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Lenb 1 3324y U3yYEHUS TUCIUTUINHBI

OOGopynoBaHue U MaTepUalbl

HaumenoBanue nabopatopHbIX padboT

Coneprkanue 1a00paTOPHBIX pabOT

JlaGopaTtopHnas padota Nel. MccrnenoBanue CIOKHBIX LETEH MOCTOSHHOTO TOKa
JlaGopatopnast pabora Ne2. IlocrmenoBaTenbHOE COEAMHEHUE AKTHUBHOTO,
WHJIYKTUBHOI'O U €EMKOCTHOI'O COIIPOTHUBIICHUN. Pe3oHaHC HanpsKeHU
JlaboparopHas paborta Ne3. DnekTpuyeckas 1enb CHHYCOHIATLHOTO TOKA MPHU
napauieTbHOM BKJIFOYEHUU aKTUBHOTO M PEAKTUBHBIX COMPOTUBIICHUH.
Jlabopatopnass pabora Ne4. MHccmenoBanme Ttpexda3HOl CHUCTEMBI TIpU
COCIMHEHUH MOTPEOUTEICH 3BE3/101

Jlaboparopuas padota Ne5. Tpexdasnas uens npu CoeUHEHUH MOTpedUTENeH
M0 CXeMe TPEYTOJIbHUK

JlaGopaTtopHnast pabota Ne6. Ucnibitanue onHodasznoro tpanchopmaropa
JlaboparopHnas padota Ne7. McnpiTaHue TpexpazHOro aCHHXPOHHOTO
ANIEKTPOABHUraTeNs C KOPOTKO3aMKHYTBIM POTOPOM

Yacte 1. CHsATHE M OIpe/elieHHe XapakTephcTHK Xxonoctoro xoxaa lo=f(U),
Po=f(U),  cospo=f(U)  Tpexda3HOro  acHUHXpPOHHOTO  JBHrarens  C
KOPOTKO3aMKHYTBIM POTOPOM

Yacte 2. Ilyck B Xxox Tpex¢a3zHOro acCHHXPOHHOIO JBUraTens ¢
KOPOTKO3aMKHYTBIM / (pa3HbIM POTOPOM C perucrpauueil u otoOpaxxeHueM
PEKUMHBIX MTAPaMETPOB HA KOMITBIOTEP

Yacte 3. CHATHE M ONpENEICHUE XAPAKTEPUCTUK KOPOTKOIO 3aMbIKaHUS
Ik=f(U), Px=f(U), Zx= f(U) tpexda3HOro acHMHXpOHHOTO JBHTaTeIs C
KOPOTKO3aMKHYTBIM POTOPOM

JlaGopaTopHas pabota Nes. Uccnenoranue XapaKTEePUCTHK
MIOJTYIIPOBOTHUKOBBIX JIOOB HA IMOCTOSTHHOM M IEPEMEHHOM TOKaX
JlaGopatopHast pabota Ne9. CHsATHE XapaKTEPUCTUK OUMOISPHOTO TPAH3HUCTO-

pa.

YueOHO-MeToANMYeCKOe U HHPOPMAITMOHHOE 00€CTIeUeHNE TUCITUTIITUHBI

Crp.
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BBenenne

Llenpto paboTsl B 1a00OpaTOpuM SIBJISETCS YIIIyOJEHUE M 3aKpeIUIeHHE NPHOOPETEHHBIX
TEOPETHUYECKUX 3HAHUI IyTE€M SKCHEPHUMEHTAJIbHOM MPOBEPKU TEOPETUUYECKUX MOJOKEHUH, a
TaKk)ke 3HAKOMCTBO C JJIEKTPOHHBIMH KOMIIOHEHTaMH, OOOPYIOBAaHUEM, H3MEPHTEIbHBIMU
npubopaMu U anmapaTypou, HCIOJIb3YeMBIMH B J1a00paTOPUH.

B pesynbrare BeIOTHEHHS JIAOOPATOPHBIX PAOOT CTYASHTHI JOKHBI IPUOOPECTH YMEHUS
U HaBBIKM 10 COOpPKE W WCCIEAOBAaHMIO DICKTPOHHBIX CXEM M HPUOOPOB, H3MEPEHUSIM
NIEKTPUYECKUX BEIMYMH. TemaThKa J1a0OpaTOpHBIX padOT IOJHOCTBIO COOTBETCTBYET
COJICPKAHMIO OCHOBHBIX pa3/eloB Kypca, HM3y4aeMOro B BBICHIMX TEXHUYECKHX YYEOHBIX
3aBesieHUsAX. B mpennaraeMmoM yueOHOM MOCOOMM ONMMCAHO OAMHHAATH J1a00paTOPHBIX padoT.
B ommcanum kaxaol 1abopaTopHOi paboThl chopMynupoBaHa ee IIeib, M3JI0KEHbI OCHOBHBIC
TEOPETHYECKHE TIOJIOKEHHS, OMICaHa CXeMa YCTAaHOBKHU JIJIsl IPOBECHHUS SKCIIEPUMEHTAIBHOTO
UCCIICIOBAaHMS, JIaHbl PEKOMEHJAlMU 0 TPOBEICHHUIO OIBITOB U 00pabOTKe pe3ylbTaToB

U3MEPEHHUM, a TAK)KE KOHTPOJIBHBIE BOIIPOCHI.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

[enpro npenogaBanus JUCUMILIMHEI SBISETCA U3YYEHHUE CTYJEHTAMU TEOPUH Pa3IN4HbIX
JIEKTPUUECKUX Lened A peweHus npoOieM nepegadd, oOpaOOTKM M pacHpeeseHHs
JJNIEKTPUYECKUX CUTHAJIOB B CHCTEMax CBA3M. JlucumiummHa ««OJIEKTPOHUKA U JIEKTPOTEXHUKA))
JI0JDKHA oOecrieurnBaTh OPMHUPOBAHUE OOIIETEXHUUYECKOTO (hyHIAMEHTa MOATOTOBKU OYAyIInX
CHELMATUCTOB B 00JACTH HMH(OPMAIIMOHHBIX CHUCTEM U TEXHOJIOTHH, a TaKXke, CO03/1aBaTh
HEeo0XouMyo 0a3y JUid YCIELHOI0 OBJIaCHHsI OCIE YIOUMMHU CIEHUaTIbHBIMU TUCLUITTMHAMUI
yueOHoro riaHa. OHa 10J1KHa Cl1ocOOCTBOBATh PA3BUTHIO TBOPUYECKUX CIOCOOHOCTEH CTY/IEHTOB,
YMEHUIO (HOpMyTUpOBaTh M peIIaTh 3aadyd MU3ydaeMoOl CIEeNUaIbHOCTH, YMEHHUIO TBOPYECKH
IPUMEHSTh M CaMOCTOSITENIbHO IOBBIIATh CBOM 3HAHUS. OTHU ILIEJM JIOCTUTAlOTCS HAa OCHOBE
dbyHaaMeHTanu3au, MHTEHCU(UKALMU W WHAWBUAYAIM3aLUU Hpolecca oOydeHHs NyTEM
BHEIpeHUs M S(PQPEKTUBHOIO HUCMHONb30BaHUS B  Y4eOHOM Ipolecce  JIOCTHXKEHUH
uH(popMalOHHON Oe3omacHOoCTH. B pe3ynbTaTe M3ydyeHus: JUCHMILIMHBL Y CTYAEHTOB JOJIKHBI
copMUpOBaTbCS 3HAHUS, YMEHHUS U HaBBIKH, IO3BOJIAIOIIME IMPOBOJIUTH CaMOCTOSITEIbHbBIN
AQHAJIN3 PA3JIMYHbIX YIEKTPUUYECKUX LIETICH.

I'maBHON 3ajmauell W3y4yeHMs JUCLMIUIMHBI SBJISIETCS OO€CHeueHUe IeJI0OCTHOrO
IIPEACTABJICHUS CTYIAEHTOB O IPOSBICHUH 3JIEKTPOMATHUTHOIO IOJIS B AJIEKTPUYECKUX LIETISIX,
COCTABJISIFOIMX OCHOBY PA3JIMYHBIX YCTPOUCTB.

Jpyrumu 3ajadyaMu U3Y4YECHHS SBISAIOTCS: YCBOCHHME COBPEMEHHBIX METOJOB aHaIM3a,
CHUHTE3a U pacy€ra dIEKTPUYECKUX LENEeH, a TaKKe, METOJI0OB MOJECIMPOBAHNS U UCCIEIOBaHUSA
Pa3IUYHBIX PEKUMOB AIEKTPUUYECKUX LeNeil Ha nepcoHalbHbIX DBM.

DNeKTpOTEXHUKA ABJISETCS NEPBOM TUCHUIUIMHOMN, B KOTOPOM CTY/IEHThI U3y4alOT OCHOBBI
MOCTPOCHHMS, TIPeoOpa30BaHMsl U pacyeTa 3JIEKTPUUECKUX Lenei ycrpoiictB. OHa HaXOAUTCS Ha
CTBIKE TUCLMILIMH, 00€CIeUnBaIOIINX 0a30BYIO U CIIEIHMAIBHYIO TOATOTOBKY CTy/1eH-TOB. M3yuas
3Ty MAWCLUMIUIMHY, CTYJEHThl BIIEPBbIE 3HAKOMSTCS C MPUHIUNAMH (DYHKIMOHUPOBAHUS,
METOJJaMH aHaJl3a M CHHTE3a paccMaTpUBAaeMbIX dJeKTpuueckux ueneil. IlpuobpereHHbIe
CTYACHTAaMH 3HAaHUS M HaBBIKM HEOOXOAMMBI Kak JuId TIPaMOTHOM OSKCIUTyaTallu
UH(POKOMMYHUKAIIMOHHON amnmaparypsl, Tak U JUId pa3pabOTKH YCTPOMCTB, CBSI3aHHBIX C

nepenavei 1 00paboOTKOM CUTHANIOB.



2. Obopyoosanue u mamepuaivl

AnmnapaTHble Cpe/CTBa:

— KoMIIIexT THII0oBOTO na60paTopH0ro O60py,[[0BaHI/I$I ((9J'I€KTpOTeXHI/I‘IeCKI/Ie MalIWuHBbD»

— Kowmmnexkt TunoBoro sabopaTopHOro 000pYIOBaHUS

SJICKTPOTCXHUKH»

((TeOpeTI/I‘IeCKI/IC OCHOBBI

— YueOnblil cTeH «Teopust dMEKTPUUECKUX LIETIel M OCHOBBI DJIEKTPOTEXHUKI)

VYyeOnast ayautopus AJisi MPOBEACHUS YUeOHBIX 3aHSATHH, OCHalleHa 000OpyIOBaHUEM U

TEXHUYECKUMHU cpeacTBaMu oOydeHus. IlepeHOCHON HOYTOYK, IPOEKTOp, J10CKAa MarHUTHO-

MapKepHas.

3. Haumenosanue nadvopamopuvix padom

Ne Tembl
TUCLUILINHBL

HanmenoBanmne tem JUCHUIIIMHBI, UX KPATKOC
COACPIKAHUC

O0peM
4acoB

N3 aux
MpaKkTU4YecKas
MMOATOTOBKA, YaCOB

3 cemecTp

JlabGoparopunas pabdora Ne 1. MccnenoBanue
CJIO’KHBIX LI€TIEN TOCTOSTHHOTO TOKA.

[TonyunTh MpakTHUYECKHE HABBIKU COOPKHU CXeM
JUIS SKCTIEPUMEHTAIILHOM MTPOBEPKU U pacyeTa
L[enel MOCTOSIHHOTO TOKA C UCIIOJIB30BAHUEM
3akoHa OMa, IepBOTo ¥ BTOPOI'O 3aKOHOB
Kupxroda.

JlaGopaTopHas padora Ne 2.
ITocnenoBarenbHOE COEIMHEHUE AKTUBHOTO,
MHIYKTUBHOT'O U EMKOCTHOT'O COITPOTHBIIEHUH.
Pe3onanc HanpsKeHHN.

OnbITHas TpOBEPKa OCHOBHBIX COOTHOILLIEHUI
JUIS TIOCJIEJOBATEIbHON LIENH MIEPEMEHHOTO TOKA,
oOazaroleil akTHBHBIM, HHIYKTHBHBIM U
€MKOCTHBIM COIIPOTUBIIEHUSIMHU.

JlabGoparopuas padora Ne 3. DiekTpuueckas
LIEeTlb CHHYCOMIAJIbHOT'O TOKA MPU NapaiieIbHOM
BKIIFOYCHUH AKTHUBHOI'O U PCAKTHBHBIX
CONIPOTUBJICHU.

DKcnepuMeHTalbHas TPOBEPKa 3aBUCUMOCTH
AKTUBHOTO M PEAKTUBHBIX COMPOTUBIIEHUN OT
YacCTOThI, a TAKKE COOTHOIIEHUN MEXKITY
HaIpsHKEHUEM, COIPOTUBIEHUAMH,
IMPOBOAMMOCTAMHA U TOKaMH B LICIIH C
MapajvieJbHO BKJIIOUEHHBIMU aKTUBHBIM
COITPOTUBJICHUEM, KaTYIHKOﬁ HWHIAYKTUBHOCTHU U
KOHJIEHCATOPOM.

JlabGoparopHnasi padora Ne 4. Vccnenoanue
Tpex(}a3HOW CUCTEMBI IPU COSTMHEHUH
noTpeOuTeneit 3Be370M.




O3HaKOMUTHCS OTIBITHBIM ITyTEM C
0COOEHHOCTSIMH COCTMHEHUS 3BE3/101
MIPUEMHHKOB 3JICKTPUUECKOM SHEPTUU B LIENTU
TpexdazHoro Toka. McciaenoBars pexnMbl
pPaBHOMEpHOW U HEPaBHOMEPHOU HArpy3okK, a
TaKXke paboTy CUCTEMBI IPH 0OpPBIBE OTHOU U3
¢a3. [TomyunThs NpakTHUECKHE HABBIKU pacyera u
UCTIBITAaHUA TpeX(Pa3HbIX HEMe, a TaKKe
MIOCTPOCHHUSI BEKTOPHBIX JIHArPaMM.

JlabopaTopnasi pa6ora Ne 5. Tpexdasznas nenb
IIPU COEAMHEHUHU TOTpeduTeNeit no cxeme
TPEYTOJIbHHK.

HccnenoBath 0coOeHHOCTH paboTHI TpexdazHoit
I[ENH PU COCTUHECHUH CUMMETPHYHOTO H
HECUMMETPUYHOTO MOTpeduTenei
TPEYrOJLHUKOM, YCBOUTH ITOCTPOCHHE
BEKTOPHBIX JIMarpaMm 1o pe3ylbTaTam
IKCIIEPUMEHTA.

JlaGoparopuasi padora Ne 6. VcnibiTanue
onHo(a3zHOTO TpaHChopMaTopa.
O3HaKOMUTKCS C KOHCTPYKLIMEH, METOJaMHI
HCIIbITAHUSA U OIPEACTICHUA XapPaKTCPHUCTHK
TpaHcGOopMaTOPOB.

JlabopaTopuas padora Ne 7. UcnbiTanue
Tpex($azHOTO0 ACHHXPOHHOTO 3JICKTPOIBUTATEIIS C
KOPOTKO3aMKHYTBIM POTOPOM.

O3HaKOMUTKCS C KOHCTPYKIIMEH, METOJaMHI
IMyCKa U XapaKTCPHUCTUKAMH aCUHXPOHHOT'O
AIEKTPOABUTATESI

JlabopaTopnas padora Ne 8. Nccnenopanue
XapaKTePUCTHK MOTYIPOBOIHUKOBBIX IMO/IOB Ha
MMOCTOSTHHOM U TIEPEeMEHHOM TOKaX.

CHATH BOJIbTaMIIEPHBIC XapaKTEPUCTUKHI
BBITIPSIMUTENBHOTO auosa (tTuna KJ[226,
IN5408), umnynscHoro auona (tuma KJ[521,
KJ1522, 1N4148), nuona Hlotku (Tuna 1N5819),
0 XapaKTePUCTHKaM OTPEAECTUTH OCHOBHBIC
nmapaMmeTpsl U CpaBHUTH UX. Ha skpane
ocuusuiorpada nmpoHabIr0aTh MPOIECCh
BKJTFOUCHUS U BBIKJTFOUCHUS MO/, ONIPE/ICITHTh
BpEMsI BKIIOUCHHS M BHIKITIOUCHHUSL.

JlaGoparopuas padora Ne 9. Cusitue
XapaKTePUCTUK OUIOJISIPHOTO TPAH3UCTOPA.
OcCBOHUTB MCTOAHUKY IMOJYUCHUA BXOJHBIX U
BBIXOJIHBIX XapaKTEPUCTUK TPAH3UCTOPA, & TAKKE
OTIPEJICTICHUS €r0 TUHAMUYECKHUX MTapaMeTPOB.

Hroro 3a 3 cemectp:

18

Hroro:
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4. Cooeprcanue nadopamopHnulx padoom

Jlabopamopnas paboma Nel. Hccnedosanue cioxncHvIX yenei noCmoaHH020 moKa

Ilens padomwr: [1onyunTh TPaKTUUECKHUE HABBIKUM COOPKHU CXEM JUISl SKCIIEPUMEHTAILHOM
MIPOBEPKU M pacueTa Lemned MOCTOSHHOTO TOKa C UCIOJb30BaHMEM 3akoHa Oma, mepBoro u

BTOpOro 3akoHOB Kupxroda.

Ocnoevl meopuu:

C0’)XkHOM LIENBI0 IOCTOSHHOTIO TOKAa HAa3bIBAIOT MIEKTPUYECKYIO LIENb, COCTOSIIYIO W3
HECKOJIBKUX CONPOTHUBIICHUI M MCTOYHUKOB HANPSKEHUS, COSTMHEHHBIX MEXIY COOON TeM WM
HUHBIM CITOCOOOM.

V3710M 3J€KTpUYECKOH LIeNH Ha3bIBA€TCSl MECTO COEAMHEHUsS TpeX U OoJiee BETBEH LIEMH.
I[Ipy HaIMYKMK B cXeMe N TaKMX Y3J710B MOKHO cocTaBuTh (72 —1) ypaBHenwmii cornacHo meppomy
3akoHy Kupxroda. B cooTBeTcTBUUM € 3TUM 3aKOHOM CyMMa TOKOB, MOJXOJALIMX K y3Jy, paBHa
CyMMe TOKOB, OTXOJSIIUX OT y3Ja, WM ajaredpandeckas CyMMa BCeX TOKOB B y3Jie PaBHA HYJIIO,
T.e. 2/ =0. Ilpu 3TOM HEOOXOAUMO TOKH, MOAXOISIINE K Y3y, 3alUChIBATh B YPaBHEHHE C
OJIHMM 3HaKOM (Hampumep «+»), a TOKH, OTXOJSALINE OT y3J1a — C IPOTHUBOMOIOXKHBIM 3HAKOM.

[Tpu mocnenoBaTeNbHOM COEIUHEHWH HECKOJIBKHUX COINpoTHBIEeHUH (puc. 1.1 a) oburee
COIIPOTHBIICHUE Y4aCTKa PaBHO CYMME BCEX CONPOTHUBIIEHUH HA OTOM y4acTke: R, =R, + R, + R,
. Tok Ha y4yacTKe LENHU ¢ HECKOJIBKMMM IIOCIECAOBATEIBHO COCIAUHEHHBIMU CONPOTUBIIECHUSIMHU

Oyzer paBeH (110 3akoHy OMa):

U
R3
_»1
|
— |0 |
R 0
3T — O
Ri R Rs Ry

Pucynok 1.1 — ITocnenoBatensHoe (a) 1 napaiienbHoe (0) CoeIMHEHNEe COTPOTUBIICHU

[Ipyn mapannenbHOM COEIUHEHHHM JBYX COMNpPOTHBIEHUN (puc. 1, 6) SKBUBAJIEHTHOE
R, R,

COTIPOTHUBIIEHUE OIpeesieTcs no popmyne: R, = 2R
1 2



Ecnm u3Becten Tok lo, mpoTekaromnuii mo Hepa3BETBICHHOW YacTH 1ETH, TO TOKHU |1 1 |2 B
conporuBiieHUsX 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=2IR,
T.e. airebpanyeckas CyMMma OJICKTPOABMKYLIMX CHJI B [aHHOM KOHTYpe paBHa
anreOpanyeckoil cyMMe MaJieHUi HaNpsDKeHUH Ha y9acTKax IeMH 3TOro KOHTYpa.
JInst Toro, yToOBI TPaBHJIBHO 3alKcaTh YpaBHEHHE 1O BTOpoMy 3akoHy Kupxroda,
HEOoOXOUMO 3aJaThCsl HAIpaBJIEHMEM 00X0/a 3TOr0 KOHTypa (HampuMmep, MO XOJy 4YacOoBOM
crpenku). Ecim pu 06xo/1e KOHTypa HarpaBieHHe 3./1.C. COBIAIAET C HalpaBieHneM 00X0/1a, TO
€€ 3aMMChIBAIOT B JIEBYIO YaCTh YPABHEHHS CO 3HAKOM «+», a €CIIM €€ HalpaBJICHHE HE COBIAIacT
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, =I,R, +I,R,

2. Jlns kouTypa bcedb, coepinast 00X01 MPOTHUB YaCOBOW CTPEIIKH, TIOTYUUM:
E, =1,R, +I,R,

3. Jns xonTypa abcdefa, coBeprras 06x0/1 o 4acoBoii cTpelke, MoxyduM:

El _Ez :11R1 _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

Yo =M.100%
2E

J1J11 0THOTO U3 KOHTYPOB IIPOBEPUTH OATaHC MOIIHOCTEH:

SEI=%IR+3XI%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, O00Jajalied 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=w-O

rac w — 4ucCJjIO BUTKOB KaTYUIKH.

—

‘ F 3

!
U =ir
° ;
v
@
L
Y ¥

Pucynok 2.2 — Cxema nocnenoBaTebHOTo coequuennst R u L
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OTHolIEHNE MOTOKOCHEIUICHNS KaTyIIKU K TOKY KaTyIIKH 1L Ha3bIBae€TCs COOCTBEHHOMU
WHYKTUBHOCTBIO WJIM UHYKTUBHOCTHIO:

w-O

L=F==
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
Un=—/,1nu-10" =1uln
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_l// =T di
dt dt

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

e, =

06HaILaCT HCKOTOPBIM aKTUBHBIM COITPOTUBJICHUCM T.
HpI/IMeHHH BTOpOﬁ 3aKOH KI/IpXFO(I)a JIJISI MTHOBEHHBIX 3HAUCHU I QJICKTPHUYCCKUX BCIINYUH,

MOXXHO 3a11ucarthb:

ut+e, =i-r
OTCIO/Ia HANIPSDKEHHWE Ha 3a)KMMax LIENHM PaBHO
u=i-r—e, =u, +u,
[TaneHne HaNpsHKEHUS HA AKTUBHOM COIPOTHBIICHUN HA3bIBAIOT AKTUBHOW COCTaBIISIOLICH
HalpsDKEHUs WM aKTHBHBIM HaNpsDKEHWEM, a MaJeHWE HanpsHhKeHWS Ha WHIYKTHBHOM
COINPOTHBIIEHUHU HA3bIBAIOT MHAYKTUBHOMN COCTABIIAIOIIECH HanpsHKeHUs. MITHOBEHHBIE 3HAYEHUS

OTUX BETWYMH O0003HAYalOT U, W U, a jaeicTByromme — cooTBeTcTBeHHO Ua m UL, Ilpm

CHUHYCONJAJIbHOM 3aKOHC N3MCHCHU A TOKA HAIIPSXKCHUEC HA 3a)KNUMax LU 6y21€T paBHO:

_ d(I,sinat) _
dt

u=ir—e =rl_sinot+L rl . sin ot + oLl  coswt =

=U,_,sinwt+U  sin a)t+% :

T.€. MEXK/Ty aKTUBHBIM ¥ HHIYKTUBHBIM ITaJICHUSMU HAIPSDKEHUST MMEETCS CIBHT 110 (hase
Ha 90°.

Hepexoz[ﬂ K KOMILIEKCHOM (bOpMC MOXXHO 3a1ucarthb:

U=Ua+jUL =jr+jij

14



rae jlx, = jwlLlI - KOMIIIEKCHOE COIPOTUBIICHUE NHIYKTUBHOIO DJIEMEHTA;

U _ am - ULm o
a — \/— n UL = T - ACUCTBYIOIIUC 3HAUCHHUA AKTHBHOI'O M HHIAYKTHBHOI'O
2

HanpsHKEHUH.
TakuMm 00pa3om, HanpsoKeHre Ha 3axumax Hend U MOKHO NPeICcTaBUTh B BUIE CYMMBI
neyx cunycoun U, u jU, . I3BeCTHO, 4TO BCAKYIO CHHYCOUIATBHO M3MEHSIOILYIOCS BETHUHHY

MO>KHO IPEJICTaBUTh B BUJE BEKTOpa (Hampumep, Toka [/ ), Bpallarollerocs B MPOCTPAHCTBE C

er'IOBOfI YacTOTOM @, MIPOCKIHA KOTOPOIro Ha MHUMYIO OCh U JAa€T CMHYCONAAJIbHYIO BEIIMYHUHY

(puc. 2.3).
o ¥

I

-

PI/ICYHOK 23— I/I306pa)KCHI/Ie CHUHYCOUJAJIBHOT'O HU3MEHSIONICHCS BEIUYMHBI TOKA B BUAC

BCKTOpa

Onpenenum HanpsHKEHUS Ha 3aKUMax LENu [IPU OMOIIM BEKTOPHOM Juarpammbl. Bektop
Toka /| OTI0kKMM B TIPOM3BOJNBEHOM HAlpaBJIEHWH, HAPUMED, FOPU3OHTaIbHO (puc. 2.4). Bee

OCTAJIbHBIC BEKTOPHbI 6y,[[yT JKCCTKO ITPHUBA3aHBI K BEKTOPY I , T.C. UX CABMT II10 Q)ase 6YI[CT CTpOro

OTIPE/ICICHHBIM.

Bextop axtmBHOro Hampsokenmss U, = 1 -7 Gynmer coBmajgaTh 10 HampaBIeHHIO C
BektopoM [ . BekTop MHIyKTHBHOH cocraistomeii manpskenus U = J-1-X_ 6yzmer

onepesxath Ha 90° Bektop [ . Cknazpisas reomerpudecku Bektopsl U, u U, , monyuum Bextop

Hanpspkenns U Ha 3aXuMax Ieru.

15
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U =Ir

Pucynox 2.4 — BekTopHas quarpaMma mpu rocjieioBareasHoM coenuuennn R u L

Bemmunna X, =@-L=271- f-L nasbiBactes UHOYKMUBHLIM CONPOMUBLEHUEM W
usmepsiercs:s B Om. ConpoTHBIEHHE XL 3aBUCUT OT YacTOThl U IPU BKIIOUEHUHM KaTYIIKU
UHAYKTUBHOCTH B LI€IIb IIOCTOSTHHOTO TOKa ( /= 0) TOK KaTyHmKH OyJIeT OrpaHH4YEH TOJIBKO €€
AKTUBHBIM COIPOTUBIIEHUEM M OKa)XXeTCsl HaMHOro 6osbie. [103ToMy KaTylIKu HHAYKTUBHOCTH,
npeHa3HaYeHHbIe A1 paboThl HA NEPEMEHHOM TOKE, HENb3sl BKIOYATh B IEMH IOCTOSHHOIO
TOKa.

Tpeyronbsauk OAB (puc. 4) npssMOyroibHBIN U Ha3bIBAETCS TPEYTOJbHUKOM HAIIPSIKEHUH.
U3 tpeyronsauka OAB nmeem:

0 =0, +0,’
U2=(-r?+-x)>=1%(r*+x7)

W3Bnekas u3 o6eux yacteil KOpeHb, MOTyIHM
2 2
U=1-\r"+x

2 2
Bemuumnaa /™ + X[ | umeromasi pa3MepHOCTh CONPOTHBIICHHS, HA3bIBACTCS TOJTHBIM
COTPOTUBIICHUEM IIeTH U 0003HAYAETCS Z :
Z=\r°+Xx{
1 3akoH OMa 1S IENH MEPEMEHHOT0 TOKa UMEET BUJL:

IZ?I/IUZIZ

Kocunyc yria casura ¢a3 ¢ mexy TokoM | u Hanpspkenuem U paBen:

u, I-r r

COSQ@ =
? U I-z z

16



N3 TpeyrosibHUKA MOIIHOCTEM, KOTOPBIN MOKHO MOJTYYUTh U3 TPEYTOJIbHUKA HAMPSHKEHUN
YMHO>KEHHEM €r0 CTOPOH Ha TOK [, MOJIydrM aKTUBHYIO MOUTHOCTD:
P=I’r=U-I-cose
PeakTrBHAst MOILIHOCT:
O=1I1I°x, =U-1-sing

ITonHast MOIITHOCTE:

S=U-I=+P>+QO?

OTHOIIIEHNE aKTUBHOU MOITHOCTH K IOJTHOM Ha3bIBaeTCS KO3(1)(1)I/IHI/16HTOM MOIIHOCTH:

(0 _E_i
=5 Ul

Ecnu mens nmepeMeHHOTro TOKa 00J1aJaeT aKTUBHBIM CONPOTUBIEHUEM I' U €MKOCThIO C
(puc. 1.5), To mo Bropomy 3akoHy Kupxroda 111 MrHOBEHHBIX 3HAUSHHI STIEKTPHUECKUX BETHUINH

MOXHO 3a1ucarthb:

u=Ii-r+u

c
r7ie U — MIHOBCHHOE 3HAYCHHE TPUIIOKEHHOTO K IEIH HAPSKCHHUS;
| - MTHOBEHHOE 3HaYEHHE TOKA IIETH;
Uc - MTHOBEHHOE 3HAYCHUE HAIPSDKEHUS, MPHIIOKEHHOTO K O0KJIaIKaM KOHJICHCaTopa U
NPEJICTABIISIOIIET0 COOOH MaIcHHEe HAMPSHKCHUST Ha EMKOCTH.

Ecnu TOK M3MEHSETCS BO BpEMEHH 110 CUHYCOMIAIBHOMY 3aKOHY, T.€. I = 7 m sin wr

TO TPENbIAYIIEe YpaBHEHHE OyIeT UMETh BU:
. 1 . T
U=rl_,sinot+—1_sin(ot—=).
wC 2
N3 sToit popmynbl BUIHO, YTO TPHIOKEHHOE K IIEMU HAMPSIKEHHUE COCTOUT U3 JIBYX

COCTABIISIIOIIMX: aKTUBHOW WIJIM aKTUBHOrO HampsbkeHus U, = rl,, Sin ot coBmamaromeii mo

i T
¢aze c TOKOM, U PeaKTUBHOI WM eMKOCTHOH cocTtasisiromeir U, = - I, sin(ot — E) ,
w

otcratomieit ot Toka Ha 90° (puc. 1.6). Torna
L] L] L]
U = U at U c
[TocTporM BEKTOPHYIO [UarpamMmy JUIsl JAHHOTO CIIy4ast, MOJb3YSACh TEMHU e IPaBUIaMH,

KaK ¥ [PU TOCTPOSHHUHU TUArpaMMBbl [UTs TIOCIIEIOBATEILHOTO coeuHeHus r u L (cMm. puc. 2.4).

17



‘ h
r L]
Uslr
© . X
oo (U
@
C = | Usjlxc
T A 4

Pucynoxk 2.5 — IlocnenoBarensHoe coenunenne R u C

I

Pucynok 2.6 — BekTopHast auarpamMma i ocie0BaTeIbHOro

coequuenus Ru C

ITpu 5TOM HEOOXOAUMO MMETH B BHY, 4TO BeKTop Hanpsbkenus U . orcraer ot Toka |
Ha 90° (puc 2.6).

N3 tpeyronsauka OAB Ha pucyHke 6 umeem:
2 112 2
U2=U2+U¢
WIN

7 1
U>=Ur)’ +(—)>=1"(r>+—)".
) (a)C) ( a)C)

W3Bnekast kBaApaTHBIM KOPEHb U3 00€UX YacTel, MOTyIHM:

1
U=1-r>+(—)°
\/'” (a)C) :

OTKyZ1a

U U

I = =
\/’/_2 +(L)2 \/7”2 +x2~
C

1
Bemmunna Xe = _C HA3bIBACTCA eMKOCMHbIM conpomuesieHuem u U3MEpSACTCA B Om.
a

EmkocTtHOE COIMPOTUBJICHUE 3aBUCUT OT YaCTOThI HAIIPSXKCHUA CETU U OT EMKOCTH KOHACHCATOPA.

18



2 2
Benmuuwuna /7" + X, Ha3bIBae€TCS TOJHBIM COMPOTHUBICHHEM M 0003Hadaercs Z. 3akoH Oma

MMPUMCHHUTCIILHO K I[aHHOfI ey NnepeMCcHHOTO TOKa 6y):[eT HUMCTHb BU:

e Z:1/7f'2 +x(2: .

Ecnu Bce croponsl TpeyrosbHuka HanpsbkeHuit OAB pasgenuts Ha Tok |, TO momyuum
TPEYroJbHUK COPOTUBICHUN ¢ KaTeTaMH I' U Xc U THIIOTEHY30H Z.

IIpu nocnenosarensHoM coequHeHuu I, L u C Oynyr cnpaBemauBbl BCE BBIBOJBI,
noJydeHHsie s nenu ¢ I-L u neru ¢ r-C. [1pu 3ToM BO3MOXKHBI CIIeyONIe KOMOWHAIIH:

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

PaccMoTpuM ¢ MOMOILBIO BEKTOPHBIX MarpaMM Ka) bl U3 3TUX BApUAHTOB.

a) imeeMm 1niens 13 nociuenoBareabHO coeinHeHHbIX I, L u C, mpuyem

X, > Xc . Tlo BceM TpeM CONpOTHBIEHUAM OyjAeT NpPOTEKaTh OJUH M TOT ke ToK 1

BEKTOP KOTOPOTO OTJIOXKUM B BBIOPAaHHOM MaciITabe MpOU3BOJIBHO, HAIPUMED, TOPU3OHTAJIHHO,
T.€. HallpaBJICHHUE NIEPBOTO BEKTOPA BHIOMPACTCS MPOU3BOJIBHO (puc. 2.7).

BGKTOp MaaCHUus HAIPAKCHHUA Ha AaKTUBHOM COIPOTUBJICHHUN 6YI[€T coBmmagarp ¢C

HAaIllpaBJICHUEM TOK4, a4 MaJICHUC HAIIPAKCHHUA HA HUHAYKTUBHOM JJICMCHTC WA UL 6yzLeT

omnepexarb BekTop [/ Ha % [TajieHrie HaNpsDKEHHS Ha €MKOCTHOM dyieMeHTe U, Oyaer

OTCTaBaThb OT BEKTOPA TOKA Ha % H COI'JIaCHO YCJIOBHIO

U.<U,.

PucyHok 2.7 — BekropHast tuarpamma Hampsokenuii mpu X > Xc

Oob1iee HanpsKEHUE LU OYIeT paBHO CyMMe

U,~U+Uc=U.
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Us BCKTOpHOﬁ JuarpaMMbl BUJHO, YTO MEXKAY TOKOM LCIIN I n HaIps>KCHUEM U CCTb

yrojl ¢ W TOK UMEET OTCTAaroIUi Xapakrep, a cos ¢ < 1,0.
0) [Ipu X; <X, naneHue HaNpsHKEHHs HA MHIYKTUBHOM CONIPOTHBIICHUU OY/IET MEHbIIIE
NaJIeHUs] HapsOKEHUs Ha €MKOCTHOM CONPOTHBIIEHHMHM, MO3TOMY BEKTOpHas auarpamma Oyner

uMeThb BuUJ (puc. 2.8):

U

PucyHok 2.8 — BekropHast iuarpaMma HanpspKeHuit mpu U . > U L

B) [Ipu X; = X, umeeT MecTo pesonanc nanpscenuii, T.e. U -~ = U 7 4 9TO OyneT npu

1 . .
@L =—  TIpu stom Bextopsl U ; u U paBHbI 10 MOJIYITIO ¥ IPOTHBOIMOIOKHO HAMPABICHE

wC
(puc. 2.9), noaTomMy UX cymma paBHa HyJt0. TOK IIenu pH pe30HaHCE HAIIPSHKEHUH OIpeiensieTcs
TOJILKO aKTUBHBIM CONPOTHBIICHHEM, ITO3TOMY YTOJI cABHTa (pa3 MeXIy TOKOM M HaNpsHKEHUEM
Lenu paBeH Hymo, a C0S ¢ = 1. Ilpu »TOoM Hamo MMETh B BUAY, YTO PE3yJIbTHpYOILEe

COIIPOTHUBIICHUE LENHU PE3KO YMCHBIIMTCS 0 3HAYCHUS Z = I' U TOK LECNHU IIPH PE30HAHCE MOXKCT

PE3KO BO3pacTaTh.

U, ||Ue

q}:ﬂ UG:U:-I.I -

= > |

Pucynok 2.9 — BekropHas auarpaMMa HalpspKEHUN IPU PE30HAHCE
Ykazanue no mexnuxe 6esonacnocmu:

VYkazaHus 1o TeXHUKE OC30IMaCHOCTH IIPpU BBITTOJIHCHUH J'Ia60paT0pHLIX pa60T IIPpUBCACHLL

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

1. Cobpartp cxemy ¢ mocienoBarenbHbiM coeaunenueM R, L u C (puc. 2.10). B
KaueCTBE aKTUBHOI'O COIIPOTHUBIIEHMS MCIIOJIb3YETCSl PETYJIUPOBOUHBIN peocTaTr R, a B kauecTBe
emkocT C — 6aTtapesi KOHIEHCATOPOB.

Boastmerpom V1 m3mepsitoT BxoaHoe (00I1ee) HANPsHKEHUE MM , a BOJIBTMETPOM V2 C
IIOMOUIBIO IIIYTIOB [TIO0YEPETHO U3MEPSIOT NAJCHUE HAIPSDKEHUS HA aKTUBHOM COIIPOTHUBIIEHUHU R

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

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 HaIIPAKCHUA 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 3HAYCHHME TOKA 1 B HE-pa3BETBIIEHHOW YaCTH IIEMTU PAaBHO CyMMeE
MT'HOBCHHBIX 3HAYCHUI 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 COOTBECTCTBYIOIIUX 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:
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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 Zk gc bL bu:

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

Ecnu bi>bc, To TOk uepe3 MHIYKTUBHOCTH OOJbIe, 4eM dYepe3 EMKOCTh, U TOK B

HEepa3BETBJICHHOW YacTH 11enu 1o (aze orcTaéT oT HanpspkeHus (puc 4.3a). Ecim b<be, To Tox
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yepe3 UHAYKTUBHOCTh MEHBIIIE, YeM TOK uepe3 EMKOCTh, a TOK B HEPa3BETBIEHHOM YacTH 1eMH 1O
daze onepexxaer HanpspkeHue (puc.3.3c¢).

IIpn paBeHCTBE WHIAYKTUBHOM M EMKOCTHOM IPOBOJAMMOCTEH BEJIMYMHA TOKA B
HEPa3BETBJICHHOMN YacCTH LIEIH OIpeiesieTcs TOIbKO CYMMO aKTUBHBIX TPOBOAUMOCTEH Jr+ gk+
gc= ¢, Ipu 3TOM TOK 110 (pa3ze coBmagaet ¢ HanpsbkeHueM (puc.4.3b):

I=1Ug.

Bekropnas nuarpamma, n3oOpax€HHas Ha puc.4.3D COOTBETCTBYET PEKUMY pe30HaHCA
TOKOB, B 3TOM pE€XHME TOKU 4epe3 MHAYKTUBHOCTh M uepe3 €MKOCTb PaBHBI MO BEIUYMHE U
MPOTUBOMNOJIOKHBEI 10 (haze, B HEPa3BETBIEHHONW YacTW IeNH TOK NMPUHUMAET MUHUMAJIbHOE

3HA4YCHUC.

Ykazanue no mexnuke 6ezonacnocmu:
Vka3aHus 1o TeXHUKe 0€30I1aCHOCTH IIpH BBIITOJIHCHUHN J'Ia60paT0pHLIX pa60T IIPpHUBCACHDbI

B IIPUJIO’KEHUE A.

Ykazanus no évinonnenuto nabopamopnoii pabomoi:
1. JleTanbHO O3HAKOMHBIIKUCH C OCHOBHBIMH TEOPETHUECKUMHU TOJO0XKECHHUIMH,

cobpaTh cxemy, n300paxEHHYI0 Ha puc.3.4.

W
AR
. A
1/ 1
L | C
~10B 40MI'H —1 IMKD

r
1000M

L - ‘

Pucynok 3.4 — Cxema ¢ mapamnenbHbiM coequHernem R, L u C

Y cTaHOBUTH NpeAeIIbl n3MepeHnid: BoapT™MeTpa — 20B, amnepmerpos — 200MA.

[Monate HampsHKEHKME MMTAHUS U YCTAaHOBHUTH YacToTy fo, Ipu KOTOpOI#i B Hepa3BeTBIEHHON
YaCTH IeTIM TOK MPUMET MUHUMAIIbHOE 3HaYeHne. 3HaueHne 4acToThl fo 3anectu B Tabmmiy 3.1.

2. VYOparb mnepeMbluKM B LENM KaTyIIKM W KOHJEHCAaTopa, IO TOKa3aHUsAM
amMIepMerpa ¥ BOJBTMETpAa WM aMIEepMeTpa W BAaTTMETPAa IPOBEPUTH CONPOTHUBICHUE U

BBIUHCIIUTH POBOJUMOCTD PE3UCTOPA.
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r=U/1=P/I?, g~=1/r=I/U=P/U?,

3. PazopBare memp pesucTopa W YCTAaHOBHUTH NEPEMBIUYKY B IIENH KaTYIIKH, II0
NOKa3aHHUSIM TIPUOOPOB BEIYHUCIIUTH CONPOTHBIICHUS M IPOBOANMOCTH KaTYILIKH.

r=P/12, zx=U/l, x.=N(z?-1?),
g=P/U2, yi=I/U, bL=V(1n3-gd).

4. PazopBare memp KaTymiki M YCTaHOBUTH NEPEMBIYKY B LENH KOHJAEHCATOPA,
UCTIONB3Yys (HOPMYIBI, aHAJOTM4HbIE (opMynaMm 1.3, MO MOKAa3aHUSAM IMPHUOOPOB BBIYHCIUTD
CONPOTHUBIIEHUS] U MPOBOJUMOCTH KOHJEHCATopa. BEIUMCICHHBIC 3HAYCHUS CONPOTHUBICHUN H
IIPOBOAMMOCTEH 3aHeCTH B Tabiuiy 3.1.

Tabmua 3.1

fo, | Pesucrop Karymxka Konnencarop g,

ru ry gl'y rk; gk; XL; bL! L! rC; gC’ XC) bC! C! CM
OmMm | CMm |[OM |[Cm |OM |Cm |TIHm OmMm |[CmMm |[OM |[Cm | MKD

5. YCcTaHOBUTH BCE MEPEMBIYKH, MOJAKIIOUUTH ammepMerp A2, mpu yactore fo
U3MEPUTH MOTPEOISIEMYIO MOIITHOCTD, HAIPSDKEHHUE, TOK B HEPA3BETBIEHHON YaCTH LIEMH U TOKH
OT/IENIbHBIX BeTBEH. Pe3ynbTaThl 3aMepoB 3aHecTH B TaOuIly 3,2.

6. BbrurcnuTh 3HAUEHUS AKTUBHBIX M PEAKTHBHBIX COCTABJISIIONIMX TOKOB 4Yepes
KaTyIIKY U Yepe3 KOHACHCATOp U KOI(PPHUIIMEHT MOIIIHOCTH, MOJIb3YSCh BBIPAKEHHUSIMHU:

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

Pe3ynbrarel BeIunCiieHni 3aHecTd B Ta0uIy 3.2.

Tabmuua 3.2

f, U, I, Ir, Ik, Ic, P, y, b, Ia, IL, Ipc, (SO0
I'm B MA MA MA MA | MBT | CMm Cm MA MA MA
f1:
f0=
f2:

7. [Mpu uvacrorax f1=fo-200 ' u f,=fo+200 I't mpomsBecTn Te ke M3MEPEHUS U
BBIYHCIICHUS, YTO U MpH yactore To, pe3ybTaThl M3MEpEHHI U BBIYUCICHUN 3aHECTH B TAOJHILY
4.2. Tlpu BBINOJIHEHUU PAcU€TOB HE CIieNyeT 3a0bIBaTh, YTO CONPOTHBICHHUS U MPOBOAMMOCTH

HHAYKTUBHOCTU U €MKOCTH 3aBHUCST OT YaCTOTEI.
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8. ITo pesynbratam U3MEpPEHU M BBIYUCICHUN MOCTPOUTH BEKTOPHBIC THUATrPAMMBbI,

AQHAJIOTMYHBIE [IPE/ICTABICHHBIM Ha puc.2.3.

Cooepicanue omuema:

OTuer AOKEH CONePKaTh:

Ha3zBanue paboTsr;

L{enb paboTHI;

KpaTkue TeopeTnueckue cBeACHMUS,

Ornucanue UCIob3yeMoro 000pyI0BaHUSI U MAaTEpUAJIOB;
[Topsimok BBITOTHEHUS PaOOTHI;

Boruncnenus u o0paboTka pe3ysibTaToB;

N o g~ w D oE

BriBoasl.

Konmponwvnwvie eéonpocwi:

1. Kak ompenenuth akTHBHYIO M pPEAaKTHBHYIO IPOBOJMMOCTH KaTyLIKH, €CIIU
U3BECTHHI €€ aKTUBHOE M UHIYKTUBHOE COMIPOTHUBIICHUS?

2. Kak 3aBucAT peakTUBHbIE TMPOBOJMMOCTH KATYIIKH HHIYKTUBHOCTH U
KOHJIEHCATOpPa OT YaCTOTHI?

3. Kak ompenenuth akTHBHYIO MPOBOAMMOCTh KaTyIIKU WHIAYKTUBHOCTH WU
KOHJIEHCATOPa, MOJIb3YsICh NIOKa3aHUSAMU BaTTMETpa, aMIIEpMETpa U BOJIbTMETpa?

4. Kak ompenennuts NOMHYO NPOBOAMMOCTH YYacTKa JJIEKTPUYECKOW LENU IO
MOKAa3aHUSM JIEKTPOU3IMEPUTEIBHBIX TPUOOPOB?

S, Kak ornuuarorcst mo ¢ase npuioKeHHOE HaNpsHKEHWE M TOK, MPOTEKAIOIIUM 110
KaTyIlIKe HHIYKTUBHOCTU? Yepe3 KOHAEHcaTop?

6. [Touemy u Kak WM3MEHUTCS TOK uYepe3 KOHAEHcAaTop (4Yepe3 KaTylKy
WHAYKTUBHOCTH) MIPH YBEIMUEHUHU YaCTOTHI IPUIIOKEHHOTO HAIPSHKEHUS?

7. B kako#l »3JeKTpUYEeCKOM LEeNr MOXET BO3HUKHYTh PEXUM pPE30HAHCA TOKOB?
KakoBo ycnoBue ero Bo3HUKHOBeHUs? [losicHMTE (U3UYECKYIO CYIIHOCTh peXHMMa pe30HaHCa

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

OJHOBpEMEHHO sBisieTcss W (asHbiM. Ilpn paBHOMepHON Harpyske U, =+/3U,, €ClIM cxema

COCOAMHCHUS - 3B€3/1a.
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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=la+1lg+1
Hannune Toka B HyJIEBOM MPOBOJIE BBI3bIBAET HE3HAUUTEIBHOE IAJICHUE HAIPSKEHUS B
HEM, KOTOPBIM MOKHO TpEHEOpeYbh M CYHTAaTh, YTO MEXKIy HYJIEBOW TOYKON HCTOYHHKA W
IIpUEMHHKA Pa3HOCTH IIOTCHIINAIIOB OTCYTCTBYET.
Ha puc. 4.2 nokazano rpadudeckoe ompeselieHue JMHEHHBIX HAMPSHKEHUH C TTOMOIIBIO
BEKTOPHOU auarpaMMbl. OTIO0XKUM JIJIsl POU3BOJILHOTO MOMEHTA BPEMEHHU KOMILIEKCHI (pa3HbIX

HaNpsDKEHUH, cIBUHYTHIE 1O (aze Ha 120°.
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UAB:UA_UB '
UBC:UB_UC H

UCA:UC_UA )

Jlitst mostydeHus JTMHeHbIX Hanpshkenuit Crnoxum reomerpudeck Bektopsl U a, Us u

Uc ¢ Bekropamu —U s, —U ¢, —U a, xortopsie pasubl coorsercrBentno Ug,Uc,Ua, HO

IIPOTUBOIIOJIOKHO HAIIPABJICHBI.

BekropHas nuarpamMma JMHEHHBIX HANpsHDKEHUH Takke MOXeT OBITh IoydeHa U3
BEKTOpPHOW auarpammbl (a3HbIX HampspkeHuil (puc. 3). Takum o0pa3oM, 3Be3fa JTUHEHHBIX
HanpsDKeHUN omepexaet 3Be3ny (asubix Ha 30°. Haiimem cooTHorienue Mexnay (asHbIMH U

JIMHCWHBIMU HANPSDKCHUSIMHU, YIUTBIBASI, YTO BCE HATPSKCHUSI CHMMETPUYHBL:
Uar=Us=Uc=Uos

Ua =Usc =Uca =U 7.

A

C Usc B

Pucynok 4.3 — BexkropHas AuarpamMMa HalpspKEHUN IPU COEIMHEHUH 3BE3/101

W3 npsimoyrosisHOro TpeyroiabHuka OA/Jl nmeem:

Ys _Yse

2 2

=U, -c0s30° =
V3

=U®-cos30°=U®7 ,

U, =30,
®da3unle TOKH MPUCMHUKOB ONIPCACTIAIOTCA TAK KC, KaK U B O,Z[HO(I)HSHBIX TeIX:
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. Ua Ua
IA: = ;
Zn r:+x;
. Us Us .
ls = - 2 2’
Zg  \rg +X;
Uc Uc

VYTl cBUTA MEXKAY HAPSDKEHUSIMU U TOKaMHU (Da3 MOXKHO OMPEAeTTUTh U3 GopMyIL:

rA . rB . r‘c
COSQ, =—; COSQy = —; COSQ. =— .
Z, Zy Z.
Eciu IMPUEMHUKHA 06JIaI[aIOT YHUCTO aKTUBHBIMHU COIIPOTHUBJICHUAMHU, TO ZA= I'n, ZB = I, ZC
=Ic,a YIJIBI CABUI'a MEKAY TOKaAMU U HAIIPSKCHUAMU BO BCEX TPEX (i)a3ax 6y[[yT HYJICBLIMMU. Ha
puc. 4 npeacraBjicHa Tonorpa(bnqecxaﬁ JuarpaMmma HaHpﬂ)KeHI/Iﬁ H TOKOB IIpH aKTUBHOU

HeCI/IMMeTpH‘lHOﬁ Harpyske.

.
Ugc

Pucynok 4.4 — BekTopHas quarpaMMa HapsKeHUW U TOKOB YETBIPEXITPOBOIHOM 1ETH

MIPU aKTUBHOW HECUMMETPUYHOM Harpyske ¢a3

Tox HyneBoro nposoa [ o= Ia+ I+ Ic

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

[Ipu Hanmuuuu HelTpasu (HyJIEBOrO IMPOBOJAA) HANpsDKEHUS Ha (Da3ax NPHEMHUKOB
OCTAlOTCSl HEM3MEHHBIMM M pPaBHBIMH (a3HbIM HANpPsDKEHUSIM HCTOYHUKA JlaXe IpHu
HEpaBHOMEPHOI Harpyske, €ciu NpeHeOpedb CONpPOTHBICHUEM IPOBOJOB JMHUM U HYJIEBOIO

npoBoja. [IpenenbHbIM cllydaeM HEpaBHOMEPHOUW Harpy3ku (a3 B YETHIPEXIMPOBOIHOU CHCTEME
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Tpex(a3HOro TNMPUEMHHKA, BKIIOYEHHOTO 3BE370M, MOXXHO CUMTATh OOPBIB OJMHOW U3 as3.
Hanpumep, eciu ¢aza A Oyaer obopBaHa, To He OyneT HaNpPSHKEHHS U TOKA y MOTpEOUTEINs,
BKJIIOYEHHOTO B 3Ty (pa3zy, a B OCTaBIIUXCSA IOJ HampsokeHHeM (a3ax pexum paboThl HE
u3MenuTcs. UTo Kacaercs Hy/1eBOro poBoJia, TO €CiH 10 00pbIBa OHOH U3 (a3 Tok ObLI paBeH /
0= Ia+ Ie+ Ic (puc. 4.4), To Teriepb OH M3MEHUTCA U OyJET ONMPENENATHCS 10 MEPBOMY 3aKOHY

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

. -~
Uzc

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

HpI/I O6pBIBe HJIN OTCYTCTBHUHU B CXEMC HYJICBOI'O IIPOBOJA SHEPTCTUUCCKUEC COOTHOILICHU

B 3TOH IIeIH U3MEHSTCH.

Iy

Zy

Zr 0/ Zp

Iz

Pucynok 4.6 — Cxema TpexnpoBOAHOI 1enu Tpex¢pazHoro Toka

[Ipn cuMMeTpuyHOI Harpy3ke B TpPeXIpPOBOAHOW TpexdazHoil cucteme (puc. 4.6)
HanpsDKEHUE MKy HYJIEBBIMU TOUKAMU MCTOYHHMKA M MMPHEMHUKA PAaBHO HYIIO U KaXAYI0 (azy
CHCTEMBI MOYKHO pacCMaTpUBaTh KaK 3aMKHYTBIH KOHTYP.

[Ipn HEepaBHOMEpHON Harpy3ke M OTCYTCTBHH HYJEBOTO MpoBojJa (ha3HblEe HAIpPSHKEHUS
OyIyT M3MEHSTHCS MPSAMO TPOIMOPIMOHATBEHO compoTuBiIeHUsIM (pa3. Ecim Ob1 cuctema Oblia
YeTBIPEXIIPOBOIHOM, TO IO HYJIEBOMY IpOBOAY HpoTekan Obl TOK lo M TakuMm oOpazom

NPaKTUYECKH BBIPaBHUBAINCH Obl (asHble HampspkeHus. Ha puc. 4.7 m3zoOpakeHa BEKTOpHAas
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JyarpaMma HalpspKeHUH M TOKOB IIPU HEPaBHOMEPHOM Harpyske BceX Tpex (a3 U OTCYTCTBUU
HYJIEBOT'O IIPOBOJIA.
TpeyronabHUK TMHEHHBIX HAMPSHKEHUH OCTAeTCs TAKUM XK€, a 3Be3/1a (ha3HbIX HANPSHKEHUH

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

Pucynok 4.7 — BexkropHas auarpaMma TOKOB M HaIllpsDKEHUN TPU HEPaBHOMEPHOU

Harpys3ke 1 OTCYTCTBHUEC HYJICBOI'O IIPOBOAA

Ecmm ogna u3 ¢asz, Hanpumep, A, 000pBeTCS MU BCE MOTpeOUTENU 3TOU (ha3el OyIyT
BBIKJIFOUEHBI, TO TIPU OTCYTCTBHH HYJIEBOTO IMIPOBO/IA OCTABIIKECS 1O/ HanpshkeHueM daset B u C
OKaKyTCsl BKIIOUEHHBIMH MocnenoBatenbHo. DasHple Toku Ig u Ic, mporexaromme depes
[OCJIEI0BATEIbHO  BKJIIOYEHHbIE CONPOTHBIEHHS MpPUEMHHKA, B OSTOM clyyae OyayT
OJIMHAKOBbIMH, a (pa3Hble HANpPsDKEHUs OyAYT MPONOPLUOHAIBHBI CONPOTUBIEHUSAM (a3 (puc.
4.8). TlootoMmy Ha BekTOpHOH auarpamme Touka O' MepeMecTUTCs Ha BEKTOpP JUHEHHOTO
HanpsbkeHuss Upc M OylleT AeIuTh ero Ha 4acTH, paBHble (a3HbIM HanpspkeHusM UB u UC (B
HameM cinydae UB = UC)

1- 1

lJc =L.JB :EUﬂ:E\/gL.J(D =0,87L.J<D

Hanpsokenue ¢a3bl A Bo3pacTert:

L] L] L] ﬁ L]
U a =U s-C0530° =\@Uqb-7 =15U,
[ToaTOMy B 4ETHIPEXIPOBOIHBIX LEMSIX HA HYJIEBOH MPOBOJ HE CTAaBAT NPELOXPAHUTEID,
T.K. €70 MeperopaHye N3MeHseT pacrpeiesieHue HanpsHKeHu §as.
[Ipn kopoTKOM 3aMblKaHWU KakoW-1uO0 ¢a3el, Hampumep, C, HyneBas 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,=U., =U,=U, 3,
UB :UBC :UJY :Ucp .J§,
U. =0.
Tok kopotkoro 3ambikanus ¢(asel C pacnpenensiercs Ha ¢asel B u A, Te.
I.=1,=—(,+1,) . Takum o6pazom, aBe (a3bl MIPUEMHHUKA OKA3BIBAIOTCS MO JUHEWHBIM

HAIMps>KCHUEM, HAa KOTOPOC OHU HC paCCUUTaHbl, © OHU MOT'YT BBIUTH U3 CTpOA.

A4

Te—

Pucynok 4.9 — BekropHas 1uarpaMma TOKOB M HallpsDKEHUHA TTpU

3aMbIkaHuU (a3el C mpuéMHUKA TPEXTTPOBOIHON CHCTEME
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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:

MoOUIHOCTb LIenH ONpeAessaTh Mo GopMyam:
P=1,U,+1,-U,+1I.-U_,
Py=1,-Uu +15-Upy
BBuny Toro, uro B naHHON 1abopaTopHOl paboTe HCHONB3YEeTCS H3MEPHUTEIbHBIN

koMIuiekc K505, Bce n3mMepeHHss U BBIYMCIICHHS MPOBOAITCS AHAIIOTMYHO YETHIPEXITPOBOJIHON

CXEMC.

[To pe3ynpTaTam M3MEpEeHHI MOCTPOUTH B MAacCIITa0e BEKTOPHBIE TUATPAMMBI ISl BCEX
paccMOTpeHHBIX ciydaeB. OmpenenuTh Ha BEKTOpHBIX auarpammax lo m Uoor m 3aHecTH

pe3ynbTaThl B Ta0IHUITYy 4.1.

Cooepocanue omuema:
OTyer N0JKEeH ColIepKaTh:

1. HasBanue paboTsr,
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[{ens paboThI;

KpaTkue TeopeTrnueckue CBEACHHUS,

Ornucanue UCToIb3yeMOT0 000PYI0BaHUS U MAaTEPUATIOB;
[Topsiiok BBITOTTHEHHS PAOOTHI,

Brruncnenus u 06paboTka pe3yabTaToB;

N o g B~ D

BrIBOIEL.

KOHmPOJleble eonpocol:

1. Kakoe coennnenne Ha3pIBaeTCsI COSTUHEHUEM 3BE3101?

2. Kak cTtpouTcs BEeKTOpHas auarpamma TOKOB M HAIPsDKEHUH IIPU CUMMETPUYHOU
Harpyske?

3. B kakoM ciy4yae OTCYTCTBYET TOK B HYJIEBOM IIPOBOJE?

4. ITouemy Ha HyJI€BOI POBOJ HE CTABAT IIPEIOXPAHUTEID?

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

HEpPaBHOMEPHOM Harpyske (a3 CUCTEM C HYJIEBBIM IPOBOAOM?
6. KakoBbl 0cOOeHHOCTH peskrMa paboThl MOTpeOuTeNel, COeTUHEHHBIX 3BE30H, TPU
00pbIBe (ha3bl CUCTEM C HYJEBBIM IIPOBOJOM UM 0e3 Hero?

1. Kak u3mepsitoT MOITHOCTh Tpex(a3HOTo TOKA B YETHIPEXITPOBOAHOM cxeme?
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Jlabopamopnas paooma Ne5. Tpexghaznana yenv npu coeounenuu nompeoumeei no

cxeme mpey2ojibHuUK

Ilens pabomui: ViccnenoBatb 0COOEHHOCTH pabOThl Tpex(ha3HOM Lenu IpU COSTUHEHUN
CUMMETPUYHOTO U HECHUMMETPUYHOIO MOTpeOHUTeNeii TPeyroibHUKOM, YCBOUTH MOCTPOSHUE

BEKTOPHBIX MarpamM I0 pe3ybTaTaM SKCIIEPUMEHTA.

Ocnoevl meopuu:

[ToTpebuTtenu 3MEKTPUUECKO SHEPTUU MPHU MUTAHUHU OT TPex(a3HOro UCTOUHMKA, KaK U
WUCTOYHUKH JIEKTPUICCKON SHEPTUH, MOTYT OBITh COCTUHEHBI B TPEYTOJbHUK (puc. 5.1). Cnemyer
MIOMHHTD, YTO CXE€Ma BKJIFOYCHHSI OOMOTOK Tpex(a3HOTo IeHepaTopa He MPEAONPEIEIsIeT CXeMY
coequHEHUs Harpy3ku. Tak, mpu coenuHeHuu (a3 reHepaTopa B 3BE3/ly Harpyska MOXET ObITbh

COCAMHCHA B 3BE3y C HeﬁTpaﬂLHHM MpoBOAOM, B 3BE3Y 0e3 HeﬁTpaHBHOFO IIpoBoOaa WUJIN B

TPEYTOJILHUK.
IA z
»> I!B AR

AC ':!j
Bo In Inc  Zac

I .
co—=b =
No

Pucynok 5.1 — Cxema coeuHeHus ¢a3 B «TpeyrojIbHUK»
IIpu coenuHeHMM B TPEYrOJbHUK CHUMMETPUUYHOM Tpex¢a3HON Harpy3ku JTHHEHHbIE

HanpsKeHHUs OKa3bIBAIOTCS PaBHBIMU (pa3HBIM HanpsokeHusM Uy = U]l, a JIMHEHHBIEC TOKH B
P

\/§ pa3 Oouiblile, YeM TOKH B (pa3ax moTpeOuTens:
1, =+3-1,

[Ipu 5TOM BCe azHble TOKM paBHBI 10 BETMYMHE U OTJIIMYAIOTCS APYT OT Jipyra o ¢ase Ha
120°. To ke camoe OTHOCUTCA U K JINHEHHBIM ToKaM (puc. 5.2).

IIpy HecUMMETpPUYHOW HArpy3Ke CBs3b MEXJY JUHEHHBIMM M (a3HBIMH TOKaMHU
BbIpaXKaeTCcsl ypaBHEHUSMH, 3alMCaHHBIMH Ha OCHOBaHMM TmiepBoro 3akoHa Kupxroda B

KOMILJIEKCHOM MJTU BEKTOPHOU (opMme:

IA = IAB - ICA' IB = IBC_IAB' Ic = ICA_IBC
[Ipu coenuHeHHM B TPEYrOJbHUK HYJIEBOW MPOBOJ OTCYTCTBYEeT, HO Bce (hasHbIC

HOTp€6I/IT€J'II/I B OTOM CJIy4ac JOJI>KHbI OBITE pacCUuTaHbl HA HOMHUHAJIBHOC JIMHEMHOE HaITPsSZKCHUEC
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Uc Upc
Ica - Isc

Pucynok 5.2 — BekTopHas auarpamMma Tpex($a3HOro HampspKeHUs

Ykazanue no mexnuxe 6ezonacnocmu:

VYkazaHus 1o TeXHUKe Oe30MaCHOCTH MPH BBIITOJIHEHUH JIa00PATOPHBIX padOT MPUBEICHBI
B MPUJIOKEHUE A.

Ykazanus no evinonnenuro nabopamopmnoii pabomoi:

1. O3HakoMUTBCA € JIAOOPAaTOPHOM  YCTAaHOBKOM  (MOAyndb  Tpex¢azHOro
TpaHcpopmaTopa, MOAYJIb PE3UCTOPOB, MOJIYJIb aMIEPMETPOB IMEPEMEHHOTO0 TOKa, MOIYIb
BOJIETMETPOB).

2. Bxmrounts  Monaynb  mUATaHUS ~ MOAYJIL  TpexdaszHoro  TpaHcdopMaropa
(BbIkirOuaTenb QF1).

3. W3MepuTh CTpEeOYHBIM BOJBTMETPOM Ha MOJYJe TpexdaszHoro TpaHchopmaTopa
JTUHEHHbIE HAMpsHKEHUS HCTOYHHMKA MHUTAHUS HA XOJOCTOM XOony (IpH pPa3OMKHYTOH IIETH).

PesynbTarsl usmepenuii 3anectu B Tadm. 5.1.

Tabnuma 5.1
Uns, B Usc, B Uca, B
4, B cootBerctBum ¢ puc. 3. coOpaTh cXeMy COEIWHEHWUW TOTpeOuTeNel B

TpeyroybHUK. [IpenbsaBUTE CXemy Uil IPOBEPKH.

5. YcraHoBuTh B (pazax morpeOuTens Mo yKa3aHWIO MpPEernojaBaTelss OJAMHAKOBBIE
3HAYeHUs COIPOTHUBICHUH pPE3UCTOPOB (CUMMETPHUUHYIO Harpysky). M3meputb ¢(asHble u
JTUHeHbIe TOKU. Pe3ynbrarel 3aHecTu B Ta0I. 5.2.

6. PazoMkHyTh MoouepeHo JUHEHHBIN MpoBoa a3l «A» u (a3sl «B» u mposectu

u3MepeHus pazHoro M JMHEHHBIX TOKOB. Pe3ynbpTaThl 3aHecTH B TaOI. 2.
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Pucynok 5.3 — Cxema coequHeHul noTpeduTeseit «TpeyroabHUKOM»

1. [To ykazanuio mpenojaBaTensi U3MEHUTh Harpy3ky B (pazax moTpeduTens Tak,
9TOOBI B KaXJI0W (pa3e ObUTM BKIIFOYCHBI PA3IMYHBIC 3HAYCHUS COMPOTUBJICHHMA. Pe3ymbTaThl
3anucath B Tabm. 5.2.

Tabuua 5.2

Toxk Harpy3ku, A

Pexum Harpysku
y Ia Is Ic I\ Isc Ica

CI/IMMeTpI/I‘lHaH Harpyska

OOpBbIB TMHEHHOTO MPOBOAA «A»

OO6pbIB IMHENHHOTO poBoAa «B»

OO6psIB dazsl norpedburens «AB»

HecummeTrpuunas Harpyska

8. J11s BceX OIBITOB MOCTPOUTH B MACIITa0e BEKTOPHBIE AUArPAMMBI.
9. CpaBHMTB pe3ysbTaThl U3MEPEHHH TUHENHHBIX U (ha3HBIX TOKOB ITPU COEMHEHUH B

TPEYTOJIBHUK ITPH CUMMETPUYHON U HECUMMETPUYHOU HArpys3Ke.

10.  Ilpoananu3mpoBaTh BIHMSHHE OOpHIBA JIMHEHHOTO IMPOBOJAA HAa PEXHUM PaOOTHI
notpeouTenei.
11.  CpaBHUTH pEXKUMBI pPAOOTHI MpPH BKJIIOYEHUM MOTpeOuTeNell B 3BE3Ny U

TPEYTOJIBHUK ITPH CUMMETPUYHON M HECUMMETPUYHOU Harpys3Ke.

Cooepocanue omuema:

Oruet HAOJIKCH COACPIKATh:

1. Hazpanue pa0OoTsl;

2 [{enb paboTHI;

3. Kpatkue Teoperndeckue cBe1eHHS;

4 Omnucanue UCIOb3yeMOT0 000PYI0BaHHS U MaTEPHAJIOB;
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5. [Topsiiok BeIMOTHEHUST PaOOTHI;
6. Brraucnenus u 06paboTka pe3yinbTaTos;

7. BrIBOIEL.

Konmponwnuie gonpocwi:

1. Kakum o6pazom Tpu ogHO(A3HBIX TOTPEOUTENS COSAUHSIOT B TPEYTOJILHUK?

2. Kyna cnemyer moaxio4ars BOJBTMETP, YTOOBI M3MEpPHUTH (pasHOE W JHMHEHHOE
HaIpsDKeHUs TpexdasHoro norpeduress?

3. B kakom cooTHomeHMHM HaxoAATcs (asHble W JUHEWHBIE HANpsHKEHUS
CUMMETPUYHOTO TIOTPEOHUTENSI, COSAMHEHHOTO B TPEYTOJIbHUK?

4. Kakoe cooTHomenune Mexay (a3sHbIMH U JUHEWHBIMH TOKAaMH CHMMETPHYHOTO
HOTPeOUTENS, COSAMHEHHOTO B TPEYTOJIBLHHUK?

5. BCGFI[a JIX1  CHpaBCJIMBBI IIPpU COCAWMHCHHH B TPCYIrOJbHHUK COOTHOIICHHA:

IAZIAB_ICA' IBZIBC_IAB' ICZICA+IBC

6. Bcerzia i 0py cOeIMHEHUH B TPEYTOIbHUK CIIpaBeiuBo | AT | g T |C =0

7. Kak orpazutcs oTkioueHre ogHou (as3pl oTpeduTess Ha pexkuM paboThl IPYTHX

¢a3 1 Ha pexuM paboThl Beeil Tpex(dazHo 1enH, COeAMHEHHON B TPEYTOJIbHUK?
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Jlabopamopuasa paooma Ne6. Hcnvimanue 00nogaznozo mpancgopmamopa

Ilenv pabomer: 0O3HAKOMUTHCSI C KOHCTPYKIIMEH, METO/IAMH UCHBITAHUS U ONPEEICHUs

XapaKTePUCTHUK TpaHC(HOPMATOPOB.

Ocnoevt meopuu:

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

TpancdopmaTopsl HIMPOKO MPUMEHSIOTCS B TEXHUKE, IPOMBIIIJICHHOCTH U OBITY, TO3TOMY
YCTAHOBJICHHAST MOIIHOCTH BCEX TPaHC(HOPMATOPOB B HECKOJIBKO pa3 MPEBBIIIAET MOIIHOCTH
UCTOYHUKOB 3JIEKTPOIHEPTUH, T.€. DIIEKTPOIHEPrys Ha MyTH OT MCTOYHHKA JI0 MOTpeOHTens
HECKOJIbKO pa3 TpaHchopmupyercs (mpeodpasyercs). Ilo HazHaueHuio TpaHchopMaTopbl
NOJIPa3/eIIAI0TCS Ha CUJIOBBIE, CBAPOYHBIE, U3MEPUTENbHBIE; 10 KOHCTPYKIIUU — HA CTEPKHEBBIE,
OpoHeBbIe; 10 yuCTy (a3 — Ha Tpexda3Hbie U OgHO(DA3HBIC.

[Ipocreiimmii onHoda3Hbli TpaHcHOPMATOP COCTOMT W3 ABYX 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-BbIe TOKU. Kpome TOro, 3J1eKTpoTeXHUYeCKast
CTaJIb UMEET MOBBIIIEHHOE Y/IeIbHOE COIPOTUBIICHHE U MaJlble OTepH Ha ructepe3uc. CepJeuHuK
CILY’KHT JUISl YCUIICHUS DJIEKTPOMATrHUTHOU CBS3H MEXIY OOMOTKaMHU.

Ha cepneunuke pacronararorcst oOMoTku. OOMOTKA, MOAKIIOYaeMasi K TUTAIOIIECH CeTH,
Ha3bIBACTCSI IEPBUYHOM, a 0OMOTKA, K KOTOPOH MOAKIIOYAIOTCS TOTPEOUTETHN IEPEMEHHOT0 TOKA,

Ha3bIBAETCS] BTOPUYHON 0OMOTKOM (puc. 6.1).

Do
/
) /
11 S N i
A'—kt _2> a
I e]_ eZ I A
|
od Pw W, | Y Zi
| | |
®x
)

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

Hanpsokerue U1=Uimsinmt, To 1o Heli HAYHET IPOTEKaTh TOK i1, KOTOPLI Oyaer orcraBath or U
Ha 90° u co37acT B Cep/ACUHUKE MEPEMEHHBIM MAarHUTHBIM MOTOK, TAKXKE€ M3MEHSIOLIUUCS IO

CHUHYCOUJAILHOMY 3aKOHY ¢), =D, -COS@ t. MarHuTHBINA MOTOK, 3aMBIKAsICh 10 CEPJCUHUKY,

OyJeT HaBOJIWTHb B IMEPBUYHON U BTOPUYHOW OOMOTKax 3.1.C., MPOMOPLUOHAIBHBIE UYUCIAM

BUTKOB:
dd . .
e, =-W, mO:AMwu®Wsmwt:—aMsmwt
do : :
e2=—w2(ﬂo=—wfar¢5anwt=—Em-mnwt

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

OTHoleHne 3Tux 3.1.C. Ha3biBaeTcsa Ko GUIMEeHTOM TpaHCPOopMaIiH:
_E_w U
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 mocTpoeHUH BEKTOPHBIX JUArpamMM HampsbKeHUH W TOKOB TpaHcopmaTtopa 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 TAaK HAa3bIBAEMBINA NMPHUBEIEHHBIN TpaHCPOpMATOp, y
KOTOpPOro ojHa 0oOMOTKa (OOBIYHO BTOpMYHAs) NpHUBEAEHA K APYrod, T.e. €€ MmapaMmeTrpbl

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

Tpancopmarope. [IpuBeneHHOe HampspKEHHE W JIPYrHe IapamMeTpbl BTOPUYHONM OOMOTKH

! ! ! ! !/
obosnavatorcs U, , [, , r, , X, , Z,.

!

! ’
Ecmu U, =xU,=U, u W, =kw, =W,, 10 ToK [, ompemenurcs w3 YCIOBUL

’ ’
nocrosicTBa otokocuemwtenunii 1 , W, = 1, W, | otkyna

I' Lw, Lw, I,
2 = T - .

W K
W, 1
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!
2
AHaIOTUYHO, TPUBEACHHOE CONPOTUBJICHUE 7, =K 7, OIpeaensercs W3 paBEeHCTBA

MOTEPh MOLTHOCTH BO BTOPUYHOM OOMOTKE J0 MMPUBEICHUS U TTOCIIE PUBEICHHUS:
2 '\2..'
|2 r,= (Iz ) (P

OTKYyJ1a

AHanoru4to,

4 !
2
X, =KX, u Z, =K°T,.

'
CYMMa n + ¥, =7, Ha3bIBacTCA aKTUBHBIM COIIPOTHUBICHUEM KOPOTKOI'O 3aMbIKAaHUS, a

!/ !

X, + X, =X, - UHIYKTUBHBIM COINPOTHBJICHHEM KOPOTKOIO 3aMbIKaHus u Z; +7Z, =Z7 -

IMOJIHBIM COITPOTUBJIICHUEM KOPOTKOTO 3aMbIKaHU .

Pexxum paOoTbl, IpU KOTOPOM BTOpPHYHAs OOMOTKAa pa3OMKHYyTa, T.€. Harpyska
TpaHchopMaTopa OTCYTCTBYET, HA3bIBACTCS PEKUMOM XOJOCTOro xoja. IIpu 3TOM MarHUTHBINA
IOTOK CO3J]a€TCsl HAMAarHUYMBAOILEH CUIION MepBUYHON OOMOTKHU:

Fo = low,

rze lo — Tok xonocToro xona.

Bennunna HamarHuumMBaromei cuibl Fo SBIsieTCs MOCTOSHHOM U 3aBHCUT OT pa3MepoB U
MaTepHala ceplleYHuKa.

Pexxum pa®oTsl, Ipy KOTOPOM BO BTOPHUHYIO OOMOTKY BKJIFOUEHA Harpys3ka, Ha3bIBaeTCs
pabouynM pexXUMOM WIM peXMMOM Harpy3ku. llpu paGoTe B pexume Harpy3ku Kaxjaas U3
00MOTOK TpaHc(hopMaTOpa co3JaeT CBOI0 HAMAarHUYMBAIOIIYIO CHITY, IPUYEM HaMarHUYMBArOIas
CHJIa BTOPUYHOW OOMOTKM OyJeT HalpaBiieHa HAaBCTpedy HaMarHUYMBAIOIIEH CHiIe MEPBUYHOMN

00OMOTKH:
Fo=Fi+F:
lo-Wy =l1-wW, + 12-w,.
Takum  00pa3oM, MarHUTHBIM TOTOK, CO3JaBae€MbIii  BTOPUYHOM  OOMOTKOM,
pa3MarHMYMBaeT MarHUTHBIN MMOTOK, CO3JaHHBIN MEPBUYHON OOMOTKOA.

Tak Kkak MAaArHUTHBIM TIOTOK Tpchq)opMaTopa Mo BCIIMYHUHE TIIOCTOAHCH, TO

HaMarom4iuvBaroniasa CuHJia HCpBH‘IHOﬁ 0OMOTKH YBCIUYMUBACTCA TOJIBKO HAa TAaKyIO0 BCIIMYHHY,

4T00BI reoMeTpudeckas cymma 1 W, u |2 W, ocraBanmack mpakTHYECKU MTOCTOSHHOM.
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CrnenoBatenbHO, IPU YBEJIMYEHUH TOKa BO BTOPUYHONH OOMOTKE TOK MEPBUYHON OOMOTKHU

YBCIUYHUBACTCA TaK, YTOOBI HaMarom4duBaromiasa cujia lo W, Ioaaep:KuBajlach ITOCTOSIHHOM.

[Ipu yBenwueHuH HaArpy3ku TpaHchopMaTopa HaINpPsDKEHUE BTOPUYHOW OOMOTKH
CHIKaeTcsd Ha BenuuuHy AU, KOTOpoe y MajblX TpaHC(hOpMaTOPOB MOKET OBbITh OIpPEAEICHO
IyTEeM HUCHBITAHUN IO/ Harpy3Kkoil TpaHcdopmaTopa M HEMmOCpeACTBeHHBIM u3meperueM AU .
Tpancopmarop O0JIBLION MOIIHOCTH Harpy3uTh M UCHBITATh 0]l HArPY3KOH OYEHb CIIOKHO U
HEOKOHOMUYHO, MO3TOMY JUIst HUX AU OnpenenstoT pacueTHBIM ITYTEM.

Harpyska tpancdopmaropa MOXKeT ObITh YHCTO aKTUBHOMU (OCBEILIEHHE), IPH KOTOPO# COS
¢2 = 1,0, u cMemaHHOl — akTUBHO-UHAYKTUBHOM (R-L) mnu axrtuBHo-emkoctHOH (R-C), npu
KOTOPBIX COS @2 < 1,0.

3aBHCUMOCTh HAIPSDKEHUS BTOPHYHOW OOMOTKHM OT TOKa Harpysku, T.e. U=f (I2), mpu
MOCTOSTHHOM T10 BEJIMYMHE HANpsHKCHWH TEepBUYHOM OOMOTKM Ui M MOCTOSIHHOM 3HaueHUH
K03 HIreHTa MOIIHOCTH COS (2, HAa3bIBACTCS BHEIIHEW XapaKTEPUCTHKOW TpaHchopMmaTopa
(puc. 6.2).

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

HOMHHAJIBHBIM HanpspkeHueM. [Ipu Harpy3ke HanpsuKeHue OyaeT U3MEHSIThCst Ha Benmunny AU

0 IZH I2

Pucynox 6.2 — BHenHss xapakTepucTruka Tpanchopmaropa
Jlnis onpenenenust BenuuuHbl AU pacdeTHBIM TyTeM HE0OXO0AMMO BBITIOJTHUTD /IBA OIBITA:
OTIBIT XOJIOCTOI'O X0/Ja U OIBIT KOPOTKOTO 3aMbIKaHUS.
OnBIT XOJIOCTOrO XO/ia BBITIOIHSACTCS JUIsl ONPEIesICHUs HApsyKeHUS] BTOPUUHOM 0OMOTKHU
U2H , TOKa xosocToro xona lo u nmoreps MouIHOCTH X0s10cToro xoaa Po. Tak kak npu xonocrom

xome Tok I = 0, a Tok |1 = lp ¥ 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, TP KOTOPOM BTOPUYHASE OOMOTKA 3aMKHYTa HAaKOPOTKO (Zn
= (), BBIMIOJIHACTCS MPU MOHMKEHHOM HamnpsikeHuu Uixy . [lpu 5TOM HampspkeHue MOBbIIIaeTcst
OT HyJs 10 3Ha4eHust U ky , IpU KOTOPOM TOK 3aMKHYTON HAKOPOTKO BTOPUYHOU OOMOTKHU paBeH
HOMHHaNBHOMY lop. Tak Kak 3TO HamnpsyKEHUE COCTABISET HECKOJIBKO IIPOLEHTOB OT
HOMMHAJIBHOTO, TO 1 MAarHUTHBIH [TOTOK, PONOPLIMOHAIBHBIN HAIIPSHKEHUIO B CEPACUHUKE, OYEHD
MaJl U MOTEPSIMH B CTaJld MOXXHO HMpPEeHeOpeyYb M CUUTATh, YTO MOTEPU MPHU OIBITE KOPOTKOTO
3aMbIKaHUs — 3TO MOTEpU B Med 0OMOTOK TpaHCchopMaTopa.

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

7 _UlKH_
K I ’
1H
r _PKH
K ™ |2 ]
1H
o2 2
X =2k — T,

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

3aMbIKaHU.

W3menenne HanpsykeHus pu Harpy3ke AU MOXHO ompenenuTs o popmysie:

AU :,B-(Um -COSQ, +pr -sin goz),
rae U ca = |lH * Ik - aKTHBHAs COCTABIAIOLIAS HAIPSHKEHUS KOPOTKOTO 3aMBIKaHU,

U Kp = I1H : XK - pPC€aKTHBHas COCTABJIAIOIIAas HAIPSKCHUSA KOPOTKOTO 3aMbIKAHU

2 .
B :I_ - KO3(QGUUMEHT HArpy3kd TpaHcpopMmaTopa; 3HAUEHUSIMU cos@2 U SIN @2
2H

3aaemcsl.
3nast Uxyu AU 1ipu pa3ninyHbIX 3HAYCHUSIX ff U XapaKTepe Harpy3Ku, MOXKHO OITPE/ICIIUTh
3HaueHune Uz mpu Harpyske v MOoCTPOUTh BHELTHUE XapaKTEPUCTUKH TpaHC(HOpMaTopa pacueTHBIM
IIyTEM.
BaxHoit xapakrepuctukoii Tpanchopmaropa sisisercs ero KIT:
A _R-xP_ 3P __ P
"R~ R R P+zP

KII/I MoxxHO onpeennTh MyTeM HEMOCPEACTBEHHOTO U3MEPEHUS MOIITHOCTEN P2 n P1 nnun

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@, . Benuununa KI1/] 3aBucur ot Harpy3ku (puc. 3).

P.
o 2
KITJI umeeT MakcHMyM NPH OTHOCHTENbHOM Harpyske —— ~ 0,7, xorma mocTosHHbIE

2H
norepu (Po) paBHbBI IepeMEHHBIM TIOTEpsIM (Pxk).

& f}'

10

2

L~ T
/|

Ly

P,
0 0, 10 TP

Ix

Ly

Pucynoxk 6.3 — 3aBucumocts KIIJ[ Tpancdopmaropa ot Harpy3ku

[Ipu yBenuuenun Harpy3ku Bboiie 0,7 Py KIIJ ymeHnbinaercs, Tak Kak IepeMEHHBIE

2 o
MMOTepU pacCTyT NPONOPHHUOHAIBHO Il y @ MOIITHOCTD — IMMPOIMOPHIHUOHAIBHO IICPBOU CTCIICHU TOKA.

[Tpu ymenbmenun Harpy3ku KITJI ymenbiaercs n3-3a yBeJIM4eHUs TOJIHM MOCTOSHHBIX MOTEPh B

0011Iel MOIIIHOCTH.
Ykazanue no mexnuke 6ezonacnocmu:

VYkazaHus 1o TeXHUKE 0€30IMaCHOCTH IIPpU BBITTOJIHCHUH na60paT0pHLIX paGOT IIPpUBCACHBI

B IIPUJIOKEHNE 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
I/ISMepeHHbIe BCIIMYHNHBI BrruncieHunie BEITMUUHEI
OIIBITa
I,
Uik l1ik Pk Ik 7 coS QK ZK rk XK
1
B A Bm A - - Om Om Om
1
2
3
— PO PK
cosQ, = ; COSQ, = ;
1o i ik
7 = Uk r = P
K ™ I ) 'K T |2 ’
1K 1K

Onpenenuts Ko3PPULKEHT MOJIE3HOTO AeHCTBUS TpaHchopmaTopa 7:
_P__ 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 3HadeHHsIx COS @2 =
1,0; 0,8 (R—L) u 0,8 (R — C), pe3ynbTaThl pacueToB CBeCTH B Tabiuiy 6.3. 3aTeM MOCTPOUTH
BHEIIHUE XAPAKTEPUCTHUKU JUI IPUHATBHIX 3HAUYEHUU COS (2, IIPU OTOM MMES B BUAY, 4TO COS (2

npu (R — C) Harpy3ke oTpHLIaTeNIEH.

Tabnuma 3 — Pe3ynbTaThl BEIYUCIEHUN U U3MEPEHUN

- Ulca COSgDZ +

ﬁ Uka = IlH 'rK UKp = IlH 'XK Uka.COS(DZ UKp'S|n§02 +U;<p'3in§02 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 Ne7. Hcneimanue mpexgaznozo acunxponnozo

J1eKmMPoosuzamens ¢ KOPOMKOIAMKHYMbIM POMOPOM

Heﬂb pa60mbl: O3HAaKOMUTBCA C KOHCTPYKHHGIZ, METOdaMU ITyCKa U XapaKTCPUCTHKaAMU

ACUHXPOHHOI'O SJICKTPOABUTATCIIA

Ocnoevt meopuu:

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

CraTopoM Ha3bIBAIOT HEIOABMKHYIO 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, YKJIQJIbIBACMOI B Ta3bl, BHIIITAMIIOBAHHBIC HA BHYTPEHHEW MOBEPXHOCTHU 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 Ma3bl. 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 COETUHSIOT B 3BE3/1Y, & TPU IPYTUX BHIBOJAT HA KOHTAKTHBIE KOJIbIIA.
B nBurarene ¢ KOpPOTKO3aMKHYTBIM pPOTOPOM B TMa3bl pOTOpa 3aJUBAIOT paCIIaBICHHBIN
ATIOMUHHMA, TIPH 5TOM BMECTE C OOMOTKaMH OTJIWBAIOT KOPOTKO3aMBIKAIOIIUE KOJIbIIA, B
pe3ynbTaTe 4ero 0OMOTKA MOIyJaeTCsl KOPOTKO3aMKHYTOM.

Bpamaromieecss MarHuTHOE TOJIE CTaTOpa MepeceKkaeT 0OMOTKY pOTOpa U HaBOJUT B HUX
3.1.C., @ TaK Kak OOMOTKa 3aMKHYTa HAaKOpPOTKO, TO B HEW HAaYMHAIOT MPOTEKaTh TOKU, MPHU
B3aUMOJICICTBUM KOTOPBIX C MAarHUTHBIM IIOJIEM CO3JAaeTCs Bpallaloldid MOMEHT, U POTOP
HaYMHAET Bpamarhcs. YacTtoTa BpalieHuss potopa N B IBUTATEIHPHOM PEXUME BCETJa MEHBIIE
4acTOThI BpallleHHs MoJig cTaropa Ni. Pa3HOCTh 3THX YacTOT, OTHECEHHAs] K 4acTOTE BpalleHUs

MOJIs1 CTAaTOpPA, HA3bIBACTCA CKOJILXKCHUCM [BUT'ATCIIA
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Tak kak BpalarOLI1il MOMEHT NOSIBIISIETCS B pE3yJbTaTe B3aUMOJECICTBHS TOKa poTopa |2
C MarHuTHBIM IOTOKOM @ craTopa, TO €ro BEJIWYWHA MPONOPLUUOHAIbHA UX IIPOU3BEICHUIO.
[TockonbKy B MeXaHMUYECKYI0 pabOTy MOXKET HpeBpalarbcs TOJIbKO AaKTUBHAs MOIIHOCTb,

IPOTNOPIIMOHATbHAS AKTUBHON COCTABIISIOIIEH TOKA, TO
M=C,, I, & -cosy, ,
e Y2 — yroi casura a3z Mexay 3.1.C. © TOKOM poTopa,
Cu — k03 purmenT, 3aBUCSIIUN OT KOHCTPYKIIMU ABUTATEs.
Takum o6pazom 7, - COS@®, - akTUBHASA COCTABJISIONIAs TOKA POTOpA.

OCHOBHBIE JKCIUTyaTaIllHOHHBIC CBOWCTBA JBHTATENS ONPEICISIOTCS €ro padouyuMu
XapaKTEePUCTUKAMH, T.€. 3aBUCUMOCTAMH P1, cosg, N, 1, |1 0T mosie3Hoit MotHoCTH nBUrarens Po .
[TogBouMasi K aACHHXPOHHOMY JIBUTATEIII0 MOUTHOCTh paBHa:

B =3-U, -1, -cosg ,

rae: COS¢e — K03 PHUIMEHT MOIIHOCTU JBUTATEIIS;

N — YacToTa BpalleHUs: pOTOpa;

I1 — Tok cTaTopa.

Paboune xapakTepucTUKH AaCHHXPOHHOTO JIBUTATENsS TIPEACTABICHBI HA puC. 7.1.

PabGoune xapakTepuCTUKM MOTYT OBITH MOJYyYEHBI JUOO pAaCcYETHBIM IMyTeM, IUOO
ONpeIeJICHbl OMBITHBIM MYTEM IPH UCTBITAHWU JABUTATENs NOJA Harpy3koil. Harpyska Ha Bamy
WU3MEHSIETCS B TIpe/iesiax OT HyJs B pexume xonoctoro xomaa (P2 = 0) 1o HoMuHaNBHON WK
Oonpmiel. Ilpu sTOoM wu3MepstOT mnoTpebiseMblii TOk |1, YacToTy BpaiieHuss poropa n,
noTpebIsIeMyr0 MOITHOCTE P1, KO dUIIMEHT MOIIHOCTH cos(. Bennunny moie3Hoi MOITHOCTH
P2 BBIUMCHSAIOT yepe3 BEIMYMHY BPAILAIOIIETO MOMEHTA, €CJIM B KAaUE€CTBE HArPy3KH JIBUTATENs
WCITOJIB3YETCS DJIEKTPOMArHUTHBIM TOPMO3, HJIM Y€pe3 MOITHOCTh TeHEepaTopa, €CIIM B Ka4eCTBE
Harpy3Ku JABUTATEIS UCTIOJIB3YETCS TEHEPATOP MOCTOSHHOTO TOKA.

[Ipu »TOM mone3HassT MOIIHOCTh TE€HEepaTropa ONpEesieTCs HU3MEPEHHEM TOKa |
HaIpsKEHUs TeHepaTopa:

P.=Up -1,
[TogBoaumas ot ABUTATENS MOJIE3HASI MOUTHOCTh P21 paBHSETCS MOJIBOJJUMOI MOIITHOCTH

reHeparopa Pir
Pr =Py =—

rae n — KII/] remeparopa (u3 puc. 2).

54



[Ipu Harpy3ke Ha NEKTPOMArHUTHBINA TOPMO3 U3MEPAETCS MOJE3HBII MOMEHT M Ha Baiy

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 Treos@
A E E 3 3
1.0 n
7 n
e ——— cos @

/

0 0. L0

Pucynok 7.1 — Paboune xapakTepuUCTUKH aCUHXPOHHOT'O 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 IIPUJIOKEHHE 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 JIMEKTPUYECKYI0 CXEMY COCAMHCHHU TETUIOBOM 3alllMThl MAIIUHBI

MEPCMCHHOT'O TOKaA.

"

3. CoenuHuTe THE3/1a 3alIUTHOTO 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 Beikimrogarenu «CETby 610koB, 3a/1eliCTBOBAaHHBIX B YKCIICPUMEHTE.
8. AKTHUBHU3UPYHTE MYJIbTUMETPHI Os1oKa P1, 3anelicTBOBaHHBIE 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 noNOXKEHHE PErYIUPOBOUYHBIX PYKOSATOK TpeX(a3HbIX TpaHCPOPMATOPHBIX
rpynn A2 u A7, BappupyiTe nojBoaumoe K asurarento M1 nuneiliHoe HampsbkeHue U B
nuarnaszoHe 100...250 B u 3aHocuTe nokazanus BoiabT™Merpa P1.1 (nanpsbkenue U), ammepmerpa
P1.2 (da3nsiit Tok lo qurarens M1), a Takxe BaTTMeTpa U BapMmeTpa usMmeputens 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 610ko0B, 3a1eiCTBOBaHHBIX B OKCIIEPUMEHTE.
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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 pe3yJbTaThl 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 xoxa lo=f(U), Po=f(U), cos@o=f(U) Ttpexda3Horo acHMHXpOHHOIrO BUTATENS C

KOPOTKO3aMKHYTBIM POTOPOM.
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3 €4

¢d 14

Pucynok 7.3 — Cxema nmycka aCHHXPOHHOTO 3JIEKTPOABUTATENS
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Yacme 2. Ilyck 6 Xx00 mpexgaznozo  acUHXpOHHO20  Osucamens  C
KOPOMKO3AMKHYMBIM/PA3HbIM POMOPOM ¢ pecucmpayueil U 0Omoopa)3cesHuem pedcumMHvlx

napamempoe Ha Komnosromep

1. V6enuTech, 4T0 YCTPOHCTBA, UCIIOJIb3YEMbIE B SKCIICPUMEHTE, OTKIIIOYEHBI OT CETH
JJIEKTPOTUTAHUS.
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, CoenuHure anmaparypy B COOTBETCTBUM C BJIEKTPUUECKOU CXEMOW COEIMHEHHM
(KOPOTKO3aMKHYTBIM POTOPOM) / ((pa3HBIM pOTOPOM).

S. [epexmrouarenu pexuma padorel uctoyHuka G2 u BeIKIrOUaTeneit A6, A8
yctaHoBute B nosioxkenue «PYYUH.».

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

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

8. B tpex¢aznoii TpanchopmaTopHOil rpynmne A2 mepekiroyaTeieM YCTaHOBUTE
JKeJlaeMoe HOMUHAJIbHOE BTOPUYHOE HaNpshKeHUe TpaHcpopmaTopa, Harpumep, 133 B.

9. [IpuBenute B pabouee COCTOSHUE MEPCOHANbHBIA KOMIbIOTEP A5 U 3amycture
IIPUKIIAIHYIO IporpaMmy «Perucrparop pekMMHBIX TapaMeTPOB MAIIUHBI IEPEMEHHOTO TOKAY.

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

11.  Bxmounte uictounuk Gl. O Hanmumm HanpspDKeHUH (a3 Ha €ro BBIXOJE JTOJDKHEI
CUTHAJIM3UPOBATH CBETALIUECS JIAMIOUKH.

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

13. HaxmuTe Ha BHPTYaIbHYIO KHOIKY «3aIyCTUTh» Ha SKpaHe KOMITBIOTEpa.

14, Haxxmute mocinenosarensuo kHonkH «BKJL» uctounnka G2, Beikiarouarens A6 u
CIycTs, Hampumep, 2 ¢ BbIKIrodarens A8 W 3areM He mo3jaHee, yeM udepe3 10 ¢, ocraHoBUTE
CKaHHPOBAHME JAHHBIX PETMCTPATOPOM HAKATUEM HAa BUPTYAIbHYIO KHONKY «OCTaHOBUTBHY». B
pe3ynbTaTe JOJIKEH OCYIIECTBUTHCS JIBYXCTYNEHYATBhIH MYCK HArpy>K€HHOTO aCHHXPOHHOIO
neurarenss M1 M JOJKHBI 3alldcaThCsl B KOMIIBIOTEP JAHHBIE O PEXHUMHBIX IapameTrpax 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. Hcnonb3yst BO3MOXKHOCTH TporpaMMmbl «PerucrtpaTtop peXMMHBIX HapamMeTpoB
MalIuHbl MEPEMEHHOIO TOKa», MPOAHAIU3UPYHUTE OTOOPaKEHHBbIE HA MOHHUTOPE KOMIIBIOTEpA
MEXaHUYECKYI0 XapaKTEPUCTHKY M BPEMEHHBIC 3aBUCHUMOCTH TOKa CTAaTOPHOHW OOMOTKH,
3JICKTPOMArHUTHOIO MOMEHTA, YaCTOThI BpAIICHUS aCHHXPOHHOI'O JIBUTATENs MPHU IYCKE €ro B

XO0J.

e — e — e —

Sope

[T ym—

Pucynok 7.4 — Cxema CHATHS MEXaHUYECKUX XapaKTEPUCTHUK
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Pucynoxk 7.5 — CxemMa noAKII0YEHUSI K KOHHEKTOPY

Yacme 3. Cuamue u onpedeiienue xapakmepucmuk Kopomrkozo 3amvikanus Ix=f(U),

Pi=f(VU), Zg=f(U) mpexgpaznozo acunxponnozo oguzameins ¢ KOpOMKO3AMKHYMbIM POMOPOM

1. Yb6enutech, 4TO yCTPOHCTBA, UCIIOIB3YEMbIE B SKCIIEPUMEHTE, OTKJIIOUEHBI OT CETH
AJIEKTPOIUTAHMUS.
2. CHUMHTE KOXYX, 3aKpbIBalOIIMNA My(Ty, COEIUHSIONIYI0 Bajl MAaIIUHBI

MOCTOSIHHOTO ToKa M2 ¢ Basom niBurarenst M1, u 3akpenure Ha HEMl CTOIIOPHOE YCTPOMCTBO.
3. Cobepute DIMEKTPUYECKYI0 CXEMY COEIMHEHUN TEIIOBOM 3alluThl MAaIITUHBI
MIEPEMEHHOT0 TOKA.

"

4. CoenuHnTe THE3/1A 3aIMUTHOTO 3a3€MJICHUS " YCTpOWCTB, MCHOJIb3yEMBIX B
sKcniepuMenTe, ¢ THe3ioM "PE" tpexdaznoro ucrounnka nuranus G1.

5. CoeaunuTe annaparypy B COOTBETCTBUHU C DJIEKTPUUECKON CXEMOM COEIMHEHUMN.

6. [Tepexirouatenu pexuma padoThl UCTOUHMKA G2 U BBIKITIOYATEIs A6 YCTAaHOBUTE
B nosoxkenue "PYYH.".

7. B Ttpexdasnpix TpaHchopmaTopHbix TIpynmax A2 u A7 nepexitoyaTesieM
YCTaHOBUTE HOMUHAJIbHBIE BTOPUYHBIE HANIPsKEHUsI TpaHchopmaTopoB 242 B.

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

9. AKTUBH3UPYHTE MYJIBTUMETPHI O6J10Ka P1, 3amelicTBOBaHHBIC B SKCTIEPUMEHTE.
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10. Brmtounte uctounuk G1l. O Hanmuuy HampspkeHUH (a3 Ha €ro BBIXOJE JOKHBI
CUTHAJIM3UPOBATH CBETAIIUECS JTAMIIOUKH.

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

12.  beictpo (Menee uem 3a 10 c) cuuraiite M 3aHecuTe B TAOJNMIy 7.4 TOKa3aHUS
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,
noTpebasieMas oaHoU (azoit nurarens M1) u cpasy nocnie sroro HaxxatueM KHonku «OTKJI»
BBIKJIFOUaTENs A6 OTKIIIOUUTE ABUratesib M1 OT 3leKTpUYECKON CETH.

13.  TloBropuTe HEOOXOIUMOE KOJWYECTBO pa3 MPOIEIypPY MOIKIIOUCHUS IBUTATEIS
M1 K 3JeKTpHYECKON CEeTH, CUUTHIBAHMS MMOKA3aHUH U3MEPHUTEIBHBIX TPUOOPOB U OTKIIFOUCHUS
nBurarenss M1 oT 31eKTprUecKoi ceTu Mpu pa3InyHbIX 00Jiee HU3KUX HOMHHAIBHBIX BTOPHUHBIX

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 HKCHIEPUMEHT C COEAMHEHUEM BTOPHUUHBIX 0OMOTOK TpaHc(hopmaTopoB rpymmsl A7 o
CXEME «3BE3/1a».

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

COIIPOTHUBIIEHUS] KOPOTKOT'0 3aMbIKaHHst 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:

HasBanue paboTsl;

L{ens paboThI;

KpaTkue Teopetnueckue cBEACHHUS,

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

Brruncnenus u 00paboTka pe3yabTaToB;

N o gk~ D oE

BriBoapl.

Konmponwvnwvie eéonpocwi:

1. KakoBo ycTpoiicTBO Tpex(a3zHOro aCHHXpOHHOTO ABUTATENS?

2. KakoB mnpuHnun geiictBus Tpex(a3zHOrO ACHUHXPOHHOTO JIBUTaTens ¢
KOPOTKO3aMKHYTBIM POTOpOM?

3. UTo Takoe CKOJIbKEHUE JBUTATEISI U KaK OHO OIPEAeIIeTCs?

4. [ToueMy mycKOBO# TOK aCHHXPOHHOTO JIBUTATENsl IPEBBIIIIAET HOMUHAIBHBIN U BO
CKOJIBKO pa3?

5. Kakumu cmocobamMu MOKHO PETYIHpOBAaTh YacTOTy BpalIleHHs POTOpa

ACUHXPOHHOI'O I[BI/IFaTCJ'ISI?

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

7. Kaxk oxmaxaaroTcss aCHHXpPOHHBIE ABUTATENN?

8. Kak n3MeHuTs HanpaBiIeHNE BPALLEHNs pOTOpa JABUTATENsA?
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Jlabopamopnas paooma Ne8. Hccnedosanue xapakmepucmuk noaynpo8oOHUKo08bIX

0U0008 HA NOCHOAHHOM U nePemMennHom mokax

Ilens padomor: CHATH BONbTAMIIEPHBIE XapaKTEPUCTUKHU BBINPSMUTEIBHOTO AMOa (TUIA
KJ1226, 1N5408), nmmynascHoro muona (tuma K521, KJ1522, 1N4148), nuona Illotku (Tuma
IN5819), nmo xapakTepucTukaMm OIPENEIUTh OCHOBHBIE IapaMeTpbl U cpaBHUTH uX. Ha skpane
ocumiorpada npoHalII01aTh MPOLECCH BKIIOUYEHUS M BHIKIIOUEHUS JA10/1a, ONPEICITUTD BpEeMs

BKJIIOYCHUS U BBIKIIFOYCHU .

OcHnoevt meopuu:

JIBYX3JIEKTPOIHBIN MOTYITPOBOJHUKOBBIN AIIEMEHT — AUOJ COAECPIKUT N - U P ~-IPOBOISIIIINI
ciou (puc. 8.1). B n-npoBoasiem ciioe B kadyecTBe CBOOOIHBIX HOCUTENEH 3apsiia MpeodiagatoT
AJIEKTPOHBL, a B P-MIPOBOsIIEM coe * neipku. B pesynbrare nuddy3un 3neKTpoHOB U3 n-001acTH
B p-o0nactb U, HAOO0OpOT, ABIPOK U3 p-o0sacTd B n-o0iacTh Ha TpaHULE CO3AAETCA
MOTEHIMAIBHBIN Oapbep (puc. 8.1 a u 0).

[Tpu mpsiMOM MPUITOKEHHOM HAMPSIKEHUH («+>» K CIIOI0 P, « - » K CJIOIO 1) MOTSHIIMATBHBIH
Oapbep yYMeEHbIIAeTCA, W AMOJ HAYUMHAET MPOBOJUTH TOK (AuOJ OTKpHIT). [Ipu oOpatHOM
HaIpPsHKEHUU TTOTCHITMAIBHBINA Oaphep yBEeIUYHBAETCS (MO 3a1epT).

BonbT-amnepHast xapakTepucTuka Ao a UMeeT B, U300pakEHHBIN Ha puc. 8.1B.

a) P% %: -H_%:g gn g) il

| |

551888 | , | |

389888 | = :
51e | 2

| Iua 078 | -—"-Ju :

: PR

Pucynok 8.1 — JIByXa/eKTpOIHBIN OJYIPOBOJHUKOBBIN AIIEMEHT
[IpssMo#t TOK uepe3 p-N Mmepexon ONpEAesAeTCs HOCUTEISIMU 3apsifia, HEOCHOBHBIMU IS

TOro CJjios, KyJda OHH ITPOHUKAKOT. B mpouecce ABUIKCHUA OHHU CTAJIKHUBAIOTCA C OCHOBHBIMU

HOCUTEJISIMH JAaHHOTO cJiosi U pekoMOuHupyroT. C yBelWYeHHEM NpSIMOro TOKa MaJieHue
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HaINpsDKCHUS Ha JHO/Ie HECKOIBKO Bo3pacTaeT. [Ipr peKOMOMHAIIMY MOXKET BBIACTISATCS YHEPTHUS B
BUJIC U3TYYCHHUS. DTO SIBICHUE UCIIOIB3YETCS B CBETOINOIAX.

B oOparHoM HampaBlieHWW 4Yepe3 AMOJA TPOTEKAET TOJIHKO HEOOJBIION TOK YTCUKH,
00yCJIOBJICHHBI HEOCHOBHBIMH HOCHTEIsIMH. C yBEIIMYEHHEM OOpPAaTHOTO HANPSKCHUsS BBIIIE
IpeeNbHO JIOMYCTUMOTO JIJIsl JAHHOTO THIIA MO/ HAacTymaeT npoboii p-n nepexoxa. B nnomax
Pa3JIMYHBIX THIIOB OH IIPOTCKACT IIO-PA3HOMY: B OOBIYHBIX BBIIPAMUTCIIBHBIX AUOAAX — 3TO
HeoOpaTuMoe pa3pylieHHe p-N epexo/ia B pe3yyibTaTe ero MeperpeBa, B IABUHHBIX — IPOUCXOIUT
JABUHHOE Pa3MHOKEHHE HEOCHOBHBIX HOCHUTEIICH, YTO MPUBOJUT K PE3KOMY YMEHBIICHHUIO
00paTHOTO HANPSHKEHUS HA HEM U YMCHBIICHUIO HArpeBa, B CTAOWJIMTPOHAX — MPH yBEITHUCHUH
00paTHOI0 TOKa UMEETCS TOCTaTOUHO MPOTSXKEHHBIA YYaCTOK BOJIbT-aMIIEPHON XapaKTEPUCTUKH,
Ha KOTOPOM HaIIPsKEHUE MaJIO 3aBUCUT OT TOKa (3€HEPOBCKUI TTPOOOI).

OcHOBHbBIE CTaTUYECKUE MapaMeTphbl TUOJIOB, Takhe Kak moporoBoe HampsbkeHue Uo,
npsiMoe najaenue Hanpspkenue Uy, muddepennuanbHoe conpotuBieHne Ry, o6paTHbiil TOK logp,
HanpspkeHue crabmnmzanuu  cradbunutpoHa Ucr, MOXKHO OIpPENEIUTb 110 BOJIbTAMIIEPHOU
XapaKTCPUCTHUKE, CHSITOH Ha MOCTOSIHHOM HJIN MCIJICHHO U3MCHAIOIIIEMCA TOKEC.

[NepexitoueHne a1oia U3 3aKPHITOTO COCTOSIHUS B OTKPBITOE MPOUCXOJIUT HE MTHOBEHHO.
OT0 MOXHO HaOIMIOJaTh HA dKpaHe ociuiorpada, eciid TPUIOKUTh K JAMOAY HampsKeHUE

IPSIMOYTOJIBHOM (POPMBI BHICOKOW 4acTOThI (puc. 8.2).

BX

O u 1

np

\ 4

ob6p

BX

o BKIT : BbIKI

Pucynok 8.2 — BonbpT-amnepHasi XapaKTEpUCTUKA MTOJIYIIPOBOIHUKOBOTO IHOAA

[Ipu mepexome W3 3aKpPBHITOTO B OTKPBITOE COCTOSHUE HEOOXOIMMO BpeMs Ly,
HE00X0IMMOE ISl paccachIBaHMsI M30BITOYHBIX 3aPsI0B MOTECHIIMATHHOTO Oaphepa U TOCTHIKCHUS
TG HY3MOHHOTO paBHOBECHSI.

ITpu nepexose U3 OTKPHITOTO COCTOSIHHSI B 3aKPBHITOE HEOOXOIMMO BpeMs 11, 3a KOTOpoe

paccacbIBalOTCsS M30BITOYHBIE HOCUTENIW M BpeMs 12, 3a KOTOpO€ BHOBb YCTaHABIIMBAETCS
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noTeHUuanbHbI Oapbep. OOuiee Bpemsi BBIKIIOUEHUS teun = t1 + t2. Ha aTame t1 uepes muon

npoTekaeT OoibIIOW OOpaTHBIM TOK, a HaNpsHKeHWE Ha HEM yOBIBaeT, COXpaHsAs NPSIMOE

HanpasyieHue. Ha arane t2 Tok oOpaTHbIl TOK yObIBaeT 1O HOPMaJbHOIO 3HaueHHUs. PeanbHas

KapTHUHa, Ha6moz[aeMaﬂ Ha 9KpaHC OCHI/IJ'IJ'IOFpa(l)a, MOJKET HECKOJILKO OTIIMYATHCS OT OIMMCAHHOM

Hn3-3a BIIMAHHA BXO,Z[HOﬁ €MKOCTH ocuI/Innorpa(ba 1 MOHTa)Xa.

Ykazanue no mexnuke 6ezonacnocmu:

VKka3aHus 1o TEXHUKE 0€30I1aCHOCTHU ITpX BBIITOJIHCHUHN J'Ia60paTOpHBIX pa60T IIpUBCACHBL

B MPUJIOKEHHE A.

Ykazanus no evinonnenuro nabopamopnoii pabomoi:

1. CobGepute nenp (puc.8.3. a) s CHATUA MPSIMOW BETBU BOJbTAMIIEPHOM

XapaKTepUCTUKU AUOAO0B. Obpamume 6HUMAHUE, YMO BOJbMMEmMp IMOU cxeme NOOKNOUEH K

mouxe «By (I’lOCJZ@ aMnepmempa.) U Ha e20 NOKA3AHUS He eusem naoenue HANPASNICEHUS HA

awnepmempe, Komopoe COUusMePUMo C npAmMbIM naoenuem HANPASICEeHUs Ha ouoode. B mo e

BpEMA MOK Uepes 60J1bmmentp HeCOUuMePUMO Mal C NPAMbIM NOKOM ouooa u He eHocum

3aMemHoul nocpewHocmu 6 NOKA3aHusl amnepmempa.

-13..+13BB 6800m A | ., B
oo

a) 6)

_ +

2.288 | (V) W

\ 4 4

-15B O o

a) MNpamas nonspHoCTb

680 Om A |
[
+
u

I06pB
O

6) ObpaTtHas nonspHOCTb

Pucynok 8.3 — Cxema BKIItoueHuUs AM0OJa

2. VYcranaBnmuBash TOKHM, yKazaHHble B Tabm.8.1

CHUMUTEC

MPSAMYIO

BETBb

BOHBTaMnepHOﬁ XapaKTEPUCTHUKHU CHadaJla BBIPAMUTCIIBHOTO AWOJAA 3aTEM — HMMITYJIBCHOI'O H,

HakoHerl, nuona [lorku. Ha puc. 8.4 moctpoiite rpadguku.

3. HN3menute CXCMY JIs1 CHATUA O6paTHOﬁ BCTBHU BOJIbTAMIICPHBIX XAPAKTCPUCTHK

NEPEKIIIOUNB BOJIBTMETP B TOUKY A (JI0 aMIepMeTpa) U rnepeBepHyB AuoA. B aToit cxeme uepes

aMIepMeTp He MPOTEKaeT TOK BOJBTMETPA, KOTOPBIM Temepb COM3MEPUM M Jaxke Oosblle

o0OpaTHOro TOKa 4yepe3 AuoA. B To jxe BpeMs majeHue HalpsHKeHHUS Ha aMIepMeTpe HUYTOXKHO

MaJIo 10 CPaBHEHUIO C 0OPATHBIM HANPSHKCHUEM Ha JHOJE.
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4, VYcraHaBuBas HaNpsOKCHHS, YKa3aHHbIE B TaOi. 8.2, cHUMHUTE OOpaTHYIO BETBb
BOJIbT-aMIIEpHON  xapaktepuctuku amoma Lllotku. VYOemurech, dYTo OOpaTHBIA TOK
BBIIIPSIMUTEILHOTO U UMIYJIBCHOTO JHOJOB HACTOJIBKO Majl, YTO €ro HEBO3MOXXHO H3MEPHUTH

npubopamu, umeromumucs B crerae. Ha puc. 8.4 mocrpoiite rpadukm.

Tabnuna 8.1

I, MA 2 5 10 20 30 40 5 10 20 40
K226
U, B | KI521
1IN5819

Tabmua 8.2

U,B 2 5 10 15 20 25 30

I, MA | K/1226

K521

1IN5819

5. Jlns uccnenoBaHusi XapaKTePUCTUK AMOAOB Ha MEPEMEHHOM TOKe coOepuTe Ha
HAaOOPHOM II0JI€ 1IETIb COIACHO NMPUHIMNHAIBLHON cxeme puc. 8.4. M3mepurenabHble TpuOOpsl B
CXEMYy HE BKJIIOYANTE, TaK KaK OHM MOTYT CO3/1aTh JONOJHUTEIbHBIE Mapa3uTHbIe EMKOCTU. He
3a0y/nbTe BKIIOYUTh MHBEPTUPOBAaHME CHTHaia mo kaHany I, 4ToOBl OTKIOHEHHE Nyya BBEpX
COOTBETCTBOBAJIO MPSIMOMY TOKY YEPE3 TUO.

6. Jns Hayana BKIIOYMTE B LEMb BBIIPSIMUTEIbHBIA WO, TMOJAWTE HAa BXOJ
CHHYCOMJIaJIbHOE HampsokeHue 4dactorod | k1, ycTaHOBUTE pYy4yKy PETYJIsATOpP aMIUIUTYAbI
NpUMEpPHO B cpefHee monoxeHue (4...6 B) u orperynmupyiite pa3BepTKYy, CHHXPOHHU3AIHMIO U
yCHJIEHHUE TI0 ABYM KaHallaM ocIiuiorpada Tak 4ToObl Ha IKpaHe moMerianuck 1,5...2 nepuoaa

KPHBBIX TOKA U HAIIPSKCHUA.
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MA

40

35

30

25

20

15

10

MKA

Pucynok 8.4 — BonbT-amnepHasi XapakTepuCTHKa

Dow BXOA1 BXOf I,
Vo eeens 0 )y

O /§\®1 VHB.

Pucynok 8.5 — Cxema moaxroueHus ocipuuiorpada

7. [Tepexmouass MHO)uUTENb 4yacToTel <1, %10, X100, m perynupys KaxIblil pa3s
JUINTENIBHOCTh  Pa3BEPTKH ociuuiorpada, mpoHaOiromaiiTe 3a HM3MEHEHHEM KpUBOW TOKa.
OOBsicHuTe pe3yabTaThl (MMEWTE B BHOY, YTO B MOJOXKCHMH MHOXHUTENs X100 BbIXomHOE

HaIpsDKCHUE TeHepaTopa CHIDKAETCs TPUMEPHO B 2 pasa).
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8. [Tepexmtounte ocummiorpad B pexkum X-Y. Ilpum 3ToM Ha 3KpaHE TOSBHTCS
n300pakeHUe AMHAMUYECKOM BOJIbTAMIIEPHON XapaKTEPUCTHKU JMO0Ja: MPSAMOM TOK 1o ocu Y
BBEPX, MPSIMOE TMaJICHUE HAMPSHKEHUS — IO OCH X BIIPaBO.

9. CHoBa momepeKyoyaiiTe MHOXHUTEIb 4YacTOThbl, HaOM0gas 3a H3MEHEHHEM
JTUHAMHYECKON BOJIbTAMIIEPHON XapakTepucTuku. OObsCHUTE, MOYeMy IMPU HHU3KOH 4YacToTe
JMHAMHUYECKas BOJIbTaMIIEpHAasi XapaKTEPUCTHKA COBIIAJAET CO CTATUUECKOH, a IIPU BBICOKOM — HE
COBII/IaeT.

10.  IlompoOyiiTe MOBTOPUTH ATH OIBITHI C UMITYJIBCHBIM AUOAOM U ¢ nuoaoM LloTku.
OObsicHUTE OTIUYHSL.

11. CHOBa BKITIOYUTE B IEMb BBIIPSIMUTEIBHBIN THOJ, TIEPEKITIOYUTE OCIMLIorpad B
PEeXUM Pa3BEPTKHU U YCTAHOBUTE HA BXOJIE MIPSIMOYTOJIBHOE IBYXIIOJIIPHOE HANPSYKEHUE YaCTOTON
npumepHo 40...50 x['m u Hebompmoil ammmmtynsl (2...3 B), uToObl MeHBIIE HCKaXaloCh
BBIXOJHOE HaNpsHKEHUE TeHepaTopa.

12.  HacrpoliTe u3o0pakeHue, NepepucynTe ocuuiorpaMmy B oT4ér (puc. 8.6), He
3a0bIB yKa3aTh MacmTaObl MO oOcsM (MacmTad MO OCH TOKa BBIUMCISICTCS Kak MaciTad
HanpspDKeHus, o KaHamny |1, nenéHuelii Ha COpPOTUBIEHUE, C KOTOPOTO CHUMAETCS CUTHAIL. ).

13. Ompeaenute Mo OCUUIIOrpaMMe BPeMsl BKITFOUEHUS tgin U BPEMS BBIKIIIOUEHUS: Lyir.

MacwTabbl

Mo kanany I:

Pucynok 8.6 — Ocumiutiorpamma quozaa

Cooeporcanue omuema:

Oruet HAOJIKCH COACPIKATh:

1. Hazpanue paboThl;

2 [{enb paboTHI;

3. Kpatkue TeopeTnueckue cBeeHUS;

4 Omnucanue UCIob3yeMOT0 000PY/I0BaHMS U MaTEPHAJIOB;
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5. [Topsiiok BeIMOTHEHUST PaOOTHI;
6. Brraucnenus u 06paboTka pe3yinbTaTos;

7. BrIBOIEL.

Konmponwvnsie 6onpocwi:

1. Ilouemy y nmmona Illorkm mnoporoBoe HampsDKEHUE MEHbIE, YeM Yy
BBIIPSIMUTEIHLHOTO JTMOJIa ¥ UMITYJIbCHOTO JIUO/a, @ OOPATHBIN TOK OoJbIIe?

2. Kaxkoit u3 ucnbpITaHHBIX AMOIOB UMEET HAUMEHbIIIee OBICTPOICUCTBUE U IIOYEMY?

3. UeMm oTiMyaeTcsi BOJbTaMIEpHAs XapaKTEPUCTHUKA JMONA, CHATAas MPU BBICOKOM

4acTOTE OT CTATUYECKON XapaKTEPUCTUKU?
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Jlabopamopuasa pavoma Ne9. Cuamue xapakmepucmuk OUnoaapHozo mpaH3ucmopa.

Leny pabomwi: QOceoumv MemoOuKy NOJIYUEHUA 6XOOHBIX U  GLIXOOHBIX

xapakmepucmuk mpaniucmopa, a maKiice onpedeﬂeuuﬂ €20 OUHAMUYECKUX napavempoe.

Ocnoevt meopuu:

[Ipy BBINOIHEHMM PAcUYETOB CXEM C OMMOJISAPHBIMM TPAaH3MCTOPAMU MCIIONB3YIOT HMX
BXO/IHBIC U BBIXOJHBIE XapaKTEPUCTUKH.

BXomHBIMH XapaKTepUCTUKAMU HA3bIBAIOT 3aBHCUMOCTh TOKa 0a3bl i OT HANpPsHKCHHS
smuTTep-6a3a Uss TpH TOCTOSHHOM HANpsDKEHUH KOJUIEKTOp-3MHUTTep Ui, Buam atmx
XapaKTEpUCTHUK IPEICTaBJIEH Ha puc. 2.1.

Crnenyer 3aMeTHTb, 4YTO BXOJHBIE XapaKTEPUCTHKH, IOJYyYEHHbIE IPH Pa3IMYHBIX
HanpskeHUsAX U, OTIIMUHBIX OT HYJIS, IPAKTUYECKU COBIAAAIOT.

[Io BXOZHBIM XapaKTEPUCTHKAM OIPEAEISAIOT TaKHe IUHAMMUYECKHUE XapaKTEPUCTUKU
TPaH3UCTOPA, KaK BXOJHOE JUHAMUYECKOE COMPOTUBIICHNE

h11= A U,/ A s

npejcTaBistoniee  co0OM  OTHOIIeHWEe — npupamieHus — HanopsbkeHus  Uss K
COOTBETCTBYIOILIEMY TPHUPAILEHUI0 TOKa 0a3bl MPH IOCTOSHHOM HAIpPSHKEHUHM KOJUIEKTOP-
AMUTTEP, U KO3 (PUIIMEHT OOPATHOH CBSA3M MO HAIPSHKEHUIO

hi12= A Uss/ A Ui,
NPEJCTABIAIOMINUNA COOOM OTHOIIEHHE COOTBETCTBYIOIIMX JpPYr JpYry HpHUpaIieHuit

HaNpsDKEHUH SMUTTEp-0a3a U KOJJIEKTOP-IMUTTEP MPU NOCTOSTHHOM TOKE 0a3bl.

is 4 U.=0B U.=5B
AU,
Al
AUy

Uss.

Pucynok 13.1 — BxoaHble XapaKTEpUCTHKH OUIOISIPHOTO TPAH3UCTOPA
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BbIXo/1HBIE XapaKTEPUCTUKU OTPAXKarOT 3aBUCUMOCTb TOKa KOJUIEKTOpa lx OT HampsKeHus
KOJIJIGKTOP-3MHUTTEP MPH PA3TUUHBIX TOKAaX 0a3bl, X BUJ] IPEACTaBIeH Ha puc. 2.2. I10 BEIXOIHBIM
XapaKTEPUCTHKAM ONPEACISIOT TaKUe IMapaMeTpbl, Kak KO3(UIMEHT YCHISHHUS TOKa 0a3bl

hoi=A I/ A ig

NPEICTAaBIAOIIMNA  COOOM  OTHOIIEHWE  NpPUpALIEHHs  TOKa  KOJUIEKTOpa K
COOTBETCTBYIOIIIEMY TPHUPALICHUIO TOKa 0a3bl MpPU TOCTOSHHOM HAIPSDKEHHH KOJJIEKTOP-
OMHTTEDP, ¥ BHIXO/IHAS IUHAMHYECKAs IPOBOJAUMOCTD

hao= A I/ A Uy,

IpeACTaBiAoIIas  cOOOW  OTHOLIEHME  IpPUpALleHHs  TOKa  KOJUIEKTOpa K
COOTBETCTBYIOIIEMY MPHUPAIICHUIO HANPSDKEHUS KOJUIEKTOP-OMHUTTEP TPH MOCTOSTHHOM TOKE
0as3bl.

BenenctBue HENMHEMHOCTM KakK BXOJHBIX, TaK M BBIXOJHBIX XapaKTEPUCTHK BCe
HEepeYUCIICHHbIE TapaMeTPbl UMEIOT Pa3JInYHbIC 3HAYSHUS JJIS PA3JIMUHBIX pabounX TOUEK.

OO6nacTh BBIXOIHBIX XapaKTEPUCTHK, B KOTOPOH OHM MPAKTUYECCKH JIMHEWHBI U B KOTOPOM
TOK KOJIJICKTOPA MaJIO 3aBHCUT OT HAIIPSKEHUS KOJUIEKTOP-IMHUTTEP, a ONPEEIETCS TOKOM 0a3bl,
Ha3bIBAlOT aKTUBHOM 30HOW. [Ipu yBennueHuM TOKa KoJuleKTopa M HampspkeHust Ui, pacTér
MOIIHOCTb TEIUIOBBIX IOTEPh B TPAH3UCTOPE. DTU MOTEPU HE JIOJIKHBI IPEBBIIATE JOIMYCTUMOIO
JUTSL JAHHOTO TPAH3UCTOPA 3HAYCHHUS Pk on:

Px= U < Px non-

JIMHUA 1OMYCTUMBIX NOTEPh Ha pHc. 13.2 mpoBeaeHa MyHKTUPOM.

L i=60zA
L=50MEA
i A0mA
Als - =300z
TAUL AL
1=20MKEA
i=10MKA
U;:

Pucynok 13.2 — BeixogHbIe XapaKTepUCTUKU OUTIOIISIPHOTO TPAH3UCTOPA

Ykazanue no mexnuke 6ezonacnocmu:
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VYkazaHus 1o TeXHUKe 6e30MMaCHOCTH MPH BBIITOJIHEHUH J1a00paTOPHBIX paOdOT MPUBEICHBI

B IIPWJIOXKEHUE A.

Ykazanua no eévinoanenur nabopamopmnoit pabomoi:
B nanHoit naGoparopHoil paboTe HEOOXOAMMO IMOJYYHUTh BXOAHBIE U BBIXOJHBIC
XapaKTEPUCTUKU TPAH3UCTOPA U BBIYUCIUTH 3HAYEHUS TUHAMUYECKHUX MTapaMeTPOB.

[Topsiiok BBIMOTHEHUS PaOOTHI CIICTYIOIINH.

1. N3y4nTh OCHOBHBIC TEOPETHUECKHE TOI0KEHHS.
+ o +
s 1 !
100xkOM 4760 — * :
) T 1 0...15B
158 ) :
15O Ug!
Uss
vV
I
- + I -
- . . — —b—a
Pucynox 13.3 — Cxema BKIItOU€HHUsI OUTIOISIPHOTO TPAH3UCTOPA
2. CoOparp cxemy, wu3o0paxéHHyro Ha puc. 13.3. B cxeme o00s3aTenbHO

OpeaycMoTpeTh nepembluky «II», HeoOXoauMmyro JAisi HM3MEHEHUs MecTa BKIIHOYEHUS
MUJTHAMIIEpPMETpA.
3. VYcranosuts Hanpsbkenue Uw,=0. [Ipu Tokax 0a3bl, ykazaHHbIX B Tabmuue 13.1,

U3MEpUTh 3HaueHus HanpspkeHus Ugs, u 3amucate ux B Tabnuuy. [Tosroputs onsit npu Uk, = 2,5

Bu 10 B.

Taomura 13.1

I5, MKA 0 5 10 20 50 80
U631 npu UK3=O
B npu Uw,=2,5B
npu Uw,=10B
4, VYceranoButh TOK 6a3bl 20 MKA. IlepeximounTh MrILTHAMIIEPMETP B I1IETIb

KOJIJIEKTOPA, UBMEHUTD NIpeien u3MepeHus Toka 10 20 MA. YcraHaBiauBasi 3HaUCHUS HATPSIKEHUS

B IIENTH KOJJICKTOP-3MUTTEP, yKa3aHHbIe B Tabmuie 13.2, 3anucars B TAOIUILy COOTBETCTBYIOIINE
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STUM HANPSOKCHHUSIM 3HAYCHHS TOKa KOJIIEKTOpa. M3MepeHnus moBTOpUTh npu Tokax 06a3wl 40, 60

u 80 MKA.

Tabmuma 13.2

Us, B 0 0,2 0,5 1 2 5 10 15
npu I5=20MKA

Ik, npu i5=40MKA

MA pu i=60MKA
npu i=80MKA

Cooepocanue omuema:

OTuer HOKEH CONIepKaTh:

HasBanue pa0oTsr;

L{ens paboThI;

Kpartkue TeopeTndeckue CBeIeHUS;

OnucaHue UCroib3yeMoro o0opy10BaHUSI U MATEPUAIIOB;
[Topsi1oK BITOTHEHUS paOOTHI;

Brrancnenus u 06paboTka pe3yabTaToB;

N o a ~ wDd e

BrIBOIEbL.
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHbL

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

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. TpyOHUKOBa, B. DnekTpoTeXHUKa U AIEKTPOHHKA: yaeOHoe mocobue / B. TpyOHuKOBa
; Kadenpa teopernyeckoit u oOmieil 371eKTpOTeXHUKH, MUHHCTEPCTBO 00pa3oBaHUs U HAYKH
Poccuiickoit ®enepanuu, DenepainbHOE TOCYAapCTBEHHOE OFOKETHOE 00pa3oBaTelIbHOE
yupexJIeHUue BbICIIEro MpodeccuoHanbHOro obpazoBaHusi «OpeHOYprckuil rocyaapcTBEHHBIN
yauBepcu-teT». - OpenOypr: OI'Y, 2014. - Y. 1. Dnexrpuueckue uenu. - 137 c.: cxem., ui. -
bubmuorp. B KH; To xKe [DneKkTpOHHBIH pecypc]. — URL:
http://biblioclub.ru/index.php?page=book&id=330599

2. BenoycoB A.B. DnekTpoTexHuKa U 3JEKTPOHUKA [DIEKTPOHHBIN pecypc|: yueOHOe
nocobue / A.B. BenoycoB. — DNeKTpoH. TEKCTOBBbIE NaHHbIE. — benropona: benropoackwuii
roCyJapCTBEHHBIN TexHomornueckuii yausepcurer uM. B.I'. lllyxosa, ObC ACB, 2015. — 185 c.
— 2227-8397. — Pexum nocryna: http://www.iprbookshop.ru/66690.html

5.1.3 Ilepeuenv oononnumenvHoii 1umepanmypol:
1. TeopeTnueckast 3J€KTpOTEXHUKA: y4e0.-meTo. mocodue / aBT.-cocT. H.B. bananauna ;

Ces.-Kas. denep. yn-T. - CraBponons : CKOVY, 2014. - 96 c. - bubnuorp.: c. 95

5.2 Ilepeuenv yuetHO-MemoOouueckozo obecneueHus CamoCmoOAMENbHOU padomul
o0yuaowuxca no OucCyunIuHe

1. Meronuyeckue pEeKOMEHIAIMU M MOATOTOBKH K JIA0OpATOPHBIM 3aHATHSAM IO
JUCHUIIMHE «DNEKTPOHUKA U AJIEKTPOTEXHUKA.

2. Meronnueckue peKOMEHIAIUH 110 OPTaHU3AIMHA CAMOCTOSATEILHOW paObOThI CTYICHTOB

IO JUCIHMITIIMHE <<3J’I€KTpOHI/IKa H DJICKTPOTEXHUKA).

5.3 Ilepeuens pecypcoe ungopmayuonno-meneKoMmyHuKayuonnoi cemu Humepnem,
Heo0Xx00uUMBbIX 0151 0C60EHUSL OUCUUNTIUHDL
1. http://lwww.biblioclub.ru -O5BC "Yuusepcuterckas 6ubnrorexka oHmaiia"

2. http:/lmwww.iprbookshop.ru/ - Dnekrponno- oubnmoreunas 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 CTYJACHTHI PACHHUCHIBAIOTCS B CIIEUATBHOM KypHasie. CTyJeHTbI, HE W3YyYUBIINE
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 OpUraj] KOMIUIEKTYETCS CTYACHTaMH Ha JOOPOBOJIBHBIX
Hayayiax. Cnucok Tpynmnel (MOATPYMIbI), pa3duUTONl HA OpUraabl, CTapocTa MPEAOCTABISET
MPenoAaBaTenio, BeAylieMy J1a00paTOpHbIC 3aHITHS.

Kaxxnas w3 Opuraa BBINONHSET J1a0OpaTOPHYIO pabOTy B COOTBETCTBUU C TIpadUKOM,
HaXOJAIIeMCs B 1a0OpaTOPHH.

[epen KaXKabIM 3aHATHEM CTYACHT 00s513aH MOATOTOBUTHCS K BBITIOJIHEHUIO TAO0PaTOPHOI
paboThI 110 JAHHOMY METOAMYECKOMY IMOCOOHI0 M peKoMeHayeMoit uteparype. [lepen Hayanom
paboThl IpenoAaBaTens IPOBEPSIeT 3HAHUS CTYICHTOB IO COJIEPKAHUIO BBITIONHSAEMOM PabOTHI.
[110X0 MOATOTOBIIEHHBIE CTYICHTHI K BBITIOJTHEHHUIO JIAOOPATOPHON PabOTHI HE TOMYCKAFOTCH.

Pabotas B nabopaTopuu, HeOOXOAMMO COOJIIOAATH CIEAYIOIINE MPaBHIIA:

K BbImosHEHMIO 1a00paTOpHOl pabOTHl ClEAYeT MPUCTYNaTh TOJIBKO MOCJIE IMOJIHOIO
YSICHEHUS €€ COJIepKAaHUS U MOJIyueHHs IoMycKa K HeH.

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. PaconokeHue ammapaTypbl Ha pabodeM CTOoJIe JOJDKHO OBITh TaKWM, 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 COSMHNUTD TIIaBHYIO, TIOCIIEIOBATEIbHYIO
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, aBTOTPAHCHOPMATOPOB M PYKOSTOK IPYTHX PErYTUPYIOIIHX
YCTPOMCTB.

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

9. Tlpu BKIOYEHHUH CXEMBl 0OCO0O€ BHUMAHHE CIEAyeT OOpaTHTh Ha IOKa3aHUS
aMIIEpPMETPOB M JPYTHX H3MEPUTEIbHBIX MpHOOpOB. B ciiydae pe3Koro IBUKEHHS CTPEIKU
amMrmepMerpa K KOHIly HIKaldbl CXeMy HEO0OXOIMMO HEMEMJIEHHO OTKJIIOUUTh OT HCTOYHHKA
HaIPSDKEHUS.

10. Heobxoammo GepeskHO OTHOCUTHCS K anmaparype, UCroiib3yeMoit B padote. 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 TIPeroAaBaTelto. Eciau pe3ynbTaTsl H3MEPEHHUI BEPHBI, TO TPEIOaBaTellb
WX MTOJMKCHIBACT. DKCIIEPUMEHT C HETIPABUIIBHBIMU PE3YJIbTaTaMHU CJICYET MOBTOPUTD.

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

13. Kareropuuecku 3anperniaeTcs:

— TporaTh pyKaMH OTOJICHHBIC IPOBOJAa W YacTH MNPUOOPOB, HAXOMSAIIUECS IO
HaIpsHKEHUEM, JTaKe €CITH 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 W MAIIWH, HAXOISIIUXCS TIOJ] HAMPSHKCHHEM WJIH OCTaBIISITH
CXeMy MO HampsDKEHUEM MPU 00pabOTKe pe3ynbTaToB U3MEPEHHI;

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

[IpoBepky HamW4us, MOJABAEMOTO K CXEMe WJIM JJIEMEHTaM CXEMbl HaIpsHKCHUS
HEOOXOUMO TPOU3BOAUTH TOJIBKO KOHTPOJBHOW JAMIOYKON WM BOJBTMETPOM, COOIIOIas
MpaBuJia TEXHUKH 0€30MacHOCTH.

[Ipu pabote B mabopaTopuu CiemayeT CTPOro COOIOAATh MEPHI TPEIOCTOPOKHOCTH, TaK
KakK AJIEKTPUYECKUN TOK, TPOXO AN Yepe3 TeJlo yesoBeka, BennunHoi B 0,025 A yxe aBnsiercs

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

78




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

M0 OPraHU3alluyd CaMOCTOSITEIFHON pabOThl 00YJArOIITIXCSI
o pucuumminae «QJIEKTPOHUKA 1 DJIEKTPOTEXHUKA »
JUISL CTYJIEHTOB HaIlpaBJICHUSI IOATOTOBKU
09.03.02 NudopmanimoHHbIe CHCTEMBI U TeXHOJIOTUH, MIHpOopMaImoHHbIe CUCTEMBI U
TEXHOJIOTUH 00paboTKH HU(POBOro KOHTEHTA

[Taruropck, 2026
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Conepxanue

Beenenue

OOmass xapakTepUCTHKAa CaMOCTOSITENIbHON paboThl 00y4arouierocs
U3YYECHUU JUCHMILTUHBI « DNEKTPOHUKA U DJIEKTPOTEXHUKA
[Tnan-rpaduk BBITOJHEHUS CAMOCTOSITEILHON PaObOTHI

KoHTpoTbHBIE TOYKH ¥ BHJIBI OTYETHOCTH 110 HUM

MeTtoauueckre peKOMEeHIalluy 10 U3YYEHHUIO TEOPETUYECKOTO
MaTepuaia

Y4eOHo-MeToanuecKoe U HH(POPMATMOHHOE 00eCTIeYeHUE TUCITUTLIAHBI

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 LIEJIBIO
00y4YeHHs CTy/IeHTa — MOATOTOBKOM OakaaBpa ¢ BeiciinM oOpa3oBanuem. [Ipu opranuszammm CPC
BaXXHBIM U HEOOXOIUMBIM YCIIOBUEM CTAHOBITCS (OPMHUPOBAHUE YMEHHUS CaMOCTOSITEIbHON
paboThl 114 IPUOOPETEHUsI 3HAHNUN, HABBIKOB U BO3MOKHOCTH OpPTaHU3alMK YUeOHOU U HAyYHOU
JESITEIIbHOCTH.

Lenbto caMOCTOSATENFHOM PAOOTHI CTYACHTOB SBISIETCS OBIIAJCHUE (PYHIaMEHTAILHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPYECKOHM, 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
AUCHUILUTUHBI «JIEKTPOHUKA U 3JIEKTPOTEXHUKA

CamocrositenbHas paboTa - TulaHupyeMasi yaeOHasi, yaeOHO-UCCIIeIOBATEeNbCKAsl, HAyYHO-
HCCIIeIOBaTeNbCKas paboTa CTyIEHTOB, BHINOIHIEMAas BO BHEAYTUTOPHOE (2yIUTOPHOE) BpeMs 110
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpernojaBaTelis, HO 0€3 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 JEeATENIbHOCTH cTyaeHTa. CamocTosTenbHas padoTa CTYJEHTOB 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. [lostomy CPC momxHa ctath 3¢ ¢heKTUBHON U lieJeHanpaBIeHHON
paboToii CTyaeHTa.

K coBpemeHHOMY crienagucTy 00IIEeCTBO NPEABSABISAET JOCTATOYHO LIMPOKUN ITEpeUEHb
TpeOOBaHUll, cpeAM KOTOPbIX HEMAJIOBAXXHOE 3HAUEHUE HMMEET HaJIMuue Yy BbIITYCKHUKOB
OTIpe/IeIEHHBIX CIHOCOOHOCTEM M YMEHHsI CaMOCTOSITENIbHO J00bIBaTh 3HAHUS U3 Pa3IMUHBIX
HMCTOYHUKOB, CHCTEMATHU3HPOBATh MOJYyYEHHYIO HMH(OpPMAIIMIO, /JaBaTh OIEHKY KOHKPETHOM
¢unaHcoBol cutyauuu. @opmMupoBaHUe TAKOTO YMEHHS MPOUCXOJUT B TEUEHUE BCETO Mepuoa
o0ydeHHUsl Yepe3 ydyacTHe CTYJEHTOB B IPAKTHUECKUX 3aHSITHUSIX, BBIIOJIHEHHE 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 ocyuiectBieHuss CPC nomkHa coBmagaTh € LEIBIO
o0ydeHus CTyJeHTa — IMOJArOTOBKOH crenuanyicTa u O0akanaBpa ¢ BbICIIMM oOpa3zoBaHueM. [Ipu
opraam3aiu CPC BaXHBIM M HEOOXOAMMBIM YCIOBHUEM CTAHOBSITCS (OPMUPOBAHUE YMEHHS
CaMOCTOSITENIbHOM paboThI Al MPHOOpPETEHUsI 3HAHWUN, HABBIKOB M BO3MOYKHOCTH OpraHU3aIlluu
yueOHOW 1 HAyYHOU JesITeIbHOCTH.

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

- CaMOCTOSTEIbHOE U3YUEHHUE JINTEPATYPhI;

- CaMOCTOSTEIbHOE pelIeHe 3a/1a4;

- BBIIIOJIHEHUE KYPCOBOTO MTPOEKTA.

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 N aKTUBHOCTHU CTYACHTOB.

Ilenv camocmosamenvnozo peuieHus 3a0a4 - OBIAJACHUE TPOPECCUOHATHHBIMU
YMEHUSIMHU M HABBIKAMU JICATEIBHOCTH IO IPOQILTIO OyIyIeH e TeIbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

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

° (dbopMUPOBaHHE CAMOCTOSTSIILHOCTH MBITIICHUS, CITOCOOHOCTEH K CaMOPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHHUIO M CAaMOPEATH3AIHH;

° Pa3BUTHUEC UCCICAOBATCIIBCKUX yMeHI/H\/JI

Ilenvto camocmosamenvHozo 6bINONHEHUA paciemHo-2paguueckoil padomsl 10
JTUCIUTUTMHE SBJISICTCS OBJIAJcHHE (DYyHIAMEHTAIbHBIMH 3HAHHUSIMHU, NPOPECCHOHATBHBIMU
YMEHUSIMHU U HAaBBIKAMH JCSITEIBHOCTH TI0 TPOQHIIIO, OIBITOM TBOPYECKOM, UCCIIEI0BATEIBCKON
JESTCIIbHOCTH.

3adauamu naHHOTO BUA CAMOCTOSTEIILHONW PAOOTHI CTYACHTA SIBISIOTCS:

° cucreMaru3anuda MW 3aKpCIJICHUC TIOJYYCHHBIX TCOPETUYCCKUX 3HAaHUH "
IIPaKTUYECKNX YMEHUH CTYJICHTOB;

. yrIyOJICHHE U paclIMpEeHNe TCOPSTHUSCKUX 3HAHUM;

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

o Pa3BUTHUC MMO3HABATCIIbHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYACHTOB!: TBOpquKOﬁ
HHUIUATUBBI, CAMOCTOATCIIbHOCTU, OTBETCTBECHHOCTU U OPIraHU30BaHHOCTH,

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

o pa3BHUTHE UCCIICJOBATEILCKUX YMEHUIA;

J UCTOJNB30BaHUE  MaTepuana, COOpaHHOTO W  TOJYYEHHOTO B XOJe
CaMOCTOSITENIbHBIX 3aHATHUI Ha CEMUHapax, Ha MPAKTUYECKUX U JTAOOPATOPHBIX 3aHATHUSX, TPU

HalMCaHUM KypCOBOH pabOTHI.
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B pesynbrare

OCBOCHHUA

IUCLUITINHEL

dbopMupyrOTCS

CIEYIOIIHI

nepevYeHb

IJIAaHUPYEMBIX PC3YyJILTATOB OGy‘IeHI/ISI 110 AUCHUIIIINHE, COOTHECEHHBIX C IJIaHUPYCMBIMU

pe3yJbTaTaMHi OCBOEHHS 00pa30BaTeIbHOM MPOrpaMMBbI:

Kon, popmynuposka
KOMITETCHIIUHT

Kon, popmynuposka
WHJUKaTOpa

[Tnanupyemblie pe3yabTaThl
00y4YeHHMsI IO TUCIIUTUTHHE
(Monymio0),
XapaKTEPU3YIOIINE ITAIIbI
dbopmupoBaHus
KOMITETEHIIHA, HHIUKATOPOB

OIIK-1 CnocobeH MpUMEeHSITh
€CTeCTBEHHOHAYYHBIC U
OOLIeMH)KEHEPHbIE 3HAHUS,
METOBI MATEMaTHYECKOTO
aHaJM3a ¥ MOJICIIMPOBAHMS,
TEOPETUIECKOTO H
HKCIEPUMEHTAIHHOTO
WCCIIC/IOBAHHS B
npodeccnoHanbHOM
NeSITeTbHOCTH;

NJ-1omnk-1 3HakoM ¢
OCHOBAMH MAaTEMATHKH,
(U3UKH, BBEIYHCITUTEBHOM
TEXHUKHU U
IPOrpaMMHUPOBaHUS

3HaeT METO/Ibl aHAIN3a U
pacueTa JMHEHHBIX
UIEKTPUUECKUX Lenen
HOCTOSIHHOTO U TIEPEMEHHOTO
CUTHAJIOB, 3-X (pa3HbIX
JIEKTPUUECKUX LeTeH,
HEJIMHEHHBIX 3JIEKTPUYECKUX
Lernei NOCTOSIHHOTO U
HEPEMEHHOT0 TOKOB, METObI
pacyeTa MarHUTHBIX LETEH,
METO/IbI aHAIN3a
HEPEXOJIHBIX IPOLECCOB,
TIPUHITUITBL
(YHKIIMOHUPOBAHUS U
XapaKTePUCTUKU
MOJTYTIPOBOJHUKOBBIX
pruOOPOB, OCHOBBI TEOPUU
ANEKTPOMAarHUTHOTO OJIS.

I/UI'ZOHK-l Pemaer
CTaHJIapTHBIE
npodeCCuOHAIBHBIC 3a/1a4H C
MIPUMECHEHHEM
€CTeCTBEHHOHAYYHBIX U
OOIIEMH)KEHEPHBIX 3HAHHM,
METOJIOB MaTeMaTUYECKOTO
aHaJIM3a U MOJICITUPOBAHUS

YMeer sKcriepuMEHTAIbHBIM
CIIOCOOOM OIPEIENIUTh
napaMmeTpsl U
XapaKTePUCTUKU THIIOBBIX
INEKTPOTEXHUYECKUX,
JJEKTPOHHBIX 3JIEMEHTOB U
YCTPOMCTB, MPOU3BOIUTH
M3MEpEeHUE OCHOBHBIX
NEKTPUYECKUX BETUYMH U
HEKOTOPBIX HE
ANEKTPOTEXHUYECKUX
BEJINYWH, CBA3aHHBIX C
npoduIeM HHXEHEPHOU
NeSITeNIbHOCTH, BKIIIOUATh
INEKTPOTEXHUYECKUE
MPUOOPHI, armapaThl U
MAIIWHBI, YIPABIATh UMU U
KOHTPOJIUPOBATH UX
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3¢ exkTHBHYIO U O€30MMaCHYIO
pabory.

N /I-3omk-1 I[IpoBoauT
TEOPETUYECKOE U
IKCIIEPUMECHTAIILHOE
HCCIIEIOBAHIE OOBEKTOB
podhecCHOHATLHOM
eI TEILHOCTH

Bnageer coopkoii u
aHaJIM30M
ANEKTPOTEXHUYECKUX CXEM,
U3MEpPEHHEM TOKOB,
HanpsHKEHUM, MOITHOCTEN U
JIPYTHUX 3JIEKTPOTEXHUUECKUX
BEJIMYMH, aHAJIU30M JeHCTBUS
AIIEKTPOHHBIX YCTPOKCTB,
npuMmeHenuem OBM B
pelieHuu 3a1a4
TEOPETHUUECKUX OCHOB
ANEKTPOTEXHUKH.
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IInan-rpadguk BBINOJHEHHS CAMOCTOSATEIbHON PadoThI

OObeM 4acoB, B TOM YHCIIC

Kozpr
CpencTBa u KonraktHas
pean3yeMbIxX Bup nestensHOCTH
. TEXHOJIOTHH pabota ¢
KOMIIETEHIINH, CTYACHTOB CPC Bcero
OIICHKU mpernojaBaT
UHIUKaTOpa(oB)
eyeM
Ounas ¢hopma oOyueHus
3 cemecTp
CaMocCTOsITeIbHOE CoBece 10BN
U3y4CHHE JTUTEPATYPHI eﬂ 58,32 6,48 64,8
OIIK-1 o TeMam Nel-9
N-lomnk-1 [ToaroroBka K CobOecenoBanu 162 0,18 18
WJ1-20rmk-1 JIEKLIUAM e
N/I-30mk-1 IMonroroska k
71a60paTOPHBIM C06eceeﬂOBaHH 4.86 0,54 54
3aHATHSIM
Hroro 3a 3 cemecTp: 64,8 7,2 12
Hroro: 64,8 7,2 12
3aounas popma 00ydeHUS
5 cemectp
CamocTosITeNTbHOE CoGeceloBatl
U3Yy4EHHUE JTUTEPATyphl eﬂ 88,56 9,84 98,4
OIIK-1 o Temam Nel-9
W/I-1lomk-1 [Toaroroska k CobecenoBanu 0,36 0,04 0.4
N-20mk-1 JICKITHSIM e
NJI-3ormk-1 [Tonroroska k
1a60paTOPHBIM C06eceeILOBaHH 1,08 0,12 1,2
3aHATHAM
HTtoro 3a 5 cemectp: 90 10 100
Hroro: 90 10 100
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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

MEpPONPUATHUE CUHUTACTCA CHAHHBIM, €CJIW CTYACHT IIOJIY4YHJI 3a HETO HE MCHCEC 60% ot

YCTAHOBJICHHOI'O  IJI1  3TOr0  KOHTPOJIA

MaKCUMallbHOTO ©Oaia. PedTwHroBwld — Oa,

BBLICTaBJIICMBII CTYACHTY 3a TCKYLICC KOHTPOJBHOC MCPOIIPUATHUEC, CAAHHOC CTYACHTOM B

YCTAHOBJICHHBIE TPa)UKOM KOHTPOJBHBIX MEPONPUATHI CPOKH, OMPEIENSETCS CIEAYIOUIM

o0pazoM:

YPOBGHB BBIITOJIHCHHA KOHTPOJBHOI'O

PetitunroBeril 6amt (B % OT MaKCUMaIbHOTO

0asta 3a KOHTPOJIBHOE 3aJIaHUE)

3a1aHus

OTINYHEIH 100
Xopommuii 80

Y 10BIETBOPUTENBHBIN 60
HeynoBneTBopuTenbHBIHI 0

Peittunrosas cucrema 1j1st 3a04HOM POpPMBI OOYUEHHS HE MPETyCMOTPEHA.
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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 JOJKEH 3HATh 10 JAHHOU TEeME.
Bonpocs! TemMbl Kak ObI HAKJIQABIBAIOTCS HA COOTBETCTBYIOILYIO TTIaBy U30paHHOTO YUeOHHKA WK
yueOHoro nocobus. B utore 10MKHO OBITH SCHBIM, KaKHU€ BOIIPOCHI TEMbI Y4eOHOIO Kypca U ¢
Kakol I1yOMHOW PacKpbIThl B KOHKPETHOM Y4eOHOM Marepuaje, a Kakue BOOOIIE OIMYyILEHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE M K CAMOMY COJIEPKAHUIO JUCIUTUIAHBL.

Bomnpocsl, cocraBnsionye ee coaepxkanue, 00J1a1aloT pa3HoOi CTeNneHblo BakHOCTH. EcTh
BOIPOCHI, BBIMOJHSIOMINE (YHKLUIO JIOTHYECKON CBSA3KM COJEp’KaHMsl TEeMbl U BCEro Kypca,
UMEIOTCS BOIPOCH! ONUCATEIBHOIO MM Pa3bsICHUTENBHOIO XapaKkTepa, a TaKXKe UCTOPUYECKOTrO
9KCKypca B 00JacTb M3yyaeMOW AMCLUMILIMHBL. Bce 3TH BOIpOCHl HE COCTaBISIOT CYTH IOHS-
THfIHOI‘O, KOHICHUTYAJIbHOTO COACPKAHUA TCMbI, HO HCO6XOILI/IMI)I AJI1 OCJIOCTHOIO BOCHPUATUSA
U3y4aeMbIX IPoOIIeM.

W3yuaemasi TUCHMIIMHA UMEET CBOM KaTeropuajibHO-TOHATHHHBIA annapar. HayuHsle
MOHATUS — 3TO Ta 0a3a, Ha KOTOPOM CTPOUTCS Kaxaas Hayka. [IoHSATHS — y3JI0BBIE, ONIOPHBIC
IMYHKTBI KaK HAY4YHOI'O, TaK U yqe6H0ro MMO3HaHUsA, JIOTHYCCKHUE CTYIICHU JIBUKCHUA B yqe6e oT
IPOCTOTO K CJIOXKHOMY, OT SIBJIEHUS K CYIIHOCTHU. be3 sicHoro nonuMmanus noHATHH yyeOa KpaiiHe
3aTpyAHSETCS, a coiepKaHne MPUOOPETEHHBIX 3HAHUH CTAHOBUTCS TYCKJIBIM, PACIUIBIBUATHIM.

CTy,lIeHT JOJDKCH ITOHHMAaTb, 4YTO CaAMOCTOATCIIBHOC OBJIAJCHUC 3HAHUAMH SABJIISICTCA
[JIaBHBIM, OTIpeAEIAoNMM. Bhiciias 1mkoa co3naer it 3TOro Heo0X0AUMBbIE YCIOBHSI, TOMOTAET
Oyaymemy BBICOKOKBAIN(DUIIUPOBAHHOMY CHELUAIIUCTY OBJIAJIETh TEXHOJIOTHEN
CaMOCTOSITEJIBHOTO IPOU3BOACTBA 3HAHHUM.

B camocTosaTenbHON paboTe CTyIAEHTaM MPUXOJUTCS HCHOJIb30BaTh JIUTEPATYpPy
pa3IMyYHbIX BHUJOB: TEPBOMCTOYHHKH, MOHOTpauu, HaydHble COOPHUKH, XpECTOMATHH,
y4eOHUKH, ydeOHble MOcoOus, XKypHaisl M Jp. M3ydeHue Kypca IpenrojiaraeT 3HaKOMCTBO
CTYACHTOB C OOJBIIMM OOBEMOM Hay4YHOH M yuyeOHOH JuTeparyphl, 4TO, B CBOIO O4Yepelb,
MMopoKaAaACT H€O6XOJII/IMOCTI) BI)Ipa6OTKI/I Y HHUX PpadduOHAJIBHO-KPUTHUYCCKOro IMmoaxoda K
HN3Yy4aCMbIM UCTOYHUKAaM.

UYroObl HE «YTOHYTb» B OIPOMHOM OOBEME PEKOMEHJIOBAHHBIX €MY ISl H3Y4EHUs
VCTOYHUKOB, CTYJEHT, MPEXKIE BCETO, JTOJDKEH HAYyUUTHCS MPaBUIBHO MX 4MTaTh. [IpaBuibHOE
YTEHUE PEKOMEH0BAaHHBIX UICTOYHUKOB IPEIOJIAraeT CIeJOBAHNE HECKOJIBKUM HECIO0XKHBIM, HO

BE€CbMa IIOJIC3HBIM IIpaBUJIaM.
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[IpenBapuTenbHbIil MPOCMOTP KHUTU BKJIIOYAE€T O3HAKOMIIEHHWE C TUTYJIBHBIM JIMCTOM
KHWUTM, aHHOTallMEH, IpEAUCIOBUEM, OIJaBleHHEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HE00XO0IMMO BBIICIHUTD Pa3/ieibl, II1aBbl, maparpadsl, MpeIcTaBIsIoNINe i1 BaC HHTEpeC, Oerio
UX TPOCMOTPETb, HAWTH MecTa, OTHOCSIMecs K Teme (ab3albl, CTpaHUIbl, naparpadsl), U
MO3HAKOMUTHCS C HUMU B OOIIMX YepTax.

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

3HAaKOMCTBO C KHHMIOH JIydllle BCEro Ha4MHATh C M3y4YEHUS aHHOTAlMM — KPaTKOM
XapaKTEepUCTUKU KHUTH, PAaCKPBIBAIOIIEH €€ CoiepKaHKe, UIEHHYI0, TEMAaTHYECKYIO U )KaHPOBYIO
HAIpaBJIEHHOCTb, CBEAECHHUS OO0 aBTOpE, HA3HAYEHHE W JpYyrue OCOOEHHOCTHU. AHHOTALUSA
MIOMOTaeT COCTaBUTH MPEIBAPUTEIILHOE MHEHHUE O KHUTE.

I'my0xe MOHATH coiep KaHne KHUTH MTO3BOJISIIOT BCTYNUTEIbHAS CTaThsl, B KOTOPOIi AaeTcs
OLIEHKA COZEp)KaHUsI KHHUTH, 3aTParuBacMoi B Hel MpOOIeMaTHKH, CONEPKHUTCI HHPOpMAIUsI O
KU3HEHHOM U TBOpuYecKoil Ouorpaduu aBTOpa, BHICKA3bIBAIOTCS IOJIEMMUYECKHUE 3aMEYaHUs,
Pa3bACHSIOTCA OTAETbHBbIC MOJIOKEHUS KHUTH, NAIOTCAd KOMMEHTapuu u T.J. Bor modemy
3HaKOMCTBO C BCTYMHUTEIBHOM CTaThell MPEACTaBISETCS OYEHb BAXKHBIM: OHO IIOMOTAET CTYACHTY
COPUEHTHPOBATHCS B TEKCTE€ pabOThI, OOpAaTUTh BHUMAHHUE HA €€ HauboJiee [EHHbIE U Ba)KHbIE
pa3aensl.

Toli ke 1enu colencTBYeT 3HAKOMCTBO C OTJIaBICHHEM, IPEIUCIOBUEM, ITOCIECTIOBHEM.
Becbma 1oOJ€3HBIMM 3lIEMEHTaMH HAy4YHOI'O amnmapara sBJISIOTCS CHOCKHM, KOMMEHTapHH,
TabNInLbL, TpaduKU, CIUCKU JIUTEpaTypbl. OHU HE TOJIBKO WILTIOCTPUPYIOT OTAENIbHbIE OJI0KEHUS
KHUTH WK CTAaThH, HO M CaMH MO ce0e SIBIISIOTCS TOTIOTHUTENBHBIM UCTOYHUKOM HH(OpMAaIHH
JUTSL YUTATEs.

Ecnu unraTens 3amHTepecoBajla Kakas-TO BbICKA3aHHAs aBTOPOM MBbICIb, HE Halle/Ias
NOJPOOHOTO OCBEILIEHUS B JTAHHOM HCTOYHHKE, OH MOXET OOpaTUThCA K TEKCTYy HCTOYHHKA,
YIIOMHUHAEMOT0 B CHOCKE, TUOO K UCTOYHUKY, KOTOPBI OH MOXKET HallTU B CIIUCKE JINTEPATYPHI,
PEKOMEHI0BAHHOM aBTOPOM JIJIsl CAMOCTOSITEILHOTO U3yUYEHHUS.

Cy1ecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
NpeJCTaBisIoNasl coOol mepeyeHb BOMPOCOB, pPACCMATPUBAEMbIX B KHUTE€ MU CTaTbe.
Pa3BepHyThIli TUIaH TMpeACTaBiseT coOoil Oonee MOAPOOHYIO 3aMUCh MPOYUTAHHOTO, C
JeTajau3anyen OTIeNbHBIX MOJI0KEHUH U BHIBOJIOB, C BBIMUCKOM IIUTAT, CTATUCTUYECKUX JTAHHBIX
U T.A. Pa3BepHyThIll IUIaH — HEOLEHUMBIH MOMOIIHUK IMPH BBICTYIUIEHUU C JOKIJIAIOM Ha

KOHKPETHYIO TEMY Ha CeMUHape, KOH(PEPEeHLUH;
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— TE3UChl — KPATKO CPOPMYIUPOBAHHBIE IMOJIOKEHUS, OCHOBHBIE IMOJIOKEHUS KHUTH,
ctatbi. Kak npaBuiio, T€3UChl COCTABIISIFOTCS IOCIE MPEABAPUTEIBLHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHUKA, IIPU €r0 NOBTOPHOM IpodTeHUH. OHM NOMOTatoT 3alIOMHUTh U CUCTEMATU3UPOBATH
nHpopMaIuto.

CocraBneHne KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJIEPKalliil OCHOBHBIE HJIEU IPOUYNUTAHHOIO B yUEOHHUKE U YCIIBIIIAHHOTO B JIEKLIUU.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IJIaH CBSI3HOTO PAcCKasa M0 OCHOBHBIM
BOITPOCAM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT WHIUBUIYAIBHBIX
OCOOEHHOCTEH CTy/IE€HTa) HE TOJbKO Ha HHTEUIEKTyaJlbHYI0 M SMOLMOHAJIbHYIO, HO U Ha
3pUTEIBHYIO MaMATh, MPUYEM TEKCT KOHCIIEKTa HEPEIKO aCCOLMHMPYETCS €Hle U C TEKCTOM
yueOHUKa WM 3amuchio Jiekuuu. [loaToMy serde 3amoMUHaeTCs COJEp:KaHHUE KOHCIIEKTOB,
HallMCaHHBIX pa300pUYMBO, C MOAUYEPKUBAHUEM WM BBIJCICHUEM Pa3psAKON KIIOUEBBIX CIIOB U
dpas.

CaMOCTOSATEIbHO U3YYEHHBIE TEMbl MPEAOCTABISIIOTCS MpenojaaBarenio B ¢dopme
KOHCIIEKTa, II0 KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTndyeckue TeMbl Kypca (OTaeNbHbIE

BOHpOCBI), BBIHOCHUMBIC Ha CAMOCTOATCIIBHOC U3YYCHHUE, ITPCACTABICHBI HUXKC.
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