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Lenb 1 3a1a4u U3y4eHUs! TUCHUTUIIMHBI

O6opynoBaHue U MaTepUabI

HaunmenoBanne 1abopatopHbIX padboT

Coneprxanue 1a00paTOPHBIX padOT

JlabopaTtopHnas padota Nel. MccnenoBanue CIOKHBIX LETEH MOCTOSHHOTO TOKa
JlaboparopHast pabora No2. TlocnemoBaTenbHOE COSAMHEHHWE AaKTHUBHOTO,
VMHJYKTUBHOI'O U €MKOCTHOT'O COIIPOTHUBIIEHUI. Pe30HaHC HanpsKeHUI
JlaboparopHas pabota Ne3. DnekTpuyeckas 1enb CUHYCOHIAILHOTO TOKa MPH
napayuiebHOM BKIIOYEHUU aKTUBHOTO M PEAKTUBHBIX COMPOTUBIICHUH.
JlaGoparopnast pabora Ne4. MHccrnemoBanue tpex(dasHOM CHUCTEMBI TIpU
COCIMHEHUH MOTPeOUTENeH 3BE3101

JlaboparopHas pabota Ne5. Tpexdasznas uens npu cCoOeAMHEHUH OTpeduTesnei
0 CXEME TPEYTOJIbHUK

JlabopaTtopHas padota Ne6. Ucnibitanue onHodasHoro Tpancpopmaropa
JlaGoparopHas pabota Ne7. McnbiTanue TpexpazHOro aCHHXPOHHOTO
JIEKTPOABUraTeNsl C KOPOTKO3aMKHYTBIM POTOPOM

Yacte 1. CHsTHe W ompejeneHHe xapakTepucThk xonoctoro xoxa lo=f(U),
Po=f(U), cospo=f(U)  Tpexda3HOro acCHHXPOHHOTO  JBUTaTeis  C
KOPOTKO3aMKHYTBIM POTOPOM

Yacte 2. Ilyck B xox Tpex¢a3HOro AaCHHXPOHHOTO JIBUTATeNns C
KOPOTKO3aMKHYTBIM / (ha3HbIM POTOPOM C pErucTpanueil u oToOpakeHHeM
PEKUMHBIX ITaPaMETPOB Ha KOMITBIOTEP

Yacte 3. CHATHE M oOmnpeneiNeHrue XapaKTEPUCTHK KOPOTKOTO 3aMBIKAHUS
Ik=f(U), Px=f(U), Zx= f(U) tpexdazHoro acuHXpOHHOTO JBHUTATEIS C
KOPOTKO3aMKHYTBIM POTOPOM

JlabopaTopHas paborta Nes. UccnenoBanue XapaKTEPUCTUK
TIOJTYTTPOBOTHUKOBBIX TUOJIOB HA MIOCTOSTHHOM H TIEPEMEHHOM TOKaX
JIaGoparophnas pabora Ne9. CHsATHE XapaKTepUCTUK OUIOISIPHOIO TPAH3UCTO-

pa.

YyebHOo-MeToaAnYeCKOe U MHPOPMAIIMOHHOE 00eCIIeueHNEe JUCITUTITMHBI

Crp.
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[lepeyeHbr OCHOBHOW M JIOMOJIHUTEIBHOW JIUTEPATyphl, HEOOXOIUMOUH st
OCBOCHHA NJUCIIUITJIIMHBI

[Tepeuenb y4eOHO-METOAMYECKOTO OOCCIICUCHUSI CaMOCTOSTEIBHOU pPabOTHI
00yJaronIuXxcs Mo JUCIUTIIINHE

Ilepeuenr  pecypcoB  MHGOPMAIMOHHO-TEJICKOMMYHUKAIIMOHHOW  CETH
WNuTepHeT, HEOOXOAMMBIX JIJIsI OCBOCHHSI TUCITUTLINHBI

[Ipunoxenus



BBenenne

Lenpto paboThl B 1a00paTopuu SIBISIETCS YIIIyOJeHHE W 3aKpeIyieHHe MPHOOPETEHHBIX
TEOPETHUYECKUX 3HAHUI IyTE€M SKCHEPHUMEHTAJIbHOM MPOBEPKU TEOPETUUYECKUX MOJOKEHUH, a
TaKk)ke 3HAKOMCTBO C JJIEKTPOHHBIMH KOMIIOHEHTaMH, OOOPYIOBAaHUEM, H3MEPHTEIbHBIMU
npubopaMu U anmapaTypou, HCIOJIb3YEMbIMH B J1a00PaTOPHH.

B pesynbraTe BbIMONHEHUS JTa00OpaTOPHBIX PabOT CTYAEHTHI JOJDKHBI HpUOOpecTH
YMEHHS U HaBBIKU IO COOpPKE M HMCCIICAOBAHUIO AIICKTPOHHBIX CXEM M NMPHOOPOB, H3MEPEHUSIM
NIEKTPUYECKUX BEIMYMH. TemaThKa J1a0OpaTOpHBIX padOT IOJHOCTBIO COOTBETCTBYET
COACPIKAHNIKO OCHOBHBIX PasACIOB KypcCa, H3Yy4a€MOI'O B BBICIIHMX TCEXHUYCCKHUX y‘~IC6HI>IX
3aBesieHUsAX. B mpennaraeMmoM yueOHOM MOCOOMM ONMMCAHO OAMHHAATH J1a00paTOPHBIX padoT.
B ommcanum kaxaol 1abopaTopHOi paboThl chopMynupoBaHa ee IIeib, M3JI0KEHbI OCHOBHBIC
TEOPETHYECKHE TIOJNIOKEHHS, ONICaHa CXeMa YCTAaHOBKHU JJISl TPOBEICHHS IKCIIEPUMEHTAILHOTO
UCCIICIOBAaHMS, JIaHbl PEKOMEHJAlMU 0 TPOBEICHHUIO OIBITOB U 00pabOTKe pe3ylbTaToB

U3MEPEHHUM, a TAK)KE KOHTPOJIBHBIE BOIIPOCHI.



1. I]endb u 3a0auu uzyuenus OUCUUnIUHbL

Lenp npenogaBanust TUCHUILTHHBI «O0IIast SJIEKTPOTEXHUKA U AJIEKTPOHUKA)» COCTOUT B
U3YyYCHUU OCHOBHBIX 3aKOHOB DJJIEKTPOMArHeTu3Ma, pacuera M aHalu3a JJICKTPUYECKUX U
MarHUTHBIX LENEH, a TAKXKE SBICHHUH, KOTOPHIC CONPOBOKIAKT IIPOLECCHI B TEXHUYECKHX
CUCTEMAX.

3aja4yamMy TUCUUIUIMHBI SIBIISIFOTCS:

— (hopMupoBaHME y CTYAEHTOB HEOOXOIMMBIX 3HAHUI OCHOBHBIX 3JIEKTPOTEXHUUECKUX
3aKOHOB ¥ METOJOB aHAJIA3a dJICKTPUUYECKUX LIECTIEH;

— BbBIpA0OTKAa HABBIKOB HA OCHOBE MACIOPTHBIX U KATAJOKHBIX JaHHBIX OINPEIEISThH
IapaMeTpbl U XapaKTEPUCTUKU TUIIOBBIX YCTPOMCTB,

— (popMHpPOBaHUS HABBIKOB UCIOJIb30BAHUS COBPEMEHHBIX BBIYMCIUTEIbHBIX CPEICTB IS

aHaJIn3a COCTOSAHUS U YIIPABJIICHUA YCTpOﬁCTBaMH H CUCTCMaMHU.

2. Obopyoosanue u mamepuani

ArnmapaTtHble CpeaCcTBa:

— KomMriekT TumnoBoro 1abopaTopHOTro 000py10BaHUS «DTEKTPOTEXHUUYECKUE MAIITTHBD)

— Kowmmnexkt TunoBoro maGopatopHoro obopynoBanus «TeopeTHueckue OCHOBBI
ANEKTPOTEXHUKM

— YuebOnblit cTeH «Teopus IMEKTPUUECKUX LIEeTIel M OCHOBBI DJIEKTPOTEXHUKM»

VYyebHas ayauTopus AJig IPOBENCHUs] YyUeOHBIX 3aHSITHI, OCHAIIeHa 000pyJ0BaHUEM U

TEXHUYECKUMHU cpeicTBaMu oOydeHus. IlepeHOCHON HOYTOYK, HPOEKTOp, J10CKAa MarHUTHO-

MapKepHasi.
3. Haumenoesanue navopamopuvix paoom
N3 Hux
Ne Tembt HaumenoBanue TemM IUCHMUIUIMHBI, UX KPATKOE Ob6beMm
MpaKkTUyecKas
JUCITATITUHBI coJIepKaHue 4acoB

IMOATOTOBKA, YaCOB

4 cemecTp

JlaGoparopnass paGora Ne 1. UccinenoBanue
CJIOKHBIX 1IeTIe MOCTOSHHOTO TOKaA.

1 [TosryunTh IpakTHYECKUE HABBIKU COOPKHU CXEM ISt
AKCIIEPUMEHTAIILHON MPOBEPKU M pacueTra Leneu
MOCTOSTHHOTO TOKA C UCIIOJIb30BaHHEM 3akoHa Oma,
MEPBOT0 U BTOPOTro 3aKkoHOB Kupxroda.

JlaGoparopnasi padora Ne 2. [TocnenoBarenbHoe
2 COCANHCHUC AKTHUBHOTI'O, HHAYKTHUBHOTI'O u
€MKOCTHOTO CONIPOTUBJICHUIA. Pe3onanc




HanpsHKeHUH.

OnbITHas NMPOBEPKA OCHOBHBIX COOTHOIIEHUH JUIs
MOCNe0BAaTeIbHOW IENU  MEPEMEHHOr0  TOKa,
oOnanarolmiell  aKTUBHBIM,  HMHJIYKTUBHBIM U
€MKOCTHBIM COIIPOTHUBIICHUSIMHU.

JlabopaTopnas padora Ne 3. DiekTpuueckas 1eMb
CUHYCOMJAJbHOTO TOKa IMpH  MapaiieIbHOM
BKJIFOYCHUU aKTUBHOTO u PEaKTUBHBIX
COIIPOTHUBJICHUIA.

OKCIepUMEHTalbHasi  MPOBEPKA  3aBUCUMOCTH
AKTUBHOTO M PEaKTUBHBIX CONPOTHBICHUN OT
4acTOTbl, a TakXKe€ COOTHOLICHUH  MEXIy
HaIPSDKEHUEM, COTIPOTUBIICHUSIMH,
MPOBOJIMMOCTSIMU ¥ TOKaMHU B LIETIH C TTApaJLIEIbHO
BKIIIOUEHHBIMH  aQKTUBHBIM  COIIPOTHBIICHHEM,
KATYIIKOW WHIYKTUBHOCTH U KOHACHCATOPOM.

JlaGopatopnass paGora Ne 4. lcciaenoBanue
TpexdazHoi CUCTEMBI npu COCTMHCHUH
noTpeOuTeseH 3BE310M.

O3HaKOMUTBHCSA ONBITHBIM MTYTEM C OCOOCHHOCTAMU
COEIMHEHMS 3BE3710 IMPUEMHHUKOB AJIEKTPUYECKOU
SHEpPruM B Lienu TpexdaszHoro toka. Mccnemnosarhb
peXKUMBl ~ PaBHOMEPHOM W HEPaBHOMEPHOH
Harpy3oK, a Takke paboTy cucTeMbl IpU OOpbIBE
onHoil u3 (a3. [lomyuyuTh MpakTUYECKUE HABBIKU
pacyeTa U MCTBITaHUS TpeX(}a3HbIX METei, a TaKkKe
MOCTPOEHHUS BEKTOPHBIX IHArpamM.

Jladoparopnasi padora Ne 5. Tpexdaznas uens
OpU  COEIMHEHMM TOTpeduTened 1Mo  cxeme
TPEYTrOIbHUK.

HccnenoBath 0coOeHHOCTH pabOThl TpexdazHon
e Ipu COCIMHCHUU CUMMCTPUYHOT'O u
HECUMMETPUYHOTO MOTpeOUTENeH TPEyroJbHUKOM,
YCBOUTH IOCTPOCHHUEC BCKTOPHBIX JHArpamMm I10
pe3ysbTaTaM dKCIIepUMEHTA.

Jladboparopnass pabdora Ne 6. UVcnbitanue
onHO(Da3Horo TpanchopmaTopa.

O3HaKOMUTBCA C  KOHCTPYKIHMEH, METOJaMH
UCOBITAHUS U ONPEIENIEHHUS  XapaKTEPUCTHUK
TpaHCPOPMATOPOB.

JlaGopaTtopnass pabdora Ne 7. Ucmeitanue
Tpex(a3HOro AaCMHXPOHHOTO 3JIEKTPOJBUIATENs C
KOPOTKO3aMKHYTBIM POTOPOM.

O3HaKOMUTBECA C KOHCTPYKLIMEHW, METOAAMM ITyCKa
u XapaKTepUCTUKaMHU ACUHXPOHHOTO
JNEKTPOABUTATENS

Jladboparopnasi paGora Ne 8. UccrnenoBanue
XapaKTEePUCTUK TOJYNPOBOJHUKOBBIX JIHOIOB Ha
MOCTOSIHHOM U IEPEMEHHOM TOKaX.

CHATE BOJIbTAMIIEPHBIC XapaKTEePUCTUKU
BhIIpsAMUTENbHOTO nuoAa (tuna K226, 1N5408),
uMmiynbcHoro awona (tuma K521, KJI522,




IN4148), nwoma Illotkm (Tmma 1N5819), mo

XapaKkTEePUCTHKAM OIIPEICITUTh OCHOBHBIC
nmapaMeTppl M CpaBHUTh uX. Ha  skpane
ocumutorpaga POHAOIIOIATh TIPOIECCHI

BKJIIOUYCHHUSA W BBIKIIOYCHUA OUOJA, OIPCACINTH
BPCM BKIIFOYCHHA U BBIKJIFOUCHUS.

Jlaboparopnass  paGora Ne 9. Cuarue
XapaKTEPUCTUK OUITOJSIPHOTO TPAH3UCTOPA.
OcBOUTb METOJUKY TOIYYEHHUS BXOJHBIX U
BBIXOJHBIX XapaKTEPUCTHK TPaH3UCTOpA, a TaKKe
OTpe/ieNICHUs €ro IMHAMUYECKUX MapaMeTPOB.

Hroro 3a 4 cemecTp:

Hroro:




4. Cooeprcanue nadopamopHnulx padoom

Jlabopamopnas paboma Nel. Hccnedosanue cioxncHvIX yenei noCmoaHH020 moKa

Ilens padomei: [1onyunTh TPaKTHUECKUE HABBIKU COOPKU CXEM JUISl SKCIIEPUMEHTAIBHOMN
MPOBEPKU M pacueTa Ienedl MOCTOSHHOTO TOKa C HMCMOJb30BaHMEM 3akoHa Oma, mepBoro u

BTOpOro 3akoHOB Kupxroda.

Ocnoevl meopuu:

CnoxHOH 1LIeTbI0 TOCTOSHHOTO TOKAa HAa3bIBAIOT AJIEKTPUYECKYIO II€Tb, COCTOSIIYIO W3
HECKOJIBKUX COINPOTUBIICHUH W MCTOYHUKOB HAMPSHKEHUS, COCTMHEHHBIX MEXITYy COO0H TeM WIn
HUHBIM CITOCOOOM.

VY310M 37EKTPUYECKOM 1ETTH HA3bIBAETCS MECTO COCIUHEHUS TpeX W Oojiee BETBEH IIEMH.

[Ipy HaIM4KK B cxeMe N TaKMX y3JI0B MOKHO coctaButh (7 —1) ypaBHenwmii cormacHo meppomy

3akoHy Kupxroda. B cooTBeTCTBUU ¢ 3TUM 3aKOHOM CyMMa TOKOB, MOJXOMSIIMX K y3Iy, paBHA
CyMMe TOKOB, OTXOJISIIIUX OT y3J1a, WK ajdreOpanveckas CyMMa BCEX TOKOB B y3Jie PaBHA HYJIIO,
T.e. 2 =0. IIpu 3TOM HEOOXOAUMO TOKH, MOIXOJSIINE K Y37y, 3allUCHIBATH B YPaBHEHHE C
OJIHMM 3HaKOM (Hampumep «+»), a TOKH, OTXOJSALINE OT y3J1a — C IPOTHUBOMOIOXKHBIM 3HAKOM.
[Ipu mocnegoBaTebHOM COEIMHEHMHM HECKOJbKHX compoTuBieHud (puc. 1.1 a) oOmree
COMPOTHUBIIEHWE y4YyaCTKa pPaBHO CyMME BC€X CONPOTUBICHHA Ha JTOM  y4yacTKe:

R, =R, +R, +R,. Tok Ha y4acTKe LIENIM C HECKOJLKMMHU IIOCJIEI0BATENBHO COEINHEHHBIMU

COIIPOTHUBIIEHUSIMH OyZeT paBeH (1o 3akoHy Oma):

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

Pucynok 1.1 — ITocnenoBatensHoe (a) 1 nmapaiienbHoe (0) coeIMHEHNEe COTPOTUBIICHUM

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

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



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

1=

Rl
"R +R,

2

IIpn Tpex napauleIbHO BKJIIOUYEHHBIX CONPOTUBIEHUSX (puc. 1.2) SKBHUBaJIEHTHOE
COIIPOTHUBIIEHUE OyJET PABHO:
_ R, R, R,
R ‘R, +R,-R, + R, -R,

2

BeTBbIO 3JIEKTPUYECKO# 1IeTH HA3bIBACTCS YYAaCTOK DIICKTPHUUYCCKON LIEIH, 3aKITFOUCHHBIN
MEXTy IBYMS y3i1aMu (Harpumep, KouTyp abefa Ha puc. 1.3).

B kaxxioM KOHTYpe MEXy JIEKTPOABMKYIIUMU cuilamMu (3.1.C.), UMECIOIUMUCS B IICTH,
U MaACHUAMU HAOPsOHKCHUA Ha OTACIIBHBIX YYaCTKax CYHICCTBYET CTPOro OIpcAcjCHHAA
3aBUCUMOCTb, OTIpejiesisieMast BTOPbIM 3aKkoHOM Kupxroda:

2E=2IR,

T.c. anreOpauyeckas CyMMa OJJIGKTPOJBIKYIIMX CHJI B JaHHOM KOHTYpE paBHa
anreOpanyeckoil cyMMe MaJieHUi HaNpsDKeHUH Ha y9acTKax IeMH 9TOro KOHTYpa.

st Toro, 4TtoOBl TMPABWJIBHO 3alKcaTh ypaBHEHUE IO BTOpoMy 3akoHy Kupxroda,
HEOoOXOUMO 3aJaThCsl HAIpaBJIEHMEM 00X0/a 3TOr0 KOHTypa (HampuMmep, MO XOJy 4YacOoBOM
crpenku). Eciau npu 00Xoje KOHTypa HampaBiIeHHE 3.1.C. COBIAJaeT ¢ HalpaBIeHHEM 00X0/a,
TO €€ 3alUCHIBAIOT B JICBYIO YacThb YPAaBHEHHS CO 3HAKOM «+», a €CIIM €€ HalpaBliCHHE He
COBITAJ[AET C HANpaBJICHUEM 00X0/1a, TO €€ CYUTAIOT CO 3HAKOM «—». AHAJIOTHYHO MOCTYMAIOT CO
3HAKaMM TaJCHUM HanpsokeHW. Ecnu HampaBieHue TOKa Ha y4acTKe LENH COBIAJAET ¢
HarpasJeHneM o0xozaa, To IR Ha 3ToM y4acTke 3amHMCHIBAlOT CO 3HAKOM «+», B NPOTHBHOM
Cllydae — CO 3HaKOM «—».

[Tokaxxem 310 Ha mpumepe (puc. 1.3)

1. Jns xoHTypa abefa, coepiias 06X0/1 110 4aCOBO# CTpENKE, MOTYUHM:

E =1R + 1R,
2. Jns xoutypa bcedb, coBepiiras 00X01 MPOTHB YaCOBOM CTPEIIKH, MOTYUHM:
E =1,R, + LR,
3. Jns xoutypa abcdefa, cosepiriast 06x0/1 10 4acoBOit cTpeKe, MOTyUUM:

El _Ez :]1R1 _]2R2



Ykazanue no mexnuke 6ezonacnocmu:

VkazaHusi 1O TEXHHKE O€30MacHOCTH TMPH BBHINOJHEHHH JIAOOPATOPHBIX pabdoT

IIPUBENICHBI B IPUIIOKEHHE 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 mepBoro 3akoHa Kupxroda (puc.1.2). YcraHoBUTH
MaKCHUMaJIbHbIE 3HAYEHUS COMPOTHBIICHUI PEOCTATOB U U3MEPUTH TIOCIIE 3aMbIKaHus Kitoya Kl

TOKM B TapaJIeNbHBIX BeTBIX W oOmmid Tok mernu 10. Pe3ynmpTaThl m3MepeHMid 3aHECTH B

tabnuny 1.1.

Iz R‘.f
e |

e Bt

CAD Iz /—\ ; R

(&)

h ®

kn1

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

B ompite 1.2 CJICAYCT IMCPCABUHYTH IOJ3YHKH PEOCTATOB IIPOU3BOJIBHO, Ha6J'IIOJIa$I,

YTOOBI CTPEITKU aMIIEPMETPOB HE 3aIIKATUBAIH.

Tabmuma 1.1 — Pe3ynpTaThl H3MepeHUI U BHIYUCICHUI

Ne

PesynbTarsl usmepenuit PesynbTarhl BeIUUCIIEHUN
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

COIIPOTHUBIIEHUE CXeMbl R BBIYHCIUTH OTHOCHTENBHYIO INOTPEIIHOCTh H3MepeHui yo % 1o

dbopmyre:

I,—(, +1, +1
y = 0 (1 2 3)_100%\

0

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

Fz
a g c

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

R R: I R:

f & ol

Pucynok 1.3 — Cxema asst mpoBepKu BToporo 3akoHa Kupxroda

[Ipn pa3oMkHyTHIX pyOmibHHKaX P1 um P2 u3mepuTh BOJIBTMETPOM BEIMUYUHBI 3.1.C.
Kaxoro akkymynaropa. Conporusienus peoctatoB Ri, R2 u R3 usmeputs 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 3aMKHYTBI.

Pesynprarel W3MEpeHMH M M3BECTHBIE BEIMYMHBI BHYTPEHHHUX COINPOTHBIICHUI

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

Tabnuua 1.2 — Pe3ynbTaTsl ©3MEpeHH U BBIYMCICHUN

W3BecTHEIE
Pesynprarsl uamepenuii PesynbTarsl BeIUUCIEHUN
Ne BEJIMYMHEI
/n E1 E> Iy I I3 U; U Us lo1 ro2 R1 R2 Rz | 2IR | »
B B A A A B B B Om Om Om Om Om B %
OmngiT 1
OngIT 2
OmngiT 3

11




[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

2E —2IR
yo == 100%
XE

Jlj1 OIHOTO U3 KOHTYPOB IIPOBEPUTH OAJIaHC MOIIHOCTEH:

SEI =SI*R+3I%r,

Cooepicanue omuema:

OTuer HOKEH CONepKaTh:

N o g~ w d e

HazBanue paboTsi;

Llens paboThI;

Kpartkue Teopernueckue cBeeHus;

OnucaHue UCrob3yeMoro o0opy1I0BaHUSI U1 MATEPUAJIOB;
[TopsiioK BBITOTHEHHUS PaOOTHI;

Beruucnenust u o0paboTka pe3ysibTaToB;

BriBoapl.

KOHmpOJleble eonpocol:

1
2
3
4.
5
6

KakoBa (u3nueckas CymHoOCTb IEPBOro U BTOporo 3akoHoB Kupxroga?
MaremaTHueckoe BbIpakeHHUE MepPBOro U BTOporo 3akoHoB Kupxroda.
Uto Ha3pIBaeTCS UCTOYHUKOM 3.11.C.7

B uem cymHocTh 6anaHca MOIIHOCTEH?

Yo Ha3bIBAETCS Y3JIOM JIEKTPUUYECKOHU 1ienn?

Kak BbIOMpatoT HanpaBieHus: 06X0/1a KOHTYpOB?

12



Jlabopamopnas paooma Ne2. Ilocnedosamenvnoe coeournenue aKkmueHo2o,

UHOYKMUBHO20 U eMKOCMHO020 conpomugienuil. Pezonanc nanpasicenuii

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

COIIPOTUBJICHUSIMMU.

Ocnoevt meopuu:
[TycTh B 1Ienb IEPEMEHHOTO TOKA ¢ yacToToil f = 50 [y BKiIroueHa KaTyIlKa, 00Jaaromias
WHIYKTUBHOCTBIO L ¥ akTUBHBIM CONPOTUBIIEHHEM I (puc. 2.1).
[Ipy mpoTekaHWM MO KATyIIKE MEPEMEHHOTO0 TOKa IL B IMPOCTPAHCTBE, OKPY)KAIOIICM
BUTKH, OYJET CO3/1aBaThCSl MAaTHUTHBIN MOTOK @ U MOTOKOCLEIVICHUE ¢ BUTKAMU KaTyIIKU:
v =W-O

raAc w — 49HuCJIO BUTKOB KaTYIIKH.

e

‘ F

!
U.=Ir
© S
Ny
@
L
Y ¥

Pucynok 2.2 — Cxema nocnenoBaTenbHOTo coequuennst R u L

13



OTHolIEeHNe MOTOKOCHEIUIEHUS KaTyIIKd K TOKY KaTYyLIKH 1L Ha3bIBaeTCs COOCTBEHHOMU
WHYKTUBHOCTBIO WJIM UHYKTUBHOCTHIO:

w- O

L=£==
I I

Ecnu coGcTBEeHHOE MOTOKOCIEIICHHE MPOMOPIMOHAIFHO TOKY (B ciiyyae KaTyHIKH 0e3
CTaJILHOTO cepaeuHuka), To L = const. OCHOBHOW eIMHUIEH H3MEPEHUsS HHIYKTUBHOCTU
spisiercst ['enpu (I'n):

1= @, 1n-107 =1uln
14

Ecnu TOk B Karylike H3MeHseTcs (Hampumep, MO CHUHYCOMAAIbHOMY 3aKOHY), TO U

NOTOKOCLEIUIEHNE KATYIIKHM M3MEHSAETCS W II03TOMY B BHUTKaX KaTyIIKH [0 3aKOHY

BHGKTPOMaFHHTHOﬁ MHAYKIHUH HABOJUTCA 3.1.C. CAMOMHIAYKIUH €.

T.€. HaBOAMMAs D.J.C. €L NPEIATCTBYeT M3MEHEHHUIO Toka .. Kpome Toro, karymika
0011a/1a€T HEKOTOPHIM AKTUBHBIM CONIPOTHUBIICHHUEM T.
ITpumensas Bropoil 3akoH Kupxrogpa Juii MrHOBEHHBIX 3HAYEHUH 3JIEKTPHYECKUX
BEJIMYMH, MOYKHO 3aIUCaTh!
ut+e, =i-r
OTCI0JIa HANPsDKEHUE Ha 32)KMMaxX LENU PaBHO
u=i-r—e, =u,+u,

[Tanenne HanpsxeHMs Ha aKTUBHOM CONPOTHMBIICHUHU HA3bIBAIOT aKTUBHOM COCTaBIIAIONIECH
HaNpsUKEHWs WM aKTHBHBIM HANpsDKCHUEM, a IIaJIcHUE HaNpsDKeHHs Ha HMHIYKTHBHOM
CONPOTUBJICHUH HA3bIBAIOT MHAYKTHBHOW COCTaBIIAIONICH HANpsKeHUs. MITHOBEHHBIEC 3HAYCHUS
3TUX BEIMYMH O0003HA4aloT Ua M U, a gaedctByromue — coorBeTcTBeHHO Ua m UL Ilpu
CHHYCOHMJIAJIbHOM 3aKOHE U3MEHEHUS TOKA HaNPsUKEHUE Ha 3aKUMax 1elH OyJIET paBHO:

d(l,sinat) _

u=ir—e_=rl_ sinot+L rl,sinwt + oLl , coswt =

=U_, Sinwt+U . sin a)t+% :

T.€. MEX/Iy aKTUBHBIM M MHITYKTUBHBIM TTaJICHUSMU HANIPSDKEHUSI UMEETCS CABUT 110 (haze
Ha 90°.

[lepexons K KOMIIJIEKCHOM opMe MOXKHO 3aMHUCaTh:
U=U,+jU, =1Ir+ jIx,

14



rae jlIx, = jwll - KOMIUIEKCHOE CONPOTUBICHUE HHIYKTUBHOIO DJIEMEHTA,

U = Uam - _ ULm o
a = \/— u UL = f - ACHUCTBYIOIIMWEC 3HAYCHHUA AKTHBHOTO W HHAYKTHBHOT'O

HaIPSKCHUN.
Takum 06pa3om, HanpsuKeHHe Ha 3axkuMax e U MOXKHO NpeCcTaBUTh B BUIE CyMMBI
meyx cunycoun U, wm jU,. U3BecTHO, 4TO BCAKYI CHHYCOMAQIBHO HM3MEHSIOLIYIOCS

BEJIMYMHY MOXXHO IPEJICTaBUTh B BHJE BEKTOpa (Hampumep, Toka [/ ), Bpallalollerocs B

IIPOCTPAHCTBE C YIJIOBOM YacTOTOM «, MPOEKIMsT KOTOPOr0O Ha MHHUMYKO OCb U JlaeT

it ~\{?_?

I

CHHYCOMJIAJIbHYIO BeNMUYuHY (puc. 2.3).

-

Pucynok 2.3 — M300pakeHne CHHYCOMAAIBHOTO U3MEHSIOIICHCS] BEJIMUUHBI TOKA B BUJIE

BEKTOpa

OnpenenuM HanpsyKeHUs HA 3aXUMax LEeNd NpU MOMOIIM BEKTOPHOM JHarpambl.
Bektop Toka / OTI0%HM B HPOM3BOILHOM HANPABIEHUH, HANPHUMEP, TOPH30HTATLHO (puC.

2.4). Bce ocTalibHbIe BEKTOPHI OYIAYT JKECTKO MPUBSI3aHbl K BEKTOpY [ , T.e. MX CIBHT N0 (ase

OyZIeT cTpOro OmpeeIeHHBIM.

Bekrop axtuBHOro Hampsokenus U, = 1 -7 Oynmer coBmajgaTh MO HampaBIeHHIO C
BektopoM [ . BexTop uHayKkTHBHOW coctapisiomeil Hanpsxenus U, = J-1-X_ 6yger
onepexars Ha 90° Bextop [/ . Ckmambisas reomerpuuecku Bektopel U, u U, , momydum

BCKTOP HAIIPAKCHUA U Ha 3axxumax OCIIN.

15



0 . : 1
U =Ir

Pucynox 2.4 — BekTopHas quarpaMma mpu rocjieioBareasHoM coenuuennn R u L

Bemuanna X, =@-L=27-f L uasesacrcs UHOYKMUBHBIM CONPOMuUBLEHUEeM U
usmepsiercss B Om. ConpoTHBIEHHE XL 3aBUCUT OT YacTOThl U IPU BKIIOUEHUM KaTYIIKU
UHJyKTUBHOCTU B IIEIIb IIOCTOSIHHOTO TOKA ( f =0 ) TOK KaTYyIIKHU OyIeT OrpaHUYEH TOJBKO €€
AKTUBHBIM COIPOTUBIIEHUEM M OKa)XeTCsl HaMHOro 6osbie. [103ToMy KaTylIKu HHAYKTUBHOCTH,
IpeJHa3HauYeHHbIE JUIsl paOOThl HA NEPEMEHHOM TOKE, HENb3sl BKJIIOYATh B LIEMU IOCTOSHHOIO
TOKa.

Tpeyronsauk OAB  (puc. 4) mnpsSMOyroiabHbIH UM Ha3bIBaeTCSd TPEYrOJIbHUKOM
HanpspkeHui. 13 tpeyronsauka OAB nmeeM:

U =0 +U,?
U?=(T-r?+(-x)?=12(r* +x?%)

W3Bnekas u3 o6eux yactei KOpeHb, MOTYyIHM
2 2
U=1-r*+x/

[.2 2
Bemnumna /'™ + X[ , umeromas pa3MepHOCTb CONPOTHUBIICHMSI, HA3bIBAETCS IOJHBIM

COIIPOTUBJICHHUEM LICIIN U 0003HaYaeTcsd Z :

Z=r*+x}

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

.U ) )
IZ?I/IUIIZ

Kocunyc yrna casura ¢a3s ¢ mexay TokoM | u Hanpsbkenuem U paBeH:

u, I-r r

COoS@ =
@ U Il-z z

16



N3 TpeyrosbHUKa MOIIHOCTEW, KOTOPBIH MOXHO TOJIYyYUTh W3 TPEYroJibHUKA

HaIPsKEHUH YMHOXKEHUEM €ro CTOPOH Ha TOK I, MOJyduM aKTUBHYIO MOIIHOCTD:
P=I°r=U-I-cose
PeaxkTnBHAS MOIITHOCTE:
O=1I1°x, =U-1I-sing

TlonHas MOLITHOCTE:

S=U-1=+P>+07

OTHoIlIIeHNEe aKTHBHOW MOIITHOCTH K MOJIHOM Ha3bIBaeTCs KOA(P(HUIIMEHTOM MOIIHOCTH:

CcoS _E_i
=570

Ecnu nenbp mepeMeHHOro Toka 0071aJaeT aKTUBHBIM COMPOTUBIECHUEM I U eMKOCThI0 C
(puc. 1.5), To mo BTOopomy 3akoHy Kupxroda misi MIrHOBEHHBIX 3HAUEHUH 3IEKTPUUYECKUX
BEJTMYMH MOKHO 3aIHCATh:

u=i-r+u,

1€ U — MTHOBCHHOC 3HAYCHUE IPUIIOKCHHOT'O K ICIH HAIIPSKCHUSI,
| - MTHOBEHHO€E 3HaYEHHUE TOKa IO CIIN,
Uc - MTHOBCHHOC 3HAYCHUEC HANPSKCHUS, IPUIOKCHHOTO K O6KJ'IaI[KaM KOHACHCATOpa U

IPEICTABIAIONIEr0 COOOM MafieHNuE HANPSKEHU Ha EMKOCTH.
Eciiv TOK H3MEHSETCS BO BPEMEHH T10 CUHYCOUIAIEHOMY 3aKony, T.e. I =/, Sin ar ,

TO MpeAbIAyIee ypaBHEHHE OyIeT UMETh BU/I:
i 1 : T
U=rl_sinowt+—1_sin(wt—>).
wC 2

W3 sToit CI)OpMy.]'IBI BUJIHO, YTO IPHUIIOKCHHOC K HCIH HAIPSXKCHUC COCTOUT M3 NABYX

COCTaBJISIFOIIMX: aKTHBHOM WM aKTHBHOTO Hampspkerus U, = Il Sin «it conamaromeit mo

dase ¢ Tokom, U peakTUBHOH MM eMKkocTHOH coctapisomeit U, = —— 1 sin(ot — £) ,
wC 2
otcratomeit ot Toka Ha 90° (puc. 1.6). Torna
U=Ua.+U;.
[TocTpoMM BEKTOPHYIO JMarpamMmy Jjis JaHHOTO Cliydyas, MOJIb3YsCh TEMH K€
NpaBWJIaMH, KaK U [PH TIOCTPOEHUH AUArPAMMBI IS TIOCIIE0BATENLHOTO coeauHenus r u L (cm.

puc. 2.4).
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Pucynoxk 2.5 — IlocnenoBarensHoe coenunenne R u C

I

Pucynok 2.6 — BekTopHast auarpamMma i OClej0BaTeIbHOTO

coequuenus Ru C

[Ipu 5TOM HEOOXOAUMO UMEThH B BHIY, 4TO BekTOp Hanpsukenus U . orcraer or Toka |
Ha 90° (puc 2.6).
N3 tpeyronpauka OAB Ha pucyHke 6 umeem:

2 112 2
U2=U2+U2
NIn

7 1
U? =(IN> +(—)H)?> =12 +—)2.
r) (a)C) ( a)C')

W3Bnekast KBaApaTHBIM KOPEHb U3 00€UX YacTel, MOTydHM:

U=1-\/r2 WL(é)2 ,

OTKya
U U
1 == ==
1 \/ 2+ x2
\/ P2+ ()2 c
oC
1
Benuuuna x,. = v Ha3BIBAETCSA eMKOCMHbIM CONpOMusIeHuem u usmepsercs B Om.
w

EmkocTtHOE COIMPOTUBJIICHUEC 3aBHCHUT OT YaCTOTbl HANPSXKECHUA CETHU HU OT CMKOCTH

18



[ 2 2
KOHACHCATOpAa. Beanunna ro+ xC Ha3bIBACTCA MMOJIHBIM CONPOTUBJIICHUEM U o0o03HayaeTcs Z.

3akoH Oma IIPUMEHHUTEIILHO K ,I[aHHOI‘/'I ey nEPEMCHHOr0 TOKa 6y,[[eT HUMCTb BU:

rae Z=1/r2 +xé .

Ecnm Bce croponsl TpeyronpHuka HanpsokeHnii OAB pazaenuts Ha Tok |, TO mosrydum
TPEYroJIbHUK CONPOTUBIICHUH C KaTeTaMu I U Xc ¥ TUIIOTEHY30M Z.

IIpu nocnenoBarensHoMm coeauaenuu I, L u C Oynyr crnpaBemiuBbl BCE BBIBOJHI,
noJydeHHsle s nenu ¢ I-L u neru ¢ r-C. [1pu 35ToM BO3MOXKHBI ClIeyonIine KOMOMHAIIH:

a) X > Xc ;6) X, <Xc ;B)X, =X¢ .

PaccmoTpuM ¢ MOMOIIBI0 BEKTOPHBIX AUArpaMM Ka)Abli U3 3TUX BapUAHTOB.

a) meem 1iens U3 mocnenoBaTeabHO coennHeHHbIX I, L u C, mpuyem

X, > Xc . ITo BceM TpeM CONPOTHBJICHHAM GyleT MPOTeKaTh OIMH M TOT ke ToK 1

BEKTOP KOTOPOTO OTJIOKHM B BBIOpAaHHOM MaciuTabe MpOU3BOJIBHO, HAIPUMED, TOPU3OHTAIBHO,
T.€. HAaIllPaBJICHUE NIEPBOrO BEKTOPA BHIOMPACTCS POU3BONIBHO (pHcC. 2.7).

BGKTOp MaaCHUsA HAIIPAKCHHUA Ha aKTUBHOM COIPOTUBJICHHUN 6YI[€T coBmmagarp C

HalpaBJICHUEM TOKa, a MAaACHUC HANPsIKCHUA HAa HWHAYKTHBHOM JJICMCHTC WJIN UL 6y216T

onepexkaTrb BeKTop [ Ha % [lageHre HAMpPsDKEHHS HA €MKOCTHOM syemeHte U, Oyzer

OTCTaBaTh OT BECKTOpPA TOKA Ha % H COI'JIaCHO YCJIOBHIO

U.<U,.

Pucynok 2.7 — BextopHas ntuarpamma HanpspkeHui pu X > Xe

Oob1iee HanpsKEHUE LU OYIeT paBHO CyMMe

U, +U.+Uc=U,
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Us BeKTOpHOﬁ JuarpaMMbl BUJHO, YTO MECXKAY TOKOM ILCIIHU I n HaIIPsXKCHHUEM U CCThb

yrojl ¢ W TOK UMEET OTCTAaroIui Xapakrep, a cos ¢ < 1,0.
6) Ilpu X; <X, mnaneHue HaNpsHKEHUS HA WHAYKTUBHOM CONPOTHUBICHHUU OyIeT

MCHBUIC MAaACHUA HAIIPSXKCHHUA Ha EMKOCTHOM COIIPOTHUBJICHHUH, IIOOTOMY BEKTOpPHAad JUarpamMma

Oynet umeth Bun (puc. 2.8):

U

Pucynok 2.8 — BektopHas quarpamma Hanpsbkenuii npu U > U,

B) [Ipu X, = X, umeer Mecto pesonanc nanpaxcenutl, T.e. U - = U, u 1o 6yner npu

1 . .
oL=——"_ Tlpu stom Bextopst U, u U, paBupl 1o MOAynI0 M IIPOTHBOMONOKHO

oC
HarpaBJeHsl (puc. 2.9), mo3TOMy UX CyMMa paBHA HYIIO. TOK IIENH NMPU PE30HAHCE HAIIPSIKEHUN
OTIPENIETISICTCSI TOJIbKO aKTUBHBIM COIPOTUBIIEHUEM, TIO3TOMY YTOJl CABUTA (a3 MEXIy TOKOM U
HanpsDKEHHWEM 1IeTd paBeH Hymo, a CoS ¢ = 1. [lpm sTomM Hajmo uMeTh B BHIY, 4YTO
PE3YNBTUPYIOIIEE COMPOTUBIEHUE LIENH PE3KO YMEHBIIUTCS 0 3HAUYEHUS Z = I U TOK LU IPHU

PE30HAHCEC MOXKET PE3KO BO3pACTATh.
* *

U, ||Ue

q}:ﬂ UG:U:-I.I -

= > |

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

VKazaHus IO TEXHUKE OC30IMacHOCTH Ipru BbIITOJHCHHUN J'Ia60paTOpHBIX pa60T

MMPUBCACHLI B IIPHUJIOKCHUC A.

20



Ykazanua no eévinoanenuro nabopamopmnoit padomoi:

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

Boastmerpom V1 m3mepsitoT BxoaHoe (00I1ee) HANPsHKEHUE MM , a BOJIBTMETPOM V2 C
MIOMOUIbIO LIYIIOB MOOYEPEAHO U3MEPSIOT NAJCHUE HAIPSDKEHUS Ha aKTHUBHOM COINPOTHBIICHUU

R (B Toukax a u 6), Ha UHAYKTUBHOCTH L (B TOUKax B U r) 1 emMKocTd C (B TOUYKAX T U J).

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 KaXK7I0ro M3 PEKUMOB BBIIMOJIHUTH PACYEThl M BMECTE C pE3yJibTaTaMU M3MEPCHHIA
3aHecTd B Tabmuiy 2.1. Ilo pesymbTaTtam pacueToB s KakJIOTO U3 PEKUMOB MOCTPOUTH
BCKTOPHYIO JUarpamMmy HaHpSI>I(eHI/II71, JJI1 9€Tro H606X0,I[I/IMO BLI6paTL MacIirtad HaITPS’KCHUA Mu
TakuM 00pa3oM, YTOOBI BEKTOP HanpsikeHus nenu U 6bU1 mpuMepHO paBeH 8 — 12 cM.

Tabmuna 2.1 — Pe3ynbTaTsl H3MEpEHHA U BBIYHCICHAN

NO HSMepeHHHe BCIIMYNHBI BI)I‘II/ICJ'ICHHI)IG BCIINYNHBI
- I Ur UL Uc COS ¢ S P Q
OIlbITa
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:
21




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 IPOBEPKA 3aBUCUMOCTH aKTHBHOI'O U PCAKTUBHBIX
COHpOTI/IBJ'IeHI/Iﬁ OT 4aCTOThI, a TAKXC COOTHOILICHUI MCKAY HAIIPSXKCHUEM, COIIPOTUBJICHUAMU,
MMPOBOAUMOCTAMHA U TOKAMHU B LCTIM C NAPAJIJICIIbHO BKIIFOUCHHBIMU aKTUBHBIM COIIPOTUBJICHUCM,

KAaTYIIKON MHIYKTUBHOCTH U KOHICHCATOPOM.

OcHoebl meopuu:

HpI/I napaajiCJIbHOM BKIIIOYCHHUHN aKTUBHOI'O COIIPOTUBJICHHUA, KATYIIKW HHAYKTUBHOCTH 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 3HAYECHUI TOKOB PE3UCTOPA ir, KATYIIKH ix ¥ KOHJACHCATOPA i

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

COIIPOTUBJICHUAMU COOTBETCTBYIOIIUX 3JICMCHTOB LCIIN:

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,
KOMIUIEKCHOE  CONPOTUBIIEHHE  KATYIIKA WHIYKTUBHOCTM  YYUTBHIBA€T €€  aKTUBHOE
CONPOTHUBJICHUE I« U HHAYKTHUBHOCTD L: Z,= rHjwL= r+jXL.

[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

KommiekcHasi mpoBOIMMOCTh KOHAECHCATOPA C YYETOM MPOBOAMMOCTU H3OJISIIMUA MEKIY
oOKIaaKamMu Qc:

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

Tok, nmpoTekarommii yepe3 KaTyIKy WHIYKTUBHOCTH, MOXKHO MPEACTABUTH B BHUJIC ABYX
COCTABJISIONMX: aKTHBHOMN [=U(Qx, 10 (ase, COBNAAIONICH C HAMPSIKEHHEM, M PEaKTHBHOI
[i=-jUbL, oTcraromeii o hase ot HanmpskeHust Ha 90°.

Tok, mpoTekaromuii yepe3 KOHJEHCATOP, TaKKEe MOYKHO IPEACTaBUTH B BHUJIEC CYMMBI
akTMBHOM [, =UQc m peaktuBHOM Jpc=jUb, COCTAaBIAIOMMX, PEAKTUBHAS COCTABJISIONIAS
omepexaer no ¢ase Hampsokenne Ha 907, CxeMa 3aMelleHUs NPH 3aMEHE CONPOTHBICHMIA
MIPOBOAMMOCTSIMU UMEET BUI, U300pakE€HHBIN Ha puc.3.2.

i
—

i - e Vi

u gr gk gc br B be

R s o

Pucynok 3.2 — Cxema 3aMenieHus

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

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

I 1 .iij:'pl:
L = i’
¢ I; a

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

Pucynok 3.3 — BexTopHas nuarpaMmMa
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Ecim bL>bc, To TOk uepe3 MHAYKTUBHOCTH OOJbIIe, YeM dYepe3 EMKOCTb, M TOK B
HEepa3BETBJICHHOW YacTH 1ienu 1o (aze orcTaéT or HanpsbkeHus (puc 4.3a). Ecim b<be, To Tok
4yepe3 MHIYKTUBHOCTh MEHBIIIE, YeM TOK yepe3 €MKOCThb, @ TOK B HEPa3BETBICHHOHN YacTH LIETH
o ¢aze onepexaer HanpspkeHue (puc.3.3c).

IIpu paBeHCTBE MHIYKTMBHOM M EMKOCTHOH NpPOBOAMMOCTEH BEJIMYMHA TOKAa B
HEPa3BETBJIICHHOW YacTU LENU ONPEAEseTCS TOIbKO CYMMOW AaKTHUBHBIX IIPOBOJMMOCTEN (rt+
Ok+ gc= ¢, IpH 3TOM TOK 110 (ha3e COBIAAACT ¢ HamnpspkeHueM (puc.4.3b):

I=Uy.

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

3HA4YCHUC.

Ykazanue no mexnuxe 6esonacnocmu:
VkazaHusi MO0 TEXHHKE OE30MacHOCTH TPH BBHIMOJHEHUH JIAOOPATOPHBIX PadoT

IMPUBCACHLI B IIPUIIOKCHHUEC A.

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

coOpaTh cxemy, U300pakE€HHYI0 Ha puc.3.4.

W
N
. A
N 1
L | C
~10B 40mMIH —1 IMKD

1000M

L - *

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

YcTaHOBUTH IIpesiensl u3MepeHuii: BoiabTMeTpa — 20B, amnepmerpos — 200MA.

[logate HampspkeHHEe THUTaHUS ©  YCTaHOBUTH 4acrtoty fo, mpm  koropoir B
HEpa3BETBIEHHON YacTH IEeNU TOK NMPUMET MUHHMMAalbHOE 3HAueHWe. 3HaueHue 4acToThl fo
3aHecTH B Tabmuiy 3.1.
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2. VYOparh mnepeMbluKM B LENM KaTyIIKM W KOHJEHCAaTropa, IO IOKa3aHUsAM
aMmIiepMerpa M BOJIBTMETPAa WJIM aMIlepMeTrpa M BaTTMETpa IIPOBEPUTH CONPOTUBIICHUE U

BBIYUCIIUTH IIPOBOAUMOCTL PE3UCTOPA.

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

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

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

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

Tabmua 3.1

fo, | Pesucrop Karymka Konpgencarop g,

FH rv gh rka gka XL, bLa I—a rCa gCa XC) bC! C! CM
OMm | Cm [OM | CMm Om | CMm I'm Om | CMm Om | CMm MKD

S, VYcTaHOBUTH BCE MEPEMBIYKH, MOAKIIOUUTH ammnepMerp A2, mpu yactore fo
U3MEPUTH MOTPEOISIEMYIO MOLTHOCTb, HANIPSDKEHHE, TOK B HEPA3BETBIEHHON YacTH e U TOKU
OTJeNbHBIX BeTBe. Pe3ynbTaThl 3aMepoB 3aHecTH B TabauLy 3,2.

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

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

Pe3ynbratel BeIUMCIIEHUH 3aHeCTH B Ta0uIy 3.2.

Tabmma 3.2

f, U, I, Ir, Ik, le, P, Y, b, la, I, lpc, | coso
I'og B MA MA MA MA | MBT | CMm CMm MA MA MA

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

BBIYKCIICHUS, YTO U MpH yactore To, pe3yabTaThl H3MEPEHHUI U BBIYUCICHUN 3aHECTH B TAOJHILY
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4.2. IIpu BBINOJHEHUH PAcUYETOB HE ClieqyeT 3a0bIBaTh, YTO COMPOTUBIEHUS U MPOBOJUMOCTU
MHAYKTUBHOCTH U €MKOCTH 3aBUCAT OT YacTOTHI.
8. ITo pe3ynbraraM M3MEpEHUN U BBIUMCIEHUN NOCTPOUTH BEKTOPHBIE ITUArpaMMBL,

AHAJIOTMYHBIC IIPCACTaBJICHHBIM Ha pI/I023

Cooepocanue omuema:

OTuer HOKEH COJepKaTh!

HasBanue pa0oTsr;

L{ens paboThI;

Kpartkue TeopeTndeckue CBeIeHHS;

OnucaHue UCroib3yeMoro o0opy10BaHUSI U MATEPUAIIOB;
[Topsi1oK BBITOTHEHUS paOOTHI;

Brrancnenus u 06paboTka pe3yabTaToB;

N o g~ wDd e

BrIBOIEbL.

Konmponwvusie eonpocwi:

1. Kak ompenenuTe akTHMBHYHO M PEAKTUBHYIO IPOBOAMMOCTH KaTYLIKH, €CIU
W3BECTHEHI €€ aKTUBHOE U HHAYKTHUBHOC COHpOTI/IBJ'IeHI/ISI?

2. Kak 3aBucAT peakTHBHBIE MPOBOJAMMOCTH KAaTyIIKM MHAYKTHBHOCTH H
KOHJIEHCATOpPa OT YaCTOTHI?

3. Kak omnpenenuTes akTHBHYH NPOBOJUMOCTh KATYIIKA WHJIYKTUBHOCTH WJIU
KOHACHCATOpa, MOJb3YyACh ITOKA3aHUAMU BAaTTMETpA, aMIICPMETPa U BOJ'II:TMGTp.";I‘.7

4. Kak omnpenenuts MONMHYIO NPOBOAMMOCTB y4YacTKa DSJIEKTPUYECKOM LENu 10
MOKA3aHUSM DIIEKTPOU3MEPUTETHHBIX MPUOOPOB?

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

6. [Touemy u Kak UW3MEHHTCS TOK 4dYepe3 KOHJACHcAaTop (4Yepe3 KaTyIKy
WHAYKTUBHOCTH) NP YBEIMYECHUU YaCTOTHI IPUIOKEHHOTO HAIIPSHKCHUS?

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

TOKOB.
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Jlabopamopnas paooma Ne4. Hceneoosanue mpexghaznoi cucmemot npu coeOuHeHuu

nompeoumeeil 36€300i

Ilens padomur: O3HaKOMUTHCS ONBITHBIM ITyTEM C OCOOCHHOCTSIMU COEIMHEHUS 3BE3]10M
MPUEMHUKOB JJIGKTPUYECKOW OSHEepruu B 1enu TpexdaszHoro Toka. MccienoBaTh peKUMBbI
pPaBHOMEPHOW W HEPaBHOMEPHON HArpy30K, a Takke padOoTy CHCTEMbI NMPU OOpPHIBE OTHON U3
¢da3. TlonyunTh NMpakTUYECKUE HABBIKM pacyeTa W WCHBITAaHUS Tpex(a3HbIX Iered, a Takxke

IMOCTPOCHUS BEKTOPHBIX AWAarpaMM.

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 PEXKUM HA3BIBAIOT cummempuyHviyM. HeBBHIIOTHEHNE TaHHBIX YCIOBHU
SBIISIETCS TIPUUMHOU Hecummempuuno2o pexxuma. Harpyska TpexdasHbIX 1eneil peako ObIBaeT
CUMMETPUYHOM, KaK MpaBUJIO, OHA B TOW WJIM MHOM CTENEHHM HECUMMETPUYHA M3-3a HAINYMA
0J1HO(a3HBIX OTPEOUTENEH.

Tpexdasznple reHepaTOpbl CO3MAIOT CHMMETPHYHYIO CHCTEMY 0J.1.C., [OITOMY
HECUMMETPUYHBIA DPEKUM BO3HUKAET M3-32 HECUMMETPUYHOM Harpy3ku ¢a3. Ecinu KoHIbI
00MOTOK (pa3 CHHXPOHHOTO IeHepaTopa WM TpaHchopMaTopa COCJUHUTh BMECTE 3BE3/I0MH, a K
HayajaM MPHUCOEAMHUTH MPOBOJA, WAYIIHE K NMPHUEMHUKAM 3JIEKTPUYECKON SHEpruu, KOTopble
TOKE COEUHUTH 3BE3JJ0M, TO MOIYYuM Tpexdasznyto cucremy (puc. 1). IIpoBona, coenunsromui
HYJIEBbIE TOYKHM MCTOYHHWKA W MOTPEOUTENST HA3hIBACTCS HYJIEBBIM. TaKyr CHCTEMY Ha3bIBAIOT
yemovipexnpogoorou. B nemsx Tpex}a3zHOro Toka He3aBUCHUMO OT croco0a coeIMHEHUs 0OMOTOK
reHeparopa M motpedureneil pa3nuyaroT HanpsbkeHus — nuHelnble Uy u dasubsie U, a Takxe
TOKM — JMHeWHbIe |7 u ¢asubie lo. HampspkeHne Mexay JMHEHHBIM M HYJIEBBIM IPOBOJIOM
Ha3bIBACTCS (ha3HbIM, @ MEXKIY JIMHEHHBIMHU MPOBOIAMH — JuHelHbIM. TOKH, TIPOTEKAIONINE B
JUHEWHBIX TPOBOJAX, HA3BIBAIOT JUHEUHbIMU, A TpoTeKaromue B ¢a3ax HArpy3Kd HWIH
UCTOYHUKA — ¢hasHvimu. B cxeme (puc. 4.1) nuHeHbIe TOKU paBHBI (Da3HBIM, T.€. TUHEHHBIA TOK

OJHOBPEMEHHO siBisiercss M (asHeiM. [Ipu paBHOMepHOI Harpyske U, =+/3U,, ecin cxema

COEIMHEHUS - 3BE3/1a.
28



z
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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+ls+lc
Hanuume Toka B Hyl€eBOM IPOBOJIE BBI3BIBACT HE3HAUUTEIIPHOE TMAJICHNE HAIPSHKEHUS B
HEM, KOTOPBIM MOXXHO TMpPEeHeOpeub W CUYUTATh, YTO MEXKAY HYJIEBOM TOYKONH HCTOYHHKA U
MPUEMHHUKA PA3HOCTh MOTEHI[MATIOB OTCYTCTBYET.
Ha puc. 4.2 nokazano rpaduueckoe onpeneieHne JUHEHHBIX HAMPSKEHUN C TTOMOIIBIO
BEKTOpHOU auarpammbl. OTIIOXHUM JJIs TPOU3BOJIBHOTO MOMEHTA BPEMEHHU KOMIUIEKCHI (Da3HBIX

HanpsDKeHUH, CIBUHYTHIE 10 ¢a3ze Ha 120°.
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L.JAB:L.JA_L.JB ’
L.JBC:L.JB_L.JC ’
L.JCA:L.JC_L.JA ’

L] L]
JIis mosydeHus TMHEHHbIX HanpsokeHui Cinoxum reomerpudecku Bektopsl U a, Us u

. . .
Uc ¢ Bexktopamu —U s, —U ¢, —U a, xoropsie paubl coorserctBenno Ug,Uc,Ua, HO
MIPOTUBOIMOJIOKHO HAIIPABIICHBI.

BexTtopHas nuarpamma JMHEMHBIX HANpPsOKEHUM Takke MOXKET OBITh TOJydeHa U3
BEKTOPHOW auarpamMmbl (a3HbIX HampspkeHwid (puc. 3). Takum o0pa3oM, 3Be3da JWHEHHBIX
HaNpsDKEHUH omepexaer 3Be3ny (asHeix Ha 30°. HaiimeM cooTHOIIeHHE MEKTY (Ga3HBIMH U

JIMHEUHBIMU HAIIPSZKCHUAMUA, YIUTBIBAsA, YTO BCC HAIIPAKCHUA CUMMCETPUYHBI:

Ua=Us=Uc=Uo

Uag =Usc=Uca =U.

A

C Usc B

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

W3 npsimoyrosisHOro TpeyroiabHuka OA/Jl nmeem:

Yn _Yse =U, -c0s30° =
2 2

=U, -00530°:U®§ ,

U, =~3U,
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®da3HbIe TOKU IMMPUEMHHUKOB OIIPEACTIAIOTCA TAK KC, KaK U B O,Z[HO(l)aBHI:IX LOCIsIX:

I’ Ua Ua i
A: = f
Zn  Jr7+X%;
. Us Us .
IB: = ;
Zg  \JrZ+x:
Uc  Uc

lc = =T ~
Zc 1/ e +X¢
VYT1ubl cABUTa MEXy HAIPSDKCHUSIMU U TOKaMU (Da3 MOKHO OTpeIeanTh U3 Gopmyi:

r r r
£ CoSp, =—; CoSp. == .
ZA ZB ZC

COSQ, =

Ecnu npuemHuky 001a/1at0T YUCTO aKTUBHBIMU CONPOTUBIIEHUSIMU, TO ZA= IA, ZB = IB, ZC

= Ic, a YTJIBI CIBUTA MEX]Ty TOKAMH U HANPsHKEHUSMHU BO BcexX Tpex (pazax Oynyt HyneBeiMu. Ha
puc. 4 mpencraBieHa Tomnorpaduyeckas AMarpaMMa HampsDKEHUW W TOKOB IPH aKTHBHOU

HeCI/IMMeTpH‘lHOﬁ Harpyske.

. -
Uzc

Pucynok 4.4 — BekTopHas quarpaMMa HapsKeHUW U TOKOB YETBIPEXITPOBOIHOM LENH

[IPU aKTUBHOW HECUMMETPUYHOM Harpyske ¢a3

Tox HyneBoro nposoa [ o= Ia+ I+ Ic

CeueHre HYJIEBOTO IMPOBOJIA 3aBUCUT OT CTENEHU HECHMMETPHHM HArpy3ku ¢a3, HO
0OBIYHO €ro MPUHUMAIOT paBHBIM 50% OT cedeHus TMHEHHOTO IPOBO/IA.

[Ipy Hamuuum HeWTpaiu (HYJAEBOTO MPOBOJA) HANpsOKEHUS Ha (azax NPUEMHHUKOB
OCTAlOTCS HEU3MCHHBIMH W DPaBHBIMH (Da3HBIM HANPSDKCHUSM HWCTOYHHMKA JIaXe IPHU

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

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

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

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

B DTOM LIENTU U3MEHATCH.

Iy

Zy

Zr 0/ Zp

Iz

Pucynok 4.6 — Cxema TpexnpoBOAHOM 1enH Tpex(a3HOoro Toka

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

[Tpu HEpaBHOMEpHOW Harpy3Ke W OTCYTCTBHUHU HYJEBOTO MPOBOjAa (pa3HBIE HANPSHKEHUS
OyIyT M3MEHATHCS MPSMO MPOMOPIHMOHAIBHO compoTuBieHUsM ¢a3. Ecnu Obl cuctema Oblia
YeTBIPEXIIPOBOIHOM, TO IO HYJIEBOMY IpOBOAY HpoTekan Obl TOK lo M TakuM oOpazom
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MPaKTUYECKH BhIPaBHUBAINCH ObI (hazHple HampstkeHus. Ha puc. 4.7 mzoOpakeHa BEKTOpHas
JUarpaMma HanpspDKEHUH ¥ TOKOB MPH HEPABHOMEPHOU Harpyske BceX Tpex (a3 M OTCyTCTBUU
HYJIEBOTO MPOBOJA.

TpeyroinbHUK JMHEWHBIX HANPSDKEHUH OCTAaeTCsl TaKUM e, a 3Be3la (ha3HbIX
HanpspKeHUH U Touka O’ MOTYT OBITh JIETKO TOJYYEHBI METOJIOM 3aCEUCK W3 BEPIIMH JTMHEUHBIX

HaIPSKCHUN.

Uzc

Pucynok 4.7 — BektopHasi AuarpaMMa TOKOB M HallpsDKEHUN TPU HEPaBHOMEPHOU

Harpyske U OTCYTCTBHE HYJIEBOIO IIPOBOJA

Ecnu onHa u3 ¢a3, Hanpumep, A, o0opBeTcst WM Bce MOTpeduTenu 3Toil dazbl OyayT
BBIKJIFOUEHBI, TO TIPU OTCYTCTBUHU HYJIEBOTO IPOBOJA OCTaBLIMECS MMOJ HampsbkeHueM (assl B u
C okakyTcsl BKIIOYEHHBIMH HoclenoBaTenbHo. MDasHble TOku Ig m Ic, mporekaromue uepes
MIOCJIEIOBATEIbHO  BKIIOYCHHBIE COMPOTHBICHHUS TpPHUEMHHKA, B OTOM cllydyae OymyT
OJIMHAKOBBIMH, a (ha3Hble HampspKeHus OyayT MpPOMOPLUOHAIBHBI COMPOTUBICHUAM (a3 (pHuc.
4.8). IlosToMy Ha BeKTOpHOH nuarpamMe Touka O’ mepeMecTUTCS Ha BEKTOp JMHEWHOTro
HanpspkeHuss Upc U OyzieT JAenuTh ero Ha yacTH, paBHble (a3HbiM HanpspkeHussMm UB u UC (B
HamieM cirydae UB = UC)

Uc=Us :%Uﬂ :%\@uq) =087U0

Hanpsioxenue ¢a3sl A Bo3pacrerT:

oA:uAB.cossoo:ﬁuqbgzl,m

HOBTOMY B UCTBIPCXINPOBOAHBIX LCIIAX Ha HYHCBOﬁ MMpoOBOA HC CTaBAT NMPCAOXPAHUTCIIb,

T.K. €70 MeperopaHye N3MeHseT pacrpeiesieHue HanpsHKeHu §as.
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[Ipy KOpOTKOM 3aMbIKaHMM KakoW-muOo ¢aspl, Hanpumep, C, HynaeBas Touka O’
npuobpeTaeT moTeHuan JuHeiHoro mposona BC, a $a3sl 4 1 B 0Ka3bIBAIOTCS MOJI IMHEHHBIM
HanpspkeHueM. BektopHas nuarpamma i 3Toro ciydas mnpezacrasieHa Ha puc. 4.9. Touka O’

nepemeniaercs B Touky C.

Pucynok 4.8 — BekTopHasi AuarpaMMa TOKOB M HallpshDKEHUN TTpu 0OpbiBe (pa3bl B cxeme

0e3 HYJICBOI'O IpOBOJAa

Hanpsoxenus ¢a3 A u B ctanoBsiTCst paBHBIMH JTUHEWHBIM (puc. 4.9):
U,=Uc=U;=U, '\/§’
UB :UBC :Uﬂ :U@ '\/5’
U, =0.
Tox koporkoro 3ambikanusi ¢a3el C pacnpenensiercs Ha ¢assl B n A, Te.
I.=1,=—(1,+1,) . Takum o6pasom, aBe (Ba3bl IPHEMHUKA OKA3BIBAIOTCA MOJ| JTUHEHHBIM

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

A

- 3 :
L=0 Ir Urs=Ug

Pucynok 4.9 — BexkropHas auarpaMma TOKOB M HallpsDKEHUN ITPU
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3ambikaHuU (a3l C mpuéMHNKA TPEXTIPOBOTHON CUCTEME

B OCIu TpeX(baSHOFO TOKAa aKTHBHAasA MOIIHOCTL paBHA CYMMC AKTHUBHBIX MOH.IHOCTGﬁ

das:
P=P, +P,+P.=1,-U,-cosep,+1,-Uy-cosp, +1.-U,-cose,
I[HSI HU3MCPCHHUA MOIIHOCTU B I-IGTI:IpeXHpOBO,ZI;HOI‘/'I oMU MOKHO HCIOJIB30BATh TpHU
O,I[HO(baSHBIX BaTTMETpa, CYMMUPYA UX IIOKa3aHUWs, UM UCIIOJIb30BaTh O,HHO(i)aSHBIfI BaTTMETpP C

MEPCKIOYCHUEM €0 IMOOUCPEAHO BO BCE TPHU (baSI)I. OTOT METOJ MOXKET OBITH HMCIOJIL30BAaH KaK

[IPU CHUMMETPUYHOM, TaK U MPU HECUMMETPUYHON Harpys3Ke.

Ykazanue no mexnuke 6ezonacnocmu:
Vka3saHusg 1O TEXHHKE Oe30MacHOCTH IIpx  BbIIIOJIHCHUHA J'Ia60paT0pHBIX pa60T

IMPUBCACHLI B IIPUIIOKCHHUEC A.

Ykazanus no evinonnenuro nabopamopnoi pavomut:

1. O3HakoMHUTBCS € OpubOpaMu, HEOOXOAUMBIMM Ui BBIIOJHEHUS pPaOOTHI M
3amucaTh UX TEXHUYECKUE TaHHbIE.

2. CobOpatp cxemy (puc. 4.10) nist WicclieIOBaHUS YETHIPEXMPOBOIHOM IEMU TPU
COETMHEHUH 3BE3I0M.

3. [Tpou3sBecTH UCHBITAHUS TPU CIEAYIOIINX YCIOBHSIX:

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 —
BKJTFOUYCHBI).

4. CoOparb cxemy Ui HCCIENOBAaHHS TPEXIPOBOMHOW Tpex(azHOW Ienu IpH
coeZIMHEeHUH 3Be3701 (puc. 4.11).

5. [Tpon3BecTH UCHIBITAHUS TIPU CIEAYIOMIUX PEKUMaX PaOOTHI:

@) paBHOMEpHas Harpy3ka Bcex (pa3 JamMImoBBIMU PEOCTATaAMM;

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 *
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T

Pucynok 4.11 — Cxema 17151 UccleJOBaHUS 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

Bennunnuel

ITapamertp

Pexxum paboThl

C HyneBbIM
MPOBOJIOM

be3 nyneBoro npoBoja

N3mepennsbie
BEJIMYHHBI

0

a

0

B

r

Ia, A

Pa, Bm

Ig, 4

Pg, Bm

Ic, 4

Pc, Bm

lo, A

Ua B

Ug, B

Uc, B

Uas, B

Ugc, B

Uca B

Brrunciennsie
BEJIMNUYUHBI

r4,Om

rs, Om

re, Om

Ps, Bm

BenuuuHsl,
HalJICHHBIC
Y3 ArarpaMm

lo, 4

Uoo’, B

ConpoTuBieHne Harpy3ku (a3 BIYUCIATH 10 (hopMynam:

MoOUIHOCTb LIenH ONpeAessaTh Mo GopMynam:

P=1,U,+1;,-U,+1.-U,

P3 =1, 'UAC + 1, 'UBC

BBuay Ttoro, uto B JAaHHOW 1abopaTOpHOM paboOTe HCHONb3yeTcsl H3MEpPUTENbHBIN

CXEMC.

KOMIIJICKC K505, BCC U3MCPCHUA U BBIYHCIICHHUA IMMPOBOAATCSA AHAJIOTHUYHO quBIpCXHpOBOHHOﬁ

[To pesynpTaTam M3MEpeHUN MOCTPOHUTH B MacIITabe BEKTOPHBIE TUArPaMMBbl JJIsi BCEX

pe3yibTathl B Tabnuny 4.1.

Cooeprrcanue omuema:

OTuer KOKEH CONEPIKATh!

1. Ha3zBanue paboTsr;

pPacCMOTPCHHBIX CJIYYACB. OHpe,Z[CJ'II/ITB Ha BCKTOPHBIX JUarpamMmax lo u Upor ¥ 3aHecTH
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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 ciyyae oTCyTCTBYET TOK B HYJIEBOM IPOBOAE?

4. [louemy Ha HyJE€BOM MPOBOJ HE CTABST MPEIOXPAHUTEID?

o. KakoBbl 0ocoOeHHOCTH pexuma pabOThl MOTpeOUTENIeH, COCTUHEHHBIX 3BE3JI0M,

IIpU HEPaBHOMEPHOW Harpyske (a3 CUCTEM C HYJIEBBIM IPOBOAOM?
6. KakoBbl ocoOeHHOCTH pexuma padoThl MOTpeOuTeNel, COeNUHEHHBIX 3BE3/0M,
npu 0OpbIBe (Pa3bl CUCTEM C HYJIEBBIM MPOBOJIOM I 6€3 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:

IToTpeOuTenu 3MeKTPUUECKON SHEPTrUM IPU MUTAHUU OT TpeX(a3HOro UCTOUHUKA, KaK U
UCTOYHUKH JJIEKTPHYECKOW HSHEPrHH, MOTYT OBITh COCIMHEHBI B TpEYroibHHUK (puc. S.1).
Cnenyer MOMHHUTH, UYTO CXeMa BKJIIOYEHHS OOMOTOK Tpex(a3zHOro reHeparopa He
IpeIoIpeesieT CXeMy COEAMHEHUs Harpy3ku. Tak, Ipu coeinHeHUH (a3 reHeparopa B 3BE3Y
Harpy3ka MoO’KeT OBITh CO€AMHEHa B 3Be€3Ay C HEHTpalbHBIM IIPOBOJOM, B 3Be3ly 0e3

HEHUTPAJIBHOTO IPOBOJA WX B TPEYTOJIbHUK.

IA z
£ 5 153' AB

Ao :!j

I -
Bo A Inc  Zpc

e lea  Zea
C o—— ——
No

Pucynok 5.1 — Cxema coenuaeHus a3 B «TpEyroabHUK
[Ipu coeanHeHNN B TPEYrOJbHUK CHUMMETPUYHON Tpexda3HOW HArpy3Ku JTUHEHHBIE

HanpsKEeHHUs OKa3bIBAalOTCS paBHBIMU (pazHbIM HampsikeHusm Uy = U,, a nuHeliHble TOKU

B \/§ pa3 Oosblile, YeM TOKH B (pa3ax mOTpeOuTeNs:

ITpu 3TOM Bce (ha3Hble TOKH PaBHBI MO BEJIWYMHE U OTIMYAIOTCA JAPYT OT JApyra no gase
Ha 120°. To ke caMoe OTHOCUTCS U K JINHEWHBIM TOoKaM (puc. 5.2).

[Ipn HecMMMETpUYHON Harpy3ke CBS3b MEXIy JHMHEWHBIMH U (Da3HBIMU TOKaMHU
BBIp@)KAETCsl ypaBHEHMSIMH, 3allMCAHHBIMM Ha OCHOBaHUM TniepBoro 3akoHa Kupxroda B

KOMIUIEKCHOW WJIH BEKTOPHOU (hopme:

IA: IAB_ICA' IBZIBC_IAB' ICZICA_IBC
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[Ipn coenvHeHUU B TPEYroJbHUK HYJIEBOW IPOBOJA OTCYTCTBYET, HO Bce (ha3HbIe
NOTpEOUTENTM B JTOM CIIy4ae JOJDKHBI OBITh pPACCUYUTAaHBl HA HOMHUHAJIBHOE JIMHEHHOE

HaIpsDKEHUE

4Usp

IaB

Ia Ip

Uc Upc
Ica c Igc

Pucynok 5.2 — BekTopHas auarpamMma Tpex($asHOro HampsoKeHUs

Ykazanue no mexnuxe 6ezonacnocmu:

VkazaHusi MO0 TEXHUKE O€30MacHOCTH TPH BBHIMOJHEHUH JIAOOPATOPHBIX PaboT
NIPUBE/ICHBI B IIPHIIOKEHHE A.

Ykazanun no eévinonnenuro nabopamopnoi pabomer:

1. O3HaKkOMUTBCA € JIaOOpAaTOPHOM  YCTAaHOBKOM  (MOJydb  Tpex¢azHOro
TpaHchopMaTopa, MOAYJIh PE3UCTOPOB, MOAYJIb aMIIEPMETPOB TEPEMEHHOTO TOKa, MOJIYIIb
BOJIETMETPOB).

2. Bxirounts  MOAynb  OHTaHUA ~ MOAYdbh  TpexdaszHoro  TpaHchopmaropa
(BbIkirOuaTenb QF1).

3. N3meputh cTpeoyHbIM BOJIBTMETPOM Ha MOAYJe TpexdazHoro Tpancpopmaropa
JTUHEHHbIE HANpsHKEHUS HCTOYHHMKA MHUTAaHUS HA XOJOCTOM XOony (IpH pPa3OMKHYTOH IIETH).

PesynbraTel u3mepenuii 3anectu B Tab. 5.1.

Tabmwnia 5.1
Uag, B Ugc, B Uca, B
4. B coorBerctBuu ¢ puc. 3. cobpaTh CXeMy COEIMHEHHWM MOTpeOuTeNneii B

TpeyroiabHUK. [IpenbsaBuTh cxeMy JUisi IPOBEPKH.
S. VYcraHoBUTh B ¢azax MOTpEOUTENS MO YKa3aHWUIO MPENoJaBaTess OJIMHAKOBBIE
3HAYeHUs COIPOTHUBIICHUIH PE3UCTOPOB (CUMMETPHUUHYIO Harpysky). M3meputb (asHble u

JUHEWHbIEe TOKU. Pe3ynbrarel 3anectu B Ta0d. 5.2.
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6. PazoMkHYTH MOOYepeHO JTUHEHHBINH TIPoBOJ a3kl «A» u da3el «B» u nmpoBectn

u3MepeHus GazHoro M JTMHEHHBIX TOKOB. Pe3ynbpTaThl 3aHecTd B Ta0I. 2.

A oB Cc

Pucynok 5.3 — Cxema coennHeHu NOTpeOUTENEH «TPEYroJIbHUKOM»

7. [To yka3aHHIO MpernojgaBaTelii WU3MEHHTh HArpy3ky B (hazax moTpeOuTeNns Tak,
4To0Bl B KaX10W (pase ObUIM BKJIFOUCHBI PA3IMYHbIC 3HAYCHUS COMPOTHBICHHN. Pe3yinbTaThl
3anucarh B Ta0I1. 5.2.

Tabmuma 5.2

Tox Harpy3ku, A

Pexxum Harpy3ku
pYy I Is Ic [N} Isc Ica

CummeTrpuyHasi Harpy3Ka

OOpbIB TMHEHHOTO MPOBOJA «A»

OO0psIB TMHEHHOTO NpoBoAa «B»

OO6psIB ¢a3sl moTpedbuTtens «ABy»

HecumMerpuyHas Harpy3ka

8. J151s Bcex OIBITOB MOCTPOUTDH B MacIITabe BEKTOPHBIE JUArPaMMBbI.
9. CpaBHUTH pe3yibTaThl U3MEPEHUN JTMHEWHBIX U (a3HBIX TOKOB IIPH COEAMHEHUH B

TPCYTrOJIbHUK IIPpU CPIMMCTpPI‘-IHOﬁ n HCCI/IMMCTpI/I‘-IHOI\/'I Harpyske.

10.  Ilpoananu3upoBaTh BIHMSHHE OOpHIBA JMHEHMHOTO IMPOBOJAA HAa PEXUM pPAOOTHI
norpedurenei.
11.  CpaBHUTH pexuMbl pabOThl MpPU BKJIIOYEHHUU MOTpeOuTeNnell B 3Be3ny U

TPCYTrOJIbHUK IIPpU CPIMMCTpPI‘-IHOﬁ n HCCI/IMMCTpI/I‘-IHOI\/'I Harpyske.

Cooepocanue omuema:
OTyer N0JKEeH CollepKaTh:
1. HazBanue paboTsr,
2. Lenb paboTsr;
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Kpartkue TeopeTnueckue CBeJCHNUS;
OnucaHue UCIoIb3yeMOro 000pyI0BaHUS U MATEPUAIIOB;
[Topsi10K BBITOTHEHHUS PAOOTHI;

Brruncnenus u 06paboTka pe3yabTaToB;

N o g~ ow

BriBoapbl.

Konmponsnsie sonpocwi:

1. Kakum 00pazom Tpu o1HO(A3HBIX TOTPEOUTENS COSAUHSIOT B TPEYTOJIbHUK?

2. Kyna crnenyer moakiaro4arh BOJBTMETpP, YTOOBI U3MEPHUTH (Da3HOE U JIMHEHHOE
HarnpspKeHus TpexdasHoro norpedurers?

3. B kakoM COOTHONICHWW HaxomsaTcs (a3Hble | JIMHCHHBIC HANPSHKCHHUS
CUMMETPHUYHOTO TIOTPEOUTEIIsI, COSMHEHHOTO B TPEYTOJIbHUK?

4. Kakoe cootHomenne Mexay (a3HBIMH W JIMHEHHBIMH TOKAaMH CHMMETPUYHOTO

OTpeOUTENS, COEAMHEHHOTO B TPEYTOJIbHUK?

S. Bcerna nm cnpaBeyiMBBI IIPU COCIMHEHMHM B TPEYrOJIbHUK COOTHOILEHUS:
la=lag —lea, g =lgc —lag, Il =lca +15c

6. Bcerna i npu coenuHernu B Tpeyroibauk cipasemmso |, + 15 + 1. =0

1. Kak orpasutcs oTkitoueHne ogHou (a3bl OTpeOUTENS Ha peXUM padbOThl IPYrUX

¢da3 u Ha pexuM paboThI Bcel Tpexdha3HoM 1enH, COeTMHEHHOU B TPEYTrOJIbHUK?
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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:

Tpanchopmarop — 3TO CTaTHMYECKUN DJIEKTPOMATHUTHBIN ammapar, MpeIHa3HauYeHHBIN
JUIsE TIpeo0pa3oBaHUs MEPEMEHHOTO TOKAa OJIHOTO HAIPSHKEHHSI B DIIEKTPUYECKYIO SHEPTHUIO
MEPEMEHHOT0 TOKa JPYTroro HanpsbKEeHUsl IPU HEM3MEHHOM yacToTe.

TpanchopMaropbl MHUPOKO MPUMEHSIOTCS B TEXHUKE, MPOMBIIUICHHOCTH U OBITY,
MIOSTOMY YCTaHOBJICHHAsi MOIIHOCTH BCEX TPaHC(HOPMATOPOB B HECKOIBKO pa3 IPEBBIIIACT
MOIIHOCTh HMCTOYHUKOB JJIGKTPOIHEPIHHU, T.€. DIIEKTPOIHEPTUs Ha MYTH OT HCTOYHHUKA 0
noTpeduTenss HeCcKolbko pa3 TpaHchopmupyercs (mpeoOpasyercs). I[lo HazHadeHHIo
TpaHc(hopMaTOpPbl OAPA3ALISIOTCS HA CHIIOBBIE, CBAPOYHBIE, H3MEPUTEIIbHBIE; IO KOHCTPYKIIHH
— Ha CTep KHEBbIEe, OpOHEBHIE; IO YHCITY (a3 — Ha Tpex(daszHbie U OAHO(DA3HBIE.

[Ipocreiimmii onHoda3Hbli TpaHcHOPMATOP COCTOMT W3 ABYX OCHOBHBIX YacTeW:
MarHuTonpoBoaa  (cepaeyHuka) u  obmortok. CepmeyHuK HaOupaercs U3  JIMCTOB
ANIEKTPOTEXHUYECKOW  ctanmu  TonumHOM 0,5 MM, ¢ 00eux CTOPOH  IOKPBITHIX
IEKTPOTEXHUICCKUM JIAKOM 1T YMEHBIIICHHsI TIOTePh B CTAJld Ha BUXpe-Bbie TOKH. Kpome
TOTO, AJNEKTPOTEXHUYECKas] CTalb WMEET IMOBBIIIEHHOE YJEIbHOE COMPOTHUBICHHE M Majble
notepu Ha rucrepe3uc. CepIeyHHK CIYXKHUT JJIs YCUJICHHUS DIIEKTPOMATHUTHOW CBSI3U MEXKIY
00MOTKaMH.

Ha cepneunuke pacronararorcst oOMoTku. OOMOTKA, MOAKIIOYaeMasi K TUTAIOIIECH CeTH,
HA3bIBAETCS MEPBUYHON, a OOMOTKA, K KOTOPOW MOIKIIOYAIOTCS MOTPEOUTENH MEPEMEHHOTO

TOKa, Ha3bIBAE€TCS BTOPUYHOU 0OMOTKOM (puc. 6.1).

Dy
/
. /
i, |~ =~ i
A'—\t —}2 a
I el 62 I A
|
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I | ,
®x
]

Pucynox 6.1 — Cxema Tpancpopmaropa
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Ecimm x mepBudHON OOMOTKE, MMEIOIMICH YHCIO0 BUTKOB Wi IOABECTH TEPEMEHHOE

Hanpsokerue U1=Uimsinmt, To 1o Heil HAYHET IPOTEKATh TOK i1, KOTOPKI Oyxer orcraBaTh or U
Ha 90° u co371acT B Cep/ACUHUKE MEPEMEHHBIM MAarHUTHBIM MOTOK, TAKXKE€ M3MEHSIOIIUUCS IO

CHHYCOMJIAJIbHOMY 33aKOHY @), =D, -COS@ t. MaruuTHeIi MOTOK, 3aMBIKasCh IO CEPJECYHHUKY,

OyJeT HaBOJIWTHb B IMEPBUYHON U BTOPUYHOW OOMOTKax 3.1.C., MPOMOPLIUOHAIBHBIE YUCIAM

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

JleiicTByrolIME 3HAUEHNE ITUX 3.11.C. OyIyT paBHBI:
E, =444-w, - f D
E,=444-w, - f Dy,

OTHoIeHNE 3TUX 3.]1.C. Ha3bIBaeTCs KO HUIIMEHTOM TpaHCHOpMAITIH:

E_w U
E2 WZ U2

K=

Ecmm U2> Uy, To Tpanchopmarop nosbimaroniui, a ecinu Uz <U; — 1o nmonmxkaromuii. B
nacnopTe TpaHchopMaTopa yKasblBaeTcss OOBIYHO He KodhduuueHT TpaHchopManuu, a
OTHOILIEHHE BBICHIETO HAPSKEHUS K HU3IIEMY.

[Ipu mocTpoeHHH BEKTOPHBIX JMAarpaMM HaNpsHKEHUM M TOKOB TpaHc(opmaTopa MOTYT
BO3HUKHYTh 3aTPyIHEHHS C BBHIOOpOM MaciiTaba HamnpssKeHWM TMEPBHYHOM W BTOPUYHOM
obmorok, T.K. Ui=kUp, a nuarpammbl JOJDKHBI ObITH B OgHOM Macmitade. [lostomy BMmecTo
peanbHOTO TpaHcpopMmaTopa OOBIYHO paccMaTPUBAIOT TaK HA3bIBAGMbIH MPUBEIECHHBIN
TparncGopMmaTop, y KOTOPOro ojHa oOMOTKa (0OOBIYHO BTOPUYHAS) IPHUBEEHA K APYroi, T.e. e
nmapamMeTpbl TEPECUUTaHbl TaKUM O0Opa3oM, YTOOBI ATO HE OTPA3WIIOCh Ha IHEPTreTUUYECKHX

npoueccax B TpaHcdopmatope. IIpuBeneHHoe HampspkeHHE U Ipyrue mapaMeTpbl BTOPUUYHON

! ! ! ! !
oomotku obosnavatores U, , [, , 1, , X, , Z,.

! ! !
Ecru U, =xU,=U, u W, =xkw, =W,, 10 Tok [, ompeneantcs u3 ycIOBHUS

14 14
noctosiHcTBa notokocuerienuit 1, W, = 1., W OTKYyJ1a
2 VVo 2 2 >

_|2W2_|2W2 I2
’

|, =-2-2 272

W, W, K
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!
2
AHaJIOTMYHO, TPHUBEJICHHOE CONPOTUBJICHUE 7, =K 7, OIpeaeseTCs U3 pPaBEHCTBA

HOTepb MOIITHOCTHU BO BTOpH‘-IHOﬁ 06MOTKC o0 HpI/IBeI[eHI/IH H IIOCJIC HpI/IBeI[eHI/ISI:
2 '\2.'
Ior,=(1,)°r, ,

OTKyJa

AmnHanoruyso,

! !
2 2
X, =KX, miZ, =KT,.

'
CYMMa n + r, =T, Ha3bIBACTCA AKTUBHBIM COIIPOTHMBJICHUEM KOPOTKOI'O 3aMbIKaHUS, a

! !
X, + X, =X,- UHIYKTUBHBIM COIIPOTUBIICHUEM KOpPOTKOIO 3aMblKaHus u Z, +Z, =17, -

IMOJIHBIM COITPOTUBJIICHUEM KOPOTKOT'O 3aMbIKaHH .

Pexxum paOoTbl, HpU KOTOPOM BTOpPHYHAs OOMOTKAa pa3OMKHYTa, T.€. Harpyska
TpaHchopMaTopa OTCYTCTBYET, HA3bIBAECTCS PEKUMOM XOJOCTOro xoja. IIpu 3TOM MarHUTHBINA
HOTOK CO3J]a€TCsl HAMAarHUYMBAOILEl CUI0N MepBUYHON OOMOTKHU:

F =1.w,

rae lp — Tok Xo1ocToro xoja.

Bennunna HamarHuumMBaromei cuibl Fo SBIsieTCs MOCTOSHHOM U 3aBHCUT OT pa3MepoB U
MaTepuaia cepeyHuKa.

Pexxum pa®oTsl, Ipy KOTOPOM BO BTOPHUHYIO OOMOTKY BKJIFOUEHA Harpys3ka, Ha3bIBaeTCs
pabouynM pexXUMOM WIM peXMMOM Harpy3ku. llpu paGoTe B pexume Harpy3ku Kaxjaas U3
o0OMOTOK  TpaHcdopmaropa  CO34aeT  CBOK  HAMarHMYMBAIOUIYI0  CWIy,  IpUYeM
HaMarHU4YMBAlOIass  cuja  BTOpUYHOM  OOMOTKM  OyneT  HampaBjieHa  HaBCTpedy

HaMarHUYMBAIOIIEH CUJIe IEPBUIHOM OOMOTKHU:
Fo=Fi+F:
|0-W0 = |1-W1+ |2-W2.

Takum  00pa3oM, MarHUTHBIH TOTOK, CO3/1aBa€Mblii  BTOPUYHOM  OOMOTKOM,

pa3MarHMYMBaeT MarHUTHBIM MMOTOK, CO3JaHHbBIN MEPBUYHON OOMOTKOM.
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Tak kak MarHUTHBIM TOTOK TpaHchopMaropa MO BEJIMYUHE TIOCTOSHEH, TO

HaMarom4iuBaronias CuHJia HGpBH‘-IHOﬁ 00MOTKH YBCIIMUMUBACTCA TOJIBKO Ha TaKyrO0 BCJIIMYUHY,

L] L]
YTOOBI reoOMETpHUICCKas CymMmMa I1 Wl ul: W2 ocTaBaJiaCh MPAKTUYCCKHU ITOCTOSTHHOM.

CnenoBatenbHO, IPY YBEJIIMYEHUHN TOKAa BO BTOPUYHON OOMOTKE TOK IEPBUYHON OOMOTKHU

YBCIMYMUBACTCA TAK, YTOOBI HaMaron4iuBaronias Cujia lo WO noAACPIKUBAJIACH IMOCTOSIHHOIA.

IIpu yBenuueHuM Harpy3ku TpaHchopMaTopa HaIpPsHDKEHUE BTOPUYHOW OOMOTKH
CHIJKaeTcsd Ha BenMuMHy AU, KOTOpoe y MajblX TpaHC(hOPMATOPOB MOXKET ObITh OIPEIEIICHO
IyTeM HUCHBITAHUN O/ HArpy3KoH TpaHcopmaropa U HENOCPEICTBEHHbIM u3MepeHuem AU .
Tpancopmarop O0JIBLION MOIIHOCTH Harpy3uTh M UCHBITATh O]l HATPY3KOH OYEHb CIIOKHO U
HE3KOHOMUYHO, M03TOMY JUIst HUX AU OnpenenstoT pacueTHbIM ITyTEM.

Harpyska TpanchopmaTopa MoKeT ObITh YHCTO aKTHUBHOM (OCBELIEHME), IIPH KOTOPOMH
cos @2 = 1,0, u cmemaHHOM — akTUBHO-UHAYKTUBHOM (R-L) mnu aktuBHo-emkoctHol (R-C), npu
KOTOPBIX COS ¢2 < 1,0.

3aBHCUMOCTh HAIPSHKEHHsS BTOPUYHOW OOMOTKH OT TOKa Harpysku, T.e. Ux=f ( I2),
IPU TOCTOSHHOM IO BEJIMYMHE HANPSDKEHUM MEepBUYHONH 0OMOTKM U1l M MOCTOSSHHOM 3HaueHUH
K03 uIreHTa MOIIHOCTH COS (2, HAa3bIBACTCS BHEIIHEW XapaKTEPUCTHKOW TpaHchopmaTopa
(puc. 6.2).

HanpsokeHne Ha BTOpUYHON 0OMOTKE NP XOJIOCTOM Xofe, T.e. pu l2 = 0, Ha3zpIBaeTcs
HOMUHAQJIBHBIM HamnpspkeHueM. IIpu Harpyske HampsbkeHue OyleT M3MEHSATbCS Ha BEJTHYUHY

AU :

U 3
zh\ AU

»
>

I2H |2

Pucynok 6.2 — BHemHsAs xapakTepucTka Tpanchopmaropa
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Jns onpeneneHus BenuuuHbl AU pacueTHBIM IIyTEM HEOOXOIMMO BBIIOJHMTBH [1BA
OIIBITA: OTIBIT XOJIOCTOTO XOJIa U OIBIT KOPOTKOTO 3aMBIKAHHSL.

OnbIT XO0JOCTOTO X0Ja BBIIOJHACTCA OJid OHNPCACIICHHUA HAIPSAKCHUA BTOpH‘IHOﬁ
ooMoTku U2y , TOKa xosoctoro xoxaa lo u moreps MomHocTH xojoctoro xoaa Po. Tak kak npu
xosoctoM xoze ToK l2 = 0, a Tok l1 = lo 1 cocraBisieT HECKOIBKO MPOLEHTOB OT TOKa liH, TO
HOTepH B OOMOTKE IPH XOJIOCTOM XOJ/I€ MaJIbl U MOKHO CUHMTATh, YTO MOTEPH XOJOCTOTO X0/ —
3TO MOTEPHU B CTAJIU CEPICUHHKA.

OnbBIT KOPOTKOTO 3aMBIKAaHUS, TPU KOTOPOM BTOPHUYHAs OOMOTKA 3aMKHYTa HaKOPOTKO
(zu = 0), BemonHsiercss npu noHwkeHHOM HanpsbkeHun Uixn . [lpu aToM HampsbkeHue
HOBBIIIAETCS OT HYJS 10 3HadeHus: Uiky , TP KOTOPOM TOK 3aMKHYTOH HAaKOPOTKO BTOPHYHOM
oOMOTKM paBeH HoMuHaIbHOMY lpy. Tak Kak 3TO HampsHKEHHE COCTaBISET HECKOJIBKO
MNpOUCHTOB OT HOMHMHAJIBHOI'o, TO H MarHuTHBIN IIOTOK, HpOHOpHHOHaJIBHLIﬁ HAIIPSAKCHUIO B
Cep/IeYHUKE, OUYCHb MaJl U MOTEPSIMH B CTAIH MOXKHO NPEHEOpPEeYb M CUUTATh, YTO MOTEPH IIPH
OITBITE KOPOTKOT'O 3aMBIKaHUS — 3TO OTEPH B MM 0OMOTOK TpaHC(opMmaropa.

3nast U;xy v motepu Pryp MOKHO ONIPEACTUTH Zk, Ik, XK:

7 _UlKH
K = ;
[
1H
r _PKH_
K_|2 ]
1H
2 2
Xe =+ Zx T,

/ /
rne I =L+, u X =X +X, -akTUBHOE U PEAKTUBHOE COIIPOTUBJIEHUSI KOPOTKOTO

3aMbIKaHU .

N3menenue HanpsbkeHus npu Harpy3ske AU MOXKHO OIpelenuThb 1o popmysie:
AU =,B-(Um -cosp, +U -smgoz),
rue Um = |1H - Iy - aKTUBHas COCTaBISAIONIAs HANPSHYKEHUS KOPOTKOTO 3aMbIKaHMUS,;

UKp = l,,, - X« - peakTHBHAs COCTABIAIONIAS HATIPSKEHNS KOPOTKOT'O 3aMBIKAHHSI;

2 -
B =—— - xod>QuiueHT Harpy3Ku TpaHc(HOPMATOPa; 3HAUECHUAMH CcOS@2 U SN @2

3amaeMcs.
3nas Ugy u AU npu pasnuuHbIX 3HAYeHHWSX S W XapakTepe Harpy3Kd, MOXKHO
onpenenuTs 3HaueHue Uz 1pu  Harpy3ke UM IOCTPOUTh BHEIIHME XapaKTEPUCTUKU

TpaHchopMaTopa pacYeTHBIM ITyTEM.

47



Baxxnoit xapakrepuctukoit Tpancopmaropa ssisiercst ero KIT/I:
P _R-3P_| XP_ P
P~ Pp P Pizp
KIIJl MOXHO OIpEeAenuTh IyTEM HENOCPEACTBEHHOIO M3MEPEHHUS MOIIHOCTEN P2 u P
WJIM PACYETHBIM IyTEM, 3Hasl OJIHY M3 €ro MOIIHOCTEW U CyMMy NOTepb B HeM. IlepBblil MmeTox
MPUMEHSIIOT MPU UCHBITAHUU MAJIOMOILHBIX TPaHC(HOPMATOPOB, T.K. B 3TOM cIyyae HET mpodaem
¢ Harpyskoi TpaHchopmaropa peoctaramu. B momrabeix Tpanchopmartopax KIIJ[ ompenensitor

IIyTeM HU3MEPEHHs WIM pacyera IOTepb B HEM M IIOJE3HOM HAarpy304HOM MOILHOCTHU

P, =U,I, cosp,. Bennunna KIIJ] 3aBucut oT Harpy3ku (puc. 3).

o 2
KII/l umeeT MakCUMyM IPU OTHOCHTENIBHOW Harpyske —— ~ 0,7, xoraa mocTosiHHbIE
2H

norepu (Po) paBHBI IepeMeHHBIM TOTEPIM (Pk).
& I
L0

vl e
/

Ly

P,
0 0.5 L0 P

Ix

Pucynox 6.3 — 3aBucumocts KII/[ Tpanchopmaropa ot Harpy3ku

IIpn yBennuenun Harpy3ku Bwimie 0,7 Px KIIJ ymeHnpimaercs, Tak Kak IE€pEeMEHHBIE

2 o
MMOTEPU paCTyT NPONOPUHUOHAIIBEHO Il , @ MOITHOCTBH — MPOIMOPIHHUOHAJIEHO IMEPBOU CTCIICHU TOKA.

ITpn ymenpmenun Harpysku KIIJ[ ymeHbIIaeTcs u3-3a yBeJIMUEHUs J0JIU TOCTOSHHBIX MTOTEPH B

0011el MOIITHOCTH.
Ykazanue no mexnuke dezonacnocmu:

Vka3aHuss 1O TeXHHKE O€30MacHOCTH TMPH BBINOJHEHUH JabOpaTOpHBIX padoT

IIPUBENIEHBI B IPUIIOKEHHE 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/I3MepeHHﬁ IIprU HECKOJBKHUX 3HAUYCHUAX U1 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

V3MepeHHbIC BETMYNHBI BrluncieHHbIE BEJIMYHUHBI
Ne U,
Uix l10 Po U, coS Qo K=—
OmbITa U,
B A Bm B - -
1
2
3

2. BBIMOTHUTE OMBIT KOPOTKOTO 3aMbIKaHUs. [[1s1 aToro cobpats cxemy (puc. 5), mpu
9TOM B cXeMe BOJBTMETp V2 3aMeHuTh ammnepmeTpoM Az. llepen BKIIOUEHHEM CXEMBI
NMoBOpOTHYIO pyKosATKYy JIATPa HyXHO yCTaHOBUTH Ha HOJb. 3aTeéM 3aMKHYTh K04 K,
BKJIFOYMTh CXEMY U IJIaBHO yBeNWuYuBaTh HampsikeHue JIATPoM 1o tex mop, moka amMmnepmeTpbl
A1 ¥ A2 HE CTaHYT MOKA3bIBaTh HOMUHAIILHBIE 3HAYEHUS TOKOB l1H U lop, ipu 3TOM HampsbkeHue

nepBUYHON 00MOTKH OyneT paBHO U;xpy. 3anucarh nokazanus npuOopoB B Tabmuiy 6.2.

U*

JATP TN

T
A _ A a
. . Ay
MANDY x
L."

~ T ‘ E
Ow . &

¥ x

Pucynok 6.5 — Cxema ucnsiTanusi TpaHchopMaTopa B peKUMe KOPOTKOTO 3aMbIKaHHS
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[lo pe3ynpTaraM OMBITOB XOJOCTOTO XOJa M KOPOTKOTO 3aMBIKaHUS OIPEIEIUTh
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
H3mepeHHbIE BETUYUHBI BrruncneHHble BeTHUUHBI
OTIBITa
12
Uik lak Pik Ik 7| cosox ZK rk XK
1
B A Bm A - - Om Om Om
1
2
3
cosQ i P
0= ; COSQ, = ;
1 IO UIK IIK
7 = U T = P .
K = I ) 'K T |2 ’
1K 1K
_ [,2 2
X =2k — Tk .

Onpenenuth K03(Q(HUIKEHT MOJIE3HOTO JEHCTBUS TpaHChOopMaTopa #:

P P,+PF +P

n

3naueHus Py OepeTcs U3 MacloOPTHBIX IaHHBIX TpaHchopMaropa.
3amaBasice 3HaueHusiMu S = 0,25; 0,5; 0,75; 1,0 onpenenuts AU npu 3Ha4eHUsIX COS @2 =
1,0; 0,8 (R—L) u 0,8 (R — C), pe3ynbTaThl pacueToB CBECTH B Tabjuiy 6.3. 3aTeM MOCTPOUTH

BHCIIHUC XAPAKTCPUCTUKU JJIA ITPUHATBIX 3HAYCHUM COS @2, IpU 3TOM HUMEs B BUIY, YTO COS @2

npu (R — C) Harpy3ke oTpHLIaTeNIEH.

Tabnuma 3 — Pe3ynbTaThl BEIYUCIEHUN U U3MEPEHUN

) U, -cosp,+

ﬁ Uka = IlH : rK UKp = IlH ' XK Uxa COS¢2 UKp Slnq)Z +UKp S|n¢2 AU
- B B B B B B
0

0,25

0,5

0,75

1,0
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2.

BeIMOMHUTE OMBIT TOJ HArpy3koil mo cxeme puc. 6.6. Ilpum sTom cxemy

COCIMHEHUHN TMEepBUYHONH OOMOTKH (puc. 6.5) HE H3MEHSIT, a K BTOPUYHOU OOMOTKE

INOAKJIOYAarOT Hal’”py:’)OLIHHﬁ PEOCTAT U BBIINOJHAIOT UBMCPCHUA IIPU TPEX — YETBIPEX 3HAYCHUAX

Harpy3kH.
U*
; W
g JIATP I N,
* ‘\_ I

L.-'

~ 7
O &

Pucynok 6.6 — Cxema ucnsiTanus Tpanchopmaropa moja Harpy3koi

B CICAYIOEM OIIBITC MOCICAOBATCIBHO C HArpy3odHbIM pCoOCTAaTOM IMOAKIIOYAarOT

KaTylmlKy HWHAYKTUBHOCTH HW BBIIIOJHAIOT 3aMcEp |2 u U2. 3aTeM OIBIT IIOBTOPAIOT IIPpHU

MNOAKIHOYCHUHN IOCICAOBATCIIBHO C HArpy304YHbIM pPEOCTATOM Ru emxoctu C. PC3y.]'IBTaTBI

I/ISMepeHI/Iﬁ 3aHOCAT B Ta6J'II/II_Iy 4. Tlo pe3yjibTaTaM J3THUX OIbITOB CTPOAT BHCIIHHUC

XapaKTEPUCTUKH.

Tabnuua 6.4 — JlaHHbIe AJ11 TOCTPOECHUS BHEIIHUX XapaKTEPUCTUK

Ne
N3MepeHHbIE BETUYUHBI
OTIbITA
AKTHBHas Harpy3ka R-L Harpyska R-C narpy3ska
2 U, 2 Uz 2 U
A B A B A B
1
2 _ _ _ _
3 _ _ _ _

Cooepiwcanue omuema:

Oruet HAOJIKCH COACPIKATh:

N o gk~ w e

BriBoapbl.

Hazpanue paboTsr;

[lens paboThI;

Kpartkue TeopeTndeckre CBeIeHNUS,
OrnucaHme UCIONIb3yeMOT0 000PYIOBAaHUSI M MATEPUAIIOB;
[Topsimok BBIIONHEHUS PaOOTHI;

Beruncienns n o6paboTka pe3yabTaToB;
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crainu?

KOHMPOJleble eonpocol:

© 0 N o gk~ wbhdPE

-
©

C Kaxoil L1eJIbI0 BBIOIHSIOT OIBIT X0J0CTOro Xo1a?

Kaxk onpenensiercs nanpsoxenue Upn?

YeM 00yCII0BIEHBI TOTEPU MOLIHOCTH B PEKUME XOJIOCTOr0 XoAa?

C Kaxoi LIeJIbI0 ¥ KaK BBINOJIHSIOT OINBIT KOPOTKOTO 3aMbIKaHUs?

Kak onpenensitoT n3aMeHeHre HOMUHAIBHOTO HanpsikeHus AUy?

OT yero 3aBHCAT NOTEPU MOLIHOCTH B PEKUME KOPOTKOT'O 3aMbIKaHUA?
ITpu kakux ycinousax KII/] nmeeT MmakcuMaiibHOE 3HaYCHHE?

Kakas narpyska ju1s TpancopMmaTopa siBisieTcs 6oJiee npeAnoYTUTENbHOU?

[Touemy cepaeuyHuk TpaHcopmaropa HaOUPAIOT U3 JUCTOB IEKTPOTEXHUYECKOM

byner nu paboTtaTth TpanchopMaTOp 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 mogxmroueHnn TpexQasHOi OOMOTKH cTaTopa B Tpex(asHyI0 CeTh, B CTaTOpPE CO3IAETCS

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

_ 60f,
1_ )

p

rae fi — vactora Hanpspkenus nutaromei cetu (fr = 50 ')

P — YUCIIO Map MOJIIOCOB ABUTaTEINS.

Potop Takxke cocToMT W3 cepAcUYHMKA U OOMOTKH, KOTOpbI€ HAcaKeHbl Ha Ball
CeplieuHUK poTOopa HaOMPArOT U3 JMCTOB 3JIEKTPOTEXHUYECKOM CTajIM, B KOTOPHIX Ha BHEIIHEH
MIOBEPXHOCTH BBIIITAMIIOBaHbI M1a3bl. ACUHXPOHHBIE IBUTaTENI B 3aBUCUMOCTH OT KOHCTPYKI[UU
poTopa MOryT ObITh ABYX THUIOB. B nBHUrartensx ¢ ¢pa3HbIM pOTOPOM B Ma3bl pOTOPA YKJIaAbIBAIOT
TaKylo ke Tpex(azHyro 0OMOTKY, KaK ¥ Ha CTaTope.

Tpu xoHIIa OOMOTOK COEIUHSIOT B 3B€3y, a TPH JIPYTUX BBIBOJAT HA KOHTAKTHBIE
KoJblla. B nBurarene ¢ KOpOTKO3aMKHYTBIM POTOPOM B Ia3bl POTOpA 3aJMBAIOT PaCIUIaBIECHHBIN
ATIOMUHHUM, TpU 3TOM BMecTe ¢ OOMOTKaMH OTJIMBAIOT KOPOTKO3aMBIKAIOUIUE KOJblla, B
pe3ysbTare 4ero 0OMOTKa MOIy4aeTcsi KOPOTKO3aMKHYTOM.

Bpamatomeecss MarHuTHOE TOJI€ CTaTopa MepecekaeT 0OMOTKY pOTOpa M HaBOJAUT B HUX
3.].C., @ TaK Kak OOMOTKa 3aMKHYTa HAaKOpPOTKO, TO B HEW HAUYMHAIOT NPOTEKAaTh TOKH, MPHU
B3aMMOJICHCTBUM KOTOPBIX C MAarHUTHBIM IIOJIEM CO3JAaeTCsl BpALAOIINi MOMEHT, U POTOp
HauyMHAeT Bpamarbcs. YacToTa BpalleHUs poTopa N B JBUTATEIbHOM PEXHME BCErJa MEHbIEe
4acTOTHI BpallleHUs NoJIs cTaTopa Ni. Pa3HOCTh ATHX 4acTOT, OTHECEHHAs! K YacTOTE BPALICHUS

IOJIs1 CTAaTOpPA, HA3bIBACTCA CKOJILKCHUCM JIBUT'ATCIIA
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Tak kak BpalllaloIUi MOMEHT MOSIBJISIETCS B pe3yJIbTaTe B3auMOICHCTBUS TOKa poTopa |2
C MarHuTHBIM IOTOKOM @ craropa, TO €ro BeIW4YMHa NPONOPLUOHAIbHA UX IPOU3BEIACHUIO.
[Tockonbky B MeEXaHMYECKYI0 pPa0OTy MOKET NpeBpallaTbCcs TOJIBKO aKTHBHAsE MOIIHOCTH,
MIPONOPUMOHAIbHASL AKTUBHON COCTABJISIFOLLIEH TOKA, TO

M=C,, I, -® -cosy,,

r7e 2 — yroj casura ¢a3 Mexay 3.7.C. U TOKOM poTopa,

Cu — K03 huIenT, 3aBUCSIIUN OT KOHCTPYKIIMH ABUTATENs.

Takum o6pasom 7, - COS@, - aKTUBHASI COCTABIISAIONIAs TOKA POTOPA.

OCHOBHBIE O3KCIUTyaTallMOHHBIE CBOICTBAa ABHTraTelNsl OMPEICISIOTCS €ro padouyuMH
XapaKTePUCTUKAMH, T.€. 3aBUCUMOCTsIMU P1, cos@, N, 1, |1 0T mone3Hoi MourHoCcTH ABUraTesns Pa
. IlonBogumasi K aCHHXPOHHOMY JIBUTaTENI0 MOLIHOCTb PABHA:

B =3-U, -1, -cose ,

rze: CoSp — ko3¢ (UIMEHT MOIIIHOCTH ABUTaTeIs;

N —4yacToTa BpaILLEHUs POTOPa;

l1 — Tok craTopa.

Paboune xapakTepuCTUKU aCHHXPOHHOT'O ABUTaTeNsl IpeicTaBiIeHbl Ha puc. 7.1.

PabGoune xapakTepUCTUKU MOTYT OBITH MOJIyYE€HBl JMOO pAaCcYETHBIM IMyTeM, JUOO
OIpEZEIIEHBl ONBITHBIM IYTEM IIPU HCIBITAHUM JBHUraTelss noJ Harpy3kod. Harpyska Ha Baiy
U3MEHsSeTCs B Mpesenax oT HyJs B pexxume xosoctoro xoaa (P2 = 0) 1o HoMuHanbHOU WiH
Oonbmiel. Ilpu sToM wu3MepsOT mnoTpebisieMbli TOK |1, YacToTy BpaieHuss poropa N,
noTpeOsieMy0 MOIIHOCTE P1, ko3 dunmneHtT MomHoCTH cos@p. BennunHy mojae3Hoi MOIIHOCTH
P2 BBUUCISIOT Yepe3 BEIUMYMHY BPALLAOLIETO MOMEHTA, €CJIM B KaUECTBE HArpy3Kd JBUTATEISA
MCIIOJIb3YETCSI AJIEKTPOMArHUTHBIN TOPMO3, WJIM Y€pPE3 MOLIHOCTb T€HEpaTopa, €CIIM B Ka4eCTBE
Harpy3Ku JABUTATENs UCIONb3YETCs TeHepaTop MOCTOSIHHOTO TOKaA.

[Ipn sToM mone3Hass MOUIHOCTh Te€HepaTopa OIpeaesseTcss HU3MEpPEeHHEeM ToKa H
HaIpsDKEHUs TeHepaTopa:

Pr=Up -1,
IlonBogumass oT JBurarenss INoOJE€3Has MOIIHOCTh Pojs  paBHsETCd INOABOIMMON

MOIIHOCTHU I'€HCpaTOpa Pir

rae n — KII/] reneparopa (u3 puc. 2).
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[Ipu Harpy3ke Ha NEKTPOMArHUTHBINA TOPMO3 U3MEPAETCS MOJE3HBII MOMEHT M Ha Baiy

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

Po:
M-n
P=——
9550
n B I
— —— —— §.cos
m By Iy - ¢
- - » b
1.0 n
7 n
L cos@

o

A

0 0, 10 2H

Pucynok 7.1 — Paboune xapakTepUCTUKH aCUHXPOHHOTO JIBUTATENs

n.%
100

80 7
/]

60 i n

40

20

. P %

0 20 40 60 80 100

Pucynok 7.2 — 3aBucumocts KIIJ] renepatopa ot moutHoctu Pr

Ykazanue no mexnuke oezonacnocmu:

Vka3aHuss 1O TeXHHKE O€30MacHOCTH TMPH BBINOJHEHUH JabOpaTOpHBIX padoT

IIPUBE/JICHBI B IPHIIOKEHUE 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. Yoenurech, 4TO YCTPOWCTBA, UCIOIB3yeMbIE B IKCIEPUMEHTE, OTKJIIOUCHBI OT
CETH DIICKTPOITUTAHUSI.

2. Cobepute JIMEKTPUYECKYI0 CXEMY COCAMHCHHU TETUIOBOM 3alllMThl MAIIUHBI
NEPEMEHHOTO TOKA.

"

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, Hcnonb3ys manabie TaOauIpl 4.2.1, BBIYUCIATE COOTBETCTBYIONINE HATIPSIKECHUIO

U nonnbie aktuBHyto Po u peaktuBHyto Qo MomHocTH, motpebiisiemble aBurateneM M1, mo

dbopmynam:
Po=3"Pou,
Qo=3-Qo1
Y 3aHECUTE UX B TabiuIy 7.2.
Tabnuua 7.2
U B
Po, Bm
Qo, Bm
15.  Hcnonb3ys naHHble TaOIUIB! 4.2.2, BBIYUCINTE COOTBETCTBYIOLIME HAMIPSKEHUIO

U 3HaueHus KodpPUIMEHTa MOIIIHOCTH 110 PopMyJie
I:)O

JRZ+Q?

Cosp, =

Y 3aHECHUTE MOJyYeHHBIE pe3yJbTaThl B Ta0uiy 7.3.

Tabmuua 7.3

U B

oS o

16. Ilpu HeoOxomumocTH OonblIed BapUaTUBHOCTH 3HadeHUH HampsbkeHus U,
MOBTOPUTE SKCIIEPUMEHT IIPU 3aKOPOUYEHHOM JINHEHHOM peakTope Al4.

17.  Ucnonb3ys panHble Tabmun 7.2 U 7.3 NOCTpOWTE MCKOMBIE XapaKTEPUCTHKU
xojoctoro xoma lo=f(U), Po=f(U), cos@o=f(U) Ttpexda3Horo acHHXpOHHOIrO IBUTATENS C

KOPOTKO3aMKHYTBIM POTOPOM.
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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
napamempog Ha KOMnviomep

1. Yb6enurech, YTO yCTPOWCTBA, MCIOJIb3yeMbIe B JKCIIEPUMEHTE, OTKIIOYEHBI OT
CETH DJICKTPOIMUTAHUSI.

2. Cobepute SIEKTPUYECKYI0 CXEMY COCIMHEHUH TEIUIOBOM 3allUThl MAITUHBI
NEPEMEHHOTO TOKA.

"

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 %.

1. VYcranoBure B kaxaou ¢asze peocrara A9 comportuieHue, Hanpumep, 18 Owm
(mpu mycke aBuraress ¢ pazHbIM 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.

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

Yacme 3. Cuamue u onpedeiienue xapakmepucmuk Kopomrkozo zamvikanus Ix=f(U),
Pi=f(VU), Zg=f(U) mpexgpaznozo acunxponnozo oguzameins ¢ KOpOMKO3AMKHYMbIM POMOPOM

1. YOeaurech, 4TO YCTpPOMCTBA, UCIOJIb3YEeMbIE B JKCIEPUMEHTE, OTKIIOYEHBI OT
CCTHU DJICKTPOIIUTAHUS.

2. CHUMHTE KOXYX, 3aKpbIBAOIIUNA MY(Ty, COCIUHSIONIYI0 Bal MAaIIUHBI
MOCTOSTHHOTO ToOKa M2 ¢ Banom asuratenst M1, u 3akpenurte Ha Hel CTOTIOPHOE YCTPOHCTBO.

3. Colepute DJIEKTPUUECKYIO CXEMY COCIUHEHUW TEeIJIOBOM 3allUThl MAaIlIMHbBI
MIEPEMEHHOTO TOKA.

4. CoenuHuTe THE3/1a 3aLIUTHOTO 3a3€MJICHUS " YCTpOMCTB, HCHOJB3YEMBIX B
sKcniepuMenTe, ¢ THe3ioM "PE" Tpexdaznoro ucrounuka nuranus G1.

5. CoenuHuTe anmnaparypy B COOTBETCTBUU C AJNEKTPHUUECKON CXEMOM COeTMHEHUH.

6. [Tepexirouatenu pexuma padoThl UCTOUHMKA G2 M BBIKITIOYATENs A6 yCTAaHOBUTE
B nojioxkenue "PYYUH.".

7. B Tpexdazupix TpanchopmaTopHbIX Tpymmax A2 u A7 mnepekirodaTtesieMm
YCTaHOBUTE HOMUHAJIbHBIE BTOPUYHBIE HANIPsKEHUsI TpaHchopmaTopoB 242 B.

8. Bxumtounte Boikmouatenu «CEThy 6110k0B, 3a71efiICTBOBAaHHBIX B SKCIIEPUMEHTE.

9. AKTUBH3UPYHTE MYJIBTUMETPHI O0510Ka P1, 3amelicTBOBaHHBIC B SKCTICPUMEHTE.
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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
AJICKTPUUYECKOMN CETH.

12.  beictpo (Menee uem 3a 10 c) cuuraiite u 3aHecuTe B TAOJMIy 7.4 TOKa3aHUS
BonbT™MeTpa Pl.1 (niuuedinoe nanpsokenne U nBurarenss M), ammepmerpa P1.2 (tox Ik
cTaropHoii oOMoOTKM auratenss M1), a Ttakxke BarTMerpa usmepurens P2 (aktuBHas Pki
MOIIIHOCTB, TTOTpebsieMast ogHou (a3oit aBurarens M1) u cpasy mocsie 3Toro HaKkaTueM KHOTIKH
«OTKIJI» Beikitouarensa A6 OTKIOUMTE IBUTaTe b M1 OT 3JI€KTpUYECKOM CETH.

13. [ToBTOpUTE HEOOXOAMMOE KOJIMYECTBO Pa3 MPOLEAYPY MOMKIIOUCHUS JIBUTATEIIS
M1 K 3JEKTPUYECKON CeTHU, CUMTHIBAHUS TTOKA3aHUN U3MEPHUTENIBHBIX MPUOOPOB U OTKIIOUYCHUS
neuratenss M1 OT SJIEKTpUYECKOW CETH TpH pPa3dudyHbIX O00jiee HHU3KHMX HOMHHAJIBHBIX

BTOPUYHBIX HAMPSKEHUSIX TpaHchopmaTopoB rpynm A2 u A7.

Tabmuma 7.4
U B
g, A
P[(], Bm
14, Otxirounte uctounuk G1.
15.  Orxmounte Beikmoudarenu «CETby» 6510k0B, 3a1eiICTBOBAHHBIX B 3KCIIEPUMEHTE.
16. [Ipu HeoOXomuMOCTH  OOJNbIIEH  BapUATUBHOCTH  3HAYEHUH  JIMHEWMHOTO

HaINpsDKEHUs1 TTOBTOPUTE HKCIEPUMEHT C COEMHEHUEM BTOPUYHBIX OOMOTOK TpaHC(hOpMaTopoB
rpynnsl A7 110 cXeMe «3Be3Jay.

17. Wcnonb3ys nanHbie TaOnuilbl 7.4, BBIYUCIUTE COOTBETCTBYIONIME HaNpsokeHno U
3HauEHUsl MOJIHOM aKkTUBHOW MOIIHOCTH Pk, motpebnsemoil npurateneM M1, u MoOiHOro ero

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

Px= 3Pk,
Zx=U/ Ix.
[Tonmy4yeHHble pe3yabTaThl 3aHeCUTe B TabMILy 7.5.
Tabauya 7.5
U B
Px, 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 acCHHXpOHHOTO JBHUTATEIsI C

KOPOTKO3aMKHYTBIM POTOPOM.

Cooepicanue omuema:

OTuer HOKEH COlEepKaTh:

Ha3zBanue paboTsr;

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 mnpuHmun geiictBus Tpex(a3zHOrO ACHHXPOHHOTO JIBUTATeNs C
KOPOTKO3aMKHYTBIM POTOpOM?

3. UTo Takoe CKOJIbKEHUE JBUTATEISI U KaK OHO OIPEAeIIeTCs?

4. [ToueMy mMycKOBO# TOK aCHHXPOHHOTO JIBUTATElIs MIPEBBIIIAET HOMUHAIBHBIN U BO
CKOJIBKO pa3?

5. Kakumu cmocobamMu MOXKHO PEryjaupoBaTh YacTOTy BpalIeHHs POTOpa

ACUHXPOHHOI'O I[BI/IFaTCJ'ISI?

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

7. Kaxk oxmaxaaroTcss aCHHXpPOHHBIE ABUTATENN?

8. Kak n3mMeHuTs HanpaBiIeHNE BPALLIEHNs pOTOpa ABUTATENsA?
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Jlabopamopnas paooma Ne8. Hccnedosanue xapakmepucmuk nojiynpo8oOHUKOBbIX

0U0008 HA NOCHOAHHOM U nePemMennHom mokax

I[ens padomei: CHATH BOJBTaMIICPHBIC XapaKTEPUCTUKU BHIPSIMHUTEIBHOTO TM0/1a (TUIIA
KJ1226, 1N5408), nmmynascHoro muona (tuma K521, KJ1522, 1N4148), nuona Illotku (Tuma
IN5819), nmo xapakTepucTukaMm OIPENEIUTh OCHOBHBIE ITapaMeTpbl U cpaBHUTH uX. Ha skpane
ocumuiorpada npoHalII01aTh MPOLECCH BKIIOYEHUS U BBIKIIOYCHUS U0/, ONPEACIUTh BpEeMs

BKJIIOYCHUS U BBIKIIFOYCHU .

OcHnoevt meopuu:

JIByX2IEKTPOAHBIA TOJYNPOBOAHUKOBBIA 3JIEMEHT — JUOJA CONEPKUT N - U P -
npoBo K cinou (puc. 8.1). B n-mpoBojsiieM cioe B KauecTBe CBOOOAHBIX HOCUTENEH 3apsiia
npeo0iagaloT 3JIEKTPOHBI, a B p-IpoBoJslieM cioe * napipku. B pesynbrate auddysum
JIGKTPOHOB W3 N-00JIaCTH B P-00JIacTh M, HA00OPOT, IOBIPOK M3 p-001acTd B n-o01acTh Ha
rpaHuIle co3aaércs NOTeHIHAIbHBIN Oapbep (puc. 8.1 a u 0).

IIpy npssMOM MPUIIOKEHHOM HANpsDKEHUU («+» K CIOK P, « - » K CIOK n)
NOTEHIMAIbHBIN Oapbep yMEHbIIAeTCs, U IMOJ HAYMHAET NPOBOJUTH TOK (MO OTKPHIT). Ilpu
00paTHOM HaNpsKEHUU MOTEHIHANIbHBIN Oapbep yBeInuuBaeTcs (AU0 3anepT).

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

" FEBBTEBE| o |

388488 8 l
3881888 | :
3864.8188 | = :
6 19 i I i e ] E"‘U

Pucynok 8.1 — JIByX31eKTpOoAHBIN MOTYIPOBOJHUKOBBINA AJIE€MEHT
[IpssMo#t TOK uepe3 p-N Mmepexon ONpEAesAeTCs HOCUTEISIMU 3apsifia, HEOCHOBHBIMU IS

TOro CJjios, KyJda OHH ITPOHUKAKOT. B mpoueccce ABMIKCHHA OHU CTAJIKMBAKOTCA C OCHOBHBIMHU

HOCUTEJISIMH JAaHHOTO cJiosi U pekoMOuHupyioT. C yBelIWYeHHEM MpsIMOrOo TOKa TaJeHue
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HaINpsDKeHNS Ha IMO/E HECKOJBbKO Bo3pacTaeT. IIpn pekoMOMHAMM MOXKET BBIIEIATCS SHEPTHS
B BUJIC U3JTy4eHUs. DTO SIBICHUE UCIOIB3YETCS B CBETOINOIAX.

B oOparHoMm HampaBieHUHM 4Yepe3 AMOJ MPOTEKaeT TOJbKO HEOOJBIION TOK YTEUKH,
00YCIIOBIICHHBI HEOCHOBHBIMH HocuTeIs M. C yBeln4eHHEM OOpaTHOTO HANpPSDKEHHS BBIIIE
IpPEEIbHO JIOMyCTUMOTO JUIS JAHHOTO TUIAa TMOJa HAaCTyIaeT npoOoi p-n nepexona. B nmuomgax
Pa3IMYHBIX TUIIOB OH TMPOTEKAET MO-Pa3HOMY: B OOBIYHBIX BBIIPSAMHUTEIBHBIX IHOJAX — 3TO
HeoOpaTtuMoe paspylieHue p-N Imepexoja B pe3yiabTaTe ero IeperpeBa, B JIABUHHBIX —
INPOUCXOIUT JIABUHHOE PAa3MHOXEHHE HEOCHOBHBIX HOCHTEJNEH, YTO HPUBOJUT K PE3KOMY
YMEHBIICHNIO OOPAaTHOTO HANPSDKEHUS Ha HEM M YMEHBIICHHUIO HAarpeBa, B CTAOMIMTPOHAX — IPU
YBEIMYCHUU OOpPATHOTO TOKA MMEETCS JIOCTaTOYHO TMPOTSHKEHHBINM YJacTOK BOJBT-aMIIEPHOM
XapaKTEepUCTHKHU, HA KOTOPOM HAIPSKEHHE Majlo 3aBUCUT OT TOKA (3€HEPOBCKU ITPOOOIL).

OcCHOBHBIE CTaTHUECKUE IapaMeTpbl JHOJOB, Takue Kak moporoBoe HampsiokeHue Uy,
npsMoe najeHue Hanpspkeaue Unp, TuddepenimanbHoe conpotunienue Ry, o0patHblil Tok logp,
HanpspkeHue crabuwnmsanuu  cradunutpoHa Uer, MOXHO ONPEACTUTHh 0 BOJBTAMIEPHOU
XapaKTEPUCTHKE, CHATON Ha TOCTOSTHHOM WJIM MEIJICHHO M3MEHSIOLIEMCS TOKE.

[Tepexitoyenue 1M0Aa U3 3aKPHITOTO COCTOSHUS B OTKPBITOE IIPOUCXOJUT HE MTHOBEHHO.
OT0 MOXHO HaOMIOIaTh Ha 3KpaHe ocuuiuiorpada, eciu HpUIoKHUTh K JUOJY HampsiKeHue

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

BX

O u 1

np

\ 4

ob6p

BX

O BKJ'IE
Pucynok 8.2 — BosbT-aMIiepHas XapakTepHCTHKA MOJTYIPOBOAHUKOBOTO AMO/1a
[lpu mepexoje W3 3aKPHITOTO B OTKPBITOE COCTOSHHE HEOOXOAUMO BpEMS  tacr,

HCO6XOI(I/IMOC JJI1 paccaCbIBaHUA HU30BITOUHBIX 3apsAA0B  MMOTCHIUAJIBHOT'O 6apbepa n

JOCTIOKEHUS T (y3HOHHOTO pPaBHOBECHSI.
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[Tpu nepexoze U3 OTKPBITOTO COCTOSIHHSI B 3aKPBITOE HEOOXOIUMO BpeMs 11, 3a KoTOpoe

paccacCbIBarOTCA M30BITOYHBIC HOCHUTEIH H BpEMs t2, 3a KOTOPOC BHOBbL YCTAaHABJIMBACTCA

NOTEHIMATIBHBIN Oaprep. OOmmiee Bpems BBIKIIOUEHUS lpn = t1 + t2. Ha atame t1 wepes amon

npoTekaeT OoJbIION OOpaTHBIM TOK, a HampshkeHHe Ha HEM YOBIBAaeT, COXpaHsis MpAMOe

HanpasneHue. Ha srane t2 Tok oOpaTHbIl TOK yObIBaeT 1O HOpMaJbHOrO 3HaueHus. PeanbHas

KapTUHA, HaOJlt0aeMast Ha SKpaHe ociuiuiorpada, MOXKeT HECKOJIbKO OTJIMYAThCsl OT OMMCAHHOM

W3-3a BIUSHUS BXOJHOU €MKOCTH OocIiuiorpada u MOHTaxa.

Ykazanue no mexnuke 6ezonacnocmu:

VkazaHusi MO0 TEXHHKE OE30MacHOCTH TPH BBHIMOJHEHUH JIAOOPATOPHBIX  PadoT

IIPUBENICHBI B IPUIIOKEHHE A.

Ykazanus no évinonnenutro nabopamopnoii pabomoi:

1. CobGepute menb (puc.8.3. a) uIsi CHATHS TPSIMOW BETBH BOJIBTAMIICPHOM

XapaKTCPUCTUKU OHUOOOB. 06pamume GHUMAHUe, 4mo eojbmmemp MOt cxeme NOOKIIOUEH K

mouke «By» (noczze aMnepmempa.) U HAa e20 NOKA3AHUA He 6ausem naoerue HANPAINCEHUA HA

amnepmempe, Komopoe COUumMepumo C npAmMbIm naoenuem HANPAJICEHUS HA ouoode. B mo oice

6pems moK uepe3 60Jlbmmemp HECOUSMEPUMO MaAl C NPAMbIM MOKOM ouooa u He HOCUM

3aMemHOl nocpewHocmu 6 noKazanust amnepmempa.

-13..+13BB 6800m A I, B
o—___ o0 )
a)
_ +
- U
2..28B L (V \
\4 \ 4
158 O

a) Mpsimas nonspHoOCTb

680 Om A |,
[
+
u

I06pB
O

6) ObpaTtHas NonsipHOCTb

Pucynok 8.3 — Cxema BKJIIOUEHHS quoAa

2. YcranaBiauBas TOKH, YKa3aHHBLIC

B

Tadi.8.1

CHHUMUTC

IPSIMYIO

BCTBb

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

Hakonertr, quona lllotku. Ha puc. 8.4 moctpoiite rpadukmu.

3. HN3menute CXCMY JIs1 CHATUA O6paTHOﬁ BCTBHU BOJIbTAMIICPHBIX XapaKTCPHUCTUK

NEPEKIIIOUNB BOJIBTMETP B TOUKY A (JI0 aMIIepMeTpa) U MepeBEepHyB AUoA. B 310l cxeme uepes

aMIepMeTp He MPOTEKaeT TOK BOJBTMETPA, KOTOPBIM Temepb COM3MEpPUM M JAaxke OoJiblie
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o0paTHOro TOKa 4yepe3 AuoA. B To ke BpeMs majieHue HalpsKeHHUs Ha aMIIepPMETPe HUYTOXKHO
MaJIo 10 CPaBHEHUIO C 0OPATHBIM HANPSHKCHUEM Ha JHOJE.

4. YcranaBiuBas HanpspKeHUs, yKa3aHHbIE B TaOn. 8.2, cHUMUTE 0OpaTHYIO BETBb
BOJIbT-aMIIepHOM  XapakTtepuctuku auona ILllotku. VYOeaurech, uYTO OOpaTHBIA TOK
BBINPSIMUTEIBHOIO U UMILYJILCHOI'O JUOJOB HACTOJBKO Majl, YTO €ro HEBO3MOXKHO HU3MEPHUThb

npubopamu, UMeroImmuMucs B cterae. Ha puc. 8.4 mocrpoiite rpadukm.

Tabmuia 8.1

I, MA 2 5 10 20 30 40 5 10 20 40

K226

U B | K521

1IN5819

Tabmuua 8.2

I, MA | K226

K521

1INS5819

5. s uccnenoBaHusi XapakTEPUCTUK JMOAOB Ha MEPEMEHHOM TOKE coOepuTe Ha
HAaOOPHOM TIOJI€ 1IETIb COTJIACHO MPUHIMMHUANLHON cxeme puc. 8.4. 3meputenbHble MpruOOpPHI B
CXEMY HE€ BKJIIOYANTE, TAK KAK OHM MOTYT CO3JaTh JOMOJIHUTENbHbIEC Mapa3uTHble EMKocTU. He
3a0y/bTe BKJIIOYUTh MHBEPTUPOBAHME CUTHajia mo kaHainy I, 4ToObl oTKiIOHEHHE Jyya BBEpX
COOTBETCTBOBAJIO NMPSIMOMY TOKY Yepe3 TUO/I.

6. Jns Havana BKJIIOYMTE B LENb BBIIPIMUTEIBHBIM WO, TOJAaWTEe Ha BXOJ
CHHYCOMJIaJIbHOE HampsbKeHue 4vactoTol 1 kl'l, ycTaHOBHUTE PYy4YKy PpEryIATOp aMIUIATYAbI
MPUMEPHO B cpenHee mojoxkenne (4...6 B) m orperymupyiite pa3BepTKy, CHHXPOHHU3AIMIO U
YCWJICHHE TI0 JBYM KaHayiaMm ociruniorpada Tak yToObl Ha dKpaHe momenianuch 1,5...2 nepuoma

KPHBBIX TOKA U HAIIPSXKCHUA.
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MA

40

35

30

25

20

15

10

MKA

Pucynok 8.4 — BonbT-amnepHast XxapakTepuCTHKa

- BXOA1 BXOf I,
L N My

O /§\®1 VHB.

Pucynok 8.5 — Cxema noJkito4eHus ocumiorpada

7. [Tepexntouas MHOXUTENb 4yacTOThl *1, x10, x100, u perynupys KaxKablid pas
JUINTETILHOCTh Pa3BEPTKU ocuuiuiorpada, mpoHabmogaiiTe 3a H3MEHEHHWEM KPHUBOM TOKa.
OOBbscHUTE pe3ynbTaThl (MMEWTe B BUAY, YTO B TOJOXKEHUH MHOXuTens X100 BbIxomHoe

HaIpsDKEHUE TEHEpaTopa CHUXKAETCS IPUMEPHO B 2 pasa).
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8. [Tepexmtounte ocummiorpad B pexkum X-Y. Ilpum 3ToM Ha 3KpaHE TOSBHTCS
n300paKeHUEe AMHAMUYECKOM BOJIbTAMIIEPHON XapaKTEPUCTHKU MO0Ja: MPSAMOM TOK 1o ocu Y
BBEPX, MPSIMOE TMaJICHUE HAMPSHKEHUS — IO OCU X BIIPABO.

9. CHoBa momepeKyoyaiiTe MHOXHUTEIb 4YacTOThbl, HaOM0gas 3a H3MEHEHHEM
JTUHAMHYECKON BOJIbTAMIIEPHON XapakTepucTUku. OObsICHHUTE, MOoYeMy IMPU HHU3KOH yacToTe
JUHAMHUYECKasl BOJbTaMIIEpHAsl XapaKTEPUCTHKA COBMAJAET CO CTaTUYECKOW, a IPU BBICOKOM —
HE COBIIAJAcT.

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

11. CHoBa BKJIIOYUTE B 1EMb BBINPSIMUTEIBHBIA U0/, IEPEKITIOUNTE ocuuiorpad B
peXUM pa3BEPTKU U YCTAHOBUTE Ha BXOJE MPSAMOYIOJIbHOE [BYXIIOJIIPHOE HaIpsHKEHUE
gactrotod npumepHo 40...50 xI'm u wHebonpmoi ammautyasl (2...3 B), 4roObl MeHble
MCKa)XaJIOCh BBIXOJIHOE HAIPsHDKEHUE TeHepaTopa.

12.  Hacrpolite u3o0pakeHue, MepepucyinTe ocuuuiorpamMmmy B oT4ér (puc. 8.6), He
3a0bIB yKa3aTh MacmTaObl MO oOcsM (MacmTad MO OCH TOKa BBIUMCISICTCS Kak MaciTad
HanpsDKeHus, o KaHamy ||, nenéHusblii Ha cOpOTUBIEHUE, C KOTOPOTO CHUMAETCS CUTHAJL. ).

13. OHpe,I[CJ'II/ITC 10 OCHUJIIOIPpaMME BpPEMS BKIIIOUYCHUA texn M BPCMs BBIKIIHOYCHUS:

tBKJ'I .

MacwTabbl

Mo kanany I:

Pucynok 8.6 — Ocunmiorpamma 1uona

Cooepowcanue omuema:
OTyeT N0JKEeH CollepKaTh:
1. Ha3zpanue paboTsr;
2. Lenb paboTsr;

3. Kpartkue TeopeTndeckue CBeICHHS,
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Ornucanue UCIoib3yeMoro 000opy1I0BaHUSI M MATEPUAIIOB;
[Topsi10K BBITOTHEHHUS PAOOTHI;

Brraucnenus u 06paboTka pe3yinbTaTos;

N oo o &

BriBoapbl.

Konumponvnuie eonpocwt:

1. Ilouemy y nmmona IlloTkm moporoBoe HalpsHKEHUE MEHbBIIE, YeM Yy
BBITIPSAMUTEIHLHOTO AMO/Ia M UMITYJILCHOTO JTN0/1a, a 00paTHBIN TOK O0JbIIe?

2. Kaxkoit n3 ucrpITaHHBIX AMOI0OB UMEET HAUMEHbIIIee OBICTPOICUCTBUE U IIOYEMY?

3. Uewm oTnuyaeTcsi BOJIbTAMIIEPHAS XapaKTEPUCTUKA TUOMAA, CHATAsl 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.

[lo BXOZHBIM XapaKTEPUCTHKAM OINPEIEISIIOT TAaKUe JAMHAMUYECKUE XapaKTEpUCTUKU
TPaH3UCTOPA, KaK BXOJHOE JUHAMUYECKOE CONPOTUBIICHUE

h11= A U,/ A s

npejcTaBistoniee  co0OM  OTHOIIeHWEe — npupamieHus — HanopsbkeHus  Uss K
COOTBETCTBYIOILIEMY TPHUPAILEHUI0 TOKa 0a3bl MPH IOCTOSHHOM HAIpPSHKEHUHM KOJUIEKTOP-
AMUTTEP, U KO3 (PULIMEHT OOPATHOM CBSA3U MO HANIPSHKEHUIO

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 OUIOISPHOTO TPAH3UCTOPA
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BrixomHple XapaKTEpUCTUKH OTPAKAIOT 3aBUCUMOCTh TOKa Kojulektopa |« oT
HANPSDKEHUS KOJUIEKTOP-IMUTTEP MPH Pa3IUIHBIX TOKaX 0a3bl, MX BHJ IPEICTABICH HA puC. 2.2.
[To BBIXOJHBIM XapaKTEPUCTUKAM OMPEICIISIOT TaKue MapaMeTphl, Kak KO3(DPUIHCHT yCUIeHUS
TOKa 0a3bl

hoi=A I/ A ig

MPEICTABISAIONINI  cOOOH  OTHONICHHWE  TpPHUPAIICHUS  TOKAa  KOJJIEKTOpa K
COOTBETCTBYIOIIIEMY TPHUPAIICHUIO TOKa 0a3bl MPH IOCTOSHHOM HAINPSHKCHUH KOJUIEKTOP-
SMUTTEP, ¥ BBIXOAHAS JUHAMHYECKAsK TPOBOJIUMOCTh

hoo= A I/ A Uy,

MpeJICTaBiIsgIoNas  co0OM  OTHONIGHWE  TPHUPAIICHHUS  TOKa  KOJUIGKTopa K
COOTBETCTBYIOIIEMY MPUPAMICHUIO HAMPSIKCHHUSI KOJUICKTOP-OMHUTTEP TPU TOCTOSTHHOM TOKE
0askl.

BcenencrtBue HEIMHEHHOCTH KaK BXOJHBIX, TaK M BBIXOJHBIX XapaKTEPHCTHK BCE
MIEPEYUCIICHHBIC ITapaMeTPhl UMCIOT PA3IMYHbIC 3HAUCHUS JIJISl PA3IMYHBIX pa00YNX TOUYCK.

OO05acTh BBIXOIHBIX XapaKTEPUCTHK, B KOTOPOUM OHU MPAKTUYECKH JIMHCHHBI U B KOTOPOH
TOK KOJUICKTOpa MaJI0 3aBUCHUT OT HANPSHKCHHUS KOJJICKTOP-DMHUTTED, a OMPEISIAETCS TOKOM
0a3bl, HA3BIBAIOT aKTUBHOI 30HOM. [Ipu yBenmnueHnn Toka KoyieKTopa 1 HarpsikeHust Uy, pacTér
MOIIIHOCTH TEIIOBBIX TIOTEPh B TPAH3UCTOPE. DTH MOTEPH HE JOJDKHBI MPEBHIMIATE JOIMTYCTHMOTO
JUTSL TAHHOTO TPAH3UCTOPa 3HAYCHUS P son:

Px= U < Px non-

JIMHUS 1OMYCTUMBIX NOTEph Ha puc. 13.2 mpoBeaeHa MyHKTUPOM.

L | i=60MEA
=S0mA
__ i~40MKA
Als T B =300z
R0, ML e |
1;=20MEA
1:=10MKA
U;:

Pucynok 13.2 — BeixogHbIe XapaKTepUCTUKU OUTIOIISIPHOTO TPAH3UCTOPA

72



Ykazanue no mexnuxe 6esonacnocmu:
VkazaHusi MO TEXHHKE OE30MacCHOCTH TMPH BBHINOJHEHHH JIAOOPATOPHBIX PaboT

IIPUBENICHBI B IPUIIOKEHHE A.

Ykazanus no evinonnenuio nabopamopmnoii pabomoi:
B nmanHO#l naGoparopHoil paboTe HEOOXOAMMO IMOJYYUTh BXOJHBIE W BBIXOJHBIC
XapaKTEPUCTUKU TPAH3UCTOPA U BBIYUCIUTH 3HAYCHUS TUHAMUYECKUX [TapaMeTPOB.

[Topsa0K BBIMOTHEHUS PAOOTHI CIICTYIOITUH.

1. N3yunTh OCHOBHBIE TEOPETUUECKUE TIOJIOKEHUS.
+ o +
]-.5 Iﬂl I
100x0Mm 4750 > :
) T 1 0...153B
- I
15B I
150 U
Us
I
—_ - ] -
. . - » w
Pucynok 13.3 — Cxema BKiIIOU€HUS] OUTIOISIPHOTO TPAH3UCTOPA
2. Cobpatp cxemy, uszo0paxkénHyro Ha puc. 13.3. B cxeme o00s3arenbHO

NpeaycMOTpeTh TepeMbluky «II», HeoOXomuMmyro st HW3MEHEHHs MecTa BKIIOYCHHUS
MILIHaMIIEpMETpa.

3. VYcranoButh Hanpspkenue Uw,=0. [Ipu Tokax 6a3bl, ykasaHHbIX B TaOmuue 13.1,
U3MepUTh 3HaYeHHs HanpshkeHus Us, 1 3ammcats ux B Tadimiry. [ToBToputs onbiT ipu U, = 2,5

Bu 10 B.

Tabmuua 13.1

Is, MKA 0 5 10 20 50 80
Uss, npu U,=0
B npu Un=2,5B
npu Uw,=10B
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4.

VYceranoButh TOK 0a3bl 20 MKA. IlepeximounTh MIILTHAMIIEPMETDP B 1ICTIH

KOJUIGKTOpa, M3MEHUTh TMpenen usMepeHus Toka g0 20 MA. VYcraHaBiauBas 3HaYCHUS

HaNpsDKCHUST B LENH KOJJIGKTOP-dMHUTTEP, yKa3aHHble B Tabmume 13.2, 3amucath B TaOIUILy

COOTBETCTBYIOIIHE 3TUM HAIIPSIKCHUAM 3HAUCHHUA TOKA KOJUICKTOpA. I/I3MepeHI/IH IIOBTOPHUTDL IIPpH

Tokax 0a3nl 40, 60 1 80 MKA.

Tabmuma 13.2

Uw, B 0 0,2 0,5 1 2

10

15

I,

MA

npu i=20MKA

npu I=40MKA

npu I5=60MKA

npu i=80MKA

Cooepocanue omuema:

OTuer HOKEH CONepKaTh:

N o a k~ w D oE

HazBanue paboTsr;

Llens paboThI;

KpaTkue TeopeTnueckue CBEACHHUS,

Ornucanne UCToab3yeMoro 000pyI0BaHUS U MaTEpPUATIOB;
[TopsioK BBIMOTHEHUS PaOOTHI;

Brrancnenus u 00paboTka pe3ynbTaToB;

BriBopbl.
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnevenue OUCYUNIUHDBL

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

5.1.2 Ilepeuens ocnognoil iumepamypul:

1. Ockonkos, B. H. O0miast 21eKTpOTEeXHUKA U 3JEKTPOHUKA : ydyebHoe mocobue / B. H.
OckonkoB. — Ilepmp : IlepmMckuii HAMOHAIBHBIA MCCIEAOBATEIBCKUM MOJUTEXHUYECKUN
yauBepcutet, 2017. — 146 c. — ISBN 978-5-398-01812-7. — TekcT : 2JIEKTpPOHHBIN //
[Mudposoit  obpazomBarensHbi  pecypc IPR SMART :  [caiir]. —  URL:
https://www.iprbookshop.ru/110283.html

2. Manapukos, A. C. DIeKTpOTEXHHKA ¢ OCHOBAMH JJIEKTPOHUKH : ydeOHOe mocobue /
A. C. lllangpukoB. — 3-e u3a. — MuHck : PecmyOnukanckuii ”HCTUTYT Hpo¢deCCHOHATBHOTO
obpazoBanus (PUIIO), 2020. — 320 c. — ISBN 978-985-7234-49-3. — TekcT : 31eKTpOHHBIH //
[ludpposoii  oOpazoBatenmpHbli  pecypc  I[PR SMART :  [caiir]. —  URL:
https://www.iprbookshop.ru/100387.html

5.1.3 Ilepeuenv 0ononnumenvHoil 1umepamypol:

1. T'opnees-bypraun, M. A. O61mmas 31eKTpoTeXHUKA U 3JIEKTPOHUKA : yueOHOe mocodue
/" M. A. Topaee-bypreuni. — MockBa : MOCKOBCKHUI TOCYAapCTBEHHBIM CTPOUTEIbHBIN
yauBepceuteT, Aii [Tu 3p Meauna, O9bC ACB, 2015. — 331 ¢c. — ISBN 978-5-7264-1086-9. —
Texcr : anexktponHblit // Lludposoit obpazoBarenshbiil pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/35441.html

2. Epmyparckuii, I1. B. Dnexrporexnuka u snexrponuka / II. B. Epmyparckuit, I'. TI.
JIprukuna, 0. b. Munkun. — 2-e u3g. — Caparos : [IpodoOpasoBanue, 2019. — 416 c. —
ISBN 978-5-4488-0135-8. — Tekcr : anexrponHsiit / Llndpooit o6pazoBarensHblil pecype IPR
SMART : [caiiT]. — URL.: https://www.iprbookshop.ru/88013.html

5.2 Ilepeuenv yuedHO-MemOOUUECKO20 00ecneueHus CcamoCHOAMEIbHOU padomol
odyuarowuxca no oucyuniune

1. Metoauyeckne pPEeKOMEHJAMH IS TIOJATOTOBKM K J1a0OPaTOPHBIM 3aHITHSM T10
mucrruinae «OO0IIast IEKTPOTEXHUKA U DIICKTPOHHUKAY.

2. Meronnueckue peKOMEH AU TI0 OPTaHU3AINHA CAMOCTOATEIHHONU pabOThI CTYIEHTOB

IO JUCIHHUIIIIMHE <<O6H_Ia}1 OJICKTPOTCXHUKA U BJICKTPOHHUKA.
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https://www.iprbookshop.ru/100387.html
https://www.iprbookshop.ru/88013.html

5.3 Ilepeuenv  pecypcosé  un@opmayuoOHHO-MENEKOMMYHUKAYUOHHOU  cemu
Humepnem, neo0xo0umvix 0141 0c60eHUA OUCUUNTUHBL
1. http://www.biblioclub.ru -OBC "YHuuBepcurerckas OubaroTeka oHimaiH"

2. http://lwww.iprbookshop.ru/ - Dnekrponto- 6ubnuoreynas 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
WHCTPYKTaXKa CTYACHTHI PACIUCHIBAIOTCS B CIIENHATLHOM XypHaie. CTyIeHThI, HE W3YYHUBIINE
MpaBHJIa TEXHUKU OC30MACHOCTH M HE MPOIICAIINE HHCTPYKTAXK, K BHIMOJTHEHHUIO JIA0OPATOPHBIX
paboT HE JOMYCKAIOTCA.

VYyebnas rpynma (Wiad moArpynmna) pasOuBaeTcss Ha OpUTaabl, YHUCIO KOTOPBIX
yKa3bIBAETCS MPENoJaBaTesieM, a COCTaB OpUra; KOMIUIEKTYETCsl CTYIGHTaMH 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 1a00paTOpHH.

Ilepen KakIbIM 3aHATHEM CTYACHT O00s3aH IMOATOTOBHTHCS K  BBIMIOJHEHUIO
1abopaTopHOi pabOTHI MO JAHHOMY METOJUYECKOMY MOCOOHMIO M PEKOMEHIYyeMOU JIuTeparype.
[lepen wHauamom paboOThl MpemojaBaTellb MPOBEPSET 3HAHUS CTYACHTOB IO COACPKAHHIO
BBITTOJIHSAEMON pPa0oThl. [110X0 MOATOTOBIEHHBIE CTYICHTHI K BBITIOJHEHHUIO JIAOOPAaTOPHOU
paboThl HE AOMYCKAOTCS.

PaGoras B maboparopuu, HEOOXOAMMO COOMIOAATH CIEAYIOIINE TPaBHIIA:

K BbimonmHeHuto nabopaTopHOW paboOTHI CIeAyeT MPHUCTYNATh TOJBKO TMOCIE TOITHOTO
YSICHEHUS €€ COJIepKaHUS U TTOTydeHHs IOMyCKa K HeH.

2. Hauumnatp paboTy cneayeT ¢ O3HaKOMJIEHUS C MpuOopamMu U 00OpYIOBAHHEM,
MPUMEHSIEMBIMU B IaHHOU paboTe.

3. Ha naGopaTopHOM CTOJIE JOJKHBI HAXOAUTHCS TOJIBKO MPEIMETHI, HEOOXOAUMBIE IS
BBITIOJTHEHHS TAHHOU PaOOTHI.

4. PacnonokeHue ammapaTypbl Ha padoyeM CTOJI€ JOJDKHO OBITh TaKWM, YTOOBI CXema
COCIMHEHUI ToNy4Ymiach HauOoliee TPOCTOW, HATMsAAHOW M paboTa c ammapaTypod Oblna
YIOOHOM.

5. XenarenpbHo, 4TOOBI cXxeMy coOuWpan OJUH U3 WICHOB Opuraapl, a JApyrue
KOHTPOJIMPOBAIIH.

6. Ilpu cOopke CIOXKHBIX CXeM CIeAyeT BHAdaje COEAMHHUTh T[JIABHYIO,
MOCIIe0BATENbHYIO 11eTlb, HAauhHasi COOPKY OT OJTHOTO 3a)KMMa UCTOYHHKA TOKA U 3aKaHYMBas Ha

JIPYTOM, a 3aTeM YK€ MOAKIIOUNTh NapasuiebHbIe IeTH.
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7. Tlocne Toro, kak cxema OyneT coOpaHa, HEOOXOAMMO YOETUTHCS B TPABUIHLHOM
YCTAHOBKE JBI)KKOB PEOCTaTOB, aBTOTPAHC(HOPMATOPOB M PYKOSITOK JIPYTHX PETyIUPYIOIIUX
YCTPOMCTB.

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

9. Ilpu BKIIOYEHMH CXEMbl 0CO0O€ BHHMaHHE CJEAyeT OOpaTUTh Ha TOKa3aHUs
aMIIepMETPOB U JPYIHX H3MEPUTENIbHBIX NMPHOOpPOB. B ciydae pe3koro ABMKEHHS CTPEIKU
amMrmepMerpa K KOHIly HIKaldbl CXeMy HEO0OXOIMMO HEMEMJIEHHO OTKJIIOUUTh OT HCTOYHHKA
HaIPSDKEHUS.

10. HeoOxomuMo OepekHO OTHOCHUTBCS K ammaparype, UChoiib3yemoir B pabore. 060
BCEX 3aMCUCHHBIX HEUCIPABHOCTSAX WM MOBPEXKICHHUSIX CTYJICHT JOJDKCH HEMEIJICHHO
COOOIIUTH MPETOAABATENIO WK JTaO0PaHTYy.

11. Tlocne BbImomHeHUs pabOTHI CTYACHT 00s3aH, HE pa30upas CXeMbl IOKa3aTh
NOJIy4YEeHHBIE TaHHBIE MperoaaBaTelno. Eciu pe3ynpTaTsl M3MEpeHuil BEPHBI, TO MPENOIaBaTelb
UX TIOJIIHCHIBACT. DKCIEPUMEHT C HETIPABHIBHBIMU PE3yJIbTaTaMH CIIEIYET OBTOPHUTH.

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

13. Kareropuuecku 3anperniaeTcs:

— Tporartb pyKaMH OTOJICHHBIE IPOBOJA W 4YacTH TPUOOPOB, HAXOISAIIMECS IIOJ
HaIpsHKCHUEM, JJaKe €CITM OHO HEBEITMKO;

— MPOU3BOAUTH U3MEHEHHUS B CXeM€ MPH MOAKITIOYEHHOM UCTOYHHUKE MUTAHUS;

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

— 0e3 pa3penieHus IpernoaBaTess Wil JIa0opaHTa;

— OTXOJUTH OT MPUOOPOB W MAIIMH, HAXOJSAIIMXCS TIOJ] HAMPSHKCHHEM WM OCTaBIISITH
CXeMy MO HampsDKEHUEM MPU 00pabOTKe pe3ynbTaToB U3MEPEHHI;

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

[IpoBepky HamM4Ms, MOJABAEMOrO K CXEM€ WM DJEMEHTaM CXEMbl HampsHKeHUs
HEOOXOUMO TPOU3BOAUTH TOJIBKO KOHTPOJHHON JAMIOYKON WM BOJBTMETPOM, COOIIOIas
MpaBuJia TEXHUKH 0€30MacHOCTH.

[Ipu pabote B mabopaTopuu CiemayeT CTPOro COOIOAATh MEPHI TPEIOCTOPOKHOCTH, TaK
KAaK DSJIEKTPUYECKUI TOK, NPOXOIAIIMNA dYepe3 Teno yenoBeka, BenuunHod B 0,025 A yxke

ABIIACTCA OIMACHBIM JJIA ) KHU3HU.
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[Tpunoxenue b

3JIeKTpH‘leCKaH cxeMa coeJUHEHHUH TeNJI0BOM 3allUTHI MAIIIMHbI

MEPEMEHHOI0 TOKa

00000 |
[
w

—+o TK
QO Bkn
Lo 201.2,
e 1021

Al
Ilepeuens annapamype::
O6o03HaueHne HanmenoBanue Tun [Tapamerpsl
100 Br/230B ~/
Al MainHa nepeMeHHOT 0 TOKa 102.1
1500 mun~
Gl TpexdazHblil HCTOYHUK MUTAHUS 201.2 400B~/16 A
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MUHUCTEPCTBO HAYKHU U BBICIIET'O OBPA3OBAHUS POCCUNCKON ®EIEPALIIN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE
YYPEXIAEHUE BBICILIET'O OBPA3OBAHMA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Tsaturopckuit unctutyt (punuan) CKOY

MeToanyeckue peKoMeH AU
10 OpraHU3aluy CaMOCTOSITEIbHON pabOoThl 00yUJaroInXCst
mo aucuunnuae «OBIIAS DJIEKTPOTEXHUKA U SJIEKTPOHUKA »
JUISL CTYJIEHTOB HAaIlPaBJICHUSI TOATOTOBKH
23.03.03 DkcrutyaTtanus 1 006CaykKMBaHNE TPAHCTIOPTHO-TEXHOJIOTHYECKUX MAIIUH U
KOMILIEKCOB, ABTOMOOMJIbHBIN CEPBUC
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Conepxanue

Beenenue

OOmiasi xapakTepUCTHKA CaMOCTOSTENbHON paboThl 00yyaromerocs
M3YYEHUU JUCHUILTUHBI «O011as 3IeKTPOTEXHUKA U 3JIEKTPOHUKA)
[Tnan-rpaduk BBIMOIHEHUS CAMOCTOSITEIILHON paOOTHI

KoHTpobHBIE TOYKU U BUIBI OTYSTHOCTH 110 HUM

MeTtoauuecke peKOMEHIaluU 10 U3YYEHUIO TEOPETUUECKOTO
MaTepuaia

Y4eOHO-MeTOAMYECKOe U NH(DOPMAIIMOHHOE 00ECIICYCHHUE TUCITUTUIAHEI

npu
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BBenenne

CamocrosarenbHass pabora — IulaHUpyeMass ydyeOHas, y4eOHO-HCCIIeOBaTeNbCKasl,
HAy4YHO-UCCIIeI0BaTeNbCcKasi paboTa CTY/ICHTOB, BBINOJIHSEMAas BO BHEAYIUTOPHOE (ayAUTOPHOE)
BpeMs 10 33JaHUI0 M TpPU METOJWYECKOM PYKOBOJCTBE IIpernojaBaTenisi, HO 0e3 ero
HEIMOCPEICTBEHHOTO0 y4yacTus (MpU YACTUYHOM HEMOCPEJICTBEHHOM YYAaCTHHM IPErnojiaBaTelis,
OCTaBJISIONIEM BEIYIIYIO POJIb 32 pabOTOM CTYJICHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
Hay4HOU JEeSATEIbHOCTH CTYACHTA.

Benymas nenp opranuzanuu u ocymectBieHus CPC pomkHa coBmazaTh C LIEJIBIO
o0ydeHHUsl CTyJeHTa — MOJTrOTOBKOHM OakaiaBpa ¢ BeICIIMM oOpa3oBanueM. [Ipu opranuzanuu
CPC BaxHBIM U  HEOOXOAMMBIM  YCIOBHEM  CTAaHOBATCS  (POpMHUpOBaHUE  YMEHHS
CaMOCTOSITENIbHOM paboThl Al MPUOOPETEeHUsI 3HaHUN, HABBIKOB M BO3MOKHOCTH OpraHU3allud
y4eOHOM U HAyYHOU JESITEIIbHOCTH.

[lenpro camMoCTOSTETEHOM PabOTHI CTYJCHTOB SIBIISICTCSI OBNIaJCHUE (DYHIaMEHTATbHBIMU
3HAHUSAMU, TPOPECCUOHATBHBIMU YMEHUSIMHU U HaBBIKAMH JESATEIBHOCTH MO MPOMUITIO, ONTBITOM
TBOPYECKOHM, HCCIeI0BaTENbCKOM JesTenbHOCTH. CamocrosiTenbHas paboTa CTYACHTOB
CIIOCOOCTBYET Pa3BUTHIO CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH U OPraHW30BAHHOCTH,

TBOPYECKOTO MOIX0/1a K PEIIEHUI0 MPooOieM y4eOHOT0 U MPOPECCHOHAIIBHOTO YPOBHSI.
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O01mas XxapaKTepUCTHKA CAMOCTOSTEJIbHON PA00THI 00y4al0IIerocsi Npu U3y4YeHHH
AUCHUILTUHBI «O011Aas JIEKTPOTEXHUKA U JIEKTPOHUKA»

CaMmocrosiTenbHast paboTa - IUlaHUpyeMasi YydeOHas, y4eOHO-UCCIIeJOBATEIbCKas,
HAy4YHO-UCCIIeI0BaTeNbCcKasi paboTa CTY/ICHTOB, BBINOJIHSEMAas BO BHEAYIUTOPHOE (ayAUTOPHOE)
BpeMsl 10 33JaHUI0 M TPU METOJAUYECKOM PYKOBOJICTBE IpernojaBatens, HO 0e3 ero
HEIOCPEJICTBEHHOIO y4yacTHsl (IpU YacTUYHOM HENOCPEJCTBEHHOM Yy4YacTUHU IpernojaBaTels,
OCTaBJISIONIEM BEIYIIYIO POJIb 32 pabOTOM CTYJICHTOB).

CamocrosiTenpHass pabora cTyneHTOB B BY3e sBisieTcs BaXKHBIM BHJIOM YYEOHOW H
HAyYHOU JesATeNIbHOCTH cTyaeHTa. CaMocTosTenbHas paboTa CTYJACHTOB UIPAaeT 3HAYUTEIbHYIO
PO B PEUTHHTOBOM TeXHONOTUM OOyueHHs. B cBsizu ¢ atum, oOyduenune B BY3e Bkitodaer B
ceOs1 Be, MPaKTUYECKH OIMHAKOBBIC TI0 00BEMY M B3aMMOBIIMSHUIO YaCTH — IpoIiecca 00ydeHus
u mponecca camooOydenus. [loatomy CPC nomxkHa ctath 3pQeKTUBHON U lieJeHanpaBIeHHON
paboToii CTyaeHTa.

K coBpemeHHOMY crienagucTy 00IIEeCTBO NPEABSABISAET JOCTATOYHO LIMPOKUN ITEpeUEHb
TpeOOBaHUH, Cpeau KOTOPBIX HEMAJIOBAKHOE 3HAYCHHWE HMEET HaJM4Yhe Y BBIITYCKHUKOB
OTIpe/IeIEHHBIX CIHOCOOHOCTEM M YMEHHsI CaMOCTOSITENIbHO J00BIBaTh 3HAHUS U3 Pa3IMYHBIX
HMCTOYHUKOB, CHCTEMAaTHU3HPOBATh MOJYYEHHYIO HH(OpPMAIIMIO, JaBaTh OIEHKY KOHKPETHOM
¢uHanCcOBOU cuTyaru. DopMUpOBaHHE TAKOTO YMEHHUS MPOUCXOANT B TEUSHHE BCETO TMEpHOa
o0y4YeHHs Yepe3 ydacTHe CTYIEHTOB B IMPAKTHUYECKHX 3aHSTHSAX, BBIMOJHEHHE KOHTPOJIBHBIX
3a/laHuil ¥ TECTOB, HAMMHUCAHUE KYPCOBBIX M BBIMYCKHBIX KBATU(UKAIUOHHBIX padoT. [Ipu aToM
caMoCTOsiTeNIbHAas paboTa CTYAEHTOB HIpaeT pEUIalollyld pojb B XOJ€ BCEro ydeOHOro
nporecca.

Benymas nenp opranmzanuu u ocyuiectBienus CPC pomkHa coBmazaTh € IEJNBIO
oOydeHus CTyJeHTa — MOJrOTOBKOI crenuanicTa u 6akanaBpa ¢ BeICIIUM obpazoBanueM. [Ipu
opraam3aii CPC BaXHBIM M HEOOXOAMMBIM YCIIOBHEM CTAHOBSITCS (OPMUPOBAHUE YMEHHS
CaMOCTOSITENTbHOW PabOTHI ISl IPHOOPETCHUST 3HAHUH, HAaBBIKOB W BO3MOXXHOCTH OpTaHH3aIuU
yueOHOM 1 HAyYHOU JesITeIbHOCTH.

@opMbI CaMOCTOSATENILHOW PpaboOThl CTYAEHTOB pa3HooOpa3Hbl. B cooTBeTcTBHM C
paboueil mporpaMMoil AMCHUMIUIMHBI TNPEAYCMOTPEHBI CIEIYIOIUEe BHUIBI CAMOCTOATEIbHOM
paboTHI CTYEHTA:!

- CaMOCTOSATEIbHOE U3YUEHHUE JINTEPATYPhI;

- CAaMOCTOATENBHOE pelIeHHE 3a/1a4;

- BBITMIOJIHEHUE KYPCOBOT'O IIPOEKTA.

Ilenv camocmoamenvHo2o usyuenus Jaumepamypsl — CaMOCTOSITEILHOE OBJAJICHUE

3HaHUAMMU, OIIBITOM HCCHGHOB&TCHBCKOP'I JCATCIIBHOCTH.
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3aoauamu caMoCTOSTETLHOTO U3YUCHHS JTUTEPATYPHI SBISIFOTCS:

o yIITyOJICHHE U PACIIUPEHUE TEOPETHUSCKUX 3HAHU,

o (dbopMHUpOBaHUE YMEHHUI HCIIOJIL30BaTh HOPMATHBHYIO, IMPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAITUIO M CIICIHATbHYIO IUTEPaTypYy;

o pa3BUTHE MTO3HABATEIBHBIX CIIOCOOHOCTEW M aKTUBHOCTHU CTYIICHTOB.

Ilenv camocmosamenvnozo peuieHus 3a0a4 - OBIAJACHUE TPOPECCHOHATHHBIMU
YMEHHSIMH U HaBBIKAMU JCSITEILHOCTHU 1O MPOoQHITio OyayIei 1esTeTbHOCTH.

3adauamu caMOCTOATEILHOTO PEIICHUS 3a/1a4 SIBISIOTCS:

J CUCTeMATH3alMsl W 3aKpeIUICHHUE IMOJIYYCHHBIX TEOPETUYCCKUX 3HAaHUU U
NPaKTUYCCKUX YMCHHI CTYICHTOB;

° dbopmupoBaHue CaMOCTOSATEIBHOCTHA MBILJICHUS, CIOCOOHOCTEM K
CaMOPa3BUTHIO, CAMOCOBEPILICHCTBOBAHHUIO M CAMOPEaIH3alIHH;

o Pa3BUTHUEC UCCICAOBATCIIBCKUX yMeHI/H\/JI

Ilenvro camocmosamenvHozo 6bINOAHEHUA paAcUemHo-2paguueckoil  padomosl 10
JTUCIUTUTMHE SBJISICTCSA OBJIAJcHHE (DYyHIAMEHTAIbHBIMH 3HAHHUSIMHU, NPOPECCHOHATBHBIMU
YMEHUSIMH U HAaBBIKAMH JCSITEIBHOCTH MO MPOQUIIO, OTBITOM TBOPYECKOM, UCCIIET0BATEIHCKON
JESTCIIbHOCTH.

3aoauamu 1aHHOTO BUA CAMOCTOSITEIILHON pabOThI CTYy/I€HTA SBISIOTCS:

° cucreMaru3anuda MW 3aKpCIJICHUC TIOJYYCHHBIX TCOPETUYCCKUX 3HAaHUH "
MPAKTUYECKUX YMEHUHN CTYICHTOB;

. yrIyOJICHHE U paclIMpEeHNe TCOPSTHISCKUX 3HAHUIA;

. (dbopMUpOBaHHE YMEHHMM HCIOJIb30BaTh HOPMATHBHYIO, MPABOBYIO, CIIPABOUYHYIO
JIOKYMEHTAIUIO U CTHeHATIbHYI0 TUTEPaTypy;

o Pa3BUTHUC MMO3HABATCIIbHBIX CIIOCOOHOCTEN M aKTUBHOCTHU CTYACHTOB!: TBOpquKOﬁ
WHUIIUATHBBI, CAMOCTOSITETbHOCTH, OTBETCTBEHHOCTH U OPTraHU30BAHHOCTH;

° dbopmupoBaHUe CaMOCTOSITENbHOCTHA MBILJICHUS, CIOCOOHOCTEM K
CaMOpPa3BUTHIO, CAMOCOBEPIIICHCTBOBAHUIO U CAMOPEaTU3allNN;

o pa3BUTHE UCCIIEOBATEIBCKUX YMEHUIA;

o WCTOJNB30BaHUE  MaTepuana, COOpaHHOTO W  TOJYYEHHOTO B XOJe
CaMOCTOSITENILHBIX 3aHSATHI Ha CEMUHApax, HA MPAKTUYECKUX M JTa0OPATOPHBIX 3aHATHSX, MPU

HalMCaHUM KypCOBOH pabOTHI.
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B pesynbrare

OCBOCHHUA

IUCLUITINHEL

dbopMupyrOTCS

CIEYIOIIHI

IJIAaHUPYEMBIX PE3YJILTATOB 06yquI/151 10 AUCLHUIIIINHE, COOTHECEHHBIX C IIaHUPYCMbIMU

pe3yJbTaTaMHi OCBOEHHS 00pa30BaTeIbHOM MPOrpaMMBbI:

Kopn, hopmynupoBka
KOMIICTCHIIH

Kon, popmynuposka
HHIUKATOpa

[Inanupyemslie pe3ysbTaThl
00y4eHUS 10 JUCIUIIIIHE
(Monyiio),
XapaKTEPU3YIOLIHNE 3TaITbI
dopmupoBanus
KOMITETCHIMH, HHIMKATOPOB

OIIK-1 Cnoco0eH npUMEeHATh
€CTeCTBEHHOHAYYHBIEC U
o0IIenH)XeHEepHbIEe 3HAHUS,
METO/IBl MAaTEMATHYECKOTO
aHaJu3a U MOJIEJIMPOBAHUS B
npodecCuOHAIbHON
JeSITeIbHOCTH

N/I-1onk-1 OcHOBBI
€CTECTBEHHOHAYYHBIX U
OOLIEMHKEHEPHBIX HaYK,
METOJI0B MaTeMaTHYECKOTO
aHaJM3a ¥ MOJICTTMPOBAHUSI.

3HAaeT OCHOBHBIE 3aKOHbI
JIEKTPOTEXHUKHU; OCHOBHBIE
olpezeneHus,
TOIIOJIOTHYECKHE TTapaMeTPhbl
U METOIbl pacyeTa
IEKTPUUECKUX LETEH.
OCHOBBI JIEKTPOHUKHU U
AJIEKTPUUYECKUE U3MEPEHUS.
YMeeT npuMEeHSITh PHHIIUTIBI
HOCTPOCHMS, aHATIU3a U
JKCILTyaTaluu
AJIEKTPUUYECKUX LIeTIEH,
3JIEKTPOOOOPYAOBAHUS U
IPOMBIIIJICHHBIX
AIIEKTPOHHBIX TPUOOPOB,
IPUMEHSTH IPUHLIUIIBI
[IOCTPOEHHSI, aHAIN3a U
9KCIUTyaTaIlH
ANEKTPUYECKUX LIETIEH,
JIEKTPOOOOPYIOBaHUS U
MIPOMBITIITICHHBIX
AJIEKTPOHHBIX MTPUOOPOB.
Bnaneer
INEKTPOTEXHUYECKOU
anmapaTypou u
3JIEKTPOHHBIMHU
YCTPONCTBAMH,
MIPUMEHEHUEM METOJI0B
TEOPETUYECKOT0 U
AKCIIEPUMEHTAJILHOTO
UCCIJIEIOBAHUSI B
JJIEKTPOTEXHUKE U
MIPOMBIIIIIEHHOU
AIIEKTPOHUKE, HAaBBIKAMHU
IPUMEHEHHSI OCHOBHBIX
3aKOHOB AJIEKTPOTEXHUKHU U
JIEKTPOHUKH.

nepevYeHb




IInan-rpa¢guk BBINOJHEHHS CAMOCTOSATEJIbHON PadoThI

OObeM JacoB, B TOM YHCIIC

Kozpr
CpencrBa u KonTaktHas
pean3yeMbIxX Bun nesrenpHOCTH
. TEXHOJIOTHH pabota ¢
KOMIIETEHIINH, CTYACHTOB CpPC Bcero
OIICHKU npernoiaBaT
UHIUKaTOpa(oB)
eleM
4 cemectp
CamocTosTenbHOoe
H3Yy4YCHUE JINTEPATYPhI KoHncmekr 94,11 11,79 105,9
o TeMam Nel-9
Ofk-1 | Hoaroroska k Koncmekr | 0,27 0,03 03
NJI-1omk-1 JIEKIASIM
[ToaroroBka k Ortuer no na-
1a060paTOPHBIM O6oparopHOi 1,62 0,18 1,8
3aHSATUSIM pabote
Htoro 3a 4 cemecTp: 96 12 108
Hroro: 96 12 108
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KOHTpOJIbeIe TOYKH U BUJABI OTYCTHOCTH 110 HUM

PeliTuHroBass cuctemMa yCHeBAaeMOCTH CTYJAEHTOB HE NPEIYCMOTPEHA IS 3a09HOU
dbopmbl 00yUICHUSI.
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MeToanyeckue peKOMEH/IAMUH 10 U3YYEeHHIO TEOPETHYECKOr0 MaTepuasia

CamocrosiTenbHass paboTa CTyJAEHTa HAYMHACTCS C BHUMATEIBHOIO O3HAKOMIICHUS 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.
Bonpocsl Tembl Kak Obl HaKJIaIbIBAIOTCS Ha COOTBETCTBYIOIIYIO IJIaBY M30pPaHHOTO yueOHHKa
WIn yuyeOHoro nocobus. B urore 101KHO ObITh CHBIM, KaKH€ BOIIPOCHI TEMbI y4eOHOT0 Kypca U
C KaKoM IriyOMHON PacKpbIThl B KOHKPETHOM y4yeOHOM MaTepualle, a Kakhe BOOOILE OIYyIICHBI.
Tpebyercs TBOpUECKOE OTHOIICHUE B K CAMOMY COJICPYKAHHIO TUCIIATUTHHEI.

Bomnpocsl, cocraBnstonye ee coaepxkanue, 001agar0T pa3sHoi CTENeHb0 BaKHOCTH. EcTh
BOIPOCHI, BBIMOJHSIOMINE (YHKLUIO JIOTHYECKON CBSA3KM COJEp’KaHMsl TEeMbl U BCEro Kypca,
UMEIOTCS BOIPOCH! ONUCATEIBHOIO MM Pa3bsICHUTENBHOIO XapaKkTepa, a TaKXKe UCTOPUYECKOTrO
IKCKypca B 00JacTh M3y4aeMOW IUCHUIUIMHBL. Bce 3TH BONPOCH HE COCTABISIOT CYTH IMOHS-
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 Kaxkaas Hayka. [lOHATHS — 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
3aTpyAHSAETCS, a CoiepKaHNue MPUOOPETEHHBIX 3HAHUHM CTAHOBUTCS TYCKJIBIM, PACILJIBIBYATHIM.

CTy,lIeHT JOJDKCH ITOHHMAaTb, 4YTO CaAMOCTOATCIIBHOC OBJIAJCHUC 3HAHUAMH SABJIISICTCA
[JIaBHBIM, OIpeAessaonMM. Breicias 1mikona co3maeT i 3TOro HEOOXOAWMBIE YCIIOBHA,
oMOraer OyAylieMy BbICOKOKBAIN(UIIMPOBAHHOMY CIEUUAINCTY OBJIAJAETh TEXHOJOTHen
CaMOCTOSITENIBHOTO IIPOU3BOACTBA 3HAHHUM.

B camocTosaTenbHON paboTe CTyIAEHTaM MPUXOJUTCS HCHOJIb30BaTh JIUTEPATYpPy
pa3IMyYHbIX BHUJOB: TEPBOMCTOYHHKH, MOHOTpauu, HaydHble COOPHUKH, XpECTOMATHH,
y4eOHUKH, ydeOHbIe MOCcoOMs, *KypHaiubl U Jp. M3yueHue Kypca mpenrnojaraeT 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 PEKOMEHJOBAHHBIX €My s HM3y4deHHUs
VCTOYHUKOB, CTYJEHT, MPEXKIE BCETO, JOJDKEH HAYUYUTHCS MPaBWIBHO MX 4MTaTh. [IpaBuibHOE
YTEHUE PEKOMEHJOBAHHBIX MCTOYHHUKOB IPENIOJIAaracT CiIeJOBAHUE HECKOJIBKUM HECIO0XKHBIM,

HO BEChbMa I0JIC3HBIM IIPAaBUJIAM.
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IIpenBapuTenbHplii TPOCMOTP KHUTM BKJIIOYACT O3HAKOMIJIEHHE C THUTYJIBHBIM JINCTOM
KHWUTM, aHHOTallMEH, IpEAUCIOBUEM, OIJaBleHHEM. lIpu O3HAKOMJIEHMM C OIJIaBJIEHUEM
HE00XO0IMMO BBIICIHUTD Pa3/ieibl, II1aBbl, maparpadsl, MpeIcTaBIsIoNINe i1 BaC HHTEpeC, Oerio
UX TMPOCMOTPETh, HaMTH MecTa, OoTHoOcAlMecs K TeMe (ad3albl, CTpaHUlbl, naparpadsl), U
IIO3HAKOMUTBCS C HUMU B OOLIUX YEepTax.

HayuHble u3gaHus CONPOBOXKIAIOTCS PAa3IUYHBIMU BCIIOMOTaTeIbHBIMU MaTepHalaMy —
Hay4yHbIM alapaTroM, MO3TOMY Ba)KHO 3HAaTh, U3 KAaKUX OCHOBHBIX 3JIEMEHTOB OH COCTOMT,
KaKOBBI €ro ()yHKLIUH.

3HAKOMCTBO C KHHUI'OH JIydllle BCEro HauMHATh C W3Y4EHUS aHHOTALMU — KpaTKOH
XapaKTEepUCTUKU KHUTH, pACKpbIBAIOLIEH €€ cojepX aHue, WICHHYI0, TEeMaTHYEeCKYyl U
JKAaHPOBYIO HANpaBJIE€HHOCTb, CBEJCHHS OO0 aBTOpe, Ha3HAUEHHE U JPYrue OCOOEHHOCTH.
AHHOTAIMsI TOMOTaeT COCTABUTh MPEABAPUTEIHLHOE MHEHUE O KHUTE.

I'nmy6xe MOHATH COJEpKAHWE KHUTM IO3BOJSIOT BCTYHMUTENbHas CTaTbsi, B KOTOPOH
JaeTcsl OIICHKAa COJEp)KaHUS KHUTH, 3aTparuBaeMoil B HEH NpoOJIeMaTHUKH, COIACPKHUTCS
uH(popMalus 0 )KU3HEHHON M TBOpYECKOW Ouorpaduu aBTOpa, BHICKA3BIBAIOTCS MOJIEMUYECKUE
3aMeyYaHusl, Pa3bACHIIOTCS OT/AEIbHbIC MOJOKEHUS KHUTH, JAIOTCS KOMMEHTapuu W T.1. Bor
[I0YEeMY 3HAKOMCTBO C BCTYIUTENIBHON CTAaTheil MPEICTaBIsAETCS OYEHb BaXKHBIM: OHO ITOMOTaeT
CTYJEHTY COPUEHTHPOBATHCS B TEKCTE pabOThI, 0OpaTUTh BHUMAHHUE Ha €€ Haubosiee EeHHbIE U
Ba)KHBIE PA3/IEIIbL.

Toli ke 1enu coleincTBYeT 3HAKOMCTBO C OIJIABJIICHUEM, NPEAMCIOBUEM, ITOCIECIOBUEM.
BecbMa mMOnE€3HBIMM 3JIEMEHTAMHM HAy4yHOIO amnmnapara sBISIOTCS CHOCKH, KOMMEHTApuH,
TabNIuLbl, TpapuKd, CHOUCKUA JUTepaTypbl. OHHM HE TOJIBKO WJUIIOCTPUPYIOT OTHAEIbHBIE
MOJIO’KEHUSI KHUTHU WIN CTaThU, HO U CaMU MO ceOe SBIAIOTCS JOMOJHUTENbHBIM HCTOUHUKOM
UH(POPMALIUY JIUTsl YUTATEIIS.

Ecnu unratens 3auHTEpecoBaja Kakas-TO BbICKAa3aHHAs aBTOPOM MBICIIb, HE HallleIIas
NOJPOOHOTO OCBEILIEHUS B JTAHHOM HCTOYHHKE, OH MOXET OOpaTUThCA K TEKCTYy HCTOYHHKA,
YIIOMHUHAEMOTr0 B CHOCKE, TUOO K UCTOYHUKY, KOTOPBI OH MOXKET HAWTU B CIIUCKE JIUTEPaTyphl,
PEKOMEHI0BAHHOM aBTOPOM JIJIsl CAMOCTOSITEILHOTO U3yUYEHHUS.

Cy1ecTByeT HECKOJIBKO (OPM BEICHHUS 3aITUCEH:

— 11aH (TPOCTOM M pa3BEepPHYTHIN) — Hanbosiee KpaTkasi (hopma 3amucH MPOUYUTAHHOTO,
IpeJCTaBIsIoNasl coOOl MepeyeHb BOMPOCOB, PACCMATPUBAEMbIX B KHUIE€ WJIM CTaThe.
Pa3BepHyThIli TUIaH TMpeACTaBiseT coOoil Oonee MOAPOOHYIO 3aMUCh MPOYUTAHHOTO, C
JeTaIN3alUEN OTAEIbHBIX TIOJIOKEHUH U BBIBOJOB, C BBITUCKOM IIUTAT, CTATUCTUUECKUX JAHHBIX
u T.1. Pa3BepHyThIli IUIaH — HEOLEHUMBIH MOMOIIHMK IPH BBICTYIUIEHUH C JOKJIAJ0M 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 €0 MOBTOPHOM IpOoYTeHUHU. OHU OMOTatoT 3allOMHUTh U CUCTEMATU3UPOBATH
nHpopMaIuto.

CocraBneHne KOHCIIEKTOB

bonpuiyro posib B yCBOGHUM U IOBTOPEHUHU IIPOMJECHHOTO MaTepUajla UIPaeT XOpPOILIUN
KOHCIIEKT, COJIEpKalllil OCHOBHBIE MJIEU IPOYUTAHHOIO B YYEOHUKE U YCIBIILIAHHOTO B JIEKLIUH.
Koncnekt — 3710, 110 cymiecTBy, HaOpOCOK, pa3BEPHYTHIN IIJIaH CBSI3HOTO PAaCcCKa3a M0 OCHOBHBIM
BOITPOCAM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuuTaH (B 3aBUCUMOCTH OT WHIUBUIYAIBHBIX
OCOOEHHOCTEH CTy/IE€HTa) HE TOJbKO Ha HHTEUIEKTyaJlbHYI0 M SMOLMOHAJIbHYIO, HO U Ha
3pUTEIIBHYIO MaMSATh, MPUYEM TEKCT KOHCIIEKTa HEPEJKO aCCOLUMUPYETCS €lle 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 HW3YYEHHBIE TEMbl MPEAOCTABISIIOTCS MpenojaBareinio B ¢opme
KOHCIIEKTa, II0 KOTOPOMY IIPOUCXOIUT cobecenoBanue. TeopeTndyeckue TeMbl Kypca (OTaeNbHbIE

BOHpOCBI), BBIHOCHUMBIC Ha CAMOCTOATCIIBHOC U3YYCHHUE, ITPCACTABICHBI HUXKC.
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Yueono-memoouueckoe u unghopmayuonnoe obecneuenue oucyuniunvl

Ilepeuenv ocHo6HOU U 0ONOTHUMENbHOU TUmMEPAMYPbl, HEOOXOOUMOU 01 OCEOCHUA
OUCUUNTUHDL

Ilepeuens ocnoenoil tumepamypol:

1. Ockonkos, B. H. O0miast 31eKTpOTEeXHUKA U 3JIEKTPOHUKA : yuyebHoe mocobue / B. H.
OckonkoB. — Ilepmp : IlepmMckuii HAIMOHAIBHBIM HMCCIIEIOBATEIBCKUM MOJUTEXHUUECKUN
yauBepcutet, 2017. — 146 c. — ISBN 978-5-398-01812-7. — TekcT : 2JIEKTpPOHHBIN //
[Mudposoit  obpazoBarensHbi  pecypc IPR SMART :  [caiir]. —  URL:
https://www.iprbookshop.ru/110283.html

2. anapukos, A. C. DIeKTpOTEXHUKA C OCHOBAMH 3JICKTPOHHKH : yuyeOHOe mocodue /
A. C. lllangpukoB. — 3-e u3a. — MuHck : PecmyOnukanckuii ”HCTUTYT Hpo¢deCCHOHATBHOTO
obpazoBanus (PUIIO), 2020. — 320 c. — ISBN 978-985-7234-49-3. — TekcT : 31eKTpOHHBIH //
[ludpposoii  oOpazoBatenmpHbli  pecypc  I[PR SMART :  [caiit] —  URL:
https://www.iprbookshop.ru/100387.html

Ilepeuens oononnumenvHoll 1umepamypbol:

1. T'opnees-bypraun, M. A. O061mmas 31eKTpoTeXHUKA U 3JIEKTPOHUKA : yueOHOe nmocodue
/" M. A. Topaee-byprauni. — MockBa : MOCKOBCKHI TOCYJapCTBEHHBIN CTPOUTEIbHBIN
yauBepceuteT, Aii [Tu 3p Meauna, O9bC ACB, 2015. — 331 ¢c. — ISBN 978-5-7264-1086-9. —
Texcr : anexktponHbli // Lludposoit obpazoBarenshbiil pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/35441.html

2. Epmyparckuii, I1. B. Dnexrporexnuka u snexkrponuka / I1. B. Epmyparckuit, I'. II.
JIprukuna, 0. b. Munkun. — 2-e u3g. — Caparos : [IpodoOpasoBanue, 2019. — 416 c. —
ISBN 978-5-4488-0135-8. — Tekcr : anexrponHsiit / Llndpooit o6pazoBarensHblil pecype IPR
SMART : [caiiT]. — URL.: https://www.iprbookshop.ru/88013.html

Ilepeuenvy yuedno-memoouuecko2o oodecneuenus CcamocmoamenbHol padomol
odyuarowuxca no oucyuniune

1. Metoauyeckne pPEeKOMEHJAMH IS TIOJATOTOBKM K J1a0OPaTOPHBIM 3aHITHSM T10
mucrruiHe «OO0IIast EKTPOTEXHUKA U DIICKTPOHHUKAY.

2. Meronnueckue peKOMEH AU TI0 OPTaHU3AINHA CAMOCTOATEIHHONU pabOThI CTYIEHTOB

IO JUCIHHUIIIIMHE <<06H_Iaﬁ QJICKTPOTCXHUKA U DJICKTPOHHUKAY.
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5.3 Ilepeuenv  pecypcosé  un@opmayuoOHHO-MENEKOMMYHUKAYUOHHOU  cemu
Humepnem, neo0xo0umvix 0151 0C60€HUSL OUCHUNTIUHDL
1. http://www.biblioclub.ru -OBC "YHuuBepcurerckas OubaroTeka oHimaiH"

2. http://lwww.iprbookshop.ru/ - Dnekrponto- 6ubnuoreuynas cucrema IPRbooks
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