MUHHUCTEPCTBO HAYKU 1 BBICILIETO OBPASOBAHU S POCCUNCKOM
®OEJEPALINN
denepaabHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE YUPEKICHUE
BBICIIICTO O6paBOBaHI/I}I
«MOCKOBCKHH ABTOMOBHWJIbHO-JIOPOKHBIN
IT'OCYJAPCTBEHHBI TEXHUYECKUU YHUBEPCUTET (MAJIN)»
BOJDKCKUN ®UITNAT MAIUA

YTBEPXIAIO
3aB. kadeapoit UuTTII
ITerpoBa A.B.

METOJNYECKHUE YKA3ZAHUSA K JIABOPATOPHBIM PABOTAM
MO JUCLUILJIMHE
«QJIEKTPOTEXHHUKA»

Hanpagiienue noaroToBku
09.03.01 «HUngopmamuxa u ebluuciumenbHas MexHUKa»

HanpaBneHHocTh (1podhuib)
Aemomamu3uposannvie cucmemuvl 00padomKu uHpopmauuu u
YRpaenenusa 8 Ompaciiax mpancnopmHoO-00pPOIHCHO20 KOMNIeKca

Keanmudukanms
baxkanaep

Kadenpa: UuTTII

YebOokcapsl



10
11

12

13

Conep:xanue

BBEIEHHUE. . ...t
Jlaboparopnas padora 1. UcciienoBanne nenu mocTOAHHOIO TOKA
¢ HCIIOJb30BaHHEM MeToaa nmpeodpasoBanus. Tpanchurypauus
CTPEYTOJBHHUKA) B (BBE3ILY D eereecssrressaresssssessssssssssessssscssssssssssessassssses
Jlaboparopnasi pabora 2. HccienoBanme nenu NOCTOSSHHOIO
TOKA Npu nomouu 3akoHoB Kupxroga u merona HajnoxkeHusl.....
JlaGoparopHass pabora 3. MccjieqoBaHue Henu MNOCTOSTHHOIO
TOKa IO MeTOAYy JIKBHMBAJIEHTHOro reHepartopa. Iloctpoenue
NOTEHIUATBHOM THATPAMMBL. .......ociitiiiiiiiaiieeaieeesieeaseneessneeesnneeens
JlaGoparopHass pabora 4. HcciaenoBaHue HeJUMHEHHOW uenu
TOCTOSTHHOTO TOKA........vviiiiiieatetanieessireesteeesteesssseessseeessneessseeesneeens
JlaGoparopHas pabora 5. UcciienoBaHue mocjieaoBaTeJJbHOH H
napajieJibHOM Hened CHHYCOUAATBHOTO TOKA. ..........ccvvvereeennnnnne

Jlabopatopnass  pabora 6. HcciienoBaHue  pe3oHaHca

HANPSIZKEHUH B HENH CUHYCOUTATBHOTO TOKA.......cccvvverirreaieneanenns
JlaGoparopnass pabora 7. MHccienoBaHue pe3oHaHca B
NMAPAJLIETILHOM e CHHYCOMTATBHOTO TOKA........cccvveiiireeiiieeanrnns

Jlabopatopnast pabota 8. UcciaenoBanue TpéxdazHoii nenu npu
COCIUHEHNH HATPY3KH MO CXEME «3BE3HAN...ccccvvrrarnrirreninrreaaannneas
Jlabopatopnas pabora 9. UcciaenoBanue TpéxdasHoii nenu npu
COeIMHEHNH HATPY3KH IO CXEMe KTPEYTOJIBHUK........ccvverrreennne
Jlaboparopnas padota 10. UcciienoBanne GUIbTPOB...................
Jlabopatopnass pabGora 11. MHcciaenoBanue nepexoHbIX
NMPOLECCOB B JIMHEHHBIX JJIEKTPUYECKUX HETAX......oeeernrrrernnnne.
Jlabopatropnas pabora 12. HccaenoBanue oaHO0Ga3HOIO
TPAHCPOPMATOPA. ......eveieiniiiieiirnieesiree e e e e s s e e e e

Jlabopatopnass pabGora 13. MHccienoBaHue acCHHXPOHHOIO
JIBHTATEIIS . .. ..eeeuteeetieeateeesiteeessteesteeessteesssneeabeeeanbeesasneesbeeeanreeansneens
Pexomennyemas nureparypa

12

18

24

30

37

42

48
54

59
67

73

78
83



BBenenue

[lenpio M3y4YeHUs NUCHMIUIMHBI «DJIEKTPOTEXHUKA» SBISIETCS (POPMUPOBAHUE
3HaHUI B 00JIACTU TEOPHUH, pacyeTa U aHallu3a dJIEKTPUUYECKUX U MAarHUTHBIX IIeTel,
paccCMaTpUBaEMbIX KaK MOJIEJIM peajbHBIX DIJIEKTPOTEXHUUYECKUX YCTPOMCTB,
UCIIOJIb3YeMbIX B Pa3JIMYHBIX Y3JIaX BBIUMCIUTEIBHOW TEXHHKH, a TaKkKe
nprOOpeTeHNe MPAKTUYECKUX HABBIKOB MO CHHTE3Yy M aHAIIM3Y CO3/1aBaeéMbIX Ha MX
OCHOBE MPOCTEHIINX IIEKTPOTEXHUIECKUX CXEM.

3a1ayu TUCLMILIAHBL:

- UW3Yy4YeHHE METOJOB pacueTa »dJIEKTPUUECKHX IeMel IOCTOSHHOTO W
MEPEMEHHOTO TOKOB;

- U3y4YeHHE MHOroOoOpa3HbIX  (U3MUYECKUX SIBICHUH H  MPOLECCOB,
MPOUCXOSAIINX B DJIEKTPOTEXHUUECKUX YCTPONUCTBAX;

- MPUOOPETEHNE HABHIKOB MPABUIBHOTO BBIOOpAa M3MEPHUTEILHBIX yCTPOWMCTB
KOHTPOJISI 3JIEKTPUUYECKUX U HEANEKTPUUECKUX NTapaMeTPOB.

JlaGoparopHble pabOTHI MpelHa3HAYEHbl MJs YIIyOJeHHs U 3aKperyieHUs
TEOPETUUECKUX 3HAHUMN, OJYUYEHHBIX Ha JIEKIMSX, a TAKXKE ISl O0yYeHUs CTYJCHTOB
HaBbIKaM  pabOTBl C  3JIEKTPOOOOPYIOBAaHHEM, pA3BUTHUS WHULMATUBBL U
CaMOCTOSITENIbHOCTH B paboTe.

[Tocne BeinoaHeHNs 1a00PATOPHBIX PadOT CTYACHT AOJDKEH:

— 3HATh 3aKOHBI JEKTPOTEXHUKH I SIIEKTPUUECKHUX IIETIeH; OCHOBHBIE METOIbI
aHaln3a DJIEKTPUYECKHX ILeMeld B YCTAHOBHUBIIEMCS M TIEPEXOJHOM peXUMaX;
YCTPOMCTBO, MPUHIIUIT ACUCTBUA U XapaKTEPUCTUKH SJICKTPUUECKUX MAIIUH,

— yMETb KayeCTBEHHO M KOJIMYECTBEHHO HCCJIEN0BaTh LIENH; OIpPEaesaTh
napaMeTpbl U XapaKTEPUCTUKHU SJIEKTPUUECKUX MAIIKH U aniapaToB 110 NaCHOPTHBIM
JaHHBIM M C MOMOIIBIO HKCHEPUMEHTA; UCIOJIb30BaTh MOJYUYEHHBIE MPU U3YUYEHUH
OUCUMIUIMHBL ~ 3HaHMSI A YCHEIIHOT0O UM MOTHMBHUPOBAHHOIO  OCBOEHUS
o0pa3oBaTenpHON MPOTrpaMMBbl BBICHIETO O0pa3oBaHUs M B TOCIEAyIOlel padote;
YCTPOMCTBO, NPUHLUIN JAEUCTBUS U XapaKTEPUCTUKU IJIEKTPUUYECKUX MAalIUH U
anmnaparos;

- BJIAJICTh HaBBIKAMH pacyeTa JIMHEWHBIX JJIEKTPUUYECKUX IIeTIel MOCTOSHHOTO U
MEPEMEHHOTO TOKOB, TpeX(a3HbIX Iienei, (GUIbTPOB, HEIMHEHHBIX IIIEKTPUUECKUX
Heneil, MepexoAHbIX MPOIECCOB; METOJaMH HM3MEPEHHsS OCHOBHBIX MapaMeTpoB
AIIEKTPOTEXHUIECKIX yCTPOUCTB.

Hacrosiime wmetoanueckue yKazaHus COJAEpXKAT ONMCaHHWE J1abOpaTOPHBIX
paboT, TOCTABJICHHBIX B CHIEIIUATN3UPOBAHHON JTAOOPATOPHUH.

B omnucanum kaxmod yabopartopHOil  pabOThl  MPUBOJATCA  KpaTKHUE
TEOPETUYECKHE CBEICHUS, MCCIEAyeMble MPUHIIUMHAIBHBIC JICKTPUUECKUE CXEMBI,
MOPSZIOK BBITIONHEHUST PaOOThI, YKa3aHUs K COJEP)KaHWI0 OTYeTa W KOHTPOJIbHBIC
BOITPOCHI.

JlaGopatopHble pabOTHI BBHIMOJHSIIOTCS Ha YHHBEpPCAadbHOM CcTeHAe OB-4 B
COOTBETCTBHUM C TpPEeOOBaHMSIMH 10 TEXHUKE OE30MaCHOCTH, H3JIO0KECHHBIMU B
«MHCTpyKIIMK IO TEXHHUKE 0€30MacHOCTHU B JabopaTopusix Kadeapbl SJHepreTukn». B



Hayaje KaXJOoro CEeMecTpa IpernojaBaTesib MPOBOAUT HHCTPYKTAX MO TEXHUKE
0€30MacHOCTH, ¥ KaX/bIil CTYJICHT PACIIUCHIBAETCS B JKypHAaJe.

Kaxxnprit cTyAeHT JOMKEH 3apaHee TOTOBUTCA K J1abopaTopHBIM paboTam,
MOPSZIOK  BBINIOJHEHNST KOTOPBIX ONPENENAETCS B HAadalle CEeMeECTpa BEAyIIUM
IIPENOAABaTeIeM, C HCIOJB30BAHMEM HACTOAIIMX METOJWYECKUX YKa3aHUM,
KOHCIIEKTa JICKIMI WM PEKOMEHJIOBaHHOW JmTepaTypsl. llogroroBka mpencrasisier
co00if cocTaBlieHME OTuY€Ta, KOTOPBIA JODKEH BKJIIOYATh B ceOs: ImUdp TPyIIbL,
O®UO cryaeHta, Ha3BaHME€ U 1eJb pa0OThl, AHATUTUYECKOE HCCIEIOBAHUE,
NPUHIMIHAIbHBIE CXEMbl W TaOJMIbBl JUIsl 3allUCU  PEe3yJbTaTOB HU3MEpPEHUU U
BblurciieHuid. [locrme o3HakomieHUss ¢ 00OpYJIOBaHMEM U HM3MEPUTEIbHBIMU
npubopamMu U ¢ pa3penieHus MpenojaBaTelis CTYJEeHT MOXKET MPUCTYNaTh K cOOpKe
cxemsbl. [lepen mogaveit nuTaHus Ha COOPaHHYIO CXEMY CTYACHTBI JOJIKHBI MOJTYYHUTh

paspemieHue  npenogaBatend.  llociae  mpoBeneHMsT  AKCIIEPUMEHTAIBHOTO
UCCJIENOBAHMUS  TOJYYEHHBIE  PE3yJbTaThl  HEOOXOAUMO  TaKKe  IOKa3aTh
IIPETOAABATEIIIO.

[Tocre mpoBelneHUsT OMBITOB CTYIASHT O(GOpPMIILIET OTYET JO KOHIA, TO €CTh
MPOU3BOIUT HEOOXOIMMBIC BBIYMCIICHUS IO PE3yJIbTaTaM 3KCIICPUMEHTA, CTPOUT
rpa@uKy ¥ BEKTOpHBIC IUArpaMMbl, JIeJacT BBIBOJBI O IMpOJCIaHHOW padore, B
KOTOPBIX YKa3bIBaeT JOCTHTHYTA JIM ITOCTABJICHHAS II€JIb M OOBSICHICT NPHYUHY
pacXoXKJIEHUS MEXKIy JAHHBIMA  AHAIATHYCCKOTO M AKCIECPHUMEHTAIBHOTO
HCCJICIOBAaHUM.

3amura J1a00paTOPHBIX PAdOT pa3peniacTcs MoCie MPeI0CTaBICHHUS ITOJTHOCTHIO
0(OpPMIICHHOTO OTYETA.

OcHOBHBIE PABUJIA TEXHUKH 0€30MIACHOCTH NPH BbINOJHEHUH
JIa0OpaTOPHBIX PadoT

1. K pabore c 351eKTpoOOOpYyI0BaHHEM JIOMYCKAIOTCS CTYISHTHI, MPOIISIIITNS
WHCTPYKT@X MO TEXHUKE OE30MacCHOCTH WM TOJIYYHBIIHE JOMYCK K BBITIOJHEHUIO
71ab0paTOpPHBIX PadoT.

2. COopKy »>IeKTpUYECKHUX LeNed paspemaeTcss NTPOU3BOAUTH TOJBKO MPHU
BBIKJIFOUCHHOM  HAampsDKCHUH, B YeM Hag0 YOCAWTHCS TO  IOJIOKEHHUIO
nepeKIroyaTesiel MuTaHus Ha IIUTE U CTEH/IE.

3. CaMoCTOATENbHO BKJIIOYAaTh CXEMbl TOJl HampsbkeHue 0e3 MPOBEPKHU
MPaBUIILHOCTH €€ COOPKH MPEernoJaBaTeIeM KaTeropuyecky 3anpeniaeTcs.

4. Tlpu BKITIOYEHUW CXEMBI TOJ HANPsHKECHUE HEOOXOIUMO yOESIUTHCS B TOM, UTO
HUKTO U3 CTYACHTOB TPYIIBl HE KacaeTCsi OTOJCHHBIX YYaCTKOB CXEMBI,
MPEIYIPEKIAATh UX TOJIOCOM: «BKIrouanTe.

5. Kareropuuecku 3ampeniaeTcsi KacaTbCsd PYKaMU OTOJIGHHBIX TOKOBEIYIIUX
4acTell M 3aKMMOB JIEKTPUUECKUX TETNed, HaXOSMIINXCS O] HAPSKCHUEM.

6. Bcedkne  mepexiroueHdss 0B LENM, — 3aMEHY — NOPEAOXPAHUTENEH,
AIEKTPOUIMEPHUTENIBHBIX TPHOOPOB U JaOOPATOPHOTO OOOPYAOBAHHS MPOU3BOAUTH
TOJIBKO TMPU CHATOM HATPsKEHUH B IPUCYTCTBUY MHXKEHEPA WIIH MPETo aBaTesl.

7. Ocobyro OCTOPOXHOCTb HEOOXOJUMO MPOSBIATH MpU padOTe C LEMSIMH,
coJiep KalllMMK KaTyIIKH MHIYKTHBHOCTH, KOHJIEHCATOPHI M TpaHC(hopMaTOphl TOKA.
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8. Ilpu BO3HMKHOBEHHMH KaKUX-THOO cCOOEB B paboTe C IEMblo, a TakkKe MpH
MCYE3HOBEHUH HAMPSDKCHUS, HEMEIJICHHO OTKJII0YATh I[ENMU OT UCTOYHUKA DHEPTUU U
JIOJIOKHUTH MPETIOAABATENIO WM HHKCHEPY.

9. be3 paspemenus mnpemnojaBaTens WIM HWHXEHEpA 3ampeniaeTcss TporaTh,
BCKpBIBATh WJIM BKJIIOYATh JiabopaTopHOoe OOOpyIOBaHWE, HE OTHOCSIIEECS K
BBITIOJTHSIEMOM padoTe.

10. 3ampemniaeTcsi MPOU3BOAUTL BCKPBHITHE J1aO0OpPaTOPHOTO OOOpYAOBaHMS, €CIU
3TO HE MPEAYCMOTPEHO 3a/IaHHEM.

11. Ha Bpems mepepbiBa 3aHSATHH HEOOXOIWMO OTKJIIOYATh HCCIETyEMOe
AJIEKTPOOOOPYIOBAHUE H ICKTPUUECKUE TSN OT HICTOYHUKOB ITUTAHUSI.

12. Kareropuuecku 3arperniaeTcs TIOJTb30BaThHCS HEHCTPaBHBIM
AIIEKTPOOOOPYIOBAHUEM, DICKTPOU3MEPHUTEILHBIMH MTPUOOPAMU U HMHCTPYMEHTAMU.

CTyneHThl, HApYIIUBITUECS MPaBUIa TEXHUKH OE30MAaCHOCTH, K JaTbHEHIIIEMY
BBITIOJITHCHUIO PabOT HE [OMyCKAlTCs JO0 Tepecladyd WMH TPaBHI TEXHUKH
0€30IacCHOCTH.



JlaGoparopHas padota Nel

NCCIIEAOBAHMUE LEITN ITOCTOAHHOI'O TOKA C UCITOJIbB3OBAHUEM
METOJIA ITPEOBPA3OBAHUSA. TPAHCOUT'YPALIA « TPEYT'OJIBHUKA» B
«3BE3/IY»

Ileap paboTHI:

dopmupoBaHUe 3HAHUM, YMEHUN W HABBIKOB OOJIACTH METOJa YKBHUBAJIEHTHOTO
npeobpaszoBanus (TpaHc(hUTypaIiK) B JUHEHHBIX LEMAX MOCTOSHHOTO TOKA.

3ajaHue:  BBIOJHUTH  HCCIIEAOBAaHWE  IEMU  IMOCTOSHHOTO  TOKa  C
UCTIONIb30BaHUEM METOIa PeoOpa3oBaHUSI.

CBGI[CHI/IH U3 TCOPHH.

Bo MHOrux ciy4asx pacuer 3JIEKTPUYECKOM LeNH MOXXHO YNPOCTUTh MyTEM
npeoOpa3oBaHusl €€ M3 CIOXKHOTO BHUJA B Apyroil, Oozxee mnpocroil. Ilpu sTom
YMEHBIIAETCS YUCJIO BETBEM WM Y3JIOB, OO W TO, U JPYroe, a, CIEeJ0BATENIbHO,
YMEHBIIAETCS W YHUCIO YypPaBHEHWH, ONPEACNAIONINX 3JIEKTPUYECKOE COCTOSHUE
anekTpuyeckon nenu. [IpeoOpazoBanue 3MEKTPUUECKON MU UM €€ YaCTU JOJKHO
OBITh 3KBUBAJIEHTHBIM, TO €CTh TaKUM, TP KOTOPOM HANpPsDKEHHS U TOKU B YACTSIX
CXEMBI, HE MO/IBEPIILINXCS PE0OPa30BaHUIO, HE U3MEHSIOTCS.

[IpeoOpa3oBaHnI0 MOTYT MOABEPraTbCs LEMH, COAEPIKALIUE MOCIEN0BATEIbHOE
Y NAapaJuIEJIbHOE COCIMHEHNE IEMEHTOB, a TAKXKE COCAUHEHUS «TPEYTOJIBHUKOM» U
«3BE3I0M».

IIpy  mocimenaoBareaIbHOM ~ COEAMHEHMM  PE3UCTOPOB  SKBUBAJEHTHOE
CONPOTHUBIICHUE PABHO:

Ramf = Rk (11)

k=1
A€ N- YUCJIO0 MOCIACAOBATCIIbHO COCAMHCHHBIX PE3UCTOPOB.

HpI/I napajjiCJJbHOM COCAMHCHNHN PE3NCTOPOB OKBUBAJICHTHAA IIPOBOAUMOCTD!

G.. =2.G (1.2)

m
k=1

[JIe M- YKUCJIO NapajuieIbHO COCTMHEHHBIX PE3UCTOPOB.
[Ipu TpaHchurypanmm «TpPEyroJbHUKA» B «3BE3Ay» U OOPATHO HCIOIB3YIOT

CIENYIOIIYIO CBSI3b MEXIYy CONPOTHUBICHHUSAMU W NPOBOAUMMOCTAMH 3BE3Abl H
TPEYTOJIbHUKA, IPEACTABICHHBIX Ha puc.1.1:



R_H;G Rl::(il:

L

a) 0)

Puc. 1.1 — Tpancdurypanus «TpeyroJibHUKa» B «3BE3IY»

— Ro-Rsyy . R — Rio - Ros ‘R. = Ros- Ry
1 11N2 TRAY]
Rz +Rys Ry Riz + Rps + Ry Riz +Rps + Ry (1.3)
— G-G . _ G, G, . _ G, -G,
2?7 G,+G,+G,” ® G, +G,+G, * G,+G,+G, (1.4)

®opmysl (1.4) MOXkHO 3amucarh yepe3 COMPOTUBIICHUS:

R R, R R -
R12=R1+R2+%;R23:R2+R3+%;R31:R3+Rl+ 3RR1 (15)

3 2

Ecii cOnpOTHBIEHUS «TPEYrOJbHUKAa» DPaBHBl R;>=R»3=R3;=R,, TO OyayT
PaBHBIM MEXAY COOOM U COMPOTUBIEHUS «3Be3bD» R;=R,=R3=R,,,

Rmp
R, =~ (1.6)

I
[Hopsanok BeIIOJHEHUS PAOOTEL:

1 AHamuTnyeckoe uccieqoBaHue

1.1 Jlna 3amaHHbIX (MIpenojaBaTesieM) 3HAYEHUM HANpPSDKEHUS U BEIMYUH TPEX
CONPOTHUBJIEHUI paCCUUTATh TOK U SKBUBAJIEHTHOE CONPOTUBIICHUE:

a) P MOCJEI0BATEIbHOM COEIMHEHNH;

0) npu napayieIbHOM COEIUHEHUY;

B) NIPY CMEIIAHHOM COEJWHEHUU ([IBa MapaJljIeIbHO M OJHO MOCIEAOBATEIBHO C
HUMH).

1.2 Jlnist BBIOpAHHBIX PE3UCTOPOB BBHIMIOJHUTH TPAHCPUTYPALIHIO «TPEYTOJBHUKA) B
«3BE3YY.



2 9KCHCpI/IMCHTaJIBHO€ HCCIICAOBAHUC

2.1 Jlns BBIOpaHHBIX paHEe TPEX PE3UCTOPOB COOPATH IEKTPUUECKYIO LIEMb MPHU
ITOCIIEOBATENBHOM UX BKIIFOUYEHHUH.

2.2 3Mmeputh TOK LENM M HAIPSDKEHUsS HA OTHENBHBIX ydacTkax. Paccuurarb
DKBUBAJICHTHOE COINPOTUBIEHUE R,i, MOIIHOCTh LENU M OTHAEIBHBIX YYacCTKOB,
COOTHOILIEHHE HANpsLKEHWW M CONMpPOTHUBIIEHUN. Pesynprarsl 3aHect B Tabmuiy 1.1
(HampsKeHHE Ha BXOJIE LIETIH JOJHKHO COOTBETCTBOBATh PACUETHOMY ).

Ta6muma 1.1 — IlocaegoBaTeabHOE COCAUHCHHUE
N3mepeno Bpruucneno

U 1 Ui | Uz | Us | Re |Puemn| Pi P P; | Upi:Uz ; UxUs | Ri:R2;R2:R3

B A B B B [ Om | Br | Br | Br | Br

2.3 CoOparb »5IEKTPUUECKYIO Ielb U3 TpeX MapajuleibHO BKIIOUEHHBIX
pe3UCTOpOB (BEJIIMUMHA COMPOTUBJICHUN PE3UCTOPOB M HANPSHKEHUH OCTaIOTCS
TaKWMH K€, KaK U B IIEPBOM OIIBITE).

2.4 MW3mepuTh TOK MapalieJbHbIX BeTBed. Paccumrate oOmmid TOK 1,
AKBUBAJICHTHOE COMPOTUBJIECHUE R,i5, MPOBOAUMOCTD (g, MOIITHOCTD LIEMHU JJIST BCEX
y4acTKOB. Pe3ynbrarsl 3aHecty B Tabmuiy 1.2.

Tabnuma 1.2 — [apamwienabHoe COeTUHEHUE

N3mepeno BbruncieHo
U I] 12 IS I R3KB GaKB Puelm Pl P2 P3
B A A A A OMm CmMm Bt Bt Bt Bt

2.5 CobOpaTh cXeMy CMENIAHHOTO COCIUHEHHUS CONPOTHUBIICHUN. M3MepuTh TOKH
BETBEU M HaNpsOKEHUs Ha ydyacTKax 1enu. Pe3ynbsrarsl 3anect B Tabnuiy 1.3. Taxxke
MPUBECTU PE3YJbTAThI pacyeTa NapaMeTpoB, YKa3aHHbBIX B HEM.

Taomuna 1.3 — CMmenanHoe coeTMHEHNE

N3mepeno Brruucieno
U Ui Uz L I I: Ui Uz I I It | Py | Pi P P
B A A A B B A A A Br | Br | Br | Br

oy
vy




2.6. CobpaTh MOCTOBYIO JIEKTPUUECKYIO cxemy (puc.1.2, a)

L)

0 &

n<

a) 0)
Puc.1.2 — Cxembl nccien0BaHrs SKBUBAJIEHTHOTO MPE0OPAa30BAHUS «TPEYTOIbHUKA
B «3BE31Yy»

2.7 YcTaHOBHTH Ha BXOJE€ LENM HANPsDKCHHE II0 YKA3aHUIO IPErnoaaBaTelis.
W3meputh TOK [, OTpeOIsseMblil OT UCTOUYHUKA, U HanpsbkeHue Us: MeXIy y3namu 2
u3.

2.8 CormnacHO pacyeTHbIM JTaHHBIM IIOMEHATH PE3UCTOPBI «TPEYTOJIbHUKA» Rp, R:;,
Rs Ha cOnpOTHBIICHUS SKBUBAJICHTHON «3Be3nb» R, R: R; (puc. 1.2, 6). U3meputsb
TOK /, MOTpeOIsieMblil OT UICTOYHUKA, U HanpsikeHue Us:.

2.9 Pe3ynbrarbl u3BMepeHuil MyHKTOB 2.7 1 2.8 U TpeOyeMbIX BBIUMCIECHUIN 3aHECTH
B Tabnuny 1.4.

Tabnuna 1.4 — Tpancdurypaius «TpeyrojJbHUKa» B «3BE3AY»

N3mepeno Brruncneno
U Uz I I Ii I I I Is P SI’R
B B A A A A A A A Bt Bt

JlonmonHUTENLHBIE TPEOOBAHUS K COJIEPKAHUIO OTYETA:

1. I[IpuBectn paboure cXeMbI JJIsT BCEX ONMBITOB C YKa3aHUEM THIIA UCIIOJIb3YEMBIX
pruOOPOB.

2. IIpoananu3upoBarh Pe3yabTaThl OMBITOB M HAMMKUCATh MUCUEPIHIBAIOIINE BHIBOIBI
M0 KaKJIOMY M3 HUX U B IIEJIOM TI0 paboTe.
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KOHTDOJII:HLIC BOITPOCKI:

|

JlaTp onpenenieHre NpoCTOr U CI0KHOU Lenu. [IpuBectrn npumepsl.
KakoBbl Hanpasnenus OJ[C, TOKOB M HaNpsHKEHUHA HA AKTUBHBIX U
MTACCUBHBIX YYaCTKaX 3JEKTPUUECKON Lern?

KakoBa oOmacTe mNpuUMEHEHHs] TOCIEA0BATEIbHOTO, MAapaICIbHOTO U
CMEIIIaHHOTO COeANHEHNUs moTpedbuteneit? Mx 10cTOMHCTBA U HEJOCTATKH.
KakoBbl OCHOBHBIE COOTHOWICHHSI [UIsI LENM C IIOCJIEI0BaTCIIbHBIM
COeIMHEHHEM colpoTuBiieHni? C mapajuiesbHbIM COCIMHEHUEM ?

Yro Ttakoe DJIC MCTOYHMKA M 4Y€M OHA OTIMYAECTCA OT HAIPSDKCHUS Ha
3a)KMMaxX UCTOYHHUKA?

VYcioBus, TNpHU  KOTOPBIX  TPEYTOJBHHUK»  CONPOTHUBICHUH  MOXHO
peoOpazoBaTh B SKBUBAJIECHTHYIO «3BE3/y» U HA00OPOT.

B cxeme Ha puc. 1.2 Bce pe3uctopbl paBHbI MEXIy coOoil. Uemy Oyner
PaBEH TOK, IPOTEKAIOIINIA Yepe3 CONPOTUBIIEHNE, BKIIFOUEHHOE B JUArOHaJb
Mocra?

[TonoOpare peryaupoBOYHBIA pPEOCTAT JJIs PETYIMPOBAHUS HAMPSKEHUS
npueMHHKa B npegenax ot 50 no 100 B, ecnu conpoTuBiieHHE NPUEMHUKA
100 Om, a Hanpskenue cetu 120 B.

Onpenenuth NOTpeOISIEMBIM TOK U MOIIHOCTb, BBIIEISEMYIO Ha Harpyske,
KOTOpasi BKJIIOYEHA B CETh C HampspkeHneM 220 B, ecnu Harpys3ka COCTOMT
u3 JIByX pe3uctopoB mo 200 Om, BKIIFOUEHHBIX MapajlieIbHO APYT APYTY,
COEIMHEHHBIX ITOCJIEI0BATENBHO C PEZUCTOPOM, UMEIOLIUM COIPOTHUBIICHUE
120 Om.

10 Kakoe mpeoOpa3zoBaHue Ha3bIBACTCA SKBUBAJICHTHBIM?
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JlaGoparopnas padora No2

MCCJEJIOBAHUE LEITEN IIOCTOSHHOI'O TOKA ITPH ITOMOIIA
3AKOHOB KUPXT'O®A 1 METOA HAJIOXKEHWA

Ieap paboOTHI:

cDOpMI/IpOBaHI/IG 3HaHHﬁ, YMGHI/Iﬁ N HAaBBIKOB PACYCTa CJIOKHBIX 3JICKTPHUYCCKUX
ueneﬁ IIpH IIOMOIIIH 3aKOHOB KI/IpXI‘O(ba N MCTOAAa HAJIOKCHHSI.

3aglaHI/IC: BBIITIOJIHUTE HCCICOOBAaHHC ueneﬁ IMOCTOAHHOI'O TOKa IIPpH IIOMOIIOH
3aKOHOB KI/IpXFO(ba N MCTOAa HAJIOXKCHMUAA.

CBeneHust U3 TEOPUHU:

DJEeKTpUYECKUE LENH, KOTOphIE IyTeM MpeoOpa3oBaHUs HE MPUBOASATCA K
DKBUBAJICHTHOW OJHOKOHTYPHOW LENH, HA3bIBAIOTCS CJOXKHBIMU JIIEKTPUYECKUMU
nersiMu. Kak mpaBuito, CIOKHas LENb COAEPKUT HECKOJIBKO MCTOYHUKOB JHEPIHUH,
JNEUCTBYIOIINX B PA3JIMYHBIX BETBSX.

Haubonee yacto pacder Leny CBOAUTCS K ONPEAEIICHUIO TOKOB 110 U3BECTHBIM
OIC u comnporuBieHrAM. OCHOBHBIMM 3aKOHAaMH, HMCIOJB3YEMBIMH IIPU pacyeTe
CJIOXKHBIX Llenei, apistorcs 3akoH Oma u 3akoHsl Kupxroda.

3akoH Oma Jy1sl ydacTKa IeTH:

U

riae /- BeauuuHa ToKa, A;
U- nafenre HanpsHKEHUS Ha y4acTKe 1enwu, B;
R- conpotuBieHue yyacTka menu, Owm;
G- IpoBOAMMOCTH ydacTka memnu, CwM;

[Tepserit 3akoH Kupxroda:

=0 (2.2)

IJI€ N- YUCJIO BETBEM, CXOMAIIMXCSA B JAHHOM Y3JIE.

TOKI/I OOHOI'0 HaIIpaBJICHUSA, HAIIPpUMCP, BXOIAIIHUC B yBGJ'I, 3aIIUCBIBAKOTCA CO
3HAKOM INIIOC, @ TOKH IIPOTHUBOIIOJIOXHOI'O HAIIPABJICHUA, HAIIPUMCP, BBIXOAAINHNC N3

y3Jja, CO 3HAKOM MUHYC.

Bropoii 3akon Kupxroda:
12



iEj =iUk (2.3)

rae m - unciio JJ{C B KOHTYpE;
P - YMCTIO TTaJICHUN HAIIPSKCHUS B KOHTYPE.

OJ1C u HanpsixeHHs! OepyTCs CO 3HAKOM IUTIOC, €CJIM UX HalpaBJICHUE COBMAIACT
C TPUHATHIM HaNpaBJICHUEM O0O0XO0Ja KOHTYpa, MU CO 3HAKOM MHHYC, €CJIH HE
COBIA/IACT.

Pacuer nenedd npu nomonu 3akoHOB Kupxroda BbemosHsieTcs B Cieqyromei
MOCJIeIOBATEIbHOCTH:

a) o003HaualOT TOKM BO Bcex BerBsix (I, Io,....1,), IPOM3BOJILHO BHIOHpPAIOT U
0003HAYAIOT Ha CXEME UX MOJIOKUTEIIbHbIC HAIPABIICHHUS,

0) cOCTaBIISAIOT ypaBHEHUs 10 iepBoMy 3akoHy Kupxroda st (n-1) y3moB;

B) IPOM3BOJILHO BRIOMPAIOT HAIIpaBlIeHWE 00X0Aa KOHTYPOB U HENOCTAIOIE M-
(n-1) ypaBHEHUI COCTaBISIIOT MO BTopomy 3akoHy Kupxroga. [Ipu 3TOM KOHTYpBI
BBIOMPAIOT TaK, YTOOBI KK U3 HUX COJEp Kai XOTs Obl OIHY HE YUTEHHYIO paHee
BCTBB;

T') pemaoT NOTYyYEHHYIO CUCTEMY M YpaBHEHUI.

Ecnu 3Ha4eHHMs HEKOTOPHIX TOKOB MOJYYAlOTCS CO 3HAKOM MHHYC, TO 3TO
O3HA4YaeT, 4YTO JCHCTBUTENbHbIC HAMpaBICHUS WX OyIyT MPOTUBOIMOIOKHBI
MepBOHAYAIHHO BHIOPAHHBIM.

Meron HanoXeHUs MO3BOJISIET CBECTU PACYET CIOKHOW LENU C HECKOJIBKUMMU
VMCTOYHMKAMM ITUTAHUS K HECKOJIBKUM pacyeTaM dTOM Ke LENU ¢ OAHUM MCTOYHUKOM
IIATAHUS.

Jl1s pacuera nenen ’TUM METOAOM COCTaBIISIOT CTOJIBKO YaCTHBIX CXEM, CKOJIBKO
HE3aBHCUMBIX MCTOYHUKOB HMMEET HCXOAHAs LIENb, IIPU OTOM B KaXJAOW YACTHOU
CXEME OCTaBJISIIOT TOJBKO OIWH MCTOYHUK, BCE OCTAJIbHBIE HWCKIHOYAIOT. [Ipu
HCKJIIOYEHUN WICAIBbHBIX HCTOYHHUKOB HANPSHKEHUS BMECTO HMCTOYHUKA CTABUTCS
KOPOTKO3AMKHYTasl IEPEMBIUKA, YTO cOOTBETCTBYET DJ(C, paBHOM HYJIIO IIPU HYJIEBOM
BHYTPEHHEM CONPOTHUBJICHUH. BETBb ¢ MCTOYHMKOM TOKa, HAOOOPOT, pa3MbIKaeTcs,
YTO COOTBETCTBYET HYJIEBOMY TOKY NPH HYJIEBOM MPOBOAUMOCTH. Pe3ynpTupyrommii
TOK B KaXXJIOM BETBU PaBEH aJIreOpanyecKkoil CyMMe YaCTUYHBIX TOKOB, BBHI3BAHHBIX
NEUCTBUEM Ka)KJI0IO UCTOYHMKA B OTAEIIBHOCTH.

IIpn pacuere 4YacTHBIX CXEM IIPHUHATO: TOKH, IIPOTEKAIOIIME B BETBSX,
o0o3HauaTh JBYMs HHAEKcamMu. HkHMI WHAEKC NOKa3blBa€T HOMEP BETBH, B
KOTOPOW OMNPENEISIIOT TOK, @ BEPXHUM - HOMEpP HMCTOYHMKA, JECUCTBUEM KOTOPOTO
BbI3BIBacTCA TOK. Hampumep, N
BTOPOTO UCTOYHUKA.

- TOK TIEpBOM BETBHU, BBI3bIBAEMBIN JIECHCTBUEM

ITocnenoBarenbHOCTD pacucTa nCnm METOAOM HAJIOKCHUA!
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a) MOOYEPEHO paccMaTpUBAIOT JEHCTBHUE B ILIEMH TOJHKO OJHOTO HMCTOYHHUKA
(BetBu ¢ wuctouyHukamu OJIC 3aMbIKalOTCS HAKOPOTKO, HO UX BHYTpPEHHEE
CONPOTUBIICHUE YUYUTHIBACTCS; @ BETBU C MCTOYHHUKOM TOKa Pa3phIBAIOTCS, HO HX
BHYTPEHHSISI IPOBOIUMOCTh YUUTHIBAETCS B pacueTax);

0) pacCYMTBHIBAIOT YAaCTUYHBIE TOKA B BETBIX OT JCUCTBHS KaXKIOTO U3
HMCTOYHHUKOB B OTJIEJIbHOCTH;

B) HaxOIsT JACHCTBUTENIbHbIE TOKH BETBEW, aiareOpanyeckd CyMMHUPYS BCE
YaCTUYHBIE TOKH.

[pumep: us cxemsl (puc.2.1) omnpenenutb TOKM B BETBSX MPU MOMOIIUA 3aKOHOB
Kupxroda u merogom Hanmoxenus, ecnu £:=20 B; E:= 15 B; R=40 Owm;
R:=35 Om; Rs= 50 Om. BHyTpeHHHE CONPOTHUBIEHUS UCTOYHUKOB JJIC
paBHbI 0.
R1

)

Puc. 2.1 — Cxema 1151 npoBepku 3akoHOB Kupxroda u Mmetoza HaJI0KEeHHUSI

a) mpu nomoIu 3akoHoB Kupxroda:

AHalM3 TMOKa3bIBa€T, 4YTO CXEMa COIEPXKUT TpPU BETBHU, JBa y3Ja U JIBa
HE3aBUCUMBIX KOHTypa. O003HAaYMM HampaBlieHHWs TOKOB B BETBSIX M HalpaBlICHUS
00X0/T0B KOHTYPOB Ha cxeme. Torja cuctemMa ypaBHeHU Oy/1eT UMETh BU/I:

l+1,—1,=0 »
R-I,+R,-1,=E (2.4)
R,-1,+R, I, =E,

PemuTh 3Ty cucteMy MOXHO ¢ momolibto nakera Matchcad:

-1

1,71 [1 1 -1]"[07 [0.184] I, =0.184A
l,|=|R, 0 R,| -|E |=|0.068|1,=0.068A
I,| |0 R, R |E,| |0.252]1,=0252A

0) METOJT HAaJIOKEHUS:

B cnoxnoM nenu, comepkamien 18a UCTOUHUKA, PACUET PACIPEACICHHS TOKA B
BETBAX IO METOJY HAJOKEHUS CBOAUTCA K HAJOXKEHHUID TOKOB B JIBYX MPOCTBIX
14



(4acTHBIX) cXemax, COAEpIKallMX MO OAHOMY MCTOYHMKY (puc. 2.2 u 2.3). B nepsoit
CXEMe€ IEUCTBYET TOJIBKO £1, @ BO BTOPOM — TOJBKO E-.
Haitnem yactuunbie TOkH B cxeme puc.2.2:

R1 I R2

Puc. 2.2 — Cxema nipu aerictBuu E; Puc. 2.3 — Cxema nipu aeiicteuu E;
E 20
Il = ! = = 0.33A
LTI 35-50
R, + R, 35+50
R
1Logt.— " _033.— Y _g104n
R, +R, 35+50
I31,= Ill- R, =0.33- 35 =0.136A
R, +R, 35+ 50

2
UL =1!R, =0.136-50=6.79B

AHaJOTUYHO ONpEeIIsIEM YaCTUYHBIE TOKU JIJISI CXeMbI pUc. 2.3:

E 15
12 = 2 - = 0.262A
R+ R g5, 40-50
R, +R, 40+50
R
12-12.— R _0260.—20 __0.146A
R, +R, 40+50
2oz P _0262.- 4 _p116m
R, +R, 40+50

U2 =12-R,=0.116-50 =5.82B

Hanoxus yactuunsie Toku 13515131 17;15;1; B COOTBETCTBYIOLIMX BETBAX JPYT

Ha Jpyra ¢ y4€TOM WX HANpPaBJICHHUM, IMOJYYUM JEUCTBUTENbHbIE TOKU [, [, I
3aaHHOM cxeMbl (puc.2.1)

I, =1; —12=0.33-0.146 = 0.184A
I, =121} =0.262—-0.194 = 0.068A
I, =13+12=0.136+0.116 = 0.252A
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ITonydeHHbIN pe3ynbTaTr COBNAAAET C PE3YJIBTATOM PAcyeTa C MIOMOIIBIO 3aKOHOB
Kupxroda.

Touno Taxxke HaxoOATCA HAIIPSAKCHHA Ha OTACIIbHBIX Y4YaCTKax SHGKTqueCKOﬁ
LIETIH, HAIPUMED, HANPSKEHUE HA CONPOTUBIICHUU R3:
U, =UL +U2 =6.79+5.82=12.61B

a

HODHI[OK BBIITOJIHCHU A Da6OTBI

1 AHaIUTHYECKOE UCCIIEIOBAHUE

1.1 dnsa cxemsl (puc.2.1) paccumrarb TOKM B BETBSIX M HampsbkeHue Uw npu
rmomoIu 3akoHoB Kupxroda u meTomom HamoxeHus. 3HaueHus E, E> R, R: u R;
3aJIal0TCS  TIpenojiaBareyieM. BHYTpEHHHUE CONPOTUBIIEHUS HCTOYHUKOB IPHUHSTH
PaBHBIMU HYJIIO.

1.2 JInst u3mMepeHust Toka B BETBSAX U HanpsikeHUs] U COCTAaBUTh MPUHIIUIUATIBHBIC
AMEKTPUUCCKUE CXEMBbI U BBIOPATh U3MEPHUTEIIbHBIC IPUOOPHI.

2 DKCHEepUMEHTAIBLHOE HCCIIeI0BaHNe

2.1 Tlo cocraBieHHbIM 1O M. 1.2 NPUHIUINHUAIBHBIM AIIEKTPUYECKUM CXEMaM
coOparh 1eMb:
a) JIJIsl U3BMEPEHUs TOKOB 10 3akoHam Kupxroda;
0) 11 3MEPEHUS TOKOB TI0 METOy HAJIOKEHUS,
2.2 W3MepuTh TOKM M TAJCHUS HANpPsDKEHUST HAa pe3ucTtopax no m.2.1, a) u
pe3yNbTaThl 3aHECTU B Tabmuity 2.1

Tabmuma 2.1 — 3akonsl Kupxroda
I I Iz Ui U, Uab

A A A B B B

N3mepeno

Brerurcieno

2.3 W3mepuTh yacTUUHBIC TOKU U HamnpspkeHue Uw oT kaxkaoro uctounuka JJC B
OTAENbHOCTH coracHo 1.2.1, 6). Pesymprarel 3anectu B Tabmuiy 2.2 ¥ 1O
M3MEPEHHBIM YaCTUYHBIM TOKaM pacCUUTATh I€UCTBUTENbHBIE. [[py 3TOM YacTHUYHBIE
TOKH, KOTOpbIE TIOMEHSUIM HampaBieHHe (yKa3blBaeT CTpejiKa aHaJloroBOro
aMIepMeTpa), A10HKHbBI ObITh OTPULIATEIBHBIMH.
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Tabmuia 2.2 — MeTo1 HaIOKEHUS

El E2 Uab I I I:
[TapameTpsl B B B A A A

Yactuuaele TOku oT El

Nsmepeno Yactuunsie Toku ot E2

JerictBurenbHbie TOKU U Uap

Bruucieno

Yactuuaele TOku oT El

YacTHUyHbBIE TOKK OT E2

JHerictBurenbHbie TOKU U Uap

-

o

KoHTpOJIbHBIE BOIPOCKI:

Harb popmynupoBky 3akoHa OMa u 3akoHOB Kupxroda.

CymHoCTh pacuera CIHOXKHBIX Ieleil Mpu noMomM 3akoHOB Kupxroda.
[TocnenoBarenpHOCTH pacyeTa.

CymHoCTh pacyeTa CIOKHBIX LENel MeTooM HajoxkeHus. [locnenoBarenbHOCTh
pacuera.

MO’KHO T TPUMEHUTh METOJ] HAJIO’KEHHUSI P pacyeTax MOUTHOCTHU?

OnpenenuTs METOJOM HAJOKEHUSI TOKHM B BETBAX cxeMbl (puc. 2.1), ecnu
n3BecTHO, uT0 £'= K B; E: = L B; R=R:=R:=2 Owm.

OnpenenuTs METOIOM HAJIOKEHHUSI TOKM B BETBSIX cxeMbl (puc.2.1), ecnu JaHo:
E= 10 B; Ri=R.=R;= 10 Om, a BMmecTO E: BKJIIOYECH UCTOUHUK TOKa [ A.
Onpenenute OJIC ncrounnka Toka J ¢ BHyTPEHHUM CONPOTUBIEHUEM Rzn=I Om,
€CIIH OH HarpykKeH pe3ucCTopoM C compotuBieHueM Ruy=20 Om, TOK 4Yepe3
KOTOpPBIN paBeH [n=3 A.

PemmTs 3aauy naroro Bomnpoca, IOMEHSIB OJISIPHOCTH OJTHOTO M3 UCTOYHUKOB Ha
MIPOTUBONOJIOKHYIO.

B dem mpeumyiecTBO MeTONa HAJIOKEHUS TIEpE]] CIIOCOOOM pacdera Iienei mpu
nomoIu 3akoHoB Kupxroda?

10 O6bsicCHUTH X0/ paOOTHI.
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JlabopaTtopHas pabota Ne3

NCCIELOBAHUME LHEIIN [TOCTOAHHOI'O TOKA I10 METOAY
OKBUBAJIEHTHOI'O TEHEPATOPA. IOCTPOEHUE
[TOTEHIMAJIbBHOU JUATPAMMBI

Ileap pabOTHI:

@opMHUpOBaHUE 3HAHUM, YMEHUN Y HABBIKOB pPacyeTa JIEKTPUYECKHUX LIETIEeU
M0 METOJy OJKBUBAJCHTHOTO TEHEpAaTopa M OJKCIEPUMEHTAJIbHO YOEAUThCA B
CIIPAaBEJIMBOCTH €70 IPUMEHEHHUS; B IOCTPOECHNUH IMOTEHIIMAIBHOU THATPAMMBI.

332[aHI/ICI BBIIIOJTHUTL HCCICOAOBAHHUC LOCIIM IIOCTOAHHOI'O TOKa II0 MCTOLY
9KBHUBAJICHTHOI'O I'CHCPATOpPA, IIOCTPOCHUC HOTGHHHEUII)HOI?I AuarpaMMBl.

CBGI[GHI/IH U3 TCOPHH.

1. Pacuer OCIIKM MCTOAOM 3KBHBAJICHTHOI'O I'CHCPpATOPA

OnHuM U3 ynOOHBIX PACUETHBIX MPUEMOB, KOTJIa HEOOXOAUMO ONPEAETUTh TOK
B OJIHON (BBIACIIEHHON) BETBH, SBISAETCA METOJ 3KBHUBAJIEHTHOIO TIE€HEpaTopa.
CymHoCcTh METO/Ia 3aKJIFOYAETCS B CIEAYIOLIEM: BBIICISAIOT PACUETHYIO BETBb, BCIO
OCTaJIbHYIO0 YaCTh CXEMBI II0 OTHOLIECHHUIO K 3a)KMMaM pPACUYETHOW BETBU 3aMEHSIOT
DKBUBAJIEHTHBIM reHeparopoM ¢ OJIC, paBHOW HaNpsHKEHUIO XOJIOCTOrO XO4a Ha
3a)KMMax BBbIJICJICHHON BETBU, U BHYTPEHHUM COIPOTHUBIICHUEM, PABHBIM BXOJHOMY
CONIPOTHUBIICHUIO LIENU CO CTOPOHBI 3aXKMMOB pacueTHOM BeTBU. Ecim pacuerHas
BETBb cOAEpKUT UcTOUHUKM DJIC, X 1enecooOpa3HO OTHECTH K 3KBHUBAJICHTHOMY
reHepaTopy.

Hanpsoxenue xonoctoro xoaa Uy MoxkeT OBITh M3MEPEHO HEMOCPEICTBEHHO
BOJITMETPOM WM  COOTBETCTBYIOIIMM  00pa3oM  paccuuTaHo. BxopHoe
COIIPOTHUBJIEHUE MOXKHO ONPEIEINUTD 110 JAaHHBIM U3MEPEHUS KaK

U

Re=7" 3.1)

K3

rae ;- Tok uccnenyemMoil BETBU B PEKUME KOPOTKOTO 3aMbIKAHUSI.

[TosToMy MeTOA SKBHBAJIEHTHOTO TE€HEpPATOpa HWHOIAA HA3bIBAIOT METOAO0M
IIPOBEJEHHUS OIBITOB XOJIOCTOTO X0/1a U KOPOTKOT'O 3aMbIKAHUS.

s onpenenenust R, pacyeTHbIM MyTeM, HEOOXOUMO BBIJIEICHHBIA aKTUBHBIN
JNBYXITOJIFOCHUK TPEBPATUTh B IIACCUBHBIM, TO €CTb Bce MCTOYHMKHA OJ[C
3aKOPOTUTh, a4 HCTOYHHUKM TOKAa YNAIWTh, HO HMX BHYTPEHHHE COINPOTUBIICHUS
OCTaBUTH B cxeMme. Jlasee, CBEpHYB CXEMY IO OTHOLICHHIO K 3aKMMaM MCCIIENYEMOU
BETBHU, ONPEICIISIOT Rg,.

Tok uccnenyeMoil BETBU ONPENEIAIOT 10 3aKoHy OMa:
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I — EQKK — UX 3 2
R.+R R, + (3.2)
PaccMoTpuM nprMeHeHHe MEeTOIa SKBUBAJICHTHOTO TEHEPATOpa B yKe
U3BECTHOMU cxeme (cM. paboty Ne2), mpeacraBieHHOM Ha puc. 3.1, a)

a) 6)
Puc. 3.1 — MeTo/1 5KBHBaJIEHTHOTO FeHepaTopa

[lyctb TpebOyercsi, Hampumep, ompenenautb ToK |, Beinenum BeTBb ¢
conpotuBieHueM Ry, ocranbHylo yacth cxemsl, Bkitouas u DJAC E; uccnenyemoit
BETBHU IPEJICTAaBUM B BUJIE AKTUBHOTO JIBYXITOJIFOCHHUKA C MOJIOCAMHU (3aKUMaMH).

3aMEeHUM aKTHBHBIN JBYXITOIIOCHUK YKBUBaJICHTHBIM TeHepaTtopoM ¢ DJIC E,, u
BHYTPCHHUM CONIPOTHBIICHHEM Ry (prc.3.2):

(@]

, B - %
| ¥ E
| E = ¥ i
| UgsE-
! | cd 32
| Ea ! E; R, I:| R; R,
: : R R; |:|
| |
: R:l : E2 K
L G-
| ¥ Wi T
|
a) 6) B)

Puc. 3.2 — Onpenenenne U, u R,

Jlns waxoxmenust E,, pasmbikaeM HCCIeIyeMyl0 BETBb C Ry M HaxoamMm
Hanpspkenue xonoctoro xoaa U=Ux=E.,, puc.3.2, 0).
Torna

Ux2:E32:E2_I .R3 (3.3)
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Hns HaxoxaeHUs Ry, 3akoporum wucrounuku DJIC u HaifeM BXOJHOE
COINPOTHUBIICHUE IMACCHBHOIO JBYXIIOIIOCHUKA R, OTHOCHUTEIbHO 3aKMMOB C H d,

puc.3.2, B).

_ Rl'Rg
“2 R +R,

(3.4)

Hcnonesys hopmyiy (3.2) u moacrapiisst HaiaeHHble 3HadeHus U, 1 R,yo,
HaXO0JIMM TOK UCCJIEyeMOU BETBH:

UxZ

|z=m (3.5)

Tox pu KOPOTKOM 3aMbIKAaHUH BTOPOM BETBU OMpeesieTcs o Gpopmyiie:

I _ Ux2
02 = (3.6)

6x2

Py

2. IlocTpoeHne NoTeHIIMATbHON AUarpaMMbl

[log mnoTeHUMAaNbHOM AMArpaMMON MOHUMAKOT TrpapuK pacrpeaesieHUus
IMOTEHIHAJIA BJIOJb 3aMKHYTOTO KOHTYpa B 3aBUCHUMOCTH OT CONPOTHBJIEHHUWA 3TOTO

KoHTypa (puc.3.3).

C
(p B A
0. Ejp
’l
| J
! E '
o « L | 0 ~ R,OM
| ' 1 -
: : |
(Rap i :
Ry A R> : R; :
I ": |
| : [

Puc. 3.3 — [lorenuuaneHas quarpamma
[Ipu moMornu NMOTEHIMAIBHON JUarpaMMbl MOXHO OTPEICTUTh TOK B JIFOOOM
y4acTKe IIeMH, KOTOPOU MPOIOPIIMOHAJIEH g0, a TAK)KE HAIIPSKEHNUE MEXTY JTI0OBIMU
TOYKAMHU JICKTPUUYECKOMN 1IETH KaK pa3HUIlY MOTEHIIMAJIOB JAHHBIX TOYEK, HAIIPUMeED,
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Usc=pa — ¢

s TMOCTpOeHHsI TOTEHIUATBHONW JUarpaMmbl  KaKOTO-IMOO 3aMKHYTOTO
KoHTypa, Hanpumep, OABCJIO na puc. 3.4, He06X0AUMO:

W

Puc. 3.4 — Cxema U1 OCTPOECHUS ITOTEHIIMAILHON TUArpaMMBbI

a) paccuuTarh (WM U3MEPUTH) JIIOOBIM U3 U3BECTHBIX METOJIOB TOKHM B BETBAX
KOHTYpA;

0) IpUHATH MOTEHIIUAJT KAaKOW-IMOO TOYKU paBHBIM HYJIIO (3a3eMJnTh) (Ha puc.3.4
510 Touka O);

B) paccuuTath (WM U3MEPUTH) MOTEHIIUAJBI BCEX TOYEK;

I') OTJOXUTh HAa OCH aOCIHCC COMPOTHBICHUS DJIEMEHTOB KOHTYypa, a 1O OCH
OpJIMHAT — COOTBETCTBYIOIIME KM MNOTEHUHAIbl. COEAMHUB MOJYYEHHBIE TOUYKHU
JIOMaHOW JIMHKUEH, OyJeM HUMETh MOTEHIMAIbHYIO AuarpamMmmy koHrtypa. (Eciu B
CXEME HCIMOJIb30BaHbl HaecalbHble UCTOYHUKU DJIC, TO mageHus Ha BHYTPEHHEM
CONPOTHUBJICHUU MCTOYHHUKA HE TMPOUCXOJIUT W TpsMas, COCAUHAIONIAs, HApUMED,
touku A u B ans E; Oyaer mapainienbHa ocd opauHar. [Ipu peaqsbHOM MCTOYHHMKE
OJIC npoucxoauT najeHrue HAmpsKEHUs Ha BHYTPEHHEM CONPOTUBIICHUM, U JIMHUS
yKe He OyeT mapajieiabHa OCH OpAMHAT, TO €CTh OyJAeT UMETh KaKOW-TO HAKIIOH,
KaK 3TO MOKa3aHo Ha puc.3.4 MyHKTUPHOW JTMHUEH.

HODHI[OK BBIIMOJIHCHU A Da6OTBIZ

1. AHaIUTHYECKOE UCCIEJOBAHUE

1.1 st cxemsl (puc.3.1, a) u 3agaHHBIX IIpenoaaBareneM BennuuH E1, Ez, Ry, Ron
RspaccunTath TOKH B BeTBSIX ¢ R1 1 Ry Mo MeTomy SKBUBaJIGHTHOTO Te€HEpaTopa.

1.2 JInsa cxemsl (puc.3.4) U 3alaHHBIX MpernoaBaTeneM BenuurH E1, Eo, R1, Ry, R
u Rs paccunmtarte TOKM M moTeHuMansl Toyek KoHTypa OABC/O u moctpouthb
MMOTEHIIUAJIBHYIO AUarpaMmy.
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1.3 Jlng HSKCOEpUMEHTATbHOTO TOATBEPKACHUS IPOU3BEJECHHBIX PAcyETOB
COCTaBUTH dJIEKTpUUecKre cxembl 1o m.1.1 u 1.2.

2. DKCIIEpUMEHTAIIbHOE HCCIIeI0BaHNE

2.1 CoOpatb cxemy AJis1 IPOBEPKU METO/1a SKBUBAJIEHTHOI'O T€HEpaTopa.

2.2 IlpoBoxa, unymue kK R mepexiiiounTh Ha BOJBTMETP M U3MEPHUTH HANPSHKECHUE
Uy uccienyemoii BeTBH. Pe3ynbTaTt 3aHecTu B Tabauiry 3.1.

2.3 IlpoBoma, uaymme K Ri MepexIounTh HAa aMIEpMETp U U3MEPUTh TOK
KOPOTKOT'0 3aMbIKaHHUs |;; B uccnenyeMmoi BeTBu. Pe3ynbrar 3anectu B Tabmuiy 3.1.

2.4 PaccunTaTh TOKM B BETBSAX CXEMbI HA OCHOBAHUH OIBITOB X0J0CTOro xoaa UX u
KOPOTKOTO 3aMbIKaHus |;. Pesynbrar 3anectu B Tabmumy 3.1.

Ta6numa 3.1 — MeToa 3KBUBaJIEHTHOTO FeHepaTopa

Hanpsxenune XX Tox K3 Tok BeTBH
Ux |3 |
B A A
N3mepeno
Brruncneno

2.5 CoOpaThb cxeMy I MPOBEPKHU MOTCHIINATBHON JUarpaMMEL.

2.6 VI3MepuTh MOTEHIIMAJIBI BCEX TOUEK OTHOCHUTEIHHO 3a36MJICHHON TOYKH M TOKH
B BeTBsX. JlaHHbIE U3MEPEHUI BHECTH B Ta0OIMITy 3.2.

2.7 PaccumTaTh BCE COMPOTHUBIICHHUS IO PE3yjbTaTaM H3MEPEHUN U COCTABUTH
MMOTEHIIHAIBHYIO JUArpaMMy HCCIICAYEMOU IETH.

Ta6muma 3.2 — [loTeHmanpHas uarpaMma

1 I 4 Pa Pp Pc Pp

A A A B B B B

N3mepeno

Breruucneno

JIOTIOJIHUTEILHEIC TDC6OBaHI/I$I K COACPKAHHNIO OTUCTA:

1 3aHecT AaHHBIE aHATUTHYECKOrO pacyera no m.l.1 B Tabmumy 3.1 u no m.1.2 B
Tabauiy 3.2 ¥ CPaBHUTH UX C SKCIIEPUMEHTAIbHBIMU TAHHBIMHU.
2 CpaBHHUTH PACUECTHYIO U DKCIIEPUMEHTAJIbHYIO MOTCHIIUATIbHBIE JUATPAMMBI.
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KOHTDOJIBHBIﬁ BOITPOCHI.

B geMm cymiHOCTE pacdera 1ernei 1mo MeToIy SKBUBAJICHTHOTO TeHepaTopa?

B numaroHane 3JEKTPUYECKOTO MOCTA, COCTOSIIETO W3 MOCIEI0BATEIBHO
BKJIFOYEHHBIX pe3UCTOpoB Rj...Rs4, ¢ conmpotunenusmu 10, 20, 30 u 40 Owm,
BKJIIOYEH pe3uctop Rs, ¢ comporuBiennem 1 kOM. Onpenenute TOK 4depes
pesuctop Rs, eciiu MocT nutaetcs ot ucrounnka J/1C ¢ Hanpsixenuem 10 B.
Yrto Takoe moTeHIMalIbHAs fUuarpamma’?

Kak no nampasieHusM uctoynuka OJIC u TOKa OTIMYUTH HMCTOYHUK OT
noTpeouTes?

Kax mpu moMoniy noTeHuuanbsHOM 1uarpaMmbl ONIPEIeTUuTh TOK?

Kak npu moMomy moTeHIMANIbHOW AMarpaMMbl HAWTH HANPSIKEHUE MEXIY
JABYMsI TOUKaAMH?

Kak u3MeHsieTcs NMOTeHLMall MOTPEOUTENs 3JIEKTPUYECKOW 3HEpPrUH, 00XO0As
KOHTYp 10 HamlpaBJIEHUIO TOKA U BCTPEUHO?

Kak omnpenemucys OJIC M BHYTpEHHEE COIPOTUBIECHHE JKBUBAJICHTHOTO
reHeparopa’?

JIBa reHeparopa BKJIIOYEHBI MapajieIbHO U pabOTal0T Ha OOLIYI0 HArpysKy.
OJIC reHepaTopoB M MX BHYTPEHHEE CONPOTHBIIEHUE COOTBETCTBEHHO PAaBHBI
Ei= ; E>= ; Rypy=. HaliTu: 3aBUCHMOCTb TOKa Yepe3 Harpy3Ky IpHU U3MEHEHUU
R, or 0 mo oo; DJIC u BHYTpeHHEEe CONPOTHBICHHUE HKBHUBAJIEHTHOIO
re”Heparopa.

10. ITocTpouTh MOTCHIMATIBHYIO TUArPAMMY JJIsi OTHOKOHTYpHOU 1enu (puc.3.5),

ectm E1=10B, E»;=40B, R1=40m, R2=30m, R3=70m, a BHyTpEeHHHUE
COTIPOTUBJICHUSI UCTOUYHUKOB R ;5= Rogy= 1 Om.

E; E,
Rizr R; R; =~ Riex
i ) C C. :;[ E E
B R] O RS
[ ] [ ]

Puc 3.5 — Cxema koHTpoabHOr0 Borpoca 10
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JlaGoparopHas paboTa Ne4

UCCJIEJIOBAHWE HEJJMHEMHON LIEITU
[TOCTOSIHHOI'O TOKA

e paboOTHL:

@opMHUpOBaHUE 3HAHWK, YMEHMM W HAaBBIKOB IIPU CHATHHA BOJIbTAMIIEPHBIX
XapaKTEPUCTHK HEIMHENMHBIX 3JIEMEHTOB; MPHU ONPENEICHUU ONBITHBIM IyTEM
TOKOPACIPEJACICHUSI B PA3BETBICHHOW HEIMHEWHOW UENU C MNOCIEAYIOIINM
rpadUyecKkuM pacdyeToM; MpH HUccienoBaHUM Ienu ¢ ucrounukoM JDJ[C u ogHUM
HEJIMHEWHBIM  CONPOTHUBIEHWEM  METOJOM  OJKBHBAJIEHTHOTO TEHeparopa ¢
MOCIEAYIOMUM TpadhuIeCKUM pacyeTOM.

3aZ!aHI/ICZ BBIITOJIHHUTD UCCIICA0OBAHUC HEJIUHEHHOU OCIIN ITIOCTOAHHOI'O TOKA.

CBGI[CHI/IH U3 TCOPHH.

DJEKTpUYEeCcKasl 1eNb HA3bIBACTCS HEJIIMHEMHOW, €CJIM B HEM €CTh XOTS OJUH
HEJIMHEHUHBIN 3JIeMeHT. HenmHelnbple 3J1eMEHThI OTINYAIOTCS OT JUHEHHBIX TEM, UTO
MX COMPOTUBJICHUE 3aBUCUT OT MPOTEKAIOIIETO TOKA.

[IpumepamMu HENMHEWHBIX AJIEMEHTOB SBJISIOTCA JIaMIbl HaKAIMBAaHMS,
MOJYITPOBOJHUKOBBIC IUO]Ibl, TAPUCTOPBI, TPAH3UCTOPHI. ..

B pacuerax ¢ HEIMHEMHBIMU »3JEMEHTAMM HCHOJIB3YETCS XapaKTEPUCTHKA
3aBHCHMOCTH IIaJICHUs HalpsbKeHds Ha siemente oT Toka B Hem U(l), xotopas
Ha3bIBaeTCsl BoJibTammepHoW xapaktepuctukoit (BAX). BAX wHenuneitHoro
dJIEMEHTa MOXKET OBITh IIOCTPO€HA II0 TOYKaM »JKCIHEPUMEHTAIIBHO WM IO
AHAJIUTUYECKON 3aBHCUMOCTH.

HenuneitHbie pe3uCcTOpbl XapaKTepU3yIOTCsl CTATUCTUYECKUM COMPOTUBICHUEM
R.»>0 m pauddepeHnaIbHbIM  CONPOTUBICHHEM R, KOTOpoe MOXET OBITh
OTpHUIIATEIBHBIM.

B pexume HemzmeHHoOro Toka R, B Kakoil-mubo Touke BAX HenuHEHHOro
AJIEMEHTA OMpPEEseTCs OTHOIIEHUEM HAMPSIKEHUS K TOKY B ATOM TOUKE:!

4.1)

HuddepenunansHoe conpoTUBIieHHE B KakoW-11M00 Touke BAX HenmHeitHOro
BIIEMEHTA ONpeJeNseTcss Kak OTHOIIEHHE OECKOHEYHO MAaJIoro MpHpalieHus
Hanpspkerus dU B 9TOHM TOYKe K COOTBETCTBYIOIIEMY TpupaiieHuto Toka dl.

du
Ro==r (4.2)
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Pacuer HenmuHEWHBIX Uened MNPOU3BOJATCA WIM TpadUUECKUMHU, WU
AHATUTHYECKUMHU METOJaMi, OCHOBAaHHBIMH Ha pelieHun ypaBHeHuid Kupxroda c
yuetoM BAX. I'paduueckuii pacyer MOXeT ObITh CHENIaH MPH IMOCIEA0BATEIHLHOM,

mapajiyicJibHOM U CMCIIAHHOM COCIUMHCHUSX.

[IprmMeps! pacueTa Hiener ¢ HEIMHEUHBIMU JJIEMEHTAMU
1. Ilenp cocTOoMT W3 JBYX IOCJIEIOBATEIbHO COEIMHEHHBIX HEIMHEHHBIX
anemeHToB. TpeOyercs onpenenutsh Tok | B nienu, HanpsikeHnus no yuyactkam U; u U,
pu 3aJJaHHOM BXOJHOM Hamnpsikenun U.
N3BecTHO, 4YTO mTOCHeNOBaTeNbHAsl LEMNb OMUCBHIBAETCS BTOPHIM 3aKOHOM
Kupxroda:
Ui + Ux() =U (4.3)

B cooTBercTBUUM C 3THM ypaBHEHMEM CKIaAbIBalOTCA BAX NBYX HEITWHEHWHBIX
AJIEMEHTOB (WJIEHBI, CTOSLIME CIeBa 3HaKa paBeHCTBA) U noiyyaeM BAX Bceil nenm.
B touke nepecedenus ee ¢ npsamoit U Haxoaum Tok |, a 3aTtem Hanpspkenus U; u Us.

Ecnmu B nenu oAMH HEIWHEWHBIA 3JEMEHT, TO BCK JIMHEMHYIO YaCTh CXEMBbI
MOJKHO 3aMEHHUTbh SKBUBaJCHTHBIM TeHepartopoMm (Uy, R,,) (puc.4.1).

Uuwp=Uy - IR =f(1) (4.4)

O4eBUOHO, YTO OBTO M HANpPSDPKEHUWE HA 3a)KMMax TIEeHepaTopa, SBIAETCS
(GyHKIME ToKa Harpy3ku - mOpsmas 3 Ha puc.4.2, U HaOpsLKEHHE Ha 3aKUMax
HEJIMHEWHOTO0 2JIeMeHTa - KpuBas | Ha puc.4.2. (BAX HeTUHEHHOTO HJIEMEHTA).

AOcuucca TOYKH nepecedyeHusi KpuBoidl 1 U mpsiMoil 3 mpencTaBisieT UCKOMOE
HarpsokeHue Ugp, a opimHaTa - UCKOMbIN TOK |.

Ecnu SKkBUBaJICHTHBIN TeHEPATOpP - UACATbHBIH UCTOYHUK HanpspkeHus (R,=0),
TO WCKOMBIM TOK B LEMNH ONPEAECISAECTCS OPAUHATOM TOYKH N, KOTOpas HaWIETCs
niepeceveHueM KpuBoii 1¢ mpsimoii 2 (puc.4.2).
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3 1 /
Ro
0 Ik E,
Uss T
HS3 m
I
Ex:=Up
U
h 4 -
0 Us Uo B
Puc. 4.1- Cxema ¢ onaum HD Puc. 4.2 — MeTon nepecedeHns: XapaKTEPUCTUK

[Hopsagok BbIIOJIHEHUS PA0OOTHL:

1. AHaaUTHYECKOE UCCIIEIOBAHNE

Henunelinpie aeMeHThI, UcclieyeMble B paboTe: jJamia HaKaJTuBaHUs, TUO/I.
1.1 BwiOpath npenaensl npruOOPOB, UCTIOIB3YEMbIX /I CHITHS BOJIbTaAMIIEPHBIX
XapaKTEPUCTUK JTAHHBIX HEJIMHEWHBIX 2JIEMEHTOB.
1.2  3apucoBarb B OTYETE IEKTPUUECKUE CXEMBI U TAOIUIIBI HEOOXOUMBIE IS
IPOBEIECHUS SKCIIEPUMEHTA.

2. DKCTIEpUMEHTAIILHOE UCCIICIOBAHNE

2.1 Cuaste BAX mamnel HakanuBanus (H), momynpoBoguukoBoro auona (VD) u
nuHenHoro comnpotusienus (R). s storo cobpars cxemy mo puc.4.3. Tak kak
COTIPOTUBIICHUE AHMOAA MaJo MPH MOJade Ha HEro MPSMOTO HANpPSHKEHUs, TO TPHU
casitun ero BAX B cxemy Hy»XHO A00aBUTh MOCIEIOBATENBHO C aMIEPMETPOM
pe3ucTop.

+ 0 A

0-220 { ; ’ ‘:/ll-’
H3

e

Puc 4.3 — Cxema mig BAX HenTUHEWHHOTO dJIEMEHTA

a) u3MepuTh Tok | 1 HanpsokeHue U Ha HEMMHEWHOM conpoTuBieHuu (6...8
Touek). JlanHble u3Mepenuit 3anectu B Tadbnuiy 4.1.
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Tab6nuua 4.1 — BonbramnepHble XapaKTEepUCTUKH 3JIEMEHTOB

Uu,B 0 10 20 30
Jlamnia HakanmuBauusa | H
I, A 0
[Tonympooauukossiii | VD | U, B 0
IO I, A 0 0.1 0.2 0.3
JIuueiinoe R |UB 0 10 20 30
COIIPOTHUBJICHUE I, A 0

0) mnonb3ysach JgaHHbIMH Tabmuubl 4.1 moctpouth BAX wuccnemyeMbIx
DJIEMEHTOB;

B) mob3ysach BAX, HalTH 711 OJHOM TOUKH KaKJAOTO HEJIMHEHHOIO 3JIeMEHTa
cTaTucThuueckoe u auddepeHImaibHOe COMPOTUBIICHUS.

2.2 Tlpou3BecTH ONBITHOE ONMPEACICHHUE PACIPEACICHUSI TOKOB B Pa3BETBICHHOMN
LEMH ¢ TPEMs CONPOTUBJICHUAMHU. [[1s1 3TOrO coOpaTh cxemy no puc.4.4, B KOTOPYIO
BKJIFOYMTH JJICMEHTBHI B COOTBETCTBUM C BapWaHTOM Mo TaOmmie 4.2. Bapuant
3a1a€TCSA MPENOAABATEIIEM.

Tabnuua 4.2 — BapuaHThl pa3BeTBICHHOW LENU

BapuanTsl 1 BeTBb 2 BETBb 3 BETBb
1 VD H R
2 VD R H

Puc 4.4 — Cmerragnoe coequuenune HO
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a) M3MEPUTh BCE TOKM W HAMPSIKCHHS, PE3yJbTaT H3MEPCHHH 3alUIIUTEe B
Tabnuiy 4.3

Taomuna 4.3 — Pa3serBiicHHasa HEJIMHEWHAA 1IEND

U Uy Uas 1 I2 E
B B B A A A

N3mepeno

Brruncieno mo BAX

[TorpemHOocTH Al%, AU%

0) nonw3ysice BAX HelnMHEWHBIX CONMPOTUBICHUN U 3HaYeHrneM U, mpou3BecTH
rpadM4ecKUM METOIOM pacdeT HalpsHKCHUH M TOKOB B BETBIX cxeMbl (puc. 4.4).
JlanHbIe pacyeTa 3aHECTH B COOTBETCTBYIOIIYIO CTPOKY TaOIUIbI 4.3.

B) IIPOU3BECTU CPABHEHUE PE3YJIHTATOB, MOJYUYEHHBIX OMBITHBIM U PACUETHBIM
MyTSIMHU, IPUHSIB 32 TOUYHbIC 3HAUCHUS JJAHHBIE HKCIIEPUMEHTA!

I acd - IJKC
A% = —2 % 100% (4.5)

2.3 JIng SKCHEpUMEHTAIILHOTO HW3Y4YEHHUs LENU [0 METOAYy HKBUBAJIEHTHOTO
reHeparopa ¢ OJHHUM HEIUHEHWHBIM COINPOTHUBJIICHHEM cOOpaTh IIeMb IO CXEMe
puc.4.5.

R

H3

Puc.4.5 — MeTo1 5KBUBJICHTHOTO T€HEpaTOpa

a) IpU Pa30MKHYTOM BETBHU C HEJIMHEHHBIM CONIPOTUBJICHUEM (TIEPEKITI0UaTENb B
nojoxxenun 0) 3ameputh U, - HampspkeHHE XOJIOCTOTO XoJa Ha HEJIMHEHHOM
CONIPOTHBJICHUH U 3amucaTh B Tabimiy 4.4.

0) He M3MEHSA TOJIOKEHHUS PYKOSTKHA J1abOpaToOpHOTO aBTOTpaHchopMaropa
(JTATP), To ecTb mpu TMOCTOSHCTBE BXOJHOIO HAIpPSKEHUS, MEPEKII0YaTETh
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[IOCTaBUTh B MOJIOKeHUE 1, 3aMepuTh 3HAUEHHE TOKAa KOPOTKOTO 3aMblKaHUs lx U
3anucathb B Tadnuily 4.4.

B) HE Wu3MeHsa mnoJjioxkeHus pykoiatku JIATPa, BkiIOuuTh HEJIMHENHHOE
COTPOTHUBJICHUE (TIEPEKITIOYHUTH B TIOJIOKEHHE 2), 3aMEPUTh | 3amucaTh B Ta0auIty 4.4
3HAYEHUSI TOKA M HANPSKEHUS HA HEJIMHEITHOM 3JIEMEHTE B pabodyeM pexxume.

Tabmuua 4.4 — MeTo 3KBUBAJICHTHOT'O F€HEPATOPA B HEJIMHEMHBIX LEMSAX

UX Ik UHC IHC
B A B A

N3mepeno

Breruncieno mo BAX

[Torpemnoctu Al%, AU%

r) ucnoib3yss BAX HeTuHEHHOTO COMPOTUBIICHUS U BHEIIHIOK XapaKTEPUCTUKY
MCTOYHHKA, MOCTPOEHHYI0 1o pexkuMmaMm XX u K3, onpenenuts rpaduyeckum myTem
BEJIMYMHBI TOKA U HAIIPSKEHUS B 1IETMIU U 3aHECTU B TaOuIly 4.4.

J1) TPOU3BECTH CpaBHEHHE PE3YyJIbTATOB, TMOJYYEHHBIX OIBITHBIM MyTeM H
PACUYETHBIM, TO €CTh ONPEACIUTH NOTPEUTHOCTH TOKA U HAMIPSIKEHUSL.

KOoHTPOJILHBIE BOIIPOCHI:

1. JlaTh ompeneneHue HEMMHEHHON AIEKTPUUECKON 1IETH MOCTOSTHHOTO TOKa.

2. llpuBenute mnpuMepbl YNOPaBISEMBbIX M HEYNPABISIEMbIX HEITUHEHHBIX
DJIEMEHTOB.

3. Hapucyiite BoJbTaMmepHble XapaKTEPUCTUKH THUPUCTOpA, TPAH3UCTOPA,
TEPMUCTOPA, CTAOMIM3ATOPA.

4. OOnactTu mnpuMEHEHHs] TrpadUUYecKUX M AHAIUTUYECKUX METOJI0OB pacuera
HEJIMHEWHBIX LENEN MOCTOSHHOTO TOKA.

5. OOBsicHUTE MOPAJIOK aHAJIM3a HEJIMHEWHBIX LEeNel MOCTOSHHOTO TOKa METO10M
IIEPECECUCHHUS] XapAKTEPUCTUK, IPUMEHEHUEM METO/A SKBUBAJIEHTHOTO FEHEPATOPA.

6. JlaiiTe ompenenenue cratucTuaeckoro u nudepeHImaibHOTO COMPOTUBICHUS
HEJIMHEWHOTO DJIEMEHTA.

7. Tlpu Kakux yCJIOBHUSX MOXET ObITh MPUMEHEH aHAJIUTUYECKUI METOJ aHajIn3a
MIPOCTEHIITNX HETMHEHHBIX IETICH M €r0 OCHOBHBIC MTOJI0KCHUS?

8. IlpuBenuTe mnpuMepbl HEIWHEHHBIX D3JIEMEHTOB C CHUMMETPUYHBIMH |
HecuMMeTpuuHbiMu BAX.

9. IlpuBenute mnpuMepbl HEIMHEWHBIX JJIIEMEHTOB C IOJIOKUTEIbHBIM U
OTPULIATENBHBIM CONPOTHUBIICHUSAMH.

10. [Touemy Henb3s MPUMEHSTh METOJ HAJIOKEHUS Ui pacdera AJIEKTPUUYECKUX
Lernel, coiepKalluX HeTMHEHbIe COIPOTUBRIICHUS ?
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JlaGopatopHas pa6ota Ne 5

MCCJIEJIOBAHHE HOCHE&OBATEHBHOPI U ITAPAJUIEJIBHOM LIETTEN
INEPEMEHHOI'O TOKA

Iean paboOTHI:

@opMHUpOBaHUE 3HAHWUW, YMEHHM M HABBIKOB IIPU OJKCIEPUMEHTAIBHOM
ONPENEIICHNU MApaMETPOB JIMHEMHOIO PE3UCTOPA, KAaTyIIKHM HWHIYKTUBHOCTH H
KOHJIEHCATOpa B LIENN CUHYCOUAAIBHOIO TOKA; IPOBEPKHU BBIIIOIHEHUS 3aKOHOB OMa
u Kupxroga nocnenoBarenbHON U pa3BETBICHHOM LieTIel IEPEMEHHOTO TOKA.

332[aHI/ICI BBIITOJIHUTB HUCCJICA0OBAHHNC HOCJIGIIOB&TGJIBHOﬁ )51 H&pEUIJIGJIBHOﬁ ueneﬁ
IICPCMCHHOI'O TOKaA.

CBeneHus u3 TEOPUH.

AKTHUBHOE cCOIpOTUBIEHHE R — mapameTp CXeMbl 3aMEIICHUsS PEeabHOTO
AJIEMEHTA BJIEKTPUYECKOW IIeNH, XapaKTepHU3YIOLIel Ipolecchl Mpeodpa3oBaHUs
ANIEKTPUUYECKONW PHEPTUU B TEIUIOBYI0. Pe3ucTtop, mpeoOpasyronuii 3I1eKTpUIecKyto
HHEPTHIO B TETIOBYIO, UMEET aKTUBHOE COMPOTUBJICHHE:

U P
I 1

R (5.1)

N

rae U - neiicTBytolliee 3HaUeHUE HaNpsoKeHus, B;
| - nelicTBytolllee 3HAUEHUE TOKA, A;
P—akTuBHAs MOIIHOCTH, BT.

NunyktuBHOCTh L - mapamerp cXeMbl 3aMELIEHUS peajJbHOTO d3JEMEHTa
ANEKTPUUECKOM LEMH, XapaKTEPU3YIOLUN CIIOCOOHOCTh €r0 HAKaIIMBaTh SHEPTHIO B
MarHuTHOM noJie. COnpoTHUBIIEHUE UHIYKTUBHOT'O 3JIEMEHTA CUHYCOMAAIBHOMY TOKY
MPOMOPIIMOHAIBEHO YaCTOTE:

XL =wl
(5.2)
rage w — yrioBasa 4aCToTa CMHYCOMJAaJIbHOI'O TOKaA, palI/C.
w=2rt
(5.3)

JI71s1 TOCTOSTHHOTO TOKa =0 conpotuBiaeHue X =0
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Karymka  MHAYKTMBHOCTM  00Ja4aeT  MHAYKTUBHBIM W aKTUBHBIM
COTIPOTHUBIIEHUEM, KOTOpPbIE HA CXEME 3aMeIleHUsT MOTYT OBITh COEIUHEHBI
nocyenoBareabHo. KoMmiekcHOe cOnpOTUBIIEHNE KaTYIIKH WHTyKTUBHOCTH:

Z=R +jX, =Zé" (5.4)
Z=JRZ+XZ o= arctg(XL) :
L

AXTUBHAs MOIIHOCTh KATYIIKH CBs3aHa C TOTEPSIMU JHEPTUU Ha HArpeB
pOBOJA.

W3mepuTh mapaMeTpbl KaTYHIKM MOXKHO C MOMOIIBI0 M3MEPUTEIBHOTO MOCTa
NMEPEeMEHHOTO TOKa, a TaKkKe KOCBEHHBIM METOAOM (KaKk J3TO Jeiaercs B
nabopaTopHO# paboTe) 1Mo nokazaHusM BonbTMeTpa U, amnepmerpa | u BattmeTpa P,
M3MEPSIOIIETO aKTUBHYIO MOITHOCTB!

U P X
_ = e _ 2 _A2L
= r R; —12 X = ZZ—RL L= - (5.5)

EmMxocte C — mapamMerp CXeMbl 3aMENICHUS PEAJBHOIO  DJIEMEHTA
ANEKTPUYECKON WEMU, XapaKTepU3YIOIIUK CHOCOOHOCTh HAKaIUIMBaTh SHEPIHIO B
AIEKTPOCTATUYECKOM IoJIE. ConporusiieHue €MKOCTHOTO JJIEMEHTA
CHUHYCOMIAJIbBHOMY TOKY 0OpaTHO NPONOPIMOHATIBHO YacTOTE

1
Xe="¢ (5.6)

J171s1 IIOCTOSIHHOT'O TOKa: X.= 0.

Konnencarop o6iaaeT eMKOCTHBIM M aKTUBHBIM COIIPOTHBJICHUEM, MTOCKOJBKY
MOTEpU aKTUBHOM SHEPrMU B KOHJEHCATOPE MaJibl, TO €r0 CXeMa 3aMEIICHUS 4acTo
COAEPKUT JUIb OJUH 3JieMeHT C. KoMIIekCHOe CONpOTUBIIEHUE KOHJIEHCATOPA!

(X¢)

Z:RC-jXC:ZG_jw Z =1/R(23 -l-Xé @ZarCth— (57)
C

M3meputrs mapamerpsl RC-mienmu MOKHO, HCHOJB3Yys METOJA aMIlepMeTpa-
BOJIbTMETPa-BaTTMETPA, OMIMCAHHBIN BBIIIIE.

NHAyKTHBHOCTH M €MKOCTh Ha3bIBAIOT PEAKTUBHBIMU JIEMEHTAMHU.

BexTopHbIe muarpaMmsbl OCIEI0BATENBHBIX AKTUBHO-UHAYKTUBHON U aKTHBHO-
E€MKOCTHOM Iienel n300pakeHsbl Ha puc.5.1a), 0).
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0) I

iXil

I

Puc.5.1 — BekTopHbIe AUarpamMmsl

[TocnenoBarenbHOE COENMHEHUE SJIEMEHTOB XapaKTepU3yeTcs TE€M, YTO uepe3
BCE DJIEMEHTHI MPOXOUT OJIMH U TOT )K€ TOK, MapaUICTLHOE - TEM, YTO BCE DJIEMEHTHI
MMEIOT OJTHO U TO K€ HaIPsKEHUE.

B ciywae mocnenoBaTeNbHOIO — COCIUMHEHHUS  COMPOTUBJICHHM  oOliee
COMPOTHUBJICHUE IIEMK MOXET OBITh MOJYYEHO C TOMOIIBIO BTOPOrO 3aKOHA
Kupxroda:

Uo=U1+Uo=1(Z1+25)=120
Zo=21t2>=R X, TRyt X:=R,%j Xo (5.8)

rae 3HaK (+) OTHOCUTCS K WHIYKTHBHOMY, a 3HaK (-) - K EMKOCTHOMY
CONPOTHUBJICHUIO.

[Ipu napayienbHOM COEIUHEHUH MpoBoAUMOCTEN Y1 1 Y, 0011ast MpoOBOAUMOCTh
Y0 HaxoauTcs ¢ TOMOIIBIO TIepBOTO 3aKkoHa Kupxroda:

lo=li+1,=U(Y1+Y2)=UY,
Yo=Y, +Y,=g/4jb;+g,tb:=goj by (5.9)

rae 3Hak (+) OTHOCHUTCS K €EMKOCTHOW, a 3HaK (-) - K WHIYKTHBHOM
MPOBOANUMOCTH.

AKTHBHasI ¥ PEaKTUBHAsI MOIIHOCTH B TOCIEOBATEIBHON IETIH OMPEACIISIIOTCS
dbopmynamu:

Py=PFPR
00=P (+X,) (5.10)
a B apaJUICJIbHOM LIEIH -
Py=0gy
0p=U7 (+ by) (5.11)

KoMmiekc mosiHoM MOIIHOCTH PaBEH:

So=UIl"=Py+jQp

S=JPF+ Q3 12
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rae |- conpsKeHHbIN KOMIIIEKC TOKA.

3Hak (+) TpUCBAaMBAETCS PEAaKTUBHOW MOIMHOCTH Q(, BBIICISIONIEHCS B
pesyibpTaTe O00pa30BaHWS MATrHUTHOTO TOJS HMHAYKTHBHOCTH, a a1 Q,
BBIJICJSIIONIMICS B pe3yiapTaTe  00pa3oBaHMs  DJICKTPOCTATUYECKOTO  ITOJIS
KOHJICHCATOpa 3HaK (-).

[1opsigoK BEINOJHCHUS Da6OTBI:

1. OHpeI[eJII/ITB MapaMCTpPbl AKTUBHBIX U PCAKTUBHBIX 3JICMCHTOB LCIIN

1.1 CobpaTs 11e1h, N300pKEHHYIO HA PHC.5.2.

1.2 TloouepenHo moOAKIIOYAs PE3UCTOP, €MKOCTh W HMHAYKTHBHOCTH, CHATH
MOKa3aHus MPUOOPOB, pacCUNTATh MTapaMETPHI AJIEMEHTOB, 3aHECTH UX B Ta0IHUILy 5.1
Y COTIOCTAaBUTh CO 3HAYCHUSIMH, OTMEUCHHBIMH Ha CTCH/IC.

_

R.

O=

c OHA"
~v

0:220 K-505 R

X. X

B

HO"
o 0 “ O SR

Puc. 5.2 — Cxembl 151 ©13MEpEHUs TapaMeTPOB PEAKTUBHBIX DJIEMEHTOB

Tabsuua 5.1 — Mi3MepeHue napaMeTpoB PEaKTUBHBIX 3JIEMEHTOB

N3mepeHo Brruncieno
U | P R R XL L Rc Xc C
B A Bt OmMm | OM | Om I'n OMm | OM | MKD
Pesucrop - - - - - -
EmMKocTh - - - -
NHAYKTUBHOCTH - - - -

2. WccnenoBaTh TOCHENOBATEIbHOE COEIWHEHHE AKTUBHOTO W PEAKTHBHBIX
DJIEMEHTOB IIEITH

2.1. CoOpath uenb, M300pa’keHHyI0 Ha puc. 5.2. Jlns u3MepeHuil UCHoIb30BaTh
kommuiekT K-505 u 3 BonpTMETpa 3JIEKTPOMATHUTHOM CHUCTEMBI, UMEIOIIMUXCS Ha
CTCHJE.

33



o O O—
~ MAM
0:220 K-505

5 & nouc

Puc. 5.3 - Cxema 1ociie1oBaTeIbHOTO COEINHEHUS

2.2 CHATh TOKa3aHUS MPHOOPOB, PACCUUTATh CONMPOTHUBIICHUS TMOCIEI0BATEIBHO

COEIMHEHHBIX 3JIEMEHTOB. J[aHHbIE U3MEPEHUS U pacyeTa BHECTH B Ta0IuIy 5.2

Taomumna 5.2 — [locinenoBaTenbHOE COEAUHEHME

H3mepeno Brraucneno
U |0 P UR UL Uc R RL X|_ Xc Ro Xo Zo Qo
B A | Br| B B B [OM|OM|OM|OM|OwMm| Om| Om | Tpan.

2.3 Ha ocHOBaHWY 3aMEPEHHBIX BEJIMYWH COCTABUTH BEKTOPHYIO JUATPAMMY JIJIS
MOCJIETIOBATEILHO COCIMHEHHBIX JJICMEHTOB M yOCIUTHCS B MPABUILHOCTH BTOPOTO
3akoHa Kupxroda.

3. HCCHG}IOB&TB napaJjui€jibHOC COCAUMHCHUC 3JICMCHTOB

3.1 CoOpatp 1enb, n300pakeHHY0 Ha puc.5.4. Jlia M3MepeHHid HCIONIbh30BaTh

komiuiekT K-505 u 3 ammepmerpa 3JIEKTPOMarHUTHOM CUCTEMBI, UMEIOIIMXCS Ha

CTCHAC.

0-220

O
MAM
K-505

OHO"c

o

Puc. 5.4 — Cxema napajuieIbHOro COeTUHEHUS
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3.2 Cuarp mnoka3zanus npuOopoB. Paccumtarh NPOBOAMMOCTH MapasliesIbHO
COEIMHEHHBIX 3JIEMEHTOB. J[aHHBIE U3MEPEHHUS U pacuyeTa BHECTH B TaOauIy 5.3.

Tabmwmma 5.3 — [NapamieapHOE cOeTMHECHUE

H3mepeno Breraucneno

Uil

Pllr|{lc|IL| gr|gu|bL|bc| Yo|bo|go| ®

Bl A

Br|A|A|A|CM|CM|CM|CM|CMm|CM|CMm Fplaﬂ

3.3

Ha ocHOBaHMM 3aMEpEHHBIX BEIMYMH COCTABUTH BEKTOPHYIO AUArpPAMMY IS

NapajuIeIbHO COCAMHCHHBIX 3JCMCHTOB W YOCIUTHCS B IMPaBUIHBHOCTH IIEPBOTO
3akoHa Kupxroda.

JlonmoaHUTENLHBIE TPEOOBAHNSA K COAEPIKAHUIO OTUETA:

1. B BBIBOJAX YKa3aTb O0COOCHHOCTH PCAJIBHBIX 3JICMCHTOB HCHGI;'I N ux cxem
3aMCIICHUA.
2. HOCTpOI/ITB JJIA HOCHGHOB&TGHBHOﬁ CXCMbI TPCYI'OJIbHHUKHU COHpOTI/IBJ'IeHI/Iﬁ )51

MOIIHOCTEH, A NAPAILIETIBHON — TPEYTOJIBHUKH MPOBOJANMOCTEN U MOIIIHOCTEM.

KOoHTPOJIBLHBIE BOIIPOCHI:

1.
2.

10

11

YT0 TakOe aKTMBHOE CONPOTHBIICHUE, HHAYKTUBHOCTE M €MKOCTh?

Kakumu mapamerpaMu 00JafalOT PE3UCTOP, KATylIKa MHIYKTUBHOCTH H
KOHJIEHCATOp?

MeTo bl M3MEPEHUS TAPAMETPOB PEAKTUBHBIX DJIEMEHTOB.

OrnpeiesieHne CONMPOTUBIICHUH TTEPEMEHHOMY TOKY KAaTyNIKH WHIYKTHBHOCTH
¥ KOHJIeHCaTopa.

YeMy paBHO CONpPOTHMBIEHHE WHAYKTHBHOCTH U €MKOCTH B PEXKUME
IIOCTOSIHHOTO TOKA U B PEKUME ()—>00?

Tox 3agan B komruiekcHoit Qopme I=led%. Hanmcats 3aBucumMocts u
IIOCTPOUTH rpa)K MTHOBEHHOT'O 3HAUYEHHUS TOKA.

KakoBa cxema 3aMelleHHsi MOTpeOUTENs, €CIM TOK M HaNpsKEHUE 3aJaHbl
BBIPAKEHUSAMU

u=Usin(314t — 30°); i=Isin(314t + 60°)?

Kakue BenuuuHbl (TOK, HANpPSKEHHE) OJMHAKOBBI IIPU MOCIENOBATEILHOM U
napauleIbHOM COEMHEHHAX 2IEMEHTOB?

3akoHbl Kupxroda s mociaenoBaTeabHOrO M MAapauie]bHOrO COETMHEHUM
3IIEMEHTOB.

. TTotHOE CONPOTHBIIEHNE MOCIEI0BATEILHONW 1IENH M MOJHAS IPOBOAUMOCTD
MapAIIETbHON LETIH.

. AKTHMBHAs1, PEAKTHBHAs U M10JIHAS MOIIHOCTH IIETH.
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12. Usmepenue caura 1o ¢aze MeKAy TOKOM W HalpsHKEHHEM
noTpeouTens.

13. Cea3p Hanpspkernit Ug, U, Uc mocnenoBaTelbHO COSTUHEHHBIX JIECMEHTOB C
BXOJIHBIM HaIPsHKCHUEM.

14. CBsa3b TOKOB lg, Ii, Ic B mapajsienbHO COEAMHEHHBIX JJIEMEHTaX C TOKOM B
HEPa3BETBICHHOM YacTH IICTIH.

15. DkBUBaJIEHTHOE MPE0Opa30BaHKE MapAIICILHOM e B TTOCIIEI0BATEIBHYIO.
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Jlaboparopnas padota Ne 6

MCCJIEJJOBAHWE PESOHAHCA HAIIPS)KEHUI B LIEITNA
CHUHYCOUJAJIBHOI'O TOKA

e paboOTHI:

@opMHUpOBaHWE  3HAHWM, YMEHMH M  HABBIKOB NPU H3YYECHUU U
AKCIIEPUMEHTAIIBHOM MCCIIEIOBAHUEM SIBJICHUS PE30HAHCA HAIIPSKECHUM.

3aZ!aHI/IeI BBIIIOJTHUTH HCCICOJOBAHHUC PC30HAHCA HaHpH}KCHI/Iﬁ B IICIIM
CHUHYCOHNAAJIBHOI'O TOKA.

CBeJicHHUS U3 TCOPUH.

Pe3onancoM Ha3bpIBaeTCs TaKOH pekuUM pabOTHI 1IETH, MPU KOTOPOM BXOJTHOM
TOK COBMHaAacT Mo (paze ¢ BXOJAHBIM HAIPSHKEHUEM, HECMOTPS Ha HAJIIMYHUE B IICTH
PEaKTUBHBIX COMPOTHUBIICHUH.

Pe3onanc, BO3HHMKaWOIIMIA B ILENH C IOCIEIOBATEIbHBIM COEIUHEHHEM
MIPUEMHHKOB, OOBSCHICTCS B3aMMHON KOMIICHCAIIMEeH MHIAYKTHUBHOTO U €MKOCTHOTO
HaIPSHKCHUHN M Ha3bIBAETCS PE30HAHCOM HAIPSIKEHUS.

v® ] tu

¢ R T Us
Il
UC"

—

Puc. 6.1 — Cxema nocne0oBaTeIbHOTO COSAMHEHUS KaTYIIIKA UHAYKTUBHOCTH U
KOHJIEHCATOpa

Ecim x menu, wu3o0pakeHHOW Ha puc.6.1, TPUIOKEHO CHUHYCOWIAIBLHOE
Hanpspkenne U=UnSin(wt), To MTHOBEHHOE 3HAYE€HUE TOKa PaBHO:

i — Um .Sina).t:\/i-LSin(a)'t_(D) (61)

1
R+ (w-L——"2)?
\/ ( (o-C)

rac

= arct 5
p=arctgo (6.2)
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X :a)-L—L
w-C

O4eBHIHO, YTO TOK OyJeT cOBMaAaTh MO (ha3e C MPUIOKEHHBIM HAIPSKEHUEM
IIPU yCIIOBUHU

o L="c=0 (6.3)

Takum oOpazoM, mpu pe30HAHCE HAMPSHKEHUW COMPOTUBICHUE IIEMH HOCHUT
YUCTO aKTUBHBIM XapakTep U IOCTUTAEeT CBOET0 MUHUMAJIbHOT'O 3HAUYCHHUS.

AMIUTUTY1a TOKA JJOCTUTAET IIPU 3TOM HAaUOOJBIIIETO 3HAYCHUS.

N3 dbopmyner (6.3) ciaemyer, 4TO pe30HAHCA HANPSIYKEHUNA MOXKHO JIOCTUTHYTD,
W3MEHSSl WM YacTOTY, WM UHIYKTUBHOCTb, UM €MKOCTb.

[Ipu pe3oHaHce majieHUs HANpPSHKEHUS Ha MHAYKTUBHOCTH U €MKOCTH PaBHBI
MEXIy CO0OM M MOTYT MPEBHIIIATh HAMpPSHKEHUE, MPUIIOKEHHOE K IIeNH, €Cld
BOJTHOBOE CONIPOTHUBIICHHUE KOHTYpa p OOJIBbIIIE €r0 aKTUBHOTO COMPOTUBIICHUS.

p=+L/C>R (6.4)

[lopsigoK BEINOJHEHUS Da6OTBII

1. AHAIIMTUYECKOE UCCIIEIOBAHUE
[TapamMeTpsI KaTyIIK{, UCTIOJIb3yeMOU B padoTe:
L=0.1Tn Rx=50m, U=15B

1.1 PaccuuTaTh: NOJHOE CONMPOTHUBIICHHUE; BEIMUUHY EMKOCTH KOHAEHCATOpa IpH
pe30HaHce; MaJeHusl HaPsHKEHUsT Ha KOHACHCATOPe, KaTyIIKe MHAYKTUBHOCTH U
aKTUBHOM COIPOTHBIIEHUH MIPU PE3OHAHCE; TOK MPU PE3OHAHCE.

1.2 BeiOpate  uw3MepuTenbHBIE TPHOOPHI  AJIA  HMCCIAEAOBAaHUS  PE30HAHCA

HaMpsOKEHUHN, HAYEPTUTh B OTYETE CXEMbI U TaOJUIIBI TSl SKCTIEPUMEHTA.
JlaHHbBIE aHATMTUYECKOTO UCCIEIOBAHUSI 3aHECTH B TaOHILy 6.1.

Tabmmia 6.1 — AHaTUTHYECKOE MCCIICIOBAHNE PE30HAHCA HANIPSHKCHUHI
R K L K >(L ZK XCpe3 Cpe3 I pes U Rpes U Cpes U Lpes
OMm I'm OMm OMm OmM | MKD | A B B B
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2. 9KCHCpI/IMCHTaHBHO€ HCCIICO0OBAaHUC

2.1 N3mepenne mapaMeTpoOB WHIYKTHUBHOW KATYIIKH MPU MOMOIIM aMIIEpMETPa,
BOJIETMETpPA, BATTMETPA.
a) JUTsl U3MEPEHUs TapaMeTPOB KAaTYIIKU cOOpaTh cxemy puc.6.2

()
\J
o O O
~ AN X, R.
0:220 K-505
5 On()nc
R

Puc. 6.2 — Cxema st onpesiesieHus: HapaMeTpoB KaTyIIKKA WHIYKTUBHOCTH
0) IaHHBIC ONBITA M PacyeTa 3aHECTH B TAOIHILy 6.2

Tabnuna 6.2 - [lapameTpbl KaTyIIKu

N3mepeno Brrancneno
U Uk | P Z Rk Xk L Zk Coes
B B A Bt Om Om Om I'n OMm MKD

B) JIaHHBIE pacuyera TaOJUIbl 6.2 CPAaBHUTH C JAHHBIMH aHAJUTHYECKOTO pacuera
Tabnuik! 6.1.

2.2 VccnenoBanue nenu puc. 6.3 mpu N3MEHEHUH €MKOCTH

a) HaIpsHPKEHHUE CeTH MoJiepKuBaTh 15 B;

0) CHATH MOKa3aHUA TpH 7...9 pa3IMYHBIX 3HAYEHUAX €MKOCTH, puyeMm 3...4 u3
HuX pU C<C,¢; ¥ cTonbko ke npu C >Cpes;

B) pe3yJbTaThl H3MEPEHUI BHECTH B Tabyuily 6.3.
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Puc. 6.3 — Cxema s ucciae10BaHms pe30HAHCA HAIPSKECHUN

Tabnuna 6.3 — VMcciienoBanue pe3oHaHca HAMPS>KEHUH

N3mepeno Beruucneno
Uo | | | P |Uc|Uc| Z |Xc| C |Zc|Re|Xg| L |05Pk]|COSP 0
B A |Br| B| B |OM|OM|MK®|[OmM | Om|Owm | I'n - - rpaj.

JIOTIOJIHUTEIBLHEIC TD€6OBaHI/IH K COACPKAHUIO OTUYCTA.

1. IToctpouts kpussie |, Uc, Uk, P, @ mo nanHbIM ombiTa ¥ pacuera B (hyHKITUU
€MKOCTH.

2. TlocTpouTh MO OMNBITHBIM JaHHBIM BEKTOPHBIE JUarpamMMmbl sl Tpex
3HaYeHUI eMKOCTH, cOOTBeTCTBYIomUX (>0, =0 1 ¢<0.

KOHTPOJILHBIE BOIIPOCHI:

1. ChopmynupyiiTe TOHSATHS MTHOBEHHOTO, AaMIUIMTYJHOTO, CpPEIHET0 |
JEUCTBYIOLIEr0 3HAYEHUN CUHYCOUJAJIBHOIO TOKA.

2. Uto Ha3pIBaeTCs, MEPUOJIOM, YACTOTOM, YIJIOBOW YaCTOTOH, HaYalbHOU (a3oH,
caBurom az?

3. Hanumure BeIpakeHHUE JJIs MTHOBEHHOTO 3HAYEHHUS TOKA B LIETIH, COCTOSIIEH U3
COEIMHEHHBIX MOCIEA0BaTEIbHO 3JIeMeHTOB R u L, ecnum k 3axkumaMm 1enu
npuIokeHo Hampsbkeaue  U=UqSin@t+gy).

4. YcnoBus BOSHHUKHOBEHUS PE30HAHCA HAMPSDKCHHUN U CITOCOOBI €T0 JIOCTHKCHHUS.
Bekropnas nuarpamma.

5. KommiekcHblil  (CMMBOJIMYECKHI) METOJ] pacdeTra JJIEKTPUUECKUX Iernei
CUHYCOUJABHOTO TOKA.
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6. Ot yero 3aBUCUT KOA(DPUIIUEHT MOITHOCTH (COSP) W I YETO CTPEMSITCS €ro
MOBBICUTD?

7. KakoBa cBs3p HanpspkeHuit Ug, U, U, mocriemnoBaTenbHO COEIUHEHHBIX
DJIEMEHTOB C HAIPsDKCHUEM Ha 3a)KHMax IeTH?

8. Kak m3meputh ciBur no (aze Mexay TOKOM U HampsHKEHUEM MOTpeOuTens?

9. Kakum o00pa3oM 53KCHEPUMEHTANIbHO ONPEICIUTh PE30HAHCHBI pPEXUM B
MOCJICTIOBATEIHLHOM 11T ?

10. B geM 3akirouaeTcs Mojb3a U Bpe]] pe30HaAHCA HATIPSKCHHH ?
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JlabopaTtopHas pabota Ne7

VICCJIIEJOBAHUME PE3OHAHCA B ITAPAJUIEJIBHOM IETTN
CHUHYCONJAJIBHOI'O TOKA

Ilens pabOTHI:

@opMHUpOBaHUE 3HAHUM, YMEHUN U HABBIKOB IPU M3YYEHUH U IKCIIEPUMEHTAIIBHOM
UCCJICIOBAHNUH SIBJIICHMS PE30HAHCA TOKOB.

3aZ!aHI/IeI BBIIIOJJTHUTH HCCIICOAOBAHHUC PC30HAHCA B HapaJIJIeJIBHOﬁ OCIIn
CHUHYCONAAJIbHOI'O TOKA.

CBeneHus U3 TEOPUU.

SBneHue pe3oHaHca B AByXIOMOCHUKE (puc.7.1), coneprkaliiem napauiebHbie BETBY,
Ha3bIBAETCS PE30HAHCOM TOKOB. P€30HAHC TOKOB XapaKTEpPU3YETCs TEM, YTO TOKH B
BETBSIX, HMEIOIIMX PA3HOMMEHHBIC PEAKTHUBHBIC OJJIEMEHTHI, MOTYT 3HAYUTEJIBHO
MPEBBICUTH TOK MUTAHUS JBYXIIOIOCHUKA.

Pe3onaHcHast 11eT1h Ha3bIBAETCSI PE30HAHCHBIM KOHTYPOM.

Pe30HaHC TOKOB BO3HMKAET NPH YCIIOBUH ¢ = (), YTO paBHOCHIIBHO

b=b, +b,=0
Lo 7/1)

r7e @ - yron casura (pasbl MEXAy TOKOM M HaNpsDKCHHEM JBYXTIONFOCHHUKA,
rpan.;

b - peakTHBHAas POBOAMMOCTD JBYXIOIIOCHUKA, CM;

b;,bs - peakTUBHBIC TIPOBOAUMOCTH BETBCH, COACPKAIIMX Pa3HOWMCHHBIC
PEaKTUBHBIC AJIEMEHTHI COOTBETCTBEHHO, CM.

e,

Re

—» .
lo ilc 'Li
Rc

Xe XL

Puc. 7.1 — Cxema napasuiebHOrO COeIMHEHMS] KaTyIIK UHAYKTUBHOCTH U
KOHJIEHCATOpa

[Toacrasnss B ypaBHenue (7.1) 3HaueHHst MPOBOAMMOCTH BETBEH, MOTyYaeM:
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1

wl -— (72)

Rf+(wL)*  RZ + ()2

OTKYJ1a OIpeieIisieM PE30HAHCHYIO YTIIOBYIO YaCTOTY:

_JW*=R)/(*—RY _
Wy = \/ﬁ = w

rae p = +/ L/ C- BOIHOBOE CONPOTHBIICHHE KOHTYpa, OM;
w,, = 1/+/LC- yryoBas 4acToTa UICATBHOTO PE3OHAHCHOIO KOHTYPA, PaJI/C.
p yr.

Kak crnenyer w3 ypaBueHust (7.3), pe30HaHC B THapaylieIbHOM KOHTYpPE IOIy4YUM
ITyTEM U3MEHEHUS W eMKOCTH C, WM MHIYKTUBHOCTH L, My 4acToThl w. CyIIECTBEHHYIO

POJIb B JAHHOM CJIy4Yae UTParOT aKTUBHBIE COITPOTUBIICHNS BETBE R; U R .

Pe3onanc Bo3moxkeH ecrmu 06a compotuBieHusi R u R;0onbiie, wim 00a MEHbIIe
BOJIHOBOTO comnpotuBieHus. [Ipu Rc=R_ = p pe3onaHc Bo3MOxeH mpH Jr000M 4acToTe,
TaK Kak B 3TOM CJIy4ae SKBHUBAJIEHTHOE COIPOTUBIICHUE KOHTYpa CTAHOBUTCS aKTHUBHBIM

JIIA JIIO0OM YaCTOTHI U PaBHBIM:

7 = (ZiZc)/ (Zi+Zc)=N(L/C)=p (7.4)

CormpoTHBIeHNE HIEATBHOIO MapajliebHOIO KOHTYpa, korna R, = R, = 0 paBHO

OECKOHEYHOCTH, TO €CTh Z = 00

Ha puc.7.2, a) nokazaHbl amMITIUTYIHO-YaCTOTHBIE XapaKTEPUCTUKU HCATHHOTO

MapauieNIbHOTO KOHTYPA, a Ha puc.7.2, 0) MpeAcTaBiIeHa peajbHas XapaKTePUCTHUKA.
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| le(w) |

)
I(w) \ lo(w)

lo(w)

T2 1

W
v

Wp w f1 m,f

fo

fz

a) 0)

Puc. 7.2 — AMITIMTY THO-4aCTOTHBIE XapaKTEPUCTHKHU MapaIICIBHOTO KOHTYpa

WntepBan wactor Af = f, — f; Ha3pBaeTcs TOJOCON 3ajepkuBaHusA. Yem
MEHBIIIE aKTUBHbIE MOTEPU KOHTYpa, TEM BBIIIE €r0 JOOPOTHOCTH (¢, TEM MEHbIIE
noJjioca 3aiep>kuBanusi. JJoOpOTHOCTh MOKHO ONPEAETUTH M0 GopmyIie:

q= fp/(fz - f1) (7.5)

rae fp - pe30HaHCHas JacToTa, I 1.

['maBHOE NpPUMEHEHHWE PE30HAHCHBIX SBJICHUW - pPaauoCBs3b. lIpuMmeHeHue
PE30HAHCHOTO KOHTYypa, HACTPOCHHOTO HA 4YacTOTy pPaJdOCTaHIIUU, ITO3BOJISET
BBIICIIUTH CJA0BINA €€ CUTHAI U3 MHOYKECTBA JPYTHX.

[TapanmensHOE MOACOCINHEHNE KOHACHCATOPOB MPUMEHSIETCS M IS YITydIIeHUS
COS(® DHEPreTUYECKUX YCTAHOBOK, OOJAJaroONIuX WHIYKTUBHBIM XapaKTEpOM
Harpy3KH.

KoadgdumumenT MomHoCcTH MOTpeOUTENs TMOKa3bIBaeT, Kakas dYacThb IOJIHOU
MOIIIHOCTH CBSI3aHa C TPEoOpa3oBaHUEM JJICKTPUYECKON SHEPrHUM B APYTHE BUIBI
9HEPruu (TETUIOBYI0, MEXaHUYECKYI0, XUMHUYECKYIO. . ).

P P
s =< =17 (7.6)

[ToBbIICHWE  COS@  TO3BOJIIET  YMEHBIIUTh  PEAKTUBHYIO  MOIIHOCTb,
BBI3BIBAIOIIYIO JIOTIOJHUTEIBHBIC MOTEPH B JIMHUAX Tepenady M HCTOYHWKax. Ecmum
cos@; - KOd(POUIMEHT MOIIHOCTH TMOTPEOUTENS] C AKTUBHOW MOITHOCTHIO P, TO
BEeJIMYMHA EMKOCTH KOHJICHCATOpa, KOTOPHI HEOOXOJAMMO TMMOAKIIOYUTL IS
TOCTIOKEHHSI TpeOYyeMOoro coS@ npu HanpsbkeHuu U, paBHa:
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— _ 2
C = P(tgy, — tgp)/wlU .7

[HopsagoK BBIIOJHEHUS PAOOTHL:

1.MccnenoBaTh pe30HaHC IPU U3MEHEHUU EMKOCTH
1.1 CoOpate uemnb, uzoOpaxkeHHyro Ha puc.7.3. B kauectBe 3JIeMEHTOB
UCIIONIb30BAaTh MarasuH €MKOCTEH, KaTylKy WHIYKTUBHOCTH, a TakKXe JBa
ammepMeTpa ¢ mpeaenamu 10 1A, KIIeMMbI KOTOPBIX pa3MeIIeHbl Ha MaHeIn CTeH/A.

L

| 1 A
—O A 5 lci
K- RL
0...2208 505 L
0 X

Puc. 7.3 — Cxema uccrienoBanus pe3oHaHCa TOKOB

1.2 Tlonmars mutanve. HanpsbkeHne muTaHus yCTaHOBUTH 258,

1.3 Ilyrem n3MmeHeHus: eMKOCTH C yCTAaHOBHTH PEXHMM pE30HAHCA TOKOB. Pe3oHaHc
OIPEAETNUTH [0 MUHUMYMY TOKA ITUTAHMUSI.

1.4 BeImonHuTh W3MEpEHUs, yKa3zaHHble B TaOmuie 7.1, MO dYeThlpe TOYKU B 00€
CTOpPOHBI OT PE30HAHCA.

2. HWccnenoBarh BO3MOXKHOCTH — YIIydIlleHUs] KO3(D(UIMEHTa MOITHOCTH  LIEMH,
o0JiaaroIiel HHIyKTUBHBIM XapaKTepoM

2.1 3ameputp W paccumtarh TapameTpbl L, R; u cosq;xarymku WHIyKTUBHOCTH
(puc.7.3).

2.2 Paccuntath eMKOCTh C, HEOOXOUMYIO IS IOBeNeHUsT Kod(dUImeHTa MOIITHOCTH,
10 BeymunHbI cos@=0,8.

2.3 IIpoBeputhb pe3ynbTaThl pacdeTa 3KCIEPUMEHTAIBHO. /[ OnbITa UCMOIB30BATh
eTb, U300paXeHHYI0 Ha puc.7.3 U CHATh IMOKa3aHHWs NPUOOPOB MPHU pPaCUETHOM
3HAUCHUH EMKOCTHU. YOEmUThCS B TPABWILHOCTH pacdeTa. Pe3ynbTaThl M3MEpeHUud u
pacdeToB cBecTH B Tabmuiry 7.1

Ta6numa 7.1 — MccneqoBanue pe3oHaHCa TOKOB U3MEHEHHEM €MKOCTH

N3mepeno Brruucneno

Uo lo Po I Ic Jo bo Yo COS([)

B A Bt A A CMm CMm CMm -
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3. HCCHGI[OB&TB PE30HAHC ITPHU N3MCHCHNH YaCTOTbI

3.1 Cobpartp 11e11h, M300paKkeHHYI0 Ha puc.7.4. [Ipyu 3TOM MPUMEHHUTH Ty KE KaTyIIKy
WHIYKTHBHOCTU L, 9TO W B TPEIBIIYIIEM OIBITE, & EMKOCTh KOHJCHCATOpA yCTAHOBHTH,
paBHyt0 2 mx®. B kauecTBe R IPUMEHUTH NIEPEMEHHBIN pe3ucTop Ha 68 Om.

C1-72

Puc. 7.4 — Cxema CHATHS YaCTOTHOM XapaKTEPUCTUKU PE30HAHCHOTO KOHTYpa

3.2 CHATh YaCTOTHYIO XapaKTEPUCTHKY PE3OHAHCHOTO KOHTypa. JlJis 3TOro MeHss
JacToTy 3ByKOBoro reHeparopa 3I' B mpemenax ot 100 mo 1000 /7y, momnepkuBas
HEM3MCHHBIM HAIPSDKEHUE THUTAaHUS KOHTypa 2 B, CHATh TOKa3aHUsS MPHOOPOB H
3aHECTU UX B Tabmuiy 7.2.

Pe3onanc TokoB (QukcupoBaTh MO0 MUHUMYMY Toka lp U 1o ocummorpady
(3JUTHTIC TTEPEXOJUT B HAKJIOHHYIO MPsIMYI0 JIMHWI0). CHATH MOKa3aHUsl aMIlepMeTpa
IUIs1 9Y€ThIPEX 3HAYCHUH YaCTOTHI 0 M YEThIPEX — MOCIIe Pe30HAHCA.

Haiitn nBa 3HaYeHUS 4acTOTHI f; < pr fo > fp, IPU KOTOPBIX TOK: lo=v2 lp
Taef, - PE30HaHCHAs YacToTa

I

p - TOK IIUTaHKsA BO BPEMs pE30HAHCA.

[TonyuyeHHbIe 3HAUEHUSI 3aHECTH B TaOHIy 7.2.

Tabnuma 7.2 — ViccaegoBanue pe3oHaHCa TOKOB U3MEHEHHEM YacTOThI

H3mepeno Brruucaeno
f Uo lo fi f2 Af Q
I'a B MA I'a I'a I'm -

JlonmoaHuTenpHbIE TPEOOBAHNSA K COAEPKAHUIO OTYETA:

1. TToctpouts 3aBucuUMOCTH lo(@wC), I (wC), I (wC), ¢(wC) mnst onbIToB 1. 1.
2. TToCTpOHTH aMILTUTYJHO-9aCTOTHYIO XapaKTEPUCTUKY KOHTYpPa IJIs OIBITOB I1.3.
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3. IlocTpouTh BEKTOPHBIE MArPAMMBI JUIl PE30HAHCHOIO PEXUMA U ABYX JPYTHX 3HAUEHUN
[apaMeTpoB J0 U MOCIIE PE30HAHCA, B3STHIX U3 TAOIMILIBI 7.1.

KOHTDOJII)HLIC BOITPOCHI.

B uem 3akitouaeTcs sIBJICHUE Pe30HAHCA TOKOB?

M3MeHeHrneM KaKuX BEJTMYUH MOYKHO TOOUTHCS pe30HaHCA TOKOB?
Kakoe 3HaueHmne ToKa B mapajuieIbHOM KOHTYpe TP Pe30HaHCce?
UYto Ha3BIBACTCSI, BOTHOBOW MPOBOJAMMOCTBIO M TOOPOTHOCTHIO TSN ?
Kak M0OXHO U3MEHHUTHh TOOPOTHOCTH KOHTYpa?

o0k wnhE

Kak 1o 4YacToTHON XapakTepHCTHKE OMNPENCIUTh TMOJOCY 3aJIepKUBAHUS

KOHTYypa?

7. OT KaKuX BEJIUYWH 3aBHUCUT BEJIMYHMHA 33JICPKUBAHUS KOHTYypa?

8. Hcmonws3oBaHue pe30HAHCHBIX PEKUMOB B (PUIIbTpaX.

9. Kak BimsieT akTUBHOE COIPOTUBJICHUE BETBU HAa PE30HAHC TOKOB?

10. ITpu kKakuX yCIOBHUAX KOHTYP PE30OHUPYET MPH BCEX YACTOTaX ?

11. Yem omimmuaercss KOA(DPUIMEHT MOJE3HOTO JAeHCTBUS OT K03 duimenrta
MOIIIHOCTH?

12. Kak yay4dmurth cos@?
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JlaboparopHast pabora Ne 8
NCCJIENOBAHME TPEX®A3HOU 1IEITU ITPY COEJIUHEHUU
HAT'PY3KU 1O CXEME «3BE3J1A»

Iean paboOTHI:

@opMHUpOBaHUE 3HAHWM, YMEHMHW M HABBIKOB IIPU AHAIUTHYECKOM H
HKCIIEPUMEHTAILHOM HCCIEI0OBAaHUM PEXXUMOB pabOThI MOTpeOUTENeH, COeTMHEHHBIX
«3BE3I0M» MO TPEXIPOBOJHON U YETBHIPEXITPOBOJHON CXEMaM MPU CUMMETPUYHOU U
HECUMMETPUYHON Harpys3ke ¢as.

3ag!aHI/Ie: BBIIIOJIHUTE HCCJIICA0OBAHUC TpéX(baSHOI?I oeny IIpu COCAMHCHHUHA
HArpy3KH 110 CXEMC «3BC3a».

CBeneHus n3 TEOPUH:

Tpéxdasznoil cucremMoli Ha3bIBAIOT COBOKYMHOCTH Tpéx(daznoit cucremsr D/C,
Tpex(da3HbIX Harpy30K U COCAMHUTENbHBIX MPOBOJOB. Tpéxdaznyro IC nonayyaroT
C TOMOILIBIO TPEX(a3HOr0 CUHXPOHHOIO TE€HEpAaTOpa, HAa HEMNOJABH)KHOM 4YacTH
KOTOPOT'O pacroyiaratoTcsi Tpu 0OMOTKH. DT OOMOTKHM CMEILEHbI B IPOCTPAHCTBE HA
yroa 120 rpamycoB, yTo obecrneunBaeT CABUT BO BPEMEHH Ha ATOT e yrod (ha3HbIX
S/1C.

Tpéxdasnas cucrema 3IJIC, kak mnpaBuio, CUMMETpUYHa. BekropHas
aunarpamma Tpéxdasznori cuctemsl J/IC mpuBenena Ha puc. 8.1, meiicTByromue
3HaueHus DJIC npu 3TOM 3alMChIBAIOTCS B CJICAYIOIIEM BUJIE:

E,=E, e
E,=E, e
E. =E, .ej~120°

Cnenyer pa3nuuath npsMoe uyepenoBanue (a3 rerHeparopa u obpatHoe. OHO
ONpeeNsieTcsl HallpaBJIeHUEM BpaIllEHUs poTopa reHepaTopa. BekropHas auarpamma
OJIC npu oOpatHoM mopsiike uepenoBaHusi ¢a3 wuzoOpaxkeHa Ha puc.8.2. B
AIEKTPOIHEPTETUUECKUX CUCTEMaX OOMOTKH TEHEpPaTOpbl OOBIYHO COEHUHSIOTCS
«3Be3I0W», TIpU 3ToM uX KoHubl X, Y, Z coeauHstorT B ofHy oOmryto touy O,
Ha3bIBACMYI0 HEUTPAJIBHOMN TOUKOM reHepaTopa (puc. 8.3).

I'enepartop ¢ Harpy3koM MOXKET COCAUHATBHCA MO TPEX- U YETHIPEXITPOBOJHOU
cxemaM (puc. 8.4, a) m 0)). IIpoBozna, coenunsiromue Touku A, B, C reneparopa u
Harpy3ku, Ha3blBAlOT JIMHEWHBIMHM, a HANPSKEHUS MEXIAYy HUMHU JIMHEHHBIMU
HarnpsokeHussMu U, kotopbie 0003Ha4atoT Uyp, Uge 1 Uy.

Touky 0°, B KOTOpOil 00beANHEHBI TPU KOHIA TPEX(Pa3HON HATPY3KH, HA3BIBAIOT
HEUTpaNbHOU TOYKOW Harpysku. dazoil TpéxdasHol Harpy3Kd Ha3bIBAIOT y4aCTOK
Lenu OT JUHEWHOro MpoBojAa, A0 Touku (. HampspkeHwe Mexy 3TOM TOYKOW U
COOTBETCTBYIOIIMMH JIMHEWHBIMUA MPOBOJAMH HA3bIBAIOT (ha3HBIMU HAMPSKEHUSMHU
Ugp u oboznavart Uy, Ug u Ug.
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Hampsxkenue MexIy HEWTpalbHbIMM TOYKAMHM TIeHepaTopa M Harpys3Ku
Ha3bIBAIOT HANPSHKEHUEM CMELIECHUS HEUTpasid U 0003HaudaroT Uy,

Ecnu xommiiekcHble compoTHBIIEHUST (a3 Harpy3KH PaBHBI MEXKAY COOOM, TO
TaKyl0 Harpy3Ky Ha3bIBalOT CUMMETPUYHOM.

B 4eThIpEXIIPOBOIHON CXEME HEUTPAIBHYIO TOUKY TIE€HepaTopa COECAMHSIETCS
IIPOBOJIOM C HEUTPAJIBLHON TOYKOM HATPY3KH. DTOT MPOBOJ HA3bIBAIOT HEUTPAIbHBIM
WIN HYJIEBBIM, a IPOTEKAIOIIUI Yepe3 HET0 TOK 0003HaYaroT /.

Toxku Iy, Ig, [, TeKymme N0 JIMHEWHBIM POBOJIaM, HA3bIBAKOTCS JIUHECUHBIMH.

VYCI0BHO MOJIOKUTENBHBIE HAIPSDKEHUS TOKOB W HANPSDKEHUM YKa3aHbl Ha
puc.8.4.

E, +i

Y iy

E,| -i

Puc. 8.1 — Ilpsimast mociie10BaTeIbHOCTH (a3

Ep +i

E | -

Puc. 8.2 — ObpaTHas mocienoBaTeIbHOCTD (a3
A
fe.
EC/ X Y\EB
C B

Puc. 8.3 — Tpéxdaznas cucrema D/1C

49



@
®
Uss

—T,
Puc. 8.4 — CxeMnl «3BC3Ja-3BC3a» U «3BC371a-3BC31a C HYJICBbIM IIPOBOAOM>»

Jluneitnsie u asHbie HanpspkeHus TpéxdazHol cuMMmeTpudHou cuctembl DJ1C
CBSI3aHbl COOTHOIIIEHUEM:

HesaBucuMo oT cuMMeTpuu reHepaTtopa M Harpy3kd JUHEHHBIN ToK |, Bcerna
paBeH TOKy (ha3HOMY, TO €CTh

[ =1
e (8.2)

CooTHoOlIEHUsI MEXAY HaNpsHDKEHUSIMU B HArpy3Ke 3aBUCAT OT XapakTepa
HArpy3KH COECIMHEHHUS €€ C TEHEPATOPOM.
[Ipu cuMMeETPUYHOM HArpy3Ke B TPEX- U YETHIPEXIIPOBOAHOM CXeMax

U]] = \/§U¢
Uoo, = 0,
[,=0

(8.3)

[Ipn HECUMMETPUYHON HArpy3Ke B TPEXIPOBOAHOU cxeme HampspkeHue Ugg, #
0, mosToMy OMNpeneNEHHOr0 YMCICHHOTO COOTHOLICHUS MEXIY JMHEUHBIMU H
(ha3HBIMH HAMIPSKEHUSIMUA HE CYIIECTBYET.

Pacuér Tpéxdaznpix 1eneit 3akiodaeTcs B onpeaeneHnn (ha3HbIX HANPSHKCHHHA
M TOKOB B Harpyske, NpHW 33JaHHBIX HAIPSHKEHUW TE€HEpPaTopa U CONPOTHUBIIEHUSX
HArpy3KH.

B deThIp€XnpoBOAHON CXEME, €CIIM HEUTPaJIbHBIA W JIMHEWHBIE MOPOBOAA
o0nagaroT BEChbMa MaJIbIM CONPOTHBJIICHHEM, HAMPSHKCHHUS, TOKHM W aKTUBHYIO
MOIITHOCTb B Harpy3ke MO>KHO OIpPEIeIUTh 1o hopMyiaMm:
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Up = EpUp = EgUc = E¢
U U U
IA = ﬁ IB = Z_BB IC = Z_s IO:IA+ IB+IC

P=v/3U1;; cos ¢

(8.4)

31U GopMyIIbl CTIPABEITIUBBI U JJIsl CHMMETPUYHONU CHUCTEMBI 0€3 HEHTPaAIbHOTO
IpOBOJA.

[Ipu HecuMMeTpUUYHOU cucTeMe 0e3 HEUTpaIbHOTO MPOBOJIA MOPSIAOK pacuéra
142001117178

® OIIPEIETSAIOT HAIPSIKEHNUE CMELICHUS HEUTpAIIn:

_ EaYa +EpYp + EcYc

0T Ty Y + Yo (8.5)
/i€ MPOBOIUMOCTH (ha3 pacCUUTHIBAIOT MO POpMYyIIaMm:
Yy = ! Yg = ! Yc = !
A= Za B = 7o (ol Zc (8.6)
®pPACCUYUTHIBAIOT HANIPSDKEHUS Ha (pazax HArpy3KH:
Ua = Ep —Ugo, Up =Ep —Ugg, Uc = E¢ — Uy, (8.7)
o110 (hopmynam (8.4) onpenenstoT GpazHbIe TOKH.
e MOITHOCTH TpéXdaszHoi P paccunteiBaroT nmo popmyre:
P=P, +Pg+P
AT Ig T Ic (8.8)
riae Py, Pg, Pc - MontHOCTS OTHEBHBIX (a3:
PA = UAIA COS P PB = UBIB COS g PC = Uclc COS P¢ (8 9)

[opsanok BBIIOJHEHHUS PAOOTHL:

1. AHaJIUTHUYECKOE UCCIIEIOBAHNUE

1.1. Jlng 3amaHHbIX mpenojaBareneM U3 TaOauibl 8.1 3HaYeHUN CONMPOTUBICHUM
(a3 Harpy3ku paccuutarb HanpsikeHust Uy, Ug, Uc, Toku Iy, Ig, I¢, Iy 1 akTUBHYIO
MOIIHOCTH TPEX(Ha3HON CUCTEMBI NPU CIEAYIOIINUX pPeKUMAaX:
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a) CHMMETpHUYHas Harpy3Kka 0e3 HeHTpaJIbHOIO MPOBOJIA;

0) oOpbIB (pa3bl B TPEXIIPOBOAHOM CXEME;

B) KOPOTKOE 3aMbIKaHUE B TPEXIIPOBOIHON CXEME;

T') BKIIOYEHHUE B OJIHY U3 (Da3 KoHAeHCaTOpa B TPEXIIPOBOIHOM CXEME;

1) BKJIIOUEHHUE B OJIHY U3 (pa3 KOHIEHCATOpa B UETHIPEXTTPOBOIHON CXEME.

[lepen BbIMOSHEHWEM PACYETOB HEOOXOAUMO KaXJ10M OpUrajzie Ha CBOEM CTEHJE
U3MEPUTD JIMHEHHBIE HAMPSKEHUS NCTOYHHKA.

Ta6auma 8.1 — JlaHHBIC IJ19 aHATUTHYECKOT0 MCCIICIOBAHMUS

Pexum paboTsl
Homep Cnﬁr:mi?aﬂ - 3HaueHue EMKOCTHU B
LSt el T e
Om
1 300 A A 10- A
2 300 B B 14-B
3 300 C C 20-C
4 350 A A 24 - A
5 350 B B 30-B
6 350 C C 24-C

1.2 Hayeptuth cxeMbl TpPEX- H YETBHIPEXIPOBOJHOTO COCIMHEHUN Harpy3ku C
WCTOYHMKOM C BKJTFOUYCHHEM B He€ HEOOXOJMMBIX M3MEPUTEIbHBIX MpuOopoB. [lpu 3tom
HY)KHO YY€CThb OCOOCHHOCTH ITOJIKIFOUCHUS M3MepUTeIbHOro kKomiuiekta K-505: ms
n3Mepenus (asHbIX HAMPSHKEHU BHYTPU TPHOOpa CO3MaeTcsl HCKYCCTBEHHAs HEUTPasb U,
9YT00bl 00ECTECUMTh TPABUIBHOE TIOKa3aHHE BOJBTMETpA, CleayeT BXOomHyo kiemmy O
COCIIMHUTH C HEUTPAJIbHOM TOUYKOM HarpPy3KH.

2. DKCHEepUMEHTAIbHOE UCCIIEIOBAHUE

B naGopatopHoii pabote wucnosb3ytorcss maHenun Ne 2, 3, 4 crenga OB-4.
AKTHBHAs1 Harpy3Ka B K101 (aze cozaaercs TpemMs MOCTOSTHHBIMU pe3uctopamu o 100
OmMm. B kayecTBe peakTWBHOM Harpy3kd B OJHY M3 (a3 BMECTO PE3UCTOPOB BKITOYAIOT
KOHJICHCATOP.

dazHbIe HAMPSHKEHUS, TOKU U MOIITHOCTH M3MepstoT kKomiuiekToM K-505. 3toT npubdop
MMEET YeThIpe BXOMHbIE KiieMMbI 4, B, C, (), MOIKII04aeMble K T€HEepaTopy, U CTOJILKO K€
BBIXO/IHBIX, ITOJKITFOYAEMBIX K HAarpy3Ke. JIMHENHbIE HAIIPSKEHWS U HAITPSDKEHUS] CMELICHHS
HEUTpaJH CIEIyeT U3MEPSITh ITU(PPOBHIM BOJIETMETPOM.

Cobpath cxeMy ¥ MPOBECTH U3MEPEHUS TMHEHWHBIX, (Da3HBIX HAIPSIKEHUN, TOKOB
W AaKTHUBHBIX MOIIHOCTEH, HANpsDKEHUs cMeleHus Heutpanu Ugy, U TOKa B
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HeWTpaapHOM mpoBoje. Harpyska ¢a3 JobKHa COOTBETCTBOBATh — 3aJIaHMUIO.
DKCnepruMeHTATbHBIC JaHHBIC 3aHECTH B TAOIHUITY 8.2.
Tabnuma 8.2 - DxcriepruMeHTaIbHbIC JaHHbIC
Harpyska ¢a3 JlaHHBIC H3MEPECHIS Pacaér
Ujp /
CXCMa ZA ZB ZC UAB UBC UAC IA UA PA UB IB PB UC IC PC Uoo, 100, P Ucp
COEIVHEHUS
OMm|OM|Om| B | B | B |A| B |[Br| B |A|Br| B |A|[Br| B | A |Br
3-x
ImpoBOJHAsA
CUCTEMa
4-x
IpOBOAHAs

cucremMa

I[OHOJIHI/ITGJ'IBHBIC TD€6OBaHI/I${ K COACPIKAHHNIO 0OTYeTa:

1. ITpoBepuTh COBHAJECHHE PACYETHBIX M OSKCHEPUMEHTAIBHBIX JaHHBIX. OLEHUTH
ITOJTYYEHHYIO TOTPEIIHOCTb.
2. JInsd Kaxaoro OmbITa IO pe3yJbTaTaM 3KCHEPUMEHTa IOCTPOUTh BEKTOPHbBIE

AuarpaMMabl HaprDKCHI/Iﬁ H TOKOB.

3. Mo ykazanuio mpernomaBaTeNsl JJIE OJHOTO W3 HECUMMETPHUYHBIX PEKHUMOB 0€3
HEUTPaAJIBLHOI'O IPOBOJA IO TAHHBIM pacu€ra IIOCTPOUTHh BEKTOPHYIO AUArpaMMy BCEX
HANPSKEHUN U TOKOB.

4. Vcnone3ys pacuéTHble U OJKCIIEpUMEHTAIbHBIC JaHHBIE B BBIBOJAX, yKa3aTh
OCOOCHHOCTH HCCIICIOBAHUS PEKUMOB pabOThl TpEXx(Pa3HOUM LENMH U OTMETUTH POJIb

HEUTPaJIbLHOIO MPOBOJA.

o E

o

KOoHTPOJIBLHBIE BOIIPOCHI:

Kakwue cymiecTByoT cXeMbl COSAMHEHUI HAaTPy3KU 3BE310M ?
Haznauenue HeNTpaapHOTO MIPOBOAA.
OO6actu mpuMEHEeHUs TPEXIPOBOTHON U YETHIPEXTIPOBOTHON CXEMBI.

Kaxkas Harpy3ka Ha3bIBaeTC CHMMETPUYHON U HECUMMETPUYHOMN ?

[Topsimok pacu€ra Tpéx(daszHoil IenMu TPU CUMMETPUYHON U HECUMMETPUYHOMU
Harpy3Kax.

Kax moaxmrounts BosbT™MeTp At usmepenus Uy, Ug, Ugg ?

/. Tlouemy B HEUTpaJIbHOM IMPOBOJEC HUKOI/A HE CTABAT MPEAOXPAHUTEIN WU JAPYTYIO

3aIIUTHYIO almapaTypy?
8. Uewm otnuyaetcs npsaMoi 1 0OpaTHBIN MOPSAOK yepeaoBaHus ¢az?
9. JlocTOMHCTBA U HEAOCTATKHU TPEX- U YETHIPEXTIPOBOIHBIX CUCTEM.

10.CooTHomeHus Mexay (pa3HbIMU U JIMHEWHBIMU HATIPSKEHUSIMUA U TOKAMU.
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JlaGoparopHas pa6ota Ne 9

NCCJIEJJOBAHME TPEX®A3HON LIENN TP COEJJUHEHNU HAT'PY3KU
1O CXEME «TPEYT'OJIbHUK»

e paboOTHL:

dopMUpoBaHUE 3HAHWM, YMEHMM UM HABBIKOB TNIPU AHAIUTHUYECKOM H
HKCTIEPUMEHTAILHOM UCCIIEAOBAHUH PEKUMOB PaOOThl MOTPEOUTENICH, COSTUHEHHBIX
«TPEyTOJIBHUK» IPU CUMMETPUYHON U HECUMMETPUYHOU Harpy3ke (as.

3ag!aHHe: BBIIIOJIHUTE HCCJIICA0OBAHUC TpéX(baSHOI?I oeny IIpu COCAMHCHHUHA
HArpy3KHU 110 CXEMC «KTPCYT'OJIBHUK.

CBeneHus n3 TEOPUH.

Coenunenue oaHO(a3HBIX NPUEMHHUKOB TaKUX, KAK HArpeBaTEIbHbIE AIIEMEHTHI,
JIAMIIbl, PE3UCTOPBI, KOHACHCATOPHI ... IO CXEME «TPEYTOJIbHUK» OCYIIECTBISETCS
cieayronmM obpazom. HeoOxoaumo o uH NPUEMHUK Z 45 TTOAKIIOUUTE K JTMHEHHBIM
npoBoaaM A u B, apyroit Zg. —x B u C, tpetnit Z4 -k C u A, puc.9.2. Ecou B
KauecTBE Harpy3kd MCHOJIb3YIOTCS TpeX(a3Hble aCUHXPOHHBIE JIBUTATENH,
TpexdazHble TpaHCPOPMATOPbI, TO COETUHEHUE TPUEMHUKOB Zy 5, Zpc, Zca IO CXEME
«TPEYTOJIbHUK»  OCYLIECTBIIAECTCA  clemyroumM obOpasoM. HeoOxomumo — koHen
npeapiaymend $ha3pl COSAMHUTH C HaYajIoM MOCHenyIoled 1 o0pa3oBaTh 3aMKHYTHIM
KOHTYp: KOHel X COeIMHUTh ¢ HauasioM B, koHer| Y coenuHuTh ¢ HauaaoM C, KOHeIll
Zc nauanom A, puc.9.1. IlogkmtounB Tpéxda3Hblii MPUEMHUK K JTMHEHHBIM MPOBOIAM
reHEepaTopa, COCAMHEHHOTO «3BE30i», MOMYyYUM TpexX(azHyl0 CHCTEMY «3Be3la —
TPEyTOJBHUKY, pUC.9.3.

Puc. 9.1 — Cxema «TpeyrobHUK» COeTMHEHUS (a3 UCTOUYHHKA
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Puc. 9.2 — Cxema «TpeyrojibHUK» (pa3 Harpy3Ku

Puc. 9.3 — Tpexda3znas uenb «3Be37a- TPEYroJbHUK

Ecnu nmpeneOpeysb COnMpOTUBICHUSIMU JIMHEHHBIX TPOBOIOB, TO HANPSHKEHUS HA
(dazax nMpuéMHHUKOB Z 5, Zpc, Zc4 PABHBI IMHCHHBIM HAMPSOKCHUSIM TEHEPATOPa, TO
€CThb

(9.1)

Tak kak reHepaTop BBLAAET CUCTEMY CUMMETPUYHBIX JJMHEWHBIX HANPSKEHUN,
to U3 (9.1) cnenyer, uTo (a3HBIC HANPSHKCHUE B HArpy3Ke PaBHBI MEXKIY COOOM, TO
ectb Uyp=Up=U;4 ¥ HE 3aBUCAT OT COMPOTUBJICHUS HArPY3KH (32 UCKIIIOYECHUEM
TaKUX aBapUUHBIX PEKUMOB, KaK KOPOTKOE 3aMbIKaHWE WM OOPHIB JIMHEHHOTO
MIPOBOIA).

[Ipu 0OpbIBE JNHHEWHOTO MPOBOJA, HAMPUMEP, MPOBOAA A, HOPMATHHBIN
pexuM paboTel mpuéMHUKa Hapymaercs. [Ipuémuanku Zugu Z;,, HAXOIUBIIUECS
cooTBeTCTBEHHO B (hazax AB u CA, okaXyTcsi COeTUHEHHBIMU MOCIEIOBATEILHO U
BKJIIOUEHHBIMU HA JIMHEWHOE HanpspkeHue Up.. DTO HampshkeHue pacrnpeensiercs
Ha (azax AB u CA mpsMo TpOmOpIMOHATIEHO BEITUYHHE CONPOTHBICHUN Zyp U
Zca-
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ITpu oOpeiBe ogHOM U3 (a3, Hanpumep, AB, HanpspkeHue H npyrux (aszax He
u3Menurcs. IloaTomMy, B OTIMYME OT COEAMHEHHUS [0 CXEME «3Be€3la» IpHU
COCIMHEHHH HAarpy3Kd II0 CXEME «TPEYTOJIbHHK», W3MEHEHUE COINPOTUBIICHUS
OJIHOM 13 (pa3 He BBI3BIBACT M3MEHEHHE HAIPSDKEHUS U TOKA B IPYTHX (ha3zax.

CUMMETpUYHON ~ HAarpy3koM  sIBIS€TCA  Takas, KOrga  KOMIUIEKCHBIE
conpotusnenus ¢pa3z AB, BC, CA paBHbI, TO ecTh

Zap = Zpc =Zca 9.2)

[Ipu cumMmeTpUyHON Harpy3ke TOYKHU B (azax NMpUEMHHKA PABHBI U CMEIICHBI
OTHOCUTEJIBHO ApyT Apyra Ha yroua 120°. CornacHo nepBomy 3akony Kupxroda (ais
YCJIOBHO TIOJIOKUTENIbHBIX HAINpPaBJICHUH TOKOB B COOTBETCTBHM C puc. 9.3)
JINHENHBIE TOKU:

Iy=lpp-Ica 1g=lgc-Iyp Ic = Ica-Ipc 9.3)

[ToaTOMy np¥ CHMMETPUYHOW CUCTEME JIMHEHMHBIE TOKU PABHBI MO BEJIMYUHE U
CMEILIEHBl MEXay coO0oM Ha yroi, paBHbid 120°. Ilo BenuuuMHE JMHEHHBIE TOKU

Gonbire (BhasHbIX B V/3:

In =3y (9.4)

[Ipu HecumMMeTprUYHOM Harpy3ke (ha3Hble TOKM B OOLIEM Cllydyae HE PaBHBI APYT
ApYTy U yroia ciBura no ¢ase Mexay HuMu He paBeH 120°. Cka3zaHHOE OTHOCUTCA U K
JIMHENHBIM TOKaM.

Pacuér TpéxdaszHoil enu npu 3aaHHBIX JIMHEWHBIX HANPSIKEHUSX T€HepaTopa
Y COIIPOTUBJICHUAX HArPY3KH BBIMOJIHAECTCS B TAKOU MOCIIEOBATEIBHOCTH:

e u3 (9.1) (3a UCKIIOYEHHEM CiTy4asi OOpbIBa JTMHEWHOTO MPOBOJA) OMPEACISIOT
(pa3HbIe HANPSHDKEHUS B HArPy3KeE;
® PAcCCUMTHIBAIOT (pa3HbBIE TOKU

Uap Upc Uca

las = ZaB lc = Zpc lea = Zca (9.5)

e 110 dhopmynam (10.3) onpenenstoT TMHEHHBIC TOKH.

HODH}IOK BBIITOJIHCHU A Da6OTBI .

1. AHaTUTUYECKOE UCCIIEIOBAHUE
1.1 Jlnsg 3agaHHBIX MperojaBaTeneM u3 Ta0auibl 9.1 3HaUYeHM CONPOTUBICHUN (a3
Harpy3Kd paccuMTaTth JUHEHHBbIE (a3HbIE TOKH M aKTUBHYIO MOITHOCTH TpEXdazHOU
CUCTEMBI MPH CIEAYIONIUX PeKUMAX:

® CHUMMETpPUYHAas HAarpy3Ka;
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e OOpBIB JIMHUH;
e 00phIB ¢aswl;
e B 0JIHOI U3 (a3 BKIIIOUEHA aKTUBHO-EMKOCTHAS Harpys3Ka.

1.2 HaueptuTh cxeMmy i NPOBENCHUS SKCIEPUMEHTAIBHBIX HWCCIEI0BAHUM,
BKJIFOUUB B HEE HEOOXOAUMBIE U3MEPUTEIbHBIE IPUOOPHI.

Tabnuma 9.1 — JlaHHBIe aHATUTUYECKOTO MCCISIOBAHUS

Pexxum paboThl
AKTHBHO-pPEaKTHBHAs Harpy3Ka
ConpoTuBieHus
. | OOpeB | OOpHIB =
CI/IMMeTpI/ILIHOI/I (baSI—,I o — BKJIIO‘-IeHa PC3I/ICTOp, EMKOCTB,
Harpy3ku, OM B ase Om MKD
1 300 AB A AB 100 10
2 300 BC B BC 100 20
3 300 CA C CA 100 10
4 350 AB A AB 150 20
5 350 BC B BC 150 10
6 350 CA C CA 150 20

2. DKCTICPUMEHTAIILHOE UCCIICIOBAHKE

B naGoparopHoii padore ucnonb3yrorcss nanenau Ne 1,2, 3, 4 crenma OB-4.
AKTUBHAas Harpy3ka co3Ja€Tcsl MOCTOSSHHBIMU pe3rcTopamu 1o 100 OM Kaxablil u
OIHUM IIEPEMEHHBIM pe3ucTopoM ¢ conpotuBieHrueM 0...150 Om. B kauectse
AKTHUBHO-PEAKTUBHOW HAarpy3KH UCIHOJIb3YIOTCS PE3UCTOPBI U KOHIEHCATOPBI.

@a3Hple U JIMHEWHbIE HANPSKEHHUS HU3MEPSAIOTCS LHUQPPOBBIM BOJBTMETPOM.
JIuHeliHbIE TOKM W aKTHUBHBIE MOIIHOCTH u3MepsaroT komruiektom K-505. s
u3MepeHHs (pa3HbIX TOKOB CJEIyeT UCIOIb30BaTh aMIIEPMETPHI, PACIOIOKEHHbIEC HA
nanersax Ne 2 u 3.

CobOpaTp cxemy, TNpeAbSABUTH €€ Ui TPOBEPKM U TMPOBECTU H3MEpPEHUE
JUHEHHBIX U (a3HbIX HAMNPSHKEHUH M TOKOB, a TaKXe CYMMapHOW aKTHUBHOM
MoIHocTH. Harpy3ka nokHa COOTBETCTBOBATh 3aJaHUI0, TIPUBEIEHHOMY B Ta0JIHIIe
9.1. DkcniepuMeHTaIBHBIE TaHHBIC 3aHECTH B TAOIHITY 9.2.
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Tabnuna 9.2 - DxcriepuMeHTaIbHbIC TaHHBIC

Harpy3ska JlaHHBIE U3MepeHuN Pacuér

ZAB ZBC ZCA UAB UBC UCA IAB IBC ICA IA IB IC P

Om | Om | Om B B B A A A A A A Bt

N

JlonmoaHUTENLHBIE TPEOOBAHUA K COAEPKAHUIO OTCUETA:

[IpoBepuTh coBnageHUE paCYETHBIX U HKCIIEPUMEHTAIBHBIX JAHHBIX, OLICHUTH
MOJYYEHHYIO TTOTPEIIHOCTb.

JIns kaXA0ro omeiTa MO pe3yJibTaTaM SKCIIEPUMEHTA MOCTPOUTh BEKTOPHBIC
nuarpammbl HanpsokeHud Uy, Uge, Ugyg U TOKOB Iyg, Igc, Iac, 1y, I, 1.

ITo yka3zaHuro npenogasaress sl OJHOIO U3 HECUMMETPUUYHBIX PEKUMOB IO
JaHHBIM pacu€ra TMOCTPOUTh Ha KOMIUIEKCHOW IUIOCKOCTH BEKTOPHYIO
JarpaMmy BCEX TOKOB U HAIIPSKEHUMN.

Ucnonb3yst pacy€THbie U SKCIEPUMEHTAIBHBIC JaHHBIE yKa3aTh OCOOCHHOCTH
TpExhazHoM 1enu MpU COSAMHEHUN HArPY3KH M0 CXEME «TPEYTOJIbHUK.

KOHTDOJII)HBIG BOIIPOCHI.

B uém 3akirogaercs TOCTOMHCTBA U HEJOCTATKUA CXEMbI COSAMHEHUS HArPYy3KU
«TPEYTOIHLHUKOMY?

Oxa3bIBaIOT JIM B3aUMHOE BIUsiHUE (a3bl ApyT Ha Apyra? [lpuBectu mpumepsl.
KakoBo cooTHomieHne Mexay (a3sHpIMH W JIMHEHHBIMH TOKaMU U

HaATPSDKEHUSMUA ?

Kakass Harpyska sBIsIETCS CUMMETPUYHOW M HeCUMMETpU4HOU. IlpuBectn
IpUMEPHI?

B kakux crnydasx nuHedHble M (a3HbIe TOKH HE CBSA3aHBI COOTHOIIIEHHWEM
I i \/§1 <b7

JlommycTUMO JTM  KOPOTKOE 3aMblkaHWe (pa3bl, COCAMHEHHOW IO CXEMe
«TpeyroiabHuk»? CpaBHUTH C AHAJOTUYHBIM PEKUMOM TMPU COCITUHEHUU TIO
CXeMe 3Be3/a.

CrocoObl  M3MEpeHUs] AaKTUBHOM MOIIMHOCTA TMPH CUMMETPUYHOU U
HECUMMETPUYHOM Harpy3Ke.

Kax paccuurtats (pa3zubie v TUHEHHBIE TOKH MPU 0OPBIBE JIMHEWHOTO MPOBOIA?
Kak u3MeHuTcst akTUBHAsE MOIIHOCTh MPU NEPEKITIOYEHUN HATPY3KH CO CXEMBI
3Be3/1a Ha TpeyrodbHuK? [IpuBecT BbIBO (hOPMYJIBI.

10. Kakass BakHass OCOOEHHOCTh coeAuHEHUs] (a3 Harpy3Ku IO CXEMe

«TPEYTOJIHLHUK?
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JlaGoparopnas pa6ota Ne 10
NCCIEIOBAHUE ®NJIBTPOB

Iean paboOTHI:

dopMHUpoBaHUE 3HAHWUM, YMEHUNW M HABBIKOB B 00JIACTH AHAIIUTHYECKOTO H
DKCIEPUMEHTAIIBHOTO  OMNPEIEICHUS  aMIUIMTYJIHO-4YaCTOTHBIX  XapaKTEPUCTHUK
naccuBHbIX RC-GunbTpos.

3ag!aHI/Ie: BBIITOJIHUTBH UCCJICAO0OBAHHC (1)I/IJ'II>Tp0B.

CBQI[CHI/ISI U3 TCOPUU.

[Ton  smekTpuueckuMu  (QUIBTpaMH  MOHUMAIOT  YETBIPEXTIOIIOCHHKH,
oOnafgarouMMu  M30MpATENbHBIMU  CBOMCTBAMHU.  DJIEKTpUYECKHE  (DUIBTPHI
BKJTFOYAIOTCS MEXIY MCTOYHUKOM TUTAHUS M HArpy3Koi (mpueMHUKOM). OUIbTpHI
MIPOITYCKAIOT: 0€3 3aTyXaHWs WX ¢ HEOOJBITUM 3aTyXaHWEM TOKU B ONPEICICHHON
MOJIOCE YaCTOT KOTOpas HA3bIBACTCS TOJOCOW MPOMYCKaHUS WM TPO3PAYyHOCTH, a
TOKH C YaCTOTAMH, JIS)KAIIMMH BHE dTOU IMOJIOCHI, HE TIPOITYCKAIOT WX MPOITYCKAIOT C
OOoNBIIMM 3aTyxaHueM (ToJloca 3aTyXaHusl WM 3ajepkuBaHusi). [lo Bugy momoch
MPOITYCKAHUS Pa3IUYaroT (PUIBTPH HUKHUX YaCTOT, BEPXHUX YaCTOT, MOJOCOBBIC
GbuIBTPHI U 3arpaxaarimue GuiIbTpsl. B 3aBUCUMOCTH OT BUJA 3JIEMEHTOB (PHIIBTPHI
paznensitores Ha LC -, LRC -, RC - punpTpsi.

WccnenoBanue CIOXXHBIX MHOTO3BEHHBIX (PWJIBTPOB MOXKHO CBECTH TIPH
XapaKTEPUCTUYECKOM COTJIACOBAaHUM K MCCIENOBaHUIO mpocrerdmux T-, -, II-
oOpa3HbIx 3BeHbeB (puc. 10.1).

21/2 21/2 21/2

PI/IC. 10.1 - CXGMBI T-, -, 11- (bI/IJ'IBTpOB

3Benbs T- u Il-00pasHbie QUIABTPHI MOTYT OBITH OOpa30BaHbl KAaCKaJHBIM
COEIMHEHHEM COOTBETCTBYIOIIMX 3BeHbEB ['- 00pa3Hoit (hopMbI Tak, UTOOBI IPU FITOM
BBITIOJIHSUIMCH YCJIOBHSI COTJIACOBaHUSI MO XAPaKTEPUCTUYECKUM COINPOTHBIICHUSIM.
OTO CBfi3aHO € TeM, 4YTOo JIa Bcex cxem puc.l0.1 xapakrepuctuuyeckue
COnpoTUBJIEHUsI cO CTOpoHbl T- U II-BXOIOB COOTBETCTBEHHO ONPEAEISAIOTCS IO

dbopmynam:

Z
ZT=\/Zl-Zz-(1+4 ; ) (10.1)

2
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Ot HopMyIIbl JETKO MOIYyYUTh Yepe3 MapaMeTphl X0JI0CTOr0 X0/1a U KOPOTKOTO
3aMbIKaHUs YETHIPEXIOMIOCHUKA. [Ipy HaMM4UMK XapaKTepUCTUUECKOIO COTJIacOBaHUs
nepenaTouHble (PyHKIUHU M0 HAIPSYKEHUIO ONPEAEIIIOTCS CIAEAYOUIMM 00pa3oM:

kY2 _ |2 (10.2)
Ul Zye

rae U, — KOMIUIEKCHOE HalpsKeHHUE Ha BbIxoJe GuibTpa, B;

U, - KOMIUIEKCHOE HalpshKeHue Ha Bxoje (puipTpa, B;

Z - XapaKTepUCTUIECKOE COMIPOTUBIIEHHE Ha BbIXoJie huibTpa, OMm;
Z1c- XapaKTEepUCTUUECKOE COMPOTUBIICHHE Ha BXo1e puiibTpa, Om;
J- XapaKTepucTUIeCcKas MOCTOSTHHAS Tiepenadn GuiabTpa.

[IIupokoe pacmpocTpaHeHue i HU3KUX 4acToT nonuydmin RC-QuiabTphl, Tak
kak Juisi LC- GuabTpoB B 3TOM cilydae HYX HBI OOJbIINE MHAYKTUBHOCTH, KOTOPBIE
CJIOKHBI B M3TOTOBJICHUU M 001ana0T OONbIIMMH rabaputamMu U Maccou. Jlms
BBICOKHX YacTOT (eCATKH K[ Il M BBIIIE) MOTydYeHNE HEOOXOIUMBIX MHIYKTHBHOCTCH
HE MPEICTABIISIET 3aTPYAHEHUMN.

[Tpocreitmmii RC- GpuabTp HIKHUX YacTOT MpeACcTaBieH Ha puc. 10.2

R
o—rof 70
Ui () c == U:(f)
s )

Puc. 10.2 — RC-punbTp HUKHHUX 9aCTOT
[IpeacTaBuB HampsbkeHHE B KOMIUIEKCHOM (opme, MOXKHO — OINpPEIe/IUTh

YaCTOTHBIE XapakTepucTuku ¢ momotibio Gopmyn (10.1) u (10.2) unm 3aKoHOB
Kupxroda:

jrw-C 1 (10.3)

Tak kak K = |K|e/?, To
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1
J1+w?-R?-C?

K|= @ = —arctg wRC (10.4)

rac - CABUI 110 (ba?.e MCKAY BXOOHBIM U BBIXOJHBIM CUTHAJIaMH.

1

ITonaras |K|= 5 (rorma 20 1g|K| = —3 ab), nonyuunm:
1 1
2 flrai R -C (10.5)
Torpa wacrora cpesa:
1
-~
2. 7.R-C (10.6)

a (a3oBbIi cABUT Ha ATOU YacToTe coriacHo Gopmye (10.4):

Pre = —45°.

AMIuuTyiHO- U ¢azo-yacToTHble Xapaktepuctuku (AUX um OUX) dunbrpa
HIDKHUX YacTOT MpeJCTaBIeHbI HA puc. 11.3.

201 K| IKI
. 0.1 1 10 100
! | fife
'EU I [II]' |
|
|
-40 10,01 |
L‘Fl | 0:1 'l 10 100
0 | >
, fifc

Puc.10.3 — AUX u ®UX ¢dunpTpa HIKHUX 9aCTOT

N3 puc. 10.3 Buano, yto AYX MOXHO MPEJCTaBUTH B BUJIE ABYX aCUMIITOT:
1. |K| =1 mpu f<<fc, T0 ects 20 Ig|K| = 0 a1b
2. |[K| = 1/wRC mnpu f>>fc, 10 ectb ko3hdUIMEHT TMepemaun 00paTHO
IPONOPLUOHAIIEH YacCTOTE M, CIEAOBATEIbHO, OH yMeHblnaercs Ha 20 nb Ha
nekany (6 nb Ha OKTaBy).
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3. |K| = 1/4/2, npu f=fc, To ectb 20 Ig|K| = —3 ab.

Takum 06p330M, (1)I/IJ'II)Tp HIKHUX Y9aCTOT IICPpCAacT 0e3 M3MEHECHUS CUTHAJIBI
HWJ)KHUX YaCTOT, Ha BBICOKHX YaCTOTaxX oOecreunBaeT 34aTyXaHUC CHIHAJIOB H

3ara3/IbIBaHus MX 10 (pa3e OTHOCUTETHLHO BXOJHBIX CUTHAJIOB.
[Tpocreiimuii RC- puiabTp BepXHUX 4acTOT MpecTaBiieH Ha puc.10.4.

o | o
C
Ui (®) R|| U:(0
s } 1

Puc. 10.4 - RC- ¢punbTp BepXHUX YACTOT

YacToTHBIE XapaKTEPUCTUKHU CXEMBI OMPEACIISIOTCS U3 PopMy:

1
1
\/l+a)2-R2-Cz

Ha puc.10.5 npeacrasnensl rpadguku AYX u ®UX punbTpa BEpXHUX YaCTOT.
201g 1K1 1K
0

1
|- e e (10.7)

0:1 1 10 100

fifc
207

-
01 1 10 100 fife

Puc.10.5 — AUX u ®UX ¢punbTpa BHICOKUX 4aCTOT

[TonocoBoil puiIbTp MOMYUYAIOT KACKATHBIM COSAMHEHUEM (PUIBTPOB BEPXHUX U
HWKHUX 4acToT. OAUH M3 BO3MOXKHBIX BAPUAHTOB (DUIBTpa MPEAOCTABIECH Ha PUC.

10.6.

62



e —0
E C
UL () R | U ()

o 1

Puc. 10.6 — Cxema nonocoBoro ¢puiabTpa

YacToTHbIE XapaKTEPUCTUKHU CXEMBbI ONPEACIISIIOTCS U3 PopMyII:

—w?-R-2.C2
3-w-R-C

1

1
K| = ¢ = arctg (10.8)

\/( ! ~®-R-C)*+9
o-R-C

BpixoHOE HalpsbKeHME MaKCUMAIBHO 1IpU  @-R-C=1, CJIEI0BATEIBHO
pe30HaHCHAas YacToTa:

c__ 1
P 9. 1.R-C (10.9)

AUX u @YX nosocoBoro GpuiabTpa npeactaBieHbl Ha puc.10.7.

K[|
0,3t
02
0-1
\-P, . f'fp
rpam
a0
0
f/fp
—00

Puc. 10.7 — AUX u ®YX nosocoBoro puibTpa
[Ipn mapamnenbHOM coeAuHEHUE (GUIBTPOB BEPXHUX M HIKHHX YacTOT

MOJIy4aroT 3arpaauTeiabHbii GuabTp. OIUH U3 BO3MOXKHBIX BapUaHTOB (UIBTPA
(nBoiino# T- 06pa3ubIil pribTp) mpencrasieH Ha puc.10.8.
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R R
o |
C C
Ui (f) R Us (6)

o’ 2
Puc.10.8 — Cxema 3arpagutenbHOr0 GriibTpa

YacToTHbIE XapaKTEPUCTUKHU CXEMBbI ONPEACIIIIOTCS U3 (popMyiI:

Lo RE-CT = arct 4-o-RC
\/(l_a)Z_RZ.CZ)Z +16'a)2‘R2'C2 Q_ ga)z‘Rz'CZ_l (10.10)

K|=

AUX u @YX 3arpagurenapHoro GuibTpa npeacraBiacHsl Ha puc. 10.9.
1:9N}
10

01 1 10
LPl ) f'fp

rpam

g t—— — — — — :
I
|
] 10
| f-fp
|
I
~00

Puc.10.9 — AUX u ®UX 3arpanurensHoro GpuiabTpa

HODH,Z[OK BBIITOJIHCHU S Da6OTI)I .

1.AHaTUTUYECKOE UCCIIEIOBAHUE

Paccuntath W TOCTPOWTH AMIUIMTYJTHO-YaCTOTHBIE U  ()a30-4aCTOTHBIC
XapaKTepUCTUKU (UIBTPOB, NpuBeneHHbix Ha puc. 10.2, 10.4, 10.6, 10.8, s
CIEAYIONIUX 3HAYCHUM 2JIEMEHTOB:

R=100 Owm, C=2 Mx®

3HaueHune 4yactoT npuHiATh paBHbiMu: 50, 100, 150, 200, 500, 1000, 2000, 3000,
4000, 5000, 8000, 10000, 15000, 20000 I'n. Jas moctpoenuss ®UX B3sATH MATH
3HAYCHUN YAaCTOTHI (BKJIOYas YacTOTy cpes3a). [lo ocu dYacToT HCMOIB30BaTh
norapupmuuecknii Macmrtadb. ['paduku cTpouTh miis aOCOMIOTHBIX 3HAYCHUM
4aCTOTHI.
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2. DKCNIEPUMEHTAILHOE UCCIIEIOBAHUE

[Ipu BbIMONHEHUU pPabOTHI HEOOXOAMMO COOpaTh CXEeMbl, MOKa3aHHbIE Ha
puc.10.10.

- |
|3, ]
HAIOE PIIeTp U

el

Puc.10.10 — Cxema gt casitust AYX GuiibtpoB

VYpoBeHb BBIXOJHOTO HAMNPSKEHUs] 3BYKOBOTO TIeHepaTopa ycTaHOBUTH 4 B.
N3mensis yactory reHeparopa B npeaenax 50...20000- I'u casate 3aBucumoctu U, =
@(f) nns 3HAUYEGHUH YACTOT, OTMEYCHHBIX paHee. CHATh 3HAUYEHUE YaCTOT Cpe3a WU
4acTOThl MakcuMyMa (MUHHMyMa) MOJyJsl mepenaTouHol ¢yHkuuu Quiibtpa. 3a
AKCIIEPEMEHTAJIBbHOE 3HAUEHUE 4YacTOThl cpe3a (fc) mpuHATH TO 3HAUYEHHUE YacCTOTHI
re’epaTopa, Ipxu KOTOpOM HanpshKEHUE Ha BbIXOJE (PUIIbTpa paBHO:

u2=%-u1=0.7o7u1

PGSYJIBTaTI)I H3M€p€HHﬁ 3aHCCTHU B Ta6JII/II_II>I.

Tabsmmua 10.1 — BeixogHoe HanpsbKeHUe PUIIbTpa HU3KUX YaCTOT

.1y 50 100 20000

U, (usm.), B

U, (pacu.),B

I[OHOHHI/ITGHBHBIC TD€6OBaHI/IH K OTUCTY.

[TocTtpouth 3KCHEPUMEHTAIIBHBIE AMIUIMTYIHO-YACTOTHBIE XapPaKTEPUCTUKHU
(GUIBTPOB Ha TEX XK€ PHUCYHKaX, TJI€ CTPOUIIUCh PACCUMTAHHBIE XapaKTEPUCTUKH,
BBIJICTTUB MX JAPYruM [BeTOM. CpaBHUTHh 3KCIEPUMEHTAJIbHBIE U PACCUMTAHHBIC
XapaKTEPUCTHUKH.

KoHTpOJBLHBIE BOONPOCHI:

Kak MoxxHO kiaccuuiupoBatb GUIBTPHI?

Kakwue ¢punbTpsl Ha3pBatoT Trma K u trma m?

Yro Takoe kor(hPULIMEHT 3aTyXaHus, €AUHULBI €70 U3MEPEHUS ?
Urto Takoe XapaKTepucTUYeCcKas MOCTOsTHHAS niepeaya’?

arwnhdE

Kakue ¢unbTpsl MOTYT HCIOJIB30BAaThCA B KadecTBe AU hepeHITMpYOmero
3BeHa?

o

Kakue GuibTpbl MOTYT HCIOJIB30BATHCS B KAYECTBE MHTEIPUPYIOIIETO 3BeHA?
7. Kakue punbTpsl Ha3bIBaIOTCA AKTUBHBIMH, B YEM UX MPEUMYIIECTBO?
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8. Kak M0XHO MOJy4uTh HE0OX0IMMOE 3aTyXaHue GpuabTpa’?

9. Ha yem ocHOBaHO CBOMCTBO (DMUIBTPOB MPOIMYCKaTh WU 33J€P>KUBATH TOKHU C
pa3IMYHBIMHU YaCTOTAMU?

10. Kak pabGoTtaet kosnebaTenbHbIN KOHTYp B KauecTBe (puibTpa?

11. Yro Takoe 10OPOTHOCTH KOHTYpa?

12. Kakue cymecTByIOT 00J1IaCTH MPUMEHEHHS (PHIBTPOB?
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JlaGopartopnas padota Ne 11

MCCJIEJJOBAHME ITEPEXO/IHBIX ITPOIIECCOB B JIMHEMHBIX
SOJIEKTPUYECKUX LEITAX

e paboOTHI:

dopMUpoBaHUE 3HAHWM, YMEHHM UM HABBIKOB MpPU OSKCIEPUMEHTAIHHOM
MCCJICIOBAHUM TIEPEXOAHBIX MpoIleccoB B memsix mnepBoro (RC-memb) 1 BTOpOTO
(RLC-wemp) HOPSAKOB.

3aI[aHI/IeI BBITIOJIHUTE HCCIICAOBAHUC IICPCXOJHBIX IIPOLCCCOB B JIMHCHWHBIX
QJICKTPHUICCKHX LCITAX.

CBeneHus u3 TEOPUH.

IlepexoaHsIii nporecc B IIEKTPUYECKOU enu OIMCBIBACTCS
mudepeHunanbHBIMU  YPaBHEHUSIMHA, COCTAaBJIEHHBIMU 10 3akoHaMm Kupxroda
OTHOCUTEJIBHO MIHOBEHHBIX 3HAYECHHH TOKOB M HampsykeHWW. Pemenue 3THX
YPaBHEHUH C YYETOM HAYaAJIbHBIX YCIOBUM (TOKOB B MHAYKTHBHOCTSIX M HaNpsLKEHUN
Ha €MKOCTAX B MOMEHT KOMMYyTallMM — MOMEHT Hayajla IepeXxOJHOro Ipolecca)
MO3BOJISIET ONPEJEIUTh 3aKOHBI HCKOMBIX BEJTUYHH.

Tak npu mnoxkmodueHun nuHEHHONW RC-menmu K HMCTOYHUKY ITOCTOSIHHOTO
HanpspkeHuss U monywyaem auddepeHunansHoe ypaBHEHHE IEpBOrO MOpSAKa, B
pe3yibTaTe pPELIEHHs KOTOPOrO 3aKOH M3MEHEHHs HANpsKEHHs Ha €MKOCTH IIpH

3apsane KoHaeHcatopa umeet Bun (puc.11.1, kpusasg 1):

Ue=U(l—e7) (11.1)

-t

a mipu paspsaake HaR Uy = Ue =, (puc.11.1, kpuBas 2).
rae U — HanpsbkeHue UCTOYHUKa, B;
T = RC — noCTOSIHHAA BpEeMeEeHHY, C.
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] [

tga = av(©) _ U

dt T

Puc.11.1 — 3akoHbI U3MEHEHUS HANIPSHKEHUS Ha EMKOCTHU

Ucme-pt

i(t)

wt

>

Ucm(k+ 1)

Ucmh

Puc.11.2 — 3akoHbI N3MEHEHNUs HANIPSDKEHUST HA eMKOCTH M TOKa K0J1e0aTeTbHOTO
KOHTYypa
Ilemp, cocTosimias W3 JBYX pEaKTUBHBIX JJeMeHToB, Hampumep LC,
onuchIBaeTcs nuddepeHIHaTbHBIM YpaBHEHUEM BTOPOTO MOPSIJIKA.
Otkmouas RLC-1ierb OT MCTOYHHMKA TMOCTOSIHHOTO HAMNPSDKEHUSI, TOJydaeM
MEePEXOHBIN MPOIIECC, KOTOPBI MOKHO onucaTh AuddepeHInatbHbIM YpaBHEHUEM:

, di 1.
lR+La+Zjldt=0 (11.2)

dZUC_I_RdUC_I_ 1 .
di2 L dt LC ¢

=0 (11.3)
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XapakTepucTUYECKOE YPAaBHEHUE ATOM LIeTH

2Ry 2o
pPtpr T (11.4)
Kopnu xapakTepucTuuecKkoro ypaBHEeHUs

R ,|R 1
2L V4.2 L-C

P, =— (115)

XapakTep pa3psiia KOHJIEHCATOpa 3aBUCUT OT KOPHEH XapaKTepUCTUYECKOTO
ypaBHEHUSI:

R 1 .
1. Ecmu (Z)Z >, TO piH P ICHCTBUTENBHBIE HHCIIA. B »tom ciyugae

HaIIPpsKCHUC HA KOHACHCATOPC U TOK B ICIIN 3apsiaga MCHAIOTCA IINIABHO BO BpECMCHH U
HUX MOJKHO OIIMCAaTh YPAaBHCHHUAMMU:

Uc(t) = E(p2eP** — p1eP2") /(2 — p1)

(t) = Epyp,(ePrt — eP2) /(p, — pq (11.6)

Takoit xapakTep pa3psiaa KOHHACHCATOPA HA3bIBACTCS allepeOqMYECKIM.

R 1 R L
2. Ecmu =) =—  TtOPD=p, = —— u R=R,=2]|=
B »TOoM ciyyae HampsikeHHe Ha KOHJEHCATope M TOK B IeNM paspsaja
ONHUCBIBAIOTCS YPABHEHHUAMU:

_ _ t
Uc(t) = E(1 —pt)e? (1L7)

. ePt
i(t) = —EtT

[TonyyaeM mipenenbHBIM CIlydyall anepuoJUvYecKoro paspsia KOHICHCATopa.
ComnpoTuBiieHHe Lenu 3apaaa R mpu 3TOM paBHO KpUTUYECKOMY Ry.

R 1 .
3. Ecimm (z)2 < 0P, = —B 1 jo,

R
rae f = v KO3 PUIIMEHT 3aTyXaHus;

1 R\ .
W= |-~ (Z) — YIJI0Bas 4acTOTa CBOOOTHBIX KOJICOAHMIA.
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B »TOM ciydae BO3HMKaeT MEPUOAUYECKHM (KoieOaTenbHBIN) pa3psan
KOHJIeHcaTopa. HampspbkeHne Ha KOHAEHCATOpE M TOK B ILENM paspsiaga MOXKHO
ONMCATh YPAaBHCHUSIMU:

E
Uc(t) = —e P sin(wt + ¢) (11.8)
—F
i(t) = Ee‘ﬁtsinwt

rae ¥ = arctg%

Ecmu um3BectHa emkocTh KoHaeHcaTopa C, TO MO KPUBBIM HANpPSOKSHHS Ha
emxoctd Up(t) m Toka paspsma i(t) (puc.11.2), MOXHO ONPEAEIHTH IEPHOJ
KosneOanuit 7, yrioByIO 4acTOTy w, KOd(PHUIMEHT 3aTyXaHus [, a TaKKe aKTUBHOE
COIIPOTHUBIICHUE U UHIYKTUBHOCTH KOHTYpa pa3psiia.

[lepuomom 7 HaspBaeTcs BpeMs, 32 KOTOPOE IPOHMCXOJHUT OJHO IOJIHOE
kosiebanue. Ero MOXHO HEMOCPEJICTBEHHO U3MEPHUTH Ha OCH BpeMmeHH (puc.11.2).

[Tpu ompeneneHuu [f, HAXOAUM OTHOIICHHE KPHUBBIX HANPSHKCHHS U TOKa B
TOYKaX COMPUKOCHOBEHHS C IKCIIOHEHTAMHU:

Uomie___Ueme 7 _ (11.9)
Ucm(k+1) Ucme_ﬁ(t+T) ‘
1 U
B=—ln cmk
T Ucm(k+1)

HODH,Z[OK BBITTOJIHCHU A Da6OTI>I:

1. DKCIIEpUMEHTAIILHO OMPEAEIUTh 3aKOHBI M3MCHEHHS HANPSDKEHUS U, U TOKA | B
RC-uermn

1.1. Cobparp 1ens, nzodOpakeHHyr Ha puc.l11.3. TlepexmrouaTenr MOCTaBUTH B
pexum RC.
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O—
1 3K ﬁ T R,
— 1]

R M

R[] o— . ==

C1

-12 3

O O

Puc. 11.3 — Cxema jy1sl iCCIIeIOBAHUS TTEPEXOTHBIX TIPOIIECCOB

1.2. CHATH OTKATMOPOBAHHEIC 110 HAMIPSDKEHUIO M BPEMEHH OCIIMJLTIOTPAMMBI TOKA |
U HampsDKeHUS Ue A IBYX 3HA4eHW compoTuBieHus pesuctopa R,10 kOm u 20
kOwm npu C; = 0.01 MkD.

1.3.C ocuummiorpaMmbl ONPEEIUTh MTOCTOSHHYIO BPEMEHH T U COMOCTaBUTH €€ C
pacyeTHbIM 3HAYEHHEM, 3al0JHUTh Tadmuiy 11.1.

Taomuma 11.1 — RC-1tenip

R C Uem Tpacu. TonprTh.

Ne i/t
KOM MKD B C C

2. DKCTIEpUMEHTAIILHO ONPEICIUTh 3aKOHBI N3MEHEHHUS HanpsbKeHusl U 1 Toka | B
RLC-memnmu.

2.1. TlepeBectu 11emb, npeacTaBieHHyo Ha puc.11.3, B pexxum LC.

2.2. CHATb OTKaTUOPOBAHHBIE TI0 HAMIPSHKEHUIO U BPEMEHH OCITUIIOTPaMMBbI ToKa |
W HampspkeHws Up st IByX 3HadeHuil comportuBiennii R4 0 u 1 kOm mpu C=0.01
MKOD.

2.3. [To ocrmmiorpaMMam onpenenuTs T, f U w U TIOTy9YeHHbIE 3HAYCHUS 3aHECTH
B Tabsuiy 11.2. CpaBHUTH C pacye€THBIMHU 3HAYEHUSIMU.
2.4. [IlmaBHO wu3MeHsAss compoTuBieHue R; omnpenenuTs nepexon  OT

arepruoAMYECKOro Mpolecca K MEepUOAMYECKOMY PEeKUMY. 3aMEpUTh KPUTUUECKOE
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COIIPOTUBJICHHUC.

Paccuurtath KPUTHYCCKOC COIIPOTUBJICHUE HW COIIOCTAaBUThH C

HU3MCPCHHBIM.

Tabmuma 11.2 - RLC-nens

Ne i/t Pe3ynbTatel pacuera PesynbTarsl onbiTa
w p Ry w p Ry
paz/c 1/c kKOM paz/c 1/c kOM

I[OHOJIHI/ITCJ'H)HBIC TDe6OBaHI/I$[ K COACPKAHUIO OTYCTA.

K ordery mnOpuiaoXkuTh BCE OCHWIUIOTPaAaMMbl, HAdye€pUYCHHbIE B MacluTade

HaIIPsAKCHUSA U BPECMCHU.

A W N -

©O© 00 N O Ol

KOHTPOJIBLHBIE BOIIPOCHI:

. HO‘ICMY BO3HHUKAIOT IICPCXOAHBIC Hpoueccm?

. OHpCI[CJIGHI/Ie MOCTOSIHHOM BPCMCHHA RC —ICIIN 110 OCHUJIIIOrpaMME.

. YcaoBUe BOBHUKHOBEHHS KOJICOATEIHLHOTO Imponccca.

. Kakne u3 QJICKTPUICCKHUX BCIWMYMH HE MOI'YT HU3MCHATBCA CKAYKOM B MOMCHT

KOMMYTaIuu?

. OT 4dero 3aBUCHT OPAIOK AU epeHnanIbHOTO ypaBHEHHS ?

. UTO BBI3BIBAET MEPEXOIHBIC MPOIIECCHI B LIEISIX BTOPOTO MOPSIIKa?

. Kak cocraBisiercst XxapaKTepiUCTHIECKOE YpaBHEHHE?

. Kak 3aBucuT TOK manHoM 1ien# i(t) oT KOpHEH XapaKTePUCTHYCCKOTO YPaBHCHHUS ?

. Kak 3aBucut HanpspkeHue KoHzaeHcatopa Uq(t) OT KOpHEH XapaKTepUCTHYECKOTO

ypaBHEHUS?

10. Kak mo kpuBbiM U.(t) u i(t) ompenensercs mepuoia kojeOauuit 7, yrioBas

gacToTa w u KoddduimeHT 3atyxanus 57
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JlaGopartopnas padota Ne 12
NCCIEIOBAHUE OJHO®A3HOI'O TPAHCOOPMATOPA

Iean paboOTHI:

@opMHUpOBaHUE 3HAHU, YMEHUN W HABBIKOB IIPA O3HAKOMIIEHUH C YCTPOKWCTBOM
U MPUHLMIIOM JEHCTBUS TpaHcHOpMaTopa; ONPEAENIEHUU ONBITHBIM M PAacueTHBIM
MyTeM MapaMeTPOB U XapaKTEPUCTHK TpaHchopmarTopa.

3ajjaHue: BBINOJIHUTH UCCIIEI0BaHNE OHO(pA3HOro TpaHchopMaTopa.

CBQI[CHI/ISI U3 TCOPUHU.

B paborte uccienyercst pexxumbl XxoiocToro xoja (XX), Harpy304HbIA PEKUM U
onbIT KopoTkoro 3ambikanus (K3). M3 pexxuma x0JI0CTOro X0/4a HEMOCPEeICTBEHHO
onpenemnsrores norepu XX Ppy = P, Tok XX [;,, HaOpsDKEHUS HA NEPBUYHOM U
BTOprUYHOM 00MOTKax Uio u Uy, [T0o 3THM HaHHBIM pacdeTHBIM MyTEM ONPEACIISAIOT:

1. Koadduuuent tpanchopmamuu
Uio

k=7, (12.1)
2. KoadduimeHT MOIITHOCTH
P29
COS Py = m (12.2)

3. AMIUIUTYBI MArHUTHOTO TIOTOKA U MarHUTHOW MHIYKIIUU B CEPIACUHUKE
TpaHcpopmaropa

— U20 . B :ﬂ
Mo g aaxf W, Mos (12.3)

rae W, — 4nciio BUTKOB BTOPUYHON 0OMOTKH TpaHchopmaTopa, T
S — mIomaab ceyeHus cepaeuHrka tpaicopmaropa, BA.

4. TlapameTpsl HAMarHUYMBAIOIICH BETBH (ITaJICHUE HANIPsDKEHUS Ha Ry u X; OT
TOKa ;) HE yYUTHIBACTCS)

_ Pyo, T _ 2
Ry = & Zo = —, Xo = VZj — R§
Ifo I1o

(12.4)
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N3 ombITa KOPOTKOIO 3aMbIKaHUSI HEMOCPEICTBEHHO omnpenessitores norepu K3
P, = P, = P,, tok I, = I, u Hanipsixxenue K3 U,.
I1o 3TMM TaHHBIM PACYETHBIM IIyTEM OIPEAECIAIOT:
1. ITorepu B mequ B, = P, 00MOTOK TpaHchopmaTopa mpu HOMHUHAIBHBIX TOKaX

2. KoaddummenT momtaocT Tpanchopmaropa mpu omnbite K3

PKH

Ux*Iyxn (125)

COS (P, =

4. TlapameTpbl cxeMbl 3aMellieHus TpaHchopmaropa

>
N = N|£<
Il
N
AN
[
-
AN

1_PKH. _ . _
RK_R1+R2_IZ_’ ZK—I_, XK—X1+
1H 1K

B nannom ciyuae Tokom I, mpeHeOperaroT.

N3 onbiTa Harpy3Ku ONpeesaoT
1. KoadduuueHt rnone3Horo AeMCTBUs TpaHchopMaTopa Mpy pa3IudHbIX TOKAX

Harpy3Ku
:82 * PKH + P10

f * S, * cos @, + Py + B2 * P, (12.7)

n=1-

rne Pig , Py — MOIITHOCTB TIOTEPH B CTAIA U Meau, BT;

I
B = 1—2 — K03 QHUILMEHT 3arPy3KH;

2H

Sy — HOMUHaJIBHAs! MOIIHOCTh TpaHcpopMmaropa, BA;
COS (P — KOIPDUITMEHT MOIITHOCTH HATPY3KH.

2. KosdpdunmeHt mouHocT TpanchopmaTopa IpH pa3InyHbIX HArpy3Kax

P,

Up I

coS (p, = (12.8)
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[1opsigoK BEINOJHEHUS Da6OTBII

OcHOBHBIC TEXHHYECKHE JaHHBIC HCCIICTyeMOT0 TpaHChopMaTopa MpUBEICHBI B
tabnurte 12.1

Tabmuma 12.1 — [NTacmopTHBIC JaHHBIE TpaHChOpMATOpa

SH Ul H UZ H 11 H IZ H Wl Wl CCUCHUC
CCpaAcCUYHHKaA
BA B B A A IIIT. ILIT. cm?
160 220 127 0,72 1,23 475 275 12

1. Os3HakomMuThCS ¢ mnpubopamMu, amnmapaTHbIMU U O0OpYyJIOBaHUE CTEHAA,
UCIOJIb3YEMBIMU TIPU BBINOJIHEHUU pabOThl. 3amMcarth B OTYET MO JIabOpaTOPHOU
paboTe HOMUHAJIbHbIE TEXHUYECKHE JaHHbIE TpaHC(hopMaTopa.

2. IIpoBecTH OMBIT XOJIOCTOTO XOa TpaHchopmaTopa.

2.1. B cooTBeTrcTBMM C NpUHUUNUAIBHOM cxemol puc. 12.1 cobpath
ANEKTPUYECKYIO LENb JJI MPOBEACHUS OIbITa XOJIOCTOI0 X012 TpaHcpopMarTopa.

IlK:IlH IZK=IZH
C LN

—(A) ;w\ s
&
O

Puc. 12.1 — Cxema 151 mpoBEAEHUS OMbITA XOJIOCTOTO X01a

[lutanue uenu MNPOBOJUTH OT PETrYJUPYEMOTO HCTOYHHMKA CUHYCOUAATBHOTO
HaIpsHKEHUSL.

2.2. W3mepeHue TOKa, MOIIHOCTA ¢ HAIpPSOHKEHUS B TIEPBUYHOM OOMOTKE
TpaHchopmaTopa IpOBOJUTH U3MEPUTETHLHBIM KoMIUIeKToM K-505, a HanpsikeHue Ha
3KMMaX BTOPUYHON OOMOTKH — ITU(POBBIM BOJIETMETPOM.

2.3. YCcTaHOBUTH HANPSKEHUE HA TIEPBUYHON 0OMOTKE TpaHCcPopMaTopa paBHBIMU
HOMUHAJIBHOMY U 3alUCaTh MMOKa3aHUS BCeX MPUOOPOB B Tabmuiry 12.2

Taomuma 12.2 — XonocTon xoq

H3mepeno Brruucaeno
Ui Uy 1o Py K COS @ D, By Ry Xy
B B A Bt - - BO Tn Om Om

3. IIpoBecTu onbIT Harpy3ku TpanchopmaTopa
3.1 CoOpaTh 2JMEKTPUUYECKYIO 1IeTb, TPUHIUNHATBHAS CXEMa KOTOPOU MpUBEJCHA Ha
puc. 12.2, nyist npoBeAeHUs ONbITa HArPY3KH MCCIIETyeMOro Tpancpopmaropa.
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3.2 B kauecTBe Harpy3ku K 3aXUMaM BTOPUYHOM OOMOTKHM TpaHcopmaTtopa
MOAKIIOYUTh NEPEMEHHBIE M MOCTOSHHBIE PE3UCTOPHI, CYMMAapHOE CONPOTHUBIICHUE
KOTOpPBIX cuntaeTcs ot I, = 0mol, = (1,2 —1,5) x [,

3.3. U3mepeHue TOKOB, MOIIHOCTH M HANpsOKEHUs NEPBUYHOM OOMOTKH
TpaHcopmaTopa MPOBOAMTH H3MEPUTENbHBIM KomiulekToM K-505, a m3mepenue
TOKa M HalpsDKEHUs BTOPUYHOW OOMOTKM — ULU(QPOBBIMU aMIEpMETPOM MU
BOJIBTMETPOM.

3.4. VYcraHoBUB Ha TMEpBUYHOH OOMOTKE TpaHCpopMaTOopa HOMHUHAIBHOE
HAIPSDKCHUE W U3MEHSS BEJIMYMHY CONPOTUBIICHUN IEPEMEHHBIX DPE3UCTOPOB BO
BTOPUYHOM LIENH, NPOBECTH 5-6 M3MEPEHUU IMpU Pa3IUYHBIX MO BEIMYHMHE TOKaX
Harpy3Kd B YKa3aHHOM BBIIIE€ Juarna3oHe W3MeHeHud. llpu mpoBeaeHUM OIbITe
HalpsOKEHUH Ha 3aKUMAaxX MEPBUYHOM OOMOTKM MOAJNEPKUBATh HEU3MEHHBIM,
pe3yabTaThl U3MEPEHUI 3anucaTh B Tadmuiy 12.3.

Tabsnuua 12.3 — PaGoTa TpancdopmaTopa 1moja Harpy3kou

H3mepeno Bpruucneno
U, Iy Py U, I P, B n COS @4
B A Bt B A Bt - - -
I

11 T Tox
O W /A_z\ >
\_/

Puc. 12.2 — Cxema 11 CHATUS HArPy30YHOM XapaKTEPUCTUKH

4. OnbIT KOPOTKOTO 3aMbIKaHUs TpaHchopmaTopa

OnBIT IPOBOIUTCS MPU TMOHUKEHHOM HAIPSHKCHUW Ha MEPBHYHON OOMOTKE, TIPH
KOTOPOM TOKM B OOMOTKAaxX paBHBl HOMHHAJIBHBIM. [lodTOMYy HampshkeHHE,
MOJBOIMMOE K TICPBUYHOH OOMOTKE, JOJDKHO YCTAaHaBIIMBAThCS WM3MEHEHHUEM
HaIPSHKEHUS UCTOYHUKA TIUTAHKS C HYJICBOTO 3HAUCHHUSI.

JIns mpoBEAEHUS ONbITA:

4.1 CobpaTh IEKTPUUECKYIO IIETb JJIT IPOBEACHUS OIBITa KOPOTKOTO 3aMbIKaHUS
ucceayeMoro Tpancopmaropa, MPUHIMINHAIBHAS CXeMa KOTOPOW yKa3aHa pHC.
12.3.

T1-T10

o DA
©

U1=U1H
O

Puc. 12.3 — Cxema 114 npoBeIEHUS ONMbITA KOPOTKOTO 3aMbIKAHUS
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4.2. W3mepeHuss TOKa, MOUIHOCTH M HaNpsHKEHUS B TIEPBUYHOM OOMOTKE
TpaHchopMaTopa TPOBOASTCS U3MEpUTETbHBIM KoMIuIeKTOoM K-505, a m3mepenue
TOKa BO BTOPUYHOU 0OMOTKE — IU(PPOBBIM aMIIEPMETPOM.

4.3. [InaBHO M3MeEHss HaNpsDKECHUE HA MEPBUYHONM OOMOTKE TpaHchopmaropa OT
HyJsl 7O 3HAYEHHS, IPU KOTOPOM TOKHM B OOMOTKAaX JIOCTUTHYT HOMHUHAIBHBIX
3HAQYEHUM, ONPEAEIIEMBIX II0 IACHOPTHBIM JAaHHBIM, 3alMCaTh 3HAYEHHS BCEX
M3MEpSeMbIX BeJIMYUH B Ta0numy 12.4

Ta6mmma 12.4 — OnbIT KOPOTKOTO 3aMbIKAHHUS

N3mepeHo Brruncieno
UlK IlK IZK PK COS @ g RK ZK XK
B A A Bt - Owm Owm Owm

5. Ilo pe3ynpTaTaM U3MEPEHUN U pacYeTHBIM (OpMyJiaM IPOU3BECTH:

5.1. Boruncnenus BeIMYUH, YKa3aHHbBIX B Ta0JINLAX.

5.2. TIloctpoenue B OAHOM  KOOPAMHATHOM  CHUCTEME  XapaKTEPUCTUK
tpanchopmaropa U, (1), n(l;), cos ¢ (I,).

5.3. H300paxenue  T-oOpa3HOM  CcXeMbl  3aMEUIEHUS  HArpyXEHHOIrO
TpaHcpopmaTopa ¢ yKa3aHHEM BcexX €€ 3JIEMEHTOB.

KOHTDOJII)HBIG BOIIPOCHI.

1. /{1t 9ero U Kaxk MpOBOJUTCS OMBIT XOJIOCTOrO X0aa?

2. JIng 4yero v Kak NpOBOJUTCS OMBIT KOPOTKOTO 3aMbIKAHUS ?

3. Uto Ha3bIBAIOT BHEIIHEN XapaKTepUCTUKON TpaHcpopmarTopa?

4. WM3o0paszutre T-00pa3Hyro cxeMy 3amMmelleHus TpaHchopMmaTopa M YKaXKHUTeE
CIOCOOBI AKCIEPUMEHTAIIBHOTO ONIPEIETICHUS €€ TapaMeTPOB.

5. Kakoe BnusiHHME OKa3bIBa€T POJ HATPYy3KH HA BHUJ BHEIIHEH XapAKTEPUCTUKHU
Tpanchopmaropa?

6. HazoBuTe OCHOBHBIE 3JIEMEHTHI KOHCTPYKIIMH TpaHchopmaTopa.
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Jlaboparopnas padota Ne 13

NCCIIEAOBAHUE ACMHXPOHHOI'O IBUT'ATEJIA

Ileap paboOTHI:

dopMUpOBaHUE 3HAHUM, YMEHUN U HABBIKOB MPU O3HAKOMJICHUU C YCTPOMCTBOM
M METOJaMH WCIBITaHUSl, CHSATUM OCHOBHBIX XapaKTEPHUCTHK ACHHXPOHHOIO
Tpex(}a3HOro AMEKTPOABUTATENS C KOPOTKO3AMKHYTHIM POTOPOM.

3agaHI/Ie: BBIIIOJIHUTB UCCIICAOBAHNUC ACHMHXPOHHOI'O ABUI'aTCIIA.

CBeneHus n3 TEOPUH:

OCHOBHBIMHM JIOCTOMHCTBAMH ACHHXPOHHOT'O JIBUTATENsl SIBJISIOTCS BBICOKAS
HaJIe)KHOCTh B paboTe M HU3Kas CTOUMOCTh. [103TOMY OHHU SIBISIOTCS OCHOBHBIMU
JBUTATEIISIMHU B TIPOMBIIILICHHOCTH

B pabGore ompenensiorcs paboune W MEXaHHUYECKHE XapaKTEPUCTHUKH
HCCIIeTyEMOTO JIBUTATEIIs, KOTOPBIE IPEACTABIISAIOT COO0H 3aBUCHMOCTh TOKa CTaTopa
|, mogBenennoi momuHoct P, KIT #, koaddunmrerTa MOITHOCTH COS@, CKOJIBKEHUS
S, MOMEHTa Ha Bajy aBurareias M oT MoIIHOCTH Ha Baly P, W 3aBUCHMOCTH
MEXaHUYCCKUX BEJIMYHH, TO €CTh CKOPOCTH BpAIIICHHsI Baja N OT MOMEHTa Ha Baixy M.

st Beruucnenuss P,, S, COSp W N TO SKCIEPUMEHTAIBHBIM JaHHBIM, IS
MIOCTPOCHUST PAOOUMX XapaKTEPUCTUK HEOOXOIUMO II0Jb30BAThCS CIIETYIOIUMHU
dbopmynamu:

1. MomHOCTb Ha BaJly aCHHXPOHHOTO JIBUTATEIISI

M'nz
P, = 13.1
2™ 9550 (13.1)
rne P, — MOIIHOCTB, KBT;
M — MoMmeHT Ha Bay aABurarens, H-m;
N, — 4acToTa BpallleHUsI poTopa, 00/MUH.
2. CKOJNBXEHHE pOTOpa aCHHXPOHHOTO JIBUTATENS
ny—n
=== (13.2)
ni
IJIe N; — 9acTOTa BPAIICHUSI MAarHUTHOTO TOJIs, 00/MUH.
3. KoadduimeHt MOIHOCTH aCHHXPOHHOTO JIBUTATENs
P
cos @, = — (13.3)
Ull 11

rae P; — akTUBHasI MOIIIHOCTb, MOTpeOIIsieMas [BUraresiem, BT;
U,— nuHEeNnHOoe HanpsiKeHue, B;

78



[; — TUHENHBIN TOK, A.
4. KosdduuneHTt none3Horo AeiCTBUS ANEKTPOABUTATENS

P,
n= 2 (13.4)
Pq
1. O3HaKOMHUTHCS c YCTPOHUCTBOM ACHHXPOHHOT'O TpexdazHoro

QJICKTpOABUIATCIIA C KOPOTKO3AMKHYTBIM POTOPOM Ha ACMOHCTPAIIMOHHOM CTCHIC
J'Ia60paTOpI/II/I U OTMETHUTH OCOOCHHOCTH €ro KOHCTPYKIHHU. 3anucaTth THII U
HOMUWHAJIbHBIC JTAHHBIC UCCIICAYCMOI'0O ACHMHXPOHHOI'O 3JICKTPOABUTaTCIIA.

071181133715 N1 £ ST 4A724Y
HomuHanmsHOE HampspkeHne, B, 3x220/360
HoMuHanbHasgs MOITHOCTE, KBT. ... 0,55
HOMUHAIIBHBII TOK, A . ..ottt 2,9/1,7
HomuHaapHas 9acTOTa HAPSHKCHUS TUTAHUS, [ . ..., 50
HomunanpHas yacToTa BpaIieHUs poToOpa, O0/MUH. ......ccvvveeveennne. .. 1370
HomuHambHBIN KITIL, 0., ..o 78

2. Ha paboueli manenun «ACHHXPOHHBIA DJIEKTPOJBUTATENbY CTEHAA (CEKIus 2)
coOpath cxemy puc. 13.1 musa cHATHA pabOYMX XapaKTEPUCTHK M MEXAHMYECKOU
XapaKTEPUCTHKHU UCCIIEYEMOTO IEKTPOABUTATEIIS.

COOpky cxembl TPOBOAUTH THUOKUMHU COCIMHEHUSIMH B COOTBETCTBUU C
MOHTQXHOM cxeMoul puc. 13.2. H3MeHeHME JNMHEWHOrO TOKA, JIMHEHMHOTO
HaMpsOKEHUS! MTUTaHUSL ¥ TTOTPEOIISIEMO MOIITHOCTH P; 3JIeKTpoABUTATENS] POBOIUTH
COOTBETCTBEHHO M3MEPHUTEIbHBIMUA MPUOOpPAMU - aMIIEPMETPOM C TIPEIEIoM
u3Mmepenust 7,5 A, BoibTMEeTpoM C TpenenoMm uaMepenus 250 B u TpexdazubiM
BATTMETPOM.

3. TlpoBecTtn mpoBepKy AIIEKTPUIECKOTO HyJs Mprbopa «MomeHT arperata Ne 1y.
Jlis 3TOro pydKy peryisiTopa «MOMEHT Harpy3kh» Ha TaHENIHd «Harpy30uYHbIe
YCTPOMCTBa» CTEHJA YCTAaHOBUTH B KpaiiHee JIeBOE IMOJIOKEHHE, HaXaTh KHOIKY
«Cetb» u «Arperar Nel», Tem cambIM BKJIIOUHMB CXEMbl U3MEPEHUS MOMEHTa U
yacToThl BpamieHus arperata Nel. bamancupoBka mpubopa rpy0bo u TOYHO
MPOBOANTCS COOTBETCTBYIOIIMMH ITEPEMEHHBIMHU PE3UCTOPAMH.
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Puc.13.2 - MonTaxHas cxemMa aCHHXPOHHOTO 3JICKTPOJIBUTATENS

4.  IlpoBecT IyCK AaCHHXPOHHOTO DJIEKTPOABUTATENII HAXaTUEM KHOIKHU
«BKJIFOYEHUE ACHHXPOHHOM M CHHXPOHHOM MAIlMHBI», PACHOJIOKEHHON Ha IMAHENH
«MammHbl IEPEMEHHOTO TOKa.

5. CHaTb paboune 1 MEXaHUYECKYI0 XapaKTEPUCTUKH JIEKTPOABUTaTENs, TO €CTh

I = f1(P2); Py = f2(P2); M = f3(P;); cos ¢ = f,(P);
n = fs(P);s = fe(Py) u ny, = f7(M) npu U; = const
Jls aToro:
5.1 M3meHsisi Harpy3ky Ha Bajly aCMHXPOHHOTO JJIEKTPOJABHUTATENS OT peXuma
xonoctoro xoxa (M=0) mo pexuma, NpU KOTOPOM MOIIHOCTh Ha Baldy HMEET

Bennunbabl  P,=(1.2 — 1.5) P,y. VI3MeHeHWe BeIMYMHBI HArpy3kd Ha Baly
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UCCIIelyEMOTO 3JIEKTPOIBUTATENsI MPOU3BOJIUTCA U3MEHEHUEM TOKA B 1IEMH OOMOTKH
ANIEKTPOMArHUTHOIO  TOPMO3a,  HAXOMSIIErocs Ha  Bally  aCHHXPOHHOTO
ANEKTPOJBUTATENS, PYUYKOH pErysITopa «MOMEHT Harpy3kKw» Ha TaHEIH
«Harpy3o4Hble yCTpOKCTBa» CTEHAA.

5.2 B ykazaHHOM [amMama3oHe HArpy3KW ciAenath 6-7 W3MEPEeHHH, 3amucaTrh
MOKAa3aHUsI BCEX M3MEPUTENbHBIX MpubopoB B Tabmumy 13.1. Opno w3
MPOU3BEIICHHBIX W3MEPCHUHN JIODKHO COOTBETCTBOBATH HOMHUHAIBHOMY PEXKUMY
Harpy3KHu.

Ta6muma 13.1 — Paboure u MexaHu4ecKasi XapaKTEepPUCTUKH

Ne N3mepeno Brrancieno
ISMEpCHMA | 7, | T, P, M n, P, s |cos@;| 7
B A kBT Hm |o06/Mun | kBT - - -
1
2

5.3 Tlocrme OKOHYAHMS ONBITA OTKIIOYUTH DJIEKTPOABUTATENH OT CETH, HakaB
KHOTIKY «OTKJI.»» Ha Harpy304HOU IMaHEIn CTEHa.

6. [IponsBectr 00pabOTKY pe3yabTaToB M3MepeHuid. [1o n3MEepeHHBIM BEIMYMHAM
BBIUUCIUTE: Py, S, COSY, M.

7. Tlo u3MepeHHbIM JAaHHBIM U BBIUMUCIECHHBIM BEJIMYMHAM IOCTPOUTH B OJIHOM
KOOPJIMHATHON cHCTeMe paboure XapaKTepUCTUKH, a B JAPYrod KOOPJIUHATHOM
CUCTEME — MEXaHUYECKYIO XapaKTEPUCTUKY aCUHXPOHHOTO JIEKTPOABUTATEIIS.

ConeprkaHme OTYETA:

[TacniopTHBIE TaHHBIE ACUHXPOHHOTO JIBUTATETIS.
[MpuHIMIIHaTbHAs JIEKTPUYECKas cxeMa ycTaHoBKH (puc.13.1.)
Tabnuna ¢ pe3ynbraTaMi H3MEPEHUN U PacyeTOB.

Paboune xapakTepUCTHKHU.

Mexanuueckasi XapakTepUCTHKA.

Ok~ wWNhE

KoHTpOJIBLHBIE BONPOCHKHI:

1. Kakue rpaduku Ha3pIBalOT pabOYMMHM XapaKTEpPUCTUKAMU TpexX(azHbIX
ACUHXPOHHBIX JBUTATEIICH?

2. C KakoWl YacTOTOW H3MEHSIETCS TOK B OOMOTKE pOTOpa HCCIETyeMOro
JIBUTATEIISI IPU HOMUHAIBHOM Harpy3ke?

3. Tlouemy oTHOcUTENbHAS BEJIMYMHA TOKA XOJOCTOTO XO0aa Tpexda3zHoro
ACUHXPOHHOTO JBUTATENs 00Jibie, 4eM Tpexda3zHoro TpanchopmaTopa TO xe
MOIITHOCTHU?
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4. Tlouemy HayaJbHBIN ITyCKOBOW TOK JABUIATENs ¢ KOPOTKO3AMKHYTHIM POTOPOM
MIPEBBIIIAET HOMUHAIBHBIN B 5-6 pa3, a HAYAJIbHbBIN ITyCKOBOW MOMEHT TOJIBKO
B 1.5-2 pa3a 0oJbIlle HOMUHAJIBLHOTO?

5. Kakue Benmumumnbl HaszbiBatoTes KIIJIT u  xoadpdumueHTOM MOLIHOCTH
Tpex(a3HOro aCMHXpoHHOro ABurareis? Kak ux onpenesisior 1o nokasaHusm
U3MEPUTENBHBIX IPUOOPOB?

6. HazoBuTe OCHOBHBIE 3JIEMEHTHI KOHCTPYKIIUH ACHHXPOHHOTO JIBUTATENS.
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