DHIeNbCCKUM TEXHOJIOTMUECKUA HHCTUTYT (puiinan) (enepasbHOro rocy1apcTBEHHOTO
O10KETHOTO 00Pa30BATENILHOTO YUPEKACHUS
BBICIIIET0 0Opa30BaHUs
«CapaTOBCKUI TOCYy1apCTBEHHBI TEXHUYECKUI yHUBEpcUTEeT nMeHH ["arapuna F0.A.»

Kadenpa «EcTecTBeHHBIC 1 MATEMAaTHUECKIE HAYKI

JIEKTPOTEXHHUKA U DJIEKTPOHUKA

Meroanueckue yka3zaHus K JlabopatopHoit padote «OnHoda3Hble LEny NEPEMEHHOTO
TOKa»
JUISL CTYJIEHTOB HaIlpaBJICHUN

09.03.01 «MHpOpMaTHKa 1 BEIYUCTUTEIHHAS TEXHUKA

09.03.04 «IIporpamMmHasi HH)XESHEPHSD)

15.03.02 «TexHonoruyeckue MaiuHbI 1 000pyIOBaHUEH

15.03.05 «KoHCTpYKTOPCKO-TEXHOIOTHUECKOE00eCTIeUeHEe MAIIMHOCTPOUTENBHBIX IPOU3BOJICTBY
18.03.01 «Xumuyeckast TEXHOJIOTHUS»

23.03.01 «Hedrerazosoe nemno»

29.03.05 «KoHcTpynpoBaHue U3Ieuii JJETKON MPOMBIITUIEHHOCTH

O4HOM, 0OYHO-3204YHOM U 3204HOU (POPMBI 00YUEHUS
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JlabopaTopHnasi padora 3.1.

NCCJEJOBAHUE OTHO®A3HOM IIENTHN
HEPEMEHHOTI'O TOKA C ITOCJIEAOBATEJIBHBIM
COEJUHEHUEM PE3UCTOPA, MTHAYKTUBHOUN
KATYHIKN U KOHAEHCATOPA

Ilenv  pabomwr:  dKCUEpUMEHTANIbHOE  W3Y4YEHUE  JIMHEHHOW  1enu
CUHYCOUJIAJILHOTO TOKA, COCTOSIIEH W3 MOCIEA0BATEIbHO COSAMHEHHBIX PE3UCTOPA,
MHAYKTUBHOM KaTYIIKU U KOHJIEHCATOPA; M3YYECHUE OCHOBHBIX 3aKOHOMEPHOCTEW B
TaKOW LIETIH; MOJYyUYEeHUE PE30HAHCA HAIPSKEHUN U U3YYEHUE CBOMCTB LIEMU B 3TOM
pexuMeE.

OCHOBHBIE ITOHATHUA

PaccMoTpuM 11enb, COCTOSIIIYIO U3 MOCIIEA0BATEIEHO COSTMHEHHBIX PE3UCTOPA
(R), maaykruBHor katymku (L, R,) m konaeHcaropa C. Cxema Iienu Moka3aHa Ha
puc.1.

R Ry L
o 1o

B e C
v R Re L Uf‘vl' |

r ]
CF <E

Puc.1. IlocnenoBarensHoe coenuuenue 3aemMeHToB R, L u C

IIycte 1enp BKIOUYEHA HA CUHYCOUJAJIBHOE HampspkeHue u=U sinat,

HavyanbHas ¢aza KOTOPOro paBHA HyJI0. Torga mo memw MoTedeT TOK, aMIUTATY/Ia
KOTOpOTO OyIeT OmpenensaTbcs aMIUIUTynoi HamnpsokeHus Up W TOTHBIM
COTIPOTHBIIEHUEM IieTii Z, a HadalbHas ¢aza Toka Oy/eT 3aBUCETh OT COOTHOIICHHA
PEaKTUBHBIX COIMPOTUBJICHUM WHAYKTUBHOCTH X_ U eMKocTH Xc. Bo3moxHbI Tpu
ciyyasi: ecii X >Xc, TO TOK OTCTaeT OT HaNpsDKeHHs Ha yrona ¢; eciu X < Xc, TO
TOK OIepekaeT HaMpsDKeHHUE Ha yrou @, mpu X = Xc TOK ¥ HAPsHKCHUE COBMAAIOT
o daze, @ = 0, 11e1b HAXOAUTCS B PEKUME PE30HAHCA HATIPSIKCHHUIA.

3aBUCUMOCTh MEXKIYy, ACHCTBYIONIMMHU 3HAaYeHUsMH Toka | n Hampspkerus U
onpezaensercs 3akoHoMm Oma

=9 - J
ZJR+Re) (X —Xe)
rae X, =L =24L, Owm,
1 1
O
VYron casura ga3 mexay U u | onpenensiercst popmynamu:



Cos(p:ﬂ; tg(pzu
Z R+Rg

CBsi3p MEXK/ly TOKOM B IIEMA W HANPSKEHUSAMHU Ha OTHEIBHBIX Yy4acTKax M Ha
3aKMMax IEMU HarJSAHO MPEICTABISAETCS BEKTOPHBIMU JUArpaMMaMH.

JIns mMOCTpOEHMsT AMarpaMmbl I 3aJaHHOM LENU 3alUChIBAIOT IO BTOPOMY
3akoHy Kupxroda ypaBHeHHE paBHOBECHS HAMPSHKEHUN B BEKTOPHOH (hopme, a 3aTeM
10 YPAaBHEHUIO CTPOSIT JUATPAMMY .

Jlnst enn (puc.l) ypaBHEHHE paBHOBECHsS HAIPSKEHUN B BEKTOPHOU (opme

umeer BuA U =U,+U, +U +U.. [los mOCIe[OBAaTeNbHON MM MOCTPOCHHE

IuarpaMMbl HAYMHAIOT C BEKTOpa TOKA, TaK KaK OH SIBIAETCS OOLIMM JUIsl BCEX
aJieMeHTOB 1enu. Bekrop Toka, B Macimtabe Toka My = A/cM, OTKJIaJbIBAIOT MO OCH
abcmucc. 3aTeM B Maciitade HampsbkeHus My = B/cM B cOOTBETCTBUM ¢ BEKTOPHBIM
YpaBHEHUEM OTKJIAJbIBAIOT Bce HanpspkeHust. s nenu (puc.l), npu ycnoum X, >
Xc BEKTOpHas Auarpamma IokKaszaHa Ha puc.2.

Uk

Uc

Uy,

Ugr Urg
Puc. 2. BektopHas auarpamma
ITpu mocTpoeHun BEeKTOp HanpspkeHust U, = R 1 B Macmrrabe My OTKIIAABIBAIOT
0 HampaBlIeHHIO Toka |, 3aTeM K KOHIy Bekropa U, NpHOaBISIOT BEKTOP

HaNpsOKEHUS HA AKTHBHOM CONPOTHBIEHUH KaTymku U, =R:l, 3aTeM K KOHILY
Re E

BekTopa U, NPUOABISIOT BEKTOP HANPSUKEHMS Ha MHAYKTMBHOCTH U =X I . DTOT

BEKTOp orepexkaeT ToKk Ha 90°. BekTop HampsikeHUss Ha €MKOCTH TPHOABISIOT K

KOHIly BekTopa U, , oTcTarommMm OT Toka Ha 90°. Bekrop HampspkeHHs CETH

IOpOBOMAT W3 Kadama Bekropa U, B KoHelm Bektopa U.. Ilpu mnpaBHiIbHOM

MOCTPOCHHH JJTMHA BeKTopa U , yMHOXCHHAss Ha Maciitad My, J0/DKHA ObITh paBHA
HalpsDKEHUI0 Ha 3a)XKMMax 1end. BekTop HanpspKeHUusT Ha KaTyllKe paBeH

reoMeTpUYEecKoif cymMme BeKTopoB U, 1 U . BenmunHa 9TOro HanpspkeHns paBHa

Ue = JUZ +UZ.

BekTopHble auarpaMMmBbl Ijis TTOCieI0BaTeNIbHOM 1ienu mpu X < Xc 1 X = Xc
MOKa3aHbl Ha puC. 3 a, 0.



UL,

= reme o |

a) 6) U

Puc. 3. BekTopsble quarpammbl 1j1s ocienoBarenbHoi ey npu Xy < Xc u XL = Xc

_—

[Ipu wuccnenoBaHuM MOCIEAOBATENBHON IIE€NMU MEPEMEHHOTO TOKa OOBIYHO
OTIPEIEIIAIOT M3MCHEHNE TOKA B IEMM M HANPSHKEHHWH Ha OTACIBHBIX yYacTKax B
3aBHCHMOCTH OT YaCTOTHI CETH MJIM M3MCHEHHUS OJHOTO HIIM IBYX IapaMeTpOB IEIH.
Tak, HanpuMep, U3MEHSIS BEIMYUHY eMKOCTH B 1ien, 3aBucumoctu 1=f(C),U =f(C),
Uc=f(C) OyayT uMeTh BHJI, IOKAa3aHHBIN Ha PHC.4.

I UACO)

Uty UK(C)

U

o

—

Cpez C

Puc. 4. 3asucumocts 1=f(C),UL=f(C), Uc=f(C)

AHanmM3upyss KpUBBIC, IOKa3aHHbIE Ha puc.4, MOXHO YKa3zaTrb, 4YTO C
BO3pacCTaHUEM E€MKOCTH Lienu HampsbkeHne Uc cHavasia yBelIWYMBaeTcs, HauMHas C
Hanpsbkerus cetd (to ectb nmpu C=0 Uc=U), mocturaer makcuMmyma, a 3aTeMm
YMEHBIIAECTCS, CTPEMACH K HYIIIO.

C yBenmyeHHMEM €MKOCTH TOK B LIENM PacTeT OT HyJs, JOCTUTAaeT MakCuMyma
npu Cpe; W JlaJI€€ YMEHbLIAETCSI AHAJIOTMYHO TOKY HM3MEHSIETCS HaIpSHKEHUE Ha
VHIYKTUBHOM KaTylLIKE.

MakcrManbHbIl TOK B MOCIEI0BATENILHON LIETIN, CONEPKALLEN HHAYKTUBHOCTD U
€MKOCTb, MPOTEKAET B PEKHUME PE30HAHCA HANPSHKEHU. DTO TAaKOM pPEXUM, IpPH
KOTOPOM TOK B LENUW M HaNpsbKeHHe ceTh coBmagaroT 1o ¢aze. Pe3onaHc
HAIPSKEHUM BO3HUKAET MPU yCI0BUM, Koraa X = Xc.

B pexnMe pe3oHaHCa HANpPsDKEHUM BBIIOJIHSAIOTCS CIEAYIOIIME OCHOBHBIC
COOTHOILEHHS:

1. Z=R+R,; 2. ¢9=0; 3. cosp=1,



4, | - MaKCUMaJICH 1 JaHHOU 1IeMH;

"R+R,
5.U =U,; 6.U =Ugp +Ug ;

7.Q=Q -Q:=0; Q =Q;
8. P=S=U-1;
9. w,=1/JLC; an, fo — yrioBas yacroTa M COOTBETCTBYIOIAas €l YacToTa

CUHYCOUJAJIBbHOIO TOKA M HANPSKEHUI B LIETIH JIJIS CIIy4asl pe30HaHca.

Ecim X(>R+R,, TO B peXuUME pe30HaHCa HANpPSKEHHs Ha KaTyLIKe H
KOHJIeHCaTope OyIyT OOJIbIIe HAPSDKEHUS CETH, YTO IPUBOJIUT K OMACHOCTHU MPOOOS
M30JILHMY B KaTyIIKE WM KOHJIEHCATOpE, MMOATOMY B CHUJIOBBIX LIEMSAX TAKOW PEKUM
HEJIOITYCTUM.

B pamuorexHuke, rae aOCOJMIOTHBIE BEIMYMHBI HAIPSDKEHUH HE BEJMKHU,
PE30HAHC HANPSHKEHUI MOYKET MCIOJIb30BAThCs ISl yCusieHus curaaina. [lpu
XL >>R; U >>U cern.

Jlnst ienum (puc.l) cipaBeyiuBEI CIICTYIONME COOTHOLIECHHUS [Tt MOIITHOCTEH:

P=1-U-cos¢ - akTUBHasI MOIIHOCTH (Bm, kBm);,

Q=1-U -sin ¢ - peakTuBHast MOIIHOCTH (B-Ap; kB -Ap);
S=1-U - nmoaxas MomHOCcTh (B-A kB-A); wiu D=r1%; Q=Q, —Q.; Q, =X _1?;

Qe =XcI% S=——=[PP+Q? .

coso
METO/IUKA DKCIIEPUMEHTA
OnucaHue 3KCIIePUMEHTAIBHON YCTAHOBKU

Hccnenoranue mocaeaoBaTeIbHOM MEITH TPOBOIUTCS Ha JJaOOPaATOPHOM CTEHJIC
oz Ha3BaHueM "OpxHodaszHeii Tok". Ha cTeHme nMeeTcs cxeMa onbiTa, HEOOXO0MMbIC
pUOOPHI, M300pPaKEHBI CXEMbI 3aMEIIEHUS PE3UCTOpa, WHAYKTHBHON KATYIIKA W
KoHJIeHcaTopa. OT KaXa0ro 13 3JIEMEHTOB BBIBEACHBI JIBa 3a)KMMa, HEOOXOIMMBIC JIJIs
cOoopku 1ienu. Cxema omnbiTa MpeJCTaBiIeHa Ha PUC.S.

JIst u3MeHeHus BETWYMHBI €MKOCTH B IIeNH OaTapesi KOHJACHCATOPOB UMEET
HECKOJIbKO TyMOJIEpOB U JIBa IIETOYHBIX MEPEKIIIoUaTessi, MO3BOJSIONINX BKIIOYATh
JNECATKH WM eIUHMIBI MHKpodapan emkoctu. CymmapHas €MKOCThb Oarapeu
KOHZIeHCcaTopoB - 110 M.

Harmpspxkenne nctounrka nuTanus cTeHaa 24 u 36 BOJIBT.

[Tpubops! 1 MeTOIMKA U3MEPEHUT

AMIOepMeTphl U BOJIBTMETPbI, MMOCTOSIHHO YCTAHOBJIEHHBIE HA CTEHJIC, UMEIOT
AJIEKTPOMATHUTHYIO CHCTEMY H3MEPHUTEIBLHOT0 MexaHu3Ma. [Ipubopbl u3MepsioT
JICUCTBYIOIME 3HAYEHUS TIepeMeHHbIX BenmuuH. Kiace towynoctu mpubopor 1,5.
[lepeHocHOl MHOTOIpEAETbHBIN JTabopaTopHbIi BaTTMETp kKiacca TowyHoctd 0,5



dbeppoauHamuyeckor cucteMbl. OH HMMeEET TpU MEpeKIoYaTelNis: MepPeKIoYaTeb
TOKa, TIEPEKITF0YATEh HAMPSDKEHUS, TIEPEKITI0YaTeh poja padoThl (M3MEPEHHUE TOKa,
WIH W3MEPEHUE HANpsOHKSHUS, WIM H3MEpPeHHe MoITHocTH). [lpenen w3mepeHus
BAaTTMETpa ONpPEJIENACTCS MOJIOKEHUEM €r0 NepeKIrodaTesneit
P=1-U,
rjae | - Tok, Ha KOTOPBI YCTaHOBJIEH NEPEKIIOYATENbh TOKA;
U - HanpsbkeHue, Ha KOTOPO€ YCTAHOBJICH MEPEKITI0UaTeNb HAMPSKEHUS.

Llena nenenust BaTTMETpa orpeaensercs no hopmye
P

C=—= v Bm/oen;
n n

r7e N - 9UCIo ASICHUH Kbl MpUoopa.

MomHOCTh, U3MepseMas BATTMETPOM, Oyaer pasaa P = C- N, rae N - 4mciio
JIEICHUH IIKAJTBI, ITOKa3bIBAEMOE CTPEIKOM prbopa.

B nanHoil nabGopatopHoil paboTe HpU HM3MEPEHHSIX HCHOJIb3YETCS METOJ
HEMOCPECTBEHHOTO OTCYETA C MIPSIMBIMH OJHOKPATHBIMHU U3MEPCHUSIMHU.

ToYHOCTH MNPSMBIX H3MEPEHHUM OIICHUBAETCA OMPECICHUEM a0COIIOTHOM
MaKCUMAaJIbHOM MOTPEIIHOCTH 10 (popMyie

Bk

100
rae Am — BEpXHHUI Mpees U3MEpeHust mpudopa;
K - xnacc TouHocTH rpudopa.

Pe3ynbrar uamMepeHus 3anMCchIBACTCS B BHJIC
A+AA,

rjae A - mokazanue rnpuoopa.

TPEBOBAHMA BE3OITACHOCTUTPYIA

1. Tlepen cOopkoii cxeMbl yOeIWTECh B TOM, YTO CTCHJ OTKJIIOYEH OT CETH.
Pydka makeTHOro BBIKJIIOYATENSI MPU ITOM HAXOJAUTCS B TOJOXKEHUM “OTKI, a
CUTHaJIbHAs JIamMIia HE TOPUT.

2. Crena BKIIOYAETCS TOJBKO TMpEnojaBaTeleM WM JaOOpaHTOM TOCIe
MPOBEPKU CXEMBI.

3. IIpu u3MepeHunsx He KacauTech OTOJICHHBIX TOKOBeAYyIuX yacten. [IpoBoaa,
MOJIKJTFOYEHHBIE K IEPEHOCHBIM MpUOOopaM, AEPKUTE 32 U30JIUPOBAHHBIC YACTH.

4. He npukacaiiTech K 3aKUMaM OTKJIFOUCHHBIX KOHJICHCATOPOB, TaK KaK 3apsij
Ha HUX MOYKET COXPaHATHCS JTUTEIIHLHOE BpEMS.

5. [To okoHUYaHUM U3MEPEHHM BBIKIIFOUUTE CTCH]I.

HOPAAOK BBIITIOJIHEHHUSA PABOTbI

1. O3HaKOMUTBCA CO CTEHIOM M CXEMOM OIIBITA.
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Puc. 5. Cxema omnbiTa

2. Cobpatsb cxemy ornbiTa (puc. 5).

3. 3anucaTh TEXHUYECKUE XapAKTEPUCTUKH MPUMEHSIEMBIX TPUOOPOB, YKa3aB:
HAaMMEHOBaHUE MpUOOpa, €ro MapKy, THUI HU3MEPUTEIHLHOTO MEXaHW3Ma, Mpeiel
MU3MEPEHUS, KJIIACC TOYHOCTH, 3aBOJICKON HOMED,

4. CoOpaHHyl0 cxeMmy IMoOKa3aThb MpenojaBaTento s npoBepku. [locre
MIPOBEPKH BKIIFOUUTH CTEHJ] B pa0OTY, IIPU 3TOM 3arOPUTCS CUTHAJIbHAS JaMIIOUKa.

5. H3mensss BenmWYMHY €MKOCTH KOHJEHCATOPOB, JOOUThCA B IIENH
MaKCHMAJIbHOTO TOKA; MPU 3TOM JIOJKHO BBIMOJHATHCS ycioBue U, >Uc. [Ipu stom
YCJIOBUU B IIEMIM HACTYIUT PE30HAHC HAMPSHKEHUH.

3anucathb MokKazaHusi BCeX MpuOOpoB B Ta0JI. 1, B 4ETBEPTOM CTPOKE.

Tabnumna 1
Ne Jlannbie HaOMIOIEHUN Pesynprarel BeIYMCIEHUM
n/n
U C [ 1L ]U[Uk[Uc [P | R [Rk[Xc, [ XL [Zk [ x| Z, | S, [cose
B | mc®| A| B | B B |[Br{OMm  OmM |OMm |Om |[OM | ° | Om | B-A

6. IlponsBecTn W3MEPEHHUS TOKA, MOIIHOCTH M HANpPSOKEHUH Ha AJIEMEHTax
[ENU TPH TpeX 3HAYCHHUSX EMKOCTH Oaraper KOHICHCATOPOB MEHBIIHX, YeM TpHU
pe3onance. [lanubie 3anectu B Tabi. 1, ctpoku 1+3. [Ipu 3TOM HEOOXOAUMO CIIETUTH,
4TOOBI NIPU 3alMCU JaHHBIX B Ta0m.1l ot mepBoii crpoku (s C= O) K mociemHen
(C= 110 mx®D) eMKOCTh MOHOTOHHO YBEJIMUNBAJIACh.

7. Ilpon3BecTy U3MEpPEHUS TOKA, MOIIHOCTH ¥ HANPSDKCHUS HA dJICMEHTAX JIIsl
TPeX 3HAYEHUH CEMKOCTH OOJBIIMX, YeM Ipu pe3oHaHce. J[aHHBIC 3aHECTH B
tabmu.1,cTpoku 5, 6, 7.

OBPABOTKA PE3YJbLTATOB HABJIIOJEHUI

1. ITo manHBIM HAOJIIOEHUN BEIYUCIUTD BEJIMYNHBI:

R (Om); Rx (Om); L (T'n); XL (Om); Xc (Om); Zk (OM); 0k ; Z (Om); COS .

Brruucnenus mpoBecTH IS BCeX CTPOK Tad. 1, uMest B BUIY, YTO BEIMYHMHBI R;
Ri; L; XL, Zk, @k - IOCTOSIHHBIC, TTIOATOMY HX JOCTATOYHO BBIYMCIIMThL OJIUH pa3 s
pexnMa pe3oHaHca HanpsbkeHui. OcTajbHbIE BEIWYMHBI - TIEPEMEHHBIC, U HUX
BBIYUCJICHUS CIIEyeT TMPOBOJAUTH JJIsl KaXI0HW CTpoku Tabiu.l. Beraucienus
MPOBOJIUTH MO (POpMyJIaMm:



R,—R+R, =——

12"
PE3

riae P — MomHOCTh, U3MepsieMass BaTTMETpoM Bm; lpgz - TOK B IleNd B pexKUME
pe30oHaHca.

R= Ur/lpg3,
rae Ug - magenue HaIpsDKEHUS Ha PE3UCTOPE B PEXKUME PE30OHAHCA.
Rx=Rs-R, Om,
6
X =X 1 _ 1 10 Owm,

CrE3 wCPE3 27 CPE3’ 314CPE3'

rae =50 I'u; Cprz — B MKD.
6
Z, =+R.+X?,OmMm; @K:arctg%; X, =% Owm,
K

rae C — Tekyliee 3Ha4YeHUEe EMKOCTH B MKOD.
Z= U/, rae U — HanpspKeHUE B HaYaJIe LEIH.
cosep =Rz,

2. Ilo pesynbratam HaOMIOACHUN B OJHOM M TOH XK€ CHCTEME KOOPIHWHAT
noctpouTts ciaenyromue kpussie: | = f(C); U,= f(C); Uc = f(C).

3. [lo maHHBIM U3MEPEHHI U BBIUMCICHUI MOCTPOUTH BEKTOPHBIE TUATPAMMBbI
JUIst Tpex cirydaeB: a) Xi. > Xc, 0) X = Xc, B) XL < Xc.

KonkperHbie 3HaueHUss X¢, JISI KOTOPBIX CTPOSATCS BEKTOPHBIC AUATPAMMBI,
YKa3bIBAIOTCS MPENOAaBaATEIIEM.

4. ITpou3BeCTH CIIEHKY MOTPEITHOCTH U3MEPEHHUS OJTHOM, U3 BETUYUH:

U, I, Ug, Ug, P.

[IpousBecTu O1EHKY MOTPENTHOCTH OJTHOW M3 BHIYUCIISIEMbIX BETUYNH

(10 yka3aHHIO TPEIo1aBaTeIs ).

COILEPKAHUE N OPOPMJUIEHUE OTUYETA 110 PABOTE

OTueT ohopMITSIETCSI KaXIbIM CTYICHTOM Ha OTJEIBHOM JiucTe. OTUeT TOJIKEH
colepkaTh Ha3BaHUE JabopaTopHOMl paOOTh, (QOPMYIHMPOBKY I1e€JIU PabOTHI,
nepeyeHb MPUMEHSEMBIX IPUOOPOB U UX XapaKTCPUCTHKH, PE3yJIbTaThl HAOJFOICHUI
Y BBIYUCIICHHI; POPMYIIBI, HCITOJB3yEMbIC TIPU BBIYUCICHUSX, TPAPUKH 1 BEKTOPHBIC
JMarpaMMbl, BBIMOJIHEHHBIE HA MH/UIMMETPOBOM Oymare (uaum Ha Oymare B
KJICTOYKY).

B oruere MOKHBI OBITH CBEAECHHS II0 OILEHKE TOYHOCTH H3MEPSEMBIX H
BBIUUCIIIEMBIX BETUYHH.

OTueT 3aKaHYMBAETCS BBIBOJAAMH 10 paboTe, B KOTOPBIX HEOOXOIHUMO
OTPa3UTh: BO3HUKAET JH B HCCIIEIYEMOM LEenH pe3oHaHc Hanpsukenuit? Ecim ma, To
IpH KaKoW eMKOCTH KoHJeHcaTopoB? O0bsicHuTh X0/ 3aBucumocteit | = f(C); U, =
f(C); Uc = f(C), natp aHanu3 BEKTOPHBIM AMarpammam, oOpaTuB 0co00e BHUMaHHE
Ha YroJI CIBUTa MEKIy TOKOM B IIEMTH U HAMPSHKEHUEM UCTOYHHKA B 3aBUCHMOCTH OT



cooTHOIIEeHUA X U Xc B LIENH.
VYKka3arh OCHOBHBIC HICTOYHHMKH ITOTPEITHOCTCH M3MEPECHHS 1 BEIYMCIICHUS.

BOITPOCHI IJIsA CAMOITPOBEPKHA

[TpuMepsl KOHTPOJBHBIX TECTOB, HA KOTOPHIE HEOOXOAMMO OTBETUTbH, YTOOBI
MOJIYYUTh JIOMYCK K BBIMOJHEHUIO JabopaTopHOM pabOThI, TPUBEICHHI B
npuioxeHuu 1.

1. ChopmynupyiiTe 1iesb paboThl U O0BSICHUTE TOPSAIOK €€ BBITTOJIHEHHUS.

2. JlaiiTe oOIpeneNeHne MrHOBEHHOIO, AaMILUIMUTYJHOIO, JEHCTBYIOILIETO U
CPEAHETO 3HAYEHUSI CHUHYCOUJIAJIBbHO U3MEHSIONIMXCS BO BPEMEHH BeIMYUH. KakoBbI
MaTEeMaTHYECKHUE CBS3U MEXKIY STUMU BEIIMUYNHAMMU?

3. Hzobpazute cxeMy 1end, B KOTOPOM MOMKET HACTylUTh PE30HAHC
HanpspkeHU. OOBSICHUTE 32 CYET M3MEHEHUSl KaKUX MapaMeTpOB MOXKHO JOOUTHCA
pE30HaHCa HAMPSIKCHUN B ATOU LIEIIH.

4. Kak omnpenenuTh, 4YTO B CXEME HACTYIUJI PE30HAHC HAIPSHKEHUN? YKaxXuTe
MPU3HAKKU PE30HAHCA MO MOKa3aHUAM NPUOOPOB, BKIIOUECHHBIX B CXEMY.

5. Hanumute COOTHOIIEHMS, BBITIOJIHSIIONIMECS PU PE30HAHCE HAMPSKEHUIA.

6. Hadepture BeKTOpHBIC JWArpaMMbl IS IIE€MH,  COJEpIKaIIen
MOCJIEA0BATEIbLHO COCIMHEHHBIC AKTUBHBIE COMPOTUBIICHUS, UHIYKTUBHYIO KaTYyIIKY
1 KOHJICHCATOp JUIsl CITy4aeB:

a) XL > Xc, 6) XL = X, B) XL <Xc.

7. Onpenenure Benuununy Xc, XL 1 L g =50 'y u C=40 Mx® B ycnoBusX
pe30HaHCa HANPSKEHUM.

8. Kak onpenenstorcs Benmuuunsl Ry, Zg, R, ¢k, COSpu Z?

9. Hanuiure COOTHONIICHUS M TOSICHUTE (U3UYECKOE COJECp>KaHUE MOHATUN
AKTUBHOM, PEAKTUBHOU U MTOJTHOM MOILIHOCTEM.

10. Hamumute cooTHOIIEHUE, BhIpaxaromiee 3akoH Oma B 1Ie1H, CoJepsKalei
MOCJIEA0BATEIbHO COCTMHEHHBIE PE3UCTOP, MHAYKTUBHYIO KATYIIKY U KOHAEHCATOP.

11. YkaxuTe 3HaUCHUE PE30HAHCA HAIIPSKEHUN B TEXHUKE.

Jlureparypa

1. CkopnsikoB, B. A. OOmas 31eKTpOTEXHUKA U DJEKTPOHUKA @ YUYEOHUK JIs
By30B / B. A. CxopnsikoB, B. f. ®ponoB. — 2-e¢ u3a., crep. — CaHKT-
[TerepOypr : Jlans, 2021. — 176 ¢. — ISBN 978-5-8114-7262-8. — TekcT :
ANEKTpOHHBIN // Jlanb : 25eKTpoHHO-OMOMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/156932 (mara o6pamenus: 20.10.2021). — Pexum
J0CTyIMA: JUIsl aBTOPU3. MOJIb30BATENEH.

2. WBanoB, U. 1. DnekTpoTEeXHUKA ¥ OCHOBBI SJIEKTPOHUKHU : YICOHUK JJIsI BY30B

/ Y. U1. IBanosg, I'. U. Conosbes, B. 5. ®ponos. — 11-e uzn., crep. — CaHKT-
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[TerepOypr : Jlanb, 2021. — 736 c. — ISBN 978-5-8114-7115-7. — Tekcr :
AJEKTpOHHBIN // Jlanb : 2yeKTpoHHO-OMOMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/155680 (marta obpamienus: 20.10.2021). — Pexxum

AOCTYIIA: IJIsI aBTOPH3. I10JIb30BATEIICH.

. benog, H. B. DnexTpoTexHrnKa 1 OCHOBBI JICKTPOHUKH : yueOHOe mocodue / H.

B. benos, 0. C. BonkoB. — Cankr-IlerepOypr : Jlanp, 2021. — 432 ¢. —
ISBN 978-5-8114-1225-9. — TekcT : 31eKTpoHHBIN // JlaHb : 2JIEKTPOHHO-
oubmuoteunass cucrema. — URL: https://e.lanbook.com/book/168400 (marta

obpamenust: 20.10.2021). — Pesxxum qocTyma: it aBTOpU3. T0JIb30BATEIICH.

. AHOHHOHCKHﬁ, C. M. TGOPGTI/I‘IGCKI/IG OCHOBBI QJICKTPOTCXHUKHU.

DJNeKTpoMarHuTHoe mojie : ydeOHoe mocodue / C. M. AmNOMIOHCKUH. —
Cankr-IletepOypr : Jlanp, 2021. — 592 c¢. — ISBN 978-5-8114-1155-9. —
TekcT : anexkTpoHHbIl // JlaHb : 37eKTpOoHHO-OMOMMoTeuHas cuctema. — URL:
https://e.lanbook.com/book/168388 (mara obpamenus: 20.10.2021). — Pexum

AOCTYIIA: IJIsI aBTOPH3. MOJIb30BaTEICH.

. Iloranos, JI. A. TeopeTtnueckne OCHOBBI JJIEKTPOTEXHHUKH: KPATKUWA KypC :

yueoHoe nocobue / JI. A. [ToranoB. — Cankr-IlerepOypr : Jlanp, 2021. — 376
c. — ISBN 978-5-8114-2089-6. — Tekcr: onektponHslii// Jlanb
AIEKTPOHHO-OMOIMOTEUHAs cucrema. — URL:

https://e.lanbook.com/book/168955 (mara obpamenns: 20.10.2021). — Pexum

J0CTyIMAa: JUIsl aBTOPU3. MOJIb30BATENEH.

. BomoBozoB, A. M. OCHOBBI AJIEKTPOHUKH : ydeOHoe mocooue / A. M.

BonoBo3oB. — 2-¢ u3n. — Bomorna : Uadpa-Unmxkenepus, 2019. — 140 c. —
ISBN 978-5-9729-0346-7. — TekcT : snekTpoHHbIH // JlaHb : 37IeKTpOHHO-
ouOmmoreunas cucrema. — URL: https://e.lanbook.com/book/124672 (narta

obpamenusi: 20.10.2021). — Pexum qocTyma: st aBTOpU3. TOJIb30BATEIICH.

. Hemuposckuii, A. E. Dnekrponuka : yuedHoe nocodue / A. E. HemupoBckuii,

U. C. Cepruesckas, A. B. IBanoB. — Bonorna : Uadpa-Umxenepus, 2019. —
200 c. — ISBN 978-5-9729-0264-4. — Texkct : 3neKkTpoHHbIN // Jlawp :



AJIEKTPOHHO-OMOIMOTEeUHAS cucrema. — URL:
https://e.lanbook.com/book/124611 (mara obpamenus: 20.10.2021). — Pexum

J0CTyIa: JUIsl aBTOPHU3. MOJIb30BATENEH.

Bpewmst, orBeieHHOE Ha 1a00paTOpHYIO padboTy

IToxgroroBka kK pabote 1,0 akag.yac
Brimonaerne paboThl 1,0 akaz. yac
O6paboTka pe3yJbTaToOB HAOIIOICHUM U 2,0 akaz. gac
o opMJICHHE OTYETA
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JlabopaTopHnasi padora 3.2.

HCCJIEJJOBAHUE OJJTHO®A3HOM IENIN
HNEPEMEHHOI'O TOKA C ITAPAJUIEJIBHBIM COEJUHEHUEM
PE3UCTOPA, MTHAYKTUBHOU KATYIHIKA U KOHAEHCATOPA

[lenp paboOThI: IKCHEPUMEHTATbHOE H3YYCHHE OCHOBHBIX 3aKOHOMEPHOCTEM
JMHENHOMN LEeNU CHUHYCOUJAIBHOTO TOKA, COCTOSIIEN U3 NapaJuIeIbHO COEIMHEHHBIX!
pe3ucTopa, UHIYKTUBHOM KaTyIIKW M KOHAEHCATOpa, IpU M3MEHEHHU NapaMeTpoB
onHOM u3 BeTBell. [lomyueHue pe3oHaHca TOKOB M M3yYEHUE CBOMCTB LIENIU B 3TOM
peXUME.

OCHOBHBIE IIOHATHUA

[lenu ¢ mapaniaeabHBIMU BETBSIMHU IIMPOKO MPUMEHSIOTCS B DJIEKTPOTEXHUKE,
ANIEKTPOHUKE M paguoTexHuke. s pacdyera M aHanu3a TakMX LENed NPUMEHSIOT:
METOJI BEKTOPHBIX JUarpamm, METOJ[ MPOBOJAUMOCTEH, KOMIUIEKCHBIH METOJ U
JpyTHe.

CambIM MPOCTHIM, HO HAUMEHEE TOYHBIM SIBJSIETCS METOJ BEKTOPHBIX
nuarpamM. PaccMoTpum ero npuMeHeHue Ha MpUMepe LeNnH ¢ AByMs BeTBIMU. [1ycTh
MMEETCS 1Eelb C JBYMs BETBSIMHU COJEpiKallas B OJHOH BETBU pE3UCTOP H
UHIYKTUBHYIO KaTYIIIKY, a B IPYroi - KOHAeHcaTop (puc.6).

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

Puc.6. Cxema 3H€I(TpI/I‘{CCKOI>'I LeMnu € nmapajuiCJibHbIM COCAUHCHUCM BETBEH

Toxku napasnienbHbIX BETBEU ONMPEAEAIOT Mo 3akoHy Oma
|1=U/Zl; |2=U/Zg,
rae Z,=,(R+R:)?+X2; Z;= Xc — TIONHBIE CONMPOTHMBIEHHS COOTBETCTBYIOIINX

BETBEM.
Tok HEPa3BETBIECHHON YaCTH LIECMIH PABEH T'E€OMETPUYECKOWM CyMME TOKOB
MapaJUICIIbHBIX BETBEU:

I=0+1,.

[lo »TOMy ypaBHEHHMIO B MacwTabe CTPOST BEKTOPHYIO JAMarpamMmy H
OTIPENICNISIIOT U3 Hee BeJMYMHY Toka | u ero ¢as3oBbI CABUT 1O OTHOIICHHUIO K
HanpsiokeHuto cetu U.

B umensx c mapawieabHbIMU BETBSAMHU MOCTPOEHUE BEKTOPHOW JAMArpaMMbI
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HAYMHAIOT C BEKTOpa HampsbkeHus U, Tak Kak OHO OJIMHAKOBO JIJIsi BceX BeTBe. B
Maciitabe HamnpsbkeHus My (B/cM) w3 HylneBOM TOYKM B TMOJOKHUTEIHHOM

HANpaBJICHUU OCH aOCIMCC OTKJIAAbIBacTCs BEKTOP HampsbkeHuss U . 3areM B
MmacmTabe Toka My (A/cM) CTpPOSATCS COOTBETCTBYIOIIHME BEKTOPHI TOKOB
HapayieIbHBIX BETBEH.

Tok akKTUBHO-UHIYKTUBHOW BETBH |1 OTCTAET OT HANPSHKEHHSI HA YTOJ

o, .

@, = arctgﬁ,
MIO3TOMY BEKTOpP 3TOr0 TOKa OTKJIAJBIBAIOT IMOJ YIJIOM ()1, OTHOCHTEIBHO BEKTOPA
HAIPSDKEHUS 110 YaCOBOH cTpeke (puc.7).

Tox |, - emkocTHBIA TOK. OH omepekaeT HampsbkeHwe Ha yroa ¢ = 90°.
Bektop Toka |, OTKJIapIBAIOT OTHOCUTEIBHO HAIPSDKEHUS MMPOTUB YaCOBOM CTPEIKH
oA yriaom ¢c = 90°.

['eomeTpuyecku ckiiasibiBas BEKTOPbI TOKOB |, U |, HAXOAST BEKTOp Toka | u

yroi ¢ Ha KOTOpBIﬁ 9TOT TOK CABUHYT 110 (1)836 OTHOCHTCIIbHO HAIIPAXKCHUA.
I

I;
Puc. 7. BektopHas auarpamma Jyuisi napajuieibHbIX BETBEU

JUJIsi aHAIMTUYECKOTO pacueTa M aHaiu3a Lened ¢ mapajuiebHbIMU BETBSIMHU
MIPUMEHSIOT METOI poBoAMMOcTel. [Io 3TOoMy MeTOTy pacdeT TOKOB, HAIIPSKEHUN U
MOIIIHOCTEN BEAYT HE Yepe3 CONPOTUBIICHHUS, a Yepe3 MPOBOJAMMOCTH: AKTHBHYIO,
pEaKkTUBHYI0 U TOJIHYI0. Kpome TOro, BEKTOpbl TOKOB pacKjaJblBalOT Ha JBE
COCTABJISIFOLIME, OJIHA M3 KOTOPBIX HA3bIBAETCS aKTUBHOW M COBMHAAaeT mo Qasze c
HaIpsHKEHUEM, a BTOpasl - PEaKTUBHOW M ONEpexaeT HampspkeHue (Ipu eMKOCTHOM
XapakTepe) win oTctaeT (Ipu HHAYKTHBHOM XapakTepe) ot Hero 1o dase Ha 90°,

11]2 =

-

Puc. 8. BCKTOpa AKTUBHBIX U PCAKTHBHBIX TOKOB B IAPAJIJICIIBHBIX BETBAX
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Ha nuarpamme, n3o0pakeHHOM Ha pUC.8, MOKa3aHbl AKTUBHBIE U PEAKTHUBHBIC
COCTABIISIOIIUE TOKOB JJIS IIEITH, IIOKa3aHHOM Ha pHC.0.

Tok | - YUCTO €MKOCTHBIN, TO €CTh PEaKTUBHBIN, M03TOMY l2=lpy. Toxku |1 u |
UMCIOT OJMHAKOBBIC aKTHBHBIE COCTaBistomue la1 u la, HO pa3Hble peakTUBHBIC
cocrasirstrorue lpy, Ipo.

[To HampspKeHHIO MCTOYHMKA M MapaMeTpaM IIeNM aKTHBHAas M pEeaKTUBHAas
COCTABJISIFOIIME TOKAa JIO0OOM BETBM MOTYT OBITh OINPEIEICHBI IO CIACAYIOIINM
dhopMmynam, HapuMep IS IIEPBOI BETBU:

la, =U-0,; I5,=U"-b

R o
rmae glzz—g - aKTUBHas NPOBOJUMOCTH mepBo BeTBH, 1/Om = Cwm; Ri=R+Rg;
1

2

X o
b, = Z—L - peaKkTUBHAs! IPOBOJUMOCTH MepBOii BeTBH, 1/OM = CM.
1

Tox mepBoit BerBH |, = [15,+1% =U"-Y,, TOe Y,=,g>+b’ - mnonHasd
MIPOBOJIMMOCTH TIEpBOi BeTBHU, 1/OM = CwM.
AHaJOTMYHO OMNpEAeNsAoT TOKM s JIPYIMX BETBEH, A Hamedl CcXeMbl
(puc.6).
Xe -Xo 1

9T BT T TR,

ITonHas npoBOAUMOCTE BTOPOM BETBU
Y, = \/m = i .
xC
Tox BTOpOM BeTBH |, =U -Y,.
JIns TOKa HE pa3sBETBICHHOM 4YacTH LENH PEaKTUBHAs COCTaBIIAIOLIAsS

Ip =l p, = p,, @ aKTHBHAA Ia =lg,, TOTIA

|=\/|;+|TO U, /g% +b? =UY,

rae g=0:+Q2 - aKTHBHas, NPOBOAMMOCTh Bceil memu; b=b;-b, - peakTuBHas
IIPOBOAUMOCTB BCEH LIEMN.

[Ipr HaxXOXIEHWH PEAKTHBHOM IMPOBOAMMOCTH BCEM LENM CIEAYET UMETH B
BHJly, YTO JUI1 MHAYKTUBHBIX BETBEM PEaKTUBHASI MMPOBOJMMOCTD IOJIOKHUTENIbHA, a
IUIsl EMKOCTHBIX BETBEW peaKkTUBHAs MPOBOJAMMOCTb OTpULIATENIbHA. TO K€ OTHOCHUTCS
Y K PEaKTUBHBIM COCTABJISIOIIM TOKOB.

Y =,/g° +b® - moJHAs MPOBOJIUMOCTh BCCH IICIIH.

Beipaxkenne | =U-Y mnpencraBiuser coboil 3akoH Owma mjid  Uenud c
napauieJIbHbIM COCJIMHECHUEM BETBEH.

Ecnu menb COAEpKUT HECKOJBKO MapajuielibHO COCIMHEHHBIX PE3HCTOPOB,
WHIyKTUBHOCTEH U €MKOCTEH, TO TIOJIHASI IIPOBOJIUMOCTD OTPEICIIUTCS KaK

Y =/(Zg)? +(=b, —=h.)? .

Vriel casura (a3 COOTBETCTBYIOIIMX TOKOB OTHOCHTEIBHO BXOJHOTO
HanpsokeHuss U onpeiensifoTesi COOTHOIICHHUSIMU:
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b b b
@, =arctg—=; ¢, =arctg—; ¢ =arctg—.
1 2
MoIHOCTH MOTYT OBITH OTIPEACIICHBI Yepe3 MPOBOIUMOCTH 110 BHIPAKECHUAM:

-aKTHBHAs MOIIHOCTL P =U’-g, BT;

-peaKTHBHAsE MOITHOCTh Q=U?-b, BAp;

-1oJIHAast MOINHOCTE S =U?.Y, BA.

Jng uened  CHHYCOMJANBHOIO TOKA C  [apajuIeJbHBIMU  BETBSIMH,
coZepKall¥MU B OJHOW BETBU UHAYKTHUBHOCTb, @ B JIPYIOM - €MKOCTb, BO3MOKEH
PE30HAHC TOKOB. DTO TAaKOW PEXUM, IPU KOTOPOM TOK B HE PA3BETBICHHOW 4YacTu
[ENU ¥ HaNpsbKeHUE COBIANaloT mo ¢asze. YCIoBUE pEe30HAHCA TOKOB - PABEHCTBO
PCAKTUBHBIX MMPOBOAUMOCTEH MHAYKTHBHOW M €MKOCTHOM BeTBeH, To ecTh b = bc. B
peKUMe pe30HaHCa TOKOB 1IE€TIh 00J1a/1aeT CIeAYIOIMMUA CBOMCTBAMM:

Y = \/ g°+(, —b.)>=g, TO ecThb Iemb 00JamgaeT TOJIBKO AKTHBHOM

IIPpOBOINMOCTLBIO.

. b
Q= arctga =0 Tok M HanpspKeHHE COBIANAIOT 110 (ase.

| =U-Y =U-g - TOK B LICNIK UMEET HAUMEHbIIICEC 3HaUYCHUE. Ecinu npu b .=bc. u
g=0, To oOmwmii ToK 1enu OyAeT paBeH HYJIO.

S=P; Q = Q.-Qc = 0, To ecTh B 11eNb MOCTYIACT TOJHKO aKTUBHASI YHEPTHS, &
BHYTPU KOHTypa, OOpa30BaHHOTO HWHIYKTUBHOM M €MKOCTHOH BETBSMH, HJICT
HETIPEPBLIBHBI 00OMEH PeaKTUBHON SHEPrUed MEXy MHIYKTUBHOCTBIO U €MKOCTBIO,
0e3 moTpeOIeHus ee OT CeTH (B UeaTbHOM Clydac).

Pe3oHaHC TOKOB MIMPOKO MPUMEHSIETCS B DJICKTPOYCTAHOBKAX JJIsl TOBBIIIICHUSA
ko3¢ unrenTa MoutHocTd. C 3TOH 11ebI0 TapauieIbHO HHAYKTHBHBIM ITPUEMHHUKAM
AIEKTPUUYECKON HSHEPruM MOJKIIOYAIOT OaTapero KOHAEHCATOPOB, YMEHbIIAs TeM
CaMbIM pPEaKTHUBHbIE TOKH, IUPKYJIUPYIOIIME MO MPOBOJAM, W CHIXKAs TMOTEpHU
SHEPIruu B MPOBOJAX.

B panuorexHuke pe30HaHC TOKOB MPUMEHSETCS B 3arpaIUTEIIbHBIX (DUIIBTPAX,
HE MPOMYCKAOIIUX TOKH ONMPEICICHHON YaCTOTHI.

B panHOil pa®oTe pe30HAaHC TOKOB JOCTUTAETCS HM3MEHEHHUEM EMKOCTH.
M3MeHeHre TOKOB B 1iend U ko3 uiiuerTa MOIHOCTH (COS @) MOKa3aHo Ha puc.9.

I

— h‘f
Puc. 9. 3aBucumocth k03P dUIIHEHTa MOIITHOCTH U TOKOB B IIETIH C MapaUIeIbHBIMHU
BETBSIMU OT €EMKOCTH
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METOAUKA DKCIIEPUMEHTA
Onucanue >KCHepPUMEHTAILHON YCTaHOBKHU

HCCJ’ICI{OB&HI/IC oy IMnMEepeMCHHOIO TOKa C MapaJuiCJbHbBIMH  BCTBAMH
IIPOBOAUTCA HAa TOM KC CTCHAC, TCX KC JJICMCHTAX U TCMH KC an60paMH, 4TO IIpHU

HCCIIEIOBAHUM TIOCIIeIOBAaTENIbHOM 1enu. Cxema omnbiTa JaHa Ha puc.10.
R Ry L

®
=

Puc. 10. Cxema omnbITa npu napauieIbHOM COEIUHEHUH BETBEM

[Tpubopsl, MeToaMKa U3MEPEHU U TpeOoBaHUSI OE30MACHOCTH TpyAa Te Ke,
YTO U B MpeAbIayIeH 1abopaTopHoii padote 6.

HOPAAOK BBIITIOJIHEHUA PABOTbI

1. Haittn Ha maHenu cTeHJa BCE MPUOOPHI M AJIEMEHTHI, HEOOXOIUMBIE IS
coopku cxeMmsl (puc. 10).

2. Cobpatb cxeMy ombiTa (puc.10).

3. 3anucarh TEXHUYECKUE XaPAKTEPUCTUKU TPUOOPOB.

4. CoOpaHHyl0 cxeMy IIOKa3aThb MpenoaaBarento sl mnpoBepku. Ilocne
BKJIFOUEHUS CTEHJ1a IPEToaBaTesieM NPUCTYNUTh K HAOII0ACHUSM.

5. W3meHsis BeIMUMHY €MKOCTH KOHJIEHCATOPOB, JOOUTbCA B IENH
MUHUMAaJIBHOTO TOKa, CJleNsd 3a Te€M, YTOObI OJJHOBPEMEHHO BBINOJHSIOCH YCIOBHE
[,>13. D10 M OyneT pe3oHaHC TOKOB. 3anmucaTh MMOKa3aHUsl BCceX MpuOOpoB B TabOI.2, B
YETBEPTOM CTPOKE.

Tabmuma 2
No . o
i JlaHHBIC HAOIIOICHUMN Pe3ynbTaThl BRIUMCIICHUMA
U’ C’ Il’ IK! IC! P’ g’ bLl bC1 Yl S’ COS ¢!
B [Mk®| A A A | Br Om | Om | Om | OMm | B-A ¢ rpan

6. IlpousBecTu M3MEpEeHMs] TOKA, MOUIHOCTH W HAIPSKEHUS Ha AJIEMEHTax
LENU MpPU TPeX 3HAYEHUAX E€MKOCTH OaTraped KOHAEHCATOPOB MEHBIIWX, YEM MpH
pe3oHaHce TOKOB. JlaHHbIe 3aHecTH B Ta0J.2, cTpoku 1+3 B Bo3pacTaroeM nopsiake
JUTSL EMKOCTH.

7. IlpousBecTn uU3MEpEHUs TOKA, MOIIHOCTH M HANpSHKEHUS I Tpex
3HAYEHUH €MKOCTU OOJIBIINX, YEM MPU PE30HAHCE TOKOB, OXBAThIBAsl BECH JUANa30H
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eMKocTel cTteHaa. JlaHHuble 3aHeCTH B Ta01.2, CTPOKH 5, 6, 7.
OBPABOTKA PE3VYJIbTATOB HAEJIIOI[EHI/Iﬁ

1. ITo gaHHBIM HAOIIOAECHUN BBIYUCIINTD BETUYNHEL.

J - aKTUBHYIO IIPOBOAMMOCTD BCEH 1ICTIH;

bL - peakTHBHYIO IPOBOMMOCTh WHIyKTUBHOH BETBH,

bc - peakTHBHYIO MPOBOIUMOCTh EMKOCTHOW BETBH;

Y - OJIHYIO IPOBOJIMMOCTh BCEH 1IETIH;

S - MoJTHYIO0 MOITHOCTh BCEH IICTH;

COS® - K03 (PUITMEHT MOIIIHOCTH BCEH IIEMH;

@ - YTOJII CIBUTA MEK]1y HAPSKEHUEM U TOKOM B HAa4YaJje LEMu.

Brraucnenus mpoBecTH JJIsl BCEX CTPOK TabJ1.2, ©Mesl B BUIY, YTO BEJTUYUHBI (,
b -mocTostHHBIE, TIOPTOMY HX BBIYHMCIISIOT OJMH pa3 Il PSKHMa PE30HAHCA TOKOB.
OcTanbHbIC BEJIMYMHBI - IEPEMEHHBIC M UX CIIEYET BBIUUCIATD ISl KOKA0M CTPOKHU
Ta071.2. BeIunciieHus: TPpOBOAUTH IO (GOpMyJIaM:

g=P/U?;
1 1
b, =besa.= 1 1 10
L™ "Céac ... 2r-f-Cdac 27-50-Nadac’
¢ ONaég 27+ f-Coac 27-50-Noag
rae  Cpes - B MUKpOGapanax;
b o L.
c C~) ’

C

Y=1,/U;S=U%; COS(0=%; @ = arccoso.

2. Tlo pesynpraTam HaOMIOJCHUN B OJHOM M TOM K€ CHCTEME KOOpPJMHAT
ITOCTPOMTH CIICAYIOIINE KPUBHIC:

1,=f(C); 1,=f(C); I5=f(C); cosep=f(C).

3. Ilo maHHBIM HAOJIOACHHI IMOCTPOWTH BEKTOPHBIC TUArPAMMBI JUIS TpeX
CITy4aes:

a) b|_>bc; 6) b|_=bc; B) b, <bc.

4. ITpou3BecTH OLIEHKY MOTPEIIHOCTH U3MEPEHUS OaHOM U3 BeanuuH: P; U, |,
I, 3. TIpom3BecTH OIICHKY TMOTPENTHOCTH BBIYHMCICHUS OJHOM W3 BEIUYHMH I10
YKa3aHUIO MPET01aBaTells.

COAEPKXAHUE U O®POPMJIEHUE OTYETA

OT4eT DOJIKEH COAEp:KaTh Ha3BaHUE JIAOOPATOPHOU pabOTHI, (POPMYIUPOBKY
nenu paboThl, MEepedYeHb MPUMEHSIEMbIX MPUOOPOB U HMX XapaKTEePUCTUKH,
pe3ynbTaThl HAOMIOACHUA U BBIYUCICHUH, (OPMYJbI, HCHOJIb3yeMbIE IpHU
BBIUHCIICHUSX, TpPapUKU U BEKTOPHBIE IUarpaMM. B oTdyeTe HOKHBI ObITH CBEICHHUS
M0 OIIEHKE TOYHOCTU U3MEPSIEMBIX U BHIYMCIISIEMBIX BETHYNH.

B BbIBOmax mo paboTe OTpa3uTh: BO3MOXKEH JM B JAHHOW LENU PE30HAHC
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tokoB? Eciu ga, TO mMpu KakoW €MKOCTH OaTraped KOHJIEHCATOPOB OH BO3HHMKACT?
O0mscauTh Xox 3aBucumocted 11=Ff(C); 1,=f(C); 15=f(C); cose=fFf(C). [Jatr anamu3
BEKTOPHBIX JUarpamMMm, oOpaTHB BHHMaHHE Ha YIroJj CIBHra MEKIY TOKOM IIEMH U
HaMpsHKEHHEM HCTOYHHKOB B 3aBUCHMOCTH OT COOTHOIIEHUs D 1 Dc B menu. Ykasathb
OCHOBHBIC HCTOYHUKHU MOTPEIIHOCTEH U3MEPEHHUS M BHIYMCIICHUS.

BOIIPOCHI AJ151 CAMOIIPOBEPKH

[TpuMepsl KOHTPOIBHBIX TECTOB, HA KOTOPHIE HEOOXOIWMO JaTh MPABUIIbHBIC
OTBETBI, TPUBECHBI B MPUJIOKCHUH 2.

1. Chopmymupyete 1enb padboTa u 00BICHUTE TTOPSIOK €€ BBHITTOJTHCHHMS.

2. N3o0pasute cxemy Ienu, B KOTOPOH MOXKET HACTYIHUTh PE30HAHC TOKOB.
OOBsicHUTE, 32 CUET M3MCHCHHS KaKMX IMapamMeTpOB MOXHO JOOWUTHCS pE30HAHCa
TOKOB.

3. Kak ompenenuth, 4TO B CXEM€ HACTYNHJ PE30HAHC TOKOB? YKaXHUTE
MIPU3HAKHU PE30HAHCA 110 TTOKA3aHUSIM MPUOOPOB, BKIIOYEHHBIX B CXEMY.

4. Hanumurte COOTHOIIEHUS, BBITIOIHSIOMIUECS MPU PE30HAHCE TOKOB.

5. HaueptuTe BEeKTOpHBIE JMarpaMmbl JUIs II€NH, UCCIEAyeMOll B
n1abopaTopHO# paboTe i Tpex ciaydaes: a) b >bc; 6) b =bc; B) b <bc.

6. Hanummwre BBIpaXEHHWS JUIsi aKTUBHOH, pPEAaKTUBHOW W TIOJHOU
MTPOBOJIMMOCTH BETBH U IIEITH B 00IIIEM CiTydae.

7. I3meHseTcs 1 MOKa3aHUs BaTTMETpa B cXeMe J1abopaTOpHOM padoThl IpH
W3MEHEHUH €MKOCTU? OTBET MOSICHUT.

8. Nzobpasure Bupa 3aBucumocteil 11(C); 12(C); 15(C) u nmaiite o0ObsiCHEHUE ¢
ITOMOIITBI0 (POPMYIIL.

9. Hanummmte BhIpaKeHUE aKTUBHOM, PEAKTHUBHOW M TIOJIHOM MOITHOCTH 4Yepe3
MIPOBOJIMMOCTH IIETIH.

10. Kakoe 3HaueHre uMeeT pe30HaHC TOKOB B TEXHUKE?

Jluteparypa

1. boraanos, B. B. Dnekrporexnuka : ydeObHoe nocodue / B. B. boraanos, O. b.
Hasbinenko, H. I1. CaBun, A. B. Cancane. - HoBocubupck : HI'TY, 2019. -
148 c. - ISBN 978-5-7782-3954-8. - Tekcr : osnektponubeii // OBC
"KoncysbTanT cryaeHra' : [caiT]. - URL )
https://www.studentlibrary.ru/book/ISBN9785778239548.html (mata
obpamenus: 15.09.2023). - Pexxum ocTyna: 1mo moamnucKe.

2. Epmyparckuii, I1. B. Dnekrporexnuka u snexkrponnka / I1. B. Epmyparckuit,
I'. II. JIprukuna, FO. b. Munkun. - Mocksa : JIMK Ilpecc, 2013. - 416 c. -
ISBN 978-5-94074-894-6. - Texct : snextponHsiii // DBC "KoHcynbTanTt
cTtyaeHTa" : [caiiT]. - URL )
https://www.studentlibrary.ru/book/ISBN9785940748946.html (mara
obpamenust: 15.09.2023). - Pexxum noctyna : 1o NOAMUCKE.
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. Kinerrua, B. @. DnekrporexHuka. JJabopaTopHbIil IpakTUKyM : yuel. mocobue
/ B. @. Knenua- 3-e u3na. , crep. - Munck : PUIIO, 2019. - 179 c. - ISBN 978-
985-503-867-3. - Tekct : anmektponusii // 3bC "Koncynbrant crygenta :
[caiiT]. - URL : https://www.studentlibrary.ru/book/ISBN9789855038673.htmi
(mata obOpamenus: 15.09.2023). - PexuMm noctyna : mo HOJAMKUCKE.

. Mapuenko, A. JI. DnextporexHuka : yaedHoe mocooue / A. JI. Mapuenko. —
MockBa : HNH®PA-M, 2022. — 236 c¢. — (Bbiciee o0Opa3oBaHue:
bakanaspuar). - ISBN 978-5-16-017056-5. - Tekcr : snexkrponnbiii. - URL:
https://znanium.com/catalog/product/1587594 (nata oGpamenus: 15.09.2023).
— PexuM goctyna: 1o mojmnucke.

. OnektporexHuka. B npumMepax u 3amayax : yueOHoe nocodue / E. V. Anrasus,
B. B. bormanoB, A. B. Cancanes [u ap.] ; mox oom. pen. E. . Anrasuna. -
HoBocubupck : U3a-so HI'TY, 2020. - 128 c. - ISBN 978-5-7782-4287-6. -
Tekct : amextponnsiii. - URL: https://znanium.com/catalog/product/1869119
(mata oOpamenus: 15.09.2023). — PexxuM qocTyna: mo moJmucKe.

. I'anpniepun, M. B. OnekrpoTexHMka M >3J€KTpoHUKa : ydeOHuk / M.B.
[anpnepun. — 2-e u3n. — Mocksa : ®OPYM : UHOPA-M, 2023. — 480 c.
— (Bwicmee o6pazoBanme). - ISBN 978-5-00091-779-4. - Texkct
anexkTpoHHbI. - URL: https://znanium.com/catalog/product/2030904 (nara
oOpamenus: 15.09.2023). — Pexum noctyna: no NoAnMUCKe.

. Mapxkenos, C. H. DnekTpoTexHuKa U 3J1eKTpoHHKa : yueOHoe nocodue / C. H.

Mapkenos, b. . CazanoB. — Mocksa : UH®PA-M, 2020. — 267 c. —
(Beiciee o6paszoBanue: bakanaspuar). - ISBN 978-5-16-014451-1. - Tekcr:
anexktpoHHbii. - URL: https://znanium.com/catalog/product/982772 (mara

obpamenust: 18.09.2023). — Pexxum focTyna: 1mo moAmucKe.
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IHPUJIOXKEHHUE 1

[IpuMepsl KOHTPOJIBHBIX TECTOB JJIsl TOJIYYCHHS JOIyCKa K J1abopaTopHOM
pabore 6 "HccimemoBanme  omHO(a3HOW IeMHM  IEPEMEHHOTO  TOKa  C
MOCJICIOBATEILHBIM ~ COCIMHEHWEM  PE3UCTOpa, WHAYKTUBHOM  KATYIIKH M|
KOHJIeHcaTopa'.

Pe3onanc Hanpskenmii 1.

1. KakoBO COOTHOIIICHHE MEX]Y ICUCTBYIOIIUM, aMIUTUTYIHBIM W CPEIHUM
3HAUYCHUSIMU HANPsHKEHU? YKa3aTh HEelpaBUIIbHBIN OTBET.

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

2. KakoBo cooTHoOIIEHNE MCXKAY IIOKa3aHUAMHM BOJBTMCTPOB B CXCMC

nabopaTopHO# pabOTHI TPU PE30HAHCE HANPSDKEHUN? YKa3aTh MPaBUIHHBIA OTBET.
R Ry Ly
z e e N SRR

o —

3. Kakasg u3 3aBUCHUMOCTEH IUIS LIENHM C IOCiIenoBaTelbHbIM coenuHenueM R, L, C
MIpUBE/ICHA HA PUCYHKE?
]

1. U,>U;
2. U=U3
3. U2<U3

o

1.1(C);

2. UR(C);

3. U«(C);
. 4. Uc(C).
-,

4. Kakast u3 hopMyJ1 COIEPKUT OITHOKY?

1. P=U-l-cosgp;2. P=rl%;3. P=,S?+Q? ;4. P=S-cosg
5. UeMy paBHa TOTPENIHOCTh M3MEPEHHUs MOIIHOCTH 5 BT BaTTMeTpoM C

npenenom umaMmeperus 100 Bt, eciom kmace tounoctu ero paeH 0,57 YkazaTh
[IPaBUJIbHBIA OTBET.

1. 0,5%; 2. 1,0%; 3. 10%; 4. 5%.
Pe3onanc HanpsixeHuii 2.

1. Kakoe 13 COOTHOIIEHUN CTIPAaBEIJIMBO MPU PE30HAHCE HAMPSIKEHUHN ?

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

2. Kakoe u3 ycioBHii M03BOJISIET OMPEAETUTH MO MPUOOpaM, 4TO B CXEME
HACTYIWJI PE30HAHC HANIPSHKEHU?

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

3. 17151 Kakoro COOTHOUIEHUS X| ¥ Xc MPUBEJIEHAa BEKTOpHAs JuarpamMma?
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4. Yemy paBHO pEaKTHUBHOE COMPOTUBIIEHUE KOHJIEHCATOpa eMKOCThIO 30 MKD
Ha yactote 50 ['n? YkaszaTh npaBUIbHBIN OTBET.

1.10m;2.10 Om; 3. 100 Om; 4. 1000 Owm.

5. Uemy paBHa aOcomtoTHasi MOTPEUIHOCTh U3MepeHusi Hanpsbkenus 10 B
BOJBTMETpOM ¢ TipeaenoMm u3mepenuss 50 B kmacca tounoctu 1,5 ? Vkazath
MPaBUJIbHBIN OTBET.

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

NPUJIOXKEHUE 2

[IpuMepbl KOHTPOJIBHBIX TECTOB JJIsl MOJIyYEHHs AOIYCKa K J1abopaTopHOM
pabote 7 "HccnenoBanue oaHO(pa3HON LN MEPEMEHHOIO TOKa € MapajuleIbHBIM
COEIMHEHNEM PE3UCTOPA, MHAYKTUBHOW KaTyIIIKU U KOHJIeHcaTopa'.

Pe3onanc ToxoB 1

1. KakoBO COOTHOIIIEHHE MEXTy ACHCTBYIOIIMMU aMILTUTYIHBIMU U CPETHUMU
3HAYEHHUSIMH TOKOB? YKa3aTh HENPABUIIbHBIN OTBET.

1. lep<dm; 2. 1,>U; 3. U<Um; 4 Un=+/2U

2. KakoBo cOOTHOIIEHHE MEXIy T[OKa3aHUSIM aMIEPMETPOB B CXEMeE
nabopaTopHO# pabOTHI MPU pe30HAHCE TOKOB? YKa3aTh HENPaBUIbHBIN OTBET.

R Ry Ig
_@_ 1. |1:0;
. 2. 1>13;

C
T A 3. >,

3. Kakas u3 3aBucuMocTel A ey MpeablayIiel 3a/1auu MpuBecHa HIKe?
VYKaxxute npaBUIbHbBINA OTBET.

v
1. 11(('_‘}

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

—
4. Kakas u3 hopmyJ1 COAEPKUT ONOKY?
1. P=U%g;2.Q=U%;3.Y=g+b;4. 1=U"-Y
5. AMmmiepMeTpbl KaKkoi CHCTEMBI HE MOTYT OBITh MPUMEHEHBI I U3MEPCHUS

TOKOB B IIeTIA JTaOOpaTOPHOI pabOTHI?
1. MarauTosnekTpudeckon. 2. DIeKTPOMarHuTHOU. 3.9IeKTPOJIUHAMUYECKOM.
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Pe3onanc ToxoB 2

1. Kakoe M3 COOTHOIIIEHHWM CHpaBEIJIMBO IMPHU PE30HAHCE TOKOB? YKazaTh

HENPaBWIbHBIN OTBET.
1. I =l¢; 2. I=min; 3. P=Q; 4. b_=bc.
2. B xakoM BBIpaKEHHUH JOMYyIIEHa OmnOKa?

1. g :&' 2. b, =X_;; 3. Y, =407 +b} ; 4. b=b +Dbc.

A Z;
3. Jlnst kakoro cooTHomeHus D u bc mpuBeaena BekropHas auarpamma?
I,
. 1. b.>bg;
I 2. b =Dg;
— i_ 3. b|_<bc;
I

4. Kakasg wu3 3aBUCUMOCTEW XapaKTEpPU3yeT HW3MEHEHHE COS( B CXEMeE
nabopaTopHO# paboThI?

[y
I
A OWON -

(‘1’
5. Kakas u3 nmorpemsocren onpenenser TOUHOCTb U3MEPEHUM ?
1. A6comoTHas; 2. OtHocuTenbHas; 3. [lpuBeaeHHas.

_—

s a2
Meroandeckue yKa3aHHUsl COCTaBUII %/" —/A.C. MocTosoit/
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