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MeTtoanueckue yKka3zaHHsl K BBITOJTHEHHUIO JIAOOPATOPHBIX padoT

o Kax/plif CTyIEHT BBIIOJIHSET PabOTHI IO CHIEIUAITEHOMY TpaduKy.
e K BrimosHEHUIO PabOTHI HEOOXOMMO MTOATOTOBUTHCS 10 HaYaIa 3aHITHS B TaOOPAaTOPUH.
e [loMHMO JaHHOTO METOJUYECKOTO ITOCOOUS PEKOMEH IYETCS HCIIOJIb30BaTh
JOTIOJTHUTEIBHYIO JINTEPATYPY U KOHCIIEKT JICKITH.
e [Ipu noaroroBke HEOOXOAMMO IPOAYMBIBATH OTBETHI HA KOHTPOJIbHBIE
BOIIPOCHI.
e K BhinosHeHUI0 paboOThI AOMYCKAIOTCS TOJIBKO MOATOTOBICHHBIEC CTYICHTHI.

[IpaBuna opopmieHus oT4eTa 0 JJabOpPaTOPHOM padboTe
JlaGopaTopHas paboTa MpeACcTaBIseT cO00i HEOOBIIOE, HO BIIOJIHE 3aKOHYCHHOE YieOHOe
uccinenoanue. OT4eT o 1a6OPaTOPHON pabOTE ABISAETCS TOKYMEHTOM, OTPAKAIOIIUM PE3yIbTaThl
BBITIOJTHEHHOT'O UCCIIEIOBAHMS ¢ MAKCUMAJIbHOW MOTHOTON M OOBbEKTHBHOCTHIO.
K odopMieHNIO TEXHUYECKOW JOKYMEHTAITUH MPEABSBIIIOTCS eIUHbIC TpeOoBaHus. B
OTpEeICTICHHON Mepe 3TUM TPeOOBaHUSIM JIOJHKEH YAOBJIETBOPSATH U OTUET O JIA0OPATOpPHO padore.

TpeboBanwust Kk 0OpPMIIEHHIO OTYETA
Otuer HoKeH OBITh BHIIMOJHEH Ha Oymare ctanaapTHoro pazmepa (hopmar A4) ¢ moasiMu no
o0erM CTOpoHaM TekcTa. MaTepuall oT4eTa JIOJHKCH UMETh YeTKYIO pyOpHKAIIMIO, KX IbIid pa3ie
HEO0XOMMO CHAOIUTh 3aTOJIOBKOM.
[TpuMepHBIii cocTaB OTYETA 110 JIAOOPATOPHOU padoTe:
1e7b paboTHI;
MOPSAJIOK BBIMOJIHEHUS J1a00paToOpHOil paboThI;
MPUHIMITHATBEHBIC YIEKTPUICCKUE CXEMBI U (HJTH) CXEMBI COSTMHEHUH;
. nepeveHb N3MEPUTENFHBIX MPHOOPOB U AIIEKTPOOOOPYAOBAHUS C YKa3aHUEM TTacITOPTHBIX
JTAHHBIX;
TaOJIUIIBI SKCTIEPUMEHTAIIBHBIX UCCIIEIOBAHUH U BHITIOJTHEHHBIX BHIYMCICHUM;
JyarpamMmbl U rpaduKi XapakTepUCTUK PYHKIIMOHAIBHBIX 3aBUCIMOCTEH;
BBIBOJIbI MJTU 3aKITFOUEHHE O MPOJIeTIaHHON padoTe.



ITPABUJIA TEXHUKHN BE3OITACHOCTH
ITPU BBIIIOJIHEHMU JIABOPATOPHbLIX PABOT

Jlo nauana pabot kaxasiid cryaent JJOJDKEH BHuMaTenbHO 03HAKOMUTBCS C HACTOSAIUMU
MpaBUJIaMU U PACIHUCATHCS B KYypHAJIE yuyeTa HHCTPYKTaXKa MO TEXHUKE 0€30MacCHOCTH.
Crynent OBA3AH BIMONHATE cheayronIMe npaBuia;

1. [Tepen BrroueHneM JabopaTOpHOTO KoMIuiekca B ceTh 220 B yOenurech, 4To
TyMOJIEp BKJIFOUCHHS HaX0uTcs B roiokeHun «BbIKJL.».

2. [Tpu cOopke 1enu UCIoab3yHTe MPOBOA C UCTIPABHOM M30JIAIIUCH.

[Moxxirouas mpuOOPEI, MPOBEPSHTE COOJIIOICHNE HOPM HArpy3ku (pabouece

HaIpsHKEHUE KOHJEHCATOPa, MAKCUMAJIbHBIA TOK JUIsl KATYIIeK HHAYKTUBHOCTH H T.IL.).

3. COOpKy 2JIEKTPUYECKOI [IeTTH BEIUTE TI0 KOHTYpaM, HAauMHAasi C OCHOBHOTO, COJICPKAIIETO
NCTOYHHUK IMUTAHUA

4. BkitrovaiiTe HCTOUHUKY MUTAHKSI TOJIBKO MOCIIE MPOBEPKH IICTIH MPETOIaBaTeIIeM.

5. [Tpu npoBeneHNM TFOOBIX U3MEHEHUH B CXEME OTKIIOYAWTE HCTOYHUK TTUTAHUS.

6. OTKJIFOUUTE MUTAHUE TI0 3aBEPUICHUIO0 U3MEPEHUI.

SAITPEIIAETCA

1. Kacatbes TOKOBCAYIIHUX JacTeu CXeMbl METAJUINYECKUMU npeamMeramu,

paboTaTh MOKPHIMHU PyKaMH.

2. be3 pazpernienus npenogaBartesns BKJIIOYATh 1a00paTOPHBIE CTEH/IBI B CETh

220B v noiaBaTh HaPSDKEHUE HA CXEMY.

3. [TepememiaTs 1a00paTOPHBIE CTEH/IBI C OJJHOIO CTOJIA HAa IPYTOM WiH

BCKPBIBaTh UX.

4. KypuTth B 1abopaTopuy, HAXOIUThCS B BEPXHEH 01K /1€ U FOJIOBHBIX yOOpax.

ITo BceM BO3HMKAOIIMM BOIPOCAM CTYAEHTaM cjelyeT 00palaThes K MpenojaBareiio. 3a nopuy
000pyZI0BaHUS CTY/IEHTHl HECYT MaTepHabHYIO OTBETCTBEHHOCTb.



COACPIKAHHUC

1. Jlaboparopnas pabora Nel CMmeriaHHOE COeIMHEHUE DJIEMEHTOB B
ANEKTPUYECKUX LIETISIX MOCTOSIHHOTO TOKA

2. Jlabopartopnas pabota Ne2 DnexTpudeckas Ienb MePEMEHHOTO TOKa C
MIOCJIEIOBATEIbHBIM COEJUHEHUEM AJIEMEHTOB

3. JlabopaTtopHas pabota Ne3DnekTpudeckas 1emb IEPEMEHHOTO TOKA C
napajuieIbHbIM COECIUHEHHEM 3JIEMEHTOB

4. JlaGoparopnas padota Ne4 VccnenoBanue moxynpoBOHUKOBOTO TMO/A.
Uccnenosanue nuona IllorTku

5. Ilpaktuueckas padota Ne 1 MccienoBanue OUMOJISIPHOTO TPaH3UCTOPA.
HccnenoBanue XxapakTepUCTUK OUITOJISIPHOTO TPAH3UCTOPA.

6. IlpakTnueckas padota Ne 2 MccienoBanue yCUIMTENIBHOIO Kackaja Ha
OUTIOJISIPHOM TPAH3UCTOPE

7. Tlpaxtuueckas pabora Ne3 Pacuer nemnei mocTOSHHOTO TOKa

8. Ilpaktuueckas padota No4 PacyeT CIIOKHBIX DJIEKTPUUYECKUX Tenei
IOCTOSIHHOT'O TOKa

9. IlpakTtuueckas padota Ne 5 PacyeT mapaMeTpoB MEPEMEHHOIO TOKA.

10.IIpakTrueckas padbota Ne6 PacueT Hepa3BETBIECHHBIX AJIEKTPUUECKUX LIETIEH
MEPEMEHHOT0 TOKa.

11.IIpakTrueckas padota No7 PacueT Tpex(da3HbIX JIEKTPUUECKHUX Lenen
NEPEMEHHOTO TOKA COEIMHEHHBIX «TPEYTOJIbHUKOM.

12 IIpakTtrueckas padota Ne8 PacueT Tpexha3HbIX JIEKTPUUECKHX IeTen
NEPEMEHHOIO TOKA COEUMHEHHBIX «3BE310M».



JIABOPATOPHASA PABOTA Ne 1

HccnenoBaHue 11erneil HOCTOSHHOIO TOKA CO CMEIIaHHBIM COCIUHEHUEM PE3UCTOPOB.

Lenp paboTsr:

1. TIpuoOpecTtu mpakTUYECKHE HABBIKA YTEHUS U COOPKH AJIEKTPHUECKON CXEMBI TIOIKITFOUCHUS
CMEIIIaHHOTO COSAMHECHUS PE3UCTOPOB M MPUOOPOB, UCTIOIB3YEMBIX ISl KOHTPOJIS TapaMeTPOB
AJIEKTPUYECKON TETIH, K JIEKTPUIECKON CETH MMOCTOSTHHOTO TOKA.

2. HpOI/I3B€CTI/I HU3MCHCHUA B CXEMC ITYTCM BKIIIOUCHUSA U OTKIIIOYCHHA OTACIIbHBIM 3JICMCHTOB
LETH U BETBEW CXEMBI C TIOMOIIBIO BBIKITIOYATEIICH.

3. TlpocrneauTts 1Mo MOKa3aHUSAM MPUOOPOB U3MEHEHHUS, TPOU3BOTUMBIC B CXEME.

TeopeTnyeckue CBEICHUS:
[IpocMoTpeTs MeTOAMUECKOE TTocoOue "DIEKTPUUECKHUE LT MTOCTOSTHHOTO ToKa"

O6opynoBanue U IpUOOPHI:
1. HMcrouHuK nUTaHUs — IEKTPUUYECKAs CETh IOCTOSHHOIO TOKA Ha HanpsbkeHue 100B.
2. bilok pe3sucTopoB KOJIUYECTBOM 9 IIT.
3. CoeauHuTeNbHBIEC IPOBOJIA
4. Tlpubopsr:
—  Mumnnamnepmerp mA; (mA)— u3MepsieT cuily TOKa B HEpa3BETBICHHOM YacTH LieNu
—  Mummmamnepmerp mA; (mA)— u3MepseT CUly TOKa B IEpBOM BETBU pa3BETBICHUS
pPEe3UCTOPOB
—  Mummmamnepmerp mAj (mA)— u3MepseT CUly TOKa BO BTOPOM BETBU pa3BETBICHUS
pPE3UCTOPOB
— Boabst™erp U (B)- u3smepsieT BX0o1HOE HaNPsKEHUE 3TEKTPOCXEMBbI
— Boabsrmerp U;- uzMepsier najgeHus HalpsHKEHUS Ha y4acTKax LENH
— PyOunenuku Py, P>, P3 P4 - mpou3BoAsT BKIIIOYEHHE U IEPEKIIOYEHUE B CXEME

DJeKTpUUEeCKas CXeMa BKJIFOUEHHUS PE3UCTOPOB
[Topsox BeINONIHEHUS PaOOTHI:
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amycaTh TEXHHYECKHUE JaHHBIE STIEKTPHUUECKUX MPUOOPOB B Tabimiry Nel.

Tabmuma Nel
HaumenoBan | O6o3Hauenue | Cucrema Kiace [Ipenen Hena
ue npubopa Ha CXeMe npubopa TOYHOCTH M3MEpEHUs JICJICHUS
2. 3anmcaTh MOKa3aHWs NpUOOPOB B TaOIHILy No2.
Tabmuma No2
N3meputh PyOounpHUKH
g;"n U | I | 2 | B | U | U | Us | Uy | Usy iT— e
B mA mA mA B B B B B
1 Py 1, P37, Put
2 P,|, P31, P4 1
3 Py|, P3|, P41
4 Py, P37, Py |
3. BpluucnuTh napameTpsl ey, UCIoNIb3ys 3akoH OMa, 3aKOHBI MTOCIEA0BATEILHOTO U
MapajuIeIbHOTO COSAMHCHUS. Beraucnenus 3anectn Tadbmuiry Ne3.
Tabnuua
Ne3
Beruucnuth
o R, Rou R Rows 14 P
KOM KOM KOM KOMm mA Bt
1
2
3
4
4. Jlns Kaxa0ro ciiydas MepeKIroUYeHUs e C MOMOIIBI0 BBIKITIOYATeNe, 3apucoBarh

QJICKTPHUICCKUEC CXEMbI pa60Ta101u1/1x Ha I[aHHBIﬁ MOMCHT PE3UCTOPOB IICIIN.

.Hens paboTsr:
4.

JIABOPATOPHA PABOTA Ne2
HepasseTBiieHHas 1enb NEPEMEHHOIO TOKA C AKTUBHBIM COIIPOTUBIIEHUEM U KaTYIIKON
WHIYKTUBHOCTH

HpI/IO6pCCTI/I MPAKTUYCCKUC HABBIKU YTCHUSA U CGOpKI/I BHCKTqueCKOﬁ CXCMBI ITOJKITIOYCHU A

MOCJIEZI0BATEIBHOTO COEIMHEHNUS PeaJTbHOM KaTyIIKN UHIYKTUBHOCTH, peocTaTa u Mpudopos,
HCIIOJIB3YEMBIX JUIsl KOHTPOJIS IIapaMETPOB MIEKTPUYECKOM LIETIH, K DJIEKTPUUYECKON CETH
IIEPEMEHHOTO TOKA.

H3MeHeHneM aKTUBHOI'O COIIPOTUBJICHUA pCOCTATa U UBMCHCHHUEM MHAYKTUBHOCTH KAaTYyIIIKU

IIPOBEPUTH JIeUCTBUE 3aKOHA OMa JIsl HEPA3BETBIICHHBIX LIETIEH MEPEMEHHOTO TOKaA.

HOJ’Iy‘lI/ITB MPAaKTUYCCKUC HABBIKU ITOCTPOCHUA BCKTOPHBIX AUArpaMMm I TOCJICAOBATCIIBHOT'O
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COCANMHCHUA 3JICMCHTOB IICIIN.
Ob6opynoBanue u MPUOOPHI:
M cTOYHMK MUTaHUSI — AJIEKTPUYECKas CeTh IEPEMEHHOT0 ToKa Ha HanpsbkeHue 150B.
Karymika MHIYKTHBHOCTH ¢ MarHUTOIIPOBOIOM

LRI W

Peocrar

CoenuHuTEIbHBIE IPOBOJA
[TpuGopsr: -Amnepmerp A (A)— u3MepsieT CUily TOKa B LIETIN

Bonbrmerp U (B)- n3mepsier BXoqHOE HaIIPSKEHHE JIEKTPOCXEMBI

Boasr™merp Ua (B)- uzmepsier nageHue HanpspKeHUs Ha peocTaTe

Bonbr™merp Uk (B)- u3mepsier najgenue HanpspkeHHs Ha KaTyIIKe HHAYKTUBHOCTH
Barrmerp W (BT) - u3MepsieT akTHBHYIO MOILIIHOCTb 3JIEKTPUUYECKOM Lienn

3HeKTpI/I‘-IeCKaSI CX€Ma BKIIIOYCHUA ITOCJICA0BATCIIBbHOIO COCANHCHUA peaHBHOf/’I KaTylIKH

HHAYKTUBHOCTHU M pcocTaTa

(v,
=/
* Rj
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[Topsox BeIMONIHEHUS PaOOTHI:
1. 3amucaTh TEXHUYECKHUE TAHHBIC ANEKTPUUYECKUX MPUOOPOB B TabmuiryNel
Tabmmma Nel
HaumenoBan | O6o3nauenue | Cucrema Kiace [Ipenen [ena
ue mpubopa | Ha cxeme npudopa TOYHOCTHU HU3MEPEHUS JIETICHUS

C06paTL CXEMY U IIOKAa3aTh NpPCrogaBaTCIIto.

3a cueT U3MEHEHUs TTOJIOKEHUS JBUKKA PEOCTaTa H3MEHUTh €r0 COMTPOTHBIICHHUE OT HYJIS 110
MakcumyMma. [Ipu kax10M NU3MEHEHUHN COMTPOTUBIICHHSI CHATH MTOKa3aHUsl MPUOOPOB U 3aHECTH
WX TIOKa3aHus B Ta0muiry Ne2.
[Ipu MakcMMaIbHOM 3HAYEHHH CONPOTHUBIICHUS PeOCTaTa U3MEHUTh MHAYKTUBHOCTb KaTYILIKH
MyTEM U3MEHEHHUS €€ MOJI0KEHHS Ha CepJICYHIMKE MarHuTonpoBoja. [lpu kaxx10M u3BMEeHEHUU
CHSITB TTOKa3aHUs MIPUOOPOB M 3aHECTH WX MOKa3aHusl B Tabmuiry No2.

Tabmura Ne2

N3MEPEHO

Ua Uk

B B

Bm

I[TPUMEYAHUE

Rprocrara = 0




Rprocrats - CpeliHEE 3HAUCHUE

Rprocrara - MakcuMaabHOE 3HAUCHUE

1 mmoytokeHue KaTyYIIKU MHAYKTHBHOCTHU

N[ ||

2 MOJI0KEHUE KaTYIIKH UHIYKTUBHOCTH

5. Tlo pe3ynbTatam U3MEepEeHUH, MONB3ySICh MPUBEACHHBIMU HIKE (hOPMYyJIaMU, IPOU3BECTH
BBIYMCIICHHS. Pe3ynbTaThl BEIYMCICHUH 3anucaTh B Ta0muIry Ne3.

TaoOmuma Ne3.
BBIYUCIIUTH
No elzac R, x, |cos ¢ | cos Pk U, U,
Z Zx Roou l’; am Kamy | kamy Kamy | kamy 0 S
B WKYU | WKU WKU | WwKU
Om Om Om Om Om Om - - B B BAp | BA
1
2
3
4 _ - - -
5 _ - - -

U
Z =— noanoe conpomusnenue yenu (Om)

I
U{l
R, = [ akmuenoe conpomuenenue peocmama (Om)
2 2
X, =.Z;—-R,, unoykmuenoe conponmusnerue kamywxu (Om)
_ k
Z, =—— noaHoe conpomunerue kamyuxu unoykmusrnocnu (Om)
I
P
R, = e obuwee akmusnoe conpomusnenue yenu (Om)

R,. =R, —R, axmusnoe conpomusnenue xamywru unoykmuenocmu (Om)
U,=1'R

U,=1-X, unoykmuenoe naoenue nanpsicenus na kamyuwke unoykmugnocmu (B)

akmusHoe nadeHue Hanpsaxcenus Ha kamyuike (B)

a Kamyuwku

P
cos @ = U1 KO3hpuyuenm mownocmu yenu
R

a kam

cosQ, = KO3 uyuenm mowHocmu aKmUeHOU 4acmu Kamywxy UHOYKmueHoCmu

k
Q=1"-X, peaxmusuas mowmnocmo yenu (BAp)

S=U-1 noanas mownocmo yenu (BA)

JIABOPATOPHAS PABOTA Ne 3
Pa3BeTBiieHHBIE LIETIF IEPEMEHHOTO TOKA C PEAJIbHOM KaTYIIKOU
WHAYKTUBHOCTH U KOHJEHCATOPOM. P€30HaHC TOKOB.




ens paboThI:

1. TIpuobpecTy MpaKTUYCCKUE HABBIKH YTCHHS U COOPKHU DJICKTPUIECKON CXEMBI TTOIKITFOUSHUS
MapajuIeIbHOTO COSIMHECHHUS PEaTbHOM KaTyIIKU MHIYKTHBHOCTH, KOHJICHCATOpa M IPHOOPOB,
UCIOJIb3YEMBIX ISl KOHTPOJIS ITAPAMETPOB JISKTPUUYCCKOH 1IETTH, K SJICKTPUUCCKOM CeTH
MIEPEMEHHOTO TOKA.

2. HM3MeHeHHEM €MKOCTH KOHJCHCATOpa JOOUThCS Pe30HAHCA TOKOB B MApaJIC/IbHBIX HEIAX
CXEMBI.

3. HOHy‘H/ITB MPAKTUYCCKUEC HABBIKU ITOCTPOCHUA BCKTOPHBIX AUArpaMm IJIsd IapauICIbHOTO
COCJIMHEHUS 3JICMEHTOB IIETIH.

O6opynoBanue U IPUOOPHI:

1. HcTtouHMK NUTAHUS — AJEKTPUUYECKasi CETh MEPEMEHHOr0 TOKa Ha HanpsbkeHue 150B.
2. Karymika uHIyKTUBHOCTH C MarHUTOIPOBOAOM
3. KonpaencaropHas 6atapes
4. CoeauHuTeIbHBIE TPOBOAA
5. TIpubopsl: -Amnepmetp A (A)— u3MepsieT cuily Toka B HEpa3BETBICHHOM YacTH LEMU
— Awmnepmerp AL (A)— u3MepsieT cuily TOKa B LIENIH PEAIbHOM KaTYIIKU UHIYKTUBHOCTH
— Awmmepmetp Ac (A)— u3MepseT CHTy TOKa B T KOH/ICHCATOPHOM OaTtapen
— Bonbsrmerp U (B)- u3mepsier BXoAHOE HANPSKEHHUE AIMEKTPOCXEMBI
— ®dazoMeTp ¢ — u3MepseT yroi caBura a3 Mexay TOKOM U HalpsiKEHUEM
DnexTpuyecKas CXxema BKJIIOUYEHHUS apajuIeJIbHOTO COEIMHEHNS PEAIbHOM KaTyIIKH
WHIYKTUBHOCTH M KOHJIEHCATOpa
*
¢ I
,
— (AD——(P)!
* /
A
C
L J
u
U=1508B CLD Ra,{ ;4 X
c —
W, =1200 ¢
k
[Tops X Lk
JIOK L [
BBITIO
JIHEH
usi paboThI:
1. Texuuyeckue TaHHBIC MIEKTPUUECKUX MTPUOOPOB
Tab6muma Nel
HaumenoBan | O6o3nauenue | Cucrema Knacc [Ipenen Llena
ue npudopa Ha CXEMe npubopa TOYHOCTH U3MEpPEHUS JIEJICHUS

2. YcraHoBieHa eMKOCTh OaTapen koHaeHcaTopoB C1=16 Mkx®d, nmoka3zanus npuOOpOB 3aHECEHBI B
Tabmuiry Ne2.

3. VYcraHoBieHa eMKOCTh OaTapen KoHAeHcaTopoB Cr=32 Mk®d. M3MeHeHneM NHAYKTUBHOCTH
KaTyIIKK YCTaHOBIJIEH cIBUT (pa3 Ha dazomerpe ¢ = 0 — 3TO cityuail pezonanca mokoas.
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IToxazanust mpuOOPOB 3aHECEHBI B TaOIUILy No2.
4. YcraHoBJeHA eMKOCTh OaTapen koHaeHcaTopoB C3;=58 Mx®d, mokazanust npuOOPOB 3aHECEHBI B
Tabmuiry Ne2.

5.
6.
Tabnmia No2
Ne M3MEPEHO [IPUMEUYAHUE
U 1 I Ic [ cos @
B A A A epaodyc .
1 C=16 mxD
) Cr=32 mx®D
PE30HAHC MOKO8
3 C3=58 ux®D

7. Tlo pe3ynpTaTaM U3MEpEHHH, NOIB3YACh MPUBEACHHBIMU HIKE (OPMYIIaMu, IPOU3BEICHBI
BbIUMCIIeHUs. Pe3ynbTaTsl BIUMCICHUHN 3anicanbl B Ta0auiy Ne3.

Tabmuna No3.
Ne BBIYUCJIEHO
cos Pk Rk XL Zk Xc A 143 I,
- Om Om Om Om A A A
1
2
3
U
Z = T nonnoe conpomusnenue kamyuku (Om)
k
R, =Z, -cosep, axmuenoe conponmusnenue kamyuwku (Om)
X,=+Z;-R; unoyxmusnoe conpomuenenue kamyuixu (Om)
U
X.= I eMKoCcmHoe conpomuieHue konoencamopa (Om)
C

I, =1, -cosp, axmuenas cocmosnarowas moka kamyuixu (A)

I, =L =12 unoyxmusnas cocmaensiowas moxa xamywru (A)

I,=1,-1. peaxmusnas cocmasnsowasn moxa kamyuku (A4)

ol . >1,

[ ] IC = IL

B Macmtabe mocTpouTh BEKTOpPHBIE JUATpaMMBbI LIS CIy4aeB:
ol <I,

JIABOPATOPHAA PABOTA Ne 4

Uccnenosanue nmonynpoBogHukoBoro auonaa. Mcecenenosanue nuoaa Llorrku.
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[lenb pabOThI: 03HAKOMUTHCS C pa0OTOM U C OCHOBHBIMU XapaKTEPUCTUKAMU U IPUMEHEHUEM

MOJIYIIPOBOAHUKOBBIX JHOJ0B - BBIIPAMUTCIIBHOIO AUO0AAa, 104 IoTTKH.

[Topsi10K BBIMOTHEHUS PAOOTHI:

1. M3yunTh TEOpeTHYECKHE OCHOBBI IO MaTepHaliaM JICKIMH WM IEPEYHI0O PEKOMEHIOBAHHOMN
MpenoaaBaTesieM JUTEPaTyphl.

2. Y6enuthces, 4TO OOIIUI BBIKIIOYATEIb MOIYJIEH CTEHIa HaXOAATCs B monokeHud «BBIKJDy.

3. TTo yka3zaHHWIO TpernoaaBaTesst, BHIOPaTh MOIYJIM CTCHIA JJIS BBIOJHEHHUS TEKYILIETO 3a/JaHMHsL.
[ToaroToBUTH COEAMHUTENBHBIC TPOBO/IA (TIEPEMBIYKH ), BXOISIIINE B KOMIUIEKT OCTaBKU CTEH/IA.

6. CoeqMHNTh MOJYJIH CTEHIA COIJIACHO NPHHIUIHAIBHOW 3JIEKTPHUYECKOM CXEME WM CXEMe
COEIUHEHUN.

/. TIpoBecTH 3KCIIEPUMEHT.
8. BBIKIIIOYHTH MTUTAHUE CTEH/IA.
9. CocTaBuUTh OTUET 110 JTa0OPATOPHOIA pabdore.

HOpHI{OK IIPOBCACHUA OKCIICPUMCHTA! Hccnenosanue
BBIIIPAMHATCIIbHOI'O ANOda

1. CoOparb cxemy Juisi UCCIIEIOBAHUS BBIMPSIMUTENIbHOTO Auojga VD1 Ha MOCTOSSHHOM TOKe
(puc.1).

E1 IE

QO €—» QO+
>

Puc. 1 HccnegoBanue MOJIYIIPOBOAHUKOBBIX THOI0B.

Jlns u3MepeHuss aHOJHOIO TOKAa MCIONb30BaTh amiepMmerp Oinoka «l3MmepurenbHble
npUOOPB», AT U3MEPEHUSI aHOAHOTO HAIPSDKEHHsI - BOJIBTMETP. B kadecTBe MCTOYHMKA MUTAHUS
NPUMEHUTh PErylupyemMblii HCTOYHMK THUTaHus «-12B..0...12B» Gnoka «VICTOUHUK NHUTaHHS».
[IpencraBuThk cxeMy Ui MPOBEPKH NpernoaasBaTento. B kauecTtse R1 nenonap30Bare conpoTuBiIeHne
100 Om 61s10ka «JluobI, pe3UCTOPBI, KOHICHCATOPHIY.

1. BKIIOUMTH DNEKTPONMTAHHE MOAYyJIeH cTeHna. CHATh BOJBTAMIIEPHYIO XapaKTEPUCTUKY
BBIIPAMUTENBHOTO Auofga VDI Ha NOCTOSHHOM TOKE CHayajia Uil NpsSMOM, a 3areM s

oOpatHo¥# BeTBU. [ cHATHSA 00paTHON BETBU U3MEHUTH NOISpHOCTSH (-12B....0).
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Perynupys BxogHoe HanpsbkeHue ¢ nomolnbio noreHuuomerpa «E1» B npenenax 0...12B, uzmepsate
Ttok (P1) u Hampspkenue (P2) Ha muonme. PesymbraThl m3mepenuit 3anectu B Tabn. 3.1.1 u 3.1.2.

BBIKITIOUNTB 3JEKTPONUTAHME MOAYJIEH CTEHAA. YCTaHOBUTH noreHuuoMerp «El» B HyneBoe

IIOJIOKEHUE.
Tabmuma 1
Ly, MA
Tab6mwma 2
Uo6p, B
'00p' MA

HUccneoosanue ouooa lommxu.
Cobpates cxemy s wuccnepoBanus guona Illortku (STPS1045 na Onoke «HenuneliHbie
AJIEMEHTBI») Ha MOCTOSIHHOM TOKe. Bpimonuuth nyHkTsl 1 u 2 jqs auoxa Llortku. CpaBHUTH

BOJIBTAMIICPHBIC XapaKTCPHUCTUKU OOBIYHOTO BBIIPAMUTCIIBHOTO AMOAa U 1UOJa IIoTTKH.

JIABOPATOPHAX PABOTA Ne 5

Uccnegoanue ounonsipHoro Tpanzucropa. MccnenoBanue XapakTepucTUK
OUMOJNISIPHOTO TPAH3UCTOPA.

I_ICJ'IL pa6OTI>II O3HAKOMUTLBCH C pa60T0171, OCHOBHBIMHU XapPaKTCPUCTUKAMU u

MIPUMEHEHUEM OUTIOJISIPHOTO TPaH3UCTOPA.

[Topsnox BeIMONTHEHUS PaOOTHI:

N3yuuts TEOPETUUYECKHUE OCHOBBI o Marepuaiam JIEKITHM 158307 IIEPEYHIO
PEKOMEHIOBAHHOM MPENoaaBaTeIeM JTUTEPATYPHI.

VYO0eauThCs, 4TO BBIKIIOYATEIb CTEHIa HaXoAaTcd B moJjioxkeHun «BBIKJIy

[To ykaszaHuiO TIpemojaBaTelisi, BBIOPATh MOJYIW JJSl BBINOJHEHUS TEKYIIEro 3aJaHMUs.
[ToAroToBUTH COeTUHUTENBHBIE TPOBOA (IEPEMBIYKH ), BXOISIINE B KOMIUIEKT TOCTaBKH CTEHIA.
CoeMHUTh MOJTYJIM COTJIACHO MPUHIMIHUATIBLHON IEKTPUUECKON CXEME UITM CXEME COCTMHEHUN.
[IpoBecTH 3KCIIEpUMEHT.

BrIKITIOYNTE CTEH]T.
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CocraBuTh OTYET MO JabOpaTOpHOI pabdoTe.

[Topsiaok npoBeeHNs SKCIEPUMEHTA:

1. UccrenoBanue XxapakTepUCTUK OUITOJIIPHOTO TPAH3HCTOPA.

x®K RG C

-

)=
+ O——1 1+ { A}

Uex I CV PV1
O

UBbix

Puc. 1 UccnenoBanue OUNONSpHOTO TPaH3UCTOPA

1.1 CobpaTtb cxemy Aisl CHATHUSA XapaKTEpUCTHK OumnossipHoro tpaHzucropa (puc.l). Mexny
raesnamu X2 u XII Bxmounts mmumamnepmeTp PA3 6noka «3MepurtenbHbie TpUOOPED,
Mexay rieznamu X1 n X4 - mumuamnepmerp PA1. Coenunnuth nepembrukoid raesga X3 u X7.
Mexny raesnamu X2, X5 u X4, X16 BxaounTh uamepurenbHbie npudopsl PV1, PV2 Grnoka

«3MepuTenbHbIE TIPUOOPBD» B PEKUME M3MEPEHHUS TOCTOSHHOTO HANpPsHKeHHs. [[0AKIIOUnTh
ucrounuk « = U,», ycranoBus TymGiep SA2 B HUKHEE MOTOKEHHE.

1.2 CHATH CTaTMYECKyIO XapaKTepUCTUKy mpsaMoii nepenaun mo Toky Iy f ( 15 ) npu 3navenun
Uk, paBHoM 3amanHomy 3Hauenuio Ex m R=0. JlJI1 3TOrO JONOJHUTENHHO MOCTABHTH

nepemMbluky Mexay rHezgamMu X1 um X3, BiIIOUNTH 3IIEKTpONMTaHHME MOAYJNEH CTeH[a.
N3mensis monoxenue mnoreHuuomerpa RPI1, TemM cambiM u3MmeHsis Tok 0a3bl, CHUMAaTh

nokasanus muwmnamnepmeTpoB PA1 u PA3. Pesynbrarel uamepenuii 3anucates B Tadin. 1. [pu
CHATHM XApPAaKTEPUCTUKH CJIEAUTH 3a TOCTOSHCTBOM Hamnpsokenus Uy BoIkiaoounTs
JIEKTPOIIUTAHNE MOAYJIEN CTEHA.

Taomuma 1

U, =6B

I@I’l’lA

I, mA
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1.3. CusaTh XapaKTepuCTUKy mpsamoii nepenaun no Toky Iy ~ f (I; ) npu manuuun marpysku Ry.
V6pars nepembrdky Mexay raesgamu X1, X3 (Bkarouumth B cxemy pesuctop R»). Brmouuts
sleKTponuTanre Moayieil crenga. C NOMONIBIO Hepekimodarelss «R,» yCTaHOBUTH 3a/IaHHOE
3nauenue pesucropa K. C momomisio norennuomerpa RP1 ycTaHOBUTE TOK 0a3bl, paBHBIN HYIIIO, a

C HOMOINBIO MoTeHIoMeTpa RP2 ycraHOBUTH 3agaHHoe 3HaueHue £ B nampHeiimeM pydky

perynupoBkn RP2 ne tporarb. B BOmu3M o005acTW HACBIIIEHWS TOYKM CHHUMATh Yallle.
DOKclepUMEHTaIbHbIE Pe3yNabTaThl 3amucaTh B TaOn. 2. BBIKIIOUNTH AJIEKTPONUTAHUE MOJIYJEH

CTCH/IA. HOCTpOI/ITB SKCIICPUMCHTAJIBHBIC XapaKTECPHUCTHUKU.

Tabmuia.2

Uxa =

I; mA

Iy mA

1.4 Ilo moctpoeHHOH B 1. 1.3 XapakTepUCTHKE ONPEIETUTh 00JaCTH aKTUBHOI'O YCUIIEHUS, OTCEUKU

¥ Hachimenus. Onpenenuts MakcuMaibhbiil Tok Iy~ f (U, ), npu koTopoM ele obecrnednBaercs

JIMHENHOE yCUJICHHE.

1.5 CusaThb BBIXOAHBIE cTaTUdecKHe XapakTepuctuku tpansucropa Iy~ f (U,, ), npu I; =const. Insa
3TOTrO JOTIOJHUTEIBHO YCTAHOBUTH MEPEMBIUKY MexX 1y rHe3aamu X1 uXa3.

Bxiatounth mnuTanue. M3meHss Tok 0a3bl  OT HYJId CHATH CEMEMCTBO BBIXOIHBIX

XapakTePUCTHK M 3apUCOBAaTh HA OJHOM PHCYHKE BBIXOJIHBIE XapaKTEPUCTHKH JJIs TPEX 3HAYECHHI
toka 6a3bl: I = 0; 15,70,5 15 max; 153 15 max. JInst 3TOTO ¢ TOMOIIIBI0 moTeHIromMeTpa RPV1
yCTaHaBJIUBATh TOK 0a3bl (mokasanus mumumamnepmerpa PA3) - I; = 0; 15570,5 I max s 153715 max.

Usmenstis manpsokerne U, mnorenmuomerpoM RP2 B memu KOJUIEKTOpa OT HYJIEBOTO
3HAYEHUS M3MEPATh TOK Koyuiekrtopa Iy Tpansucropa (Mumutnammnepmerpom PAT1). Tlpoussectn

HU3MEPCHHA TOKa KOJUJICKTOpa IIPU HECKOJBKUX 3HAUCHUAX HAIPAKCHUA U P%e) (HOKa3aHI/I$[

MmynbTUMETpa P2). PesynpTaTel u3MepeHnmit 3aHectu B Tabn.3. IlpowsBectu aHaNIOTHYHBIC
M3MEpEeHUsl TIpU JBYX OPYTUX 3HAYeHHSIX TOoKa 0a3bl. Ilepen KakapiM HM3MepeHHUEM HEOO0XOIHMMO
MOJIPETYIUPOBATH TOK 0a3bl TPAH3UCTOPA. BBIKITIOUNTH MUTaHUE MOTYJIEH CTeHa.

Tabauua 3

15] = mA

U. B
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I, mA
Isp= mA
Us, B
I, mA
I53=
U, B
I, mA

JIABOPATOPHA PABOTA Ne 6

HccnegoBanue yCUIUTENBHOTO KaCKala Ha OUMOISIPHOM TPAH3UCTOPE

Ilenp  paboThl:  O3HAKOMHUTBCS €  pabOTOH,  OCHOBHBIMH
MIPUMEHEHHEM YCUIIUTEIILHOTO Kackaza Ha OUIIOJIIPHOM
pexkume kiacca A., pexxume kiacca B, B kiroueBom pexxume (kiace ).

XapaKTepUCTHUKAMHU
TPaH3UCTOPE B

CoOpatb cxeMy AJis HCCIeI0OBaHUs yCHIIMTENBHOTO Kackaaa (puc.l).

Usbix

Puc.1 UccnenoBanue OUIIONSPHOTO TPAH3UCTOPA
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Hccneoosanue VCUTUMENbHO20 Kackaoa Ha OUNONAPHOM mpawnsucmope 6
pedicume Knacca A.

[lo ykazanuro mnpernogaBaTeisi yCTaHOBUTH 3HAUY€HHE COMpoTuBIeHUs pe3uctopa R2. K
rHe3qy XI3 TOOKIIOYUTH BBIXOJHOE HampsbkeHHWE (QYHKIMOHAIBLHOTO  TEeHepaTopa,
COCAMHUB 3eMIl0 reHeparopa ¢ rHe3aoM XI6. CoeauHUTh TEpEeMbIYKOW THe3na X9 u
XI10. TMonkmrouuts kanan CHI1 ocnummorpada k Bxomy ycunmrens (rHe3ma X9, XIS), a
kaHan CH2 x Beixomy ycwiurtens (rHe3mo X3). BiiIOYuTh BpEMEHHYIO Ppa3BEPTKY
ocumiuiorpada. Bxotounts (GyHKIIMOHATHHBIN reHeparop u YCTaHOBUTh
CUHYCOMJaJbHBIA curHan (mepexitouatenb «DopMa» B MONOKEHHE «~») YacTOTOM
50... 100 T'u (mepexntouyarenn «MHOXxuTENb» U «YacToTa»), YMEHBIIUTh CUTHAT JO0 HYJIA
PETYIATOPOM «AMILTUTYIA.

Bxmrounts nutanue moxyneu crenaa. [pu toke 15 =0 ycTaHOBUTBH ¢ IOMOIIBbIO IOTEHLIMOMETPA
RP2 3apanHoe 3Havyenue K, u gajnee HE U3MEHATH €ro MPHU BCEX IKCIEPUMEHTaxX (HE Tporarb
pYYKy noTeHiuomMmeTpa RP2!).

Onpenenutsb 9KCIIEPUMEHTAIBLHO MaKCHUMaJIbHYIO aMIUTUTYY
HEUCKA)XEHHOTO  BBIXOAHOTO  CUHYCOMJAnbHOTO  HampsikeHUuss  Ugymax  HJ11 3TOTO
IUIABHO YBEJIMYUBATh AaMIUIUTYAy BXOJHOIO CHUTHaja M TOCTOSIHHYIO COCTaBIISIOLIYIO
TOKa 0a3el [; 10 TOSBJICHHUS BHJIMMOTO YIUIONICHHS BEPIIMH CHHYCOUIBI BBIXOJIHOTO
HanpspkeHusa.  OOpaturTh  BHUMaHHE, OJHOBPEMEHHO JIM  HAYMHAIOT  YIUIOMIAThCS
MOJIOXKUTEIbHAS u OTpHUIIATEIbHAS MIOJTYBOJTHBI. [Ipu HE00X0IMMOCTH
MOJPEryIupoBaTh C TMoMmolplo mnoreHiomerpa RPV1  monoxenue paboueit TOUKH
MOKOs.  3apucOBaTh  OCHWJIOTPAMMBI  BBIXOJIHOTO  CHUTHAJ]a C  HCKOXCHUSIMU U
MaKCUMaJbHOTO CHUTHaja 03 HCKaXEeHHS C YYeTOM MAacHITadOB [0 HAaMPSHKEHUIO U
BPEMEHH.

W3meputs ¢ momomibio ocuuiuiorpada amIUIMTYAbl HEUCKAaKEHHOTO BBIXOAHOTO Ug,y U
BX0JTHOTO Uy, curHanoB. Onpenenuts KO3 OUIIMESHT YCUIICHHS KacKa/ia Mo HAMPSKCHHIO.
HccnenoBaTh 3KCHEPUMEHTANBHO BIUSHHUE MOJOXKEHHUS pabouell TOYKU MOKOS Ha Qopmy
BBIXOJIHOTO HAIpSOKEHUSI. 3apuUCOBaTh KPUBBIC BBIXOJHOTO HAIPSKEHUS MPU U3MEHEHUH
NOCTOSAHHOH cocTaBsomed Toka 6asbl I’ 6 =0,5 Is p; [ “6n=1,51 65;  DTOM IEpEMEHHBIN
BXOJHOW CHUTHAJ U3MEHATH HE CIIEAYeT.

Hccneoosanue VCUNUMENbHO20 Kackaoa Ha bunoaapHom mpansucmope 8

pedrcume Knacca B.

6.

OnpenenuTh aMIUIUTYAY BBIXOAHOTO HaIpspKeHHs (MOTYyBOJHBI) B pekume kiacca B. Jlns
3TOTO YCTaHOBUTHh Ie=0 W perynmpys amIbiuTyly BXOJHOTO CHHYCOWJAIBFHOTO CHUTHAa
JTOOUTHCS MAaKCHMAJIbHOM HE YIUIOIIEHHOW IOJIYBOJIHBI CHHYCOU/IbI BBIXOJHOTO HaNpsKEHUS.
3apucoBaTh OCHUIUIOrPAMMY, OTIPEIETUB MACIITAOBI 110 OCSIM.

Ecnu AnuTenbHOCTh MOMTYBOJIHBI MEHbIIE MOJIYNepHo/ia, YBEIUYUTh MOCTOSHHBIA TOK 0asbl /s
1, U3MEHSS1 IEPEMEHHBIN BXO/IHOM CUTHAI, JOOUTHCS

BOCIIPOU3BE/ICHUEM YCHUJIUTEJIEM PpOBHO TIOJOBHMHBI HEHCKaKEHHOTO CHHYCOUAAJIBHOIO
HaNPSHKCHNS ¢ MAKCUMAIBHOM aMITTUTY/IOH. Y MEHBIINTH BXOJHOE HanpshkeHne Uy, 10 HyIS U
3auKkcUpoBaTh TOK 0a3bl I KOTOPBIN MPUIILUIOCH YCTAaHOBUTH B pabodel TOUKE MOKOs, YTOObI
He ObUIO UCKaXXeHHH. DTa pabouasi TOuka COOTBETCTBYET Kiaccy AB.

Hccnedosanue pabomvl mpansucmopa 8 Knouegom pexcume (knacc /).
1. YcranoButh I; =0 ¥ yBEIHUNUTH BXOJHOW CHHYCOUAAIBHBIN CUTHAI OT ()YHKIIMOHATILHOTO
reHeparopa JIo mepexo/ia TpPaH3UCToOpa B KIFOUEBON PEKUM. 3aprUCOBaTh OCIUILIOIPAMMY
BBIXOJIHOTO HATNPSUKSHHUS.

2. HOBTOpI/ITB OIIBIT ITPH IMOJA4YC Ha BXOA YCHIIUTCIISA NPAMOYT'OJIbBHOT'O CUTHAJIA OT

(G YHKIIMOHAJILHOTO FeHepaTopa.
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JIABOPATOPHAX PABOTA Ne 7

HCCHC,HOB&HI/IC XAPAKTCPHUCTHK ITOJICBOI'O TPAH3UCTOPA.

Lenbr  pa®oThl:  O3HAKOMHUTBHCSI €  paboTOil,  OCHOBHBIMH  XapaKTEPUCTHKAMHU
MIPUMEHEHUEM I10JIEBOTO TPAH3UCTOPA.

[Topsanox BeIoONMHEHUS PaOOTHI:

D
2)

3)
4)

5)
6)

7
8)

N3yuuts rnaBy «Onucannue o00py10BaHUN».

N3yuuTh TeopeTrnuecKre OCHOBHI IO MaTeprajiaM JICKIIUN WU TIEPEUHIO
PEKOMEHIOBaHHOM MPENnoIaBaTesieM JUTEPATYPHI.

VO0enuThCs, YTO BBIKIIOYATEIb CTEHIa HAaXO0OUThCA B moJioxkeHun «BBIKJI»

[To yxazanuro mpemnoiaBaressi, BRIOPATh MOy JIJIsl BBIMIOTHEHHS TEKYIIETO 3a/1aHus.
[ToAroTOBUTH COCTMHUTENBHBIC TTPOBO/IA (TIEPEMBIYKH ), BXOASIINE B KOMIUICKT MTOCTABKH.
CoenuHuTh MOAYJIH COTJIACHO MPUHIUITUAIIBHON AJIEKTPUUECKOU CXEME UIIH CXEME
COCTMHEHUM.

[IpoBecTu 3KCIIEpUMEHT.

BEBIKIIIOUNTE CTEH,

CocTaBuTh OTYET 110 JJAOOPATOPHOH padoTe.

1. ITopsimok mpoBeieHUsI SKCIIEPUMEHTA:
Cobpate cxemMy Aisi CHSTHSI XapaKTEPUCTHUK MoyieBoro Tpausucropa (puc.l). CoennHUTH
nepemblukamu rHe3na XI m X3, X6 u X12, X9 u X10, X3 u X8. Mexny ruezgamu XI u X4
BKIIIOUNTH amrepmeTp PA1 Grnoka «M3mepurenbHbie TpuOOph», Mekay THe3aamMu X2 u X9 - PA3.
Bxmtounts mynsTuMeTp P1 B pexume BoabTMeTpa MexAy ruesnamu X2 u XS5, mynetumerp P2 B
pexxume BoiabTMETpa Mexay rHe3gamu X4 u X5. TymOnep SA2 ycTaHOBUTH B HUYKHEE TOJIOKEHUE,
MOAKJIIOYUB TEM CaMbIM UCTOYHUK MTUTAHUS ICTOSTHHOTO HampshkeHUs «=U2y.

=1 PA2 C
A A

UBbix

0 <

Puc.1 HccnenoBanue mojeBOro TPAaH3UCTOPA.

2.1. UccnenoBanue XxapaKTEPUCTUK MOJIEBOTO TPAH3UCTOPa

2.1.. CHATBH CTOK-3aTBOPHYIO XapakTepucTuky Tpanszuctopa Ic=f(U3n) mpu 3aaHHOM TOCTOSIHHOM
sHaueHuu Ucu=const u Rc=0. [{nst 3Toro nomkHa ObITH YCTAaHOBJICHA TIEPEMbIUKa MEXYy THE3AaMHU
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X1 u X3. BrimounThs snekTponutanue Mmoxayneil crenga. C momolnpio mnoTteHiuomerpa RP2
ycTtaHoBUTh 3amaHHoe 3HaueHne Ucu. CHaATh xapaktepuctuky Ic=f(Usu). U3meHsas ot wHyns
BenuuuHy HanpspbkeHus Usu (moteHimomeTrpoM RPV1), cHumaTes nmoka3anus Toka Ic ¢ ammepmerpa
PA1. lannsie U3u cauMaTts ¢ BosibTMeTpa PV1. Pesynbrare 3anectu B Tadm. 1.

HpI/I CHATHM XapaKTCPUCTUKHU CICAUTH 3a IIOCTOSAHCTBOM HAaIIPAXKCHHA Ucn. BrIkmouuTh

Tabmanma 1
Ucu=
Usu, 6
Ic- mA
DJIEKTPOIIUTAHUE MOJTyJIE CTEH/1a. [Toctpouts IOJIy4EHHYIO OKCIEPUMEHTAIBHYIO
XapaKTEPUCTHUKY.

2.2. CHATb CTOK - 3aTBOPHYIO XapaKTepUCTUKY TpaH3uctopa lc=fUs3u) npu 3ajaHHOM ITOCTOSSHHOM
3HaueHuu Ucu=const Ipu HaIU4uu Harpy3ku Rc. J{ns aToro yoparh nepeMbluKy MEXy HE3AaMU
XI n X3. C nomompto nepekirouatenss SAl ycraHoBUTH 3ajaHHOE 3HaueHue pesuctopa R2. C
nomouipio noreHnuoMmerpa RP2 ycranoBure 3amannoe 3Hauenne Ucu. B panpHelinem pyudky
perynmupoBkn RP2  He Ttporars. BxitouuThs snexkTponuTaHue wmonyned crenHaa. CHATH
XapakTepucTuky Ilc=f(Usu), u3MeHsiss OT HyNns BeauuuMHy HampspkeHuss Usu. B BOnm3u obGnactu
HACBILIEHUS TOYKM CHHMATh Yaile. OKCIePUMEHTaJIbHBIE pe3yabTaThl 3amucaTh B Tabd. .2.
Beikirounts 3nekTponuTaHue Moayied creHnaa. [locTpouTh MONMYYEHHYHO 3KCHEPUMEHTAIbHYIO
XapaKTEPUCTHUKY.

Tabnuna .2

Ucu=

Usu, 6

Ic- mA

2.3. CHATb CEMEHCTBO CTOKOBBIX XapaKTEpUCTHK TpaH3uctopa Ic=f(Usu) nupu 3aJaHHBIX
MIOCTOSIHHBIX 3HaueHusAX Usu=const. BkitounTe nutanue Moaynei crenaa. CHATh XapaKTepUCTUKU
Ic=f(Usu), w3MmeHss OT HyJsl BEIMUYMHY HanpspkeHHsT Ucu. ODKCIEpUMEHTAIBHBIE PE3YJbTAaThl
3anucath B Tabn. 3. BeixmounTe mnuTaHue Moayne creHnpa. Iloctpouth mosydyeHHBIE
9KCIIEPUMEHTAJIbHBIE XapaKTEPUCTUKH.

Tabmuma .3

Uz =

Ucu, B

Ic, mxA

Usmo=

Ucu, s

Ic, mxA

Usuz=

Ucu, s

Ic, mxA

JIABOPATOPHAS PABOTA Ne 8

I/ICCHGI[OBaHI/Ie YCHUIIMTCIBHOI'O KaCKaaa Ha ITOJICBOM TPAaH3HUCTOPC.
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[{ens pabOTHI: 03HAKOMHUTHCS C PabOTON YCHIUTEIHLHOTO KacKaja IMOJICBOTO TPAaH3UCTOPa, PabOThI
TMIOJIEBOTO TPAH3HUCTOPA B KIIFOYCBOM PEKUME.

[Topsanox BeIMoONMHEHUS PabOTHI:

1) W3yuuts rnaBy «Onucanue o00pya0BaHUS.

2) H3y4uTh TEOpETUUYECKUE OCHOBBI IO MaTepUajgaM JIEKIUNA WK EPEUYHIO
PEKOMEHIOBaHHOM MPErnoiaBaTesieM JUTEPATYPHI.

3) YO6emuTthes, UTO BEIKJIFOYATENh CTEHAA HAXOIUThCA B ImoaokeHun « BBIKJI»

4) Tlo yka3zaHUIO MPENOaBaTeINs, BEIOPATh MOIYJIH JIJIS BBIIOJIHEHUS TEKYILETO 3aJaHusl.
[ToAroToBUTH COETUHUTENBHBIE TPOBOA (IEPEMBIYKH ), BXOIAIINE B KOMIUIEKT TOCTABKH.

5) CoenuHuTh MOAYJIM COTJIACHO MPUHLUIHUAIBHON AJIEKTPUUECKOU CXEME UM CXEME
COCTUHEHUM.

6) IlpoBecTH 3KCIIEPUMEHT.

7) BEBIKIIOYNATEL CTEHI,

8) CocTaBUTh OTYET MO JIAOOPATOPHOH padoTe.

[Topsiaok mpoBeieHUs SKCIIEPUMEHTA!

1. Cobpatb cxemy JU1s MCCIIEA0BAaHUS YCUIIUTENbHOTO Kackaaa (puc.l). [Lns storo yopaTs
nepeMbruky Mexay rue3aamu X1 u X3, ycTaHOBUTH 3aJJaHHOE 3HAYEHUE COMPOTUBIICHUS PE3UCTOPa
R2. K rue3ny XI3 mOAKIIOYUTH BBIXOJHOE HANPSHKEHUE (PYHKIIMOHATBHOTO TeHepaTopa, COSIMHUB
3eMJIt0 reHeparopa ¢ rHe3noM XI6. Coenunuth nepembiukoit rue3na X9 u X10. [HoakmounTs kaHal
CHI1 ocuunnorpada x Bxonay ycunutens (rue3aa X9, X15), a kanan CH2 k Beixoay ycunurens
(rae3no X3). BKitounTh BpeMEeHHYIO Pa3BepTKy ocumiuiorpada. BKIounTs GyHKIMOHATHHBIHN
TEHEPATOP M YCTAHOBUTH CUHYCOMIAJIbHBIN CUTHAJI C 33JIaHHON 4aCTOTOM, YMEHBIIUTh aMILTUTYLY
CUTHAJIA JI0 HYJISI PETYJIATOPOM aMIUIUTY/BI.

) Y
!

vtt | |R2

@3

Usbix

R CV PV2

O«

= O i l

Puc.1 UccienoBauue 1moeBOro TPDaH3UuCToODA.

Bxatounts snexktponutanue wmoayned crenna. Ilpum wHanpsokeHun Usu=0 ycTaHOBUTH
¢ nomompblo noreHnuomerpa RP2  3amannoe 3Havenne Uc ©W  Janee HE U3MEHATH
€ro MpH BCeX dKCIEepUMEHTaX (He TPOraTh py4uky norenuuomerpa RP2!).

2. Onpenenurs 9KCIIEPUMEHTAIILHO MaKCUMaJIbHYO aMILUTUTYy
HEHUCKa)KEHHOT O BBIXOJIHOT'O CUHYCOHJIaJIbHOTO HaIpsKEHUS UBBbIX. IInaBHO
yBEIMYMBATh I[EPEMEHHBIM  BXOJHOM CHUTHal [0 IOSABJIEHHUS  BHUIMMOIO  YIUIOLIECHMS
BEPUIMH CHHYCOMJABI  BBIXOJHOrO  HampspkeHus. OOpaTUTh  BHUMaHUE, OJHOBPEMEHHO
JM HAYMHAIOT OrPAHMYMBATBLCSA  IOJIOKUTEIbHAass M OTpULATENbHAs IMOJyBOJIHBL [lpu
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HEOOXOIMMOCTH yTOYHHUTH IMOJIO)KEHHE paldouelt TOYKM T1okos. M3MepuTh € IMOMOIIBIO
ocuwuiorpada  aMIUIUTYIbl ~ HEUCKAKEHHOTrO  BBIXOAHOrO  UBBIX ®  BxomHoro  UBX

CUTHAJIOB. Ornpenenutsb KO3 UITUEHT YCUJICHHUS Kackazaa o HANPSHKEHUIO.
3apucoBarb OCLUJUIOTPAMMBI BBIXOJHOTO CUTHaja c HUCKaKCHUSIMHU u
MaKCHMaJIbHOTO CUTHAJIa 0€3 MCKAKCHHUS.

3. HccnenoBarhb JKCIIEPUMEHTAILHO BIIMSIHUE I10JI0KEHUS paboueii TOYKU
mokosi Ha  (GopMy  BBIXOJHOTO  HAampsDKEHUS.  3apucOBaTh  KPUBBIE  BBIXOJHOIO
HaNPsHKEHUS pu YBEIINYECHUU u YMEHBILIEHUU MIOCTOSIHHOM COCTaBJIAOILIEH

HAIIPsAXKCHUA Usn. HpI/I 3TOM HepeMeHHBII;'I BXOI[HOﬁ CUrHall USMCHATH HE CICAYCT.

4, HccnenoBanue pabOThI MOJCBOr0O TPAH3UCTOPA B KIFOUECBOM PEIKUME.

VYcranoButh U3k =0 ¥ yBEIMYNTHh BXOMHOE HAMPSDKCHUE J0 TEpexoja TPAH3UCTOpa B KIIFOYEBOM
PEeXKUM. 3apUCOBATh OCIIUILIIOTPAMMY BBIXOJHOTO HAITPSKCHUS.

[To moyYeHHBIM SKCIECPUMEHTAIBHBIM XapaKTEPUCTUKAM OINPEICIUTh KPYTU3HY MepenaTOYHON
(crok-3arBoproi) xapaktepuctuku S=(d Ic/dUs;) npm Ucu=const u guddepeHnnamILHoe
COITPOTHBIICHUE CTOKA Ha ydacTke HachimeHus RC.

PACYET LEITEM IIOCTOSIHHOI'O TOKA

Pemenue aroii 3agaun TpeOyer 3HaHMs 3akoHa OMa 111 BCeH LIENH U €€ y4acTKOB, IIEPBOr0 3aKOHA
Kupxroga 1 MeTo ik onpeaeneHns SKBUBAJICHTHOTO COMTPOTHBIICHHS LIETTH CMEIIAHHOTO
COEIMHEHUS PE3UCTOPOB.

TeopeTnyeckue CBEICHUA:

U
B3anMocBs3b MeX 1y OCHOBHBIMU TTapaMeTpaMH LIETH YCTaHABIUBAIOTCS 110 3akoHy Oma: | = =

Ilocneoosamenvhvim coeouneruemM NPUEMHUKOG FIEKTPOIHEPTUH (puc.1) HA3bIBAETCS COEAMHEHUE,
IIPU KOTOPOM KOHEL IEPBOTO NPUEMHUKA COEAMHEH C HA4aJIOM BTOPOTO, KOHELl BTOPOTO C HAYaJIOM
TPETHErO U T. JI.

4 4, oo
ITpu pa3MbIKaHUM LIEMU Y OJHOTO U3 MOCIIEI0BATENLHO N R R
o o 1 2 3
COCANHCHHbBIX HOTpe6I/ITeJIeI/I TOK HCYE3aCT BO BCECHU |__| |__|
I CITH. 1 Ioﬁug
1 ooy i - l'
R -
Ioﬁug—"'l -
Droﬁu,g
puc.1

21



3aKkonbl nOCIE00BAMENBHOLO COCOUHEHUS, NPUEMHUKOB.
Ly, =L=L=I CILIG WORA HA SCEX VHACTHRAX Yenu 00uHaKosd

Uie =U1 = U, = Uy HAMPANCEHUE A SANCUMT UCMOTHUKA HANPANCERIA
DASHA CYMME HANDANCEHUTIHA aCex e VHacmuax
R.=R =Ry +R; srksusarenntoe(ofuied) conpomusieiue yeni

PAsSHO CYMME CONPOMUSTGHUIL COCM OSARIOUEN e

llapannenvHvim coedunenuem npuemMHuxkos (pUc.2) 3MEeKTPUUECKON SHEPTUU HA3BIBACTCS

COCAUMHCHUEC, IIpU KOTOPOM Ha4dalla BCEX BETBEH SHGKTqueCKOﬁ LCIHU ITPUCOCANHAIOTCA K IICPBOMY

y3J1y, KOHIIBI 3THX K€ BETBEU IPUCOEAUHSIOTCSI KO BTOPOMY Y3I1y.

V3en — TOYKa, B KOTOPOM CXOIUTCS Oojiee ABYX IMPOBOJIHUKOB.

Bemeb — kax1pIi1 U3 IPOBOIHUKOB, PACIIOJIOKEHHBIN MEXY IBYMs y3JIaAMHU.
Paszeemenenue — Bce BMECTE MapajuIeIbHO COEAMHEHHBIC IPOBOIHUKH.

puc.

3aKOHBI IApaLIEIBHOTO COCINHEHUS IIPUEMHUKOB.
U, =U, =U,=U; nanpsicenue na 3axcumax uCmoyHuKka HanpsijceHus
U HA OMOENbHBIX YUACTKAX 0OUHAKOBDL
L, =1 +1, +14 CUA MOKA 8 Hepa36emeeHHOU Yacmu yenu

paseH cymme moKoe 6 pa3eemeleHUuuU

G,. =G, +G, +G, oxeusarennmas (0dwas) npogoouMoans pazeemsieHus yenu

pasna cymme npoeodwwocmeﬁ OMOEIbHBIX 667’}18611, cocmasyiAiowux yensb

1 11 1 R, R, R R, R,

> 5 th T R.=F R.»=

Raﬁm Rl Rz R3 R1+Rz Rl'R2+R1'R3+R2'R3
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Tak kak HanpspKEHUE MEXKITy y3JIaMU IIOCTOSTHHO, TO TOKU B BETBSIX HE 3aBUCST IPYT OT JApyra.
[TosToMy npu omxnouenuu 00HOU U3 6emeell 8ce OCMalbHble 8emsu 6yOym nPoOOIHCAMb
pabomamep.

» Uewm Oornbllie BeTBEH B apauieTIbHOM COCIMHEHUH, TEM MEHBIIIEC 001Iee COMTPOTUBIICHHUE
BCEH LIECNH.

» Ilpu napamuienbHOM COETMHEHUH PE3UCTOPOB UX O0IIEe CONPOTUBIICHNE OYIET MEHBIIIE
HaUMEHBUIETO U3 CONPOTUBIICHUM.

Cxembl Ju1 pacueTa U JaHHble cMOTpeTh B pumnoxenun 1.

IIpumep 1:
Metoanyeckue yka3zaHus K PEIICHHIO 3a1auu |
PacuerHo - rpaduueckas pabora Nel
Pacuer 31eKTpruvecKux memnei mocTosSsHHOTO TOKa
R: R
Hano: R;, Ry, Rz Ry U,py R
OmnpenennThb: BCE TOKU M HAMPSKCHUS SJICKTPUUCCKON Re
enu | —
I LT
+ -
* 0
Uosu.g

[IpeobOpaszyem cxemy, pa30uB ee Ha 4acTH. B 3THX 9acTsIX MOJKHBI MPUCYTCTBOBAThH MPOCTEUIITHE,
YHUCTO MOCJIEN0BATENBHBIE W YUCTO NAapaJIEIbHbIE COCANHEHUS.

B cxeme nmeetca yucmo nocsedosamesnbHoe R, R,
Cxema A)
coeduHeHue pe3ncTopos R, n R;. — 1
R:
p
R
1
| I |
te o
Uos:u
» [lo 3aKk0HaM rocnedosamesnbHo20 coeOUHEHUSA Cxema B) Ro
MOKHO HalTU 3KBMBANIEHTHOE MM COMPOTUBIEHNE | ]
R23: Rz + R3 R
y [
> B cxeme (B) umeetcs yucmo napannesnsHoe R
coeduHeHue pPe3ncTopoB R,z U R, | ]
.-
Uﬂsm
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» [lo 3akoHam napansesnbHozo coedUHeHUS MOMHO

R
HalTW 3KBMBANEHTHOE MM COMPOTUBEHME: Cxewma B) |R—l| 1—
R34 = Ros -Rs
Ra2s+R4
» B cxeme (B) umeeTcs yncTo nocnesoBatesibHoe , -
coeanHeHne pe3nctopoB R;u Ryz, OUM *
Mo 3aKoHaM nocneaoBaTe/IbHOro COeAMHEHUSA MOXKHO Cxema C) R
HalTW 3K8UBAsIEHMHOE ConpomueseHuUe eceli cxems! 1
Rske =Ri+ Rj3
+ .
L [
Uosy

PaccunTaem Bce TOKU U BCE HaIIPAXKCHUA, KOTOPLIC MOXKXHO OIIPCACIIUTD B JJAaHHOM IIETIH.

Omnpenenenue u pacyer LeMy HaYMHAaeM ¢ caMoro npocteitmero Bapuanra (C).

T T T T T T T T T T T T T T |
i ,D,aHO RSKS} Uoﬁ[u i CXGMa C) Rat{ﬂ
N | —
IoGLu = Uoﬁg
Onpepenaem: ly5, Mo 3akoHy Oma: Rk I IOE“‘ Uosy
9 [
NaHo: Ry, R34, lo6w, Uosw Cxema B) ‘ U U
Onpegensem na Ri Rese
pen AeHNe HanpsKeHUsA Ha KaxKaom
1
pesuncrope. | I
Mo 3akoHam nocsedo8amesibHO20 COEOUHEHUS
Uosy= Uz + Ujzs ] Iosu,'
Mo 3akoHy Oma: + -
Ui=losy - R: Us3s = lo6u * R234 * o
UosLu
NaHo: Ry, R23, R4, losw, Uosw, U1, U234 Cxema B)
Ur U X
Onpedendaem TOKM pa3BeTBAEHUN [3u l, Rz \
| p— |
Mo 3aKOHY NapannesibHoro CoOeANHEHNS: R — L1
logu = 123 + 14 i | L.
- = I R
I23 = Uz34 l4 = Uzss — —
Ro3 R4 TIM —
rno 3akoHy Oma: + .
Uosm

HaHo: Ry, Ry, R3, R4, Usswy, losws U1, Ussa, 123, 14
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Cxema A) |, Unut

OHEQQEHHEN\ nageHne HanpAaxxeHmna Ha pe3ncrtopax \ Uz \ Us \
R2 n R3 R: R
I'IO3aKOHyOMa: nglzg‘Rz U3:I23'R3
R tl,
p
R:
lI“ |
.
Ussny

MeTtonuueckue ykazaHus K pelIeHUIOo 3a/1auu 2
PacuetHo - rpadguueckas padbora No2
PacueT CIIOXKHBIX IEKTPUUECKHUX IIETIeH MTOCTOSTHHOTO TOKa

DNEKTpUYECKHE 1NN ¢ HECKOJIBKUMU KOHTYpPaMH, COCTOSIIIME U3 Pa3HBIX BETBEH C
IPOU3BOJIBHBIM pa3MEIIEHUEM MOTpeOuTeNIed U UCTOUHUKOB SHEPrUM, HA3bIBAIOTCS
CONCHBIMU INEKMPULECKUMU YENAMU.
Touka PIEKTPUYECKON LENU HA3BIBACTCS V310M UNU MOYKOU PA36EMEIeHUs, ECIIA B
HEel COeIMHEHbI TP UK 00Jiee IPOBOOB WJIM BETBEH.
Bemebvio 3neKTpUUYECKOM LEenu HA3bIBA€TCSl y4acTOK, COCTOSIIMM M3 OJHOTIO WIIA
HECKOJIBKO DJIEMEHTOB TaK, YTO II0 HUM IIPOXOAUT OAMH U TOT XK€ TOK,
MIPUCOEIUHEHHBIN K IBYM Y3J1aM.
Konmyp snexTpuueckoi 1enu MpejcTaBiIseT co00M 3aMKHYTHIN IMyTh, MPOXO ST
10 HECKOJIBKUM BETBSAM, HAIPUMEDP KOHTYP U3 YETBIPEX BETBEU.
CII0KHBIE DIEKTPUUYECKUE LIENTU PACCUNUTHIBAIOTCS METONAMH:

1. y3710BBIX U KOHTYPHBIX YPAaBHEHUM;

2. KOHTYpHBIX TOKOB;

3. y3JI0BOT'O HaNpsIKEHUS,

4. HanoxxeHus (Cyneprno3ullun);

5. mpeoOpa3oBaHUs CXEMBI.

25



1. 3axonwvl Kupxeodga.
Llepsblil 3aKoH:

A]Z2€6Dau’-l€CKa}Z CYMMA MOKO6 V314 aﬂekmpuquKoﬁ yenu pacHad HYJiio.

x

—

2/=0

/V
puc. 1

Co 3HaKOM IUTIOC 3alHMCBIBAIOTCS TOKH, HAINPaBJIEHHBIE K y3Jy, CO 3HAKOM MHUHYC
TOKH TEKYIIUE OT y3JIa JJIEKTpU4ecKor 1enu. [lonp3ysace 3TuM 3akOHOM 1S y31a A
puc 1., MOKHO 3anMcaTh ypaBHEHUE.

LL-L+L-1,= 0.
Bmopoti 3axon Kupxeoga:

B 3amxnymom konmype anexmpuuecxoii yenu aneeopauveckas cymma 3/C
UCMOYHUKO8 MOKA PABHA al2eOpauieckol cymme npousseoeHull mokos Ha 8cex
CONPOMUBIEHUAX 21020 KOHMYPA.

2E=2IR

puc.2
Ecnu nanmpaBieHus: TOKOB B BETBSIX HEM3BECTHBI, TO MIPU COCTABJICHUH yPaBHEHUI 110
3akoHaM Kwupxroda ux HEOOXOAUMO TPENBAPUTEITHLHO BHIOpATH MPOU3BOJIHHO H
0003HAYUTh HA CXEME CTPEITKAMH.

JIns KakIOro KOHTypa CIIOXKHOW JJIEKTPHUYECKOW LENU IO BTOPOMY 3aKOHY
Kupxroda MokHO cOCTaBUTH TOJIBKO OJTHO ypaBHEeHHE. [Ipr 3TOM 0c000€ BHUMAaHME
cienyeT oOpaTUTh Ha 3HAKH
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3. J. C. U NAJECHUI HanpshkeHus. BHavasie mpou3BOJIBHO BBIOMPAIOT HANpaBIICHHUE
o0xo/a KOHTypa, Hampumep Touka A. Eciu nedcTByromas B KOHType 3. 1. C.
COBNAJAeT C HampaBieHUEM 00X0Ja, TO €€ CUUTAIOT MOJOXKUTeIbHOU. [Ipu
oOpatHoM Hanpasienun IJIC co 3nHakoM MuHyc. [lageHne HanmpspKeHHs Ha COMpO-
TUBJICHUW CUUTAIOT MOJIOKUTEIbHBIM, €CJIM HaIpaBJICHUE TOKAa B HEM COBIAJIAET C
HaIpaBJeHHUEM 00X0/1a KOHTYpa.

Hamnpasnenue o0xona, 0003HauuM KpacHoU cTpenkoi. U cocraBisem ypaBHEHHE JJIs
3aMKHYTOTO KOHTYpa Mo BTOpoMy 3akoHy Kupxroda.

--E1 +E2 —E3=I]R1+I]R01—12R2-12R02—I3R3 -I3R03—I4R4.

B 7neBoii yacTM 3TOro ypaBHEHUs 3amlKcaHa ajiredpandyeckas cymMma 3. . C,
JNEUCTBYIOIIMX B KOHTYpE, a B IIPABOM 4aCTH — CyMMa IAaJCHUN HAIPSKEHUS BO
BCEX COINPOTUBIICHUAX, BXONAIIMX B OTOT KOHTYp. PaBeHCTBO ABJISETCS
MaTeMaTUYECKUM BbIpaX€HHUEM BTOPOro 3akoHa Kupxroda.

1. Memoo ypasnenuti Kupxeogha
[y3106b1X U KOHMYPHBIX YpasHeHuli]

CaMbIM OOIIMM METOJIOM pacuéTa CIOXKHBIX JJICKTPUUYECKUX IIETeH SBISETCS METOJ
ypaBHenuii Kupxroda. CymHOCTh 3TOr0 METO/Ia: COCTABJIICHUE CUCTEMbI YPaBHEHUN B
COOTBETCTBHH C MEPBBIM M BTOPHIM 3akoHamMu Kupxroda u pelieHue 3TOH CHUCTEMBbI
OTHOCHUTEJILHO HEU3BECTHBIX TOKOB. OOIee 4YMCIIO ypaBHEHUM, COCTaBIEHHBIX IO
nepBoMy M BTOpoMy 3akoHam Kupxroda momKHO ObITh PAaBHO YWCITY HEU3BECTHBIX

TOKOB.

Jlnst Toro 4yToObl KOHTYPHBIE YpaBHEHMsI ObLUTM HE3aBUCUMBIMU, MX COCTaBIIAIOT IO
caenyronieMy npaBwily. Kaxmoe oyepenHoe ypaBHEHHE JTOJDKHO COCTABISITBCSA IS
KOHTYpa, OTJINYHOTO OT MPEAbIAYIIET0, XOTsI Obl OJJHOM HOBOW BETBBIO.

CrnoxHas dneKTpuueckas 1ens puc. 3 umeet aBa y3ia (b u JI) u Tpu BeTBU ¢ Tokamu 1,
I u I;. O6o3nauuM koHTyphl tieniu [ — AB/[3A; Il — ABBIJ[3A4, Il — BBl J[b.

CocTaBuTh BCE BO3MOXKHBIC YpaBHEHHSI MO BTOpoMmy 3akoHy Kupxroda s uenw,
cXeMa KOTOpOil oKa3aHa Ha puc. 3.
Pewenue: Jlnsa kOHTYpOB 110 BTOpoMy 3akoHy Kupxroda:

AB,ZZ3A +E2+E] :I]R]—12R02—12R3+I]R2+I]RO],'
AEBFﬂgA E; =R, ., R, + 1, R+ 1, Ry;;
EB[ZZE E2 = —13R4—12 ROZ_ 12 Rj;

Hns y3na b o nepBomy 3akony Kupxroda:
1 1+ 12— 13= 0
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E;

: i

IzT R RV
q r

puc. 3

[Tocne pemieHrs ypaBHEHUH MOJYy4YEHBI TOKU [ ; U [ 3 C TOJOXKUTEIBHBIM 3HAKOM.
3HAuUUT, NEUCTBUTEIILHOE HAMpPAaBICHUE JTHUX TOKOB COBIAJIAa€T C BBHIOPAHHBIM
HaIIPABJICHUEM, YKA3aHHBIM Ha CXEME CTPEIIKAMHU.

Ecnu 3Hauenme kakoro-ianbo TOKa MPU pacdyeTe OKaKETCs OTPULIATENbHBIM, TO W3
3TOr0 CJIEAYET, YTO TOK B JEUCTBUTEIBHOCTH IMPOXOJUT B HAIPABICHUH,
MIPOTUBOIIOJIOKHO BBHIOPAaHHOMY.

2. Memoo KoHmypHviX MoKo8

Meton y3/0BBIX M KOHTYPHBIX YpPaBHEHH B psle cllydaeB TpeOyeT OOJIbIInX
BbIuKciieHuid. Hanpumep, npu pacuere nenu puc.4, umeronieit tpu ysna (4, b, I) u
ISITh BETBEH, TpeOyeTcs COCTaBUTh W PEUIUTh CUCTEMY U3 MATH ypaBHEeHHM. Uucio
YPaBHEHUW CUCTEMBI MOXHO COKPATUTbh, IIPUMEHUB METOJ KOHTYPHBIX TOKOB. JlJIs
pacyeTa MO METOJQYy KOHTYPHBIX TOKOB CXE€MYy CJOXKHOM Ienu pa30uBalOT Ha
OTHENbHbIE KOHTYpbl — siueliku. Hampumep, cxemy puc.4 pa3OuBaloT Ha TpH
KOHTypa: KOHTYp | —ADBB3A, xoutyp Il — 3B/[['A n xoutryp III— BI/[B. 3atem
KaXJOMy KOHTYpPY NPHUIIMCBHIBAIOT IMPOM3BOJIBHO HAMPABICHHBI KOHTYPHBIM TOK,
OJIMHAKOBBIA JJII BCEX YYaCTKOB JAHHOTO KOHTypa (KOHTYPHBI TOK HapHUCOBaH
KPaCHBIM I[BETOM).
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HpI/Iqu BCEM KOHTYPHBIM TOKaM IIPHUAAHO OJHO H TOXKC IIOJIOKHUTCIBHOC
HarpaBJICHHUC — II0 4acoOBOM CTPCIIKC. KOHTypHBIe TOKH, ITPOXOAAINNEC IO BHCIITHHUM
BCTBsIM, SABJISIOTCA OJIA HUX HCﬁCTBHTeHLHBIMH TOKaMMH. Haan/IMep, TOK

I =1,1;=1;, Iy =I5. JleicTBUTEIbHBIE TOKA BHYTPEHHUX BETBEU MOXKHO HAWTH
KaK pa3HOCTh TOKOB JIBYX KOHTYPOB, B KOTOPYIO BXOJUT 3Ta BETBb [;

L=1;--1,1; =1--I;. BbiOpaB 1 yka3zaB Ha CXeM€ HaIlpaBJICHHUE KOHTYPHBIX
TOKOB, /IS KQKI0T0 KOHTYpa COCTaBIISIOT YpaBHEHUE TT0 BTOpOMY 3aKkoHy Kupxroda.
HampaBnenne o0xo1a KOHTYPOB NPUHHMACTCS COBIAMAIOIMIAM C HANpPaBICHHEM
KOHTYPHBIX TOKOB. J[Ji1 cXeMbl puc. 4 UMeeM TpU ypaBHEHUS [t KOHTYPOB:

l.E;—E;=1;(R;+ R;)— IRy
2. E2 + E3= -- I]R 2+ I]](RZ + R3 + R5) -- I[][Rj’;

3.-- E3=Iiy(R; + Rs) -- Iy R3;

JleBast yacTh KaXKJI0TO YpaBHEHUs — ajre0panyeckas cymMma 3. JI. C, BKIIFOUEHHBIX
B KOHTYp. A mpaBasi yacTb — OOlee MaJCHUE HAMPSHKEHUST OT KOHTYPHOI'O TOKa
JTAHHOT'O KOHTYpa M KOHTYPHBIX TOKOB CMEXHBIX KOHTYpOB. IlojicTaBisiss B cucteMy
YPABHECHUW YHUCIJIOBBIE 3HAYCHUS COINPOTHUBICHUU U 3. J. C. U PeIIas UuX COBMECTHO,
HAaXOJSIT KOHTYpHbIC TOKH I}, Ij; 1y .

TOKM B BETBSIX CXEMBI JIETKO ONPEAECITUTH 110 KOHTYPHBIM TOKaM.

3. Memoo y3106020 HanpsajiceHus.

1. OnpeneneHne y3710BOTO HaNpsOKCHUS W TOKOB. [loTpeOuTenu 3IeKTpUYeCcKOM
SHEpPruu (JaMIibl, AJIEKTPOJABUTATEIN W T. J.) COCAWHSAIOTCA MapayjieabHo. Yacto
00111ast MOIITHOCTH BKJIIOUCHHBIX MPUEMHUKOB CTAHOBHUTCS OOJIBIIIE TOM, KOTOPYIO MO-
JKET OTJIaTh B CEThb UCTOYHHUK SHEPrUU. B Takux ciiydasix JUisl yBEJIMUYCHUS MOIIHOCTHU
P HEU3MEHHOM HANPSHKEHUN UCMOYHUKU DHepuu BKIYarom napaiieivho. llpu
3TOM MOJIy4YaeTCsl CIIOXHAs AJIEKTPUYECKas LIeNb, MPEACTABICHHAd Ha puc. 5. B Hel
nMmeercs 1Ba y3i1a A u b, K KOTOPbIM NPUCOEAUHSIOTCS UCTOYHUKHU SHEPTUU C 3. 1. C.
E,, E; v E;. ConporuBnenust R ; , R , R ; MOXHO NPUHATh 3a BHYTPECHHUE
COIPOTHUBJICHUS UCTOYHUKOB TOKA, & CONMPOTUBJIEHNE R 4 — 3a CONPOTUBIICHUE BCEX
NPUEMHUKOB SHeprun. HampspkeHne mexnay ys3inamu A u b Ha3pIBaeTCs V37108blv
Hanpscenuem. OHO PaBHO pa3HOCTHU MOTEHIIMAIOB Y3JIOBBIX TOYEK, T. €.

U:¢A—¢B,'
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puc 5.

Jlnst pacdera TOMOOHBIX CIIOKHBIX JJICKTPUYCCKUX IIETICH OOBIYHO TOJIB3YIOTCS
METO/IOM y3JI0OBOTO HampspkeHusl. BeiBenem gopmyitry atoro Hanpspkenus. Ecim
3. 1. c. E;, E; 1 E; 6onbliie y3710BOTO HaNPsIKEHUSI, TO BCE UICTOUYHUKH 3. 1. C OyayT
paboTaTh B peKUME T€HEpaTopoB, a TOKU I;, I, u [I; HanpaBieHsl K y31y A. Tok
NpUuEMHUKOB Iy= [; + L + I;.

Tak kak 3. 1. c. £ ; Oousblie y310Boro HampsbkeHus: U, To Ha cOnpOoTUBIEHUU R 4
BO3HMKAET najgeHue Hanpsokenuss U; = £, — U =1, R j;

CnenoBatenbHO, TOK TiepBoro ucrounuka I;=(E; — U)/R ;= (E; — U) g;;

rae g; =1/ R ;— nIpoBOMMOCTb NEPBOM BETBH.

AHaJOTUYHO OMPEACIISIEM TOKH BTOPOTO M TPETHETO HCTOUYHUKA HCTOYHUKOB.

L=(E—U)g2;

L=(FE;—U)gs,
Tox NpUEMHUKOB YHEPTUU

Li=U/R,;,=Ug,;
Jlnst y3na A HanuIeM ypaBHEHUe 1o nepBoMy 3akony Kupxroda I,= I, + L, + L.
[ToncTaBuB B 3TO ypaBHEHHUE HAWICHHBIE BBIPAXKECHUS JJIs1 TOKOB, TOJTYYUM
Ugi=(E,—U) g +(E;—U) g3+(E;—U) g3

PackpbIB CKOOKH, MOTYyYUM

TP

Je

I'ne E — 3J1C nucTouyHuKa B BETBHY;
g — TPOBOJAUMOCTH BETBH;

Taxum obpazom, y31080e HanpsdiceHue PagHo areeopauideckol cymme npou3eedeHuil

I/[C Ha npogooumMocms COOMBEMCMEYIOWUX Bemeell, O€NEéHHOU HA CYMMY
nPOBOOUMOCHU BEMEBEI.
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4. Memoo npeobpazosanusi cxembi.

Ha puc. 6 pana snekTpuyeckas UENb ¢ OJHUM HCTOYHUKOM IHUTAHUS, MIAPOKO
MpUMEHsIEMasl B 00JIACTH AJIEKTPUUECKUX H3MEpeHH. OCOOEHHOCTBIO 3TOM CXEMBbI
SIBJISICTCSL HAJIMYKME B HEW COEMHEHUM, Ha3bIBAEMBIX TPEYTOJIBHUKOM U 3BE30M.

TpeyroJlbHUKOM  CONPOTUBIICHUM  HA3bIBAIOT  COCAWHEHUE TPEX  BETBEH,
00pa3yronmx 3aMKHYTBI KOHTYp C TpeMs y3iamu. B cxeme puc. 6 umeercs 1Ba
TPEYTOJIbHUKA: C CONPOTUBIIEHUAIMUA. R;, R, Rs u R;, R4, Rs;

3BE3/10M CONMPOTUBJICHUI HA3bIBAIOT COEAMHEHUE TPEX BETBEH, UMEIOIINX OOUIUI
y3ein. Ha puc. 6 3Be31y conpoTuBiieHU# 00pa3yloT BETBU € CONPOTUBIIEHUSIMU . R, , R
4,R5 H. Rz,Rg,R5,'

JIt000i1 TpEeyroJpHUK CONMPOTUBIICHUI MOKHO 3aMEHUThH YKBHUBAJICHTHOU 3Be3701. B
pe3yJibTaTe 3aMEHbl MOJIyYaeTCsl JApyras CXeMa, MO3BOJISIONIAS YIPOCTUTH pPACUET.
Hanpumep, cxema puc. 6 mocsie 3aMeHbl TPEYroJbHUKa CONPOTUBIEHUN R; , R, , R;s
SKBUBAJICHTHOM 3Be3110U R 4, R 5, R ¢ ynpomaercs U COAEPKUT TOJIBKO MOCIEN0-
BATEJIbHO U MAPAJIIEIBHO COCTMHEHHBIE YUACTKHU.
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Puc 7.

OKBHUBAJIEHTHOCTh TPEYrOJIbHUKA W 3BE31bl CONPOTHUBJICHUN 3aKJIIOYAETCS B TOM,
YTO X 3aMEHA HE MU3MEHSET MOTEHIUANIOB Y3JIOBBIX TOUYEK (Ha cxeme puc 6 Touek A,
b, B), sBaswommxcs BepUIMHAMH TPEYrojibHUKAa W DSKBHBAJCHTHOM 3Be3ibl. He
U3MEHSIOTCSA TAaK)KE€ TOKH, HaNpsHKEHUS M MOIIHOCTH B OCTaJbHOM YacTH CXEMBI, HE
3aTPOHYTOM NIPe0Opa30BaAHUEM.

Jlns mepexoma OT TpPEyroJibHMKA CONPOTHBICHUM K OSKBHBAJICHTHOM 3BE3JE
MOJIB3YIOTCS CHEAYIOIUMH (POpMyIIaMH;

R-R, PR R, - R, R R R,

R, = B =
A R +R, +R, R +R,+R, ¢ R +R, +R,

Comnporusienue nyda R 4 paBHO POU3BENCHUIO IBYX CONPOTUBIIEHUN TPEYTOJIbHUKA,
CXOIAIIMXCS B y3JIe A, IEJIEHHOMY HAa CyMMy BCEX COIPOTHBIIECHHUN TPEYrOJIbHUKA.
Tak ke onpenensroTcs conpoTuBieHus R 5 1 R . Bepaemcs k cxeme puc 7. E€ nerko
paccuuTarh U onpeaenuTs Toku I, I ; ,I,, KOTOpble HE U3MEHWINCH IOCJIE 3aMEHBI
TPEYTOJbHHUKA dKBUBAJIEHTHOMN 3Be310M. OCTaNbHBIE TOKA HAXOIAT U3 YPABHEHHM IO
3akoHaMm Kupxrodda, cocTaBieHHBIM Uil HCXOAHOM JJIEKTpUYECKOW 1enu. B
HEKOTOPBIX JJIEKTPUUYECKUX LEIAX PacdET YNPOLIAETCS IOCIE 3aMEHBI TPEXITy4eBON
3BE€3/1bI COITPOTUBJICHUN SKBUBAJICHTHBIM TPEYTOJIBHUKOM.

[Ipu mnpeoOpa3oBaHuM 3BE3AbI B OKBUBAJICHTHBIA TPEYTOJBHHUK ITOJB3YIOTCS
ciaeAyrmuMu GopMyaaMu:

R=R,+R,+R,-R,/R,
R, =R,+R,+R,-R,/R,
R,=R,+R,+R,-R,/R,.
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MGTOI[I/I‘ICCKI/IC YKa3aHHUA K pCHICHUIO 3a1a49U 3

PacuetHo - rpadguueckas padora Ne3

PACYET [TAPAMETPOB IIEPEMEHHOI'O TOKA

TeopeTnyeckue CBEICHU:

[TapameTppl IEPEMEHHOTO 3JIEKTPUYECKOIO TOKA!

1.I1lepuoo T (puc.3) — BpeMs, B TCYCHUU KOTOPOTO MTPOUCXOAUT
BECh IUKJI u3MeHeHus nepemeHHbix D/IC, Toka wiu
HaMPSKEHUS; U3MEpseTCs B CeKyHIax (C).

2. Yacmoma f — BenuuuHa, 0OpaTHAs MEPUOAY, TOKA3BIBAIOIIAS,
CKOJIbKO TIEPUOJIOB COACPKUTCS B 1 CeKyH e (MU YUCTIO
000pOTOB POTOPA B CEKYH/IY); CAMHMLIA H3MepeHHs [ epy
(Ty):

f=_

T cTanaapTHas yactota B Poccuu f =501y
cm

3. Venosas vacmoma @ - CKOPOCTh U3MEHEHUS yIJIa o B TCUCHUE
BPEMEHH #, IMHUIIA U3MEPEHUSI PaIMaH B CEKYHNY (paod/c):

Em

D | & [
ST T

puc.3

a a
w=— = a=0t = (=—
‘ ®

Ha npakruke nis Poccnn =27 £ =2-3.14-50=314 pad/c

4. Amnaumyonvle sHavenus moxa Im , nanpsaxcenus Um , 30c
Em (puc.3)— makcumanbHbIe 3HAUEHUSI MTHOBEHHBIX
BEJIMYMH TOKa, HanpsoxeHus u J/C.

5. Meznosennvie 3naueHus moxka i, HanpsXCeHus U, 20c¢ e
(puc.4) - 3HaYeHUS STUX BEIUUYUH B JIFOOOH MOMEHT
BpeMeHH. VI3BMEHSIFOTCS 110 CHHYCOHIaTbHOMY 3aKOHY:

puc.4

i=1 sinot

u=U,sinwt

e=1F,sinwt

6. eticmsyrowue 3navenus moxa I, nanpsoicenus U u 30c E - BBOOATCS TSI K3MEPEHUS
CUHYCOUJIaJIbHBIX BEJIMYUH Toka, Hanpspkenus u DJC. JleiicTByromnye 3Ha4yeHus
CUHYCOUJIAJIbHBIX BEIMYMH HAHOCSTCS Ha IIKAJIBI AJIEKTPOU3MEPHUTEIBHBIX TIPUOOPOB,
U3MEPSIOLIUX MIEPEMEHHbIEC 3HAUCHUS

I=-2207071,

&’N

ﬂeﬁcmey}omee 3HAYEHUEe NepemMeRrHoco noKa

U = U’” =0.707U " PaBHO TaKOMY MOCTOSIHHOMY TOKY, KOTODBIH 3a
\/5 BpEMSI, paBHOE OJHOMY IIEPUOAY, BBIAECIAECT HA
r Em 0.707 E pe3UCTOpPE OAMHAKOBOE KOJIMYECTBO TEIUIOTHI C 33
- =Y. m EPEMEHHBIM TOKOM
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He Bceryia HauasIbHBIA MOMEHT oTcueta BpeMenn /1 =0 coBmamaeT ¢ mpoxoxkaeHueM depes HOlb
CHUHYCOH/IaJIbHOM BEJTMYUHBI, U B CBS3H C 3TUM Ha rpaduke BeKTop / B HayaJIbHBI MOMEHT BpEMEHU
m

o0pa3yeT ¢ TOPU30HTAILHON OChI0 HEKOTOPHIHA YTOIl .

HpI/I 9TOM B MOMCHT Ha4dalia OTCYCTa BPECMCHU
CHUHYCOHJaJIbHAA BEJIMYHMHA UMECT 3HAYCHUC! - I /
t

VYron a (puc.5) Ha3bIBACTCA HAYAILHBIM (DA308LIM VeTIOM /\/A
UU HAYATLHOU PA301L: »

i, =1, sin(ot, + a) =/ sma i

puc.5

C,Z[BI/IF (1)8.3 CUHYCOUJAJIbHBIX BCJIMYUH.

[Ipu Bpamienuu poropa ¢ 1ByMs YKpEIJICHHBIMU HAa HEM BUTKaMH € U e , B HUX Oyzaer
12

unayktuposarbess 3/1C oquHAKOBOM YaCTOTHI U C OAMHAKOBBIMH aMILIUTYAaMH (puc.6)
B crienctBue caBura BUTKOB OTHOCUTEIBHO APYT Apyra B mpocTpanctse JJC nocturaror
aAMIUTUTYIHBIX 3HAYCHUH HE OJHOBPEMEHHO:

IJIE 0 U 0y HadaJbHbIE (a3bl, Ol JISIOT it . .
e o U o e (hasbl, onpezesito I zlzlmsm(aﬁwral)

BCIIMYMHY CMCHICHUA CUHYCOU € U e
1 2

OTHOCHTEJIBHO Hauyasla KOOPAMHAT rpadukKa.

g =FE, sin(of+a,)

e, =FE sin(or+a,)

i =1, sin (cal - az)

puc.6

PazHOCTh HauaJIbHBIX (a3 IByX CHHYCOMJAJIbHBIX BETMUYMH Ha3bIBACTCS cosueom ¢as (puc.7):
=0 -
Hauanom nepuoda Ha3bIBA€TCSA MOMCHT BPEMCHH, B KOTOPOM CHHYCOWAAJIbHAsA BEIIMUNHA
IMPOXOAUT YEPE3 HYJICBOC 3HAYCHUC, ITOCJIC KOTOPOro HAYMHACTCA €€ MOJIOXKUTEIIbHOE 3HAUCHHE.

Havanbnast ¢aza oo OTCUUTHIBAETCS TIO OCH ¢ OT Hadaja
Iepruoaa CUHYCOUIBI 10 Hayaia KOOPAUHAT.

I[Ipuy o > 0 — Hayano CHHYCOWIBI CIABUTAETCS
BJIEBO OT HayaJia KOOPAUHAT

I[Ipu oo < (0 — Ha4aJO0 CHUHYCOWJBI CIBUTAETCS
BIPABO OT Ha4aJjia KOOPAUHAT.




Cunycouda, y KOTOpOW Hayajao Mepuoja BO3HUKAET
cieBa Ha rpaduKe paHblle, 4YeM Yy Jpyron -—
CUUTAETCs onepedicaioujell no ¢ghase; a Ta, y KOTOpon
MO3KE — omcmarowell no gase.

MCTOI[I/I‘ICCKI/IG YKa3aHusd K pCIICHUIO 3a1a4n 4
Pacuer HEPA3BCTBJICHHBIX SJICKTPUICCKUX nerein IEPEMEHHOT'O TOKa

TeopeTquCKHe CBCACHUA: OI[HO(i)aSHBIC QJICKTPUYCCKHUC LCIU TECPECMEHHOI'O TOKaA.

Y4acTku 1nemnw, TAe MPOUCXOIUT B OCHOBHOM ITPe0Opa3oBaHue IEKTPOMArHUTHOM SHEPTUHU B
TEIUIOBYIO, 00J1a/Iaf0T CONPOTHBIICHUEM, KOTOPOE HA3BIBACTCS AKMUBHBIM CONPOMUBLEHUEM W
o0o3Hayaercs — Ra

Ra - BenmnuuHa, XapakTepu3yrouiasi CONPOTUBIICHUE LIETTH IEPEMEHHOMY
TOKY: ?

Ha Takom yyacTke BKJIFOUEHBI PE3UCTOPBI, JIAMITBI HAKaJIMBaHHUS, —|:I—
ANIEKTpOHArpeBaTeIbHbIE YCTPONCTBA, a TAKKe (peppOMarHUTHEIC 0603HAYEHME HA CXEME
CEPAECYHUKH PA3JINYHBIX NIEKTPOTEXHUUECKUX YCTPOUCTB

Y49acTKH 1ernH, TAe BRIPaKEHBI B OCHOBHOM MAarHUTHBIC OIS, R, = 7
00JIa1at0T UHIYKTUBHOCTBIO, KOTOPOE HA3BIBACTCSI PEAKMUBHBIM
edunuya uzmepernus  (Om)
UHOYKMUBHBIM CONpOmMusieHueM 1 0003HaYaeTcs — y

X, =0-L  eounuya usmepenus (Om)

Ha TtakoMm y4acTke 1ienu BKJIFOUEHBI MHYKTUBHBIC KATYIIKW PA3IUYHBIX JIEKTPOTEXHUIECKUX
yCTPOMCTB (HampuMep OOMOTKH MOTIOCOB 3JIEKTPUUECKUX MAIIUH, 0OMOTKU TpaHC(HOpPMaTOpOB).

X,

A O06o3HaueHne Ha CXeMe

VyacTtkn 0eru, ra€ BhIPpa)kKCHbI B OCHOBHOM JJICKTPUYCCKUE 11014, 06J'IaI[aIOT €MKOCTBIO, KOTOPOC
HAa3bIBACTCA peaKmu6eHblM eEMKOCIMHbIM CONpOmMusileHuem u 00o03HavaeTcs — X
c
1

— eounuya usmepenus (Om)
w-C

Xe =

X
[
_I I_ O0o3HaueHne Ha CXeEMeE

Ha Takom yyacTke 1enu BKIFOYEHBI KOHJIEHCATOPHI, AIIEKTPUUYECKUE Kabemu.

OnnrodaszHble NEKTPHUUECKHE 1IN, BKIIOYAIOIINE BHIIICIEPEUUCICHHBIE TApaMeTPhl, HA3bIBAIOTCS
LEMSIMH C COCPEIOTOUCHHBIMH ITApaMeTpaMu U MO3BOJISIOT U3yYUTh CBOMCTBA OT/IENIbHBIX YYAaCTKOB
LEeNH, 00TaJAI0IUX CMEUAHHBIMU COEOUHEHUAMU:

3akon OMa 1S 1ene NnepeMeHHOro Toka
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Jlist eneit mepeMeHHOT0 TOKa [ CMEeUaHHblX coedunenuti B 3akoH OMa BBOJIUTCS TTOHSTHE

NOJIHO20 cOnpomueieHusl yenu V4 , B KOTOPOM YUYUTBIBAOTCA BCC BUBI COHpOTHBHCHHﬁ.

Z onpeoensaemcs uz mpey2orbHuKa ConpomueIeHulL:

_ [p2 2
QnA aKMueHOo - HHAYKMUaHoO yeny Z=\R+ 1
U
Z a
N cosQ = U, _ R,
u Z
: U
309 arRMUEHO - eMKOCIMAOI Uenl Z =4 Rj + ZCZ
Fa I = v
. VR + 20
| . & cosQ = V. _R,
u Z
" & . U
vU sin @ = UC = };C

QA aKINUEHo - UHOYKIMUGHO -

eMKOCIMHON yenu

Z=\R2+(z,—2.) o z,>7

Z=\R+(x, -2 o z.>1

I:U

z

HCHI/I C aKTUBHBIM COIIPOTHUBJICHUCM

[ 3

G Ucemu

L 2

B npoeoonuxe c akmusnvim conpomueienuem Koaedanus
moKa no ¢haze cosnaoarom ¢ KoJaeOAHUAMU HANPAICEHUA,

R, Zp =0

m.e.




Ha BextopHoi#l Auarpamme nokaseiBaercs coBnajaeHue [ u U B Buje napauiebHbIX BEKTOPOB.

HCHI/I C UHAYKTHUBHBIM COIMMPOTHBJICHUCM

o — Y Tok 6 yenu c uHOYKMUEGHOCHbIO OMCINACHT O
0
" i wenu 1/4 0 £90=90
UL anpaxcenun 3moi yenu 1/4 nepuooa, unu
~ Ucemu X L
A u,i
‘ U u
i
t
A Y ~
Ha BekTopHO# 1uarpaMMe OTCTaBaHHUE TOKA 90°
OT HAINPSKEHUS IIOKA3bIBAETCS 110 YaCOBON \ > | PRI
CTpEIIKE:
[lenn nepeMeHHOro TOKa C EMKOCTHBIM COIPOTUBIIEHUEM
1 Tok 6 yenu ¢ eMKocmvio 6 C80UX USMEHEHUSX
¢ onepedcaem no ¢aze Hanpsadxjcenue KOHOeHcamopa Ha
u . 1/4 nepuooa, unu £ p=g(y’
~ Ucemu X ¢ ¢
u, ip
. : I i ‘
. 90°
Ha BextopHoO# quarpamme onepexenue /
T owt
w

OTHOCUTENBHO U MOKa3bIBACTCS NPOmue
4acoBol CMmpeKu.

¥ U =90

CxeMmbl Ju1s pacueTa 1 JaHHbIE CMOTPETh
IIpunoxxennn 3.
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[Ipumep 2:
PacuetHo - rpaduueckas padora Ne2

OINIPEAEJIEHUE ITAPAMETPOB ITEPEMEHHOI'O TOKA

i, =15 sin (31‘“ +%) OIMPELE/INT:
Hawo: . AMnanTygy TOKa

i, =25 sin (314” _zj [elicTBytollee 3HaYeHne ToKa

6 HauanbHyto ¢asy Toka

Yrnosyto 4yactoTy
Yactoty
Mepuopg
MrHoBeHHOE 3HaYeHMe TOoKa B HayasibHbIA MOMEHT BPEMEHU
Cagur no gase mexay 3agaHHbIMU TOKaMM
MocTpouTb rpaduK TOKOB 1 KPYroByto Anarpammy

©EONOU A WN PR

AMIUIMTYAHBIE 3HAYEHUS TOKA [, = Im -sin (CUI +a )

I, =154 1,=25A

2. Jleiictyromue 3uadenus Toka I = —==0.707 -1,

i

15
[,=—=0.707 -15=10,6 A
"2
25
I,=—=0.707-25=17,7 A
NG
3. Yeon a (nauanvnas gpasza) a, = 7 _ 90° a, = T 30°
2 6
1. Yriosas wactora © (paw/c) =314 padlc
5. Yacrora f (I'mm)
6. [Tepuon T (c) _ @ _ 314 =50 I'y
2 2-3]14
1 1
T=—=—=002¢
f 50

7. MrHOBEHHOE 3HaY€HHUE TOKA B HAYAJIbHBII MOMEHT BPEMEHU

i, =15 sin (314~O+%j=15-sin%=15-1=15 A

i, =25 sin (314~0—%)=25~sin(—%)=25~sin11?ﬂ=25-(—0,5)=—12,5A

8. CBur 1o Qasze Mexy 3aJaHHBIMH TOKaMH

_z [ m\_m. 7w 27
=277 6) 2

== =120
3

z
6 38



lNoctpoenue rpadmka TokoB

1. Ons nocTpoeHNs rpacMKoE TOKOB MOATrOTOBMM KOOPONHATHYH) CEeTKY

i

5

a) OTnoduTb Ha ocn § dhasHbIe yrbl, 25
HU3MepAeMble B paguaHax s
) m— :
B) OTNOMMTbL Mo oCK | h
aMNNUTYHbIe 3Ha4eHUA TOKOB x 1% = g z = ¢
2. Ha HauaneHOM 3Tane nocTpoeHWa rpacdkoB —15+

OTKNaAdblBaOTCA HaYyanbHEIe CbaSbI, KOTOpEIe Gyp,y'r
ABNATBCA Ha4anom nepuoja CUHyCcoua

HauantHas cpaaa d OTCUUTBLIBAETCA NO OCK T OT HaWana CUHYcoWAbl A0 Hadana KoopauHaT:
Mpn a >0 - Hauano cuHycouAbl cABUraeTcHa BNEBO OT Hauana KoopAauHaT
I'Ipu a <0 - Hauano CAHYCOWAbl COABWIaETCA BNPaAB0 OT Havyana KoopauHaT.

I
23 7

3

15 4
] @ =2 =90° >0
2

L 4

o
|

I ]

TF t azz—%:—300<0

o] H

-25 4

. Onpepgensem yron casura chas Mexay ToKamm ,ilu i,

Mo pacuetam u Ha rpacpuke @ = 120° ]

6. MNoCTPOUM KPYTroByIO AuarpamMmmy B 3 145z g 4 - {
HaJanbHLIA MOMEHT BPEMEHU = ()

Mo pacuyeTam 3HaYE€HUs TOKOB B STOT \_/ZS \./

MOMEHT BPeMeHW § =154 i, =-1254.

CTpOMM NO 3TUM 3HAUEHWA BCMOMOTATENbHBIE OKPYXKHOCTH. MepeHOCUM 3HAUEHWA TOKOB B COOTBETCTEMM ¢
MX HauamnbHBIMK chasami 0!1=§ af;=—% Ha 3TW oKpyHOCTU. CTpOUM BeKTOopa TOKOE.

Yron cagura ¢pas Ha BEKTOPHOI AuarpaMme Takke J0MKEH OblTe pageH 9= 12¢




5. Onpegensem yron caeunra has Mexay TOKamm jlu I

Mo pacuetam v Ha rpacimke (@ = 120°

6. [NocTpoOUM Kpyrosyto guarpammy B
HayanbHbI MOMEHT BPEMEHU =) .

o pacyeTaM 3HauyeHUd TOKOB B 3TOT
MOMEHT BpEMEHU § =154 i, =-1254.

CTpOHM Nno 3TUM 3Ha4YeHNA ECNOMOraTenbHbIE OKPYHHOCTH. I'IepeHocMM 3Ha4eHWA TOKOE B COOTEETCTEWKN C

WX HauamnbHbIMK azamn , 7, _ T Ha 3TH OKPYKHOCTH. CTPOMM BEKTOPa TOKOB.
2 6

Yron caeura ¢has Ha BEKTOPHOI auarpamMme TaioKe JomKeH ObiTe paseH @~ 12¢°

JlanHble A5 pacyera cMoTpeTh B [Ipunoxenun 3

[Ipumep 3:
PacueTHo - rpaduueckas pabora Ned
PacueT Hepa3BETBICHHBIX LIENEW MEPEMEHHOTO TOKA
Rat Xc Raz
L HK
¢
~U
JaHo: Onpepenntsb:
X, =90m 1. Z- obuiee conpoTusaeHme Lienu
R,;=5 Om 2. |- obwunin ToK Lenu
Xc=15Om 3. €0s @ - KO3POUUMEHT MOLLHOCTH
R.=30m 4. MafeHusa HanpsXKEHUA Ha Kaxg0M CONnpoTUBAEHNN
o2 5. MMocTpounTb B MacliTabe BEKTOPHYIO Anarpammy
U=200B
6. AKTUBHYIO P, peakTUBHYIO Q, NO/IHY S MOLHOCTM Lenm



1. OITPEAEJISIEM o01iee conpoTuBieHue nenu Z

Z=(R,+R,\+(X.—X,] =(5+3) +(15-9)F =10 On

2. OITPEAEJISAEM o6muii Tok nenu I

1:2:@_2014
Z 10

3. OITPEAEJISIEM ko3¢ duniueHT MOIITHOCTH

R,+R, 5+3
cCos @ = = =0,8 _2340
7 10 ITo Tabmune bpaauca onpenensiem yron ¢=36

4. OITPEAEJISIEM naaenus HanpsiKEHUS Ha COMPOTUBIICHUAX

U,=1-R,=20-5=100 B

U Ua U, Usp
U,=1-R,=20-3=60B \ x\ \x\ L
U,=1-X, =20-9=180 B HIH

A [

U.=1-X,=20-15=300B

5. ITOCTPOHMM BeKTOpHYIO AMarpaMMmy TOKa U HaIIPsDKEHUH U IOKaXKEM IPaBUIIbHOCTh
IIPOU3BEICHHBIX PACYETOB

ITocTporM BEKTOPHYIO JUarpaMMmy ¢ OMOIIBIO BEKTOPHOTO CIIOKEHUSI HalJICHHBIX 3HAYCHHUU
MaJICHUI HAIIPSKEHU: l—/; o o -

U,+U,+U.+U,,

Buioupaem  macwmab

0/l MOKA U HANPANCEHUT UlleOB U 2:6OB
=54/, = I=4cu U,=180B U,=300B
M, =508/ = U,=2cu U=200B 1=20A
U,=L2cm
U, =3,6cm
U =6cu
U=4cm
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1. OTknagbiBaeM ropU3cHTaNLHO BEKTOP I =4 CM

X, Rat Xc Raz

- NageHue HanpakeHuA Ha Hem  UJ) y

- Ha BekTOpHOI AnarpamMmme BekTop UL

OTKNaAbLIBAeTCA OTHOCUTENBLHO
BEKTOpa ToKa BBepX (NpoTHB UL
Y4acoBOW CTPENKH)

U ]
X \ Rat  Xc  Raz

2. B aneKkTpu4eckoii cxeme NepBbIM NO CHETY CTOMT peaKTWBHOE MHAYKTHMBHOe
COnpoTUBNEHue X
L

3. B anekTpu4ecKoii cxeme BTOPLIM MO CHETY CTOMT akTMBHOE
conpoTuBneHue o

4. B 3MeKTPHYECKO CXeMe TPeTbHM MO CHETY CTOMT peakTHBHOe
eMKOCTHOE COMPOTHBINEHHE  yr

- MapeHne HaNpAXeHNs Ha HeM U4 —— Ua1 - MapeHue HanpskeHUA HA Hem U(; A
Uat
- Ha BexTOpHOii AMarpamMmve BekTop Uy - Ha BekTopHOIi gnarpamMme BekTop UC
OTKNAaAbIBAGTCA OTHOCHTENBHO OTKNaALIBAETCH OTHOCUTENLHO BeKTOpa
EEKTOpa ToKa napannesnsHo UL TOKa BHW3 (M0 4acoBOM CTPenke) UL Uc
- Mpn 3T0M NPOM3BOANTCA BEKTOPHOE CrIoXKeHue - MpK 3TOM NPOU3BOAUTCA BEKTOPHOE CIIOMEHHe
U, +u, Um +U -
U a1 —_— —
I < i
X, Rat Xc Raz X, Rat Xe Raz
$* @ ®* o
5. B aNeKTPUYeCcKON CXeMe YeTBEPTLIM NO CYeTY CTOMT 6. Mocne reoMeTpHUYECKOro CRIOXeHHUA BCeX
aKTUBHOE CONpPOTHBNEHUE 4YeTbIpex BeKTOPOB HanpsiXeHWi onpeaensiem Uar
Raz NonHoe HanpsXeHUe cXembl:
- ManeHue HanpsXeHWs Ha HeM UaZ = = = =5 = U
Uat [CF =0, AR el 3R T ‘ e
- Ha BekTopHoit Anarpamme BekTop UaZ
- Ons aTOro coegMHAeM Ha4ano camoro
OTKNAALIBAETCH OTHOCUTENLHO NepBOro ConpOTHBNEHNS
BEKTOpa TOKa NapanmnenbHo /3 Ue UL
- Mpy 3TOM NPOM3BOAUTCA BEKTOPHOE CrIoXKEeHUe ¢ KOHLOM camoro nocnepHerosektopa L5 J - ]
U +tU.,
Ua 2 > w U, U, Uaz u
I XL \ Rat Xe \  Ra \ :
X, Rat Xe | Raz s T o | o T Uer
| |
1] W3 BeKTOpHOW Auarpammbl onpeaensem,
- - yTo:
* @
e o Ua2 ~u U=4cn wwe U=200B @=36
U Uay U Uaz
X \ Rt \ Xe Raz \
Uat
il
u
=~ U= U
(73
Bektop U  sBnsetca runotenysoii
b v (Ua1 +Ua2)
PAMOYroNLHOro TPeyronkHUKa, e
e "
KaTeTbl KOTOPOro: ) @ || I
+ (Uec-UL)
(Ua1 +Ua2) » I (Uc—UL)
w
A —
no  meopeme Hugpazopa Uz

U=U, +U,L )+ U -U,)?
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OITIPEJEJISIEM akTHBHYO MOIIHOCTD 3JEKTPUUECKOM LIETIN:

P=1"-(R,+R,)=20"-(5+3)=3200 Bm

unu

P=U-1-cosp=200-20-0,8 =3200 Bm
OIIPEEJISIEM peakTHBHYIO MOILIHOCTb JIEKTPUYECKON LENH:

Q=1"-(X,-X,)=20"-(15-9)=2400 BAp

unu

Q=U-1-sinp=200-20-0,6 =2400 BAp

OIPEJJEJISIEM mosiHyt0 MOITHOCTH 3JIEKTPUUYECKOH IEMu:

S =/P>+ Q% =~/32007 +2400° = 4000 BA
uiu

S=U-1=200-20=4000 BA

Jannble s pacyera cMoTpeTh B [lpunoxxenun 3.

MeTtoauueckue YKa3aHus K pCIICHUIO 3aa4un 5, 6

Pacuer TpeX(baSHLIX QJICKTPHUUICCKUX ueneﬁ MNEPEMCHHOI'O TOKa

€A es ec

TeopeTnueckue CBeICHUA:

B tpexdazHoiil cucteMe nepeMeHHOro Toka JeHCTBYIOT TpU
9/IC OIMHAKOBOW YaCTOThI, B3aMMHO CMEIIECHHBIE 110 (a3e e -
1 ;

Ha OJTHY TPeTh ( /S)Hepnona.

e,=FE smnawt :

puc.8
e, =E, sin(a)t —2—7[)
3

e-=FE, sin[a)t —4—7[j
3

OOMOTKYM TeHepaTopa MOKHO CO€TMHUTD JIBYMs CIIOCOOAMM:
«3BE310M» U «TPEYTOIBLHUKOM).

CoenuHeHrne 0OMOTOK FeHepaTopa «3Be310i».

[Ipu coeauHeHnn 0OMOTOK 3B€3/10i KOHIIBI 0OMOTOK X, V,

Z COeIMHSIIOTCS B OJHY TOUYKY N, Ha3bIBaeMyI0 H)1e60u

MOYKOU UIU HEUMPAJIbIO 2eHepamopa.
B Yemblpexnpo8oOHoOl cucmeme K HEWTpamm YeThIpexnpoBo/Has
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MIPUCOETUHSIETC HEWTpaldbHbIA, WIM HylIeBOM mpoBoa. K

HayajmaM OOMOTOK TeHepaTopa TNPUCOSAMHSAIOTCS TpHU

JIMHEVHBIX MMPOBOJA.

HampspkeHus Mexay Hadajdamu U KOHUAMU (a3, WK, 9YTO TO XKe, HAMPSDKEHUS MEXKITY KaKIbIM H3
JMHEWHBIX TPOBOJIOB U HYJIEBBIM, HA3bIBAIOTCA (asHbimu Hanpaxcenuam u obo3navarorcs Uy, g, U,
uim B oOmeM Buge Uy

Hamnpspkenus Mexay HadagaMu 0OMOTOK, HJIH, U4TO TO XK€,
MEXy JTUHEHHBIMU TTPOBOJIAMH, HA3BIBAKOTCS JUHEUHLIMU
nanpsicenuamu u 0603na4aroTcs Upp, Upe, Uy MH B 001IIEM
Buge U,

O6bruHO Bce a3pl OOMOTKH TEHEpaTopa BBIMOJHSIIOTCS
OJIMHAKOBBIMH, TaK 4YTO JEHCTBYIOIME 3HAYCHHS 7AC B (azax ec
paBHbl, T. €. E4=Ep=FEc, HO CABUHYTBI OTHOCUTEJIBHO JIPYr Apyra

f = -

- es
120°

BekTopHas guMarpaMma

Ha ¢ = 120°. Ha BeKTOpHOIl IuarpamMme 3TO IOKa3bIBACTCS
TpexdasHelx 3C

CJICTYIOIIUM 00pa3oM.

Takyto ke auarpammy uMeroT (asuple HanpsokeHus reaeparopa Uy, Up, U,

CooTHOIIIEHnE MCKIY JMHEUHBIMUA U (1)8.3HBIMI/I HaIIpsOKCHUSAMHA  IIPH COCIUMHCHHUHA 0OMOTOK
reacparopa ((3B63H0ﬁ>>.

UAB

Bexkmop nuHeliHo20 HanpAaXeHuUA paseH pasHocmu
8EKMopoe coomeemcmeayrouwux d)CIB'HbIX HGI'IpH)f(E‘HUU.

=

O,=0,-0,=0,+(0,) Be
J,+(0,.)
0.+(-0,)

U3 sexkmopHou ouazpammuvl 8UOHO, YMO 8EKMOP TUHEUHO20
HanpsdiceHuss npu coeouHenuu 0OMomox 2enepamopa

UBC B _Uc
l_j c _[jA

«36€30011» bonbue 6eKmopa (hazno2o HanpsaiceHus a J3:
BektopHaa gnarpaMmma HanpspkeHuin

Ufr = \/g Urf)

CoenuHeHne 0OMOTOK reHepaTopa «TPEeyroIbHUKOM.

IIpu coenuHeHnn OOMOTOK Tpexga3zHOro TIeHepaTropa
TPEYroJbHUKOM KOHEIl TepBOi OOMOTKM X COETUHSETCS C Z A
HayajioM BTOpOW OOMOTKHM B, KoHel BTOpoi OOMOTKH Y

5 . 1 obmoTKa
COEIMHSIETCS C HAadaloM TpeTheil oOMoTku C W KOHel TpeTheir 3 06MoTKa
oOMOTKH Z ¢ HauanoMm mnepBoil 4. Tpu IuHEHHBIX HpoBOJA,
c X
LAV 4
Y B

2 obmoTKa



UAYIIUX K IPpUEMHUKAM SHCPIruu, NpUCOCAUHAIOTCA K HadYajlaM

¢az 4, Bu C.
I[Ipy TAKOM COETMHEHUH OOMOTOK (Da3HbIE HANPANCEHUS NARHR MUHOTHR M-
A
F 3 F 3 .
Uis=Uy A
Upc = Us U.? = Ur)‘) Uas
Uca
Uca = Uc
c v
B F 3 . B
Use
v v . c

Cxema coeaMHeHUA o6MoTOK

CoeMHEHNE FeHepaTopa U IIPHEMHNKA SHEPTHH «3BE30H; TPeX(PasHoro reHepatopa TpeyronkHuKom

IIpU TaKOM COCAMHCHHUU CUCTEMA MOXKECT OBITh

1. YeTblpeXIpoBOJHON — UCIIOJIb3YETCS IPU OCBETUTEILHOU Harpys3Ke
2. TpexmpoBOAHONH — HCHOJB3YyeTCS MpPH CUIOBOM Harpyske (T.e. MpU MOAKIIOYEHUU
AJIEKTPOJIBUTATENICH )

UYeTbIpexIpoBOAHAS CUCTEMA TpeX(Pa3HOTo TOKA.

Ecnu da3nple 0OMOTKHM reHepaTopa Win MOTPEOUTENsI COSTUHUTD TaK, YTOOBI KOHIIBI 0OMOTOK
OBUIM COEJIMHEHBI B OJIHY OOIIYIO TOUKY, a Hauajia 0OMOTOK IMPUCOEAUHEHBI K JINHEHHBIM MTPOBOIAM,
TO TaKOE COCTMHECHNE HA3bIBACTCS COCAMHEHUEM 3Be310i 1 0003HaUaeTcs yCIOBHBIM 3HakoM Y. Ha
pUCYHKE OOMOTKH T'e€HEepaTopa M MOTPEOUTEIIST COSTUHEHBI 3Be37101. TOYKH, B KOTOPBIX COCIUHEHBI
KOHIIBI (Pa3HBIX OOMOTOK T€HepaTopa Wik MOTPEOUTEIS, HA3BIBAIOTCS COOTBETCTBEHHO HYJICBBIMU
toukamu reHeparopa (0) u norpedutens (0').

O6e Toukn 0 u 0' coeguHEHBI TTPOBOJIOM, KOTOPBIN HA3BIBACTCSA H)/IE€GbIM, WU HEUmpaibHbIM
npogodom. OcTanbHbIe TPHU MPOBOJIA TpeX(a3HOW CUCTEMBI, UAYIINE OT FeHEpaTopa K MOTpeOUTeNo,
HA3BIBAIOTCS JUHelHbIMU nposodamu. Takum o00pa3oMm, TEHEpaTop COEOUHEH C MOTpeOHuTeneM
4eThIpbMsl TpoBoaaMu. [losToMy »3Ta cucTeMa HA3bIBACTCS UemblpexnpoBOOHOU CUCMEMOT
mpexgasno2o moxa.

BerkmopHas duazpavma
JUHeUHBIX U (hazHbIX HAaNPxeHUl,
JuHelHbIX mMokos dna coedunerus

“"3gezdod”

TpexdgasHaa YeTbIipeXnpoBoaHaa cUCTeMa nepeMeHHOro Toka
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Tok, mpoTekaromuii Mo ¢a3zHoil 0OMOTKe reHepaTopa WM MOTPEOUTEINs, Ha3bIBACTCS (hAa3HbIM

mokom 1 0003Hauaercs B o01meM Buze /p. Tok, npoTekarouuii o JMHEHHOMY IPOBOJLY, Ha3bIBAETCSA

JIUHeUHbIM MoKomM 1 0003Ha4yaeTcs B o0mmeM Buje 1, 1o HyiaeBoMy npoBoy MPOTEKaeT TOK, PaBHBIN

2COMEMPUHECKOU CYMME MPex MOKO8.! IO =1 4T IB + IC .

IIpu coeqnHeHnN 3B€3/101 JIMHENHBINA TOK paBeH (ha3HOMY TOKY Iﬂ = Iqb

Hanpsokenus, uaMepeHHble MEXJy Hadamamu (a3 reneparopa (MiId NOTPEeOUTENs) U HYJIEBOM

TOYKOH (MJIM HYJIEBBIM IPOBOJIOM), HAa3bIBAIOTCA (Pa3HBIMH HAPSDKEHUSIMU U o0o3HavaroTes Uy, U,

U. nmm B o6mmem Buze Uy,

Hanpsoxenus, n3amepeHHble Mex 1y Hauanamu 1Byx ¢a3: A u B, Bu C, C u A — reneparopa uiu

MOTPEOUTENS, HA3bIBAOTCS TUHEHHBIMU HaNpsHKEHUSIMU M 0003HauatoTest Uyp, Upe, Uy nH B

obwem Buze U,. Ilpu atom U, = NEYY, o

OHpG[{GHeHI/Ie (1)a3HI>IX TOKOB ITPUCMHHUKOB, ITIPOU3BOAUTCA TAK KC, KaK U B OZIHOCt)a?;HI)IX J1(S15:0.¢

IEPEMECHHOI'O TOKaA:

Yriuel  caBUTa  TOKOB — OTHOCHTENBHO  (DasHBIX
HaMpsDKEHUN onpeaenstores u3 Gpopmy:

r, T, r,
_ A _ 'B __C
COS(pA = COSwB =— COS(DC =

ZA ZB ZC

eticmeyrowee 3Hauernue moxka 6 HelmpaibHOM NPoeoode
MOJNCHO Oonpedenums MONAbKO € NOMOWbIO 8eKMOPHOU
OUASPAMMYL NPU 2eOMEMPULECKOM CLONHCEHUU BEKINOPO8
JIUHEUHbIX ((ha3HbIX) MOKO8:

IL=1,+1,+1,

Uc

COGI[I/IHCHI/IC re"eparopa u IpueMHHKA SHCPI'UH «TPECYTOJIbHUKOM)).

TuHeliHbIA npoBoa assl A

Kpome coenuHeHuss 3Be3l0ii, TeHEpaTOPHI, RS \
TpaHcpopMmaTopbl, JBUTATENd U  JAPYTUE a

notpeburenu  Tpexda3sHOro TOKa  MOTYT

BKITIOYATHCS «TPEYTOIEHUKOMY. ¢ c

Coedunenue mpey2071bHUKOM»
BBITTOJTHSACTCSI TAaKUM 00pa3oM, YTOOBI KOHEIl
¢da3pl 4 ObUT coenuHEH c. HadajioM ¢asbl B,
KoHell (a3bl B coeuHeH ¢ HadaioM ¢asel C u
koHel (azbl C coeluHeH ¢ HayanoM ¢a3bl 4.

NuueiHbli nposog thasel B

A

Harpy3aka

NuHeliHBIA npoBoA a3kl C

CxeMa eRTHYEHUS 2eHePaniopa U HazpysKu
“mpeyzonbHuKom"
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K mectam coenunenus a3 npuCOEAUHSIIOT
JINHEMHBIE TPOBOJIA.

Ecau oOMOTKM TeHepaTopa COCAMHEHBI TPEYTOJBHHKOM, TO JIMHEHHOE HAIpSHKCHUE CO37aeT
Kaxas a3zHasi o0OMOTKa.

Y motpebutens, COCIUHEHHOTO TPEYrOJIbHUKOM, JUHEHHOE HaMpsDKEHHWE MOJKIIIOYaeTCsl K
3akuMaM (¢azHoro compotuBieHus. CrenoBaTeNbHO, MPU COSAMHEHUU TPEYTrOoJbHUKOM (asHoe

HaNpsHKEHUE PaBHO JIMHEHHOMY HAIPSIKEHUIO: Uﬂ = Uqb. U no cxeme unayt nuHeliHble U (a3Hble

TOKH.
Mpu coeaNHEHUM «TPEYFONBLHUKOMY
. a3Hoe HanpsKeHUe PaBHO NIMHEHHOM =
3asucumocms medncoy gaznvimu u TUHEUHLIMU fanpmenmop- P y Un Uqb

moxamu IIPU COEAUHEHUHN TPEYTOJILHUKOM:
IA IB IC JInHelHble TOKK

Li=1;—-1 I I I

- - - |::> ARl BBE EEA ®asHkle TOKM

Iy=15— 1 i

T _‘I’ _T TeHepatop A= \ Harpyska

C ~— *c4 BC A
. . ICA Iw Ica/ Iae
Jluneiinbie  moku  pasHvl  2eoMempuyecKol / \}
pasnocmu (hazHwblx MoKo8. ¢ Yl B
o Iz —»

[Ipn cumMeTpudHO Harpy3ke (a3Hble TOKHU — e

OAVHAKOBLI 110 BCJIMYMHE W CIABUHYTBI OJIWH

oTHocutenbHO apyroro Ha 120°. IlpousBoxas
BbBIYUTAHUC BCKTOPOB (1)33HI)IX TOKOB COIJIaCHO ITOJIYUYCHHBIM
ypaBHEHUSM, TIOJTy4aeM JIMHEHHBIE TOKH.

3 BGKTOpHOﬁ JAuarpaMMmbl BUJAHO, YTO IIPpHU COCAMHCHHU «TPCYI'OJbHHUKOM) JIMHEHHBIA TOK

Gosbitte dasHoro Toka B /3 pas: I, = \/§ Iqb

MomtHoCTH TpeX(I)aBHOl"O MNEPEMCHHOT'O TOKA

[Ipu paBHOMEpPHOI Harpys3ke MOIIHOCTb, MOTpedisiemas OT
Tpex¢da3zHOW CeTH, HE3aBUCHUMO OT Cloco0a BKIIOUEHHS
Harpy3KH, BbIpaKaeTcs CIeayrome GopMyIoun:

P=/3 I, U, cose axkTuBHas MOLIHOCTb TPeX(a3HOIo TOKa
IIPU COEMHEHUU 3BE3101 U TPEyroIbHUKOM

P=43 I,U,sin@ peakTuBHas MOLIHOCTb Tpex(azHOro
TOKa IMpHu COCIUHCHHUU 3Be3)IOI>'I " TPEYTr'OJIBHUKOM

S=+31 U, IIOJIHAsA MOIIHOCTh TP COEJMHEHHH

Bekmopras duazpamma

NUHeUHbIX U (ha3HbIX MOKOS
OPUMEHSIOT  CIEUUalbHbE  WM3MEPUTENbHbIE  NPHOOPBI, A coeduHeHUs "Mpey2onbHUKOM”

Ha3bIBACMbIC BATTMETPaAMHU.

3B€3J0M W TpeyrodbHUKOM JlJIsi u3MEpeHus MOIIHOCTH
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[Ipumep 5, 6:

PacuerHo - rpaduueckas pabora Ne5, 6

Pacuer Tpexa3HbIX 2JIEKTPUUECKUX LIeTIel TEPEMEHHOT0 TOKa

Ra1 XL
A (A
—® )
Ra1 XL
Rat XL
c L 4 o | j

&

Ra2 I Raz I Rﬂ(

Xcrl_xcz TXc3
(8

®°

1. Pacuer TpeX(baBHLIX QJICKTPHUUICCKUX ueneﬁ, COCAUHCHHBIX «TPCYTI'OJIbHUKOMM:

Rat XL

Rat XI.

Rait XL
° ._E_ﬁh/\_

Jlano: B TpexdasHyro cucTeMy BKIIHOYEHA: R =R, =R, =R.=10Owm

a) CHMMeTpHUHas aKTUBHO-UHAyKTHBHas Harpyska— X, =X, =X, =X,.=80u

Onpenenutsd : MOKa3aHUS BCeX MPUOOPOB, BKIIOYCHHBIX B CXEMY U TIOCTPOUTH BEKTOPHEIE
nuarpaMMbl Harpy3ok eciu U1=220 B

Pemienue:

1) Onpenensiem cxemy coenHeHUs1 Harpy30k: CummerpudHas Harpy3ka Ral — XL coenunena B
«TPEYTOJILHUK»



— BOJIBTMETP 1 - oOmuii y1st BCEH 1enH, BKIIFOYEH MEKTy JJUHEHHBIMU TTpoBoiaMu A u B:

U, =U,=220 B

- ammepMeTp | uM3MepseT IMHEHHBIA TOK IS HAMPY3KH, COEIMHEHHOMN B «TPEyrOJIbHHKY:

AI - Iﬂ1

- aMIIepMeTp 2 u3MepsieT (pa3Hblil TOK AJI HArPY3KH, COCAMHEHHOH B «TPEYTOJIbHUKY:
Az = Iqb2

IIpy COeIMHEHNH T€HEPATOPa M HATPY3KH «TPEYTOILHUKOM». ?

Pacuer nuneiHOrO U (ha3HOTO HANPSIKEHUM LIEMH: U,= Uqb =220 B

IJIZ\/g.Id)

Pacuer nuHeMHbIX U (ha3HBIX TOKOB LIETIH:

U

Tok kaxoit passl onpenensercs mo 3akony Oma: [ b= ¢
qu
U
I, =—"= 20 _ 17 4
Tok ghazvr A Z,, 128
Z, =R+ X2 =V10° +8> =164 =12,8 Om
U, 220

I,=—t=""=174
Tox ¢pasu B Zys 128

Z,p =R+ X2 =310 +8 =164 =128 Ou

U, 220

I, =—~=—=17 A4
Tok gazer C @C quc 12.8

Z,e =R+ X} =10° +8* =164 =128 On

OmnpenensieM TUHEHHBINA TOK TSI KaXK10H (a3bl:

[,=v3-1,=+3-17=29,4 4

[,=+31,=+317=294 4
49
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Haueptum B maciitabe BEKTOPHYIO Juarpammy

M, = 405 = Ud) =U,=55¢cm
lem

MI:ﬂ I . =59¢cm, I¢=3,4CM
lem

[TocTpoeHne HauMHAEM C BEKTOPOB HalpsKEHUM, pacriosaras ux nox yriom 120 rpagycos apyr
OTHOCHUTEJIBHO ApyTa.

OrtknaneiBaeM (azHble TOKH. J{JIst TOTO onpeensieM yriibl CIBUTOB (Pa3HBIX TOKOB OTHOCHTEIIEHO
(ha3HBIX HAIPSKEHHIA:

R, 10 0 )
cosp, =—L=—"=0,78 = =38 A
¢asza A va Z, 128 Y IAB
d)a3a B COSQ, = R“] = ﬂ =0,78 = Q= 38’
z, 128
¢asa C CoSQ, = R, 10 _ 078 = ¢=38
Z. 128

T.K. Harpyska B «rTpeyroibHuke» [ oA =3,4cm,
aKTUBHO — UHAYKTHUBHas, TO

l,, =34cm
OTKJIa/bIBaeM  (a3Hble TOKU TOJ] B ’ ’
yIJIaMU, COOTBETCTBYIOIIMMHU KaXKI0U
¢daze B CTOPOHY OTCTaBaHHs OT
(a3HbIX HampsoKeHW (10 4acoBOM
CTpeJIKe)

Iq,)c =3,4cm

OrnpenenseM TUHEWHBIE TOKH:

IC - ICA - IBC = ICA + (_ IBC)
OmpenensieM JTMHEHHBIE TOKU 110 BEKTOPHOI I BC

»
N
»
o L]
anarpaMme ¢ IOMOIIBIO IMHCHUKHU »
»
"
L}
»
M

AB



I,=1,=1,=1.=59cm-54~29,4 4
2. Pacuet Tpex(ha3HbIX ANEKTPUICCKUX IIETICH, COSTUHEHHBIX «3BE30M:

Hano: B tpexdasznyro cuctemy BKIIOUYEHA! A Py
a) HECUMMETPHUYHASI aKTUBHO - EMKOCTHAas

Harpyska: R, =100m 5
X, =2 Om
X =4 Om c
Xo=6 Om

ONONQO
Ornpenenuth : MOKa3aHUs BceX NpuOOpPOB,

BKJIFOUYCHHBIX B CXEMY U IIOCTPOHUTH BEKTOPHBIE @3
nuarpammbl Harpysok eciu U1=220 B Ra2 Raz | |Raz

Pemenue: i 1-I— X= TXC3

1) OnpenensieM cxeMy COEIMHEHUS HAarpy30K: @

e °

Hecummerpuunas narpyska Ra2 - Xc coequnena
B «3BE3/Y» C HYJIEBBIM IIPOBOJIOM

2) OmpenenseM 3JIeKTpUUYECKUE TapaMeTphl, U3MepsieMble BKJIFOUCHHBIMU B LIEIb TPHOOpaMH.
—onbT™erp U, - o6mmii 1y Beell 1enu, BKIIIOYEH MEXKY JIMHEHHBIME IIPOBOAaMK A u B:

U ,=U,=220 B

- BOJ‘IBTMGTpUz BKJIFOYEH MEX]y JIMHEHUHBIM NpoBoAOM C U HyneBbIM MpoBoAoM 0, Harpy3Ku
COeMHEHHOM «3Be3aoi»: U, =U b2

- Amnepmerpet Ay, 4, As |, n3mepsor dasbie Tokn pas A,B,C HArpy3KH, COeMHEHHON «3BE310i»:

\
A, =150
As =1, |

— AmmiepmeTtp A WU3MEpSAET HYJIEBOW TOK Harpy3Ku, COCIMHEHHOMW «3BE3/I0M»: A6 = IO

Pacuer e coeIMHEHHOU «3BE310UY:

U,=3U,

[Ipu coennHeHNN TeHepaTopa U Harpy3Ku «3Be3/10M»:

Pacuer nuneitHOrO U (ha3HOrO HANPSIKEHUH LIENu:
- Ob1ee TUHEWHOE HANPSKEHUE 1IeTTH
d)alsuoe anpspDKeHUe P ’ Un=220B
- HO€ HaIpsbKeHUe:
Un 220

U,=—=="==127B
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Pacuer nuHeHBIX U (Ha3HBIX TOKOB ICTIH I —
[Ipu coenuHeHnn reHepaTopa U Harpy3Ku «3BE3/101» JTMHEHUHBIN TOK paBeH (bﬁSHOMy@OKy:

Toxk kaxmoi dasbl onpenensercs no 3akony Oma: 1, = Z—qb
b
U 127
— _ ¢ _ —
Tox dpasor A Lia=Lga = z_qu “ 00" 1254 7, = JRS +Xc} =107 +22 =104 =102 Om

Toxgasn B Uy 121 e 7, =R+ X3 =107 +4* =116 =108 O

”Z, 108
Tox ¢paszer C
Le=1, gqb 127 g5 4 Zye =[RL+XE =10 +6 =136 =117 On
Ve ’

1
HJ'ISI OIIPCACIICHUSA TOKA 0 B Hy.]'IeBOM IIpOBOAC HAYCPTUM B MacmTa6e BCKTOpHYI-O I[Hal"paMMy:

40 B

M, = U¢=3,2m4; U,=55cm
lem
3A

M, =— I¢A:4,20M,
lem

1y =4cm, Ly =36cm
U

- [locTpoenne HaunHaeM ¢ BEKTOPOB (ha3HBIX HANIPSKEHUM ¢ pacronarast ux mox yriaom 120°
JIPYT OTHOCUTENBHO pyra: U, =3,2cm =127 B

Haxonuwm nuHelHbie HaNpsOKEHUs. ] Kak pasHOCTh 2X
Jl
COOTBETCTBYIOIIMX (Pa3HBIX HANpPSKEHHUI:

leB:l_jA_[jB :UA+(_UB)

l_jBC =Us _ljc UB +(_(7c)

IIo BCKTOpHOﬁ AuarpaMmme mojaydacTes:

U,=55cm=220 B
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OtxnagpiBaeM (ha3HbIe TOKH.

JJ1s 3TOTO OTIpEeNeNsaeM YINbl CIBUTOB (Pa3HBIX TOKOB OTHOCHTEIBHO (Pa3HBIX HANPSHKEHUI:

R, 6 0
cosp, =—~2=—=0,59=> =53
dasa A Y=z T102 ? I, =42cn,
R, 6 :
cosp,=—2=—=055=> ¢=56 I,,=4cm,
¢aza B B Z, 108 IgbB e
g = 30cm
pasa C cosp. =B o & _g515 4500
Y=z T 4

T.K. Harpy3Ka B «3B€31€>» aKTUBHO — EMKOCTHAas, TO OTKJIaAbIBaCM (ba3HI>IC TOKHU IO yIjlaMu,

COOTBETCTBYIOIIMMH KaXKA0H (haze B CTOPOHY onepedicenus ghazuvix nanpsaiceHuii (IPOTHB YaCOBOK
CTpEJIKH)

Ua

Tok B HynI€BOM MPOBO/IE pPaBEH r€OMETPUUECKOI cyMMe TpeX (ha3HBIX TOKOB:
L=1,+1,+1.

IIo AuarpaMme ¢ MOMOIIBIO JIMHEWKHU OMIPCACIIACM:

I,=08cu| [1,=08cu-34=2,4 4
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