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PexomeHngauum mo pa3pojake ne4aTHou miatbl pupmbl Power
Integrations.

OcHOBHbIE PEKOMEHJAIMU MO MPOCKTUPOBAHUIO IMEYATHOW IUIATHl I HUMITYJIbCHOTO
0/loKa TMUTaHMUSA WM3J0KEHbl B JOKYMEHTAIlMM MO NPUMEHEHHI0O MHUKpocxeM ¢upmbl Power
Integrations.

B onmcanuu Data Sheets Ha kaxkpiii cemeiicTBo Mmukpocxem ¢upmbel Power Integrations,
inc. copepkuTcs MHPOpPMAIHS C PEKOMEHIYEeMOM TOMOJOTUEH MeyaTHOW MJiaThl BCero OJoka
nuTaHus. Tak e BBl CMOXETe HAaWTH NONOTHUTENbHYI0 nHpopmammio B Design Ideas (DI) rue
MPUBEICHBI IPUMEPHI TPOSKTUPOBAHUS TIEUATHOM IJIATHI.

OcHOBHbIE NPUHLUIIBI pa3BoAKY neyaTHoi miatel (PCB).

1. Bce TokoBenyIye NpoBOAHUKY JOJKHBI OBITh KAK MOYXKHO KOPOYE M KaK MOKHO ILIUPE.
OTO, BO-NIEPBBIX, CHU3UT AKTHBHBIE IIOTEPH B TOKOBEIYIIMX IMPOBOJHUKAX, a BO-BTOPBIX,
YMEHBIIUT ypoBeHb DMU.

2. Bce ¢uibTpoBBIC KOHIEHCATOPHI JOJDKHBI YCTAHABIMBATHCS B HEIOCPEICTBCHHOU
OJIM30CTH OT UCTOYHHUKA TIOMEX JUIsl OobIIei 3pPEeKTUBHOCTH.

3. OkoJ0 BBIBOJIOB BCEX KOHJIEHCATOPOB HEOOXOAMMO JeNaTh CYKEHHE TOKOBEIYILIEro
npoBogHuka (puc.4). OcoOeHHO 3TO  KacaeTcsi JJEKTPOJIMTOB M KOHJAEHCATOPOB
BBICOKOYACTOTHOT'O BBIXOAHOTO (PUIIBTpA.

[Tpumeuanue. DTH peKOMEHIallMK HapaBiieHbl Ha CHIKeHue ypoBHa DMII u ynyumenune OMC.

4, I[J'ISI CHMIXCHUA aKTHUBHBIX IMOTCPb B JJICKTPOJIUTUUCCKUX KOHACHCATOpPAaX BBIXOAHBIX
q)HJ'ILTpOB JKCJIATCIIbHO MMOAKIIIOYUTE ITPOBOJHUKH, TAK KAaK IOKAa3aHO HAa PUCYHKC 2. HpI/I 3TOM
MPOUCXOAUT PABHOMCPHOC pacClpCaACICHUC aKTUBHBIX IMTOTCPb MCKAY KOHACHCATOpaMHU (1)I/IJ'II>Tpa.
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Ha pucysnke, pacrnonokxeHHOM HUKE MTOKa3aHa MpUMepHas TPaCCUPOBKa (pa3BOKa) IIaThl
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2. JIonoTHUTEIbHbIE PEKOMEHIAIHH 110 IPOeKTHPOBAHNIO TPaHcdopMaTopa.

OCHOBHBIE PEKOMEHJAIMU MO TMPOEKTUPOBAHHIO HMITYJILCHOTO TpaHchopMaTopa s
0JIoKa MUTaHUS W3JIOKEHBI B JOKyMEHTAluu mpenocraBieHHoil Power Integrations (AN-15 ,
AN-18), a ero snekTpUyYeCKUE MapaMeTpbl MOXKHO PACCUUTATh MPU MOMOLIM IMporpammbl Pl
Expert Suite 5.0 pa3paborannoii cienuanucramu Power Integrations. Tak ke Bbl CMOXeTe HaWTH
UHPOPMALIMIO 10 TPOCKTHPOBAHUIO TpaHchopmaropa Ha oduuuansHOM caiite Power
Integrations B Design Ideas, rjie npuBeneHbl IpUMEpPbl H3TOTOBJIEHUS TpaHCHOPMATOPOB.

Ecnu nonsITaTtbest caenaTh BBIAEPKKY M3 BCEX JTOKYMEHTOB, TO MOXKHO CKa3aTh CIEAYIOIIHAE —
IpY IPOEKTUPOBAHUU TpaHC(HOpMATOPa HEOOXOAUMO 3aIOMHUTH HEKOTOPBIE BEIIH:

1. Ucnonb30Bath TONBKO PAOBYIO (BUTOK K BUTKY) HAMOTKY. B mpoTHBHOM citydae 3To
IPUBENET K POCTYy MHAYKIHMH paccesHbi. UTO B CBOIO OYepelb NPUBOAUT K YBEIMUYEHUIO
AKTHBHON MOIIHOCTH B LIEMSAX OTPaHUYEHHsS] BbIOpOCAa HANPSDKEHUS Ha KOJUJIEKTOPE MOIIHOTO
TPaH3UCTOpA U YBEJIIMYECHUSI HECTAOMIIBHOCTH BBIXOHOIO HANpPSHKEHUS! B HECTAaOMIM3UPOBAHHBIX
KaHaJlax MHOTOKaHAJbHOI'O MCTOYHUKA MMUTAaHMSI, BBIITOJHEHHOT'O Ha OJTHOM TpaHc(opmMarope.

2. He ucnonb3oBaTh 118 HAMOTKM IpoBoja nuamerpom Oonee 0.4mm (15SAWG). Ilpu
UCIIOJIb30BaHUU 00JIee TOJICTOTO MPOBO/A BO3PACTAET UHAYKIIHS pacCesHbsl.

3.HamoTKy MHOTOCIIOIHBIX 0OMOTOK BecTH Z-00pa3Ho (puc.2,a), TO €CTh C IEPEXOJIOM K
HayalbHOMY BUTKY 0OMOTKH. IIpu ncnons3oBanuu C-o6pa3Hoit HamoTKe (pHc.2,b) TpOUCXOaUT
YBEJIMYEHUE UHTYKIIUU PACCESHbSI.

4. JIns obecrieueHUs] MPOXOXKIECHUS TOKAa 3aJaHHON BEIMYMHBI M CHI)KEHUS! aKTHBHBIX
noreppr B 0OMOTKe TpaHchopmaropa HEOOXOJUMO BECTH HAMOTKY JBYMs, TpeMms WiIHu Ooliee
poBOJaMH (HE MepeKpyuuBaTh MEXIy cO00#!) MM MCHOJb30BaTh B KayeCcTBE IMPOBOJHUKA
MEJIHYIO JICHTY TOJIIMHON 10 0.4MM.

S. Ilpu DpoeKTHpPOBAaHMM MHOTOKAHAJIBHOIO MCTOYHHMKA IMUTAHUS BBIIOJHEHHOIO Ha
OJIHOM TpaHchopMaTope AJIsi CHIDKEHUS HeCTaOUIIbHOCTH HANPSKEHUSI BO BTOPUYHBIX KaHajlax U
OMII xenatenbHO pa3OoUTh MEPBUUHYIO OOMOTKY Ha JIBE YaCTH.

6. [lns cHKeHUs YpOBHS 3JIEKTPOMArHUTHBIX nomex U ynydmeHuss OMC HeobXxoauMo
BBECTH B KOHCTPYKLHIO TpaHCPOpMAaTOpa SKPAaHHPYIOUIYI0 OOMOTKY M3 MeTHOW (oJbru
(TonmuHoM 35-50MKM) MeXAy MEpBUYHBIMU U BTOPUYHBIMU OOMOTKAMH. Y CTAHOBHUT IO BEpX
TpaHchopMaTopa JONOTHUTEIbHBIN SKpaH U3 TOH ke MeTHON (OJIbIH.

7. [nst NOBBIIEHNS HAJIEKHOCTH U CHUKEHMSI PUCKA BBICOKOBOJIBTHOTO MPOOOS MEXKIY
NEPBUYHBIMH U BTOPHYHBIMH LIETISIMU TpaHc(hopMaTopa HEOOXOAUMO B KAYECTBE U30JIUPYIOIIErO
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MaTepuaja HCIOJb30BaTh (PTOPOIUIACTOBYIO JIGHTY WM TpaHcPOpMaTOpHyr0 Oymary c
MOCJIETYIONIEH BaKyyMHOM ITPOIUTKOM JIAKOM BCETO TpaHcdopmaropa.

8. Jnsg ynydmieHUsl 3JMEKTPHUYECKUX IMapaMeTpOB M TEXHOJOTHYHOCTH H3TOTOBIICHUS
TpaHcopmaTopa HEOOXOIUMO 3aMOJHUTH BCE CBOOOIHOE MPOCTPAHCTBO OKHA MAarHUTOIPOBO/IA.
OTO MO3BOJUT CYHIECTBEHHO COKPAaTHUTh BpeMs W CHHM3UTh MaTepHalbHBbIC 3aTpaThl INpU
JAIbHEWIIEM M3TOTOBJICHUH, a TaK >K€ YIAYYHIUT MOBTOPSEMOCTh MapaMeTpoB KaxXIoro
Tparcdopmaropa.

9. Jlng TMOBBIMIEHUS TEXHOJOTMYHOCTH H3TOTOBJICHHS TpaHchopMaropa KelaTelIbHO
ONTUMHU3UPOBATh TaKUM O00pa3oM, 4YTOOBI KOJIMYECTBO CIOEB B OJHOW OOMOTKE OBLIO
IIEJIOYHCIICHHBIM, TO CTh 1,2,3..n.
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PEKOMEHJIAIIUM 11O IPOEKTUPOBAHUIO IIEYATHOM

IJIATBI
xypHan « COBPEMEHHAS DJIEKTPOHUKA» Ne2 2010
Anexceit Kapux (MockBa)

[TpoexTupoBats nevyarnyto mwiary (nanee [1I1) Heo6xoaumo ¢ y4€Tom >eKTPOMAarHUTHON
COBMECTUMOCTH 3JIEMEHTOB, TaK Kak €€ KOHCTPYKIUS OKa3bIBaeT OOJIBIIOE BIUSHUE HA
3JIEKTPOMArHUTHYI0 OOCTaHOBKY B KOHCTPYKTHBE KaK B OTHOILLIEHUHU 3JIEKTPOMArHUTHOTO
U3ITy4eHHUs caMoi cXxeMoll (0COOEHHO B YacTH MpeoOpa3oBarTessi, KOTOPbIH SBiIeTCS
HMCTOYHUKOM KOHJIYKTUBHBIX M 3JIEKTPOMAarHUTHBIX MTOMEX ), TaK U €€ UyBCTBUTEILHOCTH K
BHEITHUM 3JIEKTPOMAarHUTHHIM NoJsiM. Heo6x0auMo onTUMU3UpOBaTh pa3BoAKY MEYaTHbIX
IPOBOJIHUKOB, PACHOJIOXKEHNUE Pa3bEMOB, IIpeoOpa3oBaTeneil, 3IeMeHTOB (GUIBTPALUHN U
ynpasieHus, popMUpoBaTeNnel ciryKeOHbIX curHanoB. [IpuBeéM HEKOTOPbIE PEKOMEHIALINN:

® HeoOXOAMMO PAaBHIIbHO BBIOpaTh KonuuecTBO cinoéB [1I1. Hago ctpeMuThest kK 0AHOCIONHOM
i apyxcioiHo# I, mockonbky MHorocnoinas I1I1 numeer Gonee HU3KYIO HAIEKHOCTD U
PEMOHTONPUTOTHOCTD U B Cllydae aBapUMHOI0 BBIXOJA U3 CTPOs (CrOpaHue AOPOKEK U
IUIOINAI0K, 3aMbIKaHHE BHYTPEHHHX CIIOEB) HE MOJAAETCsl BOCCTaHOBIEHUIO. C Ipyroii
crtoponbl, MHOTOCTOMHAas [1I1 HeoOXoauMa 11 MOCTPOCHMUS STY€EK OOJBIITON MOIITHOCTH, B
KOTOPBIX IPUMEHseTCs AyOIMpoBaHNEe MPOBOJHUKOB PA3HBIX CIIOSX;

® CJICAYCT Ha3HAYaTh BXOJHBIC U BBIXOAHBIC KOHTAKTLI B pa%éMe KaK MO>KHO JaJIbIIC APYT OT
ApyTa;

® PACCTOSIHME MEXAY JABYMS IIPOBOAHUKAMU JIMHUU Niepesadn (IpsMOro ¥ 00paTHOro MpoBo/ia)
JIOJDKHO OBITH MEHBIIIE, YeM PAacCTOSHHE OT HUX J0 COCETHUX MTPOBOIHUKOB;

® /ISl MUHUMU3ALMY apa3uTHOM UHIYKTUBHOCTH BCE COEAMHEHUS Ha IJIaTe CIENYET JeNaTh
KaK MO>KHO KOpoue 1 He 00pa30BhIBATH JJTMHHBIC METIe00pa3Hbie Tpacchl. [Ipu aToM Hamo
IMOMHHUTB, YTO CUJIOBBIC U CUTHAJIbHBIC LCTIM AOJIKHBI paCliojiaratbCd NCPIICHAUKYIIAPHO ApYT
Ipyry 1100 KaK MOKHO Janbliie APYT OT APYTa;



® 1151 TOCTH KEHUS! HU3KOT'O YPOBHS IIOMEX HEO0OXOAUMO BXOHBIE U BBIXOJIHBIE (PHIIBTPHI
pasmerars Ha I1I1 kak MOXHO nanpuie Apyr OT aApyra. PekoMenpanuuu no nmpoeKTUPOBAHUIO
bunsTpa:

® TOIIOJIOTUYCCKHU KOMIIOHCHTBI (bHJ'IBTpa pacmojiararoT 1mocja€a0BaTCIbHO, KaK OHU I/1306pa}KCHBI
Ha BHGKTpH‘IeCKOﬁ CXEMCE,

® cciul (pUIbTP MHOTO3BEHHBIH, TO 3BEHbSI OTIIEISAIOT APYT OT ApyTa 3a3eMJIEHHBIM
OJIHOCJIOMHBIM dKpaHOM. OTBepCTHS, IIETH U 3a30pbl YMEHbBIAIOT 3 (HEKTUBHOCTD IKpaHa IS
MarHUTHBIX U 3JIEKTPUUYECKHUX BBICOKOYACTOTHBIX MOJIEH. DIEKTPUUECKYIO CBA3b MEXKIY
3BEHBSMH JKEJIATEIBHO BBIIIOJIHUTH Y€PE3 MPOXOAHBIE KOHJIEHCATOPHI;

® jpoccenu GUIbTpa OPUEHTUPYIOT B IPOCTPAHCTBE OTHOCUTENBHO APYT APYra, UCXOAs U3
MHUHHMMYMa B3aUMHBIX HaBOJIOK;

® B QriIbTpax HEOOXOAUMO MIPUMEHSITh TOPOUIAIBHBIE CEPACYHUKH, YTOOBI JIEKTPOMArHUTHOE
T0JI€ 3aMBIKAJIOCh BHYTPH CEPJICYHNKA. BXOIHBIC U BBIXOTHBIC BHIBOIBI (DUIIBTPA TOJKHEI
pacrnojaratbCs Ha TPOTHBOIIOJIOKHBIX CTOpPOHAX cepiaeyanka. OTHUM U3 BapHAHTOB
KOHCTPYKIUHU (PUIIbTPA SBJISICTCS TUPJIsTHIA (HAOMPAKOT CEPICYHUKH, M CKBO3b HUX MPOJICBAIOT
MIPOBOJIA);

® 1peoOpazoBaTeNy TOJDKHBI PAcIIONIaraThesl Kak MOXKHO OJrke K GuiisTpy. Heo6xoanmo
00ecreynThb 3alUTy BbIX0Aa GUIBTPAa OT UCTOYHUKOB IMOMEX, T.€. MUHUMU3UPOBATh JUIUHY
COCIMHEHUS C HATPY3KOW;

® IIOCTOSHHEBIM TOK B IICYATHHIX IMPOBOAHHKAX pacCHpCACIACTCA pPaBHOMECPHO 110 CCYCHHUIO, U
,I[OHYCTI/IMHﬁ TOK paCCUHUTBIBACTCA 110 (bopMyJIe:

Imax = 107 Yaonbtn, C))

re:

YAON — OMYCTUMAasl IJIOTHOCTh TOKA (/17151 MPOBOJIHUKOB, IOJYYEHHBIX METOJJOM XMMHYECKOTO
Tpasnenus, 30 A/mm2);

b — mmprHa mpoBoIHKKA

(MM); trT — TOJIIIIMHA MPOBOAHMKA, AJ1s ABYXcTopoHHEH [1I1 06p14HO 35 MKM, 1711 MHOTOCIIOHHOI
[1IT BHemHMe ciou Mo 35 MKM, BHYTPEHHHE CJIOM 00bIYHO 18 MkM; u3 (4) cneayer, 4To Jyist
ctabmibHOM pabotel [1I1 nomxHO cobm0aaThCS HEPABEHCTBO:

b=1 {}EI;’;(Tguntn); (5)

® 11eTh 00paTHOM CBsI3U MpeoOpa3oBaTens O KHA UMETh ceueHre He MeHee 0,5 Mm2(4ToOb!
WCKJIFOUHTH MaJICHUE HAMPSDKEHUS ) U JOJDKHA OBITh yIajieHa OT KOMIIOHEHTOB, pa0OTAIOIINX B
UMITyJTBECHOM peXXuMe (Ipyrux npeobdpazoBaTeneil, BRIXOIHBIX GUIBTPOB, (hopMHupoBaTeneit
CITyeOHBIX curHaIoB). [IpsiMoit 1 0OpaTHBIN MPOBOJ TOJKHBI HAXOUTHCS KaK MOXKHO OJIFDKe

APYT K IpYTY,

® JUIsl COKPALLEHNs BPEMEHU U aMILIUTYbI IEPEXOHOT0 IIPOLECca B IIUUHAX [TUTaHUS
HE00XO0IUMO UMETh KaK MOKHO 00JIee HU3KYIO MHIYKTUBHOCTb KOHCTPYKLIHHU IIMHBI 10
BBIBOOJIOB (PUIIBTPYIOLINX KOH/IEHCATOPOB. DTO IOCTUTAETCS, KOT1a KOHEHCATOOPHI
YCTaHaBIIMBAIOTCA B HEMOCPEAICTBEHHOM OJIM30CTH OT LINHBL;

® cieayeT B OJHOM TOYKE COEAUHHUTH CHIJIOBYIO (CHUTHAIbHYIO) 3€MJII0 U KOPIYC, YTOOBI
BBIPOBHSATH UX [MOTEHLIAAIBL;

® HEOOXOMMO 3a3eMIIATh KOPITYC WM IITHIPh MpeoOpa3oBareneit (0COOEHHOMOIIHBIX).



Paiimonn Mbak

NMITIYJIbCHBIE UCTOYHUKHU ITATAHUS

Teoperudyeckne 0CHOBbI IPOEKTHPOBAHUSA M PYKOBO/JCTBO M0 MPAKTHYECKOMY
NpUMEeHEeHHUI0

4.7. ®aKTOpbI, YYNThIBaeMble NPU PA3BOAKe NMEYATHOM IJIATHI

MakeTHas miaTta, IpuMeHseMas Ha Ha4aJIbHBIX 3Tanax U3y4eHus dJICKTPOHUKH, IPUTOTHA
TOJIBKO JIJI1 MaJIOMOIIHOTO MCTOYHHMKA MTUTAHUs ¢ 4acToTol kommyTtanuu a0 20 kI'u. Ha
MIPaKTUKE OYE€Hb HEMHOTHE HCTOYHUKH IMUTAHKUS pa0OTAOT HA TAKOW HU3KOM YacToTe.
CoBpeMeHHBIN UMITYJIBCHBIN cTabunu3aTop padoraet Ha yactotax oT 100 kI'11 10 HECKOIBKUX
MI 1. 'apMOHUKH UMITYJIBCHOTO CHTHAa MpocTuparoTes 1o nuanazona OBY. B ciydae ommOku
B Pa3BOJIKE IMEYATHOMU IUIATHI, TPEIHA3HAUYCHHOM IS paOOThI HA BBICOKUX YaCTOTAX, PE3YJIbTATHI
OKa)XyTCSl HEYTEIIUTEIbHBIMU (HapuMep, B BUE OONBIINX KIIYOOB JbIMA).

CymiecTByIOT BE po0IeMbl, Ha KOTOPbIE HAM HY>KHO 00paTuTh BHUMaHHUE. Bo-nepBbIX,
CJIeTyeT BBIOJHUTH Pa3BOJKY IM€YaTHOU IIAThl HCTOYHUKA MMUTAHUS TaK, YTOObI OHA HE
HapyIINIa KOPPEKTHOCTb Pa0OTHI CXeMbL. BO-BTOPBIX, HEOOXOAUMO BBISICHUTB, KaK MOTYT
MOBJIUATH HANIPSKEHUS U OOJbIINE TUIOTHOCTH TOKA HA CHCTEMY B II€JIOM, €CJIH IOMECTHUTD
MCTOYHUK MUTAHUS CIUIIKOM OJH3KO K TOMEXOYYBCTBUTEIb-HBIM LIETISIM.

[Tponteccop Pentium motpebisier Tok 40 A. Jlaxke Ha conpotuBiiennu Beero b 0.01 Om
najieHne HanpsbkeHus coctaBut 0.4 B. B TakoM ncTouHMKE MUTAaHUS OYEHD BAKHO Pa3JICIHUTh
HU3KOYPOBHCBBIC CUTHAJIBI U JIMHWHW BBICOKOI'O TOKA BLIpr[MI/ITeJ'Ief/'I U xiroueit. OueHsb JIETKO
YIIYCTUTH U3 BUAY MarHUTHbIE () (PEeKThI, BEI3BAHHBIC TPOTEKAHUEM TaKUX OOJBIINX TOKOB.
JIt000#i KOHTYp, 110 KOTOPOMY TE€UYET TOK, MOKHO MPEACTaBUTh KaK OJJUH BUTOK JIPOCCEIS,
HAJIMYHUIO0 KOTOPOTO MBI MOXKEM HE MPHUAATh 3HaueHHs. B Halllem mpuMepe MOXHO CO3/1aTh C
ACCATOK UCTOYHHUKOB IEPEMCHHBIX MArHUTHBIX nonefxi, KOTOPBIC OKAa3bIBAIOTCS CBA3AHBI C
COCETHUMHU JIOPOKKAMHU M KOHTYpaMH TI€UYaTHOU MIaThl UCTOYHUKA MUTAHUS U APYTUMU
6J'II/I3J'I€)K3HII/IMI/I OCIIsIMU. KOHC‘-IHO, HCTOYHHKHU IMUTAHUA, KOTOPBIC UCIIOJIB3YHOTCA IJIs
nporeccopoB Pentium, paboTaroT B 9KCTpEMAbHBIX YCIOBUSX, HO 3aTO ATO SIPKUH MpUMEp TOTO,
KaK JICTKO B UMITYJIbCHBIX UCTOYHUKAX MTUTAaHUA He6pe)KHOG OTHOIICHHUEC K pa3BOJAKE e4aTHOU
TJIATHl MOXKET CTaTh UCTOYHUKOM MPOOIIEM.

Ha Puc. 4.12 npencraBiena BeIOpaHHas HAMHU B Ka4eCTBE NMpUMepa CTaHAapTHAS pa3BOJIKa
MeYaTHOM IJIaThI A7l THIIOBOM CXEeMbl BKIIIOUEHUS MHTErpaibHoi Mmukpocxembl LT1871. Ha
PUCYHKE HE TIOKa3aHa oOpaTHasi CTOpOHa nedaTHou miaThl. [Ipu pa3Boake Ha HEl HE0OXO0aMMO
co3/1aTh OOJIBIION CIUIOIIHOM 3a3eMJIEHHBIN CII0H, KOTOPBIH ¢ IPaBOil CTOPOHBI TUIATHI JOXOAUT
JIO IEPEXOTHOTO OTBEPCTHUA Y BBIBOJIA 3a3€MJIEHUS MUKPOCXEMBI. B 3TOM TOUKe 3a3eMIEHHBIN
CJIOM CY)KAETCS U COEAUHSIETCS C NEPEXOAHBIMU OTBEPCTUSMU 3a4at0IIEH U U3MEPUTEIIBHOMN
nernei. Ha cxeme 310 n300pakeHO TOHKOM JimHKUEH, coeaunstomen BpiBoJ GND 1 KOMITIOHEHTHI
JIEBOW YaCTH CXEMBI.

[TepBoe, Ha YTO HYKHO OOPAaTUTH BHUMAHUE MPHU Pa3BOJKE, — TOK 00IIIEro MpoBoaa
MEPBUYHOTO UCTOYHMKA MUTAHUS JOHKEH HAMPSIMYIO MPOTEKATh B BRIXOAHYIO II€TTh. 3aMEThTE,
YTO CXeMa MOCTPOeHA TaK, YTOObI OPHEHTUPOBOYHO MOKA3HIBATh PU3NYECKOE PACTIONOKEHHE
KOMITOHEHTOB Ha IeuaTHoM miaTe. Bee ximoueBbie KOMIOHEHTHI, a Takke Ciy 1 Cour
pa3MeIaloTCs PIoM APYT ¢ IPYroM MOAANBIIE OT CUTHAIBHOTO 3a3€MJICHUSI MUKPOCXEMBI
LT1871. Coenunenne MUKPOCXEMBI C OOIIMM MPOBOAOM SIBJISICTCS] YaCThIO M3MEPUTEIBHOMN



[[ENH, TIO3TOMY JTFO0BIe U3MEHEHU ST HANIPSDKEHUS BCIICCTBUE UMITYILCHBIX TOKOB, TEKYIITUX U3
BXOJIHOTO KOHJIEHCATOPa B BBIXOJHOM, MOTYT U3MEHUTH HAIPsLKEHUE, PUKIIAABIBAEMOE K
WU3MEPUTENLHBIM IIETISIM BHYTPU MUKPOCXeMBbI. OOIINN TOK MEKPOCXEMBI B MOMEHTBI
koMmmyTarud MOII-TpaH3ucTOopa MOKET OBITh TAKXKE TOBOJIBHO OONbIIMM. BenmnurnHa muKoBOro
TOKA 3aTBOPA MOKET B MOMEHTBI OTIUPAHUS WIH 3alIUPaHUs KIIt04Ya JOCTUraTh COTEH
MUJUTAMIIEp. TO 3HAYUT, UTO TPEOyETCs TOBOJIBHO MIMPOKast TOPOKKa MKy BbiBojioM GND
MUKPOCXEMBI U 00111e# Toukoi kouaeHcaropoB Cy 1 Cour. OOpaTuTe BHUMaHUE HA OOJBIIYIO
3a3eMJIEHHYIO 00JIacTh U MOJKIIOYEHHBIN K 0HOMY U3 €€ yriioB BeIBoJ GND MHKpOCXeMBbl, UTO
OTPaHMYMBACT U3MECHEHUE HAMIPSKCHIS M3-3a TIPEMEHHOTO TOKa, TEKYIIETO B 3Ty 00JIaCTh U3
Ct u Cout- bonbiias 4acTh MOCTOSHHOTO TOKA IPOTEKAET 10 3a3eMJIEHHOMY CIIOI0 C 0OpaTHOM
CTOpPOHBI MeUaTHOM Tu1aThl (He nmoka3an Ha Puc. 4.12). Ha pucyHke noka3aHsl MOJKIIOUYEHUS
munuit VN, Vout 1 GND. Tloakmrodenust oOmux MpoBOIOB BXOAa U BBIX0/1a JOJIKHBI OBITh
npousBeneHbl Mexay Ct u COUT> 4T00BI TOK COCPETOTOUNBAICS BOTU3U KITIOYEBBIX
KOMITOHEHTOB.
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Puc. 4.12. TunoBast cxeMy pa3BOJIKM NEUYATHOM IJIATHI IS TpeoOpa3oBaTessi Ha OCHOBE
mukpocxembl LT1871

JluHNM, MOAKITIOUEHHBIE K PE3UCTOPaM IIeTH 0OpaTHOU CBS3H U KO BXOJy U3MEPHUTENs TOKa,
JOJIKHBI OBITH OTHECEHBI KaK MOXHO JANIBIIE OT JIMHUH, YIPABISIOMINX 3aTBOPOM KIIFOUA U
COCTMHSIONINX KITIOYH C IpoccesieM. B 3TUX TUHUSAX MpOoTeKaroT O0IbIIHe TIEPEMEHHBIE TOKH,
Jake HeOOJbIINE 3aMKHYThIE KOHTYPbI BOTU3H HUX MPEBPAIIAIOTCS B OJJHOBUTKOBBIC APOCCENH,
KOTOPBIE CO3/AI0T 3aMETHBIC TIEPEMEHHBIE HAMPSDKCHHS TIOMEX U BIUSIOT Ha paOdO0Ty JIMHEHHBIX
AJIEMEHTOB CXEMBI. B cxeMe NpUCYTCTBYIOT JBE OCHOBHBIE MarHUTHBIE IeTiu. [lepBas cocTouT
3 LI, CIN u Q1. Bropas Bkitouaet Cout, D1 1 Q1. MbI MO)keéM MUHUMU3HPOBATH BIUSIHUE
MAarHUTHBIX IOJIEH HA U3MEPUTEIIbHBIC LIETH, YKOPAUNUBas JOPOKKHU U, HACKOJIBKO 3TO
BO3MOYKHO, MPUOIIHKAs UX IPYT K APYTY. TeM caMbIM MUHUMHU3ZUPYIOTCS TUIONIAIb KOHTYpa U
HaBOJIMMOE B HEM HANPSIKEHUE.

Te >xe camble ()aKTOPHI HY)KHO YUUTHIBATh B CX€MaX C HAKaYKOH 3apsijia, TJe UMITYJIbCHBIE TOKH
JIOBOJIBHO BenukH. Heo6xommMo OyaeT o0beAMHUTS oAKIIOYeHHs K 0omemy npoBoay MC, Ciy
u Cout B OJIHY TOUKY U B CIIy4ae peai3aiuy CTaOMIN3UPOBAHHOTO IPeoOpa3oBaTelisi OTHECTH
BCE BO3MOJKHBIE KOHTYPHI TIOJIAJIBIIE OT BXOJa OOpPaTHON CBSI3U.



Konb ckopo paboTa COBpeMEHHBIX HCTOUHUKOB MTUTAHUS OCYIIECTBIISIETCS HA OUYEHb BBICOKUX
4acTOTaX, TOKOMPOBOISIINE JOPOKKH CIEAYET JelaTh Kak MOXKHO mupe. Jlaxe
MOJTyTOPACAHTUMETPOBBIN OTPE30K Y3KOU JOPOKKHA MOKET 001a/1aTh MHAYKTUBHOCTHIO BO
MHOTHE JIECATKH HaHOTeHpH. Bce mpumepsl MpoeKTHpOBaHUs, pACCMOTPEHHBIE B 3TOI1 IJ1aBe,
MPEANOIAratoT, YTO COOTBETCTBYIOIINE CXEMbI UMEIOT MUHUMAJIbHOE KOJTMYECTBO MAPA3UTHBIX
371eMeHTOB. Eciii Bbl HEBHUMATEIBHO OTHECETECH K MAPA3UTHBIM UHIYKTUBHOCTSAM Ha MeYaTHOM
mJaTe, TO TPy KOMMYTAIIMKU MOTYT MOSIBUTHCSI HEMPEIBUICHHBIC JOTIOTHUTEIbHBIC HAMIPSKEHUS
MOMeX, KOTOpble OyAyT BO3/I€CTBOBATh Ha pabOTy TEX UM UHBIX KOMIIOHEHTOB cXxeMbl. [1o
BO3MOXXHOCTH MPUMEHSIHTE MIOBEPXHOCTHBI MOHTaX, YTOOBI MUHUMHU3UPOBATH Mapa3uTHHIC
MHAYKTUBHOCTH, 00pazyemMble BHIBOJIAMU PA3IUYHBIX KOMIIOHEHTOB.

Maprtux bpayn

NCTOYHUKU NIUTAHUSA. PACUET U KOHCTPYUPOBAHMUE

T'maBa 3.14. KomnanoBka nme4yaTHou mjiarel.
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Puc. 1.58. MeToabl OprasnuIauMi LLAH NUTAHKHA C MEPEXTIOHEHMEM:
8 — JBORHOM MMNYNECHBIA MCTOYHAK MWTAHWA Co BX040M aKTrEaywn (EMABLE); 6 — im0y noCTORHHOMD TOKE

3.14. KomnoHoBKa ne4yaTHOM nnaTtbl

JapepalomMi atan pazpaGomks MoG0ro HMNYILCHONO HCTOMHHKA NUTAHUA 2aKTHo4a-
eTcd B (pHIMYECKOM MPOEKTHPOBAHMM rMedaTHOH rnare. Ecnn nnara cnpoekTHpoBaHa He-
MPABHALHO, TO OHA OyneT cnocofCTROBATL HEYCTOHYHBOCTH NHTAHHA H HANYMATh YpeIMep-
HBIE MEKTPOMATHHTHEIC NOMexM. 3anay paspaboTyHka — OOECNEHHTH XOPOLYIO KOMITO-
HOBKY MEYATHOH TUTATHL HA OCHOBE NOHHMAHKA hHINUYECKOro BYHKIMOHHPOBAHUS CXEMBI,

HMIynkCHEIE HCTOYHHKH MHTAHHA CONEPHKAT CHIHANEE, HACKILLIEHHBIE HA BRICOKMX 4ac-
TOTAX, W MOGas JOPOMKA HA NEYaTHO I1aTe MOMKET BRICTYNATE B KaUecTBe aHTEeHHLL. Jinun-
HA M IUHPHHA JOPOMKKH BIHAKT HA €€ CONPOTHENEHHE H HHIYKTHEHOCTL, KOTOPSIE, B CBOID
o4epeb, BITHAKT HA YaCTOTHYIO XAPaKTepHCTHKY. [laxke NOpOWKH, NPOMYCKAIOUWIHE CHIHA-
N6 NOCTOAHHOTO TOKA, MOTYT YNABTHBATE PANHOCHTHANL! OT COCEIHHX JOPOMXEK W CO3da-
BATE NpOGNEMBI B CXeMe WIH J@Ke ONATh NEPEHUTYHATL CHIHAN noMexy. Bee nopowkiy, ne-
pelatolHe nepeMeHHEIH ToK, NODKHE! ORITE BRINOMHEHE! KAk MOKHO Gonee KOPOTKMMY H
WHPOKAMH. 3TO OIHAYAET, YTO MobHE KOMNOHEHTR! 06paboTKH NMUTAHMA, NMOACOCIHHEH-
HEE K TOH WK WHOH JOpOMKe H K APYTHM JOPOMKKAM MHTAHMA, IO/KHE OBITE pacnonoxe-
HEI TUIOTHO APYT K ApyTy. JnHHA JOpOKKH NpaMo MPOMOPLMOHANLHA 3HAYEHHIO €¢ HHIYK-
THEHOCTH H COMPOTHE/IEHHIO H RIMAET HA JUTHHY BONHEL, HA KOTOpYio GyeT peardposats
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noposkka. HYem Donbiue [UIHHA JOPORKH, TEM HHIKE YACTOTA, KOTOPYIO 3Ta J0POMKA MOMWET '
MPHHATL ¥ NEPCaTh, H Tem DoNbILeH paIHOMAcTOTHOH IHEPrHH OHA NOJBEpHKEHA,

3.14.1. OcHOBHbIe TOKOBLIE NETNH

Buytpu 11060r0 MMMyNbCHOTO MCTOMHHMKA MMATAHHA CYILECTBYCT METHIPE TOKOBBIC |
NETIM, TPHHEM Kanciad M3 HUX aonkHa GbiTh OTACHcHa apyr oT apyra. Hike oTv Tokosble |
METIH NEPEUMCICHE] B NOPAIKE HX BAKHOCTH JUIE XOPOWER KOMIOHOBKMY NEYATHOR MIATE,

1. Tletna nepeMcHHOrO TOKA KIKO4A.

2. llerna nepeMEHHOro TOKA BRIXOIHOTO BLITPAMMTCIA.
3. Tokoeas netns BXOAHOTO MCTOUHHKA.

4. Tokoeas noTIs BLIXOAHOH HATPYIKH,

ThTi NETAW NOoKazaHel Ha pyc. 3.39 ons Tpex OCHOBHBIX THIOB TONOMOTHMH HMITY/IbC-
HbIX HCTOMHHKOB TTHTAHHA,
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Puc. 3.59. OCHOBHBIE TOKOBLIE NETNA B OCHOBHbIX THREX TONOAOTWA WMIYNeCHBIX WCTOUHEKOD NWTAHWA:
8 == HEWIONWPOBAHHER NoHMELWLWA npeodpalosaTtens; § — HEWIONUPOSAHHEIR NOB R LAKLWA Npeobpalosa-
Ters; 8 — npesipaloEatens ¢ MIONWEYKOLMM TpaHCOpMaTOpOM
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TokoBbie NETNH BXOAHOTO HCTOYMHHKA W BBIXOAHOH HArpy3kH o0bIMHO HE npencTas-
amor npobnem. Tok BHYTPH ITHX NeTeNb, B OCHOBHOM, COPMHPOBEH H3 MOCTOAHHOTD
Toka ¢ HeGonbwoii nofagxoil nepeMeHHOro Toka. ITH ABe MeTnH o0BIMHO MMEKOT TaKKe
CHeuMatbHBIE (PUIBTPLI ANA NPENATCTBMA BLIXOAA WIYMA MEPEMEHHOIO TOKA B OKPYKalo-
wyto cpeny. KOHTaKThl KOHAEHCATOPOB BXOAHOMD W BRIXOLHOTO (PHABTPOBR A0NKHB ObiTh
paIMELLEHEl HMEHHO TaM, TOe NeTAH BXOIHAR W BRIXOIHAS TOKOBAA NETNH, COOTBETCTBEH-
HO, COEAHHAETCA C MCTOYHHKOM MUTaHWA, Bxoomas netna sapamaeT BXOAHOH KOHOEHCA-
T0p TOKOM. DAHIKHM K NOCTOAHHOMY, HO HE B COCTOSHHMH MOCTARNSTE BHICOKOYACTOTHLIE
HMIYILCHE TOKA, HEODXOAHMBIC TS HMIYABCHOID HCTOUHHKA MUTAHHA,

OcHoBHAA poNib KOHAEHCATOPA PUNLTPA 3AKTHONEETCH B BLINOAHEHHN (DYHKUMM LIH-
POKONONOCHOTO pezepayapa 3Heprun. Kongewcatop BeixoaHoro gunbTpa aHanorHuHeiM
ofipazom COXpaHAET BHICOKOUACTOTHYIO JHEPTHIO OT BHIXOAHOTO BHIMPAMHTENS M M03BO-
JIRET MET/E BLIXOAHOH HATPYIKH CHHMATL JHEPrHIO B MAHEPE NOCTOSHHOrO Toka. Takum
00pa3oM, KOMTAKTEI KOHIEHCATOPOB BXOAHOrO H BBIXOJHOrO (MABTPOB OYeHb BAXKHBI.
Ecnu coepmHenns Mexay BXOAHOH M BRIXOIHON NETHSMH M MeTNAMM KII0Ya WK BRINPS-
MHTENA HE HAlPABRMEHO MPAMO K KOHTAKTAM HOHIACHCATOPOB, TO EHEPTHH I'IEPEM&IIHDFD
TOKEA ﬁ}l‘,ﬂ_E-'T GEKGJ:I_HTI: KOHASHCATORbI BXOAHOTO W BRIXOAHOIO q]l'{."llﬂ‘pﬂ H NMOonNajaTs B OK-
PYKAOULYIO CPEayY MCpes BXOAHYI0 H BRIXOAHYHO TOKOBYHO METIH.

IMeTnu nepeMeHHOro TOKA KIIOHA M BLITIPAMMTENA COAEPIKAT OMEHb BBICOKHME Tpane-
uenaanbHble (OPMBI BOMHBI, X4PAKTEPHbIE 14 HMIYAbCHBIX HCTOYHWKOB TMHTAHHA
¢ IUHM. Drv hopmbl BOJHBI HACKILLEHE! N0 FAPMOHHKAM, KOTOPBIE IHAYHTENBHO MPEBbI-
waror GazoByro wacToTy neperimoueHnii. Takue nepeMeHHbIe TOKH MOIYT HMETh MAKCH-
MANBHLIE aMITHTYAL! 8 2-5 pa3 Goasiue, YeM HenpephiBHLIC NOCTOAHHLIC TOKH BXOJAA M
BulX0aa. JUIHTeNbHOCTD NepexoatbX npoueccos obeivHo cocTasnter okono 50 ue. Takum
ofpazom, 3TH ase neTaH obaanaoT camod GonbwoH cnocolGHOCTEIO CO3MaBaTh INEKTPO-
MArHHTHLIE TIOMEXH.

MapwpyT JBYX paccMAaTPHBAEMbIX TOKOBBIX METElh NEPEMEHHOTO TOKa JA0MKEH
DuiTh OnpegeneH paHsie MOOLIX IPYrHX A0POKEK B HCTOMHHKE nUTaHua. Tpema ocHos-
HBIMH KOMIOHEHTAMH, COTAAIOMIMMH KLKAY IO NETHO, ABRAAI0TCH  KOHICHCaTop dHabTpa.
K104 HAH BHINPAMHTENE H HHAYKTOP WAH TpancopmaTop. 3TH KOMMOHEHTH A0MKHbI
pacnonarateca GAWIKO APYT K APYTY, a TAKIKE J0MAKHBI ObITh COPHEHTUPOBAHBI TAKUM 00-
pazosM, 4ToOB MYTH TOKA MEAUTY HUMH Db KaK MOMHO Gonee KOpoTKMM. XOpOoWwMH npu-
MED KOMTIOHOBKM CEKUHH [HTaHHA NOHWKAIOWEro npeodpaiopaTend nokalaH Ha
pre. 3.60.

Karom HuayvkTop

Tuoa Moakaw4aenne “3eman™
CXCMBI YIIPABICHHA

PHe. 3.60. Xopoluan KoMnoHoBka noxwsaewean npeobpatosatens

B- h.WiT
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JOpOKKH BHYTPH NETENb TAKKE 0KATHBADT OONbinoe BAMAHKE HA HaMepenHslil KI1L
npeoGpasosatens. Ecnin Ha moGoil M3 3THX A0pokeK HaGNOAAeTCA 3HAYMMTENRHOE Maje:
HHE HanpmxeHnd, To npeofipazoBatens nokakeT Mensiumil KIT[, nockonsky ox palioTtael
Ha Gonee HAIKOM HANPAKEHHN (M, CleNOBaTENLHO, ¢ GonbluMm ToKoM). OIHAKO, eclu s
pacuera KI1J] wcnonssyerca uvdpoBoi BONBTMETP, TO CHHTAHHBIE IHAYEHHA BXOIHOTT
HAMPAKCHHA OKAKYTCA BHILIIE, HEM HA CAMOM JENe, YTO MPHBOOMT K owHboyHo Gonbo-
MY pe3yneTaTy npoussenenns V1.

3.14.2. 3azemneHune BHYTPM UMNYNBECHOIO MCTOYHMKA MUTAHUA

JIMHHA 3A3EMACHUA, NPEACTABNCHHKE HItKHEl BETBRIO TOKOBBIX NETEMNb, MEI 0DCYX-
Janu paHee. Tem He MCHEe, OHW BBINOIHAKOT OYCHL BakHYHO GyHKuMio obmeH ToMKH
NPHBAIKH 1A CXEMBI, ¥ MOTOMY MX pasMellieHWe B KOMINOHOBKE N1aThl CAEAYET YACIATE
caMoe NpUcTanbHoe BHAManue, CMelmsanmne JnHni 3asemnenns Gyaer nopokaars npo-
Griemet co cTaOHABHOCTRIO PabOTEI HCTOUHHKA NHTAHMA,

OTienbHON0 pacCMOTPEHNA 3ACAYHRMUBACT "3eMir " cxemsl YnpasIenws, CoeHHeHHas
€ MHKPOCXEMO# KOHTPOIEPA M BCEMH CBASAHHLIMM ¢ Hell NACCHBHBIMH KOMIIOHEHTAMH.
Jra “semns" upeapsuaiiHO YYBCTBHUTENRHA H A0MmKHA ObITh pa3MeleHa nocne paiMelte-
HHA OCTANBHLIX METeNbk NEPEeMEHHOro Toka. CYMECTBYIOT OMEHb CNeuH(HYHbIE TOYKH,
B KOTOpBIX “3eMA8" CXEMbl YNPABNEHHA COSIHHAETCA ¢ APYTHMH NTHHHAMH 333eMICHUA.
370 COENMHEHME, B OCHOBHOM, PACMONATAIOT Ha 0DIIEM KOHLE KaKoro-nubo KOMNOHeHTa,
Ha KOTOPOM CHEMa YIpasfieHHA G_}",EI_E-'T CHHTHBATE HEKOTOPOC MANOE HANPAMCHHE. oTH
TOYKH A0MEHB BEAKDYATE ﬂﬁl.l],Hﬁ KOHEL PE']HCTGPE CHHTHIBAHHA TOKa B HMIYIbCHOM
npeobpazosarene, paboTaroWeM B TOKOBOM PEXHME, H HHAHHHA KOHEL Pe3MCTOPHOTO je-
nuTens BHIXOAHOrO Hanpfkexud. Takum o0pazom CO3NAETCA MANOWYMHOE COSIMHEHHE
Kenupina Mes1y CHHTHIBAIOWMMH KOMIOHEHTAMH W HYBCTBHTENLHEIMH BXOJAMM K YCH-
nuTensM Toka Hin ownbkk. Ecan “semas” cxeMbl YTpaBNeHHA coeaMHAETCA ¢ mobDBIMMH
APYTHMH TOYKAMH, TO CO3JaBAEMBIH BHYTPH MEPEvHCIEHHBIX NETEMb WyM Oyaer cMewy-
BATLCA C YNPaBAAKILHMH CHIHATAMH H HapYIIaTh TOMHOCTE (YHKUMOHHPOBAHHA KOH-
Tpoanepa. JIMHHK 3a3eMICHHA B TPEX OCHOBHBIX THIAX TOMOJOTHH HMITYJIBCHBIX HCTOY-
HHKOB NHTAHHA NOKa3aHbl Ha puc. 3.61.

Kamaas w3 THHWA 3a3eMIEHHA, PACCMHTAHHLIX HA TOK GONBLWIONH CHBI, AOMKHA GRITh
KOPOTKOH W HMETB IITHPOKHE JOPOMKH Ha nevatHo# nuaTe. Obwee npasuno 3akioYacTca
B TOM, MTO GAHHCTBEHHON TOYKOI, B KOTOPOH ApyrHe NHHHH 3a3EMIEHHA CBS3aHBI C JTH-
HHAMH 333¢MIEHMA NEpeMEHHOro Toka Gonbiuoil cHIk, Joa#eH ObiTh OOLWHA KOHTAKT
KOHOEHCATOPOR (pHALTPA.

3.14.3. Y3en nepemeHHOro HanpAXeHUA

BHYTpH Kam/10r0 MMAYILCHOTO HCTOYHHKA MHTAHKA NPHCYTCTBYET OIMH y3en ¢ ca-
MbiM GONBIIMM MO CPABHEHMIO ¢ APYTHMM YIIAMH MEPEMCHHBIM HATpPAKEHHeM. DTOT
Y3en HaXOAWTCH Ha CTOKe (HNH KosnekTope) kmoda. B Hewzonuposanueix npeolpazosa-
Tensx Thna DC-DC aror yien Taoke coelIHHEH ¢ HHAYKTOPOM H OTPaHHYHTENbHBIM (HIH
BLIXOIHBIM) BBINIpAMMTENEM. B TOnonorMax ¢ M3omMpyoumM TpaHChOpMaTopoM cyule-
CTBYET CTO/ILKO Y3/10B NEPEMEHHOTO HANPAKEHHA, CKOMbKO HACYNWTBIBAETCA OOMOTOK ¥
TpaHc(opmaropa. C 37eKTPHYECKOH TOMKM 3PEHHA, OHH MO-NPEeXKHEMY MPEACTABINIOT
obwmil y3en, TonLko OTp@KeHHelil uepes Tpancdopmarop. Cneayer yaemnurts ocoboe
BHHMAaHHE KaAJI0MY Yany 1epeMEeHHON0 HANpPAXKeHHA B OTAENLHOCTH.

OTH Y37kl NPUBOJAT K pasinuueiM npobnemam. Mx nepemedHoe HanpakeHHe nerko
MO3KeT BBITh eMKOCTHO Nepenano Ha Mobble CMekHbIE TOPOKKH PAITHYHEIX METANLIHYE-
CKHX CITOEB, BAPOYEM Kak H aneKTpoMarHuTHele noMexH. K coxanenuio, 310, obs4HO, —
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10pOACKA, KOTOpas JODKHE! TAKKE CTVIKHTE B PONH TEILIOOTBOAA ANA KIKHA H BbINPAMK-
e, OCODEHHO B MCTOMHHKAX MMTAHHA C MOBEPXHOCTHBIM MoOHTaxoM. C aaexTpuue-
KON TOUKM 3PEHHS, ITa JIOPOKKA N0KHA ObITE KAK MOXKHO MEHLILE, HO, C TEPMHUECKOH
TONKH 3PeHMd, OHA fMo/kHa BTk Gonbwof. B nopepxHOCTHOM MOHTANE CYLECTBYCT
OIMH XOPOLIMI KOMIPOMHCC, KOTOpHIH 3aKm0MaeTca B TOM, 4TOOB CAENaTh BEPXHIOW
MOHTRKHYKO TUIDWMANKY NEYaTHOH NuaTel HISHTHYHON HHKHEH nIoWanaKke H cOe/IHHHTL
HX ¢ MOMOLLBH) MHOTOMHMC/IEHHBIX CKBOZHLIX NMepeMbider (coeqHHeHuit uepes CKBO3HbIE
oreepetin). CralzaHHoe nemMoHCTpUpYeT puc. 3.62.
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Puc. 3.81. Pasmewerie nWHA 3838 MNBHKA NA OCHOBHBIX TONONOMWA npeoBpazosaTenn: 8 — HEWIONWPOBEH-
Helid npecfpasosarens Twna DC-DC; § — wensonuposakkei npeclpaloaatens ¢ TpaHchopMaTopHON CRRILI;

8 — M3CNMPOBAHHEIR npeclpalosarens C TREHCDOPMATOPHOR CBAILI
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Cunosot anemenT CrBoinan nepemertka

Bepx neqarnoi niats

MeTaaaninpoBannoe Hui nevarnol maars
CKBOIHOE OTREPETHE

Puc. 3.62. XopowWua weTod ANA YNyYLUEHWA TENNOOTE0AE MOHTZXHOR NNOWAAKA i MUHIMUIEUWA BMEOCT HOR
CBAIA C ADYTMMH AODONKEMM NEYETHOR NNaThl

3Ta METOOHKA IHAYMTENbHO YMEHBILAET EMKOCTHBIE CBAZH C JPYTHMH AOpPOMKKAMH,
B TO e Bpema Gonee, yeM B OB pasa, yay4ilad TETNIOOTBOL W YBEIWYHBAA JOCTYNHYK
NMoWAIs NOBEPXHOCTH NEYaTHOH niartel. B npMiowennax co CKBOIHBIMH OTBEPCTHAMM
APYTHE CHIHAMLI M JTHHHH “3emiaM” CleayeT paMellars NoJanbile OT BLICOKOBOILTHBIY
nopoxkek u mobeix Tennoorsonos. B agroHoMHbIX npeofpa3osaTenax AHHUA 3a3eMIEHHF
MOMET TIONYYaTh IHEPrHi0 ¢ TAKOTO yina 4Yepel TenaooTeol (OTACNEHHLIH OT KOHTAKT:
CTOKA € NOMOLIBID MIONATOPA) M BLUICNATE €€ M3 M3INAEIHA YEpPe3 WTENceNbHbIA paben
CETH NEPEMEHHOrD TOKA.

3.14.4, NapannensHoe BKNO4YeHKe KOHAEHCATOPOB huNeTpa

HacTo KOH/IEHCATOPL! BKAKYAKTCHA NapaniensHo T8 CHHKEHHA 00LeIMHEHHOTO K
SHBANIEHTHOIO NOCAEA0BATENLHOrO CONpoTHRNeHHA (cguivalent series resistance, ESR
KoHaeHcaTopa duabTpa. Takan NnpakTHKa TAKKe NO3BOMAET KAWAOMY KOHACHCATOPY "¢
NHTLCA” HEKOTOPOH YacTeio 001ero NyALCHPYIOWErD TOKa Tak, 4Tolbl KamIkil konien
carop Mor paGoTathk B pamMkax ceoeil creumdHKaulK no nyJscHpyowemy Toky, Pasvo
“pacnpenencHue” MyNLCHPYIOWETD TOKA MOXKET HMETE MECTD TOJLKO B TOM Cayvae, KC
rja UMMEIAaHC TOPOMKH MEKIY KAA/IBIM HI KOHICHCATOPOR H WCTOMHHKOM MYJNILCHPYIC
[Mero TOKA HWISHTHYHSB! IPYT JpYry. 3T0 03HA4aeT, YTO JOPOKKH K BRINPAMHTENO M
KNHOMY HOMKHB ObITh PABHOR [IWIHHL H WHPHHE! 118 KAXKA0r0 KOHACHCATOpa,

Kamercq 3aMaH4YHBLIM PAIMECTHTL KOHIEHCATOPL! B PRI H COCJHHHTL HX NOCIeI0B:
TENLHO, KAK NOKalaHo Ha puc. 3,63, o. [Ipu Takom pasMellienHH KOHIEHCATOPE!, OKalar
muecd D/HKE BCEro K KAIOMY WIH BINPAMHTEND, GyIYT HCNLITLIBATL MYNLCHPYHOMIM
TOK ropazno Gonemed CHAbLI, YeM Te, KOTOpLIE PacnoamkeHsl nansie. 370 yKOpavyHBae
cpok cayxOp GnHmHAX kKOHoencaTopos. Ha pue. 3.63, 6 nokalana nyvinid cnocod pa:
MELIEHHA TOPOKEK A NApAnIenbH LY KOHACHCATOPOB.

PaspaboTuuk N0/KEH NBITATLCA pacnonarath KoHaeHcaTopel “panHanbHO-CHMME
PHUHO OTHOCHTEILHO HCTOYHHKA MyALCHPYIOWEro Toka And o0eMx CTOPOH TOKOBC
NETAH.
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Pwc. 3.63. KomnoHOBKE napannensHo BRTEDYEHHBX KOHABHCATODOR. 3 — NNOXOA BAPHEHT, & — myqwnil sapuaHT

3.14.5. Hauny4ywwin MeTo CO30aHMA NeYyaTHLIX NNaT Ans
UMNYNECHBIX UCTOYHWKOB NUTAHKWA

CaMmpiil TyHwHi MEeTOa CO3NAHHA KOMNOHOBKH NEvYaTHOH TUNATHI A HMIYNbCHOIO
HETOMHHKA THTAHHA AHATOrHYEH METOOY €ro WeKTpH4YecKoro npoekrtHposadua. Pac-
CMOTPHM XOJ1 TAKOrO NPOCKTHPOBAHHA,

L. Pasmecture tpaHcdiopmMaTop WiH HHIAYKTOP.

1. CroMnosy#Te TOKOBYIO NET/O KO,

3. Cromnonyiite nernio{H) BEIXOAHOrO BLINPAMHTENS,

4. CoeaxHure cxemy yNpasieHHs CO CXEMaMH MUTAHHA NEPEMEHHOr0 TOKAa.
5. CromMnoHyiiTe neTmo BXoQHOro HCTOUHKKA M BXOaHOR HHILTP.

6. CroMnouyiiTe neTmo(H) BEIXOIHOR HArPYIKH H BEIXOIHBLIX hHALTPOB,

PaspalloTyHk NO/DKEH B3ATH 338 XOPOWYH NMPHBLIYKY “HAMONHATE NEYATHYIO MaTy
meraiom. To ecte, He nomkHe Ou1Ts Gonsuwinx obnacTeil CTEKNOBONIOKHE Ge3 NOKPBITHA.
Jlna sanonHeHHs THX nycTeix ofnacTel NO/KHL GuITE pacliMpeHs!l TOPOXKH 3alemie-
HHA H NMHTAHHA. 370 — XOpOIWAA NPaKTHKA N0 ABYM NPHYHHAM: BO-nepesx, npeobpaso-
BATCb AYYINE HINYYECT TenNio H, BO-BTOPLIX, OONBIIHE MEAHBIE TIOLWAAH NOrowaT |
pacceHBeanT pAAHOMACTOTHY K IHEPTHID Ty4INE, ECIH CﬁﬂtﬂﬁCTE}l'I{!T NPOTCKAHHKD BHXPE-
BbIX TOKOB.

Koweuno we, pazpaﬁu‘rxa HCTOYHHKA NHTAHKA 0DBIYHO OTKIAOLIBAETCH 10 NocnenHe-
O MOMEHTS, TaK YTO CROGOAHOrO MECTA Ha IIaTe OCTAETCA, KAK NPpAaBHI0, CTHIIKOM MATO
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1 C HENpaBHIbHBIM pasMewteHiem, Boe 510 o3navaer, 4To cTporo cieloBaTh NpHBEICH-
10MY BbIlIE anropHTMy o0BIMHO HE YAeTCA, NOITOMY Kaxablii pazpaboTuHk, MoHUMas
JAWMHOCTE 3J1¢I['TPHH¢CKHK ¢Iﬂﬂ mpﬂn B TEPD'EKTHPDBEHHH KOHEMHOID H3IOenHa, JokeH fe-
14Th BCC BOIMOAKHOC, "'ITI}EH HCNpaBHTE 3TY CHTYaLHKD.

".15. NMpuMepb! NPOEKTOB UMNYNbLCHLIX UCTOYHUKOB
nurauua ¢ LLWAM

Ha coppeMeHHOM pbiHEE HMIYILCHLIX MCTOMHHKOB NHTAHHA CYLIECTBYET N8a nop
0fia K npoeKTHpoBaHHio: paspaGotka “B 106” “c Hyna" WA Ha OCHOBAHHA cneuHiiMke
1A, XOTH CeroJHA Ha PBIHKE HMEETCA MHOIO XOPOWHX MHKPOCXEM yNpaBaeHus, 1n:
AHOTHX H3 KOTOPBIX B CNEUH(HKALMAX YIKE ONHCAHA NMPOUCAYPa NPOSKTHPOBAHHA, LET
1aHHOH KHHrH — f1aTh uHTaTento Gonee raybokoe 1 dyHaaMEHTANBHOE NOHHMAHHE ITON
ipnpoca. Taknm ofpaioM, NpeacTaBIeHHbIE HIKE MPHMEPD! MPOCKTOR CONCPHAET CXEME
mpagiaerua, Tpefylowmne A8 3aBCPIIEHHA CHCTEMBI NHTAHHA NPOBEICHHA NPOCKTHO
TRCMEPTHIL. ITH NpHMEpsl coacp#ar DaloBwe NPaBHIa NPOCKTHPOBAHHA HMITY/IBCHAL
{CTOMHHMKOB MHTAHHA, HIYWIHE Jansie “npocteix” METOA0B, ONWCAHHBIX HEKOTOPBIMI
TOCTABLUHKAMH MHKpOCXeM. TaioKe OCTAETCA B CHIE HEOOXOAMMOCTB MPOEKTHPOBAHM!
AATHHTHLIX KOMMNOHEHTOB, KOMIIEHCAUHH KOHTYpa o0paTHOH CBAIH, A TAKKE BXOJHBLIX |
IBIXOOHBIX GHALTPOB.

CnenyroutHe NpHMEpbl, XOTA OHH H CKYMHOB&TH, NOMOTYT XOpowo pazobparber
1 POUECcee MPOEKTHPOBAHHA HMIMYILCHBIN HCTOYHHKOR nHuTadna ¢ LITHM,

3.15.1. BeTpoeHHbIH Ha NnaTy NoHMXKawWWH npeobpasosarens
Ha 10 Br

O6aacTe npuMeHeHNR

ZTOT HMITYNBCHEIH HCTOMHHK NHTaHHA MOWeT DBITE HCNONLIOBAH ANA BCTPOSHHON
1a nnarty cTabUNKMIaTOPa, B KOTOPOM NHHEHHBIH CTAGMNHIATOP BLITIENAET CHIIKOM MHD
"0 Tenna and Toro, yrodel nuata Morna ero paccensars. [lpeasapurensHelit crabunuse
“Op, BEIMOJHAIOWHMA HETOMHYIO CTAfHIM3AUMIO, BLIJAET pacnpeie/icHHOe HanpmKkeHHr
-10 — +18 B. Brixoanoe Hanps&eHHe BCTPOEHHOTD HA MNaTy cTabHAH3aTOpa cocTaBnse”
-33B.

B 31oM npoekte MB! yMpllieHHo H3GeraeM npHMeHEHHA MHKPOCXEMBI TIOHHIKAKOIIE-
'0 KOHTPOJIICPA C BBICOKOM CTenenbio WHTErpaLHK, NOCKO/IbKY HALA LUeNb — MPoAeMOH-
"TPHPOBATL TIpOUECS Bhlﬁﬂpa H NpOCKTHPOBAHHA IEMEHTOE, OTHOCALIHXCA K HMITYIIbC-
1bIM HCTOMHHKAM nHTaHka, Cxema nonwxawowero npeodpasosarens va 10 Br noencrar
1eHa Ha puc. 3.64,
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