BXOIOHBIX HCHCfI)), KOTOPYIO MOXXHO ITOJYYHUTH y IIPCIIOaBaTCIIA.



2. BXOJHBIE HEIIN PAJIMOITPUEMHHNKOB

2.1. HazHayeHue BXOAHBIX Iienen
Bxoonvimu yensamu (BLl) paouonpuemnuxa Ha3bIBaIOT IIETH, CBSI3BIBAIOIINE

aHTeHHO-(I)I/II[CpHYIO CUCTEMY C IICPBBIM YCHWIIMTCIIbHBIM HWJIH Hp€O6pa30BaT€J'IBHI)IM

KACKaJIOM ITPUEMHHUKA.
OcHoBHbIMM HazHaueHusIMU Bl siBisttoTcst:
— Iepejaya NPUHATOrO CUTHala OT aHTEHHBI K BXOJy 9TUX KacKa/oB;
— TIpeaBapuTenbHas (pUIBTpaLKs BHEIITHUX TOMEX.
O6piyHO  BI[ mnpencraBiasiOoT cOOOM  MACCHUBHBIA  YETBHIPEXITOIIOCHUK,
coJiepKaluil konedarenpHble KOHTYpbl. Hanbombliee pacnpocTpaHeHUE MOIYYUIN
ONHOKOHTYpHbIe BIl. MHOTOKOHTYpHBIE BXOAHBIE LIEMU NPUMEHSIOTCA TOJBKO IpHU

BBICOKUX TPEOOBAHUSIX K M30MPATEIIbHOCTH BXOIHOM IIETTH.

2.2. TunoBbie cxeMbl BXOJAHBIX leneH
Ha puc. 1-4 npuBeneHsl HEKOTOPBIE YaCTO BCTPEYAIOIIMECS CXEMBI OJHOKOH-
TYPHBIX BXOJHBIX eneil. CXeMbl OTIMYaI0TCs CIIOCO0aMU CBSI3U BXOJHOTO KOHTYpa C

anteHHoil. Ha puc. 1 npuBeneHbl cxeMbl ¢ TpPaHCPOPMATOPHOU CBSI3bIO MEXY KOH-

TypoM LgCx 1 aHTEHHOM.
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Puc. 1. Cxemsl ¢ TpaHCc(HOPMATOPHOI CBA3BIO OAHOKOHTYPHOW BXOAHOM LIEMTU ¢ AaHTCHHOM:

a — ¢ OHIIOJIIPHBIM TPAH3UCTOPOM; O — C TIOJICBBIM TPAH3UCTOPOM
B cxemax Ha puc. 2 UCHOJIb30BaHA €MKOCTHAs CBSI3b BXOJIHOTO KOHTYypa C aH-
TEHHOH, a B CXeMaxX Ha puc. 3 BXOJAHOW KOHTYp CBS3aH C aHTCHHBIM (HUIEPOM Yepes

aBTOTpaHcHopMaTop.
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Puc. 2. Cxembl ¢ EMKOCTHOM CBA3bI0 OTHOKOHTYPHOM BXOJIHOM LIEMU C aHTEHHOMN
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Puc. 3. Cxemsl ¢ TpaHCc(hOpMATOPHOI! CBA3bIO OAHOKOHTYPHOU BXOAHOM Lienu ¢ ¢puaepoM

[ToaxmroueHne BXOAHOTO KOHTYypa
K AaKTUBHOMY DJIEMEHTY MOXET OBbITh
IIOJIHBIM WJIM YaCTUYHBIM B 3aBUCUMOCTHU

OT BXO/IHOI'O COITPOTHUBJICHUA ITOCJIC/IHC-

ro. MmMeromuii Majioe BXOJHOE COIPO-

TUBJICHUE  OUIOJSIPHBIN  TPaH3UCTOP

OOBIYHO TIOJIKITIOYAETCSI YaCTHYHO, Yy TI0-
Puc. 4. Cxema JByXKOHTYpHOU BXOJHOH LI€NIU JIEBOT'O BO3MOJKHO ITIOJTHOC BKITIOUCHHC.

Ha puc. 4 npuBenena oaHa u3

HamOoJee pacpOCTPAHCHHBIX CXeM JABYXKOHTYpHOU BLI. 31meck cBs3b mepBOTro KOH-

Typa ¢ aHTeHHOU — TpaHcdopmaTopHas. CBs3b MEXKYy KOHTYpaMu — BHYTPUEMKOCT-
Has 4depe3 KoHaeHcaTop Ccp; M BHEIIHeeMKOCTHas 4epe3 Cepo. JByxxoHTypHas BIL]

NO3BOJISIET TOJYy4YHUTh Oosiee ONM3KYH0 K MNPSIMOYTOJbHOM aMIUIMTYJHO-4aCTOTHYIO

XapaKTCPUCTUKY, CICAOBATCIIbHO, IIOBLICUTD I/I36I/IpaTeJ'IBHOCTb.



2.3. OcHOBHBIC TapaMeTPbl BXOJHBIX LeneH
OCHOBHBIMH 3JIEKTPUYECKUMHU XapakTepuctukamu BL sBistoTcs:

1. Koagpgpuyuenm nepeoauu nanpscenus, KOTOPbIA OMpPeaenseTcs OTHOIICHH-

€M HamnpsHKEHUsl CUTHAJIa Ha BXOJE MEPBOro aKTUBHOTO 3JeMeHTa nprueMHuka (Ugy) K

O/IC curnana B anTeHHe Ea, a B clIy4yae MarHuTHOM ((peppuTOBOI) aHTEHHBI — K Ha-

NPSKEHHOCTH TOJIsl CUTHAJIA.

2. Ilonoca nponyckauusi — MUAPUHA OOJACTH YACTOT C JIOMYCTHMOW HEpaBHO-
MEPHOCTHIO KO3 (UILIMEHTA NTepeaayu.

3. U36upamenvrocms, XapakTepu3yoIias yMEHbIIEHHE KO3 PUIIUNCHTA TIepe-
JlauM HAMpsDKEHUs TPU 3aJaHHOM paccTpoiike K(f) Mo cpaBHEHHIO ¢ PE30HAHCHBIM
3HaueHueM K.

Bxongnas unens Bmecte ¢ YPU oOecrneuuBaeT 3alaHHYI0 H30UPATEBHOCTD
IIPUEMHHKA I10 3€pPKaJbHOMY KaHaIy M MO KaHally TPOMEKYTOUYHOM YaCTOThI, a TAKKE
0011yI0 MPeIBApUTENIbHYIO (DUIIBTPALINIO TTOMEX.

4. Ilepexpvimue 3adanHo2o oOuanazora uacmom. BXomHas 1enb AOHKHA
o0ecreynBaTh BO3MOKHOCTh HAaCTPOMKH Ha JIOOYI0 4acTOTy 3aJaHHOrO JMana3oHa
NpUeMHUKA, W TPU O3TOM ee¢ TMokazatenu (kKodddumueHT mepemaadd, mojaoca
IPOITYCKaHUsI, U30MPATEILHOCTD U T. 11.) HE JOJHKHBI 3aMETHO U3MEHAThCs. J(nama3on
paboyux 4YacToT XapakTepu3yercs Ko3(Q(PUUMEHTOM MEepeKphITUS Auana3zoHa kj,
PaBHBIM OTHOILLICHUIO MAKCUMAJIIBHOM YaCTOTHI HACTPOMKHA K MUHUMAJIBHOM.

5. Ilocmosincmeo napamempog 6xo0HoU yenu PU N3MEHEHUH TTapaMeTPOB aH-
TEHHbl U aKTUBHOI'O 3JIEMEHTA. DTO BaXXHO MPU HEHACTPOCHHBIX aHTEHHAX, KOTOpPbIC
BHOCAT B BIl akTMBHOE M pEakTUBHOE CONPOTHUBJICHUS. BHOCHMMOE aKTHUBHOE
CONpPOTHUBJICHUE yBeauuuBaeT norepu BIl, 4To mpuBOAUT K pacHIMPEHUIO MOJIOCHI
NpPOMYyCKaHUsT M YXYJAUIEHUI0  u30upaTenbHOCTH. BHOcMMoOe  peakTHBHOE

COIMPOTHUBJICHUC ITPUBOIUT K UI3BMCHCHHUIO H&CTpOﬁKH B]_[

2.4. DKBMBAJICHTbI IPUEMHBIX AHTCHH
OKBUBAJICHTHYIO CXE€MY HPUEMHON aHTEHHBl MOXXHO IIPEJICTAaBUTh B BUJIC

renepatopa ¢ DJIC E, (umu ¢ TOKOM [,) U BHYTPEHHHM COIPOTUBICHUEM Za.
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Buytpennee conporusnenue reaeparopa 3/[C B oOiiem ciiydae COAEPKUT aKTUBHYIO
U PEaKTHUBHYIO COCTaBISIONINE, T.€. Zo = Ra + jXa. Ecnu anTenna obecrneunBaer
IIpMEM CHUTHajJa B JIMANa30HE YaCTOT, TO Takas AHTEHHA COJIEPKUT PEAKTHUBHYIO
COCTaBJISIFOIIYKD CONPOTUBICHUS W B TEOPUH pPAgUOINpPUEMa  HA3bIBACTCA
HenacmpoenHot. Ilpu paboTe nmpueMHUKA Ha (PUKCUPOBAHHOW YACTOTE MPUMEHSIOT
HAcmMpoeHHvle AHTEHHBI C YUCTO aKTUBHBIM BHYTPEHHUM CONPOTHUBJICHUEM.

BuyTtpenHee compoTHBIEHHE HEHACTPOCHHBIX AHTEHH CIIOKHBIM 00pa3oMm
3aBUCUT OT 4acTOoThl. OJIHAKO €CJIM pa3Mepbl AaHTEHHbI HEBEJIUKH IO CPABHEHUIO C
JUTMHOM BOJIHBI, TO JJISI IMANa30HOB JIJTMHHBIX, CPETHUX U KOpoTkuX BojH (/IB, CB,
KB) MoxHO mo100paTh OTHOCHUTEIBLHO MPOCTHIC SKBUBAJICHTHI aHTEeHH. Tak, Iy 1ua-
na3oHoB /[B u CB 3KBHBaJ€HTHBIE CONPOTUBIICHHUSI AHTEHHBI MOKHO B IIEPBOM IpHU-
OJIM>KEHUU TIPEACTAaBUTh B BUJIE eMKOCTU Ca, a BeIMUMHA £ MOXET ObITh HalJIeHA U3
BBIPAKCHHUS:

E, =El,,

rae £ — MOIyJib HANPSHKEHHOCTU JJIEKTPUUECKOW COCTABJISIFOIIEH IOJISI CUTHAJIA B
MECTE IPUEMA;

[» — NENCTBYIOIIAS BHICOTA AHTCHHEI.

2.5. DKBHBAaJIeHTHAs cXeMa BXOJAHOM Lenu

OKBHMBAJICHTHAs CXeMa OJHOKOHTYPHOW BXOJHOM LIENM NPEACTaBICHAa Ha
puc. 5. 3nech aHTEHHO-(QUAEpHas LENb MPEJCTaBICHAa I'€HEPaTOpOM Toka [, C
npoBoguMocTsIMU Ga U B, KOTOpbIE B O0ILEM Cllydyae BKJIIOYAIOT B ce€0sl MapaMeTphl
JJIEMEHTOB CBSI3U AHTEHHBI C KOHTYPOM. BX0/ IIepBOro aKTUBHOI'O DJIEMEHTA IIPUEM-

HHKa BMCCTC C ICILIMH CMCUICHU IIPCACTABJIICH ITIPOBOAUMOCTAMUA GBX 141 BBX'

Puc. 5. DxBuBajgeHTHAsI cXE€Ma BXOIHOU LIEMH

7
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OKBUBAJIGHTHYIO CXEMy MOXHO MpeoOpa3oBaTh K BHUAY, IMOKAa3aHHOMY Ha
puc. 6, ecnu MPOU3BECTH TMEPECUYET BXOJHBIX M BBIXOJHBIX MMAapaMeTpoB K Koieda-

TETHLHOMY KOHTYDY.
Puc. 6. IIpeobpazoBanHasi 5KBUBAJICHTHASI CXeMa BXOAHOH IeTH

3nech nepecyuTaHHble mapameTpbl G o= m*Ga; B’y = m*Ba; G'ax = 1 G gy,
B'agx=n" Byy.

Kak BHIHO M3 SKBHBAJICHTHBIX CXEM, 00INas €MKOCTh KOHTypa BKIIIOYAcT B
ce0s mepecuynuTaHHbIE K KOJIeOaTeIbHOMY KOHTYPY €MKOCTH aHTCHHBI M aKTHBHOTO
JNeMeHTa, a oO0mas axkTUBHAs MPOBOJAUMOCTh KOHTYypa BKJIIOYaeT B ceOs
NepeCYMTAaHHbIC MPOBOJUMOCTH AHTEHHBI W aKTUBHOrO 3jeMeHTa. CieaoBaTeIbHO,

napaMeTpbl aHTCHHBI U BXOI[HOI\/’I MMPOBOAMMOCTH AKTHBHOI'O 3JICMCHTA BJIMAIOT Ha

94aCTOTY HACTPOUKH U TOOPOTHOCTH (M30UPATENHHOCTD) KOHTYPA BXOAHOM IIETIH.

2.6. Bxoanble nenu npu padore ¢ HCHACTPOCHHBIMU AHTEHHAMH
2.6.1. BxonHas nenb ¢ eMKOCTHOM CBSI3bIO C AHTEHHOM
Cxema BII u 3kBHBaJICHTa aHTEHHBI B AMaNa3oHaxX JUIMHHBIX U CPEIHHUX BOJH

n300pakeHa Ha puc. 7.



Puc. 7. DxBuBaneHT anteHHsl U BL] ¢ eMKOCTHOM CBSI3bIO

Bxoanas uenb cocTouT U3 eMKOCTH cBsi3U Cgy U KOHTYpa, HACTpauBaeMoro Ha
4aCTOTY NNPUHUMAEMOI'0 CUTHAJIa KOHJIEHCATOPOM nepeMeHHoU eMkoctu C. Bennun-
Ha eMKOCTH C.; BBIOMpACTCs HEOONBIIOW W COCTABISICT CIMHMILI MUKOdapaa. ITo

nemaercst moromy, uro npuemuuku CB, JIB aumanazoHoB pa®oTaror, Kak MPaBHIIO, C
HEIITATHBIMA AHTCHHAMH, BEJIMYHMHA TApaMETPOB KOTOPBIX MOXKET H3MEHSTHCS B
Oonpmux mpenenax. (s Toro yroOwl aHTeHHa ciabo Biausiaa Ha BII, ee cBs3b C
KOHTYPOM BXOJIHOM IIEITH BBITIOJHSIOT CJIA00M.

Monyns pe3ornancHoro koddduimenta nepenaun Bl
. . 2
|Ko| = ‘UBLIX/EA‘ = (m/6K3)CCB (2nf,) L

rae O, — YKBUBAJICHTHOE 3aTyXaHHE KOHTYPA;
L — MHIyKTHBHOCTB KOHTYDA.
KBanparnynas 3aBMCHMOCTD ‘Ko‘ OT 4acToThl HacTpoiiku BI[ oObscHseTcs
TEM, YTO KaXJas M3 BEJIMYMH, ONPEICIAIOIAs HANpsSHKEHUE Ha BBIXOAE BXOJIHOM
uenu (TOK I, w >KBUBaNEHTHOE CONPOTUBIIEHUE KOHTYpa), NPONOPIHOHAIbHA

BEJIMYUHE f.
N3meHeHue pe30HaHCHOTro KO3 (UIMEHTa epeIadyn BXOJHOM LEMU C eMKOCT-

HOM CBSI3bI0 C aHTCHHOM I10 JAUAIIa30HY IIOKAa3aHO Ha pUC. 8.
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Puc. 8. I3Menenne Mo tyist pe30HaHCHOTO Kod(hduiineHTa nepeaadan BXOAHOU 1ETH
C EMKOCTHOM CBSI3bIO C aHTEHHOM IIPU NIEPECTPOMKE;

JIPY BxYVY — nuamna3on pabouux 4acTOT BXOAHOTO YCTPOMCTBA
N3buparensHbie cBoiictBa BLl mpu Ooapmmx paccTpoiKax ONpeaesstoTCs

KOHTYPOM 3TOM 1enu (puc. 9).
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Puc. 9. U3MmeHeHue moaochl IIPOITYCKaHHUA B IUAIIa30HC 9aCTOT
[Ipu nepectpoiike KOHTypa B AMANA30HE YACTOT OT fomin 10 fomax, €CJIH 3aTyXa-
Hue kKoHTypa BIl Hem3meHHo B quama3oHe paboyux 9acTOT, aMIUIMTYIHO-9acTOTHAS
XapaKTePUCTUKA KOHTYpa PacHIupsieTCs, YTO MPUBOJIUT K YXYAIICHUIO U30UpaTelib-
HbIX cBOicTB BII.
2.6.2. BxogHasi nenb ¢ UHAYKTUBHOM CBSA3bI0 C AHTEHHOM
Cxema BXOJHOW LENM W JKBUBAJIEHTA AHTEHHbI TIpuBeAeHa Ha puc. 10.

OnemeHThl Ca U L) 00pa3yloT aHTEHHYIO LIETIb.

10
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Puc. 10. OxBuBanenT antenHsl U BIl ¢ uHAYKTUBHOH CBS3bIO

MaruautHas cBa3b M MeXAy KOHTYPOM BXOJHOM LIENU U AHTEHHOM LEIbIO
BbIOMpaeTcs cnaboi, MO3TOMY BHOCHUMBIMU CONPOTHBIICHUSMU W3 OJHOW LIEMU B
APYTYIO B IEPBOM MPUOIMKEHUN MOKHO IPEHEOpeb.

Monynb ko3¢ duinenta nepenauu BI;

‘KO‘ = ‘UBLIX/EA‘ :(KCB m/(SKB l_fA2/f02

JNET

Paznuyaror aBa Buaa Bl ¢ mHaykTUBHOUM CBS3bI0. Eciu fA > fi max, BXOJHAs
[eNb HAa3bIBAETCS BXOJHOM IEMbI0 C «yKOPOUYEHHOW» aHTEHHOU, eciu fa < fo min —
BXOJHOM LIETBIO C «yMJIMHEHHOW» aHTEHHOU. 31€Ch f) min U fo max — COOTBETCTBEHHO
MaKCMMallbHasi ¥ MHUHUMallbHas paboyue 4YacToThl JAuanazoHa mnepectpoiiku BILI.
Crnyudaii, korja fy HaXOIUTCS MOCepeanHe Auana3zoHa nepectporiku Bll, Ha mpakTuke
OOBIYHO HE BCTpEYaeTCs. IDTO OOBICHSAETCS CYIIECTBEHHONW HEPaBHOMEPHOCTHIO
kodhdunmenta nepenaun Bl B gumanmazone pa®odmx 9acToT, KOT/a pe30HAHCHAS

4acToTa aHTCHHOM LCIIN OKAa3bIBACTCA B €TI0 IIPCACIAX.

PaccmoTpum aBa mipefenbHbIX ciydas: fa >> fomax- ¥ fa << o min-

B mnepBoMm ciydae, mpu CHIBHOM YKOPOUYECHUM AHTEHHBI, BEJIIMYHMHA |KO|
2 :
IPOIOPIMOHATBHA . ITO OOBICHIETCS TEM, YTO TOK [, TPU CHIBHOM YKOPOYEHUH

MPONOPLIHOHAIEH BennunHe O, u BHocuMas B kouTyp BL[ DJIC Ey, okasbiBaeTcs

IIPONOPUMOHAIIBHA KBAIPATy YaCTOTHI.
Bo BTOpOM crnyuae, T. €. IpU CUJIILHOM YJUJIMHEHUUA AHTEHHBI, TOK B AHTEHHOU

Ienu 0OpaTHO MPOTIOPIIMOHAIICH YacTOTe BXOAHOrO curHana. [losTomy BHOCHMAs B
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koHTyp BI] OJIC oka3biBaeTcsi HE3aBUCUMOI OT 4acTOThl cUrHayia. CiaeqoBaTeIbHO,
HarnpsbkeHre Ha Bbixojae BIl u koadduimeHT nepenadyd MOCTOSHHBI B JIUAa3oHE
yactoT nepectporku BlIl mpu ycnoBum mOCTOSHCTBA 3aTyXaHUs KOHTYpa, YTO B

OOJIBIIMHCTBE CJIy4acB ABJICTCA JOCTOMHCTBOM.

o .,

.
‘e

‘e

e e m e m
o

0

S
.
o
.
.
.
-t
.
st

1
1
JQ

1
1

1
S
)

1

1

1

1

1

1

1

1

1

1

1

l

..

v

ﬁ) MUH ﬁ) Makc f;‘l f A ﬁ) MUH f 0 makc

Puc. 11. 3MeHeHHE MOTYIISI pE30HAHCHOTO KOA(PPHUITUCHTA ITepeIadll BXOHOH ICTIH
C MHIYKTUBHOM CBSI3bI0 C AHTEHHOM TPHU MEPECTPOMKE;
clieBa — P YKOPOUYEHHOM aHTEHHE, CIIpaBa — IIPU yUIMHEHHOU

Henocratkom Bl ¢ MHAYKTUBHOW CBA3BIO IIPU CWJIBHOM YJIMHEHUU AHTCHHBI
SBJISICTCS Majas BeJWYMHA pPEe30HAHCHOro kodddumuenta nepemaun. [lo stoi
MIPUYMHE TaKasl CBS3b PEAKO HCIOJIb3YETCS HA MPAKTHUKE.

N36upatenbHbie CBOMCTBA BXOTHOM II€NU C MHIYKTUBHOM CBS3BIO C aHTCHHOM
OTPENENAIOTCA HM30UPATEIIbHBIMU CBOMCTBAMHM HArpy>XEHHOTO KOHTypa STOH IIeIHu.

[Ipu 60X paccTpoiKax CieayeT TaKKe YUYUTHIBATh BIUSHAE aHTEHHOTO KOHTYpA.

2.6.3. BxogHas nenb ¢ HHAYKTHBHO-eMKOCTHOM CBSI3bI0 C AHTEHHOM

CxeMa BXOJHOM LENU M 3KBHBAJICHTA aHTEHHbI M300pakeHa Ha puc. 12. B
paccmarpuBaemor BIl wcronb3yercss nBa BHAA CBSI3M C AHTECHHOW: €MKOCTHasi W
uHAyKTUBHAasA. CxeMma JIMHEWHA, T03TOMY KO3(P(PUUMEHTHI Nnepeaayl CyMMUPYIOTCS.
[Ipy WHOYKTHUBHOM CBSA3M UCIIOJNB3YETCS «yMJIMHEHHAs» aAHTEHHA C MaJlbIM
«YUTMHEHHEM». 3a CYET €MKOCTHOM CBsI3W KOA((OUIIMEHT TMepeaadyrd BXOIHOM IernH
YBEIIMYMBAECTCA C POCTOM YaCTOTbl HACTPOMKHM, 3@ CYET WHAYKTUBHOW —
YMEHBIIIAETCS.
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Puc. 12. Bxognas nenb 1 3KBUBAJICHT aHTEHHBI TPU UHAYKTUBHO-€MKOCTHOM CBSI3U

CoBMmecTHasg QJICKTPUYCCKAasd M MArduMTHass CBA3b IPHUBOAUT K TOMY, 4YTO
MOAYJIb PC30HAHCHOI'O KOB(b(I)I/IHI/IeHTa nepecaadyu ci1ad0 3aBHUCUT OT 4YacCTOTHI
HaCTpOfIKH BXOI[HOfI OCIIv, a IO BEJIIMYMHEC OKa3bIBACTCA 3HAYUTCIBHO 60J'IBIJ_II/IM, ycM
B CJIy4dac HHHYKTHBHOﬁ CBA3H IIPHU CHUJIBHOM «YKOPOYCHHUH) AHTCHHEI. Takoro BHU A

BH HaXOJAT HINPOKOC IIPAKTUICCKOC IIPUMCHCHUC.

2.7. HacTpoiika BXOIHOM Henu

JUis mosyuyeHus 3aJaHHOTr0 KO3 PUIIMEHTa NePEKPHITHSI Ha BCeX MOAHAana3o-
HaX B KOHTYpax UCHOJb3YIOT 100aBouHble KoHAaeHcaTopbl Cy u C; (puc. 13), koTopsie
YMEHBIIAIOT BIUsHUE eMKOCTH Cy Ha 4aCTOTY HACTPOMKU KOHTYpa U, CJIEA0BATEINBHO,

YMEHBIIAIOT KO DHUIIMEHT MePEKPHITHSI.

Puc. 13. [Tony4enne 3amanHoro ko3 GuimeHTa nepekpeIThs JUama3oHa

B cBsA3uM ¢ MUKpOMMHHATIOpH3ALMEN amnmaparypbl I HaCTPOWKHA KOHTYPOB
BMECTO TPOMO3JKHUX MEXaHUYECKUX OJIOKOB KOHJIEHCATOPOB NEPEMEHHON €MKOCTH

(KIIE) B HacTosiee BpeMsi 0ObIYHO IPUMEHSIOT BapUKaIbl. [ TaBHOE MPEUMYIIIECTBO
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BApUKAIlOB — MaJjbl€ pa3Mepbl, MEXaHUYECKash HAJEKHOCTb, IIPOCTOTA aBTOMAaTUYe-
CKOI'0 ¥ JUCTAaHLIMOHHOTO YIIPABJICHUNW HACTPONKOM.

Cxembl BKJIIOYEHHS BapUKAllOB B KOJIEOATENbHBIM KOHTYp IpPHUBEACHBI Ha
puc. 14. Perynupyromee HanpspKeHUE Ha JHOABI MOAACTCS IMOTEHUHOMETPOM OT
CTaOWJIN3UPOBAHHOIO  HCTOYHHMKA.  Pe3ucrop  HyXeH I  YMEHbIICHHS

LIYHTHUPYIOIIETO IEUCTBUS HA PE30HAHCHBIN KOHTYP LN YIIPABJICHUS HACTPOUKOM.

aj 6)
Puc. 14. CxeMsbl 251€EKTPOHHOI HACTPOMKH KOHTYpa

Henocratkom BapukanoB B cpaBHeHuu ¢ KIIE sBiseTcs HENMHEWHOCTH INpH
OOJIBIINX YPOBHAX CUTHAJNOB M nomex. OciabuTh HeIuHEHbIE 3(PPEKTH MOKHO U3-
BECTHBIM MPHUEMOM — MPUMEHEHUEM OaJlaHCHBIX (IBYXTAKTHBIX) cxeM. B naHHOM
ClIy4ae TaKOW CXEMOH SBJIAETCS BCTPEYHO-IIOCIIEIOBATEIBHOE BKIIOYEHHUE JBYX Ba-
pUKanoB (PUCYHOK 6 — CIIpaBa).

Jlji1 HaCTPOMKHU KOHTYPOB C NMOMOIIIbIO BaApUKAIOB 11€J1IECO00pa3HO MPUMEHSTh
HE MEXAaHWYECKHE PETYJSTOPbl HANPSKEHUS CO CKOJIB3SAIIUMU KOHTaKTaMH, a
JJEKTPOHHBIE  WCTOYHMKH  PETYJIMPYIOLIErO0  HANpSUKEHUS —  CHHTE3aTOPbI
HanpsokeHus. OHM  coleplkaT TeHeparop HMIIYJIbCOB U LHU(PPOaHATIOTOBBIH
npeodpazoBatens (LAIID), sBastomuiics UCTOUHUKOM CTYNEHYATOrO0 HACTPOEYHOIrO
HAIpPsDKEHUS KOJIE0ATENIbHOTO KOHTYpA. YIPABISIIOUIEE YCTPOWCTBO JJII HACTPOMKH
MOXeT coaepxaTb Mukponpouneccop (MII), 3amomuHaronmiee U HporpaMMHOE
YCTPOWCTBA, a TAKKE OPraHbl PyYHOT'O YIPABJIECHUS.

Ilepexnrouenue IIOA1MaNIa30HOB MOXET OCYILECTBIIATBCS Kak
NEPEKITIYATEISIMU CO CKOJIB3SIIIIMMY KOHTAKTaMH, TaK U 3JIEKTPOHHBIMU KJIIOYaMHU, B
KauecTBE KOTOPBIX CIyKaT KOMMYTalMOHHbIE Juoxbl. [lepexmtouarenu co
CKOJB3SIIMMHA  KOHTAaKTaMU HMMEIOT HU3KYK0 HAJEKHOCTb UM 3aTPYIHAIOT

ABTOMATHYCCKOC M AUCTAHIOMOHHOC YIIPAaBJIICHHUC IICPCKIIIOYCHUCM. 9HCKTpOHHBI€
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KJIFOYM Ha KOMMYTAIIMOHHBIX JTUOJIaX MPOCThI U HAJICKHBI, TTO3BOJISIIOT OCYIIECTBISTh
ABTOMATUYECKOE U JUCTAHIIMOHHOE YIPABJICHUE MOJHOCTHIO Ha JIEKTPOHHBIX y3/aX.
HX HEnoCcTaTOK — HEJIMHEMHOCTh AUOJHBIX KIFOYEH MPHU CUJIBHBIX MOMEXaX, KOTopast
MPUBOJUT K YXYAIICHHIO MHOTOCUTHAIBHON N30UPaTEIbHOCTH.

[TepexntoueHnue nojauana3oHoB — OoJyiee ClIOXKHas 3ajadya, YeM SJIEKTPOHHAs
HacTpoiika. [ToaTroMy pa3paboTumky paguoanmapaTypbl CTaparoTcs HE HMPUMCHSTH
MEPEKITIOUECHUE MOIIMANIa30HOB BO BXOJHBIX LEMAX. Takas BO3MOKHOCTb MOSIBIISIETCA
npu HHOPATUHHOM MTOCTPOSHUN MMPUEMHHKA, KOT/a TIepBas MPOMEXYyTOUHAsT 4acTOTa
BBIOpaHa BBIIIIE MAaKCUMAJIbHOM YacTOTHI JUalia3oHa MPUEMHHUKA U 3€PKAJIbHBIA KaHal
pacmoJIoKEeH AAJEKO 3a MpejaesiaMy Jhana3oHa MPUHUMAEMbIX 4acToT. B kauectBe
BXOJHOW IIENMM B TaKUX MPUEMHUKAX OOBIYHO MPHUMEHSIOT HeIepecTpanBacMbIe

(GUABTPHI HU3KUX YACTOT.

2.8. BxoaHble Henu Npu HACTPOEHHOH AHTEHHE

Hactpoennble aHTEHHBI TPHUMEHSIOTCS, KaK TMpaBUIO, TPH TpUEeME Ha
METPOBBIX U 00Jee KOPOTKMX BOJIHAX, a TaKKe MPH MPOPECCHOHATHHOM MpHEME Ha
JIEKaMETPOBBIX BOJIHAX, HAIPUMEP HAa MAruCTPajJbHBIX JIMHUIX CBS3U. B aTHX ciyua-
X OOBIYHO MPEIbIBISIOTCS BHICOKHE TPEOOBaHUSI K YyBCTBUTEILHOCTH MPUEMHHKA,
KOTOpasi OrpaHryueHa ero COOCTBEHHBIMH IIIyMaMH, IO3TOMY Ba)KHO OOECIIEUNTh Hau-
JY4IIYIO [Iepeady CUrHaia OT aHTeHHBI K Bxony Y PY.

Koadduiment nepenaun mMeeT MakCUMajdbHOE 3HAYCHHE TPH CO2NACOBAHUU
anmenHwvl ¢ puoepom, a ¢pudepa — ¢ 6xooom npuemnuka. [Ipu s3Tom B pumepe nmeet
MECTO PEKHUM OeryImieil BOIHbI, YTO HEOOXOAUMO TaKkKe VISl YCTPAHEHUS UCKaKCHHM
CUTHAJIa, BBI3BAHHBIX OTPAKEHUSIMHU TpU Ooibiion mnuHe ¢uaepa. CoriacoBaHue
duaepa ¢ BXoAOM NMPUEMHHUKA U TIOTYUYCHHUE 33IaHHOTO PE3YIbTUPYIOIIETO 3aTyXaHUs
JOCTUTAIOTCS BBIOOpOM Kod(pduiineHToB Tpancopmaiuu. PezonancHsiii ko duim-

CHT IICpcaadu Ipr COriiaCoBaHnuu ONPCACIIACTCA BhIPAKCHUCM
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3nech mapamerp D ompenensieT AOMYCTUMOE YBEJIMYEHHE 3aTyXaHUs KOHTypa
BXOJHOM IIEMH 3a CYET €ro Harpy3Ku aKTUBHOUN MPOBOJAMMOCTBIO aHTEHHBI U BXOJTHOM
IIPOBOJIMMOCTBIO aKTUBHOTO 3JieMeHTa: D = d 4 / di. Ilpu BBICOKONH J0OpOTHOCTH
KOHTYpa BXOJIHOHM LIETH JOIYCTUMBIN KO3(PGUIMEHT pacIlIMpeHus: MOJ0Chl MpPOIyc-
kaHusi D ctaHoButcs O0oibuM. B 3ToM ciiyuae mipeaenbHbiil KoddpuimeHTt nepena-
YU BXOJIHOW LEMHU ONPENEIIAeTCs TOIbKO COMPOTUBICHUEM aHTEHHBI U BXOJIHOW IPO-
BOJMMOCTbIO aKTUBHOT'O 3JIEMEHTA.

HactpoeHnHble aHTEHHBI OOBIYHO HMEIOT JOCTATOYHO UIMPOKYIO TOJIOCY
IPOMYCKAHHUSI, IO3TOMY MOXHO HE YYHMTHIBATh M3MEHEHHSI UX CONPOTUBIICHUS MPHU
pacctpoiikax. Torma pe3oHaHCHas KpuBasi BXOJHOM ILienu OyJeT 3aBUCETh B
OCHOBHOM OT XapaKTEPUCTUKH SKBUBAJICHTHOI'O KOHTYpA.

Kpome pexuma coriiacoBaHuss TPUMEHSETCS PEXKUM  ONMUMATLHOZO0
paccoenacosanusi,  00ECIEUMBAIOIIMI  MUHUMAJIbHBIA KO3 UIMEHT  1Iyma
IpUEeMHUKA U, CJIEA0BATEIbHO, €r0 HAWBBICIIYIO YyBCTBUTEIHHOCTh. OOBIUHO pacyeT
BXOJIHOM IIeNMU BEAYT B PEKUME COTJIACOBAHMS, a ONTUMAJIBLHOTO PAaCCOIIaCOBAHUS
NOOWBAIOTCS TPU HACTPOWKE MPUEMHUKA ITyTeM HEOOJBIIOTO YBEIMYEHUS CBS3U

KOHTYpa C aHTEHHOI.

2.9. Bxoansblie uenu npueMuukos CBY

Kak m Ha yMmepeHHO BBICOKMX 4YacToTaxX, BXxoAHblie nenu CBY puanazona
UMEIOT XapakTep PpE30HAHCHBIX CHUCTEM WM (UIBTPOB, OAHAKO creruduka
MHKPOBOJIHOBOI'O JMaria3oHa JelaeT HMX CXEMHYI0, a IJJaBHOE€ KOHCTPYKTHBHYIO
peanu3aluoo COBEPIIEHHO APYroi, MOCKOoIbKY Ha yacTtoTax Bbiie 300+500 MI'y onu
BBIITOJIHSFOTCS HA DJIEMEHTAX C PACIPEACIICHHBIMU ITapaMeTPaMHU.

ITo cnocoby peanuzamuu pe3zoHaropel CBY gensT Ha IUIOCKOCTHBIE U
oObeMHbIe. [110CKOCTHBIE PE30HATOPHI BHIMOJHAIOTCS HAa OCHOBE JIMHUU Iepeaadyu
Pa3IMYHBIX TUIIOB: HECUMMETPUYHOM U CUMMETPUYHON MHKporonockoBoi (MIL),

LIEJIEBOW, KOIUIAHAPHOU U Jp. B nenumerpoBom nana3oHe NPUMEHSIOT OTPE3KU KO-
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aKCUalbHbIX JMHUNA. KOHCTPYKTMBHO pe30HATOpP MOXKET ObITh KOPOTKO3aMKHYTBHIM
WIM Pa30MKHYTBHIM Ha KoHILE. [Ipu anekTpuueckoil 1uHE MEHbLIE YETBEPTH JITTUHBI
BOJIHBl KOPOTKO3aMKHYTBIA OTPE30K 3KBHUBAJICHTEH HWHAYKTHMBHOCTH, a PAa30MKHY-
TBI — eMKOCTHU. JINHUM, JIMHA KOTOPBIX KPaTHA YETBEPTH JJIMHBI BOJIHBI, CTAHOBATCS
PE30HAHCHBIMU M SKBUBAJEHTHBIMM  COOTBETCTBEHHO IapaUIEIbHOMY  WJIU
[I0CJIEIOBATENIBHOMY KOHTYpY. KOpOTKO3aMKHYThIE PE30HATOPbI HA MUKPOIOJIOCKO-
BBIX JIMHUSX MUMEIOT MaJlble pa3Mephl, Majble MOTEPU HA U3ITYyYEHUE U CPABHUTEIBHO
BBICOKYIO J00poTHOCTE (Q =200+300), HO u3-3a HATUYUS KOPOTKO3aMBIKATEIISI
CJIOXKHEE TEXHOJOrn4ecku. IIpocTeie B M3rOTOBICHUM Pa30MKHYTBIE HA KOHLE PE30-
HATOpbI BCJIEJICTBHE MOTEPh HA H3JIyYEHUE HMMEIOT 00jiee HU3KYI0 JT0OPOTHOCTb
(0 <100).

B CBY TpakT pe3oHATOpbl BKIIOYAIOTCS II0 CXEME JBYX- WJIH YEThIPEX-
noyitocHuka. Ha ux ocHoBe MOT'yT 0Opa3oBBIBaThCS COCTaBHbIE pe3oHATOpbl. Kpome
IPSIMOYTOJIBHBIX, IPUMEHSIOT IUIOCKHE PE30HATOPBI TAKXKE KPYIJIOW, SJTUITHYECKOM
u KoibleBoi (opmbl. IlepecTpoiika 4acTOTHI MIOCKUX PE30HATOPOB MOMKET OBITh
MEXaHUYECKOM — H3MEHEHHEM pa3MepoB, a TaKXKe 3JIEKTPUUYECKON — OOBIYHO C
IIOMOILBIO BKJIIOUEHHOTO B PE30HATOP BapUKalIa.

[Ipumensiempie B PIlpY CBUY OGonee BbICOKOJOOPOTHBIE OOBEMHBIE
PE30HATOPBI JIENATCS Ha TBEPAOTENbHBIE W TOJble. TBEpPAOTEIbHBIE PE30HATOPHI
IPEICTaBIAIOT cO00il HeOOMbIIME 00bEMBbl JUANIEKTPUKA WIH (EeppuTa, B KOTOPBIX
UMEET MECTO OOBEMHBIM PE30HAHC 3JIEKTPOMArHUTHOTO MOJsA. JudnekTpuueckue
PE30HATOPBI MPEICTABISAIOT COO0M AUCKU, UIMIUHAPHL, OPYCKH, KOJblla U T.II., GopMa,
pa3Mepbl U IUAJIEKTPUYECKasi MPOHUIIAEMOCTh KOTOPBIX BbIOpaHbI TaK, YTOOBI B HUX
Ha 3aJaHHOM YacTOTE BBIIOJHINCH YCIOBUS 3JEKTPOMAarHUTHOIO PpPE30HAHCA
BCJICACTBUE SBJICHHSI IIOJIHOIO BHYTPEHHETO OTPAXKEHUS JIEKTPOMArHUTHOW BOJIHBI.
Takme  pesonatopsl  BechMa  KomMmakTHel. ~ CoOcTBeHHas  JOOPOTHOCTH
JURJIEKTPUYECKUX PE30HATOPOB Ha CAHTHUMETPOBBIX BOJHAX JOCTUIAET HECKOJIBKUX
TBHICSIY U MOKET OBITh €I11€ YBEIUYECHA IyTEM OXJIAXKICHHUS.

B CBY TpakT AU3IEKTPUYECKHE PE30HATOPHI BKIIOYAKOTCSA JIBYMsI CIIOCOOaMHU.

HpI/I IICPBOM criocooe PE30HATOP BKIIOYACTCA MCIKAY ABYMS HCCBA3dHHBIMU JIMHUAMU
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nepeavn, HapuMep, pacroyIOKEHHBIMU OPTOTOHAIBHO WIIM Pa3JeIeHHbIMU YYaCTKOM
BOJIHOBOJIa. Ha pe30HaHCHOI yacToTe AMAJIEKTPUUECKUN PE30HATOp BO30YKIaeTcs, U
JMHUH OKa3bIBAIOTCS CBSI3aHHBIMU €T0 ToJieM. [Ipu BTopoM crioco6e TuiieKTpuiecKuii
PE30HATOp HAaXOJIWUTCA BHE OCHOBHOI'O TPaKTa U CBSI3aH C HUM 3JIEKTPOMArHUTHBIMU
nojsiMu. Ha pe3oHaHCHON 4yacToTe AMAIEKTPUYECKUN PE30HATOp BO30YXkAAETCA, €ro
NIEPEU3IIYYEHHOE T10JI€ KOMIIEHCUPYET I0JIE MAJAIOLIe BOJHBI U B TPAKTE BO3HUKAET
cTosvasi BoJIHA. Bianu oT pe3oHaHca AMAIEKTPUUECKUNA pE30HATOp HE BO30YXKIEH, U
BCSI MOIITHOCTh B TPAKTE MOCTYIAET B HArpy3Ky. lloacTporika 4acTOThl AUAIIEKTpUYE-
CKOI'O PE€30HATOPA TIOCTUTAETCSI BHECEHUEM B €T0 DJIEKTPHUUECKOE MOJIE METAIUINYECKHUX
WIH TARJIEKTPUIECKUX TEIL

HauGonee tunuuHbll ¢eppumossviii  pezonamop TPENCTaBIAECT COOOM
THiateslbHo oTuu@oBaHHyo chepy muamerpom 0,3...1 MM U3 MOHOKpHCTAIa
xeneszoutrrpueBoro rpanara (JKUI'), moMemeHHyr0 B LEHTpPE JABYX OPTOrOHAJIBHO
PaCIOJIOKEHHBIX METENb CBSI3U, MIOCKOCTh KOTOPBIX COBHAJAET C HAIpaBICHUEM
NOCTOSTHHOT'O TNOAMarHu4uBaroniero noisisg. Kaxknmas W3 mertenb COEAMHEHA OJHUM
KOHIIOM C MOJBOJSIIEH (OTBOJAIIEH) JIMHUEH, a Ipyroi ee KoHel 3azemiieH no CBY
C IOMOIIIBIO YETBEPTHBOJIHOBOTO OTpe3Ka. 1Ipu onpeneneHHOM cOYeTaHUM BHEIIHUX
marautHoro U CBY mosneir B Takoil cdepe m3-3a (pu3mdeckux CBOUCTB (depputa
BO3HUKACT (EppOMArHUTHBIA PE30HAHC, U €CIM U3-32 OPTOTOHAJIHLHOCTH
pacnoyIOKEHUs] TMeTellb CBSI3U CBSA3b MEXJIYy BXOJOM M BBIXOJIOM (PEPPUTOBOTO
pe3oHaTopa OTCYTCTBYeT, TO mpu pe3oHance uepe3 chepy KUI smeprus CBU
nepeaaeTcs OT BXoAa K BBIXOY.

OnHUM U3 TJIABHBIX JOCTOMHCTB (hePPUTOBBIX PE30OHATOPOB SIBISETCS BO3MOXK-
HOCTb TOTy4eHHs OOIBIINX 3HaYeHni 106poTHOCTH (Q = 10%) BIIOTH 10 MILIAMET-
POBBIX BOJIH, IPUYEM 3TO €IMHCTBEHHBIN TUIl pe3oHaTopoB CBY, pe3oHaHcHas yvac-
TOTa KOTOPBIX HE 3aBUCHUT OT Pa3MEPOB, & ONPEIEIAETCS TOIBKO HAIPSIKEHHOCTBIO
IIOCTOSIHHOTO ITOAMAarHM4MBaroLero noi. Jpyroe Baxxnoe 10ctonHcTBO OP — BO3-
MOKHOCTb BECbMa IIMPOKOJAMANIA30HHONU MEPECTPOMKN PE30HAHCHOM 4aCTOThI U3ME-
HEHHEM HaIpsHKeHHOCTH MarHuTHoro mnojsi. Hemocratkom OP siBisiercss cuibHas

3aBUCHUMOCTD p€3OHaHCHOﬁ YaCTOThI OT TCMIICPATYPBHI.
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[Tonble 0O0bEMHBIE PE30HATOPHI B PATUONPUEMHONM TEXHUKE B HACTOSIIEE
BpEeMsI UCIIOJIB3YIOTCS KpalHe PEeAKO U3-3a TUIOXUX MAaccOrabapUTHBIX MOKa3aTesie u
HUA3KOW KOHCTPYKTHUBHOW M TEXHOJIOTMYECKOW COBMECTUMOCTHU C APYTMMU y3JIaMU U
6soxamu PIIpVY, BbIIONIHEHHBIMU 110 MHTETpaibHOM TexHonoruu. K ux nocronHcream
OTHOCHUTCSI BO3MOKHOCTh pe€aju3alldd OYE€Hb BBICOKHUX JOOPOTHOCTEH, a TaKxke
HAJIC)KHAsl DKPAHUPOBKA OT BO3JCUCTBUS BHEIIHUX JJIEKTPOMATHUTHBIX IIOJIEH.
Perynsipubie 00bEeMHBIE PE30HATOPHI MPEACTABISIOT COOOM OTPE3KHM BOJTHOBOJHBIX
WM KOAKCUAJIbHBIX JIMHUM Tepeaaun, 3aMKHYThIX Ha KoHIaX. CyIlIecTBYIOT TaKke
paaualbHble, CIUpPaIbHBIE PE30HATOPHI, KOJIbIIEBbIE PE30HATOPHI OErymieil BOJHBI U
np. CoequHeHUs OTPE3KOB JIMHUK TEpeJayd, B TOM YHUCIE PA3JIWYHBIX TUIOB U B
COUETAaHMU C DIJIEMEHTAaMH C COCPEIOTOYEHHBIMU TlapaMmeTpaMu, oO0pasyroT
PE30HATOPHI CIOKHOU POPMBI.

Haubonee pacnpoctpanenubiMu y3namu BIl npuemunuxoB CBY sBistitorcs
pazHoo0OpasHbie (GUIBTPHI, PATMUYAIONINECS M0 BUAY AIEKTPHUUECKUX XapaKTEPUCTHK
(MOJIOCOBBIE, PEKEKTOPHBIC, BEPXHUX YACTOT).

Hau6Gonee mmpoko B PIIpY CBY npuMeHSIOTCS MOTOCOBBIE M PEKEKTOPHBIE
GuIBTPHl Ha MHKPOIIOJIOCKOBBIX JIMHUAX. [IpocTeiiiine monocoBble (QUIBTPH Ha
MUKPOIIOJIOCKOBBIX JIMHUSIX MPEACTaBISAIOT COO0OM MOCIE0BATEbHO CBSA3aHHbIC

yepe3 TOPLEBbIE EMKOCTH MOJIYBOJIHOBBIE PA30MKHYThIE pe30HATOPHI (puc. 15).
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Puc. 15. KoHCTpyKIIMM BXOJIHBIX IIENIEH HA MUKPOIOJIOCKOBBIX JTUHHUSIX

[IIupuna mosiocsl npomnyckanusa 3Tux [ID omnpenensercs MWMUPUHON 3a30pOB

MCXKY PE30HATOPpAMU: YEM MCHBIIC 3a30P, TEM CUJIbHEC CBsA3b U IIHUPC I10JI0CA 11
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Ha puc. 16 u 17 npuBeaeHbl BapuaHThl MOJKIIOYEHUSI PE30HATOPOB HA KOAKCH-
ANbHBIX JIMHUSX U OOBEMHBIX PE30HATOPOB. sl ycTpaHeHUs BIMSHUS U3MEHEHHM
KOMIUIEKCHOT'O BBIXOJIHOTO CONPOTHUBIICHUS aHTEHHO-(UAEPHOTO TpaKTa Ha XapakTe-
PUCTHUKH MEPBOr0 Kackaja paguoNpHUEMHOIO YCTPOMCTBA MEXIY BBIXOAOM TPAKTa U
BXOJIOM KacKaJa BKJIIOYAKOT HEB3aHUMHbIE (DEpPPUTOBBIE YCTPONCTBA — BEHTHIN WM

LUAPKYJISTOPBL.

Puc.16. BxonHble yCcTpoiicTBa MPUEMHUKOB JEIIUMETPOBOTO JUANIa30HA HA KOAKCHAIbHBIX
pPE30HATOPAX CO CBA3BIO C AHTEHHOM @ — TPU MOMOIIH METIN 6 — IPU MOMOIIH 30H/1a,
6 — IPU TTOMOIIY HEMOCPEICTBEHHOI0 KOHTAKTA
Puc. 17. Bxoansle ycTpolicTBa IPUEMHUKOB CAHTUMETPOBOTO JIMaNla30Ha HA 00bEMHBIX PE30HATO-
pax co CBSI3bIO C aHTCHHOMW MPU TIOMOIIHU: @ —1uadparmsel, 6 — METIU, 8 — 30Ha
[Ipu paboTe mpueMHMKa U TIepeAaTIrKa ¢ o0IIel aHTEHHON HUCIIOIB3YIOTCS aH-

TCHHBIC TICPCKIIIOYATCIIN, BBIKJIHOYATCIIN HA p-i—l’l AUOoJax HJIM I'a30BbIX PaspsAHUKaAX

Y OTPAHUYUTEIN. B psizie cilyyaeB NIpUMEHSIOTCS YIPABIISEMbIE ATTEHIOATOPBI.

2.10. OcHOBHBIE BBIBO/IbI

Bxonnas nens noibkHa HamOoJiee MOJHO MEpeaBaTh YHEPrUI0 CUTHAA U3
QHTGHHBl B TIEPBBIM KacKajJ NPHEMHUKA M OCYIIECTBIATH MPEIBAPUTEIHHYIO
(GUIBTPALIMIO CUTHAJIA OT MIOMEX.

Bxongnas menb comepKuT QWIBTp W IENH CBS3M (QUIbTpa C aHTCHHOH M

YCUIIMTCIIBHBIM 3JICMCHTOM ITOCJICAYIOIICTIO KaCKalla.
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KoadduimenT nepenaun no HampsiyKEHUIO BXOJAHOU LEMU MOXKHO OMNPENIETUTh
KaK Mpou3BeneHne Kod(hPUIIMEHTOB nepeaadyn Uenu CBA3M (UiIbTpa ¢ aHTEHHOM, 9K-
BUBAJICHTHOTO (MJIBTPA U 1IENH CBA3M (PUIBTPA C YCHIIUTEIbHBIM 3JIEMEHTOM IOCIe-
QYHOLIEro KacKajaa.

AUX, @YX ¥ CeNeKTUBHOCTh BXOJAHOM LIETIN ONPEAEIIAIOTCA B OCHOBHOM AYUX,
@YX 1 CEeNEeKTUBHOCTBIO PE30HAHCHOIO KOHTYpPA U 3aBUCAT OT €r0 3KBUBAJIEHTHOIO
3aTyXaHHs.

OKBHMBAJICHTHOE 3aTyXaHHE KOHTypa BXOJHOW IENH ONPENENACTCS €ro
KOHCTPYKTUBHBIM 3aTyXaHHUEM W BHOCHUMBIMHU 3aTyXaHHSIMU CO CTOPOHBI AHTEHHOM
LEINH U CO CTOPOHBI MOCHEAYIOIIETO KacKaaa.

MakcumanbHblii KOG DUIHEHT repeadn BXOAHON IeNu 00eCrednBaeTCs mpH
ONTUMAJIbHON CBSI3M AHTEHHOW LIENMU U BXOJA MOCJIEAYIOIIEro Kackaaa ¢ KOHTYpOM,
IIPU KOTOPOM BHOCHMOE B KOHTYpP 3aTyXaHHME M3 aHTEHHOW LIENU PAaBHO BHOCUMOMY
3aTyXaHUIO OT mnocieayruero kackaaa. ns nomydeHust Ky pax KOHTYP AOJDKEH
UMETh MaJIbI€ ITIOTEPH.

N3menenune peszoHaHcHOro koddduiveHTa Mepeaadyd BXOJHOW LENH II0
JIarna3oHy B OCHOBHOM ONpEJeNseTcs U3MEHEeHHEeM Ko3(@uinenTa nepenayu 1enu
CBSI3M €€ (PUIbTPA C AaHTEHHOM.

[Ipr eMKOCTHOHM CBSI3M C AHTEHHOW W NPU €MKOCTHOW IMEPECTPOMKE KOHTypa
BXOJHOW 1enu Ko3((PUIMEHT neperayu pe3Ko MU3MEHSeTCs IO JIMana3oHy, M03TOMY
ATOT BUJ CBSA3M NPUMEHSIOT B HEJOPOIMX NMPUEMHHUKAX, MPU MaJoM KoddduimenTe
NIEPEKPBITUS IUANA30HA U T. 1.

CpaBHutenbHO HeOousblIOe Hu3MeHeHue K, B paboueM auama3zoHe 4YacToT
MO>KHO MOJIYYUTh NPU TPaHCHOPMATOPHOU CBSI3U € «YIJIMHEHHOI» aHTEHHOM.

Bo BX0IHOM 11enM MOKHO OCYLIECTBUTH COINIACOBAHUE 110 MOIIHOCTH CUTHAJIA,
COOTBETCTBYIOIIEE MAKCUMAJIbHOMY KO3(P(UIHUEHTY Nepenaydd, U COTJacoBaHUE IO
rymMam, mpu KOTOpoM K03 (UIIMEHT IIymMa NPUEMHIKAa MUHIMAJICH.

Ecmn mymsr YPU Benuku 1O CpaBHEHUIO C IIyMaMHM BXOAHOM LENH, TO
MUHUMYM Kod(dduieHTa myma BXOJHOM uenu coBMmecTHO ¢ YPY mnomyudaercs

IPaKTUYECKHU ITPU ONTUMAIIBHON CBSI3H.
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Vaydmienne kodduiimeHTa Iryma IO CPaBHEHHIO C €r0 3HAYeHUEM IIpH
ONTUMAJILHOM CBSI3U MPOMOPILMOHAIBHO JI0JI€ IIYMOB YCUJIUTEIBHOIO 3JIEMEHTa B
oOmux mrymax cxeMbl. Ecnu rymbr YPY Manel, To MUHUMYM KO3 UIIUEHTA TITyMa
MOJIy4aeTcsl MPU CBS3M, OoJiee CHIBHOM, YeM HEOOXOJMMO JJisS COIJIACOBaHUS 10
MOIITHOCTH CHUTHAJA.

Ha uactorax Huzke 100 MI'11 KOHTYp BXOJHOM 1€ BBIMOJHSIETCS Ha
cocpenoroueHHbIx LC-anemMenTax. B nuana3zonax JJiMH BOJIH KOpode 1 M B KadecTBe
KOJIe0aTEILHOI0 KOHTYpPa BXOJHOM LIENH HMCIHOJIB3YIOT LENU C pacrpeieieHHbIMU
napaMmerpamMu. B nuamazoHe JAEHUMETPOBBIX JUIMH BOJH Haubojee MHUPOKO
UCIIOIB3YIOTCSl OTPE3KH KOAKCUATBHBIX WJIM MOJOCKOBBIX JTMHUH.

[IpumeHeHue MOJIOCKOBBIX JIMHUHN MO3BOJISAET BBIMOJHUTD Y3JIbl 1 PE30HAHCHBIC
IENU TPUEMHUKA B €IMHOM TEXHOJOTMYECKOM ITUKJIC TI0 HHTETPaIbHON TEXHOJIOTHHU.
B nuanazone caHTUMETPOBBIX U 00JIe€ KOPOTKUX JIJIMH BOJIH HapsiAy C MOJOCKOBBIMU
JUHUSMH B KauyeCcTBE HW30MPATECIBHBIX CHUCTEM BXOJHBIX IICTICH IPUMEHSIOT

00BEMHBIE PE30HATOPBI.

2.11. KoHTpOJIbHBIE BONPOCHI

l. Ykaxure Ha3HaYEHHE U MIEPEUNCIIUTE OCHOBHBIE XapakTepucTuku BLI.

2. Ilouemy HacTtpoiika koHTypa BI[ ¢ nDomompl NEPEMEHHOM EMKOCTH
MPEAINOYTUTEIbHEE HACTPONKH MEPEMEHHON UHYKTUBHOCTBIO?

3. Hapucyiite cxembl BI[ ¢ pa3HbIMH BHUIamMu CBS3U KOHTYpa C AHTEHHOW U
OOBSICHUTE Ha3HAYEHUE DJICMEHTOB.

4. CocraBbpTe PKBUBAJICHTHBIE cXeMbl BLl ¢ pazauyHbIMU BUJIaMH CBSA3M KOHTypa
C QHTEHHOM.

5. Kakumu mapamerpamu omnpenensiercss koddduiment nepenaun BI[? Ycmous
MOJIy4eHHs] MaKCUMallbHOTO KoadduinenTa nepenauun BLI.

6. KakoBbI yclioBUsI COTJIaCOBaHMSI aHTEHHBI C BXOJI0M IMPUEMHUKA?

7. U3 xakux cooOpakeHui BHIOMPAETCS CBS3h BXOJAHOTO KOHTYpPA C HACTPOSHHOM
aHTeHHON? CXEeMBI CBSI3H.

8. M3 kakux cooOpakeHUNl BBIOMpPAETCS CBsI3b BXOAHOTO KOHTypa C

HEeHacTpoeHHOW aHTeHHOW? [ToueMy? CxeMbl CBSI3H.
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9. Ot 4ero 3aBucut u3dUpaTenbHOCTH BIL?

10.01 yero 3aBUCUT MIMPUHA MOJIOCHI ITportyckanus BI{?

11.Kak BeIOMpaeTcs cBsizb BXOJHOTO KOHTYPa C aKTUBHBIM AJIEMEHTOM?

12.Ilepeuncnure OCHOBHbBIE THUIIBI 0O0BEMHBIX pe3oHaTOpoB W (uiibTpoB CBY.
ucrone3yembelx B KadectBe BIL[ PlIpY. Onmmmre wnx gocToMHCTBA U
HEJOCTATKHU.

13.Kakumu cooOpakeHUsIMH pPYKOBOACTBYIOTCS Ipu BblOOpe Tuna AYX

(MaKCI/IMaHBHO IIJIOCKas, paBHOBOJIHOBA, BHJII/IHTI/I‘-ICCKa}I) BXOIHBIX CI)I/IJ'IBTpOB

CBY PITpVy?

2.12. 3agaum AJ1 CAMOKOHTPOJISA

1. IlpeceneKTop NMpPUEMHUKA MEPECTPAUBACTCA MEPEMEHHBIM KOHJIEHCATOPOM C
eMkocThto 16+318 nd. HuaayktuBHOCcTh KOHTYypa 0,273 wMIH, emkocCcTh
MoHTaxka 20 nd. Paccumraiite KpaHUWE 4YacTOTHl IHANA30HA NEPECTPOUKHU
[IPUEMHHUKA.

2. B OIHOKOHTYpPHOM CEJIEKTUBHOM YCHIIUTEJIE €MKOCTh KOHTYpa YBEJIIMYEHA, a
MHAYKTABHOCTh KOHTYypa YMEHBIIEHAa B OJMHAKOBOE KOJIMYECTBO pa3. Kak
U3MEHATCS (YMEHbBIIATCS, WM YBEJIMYATCsl) PE30HAHCHOE YCHIIEHHE M T0JIoca
NPOIYyCKAHMs, €ClId JOOPOTHOCTh KOHTypa M IHapaMeTpbl CXEMbl He
M3MEHUIIUCH?

3. Ilouemy B muana3zonHbix PIIpY oauH M3 KOHAEHCATOPOB KOHTYypa AEHAIOT
noactpoeunbiM?  [louemy  HeoOXoawmMoO  TpeaycMaTpuBaTh  HEKOTOPOE
U3MEHEHNUE UHIYKTUBHOCTA KOHTYPHOM KaTyIIKH?

4. PaccuuTaiiTe SKBUBAJIEHTHYIO TOOPOTHOCTh KOHTYpa BXOAHOW LENH I Beula-
tenpHOTO PIIpY, ncxons 3 tpedyemMoii mojaockl MPOMyCKaHusi, KOTOpasi B 11a-
nazone CB nomkHa ObiTh He MeHee 9 k1, a yacToTHas U30MPATETLHOCTH Ha

KpallHUX YacToTax nojockl npomyckanus (540—1600 kI'n) He npessimaet 3 ab.
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2.13. Cnucok qureparypbl

. KosocoBckmii, E.A. YcrpoiictBa mpuemMa u 00pabOTKU CHUTHAJIOB. Y4eOHOE
nocobue mis By30B / E.A. KomocoBckuii. — M. : ['opsiuast nunust — Tenexkom,
2007. —456 c. : ui.

. Mukpoajekrponnbie ycrpoiictBa CBY / I'.. Becenoe, E.H. Eropos,
I0.H. Anexun u ap. ; nox pea. I'.. BecenoBa. — M. : Beiciias mkona, 1988. —
280 c.

. Muxkposiaekrponnbie ycrpoiictea CBUY / H.T. bosa, 10.I'. Edppemos, B.B.
KonuH [u np.]. — K. Texnuka, 1984. — 184 c.

. Ilnakcuenko, B.C. YcrpoiictBa mpueMa u 00paOOTKH CUTHAJIOB : YueOHOE
nocobue. — Taranpor : U3a-8o TPTY, 1999. — 108 c.

. PagnonpuemMublie ycTpoiictBa : YueOnuk aisi ByzoB / H.H. ®omun, H.H.
byra, O.B. l'onoBuH [u 1p.] ; nox pea. H.H. ®omuna. — 3-e uzn., crepeoTur. —
M. : T'opsiuas nunus — Tenekom, 2007. — 520 c. : ui.

. Teepnoreabnsie ycrpoiictea CBY B Texnuke cBssu / JI.C. 'accanos, A.A.

JIunaros, B.B. Mapkos [u n1p.]. — M. : Paano u cBs3b, 1988. — 288 c.
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3. PACHETHASA YACTD

Paccuntath M3MeHEHHE MOJYJSI PE30HAHCHOTO KO3 (dUIIMEHTa Mepeaadyu Mo

u hopMynamMu IpUBEIACHBI HA puc. 18.

nuana3zony oT 600 k' 1o 2 MI'1 1J1st BXOJIHBIX IIENe ¢ EeMKOCTHOM M MHyKTUBHOU
CBSI3bI0 KOHTYpa C aHTEHHOH. PacyeT pekoMeHAyeTCs BBIMOJIHATH C UCIIOJIb30BAaHUEM

nporpammsel «Pacuet u rpaduxu Bll». OxHa mporpaMMbl ¢ HEOOXOIUMBIMU JaHHBIMHU

[ F T — ki i
' = a3 = s |el=
Pammmﬁaamqanh’-i E u_lﬁ

Pac4ET BLL npi EMKOCTHOI CBASM C AHTEHHORA | PacuéT BL, NpH MHAYKTUEHOM CBASM C 8HTEHHOM |

YacToTa HacTpoliki BL, f= GUU Ky

f Mpw pac4ETE NPMHATO!

Pac4éTHele dopMynb:
€] = |E."rsm;;"—-¢f_¢|= (/8 g ) Cop (205 - L

Srs= 6p +m° (285 ) L2 ne

'5"3'3 i
Pac4uTaTh
|%a|= \—/

MocTponTe rpaduK

| Ceop=4.7n0®; L=180 mel'r: m = 0.00. 05 =0.02; gu =278 A0 O

| PacugThas vacts .

== g

| PacqET BLL Npi EMKOCTHOA CBRZM C BHTEHHORA | PacuéT BLL NpK MHAYKTHEHOR CBASM C BHTEHHOMA

YacToTa HacTpaoliki BL f= GE-JD . Ky

Mpw pac4eTe NpUHATO:

[|  #e=006Lo=180 wels, &4 =278.107% Cu S5 =002,

Bra aHTeHHbI

@ "yrxopoderHaA” 70 "yanrHEHHER"

Pac4ETHbie doprynb:

|K'J | = |i’rﬂmfﬁ'ﬁ| =y 'm/l 53-3‘1 -1 ,-';j.;,2|.|ll,|'£.2f£.1

dga =
PacauTaTe
|4 |= \—/

MocTpouTe rpad ‘

Kop =0,142, f4=2.2 M £21=110 vela Kes =0.08; f=450 ' L1= 1200 nlm

—— .
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4. IKCIEPUMEHTAJIBHASI YACTb
[Tepen BwIMmoOIHEHHEM J1a0OPATOPHOUM PabOTHI COBETYEM O3HAKOMHTHLCS C IPH-

JIO)KeHusaMu 1 u 2.

4.1. UccnenoBaHue BXOJAHOM e NP eMKOCTHOM CBSI3M ¢ AHTEHHOM

CoOpatb cxemy miist uccieaoBanus (puc. 19).

]

[ [=] [0
+
2]

(=}

Puc. 19. Cxema BXOAHOM LI€TIH TP EMKOCTHOM CBSA3U C aHTEHHOU

YceranoBute mapamerpel Ra = 80 Om; Ca = 75 n®d; Ccs= 10 nd;
Lx =260 mxI'a; Cx =300 n®; RBx = 10 xOm, CBx = 20 1.

Ha ucrounuke ycranoButs Hanpspkenue 1 B (em. mpui. 1). Yactora 3aaercs B
COOTBETCTBHUH C IKCIIEPUMEHTOM.

[IponsBecTr HACTPOWMKY BXOJHOU LIETIH.

YcranoButh Ha reHeparope yactory 1 MI', oTKpbeITh OKHO ocuusuiorpada
JIBOMHBIM ILIETYKOM MBIIIIU 10 €r0 N300paKEHUI0, TPOBEPUTH YCTAHOBKY MapaMeTpPOB
pa3BepTKU M MaciTada M300pakeHHusl Ha ocuuiuiorpade, MpOU3BECTH 3aIyCK IMPO-
rpaMMbl U HAaCTPOUTh MEPEMEHHBIM KOoHAeHcaTOpoM CK BXOJIHYIO 1IE€Tb B PE30HAHC

10 MAaKCMMAaJIbHOMY 3HAa4YCHHIO CUI'HAJIa HAa BBIXO/IC.
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Frequency [1.0 2T

Duty oyele [50 2] %

Amplitude |1 ENEEE

Offzet FE= 20 pF
— Common +
(= (" *

B Oscilloscope E==
oLl =
4 3
T 2.4851 m=s T2 H.BEBEA = T2-T1 —-2.4851 m=
oy g A
w1 277 .5518 mV "WHZ WHZ-WH1
— Time base Trigger Channel A Channel B
[0 500/ div E| Edge mE 2] [10 mi/s O =l [ wiom [Z] | Reduce |
¥ position [ 0,00 = Lewvel 0.o0 = ¥ position | 000 2} [ position [ 0.00 =y Rewverse |
Ml o | a0 O ac 0| EH A o |EE save

Puc. 20. BoixonHOe HanpsiKeHUE BXOJIHOM 1IENU IPH PE30HAHCE

HM3MeHeHne eMKOCTH KOHACHCATOpAa IMIPOU3BOJAUTCA I'OPAYNMHU KIIaBUIIAMHU ( I10

ymomdanuto C u C + Shift).
Hcnonbe3yss KHONKY «may3a» U Kypcop, HU3MEpPHUTh aMIUIMTYAY BBIXOJHOTO

HanpsDKeHUs BXOAHOW wnenu. Paccuurars koadduuuent nepenaun. CoOXpaHUTbH

pE3yJIbTaTHI.

OHpe,Z[eJII/ITB N3MCHCHUC PC30HAHCHOI'O KOG)(b(i)I/IIII/IeHTa nepcaadnm Mu I10JIOCHI

IPOITYCKAaHMSI BXOJHOM LIETIH MPH €€ MEePEeCTPOKe MO IUana3oHy

[Ipu BBIMOTHEHUU 3TON YacT PabOTHI PEKOMEHIYETCS MCIIOIh30BATh TUIOTTED

(Display Plotter) u okHo Display Graphs.
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Puc. 21. AMIIIMTY THO-4aCTOTHAs XapaKTEPUCTHUKA BXOAHOM 1IEMU HA IIOTTEpE

MeTtoauka ompeneneHus pe3oHaHCHOro kod(dduimenta mnepenadyd M MOJIOCHI
MPOITYCKAHMSI TI0 aMIUTUTYIHO-9aCTOTHOM XapaKTEPHUCTHKE 3aKII0YACTCS B CIIEIYIO-
meM. Y CTaHaBIIMBAETCS ONpPEICICHHOES 3HAYCHHE BEJIMYMHBI EMKOCTH BXOJIHOM IICTIH
koHseHcatopom Ck. 3amyckaercs mnporpamma, u 1o AUX omnpenensitoTcs
pPE30HAHCHAs YacTOTa U MOAYJIb PE30HAHCHOTO Kod(duimeHTa nepeaaun (puc. 22).
Eciu BXOJHOE HampsDKEHHE TeHepaTopa YCTaHOBJICHO paBHbIM 1 B, To 3HaveHHE
BBIXOJTHOTO HAMPSOKEHUS] BXOJHOM IIETH B BOJIBTAX YHUCIEHHO PaBHO KOA(DPHUITUEHTY
nepenaun. Jns ompeneseHus MOJIOCkl MPOMYCKaHUS MPOU3BOIUTCS OLIEHKA YacToT,

Ha KoTophix crax AUX nocturaet ypoBHs 0,707 OT pe30HaHCHOTO 3HAYCHHUS.
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&8 Analysis Graphs ===
D|HS|R &|2e] =waE o
Statistics [Analog] Bode leciIIuscupe]
vhodnie cepi 1.ewb
ST
300m |
250m A
=
) E Z200m —
150m
100m o
= UITE T T T 1
500K 260K 620K g20% T40K 200K
175 - Gain |E
el x1 603.2000K
o 125 vl 333.436Tm
5 100 4 %2 635.7500K
B V2 235.8962m
= 75 dx 32.5500K
A gl dv -97.5405m
B 1/dxz 30.7220u
2z 1/dy -10.2521
N min x 500.0000K
R e e o | lmax x 800.0000K
e =60 R SBOE: Nimin 70.5884m
Frequem’:}' {HZ} max vy 333.49499Tm
Phase (deqg)

Puc. 22. AUX n ®UX BxoaHoi uenu B okHe Display Graphs

B cootBerctBuu ¢ puc. 22, pezonancHas yactora npu C = 80 % cocraBisieT
603 kI, Mmoxys pesoHaHncHOTO Kod(ddurmenta nepenaun pasen 0,333, Ha rpaHuie
MOJIOCHI TIpoITycKaHusi kodpduimeHT nepenayu manaer ao 3Hadenus 0,235, cnpasa
IpaHUlIel NOJIOCKHI IpoIycKaHus siBisieTcd yactora 635 k', ciesa ee TpeOyeTcs on-
peaenunTh, MoJI0Ca MPOMyCKaHUsl cOCTaBUT 28 kI 'w.

N3Mensisa BeIMUMHY €MKOCTH KOHTYpa BXOAHOM 1enu ot S % 110 95 %, cienayet
OTIPEJICTNTh PE30HAHCHBIC YaCTOTHI, MOYJIM PE30HAHCHOTO KO3 (UIMEHTA TTepeaadn

" 3HAYCHUA I10JIOCHI IIPOITYCKaHHA BXOI[HOﬁ OCIIN.
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Pe3ynbTarel 3aHecTH B TaOMUIly W MOCTPOHTH IpaduK 3aBUCUMOCTH MOIYJIS
pe3oHaHcHoro Kodhduimenta nepegaun Ky u moaockl mpomyckanus [ or yacToTsl

HACTPOWKH BXOJTHOM IIETIH f.

Taomuna
Cy 5% 25 % 50 % 75 % 95 %
Jo
Ko
Iy 5

OnpenenuTs U3MEHEHHE PE30HAHCHOTO Kod(h@uIMeHTa mnepenayu BXOIHOU
LEIN [P U3MEHEHUHU €MKOCTH CBSI3U Cy.

Hactpouts BxonHyrwo uenb Ha yactoTy 1 MI'n. M3MeHsisi eMKOCTh CBSI3U OT
5n® go 30 nd, onpenenuTs U3MEHEHHWE PE30HAHCHOIO KO3 UILMEHTa Nepeaadu
Bxo1HOH 11enu 1o AUX. 3anomHuTh TaOIUIly U IOCTPOUTH TpaduK.

OnpenenuTs U3MEHEHHE PE30HAHCHOTO Kod(h@uIMeHTa mnepenayu BXOIHOU
LEIU [PYU U3MEHEHUHU BXOJHOTO CONPOTUBIICHUS Ry.

W3meHsst BXOAHOE CONIPOTUBIIEHHE ITEPBOT0 Kackaja NpUeMHHUKA Ry oT 1 kOM
10 30 kOwm, onpeaenuTb U3MEHEHHE PE30HAHCHOTO KO3 dUIlMeHTa nepeaayu BXO/I-

HOM e Mo AUX. 3anoHUTh TaOJIHITy U IOCTPOUTH TpaduK.

4.2. UccaenoBanue BXOAHOM LeNu NP MHAYKTHBHON CBA3M € YAJHMHEHHOH
aHTEeHHOH

Co6pats cxemy Bl npu «ymmuHenHOW» anTeHHE (puc. 23).

VYcranoButh napametrpsl cxeMbl: Rg = 80 Owm; Cq = 100 n®; Ck = 800 nd;

RBX =10 KOM, CBX =300 mD.

[TapameTpsl TpaHcpopMaTopa yCTAaHOBUTH B COOTBETCTBUU C pUC. 24.

Onpenenuts pe30HaHCHYIO 4acToTy aHTeHHOH uenu (Cy, Ly) IpU «yIJIMHEH-

HOMW» aHTEHHE.
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Puc. 23. Cxema BXOJIHOM LieNU NIpU yIJITMHEHHON aHTEHHE

[Ipy MHAYKTUBHOM CBSI3W AHTEHHBI C KOHTYPOM BXOJIHOM LIEMH HMMEETCS JIBa
CBSI3aHHBIX KOHTYpa, HACTPOCHHBIX HA pa3HbI€ 4acTOTHL. B ciydae yIJIMHEHHOW aH-
TEHHBI aHTEHHAs LIENIb HACTPOEHA HAa YaCTOTY HMYKE HAMMEHBIIEH YaCTOThI THANa30Ha
HepecTPOMKHU KOHTYpa BXOJHOU 1enu (puc. 24).

3a cyeT B3aMMHOW CBSA3M MEXKIY KOHTYypaMH PE30HAHCHAs 4YaCcTOTa aHTEHHOM
LA 3aBUCUT OT 4aCTOThI HACTPOUKHU BXOJHOIO KOHTypa. PekoMeHnayercss HacTpoUTh
BXOJIHYIO LIeTlb HAa HUXKHIOIO YacToTy Auana3zoHa (okosio 600 kI'1), BEIBECTH Ha 3KpaH
AUYX, u 10 MakCUMyMy JIEBOM KPUBOW ONPEAECIUTh YaCTOTY HACTPOMKU AHTEHHOU
LEIN.

CHSTB 3aBUCUMOCTbH PE30HAHCHOTO KOA(PUIlMEeHTa Iepeiadyu BXOJTHON LIETH OT

4acTOThl HACTPOHKU. V3MeHsIa BeIMUnHY eMKOCTH KOHTYpa Cy BXOAHOM 1enu oT 5 %

10 95 %, onpenenuTs Pe30HAHCHBIE YaCTOTHI U MOIYJIH PE30HAHCHOTO KO3 huIneH-
Ta rnepeaadyr BXOJHOM Lenu. Pe3ynbraTel n3MepeHuil 3aHOCATCA B TAaOJIUILy, U CTPO-

uTcs rpaduk uccienoBaHHon 3aBucumMoctu Ko(f).
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Transformer Model 'ideal’

7 Fel % ) (2] ¢ |

| B

Sheet 1 I

Frimary-to-zecondarn turns ratio (M]: i1 odel
Leakage inductance [LE}: il]_l:lm |:u:|‘l 0 Mew Library

H
412 i
Magretizing inductance [LM): !EI.EIEID'I H EE‘H 20 —Eﬂlt-_l
: i ; ! pad-16 C
Primary winding resistance [RP): IE e pgd-20 .&‘
Secondany winding resistance [RS): i‘l 0 Nz pgd-24 P st
pigd-28 _“&’_|

pad-36 Delete
pod-48 R
pad-36 Fename |

oK OTmeHa
N
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&8 Analysis Graphs = = [E=
D= E[SIR &(%e] @lww|e)] i@
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vhodnie cepi 2.ewb
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3 -
o 2 4
5 2
500m A
T T T T 1
300K 320K 460K 540K 620K TOOK
[ Gain EI
i x1 444 .0000K
== vl 3.4400
=T ®2 624 .0000K
=
» —200 Va2 3.1301
] dx 180.0000K
. dy -309.9304m|
=800 1/dx 5.55564y]
1/dy -3.2265
T : : : min x 300.0000K
max X TO00.0000K
SO0E SEOF 450F OF
300K 320 450K 540K i e
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A

Puc. 24. AMIIMTY THO-4aCTOTHAsI XapaKTEPUCTUKA MTPU yIJIMHEHHON aHTCHHE
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4.3. UcciienoBanue BXOAHOM LeNH NPH HHIYKTHBHO-€eMKOCTHOH CBSI3H €
aHTEHHOH

Cobpatps cxemy BII, 1omoiaHuB mpeaplIyllyl0 CXeMy KOHJEHCATOPOM CBSI3U
Ccp (puc. 25). YcraHoBUTH BeJIMYMHY eMKOCTH cBsi3H 20 nd.

N3Mensiga BenmuuHy eMKOCTH KoHTypa CK BXoaHOH 1ienu ot 5 % 10 95 %, on-
peleauTh PE30HAHCHBIC YACTOThI U MOJYJIM PE30HAHCHOTO Kod(pdulineHTa nepenadu
BXOJIHOW 1ieru. Pe3ynbTarhl M3MepeHuil 3aHeCTH B TAOJIHUILy M MOCTPOUTH rpaduk
UCCeI0BaHHON 3aBUCUMOCTH Ky(fp).

OOBSICHUTH BIHUSIHUE €MKOCTH CBS3M Ha CTENEHb HEPAaBHOMEPHOCTH K03(du-

MUCHTA IICpCaadu 110 JUAIIa30HY.

Puc. 25. Cxema BXOAHOM 1€MW MPU UHIYKTUBHO-EMKOCTHOM CBSI3U C aHTEHHOU

4.4. UcciaenoBanne BXOJAHON Lenu NMPU UHAYKTHBHOM CBSI3H ¢ YKOPO4YeEH-
HOIl AHTEHHOH

CoOparp cxemy BIL[ npu HHIYKTHBHOW CBSI3M C YKOPOYEHHOW aAHTEHHOM

(puc. 26), yOpaB 13 npeapiayuieil cxembl KoHieHcaTop cBsizu Cep M MBMEHUB Iapa-

MeTpel: Rgq =75 Om; Cg = 40 n®d; C = 800 n®d; Rgx = 10 kOM, Cgx = 50 n®. I1apa-

METpPBI TpaHCHOpMATOPa YCTAHOBUTH B COOTBETCTBUU C pucC. 26.
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sheet 1

Primary-to-secandary turns ratio [M]; I

Leakage inductance [LE): 0.0001 H
t agnetizing inductance [LM]: m_ H
Primary winding resiztance [RP): E_ M=
Secondary winding rezsiztance [R5]: [0 He

IN OUT

Puc. 26. Cxema BXOJIHOM LieNIM IPU YKOPOUEHHOMN aHTEHHE

B cnydae ykopoueHHOM aHTEHHBI aHTEHHAS 1Ellb HACTPOEHA HA YaCTOTY BBIIIIE
HauMOOJBIIEH YacTOThI JMAana3oHa MEepecTPONKM KOHTypa BXOJAHOW menu (puc. 27).
PexomeHtyeTcs HACTPOUTHh BXOJHYIO IIEMb Ha BEPXHIOK YaCTOTY Juarma3zoHa (0KOJo
1,5 MI'nr), BeiBecTn Ha 3kpaH AUX ¥ mo MakCUMyMmy IpaBOid KPHUBOM OINpENEIUTh

4acTOTYy HACTPOMKU aHTCHHOM LIEIIH.
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Puc. 27. Pacnionoxxeane AUX KOHTypa BXOAHOM 1ienH (CIeBa) M aHTCHHOTO
KOHTYpa (crpaBa)
N3mMensis BenmunHy eMKOCTH KOHTypa CK BXoaHO# menu oT 5 % 10 95 %, on-
peleauTh PE30HAHCHBIC YACTOTHl U MOJYJIM PE30HAHCHOTO Kod(duireHTa nepeaadu
BXOJIHOW 1ienu. Pe3ynbTarhl M3MEpeHuil 3aHeCTH B TAOJIHUILy M MOCTPOUTH rpaduk

UCCeI0BaHHON 3aBUCUMOCTH Ky(fp).

4.5. Conepxkanue oT4eTa

OTuer 0 paboTe 10JIKEH COAEePKaTh:

TUTYJIbHBIN JIUCT;
— CXEMBI BXOJHBIX IICTIeH MPU €MKOCTHOW, WHIYKTHBHOM I/I:I/IH):[yKTI/IBHO—
€MKOCTHOM CBSI3M KOHTYpa C aHTEHHOM;
— rpaduKu U3MEHEHUs MOJYJS PE30HAHCHOTO KoddhdUIMEeHTa Tmepeaadn
IpY MU3MEHEHUHW YaCTOThl HACTPOWKH BXOJHOMW IICTIH, MOJYYCHHBIC TIPH
BBIMIOJTHEHUH PACUETHOTO 3a/1aHUs;
— DJKCHEPUMEHTAIBHO CHATHIE 3aBUCUMOCTH B (popMe TaOJIHIl U TPAPUKOB;
— BBIBOJIBI O pabore.
B BbIBO1axX HEOOXOAMMO AAaTh CPABHUTEIBHYIO XapaKTEPUCTUKY CXEM BXOJIHBIX
nene, uccieqoBaHHbIX B pabore. Criemyer oOpaTuTh BHMMAaHHE HA W3MEHECHHE
pe30HaHCHOTO Kod(hduimeHTa nepenayu, mojaochl MPOIMyCKaHUs U U30MPaTeIbHOCTH

BXOJIHOM L€ IIPH €€ MEPECTPOUKE M0 JUANAZ0HY.
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HNPUJIOKEHHUE 1. ELECTRONICS WORKBENCH

Electronics Workbench — nporpammuoe oGecrieueHue, mo3BoJISIoee CUMYJIH-
pOBaTh yCTPOMCTBA B JOCTYIHOM BuE. TecHas MHTErpauus co CXeMaTUYECKUM pe-
naktopom, SPICE cumynsiTopom AeiaaetT CUMYIISIIUIO JIETKOW U JOCTYITHOM.

[TonHblli KOMIUIEKT AHAJIM3aTOPOB YJIY4YIIAET IPOU3BOAUTENIBHOCTh IPHU
aHaM3e PEKUMOB PabOTHI M CTAOUIBLHOCTH BAIIer0 MpPOEKTa. DTO 00OecreurnBaeT
SPICE 3 — uHXEeHEpHbI CUMYJISTOpP aHAJOrOBbIX, HU(PPOBBIX U CMEIIAHHBIX LEenen
10 MOCTOSIHHOMY U IIEPEMEHHOMY TOKY 33 HUCKJIFOUUTEJIbHBIE MOIIIHOCTH U TOYHOCTH.

Hanuuue oOmupHbIX OMOTMOTEK TUIIOBBIX MOJIEJIEH 03HAYAET, YTO BBl CMOXKeE-
T€ HalTh YycrpoilctBo, HyxkHoe BaMm. Taxxe Electronics Workbench moxer
oOMeHMBaThCsl (algaMu C JPYTUMU CHUMYJISITOPAMU M DKCIOPTUPOBATH MAKETHI B

dbopmat PCB.

OcHoBHas MaHeJbL

1 2 3

l£ /| ({F | pm

NEIE
Y| o] Bmw| g

D|=8|5

CIRAEIL Y
B Flely

| ANA

Ak

|
£

1 — dynxuus nus nocrpoenus rpadukoB (Analysis Graphs);

2 — yrmpaBJieHHE MaclITaboMm;

3 — 3amycK / OCTaHOBKAa CUMYJISIIINH;

4 — HabOp OCHOBHBIX KOMITOHEHTOB;

5 — IpUOCTaHOBKA CUMYJISILIUN.

OCHOBHBIE KOMIIOHEHTbI

JI71st KaXKA0To JIEMEHTa €CTh BO3MOKHOCTh BBICTABIICHHSI HEOOXOAUMBIX Mapa-
MeTpoB ¢ momomib ¢yHkuuu «CBoiicTBa kommoHeHTa» (Components Properties).
OyHKIUS BbI3bIBAETCS ABOMHBIM KIMKOM IO 3JEMEHTY JMO0 uyepe3 KOHTEKCTHOE Me-

HIO 2JICMCHTA.
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Taxoke ecTb BOBMOKHOCTB JOOABIISATH HOBBIE U PEJAKTHPOBATH CYIIECTBYIOIIHE
Mozenu 3yieMeHTOB (MeHio «CBoiictBa kommnoHeHTa» (Components Properties) Bo

BKiaake «Moaenb» (Model)).

Iaotrep (Bode Plotter)

| (TR Phase | | save |
—Martical ——— Horzontal
I un EE n
F| 200 de = [Fl10 = [GH=
I|-200 4B = B [mHz 5
: — — -152.1dE
§ & =2 1.748kHz=
S O P om

[Ipu cumynsiuu ¢ nomoIbio miorrepa MoxHo cmotpets AUX (Magnitude) u
®UX (Phase) mogenu B nuueitHoM (Lin) minu morapudmuaeckom (Log) macmirale.
3ajaBas rpaHMIlbl 10 YyacToTe u ociadiaenuto (st AXY) wiu daze (s GUX) moxk-
HO M3MEHATh MacwTad oToOpaxeHus rpaduka g yinydmeHus HarasgHocty. [lepe-
JIBUTasl yPOBEHb 10 CTPOKE CTPEIKAMU ««—» «—>» MOKHO TOUHO ITOCMOTPETh 3Haye-

Hue QyHKIUU MPU HY>KHOM 4acToTe.

Ocuuagorpag (Oscilloscope)

(m |
{a'|
i
I
Oscilloscope mpexactaBisieT co00il CUMYJIATOP JIBYXKaHAIBHOTO OCIHIJLIOTPA-

(1)21. C ero IMOMOIIbI0O MOKHO CHUMATb OCHUJIJIOIPpaAMMBbI CUTHAJIOB, a4 TAKKC U3MCPATH

AMIIIMTYy CUTHaJIa 1 BDCMCHHBIC XapPaKTCPUCTHUKH.
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EEE=
m™ 4 1755 = T2 24 . 1755 p= T2-T1 ZH HBHEA =

it —25.1423 mW Wi —23.1423 mW SN —2.32461e—-13W
WH1 1.2217 mW B2 —82. 2968 pW WB2-NE —1.2148 mY

— Time baze Trigger Channel A Channel B

Eige l | [z /D B | [=Zmw/Di S| EeEE
H position Lewel 0.00 = ¥ position | .00 Bl |  position [-1.20 = Reverse |
BER bin | A8 | EIEN ~ | 8| B | #c|0/EE Ac|o/EE Save |

Jlist u3MepeHuil mpelyCMOTPEHbl 2 METKH, HUKE B OKHE ocuuiuiorpada oro-
OpakaroTcsi 3HAUCHUS JIJIs1 KKJ0M M3 METOK OTHOCHUTEIIBHO TIEPBOTO M BTOPOTO Ka-
Hana (s nepBoi metku: T1 — Bpems, VA1 — ammuutyaa nepBoro kanaina, VB1 —
aMIUTUTY/Ia BTOPOTO KaHaja, aHAaJOTUYHO W JIJIT BTOPOM METKH), a TaKKe Pa3HOCTh
stux 3HaueHudl (T2 — T1 — usmenenue no BpeMenu, VA2 — VA1 — u3meHeHue 3Haue-
Hus U1 iepBoro kaHaia, VB2 — VB1 — u3meHenue 3HaueHus Juisi BTOPOTO KaHasa).

Jlns Gonee yAOoOHOTO MPEACTAaBICHUS MOXKHO MEHSATh MacmTad OTOOpa)KeHUs
curHaia no Bpemenu (ot 10ns/div mo 1s/div) m oTaenpHO I Kaxaoro kaHauga (OT
10 nV/div no 5kV/div), a Takyke ypoBeHb HYJIS AJIsI KaX0T0 U3 KaHanoB (Y position).

Analysis Graphs

JlanHast (QyHKIOMS TIO3BOJIIET IOCMOTPETh B YBEIMYEHHOM BHJIE TTOKA3aHHS
ocmmmnorpada (Bkiaaaka «Oscilloscope») n mnorrepa (Bkimanka «Bode»). Macmitad
JUIsl OTOOpaXkeHus rpaduKOB OTAECIBHO HE 3aJaercs, OH OyAeT HJEHTUYHBIM C
MacmTaboM, YCTaHOBJIEHHBIM g ocuuiuiorpada v mioTTepa. 31ech TaKXkKe €CTb
BO3MOXHOCTh yBEJIMYMBATh OTACIbHBIC YYACTKH TOJYYCHHBIX TpaduKOB WIH

YCTaHABJINBATH MacmTabd o ocu Left aBTomaTnuecku.
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HUcTounuk nutanusa (Function Generator)

[ [ [
S

L

| i

Frequency |00 B [kHz B

Duty cycle [50 [ =

Amplitude [ B v B
offzet [0 [

— Common i

(% [ (o

JIns UCTOYHMKA MUTAaHUS 3aJaercs BUJ curHaia, yacrora (Frequency) u am-

mwiryaa (Amplitude) konebanuii.
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MMPUJTOKEHHUE 2. METOAbI MOIAEJINPOBAHUS
Hactpoiika cxeMbl B pe30HAHC U U3MEPEHUE Pe30HaHCHOTO Kod(dpuimenTa mne-
penaym.
B nanHo#t naGopaTtopHOil paboTe B CXEMbl BKIIOYAETCS KOHACHCATOP C
MEPEMEHHON eMKOCThI0. VI3MEeHeHue eMKOCTH KOHAEHCAaTOpa BEAET K HU3MEHEHUIO

pe3oHaHCHOM YacToThl KoHTYpa. B Electronics

Variable Capacitor Properties L'zjﬁ
Label Valie |Faut | Disply] Workbench mis 3T0ro mcnonesyercs 3j1e€MEHT
Kei I «Variable Capacitor».
Capacitance [C): |10 uF = o .
_ I l s B cBoiictBax (Properties) aToro komro-
Setting: IED E E
st [5 E x HEHTa 3aJaeTcsl KIaBHIIA KJIaBUATYypbl (IO
YMOJIYAHUIO Uconb3yercss «C»), ¢ MOMOUIbIO
KOTOPOM MOKHO YMEHbINATh (yBEIUYUBATD,
JOTOJIHUTENBHO yaepxkuBas «Shifty) mporent
0K I OTreHa |

BKIIFOUCHUA, a4, CICAOBATCIIBHO, M HTOI'OBOC

3HaueHue syemeHta (Key) ero makcumanbHoe 3HaueHue (Capacitance), MpOIEHT
BKIIIOUeHHMs (Setting), ¥ 3HaAUYCHHE HA KOTOpPOE OyJET M3MEHSTHCS MPOLICHT BKIIIOYE-
HUs npu HaxaTuu kiaBunm (Increment). s 6osee TouHOM HACTpOiikK 3HaueHue In-
crement yCTAaHOBUTBH PAaBHBIM 1.

[Tocne Toro kak BeI COOpaiv MOTHOCTHIO CXEMY M TIOJIKIIFOYHIINA BCE DJIEMEHTHI,
oTKpoiiTe ocumwnorpad, ycranopure macmrad Bpemenu (0,10+0,50) ms/div, mac-
mrtad mo kanainy B 5+50 mV/div, 3anyctute cumymnsnuio (cM. npmi. 1 «OcHoBHas
naHenby»). Tenepp, U3MEHsS ¢ KIaBUATyphbl NPOLIEHT BKIKOYEHUs KOHAEHCAaTopa, Ha-

0JIr0/1aiiTe 32 U3MEHEHUEM aMIUIUTY/Abl C TOMOLIBIO0 OcuuiIIorpada.
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T B.oaaa £ T 2. aag - Ti-Ti . eaae =
RT | R A2 -
a1 -7.27218 mV W2 WVBZ-WVEI
Tima base Trigger Channel & Channal B
[1.00mss div El| Bdge = = [ 50 mi/Div H [0 mviDiw <13 § EFTic e
¥ position | 000 2] | Lewel [0.00 E ¥ position | Z.00 2l ¥ position | 0.00 =] | Reverse |
EEW Bis | B EEN ~| e Bq | AC |0 |EE AC | 0| EE Save

HetpyaHo 3ameTHTh, YTO TpH W3MEHEHUU EMKOCTH aMIUIUTyAa JOCTUTaeT
MakcuMyma Ha yuacTke «B», a Ha yuacTke «[» amMmumTyaa CcHOBa MajaerT.
Bo3sBpaimaem 3HaueHWe €MKOCTH, TIPH KOTOPOM JOCTHTANICSI MAKCHUMyM — Y4acTOK
«». lamee yBenmunBaem Macmtad no Bpemenu (0,1+5 ps/div) u usmepsiem 3Hade-
HUE aMIUIUTYIbl BBIXOJHOTO CHUTHAJA, UCIIOJB3YS «METKW», OIHY U3 KOTOPHIX YyCTa-
HABJIMBAaEeM B MAKCUMYM, BTOPYIO — B MUHUMYM (CM. PUCYHOK HIKE).

AMHHHTy,Z[a BBIXOOAHOI'O CUTHAJIAa 6y,HeT paBHa:
UBI)IX = |VB2 — VB1| /2

OTcro/1a HaXOUTCS PE30HAHCHBIN KO3 HUIIMEHT epeIayu:

K0 = Ugpix/Usx-
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™ Oscilloscope

NN

4
4

= FET
T 22 .8338 ms=s Tz 22 . 8348 ms=s T2-Ti 1.88808 ps
i " "0 N
WE1 -42.1474 mW B2 42 .1474 mV WHZ-WE1 84,2948 D
— Time base Trigger Channel A——— Channel B
; = : =] . =] ReduceJ
[0.50p=! div ]| Edge R 2 [ 5O vl Div =1 [ z0 mivibiu = Hl|eRatEesls
H position [ 0.00 5| Lewsl 0.00 B | ¥ pasition [ 200 =] | o pesition [ 0.00 [2] | FRewerze
K&l b | mi Bl - B Bt A | o | I AC | 0| [ Save

B nannoit naboparopHoii pabote cxemy cHadaia HEOOXOJUMO HACTPOUTH B pe-
3oHaHc. [ casatus AUX u ®UX ucnonwszyercsa [lnorrep (cm. mipui. 1). Ilepen 3a-
MyCKOM CUMYJISIIIUU pa3BepHUTE OKHO [lmoTTepa (CM. pUCYHOK HUXKE) U YCTAHOBUTE
rpaHUyHble napaMmeTpbl: o ropusoHTtanu (Horizontal) — BepxHioro rpanuny (F) mo-
psanka 2+5 MI', mmwxkaiow (/) — 300500 x['; mo Beptukanu (Vertical) BepxHIOIO
rpanuny (F) nopsigka —20-+20 nb, nuxkHioro (/) — —60+-20 nb aist norapudmuyecko-
ro Macmrada u BepxHIow rpanuity (F) nopsanka 1, Hwkaiow (/) — 0 s TMHEHHOTO
macuirada.

Tenepsb, caBUras «METKY» C MOMOIIBIO MBIIIH, JTHOO CTPEIOYKAMU HA TIAHEH
IUIOTTEPA «<—» «—», CHUMAEM 3HAaY€HHE MO TOPU3OHTAIM U BepTUKAIH. UTOOBI
yBusieth AUX u @YX B yBenuueHHOM Macitabe Bbi3oBUTE (PyHKIMIO Analysis

Graphs ¢ ocHOBHOI manenu (cM. mpui. 1).
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~Bode Plotter &3

| DS Prase | | save | |
[ iertical — Horizortal !
Bl un Bl o
Fl_0dB = E =] [MHz[E
I -60 4B SRR E = [kHz 5
|
55 67dB
‘ s i B00.0kH | EEPTHKMB
A T [ 1 opH:0HTANL
IIIIIIIII o e In ie @ Ouw (s

HN3Mepenne mosiocsbl NponycKaHus
B nmannoit maGopaTopHO# paboTe TpeOyeTcs M3MEpPUTh MOJIOCY MPOIYCKaHUU
o ypoBHto 0,7 (-3 ab) u 0,1 (-20 nb). [l 3Toro HEOOXOIUMO HACTPOUTH CXEMY B
pe3onanc, noctpoutb AXY um wm3meputh 3HaueHne AYUYX B makcumyme. YHacrora

MakcumyMa AUYX nmommkHa coBmaaaTh ¢ 4aCTOTOM KojieOaHWM. BBIUMCINB 3HAUYCHUE
0,7 (-3 nb) ot makcumyma AYUX, HaliTH JIBa 3HAYEHUS YaCTOTHI (CIIeBA —fin U CIIpa-

Ba —fmax OT MAaKCUMyMa), Ipu KOTOopoi 3HaueHne AUYX Oimke BCero K BIUYHUCICHHO-

my. lIupuna nonockl nponyckanus OyAeT paBHa:

A= f max —f min.
st ypoBust 0,1 (20 ab) u3MepeHue monockl NpoNyCcKaHus MPOBOASTCS aHa-

JJOTUYHO.
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MUHHUCTEPCTBO HAYKHU U BBICIIET'O OBPA3OBAHNMS POCCUNCKON
®EJIEPALINU
®EJIEPAJIBHOE 'OCYJAPCTBEHHOE BIO/JKETHOE
OBPA3OBATEJILHOE YUYPEKJIEHHUE BBICIIIEI'O OBPA3BOBAHUSI
«IOHCKOM T'OCYJAPCTBEHHBIV TEXHUYECKAH YHUBEPCUTET»

Texnosiornyeckuiit UHCTUTYT cepBuca (pusman) AT'TY B r.CraBpomno.ie
(TUC (puman) AI'TY B r.CraBpomnoJe)

METOJUYECKHUE YKA3ZAHUASA

10 BBITTOJHEHUIO MPAKTUUECKUX Pa0oT
10 TUCUHUTLIIMHE
«Crangaptel ¥ TexHonorun CMCy
JUTsE 00Y4aIOIUXCs TI0 HAMIPaBJIECHUIO MOATOTOBKU
11.03.02 «MHpOoKOMMYHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3H»
Hamnpasnennocts (mpoduiib)
«CuctemMbl MOOMIIBHOU CBSI3U»



Metoauyeckue ykazaHus o AuciuIuinie « CTanaapThl U TEXHOJIOTUU
CMC» coaepkat 3afaHus sl 00y4Jaromuxcsi, HeOOXOAUMBIE JJIsl IPAKTUYECKUX
3aHATUN.

[TpopaboTka npenioKeHHbIX 3aJJaHUI TO3BOJIUT CTYJIEHTaM puoOpecTH
HEO0OXOMMBbIE 3HAHUS B 00JIaCTH U3y4aeMOU TUCIUILINHBI.

[Ipennaznavens! 1151 oOyuaromuxcs HanpasieHnus noarotropku 11.03.02
NupoxoMMyHUKAITMOHHBIE TEXHOJIOTMHU U CUCTEMBI CBsi3u. HampaBieHHOCTb
(mpoduiib) " CucTeMbl MOOWIBHOM CBSI3H



Conep:xkanue

Bsenenue
[IpakTnueckoe 3ansarue 1
[IpaxTnueckoe 3ansarue 2

[IpakTnueckoe 3ansarue 3

[IpaxTueckoe 3andarue 4

Cnucok PEKOMCHAYEMBIX I/IH(l)OpMaIII/IOHHI)IX HCTOYHUKOB



BBEJIEHUME

IIpy wu3ydyeHum Kypca Hapsly C OBIAJEHUEM CTYIEHTAMH TEOPETUYECKUMMU
MIOJIOKEHUSIMU YJIENIITCSl BHUMAaHUE TPUOOPETEHHUIO TPAKTHUECKUX HABBIKOB, C TEM, YTOOBI OHU
CMOTJIM YCTIEITHO IPUMEHSTh UX B CBOEH TMOCIEyIONIel padoTe.

Henpto n3yuenus nucuumuinnabl "Crangaptsl U TexHojgorun CMC" saBisieTcst oBiiajieHue
CTYACHTAaMH 3HAHUSMH, HaBbIKAMU U YMEHMSIMH B 00JaCTH Te€OpuH (HPOPMUPOBAHUS, NIpUEMA U
obpaboTku curaanos B CMC.

B pesynbpTare 0cBOCHHS TaHHON JUCHUIUIMHBI (POPMUPYIOTCS CIEAYIONINE KOMITETCHIINN

y 00ydJaromerocs:
I1K-1.3: Pa3pabatbiBaeT cXeMbl OpraHU3alMU CBS3H U UHTETPALUU HOBBIX CETEBBIX JIEMEHTOB C
HCIIOJIb30BAHMEM  T€OMH(POPMAIMOHHBIX  0a3  JaHHBIX IO  CEeTIM  pajJuoJA0CTyIa,
MHQOPMALIMOHHONW  TOJAEPKKM  PAcCUETOB  PAaJUONIOKPBITHS, CETel  COTOBOM  CBS3H,
paavopeNnelHpIX Tpacc M 4YacTOTHO TEPPUTOPUATIBHOIO IUJIAHUPOBAHUS; pa3BEpPThIBACT
000pyI0BaHNUE COTOBOM CBSI3U HOBBIX TEXHOJIOTHIA.

W3yunB naHHBIN Kype, CTYACHT JIOJKEH:

3HaTh: OCOOEHHOCTH YCIIOBUH HCIOJIb30BaHUS CHUCTEM MOOWIBHON CBSI3M M OCHOBHbBIE
MOKa3aTes KauecTBa UX QyHKIIMOHUPOBAHUSI.

YMeTh: BBIOMpATh KOHKPETHbIE THIBI  OJOKOB (DPYHKIMOHAIBHON CXEMBI CHCTEMBI
MOOMJIBHOM CBSI3W € Y4YeTOM YCJIOBUH OKCIUTyaTallud, TpeOOBaHUI MHHHATIOpU3ALINY,
HAJEKHOCTH, 3JIEKTPOMAarHUTHOW COBMECTUMOCTH, TEXHOJOIMYHOCTH, PEMOHTOIPUIOJIHOCTH,
y100CTBa IKCITyaTallii U SKOHOMUYECKON U CIEKTpaIbHOU 3(h(HEKTUBHOCTH.

Bnagerb: mepBUYHBIMM HaBbIKAMHU BbIOOpa HEOOXOAMMBIX (YHKIIMOHATBHBIX OJOKOB
CUCTEMbl MOOMJIBHOM CBSI3U U pacyeTa YUCICHHBIX 3HAYEHUH UX MapaMeTpoB, COTJIACOBAHUS UX
PEXUMOB (DYHKIIMOHMPOBAHMSI B CUCTEME IMPHU MPOECKTUPOBAHUH, UCTIBITAHUSIX U TEXHUYECKOMN
AKCIUTyaTaIlMi TAKKX CUCTEM. Peanuzanus KOMIETEHTHOCTHOTO MoAX0/1a
MpelycCMaTpuBaeT MIHUPOKOE UCMOIb30BAaHUE B YUEOHOM MPOIECCE aKTUBHBIX U MHTEPAKTHUBHBIX
dbopM mpoBeneHHs 3aHATHI (pa300p KOHKPETHBIX CHUTYaIlui, cOOece0BaHUE) B COYCTAHHH C
BHEayIMTOPHOIN paboToil ¢ 1enabio GOpMUPOBAHUS U Pa3BUTHUS MPO(ECCHOHATIbHBIX HABBIKOB Y
00yJaronuxcs.

JleKIMOHHBIN Kypc sBIsieTCsl 0a30i Ui TMOCIEAYIOLIEro MOJIy4eHUs 00ydaroluMuUcs
MPAKTUYECKUX HABBIKOB, KOTOPbIE MPUOOPETAIOTCS HAa MPAKTHUYECKUX 3aHATHUSIX, IPOBOJUMBIX B
aKTUBHBIX (opmax: [eloBble WIPhl; CUTyallMOHHbIE CEMHHAphl. MeToIuKa MpOoBeIeHUs
MPAKTUYECKUX 3aHATUA U HUX COJIep)KaHUE TMPOJUKTOBAHBI CTPEMJIEHHEM KaK MOYHO
s dekTUBHEE pa3BUBaATh Y CTYJIECHTOB MBIIUICHUE U WHTYUIUIO, HEOOXOIUMbIE COBPEMEHHOMY
CHEIHATUCTy. AKTUBHbBIE (DOPMbI CEMHUHAPOB OTKPBIBAIOT OOJIBIINE BO3MOKHOCTH IS IPOBEPKU
YCBOEHHUS TEOPETUUECKOTO U MPAKTHUECKOTO MaTepuaia.



IIpakTuyeckoe 3ansitue 1 Pacyer TeXHUYECKUX XapaKTEPUCTUK KayecTBa ()yHKIIMOHUPOBAHUS
CHCTEM MOOHMJIBHOM CBSI3U IPH MHOTOJYYE€BOM PAaCIpOCTPAHEHUH B YCIOBUAX IJIOTHOU
TOPOAKOM 3aCTPOUKHU.
Heas 3anaTus: IlpuoOpereHne 3HaHMH O pacyeTe TEXHUYECKHX XapaKTEPUCTHK
KadecTBa ()yHKIMOHUPOBAHUS CUCTEM MOOMIIBHOM CBS3H.
Bomnpocs! 1151 06cyxkieHus.
1 OcHoBHBIE XapaKTEPUCTUKU MHOTOIYYEBbIX KaHAJIOB C 3aMUPAHUSIMU CUTHAJIOB.
2. OCHOBHBIE XapaKTEPUCTUKH MHOTOJIY4€BBIX KaHAJIOB C 3aMUPaHUSIMU CUTHAJIOB. Biusinue
36MHOM IIOBEPXHOCTH.
3. 3amMupaHusl CUTHAJIOB KaK CIIy4alHbIN Mpoliecc. Y4YeT MHOTOJIy4eBOr0 paclpoOCTpaHEHuUs
PaZMOBOJIH B TOPOJICKUX YCIIOBHUSX.
4. 3amupaHus CUTHAJIOB Kak cilydaiiHbIi npouecc. KpynHomacitabHble 3aMUpaHis CUTHAJIOB.
3ananmue.
Pacuer TexHMUYECKUX XapaKTEPUCTHUK 10 BapUAHTaM.

IIpakTnueckoe 3ansaTHe 2 Pacyer TEXHUMYECKHX XapaKTEPUCTUK paJUOKaHAIOB CHCTEM
MOOMJIBHOM CBSI3U MPU MEJIKOMACIITAOHBIX 3aMUPAHUSIX

Heap 3ansaTus: Pacyer TEXHMUECKUX XapaKTEPUCTUK PaJHMOKaHAIOB CUCTEM MOOMIIBHOM
CBA3U.

Bomnpocsl 115 00cyx1eHus
1. [IpoctpancTBenHas koppessus. OOIIue NoJ0KEHHUS.
2. [IpoctpancTBeHHast KOppesus. YacTHbIE clTydan pocTpaHcTBeHHON Koppemsiun B CMC.
3. CraTucT4ecKre XapakTepUCTHKHU KaHajla ¢ 3aMUpaHusIMU. YacToTHast qucrepcus B KaHalle
4. CraTUCTHYECKHE XapaKTEPUCTUKU KaHalla C 3aMUPaHUAMU. YTJIOBas JUCIIEPCUs B KaHAJIE.
3aganue.
PacyeT TeXHMYECKUX XapaKTEPUCTHK PATNOKAHAJIOB IO BADUAHTaM.

IIpakTuyeckoe 3anaTHe 3 Pacuer mapamMeTpoB CUTHAJIOB B FayCCOBOM IIYMOBOM
KaHaje

]_le.]]b 3aHATHUSA. pacyeT IapaMETPOB CUTHAJIOB B TayCCOBOM IIIYMOBOM KaHAJIC.

Bonpocsl 1uist 00Cy:KI1eHust
1O0OnTuManbHBINA MPUEM CUTHAIOB Ha (DoHE rayccoBa IrymMa. MaTreMaTuuecKkoe MpeACcTaBICHUE
Y3KOIOJIOCHBIX CUTHAJIOB U IIyMa
2. OnTuManbHbIN pUeM CUTHAIOB Ha oHe rayccoBa mryMa. KoppensiuoHHbINA JeMOTyAsSTOp
3. OnTuManbHbIN pueM CUrHajiIoB Ha ¢oHe rayccoBa Iryma. CoriacoBaHHBINA (UIBTP Kak
JEMO TSI TOP
4. OntuManbHBIN IprUeM CUTHAJIOB Ha (hoHe rayccoBa myma. OCHOBHBIE KPUTEPUH,
UCIOJIb3YeMbIe Ui IPUHATHS PElICHHA

3amanune
[IpousBecTu pacueT coriacHO BbIJAHHOTO BapUaHTA.

IIpakTnueckoe 3ansiTne 4 Pacyer napamerpoB CMC nepcreKTUBHBIX TUIIOB



Henp 3aHATHA 3aKII0YaeTCs B O3HAKOMIICHMM M IPAKTHMYECKOM IPUMEHEHHUU METOJIOB
pacuera napameTpoB CMC nepcreKTUBHBIX TUIIOB.
Bonpocs! 1151 00cyxkneHust

1. BeposTHOCTH OIIMOKH B TayCCOBOM IIYMOBOM KaHaje. Curnaisl (pa3oBoil MOAYISIINH

2. BeposATHOCTH OIIMOKY B rayCCOBOM IIYMOBOM KaHasie. CHTHaIIbI KBaIpaTypHOH aMITUTYTHON
MOYJIALIUN
3. BeposATHOCTH OIIMOKH B rayCCOBOM ITyMOBOM KaHajie. CriektpanbHas 3 (HeKTHBHOCTD
rayccoBa IIyMOBOI'O KaHajia
4. Tlepenaya u npuem curHasnoB B OFDM-cucreme. @opmupoBanue OFDM-curnana.

3ananue

HpOI/I3BeCTI/I PacUcT COrjiaCHO BbIJIAHHOT'O BapHWaHTA.

CIIMCOK PEKOMEHAYEMbIX HH®POPMAIMOHHBIX NCTOYHUKOB

6.1. PexomeHnayemas iutepatypa

6.1.1. OcHoBHas JUTEpaTypa

ABTOpBHI, 3arnaBue Wz narenscTBO, rof Anpec
JI1.1 [Yepuenoga, E. A. CucreMsl U cetu neperadu nHGopmanuu. HYacts 1. Canxkr-TlerepOypr: | http://iwww
CucreMsl iepeayun HHGHOPMAIHH Poccuiickuit .iprbooksh
rocy/iapcTBeHHbIl | 0p.ru/1796
TU/IPOMETEOPOIIOTH 6.html
YECKHI
yHuBepcuter, 2008
JI1.2 |Yepnemnosa, E. A. Cucrembl U cetd niepenayn uHpopmaimu. Yacts 2. Cankr-TlerepOypr: | http://www
Ceru nepenaud nHGOPMALMN Poccuiickuii .iprbooksh
rocynapcTBeHHbli | 0p.ru/1796
THIPOMETEOPOIIONH 7.html
YeCKui
yHuBepcuter, 2008
JI1.3 |Pocnsikos, A. B. Ceru cBsa3u: yueOHOE OCOOHE 10 AUCHUILIMHE «cetd  |Camapa: http:/iwww
CBSI3M U CHCTEMBI KOMMYTAITHI) TMoBomKCcKuit .iprbooksh
roCyIapCTBEeHHBIN | Op.ru/7540
YHHUBEPCHUTET 6.html
TEIEKOMM YHUKAIHI
1 MH(HOPMATHKH,
2017
6.1.2. [lonotHUTEILHAS TUTEpPaTypa
ABTOpHI, 3ariaBue H3patenscTBO, oA Anpec
J12.1 [Tyaesunu /1. C. CeTH CBS3U CIIEAYIONMIETO TIOKOICHHUS Mockga: Unrepuer- | http://www
Yuusepcurer .iprbooksh
HNudopmarmonssix | 0p.ru/7365
TexHonoruii 1.html
(MHTYWUT), 2016
J12.2 |Vmokun B. JI. CHCTeMBI U CETH CBA3H C TIOIBMKHBIMH 00BEKTaMH: Tam00B: https://bibli
yaeOHOe TTocobue Tam0OoBCKuit oclub.ru/in
TOCYIapCTBEHHBIH dex.php?
TEXHUIECKHIH page=book
YHHUBEPCHUTET &id=2780
(TI'TY), 2012 05
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METOJUNYECKHUE YKA3ZAHUASA

HJs1l OpraHn3annuun CaMOCTOSTECIbHOU pa6OTBI
10 TUCUUTLIIMHE
«Crangaptel ¥ TexHonorun CMCy
JUTsE 00Y4aIOIUXCsl TI0 HAMIPaBJIEHUIO MOATOTOBKU
11.03.02 «MIHpOKOMMYHHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3H
Hamnpasnenrocts (mpoduiib) «CUCTEMBI MOOUIBHOM CBSI3H»



Meroanueckue ykazanus 1o « Cranmaptel u TexHosoruu CMC» coaepxar
3a/laHud 1Sl CTYJAEHTOB, HEOOXOAUMBIE JIJIsl OpraHU3alud CaMOCTOSITEIbHOM
paboTHI.

[IpopaboTka npeaIoKEeHHbIX 3aJaHUI MO3BOJUT CTYEHTaM MPHUOOPECTH
HE0OXOIUMbIE 3HaHMSI B 00JIaCTH U3y4aeMON JUCIUIUIMHBI.

[Ipennasnauensl A1 oOyyarouuxcs Hanpasienus 11.03.02
«MHPOKOMMYHHKAIMOHHBIE TEXHOJOTHM U CUCTEMbI CBA3W». HanpaBneHHOCTh
(mpoduie) « CucteMbl MOOMIIBHON CBSA3U»



COJEP)KAHUE

Benenue

. O01as xapakTepucTUKa CaMOCTOSTeTbHON PabOThI

. KOHTpOJIbHBIE TOUKHU U BUJIBI OTYETHOCTH IO HUM

. MeToanueckrue peKOMEHJallMK M0 H3YYEHHUIO0 TEOPETUYECKOIO0 MaTeprualia
. MeTtonueckue peKOMEHJAUH MO MOJrOTOBKE K MPAKTUYECKUM 3aHATHIM
. MeTonueckne peKOMEHIalliK 1O MOArOTOBKE JTOKJIaaa

. MeTonueckre peKOMEHIallkK MO MOJATOTOBKE K TECTUPOBAHUIO

. Metoanueckue peKOMEHIAINH 10 BBHITIOJIHEHUIO KOHTPOJIBHOM paboThI

. MeTtonueckne peKOMEHJalUU MO MOJTOTOBKE K 3a4ETy

Cnucok peKOMEHAYeMbIX HHPOPMAIIMOHHBIX HCTOYHHKOB
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BBEJIEHUME

Lenp MeTonuyeckux yKa3aHUH — OKas3aTb IIOMOIIb CTYAE€HTaM B OCBOEHUHM Kypca
«Crannaptsl ¥ TexHosoruu CMC».

JlaHHbIE METOJMYECKHUE yKa3aHMsI HANpaBJ€Hbl Ha CUCTEMATU3UPOBAHHOE M JIOTUYECKU
MIOCJIEIOBATEIbHOE ~ M3YYEHHE  TEOPETHUUYECKUX  BOIPOCOB, CBSA3AHHBIX C  MPOEKTHOM
JESITEIbHOCTBIO, C MOCIEAYIOIIMM 3aKpelyIeHUeM MaTepuaja MpHU BHIIOJHEHUH MPaKTHYECKUX
paboT, MoAroTOBKH pedeparos, JOKIAI0B, TPE3CHTALINN.

[lepen HauanoMm Kypca 11e51eco00pa3HO O3HAKOMMTBCSI CO CTPYKTYpOH IMCUUIUIMHBI Ha
OCHOBAaHUHU IPOrPaMMbI, a TAKXKE C IOCIEI0BATEIbHOCTBIO U3Y4YEHUS TeM M ux odbemom. C
LENbI0 ONTUMAJIbHONW CaMOOpPraHU3alMyd HEOOXOJMMO CONOCTAaBUTh ATy HHPOPMALUIO C
rpadukoM 3aHATHI U BBISIBUTH HanmOoJiee 3aTpaTHblEe MO BPEMEHH M 00bEMY TEMBbI, YTOOBI
3apaHee OIpeNeNNThb Uil ce0sl Iepro/ibl 0ObEMHBIX 3aJJaHHM.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSATEJbHOM PABOTHI

lenp ocBoeHus AMCHMIUIMHBI - OTpabOTKa HaBBIKOB HAyYHO-HCCIEAOBATEIbCKOM,
aQHAJIMTUYECKON U TIPOEKTHOM pabOTHI.

B pesynbrare ocBOEHHUS NaHHOM AMCHUIUIMHBI (POPMHUPYIOTCS CIEIYIOIINE KOMIETEHIINN
y 00y4aromierocs:

[IK-1.3: Pa3pabarbiBaeT cXeMbl OpPraHW3allid CBSI3W M WHTETpalil HOBBIX CETEBBIX
AJIEMEHTOB C HCIIOJIb30BAHMEM T'€OMH(OPMALMOHHBIX 0a3 JaHHBIX MO CETAM pPaauoAOCTyNa,
MHOOPMALIMOHHONW  TMOJJIEP’)KKH  pacdeTOB  PaJUOTOKPBITHS, ce- Ted COTOBOM  CBS3H,
pagMoOpENelHBIX TpAacCc M 4YaCTOTHO TEPPUTOPHUATIBHOIO IUIAHUPOBAHUS; pPa3BEPTHIBACT
000pyI0BaHNE COTOBOM CBSI3U HOBBIX TEXHOJIOTHIA.

CamocrositensHass pabota mo guciumummHe «Teopermdyeckne ocHOBEl CMOCy»
BBITOJIHAETCS. C LIENbIO MOJIyYEHHMs] W 3aKpelJICHUs 3HaHWM, NpUOOPETEHHBIX NpPU H3Y4YEHUU
TEOPETUYECKOr0 MaTepHala.

2. KOHTPOJIBHBIE TOYKHA U BUJIbI OTYETHOCTHU 11O HUM

KoHTposnb kadecTBa M CpPOKOB M3YUEHHE TE€M JIEKLIUW BBITIOJHSIETCS B COOTBETCTBUU C
yueOHbIM rpadurom. Odopmiisiercs B BUJe KOHCIIEKTUPOBAHUS TEKCTA.

KoHTposnb kauecTBa U CPOKOB BBHINIOJHEHHS MPAKTHUUECKUX 3aJaHUI OCYIIECTBIIAETCS B
COOTBETCTBUU C yueOHBIM rpaduxoM. OdopMisieTcss B COOTBETCTBUHU C 3aJaHHEM.

KonTpons kauecTBa cmaud JOKJIaJa OCYLIECTBISETCSI B COOTBETCTBHH C YUEOHBIM
rpaduxom. OdopmisieTcss B COOTBETCTBHHU C 3aJJaHHEM.

YcneBaeMOCTh CTYJIEHTOB OLIGHHUBAETCS B XOJI€ TEKYLIEro KOHTPOJS M MPOMEXKYTOYHOU
aTTecTaluu.

3. METOAUYECKHUE PEKOMEHJIALIUMHA 110 U3YYEHUIO TEOPETHYECKOI'O
MATEPHUAJIA

W3y4yenune nr000r0 paszaena WiIM TEMBI CleyeT HAauMHATh C O3HAKOMJICHHUS C BOTIPOCAMHU
IUIaHa M3YYCHHs TeMbl. TeOpeTHHecKHil MaTephai NPEICTABIsEeT COOONH KOHCHEKT JICKIIHH,
coJiepKaluil HeoOX0 MBI Habop yTBepXkIeHUH U dopmyln (6e3 JeTanbHbIX MOAPOOHOCTEN),
HO C MOJPOOHBIM OOOCHOBAaHMEM HX HCIOJb30BAHUS NPU PELICHWH KOHKPETHbIX 3aaad. [lpu
U3yYeHUM MaTepuaja HeoOXOJAWMO TIOMHUMO JIEKIMOHHBIX MAaTepHalioB  HUCIMOJIb30BaTh
PEKOMEHyeMYI0 OCHOBHYIO U JOMNOJHMUTENbHYIO JIUTEpaTypy JUIsl JIy4IIEro YCBOEHHS
MaTepuaa.

OcBauBaTh TEOPHIO CIEAyeT B COOTBETCTBHM C TOM IMOCIEI0BATENBHOCTBIO, KOTOpas
IpeJCTaBlIeHa B IUIaHe JIeKIUU. MeTouka paboThl ¢ JIUTEpaTypol mpeaycMaTpuBaeT BeJeHUE



3alKCH NIPOYUTAHHOIO B BUJE IUIaHA - KOHCIIEKTA, OTIOPHOI'O KOHCIIEKTa. DTO MO3BOJIUT CHENIATh
3HAHUS CUCTEMHBIMU, 3a(DUKCHPOBATH U 3aKPEIIUThH UX B MIAMSITH.

JUisi  yCIIEIIHOTO OCBOEHHS JAMCHUIUIMHBI, HEOOXOJMMO CaMOCTOSITENIFHO JIeTalbHO
U3YYHUTh TMPEJICTaBICHHBIE TEMBI 10 PEKOMEHIyeMbIM HCTOYHMKaM wuHpopmamuu. [Ipu
MOJArOTOBKE K 3aHATHUSIM CJIEAYeT PYKOBOJCTBOBATHCS YKa3aHUSIMH M PEKOMEHIAIUSIMU
IIpernoaBaTelis, UCIOJIb30BaTh OCHOBHYIO JIUTEPATypy M3 IMPEACTaBICHHOIO UM chnucka. s
Hanbosiee TIIyOOKOTO OCBOCHHS JWCHUIUIMHBI PEKOMEHIYEeTCS M3y4yaTb JIMTEpaTrypy,
0003HAYCHHYIO KaK «IOTIOJIHUTEIbHAS» B IPEJCTaBICHHOM criucke B PT1/I.

Bomnpocs! 111 NOATOTOBKH K YCTHOMY ONIPOCY TEKYIero KOHTPOJIA
1. OcHOBHBIE XapaKTEPUCTHUKHA MHOTOJYYEBBIX KAHAJIOB C 3aMUPAHUSIMHU CUTHAJIOB.
Pacnipoctpanenue paiuoBoJiH B CBOOOIHOM IPOCTPAHCTBE.

2. OCHOBHBIE XapaKTEPUCTHUKHA MHOTOJYYEBBIX KAHAJIOB C 3aMUPAHUSIMU CUTHAJIOB. Biusinue
36MHOM IMIOBEPXHOCTH.

3. 3amMupaHusl CUTHAJIOB KaK CIIydalHBIN Mpoliecc. Y4YeT MHOTOJYy4eBOr0 paclpoCTpaHeHus
PaZMOBOJIH B FTOPOJICKUX YCIIOBUSIX.

4. 3amupaHus CUTHAJIOB Kak cilydaiiHbIi npouecc. KpynHomacitabHble 3aMUpaHis CUTHAJIOB.
5. IlpoctpanctBenHast koppessius. OOIue moJ0KeHHS.

6. [IpocTpancTBeHHas koppesius. YacTHele ciaydyan npocTpaHCTBeHHOM Koppensauun B CMC.
7. CTaTUCTUYECKHUE XapAKTEPUCTUKHU KaHaja ¢ 3aMUpaHusIMu. YacToTHas Jucriepcus B KaHasle
8. CTaTUCTUYECKHE XapaKTEPUCTUKHU KaHala C 3aMUPaHUAMU. YTIIOBas AUCIEPCHs B KaHAJIE.

9. OnTumanbHbIN pUeM CUrHajIoB Ha ¢poHe rayccoBa rymMa. Marematuyeckoe npecTaBieHue
Y3KOIOJIOCHBIX CUTHAJIOB U IlIymMa

10. OnTuManbHBIM IPHEM CUTHAJIOB Ha (poHe rayccoBa mryma. KoppensaunoHHbIN AeMOAYISTOP
11. OnTuManeHbIi IpUEM CUTHAJIOB Ha oHe rayccoBa nryma. CorjlacoBaHHbIN QUIBTP Kak
JEMOAYIATOP

12. OnTuManbHbBIN IPHEM CUTHAJIOB Ha GoHE rayccoBa ryma. OCHOBHBIE KPUTEPHH,
WCIIOJIb3YEMBIE JIJISl IPUHATUSA PEILICHUI

13. BeposaTHOCTB OMMOKH B TayCCOBOM IIyMOBOM KaHaie. CurHaibl (ha30Bord MOIYIISAIIUN

14. BeposATHOCTB OMUOKH B TayCCOBOM IIYMOBOM KaHasie. CUTHaJIBI KBaJApaTypHOU
aMIUIUTYTHOM MOIYJISILIUU

15. BeposATHOCTB OMIUOKH B TayCCOBOM IIyMOBOM KaHase. CrekrpaiibHast 3pPeKTHBHOCTh
rayccoBa IIyMOBOTO KaHajia

16. Ilepenaua u npuem curnainoB B OFDM-cucreme. ®opmupoanne OFDM-curnana.

17. Ilepenaua u npuem curnainoB B OFDM-cucreme. [Ipuem OFDM-curnana.

18. Ilepenaua u npuem curHaioB B OFDM-cucreme. [Ipomycknas cnoco6Hocth OFDM-
CUCTEMBI.

19. ITepenayda u npuem curHaioB B OFDM-cucreme. OnieHka nepenaToyHoi GyHKIUKA KaHaia B
OFDM-cucreme.

Kpurtepun oneHk# ycTHOro onpoca

[TonHOTa OTBETA HA MOCTABJIEHHBIN BOIIPOC, YMEHUE UCIIOIb30BATh TEPMUHBI, TPUBOAUTH
MIPUMEPBL, J€1aTh BbIBOIBI.

3a Kax[plil OJOK B CyMMe OOY4YaroImIUKCs JOJKEH MOIy4uTh 25 0amioB, U3 HUX 5 — 3a
MOCEIIeHNEe 3aHsATHH, S5 - DBbIONHEHWE [ONMOJHUTENBHBIX 3aJaHui (JOKIaA, CTaThs,
npe3eHTanus ), 10 — 3a BRINOJHEHNE TECTOBBIX 33/IaHUM, 5 — 3a 3alIUTy 1a00PaTOPHBIX padboT

Kpurepuu nonydyeHus olieHKHU:

- pe3ynbTaT, COAEPX AUIUl MOJTHBIA NPABWIbHBIA OTBET — MaKCHUMAJIbHOE KOJIMYECTBO
0aIoB;

- pe3ynbTaT, COJCpPKAIIMA HEMOJHBIM TNpPaBUIBHBIA OTBET (CTENEHb MOJHOTHI
otBera — Ooznee 60%) WUIM OTBET, COJACpXKAIIMA HE3HAYUTEIbHBIE HETOYHOCTH— 75% oOT
MaKCHMaJbHOTO KOJIMYeCTBA OaIOB;

pe3ynbTaT, CoJepKallluil HEMOJHBIM MPAaBUIIbHBINA OTBET (CTENEHb MOJHOTHI OTBETA — OT
30 mo 60%) unm OTBET, COMAEpKAIIMA 3HAYUTETbHBIE HETOYHOCTH -40 % OT MaKCUMaIbHOTO
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KOJIMYECTBA 0ajIoB;

- pe3yibTaT, COJEpKAIIMKA HEMOJIHBIA MPAaBWIbHBIA OTBET (CTEMEHb MOJHOTHI OTBETA —
meHee 30%), HenmpaBUIIBHBIN OTBET (OTBET HE MO CYIIECTBY 3a/IaHUs ) WM OTCYTCTBUE oTBeTa — 0
% OT MaKCHMaJIbHOTO KOJMYeCcTBa OaJIOB.

4. METOAUYECKHUE PEKOMEHIAIIMHA 110 IOAI'OTOBKE K IPAKTUYECKHUM
SAHATUAM

[Iporecc MOArOTOBKM K MPAKTHYECKUM (CEMHHAPCKUM) 3aHATHSIM BKJIIOYACT M3YyUCHHE
HOPMATHBHBIX  JIOKyMEHTOB,  OOS3aTeNbHOW W  JIOTIOJIHUTENIbHOW  JIUTEpaTypbl IO
paccMaTpuBaeMoMy BOIIPOCY.

Henocpencreennoe IIPOBE/ICHUE IIPAKTUYECKOTO (ceMHHApCKOTO) 3aHATUA
[IPEIIOJIaraeT:

- MHIUBUIyaJIbHBIE BBICTYIUICHUS CTYACHTOB C COOOIICHUSMH TI0 KAKOMY-JTHOO BOIIPOCY
W3y4aeMOU TEMBI;

- ¢hpoHTaNEHOE 00CYXKIEHHE paccCMaTpUBaEMOM MTPOOIEeMBbI, 000OIIIEHHUS U BBIBOJIBI;

- pelieHue 3a/1a4 U ynpaxHeHU! 1o oopasiy;

- peleHre BapuaHTHBIX 33J1a4d ¥ YIIPaKHEHHI;

- pellieHNEe CUTYaIl[MOHHBIX TPOU3BOJICTBEHHBIX (MIPOdeccnoHabHbIX) 3a1a4;

- TPOCKTHPOBAaHWE W  MOJCIMPOBAHWE  PA3HBIX BHJOB W  KOMIIOHEHTOB
npodeccnoHabHOM e TENbHOCTH.

[Iporiecc MOATOTOBKHM K MPAKTUYECKUM (CEMHHAPCKUM) 3aHSATHSIM BKIIIOYAET M3yYeHUE
HOPMATHBHBIX  JIOKyMEHTOB,  OOS3aTeNbHOW W JIOTIOJIHUTEILHOW  JINTEpaTypbl IO
paccMaTpuBaeMoMy BOIIPOCY.

5. METOAUYECKHUE PEKOMEHJAILIUM 110 ITIOAI'OTOBKE JOKJIAJIA

K camocrositensHoil pabOTe OTHOCUTCS HAalMCaHWE M 3alllUTa JOKJIaJa B CEMecTpe.
[ToaroroBka noknana mo aAucuUIUIMHE «OOIIast ANMEKTPOTEXHUKA» - OJUH M3 OCHOBHBIX ATAlOB
y4eOHOro Tpolecca B OOyYEeHHUH CTYIACHTOB, KOTOPHIM HEOOXOJMMO NPUOOPECTH HaBBIKU
CaMOCTOSITEJIBHOTO HCCIEAOBAHMUS U TMPEJCTaBICHUS] €ro pe3ylbTaToB. TeMa BblOHpaeTcs
CTYAEHTOM CaMOCTOSITEJIHHO 110 COTJIACOBAHUIO C MPEIO/IaBaTEIEM.

[IpumepHbIe TeMBI TOKIaIa:
1. OcHOBHBIE XapaKTEPUCTUKH MHOTOIYYEBBIX KAaHAJIOB C 3aMUPAHUSIMU CUTHAJIOB.
Pacnipoctpanenue painoBoJiH B CBOOOHOM MPOCTPAHCTBE.
2. OCHOBHBIE XapaKTEPUCTUKH MHOTOJIY4YEBBIX KaHAJIOB C 3aMUPAHUSIMU CUTHAIIOB. BriusiHue
3eMHOM TTOBEPXHOCTH.
3. 3amMupaHus CUTHAJIOB KaK CIy4alHbIN MpoLecc. Y4eT MHOTOJIYy4E€BOr0 pacipoCTpaHEeHUs
PaZMOBOJIH B TOPOJICKUX YCIIOBHUSX.
4. 3amupaHus CUTHAJIOB Kak CiydaiHbIi npouecc. KpynmHomaciitabHble 3aMUpaHus CUTHAJIOB.
5. IIpocTpancTBeHHas koppenauus. O01Ire NoJ0KEHUS.
6. [IpocTpancTBeHHas koppesus. YacTHbIe caydan NpocTpaHCcTBeHHOHM kKoppensauun B CMC.
7. CraTucTU4ecKre XapakKTepUCTUKHU KaHala ¢ 3aMupaHusMu. YacToTHas Aucrepcus B KaHase
8. CraTucTryeckue XapakTepUCTUKH KaHalla C 3aMUPaHUAMU. YTIOBas IUCIEpCUs B KaHAJE.
9. OnTuManbHbIN pUeM CUrHajIoB Ha ¢oHe rayccoBa myma. MaremaTuyeckoe npeacTaBieHue
Y3KOMOJIOCHBIX CUTHAJIOB U IIyMa
10. OnTUManbHBIN IPHEM CUTHAIOB Ha JOHE rayccoBa mryMa. KoppensiioHHBIH JeMOyISITOD
11. OnTuManeHeIi IpUEM CUTHAJIOB Ha oHe rayccoBa mryma. CorflacOBaHHBIN (QUIBTP Kak
JEMOAYISATOP
12. OnTuManeHbIi IPHEM CUTHAIOB Ha oHe rayccoBa mryma. OCHOBHBIE KPUTEPHH,
WCIIOJIb3YEMbI€ JIJISl TPUHATUS PELICHUN
13. BeposiTHOCTH OIIMOKH B TAyCCOBOM IITyMOBOM KaHasne. Curnansl (ha30Boil MOIYISIIIHH
14. BeposiTHOCTh OIIMOKH B TAYCCOBOM IITYMOBOM KaHajne. CUTHAIBI KBaApaTypHOU
aAMIUTUTYIHON MOTYJSIIUU



15. BeposiTHOCTH OIIMOKH B TayCCOBOM IIyMOBOM KaHane. CnekTpanbHas 3QQeKTUBHOCTD
rayccoBa IIyMOBOI'O KaHaja

B pesynprate mMOArOTOBKM JOKJIAZa CTYAEHT MOKET BBICTYNATh Ha KOH(EpeHUUsX H
CEMUHapax 110 3TOMY BOIIPOCY.

OO0mme peKoMeHAAIUM 0 MOAT0OTOBKe I0KJIa/Aa

Jlokiiaz 1oJKeH BKIII0YaTh B ce0sl BBEJIEHHE, OCHOBHYIO YaCTh U 3aKIIIOUCHHUE.

Bo BBemeHum HEOOXOAMMO OTPa3UTh OOOCHOBAaHHME AKTYAIBHOCTH BBHIOPAHHOW TEMBI,
KpaTKO€ ONHUCAHME TEKYLIEro COCTOSIHUS MpoOieMbl. B HEM CTyIeHT IOJKEH yKa3zaTh LEJb U
3aauu pabOThI, 0OBEKT UCCIIETOBAHMS, SIIEMEHTH HOBU3HBI, BBEJICHHBIC B MPOIECCE HATUCAHUS
paboTel. HeoOxoaumo mnepeyuciuth mpoOsieMbl, KOTOpPBIE JOJDKHBI ObITh pElIeHbl B paMKax
BBIOPAHHOM TEMBI.

OcHoBHasi 4acTh JOKJIaJa JOJDKHA COJAEPXKAaTh BONPOCHI, MPEIyCMOTPEHHBIE B IJIaHE
paboTel. B Helt HEOOX0AMMO OTPa3UTh TEOPETUUECKUE OCHOBBI, PACKPHIBAIOIIUE CYTh MPOOJIEMBI,
MIPOAHAJIU3UPOBATh COOpAaHHBIE MaTEepUANIbl, XapaKTEPU3YIOIIME MPAKTUUYECKYI0 CTOPOHY
o0BbeKTa HCCIEAOBaHUA. IJTOT pa3fie]l MOXEeT cojAepkaTb pabouue TaOIUIBI, JUArpaMMBI
(IMarpaMMBbl U Ipyrue MaTepuasbl.

B 3axmoueHue HEOOXOIMMO OTpPa3UTh BBIBOJALI U MPEAJIOKEHUS, IOJIyYeHHBbIE B
pe3ynbTaTe mpenbaymeit padoTel. OHM TOJHKHBI OBITHE CPOPMYTUPOBAHBI YETKO U TOUKH.

Crincok auTepaTypbl BKIIOYAeT B aji)aBUTHOM MOPSIJIKE CIIMCOK COBPEMEHHBIX 3aKOHOB U
HOPMAaTUBHBIX  aKTOB, COOTBETCTBYIOIIEW HAydyHOM  JUTEpaTypbl, HAy4YHBIX pabdoT,
CTaTUCTUYECKUX COOPHUKOB U IPYrMX UCTOYHUKOB, BBIIYILIEHHBIX HE paHEE IISITH JIET.

Odopmiienne 10KJIa1a U MOPSAIOK 3AMTHI

O6bem paboThl — 4-7 CTpaHUIl TPOHYMEPOBAHHOTO KOMIBIOTEPHOTO TEKCTa, mpUQT, 14,
uHTepBan 1,5, mons cranmaptHbie. Mumroctpanuu, gororpadun, pucyHku, rpaduku, KOTOPHIS
MOSIBJISIIOTCS. HA TEKCTE, JOJKHBI ObITh IPOHYMEPOBAHBI.

BreimonHeHHBIM  g0KIan mpoBepsieTcss mpenonaaBareneM. Ecnu  goxmam  odopmieH
COTJIaCHO TPEAbSBISIEMbIM TpeOOBaHUAM, TO padoTa [JOMyCKaeTcss K 3alluTe, O 4YeM
MpernojaBaTesieM [eNaloTcs 3aluch Ha THUTYJIbHOM JucTe pabotel. Ecnau mokman wumeer
OTpUIIATENIbHBIM OT3bIB, TO JIOKYMEHT BO3BpallaeTcsi Ha J0pabOTKy € MOCIEAYIOIUM
MIPEJICTaBICHUEM O €r0 MOBTOPHOM PACCMOTPEHHH.

TpeGyembiil ypoBeHb OpUrHHAIBHOCTH He MeHee 50%.

Jlokiiagpl MOTYT COMPOBOKIATHCS Mpe3eHTalMel, OTpa)arollel OCHOBHbIE MOMEHTHI
BBITIOJIHEHHOTO UCCIIEIOBAHMUSL.

Kputepun oueHkHu 10KjIa1a

Kpurepuit [Tokazarens MaxkcumManbsHOE
OIICHKH pedepara KOJIMYECTBO 0aJsIOB
1.CreneHb packpbITUs | - COOTBETCTBHE COAEpKaHUs TeMe pedepaTa; 1
CYIIHOCTH MPOOJIEMBbI | - MOJIHOTa M TIyOMHA PACKPBITHS OCHOBHBIX 1
HOHATHUH POOIEMBI;
- ymeHue paloTath C  JIMTEpaTypoH, 1
CHUCTEMaTH3UpOBaTb U  CTPYKTYpUPOBATh
MaTepHa; 1
- ymeHue  0000maTh, COTIOCTABJIATh
pas3nyHbIe TOYKH 3peHHs 1o 1
paccMaTpuBaeMOMY BOIIPOCY;
- apryMEHTUPOBaThb OCHOBHBIE NOJIOXKEHHS U 1
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BBIBOJIBL;
- yMEHHE YeTK0 ¥  OOOCHOBaHHO 2
(hopMyIUpOBaTh BHIBOIBL;
- CaMOCTOSATENBHOCTb,  CIOCOOHOCTH K
OTIPEICNICHUI0 COOCTBCHHOW IMO3UIUU  TIO
npobieMe W K TPAaKTUYECKOH ajanTamnuu
Marepuaia
2.Cobmonenue - IPaBWJIBHOCTb U aKKYpaTHOCTb 0(OPMIICHUS 1
TpeboBaHUI o | pecepara
oopMIICHHIO -TOYHOCTh B IUTHPOBAHWUM W YKa3aHUU 1
UCTOYHMKA TEKCTOBOTO (pparmeHTa,
- coOmoneHne TpeboBaHUN K 00beMy H 1
CTpYKTYpe pedepara;
- TPAMOTHOCTB M KYJIbTypa H3JI0KEHUS 1
3.YpoBeHb  3allUTHI | - AOKJIAJ CTPYKTYpPHUPOBaH, PaCKpbIBAET TEMY 1
pedepara - JlaHbl TpaBWJIbHBIE, ApPryMEHTHUPOBAHHBIE 2
OTBETHI HA YTOYHSIOIINE BOIIPOCHI
- Cllailibl  TPEACTaBICHBl B  JIOTUYECKOM 1
MOCIIEI0OBATEILHOCTH " odopmieHne
MPE3EHTALINH; 1
- KOJIMYECTBO ciaiioB He 6osee 10
MaxkcumanbHO€ KOJIHYECTBO OaJIJIOB 17

JIsi TMOATOTOBKM TpE3CHTAallMd K 3amuTe pedepara, oOydaromeMmycsi HEeo0X0IuMO
ucrnoan3oBatk PowerPoint. KonryecTBo ciaiiioB mpe3eHTauu K 3ammre pedepara — He Ooiee
10.

MaxkcuManbHOE KOJMYECTBO OayioB, KOTOpOE€ OOydJaromuiics MOXKET MOJy4yUuTh 3a
MOATOTOBKY pedepara U Mpe3eHTaluu K HeMy cocTaBiseT 17 GamnoB. bamibl yauTsiBaioTcs B
npoLecce MPOBEACHUS TEKYILIET0 KOHTPOJIS.

17 OayJIOB — OLIEHKA «OTIUYHO;

12-16 GannoB — oIleHKa «XOPOIIIOY;

8-11 6ayyoB — OlLIEHKA «YIOBIIETBOPUTEIHLHOY»

Menee 8 6a/I0B — OLIEHKA «HEYI0BIETBOPUTEIHHO.

6. METOIUMYECKHE PEKOMEHJIAIIUMA 110 ITIOJIN'OTOBKE K TECTUPOBAHU IO

VYcrmeniHoe BBITIOJIHEHHE TECTOBBIX 3aJaHHHM  SIBISETCS HEOOXOIUMBIM  YCIOBHEM
WUTOTOBOM TIOJIO)KMTEIIBHOH OILIEHKHM B COOTBETCTBHM C PEUTHHTOBOM CHCTEMON OOy4YeHUSI.
BrinonHeHue TeCTOBBIX 3aJaHUl MPEJOCTABISIET CTYACHTAM BO3MOKHOCTb CaMOCTOSITEIBHO
KOHTPOJHUPOBATh YPOBEHb CBOWX 3HAHUH, OOHApYKHBaTh MPOOENbl B 3HAHUAX U MPUHUMATH
Mepbl MO WX JUKBUJIaUMK. DopMa H3JI0KEHUS TECTOBBIX 3aJaHUN TO3BOJISIET 3aKPENUTh U
BOCCTAHOBUTH B MaMSTH MPOWJICHHBIA Marepual. TecTOBbIC 3aJaHUsl OXBATHIBAIOT OCHOBHBIC
BOIPOCHI IO AUCHUILIMHE « OCHOBBI TEOPUH IIETICI.

Y crymeHTa ecTb BO3MOXKHOCTH BBIOOpa MPABHIBHOIO OTBETAa WM HECKOJIbKUX
MpPaBUJIbHBIX OTBETOB W3 YHUCJIA MPEJIOKEHHBIX BapUaHTOB. JlJis BBINOJTHEHUS TECTOBBIX
3aJaHUM CTYACHTHl JOJDKHBI M3YyYWTh JIEKIIMOHHBIM Marepuan IO TeME, COOTBETCTBYIOLIUE
pasznenbl y4eOHUKOB, Y4EOHBIX TOCOOUH U IPYTUX UCTOYHHKOB.

KOHTpONBbHBIN TECT BBINOJIHSIETCS CTYAEHTAMH CAMOCTOSITEIbHO BO BPEMSI CEMUHAPCKUX
3aHATHH.

IIpuMep TeCTOBOrO 3aJaHUA

Br16epuTe 0JIMH MM HECKOJIBKO MTPABUIBHBIX OTBETOB:

1. OcHOBHBIE 2TIEMEHTHI EKTPUUECKOM IIeTIH

a) COMPOTHUBJICHUE;



0) EeMKOCTb;
B) UCTOYHUK MMUTAHUS,
r) TenedoH

Kputepuu oneHnBaHusi KOMIeTEeHIUH

OrneHKa «OTIIMYHO» BBICTABJISCTCS CTYICHTY, €CIU KOJUYECTBO NMPABUIBHBIX OTBETOB
Ha TeCcTOBbIE 3aaHus mpeBnimaet 90 %.

OreHKa «XOPOIII0» BBICTABIISCTCS CTYICHTY, €CIIU KOJIMYECTBO MPABWIIBHBIX OTBETOB HA
TeCTOBbIE 3a/1anu npesbitaet 70 %).

OneHka  «yIOBJICTBOPUTEIIBHO»  BBICTABIISCTCS  CTYIEHTY, €CIH  KOJHUYECTBO
MPaBUJIbHBIX OTBETOB HA TECTOBBIC 3aAaHus npeBbimaet 50 %).

OneHka «HEYJIOBJIICTBOPUTEIBHO»  BBICTABISICTCS  CTYACHTY, €CIIH  KOJHYECTBO
MpaBUJIBHBIX OTBETOB Ha TECTOBbIE 3adaHus cocTtaBisier MeHee S50 %, aub0 OTBETHI
3aMMCTBOBAHEI.

OdopmiieHre 0TBETOB HA TECThbI

OTBeThI Ha TECTHI OPOPMIISIOTCS Ha CTYIIEHTOM Ha OT/AEITHHOM JIHCTE CAMOCTOSTEIBHO.
B npaBom yriy npocraBisiercss @O u rpynna, nanee cieayeT HOMEp TecTa M BbIOpaHHBIN
BapUaHT OTBETA.

7. METOJIMYECKHUE PEKOMEHJIAIIMHA 11O BBIIMTOJJTHEHUIO KOHTPOJILHOM
PABOTBI

KoHnTponbHas padoTa, kKak ojHa W3 (OpPM OIIEHKH YPOBHS TOJTOTOBKH CTYJICHTOB,
CTaBUT CBOCH IICNBIO 3aKpEIUICHUE TEOPSTHUSCKUX 3HAHWH, TOJYYCHHBIX CTYJACHTaMU B
MpoIlecce M3YYCHHs JAHHOW JUCIUIUIMHBI, W MPHOOpPETEeHWE HMMH HAaBBIKOB IPAKTHYECKOTO
aHaym3a oco0eHHOCTel (PYHKIIMOHUPOBAHMS OpTraHU3aluil B COBPEMEHHBIX YCIOBHUSX.

BrimonHeHne KOHTPOJIBHOW pabOTHl  CHOCOOCTBYET MPUOOPETEHUIO CTYACHTAMH
HaBBIKOB CaMOCTOSITEIIBHONW pabOThl ¢ MEPBOMCTOYHUKAMH, YICOHOM, HAYYHOW U CIICIIMAIbHON
JUTEPaTypoil, yMEHUH BBIACNIATH B HUX TJIaBHOE, aHAIM3UPOBATh, 0000111aTh, JOTUYHO U3JIaraTh
W3yYCHHBIN MaTepuall.

Henbro HanucaHusi KOHTPOJILHOM pabOThI SBJISETCA CO3JIaHUE y CTYIEHTa LEIOCTHOTO
BIIEYATJIEHUS O MPO(PECCUOHANBHON AEATEIbHOCTH, YTO CIIOCOOCTBYET BBHIPAOOTKE y CTYJACHTOB
YMEHHSI OPHUEHTHPOBATHCS B 3aKOHOJATENILCTBE M CAMOCTOSITENIbHO MPUHUMATh PELIEHUs IO
MPAKTUYECKUM CHUTYAIUsIM; 3aKPENUTh 3HAHUS, MOJIyYEHHBIE B PE3yJIbTaTe CaMOCTOSATEIbHON
paboTHI HaJl Y4COHBIM MaTEpPHUATIOM.

K BbINOSTHEHNIO KOHTPOJIBHON pabOThl CTYACHTHI MPUCTYNAIOT TOJIBKO MOCIE YCBOCHHUS
Bcex TeM mporpammbl. KoHTponibHas paboTa sBISETCS OTYETOM O CAMOCTOSITENIbHOW pabote
CTYyIEHTA.

O¢opmiieHre KOHTPOJIbHOM Pa00ThI U MOPSAIOK 3AIUTHI

KonTtponbHas paboTa 10KHA UMETh TUTYJIBHBIN JIUCT, TUIAaH PabOThI, HETIOCPEICTBEHHO
TeKcT (yCIOBHE 3a/1a4 U PEIICHHUE).

KontponpHast pabora gomkHa ObITh  akkypaTHO  ocdopmieHa(popmar A4,
MAIIMHOTIMCHBIA TEKCT, pa3mep JieBoro mois 20 mMm, mpaBoro — 10 Mm, BepxHero — 20 mm,
HkHero — 20 MM, OTCTYH KpacHOW cTtpoku 1,5, MexcTpounslii untepBan 1,5, mpudr 14,
TimesNewRoman), umeTs HyMmMepalui0 CTPaHHIl U CHUCOK HCIIOJIb30BAHHBIX HCTOYHHUKOB, B
KOTOPOM YKa3bIBalOTCS BCE HCIOJIb30BAHHBIE JIUTEPATypHbIE MCTOUYHHUKH, PACIOJIOKEHHBIE B
an(aBUTHOM MOPSAIKE U TPOHYMEPOBAHHBIE.

KonTtponsHast paboTra mpeicTaBiseTcs Ha TMPOBEPKY TMperojaBaTenio, Jaiee
OCYILIECTBIISICTCS 3aIINTa B BUJE COOECEeI0OBAHUSI.

Kpurtepun oneHnBaHusi KOHTPOJIBbHOM PadoThl
YpoBeHb KadecTBa MHCHbMEHHON KOHTPOJBHON pabOTHl CTyIEHTa OMPENENseTcs ¢
HCII0JI30BAHUEM CIIEYIOLIEN CUCTEMBI OLIEHOK:
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Tabnuna 6 - Kputepun o1ieHKH KOHTPOJIBHOM paboThI

Kpurepuu onenku MaxkcumaibHOe
KOJIMYECTBO OaJJIOB

BBIIIOJIHCHUE 3aJaHuN

OO WN P
N WWWww

MakcuMaibHOE KOJIUYECTBO OAJIIIOB 17

[lo pesynapratam YCTHOTO OIpoca IO KOHTPOJBHOW pabdore oOydaromemycs
BBICTABIISIETCS OLIEHKA «3aYTEHOY, HITH «HE 3aYTCHOY.

OneHka «3auTeHO0» BBICTABIIAETCS O0yUYaIOUIeMyCsl, €CIIN:

- 0OydJaromuiicsi 3Ha€T W BOCHPOM3BOJUT OCHOBHBIE TMOJIOXKECHHUS JUCIUIUIMHBI B
COOTBETCTBUH C 3aJlaHMEM, NMPUMEHSET WX JJIs BBITIOJIHEHUS TUIIOBOTO 3aJ[aHUs, B KOTOPOM
OYEBHJIEH CIIOCO0 pelIeHUS;

- oOyJaromuics TeMOHCTpUpPYeT 0a30BbIe 3HAHWS, YMEHHS W HaBBIKH, TIPUMEHEHHBIC
MIPY BBITIOJIHEHUU 33JaHUH KOHTPOJIBHOU paboThI;

- y o0Oy4aromerocsi He UMEETCSl 3aTPYAHCHHUI B HMCIIOJIB30BAHUH HAYYHO-TIOHSATUHHOTO
amrmapara B TepMHHOJIOTHHN Kypca, a €CIIH 3aTPyIHEHHUS HMEIOTCS, TO OHH HE3HAUYNTEIIbHBIC;

- Ha JOTIOJHUTEJBHBIC BOMPOCH! MPEToIaBaTellsi 00yJaromuics Jal MpaBIIbHBIC WA
YaCTUYHO MPaBUJIbHBIE OTBETHI.

Komnerenrmusi(-u) nnm ee (ux) 9acth(-u) chopMHpPOBaHBI Ha 0a30BOM ypoBHE (YPOBEHB
1) (cm. Tabm.).

OneHka «He 3a4TeHO» CTaBUTCSA 00ydaroleMycs, eClu:

- oOyyaromuiicss UMeeT MNpeACTaBIEHUE O COJCpPKAHUHM AUCUUIUIMHBI, HO HE 3HAET
OCHOBHbIE TOJIOKEHUS (TEMbl, pasfena, 3aKoHa M T.JA.), K KOTOpOMY OTHOCHUTCS 3a/laHue, He
CHOCOOEH BBINIOJHUTH 3a/laHUEe C OYEBUIHBIM DPEUICHHEM, HE BIaJeeT HaBbIKaMH B 001acTu
M3y4aeMOM AUCLIUILINHBL

- o0yyJaromuiicst He IEMOHCTPUPYET 0a30BbIC 3HAHUSI, YMEHHSI M HABBIKH, HEOOXOIUMBIE
JUIS BBITIOJIHEHUS 33JaHUM KOHTPOJIBHON padoThI;

- B TIpolecce OTBeTa IO TEOPETHUECKOMY M TMPAaKTUYECKOMY Marepuany,
coJiepKalieMycsi B BOIIPOCaX KOHTPOJILHOM padoThl, AOMYIIECHbI MPUHIUIHAIbHbBIE OIIUOKHU MPH
U3JI0’KEHUU MaTepuara.

Komnerenmus(-u) unu ee (ux) 4actb(-u) He CHOPMHUPOBAHBI.

KonTponbHas paboTa, nmpu3HaHHAs HE OTBEYAIONIECH MPEIbSBISEMBIM TPEOOBAHUSM,
BO3BpalIaeTCs CTYACHTY UIsl JOPAaOOTKHU, IPU 3TOM YKa3bIBAIOTCA €€ HEJOCTATKU M JAIOTCS
pexoMeHAauuu s uX ycrpaHeHus. CTyIOeHTy mpeiaraeTcss ¢ Y4eToM 3aMedyaHuid
MpernoaBaTeliss BTOPUYHO MPEICTaBUTh KOHTPOJIbHYIO paboTy BMECTE ¢ MepBOil paboTOH.

8. METOAUYECKHUE PEKOMEHJIAIUUA 11O NIOAI'OTOBKE K 9K3AMEHY

Ok3ameH  sBiseTcs  (HOpMOM  OIGHKM  KadecTBa  OCBOGHHUS  OO0ydarolmuMmcs
oOpa3oBaTenbHON TporpamMmbl mo aucHuruinHe. [lo pesymbraram sk3ameHa oOydaroniemycs
BBLICTaBJISIETCS OIlIEHKa «OTIIMYHOY, «XOpOUIO», «YIOBJIETBOPUTEIILHO 583471
«HEYIOBJIETBOPUTEIHLHO.

Onenka «otinuuHo» (81-100 6amnoB) BeICTaBIsAeTCS OO0YYarOMIMMCS, €CITH:

- oOyyaromuiicss Habpas Mo TeKyIeMy KOHTPOIO HEOOXOMMbIE U JOCTATOYHBIE OalljIbl
JIUTS BBICTABJIEHHS OLIEHKH aBTOMAaTOM;
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- oOydJaromuiicss 3HaeT W BOCHPOHM3BOJUT OCHOBHBIC TMOJIOKECHUS JAUCIHUIIMHBI B
COOTBETCTBUU C 3a/IaHUEM, TIPUMEHSET UX JUIS BHITIOJHEHUS THIIOBOTO 3aJ[aHMsI B KOTOPOM HET
SIBHO YKa3aHHBIX CIOCOOOB pEIlICHHS;

- o0ydarouuiics aHalIU3UPyeT AJIEMEHTHI, YCTAaHABIMBAET CBS3U MEXKy HUMH, CBOJHUT
UX B €AMHYIO CUCTEMY, CITIOCOOEH BBIABUHYTH UJCIO0, CIPOCKTHPOBATH PEUICHUE;

- OTBET MO TEOPETHYECKOMY M NPAKTUYECKOMY MaTepuaiy, COAep)KalieMmycs B
BOMPOCAaX JK3aMEHAIMOHHOTO Owmiera, sIBISETCS TOJHBIM W YAOBJIETBOPSET TpeOOBaHUAM
MIPOrPAMMBI JTUCIIUATUTHHEI;

- oOydarommiics MpPOJEMOHCTPHPOBA CBOOOTHOE BJAJEHHE KOHIENTYyalbHO —
MOHATHIHBIM ammapaToM, HAYYHBIM SI36IKOM ¥ TEPMHUHOJIOTHEH JTUCIIUTUINHEI,

- Ha JIOTIOJIHUTEJIbHBIEC BOTIPOCHI JaJl IIPABUIIBHBIC OTBETHI.

Komnerenmnus (1) wiu ee yacts (1) chOpMUPOBAHBI Ha BEICOKOM YPOBHE (YPOBEHB 3)
(cm. Tabm. 1).

Orenka «xoporioy (61-80 6ayyioB) BRICTABISIETCS 00y4YaOIIUMCS, €CIIU:

- 00yUaromuiics 3HAET, TOHUMAET OCHOBHBIE TIOJI0KEHUS IUCIUTUTHBI, IEMOHCTPUPYET
YMEHHE MPUMEHSTh WX JUTSl BBITOJIHCHUS 33JIaHUsI, B KOTOPOM HET SIBHO yKa3aHHBIX CIIOCOOOB
peleH s, aHATM3UPYET DIIEMEHTHI, YCTAaHABIINBACT CBS3b MKy HUMU;

- OTBET TO TEOPETUYECKOMY MaTepuaiy, CcoJepXKaleMycsi B  BOIpOcax
9K3aMEHAIIMOHHOTO OWMIIeTa, SIBJISACTCS TOJHBIM WM YaCTHYHO IIOJIHBIM H YAOBJIETBOPSET
TpeOOBaHMUSAM TPOTPaMMBI, HO HE BCEr/a JTAeTCs TOYHOE, YBEPEHHOE M apryMEHTHPOBAHHOE
W3JI0KEHHUE MaTepHuaa;

- Ha JIOTIOJIHUTENIbHBIC BOTIPOCHI JAJT IIPABUIIBHBIC OTBETHI.

- oOydJaromwuiics MPOJEMOHCTPUPOBAT CBOOOJHOE BIAJCHHUE TEPMHUHOJIOTHEH
JUCIIMTUTAHEI,

Komnerentus (1) uinu ee 9acth (1) chOpMUPOBAHBI HA CPETHEM YPOBHE .

OrneHka «ymoBJIeTBOpUTEIHHOY (41-60 0aIOB) BEICTABISAETCS OOYYAIOIIMMCS, €CIIH:

- oOydarmuiics 3HaeT U BOCIPOU3BOAUT OCHOBHBIE TOJOXKEHHUS IUCIUILUIMHBI B
COOTBETCTBUU C 3a/laHUEM, TPUMEHSET UX JJS BBIIOJHEHHUS TUIIOBOTO 33JaHUS, B KOTOPOM
OYEBHUJICH CTIOCO0 pEIICHUS;

- oOyuaromuiics MpPOAEMOHCTpUPOBaN 0a30Bble 3HAHUS BAKHEWIINX pa3/eioB
JTUCLMIUIMHBI U COJIEPKaHus JEKIIMOHHOTO Kypca;

- y oOy4arouierocsi UMeroTCs 3aTpyIHEHUS B UCIOIb30BaHUN TOHSATUHHOIO armapara B
TEPMHUHOJIOTHH KYypca;

- HECMOTPSI Ha HEJJOCTaTOYHOCTh 3HAHU, 00OYUYAIOIIUICS UMEET CTPEMIICHHE JIOTHUECKU
YETKO IMOCTPOUTH OTBET, YTO CBUJETEIIHCTBYET O BO3MOKHOCTH MOCIJIEIYIOLIEro 00yueHusl. ;

Komnerentus (1) unu ee 9acth (1) chopMHpOBaHbI Ha 0a30BOM YPOBHE.

OneHka «HeyI0BIETBOPUTENbHOY (MeHee 41 6arta) craBUTcs 0Oy4arouuMcs, ecliu:

- oOyyaromuiicss UMeeT MNpeACTaBICHUE O COJCpPKAHUHM AUCUUIUIMHBI, HO HE 3HAET
OCHOBHBIE TOJIOKEHUS (TeMbl, pa3fenia, 3aKOHa U T.[.), K KOTOPOMY OTHOCUTCSI 3aJlaHue, He
CHOCOOEH BBHITIOJHUTH 33/IaHHE C OYEBHJIHBIM PEIICHHWEM, HE BIaJeeT METOJaMU MPUMEHEHHS
3HaHMI MO OpraHu3allid OXpaHbl TPyHa, OXpaHbl OKpYXKaromieil cpenbl U 0€30MacHOCTU B
Ype3BhIYANHBIX CUTyallUsIX Ha OOBEKTaX SKOHOMHUKH - UMEIOTCSl CYIIECTBEHHBIE MpoOesbl B
3HaHMU OCHOBHOT'O MaTepualia Mo nporpaMmMme Kypcea;

- B TIpolecce OTBeTa IO TEOPETHUECKOMY M TMPAKTHUYECKOMY MarepHany,
coJieprKalieMycsi B BOIIPOcax AK3aMEHaIlMOHHOTO OHiieTa, TOMYIIeHbl TPUHIUITHATbHbBIE O IUOKU
TIPH U3JI0KEHUH MaTepHana;

- UMEIOTCSI CUCTEMATHYeCKHUe MPOMYCKH O0YJarOIIMIACS TEKIIMOHHBIX, TPAKTHUECKUX U
1ab0paTOPHBIX 3aHATHIA 110 HEYBRXKUTEIBHBIM MIPUUNHAM;

- BO BpeMs TEKYIIEro KOHTPOJIs oOyuaromuiics Habpan HeJOCTaTOUHbIe M I0MyCKa K
9K3aMeHy Oaibl;

- BOBpEeMsSI HE MOATOTOBHJ OTYET MO MPAKTUYECKUM  paboTam, MperycCMOTPEHHBIM
PII.
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CIIMCOK PEKOMEHAYEMbIX HHOPOPMAIIMOHHBIX NCTOYHUKOB

6.1. PexomeHayemas JiuTepatrypa

6.1.1. OcHoBHas JlUTEpaTypa

ABTOpBHI, 3arnaBue Wz narenscTBO, rof Anpec
JI1.1 |Yepneuosna, E. A. CucrteMsl U cetu nepenaun nHopmanmu. HYacts 1. Cankr-IlerepOypr: | http://www
CucremMsl iepeaaun UHGOPMAIHU Poccuiickuit .iprbooksh
rocy/iapcTBeHHbIi | Op.ru/1796
THIPOMETEOPOIIOTH 6.html
YeCKUI
yHuBepcurer, 2008
JI1.2 |Yepneuosna, E. A. Cucremsl u cetr nepenayn nHGopmanuu. Yactp 2. Cankr-IlerepOypr: | http://www
Certu nepeiaun HHPOPMALIUH Poccuiickuit .iprbooksh
rocy/iapcTBeHHbI | Op.ru/1796
THAPOMETEOP OJIOTH 7.html
YeCKUI
yHuBepcurer, 2008
JI1.3 |Pocnsikos, A. B. Ceru cBsi3u: yueOHOE rmocodue 1o qucuuruinHe «cetd  |Camapa: http://www
CBSI3U U CHCTEMBI KOMMYTAIIUI» IToBomKCKHit .iprbooksh
roCyJiapCTBEHHBII 0op.ru/7540
YHHBEPCHTET 6.html
TEJIEKOMMYHUKaLUI
1 UHQOPMATHUKH,
2017
6.1.2. [lonoJiHNTEILHAS JIUTEPATYPA
ABTODHI, 3arnaBue Wz narenscTBO, rof Anpec
JI2.1 |Tynesuu 1. C. CerH CBS3H CIIEYIONIErO TOKOJIEHUS Mocksa: UuTepuer- | http://www
Yuusepcurer .iprbooksh
Hudopmanmonnsix | 0p.ru/7365
Texuonoruii 1.html
(MHTYWUT), 2016
J12.2 | Ynoekun B. JI. CHCTEMBI U CETH CBS3H C MOABUKHBIMU O0BEKTAMH: Tam6oB: https://bibli
yaebHOe TTocobue Tam0Oo0BCKHit oclub.ru/in
rOCYIapCTBEHHBIN dex.php?
TEXHUIECKHI page=book
YHHUBEPCHUTET &id=2780
(TI'TY), 2012 05
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Ya—y 3EKTPOHHOI! TOHCHIO

Tomsatocts: mpexrop THC (deman) TTTY
Branenen cepmwara Jipoda Enera Anexcannpossa

Cpox neficrans cepruduara ¢ 23.12.2020r. nio 23.12.2025r.
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