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JlabopaTopnasi pa6ora 3.1.

UCCJEJOBAHME OJJHO®A3HOI LIENHA
MEPEMEHHOT'O TOKA C HOCJEJOBATEJIbHBIM
COEJMHEHUEM PE3UCTOPA, UHAYKTUBHOM
KATYIIKHM ¥ KOHAEHCATOPA

Ilenv  padompl:  SKCIIEpUMEHTAJIbHOE  HW3YYEHHE  JIMHEWHOW  IIenu
CHHYCOHMJAJIBHOIO TOKA, COCTOSIILIEW U3 MOCIEI0BATEIRHO COCAUHEHHBIX PE3UCTOPA,
VHAYKTUBHOM KATYIIKA U KOHJIEHCATOPa; W3yYEHUE OCHOBHBIX 3aKOHOMEPHOCTEW B
TAKOW LIENHY; MOJYYCHUE PE30HAHCA HANPSKEHUA M U3YyYEHUE CBOMCTB LIENHU B 3TOM
pexunMme.

OCHOBHBIE ITIOHATHUA

PaccMoTpuM 1iemb, COCTOSIIIYIO U3 MOCIEA0BATEIbHO COEAMHEHHBIX pe3UcTOpa
(R), uaaykruHoi katymku (L, R,) u xonaencaropa C. Cxema Iienu rnoka3aHa Ha
puc.1.

E Ry L

o -
U U U C
v R R Thy wl! |

J e
: J
CF <E

Puc.1. ITocaenoBarenpuoe coenuuenue 3nemeaToB R, L u C

IlycTp memp BKIKOYEHA HAa CHHYCOWJIAIBHOE HampspkeHue u=U  sinat,

HavyajgbHasg (aza KOTOPOro paBHA HyNr0. Torjaa mo menu MOoTe4YeT TOK, aMIUIUTYJa
KOTOpOro OyJeT omnpenensarhcs aMIUIUTyAoW HanpspkeHus U, ©  NOJTHBIM
CONPOTHUBJICHUEM 1ieTH Z, a HadalibHas ¢a3a Toka OyJIeT 3aBUCETh OT COOTHOIICHUI
PEaKTUBHBIX COMPOTUBICHUN MHAYKTUBHOCTH X| U eMKOCTH Xc. Bo3MOxkHBI Tpu
cinyvas: eciid X >Xc, TO TOK OTCTa€T OT HAMpPsDKEHUs Ha yroil @; eciu X < Xc, TO
TOK OTepekaeT HaIPsDKEHHUE Ha yrodl ¢, mpu X, = Xc TOK U HanpsHKEHHUE COBMAaloT
o ¢aze, @ = 0, 11eTb HAXOAUTCS B PEKUME PE30HAHCA HATIPSKCHHM.

3aBUCUMOCTh MEXAY, ACHCTBYIOIIMMHU 3HaUYeHUSIMU Toka | m Hampsokenus U
omnpenenseTcs 3akoHoMm OMa
U

JR+Re) +(X - X))

Y
Z

rae X, =wl =24L, OwMm,
1 1

VYroun capura a3 mexay U u | onpenensercs hopmynamu:



COSw:ﬂ; tg¢=u
z R+Re

CBs3b MCKAY TOKOM B IICIIN W HAIPSAKCHUAMU HA OTACIbHBIX YHACTKaxX M HaA
3aKUMax LCIIM HAJBIIHO ITPCACTABIISICTCS BECKTOPHBIMU JJUaArpaMMaMu.

I[H?I IMOCTPOCHUA AHUarpamMmbl JJIs BaﬂaHHOﬁ ST 3aIllMChIBAIOT 110 BTOPOMY
3dKOHY KI/IpXFO(ba YPaBHCHHEC PaABHOBCCHUA HaHpH}KCHI/Iﬁ B BCKTOPHOﬁ (bOpMe, a 3aTeM
I10 YPaBHCHHUIO CTPOAT AUArpaMMy.

I[J'IH e (pI/ICI) YPaBHCHHUEC PABHOBCCHA HaHpH)KCHI/Iﬁ B BeKTopHOﬁ (i)OpMC

umeer BuA U =U,+U, +U +U.. o [OCHENOBATENBHON LEMH IMOCTPOCHHE

AuarpaMmbl HAUMHAIOT C BEKTOpa TOKA, TaK KaK OH fABIsETCS OOLIMM MJisi BCEX
AIIEMEHTOB 1enu. BekTop Toka, B Macmitabe Toka M, = A/cM, OTKJIabIBAIOT MO OCH
abcuucc. 3aTeM B MaciiTade HanpsbkeHus My = B/cM B COOTBETCTBUU C BEKTOPHBIM
ypaBHEHHEM OTKJIAJbIBAIOT BCe HampsbkeHus. [ uernu (puc.l), mpu ycinoBuu X, >
Xc BEKTOpHas nIuarpaMma noka3aHa Ha puc.2.

Uy

Uc

Ur,

Ur URk
Puc. 2. BekropHas auarpamma

I[pu mocTpoeHun BeKTOp HanmpspkeHust U, = R | B Macirrabe My OTKJIAABIBAIOT

0 HampaBieHWi0 Toka |, 3aTeM K KOHIy Bektopa U, TNPHOABIAIOT BEKTOP
HaNps)KEHHS Ha aKTHBHOM CONPOTHBJIEHMHM KaTymkd U, =R.|, 3aTeM K KOHILy
BekTopa U, NpHOABISAIOT BEKTOP HANPSKEHHA Ha MHAYKTUBHOCTH U =X | . OTOT
BEKTOp omepexaer Tok Ha 90°. Bekrop HampsoKeHUs Ha €MKOCTH MPUOABISIOT K
KOHI[y BekTopa U, , OTCTarommM OT Toka Ha 90°. BeKkTop HampsyKeHHs CETH

MPOBOJIAT W3 Kavama Bekropa U, B KoHer Bekropa U.. Ilpu mpaBuibHOM

NOCTPOCHUHM JJIMHA BeKTOopa U , YMHOXXEHHAs: Ha MacmTad My, JOJDKHA ObITh paBHA
HalpsDKEHUIO Ha 3a)KMMax Uenu. BeKTop HanpsbkeHHs Ha KaTyIIKe paBeH

reoMeTpPHIEecKoif cymme BekTopoB U, u U, . BenmumHa 3TOro HanpsKeHUs paBHA

Ue =,JUZ +UZ.

BekTopHble AuiarpaMMebl Ajisl IocaenoBaTeNnbHOM ey npu X < Xc u X = X¢
MOKa3aHbl Ha puc. 3 a, 0.
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a) U
Puc. 3. BekTopsble quarpammsl Ji1s ocienoBaresibHo nenu npu X < Xc u X = Xc¢

[Ipu wuccreaoBaHUK IOCIIEIOBATEILHOM IEMH IMEPEMEHHOIO0 TOKAa OOBIYHO
ONpEACIA0T U3MEHEHHE TOKAa B LIEMH M HANpPSHKEHUH Ha OTIACIBHBIX y4acTKax B
3aBHCHMOCTH OT 4aCTOThI CETH MJIM M3MEHEHHS OJHOTO WJIM JABYX IapaMeTPOB IIEIH.
Tak, Harpumep, U3MeHss BennunHy eMkocTd B menu, 3apucumoctu 1=f(C),U =f(C),
Uc=f(C) OynyT umeTh BHJI, MOKa3aHHBIN Ha puc.4.

I UctC)

Uchuy Uk(C)

U

o

Cpez C

Puc. 4. 3aBucumocts I=f(C),U =f(C), Uc=f(C)

AHanu3upyss KpuBble, NOKa3aHHble Ha puc.4, MOXKHO YyKa3zarb, 4YTO C
BO3pacTaHHEM €MKOCTH lienu HampsbkeHue Uc cHauana yBemM4MBAEeTCsl, HAUMHAS C
Hanpsokenust cetu (to ecth npu C=0 Uc=U), mocturaer mMakcumyma, a 3aTeM
YMEHBILAETCS, CTPEMSACH K HYJIIO.

C yBenu4yeHUEM €MKOCTH TOK B LM PacTeT OT HYJS, JOCTUTaeT MAKCUMyMa
npu Cp,e; U JlaJe€ YMEHBIIAETCSI AHAJOTMYHO TOKY HM3MEHSETCS HAINpsKEHUE Ha
VHIYKTUBHOM KaTYIIKE.

MakcrManbHbIM TOK B IOCIEIOBATENIBHON LETIH, CONEPKALEN HHAYKTUBHOCTD U
€MKOCTh, MPOTEKAET B PEXKHMME PE30HAHCA HANPSHKEHU. DTO TAaKOM pPEXUM, IpH
KOTOPOM TOK B IENUM M HaNpsbKeHWe ceTh coBmagaroT 1o ¢ase. Pesonanc
HANPSDKEHUW BO3HUKAET MPU YCIOBUH, Koraa X, = Xc.

B pexume pe3oHaHCAa HaNpsHKEHUWA BBIIOJHSIOTCS CIEAYIOLIME OCHOBHBIC
COOTHOILICHHUS:

1. Z=R+R,; 2.¢=0; 3.cosp=1,



4, | - MaKCUMaJICH 1 JaHHOU IeMu;

" R4R,
5. U =U.; 6.U=U,+Ug;
7. Q=Q -Q:=0; Q =Q;
8. P=S=U"1;
9. w,=1//LC; an, fy — yrmopas yacTora M COOTBETCTByIOIas €if yacToTa
CUHYCOUJAIBbHOIO TOKA U HANPSKEHUH B LIENU IS Cily4as pe30HaHca.
Ecmm X >R+R,, TO B peXuUME pPE30HAHCAa HANpPsDKEHHs Ha KaTylIKe MU

KOHJIeHCATOpe OyayT OOJIbIIe HAMIPSKEHUSI CETH, YTO MPUBOIAUT K OMACHOCTH MPOOOS
M30JISIHAM B KaTyLIKE WA KOHJACHCATOPE, MOATOMY B CUJIOBBIX LEISX TAKOW PEXKUM
HEJIOMYCTHUM.
B pamuorexnuke, 1€ aOCOJIOTHBIC BEIWYMHBI HAIMPSDKCHUM HE BEIIMKH,
PE30HAHC HANPSHKEHUN MOYKET MCIIOIb30BATHCA 1 YCUIIeHUs curdania. [lpu
XL >>R; U >>U cern.
Jlnst enum (puc.l) cipaBeayIUBEI CISAYIONTNE COOTHOIIEHHUS JIJIST MOIITHOCTEH:
D=1-U -cos¢ - akTUBHAs MOIIHOCTh (Bm, kBm);

Q=1-U sing - peaktuBHast MOIIHOCTE (B-Ap; kB -Ap);
S=1-U - momHas MmomHOCTh (B-A kB-A); wim B=rl?; Q=Q, -Q.; Q_=X_1?;

Q. =X 17%; S= P = P2 +Q2.

cos @

METOIUKA OKCIIEPUMEHTA
Onucanne 3KCIEpUMEHTANIBHON YCTAaHOBKU

UccnenoBanue nocneaoBaTeabHOM [IEMU TPOBOAUTCS Ha JTA0OPATOPHOM CTEHJIE
o Ha3zBanueM "OnHodazHeiii Tok". Ha cTenne nmeercs cxema ompiTa, HEOOXOAUMEIE
puOOPBI, M300PKEHBI CXEMbI 3aMEIEHUS PE3UCTOpa, WHAYKTUBHOM KATYIIKU M
KOHJIeHcaTopa. OT KaXA0ro U3 3JIEMEHTOB BBIBECHBI /IBA 3aKUMa, HEOOXOAUMbIE JIJIs1
coopku nenu. Cxema onbITa MpeAcTaBieHa Ha puc.S.

JIis u3MeHeHUs: BEJIMYMHBI €MKOCTH B 1IenM Oarapesi KOHJIEHCATOPOB UMEET
HECKOJIbKO TyMOJIEpOB M JIBa HIETOYHBIX MEPEKIIoYaTelis, MO3BOJISIIONIMX BKIHOYAThH
NECATKA WM eauHUIBl Mukpodapan emkoctu. CyMMapHas €MKOCTb OaTapeu
KoHieHCaTopoB - 110 MxD.

Harnpsixenue uctounrmka nutanus creaa 24 u 36 BOJIbT.

[Tpubops! 1 MeTOTMKA U3MEPEHUI

AMIEepMETpbl U BOJBTMETPBI, IOCTOSHHO YCTAHOBJICHHBIE HA CTEHJE, UMEIOT
AIIEKTPOMArHUTHYIO CHUCTEMY HW3MEPHUTEIbHOrO MexaHu3Mma. [Ipubopbl u3MepsioT
JCUCTBYIOIIME 3HAYeHUs1 TNepeMeHHbIX BennuuH. Kiacc TouHoctu mpubopo 1,5.
[lepenocHoit MHOrompeAenbHbIA JAOOPATOPHBIM BaTTMETp Kiacca ToyHoctu 0,5



depponunamudeckoil cuctemMbl. OH HMEET TPH MEPEeKITIoYaTeNs: MePeKIIoYaTellb
TOKa, MEPEKIII0YaTENb HANPSKEHUs, IEPEKIIoUaTeNb poaa paboTsl (M3MEpEHUE TOKA,
WM HM3MEPEHUE HANpsDKEHHs, WIM H3MepeHue MomrHocTH). [Ipenmen wu3MepeHHs
BaTTMETpPa ONPEAEISIETCS MOJ0KEHUEM €T IepeKIIrodaTeei

P=1-U,
rze | - Tok, Ha KOTOpBIN YCTaHOBIIEH MEPEKI0YATENb TOKA,

U - HanpsikeHue, Ha KOTOPOE YCTAHOBJIEH MEPEKII0YATENb HAPSKEHUS.
Llena nenenust BATTMETPA OIpEENIAeTCs o popmyIie
szzﬂ Bm/oern;
n n

rze N - YUcio AeIeHUH KAkl Mpudopa.

MortHoCTh, U3MeEpsiemMasi BaTTMETpoM, Oynet paBua P = C- N, rae N - 9ucio
JIEJIEHUH 1LIKaJIbl, TI0KA3bIBAEMOE CTPEJIKON Ipudopa.

B nanHoil nabopaTtopHOM paboTe NpU H3MEPEHUSX HCHOJIB3YETCSI METO[
HENOCPEACTBEHHOIO OTCYETA € IPSIMBIMUA OJHOKPATHBIMU MU3MEPEHUSIMH.

ToyHOCTP NPSAMBIX HM3MEPEHUN OLEHUBACTCS OMPECICHUEM a0COMOTHON
MaKCHMaJIbHOM MOTPEIIHOCTH 110 (hopMyJIie

Ad =D K ,

100
rae Ay — BEpXHUU TIpeien u3MepeHus npudopa;
K - xnacc TounoctH mpudopa.

Pe3ynbpraT n3aMepeHus 3alIMChIBACTCS B BUJIE
A=AA,

riae A - mokazanue nmpuoopa.

TPEBOBAHMSA BE3OITACHOCTUTPYIA

1. ITepen cObopkoit cxembl yOemuTech B TOM, YTO CTEHJ OTKIIIOUYEH OT CETH.
Pyuka makeTHOro BBIKJIIOYATENS MPU 3TOM HAXOJUTCA B TMOJOXEHHHM ~OTKI , a
CUTHAJIbHAS JIaMIla HE TOPUT.

2. CreHn BKJIIOYAETCS TOJBKO IMpErojlaBaTesieM WU JIA0OpaHTOM TOCIe
MIPOBEPKU CXEMBL.

3. IIpu u3mMepeHusx He KacalTech OroJICHHbIX TOKOBeAyIMX yacte. [IpoBoaa,
MOJIKJIFOYEHHBIE K IEPEHOCHBIM MPUOOpaM, IEPKUTE 32 U30JIUPOBAHHBIC YACTH.

4. He nmpukacaiTech K 3aKMMaM OTKJIFOUEHHBIX KOHJIEHCATOPOB, TAK KaK 3apsij
Ha HUX MOXET COXPAHSThCA JIUTEILHOE BpEMSI.

5. Ilo oKOHYaHHH U3MEPEHUI BBIKIIIOUUTE CTEH.

HOPAAOK BBIITOJIHEHUSA PABOTDI

1. O3HaKOMUTHCS CO CTEHIOM M CXEMOM OIIBITA.
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Puc. 5. Cxema omnbiTa

2. Cobpath cxemy ornbiTa (puc. 5).

3. 3anucaTh TEXHUYECKUE XaPAaKTEPUCTUKH MPUMEHSIEMBIX TPHOOPOB, YKa3aB:
HAaMMEHOBAaHHUE MPUOOpa, €ro MapKy, THI HU3MEPUTEITHLHOTO MEXaHW3Ma, Mpeaei
U3MEPEHUsI, KJIaCC TOYHOCTH, 3aBOJICKON HOMED,

4. CoOpaHHyl0 CXeMy IOKa3aTh mpenojaBaTeinto s mnpoepku. [locre
MIPOBEPKH BKIIOUUTH CTEH] B PaOOTy, TIPU 3TOM 3arOPHUTCS CUTHAJIbHAS JTaMIIOUKa.

5. H3mensis BenmWuuMHy €MKOCTH KOHACHCATOPOB, JOOUTHCA B IIETH
MaKCHUMaJIbHOTO TOKa; MPU 3TOM JIOJKHO BbINOJHATHCS yciaoBue U, >Uc. [lpu stom
YCIJIOBUU B LIETIM HACTYIUT PE30HAHC HAMPSKEHUN.

3anucaTh MoKa3zaHus BceX MpUOOPOB B Tab.1, B UeTBEPTOM CTpOKE.

Taomura 1
Ne JlanHble HAOIIOIEHUI Pe3ynbraThl BEIYACICHUN
/1
U, C, 1, UR, UK, Uc, P, R, RK, Xc, | X1, ZK, oK, Z, S, Cosg
BlMmc® A| B | B | B |BrfOMm/OMm OmM|Om |[Om| ° |OmMm | B-A

6. IlpousBecTn m3MepeHHs] TOKA, MOIIHOCTH M HANpsDKEHUH Ha 3JIEMEHTax
ey NpHU TpeX 3HAYCHUSIX EMKOCTH Oaraper KOHAEHCATOPOB MEHBIIMX, YeM IpU
pe3onance. [lannsie 3anectu B Ta0:.1, ctpoku 1+3. [Ipu 3TOM HEOOXOIUMO CIIETUTH,
4TOOBI NIPU 3aMKCH JaHHBIX B Ta0a.1l ot mepBoii crpoku (mis C= O) K mocieaHen
(C= 110 mx®D) eMKOCTh MOHOTOHHO YBEIMYNBAJIACh.

7. Ilpou3BecTy U3MEpPEHUsI TOKA, MOIHOCTH U HANPSHKEHUS HA DJIEMEHTaX JUIs
TpeX 3HAYEHUN EeMKOCTH OOJIbIIMX, YeM Mpu pe3oHaHce. JlaHHble 3aHECTH B
tabn.l,ctpoku 5, 6, 7.

OBPABOTKA PE3YJIbTATOB HABJIIOAEHUI

1. ITo naHHBEIM HAOMIOACHUI BBEIYMCIUTEL BETUYHNHEI:

R (Om); Rg (Om); L (I'm); X1 (Om); Xc (Om); Zx (Om); ¢ ; Z (Om); COS .

Brruucnenus mpoBecTH I BCeX CTPOK Tab:.1, uMes B BUAY, YTO BEIMYUHBEI R;
Ri; L; XU, Zk, @k - IOCTOSIHHBIE, TIOATOMY HUX JOCTATOYHO BBIYMCIUTH OJUH pa3 AJis
pexuMa pe3oHaHca HamnpspDkeHuM. OcTajabHble BEIUYUHBI - TEPEMEHHbIC, M HX
BBIYUCJICHUS CJEAYeT TMPOBOAUTH JUIS KaXI0ul CTpoku Tabi.l. Beruucienus
IPOBOUTH IO (hOpMYJIaM:




~

RZZR+RK:|2 ,
PE3

rae P — MoIHOCTb, U3MepsieMasi BaTTMETpOM Bmi; lpgz - TOK B 1lend B pexuMe
pe3oHaHca.

R= Ug/lpg3,
rac UR - IAJACHUC HAIIPSHKCHUA Ha PE3UCTOPEC B PCIXKUME PC30HAHCA.
R]{zRZ'R, OM,
1 1 10°

5

X =X, = = = O
PE3 a)CPE3 Zﬂf C PE3 3 14 CPE 3

rae =50 I'; Cprz — B MKD.
6
Z,.=+R2+X?,0m; (pK=arctgL; X, _ 100 Om,
Ry 314-C

rae C — Tekyliee 3Ha4YeHue EMKOCTH B MKOD.
Z=U/l, rne U — HampsbkeHUe B HAaYaje M.
cose = Ryfz.

2. Tlo pesynabTaTam HaOMIOJEHUM B OJHOM W TOW K€ CHUCTEME KOOpPJIUHAT
noctpouts cienyromue kpusbie: | = f(C); U,= f(C); Uc = f(C).

3. Ilo maHHBIM U3MEPEHUM U BBIUUCIICHUH MOCTPOUTH BEKTOPHBIE JUArPaMMBI
IUIsL Tpex citydaeB: a) X, > X¢, 0) XL = Xc, B) X| <Xc.

KonkpeTrHbie 3HaueHuss Xc, AJsI KOTOPBIX CTPOSATCS BEKTOPHBIE AUArPAMMBI,
YKa3bIBAIOTCS MPENOIABATEIIEM.

4. TIpousBecTH CIIEHKY MOTPEITHOCTH U3MEPEHUS OJTHOM, U3 BEJTUYHUH:

U, I, Ug, Ug, P.

[Tpou3BecTH OLIEHKY MOTPEUTHOCTH OJTHOM U3 BBIYMCIISIEMbIX BEJTMYMH

(10 yka3aHHIO TIpEeIoaBaTes).

COILEP KAHUE N O®POPMJUIEHUE OTYETA 110 PABOTE

OTtuet opopmIIsIETCS KaKIBIM CTYJEHTOM Ha OTIEIBHOM Jincte. OTYET NOHKEeH
colepkaTh Ha3BaHHE JabOpaTopHONl paboThl, (GOPMYTUPOBKY LEIH PpPadOTHI,
MepeUYCHbh MPUMEHSIEMBIX TPUOOPOB M UX XAPAKTEPUCTUKH, PE3YJIbTATH HAOIIOEHUI
Y BBIYHCIICHUH; (POPMYJIBI, HCITOJIb3YEMbIC TIPY BBIYHCIICHUSIX, TPa(UKN U BEKTOPHBIC
JUarpaMMbl, BBITIOJJHEHHBIE HAa MHIJUTAMETpOoBOM Oymare (wim Ha Oymare B
KJICTOUKY).

B oTdere MOMKHBI OBITH CBENEHHUS IO OIIGHKE TOYHOCTH H3MEPSEMBIX U
BBIUMCIISIEMBIX BEJIMYMH.

OTder 3aKaHYMBAETCA BBIBOJAMH IO padOTe, B KOTOPHIX HEOOXOIUMO
OTpa3uTh: BO3HUKACT JIM B MCCIEAYEMOW LIeTM pe30HaHC HampsokeHui? Ecnmu ma, To
pHU KaKoW eMKOCTH KoHjeHcaTopoB? O0bsicHUTH X0/ 3aBucumoctert | = f(C); U, =
f(C); Uc = f(C), math ananm3 BEKTOPHBIM AWarpaMmam, oOpaTUB 0cO00¢ BHUMAaHHE
Ha yTOJI CABUTA MEXAY TOKOM B I U HATPSDKEHUEM MCTOYHUKA B 3aBUCHMOCTH OT



COOTHOIIEHUS X| ¥ Xc B IICIH.
VYka3zaTh OCHOBHBIC HICTOUHHKHU MOTPEITHOCTEH U3MEPEHHS U BEIYMCIICHUS.

BOIIPOCHI IJ51 CAMOITPOBEPKH

[Ipumepbl KOHTPOJIBHBIX TECTOB, HA KOTOpPbhIE HEOOXOAUMO OTBETUTbH, YTOOBI
NOJIYyYUTh JOMYCK K BBINOJHEHUIO JIA0OpaTOpHOM paboThl, MPHUBEIAEHBI B
npuioxenuu 1.

1. ChopmynupyiTe 11e1b paboThl U OOBICHUTE TTOPSIOK €€ BBITIOJIHCHHUS.

2. JlaiiTe omnpeneneHue MIHOBEHHOIO, aMIUIMTYJHOTO, JEHCTBYIOUIETO H
CPEIHETO 3HAYEHHS] CUHYCOMJAIbHO M3MEHSIOIINXCS BO BPEMEHHU BEIMYHUH. KakoBBbI
MaTeMaTHYECKHUE CBA3H MEXKIY STUMH BeIMYMHAMHU?

3. M3oOpa3ute cxemy 1end, B KOTOPOH MOXKET HACTYIUTh PE30HAHC
HanpspkeHud. OOBSICHUTE 3a CYET M3MEHEHUS! KaKuX MapaMeTpOB MOXHO JOOHUTHCS
PE30HaHCA HANPSIKEHUW B 3TOU LICIIH.

4. Kak onpenenutb, YTO B CXEME HACTYIUJI PE30HAHC HANPSHKEHUN? YKaxuTe
PU3HAKKU PE30HAHCA 10 MOKa3aHUSIM NPUOOPOB, BKIIOYEHHBIX B CXEMY.

5. Hanuimre cOOTHOIIEHMS, BHIMOJIHSIONIMECS [TPU PE30HAHCE HAMPSKEHU.

6. Haueprure BeKTOpHBIE JuarpaMMmbl IS LENU, COJEpKallen
MOCJIEIOBATENBHO COEIMHEHHbBIE AKTUBHBIE CONIPOTUBIICHUS, NTHAYKTUBHYIO KaTYIIKY
U KOHJEHCATOp JIs CIy4YaeB:

a) X_ > Xc, 06) XL = X¢, B) XL <Xc.

7. Onpenenure BennuuHy Xc, X_ 1 L st f=50 'y u C=40 Mx® B ycrnoBusx
pEe30HaHCca HaIPSKEHUH.

8. Kak onpenensitorcst BenuuuHbl Ry, Zx, R, ¢, COSpu Z?

9. Hanummre COOTHOIIEHUSI U TOACHUTE (U3MUYECKOE COJICpKAHUE MOHATUI
AKTUBHOM, PEAKTUBHOMN U NIOJIHOW MOIITHOCTEH.

10. HanumuTte cooTHOIIEHUE, BhIpaxkatoliee 3akoH OMa B 1enu, cojeprKalien
MIOCJIEIOBATEIbHO COEUHEHHBIE PE3UCTOP, MHAYKTUBHYIO KaTyIIKy U KOHJIEHCATOP.

11. YkaxuTe 3HaUEHUE PE30HAHCA HANPSKEHUN B TEXHUKE.

Jlureparypa

1. CxopusikoB, B. A. OOmas >MeKTpOTEXHUKA W DJIEKTPOHUKA : YYCOHHK IS
By30B / B. A. CkopusikoB, B. f. ®ponoB. — 2-¢ usa., crep. — CaHKT-
[TerepOypr : Jlanb, 2021. — 176 c¢. — ISBN 978-5-8114-7262-8. — Tekcr :
ANEKTpOHHBIN // Jlaub : 2yeKTpoHHO-OMOMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/156932 (nata obpamenus: 20.10.2021). — Pexum
JOCTYTA: JIJIsl aBTOPH3. MOJIh30BaTEICH.

2. UBanoB, U. U. DnexTpoTEeXHUKA U OCHOBBI AMEKTPOHUKH : YUYCOHHK IS By30B

/ . . UBanos, I'. . Conosses, B. S. ®ponos. — 11-e uzn., crep. — CaHKT-
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[letepOypr : Jlanb, 2021. — 736 c. — ISBN 978-5-8114-7115-7. — Texkcr :
ANEKTPOHHBIN // JlaHb : »31meKkTpoHHO-OMOnmoteunas cuctema. — URL:
https://e.lanbook.com/book/155680 (mata o6pamenus: 20.10.2021). — Pexum

J0CTyna: JUisl aBTOPU3. MOJIb30BaTENEH.

. benos, H. B. DnekTpoTexHnKa U OCHOBBI 2JIEKTPOHUKH : yueOHOoe mocodue / H.

B. benos, 0. C. BonkoB. — Cankr-IletepOypr : Jlans, 2021. — 432 c. —
ISBN 978-5-8114-1225-9. — Texkcr : snexkTpoHHbi // JIaHb : 3IEKTPOHHO-
oubanoreunas cucrema. — URL: https://e.lanbook.com/book/168400 (marta

obpamenus: 20.10.2021). — Pexxum mocTyma: 1151 aBTOPHU3. MOJIH30BaTEIIECH.

. Anoymonckuii, C. M. Teoperuyeckne OCHOBBI  3JEKTPOTEXHHKHU.

DJeKTpoMarHuTHoe moJjie : ydebHoe mocooue / C. M. AMNOIOHCKHUMA. —
Cankr-IletepOypr : Jlanp, 2021. — 592 ¢. — ISBN 978-5-8114-1155-9. —
TekcT : anexkTpoHHbIH // JlaHb : 3eKTpOoHHO-OMOMMoTeuHas cucrema. — URL:

https://e.lanbook.com/book/168388 (mata obpamenus: 20.10.2021). — Pexum

JOCTyNa: JUIsl aBTOPU3. MOJIb30BATENEH.

. Iloranos, JI. A. TeopeTnueckue OCHOBBI JJIEKTPOTEXHHUKH: KPATKUU KypC :

yuebHoe nocodue / JI. A. IloranoB. — Cankr-IletepOypr : Jlans, 2021. — 376
c. — ISBN 978-5-8114-2089-6. — Texkcrt: osnekTpoHHbli// JlaHb
AJIEKTPOHHO-OMOIMOTEeUHAS cucrema. — URL:

https://e.lanbook.com/book/168955 (mata obpamenus: 20.10.2021). — Pexum

JOCTYTIA: JJIsl aBTOPU3. TI0JIH30BATEIICH.

. BogoBo3oB, A. M. OcCHOBBI 3JeKTpOHHKU : ydeOHOe mocobue / A. M.

BomoBo3oB. — 2-¢ u3n. — Bonoraa : Uadpa-Unxkenepus, 2019. — 140 ¢c. —
ISBN 978-5-9729-0346-7. — TekcT : 3neKTpoHHbIN // JlaHb : 3JEKTPOHHO-
oubmuoteunas cucrema. — URL: https://e.lanbook.com/book/124672 (nata

obpamenus: 20.10.2021). — Pexxum gocTymna: st aBTOpU3. MOJIH30BATEIICH.

. HemupoBckuii, A. E. Dnektponuka : yuebnoe nmocoodue / A. E. HemupoBckuii,

. C. Cepruesckas, A. B. IBanoB. — Bonorna : Uadpa-Umxenepus, 2019. —
200 c. — ISBN 978-5-9729-0264-4. — TekcT : snekTpoHHbIN // JlaHp :



AIEKTPOHHO-OMOIMOTEUHAS cucTema. — URL:
https://e.lanbook.com/book/124611 (mata obpamenus: 20.10.2021). — Pexum

AOCTYyIIA: HJIsI aBTOPH3. MOJb30BaTECH.

Bpewmsi, oTBeieHHOE Ha 1a00paTOpHYIO padboTy

IToaroroBka k padbote 1,0 akajg.yac
Brinosnenne padoThl 1,0 akaz. gac
O06paboTKka pe3yabTaTOB HAOMIOJACHUN U 2,0 akan. gac
odopMIIeHUE OTUETA
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JlabopaTopnasi paGora 3.2.

WCCJIEJOBAHME OJJHO®A3HOI LIENU
HEPEMEHHOI'O TOKA C IIAPAJLIEJIBHBIM COEJUHEHHEM
PE3UCTOPA, MTHAYKTUBHOM KATYIIKHA Y KOHJIEHCATOPA

[lens pabGoOThI: SKCHMEPUMEHTAIBPHOE H3YUYE€HHE OCHOBHBIX 3aKOHOMEPHOCTEMH
JIMHENHOW LENH CHHYCOUAAIBHOTO TOKA, COCTOSIEN U3 MAPAIIIEITbHO COCUHEHHBIX !
pe3ucTOpa, MHAYKTUBHOW KAaTYIIKM M KOHJEHCATOpa, IPU W3MEHEHUU MapaMeTpOB
oaHOM u3 BeTBeW. [loslyueHne pe3oHaHca TOKOB M M3YYECHHUE CBOWCTB LMK B 3TOM
pexunme.

OCHOBHBIE IIOHATHUA

Llenu ¢ mapayieabHBIMU BETBSIMH IIMPOKO MPUMEHSIOTCS B JEKTPOTEXHHKE,
AIIEKTPOHUKE M paguoTexHuKe. [ pacuera M aHanM3a TakuxX Lened MPUMEHSIOT:
METO/I BEKTOPHBIX JIUarpaMM, METOJ TMPOBOJMUMOCTEH, KOMIUJIEKCHBIH METOJ H
ApyTHE.

CamMpIM MpPOCTHIM, HO HaMMEHEE TOYHBIM SBISETCS METOA BEKTOPHBIX
auarpamm. PaccMoTpum ero npuMeHeHue Ha puMepe Lenu ¢ AByMs BeTBsAMU. [IycThb
MMEEeTCsl LeMb C JBYMs BETBSIMH COJAEp)Kalias B OJHOM BETBU PE3UCTOP H
WHIYKTUBHYIO KaTyIIKY, a B IPYroi - KoHaeHcaTop (puc.6).

1
A R R, L
| ] | |_r"f"f"1_
L C
|1 r
& 1l %
} ._
& L >

Puc.6. Cxema 351eKTpHUUECKOH LIENH ¢ NapauIeIbHbIM COEIMHEHUEM BETBEHN

Toku napanienbHbIX BETBEN ONPENENSIOT 10 3aKkoHy Oma
|1=U/Zl; |2=U/Zg,
rae Z, = \/ (R+Rg)’+X?; Z,= Xc — TONHBIE COMPOTUBIICHUS COOTBETCTBYIOIIUX
BETBEM.

ToOK HEpa3BETBIICHHOW YaCTH LIENIK PABEH TIE€OMETPUYECKOM CyYMME TOKOB
[1apaJuIeJIbHBbIX BETBEU:

I=1+1,.
[To 5TOMYy ypaBHEHHIO B MacmTabe CTPOST BEKTOPHYIO JUarpammy u

OTIPEEIISAIOT M3 Hee BeIWYMHy Toka | u ero (a3oBbIli CABUT MO OTHOIICHHUIO K
Harpspkenuto cetu U.

B OEIIX C IapalyiCJIbHBIMH BCTBAMH IIOCTPOCHHC BCKTOpHOfI AuarpaMmabl
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HAYMHAKOT C BEKTOpA HaIpspKeHus U, TaKk Kak OHO OJMHAKOBO IS BCEX BETBEU. B
Macmtabe Hanpspkeruss My (B/cM) w3 HyneBoil TOYKM B MOJOXKUTEIHHOM

HANpaBJICHUH OCH aOCIMCC OTKIAAbIBACTCS BEKTOP HampsbkeHuss U. 3arem B
macmtabe Toka My (A/cM) CTpOSITCS COOTBETCTBYIOIIHE BEKTOPHI TOKOB
MapaAJUICIIbHBIX BETBEU.

Tox akTUBHO-WHIYKTUBHOM BETBHU |; OTCTAET OT HANPSIKEHUS HA YTOJI

5

R+Rg '
MO3TOMY BEKTOP 3TOT0 TOKa OTKJIAJBIBAIOT MOJ YIJIOM ¢, OTHOCUTEIHHO BEKTOpPA
HaMPsHKEHUS 110 YacoBO# cTpenke (puc.7).

Tox |, - emkocTHbIi TOK. OH omepexaeT HamnpspkeHue Ha yroa ¢, = 90°.
BexTop Toka |, OTKIaAbIBalOT OTHOCUTEIHHO HAMPSKEHUSI MPOTUB YAaCOBOM CTPENIKH
non yriaoM ¢c = 90°.

@, = arctg

['eomeTpuyecku ckiaibiBas BEKTOPbI TOKOB |, U |, HaXOAST BEKTOp TOKa | U

Yol ¢ Ha KOTOpBIﬁ 9TOT TOK CABUHYT 110 (1)8,36 OTHOCHTCIIbHO HAIIPSAKCHU.
I

I;
Puc. 7. BextopHas nuarpamma JJisl HapajuiesIbHbIX BETBEU

JlJI aHAMUTUYECKOTO pacueTa M aHaiuu3a IeTnei ¢ mapauieTbHbIMUA BETBSIMU
NPUMEHSIOT METO poBoguMocTei. [1o 3ToMy MeToy pacdeT TOKOB, HAPSHKEHUH U
MOIITHOCTEW BEAYyT HE 4Yepe3 COMPOTHBIICHHUS, a Yepe3 MPOBOJUMOCTU: AKTHUBHYIO,
pPEaKTUBHYI0 U TOJHYI0. KpoMe TOoro, BEKTOpPHl TOKOB pAacKIaJbIBAIOT Ha JBE
COCTaBIISIFOIIME, OJHA M3 KOTOPBHIX HAa3bIBACTCS aKTHBHOW W COBMIAAaeT Mo ¢ase ¢
HaNpsOKEHUEM, a BTOpas - PEaKTUBHOW M OINEpekaeT HampspkeHue (TpU eMKOCTHOM
XapakTepe) Wik oTcTaeT (Ipu HHAYKTUBHOM XapakTepe) oT Hero 1o (ase Ha 90°,

11]2 =

-

Puc. 8. BekTopa akTUBHBIX U PEAKTUBHBIX TOKOB B ITaPAJUIEIBHBIX BETBAX
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Ha auarpamme, n3o0paxeHHOW Ha puUC.8, MOKA3aHbI AKTUBHBIE U PEAKTHUBHBIC
COCTABJISIFOIIME TOKOB JIJIS I, TIOKa3aHHOKW Ha pHuc.6.

Tox |, - 4MCTO €MKOCTHBIHN, TO €CTh peakTUBHBIN, T03TOMY |,=lp,. Toku |, u |
MMEIOT OJIMHAKOBBIC AaKTUBHBIE cocTaBistonue ly; m l;, HO pa3Hble peaKkTUBHBIE
cocTaJsroniye lpy, lps.

[To HampspKeHWIO WCTOYHWKA W TapaMeTpaM IIeMH aKTUBHAS W PEaKTUBHAS
COCTABJISIFOIIME TOKAa JIIOOOH BETBU MOTYT OBITh OIPEICICHBI 110 CIEAYIOIIUM
dbopmyaam, HapPUMEp IS TIEPBOW BETBH:

la, =U-0g;; I, =U"Db,

R o
rae gl:Z—l2 - aKTUBHas NPOBOJUMOCTH mepBoil BeTBH, 1/Om = Cwm; Ri=R+Rg;
1

2

X .
b, = —= - peaKTHUBHas MPOBOJIUMOCTh NIEPBOI BeTBH, 1/OM = CwM.
1 Z ’
1

Toxk mepBoit BetBU |, =15, +1% =U-Y,, rae Y, =.g/+b’ - monHas
MPOBOAMMOCTH TIepBOH BeTBH, 1/OM = Cwm.
AHaNOTUYHO OMNPEAENSIIOT TOKW JJIsl JAPYTMX BETBEW, JJIs HAIIEW CXEMBbI
(puc.6).
Xo —Xe 1

:O;b:— = = — .
PRI T TR

ITonHas nmpoBOAMMOCTb BTOPOM BETBU

> 2 1
Y, = 922+b22 :X_.

c

Tox BTOpOM BeTBH |, =U -Y,.
JIns TOKa HE pa3BETBICHHOM 4YacTH LENHM PEAaKTUBHAS COCTABIISIOIIAS

Ip =lp, —1p,, a aKTUBHAA 'a =lg,, TOrIA

|=\/|;+|E —Uyg?+b?=U"Y,

rae g=0:;+0, - aKkTHBHas, IPOBOAMMOCTh Bceil menu; b=b;-b, - peakruBHas
MPOBOJAUMOCTH BCEH LIEIH.

[Ipyu HAxXOXJECHUH PEAKTHBHOM MPOBOJAMMOCTH BCEH IIEMH CIEayeT UMETh B
BUY, YTO JUIS WHIYKTHBHBIX BETBEH pEaKTHBHAs MPOBOJUMOCTH MOJOXKHUTEIbHA, a
T EMKOCTHBIX BETBEH peakTHUBHAS MPOBOAMMOCTh OTpUIaTeIbHA. TO e OTHOCHUTCS
U K PEaKTUBHBIM COCTABJISIOIIUM TOKOB.

Y =./g%+b® - moJHas IPOBOIUMOCTH BCEH LICIH.

Beipaxkenue |1=U-Y mnpencraBisier coboii 3akoH Oma s 1end ¢
MapaAJUICIIbHBIM COEUHEHUEM BETBEU.

Ecmu uens comepKUT HECKOJNBKO MApaIIEIbHO COCIWHEHHBIX PE3UCTOPOB,
VHAYKTABHOCTEW U EMKOCTEMN, TO MOJHASI TPOBOAUMOCTD ONPEAECTIUTCS KaK

Y = /(29)? + (b, —=b;)? .
yFHBI CIBHI'A CbaB COOTBCTCTBYIOH_[I/IX TOKOB OTHOCHUTCIIBHO BXOIHOI'O
HaHpH)KeHI/IH U OHpeI[eJ'IHIOTCH COOTHOILLICHUSIMMU .
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b b
@, =arctg—=; ¢, =arctg—; ¢ = arctg 2
1 2 g
MomHOCTH MOTYT OBITH OTIPEIETICHBI YEPE3 TIPOBOJUMOCTH TIO BEIPAKECHHSIM:

-aKTUBHAs MOIIHOCTh P=U?-g, BT;

-peakTUBHas MOIIHOCTh Q =U?-b, BAp;

-IOJIHAs MOIMHOCTE S =U?.Y , BA.

Jns uened  CHHYCOMZAIBHOTO TOKA C  MOapauleJbHBIMH  BETBSIMH,
CcoAEepkKallMMU B OJHOW BETBU MHAYKTHUBHOCTb, 4 B JPYIOM - €MKOCTb, BO3MOXEH
PE30HAHC TOKOB. DTO TaKOW pEeXUM, IPU KOTOPOM TOK B HE Pa3BETBJICHHOU 4YacTu
[N W HaNpsDKeHHE COBIAAaroT 1o (ase. YcioBrue pe3oHaHCa TOKOB - PABEHCTBO
PCaKTUBHBIX MMPOBOJUMOCTEH MHIYKTHBHOW M €MKOCTHOHM BeTBeH, TO ecTh b = bc. B
peXMMe pe30HAHCA TOKOB IIE€TTh 00J1a1aeT CIeAYIONMMA CBOWCTBAMM:

Y = \/ g°+(, -b.)> =g, TO ecThb Iemb 00JagaeT TOJIBKO AKTHBHOM
IPOBOAMMOCTBIO.

X b
@ =arctg g =0 Tok M HampspKeHHE COBMAIAI0T Mo dase.

| =U-Y =U-g - TOK B LICIIK UMEET HAUMEHbIIIEE 3HaUeHue. Ecin ripu b .=bc. u
g=0, To o6mMit TOK 11enH OyJeT paBEeH HYJIIO.

S=P; Q = Q.-Qc = 0, To ecTh B 1enb MOCTyMAET TOJIHKO aKTUBHAS YHEPTHUS, a
BHYTPH KOHTypa, OOpa30BaHHOTO WHIYKTUBHOW M €MKOCTHOW BETBSIMHU, HJET
HENpPEpHIBHBI OOMEH PEaKTHUBHOW HHEPrueil MKy MHIAYKTHBHOCTHIO U €MKOCTHIO,
6e3 moTpeOIeHNs €€ OT CeTH (B UACATHHOM CITydae).

Pe3oHaHC TOKOB IMPOKO MPUMEHSIETCS B 3JIEKTPOYCTAHOBKAX JIJISl OBBIILICHUS
koa(urmenta momHocTH. C 3TOH 1ETBI0 MapaATIICIbHO WHTYKTUBHBIM MMPUEMHHUKAM
ANEKTPUUECKOM SHEPrUM MOAKIIOYAIOT OaTaperd KOHAEHCATOPOB, YMEHbIIAs TEM
CaMbIM PEAKTUBHBIE TOKH, UUPKYJIUPYIOIIME IO NPOBOJAM, W CHUXKAsl IMOTEpHU
DHEPIruM B MPOBOAAX.

B paanorexHuke pe3oHaHC TOKOB MPUMEHSIETCS B 3arpaUTEIbHBIX QUIbTPAX,
HE MTPOMYCKAIOIINX TOKH ONPEIECICHHON YaCTOTHI.

B nanHOil pa®oTe pe30HAHC TOKOB JOCTUTAETCS HM3MEHEHHUEM EMKOCTH.
M3meHeHne TOKOB B 1iend U KoddduiimerTa MouHocTH (COS@) MmoKa3aHo Ha puc.9.

I

.l h‘f
Puc. 9. 3aBucumocth K03 HUIIMEHTa MOIITHOCTH U TOKOB B IIETIH C MMapauIeIbHBIMU
BCTBAMH OT CECMKOCTH
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METO/IUKA S9KCIIEPUMEHTA
OnucaHne SKCIIEpUMEHTAIBHON YCTaHOBKH

HccnenoBanue 1uenu NEpEMCHHOI0O TOKa C IapalICIbHBIMU BCTBSAMH
IMPOBOJUTCA HA TOM K€ CTCHAC, TCX KE JJICMCHTAX WU TCMH XKC HpI/I60paMI/I, 4qTo IIpu

UCCIIEIOBAHUM TOCIIeI0BaTeNIbHOM 11enu. CxeMa ornbiTa AaHa Ha puc.10.
R Ry L

®
=

Puc. 10. Cxema onbITa npu napayuieIbHOM COEIMHEHUHU BETBEN

[Ipubopsl, MeToaNKa U3MEpeHUd U TpeOoBaHUs O€30MACHOCTU TpyAa T€ XKe,
YTO U B MpeAbIayIel JabopaTopHoil padore 6.

IMOPAJOK BBIIIOJIHEHUSA PABOTbBI

1. HaiitTu Ha maHenu cTeHJa BCe MPUOOPBI U DJIEMEHThI, HEOOXOIUMBIE IS
coopku cxemsl (puc. 10).

2. Cobpats cxemy onbita (puc.10).

3. 3anucarh TEXHUYECKUE XaPAKTEPUCTUKU MTPHOOPOB.

4. CoOpaHHyl0 CXeMy TMOKa3aTh NpernojaBareiato s mpoBepku. [locme
BKJIIOUEHUS CTeH 1a IPEToAaBaTesieM NPUCTYNUTh K HaOII0ICHUSM.

5. HW3mensss BeaMUMHY €MKOCTH KOHJEHCATOPOB, MJOOUTHCS B  LEMU
MUHUMAJIBHOTO TOKa, CJeNIs 3a T€M, YTOObI OJHOBPEMEHHO BBITIOJHAIOCH yCIOBHE
I,>13. D10 M OyneT pe3oHaHC TOKOB. 3amucaTh MOKa3aHUs BCex MPUOOpPOB B TabI.2, B
YETBEPTOU CTPOKE.

Tabmura 2
No o o
o/ JlaHHBIC HAOIIOACHUM Pe3ynbTaThl BEIYKMCICHUI
U1 C1 |11 IK! IC! P! 91 bL1 bC! Y! S’ COS ¢1
B |[Mck®| A | A| A | Br|Om|Om|Om|Owm|BA 4 rpag

6. IlpousBecTu M3MepeHUs] TOKA, MOILMHOCTH W HANpsSIKEHUS Ha JJIEMEHTax
LEeNU IpU TpeX 3HAYEHUAX E€MKOCTH OaTraped KOHIEHCATOPOB MEHBIIUX, YEM IpU
pe3oHaHce TOKOB. JlanHbIe 3aHecTH B Ta0a.2, cTpoku 1+3 B Bo3pacTaromieM mopsiaKe
JUTSL EMKOCTH.

/. Ilpou3BecTn H3MEPEHUS TOKA, MOIIHOCTH U HAINpPSDKEHUS JUId Tpex
3HaYEHU eMKOCTH OOJIBLIMX, YEM IPU PE30HAHCE TOKOB, OXBATHIBAsl BECh MANA30H
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eMKocTel cTteHza. JlanHubie 3anecty B Tab1.2, cTpoku 5, 6, 7.
OBPABOTKA PE3YJIbTATOB HABJIIOJJEHUN

1. I[To naHHBIM HAOMIOAECHUHN BHIYUCIUTH BETUYUHBIL:

g - aKTUBHYIO MPOBOJUMOCTH BCEH 1IEMH;

b - peakTHBHYIO POBOMMOCTh HHIYKTUBHOW BETBHU;

D¢ - peakTUBHYO MPOBOJUMOCTH €EMKOCTHOU BETBH;

Y - IOJIHYIO TTPOBOJIMMOCTH BCEH TICTIH;

S - OJIHYI0 MOIITHOCTh BCEH METH;

COS@ - KOA(hPUITUEHT MOIITHOCTH BCEH TIEMH;

@ - YTOJI CIBUTA MEXy HANPSHXKEHUEM U TOKOM B HayaJie LEeTH.

Brruucnenus mpoBecTH it BCEX CTPOK Tabi1.2, UMesi B BUY, YTO BETUIMHBI (J,
b -mocTosHHBIC, TOATOMY WX BBIYUCIISIOT OJWH pa3 Il peXUMa pe30HaHCa TOKOB.
OcTanbHbIC BETUYNHBI - IEPEMEHHBIE W UX CIEAYeT BBIYHUCIATH ISl KOXKIOH CTPOKA
Tab:1.2. Beraucienust mnpoBOANUTH 1O (HOpMyTIam:

g=P/U?;
1 1
b —b_.. -t 1 _ 108
L~ "Cdéac . C27-f.Cd3c 27-50-Nddc’ ’
¢ ONES&(; 2z - f-Coag 27 -50-Ndag
rae C,e; - B MUKpOdapaiax;
b. = L
c (~) )

Y=1,/U; S=U?%; COSgDZg; @ = arccosg.

2. Ilo pesynbpraraM HaOMIONEHUN B OJHOM M TOW K€ CHCTEME KOOpAWHAT
MOCTPOUTH CJIETYIOIINE KPUBBIE:

1,=f(C); 1,=f(C); 15=f(C); cosp=Ff(C).

3. I[lo naHHbIM HaOMIOAEHMH MOCTPOUTH BEKTOPHBIE AMArpaMMbl IJIsl TPEX
CJIy4aeB:

a) b.>bc; 6) b.=Dbc; B) b <bc.

4. ITpou3BecTH OLEHKY MOTPEMIHOCTH U3MEPEHUST OAHON u3 BenuuuH: P; U, 1y,
I, 3. Ilpom3BecTu OIIEHKY HOIPELIHOCTH BBIYMCIEHUS OJHOM U3 BEJIWYUH IIO
yKa3aHHUIO MIPENoJaBaTes.

COAEPKXAHUE N OPOPMJUIEHUE OTYETA

OTtuer noiKeH coaepxkaTb Ha3BaHME J1aOOPATOPHOU PabOThHI, (HOPMYIHPOBKY
nenu paboThl, NepeYeHb MPUMEHSIEMBbIX MPUOOPOB U HMX XaAPAKTEPUCTUKH,
pe3ynbTaThl HAOMIOACHMA M BBIYUCICHUH, (OPMYINbI, HCHOJIb3yeMble MpH
BBIUHCIICHUSX, TPaUKU ¥ BEKTOpPHBIEC AUarpaMM. B oT4yeTe AOKHBI OBITH CBEIACHHUS
10 OLIEHKE TOYHOCTH U3MEPSEMBIX U BBIYMCIISIEMBIX BEJTUYHH.

B BbIBO#ax mo paboTe OTpa3uTh: BO3MOXKEH JM B JaHHOW LIETIM PE30HAHC
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tokoB? Ecnu ma, TO mpu KakoW e€MKOCTH OaTraper KOHAEHCATOPOB OH BO3HHKAET?
Oo0msacuuth xop 3aBucumocteir 1,=Ff(C); 1,=f(C); 13=f(C); cose=f(C). Jatr anamu3
BEKTOPHBIX JUarpamMm, oOpaTMB BHUMAaHHWE HA YroJI CABHMra MEXAy TOKOM LIEMHU H
HaMpsHKEHHEM UCTOYHHUKOB B 3aBUCHMMOCTH OT COOTHOIIeHus b, u b B nienn. Ykaszats
OCHOBHBIC HCTOYHHUKH IMOTPEITHOCTEH M3MEPEHHSI U BEIYUCIICHHS.

BOIIPOCHI IJ151 CAMOITPOBEPKH

[Ipumepbl KOHTPOJIBHBIX TECTOB, HA KOTOPbIE HEOOXOAMMO JaTh MPaBUIIbHBIC
OTBETHI, TPUBEJEHBI B MPUIIOKEHUH 2.

1. ChopmynupyeTte 11e71b paboTa U 00BICHUTE MOPSJIOK €€ BHITIOJTHECHHUS.

2. N3o0pasute cxeMy Ienu, B KOTOPOH MOXKET HACTYNUTh PE30HAHC TOKOB.
OObsicHUTE, 32 CUET U3MEHEHHUS KaKUX MapaMeTpOB MOXHO JOOUTHCS pEe30HaHCa
TOKOB.

3. Kak ompenenutb, 4TO B CXE€M€ HACTYMUJ PE30HAHC TOKOB? YKaxuTe
MIPU3HAKU PE30HAHCA 110 TTOKA3aHUSAM IPHUOOPOB, BKIIOYEHHBIX B CXEMY.

4. Hanuiute COOTHOIICHUS, BBITTOIHSIOIIMECS TPU PE30HAHCE TOKOB.

5. HaueptuTe BeKTOpHbIE JAWArpaMmbl Il [€OU, HCCIEAyeMOW B
nabopatopHoO# padote s Tpex cirydaes: a) by >b¢; 6) b =b¢; B) b <bc.

6. Hamummre BbhIpaXEHHS IS aKTUBHOM, pPEAKTUBHOW U  TOJIHOU
IPOBOJUMOCTH BETBHU U 1IeNU B 00I1EM CiTyyae.

7. I3MeHsieTcsl 1M MOKa3aHusl BATTMETpPa B CXeMe JIabopaTopHOU paboThl mpu
U3MEHEHUH eMKOCTU? OTBET MOSCHUTD.

8. N3obpasure Bua 3aBucumocteit 11(C); 15(C); 13(C) n maiite oObsICHEHHE C
MTOMOTIBIO (POPMYIL.

9. HanumuTe BhIpakeHHE aKTUBHOM, PEAKTUBHOM U MOJTHON MOIIHOCTH Yepe3
MPOBOAMMOCTH 1IETIH.

10. Kakoe 3HaueHne UMEET PE30HAHC TOKOB B TEXHHUKE?

Jlurepatypa

1. borpanos, B. B. Dnekrporexnuka : yueOHoe mocodue / B. B. bornanos, O. b.
Hasbinenko, H. I1. CaBun, A. B. CancaneB. - HoBocubupck : HI'TY, 2019. -
148 c¢. - ISBN 978-5-7782-3954-8. - Tekct : nsnektponHbii // 3BC
"KoHCynbTaHT cTyaeHTa" ; [caiiT]. - URL
https://www.studentlibrary.ru/book/ISBN9785778239548.html (mara
oOpamenus: 15.09.2023). - Pexxum goctyna: 1mo noJnucke.

2. Epmypartckuii, [1. B. Dnexrporexnuka u snextponuka / I1. B. Epmypatckuid,
I'. I1. JIprukuna, FO. b. Munkus. - Mocksa : IMK Ilpecc, 2013. - 416 c. -
ISBN 978-5-94074-894-6. - Tekct : snexkrponHbiii // ObC "Koncynbrant
cTyaeHra" ; [caitT]. - URL :
https://www.studentlibrary.ru/book/ISBN9785940748946.html (marta
obpamenus: 15.09.2023). - Pexxum tocTyna : 1Mo moAMUCKe.
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. Knengya, B. @. DOnexrporexnuka. JlabopatopHblil MpakTUKyM : y4el. mocodue
/ B. ®@. Knerua- 3-e u3a. , crep. - Munck : PUIIO, 2019. - 179 c. - ISBN 978-
985-503-867-3. - Tekct : anextponubit / DbC "KoHcynbTaHT cTyaeHTa" :
[caiiT]. - URL : https://www.studentlibrary.ru/book/ISBN9789855038673.html
(mata obpamenus: 15.09.2023). - PexuM nocTtymna : o MOMKUCKE.

. Mapuenko, A. JI. DnekTpoTexHuka : yuebHoe nocooue / A. JI. MapueHnko. —
MockBa : HNH®PA-M, 2022. — 236 c. — (Beicmiee oOpa3oBaHue:
bakanaBpuar). - ISBN 978-5-16-017056-5. - Tekcr : anekrponnsrii. - URL:
https://znanium.com/catalog/product/1587594 (mata ob6pamienus: 15.09.2023).
— Pexxum nocryna: 1o noamnucke.

. OnextporexHuka. B mpumepax u 3amauax : yueObnoe nocodbue / E. M. Anraszum,
B. B. bornanos, A. B. CancaneB [u ap.] ; mox o6mr. pen. E. Y. Anrasuna. -
HoBocubupck : U3a-so HI'TY, 2020. - 128 c. - ISBN 978-5-7782-4287-6. -
Tekct : amextponnbiii. - URL: https://znanium.com/catalog/product/1869119
(mata obparmenus: 15.09.2023). — PexxuM qocTymna: mo moJImucKe.

. T'anpniepun, M. B. OnekTpoTexHuka W 3JIeKTpoHUKa : ydyeOHuk / M.B.
[ampnepun. — 2-e uzn. — Mocksa : ®OPYM : UH®PA-M, 2023. — 480 c.
— (Bricmee oOpazoBanme). - ISBN 978-5-00091-779-4. - Texkcr
anexkTpoHHbii. - URL: https://znanium.com/catalog/product/2030904 (mara
obpamenust: 15.09.2023). — Pexxum gocTyna: mo noAmnucke.

. Mapxkenos, C. H. DnekTpoTexHuka u 3JeKTpoHuKa : yueObnoe nocooue / C. H.

Mapkenos, b. . CazanoB. — Mocksa : UHOPA-M, 2020. — 267 c. —
(Beiciiee obpaszoBanue: bakamaspuar). - ISBN 978-5-16-014451-1. - Tekcr:
anektpoHubii. - URL: https://znanium.com/catalog/product/982772 (nara

oOpamenus: 18.09.2023). — Pexxum nocTyna: no mojarnucke.

19



HNPUJIOXKXEHHUE 1

[IpumMepbl KOHTPOJBHBIX TECTOB JJIsl TMOJYYEHHs JOMycKa K J1abopaTopHOM
pabore 6 "HcciemoBanue oaHO(azHOM  IMeNud  MEPEMEHHOTO TOKa ¢
MOCJICIOBATEILHBIM ~ COCJIMHEHUEM  PE3UCTOpPa, MHAYKTUBHOM  KaTylIKU U
KOHJIeHcaTopa'.

Pe3onanc HanpsizkeHuii 1.

1. KakoBO COOTHOIIIEHUE MEXKIY JEUCTBYIOLIMM, aMIUIUTYAHBIM U CPEIHUM
3HAYECHUSIMU HANPsHKEHUH? YKa3aTh HENPaBUJIbHBII OTBET.

1. U<Upy; 2. U, =+/2U ; 3. U<U,,; 4. Ug<U.

2. KakoBO COOTHOIIEHHE MEXIy IIOKa3aHUsIMU BOJBTMETPOB B CXEMe

J1abopaTopHOM pabOTHI IPU pe30HAHCE HAMPsHKEHUN? YKa3aTh MpaBUIbLHBIN OTBET.
R RIi‘ L_ﬁ‘
o

o —

3. Kakast u3 3aBHUCHMOCTEH I LIENHU C MOCIENOBaTelIbHBIM coequHeHueMm R, L, C

NpHUBEICHA HA PUCYHKE?
]

1. U>U;
2. UZ:U3
3. U2<U3

o

1.1(C);

3. U(C);
- 4. Ug(C).
=

4. Kaxas u3 GopMyJ1 COEPKUT OIIUOKY?

1. P=U-l-cosp;2. P=rl%;3. P=4S°+Q°;4. P=S-cosg
5. UeMy paBHa NOrpEmIHOCTh M3MEPEHUsT MOIIHOCTH 5 BT BartmeTrpoMm c

npeneiaoMm u3Mepenuss 100 Br, ecnm kmacc tounoctu ero paseH 0,57 VYkazatb
IIPABUJIBHBIA OTBET.

1. 0,5%; 2. 1,0%; 3. 10%; 4. 5%.
Pe3oHaHc HanpskeHwUit 2.

1. Kakoe 13 COOTHOIIEHHI CIIPABEUIMBO P PE30HAHCE HANPSIKEHHIA?

1. P=S; 2. P=Q; 3. Q=S.

2. Kakoe u3 yciioBuii o3BoJiseT ONpeeinTh [0 IPUOopaM, 4To B CXEME
HACTYIMJI PE30HAHC HANPSKEHUI?

1. X =Xc; 2. I=max; 3. U,=Uc.

3. I[Hf[ KaKOT0 COOTHOIIICHUA X U Xc IIPpHUBCACHA BCKTOpHAs III/IaI“paMMa?

20



4. YeMy paBHO pEaKTHBHOE CONPOTUBIIEHUE KOHIEHCATOPA EMKOCThIO 30 MKD
Ha yactore 50 ['? Yka3zarh npaBHIIbHBINA OTBET.

1.1 Owm; 2. 10 Om; 3. 100 Owm; 4. 1000 Om.

5. Uemy paBHa aOcoJIIOTHasi MOTrPEIIHOCTh H3MepeHus: Hanpspkenus 10 B
BOJILTMETpOM C TipeaesnoMm u3Mmepenuss 50 B kmacca Tounoctu 1,5 ? Vkazars
PaBUJIbHBIA OTBET.

1.1,5B;2.1,0B; 3.0,75B; 4. 0,5 B.

HNPUJIOKEHHUE 2

[Ipumepbl KOHTPOJBHBIX TECTOB Ul IOJIyYEHHUs JOINYyCKa K J1abOpaToOpHOM
pabote 7 "WUccnenoBanue oaHo(ha3HOM LENU MEPEMEHHOTO0 TOKA C MapaljieIbHbIM
COEIMHEHHEM pPEe3UCTOpa, MHIYKTUBHOM KaTylIKHA U KOHJeHcaTopa'.

Pe3zonanc Toxos 1

1. KakoBO COOTHOIIIEHUE MKy TEHCTBYIONIMMH aMILTUTYTHBIMH H CPEIHUMHA
3HAYCHUSMHU TOKOB? YKa3aTh HENPaBUJIbHBII OTBET.

1 ep<dm; 2. 1,,>U; 3. U<Upy; 4 Up=+/2U

2. KakoBO COOTHOIICHHE MEXIy IIOKa3aHUSIM aMIICPMETPOB B CXEMe
nabopaTopHO# pabOTHI IPU pe30HAHCE TOKOB? YKa3aTh HEMPaBUIbHBIN OTBET.

R Ry Ig
_@_ 1. 1,=0;
- 2. 1,>13;

C
~IT .{’—\ )i 3. |2>|1.

3. Kakas u3 3aBucuMocTeit 11 ey NpEeAbIyeHd 3a1aun IpuBecHa HIDKe?
YKaxuTe MpaBUIbHBIA OTBET.

v
1. 11(('_‘}

2. I(C)
3. I3(C)

o
4, Kakas u3 ¢hopmys1 COAEPKUT OMNOKY?
1. P=U%3;2.Q=U%;3.Y=g+b;4. 1=U-Y
5. AMmepMeTpsl Kakoil CUCTEMbl HE MOTYT ObITh IPUMEHEHBI JIJIS1 U3MEPEHHUS
TOKOB B II€TIH JTA0OPaTOPHOH pabOThI?
1. MarHuTo3neKTpUUecKoi. 2. DNeKTPOMaruHuTHOM. 3.2IeKTPOIMHAMUYECKOM.
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Pe3oHnaHc TOKOB 2

1. Kakoe M3 COOTHOIIEHWH CHpaBeJMBO IIPU PE30HAHCE TOKOB? YKa3aTh
HCHp&BI/IJILHBIfI OTBCT.

1. 1 =l 2. I=min; 3. P=Q, 4, b|_=bc.

2. B KakoM BBIpaKEHHH JIONyIIeHa OIHOKa?

1.9 =%; 2. b, =%: 3. Y, =40, +b; ;4. b=b +Dc.

1 1
3. Jlns kakoro cooTHotienus by u be npusenena BexkropHas quarpamma?

13
_ 1. b|_>bC;
I; 2. b =Dbg;
7 3. b <bg;

I
4. Kakas u3 3aBUCUMOCTEW XapaKTEepU3yeT H3MEHEHUE COS(Q B CXEMe
nabopaTopHO# pabOTHI?

} 1 1
/ 2
2 3
3 4
P
(_ v

5. Kakas u3 norpenHocTeit onpeaensieT TOUHOCTh U3MEPEHMI?
1. A6comotHast; 2. OtHocuTenbHas; 3. [IpuBeneHHasl.

o
" -

Meroanyeckue yKa3aHUsI COCTaBUII A A

— /A.C. MocroBoii/
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