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B cunoBbix npeo6pasoBaTenax LWMPOKO MCMOsb3YIOTCA CHab6epHbie Lenu ANa KOHTpons
BbIGPOCOB HaNPSHKEHUs, NOBbIEHNs 3hheKTUBHOCTA N MUHUMU3ALUN 3JIEKTPOMArHUTHBIX
nomex. B aToil cTaTbe 06CY)XAAIOTCA HEKOTOPbIE BAPNAHTbI CXEM 1 OCHOBbI

VX NPOEKTMPOBaHNSA, @ TAK)XE U3MEepPEHNE NapamMeTpoB cHa66epa c npumepamn
noaBoAHbIX KaMHen n JIy4YWMX MeTohoB AJid nojiyHeHUs TOYHbIX pe3yJsibTaToB.

CHJIOBOII 9JIEKTPOHHKE €CTh MHOYKECTBO CTAapbIX Tep-

MHHOB, HEKOTOPBIE U3 KOTOPBIX JATUPYIOTCS CTOJIe-

THSIMH, U, BOSMOKHO, «CHa00ep» SIBILSIETCST OfHUM
U3 HUX, IPOUCXO/IAIINM U3 CPEIHEAHITTUIICKOTO A3bIKa,
Ha KOTopoM rosopuiu 1o XV Beka. IleppoHadaibHO 9T0
CJIOBO O3HAYAJIO «PYTaTh» WIN «IIPOKJINHATDHY», HO TEIIEPh
OHO HICIIOJIb3YETCsI B 3HAYCHNH «OOPBIBATh» MU «1eMII(pu-
POBaTh» B KOHTEKCTe 9IEKTPOHUKY. B wacTHOCTH, CHA66ep
OOBIMHO IIPeCTaBIsIeT OO0 LeNb 13 KOMIOHEHTOB, HC-
HOJIb3YEMBIX [UISl YIPaBJIeHHs X OTPAHMYEHHUS CKaYKOB
HAIPsDKeHHs WIN TOKA, U PACCMaTPUBAETCs KaK 3alTUTa
KaTyIIeK peJie, a TakKe IOJTyIIPOBOJHIKOBBIX IIePEKITIO-
JaTesell ¥ BBIIPSIMUATEIbHBIX 11010B. CHab0eph! TarKe
MOI‘YT OI'PAHUYNBATH CKOPOCTDH IIE€PENATOB HAITPSHKECHUA
U TOKQ, YMEHBIIIATh 3JIeKTPOMAarHUTHBIE IIOMEXH, OIPa-
HUYHBATh PACCEHBAEMYIO MOIIHOCT B IIOJIYIIPOBOTHUKAX
U YMeHbIIATh OOIIYe KOMMYTAaIlMOHHbIe II0TePH — BCe
3aBHCHT OT BEIOPAHHOI TOIIOJIOTUH CHIIOBOTO IIpeobpa-
30BaHMUS U CIIOKHOCTH cHab6epa. Tumiranas caabbepHast
RCD-1ienb noxasaHa Ha puc. 1, 37ech OHa UCIONb3YeTCs
B aBTOHOMHOM OOPaTHOXOIOBOM IIpeoGpasoBarerie.

HeiicTtBue cHab6epa

O6br9H0 cHAO6ep MCIMONB3yeTCs NI OTPAHMYE-
HUA IIEPEXOOHBIX IIPOLECCOB HANIPAXKEHUA, BO3-
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Puc. 1. O6bi4Hast cHab6epHas RCD-Lenb B aBTOHOMHOM 06paTHOXOA0BOM Npeobpasosatene
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HUKAMUX M3-3a TapasuTHBIX 3O (HEKTOB B IelmH.
HmnynbcHBle HIpeoOpa3oBaTeNn IO CBOCH MPHU-
pore paboTalT C UMIYIbCHBIM TOKOM (i), # KOT-
Ia OH MPOXOJUT Yepe3 UHIYKTUBHOCTb PaCCesHUS
TpaHcPOpMaTOpa MM HHAYKTUBHOCTh COCNHHE-
uus (L), cosmaercs Hanpspkenue (V), omucsiBae-
MO€ M3BECTHBIM COOTHOIIeHHeM V = —L x di/dt.
DTO UMITYIbCHOE HAaNlPSDKEHUE BBI3BIBAET 3BOH MEXK-
Iy HHAYKTUBHOCTBIO H €MKOCTSIMH IL[eIIH, OOBIYHO
Ha JacToTe B gecaTku MI'L, ¢ IMKOBBIM 3HaYeHHUEM,
KOTOpOe MOKeT J06aBUTh COTHU BOJIBT K OOBIYHO
0KH/IaeMOMY 3HAUeHHUIO B IeIH. 3BOH, KaK IIPAaBHJIO,
HECHMHYCOUTAIbHBIN N3-3a HEJTUHENHON XapaKTepu-
CTUKH TIEPEKIII0YAIOINX eMKOCTE 10 HAIPSDKEHHUIO.
CoBpeMeHHbIe TOTYIPOBOIHUKOBBIE TIEPEKII0YaTe-
JI¥ C IIAPOKO 3aIpelleHHO 30HO MOTYT paboTaTh
¢ cooTHOMIeHUEM di/dt, paBHBIM 2 KA/MKC nnu 6oiee,
cosfaBasd 2 B Ha KaKIbli HAHOT€HPH UHIYKTUBHO-
cTH, a TPAaHCHOPMATOP JTeTKO MOXKET UMETh HHAYK-
THUBHOCTb PaccessHUs B HECKOJIBKO MUKporeHpH. [axe
xoprryc Tpansucropa TO-247 umeeT BHy TPEHHIOIO UH-
OYKTUBHOCTb 0K0J10 10-20 HI'H. Ha nmpakTuke cToib
BBICOKHE CKOPOCTH HapacTaHUsI GPOHTOB TOKA YaCTO
IpeTHAMEePEeHHO 3aMeUIAIOTCS IPYTHME CPeICTBaMY,
TAaKUMU KaK Pe3UCTOPBI 3aTBOPA MK N0OaBIeHHAS
€MKOCTb CTOK-3aTBOP, YTOOBI CHAENIaTh CXeMBI IIPaK-
TUYHBIMU U IPEIOTBPATUTD YPE3MEPHBIE IJIEKTPOMAr-
HHUTHBIE IOMeXH, IIPaBJia, 32 CIeT HEKOTOPOIl IIOTepH
aexTuBHOCTH ITpe06pasoBaHUsI.

CHab66ep nemiupyer, a B JaHHOM CIIydae U Orpa-
HUYUBAET HANPsDKEHNUE 3BOHA, KOTOPOE YMEHBIIACTCS
10 aMIUINTYZe U guurenbHoctu. Ha puc. 2 nmokasan
a¢dexT 3BOHA, KOTOPBII MOKET BOSHUKHYTh B CXeMe
Ha pHC. 1, 6e3 cHab6epa 1 BMeCTe C HUM.

Dddexr nemndupoBaHus U OrpaHUICHUS HAIPS-
JKeHUs1 CHab0epoM OCTUTaeTCst 3a CIeT OTBOJA 9Hep-
TMU B KOHJEHCATOP B L[ENM U 3aMeIJICEHUS CKOPOCTH
HapactaHus GppouTa HanpsvkeHus. OH TakKe MOXKeT
CITY’KUTD IJI yMEHbBIIECHNS JUHAMIYECKUX [I0TEPh IIPH
HepeKIIOUeHUHN IIyTeM pasfie]IeHUs ePeKPBITUS TOKa
1 HaIIpsDKEHHs B IpeoOpa3oBaTelie ¢ SKeCTKUM Iepe-
KJTIOUeHHEM, YMeHbIIasi BO3HUKAIOIINE MepeXONHbIe
IIPOLECCHI C BBICOKIM PACCEeUBAHHEM.
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Bbi6op cHab6epa

ITepen Tem Kak BBIOpaTh CHAOOEP U OLIPENIEIIUTD €ro ITapaMeTPbl, 0OBITHO
II0J1€3HO BBIICHUTD, [I09eMy BO3HUKAIOT BEIOPOCHI 1 3BOH. XOPOIIIast KOHCTPYK-
175t TPaHCOPMATOPa MOYXKET CBECTY K MEHUMYMY MHIYKTHBHOCTD PACCesTHIIS,
a yepelioBaHHe 0OOMOTOK MOJKET CYII[eCTBEHHO e¢ YMEHBIIIUTb; IIPOCTOE Pas-
MellleHre BTOPUIHOI 0OMOTKY TpaHC(OPMaTOpa MeKIY ABYMsI IIePBUIHBIMI
0OMOTKaMH MOKET YMEHBIIIHTB PacCestHre IPEMEPHO B 4 pasa 110 CPABHEHUIO
C OJTHOM IEPBUYIHON 00OMOTKOM. I/IHI[YKTI/IBHOCTI/I JIOPOJKEK ¥ COeTMHEHU A
TaKKe MOTYT ObITh CBefIeHbI K MEHUMYMY 3a CIET XOPOLIIel KOMIIAKTHOM pas-
Boznku. Kak rpaBuio, eciu 9actota 3BoHa MeHee 9eM B 100 pa3 IIpeBBIIIIaeT qa-
CTOTY IepeKIIOUeHIsI IPeoOpa3oBaTesIs, B IIePBYIO OUepelb CIeNyeT BBLICHUTD
HPUYHHY, HOCKOJIbKY 9 beKTHBHBII CHab0ep Crioco6eH paccenBarh upesmep-
HYIO MOIITHOCTE. J[eJI0 TaloKe B TOM, 4TO He CYIIIeCTBYET «IIPaBIIBHOTO» THITA
1 [TapaMeTpoB CHab6epa — Ha IIPAKTHKE BCETTIa IMEETCST KOMIIPOMIUCC MEXKIY
IOIYCTUMOI HarPy3KOH Ha KOMIIOHEHT, 9JIEKTPOMArHUTHBIMU IIOMEXaMH,
MOIITHOCTBIO PACCEMBAHMS CHA00ePa, CTOMMOCTBIO 1 CJIOKHOCTBIO.

ITpocroit RC-cHab6ep (puc. 3a) 9acTO yCTaHABIUBACTCS IAPAJIIEIBHO IIe-
PEKIIIOYATeITIO WX JUOAY IJIsl eMIIpUpPOBaHUS KOTeOa U, BOSHUKAIOIIAX
Ha J9acTOTe, 3a/IaBaeMOIl eMKOCTBIO YCTPOMCTBA M HHAYKTHBHOCTBIO ITETIH.
B ciryyae MOII-TpansucTopa Ha pucyHKe — 9TO BHIXO/IHAs eMKOCTb C ¥ MH-
IYKTHBHOCTb paccestHust Tparcdopmaropa L; x. IHIyKTUBHOCTD L j MOKHO
OTHOCUTEIBHO JIETKO U3MEPHTD, 3aKOPOTHUB BCe 0OMOTKH TpaHC(HOPMATOpa,
KpOMe IIePBUYHOI, I U3MEPHUB UTOTOBYIO IIePBUYHYIO HHIYKTUBHOCTE. B pe-
QJIBHBIX CXeMaX OHa, CKOpee BCeTo, 6y/ieT peobIaiaTh HaJl HHIYKTUBHOCTBIO
coefiuHeHMIL. MOYKHO OIPe/IeTATh YaCTOTY 3BOHA f U, ICXOJISI U3 3TOTO, YCTAHO-
BUTB XapPaKTEPHCTUIECKOE COIPOTUBIIEHNE (Z) TAHHOI PE3OHAHCHOI IIeIIH:

Z=2nxfax L. (1)

DTO OTIpaBHAsI TOUKA UL OTIpeTIeIeHNs] 3HAYEHNST COIIPOTUBIIEHHS Pe3U-
cTopa B Lier cHab0epa, KOTOpbIit obecriednBaeT feMIpupyolee 1efCTBHE.
KOH)leHCaTOp 6JIOKI/IPYCT TOK M3 IINHBI IIOCTOSIHHOTO TOKA, ¥ €T0 3HAYCHUE
[I03BOJIIET PE3UCTOPY paboTaTh 9(pPeKTHBHO, MUHUMUSUPYSI PacCesTHIe
Ha 9aCTOTe MepekIiodeHyst. TakuM 06pasoM, HadaabHbIM SIBISETCS 3HATe-
Hie C, KOTOpOE IAeT TOT JKe UMIIEIAHC, YTO M PE3UCTOP Ha 9acTOTe 3BOHA:

C=1/Q2nx fr2). (2)

Momtsocth P, paccemBaeMasi Ha pe3UCTOpe, ONpeeseTcs 0 SHEPTUH,
3aTpavynBaeMOM Ha 3apsAKy U paspsaKy KOHIEHCATOPA B KaKIOM LUKJIE
HepeKTIOYeHHs OT HYJIS 10 V, CyMMBI BXOIHOTO U 0OPAaTHOT'O HAIIPSDKEHIUS
V- MOIITHOCTD paccenBaHUsI OIIpefiessieTcs o hopMyIIe:

P=Cx Vx2f, (3)

O6paruTe BHUMAaHMe, YTO MOLIHOCTb PACCEMBAHUS He 3aBUCHT OT HO-
MuHaja peucropa. Eci 3HaveHne P CIMIIKOM BeJIUKO, HOTPeOyeTcst KOH-
IEHCATOP C MEHbIIIEl eMKOCTBIO, ITO IIPUBEET K 00JIee BLICOKOMY HAIPSI-
JKeHHIO 3BOHA. HeKkoTopble pocThie 06paTHOXOZOBBIE CXeMBbI PabOTAIOT
B IPaHUYHOM PEXXMMeE IPOBOAUMOCTH C IEPEMEHHOI! YaCTOTOI, I/ie 4acToTa
[IT1IM moskeT GBITh OUeHb BBICOKOH IIPU HEOOIIBIIION HATPY3Ke. DTO MOKET
IIPUBECTHU K IPe3MePHOI MOILITHOCTH PaccenBaHuUs CHab0epa U caenaTs a¢-
(heKTHBHOCTD JIETKOil HArPy3KH O9eHb HU3KOIL.

VHorza st OJTy9eHNs] HA9a/IbHBIX 3HAYCHUIT KOMIIOHEHTOB UCIIOJIB3Y -
€TCsI OMITHPIIECKHIT METO/I, 3aKTIOYAIOIIHIICS B JOOABICHIN CHAYaIa KOH-

VIN

Bes cHabbepa Co cHabbepom

Puc. 2. TvnnyHble nepexoaHbie NpoLecch! B cxemMe Ha puc. 1
6e3 cHabbepa 1 ¢ HM

IeHCaTOPa, YTOOBI IOy IUTh OJOBIHY YaCTOTHI 3BOHA, @ 3aTeM Pe3HCTOpa,
9TOOBI IIOJTY4UTh IIpHeMIeMoe NeMIIUPOBaHUE CUTHAIA 3BOHA.

Llenb RCD-cHa66epa (puc. 36) obecrieurnBaer 6oiee HameKHOE OrpaHuYe-
HUE HAITPSDKEHUA CTOKA U IIPEAIIOYTUTEIbHA, KOT/Ja IIMKOBOE HAIIPSDKEHUE,
OKHJaeMoe Ha JTMHUK BBICOKOTO HAIIPsDKEHIUSI, OJIM3KO K MAKCHMATbHOMY
IJIA TIepeKirovaTesd. TaKkas CHTyaIus 4acTO BO3HUKAET B aBTOHOMHBIX
peo6pa3oBaTelIsx, ITie HCIOIb3YIOTCS YCTPOICTBA ¢ HOMHHAIBHBIM Ha-
npspkeHreM 650 B 13-3a X 1OCTYITHOCTH 1 9KOHOMHUYIHOCTH. B 5T01 cxeme,
paborarorieii B pesxume mpepsIBrcToit mposogumoctu (DCM), korza moite-
Boit MOII-TpaH3nCTOP BBIKIIOYAETCS U HAIPSDKEHUE Ha CTOKe CTAHOBUTCSA
BBIIIIE, YeM Ha BXOJHOU IIIMHEe IOCTOSHHOTO TOKA, BKJIIOYAeTCS O U 3a-
PpsDKaeT KOHIEHCATOP 10 06paTHOro HanpspKeHUst Vg Ecim KoHeHcaTop
UMeeT JOCTaTOYHO OOJBIIYIO eMKOCTbh, OH OYIeT OCTaBaThCS 3aPSUKEHHBIM
710 9TOT0 HOMHHAJIBHOTO HAIIPSKEHUs B TedeHMe KayKJ0TO0 I[UKJIA Iepe-
KJIIOYEHHUs], TIOTJI0NIAs IyJILCUPYIOIIMIA TOK OT CUTHaJIa 3BOHA. B xayecrse
OTIIPABHOM TOUKH IIPH pacieTe 06paTUTe BHUMAHUE, ITO HANIPsDKeHue V) ;o
Ha MHIYKTUBHOCTHU L IOC/Ie BBIKIIOYEHUS HePEKII0OYaTes U OTKPITHA
IMOMia PABHO HAIIPSDKEHMIO KOHIEHCATOPa 3a BEIYETOM HAIPSDKEHUS 06-
PaTHOro Xozla Ha ePBHYHOM 0OMOTKe TpaHchopMaTopa:

Vik=Vear— Vip

Tox 4epe3 MHAYKTUBHOCTD L YMEHBIIAETCS CO CKOPOCTBIO:

ii _I/LiK:_(VCAP _VFB).

t LLK LLK

Toxk i mosiBIsIeTCSA IPU TUKOBOM 3HAYEHUM TOKA HAMATHUYMBAHHS TPAHC~
opmatopa ipy, a IMHeNHBII CIIaJ, UMeeT IPOODKATEILHOCTS fgy, TOTTA,
3aMeHss U TIePeCTaBIIA, IOy IiM:

4 Ipg X Lyg

— =t =
t N (VCAP - VFB)

Bo BpeMst IMHEIHOTO ClIaia CPEHUI TOK PABEH ipy/2, a B TEYeHNUe [IUKIIA
HepPeKIIOUeHHs OH paBeH (ipy/2), yMHOKeHHOMY Ha (fon/to), The to = 1/fs.
Terepb MOKHO CKa3aTh, YTO MOLIHOCTE Py, paccenBaemast B cHab6epe B 11~
KJIe [IepeKITI0YeH s, PaBHa:

P = (ipl2) x (tsn/te) x Vieap= (ipi/2) x (tsnfs) X Vup.
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= CHabbep A CHabbep B
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1Ic DC
VAUX — % S
0B
_||—
CHabbep D

[r]

Puc. 3. Buibop cxembl cHab6epa: a) npoctas RC; 6) RCD; B) naccusHas
6e3 noTepb; r) aKTVBHbIN OrpaHNYNTEND
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3aMeHseM fgy:

PSN = LLKiPK2 X VCAPfS/(2 (VCAP_ VFB))'

V cap BBIOHPaeTCs TakuM 06pasoM, 9T06b1 Viup+ Vg + Viy oy € XOpO-
IIIFM 3aI1acOM He [IPEBbIIIaa IIPOOUBHOM CIOCOOHOCTH TIepeKIIYaTelIsl,
BCe OCTaJIbHbIE TapaMeTpPhl 3a/1aBaIUCh CXeMOIT, a L MOKHO 6BLIO U3-
MepHTbh. 3HaYeHIE COIPOTUBIICHHS Pe3ncTopa R, obecednBarolee aTo
paccesiHue, OIpeeseTCsl Kak:

R = Ve Py

EMKOCTB KOHJICHCATOPA He KPUTHYHA U BHIOPAHA C YIETOM ITyJIbCALIUI
HAIPSDKEHMSI, 9T0 06ecIednBaeT MaKCHMAJIBHO JIOITY CTHMBII TOK ITyJIbCa-
nuit yepe3 ESR koMIIOHEHTa U, KaK ClIe/ICTBHE, HATPEB. DTOT KOMIIOHEHT
06BITHO TpefcTaBisieT cOOO0M MONMUIPONIIIIEH AT 00eCIeIeH s HU3KUX
noteps. [Tyabcanun AV, onpenessorcs mo popmyire:

AViap= Vel Cx R x fs.

[lron mowkeH o6manath OBICTPLIM BOCCTAHOBJIEHNEM, ITOOBI H36€XkKaTh
3HAUUTEIBHOTO Pa3psia KOHAEHCATOPA B PEKIMe OOPATHOTO CMEIIIeHUS.
BoccraHoBeHHe B IIPSIMOM HAIIPABJICHUH TAKKe TOJDKHO ObITh HUSKUM, [0~
CKOJIBKY OHO JJ0OaBIIseT HECKOJIBKO BOJIBT K IEMII(HPOBAHHOMY 3HAYEHHIO.

[liist mereit, paboTAOIINX B peKUMe HENPEPBIBHOU MPOBOJUMOCTH
(CCM), a Taxke [uIs LeTeil IPSIMOTO MM 0OpaTHOTO peoOpas3oBaHus
BbIOOP KOMITOHEHTOB 1t RCD-cHab6epa aHaJIOTHYeH, a pacyeTHBIE ypaB-
HEHMS MOYKHO HaliTU B JIUTEPATYpe.

Cy1iecTByeT MHOXECTBO IPYTHUX Bepcuil CHab0epoB, KOTOPbIE MOXK-
HO TIPUMEHATDH K IePEeKII0YaTeNsIM, B TOM YHCIIe K cXeMe, TOKa3aHHO
Ha puc. 3B. D10 cHaG6ep «6e3 OTephb», KOTOPBI [epepabaThIBaeT mora-
IIeHHYI0 9Hepruio. Takke MOKeT OBITh OPraHU30BAHA [TOfIATa SHEPTUU
Ha BCHOMOFaTeHBHYIO uHYy HU3KOTO HANIPKECHUA MUTAHUSA NJI TOII0TI-
HHUTEIbHOTO 9HEPTOCOepeKeHNUSL.

[lpyrue cHaGGepbl UMEIOT BHII «AKTUBHBIX OTPAHUYHUTEINIEN», B KOTOPHIX
OOBIMHO UCTIONB3YIOTCS TToseBble MOIT-TpaH3ucTOpbI 1S OrpaHUYeHNUs TIepe-
Harnpspkenus (puc. 3r). st mosesoro MOIT-TpaH3ucropa 06bI4HO Tpebyercst
BBICOKOBOJIbTHBIN IpaiiBep, CMEIIEHHbBII OTHOCUTEIHHO «3eMJIN», a B IIPOJasKe
noctynHsl yrpasisiomue MC co BcrpoeHHBIM npaiiBepoM. Cxema Moxoka
Ha aKTUBHBIN OTPaHUIHUTENb, UCIIOIB3YeMBbIil B IIPSIMOXO/IOBBIX IIpeo6paso-
BaTessix 1151 obecriederust adexTuBHOrO copoca TpaHchopMaTopa.

Mpumep n pacuer napameTrpoB RC-cHa66epa

B onncanHOM IIpUMEpPE IIPEAIIOJIATACTCS, 9YTO B UI€aIe I/IHI[YKTI/IBHOCTB
pacceasHus MOXET 6I>ITL U3MeEpEHaA Ha 4aCTOTe KOMMYTaHI/II/I. DTO MOXKHO
CIesIaTh BO MHOTHX CXeMaX C IIOMOIIIBIO QaHAIM3aTOPa MMIIeIAHCa MIIH IIpe-
rusnoHHoro LCR-mocra. OHaKO HHAYKTUBHOCTD PACcCesTHUSI MHOT/IA MO-
JKeT OBITh TOCTATOYHO HU3KOM U ee TPYIHO U3MEPUTh, 0COOCHHO B HEU30JIU -
POBaHHBIX CHJIOBBIX ITPe0OpasoBaTeIsX, Iie IpeoOIafaloT HHAYKTUBHOCTH
nopoxek u coenuHeruit. Ho nnorna B mabopatopun Her LCR-MocTa min
aHAJM3aTOPa UMIIEIAHCA. B 3TOM Cilydae HHIYKTHBHOCTb MOYKHO OIIpefie-
JIATh, Habonast GOpMy CUTHAIIA 3BOHA U T00ABIISISL TOTIOTHUTETbHYIO U3-
BECTHYIO eMKOCTb C, K CYIIIeCTBYIOIIel eMKOCTH y3J1a KommyTtanuu C,, mpu
9TOM HabJIo/1asl 32 H3MEHEHEM JacTOThI 3BOHA.

Hanpumep, BBIIPSIMUTEIBHBII O], B Tpeobpa3oBarerie, padoTaroiem
Ha gactoTe okouto 38,5 kK[| 6e3 cHabbepa, 3BOHMI IIPU 0OPATHOM CMellle-
HUH Ha 9acToTe f), paBHOI 25,584 MI'Lt. Bol1 f06aBIeH HOMONTHUTEIbHbII
KOHJIEHCATOP C (PaKTHIeCKUM U3MepeHHbIM 3HaueHneM 178 n®, u gacTora
3BOHA CIBUHYJIACh Ha f, i 21,9 MT1.

B o6oux ycnoBusX pe3oHaHCa HHAYKTHBHOCTD PaccesiHUs IOCTOSHHA,
II03TOMY MOKHO 3aIIICAaTh PaBEHCTBO:

L= 14 xn?xf,C) = 1/(4n2f,, (C;+C))).

Pemmenwue ns C, maer sHauenue 488 nd.

Pemenne nia Ly naer sHavenue 108 ul'n.

U3 ypaBHenus (1), eCI IPEIIONOKHUTD, 9TO YaCTOTA CUTHAJIA 3BOHA OCTa-
HeTcst 0Kkosto 23 MI'm, HadaibHOe 3HAYeHIe COPOTHBIIEHHs Pe3ncTopa CHab-
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6epa Rsnub jurst kpurraeckoro eMprpoBaHUs TOJDKHO OBITH OKOJIO 16 OM.
Onnako 6pU10 BbIOpaHo 3Hadenune 35 OM 1t C1aboro HerorHoro ieMIihupo-
BaHUs, HO C OTPAHNYECHUEM ITMKOBOTO HAIIPSDKEHUSA 6eSOHaCHbIM 3HAYCHHUEM
oxono 27 B. M3 ypasnenus 2 npu Z = 35 Om nonyyaerca C,, , = 197 n® — Bb1-
6pano cramnaprHoe sHavenne 180 nd. 13 ypaBHerws (3) MOIITHOCTD paccerBa-
HUSI Ha pe3ucTope Ry, cocTaBiiseT Bcero 5 MBT. ITpu BHICOKMX HAIIPsDKEHIUSIX
MOIIHOCTb MOKET OBITh 3HAUUTENIBHO BBIIIIE, XOTSI HEKOTOPAsl ee 9acTh pac-

CEMBAETCS B IIEPEKIII0YaTeIe IIPH HIEPEXOJie Yepes ero JIMHEeNHYIo 001acTb.

Cosertbl no BbiGopy nameputenbHoro o60pyAoBaHNs

YacToTy Ipoliie BCero U3MEepUTh C IIOMOIIBIO OCHHLIOrpada, Ipu 3ToM
CJIeflyeT UCII0Ib30BaTh IPOOHUK C HU3KOI eMKOCTBIO H IIIIPOKOU IT0TI0COM
IPOITYCKAHUSL, YTOOBI OH He BJIUSUT Ha Pe3y IbTaThl u3MepeHns. [t paboTs
CO CTaHJAPTHBIMH THIIAMH IIpe0Opa3oBaTesieil XOPOIINM BHIOOPOM SIBJISI-
forcst ocmrorpader R&S RTM3000 wri R&S RTA4000. Oxu obecrieqn-
BAIOT 110J10Cy u3Mepenus 10 1 ITi, BO3MOKHOCTb aHaIN3a MOIIHOCTH IS
aBTOMATH3AIMU CTAHIAPTHBIX H3MePeHUI 1 MouHylo GyHknuio BIID,
KOTOpast Oy[IeT IoJIe3Ha KaK IPH IIPOBeJeHUH OOLIeTo aHaIN3a, TaK U JULL
BBISIBJICHHS U YCTPaHEHNUS 3IeKTPOMAarHUTHBIX IIOMEX.

Jloist 6ostee CIIOKHBIX THIIOB ITpeobOpasoBaTesell, TaKuX Kak 0OpaTHOXO0-
IOBOIT Tpeo6pasoBaTeNb ¢ AKTUBHBIM OTPaHUICHNEM, eHHON (YHKI[Hei
craer nudpoBas CHCTeMa 3aIlycKa, pealIn3oBaHHas B ocumuiorpade R&S
RTO6 (puc. 4). Ona obecrednBaeT ropaszo 6osiee BBICOKYIO 9yBCTBHTEIIb-
HOCTB 3aIIyCKa, YeM aHaJIOTOBbIe CHCTEMBbI 3aITyCKa CTAaHNaPTHBIX OCITHII-
norpadoB, 0COOEHHO B COUETAHUU C PeKUMOM BBICOKOI YeTkocTu HD,
U IIO3BOJISIET 33/IaBaTh CJIOXKHBIE HACTPOIKH 3aITyCKa.

HD-pesxum 3a caeT GUIBTPAL[UH OBLIIIAET Pa3pelieH e i TOTHOCTD U3~
MepEeHUI 10 BEPTUKAIIH, YTO [O3BOJISIET OIYIUTD O0JIee YeTKIE OCIIUIIIO-
IPaMMBI C IIOAPOOHOCTSMHU, KOTOPBIE B IPOTUBHOM CIIydae MOLJIH ObI OBITH
CKPBITBI IIIyMOM. Y COBEPIIIEHCTBOBAHHASI CHCTEMa 3aITyCKa TakoKe IoJIe3Ha
1715t CHab0epPHBIX CUTHAJIOB, KOTOPBIe OBICTpee II0 CPABHEHUIO € YaCTOTOM
MMM u MoryT uMeTh IpefHaMepPeHHbIN KUTTEP, BHOCUMBbIN [ITMM-
KOHTPOJUIEPOM [IJIS1 YMEHBIIEHUS SJIEKTPOMATHUTHBIX IIOMEX.

[l TMHUI epeayn, UCIO0NIb3yeMBIX C BXOJHBIM CONPOTHBICHUEM
ocrmtorpada 50 OM, TOCTYIHBI IPOOHUKH C IUATA30HOM, TOCTUTAIOIIIM
HeckonbKux T, ITpn naMepeHnn TOJIBKO YaCTOTHI OCIMIIIOTPAMMY 3BO-
Ha 9aCTO MOKHO HabJIOJ[aTh, IIPOCTO MOJHECS KOHYHUK IPOOHHKA K IIeIIH,
HE Kacasch ee, ‘{TO6I)I TapaHTUPOBATh OTCYTCTBI/IC HaI‘py3KI/I.

YT068I YOOUTHCS, ITO IOTYIPOBOSHUKOBLII [IEPEKIIOTIATEND He IO
Bepraercst Harpyske, TpeOyIOTCsI H3MepeH s aMILIUTY bl — IIPU 9TOM He-
00X0I1Ma BBICOKAsI TOYHOCTb, IOCKOJIbKY 6€30IIacHbIe IPAHUIIBI H3MEPeHIUs
JaCTO HeBeJIMKU. Bo MHOTHX IIeIISIX IPHUCY TCTBYIOT OYeHb BHICOKHE HAIIPsDKe-
HIS, TPHOTIDKAIONTHECS K HOMIHAIBHOMY HAIIPSUKEHHMIO TUITOBBIX OCIIHII-
sorpaduIeckux IPOOHUKOB, IOITOMY XOPOIINM BAPHAHTOM CTAHOBUTCS
HCII0JIb30BaHKe BLICOKOBOJILTHOTO i depeHIInaIbHOr0 IPOOHUKA, TAKOTO
kak R&S RT-ZHD (puc. 4). [lst [OCTIDKeHNsT HAWIYYIIHX Pe3yIbTaTOB 13-

Puc. 4. Ocumunnorpach R&S RTOB ¢ BbICOKOBOMLTHBLIM NPOGHIKOM
R&S RT-ZHD v TokonameputensHsimM npoBHukom R&S RT-ZC
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MepeHHUs B)KHO UCII0Ib30BaTh IPOOHUK CO CIIEIUATbHBIMI KOPOTKUMHU
IIPOBOJIAMH, IOCKOJIbKY UX BJIMSIHUE B IIPOOHHKE CKOMIIEHCHPOBAHO.

JTMHHBIe H3MepUTeIbHBIE IIPOBOJIA, TAKKE ITOCTABIISIEMbIE B Ka4eCTBE
CTAaHJAPTHBIX IPUHAMIIEKHOCTEH, MOKHO UCIIOIB30BATh, €CJIU IIpHeMIIeMa
YMeHbIIIeHHas II0JI0Ca YaCTOT U3MepeHHs, HallpuMep, KOTa 0XKUgaeMoe
BpeMsI HapacTaHUsI II03BOJISIeT OTPAHUIHUTB IIOJIOCY IIpoITycKaHus 4o 5 MI'
C IIOMOIIIBIO BCTPOEHHOTO B TPOOHUK (DMIIBTPA HIKHUX YacTOT.

B xavecTBe anbTePHATUBBI BBICOKOBOIBTHBIM AU depeHInaIbHbIM
IPOOHHUKAM MOTYT HCIOJIB30BATHCS OCIIIIOrPadbI ¢ H30JIHMPOBAHHBIMU
BXOIaMHU, 0OBIYHO C II0JIOCOH nporyckanug 500 MI'1 u HOMUHAJIBHBIM
BXOZHBIM HarnpspkeHreM 1000 B (CK3).

JpyruMu mapaMerpamu, KOTOpbIe CIeyeT yIUThIBATh P BHIOOPE BbI-
COKOBOJIBTHOTO I bepeHIIaIbHOr0 IIPOOHKKA, SBISIOTCS HU3KHUI YPO-
BEHb IIIyMa, BBICOKASI IMHEIHOCTD, CHOCOOHOCTh KOMIIEHCHPOBATh BEICOKOE
CMellleHne TOCTOSSHHOTO TOKA U HU3KHUIL ipeitd.

3akno4eHue

Crab6epHble TN — 3TO M0JIe3HbIe HHCTPYMEHTBI, CIIOCOOHBIE CHU3UTh
HArpysKy Ha IIOJIYIIPOBOIHUKOBBIE YCTPOICTBA, HOBBICUT 9P PEKTHBHOCTD
CHCTEMBI ¥ YMEHBIITNTh 3JIeKTPOMarHUTHBIE oMexH. OITHAKO TOYHO U3MEPHUTh
CHTHAIBI CHab6epa TPYIHO, IOCKOIBKY UX BHICOKOTACTOTHDII 3BOH TaCTO CMe-
IIIeH OTHOCUTEJIBHO «3eMJIN» BBICOKMMH HAIpsDKeHUsIMU. KpoMme Toro, TeH/eH-
LM K CO3MIAHHIO G0JTee OBICTPBIX IOy IIPOBOIHIKOB C IIIMPOKOI 3AITPEIIeHHO
30HOI 13 KapO¥ia KpeMHIs M HUTPH/IA TAJUTHS C HU3KUMH eMKOCTSIME CO3JIaeT
IOLOJHUTEIBHYIO IIpoGIeMy 17151 H3MepeHNiT n3-3a 60j1ee BBICOKOI 9aCTOThI
3BOHA. TeM He MeHee TOUHBIe Pe3yIIbTATH MOTYT OBITH Oy IEHBI [IPU UCIIONb-
30BaHUH TTOJXOAIINX IPOOHUKOB X METOIOB M3MEPEeHNIA, A TAKOKE IIPU 3HAHUK
MOTEHIMATLHBIX HCTOYHUKOB ITOTPEITHOCTeN TAKIX N3MEPEHNUH. -

Jlutepartypa

1. PyxoBoxctBo no npumenernunio Rohde & Schwarz 1SL363. Metonst
IIPOBEPKHU CHAOOEPHBIX Lemell B 00paTHOXOMOBBIX IPeoOpasoBaTesIsx.
www.rohde-schwarz.com/appnote/1SL363

foBafd anemMeHTHaa 6asa
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