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JIeW U1l CTYJIEHTOB, OOydYaroluxcs Mo HampapjieHuto noarotoBku 11.03.02
NHpOKOMMYHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3H.

PaccmoTpeHo 1 0100peHo Ha 3acelaHuu
kadeapst UTCC
[TpoTtokon Ne 1 ot 26.08.2019 1.



NNabopaTtopHasa pa6oTta Ne2

NMCCNEOQOBAHWE OOHO®A3HbLIX ONOOHBIX
NONYNPOBOAHWNKOBbLIX BbIMPAMUTENEW

Lenb pab6oTbl: 1. Yrnybuts 1 3akpenuTb TeopeTUYecKkne 3Ha-
HUS MO YCTPOMCTBY M NMPUHUUNY OENCTBUA CXeM O4HOGA3HOro BbIMPAM-
NeHus.

2. OGy4nTb CTyOAEeHTOB MeTodam 3KCrnepuMeHTanbHbIX MUCChneao-
BaHWI OCHOBHbIX CXEM BbINPSAMIEHNs Npy paboTe Ha akTUBHYIO Harpys-
Ky U onpeneneHust aKcnnyaTaunoHHbIX nokasaTtenen cxeM ogHodasHo-
ro BbINPSAMNEHUS.

3AOAYN SKCNEPUMEHTAJIBHOIO MCCINEQOBAHNA

1. YSICHUTb MeXaHU3M NpoTeKaHUsl 3NeKTPOMarHUTHbIX NPOLIECCOB
B 0AHOMA3HbIX BbINPAMUTENSX.

2. OnpenennTb 3KcnnyaTauWOHHbIE MOKasaTenu MUccreayemblxX
CXEM BbINPSAMIEHNS.

3. OdbopMnTb GNaHK oT4YeTa M 3aLUTUTL MOSyYEHHbIE B XOA€E 3KC-
NepuUMeHTarnbHbIX UCCIeA0BaHUN pe3ynbTaThbi.

OCHOBHbI€ CBEEHUS U3 TEOPUN

Mpouecc npeobpa3oBaHUA MEPEMEHHOIO TOKa B MOCTOSIHHbLIN
Ha3blBaeTCA BbINPAMNEHNEM, a 3NEeKTPOTEXHUYECKME YCTPOMUCTBA,
peanuaylolime Takoe npeobpasoBaHue, MNONy4YnsiM Ha3BaHWe BbinNp 4-
MuTenen. Haumbonblwee pacnpocTpaHeHWe B MpPaKTUKE MONyYnnn
cTatndeckme npeobpasoBaTenn NepeMeHHOro Toka B NOCTOSAHHbIW, UC-
NONb3yloLKne HernmMHenHble NonynpoBOAHMKOBbIE NMPUBOPbLI - BEHTUNN.
Beinpsmutenu moryTt 6bITb MOCTPOEHbI Ha HeynpaBnseMblX BEHTUMSX
(anopax) n ynpasnsemMbiX BEHTUNAX (TUpUCTOpax).

PaboTy cxem BbINpAMUTENEN NPUHATO XapakTepu3oBaTb C MOMO-
LLIbIO CrieayoLWmnX nokasaTenen:
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1. KoadbpuumeHTa cxembl — K.

2. KoathdmumeHTta obpaTHoro HanpskeHust — Kogp.
3. KoadbdpuumneHTa popmbl Kpuon Toka — Kg.

4. KoapduumeHTa nynbcaunm — Kn.

B nabopartopHon paboTe npoBOAUTCS UCCReaoBaHUE U 3KCnepu-
MeHTanbHOe onpeaeneHne aTux nokasarenen ansa Tpex Hambonee pac-
NPOCTPAHEHHbIX B NPAKTUKE CXeM OAHOMA3HOro BbINPSAMIIEHUS:

- oAHO(a3HOW OQHOTAKTHOM O4HOMOSTyNepPUoaHON,;

- ABYyX(a3HoOW 04HOTaKTHOW OABYXNonynepuoagHom (cxeme co cpea-
Hewn TOYKON);

- OAHOa3HOW ABYXTaKTHOW ABYXMNOsynepmnoaHon (MoCToBOW).

PaccmoTpum KpaTko paboTy BbilLenepeYmnCrieHHbIX BbINPSMUTENEN
6e3 yyeTa BNMAHUS ounbTpa Ha UX BbIXOAHbIE NapaMeTpbl.

OpHodasHasa ogHOTaKTHas ogHoMNonynepunoaHas cxema
BbINPSAMIIEHUS. JHEpreTuyeckne napaMeTpbl U NokasaTenm
KayecTBa BbINPAMIIEHUS

[MpocTenwen M3 BbllLENePEYNUCIIEHHbIX CXEM SABNAeTCHa 0f4-
HO(pa3dHaa OoOQHOTaAKTHas ogHononynepuogHas Cxema BbINPAM-
neHusa (puc. 1,a).

PaccmoTtpnm ©Gonee nogpobHo paboTy cxembl. Ha pwuc.
1,6...r npeacTaBneHbl rpaukn Hanps>XeHUnm U TOKOB B CXeMe.
Mo ocu abcuncc aTux rpaukoB OTNOXeH ¢as3oBbin yron ot,
roe o =2z f — KpyroBasi yactoTta nuTtaruwero (ceteBoro) Hanps-
XeHunsi. BMecTo BenMYUHbI wt Ha rpadpunkax MoxeTt 6bITb OTNO-
XEHO Tekyuee Bpems t.

A3BECTHO, YTO YCNOBMEM MPOXOXAEHUSA TOKa Yepe3 BEeHTUNb SB-
NAETCHA HanuyMe Ha ero aHode MosSIOKUTENBHOro NoTeHunana no OTHO-
LLUEeHMIo K KaTody. [JonyCcTuM, YTO MONOXUTENbHbIM NOTEHUMAN Ha aHo4e
VD1 B pgaHHOM cxeme MOABMAETCA NPU MNONOXUTENbHOW MNOSyBOSIHE
HanpskeHUs U, (MoTeHumMan TOYKM a CXeMbl NOSNIOXKUTESIEH, a TOYKN 6 —
oTpuuaTterneH), criegoBaTenbHO, B NEPBYIO NONOBMHY nepuoaa anog oT-
KpblBaeTcs,, M N0 LUenn nocregoBaTefibHO COeOAMHEHHbIX OOMOTKM
TpaHcopmaTopa, Anoda M pesnctopa Harpyskm Ry npoTekaeTt TOK
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I, = Iyp = ig (puc. 1, a). Bo BTOpytO NONOBMHY nepuoga Todka a umeet
oTpuuaTenbHbin NOTEHUMan, crnegoBaTefibHO, AMOA 3aKpbIBAETCH, U TOK
B uenn otcytcteyeT. MIHOekc d ucnonbsyetca ans obo3HayeHusa ane-
MEHTOB, TOKOB W HaMNpPsiKEHUM CXEMbl HA CTOPOHE MOCTOSIHHOIO TOKa.
OTOT nHAaekc obpasoBaH OT aHrMUMKUCKOro crnoea “direct” — npamon.

[TockonbKy B uMaeanusaMpoBaHHOW CXeMe BbIMPAMIIEHUA B TpaHC-
dopmatope M BeEHTUNE NOTepb HET, TO B MepBOM nonynepuoae Bce
HanpskeHne BTOPUYHOM OOMOTKM TpaHcdopmaTopa U, OKasbliBaeTcHd
NPUMNOXEHHBIM K peauctopy Ry M noatomy rpaduvk BbIMPAMAEHHOMO
HanNpsbkKeHUss Ug NOBTOPSIET MNONOXUTEMBbHYK MONYBOSIHY CUHYycOUAbI
rpadomka HanpsxeHma u, (puc. 1, B).

Bo Bpemsi BTOporo nonynepuoga U, Ano4 3akpbIT, a, crnegosa-
TeNbHO, BCE HanpsKeHne BTOPUYHOM OOMOTKM TpaHcopmartopa U,
OKa3sblBaeTCA MNPUIOXEHHbLIM K rnocnegoBaTefibHO COEANHEHHbLIM pe3u-
CTOpYy Harpy3kn Ry n guogy VD1,

Uz
6) Uom
ot
0
q VD1
U Rd Ug, g j iy
~u ~42
! B) ‘ I4 Y /-\
o . . N\
6 0 |/ V(Dt
a) ot
r)
Uo6p.max=Uzm

Puc. 1. OgHodhasHas ogHOTaKTHas ogHononynepmnoaHas
cxema BbINnpaMneHnsa (a) n gnarpamMmbsl HanpPs>XKeHUN
N TOKOoB 6...T)

[Mockonbky obpaTHoe conpoTuMBneHve auogda HamHoro 6onblue
COMPOTUBIIEHNSA pe3ncTopa Harpy3km Ry, TO C 4OCTATOYHOW AN NpaKTu-
KA TOYHOCTbIO COMPOTMBNEHWEM HArpys3km B AaHHOM Crlydae MOXHO
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npeHebpeyb; T.€e. MOXHO cyMTaTb, YTO BO BPEMSI BTOPOro nonynepuoaa
K 3akumam gmoga B obpaTHOM HanpasfieHUW MPUIIOXKEHO HanpsKeHune
Uosp., Mpamk KOTOPOro MNOBTOPSAET OTpuLaTerbHyK nonycuHyconay
HanpsikeHnsa BTOPUYHOM OBMOTKM TpaHcdopmaTopa u, (puc. 1, 6, r) ¢
amnnnTygon Uogpmax = Uom.

BbinpsiMneHHOe HanpsiXXeHue Ug, Kak BUAHO U3 puc. 1, B, ABnseT-
CA He MOCTOSAHHbLIM, @ NMYJNIbCUPYK LW MM, MOCKONbKY HE WU3MeHseT
cBoero 3Haka. OHO coaepXUT MOCTOSAHHY cocTaBnsawwy Ug
(e€ nony4yeHne n ectb OCHOBHAs OYHKUMA BLINPSMUTENS), N NEPEMEH-
HYIO COCTaBIISIIOLLYIO, Ha3blBaeMyo NynbCcaUuNAMU BbIMPAMIIEHHOMO
HanpsbkeHusi. B paccmaTtpnBaemMon cxemMe cpegHee 3Ha4vyeHue Bbl-
NPSMIIEHHOIO HaNpPSXXeHUs1 onNpeaenseTca BblpaXKeHUeM

1 T
Ud :Eb“uz (Ut (1)
[Mocne noactaHoBkM B (2.1) ux=U,y,-Sinat nony4mm
U, =i‘[u2m -sinot -dot = Yom -(— coswt‘g)z Yom
21T 3 21T T
Uom=Uq-7 (2)

[encTteyoliee 3Ha4YeHWe HanpsKeHUst Ha BTOPUYHOM OOMOTKE
TpaHcopmaTopa
mnynbcHoe obpaTHoe HanpsbkeHue, NnpuknagbiBaemMoe K BEeHTU-

Mo, B JaHHOMW CXeMe paBHO aMMAUTYAHOMY 3HA4YeHU0 BTOPUYHOIO
HanNpPsXeHnd, n ¢ ydeToMm (3) nmeem

U =U,,=U, -m=3,14U, (4)

[encTeytouiee 3Ha4YeHne Toka BO BTOPUYHOM 0OOMOTKE

obp.max

1, I P
|2 = E £|2 d(Dt = E(J;Izm - SIN wtd(Dt (5)
Nocne NHTErpnpoBaHnA rnostyvymnm
I m
l, ==r. 6)

2



I, = Y
YyutbiBas, 4to 'am = R

m

' N UCNosb3ys (4) Haxoanm
d

l, =1lg -7/ 2=1,57 -1y, - (7)

roe |d=ud/Rd=u2m/Rdn=|2m/n=3'fi“4.
Tok B nepBUYHOM 0O6MOTKE i1 TpaHCdopmMmaTopa oTnm4yaeTcs oT
TOKa BO BTOPUYHON OOMOTKE i, HAa MOCTOSIHHYHO COCTaBNAOLWYHO Iy, T.€. C
y4eToM KoapdumumeHTa TpaHcdopmMalmn N, MOXHO 3anucaTtb
iy =(2-1q) /N,
HencTeytoulee (cpegHekBagpaTUYHOE) 3Ha4YeHMe CMHycomaanb-
HOro ToKa B NepBUYHON OBMOTKE

- izjﬂiz-dwt
1 27_,_01

[MoaocTtaBumB B 3TO BblpaxeHue iy= (i - Ig) / n, nonyyum
1,211,

== (8)

rne N= Ili - KO3 UUMEHT TpaHcopMaLmn rno ToKy.
1
Noka3aTenu kKa4vyectBa BbinpsiMneHus. K TakMm nokasaTensam
oTHOCcATCA: KO3dhPuuneHT cxembl Kcx, KOIPMUMEHT obpaTHOro
HanpskeHust Kosp, KoadhdunumeHT dpopMbl KpUBOW Toka BeHTUNS Kp, KO-
adpunumeHT nynbcaunn K.

[TocKonbKy BCe 3TN KOIhPULMEHTLI ONpenensTca Yyepes pag oT-
HOLIEHMN Pa3fINYHbIX 3HAYEHUN NEePEMEHHOI0 HanpshkeHUs BO BTOPUY-
HOM oOMOTKe TpaHccopmaTopa K NOCTOSiHHOW cocTaenswouwen Uy Bbl-
NPSAMIIEHHOIO HaNpPsXXeHUs, YCTaHOBUM MX CBA3U B Buae opmyn ans
paccmaTpMBaemMon oAHOMasHOM OOHOTAKTHOW O4HOMNONYyNnepuogHou
CXEMbI BbINPSAMIEHUS C yH4ETOM COOTHOLLEHUS (2).

BbinpsiMneHHOE HanpsiXXeHne Uy CornacHo puc. 1, r aBnsieTca no-
nycuHycoungon 3a nonynepwuog T/2 (vnu B npegenax 0 - © no pazoBomy

yrny); ero aHayeHve onpeaenseTcs U3 COOTHOLLEHUS

_Uz'\/E
T

U, =0,45-U,.
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3anuwem opmMynbl CBA3M HanNpsbkeHUN Onst 4aHHOW CXEMbl Bbl-
npsamMmneHuns (6es BoiBOAA):

U, =0,45-U,; \

U,=222-U,;

U, =3,14-U,: (9)
Uosp =Upm =3,14-Uy |

C yyeTOM 3TUX CBA3EN 3anuieM Bce KOI(PPUUNEHTbI - NOKa3aTe-
NN Ka4yeCTBa BbINPAMIEHNA pacCMaTPUBAEMON CXEMbI BbINPSMITEHUSI.

1. KoodbdunmymeHT cxembl Kcx. OTO €CTb OTHOLUEHUE OeW-
CTBYHOLLEro 3HaYEHUS HanpshkeHna Ha BTOPUYHOM OBMOTKe TpaHcdop-
matopa U, K cpegHeMy 3Ha4YEeHNIO BbIMPAMNEHHOIO HanpsixeHus Ug
U, 2,22-U,
U, U,

CnepoBaTternbHO, B JaHHOW CXeMe BbINPsSIMIAEHNS CpeaHEBbLINPAM-
NeHHoe 3HadeHune (MOoCTosiHHaA coctaBnsawwasn) Uy HeBenuvko, B 2,22
pasa MeHblle OeWCTBYILWEro 3Ha4YeHUs HanpsXeHus BTOPUYHOW 06-
MOTKWN TpaHcdopmMaTopa, YTO CBUOETESbCTBYET O MNSIOXOM MUCMONb30Ba-
HMUM 3TOro TpaHcdopmaTopa.

2. KoodbdunmymeHT obpaTtHoro HanpsaxeHus Kogp. OTO
OTHOLLUEHME OBPaTHOro HaNpPsXKEHNS1 Ha BEHTUNE K CpeaHEMY 3HAYEHUIO
BbINPSIMIAEHHOIO HaMNpPsXXeHUs

Upo U,, 3,14-U,

— _ 2m
KOEP - -

Ud Ud Ud

[aHHbIN KO3 PUUNEHT NoKasbiBaeT, YTO AN paccMaTpuBaemMon

NPOCTENLLUEN CXEMbl BbINPSMMAEHUS C OOHMM BeHTUNeM obpaTHoe

HanpsXeHne oveHb Benuko, B 3,14 pasa npeBblllaeT 3HayeHne Uy. 31O

CBMOETENbCTBYET O TOM, YTO cxema puc.1, a TpebyeT NpUMeHeHNs Bbl-

COKOLOBPOTHBLIX, @ 3HA4YNT K Bosiee AoOpPOrnx, NOsTynNnpPoOBOAHMKOBBIX OMO-
A0B.

=3,14. (11)

3. KoaodbdpuumeHTt dpopmbl KpuBon Toka Kg. ITOT KO3h-
doMUNEHT onpenenseTcs Kak OTHoLeHNe OeNCTBYIOWEro 3Ha4eHUs Toka
B BEHTUNE lyp K CpeaHeMy 3Ha4YeHUI0 BbINPSMIEHHOroO Toka lq4, T.e.



K="= (12)

Hencteylowee 3HadeHne Toka lyp paBHO OencTBylOWEMY 3Ha4ve-
HUIO TOKa BTOPUYHOM OBMOTKM TpaHcopmaTopa |,. [loaTomy ¢ ydeToMm
BblpaXkeHusi (4) B COOTBETCTBUU C BblpaXeHneMm (7) nmeem

l,=lyp=lg-m/2=1,5714. (13)
KoadhdpurumneHT doopMbl KpBOM TOKA UMEET 3HaAYEHnEe
Ky = 'IVD :1’5|7"d ~1,57. (14)
d d

TO €CTb TOK B BEHTUIE 3a CYeT Nynbcaunn okasbiBaeTcda 6onblue cpen-
Hero 3Ha4yeHusa |y BbinpaMIieHHoro Toka B 1,57 pasa.

4. Koo dprnyneHT nynbcauum K,. 310 Hanbonee LLIMPOKO
MCNONb3yeMbIN Ha MpakTUKe nokasaTtesnib kadectBa BbinpaMutend. OH
onpenenseTcs OTHOLWEHNEM aMNiNTYQHOro 3Ha4YeHUsl NepBOn rapMOHN-
KN pasnoxeHus B pag Pypbe KpBOW BbIMPAMNEHHOTO HaNpsXeHns Ugim
K cpegHeMy 3Ha4YeHM o BbINPSMIIEHHOIO HanpskeHns Ug

Ud
[Mpy aHanuTuyecknx wmnccnenoBaHUsaX KoOIpUUMEHT nynbcauum
onpegendeTca No pesynbTaTaM pasfiOXeHUs KPMBOW NysfibCaunmn Bbl-
NPSMIEHHOIO HanpsXXeHust B TpUroHomeTpudeckun psag dPypbe u oue-
HMBaAETCS OTHOLIEHWEM aMnanTydbl nepBonM (OCHOBHOW) rapMOHWUKK
nynscaumn Ugym= Uim K Ug

Kn = (15)

Ulm
Ud

[1na paccmaTpnBaemMon cxembl BbINPsSIMIEHNS, N306paKeHHON Ha
puc. 1, a, KpuBaa BbINPSAMIEHHONO HaNPsXXeHns Uy UMeeT BuA, Nnoka-

3aHHbIN Ha puc. 1, B. PasnoxeHne ee B TPUrOHOMETPUYECKUN pAL CO-
rnacHo [2] gaet pesynbTaT (MPUHSB Ug max = Uom)

Kn = (16)

u u . 2 U
u, (t) = —dmax  Zdmax . gjinpt — — . —dmax . cog2wt — ...
d T 2 3 17

Bxogswmne B aTOT psg noctosiHHaa coctaeBnsowas Uy n nepsas
rapMoHuMKa (OCTarnbHble HE YYMTbIBAOTCS) NO3BONAT onpeaenutb Uy n
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U J2 .U
U, = —2m _ 2 _045.U,:
gt : (17)
U NZS
U,, = 22m = 5 2=0,705-U,. (18)

Tenepb MOXHO paccyuTaTb KO3IMUUNEHT Nynbcaununm Ha OCHOBE
dopmynbl (2.16)

d J 2

Takoe 3HavyeHue Kp; siBNSieTCs 0YeHb 60NbLIMM; OHO CBUOETENb-
CTBYET O TOM, YTO aMnnnTyaa NepBon rapMOHUKN NepeMEHHON COoCTaB-
NAKLWEN BbINPSMIIEHHOrO HanpsikeHust B 1,57 pasa 6onblue ero nocro-
SSHHOW CcOCTaBnsAwLWeNn. IATO SBMSETCA CYLEeCTBEHHbIM HedoCTaTKoM
paccMaTpMBaeMomn cXeMbl BbINPAMIEHUS.

OTmeTuMm, 4YTO NpuBeAeHHble paccyxaeHna n dpopmynbl ans Kex,
Kosp, Kn cnpaBeanuebl U ANd BbINPAMNEHHbIX TOKOB.

AHepreTnyeckue napameTpbl CXxeMbl BbinpAMeHUsA. 13BeCTHO,
YyTO npu obbl4HOM paboTe TpaHcdopmaTopa Kak npeobpasoBaTens
YPOBHEN HAMNPSPKEHU NEPEMEHHOrO TOKa, €ro nosiHagd MoOLWHOCTb oau-
HakoBa AS1 NePBUYHON U BTOPUYHOM OOMOTOK U paBHa Tak Ha3blBaeMou
rabapuTHoOmn (cpegHen) MOLLHOCTM TpaHcopmaTopa, T.e. S; =S, =
S+ (rAe Si1; S, — NonHbIe MOLLHOCTN OOMOTOK).

NHoe geno, koraa TpaHcdopmaTop paboTaeT B cxeme BbINpsaMu-
Tens. Hamu yxxe yctaHoBneHo, 4YTo B 04HOGa3HON OQHOTaAKTHOW OLHO-
NosynepmoaHon cxeme BbINPSMIEHUsS BbIMPAMIEHHbIN TOK iy U TOK BO
BTOPMYHOM OOMOTKE TpaHcopmaTtopa i, - OAMH N TOT Xe TOK, a 3HauuT
ero nocTosiHHas coctasnsawwasa ly = |, nogmarHM4yMBaeT MarHUTOMNpPO-
BO4, YTO NPMBOAUT K HEPABEHCTBY MOJSIHbIX MOLLHOCTEN B OOMOTKaX, T.e.
S1 < S,. B atnx ycrnosusax gna obecneyeHnss Ha NpUEMHUKE BbINPSAMU-
Tens 3afaHHOM BbIXOAHOW MOLLHOCTU S, HYXXHO CYLLIECTBEHHO YyBENN4n-
BaTb BXOOHYIO MOLLHOCTb TpaHcdopmartopa S;.

[[@abapuTHas MOWHOCTb TpaHcdopMaTopa onpegensieTcs nony-
CYMMOW MOSHbIX MOLLHOCTEN OOMOTOK, T.€.

S =(S14S)/2, (20)
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rae Si1=Uq-l;; S,=U,:l, — nonHble MOLHOCTU COOTBETCTBEHHO MNEpBUY-
HOM N BTOPUYHON OOMOTOK.

Ecnn TpaHcdopmaTtop copepxut “N” obmoTok, TO rabaputHasa

MOLLIHOCTb B 9TOM Clly4yae onpegensercs
S =(S1+S,...+Sy)/2.

Bolpasnm gnga paccmaTpuBaeMon CXeMbl BbIMPAMIEHUS MOJSTHYHO
MOLLHOCTb S; Yepes3 Uy 1 |y, onga vyero ucnonbsyem (2.3), (2.8) n koadp-
donUMEHT TpaHcopMaLum NO HaNPSXKEHUIO
.1,21. U,

| =2,22-—%.1,21-1,-n=26-P,,
—la 0 d (21)

roe Py = Ug - | — akTMBHaa MOLHOCTL, NOTpebnsemasi Harpy3komn.
C y4eTOM BbIHY)XAEHHOIro nogmarHM4mBaHus B JaHHOW CXemMe pac-
YeTHY MOLLHOCTb P; yBenuuuearT 40 3HAYEHUN

S, =U,-l,=n-U,

S1=(3,23...3,5)Pq. (22)
3,23+3,5
[Mpmem S, = Py =3,36-Py
[MonHast MOLHOCTb BTOPUYHOMN OOMOTKM
S, =U, - 1,=22,22 - Uy -1,57-14 =3,49 - Py. (23)
MoacTtaeBnaa Sy n S, B (2.21), nony4nm
S+ =0,5:(3,36:Py4+3,49-Py) = 3,43 - Py (24)

N3 copmynbl (2.24) BuaHO, 4YTO AnNs  obecneyvyeHus 3agaHHOMU
MoLllHOCTU Py Ha BbIxoge BbINpAMUTENSA TpaHcdhopmaTop OOIKEH
obecneynBaTb NOYTM B TPU C NOSIOBUHOW pasa BOosbLY MOLWHOCTbL Ha
BXO4€e, TO eCTb TpaHcopmaTop B 3TOM CXEME BbINPAMMEHUS UCMNOSb-
3yeTca Nioxo, YTo SABMAAETCHA CyLWeCTBEHHbIM HeOCTaTKOM paccMaTpu-
BaeMoun cxembl BbinpaMreHusi. ObbI4HO oueHka adhdEKTUBHOCTU pabo-
Tbl TPAHCOpMaTopa B BbINpsiMUTESNE OCYLLECTBNSETCA N0 KO3 P un -
LUEeHTY ncnonb3oBaHna TpaHcdpopmaTopa Ky, Noa KoTo-
PbIM NMOHUMAIOT OTHOLIEHNE aKTUBHOW MOLLHOCTU Ha BbIXO4E BbINPAMU-
Tens Kk cpegHen (rabapmnTHom) MOLLHOCTK TpaHcopmaTopa
Pd _ Pd _
S,, 3,43-P,

CnepoBaTtenbHO, TpaHcdopMaTop OLHOTaAKTHOrO OAHoMnonynepu-
OAHOro BbINpAMUTENSA UCNONb3yeTCs TONbKO Ha 29%.

KTP -

0,29. (25)
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[Ona npnbnumxeHHOW OUEHKN 3TOro nokasaTtensi B nabopaTtopHoOu
paboTe onpenenseTcs akTMBHasi MOLLHOCTb, NoTpebnsgemasa Harpy3kom

Pg=Uq - lg. (26)

3aTeM Ha OoCHoBe BblpaxeHun (22), (24) n (25) onpegengaetca Krp

OueHnM OKOH4YaTeNbHO OOCTOMHCTBA WM HEeOOoCTaTKM ogHononyne-
prUoaHON 0gHOGa3HOM CXeMbl BbINPSAMNEHUS.

Ee poctouHcTBa - npocToTa M HageXHocCTb. HepoctaTkm cyule-
CTBEHHbIE: TpebyeT AOOPOTHLIX BEHTUMNEW, BEMNKN MNynbCaLuu, nroxoe
MCNofib30BaHne TpaHcdopmaTopa n ero 0o6MoTOK.

[MpumeHeHne - orpaHnyeHHoe, B ManomoLyHbix B3I, roe Hu3kum
KM HecywecTBeHeH. Vcnonb3yeTca B aN1eKTPOM3MepPUTENbHbIX Nprnbo-
pax OeTEKTOPHOW CUCTEMbI, B MariOMOLLHbIX HEOTBETCTBEHHbLIX MOOYIIS-
TOpax.

[Byxda3Hasi ogHOTaKTHasi ABYXrosynepnogHas cxema
BbINPSMINEHUS. QHepreTnyeckne napaMmeTpbl 1
nokasaTenu ka4yecTBa BbINpPsIMIEHMS

OTa cxema (puc. 2, a) npeacrtaBnsieT cobon coyeTaHue OBYX
CXEeM OLHONONYNepUoadHbIX BbiNpAMUTENeNn, paboTarowmx Ha 0oLy
aKTUBHYIO Harpysky.

[Mpn NONOXUTENLHOM NOMYBOSHE HANpPsKeHUs, Koraa noteHumarn
TOYKM a ByaeT MoNoXUTENbHbIM, a noTeHumnan Tovkn 6 — oTpuuaTtenb-
HbiM, anoa VD1 6yaeT oTKpbIT U TOK npoTekaeT Yepes amnon VD1, pesu-
CTOp Harpy3km Ry M BEPXHIOK MOMOBUHY BTOPUYHOW OOMOTKM TpaHC-
dopmaTtopa B HanpaBneHun, NokasaHHOM CMOWHbIMKU cTpenkaMmun. dun-
og VD2 B 9TO BpeMsi 3aKpbIT, TOK 4Yepe3 Hero He TeuyeT, MOCKOSIbKY K
HeMy NMpuUIIoXXeHo obpaTHOe HanpsKeHue.

[Mpn oTpuuaTenbHOM MOSTYBOSTHE HaNpPshKeHUd, Korga noteHumarn
TOYKM 6 CTAHOBUTCHA MONOXMUTESbHLIM, @ TOYKM @ — OTpuUaTENbHbIM,
VD2 oTkpbiBaeTcs, a VD1 3akpblBaeTcs U TOK TeyeT Yepes gmon VD2,
Harpy3ky Ry U HWKHIOKO MONOBUMHY BTOPUYHOM OBMOTKM TpaHchopmaTo-
pa B HanpasfieHUU, NOKa3aHHOM MYyHKTUPHbIMKU cTpenkamu. uog VD1 B
9TO BpPEMSI HaxoguTcs nod obpaTHbIM HanpsKkeHnem. Takum obpasom,
yepes3 Harpysky npoTekaroT TOKM B OQ4HOM M TOM XXe HanpaBneHun B Te-
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YyeHne obenx nonyBosH (MONOXUTESNTbHOM N OTpULATENBHOW) NUTAatOLLE-
ro HanpPsXKeHus.

B cuny npuHATbIX paHee gonyweHun (CMm. nogpasgen 2), MOXHO
cunTaTb, YTO bopMa BbINPAMIEHHOIO HaNpsXXeHnsa Ha paboTtatowmx no-
NOBUHKaxX BTOPUYHOM ODOMOTKM TpaHcdopMmaTtopa, T.e. rpaduk Uy SBns-
eTcs ornbaroLLeit MONOXUTENbHBLIX MOMYCUHYCOMA rPacOMKoB U, U U 5.

B kaxgyto nonyBOSIHY HaNPs>KEHUs U, MO NOSI0OBUHAM BTOPUYHOM
oOMOTKM TpaHcopmaTopa, AMOAY W Harpyske npoTekarT paBHble
Mexay coboi TOKU, T.€. i%= ivpr=i'q U i 2= ivpe= i ¢, NPUYEM TOK ig= i g+ i g
B MAeanusnpoBaHHOW CxeMe ornpenensiercs TONbKO CONpPOTUBIIEHNEM
HarpysKku 1 paBeH Ug / Ry. B cuny aToro Toku i, U i », npoTekaoLwme no
NOSIOBUHAM BTOPUYHOM OOMOTKM TpaHcopmaTopa, UMEKT B KaXabln
MOMEHT BPEMEHWN TakMe HanpaBfeHusi, NPU KOTOPbIX MOCTOSAHHbIE CO-
CTaBnisoWMe 3TUX TOKOB CO34atl0T BCTPEYHO HarnpaBfieHHble MarHUTHbIE
noTokn. Mo3TOMYy BbIHYXOEHHOE NoAMarHu4YnBaHMe MarHMTonpoBoaa
TpaHcdopmaTopa B 4aHHOM CXeme OTCYTCTBYeT (puc. 2, 6).

Paccmotpym 6onee nogpobHo copmy rpadumka uesp. B Kaxayto
NOSIOBUHY nepuoda OAvH U3 AMOL0B CXEMbI 3aKPbIT U K ero anekTpogam
NPUNOXeHo obpaTHoe HanpsKeHne, KOTopoe onpeaenseTca PasHOCTbIO
NoTEeHUNANoB Mexay aHo4OM M KaTogoM 3Toro guoaa.

B nepsyto nonosuHy nepuoga (puc. 2, a) 3akpbIT VD2. NoTeHuyunan
ero aHoja paBeH oTpuuaTeNnibHOMY noTeHuMany TOYKM 6, KOTOPbIN
onpegendeTrca oTpuuaTtenibHOM nosiycuHycouwgon u”, . Karog guoga
VD2 B 9T0O BpeEMSI UMEET MOSNIOXKUTESNbHbLIA MNOTEHUMAN TOYKM a (MONIoXK-
TenbHasi nonycuHycouvaa u'), MOcKonbKy OTKpbIT VD1, n nageHue
HanpskeHMs Ha HEM B naeanm3npoBaHHOW CXEME PaBHO HYIIHO.

Takum obpasom, B Te4yeHue nepsoro nonynepwoga awon VD2
HaxoauTcs nog obpaTHbIM HanpPaXKeHWeM, paBHbIM Pa3HOCTU NMOTEHUU-
anoB Mexnay KoHuaMu BTOPUYHOM 0OMOTKM TpaHcopmaTopa (TOYKM a U
6), 1 MakcMManbHOE 3Ha4YeHue ITOM pPas3HOCTM MOTEHUManoB paBHO
yOBOEHHOMY aMniNTygHOMY 3HAYEeHUI0 HanpshkeHna OgHOM U3 MOSTIOBUH
BTOPUYHOMN OOMOTKMU, T.€.

Uo6p.max:2U2m;
YTO UNAOCTPUPYET HMXKHUK rpadunk (puc. 2, e).
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u, ' "
6) N Uo us
S
ot
0
N
Uom
ot
~Uq ot
Uqg
ot
ot
€)
s Uo6p.max=2Uzm

UoGp

Puc. 2 [IByxdasHada ogHOTakTHaA AByxnonynepunogHasa cxema
BbINpAMIEHNSA (@), AMarpammbl Hanps>keHnn n Tokos (6...e)

AHanorn4yHo, Bo BTOPOM MoOnynepnoae U3MEHeHUsi HanpsXKeHUs
U, NoA Takum xe 6onblunm HanpsikeHnem okaxetca anog VD1,

Bonblune BenMUMHbI OBOpaTHLIX HaMNPSXKEHUA Ha BEHTUNAX Tpe-
OylT ncnonb3oBaHUs OOOPOTHLIX (a, 3HAYUT, N Bonee AOPOrnx) BEHTU-
Nnen, YTo ABNSETCA HEAOCTAaTKOM AAaHHOW CXEMbI BbINPSMIIEHMS.



15

[pachuk BbINPAMMNEHHOIO HAMNPSXXEHUS Uy U BbINPSIMIIEHHOIO TOKa
lg AAHHOM CXeMbl NokKasaH Ha puc. 2, 0, U3 KOTOPOro BMAHO, YTO UM-
NynbCbl HANPSKEHUA N TOKa B Harpyske OBYXMNOMynepuogHOro BbInpsi-
MUTENS MMEKT MECTO BO BPEMSI Kaxgoro nonynepuoga, Toraa Kak B
OAHOMONYNepPUoOaHON CXeMe BbINPSIMIIEHUS (CM. puC. 2, a) — TONbKO B
TeyeHme ogHoro nonynepuoaa.

[Mpn oaoMHaAKOBbIX aMnMTygax HanpsXkeHUst U Toka BTOPUYHOM
obmMoTkn U,y U |, MNOCTOSIHHBbIE COCTaBMSAKOLWNE BbINPAMIIEHHOMO
HanpsbkeHnsa Ug 1 Toka |g 6yayT B ABa pasa 6onblue, 4YemMm npu ogHoMNo-
nynepuogHOM BbINPSAMIEHUN, T.€.

1 m
U, —Fluzdwt, 27)

rae u,=U,n-Sinmft; (28)

U, =U, 2 - aMNIUTYQHOE 3HAYEHNE HAMNPSHKEHUS;

U, — gencreytolee 3Ha4eHne HanpsikeHns.
MoacTtasnaa (28) B (27), nony4mm

2U,, 2-1,41
T 3,14

U, = %juZm . Sinot = U, ~0,9U,. (29)
0

Nmeem (6e3 BbiBOAa) creayrowme COOTHOLUEHUS U NoKasaTenu
KadecTBa OBYyX(pa3HOM OLHOTAKTHOW ABYXMNOMYNepuogHOM CXeMbl Bbl-
npsAMIeHns (Co cpeaHen TOYKOn), N30dpaxeHHOM Ha puc. 2.

U,=09-U,; U,=111.U,;
U,,=1,57-U,; Uy =U, =3,14-U,;
|, =0,785-1;
KoadbpuumneHTsl, xapaktepusylowme KavyecCcTBO BbIMNPSAMIIEHHbIX
HaNPs>KeHNsa 1 Toka:

(30)

ox = Y, = 1,11-U, =1,23; Kogp = 2 Uzn = 314U, =3,14;
U, 09U, Uy Ug
N (31)
KB = I— = 0,785
d

[na paccmaTpnBaemMon cxembl BbINPSIMAEHNS, N300paXXeHHON Ha
puc. 2, a, KpmBasi BbINPSMIEHHOIO HanpsbkeHns umeeT BuUA, rnokasaH-
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HbIN Ha puc. 2, O. PasnoxeHne ee B TPUrOHOMETPUYECKNIN Psig COrfacHo
[2] maeT pesynbTaT (MPUHAB Ug max = Uzm)

2-U 4.-u u
u,(t) = dmax _ _— “dmax . cos2wt — —" . cosdwt — ...
T m-3 m-15

Bxogswmne B aTOT psg noctosiHHaa coctaBnsowas Uy n nepsas
rapMoHuKa (ocTanbHbl€ HE YYNTbIBAKOTCA) NO3BONSAIOT onpeaenuts Uy ©

2.U 242U
U, =<""2m _ 2 =0,898-U,;
d - - 2 (32)
4.U, 4-42.U
Ui =3 ==y 3 0% U.. 33)

Tenepb MOXHO paccuyuTaTb KO3IMUUNEHT Nynbcaunm Ha OCHOBe
dopmynbl (2.16)
K. - U, 0598-U,
n — -
U, 0,898.-U,
N3 (33) cnepyeT, yTo K77 B JA@HHOM CXEME MeEHbLUe, YeM B npeabl-
aywen. B yacTHOCTM aMmnnnTyga nepBon rapMOHUKUA NepemMeHHOU Co-
CTaBNAKLEN BbINPAMNEHHOIO HaNPsXXeHNsa yXXe He NpeBbIaeT 3Hadve-
HME MOCTOSIHHOW COCTaBNSOWEN BbIMPAMIEHHOIO HarnpsXXeHnst N Cco-
ctaBnget 0,666 oT Hero. OTo ABNsAeTCA 4OCTOMHCTBOM AAHHON CXEMbI.
KoadbdpuumneHT ncnonb3oBaHma TpaHcdopmaTtopa Krp
P P
KTP = d = d =
S, 1,48-P,

mp

— 0,666. (34)

0,67. (35)

[MpenmyLiecTBa AaHHOM CXeMbl MO CPaBHEHUIO C O4HOMOMynepu-
OAHOW NepevuncneHbl HAXe.

1. 3HauMTeNbHO YMeHbLUalTCs rabapuTHble pasmepbl M Macca
TpaHcopmaTopa (BCneactesme OTCYTCTBMA NOAMarHMYMBaHUA MaTepu-
ana marHmTonpoBoga).

2. AMNnNuTyaHoe 3Ha4YeHue ToKa Yepes Anoa BOBOE MEHbLLE.

3. 3HaunTENbHO YMEHbLUAKTCS rabaputbl U Macca Crraxusato-
wero cunbTpa (BCreacrenme yBennyeHust BOABOE OCHOBHOW 4acToOTbl
nynbcaunn nepBUYHON rapMoHuku, T.e. f1=2f., n ymeHbweHna 6onee
4yeM B [Ba pa3a, kKoadpdumumneHTa nynbcaumm).
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HepoctaTkamm cxembl SsIBAAIOTCS:

1) Heob6xoaMMOCTL BbiBOLA cpeaHen (HyreBon) TOYKN BTOPUYHOWN
obMOTKM TpaHcopmaTopa;

2) Hann4ne B Cxeme OBYyX AMOO0B BMECTO OOHOrO.

3) BbicOKOEe OobpaTHOe HanpshKeHne Ha aumoaax, uto Tpebyet npu-
MeHeHNA 4OBPOTHLIX BEHTUEN.

OpHodasHas aByxTakTHas AByxnonynepuoaHasa (MocToBas)
cxema BbINpAMIeHns. JHepreTndeckme napameTpbl U
nokasatenu kKadecTBa BbINpsSMeHUs

[aHHaa cxema, HasbiBaemMas MOCTOBOM, Kak W npeabiaywas (co
cpedHen TOYKOW), NO3BOSMSAET MNOMYyYUTb ABYXMNOMYNepuogHOE BbINPSM-
neHne. OHa cogepXuT TpaHcopmaTop 1 YeTbipe Anoaa, ABa U3 KOTO-
pbIX, COEANHASACL aHod4aMun, obpasyoT OOLWNKM MUHYC BLINPSMUTENS, a
ABa apyrue, coegmHasachb katogamm, obpasyroT o0 Nnc BbINPAMM-
Tena (puc. 3, a).

B TeyeHue nepsoro nonynepuoaa, Koraa noTeHuuan ToYKM a no-
NOXWUTeneH, a Todkn 6 - otpuuateneH, guoabl VD1, VD4 6yayT OoTKpbI-
Tbl, a gnoabl VD2, VD3 3akpbITbl (HAXoasaTcs nog obpatHbIM Hanpsixe-
Huem). B pesynbTate TOK Ha CxemMe NorMaeT B HanpaBfeHUW, NOKa3aH-
HOM CMNAOLWHbIMU CTPENKaMMU.

Bo BTOpOM nonynepuoae, Korga noteHunan Toyku 6 cTaHOBUTCA
NOMNOXUTErNbHbIM, @ TOYKM a - OoTpuuUaTenbHbIM, OTKPbIBAOTCA AMOAbI
VD2, VD3, a guogbl VD1, VD4 oka3sbiBalOTCA 3aKpbITbIMU U HAXOOATCS
nog obpaTHbIM HanpskeHnem. B pesynbTate TOK MO cxeme NonaeT B
HanpaBneHnn, NokasaHHOM MYyHKTUPHbLIMW cTpernikamu. Kak BUOHO ©3
puc. 3, a, HanpaBrieHNs TOKOB iy U i 4, MPOTEKAIOLLMX Yepes Harpysky B
TeyeHne oboux nonynepuogos, coBnagarT U, CYMMUPYACHb, AatoT 06-
LLMIA TOK ig=iq+i g, T.€. B CXEME UMeeT MeCcTO ABYXMONynepuoaHoe Bbi-
NpsIMNEHNE, Kak U B CXeMe CO cpeaHeun Todkon (aByxdasHon). Ha puc.
3, A nokasaHbl rpaukn BbINPSIMIEHHOINO Hanps>KeHUst Ug U ToKa iy. B
CUIy NPUHATLIX SONYLLEHUA MOXHO CYMTaTb, YTO popma BbINPAMINEHHO-
rO HaNpPsXeHUst Ug NOBTOPSET POPMY HaMNPSXKEHUST Ha 3aXXMMax BTOPUY-
HOM OBMOTKM TpaHcdopmaTopa u, (puc. 3,0). Kak BUOHO N3 CXeMbl, TOKK
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I'> 1", NpoTekarT NO BTOPMYHOM OOMOTKE TpaHcdopmMaTopa B pasHbIX
HanpaBneHnax, N pesyribTUPYIOLWNA TOK i, HE COAEPXWUT MNOCTOSIHHOW
coctasnswowen (puc. 3, A4), NO3TOMY BbIHY)XAEHHOE NOoAMAarHU4Yu-
BaHMe MarHMtonpoBoga TpaHchopmaTopa NOCTOSAHHBIM TOKOM B AaH-
HOM cxemMe OTCyTCcTBYyeT. Tok B nepBuyHOM o6MOTKE 6yaet
CUHYCOMOanbHbIM.

o) T U2 Uom
ot
0
IvD1,4
? ~U1 " B)
L OANAAS 0 ot
-g—) a,{“(‘f"‘\_?(ﬂ IvD2,3
L2 v U2 N, r)
VD1 :i"z VD2 . wt
. H -
| j m Ud, Id g4 Ug U
o d Ud.max
VD3 i", 1| VD4 ) 4 %
| ] _2 | ]
]
—C
1y Ry 1d S 0 ot
L1 €)
_ﬁ _
a) lq UogpY U06p.max—U2m

Puc. 3. OgHodbasHas AByxTakTHasa OBYXnosfynepmnoaHas
(MocToBast) cxema BbINpsMIIeHUS (a), AnarpamMmbl HANPSXKEHNN
N TOKOB B cxeme (6...e)

Tak kak BTOopu4yHast obMmoTka TpaHcdopmaTopa paboTaeT MnosiHo-
CTbIO B TeyeHne obeunx NonyBOSIH MUTAIOLWEro HanpsKeHUst Uy, TO ANs
MNONyYeHUs1 OAMHAKOBBIX BbINPSAMIIEHHbBIX HaMNPsSKEHWA Ugq B AaHHOW
cxeMme (Kak U B AByx(pasHoM) JOCTATOYHO, YTOObI HanpshkeHne U, MO-
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CTOBOM CXeMbl ObiNi0 paBHO HaNPsSKEHUO OAHOM K3 MONTyoOMOTOK
TpaHcopmaTopa AByxdpasHoOM cxembl. IJTO obycnaenuBaeT BOBOE
MEHbLLUEE YMCIO BUTKOB BTOPUYHOM OOMOTKM W BOBOE MEHbLUEE
Uospmax=Uzm. OOHAKo BO BTOPUYHOM OOMOTKE MpPOTEKaeT TOK iy, Aeu-
CTBYylOLLEE 3HayeHue KoToporo |, 6onble, Yyem B NoryobMoTKax ABYX-
dasHoM cxembl, NO3TOMy TpebyeTcs npMMeHUTbL npoBod Gornbluero
avnameTpa.

BeinpsiMuTenb aBNSAETCA ABYXTAKTHbIM, MOTOMY YTO BO BTOPUYHOWN
oOMoTKe cuMnoBoro TpaHcopmatopa T TOK MMEEeT MeCTO, KaK B MoJio-
XUTENbHbIW, Tak U B OTpULUATESbHbIA NOMAynepunos USMeHEHUS BbIXOOHO-
0O HanpskeHusi U, 3Toro TpaHcdopmaTopa. Beinpamutenbs asnsetcs
ABYXNONynepuoaHbiM, MNOCKOMbKY B nobon nonynepuog W3MeHeHus
NPUMNOXEHHOIO K CXeME BbINPSIMIAEHUS HANPSKEHUST Uy, HanpshkeHne Ha
Harpy3ke OygoeT MMeTb OAHY U Ty Xe MOSIIPHOCTb, U, crnegoBaTesbHO,
TOK B LEnn Harpysku 6yget NnoCcTosHHbIM MO HanpaBSIEHUID, U3MEHSSACH
OT HyNns A0 HEKOTOPOro MakCUMarbHOro 3Ha4YeHUsa U OT HEro ondaATb OO0
Hyns, T.e. 9TOT TOK ByaeT nyrnbcuposams. [MOCKONbKY BCE nokasaTenmu
Ka4yecTBa BLINPAMUTESNS BblpaXalTCs 4epes3 cpefHee 3HayeHue Bbl-
NPAMIIEHHOIO HanpsXeHus, onpegenum ero Afs paccMaTpyMBaemMoro
cny4as.

CpeagHee 3Ha4vyeHue BbINPSIMAEHHOro HanpskeHust Uy onpeaens-
eTCs BblpaXeHnem

1 m
U, = F{[uzdwt, (36)

roe u=U,,-sinmt;
(37)
U, =U, N2 - aMnNNUTYaHOE 3HaYeHUE HaMNPSHKEeHNS;
U, — gencreytollee 3Ha4YeHne HanpsikeHns.
Moactaenas (37) B (36), nonyymum
2U,, 2-1,41
T 3,14

U, =%ju2m . Sinwt = U, ~0,9U,. (38)
0
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Nmeem (6e3 BbiBOOA) crieaylolime COOTHOLLEHUSA U MoKasaTenu
KayecTBa OOHO(A3HOW ABYXTaAKTHOW ABYXMNOsiynepnoaHon (MOCTOBOMW)
CXeMbl BbINPAMIEHUs, n3obpaxxeHHoON Ha puc. 3.

Uu,=09-U,; U,=111-U,;
U, =157-U,; Uy, =U,, =1,57-U,;
|, =1,11-1;
KoadbdmumeHTbl, xapakTepusylowme KayecTBO BbINPAMMIEHHbIX
HanpsKeHUs 1 Toka:

(39)

Ky :ﬁzﬁzl,ll; Kogp = Yon _ 127U, =1,57;

Uy Uy Yy Ys

b (40)
KB = |_ = 0,785

d

[ns paccmaTtpnBaeMon CXeMbl BbINPSIMIEHUS, KpUBaAs BbINPSAM-
NEHHOro HarpskeHust N pasnoXeHne ee B TPUrOHOMETPUYECKUN pPAL
coBnagarT no copme 1 BuOy Ona AByxdpasHOM OLHOTAKTHOW OBYXMO-
nynepuvogHon cxembl. [1oaToMy KoadppuuMeHT nynbcauun Ons pac-
cMaTpuBaeMON CXEMbI BbIMPSMIEHNST onNpeaenseTcsl Takke Ha OCHOBE
dopmynbl (16)

U, 0,598-U,
n — -
U, 0,898-U,

KoadppumumeHT ncnonb3osaHusa TpaHcdopmaTtopa Ko,

P P
S 1,23 - P,

mp

—0,666. (41)

[na npaktndeckoro ornpegeneHnss BeNMYMHbL  KO3dhpUUmeHTa
nynbcaunn BoinpamMmneHHoro HanpskeHust [OCT ycTtaHaBnuBaeT 6onee
NPOCTOE OTHOLLEHME:

K_ = Uy max ~ Ydmin
n - L]
2U, (43)
30ecb Ugmax, Udgmin — MakCMManbHOE U MUHUManbHOE MIHOBEHHbIE
3Ha4YEeHUS BENUYMHbBI BbINPAMIIEHHOrO HanpsbkeHus. IX pasHOCTb Ug max
- Ug.min OMpeaendeT pas3max nyrnbcauumn, a norioBMHa 3TON pas3HOCTU
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Uy max ~ Yd.min
2
Aaet amnnutyay nynbcaunn. Pasmax nynbcauun BugeH Ha SKpaHe oc-
uunnorpada, nodToMy ero U3mMepsitoT C NOMOLLbIO OTKannMbpoBaHHOIO
ocuunnorpada, a BenuinHy Uy n3amepstoT BoSibTMETPOM. BbipaxkeHnem
(43) nonb3ylTCA B TEXHUYECKMX pacyeTax npu onpeneneHun koagdu-
LMEHTa nynbcaunm.

OCHOBHBbIE NMPABUITA N MEPbI BE3OINACHOCTW MNPU
MPOBEOEHMN NABOPATOPHbIX 3AHATUN

C ToukuM 3peHnda 6e3onacHOCTM paboT, NPOBOAUMBIX B XO4€e 3KCne-
PUMEHTarnbHbIX UCCrefOoBaHUK, criegyeT 3HaTb, 4TO nabopaTopHble
YCTaHOBKN KOHCTPYKTUBHO CMOHTMPOBaHbl Ha yHMBepcanbHoM nabopa-
TOPHOM CTOJSE.

Ha nuueBbix naHenax BbirfpaBUMPOBaHbI CXEMbl WUCCeayeMblX
YCTPOWCTB U pacnosioXeHbl opraHbl ynpasneHud. B yyebHon aygmutopum
pa3melleHo aBa yHMBepcarbHbIX labopaTopHbIX cTona. TpexdasHoe U
ogHoa3Hoe HanpshkeHust K nabopaTopHbIM CTONaM NogdaeTcs LeHTpa-
NM30BaHHO OT aBTOMATUYECKUX BbIKIovaTenen. Ha cxemy kaxaoown na-
OopaTOpPHOM YCTAHOBKM HamnpsbKeHWe nogaeTcss Yyepes3 COOTBETCTBYIO-
LLIUA BbIKNOYaTenNb.

[Mpu npoBeaeHnn nabopaTopHbIX paboT ob6a3aTenbHLIM BASETCA
BbIMNOSTHEHME CrneayrLWnX NnpaBun:

1. MNMepen Havanom akcrnepumeHTa opraHbl ynpasreHUs U NHOU-
KauMn Ha NUUEBOW naHenu gJaHHOM nabopaTOpPHOM YCTAaHOBKU OSMKHbI
ObITb yCTAHOBIEHbI B UCXOAHOE MNOJIOXKEHNE.

2. BknioyeHne cxembl nabopaTopHOW YCTaAHOBKM [OMyCKaeTcs
TONbLKO C paspeLlleHns pyKoBOAUTENS 3aHATUS.

3. 3anpeliaeTca npukacaTtbCs K TOKOBeOyLMM 4YacTam nabopa-
TOPHbIX YCTAHOBOK, MPOU3BOAUTbL MEPEKNIOYEHNHA, HE OrOBOPEHHbIE B
pyKOBOACTBE K AaHHOW nabopaTopHon paboTe.

4. B cnyyae nopaxeHust anekTpm4yeckum TOKOM Heobxoanmo:
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- HEMEAJIEHHO OTKMNIYUTbL NUTaHMe nabopaTopHOM YCTaHOBKM, a
TaKkKke aBTOMATUYECKMIA BbIKNKOYaTENb MUTaAHUS BCEX nabopaTopHbIX
CTOIOB;

- 0cBOOOAUTL NOCTpPagaBLLUErO OT COMPUKOCHOBEHUSA C 3neKkTpuye-
CKOW uenbto, obecnevnB npeaBapuTenbHO cCOBCTBEHHYIO BE30NacHOCTb;

- OONOXMWTb O CNyYMBLUEMCSI PYKOBOOMUTESO 3aHATUS, Bbi3BaTb
MeOULUMHCKOro paboTHMKa U, He OoXMAasaAcb ero npubbiTns, 6e3 npo-
MeaneHus NPUCTYNUTb K OKa3aHWIo NepBoOr MOMOLLM NOCTpagaBLLEMY.

COCTAB TABGOPATOPHOW YCTAHOBKM

YHuBepcanbHaa nabopatopHasd yCTaHOBKa npedHa3HaveHa Ans
9KCNepuMeHTaribHOro uccregoBaHuMa oAHOgIa3Horo, TpexdasHoro wu
LecTngasHoro AMO4HbIX N TUPUCTOPHbLIX BbINPAMUTESEN.

B coctaB nabopaTopHON YyCTaHOBKW BXOOAT:

1. JlabopaTopHbIN NynbT.

2. DNEKTPOHHLIN ocumnnorpad.

JInuesasa naHenb NabopaTopHOro nysibTa COCTOUT U3 TPEX CO-
CTaBHbIX YaCTeW: NeBOW, LeHTpanbLHOM 1 NpaBon. JleBas n npasas na-
Henun sABNSTCA CTauMOHaPHLIMK, a LeHTparibHas BMeCcTe C YCTaHOB-
NEeHHbIMU Ha HEW anieMeHTaMn 1 nraTamm ABrgeTCAa CbeMHOWN.

Ha neesou nunueBon naHenwu:

- BbIrpaBMpOBaHbl CXeMbl TpexdasHoro M ogHOMasHOro TpaHc-
doopmaTopoB C pasfnMyHbIMN BapuaHTaMn COeANHEHUS BTOPUYHBLIX Lie-
newu;

- pasmelleHbl BonbTMeTp PV1 1 amnepmeTtp PA1, npegHasHayveH-
Hble 018 U3MEPEHNS NEPEMEHHbIX U MOCTOSIHHbLIX HANPSXXEeHUN N TOKOB B
pasfn4YHbIX TOYKax ndyvyaemMmbolx cxeM. B gaHHoun paboTte BonbTmMeTp PV1
n3mepsieT gencTeyollee 3Ha4YeHne HanpskeHnst U, BO BTOPUYHOWN 06-
MOTKe TpaHcdopmaTopa, a amnepmeTtp PAL namepsder aencreyroLlee

3Ha4yeHune Toka |, B 3TOM OOMOTKE N TOKA B BEHTUNE UNU Fpynne BEHTU-
nen lyp;
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- YCTaHOBnEHbl KHonku 3eneHoz2o ueta TPEXPA3HAA CETb-
BKJ1, OQHO®PA3HAA CETb-BKJ1 u kpacHozo ueta TPEXPA3IHAA
CETb-BbIKIT, OAHOPA3HAA CETb-BbIKII.
Ha ueHmpasnbHoU nuueBOW NaHenn BbirpaBUpPOBaHbI:
- CXeMbl BEHTUSTbHBIX rpynn anoaHbix TpexdasHoix (VD1...VD12)
BbINpAMUTENEN;
- cxembl anopgos (VD13...VD16);
- cxembl TMpuctopos (VS1, VS2);
- cxeMbl kKoHaeHcaTopos (C1...C4);
Ha npasoud nvuueBown naHenwu:
- BbIlfPaBMpOBaHbl CXEMbl ANIEKTPUYECKMX CrIIaKMBaoWMX PUnb-
TPOB;
- pa3mMelleHbl BonbTMeTp PV2 n amnepmetp PA2, npegHasHa4veH-
Hble OJ151 U3BMEPEHNA NOCTOSAHHbBIX HANPSXXEHU N TOKOB Ha BbIXO4E WUC-
cnegyemblx cxem BbinpamMneHna. B gaHHon pabote BonbTmeTp PV2 13-
MepsieT cpegHee 3HadeHne BbiNpAMITIEHHOro HanpskeHns Uy 1 cpegHee
3Ha4veHue BbINPAMIIEHHOIO TOKa Ha BbIXOo4e UccreayemMblX CXeM Bbl-
NPAMIIEHUS.
- ycTaHoBrieH BblknodaTens CETb ansg nogadn nurarowlero
HaMpPs>XXeHUs1 Ha YCTaHOBKY;
- YCTaHOBNEHbI PErynaTopbl BENNYNHbI COMPOTUBMEHUS HArpy3Ku

Ru.reyso M Ru.TouHo-
Mpubopbl PV1, PA1 n PV2 nmeloT nepeknovaTenu pexmmva ms-

MEPEHNS ONA U3MEPEHUSA MEPEMEHHbIX U NMOCTOAHHbBIX HaMpsXeHUn n
TOKa.

[Mpepensl namepeHuns npudopos PV1, PA1 n PV2, PA2 nepe-
KNOYalTCca aBTOMaTUYECKNM B 3aBUCUMOCTU OT peXumma WU3MepeHus
«NepPEeMEHHbIN - MOCTOSAHHbIN» 1 TUNa NOAKNKYaeMOro cCMeHHoro 6roka.

ONEKTPOHHbIN ocuunnorpad - Ang CHATUSA ocuunnorpaMmm BbIXoa-
HOro HanpsKeHust nccrnegyemMbix BolnpsaMUTENeun.

NOPAAOK BbIMNMOJIHEHNA PABOTHI

1. WccneposaHne ogHoasHOW OOHOTAKTHOW OAHOMOSynepuosa-
HOWM CXEMbI BbINPSIMMEHNS.
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1.1. CobpaTb cxeMy Ans uccnegoBaHus oAHOGA3HOM OLHO-
TaKTHOW OHOMOSyNepmuogHON CXeMbI BbiNpaMeHnsa (puc. 4.);

1.2. Ha npaBon nuueBon naHesnn NoOBepPHYTb PYYKY perynatopa
Ru.1ouno MPOTMB YaCcoOBOW CTPESIKM O yrnopa, a pyyKy perynstopa
Ru.rryso MOCTaBUTL B MOMNOXEHUE «3»;

1.3. Moakntounte BXOL ocuunnorpada kK rHe3gam 6, 7 Ha nu-
LeBOW naHenu nynsTa. Bkntountsb ocumnnorpad.

1.4. lNpeacrtaBuTb CXeMy Ha NPOBEPKY NpenogasaTesito unn 3a-
Beayouemy nabopatopumen;

1.5. Ha npaBon nuueBouM nNaHenu BKIIHOYUTL BbIKMOYaTENb
CETb.

1.6. Ha neBou nvueBon naHenu HaxaTtb 3eSIEHYI0 KHOIMKY
OOHOPA3HAA CETb-BKIT;

1.7. C nomoulblo OpraHOB ynpasrieHus ocuunnorpadga nony-
YNTb Ha ero aKpaHe yCTon4YMBOe n3obpaxxeHne KpMBOW BbINPSIMIIEHHOIO
HaMpPsXXeHUs1 uccnegyemMomn CxXembl.

PV1 PAl

VD13

220B

O

Puc. 4. Cxema gnsa nccnenoBaHnsa ogHogasHoW 0O4HOTAKTHOM
OAHOMNOMYNepPMOaHON CXeMbI BbINPSMIEHNSA

1.8. 3aHecTn B Tabn. 1. nokasaHus npnoopos PV1, PA1 n PV2,
PA2.
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1.9. MNo ocuyunnorpamme BbIXOAHOIO HarpshKeHUst Ha aKpaHe
ocumnnorpada 3amMepuTb MakCUMasribHOE€ Ugmax U MUHMMAaNbHOE Ugmin
3Ha4YeHUS BbIMNPAMIIEHHOTO HaMNPsSPKEHUS B ManblX OeNIeHUAX LKasbl.
YMHOXUTb PasHOCTb Ugmax - Ugmin Ha MHOXWUTENb, MPOTUB KOTOPOro
yCTaHoBIeHa py4ka nepekntovatens «V/OEJ.» ocumnnorpada. cnonb-
3yq BblpaxeHus (17), (18) paccuntaTb BENIMYNHY MOCTOAHHOM COCTaBMA-
Iowen U amnMTygHoe 3HavyeHue nepBon rapMOHMKU NepeMeHHOW Co-
CTaBnAKLWEN BbINPSMIEHHOINO HanpsikeHus. Bblumcnutb no dopmyne
(19) koadbbmumneHT nynecaumn K; 1 3anucaTb B fIEBYH 4aCTb KOJIOHKK
Kn Tabn. 2.1,

1.10. UAcnonbaysa gaHHble n.n. 1.8 n 1.9, no dopmynam (10),
(11), (12), (43) paccuuTaTb 3Ha4YeHUsa KoappunumeHToB: Kcx, Kosp, Ks U
Kn n 3anucatb B Tabn. 1. 3HadeHne Ky 3anmcaTb B NpaByto YacTb KOJTOH-
kn K7 Tabn. 1. o doopmynam (26), .22), (23), (24) (25) paccunTaTb 1 3a-
nucaTb B Tabn. 1 3HayeHne Krp.

Tabnuua 1
CxeMma [TapameTpnl
BBIIPSIM- N3mepsitoTcst Breruucisitorest
jieaus "2 Ud IId U06p.m||VD Ud.max Ud.min Ud Ulm K. ch K06p K, KTp
» A B Al B A|B B B|B |%
B
000
AO0A
O 1(moc-
TOBAas)

1.11. 3apucoBaTb OCLMNIOrPamMMy BbIXOLHOIO HanpsiKeHus;

1.12. Ha neBon nuueson naHenn Ha)xkaTb KPacHYK KHOMKY
OOHO®PA3HAA CETb-BbIKIJT;

1.13. Ha npaBon nuueBon naHenu BbIKMHOYUTL BbIKNKOYaTENb
CETb;

1.14. PasobpaTtb cxemy.

2. WNccnepoBaHue OByxdasHOW OLHOTAKTHOWM ABYXMNOSiynepuoa-

HOM CXEeMbl BbINPSMIEHNS.
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2.1.Cobpatb cxemy Ons wuccnegoBaHust AByxdpasHoM OAHO-
TaKTHOW ABYXNOMyrNnepuoaHon cxemMbl BbinpsiMnieHus (puc. 5.);

2.2. Ha npaBoun nuueBon NaHenn NoBepPHYTb PYYKy perynatopa
Ru.1ouno MPOTMB YaCoOBOW CTPESIKM O yrnopa, a pyyKy perynstopa
Ru.rryso MOCTaBUTL B MOMNOXEHUE «3»;

2.3. Mogkniounte BXOL ocumnnorpada kK rHe3gam 6, 7 Ha nu-
LeBOW naHenu nynsTa. Bkntountsb ocumnnorpad.

2.4. NpegctaBuTb CXEMY Ha MPOBEPKY NpenogasaTtesno unn 3a-
Beayouemy nabopatopmen.

2.5. Ha npaBon nuueBOM NaHenu BKIHOYUTL BbIKIOYaTENb

CETb.
PV1 PAl
L )
VD13 PA2
4
220B
O

Puc. 5. Cxema ans unccnenoBaHusi AByxdasHon 0gHOTaKTHOM
OBYXMOSyrnepuogHON CXeMbl BbiNpSAMITIEHUSA

2.6. Ha neBon nuueBon naHenu HaxaTb 3eneHyt KHOMKY
OOAHO®PA3HAA CETb-BKIT,;

2.7. BeinonHuts n.n. 1.7...1.8.

2.8. o ocuunnorpammMme BbIXOOHOIO HarnpsikKeHUsi Ha 9KpaHe
ocuunnorpada 3ameputb MakCUMasibHOE Ugmax U MUHUMaNbHOE Ugmin
3Ha4YeHsA BbINPAMIIEHHOIO HarpsXKeHUst B MarnblX OeneHUax LKanbl.
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YMHOXUTb PasHOCTb Ugmax - Ugmin HA MHOXMUTENb, MNPOTMB KOTOPOro
yCTaHoBIieHa py4ka nepekntoyatens «V/OEJ.» ocumnnorpada. Vcnosnb-
3yq BblpaxeHus (32), (33) paccuntaTb BENIMYNHY MOCTOAHHOM COCTaBMNA-
IoWen U amnMTygHoe 3HavyeHue NepBoOn rapMOHMKU NepeMeHHOW Co-
CTaBNAKLEN BbINPAMNEHHOIO HaNpsXXeHna. Beluncnntb no dpopmyrne
(34) koadppmumeHT nynbcaunn Kp 1 3anucaTb B JIEBYK YaCTb KOJSTOHKU
Kn Tabn. 1.;
2.9. cnonb3ya aaHHble n.n. 2.7 n 2.8, no popmynam (10), (11),
(12), (43) paccumntaTtb 3Ha4yeHust KoaddnumeHToB: Kcx, Kosp, Ks U Kn 1
3anuncatb B Tabn. 1. 3HavyeHne Ky 3anncaTtb B NpaByt 4YacTb KONMOHKN K
Tabn. 1.

2.10. BoinonHutb n.n. 1.11...1.14.

3. WccneposaHne ogHoasHOM ABYXTaKTHOW ABYXMNonynepuoa-
HOW (MOCTOBOW) CXEMbl BbIMPAMIEHNA.

3.1. Cobpatb cxemy Onsa wmuccrenoBaHusi ogHodasHoOW OBYX-
TaKTHOW ABYXNOMYyNnepuogHom cxemMbl BbinpsimneHus (puc. 6.);

3.2. Ha npaBon nuueBon naHenm NoBepHYTb PYyYKy perynartopa

RH.ToyHo NPOTMB YacOBOW CTPENKN 40 ynopa, a pyyKy perynatopa
Ru.rpyso MOCTABUTL B MOSIOXKEHNE «3»;

3.3. Nogkntountb BXO[L ocumnnorpada k rHe3gam 6, 7 Ha nu-
LeBOW naHenu nynbTa. Bkntountb ocumnnorpad.

3.4. NpeacraBuTb CXeMy Ha NMPOBEPKY NpenogasaTternto unn 3a-
Beayouemy nabopaTtopmen.

3.5. Ha npaBou nuueBon naHenu BKAKYUTb BbIKOYaTENb
CETb.

3.6. Ha neBou nmueBon naHenu HaxaTb 3eSIEHYI0 KHOMKY
OOHOPA3HAA CETb-BKIT;

3.7. BoinonHutb n.n. 1.7...1.8.

3.8. o ocuunnorpammMme BbIXOOHOrO HanpsbkKeEHUs Ha JKpaHe
ocumnnorpada 3amMepuTb MakCUMasribHOE€ Ugmax U MUHMMAaNbHOE Ugmin
3Ha4YEeHUSA BbIMNPAMIIEHHOTO HaMNPsSPXKEHUS B ManblX OeNIeHUAX LKarsbl.
YMHOXUTb PasHOCTb Ugmax - Udgmin HA MHOXMUTENb, NPOTMB KOTOPOro
yCTaHoBIeHa py4vka nepekntovatens «V/OEJ.» ocumnnorpada. Ucnonb-
3yq BblpaxeHus (32), (33) paccuntaTb BENIMYNHY MOCTOAHHOM COCTaBNA-
Iowen U amnMTygHoe 3HavyeHue nepBoOn rapMOHMKU NepeMeHHOW Co-
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CTaBnAKLWEN BbINPSMIEHHOIrO HanpsbkeHus. Bblumcnutb no dopmyne
(34) koadhdumumeHT nynbcaumn K; n 3anucaTb B JIEBYH YacCTb KOJOHKM
Kn tabn. 1.;

3.9. Ucnonb3ysa gaHHble n.n. 3.7 n 3.8, no dopmynam (10), (11),
(12), (43) paccumntaTtb 3Ha4yeHuss KoadpdnumeHToB: Kcx, Kosp, Ks W Kn 1
3anuncatb B Tabn. 1. 3HavyeHne Ky 3anncaTtb B NpaByk 4acTb KONMOHKN K
Tabn. 1.

3.10. BoinonHuutb n.n. 1.11...1.14.

PVl PAl

) [ C (‘ -

VDI

Sl O | ¥ ¢

220B

Puc. 6. Cxema ans nccnenoBaHusi ogHogasHoOM OBYXTaKTHOM
ABYXNONynepuogHom (MOCTOBOW) CXeMbl BbINPSMIIEHUS

CooepxaHue oT4yeTa

1. CxeMbl 3neKkTpuyeckne npuHuMnuanbHble uccrneayembliX Bbl-
npamutenen (Puc. 1, a, 2, a, 3, a).

2. Tabnuua 2.1 ¢ pesynbTataMn USMEPEHUN N BbIYUCITEHUI, OC-
LMNorpaMmbl KpUBbLIX BbINPSMITEHHBIX HANPSXKEHUIA.

3. BbiBOAbI NO pesynbTaTtam nccnegoBaHun.

KOHTpONbHbLIE BOMPOCHI
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1. HayepTuUTb CTPYKTYPHYK CXemy BbINpAMUTENA U OOBACHUTH
Ha3Ha4YeHne arIeEMEHTOB CXEMBbI.

2. lNepeuncnnTb Nokasatenun KavyecTsa BbINMPAMUTENEN.

3. Knaccundmkauma seinpaMmmTenen.

4. MNoscHUTb BbipaxeHune: "OaHodasHbIN ABYXTAKTHbIA OBYXMOSY-
nepuogHbIN BbINPAMUTENDL".

5. Hayeptntb cxemy ogHOMA3HOro MOCTOBOrO BbINPAMUTENS W
0OBACHUTL ero pabory.

6. lNosacHnTb paboTy AByxdra3HOM OAHOTAKTHOW ABYXMOSynepmnoa-
HOW CXEMbl BbINPAMIIEHUS.

7. Yto HasbiBaeTca koadhduumeHToMm nynbcaumn? Cnocobbl ero
onpeaeneHna?

8. Onpegenutb KO3dMPUUNEHT O0BpPaTHOrO HanMpsXXeHUst B OQHO-
dpa3HOM OAHOTAKTHOM OA4HOMOJSTyNepUogHON CXeMe BbINPSAMIEHNSA, ecrnun
U, = 62,8 sin wt.

9. Kak namenuntca Uy B ogHOMasHOM MOCTOBOM CXeME BbINpsiMie-
HMA B cnyyae obpbiBa aHOAHOW LEenu OAHOro M3 BEHTUIEW KaTOLHOW
rpynnbl, ecnu u, = 31.4 sinwt ?

10. OnpenenuTb cpeaHee 3Ha4YeHue BbINMPAMIEHHOIO Hanpsixe-
HUSA N KO3 PULMEHT 0BpaTHOrO HaNpPsSXKeHNs B 0 AHOGa3HOM MOCTOBOM
BbINpsiMuTEne, ecnu u, = 15,7 sin wt.

11. Onpepenutb KoapPUUMEHT nysrbcaumn B ogHOda3HOM MO-
CTOBOM Bbinpsimutene, ecnu U,,, = 31,4 B.

12. MNpoBeante paHXUpOBaAHNE HUMXENPUBOAUMbBIX CXEM BbIMNPAM-
neHnsa rno KoagouumMeHTy nynbcaumi.

- AByxdasHas ogHOTaKTHada o4HOMNoNynepuoaHas;

- ogHohasHasa AByXTaKTHas ABYXNonynepuoaHas;

- AByxdha3Hasi o4HOTaKTHaa AByxnonynepnoaHas
AprymMeHTUpynuTe CBOU OLIEHKM.

13. lNpoBeauTe paHXMpoBaHWE HMKENPUBOAMMBIX CXEM BbINPAM-
neHns No KoadUUMEHTY 0B6paTHOro HaNPsHKEeHWUS:

- AByXx(pa3Hasi o4HOTaKTHada ogHonosiynepnogHas;

- oAHoha3Hasa AByXTaKTHas AByXnonynepuogHas;

- AByxda3Has ogHOTaKTHada AByXnosynepuogHas
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AprymeHTupymnTe CBOU OLIEHKM.
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