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1. TEOPETUYECKASA YACTb

[lpenmnonoxuM, dYTO  WMEETCS  AJIEKTPUYECKas  IeMb,  CojAepKaiiast
MOCJICIOBATEIBHOC  COCIUHCHHWE  MJCAIBbHBIX  3JeMEHTOB R (aKTHBHOE
COIPOTHUBJICHUE, WCATIbHBIN JMHEHHBIH pe3ucTop), L (umeanbHas MHIYKTHBHOCTD)
C (uneasbHass €MKOCTB), MPUIOKEHO cHHYycouaainbHoe Hanpspkerue U(t). Tlo mernm
IIPH ATOM MTOTECUYET MePEMEHHBIA CUHYCOMTATBHBIA TOK

i(t)= Iy sin( et +¢) L)
rac |(t )— MI'HOBCHHOC 3HAYCHHUC CHUHYCONAAJIbHOI'O IICPCMCHHOT'O TOKA, A,

| m— AMILUIUTYIHOE 3HAYEHHUE TOKA, A4,

- NHKJIAYecKas (KpyroBas) 4acTOTa CHHYCOHMIAIBHOTO IEPEMEHHOIO TOKa,
paorc;

t— Bpewms, c;

(,— HavaIbHasl (aza CHHYCOMIAJIbHOTO TOKa, paod.
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Puc. 1.1
B cootBeTcTBUU cO BTOpPBHIM 3akoHOM Kupxroga Moxkem 3amnucars:
U(t)=Ug(t)+U (1)+U(t), @)

rie U(t) — nepemennoe (cunyconaanbHoe) HampsykeHHeE, TPUIOKEHHOE KO
BXOJY JICKTPUYECKOU CXEMBI;

U,(t) — nepemennoe (cumyconmanbHOe) HampsiKeHHe, MPUIOKEHHOE K
aeMeHTY R (AKTUBHOMY CONPOTHUBIIEHUIO);
U L( t) —  mepeMeHHOe  (CHHYCOHMJANbHOE)
=L HAIpsOKEHUE, INIPUIOKEHHOE K HeadbHOMYy dieMeHTy L
o——
(MHIYKTUBHOCTb);
U.(t) —  nepemenHoe  (CHHycOMAAIBHOE)
Ur¢t)  []R ¢
HaIpsOKEHUE, MPHIOKEHHOE K uieanbHoMy sinementy C
(27IEKTPOEMKOCTB ).

O—
Puc. 1.2



Jnst nanpHEHIIMX PACCYX IACHUM pacCMOTPUM IO OTACIBHOCTU HJCaTbHbIC
anemMeHTsl R, L u C, BKIIOYEHHBIE B DJIEKTPUYECKYIO IIE€Nb CHHYCOUIAIBHOTO
nepemeHHoro Toka (1). Ilpu BKIIIOYEHHMHM aKTMBHOTO COMpPOTHUBICHHUS R B 1enb
NEPEMEHHOT0 TOKa cXeMa MpUoOpeTaeT BUJ, MPECTaBICHHBIN Ha puc. 1.2,

J171s1 3TOM CXeMbl, B COOTBETCTBUH C 3aKOHOM OMa MOXKEM 3aIucaTh:

Ur()=R-i(t) = R - I, sin(wt+ ¢,) . (3)

C npyroit CTOpOHBI, A CHHYCOHMJAIBHOTO TiepeMeHHoro Hampspkenus Ug(t),
NPUIIOKEHHOTO K UIealIbHOMY 3JIeMEHTY R cripaBenBo:

Ur(t) = Ugm - I, sin(wt + @y ), (4)
rne Urn — amMIumrynHoe 3HAuY€HHE TMEePEMEHHOTO0 CHHYCOHWAAIbHOTO
HaIpsOKEHUS Ha UeaTbHOM dJieMeHTe R;
(ur — HadasibHas (ha3a MepeMEHHOT0 HalpsKEHUs Ha 31eMeHTe R.
N3 popmyn (3) u (4) nomyunum
Urm =R - L. (5)

Pu.r = Pi (6)
N3 (6) cnemyer, u4To HadainbHas (a3za CHUHYCOMJAJIBLHOTO MEPEMEHHOIO
HanpspkeHus (4) Ha uaeabHOM AyleMeHTe R (aKTUBHOE CONPOTUBIICHHUE) COBIAAAET C
HavyaJIbHOU (pa30ii CHHYCOMAAIBLHOrO NepeMeHHOro Toka (1).
PaccmMoTpuM BKIIIOYEHHE WJ€ANbHOrO J3jieMeHTa L (MHIYKTUBHOCTH) B
AIIEKTPUYECKYIO IIETTh CHHYCOUIATBHOTO IEPEMEHHOT0 ToKa (puc. 1.3).

— | (1) CornacHo AIEKTPOMArHUTHOM WHIYKIINH, npu
O— MIPOXOXKJICHUN TIEPEMEHHOTO (MU JIFOO0TO M3MEHSIOMIETOCsS BO
BPEMEHH) 3JICKTPUYECKOTO TOKAa Yepe3 HMHAYKTUBHOCTH € s(t),
U(t) ?3 L  TOK dYepe3 WHIAYKTUBHOCTh OYIET MOACPKUBATHCS TpHU
YCIIOBHH:
C UL(t) = — ews(t). (7)
Puc. 1.3 [anee, Tak Kak
di(t)
eLs(t) =—1L P (8)
T0 coryacHo (7) u (1) MoxkeMm 3anucarh:
Lé
U(t) = “it] = L— [1,, sin(wt + @;)] = oLI,cos(wt + ¢;i)=

= wLlsin[wt + (p; + J;) 9)

C npyroil CTOpPOHBI, JJIsi CUHYCOMJAIBHOTO MEPEMEHHOIO HAIpPSIKEHHS Ha
UIeanbHOM djeMeHTe L:

UL(t) = Uy, sin(wt + @y ;) (10)
N3 cpaBuenus BeipaxkeHut (9) u (10) nonyuum
Upn = oLy, (11)



T
Pur=P:i T 3 (12)
3necb U, — aMIUIATYAHOE 3HAYEHHE CHHYCOMAAIBHOTO IEPEMEHHOTO
HANPSDKEHHsS. HA MIEANbHOM odnemeHte L, @y — HavanbHas (asa MepeMEHHOro
CHHYCOMIQIBHOTO HANPSDKEHNUS Ha HICATLHOM HHIYKTHBHOM dnemMenTe L.

B cootrBerctBum ¢ 3akoHoM Owma u3 (11) mnoiyduMm BbIpaKkeHHE IS
PEaKTUBHOTO UHAYKTUBHOTO CONPOTUBJICHUS X :

Um = oLl =X, X.= oL =2xfL, (13)
rae f—dgacToTa cMHYCOMIANBEHOTO TIEPEMEHHOTO TOKA.

Takum o6pa3oM, kak cruenyer u3 (12), cuHycowmaiabHOE TMEPEMEHHOE

HampsDKEHUE Ha WICaTbHOM HMHAYKTHBHOM OJJIEMEHTE omepexaeT Mo (asze Ha
T )
BEJTMYUHY, PaBHYIO —, CHHYCOHANBHBIH TIOTOK (1).

Pasuocthb (1)&13 MEXKIy TOKOM U HaIpsHKCHUEM COCTABIIACT:
T
A(DU,L_JFE . (14)

PaccMoTpuM BKJIFOUCHHE WHIAcANBbHOTO AneMeHTa C  (3JIEKTPOEMKOCTH) B
AIIEKTPUYECKYIO IIETTh CHHYCOUIATBHOTO IEPEMEHHOT0 ToKa (puc. 1.4).

JIns  HaxoXICHUS MPHIOKEHHOro K 3jeMeHTy C  CHHYCOMAaIbHOTO
nepemeHHoro HampspkeHust Uc(t) mnpu  nporekaHMM MO 1A €MKOCTH
CHHYCOUIAIBHOIO IepeMeHHOro Toka 1(t) Bocmomb3yemcs HM3BECTHOH M3 Kypca
¢u3uku hopmysoil s 3apsaa Ha KOHAEHCATOPE:

—{ q(t) =C - U(). (15)
O— C npyroi CTOPOHBI:
- __ dq(t)
Uty ==¢ (== (16)
s q(t) = [ i(t)dt. (17)
O—
Puc. 1.4 O6benunsist popmyibl (15-17) u (1) moxkeM nanee 3anucaTh
1 1t 1t .
U(t) = Eq(t] = Ejﬂ i(t)dt = Efo L. sin(fwt + @,)dt =
1 1 . T
= — Efm cos(wt+ ;) = ;Imsm [mt + (qpl- — 5)] (18)
s nepemennoro HanpsokeHust U(t) cnpaBeamuso
Uc(t) = Ugyp sin(mt + ‘Pu,c)- (19)
N3 cpaBuenust popmyan (18) u (19) nomyuum
Upm = =, (20)
Pvec= ¥ — g, (21)

rae Ugn — aMIummTyqHOE 3HaUYEHME CHHYCOUIAIBHOTO IEPEMEHHOIO HAMPSHKEHHS Ha
koHjaeHcarope C;

@yc - HadaibHasg (¢a3za MEPEeMEHHOI0 CUHYCOMJAIBHOIO HAmpsDKeHUs Ha
naeanbHoM diieMenTe C.



B coorBerctBun ¢ 3akoHOoM Owma u3 (20) nojgydyuM BBIpaKEHUE IS
PEaKTUBHOTO EMKOCTHOTO CONPOTUBACHUS X

1 1 1
Ucm =

21 =X, X, =+ = (22)

we W 2xf ¢
rac f —ygacrora CHHYCOHNJAJIBHOI'O IEPEMEHHOI'O TOKA.
Taxkum 06pasoM, Kak cCJIeayer wus (21), CHUHYCOMJAJIBHOC IICPEMCHHOC

HaIpsHKEHUE Ha WICAThHOM EMKOCTHOM JJIEMEHTE (Ha MIeaIbHON EMKOCTH) OTCTacT
T
1o ¢aze OT MPOTEKAIOIIETO CHHYCOUIATHHOTO TOKA Ha BEIMYUHY 5> T.¢. Pa3HOCT dba3

MEK/Ty TOKOM M HAIpsHKEHHEM COCTABIISIFOT
T
Apuc=— 7. (23)
PaccmoTpuM Temeph OOIIME Cilydail ¢ MOCIIe0BaTeIbHBIM BKJIFOUCHHEM BCEX
DJIEMEHTOB B IIEMb CHHYCOUJAJIBHOIrO IepeMeHHoro Toka ( cM. puc. 1.1). Jlis
Hanpspkenus U(t), Ha OCHOBAaHMHU BBINICU3TIOKCHHUX PACCYXKICHUH, MOXEM
3amucarb, MOJACTaBUB B (opmyiy (2) momydeHnbie BoipakeHus st Ug(t), UL(t) u

Uc(t). B pesynbrate monyunm
U(t) = Ur(t) + U (t) + U(t) =RI,, sin(mt + @u,n) +

+ a)L]msin(mt + @u,r_) + ifm sin(mt + quJ,:) (24)
WU U(t) = RI,,, sin(wt + @;) + wlLl,sin [mt + (qpl- + g)] +
1 . T
+—1I,, sin [mt + (qol- — ;)] (25)
Jst U(t) Mmoxkem 3amucathb
U(t) = U, sin(wt + @), (26)

rne U, — ammumTyaHoe 3HaueHHWE NPUIOKEHHOTO K IEMH TMOCICI0BATEIbHBIM
coenunenneM R, L u C cMHYCOMIAIBHOTO IEPEMEHHOTO HANIPSHKCHHUS;

@y - HadanbHas (a3a HANPSHKCHUS @y .

st mHaxoxxnenust (onpeneneHusi) Uy Bocmosib3yeMcsi BEKTOPHOM JuarpaMMon
JUTSL aMIUTUTYIHBIX 3HaYeHu#, BXoasmmx B (25) BenuuuH. Bexropnas auarpamma
IpeJCTaBIsieT co0ol M300pakeHUE Ha IUIOCKOCTH BPAIAIOIIMXCS C OJMHAKOBOM
KPYTrOBOM 4aCTOTOM ® BEKTOPOB aMIUIUTYA. [{J1s1 HAamero ciydasi 3T0 BEKTOPBI

Urm =R - Ip; U = 0Lly; Upyy = i‘{m . (27)

[To ocu abcuucc HanpaBum yrona ¢ = (). IlonoxxuTenbHOE HaAINpaBJIEHUE YTIJia
OTCUMTBIBAETCA OT ¢ = () MPOTHMB YacCOBOM CTPEJIKH NPU BPALECHHH BEKTOpA, a
BpAIllCHHE MO YacOBOW CTpPEIKE MPUHUMAETCS 3a OTPUUATEIbHOE 3HaueHue ¢. B
COOTBETCTBUU C 3TUM YI'OJI @ OTKJIAABIBAETCS OT ocH abcruce (Bekrop I,).

Kak Bumno m3 puc. 1.5, aus ammuryasl Uy, cHHYCOMIaIBHOTO HAIPSKEHUS,
MPUJIOKEHHOTO K DJJIEKTPUYECKOM LENM C TOCIEN0BATENbHBIM COCIUHEHHEM
anmeMenToB R, L u C, MoxeM 3amnmcarthb

1 2
UZ = U2, + Uy, — U )? = (RL)? + (mum— Efm) _

= RPIZ + (wL— i)z.t; (28)

we
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Puc. 1.5. BexropHast nuarpamMma Jijisi BEKTOPOB aMIUTUTYAHbIX 3HaueHud Ugm, U n 1
Ucm CHHYCOMJAIBHOTO HAIpsDKEHUsT Ha uaeanbHbIX djeMeHTax R, L u C npu
MOCJIEI0BATEIbHOM UX BKJIFOUEHUH B 1I€TTh CHHYCOUAAIBHOTO IEPEMEHHOTO TOKa



U, = JRE + (0L — =) L. (29)
B cootBetrcTBUU ¢ 3akoHOM OMma (29) nepenuiiercs B BUIE
U,= Z-1,. (30)
31ech BeInunHa
2
Z= JRE + (0L - 2) (31)

Ha3bIBACTCS MOJIHBIM COTPOTUBJICHUEM IociieaoBaTenbHoi RLC-1ieny.

HauaneHelid yroa ¢ (HauanpHyio ¢asy) Hanpsbkenus U(t), T.e. yrom Mexmy
cuHycouaaabHeiM TOKOM I(t) M cuHycommanbHbiM Hanpsbkenuem U(t), Taxoke
OTIPEJICITUM U3 BEKTOPHOM JHarpaMMBbl:

Upm— Ucm wL—"o
g¢ Unen 7 (
17001 @ = arctg [—w: ““’l. (33)

Kak Bumno u3 monydeHHoil ¢dopmynsl (33), HavanbHas ¢aza HaIpsHDKEHUS
(mosHOrO Hampspkenus) U(t) (2) mpu mociemnoBaTeIbHOM BKIIOYCHHH HICATBHBIX
anemeHnToB R, L um C (puc. 1.1) B sneKkTpuuUecKylO0 Ie€Nb CHHYCOHIAIHLHOTO
nepeMeHHoro Toka (1) 3aBUCHT OT OTHOIIEHUS peakTuBHOU (X = X — X¢) u
akTuBHOM (R) cocTaBsroIIei MoJIHOTO conpoTuBicHus (Z) nenu (puc. 1.5).

[Ipy mnocTpoeHWHM BEKTOPHBIX JUarpaMM Jis JJICKTPUYECKOM Ienu C
nocieAoBaTeabHbIM coequHeHrneM siemMeHToB R, L u C, HavanbHyio ¢azy @;

cunyconnaipHoro Toka i(t) (1) mpuaumMator paBHoi Hymo (@i = 0). B atom ciyuae
BEKTOpPHAs UarpaMma JUIs aMIIMTYAHBIX 3HaueHu HanpspkeHud Ha Ugm, U m 11 Ucny
cooTBeTcTBeHHO Ha oanemeHTax R, L u C, mnpencraBnennas Ha puc. 1.5,
BUJIOM3MEHUTCS U TipuMeT Buj (puc. 1.6).

L =3 Ik
I..-IH 'EIH I _':.:": HL_}:E
Utn— U= LP
=lAL=¥e ]In o Urn = RIn . )
E.
+
Uen = Heln ‘Ef’l MIF=l N - Mo [P =
(w "-P = QL= 0= [
F=RIZ
B

Puc. 1.6. BekTopHas quarpamMma HanpspKeHwi Uit mocienaoBarenbHoi RLC-enu (a)
Y COOTBETCTBYIOIIME JNAHHOM BEKTOPHOM AUArpamMMme TPEYTOJbHUK COIPOTUBIICHHUU
(6) 1 TpEYrOJIBHHUK MOIIIHOCTEH (8)



CpaBHenue (a3 TOKa U HANPSHKEHUH MO3BOJISIET CAENATh CIEIYIOIINE BHIBOIBI:
— B LICNIU C AKTUBHBIM CONPOTHUBICHUEM MOK U HAnpaicenue cognadarom 1o (pase,
T.€. yroa ¢ =0°;
— B LTI C HHIYKTUBHOCTBIO MOK omcmaem oT HanpsbkeHus Ha yrod 90 €
— B LIENU C EMKOCTBIO mMOK onepexcaem HanpsikeHue Ha yroi 90 °
JInst  COOTBETCTBYIOIIMX  YYacTKOB JJIEKTPHUUECKOW LENU  GEKMOpHble
ouazpammsl MoK08 i HanpA)3ceHuil NpeICTaBlIeHbl Ha puc. 1.7.

L
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Puc. 1.7. TpeyroibHUKH HAOPS>KEHUNA, COMPOTUBJIEHUN U MOLITHOCTEN

Kak BuaHO, Ha BEKTOPHBIX muarpamMmax (puc. 1.6) MOMXKHO BBIIEIUTH
NPSIMOYTOJIBHBIN TPEYTOJIbHUK HANpsOKeHWH. B 3aBUCMMOCTH OT COOTHOLICHHUS
MEX]y BETMUYMHAMH PEAKTHBHBIX CONMPOTUBICHUN X| U Xc BO3MOXHBI TPU PEKHMA
paboTHI AIEKTPUIECKUX IENEH CHHYCOUATBHOTO IEPEMEHHOTO TOKA:

a) Hanpsax)cenue UETU onepexcaem mok 1o ¢dasze Ha yrojl @ U LEMb B LEJIOM
UMEET AKMUBHO-UHOYKMUGHBLIL XAPAKTED;

0) Hanpascenue e omcmaem 110 pase om moka Ha yroi @ U LETb B IIEJIOM
UMEET AKMUBHO-EMKOCHHbLI XaPAKTED;

B) Hanpsxycenue i Mok cognadarom 1o (asze, Xxapakrep UenH B EJIOM YUCHO
akmuenulii. Takol pPEeXUM IIEH HA3BIBACTCS PE3OHAHCOM HARPAMCEHUNl, TIPH
kotopoM U, =Uc, X| = Xc. HacTpouTs 1ienb B pe30HAHC HAMPSIKEHUA MOKHO MYTEM
u3MeHeHuss X| wim Xc, T.€. U3MeHss BennunHy éMkoctu C, WHAYKTUBHOCTH L wiu

gactotel f (4acroTra, mpu KOTOpPOW HACTYyMaeT Pe30HaHC [ = 1/(27n@). IIpu
PC30HAHCE  HANPSDKCHUW  COMpOmueieHue uenu  MUHUMANbHO, A  HOK
MAKCUMATIbHBL.

[lenn 537eKTPOCHAOKEHUS B CTPOUTEIBLHOW OTpAciad dYalle BCEro HMEIOT
AKTUBHO-MHIYKTUBHBIM XapakTep, MO3TOMY Jajieeé PacCMOTPHUM COOTBETCTBYIOIIHE
TPEYTOJIbHUKH C MOJIOXKHUTEIBLHBIM YTJIOM (.

U [To Teopeme Iludaropa MOXHO YCTAaHOBUTH
=U,-Uc CBA3b MEXIY HROJHbIM HANPDHKEHHEM LCNU U
0 HampsDKEHUSIMU Ha €€ OTACIbHBIX yYacTKax:
Ur _ 2 2
U= \/UR + (UL - Uc) : (34)

Ecnu pasnenuTh CTOPOHBI TPEYTroOJbHUKA HAIpSHKEHUH Ha TOK (B LENU C
MOCJIEIOBATEIbHBIM COCTUHEHUEM 3JIEMEHTOB TOK OJMHAKOB BO BCEX YYacCTKax), TO
(B cooTBeTCTBUM € 3aKOHOM OMa) MOJYyYUM TPEYTOJIbHUK COMPOTUBICHUH.



3mece X = (XL — X¢) — peakTUBHOE

z CONPOTHBIEHUE 1emd, a Z —  IIOJHOE
XXe conpoTuBieHUE LEH:
®
> 2 2
R Z =R+ (x_—Xc)? . (35)

[TomyyeHHOE  ypaBHEHHE YCTaHABIWMBAaCT CBA3b MEXKY  Pa3IMYHBIMHU
COTIPOTUBJICHUSIMH TICTIH.

Jlalee yMHOXHB CTOPOHBI TPEYTOJbHHKA HAMPSHKCHUH Ha TOK IMOJIYYHM
TPEYTOJBHUK MOITHOCTEH co cTopoHamu P, S u Q.

3necb P=Ur|l — axmuenaa mouinocms, KOTOpas

S BBIJICISIETCA HA AKTUBHBIX CONPOTUBIEHUAX Henu. OHa

Q cCBs3aHa c HEOOpaTUMBIMU npeo0pa3zoBaHUAMHU

¢ AIEKTPUUECKON SHEPTHUH, TO €CTh C COBEPIICHUEM PaOOThHI

P (mONe3HOM) B 3JIEKTPOYCTAHOBKE. AKTHBHAs MOIIHOCTb
u3MepsieTcs B gammax [Br].

Q=U4l — peaktuBHas wmomHOCTE. CBsi3aHa B DJIEKTPOYCTAHOBKAX C
COBEpIICHUEM OOpaTUMBIX NPEOOpa30BaHUN HSHEPTHM, IMOJE3HOM pabdOThl OHA HE
coBepuiaeT. B a5ekTpoycTaHOBKax 3aTpadynBaeTcs Ha co3fanue sekTpudeckux (C) u
MarHuTHbIX (L) moseil. PeakTMBHasT MOIIMHOCTh U3MEPSIETCS  60bM-AMNEPax
peaxkmuenvix [Bap|. PeakTuBHAs MOIIHOCTh OKAa3bIBAE€T CYLICCTBCHHOE BJIMSHHUE Ha
pexuM paboThI dNekTpuyeckon nenu. Lupkynupys mo mpoojam TpaHchopMaTopoB,
TE€HEepATOpOB, ABUrATENIEH, JIMHUM JIIEKTpollepenad, oHa HarpesBaer ux. [loatomy
pacyeT NpoBOAOB U APYTUX AJIEMEHTOB YCTPOMCTB MEPEMEHHOTO TOKA MPOU3BOISAT U3
MOJTHOW MOIIIHOCTH, KOTOPasi YYUTHIBAET aKTUBHYIO U PEAKTUBHYIO MOIIHOCTH.

Bennunna S=Ul — mnosiHas MOIIHOCTh, U3MEPSETCS B goibm-amnepax [BA].
N3 TpeyrosibHMKa MOLIHOCTEN ONIPEAETUM HOAHYI0 MOUIHOCHLD.

S=.PP+0*. (36)
N3 TpeyrosibHuKa MOITHOCTEN MOMKHO 3aIUCATh!
P =Scosep=Ul coso, (37)
OTKyJa
P
COsp = 5 (38)

MHuoxuTenb COS@ Has3bIBaeTCs KoIppuuyuenmom mouwinocmu. Kodpduiment
MOIIHOCTH — 3TO OTHOIIIEHHE AKTUBHOM MOITHOCTH K MOJIHOM. OH MOKa3bIBaeT, Kakas
4acTh OT TIOJHOM MOIIHOCTH, MOTPeOIsIEeMOl AIEKTPOYCTAHOBKOM U3 CETH,
3aTpayMBaeTCs Ha COBEpUICHHE IMO0Je3HOM  paboThl. OUYEeBUAHO, YEM BBIIIE
ko3 duimeHT MomHocTH, TeM 3(ddekTuBHEee MpeoOpa3oBaHUE JHEPrUu B
aNeKTpoycTaHoBKe. Hanmyuiee 3HaueHue COS@=1, B 3TOM ciiydae BCsl HOTPeOICHHAS
U3 CETH PHEPTHUs 3aTpauuBaeTCs Ha COBEPIICHHE MOJIE3HON pabOTHI.

W3 mnpuBEIEHHBIX COOTHOILIEHUH MOXHO BBIPA3UTh TOK, MOTPEOIsIeMbIi
ANEKTPOYCTAaHOBKOM U3 CETH:




P

| =—
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W3 BbIpaskeHUs CIEIyeT, YTO YeM HIDKE COS@, TeM OOJIbLINI TOK MOTpeOIisieT
OHa M3 CETH Ha COBEpIICHHE TOM ke camoil paboThl. Ha mpaktuke mpomyckHas
CIIOCOOHOCTH JIMHUM 3ekTponepenau (JI3II) orpaHnnyeHa, MO3TOMY CHUXKEHUE COSQ
ANEKTPONPUEMHUKOB BEJET K IMOBBIIIEHHOW 3arpy3Ke HUX TOKOM, M elie OoJblie
OrpaHUYMBAET UX MPOMYCKHYIO CHOCOOHOCTb.

2. MOATrOTOBKA K DKCIIEPUMEHTAJIBHOM YACTH

2.1. Kparkoe onucanue yueoHO-J1a00paTOPHOT0 000PY10BaAHUS

Kommiekt ydeOHO-1abopaTtopHOTr0 00OpYAOBaHUS «JNEKTPUUECKHUE IICTIH
MpeaHa3HayeH IS MPOBENEHUs  JIA0OPATOPHO-MIPAKTUYECKUX  3aHSATHUH 110
JTUCIUIUIMHE «DJIEKTPUYECKHE IENn», O0eCleYnBaeT W3Y4YEHUE U MCCIEIOBaHUs
AIEKTPUYECKUX IIeNeil TMOCTOSHHOTO U TEPEMEHHOI0 TOKa, TpexX(asHbIX Ienei,
MEPEXOIHBIX TMPOILIECCOB B JIMHEHHBIX SJEKTPUUECKUX ILEMAX, MOJIYIPOBOIHUKOBBIX
MPpUOOPOB, BRIMPSIMUTENEH U CIIIAKUBAIOMINX (PUIBTPOB.

JlaGopatopHbIil  CTeHA  TpeAcTaBisieT CcoOOW  u3Jenue  HAcTOJIHLHOTO
MOJTyJIBHOTO UCIIOJTHEHUSI.

O06opynoBaHHe MOXKET TPUMEHSTHCS JJIsI 00ydeHHs B 0011e00pa30BaTEIbHBIX
VUPESKICHUSIK,  YUPEKICHUAX  HAYAIBHOTO  MPOQPECCUOHAIBHOIO,  CPEIHEro
MPO(ECCHOHAIBHOTO U BBICIIEr0 Npo(hecCHOHAIBLHOT0 00pa30BaHus ISl TOJTyUYECHHUS
0a30BbIX W YIIyOJIEHHBIX MPO(ECCHOHATBHBIX 3HAHWM M HABBIKOB IO JUCIUIUIMHE
«INeKTpuUecKue uenu». Takke 00OpyJAOBaHHE MOXKET OBITh HCIOIB30BAHO Ha
CEMUHapax U Kypcax MOBBIINICHUS KBATU(PUKAIMH JIEKTPOTEXHUUYECKOTO MepcoHaa,
MPEANPUATAN U OPTaHU3ALUH.

2.2. OCHOBHBbIE TEXHMYECKHUE XaPAKTEPUCTUKU KOMILIEKTA 000PY10BaAHUS

ITapametp 3HauCHUE
DIIEKTPONUTaHUE:
- 0T 0JfHO(a3HON CETH TIEPEMEHHOTO TOKa ¢ pab0YMM HYJIEBBIM U
3alIUTHBIM IPOBOIHUKaMHU, B 230
- yaCcTOTa IMUTAIoNeh cetu, 11 50
[ToTpebnsiemas montHOCTh, BA (HE OoJee) 500
Hcnonnenue CTEHI0OBOE
I"abapurthbie pazmepsl (Ix1IxB), mm 930x800x1650
Bec, He 6oxee, xr 30
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2.3. [lepeyeHb KOMIJIEKTA 000PY/10BAHUS

II.II1.

HanmenoBanue 060py1oBaHus

JlabopaTopHble MOJIyJIM KOMILIEKTa Y4eOHO-1a00paTOPHOTO
000pyoBaHusA ‘“INEKTPUUECKHUE e

Koim-Bo,
IIT.

2

O yHKIMOHAJIBHBIN T'€HEPATOP

NcTouHnK muTaHus

N3mepuTenbHbie MpUOOPHI

ABTtoTpanchopmaTop

MynpTUMETpHI

Henunerinbie aemMeHTsl. PEaKTUBHBIE 2JIEMEHTBHI.
ConpotusiieHus 106aBOYHbIE (COBMEIICHHBIN)

S

I[I/IOIH)I, PE3UCTOPLI, KOHACHCATOPLI

Tpancdopmarop ogHOPa3HbII

OoN| O OB |WN|IF|-

Cron mabopaTOpHBIN

[HEN
o

Pama nByxypoBHEBas AByXpsiaHas

e L L

[EEN
|

KoMIuiekT coeIMHUTENbHBIX TIPOBOJIOB U CUJIOBBIX Kalemnen

[EEN
N

CBGTO)_II/IOI[HEUI BBIBCCKA C Ha3BaHUCM CTCHA

2.4. O01mii BUJ KOMILJIEKTa 000Py10BAHUS

Puc. 2.1. O6mmit Bua 1abopaToOpHOTO CTEHAA
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Bun nepenHux nmaHened MOAYJEH, MCHOJIB3YEMBIX IIPU  IPOBEICHUU
1a60paTOPHBIX PabOT MO Kypey «IEKTpUUECKHE e, T0Ka3aH Ha puc. 2.2a-2.2B.

Puc 2.2a. CmeHHbIe MOYIH CTEHAA
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Puc.2.26. CMeHHBIC MOTYIIH CTCH 1A

Puc.2.28. CMeHHbIE MOAYJIU CTEH/A
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3. ABMEPEHUSA C IOMOUbIO MYJIIBbTUMETPA

Jlist usMepenus TpEX 0a30BBIX AIEKTPUUECKUX BEIMYMH (TOKA, HAMPSHKEHUS U
OMHYECKOTO COMPOTHUBIICHUS) HCIIOJIB3YETCS MYJIbTUMETP. MynbTUMETpP SBISETCS
OCHOBHBIM U3MEPUTEILHBIM HHCTPYMEHTOM B C1a0OTOYHBIX CUCTEMAaX.

Mynbtumetp (puc.3.1), B 0011eM ciayyae, UMEET CIETYIONINE PEKUMBI:

N3MepeHne nepeMeHHOTO HaNpsKEeHUs, Ipeaessl n3mepenui 10 600 B u 1o
200 B;

['enepaTop NpsAMOYTroJIbHBIX UMITYJIbCOB;

N3Mmepenue cuiibl TOKa JjIsl TOCTOSTHHOTO HAMPSKCHUS;

N3mepenune noctossHHOTO TokKa 70 10 A;

IIpoBepka TpaH3UCTOPOB;

[Ipo3BOHKA [71s1 ONIpEAEIICHHs LIETIOCTHOCTU KaOes;

Nsmepenue conporusnenus: npenaeiisl usmepenui 200 Om, 2000 Owm, 20 kOwm,
200 xkOmM, 2000 kOwm;

N3Mepenne nocToSHHOTO HanpskeHus . npeaensl n3mepenui 200 mB, 2000
MB, 20 B, 200 B, 600 B.

3.1. O0mue NpuHIMIBLI pa60THI ¢ MyJIbTUMETPOM

3.1.1. IlepexnroyeHUss MEXKIY PeKUMaMHU pabOThl MyJIbTUMETPA MPOU3BOJIATCS

C TMOMOIBI0 MOBOPOTHOTO mnepekitoyarens (puc.3.2). Ilo okoHuaHHIO H3MEpeHU
HE0OX0JMMO YCTAaHOBHUTH Iepekitouarens B nojoxenne OFF, nis npenoTBpaleHus
paspsiia 6arapeu.

3.1.2. He xacaTbCsi OTOJICHHOM YacTH IIYTOB TPH pad0Te ¢ MyJIbTUMETPOM, T.K.

MMOMUMO BO3MOKHOCTH MOPAKEHUS IEKTPUUECKUM TOKOM BO3PACTAET MOTPEIIHOCTD
U3MEPEHNN.
{ N\ |
: 1]
-/955
“2“-\\.. ) B
q D
q >
< ;',i
4 i
q D
6 ] ;,i
T
q D
i >
B .
. J
Puc. 3.1. JInneBas na"ens MyJIbTUMETPA Puc. 3.2. Ilepexmntouarenb peKuMOB

U3MEpPEHUs MyJIbTUMETPA
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3.1.3. Ilepen nauamom pabOTBI C MYJBTUMETPOM HEOOXOAWMO MPaBUIBHO
BBICTABIISITH MTPEJIeIbl U3MepeHni. UeM OMrKe K H3MepsieMOMY 3HAYCHUIO BBICTABIICH
mpenen, TeM TouHee Oyaer pe3ynbTar. Ecim ke mpuMepHOe 3HaYeHUE H3MEpsIeMOi
BEJIMYMHBI 3apaHee HE HM3BECTHO, TO CTOUT HAYMHATh M3MEPECHUS C MAaKCHMAIBHO
BO3MOJXKHOTO TIpejiena usmepenuid. [losiBnenne Ha aucruiee yughpot «1» yka3piBaeT Ha
TO, UTO CIIC/IYET Y8eIUYUMb OUANA3OH UIMEPEHUII.

Ha puc. 3.1 ycioBHbIe 0003HaueHUsI 0003HAYAIOT COOTBETCTBEHHO:

1 — nucnneit; 2 — BBIKJIIOYATENb MUTAaHUS; 3 — THE300 Uil MPOBEPKHU
TPaH3UCTOPOB; 4 — MEpPEKIIoYaTellb PEKHUMOB; 5 — pa3beéM I NOAKIIOYECHUS
TepMomnapsel; 6 — pa3bEM ISl HOAKIIOYEHHS] KOHJIEHCATOpa; 7 — BXOJbI JJI U3MEPEHHUS
TOKA, HAIIPS)KEHUsI, COTIPOTUBIICHUS.

Buumanue! Ecnyu monoxeHue NEPEKIIOYATENS] PEKUMOB He UBMEHAIOM 6
meyenue 10 munym, MyIbTUMETD aemomamuuecku eviKatovaemca. Jid
MIPOJIOJKEHUS PA00ThI HEOOXO0IMMO JABAXKIbI HAXKAaTh KHOTKY 2 (puc.3.1).

10 A mA COM

©©©O

Puc. 3.3. I3mepurenbHbie BXObI MYJIBTUMETPA:
10 A - Bxox s usmeperust Toka a0 10 A; mA - Bxon g usmepenus toka g0 200
MA; COM - obmmit Bxox (3emisi); VQ - BXoa il U3MEPEHUs HANPSKEHUS H
CONIPOTHUBIICHUS

3.2. IIpoBeneHne u3MepeHii ¢ MOMOIIbLIO MYJIbTHMETPA
3.2.1. U3mepeHue cuiIbl TOKA ¢ MOMOIILIO MYJIbTUMETPA

Jlyis u3mMepeHus CriIbl TOKa HEOOXOMMO KPACHBIN Iy MOAKIIOYHTH KO BXOMY
«10A», uepubiii — ko Bxomy «COMpy. Eciu Bbl yBepeHbl, 4TO B I TEYET
HeOompmas cuia Toka (1o 200 MA), TO MOYKHO YCTAHOBUTBH IIYIT BO BXOJ «MA.
[TonkmtoueHue MyJnbTHUMETpa B pPEXKUME amIepMmMeTpa B Ienb HE00X0JuMO
MIPOU3BOJIUTH MOCIIEIOBATENIBHO (B PA3pPhIB LIETH).

3.2.2. I3mepeHue HANPSIZKEHUSI ¢ MOMOIIBLIO MYJIbLTUMETPA

JUist u3MepeHusi HanpsKEeHUsT HEOOXOAMMO KpacHBbIM IIyH MOJIKIIOYHUTH KO
Bxoay «VQ», yepHslil — ko Bxony « COMy. [loakntoueHne MyabTUMETPA B PEXKUME
BOJIbTMETPA B LIEb HEOOXOIMMO MPOU3BOJIUTH MAPaIIIEIBHO.

3.2.3. U3mepeHue cONPOTUBJIEHHS C MOMOIILIO MYJIbTUMETPA

Jlyis u3MepeHus dIEKTPUUECKOTO COMPOTHBIICHUS yJ9acTKa IENH HEOOXOIMMO
KpacCHbIM WIyNn MOJAKIOYUTE K Bxoay «VQ», depHbli — ko Bxoay «COMy.
YCTaHOBUB TEepeKIoYaTelb B  COOTBETCTBYIOLIEE TIOJOXKEHHWE IPOU3BECTH
U3MEpEeHUe, MYJIbTUMETP NPU ITOM MOJAKIIOYAETCS MapajuleJbHO YYacTKy IICTIH.
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HeoOxoaumMo mOMHUTB, YTO B M3MEPSEMOM YYacCTKE IENMU HE JOJDKEH MPOTEKaTh
ANEKTPUUECKUHN TOK, UHAYE MYJIbTUMETP BBIUIET U3 CTPOS.

«IIpo3BOHKa» C MOMOIIBIO MYJIBTUMETPA. Y CTAHOBUTh MYJIBTUMETP B PEXKUM
MPO3BOHKU, KPAacHBIA IIyN MOJKIIOUUTE KO BXoAy «VE», 4YepHBII — KO BXOIy
«COM»y. Jlng npoBepku pabOTOCTIOCOOHOCTH TAHHOTO peXrUMa 3aMKHYTH JiBa IIyIia
Mexay coboil. Ilpu 3TOM MynbTUMETp H3JACT 3BYKOBOM CHUTH&JI M TMOKaXeT
COMPOTHUBJICHUE, OJM3KOE K HYJI0. 3BYKOBOM CHUTHAJI MYJIBTUMETP H3AAET MpU
COTIPOTUBIICHUH TpoBepseMoro ydactka menu g0 80 Owm. Jlns npo3BoHKH
HEOOXOAMMO TOJKIIOYHTH IIYMbl K Pa3HbIM KOHIIAM IICTIH, €CIM OOpbhIBa HET, TO
MYJIBTEMETP U3AaCT 3BYKOBOW CUTHAJ MJIM MIOKAKET CONPOTUBIICHHUE.

J1o IOKITFOUEeHHSI MYJIBTUMETPA K U3MEPSICMOM TIeNH HEOOXOAMMO BBITIOJTHUTH
CJIEIYIOLUE OTIEPALINH:

. YCTaHOBUTH PO TOKA (ITOCTOSTHHBIN/TICPEMCHHBIN );
. BBIOpATH TMATIa30H U3MEPEHUM U3MEPSIEMOU BEIMUMHBI;
. MPABWIBHO MOJCOEANHUTD 3aKUMbI MYJIbTUMETPA K U3MEPAEMOMY

YYaCTKY JJIEKTPUYECKOU IIEITH.

Ha puc.3.4. nmokazaHo NOAKJIIOYEHHE MYJIbTUMETpPa (KaK BOJBTMETpPA) IS
WU3MEpPEHUS HaNpsDKeHMS (a), MyJIbTUMETpa (Kak aMIepMeTpa) A1 U3MEpPEHUsS TOKa
(6), mynpTHMETpa (KaKk OMMETpA) JIsi U3MEPEHUSI OMUYECKOTO CONPOTUBIICHUS (B).

Puc. 3.4. ITonknroyeHUss MyJIbTUMETPA B U3MEPSIEMYIO LIETh B KAYECTBE:
a — BOJbTMETpA, O — aMIepMeTpa, B — OMMeTpa
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4. JKCIIEPUMEHTAJIBHASA YACTb
eab padoThI:

1. IIpuoOpereHre HaBBIKOB COOPKU MPOCTBIX AIEKTPUUYECKUX LIETIEH, U3MEPEHHE
HaNpsHKEHU Ha OTAENbHBIX Y4acTKaxX LEMH.

2. V3yueHue CBOWCTB LieNell MpU MOCIEN0BATEIbHOM COCAUHEHMHU AKTUBHBIX U
PEaKTUBHBIX 3JIEMEHTOB.

3. O3HaKOMUTBCS C MOHATUSIMHM MIHOBEHHOH aKTHBHOW, PEaKTHBHOM M IOJIHOM
MOIIIHOCTH, a TaKke KO3 (OUIIMEHTOM MOIIHOCTH CHHYCOUIAIBHOTO TOKA.

4. 3HaKOMCTBO C SIBJIEHUEM PE30HAHCA HANPSKEHUN.

5. TlocTpoeHue BEKTOPHBIX JUATPAMM.

4.1. IlopsaoK BbINOJHEHUS] padOThI

1. U3yuutk rnaBy «Onucanue 000py10BaHU.

2. VI3yunTh TEOpEeTUYECKHME OCHOBBI IO MaTepuagaM JIEeKIUH, KpaTKou
TEOPETUUECKON 4YacTu J1a00paTOpHOM pabOThl WM MEPEUYHIO PEKOMEHJIO0BAHHOM
[IPENOJABATEIEM JIUTEPATYPHI.

3. Y0eauTbcsl, UTO BBIKIIOYATEIh MOAYJIEH CTEHJAa HaXOJUTCS B MOJOXKEHUU
«BBIKJI»;

4. Tlo yka3zaHHIO TIpenojaBarenss BbIOpaTh MOAYIM JJSl  BBIIOJHEHUS
TEKyIlero 3aaanusd. PaccraButh Mx Ha 1a0OpaTOpHOM CTOMKE TakK, YyTOOBI ObLIO
yIOOHO TPOBOAUTH HKCIEPUMEHT. [loArOTOBUTH COEOUHUTENBHBIE MPOBOAA
(mIepeMBbIUKH ), BXOISIINE B KOMIUIEKT MTOCTABKHU.

5. Hoaxmrounts Moynu K cetu -220B 501.

6. CoeqMHUTh MOIYJTU COTJACHO MPUHIUIHAIBHON JIEKTPUUYECKON CcXeMe
I CXEME COCIUHCHUM.

/. IIpoBecTu IKCIIEPUMEHT.

8. OtkmrounTh MOy M OT ceTH -220B 500,

9. CocraBuTh OTUET 110 JTa0OpPATOPHOU padoTe.

4.2. Tlopsinok nmpoBeleHUsI IKCIIEPUMEHTA

B pabote nucnonb3yrorcs:
Monymu:  «Uctounmk  muTaHus», «CONpOTUBICHHUS  JTOOABOYHBIEY,
MynbetumeTpbi», «3MepurensHbie TpUuOOpPH.

1. V3yuuts rnaBy «Onucanue 000pyI0BaHUD.

2. 3yunTh TEOpeTHYECKHE OCHOBBI MO MaTephajiaM JIEKIUH, KpaTKOu
TEOPETUYECKOM  4acTh  JabopatopHOW  pabOTBl WM TEPEUHIO
PEKOMEHAOBAHHOM MTPENOAABATENIEM JIMTEPATYPBI.

3. B coorBerctBuM ¢ mnpuBeaéHHou cxemou (puc. 4.1) coOpatb
AJEKTPUUYECKYIO II€Mb. Y CTAaHOBUTh B COOTBETCTBHU C BapuUaHTOM (TaOJl.
4.1) 3HaYeHUs COMPOTHUBJICHUS KATYIIKM HHIYKTUBHOCTU Ly C yderom
BHYTPEHHETO AaKTUBHOTO CONPOTHUBJIEHUS KaTylmKu Ry, aKTHUBHOTO
conportuBieHusi R u eMkocTh kKoHsieHcaTopa C.
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Puc. 4.1. ViccnegoBanue 3J€KTPUUECKON IENMU CUHYCOUAILHOTO MEPEMEHHOTO TOKa
C TIOCTEIOBATEIbLHBIM COCIMHEHHEM DJJEMEHTOB: Lk — HMHIYKTUBHOCTH KaTYIIKH
MHAYKTUBHOCTH, C — »dIeKTpuueckas EMKOCTh KOHJEHcaTopa; Ryx — aKTHBHOE
CONPOTHUBJICHUE KATYIIKH WHIYKTUBHOCTH; R — akKTHMBHOE CONMPOTHBIIEHHUE HArpy3KH
(pe3uctop); Ry — TOKOOrpaHUYUTEILHOE COIPOTURIICHUE B AJICKTPUUCCKOM I1enn

Tabmuma 4.1
N N3mepeno
omerral Rio | L | C, [LLMA] Ug, B[U,B[Uc, Bl U,BP, [Q, [S, [cosp
Om | MI'H | Mx® Br |Bap | BA
1
2
3
4
Tabmuma 4.2
Cxema N3mepeno Brruucneno
U B LA Ug, B U, B| Ug B P, Bt | cosg Q
Zk, R
R, Xc¢
R11 LK; XCl

4. TlopcoenuHuTh  MapaJJIeNbHO  KOHAEHcatopy C  JONOJHUTENbHBIN
IPOBOJHUK (MCKIIIOUMB 3TUM KOHJIEHCAaTop U3 1enu). [IpeabsBuTh cxemy
IUISl TPOBEPKH MPENOAABATEIO.

5. BxirounTh nuTaHue MOAYJEH CTEHJAa U MPOU3BECTH U3MEPEHUS YKA3aAHHBIX
B Tabn. 4.2. BeIMYMH B IENU C TOCJIEI0BATEIbHBIM COEIUHEHUEM
pesuctopa R u karymku Lk. [lepen mamepenueM HamnpspKeHHsI IEPEBECTH
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WU3MEpPUTEITh HAIMPSKEHUSI B PEKUM H3MEPEHUS MIEPEMEHHOTO HAIPSKEHUS
«~». Pe3ynbraThl u3MepeHuii 3aHecT B Ta0I. 4.2.

BBIKIIIOUUTh ~ AJIEKTPONUTAHUE  MOMAYJIEH  CTEeHJa,  IMOJCOCJAUHHTD
napajielbHO KaTylike Ly TOMOJHUTEIbHBIN MTPOBOJHUK (MCKIIOYUB 3TUM
KaTymky u3 uenu). [lpeabsaButh cxeMy ajisi IPOBEPKH MPErogaBaTeNio.

BKJIIOUNTH 3JIEKTPONUTAHUE MOMAYJIEH CTEHJAa W IPOU3BECTH H3MEPEHUS,
yKa3aHHBIX B Tabn. 4.2, BeMWYMH JUId I[EeNd C MOCJeI0BaTEIbHBIM
coequHeHueM pesucrtopa R u xoHgeHcatopa Xc. Pe3ynbrarsl uaMmepeHuit
3aHecTd B TaOn. 4.2. BBIKIIOYUTH 3JIEKTPONUTAHHE MOMAYJIEH CTEH[a,
yOpaTh JOMOTHUTEIHHBINA TPOBOTHUK.

B nienu ¢ nociienoBarenbHbIM coeiMHEHUEM pe3ucTtopa R, karymku Lg u
KoHJieHcaTopa C, U3MEHsA BEIMYMHY €MKOCTH KoHjaeHcaTtopa C ¢
MOMOIIBI0 TAJIETHOTO MEPEKIIoYaTesis MOJYJS PEaKTHUBHBIX 3JIEMEHTOB,
NOOUTHCSI HaWOOJIBIIETO TOKa3aHUsl aMIepMeTpa, TO €CTh OOECIEUHTh
COCTOSIHUE IIenH, OJM3Koe K PE30HAHCY HamnpsoKeHuid. Pesynbrarsl
U3MEpEHUH 3aHeCTH B TabII. 4.2.

JIist ey ¢ IOoCaeA0BaTebHBIM COeTMHEHHEM Tpex 3ieMeHnToB (R, Lk, C€)
10 pe3yJibTaTaM H3MEPCHHH OIPEICINTh ITOJHYIO MOIIHOCTh IIEMH S U
OTJIENIbHBIX y4acTKOB P, Q, a Takxke mojHoe Z, akTuBHOE R 1 peakTuBHOE X
COTNIPOTUBIJICHUS BCeil 1ienu. Pe3ynbraTel pacuera 3anectu B Tabi. 4.3.

Tadomuma 4.3

Ne
OIBITA

Brraucneno
MoiHocTH ConpoTtusieHus Koad.
MOILIHOCTH
Qu,Bap | Qc,Bap | Pg,Bt | S,BA | R,Om | X,0Om | Z, Om cosQ

AIWINF

10.
11.

12.

13.

14,

CpaBHI/ITB BBIYHUCJICHHBIC 1 U3SMCPCHHBIC MOIITHOCTH.

[To pesympraTam H3MEPEHUM [UISI HUCCIEHOBAHHBIX IIEMEN BBIYUCIIUATH
3HaueHue Kod(PUIMeHTa MOIIIHOCTH coSQ 1 yria caBura ¢as.

[TocTpouTs B COOTBETCTBYIOIIEM MacHiTabe BEKTOPHBIC JIHATrPaAMMBI
HaIpPsHKEHUH, COMTPOTUBIICHUA U MOIITHOCTEN U OOBSICHUTH UX PA3JTHUUE.

OOBSICHUTH BIMSIHUE BEIMYMHBI EMKOCTH KOHJIEHCATOPA HA PEKUM pabOTHI
HCCIIEYEMOM DIIEKTPUUECKOU LEIIH.

Crenath BBIBOJI O IPHMEHEHUH BTOPOTO 3akoHa Kupxroda
Zk:Ek :Zli 'Ri :ZI:Ui

B QJICKTPHUYCCKUX LCIIAX CUHYCOUAAIbHOI'O IICPECMCHHOTO TOKA.
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4.3. IlpaBuiaa opopMieHHs1 0TUETA 1O J1aGOpaTOPHON padoTe

JlaGoparopHass pabora mpeAcTaBiIseT CcoOOM HEOONbIIOE, HO BIIOJHE
3aKOHYEHHOE ydeOHOe HayuyHoe wuccliegoBanue. OT4€T mo nabopaTopHoil paboTte
SBIISIETCSL JOKYMEHTOM, OTP)KAIOIIUM PEe3yJAbTaThl BBIOJHEHHOTO HCCIICIOBAHUS C
MaKCUMAaJIbHOH MOTHOTON ¥ 0ObEKTUBHOCTHIO.

TpeboBanusi kK 0pOPMIIEHHUIO OTHETA

OTuer nomkeH ObITh BBINOJHEH HAa Oymare cTaHgapTHOTO pa3Mepa (dopmar A4)
C TOJSIMU TIO O0EMM CTOpOHaM TeKcTa. Marepuan oTuéTa JOKEH UMETh YETKYIO
PyOpHKaInio, KaXKIbIN pa3ien Heo0X0uMO CHAOUTh 3ar0JIOBKOM.

[IpumepHbIii cocTaB 0TU€Ta MO JTA0OPATOPHOM padboTe:

® 11eJIb pabOTHI;

® TIOPSI0K BBIMOJIHEHUS JIa0OPATOPHOM pPabOTHI;

® [IPUHIUITHATIBHBIC SJICKTPUUECKUE CXEMBbI U (WJIH) CXEMBbI COSMHEHUMN;

® TiepeueHb U3MEPUTENBLHBIX MPUOOPOB U IEKTPOOOOPYAOBAHUSA C YKa3aHHUEM
MACIOPTHBIX JIAHHBIX;

e TaOIUIBI SKCIIEPUMEHTAIBHBIX U3MEPEHUN (MCCIEA0BaHN) U BBITIOJTHEHHBIX
BBIUMCIICHUH;

® JuarpaMMbl U TpadUKu XapaKTepUCTUK (PYHKIIMOHAIBHBIX 3aBUCUMOCTEH;

® BBIBOJIBI UJIH 3aKITIOYCHHE O MPOICTaHHON paboTe.

5. KOHTPOJIBHBIE BOITPOCBI

1. Yro HazbIBaeTCs MHAYKTUBHBIM M EMKOCTHBIM comnpoTuBieHusMu? Kak oHH
pPacCUUTHIBAOTCA?

2. Kaxk 3anucsiBatorcsa 3akoH Oma u 3akoHbl Kupxroda s nenu nepeMeHHoro
TOKa?

3. Ot KakuxX BETUYMH 3aBUCUT 3HAUEHME yIJa CABUTA (a3 MEXAy HalpsKEeHUEM
Y TOKOM?

4. Onpenenutdb A7 AIEKTPUUIECKON CXEeMbl CUHYCOHIaJIbHOTO MEPEMEHHOIO TOKA
(HampsbkeHusi), npuBeAEHHOM Ha puc. 5.1, yronm casura ¢az MexIy
HampspkeHMeM ¢ TokoM Ha ywactke CD, a Takke MOCTpOUTH B
COOTBETCTBYIOIIEM MacliTade Ha KOMIUIEKCHOM TUIOCKOCTH BEKTOPHYIO
auarpaMMy TOKOB W HaIpSKEHUN TMPHU CIEAYIOIIUX JaHHBIX AJIEKTPUYECKOU
LEu:

UCD =220B; R=360m; L=70ml1; C =56 Mxd®.

3ajady penmTh METO0M KOMILIEKCHBIX MMPOBOIUMOCTEH.

5. JInst 4ero CTpOUTCsl BEKTOpHAs AUarpamma Iernu?

Kak paccuurtarh MojgHOE COMPOTHUBIICHUE BETBU 1IEMH?

/. Kakue paznuyaroT NPOBOJAMMOCTH B II€NM NEPEMEHHOTO TOKAa M KaK OHH
pacCUUTHIBAIOTCA?

o
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Kak paccunrats TOK, JE€HCTBYIOLIUI B BETBU LIENH?

9. Ilonyyenne mnepeMeHHOro Toka. JlaTh oIpeneneHue CUHYCOMIAIBHOM
BEJIMYMHBI U OCHOBHBIX €€ IapaMeTpoB: aMIUIUTY[bl, HayalbHOM (ha3sbl,
4acTOTHI, YIJIOBOM 4aCTOTHI.

10.ITocTpouTh TPEYTrONbHUK MOLTHOCTEH.

11.ITocTpouTh TPEYTOIBHUK COPOTUBICHUN.

12.TTocTpouTh TPEYTONBHHUK MPOBOIUMOCTH.

13.Yto xapaktepusyeT Ko3()(PHUIMEHT MOITHOCTH U KaK OH PACCUUTHIBACTCS?

14.Kak paccuuTbIBaeTCs MOJTHOE COMPOTUBIICHHE 1IETTH?

15.Kakue pa3nuyaroT MPOBOJAMMOCTH B ILENH IEPEMEHHOIO0 TOKAa M KaK OHH

PaCcCUUTBHIBAOTCS?

16.Kakpe MOIIHOCTH pa3IMYal0T B IIEMH TIEPEMEHHOTO TOKAa W KaK OHH
pPacCUUTHIBAOTCA?

17.TlocTpoiiTe DIEKTPUYECKYIO IIEMb TEPEMEHHOTO0 TOKa C  KaTyIIKOM
VHJIYKTUBHOCTH.

18.IlocTpoiiTe NeKTPUUECKYIO 1IEeTh MEPEMEHHOTO TOKa ¢ KOHIECHCATOPOM.

19.T1ocTpoiiTe SNEKTPUIECKYIO 1IETh TEPEMEHHOTO TOKA C aKTUBHO-WUHIYKTHUBHOM
Harpy3Kom.

20.ITocTpoiiTe 2IEKTPUYECKYIO IIENb MEPEMEHHOTO TOKa C aKTUBHO-EMKOCTHOM
Harpy3Kou

6. IMPABUJIA TEXHUKHU BE3OITACHOCTHU ITPU BBIIIOJIHEHUHN
JIABOPATOPHBIX PABOT 1O 3JEKTPOTEXHUKE

o nauyana padot kaxasii crymeHT JOJIZKEH BHUMATEIbHO 03HAKOMHUTBCS C
HACTOSIIMMHU MTPABUJIAMHU U PACTIUCATHCS B )KYPHAJIE YU€Ta MHCTPYKTAX,a MO TEXHUKE
0€30IacHOCTH.

Crynent OBSA3AH BbINOIHATE CIEAYIONTUE MTPABUIIA:

1. Ilepen BKJIOYEHHEM JTA0OPATOPHOTO KOMIUIEKca B ceTh 220 B ybemutecs,
9TO0 TyMOJIep BKIIFOUeHUs HaxoauTcs B ojokeHun « BBIKJL.».

2. Tlpu cOopke HJIEKTPUUECKOW MU HMCIOJB3YWTE MPOBOJA C HMCIPABHOU
mzomsiiuent.  [logkmouass mpuOOphI, TPOBEPSUTE COONIOJCHHE HOPM HArpy3Ku
(pabodee HampspDKEHHWE KOHJCHCATOpa, MAaKCHUMAJIbHBIA TOK JUIA  KaTyIIeK
WUHAYKTUBHOCTH U T.I1.).
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3. COOpKY SIEKTPUYECKON 1M BEAUTE MO KOHTYpPaM, HAYWHAsE C OCHOBHOTO
(comep:kammero HCTOYHHUK NUTAHNSA); MYJIBTUMETP, oOpa3zyroiui
BCIIOMOTATEIbHBINA KOHTYD, MOJKIIOYANTE B MOCIEIHIOI0 OYEPEIb.

4. BkiwoyaiiTe HWCTOYHMKM T[UTAaHUS TOJBKO MOCJIe TPOBEPKU IenHu
npenogaBareyeM.

5. Jlons npoBeaeHusi JIIOObIX TMEePEKJIIYEHUI B DJICKTPUYECKOH IICTH
OTKJIIOYUTE UCTOYHMK MUTAHUSA, YTOOBI U30€XKaTh KOPOTKOTO 3aMbIKaHHUS y4acTKa
LICTIN.

6. OTK/II0YUTE MUTAHME 10 3aBEPIICHUI0 U3MEPEHMI.

SAIIPEHIAETCSHA

1) kacarbCsi TOKOBEOYIIMX 4YaCTE€d CXEMbl METALIMYECKUMH MpPEAMETaMH,
paboTaTh MOKPBIMH pyKamu;

2) 6e3 pa3pelieHus mpenojaBaress BKI0YaTh JJabopaTopHbIE CTEH b B ceTh 220
B u nmogaBate HanpsKEHUE HA CXEMY;

3) mepememniarh J1aDOpaTOpHBIE CTEHABI C OJHOTO CTOJia Ha JAPYrod WiH
BCKPBIBAaTh UX;

4) KypuThb B Ja0OpaTOpUM, HAXOAWTHCS B BEPXHEH OAEKIE WM TOJOBHBIX
ybopax.

[Io BceM BO3HMKAIONIUM BONpPOCAM CTYJAEHTaM CJenyeT o0pamarbes K
MpernojaBaTesiio Wik JiabopaHty. 3a mopuy OOOpYIOBaHUS CTYAEHTHI HECYT
MAaTE€pHaIbHYIO OTBETCTBEHHOCTb.

7. TECTOBBIE BOITPOCHI JJI51 CAMOCTOSATEJBHON PABOThHI
OBYYAIOIIIUXCA

1. CxemMa COCTOHUT M3 OJHOTO PE3UCTUBHOIO AJIEMEHTA C CONMpPOTUBIICHHMEM R=220
Om. Hanpsokenne Ha e 3axumax u=220sin(628t). Omnpeaenure mnoOKa3aHUs
aMIiepMeTpa U BOJIbTMETpA.

a. I=1A;u=220B

b. 1=0,7 A; u=156 B

c. 1I=0,7 A;u=220B

d. I1=1A;u=156B
2. Ammmrtyaa cuHycouganbHoro Hampspkenus 100 B, nauvanpHas daza = - 60°,
yactorta 50 ['11. 3anummTe ypaBHEeHHE MTHOBEHHOTO 3HAYEHUS 3TOT0 HAPSKEHHUS.

a. u=100 cos(-60t)

b. u=100 sin (50t - 60°)

c. u=100 sin (314t-60°)

d. u=100 cos (314t + 60°)
3. [lonnas notpebdisiemast MOIIHOCTh Harpy3ku S= 140 kBT, a peakTuBHasi MOILIHOCTh
Q=95 kBAp. Onpenenute k03hHUIMEHT HATPY3KH.

a. cosp=0,6
b. cosp =0,3
c. cosp=0,1
d. cosp =0,9
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4. HampspkeHUEe Ha 3KHMax LENU C PE3UCTUBHBIM 3JIEMEHTOM HW3MEHSETCS IO
3axony: U=100 sin (314+30°).0OnpenenuTe 3aK0H H3MEHEHHS TOKA B LEIH, eciii R=20
Om.

a. 1=5sin 314t

b. 1 =5 sin (314t + 30°)

c. 1=3,55in (314t + 30°)

d. I =3,55sin 314t
5. Onpenenure nepuoj] CUTHaNa , €CJId 4acToTa cuHycouganbHoro Toka 400 I'm.

a. 400 c

b. 1.4c¢

c. 0,0025c

d. 40c
6. B snekTpuueckod LEnM MEePEeMEHHOrO0 TOKA, COJEPIKAIIECH TOJBKO AKTHBHOE
CONPOTUBIEHUE R, AIIEKTPUUECKUI TOK.

a. Orcraer o ¢ase oT HAIPsHKEHUS Ha 90°

b. Omnepexaet o asze HanpsHKCHUE HA 90°

c. CoBnajgaer 1o ¢ase ¢ HaNpsHKEHUEM

d. HesaBucuMm OT HalpsKCHHUS.
7. OOBIYHO BEKTOPHBIE IUArPaMMBbl CTPOST JJIA

a. AMmnutyasbix 3HaueHuid JJ1C, HaNps>KeHU 1 TOKOB

b. JletictByromux 3Hauenuit DJ]C, HanpsHKEHUH U TOKOB.

C. JleMCTBYIOIINX M aMIUIUTYHBIX 3HAYCHUU

d. MruoBenHbIx 3HaueHuit DJ]C, HaNpsHKEHUH U TOKOB.
8. AMITUTYIHOE 3HAUYECHHE HANpPSDKEHUS Umax=120B, HauanbHas (a3a paBHa
45° 3ammmuTe ypaBHEHHE 15l MTHOBEHHOTO 3HAYCHHUS 3TOTO HATPSKEHNSI.

a. u=120 cos (45t)

b. u= 120 sin (45t)

c. u= 120 cos (t - 45%)

d. u= 120 cos (t + 45°)
9.Kak wusmenutcs caur ¢a3 MexAy HampsHKeHHEM M TOKOM Ha  KaTyIIke
WHJYKTUBHOCTH, eciii 00a e€ mapamerpa (R u X|) ogqHOBpeMEeHHO yBennyaTcsi B J1Ba
paza?

a. YMEHbBIINUTCA B JiBa pa3a

b. YBenuuutcs B 1Ba pasa

C. He usmenurcs

d. YMeHbIIHUTCS B Y4eThIpE pasa
10. MrHoBeHHOe 3HaueHue Toka I = 16 sin(157t). Onpenenure aMIUIUTYIHOE |
JNEHUCTBYIOIIIEE 3HAYEHHUE TOKA.

a. 16 A; 157 A

b. 157A;16 A

c. 113A;16A

d 16 A; 113 A
11. Ykaxxute napameTp NepeMEeHHOI0 TOKa, OT KOTOPOI'O 3aBUCUT UHAYKTHBHOE
CONPOTUBJIEHUE KATYILIKH.

a. JlelicTByroliee 3HaUEHNUE TOKA
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b. HawanpHas ¢aza Toka

c. Ilepnon nepeMeHHOTO TOKa

d. MakcumanbHOE 3HaYCHUE TOKA
12. Konnencatop eMkocTpio C MOJKIIOYEH K MCTOYHUKY CHHYCOUAAIBHOTO TOKA.
Kak wu3MeHHMTCS TOK B KOHJEHCATOpE, €CIM YacTOTYy CHHYCOMJAJIbHOIO TOKa
YMEHBIIUTSH B 3 pasa.

a. YMenpummres B 3 pasa

b. YBenwuutcs B 3 pasza

€. OcraHercst HeN3MEHHON

d. Tok B KOH/IEHCATOPE HE 3aBUCHUT OT YaCTOTHI CHHYCOHIAIBHOTO TOKA.
13. KakoBbl conpoTtuBieHue R U akTUBHAs MOIIHOCTh P B Iienu, NMOKa3aHHOW Ha
puc./.1, eciiu X =30 Om, amnepmeTtp nokasbiBaet 4 A, a Boast™meTp 200 B?

X
ﬁ ﬂ'sr"'l

W

P
U

U
Puc.7.1

a. R=40 Om; P=640 BrT.
b. R=20 Om; P=320 Br.

c. R=50 Om; P=800 Br.

d. R=80 Om; P=1280 Br.
14. Kakoe u3 NpPUBEIEHHBIX BBIPAKCHUN [JIs LENU CUHYCOUJATBHOTO TOKa,
COCTOSIIIEN W3 TOCIEIOBATEIBLHO COECAMHEHHBIX 3jieMeHTOB R, L, C, coaepxut

ommuoKy?
X =2mC
b Xe=2L
=R+ X, —X_J
cosgQ _R
d Z

15. HanpﬂmeHHe Ha 3axxuMax menu puc.7.2 u=100sin(314t). KakoBbl nokazanus
aMIriepMeTpa 1 BOJIbTMETPA B 3TOM 1enu, eciu Xc=100 Om.

== D
“ L.
| I

Puc.7.2

a. 1=0,7 A; U=70 B.
b. 1=0,7 A; U=100 B.
c. I=1 A; U=100 B.
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