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JIner aktyanu3anuu padoyeil mnporpamMmsl

Pabouas mporpamma nepecMoTpeHa, 00cyxieHa u ogoOpena uist peanmsarmu B 2026 - 2027
y4eOHOM TroJly Ha 3aceJaHuu Kapeapbl DIEKTPOCHAOKEHUS MPOMBIILICHHBIX MPEANPUSTUN

[Iporokom or 20 1. Ne

3aB. kadenpoii A.B.Bapranosa

Pabouas mporpamma nepecMoTpeHa, 00cykieHa u oo0pena uist peanmsarmu B 2027 - 2028
y4eOHOM rojly Ha 3acejaHuu Kadeapsl DIEKTPOCHAOKEHHS MPOMBIIUICHHBIX MTPEIITPUSTHHA

[Iporokom or 20 1. Ne

3aB. kadenpoit A.B.B_apraHOBa

Pabouas mporpamma nepecMoTpeHa, 00CcykieHa u oo0pena uist peanu3aruu B 2028 - 2029
y4eOHOM rojly Ha 3aceJaHuM Kageapsl IEeKTPOCHAOKEHUSI POMBIIIUIEHHBIX NPEANpUITUN

[IpoTokomor 20 . Ne

3aB. kadenpoit A.B.B_apraHOBa

Pabouas mporpamma nepecMoTpeHa, 00CykieHa B o100peHa s peanu3aryu B 2029 - 2030
y4eOHOM rojly Ha 3aceJaHuu Kageapsl IEeKTPOCHAOKEHHSI POMBIIIIEHHBIX NPEANpUITUN

[IpoTtokonm oT 20 1. Ne

3aB. kadenpoit A.B.]ﬁpraHOBa




1 eau ocBOeHMS AUCHUNIMHBI (MOIYJIA)

Hensstmu  ocBOEHUS ~ JUCHMIUIMHBL  (MOAyNsl) — «DJNEKTPOTEXHUKA»  SBISIOTCSA
TeopeThyecKas U IpakTU4ecKas MoAr0TOBKa OyyInx 0akaiaBpoB B 0OIACTH AIEKTPOTEXHUKU
U DJEKTPOHMKM B TaKOH CTENEeHH, 4YTOOBI OHHM MOIVIM BBIOMpaTh HEOOXOJUMBIE
IEKTPOTEXHUUECKHE, DIIEKTPOHHBIE, JJIEKTPOU3MEPUTEIIBHBIE YCTPONUCTBA, YMETh UX ITPABUIIBHO
9KCIUTYaTUPOBATh M COCTaBJSATh COBMECTHO CO CHELUAINCTAMHU- IEKTPUKAMU TEXHUYECKHE
3aJlaHus Ha pa3pabOTKy 3JIEKTPUUECKUX YaCTEeH pa3IM4HbIX YCTAHOBOK U 00OpYI0BaHUS B CBOEH
npoheccCHOHATBFHON IS TEILHOCTH.

2 MecTo quCHUILIHHBI (MOAYJIsI) B CTPYKTYpe 00pa3oBaTe/IbHOM NPOrpaMMbl

JucnumimHa DIEKTPOTEXHHKA BXOJIUT B 00s3aTeNbHYI0 YacTh Y4eOHOTO IIIaHa
00pa30BaTeNIbHOI MPOrpamMMmbl.

Jnst  w3ydeHusT  JUCHMIUIMHBI ~ HEOOXOAWUMBI  3HaHWS  (YMEHHMs,  BIIAQJCHUSN),
chopMuUpOBaHHBIC B pe3y/IbTaTe U3YUYCHUS TUCIUIUTNH/ IPAKTHK:

MaremaTuka

dusuka

Nudpopmaruka

3HaHus (YMEHUs, BIIAJCHUS), IOTYyIEeHHBIE MIPU W3YYCHUH NaHHOW AWCIUIUTMHBI OyIyT
HEOOXOUMBI JIJIS1 U3YYCHHS AUCIUTUTHH/TTPAKTHK:

MoHnTax, KCIUTyaTaIus U PEMOHT METALTYPTrUIECKUX MAIIMH U 000PYA0BaHUS

Teopust MalIvH U MEXaHU3MOB

bezonacHOCTE XKU3HENEATEILHOCTHU

Mertamtyprudeckue mo beMHO-TPAHCTIOPTHBIE MAITUHBI

3 Komnerennun ody4yarouierocsi, opmupyembie B pe3yJbTaTe 0CBOCHMSI

AUCUUIJIMHBI (MOYJIs1) M IVIAHMPYEMble Pe3yJbTAaThl 00yUYeHust

B pe3ynbraTe 0ocBOEHUS AUCUUILIIMHBI (MOIYIS) «DJIEKTPOTEXHUKa» 00ydaromuics
JOJIKeH 00J1a1aTh CIIeIyIOIUMH KOMITETEHIUSIMHU:

KOI[ HHAWKATOopa I/IH,Z[I/IKaTOp JOCTHXKCHHA KOMIICTCHILIN

OIIK-1 CiocoGeH mpuMeHSTh €CTECTBEHHOHAYYHBIE U OOIIEHHKEHEPHBIC 3HAHUS, METOIbI
MaTEeMaTHYeCKOr0 aHAJIM3a U MOJICTTMPOBaHuUs B Ipo(decCHOHAIbHON AESITeIbHOCTH;

OIIK-1.1 Pemraer crangapTabie TpodecCHOHAIBHBIE 33/1a4H C IPUMEHEHHEM
OOILIEMH)KEHEPHBIX 3HAHUM

OIIK-1.2 [IpumensieT MeToAbl MOJEIIUPOBAHUS U MATEMATUYECKOTO aHau3a AJIs
pelieHus 3a/1a4 B NpodecCruOHAIbHON e TENbHOCTH




4. CtpyKTypa, 00b€éM U coep:kaHHe TUCHHUILINHBI (MOLYJIs1)
OO01mmast TpyI0eMKOCTh IUCIUTUIMHBI COCTaBIsAeT 3 3adeTHbIX eaunanil 108 akaa. 4acos, B TOM

YHUCIIC:

— KOHTaKTHast pabota — 55 akaJ. 4acosB:

— ayautopHas — 54 akaj. 4acos;

— BHeayAUTOpHas — |  akaj. 4yacos;

— caMoCTOsITeNIbHas padoTa — 53 akaj. 4yacos;

— B JopMe IpaKTUIEeCKOH moaAroToBKH — 0 akaj. vac;

dopma arTecTanuu - 3a4eT

Pasnen/ Tema
JIACLUTUTIHBI

Cemectp

AynuTopHast
KOHTaKTHast pabora
(B akan. yacax)

11a0.
3aH. 3aH.

JIek.

HPaKT.

CamocTosTenpHast

pabora cryaeHTa

Bun
CaMOCTOSITEIILHON
paboThI

dopma TeKyIero
KOHTPOJIS
YCIIEBAEMOCTH U
MIPOMEXYTOYHOMN
aTTeCTaLluu

Kon
KOMIICTCHIIUHA

1.1 JIunetineie
AJIEKTPUYECKHUE 1ICTTH
IOCTOSIHHOT'O TOKA.

1. ITouck
JIOTIOJTHUTEILHOM
UHPOPMAIIH IO
3aJIaHHOM TeMe.
2.
CaMOCTOsATEIbHOE
U3yUYCHHUE
yueOHoM
JIUTEPATYPBHI.
3. Pab6ora ¢
3JIEKTPOHHBIMH
OMOIMOTEKAMH.
4. IToaroroska u
BBITIOJTHEHHE
1.p.Nel

Komnnoksuym mo
1.p.Nel

OIIK-1.1,
OIIK-1.2

1.2 Jluneiinsie
JNIEKTPHIECKUE [ETTH
onHO(ha3HOrO

CHUHYCOHOAJIBHOT'O TOKA.

1. Pabora ¢
3JIEKTPOHHBIMH
OMOJIMOTEKAMH.

2.
CaMocTosATENbHOE
U3yUYCHHUE
yueOHO
JIUTEPATYPHI.

3. IloaroroBka u

BBITTOJTHEHHE

1.p.Ne2

Komnmoksuym mo
1.p.Ne2.

OIIK-1.1,
OIIK-1.2

1.3 Tpexdasusie neny.

1. Pa6ora ¢
JJEKTPOHHBIMU
OMOJIMOTEKAMH.

2.
CamocTosTeNnbHOE
n3ydeHHe
yaeOHOI
JIATEPATypEHI.

Kosnnoksuym no
1.p.Ne4.

OIIK-1.1,
OIIK-1.2




3. [loaroroBka u
BBITIOJIHEHHE
1.p.Ne4.

1.4 TparcdopmaTOpHI.

1. ITogroroska u
BBIIIOJIHEHHE
1.p.Ne21.

2.
CaMOCTOATEIBbHOE
U3y4eHHE
y4eOHOH
JIUTEPATyPhI

KomiokBuym 1o
1.p.Ne21

OIIK-1.1,
OIIK-1.2

1.5 DnexTpuyeckue

Malll¥HbI ITIOCTOAHHOI'O TOKA.

1. ITogroroska u
BBITTOJTHCHHE
71.p.Ne23.

2.
CaMOoCTOATEIBHOE
U3y4eHHE
yueOHOI
JTUTEPATYPBHI.

KomiokBuym 1o
71.p.Ne23.

OIIK-1.1,
OIIK-1.2

1.6 ACUHXpOHHBIE
JBUIATEIIH

1. ITogroroska u
BBITTOJTHEHHE
1.p.Ne24.

2.
CaMOCTOATEIbHOE
U3yUYCHHE
yueOHOM
JIUTEPATYPBHI.

KonnokBuym o
1.p.Ne24.

OIIK-1.1,
OIIK-1.2

1.7 DnementHas 0Oa3a

3JIEKTPOHHBIX YCTPOUCTB.

HcToyHnKky BTOPUYHOTO
MIUTaHHUS.

1. ITonroroBka u
BBITTOJIHEHHE
1.p.Nell.

2.
CaMOCTOsATEIBHOE
U3yUYCHHUE
yueOHoO
JIUTEPATYPBHI.

KonnokBuym mo
1.p.Nell.

OIIK-1.1,
OIIK-1.2

1.8 DnekTpuyeckue
HU3MEPEHHS U PHOOPBHI.

1. IlonroroBka u
BBITIOJTHEHHE
1.p.Ne8.

2.
CamMocTosTeNnbHOE
U3yUYCHHUE
yueOHO
JIUTEPATYPHI.

Komnnoksuym mo
T.p.Ne8.

OIIK-1.1,
OIIK-1.2

HUroro no pazneny

18

18

18

53

HUroro 3a cemectp

18

18

18

53

3a4€T

Hrtoro no gucuuIInHE

18

18

18

53

3a4CT




5 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

Jns  peanu3anui  IPEIYCMOTPEHHBIX BHJOB Yy4eOHOM pabOTBl B KadecTBe
00pa30oBaTENbHBIX TEXHOJIOTHI B MPENOJaBaHUN TUCIHILINHBI HCIIOJIB3YIOTCA — TPAAULIUOHHAS
TEXHOJIOTHUSI U TEXHOJIOTHS MPOOJIEMHOTO OOYUEHHS.

[lepenaya HEOOXOAMMBIX TEOPETUYECKHX 3HAHWH H (OPMHUPOBAHHE OCHOBHBIX
MIPE/ICTaBICHUM MOXKET IPOUCXOAUTD C UCIOIb30BAaHUEM MYJIBTUMEIUITHOTO 000PY10BaHUS.

Jlekuuyu TPOXOAAT B TPAIUMIHOHHOW ¢opme, B (opme IEeKIUIH-KOHCYIbTAMi U
MPOOIEMHBIX JICKITHH.

Teopernueckuii MaTeprana Ha IPOOJIEMHBIX JIEKLIUAX SIBISIETCS PE3YJIbTaTOM YCBOCHHS
MOJIy4€HHOU MH(OpMalMK NOCPEACTBOM MOCTAHOBKH MPOOJIEMHOTO BOIPOCA M MOUCKA MyTei
€ro peleHusl.

Ha nexnusix — KOHCyNbTalUsAX HU3JI0)KEHHE HOBOIO MarepHaja COIPOBOXKIACTCS
MTOCTAaHOBKOM BOIPOCOB U AMCKYCCUEH B IOMCKAaX OTBETOB Ha 3TH BOIIPOCHI.

6 YueOHO-MeTOAMYECKOE 00ecTIedeHHe CAMOCTOATEILHOI padoThl 00yUalONIUXCs
[IpencraBneHo B npuioxeHuu 1.

7 OueHoYHbIE CPeCTBA AJIA POBeIeHUs IPOMEKYTOYHOM aTTecTauum
[IpencraBieHbl B IPUIIOKEHUHA 2.

8 YueOHO-MeTOAMUYECKOE U MH(OPMAIIMOHHOE O0ecTiedeHUe U CIIUTIINHbI

a) OcHOBHas JMTEpaTypa:

1. Jlanunos, M. A. DnekrporexHuka : yueOHUK aisa By3oB / . A. JlanunoB. — 2-¢
u3a., ucnp. U jgom. — MockBa : M3marenbctBo [Opaiit, 2025. — 412 c¢. — (Bsicuiee
obpazoBanue). — ISBN 978-5-534-21153-5. — Texkcr : anexktpoHHbiit // OOpa3oBaTenbHas
mwiargpopma Opaiit [caiit]. — URL: https://urait.ru/bcode/559467 (mata oOparneHus:
06.03.2025).

2. DIeKTpuvecKre MalluHbl | y4eOHUK U MpakTUKyM Juist By3oB / B. . Kucenes, 3. B.
Kysnuenos, A. 1. Konsiios, B. I1. Jlynun ; nox obmeit pegakiueit B. I1. Jlynuna. — 3-e u3z.,
nepepad. u gjorn. — Mocksa : U3natenbctBo FOpaiit, 2025. — 231 ¢. — (Bricuiee o6pa3zoBanue).
— ISBN 978-5-534-19656-6. — TekcT : anexTpoHHblii // ObpazoBarenbHas miaatgopma FOpait
[caiir]. — URL.: https://urait.ru/bcode/560763  (marta oOpamenus: 10.03.2025).

3. Hooxwunos, O. I[I. DnexTpoTexHuKa (TeOpus NMEKTpUUYECKUX 1ernei) B 2 4. YacThb
1.: yue6nuk g By3oB / O. I1. HoBoxxunoB. — Mocksa : MU3narensctBo IOpaiit, 2025. — 403 c.
— (Bbicmiee oOpazoBanme). — ISBN 978-5-534-04038-8. — TekcT: »neKTpoHHBIN //
O6pasoBarenbHas iatdopma KOpaiir [caiit]. — URL:
https://urait.ru/bcode/561737 (marta obpamenus: 06.03.2025).



https://urait.ru/bcode/559467
https://urait.ru/bcode/560763
https://urait.ru/bcode/561737

0) JlonoJIHUTe/IbHAA JIUTEpaTypa:

1. DnexTpoTexHHKa. DIEKTPUYECKHE M MarHUTHBIC IIETIM : YUEOHUK U MPAKTUKYM JUIs
By3oB / B. II. Jlyaun, O. B. Ky3nenos ; nmox obuieii pegakuueit B. I1. Jlynuna. — 2-e u3gm.,
nepepad. u porn. — Mocksa : U3natensctBo FOpaiit, 2025. — 301 ¢. — (Bricuiee oOpazoBanue).
— ISBN 978-5-534-19691-7. — Texkct : anexkrponnsii // OOpazoBarensHas miaardopma FOpait
[caiit]. — URL.: https://urait.ru/bcode/560566 (mata ooparmenus: 10.03.2025).

2. Munenuna, C. A. DJIEKTPOTEXHUKA : y4€OHHUK M MPAKTUKYM [UJISI CPEIIHEro
npodeccroHanbHOTo 00pazoBanus / C. A. Munenuna ; nox penakuueid H. K. Munennna. — 2-¢
u3n., nepepad. u jgon. — MockBa : MznmarensctBo [HOpaiit, 2025. — 245 c. —
(ITpodeccuonanbroe obpazoBanue). — ISBN 978-5-534-19816-4. — TekcT : 3reKTpOHHBIN //
OopazoBarenbhas miardgopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/562788  (mata
obparmenus: 06.03.2025).

3. Anomunonckuid, C. M., DnekTpoTexHuka : yaeOuuk / C. M. Anoyutonckuii. — Mocksa :
KuoPyc, 2023. — 292 c. — ISBN 978-5-406-11277-9. — URL:https://book.ru/book/948617
(mara o6pamenust: 10.03.2025). — TekcT : 37EKTPOHHBIMN.

4. DNeKTpOTEeXHHUKA B YIPAKHEHHIX U 3a1auax : yueOHoe nocoowue / E. U. Anrasun, B. B.
bormanos, O. b. JlaBeinenko [u ap.]. — HoBocubupck : HI'TY, 2021. — 94c. — ISBN
978-5-7782-4365-1. — TekcT : 3neKTpOoHHBIH // JIaHb : 3JIeKTPOHHO-ONOIMOTEYHAS CHCTEMA, —
URL.: https://e.lanbook.com/book/216116 (mara obpammenus:10.03.2025). — Pexxum gocrtyna:
JUIsl aBTOPH3. MOJIb30BATEIIEH.

B) MeToanueckue ykasaHus:
Meroaudeckue ykazaHUsS IS BBITIOJHEHUS JIAOOPATOPHBIX padOT TPHUBEICHBI B
MPUJIOKEHUH 3.

r) [Iporpammuoe odecnieuenne u UHTepHeT-pecypcebi:

IIporpammMHoe oOecriedeHue

HaumenoBanue .
10 Ne noroopa Cpoxk aelicTBUs TUIICH3UU

MS Office 2007
Professional Neo 135 o1 17.09.2007 0eccpovHO
7Zip cB00OHO pacrpoctpansemoe [10 6eccpoyHO
DIEKTPOHHBIE
TJIaKaThl MO
MUCLUILINHE K-278-11 ot 15.07.2011 OeccpouHo
"DNIeKTpPOTEXHUKA
DNEeKTPOHHBIE
TUTARATEI TT0 K-278-11 ot 15.07.2011 6eccpoUHo
TUCIUTINHE
"OnexkTpoHuka"
FAR Manager cB0OOHO pacmpocTpansemoe [10 O6eccpouHO



https://urait.ru/bcode/560566
https://urait.ru/bcode/562788
https://book.ru/book/948617
https://e.lanbook.com/book/216116

HpO(l)eCCI/IOHaJIbeIe 0a3bl JAHHBIX U I/IH(l)OpMaIII/IOHHBIe ClIPpaBOYHBLIC CUCTEMbI

Hazpanue kypca Cchuika
P o https://www.rsl.ru/ru/4readers
occuiickas ['ocygapctBennas 6ubnuoreka. Karanoru
/catalogues/
OnektpoHHbIe pecypebl oudarorekn MI'TY um. .. https://host.megaprolib.net/M
Hocoga P0109/Web
HanmonaneHas uHpOpMaMOHHO-aHATTUTUYECKAS URL:
cucrema — Poccuiickuit nuaekc Hayanoro uurupoBanus | https://elibrary.ru/project_risc.
(PMHIY) asp

DrekTpoHHas 0a3a nepuoIMUecKuX u3aanuii East View
Information Services, OO0 «1BUC»
9 MaTtepuajibHO-TeXHHYECKOE o0ecnevyeHne TUCHUIIHHBI (MOLyJIst)

https://dlib.eastview.com/

MatepuanbHO-TEXHUUYECKOE 00ecTieueHNEe TMCIUIUINHBI BKIIOYAET:

VY4eOHble ayIuTOpUU ISl TPOBENEHUS 3aHATHM JIEKIMOHHOTO Tuma ayna.365
MynbsTUMeIUIHHBIE CPEACTBA XPAHEHUs, Iepelaul U IpeICTaBIeHNs HH(OpMaLUn

VYueOnas naGoparopust JUisi TPOBEACHUS JIaOOpaTOpPHBIX paboT: Jaboparopus
ANIeKTpuYecKuXx 1eneil  ayn. 358 YHuBepcaabHbIN 1a00paTOPHBIN CTEH/ MO SJIEKTPUUECKUM
LIETISIM, SJIEKTPOHUKE, AIEKTporu3MepeHusM 9 mt. Harmsamabie mocoOust —urakaTei-12 miT.

VYuyeOnas maGoparopust [Uisi MpoBeAeHHs JAabOpaTOpHbIX paboT: sabopaTopus
ANEKTpUYECKUX MamuH ayn .361 YHuBepcaabHbIN J1aOOPaTOPHBINA CTEH MO AIEKTPUUECKUM
mamuHaM 9 mt. Harnsiagaele mocoOus-miakaTel-12 mT.

VYyeOHast aynuTopus Uisl NPOBEACHUS MPAKTUYCCKUX 3aHATHW , TPYIIOBBIX W
WHIUBUAYAIbHBIX KOHCYJIbTALUN, TEKYIIETO KOHTPOJISI M TPOMEXYTOYHOM aTTecTaluu aya. 357,
354, 358, 361 [locka, MyJIbTUMEIUUHBIN MPOEKTOP, SKPaH

[Tomemenne st caMOCTOSITENIBHOM paboThl oOydaronuxcs ayn. 343 IlepconanbHbie
kommbioTepsl ¢ makerom MS Office, Beixomom B MHTEpHET W JOCTYIOM B BJIEKTPOHHYIO
“H(POPMAITMOHHO-00Pa30BaATEIBHYIO CPEly YHUBEPCUTETA

[Tomemenne st XpaHeHHsT W TPOQPIIAKTHYECKOTO OOCITYy)KMBaHUSA Y4eOHOTO
obopynmoBanus  ayna. 356 Cremraxu, cednl mas XpaHeHHs ydeOHOro o00OpyJIOBaHUS.
WNHcTpyMeHTBI U1 peMOHTA JIabopaTOPHOro 000py10BaHuUs



IIpuiaoxenune 1

Y4eOHO-MeTOAUYECKOE 0O0ecTeYeHHe CAMOCTOATEIbHOMH padoThl 00yYaromuxcs

Ilpumepnvie ayoumophsvie KoO110KGUYMbL

Konnoxeuym Ne 1. Jlunetinvie yenu nocmosnuo2o moka.( x a/p Ne 1)

]
1. Onpenenute  BEIMYMHY TOKa  KOPOT-KOTO ‘ E
3aMbIKaHug, ecan: E=2,1B, Ro=0,10wMm, GD&.
R=20Owm.

2. Uto mMoKa3hIBaeT BOJBTMETP, MOIKITFOUYCHHBIN K
3aKMMaM UCTOYHUKA?

3. Ompenenuth compoTHBIEHHE pe3nuctopa R2,
ecmi: R1=30OwM, a moka3aHusi amMIepMETPOB
yKa3aHbl Ha CXeMe.

4. Onpenenuts conpoTtuBieHus R1 u R2, eCIH:
U =60 B, Tok B HEpa3BETBJICHHOW YacTH IEMHU
I=15A. (R1=2Ry)

5. Ompenenuth HampsbkeHue ucrouHuka U, ecimu
R=6 Owm, I=4A.

Konnoxseuym Ne 2. Jlunetinvle yenu nepemenno2o moxa .(x i/p Ne2)

1. IlpuBenure rpadMKk MrHOBEHHBIX 3HAYCHHH TOKAa W HANPSDKCHHS IS MM, COJCpKalieit
AKTUBHOE COINPOTHBIICHHE.

®

2. Ompenenuth COMPOTHBJICHHE KOHIEHcaTtopa Xc, U
ecm: U =200B,1 =4 A, cosop =0,8. R

—Xc

3. OHpe,[[eJ'II/ITL ,HeﬁCTByIOHlee S3HAYCHUC TOKa, HAIIPAKCHUA, CABUI IIO (1)8.36 U XapakTep
Harpy3ku, ¢€CJId MIHOBCHHBIC 3HAUCHUA TOKAa W HAIPSKCHUSA PaBHBIL i=10sin (Dt,
u = 141 sin (wt + 30°).




[IpuBenuTe SIEKTPUYECKYIO CXEMY, KOTO-pOi
COOTBETCTBYET BEKTOpPHAs AUarpamma.

Onpenenuth Moka3zaHusl aMIepMeTpoB A1 U Az U
peakTUBHYIO MoIHOCTH 1enu Q, ecmu: U = 120 B.

Konnoxeuym Ne 3. Tpexchazuvie yenu.(k 1/p Ne 4)

1. Kak nmomyuuts Tpexdasnyto nonyuuts cucremy J.J1.C.? laiite omnpeaenenue TtpexdazHoi

AIEKTPUYECKOM LIEeTH.

OOBACHUTH MOCTPOCHNUE BEKTOPHOM AMAarpaMMbl TOKOB U HaNpsDKEHUH i Tpexda3Ho 1enH,
COEIMHEHHOM «3Be37101». Harpy3ka cumMeTpudHasi, XapakTep akTUBHO — WHTYKTUBHBIN.

JluneliHbIe TOKU TIPU COSTMHEHUH HArpy3KH «3Be3101»: Ia= Ig = Ic = 20 A. Onpeaenutsb TOK B
HEUTPaATBLHOM MPOBOJIE, €CITU (Pa = Qb = @c = 30°.

[IpuBenuTe BBIpaXEHUE ISl ONPENCICHUS AKTUBHOW W PEAKTUBHOM MOIIHOCTEW TMpH
CHUMMETPUYHON U HECUMMETPUYHOMN Harpy3Kkax.

A (D)—A
Ly
OmnpenenuTh TOKa3aHWE BOJBTMETPA, €CIH © 47,
Zd =10 Om, amnepmeTp nmokassiBaeT 10 A. A s
B

Konnoxeuym Ne 4. Tpancghopmamopul( x i/p Ne 21)

1. HazoBuTE HOMUHAIBHBIC BEIMYUHBI, YKa3bIBA€MbI€ Ha MMACIIOPTHOM IIIUTKE
TpancopmaTopa. Uto Bbl MOHUMAETE MOJI HOMUHATHHONW MOIIIHOCTBIO
TpancopmaTopa?

2. HpI/IBC,[[I/ITe 9JI. CXEMY OIIbITa XOJIOCTOTO XO/J4. Pacckaxute MOPpAAOK IPOBCACHUS
9TOro omblTa. Kakre BeInunHbI IIpu 3TOM OHpe)leJ'IHIOTCSI?

3. [IpuBeauTe BHEUIHIOIO XapaKTEPUCTUKY TpaHChopMaTopa i OOBSICHHUTE €e.
[Ipu KakuX yCIOBHUSIX CHUMAETCS BHEIIHASA XapaKTepucTUKa?




4. [louemy y OOMOTKH BBICIIETO HAMPSKEHUSI CEUCHHE MTPOBOJIA MEHBIIIE, a Y
00OMOTKHM HU3IIETO HaNpsHKeHUs Oosbie?

5. I[aHO: U1H0M2220 B, UZHOM:127 B, SHOM:1 100 BA.

OnpenenuTh HOMUHAIBHBIE TOKU IEPBUYHON U BTOPUYHON OOMOTOK
TpaHnchopmaTopa u kodpunuent Tpanchopmarun K.

Hoquy HOMHWHAJIBHBIC TOKHM HC PaBHEI 110 BeauunHe?

Konnoxeuym Ne 5. I'enepamopel nocmosinnoz2o moxa.( x i/p Ne22)

1. Pacckaxxure 0 cioco0ax OXJIaXIeHU MAIllMH IIOCTOSIHHOI'O TOKA.

2. YCTpOUCTBO M HA3HAYEHUE KOJUIEKTOPA.

3. Kakue norepu B MaliMHax MOCTOSTHHOTO TOKa SIBJIIOTCSA HOCTOSIHHBIMHA?
[IpuBenute xapaktepuctuxky KIIJ u o6bsacauTe ee.

4. ITpu Kakux yCIOBHUSIX CHUMAETCS XapaKTepUCTHKaA XosocToro xona?  IlpuBenute
BH/I XapaKTEPUCTUKU XOJO0CTOTO X0aa. OObsSICHUTE, TOYEeMY BOCXOAIIIasi BETBb
XapaKTEePUCTUKHU HE COBIAJAET C HUCXOAAIIEH?

5. 'eneparop mapamienbHOTO BO30YKICHHUSI C HOMUHAJIBHBIM HaIPSYKEHUEM
Uuov=220 B, HOMUHaIbHBIM TOKOM luon=110 A miMeeT crnenyromue noTepu:
Po=P+Puex=1320 Br, Ps=650 BT, P,=1300 Bt. Onpenenuts KIIJ[ renepatopa.

Konnoxeuym Ne 6. [{eueamenu nocmosnnozo moxa.(k a/p Ne23)

1. yCTpOfICTBO W IPpUHIUIT JENCTBUS IBUTATENIs IIOCTOSHHOIO TOKA.

2. HpI/IBe,Z[I/ITC YPaBHCHHUC DJICKTPHUYCCKOT'O PABHOBCCUA ABUTATCIIA IMOCTOAHHOTO TOKAa U

00BsICHUTE €ro.




3. Jlns gBurarens mapajuieNbHOTO BO30Y)KIEHUS Ha OJHOM TrpaduKe MPHUBEAUTE BE
MEXaHUYECKUE IE€PENAYN: €CTECTBEHHYIO U UCKYCCTBEHHYIO (PEOCTaTHYIO). YKaXuTe
TOYKH, COOTBETCTBYIOIE HOMUHAIBHOMY PEKUMY U PEKUMY UICATHHOTO XOJIOCTOTO

X0Ja U yCJIOBUA, ITPU KOTOPBIX CHATBHI 3TU XapaKTCPUCTUKH.

4. Kakne MMOTECPH USMCHAIOTCA CYIICCTBCHHO ITPU USMCHCHUHN HArpy3KH Ha Baly ABUTaTCIIA

¥ OKa3bpIBaIOT 3HaunTeNbHOE BiusHue Ha K.IT./1.?

5. JlBuratenb TOCTOSHHOTO TOKa IMAPAJLICIIBHOTO BO30YXKICHHS WMEET MacloOpTHHIC
nanubele: Prom=10 kBt, Unom=220 B, lauom=50 A, Nnuom=1000 o006/mun, Rg=0,4
Owm.

OHpe)IeJ'H/ITI) YaCTOTY BpalllCHUA AKOPA ABUTATCIIA IPU UACAJTIBHOM XOJIOCTOM XO/IEC.

Konnoxeuym Ne 7.Acunxponnvie osueamenu( k a/p 24)

1. VcTpoiicTBO W Ha3HauYeHHME dYacTed Tpex(a3HOro acCHHXPOHHOTO JIBUTATENS C

KOPOTKO3aMKHYTBIM POTOPOM.

2. Kak usmenutcs Tok xosioctoro xoja (110) u HoMmuHaIBHBINA KO3(DPHUITUEHT MOIITHOCTH

(cos@1HOM ), eciy BO3IYIIHBINA 3a30p MEXIY CTATOPOM U POTOPOM YBEITHUHUTCS?

3. HpI/IBe,[[I/ITC BBIPAKCHUC YAaCTOTHI BPpAILICHHUA MATHUTHOTO IIOJISI CTATOpa U 0OBSICHUTE

€ro.

4. Yto BBl IOHUMAETE MO PCKUMOM XOJIOCTOTO XO0Oa aCHHXPOHHOT'O ,Z[BI/IFaTCJ'ISI?

5. TpeX(bEBHBIﬁ aCHHXp0HHBIﬁ JABUTATCIIb UMCCT HOMUHAJIbHBIC JaAHHBIC!




Puom=10 kB, Unom=220/380 B, nHoM=950 06/mMun, n=85%, c0s¢=0,681.

OHpeI[CHI/ITB HOMHHAJIbHYIO MOIIIHOCTb HOTp€6HeHI/I$I OHCPIUHU U3 CCTU U MOMCHT Ha

BaJly ABUTaTCJid, CCJIA 00MOTKa cTaTtopa COCAMHCHA «3BE3I0I.

Konnoxsuym Ne 8. Dnexkmpuueckue uzmepenusi.( k i/p Ne§)

1. Hazoswure TpeOoBaHUS, MPEABIBIIEMBIC K JICKTPOU3ZMEPUTEIBHBIM IPUOOpaMm.

2.

Kakoif Tok MOKHO U3MEPUTH aMIIepPMETPOM, COTpOTUBIeHHE KOToporo Ra=0,3 Owm,
Nuov=150 mein., Ca=0,001 A/nmen., eciau BKIIOYUTH €ro ¢ IIYHTOM, CONPOTHUBICHUE

kotoporo Ry=0,01 Om?

OmnpenenwuTh IEHY JAEICHHS BOJBTMETPA, HWMEIOIIEr0 HOMHHAIBHBIE JIaHHBIE:
Uiov=D0 B, nuox=100 nen., Ry=1000 Owm, BKIIOYECHHOTO C JA00ABOYHBLIM
conpotusienneM Rp=3000 Owm.

[IpuBeauTe cxeMy BKIIOYEHUS BOJBTMETPA C J0OABOYHBIM COMPOTHUBIICHUEM.

JIBa BaTTMETpa C HOMUHAIBHBIMHU JAHHBIMU luov=5 A, Uwov=150 B co mikanoii Ha
150 neneHuii BKIIIOUEHBI B IIETb Y€Pe3 U3MEPUTEIbHbBIE TPaHCPOPMATOPHl TOKA U
HanpspkeHus ¢ Koddhdunuentamu tpanchopmarmu Toka Krr=50/5 u Kry=500/100.
Onpenenuts MOIHOCT MOTPEOICHHS SHEPTUU Tpex(a3HOH LIETbIo, €CIH CTPEIKa

OJIHOTO BaTTMETpa OTKJIOHWIACh Ha 15 nenenuit, a npyroro Ha 40 nejaeHuid.

5

. Buem padHua MExXAy TOYHOCTBIO U HYBCTBUTCIIBHOCTBIO npn6opa?

Ilpumepnvle Oomauinue pacuemno-zpaguueckue padbomaol

1.PacueTr nMUHENHHBIX IIENIEN TOCTOSIHHOTO TOKA.

I_ICJ'ILIO pa6OTBI SABJIICTCS 3aKPCIUICHUC Y CTYACHTOB HABBIKOB aHAJIN3a U pacqéTa JIMHEHHOMN

SHGKTpH‘{eCKOﬁ OCIH IMTOCTOAHHOTO TOKA.

2. Pacuer napaMeTpOB U OCHOBHBIX XapPaKTCPUCTHUK TpaHC(I)OpMaTOpOB.

HCJ’ILIO pa6OTBI SABJIICTCSA 3aKPCIIJICHUC Y CTYACHTOB HABBIKOB pacqéTa OCHOBHBLIX ITapaMETpPOB

TpaHchopMaToOpoB.

3.Pacuer mapaMETpPOB U OCHOBHBIX XapPAKTCPUCTUK ACUHXPOHHBIX JIBUTaTelIeil.

HeJ’ILIO pa6OTLI SABJISICTCA 3aKPCIJICHUC Y CTYACHTOB HABBIKOB pacqéTa OCHOBHBIX

[1apaMeTPOB aCUHXPOHHBIX JBUTATEIICH.




IIpuioxenue 2

7. O1leHOYHbIE cpeacrea AJisi MpoBEeACHUS HpOMe)lcyTO'lHOﬁ arreCcTranmmu

a) HﬂaHpreMble Pe3yJdbTaThbl Oﬁy‘lel-[l/lﬂ H OIICHOYHBIC CPEACTBA IJIA IPOBECACHUSA l'[pOMC)KyTO‘-IHOﬁ aTTeCTallumn

Kon
WHIUKAaTOpa

Nuaukatop 10CTUXEHUS
KOMIIETEHIINH

OneHouHbIE CpesicTBa

OIIK-1: Cnocoben MNPUMCHATE CCTCCTBCHHOHAYYHBLIC U O6III€I/IH)K€H€pHI)IC 3HaHWs, MCETOJbI MAaTEMAaTUYCCKOI'0 aHa3a W MOACIUPOBAHUA B
poheCcCHOHANTBHOU IEATETLHOCTH;

OIIK-1.1:

Pemraer ctanmaptHeie
npodecCuoHaIbHBIC 3a/1a41
C TIPUMEHEHUEM
OOIIEMH)KCHEPHBIX 3HAHHMA

o ok

10.
11.
12.
13.

14.

Ilepeuenv meopemuueckux 60npocos K IK3ameHy
[ToHsTHS DNIEKTPUUECKOM, SMEKTPOHHOW M MarHUTHOU meneil. Knaccudukamus 1 mpuMepsl 1emnei.
OCHOBHBIE 3aKOHBI AEKTPOTEXHUKU U UX TIPUMECHECHHE.
®usnueckas M MareMmarudeckas MoJend nend. VICTOYHMKH, TNpPOBOJAHMKM W MPUEMHUKH.
W neann3npoBaHHbIE IBYXIOJIOCHBIE SJIEMEHTHI U UX CBOMCTBA.
JluneliHbIe PJEKTPUUYCCKUE IIETTH MMOCTOsIHHOTO TOKAa. AHAJIU3 IIeNMy Ha OCHOBE 3akoHOB Kupxroda u
Oma.
DKBHUBAJICHTHBIC TTPEOOPa30BaHMS YIACTKOB IICTICH.
OCHOBHBIE METOIbI aHAJIN3A JIUHENHBIX 1IEMCH.
CBolicTBa JIMHEHHBIX JIEKTPUYECKUX LETEH: CBOMCTBO JTUHEHHOCTH, MPUHIUIT HAJIOKEHU S, TPUHIIUIT
B3aUMHOCTH.
DJIIEKTpUYECKass MOLIHOCTb M JHEPrUsl MOCTOSHHOIO 3JIEKTPUYECKOIO TOKAa. 3aKOH COXpPaHEHHS
SHEPTUM B 3JIEKTPUUYECKOM LEIHU C IOCTOSHHBIMU TOKaMH. bananc MOIIHOCTEM.
OcHOBHbBIE XapaKTEPUCTUKU M MapamMeTpbl CHUHYCOMJAIBHBIX TOKOB M HarpspkeHuid. CrocoOsbl
MOJIY4E€HHS] CUHYCOUIAJIbHBIX HAIIPSKEHUU U TOKOB.
[IpencraBinenue CMHYCOUJANbHBIX TOKOB M HANPSDKEHHI BEKTOpAaMU U KOMIUIEKCHBIMHM YHCIIAMU.
3aKOHBI NIEKTPUUECKUX 1IeTIel B KOMITJIEKCHOU (hopMme.
@®a30Bble COOTHOUIEHUS MEXAY TOKAMH U HANPSHKEHUSIMU B LIETH MPU CUHYCOUIAJIbHOM TOKE.
ConpoTUBIEHUS 3JIEMEHTOB U YYaCTKOB LENEH TPU CUHYCOUAIbHBIX TOKaX.
DNEeKTpUYEeCcKast JHEPTUsi U MOIIHOCTh B LIETISIX C CHHYCOUIAJIbHBIM TOKOM. AKTUBHAs1, pEaKTUBHAS U
MOJIHAsI MOILITHOCTH. bajaHC aKTUBHBIX M pEaKTUBHBIX MOILIHOCTEH.
Tpexda3znas cuctema HaNpsHKEHU, OCHOBHBIE COOTHOIICHHsI, CIIOCOOBI MOJIy4eHUS, UCTOYHUKU
Tpex(a3HOro HAMPSDKEHUS U MX DKBUBAJICHTHBIE CXEMBI.
Tpexdaznas Harpy3ka. CUMMeTpU4HasT MU HECHMMETPUYHAs Harpy3ka IMpu coequHeHnHn (a3 B




Kon
WHOUKAaTOpa

Nuaukatop 10CTUXEHUS
KOMIIETEHIINU

OneHouHbIE CpesicTBa

TPEYrOJbHUK U 3Be31y. CXeMbl W pacyeT 3KBUBAJICHTHBIX MapaMETpOB HArpy3ku B Tpex(a3HbIX
HEnsX.

15. TpexdazHasg Tpex- U UYETBIPEXIPOBOJHAS CETh C CUMMETPUYHOW HArpy3KOW, CXEMbl, pacyeTHbIE
COOTHOILIEHUS /7S OTIPEAETICHUS IMHEHHBIX U (Pa3HBIX TOKOB U HATIPSKEHUM.

16. MommuocTu Tpexdasnoii cetn. I3aMepeHne akTUBHOM M PEaKTHBHOW MOIITHOCTH.

17. OgHodasuslii TpanchopMaTop co CTaIbHBIM CEPIACUHUKOM.

18. CgoiicTBa 1 0COOCHHOCTH TTOTYITPOBOAHUKOBBIX THOJIOB PA3INIHBIX THIIOB.

19. Ha3naueHue 1 mpuMephl MMPOCTEHUIIINX CXEM BBITIPSIMUTEICH, IPUHITUITEI KX paOOTHI.

Ilpumepnuiii nepeuens npaKmMuvecKux 3a0aHul
.Onpenenuts conpoTtusiieHne pesucropa R2, ecmm: R1 =3 Om, a moka3zaHus aMIepMETPOB YKa3aHbI Ha

CXEMC.

3. OmpenenuTh conpoTHBICHUE KOHAeHcaTopa Xc, ecnu: U =200 B, 1 =4 A, cos ¢ = 0,8.

I\, l
-u Xe
. ]
1

4. OnpenenuTh MoKa3zaHus aMIepMeTpoB A1 M Az U peakTUBHYIO MOIIHOCTS 1ienu Q, ecnu: U = 120 B.




Kon
WHOUKAaTOpa

Nuaukatop 10CTUXEHUS
KOMIIETEHIINU

OneHouHbIE CpesicTBa

5. JluneliHbIe TOKM TIPH COCAUMHEHHMH HArpy3ku «3Be3noi»: Ia=Ig=Ic =20 A. Omnpeneautp TOK B
HEHTPAITLHOM IMPOBOJIE, €CITH (Pa = Pb = Q¢ = 30°.
6. OnpenenuTh Mokazanue BoJbT™MeTpa, ecim Z¢ = 10 Om, ammepmeTp nokassiBaet 10 A.

7. Onpenenuth AEWUCTBYIOIIEEe 3HAYCHHE TOKA, HANPSOHKEHUS, CABUT MO (da3ze U XapakTep Harpys3Ku, €ciu
MI'HOBCHHBIC 3HAYCHHS TOKA U Hanpsokenust paBHbl: 1 = 10 sin ot, u = 141 sin (ot + 30°).

8. Kakoli TOK MOYXHO HW3MEPUTh aMIIEPMETPOM, compoTuBiIeHHEe KOoTOoporo Ra=0,3 OM, Nuon=150 nem.,
Ca=0,001 A/nen., ecnu BKIFOYUTH €T0 C IIYHTOM, CONpoTHBIIeHHE KoToporo R,=0,01 Om?

9. OnpenenuTs 1IEHY JACJICHHUs BOJIBTMETPA, UMeomero HoMuHabHbIe JaHHbIC: Uuow=50 B, nuov=100 nerr.,
Rv=1000 Om, BKIIF0O4EHHOTO C J0OaBOYHBIM conpoTuBiaecHHEM R=3000 Om.

[IpuBeauTte cxeMy BKIIOYEHHS BOJBTMETPA C J0OABOUYHBIM COMPOTHUBIICHUEM.

10. IlpuBeauTe SMEKTPUUYECKYIO CXEMY, KOTOPOIl COOTBETCTBYET BEKTOpHAS AUArpaMMa.

-U

Ilepeuensy nabopamopnuix padbom
1. Dnextpudeckue mpruOOPHI U U3MEPEHUS;




Kon

Nuaukatop 10CTUXEHUS

OneHouHbIE CpesicTBa

WHJIMKaTOpa KOMIIETEHITUU
2. HccnenoBanue CBOMCTB IENH MOCTOSTHHOTO TOKa,
3. HccnenoBaHue IEKTPUICCKONW [T CHHYCOHIAIBHOTO TOKQ,
4. HWccnenoBanue Tpex(das3HbIX LENeH;
5. MHccnenoBanue noaynpoBOJHUKOBBIX BBITPSIMHUTENCH.
OIIK-1.2: [Tpumenser meTosl Ilepeuenv meopemuueckux 60npocos K IK3ameHy
MO/JIENIMPOBAHUS U 1. Opnnodazublit TpaHCchHOPMATOP CO CTAIBHBIM CEPACUYHUKOM.
MaTeMaTH4eCKOro aHaIN3a 2. Tpexdazusie TpanchopMaTopbl: Ha3HAYEHWE, KOHCTPYKIHS, TPUHIMI JEHCTBUS, OCHOBHBIC
JUIS pelIeHUs 3a/1a4 B JKCIUTyaTallMOHHbIE TTapaMeTpBhI.
npodecCuoHaATBHOM 3. TMomydeHue BpaIarmerocs MArHUTHOTO TTOJIS B TpeX(ha3HOM e .
NEeSATENbHOCTH 4. ACUHXpOHHBIE JBUTATEIN: HA3HAUYEHUE, KOHCTPYKLIUS, TPUHIIUIT JeHCTBHUS.
5. CnocoObl mycKa U peryinupoBaHus CKOPOCTH ACUHXPOHHBIX JIBUTaTelEH.
6. JlBurarenau MOCTOSHHOTO TOKAa: Ha3HAUYE€HHE, KOHCTPYKLHS, CHOCOOBbI BO30YXKIEHHUS, OCHOBHbBIE

XapaKTePUCTHKH.

7. YpaBHEHHE JIBHKCHUS DJICKTPOIPUBO/IA.

8. PexxuMbl pabOTHI 3JIEKTPOIIPHUBO,IOB.

9. BBIOOp MOIIHOCTH JIBUTATENIS DJICKTPOIIPUBOIA.

10. Beibop Bua ¥ THIA ABUTATEIIS.

11. TupucTOpHOE U TPAH3UCTOPHOE YIIPABICHUE AIEKTPOIIPUBOIOM

12. O6mue cBeaeHMs O TOTYIMPOBOTHUKAX.

13. DiIeKTPOHHO-IBIPOYHBII MEPEXO/I. XapaKTepUCTUKH, rnapaMeTphbl u Ha3HaYEHHE
TIOJTYIIPOBOTHUKOBBIX JHOJIOB, TAPUCTOPOB.

14. O6mue cBeneHus M KIacCH(PUKAIHUS KICTOYHUKOB AJICKTPOITUTaHUSI.

15. HyneBsie cxembl BeinpsamieHus. OnHodasznbie, Tpexpa3Hble U yIpaBisieMble BHIIPSIMUTEIH.

Ilpumepnulit nepeuens npaKkmu4ueckux 3a0anuil
1. Tano: Uwon=220 B, U2kon=127 B, Suov=1100 BA.
Onpenenuts HOMHUHAIBHBIE TOKH TIEPBUYHON M BTOPHYHOI 0OMOTOK TpaHchopmarTopa u
ko3 duument tpanchopmarmu K.
[Touemy HOMUHAJIbHBIE TOKH HE PABHBI 10 BEIMUMUHE?
2. OnHoda3zublil TpaHcGopMaTop HOMUHAIBHON MOITHOCTRI0 SHOM=600 KBA BKIJIIOUEH B CETh C




Kon
WHOUKAaTOpa

Nuaukatop 10CTUXEHUS
KOMIIETEHIINU

OneHouHbIE CpesicTBa

HanpsbkeHneM Uiwon=10 000 B. Hanpsokenue Ha 3axuMax BTOpuaHO 00MOTKH Uzuon=400 B.
Onpenenuth YUCIIO BUTKOB MepBUYHON 0OMOTKH W11 K03 uirieHT Tpanchopmanuu k, eciau unucio
BUTKOB BTOPHYHOH 0OMOTKH W2=25.
3. Bo BropuuHoii oOMoTke TpaHchopmaTopa HaBoauTcs IC E2=100 B ¢ wacroroit =50 I'm.
Onpenenuts DJIC E», ecnu ammuTya Hanps>KeHWs! HA IEPBUYHOM 0OMOTKE HE U3BMEHHTCS,
a yactota Bo3pacteT 10 400 ['u?

4. Tpanchopmarop umeer caeayroniue qaHubie: Sqon=10 000 BA, Po=200 Bt, P.=400 BT. Onpenenuts
KIIJ] tparchopmaropa mpu cose=0,8 u 3=0,5.
5.JIBuraresns MOCTOSTHHOTO TOKA MapauIeIbHOTO BO30YXK/IEHHUS HMEET MacropTHbBIE qaHHbIe: Prom=10
kBT, Unom=220 B, lsrom=50 A, Nhom=1000 006/muH, Rg=0,4 OM.

OnpenenuTh 4acTOTY BpaIEHUS IKOPS ABUTATES IPH UIACATHBHOM XOJIOCTOM XOJI€.
6. JIBuraTenp MOCTOSTHHOTO TOKAa HE3aBUCUMOTO BO30YXKICHUSI UMEET HOMUHAIBHBIC JaHHBIC: PHOM=55 KBT,
UHOM=44O B, |;1HOM=14O A, RHZO,I Om.

Onpenenuth npoTUBo - I/]C U 37I€KTPOMAarHUTHYIO MOIIIHOCTh IBUTATES.
7. JIBuraTeNnp MOCTOSIHHOTO TOKA MapaJljIeIbHOTO BO30OYKIEHUSI UMEeT HOMUHaJIbHBIE naHHbIe: PHom=10 000
BT, UHOM=220 B, |HOM:55 A,

Naom=1000 006/mMuH, Rg=0,4 OMm, Rg=44 Om.

Onpenenuts KITJI 1 1 MOMEHT BpallieHHs ABUTATEIIS.
8. JlBurarensb napajjieibHOTO BO30YK/IEHUSI UMEET HOMUHaNIbHbIE NaHHbIe: Prom=1,5 kBT, Unom=110 B,
|HOM=18 A, NHOM=3000 06/MI/IH, RB=104 OM, R;{ZO,47 Om.

Omnpenenuts npotuBo — DJIC nBurarens 1 HOMUHAIBHBII MOMEHT Ha Baly.
9. HomunaneHble qaHHbIE ABUTaTes napamienbHoro Bo3oyxaenus: Unom=110 B, lnom=14 A, Paom=1,5
kBT, Rg=0,50M, Rp=220 Om.

Omnpenenuts npotuso — D/1C npu Harpyske paBHOH [5=1,51nom.
10. Tpexda3Hblii aCHHXPOHHBIN IBUraTeNlhb UMEET HOMUHAIIbHBIEC TAHHBIE:

Puom=10 kBt, Unom=220/380 B, nHomM=950 06/mMun, n=85%, cosp=0,681.

OnpenenuTb HOMMHATBHYIO MOIIHOCTh TOTPEOICHUS SHEPTUU U3 CETH U MOMEHT Ha Bally JIBUTATETI,

eci 0OMOTKa CTaTopa COeIMHEHA «3BE3I0M».
11 Onpenenuts HOMHHATBHYIO MOIIHOCTh MOTPEOICHUS SHEPTUU U3 CETH U TIOJHBIC IOTEPH SHEPTUU B
nsurarene, eciu: paom=4,5 kB, k..a. 1=90%.




Kon NHpukarop noctrkeHus
WMHJMKAaTOpa KOMIIETEHIIUN

OneHouHbIE CpesicTBa

12 MakcumanbHblii MOMEHT acuHXpoHHoro asuraresns 13Hm npu Ul=Ulnom. Uemy oH paBeH npu
U1=0,8Unom, ecimu R2=const?

Ilepeuens nabopamopnuvix padbom
1.MccnenoBanue oqHodazHoro Tpanchopmaropa;
2.MccnenoBanne aBUTaTElICH IIOCTOSHHOTO TOKA;
3.MccnenoBanne aCHHXpOHHBIX IBUraTese ¢ (ha3HbIM pOTOPOM.
4. Dnexktpudeckue NpudOpsl U U3MEPEHMUS;

0) Ilopsiiok mpoBeaeHUS MPOMEKYTOUHON aTTECTAIUN, IOKA3aTeJIM U KPUTEPUHU OLleHUBAHUSA:

Jia monydeHHs 3aueTa MO JUCHUIUIMHE «DJIeKTPOTeXHMKAa »  0Oydaloluiics MOKa3blBae€T 3HAHMS HA YPOBHE BOCIPOU3BEACHUS M OOBSCHEHHS
uH(popMalMY, HaBBIKM PEHICHHs] MPOCThIX 3aJad B OO0JIACTH DJEKTPOTEXHUKH M DJIEKTPOHHUKH, YMEET IMO0JIb30BAThCS COBPEMEHHBIMHU CpEICTBAMHU
MH(OPMALIMOHHBIX TEXHOJIOTUH, BIIaZIeeT MPAKTUYECKUMHU HAaBbIKAMU Pa0OTHI C AIEKTPOTEXHUYECKOM anmapaTypoil.

Kpurepuu oneHku npu caave 3ayera:
— Ha OIICHKY «3a4TeH0» — 00YyJaOIIUiiCcs TOKAa3bIBACT 3HAHUS HA YPOBHE BOCIIPOM3BEICHHS U O0BICHCHHUS NHPOPMAIINH, HABBIKU PEIICHUS MPOCTHIX 3a/1a4

B o0JyracTu QJICKTPOTCXHUKU U JJICKTPOHUKU, YMECT IIOJIb30BATHCA COBPCMCHHBIMU CPEACTBAMU I/IH(I)OpMaI_[I/IOHHLIX TCXHOHOFHﬁ, BJIaACCT IMPAKTUICCKUMU

HaBbIKaMH pa6OTBI C BHeKTPOTeXHquCKOﬁ annapaTypoﬁ;
— Ha OLCHKY «HE€ 3aYTCHO» — O6yanOHlHﬁCH HE MOXKCT IIOKa3aThb 3HAHHWA HA YPOBHEC BOCIIPOU3BCACHUA U 0OBsICHEHUS I/IH(I)OpMaI_[I/II/I, HC MOXKCT IIOKa3aTb

HUHTCJUICKTYAJIbHBIC HABBIKHU PCIICHUSA ITPOCTHIX 3a1aY



Ipuno:xenue 3

MeToauueckne yKazanus K JjaboparopHoii padore

JlaGopaTtopHasi pa6ora Ne 1
HccnenoBanue TMHEHHON IEKTPUUECKON LIEMU OCTOSIHHOT'O TOKA.

Ienb paboTsr:

1. H3ydeHue OCHOBHBIX 3aKOHOB JIMHEHHBIX AJICKTPHYCCKHX IEMed Mo-
CTOSTHHOT'O TOKa ¥ METOJIOB UX pacyera.

2. HWccnemoBaHue pacnpeieieHUs] TOKOB, HAPSDKCHUHA U MOIIHOCTEH B
Pa3BETBIICHHOMN 3JICKTPUYCCKON [IEMH MTOCTOSTHHOTO TOKA.

1. TeOpeTI/I‘IeCKI/Ie CBC/ICHUSA

ONeKTPUYECKO IeNbl0 Ha3bIBAIOT COBOKYIHOCTh YCTPOHUCTB U OOBEKTOB,
00pa3yoUIMX MyTh YIS AIEKTPUUECKOT 0 TOKA, 3JIEKTPOMArHUTHBIE MIPOLIECCHI B
KOTOPBIX MOT'YT OBITh OMHKCaHbI ¢ moMolipto noustuii IJ]C, Toka u Hanpsi-
JKECHUS.

I'enepupyromue ycTpoiicTBa Ipeodpa3yroT XUMHIECKYI0, MEXaHHYECKYIO,
TEIJIOBYIO U CBETOBYIO 3HEPIUHU B IJIEKTPUUECKYI0. DTO UCTOYHUKHU SJIEKTPHU-
yeckol sHepruu. Ha 3akumax HCTOYHMKOB B Ipoliecce MpeoOpa3oBaHUs He-
JIEKTPUUECKOM SHEPIHH B 3JIEKTPUUECKYIO 3a CUET AEHCTBUS CTOPOHHUX CHII
coznaercst DJIC E. Ha puc. 1 npuBeneHbl yciioBHbIE 0003HAUSHHUS TalbBaHU-
YEeCKOro 3JeMeHTa (a), TeHepaTopa MOCTOSTHHOTO ToKa (6), TepMonapsl (8) u
¢dorornemenTa (2), mpeoOpa3yrONUX yKa3aHHBIC BUIBI SHEPTUH B dJIEKTpUYe-
CK

B npuemnukax

VIO,
_T_f ? ) U ’ \:\ TIPOUCXOJIAT
HeoOpa-
+ T | I E O—@—O THMBIE NPE0Opa30Ba-
l E E
6

- HUSL  DJIEKTPUUYECKOM
SHEPIUH B  Jpyrue

8 2 BUIbl SHepruu. Ha-

puMep,  akKyMyJisi-

TOp CTAQHOBHTCS MpH-

Puc. 1. O603HaYEHUA UCTOUHWMKOB MOCTOSIHHOTO TOKA C€MHHUKOM B IIPOLECCE
ero 3apsaKd, Korja
JNIEKTPUYECKast dHep-
U mpeodpasyercs B

Ha CXemax: g — ra/sibBaHUYECKWUI 31IEMEHT U aKKyMyns-
Top; 6 — reHepaTop NOCTOAHHOIO TOKa; 8 — TepMOonapa;
2 — doToanemeHT



XUMHUUECKyIo (puc. 2, a). B amexTpuueckoii Mamiae, paboTaronieil B peximMe
JIBUTATEIISl, JIEKTPUIECKast SHEPTUs MPEBpAIIAcTCS B MEXaHMUYECKYIO (CM. pHC.
2, 0); B 3JIEKTPUYECKOH TIeur (CM. pHC. 2, B) WM pe3ucTope (cM. puc. 2, T) — B
TEIJIOBYIO; B JIAMITEe HAaKaIMBaHUS (CM. pUC. 2, /1) — B CBETOBYIO.

B onekrpudeckod 1Lend WCTOYHMKM ¥ TPHEMHHKHA COCAMHSIOTCS
MIPOBO/IAMH, KOTOpBIE OOECIIEUUBAIOT IEpenady 3JIEKTPHYECKOH SHEPTUH OT
HCTOYHHKOB K ITPUEMHHUKAM.

B onekrpuueckme memM  9acTO  BKJIIOYAIOT — BCIIOMOTATENIbHBIC

u

HU3MEpUTENbHBIE YCTpOWCTBA. BceroMmorarenpHble 3ME€MEHTH CHY)KaT JUIs
YIIPaBJICHUS PEKUMOM DIIEKTPHYECKOH ILenu (HarmpuMep, KOMMYTaTOpbI),
3alUTHl OT Iepe- HaNpsHKEHWH WIIM HEeIONyCTHMOro 3HaueHus Toka (pere,

NpEeOXPaHUTEIH).
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m
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Puc. 2. O6o3HauyeHNss MPUEMHMKOB Ha CXEMAX: @ — aKKYMYJIATOP NpW 3apsaaKe;
6 — gBuraTenb NOCTOAHHOIO TOKA; B — 3/IEKTPUYECKAA Neyb; I — pe3ncTop; 4 —
lamna HaKkanmMBaHuA

OCHOBHBIMHU XapaKTEPUCTUKAMHU 3JIEMEHTOB IEKTPUUECKUX IIEHel SIBJIS-
I0TCS 3aBHCUMOCTH MX HAIlpsDKEHUsI OT ToKa. Takue 3aBHCHMMOCTH Ha3bIBAIOT
BOJIBT-aMIIEpHBIMU XapakTepuctukamu (BAX).

OJIeMEHTHI IEKTPUUECKON LIETH JIETSTCS Ha aKTUBHbIE U MaccHBHEIE. Bee
HCTOYHUKH 3JIEKTPUIECKOH HEPTHH SBISIFOTCS aKTUBHBIMH 3JIEMEHTAMH, OHH
xapakrepu3yoTcs onpeaeneHHsiM 3HaueHneM DJIC E. [lpueMHUKH 3eKTpH-
YECKON 3HEPTUH MOT'YT OBITh KaK TACCHBHBIMH, TaK M aKTUBHBIMHU.

[TaccuBHBIMK Ha3BIBAIOTCS MPUEMHHUKH, B KOTOPBIX He BosHHKaeT O/IC.
BAX naccuBHBIX 3JIEMEHTOB MPOXOAT YEPE3 HAYAJIO0 KOOPJUHAT — B OTCYTCT-
BHE HANpsDKEHWS TOK ITHX 3JEMEHTOB paBeH HyI0. llaccHBHBIE 3J€MEHTEHI
XapaKTEepU3yIOTCS NEKTPUIECKIM CONPOTUBIEHHEM R, KoTopoe y ogHuX mpu-
€MHHUKOB 3aBHUCHT OT IPWJIOKEHHOTO HANpPSDKEHUs, a Y JPYruX HE 3aBHCHT. B
IIEPBOM CITydae MPUEMHHUKHN HMeIoT HemmHerHsie BAX (puc. 3, a), mosToMy ux
Ha3bIBAIOT HENMHEHHBIMH 3JIEMEHTaMHU (BBIIPSIMHUTEIbHBIE THOBI, CTAOWMIN-
TPOHBI U JIp.).
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Puc. 3. HenuHeiHas (a) n nnHelHas (6) BAX npuemHun-
KOB, YCNOBHble 0603HAYEHUA HENIMHENHOTO (B) U NINHEN-

HOrO (r) pe3UCTUBHbIX 3/1EMEHTOB

JInneiineie
ITACCHBHBIE JIIe-
MEHTBI HMEIOT JIH-

R wHeitnyio BAX, mno-

Ka3aHHYI0O Ha pHC.
3, 6. Compotusie-
HHE
JIMHEHHBIX
9JIEMEHTOB HE 3a-
BHCHT OT HaIpshKe-
HUSL.

VcnoBHbIE

rpaduyeckue 060-
3HA4YCHUA HEJIn-



HEWMHOT0 W JIMHCHHOT O PE3UCTUBHBIX JJICMCHTOB IMPUBCACHBI COOTBECTCTBCHHO HA

puc. 3, B, T.

BAX HCTOYHUKOB 3JIEKTPUUECKOW HHEPTHM, KOTOPBHIE YACTO HA3BIBAIOT
BHEIIHUMH XapaKTEPUCTUKAMU, TaK)KE MOTYT OBITh HETMHCHHBIMU W JIMHCH-
HbIMH (pUC. 4). Y OOJBIIUHCTBA HCTOYHUKOB JICKTPUUCCKOH SHEPTUU HATIPS-
’KEHHE Ha UX 3aKHMaxX C POCTOM TOKa YMEHBIIAeTCs 3a CUeT MaJieHUs] Hampsi-
JKCHUS Ha BHYTPCHHEM CONPOTUBJICHUU Ry

u u
E E
| |
PaBHBIM
a 0

Puc. 4. HenuHeliHaa (a) U AnHelHaA
(6) BHewWwHME XapaKTEPUCTUKM UCTOY-
HWUKOB 3/1EKTPUYECKOIN SHEPTMM

+ +o0——
E
E
- O——
I
a 6 8

Puc. 5. BAX (a), ycnoBHoe o603Haye-
Hue (6), 3axmmbl (nontoca) (B) naeanb-
HOro UCTOYHMKa 34C

U=E-Reml.

Ecnmu  BHyTpeHHee  compoTHBIIe-
HHE UCTOYHHUKA MHOI'O MEHBIIIE CO-
npoTuBiieHns mpueMHHKa (Ron << R,),

TO TIPH OTPENETCHHBIX M3MEHEHHUSIX
Toka HampsbkeHune U
MPaKTHYECKH

OCTacTCA HCU3MCHHBIM n

OJIC E. Takolf UCTOYHHUK DJIEKTpUUE-
CKOH OHEPIrMu HA3bIBAOT HJACAJIBHBIM
ncrounnkom OJIC. BAX wuzaeanbHOro
ucrounuka J/IC npuBeneHa Ha puc.5,
a, a ero ycliopHoe rpaduieckoe

Puc. 6. Cxema 3amelleH1a peanbHo-
ro MUcToyHuKa (a) U cxema 3amelle-
HMA LLenu, CoCTOoALLEN U3 UCTOUYHMKA
M NACCMBHOTO NPUEMHMKa (6)



obo3HaueHne — Ha puc. 5, 6. I[lockonbKy HanpspKeHHE HCTOYHHKA B 3TOM CIIy-

yae siBisiercst Hem3MeHHbIM (U = E), Ha cxemax BMecTo uctognuka J/]C gacro

TIOKA3bIBAIOT 3a)KMMBI, K KOTOPBIM NpuiiokeHo Hanpsbkerne U (cM. puc. 5, B).
ECNM K UCTOUHUKY 3NEKTPUYECKO SHEPrUU NOAKNIOUEH NACCUBHDIN

NPUEMHUK C CONPOTUBNEHNEM R;, TO 3/IEKTPUYECKYIO LieNb MOXKHO npeacTa-
BUTb €€ CXEMOM 3aMeLLEHMA, COCTOALLEN N3 naeanbHOro nctoyHnka 34C E n
ABYX PE3UCTUBHbIX 3/IEMEHTOB C CONPOTUBAEHUAMU Rgm U Ry (CM. pUc. 6, 6).
[na 04HO3HAYHOCTM OMMCAaHUA MPOLLECCOB, MPOUCXOAALLMX B LLEENU, HEOb-

XOIMMO 3HAaTh HE TOJILKO 3HAYSHUS TOKOB M HANpsDKEHHWH, HO TaKKe MX Ha-
npaieHus. CTpenKkH, MOCTaBJICHHbIE Ha CXEMaxX, YKa3bIBAIOT HAalpaBlICHUS
BJ1C, HampspKeHUHd M TOKOB, JUIS KOTOPBIX 3HAYEHHs 0003HAYCHHBIX BEINYUH
TIOJIOKUTENIBHBL. V3 (DM3MKK M3BECTHO, YTO 32 MOJIOKHUTEIHLHOE HAlpaBleHUE
TOKa NPUHATO HAIIPaBJICHUEC ABMKCHUA MOJTOXKHUTEIbHBIX 3apsaa0B, 3a IMTOJIOXKHU -
TenbHOe HampasieHue DJ[C — HampaBieHHe I€HCTBUS CTOPOHHUX CHJI Ha I10-
JIO)KUTEIIBHBIA 3apsifl, 32 TOJOKUTEIBHOE HANpaBlICHHE HAIPSKEHHS — Ha-
MpaBJICHUE y6BIBaHI/I$I IMOoTCHIMAaJIa. Tak xak MONIOXKHUTEIbHBIC 3apsAabl BHYTpHU
HUCTOYHHUKA ABWXXYTCS B HAIIPABJIICHUU CTOPOHHUX CHUJI, TO IIOJOXXUTEIIbHBIC
HanpasieHus Toka 1 OJIC coBnanaioT. B npueMHUKe MOT0KUTENBHBIE 3apsbl
JBIKYTCS B HallpaBlIeHHH yOBIBaHMS MOTEHIMAJA, CIEAOBATEIBbHO, HOIOXH-
TeJIbHbIE HANIPABJICHUS TOKA U HAMPsDKEHUS IPUEMHUKA COBIMAAIOT.

B cxeMe 3aMEILEHUs HEPa3BETBICHHON 3JEKTPUYECKOM
uenu (cM. puc. 6, 6) 3JIC E, HanpaBieHHas BHyTPU HUCTOUYHHKA OT «MHHYCA»
K
«IUTIOCY», CO3AaeT TOK | Toro ke HampaBlieHUs, KOTOPBIM ONpezensercs o
3akony OMa [Id Bee Lemu:

I =E/(Rem*Rs).

ITpu stom Hampsokenne U =R | =—"—E | a MOIIHOCTh HpHEMHH-
" Ry +Rem

( 2 2
ka P,=R,l 2=R,| Q _v.

\R.) R

JJ1s akTHBHOTO TIpHeMHHKA (pHC. 7, B) TOK

/= (El - EZ)/(Rsm1+ RBmZ)-






Puc. 7. Cxema Lenu, cocrosLuen U3 reHepaTopa W akkymynaTtopa (a), BAX aktus-
HOro NprMemHuKa (6) n cxema 3ameLLeHuA Lenu (B)

PexXumbl paboTbl UCTOYHMKOB NOCTOAHHOrO TOKA. Paccmotpum
NPOCTENLWYIO Lenb, COAEPKALLYH UCTOYHMK 3/IEKTPUYECKOM SHEepPrun u nac-
CUBHbIN NPUEMHMK. Cxema 3aMeLLEeHNn TaKoM Lenu npuseaeHa Ha puc. 6, 6.

Pabota 3TOli IIEeNU XapaKTepU3yeTcs pekKUMaMH XOJIOCTOr0 XOAa, KOpoT-
KOT'O 3aMBIKaHHs], COTJIACOBAaHHBIM ¥ HOMHHAJIBHBIM.

PexxuM X0JIOCTOrO X071a COOTBETCTBYET OTCYTCTBHIO TOKa B mpueMHuke(l
= 0) u OCYIIECTBIIETCS OTKIIOYCHHEM MPUEMHHKA OT HCTOYHUKA. [IpH 3TOM

HaHpH)KeHI/Ie HUCTOYHHKA B pemnMe XOJOCTOro Xoaa paBHO ero
BJIC
E (Ux=E).

PexXvM KOPOTKOI'O 3aMbIKaHUS MCTOYHHMKA BO3HHKAET TOTa, KOTJa CO-
NPOTUBIICHHE MPUEMHHUKA PABHO HYIO. [IpH 9TOM HampspKEHHE TakKe PaBHO
Hymo (U = 0). Tok B pexuMe KOPOTKOTO 3aMbIKaHUS JOCTUTACT MaKCHMaIb-
HOTO 3HAYCHWUSI, OH OTPAaHHWYCH JIUIIb BHYTPCHHUM COMPOTHUBICHHEM R, Hc-
TOYHHKA:

Ix = E/Rsm=EGgm.

OOBIYHO PEKUM KOPOTKOT'O 3aMbIKAHHS B LIEMHU SIBJISETCS aBaPUHHBIM, TaK
KaK BO3HMKAIOIIME IPH 3TOM TOKH BO MHOT'O pa3 MPEBHIMIAIOT HOMHUHAJIHHBIE
3HA4YeHHUs, Ha KOTOPBIE PACCUUTAHBI JIEMEHTHI I[ETIH.

OTmeTruM, 4TO, TaK K€ KaK HaIllpsDKEHHE B PEXXHMME XO0JIOCTOTO XO0Ja OIpe-
nenser DJIC E uaeaqbHOr0 UCTOYHHMKA B TIOCIICIOBATEILHON CXEMe 3aMellie-
HUSL, TOK KOPOTKOT'O 3aMBIKAHUS OTIPEIeNIAeT TOK UICAIbHOTO UCTOYHIKA TOKA B
MapajuIeIbHON CXeMe 3aMeIeHUs PeaTbHOr0 NCTOUHHKA!

J =1y =EGem.

CornacoBaHHBIA peXHM pabOTHl MCTOYHWKA M TACCHBHOTO NPHEMHHKA
COOTBETCTBYET MAKCHMAJIbHON aKTHBHOW MOIIHOCTH [TACCHBHOTO PHEMHHKA.

B amexTpr4ecKHX LEmsX MOCTOSHHOIO TOKAa COTJIACOBAHHBIH PEXUM pa-
0OTBHl BO3HHMKAaeT B Ciydae, KOTAa BHYTPEHHEE CONPOTUBIICHHE HCTOYHHKA
PaBHO COIPOTHBIICHUIO IIPHEMHUKA, T.€. TIPH YCIOBUH Ryy = R, B aTOM MOXK-
HO yOemUThCS, 3alMcaB BBIPKEHUS ISl TOKA W MOLIHOCTH NPHEMHHUKA C CO-
MIPOTHUBIICHUEM R,;:

I = E/(Rem+ Rn); Pn = Ral?= RuE?/(Rem* Ro).
B pexxume X010cTOro Xo/a 3Ta MOITHOCTh PaBHA HYIIIO, MOCKONBKY | = 0; B
PEeKHME KOPOTKOTI'O 3aMBIKaHHsI MOIITHOCTh P TakXKe paBHA HYINIO, Tak KakR, =

7



0. Takum 0Opa3om, sICHO, 9TO TpH U3MeHeHuu R, ot 0 1o o dynkiwms P,(R,)
HUMEET IKCTpeMyM (MakcuMyM). JlJsi ompeneneHnst yciuoBus, IPHU KOTO- POM
MOIIHOCTh JJOCTUTaeT MAaKCUMAaJbHOIO 3HAYECHUS, HEOOXOANMO B3STh IIEPBYIO

IIPOU3BOJHYIO (I)yHKEI/II/I P, gR ) n(_)’_ I;Q?,, )1/21 pu %B}(I;{TL eeRH}ij

dRp (Ram + R )*

PeHIeHI/IeM YpaBHCHUS SABJISICTCA PaBCHCTBO Rn = Rgm. HpI/I 9TOM MOII-HOCTH
NMpUEMHHKA paBHA MOJIOBUHE MOIIHOCTHU UCTOYHHUKA!
EZ
EZ
P,=Ul=R,1? =R,

+R6m 2 =
(R, ) 4R,



DTO 03HaYaeT, YTO IMOJOBHHA IHEPTHH MCTOYHMKA MpeoOpasyercsi B Tel- JIOTY
BHYTPH HET'O 33 CYET BHYTPEHHETO CONMPOTUBIICHUS Ry,
D¢ deKTUBHOCTH Tepeqadll SHEPTrur, KaKk H3BECTHO, OLIEHWBAETCS KOd(]-
¢unmenrom moneznoro aerictBus (KII/). st cxembl 3aMerieHusi, u3obdpa-
JKeHHOU Ha puc. 6, 6, KIIJ] ompenensercss OTHOIICHUEM MOITHOCTCH MPHEM-

HHUKA U UICTOYHHUKA:
P, R,I? B Rn/Rem

P, (Rem+R,)I? ————
u (sm I'I) 1+Rn/Rsm

U3 rpaduka 7 (R./Ren), npusenennoro Ha puc. 8, Buano, yro KI1J] Bo3pac-
TaeT ¢ YBEJIUUCHUEM COINPOTHBIICHUS MPUEMHUKA. B COrJacoBaHHOM pexuMe
(Ri/Rem = 1) KII nocruraer tomsko 50%. Ha puc. 8 mpuBeaeHs! Takxke Tpa-
(UKU 3aBUCHMOCTEI MOIIHOCTEH MpUEMHUKa P, U UCTOYHMKA P, OT OTHOIIe-
Hus R,./Ran.

HoMuHanbHbI PEXHUM COOTBETCTBYET PEXHMMY PaOOTHl MCTOYHHUKOB MU
NPUEMHHUKOB DJICKTPUYECKOM SHEPIHH MPU TeX 3HAYCHHUSIX TOKOB M HAIpsDKE-
HHIA, Ha KOTOPbIC OHU PACCYUTAHBI 3aBOIaMU-H3TOTOBUTEIIMU. HOMUHAIbHBIC

3HAYCHHUS TOKOB, HANPSDKEHHHA M MOIIHO-

P n CTEM YKa3bpIBalOTCS B Karajorax M Iacrop-

, — Tax Uil BCEX HCTOYHMKOB U IPUEMHHKOB
E7Ramf10 ___1_4__ aniekTprdeckoi sHeprur. CoOogeHne HO-
/ﬂz/ MUHAJIBHBIX DPEKHUMOB olecreuuBaer d¢-

— (heKTHBHOE M SKOHOMHUYHOE IIPOU3BOACTBO U

E2/2R P MOTpeOJIeHNe DJICKTPUUECKOH DSHEPruu U
e

A \“\ TapaHTHPYeT CPOK CIY>KOBI 3JEKTPOTEXHHU-
E24R \ﬁa YECKUX YCTPOWCTB, YKa3bIBAEMBIN 3aBOJOM-
f o Pn / n3roroButeseM. Yare BCEro HOMHUHATBHBIHN

0 1 Rsm

2

Puc. 8. Tpadukmn 3asmcumo- pexuM paboTBl COOTBETCTBYET CIydaro, KO-
CTel MOLWHOCTEN WUCTOYHMKA rJa CONPOTHUBJICHHME MPHUCMHHKA MHOI'O
P., npvemHmnka P, u KNA n ot OoIbIie BHYTPEHHETO CONPOTUBIICHUS TEHE-
cooTHoweHnsA Ry/Rem paropa (R, >>Rn). IIpu stom KILI omek-

TPUYECKOHN IeNU OJNM30K K IMHUIIE, YTO

OYEHb BAKHO IS CHIIOBBIX (MOIIHBIX) 3JIEKTPOTEXHUIECKUX YCTPOHCTB M yC-
TAHOBOK. J[1I HEKOTOPBIX MAaJIOMOIIHBIX JJIEKTPOTEXHUIECKUX YCTPOMNCTB,
HCTIONB3YEMBIX B PAJHOTEXHHKE, HJIEKTPOHUKE U aBTOMATHKE, BAYKHBIM SIBIISI-
eTcsl JOCTM)KEHUE MAKCUMAaJIbHO BO3MOXKHOM MOIHOCTH IpHEMHHKA. B aTHX
CITy4asix CTPEMSTCSl 00ECHIEUUTh COTIACOBAHHBIA PEXHUM PaOOThI HCTOYHUKOBH
TIPUEMHUKOB 3JIEKTPUYECKOH SHEPTUM, KOTOPBIM SBISIECTCS JUIS HUX HOMH-
HaJIbHBIM PeXHMOM. VHOoraa BCTpevaroTes cirydad, HalpuMep, B KOHTPOIbHO-

9



I/IBMepI/ITeJIBHOfI TEXHUKE, KOraa B IMPUEMHHUKEC CTPEMATCA IMOJYYHUTb MaAKCHU-
MAajJbHO BO3MOXKHBII TOK, 3HAYCHHC KOTOPOro MPAKTUYCCKHU HE 3aBUCUT OT
COIIPOTUBJICHUA TIPHUCMHUKA. HpI/I 9TOM HOMHHAJBHBIN PCKUM ONH30K K pe-
JKUMY KOPOTKOI'O 3aMbIKaHUA, KOTOpLIﬁ obecrneunBaercs IIpyU BBIMIOJIHCHUN

10



ycnosua Rgm >>R5.

TononorMyeckMe MNOHATUA TEOPUU 3NIEKTPUUYECKUX uenen. Oc-
HOBHbIMM TOMO/IOrMYECKMMM MOHATUAMMN TEOPUM SNEKTPUYECKUX Lenen fB-
NAKOTCA BETBb, Y3€/1, KOHTYP, ABYXMOMOCHUK U YETbIPEXMONOCHWK.

BeTBbIO HA3BIBAIOT Y4ACTOK JIEKTPHUYECCKOMN LEMH C OJHUM M TE€M e TO-
KOM. BeTBb MOXET COCTOSThH U3
OJIHOTO MACCHBHOTO WITH aKTHB-
HOTO 3JIEMEHTa, a TAKXKE MOXKET
NpeJCTaBIsITh COOOU MOCIen0-
BaTelbHOE  COCJAMHEHHE  He-
CKOJIBKHX 3sieMeHToB. Ha puc. 9
B KauectBe npumepa
npuseaeHa

cXemMa 3aMelUIeHUs] pa3BeTB-
JICHHOHM AJEKTPUYECKON LEenu ¢

Puc. 9. Cxema IISITBIO BETBSIMU.
Pa3BETB/IEHHOM3IEKTPUYECKOM V3JI0M Ha3bIBAIOT MECTO
uenmu COeIMHEHUs Tpex U Ooree BeT-

Bel. PasznuyaroT moHATHS Teo-

METPUYECKOr0 ¥ MOTCHIUAIb-
Horo y3noB. Tak, Ha cxeme puc. 9, UMeeTcss 4eThIpe F€OMETPUUECKUX U TPH
MOTEHIMATBHBIX y371a. ['eomerpudeckue y3mbl 3 u 3', UMeEoNue OANMHAKOBEIE
TIOTEHIUAJIBI, MOT'YT OBITh OOBEIMHEHBI B OIMH MOTCHIUAIBHBIN y3ell.

R, fr R: a
A n
R: E; R3R4Rs
R3R4R5
b b
a 6
a c c
R; A
R E.
E, 2LC2 Rs
R3 R4 5
[ 4
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Puc. 10. AKTMBHbIN (@) M NaccMBHbIN (6) ABYXMONOCHUKM, aKTUBHbIN(B)
M MNACCUBHBIN (r) YETbIPEXNONOCHUKM

KoHTypoMm Ha3bIBaIOT 3aMKHYTHIN IyTh, IMPOXOASAILIEH uepe3 HECKOIbKO
BETBEH M y3JIOB pa3BETBICHHOM AIIEKTPHYECKO LieTn, HanpuMmep, KOHTyp 1 -

12



R;-2-R4-3"-3-E;-R; Hapwuc. 9.

JIBYXIIOIOCHMKOM Ha3bIBAIOT YacCTbh 3JIEKTPUYECKOHN LENH C ABYMS BBIJE-
JICHHBIMH 32KMMaMH-TIOJIFOCAaMU. B aKTHBHOM JIBYXIOIIOCHHUKE MPUCYTCTBYIOT
aKTHBHBIE dy1eMeHTHI (puc. 10, a), B MacCHBHOM OHM OTCYTCTBYIOT  (CM. pHC.
10, 6).

UeThIpeXOTIOCHUKOM Ha3bIBAIOT YaCTh AJIEKTPUYECKON LETH, UMEIOLIYIO
JIBE TIapbl 32)KMMOB, KOTOpBIE Ha3bIBAlOTCS BXOAHBIMH (a u b Ha puc. 10) u
BbIxoaHbIMH (¢ U d Ha puc. 10). Tak ke, Kak U JBYXIOITIOCHUKH, YETHIPEXIIO-
JIFOCHUKHU MOT'YT OBITh aKTHBHBIMU (cM. pHc. 10, B) n maccuBHbIMH (cM. puc. 10,

r).

Oco6ennoctu npuMeHeHus 3akoHoB OMa u Kupxroga
AJIS1 AaHAJIM32 YJIEKTPUUYECKHX Lerneli MOCTOSIHHOT0 TOKa

3akon Oma 1 TaCCUBHOI'O y4yacTKa LenH, He cozxepxkaiero J/1C: Tok Ha
y4acTKe IeMy NPOIOPIMOHANIEH HANPSHKEHHUIO Ha 9TOM y4acTKe; Hanmpumep, s
CXeMbI Ha puc. 9

3akon OMa aJ1s1 aKTUBHOT'O YJacTKa IIeTH, coaepkamero uctounukud/C,
B o0rmIeM cirygae

_+E+U
===

BJIC u HanpsbkeHHe OepyT CO 3HAKOM IUTIOC, €CIM UX HAIPaBJICHHS COB-
NajgaT C HAIpaBICHHEM TOKa, U CO 3HAKOM MHUHYC, €CIIM MX HallpaBJICHUS
MPOTHBOIIONOXKHBI HAIIPABJICHUIO TOKA, HAIIpHMeEp, B CXeMe puC. 7, B

,:_El_—_Ez _

RBHl + RBHZ

[epsrrit 3akor Kupxroda sBiseTcst cieAcTBHEM 3aKOHAa COXPAaHEHHS 3a-
psina, COrJIacHO KOTOPOMY B JIFOOOM y3Iie 3apsi] OAHOTO 3HakKa HE MOXKET HHU
HaKaIUIMBaThCsI, HA yObIBaTh. CoriiacHO mepBoMy 3akoHy Kupxroga anred-
pamdeckasi cyMMa TOKOB BETBEH, CXOMISAIINXCS B Y3JI€, paBHA HYIIO:

21=0.

HpI/I OTOM TOKH, HAIIPABJICHHBIC K Y31y, CICAYCT 3alUCbhIBATh CO 3HAKOM
13



IUTIOC, @ TOKH, HallpaBJICHHBIE OT y371a, — CO 3HAKOM MUHYC, HallpuMep, B CXe- Me
Ha puc. 9 s y3na 1:

/1 - /2 -/3=0.

14



Bropoit 3akon Kwupxroda sBnsiercs ciencTBHeM 3aKOHa COXpPaHEHUS
SHEPrHH, B CHIY KOTOPOrO HM3MEHEHHE IOTEHIHalla B 3aMKHYTOM KOHTYpE
paBHO HyJI0. V3MeHeHHe MoTeHIrala MEXIy ABYMs TOYKaMH ydacTKa IIEIH
XapakTepu3yeTcss pa3sHOCThIO MOTEHIMAJIOB WK HampspkeHueM. [loatomy co-
TJIaCHO BTOpOMY 3akoHy Kupxroda anredpandeckas cyMMa HarpsHKEHHH Beex
Yy4acTKOB 3aMKHYTOTO KOHTYpa paBHA HYIIO:

ZU=0.

IIpumenurensHO K cxemaM 3amelienus: ¢ ucrounukamu J/IC, BTopoit 3a-
koH Kwupxrodha MoxHO (GopMyTHpoBaTh TakKuM 00Opa3oM: aireOpanveckas
CyMMa HampsDKEHHMH Ha PE3UCTHBHBIX 3JIEMCHTaX 3aMKHYTOTO KOHTYpa paBHA
anreopanyeckoid cymme DJ1C, BXOISIIHUX B 3TOT KOHTYP:

2RI=ZE.

[pu cocraBieHnU ypaBHEHHH cllaraeMble 3aIlMChIBAIOT CO 3HAKOM ILTIOC B
cllydae, KOT/la HallpaBJIeHHe 00Xo/la KOHTypa COBNAJAaeT C HApaBIEHUEM CO-
OTBETCTBEHHO HampspkeHus, Toka win D/IC, B MPOTHBHOM ClIydae ciaraeMble
3aIUCHIBAIOT CO 3HAKOM MHHYC.

Bropeim 3akoHoM Kupxroda uyacto monb3yroTcs Ui onpeneseHHs Ha-
MpsDKEHU MEXIY JIF00OW Mapoi y370B aneKkTpudeckod menu. Omnpepenum,
Hanpumep, HarpspkeHne Uiz cxemsl puc. 9:

Uiz +Ri1l1=E; nvan U;z3=E;-Ril1.

MpeobpasoBaHMe NACCMBHbLIX YYaCTKOB 3JIEKTPUYECKOW Lenwu.
I'Iocne,qosa'renbuoe coeguHeHue 31eMeHTOB. HOCHGAOBaTeﬂbeIM coeagunHe-
HMEeM 371eMeHTOB Ha3blBalOT coeanHeHUe, NPN KOTOPOM TOK B KaXXAOoM 3.e-
MeHTe OAUH N TOT Xe. Ha pwuc. 11, a NOKa3aHa CXema C nocseanoBarte/ibHO Co-

Ui
—d !
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CINHCHHBIMHA

PE3UCTUBHBIMUA 3JIC-
MEHTaMHU. 3aMEHUM J3TH
3JICMCHTBI OJJHHUM

SKBUBAJIEHTHBIM (CM. PHC.
11, 6) wu 3anumem
yYpaBHEHHSI 10 BTOPOMY

< o O R & W

Puc. 11. Cxema ¢ nocnepoBatesib-
HbIM COeAMHEHMEM 3/1EMEHTOB (a) U

ee 3KBMBaNEHTHan cxema (6)

16

Kupxroda mmst obenx cxem:

Ril+Ral+...+Rnl = U; Rsl=U.

HOCKOJ’ILKy TOKHM W HaIpsKe-
HHsSI UCTOYHHKOB 38.}18.HH017I " 3KBH-
BAJICHTHOH CXeM JOJI’KHBI OBITH
OAWHAKOBBIMH, TO MOXHO 3aKIJIIO-
YUTb, YTO MOIIHOCTH JJICKTPpUYC-
CKoOit oenu HE M3MCHUTCA, CCIIH
MMOoCJICA0BATCIIbHO COCAMHCHHEBIC



OJICMCHTBI 3aMCHUTHL OJHUM 3JICMCHTOM C COIIPOTUBJICHHUCM Rok, PaBHBIM CyM-
MEC COHpOTI/IBJ'ICHPIfI OTJACIIBHBIX 3JICMCHTOB:

n
R,. =R, +R, +..+R, :ZR,
i=1

Ha ocHOBaHMHM 3THX ypaBHEHHI OTMETHM HEKOTOPBIE CBOMCTBA MOCIIEI0-
BATEILHOr0 COEIUHEHUS DIIEMEHTOB:

1. Tok B Ieny ¥ HANPSDKEHUS Ha €€ DJIEMEHTaX 3aBUCSAT OT CONPOTHBIIE-
HUs JTI0O0T0 U3 37eMeHTOB nienu. Eciu, Hanpumep, conpotuBienue Ri mepro-
r'0 DJIEMEHTA YBEJIMYMBAETCSA, TOK B 1enu U Hanpsbkenust Up...U, yMeHbmaroor-
¢ (I = UIRy; Un=Ryl), a manpsokenne U; Bospacraer (Ui=U-U,-...-U,). B
npejieNie, Korjaa COnpoTuBIEHHE R1 CTpeMHUTCS K GECKOHEYHOCTH (XOJIOCTOM
xon), Tok 1 =0, aU;=U.

2. HampsbkeHue Ha Ka)kJIOM M3 MOCIIENOBATENLHO COSAUHEHHBIX DJIEMEH-
ToB Beeraa Menble BxonHoro (Ui < U) u, crienoBarenbHO, MOCaeI0BaTEIbHAS
1IeNb MOYKET CITY)KUTh JenuTeNieM HampsbkeHus. [lociaemnoBatenbHOe coenrHe-
HHUC HpI/IeMHI/IKOB I/ICHO.]'II)SyIOT B TOM Cnyqae, KOoraga nx HOMHUHAJIbHBIC Hal'[pﬂ-
JKEHUST HIDKC HATPSDKCHUSI CeTH (HAampuMep, B €IOYHBIX TUpisHaax). [Ipu pa-
60Te ABUraTENel MTOCTOSHHOTO TOKa TIOCIEI0BATENBHO C IEMbI0 SKOPS BKITIO-
Yal0T PEOCTATHI JJIsl OTPAHUYCHHUS ITYCKOBOTO TOKA M PETYIHPOBAHHUS YACTOTHI
BparnieHust. IlocienoBaTebHBIM BKIFOUCHHEM T00aBOYHBIX PE3HCTOPOB K
BOJIBTMETPY PACIIHPSIOT €ro MpeIesIbl H3MEPEHHUS.

IMapaieapHoe coeIMHEHHE 3JIeMeHTOB. [lapaiensHbIM Ha3bIBAIOT CO-
eMMHEHNEe, TP KOTOPOM BCE YUYACTKH IENH MPHCOSIUHAIOTCS K OMHOW mape
y3JI0B, T.€. HAXOMATCS IO BO3ACHCTBHEM OMHOTO M TOTO K€ HampsvkeHus. Ha
puc. 12,a mokasaHa cxema ¢ N MACCHMBHBIMU BETBSMH, TPUCOCANHEHHBIMH K
OJIHUM M TEM € y3JIaM, Pa3sHOCTh MOTEHIINAIOB MEX/Iy KOTOPHIMH paBHa Ha-
npsokernro U uctounrka. [109TOMY TOK B KaXKIIOi BETBH OTPEIEITISIETCSA 3THM

HAIpPSDKEHHEM W CONPOTHUBIICHHEM R
| 1160 MPoBOAUMOCTHIO0 G COOTBET-

= CTBYIOILIEH BETBHU:
/1 = U/R1 = G;lU,'
U R« l=U/R; _ G
a 6 In= U/Rn = G,U.
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Puc. 12. Cxema ¢ napannenbHbiMm coeaum-

HEeHWEeM 3/1eMeHTOB (a) U ee 3KBUBANEHT- Cxema 3amMenieHus ¢ N mapai-

Has cxema (6) JIENBHO BKJIIOUEHHBIMH  PE3UCTHUB-
HBIMHU DJIEMEHTaMH MOXET OBITh
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3aMEeHEHa PKBUBAJICHTHON CXEMOH C OTHUM PE3NCTUBHBIM DJIEMEHTOM (CM. pHC.
12, ©). YcnoBust 5KBHBAJIEHTHOCTH OyIyT COOJIONEHBI, €CIM TOK SKBUBA-
JICHTHOH cXeMbI OyleT paBeH TOKy | B Hepa3BeTBICHHOH YacTH LTy, T.C.

| = 11#1+.. .+,

HOZ[CTaBJ'IHH B 9TO YPAaBHCHUEC 3HAYCHHA TOKOB, IMOJYYUM BbBIPpAKCHUC

U/Rs« = U/R1 + U/R; + ...+U/R,,

13 KOTOPOIr'o MOKHO MOJIYIUTH (I)OpMyJ'Iy JJI OKBUBAJICHTHOI'O COIIPOTHUBJICHUSA

n
1/R, =1/R, +1/Ry +..+1/R, = ZI/R,»

i=1

WJIn OJjist SKBUBaAJICHTHOM IMPpOBOAUMOCTH

n
Gy =G +G; +..4G, =D G
i=1

MOLHOCTE 31EKTPUYECKOM LIENIM HE U3MEHMUTCS, €CIIM NapajulesIbHO CO-
€IMHEHHBIC 3JIEMEHTHI 3aMEHHUTh OIHUM 3KBUBAJICHTHBIM C IPOBOAMMOCTHIO
Go«, paBHOW CyMMe MPOBOJMMOCTEH OTIENBHBIX JIEMEHTOB.

K ocHOBHBIM cBoOICTBaM MapajIeIbHOTO COEOMHEHUS CIeAyeT OTHECTH
CIIEYIOLIHE:

1. DkBUBaJEHTHOE COIPOTHUBICHHE MapajUIEIbHO COSAWHEHHBIX 3JIEMEH-
TOB BCEI/la MEHbIIE HAUMEHBILEr0 U3 CONPOTUBIECHUN BeTBel. Ilpu momkio-
YeHUH HOBOI'O IPHEMHHKA MapauIeNbHO JAPYTUM MPUEMHHUKAM 00Iasi mpoBo-
JVMOCTh MX YBEIHYHBAETCS, a SKBUBAJICHTHOE COMPOTUBIICHUE YMEHBIIIAETCS.
Ecnu mapasmiensHO cCOeTMHEHBI N BETBEH C OAMHAKOBBIM COMPOTUBICHHEM R, TO
HX SKBUBAJICHTHOE CONPOTHUBIIEHHE OymeT B N pa3 MEHbIIE CONPOTUBICHUS
Ka)KIIOU BeTBH, T.€. R, = R/N.

[Ipu mapasnenbHOM COEAWHEHWH IBYX IACCHBHBIX JIIEMEHTOB C COIPO-
TuBJIeHUSAMHE R1 1 R, 3KBUBasleHTHas! IPOBOANMOCTH

Rnp Gsx = 1/Rsx=1/R1+1/R> = (R1+R3)/RiR>,

a4 DKBUBAJICHTHOE CONIPOTHUBIICHNE

RZ Rak= Rle/(R1+R2).

2. Tok B KaXIoil M3 BETBEW Bcerma
MEHBIIIC TOKA WCTOYHWKAa (TOKa B Hepas-
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BET

BJIE

HHO
Puc. 13. Cxema c napannenbHbiMm
NOAK/O4YEHNEM NPUEMHUKOB

1 YacTH IeTIN) |, CIICAOBATEIIh-

HO, HapauieyibHas LOCIb MOXKET CIYKUTb
JCIIUTCIICM TOKa. DTO CBOWCTBO IO3BOJISIET
paclipuThb MpEaACiibl UBMEPCHUSA aMIICp-
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METPOB.

CMemaHHOe coeqUHEHHE 3J1eMeHTOB. CMEIIaHHBIM COCTUHECHUEM 3Jie-
MEHTOB HA3BIBAIOT COYCTAHHUE WX IOCIICIOBATEIEHBIX U MAPaJUICITBHBIX COCIH-
HeHmit. Hanbomnee mpocThIM M paclpOCTPaHEHHBIM B MPAKTUKE CMEIIAHHBIM
COCJMHCHUEM SBJISCTCS IICTh MAPAJLICIBFHOIO MOJKITIOUCHUS MPUEMHHUKOB K
HCTOYHUKY TUTAHUSI C TIOMOIIBIO MPOBOIOB, O0JIAAONINX 3aMETHBIM COMPO-
TuBJIeHUEM. CxeMa 3aMellleHus TAaKoW LIEeNU MpecTaBiieHa Ha puc. 13.

BKBI/IBaJ'IeHTHOG COHpOTI/IBﬁeHI/ICZCXCMLI 3aIIUIICTCA B BUC
= R.R
12

K P Rl +R2

AHanus ANNEKTPUYECKUX u,eneﬁ NMOCTOAHHOINO TOKa MeToAOM
3KBMBAJIEHTHbIX NPeobpas3oBaHUN. [1a onpeaeseHns TOKOB U Hanps-
KeHUM KaXX4o0ro anemeHTa uenn ¢ ogHMM UCTOYHUKOM aﬂeKTpMHeCKOVI JHep-
run (puc. 14, a) MOKHO UCMONb30BaTb METOZ, SKBUBAEHTHbIX NpeobpasoBa-
HUN.

s pemienns Tako 3ajaud OTHENIBHBIE YYAaCTKHU JJIEKTPUYECKOM LNy ¢
MIOCJIEI0BATENIFHO WM Mapajie]bHO COCIMHEHHBIMU JIEMEHTAMH 3aMEHSIOT
OJIHUM SKBHBAJICHTHBIM d7IeMeHTOM. I1ocTeneHHbpIM TpeoOpa3oBaHuEM Y4aCTKOB
CXEMY NIEKTPUUECKON LI YIPOILAIOT U NPUBOIAT K IPOCTEUILEN CXeMeE, CO-
CToAIIEH U3 MOCIEI0BATENbHO COEMHEHHbBIX HCTOUHUKA IEKTPUUECKOHN dHEp-

R: a Rs Ri a Ri a

Puc. 14. Cxema pasBeTBJIEHHON Lieny C OAHUM UCTOYHMKOM (a) M YNpOLLEeHHble

cxembl (6 1 B)

T WU OAHOI'O 3KBHBAJICHTHOI'O IMACCHMBHOI'O 3JICMCHTA. I[J'ISI CXEMbI pHcC. 14,21
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BHa4aJIC HAXOIAT SKBUBAJICHTHOC COIMPOTHUBJICHUE YYACTKaA, COCTOAIICTO U3 IBYX
napayuieJibHO COCIMHCHHBIX BETBEH ¢ COIPOTUBJICHUAMU R4 n R5:

R4,5=R4R5/(R4+R5),

Y TIOJIY4YaIoT cxeMy puc. 14, 0.
3aTeM HaXOMAT SKBHBAJICHTHOE COMPOTHBIICHUE ICMH OTHOCHTEIBLHO 3a-
KUMOB a 1 b
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:_R; (R3 +Ry5)

® R +Rs+Rys

2

Takum oOpazom, MCXomHasi pa3BeTBIEHHAs Lenb puc. 14, a cBemeHa K
npocTeinieit nenu puc. 14, B, [uig KOTOPOH HETPYTHO ONPENEIUTh TOK B BETBU
ucrounnka JJ[C E ¢ conporusieHueM Ry:

Ile/(R1+Rab)-

3Hast Tok |1, HAaXOmAT HAmMpsOKCHWE Ha 3aXKHMax ab JBYXIONIOCHHKA
Uab=Rapl1  TOKK B BETBAX /5, /3:

1,=Uas/R1; I3=Uab/(R3#R4,5).
HakoHel1, no M3BeCTHOMY TOKY |3 onpenenstoT Toku I;;? uls:
=" 1 I = —.
4 3 5 3
R, +Rs R, +Rs

AHanu3 pa3BeTBJIEHHOH lend ¢ MoMolblo 3akoHOB Kupxroda.
AHanu3 u pacder 000N AIEKTPUIECKON IETTH MOXKHO IPOBECTH HAa OCHOBA-
HHHA IIEPBOro U BTOPOI'0 3aKOHOB
Kupxroga.

Pexomennyercs  crnemyromuit
MOPSIIOK  COCTaBJICHUS ypaBHEHUI
no 3akoHam Kwupxroda: ompeness-
IOT YMCIIO BETBEH, Y3JIOB U HE3aBU-

CHMBIX KOHTYPOB, YCTaHAaBIHBAIOT
YHCIIO HE3aBUCHMBIX YPaBHEHHH I10
nepBoMy 3akoHy Kupxroda, oc-
TaJIbHBIE YPABHEHMSI COCTABIIAIOTCS
Mo BTopomy 3akoHy Kupxroda.

ITo nepBomy 3akony Kupxroda
MOCTOAHHOTO TOKa MOXKHO COCTaBUTH ) - 1 He3aBHCH-

Puc. 15. Cxema pa3BeTBNEHHOM Lenu

MBIX YpaBHEHHH, TIE y — KOJIHYECTBO Y3JIOB CXeMBI. VICmomp30BaTh Bce y
ypaBHEHHH HEBO3MOXKHO, TaK KaK OIHO M3 HHUX 00s3aTeNbHO OyIeT 3aBUCH-
MBIM.

Cxema dIeKTpHIeCKOl menu puc. 15 mMeer maTh BeTBEH U TpH Y314, MO-
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3TOMY MO IepBOMY 3akoHy Kupxroda mist Hee MOXKHO COCTaBHUThH JBa HE3aBH-
CHUMBIX YpaBHEHHUSL.

KonmuectBo ypaBHEHUH, cocTaBisieMbIX MO BTOpOMY 3akoHY Kupxroda,
JIOJDKHO OBITh PAaBHO KOJIMYECTBY HE3aBUCHMBIX KOHTYpOB. He3aBHCHMBIM
Ha3bIBAIOT KOHTYP, B KOTOPBII BXOJHT XOTs OBl O/IHA HOBAsl BETBb.

Jna cxeMsl 1ienu puc. 15 Hato coCTaBUTh TPU ypaBHEHUS 10 BTOPOMY 3a-
koHy Kupxroda ai1st Tpex He3aBHCHMBIX KOHTYpPOB. BrlOmMpaem mpou3BOIBEHO
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HATIPaBJICHUS TOKOB B BeTBsX. [IprMeM HampaBieHHe 00X0/1a KOHTypa Io 4Ya-
coBoii ctpenke. Torma cucrema ypaBHEHH OyIeT UMETh BUJI:

1) nmnst y3na 1
it +15=0;05
2) s y3na 2
-la+15=0;
3) mns koHtypa |
4) nns xoutypa Il Rali + Ral> = E1-E>;

1l
5) JULAL KOHTYpa -Ryl5 + R4ly + R5I5 = Ez;

R3/3 - R5/5=E3.

IIpu cocTaBneHNM ypaBHEHHI CO 3HAKOM ILIIOC 3aIMCaHBI T€ ClaraeMble,B
KOTOpBIX TOK U DJ[C MMEIOT HaIpaBiieHUs, COBIAJAIOIINE C HAMPABJICHUEM
00Xx0/1a KOHTYpa.

Pemras cuctemy ypaBHEHHH, MOXXHO OIPEICTUTh BCE ISITh HEM3BECTHBIX
TokoB. Ecnu B pe3ynpTare pemieHHs ITHX YPaBHEHHH IMONy4yaroTcs OTpHIla-
TeNbHBIC 3HAYCHUS TOKOB, TO 3TO O3HA4YaeT, YTO MCTUHHBIC HANPAaBICHHUS TO-
KOB B BETBSIX LIEMH MPOTUBOIIONOXKHBI TEM HAIPABICHUSAM, JJIS KOTOPBIX CO-
CTaBIISJINCh YPaBHEHUS.

[IpaBUIBHOCTB pacyeTa TOKOB B BETBSIX 3JIEKTPUUECKOH LIEMH MOXET ObITh
MPOBEpeHa C MOMOIIBI0 YpaBHEHHUsI OajlaHca MOLIHOCTEW UCTOYHHKOB U TPH-
€MHHKOB 3JIEKTPUIECKOHN SHEPrUn

2Py, =2Py,

B KOTOPOM JI€Basi 4acTh XapaKTepU3yeT MOIIHOCTh MCTOYHHKOB (TIPOHM3BeE/e-
wue EI mia ncrodnnka HanpspkeHus U JU s MCTOYHHMKA TOKA), a TpaBas —
MOILHOCTh aKTMBHBIX (IpousBeneHue EI) U maccMBHBIX (IpousseneHue RI?)
MIPUEMHHUKOB AJIEKTPHYECKON YHEPTHH.

s cxemsl puc. 15 ypaBHeHme OamaHca MOITHOCTEH 3aIHIIETCS B BHIIE

Eily+Esl3 = Exly+R1 17 +Ry 17 +R3 1% + R4 1% +Rs1?.

MeToa Me:Ky3/J0BOr0 HanpsizkeHUsl. B peanbHBIX 3JEKTPUIECKUX LETSIX
MIOCTOSIHHOI'O TOKA OYE€Hb 4aCTO HECKONBKO HCTOYHUKOB U NMPHUEMHUKOB JJIEK-
TPUYECKOW SHEPrHM BKIOYAIOTCS MapayuienbHo. Cxema 3aMelleHHs Takou
LIeTH, COAepIKalell aKTUBHbBIE M MTACCHBHBIE BETBH, COCIMHEHHBIC TTapajlIeib-

25



HO, UM€EET TOJIBKO JBA y3J1a, HampuMep, y3iel A u B cxems! puc. 16. Cunras
TIOJIOKUTEIHHBIMU HarlpaBiieHust TOKOB Iy, |2 1 13 oT y3:ma A k y3my B, 3a- numem
BBIPAXEHUS AJIA 3TUX TOKOB, UCHONB3Ys 3akoH OMa Juid aKTMBHOU
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BETBHU.

l1=(-E+Uas) /Ryl
= (Ez + UAB)/Rz,' /3 =

Uns/ Rs.
A IMoncrapnsis 3T BEIpKCHUS B
ypaBHEHHE, COCTABJIIEHHOE IO MEPBO-
¢l1 i I |, MY 3aKOHY Kupxroga:
J i -J+Il+lg+13=0,
Cﬁ) R;: R> []
R3 HAXOIIUM HAIPsDKEHUE MEXKIY Y3JIaMU
AuB
UAR
E;1 - E>
E,/Ri—E R, +J
B U — —1_L1_—2_L2_—
AB
1/R, +1/ Ry, +1/ Rs
Puc. 16. Cxema 3amelLeHns uenm c nnn
ABYMA y3n1amn U = £1G, —E,G, +J
A8 G, +G, + Gs

2. Mporpamma paboTbl

1. OsnakomuThCs ¢ 000pyIOBaHHEM JabopaTopHOW ycTaHoBkH. Ormpe-
JIeNUTh LeHY NeNICHUs] M3MEPUTENBHBIX IPHOOPOB, UCIONB3YyEMbIX B JAaHHOH
pabore.

2. CoOpath uccieayeMyro 3JeKTPUIECKYIO 1eMb o puc. 17.

U *
B,
- A A
NP

N 21 <—|




Rl b
A; Az
Is I A; I5 R3

Rs I c

Puc. 17
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3. Tlocne MPOBEPKU CXCMBbI IMPCIOAABATCIIEM IOAATh HAa CTCHJ HaIpAd-
KCHHUC. H3M€pI/ITB TOK, HAIIPSPKCHUEC U MOIIHOCTb Ha Y4aCTKaXx HLCIIH. PC?)YJ'H)'
TaThl I/I3MepeHI/II71 3aHCCTH B Ta6n1/111y.

Tabmuna
Msmepeno
No | Iy I I3 | Uag | U | Upg | Upe | Ut | Pon
W | A A1 A As | Urs | Urt | Ure | Urs | Urs | Wy
A A A A B B B B B Bt
1
2
3
4
Tabnumna (mpoaoKeHKe)
Boraucieno
rj[\}.i[ |5 Rl RZ R3 R4 R5 RsKB.on RSKB.pacq Ppacl{
A Om Om | Om Om Om Om Om Br
1
2
3
4

[Napenus Hanpsbkenus: Ha ydactkax ad, ab, bd, be, cd usmepsitor ¢ momo-
meio dpoBoro MynsTMeTpa Vi. MomHoCTh n3Mepsercs BattMeTrpoM Wi.
W3mepenus crenath 11 4eThIpex MOJIoKeHUH peoctata Ry .

[IpaBUIbHOCTH U3MEPEHHI TPOBEPUTH 10 3akoHaM Kupxroda.

Hanpumep, nmst cxemsl puc. 17 mo nepBomy 3akony Kupxroda mis yzna
«b» BommonuseTcs paBeHCTBO: |1 = |2 + 3. Ilo Bropomy 3akony Kupxroda
Jutst 3aMKHYTOro KOHTYpa : Uad = Uap + Upg .

4. Tlo pe3ympTaTaM H3MepeHHI BBIICHUTH BIHSIHHE W3MEHEHHS COIpO-
TUBJICHHUS pe3nucTopa Rs HA pacmpeneneHre TOKOB, HAPSDKEHUI M MOIITHOCTUB
HCCIIEyeMO LENH.

O06padoTka pe3yIbTATOB IKCIIEPUMEHTA

1. Toxk Is ompenenuts Mo iepBomy 3akoHy Kupxroda: Is =1-1; .

2. Omnpenenuth compotuBieHust pe3nctopos Ri, Rz, Rz, Rs, Rs u ombit-
HOE 3HAa4YeHHE SKBHBAJICHTHOTO CONPOTHUBICHMS BCEH LENH Ron, MCHONB3YS
3akoH Oma. Hanpumep, aist cxems! puc. 17:
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PesynbTaThl pacueToB 3aHecTd B TabauIly. BHYTpEeHHUM CONPOTHBICHHEM
aMIIepMETPOB MPeHEOPEeUb.

3. OmnpenenuTh pacyeTHOE 3HAYEHHE DKBHBAJCHTHOTO COMPOTHBIICHUS
BCel LenU Rpacq, HCHOMB3YS METOJ NPeoOpa30BaHUil MOCIENOBATEILHO U Ia-
paJUIeNbHO COEIMHEHHBIX YYacTKOB IIeNH. Pe3ynbTaThl pacueToB 3aHEeCTH B
Tabauity. CpaBHUTH MOJTYYE€HHBIE PE3YIbTATHI C Rop.

4. PaccuutaTh MOILIHOCTH MOTPEOJIEHUsS] SHEPTHU BCEH LENH KaK CyMMY
MOITHOCTEHN OT/AEIbHBIX AJIEMEHTOB:

P =3P =DUI =)RI?,
5

pacy k 5 k k k
k

k=1 k=1

rae Uk, lk, Rk — HampspKeHue, TOK U CONPOTHBIICHNE K-Tr0 ydacTka siaexTprde-
CKOH 1enu. Pe3ynpraTsl pacueroB 3aHecTu B TaOnuily. CpaBHUTH MOTYYCHHBIE
pe3yabTaThl C MOIHOCTHIO, U3MEpeHHON BaTT™MeTpoM Wi.

5. Ilo pesynpraTam HU3MEpeHHH W BBIYHUCICHUA HAa OJHOM YEpTEXe IO-
CTPOUTD rpauKy 3aBUCUMOCTH TOKOB |1, Iz, I3, 14, |5 oT conporuBnenus pesu-
cropa Ra.

6. TlocTpouTh 3aBUCHMOCTH MOIIHOCTH MOTPEOJCHUSI HEPTHH OT CO-
npotusiieHus pesucropa Ra:  Pw = f (Ra).

7. CraenaTp BBEIBOZHI IO paboTe.
KoHTposibHbIE BONPOCHI

UYro MOHUMAETCSI MO ANIEKTPHIECKUM TOKOM?

Uro mormmaercs ox DJ]C u HanpsoKeHnEM ?

Cdopmynupyiite n 00bsicHUTE 3aK0H OMa.

KakoBbI (hakTopbl, BIUSIONIME HA COMPOTHBICHUE MOCTOSIHHOMY TO-

e

Ky?

5. Yto moHMMAETCsI MO y3JI0M, BETBHIO M KOHTYPOB JJIEKTPUYECKOH I1e-
m?

6. Kaxk ompenenstoTcss 3KBUBAICHTHBIE CONPOTHUBIICHHUS TIPH TIOCIIEI0BA-
TEIBHOM, MAPAITICTFHOM H CMEIIAHHOM COTIPOTHBIICHHH PE3UCTOPOB?

7. Tlo xakuMm QopMynaMm OMpeAesieTcss MOIIHOCTh M SHEPTHs MOTpedu-
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TeJel, TONKITIOYEHHBIX K UICTOYHUKY MTOCTOSIHHOTO TOKa?
8. Cdopmymupyiite u 00bsicHuTE 3aK0H J[Koynsa-JIeHna.
9. Cdopmymupyiite n 00bsICHUTE MEPBEIN 1 BTOPOH 3aKkoHBI Kupxroda.
10. Kakue snexTprdeckue 1eny Ha3bIBalOTCs INHEHHBIMA?
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JlaGoparopuas pabora Ne2

Hccnenopanme miHeHHOM ameKTprdeckoli el odHo}Aa2HOTO CHHYCOH-
OanbHOTO ToKa. KOMIIeHCaIna peak THEHO MOIIHOCTH.

Lens paborsL:

1. Maydenme OCHOBHEIX 38KOHOB W METO/IOR PACHETA HIIEKTPHUSCKID
l[C]']'E'Fl ()Jlll()(l)ai;ll()l'() CHHYCOMAATLHOI'O TOKA.

2. AHanms ()Jl[[()[t)ilii[[h[?{ le][[yC()]'U[H.]lh]]h]X lll.‘,lli:ﬁ C TTOMOIIEIO BCKTOP-
HbIX AHaIpaMM.

3. H=yieHne BO3MOKHOCTH KOMIIGHCAIINIT PeaKTHBHOH MOITHOCTH.

1. TeopeTHYeCcKHE CBeICHHA

O01He MoT0KCHHA

DTNekTpHdecKHe eI, B KOTOPEIX 3HATeHMA M HanpaeleHmna DJ[C, Ha-
TIPSTKEHHS. U TOKa MEPHOIMYECKH M3MEHSIOTCS BO BPeMeHH IO CHHYCOMIANb-
HOMY 3aKOHY, Ha3BIBAIOTCS YenaM i CUHYCOUJAIbH 020 MOKA.

Brlpaxkenne M2HOGEeHH020 3HAYEHUS CUHVCOUOAABHO20 MIOKA OIpe-
IensieTes: TPHIOHOMEeTpHYeckoi yHKImei

i=1, Sin(mtﬂ,ui).

['padhyik MIHOBEHHBIX 3HAYCHIH TOKA | (l) NnokaszaH Ha puc. 1.

ot

T

Puc. 1

Amnrumyoa I, pasna MakCHMAILIOMY 3HAYECHHIO TOKA. APTYMENT CH-
Hyca (! 1 ;), m3MepsieMblil B pajgraHax, onpejenseT hasHblil YOI CHiy-
conpanbHoR QYHKIMKE Toka B mo6oil MOMEHT BpeMeHH | M HA3LIBaeTes ga-
30ff, a BeTHIHHA Y, paBHag QasHOMY YITIy B MOMEHT Hauala OTCTeTa BpeMe-
HE [ = 0, - gauaivioli gazofi. BeniuHa (0 oNpedendeT YHCIO PaIiaHoB, Ha
KoTopoe H3MeHHTcA (aza KoneOaHMii za CeKyHAY, H Ha3hBaeTcid y2i1060i
qacmomon.
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Uepes MpoMexyTOK BpeMeHH 1, HaskBaeMEHI nepuodom, hasa xomeba-
Hil{ FyMEMMTCT Ha yron 2W, M OMEN KoxeSamiil NOBTOPASTCS CHOBA
i (1‘) =i (l‘ + T), CTIEOBATENELHO, TICPHOM M YITIORAs TACTOTA CBSIAHEL COOT-
notuenses @7 = 270 JIHTeIbHOCTS TEPHOMA IPHHSTO HIMEPSThL B CEKyH-
nax. Benuunny, oSpaTHyo nepuojly, HA3HBAIGT Yacmonon 1 0003Hauaior f,
HAIMEPSIOT B I'eprax F]’)} YacroTa ONPEACIHASTCA KONMHYSCTROM TIEPHOA0B B
CEKYHAY

f=ur

O4geBHAHO, 9TO
w =27/T = 2rf.

Bce ckazanHoe OTHOCHTENBHO TOKE CHPABELIHBO TaKKe JUISL CHHYCOH-
JATBHO H3MEHSIOIHMXCST HATPSKEHMH 2 (f ) n3J1C e(t .

IIpu coBMecTHOM PAacCMOTPEHHH HECKONBKHX CHHYCOMIANBHELIX BEIHIHH
OFHOR YacToTh OOLIMHO MHTEPECYIOTCS PA3HOCTLIO MX (a30BBIX YITIOB, HA3LI-
BaeMolf yeaom cdeuea has. Yron capura ¢as ompelendgeTcsa Kak pasHOCTh
HaualbHBEIX a3 cHHyconmanbHeX (yHKHH, Ha prc. 2 npeacTtaBieHt rpadi-
KM MTHOBSHHBIX 3HAYEHIH HATIPAMEHH I (I ) H TOKa | t). Yron caenra daz

¢=WM_Wi'

Ty

u, i

ar

0 2n

Puc. 2

Bemn W, >, , T0 @ > (), IpH 3TOM TOBOPAT, UTO HAAPANCCHUE One-
pescaem MoK We hase WIH TOK OTCTACT OT HANpsaeHmia. B ciyuae
W, <y, @<0,Te Hanpaxcenue, omcmaem no gaze om moxa WIH
TOK OIepeskacT HallPSKeHHe,

B mpaxTHie NpHMeHeHHS NMepeMeHHEIX TOKOE MTHPOKO TIONEYIOTCA TOHA-
THeM JeiicTEYIOMero 3HATeHHd, SNeKTPIIeckoll BenHIMHE. Jeficmaviouium
3Ha4eneM HASEIBAIOT CpeflHee KBANPATINHOS 3HAUSHHE TepeMEHHOM BelH-
THHE 38 NePHOL




M

Kax mpectHO 13 Kypca Gu3NKH, TETUIOBOE M 3NEKTPOMEXaHIIecKoe Aeii-
CTBHSA, TOKa TPOTOPIIMOHANBLHBEI KBAApaTy ero MIHOBEHHOIO 3Ha4eHWs, II0-
3TOMY MMEHHO AeiCTBYIOmuii ToK / MOKET CIYKHMTh KONTHIeCTBEHHON Mepoit
JIX OIICHKH 38 TIePHO.

Cea3p MeXAY aMIUINTYAOM M AeHCTEYIOIIHM 2HAYeHHeM I CHHYCOH-

NATBHBIX BeIMINH, TIpH [ = [, sin ot

T T T 7
jz"‘dz =]f,jsin2 ot dt =],f1j[(1—0032(ot)/ Q]dt =72 h
0 0 0

CrhesoBaTeNbHO, B COOTBETCTRHH € onpezieneHueM (1) JieffcTRyiomniee 3Ha-
YEHHE TOKA

]’= ]m

V2
s nelcTByIOmMIX 3HATEHIH CHHYCOMAATHHO M3MEHSIOIIIXCS HaIIpsTuKe-
HiA 1 OJIC cripapeITHBE aHATOTHTIHEIE BEIPaKeHHA:
U= gﬂ . E = i

V2° V2

H300paskeHHe CHHYCOHAANLHBIX (PYHKIIHH BpeMeHH

DIeKTpHYECKOe COCTOSIHUE LeNel NepeMeHHOro TOKa, TaK JkKe KaK M 1ie-
Teif TIOCTOSTHHOTO TOKA, OITMCHIBaeTes ypaBHeHMsIMI Kupxroda. Maremaride-
CKMI{ anmapar ¢ TPUTOHOMETPHYECKHMHI (hYHKIMSAMK TpoMo3zKiif. st ympo-
IIEHMS] PelIeHHs HCTIONB3YIOTCS [Be (hOPMBL IPE/ICTAaBIeHIs] CHHYCOMAANbHBIX
(byHKIMIT: pajiiyc-BeKTOp M KOMITIEKCHOE YHCIO.

W3 reomerpnu U3BecTHO, 4TO J0basi CHHycoWanbHas QYHKIMS BpeMeHH
MOeT OBITh YCIIOBHO M300pajkeHa OHO3HAYHO COOTBETCTBYIOIINM eif padu-
VC-6eKIMOPOM, BPAIAIONINMCS B ITIOCKOCTH JeKapTOBLIX KoopsnHat. J[miHa
BeKTOpa paBHa aMILUTNTYIHOMY 3HAYEeHHMIO CHHYCOHIBL, a HadalbHOE IONOMKe-

HHEe OTHOCHTEIBHO OCH X Ofpefensercsd HauanbHOH asoif cuHycommer. Ha
pHC. 3 TIpe/CTaRNIeH Pafiyc-BeKTOp, JTHHA KOTOPOTo paBHa A y,.

Bexrop Bpamaercs B TUIOCKOCTH AeKapTORBIX KOOPIMHAT X — } NPOTHR
YACOBOM CTPENIKH ¢ PABHOMEPHON 4acTOTOH (0 M NMOBOPAYMBAETCS 3@ BPEMS
oxHoro obopora 7' Ha yron 2w, T.e. w1 = 21
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HpOCKI.II/UI BEKTOPa Ha OChb Y OIIPeAeIIACTCS BhIpaKeHIIeM

a=4, sin(a)t+t//a)

y By
a,
woon N |4
)% A 4
W ot X 0| { 7 ! ol
a, la

Puc. 3

COBOKYITHOCTE ~ PafiMyC-BEKTOPOB, H300PaKAONIIX CHHYCOWIANEHbIE
(YHKIMM BpeMeHH, HA3BIBACTCS geKmOopHOl Ouazpammoli. BexTopHas aua-
rpamMMa Ha pHc. 4 TO3BOIIET IyTeM MPOCTEHIINX TeOMeTPHISCKIX TIOCTpOe-
HHIf TIPOBECTH CYMMHPOBaHHE, HAIIPHMeP, ABYX CHHYCOMAATBHEIX (DYHKITH.

3

¥ i T

Puc. 4 Puc. 5

Jlns pacueToB HCHONB3YIOT KOMAACKCHOE Hucio. KoMITIeKCHBIE H30-
OpakeHIA CHHYCOMIATbHBIX (PYHKIIMI TO3BONSIOT COBMECTHTH IPOCTOTY U
HaITIAAHOCTh BEKTOPHEIX AHMAIpamMM ¢ BO3MOKHOCTBIO IIPOBEIEHHS TOTHBIX
AHATHTHISCKHX PAacueTOB.

Papnyc-pexrop, m3obpakaromuil CHHYCOMZANbHYIO (YHKIMIO, MOXKET

GHITH TepeHeceH Ha TUIOCKOCTh KOMILIEKCHBIX yncen +/, + j=+/—1. U3

MaTeMaTHKH H3BECTHO, UTO JTIOGOMy BEKTOPRY A HA KOMIUTEKCHOM TUIOCKOCTH

4
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OIHO3HATHO ¢OOTBETCTBYET KOMILIEKCHOE THCIIO, KOTOpOE MOoMeT GBITh 3amlm-
CHHO B Tpex thopMax:

v -
- aazebpauneckas gopma A=a+jb,

roe anbh - TIPOSKIIH BEKTOPA Ha OCH OeHCTEHTeIBHEIX H MHHMEIX H-
CEII,

2

MPULOHOMEMPUHECKAA popma A=Acosy + jAsiny,,

rie A — Monyns, T.e. IINHA BeKTOpa, Y, — YTOIL,

—  noxasamenbiaf GopmMa A=Ae’¥

Bee tpu dopMbt zamick B coorBeTetBUN ¢ hopMynoil Diinepa pagHozHAaY-
HE

A=a+ jh=Acosy, + j Asiny, = Ae¥
BriGop toit win nHol dopmel onpeensieres yo0cTROM OCYIIECTRISHMST

HY3RHOH MaTeMaTHYecKod olepalii ¢ KOMILIGKCHBIMKE duciaMi. CyMMHpo-
BAHME M BEMHUTAHHE yI0GHO TIPOBOANTE B anredpandeckoit fopme

Ay + 4, =(“1 +J b])+(a2 +J~bz):(ar +a2)+ J'(bi +bz)= c+ jd.
Y MHOKEHHE U JIe/IeHHe YI0GHO MPOM3BOANT B TIOKA3aTeNbHOM hopme:
..{;11 ‘4.":1‘1 = J’}.J e _}l‘ﬁﬂ" J}‘J‘.ﬂ éj% = .'/11 * .’/1'\ e j(W1+W2 )= Be'ﬂ/‘f
HIH
1, el¥
ﬁ _ 4;e _ L iej(vfrw;)
Ay, A,elV A,

Tlepexon oT opHOi dopMH 3alicH 9HcTa k Apyrol odeBHaeH (pHc. 3.

= Be’?

f b
Moeoyas uncna A=+ a +b apeymenm Y, = arcig —, Odeticmen-
a

meiaevhas dacnte KOMIUIEKCHOTQ YHCIIa G=ACOSWE; MHUMAA HYacmb

KoMIUiekcHoro yncna b= A siny, .

HaeanbHEBIC 3IEMEHTEI B LCIIH OJHO(PAIHOT O
CHHYCOHIAJIBHOIO TOHA

DMeKTPOMATHHTHEIE SBIEHHA B IRILX MepeMeHHOTO TOKA OKA:EIBAIOTCA
tbomnee CIOMHBIMHM, YEM B LETHX TIOCTOAHHOI'Q TOKH. B HETEX TIEPEMEHHOT O
TOKA, TAK K& KaK M B IEJAX TIOCTOIHHOIY TOKA, TPOHCXOANT HeolpaTHMble
npeoSpazoBays AIEKTPHYECKOH 3HEPTHM B APYTHE BHAH, OIHAKC MPOIRCC
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COTIPOBOMIASTCA CIOKHBEIMH ABIEHHAMH TePeEMEHHOIO 31eKTPOMAIHHTHOTO
TIOIA.

2 rrici H2EeCTHEL ARISHHA, MPOHCXOLANINE B ATeKTpHIeckoM rnoie. B
MIPOEOITHHKAX, PA3NeNeHHEX DMAIeKTPHKOM, MEXIY KOTOPEIMH CO3IaHa Tie-
pemernaa DHC, OyIeT HAKAINMHMBATECA 3apAfd ¢, & B OKPYKAlomeM HMX Tpo-
CTpaHcTEe OVIeT CYIIECTEOBATH 3MEKTPHTISCKOe IoTe. DIEKTPITISCKOe IoNe
TMPHEOANT K TIOMAPHIAINH TIAISKTPHKS, PasIeLIOMere NpoeoiHuky. Ha-
TIPAAGHNE H3MEHASTCA BO EPEMEHI, MO3TOMY 2apadi Ha MPOBOIHMKAX H IO-
TAPH3AIA OYIYT TAKKS H3MEHATLCA, TIPH 2TOM 8 OUAICKMPUKE SOTHUKASIH
MOK CMEUjenlun

dg dit
=22,
dt dif
4 B HCTOYHHKE - pElBl—H:Iﬁ eMy TOK HpOBOZ[HMOC’TH, T.¢C. B OTCYTCTBHE Hpr.‘,M-
HHEKa HCTOYHHK Hal"pj-’)I\BH TOKOM, 3HAYCHHC KOTOpOl"O OH‘[JE,HEHHETCSI CMKO-
CTBED COSMHUTEIIbHBIX ]TpOBO,[[OB.
M3 Gu3mkn Takie M3BeCTHEL ABIEHHS, TIPOHCXOAMINIHE B MATHHTHOM IIONE,

Mamensrommiics aiekTpHIecKiii TOK CO3/IaeT B OKPYKAOIIEM ero IIpOoCTpaH-
CTRE TEPEMEHNOC MATHHTHOE TI0Ie, KOTOPOE B CROKY ouepelh HHAYIPYET 8

i

kamyvuike IAC camoundvkyuu €; . 3nauenne DJIC €; onpenensercs cKo-

POCTBIO M3MEHEHHS TTOTOKOCTIEIUICHUS KaTYIIKI ¥ ¢ MarHATHEIM IIOJIEM

_dw _ f_‘:ﬁ

2 =

L dt dt’

Anamim reneii cHEYCOMIATEHOTO TOKa 3HATHTETEHO CIIOXKHEe, TeM Iemnei
MOCTOAHHOTO TOKA, TAK KaK Ha MOOOM yIacTKe IelH OCYIIeCTRIAOTCA Heod-
PATHMBIE TIPOIECCH MPeoGPa3oBaHMS EKTRPHYECKOH SHEPIHH W OJTHOBpe-
MEHHO ITPOSBISTOTCS JICHiCTRAS TIEPEMEHHOTO MICKTPOMATHHTHOTO TIOMSL, T.C.
MPUCYTCTRYIOT TOKH eMerenust 1 M C camoupykimd. [losromy, nipu penie-
HUK GOJIBITHHCTRA AIEKTPOTEXHHYECKHX 3a/1a4 BROJIAT JOTYHICHHS, KOTOphIe
YIPOLIAIT aHAINS [EITH [ePEMEHHOTO TOKA.

Hanpumep, niponiecehl, NPOUCXO/ISIHE B TaMIIe¢ HAKATMBAHHS, BKITIOUEH-
HOH B CeTh NEPEMEHHOTO TOKA. Mekay BUTKaMH HUTH HAKATHBAHHS CYIIecT-
BYeT €MKOCTE, HMTh 0OIaaeT ONpeAeneHHoNl HHIYKTHBHOCTEIO, OIHAKO, HA
HPOMEIIIEHHOH 1acTOTe TOKH CMEINEeHN B JHAIEKTPHKE 3HATHTEIEHO MEHb-
OIe TOKa NPOBOAMMOCTH B MeTannudeckoil HuTH, DJIC caMOMHIYKIMH Mana,
eit MoxHO TpeHetpets. IIpu Takoii uneammarm (C = 0, L = () namna xa-
pPaKTepHRyeTCA TONBKO HEeoOPATHMEIM NpeolpazoBaHHEM SNeKTpHUecKoi
SHEPTHH B TEIUIORYID M IIYUHCTYHO. JlaMIly HazkBalOT uUdeaibHbiM pesu-

CHIUBHBIM SAeMerRmoM LIS C COlTpOTPIBJIGHI'IEM.R WIH R-35eMeHmoM.
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K udearvuuin pesucmusnoiM 3AeMeHmaM MOTYT OHTh OTHEGEHEL PeO-
CTATEL 3MEKTPOHATPEBATETBHELE TIPHOOPEL

Jpyroii HueamreHEI STeMeHT - KOHISHCATOP. MATHUTHEIM IONEM TOKOE
CMEIIeHHA KOHISHCATOPA MOKHO NpeHeSpett BIUIOTE 10 OTeHE BEICOKHX 1ac-
TOT, HATPER OMIIEKTPHEA Takxe Mal. [IpH Takix DOTVIISHHAX KOHISHCATOp
HA3BIBAIOT UOCANLHbIM eMKOCHINLIM daeMenmon K C-20eMenmon.

MHIyKTHEHAS KaTyIIKa ABIACTCS MPHMEPOM HOCANbHO20 UHOVKIMUBHO-
2¢ snemenma win [-anemenmon. Ha NMpOMEIIIIEHHOI TaCTOTE TOKH CMe-
HIEHHAS MEXY BUTKAMHA ]lEGOP[SMEpP[MO MCHLIIIE TOKOB JIPOBU,L[MMOUI'H B Ka-
TYIIKE, HAIPER MMPOBO/A0B TAKMKE M.

BBE,[[EHHE R, L C—BHBMBHI‘OB TTO3BROJISIET CO3MdTh pPacHeninblie CXeMbl
3AMeUEeHUA, T.8. MameMamuieckie Modean MOOEIX peambHHX 3IeKTPO-
TEXHIIECKIX YCTPOHCTE.

Hammme (C-3TeMeHTOR B cXeMe 2aMeIIeHHd OTpaikaeT HANHTHE B Pac-
CMAaTpHEAEMOH LeMH ABISHIMH, MPONCXOIANIIK B 3MeKTPHIECKOM TIONe, CBA-
3GHHBIX ¢ TIOIIpHaliel AMdIeKTpHka M BO3HHKHOBEHHNEM TOKCB CMEIIeHILT,
KOTOpBIE XapakTepHE He TOIBKO AN KOHAeHcaTopa.

C momompro JR-3TeMeHTa VUNTHBAIOT HEOOpaTHMEE MpeodpasoBaHIs
SHEPTHH He TOIBKO B TeIIIOBYIO, HO M B IPYTHe BHAH, HAPHMEp B MeXaHNde-
CKYIO. ‘

Hamuaie L-3TeMeHTa YIUTHEAET SHEPTETHISCKHE TPOIECCH, MPOFCRG=
AAIIHE B MarHHTHOM ITOJIE,

JleKTpUYecKas uenkb ¢ I¢ -3emMentom (puc. 6,a)

MrHOBeHHEIC 3HAYEHHS TOKA W HANPSUKEHIsT [A-37IeMeHTa CBS3aHEl 3aK0-
"HoM Oma
u=Ri.
CremoBaTenbHO, TIPH 38JaHHOM CHHYCOMIATHHOM HATIPSDKEHMH HCTOYHH-
Ka TOK B PE3NCTHBHOM 3MI€MEHTe Takike Oy[eT CHHYCOHIANbHBIM, TOH JKe Jac-
TOTHL M COBMAIATH 110 haze.

i=;—j=%sin(5)f+wu)= I, sin(_catﬂp});

Up=R1L,; w=y, @e=w¢,~¥=0
I'padixy MTHOBGHHHIX 3HAUCHMiI HAaUpSKeHMA M TOKa AT Coydad
y, = { nokasaHsl Ha prc. 6,6.

Jng geticTRyromux sHaueHmi 3akoH OMa

U=RI.

3Y



COOTHONIEHHS MeXkTy HATPSKEHHEM M TOKOM R-3IeMenTa MOXKHO 3aId-
€aTE B KOMILIEKCHO opme.

Eern U, =U e/% u I =I e’% 1o xommexcroe comporysie-
HHe

—_—
. =0
i @
174 F —=
U
aq [
1,1 u
i
t

<

-

2U17

Im _ U ,ilo0)_ Roi~ R,
Im Im

U =Rl ; U=RIi; Z=R.

Ha puc. 6,6 upencrasiena BeKTOpHAs AHAIPAMMA LIIIH, [J1E BEKTOP TOKA B
R-anemewTe copnajiaer ¢ BekTOpoM HanpsikeHuA. CKOPOCTE TOCTYTLIEHMS
SHEPrHH, T.2. MOLHOCTD PP

p=ui=U_1I sin’ ot =UI(I —cos 2601.‘).
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MomiHocTs konefaeTes ¢ yriosolt yactotolt 2 u B mpegenax ot O jgo
2U/], MrHoReHHAS MOIIHOCTL BCErma NONOKHTEIbHA, T.8. [-32eMenm Ho-
mpebigem SHEPLUID Onl HCHOYHUKA U Heodpamumo npeobpaivem ee 8
Opyeue suobl IHEP2UN.

CpelHee 3HATEHHE MOIIHOCTH 24 TEPHOM HASLIBAKOT GKMUEHOT MOULHO-

cmoio F

1k 1%
P= —jde‘:—jUI(J—cosEmI}df:UI;
TI’) TU

e

P=UI=RI’=

DiexTpHUecKan el ¢ L-ynementom {puc. 7,a)

VHAVKTHBHELH HIeMEeHT TOZKIOUeH K HCTOUTHHKY CHHYCOHIATEHOTO TOKE
i=1, xm(_a)l +tpfi).

[Tpw 5ToM MOTOKOCHEINEHHe CAMOMHIOYKITHH Y/ Takke OyIeT NepeMeH-
HEIM i/ = Li. Viamensmomeeca TOTOKOCIEIUIGHHE HABOIHT B Karymke DIC

CAMOMHAYKLIHH € I-

dyr di
g =——=—L—=—Laol, coslof +y,
Pt dt ()

HITH
. . T B
e, =k sin| of+y, ——2 cme By o=Lol, .

DIC caMOMHAYKIMH CHHYCOMJAINbHA, HO CTCTAST OT TOKA 1o (aze Ha
7/2. B cooTeeTcTEHM ¢ pagnioM JleHIa, B Mmool MoMeRT BpemMerH DJIC € I

TIPOTHEOAEHCTBY ST H3MEHEHIIO TOKA, T.€. HalpaeleHa MPOTHE TOKa, KOTOa OH
HEpacTaeT 10 MOAVIEO H COBTANAET ¢ TOKOM IO HAIPARTEHHIO, 8CIH TOK yOHI-
BaeT.

BJIC caMOMHAYKIHI ONPEAENSET PA3HOCTE MOTEHIHAIOR Ha 3akimax [.-
sieMenTa. Torza Al HALPSDKEHWS, [IONOMKUTEIBHOE HAIIPABIEHHE KOTOPOLIo
COBIA/IEET ¢ TOKOM, MOKHO 3alcarh

u=—e =L—

di
dt

ClaenopaTenbHo,
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u =L%=Lm]m sz‘n(mr+y/i +‘72r' =U,, sin(ot+y, ).

Hanpsoxerie Ha MHIYKTHBHOM 3NeMeHTe CHHYCOMAATLHO, HO OIEpEKaeT

TOK Ha 7U/2.

T /4
W, =y +—, P=Y, ¥ =
2 2
AMI’I'I}'VHH])IE SHAa4YCHHA TOKa M HalIpsAZKCHHA CBA3dHEL COOTHOIICHHCM

U, =Lel,.

- m

e & g
Bemmunny L@ | mveromyio pasmepHocts (M, ofosHadator X, ¥ Hazbl-

BAIOT UnOykmusnvim conpomusienuem. Toraa 3akoH Oma sl aMITIATY /-
HEIX H IeHCTBYIOIIHX 3HATEHHIH

Uy =X.1,: U=X;1
B komiuekcnoi gopme
" LT
Z= Efmz X,e't=jx,.

S
. . J(gpi +7] v 3
Um = Umej% = XLIm € ? ; j—m = Imejﬂ )
CreoBaTeNbHO, {:'rm =jX, i m A U= Xy I.

BEKTGPHEIH AuarpaMma Ol MHOIYKTHBHOTC 3IEMCHTa IIPEACTABIICHA Ha
pucC. 7.6. BCKTOP HaIIpsCKEHMS Ha HHAYKTHBHOM 3JIEMEHTE OIIEPEiKacT TOK Ha

yron /2.
MrropeHHAS MOITHOCTE HHOYKTHBHOTO STIeMEHTa

. , . T . ——
p=ui=U, sin [ml + —7] I, sincot =UT sin 2ot

AKTHEHAI MOIIHOCTE £, XapaKTepHsyIomas HeobpaTHMEe npebpazopa-
HIC

10 15
P=_[pdi=_[Ulsin2otdi=0
TO TG

Taxum oSpaioM, & yenu ¢ HOealbHblM UHOVKINUGH BIM 2AEMEHNIOM HE
coseputaemca paboma, @ MPOUCXOOUM NEPUOIULECKULi 0OMer Inepau-
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eli MeOV UCMOHHUKOM Y MGZRumHulM noieM. VIHTEHCHBHOCTE 3TOTO
ofMeHa XapaKTepu3yeTcs peakmugroti mownocmbo (.
2
> U
L

tercrprueckas nent ¢ C-onementom (puc. 8,a)

Ecnn CoalleMeHT NOjKIKMeH K HETOUHMKY CHHYCOMIAIBHOIG HATIPSIKE-
HHsT ¢ =f,-"m sin ((m‘ +y, ) TO MIMEFSIONIAICH PA3HOCTEL TOTEHIHAIIOR BEI-
30BeT Tepepactipeiiencnme apsaaa ¢ =C 1w, CNeJOBATENLHO, B [IENH BO3-
HHKHET TOK i.

_dg cu

aé?-. = C£= Col, co&(wr+wﬁ) HIH

( Va ' T
i=Col, sin| ot+y,+— |=1, sin| of+— |,
2 2

j

me {,=Col, .

[T]Ei(i]lrl]{]’] MIHOBEHHBIX 3HAYEHHI # u | AL CITY s (,Uu = 0 npeJcTae-

JIEHLI Hd 'p]/]C. 8,6 Tok B (:-T)JICM'..",II'['C CHHYCOMIICH, HO OIICPEHAacT IH-l]]]'JSI)Ke—
HHE HAa :."l'()J] T L, l'UI- —(!f“ + 5 YIojl caBura (1)?1.! fp - .[/_I“ - q"f - j
Bemmuay —— , MMeOMYE pasMepHOcTs (M, ofosHataoT X 1 HasHBAOT

N
eMrocmubiM conpomueienten. Torma 3akoH Oma I aMIUIHTYAHBIX H
JEHCTBYIONIMX 3HAYSHH

U, =Xc1,: U=X.1.
B xommnexcro# dopne
U .G
Zz._m:.A(:e H:_JAX(':_J. —.
- I, ' o
. b
T e, . i e J[¢“+5j
L.szme ’ Im =Ime =Im€

Cregoratensso, U m=—J1Xc I m 1 U=- J'ch -

as 1



BGKTOPHEH ouarpaMmpia g €MKOCTHOI'C 3JIEMEHTE IIPEICTABIICHE HA
pHC.g,é. BEKTOP TOK& B €MKOCTHOM 3IEMEHTEC OIIEPEAACT BEKTOD HAMPSKCHILA

HA YTOI 7/ 2.

2]

.1

=
=

Pnc. 8 Puc. 9

MI"HGEBHHH}I MOIOHOCTE CMKOCTHOT'O 2JICMCHTA
p=ui=U, sinotl sin| ot+— |=Ulsin2wot.
2
AKTHBHAS MOIIHOCTE KAK CPEAHSA 3d IEPHOM

17 17
FP= —Ipdt=—_[UfSin2(otdt= 0
Iy T3

Taxum obpazoM, 8 yenti ¢ UHOeaNbHLIM eMKOCHNLIM 3eMEHINOM He
COGEPUIAEMCA PAOOMA, @ APOHEXQOUM MOALKO HEPHOONUECKUI 0OMeN
HepIUEl Medicdy UCMOUYHUKOM N Jdexmpudeckum noiesd. Hnrencmn-

HOCTE HTOre odmena XapaKTepH3YETCA Pearmusuot MOULH OCHbIO QC.
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2
Qn=Ul=X.I"= v
¢

HOCJ’IC}]OB&TEJ[I)HOG COCTHHCHHC 3VICMCHTOE B LICIIH
CHHYCOHJAIBHOT 0 TOKA

Jag nnextpuueckofl neni Ha pHc. 9 ypaBHEHHE 1O BTOPOMY 3AKOHY
Kupxroda 118 MTHOBEHHEX 3HAYSHITH
U=ty +u; +ilp

B xoMIurekcHol hopnte
U=U,+U, +U, )
YaureIBas,  UTO (;rR =R ; (:'rL = jXLf,' (:‘TC = —y,?';\fc,f M

U =21, tne £ - 3KEHBATCHTHOS KOMIDIEKCHOS COIPOTHBIIEHNE LIETIH, IO~
TyIHM

Z==R+jX = jXc.

HprI nociaenoBaTeJIEHOM COSAHMHEHHH 3JICMEHTOB LCIMH 3ZKBHBAJICHTHOES
KOMILICKCHOC COIIPOTHBIICHIC paBHO CYMMC KOMILICKCHBIX CD]IPO'I'J’LUJICIIMH,
BCeX TIOCICOOBATCIIEHO BKIMHOUCHHELY 3IICMEHTOB.

Z=R+j(X,-X )=R+jX=Zel; X=X ,-X_..

WHIYKTHEHO® CONPOTHENEHHE .\, M eMKOCTHOe .Y . ABIIOTCA apHp-

MCETHYCCKHMH BEJTHUMHAMM, 3ABHCHIITHMHA TOJBKC OT NMEARPAMETPOR DIIEMEHTOR M
YACTOTRI:
i
X,=Lo; Xo=—1.
w(

PeaktusHoe COIPOTHRIIEHHE ){ - BCIIMYHKMHA aﬂreﬁpaﬂquKaH, H ero 3HaK
3ABHUCHT OT COOTHOINCHWA MEHY WHAYKTHBHBIMK M €MKOCTHBIMK COIPOTHR-
JICHMSMIA.

Ha prIC. 10 COSITAaHEl TIOCTPOCHITA, COOTBETCTEYIOINNE KD:‘JI'J__[EI(CHOM}’ BEI-

paxenmo £ =R+ jX .
3aMTPIXOBAHHEIR TIPAMOYTCIBHBLH TPEyTroNBHUK Ha puc. 10 npuHsTe Ha-

3LIBATL MIPEVEOALHUKOM conpomuscrenuid. W3 TPCYIOINEHHKD OYERBMJITIBL
CQOTHOILIEHIA!

s



MOIYIE COTIPOTHBIIEHIA Z = \/R‘? +}L/2 = \/Rz + ("’YI _XC )2 N

X R X
tep=—._ cosp=—; sinp=—'  R=Zcosp, X =Zsine.
S R @ 7 @ 7 @ @

X
AprymMenr @ = areig E .

Ha pmc. 11 npeactaBneHa BeKTOPHASA AHATpaMMa IeIIL ecin ; =0,
IlocTpoeHie BeRTOPHOM JiMarpaMMBl yI00HC HAYHHATE ¢ BEKTOPA TOKA I/,
KOTOPEHH ARMASTCA OZHMM H TeM XKe A1 BCeX IMeMeHTOR 18I, BeKTopH Ha-
TIpAACHITH U R U [ H UC OPHeHTHPORAHEL 110 OTHOMISHHIO K BeKTOPY TOKA
B COOTBETCTEMH C (PAZOBBIMHM COOTHOIMEHHIMHA JITS HZalbHRX 3I1EMEHTOB, 4
BEKTOD HAPEKEHMS 7 , HAljleH B cooTBETCTRUN ¢ ypapHenuew (2). [pu no-
CTPOEHHH yaTeHo, uto X ; > X, 1 cooteeretBenHO {/; > U/~ . SamTpimo-

BaHHBII NPAMCYTONBHEIH TPEYTONbHIK HA pHc. 11 OpHHATO HAzLIBATL Mipe-
YEOAbHUKOM HANPANCEH I,

+ J'

A

! R
v
Puec. 10 Prc.11

Ha prc. 12 1 13 mpencTapneHEl BeKTOpHBIE AHAIPAaMMEL IIPH VCIOBHH

XL<XC n Xy =X..

Ha puc. 11 pexTop Hanmpaxesna /' omepesxaeT BeKTOp Toka / , T.e. IeMb
HOCHT UHAVEmUGH bili Xaparmep.

w



MOIyTs HampsikeHyua (/= 1;Uj + U; :

Uy=Ucosp; U,=Using.

V3 TpeyronbHMKa HAIPSUKEHHIT HECTOXKHO TOMYUNTE P Eyeoib UK
MOuHOCmel, YMHOKHB KakKIYIO CTOPOHY HA TOK, OBDIIHI I BCEX BIeMEH-
ToB (puc.14).

CTOpPOHBI TPEYTOJIBHEKE MOITHOCTEH COOTBETCTBEHHO O3HAYAIOT!

P=Upl= I°R - axmuenas mownocmy uem,
Q=U,I=({U,-U ) =UI-Ucl=I"X,-FX=0, -0

- PEARKMUBHAA MOUWHOCHb,

S=UI=1I°Z -nosnas MOUHOCHIS,

P
cos Q= S = A - koaghhunuenm mounocmu.
Wz 'I'peyFOJ]bHHKa MOL[[HOCTCﬁ MOHO YCTAHOBWUTE CHEAYVIOMKME COOTHO-
TIEeHHSI:
P=Scos@=U!cose;
O=Ssinep=Ulsine;

S=\P'+0Q° =UIL

3a eammmiy axtHBHOM MomuocTH mpumst sart (BT) wm wmrosart
(kBT), peaxtuBHOll MommocTH - BonbT-amnep peakTuBHH (BAp wnn
kBAp). nonnoit MomHoceTH - BonsT-ammep ( BA wm kBA).

+j
S R,
A |
| P TC
Puc. 14

ar 10



Ha prc. 12 pexTop HampsxeHns (/ oTcTaeT oT BekTopa Toka / , T.e.
LIEITL HOCHUT eMKOCHINbLIE Xaparmep.

Ha puc. 13 Bextop nanpsaxenns L/ cosnaiaer 1o dasze ¢ BeKTOPOM TOKA

[ . D10 sBIeHNe HA3KIBAIOT pesonarcom Hanpaccenuil. YCIoBHe Pe30HaHca
HANPSDKEHMTT

1
X, =X ol =——.
I C HITH COC
F 3
Ua=[:fR=Rj .‘j U:[?R:Rj j’
£ @<0/ | . . P=0 i
(/‘Q | | i U,=JX1
I D A
kUYL Upg==jXcl
3
Puc. 12 Prc. 13

Aunaiuzupya sexmopiivie JuUazpaMMbl, HYNCHO OOPamums GHUMANNE
nHa oibuwiyio pois azoepix coomuouienui. Tak, HANPHMED, HMEHHO T10-

ToMy, 9TO Hanpsbkermst na - 1 (- sneMenTax naxogsimes B npoTHeodase, B
eI ¢ TIOCNIeIORATeTRHEM COSIHHEHHEM SIeMeHTOR MOIYT CO3JaBaThCa Y-
JIOBHSL, HEBOIMOKHEIE A4 IeTIeH MOCTOAHHOTO TOKA, KOITa HAalpsTKeHHT Ha
OTAENBHEIX VIaCTKaX II6MH 3HAUNTENEHO NPEBHINAIOT HAIPSKEHHA Ha BXOIS
(em. puc. 11).

3anrrpUXOBAHHEIH MPSIMOYTOILHBIA TPeYTOILHUE (cM. pHc. 12) HAZBIBAIOT

mpeyeonbhukom Hanpaxceruli. T[POSKIITO BeKTOPa HAMPSLKEHI U na

BEKTOP TOKa JT HA3BIBAIOT @XMUGHOR COCMASAAIOUCTE HanPANCeHUA U

MIPOSKINMIO HA HATpaBIeHHe, NepHIeHINKYIAPHOS BeKTOPY TOKA, U p - peak-

MUBHOU COCMA8AAOULEN.
O4YeBHWTHEl COOTHOIIEHH

15



AKTHBHYIO, DPEaKTHBHYIO M MOIHYIO MOIIHOCTH MOXHO OIPeIelHTb,
TIOIB3YACE KOMITIEKCHEIM H300pakeHHeM HANpMKeHHs H Toka, KomrmtexcHoe
COOTHOMICHHE

ot
S=U1,
. He
rae U - xomrutexe HanpstkeHnst, [ - conpsoKeHHBIH KOMILIZKS TOKA.

F
Tak kaxk U =Ue/¥; =1/ uveem

S=17]=U/W V) =71/ = Sei?,

T.e. MOIYTb 5 KOMIUIEKCHOTO 9HCIa S papeH MOTHOH MommHocTH. B TpHro-
HOMRTPHYECKOil dopme

S=Ulcosp+ jUI singp=P+ jO .

Credvem obpamume SHUMAHUE, MO KOMHICKCHAA MOUWHOCHL He
AGAAEHICA U0OPANCCHUSM CUHVCOUOLL, ROIMOMY HaAd é¢ CUMBOIOM HE
chiagam moudky. Cumson MOWHOCHIY, MAK Hee KAK CUMB0T KOMATCKC-
HO20 conpomusne i, noJ4YepruBaon:.

Hapa.m]eﬂbﬂoe COCOIHHCHHC 3JICMCHTOB B LICITH
CHHYCOHIAJIbHOT'O TOKA

JA snexTpudgeckoi LENH Ha puc. 15 Uit y=ia @. ypaBHeHHe 110 TIEPBOMY
sakoHy Kupxroda U8 MrHOBEHHEIX 3HAUeHHi

=i +i,.
JUI KOMTIIEKCHEIX H300paKe i
P=1i+1,.

T
/

.. . U
Toxn I; w [, nosakony Oma [, =— m  [,=— e
Z Z;

Ly=Rp+jX, m Zy=Ry—jX..
Torza 1=11+12:L+£:U i_,.i
Ly £, Ly 4

Benmurna, 06paTHad KOMILIEKCHOMY COTIPOTHBISHHKD, HAZHBAETCA KOM-
naexcuoll npogodumocnuiy ¥

Y=—=g+ b,



Tle { - aKmueHas npogoouMoChis; b - peaxmuenas nposodumocms

i=;K]" i:}ij;
Z; Z;

f:(zj,+]j2)U=)jU=(q+jb)U=qU+ij.
Axmusuan u pPeaxkmusnai cocmagiloniad mora
i=qU, I =jbU,
JITIST MOJLYTIeH CTIpaBeaInBo

I,=qU, Ip=bU.

Ananis hazoBeX cooTHOIEHM Mexay Tokom [ W nanpsokenmem [
YAOOHO MPOBECTH ¢ MMOMOIILIO BeKTOPHLIX jHarpamu. [loctpoenue juarpam-

MBI yl[OﬁHO HAYMHATE € BEKTOPa HAalIPsEKEHHA U, KOTOpOC ABIMACTCH OJAHUM K1
TeM XKe A1A 00eHX IapalleIbHEIX BeTeel (pHe. 16,a).

Puc. 16

Tok neppoit BeTBH I, coJepaeil MHAYKTHBHBIH DIEMEHT, OTCTAET 110

dase OT HATIPAKSHIA Ha YTOTI ¢
X1
@ = arcig ——.
R

Tok BTOpOif BeTBH [,, cOmepIKAmMil eMKOCTHEL 3MeMEHT, OnepekaeT

HalIps;ZKeHHE Ha YTOIl @2 .

" X¢
@, = arctg —.
i R,

18
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Tok HepasReTRIEHHOT® yuacTka [ Haltmed mo mepsomy 3akomy Kupxro-
da xax cymma [; u /5.

M3 mpocThIX reoMeTpHYecKHX IOCTPOSHUH BHIIHO, YTO MOAY/IL AKTHRHOM
1, m peaxtiprO# | p COCTABISIOIIIX TOKA HePA3BeTBIEHHOM LT CBA3GHEL ¢
COOTBETCTBYIOMIMMI COCTARIIONINMI TOKOB BeTB& COOTHOMEHMSMH

Iy=Ig+1, w I,=1,,+1,;

BektopHass pmarpamma Ha pHc. 16,2 COOTBETCTBYET CIYYalo, KOTma
1 pl > 1 p2 - 1103TOMy TOK HepasBeTEIICHHOMN HaCTH LIeTIH OTCTaeT OT BeKTOpa
HaNpsTKeHNA HA YTOIN ¢, TIPH 3TOM TOBOPAT, UTO LIeNb HOCHT MHOVKAIHUGHbLT-
xc?pmcme.‘p. HCK’]'D‘[’)]]HS[ AHarpaMMd Ha pPHC. 1(’)‘6 COOTBCTCTBYCT CIIYHAK)
Ty <Ip;.
qacTH IIeIIH OIepexkaeT 1o ¢aze HanpsxeHne, BosmokeH ciaydail, Korma Tok
HEPA3BETBIIGHHOIO YYacTKa LEeMH COBMAzaeT Mo ¢ase ¢ HaNpmxeHHeM
(puc.16,6). Pexxin, MpH KOTOPOM B LRI, COIepKallelt mapannensHee EeTBH ¢
HHIYKTHEHBEIM 1 €MKOCTHBIM 3JIeMEHTAMH, TOK HepazBeTBIEHHOTO YTaCTKa

T.€. LEMb HOCHT eMKOChmubill xapakmep, TOK HGpaSBETBJ'ISHHOf"I

LIENH COBIa/iaeT 1o (hase ¢ HANPSHKEHAEM (q) = CI'), HAZLIRAIOT PE30HanCoM
moxps. [Ipn stom
IPJZIPZ HIIH IpL:IpC' (3)
YUuTHIBAS, UTO

IP-I:IPL:blU:bLU HIH IP2=IPC=b2U=bCU’

YCIIOBHE PE30HAaHCa TOKOB
b, = be.
W3 3amTprxOBaHHOTO TPEyTroNbHMKA TOKOB (pHc.16,a) OYeBMIHO, HTO

I,=1Isingp; I,=Icosep.

U U
Toxn ]1:1—; [y, = —/—~.
JRP + X} JRZ + X7

X_L Xf.‘

JRI+ X2 ; JR: +7Xé |

[loatomy ycioue pesoHanca TOKoB uepes napamerpsl e Ky, Re, L

Kpome Toro  sing; = sing, =

n C B coorrerctRm ¢ (3)

bl



x _ B
Ri+X; RI+Xx?

Caedyem obpamume gHuMANHUE, 4MO VCA08UE Pe30HANCA MOKOE
onpedensiemcs He moibKo PeaxmueHbiMy, HO U aKmMUBHLIMU CONPOMUE-
JeHUAMU gemeEel.

B paccMoTpeHHOi snekTpuueckoil nenn (asoBble COOTHONMIEHMST MOTYT
MPUBOMTL K YCIOBHSIM, HEBO3MOMKHBIM /UIs Lerelf nocrosHHoro toka. Tak,
HAMpHMEP, TOK HEPasBEeTBIEHHON 4YacTH IeNM MoKeT ObIThb MEHBIIE TOKOB
BeTBeH. D10 0OBACHAGTCS TeM, UTO PeaKTHMBHBIE €MKOCTHBIE H MHAYKTHBHLIE
COCTABIIOIIHE HAXOAATCS B TIPOTHRBOGAzE.

CyMMHpOBaHHE TOKOB B LIRIIIX CHHYCOMAANBHOTO TOKA CIEAYeT IIPOBO-
IUTE C y4eTOM (pa30BHIX COOTHOUIEHHIA, T.€. CABHIOB IO (hase, YTO OCYINECTB-
TAeTCS ¢ TIOMONIBIO KOMIUIEKCHBIX THCEN JUTH TeOMETPHUECKIX TOCTPOSHWH
HA KOMIUTEKCHOI! INTOCKOCTH. AKTHBHAS MOITHOCTH IIEITH PaBHA apupMeTHIe-
CKOIf cyMMe aKTHBHBIX MOIIHOCTE}] BceX BeTBeH

P=P+P=IR,+IIR;.

PeakTHRHAsT MOIHOCTE 11ETTH paBHA a.nre6pa}rqecxoi7x CYMME PEAKTUBHBIX
MONTHOCTEH BCexX BCTBCf/JI, TNpHYeM, peaKmusnyio UHOYKIUBHYIO MOULH OCMb
Depym co 3HAKOM NAIOC, A eMKOCMHYIO - CO 3HAKOM MUHYC.

0=0, +Qc=112XL _—lszc-

TTorHast MOITHOCTE 1eITH

S=yP*+Q?.

S=UI=P+jQ.

B xomrmexcHolt gopme

TexHHK0-IKOHOMHYECKOe 3HAYeHH e
K03 PUIHEHTA MOLIHOCTH

PaceMOTpHM SIeKTpHISCKYIO LIeTIh Ha pHC. 17, @, TAe K TeHepaTopy HIek-
TPMYECKOH HHeprin ' MOAKIIOUeH OJIMH U3 CAMBIX PACTIPOCTPAHEHHBIX TTPH-
@MHHKOB - ACHHXPOHHEI IBUTATeNb. [[pHHIMN NelicTBIA aCHHXPOHHOTO, IBH-
rarensd OCHOBAH Ha CIHIOBOM B3aHMOZEHCTBIH MATHHTHOTO TIONA H TIPOBOJHH-
KOB C TOKOM, T.€. TIPe0Opa3OBaHNK AMeKTPHIECKOil SHePIHH B MEXaHHIeCKYIO
SHEPIHIO TIOCPEACTEOM MATHHTHOTO MO CXeMa 3aMelleHIsI TAKOTO TIPHeM-

HHKa NPeACTaRIeHa HHAYKTHEHBIM 3JI€MEHTOM L np 1 aKTHBRHEIM 1R np> KOTO-

pblﬁ YKa3bIBAET, 4TO B ABHTATENE TIPOHUCXOAMT HCOGpﬁTI’IMOG npe06pa303aHMe
BJ]CKTPI'I"{CCKOﬁ SHEPIMH B MEXAHMYECKYIO, T.€. COBEPILACTCS p860Ta.
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M3 cxeMbl 3aMeIIeHHA BHAHO, ITO TOK

. U
np . :
Rnp-l-JXan

o P -

74

R,

"p

Puc. 17
Yron capura das @ MeEmy TOKOM 7 np 1 HATIDSDKEHITEM oy TeHepaTopa,.

d, CIIEJJOBATCIBHO, KOC—)qlq.'lHlII»IB]-]T MOIITHOCTH TeHEpaTOpa ONpeAC/IHeT s I1apa-
METpaMI JIBUTAaTE]I

R

np

JRL+ XL

BekropHas muarpaMma 12TH NokasaHa Ha puc. 17, 6.

B cxeme puc. 17, @ mpoHcXoauT oOMeH 3HEPTHEH MeXIY TEHEPATOPOM H
MATHUTHBIM TIOJIeM ARUIATENS, T.6. PEaKTHRHAS MONHOCTE IPHHITAITHATEHO He
MoeT OHITH papHa Hymo. Ilostomy reHeparop padoTaeT B YCIOBHAX, KOTAa

P<S,,.

cos@ =

Hommmamsras mommuects S, =10, [ . cootserctByer macropr-

HEIM JaHHEIM I'€HEPATODA.
OIICBHI[HO, UTO I€HEPaTOp 3HEPIETHIECKH BBITOOHO SKCTUIVATHPOBATE
TAK, TITOOEL COBCpIIacMasa MM pElf)DTB. OBLIa MAKCHMATBHOH

pP=P =8, cos@=8 _

HOA
T.e. cymecreyer npofiema NOBBILEHHS KoadrpullieHTa MONHOCTH
cos @

PaccmoTpymM ¢XeMy Ha prc. 18, @, Ha KOTOpOH NapallelbHO IBHIETENO
BKIIOYEH 8MKOCTHBIH 3/I8MEHT - KOHICHCETOP.
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TlooxmioueHne KOHISHCATOPE HHKEK HE CKeKETCA Ha paloTe IBHIATEIN
HANPDKEHHEe HA 2a:4HMaX JIBHIATENd He M3MEHMIOCE I, CIeIOBaTelbHO, OC-
Tamc:A HeH3MeHHEIM €I TOK, aKTHBHAA H peakTHBHad MOIMIHocTH. OIHAKo vo-
soBiHst paGoTEl TeHepaTopa OTIHYAIOTCS, T.K. TOK reneparopa [ yike He pa-
BCH TOKY [IBHTATEN, 4 ONpeAeNseTCs COOTHONIEHHEM

Irr = lnp + fc .
HCK'I'U'PHHS[ pARGEN ]')(-th"lH ll]'JL[[iCJ[C[[H. Ha I'JPlC. 1(";, 6
Iy
—
R K .
fnp IC np
a 1]
Puc. 18

Hpu coomeememayiouem noobope eMKocmy KoHOeHcanopa Modic-
HO B0OUMbCA Pe30HANCHO20 pediciMa, m.e. obecnedums patomy eeHe-
pamopa NpU _MaKcUMalbHOM 3Hadenul Koddguyuenma Mouwnocmu.
IIpu »ToM BymeT NMpoHCXOAWTH OOMEH 3HEprHeli, 3alacaeMod B MarHHTHOM
TIOJIe ABUTATeN s, He ¢ TeHepaTOpoOM, a ¢ EMKOCTHEIM 3IeMEHTOM.

2mo_daem Hepemuyeckie npeuMyvuecmsa. Bo-nepeblx, npu me-
UIMEHHOU pabome, coGepuiaeMol JsuzameneM, YMeHbUIGEMCA MoK
genepamopa. JTC Q3IHAYAET, 4TO B JJAHHOH cXeMe MOkeT OHTh MCTIONL30BaH
TeHEPATOP MEHBIIEH MOIHOCTH, WIH K HEMY MOIYT OBITh NMOAKIICUEHH J0-
MONHHATENLHO APYTHE NOTPeOHTeIN dMISKTPHYECKOH DHEPTHH.

Bo-emopelx, nedxiiodenie eMroCmuozo 21eMenma CHUNCAENnT MoK
8 AUHUY JACKMPONepeddsy, COeOUBAOWEN JEUAMEib ¢ ZeHEPAMOPOM,
YTO MO3BONAST YMEHBINHTE CEYEHHEe COSIHHHTENbHEX IIPOBOIOE, T.€. KOHO-
MHTE 3IeKTPOIPOBOIALINE MATEPHATEL.

PaceMoTpeHHEH cniocod NMOBHMIEHHA, Ko3hIIHeHTa MOITHOCTH TpedyeT
JOTIOTHHTEIEHEIX ~ 3aTpaT HA  YCTAHOBKY  KoHIgHcaTapa [ eXHHKO-
SKOHOMITECKHE PACTIETH MTOKARHBAOT, UTO B SHEPreTHISCKHX CHeTeMax Ie-
NMecO0DPasHO OCYINECTBIATE YCTAHOBKY KOHACHCATOPOB, €MKOCTE KOTOPEIX

o 22



TIO3BOJIFET TIOBBIIIATE KOB@@HTIHBHT MOIIMHOCTH OO0 EHH‘IEHP}II‘:I, HECKOIBKO
MEHBIIIX COIHHIIEL

B SHEPIETHHMECKIX CHCTEMAaX IIIA IIOBBIIICHITA KO3CIJ(1]I/ILIHBI-HE MONTHOCTH
HCTIONB2YIOT TaKKe CHHXPOHHBIC JABHTATCIM, CXEMEI, 3aMEIICHIA KOTOPEIX
TP OMPEOEICHHBIX YCIOBIX COOCPXKAT €MKOCTHEIC 2TEMEHTEHL SHA'EHIE
KOBCIJCPI/H.IHCHTB MOIIHOCTH B 3HEPTOCHCTEMAX 3aBHCHT eme, 1 OT TOro, Ha-
CKOJIBKO I'PAMOTHO 3KCIUIVATHPYIOT 3ICKTPOTCXHHICCKIE YCTAHOBKIL IIBHpII—
MeED, KO-‘BCIJCPI’IHI’I@HT MOITHOCTH aCHHXPOHHOIO JBHTATEIA PE3KO CHHAACTCA,
€CIIN ABHraTeb pa@orae’r B PEiKHME XOTOCTOTO X0Ja HIH HEAOTPYXEH JO HO-
MHWHAITBHOW MOIITHOCTH W T. /1.

2. Ilporpamma padornl

1. O3HakoMHTECA ¢ OOOpYIOBaHHEM JIAfopaTopHOI yeTaHOBKH. Ompe-
OeNHTE IeHy AeNeHII H3MEPHTENEHEX [IPHOOPOR, HCIONB3YeMEIX B DaHHOH
paborte.

Jms mccnemopaHna MPHMEHAETCA SISKTPOHHEIH ocimmnorpad tuma JI0-
70, XOTOpHII MO3RONAeT HAOMIONATE CHHYCOHAANbHEe KPHBHE HATIPSKEHWH H
TOKa, H3MEPAThH HX aMILTHTYIY H (asoBBIH CABHT.

2. HccnepopaTh NOCTeIOBATENLHOE COEAMHEHNE HealbHBIX JIeMeHTOR
E [IeMH 0JHO(azHOTO CHHYTOHIATEHOTO Toka. JIIa sToro cobpaTh 3IeKTpHae-
CKYIO LIeTTE 110 pHc. 19.

B,
~,
Ao—

~Uyp

Puc. 19

3. Tlocme mpoBepKH cXeMEl TIpeNofaEaTeNeM IIOJATE Ha CTEHA HANpA-
#eHne. MaMepuTh TOK, MOIIHOCThL W HANPSDKCHHE HAa YHacTKax 1eImH. Pesymb-
TATH M3MepeHuit 3aHecTH B Tadi. 1.
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Tabnmuia 1

Hamepeno
I P Uz Ui Ui Uz Uey
Bm B B B B B
Tabnnua 1 (mpononikenue)
Brruncieno

Z | Ry | Ry | Ry | Ry | Zy | Xu | Ly | cos@p; | @4

Om | O | O | O | Om | Ou | Om | In - n.ep.

Ta6mumna 1 (mponomsienne)

Brruncneno
Xei & O Qc Q S cosQ 4
Om MRD BAp BAp BAp BA - an.2p.

Tlo pesynbraram Hsmepemlﬁ yﬁe,[[I/ITBCﬂ, HTO B OTIHMYHE OT ILIEIH TTOCTO-
SHHOTO TOKA, YPasHeHle emopo2o 3axkona Kupxeoda 0is 3aMKHYRIOZ0
KOHMYPa cnpaeeduso 8 KOMnaeKkchol (sexnophoil) gopaue, T.¢.

Ugp =Upgy +Up +Up; +U¢,

U =Uri+Up+Urs +l_]c.‘1.

Qbpamums_gruMane, 4mo u3-3a Hazoevlx cOBU208 HARPANCEHUE
HA OMOeNbHLIX 2IeMEHnax yenu Modcem Ovimb HO MO0V Boabuie
HANPANCEHUA UCHIOUHUKA, YO 8 HYenAX NOCMOAHHO20 MOKa Heso3-
MONCHO.

4. IlpoaHanuzmpoBaTh KpHMBBIE TOKA M HANPSDKEHME Ha yJIacTKax Iernn

Ugp, Upp Up Upgy Upg;, nabmopast ¥xX Ha sKpaHe OCILIOIPa-

¢a. Jlns sToro mpoBoaa OT oCIIUIIOrpada MooTepesHO TIPHCOSIHHATE KO BCeM
yuacTKaM I1eTtH, obpamnias BHUMAHIe Ha aMIUTHTYAY M (asoBHIii CABHT HATIPS-

24
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eHmi. Pydky ocumiorpada "ycmneHne" yCTaHOBHTH Tak, 4TOOH B HAlb-
HejfleM TONOEHIe ee OCTABAIOChH HEH3MEHHBIM. 3apHCOBATH KPHBEHE Ha-
NpsKeHMH ¢ 3KpaHa oCLLIOorpada Ha KalbKy.

5. Hccenepopath napauiellbHOE COEIMHEHHE HJIEMEHTOB B IIeI Of{HO-
(a3HOrO CHHYcOMIaTbHOro Toka. Cobparh AMeKTPHISCKYIO IeMb 1o pHc. 20.

WamepuTh TOKH, HANPSUKEHIS, MOIITHOCTD B LIeNH. Pe3yIbTaThl m3MepeHMit
3aHeCTH B Tabi. 2.

B A
2 W1
e e anlr
I -
3 @ @
" R | R, ¥ 2 }
Uas I, o i ; I .
L, C,
oy T
Puc. 20
Tabmnua 2
Hzmepeno

v/ II 12 13 UAB URI UL! URZ UCI #

A 4 A B B B B B Bm

Tabmuma 2 (mpogomxeHne)

Brruncneno

RZ P, pacy Q § CRsP P ¢1 ¢2 ¢3

Om Bm BAp BA - anep. | anep. | anep. | Anep.

Obpamums SHUMANHUE, YMO 8 OMANYUE Om AeKMPUYEcKol yenu
NOCMOARHO20 MoKa, YpasHenue nepsozo 3akona Kupxeoga oas ysia
"a" chpasedanso 8 KOMNACKCHOU UAL 8eKMOPHOTL hopme. T.e.
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I=11+71:+171;.
O@pamumt; SHUMAHUEZ, YMO U3-34 Cﬁaﬁ'()@blx c@euaoe, MOoXY 8 om-

OeAbHbIX 8eMEAX eny Mo2ym Ovimb 1o MoOVAQ Goiblie MoKa Hemoy-
HUKG, Ym0 8 YenAX ROCHOARKO20 MOKA He603MONCHO.

6. HcenenosaTk BO3MOKHOCTE KOMITEHCALIMH PEAKTUBHOH MOITHOCTH.

BonbmmHeTEO NpHeMHHKOR 3TIeKTPHIECKOH 2HepIrHH (TpaHcdopMaTopEL,
ACHHXPOHHEIE JBHTATEIN) HMEIOT akTHEHO-HHAYKTHEHE XapaxTep.

B naGoparoproil paGoTe NMpHeMHHK 3MeKTPHUEcKOil RHepIuH IpencTas-
JIEH 2JIEMEHTAMM RI A I.-I

Jlast koMIieHcaIMH peakTHRHON MOIIHOCTH, TOTPEONseMOi NpHeMHIKOM
13 CeTH, TAPATUISIEHO eMy BIIoTaloT KoHgercatop ) .

Cobpats cxemy 1o pHc. 21.

Ulll
& W,
A o— || f\' - '(:‘1\' »>
Iz NV AN
s =
‘ j—cem:lt I r®—¢
= U 4p 1 C I
| L Ie
L, /P .
~
B o— : +

Puc. 21

H=2MepHTE TOKH, HATIPAKSHIL, MOITHOCTE MU PA30MKHYTOTO H 3aMKHYTO~
TO TIOTOMKEHHA PYGHIbHIKA. PeryIETaTh 3aHecTH B Tab1.3. Odpamunb 6Hl-

-
Manue, Ymo nedrlodenue ?{GH()&'H(.'(JHIOPJ (’I HAPARAeqbHO RPUEMHUKY

VMeHbUiaem nOmpedateMolli U3 Cemil MoK,

o]



Tabmma 3

Hzmepeno
Py pazoMkHyT P samcnyT
UAB Icem:; Ir@ PW UAB Icemu Inp IC PW
B A A Bm B A A A Bm
| \
Tabnwna 3 (npojgomkene)
Brrancneno

Zip | COS@y, | Py Ow | Uc Q S | cosp | @

Om - anzp. | BAp | Bdp | BAp BA - 2P.

OGpaboTKka pe3yIbTATOB JKCIEPHMCHTA

1. OmnpenenuTh MOIYIH CONPOTHRIEHIH 3IeMEHTOB, W Beell 1enn (cm.
puc. 19).

U o4 . u P
Z=—AB . R}:ﬁ; R3= M_,' ZLI=—L,' R_Y,'z_z;
I I I I 7
‘ , 2 : U,
Ry =Ry—(R+R ) Xy =vNZi R Xeg= %
2. OnpeeTHTs NapaMetpEl 3TEMEHTOR el (cM. pic. 19).
X !
L,="%. ¢ = cotme =501y,
2rf Xe2nf

3. OmnpenenHTs peakKTHEHYIO H MOTHYIO MOIMHOCTH, NOTpeOIgeMEle I1e-
IEO (em. pHE. 19).

PeaxTHEHAA MOITHOCTE MOMKeT OBITE ONpefeNleHa KAK CYMMa MOIIHOCTeH
Ha PeaKTHRHEIX 3IeMeHTax

On=1"(Xy): Qo= Iz(_‘XCJ ) Q=01+0c;
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ITonHas MOIMIHOCTE BeeH IIeTH
S=U0 AB I.

4. Ompengenuts xoahbHIMEHT MOIIHOCTH HMHAIVKTHMBHON KATYVIIKH W
BCel Iermt

cos @y, = ; C().WJ:SY HITH COS¢?=7.

“Li :
Yron ClABHIa q.)all MEKAY HAIPMKEHNEM H TOKOM B Ifll-l)_lyt('l‘l'LBHOﬁ KATYIIKG
Ry X1
P =arecos —=— WIN @, = arclg :
L1 LI

Yron casura das mesgty nanpssiermem {7 p 1 TokoM nerodnika J

.
)= qrete =  HIH = arecos —.
@ g P Pri g

5. Ilo Tabn.]l MOCTPOWUTE BEKTOPHYIO JIHATPAMMY HATpsDKEHHH I 110-
CIE0BATETHHOTO CO/IMHEHHS 2TeMEHTOR,

[Tp1 nocTpoeHNH BeKTOPHOM AHATpaMMbl 0Opantime GHUMAHNE HA MO,
YO UHOYKMUGHAA KAMYUIKG otaadaem axmuGHbiM CORponuenenien,

nosmonmy nanpaxcenne U, onepexscaem mor na yeon @;;. Konden-

Camop - HOCaNbHbLl, HOIMOMY HARPANCeHUE Uc; OmCHIAem Om moKa

#a 90°. Y 1oOHEIH MacmTad A1 IOCTPOSHHS BeKTOPHOM THATpaMMEL
m,=01A/cm; m,=20B/cm.

[To pexTopHO} nHUarpamMme yOEIHTLCS B CIIPABEIIHBOCTH BTOPOTO 3aK0HA
Kupxroda ans mneenenyemoii ner. CpapHNTE H3MePEHHOE HaNpsDKEHHE CeTH

U/ p ¢ BeKTOpOM OOIIEre HATPSICHNS H3 JIHATPAMMEL

6. OnpesiennuTsL MapaMeTphl 2IeMeNTOoB s cXeMEl (cM. prc. 20)
R,= Urs
I3

Mapamerpnr R, 1, Ry, X;;. X, Boarem bl

7. AxTHBHAag MOIIHOCTE P ompegensercs Kak cyMMa aKTHBHBEIX MOII-
HOCTel BCeX BeTBEH CXeMbl

Py = 1Ry + I3(Ry; + R+ 3R,

o 2B



PeakTHBHAs MOIIHOCTS {J Beedf Lermu ompezenseTcs Kak atreSpandeckas
CYMMa PEaKTHBHEIX MOITHOCTEH

Q=13(X )+ (- Xc,)
[TonHast MOIIHOCTE S = \f'P ‘rof .

8. KoadduumeHT MOIMHOCTH LENMH H YINIH CABHra a3 MeXny Halpsa-
weHmem [/ ,p 1 TOKaMu OTHeNBHEIX BeTBeit [, [; [, [;:

cos arccosp arct, Q
=— = — HWIH = -,
@ < @ < @ g Iz

v X £ L TS
' Ji =Cl]”Cfg—:0; @2=arcfg7; @; = arcig ——— .
L¥ R+ 1y By

9. 1lo tabn.2 nocTpanTh BEKTOPHYK JAHATPAMMY TOKOB W HATSKEHHH.
LIpH MOCTPOGHII Y4eCTh, 9T0 TOK [; MMeeT aKTHBHEIH XapaKkTep H COBIIANAeT
1o dase ¢ Hanpsakerem {45 . TOK [, MMeeT HHIYKTHBHEIM XapakTep H OT-
cTaer ot HanpsukeHia U 4, Hayron ¢,. Tok [, nMeeT eMKOCTHEIT XapakTep

u onepesxaer U/ 4p Ha yrom ;.

[Mokasath Ha BekTOpHOIl amarpamme, uto U 4p =Ugr2+Uc; m
Uap =Uri+Ur1.
Y po6HbI# MactiTad A MOCTpOeHHA BeKTOPHOH AHarpamMmel :

m=02A cm; m,=10B/cm .

10. Jnsa cxemsl mo puc. 21 onpeaenuts kKoaddHImeAT MOITHOCTH TPH-
eMHITKA

R, +R u
cosan:iﬂ L, an:—“w .
an Inp
Mapamerper RR,, 1%, X,,. X, B3areustadml.

11. PeakTHBHAS MONTHOCTh TPHEMHHKA

_ 52
an - Inp("rll)'
PéaxTHEHAsS MOOIHOCTE KOHIEHCATOPA Cl:
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Qa:fé(_Xc;)-

PeakTHBHAS MOIIHOCTE Beel ErH IpH 3aMKkHyToM P/

Q = qu: + QC’I :
TTonnas MOINTHOCTE IENH IPH 3aMKHYTOM P]
T
S=U AB ]cemu :

Yrox C/BHIA (1)33 MEXAY HalpAKCHHEM HCTOTHHKAM UAB TOKOM CETH

i

CERIY
i

@ =arccos —.
S

12, TIo Tabm.3 nocTpoHTE BEKTOPHYIO THATPAMMY TOKOR [NA 3aMKHYTOTO
nonokeHna £, YOeIMTCA UTO MOIKTIOUEHHe NEPATNeNEHO IPHeMHIKY
koHzeHcaTopa (] yMeHBINaeT peakTHBHYI) COCTARILIOMYKO OOIMIEro Toka

I cemu - 1IPH 3TOM YMEHBIIAETCS YOI 2, MOBBIIAETCs! Koagimiment MonHo-

CTH COS(p HEIH 1pH HEM3MEHHOR aKTHBHON MOHIIHOCTH TTPHEMHHKA. TOK,
TOTPefTaeMElil SIeKTPHTECKOH IIEIBIO U3 CETH, YMEHBLIGETCL

13. Caenars Buposas no padore.

KouTponbHEIE BOTIPOCH

1. Kaxne ocHOBHEIE GCOOSHHOETH HMEIOT SIEKTPHISCKHE LIETH CHHY-
COHTATLHOTO TOKAT

2. Uro NoHHMASTCA ITI0I MIHOBEHHEIM H IefiCTRYIOMHM 3HATEHILIMH
CHHYCOHIANBHOTO HAIPSKSHNA H TOKa?

3. Kak onpenenuTs MaKCHMATEHOS H AeHcTRYIONIee 3HAUSHHA CHHY COH-
TAMBEHOTO HATIPTKESHHA H TOKa?

4. Kaxue IpolLeccH MPOHCXOIAT B II8MH ¢ aKTHEHEIM COTIPOTHRIEHHEM,
HI-ITHSMOﬁ CHHYCOM AT b HEIM TOKOM?

5. O uem CBHAETEILCTBYET TO OOCTONTENLCTRE, YT B 1EHH ¢ aKTHRHBLIM
COITPOTHBIEINEN MIHOBEHHA! MOIIHOCTE BCET/A NOJOIKITe LAY

6. Kakue mpomecchl, NPOHCXOOAT B LIEIH ¢ HHAYKTHMRHOCTBIO H B LIETTH ¢
EMKOCTBIO, IMTUTAEMEIX CHHYCOMAATBHBIM TOKOM?

7. Kaxoft capur mo ¢aze Mexmy HanpsKeHHeM H TOKOM B IENH ¢ HH-
OYKTUBHOCTBIO W B LIETH C eMKOCTHIO?

8. Kaxue npolecchl IMPOHCKONAT B LM ¢ NMOCIeIOBATEIbHBIM COSIH-
HeHHeM pesHcTopa, KaTyIIKH 1 KoHaeHcaTopa?

30
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JlaGopaTopuas paGora Ned

Uccnenosanme TpexghasHoH e Ipy COeMMHEHUH TIPHEMHHKOB SHEPTHH
3BE3OM.

Iens paGoTh:

1. Hccrenoparh paboTy TpexdasHEIX IPHEMHHIKOB, COSIMHEHHBIX 3BE3-
IOM B pasmi4HbIX pexkiIMax, BKIIoYas apapiifHbIe.

2. DKCIepHMMEHTaIbHO YCTaHOBUTH COOTHOIIEHMS MEXIY JIMHEIHBIMI H
(ha3HBIMI HANPSKEHIBIMI TIPH CHMMETPHYHOM U HECHMMETPHTHOM PeKIMax
pPaboThl TpexdasHOW SIEKTPHIECKON ILENH IPH COSAMHEHHH IIPHEMHHKOB
SHEPTHH 3Be30i ¢ HeHTpanbHEIM ITPOBOAOM, 3Be3zoi 6e3 HelTpalbHOro Ipo-
BOZA.

3. OOBsACHUTH Ha3HAUEHHEe HEHTPanbHOTO IIPOBOLIA.

4. Opnagers METONMKON IIOCTPOEHIS BEKTOPHEIX [HAIpaMM IO SKCIIe-
PHMEHTaNbHEIM JaHHBIM.

1. TeopeTH'{ecme CBeICHHUA

TpexdazHbie 3ieKTpHYeCKHe LeNH

B mpexgasunoii cucmeme STEKTPUIECKUX T1eTIeil AeHCTBYIOT TPH CHHY-
congansHele DJIC ogHON U TOM e 9acTOTHl, CABMHYTHIE APYT OTHOCUTEIHHO
Ipyra o ¢ase 1 co3aapaeMble O0MMUM UCTOTHHKOM SHEPTHH.

A el e e €
E'AT )
X t
Z %
v N -t -t L
C/f%‘/ 3.2 12
a o

Puc. 1. Tpexdasznas cuctema: @ - yeIoBHOe 0003HaUeHHEe 0OMOTOK TeHepa-
TOpa, 6 - BpeMeHHas auarpamma DJ(C

B xauectBe mcTouHMKA SHGKTquCCKOﬁ SHEPIruu B TpCX(baSHLIX LeTEIX 1e-
TIONIBE3YIOTCS CHMHXPOHHBIE TI'€HEPATOPLI, ITPHHIINIL IefcTBua 1 KOHCTPYKIIIA
KOTOPBIX 6y£[CT paccMOTpeHa B pasjieine <(9JICKTpI/FIeCKHC MAaIIHHBD?.



B 1pex o6MOTKEX CTATOPA CHHXPOHHOTO T@HEPATOPa HHAYLIHPYIOTCS YKa-
sanHble TpK SHC.
[Ipn nonoxurensHex Hampapnersax DHC B o6MOTKAX CHHXPOHHOIO Té-

Hepatopa oT koHnos X, ¥, Z x mauamam A, B, C DJC mmendercs B
COOTBETCTBHHA C BLIpa}KeHHHMH:

e,=E, sinot;

ep=F, sinfwt—2m/3);

ec=E, sinfot—4m/3)=E, sinflot+2m/3).
[Monoxurensusie nanpaenenns (a) U rpadukn (6) 3/C cHHXpOHHOTO Te-

HepaTopa MpecTapIeHs Ha pHc. 1.
B komrnekcrodt dopme gelicreyioniue sHauermst DJC:

EA=E; EB = J g 2R R, EC=E-ej2”/3_

5

BexTopHast nuarpamMma CHMMETPITHOI TpexdasHoH cHCTeMBI I TPSAMOi
(a) 1 obpatHoii (6) MocnenoBaTENLHOCTH (a3 TToKazaHa Ha pHc. 2.

Wz BexTopHOH AWarpaMMEl CHeLyeT, 94To cyMma 3JC B moboil MOMEHT
BpeMEHH paBHa HYIIO:

E,+E,+E,=0.

Ot mocnemoBaTeILHOCTH YepeIoRanis (a3 3aBHCHT HalpaBJeHNe Bpale-
HHST aCHHXPOHHOTO JABHTATEL.

Ha npaxruke, kaK IpaBUIo, NPHEMHHKH NOAKIIOYAIOTCH He HETIOCPELCT-
BeHHO K TeHepaTopy, & K BTOPHIHEM 06MOTKaM TpeXx(aszHEX TpaHcdopMaTo-
POB, B KOTOPBIX TAK#ke AeiicTByeT cuMMeTpruuHas cuctema 3JC.

+ +7
EC 3 T EB ‘\
h\ EA EA

/ +1 L7 +1
Ep E¢ 37

a 9]

Pruc. 2. opanox uepenoranna gas: @ — IpaMast IOCTEL0BATENEHOCTE,
& - 0OpaTHASA MOCIeIOBATEIEHOCTE



CoequHeHne 00MOTOK HCTOYHHKA W (paz IPHEMHHKA 3Be3A0i

B crmanHoif crcteme BJIC konms das X, ¥, Z coepumsmores B ofuH
obInA yaen N | paswRaemblil HelimpassHotli moukol 2enepamopa. Ta-

KOe coeiHe e 0OMOTOK Ha3HIBAIOT COeMHHeHneM 3ge3doii (Y, 0 ).

Y

UBC# jC‘ »

Puc. 3. Cxema ueThIpexnpoBoHOM Tpexdasroit merm

Konmpl a3 npueMHHKa, HANPHMED, OCBETHTENLHBIE  HATPY3KH
L, 2y, £, TaKke coeMHASM B ONHY TouKy 3Besgoif Touxm N m A Ha-
3BIBAFOT HEHTPAIBHBIMIL, 8 NPOBOJ, MX COSAMHSIONIMI, — Heilmpais HulY.
IMpopoga A—a, B-—>b, C—c¢, coepuusmionmue Hagana ¢a3 HCTOUHHKA

{TpaHcdopMaTopa) 1 MPHEMHIKS, HA3LIBAIOT JHHE N bIMU.
Hampsaxenne MexOy HAYANOM M KOHIIOM (a3El HASHBAIOT (a3HbIM:

Uy Upg, Ug, Uy, 3a yenopHo monoxurensHoe HampaemeHne DJ[C

HCTOUHHKA TIPHHAMAFOT HATIPABTIEHHE OT KOHIA K Hauany (askl.

[TonowwuTenbHOE HaNpaBIeHHe TOKA B (azax COBIAIEET ¢ TIONOMKHTENb-
HEIM Hampapnernem 3/(C, a MoToxHTeTRHOS HANPaBNeHAe HATIPSKESHHS Ha
hase TIpMEMHMKA COBIANEET ¢ TIOTOKMTENIbHEIM HANPAaBIeHHeM Toka B (ase.
[onmoXKUTeNbHEM HAIpaBTeHIeM HAIIpDKeHNA Ha (ase HCTOTHIKE SARIASTCH
HATIpapleHHe OT Havana a3kl K e KOHIY, T. €. IIPOTHBOIONOKHO TONOKH-
TenbHOMY Hamnpaemeriro S/C.

HanpsxeHne MeXDy JITHHEHHEIMH ITIPOBONAMH HAa3BIBAIOT JUHEHHBIM!

Up, Uper Ugqy, Uy.3a monoxmtensHoe HampapleHHe THHSHHEIX
HanpsukeHni prHATO Hanpaeterwre of A k B,or B x C.or C x 4.

JInHelHbe HATIPOKEHUA ONPeIeMoT uepes (GasHee. DTO COOTHOMIEHNS
MOKHO TTONYIHTE I3 YPABHEHIs, HAHCAHHOTO 10 BTOPOMY 3akory Kupxroda

mis koutypa, Hanpumep, A— N —B— A, ecnn npunsts nanpapienye o6-
xofa kontypa or Toukn A x Touxe N ut. .



UA—UB_UAB=0’ UAB=UA_UB’.
Up=Ug—Upc=0; Upe =Up —Uc;
Ue=Uy=Ucy =0 Uy =Uc=Uy.

W3 Tomorpaduueckoit quarpaMMel HATIPSDKEHHUH, TIOCTPOSGHHOM B COOTBET-

CTBHHM C 5THMH YPaBHEHISIME (prC. 4), MOXKHO OTIPEIENNTh KaK KOIHIeCTBEH-
HEIE, TaK ¥ (ha30BBIE COOTHOMICHISI MekIy (Pa3HBIMH M THHEHHBIMI HATIPSDKE-

HIBIMA CHMMETPHIHOH CHCTeMEl. BekTophl nuHeNHBIX Hanpsokenmit U p
Upe, Ugpy COBHHYTEL OTHOCHTEIBHO APYT Apyra Ha yronm 277/ 3 u omepe-
JKAIOT COOTBETCTBEHHO BeKTOpH asHbix Hampsukermit Uy, Up, U, Ha

yron 7/ 6 . VI3 3alITpUXOBAHHOTO TpeyronbHuKa 40D clieayerT, uTo:

U7J7:U@ ccosm/6=Uy g roects Uy = \/§'U@~
E i | o,
Uy Ui
5 0 \‘\UA\UABA 1
g D
B

Puc. 4. BextopHas auarpaMMa HalpspKeHMH CHMMETPHIHOTO
HICTOUHHKA, COSIMHEHHOTO 3Be3/101

Taxum 0Opazom, ecirit Cucmemd HANPANCEeHUT CUMMEemPUYHA, MmO
npu_coedunenuy 36e3001i aunelinoe Hanpaxcenue 6 1,73 paza 6onvuie

QQ3H020.

[TpuMeHsieMbIe Ha TIPAKTHKE HATIPSUKEHHSA TIePEeMEHHOTO TOKa OTIMYAIOTCS
apyr ot apyraB 1,73 pasa. Bemn Uy =220B, 10 Ugk=127B, u4to0

obosmauator; 220/ 127; 380/ 220; 660/380 B.




Ecii KoMITIeKCHEIE CONPOTHRIEHHs (a3 TpexdasHoro NpHeMHNKA PABHE
Mexay cobot Z,=Z,=Z =Z-e’?, 10 ero nasmmaor cummempuy-

HbLM, HATIPHMED, OOMOTKH TPeX(asHoTo aCHHXPOHHOTO ABHTATEIS.

[opo6ro dazam 06MOTOK MCTOUHHKA, (Hazbl MPUEMHIKA COSAMHSIOT 3Be3-
AOH MW TPeyroNbHAKOM, MPIYEM CIIocod coeqHHerns (Gaz 0OMOTOK HCTOU-
HUKE He TIPEAONpenessaeT crocoda CoeqMHeHIS TIPHEMHHKOE,

Eeau npenebpeds conpomuerenamiy Pasnozo i uHelnozo nposo-
dos, mo haszuvie HANPAANCEHUA npueMuura 6vovm pasnvl Gasnuim Ha-

npagcenusm ucmounura: U, =U_, Up=U,, U,=U,.

[lpn moaKIFOUEHHH TIPHEMHHKOB K Tpexba3sHoMY HCTOUHHKY, 0OMOTKH
KOTOPOTO COEJHHEHE! 3Be3/I0H, TOK NMPOTeKaeT No obMOTKAM MCTOUHWKA, JTH-
HelHBIM MMpoRoIaM 1 dazaM npueMHnka. Tok B dazax MCTOTHMKA FIH TIPHEM-

HHKA Ha3LBaloT gazustm (] @ )» TOK B IHHEHHEIX TPOBOJAX — AUHEUHBIM
({7)
Tak xak oOMOTKA MCTOYHWKE, JTMHEAHBEIA TIPOBOJ M NPHEMHMEK, TPHHAI-

IesKaniue ofHol ¢ase, BKIOUSHBI TOCTEIOBATEIRHO, TO BPH COEOUHEH U
38e3001 dunelinnblll Mok pasen haznomy:

Ty =14.
B daze npuemmika oH orpesensietcst 1o 3akony Oma;
. "R "N
[A=_A; ]B=_B-, ]C=_C_
Za Zb Zc

Tox B HeliTpansHOM HpoBofe [, . ONpefeleH kI o TEpROMy 3aKOHY
Kupxroda (oms yana 72 ):
I, +1g+i.=1y,

paBeH TeoMeTpHIEcKei cyMMe QasHBIX TOKOB.

]

U @ 'S

C (& IC

Uy

Ig Pa +]

@ .

B. IA

Up

Puc. 5. BexropHas guarpaMma HalpsiKeHHi 1 TOKOB
CHMMETPHYHOTO NMPHEMHHKA, COeJMHEHHOTO 3Be30H



IIpn cummerpraHON cucTeMe HAIPSKEHMH M CHMMMETPHYHON Harpyske,
Kkorna Z,=Z,=Z,, Texorma R, =R, =R n X,=X,=X,

e
(ba3HBIe TOKM PABHEI 110 3HAYEHHIO M YINIHL CABHIA (a3 OfMHAKOBEL:

X
ATy o e o ®
ly=lp=lc=1p. @4=¢p=@c=arcig—=.
Ry
DazHble TOKH TPH CHMMETPHUYHON Harpyske 0OpasyloT CHMMETPHIHYIO
CHCTEMY, BCIGACTBHE 4ero TOK [, B HeHTpaTbHOM INPOBOJE PaBEH HYIIO

(puc. 5). D10 MO3BONSET IMEPEHTH K TPEXTIPOBOAHOM TpexdaszHOl memu (pHuc.
6).

Puc. 6. Cxema TpeXIpoBOgHOM TpexhazHOH IeTH TIpH
COGIIHEHHH (a3 PHUEMHIKA 3Be310H

OueBMAHO, A CHMMETPUIHBIX NPHEMHHKOB CIIPaBeATNBO paHee BEIBE-
IEHHOE COOTHOINEHWe MeXTy (PasHEIMEI W JIHHEHHBIMH HATIPSKSHUAMH, TakK
Kak (azHple W JIHHEHHEIE HANPSDKEHWS MPHEMHWKA COOTBETCTBEHHO PABHEI
(hasHEIM M THHEHHBIM HATIPSKEHMSIM FeHepaTopa, a GasHble 1 THHEeHHEe TOKH
PaBHBI MeKAY cOOOIL.

Tpextba:sﬂaﬁ Hernb ¢ HeCUMMETPpHYHBLIM IIPHEMHHKOM

B psze cnydaes peanbHbIe IPHEMHUKH SBILTOTCS HECHMMETPHIHBIMIL

B ocBeTHTENBHBIX HATPy3Kax HCTIONB3YIOT CXeMY COSNUHEHIS 38300 —
36304 ¢ HyJegviM npogodom. ECIN B TAKYIO YETHIPEXIIPOBOAHYIO 3BE3IY
BKITIOUHTH HECHMMETPHIHBIN MPHEMHHK, TO GIarofaps HaTHIHIO HeHTpaib-
HOTO TIPOBOZA HATIPSKEHHS Ha KaIoi (ase NMpHeMHMKa GYAYT paBHBI COOT-
BeTCTBYIOIIMM (ha3HBIM HAIPSDKEHMSIM MICTOUHHKA, KaK MO aMIUIUTYe, Tak U
1o ¢aze.

Ho c¢aznbie Toxu OyayT pasHeIMIL [Ipi 5ToM (asHEle HANPSDKEHHS MPH-
€MHHKa OCTAIOTCSI MOCTOSHHBIMH TIPH JIOOBIX HArpyskax as, M TOK Kaxmon
(ba3bl 3aBHCHUT TOJIBKO OT MPOBOJUMOCTH AaHHOM (hassl. HelTpampHelil mpo-
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BOJ, 1O KOTOPOMY HPOTEKaeT TOK [,;, BEIPaBHHUBAET (pasHBIE HATIPSKEHISI

TIPHEMHIKA.

[Ipn o6pEBe MHMHEHHOTO NPOBOAA TOK B HEHTPAIbHOM IMPOBOAE CYIIECT-
ByeT. IIpn oBpbiBe HeWTPATBHOTO MPOBOAA Mekay Toukamu N # 77 MOKeT
BO3HMKHYTh HampsbkeHme. Torga Ha Qazax NpHeMHHKa TOSBISIOTCS 3HAUN-
TeIbHbIE NepeHanpsukeHnsa. [losToMy B HeHTpalIbHBEIM IPOBOA He BKIIOUAIOT
TLIABKHE MPeIOXPAHMTENIH 1 BEIKIIOUATEN .

[pu ananuze mpexnpoBoOHOl HeCUMMEMPUUHOL HAPY3KU, COSIH-
HEHHOM 3Be3noi (puc. 6), cHauana OMPENeNsIOT HANpPSDKeHHe MEXIy Hel-
TpanbHEIME ToukamMu N u 7 (nanpaocenue cmeujenus Helmpanu) 1o
(bopMyIIe MeKy3TOBOTO HATIPSIKEHI:

-t et Tt
U B Zb Zc
my i 1 1
_+_+_
Ly Ly 2L
Janee onpenemstoT dhazHbe HAIPSKEHMS TIPHEMHHIKA!
ULZ:UA_U}’!N’-
UbZUB_UnN;
L, =0~
a 1o HUM — (paSHBIe TOKH lTpI/IGI\/H-H/]KaI
: ; . I =
Bomte, b=tl, §-e
Za Zb Zc

BexropHas nuarpamma IpUBeieHa Ha puc. 7.

W3 puarpaMmbl BHIHO, YTO H3MEHEHHE TIONOKEHIS HeHTpaiy IIPHBOHT K
M3MEHEHMIO (ha3HBIX HANPSDKEHMI IPUeMHIKA, a 3HAUMT, M TOKOB B (hazax.

B mponiecce paboThl TpexgasHBIX HATPY30K BO3MOMKHEL agaputinvle uau
IKCHAYAMAYUOHHBIE PediCUMbl, BEI3BAHHEIE OOPHIBOM THHEHOTO ((haszHoro)
TIPOBOZIOB MIIM KOPOTKMM 3aMbIKaHWeM B ¢ase. IIycTh B HMCXOZHOM pexyMe

Harpyska cummerpmara (£ ,= Z ;= Z ). Cuctema (pasHEIX TOKOB CHMMeT-
puana, U,y =0 u cucrema (asHBIX HANPSUKEHM NMPUEMHIKA TAKKe CHM-

meTpruHa. [Ipu obpuiee gaser A npuemnuxa hasel b U € OKakyTes co-
eIMHEHHBIME TOCIIENOBATEILHO M OYAYT MOAKIIOUEHH! K JTHHeITHOMY Hampsi-

xermio U g . BekTopHas AmarpamMma puBeieHa Ha prc.8,a.



Puc. 7. Tonorpadguaeckas auarpamMma HaIIPSKEHHS TPEXIIPO-
BOJTHOH HECHMMETPHIHOMN 11611, COeAMHEHHOH 3Be30H

HampsxeHne cMeIeHns HelTpamiu:

. 1
UB”—‘l'UC'”Z— U
UnNz = _C:__A.
P 3 2
Zy Z

Bexrop U,y Ha puc. 8,a onpefenser Touky 72, KOTOPast A@IHT BEKTOP

U o momonam. PasHoe Hanpstkerne U, yBemmumsaercsi B /,5 pasa, a Ha-

2

npsxernst Uy, n U, yMeHBIIAIOTCA B —= pasa, TaKk Kak CTAHOBSTCS PaB-
3
HEIMH TOJIOBHHE THHEHHOTO HATPSUKEHWUSL,

Tok B aze @ paBeH HyIO, a TOKA B $pasax b W € yMeHbIIAIOTCA B T

pasa. IIpu akTHBHOW Harpyske, yoisl ¢ = () W TOKH COBIAmaiOT 1o dase ¢

(ha3HBEIMI HAIPSKEHISIMHA.
Ipu xopomrom 3amuikanuy ¢aszsl d TOTEHIHAT HEHTPATbHON TOUKH

7 TpreMHHMKa GIM30K K ToTeHImany Toukn A wcrounnka. Ha BekTOpHOM
Amarpamme puc. 8,6 Touka 72 coBmajaeT ¢ Toukoil A . dasHoe HampsLKeHMe

.

U,=0,ananpaxerna U, =-U,, n U, =Ug,, T e yBenmampaiorcs



1o nuHelHbIX. ITo aToi npuunse dazHnle Toku | p 1 I . BO3pAcTaioT B w/g
pa3, copmagas no dase co cpommu Hanpskermami. Tox [, =—(1,+1,),

KaK BHJIHO U3 AMArpaMMEL, B x/g pas Gonblie STHX TOKOB U B 3 pasa GoIbIie
TOKa B HCXOJHOM PEKIMe.

Afa)

Puc. 8. BexkTopHas guarpaMma HalpsKEHHI W TOKOB TIpH: @ - oOpHIBe
(bassl @ IpHeMHNKA; 6 - KOPOTKOM 3aMBIKaHWH B (aze o MpHeMHIKa

MoiHocTh B Tpex¢azHoii cHcTeMe

AKTHBHas MOITHOCTH TpeXhazHOTO TPHEMHHUKA pPaBHA aprhMeTHIecKOi
CyMMe aKTHMBHEIX MOIIHOCTeH (a3 (I HeCHMMEeTPHIHON CHCTEMEL: aprdMe-
THYECKOH cyMMe aKTHBHEBIX MOIIHOCTEH (a3 1 HyJIeBoro IIpoBoa).

Ipn cummverpiaroit cucteme Hanpsukennit (U =Up,=U,=Ug) u
cummetpiaroit varpyske ([, =Ip =1-=1p, 1 @, = Q5 =P = Pgp)
¢pasurre MomuocTH pasrbl Py = Pp =P =Py =Ugl,cos @y .

AKTHBHAsI MOIITHOCTH TPeX(a3HOTO TIPHeMHHKA:

P=3Py=3UglHcos@y.

PeaxTHBHASA MOITHOCTH B TpeX(hazHOH CUMMETPUUHOI CHCTEMe PaBHA all-
reGpamIecKoil cyMMe PeaKTHBHBIX MOIITHOCTEH B Kaoit dase:

Q=0+ +Q0c =30,
O0=304=3U4glysinegy.



TTonHas MOITHOCTE:

S =AP*+Q%

3a HOMHHANbHBIE BeTHIMHBL OORYHO TIPHHAMAIOT THHEHbIe HATIPSKEeHIA
1 TOKH, TIO3TOMY MOIIHOCTH yAoOHee BEIPAXATh uepes JTHHeHHbIe BeIMIHHbI

Uyp n Iy,
[Ipu coenmuenny ¢as MpHEMHNUKA 3BE3I0H:

UJI :

V3

[Ipu coenmHeHNn a3 IPHEMHNKA TPEYTONEHIKOM:

Up = Ip=1,.

I
Upg=Upy; ]®=TJ§-

HOBTOMy HE3aBUCHMO OT CXEMbI COCAMHCHIA (1)83 CHUMMETPHIHOIO TIpH-
CMHHMKa MOITHOCTH MMECIOT BHI:

P:\/§Uﬂ1H003¢®,
Q=\/§Uﬂ[ﬂ SN Pg
S=\3U,1I,.

2. ITporpamma paGoThl

1. BribpaTh HeOOXOMMMEIE 11 BEIITOTHEHMS PAbOTH TIPUOOPEL I CO-
OpaTh SIEKTPHIECKYIO CXeMy B COOTBETCTBHH C pHC. 9.
Onpenenurs IeHy JeneHIs IpHOopPOB, HCIONb3yeMBIX B padoTe.

2. Tlocie TIPOBEPKH CXeMbI MPETofaBaTelieM TOfaTh HA CTEHH HaIps-
JeHie U TPOU3BECTH HeoOXOMMMbIe M3MEPEHHS TOKOB M HATIPSKEHUN s
PeKMMOB YKA3aHHEIX B TabmIe 1.

3. Bxmounts pybunsaukn P/ uw P2 . YcraHOBUTH ¢ TIOMOIIBIO PEO-

cratoB R, , R B R, cuMMeTpraHyIO HArpysky B (asax, T. €. OZHHAKO-

czZ
BBEI€ TOKH:

JInneituere mampskerma U yp, Upn, Upy m3mepsores Mexamy

knemmvamu «A» n «By», «B»u«Cx» «Cr»u«A» cern, a pasnsle -

10



U, U, U, wmexay xtemvmamun «A» m«ny», «B»u«n», «Cru
«My», THe « R » - HelfTpanbHas Touka NPHEMHIKA SHEPIHIL,
Hanpstxenne cvemenust U, , m3MepsieTcst Mex/y HelTpambHoit Toukoit

ucrounnka N 1 HeWTpanbHOM TOUKON MPHEMHIKA « 72 .

——@
1 N
Puc. 9. Cxema nabopatopHoil yCTaHOBKH, COSTHHEHNA IPHUEMHIKOB
3Be3zIoN

4. Y6emurhes, uTO B udeTHIpexmpoBopHod 1ermm (P - s3amkHYT)
Iy =0 Tombko mpu cumMMeTprdHOi Harpyske, a U = \/§ Uy mipn mo6oii
Harpyske.

5. Y6emurhes, uto B TpexmposogHoil merm ( P/ - pasoMkHYT)

Uy = \/.? Uy TOIBKO TIpH CHMMETPHYHOI HAarpyske, a M3MEHEHHE COTPO-

THBIIEHHS B (azax Wik O6PHE (Hasbl M3MEHSIOT HATPSKEHIS 1 TOKU B APYTHX
dazax.

11
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Cl

- . Tonoxenue H=mepero
e3XAM pPaboTE
Hellj_ﬂ py6H.HBH'I/IKa UA B UBC UC 7] Ua Ub UC Uer IA IB
Pl P2 B B B B B B B 41 4
Bk Bk
CummeTpryaHas
HATpy3Ka
Otkn. | Bxm.
MsmeHeHMe Bxn. | Bxm
TOKa B OTHOH
(aze Otk | B
Hamenenne Bxn. | Bxm
TOKA BO BCEX
(hasax Otkn. | Bxm.
Bxn. | Otk
OG6pwIB (asbl
«B»
Otkn. | OTKIL
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3. OopadoTKa pe3y/bTATOB IKCIIEPUMEHTA

1. JIns xammoro pekuma padoThl TabIuIEl 1 TTOCTPOUTE Tomorpaduae-
CKHe JHarpaMMbl HATIPSKeHMI 11 BeKTOPHBIE JHarpaMMbl TOKOB.

[Tprmeganns:

1) BexTOpHBIE AMATPAMMEL CTPOSTCS B yIOOHOM MaciitaGe, KOTOpHIH
BHIGHPAETCSI OTENHHO AT TOKOB M TS HATIPSKSHIS,

2) moctpoeHne TomOrpagUUecKoil AMArpaMMbl HATIPSKSHMS CIEAYeT
HAYMHAThH ¢ TPEYTOIbHMKA THHEHHBIX HANpPsKeHHH, KOTOPHIH 0CcTaeTcs Hens-
MEHHBIM TIPH BCeX PeKNMax paboTEL IIeIH;

3) monmoxeHWe HEWTPaNTbHON TOUKM TIpHeMHHKa 7 Ha AuarpamMe Ha-
TIpSKeHMI olpenelisieTcs IepeceueHneM OyT OKPYKHOCTeH, MPOBefeHHEIX 13
BepIIHH TPeyrolbHKKa IHHEeIHHEIX HalpsDKeHWi paguycamu, paBHBIME COOT-
BETCTBYIOMMM (hazHbIM HanpstxernsM (puc. 10);

4) pextops ¢asubix TokoB /4, [p, [ cuemyer oTkmamsBaTh 13
HeHTpanbHOW TOYKM MpHeMHMKa 72. J{1g akTHBHON HATpy3KH (UTO MMEET Me-
CTO B aHHOM paGoTe) yron casura $a3 Mexay TOKOM 1 HATPSDKEHMEM PaBeH
HYJTIO, TIOSTOMY BEKTOPa (ha3HBIX TOKOB GYIYT COBNAAATH MO HATPABIEHHIO C
BEKTOPAMH COOTBETCTBYIOMINX (ha3HEIX HATIPSKEHHIL.

2. TIpoBepHTh rpaduecKiIM ITOCTPOSHHEM COOTHONIEHNS:

1) mns gersipexnpoponuoit e [y +Ip+ 1. =1y

2) mmsaTpéxnpoogHoiterm [, + Iy +1-=0,

JUIA Yero BEKTOPHYIO MATPAMMY TOKOB BHIHECTH OT/EBHO.

3. BHUHCINTH COOTHOIMIEHNE MY JIMHEHHEIMI 1 (a3HEIMI HalpsDKe-
HIIMHE (TOIBKO [T CHMMETPHIHOTO PesKIMa PaGOTEL)

UJT s UAB
U(D Ua
4.  Ompemenurs COMPOTHBICHMS (a3 MPHeMHIKA [T BCeX PEIKIMOB pa-
I U L
GoTsl 1o 3akony Oma R , .= —%, Rby= —b, R,=—"%.
Iy Ip Ie

5. PaccunraTh aKTHBHYIO MOIIHOCTS HOTPEGICHNS SHEPIHI IPHeMHIIKa,
JUISL BCEX PEKUMOB paGoThl: [ = ]le Rk ]é ¢ Rk ]é Ko

6. CpenaTs BEIBOJEL IO pabore.

13



Puc. 10. Tonmorpaduueckasi 1uarpaMma HalpsKeHUH 1 BEKTOPHAS THATPAM-
Ma TOKOB IS TPEXTIPOBOAHON HECHMMETPHUHON TpexdasHOil HArpy3Ku

(R,>R,>R_), OCTpOGHHAS TI0 SKCTIEPHMEHTATBHBIM TaHHBIM.

NOo R WD

8.
9.

4. KoHTpOaBHBIE BOMIPOCHI

Kak coenrHUTh (ha3bl MPUEMHHKA 3Be310H?
Kakue HanpskeHMS HA3BIBAIOTCS THHEHHBIMI 1 (pasHBIMH?
Kak m3MepuTh (asHbIe 1 THHEHHBIE HATIPSKEHHS?
Kaxkas Harpyska Ha3bIBaeTCsl CHMMETPHIHOMN?
Kaxas Harpy3ka HazbIBaeTCs aKTUBHOH?
KaxoBa ponb HeHTpansHOro MmpoBoa?
Uemy paBeH TOK B HEHTPaIEHOM TIPOBOIE:
a) IS CHMMETPHYIHOM Harpy3Kku?
b) AmsS HecCUMMETPHUHOM HArpy3Ku?
Kakoe HanpsokeHHe Ha3bIBAaeTCS HANIPSKEHMEM CMeIeHI HelTpann?
Kax paccuuraTh akTHBHYIO MOIIHOCTE P IpH CHMMETPHIHOI 1 He-

CHMMeTPHYHOI Harpyske?

10. Kakue nIpHeMHHKH SHEPIMM BKIIOYAIOTCS TIO UETHIPEXIIPOBOIHOM
cxeMe 3Be3a, Kakue II0 TPeXIIPOBOLHON?

11. Yem obpsacHIETCS MOSBIEHNE HATIPSIKEHNUS CMEIeHIs HeHTpamn?

14



Jlabopamopnas paooma Ne 21
HUccnenosanue oxHohaszHoro rpancdopmaropa.

Ienb paboThI:

1. Hccnenosanue paboThl ogHO(Ma3HOrO TpaHchopMaTopa B pekUMax
XOJIOCTOTO XO/Ia ¥ AKTUBHOM HArpy3KH.

2. Tlomyuenue pabo4ymx XapaKTEPUCTHUK.

3. OueHka CBOWCTB onHO(a3zHOro TpaHchopMmaropa U3 aHaiu3a Moiy-
YCHHBIX PE3YJILTATOB.

1. Teopenmecnme CBCACHUA

YcrpoiicTBO, NpUHUMN JelCTBUS W Ha3HA4YeHHMe TPaHC(POPMATOPOB.
Tpauncgopmamopom HA3BIBAIOT CTATHYECKOE BIIEKTPOMArHUTHOE YCTPOW-
CTBO, IpeJHA3HAYECHHOE UL MPeoOpa3oBaHUs MOCPEICTBOM MarHUTHOTO ITOJIA
UIEKTPUUECKOM 3HEPTUM IMEPEMEHHOTO TOKAa OJHOTO HAIPSDKEHUS B DIIEKTPH-
YECKYI0 SHEPrHI0 NEPEMEHHOI0 TOKa APYroro HampsDKEHHUs NMPU HEM3MEHHOU
gacToTe. YCJIOBHOE rpaduyeckoe oOO3HaYEHHE M JNIEKTPOMAarHUTHAs cXeMa
TparchopmaTopa n300paxkeHsl Ha puc. 1,a,0.
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Puc. 1. YcnoBHoe rpadudeckoe 00o3HaueHue (a)
¥ 2JIeKTpOMarHuTHas cxema (6) tpanchopmaropa

Ha 3aMKHYTOM MarHWUTONPOBOZE PACIOJOKCHBI aBe OOMOTKH. K omHOMU
00MOTKE ¢ 4uciIoM BUTKOB W| KOTOpas HOCHT Ha3BaHWC MEPBUYHOM, IOIBO-
JUTCSL DJIEKTPUUYECKass SHEPrusi OT MCTOYHMKA muTaHusi Mcm, OT JApyrol —
BTOPUYHOU OOMOTKH C YUCIIOM BUTKOB W2 — 3HEPIHsI OTBOJUTCS K MPHEMHU- KY
Ilp. Bce BemUUMHBI, OTHOCSIIUECS K 3TUM 00MOTKaM (TOKH, 3. 1. C. U T. II.),



Ha3bIBAIOTCSl TIEPBUYHBIMH WJIM BTOPHYHBIMH M HMMEIOT COOTBETCTBYIOLIHE
nHnexcsl 1 u 2. Tlox neficTBHEM NOABENCHHOTO IEPEMEHHOI0 HAPSDKEHHS U1 B
IEpBHYHON OOMOTKE BO3HMKAaeT TOK 11 M BO3OYKIAeTCA M3MEHSIONIHIICS
MarHuTHBI MOTOK. DTOT MOTOK WHIYLUUPYET 3. 1. C. €1 W €2 B OOMOTKax
TpaHcdopmaropa. J.A.C. €1 YpaBHOBEIIMBAET OCHOBHYIO YacTh HampsHKEHHS
WUCTOYHMKA U1, 3.1.C. €2 CO3JaeT HampsDKeHWE U2 Ha BBIXOIHBIX 3aKHMax
Tpancdopmaropa. IIpy 3aMBIKAaHMM BTOPHYHOI LIEMM BO3HHKAET TOK 12, KOTO-
pBIii 00pa3yeT COOCTBEHHBIH MAarHUTHBIH MOTOK, HAKJIa/IbIBAIOIIMICSI HA TOTOK
nepBUYHON 00MOTKH. B pesynbrarte cosmaercs oOmuil norok @, cuernyieHHsli ¢
BHUTKaMHU 00eHX OOMOTOK TpaHchopMaTropa W ONPEICISAIONIMA B HHUX pPe3yib-
TUpYIOLIKE 3.1.C. €1 U €2. Ha cxeme puc. 1 noka3aHsl yCIIOBHO- TIOJIOKHUTEIbHBIE
HampaBlieHWs  BceX  (DM3WUECKUX  BENIMYMH,  XapakTepu3ylo-  LIHX
9JIEKTPOMArHUTHEIE MPOIecchl B TpaHcopmaTope. CTpenku HarpsHKeHUs Ul U
TOKa |1 TIPEICTAaBIAIOT TIEPBHYHYID OOMOTKY KaK HPHEMHHK JHEpIHH.
TlonoxuTenbHOE HATpaBiIeHHe NMoToka @ CBA3aHO C TOKOM |1 TIpaBHIOM mpa-
BOXOJIOBOr0 BHHTA. TO k€ MPaBUIIO ONpe/IeNsieT TO0KHUTENIbHBIC HalpaBiie- HUsl
noroka D, ».11.c. €1 u e. Crpenku €2 u i2 BTOPUYHON OOMOTKHU COOTBET- CTBYIOT
HaNpaBJCHUSIM 3. JI. C. U TOKa MCTOYHMKA 3JeKTpuueckod sHepruu. Crpenka
HaNpsDKEHUS U2 Ha 3a)KUMax BTOPHYHON OOMOTKH, PAaBHOTO HAmps- JKCHHUIO Ha
TIpHEMHHKE, JOKHA COBMAATh TI0 HATIPABIICHHIO CO CTPENKOi Toka 2. TombKo
YUHUTBIBAsl YCIOBHO-TIONIOXKHUTEIbHBIE HANPABICHUS AJICKTPU- YECKUX BEJINYUH,
MOXHO IIPaBWIBHO 3alKcaTb ypPaBHEHMs DICKTPUYECKOTO  COCTOSHMSA
TpaHcdopmaropa.

[TomumMo ocHOBHOTO (pabovero) NOToka B MArHUTOIIPOBOAE TOKA 0OMO- TOK
CO3JaI0T B OKPYXKAIOIIEM IPOCTPAHCTBE MarHUTHOE IOJIE PACCEsSHHU.

TpaHchopmauma HaNpAXKeHUA. YPaBHEHUA 3/1eKTPUYECKOTO COCTOSHMSA
0O6MOTOK Maeann3npoBaHHOro TpaHchopMaTopa UMEIOT BUA,

s el wl e,

rae

ety wid® dt; e,(t) w> do dt.

OtHomIeHNE HaHpH)KeHI/Iﬁ U D.1.C.
et) —uy(t) W1,

e (t)  ux(t) w,

Ha3bIBAIOT KOI(PHUIIMEHTOM TPaHC(HOPMALIUH.
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B TpancdopmaTope mponcXomuT «MacmTabHOe» Npeodpa3oBaHUE Iepe-
MEHHOT' 0 HaIlpsDKEHUS B 11 pas.



Tpancpopmamus TokoB. B Tpanchopmarope mpoucxoaur npeodpazosa-
HUE HE TOJBKO TEPEMEHHBIX HANPSOHKEHUH, HO M TOKOB. 711 COCTaBJIEHUS
YpaBHEHUS, CBS3BIBAIOLICIO TOKH i1 M Iz TMEPBUYHOA M BTOPUYHOH OOMOTOK
TpaHcdopmaropa, BOCIIOIB3yeMCS 3aKOHOM IIOJHOTO ToKa. J{Jst anmekrpomar-
HUTHON CXEeMBI pHC. 1,6 MOXKHO 3amucaTth CIlenylollee YpaBHEHHE MAarHUTHOI'O
COCTOSTHHS:

Hulw W1i1+ Wsis,

rae ly — mmuna cpenHeit MK MarauTONPOBOA.

B coBpeMeHHBIX TpaHC(hOpPMATOpaxX MPUMEHSIOT 3JICKTPOTCXHUYCCKYIO
XOJIOMTHOKATaHYI0 CTajlb, B KOTOPOW MarHuTHast uHaykuus 1,7 Ti mocturaercs
yke npu HanpspkeHHocTH mois 400 A/m. [TosToMy aMITIMTya MarHUTHOTO
HAMPAKEHHA  fy | Ha HECKONBKO MOPAIKOB MEHBINE aMIIATYX M.A.C.

Wil v Wyl 00MOTOK TpaHchopMaropa Npu ero Harpyske. ITo M03BO-

m

JseT caenaTh ellle OAMH LIar B MIealu3aluu TpaHcdopMaTopa, KOraa pac-
CMaTpUBAETCs €ro NpuHUMI geicTBus. Ilpumem, uro

wyi  Wala 0.
Orcrona 1
_i(t) _w, 1
IRIRY Wi -

VYpaBHEHHE TOKA3bIBAET, YTO KPUBBIE U3MEHEHMs TOKOB i) ip(t)
2

1ogo0HBI. JIeWCTBUTEIbHOE HANpaBJICHUE TOKA i,(t) TPOTHBOMONONHO Ha-

npasnenmio Toka 11(t) oTHOCHTENEHO OTHOMMEHHBIX BBIBOIOB 06MOTOK W2 11 W1.
[TosTOMy M.H.C. TIEPBHYHON W BTOPUYHOH OOMOTOK NIEHCTBYIOT BCTPEYHO U
YPaBHOBEUIMBAIOT JIPYT JIpyTa.

B uneann3upoBaHHOM TpaHC(OpMATOpE AMEKTPHIECKAst SHEPTHUS Iepea-
€TCsl TIOJTHOCTBIO M3 MIEPBUYHOM OOMOTKH BO BTOPHYHYIO M Jajiee B MPHUEMHUK,
XOTS OOMOTKHM MMEIOT TOJIBKO MAarHWTHYIO CBSI3b M OTAEIEHBI JAPYr OT Jpyra
BIEKTPUYECKON U3OJSILIUEH.



CBOIICTBO CAaMOperyiMpoBaHuA TOKa i1 NPy 3MeHeHWUN Harpys3ku (Toka
i2). MNpu ysBennueHnn ToKa f2 (aKTUBHO-WHAYKTMBHAA Harpyska) M.A.C.
BTOPUUHOW OBMOTKM W2iz TaKKe yBenanumsaeTtca. 3ta M.4.C. CTPEMUTCA ocna-
61Tb noTok @. YmeHblieHne notoka @ npuBoOANT K YMEHBLLEHMIO 3.4.C. €1 1

HapyImEHUIO 3JIEKTPUIECKOrO0 PABHOBECHS el(t) = _U1(i‘) M POCTy TOKa i1 B

nepBU4HOI oOMoTke. PaBeHcTBO ey(t) u,(t BOCCTaHABIMBACTCA, KOT/A

)



POCT M.A.C. W1i1 CKOMNEHCMPYET POCT M.A4.C. W2i2, T. €. NPy yBENNYEHNM TOKA
i1. 3meHeHue Hazpy3Ku mpaHchopmamopa, m. e. moka iz, npueodum K co-

omeemcmeayrowemy U3MeHeHUo MOKa [1, MaK Ymo 8bINoaAHAEMCA 3GKOH Co-
XpaHeHusA sHepauu u obecrieyusaemcsa 6aaaHC M2HOBEHHbIX MOUWHOCcmel:

pa(t)  pa(t) W u - uy .
n P

I[Ipumenenne TpancopmaropoB. TpaHchopMaTOPBI HTPAIOT BAKHYIOPOJIb
B DJIEKTPODHEpPreTHYeCKUX cucremax. OHHM OCYIIECTBISIIOT TpaHcdopma- LU0
TOKOB U HalpsDKEHUH, o0ecriedrBasi SKOHOMUYHYIO Tepeiady U pacipe- JejeHue
sHepruu. Ha THApPO- M TEIUIOCTAHIMAX O3JEKTpUYecKash DHEeprusl Bbl-
pabaThiBaeTCsS reHepaTopaMH ¢ HOMHHAIBHBIM HanpspkeHueM ot 6,3 1o 38,5 kB.
DJIeKTpOIHEPrUsl IMepeiaeTcsl MOTPEOUTENSIM 10 JIMHHUSAM 3JIeKTponepeaa- 4u
(JIDI) mpu wHampspkeanu 500, 750 wium 1050 kB. Ilpu stom moctraeTcs
yBEIMYEeHHE TPOIycKHOW cnocodoHoctu JIDII, yMeHbleHHe TOKOB W IOTEpPh
MOIIHOCTU B €€ IpOoBOAAX. HomMmuHansHOE HaIlpsH>KEHUE OOJIBIIIMHCTBA ToTpe-
Outeseill dJeKkTpodHepruu BeiOMparoT paBHbM 220, 380 wm 660 B. Mouiubie
AJIEKTpOABUTaTeNld padoratoT npu HanpspkeHunn 6 u 10 xB. BBopx anekrpo-
SHEPTHU B rOpojia U Ha MPOMBILIUICHHBIE MpeAnpusTus ocyectsisercs JIOII ¢
HanpspkerueMm 220, 110 u 35 xB. IloaToMy CHIDKEHHME HAmpsDKEHHS OCYIIe-
CTBJISIETCS] B HECKOJIBKO CTYTIEHEH.

Takum o00pa3oM, BO3HMKAaeT HEOOXOAMMOCTb CO3JaHUSI PA3BETBICHHOM
CHCTEMbI TOBBICHUTENBHBIX U IOHU3UTENBHBIX IOACTAHIMH C MHOXECTBOM
TpaHchopmaTopoB. CyMMapHas MOLIHOCTH BCEX TPaHC(HOPMATOPOB, YCTAHOB-
JICHHBIX Ha IOJCTAHLMUAX, OOBIYHO B 6—7 pa3 Oojblie CyMMapHOH MOIIHOCTH
noTpeduTeseH.

Tpanchopmaropsl B cucTeMax paclpeeieHus 3JIEKTPOIHEPTUH HA3bIBAIOT
cutoBbIMU. OHH IMEIOT HOMHHAIBHYIO MOITHOCTH 0T 10 kB- A mo 1 muH.kxB-A.

B ycrpoiictBax NpPOMBILUIEHHON 3JEKTPOHUKMA HPUMEHSIOT CHIIOBBIE
Tpancdopmaropsl mMainoit mornHocTr (1—1000 B-A) ¢ HeckonbKMMHU BTOpHY-
HBIMH OOMOTKaMH, NMPEAHA3HAUYCHHBIMH UL TINTAHUS M30JIMPOBAHHBIX APYT OT
apyra ueneid. Kpome Toro, B 3THX YCTpOMCTBaxX HCIOJIB3YIOT CIEHUATbHbIE
HMITYJIbCHBIE M BEICOKOYACTOTHBIE TPAHC()OPMATOPBHI.

CBoiicTBO TpaHC(oOpMaIMy HANPSHKEHWH W TOKOB HCIIONB3YeTCS TAKKE B
M3MEPUTENBHBIX TpaHc(hopMaTopax. Brirtouas aMmepMeTphl HiId BOIBTMETPHI BO
BTOPUYHYIO LENb HM3MEPUTENBbHBIX TPAHCPOPMATOPOB, MOKHO 00€30MacHTh
00CITY’KMBAIOIINH IIEPCOHA, TaK KaK 3TH €M UMEIOT HEOObIINE HAapsDKe- HAS
1 XOpoIlee 3a3eMIICHHE.

[Ipn cBapounbIX paboOTax, MpPU TOJB30BAHWM PYYHBIM 3IIEKTPOUHCTPY-
MEHTOM C TIOMOILIbI0O TPaHC(HOPMATOPOB MOKHO CHHU3UTH HAMpSDKEHHE [0
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0€30IacHOr0 ¥ TEXHUYECKH OIPABIAHHOI'O YPOBHS, YTO MIMPOKO NPHMEHSIOT Ha
npakTuke. Bo Bcex cirydasx MCHONB3YIOT 8adicHeliuiee C8OUCMBO MPAHC-
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hopmamopos — 803MOXHOCMb nepedayu 3Hepauu fnpu omcymcmeuu 3sekK-
mpuyeckol c8a3u Mex 0y 06MoOMKamU.

YpaBHeHMs] JJIeKTPUYECKOI0 COCTOSIHHSI 00MOTOK TpaHcdopmaTopa.
PeanbHOE MarHuTHOE TOJIE TpaHCPOpMATOpa HECKONBKO OTIMYACTCsl OT Hjea-
nu3upoBaHHoro. Ha puc. 2 mokaszaHbl JeWCTBUTENbHBIE HamlpaBlI€HUS] MIHO-
BEHHBIX TOKOB OOMOTOK M HECKOJIBKO MArHWTHBIX JIMHHHA MOl TpaHchopma-
TOpa, y KOTOPOr'O TEPBHYHAsI W BTOPHYHAS OOMOTKH PACIIOIOXKCHBI KOHIICH-
TPHYECKH HA CPEIHEM CTEP:KHE MarHUTOIpPOBoza. Paboumii motok @ 3amblka-
eTcs MO OOKOBBIM CTEPXKHSM. Takylo KOHCTPYKIIHIO UMCIOT OOJBIIIMHCTBO OJI-
HOo(a3HbIX TpaHchopMaTOpoB. HacTh MArHUTHBIX JIUHHH CICIUICHA TOJNBKO C
MEPBUYHON WM TOJBKO CO BTOPHUYHOW OOMOTKOH. DTH JIMHHUH ONPEACISIOT
JOMOJHUTENbHBIE TOTOKOCHEIUIEHHsS 00MOTOK P1pac U ¥2pac, KOTOPBIE HA3bI-
BAIOT MOTOKOCHEIUICHUSAMH paccessHusl. MI3MeHeHHs MOTOKOCIEIIeHUH ‘P]pac "

¥ pac BBI3BIBAIOT 3.11.C.
elpac(t d dt e2 (at)c d 2p a dt
) =—1c ], p =- v

D2 D2

/ /

~N
N

)
NN

=
N
I____._)____J
_;
B

N

4/

NN

////
N

o/

‘1_____}.____1

77
NN

2777
N

AN

I

iz iz Ilone pacceanusn

Puc. 2. MaruutHoe mose TpancdopmaTtopa

Kak u BO BCSKOW MHAYKTMBHOM KaTyLIKE, IPU CHHYCOUIAIbHOM H3MEHE-
HUM MarHUTHOTO MOJIS 3.J.C. PACCESHHS MOXKHO 3aMEHWTH IaJCHHEM Hamps-
KEHHUsI HA WHIYKTUBHOM COIIPOTHBIIEHUN paccesHus. Torma urst KOMIUIEKCHBIX
BEJIMYUH [TOTy4aeM BBIPAXKCHUS:

E p ac
1

12



jX]_pac I]_, :EZDGC _I = -

MarHuTHbIE JMHUH TI0JIS PACCESHUS YACTHYHO MPOXOJST BHE MArHUTO-
IIPOBO/IA, 110 HEMATHUTHOM Cpesie, U COMpOTUBIeH s paccestHust X1pac 1 X2pac
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MOJYKHO CUHTATh MOCTOSHHBIMH.
[Ipyn w3ydeHMH OSKCIUTYaTallMOHHBIX CBOMCTB TPaHC(OPMATOPOB CIeayeT
TaKke NPUHAMATh BO BHUMAHHE aKTHBHBIE CONPOTHUBIICHHS OOMOTOK

tpancdopmatopa R1 u R2. C yueToM 5TMX 06CTOATENHCTB MONHBIE ypaBHEHHS
AJIEKTPUYECKOTO COCTOSIHHSL OOMOTOK TpaHc(opMaTopa UMEIOT BH

U1 E lepacé Rlll y

=— + +

EZ = UZ + jXZpacyz + Rzyz y

. =— .
rie g j wi® n 3 Jjow,® -2 ac, B030YyX1aeMble paboyrM
=— @

_ | — HampsbKeHHe Ha BTOPHYHOI 0OMOTKE, PaBHOE
notokom @; =Zph p P > P

MaJICHUIO HAIIPSXKCHUA Ha COIIPOTUBJICHUU IIPUEMHUKA Z mp -

IIpu orcyTcTBMM Harpy3ku (an > ) TOK BTOPUYHOW OOMOTKHU paBeH

HyII0. B 9TOM pexume — pexxiMe X0JI0cToro Xoaa TpaHcopmMaTopa — IOTOK B
MarHuTOIPOBO/IE CO3AAETCS TOKOM IEPBUYHONW OOMOTKH. 3aBHCHMOCTb TOKa
xonocroro Toka lix or manpsukenus ma nepsuunoii oomorke U1 maswisaror
XapaKTepHCTHKON xomocroro xoxa (puc. 3). OHa MMeeT Takoi ke BUI, KaK H
BOJIbT- aMIIEpHAasl XapaKTepPUCTUKA JIIOOOW IpYrol WHIAYKTHBHOW KATYIIKH C
MarHuTONnpoBoaoM. 110 Mepe HachllleHMs MarHuTonpoBoga Tok lix GwicTpo
HapacTtaer. [loaToMy HpH NPOEKTUPOBAaHUM TPaHCHOPMATOPOB aAMILIUTYLY
MAarHUTHON MHIYKIUU B BeIOMparoT He Ooneel,6—1,7 Ti.

le

I 1x Hom

U:
U1 HOM

Puc. 3. XapakrepucTrka X0IOCTOr0 X0/1a TpaHchopmaropa
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ITpy TOAKITIOYEHNH MPUEMHKKA TosBisteTcst Tok |2 u msmensercs Tok l1.
HecMoTps Ha u3MeHeHns M.a.c. Wil1 1 Wal2 mepBudHO# 1 BTOpPHYHOI 0GMOTOK,
aMIuTya motoka @y, B MArHUTONIPOBOJIE OCTAETCS MPAKTHYECKU HEM3MEHHOM.
D.n.c. E1 nesnaunrensno omimuaercs or nanpskenns Ui, tak
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KaKk TpaHCOpMaTop CTpPEeMsTCS IPOEKTUPOBATH CO  CBOIMCTBaMH, IIO
BO3MO)KHOCTH OJIM3KUMH K HJIeaIn3upoBaHHOMY. TakuMm 00pa3oM, Uy peabHbIX
CHJIOBBIX TpaHc(opmaTopoB

U E

im _

1ma=

Wla)d)m'

I[Tpy TOCTOSIHHOM 3Ha4YeHuH jeiicTByromero Hanpsokenus U1=CONSt
COXPAHSETCA TOCTOSHHON aMILTUTy1a ToToka @m B MArHUTOIPOBOJIE.
Cocrapyisifomas Toka nepBudHoii o6MoTku |1x, cosmaromas MarHUTHBII
TNOTOK B TpaHC(opMaTope MpH XO0I0CTOM Xojie, noctosuHa. Coctapistomas |12,
KOMITEHCUPYIOIIasi MArHUTHOE JICHCTBHE TOKa BTOPHYHOW OOMOTKH, 3aBUCHT OT
Harpy3ku TpaHc(opMaropa.
JHepreTnveckne auarpamMmbl. [lepenaua sHeprum H3 mepBUYHONH 00-
MOTKH TpaHc(OpMaTopa BO BTOPHYHYIO NPOUCXOAMT IMOCPEICTBOM IEpEeMeH-

HOI'O MArHUTHOTO TMOJIA B MAarHUTONPOBOZAC. MHTCHCHBHOCTH HEOOpaTUMOI
TiepesIavuu SHEPTUHN XapaKTepU3yeTcs AIEKTPOMAarHUTHON MOIIHOCTBIO

P, — Eil;cos ¢,

rae ¢ — caBur a3 MeXIy 3.1.C. ¥ TOKOM.

IMepuonuyeckoe W3MEHEHHE MATHUTHOIO IOJSI B MarHHTOIPOBOAE COIMPO-
BOXKIACTCS MATHUTHBIMH [TOTEPSIMH, MOIIHOCTh ITHUX HOTEPh 3aBHCUT OT Yac-
TOTBl M aMIUIMTYAbl MArHATHOH HMHIYKUMH B MAarHHTOIIPOBOAC, @ TaKKe OT
Matepuana nocneanero. Ilpu mocrosinHoM gelictByromeM Hanpsbkennn U1 na
HEePBUYHON OOMOTKE MarHUTHBIC IOTEPH MOCTOSHHBI U HE 3aBUCAT OT HATPY3- KA.
B obmotrkax TpaHcdopmaropa TakKe BOSHHKAIOT TEIUIOBBIE MOTEPH

APL1 = Ry 2 AP>» — R, | KOTODbIC MPONMOPIHMOHANBHAI KBajpaTaM

u 2

1 2
TOKOB B 0OMOTKaX, T. €. KBaApaTy K03 (HUIIeHTa HATPy3KU

ﬁ:S/SHoM'

e Snom — HOMHHAJIbHAS TOJTHAS. MOIIHOCTh TpaHchopMaropa.
AKTHBHAs MOINHOCTE 1 mepBHYHOM 0OMOTKH TPaHC()OPMATOPa IIPEBBI-IIAECT

AKTMBHYIO MOINHOCTH P2 BTOpMuHOM 0oOMOTKH. Pazmocts (P1 — P?)
PaBHa MOMIHOCTH NIOTEPh B OOMOTKAX AP AP,,, uto

MarHutonposoge

IIOKa3aHO Ha SHGPFGTI/I‘IGCKOI;’I AuarpaMme puc. 4,(1. PeakTuBHas MOIIHOCTH Q2,
nepeaaBacMas B NPUCMHUK, TAKKE OTIIMYACTCSA OT peaKTI/IBHOI\/‘I MOIOITHOCTH Ql

16



mepBUYHON 00MOTKH. J[e0 B TOM, YTO peaKTUBHAS MOIIHOCTH CBSI3aHA C
obpazosanuem pabouero nons B marauronposoe (Qpas), a Tarke moneii pac-

cesnst (Qipac u Q2pac). Makcumanbhas ckopocTh 0OMeHa SHEpruedl Mexry
HUCTOYHHKOM TIHTaHWS M TEPEMEHHBIM pPabodiM TIOJIEM B MarHUTONPOBOJC W
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MONISIMH ~ PAcCesHHUSl  XapaKTepH3YeTCS COOTBETCTBYIOLIMMH  PEAKTUBHBIMH
MOIIHOCTSIMU. ballaHc peakTUBHBIX MOIIHOCTEH B TpaHC(hopMaTope 0ToOpa- KeH
Ha JarpamMme puc. 4, 6.

P, — Psu P, - Qi — Q —>
Tf\v ﬁ\v
N APBZ _\ ; \ QZpac
APy, AP>5; Qpas leac
a 6

Puc. 4. JlnarpaMmma akTHBHBIX (@) ¥ PEaKTHBHBIX (0)
MOIITHOCTEH TpaHcdopMaTopa

Koadduiuent nepenaun momHON MOITHOCTH

Ky =22 52

S S, + \/(ADM +AP) % + (Quag + Quad) ?
— )8 ) SZHOM
B+ Sanom +\/ Ap +A o+ Qs + Q)

IIpy HOMHHAJIBLHOM Harpyske CHIOBBIX TpaHchopmaTopoB Ksmom = 0,95
0,995 +(B 3aBHCUMOCTH OT HOMMHAIILHOW MOIIHOCTH TpaHchopmatopa). [lpu
yMeHbIIeHuH Kodhduumenta Harpyskn [ 3Hauenne Ksuow mnamaer. Eciu
TpaHchopMaTop nepesaeT B MPUEMHHUKH TONBKO aKTHBHYIO MOLIHOCTB, TO
MOXXHO TOBOPUTH O €ro KO3(h(HUIMEHTE MOJIE3HOro ACHCTBUS P,/P;.

]7 =

Ipu orcyrcreun Harpysku (S2 = 0) Ksuow ¥ 7] paBHBI HyIlIO, TaK KaK CO-

XPpaHAIOTCSI HEU3MEHHBIMU PEAKTUBHASA MOIITHOCTD QpaG 1 IOTEPU B MarHuTo-

MPoBOZIE R . HecmoTpst Ha BBICOKMIT KOO((HMIMEHT mepesiaun, abCoMOTHOE
3HaYEHHE TETIOBBIX MOTEPh B MOIIHBIX TpaHCPOPMATOPaX MOMKET ObITh 3HA-
ynTenpHEIM. Hampumep, y TpaachopmaTopa MomHOCTEI0 Suon = 2500 kBA,

AP,, =6,5kBT u AP, = 22 KBT (npu nonHoii Harpyske).

B Tpanchopmarope 00pa3yloTcs TEIUIOBBIE IOTOKH, HAmpaBieHHBIE OT
BHYTPEHHUX 4acTell K BHEIIHEH MOBEPXHOCTH, OT KOTOPOH TEIIOTa OTBOIUTCS
HETIOCPEJCTBEHHO B OKPYXKAIOUIYIO cpely. TemrepaTypa IeperpeBa BHENIHEH
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TIOBEPXHOCTH TpaHC()OpMaTopa OTHOCHUTEIHHO OKPYXKAroUIeH Cpeibl orpese-
JIsieTcsl AOMYCTUMOM TEMIIepaTypol HarpeBa W30SIIMH 0OMOTOK. OObIuHas
JIaKOBasi M XJIOMYaTOOYMaXKHasl 30U IPOBOJIOB U KapKaca 0OMOTOK pac-
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cunTaHa Ha BepxHuii mpemen Temmeparypbl, pasueiii 100—130°C. Ipessi-
IIEHME ee HAa HECKOJBKO JIECATKOB IPagyCcOB BO MHOTO Pa3 COKpAIUAET CPOK
CinykObl  m30MsAMK. [Ipu BBICOKOH TeMIIEpaType OpTraHWYECKHE BEIIECTBA,
BXOJSIIME B COCTAB M3OJALMH, TEPAIOT MEXAHMYECKYH) H 3JIEKTPHUYECKYIO
MPOYHOCTH, BCIEACTBHE YEr0 BO3HMKACT SIEKTPUUECKUH MPOOOH M3OIALMH U
KOPOTKOE 3aMbIKAHHE BUTKOB OOMOTOK. I103TOMy KOHCTpyKIMs TpaHcdopma-
TOpa JIOJKHA 00ECTIEYMBATh J0CTATOYHOE OXJIAXKICHHE BCEX €T0 YacTEH.

C pocTOM HOMHHAJBHOIH MOIIHOCTH TPaHC(OPMATOPOB BO3PACTAIOT I10-
Tepu B OOMOTKAaX M MAarHUTONPOBOJE HM3-3a yBEJIMYEHMS MX 00bEMa, OJHAKO
eCTecTBEHHas TOBEPXHOCTh OXJAKIEHHS PACHIMPAETCS B MEHbIIEH CTENEHH.
[To3TOMYy NPUXOAUTCS CHUXKATh TOTEPH B OOMOTKAX IyT€M YMEHBIIEHHS
IJIOTHOCTH TOKAa B MPOBOJAX, T. €. yBEJIMYUBATh ILIOMIA/b MOMEPEYHOro ceue-
HUS TIPOBOZIA. YKe MPU MOLIHOCTH B HECKOIBKO THICAY BOJBT-aMIIEp 3Ta Mepa
CTAaHOBMTCS HEOCTATOYHOM, M MATHUTONPOBOJ ¢ 0OMOTKAMH TIOTPYXKaIoT B 6aK,
3allOJIHEHHBI MUHEpaJbHBIM (TpaHc(OpMaTOpHBIM) MacioM. B 0Oake yc-
TAHABIIMBAETCA KOHBEKIMOHHBI Tpolecc TNepeayn TEeMIoThl MacjoM OT
BHYTPEHHMX CHMIBHO HATPETBIX YacTel K CTEHKaM; C JPYroil CTOPOHBI, CTEHKH
OXJIQXIAI0TCSl €CTECTBEHHOM LIMPKYJIALIMEN BO3IyXa.

BHemnsisi xapaktepucTuka TpaHcdopmaTopa. Bmecte ¢ mpoMblnuieH-
HOM CeThl0, K KOTOPOH MOAKIIOYeHa MepBHYHAs OOMOTKa, TpaHchopMaTop
SIBIISIETCS. UCTOYHMKOM ITUTAHWS AJsl NPUEMHHKOB, MOAKIIOYEHHBIX K BTOpHY-
Hol oOMmoTke. [ToaToMy TpaHchopMaTOp MOXKHO PacCMaTPUBAThH KaK aKTHB- HbIH
JBYXIIONIOCHUK A OTHOCHTENLHO BBIBOJOB ~ BTOPMYHOW — 0OMOTKH (puc. 5,a).
Baxneliimass XxapakTepuCTHKa AaKTUBHOTO [JBYXIONIOCHUKA —  BHEIIHSAA
BOJIbT-aMIIepHAsl XapaKTEePHUCTHKA, IpPEACTaBIAIONIas cOOOH 3aBH- CHMOCTB
nanpsxenus U2 na Beixoze ot Toka l2 mpu U1 = const.

EBK = UZX
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Puc. 5. TpanchopmaTop Kak akKTHBHBII JBYXITOTFOCHHK (&)
U ero cxema 3amenienus (6)
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V uneanusuposansoro tpancdopmaropa U» U,/n const, T.e. Ha-

npsxerne U2 re 3aBucut ot Harpysku. [109ToMy ero BHEIIHSS XapaKTepH- CTHKA
uzner napamnensHo ocu |2, manpsxenne U2 paBHO HampsbkeHMIo X0mo- cTOro
xoma Uax (puc. 6).

U2 1
1
U2x :
2
I

Puc. 6. BHenrHue xapakTepuCTUKH Uaeanu3upoBanHoro (1) u
peansHOro (2) TpanchopmMaTopos

VY peanpHOro TpaHc(opMaTopa CYLIECTBYIOT 3.1.C. OT IOJEH paccesHus U
MaJeHUs] HANIPSDKEHUH Ha aKTHBHBIX COMPOTUBICHUAX 0OMOTOK. IlIpm oObruHOM
aKTMBHO-MHIyKTUBHOMN Harpyske Hanpspkenne U2 ymenbiaercs ¢ poctom Toka
l2, u BHEmHAS XapakTepucTHKa MMeeT BHJ HAKIOHHON mpsamoil. UeM Gombiie
conporusnenus R1 u Xipac, R2 u Xopac, Tem Gonbiite otinuarores uueanbHbie
nanpsxenus oT peanbHbiX U1y or U1 u Uzyy or U2, Usmenenne

—U,.

sropuuHoro Hanpsokenns AU, = U,,

V CHIIOBBIX TpaHC(HOPMATOPOB MPU HOMUHAIBLHOM TOKe |2uou OTHOIIEHME
AU, /U,, HMEET NOopsIoK 5—10%. TparchopMaTOpsl MPOESKTUPYIOT TAK,

9TOOBI HANPSHKEHUE XOIOCTOTO X0Ja Uox 66110 Ha 5% 6OITbLIE HOMHHAIBHOTO
HANpPSDKEHUST ero MpueMHUKOB. Kpome Toro, mpeaycMoTpeHa BO3MOXKHOCTh
M3MEHEHNS YMCIIa BUTKOB OJHOM M3 OOMOTOK, T. €. BETMYNHEI

n=w;/w,= U, /U,,.

B Ttpancdopmaropax, paboTaromux NpH MOCTOSHHOM 3HAYE€HWH MEpBUY-
Horo Hanpsokenns U1 usmensior umcno ButkoB W2; B CeTAX ¢ KoneOaHHAMH

HAIPSKCHUSL Ul npeaAnoYnuTaroT HU3MCHATH W1. H3MmeHeHHe dYmClIa BHUTKOB
IPOU3BOAAT BCTPOCHHBIM ICPCKIIIOYATEIIEM C PYUYHBIM IIPUBOJAOM, BBIBECACH- HbIM
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HapyXy. BeImyckarorcss Takke TpaHCPOpMATOphl C aBTOMAaTHYECKUM pe-
TYIMPOBAaHUEM YHUCIIA BUTKOB MOJ Harpys3koi. Ilpu BpeMeHHON Henmorpyske
tpancdopmatopa ymenbinaror Uz, TIpu nmutanuM npueMHMKa 4epe3 JUIMHHYIO
nunmnio 3Hauenre Uox yBenMumBarotT, 4ToObI CKOMIIEHCHMPOBATH MaJIcHUE Ha-
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MpPsKCHUA B JIMHUU.

v CBapOYHbIX TpaHC(l)OpMaTOpOB, KOTOPbIMHU KOMIUICKTYIOT CBapOYHBIC
arperatbl, BHCHIHAA XapaKTCPHUCTUKA HOJIKHA OBITH prTOHaHaIOHIefII Harips-
JKCHHUC BO3SHUKHOBCHUA AYT'U JOJIZKHO OBITH MHOT'O OOJIBIIIE HAIIps’KCHUA Tope-

mus. Vemmuenns  AJ, [U,, nocTHraior ¢ TMOMOIIBK  CONPOTHBICHHIL

Xipac 1 X2pac, pasMelas NEPBUYHYIO U BTOPUYHYKO OOMOTKH HA Pas3IMYHBIX
CTEPKHSIX MarHUTOIIPOBO/A.

Jns pacuera usMmeHeHus BropuuHoro Hampsokenus AU2 ynobso pac-
CMaTpUBaTh TpaHC(HOPMATOP KaK ABYXIOIIOCHHK M HWCIOJIB30BATh METOA JK-
BUBAQJICHTHOT'O TeHeparopa. J.J.C. SIKBUBAJEHTHOIO T'€HepaTopa paBHA HaIps-
xennto Uox xomocroro xona:

E:)K :U2x :—qHOM/n'

BHyTpeHHee CONPOTUBIEHHE SKBHBAJICHTHOI'O TE€HEpaTopa MOXHO OIl-
penenuTh, Kak y OOBIYHOI'O MCTOYHHMKA IHMTAHUS, MO JAHHBIM PEKHUMOB XOJIO-
CTOr0 X0/1a ¥ KOPOTKOI'O 3aMbIKaHUS BTOPUYHOM 00MOTKH TpaHcdopMarTopa:

U :
Z = 2x — _LﬁHOM

3K
y nb,

OnHako U3MEpEHHsI B PEXKHUME KOPOTKOTO 3aMBIKAHHS HEBO3MOXKHBI M3-3a
neperpeBa 0OMOTOK TpaHcdopmaTopa. [103TOMy OIBIT KOPOTKOrO 3aMBIKaHUS
IPOBOJAT MpH MOHMkeHHOM Hanpsbkennu U1 Tak, uToObl TOK BTOPMYHOI 06-
MOTKHM ObUI paBeH HOMMHANBHOMY TOKY louow. Takyro Benmumny Ui mpumsro
Ha3bIBATH HANpPSUKEHHEM KOPOTKOTO 3aMblkaHus M 0003Hauath Uik, Benuuuna
Zs Ha3BaHa B TEOPUM TPaHC(OPMATOpa CONMPOTUBIEHHEM KOPOTKOIO 3aMbIKa-

HusA, ee 0603Ha4aroT Zx. Moyib CONPOTHBIICHHS

U
_ _ 1K
Z, =2,=—"—.
nIZHOM
ApryMeHT KOMILIEKCHOTrO conpoTHBieHns Z j  OHPCACIIOT ITO

Ze

— »

akTMBHOM MommEocTH  Px  motepp B pexmME  KOPOTKOTO
3AMBIK@HIEE.

Cos K PK/(UlKllK)'

3aMCTI/IM, YTO OHBITHI XOJIOCTOI'O X0Aa U KOPOTKOI'O 3aMbIKAHHMS ITPOBOJAT Ha
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3aBOJIC-U3TOTOBUTEIIC TP UCIIBITAHUU TpaHCq)OpMaTOpa. BennmuuHe! PK u U]K
BHOCAIT B IacCIiopT TpaHC(bopMaTopa, npu4emM UlK BbIpaXKarOT B IMPOLICH-
Tax oT U]_HOM- BenquHy U]_K /UlHOM UK*% Ha3bIBAXOT OTHOCHUTCIIBbHBIM

HanpsHKeHUEM KOPOTKOro 3aMbIkaHusa. COrlIacHO cXeMe 3aMelleHus puc. 5,0.
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lJZ = gK ZBK‘é [JZX zK72 .
OTHOCHUTENBHOE H3MEHEHHE BTOPHYHOTO HAIPSKEHUST
AUy« = AUZ JU,, _ (U _U,)/U,, ~ Zul /U,, 3aBHCHT OT K03(-

(unreHTa HATPY3KH = S/Suom - Iy [ Lyyiom :

Z1 .
AUZ*zﬁ. K'2HOM

1

V4uThIBas, 4TO Uy /n Zbyow, 2 Uy Ui/n, Torna

AUZ zﬂUlK/Ul UK*'

H3meHeHne BTOPUYHOIO HANPSHKEHHS TPOMOPLUOHATBHO KO3 (GHUIIUEHTY
Harpy3ku. IIpy HoMHHaNBHON Harpyske AUZ* =U,».

2. Onucanue n1adopamopnoil ycmano6Ku

PaboTa BBINONHSAETCS Ha YHUBEPCATBHOM CTEHIE. DIEKTPUUECKUE CXEMBI
71a00paTOPHOM YCTAaHOBKH TMOKa3aHbl Ha puc. 7. u 8. Cxembl coOMparoTcs MO-
CIIeOBATENIbHO, C MPOBEICHHEM COOTBETCTBYIOLIMX 3aMEpOB M 3aIllOJHEHHEM
OIIBITHBIMH JaHHBIMH TaOJIHII.

[lpu cHATUM BHEIIHEW XapaKTePUCTUKU HArpy3kod TpaHcdopmaropa sB-

nsiercs aktuBHOe conpotusnenue Ry (puc. 8). Boikmouarens By momxen 6brms
3aMKHYT, u3MeHsis Ry MOXHO momyduTs 4 3Ha4YeHHMi CONPOTUBIEHUS HATPY3KH.

3. IIporpamma paGoTsl

1. O3HakOMHUTBCSA € JTAOOPATOPHBIM CTEHIIOM, BHIOpATh HEOOXOIMMEIE
TPUOOPHI VIS BEITIOIHEHUSI pAOOTHI B COOTBETCTBUH C DJICKTPUUECKON CXEMOH.

2. CoOpath 3NEKTPHUUECKYIO CXEMY OIbITa XOJIOCTOTO X0/a Mo puc. 7.

3. Tlocrme mpoBepkr CXeMbI MpEToJaBaTelieM BKIIOYNTH BBIKIIOYATEIb
B3. Veenuuusas JIATPom Hanpsixenue Ha nepuunoit oomorke U or O no

(1,1...1,2)U14om, 3ammcats § - 12 3HaveHuii nokasanus npu6opos B Tadm. 1.
26



(ITacriopTHBIE TaHHEIE TpaHCHOPMATOpa yKa3aHbI HA CTCHIIE. )

4. TIpoBecTH OIIBIT XOJIOCTOrO XOJa NPY HOMHHAIEHOM HalpsoKeHUH Ha
nepsuunoii 00MoTke U1 = U1nom. PesysbraTel nsmepenwii 3anucats B Tabi1. 2.
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Puc. 7. CxeMa ombITa X0J0CTOTO Xoaa

Co0path >IEKTPUUECKYIO CXEMY MO pHUC. 8 IS UCCIEOBAHUS TPAHC-
(opmaropa B Harpy3ouHoM pexume. M3menss Harpysky tpancpopmaropa Ry,

CHATH BHemHIow U paboune xapakrepuctuku mpu Ur = Uinom. Pesymbrathi
3aHectd B Tabin. 3. [lepByro 3amuch MoKa3zaHWN MPOBECTH MPHU OTKIIFOYEHHOM
Harpyske. Obpamums ocoboe sHUMAHUE HA U3MEHeHUe HANPANCEHUA HA 6MO-

puunoil obmomxe mpancgopmamopa U,

Wi

Tp

W,

AN
N

U;

@[3l

U;

()
®

N

Ve
/'\

Puc. 8. QHGKTPI/I‘IGCKEU[ CcXeMa JJ1sd UCCICA0BaHUA IpchtbopMaTopa

B Harpy309HOM pPEKHMeE
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Ta6muna 1

3KCHepI/IMeHTaHLHBIe JAaHHBIC OIIbITA XOJIOCTOr'0 X044

|1, MA 0
U, B 0
Tabnuma 2
JlaHHbIe XapaKTEepUCTUKU XOJIOCTOr0 X0/1a
N3mepeno Beruucneno
Uiiow | hix Px Uxx | N Lix/ Tiwow | COSQX
B A Bt B - - -
Tabnuna. 3
JlaHHBIE HATPY304HOI O pexUMa
N3mepeno Boruncneno
Ne U1 |1 P1 Uz |2 Pz /)) n COS@1

B A Br B A Br

g |W|IN|F-

4. Oopabomka pe3ynbmamos IKCnepumeHma

1. Tlo mamebM Tabm. 1 TOCTPOWTH XapaKTEPHCTHKY XOJOCTOrO XOna
tpancdopmaropa U1 = f (I1) . Otmernts Touky HOMEHANBEHOrO HampsKeHMs
U1 = Ulnom

2. Tlo nanubiM Tabm. 2 BbIYUCIHTH KOI(GHUIMEHT TpaHchOpMAaIMu:
n=U, [U2s . Koddbdumuent mommocTH TpanchopMatopa MpH XOIO-

cTom xop,egr?gos—Pﬁ—
U1m '116 29



TPY3KH:

3. p
p= —ZL . Koadpdunment monesnoro I[eﬁcnslm—z
, Koappunument P,
A
MOaHlHOCTI/I TpaHcdopmaropa: @0S A
" Uy -1y
H

o1 4. Tlo mamHBIM Tabi.3. MOCTPOWTH HA OJHOM dYepTeke paboune

Xdpaxre- puctuku tpancdopmatopa Uz (), 11(5), 1’](,3), cosg1(f). Tpu
NOCTPOSHHH JUIsl KaXKJOH BEJIMYHMHBI MOKa3aTh CBOIO OCh OpJMHAT U
Maciita6. Bee xapak- TEpUCTHKM CTPOUTEL B PABHOMEPHOM MAacIITalde, HE
rgoepmsaﬂ oceii.

5. Cphenath BBIBOL 10 pe3ylbTaTaM paOOThI, [OaTh aHAIN3
HOJIYYEHHBIX XapaKTEePUCTHK.

3 Koumponwvnuwie eonpocut
1. Jlast kako#t 1enu npenHas3HaveH TpanchopmaTop?

o 2. Tlouemy B pexume XOJOCTOrO XO/a HArpeBacTCs CEPICYHHK
THaHc- ¢dopmaropa, a IepBUYHAS U BTOPHYHAS OOMOTKH HE HarpeBaloTcs?

€ 3. KakoBo BiusHHe pexuma paboTel TpaHcpopMmaTopa Ha
PR3ynbTH- pyroLIKit MATHUTHBII IIOTOK B MarHUTOIPOBOE?
e

n 4. Kak mnpoBomsATcs ONBITBI XOJIOCTOIO XOAa M KOPOTKOIO
3gMBIKAHUSI MC KaKOH LeTbI0?

T 5 Yro noHuMaercs MOJ HOMHHAIBHBIM PEXKHMMOM paboThI
Tpancopma- TOpa, KAKMMH HOMHHAIBHBIMU  BEIMYMHAMH  OH
xapakrepusyercs?

K

o 6. Ha3oBure mpuumHbl CHWKeHMs HanpspkeHus U2 mpu paborte
TpaHc- (QopmaTopa mom Harpy3kod. Kak OIEHHMBAaHOT CHIDKEHHE
HBTPSDKCHNS Ha NIPAK- THKe?

b 7. Kakue MOTEePH MMEIOT MECTO B TpaHCPOpPMATOpEe M KaK OHHU

MBucar ot marpysku?
1

H oo X

=)



JlabopaTopuas padora Ne 22

Hccnenoranue TeHepaTopa NOCTOAHHOI'O TOKa HE3aBUCUMOI'O BO36Y)K,H€'

Ienb paGoThI:
1. MH3ydeHue OCHOBHBIX CBOWCTB IreHepaTopa MOCTOSHHOIO TOKa He3a-

BUCHUMOI'O BO36y)KZ[eHI/IH.

2. Ywmeuue AHAJIM3UPOBATH MMOJTYUCHHBIC XapaKTCPUCTHUKHU I'CHEpaTopa.

1. TeopeTI/l'{ecm/le CBC/ICHUSA

Ha3HayeHne M yCTPOWCTBO MAaIlMH NMOCTOSIHHOIO TOKA. MaluHbl 1o-
CTOSIHHOTO TOKa MCIOJIB3YIOT B KAa4eCTBE I'€HEpaTOpPOB U JBUraTeneil. JDiek-
TpUYecKasi DHEpPrusi IMOCTOSHHOTO TOKa, BbIpadaThiBaeMas TI'eHepaTOpamH,
CIY)XUT A TMHUTaHUSl ABUTaTeled MOCTOSHHOTO TOKA, 3JIEKTPOJIUTHYECKUX
BaHH, EKTPOMAarHUTOB Pa3JIMYHOTO Ha3HAYEHUs, allapaTyphl yIIpaBleHU U
KOHTpOJA | T. I. B HacTosmee BpeMst reHepaTophl MOCTOSHHOTO TOKA BO MHO-
T'MX YCTaHOBKax 3aMEHSIOT TOJYNpPOBOJHUKOBBIMHU IPEe0Opa3oBaTesIMU Iie-
PEMEHHOTO TOKa B ITOCTOSIHHBIH.

JlBuraresnu MOCTOSHHOIO TOKa IIPUMEHSIOT Ha TPAHCIOPTE, I IPHBOJA
HEKOTOPBIX METAJUIOPEXKYIIUX CTAaHKOB, IPOKATHBIX CTAHOB, IIOJBEMHO-
TPAHCIOPTHBIX MAILUH, KCKaBaToOpoB U T. A. OAHON M3 TIaBHEHIINX MPUYUH
NPUMEHEHHS JBUTATeNeH IIOCTOSHHOIO TOKAa BMECTO HanbOoiee IIMPOKO pac-
MIPOCTPAaHEHHBIX ACHHXPOHHBIX ABHUIaTelNeH SIBJISETCS BO3MOXKHOCTH IUIABHOTO
PETYINPOBAHUS YaCTOTHI BPAILICHHUS B IIUPOKOM JAUAIA30HE U TOTYYECHUS XKe-
JIAEMBIX MEXaHUYECKHX XapaKTePUCTHK.

I'eHepaTops! U ABUraTeNIH IOCTOSHHOIO TOKA YCTPOEHBI ofuHaKkoBo. He-
MOJBIDKHASL YacTh MAIIMHBI, Ha3biBaeMmas cratopoM (puc. l,a), cocrout u3
MAaCCHBHOTO CTaJIbHOTO Kopmyca 1, K KOTOpOMY MPHKpEIUICHBI TIIABHbIE T10-
JOCH! 2 ¥ JIONOJHUTENBHBIE MOMEOCH! 6. cX0oms U3 TEXHOIOTHYECKHX U JIpY-
THX COOOpakKeHMH TIJIaBHbIE IIOMIOCHI H3TOTOBISIIOT Yallle W3 OTAEIbHBIX
CTaJIBHBIX JINCTOB; MHOI/IA MX W3TOTOBJISIOT CIUIOMIHBIMU. M3 OTIENBHBIX JIHC-
TOB JIHOO CIUIOMIHBIMH M3TOTOBIIAIOT M JONOJIHUTENbHBIE MOMIOCkL. Ilepeunc-
JICHHBIE IETAJIM CTAaTOpa SBJIAIOTCS TAKXKE U JETAISIMH €r0 MarHUTonpoBoaa. Ha
TJIaBHBIX IOJTIOCAX PAa3MENIAlOT KATYIIKA OJHON WJIN HECKONBKHX OOMOTOK
BO30YKIeHHs] 3, HA JONOJHHUTEIBHBIX MOI0CAX — KAaTYIIKH / OOMOTKH JIO-
TIOTHUTENBHBIX MOTIOCOB.

B MoAmMITHAKOBBIX IUTaX, TPUKPEIIEHHBIX C TOPIEBBIX CTOPOH K KOp-
MyCy, pacroOKeHbl MOIIMUITHUKY, HECYIIHE Bal 4 BpaIlaomIEeiicss yacTH Ma-
[IMHBI, Ha3biBaeMoll sikopem (puc. l,a m 6). Ha Bamy 3akpemwien uu-
JIMHAPUYECKUN CEPICUHHK SKOPS S, KOTOPBIA JUISl YMEHBIIEHHS OTEPH MOIII-
HOCTH OT IIepeMarHMYMBaHUS W BUXPEBBIX TOKOB HAOMPAIOT U3 CTAIBHBIX JIUC-
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TOB. B masax, pacrmolloXEHHBIX 1O MOBEPXHOCTH SIKOPsS, YIIOXKEHa OOMOTKa
axops 8. Tak ke, Kak 0OMOTKY BO30YXIE€HHS U OOMOTKY JOIOJHUTEIBHBIX
MTOJTFOCOB, €€ M3TOTOBIIIOT U3 MEJTHOT'0 H30JIMPOBAHHOTO POBOAA. BEIBOAEI OT
OOMOTKH SIKOPS IPHCOEAUHAIOT K PACIONOKEHHOMY Ha Bajly KoJuektopy 9.
[ocnemuuii mpencraBuser coOOW MWIMHAP, COCTOSAIINN U3 MEIHBIX TUIACTHH,
M30JIUPOBAHHBIX JPYT OT Apyra U OT Bajia. K KOJUIeKTopy ¢ TOMOIIBIO TIPY:KUH
MPWKUMAIOTCA TpadUTHBIC, YrOJbHO-TpaQUTHBIC WIH METaUIOrpauTHBIC
metku 10. Il{eTky pacmonokensl B CIENUAIBHBIX IETKOIEPKATENAX.

Puc. 1. YerpotictBo (a) v sikopb (6) MalIMHbI TOCTOSIHHOTO Toka OOMOTKa

BO30YKJICHUS] MAIIIMHBI IUTAETCS TIOCTOSIHHBIM TOKOM U CITY)KHT
JUIA CO3/IaHUsl OCHOBHOTO MAarHMUTHOTO TOJSA. |'JlaBHBIE TOJIOCHI UMEIOT II0-
JFOCHBIE HakoHeuHukH 11, ciaykaiue i nosydeHus mo 0oJbIuel 4acTd OK-
PYXHOCTH SIKOPSI OTHOT'O M TOTO K€ BO3IYIIHOTO 3a30pa MEXAY CepACIUHUKOM
SIKOpSl ¥ TJIABHBIMU TOJIFOCAMU. DTO HEOOXOUMO JIJIsl TIONy4eHHs Ha OOJIbIIeit
YacCTH OKPYKHOCTHU SKOpS OJHOW W TOW K€ MarHMUTHOM MHIYKLMH, a B IIPO-
BOIHUKAX OOMOTKH SIKOpS — MOCTOAHHOM 1m0 3HaueHnto DJ{C. JlomomHuTeNb-
HBIE TIONOCHI TIPEeHA3HAYEHBI, [UTSI YMEHBIIICHHUS] HCKPEHHUS IO/ IIETKAMHU.

C moMoIIbI0 KOJUIEKTOpa M INETOK BpaIAromascs OOMOTKa SKOps CO-
€MHSAETCA C BHEIIHEN AJIEKTPUUECKON LIENbIO.

Ha puc. 1,4 moka3ana MammHa MOCTOSHHOTO TOKA C ABYMsI TJIaBHBIMU TI0O-
JrocamMu. B 3aBECUMOCTH OT MOIITHOCTH M HAIIPSDKESHUS MAIITMHBI MOTYT UMETh U
OoIpIriee YrciIo NOMOCcoB. [Ipr 3TOM COOTBETCTBEHHO YBEITHMUUBAIOTCS YUC- JIO
KOMIUIEKTOB IIMETOK W JOMONHHUTENBHBIX TONIOCOB. KpernieHne MammHbl K
(hyHOaMEHTyY, CIeIHMaIbHBIM Calla3KaM T METAJUIOKOHCTPYKIIHK OCYIIECTB-
asteTcs ¢ momolnsio Jan 12, Kopryc HEKOTOpBIX MalllMH CHa0MXKaeTcs 1 Kpe-
IUICHUS CTICIAIFHBIMU (DIIAaHIIAMH.

Brmaromapsi mMoMIOCHEIM HAKOHEYHWKAM MATHWATHAS WHAYKIUS B BO3.YIII-
HOM 3a30p€ paclpenenseTcs NPpIMEpPHO MO Tpanelen1anbHOMY 3aKOHY



(puc. 2,a u 6). Y nobepxnoctu skops npu O = O marmutHas unaykuus B
= 0; ¢ ysenuyenmeM OL MarHuTHas MHIYKIMsS CHayaqa BO3PACTaeT, MOJ
OoJIbIIIE} YaCTHIO CEBEPHOTO IONIOCAa MMEET IOCTOSHHOE 3HAUEHHE, a NpHU

o = 180° ymenbmaercs no nynsa. B npenenax or o = 180° go 360° marunut-
Has MHIYKIMS M3MEHSETCS 110 TAKOMY K€ 3aKOHY, HO YCJIOBHO CUHMTAETCS OT-
PpHULATENBHOM.

BI e"P
Bl e"P

180° 360° a

0

Puc. 2. K Bonpocy pacnpezaeneHnsi MarHiTHOH MHAYKLMHK B BO3YIIHOM3a30pe
u xapakrep n3MeHenus 3J1C npoBoaHuKa

Hanpasnenue DJ]C npopoanuka, HaXoasAMErocs B Nasy MarHUTOIPOBO-
Jia KOS, ONPEIENSETCs MO MPaBHITY PABOH PYKH, & €€ 3HAYEHHE Mo (GopMyIie

enp = Blv,

rne B — marnuthHas uepyknums, T | — wmna MPOBOAHUKA, M; V — CKOPOCTh
repeMeIeH st POBOTHHUKA, M/C.

Oueuano, npu V = CONSt €np ~ B u rpaduk B(0L) B npyrom macmrate

npesicTaBiseT coboit rpaduk enp(0). Msmenenue snaka DJIC enp o3mauaer
M3MEHCHHE €€ HAIPABICHHUS [0 CPABHCHHIO C MOJIOKUTEIBbHBIM HAIPABICHH-
€M, TIOKa3aHHBbIM Ha pUC. 2,d.

YerpoiicTBo 00MOTOK sikopeil. OOMOTKH SKOpEH MaIiH TOCTOSHHOTO
TOKa COCTOSIT M3 OTHCIBHBIX CEKIUH, UMEIOIIHNX OJWHAKOBBIC YKCIIA BHTKOB.
Kaxxmast cexmmst pa3Memniaercs B JBYX Ia3aX MarHUTOIPOBOA SKOPS, HAXOMS-
OUXCSl TIOJ] Pa3HBIMHU TONMIOcaMd. YacTh CEKIWMH, PACIONOKCHHAS B OJHOM
nasy, Ha3bIBa€TCsl CEKLIMOHHOW CTOPOHOM. BBIBOIBI Ka)KIOW CEKLIMM MpHUCOE-
JTUHSIOTCS K JIBYM KOJUIEKTOPHBIM IUIACTHHAM, K KaXX/IOW M3 KOTOPBIX MPHCOE-
JUHSIETCS €IIIe TI0 OTHOMY BBIBOIY OT IPYTHX CEKIIHi.

B 3aBucHMOCTH OT HOMHUHAIBHBIX 3HAYCHHI MOITHOCTH, HANPSDKCHUS U
YaCcTOTHI BPAIICHUS HAXOMAT MPUMCEHEHHUE PA3IIUYHBIC THUIIBI 0OMOTOK SKOPEi.
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HpOCTCﬁmHMH W3 HHX SIBJISIIOTCS IIETJIEBAs M BOJIHOBAsS OOMOTKHU. ,Z[ByXBI/ITKO-
BBIC CCKIIMU YKAa3aHHBIX 00OMOTOK IMOKa3aHbl COOTBETCTBEHHO Ha puc. 3. Iler-
JieBas puc. 3,(1 1 BOJIHOBAs puUC. 3,6 OOMOTKH OTIHYAIOTCS NOpsAAKOM COCoU-
HCHUS C KOJUICKTOPHBIMU TUIACTUHAMU U APYT C APYIOM. HIGTKI/I JACIAT 00MOT-
Ky Ha JIBC MapaJlICJIbHBIC BETBU.

a 7

Puc. 3. Cekuust netsieBoii (@) 1 BOTHOBOH (6) OOMOTKH SKOPSI

Hpunuun aeiicrBus reHeparopa. HanmomHuMm, 4TO reHEpaTopoM Hasbl-
BaeTcs 3JIEKTpUYecKas MalllMHa, peoOpasylomas MOABOAUMYIO K HEH Mexa-
HUYECKYIO MOIITHOCTh B 3JIEKTPHUUECKYIO MOILITHOCTb.

IIpocreiimunii reHepatop MOXHO HPENCTaBUTh B BHJIE MEIHOTO BUTKA,
PaBHOMEpPHO BpAaIAIOMIErocsi B MOCTOSHHOM MarHUTHOM moje (puc. 4). 3ame-
THM, YTO BHUTOK IPEICTaBISAET COOOH ONHY CEKLMIO OOMOTKH SIKOpS, a Mar-
HHUTHOE T0JI€ CO3/aeTcs INIaBHBIMU ToMtocaMu. KOHIIBI Takoro BUTKa BBIBEJIE-
HBI Ha JIBE IUIACTHUHBI (TTOYKOIbIIA) KOJUIeKTopa. K 3THMM KOJIEKTOPHBIM IUIa-
CTHHAM TNPWKUMAIOTCS JBE HETIOABIKHBIC IETKH, K KOTOPHIM HOIKITIOYAETCS
BHELIHSASA 1ETb C MOTPEOUTENIEM 2IIEKTPOIHEPTMH COTIPOTUBIICHHEM R,

ITycTs BUTOK IPUBOAMTCS B PAaBHOMEPHOE BPAIIEHHE CO CKOPOCTBIO 1 OT
BHEIIHETO MCTOYHWKA MEXaHMYECKOM MOIIHOCTH, HANpHUMeEp KaKoro-iu6o
npusonnoro asuratens II/]. AxTvBHBIC CTOPOHBI BHTKA IIEPECEKAIOT CHIIO-
BbIC JIMHUK TIOCTOSTHHOTO MArHWTHOTO TIOJS M B HUX TI0 3aKOHY DJIEKTpOMAr-
uuTHOW mHAYKIHK HaBozsrcs DJ[C €1 u e2 HampaBiieHHe KOTOPBIX Ompere-
JISIETCS TI0 MPABWIY MpaBoil pykw. IIpw BpallleHMH BHUTKA O HAIPABJIECHHUIO
JIBIKEHHS YaCOBOM CTPEJIKU B €r0 BEPXHEW aKTUBHOI CTOPOHE, HAXOMALIENCs

oA CEBCpHBIM MArHUTHBIM NOJIFOCOM N, HaBCICHHAsA QIIC HarpasJieHa OT
HacC, a B HIDKHEH aKTHBHOM CTOpPOHE BUTKA, Haxozmmeﬁca 101 FOKHBIM Mar-

HUTHBIM ITOJIFOCOM S - k¥ Ham. [lo XO4y BUTKA 3TH SI[C CKJIaAbIBAIOTCH, U pe-
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synmsrupyromas DJIC Bcero Butka £ = e1 + e2. Eciu BHeHAs Lenb 3aMK-



HyTa, TO B Heil moTedeT Tok |, HanpaBIeHHDBIH OT HUKHEH IIETKU K IOTpebu-
TEJI0 M OT HErO — K BepxHel 1merke. HmKHAA MIeTKa OKa3bIBAETCS IIOJIOXKH-
TeJILHBIM BBIBOJIOM I'€HEPATOPa, 8 BEPXHSA — OTpULIATENBHBIM. IIpH moBopoTe
putka Ha 180° ero akTUBHBIE CTOPOHBI U3 30HBI OJHOIO MArHUTHOIO IIOJIOCA
[EPEXOAAT B 30HY APYroro MarHUTHOro nomroca u Hanpasienus JJC B Hux
usMeHsercss Ha oOpaTtHoe. OIHAKO OJHOBPEMEHHO C 3THM BEPXHSAS KOJLIEK-
TOpHAs IUIACTHUHA BBIXOJUT M3 KOHTAKTa C BEPXHEH IIETKOM M BXOOHUT B KOH-
TAaKT ¢ HIKHEH IETKOM, a HIKHAS KOJUIEKTOPHAS ILIACTHHA BXOAUT B KOHTAKTC
BepxHel ImeTKoi. Takas CHMHXpOHHAs CMeHa 30H MAarHUTHBIX IIOJNIOCOB aK-
THBHBIMHU CTOPOHAMH PAMKH U IIETOK KOIUIEKTOPHLIMM ILIACTHHAMHM HE M3Me-
HSET HANpaBJIEHHE TOKA BO BHeIHeN nenmu. TakuM o0pa3oM, BpalaroIyecs ¢
BUTKOM KOJIIEKTOPHBIE IUTACTUHBI ¥ HEMOABMKHBIE IETKU HE TOIBLKO obecrie-
YUBAIOT DIEKTPHUECKOE COEUHEHNE BUTKA C BHELIHEH LIEMbIO, HO U SBJISIOTCS
CIIENUANbHBIM TIEPEKITIOUANOIIIM YCTPOMCTBOM, BBHIMOIHAKOMIUM POJIb MeXa-
HHUYECKOTO BBIIPIMHTENS TOKA.

Puc. 4. PaGoTta MammHBI IOCTOSHHOTO TOKA TEHEPATOPOM

Byayun mocrosHHBIME TI0 HampasieHuto, Tok 1 DJC Ha merkax u BO
BHCIIHEH IIENN OKa3bIBAIOTCS MEPEMEHHBIME 110 BEJIMYHHE, T. €. IyJIbCUPYIO-
IUMH. DTO CBS3aHO C M3MECHECHHUEM IIONIOKEHHUS BUTKA B MATHUTHOM II0JI€ TIPH
€ro BPAIICHHU H, KaK CICICTBHE, H3MCHCHHE YIila MEKAY BEKTOPAMH MTHO-
BEHHOW CKOPOCTH M MAarHUTHON HHAYKIWH. OTMEUCHHYIO MY/BCAIMIO TOKA K
OJIC MOXHO CriamuTh MyTEM YBEIWYEHHS YHCIa BHTKOB, BPAINAIONINXCS B
MArHUTHOM II0JI€, ¥ COOTBETCTBYIOLICTO YBEIMYCHHS YHCIA KOJUIEKTOPHBIX
TUTACTHH, YTO, ¥ IMEET MECTO B PEaIbHBIX MAIHHaX (puc. 5).

PaccMmoTpeHHBIIT HAMH BHUTOK MPEICTaBIsUT COOOW, KaK ObUIO OTMEYEHO,
OJIHY CEKILMI0 OOMOTKH SIKOpsl. B peanbHBIX e MalliHaX 0OMOTKa SIKOpSI CO-
CTOUT 3 GOJNBIIOrO KOJMUYECTBA TAKMX CEKIUiA, B KOTOPBIX IIPOUCXOIIT TE XKE



camble IIPOIECCHI, JIMIIb CIBHUHYTHIE MO BpeMeHH. [Ipnuem kakmas cexums
MOXET COCTOATh HE U3 OJHOTO, N3 HECKOIBKUX BUTKOB. AKTHBHBIE CTOPOHBI
CeKIIMH yKIIaIbIBAIOTCS B Ma3bl CepACUHIKA SKOPS TAKUM 00pa3oM, 4TOOBI OjHA
CTOpOHa pacHojiarajach IOJ MAarHUTHBIM IONIOCOM OJHOM IIOJISIPHOCTH, a
Jpyrast — IO HOJIFOCOM APYroi MoNspHOCTH. JIUIb npu coOII0AEHUH 3TO- TO
ycnoBusi HaBomumble B croponax Butka OJIC Oyayr cknanpiBathes. Bcee
CeKIIMM OOMOTKH SIKOpSI COCIOUHSIOTCS MEXIy COOOH depe3 KOJUIEKTOpHBIE
TUTACTHHEIL.

Puc. 5. CrmaxuBanue nmynscannu 9J]C Ha meTkax

PaccMOTpHUM  SIBIIEHHS, COMYTCTBYIOLIME ONUCAHHOMY DPEXHMY PaboThI
MAIIHHBI TIOCTOSHHOTO TOKA TEHEPATOPOM. Bo-TIepBBIX, MpH MOAKIIOYEHHH K
IIETKaM reHepaTopa BHEUHel Harpysku Ry o oToii Harpyske u no o6motke
sKops, umeromeii conpotusnenne Ry, noreuer Tok |. C nossnennem Toka B
0OMOTKE SIKOpsl, HAXOJANIENCA B MATHUTHOM I10JI€, HA AKTHBHBIE CTOPOHBI €€
BUTKOB (CeKIMil) HAuHYT NeHCTBOBATH SIEKTPOMATHUTHBIE CHIbI Fyy. Ilo-
CKOJIBKY TOKH B CTOPOHAX BUTKOB KOs OY/IyT HAMPABIIEHBI B TY K€ CTOPO- HY,
uro u BbiBaBmye ux JJIC, To HalijeHHBIE MO MpaBHUIY JIEBOW PYKH Ha-
NPABJIEHUS 3THX CHJI CO3JAI0T MOMEHT M zp, MpOTHBOAEHCTBYIOIIMI BpaIle-
HHUIO AKOpsA. ECITM CKOpOCTh BpaIlleHust AKOPS 71 TMOCTOSHHA, TO BPAINAOIIHIA
moment Mp ipuBomnoro msurarens 11/] nomken GBITH paBeH MPOTHUBOMEH-
CTBYIOIIEMY DJIEKTpOMarautHomy momenty Mp remeparopa: Mgp = Mpp.
Taxkum 06pasom, JUIst BPAILIEHHs SKOPS W TPOM3BOJICTBA JNEKTPUIECKOH JHEDP-
MM HEOOXOIMMO TIOBOJNTH K TEHEPATOPY M 3aTPAYMBATh MEXAHUYECKYIO
SHEPTHIO U TeM GONbIIYIO, YeM GONbIIE TOK AKOPs. BO-BTOPBIX, B COOTBETCT-
BHH CO CXEMOU 3aMEIIEHNS [IETTH AKOPS TEHEPATOPA MOCTOAHHOTO TOKa (pHc. 6)
MOXHO 3armcarh no 2-my 3akony Kupxroda ypaBHEHUE €€ 3IEKTPUYECKO- TO
COCTOSIHHSL:

E= IRH + IR,q



Ho IRy = U, 1. e. Hanpsikenunio Ha Harpy3Kke WK Ha BHIXOIHBIX 3aKH- MaX
reseparopa. Torga ypaBHEHHME OTHOCHUTENIBHO HAIpPSDKEHMS HaA 3aXKUMax
reHeparopa:

U:E'IR;I.

OTo0 BEIpakeHHE, Ha3bIBAEMOE YPAaBHEHHMEM HAIpsDKEHMH TeHepaTopa, yc-
TAaHABIIMBAET, YTO HANpsKeHHE Ha 3axuMax renepatopa menbiie JJC E,
WHIyIMPOBAaHHOW (HaBEAECHHOW) B OOMOTKE SIKOpST MAIMHBI, Ha BEITUYHHY
BHYTPEHHEr0 MajicHus Hanpsixenus B Heil IR 4.

n E R,
(\
A
\l/ | R,
| o R} o + — _
U
U a —_—
+ —_——

Puc. 6. Cxema 3ameleHust SKOpsl FeHepaTopa

OT ypaBHEHHs HATIPSHKEHMI JIETKO MEPEiTH K ypaBHEHMIO GajlaHca Mol
HOCTEH IenH SKOpsl, YMHOKHUB JUIs 9TOT0 00€ YacTH YPaBHEHHS Ha OJHO U TO K€
3Havenue Toka |

Ul = EI - I’Ry.

DTO ypaBHEHHE TOBOPUT O TOM, YTO 3JIEKTPUUECKAsh MOIIHOCTh Ha 3aKH-
Max TeHepaTtopa m oraaBaemas morpeburemto P = Ul pasmsiercs anextpo-
MarHMTHOM MOIIHOCTH mpeobpasoBanus P, = El, passusaemoii remeparo-
POM M3 MONY4aeMoii OT MPUBOIHOTO JIBUTaTes TAKOH K€ MO BETUYHHE MeXa-
Hudeckoit MomHocTH Pyry = Mgp @, MuHyc MOIIHOCTB 3J1€KTpHYECKUX MO-
Tepb Ha AKTHBHOM CONPOTHBIEHHU 06MoTkH sikops Pay = 2Ry

FeHepaTopbl NOCTOAHHOrO TOKa. CNoco6bl BO36Y:KAEHUA reHepaTo- POB.
Bo3by:kaeHWe MarHMTHOro NoAA B reHepaTopax NPOU3BOAUTCA WU TO- KOM OT
HEe3aBMCMMOTO UCTOYHMKA (pUC. 7,a), NOCTOAHHBIMM MarHUTamMmn UAK OT AKOPA
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Camoro reHepatopa — camoBo3byxgeHuem (puc. 7,6, 8, 2). B camo-
BO30Y)KAAIOLLMXCA reHepaTopax 06MOTKM BO3BYKAEHNA MOTYT ObITb BK/tOYE-
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HBI MApaJuIeTbHO SKOpIO (pUC. 7,6), TOCIenoBaTebHOe HUM (pHC. 7,8) THOO
napajuieNibHO U MOCIeOBATeNIbHO (pUC. 7,2). B COOTBETCTBHM C 3TUM pasiiu-
YalOT TEHepaToOpbl HE3aBUCHUMOIO, MapajUIeNbHOro, IMOCIEIOBATEIBHOIO M
CMEIIAHHOTO BO30YXKICHUSL.

Yro6wr coznath Heooxomumyro MJIC Bos6yxmenns Wi |5 u ymenbmmts
MOTpeOICHUE YHEPTUH OOMOTKOM MpU HE3aBHCHMOM H MapajjieibHOM B030Y-
JKJICHHH, YMEHBIIAIOT TOK Bo30yxkaeHus |z, yBenmuusas uncno sutkoB W 06-
MOTKH. OGMOTKa BBITIONHACTCSI M3 CPABHUTEIBHO TOHKOTO MPOBOJA U MMEET
6onbinoe conporusieaue (cotau Om). Tok Bo30OykaeHus coctaBisser 1—5%
OT HOMHHAJIBHOTO TOKA SKOPS.

o o o

HOH | 5 1O

—

O

o o

—
0

a o 8 2
Puc. 7. Cxembl BO30YyXKI€HHSI TEHEPATOPOB

Yepes 0OMOTKY MOCIEI0BATENLHOTO BO30YKICHHUS IIPOXOAUT TIOIHBINA TOK
akops. UUCI0 BUTKOB KAaTyLIEK BO30YKIEHUS HEBEIMKO, UX BBINOJHAKOT M3
HPOBOJIOB 6OJILIIOrO CEYEHHS, CONPOTHBICHUE OOMOTKH HE3HAYUTENBHO.

B MaluMHaX CMELIAHHOTO BO30YXIEHHS HA OCHOBHBIX MOJIOCAX UMEETCS
10 [Be KATYLIKK: OJlHA IIPUHAICKUT MapaylenbHoil 0OMOTKe, apyras — Io-
clesI0BaTenbHOM (pHc. 7, 2, 0).

MJIC o6moTok BO3OYXkIEHHS CO3HAI0T MATHHTHBIE MOTOKM IOJIOCOB.
3asucumocts notoka nomoca @ or MJIC Bo30yknenus umm ot Toka Bo30y-
JJICHUs OIPEENIA0T Ha OCHOBAHUM 3aKOHA IIOJHOTO TOKA MIIM 3KCIIEpHMEH-
TalbHO U HA3BIBAIOT MATHUTHOH XapaKTepMCTHKOHW MammHel. OHa OpeicTaB-
ageT cobO0i Y3KyI0 IETII0 MCTEpe3Hca, TaK KaK MArHUTHAs Lellb MalldHbI
BBINOJIHEHA M3 MATHUTOMATKOrO Matepuana. [IpubImMKeHHO ee MpeiCTaBls- FOT
onmHol kpuBoi (puc. 8). IMockomeky mpu @ = const DJIC sxops mpo-
NopIHMOHaNbHA T0TOKy momoca: £ = cw®, 3apucumocts D(13) momobHa
saucumoctr E (1), HaseiBaeMoit xapakTepuCTHKO X0J0CTOrO X0a TeHepa-
Topa.

Buauane norox @ u DJ1C E Bospacraror HouTH NpoHOpLUHOHATLHO TOKY
Bo36yxnenus |p. C ypemuuennem | xpusas @ (1) nnasmo 3arubaercs
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u poct marautHoro noroka 1 IJIC pesko 3amemnsercs — nacrynaer mar-
HUTHOE HACHIILEHHE.

MarsuTHas 1enb MAIIMHBl PAcCUMTaHa TakK, 4To ee cocrosuue npuls
= .o cootBeTCTBYET TOUKE D100 HA cepenuBe «KOMeHa» Kpusoit D(1).

[Ipu OTCYTCTBHHM TOKa B OOMOTKE BO3OYXK/CHHs B AKOPE HABOIUTCS He-
oompmag IJIC (3—5% ot Eyon) 3a cHET 0CTATOYHOM HAMAarHUYEHHOCTH (THC-
Tepe3uca) MArHUTHOW CHCTEMBI MAIIMHBL. DTOT Malblii OCTATOYHBIH MOTOK
@D ocm 0becTIeYrBaET CAMOBO30YIKIEHHE TEHEPATOPOB.

o
¢HOM

¢(7C"1

O I 8.HOM I 8

Puc. 8. MarnuThas xapaktepuctuka Mammabl @(1g) wiu xapakTepucTuka
xomoctoro xona reneparopa E(l¢)

PaccMorpuM mporiecc caMOBO30YKICHHSI TeHeparopa MapauielnbHOro
BO30YXKIEHHS TIPH XOJIOCTOM XO/IE.

[Ipu BpameHnu sSKOps ¢ HOMHHAIBHOM 4acToTOil B c1aboM MarHUTHOM
none @Docm, CO3MAHHOM OCTATOYHOM HAMATHUYEHHOCTHIO, B OOMOTKE SKOPS
naBoaurcs Hebosbmas IJIC. Ona co3gaer HEOONBILOM TOK B IIENA BO3OYXK-
JeHust (MPUEMHUK OTKITIOYEH), KOTOPBIA YBEIMYMBAET MAarHUTHBIA MOTOK TO-
mocoB @ = Dyepy + Dp. Hapomumas B sxope IJIC Bospacraer, 4To NpUBO-
JIMT K JajJbHEHIIEMy YBEIHYEHHIO TOKa BO30YxmeHus, moroka u IJ[C —
MIPOUCXOUT MpoLiece camoBo30ykaeHus. Ho ¢ HACBIIIEHHEM MArHUTHOM TIeTTH
poct DJIC E or toxa | 3amennsercs.

OdeBUAHO, UII CaMOBO30OYKACHHS HEOOXOIMMO BBIOJTHEHHE OIpere-
JIEHHBIX YCJIOBUM, MPEXKAE BCETO HAIMYHE OCTATOYHOro moroka Docm. Bo-
BTOPBIX, MOIKIIOUYEHNE OOMOTKHA K SKOPIO JTOJDKHO OBITh TaKWM, YTOOBI Ha-
npaBjieHHe BO30YKIAEMOro M OCTATOYHOrO MOTOKOB COBMAIAio. B-TpeThux,
COMPOTHUBIICHHUE LIEMH BO30YXKIACHHS TODKHO OBITh MEHBIIEC KPUTUYECKOTO, a
YacTOTa BpAILCHUS KOS — HOMHHAIBHOM. [Ipomecc camoBo30yxaeHus 3a-
KaH4MBaeTcst yepe3 1—2 ¢, mociie 4ero K reHepaTopy MOAKIIOYAIOT MpUEM-
HUK.
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IKCIIyaTAMOHHBIE XaPAKTEPUCTHKH TreHepaTopoB IlpaxTnyeckuit
MHTEpEC MPEICTaBIISIOT /B OCHOBHBIX KauyecTBa IeHEpaTopa KaK MCTOYHHKA
QJIEKTPOIIUTAHMS: CTEIEHb ITOCTOSHCTBA HAINPSHKCHUS NMPU YBEJIMUYCHUH TOKa
Harpy3Kd ¥ BO3MOXXHOCTH IUIABHOTO PETYIINPOBAHUS STOT0 HAIPSHKEHHSI.

PaccMoTpuM SKCIITyaTallMOHHBIE OCOOCHHOCTH TeHepaTopa He3aBHCH-
Moro Bo30y:kneHusi. Cxema reHepaTropa HE3aBHCHMOTO BO30Y)KICHUS IpHBe-
JeHa Ha puc. 9,a. PeoctaT Bo30OYXIeHUs 3/1€Ch BKIIOYAIOT IO CXE€ME IOTEH-
LIMOMETpa C BHIBOJIOM CpeOHE TOUKH, YTOOBI N3MEHSTh HE TOJBKO 3HA4YEHHE,
HO W HalpaBJIeHHE TOKa BO30Y)KAEHWS M TEM CaMbIM W3MEHSTH HallpaBliCHUE
O/J1C sikopst 1 MONSIPHOCTH HANPSDKEHMSI Ha €r0 3aKUMax.

(V]
1ty - 4

F Ra U
E ls.om = const

UiomE====
\:-le.i[&mm\
i eI S

m

tie —

n

o-|- -

+ Inom Ik |

0

Puc. 9. Cxema (@) 1 BHEIIHSS XapaKTepUCTHKa (0) TeHepaTopa HE3aBUCHMOT O
BO30YKICHHS

BHenHow0 XapaKTEPHCTUKY 3TOTO resepatopa
caumatot pH lg 10,=CONSt. Ona npencrasnser (puc. 9,6) cierka HAKJIOHHYIO
npsamyto. W3 ypasmenms U = E - Ryl cnenyer, uro wnampsxenue
HEpEryIupyeMoro reHe- patopa E=CONS! ¢ yBenMYeHHEM TOKA HATPY3KH
CHIKAETCS M3-33 MAEHHsS HANpsKeHHs B skope. CHIDKEHHE HATPSKEHHS OT
xosocroro xoma Uy = E 1o svomunaneroro U, cocraBmsier 6—12% ot U,.
[Ipy KOPOTKOM 3aMBIKAHHH BO BHEIIHEH MeNmM SKOPS TOK IPEBBIIIAET
nomuransneii B aecarkn pas: U=0, I, = E, /Ry =10+20 Loy (Touxa Iy
BBIXOJUT 3a TIpesienbl rpaduka). Takoil TOK omaceH s KOIUIEKTOpA, MIETOK,
0OMOTKH. DIEKTPUYECKYI0 MAMIMHY 3a- IMIIAIOT OT TOKOB KOPOTKOTO
3aMBIKAHHS OBICTPOIEHCTBYIOIIMMH Pelle U KOHTAKTOPAMH.
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Heperpyska tokoM (2—2,5) .0, Homyckaercs mumb KpaTKOBpEMEHHO
(HeCKOJIBKO CEeKyH[), KOTJla HarpeB MallWHBI HE YCIIeBAaeT JOCTHUYb OIaCHBIX
3HAYCHUH, a UCKPEHHE HEMHTEHCUBHO.

Ecinu ycTaHaBnuMBaTh pasiuunbie  3Hadenus g = CONSL,  mampumep

le <ls nom 3mauemus DJIC E 6yayr apyrumu. Ilpu >ToM MOTy4aroT ce-
MEHCTBO BHEITHHUX XapaKTePHCTHK (cM. puc. 9,0). 13 aToro pucyHka BUIHO, 4TO
reHepaTop HE3aBHCHMOI'0 BO30YXKIEHHS IO3BOJSIET IUIAaBHO PpEryIHpOBaTh
TOKOM BO30Y)KJIEHUS! HaNpsDKEHHE OT HyJIS 10 HOMHHANBHOTO. Takoii renepa-
TOP HCHOJB3YIOT, HAIPUMEp, JUIS IUIABHOTO PETYJIMPOBAaHUS YacTOTHl W Ha-
MIpaBJIeHHs BpAIEHUs! JBUTATE]IEeH MOCTOSIHHOIO TOKa B CHUCTEMaxX aBTOMAaTH-
YEeCKOr'o YIpaBJICHUs, NMPHUBOJAX MPOKATHBIX CTaHOB, YKCKaBaTOPOB, JIOKOMO-
TUBOB M JPYIUX MEXaHH3MOB.

[ocTostHCTBO HampshKEHHsI TeHepaTopa TakkKe TMOIIEPKHUBAIOT PETyIUpO-
BaHUEM TOKa BO3OYxieHus u, cienosarensHo, IAC E. Dro menaercs ¢ 1o-
MOIIbIO aBTOMAaTUYECKUX PETYIATOPOB.

HezaBucumoe Bo30yXI€HHE UMEIOT TaK)Ke TeHEepPaTOpbl BEICOKOTO Harpsi-
JKCHUS, HU3KOTO HAMPSDKCHHUS, HO OONBIIMX TOKOB (IJIs 3JEKTPOJIN3a) M Taxo-
reHepaTophl.

TaxorenepaTop — MHUKpOMallliHa, B KOTOPOH CO3JACTCsl MOCTOSHHBIN
MAarHHUTHBIA MOTOK (C MTOMOIIIBIO IOCTOSHHBIX MarHuToB). [Ipu stom ero D/IC
NPONOPIMOHANIBHA YacTOTe BpAIEHUA. TaxoreHepaTrop CIYXUT Ul H3Mepe-
HHS YaCTOTHI BPAIEHUS M JaTYMKOM CKOPOCTH B CHCTEMaX aBTOMAaTHYECKOro
PeryIupOBaHUsL.

Heo06xoauMocTs B JIOMOJIHUTENLHOM HCTOYHHUKE MUTaHUS LEIH BO30YX-
JIeHHsI TeHepaTopa IPEeICTaBIsAeT OIpeNeeHHOe Heyno0CTBO, 0COOEHHO IpH
aBTOHOMHOH pabore. OT HETO CBOOOIHBI I'€HEPAaTOPhl C  CaMOBO30YXKIEHH-
eM.

BHemHss XapakTepuCTHKa IeHepaTopa MapaJLieJbHOr0 BO30YKIeHHs
(puc. 10,a) (xpuBas 2 Ha puc. 10,6) oTaryaercs OT XapaKTepPUCTUKH NP He3a-
BHCHMOM BO30YXIeHuu (mpsimass 1) Goiee pe3KuM CragoM HampsHKEHHS C
YBEINYEHHEM TOKa Harpy3kd. [Ipm HOMHHaNIBHOM TOKE HArpy3KH CHIDKECHHE
coctaBisieT 10—20%. D70 cneacTBre HENMPEPHIBHOIO YMEHBIIEHHUS TOKAa BO3-
oyxaennst le=U/R;, marautnoro moroka @ u DJIC E npn ymenbiennn
nanpsokennst U Ha sikope, nuraromero o6Motky Bo36yxaenus. [Ipu noctike-

Huu TokoM 3HaueHuit 2,5—3l,0y Hanmpsxenue mamaer Tak GBICTPO, YTO reHe-
paTop «pa3sMarHUYMBAETCS», «COPACHIBAS HATPY3KY».

BHesanHoe KOpOTKOe 3aMbIKaHHE TaKXke OMacHo, Tak kak Tok K3 cosma-
ercst B TeueHune Hekoroporo Bpemenn DJIC, 6nu3koil K HOMHHATBHOMY 3Ha-
YEHHIO.

Jist TIONyYeHHs] HEU3MEHHOrO HATPSDKEHHs TPU YBEIMYEHHH TOKA Ha-
IPY3KH HYXKHO yBEIMYMBATH TOTOK BO3Oyxkaenns D. Do nenaercs aBroma-
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THUYECKH JINOO PEryIsTOpPOM TOKa BO3OYKIEHUs, JTOO C IIOMOIIBI0 T00aBOY-HOM
O0OMOTKH IPY CMEIIAaHHOM BO30Y)KACHHH MAaIIIHBI.

52—

(Y

_E<<_>Ri. Uniom
HB 'T‘ le

1

a 0

Puc. 10. Cxema (a) 1 BHEIIHSAS XapaKTepHUCTHKA (6) reHeparopa
NapauieNbHOr0 BO30YXKIeHHU s

I'eHepaTop cMeIIaHHOrO BO30YXKIeHHs] MMEET M MapauIelbHYIO U IO-
crnenoBatenbHyr0 00MoTku (puc. 11,a). Ilpu xonocToM Xoje TOT reHepaTop

00J1a/1aeT BCEMU KavyeCTBAMH I€HEpaTopa MapajuiebHOro Bo3oyxaenus @

=@,. C yBenuueHneM TOKa HArpy3ku Bo3pacTaeT M MarHuTHbii norok D (1),
CO37aBaeMblii  TOCJEJOBATENbHON OOMOTKOM, YBENHMYUBAIOTCS  PE3Yib-
tupytomue noroku nomoco @ = Dy + (), a smecre ¢ teMm — DJIC u
HanpsbKeHUe Ha Harpyske. UHCIIo BUTKOB IOCIIENOBATEIFHON 0OMOTKH MOYKHO
BBIOpATh TaK, 4TOOBI HAPSDKEHHE C POCTOM HArpy3KH OCTaBajoCh MPaKTHYe-
CKM HeM3MeHHBIM (kpuBas 1 Ha puc. 11,6).

Koneuno, BxmroueHne 00emx OOMOTOK IPU 3TOM JOIDKHO OBITH COTJac-
HBIM, YTOOBI MX MOTOKH CKJIAABIBAIUCE. [IpH BCTPEYHOM BKIIOUEHHH OOMOTOK
HaInpsbKEHUE TeHepaTopa ¢ POCTOM TOKa Harpy3Kd pe3ko majaet (KpuBas 2 Ha
puc. 11,6). Takass BHeIIHssS XapaKTEPHCTHKa HEOOXOIMMa, HAlpUMeEp, MpH
AIIEKTPOYTOBOW CBAapKe VISl TIOCTOSIHCTBA TOKA TPH KOJIEOaHHUSIX CONMPOTHBIIE-
HUS 1IEMH BCIIEACTBUE U3MECHEHHUS JUTMHBI JTYTH.

BonbIIMHCTBO BBIMYCKaeMBIX MAallMH HMEeT CMEIIaHHOE BO30YXKICHHE.

I'eneparops! mocnenoBaTeIbHOTO BO30YK/IEHHS NMEIOT BHENIHIOK Xapak-
TEPUCTUKY, CXOIAHYIO C XapaKTEPUCTUKOHW XOJIOCTOro xona. MX NMpUMEHSIOT
JIUIIB B OCOOBIX CIydasx.
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Puc. 11. Cxema (a) u BHEIIHSISI XapaKTepUCTHKa (0) TeHepaTopa
CMEIIaHHOTO BO30Y XK ICHHS

2. [Iporpamma pa6oThl

1. Cobpatp 3J€KTPUYECKYIO LIeNb JIAOOPATOPHOH YCTAHOBKH ISl HCCIIe-
JOBaHMs T€HepaTopa HE3aBUCHMOr'0 BO3OYKIAEHHS B COOTBETCTBUH CO CXEMOH,
NIpUBENICHHOW Ha puc. 12.

2. Tlocre TIpoBepKM CXeMBI TIpeNojiaBaTesieM yCTaHOBHThL peocTaT Ry B
IIeNy POTOpa MPHBOHOTO ACHHXPOHHOTO JBMTaTess B Tojoxkenue 1 (compo-
THBIeHHE R TONHOCTBIO BBEMEHO). BKIIOYMTH ACHHXPOHHBIH JBUIaTeb,
3aMKHYB BBIKITIOUATe s B1, 3aTeM (yHMBepcaabHBIM mHepekmiouateneM YII)
noctenenHo mepesons Ry u3 monosxenus 1 B monmoskenue 4, BHIBECTH COTIPO-
THBIIEHHE 3 TIETH POTOPA.

3. Cuars xapakrepuctuky xomocroro xox reseparopa U = f(ls) mpu

15=0, ® = ®yom (Pa30MKHYTb BbIK/IIOYATEND B LEMNW Harpy3Ku).

Usmepurs Bemuuuny ocratounoit DJIC Eo na 3axumax remeparopa mpu

pa3zoMKkHyToM menu Bo30yxaenus (B3 - otwmouen). Jlannsie 3anectH B TG0
1.

3aMKHYTh Lenb BO3OYKIEHWs T€HEparopa BhIKMOYaTeneM B3 u 3ame-
puts Ur, lg, mmaBro yBenuumsas Tox Bo36yxkaenus ¢ nomouisio JJATPa j0
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HAUOOIBIIETO 3HAYCHUS 6—7 TOYCK BOCXOJSIICH BETBU XapaKTepUCTUKH. JlaH-
HEIE 3aHEeCTH B Ta0I. 1.

YMeHbIas TOK BO3OYXKACHUS, 3aIUCaTh TAaHHBIC 6—7 TOUEK HUCXOJAIICH
BETBH XapakTepUCTUKHU. [locnenHion TOYKY HUCXOASIEH BETBH XapaKTepu-

CTHUKHU CHATH MMPU OTKIIFOUCHHOM aBTOMATeE B3.

Puc. 12. DnexTpryeckasi cxeMa reHepaTropa He3aBHCHMOIO BO30YK/ICHH ST

4. Casrp BHemHIoK xapaktepuctuky remeparopa U = f(l,) mpu l,=

ls.iomr ® = Onom . [t 310oro JIATPOM YCTaHOBUTH HOMMHAIBHBIH TOK BO3-

6y)K,Z[GHI/I$I reHeparopa CoriiaCHo Ta6m/1ue HOMUHAJIBHBIX TaHHBIX. YcraHoO-BUTH
MAaKCUMAJIbHYIO HArpys3kKy re’aeparopa, rnepeBeas MnepeKiaIrovarciib Ha- I'PY3KH
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Ry B nonoxenne 4. YMeHblias Harpysky reHeparopa nepekimodare- gemM Ry
3amMcaTh TOK SIKOpSl M HampsDKeHWe reHeparopa B Tabn.2. [locrmemned cHATH
TOYKY XOJIOCTOTO X0/a (BBIKIIOYaTeNs By pasoMkHyT).
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5. Casate perymaposounyio xapakrepuctuky ls = f(l;) mpu Unow =
const. Ins sToro ycraHOBUTH HOMHHANILHYIO HArpy3Ky redepatopa (Ry B 4-¢
nonosxenue). 3amucatb lg u |; B Tabn.3. YMenbmare Harpysky remeparopa.
[Ipu >TOM HanpsbkeHHe reHepaTopa OyneT Bo3pacrtath. JlJis mopaep:kaHus ero
HEM3MEHHBIM HE0OXOIIMO YMEHBIIATh TOK BO30yx1eHus ¢ nmomouipio JIATPa.
ocnenneit cHuMaercs Todka Xxosoctoro xoma mpu |;=0 (BerkTIOUa- TenB
narpysku By orkirouen). Pesynbratel 3anecty B Tabi1. 3.

Ta6muna 1
JlaHHBIE XapaKTEPUCTUKH XOJIOCTOrO X0/1a TeHepaTopa

BOCXO[[ﬂHlaH BCTBb HI/ICXO}IHL[I&SI BCTBb

Ur B

Ig,A

Tabnuna 2
OKcIepuMeHTalbHbIEe JaHHBIE BHELIHEH XapaKTepUCTHKU

Ur, B

la, A

Tabmuna 3
JlaHHBIE PETyIMPOBOYHON XapaKTEPUCTUKU

la, A

ls, A

3. O6paboTka pe3yabTaToOB pabOTHI

1. TIlo manHBIM Tabm. 1 MOCTPOHTH XapaKTEPUCTUKY XOJIOCTOTO XOZa Te-
neparopa U = f(ls) mpu 1,=0, ® = ®uou . OTMetnTs Ha Heit Touxy U, .

Crenatb BBIBOJBI O BO3MOKHOCTH ILIABHOTO PErYJIUPOBAHUS HaNPSDKSHHS
reHepaTopa.

2. Tlo naHHBIM Tabi1. 2 TOCTPOMTH BHENIHIOK XaPAKTEPUCTHKY TeHepa-
topa Ur= f(l,) mpu leuon, Onow . Chemats BBIBOM O cBOMCTBaX reHepaTopa

KaK MCTOYHHUKA JJIEKTPOIUTAHMS, O CTECMCHN ITOCTOSHCTBA HAIPSDKEHMS TPH
YBEITMYCHUH TOKA Harpy3KH.
3. Tlo mamHbpIM Tab1. 3 MOCTPOHUTH PETYIUPOBOYHYIO XAPAKTEPHCTHUKY

renepatopa l,= f(| ,q) npu Uou= CONSt. Crenath BHIBOI O TOM, Kak HY’KHO
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HU3MCHATH TOK BO36y)K,H€HI/ISI, 4TOOBI C M3MEHEHHUEM TOKA Harpys3kKu HallpsKe-
HUEC IrCHEpaTOopa NnoAACpKaTb MOCTOSAHHBIM.

4. KoHTpOJIEHEIE BOIPOCH
1. M3noxwure npuHIMI paOOTHI TeHEpaTopa MOCTOSHHOTO TOKA.
2.  OnummTe yCTPOWCTBO MPOMBIIUIEHHOI'O T€HEPaTOpa IMOCTOSHHOTO

3. KaKyIO POJIb UT'PACT KOJIJICKTOP B MallIMHAX MOCTOSTHHOI'O TOKa?

4.  Or uero 3aBucat D/]C n Bpalnarommii MOMEHT I'eHepaTopa IOCTOsH-
HOT'O TOKa.

5. Tlepeuncaure criocoObl BO3OYXIEHUS T€HEPATOPOB OCTOSIHHOT'O TO-
Ka ¥ HAPUCYHTE COOTBETCTBYIOIINE CXEMbI BKITFOUCHHSI.

6. 3amummrTe ¥ NOSICHUTE ypaBHEHUE OallaHCca MOLIHOCTEH IIeTel STKopst
reHeparopa U JIBUTaTelsl.

7. Yto Takoe peakuus sIKops U ee pojib B MalllMHAX ITIOCTOSHHOTO TOKa?

8. Kakum 00pa3oM OCyIIECTBISETCS MPOIIECC
CaMOBO30YKICHHSITEHEPATOPOB MapaJLICIEHOrO BO30 YK ICHHS?

9. Kakoli reHepaTop MPUMEHSIOT JJIsl IUIABHOTO PEryJIMPOBaHHUS
HaIPsDKEHUS ?

10. Kakum 00pa3oM MOXKHO MOJYy4YHTh HAMPSDKEHUE TeHepaTopa, KOTopoe
OBl MaJIO 3aBHCEIIO OT TOKA Harpy3ku?

11. Yro Takoe 0OpaTHMOCTh MAIIMH MIOCTOSTHHOTO TOKa?
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JlaGoparopuasi paGora No24

Hecnepopanne Tpexdainoro acHHXpOHHOTO ABHTATES
¢ ha3zHBIM poTopoM

1. lensb paGoTbl

- H3yuWTh yeTpoMCTBO M MPHHITAT AeHCTBHS AaCHHXPOHHOTO TBATATENS C
(hazHBIM POTOPOM.

- O3HAKOMMTLCA CO CrocobaMu IycKa.

- YCcTaHOBHTH BIHSHHE TOOAROTHOTO COMMPOTHRIIEHHS B IIEMTH pOTOpa Ha
BHJ] MEXaHMISCKIX XapaKTePHCTHK JABUTATEIA.

- OIeHUTE cBOMCTRA ABWTATENS U3 AHANHM3a MOTYISHHABIX PaboIny 1 Me-
XAHMUIECKHX XapaKTepUCTHK

2. TeopeTHYeCcKan YacTb
Hasnauenne u 061acTH NPpHME¢HCHHA aCHHXPOHHBIX MAallIHH

ACHWHXpOHHBIE MAITHHLI OTHOCATCS K DIEKTPHUECKMM MAMIMHAM TIepe-
MEHHOTO TOK&, M Kak J0G0H 3IMeKTpoMexaHHIecKui npeodpasoBarens, obna-
JIAI0T CROMCTRAMH OOpPATHMOCTH, T. € CIYKAT T BIaMMHOTO TTpeolpazopa-
HHS ANEKTPHYECKOH SHEPTHH TIEPEMEHHOTO TOKA B MeXaHWIECKYIO 3HEPIHIO
WK Ha000POT, MEXAHHYECKOH DHEPTHH B SIMEKTPHIECKYIO.

MaranuTHOe TTOTe acCHHXPOHHOM MAINTHHB cozaaeTcs TpexdazHbIM, JBYX-
thazapIM WM ofHO(AZHEIM HCTOUHHKOM TepeMeHHOTe HanpskeHHs. B coot-
BETCTBHH C ATHM PaslHJaiOT TpeX-, ABYX- WIH ofHO(a3Hble acHHXPOHHEIE
MATTHHEL

DIeKTPOTeXHUIECKas IIPOMEIMINIEHHOCTE BEIITYCKAeT acHHXPOHHEIE IBH-
raTeny B OONBIIOM AMAalazoHe MoMHocTeH. IIpemenbHas MOITHOCTDL CIIEITH-
ANMBHEIX ACHHXPOHHEIX ABHIraTeNeH - HeCKONbKO AeCATKOR MerapaTT. B HHIH-
KaTOPHBIX CHCTeMaxX IIPHMEHMIOTCSA acCHHXPOHHEIE NBHTATENH MOIIHOCTBIO OT
Iomnel BaTT. DNeKTpHUecKHe MAIllHHLL ODMIEro HasHAUEeHMA BHIIIYCKAIOTCA B
BHZE CepHil, OXBaTHIBAIOMIMX ONpeAeNeHHEH IHama3zoH MOIIHOCTel, HacToT
BpallleHHA M HalpmoxeHuil MalmwHel onpol cepHB o0IamaroT oOOIIHOCTHIO
KOHCTPYKTHBHEIX peIleHHH M TeXHONOTMH MX M3TOTOBIEHHA, a TaKke OTHO-
THITHOCTBIO IIPHMEHASMEIX MaTePHAIOR.

B nactosimee BpemMa Handonee paclpocTpaHeHHoR cephell acHHXPOHHEIX
IBHraTeneii seisgerca ceprd 4A, oXBaTEBAOMIAL PSAN MAIIHH MONTHOCTEIO OT
0,06 mo 400 kBr. Kpome 0CHOBHOTO MCTIOMHEHISA MMESTCA P MOAM(DHKAIIII
IBHraTeneii ¢ NMOBHIMEHHBIM ITYCKOBHM MOMEHTOM, MHOTOCKOPOCTHEIE, Ma-
JOUIYMHEIE M T. 1. BEIMycKaroTcs Tak:ke acHHXPOHHEIE NBHTATENH HOBOI ce-
puH AV, xoTopEe HMMEIOT YAYUIIeHHEE MaccorabapHTHEIE MOKazaTelnn H Xa-
PAKTepHCTHKH, OXBATHIBAA JHATIA30H MoITHocTel ot 0,025 1o 400 xBT.
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¥ cTpOIHCTBO ACHHXPOHHBIX MALLHH

ACHHXpPOHHBIE MAITHHLI COCTOST W3 JIBYX HacTel: HEMOARMKHONA - cTaTo-
pa ¥ Bpamialoreics - potopa.

MaruuTonpoBo, WIH CEpAEUHUK CTATOPA NpeAcTaBIfeT coGOH Monbri

IFTHHITP, COOPAHHBIN W3 OTAENBHEIX KoMell (prc. 1) W3TOTORNEHHEIX M3 JIHC-
TOB SNEKTPOTEXHWUYECKON cTalW TOMMUHOA 00bdHO (0,5 MM, NpHYeM HTH
KONBIIA 3NEKTPHIECKH H30MHPYIOT APYT OT APYTra OKCHANPOBAHNEM HITH TaKH-
poexoit. Ilpn cOopke MarHMTONPOBOAA - ITAKeTHPOBAHHHM, KONBIA, IONYIeH-
HEIE INTAMIIOBKOH, OpHEHTHPYIOT Tak, YTOOH BHIINTAMIIOBAHHEIE IIa3H o0pa-
30BBIBANH KaHATH I YKNIaAKH MPOBOIHIKOR OOMOTKH.
CoGpaHHEI TaKeT KOMell cTaTopa 3allpeccoBal B KOPIIYC - CTAHHHY, KOTOPHIH
HMeeT COSIMHHWTEeNLHEIE AIeMeHTH (JIallEl, TOPLOBHIH ¢maHen u T. 4.) And
KpelUIeHNs K HelIONBILKHOMY KEeCTKOMY OCHOBaHIO. OOGMOTKY €TaTopa BHI-
TIONHSOT B B¢ MHOTOBHTKOBHIX KaTyINeK, MMEIOINNX, Kak [IPaBIIo, OfHHA-
KOBEIE PazMepHL.

Prc. 1. Tlaker mramMmoBaHHBIX THCTOR CTAaTOpa

JIoGoBHe TACTH KaTyIIeK OTTHOAI0T M OHH MPOXOLAT BAONE TOPIIOBOH TTo-
BEPXHOCTH TIAKeTa CTATOPHEIX KONell (puc. 2).

Porop acuHXpoHHOM MAITHHE HAGHPAIOT U3 MITAMIIOBAHHEIX JIMCKOB, M3-
TOTOBJIGHHEIX TAKKE M2 JTHCTOR SNMEKTPOTEXHHIECKOH CTANH, KOTOPEIE 2ampec-
COBBIBAIOT Ha BaJ, BXOAANINH TPH cOOPKe MAIIHHE B GOKOBBIE TOANTHITHHKO-
BEIE IMHTEL

TTo KOHCTPYKITHH pOTOPHOH OOMOTKH aCHHXPOHHEIE MAITHHEL JENATCA Ha
ITBA OCHOBHBIX THIA. ¢ KOPOTKO3AMKHYTEIM 1 (ha3HEIM POTOPOM.

OBMOTKH KOPOTKO3aMKHYTEIX POTOPOB BBEIIOTHAIOTCS THTHIME T4ITe BCe-
TO W2 aTOMHMHHS HITH €70 CIUABOB. [IpH 3aTHBKe OMHOBPEMEHHO OTIHBAIOTCA
CTepIKHM, TeKallHe B Ma3aX M KOPOTKO3AMBIKAIOMIME KONBIIA ¢ PA3MEIIeHHEL-
MH Ha MX TOPIIAX BEHTHIAIMOHHBIMHI NOTATKAMHE (pHC. 3). DTOT THII 06MOTKH
HA3HIBAIOT UaCcTO «0eTIBIM Komecom» (puc. 4).
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Pric. 2. BHeIIHII BHJL CTATOPa CO CTOPOHEL JI000BOH YacTH TpexdasHoH oOMOTKH

KOpOTKOBaMI(HyTHG POTOPEI KPYTIHBIX MAITHH M CIICIHAILHEIX MAalllhuH 1
CIIEIHUANBHBIX ACHHXPOHHBIX MAIHWH ¢ YJIYUIICHHBIMHA ITYCKOBEIMHA XApaKTe-
PHCTHKAMH BBHITIOIHAKITCH CBAPHBIMH. CTGp)KHI/I poTopa M3 MW WIH JaTyYHH
TMPHUBAPHBAIOTCH K KOPOTKO3AMBIKAIOMIAM KOJIBIAM, WMCEIOIHM OTBEPCTHA,
Kyaa 11epes CBapKOI‘/JI BCTABJIAIOTCAH CTEPHHHA OOMOTKH.

Pue. 3. Konerpywama (a) # yemoBHOe Tpadiueckos o0osHateHHs (6) poTopa ¢ KOpoT-
KO3aMKHYTOH 00MOTKOI;, | -3aMBIKAFOIHE KOJbIA, 2 - BEHTHIAIMOHHBIE JIOIACTH, 3 -
Bal, 4 - MaKeT poTopa; 3 - CTePHHH 0OMOTKH

ACHHXpPOHHEBIE MAITHHHL ¢ (a3HBIM POTOPOM HMEIOT Ha pOTOpe 00MOTKY,
KOTOpas BEITIONHAETCS TaK #e, Kak 1 o0MOTKa cratopa. Tpexdasznas obMoTKa
COEMTMHSIETCS 3BE3/[0H, BHIBOJALL €& TPHUCOSMWHEHE! K KOHTAaKTHHM KONLIAM

(pHc. 5), IO3TOMY ACHHXPOHHYY MATTHHY ¢ (asHEIM POTOPOM TaKke HA3bIBA-
10T ACHHXPOHHOM MAImTHHON ¢ KOHTAKTHBIMH KONEBIIAMH.
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ACHHXpOHHHI® MAIIHHEL ¢ QazHEIM pOTOPOM HMEIOT Ha POTOpe OOMOTKY,
KoTopas BRHIIONHACTCA Tak ke, KaKk H
obmoTKka craropa. TpexdasHas o6MOTKa !
COeNMHACTCA  3Be37oH, BEIBOOEL €@
TIPHCOENMHEHE K KOHTaKTHHM KONBIAM
(puc. 5), MOATOMY ACHHXPOHHYIO MATITHHY
¢ ¢azHEIM pPOTOPOM TaKXke HA3HIBAIOT
ACHHXPOHHOH MallMHOM ¢ KOHTaKTHEIMH
KONbITAMH.

KoHTakTHEIE KOTBIIA, OIPECCOBaHHEIS
mmacTMaccol, HacaXHMBaroTCA Ha  Bal
IBHIaTeNs, OHH BHIIONHAOTCA TYTYHHEIMH
WIW  MEJHBIMH.  BEBOAHBIE — KOHITH
O0OMOTKH poTOpa TIOBOASATCA K TpeM
KONbIIAM dYepe3 BHYTPEHHEE OTBEpCTHE
Balla poTopa. . Puc. 4. KopoTtkosaMkHyTad 0GMOTKA

ToxkochemMHOE YCTPOHCTBO COCTOMT  pyma «BelTHULE KOTECON:

M3 IETOK W IeTkogep:karteneil. I{eT- | — crepxHH 0GMOTKH, 2 — 3aMbI-
KOZlepIKaTenn YKPeTUeHH HA  Karolmee KOJBLO

WM3OIMHPOBAHHOT JACTH TIANbIIA,

MeTaITHIecKAH KOHEIl KOTOPOTO BBHHYEH B MIPHIHWB TMOAITAITHAKOBOTO TITHTA.

Konbla ¢ TOMOITEIO TMeTOK MOAKTIOYAIOT K TpeXdasHoMy peocTary Jis
YAYYIMeHnsT TYCKOBRIX XapaKTEpPHCTHK WIW TSl PETYTHPOBAHWMS YACTOTH
BpaIieHns poTopa. B HEKOTOPHIX CTOKHBIX 3MEKTPHIECKHAX MPHBOAAX K KOME-
1AM POTOPa TIOABOAT PErYIMPYEMOe HANPSDKEHHE OT HENOABIIKHOTO HCTOY-
HHKA TTUTaHWs, 9TO TAKKE MTO3BOMAET M3MEHSTE 110 JKeTaHio JacTOTy Bpallle-
HHA POTOPA ACHHXPOHHOH MamuHbel. O6BYHO B pabodyeM pemxumMe acHHXPOH-
HOTC JIBUTATENS] KOThIA (asHoTO poTopa 3aMBIKAIOT HAKOPOTKO.

Prc.5. BHeImHAG BHA poTopa (@) H yeIoBHOe rpadiueckoe 0G03HAUCHHE (&) acHH-
XPOHHOTO ABHUTATENA ¢ KOHTAKTHBIMH KOTMBIIAMH: | - 06MOTKA; 2 - KOHTAKTHBIE KOIBITA,
3 —Ban
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Hanbonpmee pachpocTpaHeHNe IIONYIIIH OBHTATEIH ¢ KOPOTKO3aMKHY-
TEIM POTOPOM, KOTOPHIE [eNIeRNe B MITOTORIEHHH M HafekHee B HKCIUIYaTa-
ITHH.

B ocrore paGoTH 3TeKTpHUYSCKIX MalllHH IIepeMeHHOTO ToKa, B TOM THC-
Te M aCHHXPOHHEIX MAaNINH, JTeXHT HCIIONE30BaHNe BpAlalolnerocs MarHHT-
HOTO TOJIA, cO3AaBaeMoro oOMOTKOH cTaTopa.

Bpamamwineecs MarHHTHOe noJie Tpex(azHoii 00MOTKH

PaccmoTpumM cozpanme BpammaroImerocsd MAarHUTHOTO TIONS Ha YHPOIIEH-
HOH Mofienn craropHoil o0MOTKH TpeX(asHOTO ACHHXPOHHOTO JIBHTATeNs
(puc. 6, ). B mazax craTopa ynomeHb TPH KaTYIIKH, KakK/Ias 3 KOTOPHIX SB-
nsierest pazolt Tpexdaznol 0OMOTKM W MpE/ICTARNIEHa OHMM BUTKOM. KaTyin-
KW COSMHEHBl MeXIy cofoil 1Mo cxeme 3Be3/bl (MIIH TPEYroNbHWKE) M TOJ-
KIIOTeHE! K TpexdasHoil cetn (puc. 6, §). KaTymkn coBepIleHHO HOSHTHIHEL
1 PacTIONOKEHEl CHMMETPIUHO, MO3TOMY BEKTOpHasA AMAarpamMma TOKOB, OyIeT
TaKkKe CHMMETPHIHA (pHC. 6, 8).

A B i
#)
xAr.z rg .§ .
4 4

Puc. 6. YTipoliieHHad MOAETE CTATOPHOH 0OMOTKH (@), cXeMa COSITHHEHHA KaTyTIEK (6)
H BeKTOPHAA JHAIpaMMa TOKOB (B)

Ha puc. 7, a niokazansl rpadMki MIHOBEHHBIX 3HAYEHHI TOKOR OOMOTKH
cratopa. Ha puc. 7, 6 — 2 nzo0pakeHsl NoNepedHbie CeueHs aCHHXPOHHOM
MATITHHBI JJIsT yIPOIIeHHOH Mojenu Tpexdasroit ooMoTKH pHc. 6, a.

Dddert BparmeHns MATHUTHOTG ToJs TpexdasHol o0MOTKH MOWHO HAa-
TISITHO TIOKazaTh Ha TIPHMEPE KapTHH Pe3yNbTHPYIOMEr0 MArHUTHOTO TTOMS
3TOH OOMOTKH /51 HECKONEKMX MOMEHTOB BPeMEHH, HATIPHMED, TTPH MaKCH-
MyMe (DazHBIX TOKOB 7, ip W ic. Y CIIOBHMCS 38 TIONOKHUTENHHOE HATIPARIIEHIE
TOKA NMPHHAMATH TOK, HATIPABIEHHEIH OT Hadana o0MOTKH K ee KOHITY, TAaKHM
o0pazoM B MOMEHT BPEMEHH f; TOK B KaTymrke A-X JOCTHraeT TTONOKHTENLHO-
ro MakcuMmyma (puc. 7, a) U HANparieH oT 3amuma 4 K 3auumy X (puc. 7, ).
B ToT jxe MOMEHT BpeMeHH TOKH B JIBYX JIPYTHX KaTyITKaxX OTPHIATETHHEL, T.
€. HATIPARJIEHEl OT KOHIOBR KaTymikh (¥ 1 Z) k nx Hadanam (B u ). Hanpagne-
HHA TOKOE B NMPOBOIHHKAX 0OMOTKH IIOKazaHEL HA pHCe. 7, H-2 3HaKaMH KpecTa
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1 TogKH. CHIOBEIE THHUH MaTHHTHOTO TIOJS OXBATHIBAIOT TIPOBOIHHKH ¢ OJTH-
HAKOBHIM HamNpaklTeHHeM TOKa. B MOMEHT BpeMeHW # /IBeé MATHHWTHEIE JTHHHH
3TOTO oM H306pakeHbl Ha PHC. 7, 6 TIYHKTHPOM, & OCh CHMMETPHH Pe3yik-
THPYIOTIETO MATHHTHOTO TIONS CORTIAJAET C OChIO CHMMETPHH KaTymIkn A4-X.
PaccMoTpHM HanpaRTeHHs TOKOB B KATYINKAX B JBa TIOCTHEAYIOMNAX MOMEHTA

BpeMeHH f W #3, COOTBETCTBYIONIMK MAKCHMYMAM TOKOB B KaTymkax B-Y u C-
Z{puc. 7, 8, 2).

/A NIVAN

Puc. 7. Bparmarortieecd MarHHTHOE TIONe Tpex{asHoit
OOMOTKH:
@ - MTHOBEHHBIE 3HaUeHH I TOKa 00MOTKH ¢TaTopa; 6,
8, ¢ - TIOTIOKESHHE OCH CHMMETPHH MaTHHTHOTO TTONT
JITIS MOMEHTOB BPEMEHH £, b, 15

BBIsICHHE HANPABIEHHE TOKOB, JIETKO MPOBECTH OCh CHMMETPHH PE3yIib-
THPYIOIIETO MArHWTHOTO 1ons Karyiiek. CONOCTABIeHHe MATHHTHEIX ITOIeH
Ha PHC. 7, 6-2 YKA3EIBAET Ha BPAIIGHHE OCH CHMMETPHH H BCEIl KapTHHEL Mar-
HHTHOTO NOJs. 3a ofuH 1epuos ' H3MEHEHUs TOKOB MATHWTHOS IONE AENAeT
MIONIHHBIH 000pOT.

PeBepcnporarie MArHRTHOTO TIONA (M3MEHEHHE HATIPABISHNS BPAIIEHHs)
OCYIIECTRIASTCS TePeKIFOUSHAEM Ha 3aKIMaX HCTOUHHEA TIMTAHHA IBYX BEI-
Bonee Tpexdaznoi oomoTku (HampmMep, B u C). IIpu stom dazel B u C 06-

8
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MOTKH Kak OB MEHAIOTCA MecTaMiL, T. €. M3MeHAeTcs HalpaBleHHe BpalleHnd
MATHHTHOTO TIOMA.

Ha prc. 7 ock cuMMeTpHH MAarHWTHOTO TONA BpaIllaeTcs MO 1acopoii
CTpenKe, MpH MepekmoueHnd ¢asz B u C BpameHne GyAeT NMPOTHB YacOBOH
CTPIKH.

IIpn mpoexTHPORAHNH OGMOTKH ACHHXPOHHBIX MAIIHH JOGHBAIOTCA TOTO,
YTOOHL 2aKOH pacllpefeNeHHsd MarHWTHol MHAYKIMKM B BHONE BO3IYIIHOIO
3830pa MeXIY CTaTOPOM H POTOPOoM GBI OIH30K K CHHYCOHIATRHOMY, II03TO-
My Bpallafollieecs MaUHHTHOE IIONe, CO3IAHHOE CTAaTOPOM, IIPHHATO YIIPO-
IIeHHO M300pakaTh B BIAe AIHOPEH, TToKa3aHHoi Ha pic. 8, a.

PaccvoTpenHOe MATHHTHOE [ONe HMeeT OLHY Napy Iomocos (p = 1).

Prc. 8. MarunutHoe mone ogHo(hasHOH 0GMOTKEH:
& - KapTHHA MarHHTHOTO TTOII ABYXITONFOCHOH OOMOTKI, & - OTIOpa pacipedeIeHIsT
MArHUTHOTO TION4 B BO3MYIITHOM 3a30pe Ha THHeIHOH pasBepTke

Herpyono onpenenuTh UacTOTy BpAIleHHs MATHMTHOTO IO IIONMHEIH
oBopOoT CoBepIIaeTCs 3a BpeMd, papHOe IepHOAY M3MEeHeHNA TOKOB CTaTOpHOH
obmoTKH T, 38 OMHY CeKYHIY THCI0 06opoToB paeHo 1/T, ¢ yueToM Toro, 9To

I'=1/f, ( f,- 1acToTa TOKOB CTAaTOpA), T4CTOTA BPAIEHIIT MATHHTHOIO I10-
A #, . ob/MHH, onlpenengerca GopmMynoH
n, =060f,.
Bugonamenue ofMOTKY cTaTopa, MOKHO TIONYIHTH BPAITAIOIIEEcs Mar-
HUTHOE TIONe ¢ HEeCKONBKHMH TapaMH TTomocoB. CXeMaTHIecKH yCTpOHCTBO
OOMOTOK AT CIy4das p - 2 MOKa3aHo Ha puc. 9, a.

Uncmo map MoMOCOB MOKHO ¢/IefaTh TOGHM, TTPH 3ToM (GopMyTa s
YACTOTH! BPAIleHW MATHATHOTO TIONS Oy/IeT MMETh BH/L

_60f,
P

YenorumMces, 9To B 0003HAUSHIAX BETHYNH WHIEKC | OTHOCHTCA K CTaTo-
PY, & 2 - ¥ poropy. JlonycTnmMo He cTABMTE MHAEKC 7SI BETHYHHEL, OTHOINEHHE
K CTATOPY WIIH pOTOPY KoTopoii oueBraHC. Hampumep, 9acToTa ceTH f, yacTo-
Ta BpalieHns poTopa # WK YTIIOBAas CKOPOCTE poTopa 2.

9
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Pre. 9. Omopa Bpalnaromerocd MarHUTHOTO TTOTA:
& - pacTpeneneHie TOKa MO MPOBOMHHKAM OCGMOTKH CTaTopa;
6 - cxema coeITHHeHHA KaTyIIeK 0OMOTKH ¢TaTopa; € — SM0Pa MaTHHTHOTO MO
JBYXIIONECCHOH MallHHBL

Ilpununn neficTBHA ACHHXPOHHBIX JBHIaTeJ1eil

Ilpuannn nelfcTBHs acHHXPOHHBIX IBHIaTelell OCHOBaH HA CHJIOBOM
B3aMMOIEHCTBHH BPalIafoMerocsi MarHITHOTO IIONSA ¢ TOKaMH, BOZHHKAIOIIH-
MH B 06MOTKE pOoTOpa O JeHcTBHeM HapeaeHHOH B Hell DJC.

Ha puc. 10, @ nokazan ofHH W3 IPOBOAHUKOE OOMOTKH POTOPE, PACIIONO-
JEHHBIH BO BpaIlaroIleMcsi MATHHTHOM IIOJIE, CO3ZaHHOM TOKaMi CTAaTOPHOH
o0MOTKH. JIMHMM MarHHTHOH MHAYKIMH IIepeceKaloT NPOBOAHHK, HHAYIHPYS
b mem BJC. Hanpapnenne DHC onpeneneno o MpaBiily [IPaBoi pyku, Ipu
9TOM YITEHO, UTO OTHOCHTENLHOS ABIDKEHNE IPOBOJHAKA B MATHATHOM IIOIE
HAMpaRIeHO NIPOTHR YaCOBOH CTPETIKIL

Boanuxnopenue 3JC B poTopHol 00MOTKE BO3MOKHO TOINLKO B ¢IIydae,
€CIIH POTOP M MarHUTHOE TIONE CTaTopa BpallaloTesl ¢ PAsHEIMI CKOPOCTSIMIL,
T. €. OTHOCHTEIbHAS CKOPOCTh IBIDKGHHA IIPOBOLHHKA B MAaTrHHTHOM IIONE

OTIIHYHA 0T HyJIA.

Puc. 10. TIpoBogHUK poTOpa BO
BPAITAFOTTIEMCH MArHHTHOM TIOTIe
cTaropa: @ - HapefeHne DJIC B
TMTPOBOJHUKE POTOPA; & - BOSHHK-
HOBEHHE BNEKTPOMATHHTHEIX CHIT

510 06CTOATENECTBO OTIPEAIENACT HAZRAHWE SMEKTPUICCKON MATIHHHL -
ACHHXPOHHAS (HECHHXPOHHASM), B OTIHIHE OT CHHXPOHHOH, ¥ KOTOpOH poTop
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BPAIIAETCs €O CKOPOCTBIO MATHHTHOTO TIONS, CO3NAHHOTO CTATOPHOH OOMOT-
KOii.

Ha mpoRomHWK ¢ TOKOM, HaXONANIHHCSA B MATHHTHOM TIONE CTATOPHOH
OOMOTKH, OyIeT AelicTBOBATh AMeKTPOMATHHTHAA cHNa I, HallpapIeHNe KOTO-
poil ompeneneHo 1o mpaeuny Jeeoif pyku. Ilom melcTRueM 5IeKTpOMATHHT-
HEIX CHI POTOp OVAET BPAMIAThCA B HAMPABIEHHH BPAINSHHS MATHHTHOTO TIO-
TS, TIPH 3TOM YMEHBITAeTCs OTHOCHTENBHAS CKOPOCTh MBIASHHS TTPOBOAHHKA
B TIOJIE, CIEIOBATENEHO, H3MeHTOTCA DJIC, TOK H 3IeKTPOMATHHTHEIE CHITHL.

YCTaHOBHBINMICA peXiM HAacTYIIHT MpH Takof IocToAHHOH dacToTe
BPAIEHUA POTOPA Mp=Co#st, KOTAA 3MeKTPOMATHUTHEIE CHIE GVAYT YpaBHO-
BeIeHBl MEXAHHIECKHMHE CHTaMH TOPMOKEHHA (COTIPOTHBIGHH).

CKoJIbiKeHHe

B TCOPHH aCHMHXPOHHBIX MalllTH MCTIONIB3YETCA TIOHATIHE CKONIBIKCGHITA

— n—-n
n,
CkonbkeHue - Ge3pazMepHas BENTHUMHA, KOTOPYIO BBRIPAKAIOT U B IIPO-
IMeHTax
n—n
§=—"1—2100% .
71

1
B PERHMAX, OIIM3KHX K HOMWHAIBHOMY, PA3HHIA B HACTOTAX BpAllcHMA
poTOpPa U MArHUTHOIG TIOJIA CTATOPA HEBEIIHMKA W KoJetnercs B Ipejeiax He-
CKOJNBKHX TTPOHCHTOB.
CKronbXkeHHe MOKeT BEIPAKATECA W 4Yepe3 YITIOBYIO CKOPOCTE poTopa W
Bpallatomere MarniTHOG IMOJIA CTaTopd, H3MEPACMYIO B PalHaAHAX B CCKYHAY
w = 2an/60, s= TP

@,

DIeKTPOABHARYIIHE CH/IBI 00MOTOK CTATOPa H PpOTOpa

B ormnuune oT MalMH MOCTOSAHHOTO TOK3, B KoTopbix J(C HaBoguTes
TONBKO BO Bpammaronieics o6MOTKe, B ACHHXPOHHBIX MammuHax JC cozpaer-
¢sl M BO BPAIMAIOIEHCS W B HENOABIKHOK 00MOTKax. MrHOBEHHOE 3HAUECHUE
BHC, HapoguMo BpamaronuMcs MATHHTHBIM TIOJIEM MAITHHBL B TPOBOJHUKE,
MOET OBITE OTIpefeNeHO TI0 3aKOHY 3TeKTPOMATHHTHOH MHIYKITHH

e(x) = WomuBe,
rae [ — aKTHBHASA INTMHA TIPOBOIHHKE, V- OTHOCHTETBHAS CKOPOCTE JABHKE-
HIIA IPOBOAHNKA B MATHHUTHOM TIONE ¢ MATHHTHOM HHIyKINeH B, .

Tactora 3JC 00MOTKH cTaTopa paBHA YacToTe HallpLKeHHA ceTi. dacTo-

Ta BpalleHHA MATHHTHOTC IOMA OTHOCHTEIRHO BPAIlAoIIHXCA IMPOBOTHHKCR
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poTopa, HA3KBAETCS HacTOTOM CKONBEEHNSA #g, OHA OTpeeNdeTca pasHOCTRIO
TACTOT BpallleHs MaTHUTHOTO TIONA 1 poTopa
B, =R, — N, = SH,.
CnenorarentHo, qactora 3J[C 06MOTKHM poTopa
f 2= Sfj :

Qacrora 31 C 0OMOTKH poTOpa IPAMO [POIOPLHOHATLEHA 4acTOTe CeTH U
CKONbKeHmo. J{IIs HenogBIuKHOTO poTopa s=1, f7=11.

Heficteyromee 3navenne 5J(C B o6MOTKe cTaTopa

E, = 4,44fj W, @mkob
tae kp; — OOMOTOUHBIH KoaQpHUITHEHT, YUUTHIBAIONTHH, UTO Kaimaas daza cTa-
TOpa COCTOMT CEKITHH, CABMHYTHIH B MPOCTPAHCTBE OTHOCHTENBHO APYT ApYTa,
Jfi — wactoTa Toxa cratopa, W#-d4Hcio BUTKOR $aswl, P, -aMITTHTY/Ia MATHWT-
HOTO TIOTOKA.

Jns wenomemaHoTO potopa 3J[C Gyaer BRIpaXaThCA aHANOTHUHON Qop-
MyTOH

E2 = 4744](_[ ng@mk@.

JlId Bpallalolerocss poTopa OTHOCHTENBHAA CKOPOCTH IIPOBOAHHKA B
MATHWUTHOM TIoNe Oy7IeT ONMpeNenaThea CKONbKeHNeM H, cnefoBaTensHo, 3/C
BpaIaolerocs poTopa OyAeT MPAMO IPOMNOPITHOHATEHA CKONBXEHHIO. Y cIo-
BHMCS fjallee BCce SIIEKTPHYeCcKHe BEIMYHHEL, XapaKTepHzyiomne paboTy Bpa-
WAIIETOC POTOPA U 3aBHCAIINE OT CKONBKEHIS, 0D03HAYaTh HHIEKCOM s”

Egs = 4,44Sﬁ %@mkgz.

llomumo BHC, HHAYIMPOBAHHEIX BPAMIAIOIIMMCA MATHWTHEIM IIOJIEM,
yuuTHEatoTea Takxke 2J(C MarHHTHOTO TIONA paccedHIs, KoTopoe B acHH-
XPOHHOM MaITHHe NMEET CTIETTH(ITIECKYIO TOTIOTpadHro.

YPaBHEHHH ITEKTPHYICCKOI0 COCTOAHHA o0MOTOK

YpapHeHHE 2TEKTPHUECKOTO COCTOSHWA (a3l OOMOTKH CTATOpa HMMEET
BHJL
U =-E+RI +iX,1,
Kax n B Tpanchepmarope, mpu Toke [, B dase oOMOTKH cTaTopa, He

GonbIme HOMHWHANTLEHOTO, HATIPTREHHE U[ STOH (1)831:1 YPaBHOBEITEHO TaBHLIM

obpazoM ocHorHOM BHC F;, Tak kak cnaraemele R;[; w X [;, yuuTsBaonme
HATpeB OOMOTKH W paccesHie MarHHTHOTO TIOTOKA CTATOpa MAbl TI0 CpaBHe-
HHIO ¢ ocHOBHOH 3JC:

E=U,.
OfBmoTka poTopa ofHTHO 3aMKHYTa HakopoTko (U7, = ), n DJIC ypap-
HOBEIIHEAeTCA TONBKO MaieHHeM HallpKeHIA Ha BHYTPEHHIX COIIPOTHETE-
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HIIIX 2T0H OOMOTKI, YUMTHIBAIOIIMK IIOTepH HAa HAIpeR OOMOTKH poTopa H
paccesHNe MATHHTHOIO [IOTOKA

E, =Rji2s+x 1,
YPH.BHBHI/IH 0OMOTOK ACHHXPOHHOTO JABHTATEIA TORICCTBECHHBI aHATO-

THYHEIM YPABHEHHSIM I TIEPRHUHOH W BTOPHIHOH 0OMOTOK
(OueBmWHA 3aBAICHMOCTE OT CKONBKEHHS M JEHCTRYIONIETO 3HAYEHHS TOKA

I = E,, _ sE,
s 2 2 2 F
JRE+X3 JRI+(sx,)

THKHM O6pﬂ.30M, BMECCTEC C HM3MCHCHHEM HﬂIpyBKH, COHpOBO}KI[aIOH_[HMCH
H3MECHCHHCM YAaCTOTEL Bpaﬂ[eHHﬂ pOTOpa, B ero O6MOTK3 (HpOHCXOI[HT OHAHO-
BpeMeHHO u3meHeHne amruiuTy | 37C 1 ToKa, MX YacTOThl M yIia caBHra (as.
I[J'IH OBHUTATEIIBEHOTO pe}KI/IMa pa6OTBI aCI’IH:XpOHHOI"JI MAIITHHBL HCpCT-II’ICJ'IeHHBIC

BeIMYMHE AOCTHAIOT HAMOONBIIETO 3HAYEHMSA NPH HEMOOBILKHOM POTOPES
(n; = 0, xorma s=! (B MOMEHT TTycKa).

Hpeoﬁpa303aﬂne 3HEePruH B aCHHXPOHHOM IBHIaTeJI¢

IIpm  paboTe acHHXPOHHOTO JABWTATENS] TIPOMCKOAWT MpOIecc TIpe-
00pa3ORaHMS BNEKTPHIECKOH IHEPTHH B MEXAHHUSCKYIO SHEPTHIO BPaITaTeNb-
HOTO JIBHEHHA. DTOT TPOIECC COTIPOBOWIASTCS OeCTONe3HBIM PacXofoM
YACTH SHEePTHH NCTOUYHHKA THTAHWA HA HATPER MAITHHBI, KOTOPHIH XapakTepH-
3VIOT MOTTHOCTSMH ANEKTPHISCKUK, MATHATHRIX H MEXaHHISCKHUX TTOTEPb.

MOIMHOCTEIO BTEKTPHUECKHX TIOTEPh XapaKTepH3YIOT HATpeB OOMOTOK
CTATOPA W POTOPA, 0ONaaoMMX aKTHBHEIMH conpoTHBICHWIMH R; 1 R;. Tlo
3akony Jlwoymnsa-JleHria, oHa, Kak M3BECTHO, TIPOTIOPIMOHATRHA KBapaTy TOKa
B 0OMOTEeE.

MOIMHOCTHIO MATHHTHERIX TIOTEPh XapaKTepH3YIOT HATPER MAKETOR MATHH-
TOTIPOBOMA, BEI3BAHHEIH THCTEPE3HCOM H BHXPEBEIMH TOKAMH.

MexaHnaeckne MOTePH CHATalTCa W3 MOTePh MEXaHMISCKoH 3Hepril Ha
TpeHHe B TONIIMIIHHKAX M KOHTAKTHHIX KONBIEX, 4 TAKKe Ha BeHTIIIALILIO
MATTHHEL

IIpomece mpeobpazoBaHy ANeKTPHUISCKOH aHepPIHH B MONE3IHYKD MeXa-
HITUECKYIO HHEPTIIO, ParBHBAeMyI0 ACHHXPOHHEIM IBHIATENeM, MOXKET OHTH
OTHCAaH ypaPHeHHeM OalaHca aKTHRHON MOIMHOCTH. Ha oCHOBaHMH 3aKoHa
COXPaHeHHA H IpeodpasoBaHn YHePTHH MOXHO 3allHCaTh:

P; = 3qu§[jq§COS ;= U;I; cos @y =
- P2+APf3+APfMGEH+ AP23+AP2MGEH+ APM?XJF APZ:
rae P; — MOITHOCTE HOTpebIeHNd »IekTprieckoil sHeprint, 4P, — MOIMHOCTE
STMEKTPHISCKHX TIOTeph B 00MOTKe cTatopa;, AP ., — MOITHOCTE MATHUTHEIX
TIOTePE B IAKeTe MAaTHUTOIIPOBOAA cTaTopa;, AP, — MOMIHOCTE HIeKTPHISCKIX
TIOTeps B 0OMOTKe poTopa; APo,,., — MOIMHOCTE MATHUTHEIX MOTEPE B TAKETe
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MATHUTOTIPOBOAA poTopa;, AP, — MOIIHOCTE MeXaHNIeCKMX MoTeph, F; —
ToezHasd MeXaHHIeckas MOITHOCTE JBRHTaTeN .

W3 puarpammet prc. 11 creayet, 4To MOITHOCTE F,,, epeaun 3HePTHH cO
cTaTopa Ha poTop, OCYIIecTRIAeMo TTOCpeACcTROM BpallaroIerocs MarHHTHO-
TO TON4, BCerfa MeHBINe aKTHBHON MOITHOCTH ABWTATeNs Ha 3HAYeHHE MOII-
HOCTH 3IeKTPHHecKHX 1 MATHUTHBIX TTOTePh B CTATOPE:

PBM = Pi - (AP13+AP1MQeﬁ)-

r’éﬂ-’ﬁ- i M ¢ ﬁﬁ: Fomap j:; -ﬁzrm#c
com | foOESEE AT B i
2, R ]

f N

1 05, — B O, g G By

S 1 FRRA .5:;“. Lo
gpw EPyrinsy

Prc. 11. Inarpamsia mpeoOpa3oBaHia SHEPTHH B aCHHXPOHHOM ABHTATENIe

Momnocts FP,,, Ha3LBaeMylO SIEKTPOMATHHTHOH MOLIHOCTLIO, MOMKHO
BEIPA3MIL TAKHE depe3 MeXaHHYECKHe BEIMYMHEL — YIVIOBYIO CKOPOCTE £,
MATHUTHOI'O OIS M 3IIeKTPOMATHUTHEIH MOMEHT M., co3taBaeMelil qBHUIATE-
JIeM BCISICTBHE CHIIOBOIO B3aMMOAECHCTBHA BPAIIAIOIIEIOCS MATHHTHOIO I10-
I ¢ TOKAMH POTOPHON OOMOTKH.

P e 2 i Msm -

AHATOTHMUHO BEIpaXKAaeTCd MeXaHHWUecKas MOLIHOCTH F,. poTopa, Bpa-
MIAFOIIETOCH CO CKOPOCTRIO £25:

P =M,

PasHoCTE 3MeKTpOMATHUTHON M MeXaHHIeCcKoM MOITHOCTEH paBHA MOII-
HOCTH TIOTEPE B POTOPE MAIIHHEL [[0CKONEKY MOITHOCTE MATHUTHEIX TIOTEPE B
POTOPE Malla MO CPABHEHMI) ¢ MOIMHOCTERD SMEKTPHISCKIX IOTeph (TaK Kak
MaJa gacToTa TlepeMarHHINBAHMS TIAKeTa POTOpa), efo MpeHedperaroT W CuH-
TAIOT

P3M_PMEX :AP23-

TlocnenHee paBeHCTBO IIOZBONSET IIONYYHTE BEChMA BAJKHOE I aHAIN3a
aboTEl aCHHXPOHHLIX JBHIATENeH
COOTHOIIEHHE:

ZMD23 =w; Msm -z Msm =5 PEM"

Hrak, MOmHOCTE 3IEKTPHUYSCKUX TIOTEPL B POTOPE aCHHXPOHHOIO [IBUTE-

TeJsl MPONOPLHOHANLHE CKONBKSHHIO.
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JI7s1 oTpaHMueHHA 3NeKTPHIECKHX TOTEPh B POTOPE ABHIATENS 8ro pac-
CUMTHIBAIOT M KOHCTPYHPYIOT TaKHM 00pa3zoM, 4TOOH IPH HOMHHATBHOH Ha-
TPY3Ke YacTOoTa BPAIIeHHSI POTOpa HE3HAYHTENBHO OTIHYANACh OT YaCTOTH
BPAIEHHA MATHHTHOTO TIONSA M, KAK Ve OTMEYaNoCch BEIIMIE, HOMHHATEHOS
CKOTBIKEHNE GRIBAET PABHO HECKONBKIM TPOIIEHTAM.

TTomesHas MeXaHHd9ecKad MOIITHOCTL P, JABHMTaTend MeHBIIe MexaHmdie-
CKOM MOIIHOCTH F,,,, POTOPA HA 3HAUEHHE MOITHOCTH MEXAHMIECKHX TI0TEPh

PZ :PMQX_APMQX'

[MosToMy TTONE3HEIH MOMEHT Ha Baly ABWTATENA HEMHOTO MEHBINE 3IeK-
TPOMATHHTHOTO MOMEHTa Pa3BHBaeMOTO POTOPOM, T.e. M., = M.

JITIs1 yCTAHOBHMBIIETOCS pesiMa padoTHI, KAaK W [N ABMTATENS MOCTOSH-
HOT'C TOKA, BpalllaloInuil MOMeHT M,, papeH MOMEHTY HATPY3KI, T.6. MOMEHTY
CONPOTHBIEHUS M, M B 5TOM cliydyae BO3MOKHO o0o3HaueHHe MomenTa Ges
BCAKOTO MHAekca: M =M, =M.

CrnenyeT MMeTh B BHAY, UTO B MACTIOPTE ACHHXPOHHOTO ABHIATENs, TaK e
KaK | APYTHX 5TeKTPUIECKHX ABMIATeNeH, B KATeCTBe HOMHHANLHOH MOIITHO-
CTH BCETNa VKA3BIBACTCH €T0 IONerHas MeXaHNIecKas MOIMHOCTH I, a He
MOIITHOCTE HOTpebIeHd sIekTprdeckol sHeprun P; OTHOIMIEHHE STHX MOII-
HocTel onpenenser Kosbduirent nonesHoro getictend (KIIJT) acHHXpOHHOTO
JBHTATETIA:

n= P;Pg.

9ﬂeKTp0MaFHHTHblﬁ MOMCHT H MeXaHHUYCCKaA XapaKTe¢pPpHCTHKA
ACHHXPOHHOI'O IBHrarte/Is

Bripaxenwe Ans 5IeKTPOMATHWUTHOTO MOMEHTA MOKHO TMOIYYHTL W3

MOTITHOCTH 3TeKTPHICCKHX TIOTePh!
=2
Sﬂ)l

Tax xak Opu TOCTOAHCTBE HANPTKEHHA CeTH MaTHHTHEIN IOTOK TIOMKOCA
@,, He 3aBHCHUT OT HATPY3KH Ha Baly, TIOMYJYaeM BaKHEIH BRIBOJ HIEKTPOMAT-
HHUTHHEIH MOMEHT, Pa3sBHBAESMEII HA BaNy JIBHUTATEINS, TPOTIOPITHOHANEH aKTHR-
HOMH COCTARMSTOMIEH TOKa poTOpa, T.€. 3aBUCHT OT CKONBIKEHHSL.

[puparHUBAS HYIIO TPOMAROIHYIO GYHKITNE M{s) HAXOIUM TOUKY MAK-
CHMYMa MOMEHTA M, 4.

1
3HaueHHe CKONBKEHHWS, COOTBETCTBYIOMIEe M., HA3BIBAKT KpHTHIE-
CKAM
Sip = RZD(Z.
SapucumocTs M{s)
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£, 1

M=C,0, —
Xy 808548408

Bupaxemne C,@,L/X; SBIAeTcsS KOHCTAHTOM, 8CTH HEH3MEHHO HATps-
XeHNE CeTH H oTpeAeaeT MaKCHMAIEHOe 3HAUSHHE MOMEHTa M, o TIPH 5= 5 .

MaxcHManEHEIH 2IeKTPOMATHUTHEI MOMEHT 28BHCHT OT HANPAKSHHA Ha
CTaTOPHOH OOMOTKe;, 3T8 3aBHCHMOCTE HEMIOCPeACTBEHHO He BHIHA 13 IIOTY-
YEHHOM (pOPMYITHL, HO ee Nerko Haiith. Hanpsokermie [Y; onpenenseT 2HaUeHHE,
MaTrHHTHOTO MoToka momoca @, B ceow ouepens, 3J[C E, Taxxe Ipomop-
IMOHANEHA TOTOKY @, Torma Ierko yCTaHOBHTE, UTO

M, ~U>

SapucumocTh M{s) niokazana va puc. 12, a.

A

%M o

H
i
8
i
i
i

. Foo s e

g ’3;3‘ ¥ g Mﬂ’?"l %Wxx il

L] g;

Prc. 12. 3aBHCHMOCTD DIEKTPOMATHUTHOTO MOMEHTA OT CKOITB:KEHINT (a) H
MeXaHHYECKAd XapaKTePHCTHKA acCHHXPOHHOTO ABHTATend (6)

BonbmmmHeTBO acHHXPOHHBIX ABWTATENeH MPOEKTHPYIOT Tak, 9TO TOYKA
MaKCHMANLHOTO MOMEHTA COOTBETCTBYET Sy ~ (4, 1. 3aBHcHMocTh M(S) yno6Ha
JUIA apaniza QH3MIecKrx TIPOIECCOB, TPOHCKOIANTHX B MAIHHE MTPH ITycKe
WITH TIpW M3MEHEHNH HAaTpY2KW Ha Bany. [Ipw anannse nneKTpOMeXaHWIecKHX
TIPOIIECCOR, CBSA3AHHBIX ¢ SKCIDIyaTallelf IBHTraTels, yIoOHee [TONb30RATHCA
38BHCHMOCTAMH 9acTOTH EpallleHHA poTopa 0T MOMeHTa Ha Bamy #(M) mexa-
HHYECKHMH XapaKTepHCTHKAMH IBHTaTels.

Ha ocnopanmm xapakTepucTHKH M(s), mokaszamHoil Ha puc. 12, a nerko
TIOCTPONTE MEXaHHIECKYIO XapaKTepHCTHKY, €ClIH BCIOMHHTE, UTO NPH 5=/
=0, a mpu s=0 ny=n; (puc. 12, 6).

Paccmorpum Bonpoc yeToiMHBOCTH padoTH OBUTAaTeNd MPH Harpyske Ha
Baly, He 3apHcAmMe OT YacTOTH BpammeHna M, = const. B Touxax a u ©
(puc. 12, 6) gERUTATENH PA3BHBAST OMMHAKOBHIH STEKTPOMATHHTHLIH MOMEHT,
HO ycTOHUHBOH paboTa ABMraTeNs MOXKET OHTH TONMBKO B TOUKE 4, TAe MIPOsE-
nAeTcs CBOHCTBO caMoperynupoBaHHA. JelicTEBUTeIRHO, MPEANONOEHNM, UTO
TIpH padoTe B TOUKE & HATPY30UHEIH MOMEHT Ha Baly B CHNY KaKHX-TO OB-
CTOATENECTE HECKONBKO BO3POC M ABHTaTelh Haual 2aMeIIIATECA, KaK BHIHO
113 MeXaHWIecKOH XapaKTepHCTHKH 3TC BEI3HBAET ONHOBPEMEHHOE YBEIMUe-
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HHE 5IeKTPOMArHHTHOTO MOMEHTA, JBHTATENE MepeiiieT B HOBOE YCTOHINBOS
TIONOKEHHE, KOTAa TPH HeCcKONbKO CHITKEHHOH [WacToTe BpamieHms, Oymer
CYIMECTBOBAThH PABEHCTRBO MOMEHTA BPAIIAIONIETO M MOMEHTA COTIPOTHRIEHHSL.

[Ipn pabote B Touke & cuTyaumsd uHas Jlrofoe Mamoe MONOKHTENHHOEe
TIpHpANIEHe TOPMOZHOTO MOMEHTA OIITh, KAaK M B TOUKE 4, NMPHBENeT K 3a-
MEIUISHITIO BPAIeHHs IBUIaTeNs, OAHAKO 3TO 3aMeNIeHHe BH20BET YMEHBIIe-
HHE BpAIAIOIIEr0 MOMEHTA, ABHTATENE TPOAONKHT TOPMOKEHIE H OCTAHO-
BHTCH.

YactoTra BpalleHHs, COOTBETCTBYIONAT MAKCHMYMY MOMEHTA, HA3BIBAETCA
KpHTHIecKeil (1) — ABHMaTeNns pafoTaeT YeTONUHBO IIPH YacToTe BpalleHHa
GonpIneli KPHTHIECKOH (1, = Ay).

Ha puc. 12, 6 noxazaHo opHeHTHPOBOTHOS TTONOKEHHE TOUKH, COOTBETCT-
BYIOIEH HOMHHANBLHOMY peskiumy paGoThl Jiurarens (touka B). OTHOIIEHHE
MM, BCETHA GOMBINTE SAMHAIEL, UTO OGECTIETMBAST 3AMMAC YCTOHTHBOCTH
¥ TIPeIOTBPANIaeT BHERAMHEIS OCTAHOBKY ABHTATENS TIPH CIYIaiHbIX KonebHa-
HESIX HATIPSTKEHIS CETH HITH TOPMOZHOTO MOMEHTA Ha Bany.

Patoune XApaAKT¢PHCTHKH acCHHXPOHHOI O IBHraTe/1a

PaGounmn xapakTepHcTHKaMH OBHTaTels Ha3HBalOT 3aBHCHMOCTH YIIO-
BOH CKOPOCTH £2;, WITH 9acTOTH BPANIeHHA Bama #;, NEKTPOMATHHTHOTO MO-
menTa M, Toka cratopa /;, koadduipenta mornHoctH cosg u K1 arurarens
OT MOTITHOCTH HATPY3KH £>, TIPM HEN3MEHHOM HATPSKEHHH HA CTATOPHOH 06-
MoTKe. [IprmMepHEBIH Bl XapaKTepHCTHE TIOKa3aH Ha pHe. 13 17e 3aRHCcHMOCTH
nis xoasddurrenta MotmHocTH W KT nprBesieHEl B abCOMOTHRIR 3HATSHUMR,
a BCE OCTANbHEIE - B OTHOCHTENBRHHIX eJMHHIEX. JacToTa BpamieHHs Bana B
HOMWHATHHOM PEXEHMME MEHBIIE JACTOTH BPANIEHNS MATHHTHOTO IO BCETO
HAa HECKONLKO TPOTIEHTOB, XapakTepH-

QZ - -
cTHka —— (F,) Gmmska k nuHeltHolt B j&w’“fwg&; cory

1 foar
COOTBETCTBHH c COOTHOIIEHHEM Fi
Py={:M, npH NpakTHYECKH HEW3MEH- aF
HOHM YacToTe BpAalleHWs Baja, AIeKTpo-
MATHUTHBIH MOMEHT BO3PACTAET C POC- 44
TOM MONIHOCTH F; 10 3aKOHY TaKKe as
OIM3KOMY K THHEHHOMY. I o
3aBMCHMOCTE TOKA /;, OT MOIIHO- #3505 0F 04 Bffpen
CTH Ha Baly aHaJIOIMUHO 33aBHCHMOCTH
TOKA TePBITIHON OGMOTKH TpaHchop- Prc. 13. PaGoune XapaKTepHCTHKE

Tpex(}hazHOTO ACHHXPOHHOTO

MaTopa 0T MOITHOCTH Ha! 3KH - C pOC-
P Py P JABHIaTCIId

TOM MOIMHOCTH YBEIMYHMBACTCA TOK
POTOPa, IIPH 3TOM BO3pacTaeT TaKyKe M TOK CTaTopda, KOMIICHCHPYA pasMarHi-
YHBalOIee AeHcTBHE TOKa PoTOPa, IIPH 3TOM ofecTieTMBaeTCd HEHMAMEHHOCTh
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MATHUTHOTO TIOTOKA BPAIIAIIIETOCT MATHUTHOTO TIONA. B OTMIIHe OT TpaHc-
cbopMaTopa, ¥y KOTOPOro 3HAYEHHE TOKA XOTOCTOTO XOMA COCTARTAST HECKOMb-
%pO(KO TIPOTIEHTOR OT ZHAUSHWA HOMMHATBHOTO TOKA, B ACHHXPOHHOM JIBHTATENS
PH TOK XOJIOCTOTO XOAa MOKET JOCTHTATh 50% HOMHHATLHOTO 3HaueHMnsI. OOLiAc-
CAMA oo 570 TeM, UTO B MATHHTHOH TIeTIH JABUTATENS WMEEeTCS BO3AYITHEIH 3a-
maﬂﬁsop, CYTIECTBEHHO YBENMHMUHBAIOITAT 8¢ MATHUTHOE COTPOTHRISHHE.
- Kak m3BecTHO, KoaxpHITHEHT MOTITHOCTH OTISHHBAET COOTHOTITEHNE MEKTY
CHIMO, i HOI P; n peaxtuBHOH J; MOIMHOCTAMI JBWTATENS M THCISHHO paBeH
HOTe]KocpIHycy yroa ¢; caBura ¢askl ToKa B 0OMOTKE CTaTopa Mo OTHOMICHHWIO K

KOB ;HBHPS}KEHI/]IO .

P

HX 0] cosp, =——~+——.
poBal VP + O
MOTK  [Ipy M3MeHEHHH HATPY3KH JBHIATEN oT XOIOCTOro Xofa A0 HOMHHANE-
HOTO peknMa peaKTHBHad MOILTHOCTE OCTAeTCA [IPakTHYECKH HEN3MeHHOH, Tak
Kak ee 3HaUeHHe oNpenendeTca oGpaTHMBIMH TPOIeccaMi MepHOIMIScKOTO
M3MEHEHHMA 3allaca SHEPTHMH MATHWTHOTO TIONA MAITHHEL, MATHWUTHHIA TOTOK
koropore momepxERacTC MPAKTHIECKN HEH3MEHHBIM.
obMce B pexme xomocToro Xoma, Korma HeoGpaTHMEIE TIPOIECCH Mpeodpaso-
NYCKBaHMs SHEPIHH ONPEAEIOTCS TOIBKO NMOTEPSIMH Ha HATPEB, 1, CIeAOBAaTellb-
POTOHO, aKTHBHAS MOIIHOCTL Mala, 3HaueHHe Ko3G(pHIMeHTa MOITHOCTH TAKKe
TaK mano K coctapnsier 0,06 — 0,2, Ilpu Bo3pacTaHU HAIPY3KW HA Bally aKTHBHAS
CKOJIMOIHOCTE YBEIIHYMBAETCS, H IPH HEM3MEHHOM 3HAUEHHH PEeaKTHBHON MOII-
TPEBHOCTH BozpacTaeT KoadQHIMeHT MOIIHOCTH, KOTOPEIH B peskiMe, GIF3KOM K
I} YNHOMUHAILHOMY, ZOCTHIEET cBOeTO Haubonkiero sHaueHus (0, 7-0,935). Hanb-
JislemMHefilIee yBeIMYeHHe MOMEHTa COIIPOTHBIECHHA HA Baly BelleT K HEKOTOPOMY
HOCTICHIDKEHIEO Koa(HIIeHTa MOITHOCTHL, TaK KaK POCT TOKOR B OOMOTKAX IIpH-
3TOMBOANT K HACHIIEHHEO MAINWHBL, K 3HAYHTEIIBHEIM TICIAM PACCeAHI, a 0OMeH-
MOM¢HBIE SHEPIETHYECKHe IIPOLECCH B 3THX MATHWTHEIX TMOIAX BBISBIBAIOT COOT-
TPOMBETCTBYIOINEE BO3DACTAHHE PEAKTHBHOM MOIMHOCTH M COOTBETCTBEHHO
MafoyMeHBIIeHHe KoadbHUIIeRTa MOITHOCTH.
yacti  llpereGperad TpeHmeM, BEIpaKeHHe Ko3((hIIIeHTa ONS3HOIO JeHCTBHA
PYEOIMOKHO 2AIHCATE B BHIE:
s 2
P 2 + AP 3 + AP, MArH
rae AFP= — notepu B 00MOTKE cTaTopa | potopa;, AP,,.., — IOTEpPH B MArHUTO-
npypiPOBOAE MAIIHHEL
garp;  L1PH aHame saprcrMocti KIJL IBHraTens oT MOITHOCTH Ha Bally HYMKHO
ripys Y HTHEBATH, 9T MATHHTHHE MIOTEPH HE 3aBHCAT OT HAIPY3KH Ha Bally, Tak KaK
crpg ¥ HEM3MEHHOM HATIDSUKEHWH TIMTAHIS, MATHUTHEI MOTOK BPATIAIOMIETOCS
MATHUTHOTO TIONS TIOCTOSHEH, & 3IeKTpPHUecKHe TOTepH NPONOpIHOHATEHEL
KBafIpaTy ToKa.

]7:

ero |

pabo

peocr*"*ua ******* e rxl 8‘* T I e e S
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€CTeCTBeHHAs, KOTOPYIO HMeeT NBHIaTelb IIPH 3aMKHYTHX HAKOPOTKC IIeT-
kax. MexaHIIeckne XapakTepHcTHKN pHc. 14, § MOCTPOeHH ¢ YIETOM TOro,
YTO YacTOTa BpallleHHA MATHUTHOTO IIONA M 3HaUeHHe MAKCHMANBHOTO HIek-
TPHILCKOTO MOMEHTa My, .. He 38BUCAT OT KTHBHOIC COTIPOTHBISHNA POTOP-
HOH IleTTy, a 3HawYeHNe KPHTHISCKOH JacTOTH BPaIleHHA #,, 00paTHO TIpoIep-
IMOHATEHO 3TOMY CONPOTHRISHITO.

Kax pumHO 13 cemelicTRa MeXaHWUECKHX XapakKTepHCTHK, HAuaNbHEIH
MyCKOBOM MOMEHT A, AcHHXPOHHOIC JBMIATeNs 3aBHCHT OT aKTHRHOIO CO-
MpOTHENEHNA (hazbl 00MOTKH POTOPa: YBENHUeHHe aKTHEHOIO COMPOTHRISHHA
IPHEOOUT K YBENHUSHHIO IIYCKOBOIO MOMeHTa. OH MoxeT OHITL Jake paBeH
MaKCHMAIBEHOMY, eClIi ofIlee COMPOTHEIEHHe POTOPHOM Ll GyAeT Takim,
TIpH KOTOPOM KPHTHUECKO® CKONBKEeHHe CTaHeT PaBHO eIHHHIE.

Jampreiiniee yBenrueHre aKTHBHOTO COITPOTHRIEHHS a3kl 0OMOTKH po-
TOpa TIPHBOAMT BHOBh K OcHaGNeHHIO HAYANBLHOTC TYCKOBOTO MOMEHTa (Xa-
pakTepucTrka 4 Ha puc. 14, 6).

A
Ry Ay n

L

_5

o A

0 ::..Z-'_;-
LF 740
: § Sl

Pre. 14. Cxema BRIFOUSHHS ACHHXPOHHOTO JABHTAaTeIl] € KOHTAKTHBIMH KOJBIIaMI (a) 1

€70 MeXaHHUECKHE XAPAKTEPHCTHKH TMPH PASHETX 3HAYEHUAR COTPOTHBIEHNA PEOCTaTa,
BKIIOYEHHOTO B TIEMH poTopa (6)

Ilyck mBuraTens NpoONCXOAHNT ¢ MOMEHTA BKIIOYEHHS OOMOTKH cTaTopa B
ceTh. [IpH 5ToM B POTOpP BBOAAT BCE CEKITMH MyCKOBOTO peocTaTa, Onaroiaps
YeMy HAYAThHBEIN MycKOBOI MOMEHT 3HAYHTENHHO YBENHUHBACTCS (XapakTe-
puctrka 1), a TyckoBoif ToK yMeHbIaeTcs. [lo Mepe pasToHa ABMTATENS TOKH
pOTOpa ¥ cTatopa YMEHEITAIOTCS M 9acTk TYCKOBOTO peoctaTta K 7, 3aKopavuH-
BatoT. Pabouas TouKa MepeMeniaeTcs Ha HOBYIO XapaKTepHCTHKY 2, COOTBET-
CTEVIOIMYIO COTPOTHBIEHMO (R, + R’). 3aTeM 2axopadiBaroT BeCh My CKOBOH
peocTaT B padouas TouKa NepeMelnaeTcs IO eCTeCTBeHHOM MeXaHMUecKoH
XapaKTepHUCTHKE 10 TOUKH, B KOTOPOH 3MeKTPOMArHHTHEI MOMEHT ABHrATeNsa
He CTaHeT PabPHEIM MOMEHTY COIPOTHRISHHA (ToUKa a Ha pHc. 14, §).

OBpyHO peocTaT pazduBaroT Ha 5—10 cTyneHeld, KoTopble aBTOMATHYE-
CKH 3aK0PauHBaloTCs 110 Mepe PasroHa poTopa.
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HpHMeHCHHC JEUraTened ¢ KOHTAaKTHEIMI KONBIAMH OOecIleunBacT
YMCHBIICHIEC BPEMEHII ITyCKa.

ITyck apHraTe/ia ¢ KOPOTKO3AMKHYTEIM POTOPOM

JlIst ymydimeHus TyCKOBBIX CROMCTR JIBHTAaTENell ¢ KOPOTKO3AMKHYTEIM
POTOPOM WX BRITIOTHSIOT CTHEIHANEHON KOHCTPYKITHH, HATIPHMED, aMOMHHHIE-
BHIE CTEPIKHN «OeTHIREro KoTecay 3aTABaloT B Ty OOKHe Ma3EL

Bnarogaps addekty BRHTECHEHHS TOKa ABHTATENh ¢ TIYOOKHM T1a30M Ha
pOTOpe MMeeT YCIOBHA MycKa, aHATOTHYHEIE JIBMTATENO ¢ (PasHbIM POTOPOM,
TaK KaK «aBTOMATHYECKH» TUIABHO YMEHBLITAETCA aKTHBHOE COTPOTHRICHHE
poTopa To Mepe ero pasroHa. Takwe JBWTATENW MMEIOT TTORBIMNEHHLIH TTyc-
KOBOH MOMEHT, T. €. COKPAaIIeHHOE BPeMs PasToHa.

Perynnposanue yacToTbl BpalleHus
Homwocroe pezyauposaiue

DTOT cIocod perynupoBaHid OCHOBAH Ha M3MEHEHHH THCIA Map MONOCOR
BPAaIaioIerocsl MarHUTHOTO TIONS CTaTopa, T. €. Ha M3MEHEeHHH JacTOTH Bpa-
IMeHHSI MATHATHOTO TIOMA #11; = 60fy/p.

Perynupopanne CKOpocTH IyTeM MepeKTIOueHHd UHcla IOMOCOR P -
CTYIIGHUIATOS.

CrenyeT UMeTh B BHJLY, YTO YAcTOTHI BpallleHus Npu dactote ceTh 50 g
up =1 wu 2 coorBercrBento 3000 u 1500 ob/mun, apup =5 u 6 - 600 u
500 o6/vun. Tlpu GonbiiieM YHCIE MTOMIOCOR PA3HHIA MENJTY YACTOTAMH BpA-
TIEHHS YMEHBITAETCS.

Jlpnrateny ¢ M3MeHeHHeM YHCIa Tap TIOMIOCOR HA3HIBAIOTCA MHOTOCKO-
POCTHHIMH. [IpOMBITIIIEHHOCTEIO BHITYCKAIOTCS JBATATENH Ha JIBE, TPH H de-
THIPE CKOPOCTH.

Hacmommoe pezyiuposanue

B nocnegnne rontl Bee Gonbllee paclipocTpaHeHNe MONYIaeT PeryiIpo-
BaHHe CKOPOCTH ABHIATEIA IIOCPeICTEBOM HaMeHeHHA TacTOTH HAPAXKSHHA Ha
CTaTOpHOM oOMoTKe. IIpH peryIHpOBAHIH TaCTOTH CKOPOCTh MOKHO TLIABHO
M3MEHATE TaK, UTO €8 MaKCHMalbHOe 3HaUueHHe OyIeT B NecATKH WIH COTHH
a3 MpeRLIIIaTE MIHHMAIEHOE,

IIpw ocymecTBIeHH TacTOTHOIO PeTYIHPOBAHNA YIHTHBAeTCA, UTO 2HA-
YeHHe MaKCHMAIEHOTC SIeKTPHUECKOI0 MOMEHTa M. NPOIOPIMOHATILHO
KBaIpaTy MAarHHTHOTO TIOTOKA TOMIOCaA BpalllaioInerocs nona. MarHHTHEH oTok
nomoca @ B CEOIO OUepelb, OlpefendeTcs NeiicTRYIONINM 3HaTeHIeM H Tac-
ToTol dazHOro HampAxeHHA craropa. [losToMy, ecIH MpH perynHpoBaHHH
YACTOTHL BpallleHUA POTOpa JKeNaTelbHO, HAIIpHMep, COXPaHHTh HeH3MeH-
HEIM 3HAUeHHe MAKCHMATBHOTO 3MeKTPOMATHHTHOTC MOMEHTa, TC HyKHO
oBeCIIeTNTE BEIIONHeHN: YCIORHA Uy/f; = const - OLHOBP@MEHHO ¢ PeIyIHpo-
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BAaHMCM TACTOTHI AOIEHO HIMCHATHECA M ,I[eﬁCTByIOH.[eB 3HAYCHWE HAaTIpAXKe-
HHA.

Cems — F=500u

-

Basngrre-
mens -
I I U =var Puc. 15. Cxema BKIFOUEHHS aCHHXPOHHO-
. TO IBHTaTeNd ¢ YacTOTHBIM PerynHpoBa-
Hubapmop| — 7. HHEM CKOPOCTH
fr=var
4. =var

3Ty CHOWKHYIO 337149y PENIAloT ¢ TOMOTILIO COBPEMEHHEBIX BIEKTPOHHBIX
YCTPOHCTB, KOTOPHIE BENIOYAIOT MEKAY MPOMBITIIEHHON CEeTHIO W ACHHXPOH-
HEIM auratenes (puc. 15). Kak crneayer 13 nmpuBeneHHO YIIPOIIeHHOHR cXe-
MBI, IIpH 9acTOTHOM PEryIMPOBAHAN OCYIIECTBIAETCS IBYKpaTHOE Ipeodpa-
30BaHHE DIEKTPHUYECKOH SHEPIWH: BHAYale HalpsDKeHHe TpexdasHoll ceTn
BRINIPSIMISIETCS, 4 3aTeM MHBEPTOp HpeoOpasyeT BEIPSIMICHHOE HANPSDKCHHE
B TpexdazHyio CHCTEeMY HAINpshKeHM HyKHOH uacToThl. B cucreMe npeobpa-
30BaHIS NPEAyCMOTPEHO aBTOMATHYIE-
CKoe cornacoBanue 3uadenuit U, u fi,
obecreunparomee TpebyeMoe 3HAUeE-
HHE MAKCHMAIBHOTO 3IeKTPOMATHHT-
HOT'O MOMEHTA.

CeMeHcTBO MEXaHMUECKHX Xapak-
TEPHCTHK JBHIATESI C UacTOT-HBEIM
PETYIMPOBAHMEM YACTOTHl BPATIEHMS
m3obpaxkeno Ha puc. 16. Jlotuka pado-
TH  THPHCTOPHOTO TIpeobpasoBaTens
3ABHCHT OT TOTO B KaKyIO CTOPOHY OT
Flyen, TPEOYETCS OCYITIECTRIATE PETYIIH-
poBanue. Ecnyu HYKHO 0GeCTIeunTh 1 <
Flyon, TIPEOOPA30BATEND ABTOMATHICCKH
CO3/IAET YCIOBHA HEW3MEHHOCTH Mak-
CHMATRHOTO MOMEHTA JIBWTATENS -

OTHOBPEMEHHO € 3a0aHHEIM CHIDKCHH- Pc. 16. MeXaRIeckue XapaKTepr-
yMeHbpIIaeTcsl W 3HageHme U [Hna THPOBAHHEM CKOPOCTH
CIIYUAs 71 > My, COONIOAEHHE YCIOBHL
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TOCTOAHCTBA M, e, YK€ He BEITIONHAGTCH, TAK Kak TpedyeT peryIHpOBaHHI
HanpskeHns {J; BHINE HOMHHATEHOTO, KPOME TOTO, BO M3bemaHne meperpys-
KM IBMTATENS TI0 MOITHOCTH, ero ATHTeThHas padoTa MpH JacToTax Bpame-
HUI, TIPEBHIMAIONTHX HOMHHATHHYIO, JOTYCTHME TONBKO MPH COOTBETCTBYIO-
MeM CHITKSHHH MOMEHTa COTIPOTHRIIEHNS Ha Bany. YacTOTHOE peTyINpOBaHHe
3KOHOMWYHO, OJTHAKO TabapHTH MpeobpazoBaTens YacTOTH TTPeBHIaoT raba-
pHUTH ABHTarensd. Kpome Toro, HameKHOCTE paboTH TMpeofpazopaTteneil Toka
e1re HeZI0CTATOTHE,

Peocmamrnoe pezynuposanue

PeocraTHOE peTyTHpOBaHME YACTOTHL BpPallleHHs POTOpa TpexdazHbIx
ACHHXPOHHHIX JIBATaTeNell ¢ KOHTAKTHEIMH KONBITAMH OCYITIECTBIISETCS MPH
TOMOITH TpeX(a3Horo peocTara, BKIIOYAEMOTO B IEME OOMOTKH POTOpa Tak
e, KaKk | MyckoBoi peoctat (cM. prc. 14, a). B oTniume oT MycKOBOTO peo-
CTAaTa €r0 PACCUMTHIBAIOT HA AJUTENLHBIH PekiM paGoTH M HA3HIBAIOT PETy-
JTUPOBOYHEIM peocTaToM. CemeHcTBO MEXaHMUECKHX XapaKkTePHCTHK JIBHTATE-
TS ¢ PETYMHPOBOYHEIM PEOCTATOM HHYEM HE OTNHYAETCS OT XapakTepHCTHK ¢
MYCKOBBIM peoctatoM (cM. puc. 14, ). OHH CBHAETETLCTBYIOT O TOM, UTO C
YBETHYEHHEM COTIPOTHBICHHA PETYINPOBOYHOTO PEOCTATA 9acToTa BpaleHHs
POTOpa CHILKAETCA.

Ecnu MOMEHT CONpOTHBIGHHS HAIPY3KW HEM3MEHEH, TO aMIUTHTYZAEL TO-
KOB B OOMOTKE POTOpa IIPH PeOCTaTHOM PEIYIHPOBAHAH COXPaHAIOTCA MTOYTH
HEM3MEHHBIMH. JTO O3HA4aeT, 9TO C YBENHISHHEM COIIPOTHBICHH PeIyIHpO-
BOYHOIO PeocTaTa MOIIHOCThL MOTeph B HeM BospacTaeT. HoMmuHanbHas MoI-
HOCTE PETyIHPOBOTHOIO peocTaTa OORTHO COM3MEPHME C MOITHOCTEIO ABHTA-
TeIs M, KaK CIISICTBHE 3TOTO, OH MMeeT Oonpmime rabapursl. llosTomy peo-
CTATHBIA cMoco® peryInpoBaHia acTOTH BpalleHUs acHHXPOHHEIX JBHIATE-
NeH sABIAeTCA HesKOHOMIIHBIM. OZHAKO OH IPOCT H 00ECIeUHBACT TUIABHOS

M3MEHEHHE YacTOTHl BPAIeHHs B IIH-
n POKMX Npemenax. Ero mHOIma mpHMe-
HAIOT 10 PeryIHpoBaHNsA HacTOTH
BpalleHNs ApHrateneii cpenHei mou-

”, HOCTH.
CyIIecTByeT ele HecKOIbKO BO3-
Mup MOXKHBIX METOAOB PeIyIHPOBAaHHA

Ilpn m3mMeHeHNN HANPAXKEHIS, [IOLBO-
JUMOTO K CTATOPY MATITHHBI, MEXAHH-
YeCKMe XAPAKTePHCTHKH M3MEHTIOTCA
Tak, Kak MoKazaHo Ha pHc. 17 MakcH-
MATBHEIH MOMEHT HM3MEHASTCS TIPO-
TOPIIMOHANEHO  KBAIPATy —HATIpSTAe-
g M HHS, 8 KPUTHUSCKOE CKONBEKEHHE OC-
TaeTcs HeH3MEHHBIM. KpHTHIeCKoe

Pue. 17. PerymipopaHie 4acTOTH
BpaIlleHiA HiMeHeHHeM HallpAKerma 23
MMHTaHHA
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CKONBXKEHHe, KaK IIPAaBIIIO, He IPERHINIaeT HECKONEKIX IIPOLEHTOB, [103TOMY
IMATazoH peryIHpoBaHIs TacTOTH BpalleHs yaKi. CHIDKeHIe MaKCHMATE-
HOTO MOMEHTa YMEHBIIIAeT 2allac 110 yCTOHUNBOCTH paBoTEL IBHTaTeN.

WHorma HaxXogwT NpHMeHeHHe KOMOMHHpPOBAHHEIH crocol pery-
TIHPOBAHIS, KOTHA H3IMEHMOTCA NIOIBOANMOe K IBHAaTeNO HANPLKeHHe 1 aK-
THRHO@ COIPOTHBISHHE poTopa. BoaMOXHO pelyIHpoBaHNE TacTOTH ERee-
mueM OJIC B 1ens poTopa. TakKe MaITHHEL IONYIHIN HAZBAHHE AaCHHXPOHHEIX
IBHrarene 1ofHoOro MHTaHML

B raxmroueHme oTMeTHM, UTO MO CPABHEHIIO ¢ IBHTATSIAMH TIOCTOAHHOTO
TOKa B HACTOAINEE BPeMs acHHXPOHHEE IBHTATeIH HMEIOT MeHBIITHe BO3MOXK-
HOCTH IIO 3KOHOMHTHOMY, HaJEeKHOMY H IUIABHOMY PelyIHpPOBAHMIO TACTOTEH
BpallleHNA B MIHPOKOM IHATIAZ0He, UTO ABIATCA X OCHOBHEIM HEZOCTATKOM.

3. OnucaHue nabopaTopHOi YCTaHOBKH

JlaboparopHas paboTa BHIIONHAETCS Ha YHHBEpCalbHOM CTEHIE, IIe yo-
TaHOBNEHE! HeoOXOMMMEIe MPHOOPE H 000pYACcBaHNe. DNeKTpHIecKas cXema
nabopaTopHo yeTaHOBKH IpeNcTaRIeHa Ha pHc. 18.

B pabore ncnonssyercs TpexdazHbli aCHHXPOHHBIH ABHUTATENE ¢ (ha3HbIM
potopom AJl, BKIOUaeMEIH B ¢eTh ¢ TIOMOINBIO aBTOMATa B, H YHHBEpCanbHO-
Io mepekmodatens Y1 JIna m3MeHeHNs CONpPOTHBISHNA B IIENH poTopa ClIy-
EKHT NlepeKmoTaTent Ry B xauecTBe Harpy3kH AN AJl MCTIONB3yeTes MalliHa
noctosgHHOIO Toka MIIT, paboTaromas B peknMe TeHepaTopa He3aBHCHMOTO
BozOyxOeHMA. Harpyskol TeHepatopa cIy:EHT peocTaT Ry, cocToAmMi m3
YeTHIPEX CEKIMWH, MepeKNIoTaeMBIX ¢ IOMONIBIO YHIBEPCATEHOTO MepeKIoda-
Tens.

(OBMOTKa He3aBHCHMOTC BO30YKISHI HMEET BHIBONE, OOO3HAUEHHEIE Ha
crerae 1111 u T2, Jing pervaupoBaHMd TokKa BOROYKASHMS MpemHazHaudeH
peoctaT Rop .

JLost oTmpesiene s 9acTOTH BPAIeHNs JIBHUTATENS CIYIKAT TaxoTeHepaTop
(TT"), coeAMHEHHEI ¢ TAXOBONBTMETPOM {F7) 38 CTEHIOM.

4. Nporpamma pa6oTbl

1. OsHakoMmutkca ¢ 00OpYIORAHHEM CTEHAA M MEMEPHTEIBHEIMH IIpHOOpa-
MH. OIPAeNHUTE IeHE AeIeHN IPHOOPOE.

2. Cobpath 3IeKTPHISCKYIO cXeMy TabopaTopHOl yeTaHORKH Ha pHC. 18.

3. Ilocne mpoBepKH CXeMEl [IpeliofapaTeleM, IOJATL HA CTeHI NOCTOAHHOE
HalpsTKeHHe ¢ TOMOINBIO BHIKIIOUATeNA B, Y ¢TaHOBUTL HOMHHATLHEI
Tok BozOyxmerwa MITT (cM. macTopTHEIS TaHHEIS CTEHIA).

4. YcTaHOBUTEH peocTaT R; B nomoxeHne “17 (R;=max), BKIIOUHTE BEIKIIO-
qaTeTh B, W MOBGPOTOM PYIKH YHHBEPCATLHOTO Tepekmodatens (Y1) B
TIOJIOKEHHE «BKIT», 3AITYCTHTH ACHHXPOHHEIH JBHTATENE.

5. BrIBecTH cONpOTHRIEHHE B TIENH POTOPa aCHHXPOHHOTC JABHWIATENd, T10-
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CIIeIOBATEeNBHO MEepeKIIodas peocTaT Ry 13 nonoxeHnd 17 (Ry=max) B
nonoxkeHHe “4% (R=0).

CHATL JaHHBIE LA [IOCTOPOEHHA ecTecTBeHHOM M pafounx XapakTepH-
CTHK ABHTaTeNls (IpHu Ry =), H3MeHA Harpy:Ty ¢ IOMOIIBIO CONIPOTHRIE-
HIA Ry PesynbpTatel mxMepeHItii saHecTH B TadI. 1.

CHATE ZaHHER L4 IOCTOPOSHIA HCKYCTBeHHEIX MeXaHIMeCcKX XapakTe-
PHCTHK ATS ABYX 3HAUEHHH COMPOTHRIEHN B IeNH poTopa Ry=0,
Ry Ry, PesynbTate H3MepeHHH 3aHecTH B Tabml.2.

A B C

-
4 A
MR AL D)
AL MOT r=————— 1
I |
—OTo |
|
ﬂz L_________E
Ra B,
O~
OB Ros
ty 1 o-

Prc.18. DmexTprieckad cxema 1abopaTopHOM yeTaHOBKH
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Tabmna 1
JlaHHEIe I8 IOCTPOSHNA €CTeCTBeHHOH 1 pabodeil XapakTepHCTHKH

Ne Hismepeno Brruncneno |
Tt @ F u, 1 Fr My 7 cos@ §
¢! Br B A Br | Hm | %

1

2

3

4

5

IIpumevanue: nmoxazanuda Wy HEOOXOAUMO YTPAHBATS.

Tabmma 2
JlaHHEIe I8 MOCTPOSHI HCKYCTBEHHEIX MEXaHHIECKITX XapaKTepHCTHK

Ne Ry ~0 R2>Ry

Tt Hsmepeno Brruncneno Hsmepeno BriumcneHo
O] P, M, 5 O] P, M, 5
¢! Br Hem ¢! Br Hw

1

2

3

4

5

5. O6pa6oTKa pe2ynbTaToOBE 3KCNepMMeHTa

1. MomHOCTE Ha BaTy aCHHXPOHHOTO JBHIATEL (TIOTePAMH B TeHEPaTope
npeHedperaem)

P=P.
MomeHT Ha Bany TeHepaTopa
P
Mp==%.
()

(MOMEHT Ha Bally aCHHXPOHHOTO ABHIAIels IPHHAMAEM PABHEIM MOMEHTY Ha
Bany rereparopa A =M ).
KoaddpuimenT MOMTHOCTH aCHHXPOHHOTO IBHTATENTST
COS = lDl
7 WE ’ Ul 1 1 ,
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rae F; — MOIMHOCTE, TToTpebmaemas TpexdasHoil 0OMOTKOH ¢TaTopa M3 CeTH,
P=3Py,
Koadpummient nonesHoro neifcTRIA aCHHXPOHHOM MalIiHEL

n=2r, / by,
CKoNbKeHIe PaTopa
. W, — @ ,
@y
2.m-f
Ile @, - CHHXPOHHAS CKOPOCTh &), = —————. p = UYHCIIO I1ap IOJIOCOB,

OTIpEAETSIeTC M3 TACTIOPTHRIX AaHHBIX acHHXPOHHOTO ABWTaTens. Hampumep
y acHHXpoHHOTO Juratens Al-12-4 yrcno nomocor paBHO 4 (HA 3TO YKA3bI-
BaeT IoclenHas Iudpa), Torma THCIO Hap NoMOcoR p =2 (B ABa paza MeHb-
me), f;=50y.

2. Ha ocHoBaHuM JaHHBLIX Ta0a.]1 TOCTPOHUTE paboune XapakTepUCTHEN aCHH-
XPOHHOTO JiBUTaTens @, S, #, M, I,(P;) Ha OjlHOM YepTeike.

3. [lo garaeM Tabn.]l ¥ 2 TOCTPOHTE HA OTHOM TepTeke ecTeCTBeHHYIO 1 IBe
HCKYCCTBEHHEIX MEXaHWIECKHe XapakTepHCTHKH ACHHXPOHHOIO IBHIATeNs
4. Cpenats BbBOJ TI0 padote, oOpaTHB BHMMAHHE HA OCOOEHHOCTH ITyCKa
ACHHRPOHHOTO ABWTraTeNs ¢ (asHEIM POTOPOM W BO3MOWKHOCTH PeryTHpoBa-
HHST YACTOTH BPaIeHHs,

6. KoHTponbHbIe BONpOChI

1. Kax yerpoeH TpexdasHbI aCHHXPOHHBIH ABHTATEIE C KOPOTKO3aMKHY-
TEIM POTOPOM?

2. Kakor mpHHITHT paboTh Tpex(dazHOTO aCHHXPOHHOTO IBHTATENS ¢ KOPOT-
KO2aMKHYTEIM POTOPOM?

3. OOGbsicHHTE CO3IAHHE BPAIAIONIErocss MATHUTHOTO moist TpexdaizHoi
OOMOTKOH MAaITTHHEL MepeMEHHOTO TOKA.

4. OT "ero 3aBUCHT CKOPOCTH BPAICHWS #; BPAMIAIOIIErocs MATrHWTHOTO
nons?

5. Uro Takoe CKONbKEHHE ACHHXPOHHOTO JIBHTATENS?

6. Kak seKTpOMAarHATHBIH MOMEHT 3aBUCHT OT CKONbKEHHA?

7. Kak mpousBonTcs peBepcHpoBaHie aCHHXPOHHOTO JIBHTATENA?

8. Kaxk ycrpoeH TpexdasHblil aCHHXPOHHBIH ABUTATENb ¢ (a3HEIM POTOPOM?
9. Kak npomseomurcsl Myck TpexdazHblX acHHXPOHHBIX ARHTraTened ¢ ¢as-
HBIM H KOPOTKO3aMKHYTEIM POTOPOM?

10. TlepeuncnnTe BUAH MOTePE B aCHHXPOHHOM IBHIATENE.

11. Kak BIHAeT M3MeHEHIE NHNTAIONIETO HANPSKESHHA HA Bpallaiolmuil Mo-
MEHT ABHTATEIA?
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