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Beenenue

Lenp 1 321241 U3Y4EHHST JUCIUTUTHHBI

O6opynoBaHue U MaTepUabI

HaumenoBanue nabopatopHbix padboT

Coneprxanue 1a00paTOPHBIX padOT

JlaboparopHast pabota Nel. MccnenoBaHue CIOKHBIX IIETIEH TOCTOSIHHOTO TOKA
Jlabopatopuas pabora Ne2. IlocnmemoBaTenbHOE COEAMHEHHE AKTHUBHOTO,
WHIYKTUBHOT'O U EMKOCTHOT'O CONPOTUBIIEHUH. Pe3oHanc HanpsKeHui
JlaboparopHast pabota Ne3. DnekTpuueckast 1Ielb CUHYCOMIATBLHOTO TOKA MpU
napajieIbHOM BKIIFOUYCHUH aKTHBHOTO M PEAKTUBHBIX COMPOTHBIICHHH.
JlaGoparopHass pabora Ned. HccnemoBanue Tpex(dasHOW cucTeMBbl MpU
COEIMHEHHH MOTpeOuTenei 38e3/10i

JlaboparopHasi pabota Ne5. VMccnenoBaHue TUHEHMHON SIEKTPUYECKON LIeTH
TIPH IEPUOIUTICCKOM HECUHYCOHIaTbHOM HANPSDKEHUN

JlabopaTopHas pabota Ne6. VccnenoBanue JTUHEHHON SJIEKTPUUYECKOMN IEMU
MIPH MEPUOTUIECKOM HECUHYCOHUIaTbHOM HaMPSIKEHUH

JIaGoparopHas pabota Ne7. MccnenoBanue nepexoHbIX MPOIECCOB B LEMH C
EMKOCTBIO

JlabopaTtopHnas padota Ne8. [Tepexonnsie mporiecchl B R-L-C koHType
JlabopaTtopHas padota Ne9. Ucnbitanue ogHodazHoro Tpanchopmaropa
Jlaboparophas pabota Nel0. McnbiTanue qBurareneii moCTOSTHHOTO TOKa
Jlaboparopuass pabora Nell. Hcmbitanume Tpex¢da3HOrO acCHHXPOHHOTO
AIIEKTPOABHUTATEISI C KOPOTKO3aMKHYTBIM POTOPOM

Yacte 1. CHsTHe W ompeneneHne XapakTepucTuk xosocroro xoxa lo=f(U),
Po=f(U), cos@o=f(U) Tpexda3HOro  acHHXpOHHOTO  JIBUTATENs  C
KOPOTKO3aMKHYTBIM POTOPOM

Yacte 2. Ilyck B xoa Tpex¢da3HOro AacUHXPOHHOTO JBUTATENs C
KOPOTKO3aMKHYTBIM / (DasHBIM pOTOPOM C perucTpanued u oToOpaxkeHHeM

PCKUMHBIX TAPAMETPOB Ha KOMIIBIOTCP
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Yacte 3. CHATHE W ONpENEICHUE XAPAKTEPUCTUK KOPOTKOTO 3aMbIKAHUS
lk=f(U), Px=f(U), Zx= f(U) tpexda3HOro acHHXpPOHHOIO JBHUTATEIs C
KOPOTKO3aMKHYTBIM POTOPOM

Y4eOHo-MeToanueckoe U nHHOpMALIMOHHOE 00ecTIeYeHHE JUCITUILINHBI
IlepeyeHb OCHOBHOW W JOIOJTHUTEIBHOW JUTEPATYPHl, HEOOXOMMMOM IS
OCBOCHHUS TUCIIUILIMHBI

[TepeueHs y4eOHO-METOIUYECKOTO OOECIEUEHHUs CaMOCTOSTEIbHONW pPabOThI
oOyJaromuxcs 1Mo AUCHUIUIMHE

[lepeuenr  pecypcoB  UHGOPMAIMOHHO-TEIEKOMMYHUKAIIMOHHOM  CETH
WuTepHeT, HEOOXOAMMBIX JUTSI OCBOCHHSI TUCITUTUINHBI

[Ipunoxenns



BBenenne

Lenpto paboThl B 1abopaTtopuu sBIsETCS YriyOJeHHWEe U 3aKperIeHue MPHOOPETEHHBIX
TEOPETHUYECKUX 3HAHUI MyTEeM SKCHEPHUMEHTAIBHOM MPOBEPKU TEOPETHUYECKUX IOJIOKEHUH, a
TaKk)ke 3HAKOMCTBO C JJIEKTPOHHBIMH KOMIIOHEHTaMH, OOOPYIOBAaHUEM, H3MEPHTEIbHBIMU
npudOpaMH U anmaparypou, UCIOIb3YeMbIMU B 1a00PaTOPHH.

B pesynbrare BeIOTHEHHS JIAOOPATOPHBIX PAOOT CTYASHTHI JOKHBI IPUOOPECTH YMEHUS
M HaBBIKM N0 COOpPKE W HCCIEIOBAaHHMIO OJJICKTPOHHBIX CXE€M M NPUOOPOB, H3MEPEHUSIM
NIEKTPUYECKUX BEIMYMH. TemaThKa J1a0OpaTOpHBIX padOT IOJHOCTBIO COOTBETCTBYET
COJZICP)KAHHMIO OCHOBHBIX PAa3JelioOB Kypca, HM3y4aeMOr0 B BBICHIMX TEXHHYECKUX Y4COHBIX
3aBeleHUAX. B mpeanmaraeMoM y4eOHOM MMOCOOMH OMMCAHO OJAMHHAALATH Ja00OpaTOPHBIX padoT.
B ommcanum kaxaol 1abopaTopHOi paboThl chopMynupoBaHa ee IIeib, M3JI0KEHbI OCHOBHBIC
TEOPETHYECKHE TIOJIOKEHHS, ONMCaHa CXeMa YCTAaHOBKHU JUIS MIPOBECHUS SKCIIEPUMEHTAIBLHOTO
UCCIICIOBAaHMS, JIaHbl PEKOMEHJAlMU 0 TPOBEICHHUIO OIBITOB U 00pabOTKe pe3ylbTaToB

U3MEPEHHUM, a TAK)KE KOHTPOJIBHBIE BOIIPOCHI.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

[lenpt0o  OCBOGHHS  JUCUUIUIMHBI  «DJICKTPOTEXHUKA»  SBISACTCS  MPUOOpETeHHE
oOyJaromuMucs o0menpodecCHoHanbHBIX U TPO(ECCHOHATBHBIX KOMIIETEHIIMH B 00JacTH
COBPEMEHHOM ANEKTPOTEXHUKU HEOOXOAUMBIX Ui yCIIEUTHON MpodeCcCHOHATbHON 1eATeIbHOCTH
CICIIUAIIACTOB.

3aagamMu U3y4eHUS TUCIUTUTHHBI «DJIEKTPOTEXHUKA) SBIISIOTCS: HAYYUTh CTYJICHTOB:

. OCBOEHUE CTyJIEHTaMH 00LIei METOIUKU MTOCTPOCHHS CXEMHBIX U MATEMAaTUYECKUX
MOJIeJIEN IIEKTPUUECKUX LENeH;

. WU3YYCHHE COBPEMEHHBIX METOJOB QJITOPUTMHU3AIMH PCIICHUS OCHOBHBIX
AIIEKTPOTEXHUICCKUX 33]1aY,

. O3HAKOMJICHHE CTYACHTOB C OCHOBHBIMH CBOICTBAMH THUIOBBIX 3JIEKTPOHHBIX
Henei mpu XapakTEePHBIX BHEITHUX BO3JICHCTBUSX;

. BBIpAa0OTKA  TPAKTHYECKUX  HABBIKOB  AQHAUTHUYECKOTO, YHUCJICHHOTO U
OKCIIEPUMEHTAJILHOTO HWCCIICOBAHMS XapPaKTEPUCTUK I[EMeld W OCHOBHBIX IPOIIECCOB,

MMPOUCXOIAINX B HUX.

2. Obopyooeanue u mamepuanl

AnmnapaTHble CpeJCcTBa:

— Kommuiekt TnoBoro nabopatopHoro o6opynoBaHus «IEeKTPOTEXHUUECKUE MALLTMHbBD)

— Kommnexkr Tunosoro mabopaTopHoro o6opynoBanus «TeopeTnueckue OCHOBBI
AIIEKTPOTEXHUKI»

— YueOnslii creny] «Teopust 3MeKTPUUYECKHX LeTIel U OCHOBBI JIEKTPOTEXHUKI

VYuyebHas ayauTopus Ui MPOBEACHUs Y4eOHBIX 3aHATHUH, OCHaIleHa 000OpyIOBaHHUEM U

TEXHUYECKUMHU cpefcTBaMu oOydeHus. IlepeHocHON HOYTOyK, MPOEKTOpP, JOCKa MarHUTHO-

MapKepHasl.
3. Haumenoeanue nadopamopusix paoom
N3 Hux
Ne Temsbt HauMenoBanue TeM AUCHMILTUHEBL, UX KpaTkoe | O0bem
MpaKTHIeCcKas
JUCIHUITIINHBI COJCpIKaHNE qacoB
MOJITOTOBKA, YaCOB
3 cemecTp
JlabopaTopnass padora Ne 1. HccinenoBanue
1 CIIOKHBIX ueneﬁ IIOCTOSIHHOT'O TOKaA. 4 4
[Tony4ynTh MpakTHYECKUE HABBIKM COOPKU CXEM
JUI SKCIIEPUMEHTAJILHOM MPOBEPKH U pacyeTa




Hernel IMOCTOSIHHOTO TOKa C HCIOJIb30BaHUEM
3akoHa Owma, mepBOro W BTOPOrO 3aKOHOB
Kupxroda.

JlabGopaTopuas padora Ne 2. [TocnenoBaresbHOe
COCMHEHHE  AaKTUBHOTO, HHIYKTHUBHOTO H
€MKOCTHOI'O COIIPOTUBIICHUH. Pe3onanc
HanpsHKEHUM.

OnbITHAas IPOBEPKAa OCHOBHBIX COOTHOLIEHUH ISl
MOCJIEZIOBATEbHOW IENM TEePEMEHHOr0 TOKa,
oOnajaromeil  akKTUBHBIM, HMHIYKTUBHBIM U
€MKOCTHBIM COIPOTHBIICHUSIMHU.

JlabopaTopnas padora Ne 3. DiexTpuueckas
LIEMb CHHYCOUJIAJIbHOTO TOKA MPHU NapajieIbHOM
BKJIFOYCHUU AKTUBHOTO " PEaKTUBHBIX
COIPOTHUBJICHUM.

DKCriepuMeHTalbHasi MPOBEpKa 3aBUCHUMOCTH
AKTUBHOTO M PEAKTHBHBIX COINPOTUBIECHUN OT
4acTOThl, a TaKKe COOTHOIICHUH  MEXIy

HaIIPAXKCHUCM, COIIPOTUBJICHHUAMU,
IMPOBOANMOCTAMU u TOKaMH B Ja(S004 C
mapajajicibHO BKIIFOUCHHBIMH AKTHUBHBIM

COITPOTUBJICHUEM, KaTYHIKOﬁ HHIAYKTUBHOCTU H
KOHJICHCATOPOM.

JlabopaTtopuasi padora Ne 4. UccrnemoBanue
Tpex¢dazHOW  CUCTeMBl  IPU  COEJUHEHUU
norpeduTeneit 38e3/101.

O3HaKOMUTBCS OTIBITHBIM nyTem c
0COOEHHOCTSIMH COeIMHEHUS 3BE3JI0M
MPUEMHUKOB DJIEKTPUYECKONH SHEPruM B LEMNH
TpexdazHoro Toka. McciemoBath  peXHMBI
pPaBHOMEpPHOW W HEpaBHOMEPHOH Harpysok, a
TaKxke paboTy CHCTEMbI NpH OOpBIBE OJHOU U3
¢a3. [TonyunTs npakTHUECKUE HABBIKU pacyera u
UCTIBITAaHUA ~ Tpex(a3HbIX IMemeid, a TakxKe
MIOCTPOCHMSI BEKTOPHBIX JTUArPaMM.

JlabopaTopnasi padora Ne 5. Uccrnemoanue

JIMHEWHOU JIIEKTPUYECKOU Lenu npu
MIEPUOTUYECKOM HECHHYCOUJAIIBHOM
HaIpsHKEHUU

PaCCMOTpeTB SJICKTPHUYECCKAas LCIb COCTOAILYIO U3
MOoCJICH0BATCIIbHO BKJIIFOUCHHBIX HWHAYKTUBHOIO,
€MKOCTHOI'O U aKTUBHOI'O COHpOTHBJ’ICHHfI.

JlabopaTtopnasi padora Ne 6. lccinenoBaHue
MEPEXOHBIX MPOIIECCOB B IETH C EMKOCTHIO.
3akpernieHue METOAUKH pacuéra MepexOaHbIX
MMpoHeCCOB KIACCUYECKUM METOAOM B ICIIX,
cozepxamux EMKOCTh, MPaKTUYECKas MpOBEpKa
pe3ynbTATOB pacuéra.

JlabopaTopnasi padora Ne 7. HccinenoBanue
MEPEXOIHBIX MIPOLIECCOB B enu c
HHAYKTHBHOCTBIO.




3akperyieHue METOJUKU pacuéra IepexoaHbIX
MPOIIECCOB KJIACCHYECKUM METO/OM B IICTIsX,
COJIepKallMX HHIYKTHUBHOCTh, IpPaKTHUECKas
IPOBEPKA PE3YyIHTATOB pacueTa.

JlaGoparopnass padora Ne 8. Ilepexoansie
npotieccsl B R-L-C xoHType.

HccnenoBath  mepexoAHble  MPOIECCH B
3JIEKTPUYECKON LIETIH, COCTOSILLEH u3
MOCNIEZIOBATEbHO  BKJIIOYEHHBIX  AKTUBHOTO
CONPOTHUBIICHUS, WHJIYKTUBHOCTU M EMKOCTH,
OTIpEeICTTUTh 3aBHUCHUMOCTh Xapakrepa
[IEPEXO/IHOTO  Ipoliecca OT  COOTHOIICHHUS
BEJIMYUHBI TAPAMETPOB DJIEMEHTOB CXEMBI.

JlabopaTtopnass paGora Ne 9. MU cneiTanue
onHOo(a3zHOTO TpaHChopMaTopa.

O3HaKOMHUTBCS C KOHCTPYKLHEH, MeTOoJdaMu
UCTIBITAHUS W OINPENCICHUS  XapaKTEPUCTHUK
TpaHc(hOpMaTOpOB.

10

JlaGoparopnass padora Ne 10. Vcneitanue
JIBUTaTEIel MOCTOSIHHOI'O TOKA.
O3HaKOMUTBCA C KOHCTPYKLHMEH, METOJaMHU
WCIIBITAaHUST ¥ ONpPENETICHUS XapaKTePUCTUK
JIBUTATEJIe MOCTOSIHHOTO TOKA.

11

JlabopaTtopnass pabGora Ne 11. Hcneitanue
Tpex($a3HOTO0 ACHHXPOHHOTO AIEKTPOJIBUTATEIS C
KOPOTKO3aMKHYTBIM POTOPOM.

O3HAaKOMUTKCS C KOHCTPYKIIMEH, METOIaMHU ITyCKa
u XapaKTCPUCTHUKAMU ACMHXPOHHOTI'O
AIEKTPOABUTATESI

Hroro 3a 3 cemectp:

36

36

Hroro:

36

36




4. Cooeprcanue nadopamopHnulx padoom

Jlabopamopnas paboma Nel. Hccnedosanue cioxcHvIx yeneil nOCMOAHH020 MOKA

Ilens padomwr: [1onyunTh TPaKTUUECKHUE HABBIKUM COOPKHU CXEM JUISl SKCIIEPUMEHTAILHOM
MPOBEPKU M pacueTa Ienedl MOCTOSHHOTO TOKa C HMCMOJb30BaHMEM 3akoHa Oma, mepBoro u

BTOpOro 3akoHOB Kupxroda.

Ocnoevl meopuu:

CIl10)XKHOM LIeTbI0 MOCTOSIHHOTO TOKAa Ha3bIBAIOT 3JIEKTPUYECKYIO LIEMb, COCTOSIIYIO W3
HECKOJIbKMX COMPOTUBICHUN M MCTOYHUKOB HAMPSKEHUSI, COSTMHEHHBIX MEXKY COOOU TeM WIIU
HUHBIM CITOCOOOM.

VY310M 37EKTPUYECKOM 1ETTH HA3bIBAETCS MECTO COCIUHEHUS TpeX W Oojiee BETBEH IIEMH.
[Ipy Han4Mum B cxeMe N TaKUX y3J0B MOYKHO COCTAaBHTh (n—-1) YpaBHEHUH COIJIACHO MEPBOMY
3akony Kupxroda. B cooTBEeTCTBUU ¢ 3TUM 3aKOHOM CyMMa TOKOB, MOAXOMASIINX K Y31y, paBHa
CyMME TOKOB, OTXOJISAIIUX OT y3JIa, UK ajareOpanyeckas CymMMma BCEX TOKOB B y3JI€ paBHA HYIIIO,
T.e. 2/ =0. IIpu 5TOM HEOOXOAMMO TOKH, MOIXOJSIINE K 3]y, 3alMCHIBATh B YpaBHEHHE C
OJIHUM 3HaKOM (Hampumep «+»), a TOKU, OTXOJISAIINE OT y371a — C IPOTHUBOMOIOXKHBIM 3HAKOM.

[Ipu mocnegoBaTenbHOM COEAMHEHMHM HECKOJIBKHX compoTuBieHuid (puc. 1.1 a) obmee
CONPOTHUBIICHUE YUaCTKA PABHO CyMME BCEX CONPOTUBIICHHIA HAa 3TOM yuacTke: R, =R, + R, + R,
. TOK Ha y4yacTKe LEeNHU C HECKOJIBKUMU IOCIEA0BATEIBbHO COCAMHEHHBIMU CONPOTUBIICHUSIMU

Oynet paBeH (1o 3akoHy Oma):

.
R3
—>1
I
— IO I
R 0
T3+ = O +—
R1 R2 Rs R>

Pucynok 1.1 — [TocnenoBatensHoe (a) u napauienbHoe (0) coeTMHEeHNEe COTPOTUBICHUI

[Ipn mapannenbHOM COEIUHEHHM JBYX CONpPOTHBIEHUN (puc. 1, 6) SKBUBaJIEHTHOE
R, -R,

COIPOTUBJIEHHE olpeaersiercs no popmyne: R, = 2R
1 2



Ecnm u3Becten Tok lo, mpoTekaromnuii mo Hepa3BETBICHHOW YacTH 1ETH, TO TOKHU |1 1 |2 B
conpotuBiieHUsX R1 1 R2 MoxHO onpenenuts o Gpopmymnam:
R
0
R +R,

=

Rl
* R, +R,

=

[Ipu Tpex mnapauieIbHO BKIIOUCHHBIX CONPOTHUBJICHHSIX (pUC. 1.2) SKBUBaJIEHTHOE
COTNPOTHUBIICHHUE OyJIET PaBHO:
_ Rl 'Rz 'R3
5=
R -R,+R, R, +R, R,

BeTBbIO 2NIEKTPUYECKON ETTH HA3BIBACTCS YYACTOK DICKTPUUCCKOM IICTH, 3aKITF0YCHHbIH
MEX1y IBYMS y3i1amu (Harpumep, KoHTyp abefa Ha puc. 1.3).

B kax10M KOHTYpe MEX/1y dJICKTPOIBIKYIIMMHU CHIIAMH (3.]1.C.), UMCIOLIMMUCS B LICTIH, U
NaJCHUSIMU HANpPSDKCHHsS Ha OTHCNBHBIX y4acTKax CYLIECTBYET CTPOrO OIpeeleHHas
3aBHCHUMOCTb, OIpe/iesisieMasi BTOpbIM 3akoHOM Kupxroga:

XE=%IR,
T.e. airebpanyeckas CyMMma OJICKTPOABMKYLIMX CHJI B [aHHOM KOHTYpe paBHa
anreOpanyueckoil CyMMe MajieHUi HaPsDKSHU Ha y9acTKax I 9TOro KOHTYypa.
JInst Toro, yToOBI TPaBHJIBHO 3alKcaTh YpaBHEHHE 1O BTOpoMy 3akoHy Kupxroda,
HEOoOXOUMO 3aJaThCsl HAIpaBJIEHMEM 00X0/a 3TOr0 KOHTypa (HampuMmep, MO XOJy 4YacOoBOM
crpenkn). Eciu mpu 00xo/1e KOHTYpa HampasJeHHe 3./1.C. COBIA/IACT C HalpaBlIeHHeM 00X0/1a, TO
€€ 3aMKCHIBAIOT B JIEBYIO YaCcTh YPABHEHHUS CO 3HAKOM «+», a €CIIH ee HaIllPaBJICHHUE HE COBIAaeT
C HarfpaBJIeHHEM 00XO0a, TO €€ CUUTAIOT CO 3HAKOM «—». AHAJIOTUYHO TOCTYMAIOT CO 3HAKaMH
NaJCHUN HanpspKeHud. Ecny HampaBieHUEe TOKa Ha y4acTKe LIETIH COBIAJAET C HAIPABICHUEM
00xona, To IR Ha 5TOM y4acTKe 3alHCHIBAIOT CO 3HAKOM «+1», B IPOTUBHOM CIIydae — CO 3HAKOM
M.
[Tokaxxem 310 Ha mpumepe (puc. 1.3)
1. Jlns xouTypa abefa, coepiiras 06X0/1 10 4aCOBO# CTpPENKE, MOTYUHM:
E =1,R +I,R,

2. Jns xoutypa bcedb, coBepiirast 06X01 MPOTHB YaCOBOM CTPEIKH, MOTYUHM:
E =1,R, + LR,

3. Jlns xoutypa abcdefa, cosepiriast 06x0/1 10 4acoBOit cTpeKe, MOTYyUUM:

El _Ez :[1R1 _12R2



Ykazanue no mexnuke 6ezonacnocmu:

VYkazaHus 1o TeXHUKe OE30MaCHOCTH MIPU BBIIOJIHEHUH J1a00PaTOPHBIX pabOT MPUBEICHBI

B IIpUJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:

1. [MomoOpate mpubOpsI, HEOOXOAMMBIE IS BBIIOJIHEHUS paOOThl, 03HAKOMHUTBHCS C
HUMH W 3alUcaTh TEXHUYECKUE JaHHBIE MCTOYHHKOB 3.J.C., PEOCTATOB, H3MEPUTEIIBHBIX
pUOOPOB.

2. CoOpath cxemy i TpoBepKH nepBoro 3akona Kupxroda (puc.1.2). YcraHoBuTh
MaKCHUMaJIbHbIE 3HAYEHUS COMPOTHBIICHUI PEOCTATOB U U3MEPUTH TIOCIIE 3aMbIKaHus Kitoya Kl

TOKH B MApaJUICIbHBIX BETBIX M 00uwii Tok nenu 10. Pe3ynbTaTel n3aMepeHnii 3aHeCTH B TAOIHUILY

1.1.

Iz R‘.f
e b

iz R
I

\&y

CAD Iz /—\ R

()

\ ®

Knt +

|~
Il
Pucynox 1.2 — Cxema g npoBepku nepBoro 3akoHa Kupxrodga

B ombiTe 1.2 cneayeT nepeABUHYTH MOI3YHKU PEOCTATOB MIPOU3BOILHO, HAOIIOqas1, YTOOBI
CTpPEJIKM aMIIEPMETPOB HE 3alIKaTHBaIIH.

Tabmuma 1.1 — Pe3ynpTaThl H3MepeHUI U BHIYUCICHUI

Ne

PesynbTarsl usmepenuit PesynbTarsl BeruncieHUn
n/m

O0603Hay. lo ] I, I3 U R R, Rs3 R, Yo

En. uzm. A A A A B Om Om Om Om %

OrerT 1

OmngIT 2
OmnsiT 3

10



Ilo 3aKOHY OmMma BBIYHCIHTH COIMPOTUBJIICHUE KaXI0ro pe€ocCrtarta M OKBHUBAJICHTHOC

CONpOTHUBIIEHUE CXeMbl R5 BpUMCINTE OTHOCHUTENBH MOTPEIIHOCTh M3MEpeHuid yo % 1o
V

dbopmyre:

I,—(, +1, +1
y = 0 (1 2 3).100%\

0

3. Cobpats cxemy (puc. 1.3) mist mpoBepku BTOporo 3akona Kupxroda.

Fz
a =] o,

Es Es
@ D
)"
Ay Th;h A -"QT

R R: I R:

f & ol

Pucynok 1.3 — Cxema asst mpoBepKu BToporo 3akoHa Kupxroda

[Ipn pa3oMkHyTBIX pyOmibHHKaX P1 um P2 u3mepuTh BOJIBTMETPOM BEIMUYUHBI 3.1.C.
Kaxoro akkymynaropa. Conporuienus peoctatoB Ri, R2 u R3 u3meputs ommerpom. Toku Ha
OTJIENbHBIX YYAaCTKAX LEMH U3MEPUTH IJIs TPEX CIIy4aeB:

Omnpit 1 — pyOunsHuk P1 3aMkHyT, P2 — pa3oMKHYT.

OmnpiT 2 — pyOunsHuk P2 3aMkHYT, P1 — pa3oMKHYT.

OmnbIT 3 — 06a pyounsHuKa P1 u P2 3aMKHYTHI.

Pesynprarel W3MEpeHMH W HM3BECTHBIE BEIMYMHBI BHYTPEHHHUX COINPOTHBIICHUI

HMCTOYHHKOB 3.11.C. o1 ¥ o2 3aHECTH B TAOJIHITY 2.

Tabnuua 1.2 — Pe3ynbTaTsl ©3MEpeHHii U BBIYMCICHUN

H3BecTHEIE
Pesynbratel m3mepeHuit PesynbraTel BRIYHCICHUN
Ne BEJINYHMHEI
/n Eq E> I1 P I3 Uy U, Us o1 ro2 Ry R2 R | 2IR |

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

%

OmngiT 1

OngIT 2

OmngiT 3
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[To pe3ynbrataM U3MEpEeHUN U BBHIYMCIEHUHN CAENaTh BHIBOJ O MPUMEHHUMOCTH BTOPOTO

3akoHa Kupxroda st pacdera merneil mocToSHHOTO TOKa.

Breraucnouts OTHOCHUTCIIbBHYIO IOTPCIIHOCTD JJIA KaXXJ0I'0 U3 TPEX OIIBITOB

SE - IR
Vo = 100%
SE

Jlj1 OIHOTO U3 KOHTYPOB IIPOBEPUTH OAJIaHC MOIIHOCTEH:

SEI=3I’R+3I%r,

Cooepicanue omuema:

OTuer HOKEH CONepKaTh:

N o g~ w d e

HazBanue paboTsi;

L{ens paboThI;

Kpartkue Teopernueckue cBeieHus;

OnucaHue UCroib3yeMoro o0opy10BaHUSI U MATEPUAJIOB;
[TopsiioK BBITOTHEHHUS PaOOTHI;

Beruucnenus u o0paboTka pe3ysibTaToB;

BriBoasl.

KOHmpOJleble eonpocol:

1
2
3
4.
5
6

KakoBa ¢u3nueckas CymHoOCTb EPBOro U BTOporo 3akoHoB Kupxroga?
MaremaTnueckoe BbIpakeHHUE MEepPBOro U BTOporo 3akoHoB Kupxroda.
Uto Ha3pIBaeTCS UCTOYHUKOM 3.11.C.7

B uem cymHocTh 6anaHca MOIIHOCTEH?

Yo Ha3bIBAETCS Y3JIOM JIEKTPUUYECKOHN 1ienn?

Kak BbIOMpatoT HanpaBieHus: 00X0/1a KOHTYpPOB?

12



Jlabopamopnas paooma Ne2. Ilocnedosamenvnoe coeournenue aKkmueHo2o,

UHOYKMUBHO20 U eMKOCMHO020 conpomugienuil. Pezonanc nanpasicenuii

Ilenv padomer: OnbiTHAS NPOBEPKA OCHOBHBIX COOTHOIICHUN MJIA MOCJIEN0BATEIbHON
Iend TEPEeMEHHOr0 TOKa, O0Jajalied aKTHUBHBIM, HWHIAYKTUBHBIM H  €MKOCTHBIM

COIIPOTUBJICHUSIMMU.

Ocnoevt meopuu:
[TycTh B 1Ienb IEPEMEHHOTO TOKA ¢ yacToToil f = 50 [y BKiIroueHa KaTyIlKa, 00Jaaromias
WHIYKTUBHOCTBIO L ¥ akTUBHBIM CONPOTUBIIEHHEM I (puc. 2.1).
[Ipu mpoTekaHUM O KATYIIKE MEPEMEHHOT0 TOKA I B IIPOCTPAHCTBE, OKPY)KAIOIIEM BUTKH,
OyZIeT co3aBaThCsl MATHUTHBIN MOTOK @ M MOTOKOCUEIUIEHHE ¢ BUTKAMU KaTyIIKH:
w=wW-O

raAc w — 49HuCJIO BUTKOB KaTYIIKH.

e

‘ F

!
U.=Ir
o !
Ny
@
L
Y ¥

Pucynok 2.2 — Cxema nocnenoBaTenbHOTo coequuennst R u L

13



OTHolIEHNE MOTOKOCHEIUICHNS KaTyIIKU K TOKY KaTyIIKH 1L Ha3bIBae€TCs COOCTBEHHOMU
WHYKTUBHOCTBIO WJIM UHYKTUBHOCTHIO:

w-d

L=¥==
I I
Ecnu coGcTBEeHHOE MOTOKOCIEIICHHE MPOMOPIHOHATBHO TOKY (B ciiyyae KaTyIIKH 0e3
CTaJILHOTO ceplieyHHKa), To L = const. OCHOBHOM eJMHUIIEN U3MEPEHNS UHTyKTUBHOCTH SBJIIETCS
I'eapu (I'n):
1B6
-3
UUn=—,1u-10" =1mln
14
Ecnu TOk B Karylike H3MeHseTcs (Hampumep, MO CHUHYCOMAAIbHOMY 3aKOHY), TO U
IIOTOKOCIICTUICHHE KAaTyIIKd M3MEHSAETCS MW II03TOMY B BHTKaxX KaTylIKd [0 3aKOHY
AJIIEKTPOMATrHUTHON MHAYKIMU HABOAUTCS 3.1.C. CAMOMHIYKIIMH €L
— d_w =T dﬁ
dt dt

T.C. HaBoauMasA 3.4.C. €L HNPCIATCTBYCT HW3MCHCHHIO TOKa L. KpOMC TOro, KaTynika

e =

00J1a/1aeT HEKOTOPHIM aKTUBHBIM COITPOTUBIICHHEM T.
[Tpumensist BTopoii 3akoH Kupxroda /111 MTHOBEHHBIX 3HAYCHUH AJICKTPUICCKUX BEJIMYHUH,
MOJKHO 3aI1CcaTh:
ut+e, =i-r
OTCIOJIa HAIPSDKEHUE Ha 3aKUMax 11eTH PaBHO
u=i-r—e, =u,+u,

[Tagenue HanmpsHKEHUS HA AKTUBHOM COMPOTHBIICHUN HA3bIBAIOT AKTUBHOW COCTABIISIOIICH
HANPSDKEHUST WM aKTUBHBIM HamNpsOKEHHEM, a TaJCHHE HaMpsDKeHUsS Ha WHAYKTUBHOM
COINPOTHBIICHUU HA3BIBAIOT WHAYKTUBHON COCTABJISIONICH HampshKeHUS. MTHOBEHHBIC 3HAYCHUS
OTUX BETWYMH O0003HAYalOT U, W U, a jaeicTByromue — cooTBeTcTBeHHO Ua m UL, Ilpm

CUHYCONJAJIbHOM 3aKOHC U3MCHCHU S TOKA HAIIPS)KCHUC HA 3a)KUMax LCITN 6y,£[eT paBHO:

u=ir—e_=rl_sin wt+|_d(lm;na)t):

rl,,sinot + oLl coswt =
. - s
=U_,Sinowt+U _ sin a)t+E ,

T.€. MEX]Iy aKTUBHBIM M MHIYKTUBHBIM MaJICHUSMU HANIPSDKEHUSI UMEETCS CABUT 110 (haze
Ha 90°.

[Tepexos Kk KOMIUIEKCHOM (hOopMe MOXKHO 3aInCaTh;
U:Ua +jUL =jr+jij
14



rne jIx, = jwlLl - KOMIUIEKCHOE COPOTUBIICHNE HHIYKTUBHOTO JIEMEHTA;

— Lm o
U,=—= u U, =—2 - jeiicTBylolye 3HAYeHHUs AKTHBHOTO U HMHIYKTHBHOIO
A2 A2

HanpsHKEHUH.
Taxum o6pa3zom, HanpskeHHe Ha 3axkuMax Henu U/ MOXHO IpeIcTaBUTh B BUJE CYMMEI
neyx cunycoun U, u jU, . U3BeCTHO, 4TO BCAKYIO CHHYCOUIATBHO H3MEHSIOILYIOCS BETHUHHY

MO>KHO TPEJICTaBUTh B BUJE BEKTOpa (Hampumep, Toka [/ ), Bpalaromierocs B IPOCTPaHCTBE C

YIJIOBOM 4aCTOTOM @, MPOEKLMS KOTOPOr0 HA MHUMYIO OCh U J1a€T CUHYCOMJIAJIbHYIO BEIMYHUHY

(prc. 2.3).
N 3 7

I

4

Pucynok 2.3 — M300pakeHne CHHYCOMAAIBHOTO U3MEHSIOIICHCS] BEJIMUUHBI TOKA B BUJIE

BEKTOpa

OnpeznenyM HaNpsDKEHUS Ha 32KMMaXx LM IPU MOMOIIM BEKTOPHOM tnarpaMMel. Bektop
Toka | OTJIOKMM B MPOM3BOJILHOM HAMpPAaBIEHHH, HAPUMEpP, TOPH3OHTaNBHO (puc. 2.4). Bee

OCTaJIbHBIE BEKTOPHI OYIyT )KECTKO MPUBS3aHbI K BeKTOpy 1 , T.€. uX caBur 1o (ase Gyaer crporo

OTIPE/ICTICHHBIM.

Bektop axtuBHOro Hampsokenus U, = 1 -7 Gyjger coBmajgaTh 10 HampaBieHHIO C
BektopoM 1 . BekTop MHIyKTHBHO# cocrapisomeii Hanpsxenms U, = J-1-X_ 6ymer

OIICPCIKATh Ha 900 BCKTOD I . CKJ'Ia,Z[BIBa}I TCOMECTPHUYICCKU BCKTOPLL Ua )51 UL , IOJIYYHUM BEKTOP

Hanpsokenuss U Ha 3aKuMax Ieru.

15



0 . : 1
U =Ir

Pucynox 2.4 — BekTopHas quarpaMma mpu rocjieioBareasHoM coenuuennn R u L

Bennunna X =@ L=27-f L Hassacrcs UHOYKMUBHBIM CONPOMUGIEHUEM W
usmepsiercs:i B Om. ConpoTHBIEHHE XL 3aBUCUT OT YacTOThl M IPU BKIIOUEHUM KaTYIIKU
UHIYKTUBHOCTH B LI€IIb IIOCTOSIHHOIO TOKA ( /=0 ) TOK KaTyIIKU OyAeT OrpaHUYEH TOJIBKO €€
AKTUBHBIM COIPOTUBIIEHUEM U OKa)XXeTCsl HaMHOro 6osbie. [103ToMy KaTylIKu HHAYKTUBHOCTH,
npeHa3HaYeHHbIe JJIs paboThl HA NEPEMEHHOM TOKE, HENb3sl BKIOYATh B IEMH IOCTOSHHOIO
TOKa.

Tpeyronbauk OAB (puc. 4) npssMOYroibHBIN U Ha3bIBAETCS TPEYTOJBHUKOM HAIIPSIKEHUH.
N3 tpeyronsauka OAB nmeem:

U2 =07 +U,
U?=(T-r?+(-x)*=12(r" +x?2)

W3Bnekas u3 o6enx yacrteir KOpeHb, MOTYUYUM
2 2
U=1-\r*+x;
2

2
Bemnuuna /" + X[, uMeromas pa3MepHOCTb CONPOTHBIICHUS, HA3BIBAETCS MOJHBIM

COIIPOTUBJICHHUEM LICIIN U 0003HaYaeTCy Z :

Z=4r*+x}

u 3akoH Oma JJIA O NIEPEMEHHOI'0 TOKa UMECT BU:

.U . .
IZ?I/IUZIZ

Kocunyc yrna casura a3 ¢ mexay Tokom | u Hanpsikenrem U paBeH:

U_I-r r

a

cCos@ =

U Il-z z
16



N3 TpeyrosibHUKA MOIIHOCTEM, KOTOPBIA MOKHO MOJIYYUTh U3 TPEYrOJIbHUKA HAIPSIKEHUM

YMHO>KEHHEM €r0 CTOPOH Ha TOK [, MOJIydrM aKTUBHYIO MOUTHOCTD:
P=I°»=U-I-cosg
PeakTuBHAs MOIITHOCTD:
O=1I1°x, =U-1-singp

TlonHas MOLTHOCTE:

S=U-1=P>+0O

OTHOIIIEHNE aKTUBHOU MOIITHOCTH K IOJTHOM Ha3bIBACTCSA KOB(b(bI/IHI/IeHTOM MOIIHOCTH:

cosp=— ="
=57 Ul

Ecimm nenb mepeMeHHOTO TOKa 00J1a/1aeT aKTHBHBIM CONPOTUBJICHHEM I' M eMKOCThI0 C
(puc. 1.5), To mo BTOpoMy 3akoHy Krupxroda /it MTHOBEHHBIX 3HAUEHUH IEKTPUICCKUX BEIIMINH

MOKHO 3aIliuCaThb:

u=I-r+u

c

r7ie U — MIHOBCHHOE 3HAYCHHE TPUIIOKEHHOTO K IEIH HAPSKCHHUS;
| - MTHOBEHHOE 3HAYEHUE TOKA LIEIH;
Uc - MTHOBEHHOE 3HAYCHUE HAIPSDKEHUS, MPHIIOKEHHOTO K O0KJIaIKaM KOHJICHCaTopa U

IPEJICTABIIAIONIETO COOOH MajieHHe HANPSKEHUS HA EMKOCTH.
Ecii Tok M3MeHSIeTCs BO BPEMEHH 10 CHHYCOHMIAIbHOMY 3aKoHy, T.e. L = 1, S f

TO TPENbIAYIIee YpaBHEHHE OyIeT UMETh BU:
. 1 : T
U=rl,sinot+—1_sin(wt—-—).
wC 2
N3 stoit (I)OpMy'JIBI BUJIHO, YTO IPHUIIOKCHHOC K HCIHN HAIPSXKCHUC COCTOUT M3 ABYX

COCTABJISOIIMX: aKTHBHOW WM aKTUBHOTO HampspkeHus U, = rl SiN awt conanaroeit no

. T
(ase ¢ TOKOM, U PeaKTUBHOH MM eMKOCTHOI coctapisromeint U, = oC I, sin(aot — E) ,
@

oTcTaromieit ot Toka Ha 90° (puc. 1.6). Torma
U == U at U c
[TocTporM BEKTOPHYIO UArpaMMy JUIsSl JAHHOTO CIydasi, MOJIb3ysSICh TEMH K€ MTPaBUIIAMU,

KaK ¥ [PU TOCTPOSHHUHU TUArpaMMBbl [UTs TIOCIIEIOBATEILHOTO coeuHeHus r u L (cMm. puc. 2.4).
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Pucynoxk 2.5 — IlocnenoBarensHoe coenunenne R u C

I

Pucynok 2.6 — BekTopHast auarpamMma i ocie0BaTeIbHOro

coequuenus Ru C

[Tpu 5TOM HEOOXOIMMO UMETH B BHUIY, YTO BekTOop HampsokeHust U . oTcraer ot Toka |
Ha 90° (puc 2.6).
N3 tpeyronsauka OAB Ha pucyHke 6 umeem:

2 112 2
U2=U2+U}
NN

I/ 1
U? =(Ir)? +(—=) =1 +—)°.
r) (coC) ( a)C)

H3Bnekas KBaIlpaTHBIﬁ KOpPCHb U3 o0enx qaCTeﬁ, MOJIYyYnuM:

U=I-\/V2—|—(L)2 ,

oC
OTKy/a
U U
I = ==
1 \/ 72+ x2
\/ r? + (—)2 c
oC
BennmunHa X, = —— Ha3BIBaCTCS eMKOCMHbIM conpomusienuem u u3mepsiercs B Om.

oC

EmkocTtHOE COMMPOTUBJICHUC 3aBUCUT OT YaCTOTLI HAIIPAKCHHA CETU U OT EMKOCTHU KOHJACHCATOPA.

18



2 2
Bennuuna /7" + X Ha3bpIBacTCsA IOJHBIM COINPOTUBIIEHHEM M 00O03Ha4daercs Z. 3akoH Oma

IMPUMEHUTEIILHO K ,Z[aHHOfI LEIu NMEPEMCHHOI'0 TOKa 6y,Z[CT HUMCTb BHUA!

rae z=+r" +x_ .

Ecnm Bce croponsl TpeyronpHuka Hanpsokennii OAB pasaenuts Ha Tok |, TO mosrydum
TPEYroJIbHUK CONPOTUBIICHUH C KaTeTaMu I U Xc ¥ TUIIOTEHY30M Z.
IIpu mocnenoBarensHoM coemunenun f, L u C OyayT crmpaBeqiuBbl BCE BBIBOJIBI,

noJTydeHHbIe Jis 1enu ¢ I-L u meru ¢ r-C. [Ipu 3ToM BO3MOKHBI CIIEAYIONINE KOMOWHAIUH:
a) XL > Xc ;6)X, <Xc ;B)X, =X¢ .
PaCCMOTpI/IM C IMOMOLIBIO BEKTOPHLIX AWarpaMm Ka)KI[BIﬁ N3 3TUX BAPUAHTOB.
a) Mmeem 1iens U3 mocnenoBareabHO coeanHeHHbIX I, L u C, mpuyem
X, > Xc . Ilo BceM TpeM CONPOTHBICHUSAM OyIET MPOTEKATh OJHH M TOT )€ TOK I ,

BEKTOP KOTOPOTO OTJIO)KMM B BRIOPAHHOM MacmTabe MpOU3BOIBHO, HAPUMED, TOPU30HTAITBHO,
T.€. HaIllpaBJICHUE NIEPBOTO BEKTOPA BEIOMPACTCS TIPOU3BOJIBHO (puc. 2.7).

BeKTOp MaaACHUA HAIPAKCHHUA HAa aKTUBHOM COIPOTUBJIICHHUU 6y,Z[CT cCoBmmagarb ¢C

HalpaBJICHUEM TOKa, a MAaACHUC HANPAKCHHA Ha HMHAYKTHUBHOM OJ3JICMCHTC HIIH UL 6y21€T

ornepexarb BeKTOop [ Ha % [laneHne HampsDKEHHsT Ha €MKOCTHOM siieMeHte U, Oyaer

OTCTaBaTh OT BEKTOpPA TOKAa Ha % H COI'JIAaCHO YCJIOBHIO

U.<U,.

PucyHok 2.7 — BektopHas quarpamma Hanpspkeruit mpu X, > Xc

OOu1ee HanpsKeHUE 1IeTH Oy/IeT paBHO CyMMe

Us+Ur+Uc=U.
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W3 BeKTOpHOM auarpaMMbl BUIHO, YTO MEXIy TOKOM Ienu [ u Hampsbkenuem U ecthb

yroJl ¢ ¥ TOK UMEEeT OTCTAaIoNIMi xapakTep, a cos ¢ < 1,0.
0) [Ipu X; < X, naaeHue HANPSHKCHHUS HA MHAYKTHBHOM COIPOTUBIICHUU OYIET MEHbBIIIE

NaacHus HANpPSAXKCHUA Ha CMKOCTHOM COINPOTUBJICHHUH, IO3TOMY BCKTOPHAsA JUarpaMma 6y;[eT

uMeThb BUJ (puc. 2.8):

4]

PucyHok 2.8 — BekTopHast quarpaMma HanpspkeHui npu U . > U L

B) [lpu X, = X, umeer mMecto pesonanc nanpsxcenuii, T.e. U = U, u 1o Gyner npu

1 . .
oL = - Ipu stom Bektopsl U ; n U - paBHBI [0 MOYITIO H POTHBOIONOKHO HAIIPABIICHBI
[0

(puc. 2.9), mo3TOMY UX CyMMa paBHa HYJI0. TOK 1Ienu Mpu Pe30HAHCE HAMPSHKEHUN OTPEIeISIeTCS
TOJIEKO aKTUBHBIM COTIPOTHBIICHUEM, TIOATOMY YTOJ CABUTA (ha3 MEXITy TOKOM M HaIpsHKCHHEM
1enu paBeH Hymo, a C0S ¢ = 1. Ilpu sToM HaAO WMETh B BHIY, YTO PE3YIbTUPYIOIIEE
COTPOTHBIICHUE LIEMTH PE3KO YMEHBIIUTCA 10 3HAYEHUS Z = I ¥ TOK IIEMH PU PE30HAHCE MOKET

PE3KO BO3pacTaTh.

U, ||Ue

q}:ﬂ UG:U:-I.I -

= > |

Pucynok 2.9 — BekropHas AuarpaMMa HanpspKEHUN IIPU PE30HAHCE
Ykazanue no mexnuxe 6esonacnocmu:

VYkazaHus 1o TeXHUKe 0€30IMacHOCTH IIPpU BLIITOJIHCHHUN J'Ia60paTOpHBIX pa60T IMPUBCJACHBI

B IIPWJIO’KEHUE A.
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Ykazanua no eévinoanenuro nabopamopmnoit padomoi:

1. Cobpatp cxemy ¢ mocienoBarenbHbM coeaunenneM R, L u C (puc. 2.10). B
KaueCTBE aKTUBHOI'O COIIPOTUBIICHMS MCIIOJB3YETCsl PETYJIMPOBOYHBIN peocTaT R, a B kauecTBe
emkocT C — 6aTtapesi KOHIEHCATOPOB.

Boastmerpom V1 m3mepsitoT BxoaHoe (00I1ee) HANPsHKEHUE MM , a BOJIBTMETPOM V2 C
MIOMOUIBIO IIIYTIOB [TO0YEPETHO U3MEPSIOT NaICHUE HAPSYKEHUSI HAa aKTUBHOM COIIPOTUBIIEHUH R

(B Toukax a u 0), Ha UHAYKTUBHOCTH L (B Toukax B U T) 1 eMKOCTH C (B TOUKAX T H 1).

Pucynok 2.10 — Cxema ¢ nocienoBarenbHbiM coenuaenrneM R, L u C

I/ISMepeHI/Iﬂ HCO6XOI[I/IMO BBITIOJIHATE UIA TPEX PEKUMOB!

1) UL > Uc; 2) UL < Uc; 3) UL = Uc.

JInst KaK7I0ro M3 PEKMMOB BBIMTOJIHUTH PACYEThl M BMECTE C pe3yJbTaTaMu M3MEpPEHHIA
3aHecTd B Tabmuiy 2.1. Ilo pesymbTaTtam pacueToB s KakJIOTO U3 PEKUMOB MOCTPOUTH
BCKTOPHYIO JUarpamMmy HaHpSI>I(eHI/II71, JJI1 9€Tro H606X0,I[I/IMO BLI6paTL MacIirtad HaITPS’KCHUA Mu
TakuM 00pa3oM, YTOOBI BEKTOP HanpsikeHus nenu U 6buT mpuMepHO paBeH 8 — 12 cM.

Tabmuna 2.1 — Pe3ynbTaTsl H3MEpEHHA U BBIYHCICHAN

N" HSMepeHHHe BCIIMYNHBI BI)I‘II/ICJ'ICHHI)IG BCIINYNHBI
- I Ur UL Uc COS ¢ S P Q
OIIbITA
A B B B - BA Bm BAp
1
2
3

Buumanue! Ilpu pe3oHaHCE HaANPsHKEHUH TOK UENH ONPEIETsAETCS AKTUBHBIM
COTIPOTUBIIEHHEM R, Mo3TOMYy aMmepMeTp MOXKET 3alllKajluBaTh. B 3TOM ciiydae HEOOXOIUMO
no100paTh aMrepMeTp ¢ HECKOIbKUMHU TpeeiaMi U3MEPEHUN U TIPH PE30HAHCE TIEPEKITIOUUTh

ero Ha OOJIBIIIHHI MMpeaci 1o TOKY.

Cooepircanue omuema:

OTyer N0JKEeH ColIepKaTh:
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Ha3Banue paboTsr,

L{enb paboTHI;

KpaTkue TeopeTnueckue CBEACHHUS,

OnucaHnue HCIOIb3yeMOT0 000PY/IOBaHMS U MAaTEPHAJIOB;
[Topsiiok BBITOTTHEHHS PaOOTHI;

Brraucnenus u 06paboTka pe3ysinbTaTos;

N o g ~ wDd e

BrIBOIEL.

KOHmPOJleble eonpocol:

1. UTO NOHUMAIOT TTOJI MHAYKTUBHOCTBIO U KaK OHA OIpeesieTcs?

2. Kak 1 moyemy u3MeHsIETCS MHIYKTHBHOCTD IPU BBEJACHUU B KATYIIKY CTAIBHOTO
cepaeyHuKa?

3. UYTO MOHUMAIOT IOJ] EMKOCTBIO U KaK OHA OIPEACIIIeTCs?

4. UTto Ha3bIBAIOT YIJIOBOM YacCTOTOU ®?

5. [To kakuM opMyIIaM ONIPEACIISIOT T; XL, XC U Z IeTH IEPEMEHHOTO ToKa?

6. KakxoBbl OCHOBHBIC COOTHOIIICHUSI U BEKTOPHBIC JUArPaMMBbI B IIETISAX C aKTUBHOM,

UHYKTUBHON M €MKOCTHOW Harpy3koi?

1. [Tpu KaKuX yCIOBUSX BOSHUKAET PE30HAHC HAIPSHKEHUN?
8. Uemy paBeH KO3(DPUIIMEHT MOILIHOCTU COS @ MPU PA3TUYHBIX YCIOBHIX M KaK OH
omnpenensiercs?
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Jlabopamopnas padoma Ne3. Inekmpuueckasn yenv CUHYCOUOATIbHO20 MOKA NPU

napauiejibHomMm 6KJII04YeHUU AKMUBHO20 U DeaKMUBGHbLX conpomumenuﬁ

Heﬂb pa60mb1: OKCIICpUMCHTAaJIbHAas MPOBEPKa 3aBUCUMOCTH aKTHBHOI'O U PCAKTHBHBIX
COHpOTI/IBJ'IeHI/Iﬁ OT 4aCTOThI, a TAKXC COOTHOILICHUI MCKAY HAIIPSXKCHUEM, COIIPOTUBJICHUAMU,
MMPOBOAUMOCTAMHA U TOKAMHU B LCTIM C NAPAJIJICIIbHO BKIIFOUCHHBIMU aKTUBHBIM COIIPOTUBJICHUCM,

KAaTYIIKOM MHIYKTUBHOCTH U KOHIEHCATOPOM.

OcHoebl meopuu:

HpI/I NnapaujiCJIbHOM BKIIIOYCHHUU aKTUBHOI'O COITPOTUBIICHHA, KATYIIKH MHAYKTUBHOCTH U
KoHJleHcaTopa (puc. 3.1) Ha Bce TpU JIEMEHTA AMEKTPUYECKOM LN MoAaéTcsa OJHO M TO Ke
HanpsDKeHUE U. MTHOBEHHOE 3HAYCHHE TOKA 1 B HE-Pa3BETBIEHHOW YACTH IICTIM PAaBHO CyMMeE
MT'HOBCHHBIX 3HAYECHUI TOKOB PE3UCTOPA ir, KATYIIKH ix ¥ KOHJACHCATOPA i

I=irt+itic
CooTBeTCTBYIOIIEE PABEHCTBO CIPABEATIMBO JJISi KOMITJIEKCOB TOKOB!
I= I+ [+ I,
KOMILIEKCHl TOKOB OINPEEIAIOTCS KOMIUIGKCOM HAmpspkeHHs U M KOMILICKCHBIMH

COIIPOTUBJICHUAMU COOTBETCTBYIOIIHX 3JICMCHTOB LICIIN:

jr: (oj/r, j}(: U/ZK, jc: U/ZC

¢ J,ir Lil lic

u r L _C

. l

Pucynok 3.1 — IapanienbHoe BKIOYEHNE aKTUBHOTO COITPOTHUBIIEHUS, KaTyIIKH

WHAYKTHBHOCTH U KOHACHCATOpa

KoMIiekcHOE CONpOTHUBIEHUE PE3UCTOpPA PABHO €r0 aKTUBHOMY COIPOTHUBIIEHUIO I,
KOMIIJIEKCHOE CONPOTUBJIEHUE KATYIIKH UHAYKTUBHOCTH YUUTHIBAET €€ aKTUBHOE CONPOTUBIICHUE
I« ¥ MHAYKTUBHOCTD L: Z= rtjwLl= rHjXL.

[Tpu pacuére neneil ¢ mapayuieIbHO BKIIOUEHHBIMHU JIEMEHTaMHU YA0OHEEe MOJIb30BaThCS

HC COIMPOTHUBJICHUAMHU, 4 IPOBOJUMOCTAMU:

23



Yr=1/r=gr,
Y=1Zi=1/( retjol)=r/(r24+x.2)-jx/( r’+x.2)=gk-jox

Kom1uiekcHas mpoBoIMMOCTh KOHAEHCATOPA ¢ yYETOM MTPOBOJUMOCTH M30JISLUU MEKIY
oOKIaaKamMu Qc:

Ye=QgctjowC=gc+jbe
I= U[(gr+gk+gc) +j(bc'bk)] =UY

Tok, mpoTrekaronmil 4yepe3 KaTylKy UHIYKTUBHOCTH, MOXHO MPEJICTAaBUTh B BUJE ABYX
COCTABJISIONINX: aKTHBHO# Lix=U(y, 110 (haze, COBNANAIONIEH ¢ HANPSHKEHHEM, M PEaKTHBHOM /L =-
jUbL, oTcraromeit o (ase ot HampsokeHns Ha 90°.

Tok, mpoTekaromuii yepe3 KOHIAEHCATOp, TAKXKE MOXKHO NPEICTaBUTh B BHUJE CYMMBI
akTMBHOM [, =UQc m peaktuBHOM Jpc=jUb, COCTAaBIAIOMMX, PEAKTUBHAS COCTABJISIONIAS
omepexaer no ¢ase Hampskenne Ha 907, CxeMa 3aMelleHUs NPH 3aMEHE CONPOTHBICHMIA
MIPOBOAMMOCTSIMU UMEET BUI, U300pakE€HHBIN Ha puc.3.2.

i
—

i - e Vi

u gr gk gc br B be

R s o

Pucynok 3.2 — Cxema 3aMenieHus

BI/II[ BCKTOPHBIX AWarpaMM HAIPAKCHHUA U TOKOB paCCManHBaCMOﬁ CXEMBbI 3aBUCHUT OT

COOTHOIIIEHHUS MPOBOAMMOCTE#H by 1t be (puc.3.3).

I 1 .iij:'pl:
L = i’
¢ I; a

I -
I It
I v
a) b) c)

Pucynok 3.3 — BexTopHas nuarpaMmMa
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Ecim bL>bc, To TOk uepe3 MHAYKTUBHOCTH OOJbIIe, YeM dYepe3 EMKOCTb, M TOK B
HEepa3BETBJICHHOW YacTH 1ienu 1o (aze orcTaéT or HanpsbkeHus (puc 4.3a). Ecim b<be, To Tok
4yepe3 HHAYKTUBHOCTh MEHBIIIE, YeM TOK Yepe3 EMKOCTh, a TOK B HEPa3BETBICHHOM YaCTH LEMH 110
daze onepexkaet HanpspkeHue (puc.3.3c).

IIpu paBeHCTBE MHIYKTMBHOM M EMKOCTHOH NpPOBOAMMOCTEH BEJIMYMHA TOKAa B
HEPa3BETBJIICHHOW YaCTH LIETIH OIPEAEIIAETC TOJBKO CyMMOM aKTUBHBIX TPOBOAUMOCTEN Jrt+ Qk+
gc= @, IpH 3TOM TOK 110 (paze coBmagaet ¢ HampsoKeHueM (puc.4.3b):

I=Uy.

BekTopHasi quarpamma, uzobpaxénHas Ha puc.4.3D COOTBETCTBYET PEKHMY pe30HaHCa
TOKOB, B 3TOM PEXHME TOKH 4Yepe3 MHAYKTHBHOCTh W uYepe3 €MKOCTb PaBHBI 10 BEJIHYUHE U
POTHBONOJIOXKHBI MO (ha3e, B HEPa3BETBIEHHOW YACTH I TOK NMPUHUMAET MUHHMAaJIbHOE

3HA4YCHUC.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3aHus 110 TEXHUKE OE30MIaCHOCTH IIPH BBIIIOJIHEHUH J1a0OPAaTOPHBIX padOT MPUBEIEHBI

B MPUJIOKEHUE A.

Ykazanus no evinonnenuro nabopamopnoii pabomor:
1. JleTanbHO O3HAKOMHBIIMCH C OCHOBHBIMH TEOPETUUYECKHUMH TOJOKEHUSIMH,

coOpaTh cxemy, U300pakE€HHYI0 Ha puc.3.4.

W
-
. A
N 1
L | C
~10B 40mMIH —1 IMKD

1000M

L - *

Pucynok 3.4 — Cxema ¢ mapauienbHbiM coequHerreM R, L u C

YcTaHOBUTH IIpesiensl u3MepeHuii: BoiabTMeTpa — 20B, amnepmerpos — 200MA.
[Tonate HampsHKEHHE MMTaHUS U YCTAaHOBHUTH YacToTy fo, mpu KoTOpOii B Hepa3BeTBIEHHON

YaCTH I[ENH TOK MPUMET MUHHUMAIbHOE 3HaYCHHE. 3HaUeHHe 4acToThI fo 3anecTn B Tabmuiy 3.1.
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2. VYOparh mnepeMbluKM B LENM KaTyIIKM W KOHJEHCAaTropa, IO IOKa3aHUsAM
aMmIiepMerpa M BOJIBTMETPAa WJIM aMIlepMeTrpa M BaTTMETpa IIPOBEPUTH CONPOTUBIICHUE U

BBIYUCIIUTH IIPOBOAUMOCTL PE3UCTOPA.

r=U/1=P/1?, g~=1/r=I/U=P/U?,

3. PazopBath 1emp pe3ncTopa M YCTAHOBUTH IMEPEMBIYKY B IIEMH KATYIIKH, IO
MOKA3aHUSIM TPHUOOPOB BBIYUCIIUTH COTIPOTHBIICHUS U TIPOBOJIUMOCTH KATYIIIKH.

r=P/12, zx=U/l, x.=N(z?-1?),
gk=P/U?, yi=I/U, b =N(313-gd).

4. PazopBaTh 1menp KaTylmikd W YCTAHOBUTH TIEPEMBIUKY B IEMU KOHJIEHCATOPA,
UCTIONB3YS (DOPMYIIBI, aHAIOTHYHBIC (GopMmysiaMm 1.3, MO TOKa3aHUSM MPHOOPOB BBIYHCIUTH
COIIPOTHBJICHUSI M MPOBOJUMOCTH KOHJICHCATOpa. BBIUMCIIEHHBIC 3HAYCHUS CONPOTHUBICHUN U
IPOBOJIUMOCTEH 3aHecTH B Tabnuity 3.1.

Tabmua 3.1

fo, | Pesucrop Karymka Kongencarop g,

FH rv gh rka gk1 XL, bLa I—a rCa gCa XC) bC1 C! CM
OMm | CMm |[OM |[CM |OM |Cm |TIH OmMm |[CmMm |[OM |[Cm | MKD

S, VYcTaHOBUTH BCE MEPEMBIYKH, MOAKIIOUUTH ammnepMerp A2, mpu yactore fo
U3MEPUTH MOTPEOIISIEMYIO0 MOLITHOCTD, HAIIPSKEHUE, TOK B HEPA3BETBIEHHON YacTH LIEMU U TOKH
OTJeNbHBIX BeTBe. Pe3ynbTaThl 3aMepoB 3aHecTH B TabauLy 3,2.

6. BoluncnuTh 3Hau€HUS AaKTUBHBIX M PEAKTUBHBIX COCTABJISIONIMX TOKOB 4Yepes
KaTYyILKY U Yepe3 KOHACHCATOp U KO3(PPHUIIMEHT MOIIIHOCTH, MOJIb3YSACh BBIPAXKECHUSIMHU:

lak=gkU, lac=0cU, la=lak+lac, |L:\/(|k2'|ak2), |pc:\/(|02'|acz),
cosp=(Tr+ac+lac)/l.

Pe3ynbratel BeIUMCIIEHUH 3aHeCTH B Ta0uIy 3.2.

Tabmma 3.2

f, U, I, Ir, I, le, P, Y, b, la, IL, lpc, | cosp
I'n B MA MA MA MA | MBT | CM CMm MA MA MA

7. [pu wacrorax f1=fp-200 I'm u f,=fo+200 'y mpomsBecTn Te K& M3MEpEHUS U

BBIYKCIICHUS, YTO U MpH yactore To, pe3yabTaThl H3MEPEHHUI U BBIYUCICHUN 3aHECTH B TAOJHILY
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4.2. IIpu BBINOJHEHUH PACUYETOB HE ClEAyeT 3a0bIBaTh, YTO COMPOTUBIEHUS U MPOBOJUMOCTHU
MHAYKTUBHOCTH U EMKOCTH 3aBUCAT OT YacTOTHI.
8. ITo pe3ynbraraM M3MEpEHUN U BBIUMCIEHUN NOCTPOUTH BEKTOPHBIE ITUArpaMMBL,

AHAJIOTMYHBIC IIPCACTaBJICHHBIM Ha pI/I023

Cooepocanue omuema:

OTuer HOKEH COJepKaTh!

HasBanue pa0oTsr;

L{ens paboThI;

Kpartkue TeopeTndeckue CBeIeHHS;

OnucaHue UCroib3yeMoro o0opy10BaHUsl U MaTEpUAJIOB;
[Topsi1oK BBITOTHEHUS paOOTHI;

Brrancnenus u 06paboTka pe3yabTaToB;

N o g~ wDd e

BrIBOIEbL.

Konmponwvusie eonpocwi:

1. Kak ompenenuTe akTHMBHYHO M PEAKTUBHYIO IPOBOAMMOCTH KaTYLIKH, €CIU
W3BECTHEI €€ aKTUBHOC U HHIAYKTHUBHOC COHpOTI/IBJ'IeHI/ISI?

2. Kak 3aBucAT peakTHBHBIE TPOBOAMMOCTH KaTyIIKM WHAYKTMBHOCTH |
KOHJIEHCATOpPa OT YaCTOTHI?

3. Kak omnpenenuTes akTHBHYH NPOBOJUMOCTh KATYIIKA WHJIYKTUBHOCTH WJIU
KOHACHCATOpa, MOJb3YyACh ITOKA3aHUAMU BAaTTMETpA, aMIICPMETPa U BOJ'II)TMCTpa?

4. Kak omnpenenurs MOMHYIO NPOBOAMMOCTh YYAaCTKA 3JIEKTPUUYECKOW LENH 10
MOKA3aHUSM DIIEKTPOU3MEPUTETHHBIX MPUOOPOB?

5. Kak ornuyarotcst mo ¢ase NMpuioKeHHOE HAMpPsHKEHHWE W TOK, MPOTEKAIOIIHHA 110
KaTyIIKe NHIYKTUBHOCTH? Yepe3 KOHJAEHcaTop?

6. [Touemy u Kak U3MEHHUTCS TOK 4dYepe3 KOHJAECHcATop (4Yepe3 KaTyIKy
WHAYKTUBHOCTH) MPH YBEIHMUEHUH YaCTOTHI IPUIIOKEHHOTO HAIPSHKEHUS?

7. B kakoil 3neKTpuyecKoM LEeNu MOXKET BO3HUKHYTh PEXUM PE30HAHCA TOKOB?
KakoBo ycioBue ero BosHukHOBeHUsA? [loscHUTE (PU3NUYECKYIO CYIIHOCTH peXUMa pPe30HaHCa

TOKOB.
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Jlabopamopnas paooma Ne4. Hceneoosanue mpexghaznoi cucmemot npu coeOuHeHuu

nompeoumeeil 36€300i

Ilens pabomei: O3HAKOMUTBCS OIBITHBIM ITyTEM C OCOOEHHOCTSIMHM COEIMHEHUsI 3BE3/101
IPUEMHHUKOB D3JICKTPUYECKOM HHEpruyM B Lenu Tpex¢azHoro Toka. lcciemoBaTb peXUMBI
pPaBHOMEPHOW ¥ HEPAaBHOMEPHOU HArpy30K, a Takke paboTy cUCTEMBI IPH 0OpBIBE OJHOH U3 (a3.
[Tomy4yuTh MpakTHYECKUE HABBIKU PacyeTa U UCTIBITAHUS TPeX(Pa3HbIX LETei, a TAKKe ITOCTPOCHUS

BCKTOPHBIX JUarpaMm.

Ocnoevt meopuu:

Tpexgpasnoti cucmemou >MEKTPUYECKHUX LENEeH HAa3bIBACTCA CHCTEMA, COCTOSINIAs U3 TpeX
0J1HO(a3HBIX IEKTPUUECKUX LeNel, B KaKA0H U3 KOTOPBIX JIEHCTBYIOT CHHYCOUJAIbHBIE 3.1.C.
OJIMHAKOBOW YacTOThI, HO CABUHYTbIC IPYr OTHOCHTENBHO npyra Ha 1/3 mepuwoma (120°) u
co3zaBaeMble 00IUM (Tpex(pa3zHbIM) HCTOUHHUKOM JIEKTPUYECKON SHEPTUH.

OTnenbHbIE SJEKTPUYECKHE [IEMH, BXOISIINE B COCTAaB TpeX(a3HOM CHCTEMBbI, HA3bIBAIOT
gazamu. Ecnm 3.1.c. Kax10i u3 ¢a3 paBHbI 10 BEJIMYMHE, a TIOJIHbIE CONPOTUBIICHUS HATPY30K
BceX Tpex (ha3 Mo BEJIMYMHE U XapakTepy Harpys3ku (IO BEIMYMHE M 3HAKy (a3oBOro C/ABHra)
OJIMHAKOBbI, TO TAKOW PEXHUM Ha3bIBAIOT cummempuuHviM. HEBBINOIHEHUE NaHHBIX YCJIOBUMN
ABIIIETCS. IPUUUHON Hecummempuunozo pexuma. Harpyska Tpexdas3HbIx 1enei peako ObIBaeT
CUMMETPUYHOMN, KaK IPaBWJIO, OHA B TOW MM MHOM CTENEHU HECHMMETPHUYHA M3-3a HAIW4UsA
0J1HO(a3HBIX OTPEOUTENEH.

Tpexdaszuble TreHepaTopbl CO3/AI0T CHUMMETPUYHYID CHCTEMY 3.1.C., TIO3TOMY
HECUMMETPUYHBIA DPEKUM BO3HUKAET M3-32 HECUMMETPUYHOM Harpy3ku ¢a3. Ecinu KoHIbI
00MOTOK (pa3 CHHXPOHHOTO IeHepaTopa WM TpaHchopMaTopa COCJUHUTh BMECTE 3BE3/I0MH, a K
HayajgaM IMPUCOECIUHUTH NPOBOJA, WAYLNIUME K NPUEMHHUKAM 3JIEKTPUYECKON 3HEPIUHU, KOTOPbIE
TOKE COEUHUTH 3BE3JJ0M, TO MOIYYuM Tpexdasznyto cucremy (puc. 1). IIpoBona, coenunsromui
HyJIeBbl€ TOYKHM MCTOYHHMKA U MOTPEOUTENs] Ha3bIBAaeTCsl HYJNEBbIM. Takyro cucTeMy Ha3bIBarOT
yemovipexnpogoorou. B nemsx Tpex}a3zHOro Toka He3aBUCHUMO OT croco0a coeIMHEHUs 0OMOTOK
reHeparopa M motpedureneil pa3nuyaroT HanpsbkeHus — nuHelnble Uy u dasubsie U, a Takxe
TOKM — JuHeHble |7 u ¢a3uble lo. Hanpsbkenune mexay JuUHEHHBIM M HYJIEBBIM IPOBOJAOM
HA3bIBACTCS (pa3HbiM, a MEXAY JIMHEHHBIMU MPOBOAAMU — JuUHeliHbiM. TOKHU, MPOTEKaloIIie B
JMHEWHBIX MTPOBO/IAX, HA3bIBAIOT IUHEHbIMU, @ TIPOTEKAIOIIHE B (ha3ax HArpy3KH WIM UCTOYHUKA

— ¢asnvimu. B cxeme (puc. 4.1) nuHelHble TOKM paBHbI (a3HBIM, T.€. JIMHEHHBIM TOK

OJIHOBpeMeHHO sBisieTcss U (asHbiM. Ilpu paBHOMepHON Harpyske U, =3U,, ecmn cxema

D

COEIMHEHUS - 3BE3/1a.
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Es Us Uy A

Z: Ze

Pucynok 4.1 — Cxema Tpexda3Hoil 4eThIpEXIIPOBOIHOM LIETIH IPU COETUHEHUU 3BE3/101
IIpu HepaBHOMEpHOH Harpy3ke (a3 B cxeme ¢ HyJeBbIM IpOoBOJOM (puc. 4.1), B HyleBOM

MMPpOBOAC MOABJIACTCA TOK, BEJIMYNHA KOTOPOTO OIPEACIIACTCA 110 IICPBOMY 3aKOHY Knpxrodpa:

Pucynok 4.2 — BexkropHas AuarpaMMa HapspKEHUN IPU COEIMHEHUH 3BE3101

lo=Ila+1l5+1
Hanuuune Toka B HyJI€BOM MPOBOJIE BBI3bIBAET HE3HAUNTEIBHOE MaJCHUE HAMPSDHKCHUS B
HEM, KOTOPBIM MOKHO MNpeHeOpeYb W CUMTaTh, YTO MEKIAY HYJIEBOW TOYKOH HMCTOYHHMKA M
NPUEMHHUKA Pa3HOCTb TIOTEHI[HAIOB OTCYTCTBYET.
Ha puc. 4.2 nokazano rpadudeckoe onpeaeiicHue JIHHEHHBIX HANPSKEHUH ¢ TTOMOIIIBIO
BEKTOPHOM auarpaMmbl. OTIOXKHUM ISl IPOU3BOJILHOIO MOMEHTA BPEMEHH KOMILICKCHI (ha3HBIX

HaNpsDKEHUH, cIBUHYTHIE 1O (aze Ha 120°.
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Us=Ur—-Us ,
Usc =Us—-Uc ,

UCA:UC_UA )

Jlstst monydeHus TMHeHHbIX HanpspkeHuid CrokuM reomerpudeckd Bektopsl U a, U u

L ] L ] [} [ ] L]
Uc ¢ Bekropamu —Ug, —U ¢, —U a, xoropsie paBusl coorBerctBernno Ug,Uc,U a, HO

IIPOTUBOIIOJIOKHO HAIIPABJICHBI.

BekropHas nuarpamMma JIMHEHHBIX HANpsDKEHUH Takke MOXeT OBITh IoIydeHa U3
BEKTOPHOW auarpamMmbl (a3HbIX HanpspkeHwid (puc. 3). Takum o0pa3oM, 3Be3da JMHEHHBIX
HanpsDKeHUN omepexaet 3Be3ny (asubix Ha 30°. Haiimem cooTHorieHue Mexnay (asHbIMH U

JIMHEUHBIMU HAIIPSPKCHUAMUA, YIUTBIBAsA, YTO BCC HAIIPAKCHUA CUMMCTPUYHBI:
L] L] L] L]
Ua=Us=Uc=Uo

Ua =Usc =Uca =U .

A

C Usc B

Pucynok 4.3 — BekTopHas quarpaMMa HanpsKeHUN PY COETMHEHUH 3BE301

N3 npsimoyromnsHOro TpeyroiabHuka OAJl nmeem:
Ua _Yse
2

=U, -c0s30° =

=U, -c0330°:U¢§ ,

U, =~3U,

da3Hble TOKU IPUEMHUKOB OIIPEIEIIAIOTCS TaK ke, KaK U B 0JHO(]A3HBIX IENsX:
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I’ Us Us .

B: = f
Zg  Jri+x;
Uc  Uc

le = [ 2’
Ze 1 +Xg
VIibl cABUra MKy HANPSHKEHUSMU U TOKaMU (a3 MOKHO OIIPEAEIUTH U3 (GOPMYIL:

cos _ T cos _ e coSp. =
Pp = ) Pg = ) Pc =
Z, Zg Zc
ECJII/I HpI/IeMHI/IKI/I O6HaI[aIOT qUCTO aKTUBHBIMUA COHpOTI/IBJIeHI/IﬂMI/I, TO ZA= rA, /B = rB, ZC
= Ic, a YTJIBI CIBUTA MEX]Ty TOKAMH U HAPSHKEHUSMHU BO BcexX Tpex (pazax Oynyt HyneBsiMu. Ha
puc. 4 mpencraBiaeHa Tomorpaduyeckas auarpaMma HanpsDKCHHH W TOKOB TIPH aKTUBHOM

HeCI/IMMeTpH‘lHOﬁ Harpyske.

.
Ugc

Pucynok 4.4 — BekTopHas quarpaMMa HapsKeHUW U TOKOB YETBIPEXITPOBOJHOM 1ENH

MIPU aKTUBHOW HECHMMETPUYHOM Harpyske ¢a3

Tox HyneBoro nposoa [ o= Ia+ I+ Ic

Ceuenuie HyJ€BOr0 MPOBOA 3aBUCUT OT CTENIEHH HECUMMETPHUU Harpy3ku a3, HO 0OBIYHO
€ro NMpUHUMAIOT paBHBIM 50% OT ceYeHHs TMHEHHOTO TPOBO/IA.

[Ipu Hanmuuuu HelTpasu (HyJIEBOrO IPOBOJAA) HANpsDKEHUS Ha (Da3ax NPHUEMHUKOB
OCTAlOTCSl HEM3MEHHBIMM M pPaBHBIMH (a3HbIM HANpPsDKEHUSIM HCTOYHUKA JlaXe IpHu

HEPaBHOMEPHOW Harpyske, eciid NnpeHeOpeub CONPOTHUBJICHHEM IPOBOJOB JIMHUU U HYJIEBOTO

31



npoBoja. [IpenenbHbIM cllydaeM HEpaBHOMEPHOUW Harpy3ku (a3 B YETHIPEXMPOBOIHOU CHCTEME
Tpex(a3zHOro NpPUEMHHKA, BKIIOYEHHOTO 3BE370H, MOXKHO CYHMTaTh OOpBIB OAHON u3 (a3.
Hanpumep, eciu ¢aza A Oyaer obopBaHa, To He OyneT HaNpPSHKEHHS U TOKA y MOTpEOUTEINs,
BKJIIOYEHHOI0 B 3Ty (ha3dy, a B OCTaBILIUXCA IOJ HampsbkeHHeM (as3ax pexum paboTel He
u3MeHuTCst. UTo KacaeTcs HyJIeBOro MPOBO/Ia, TO €CIIU 10 00pbIBa OHOM U3 (a3 ToK ObL1 paBeH |
0= Ia+ g+ Ic (puc. 4.4), To Teneps OH U3MEHHUTCA U OYJIET ONPEIENATHCS TI0 HEPBOMY 3AKOHY

Kupxroda: o+ Ie+ Ic =0, otkyna - 1o = Ig+ Ic (puc. 4.5)

Pucynok 4.5 — BektopHasi iuarpaMma TOKOB U HaIlpsDKEHUH 1pu 0OpbIBe Gas3sl A

HpI/I O6pBIBe HJIN OTCYTCTBUHU B CXEMC HYJICBOI'O IIPOBOJA SHEPTCTUUCCKUEC COOTHOIICHU A

B DTOM LIENTU U3MEHATCH.

Iy

Zy

Zr 0/ Zp

Iz

Pucynok 4.6 — Cxema TpexnpoBOAHOM 1enH Tpex(a3HOoro Toka

IIpu cuMMeTpu4HON Harpy3ke B TPEXIPOBOJHON TpexdasHoi cucteme (puc. 4.6)
HanpsDKEHUE MKy HYJIEBBIMU TOUKAMU MCTOYHHMKA M MIPHEMHUKA PAaBHO HYIIO U KaXAYIO (azy
CHCTEMBI MOYKHO PacCMaTpUBaTh KaK 3aMKHYTBIH KOHTYP.

[Tpu HEepaBHOMEpHOW Harpy3Ke W OTCYTCTBHHU HYJIEBOTO MPOBOAA (a3HbIe HANPSIKCHUS
OyIyT U3MEHATHCS MPSMO MPOMOPIHOHAIBHO CONpoTuBIeHUsSM ¢a3. Ecnu Obl cuctema Oblia
YeTBIPEXIIPOBOIHOM, TO IO HYJIEBOMY IpOBOAY HpoTekan Obl TOK lo M TakuM oOpazom
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MPaKTUYECKH BhIPaBHUBAIKMCH ObI (azHple HampspkeHus. Ha puc. 4.7 mzo0OpakeHa BEKTOpHas
JyarpaMMma HarpspKeHHE M TOKOB MPHU HEPaBHOMEPHOM Harpyske BceX Tpex (a3 M OTCYTCTBUU
HYJIEBOTO MPOBOJA.

TpeyroiabHHUK THHEHHBIX HAPSHKCHUH OCTAETCs TAKUM JKe, a 3Be3/1a (ha3HbIX HANPSHKCHUH

u Touka O’ MOI'yT OBITh JIETKO IIOJIYUYCHBI METOA0OM 3aC€UYCK M3 BEPIINH JIMHEHMHBIX HaprDKeHPIfI.

Pucynok 4.7 — BektopHasi AuarpaMMa TOKOB M HallpsDKEHUN TPU HEPaBHOMEPHOU

Harpys3ke 1 OTCyYTCTBHUEC HYJICBOI'O IIpOBOAA

Ecnu onna u3 a3, Hanpumep, A, o0opBeTcst Wi Bce MOTpeOuTenu 3Tol (asel OyayT
BBIKJIFOUEHBI, TO IPU OTCYTCTBUM HYJIEBOT'O MPOBO/IA OCTaBILKeECs 1Mo HanpsbkeHueM ¢assl B u C
OKa)KyTCsl BKIIOUEHHBIMH MocnenoBatenbHo. DasHple Toku Ig u Ic, mporexaromme depes
MOCJIEZI0BATENbHO BKJIIOUEHHBIE CONPOTHUBIEHUS IMpPUEMHUKA, B 3TOM ciaydae OyayT
OJINHAKOBbIMH, a (a3Hble HANpPsDKEHUs OyAYyT MPONOPLUOHAIBHBI CONPOTUBIEHUSAM (a3 (puc.
4.8). IlosToMy Ha BeKTOpHOH auarpamme Touka O’ mepemMecTUTCS Ha BEKTOP JIMHEHHOTrO
HanpsbkeHuss Upc M OylleT AeIUTh ero Ha 4acTH, paBHble (a3HbIM HanpspkeHusM UB u UC (B
HamieM cirydae UB = UC)

Uc=Ue :%uﬂ :%\/ﬁu@ =087U

Hanpsokenue ¢a3bl A Bo3pacTert:

L] L] L] ,\/§ L]
U a =U as-c0s30° =\/§u¢-7 =15U,
[ToaToMy B 4ETHIpEXTPOBOIHBIX LEMIX Ha HYJIEBOM MPOBOJ HE CTAaBAT MPEIOXPAHUTEID,
T.K. €70 MeperopaHye N3MeHseT pacrpeiesieHue HanpsHKeHU §as.
IIpy KOpOTKOM 3aMbIKaHUM KakoW-mubo ¢a3el, Hampumep, C, HyineBas Touka O’

npuoOpeTaeT moTeHuan JuHeHoro mposona BC, a (a3sl 4 1 B 0Ka3bIBaIOTCS MOJ JTUHEHHBIM
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HanpsbkeHueM. BekTopHasi quarpamMma JJisi 3TOTO ciiydasi npencranieHa Ha puc. 4.9. Touka O’

nepemeniaercs B Touky C.

Pucynok 4.8 — BekropHast iuarpaMma TOKOB U HaIlpsDKEHUH 1pu 0OpbIBe (as3bl B cxeme

0e3 HyJIEBOTI'O MPOBOIA

Hamnpsoxenus ga3 A u B craHoBATCS paBHBIMU JTUHEHHBIM (puc. 4.9):
U,=Un =U,;=U, "/§’
UB :UBC :UJZ :Ucb '\/gi
U. =0.
Tok kopotkoro 3ambikanus (asel C pacnpenensiercs Ha ¢asel B u A, Te.

I.=1y=-(,+1,) . Taxum o6pasom, aBe (a3bl IPHEMHUKA OKA3BIBAKOTCA TIOJ IMHEHHBIM

HAIPsSZKCHUEM, Ha KOTOPOC OHU HC paCCUUTAHbI, © OHHU MOT'YT BBIITH U3 CTpOA.

A

Je—

Pucynok 4.9 — BektopHas quarpaMMa TOKOB U HaIlpsDKEHUN ITPU

3ambikaHuU (a3l C mpuéMHNKA TPEXTIPOBOTHON CUCTEME
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B nern Tpexda3zHoro Toka akTUBHasI MOIITHOCTh paBHA CYMM€ aKTHBHBIX MOIITHOCTEH (ha3:
P=P, +P,+P.=1,-U,-cosqp,+1,-Uy-cosp,+1.-U,-cose,

I[HSI HU3MCPCHHUA MOIIHOCTU B I-IGTI:IpGXHpOBO,ZI;HOI‘/'I oMU MOKHO HCIOJIB30BATh TpHU
O,I[HO(ba?)HBIX BaTTMETpa, CYMMUPYA UX IIOKa3aHUWs, UM UCIIOJIb30BaTh O,HHO(i)aBHBIfI BaTTMETpP C
MEPCKIOYCHUEM €0 IMOOUCPEAHO BO BCE TPHU (ba351. OTOT METOJ MOXKET OBITH HMCIOJIL30BAaH KaK

IIPY CUMMETPUYHOM, TaK U IIPU HECUMMETPUYHON HarpysKe.

Ykazanue no mexnuke 6ezonacnocmu:
VKa3aHus 1o TeEXHUKEe 0e€30I1aCHOCTU ITPpX BBIITOJIHCHU U J'Ia60paTOpHBIX pa60T IIPpUBCACHBL

B IIPUJIOJKEHUE A.

Ykazanusa no evinonnenuro nabopamopnoii pabomoi:

1. O3HaKOMHUTBCS € NPHOOpPaMHU, HEOOXOAMMBIMH ISl BBINOJHEHUS pabOTHl H
3anMcaTh UX TEXHUIECKHE TaHHBIC.

2. CoOpates cxemy (puc. 4.10) mns wccineaoBaHUs YETHIPEXIPOBOIHOW IEMH TPH
COE/IMHEHUH 3BE3/I0M.

3. [IpousBecTH UCTIBITAHUS TP CICTYIOMINX YCIOBUSIX:

a) ipu paBHOMepHOU Harpyske Bcex (a3 (Ra=Rs=Rc), ucnonssys B kauectse Harpysku
(a3 JamMIoBbIe peocTaThl;

6) ipu HEPAaBHOMEPHOU Harpyske ¢a3 JaMIoBBIMH peocTaTamu (B OHOM ¢asze 4 jJamIsbl,
BO BTOPOM — 3 U B TpeThel — 2 namibl);

8) pu oOpsiBe (azbl A (B OAHOM (pa3e Bce JamIbl OTKIIOYEHBI, a B JBYX JAPYIHX —
BKJTFOYCHBI).

4. Cobpatp cxemy il MCCIEAOBAHMS TPEXIPOBOAHON Tpexda3HoW IHenu mnpu
coeiMHeHnH 3Be3 101 (puc. 4.11).

5. [Tpon3BecTH UCHIBITAHUS TIPU CIEAYIOMIUX PEKUMaX PaOOTHI:

@) paBHOMEpHas Harpy3ka Bcex (a3 JaMIIOBBIMU PEOCTaTaAMU;

6) HepaBHOMEpHas Harpy3ka ¢a3 (aHamoruyHo 4,0)

8) 0OpbIB (a3l (B 01HOM (haze Bce JaMIIbl OTKIIOUEHBI, a B ABYX JPYTUX — BKIIOUEHBI);
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Pucynok 4.10 — Cxema [j1s1 icclieIoBaHUs YETHIPEXIIPOBOAHON TpexPa3Hoii 1enu npu

COCJIMHEHMH 3BE3101

N “
V) v

L ® 1 *
Zp

U V)

c | * | Ze

T

Pucynok 4.11 — Cxema 117151 UCClIeZIOBaHUS TPEXIIPOBOIHON Tpex(pa3HOH 1enu npu

COE€INHEHUH 3BE3I0N

[Tokazanus npuOOPOB 3anucath B Ta0IUILYy 4.1.
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Tabnuia 4.1 Pe3ynbTaThl M3BMEPEHU U BHIYUCTICHUI

Pexxum paboThl
Bennuunel ITapameTp C HyJIeBBIM
be3 nyneBoro npoBoaa
MIPOBOJIOM
W3mepeHHbIC a 0 B a 0 B r
BEJIMYHHBI Ia, A
Pa, Bm
Ig, 4
Ps, Bm
Ic, 4
Pc, Bm
lo, A
Ua B
Usg, B
Ug, B
Uas, B
Usc, B
Uca B
Brruncnenurnie r4, Om
BEJINYHHBI rs, Om
re, Om
P3, Bm
Beanunnel, lo, A - - -
HalIeHHbIE Uoo B
U3 IUarpamm

ConpoTuBieHne Harpy3ku (a3 BIYUCIATH 10 (hopMynam:

MOIIHOCTE LENH ONPEAEATh 10 HOPMYIIam:
P=1,-U,+I,-U,+1.-U,
P3 :IA 'UAC +IB 'UBC
BBuay Toro, 4uro B JaHHOM Ja0OpaTOpHO pabOTe HCIOIB3YETCS H3MEPUTEIBHBIN

KOMIIJICKC K505, BCC U3MCPCHUA U BBIYUCIICHHUA MMPOBOAATCSA AHAJIOTHUYHO quBIpCXHpOBOHHOﬁ

CXEMC.

[To pesynpTaTam M3MEpEeHUN MOCTPOHUTH B MacIITabe BEKTOPHBIE JUArpaMMBbl JJIsi BCEX
paccMOTpeHHbIX ciydaeB. OmpenenuTh Ha BekTOpHBIX auarpammax lo m Uoo U 3aHecTu

pe3yibTathl B Tabnuny 4.1.

Cooeprcanue omuema:

OTyer J0JKEeH ColIepKaTh:

37



Ha3Banue paboTsr,

L{enb paboTHI;

KpaTkue TeopeTnueckue CBEACHHUS,

OnucaHnue HCIOIb3yeMOT0 000PY/IOBaHMS U MAaTEPHAJIOB;
[Topsiiok BBITOTTHEHHS PaOOTHI;

Brraucnenus u 06paboTka pe3ysinbTaTos;

N o g ~ wDd e

BrIBOIEL.

KOHmPOJleble eonpocol:

1. Kakoe coenuHeHne Ha3bIBa€TCs COCIMHEHUEM 3BE3101 7

2. Kak cTtpouTcs BeKTOpHas auarpamMma TOKOB M HAIPsDKEHUH IIPU CUMMETPUYHOU
Harpyske?

3. B kakoM ciy4yae OTCYTCTBYET TOK B HYJIEBOM IIPOBOJE?

4. [Touemy Ha HyNIE€BOI IPOBOJI HE CTABAT MPEIOXPAHUTEIND?

S. KakoBbI 0cOOEHHOCTH peskuMa paboThI TOTpeOuTeNel, CoeTMHEHHBIX 3BE310H, IPH

HEPaBHOMEPHOI1 Harpy3ke (a3 CUCTEM C HYJICBBIM IPOBOAOM?
6. KakoBbI 0COOCHHOCTH pesKkrUMa pabOThI TOTPEOUTEINECH, COCTMHEHHBIX 3BE310H, IPU
00pbIBe (ha3bl CUCTEM C HYJIEBBIM MTPOBOJIOM MM O€3 HEro?

1. Kak u3mepsitoT MOITHOCTh Tpex(a3HOTo TOKA B YETHIPEXITPOBOAHOM cxeme?
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Jlabopamopnan paooma Ne5. Hcecnedosanue 1uneitnon 31eKmpudeckoil uenu npu

nepuoduuecxom Hecunycou()aﬂbﬂom Hanpaxicenuu

Heﬂb p6160Mbl: PaCCMOTpeTB OJICKTpHUYECKas ILEIIb COCTOAIIYHO M3 IOCIEA0BATCIBHO

BKIIFOUCHHBIX HHAYKTUBHOI'O, ECMKOCTHOI'O U dKTUBHOI'O COHpOTHBHeHI/Iﬁ.

Ocnoevt meopuu:

B nanHo# nabopaTopHOii paboTe paccMaTpuBaeTCs ICKTPUIECKAs 1IeTlb, IPECTaBICHHAS
Ha puc.4.l W cocrosimias W3 MOCIENOBATEIBHO BKJIFOYECHHBIX HHIYKTUBHOTO, €MKOCTHOTO M
aKTUBHOI'O colpoTuBieHui. Ha 3axumbl nenu nogaércs HanpspKeHUE NPSIMOYTOJIbHOU (popMmsl,

umeroree aMmmmatyny Um u gactory o=2n- f=2m/T.

W

=T

Pucynok 4.1 — DnexTpuyeckas cxema J1abopaTopHON paboThI

[IpencraBienHast Ha pucyHke QyHKIUS HapsDKeHUs pasnaraercs B psg Oypee:

f(wt)=4Unlr*(sin wt+1/3-Sin3 wt+1/5-sin5 wt+...)

JleicTByIOIME 3HAYECHUSI TAPMOHUK:

U1=4Uw/(V2-7) ;U3=U1/3;U5=U1/5; u 1.1

[Ipu cpaBHUTETHHO HEOONBIINX 3HAYCHHUSIX YACTOTHI (® KOT/Ia 3(PPEKT BBHI-TECHEHHSI TOKA
HE3HAYUTCJICH, aKTUBHOC COIIPOTHUBJICHUEC LCIU MOXHO CUYHHUTATh IIOCTOSAHHBIM, B TO BPEMSA KaK
WHIYKTUBHOE COIPOTHBJICHUE IOBBINIACTCS, @ €M-KOCTHOE — CHIDKACTCS MPOMOPIIMOHAIBHO
KpaTHOCTH 4acToT k:

Xw=k oL; Xck=1/(k «C)

Ecnm B paccmatpuBaemMoit 3IEKTPUYECKON 11T MPU OCHOBHOM dacToTe XL1=Xc1, TO TOK
OCHOBHOI rapMOHUKHU OYAET ONPeeNaThCs TOIbKO aMILTUTYI0W HAIPSKEHUS ATON TapMOHUKH U
AKTHUBHBIM CONPOTUBJICHUEM IEIIH:

11=U1/R

JInst  ocTanbHBIX TapMOHUK  JICWCTBYIOIIME 3HAYEHHUS TOKOB  OIPEAEISIOTCS

COOTBETCTBYIOIIMMU HAIPSHKEHUSMU U TOJIHBIMU COIIPOTUBIICHUSIMMU:
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ls=Us/zs=Us/ \{R *+/3 oL-1/(3 oC)] %},
Is=Us/zs=Us/ V{R 2+/5 wL-1/(5 wC)] 2},

YeM BbIlIE rapMOHHKA, TEM MEHBIIIE TOK U TeM O0JIbIIe Yroy (pa3oBoOro cBura @Ok MExmy
HAIPSHKCHUEM U TOKOM JIaHHOW TapMOHMKH. YTIIbI ()a30BOTO CIIBUTA MOTYT OBITh BBIUYMCIICHBI B
COOTBETCTBUU C BBIPAKCHUSIMU:

@3= arc cos(R/z3), ¢s= arc cos(R/zs),

AKTHBHas MOIIHOCTb TIPH PE30HAHCHOIT yacToTe w=1/V(LC):

P=P1+P3+Ps+...=U1 11 +U3 I3 cos ¢ 3+Us |5 COS @s5+...

JlelicTByrol1ee 3HaYEHUE HECUHYCOUJAIBHOIO TOKA!

L= JO2+12412+..)

Cnez[yeT OTMCTUTDL, YTO €CJIKM B LCIIU UMCECT MECTO PC30HAHC HaprDKeHI/Iﬁ JJIA nepBoﬁ

TFapMOHHUKH, TO TOKM OCTaJbHBIX TAPMOHUK OylyT HE3HAUUTEIbHBIMU, IOTOMY HaIpsDKEHHUE Ha
AKTUBHOM COIPOTHUBIICHUH Oyner OJM3KMM K CHHYCOMZAIBbHOMY, a CyMMa HampspKeHUH

OCTaJIbHBIX TAPMOHUK OyJeT npuioxeHa Kk LC-punbtpy.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3aHus 10 TeXHUKE OE30MMACHOCTH MPH BBIIIOJIHEHUH JIa0OPAaTOPHBIX pabOT MPHUBEIEHBI

B IIPWJIO’KEHUE A.

Ykazanusa no evinonnenuto nadvopamopnoii pabomut:

1. Colpatb cxemy, nuzobpaxeHnnywmo Ha puc.4.l. B cxeme ucnosib3oBaTh B Ka4yecTBE
KaTyIIKH MHIYKTUBHOCTH OOMOTKY TpaHcopmaTopa ¢ yucioM BUTKOB w=300, KOHJEHcaTop
émkocTbio 0,47MKk® u conporusienue 100 Om. Llenbs MOAKIIOUNTE K FEHEPATOPY IEPEMEHHOTO
HaIpsDKEHUs. Y CTAHOBUTH MPEIEN U3MEPEHUS TOKa Ha MyiabTUMeETpe 200 MA.

2. BropbiM  MynbTUMETPOM HM3MEPUTh AKTUBHOE COMNPOTHUBIICEHHE KaTYLIKU
MHAYKTUBHOCTH RK W compoTuBieHHe Harpy3ku RH, 3aTeM NepeKiIouuTbh MYJIbTUMETp IS
M3MEpEHUS HANPSDKEHMsI, yCTaHOBUB Iipenen udmepenus 20 B.

3. BxnrounTh reHepaTtop CHHYCOUJAIbHOTO HAIIPSKEHUS, YCTaHOBUTB yacToTy S00I'
u HanpspkeHne 5 B. M3MmepuTe TOK B LenmM M HanpspDKEHME Ha Karylike. BwauciauTs

HHAYKTUBHOCTb KAaTYIIKH, IMOJIB3YsACh BBIPAXKCHUAMMU

Zk=UlNk, X, =+Z2 —RZ | L=Xd(2xf)

4. BbIuucnuTe pe3oHaHCHYIO YacTOTY OCHOBHOI (IIE€pBOil) TapMOHUKU:

w1=1/V(LC), f1= wi/(2 7).
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5. YacTtoTy f1 yCTaHOBUTH Ha TEHEpATOpe, TMEPEKIOUYMB €ro Ha CUTHaI
npsIMOYTOJIBHON  (popmbl. MeasieHHO Bpamiass PyKOATKY WM3MEHEHHS YacTOThI, JOOUTHCS
MaKCHUMaJIbHOTO TOKA B LIETIH, CPABHUTH MOJIYYCHHYIO PE30HAHCHYIO YacTOTY f1'c pacuétHoil. s
HanpsDKeHUsT Ha Bbixoge renepatopa UM=5 B BBIUMCIUTD aMIUIUTYAHBIE U JACUCTBYIOLIHE
3HAYCHMsI HAPSDKEHUH 3-H, 5-1 U 7-1 rapMOHHUK, MOJIB3YsACh (popMytamu:

f(wt)=4Unlr*(sin wt+1/3-5in3 wt+1/5-sin5 wt+...)
U1=4Uw/(\2'7) ;U3=U1/3;U5=U1/5; u 1.1
6. Jnst sKcrnepuMEHTalbHO HAWJIEHHOW 4YacTOThl f1° BBIYMCIHMTL JEUCTBYIOIIHME

3HAYEHMsI TOKOB 3-H, 5-if U 7-1 TapMOHHUK, MOJIB3YACh (PopMyIamMH:

13=U3/zs=Us/ V{R +/3 wL-1/(3 wC)] ?},
Is=Us/zs=Us/ V{R 2+/5 wL-1/(5 wC)] 2},

7. Boraucnuts yrisl (pa3oBbIX CIBUTOB TAPMOHHUK, a 3aTEM — aKTUBHYIO MOIIHOCTb 110
bopmyre:
@3= arc cos(R/z3), @s= arc cos(R/zs),
8. BpruucnauTe AeicTByrONIEE 3HAYEHNE HECUHYCOUIAJILHOTO TOKA.
9. BorunicnenHble 3Ha4€HUsI TOKA U MOIITHOCTH CPaBHUTh € MIOKA3aHUSIMU aMIIepMeTpa

U BaTTMETpa IPU YCTaHOBJIEHHOM Ha BBIXOJIE€ T'€HepaTopa HamnpsikeHuu SB.

10.  M3mepuTh HampspKeHUE HAa aKTUBHOM COIPOTHBIICHUM HAarpy3KH U CPaBHUTH €T0 ¢

BBIYUCIICHHBIM JICHCTBYIONINM HAPSHKEHUEM TIEPBON TAPMOHUKH.
11=U1/R
P=P1+P3+Ps+...=U1 11 +U3 I3 cos ¢ 3+Us Is cos ps+...

11.  Tloaxmouas ocumiuiorpad moouepEéaHO K BBIXOAY T'€HepaTropa, K aKTUBHOMY
COIIPOTHUBIICHUIO H K TIOCJIEIOBATENIHO BKIFOYCHHBIM KOH/ICHCATOPY U KaTYIIKe WHIYKTHBHOCTH,
3apHCcoOBaTh Ha KallbKe, MPUIIOKEHHON K KpaHy, KpUBbIE HANPSHKCHUH. YOEIUThCs, YTO KpHUBast
HaNpsDKEHUsT Ha BBIXOJE TIeHeparopa MMeEeT MpsMOYrojbHYI0 (OopMy, Ha aKTHUBHOM
COIIPOTHUBIIEHUH — OJ1M3Ka 10 (popme Kk cuHycoue, a Ha LC-punpTpe kpuBas NpecTaBisieT CyMMy
BCEX BBICIINX TAPMOHHYECKUX COCTABIISIOIIHX.

Pe3ynbTaThl BRIYUCIIEHUN U U3MEPEHU 3aHeCTH B Ta0nuiy 4.1.

Tabnuua 4.1 — Pe3ynbraTsl 1a60paTopHON pabOTHI

fl fl’ Rk Ru X3 X5 X7 Z3 Z5 Z7
T I'a Om Om Om Om Om Om Om Om

Uz Us Us U I1 I3 Is 17 Ipam- Lyken- Q3 (01 0 Ppva Poxen
B B B B MA |MA [MA |MA |MA |MA |rpang | rpan | rpaa | MBt | MBT
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

Ha3zBanue paboTsr;

L{ens paboThI;

Kpartkue TeopeTndyeckue CBe1eHUS;

OnucaHue UCIoIb3yeMOro 000py10BaHUS U MATEPUAIIOB;
[Topsi1oK BBITOTTHEHHUS PAOOTHI;

Brruncnenus u 00paboTka pe3yabTaToB;

N o gk~ w doe

BriBoapbl.

KOHmpOJleble eonpocol:

1. Kakue TrapMOHHMKH COJIEP)KHT CHTHAJI, CHMMETPHYHBI OTHOCHUTEIBHO OCH
abcrucc?
2. KaK BBIYUCIINTDH COHpOTI/IBJIeHI/Ie aKTHBHO-peaKTHBHOﬁ eI aJs1 OTACIIbHBIX

rapMOHUK TOKa?

3. Kak Bbrumcianth yribl (a3oBOro CABUTa MEXIYy TOKOM M HAMpsSIKECHHEM s
OT/ICJIbHBIX TAPMOHUK?

4, Kak BbIYMCINTH NEWUCTBYIOIIEE 3HAYCHHE TMEPHUOIUYECKOTO HECHHYCOMIATLHOTO
TOoKa?

5. Kak  BBIYMCIWTH  AKTHMBHYKO  MOIIHOCTH B  LENH  NEPUOJUYECKOIO
HECHHYCOMIAJIbHOTO TOKa?

6. Kakx MO>XHO BBIENHUTH OJHY M3 TAPMOHUK MEPUOTUIECKOTO HECHHYCOUIATTHOTO

TOKa WJIN HapsDKEeHUs?
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Jlabopamopnas paooma Ne6. Hccnedosanue nepexooHsvix npoyeccos 8 yenu ¢

EéMKOCmbIO.

Heﬂb paﬁombt: 3aKpCIICHUE MECTOANKHU pacqéTa MNEPEXOAHBIX MPOLECCOB KIIaCCUYCCKUM

MCTOJOM B LCIIIX, COACPKAINX éMKOCTB, IIpaKTUYCCKas IMMPOBEpPKa pE3yIbTaTOB pacqéTa.

Ochoebl meopuu:
HCHB C OJHUM KOHICHCATOPOM U COIIPOTUBJICHHUAMU OIIMCBIBACTCA ,I[I/I(b(l)epeHI_[I/IaJ'IBHBIM

YpaBHCHHUEM IICPBOro IOpsAAKa, IMMO3TOMY CBO60,Z[HaH COCTaBJIAOIIAsA TOKAa HJIM HAIIPsSXKCHHUA B

Mo6OH BeTBH nMeer oxHO ciaraemoe suma AePl. rne P — KOPCHb XapaKTePHUCTHUYECCKOTO
ypaBHEeHHs, a A — OCTOSIHHAS HHTETPUPOBAHHS.
XapakTepUCTHYECKOE YPABHECHHE MOYKET OBITh COCTABJICHO B BH/IC:
Z(p)=0 wm Y(p)=0,
rae:  Z(p) u Y(P) - BXOAHBIC OMEpaTOpHbIC COMPOTHRICHUE U TIPOBOIUMOCTh. OHM MOTYT

OBITH IOJyYEHbl 3aMEHON B BBIPAXKEHUSX KOMIUIEKCHOI'O COINPOTHBIIEHUS WJIM HPOBOAMMOCTH
Lieny apryMesTa j[ Ha omeparop p.

IloctosiHHBIE MHTErpUPOBaHUs A AJI1 KaKIOTO TOKA WIM HANpPSDKEHUS ONPEAeIsaeTcs U3
HaYaJbHBIX yciaoBuM. Iy onpeneneHus mocTosHHOM A HeoOX0IMMO 3HATh 3HAYEHHUE MCKOMOM
(YHKIMH B IEPBBI MOMEHT BpEMEHH 1ociie kommyTaiuu (pu t = +0).

HavanpHoe 3HaueHUe HANPsKEHUs HAa KOHJEHCATOPE OINpEACIeTCs U3 IIEPBOro 3aKOHA
xommytarmu: Uc(+0) = uc(-0).). B cBoto ouepenp Uc(-0 ompemessiercst u3 pacyéra IEMd J0
KoMMyTauuu. HauanbHble 3HaU€HUs APYTUX BEIUYMH (TOKOB M HANpPSDKEHUM, KOTOPbIE MOTYT
M3MEHATHCSA CKAUKOM) paCCUUTHIBAIOTCS 110 3akoHy OMa 1 3akoHaMm Kupxroga B MOMEHT BpeMeH!
t=+0.

Takum o0pa3oMm, Bce TOKM U HANpsHDKEHUS B IMEPEXOJHOM PEXHUME H3MEHSIOTCS T10

SKCIOHEHIMATFHOMY 3aKOHY C OJHOM M TOMH e MOCTOSHHOM Bpemenu (7 =1/ | p| ) OT HaYaJIBLHOTO

S3HAYCHUA OO0 YCTAHOBHUBIICTOCH. HpI/IqéM, Ha4YaJIbHOC 3HAUCHHUEC HAIIPSIKCHUA Ha KOHIACHCATOPC
PaBHO HaNPSHKEHUIO HA HEM HEMOCPEJICTBEHHO Iepe KOMMYTAIIUEH, T. €. CKAUKOM HE MEHSETCS.

B nmanHo#l pabore KoOMMyTamMs (BKJIIOYEHHE W BBIKIIOYEHHE) OCYIIECTBISETCS
TPaH3UCTOPOM, Ha 0a3y KOTOPOTro TOJAIOTCS OTIHPAIOIINE HMITYJIbCHl TOKa OT HMCTOYHUKA
CHHYCOMJIAJIbHOTO HampsbkeHust ¢ yactotor 50 I'm. B pesynbrare 06a mepexoaHbIx mpoliecca

NEPpUOANYCCKHU MMOBTOPAIOTCA U UX MOIKHO Ha6J'IIOI[aTL Ha ocunnnorpa(be.
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Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus Mo TeXHUKE OE30MaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B IIPWJIOKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:
1. Paccuurate nokommyranuonusle (t=-0), Hadanpuble (t=+0) U ycTaHOBHUBIIMECS
(t— 00) 3HAUCHHS TOKOB M HAIPSHKEHHsI HA KOHAeHcaTtope B menu (puc. 10.1.1) B AByX ciydasx:

1. - k1109 3aMBIKAETCS; 2. - KIH0Y Pa3MbIKAETC.

R,3300mM i, 3
+ O l [ y L
i, N
J c
o8 10 mkd * R, 2200M
Y 1

Pucynoxk 6.1 — PacueTHast cxema nepexoaHOro mpoIecca ¢ eMKOCThIO

2. B kax1oM W3 ATHX CllydacB ONPEACIUTHh MOCTOSHHYIO BPEMEHH IICIH, CHSThH
OCHMJUIOTPaMMbl  PAaCCUMTAHHBIX BEJIMYMH U YOEAMThCS, YTO BCE TOKH M HaIpsDKEHHE Ha
KOHJICHCATOPE M3MEHSIOTCS C OJJHOW TOCTOSIHHON BpEMEHH, a HaNpsDKeHUE Ha KOHJICHCATOpE He
HAMeEET CKauKOB.

3. [Tpu BKIIOYEHHMH KItOYa B 1enu (puc. 6.2) paccuuTaidTe TOKH M HANpsKEHHE Ha
KOHZeHcaTope 10 kKommyTanuu (t=-0, K104 pa3oMKHYT), B MEPBbIII MOMEHT MOCJEe KOMMYTAIluU
(t=+0, k104 3aMKHYT) U B HOBOM YyCTaHOBHUBIIEMCS pexume (t—>o0). PesymbTarsl pacuéra
3aHecuTe B Ta0II. 6.1

4, [ToBTOpHUTE pacdéT MpH pa3MBIKAHUH KJIFOYa. Pe3ynbTaThl 3aHECUTE TaK)Ke B TaOI.
6.2

5. CocraBbpTe XapaKTEpUCTHUECKOE YPABHEHHE, ONIPEAETIUTE KOPEHD P U TOCTOSTHHYIO
Bpemenn 7 =1/ | p| JUIS IEPBOTO U JJIsi BTOPOT'O CIy4aeB, 3aHECUTE Pe3ysbTaThl B Ta0I. 6.1 n 6.2

6. ColepuTe 1enb coriacHo cxeme (puc.6.2), BKIIOYUB B HEE€ BMECTO H300paKEHHBIX
MU3MEPUTENBHBIX TPHOOPOB COOTBETCTBYIONIME THE3/MAa KOHHEKTopa. OOpaTuTe BHHMaHHE Ha
HOJISIPHOCTD AIIEKTPOIIUTHUECKOTO KOHAEHCATOPA.

7. Brutounte ocmuuiorpad, ycranoBute pazBépTky 2 MC/men u mepepucyiTe
n300paxkeHne 4YeThIpEX M3MepseMbIXx BeauuuH Ha rpaduk (puc.10.1.3). He 3abyabTe ykaszathb

MacmTab Iy KaKI0u KPpUBOH.
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8. Omnpenenmure 1o TpaduKy WIM  HEMOCPEJACTBEHHO MO  ocuuuiorpady

noxkommyTarorHbie (t=-0) HavanbHble (1=+0) u ycraHoBuBIIHECS (I—>00) 3HAYECHHS TOKOB M

HAIpsDKEHUS Ha KOHJIEHCATOpPE B LIENM B JBYX cilydyasx: l. - KIIIOY 3aMbIKaercs; 2. - KIIOY

pasMbIKaeTcs. 3aHEeCUTE UX Takxke B Ta0x. 6.1, 6.2 1 cpaBHUTE ¢ PaCUETHBIMU

9. Onpez[eJmTe 1o l"pa(l)I/IKaM IMOCTOSAHHBIC BpEMEHU ITPHU 3aMbIKaHWH U Pa3MbIKaHHUHU

kitoda. CpaBHUTE MX C PACUETHBIMU 3HAUYCHUSIMH M 3aHeCUTe B Ta0m. 6.1 u 6.2.
10. [Ipoananu3upyite pe3ynbTaThl U CAEIANTE BHIBOJIBI.

R, 2200m i, i

N\

c
(A3}

KT502I
U 4700m N
15B
R, 1500m
Pucynok 6.2 — Dnexkrpudeckas 1elnb
Tabauma 6.1 — Kitroy 3ambIkaercs
t uc, B i1, BA i2, MA i3, MA 7, MC
- 0, pacuér
- 0, SKCIIEpUMEHT Pacuér:
+ 0, pacuér = MC
+ 0, 9KCIIEpUMEHT OKCIIEpUMEHT:
00, pacuér T= MC
00, HKCTIEPUMEHT
Tabnuma 6.2 — Kimtou pa3Mbikaercs
t uc, B i1, BA i2, MA i3, MA 7, MC
- 0, pacuér
- 0, SKCIIepUMEHT Pacuér:
+ 0, pacuér = MC
+ 0, SKCIIEpUMEHT OKCIIEpUMEHT:
00, pacyér T= MC
00, SKCTIEPUMEHT
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Cooepircanue omuema:

OTuer HOKEH COJepKaTh!

Ha3zBanue paboTsr;

L{ens paboThI;

Kpartkue Teopernueckue cBeieHus;

OnucaHue UCIoIb3yeMOro 000py10BaHUS U MATEPUAIIOB;
[Topsi1oK BBITOTTHEHHUS PAOOTHI;

Brruncnenus u 00paboTka pe3yabTaToB;

N o gk~ w doe

BriBoapbl.

KOHmpOﬂbele eonpocol:

1. [Touemy Ha KOHAEHCATOPE HANIPSKEHUE HE MOXKET U3MEHSITHCS CKauKoM?

2. UYTO MOHUMAIOT 11O KOMMYTAaIMen?

3. Uem onpenensiercs CTENEHb XapaKTEPUCTUUECKOTO YpaBHEHUsA?

4. Kak mnonyunTh XapakTepUCTHUECKOE YypaBHEHHE IIeMH dYepe3 €€ BXOAHOE
COMPOTHUBIICHUE?

5. Kak BBIYHCIAIOT JOKOMMYTAlIMOHHBIE U TOCIEKOMMYTAIIMOHHBIE HadajbHbIC
yCJIOBHUSI?

6. Uto Takoe MocTosiTHHAS BpPEMEHHU MEePEX0IHOTO Tportiecca?

7. Kaxk u3meHuTcsa nocTosiHHas BpeMEHU LIETIH C KOHAEHCATOPOM IPU YBEIUUYEHUH €r0
éMKocTu?

8. Kak BiMser akTMBHOE CONPOTUBICHHE JJIEKTPUUYECKOW IENU, COAEpKAIIeH

€MKOCTb, Ha JJINTEIBHOCTh IIEPEXOTHOTO IpoLiecca?

9. Kak pacCCUUTBIBAIOT 3aBUCUMBbBIC HAYAJIbHBIC YCJ'IOBI/IH?
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Jlabopamopnas paooma Ne7. Hccnedosanue nepexooOHsvix npoueccos 8 yenu ¢

UHOYKMUGHOCMBIO.

Heﬂb paﬁombt: 3aerHJ'IeHI/IC METOJHUKU pacqéTa IMNEPEXOJHBIX IIPOUECCOB KIIACCUYCCKHUM

MCTOJOM B LECIIAX, COACPKAINNX UHAYKTUBHOCTD, IIPAKTHUYCCKas ITPOBEPKaA PE3YJILTATOB pacqéTa.

Ocnoevt meopuu:
Llenb ¢ 01HOM KATYIIKOH WHAYKTHBHOCTH, TaK )K€, KaK U IIelb C OJIHUM KOHJICHCATOPOM
onuceiBaeTcs AudQepeHranbHbIM YpaBHEHUEM TMEpBOTro mopsiaka. [loaToMy Bce TOKHM U

HAIPsKCHUA B ICPEXOJHOM PEIKUME U3MCHATIOTCH 110 SKCITIOHCHIIMAJIbHOMY 3aKOHY C OI[HOﬁ " TOM

K€ TIOCTOSIHHOW BpeMeHH (7 =l/| p|) OT HAYaJIbHOI'O 3HA4YEHMs A0 ycTaHoBuBLIErocs. [Ipuuém,

HAYyaJbHOE 3HAYEHHE TOKAa B MHIYKTUBHOCTH PAaBHO TOKY B HEH HEMOCPEICTBEHHO MeEpen
KOMMYTallMeH, TaK KaKk TOK B KaTyIIKE HE MOXET U3MEHATHCS CKaUKOM I10 3aKOHY KOMMYTALIUH.
HanpsokeHne Ha KaTylike MOXKET U3MEHATbCA CKauKOM M IPU OTKIIOUEHHHM MOXKET JOCTUIaTh
BeChbMa OOJIBIINX 3HAYCHUH.

B nanHOil pabore komMmyTanus (BKJIIOUEHHE M BBIKJIIIOUEHUE IIEMH) OCYIIECTBISAETCS
TPaH3UCTOPOM, Ha 0a3zy KOTOPOro IMOAAIOTCSA OJHOIOJIAPHBIE MPSMOYTOJbHbIE OTIHUPAIOLINE
UMITYJIbCBHI TOKA OT FeHepaTopa HanpspkeHul crienuanbHoi ¢popmsl ¢ gyactotoit 200 I'n. [Tostomy

o0a Mepexo/HbIX Ipoliecca NEPUOANYECKH MOBTOPSIOTCS M UX MOXHO HaO/l0/1aTh Ha

00OBIYHOM WJIM BUPTYAJIbHOM ocLuiuiorpage.

Ykazanue no mexnuxe 6esonacnocmu:
VYka3aHus 110 TEXHUKE OE30MMaCHOCTH MPH BBIIIOJIHEHUH JIa0OPAaTOPHBIX pabOT MPUBEIEHBI

B IIPUJIOKEHUE A.

Ykazanus no evinonnenuro nabopamopnoi pabomui:

1. BeiBecTn Ha gucmiieit ocuuuiorpada KpuBble TOKAa M HANpsKEHUS Ha KaTyIIKe
WHAYKTUBHOCTH TPU MOJKJIIOYEHUH M OTKIIOYEHHHM HCTOYHHKA MOCTOSHHOTO HampsbkeHus. B
KaXJIOM M3 3THX CIIy4aeB ONPEIEIUTh SKCIIEPUMEHTAIBHO U PACCUUTATh JOKOMMYTallMOHHBIE (1=-
0), nauansHele (t=+0) u ycraHoBuBmuecs (I—oo0) 3HaUCHHUS TOKAa U HANpPSDKEHHUS Ha KaTyIIKe,
OTPEeAENUTh M0 OCHMIIIOrPaMMeE MOCTOSIHHYIO BPEMEHU 1IETIH.

2. ColepuTe 1ensb coryiacHo cxeme (puc.7.1), BKIIOYUB B HEE€ BMECTO H300paKEHHBIX

HU3MCPUTCIIbHBIX HpI/I60p0B COOTBCTCTBYIOIIUC rHé3aa KOHHCKTOpA.
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' (Rk=5 Owm)

o

Pucynok 7.1 — [IpuHuunuanbHble cxema J1a0opaTopHOil paboThl

3. Bxurounte ocumiiorpad, ycranoute paséptky 0,5 mC/men u mepepucyirte
M300paXeHUE TOKa W HAINpsDKEHMs] Ha Karyulike Ha rpaduk (puc.7.2). He 3alynpre ykasarb
MaciTad s Kax10i KpUBOU.

4. Onpenenure 1o rpaduKy WIM  HEMNOCPEACTBEHHO IO  ocuuuiorpady
noxkommyTtarmonasie (t=-0) nHavanenbie (t=+0) u ycranoBuBmHMecs (I— oo0) 3HaA4YEHHUS] TOKOB
HaIpsSOKEHUM Ha KaTyUIKe B JIBYX Ciy4asx: 1. - KIIIOY 3aMbIKaeTcs; 2. - KJIOY Pa3MbIKAETCA.
3anecute uXx B Ta6i. 7.1.

S. Paccuuraiite TOKM U HanpsOKEHUs] HA KaTYLIKE JUIS 3TUX K€ MOMEHTOB BPEMEHH,
3aHECUTE Pe3yabTaThl Takke B Ta0I. 7.1. CpaBHUTE pe3yabTaThl pacyéra U HKCIIEPUMEHTA.

6. Onpenenure Mo OCHUILIOrPaMMaM IMOCTOSTHHBIE BPEMEHU MTPU BKIIFOUEHHOM U MPU

OTKJIFOYEHHOM HUCTOYHHKE ITUTAHUA.

Kritou 3amKHyT Krtoy pasoMkHyT

> u, i
4
3 MacLitabbl
2
1 . M= B/nen
0 >

M=, mA/oen
-1
-2

M= mC/oen

-3
-4
-5

0 1 2 3 4 5 6 7 8 9 10
Pucynok 7.2 — OcuriuiorpaMmmbl IEPEXOIHOTO Tpoliecca
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Tabmuma 7.1 — Kittou 3aMKHYT

t Bxkirouenue, T = MC Brikatouenue, 1= MC
UL, B i|_, MA U, B i|_, MA
- 0, pacuér
- 0, aKCIEpUMEHT
+ 0, pacuét
+ 0, 3KCIIepUMEHT
00, pacu€T
00, AKCIICPUMEHT
Tabnuua 7.2 — Kirod 3aMKHYT
t Bxuntouenue, T = MC Brixntouenue, 1= MC
Ui, B i|_, MA U, B i|_, MA

- 0, pacuér

- 0, sKCTIepUMEeHT

+ 0, pacuét

+ 0, oKkcriepuMeHT

00, pacyér

00, SKCICPUMECHT

Cooeporcanue omuema:

OT4YeT OJKEH COAepIKaTh:

N o a b~ wDd e

BrIBOIEI.

HazBanue paboTsr;

[{enb paboTHI;

[Topsiiok BeIMOTHEHUST PAOOTHI;

KOHmpOﬂbele eonpocol:

KpaTKI/Ie TCOPCTUUCCKHUEC CBECACHU S,

Brruucnenus u 06paboTka pe3ysnbTaTos;

Onucanue UCIoIb3yeMOro 000pyI0BaHMs U MaT€pHaJIOB;

1. [Touemy TOK B MHAYKTUBHOCTH HE MOYET U3MEHSITHCS CKAUKOM?
2. UTO MOHUMAIOT 1OJ] KOMMYTAaIen?
3. Uewm ompenensieTcsi CTENeHb XapaKTEPUCTHUYECKOTO YpaBHEHUS?
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4. Kak momyunTh XapakTepuCTHYECKOE YpaBHEHHE IenMH uepe3 e€ BXOTHOE

conpoTuBiieHue?

S. Kak BBIYMCIAIOT JOKOMMYTALIMOHHBIE U IIOCIEKOMMYTAllUOHHBIE HaydajbHbIE
yCI0BUA?

6. Yro Takoe MOCTOSHHAs BPEMEHHU IIEPEXOIHOTO npouecca’?

1. Kak M3MEHMTCS NOCTOSIHHAs BPEMEHHU LENU C KAaTyUIKOM IPU YBEIUMYCHUHU €€
WHJYKTUBHOCTU?

8. Kak Biuser aKkTHBHOE CONPOTUBJICHHME DJJIEKTPUYECKOM LENH, COAcpkKallen

HHAYKTHUBHOCTb, HA JJIMTCIbHOCTD IIECPEXOAHOI'O npouecca?

9. Kak paccuuThIBatoT 3aBUCHMbIE HaYaJIbHbIE YCIOBUA?
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Jlabopamopnasa pavoma Ne8. Ilepexoonvie npoyeccot 6 R-L-C konmype.

Ilens pabomui: ViccnenoBath NepexXoIHbIE IPOLIECCH] B AIEKTPUUYECKON LIENH, COCTOALIEH
U3 MOCJIEIOBATEIbHO BKIIOYEHHBIX AaKTUBHOT'O CONPOTHUBIICHUS, UHAYKTUBHOCTH M EMKOCTH,
ONpeeNIUTh 3aBUCUMOCTh XapakTepa IEepPeXOAHOro Ipolecca OT COOTHOIICHUS BEIUYHHBI

[IapaMETPOB 3JIEMEHTOB CXEMBI.

Ocnoevl meopuu:

B 3amknyTOM KOHTYpE (pHc. 8.1) mocie OTKIIOUEHUH ero OT UCTOYHHUKA IIOCTOSHHOTO UITH
MEPEMEHHOTO HANpPsHDKEHUST MOTYT BO3HUKHYTH 3aTyXarollue CHHYCOUJAJIbHBIE KOJIeOaHUs,
00yCIJIOBJICHHbIE HayallbHbIM 3allacoM S3HEPIUM B 3JIEKTPUUYECKOM II0Jie KOHJIEHcaTopa U B
MarHUTHOM T0JI€ KaTYIIKH UHAYKTUBHOCTH.

B o0mem ciayuyae coctosiHue 1enu omperensercs u3 aud@epeHuanibHoro ypaBHeHHs,

COCTaBJIEHHOT'O 110 BTOPOMY 3akoHy Kupxroda:
, i
Ri+L a +uc =0.
dt

[ockonbky | =Cduc /dt, To

501041

+ ©
U u

- O

Pucynok 8.1 — [IpuHiunuansHas 35eKTpuueckas cxema J1adopaTopHoit paboThl

Bun pemenus sroro nuddepeHIuansHOr0 ypaBHEHHUsS! 3aBUCHT OT XapakTepa KOpHeH

XapaKTepUCTUUECKOIO YPAaBHEHUS:
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p+5p+i+0
L LC

Kopuu sToro ypaBHeHus:

e Ral[R) L
27\ en) e

2
R 1 L
Kormma |— | ——>0,1.6. R >2./— =R,,,, KOpHHU BelleCTBEHHBIE OTPUIATEIHHEIE
8 (2Lj LC Vg T e FOPHIPEHE P

U IPOLECC M3MECHEHMS TOKA W HAIpPsDKCHWM MMEET alepUOJUYECKHM 3aTyXarolui Xapakrep
(puc.10.3.2a). Ecim xe R<Ry,, To Bo3HHMKaeT konebarenpHbIA Tporiecc (puc. 10.3.26). Torma

pemienue audQepeHnanbHOro ypaBHEHUS UMEET BU/I:

Uo —or.. CUp s
uc = —2—e % sin(wr +y); i =—C e sin0y,

siny 1)

Pucynok 8.2 — I'paduk 3aTyxarommx CHHYCOMIaIbHBIX KOJICOaHHI

[Tpu yMeHbIIIEHUHN CONPOTUBIIEHUS OT HEKOTOPOTO 3HaueHus Oosplero, yem Rkp cHavana
YBEJIMYMBAETCSI CKOPOCTh 3aTyXaloIIero amnepuoJuueckoro Imporecca, 3ateM, npu R=Rkp
Ka4eCTBEHHO HM3MEHSETCs XapakTep Ipolecca — OH CTAaHOBUTCS KoeOaTelabHbBIM - M IpH
JaIbHENUIIEM YMEHBIIEHUH COTPOTUBIICHUS YBEIMYMBAETCS 4YaCTOTA KOJICOaHUM U YMEHbIIIaeTCs

3aryxanue. [lpu R, crpemsmemMcs K HyII0, 9acToTa CTPEMUTCS K PE30OHAHCHOW dYacToTe

wQ :]/\/E, a 3aTyXaHHC — K HYIJIIO.

B HaHHOfI pa60Te 3apsin  KOHACHCAaTopa MO0 HAIpsDKEHUsS Up OCYIICCTBIIACTCSA
OIHOIIOJAPHBIMA TMPAMOYTI'OJbHBIMHA HMITYJIbCAMU HAIPSKCHUA W HCCICAYCTCA HNPOHECC €To
paspdsaa Ha COINPOTHUBICHUC W HWHAYKTHBHOCTH BO BpEMA IMay3 MCEXAY HUMITYJIbCaMU.
HOBTOpHIOH.[HfICH Imponecce 3apsaia U pa3pssaa KOHACHCATOpA MOKHO Ha6J'IIOI[aTL Ha 3JICKTPOHHOM

WIN BUPTYaJIbHOM OCIIHIIOrpade.
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Ykazanue no mexnuke 6esonacnocmu:
VYkazaHus o TEXHUKE OE30MAaCHOCTH MIPH BHIMOJIHEHUH Ja00paTOPHBIX pabOT MPHUBEICHBI

B MPUJIOKEHHE A.

Ykazanua no eévinonnenuro nabopamopuoii pabomoi:

1. HccnenoBaTh BIMSIHUE aKTHBHOTO CONPOTUBIICHUS Ha XapakTep Ipoliecca pa3psia
KOHJIEHCATOpa Ha CONPOTUBIIEHUE U UHAYKTUBHOCTb. CpaBHUTH KCIIEPUMEHTAJIbHBIE YaCTOTY U
3aTyxaHue KoJeOaHul ¢ pacYETHBIMU 3HAUEHUSIMHU.

2. M3meppTe OMMETPOM M 3alMIIMTE AKTUBHOE CONPOTUBICHUE KaTYIIKU
MHAYKTUBHOCTH, YKa3aHHOH Ha cxeme (puc.7.3):

Rk= Om.

3. Brmamcnure PE30HAHCHYIO YaCTOTY U KPUTHYCCKOC COIIPOTUBJICHUC K0JIe0ATEIHLHOIO

KOHTYpa:
1
fo=—"—-= '
° " 2ndLC
L
R =2|]—= Om;
4, Cobepute 1ens corjacHo cxeme (puc.7.3), BKIIOYMB B HeE B KayecTBE

W3MEPUTEIILHBIX TPHUOOPOB COOTBETCTBYIOIIME THE3Aa KOHHEKTOPA, BBIBEAUTE TOJCTPOCUHBIN
pesuctop Rmo6 Ha HOTP W yCTAaHOBUTE HAa MCTOYHHUKE HAMPSOHKEHUS] OJHOIOJSPHBIC

OpSMOYTOJIbHbIE UMITYJIbChI yacToToi 200 'l 1 MakCUMalIbHOW aMILTUTY/ABI.

e R,qo6 1kOm R, L i
o Q]j W
. 40 mI"
u L - ¢ (W

0,22
MKD

o *

Pucynok 7.3 — IIpuHImnuansHas JIeKTpHUYEcKas cxema
5. Bxuttounte BUpTyanbHble TPUOOPHI U HACTPOWTE BUPTYaAIbHBIA ociuiuiorpad ams

HaOronenus kpuBbix Uc(t) u i(t) (Hanbonee ynooHas s pa3séptka 200 - S00mMkC/aen.).
6. Onpenenure 1Mo ociuuiorpady MEpHoO 3aTyXaloMUX KOJCOAHUN M BBIYUCINTE

4acToTy:

T= MC, = T
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7. YOeauTech, 9TO MOJYICHHOE 3HAYCHHE YaCTOTHI OJIM3KO K PE30HAHCHOW 4acToTe.

8. [TnaBHO yBenwuuBas 100ABOYHOE CONMPOTHUBICHHE Rjo5, YOSIUTECH, UTO YacTOTA
KoeOaHui cierka YMEHBIIAeT s, a 3aTyXaHUe YBEIMYUBACTCS U MPU OOJIBIIIOM COTPOTHBICHUN
NPOIIECC CTAHOBHUTCS AIlIEPHOIHMUECKUM.

9. YcTaHOBHTE PETYISTOP MOTEHIMOMETpPA B IOJIOKEHUE, TIPU KOTOPOM IPOIIECC
MEHSIET XapaKTep, OTKIIIOUUTE MTUTAHUE U U3MEPHTE OMMETPOM J0OABOYHOE CONIPOTUBIICHUE!

Ri06= Owm.
Brraucimre cymmapHOe akTHBHOE COTIPOTHUBIICHHE KOJIE0ATEIbHOTO KOHTYA:
Ruo6+R«= OmMm

Y6enureck, uTo 3Ta cyMMa Ou3Ka K Ryyp.

Cooepotcanue omuema:

OT4er AOMKEH CONePKaTh:

HazBanue paboTsr;

L{enb paboTHI;

KpaTkue TeopeTnueckue CBEACHHUS,

Onucanue UCIoNIb3yeMOro 000pyI0BaHUSI U MAaTEPUAIIOB;
[Topsinok BeINONHEHUS PaOOTHI;

Boruncnenus u 00paboTka pe3ysbTaToB;

N o a k~ w nhoE

BriBoapbl.

Konumponvnwie éonpocwi:
1. Kak nomyuaror nuddepeHnmaibHoe ypaBHEHHE, OIKCHIBAIOIIEE MEPEXOTHBIN

MPOLIECC PIEKTPUUYECKOM 1Ienu?

2. Yem ompenenseTcs MopsaoK TudGepeHINaIbHOro ypaBHEHUs ?

3. B xakoM ciydae nuddepennnanbHoe ypaBHEHHE OyIeT OAHOPOAHBIM, U B KAKOM —
HEOJHOPOIHBIM?

4. Kak  momyyuth  XapakTEepUCTHUECKOE  ypaBHEHHME,  €CIM  M3BECTHO
muddepeHmanbHOe?

5. Kak xopHU XapaKTEepUCTHYECKOTO YPaBHEHHUS BIUSIOT HA XapaKTep MEepPexX0HOTO
npouecca?

6. Yro mOHUMAIOT MO TOKa3aTeleM 3aTyXaHUs PEe30HAHCHOTO KOHTYpa, OT Yero

3aBHCHT €T'0 BEeIUUNHA?
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7. OT dYero 3aBUCHUT 4YacTOTa KOJeOATENIFHOTO TIPOIecca, BO3HHUKAIOIIETO B
AIIEKTPUUYECKON IIETIH, COCTOSIIEH M3 TOCIE0BATEIBHO BKIIOYEHHBIX KATYIIKH HHAYKTHBHOCTH
U KoHJieHcaTopa?

8. Yro MOHMMAIOT TMOA KPUTHYECKHM COIMPOTUBJICHUEM IIOCIIEI0BATEIHLHOTO
PE30HAHCHOTO KOHTYPA, KaK OMPEACIUTh €r0 BETHINHY?

9. Kak BBMMCIUTH 3HAYEHUS TOCTOSHHBIX HWHTETPUPOBAHHUS TIPU PEHICHUH
QG epeHIaIbHOr0 ypaBHEHHUS, OTIMCHIBAIOLIETO NEPEXOAHBIN MPOLIECC B AIEKTPHUECKON 1Ienu?

10. Kak B pganHO# maGopatopHoil pabore Bwl omnpeaenunu 4acTtoTy KoJieOaHUN
NEPEXOHOTO Iporecca’?

11.  Kak HalTH 3aKOH M3MEHEHHUs TOKa 3apsja KOHAEHCATOpa, €CIIU W3BECTEH 3aKOH
M3MEHEHHUs HalpsDKEHUsS Ha ero oOkmaakax?

12. Kak HalTH 3aKOH W3MEHCHHS HANPSHKCHHS HAa WHIYKTHBHOCTH, €CIIM U3BECTCH

3dKOH U3MCHCHU, ITPOTCKAIOIICTO YCPC3 Heé Toka?
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Jlabopamopuasa paooma Ne9. Hcnvimanue 00nogaznozo mpancgopmamopa

Ilenv pabomer: 0O3HAKOMUTHCSI C KOHCTPYKIIMEH, METO/IaMHU HCHIBITAHUS U ONPEICICHUS

XapaKTepUCTHK TpaHC(HOPMATOPOB.

Ocnoevt meopuu:

TpanchopmaTop — 3T0 CTaTUYECKHI AIEKTPOMArHUTHBIN anmapart, MpeIHa3HAYCHHBIN JIIs
npeoOpa3oBaHus MEPEMEHHOIO TOKa OJHOTO HaMpsDKEHUS B OJICKTPUUYECKYIO DHEPIHI0
MEPEMEHHOT0 TOKA JPYTroro HanpssKEeHUsl IPU HEM3MEHHOM yacToTe.

TpancdopmaTopsl HIMPOKO MPUMEHSIOTCS B TEXHUKE, IPOMBIIIJICHHOCTH U OBITY, TO3TOMY
YCTAHOBJICHHAST MOIIHOCTH BCEX TPaHC(HOPMATOPOB B HECKOJIBKO pa3 MPEBBIIIAET MOIIHOCTH
HMCTOYHUKOB 3JIEKTPOIHEPTUH, T.€. DIIEKTPOIHEPTys Ha MyTH OT UCTOYHHMKA N0 MOTpeOUTEens
HECKOJIbKO pa3 TpaHchopmupyercs (mpeodpasyercs). [lo HasHaueHuto TpaHcGoOpMaTOpbI
NOJIPa3/eIIAI0TCS Ha CUJIOBBIE, CBAPOYHBIE, U3MEPUTENbHBIE; 10 KOHCTPYKIIUU — HA CTEPKHEBBIE,
OpoHeBbIe; 10 yuCTy (a3 — Ha Tpexda3Hbie U OgHO(DA3HBIC.

[Ipocreiimmii onHO(a3Hbli TpaHCHOPMATOP COCTOMT U3 JABYX OCHOBHBIX YacTEW:
MarHuTonpoBoaa  (cepaeyHuka) u  obmortok. CepmeyHuK HaOupaercs U3  JIMCTOB
AIIEKTPOTEXHUYECKON cTanu ToNHON 0,5 MM, ¢ 00€MX CTOPOH MOKPBITHIX 3JEKTPOTEXHUUECKUM
JIAKOM I YMEHBIICHHUS IOTEPh B CTAJIM HA BUXPe-Bble TOKU. Kpome TOro, 3J1eKTpoTeXHHYeCcKast
CTaJIb UMEET MOBBIIIEHHOE Y/IeIbHOE COIPOTUBIICHHE U MaJlble TOTepH Ha ructepe3uc. CepeuHuK
CILY’KHT JUISl YCUIICHUS DJIEKTPOMATrHUTHOU CBS3H MEXIY OOMOTKaMHU.

Ha cepneunuke pacrionararorcsi oOMoTku. OOMOTKA, MOJKIIIOYaeMasi K TMUTAIOIEH CEeTH,
Ha3bIBACTCSI IEPBUYHOM, 8 0OMOTKA, K KOTOPOH MOAKIIOYAIOTCS TOTPEOUTETN IEPEMEHHOTO TOKA,

Ha3bIBAETCS] BTOPUYHON 0OMOTKOM (puc. 6.1).

Do
/
. /
I T T T T NN I
A'—kk _2> a
I e]_ 62 I A
|
o Pw W, | Y2 Zn
| | |
X

Pucynok 6.1 — Cxema Tpanchopmaropa
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Ecimm x mepBudHON OOMOTKE, MMEIOIMICH YHCIO0 BUTKOB Wi IOABECTH TEPEMEHHOE

Hanpsokenue U1=Uimsinmt, To 1o Hell HaYHEeT MPOTEKATh TOK 11, KOTOPHIiA OyeT orcraBath o1 U

Ha 90°, U co3macT B CEepACYHUKE MEPEMEHHBIM MArHUTHBIA MOTOK, TAKKE MU3MEHSIOIIUNCA I10

CHHYCOUJIAILHOMY 3aKOHY @, =D, -COS® t. MarHuTHBIN MMOTOK, 3aMbIKAsICh 10 CEPICUHHKY,

OyIeT HaBOAUTH B IEPBUYHOM M BTOPUYHOW OOMOTKax 3.1.C., IPONOPLUOHAIBbHBIE YHCIIAM

BUTKOB:
dd . .
e, =-W, dto =-W,-@w-®,, Sinot=-E,, -Sinwt
do : :
e, =—W, dto =—W, @ - Dy, Sinot=-E,, -sinot

JleficTByrOIIMIE 3HAUEHHE 3TUX 3.7.C. OyIYyT PaBHBI:
E, =444-w, - -0,
E,=444-w, - -D,,

OTtHoleHne 3TuX 3.1.C. Ha3biBaeTcs Kod(hGUireHTom TpaHchopmaIim:
_Eow Y
E, w, U,

Ecmu Uz> Ui, To Tpancdopmarop nmossimaromiuii, a ecan Uz <Ui — To moHmwxkatomuii. B
nacnopTe TpaHchopMaTopa yKa3blBaeTcsi OOBIYHO He Kod(pduuueHT TpaHchopManuu, a
OTHOIIIEHHE BHICIIETO HATPSHKCHUS K HU3IIEMY.

[Ipu mocTpoeHHUH BEKTOPHBIX AHArpamMM HampshDKEHUH W TOKOB TpaHchopmaropa MOTYT
BO3HUKHYTH 3aTPYTHEHUS C BHIOOPOM MaciTaba HanmpsHKEHUH NEPBUYHON M BTOPUYHON OOMOTOK,
T.K. Ui=xkU>, a nuarpammbl TOJDKHBI OBITH B OJHOM Maciutade. [loaTomy BMeECTO peambHOTO
TpaHchopMaTopa 0OBIYHO PACCMATPHUBAIOT TaK HAa3bIBAEMBIN MPHUBEICHHBIN TpaHcpopMaTop, y
KOTOpPOro ojHa OoOMOTKa (OOBIYHO BTOpWYHAs) NpHUBEAEHA K APYrod, T.e. €€ MmapaMmeTrpbl

NEpeCUYUTAHBI TAKHUM 06p330M, yTOOBI 3TO HE OTPa3sWJIOCh Ha SHCPIreTUYCCKUX IIPpOoHcCcax B

Tpancopmarope. [lpuBeneHHOe HampspKeHHE W JIpyrHe IapamMeTpbl BTOPUYHOM OOMOTKH

! ! ! ! !
obosnavatorcs U, , I, , r, , X, , Z, .

! ’ !
Ecrm U, =xU,=U, u W, =kw, =W,, T0 ToK [, ONpeAenuTcs U3 YCIOBHUS]

’ ’
MOCTOSTHCTBA MOTOKOCLIETITICHUH |2W2 = |2 W, , OTKyzda

'
|2W2 I2W2 I2

W, W, K
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!
2
AHaNOru4YHO, NPHUBEJECHHOE CONPOTUBJIEHHE 7, =K 7, OIpEleNseTcs W3 PaBEHCTBA

IMOTEPb MOIIHOCTH BO BTOpH‘lHOﬁ 00OMOTKE A0 IMMPUBCACHUS U ITOCJIC ITPUBCACHUA:

14 14
I22r2 :(Iz )2r2 )

OTKYyJ1a

AHanoru4to,

4 !/

X, =K°X, u Z, =K"F,.

’
CYMMa n + ¥, =7, Ha3bIBACTCA aKTUBHLIM COIPOTUBJICHUEM KOPOTKOI'O 3aMBbIKaHU, a

! !/

X, + X, =X,- UHIYKTHBHBIM CONPOTHUBJIICHUEM KOPOTKOrO 3aMbIKaHusi W Z, +Z, =1Z -

MOJIHBIM COMPOTHBIIEHUEM KOPOTKOTO 3aMbIKaHUSI.
Pexxum paboThl, TpH KOTOPOM BTOpPHYHAs OOMOTKAa pa3OMKHyTa, T.e. Harpyska
TpanchopmaTopa OTCYTCTBYET, HA3bIBAETCS PEKUMOM XOJIOCTOTO Xxoja. [Ipu 3TOM MarHUTHBINA

IOTOK CO3/]aeTCsl HAMarHMUMBAaIOILEH CHIION TepBUYHON OOMOTKHU:
Fo = low,,

rze lo — Tok xonocToro xona.

Benmnunna HaMaFHHqHBaIOIHCﬁ CHIJIBI FO SIBISETCS MMOCTOSTHHON M 3aBHCHUT OT pasMEpoB U
Marepuaia ceplIeqHrKa.

Pexxum paboThl, IPpU KOTOPOM BO BTOPUYHYIO OOMOTKY BKJIFOUEHA Harpy3Ka, Ha3bIBaeTCs
pabouuM pEeXHMOM WIM PEeXUMOM Harpy3ku. Ilpu paboTe B pexume Harpy3ku Kaxjas W3
00MOTOK TpaHCchOopMaTOpa Co3/1aeT CBOI0 HAMAarHMYMBAIOIIYIO CHITY, IPUYEM HaMarHHYUBAIOIas
CHJIa BTOPUYHON OOMOTKM Oy/AeT HallpaBiIieHa HaBCTpeuy HaMarHW4YMBAIOUIeH cuiie MepBUYHOMN

0OMOTKH:
Fo=Fi+F2
lo-wy =lo-W, + 12w,
Takum  00pa3oM, MarHUTHBIH TOTOK, CO3/1aBa€Mblii  BTOPUYHOM  OOMOTKOM,
pa3MarHMYMBaeT MarHUTHBIA MMOTOK, CO3JaHHBIN MTEPBUYHON OOMOTKOM.

Tak kak MarHuTHBIM TOTOK TpaHchopMaropa MO BEJIUYUHE TOCTOSHEH, TO

HaMarom4iuvBaroniasa CuHlia HCpBH‘IHOﬁ 0OMOTKH YBCIUYMUBACTCA TOJBKO HAa TaKyr0 BCIWYHHY,

4TOOBI reoMeTpudeckas cymma |1 W, u |2 W, ocraBanachk mpakTHUYECKH MTOCTOSIHHOM.
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CrnenoBatenbHO, IPU YBEJIMYEHUH TOKa BO BTOPUYHONH OOMOTKE TOK MEPBUYHON OOMOTKHU

YBCIUYMUBACTCA TaK, YTOOBI HaMarHuuuBaromias cuia |o W, IoAAEepKNBAIIACh ITOCTOSIHHOM.

IIpu yBenuueHuM Harpy3ku TpaHCpoOpMaTopa HaNpsHXKEHHE BTOPUYHONM OOMOTKH
CHIKaeTcd Ha BenuuuHy AU, KOTOpoe y MajblX TpaHC(hOpMaTOPOB MOKET OBITh OIpPEAEICHO
IyTEeM HUCHBITAHUN IO/ Harpy3Kkoi TpaHc(opmaTopa U HEMOCPeACTBEHHBIM H3MepeHueM AU .
Tpancopmarop O0JIBLION MOIIHOCTH Harpy3uTh M UCHBITATh 0]l HArPY3KOH OYEHb CIOKHO U
HE’IKOHOMUYHO, 03TOMY A1 HUX AU onpenenstoT pacueTHbIM IyTEM.

Harpy3ska TpancdopmaTropa MOXKeET ObITh YMCTO aKTUBHOM (OCBEILIEHHE), IPH KOTOPOH COS
¢2 = 1,0, u cMemanHoOi — akTUBHO-UHAYKTUBHOM (R-L) mnu axrtuHo-emkxoctHOH (R-C), npu
KOTOPBIX COS ¢2 < 1,0.

3aBHCUMOCTh HAMPSDKCHUS BTOPHYHON OOMOTKH OT TOKa Harpysku, T.e. U=f (I2), mpu
IOCTOSIHHOM I10 BEJIMYMHE HANpsHKEHUU NEepBUYHOM 0OMOTKM Ui M MOCTOSIHHOM 3HaueHUH
K03 HIreHTa MOIIHOCTH COS (2, HAa3bIBACTCS BHEIIHEW XapaKTEPUCTHKOW TpaHchopmaTopa
(puc. 6.2).

Hanpsixenne Ha BTOpUYHON OOMOTKE NP X0JIOCTOM Xofe, T.e. pu l2 = 0, Ha3pIBaeTcs

HOMHHAJIBHBIM HanpspkeHueM. [Ipu Harpyske HanpspkeHue OyaeT u3MeHsIThes Ha Benmnauny AU

B 1,
Pucynox 6.2 — BHenHss xapakTepucTruka TpancopmaTopa
Jnis onpenenenns BenuuuHbl AU pacdeTHBIM TyTeM He00XO0IMMO BBIMIOJIHUTD JIBA OIBITA!
OTIBIT XOJIOCTOI'O X0/Ja Y OIBIT KOPOTKOTO 3aMbIKaHUS.
OMnBIT X0J0CTOrO X0/1a BBIMOIHAETCS I ONpe IeNIeHUs] HAPSHKEeHUS BTOPUYHONH OOMOTKH
U2H , TOKa xosocToro xona lo u nmoreps MoLIHOCTH X0s10cToro xoaa Po. Tak kak npu xomnocrom

xome Tok I = 0, a Tok |1 = lo ¥ cocTaBiseT HECKOIBKO MPOIEHTOB OT TOKa liy, TO morepu B
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00MOTKE MPHU XOJIOCTOM XOJI€ MaJibl U MOXHO CUUTATh, YTO MOTEPHU XOJIOCTOTO XOa — 3TO MOTEPU
B CTaJIU CEPJICYHMKA.

OMnBIT KOPOTKOTO 3aMBIKaHUS, IIPU KOTOPOM BTOPUYHASE OOMOTKA 3aMKHYTa HAKOPOTKO (Zn
= (), BBIMIOJIHACTCS MPU MOHMKEHHOM HamnpsikeHuu Uixy . [lpu 5TOM HampspkeHue MOBbIIIaeTcst
oT HyJs 10 3HaueHus Uiy, IPpU KOTOPOM TOK 3aMKHYTOI HAKOPOTKO BTOPUYHONU OOMOTKHU paBeH
HOMHHaNBHOMY lp. Tak Kak 3TO HaNpsyKEHUE COCTaBISAET HECKOJIBKO IIPOLEHTOB OT
HOMMHAJIBHOTO, TO 1 MAarHUTHBIH [TOTOK, PONOPLIMOHAIBHBIN HAIIPSHKEHUIO B CEPACUHUKE, OYEHD
MaJl U MOTEPSIMH B CTaJld MOXHO IpPEeHeOpeyYb M CUUTATh, UYTO MOTEPHU MPHU OMBITE KOPOTKOIO
3aMbIKaHUs — 3TO MOTEpU B Med 0OMOTOK TpaHCchopMaTopa.

3nast U;xmr v motepu Pryp MOKHO OTIPEACTUTH Zk, Ik, XK:

7 = U )

K I ’
1H

r = Pt .

K |2 1]
1H

X =2 =1

/ /
rne Iy =L+, u Xg =X +X, -aKkTUBHOE U PEAKTUBHOE COIPOTHUBIICHUS KOPOTKOTO
3aMBIKAHUA.

W3menenue HanpsbkeHus npu Harpy3ke AU MOKHO ONpenenuThb 1o popmyrie:

AU :,B-(Um -COSQ, +UKp -SiNn goz),
raec U xa = IlH : rK - daKTUBHAA COCTAaBJIAOIIIAA HaprI)KeHI/I}I KOpOTKOFO 3aMBIKaHHU A,

U Kp = I1H : XK - pPC€aKTHBHAas COCTABJIAIOIIAas HAIPSKCHUS KOPOTKOTO 3aMbIKAHU

2 .
B =—— - xodddumuent Harpysku TpaHchOpMATOpa; 3HAUECHUAMH COS@2 H SN @2

3ajaeMcsl.
3nast Uxyu AU 1mipu pa3inudHbIX 3HAYCHHSX [ U XapaKTepe Harpy3Ku, MOXKHO OITPE/ICIIUTh
3HayeHue Uz pu Harpys3Ke U MOCTPOUTH BHEIIHUE XapaKTePUCTUKH TpaHC(hopMaTopa pacueTHbIM
IIyTEM.
Baxxnoil xapakTepuctukoil Tpancgopmaropa sisisercs ero KIT/:
B _R-XP_ 3PP
"R~ R R P+zP

KIIJ] MOXHO OIpenenuTs yTeM HEMOCPEACTBEHHOTO U3MEPEHNS MOILHOCTEN P2 1 P1 niu

pacyeTHbBIM ITyTEM, 3Has OJHY M3 €ro MOLIHOCTEW M CymMMy notepb B Hem. IlepBbiil mMeTon
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MPUMEHSIIOT MPU UCIBITAHUN MAJIOMOILHBIX TPaHC(HOPMATOPOB, T.K. B 3TOM ciIyyae HET mpodaemM
¢ Harpyskoi TpaHchopmaropa peoctaramu. B momrabeix Tpanchopmatopax KIIJ[ ompenenstor

IIyTeM HU3MEPEHHs WIM pacyera IOTepb B HEM M IIOJE3HOM HAarpy304HOM MOIIHOCTHU
P, =U,I, cos, . Bennuuna KII] 3aBucut ot Harpy3ku (puc. 3).

P
o 2
KIIJI uMeeT MakCUMyM TIpU OTHOCHTENbHOW Harpy3ke —— ~ 0,7, Korja mocTOsHHbIE

2H
notepu (Po) paBHbBI IepeMEHHBIM TIOTEpsIM (Pk).

& f}'

10

2

L~ T
/|

Ly

P,
0 0, 10 TP

Ix

Ly

Pucynoxk 6.3 — 3aBucumocts KIIJ[ Tpancdopmaropa ot Harpy3ku

[Ipn yBenuuenun Harpy3ku Bwiie 0,7 Py KIIJ ymeHnbinaercs, Tak Kak IepeMEHHBIE

2 o
MOTepU pacCTyT NPpONOPHHUOHAIBHO Il y @ MOIITHOCTD — IMMPOIMOPHIHUOHAIIBHO IICPBOU CTCIICHU TOKA.

IIpn ymenpmenun Harpy3ku KIIJ[ ymeHbmaercs u3-3a yBeJIMUeHUs J0JIU TOCTOSHHBIX ITOTEPH B

0011Iel MOIIIHOCTH.
Ykazanue no mexnuke 6ezonacnocmu:

VYka3zaHus 1o TeXHUKe O€30MMaCHOCTH MPH BBIIIOJHEHUH JIA0OPATOPHBIX pabOT MPUBEIEHBI

B IIPUJIOJKEHNE A.
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Ykazanua no eévinoanenuro nabopamopmnoit padomoi:
1. Bemonaute onbIT Xonmocroro xoxa. st atoro cobpars cxemy (puc. 6.4). Ilpu
OTIpeICNIEHUH MOTEePh XO0JIOCTOro xoaa Po kimou K B menu BTOpUYHON OOMOTKH TOJDKEH OBITH

3aMKHYT Ha BOJIBTMETD. PCSYJ'IBTaTBI I/I3MepeHI/II71 IIpU HECKOJIBKUX 3HAYCHUAX Ui 3aHecTH B

Tabnuiy 6.1.
U*
T4TP W T
4 ’ . T\, 4 4
. - Ay
& LT K
L."
~ T
O *

¥ x

Pucynok 6.4 — CxeMa ucnbITaHus TpaHCOpMaTOpa B peKUME
XO0JIOCTOTO X0/1a

Tabnuma 6.1 — Pe3ynpTaThl BEIYUCICHHUN U U3MEPEHUI

W3mepeHHbIe BETHUNHBI BolunciieHHbIE BETHYNHBI
Ne U,
Uix |10 Po U2 cos o K=—
OIIBITA u,
B A Bm B - -
1
2
3

2. BBINOTHUTB OMBIT KOPOTKOI'0 3aMbIKaHus1. J{71st 3Toro codpatk cxemy (puc. 5), mpu 3ToM
B cXeMe BOJbTMETp V2 3aMeHHTh amrnepmerpoM Az. Ilepen BkIoueHHEM CXeMbl OBOPOTHYIO
pykositky JIATPa Hy)XHO yCTaHOBHUTH Ha HOJb. 3aTe€M 3aMKHYTh KJt0u K, BKIIOUUTH CXEMYy U
IUTaBHO yBenuuMBarh HamnpsbkeHue JIATPom o tex mop, moka ammepmerpsl A1 U A2 HE CTaHYT
MOKa3bIBaTh HOMUHAJIbHBIE 3HAYEHUSI TOKOB |14 1 |21, TIpU 3TOM HanpsiKeHue NepBUYHON 0OMOTKU

Oyner paBHO U;xy. 3anmcaTth nokazanusi mpuoopos B Tabmuiy 6.2.

JATP TN

T
A _ A aq
* . Ay
PN K
L."
~ 7 ‘ &
O . @
¥ x

L

Pucynok 6.5 — Cxema ucnsiTanusi TpaHchopMaTopa B peKUME KOPOTKOTO 3aMbIKaHHS
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Ilo pe3yjabTaTaM OIIBITOB XOJOCTOI'0 XOJa MW KOPOTKOIro 3aMbBIKaHUSA OINPEACIUTDH

k03¢ ¢purnment tpanchopmanuu x, Uz, COS @o, COS @k; MOJIHOE, aKTUBHOE U HHIYKTHBHOE

COIIPOTHUBIICHUS KOPOTKOI'O 3aMBbIKAaHMA ZK , 'K M XK ©

Tabnuma 6.2 — Pe3ynbTaThl BBIYMCICHUN U U3MEPEHUN

Ne
N3MepeHHbIe BETUYMHBI BrrunciienHbie BETUYMHBI
OIIbITa
I,
Uik l1ik Pk Ik 7 coS QK ZK rk XK
1
B A Bm A - - Owm Om Om
1
2
3
— PO PK
cCosQ, = ; COSQ, = ;
11 i ik
7 = Uk T = P«
K ™ I ) 'K T |2 ’
1K 1K
R ) 2
X =2k — Tk

Onpenenuth K03 (HUIUEHT MOJIE3HOTO JEHCTBUS TpaHChOopMaTopa #:
_A__ Py
P P, +PF +P

n

3nauenus P>y Oepercs U3 MacnopTHHIX JaHHBIX TpaHchopmaropa.

3anaBasce 3Hauenusmu S = 0,25; 0,5; 0,75; 1,0 onpenenuts AU mipu 3HaueHHsIx COS @2 =
1,0; 0,8 (R—L) u 0,8 (R — C), pe3ynbTaThl pacueToB CBeCTH B Tabiuiy 6.3. 3aTeM MOCTPOUTH
BHEIIIHUE XAPAKTEPUCTUKU JUI IPUHATBHIX 3HAUYECHUN COS (2, IIPU 3TOM MMES B BUAY, 4TO COS (2

npu (R — C) Harpy3ke oTpHLIaTeNIEH.

Tabnuma 3 — Pe3ynbTraThl BEIYUCIEHUN U U3MEPEHUN

. U, -cose, +

ﬁ Uzca = I1H 'rK UKP: IlH .XK Um'COSQZ pr-Sln(DZ +UKP‘Sin¢2 AU
- B B B B B B
0

0,25

0,5

0,75

1,0
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2. BbInoHUTE ONBIT O HArPY3KOii 1o cxeme puc. 6.6. [Ipu 3ToM cxemy coeTuHeHnH
nepBUYHON 0OMOTKH (puc. 6.5) He H3MEHAIT, a K BTOPUYHOM OOMOTKE MOIKIIOYAIOT
Harpy304Hblid PEOCTaT U BHINOIHAIOT U3MEPEHUS MIPU TPEX — YEThIPEX 3HAYECHUAX HArPy3KH.

U*

Ag JATP F \\z

O g

Pucynok 6.6 — Cxema ucnsiTanus Tpanchopmaropa moja Harpy3Koi

B crnenyromem ombiTe MOCIEAOBATENbHO C HArpy30YHBIM PEOCTATOM MOJKIIOYAIOT
KAaTyIIKy WHAYKTUBHOCTH M BBINONHAIOT 3amep l2 u Uz, 3areM omObIT HOBTOPSIIOT HpU
NOJKIIIOYEHUH TIOCJIEAOBAaTENIbHO C HAarpy3o4HbIM peoctatoM Ry emkoctn C. PesymbraThi
u3MepeHnii 3aHocsaT B Tabmuiy 4. [lo pe3ynpraTaM STHX OIBITOB CTPOSIT BHEIIHHUE

XApPAKTCPUCTHUKH.

Tabnuma 6.4 — JlanHbIe U1 TOCTPOSHUS BHEILIHUX XapaKTEPUCTHK

Ne
V3MepeHHbIe BETUNYHUHBI
OIbITa
AKTHBHas Harpy3ka R-L Harpy3ka R-C Harpy3ka
2 U> [P U, I, U
A B A B A B
1
2 — — — _
3 — — — _

Cooepocanue omuema:

OTyeT N0JKEeH CoJIepKaTh:

HasBanwue paboThr;

[{enb paboTHI;

Kpartkue TeopeTndeckre cBeIeHNUS,

Ornrcanne UCToIb3yeMOTO 000PYI0OBAaHUS U MaTEPUATIOB;
[Topsimok BBIIONHEHUS PaOOTHI;

Brruucnenus u 06paboTka pe3ysabTaTos;

N oo g s~ DR

BriBoapbl.
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cranu?

KOHmpOJleble eonpocol:

© © N o gk~ wDdh -

-
©

C Kaxoil L1eJIbI0 BBIOIHSIOT OIBIT X0J0CTOro Xo1a?

Kak onpenensiercst Hanpspkenue Uzn?

Yem 00yCIIOBICHBI IOTEPH MOIIHOCTH B PEXKHME XOJIOCTOTO Xoza?

C kaxoif ebI0 ¥ KaK BBIMOJIHSIOT OIMBIT KOPOTKOTO 3aMbIKaHUs?

Kak onpenensitor n3aMeHeHre HOMUHAIBHOTO HanpsokeHus AUy?

OT 4ero 3aBUCAT MOTEPU MOIIHOCTH B PEKUME KOPOTKOT'O 3aMbIKaHUS?
ITpu kakux ycinoBusax KII/] nmeeT makcuMaiibHOE 3HaYCHHE?

Kakas narpyska ju1s TpancdopmaTopa siBisiercs 0oJiee mpeArnoYTUTENbHOM?

[Touemy cepaedyHuk TpaHcopmaropa HaOUPAIOT U3 JMCTOB IEKTPOTEXHUUYECKOU

byner nu pabotaTth TpaHchopMaTOp C IEPEBIHHBIM CEPACYHUKOM?
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Jlabopamopnas paooma Nel(. Henvimanue dsuzamerieit nOCMOAHHO20 MOKA.

Ilenv pabomobr: O3HAKOMUTBCS C KOHCTPYKIIMEH, METOIAMH HCTIBITAHUSI U ONPEICIICHUS

XapaKTEPHUCTHUK ,Z[BHFaTGJ'IefI IOCTOAHHOI'O TOKA.

OcHogvl meopuu:

Bce mporieccel, mpoucxopasimue B MammHax moctosHHoro Toka (MIIT), moryr ObITh
OOBSCHEHBI C HCIOJB30BAaHUEM YEThIPEX MPABHI, XapaKTEPU3YIOHIMX 3JIEKTPOMArHUTHBIC
SIBJICHHS (TIPUITOKEHHE A):

1) mpaBwio modydeHusl 3ieKTpuueckoro Toka — "HyxHO B 3aMKHYThHIM KoHTYyp K
MIOMECTUTh UCTOYHHK 3.1.C. E. B Takom KoHType noreyet ToK |";

2) TUpaBWIO TMOJy4€HUsS MarHutHoro mnonus — "HyXHO B NpPOBOJHUKE CO37aTh
anekTpudyeckuit Tok |. Bokpyr Takoro mpoBoaHuka Oyner o0pa3oBaHO MarHuTHOE mojie @

3) npaBUIIO MOJY4YECHHS] MEXaHNUECKOU ciibl — "HyHO nMpoBOAHUK ¢ TOKOM | momMecTuTh
B MarHuTHOE nosie @. Ha takoil mpoBoHUK OyzeT neiHCTBOBAaTh MexaHu4yeckas cuma F",

4) mpaBUIO MOTYYEHHUS UHIYKIIMOHHOM 3.11.c. £ — "lIpu BCIKOM M3MEHEHUH MarHUTHOTO
nonss @, MNpoHU3bIBaKOIIEM KOHTYp K, B KOHType HaBOAUTCA J.4.c. FE; HalpaBieHUe
MHAYKIIMOHHOW 3.J.C. ompeneiseTrcs: npaBwioM JleHa, npudyeM nepes NpUMEHEHUEM MpaBuia
KOHTYp C 3.J1.C. HaJ[0 3aMKHYTh".

Yerseproe npasuiio npuMeHuTenbHO K MITT MoxHO 3aMeHHUTH Ha 6oj1ee MpoCcToe MPAaBUIIO0
npaBoil pyku (puc.3.1), npuyeM npoueaypa onpeaeaeHus HalpaBIeHUsI HHIYKIUMOHHOM 3.1.c. E

CYIIECTBEHHO Ipolie npasuia Jlenuna.

w v D v
> . > E
> D e —
B,—b - i —>Bl
o o> =5
G Va2
> —>
> —>
a) 0)

Pucynox 3.1 - K BeIBOTy TipaBHIIa MPaBoil pyKH U3 SBICHUS
SIIEKTPOMATHUTHOM MHAYKIMH () ¥ TIPaBUITO TIPaBoii pyku (0)

ITycte xoHTYp (pmc.3.1,a), Bpamaromuics ¢ YacTOTOM @ B MAarHUTHOM TOJe,
XapakTepu3yeMbIM HHAYKIKEH B 1o, 3a BpeMs dt moBepHercs Ha yron do, npuueMm da=w-dt.
[Tpu nonepeunom D u mpomonpHOM | pasMepax KOHTypa M3MeHeHHeE Iuiomaau dS, KOTopyro
NPOHM3BIBAIOT JINHU MarHUTHOTO TIOJIS MHAYKIKEH B, 3a Bpems dt Oymer paBHO

dS=1-D-da=I1-D-w-dt,

a n3MeHenue d@ marautHoOro noroka @ 3a To e Bpems dt cocraBur
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do=B-dS=B-1-D - w-dt
B KOHTYpe B COOTBETCTBUU C SBJICHUEM 3JIEKTPOMAarHUTHOM MHAYKIMHU HABEAETCS 3.1.C.
E>, paBHas

_d® B1-D-o-dt

== B1-D-w=2.81.2.0-2.B.1.y,
dt dt 2

—
v

rze V - JMHEeHHas: CKOPOCTh NEPEMELIEHHS] IPOBOIHUKA OTHOCUTEIBHO TOJIA.

IIpu BpamieHUM KOHTypa OTHOCHUTEJIBHO TIOJA [EPEMELIAOTCA [JBa IPOAOJIBHBIX
HpOBOJHKKA |, W, TO3TOMY B Ka)XXIOM M HUX OyJAeT HaBelIeHa 3.1.C. E, cOCTaBISIOMas POBHO
MOJIOBUHY 3.71.C. E2 (3.3). YuuThIBast 3TO, B K&XKJIOM U3 MPOBOJHUKOB KOHTYpPa, IEPEMEIIA0IIEMCS
B MarHUTHOM I0Ji€, Oy/ie HaBe/IeHa 3./1.C., paBHas

E=B-1-v

®opmyroii (3.4) ycTaHOBICHO MPaBUJIO MONyUYEHUsT UHAYKUUOHHOMU 3.1.c. £ B MIIT: "B
IIPOBOAHMKE, IIEPEMELLAIOLIEMCS CO CKOPOCTHIO V B MArHUTHOM I10JI€ C UHIIYKIIUEH B, HaBoAUTCS
r.4.c. B

Hanpasnenue 3.4.c. E, onpeneneHHoe ¢ MOMOINbI0 MpaBuia JleHna OyneT TakuM, Kak
Moka3aHo Ha puc.3.1,a.

[Moctpoenwns, npuBeaeHnsie Ha puc.3.1,a u Bux dopmynsl (3.4), IPUBOAAT K MPABUILY
npaBoit pyku (puc.3.1,6): "[IpaByto pyKy HY>KHO pacmojiOKUTh TaK, YTOOBI B JIAJOHb BXOJMIIU
JUHUMA MAarHUTHOro mojis @, a OOJbIION OTOTHYTHIM Najiel] yKa3blBaJl Ha HaIlpaBlieHHE
NepeMENICHUs] NPOBOJAHMKA B II0JIE, TO HA HANPABIEHUE 3.]1.C. YKaOKYT OCTAJIbHBIE UETBIPE
najabma'.

OtmeudaeM, YTO MpaBWJIO MPABOM PYKH HE SBISETCS YHUBEPCAJIbHBIM, KAKUM SIBISIETCS
npaBwio JleHna, npuMeHUTENbHO K 0a30BOMY ONpPEEICHHIO MOTYYeHHUs] HHIYKIIMOHHOH 3.71.C.,
HO ero mnpumeHeHue npu aHaauze MIIT sBisgercs 06Gone NpPOCTHIM M, IO3TOMY,

MNpeaAIIOYTUTCIILHBIM.

OcHOBHAas 4acCTh.

JHBurarens moctossaaoro Toka (AI1T) conepxut (puc.3.2):

- obmotky BO30yxaeHus (OB), pacnonoxkeHHyio Ha cratope; Kk OB mpunoxeHo
MOCTOSTHHOE HarpspkeHue Bo30yxkaeHus Uos, KOoTopoe co3ga€T B HEW MOCTOSIHHBIA TOK log,
KOTOPBII CO3/1aeT MOCTOSHHOE MarHuTHOE Mojie Bo30ykIeHus @Pop; C MOMOIIbIO MOJHOCHBIX
HaKOHEYHHMKOB, Ha3bIBAEMBIX U3-3a UX (OPMBI, MONIOCHBIMU OalliMakaMH, BJIOJIb UX CO3JaeTcs
MIOCTOSTHHOE TI0 BEJIMYMHE MAarHUTHOE TOJIe, HApaBIeHHOe K IeHTpy mwiu oT neHtpa AIIT; sto
T10JIe Ha3bIBa€TCS OCHOBHBIM Doy

- potop, Ha3eiBaeMblil B JIIT sikopeM; Kk 0OMOTKE SIKOpsSI yepe3 pacloOKEeHHbIE Ha HEM
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IUTACTHUHBI KOJUIEKTOPA U MPUJIETAIONINe K MIIACTHHAM LETKH, TOJIBOAUTCS BHEUTHEE MTOCTOSHHOE
HaIpsDKEHUE, Ha3bIBaeMoe HanpshkeHueM skopst Ug; 3To HanpsbKeHue co3gaeT B 0OMOTKE sIKOps
MIOCTOSIHHBIN TOK sIKOps L.

Ipunyun oeticmeus JIIT cOCTOUT B CIEAYIOIIEM: Ha TPOBOJHUKH SKOpS, OOTEKaeMbIe
TOKOM |lg, moMmelmieHHble B MarHuTHoe mojie @Pop OOMOTKM BO30YXKIEHUS, ICHCTBYIOT
MexaHuueckue cuibl F. Hanpasnenue cui F ompenensiercs mpaBuiaoM JieBOM pyKu, 4TO
0TOOpaxeHo Ha puc.3.2.

[IpoBoaHNKH OOMOTKHM SIKOpS YKJIAIbIBAIOTCS B TMa3bl SKOPSA W MOJKIIOYAIOTCS K
IUTACTUHAM KOJUIEKTOpa TakKUM o0pa3oM, YTO B YacTAX OOMOTKH SKOpS, PacCIOJIOKEHHBIX I10
pa3HbIE CTOPOHBI OTHOCUTENBHO IIETOK, TOKM MMEIOT OJHO U TO K€ HampasieHue. brarogaps
TaKOMY HCIIOJIHEHUIO AKOpsi, cuiibl F, neilicTByronye Ha Bce MPOBOAHMKHU SIKOPHOH OOMOTKH,
CO3/al0T OJMHAKOBBIE IO HAIIPABIICHUIO BPAIIAIOIIME MOMEHTHI, CJI€I0BAaTEeNIbHO, CKJIAJbIBAIOTCS
M 3TUM 3aCTaBISIOT POTOP BpAIlaThCS B OAHY CTOPOHY, HAIIPUMEP MPOTUB YACOBOU CTpEIKE, KaK
noka3aHo Ha puc.3.2. HanpasneHue BpallieHus SKopsi ¢ Y4aCTOTOM  COBIAJAeT C HaIlpaBJIEHUEM
MomeHTa M. Eciau n3MeHUTh NOJIIPHOCTD MPHIIOKEHHOT O K SIKOpIo HatpsbkeHus Uy, To n3MeHuTes

HaIpaBJICHUs ToKa |lg Bo Bcex mpoBoaHUKax oOMOTKHU skops, u 1T Oymet BpamaTbes B 11 130)
2

CTOPOHY.
los - o~ Ionocuwiii nako-
§ G s — — —— Heunuk (6awmax)
A
OcHogrnoe mae-
= HUmMHoe noze
F D,y CO30AHHOE
MOKOM 0OMOMKU
o WO WO 6030YiCOeHUs
> > Hanpaenenue
S M e MOoKa sIKOpsi
® |7 6 oOmomke
o LJ
F AKOPSL
E o Hanpaenenue
Aropo npomueo-
g L7 P Li{emxa 9.0.C. SAIKOPSL
> F
+ +
F + Konnexmop &
- o
+ +
CRICERC
F
F
v D
- \/\
£ Uy g
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[Tomumo ocHOBHOTO A ekTa — momyuenus Bpamaromniero Mmomenta M, B JIIIT cymecTByeT
nobouHblll 2¢hghekm — BOSHUKHOBEHHE B SKOPE 3.]1.C. BpamleHus £. DTa 3.1.C. BO3HUKAET 3a CUeT
TOTO, YTO MPOBOJAHUKY SIKOPS MEPEMEIIAIOTCS B MATHUTHOM I10JI€ 0OMOTKU BO30YyxaeHus Dos.
Hanpasnenue 3.1.c. BpamieHusi £, onpeaeneHHoe M0 MpaBuily IpaBod PYKH, MPOTUBOIOJIOKHO
ToKy lg. Tak kak Tok lg co3maercs mpunoxkeHHbiM K sikopto JIIT nampspkenuem Ug, TO
Harnpasienus |y u Ug coBnagator, a 3.1.c. BpameHnus £ HanpasieHa HaBctpeuy kK Ug. [loatomy
3.1.C. BpallleHusi £ Ha3plBalOT TaKKe€ IMPOTHUBO-3.1.C. YCTAaHOBJIEHHOE COOTHOILIEHHUE MEXAY
HanpasneHusiMu £ u Ug no3BoisieT 3anucath ciaeaytomiee ypapHenue uenu sikopst AI1T:

Ug —E=Rgly, = Uz =E+Rylg

B cootBerctBum ¢ (3.2) 3.4.c. BpauieHus £ npsMo NpornopuuoHaIbHO UHIYKTUBHOCTH B
MarHUTHOTO MOJIsi BO30YXeHHs, pasmepamM oOMoTkd D u | um yacrore BpalieHuss @ SKOpSL.
Yka3aHHYIO TPOMOPIHUOHATFHOCTD MIPUHSTO 3aMUCHIBATH B BUJIE

E=cow,
rae co — kodddunueHt marautHoro moroka JAI1T.

VYpaBuenue saxopnou uenu AIIT npumer Bua

U, =c,0+R, I,
Ykazanue no mexnuxe 6esonacnocmu:
VYka3zaHus 10 TEXHUKE OE30MMaCHOCTH MPH BBIIIOJIHEHUH JIa0OPAaTOPHBIX pabOT MPUBEIEHBI

B IIPWJIO’KEHUE A.

Ykazanus no evinonnenuto nabopamopnoii pabomoi:

1. Y6enureck, 4TO YCTPONCTBA, UCIIOJIB3YEMbIE B SKCIIEPUMEHTE, OTKIIIOUEHBI OT CETH
AIIEKTPOIUTAHHUS.
2. Cobepute >IEKTPUYECKYI0 CXEMY COEIMHEHMH TEMIOBOM 3alluThl MAaIlIMHbI

MNEPEMCHHOTO TOKaA.

"

3. CoenuHnTe THE3/1Aa 3aIUTHOTO 3a3€MJICHUS " YCTpOWCTB, MCHOJB3yEMBIX B
sKcniepuMente, ¢ THe3oM "PE" Tpexdaznoro nucrounnka nuranus G1.

4. CoenunuTe anmnaparypy B COOTBETCTBUH C DJIEKTPUUECKON CXEMOW COEAMHEHMH
BapuaHT 1 s UCCIeIOBaHUS IBUTATENS C HE3aBUCUMBIM BO30YK/ICHHEM.

5. [Tepexirouarenu pexxuma padoTel nerounnka G2 u Bo3Oyaurens G3 ycTaHOBUTE B
nosnoxenue "PYYH.".

6. PerynupoBounsie pykosTku ucrounnka G2 u Bo3Oyaurens G3 moBepHUTE NPOTUB

YaCOBOM CTPEJKHU 10 yIOpa.
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7. VYcraHoBuTe B KaKI0i ¢aze akTUBHOW Harpy3ku Al10 cymmapHy0 €€ BETUYHHY
100 %.

8. Bxmrounre Beikimtouarens «CETby 6noka mynsTumerpoB P1 u ykazaTesns yacTOThI
Bpaienus P3.

9. AKTUBH3UPYHTE MYJIBTUMETPHI OJ10Ka P1, 3a1elicTBOBaHHbBIC B OKCIIEPUMEHTE.

10. Brirounte ucrtounuk G1. O Hanumuuu HanpspKeHUH (a3 Ha €ro BBIXOJE JOJKHBI
CUTHAJIM3UPOBATH CBETAIIUECS JTAMIIOUKH.

11.  Bxmounte Beikmouatens "CETh" u Haxxmute kHonky "BKJL" ncrounmnka G2.

Pucynok 11.1 — Cxema npuHIMINAIBHON CXEMBI
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12. Bpamias perynIupoBOYHYIO PYKOSTKY UCTOUHMKA (G2, pa3roHHUTe ABUraTeab M2 110
YacTOTHI BpallleHus N, Hanpumep, paBHoit 1500 mumaL,

13.  Bxmouute Beikmouatens "CETH" u Haxxmute kHonky "BKJL" BozOyautens G3.

14, Bparas perynupoBouHyto pykosTKy Bo3oyautens G3, usMeHsiTe Tok skops I (Tok
HE JI0JKEeH npeBbliath 3HadeHus 1,0 A) neurarens M2 u 3aHocute nokasanus amnepmerpa P1.1

(trok I), BonbT™MeTpa P1.2 (mampsikenue U sikopst nBurarenss M2) u ykazatens P3 (dacrora

BpaIleHusI N) B TAOJHILY:

I, A

U,B

1

N, MUH™

15.  Ilo 3aBepuienun 3KkcniepuMeHTa cHavana y Bo3oyautens G3, a 3aTeM y HCTOYHUKA
(G2 noBepHUTE PETyINPOBOYHYIO PYKOSTKY IIPOTUB YaCOBOW CTPENIKH JI0 YIIOPA, HAKMUTE KHOIIKY
"OTKIJL." n orkmounre Boikatovarens "CETD". Otkimtounte ncrounuk Gl HakaTHEM Ha KHONKY
— rpuo.

16.  Hcnonb3ys naHHbIE TAaONMIBI, JUISI KaXIOTO 3HAYEHHSI YaCTOTHI BpAIICHUS N

BBIUHCIIUTE 11O PopMyie

M =ﬂ(U —65-1)I
27n

n, Mmua !

M, H'm

17. I/ICHOHBSyﬂ JaHHBIC HOCTpOfITC HCKOMYIO CTATHYECKYHO MCXAaHUYCCKYIO

xapaktepucTuky n=f(M) aBUrarenst moCTOSHHOIO TOKa.

Cooeporcanue omuema:

OTueT 10IKEH COAepKaTh:

Hazpanue paboThi;

[lens paboThI;

Kpartkue TeopeTnueckue cBe1eHus;

Onucanue UCIob3yeMOTo 000PyI0BaHHS U MaTepPHAaJIOB;
[Topsinox BeIMONHEHUS PaOOTHI;

Boruncnenust u 06paboTka pe3yabTaToB;

N o a ~ wDh e

BrIBOIEbL.
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Konmponvusie gonpocwi:

1. Kakue snekTpoMarHiuTHbIC SIBJIICHUSI HAOMI0Iat0TCS B JIEKTPUUECKUX MAllliHAX ?
2. Kak npuBecTH siBJICHUE 3JIEKTPOMArHUTHOM MHIYKIIMU K MPABUITY IPABOU pyKu?
3. IlosicHuTe yCTpOICTBO U Ha3HAYCHHE OTIENIbHBIX 31eMeHToB JI1T.

4. KakoB npuniun aexicrust AI1T?

5. Kakoii mo6ouHsIit 3¢pdexT Bo3HMKaeT Bo Bpamaromemcs JI1T?

6. [TosicHuTE BBIBOJT yPABHEHUS DJIEKTPUUECKOT0 cocTosiHus sikopHoi nenu JIIT.
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Jlabopamopnan paooma Nell. Hcneitmanue mpexghaznozo acunxponnoz2o

J1eKmMPoosuzamens ¢ KOPOMKOIAMKHYMbIM POMOPOM

Heﬂb pa60mbl: O3HAaKOMUTBCA C KOHCprKHHeﬁ, MCTOJaMU ITYCKa U XapPaKTCPUCTHKAMU

ACUHXPOHHOI'O SJICKTPOABUTATCIIA

Ocnoevt meopuu:

ACHHXPOHHBIM JIBUTATENIEM HA3bIBAIOT JBHTATEIh MEPEMEHHOTO TOKA, POTOP KOTOPOTO
BpaIaeTcsi HE CHHXPOHHO C BPAIIAIONIMMCS MAarHUTHBIM TI0JIEM CTaTopa.

CraTopoM Ha3bIBAIOT HEMOABM)KHYIO YaCTh MAIIMHbI, @ POTOPOM — BPAIIAIOIIYIOCS YacTb.
CraTop COCTOMT W3 CepACYHHKA, HAOPAaHHOTO W3 JIUCTOB OAIIEKTPOTEXHUYECKOH CTaiH,
U30JIMPOBAHHBIX JAPYT OT JIPYTa JIEKTPOTEXHUUYESCKUM JIAKOM ISl yMEHBIIICHUSI BUXPEBBIX TOKOB,
U OOMOTKH, YKJIAJIBIBACMOM B Ta3bl, BHINITAMIIOBAHHBIC HA BHYTPEHHEH MOBEPXHOCTH CTATOpA.
[Tpu moaxmroueHnn TpexdasHOi OOMOTKH cTaTopa B Tpex(asHyI0 CeTh, B CTaTOpPE CO3IAETCS

Bpalaromeecsa MaroHuTHOC IOJIC, 4aCTOTa BpallICHUA KOTOPOTO MMOCTOAHHA U paBHA!
_60f,

1 )

P

rie fi — vactora Hanpspkenus nutaroei cetu (fr = 50 ')

P — 4KCIO Tap MOJFOCOB ABUTATEIIA.

PoTop Takke cocTouT U3 cepieuyHrnKa 1 0OMOTKH, KOTOpbIe HacaeHbI Ha Bajl. CepIeuyHuK
poTOpa HaOMPAIOT U3 JIMCTOB PIEKTPOTEXHUUECKOM CTalli, B KOTOPBIX Ha BHEIIHEH MOBEPXHOCTHU
BBIIITAMIIOBAHBI M1a3bl. ACUHXPOHHBIE JBUTATENH B 3aBUCUMOCTH OT KOHCTPYKIIMU POTOPA MOTYT
OBITH ABYX THMNOB. B naBuratensx ¢ (azHbIM pOTOPOM B Ma3bl pOTOpPA YKIIAJIBIBAIOT TaKYIO KeE
Tpex(da3Hyro 0OMOTKY, KaK U Ha CTaTope.

Tpu KoHIIa 0OMOTOK COEIUHSIOT B 3BE3]1Y, & TP JIPYTHX BHIBOJSAT HA KOHTAKTHBIE KOJIbIIA.
B nBurarene ¢ KOpPOTKO3aMKHYTBIM pPOTOPOM B Ma3bl pOTOpa 3aJIMBAIOT PAaCIUIABICHHBIN
ATIOMUHHMA, TIPH 5TOM BMECTE C OOMOTKaMH OTJIWBAIOT KOPOTKO3aMBIKAIOIIUE KOJIbIIA, B
pe3ynbTaTe 4ero 0OMOTKA MOIyJaeTCsl KOPOTKO3aMKHYTOM.

Bpamarorieecss MarHuTHOE TOJIE cCTaTOpa MepecekaeT 0OOMOTKY pOTOpa U HaBOJIUT B HUX
3.1.C., @ TaK KaKk OOMOTKa 3aMKHYTa HAaKOpPOTKO, TO B HEW HAYMHAIOT MPOTEKaTh TOKU, MPHU
B3aUMOJICICTBUM KOTOPBIX C MAarHUTHBIM IIOJIEM CO3JAaeTCs Bpallaloldid MOMEHT, U POTOP
HaYMHAET Bpamarhcs. YacTtoTa BpalieHuss potopa N B IBUTATEIHPHOM PEXHUME BCETJa MEHBIIE
4acTOTHI BpalleHHs MOJisd cTaTopa Ni. Pa3HOCTh 3THX YacTOT, OTHECEHHAs] K YacTOTE BpalleHUs

MOJIs1 CTAaTOpPA, HA3bIBACTCA CKOJILXKCHUCM [BUT'ATCIIA

73



Tak kak BpalarOLIMil MOMEHT NOSIBIISIETCS B pE3yJIbTaTe B3aUMOJECICTBUS TOKa poTopa |2
C MarHUTHBIM ITOTOKOM @ cTaTopa, TO €ro BeIWYMHa IIPONOPLHUOHAIBHA UX NPOU3BEACHMUIO.
[TockonbKy B MeXaHMUYECKYI0 pabOTy MOXKET HpeBpalarbcs TOJIbKO AaKTUBHAs MOIIHOCTb,

IPOTNOPIIMOHATbHAS AKTUBHON COCTABIISIOIIEH TOKA, TO
M=C, -1, -® -cosy, ,
rJIe Y2 — yroi casura (a3 Mexay 3.1.C. © TOKOM poTopa,
Cu — k03 huIuenT, 3aBUCSIIUN OT KOHCTPYKIIMU ABUTATEIs.
Taxum obpazom [, - COS@, - akKTUBHAsI COCTABJISAIONIAs TOKA POTOPA.

OCHOBHBIE O3KCIUTyaTallMOHHBIE CBOIMCTBAa ABHTraTelNsl OMPEICISIOTCS €ro padouyuMH
XapaKTepUCTUKAMHU, T.€. 3aBUCUMOCTAMU P1, cosg, N, 1, |1 0T mone3Hoit MomHocTH aBurarens Pa .
[TogBouMasi K aACHHXPOHHOMY JIBUTATEII0 MOITHOCTh paBHa:

P =3-U, -1 -cosp,

rje: COS¢Q — K03 PHUIMEHT MOITHOCTH JBUTATEIIS;

N —yacTOoTa BpallEHUsl pOTOpa;

l1 — Tok cTaTopa.

PaGoune xapakTepuCcTUKU aCHHXPOHHOTO JABUTATENsl MPeACTaBIeHbI Ha puc. 7.1.

PabGoune xapakTepuCTUKM MOTYT OBITH MONYyYEHBI JUOO pAaCYETHBIM IMyTeM, IUOO
OIpezieNieHbl ONBITHBIM IYTEM IPH WCIBITAHUU JBHUraTess moJ Harpy3koi. Harpyska Ha Baiy
W3MEHSIETCSl B TIpe/iesiax OT HyJsl B pexuMme xosnocroro xoaa (P2 = 0) 1o HOMUHaNIBHON WK
6onbmeil. Ilpm sTOoM wu3MepsoT mnoTpedasembiii Tok |1, dYacToTy BpamieHus poropa N,
notpedseMyto MOIHOCTh P1, K03 GUIIMEHT MOIHOCTH cOos@. Benuunny nmojae3Hol MOIIHOCTH
P2 BBIUMCHAIOT Yepe3 BENMYMHY BpAllAaIOLEro MOMEHTA, €CJIM B KaueCTBE Harpy3Kd JBUTATENs
HCIIOJIb3YETCS AJIEKTPOMArHUTHBIM TOPMO3, HJIM Yepe3 MOLIHOCTh TeHepaTopa, €Clii B KauecTBe
Harpy3Ku ABUTATENs UCIIONb3YETCsl TEHEPATOP MOCTOSIHHOTO TOKaA.

IIpy osTOM mone3Has MOUIHOCTb TE€HEpaTopa OIpPENEsIETCs H3MEPEHHEM TOKa M
HaNpsDKEHUs TeHepaTopa:

P.=Up-I,
[TonBoaumas oT 1BUraTesNs MmoJjie3Hast MOIHOCTH Pojig paBHSAETCS MOABOIMMON MOIIIHOCTH

re"eparopa Pir
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rae n — KII/] remeparopa (u3 puc. 2).

IIpu Harpy3ke Ha 3JEKTPOMArHUTHBIA TOPMO3 U3MEPSETCs MOJIE3HbI MOMEHT M Ha Bairy

JABHUTaTeIs U 4aCcTOTa BpAICHHUA N, IO KOTOPBIM OIIPEACIIACTCS II0JIC3HAsI MOIIHOCTDL JBUTATCIISA

P2:
M -n
p, =N
9550
n B I
— —— —— H.cos
m By Iy 7 ¢
A E E 3 3
1.0 n
/ 7
e ——— cos @

A

0 0, 10

Pucynok 7.1 — Paboune xapakTepuCTUKH aCHHXPOHHOTO JIBUTATENs
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Pucynok 7.2 — 3aBucumocts KIIJI reneparopa ot MomHoctu Pr

Ykazanue no mexnuke 6ezonacnocmu:

VYka3zaHus 1o TeXHUKE OE30MMaCHOCTH MPH BBIITOJIHEHUH J1a0OpaTOPHBIX pabOT MPUBEIEHBI

B IIPWJIO’KEHUE A.
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Ykazanua no eévinoanenuro nabopamopmnoit padomoi:
Yacmo 1. Cuamue u onpeodenenue xapakmepucmuk xonocmozo xooa Io=f(U), Po=f(U),

cospo=f(U) mpexgpaznozo acunxponnozo oguzamens ¢ KOpOmMKO3AMKHYMbIM POHIOPOM

1. V6enuTech, 4T0 YCTPOHCTBA, UCIIOJIb3YEMbIE B SKCIICPUMEHTE, OTKIIIOYEHBI OT CETH
JJIEKTPOTIUTAHUS.
2. Cobepute SIEKTPUYECKYI0 CXEMY COCIMHEHUH TEIUIOBOM 3allUThl MAITUHBI

MEPCMCHHOT'O TOKaA.

n

3. CoenuHuTe THE3/1Aa 3alUTHOTO 3a3€MJICHUS " YCTpOWHCTB, MCHOJIb3yEMBIX B
skcnepuMenTe, ¢ rHe3oM "PE" tpexdaznoro ncrounuka nutanus G1.
4. CoenunuTe anmnaparypy B COOTBETCTBUHU C DJIEKTPUUECKON CXEMOM COESAMHEHUMN.
o. [lepexmrouarenn pexxkuma pabOThl BbIKIOUarened A6 u A8 ycraHOBUTE B
nosioxkenue "PYUH.".

6. B tpexdaznbix TpanchopmaTopHbix rpynmax A2 u A7 ycTaHOBUTE HOMUHAJIbHBIC

BTOPHYHBIC HANpsuKEHUs Tpanchopmaropos 127 B u 127 B.

1. Brrounte Beikirouarenu «CEThy 610koB, 3a/1eiCTBOBAaHHBIX B 3KCIICPUMEHTE.
8. AKTHUBU3UPYHTE MYIbTUMETPHI O0J10Ka P1, 3a1elicTBOBaHHbBIE B AKCIIEPUMEHTE.
9. Bxurounte uctounuk Gl. O Hanuuuu HanpspkeHHH (a3 Ha ero BBIXOJE JTOJIKHBI

CUTHAJIM3UPOBATH CBETALIUECS JIAMIIOUKH.
10. [Tyctute nBurarens M1 nHaxxaruem kHonku «BKJL.» BeikmtouaTens A6.
11.  MeHs4 nonoXeHHe peryIupoBOYHBIX PYKOSTOK Tpex(a3HbIX TpaHCPOPMATOPHBIX
rpynn A2 u A7, BappupyiiTe nojasogumoe K asurarento M1 nuHeiliHoe HampsbkeHne U B
nuarnaszoHe 100...250 B u 3aHocuTe nokazanus BoiabT™Merpa P1.1 (nanpsbkenue U), ammepmerpa
P1.2 (da3nsiit Tok lo qurarens M1), a Takxke BaTTMeTpa U BapMmerpa usMmepurtens P2 (aktuBHas

Po1 n peaktuBHas Qo1 MOITHOCTH, TOTpeOIIsIeMbIe 0THOU (a3oii aBuraTens M1) B Tabnuiy 4.2.1.

Tabmuua 7.1
U B
lo, 4
Po1, Bm
Qo1, Bm
12. Otxmouute uctoynuk G1.
13. Otxmrounte Boikitouatenu «CETby 610koB, 3a1eliCTBOBaHHBIX B AKCIIEPUMEHTE.
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14.  Ucnonw3ys manHbie TaOMHIBI 4.2.1, BEIMUCIUTE COOTBETCTBYIONINE HATIPSIKECHUIO
U nonnsie aktuBHylo Po u peaktuBHyr0 Qo MOIIHOCTH, mOTpeOisiemble aBurareneM M1, mo
dbopmynam:
Po=3-Po1,
Qo=3-Qu
Y 3aHECUTE uX B Tabmuiy 7.2.

Tabmuma 7.2

U B

Po, Bm

Qo, Bm

15.  Hcnonb3ys naHHble TaOIUIB! 4.2.2, BBIYUCINTE COOTBETCTBYIOLIME HAMIPSKEHUIO
U 3HaueHus KodpPUIMEHTa MOIIIHOCTH 110 PopMyJie
P

JRZ+Q?

Cos, =

Y 3aHECHUTE MOJyYEHHBIE pe3yJIbTaThl B TabuIy 7.3.

Tabmuna 7.3
U B
oS o
16. Ilpu HeoOxoaumocTH OonblIed BapUaTUBHOCTH 3Ha4eHUH HampsbkeHus U,

MOBTOPUTE SKCIIEPUMEHT IIPU 3aKOPOUYEHHOM JINHEHHOM peakTope Al4.
17.  Ucnonb3ys panHble Tabmun 7.2 U 7.3 MOCTpOWTE MCKOMBIE XapaKTEPUCTHKU
xojoctoro xoma lo=f(U), Po=f(U), cos@o=f(U) Ttpexda3Horo acHHXpOHHOIrO IBUTATENS C

KOPOTKO3aMKHYTBIM POTOPOM.
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¢d 14

Pucynok 7.3 — Cxema nmycka aCHHXPOHHOTO 3JI€KTPOABUTATENS
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Yacme 2. Ilyck 6 Xx00 mpexgaznozo  acUHXpOHHO20  Osucamens  C
KOPOMKO3AMKHYMbIM/PA3HbIM POMOPOM ¢ pecucmpayueil U omoodparceHuem peicumMHblx

napamempoe Ha Komnosromep

1. V6enuTech, 4T0 YCTPOHCTBA, UCIIOJIb3YEMbIE B SKCIICPUMEHTE, OTKIIIOYEHBI OT CETH
JJIEKTPOTIUTAHUS.
2. Cobepute SIEKTPUYECKYI0 CXEMY COCIMHEHUH TEIUIOBOM 3allUThl MAITUHBI

MEPCMCHHOT'O TOKaA.

"

3. CoenpunuTe THE37a 3alIUTHOIO 3a3€MJICHHUS " YCTPOWCTB, HCIIOJIB3YyEMBIX B
skcnepuMenTe, ¢ rHe3oM "PE" tpexdaznoro ncrounuka nutanus G1.

4, CoenuHuTe anmaparypy B COOTBETCTBUU C BJICKTPUUYECKON CXEMOW COETUHEHUU
(KOPOTKO3aMKHYTBIM POTOPOM) / ((pa3HBIM pOTOPOM).

S. [epexmrouarenu pexuma padorel uctoynuka G2 u BeIKIOUaTeneir A6, AS8
yctaHoBute B nosioxkenue «PYYUH.».

6. YcranoBute B Kaxaoi (ase akTuBHON Harpy3ku Al0 ee cyMMapHyrO BEJIUYUHY
paBnyto, Haripumep, 100 %.

7. YcranoBuTe B Kax0i ¢aze peocrara A9 conporusienue, Hanpumep, 18 Om (pu
IyCKe ABUraTess ¢ (ha3HbIM POTOPOM).

8. B tpex¢aznoil TpancdopmaTopHOil rpymmne A2 mepekiroyaTeseM YCTaHOBUTE
JKeJlaeMoe HOMUHAJIbHOE BTOPUYHOE HanpshkeHUe TpaHcpopmaropa, Hanpumep, 133 B.

9. [IpuBenute B pabouee COCTOSHUE MEPCOHANbHBIA KOMIbIOTEP A5 U 3amycture
IIPUKIAIHYIO pOorpaMmy «PerucTparop pesKMMHBIX TapaMeTPOB MALLMHBI IEPEMEHHOTO TOKa».

10. Bxurounte Beikmouatenu «CEThy 610k0B, 3a71eiiICTBOBAaHHBIX B SKCIIEPHUMEHTE.

11. Brrounte nctounuk G1. O HanuuMu HanpsoKeHUH (a3 Ha €ro BBIXOJIE JOJIKHBI
CUTHAJIM3UPOBATH CBETALIUECS JIAMIOUKH.

12.  BpameHueM pyKOSTKM Ha TepenHed naHenu ucTtouHuka G2 ycTaHOBHUTE
HanpspkeHue, Hanpumep, 100 B Ha ero perynupyemom Boixoae «AKOPby.

13. HaxmuTte Ha BHPTYAIBbHYIO KHOMIKY «3aIlyCTHTh» Ha SKpaHe KOMITBIOTEPA.

14, Haxxmute mocinenosarensuo kHonkH «BKJL» uctounnka G2, Beikiarouarens A6 u
CIycTs, HampuMmep, 2 ¢ BbIkIodarens A8 u 3areM He mosnaHee, yeM depe3 10 c, octaHoBuTe
CKaHHPOBAHME JAHHBIX PETMCTPATOPOM HAKATUEM HAa BUPTYAIbHYIO KHONKY «OCTaHOBUTBHY». B
pe3ysbTaTe JOJIKEH OCYIIECTBUTHCS IBYXCTYNEHYAThIH IYCK Harpy€HHOTO0 aCHHXPOHHOIO
nsurarenss M1 M JTOJKHBI 3alycaThCs B KOMIBIOTEP JAHHBIE O PEXUMHBIX MapaMeTpax Ha
MHTEPBAJIE MYCKa.

15.  OcraHOoBUTE 3alMCh POLIECCOB, HAKAB HA BUPTYAIbHYIO KHONIKY «OCTaHOBUTH.

16.  Haxwmwure kaHonky «OTKJL» ucrounuka G1.
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17. Otximrounte Beikmrodatenu «CEThy 6110koB, 3a1eiiCTBOBAaHHBIX B SKCIIEPUMEHTE.
18. Hcrnonb3yst BO3MOXKHOCTH MporpaMMmbl «PeructpaTtop peXHUMHBIX NapamMeTpoOB
MalIuHbl MEPEMEHHOIO TOKa», MPOAHAIU3UPYHUTE OTOOPaKEHHBbIE HA MOHHUTOPE KOMIIBIOTEpA
MEXaHWYECKYI0 XapaKTEPUCTHKY M BpPEMCHHBIC 3aBHCHMOCTH TOKa CTaTOPHOH OOMOTKH,
3JICKTPOMArHUTHOIO MOMEHTA, YaCTOThI BpAIICHUS aCHHXPOHHOI'O JIBUTATENs MPHU IYCKE €ro B

XO0J.

— e —

Sope

BosbyweHme

Pucynok 7.4 — Cxema CHATHS MEXaHUYECKUX XapaKTEPUCTHUK

80



S~

T A4
AHanorosble BXOoA4bl o

~
-
P P ) P .
DGND™_

w°°_—c>|Z|:f | o} Q [) o o o o o O—0
| | ACHO ACH8 ACH1 ACH9 ACH2 ACH10 ACH3 ACH11 =
oo g2 | ‘
P3 | o o o o GPCTRO GPCTRO |

| SOURCE  GATE
P [¢) [ I
| | | AIGND @) AISENSE GPCTRO |
| | I o o o o o o oy I
n | o o
I I I
| | | AHarnoroBble BbIXOAbI |
| | | ACH4 ACH12 ACH5 ACH13 ACH6 ACH14 ACH7 ACH15 DACOOUT DACIOUT
| | I o o o o o o o o o o |
to

| e [
| = | | AOGND |
i = I o——o0 ‘
Lo ‘ \
‘ [

i .YV

K Komnwvtomepy A5

Pucynok 7.5 — Cxema NOAKIIIOUEHUS K KOHHEKTOPY

Yacme 3. Cuamue u onpedenieHue xapakmepucmuk kopomkozo 3zamvikanus Ix=f(U),

Pi=1f(V), Zg= f(U) mpexgpaznozo acunxponnozo osuzamens ¢ KOpomKo3amKHymuviM pomopom

1. Yb6enutech, 4TO yCTPOHCTBA, UCIIOJIb3YEMbIE B SKCIIEPUMEHTE, OTKIIOUEHBI OT CETH
AJIEKTPOIUTAHMUS.
2. CHUMHTE KOXYX, 3aKpbIBalOIIMNA My(Ty, COEIUHSIONIYI0 Bajl MAaIIUHBI

MOCTOSIHHOTO ToKa M2 ¢ Basiom niBurarenst M1, u 3akpenure Ha HEH CTOIIOPHOE YCTPOKCTBO.
3. Cobepute DIEKTPUYECKYI0 CXEMY COEIMHEHUH TEIIOBOW 3alluThl MAaIIUHBI

MNEPEMCHHOTO TOKaA.

4. CoenuHnTe THE3/1Aa 3alIUTHOTO 3a3eMieHus "&/" yCTpONCTB, UCHOJb3yEeMBIX B
sKcniepuMente, ¢ THe3oM "PE" Tpexdaznoro nucrounnka nuranus G1.

5. CoeaunuTe annaparypy B COOTBETCTBHHU C DJIEKTPUUECKON CXEMOM COEUHEHHM.

6. [Tepexmrouarenu pexxuma padboTsl uctounrka G2 u BeIkio4yarenst A6 ycTaHOBUTE
B nojioxkenue "PYYUH.".

7. B tpexdasnpix TpaHchopmaTopHbiXx TIpynmax A2 u A7 mnepexiouyaTesieM
YCTaHOBUTE HOMHHAJIbHBIE BTOPUYHbIE HAIPSKEHUsI TpaHchopmaTopoB 242 B.

8. Brxrounte Beikmrouarenn «CEThy 610koB, 3a/1eiCTBOBaHHBIX B SKCIIEPUMEHTE.

9. AKTUBH3UPYHTE MYJIBTUMETPHI O6J10Ka P1, 3amelicTBOBaHHbBIE B SKCIIEPUMEHTE.
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10. Brmtounte uctounuk G1l. O Hanmuuy HampspkeHUH (a3 Ha €ro BBIXOJE JOKHBI
CUTHAJIM3UPOBATH CBETSIIUECS JTaMIIOUKH.

11. Haxaruem xoonku «BKJL» Beikimrouarens A6 moaxiarounTe asurareias M1 k
AIEKTPUYECKON CeTH.

12.  beictpo (Menee uem 3a 10 c) cuuraiite W 3aHecuTe B TaOiMIy 7.4 TMOKa3aHUS
BosnbT™MeTpa P1.1 (siunelinoe Hanpsbxkenue U neuratens M1), amnepmerpa P1.2 (Tok Ik craropHoit
oOMoTku asuratens M), a Takxke BarrMmerpa usmepurens P2 (aktuBHass Pki MoIHOCTH,
noTtpebasieMas oaHou (azoit nBurarens M1) u cpa3y mocie 3toro HaxatueM KHONKH «OTKJI»
BBIKJIFOUaTENs A6 OTKIIIOUUTE ABUratesib M1 OT 3leKTpUYECKON CETH.

13.  TloBropuTe HEOOXOIUMOE KOJWYESCTBO pa3 MPOIEIYpPY MOIKIIOUCHUS IBUTATEIS
M1 K 3JeKTpHYECKON CEeTH, CUUTHIBAHMS MMOKA3aHUH U3MEPHUTEIBHBIX TPUOOPOB U OTKIIFOUCHUS
nBurarenss M1 oT 3JeKTprUecKoi ceTH MpH pa3InyHbIX 00Jiee HU3KUX HOMHHAIBHBIX BTOPHYHBIX

HaANpPsDKEHUSAX TpaHchopmaTopos rpynn A2 u A7.

Tabnuua 7.4
U B
Ik, A
P[(], Bm
14.  Otxmounte uctoynuk G1.
15.  Orxmounte Beikmoudarenu «CETby» 6510k0B, 3a1eiICTBOBAHHBIX B 3KCIIEPUMEHTE.
16.  Ilpu HeoOX0oAMMOCTH OOJNBIIEH BApUATHBHOCTH 3HAYCHHI IMHEWHOTO HATIPSKEHHST

MOBTOPUTE HKCHEPUMEHT C COEAMHEHUEM BTOPUYHBIX OOMOTOK TpaHC(OPMATOPOB Ipymiibl A7 1O
CXEME «3BE3/1a».

17.  HWcnonb3ys nanHble TaOaUIB! 7.4, BBIYUCINTE COOTBETCTBYIOIINE HanpskeHuo U
3HAYCHHS TIOJIHOM aKTHUBHOW MomiHocTtu Pk, moTtpebisiemoit aBuratenem M1, u mojsHOTO €ro

COIIPOTHUBIIEHUS] KOPOTKOT'0 3aMbIKaHMsI Zk 1o (hopMyIam

Px= 3Pk,
Zx=U/ Ix.
[Tonmy4yeHHble pe3yabTaThl 3aHeCUTe B TabMILy 7.5.
Tabauya 7.5
U B
Pk, Bm
Zk, Om
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18.  Ucnonw3ys mannpie Tabmuil 4.3.1 u 4.3.2 MOCTPOWTE MCKOMBIE XapaKTEPUCTUKU
kopotkoro 3ambikanus Ik=f(U), Pk=f(U), Zk=f(U) Tpexda3Horo acHHXpOHHOTO IBUTATEIS C

KOPOTKO3aMKHYTBIM POTOPOM.

Cooepicanue omuema:

OTuer HOKEH COlEepKaTh:

Ha3zBanue paboTsr;

L{ens paboThI;

KpaTkue Teopetnueckue cBEACHHUS,

Ornucanue UCToab3yeMoro 000pyI0BaHUS U MaTEPUATIOB;
[TopsiioK BBITOTHEHHUS PaOOTHI;

Brrancnenus u 00paboTka pe3ynbTaToB;

N o gk~ D oE

BriBoapl.

Konmponwvnwvie eéonpocwi:

1. KakoBo ycTpoiicTBO Tpex(a3zHOro aCHHXpOHHOTO ABUTATENS?

2. KakoB mnpuHmun geiictBus Tpex(a3zHOrO ACHHXPOHHOTO JIBUTATeNs C
KOPOTKO3aMKHYTBIM POTOpOM?

3. UTo Takoe CKOJIbKEHUE JBUTATEISI U KaK OHO OIPEAeIIeTCs?

4. [ToueMy myCKOBOM TOK aCHHXPOHHOTO JIBUraTelIsl IPEBBIIAET HOMUHAJIBHBIN U BO
CKOJIBKO pa3?

5. Kakumu cmocobamMu MOXKHO PEryjaupoBaTh YacTOTy BpalIeHHs POTOpa

ACUHXPOHHOI'O I[BI/IFaTCJ'ISI?

6. ITpu kaxux ycnoBusx KIIJ[ acMHXpOHHOro JBHTaTenss MMEET MaKCHMAaJIbHOE
3HaueHue?

7. Kak oxmaxaaroTcs aCHHXPOHHBIE ABUTATENIN?

8. Kak n3MeHuTs HanpaBiIeHNE BPALLEHNs pOTOpa JABUTATENsA?
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

5.1 Ilepeuenv ocHo6HOU U OONOJIHUMENbHOU JTUMEPAMYPbl, HEOOXO0OUMOU 0l
0C80eHUA OUCUUNTUHDL

5.1.2 Ilepeuens ocnognoil tumepamypeol:

1. becconoBa JI.A. TeopeTrnueckne OCHOBBI AIEKTPOTEXHUKH. DJICKTPUUECKHE LICTIH.-
Mockaa: FOpaiit, 2013.- 701 c.

2. becconona JI.A. TeopeTndyeckre OCHOBBI 3JIEKTPOTEXHUKU. DJIEKTPOMArHUTHOE TOJIE. -
Mockaa: IOpaiit, 2014.- 317 c.

3. CmupnoB O.A. ®usnueckue OcHOBBI 3JeKTpoTexHUKHU.- CaHkT IletepOypr: Jlans,

2013.- 560 c.

5.1.3 Ilepeuenv 0ononnumenvHol 1umepamypol:
1. XKaBoponkoB M.A. DneKTpOTEXHHUKA U JIEKTPOHUKA.- MockBa: Akanemusi, 2012.

2. TonbnGepr O.[1. OnexTpomexanuka.- MockBa: Akagemus, 2012.

5.2 Ilepeuenv yueOHO-MemMOOUUECKO20 00eCnEUeHUs CAMOCHIOAMENbHOU padomol
o0yuaowuxca no OucCyunIuHe

1. Metoauyeckue pPEeKOMEHAAMH IS TIOJATOTOBKM K J1a0OPaTOPHBIM 3aHITHSM T10
JUCUHUIIIIMHE «DNEKTPOTEXHUKA.

2. Meronuueckue peKOMEH AU M0 OPTaHU3AIMHA CAMOCTOATEIHHONU pabOThI CTY/IEHTOB

10 JUCIUIIIINHE <<3J'I€KTpOTCXHI/IKa».

5.3 Ilepeuens pecypcoé unghopmauuonno-meneKomMmyHuKkayuonnou cemu Humepnem,
He00X00uUMbIX 0711 0C60EHU OUCUUNTIUHDL
1. http://lwww.biblioclub.ru -O5BC "Yuusepcuterckas 6ubnrorexka oHmaiia"

2. http://www.iprbookshop.ru/ - Dnexkrponto- 6ubnuoreunas cucrema IPRbooks
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[Tpunoxenue A

Ykazanue no mexnuke 6ezonacnocmu

Jlo Hauana paboOThl CTYAEHTHI 00s3aHBI M3YYMUTh IPaBUJIA TEXHUKH O€30MacCHOCTH MpHU
pabote c anekTpoycTtaHOoBKaMu. OO0 M3yuyeHUU MPaBWJI TEXHUKU OE30MaCHOCTH U IMOJIyYE€HUU
MHCTPYKTaXKa CTYACHTHI PACHUCHIBAIOTCS B CIIEHUAIBHOM XypHaiie. CTYICHTHI, HE U3y4YHBILINE
IpaBUiIa TEXHUKH 0€30MacCHOCTH U HE MPOIIEANINE HHCTPYKTAXK, K BBITOJIHEHHUIO J1a00PaTOPHBIX
paboT HE JOMYCKAIOTCA.

VYyebnas rpynma (Wiad moArpynmna) pasOuBaeTcss Ha OpUTaabl, YHUCIO KOTOPBIX
yKa3bIBAETCS MPENoaBaTeieM, a COCTaB OpUraJy KOMIUIEKTYETCs CTYIGHTaMH Ha JJOOPOBOJIBHBIX
Hayayiax. Cnucok Tpynmnel (MOATPYMIbI), pa3duUTONl HA OpUraabl, CTapocTa MPEAOCTABISET
MPenoAaBaTenio, BeAylieMy J1a00paTOpHbIC 3aHITHS.

Kaxxnas u3 Opuraa BBINONHSET J1a0OpaTOpHYIO pabOTy B COOTBETCTBHM C TIpadukom,
HaXOJAIIeMcs B 1a00paTOpHH.

[epen KaXKabIM 3aHATHEM CTYACHT 00s513aH MOATOTOBUTHCS K BBITIOJIHEHUIO TAO0PaTOPHOI
paboThI 110 JAHHOMY METOAMYECKOMY IMOCOOHI0 M peKoMeHayeMoit uteparype. [lepen Hayanom
paboThl mpenoaaBaTenb MPOBEPSET 3HAHUS CTYACHTOB IO COAEP)KAHUIO BBITIOIHIEMON paOOTHI.
[110X0 MOATOTOBIIEHHBIE CTYICHTHI K BBITIOJTHEHHUIO JIA0OPATOPHON PabOTHI HE TOMTYCKAFOTCH.

Pabotas B nabopaTopuu, HeOOXOAMMO COOJIIOAATH CIEAYIOIINE MPaBHIIA:

K BbImosHEHMIO 1a00paTOpHOl pabOTHl ClEAYeT MPUCTYNaTh TOJIBKO MOCJIE IMOJIHOIO
YSICHEHUS €€ COJIepKAHUs U MOIy4eHHs JIOMycKa K Hel.

2. Hauumnatp paboTy creayeT ¢ O3HaKOMJIEHUS C MpuOopaMu U 00OpYIOBAHHEM,
PUMEHSEMBIMH B JAHHOH padorTe.

3. Ha naGopaTtopHoM CTOJI€ AOJKHBI HAXOIUTHCS TOJIBKO MPEIMEThI, HEOOXOIUMBIE IS
BBITIOJTHEHUS! TAaHHOU paboTHI.

4. PacmonokeHue ammapaTypbl Ha padodeM CTOoJIe JOJKHO OBITh TaKUM, YTOOBI cXema
COEIMHEHUIN TNoJay4ywiach Haubojiee MTPOCTOM, HArisgHOW M paboTa c ammapaTypod Oblia
YIOOHOM.

5. XenatenbHOo, 4YTOOBI cXeMy coOupalnm OJUH M3 WIEHOB OpHraapl, a JApyrue
KOHTPOJIMPOBAIIH.

6. [Tpu cOOpKe CIIOKHBIX CXEM CIIeyeT BHaYalle COSTUHHUTD TITaBHYIO, TIOCIIEIOBATEIEHYIO
1[eMb, HAYMHAsE COOPKY OT OJTHOTO 3a)KMMa HCTOYHHKA TOKA U 3aKaHYMBAs HA IPYTOM, a 3aTEeM yKe

MOAKJIIFOYHNTD MapalJICJIbHBIC IICIIN.
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7. Tlocne Toro, kak cxema OyneT coOpaHa, HEOOXOAMMO YOETUTHCS B TPABUIHLHOM
YCTaHOBKE JBM)KKOB PEOCTATOB, aBTOTPAHC(HOPMATOPOB M PYKOSTOK IPYTHX PETYIHPYIOIIHX
YCTPOMCTB.

8. CoOpanHasi cxema 00s3aTeJIbHO JOJDKHA OBITh IMPOBEpEHa MpenojaBaTeieM WU
CTapUIMM JJAOOPAHTOM U TOJBKO C UX pa3pelIeHuss MOKET ObITh BKIIOUYEHA MO/ HAIPsKEHUE.

9. Tlpu BKJIOYEHUH CXEMBl 0CO0O€ BHHUMAaHHE CIIEyeT OOpaTUTh Ha IMOKa3aHUs
aMIIEpPMETPOB M JPYTHX H3MEPUTEIbHBIX MpHOOpOB. B ciiydae pe3Koro IBUKEHHS CTPEIKU
amMrmepMerpa K KOHIly HIKaldbl CXeMy HEO0OXOIMMO HEMEMJIEHHO OTKJIIOUUTh OT HCTOYHHKA
HaIPSDKEHUS.

10. HeoOxoammo O6epekHO OTHOCHTBCS K armaparype, HCIoiab3yemMoi B padore. O60 Bcex
3aMCUEHHBIX HEHCIPABHOCTSIX WM TMOBPSKICHUSAX CTYICHT JOJDKEH HEMEIJICHHO COOOIIHUTH
MPEToAaBaTelNto Wik J1a00paHTy.

11. Tlocne BbImomHeHUs pabOTHI CTYACHT 00s3aH, HE pa30upas CXeMbl IOKa3aTh
MOJTyYEHHBIC JIAHHBIC TIPeroaaBaTelito. Eciu pe3ynbraTel H3MEPEHUI BEpHBI, TO MPETOIaBaTellb
WX MTOJMKCHIBACT. DKCIIEPUMEHT C HETIPABUIIBHBIMU PE3YJIbTaTaMHU CJICYET MOBTOPUTD.

12. Cxemy cnenyeT pa3OupaTh TOJIBKO MOCIIE €€ OTKIIOYEHHS OT CETH.

13. Kareropuuecku 3anperniaeTcs:

— TporaTh pyKamMH OTOJICHHBIE TIPOBOJA W 4YacTH MPHOOPOB, HAXOMASIIUECS IO
HaIpsHKCHUEM, JJaKe €CITM OHO HEBEITMKO;

— MPOU3BOAUTH U3MEHEHHUS B CXeM€ MPH MOAKITIOYEHHOM UCTOYHHUKE MUTAHUS;

— 3aMEHSATh WK OpaTh 000pyIOBAaHUE, UITU MPUOOPHI C APYTUX PAOOUNX MECT

— 0e3 pa3penieHus IpernoaBaTess Wil JIa0opaHTa;

— OTXOJUTHh OT MPUOOPOB M MAIIMH, HAXOJSMIIMXCS TIOJ] HAMPSHKECHUEM WU OCTaBIISTH
CXeMy MO HampsDKEHUEM MPU 00pabOTKe pe3ynbTaToB U3MEPEHHI;

— TeperpykaTb MNpUOOPHl TOKOM WM HamNpsHKEHUEM, MPEBBIIIAIOIIMM HOMHHAIBLHOE
3HAYCHUE.

[IpoBepky HanmW4us, IOJABaEMOTO K CXEME WM DJJIEMEHTaM CXEMBl HaIPsSHKCHHS
HEOOXOUMO TPOU3BOAMUTH TOJIBKO KOHTPOJBHON JaMIOYKON WM BOJBTMETPOM, COOIIOIas
MpaBuJia TEXHUKH 0€30MacHOCTH.

[Ipu pabote B mabopaTopuu CiemayeT CTPOro COOIOAATh MEPHI TPEIOCTOPOKHOCTH, TaK
KakK AJIEKTPUYECKUN TOK, TPOXO AN Yepe3 TeJIO YesioBeka, BennuuHou B 0,025 A yxe siBisieTcs

OITIaCHBIM IJIS dKMU3HU.
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[Tpunoxenue b

3JIeKTpH‘leCKaH cxeMa coeJUHEHHUH TeNJI0BOM 3allUTHI MAIIIMHbI

MEPEMEHHOI0 TOKa

Al
Ilepeuens annapamype::
O6o3HaueHne HanmenoBanue Tun [Tapamerpsl
100 Br/230B ~/
Al MainHa nepeMeHHOT 0 TOKa 102.1
1500 mun~
Gl TpexdazHblil ICTOYHUK MUTAHUS 201.2 400B~/16 A
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MMHUCTEPCTBO HAVKH U BBICIIIET'O OBPA30OBAHU S POCCUMCKOM ®EJIEPALINN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE
YYPEX/JIEHUE BbICHIEI'O OBPA3OBAHIA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsturopckuit unctutyt (punuan) CKOY

MeToanyeckue peKoMeH AU

10 OpraHU3aluy CaMOCTOSITEIbLHON paboThl 00yUdaroIuXCst
no mucuuminae «JIEKTPOTEXHUKA »
JUISL CTY/ICHTOB HAIPaBJICHUS MOATOTOBKH /CIIEIIMATBHOCTH
10.03.01 Uudopmannonnas 6e30nacHOCTb, be3omacHoCTh KOMIBIOTEPHBIX CHCTEM

[Tsturopck 2026
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Conepxanue

Beenenue

OOmass xapakTepUCTHKAa CaMOCTOSITENIbHON paboThl 00y4arouierocs
W3YYECHUU JUCIUILTUHBI « DIEKTPOTEXHUKA

[Tnan-rpaduk BBITOJHEHUS CAMOCTOSITEILHON PaObOTHI

KoHTpoTbHBIE TOYKH ¥ BHJIBI OTYETHOCTH 110 HUM

MeTtoauueckre peKOMEeHIalluy 10 U3YYEHHUIO TEOPETUYECKOTO
MaTepuaia

Y4eOHo-MeToAruecKoe U HH(POPMAIIMOHHOE 00ECTICUCHHIE TUCITUTUIAHBI

npu
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BBenenne

CaMocrosiTenbHas padoTa — riaHupyemas yueOHas, yae0HO-HCCIIeI0BaTEeIbCKasl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IperojaBaresisi, HO 0e3 ero HemocpeACTBEHHOTO
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM yYaCTHH IIPENOJABATENsl, OCTABISIOLIEM BEIYILYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JeSATeIbHOCTH CTYICHTA.

Benymas nenp opranuzanuu U ocymectBieHus CPC pomkHa coBmazaTh C 1LIEJIBIO
00y4YeHHs CTy/IeHTa — MOATOTOBKOM OakaaBpa ¢ BeiciinM oOpa3oBanuem. [Ipu opranuszammm CPC
BaXXHBIM U HEOOXOIUMBIM YCIIOBUEM CTAHOBITCS (OPMHUPOBAHUE YMEHHUS CaMOCTOSITEIbHON
paboThI 11 IPUOOPETEHUsI 3HAHUN, HABBIKOB U BO3MOXKHOCTH OpPTaHU3AlMK YUeOHOU U HAyYHOU
JESITEIIbHOCTH.

Lenbto caMOCTOSATENFHOM PAOOTHI CTYACHTOB SBISIETCS OBIIAJCHUE (PYHIaMEHTAILHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPUYECKOH, HCCIeI0BaTeNbCKOM JesTenbHOCTH. CamocrosiTenbHas paboTa CTYACHTOB
CIOCOOCTBYET pa3BUTHIO CaMOCTOSATEIBHOCTH, OTBETCTBEHHOCTM M OpPraHM30BaHHOCTH,

TBOPYECKOTO MOIX0/1a K PEIIEHUI0 MPooOieM y4eOHOT0 U MPOPECCHOHAIIBHOTO YPOBHSI.
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O01mas XxapaKTepUCTHKA CAMOCTOSTEJIbHON PA00THI 00y4al0IIerocsi Npu U3y4YeHHH
AUCHUTILTUHBI «JIEKTPOTEXHUKA)

CamocrositenbHas paboTa - TulaHupyeMasi yaeOHasi, yaeOHO-UCCIIeIOBATEeNbCKAsl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpenoiaBarelisi, HO 0e3 ero HernocpeACTBEHHOIO
y4dacTus (IpU YaCTUYHOM HETIOCPEICTBEHHOM yYaCTHH IIPENOJABATENsl, OCTABISIOLIEM BEIYILYIO
pOJIb 32 pabOTOMN CTY/IEHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JEeATENIbHOCTH cTyaeHTa. CamocTosTeNnbHass paboTa CTYyJEHTOB UIPaeT 3HAYUTEIbHYIO
POJIb B pEHTHUHTOBOM TeXHONIOTHH 00yueHus. B cBs3u ¢ atum, oOyuenue B BY3e Brimrodaer B ceOs
JIBE, TPAKTUYECKH OJMHAKOBBIE TIO0 00BEMY M B3aMMOBIMSHHUIO YacTU — MIpolecca OOydeHHs |
npouecca camoodydenus. [loatomy CPC nmomxHa ctath 3QeKTUBHON U lieJeHanpaBIeHHON
paboToii CTyaeHTa.

K coBpemeHHOMY crienagucTy 00IIEeCTBO NPEABSABISAET JOCTATOYHO LIMPOKUN ITEpeUEHb
TpeOOBaHUM, CpeIUd KOTOPHIX HEMAJOBAXKHOE 3HAYCHUE HWMEET HAJWYHE Yy BBITYCKHUKOB
OTIpeIeIEHHBIX CIHOCOOHOCTEM M YMEHHsI CaMOCTOSITENbHO JIOOBIBATh 3HAHUS W3 Pa3IMYHBIX
HMCTOYHUKOB, CHCTEMATHU3HPOBATh MOJYyYEHHYIO HMH(OpPMAIIMIO, /JaBaTh OIEHKY KOHKPETHOM
¢unaHcoBol cutyauuu. @opmMupoBaHUe TAKOTO YMEHHS MPOUCXOJUT B TEUEHUE BCETO Mepuoa
00y4eHUs1 4epe3 ydacTHe CTYACHTOB B MPAKTHUYECKUX 3aHSATHSX, BBITOJIHEHHE KOHTPOJIBHBIX
3a/laHuil ¥ TECTOB, HAMMHUCAHUE KYPCOBBIX M BBIMYCKHBIX KBATU(UKAIUOHHBIX padoT. [Ipu aToM
caMoCTOsiTeNIbHas paboTa CTYAEHTOB UTPAeT PELIAIOILYIO POJIb B X0/1€ BCEro yueOHOTO Mpolecca.

Benymas nenp opranuzanuu u ocyuiectBieHus CPC pomkHa coBmajgaTh C LETBIO
o0ydeHus CTyJeHTa — IMOJArOTOBKOH crenuanyicTa u O0akanaBpa ¢ BbICIIMM oOpa3zoBaHueM. [Ipu
opraam3aiu CPC BaXHBIM M HEOOXOAMMBIM YCIOBHUEM CTAHOBSITCS (OPMUPOBAHUE YMEHHS
CaMOCTOSITENIbHOM paboThI Al MPUOOPETEHUs 3HAHUM, HABBIKOB M BO3MOXKHOCTH OPraHU3allud
y4eOHOM U HAyYHOU JESITEIIbHOCTH.

@DopMBbI CaMOCTOSTENBHOM pabOThI CTYIEHTOB pa3Ho00pa3Hbl. B cooTBeTcTBHM € paboueit
IpPOrpaMMOI  JUCHUILIMHBL TMPEAYCMOTPEHBI CIEAYIONINE BHUABI CAMOCTOSTEIBHONH pabOTHI
CTYJEHTA:

- CaMOCTOSTEIbHOE U3YUEHHUE JINTEPATYPhI;

- CaMOCTOSTEIbHOE pelIeHe 3a/1a4;

- BBIIIOJIHEHUE KYPCOBOT'O MPOEKTA.

Ilenv camocmoamenvnozo usyuenHus Jaumepamypsl — CaMOCTOSITEILHOE OBJIAJICHUE
3HAHUSAMH, OTIBITOM UCCIIEIOBATEILCKOM 1eATEeIbHOCTH.

3aoauamu camOCTOSITENEHOTO U3YyUYCHHUS INTEPATYPHI SIBISIOTCS:
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° yriIyOJieHHE U pacIiipeHne TEOPETHUECKUX 3HAHUM;

° ¢dopMHpoBaHHE yMEHHI HCIIOIB30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOYHYIO
JOKYMEHTAITUIO M CIICIHATbHYIO INTEPaTypY;

o Pa3BUTHUC MO3HABATCIIbHBIX CHOCOGHOCTefI M aKTUBHOCTHU CTYACHTOB.

Ilenv camocmosamenvnozo peuieHus 3a0a4 - OBIAJACHUE TPOPECCUOHATHHBIMU
YMEHUSIMHU M HABBIKAMH JICATEIIEHOCTHU TI0 TIPOQHITIO OyIyIIeH 1esTeTbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

o cCHUCTeMaTH3allMsg W 3aKPCIUICHUE TMOJYYCHHBIX TEOPCTUYCCKHX 3HAaHUH W
IIPAaKTUYECKUX YMEHUH CTYJICHTOB;

° (hopMUPOBaHHE CAMOCTOSTSIILHOCTH MBITIICHUS, CIIOCOOHOCTEH K CAMOPa3BHUTHIO,
CaMOCOBEPILIEHCTBOBAHHUIO M CAaMOPEATH3AIHH;

° Pa3BUTHUEC UCCICAOBATCIIBCKUX yMeHI/H\/JI

Ilenvto camocmosamenvHozo 6bINONHEHUA paciemHo-2paguueckoil padomsl 10
JTUCIUTUTMHE SBJISICTCS OBJIAJcHHE (DYyHIAMEHTAIbHBIMH 3HAHHUSIMHU, NPOPECCHOHATBHBIMU
YMEHUSIMHU U HAaBBIKAMH JCSATEIBHOCTH TI0 MPO(UITIO, ONBITOM TBOPYECKOH, MCCIIeIOBATEIbCKON
JESTCIIbHOCTH.

3adauamu naHHOTO BUA CAMOCTOSTEIILHONW PAOOTHI CTYACHTA SIBISIOTCS:

° cucreMarus3anusda W 3aKpCIUICHUC TOJYYCHHBIX TCOPETUYCCKUX 3HaHUU U
IIPaKTUYECKNX YMEHUH CTYJICHTOB;

. yrI1yOJICHHEe U paclIMpEeHNe TCOPSTHUSCKUX 3HAHMIA,

. (dbopMUpOBaHHE YMEHHMM HCIOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOUYHYIO
JOKYMEHTALUIO U CIIEHUAIBHYIO JIUTEPATYPY;

o Pa3BUTHUC MMO3HABATCIIbHBIX CIIOCOOHOCTEN W aKTUBHOCTH CTYACHTOB!: TBOpLIeCKOI\/JI
HHUIUATUBBI, CAMOCTOATCIIbHOCTU, OTBETCTBECHHOCTU U OPIraHU30BaHHOCTH,

° (dhopMHUPOBAHKE CAMOCTOSITETLHOCTH MBIIIJICHHS, CITIOCOOHOCTEHM K CAaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOPEaTU3allnu;

o pa3BHUTHE UCCIICJOBATEILCKUX YMEHUIA;

o WCTOJNB30BaHWE  MaTepuana, COOpaHHOTO W  TOJIYYEHHOTO B XOJe
CaMOCTOSITENIbHBIX 3aHATHI HAa CEMUHApax, Ha MPAKTUYECKUX U JTa0OPAaTOPHBIX 3aHATHSX, NMPU

HalMCaHUM KypCOBOH pabOTHI.
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B pesynbrare

OCBOCHHUA

IUCLUITINHEL

dbopMupyrOTCS

CIEAYIOINN  TepeUYEHb

IJIAaHUPYEMBIX PC3YyJILTATOB OGy‘IeHI/ISI 110 AJUCHUIIIIMHE, COOTHECEHHBIX C IJIaHUPYCMbIMU

pe3yJbTaTaMHi OCBOEHHS 00pa30BaTeIbHOM MPOrpaMMBbI:

Kon, dopmynmupoBka
KOMIICTCHIIH

Kona, dopmynupoBka
WHIKATOPa

IInanupyemslie pe3ysbTaTsl
00y4eHUs 10 JUCIUITITHHE
(Monymio0),
XapaKTePU3YIOIIHE ITAIbI
dbopmupoBaHus
KOMITCTEHIINH, HHANKATOPOB

OIIK-4 CniocobeH NpUMEHSITh
HE0OXO0UMBbIC (PU3HUECKHIE
3aKOHBI U MOJIEIU ISt
pellIeHus 3a/1a9
npodeCcCHOHAILHON
JIeITeIIbHOCTH

N/I-1onk-4 3nats:
¢busnvecKue 3aKOHbI U
MO/, HEOOXOIUMBIE ITPU
peleHUH 33124 B
npodeccnoHaTBEHOM
JeSITETbHOCTH.

3HAaeT OCHOBHBIE 3aKOHBI
AIIEKTPOTEXHUKH; OCHOBHBIE
olpezeneHus,
TOIOJIOTUYECKHE ITapaMeTPhI
U METOJIbl pacueTa
NIEKTPUYECKUX LIETEH,
OCHOBBI JIEKTPOHUKHU U
INEKTPUYECKUE U3MEPEHHUS.
YMeeT npuMeHsITh NIPUHIUIIBI
IIOCTPOCHHUS, aHAJIN3A U
AKCILTyaTaluu
INEKTPUYECKUX LIETIEH,
AIEKTPOOOOPYIOBAHUS 1
IIPOMBIIITIEHHBIX
AJIEKTPOHHBIX IPUOOPOB.
Bnaneer
AIEKTPOTEXHUYECKON
anmnapaTrypou u
IEKTPOHHBIMU
yYCTpOMCTBaMH, TPUMEHEHUEM
METOJIOB TEOPETUYECKOTO U
JKCIIEPUMEHTAILHOTO
UCCJIEJIOBAHHUS B
ANEKTPOTEXHUKE U
IIPOMBILIICHHOU
JJIEKTPOHMKE.
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IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

O6beM 4yacoB, B TOM 4HCIIe
Kozpr
CpencTBa u KonraktHas
pean3yeMbIxX Bun nesrenpHOCTH
. TEXHOJIOTHH pabota ¢
KOMIIETEHIINH, CTYACHTOB CPC Bcero
OIICHKH npenoaaBaT
UHIUKaTOpa(oB)
eJeM
3 cemectp

CamocrosiTenpHOe o —

H3Yy4YCHUE JINTEPATYPhI eﬂ 12,96 1,44 14,4

o remMam Nel-18

Ji(;(;}[lrp?;;BKa K C06eceeL[0BaHH 3,24 0,36 3.6

OIIK-4 -
WUa-1, -2, OJITOTOBKA K

(I/I 11-3, UJ1-4) 71a60paTOPHBIM C06eceeﬂOBaHH 9,72 1,08 10,8

3aHITHIM

Honrorosia K CobecenoBanu

MPaKTUYECKUM eﬂ 6,48 0,72 7,2

3aHITHIM

Hroro 3a 3 cemecTp: 32,4 3,6 36
HUroro: 32,4 3,6 36
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KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

Ne Bun nesrenbHOCTH CTYIEHTOB Cpoxku KomnuectBo
n/m BBITIOJTHEHUS OaioB
3 cemecTp
1. JlaboparopHoe 3ansitue No 2 6 Henens 25
2. JlabopaTopHoe 3ansTue No 3 10 nHenemns 15
3. JlabopaTopHoe 3ansTre No 7 16 Henemns 15
Hroro 3a 3 cemecTp 55
Hroro 55

MaxkcrMaiabHO BO3MOXHBIN Oalil 3a BeCh TEKYIIMI KOHTPOJIb MaKkCUMaIbHO BO3MOYKHBIN

Oam1 3a Bech TEKyLIMH KOHTPOJIb yCTaHaBiIMBaeTcs paBHbIM 55. Tekyliee KOHTPOJIbHOE

MEPONPUATHUE CUYHUTACTCA CHAHHBIM, C€CJIM CTYACHT IIOJIY4YHJI 34 HCETO HE MCHEC 60% ot

YCTAHOBJICHHOI'O  IJI1  3TOr0  KOHTPOJIA

MaKCUMallbHOTO ©Oaia. PedTwHroBwld — Oa,

BBLICTaBJIICMBII CTYACHTY 3a TCKYLICC KOHTPOJBHOC MCPOIIPUATHUEC, CAAHHOC CTYACHTOM B

YCTAHOBJICHHBIE TPaUKOM KOHTPOJBHBIX MEPONPHUSATHH CPOKH, OMPEACISIETCS CIEAYIOIINM

o0OpazoM:

YPOBGHB BBIITOJIHCHHA KOHTPOJBHOI'O

PetitunroBeril 6amt (B % OT MaKCUMaIbHOTO

0asta 3a KOHTPOJIBHOE 3aJIaHUE)

3a1aHus

OTINYHEIH 100
Xopommuii 80

Y 10BIETBOPUTENBHBIN 60
HeynoBneTBopuTenbHBIHI 0
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MeToanyeckue peKOMEH/IAMUH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosiTenbHast paboTa CTyAEHTa HAYMHAETCS C BHUMATEIbHOTO O3HAKOMIIEHUS C
coJiepKaHueM y4eOHOro Kypca.

N3yuenue ka0l TeMbl CleyeT HauMHaTh C BHUMATEJIbHOIO 03HAKOMJIEHUS ¢ HAabOpoM
BOIPOcOB. OHU OPUEHTUPYIOT CTYACHTA, MOKA3BIBAIOT, YTO OH JOJHKEH 3HATh 10 JAHHOU TEeMe.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
y4eOHoro nocobus. B utore 10mKHO OBITH SICHBIM, KaKH€ BOIPOCHI TEMbI Y4€OHOIO Kypca U ¢
Kakol I1yOMHOW PacKpbIThl B KOHKPETHOM Y4eOHOM Marepuaje, a Kakue BOOOIIE OIMYyILEHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE M K CAMOMY COJIEPKAHUIO JUCIUTUIAHBL.

Bomnpocsl, cocraBnstonye ee coaepxkanue, 001agar0T pa3sHoi CTENeHb0 BaKHOCTH. EcTh
BOIPOCHI, BBIMOJHSIOMINE (YHKLUIO JIOTHYECKON CBSA3KM COJEp’KaHMsl TEeMbl U BCEro Kypca,
UMEIOTCS BONPOCH! ONMUCATEIBHOIO MM Pa3bsCHUTEIBHOIO XapaKkTepa, a TaKKe HCTOPUUYECKOrO
9KCKypca B 00JacTb M3yyaeMOW AMCLUMILIMHBL. Bce 3TH BOIpPOCHl HE COCTAaBISIIOT CYTH IOHS-
THfIHOI‘O, KOHICHUTYAJIbHOTO COACPKAHUA TCMbI, HO HCO6XOILI/IMI)I AJI1 OCJIOCTHOIO BOCHPUATUSA
U3y4aeMbIX IPoOIIeM.

W3yuaemasi TUCHMIIMHA UMEET CBOM KaTeropHajabHO-TOHATHHHBIA annapar. HayuHsle
MOHATUS — 3TO Ta 0a3a, HA KOTOPOM CTPOUTCS Kaxaas Hayka. [[OHATHS — y3JI0BBIE, ONIOPHBIC
IMYHKTBI KaK HAY4YHOI'O, TaK U yqe6H0ro MMO3HaHUsA, JIOTHYCCKHUE CTYIICHU JIBUKCHUA B yqe6e oT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTH. be3 ICHOro moHuMaHus NOHATHH yueba KpaiiHe
3aTpyAHSAETCS, a CoiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PaCIlJIbIBYATHIM.

CTy,lIeHT JOJDKCH ITOHHMAaTb, 4YTO CaAMOCTOATCIIBHOC OBJIAJCHUC 3HAHUAMH SABJIISICTCA
[JIaBHBIM, OTIpeAEIAoNMM. Bhiciias mkona co3aaet yist 3TOro He0OX0AUMBIE YCIOBHS, TOMOTaeT
Oyaymemy BBICOKOKBAIN(DUIIUPOBAHHOMY CHELUAIIUCTY OBJIAJIETh TEXHOJIOTHEN
CaMOCTOSITENIBHOTO IIPOU3BOACTBA 3HAHHUM.

B camocTosaTenbHON paboTe CTyIAEHTaM MPUXOJUTCS HCHOJIb30BaTh JIUTEPATYpPy
pa3IMyYHBIX BHUJOB: TIEPBOMCTOYHUKH, MOHOTpapuu, HaydyHble COOPHHKH, XpecToMaTHH,
y4eOHUKH, ydeOHbIe MOCOOMs, KypHaibl M Jp. M3ydeHue Kypca Mpeanojaraet 3HaKOMCTBO
CTYACHTOB C OOJBIIMM OOBEMOM Hay4YHOH M yuyeOHOH JuTeparyphl, 4TO, B CBOIO O4Yepelb,
MMopoKaAaACT H€O6XOJII/IMOCTI) BI)Ipa6OTKI/I Y HHUX PpaddOHAJIBHO-KPUTHUYCCKOro IMmoaxoaa K
HN3Yy4aCMbIM UCTOYHUKAaM.

UYroObl HE «YTOHYTb» B OIPOMHOM OOBEME PEKOMEHJIOBAHHBIX €MY ISl H3Y4EHUs
VCTOYHUKOB, CTYJEHT, MPEXKIE BCETO, JOJDKEH HAYUYUTHCS MPaBWIBHO MX 4MTaTh. [IpaBuibHOE
YTEHUE PEKOMEHA0BAaHHBIX HCTOYHHUKOB MPEAIIOJIAraeT CIeJOBAHNE HECKOJIBKUM HECTIOXKHBIM, HO

BECbMa I0JIE3HBIM IPaBUIIaM.
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[IpenBapuTenbHbIil MPOCMOTP KHHUTM BKJIIOYA€T O3HAKOMIIEHHE C TUTYJIBHBIM JIHUCTOM
KHWUTM, aHHOTallMEH, IpEAUCIOBUEM, OIJaBleHHEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HE00XO0/IMMO BBIICIHUTD Pa3/ieibl, II1aBbl, maparpadsl, MpeICcTaBIsAIONINE U1 BaC HHTEpEC, Oerio
UX TPOCMOTPETb, HAWTH MecTa, OTHOCSIMecs K Teme (ab3albl, CTpaHUIbl, naparpadsl), U
MO3HAKOMUTHCSI C HUMU B OOIIMUX YepTax.

HayuHble u3gaHus CONPOBOXKIAIOTCS PAa3IUYHBIMU BCIIOMOTaTeIbHBIMU MaTepHalaMy —
Hay4YHBIM aIllapaToM, I03TOMY BaKHO 3HATh, U3 KAKMX OCHOBHBIX 2JIEMEHTOB OH COCTOUT, KAKOBBI
ero (pyHkIuu.

3HAaKOMCTBO C KHHMIOH JIydllle BCEro HayMHATh C M3y4YEHHUS aHHOTALMU — KPaTKOM
XapaKTEepUCTUKU KHUTH, PAaCKPBIBAIOIIEH €€ CoiepKaHKe, UIEHHYI0, TEMAaTHYECKYIO U )KaHPOBYIO
HaIpaBJIEHHOCTb, CBEAECHHUA OO0 aBTOpE, HA3HAYCHHE U JpYyrue OCOOEHHOCTH. AHHOTaLUs
MIOMOTaeT COCTaBUTH MPEIBAPUTEIILHOE MHEHHUE O KHUTE.

I'my0xe MOHATH coiepKaHNe KHUTH MO3BOJIAIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOU JaeTcs
OLIEHKA COZEp)KaHUsI KHHUTH, 3aTParuBacMoi B Hel MpOOIeMaTHKH, CONEPKHUTCI HHPOpMAIUsI O
KU3HEHHON M TBOpYECKOH Oworpadum aBTOpa, BBICKA3BIBAIOTCS MOJEMHYECKHE 3aMeUaHMUs,
Pa3bACHSIOTCA OTAETbHBbIC MOJIOKEHUS KHUTH, TAIOTCS KOMMEHTapuu U T.A4. Bor mouemy
3HaKOMCTBO C BCTYMHUTEIBHOM CTaThell MPEACTaBISETCS OYEHb BAXKHBIM: OHO IIOMOTAET CTYACHTY
COPUEHTHPOBATHCS B TEKCTE pabOThl, OOpaTUTh BHHUMaHHE Ha €€ HauOoJiee LIEHHbIE U BaXKHbIE
pa3aensl.

Toli ke 1enu coleincTBYeT 3HAKOMCTBO C OIJIABJIICHUEM, NPEAMCIOBUEM, ITOCIECIOBUEM.
Becbma 1oOJ€3HBIMM 3lIEMEHTaMH HAy4YHOI'O amnmapara sBJISIOTCS CHOCKHM, KOMMEHTapHH,
TabJINLbL, TpadUKU, CIUCKU JIUTEpaTypbl. OHU HE TOJIBKO WILTIOCTPUPYIOT OTAENIbHbIE OJI0KEHUS
KHUTH WK CTAaThH, HO M CaMH 1O ce0e SIBIISIOTCS TOTIOJHUTENHBIM HCTOYHUKOM MH(OpPMAaIuu
JUTSL YUTATEs.

Ecnu unraTens 3amHTepecoBajla Kakas-TO BbICKA3aHHAs aBTOPOM MBbICIb, HE Halle/Ias
MOJPOOHOT0 OCBEILIEHUS B JJAaHHOM HCTOYHHKE, OH MOXKET OOpaTHThbCS K TEKCTY HMCTOYHHUKA,
YIIOMHUHAEMOTr0 B CHOCKE, TUOO K UCTOYHHUKY, KOTOPbI OH MOKET HalTH B CIHUCKE JIUTEPATypPhl,
PEKOMEHI0BAHHOM aBTOPOM JIJIsl CAMOCTOSITEILHOTO U3yUYEHHUS.

Cy1ecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
IpeJCTaBistonasl cobol MepeueHb BOMPOCOB, PACCMAaTPUBAEMbIX B KHUIE€ MU CTaTbe.
Pa3BepHyThIli TUIaH TMpeACTaBiseT coOoil Oonee MOAPOOHYIO 3aMUCh MPOYUTAHHOTO, C
JeTanu3anyen OTAeNbHBIX MOJIOKEHUI U BHIBOJIOB, C BBIIMTUCKOM LIUTAT, CTATUCTUYECKUX JTaHHBIX
U T.A. Pa3BepHyThIll IUIaH — HEOUEHUMBIH MOMOLIHUK IMpPH BBICTYIJIEHUU C JOKIAJAOM Ha

KOHKPETHYIO TEMY Ha CeMUHape, KOH(PEPEeHLUH;
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— TE3UChl — KPATKO CPOPMYIUPOBAHHBIE IMOJIOKEHUS, OCHOBHBIE IMOJIOKEHUS KHUTH,
ctatbi. Kak nmpaBuiio, T€3MChl COCTABIISIIOTCS IOCE IPEIBAPUTEIBLHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHUKA, IIPU €r0 NOBTOPHOM IpouTeHHU. OHU OMOTalOT 3allOMHUTh U CUCTEMATHU3UPOBATh
nHpopMaIuto.

CocraBneHne KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJICpKAIUil OCHOBHBIC HJIeH IPOUYUTAHHOTO B YUCOHUKE U YCIBIIIAHHOTO B JICKIIHH.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IIJIaH CBSI3HOTO PAaCcCKa3a M0 OCHOBHBIM
BOITPOCAM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT WHIUBUIYAIBHBIX
OCOOEHHOCTEH CTy/IE€HTa) HE TOJIbKO Ha MHTEUIEKTYaJlbHY0 M 3MOLMOHAJIbHYI0, HO U Ha
3pUTEIIBHYIO MaMsTh, INPUYEM TEKCT KOHCIIEKTa HEPEIKO ACCOLMUPYETCS €lle M C TEKCTOM
yueOHUKa WM 3amuchio Jiekuuu. [loaToMy serde 3amoMUHaeTCs COJEp:KaHHUE KOHCIIEKTOB,
HaIlMCaHHBIX pa300puYMBO, C MOAUYEPKUBAHUEM WM BBIICICHUEM pPa3psAIKON KIIOYEBBIX CIOB U
dpas.

CaMOCTOSATEIbHO U3YYEHHBIE TEMbI MPEAOCTABISIIOTCS MpenojaBareiaio B  Qopme
KOHCIIEKTa, II0 KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTndyeckue TeMbl Kypca (OTaeNbHbIE

BOHpOCBI), BBIHOCUMBIC Ha CAMOCTOATCIIBHOC U3YYCHHUE, IMTPCACTABICHBI HUKE.
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