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OONBIINI aKUEHT clieJaH Ha JBYX3BEHHOM IpeoOpas3oBaresie, MO3BOJISIONIEM
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DKCIEPUMEHTAJIBHBIX ~ MCCIENOBAHUM  ABYX3BEHHOTO  JBYXKaHAJIBHOTO
HOJIyTIPOBOJTHUKOBOTO MPEeoOpa3oBaTessi MOCTOSHHOTO HAMNpsKEHUs IS
CTYJIEHTOB, OOydYaroluxcsi 1o HampaBieHuto mnoaroroku 11.03.02
NH(})OKOMMYHUKAIITMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3H.

Paccmotpeno u 0106peHo Ha 3aceaHnuu
kadeapst UTCC
ITIpotokos Ne 1 ot 26.08.2019 r.



JTabopatopHass pabota Ne 8

NccneposaHme OBYX3BEHHOIo AByXKaHalfibHOro rnosfynpoBogHMKOBOIO

npeobpasoBaTtens NOCTOAHHOIO HanpPsHKeHNs

Llenb paboTbl: 1. Yrnybutb 1 3akpenntb TEOPETUYECKNE 3HAHNSA MO

YCTPONCTBY 7 NpUHUMNY OEeNncTBUs NONynpOBOAHNKOBbIX
npeobpasoBaTenen NOCTOAHHOIO HanpPsKeHUS.
2. HayuuTb  CcTyaeHTOB OCHOBaMm 3KCMNepPMMEHTarbHbIX

nccrnegoBaHMM  OBYX3BEHHbIX — MpeobpasoBaTternen NOCTOAHHOIO
HaMpsXXeHUss 1 MeToaunKe onpeneneHns OCHOBHbIX 3KCMlyaTauMOHHbIX
nokasaTenemn n xapakTepucTuk Takux npeobpasoBaTenien.

1 38,El,a‘-ll/l IKCnepnmMeHTarnbHOro nccrnegoBaHunA

1. YAICHUTb MEeXaHU3M NPOTEKAHUS 3NEKTPOMAarHUTHbIX NPOLECCOB B
[BYX3BEHHbIX MONyNpoOBOAHUKOBLIX MNpeobpasoBaTensx MNOCTOSAHHOIO
HanpsXKeHus!.

2. YACHUTb METOOUKY OKCMEepUMEHTarnbHOro  UCCreaoBaHus
npeobpa3oBaTenei NOCTOSAHHOrO HaMNPsHXKEHUS.

3. OdopmnTb GnaHk otyeTa M 3aWUUTUTb MOSMyYEHHbIE B XOde
9KCMepUMeHTanbHbIX UCCNeaoBaHUA pe3ynbTaThl.

2 OCHOBHblE CBEIEHUS U3 TEOPUN

Ha npaktuke 4yacto BO3HMKaeT 3ajada npeobpasoBaHus
MOCTOSIHHOIO  HamnpsKeHUs  OAHOro0  HOMWHaNa B MOCTOSAHHOE
Hanps>keHne  Opyroro HomuHana. Pewaetca 3Ta  3ajaya C
NMPUMEHEHMEM YCTPOWCTB, HasblBaeMblx Npeobpas3oBaTtensamu
NOCTOAHHOTro HanpsaxeHusa (MMH).

[MpakTnyeckass HeobBXOOMMOCTb B 3TUX YCTPOMCTBAX BO3HWUKaET
Torga, kKorga B KayeCcTBe  MEPBUYHbIX  UCTOYHUKOB  MUTaHUS
NPUMEHSIOTCS aKKyMynsaTopbl, ranbBaHN4eckne 9NEeMEHTHI,
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TepMOreHepaTopbl, aTOMHbIE U COfHEeYHble 6aTapeun, T.e. UCTOYHUKM,
yawie BCEro ucnonb3yemble Ans  NUTaHUs  HecTauMOHapHOM
annapatypbl. [lpy 3TOM NEPBUYHBLIA WUCTOYHMK WMEET BbIXOAHOE
HanpskeHMe o4HOro HoMuHana, a ans paboTbl NPUEMHUKOB TpebyeTcs
HanpshkeHue apyroro unun gpyrmx HOMMHanNoB..

B aoTtom cnyyae Tpebyemble HOMMHAmNbl HaNPSXXeHUA MOXHO
NONYYNUTb OT HECKOSTbKMX MCTOYHUKOB MOCTOSIHHOIO HaMNPsXeHUsS Unu ot
OAHOr0 UCTOYHMKA Yepes racsawime pesncTopbl U Pe3NCTOpbI - AeNUTENK
HanpsbkeHus. HenpnemnemocTb 3TUX cnocoboB o4YeBUaHA M3-3a Manoro
Krd, o6onbwmnx radapmtoB M Maccbl. 3OTU MPUYUHBI U BbI3BaANu
NosiBNEeHME pasnu4YHbIX nNpeobpasoBaTener NOCTOAHHOIO HanpsiKeHus
(Toka) - 93neKTpOMalMHHBIX (yMdopmepoB), BUOpPaALMOHHBIX W
NofyNnpPOBOAHMKOBBIX.

B HacTosiwee Bpems nonynpoBOAHUKOBbIE nNpeobpasoBaTenu
NPaKTUYECKN BbITECHUNM SNEKTPOMALUMHHbIE U BUOPALMOHHLIE K3-3a
CBOUX ManblX rabapntoB U Macchbl, 60MbLLIOro cpoka CrnyX0bl, BbICOKOro
KMNO (oo 85...90%), BbICOKOM HaOeXHOCTU, 60MbLION MeXaHUYeCKOW
NpoYHOCTM UM paga  gpyrux  npeummywects. K HepocTtatkam
NONYNPOBOAHMKOBbIX npeobpasoBaTenemn cnepyet OTHECTU
NOABEPXKEHHOCTb BNUSHUIO TEMMEpPATypbl OKpYyXKatowen cpeabl. Tem He
MEHee, B CUCTeMax 3nekTponuTaHua  nNpeanpustTmn  CBA3N
NpenMyLLeCTBEHHOE NPUMEHEHNE HaxoaaT NMEHHO
NONyNpoBOAHMKOBbIE NpeobpasoBaTenn MOCTOSAHHOIO HanpsKeHUs B
nocTosiHHOE. No3aTomy paccmoTpum 6onee NogpobHO pasnuUyHbIE TUMLI
3TUX npeobpasoBarenen.

Mog nonynpoBOOHMKOBbIMK MNpeobpasoBaTensiMmM  MNOCTOAHHOMO
HanNps>KeHNa  NMoHMMaroTcs  npeobpasoBaTenn  3NEKTPO3HEPIrun,
OCYLLECTBNAKOLLNE MU3MEHEHME MOCTOSAHHOIO HanpskeHusi. WMHbIMK
cnosamu, K 3ToM rpynne npeobpasoBaTenien OTHOCATCA Takue
YCTPOWCTBA, KOTOpble NpeobpasytoT MOCTOSIHHOE HarnpsiXeHWe OOHOro
HOMMHAarna B NOCTOSIHHOE HanpPshXeHWe Opyroro HoMmuMHana.

Bce  nonynpoBogHukoBble — npeobpasoBaTenyM  NOCTOSIHHOIO
HanpsbkeHMs no cnocoby npeobpas3oBaHUs 3JHEPrUM AOenaTca  Ha
HenoCcpeaCTBEHHbIE U ABYX3BEHHbIE.



HenocpeacTtBeHHbIM HasblBaeTcA Takon npeobpasoBaTenb, B
KOTOPOM  OCYLLUECTBNSETCA  OAHOKpaTHOoe 6e3  OonOSIHUTENbHbIX
MaHUNyNsaunMn npeobpasoBaHNe MNOCTOSAHHOIO HaMpPsKEHUsT OLHOro
3HayYeHNa B TMOCTOSAHHOE HanpsXXeHue AOpyroro 3HadeHus. B
3aBMCMMOCTM OT (OYHKUMOHANbHONO Ha3Ha4YeHusi HernocpencTBEHHble
npeobpasoBaTtenn MNOCTOAHHOro HanpsbkeHus (HIMIMH) BbinonHAKTCA
OOHO - U MHOroTakTHbiMW. lNocnegHue obecneymBaloT NONyyYeHWe Ha
BbIxo4e npeobpasoBaTesnisi 60/bLWON MOLLHOCTM.

MpuHumn gencteus HIMH ocHoBaH Ha KNOYEBOM pexume padoTol
TpaH3ucTopa (Npu MOLLHOCTK Harpyskn oo 1 kBT) unun tupuctopa (1kBT
< P < 100 kBT), KOTOpble MNEepUOANYECKM NpepbiBalOT LeMb MNogayu
MNOCTOSAHHOrO HanpskeHnst U; B Harpysky (pucyHok 1). BeixogHoe
HanpspkeHne perynupyeTcsa M3MeHeHWeM OSINTENbHOCTU  BbIXOLHbIX
nMmnynocos t, (cM. pucyHok 1,6) npum HeU3MeHHOM nepuope Wux
cnegoBaHna T. CpegHee 3HayeHWe  BbIXOOHOIMO  HanpshKeHUs
npeobpasoBaTens onpeaenseTcs U3 BblpaXXeHus

IUdeZ (/1 7”_' , (1)

t
roe _;:: K, - K09 PUUMEHT 3anonHEHUS.

N3 nony4yeHHOro COOTHOLWIEHUS crnegyeT, 4YTO Mpu MOCTOSHHbIX
3HayeHusax U; n T BenuunHa BbixogHoro HanpsbkeHusa HIMH U, e
nponopumoHanbHa AnuTenbHocTM uMmnynbca t,. CnegoBaTenkbHO,
BbIXOAHOE HanpshkeHune perynmpyetca oT Hyns (npu t, = 0) go U, (npwm

t,=T).
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PucyHok 1 - Cxema (a) u BpemeHHas agnarpamma (6)
HEenocpeacTBEHHOro npeobpasoBaTens NOCTOSAHHOIO HaNPSXXEHNS

B osyxaseHHom (OINMH) npeobpa3oBaTene ocyulecTBnsieTcs
CHadana WMHBepTMPOBaAHWE MOCTOSIHHOrO TOKa, a 3aTeM BbINpsiMeHne
NEPEMEHHOIO TOKA. YMPOLEHHO UuK npeobpas3oBaHMsi MOXHO
NpeacTaBUTb CTPYKTYPHOM CXEMOM (PUCYHOK 8.2).

u"“" 1l ul’t
t 0 *3
b % \4 o 1

=U4 H B =U2 5

PucyHok 2 - CTpyKTypHasi cxema npocTenLero Byx3BeHHOro
npeobpasoBaTtesis MOCTOSAHHOrO HaNpPs>XeHNs

Kak HenocpeactBeHHble, Tak W [OBYX3BeHHble npeobpasoBaTtenu
MOCTOSIHHOrO HarpshKeHUs Haxo4AT LUMPOKOe MNMPUMEHEHME B TeXHUKE.
TpaHauctopHble HINMH wncnonb3yTcA B KavyecTBe  UMIMYIbCHbIX
ctabunmnsaTtopoB MOCTOAHHOrO HanpsHkeHnd B pasnnyHbIX
mMoandpukaumax B OBLLENPOMbILLIIEHHBIX YCTAHOBKaxX M chneuuanbHON
annapartype C BbIXO4HOW MoOLUHOCTLIO 00 1 KBT. TupuctopHble HIMH
paccymTaHbl Ha Gonbwyo (4o 100 KBT) MOLWHOCTL M UCMNOMBb3YHOTCS B
bonbluen cTeneHn B perynnpyemMom 3reKTponpuBogde MOCTOSAHHOIo
TOKa.

[1ByxX3BEHHbIE TpaH3UCTOpHbIe npeobpasoBaTenn MNOCTOAHHOIO
HanNpPs>XeHNa SABNAITCHA, Kak NpaBurio, COCTaBHOM 4acTbl0 BTOPUYHBLIX
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MCTOYHMKOB MWUTaHWS pasnuyHou annapatypbl. [lpuBegeHHass Ha
PUCYHKE 2 CTPYKTypHad Cxema MOXeT CNyXuTb MpuMepom
OAHOKaHanbLHOro npeobpasoBaTesnisi MOCTOSIHHOrO HanpsxeHus. OgHako
ans nnuTaHmA annaparypbl aBTOMaTUKN, PagnoOTEXHUKMN,
BbIYUCINTESNbHBLIX MaWWH U OpYrux MPUEMHUKOB YacTo Tpebyetcd
NOCTOSIHHOE CTabUNM3NPOBAHHOE Hamnps>XeHne pasnuyHbIX HOMWUHAOB
NpU HaNU4YMM OQHOIro NEPBUYHOIO MCTOYHMKA NOCTOAHHOIO HaMPSXKXEHUS.
B cBasn ¢ 9tmum paspabaTbiBaldOTCA M LWUMPOKO UCMOMb3YHTCS
MHOrokaHanbHble npeobpasoBatenn. [Ona  BbINONHEHUA  TaAKOro
ABYKpaTHOro npeobpasoBaHusa anekTpoaHeprum cunosada vactb AMNMH
AOMKHa cogepxaTb ABa nocregoBaTenbHO COEeAUMHEHHbBIX CUITOBbIX
anemMeHTa - BbICOKOYACTOTHbIN TPaH3UCTOPHbIN NHBEPTOP
(perynupyembii UMW Heperynmpyemblil) U BbICOKOYACTOTHbLIN
BbINPSIMUTENDb CO crnaxusarowmm ounnbTpom. Npn aToM anekTpuyeckas
n3onauMsa BbIXOAHLIX Lenen npeobpasoBaTens gpyr oT gpyra um ot
MCTOYHUKA 3JMEKTPO3HepruM, a Takke obecnedyeHne Tpebyembix
HOMUWHAmNbHbIX 3HA4YeHUN BbIXOOHbIX HaMNPsSKEHWUW OCYLLECTBMAKTCH C
MOMOLLIbIO BbICOKOYACTOTHOIO CUIOBOro TpaHcdopmaTopa.
MHorokaHanbHble npeobpasoBaTenin NOCTOSIHHOIO HaMpPsXXEeHUs1 UMEKT
ase unn donee (Ha npaktuke 15...20) 9NeKTpUYECKN MU30SIMPOBAHHBIX
uenenm rOCTOSAHHOMO TOKa C  pasHbiIMWU  YPOBHAMWU  BbIXOOHbIX
Hanps»KeHUn, OgHOKaHamnbHble - OOHY BbIXOAHYIO UMb MOCTOSAHHOIO -
TOKa, 3NEeKTPUYEeCKM U30SIMPOBAHHYIO OT WCTOYHUKA INEKTPOIHEPTUMW.
dyHKUMOHanNbHaa cxemMa asyxkaHanoHoro AlNIH nokasaHa Ha puUcyHke
3. [na nonyyeHna 4 BY X ranbBaHUYECKN HE CBSA3AHHbIX MeXay COO0oN U
BXOOQOM KaHaroB npeobpasoBaTesnii B COCTaB MNOCHedHero BKMAKOYEH
(Mexgy  WHBEPTOPOM U BbINPSMUTENIEM  KaXJoro  kaHana)
TPeXOBbMOTOUYHBLIN TpaHcopmaTop. BbixogHoe HanpsikeHue
NHBEPTOPa NoAAaEeTCs Ha NePBUYHYIO OOMOTKY W;. Tpebyemas BenninHa
HanpshkeHUs Ha BbIxode KaXgoro kaHana (U,; Uz) obecnevnBaetcs
3a CYeT onpedesieHHOro KonuyecTtBa BUTKOB W, U Wz B 0BMOTKax
TpaHcpopmaTopa. Ha npakTuke, Kak npaBuiio, B COCTaB TaKoro
npeobpasoBaTens BKOYaT BXOQHOW U BbIXOAHOW PunbTpbl. BXxoaHomn
dunbTp  obecneumBaeT  pas3BA3KY — MeXOy  BbICOKOYACTOTHbLIM
WHBEPTOPOM U WUCTOYHMKOM nNUTaHUA npeobpasoBaTtens. BbixogHble
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dunbTpbl  obecneumBaloT  CrnaxmBaHue nMynbcauun  HanpsKeHUs
Ka)K4oro kaHana.

MNpumeHenne [LIMMNMH B WUCTOYHMKaAxX BTOPUYHOIO SJIEKTPOMNMUTAHUS
NO3BOSIIET TMONYYUTb HEe TOMbKO pPsi  HEeobXOOMMbIX BTOPUYHBLIX
HaNPs>KeHNUn N3 OOHOro MEepPBUYHOrO, HO W MOBLICUTL CTABUNBHOCTL
BTOPUYHbIX HanNpsbkeHUn MO CpaBHEHUK C MepBUYHbLIM. BbixogHoe
HanpshkeHMe CyLWEeCTBYIOWMUX NEPBUYHBIX MCTOYHUKOB 3NEKTPONUTAHUSA
B npouecce akcnnyataumm MeHsietca. Y OOonblMHCTBA M3 HUX
konedbaHua HanpskeHna nexart B npegenax +(10...20)%. Oonyctumble
konebaHma HanpsbkeHna nutaHns  OOSbLUMHCTBA  OTBETCTBEHHbIX
NPUEMHMKOB

N ~
u% N o~ o é-{ -Uz
] )u7 o = [—»
=U-| ) 4
) ™y
G—.) ?"j‘ y ~ éz =U3
N > -

PucyHok 3 - ®yHKLMOHaNbHasi cxeMa OBYX3BEHHOro
ABYyXKaHanbHOro npeobpasoBaTens NOCTOSIHHOrO HaNpPsXKeHUs!

CUCTEM 3NEKTPONUTaHNSA NpeanpuaTUin CBSA3M Ha NOPSAOK MEHbLUe
n cocrtaBnaT +(3...5)%, a oTaenbHbiX (BbIXOOHblE Kackagbl B
annapaTtype cBdA3n) euwe 6onee YyBCTBUTESbHbIX K WU3MEHEHUIO
HaMpPsXXeHUst NUTaHus, U Toro MeHsbLwe - scero =(0,1...0,5)%.

OTcopa BbiTekaeT HeobxoOAMMOCTb CTadbunmM3auum BbIXOOHbIX
HanpsxeHun npeobpasoBaTensi. Bce MHoroobpasne BCTpevaroLlmxcs
Ha npakTuke CTabunnaMpoBaHHbIX [OBYX3BEHHbIX BbICOKOYACTOTHbLIX
npeobpasoBaTenen NOCTOSIHHOIO HaMpPsKEeHUsA MOXKHO CBECTU K Tpe M
TMNaM CXeM:

1. UeHTpanusoBaHHasa, Korga adpdekr crabunusaumm
AOCTUraeTcs 3a CYeT perynatopa, YCTaHOBIEHHOro B obwem ans Bcex
KaHarnoB TpakTe npeobpa3oBaHus.
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2. WHpuBmpgyanbHaqa, korga addekt crabunusauuu
AOCTUraeTcs 3a CHET perynaropa MHaAMBMayanbHOro KaHana.

3. KomMmbuHupoBaHHasa, npeacTaBnsaoLLas cobon
obbeanHeHne OBYX NpeablayLLnX CXEM.

3 CocTtaB 1 onucaHmne cxeMbl uccnengyemoro npeobpasoBaTtens

Nccnenyembln OBYX3BEHHbIM nNpeobpasoBaTesib MOCTOAHHOIO
HanpsKeHns BbIMNOMIHEH B BUAE CMeHHOro Onoka (pucyHok 4),
BXOAsILLEro B COCTaB yHUBepcanbHou nabopaTtopHOM YCTaHOBKMU.

CMeHHbIN BNOK BKMOYaeT:

«  perynmpyembit UICTOYHUK NOCTOSAHHOIO HaMNpPsXXeHus;

« ManomouwHbI bopMupoBaTenb ynpasnaoWwmx MMNynbLCOB;

«  UMMNYNbCHbIW YCUNUTENb MOLLHOCTWU;

- [OBa  BbINPAMUTENS C  E€MKOCTHbIMW  CriaxusarLwwnummn
dunbTpamu;

« uenb oTpuuaTtenbHon obpaTHOW CBA3N;

+ CXeMmy 3aluTbl OT TnMeperpyskm co 3BYKOBOM U CBETOBOW
curHanusaumnen. [utaHne cxembl TIMNH ocywectBnsetrca oT
BCTPOEHHOro B ONOK WUCTOYHUKA MNOCTOSIHHOrO  HanpsiXeHus.
BbixogHoe HanpsxeHne NCTOYHMKA cTabnnnsanpoBaHo 7
perynupyeTtca B npepgefsiax ot 7 BonbT o0 16 BonbT. VCTOYHUK
3alnLLEeH OT KpaTKoBpeMeHHoW neperpys3ku. [lpu neperpyske
MCTOYHMKA noJdaeTcAa 3BYKOBOM CUrHasm W Muraet cCcBeToamos,
«[leperpyska».

dopmupoBaTenb  ynpasnswWMUX  UMMYNbCOB  COCTOUT U3
reHepatopa nNunoobpasHOro HanpsXeHus, Komnapatopa MU
dopmMmupoBaTena UMMNynbLCOB.

OnuTtenbHOCTb MMMNYNbCOB  YynpaBfeHuns 3aBUCUT  OT
HanpsKeHns Ha npaBoM BxoAde komnapatopa (KT2).

B HwkHeM nonoxeHun Tymbnepa S1 Ha yKasaHHbIM BXoA
nogaeTcs HanpsikeHne c nepemeHHoro pesuctopa «PEINBbIX.»,
KOTOPbIM MO3BONSET perynnmpoBaTb BPYYHYK HanpsikeHue Ha
Bbixogax [MIMH.

B BepxHeM nonoxeHunm S1 Bxo4 KOMMapatopa MNOAKIHOYEH K
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uenu obpaTtHoM cBsA3UM. B aTOM pexunme HanpsikeHme Ha Bbixoae
MrH aBTOMaTUYECKU noaaepXXnBaeTcs NOCTOSIHHbIM, He
perynmpyeTtca ”n marno 3aBUCUT OT HanpsbkeHns nuTaHua W
COMNpPOTUBIIEHNA Harpys3kn. Yacrtota cnegosaHus ynpaBnsOLWMX
nMmnynbcoB 25 - 35 kl'u.

MPEOBPA3OBATENbL NMOCTOAHHOINO HANMPAXEHWA

NUNOOEPA3HOMD
HANPAKEHMA

I FEHEPATOPR , UENL OC

FEM. BbIX KTE KT10
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PucyHok 4 - BHewHUn BUg cMeHHOro 6noka
«[1peobpasoBaTenb NOCTOAHHOIO HAMNPSXXEHUSA»

Ycunnuteno MOLWHOCTM cobpaH nNO [OBYXTAKTHOM CXeMe CO
cpegHen TOYKOW nepBUYHOM OOMOTKM TpaHcdopmaTtopa. B uenu
MCTOKa KIto4eBoro TpaHanctopa VT2 yctaHoBreH pe3suctop R2 ans
ocuunnorpadupoBaHma popmMbl NpoTeKarwero 4yepes TpaH3NCTOP
Toka. Pe3uctop R1 obecneunBaeT CUMMETPUIO CXEMBI.

MpeobpasoBaTen ummMmeeT pABa Bbixoga. Beixog 1 (KT11)-
HMW3KOOMHbIW, ranbBaHNYECKN CBA3aHHbLIN C 06WMM nNpoBoAOM « L »,
B pexume pyyHOM perynupoBKWM HanNpsikeHne Ha Bbixode
nameHsaeTca B npegenax 1,5 B - 8,0 B. B pexume aBToMaTU4YeCcKomn
PEryfinpoBKN HanpsXXeHne Ha BbIxoAde NnoaaepXMBaeTCa NPUMEPHO
NOCTOSsIHHLIM B Npegenax 3,8 B - 4,2 B.

Boixog 2 (KT12) - BbICOKOOMHbIW, HE CBA3aHHbIN raribBaHNYeCKn
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c obwunm npoBoaoM « L ». HanpsikeHne Ha BbiIxogae B 3HAYUTENbHOM
CTEMNEHN 3aBUCUT OT CONPOTUBNEHUS Harpy3ku. MNpu Ryarpyakn = ~ B
PEeXUME PYYHOW PErynmpoBKU HanpsXeHue Ha BbIXo4e U3MEHHAETCS
B npenenax 7 B - 40 B.

B kauyectBe Harpyskm npeobpasoBatenss McNonb3yeTtcd
nepeMeHHbIn  pe3nctop 6Gnoka Harpysok (npaBass naHenb
nabopaTopHOM YCTAHOBKM).

PerynupoBaHne Toka, npoTeKawWero 4epes  Harpysky,
npou3BognTcsa pydkamn «Ry rpybo» m «Ry To4YHO». [lpumepHble
npegensl wuamMeHeHnss Ry: ot 1300 Om B nonoxenun 1
nepekntoyvaTtena «Ryrpyso» 40 17 Om B nonoxeHun 11. B
nonoxexHumm «X.X.» Ry = 00.

HanpsaxeHne Ha pesncTtope Harpyskm u TOK, NpoTeKkatowum
yepe3 PpPe3ncTop, KOHTpoOnupykwTcAa  BoSfibTMeTpoM PV2 u
MunnmnamnepmeTpom PA2.

OcumnnorpamMmmbl HanNpsXXeHnn n TokoB B cxeme NIMNH npmnBeaeHsb!
Ha PUCYHKe 5.

o | L 1 1,

PucyHok 5 - Ocumnnorpammbl Hanps>KeHUM U TOKOB B KOHTPOSbHbIX
TOYKax CXxembl Npeobpa3oBaTens NOCTOAHHOIO HaNpPsXXeHMUs
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4 OcCHOBHble NpaBuna M Mepbl 6e3o0nacHOCTU npu NpoBedeHUn
nabopaTopHbIX 3aHATUN

C TOoukum 3peHuss OesonacHocTn paboT, NpPoBOAUMbLIX B XoAde
aKcrnepuMeHTarsnbHbIX nccrnegoBaHun, cnenyet 3HaTb, 4YTO
nabopaTopHble  YCTAHOBKM  KOHCTPYKTUBHO  CMOHTMPOBaHbl  Ha
YHUBepcanbLHoM nabopaTopHOM CTOre.

Ha nuueBbiX naHenax BbIfPaBMpOBaHbl CXEeMbl UWCCneayemblx
YCTPONCTB M pacrnosnoXeHbl opraHbl ynpasneHus. B yuebHon aygutopum
pasMelleHo  YeTblpe  yHMBepcarbHbiX — nabopaTtopHbiXx  cTOna.
TpexdasHoe M ogHodasHoe HanpshkeHust K nabopaToOpHbIM CTONam
nogaeTcsl LUEHTpanu3oBaHHO OT aBTOMaTUYECKMX BblKMovatenen. Ha
CXEMY KaXKaon nabopaTopHOM YyCTaHOBKM HanpshkeHne nogaeTtcs Yepes
COOTBETCTBYIOLLMI BbIKITOMaTE b.

Mpu npoBegeHnn nabopaTopHbIX paboT obsizaTenbHbIM ABMSETCS
BbIMNOSTHEHME CreayrLWnX NnpaBun:

1. Tllepen HavanomMm OSKCNepMMEHTa oOpraHbl YrpaBfeHUs u
MHOMKAUMN Ha IMUEeBOW MNaHenu [aHHOM nabopaTOpHOW YCTaHOBKM
AOMKHbI BbITb YCTAHOBIIEHLI B UICXO4HOE NOSIOXEHME.

2. BknioyeHne cxembl nabopaTOpPHOM YCTAHOBKM AOorMyckaeTcsd
TONbKO C pa3peLleHnst pyKkoBOOUTESS 3aHATUSI.

3. 3anpewaetca npukacatbCA K TOKOBEAYWMM  4acTawm
nabopaTopHbIX  YCTAHOBOK,  MNPOWU3BOAUTL  MEPEKSIOYEHUs,  He
OroBOpPEHHbIE B PYKOBOACTBE K AaHHOW nabopaTopHou paboTe.

4. B cnyyae nopaxeHust anekTpmM4yeckum TOKOM Heobxoanmo:

- HEMEeAJIEHHO OTKIYUTL NMUTaHMe nabopaTOpPHOW YCTaHOBKW, a
Takke aBTOMaATUYECKUW BbIKMOYaTeNb NUTaHUA BceX nabopaToOpHbIX
CTOSOB;

- ocBoboauTtb  nocTpagaBwero OT  COMPUKOCHOBEHUSI  C
afeKkTpuyeckon uenbto, obecrneumB npeaBapuUTeNibHO COOCTBEHHYHO
©e30nacHoOCTb;

- JONOXWUTb O CNYYMBLUEMCSI PYKOBOAWUTENIO 3aHATUS, BbI3BATb
MeOUUMHCKOro paboTHMKa W, He [goxumpgadcb ero npubbitnda, 6e3
npoMeaneHna  MNpUCTYNUTb K OKa3aHWi  NepBOWn NOMOLLM
nocTpagasLuemy.
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5 CoctaB nabopaTtopHOM yCTaHOBKMU

YHuBepcanbHaa nabopaTopHas ycTaHOBKa npedHasHadeHa [angd
9KCrnepuMeHTanbLHoOro mnccrnegoBaHus OBYX3BEHHOro npeobpasoBaTend
NOCTOSIHHOIO HaMNpPsXXeHUA.

B coctaB nabopaTopHON YyCTaHOBKN BXOAUT NlabopaTopHbIA MySbT.

JlnueBaa naHenb nabopaTopHOro nyrnbTa COCTOUT U3  Tpex
COCTaBHbIX YacTen: NeBOW, LEeHTpanbHOW W npaBow. JleBas n npasas
NaHenn 4BnATCA CTauMOHapHbIMW, a LUeHTpanbHad BMeCcTe C
YCTAHOBJIEHHLIMW HA HEW 3NIeMEeHTaMu N nNnaTaMmmn iBNAeTcAa CbeMHON.

Ha neesou nuueBon naHenwu:

- BbIfpaBUpOBaHbl CXeMbl TpexdasHoro Ku  ogHodrasHoro
TpaHCOpPMATOPOB C  PasfiMiYHbIMM  BapuaHTamMu  COeOUHEHUS
BTOPUYHbIX LIEMNEN;

- pasmelueHbl BonbTMeTp PV1 n amnepmetp PAL. BonbtmeTtp PV1
npegHasHa4vyeH ONs M3MepeHUsl MOCTOSHHOIO HarnpshkKeHusi Ha BXone
nccnegyemoro npeobpasosatens. Awmnepmetrp PA1 B AaHHOM
nabopaTopHoun paboTe He 3aencTByeTCs.

- yCcTaHOBneHbl KHOMKW 3esieHo20 useta TPEXPA3HAA CETb-
BKJ1, OQHO®A3HAA CETb-BKJ1 u kpacHoz2o uBeta TPEXDPA3IHAA
CETb-BbIKIT, OOAHO®PA3HAA CETb-BbIKIJI.

Ha ueHmpanbHoOU nuueBOW NaHenu BbirpaBMpOBaHa Cxema
nccnegyemoro  npeobpasoBaTens  MNOCTOAHHOIO  HamnpsbKeHust W
pasmeLLleHbl ONMMCaHHbIE BbILLE OpraHbl yrnpaBrieHus.

Ha npaeoud nvueBown naHenwu:

- BbIfpaBUPOBaAHbl  CXEMbl  3NEeKTPUYECKUX  CriaXXmBaroLLmX
JounbTpOB;

- pasmMmelleHbl BonbTMeTp PV2 u  amnepmeTtp  PAZ,
npegHasHa4vYeHHble O U3MEePeHMA COOTBETCTBEHHO MOCTOSIHHOIO
Hanpsh»KeHUs 1 TOKa Ha BbIXo4e uccrnenyemoro npeobpasoBaTens;

- ycTtaHoBrieH BblknodaTens CETb pgna nogayv nutatowero
HaMpPs>KeHUs1 Ha YCTaHOBKY;

- YCTAHOBNEHbI PErynaTopbl BENIMYNHbLI CONPOTUBIIEHNS HArpy3Ku

Rurpyso Y Ru.touHo-
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Mpubopsbl PV1, PA1 n PV2 uMmelT nepeknvaTenn pexuma
N3MepeHna ona n3MepeHna nepemMeHHbIX U NOCTOSHHbIX HaMPSXKeHUN w
TOKa.

Mpegenbl wusmepeHuss npubopos PV1, PA1 wn PV2, PA2
NepeksitoYarTCa aBToOMaTUYECKN B 3aBUCUMOCTU OT pexnma namepeHums
«NepeMeHHbIN - MOCTOSAHHbIN» 1 TUMa NOAKNKYaeMoro cMeHHoro 6s1oka.

6 MNopsiaoK BbINONHEHMS paboThl

1. OsHakomutbcsl C paboTton npeobpasoBaTenia MNOCTOSIHHOIO
HanpsXXeHus

1.1. NogrotoBuTb YCTAHOBKY K paboTe
1.2. CobpaTb cxemy, NpuBeaAEeHHYIO0 Ha pUCYyHKe 8.6.

NMPEOBPA30BATENIb NOCTOAHHOIO HANPSXXEHWA [ “Bnok warpysox |
MMIGOEPASHOND UENL oC
HAMPFKEHMA Uun

KT8
.

KT10

© o
KT1 KT2 -

4 11

*1 KT
+©

{ _BI_ ® NEPETPYIKA

KT9 L2

KOMMAPATOP | j

|

|

|

| VD

|

II _rMI@ Ocuunnorpady
| VD2 c2 KT12

1§ 1o

1 VD4

1

E | ?EI}{O,'J, 1 BXof 2?

+

TOPMHUPOBATENL
MWMTLCOB

WCTOYHWK MMTAHWA
: Uun O

MHH.  MAKC. . 2 2

Pv1

PucyHok 6. Cxema coegnHeHUs1 anieMeHToB nabopaTOpPHON YCTAaHOBKM

1.3. lNepekntoyaTtensb S1 yCTaHOBUTbL B HUXHEE NOJIOXEHME.
1.3.1. YcTaHOBUTb MaKcuMalnibHOE€ HanpshkeHue Ha BbIXoae
MCTOYHMKA NMUTAHUSA.

1.3.2. lepekniovaTtens «Ry rpybo» ycTaHOBUTL B MNOJIOXEHUE
«11».
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1.3.3. [lepemeHHbIM pe3ucTtopom «PEI.BbIX.» ycTtaHoBUTb
MakcuMarnbHoe HanpseHue Ha Bbixoge 1 (KT11).

1.3.4. BKNo4YnTb NUTaHUEe YyCTaHOBKMW.

1.3.5. Bxog 1 ocuunnorpadga nogkniounte K KT1. Bxog 2
ocuunnorpada NOAKMIYUTb K KTS3. CUHXpOHM3NpoBaTb
ocuumnnorpad no Bxogy 1. 3apucoBaTb ocuunorpaMmmebl
HanpskeHnn B KT1 n KT3.

1.3.6. Habnwogate U 3apucoBaTb OCUMNNOrPaMMbl HaMpPsXKEHUN U
TokoB B KT4-KT10. [Ona 3atoro noaknw4atb K YyKas3aHHbIM
KOHTPOJMbHbLIM TOYKaM BX0O4 2 ocuunnorpada.

1.3.7. Habnwgatb W3MEHEHMEe ocuunInorpaMmm HanpsikeHnm wu
TokoB B KT4-KT10 npu BpaweHnMn nepemMeHHoro pesucrtopa
«PEl.BblX.».

1.4 TlepekntovaTtesnb S1 ycTaHOBUTL B BEPXHEE MOJIOXKEHME.

1.4.1. Habnwgatb W3MEHEHME OoCUMNIorpaMmmMm HanpsiXkeHnnm wu
TokoB B KT4-KT10 npun wW3MEHEHWM COMpPOTUBIIEHNS Harpysku
nepeknoyaTtenem «Ry rpybo».

2. Onpepenutb 3aBMCUMOCTb Mexay ANUTENBbHOCTbLIO
ynpasnsawnLwWnux UMNynbLCOB U Hanps>XeHnem Ha Bbixoge MNIMH.

2.1. MNepekntovaTtenb S1 ycTaHOBUTb B HUXHEE MOMOXEHME.

2.2. MNepekntovaTtenb «Ry rpydbo» ycTaHOBUTL B NonoXxeHne «11».

2.3. Bxog 2 ocunnnorpada nogknountb K KT3.

2.4. [MepeMeHHbIM pPe3NCTOpPOM «PEl.BbIX.» N3MEHATb
HanpskeHne Ha Bbixoge 1 (KT11) oOT MWHMManNbHOro Ao
MaKCUMarbHOro, npwu 3TOM dukcnposatb  ONMUTENBLHOCTL
ynpasnswoLWmnx nmnynocos, Habnwagaemolx B KT3. [lo pesynbrtatam
N3MePEHNN NOCTPOUTbL 3aBUCUMOCTb

Ugkix = f(Tumn).

2.5. Pe3ynbTaTbl U3aMepeHuin 3aHecTn B Tadbnuuy 1.

Tabnuua 1

Namepsiemas | U3amepuUTenbHbIn

PesynbtaTbl namepeHus
BENnYnHa npmnbop

Ugeix, B PV2

Tumn, MKC ocumnnorpad
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3. OnpegennTb 3aBUCUMOCTb MeXOy HanpsXXeHWem Ha Bbixode
MMH wn HanpaxeHMeM WUCTOYHUKA MNUTAHUA B pPeXUmMe pPYyYHOU
perynmpoBKN BbIXOOAHOIO HaNpPsXXeHus.

3.1. NepekntovaTtenb S1 yCTaHOBUTb B HMXKHEE MONOXEHME.

3.2. lNepekntovaTtenb «Ry rpydbo» ycTaHOBUTb B NoNoXeHne «11».

3.3. YcTaHOBUTb MaKcuMMarbHOe HanpskeHue Ha BbIXoge
MCTOYHMKA NMUTaHUA.

3.4. NIameHATb HanpsikeHne Ha BbIXO4Ee WCTOYHMKA MNUTaAHUA OT
MakCUMarnbHOro 4O MUWHMMaSibHOro, npm 3TOM (PUKCUMpoBaTb
HanpsaxeHne Ha Bbixoge [NINH. PesynbTtathl namMepeHun 3aHecTu B

Tabnuuy 2.

Tabnuua 2

Namepsiemas |MlamepuTenbHbIn

PesynbTaTbl namepeHus
BENMYnHa npmnbop

Unut, B PV1
Usgtix, B PV2
Usgeix/ Usbix.makc,B|  BbIMMCIIUTL

3.5. Bblumcnutb Ugpix/Ugbix Makc ANA Kaxaoro 3HadeHuna Upgyx U
3aHecTu B Tabnuuy 2.

3.6. MNocTpountb 3aBUCUMOCTb Ugpix/Ugkix.makc = f (UnunT).

4. Onpegenntb 3aBUMCUMOCTb MEXAY HanpsikKeHMEM Ha BbIxoae
MMH ©n  HanpsXXeHnem  UCTOYHMKA NUTAHUA B peXxume
aBTOMaTUYECKON pPerynmpoBKN BbIXOOAHOro HaNps>XeHus.

4.1. MNepekntoyaTenb S1 yCTaHOBUTb B BEPXHEE MNOJIOXKEHNE.

4.2. YCTaHOBUTb MaKCUManbHOE HarnpsXXeHne Ha Bbixode
NCTOYHMKA NMUTAHUA.

4.3. AaMeHATb Hanps)KeHue Ha BbiXOoAde WCTOYHWKA MUTaHus OT
MakcumMalibHOro [0 MUWHUMAanbHOro, npuM 3ToM dUKCUPOBATb
HanpsXXeHne Ha Bbixoge [NMNH. PesynbTtaTtbl naMepeHUn 3aHecTu B

Tabnuuy 3.

Tabnuua 3

N3mepsaemas N3meputenbHbIn

PesynbTaTtbl namepeHus
BenM4nHa npndop

Unur, B PV1
Usgtix, B PV2
UBbIX/ UBbIX.MAKC,B BbIMNCITNTb
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4.4. Bouncnutb Ugpx/ Ugbix.make AN Kaxaoro 3HayeHuma Upgyx U
3aHecTu B Tabnuyy 3.

4.5. MNoctpontb 3aBUCUMOCTb Upgpx/Ugnix.makc=f(Unnut) B Tex xe
KOOpAMHATHbBIX OCSX, YTO M B . 3.

4.6. CpaBHUTb NONy4YeHHbIe pe3ynbTaThl. CoenaTtb BbIBOAbI.

5. OnpegennTb 3aBUCUMOCTb MeXOy HanpsXXeHnem Ha Bbixoae
MMNH 1 conpoTUBMIEHMEM Harpys3km B pexumme pyvyHOW perynmpoBKU
BbIXO4HOIO HanpsXXeHus.

5.1. NepekntovaTtenb S1 yCTaHOBUTb B HMXKHEE MONOXEHME.

5.2. MNepekntovaTtenb «Ry rpybo» yCTaHOBUTL B NOMNOXEHME «11».

5.3. YcTaHOBUTb MakcuMMarbHOe Hanps)keHue Ha BbIXoge
NCTOYHMKA NMUTaHUA.

5.4. TlocTteneHHo yBenuumBaTtb Ry. Ona atoro peryndarop «Ry
rpybo» nepeknio4vatb OT nosioxeHusa «11» go nonoxeHumsa «X.X.».
3anonHutb Tabnuuy 4.

5.5. rlOCTpOI/ITb 3aBNCNMOCTb UBbIX/UBbIX.MAKC:f (RH)
Tabnuua 4

|/|3M3p;|e|v|a;| |/]3|V|ep|/|Ter|be||7| lNonoxeHne nepeknyatens «Ry rpy6o»
BenM4ymnHa npnbop 11 X. X
UsgLix, B PV2
IBbIX, MA PA2
Ru=Ugpix/lbix BblYNCNUTb
Ugeix/Usbix.Makc,B BbIYUCINTb

6. OnpegnenuTtb 3aBUCMMOCTb MeXOy HanpsXXeHnem Ha Bbixoae
MMNH v conpoTuBNEeHUWEM HArpyskm B peXnme aBTOMaATUYECKOU
PerynmpoBKN BbIXOOHOIO HaNpPsXXeHus.

6.1. lNepekntovaTtenib S1 yCTaHOBUTL B BEPXHEE MOSTOXEHME.

6.2. lNMepekntovaTtenb «Ry rpybo» yCcTaHOBUTHL B NOMNOXEHME «11».

6.3. YcCTaHOBUTb MaKCcuMMarnbHOE Hanps)XeHue Ha BbIXxoge
NCTOYHMKA NMUTaHUA.

6.4. lNocteneHHO yBenuumBatb Ry. Ona atoro perynatop «Ry
rpybo» nepeknio4vatb OT nosioxeHusa «11» go nonoxeHumsa «X.X.».
3anonHuTtb Tabnuuy 5.

6.5. llocTtpoutb 3aBucMMoCTb Ugpx/Uguixmakc=f(Ry) B Tex xe
KOOpAMHATHbBIX OCSIX, YTO M B M. 5.

6.6. CpaBHUTb NOJSIy4YeHHbIE pe3ynibTaThl. CaenaTtb BbIBOAbI
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Tabnuuya 5
N3mepsaemasn N3mepuTtenbHbIN MonoxeHune nepekntoyatensa «Ry rpybo»
BENnnYnHa npmnbop 11 XX
Ugbix, B PV2
IBbIx, MA PA2
Ru=Usgwix/IBbix BbIMUCITNTb
Ugtbix/Usbix.makc,B BbI4YMCINTD

7. N3yunTb cBOKCTBA BbICOKOOMHOro Bbixoga lIMH.
7.1. Bxog 6noka Harpysok (rHesga 4-5 otknwountb oT KT11 wu
NoaKNouYnTb K KT12).

7.2. [lepekniovaTtenbs «Ry rpybo» ycTaHOBUTbL B MOJSIOXEHUE
«X.Xo».

7.2.1. lNepekntoyvaTtesnib S1 yCTaHOBUTL B HUXXHEE MOMNOXEHUE.
7.2.2.YCTaHOBUTb MaKCMMaribHOe HanpskeHne Ha BbIXoae
NCTOYHMKA NMUTaHUA.

7.2.3. [lepemeHHbIM pesuctopom «PEINBbIX.» nameHATb

ANUTENbHOCTb YyNpaBnsalWmMX UMMNynbcoB, Habnwgaembix B KT3.
Habnwopgate n3aMeHeHne HanpskeHua Ha Bbixoge [MMH B KT12.
3anucatb MMHMUMAaNbHOE U MaKCMManbHOE HanpsKeHusa Ha BbiXoAde
MrH.

7.2.4. YCTAaHOBUTb MakcMmarnbHoe Hanps)eHue Ha Bbixoge lNIMH.

7.2.5. TlocteneHHO yMmeHbWwaTb Ry C NOMOLWbLI nepekniyvartens
«Ry rpybo» un perynatopa «Ry To4HO». [MonyunTb 3aBUCUMMOCTb
MexXay HanpsbkeHnem Ha Bbixogde [INH n conpoTnBneHmnem Harpysku
B PEXUME PYHHOW PETyNMPOBKM BbIXOAHOIO HanpsiKeHns. 3anoSfiHUTb

Tabnuuy 6.
Tabnuua 6
N3mepaemas N3meputenbHbIn MNonoxeHue nepeknoyartensa «Ry rpydo»
BennynHa npubop XX

Ugkix, B PV2

IBbix, MA PA2

Ru=Uguix/Isbix BbIMMCMUTb

UBbIX/UBbIX.MAKC,B BbIMNCITNTb

7.2.6. MNoctpountb 3aBUCUMOCTb Uppix/Uguix.makc = f(Ry). CpaBHUTDL
C pe3ynbTtaTtamu, nofiy4yeHHolMu B n. 5. CoenaTtb BbIBOAbI.
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7.3. [lepekniovaTtenb «Ry rpybo» ycTaHOBUTbL B MOJSIOXEHUE

«X. XL,

7.3.1. lNepekntovaTtenib S1 ycTaHOBUTL B BEPXHEE MOSOXEHME.

7.3.2. TlocTeneHHO yMeHbWwaTb Ry € NoMoWbl nepekniyvartens
«Ry rpybo» un perynatopa «Ry To4HO». [MonyunTb 3aBUCUMMOCTb
MexXay HanpskeHuem Ha Bbixoge [INH n conpoTnBneHnem Harpysku
B peXume aBTOMaTUYECKOW PErysimpoBKM BbIXOLHOIMO Hamnps>XXeHus.
3anonHuTtb Tabnuuy 7.

Tabnuua 7
N3mepsaemas N3mepuntenbHbIN MonoxeHue nepekntoyatena «Ry rpybo»
BeNnn4YnHa npnbop X X
Ugbix, B PV2
IBbIx, MA PA2
Ru=Uguix/lsbix BbIYUCITUTb
UBbIX/UBbIX.MAKC,B BbIYUCITUTb

7.3.3. MNoctpoutb 3aBNCUMOCTb Ugpix/Uguix.makc = f(Ru) B Tex xe
KoopAWHaTHbIX ocsiX, YyTo u B n. 7.1. CaenaTtb BbIBOAbI.

8. [Jonoxutb npenogaBaTenito 06 OKOHYaHUKU 3KCNEPUMEHTAasbHbIX
nccnegoBaHU. MpencTtaBnTb npenogasaTtento pes3ynbTaTbl
BbIMOSTHEHHOrO  MUCCnegoBaHnMa UM NabopaToOpHY  YCTAHOBKY B
paboToCcnocobHOM COCTOSIHUMN.

9. Ha ueHTpanbHOWM nUMUEBOM NaHENU BbIKNKYNTL UCTOYHMK
NOCTOAHHOIO HaNPSKEHUS.

10. Ha npaBon nuueBon naHenu BbIKMO4YNTb BblkntodaTens CETb.

11. Pasobpatb cxeMy wucnbITaHUW. AKKYpaTHO CBepHyTb U ybpaTtb
NPOBOOHUKMN.

12. OTKNOYMTL ocumnnorpad.

13. NogrotoBnTb ONaHK NabopaTtopHon paboThl K 3aLmTe.

7 CooepxaHue otyeTa

1.dyHKUMOHanNbHas cxema [BYX3BEHHOTO ABYXKaHanbHOro
npeobpa3oBaTens NOCTOSAHHOrO HaNPsKeHUs (PUCYHOK 3)
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2. Tabnuubl 1, 2, 3, 4, 5, 6, 7 Cc pesynbraTamu WU3MEPEHUN W
BbIYUCNEHUN.
3. BeiBOgbI NO pesynbTatam nccnegoBaHu.

8 KoHTpOnbHbIe BOMPOCHI

1. HasHaueHne un knaccudukauma npeobpasoBaTenem NOCTOSHHOIo
HanpsKeHus.

2. MNpuHuMn gencteBna n obnactm NPUMEHEHUsT HENOCPEACTBEHHOIO
npeobpasoBaTensd NOCTOSAHHOIO HaMPSKEHUSI.

3. CTpykTypHaa cxema, NpuHUUN OerncTBus M obriactu NpuMeHeHus
ABYX3BEHHbIX NpeobpasoBaTenien NOCTOAHHOIO HanpPsXXeHus.

4, N306pasunTb JOYHKLNOHAmNbHYO cxemy ABYX3BEHHOIo
TpexkaHanbHOro npeobpasoBaTenst MOCTOSAHHOIO HaNPsKeHKUS.

5. Kakoe BnMsHMe okasblBaeT Ha BENIMYNHY BbIXOLHOIMO HanpsXeHus
kaxxgoro kaHana AIMNrNH nameHenue 4actoTbl NpeobpasoBaHnA?
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