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BBenenue

[lenpto M3ydeHUs TUCHUIUIMHBI SBJSIETCS 3HAKOMCTBO OOyYaroummxcs c
OCHOBHBIMU  TEOPETUYECKMMHU CBEACHUSIMH B 00JIaCTU DJEKTPOTEXHUKU U
OPUHIIMIAMU Pa0O0Thl ANEKTPOTEXHUYECKUX U DJICKTPOHHBIX YCTPOMCTB, a TaKkxKe
YCTPOMCTB aBTOMATHU3AIIUU.

OcCHOBHBIE 33/a4d JUCHUIUIMHBI COCTOSIT B HM3YYEHHH OCHOBHBIX 3aKOHOB
AIIEKTPOTEXHUKU 1 OA30BBIX PACUETOB JIEKTPHUUECKUX LIETIeH, MOHUMAaHUU PUHIUIIOB
paboOThl OCHOBHBIX BUJIOB 3JIEKTPOTEXHUYECKOTO 000PYI0BaHMS.

JlaGoparopHble paOOTHl TNpeAHA3HAUYEHBl AJI1 YIUIYOJNEHUS U 3aKpeIUIeHHUs
TEOPETHUYECKHUX 3HAHWH, TIOTYYEHHBIX Ha JIEKIHSX, a TAKXKe JJIsI 00y4eHUs CTYJCHTOB
HaBblKaM paboOTbl C  BJIEKTPOOOOPYAOBAHMEM, pPAa3BUTUS UHUIMATUBBL U
CaMOCTOSITENIFHOCTH B paboTe.

HacTosmue meroanyeckue ykasaHHUS COJEp)KaT OMUcaHue 1abopaTOPHBIX
paboT, NOCTaBIECHHBIX B CIIELIMATIN3MPOBAHHOM 1abopaTtopuu Kadeapbl SHEPTETUKH I10
IUCIUIUTHHE «DIEKTPOTEXHHUKA, AIEKTPOHUKA M aBTOMATH3AIM» I CTYJIEHTOB IO
HanpasieHuto noarotoBku 20.03.02 [Tpupo10o00ycTpoicTBO U BOAOIIOIB30BAHUE.

B omucanum kaxmoil nabopaTtopHOW  pabOThIl  MPUBOJATCA  KpPaTKHE
TEOPETUYECKHE CBEJCHUS, MCCIEAyEMbIC MPUHIMIHAIBHBIC JICKTPUUECKUE CXEMBI,
HOPSAZAOK BBINOJHEHUsI pabOThl, YKa3aHUs K COJAEP’KAHUIO OTYETa M KOHTPOJIbHbBIE
BOTIPOCHI.

JlaGopatopHble paOOTHI BBINOJHSIOTCA HAa YHUBEpPCAIbHOM cTeHae OB-4 B
COOTBETCTBUM C TpPEeOOBaHUSIMH 10 TEXHUKE OE30MaCHOCTH, H3JI0KEHHBIMU B
«MHCTpYyKIIMH TIO TEXHUKE 0€30MaCHOCTU B JabopaTopusix Kadeapbl SJHepreTukn». B
Hayajie KaXJIOoro ceMmecTpa IpernojaBaTesib MPOBOIUT HHCTPYKTaX IO TEXHUKE

0€30MacHOCTH, U KaKIbIM CTYAEHT pacluChIBAE€TCS B )KypHAJe.



OcHoBHBIE InpaBUJjIa TEXHUKH 0e301MacCHOCTH IIPH BBINIOJIHCHUHA

JJa0OpaTopHbIX padoT

1. K pabore ¢ 3mekTpoo0OpyA0BaHUEM JOMYCKAIOTCS CTYACHTHI, MPOIISIIIHE
MHCTPYKTQX IO TEXHHKE O€30MaCHOCTHM U TMOJYUYUBIIME JOMYCK K BBIMOJHEHUIO
1abopaTOPHBIX PadoT.

2. COOpKy DSJEKTPUYECKUX Iereil pasperniaeTcsi MPOU3BOJIUTH TOJBKO MPH
BBIKJIFOUEHHOM HAIPSKEHUH, B YeM HAJ0 YOSUTHCS 10 MOJI0KEHUIO IEpEeKITIoYaTeen
MUTaHUS HA IUTE U CTCHJIE.

3. CaMocCTOsATENbHO BKJIIOYAaTh CXEMbl IO HampshKeHHEe 03 MpOBEpKHU
MPaBUJIILHOCTH €€ COOPKH MpernogaBaTeIeM KaTerOpuIeCcKy 3aperaeTcs.

4. Ilpu BKITIOYSHUH CXEMBI TI0]T HAIIPsHKEHNE HEOOXOAMMO YO TUTHCS B TOM, UTO
HUKTO U3 CTYJCHTOB TPYIIBI HE KacaeTcsi OTrOJICHHBIX YYacTKOB CXEMbl,
MPEAYNPEKIATh UX TOIOCOM: «BKirrouanTey.

5. Kareropuuecku 3ampeiiaercs KacarbCsli pyKaMH OTOJEHHBIX TOKOBEMTYIIUX
Y4acTell U 3aKMMOB JIEKTPUUYECKUX TETNeH, HaXOASIINXCS MO HAMPSYKCHUEM.

6. Bcakne — mepexirodueHHs B [N, — 3aMEHY  INPEAOXpaHUTENEH,
AIEKTPOU3IMEPUTENBHBIX TPHOOPOB U JaOOPATOPHOTO O0OOPYIOBAHUS TPOU3BOJIUTH
TOJILKO TIPY CHSITOM HANPsDKEHUW B IPUCYTCTBUH WHKEHEPA WIIH MTPETogaBaTels.

7. Ocobyr0 OCTOPOXKHOCTH HEOOXOJAMMO TPOSBISTH MPU padoOTe C IEMsIMHU,
coJiep KallMMH KaTyIIKH UHAYKTUBHOCTH, KOHJIEHCATOPHI M TpaHC(hOopMaTOphI TOKA.

8. Ilpu BO3HMKHOBEHHUU KAKUX-TMOO cCOOEB B paboOTe C LIEMblO, a TAKXKE MpPH
MCYE3HOBEHUH HAMPSKECHUS, HEMEIJIEHHO OTKJII0YATh I[ENMU OT UCTOYHUKA DHEPTUU U
TOJIOKUTH TIPETOIaBaTENI0 TN HHKCHEPY.

9. be3 pazpemieHus npenojaaBaTeNsi WM WHXKEHEpa 3alpeliaercs Tporarh,
BCKpBIBaTh WJIM BKJIIOYATh JabopaTopHOe 00OpyJOBaHHE, HE OTHOCAILIEECS K
BBITIOJTHSIEMOM padoTe.

10. 3amperniaeTcsi MPOU3BOIUTH BCKPHITUE JTA0OPATOPHOTO 000PYI0BAHUS, €CITH

9TO HE MPETYCMOTPEHO 3a/IaHUEM.



11. Ha Bpems mepepbiBa 3aHATHH HEOOXOJUMO OTKIIIOYATh HCCIETyEeMOe
ANEKTPOOOOPYIOBAHUE U INEKTPUUECKHUE IIENU OT UCTOYHUKOB ITUTAHUS.

12. Kareropuuecku 3arpenaercs [I0JIb30BaThCS HEUCIPAaBHBIM
ANIEKTPOOOOPYIOBAHUEM, FIEKTPOUZMEPUTEIHLHBIMU MPHUOOPAMU U HHCTPYMEHTAMH.

CryneHThl, HapyIIMBIINECS MPaBUjla TEXHUKH O€30MacHOCTH, K AaJIbHEHIIEMY
BBIMOJIHEHUIO pabOT HE JOIMYyCKalTcsd J0 Nepecaud HMU MpaBWl TEXHUKHU

0€30I1aCHOCTH.

OO01ue TpedOBaHUA K BbINOJHEHHIO JIA00PATOPHBIX padoT

Kaxaplil CTyZeHT OOJKEeH 3apaHee TOTOBUTHCS K JIabopaTOpHBIM paboTaMm ¢
HCIIOJIb30BAaHUEM HACTOAIIMX METOJAMYECKUX YKAa3aHUW, KOHCIEKTa JIEKUUA M
PEKOMEHJI0OBaHHOW JuTeparypsl. lloaroroBka 3akirodyaercs B 3HAKOMCTBE C
TEOPETUYECKUMHU CBEACHUSIMU IO TEME J1a00PATOPHOU padOTHI U B MPEABAPUTEIILHOM
COCTABJICHHMHM OTYETa, KOTOPBIA JOJDKEH BKJIKOYaTh B ceds: mmdp rpynmsl, PUO
CTyIEHTa, Ha3BaHME€ U Ledb paboThl, AaHAJIUTUYECKOE  HUCCIEIOBaHUE,
NPUHIUIIUAIBHBIE CXEMbl W TaONMIBl ISl 3alHCH PE3yJbTAaTOB H3MEPEHHUA H
BeiunciaeHuil. Ilocne o3HakomuileHuss ¢ OOOpyJOBaHMEM U HU3MEPUTEIbHBIMU
npubopaMu U ¢ pa3peleHus MpenojaBaTelis CTyJIeHT MOXKET MpUCTynaTh K cOOpke
cxemsbl. [lepen mogaveit nuTanus Ha COOPaHHYIO CXEMY CTYAEHTBI JOJIKHBI MTOTYYUTh
pazpemieHue  npenogasatens.  [locae  mpoBeneHUsT  AKCIEPUMEHTAIbHOIO
UCCJIEIOBAHUSI  TOJIyYeHHbIE  pe3yJbTaTbl  HEOOXOAMMO  TakkKe  I0Ka3aTh
IIPENOIaBATEIIO.

[Tocne mpoBeneHUs OMBITOB CTYAEHT OGOPMIISIET OTYET IO KOHIA, TO €CTh
IPOU3BOJAUT HEOOXOIMMbIE BBIYMCICHUS MO pe3yJbTaTaM 3KCIEPUMEHTa, CTPOUT
rpaduKy ¥ BEKTOpHBIE IUarpaMMbl, JeJaeT BBIBOJABI O MpoOJAETaHHONW padoTe, B
KOTOPBIX YKa3bIBAE€T JOCTUTHYTA JIM TOCTABJICHHAs LEIb M OOBICHSIET MPUUUHY
PaCXOXKIEHUS MEXAY JAaHHBIMH  AHAJIUTHYECKOTO M JKCIEPUMEHTAIBHOTO

HUCCIIEI0OBAHMIA.



3ammra 1abopaTOpHBIX PabOT pa3peniacTcs Mocie MPeI0CTaBICHUS MTOTHOCTHIO

0(OPMIIEHHOTO OTYETA.

JlaboparopHnasi pabora Nel. U3mepeHue TOKOB U HANIPSKeHUIT mpudopamMu
HENOCPEACTBEHHOIO0 OTCYeTa B LeNM IOCTOSIHHOIO TOKAa, M3MEpeHue

CONPOTHUBJICHNI METOIOM aMIlepMeTPa 1 BOJIbLTMETPAa

Ceeoenus uz meopuu
B pabore HCHONB3YIOTCS  OAHONPEACIIbHBIE MAarHUTHO-3JIEKTPUYECKUE
amrepMeTpbl 1 BoJIbTMETpbI THIa M42100, a Takke nuudpoBbie BOIbTMETPHI THNA B7-
22A.
MarauTHO-31eKTpUYECKUE MPUOOPHI aHAIOTOBBIE, IJI€ OTCUET MPOU3BOAUTCS 110
YIJ1y OTKJIOHEHUS CTPEJIKH, SIBISIFOIIEMYCSl HEPEPBhIBHON (QYHKIMEH N3MEHEHHSI TOKA
WJIN HAIIPSDKEHHUs. Y paBHEHHUE LIKAJIbI aMIIEPMETPA U BOJIBTMETPA COOTBETCTBEHHO:
a=S5"1, (1.1)
a=Sy,-U. (1.2)

a
Bemnuuny S; = T HashIBAIOT HyBCTBUTEIBHOCTBIO K TOKY, a BENMYHHY

a
S U= 5 — UYBCTBUTCJIIbHOCTBIO K HAIIPAKCHUTO.

B amnepmerpax st paclumpeHus npeaena U3MepeHnsl NpUMEHSIOT IIyHT. OH
MPEACTABISIET COOOM COMPOTUBIIEHUE, BKIIOYAEMOE B LEMb HM3MEPSEMOT0 TOKa;

napasuiesibHO IMIYHTY BKJIFOYAETCS U3MEPUTEIbHBIN Mexanu3M (puc. 1.1).
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Pucynok 1.1 — MI3MepuTenbHbI MEXaHU3M



lynt umeer yetbipe 3axkuma. 3akuM A u b — TokoBble, 3auUMBI @ U 0 —
MOTEHI[UAJIbHBIE.

ConpoTuBIieHHE TYHTA ONpeeNsieTcs o GopMmyIie:

R, (1.3)

I
rae n=— - KO3 (UIIMEHT UIYHTUPOBAHUSA, OH IIOKa3bIBa€T, BO CKOJBKO pa3

u

M3MEPSEMBbIA TOK OOJBIIE TOKA, MPOTEKAIOLIEr0 YEpe3 M3MEPUTEIbHBIM MEXaHU3M,
WM BO CKOJIBKO pa3 pacLIUpsETCs IPeael U3MEpPEHUs TOKa.
[lepeHocHble MPUOOPHI, KaK MPAaBHIIO, UMEIOT HE OJHONPEAEIbHBIA LIYHT, a

MHOTOIPEIeNIbHBIN, CXeMa KOTOPOro nu3o0paxeHa Ha puc. 1.2.

118} 105 13

| I | n;> np=> N3

Pucynok 1.2 — MHoromnpenenbHplil IIyHT

BosbTMETPBI MMEIOT TOT XK€ W3MEPUTENb, YTO U aMIEPMETP, HO APYIYIO
U3MEPUTENIBHYIO LeNb. [[nsd U3MepeHus HanpsHKeHUs W3MEPUTENbHBIA MEXaHU3M

BKJTFOYAETCS MOCIIS0BATEILHO ¢ J0OABOYHBIM CONPOTUBIIEHUEM (puc. 1.3).

R, R;
U, T,

Pucynok 1.3 — Jlo6aBouHOE CONPOTUBIICHUE



U
N3 cxembl BUIHO, 4TO u3MepsieMoe Hanpspbkenue U pasao: U =n-U,, rnen = o
u

— ko3 duLMeHT pacuupeHus npenaena uaMepenus. OH MOKAa3bIBAET BO CKOJIBKO pa3
n3MepseMoe HanpspkeHue U Oorbliie HanpspKeHUs Ha U3MEpUTEbHOM Mexanu3me Uy,
Bennuuny 106aBOYHOTO COMPOTUBIICHUS OTIPEICISIOT 10 hOpMYyIIe:
R,=(m—1)-R,. (1.4)
B mepeHocHBIX mpubOpax, Kak MpPaBHIIO, MPUMEHSIOTCS MHOTOIpPEICTbHBIC
BOJIETMETPBI, JJIsi 3TOr0 M00aBOYHOE COMPOTHBIICHUE JNETAT Ha HECKOJIBKO YacTel

coryacHo puc. 1.4.
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Pucynok 1.4 — MHoronpeaeiabHble BOIbTMETPHI

AMIiepMeTpsl U BOJBTMETPHI MarHUTHO-3JICKTPUYCCKON CUCTEMBI SIBIISIFOTCS
OCHOBHBIMHU MPUOOpAMU ISl U3MEPEHUSI TOKA U HANPSDKEHUSI B IEMSAX MOCTOSHHOTO
Toka. OCHOBHBIMM HX JOCTOMHCTBAMHU SIBJISSFOTCS BBICOKAsS TOYHOCTH, BBICOKAS
YYBCTBUTEIBHOCTh K TOKY M HAIPSKEHUIO, OOJBINON AMANa3oH U3MEpPEHUs TOKa U
HaIpsHKEHUS ¢ MPUMEHEHHUEM IITYHTOB U I00ABOYHBIX CONPOTHUBIICHUH, paBHOMEpHAs
mIKasisa u Jp.

[Mudposoit BomeT™MeTp B7-22A mipenctaBiseT co00i N3MEPUTEITh HATTPSIKCHUS,
TOKa W CONPOTHUBJICHHUS, BBIXOJHAS BEIMYMHA KOTOPOTO BBIAACTCS B YHCIOBOM,
JTUCKPETHOM BHJIE B OTJIMUYUE OT aHAJIOTOBBIX (CTpesovHBIX) mpubdbopoB. Pabora
1M(poBOTO BOJBTMETPA OCHOBAHA HA MIPUHIIUIIE CPABHEHUS U3MEPSEMOr0 CUTHAJA C
CUTHAJIOM, BBIpabaThIBaeMbIM BHYTPHY MPUOOPA, T.€. Ha KOMIIEHCAITMOHHOM TTPUHITHUIIE,

YTO 00ECIeUYnBAET BHICOKYIO TOUHOCTh MPUOOpa.



[TpuGop B7-22A saBnseTrcs MHOTONPEACIBbHBIM TPUOOPOM. Y CTaHOBKA
TpeOyeMoro Imnpefena H3MEpPEeHUH OCYHIECTBISETCS C IOMOIIBK KJIABHIIHBIX
(KHOTIOYHBIX ) TIepeKITI0YaTeNCH.

JIro6oe m3MepeHHe BBINOJIHAETCS ¢ HEKOTOPOW MOTpelIHOCThIO. AOCONIOTHAsS
norpemtHocTh AA — 3TO pa3HOCTh MEXAY W3MEPEHHBIM A,; U JIEUCTBUTEIbHBIM
3HAYECHHUEM U3MEPSIEMON BEJIMYNHBIL:

AA = A, — A. (1.5)

TOYHOCTP U3MEpPEHHsT  OLEHUBACTCS  OTHOCUTENIBHOW  IOTPELIHOCTHIO,
BBIDQ)KEHHOW B  MPOLIEHTaX OTHOIIEHHEM  aO0COJIOTHOM  MOTPEIIHOCTH K

HeﬁCTBHTGHBHOMy 3HAYCHHUIO H3MCpH€MOﬁ BCIINMYUHBI:
Yo = = 100%. (1.6)
I[JIH OOCHKHN TOYHOCTH CaMHuX ITIOKa3bIBAIOIINX HpI/I60pOB CIYyXKUT HX
IMPUBCACHHAA IMOT'PCIIHOCTD. Taxk Ha3zbIBaeTCA BBIPAKCHHOC B IIPOLCHTAX OTHOIICHUC

abcomotHor  morpemHocth  AA KA,y —  HOMHHAJIBHOMY  3HAYCHHUIO,

COOTBETCTBYIOIIEMY HauOOJIbIIIEMY TOKa3aTeIto Mpudopa:

=24 . 100%. (1.7)

HOM

Ynp

Kiaccel To4HOCTH IPUOOPOB OMPEACIISIFOTCS 110 MPUBEICHHON MOTPEITHOCTH.

MaruutHo-31eKTpruyeckrue npudbopsl uMmeroT kinaccel Tounoctu: 0,05; 0,1; 0,2;
0,5;1;1,5; 2,5; 4.

J{nst yBeIM4eHUs TOYHOCTH U3MEPEHUS, KaK ATO CIIEYET U3 POPMYJIbI

AHOM
Yo =VYnp " — (1.8)

HEOOXOJAMMO TPaBUIBHO MOJ00paTh MPHUOOpP MO Tpeneny HU3MEPEHHsS TaK, YTOOBI
OTCUMTHIBAThH MTOKA3aHUS B TIPeiesiaX BTOPOU MOJOBUHBI IIKAJIBI, OMKE K €€ KOHITY.

Ilopsook evinonnenus pabomol:

1. [Ipow3BecT  BHEHTHUN  OCMOTP HM3MEPUTEIBHBIX MPUOOPOB  —
aMIepMETPOB M BOJBTMETPOB, YCTAHOBJICHHBIX HA TMaHEIN YHHUBEPCATHHOTO
nabopatopHoro cresga OBY u 3amucarh B OTYET 1O J1abOpaTopHOW pabote
TEXHUYECKUE JaHHbIE (THUII, CUCTEMY, POJ TOKa, MPEAeS U3MEPEHHS, KI1acC TOYHOCTH,

IIEHY JCJICHUS IIKaJIbl Ipruoopa).
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2. CoOparb 3JEKTpUYECKYIO0 LElb, MPEACTaBICHHYHO Ha puc. 1.5, 1o
MOHTQ)XHOU CcXeMme, nOpuBeAeHHOW Ha puc. 1.6. CoenuHeHUE pPE3UCTOPOB U
U3MEpPUTEIBHBIX MNPUOOPOB TMpU COOPKE CXEMbl MPOU3BOJUTH C TMOMOIUIBIO
COEIMHUTEIIbHBIX IITEKEPHBIX MPOBOAOB, BXOMSAIIMX B KOMIUIEKT CTeHJa. Pyuka
JIBMKKA TIEPEeMEHHOro pe3uctopa Rz ycTaHOBUTH B KpaiiHee JieBoe MosoxeHue. B
KauecTBe amriepMeTpoB Ai, A; u Az UCIIONB30BaTh UMEIOIIMECS HAa paboyell maHenu
CTEHJA AaMIepMETPbl C HOMHMHAJIBHBIMUA 3HAUEHUSIMU H3MEPSEMOro  TOKa
cooTBETCTBEHHO 2 A, 1 A u 2 A. V3mepeHne HaNpsKEeHUW Ha OTHAENBHBIX Y4acTKax
LETIH MTPOU3BOJUTCS C MOMOIIBIO BOJIBTMETPA C Npeaenom uzMmepenus 150 B, myrem
MOJAKIIOYEHUS €r0 K COOTBETCTBYIOIIMM ydacTKaM 1enu. Jlanee moaKI0UYUTh TaHHYIO
AJIEKTPUYECKYIO LIETIh K KJIEMMaM PEryJIupyeMoro HICTOUHUKA MOCTOSHHOTO Toka (0 —
220 B), pacronoxeHHbIM Ha TaHeNMW MHUTaHWs. [Ipu 3TOM PYKOATKY perymsTopa
HaIpsHKEHHS] YCTAaHOBUTH B KpaliHEe JIEBOE MOJIOKEHHUE.

3. IIpoBecTr n3MepeHre TOKOB U HAIIPSKEHUN B DJIEKTPUYECKON enu. J{iis
3TOrO:

3.1 BxiouuTh peryaupyemMblii HCTOYHUK TOCTOSITHHOTO TOKA, ITyTEM HaXKaTHsI
MOCJIEIOBATEIbHO KHOMKHU «CETh» U «IOCTOSHHOE HaIpsDKEHUE» U, MOBOpPAYUBas
IJIABHO PYKOSATKY T€HEpATOpa, YBEIWYMBATH HAIPSIKEHHE HA BBIXOJAE MCTOYHHUKA
MUTaHUSL OT HyJeBOro ero 3HadeHusi 10 S0B (1o BoibTMETpPYy, YCTAHOBIIEHHOMY Ha
MaHEJIU UCTOYHUKOM MMUTAHMS ), OTHOBPEMEHHO KOHTPOJIMPYSI BETUYMHY TOCTOSTHHOTO
TOKA Ha BXOJE LEMH MO MOKa3aHUsIM aMIepMeTpa Aj. 3amucaTh MOKa3aHUs BCEX

amrepmeTpoB B Ta0m. 1.1.

Tabmuma 1.1 — VI3Mepenus TOKOB U HANPSKEHUM

Homep W3mepenns Brerancnenus
U3MEpEHUs U |l | I | ls | Uy | Us | Ry | Ry | Rs, | Ry
B|A|]A|A ] B /| B |Ox Om|Om|Om
1
2
3
U T.1.
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3.2 H3mMepeHue HampsHDKEHUH Ha ydacTKaxX LENU MPOU3BOAUTH, MEpPEKItoUast
BOJIBTMETP C OAHOTO €ro y4acTKa Ha Apyroil. 3aTeMm, NOAJEpKUBas HANpsHKEHHE Ha
BXOJIe LIenu paBHbIM 50 B, yMEHBIINTH CONMPOTHUBICHUE MEPEMEHHOT0 pe3nuctopa R
710 HYJISL.

3.3 3amucarh nmokazaHus Bcex mpubopos B Tadu. 1.1.

4, [IpoBecTn wu3MepeHUE COMPOTUBJICHUS METOJOM aMIlepMeTpa H
BOJIBTMETpA. [ 3TOTO:!

4.1 TloakiouuTh BOJIBTMETP K MapajuieIbHOMY Y4acTKy 1MW U, YCTAHOBUB
IBKOK TIEPEMEHHOro pe3uctopa Rz B MPOMEXYTOUHOE MOJOKEHHE, 3alHUCaTh
MoKa3aHusi amrnepMmerpa Az U BoJbTMETpa V MpHU TpeX 3HAUEHUSX HAIpPSOHKEHUS Ha
Bxone nenu; U=50, 60 u 70 B. Ilpu 3TOM TOK B 1lenu amrepMerpa A; HE JOJKEH
npeBbIIaTh 3HaueHus 1,4 A, a uensx amrnepmerpoB Ay i Az — 3HaueHun 0,7 A;

4.2 Tlo u3MepeHHbIM 3HAYCHHUSIM TOKOB W HAIPSOHKECHUN OMNPENeIUTh
BEJIMUMHY CONPOTHBIICHHUS MEPEMEHHOTO pe3ucropa Rz mHpu  yCcTaHOBIEHHOM
MOJIOKEHUU JIBHKKA. OTKIIIOUUTH HANPSKEHUE HCTOYHUKA TUTAHUS, IPEIBAPUTEIBHO
CHU3HB €T0 JI0 HYJIEBOI'O 3HAYCHHS.

S. WN3meputs compotuBienne Ri, Ry, R3 1mudpoBeiM oMMeTpoM
pe3ynbTaThl 3amucarh B Tabn.1.2. B oty Ttabnuily mnepeHecTd JaHHBIC ATHX
COTIPOTUBJICHUN U, MPUHSAB TOKa3aHUS HU(PPOBOrOo OMMETpa 3a JEHCTBUTEIHHBIC
BEJIMYMHBI, ONPEAETUTH A0COTIOTHYIO M OTHOCUTEIBHYIO OTPEIIHOCTD U3MEPEHHUSI.

5.1 CoOpats cxemy 1o puc. 1.5 u, He BKIIIOYas €€ MoJ| HanpsoKeHue (MHave
CTOPUT OMMETP), UBMEPUTH BXOJHOE CONPOTUBIIEHHE cXeMbl R4,

5.2 CoOpatp cxemy no puc. 1.6, HO 6e3 TpuOOPOB U TaKk e, HE BKIIOYAs €€
II0J1 HAIIPSKEHUE, U3MEPUTh OMMETPOM BXOJHOE CONPOTUBIEHUE RS.

5.3 [Ilpunare usmepsemyro BenuuuHy RS 3a nelictBurenbHyto, a R4 3a
U3MEPSEMYIO BEJIMUMHY, ONPEACINUTh MOTPEUIHOCTh W3MEPEHHMSI, KOTOPbIE BBI3BaHbI
CONPOTHUBIICHUSMH aMIIEpMETPa U BOJBTMETPA (MIOrPEMIHOCTh METOJ1A).

5.4  Pesynbrathl 3anucath B Ta01.1.2.

12



Pucynok 1.5 — [IpuHumnuanbpHas cxema 3J1eKTPUIECKON LENn

R;=100 Om

L
@ R;=100 Om

0220 _<

o S
o _<\>_< R,=1000m _

Do

R;=150 Om

Pucynok 1.6 — MoHTa)kHasi cxema OTbITa H3MEPEHUS

Tabnuna 1.2 N3mepenne conpoTUBICHUN

N3mepsiemoe N3mepenue N3mepenue amnepMeTpom
CONpPOTH- OMMETPOM Y BOJIBTMETPOM

[TorpemHocth

BJICHHE Om Om Om

%

R1

R2

R3

R4

RS
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Konmponvnvie 6onpocw u 3a0auu

1. Ha3oBuTe pa3HOBHIHOCTH MOTPEIIHOCTEN U3MEPUTEIBHBIX TPUOOPOB.

2. Onpenenuth abCOMIOTHYIO MOTPEIIHOCTh aMIIepMETpa Kilacca TOYHOCTU
1,5 ¢ npeaenom usmepenus I, = 2A.

3. Onpenenuth aOCOMIOTHYIO MOTPEIIHOCTh BOJIBTMETPA Klacca TOYHOCTU
1,5 ¢ mpenenom m3mepenus U,,,, = 150B.

4. Kakue cymecTByroT KJIacChl TOYHOCTH U3MEPUTEIBHBIX TPUOOPOB U UTO
OHM O3HAYaroT?

S. CnocoObl  paclIMpeHHs] TPEAesioB  HM3MEPEHUs aMIIepMETPOB U
BOJIbTMETPOB MArHUTHO-3JIEKTPUUECKOIN CUCTEMBI?

6. OnpenenuTs CONMPOTUBIICHUE IIyHTA g u3MepeHus toka g0 |=10A
M3MEPUTENIbHBIM MEXaHU3MOM C BHYTpPEHHHM comnpoTtuBieHueM R=10 Om wu
HOMHUHAJIBHBIM TOKOM |y = 7.5MA.

7. Onpenenuts  100aBOYHOE  CONPOTHBICHHE K  U3MEPUTEIBHOMY
Mexanu3My (R=10 Owm, |y = 7,5MA) nnsa usmepenus Hanpsixenus 110 150B.

8. [lepeuncnure CymeCTBYIOIIME METOAbI HM3MEPEHUS HAINPSIKEHUN U
CONPOTUBJICHUH, U KaKUE U3 HUX IPUMEHSIOTCS B TaHHOU paboTe?

Jlumepamypa

1. Kacarkun, A.C. Dnekrporexnuka / A.C. Kacatkun, M.B. HemmoB. —
Mocksa: U3a-Bo «Akagemus», 2005. — C. 4-20.

2. Kacarkun, A. C. Onekrporexnuka. yue6. / A.C. Kacarkun, M. B. Hemiios.

— 7-e n3nanue. — Mocksa: Bricmas mkosa 2002. — 542 c.

JlaGopaTopHas padora Ne2. UccienoBaHue HeJJMHEHHOM 3JIEKTPUUYECKOM Lenu
MOCTOSIHHOTO TOKA
Ceeoenus uz meopuu

3akon OMa [J1s ey IMOCTOSTHHOI'O TOKA:
U (2.1)
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JIisi  mocnenoBaTenbHOTO COEAMHEHUsl comnpoTuBieHuit R; u R, oOiee
CONIPOTHBJICHUE:

R = R; + R,. (2.2)

J11st mapaiienbHOro CoOeIMHEeHUsI TPOBOAUMOCTel G111 G, 00111ast TPOBOJUMOCTD:

G =Gy + Gy (2.3)

Bonbramnepnas xapakrepuctuka (BAX) muHelHOro 3ieMeHTa [enu UMEET BUJ
npsaMoil inHuK, BAX HETMHEMHOTO 371€EMEHTa OTIUYAETCS OT MPSIMOIA.

Ha puc. 2.1 nokazan rpadudeckuii criocod cinoxxkenuss BAX mocienoBaTebHO
COEIMHEHHBIX JIMHENHOTO (1) 1 HenmuHelHoro (2) 351eMeHToB. PesynpTupyromas BAX
(3) ctpoutcs myTeM CII0KEHUS IPU IPOU3BOJIBHOM TOKE (TOUKA a) FOPU30OHTAIBHBIX
OTpe3KOB «aby, paBHOTO HAINPSDKCHHIO HAa HEIMHEWHOM JIIEMEHTE, H «acy, PaBHOTO
HAIPSDKEHUIO Ha JIMHEHHOM aiieMeHTe. Touka «U» MpUHAIICKHUT pe3yIbTHPYIOIICH

BAX. AHaIOrM4HO MOMYYarOT APYTrUe TOYKU pe3yabTupyromein BAX.

3
| 2
3 |
1 q d
a b C »
1
/
VC 2
b >
U 3 U
Pucynok 2.1 — BAX Pucynok 2.2 - BAX
OCJIENOBATEILHOM 1IETTH rapauieaIbHOMN LIenn

Ha puc. 2.2 nmokazan cmnoco6 rpaduueckoro cioxenuss BAX mapamienbHO
COEMHEHHBIX HEIMHENHBIX 351eMeHTOB (1 u 2). Pesynprupytomas BAX (3) ctpoutcs
IyTEM CJIOKEHHS PU TPOU3BOJILHOM HAMPSIAKEHUU (TOUKA a) BEPTUKAIBHBIX OTPE3KOB
«aby» u «ac», paBHbIM TOKaM Ha HEJIMHEHHBIX 3JIEMEHTax 1 U 2 COOTBETCTBEHHO.

Touka «d» npuHaIeKuT pe3yiprupyromieit BAX. TouHO Takke CTPOUM IpyTHe

TOYKH pe3yibTupyronein BAX.
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Hcnons3ys  pesynbTupyromyo BAX MOXHO OOpeneauTs CyMMapHOE
COINPOTHBIICHUE BCEW MEMA MNpPU 3aJaHHOM TOKE TMPH MOCIEAO0BATEIHLHOM
CONPOTHUBJIEHUY, U 33/ITAHHOM HANPSKEHUU NP MapaJuIeIbHOM COCIMHEHUU.

Ilopsook evinonnenusi pabomol

IIpoBecTu uccnenoBaHue HEIMHENHBIX Lenen. Jlist aToro:
1) coOpaTh HJIEKTPUUECKYIO II€Mb JJs CHATUSA MPSMOMl BETBU BOJbTaAMIEPHOU
XapaKTEPUCTUKH MOIYNPOBOAHUKOBOrO auoaa Jl, mpuHIMIUAIbHASA CXEMAa KOTOPOHU
NpeaCTaBiIeHa Ha puc 2.3, a MOHTaxHasi Ha puc.2.4. VM3mepeHwe Toka B IENU
MPOU3BOJINTH MAarHUTOAIEKTPUUECKUM aMIIEPMETPOM ¢ mpenesioMm uamepenus: 0-2A,
a M3MEpEHUe MPSMOro HampsKEHUsl Ha Auojae — BosibTammepMmerpom (B7-22A) nHa
npeaene 0-2A;
2) BKJIFOYUTH UCTOYHUK MUTAHUS, U3MEHSISI HAMPSHKEHUE Ha BXOJIE LIEMH OT HYJS J0

BCIIMYUHBI, IIpU KOTOpOﬁ TOK B IOCIIM JHUOJAa PaBCH 2A, 3aIIMcCaThb IIOKa3aHHA

BoJbTMETpa B Tabm. 2.1 mpu Tokax: 1=0; 0,1; 0,2; 0,3; 0,4, 0,6; 0,8; 1,0; 1,2; 1,4A,

R
B

0]

o

Pucynok 2.3 I[IpuHnmnuansHas cxema
AIEKTPUUECKON Lend 11 cHATHA BAX
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Pucynok 2.4 — MoHTaxxHas cxema 3JeKTPUIECKOM 1eNH

Taomuna 2.1 — Caartue BAX

Howmep

[TomynpOBOIHUKOBBIN U0

Jlamria HakasTMBaHUA

U3MEPEHUS

I, A

U, B

I, A

U,B

1

2

3

" T.JI.

3) BBIKJIFOYHUTD HAIIPAXKCHHUC NCTOYHHUKA ITUTAHMA. IIo HU3MCPCHHBIM BCIIMYMHAM

TOKa )51 HaIpsKCHUSA

MOJYITPOBOJHUKOBOIO UO/A;

4) 3aMEeHUTh B MOHTaXXHOU cxeme (puc. 2.4.) nuox /| Ha namny HakanuBaHus J1,
ammepmerp A — Ha ammepMmerp ¢ mnpenerom usmepenus 0+1A, a mudposoi

BOJBTAMIICPMETP ICPCKIIIOUYUTL II0 CXCMC IJII HM3MCPCHHUA OONBIINX M CPCOHNX

MOCTPOUTH

BOJIbTAMIIEPHYIO

COIPOTHUBJICHUI, U3MEHUB €r0 npenen namepenus Ha 0+220B;

17
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5) BKJIFOYUTH UCTOUYHHUK MUTAHUA. Y BEIMUUBAS HANPSHKEHUE HA BXOJE LEMH OT
HyJa 10 150B (uepes kaxnpie 30B), 3aHecTr moka3aHusl BOJIbTMETPA U aMIIEpPMETPA B
Tabmn. 2.2;

6) CHATH BOJIbTAMIIEPHBIC XaPAKTEPUCTUKHU ABYX HEIMHEHHBIX 3JIEKTPUUECKUX
nened mnpu mocieAoBaTelibHOM coequHeHun pesuctopa (R=1000M) u  nammsl
HakanmuBanus (Us=127B, R = 40 BT) u npu mnapamieJbHOM HX COCIUHCHHH.
MoHTaxHas cxemMa MocJIeI0BaTEIbHON 1NN NPUBEICHA Ha pUC. 2.5, a apayIeIbHOU
ey — Ha puc. 2.4.

B MOHTaxHON cXeM€ MOCIEA0BATEIBbHON HEIMHEWMHON LIENMU U MapAJUICIbHON
LETIM U3MEPEHMS TOKOB U HANPSLKEHUM HCIIONB3YIOTCSA aMmIepMeTpel tuna B7-22A.
Amnepmerp ¢ mpeaenoMm uzMmepeHuss Toka 0+200 A, BOJBTMETp C HpPEAEIIOM
m3mepenus HanpspkeHus 0200 B. [lpu pabote ¢ mapanienbHON IENb0 TOK B IIEMH
PE3UCTOpA HE JIOJHKEH MPEBBIIATh BEINYUHBI paBHOU 0,7A.

PesynbpTaTel u3MepeHuit 3anectu B Tad. 2.2.

Ta6numa 2.2 — IocenoBaTenpbHOE B MapalJIeIbHOE COSTMHEHNE TICTIH

LA
ITocnenoBaresnpHas LIENb

U,B

LA
[TapainienbHas uenp

U,B

7) MO AaHHBIM PE3YJIbTATOB M3MEPEHUH M. 3 W 1. 4 MOCTPOUTH B OJIHOM
KOOPJIMHATHOM CHCTEME BOJbTaMIIEpHBIE XapakTepucThku pesuctopa R=100 Om u
JaMIIbl HaKaJIUBaHUS, IMOJb3YSICh KOTOPHIMM HAaHECTH Ha TpapuK BXOJHBIC
BOJIbTAMIIEPHBIE XAPAKTEPUCTUKU MPU MOCIECAOBATEIBHOM M IApajuIeIbHOM HX
coenuHeHnH. Ha pacueTHble XapaKTEPUCTUKA HAHECTU HAKCIEPUMEHTAIBHO

MOJIy4YeHHbIE TOUKH (Tabi. 2.2).

18



A%

50 Bt

:T 0220 (]%

\'
A%

A%

127B 40Bt

{%} <<

Pucynok 2.5 — MoHTaxkHas cxema IocieI0BaTeIbHON 1Ienn
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Pucynok 2.6 — MoHTa)xHast cxeMa MapajiebHON 1enu

Bonpocwt ona camonposepxu

1. Hamumwmre  BeipakeHue s 3akoHa  Kupxroda

IIOCIaCaA0BAaTCIIbHOTO COCANHCHUA COHpOTI/IBJICHI/Iﬁ.
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2. Hamummute BbIpakeHue s 3akoHa Kupxroda B ciydae mapalienbHOTO
COCIMHEHUS PE3UCTOPOB.

3. Uro Takoe BOJIbT-aMII€pHAasi XapaKTepUCTUKA?

4. UeM OTIMYAIOTCS BOJIbT-aMIIEPHBIE XapPaKTEPUCTUKU JIMHEHHOTO U
HEJIMHEWHOTO 3JIEMEHTOB?

5. Kakum o0pa3oM TOCTPOUTH  PE3YJIbTUPYIOIIYIO  BOJbT-aMIEPHYIO
XapaKTEPUCTHUKY MOCIIEI0BATEIIBHO COCTMHEHHBIX HEJTUHEUHBIX JIEMEHTOB?

6. Kakum o0Opa3oM TOCTPOUTH  PE3YJIbTUPYIOIIYIO  BOJBT-aMIEPHYIO
XapaKTePUCTUKY MapaJUIeTbHO COSAMHEHHBIX HEJTMHEHHBIX JIEMEHTORB?

7. Kaxoil mapameTp 3JEKTPUYECKON LEMU MOMXHO OINPEAEIHTh C MOMOIIBIO
PE3YIBTUPYIOIEH BOIBT-aMIIEPHON XapaKTEPUCTUKH, U KAKUM 00pa3om?

8. Kak 3ammcarp BeIpakeHme 3akoHa Oma 1Jis I[eNMd TOCTOSHHOTO TOKa C
MOCJIEI0BATEIbHBIM U NTAPAJUIEIIbHBIM COCIMHEHUEM 3JIEMEHTOB?

Jlumepamypa

1. WeanoB, W.M. Onexrporexnuka / WN.W. HWBanoB, I'.M. ConoBnes,
B.C. PaBnonuk. — CII6.: M3a-Bo «Jlanby. — 2005. — C. 22 — 32.

2. Kacatkun A. C. Dnekrporexnuka. yue0. / A.C. Kacarkun, M. B. HemioB.—

7-e u3nanne. — Mocksa: Briciiast mikona, 2002. — 542 c.

JlabGoparopHasi padora Ne3. UcciienoBaHue 3J1eKTPUIECKON LENU
CHHYCOMIAIBHOI0 TOKA C AKTUBHO-PEAKTUBHBIMHU CONPOTHBJICHUSIMH.

Pe3oHaHChbI HAaNPSIZKEHU A M TOKOB

Csedenus uz meopuu

[TonHOE cOnpOTUBIEHUE MOCIEA0BATENBHON LIEMU B KOMIUIEKCHOU (hopme:

Z=r+jX—jXc=rtj(XL-Xc), (3.1)

rae X = ol — peakTuBHOE HHIYKTUBHOE CONPOTUBIIEHUE;

Xc = 1/ ®C — peakTHUBHOE EMKOCTHOE COIPOTHUBIICHHE.
20



TpeyroiabHUK CONPOTUBIICHUM:

z X r=zcos @ (3:2)

r Z =12 + x? (3.3)

AKTHBHAs U PEaKTHBHAS MOIIHOCTH B MOCJICI0BATCIBLHOMN IIETH OMPEICIITIOTCS
o opMyIiam:
P=1%r, (3.4)
Q= I%x. (3.5)

[lonHas MOITHOCTH paBHA:

S| =/PP+ @ (36)

Kosdduiment monHocTH mOTpeOUTENs MOKAa3bIBAET, Kakas 4YacTh MOJHOM
MOIIIHOCTH, NIEPENABAEMON OT MCTOYHHMKA, HUCIIOJIB3YETCS NMPUEMHUKOM B KauyeCTBE
AKTUBHOM MOIIHOCTH.

P (3.7)

P
cos(¢) =5 - m.

BenuunHy cos@ B OOJBIIMHCTBE CIIy4acB YBEIMYMBAIOT MJII YMEHBIICHUS
MOTEPb IIEKTPOIHEPTUH.
Pe3onanc HampspbkeHHsT HAOMIOJAETCS B MOCIIEIOBATEIIBHOM DJIEKTPUUECKOM

nenu. 3akoH OMa Ju1d DTOU e

2
P+ oL- L)
w-C

[Ipu peszonance Hanpsokenuii oL =1/wC. TlockolbKy  peakTUBHbIE

y u (3.8)
Z

COIIPOTUBJICHUSA B3daMMHO KOMIICHCUPYIOTCA, YI'OJ CJABUTA (1)213 MCXKJYy TOKOM H

HanpsokeHueM ¢ =0.
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BekropHas auarpamMma HanpspDKEHUM M TOKOB IIOCIENOBATEIBbHOM LIENU MPU

pE30HAHCE HANPSHXKEHUN MOKa3aHa Ha puc. 3.1

0,

»
A 4

. 4

UL

4 UC

v
o o

Pucynok 3.1 — BekropHasi auarpaMma TOKOB M HaIIPsDKEHUN

IIPU PE30HAHCE HANPSHKEHUIN

YacTOTHBIMM ~ XapaKTEpUCTUKAMHM  HA3bIBAIOTCSA  3aBUCUMOCTH  TOKA,
HAIPSHKEHUM, COIPOTUBIICHUS OT YaCTOThl HCTOYHUKA.

Bennuuna noTpe0as1eMoro u3 CeTH TOKa IMPU pe30HAHCE HAPSHKEHUM T0CTUTaeT
HauOOJbILIEro 3HaYEHUs, YTO UCTIOIb3YETCA I ONPEEIICHUS PE30HAHCHOM YacTOTHI.
Pe3onanc HanmpsHKeHH MOXKHO MOJTYYUTHh IyTeM W3MEHeHHs nmapametpos nemu L, C
nny 4dactotel. [locimenoBarenbHas pe30HaHCHAs LEMb XapaKTEPU3YIOTCA BEJINYWHOU

nobporHoctu Q =p/r, rae

L

p = E (3.9)

Pe3oHaHC HanpsHyKEHUN UCIIOIB3YETCS JJIsl HACTPOMKU KOHTYPOB B aBTOMATHUKE
U paIMOTEXHUKE.

Tlopsook evinonnenus pabomol

1. O3HaKOMUTBCS C WU3MEPUTENBHBIMU MPUOOPAMH M 00OPYIOBAHUEM IaHEIH
(paboTh 3 1 4) 1a0OPaTOPHOTO CTEH 1A U U3MEPUTEIBLHBIM KOMIUIEKTOM K505.

2. 3amucath B OTYETe IO JA0OPATOPHOM pabOTe TEXHUYECKHE JaHHbIC
M3MEPUTEILHBIX TPUOOPOB M UCTIOIB3YEMOT0 000PY10BaHMUS.

3. CoOpaTh DSJEKTPUUECKYIO I1I€Mb, MPUHIUMIIMAJIBbHAS CXeMa KOTOPOM
IpeAcTaBieHa Ha puc. 3.2. B cooTBEeTCTBUM € MOHTaXHOM cxemoul puc. 3.3

MOAKIIOYUTh NapajuIeNIbHO KaKI0MY y4acTKy nenu BoapTMeTpsl Ur ,Uc ,Uk.
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4. Ha nanenu (pabota 4) yCTaHOBUTb €MKOCTh OaTtapen KoHaeHcatopoB 80 MkdD
U YCTaHOBUTH HauOOJblIee CONPOTUBIICHNE IEPEMEHHOTO PE3UCTOPA.
5. W3mepenune TOKa, MOIIHOCTH, HANpPSDKEHHST HA BXOJE LEMH MPOU3BECTH C

ITIOMOUIBIO AMIIEPMETPA, BATTMETPA U3MEpPUTEIBHOr0 Komiiekra K505.

e LY Ay
W/ |

U

PI/ICYHOK 32— HpI/IHI_II/IHI/IEUII)HaH CXCMa IJIs1l USMCPCHUA PC30HAHCA ICIIN

6. IluTaHue >IEKTPUUYECKON SN MMPOU3BOAUTE OT PETyJIUPYEMOT0 UCTOYHHKA
CUHYCOUJAIBHOTO TOKa, pPACHOJIOKEHHOIO Ha TNAaHEIW WCTOYHUKOB TMUTAHHS.
BxitoueHne HMCTOYHMKA TMTAHUS TMPOUZBOAUTCS HAXATUEM KHOIMOK «CEThb» H
«mepemenHas». [lepen BkiIroueHHEM HEOOXOANUMO YOEIUTHCS, YTO pyUKa PEeryssTopa
MCTOYHUKA MMUTAHUS HAXOAUTCS B KpallHEM JIEBOM IOJI0KEHUU.

7. YCTaHOBUTH 33JIaHHYIO MPEMOJIaBaTeIeM BEIUYMHY HAMPsHKEHUS HA BXOJIE

ST U 3aIMCcaTh MOKa3aHUs BCEX U3MEPUTEIbHBIX IPUOOPOB B Tab. 3.1.

Ta6nuna 3.1 — U3mepeHue HanpspKeHUM

N3mepenus Brruncnenus
Howmep
U UR Uc UK | P Z R Xc C RK LK XK COSO
W3MEpPECHUN
B B|B|B|A|BrOm/Om| OmM | MKD®|OM|IH |OM| -
1
2
U T. ]I.
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8. IlpoBecTn aHajOTMUYHbIE W3MEPEHUS TMPHU CIEAYIOUUX H3MEHEHHUAX
HCCIIEyEMOM DIIEKTPUUECKON LIETIN:

1) emxocTh GaTapen KoHAeHCaTOpOB yBenudeHa 1o 200 MkD;

2) ¢ TIOMOIIBIO THOKOTO COSTMHUTENS 3aKOPOYCHA KATYIIKa WHIYKTHBHOCTH,
IIPU 3TOM PE3UCTOPHI U OaTaper KOHAEHCATOPOB eMKOCThIO 80 MK®D BKIIIOUEHBI B LIETIb;

3) 3akopoueHa Oarapesi KOHACHCATOPOB;

4) 3aKOpOYEHBI PE3UCTOPHI M KATYIIKa WHIAYKTUBHOCTH (B IIEMb BKIIIOYEHA
TOJIBKO OaTapesi KOHIEHCATOPOB C eMKOCThIO 80 MKD);

5) 3aKOpOYCHBI MOCTOSHHBIE U IEPEMEHHBIE PE3UCTOPHI IICTIH.

Pe3ynpTaThl BceX U3MEpEHMIt 3anucaTh B Ta0. 3.2.

ll‘All‘
——10 O

0-220 K505

T L
e Y L0
1
N

Pucynok 3.3 — MoHTaxHas cxeMa dJIEKTPUIECKON Lenu

T

I

9. Onpenenuthb yCIOBHs BOZHUKHOBEHHS pe30HAHCA HaNpspKeHui. J1ist aToro:

1) ycTaHOBUTH HamNpspKEHUE Ha BXOJIE€ 1IEMH IMOCIEI0BATEIBHO COCAMHEHHBIX
KAaTYIIIKd WHAYKTUBHOCTH W Oaraped KOHACHCATOpoB paBHbIM 15 B. V3Mmenss
BEIIMYMHY EMKOCTH, YCTAHOBUTH PEXHUM, MPU KOTOPOM TOK B ILEMU JOCTUTAET
HauOOJIBIIICH BEJIMUMHBI, a HANPSOKCHUS HAa KAaTyIIKe WHIYKTUBHOCTH M Ha OaTapee
KOHJEHCATOPOB OKAXYTCS NMPUMEPHO paBHBIMU. HampsbkeHue Ha WMHIYKTUBHOCTH
JIOJDKHO OBITh HECKOJIBKO OOJIBIITUM HAIMPSHKEHUS Ha KOHJIEHCATOpE;

2) mo MOKa3aHUsIM BaTTMETPA, aMmIepMETpa U BOJBTMETPA HA BXOJE LIEMHU

paccunTaTh KodPumeHT MomHocTH (COS @), (€cu BemudrHa ero OyaeT OMu3Kon K
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€IMHHULIe, MOXKHO CUMTaTh, YTO B LIEMIM BO3HHUK PEXHUM OJIM3KUI K PE30HAHCHOMY),
U3MEHsl €MKOCTh OaTapeil KOHAEHCATOPOB, YBEJIMYMBAas WIM yMEHbIIas €€ Ha
BO3MOKHO MaJIyl0 BEJIMYMHY, MOMBITAThCS YBEIUYUTHh KOA(P(UIHMEHT MOIIHOCTH

1eny. 3anucarh MoKa3aHus Bcex MpuOopoB B Tad. 3.2;

Ta6numa 3.2 — smMepeHue pe3oHaHca 1enu

N3mepenus Brruucnenus

Howmep cos
U U |Uk| I |P| Z | Xc]| C | Re| L« | Xk
U3MEpPEHUN [0)

B | B | B|A|BrfOm|OM MK®O|Om | IH | OM | -

" T.JI.

3) u3MmeHss EMKOCTh, 3amucaTh MOKa3aHUs BCEX MPUOOPOB eI IS YETHIPEX
HaOIIOACHUI ¢ TaKUM pacdy€ToM, YyToObl OBUIO CHEJIAHO IO JBa 3aMepa J0 U MOocIe
pe30HaHca;

4) Mo MOJy4EHHBIM B I.2 JAHHBIM MOJCYUTATh MapaMeTpPbl BCEX JIEMEHTOB
e U TOCTPOUTH B MAacIITabe COOTBETCTBYIOIIME BEKTOPHBIC JUarpaMMbl TOKa U
HaIPSHKEHUN U TPEYTOJIbHUK COMTPOTUBICHUM JIJIs1 KATYIIKU UHIYKTUBHOCTH;

5) MO MOJIyYEHHBIM B I1.3 OMBITHBIM U PACYETHBIM JAHHBIM 3alUCaTh YCJIOBUS
BO3HHKHOBEHUS B IIETIH PE30HAHCA HANIPSDKEHHI; IOCTPOUTh B MacIITaOe BEKTOPHBIC
auarpamMMsbl 11t Tpéx peskumoB tenu npu Uy >Uq; U =U;U<U..

6) MOCTPOUTH B MacIITabe KpUBbIE U3MEHEHUS TOKa, KO3 (UIIEHTA MOIITHOCTH
IIETM, HAMIPSOKEHUS Ha KaTyIIKe, HAPsDKeHUS Ha 0aTapee KOHACHCATOPOB U MOJTHOTO
COTNIPOTUBJICHUS LIETIH B 3aBUCUMOCTH OT BEJIMUYUHBI EMKOCTH KOHJIEHCATOPOB.

Bonpocwl ona camonposepku

1. Kakue u3 BeJIMYUH — TOK WJIM HaIPSHKEHHE — UMEIOT OJIMHAKOBOE 3HAUEHUE

ITpH IOCJICJOBATCIIBHOM COCINHCHN N 3JIEMEHTOB?
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2. Hamummre ¢dopmyny 3akona Oma Jyisi MOCIEIOBATEIHLHOTO COCIUHCHUS
MPUEMHHKOB 3J1ekTpodHeprun ¢ C, R, L.

3. Kak paccunrtarh akTUBHYIO, PEAKTUBHYIO U TIOJHYIO MOIIIHOCTH 1ETn?

4. Yto Takoe K03(PPHUIMEHT MOIIIHOCTH LIEMH?

5. Kak uaMepuTh cABUT 10 aze MEXKIAy TOKOM U HaIpsSKEHUEM OTpeOuTes?

6. Kakopa cBs3p Hanpspkenuit Ug, Ui, U; mocnenoBaTenbHO COeAMHEHHBIX
AJIEMEHTOB C HANPsDKEHUEM Ha 3aKUMax Iern?

7. Yro Takoe 4acTOTHasl XapaKTepUCTUKa?

8. KakuMm 00pa3oM 3KCIIEpUMEHTAILHO OINPEIACIUTh PE30HAHCHBIN PEKUM B
MOCJIEIOBATENBLHON 1IeTN?

9. KaxoBbI ycroBUs BOZHUKHOBEHHS! PE30HAHCA B LIEMH C MOCIIEIOBATEIHHBIM
COCTMHCHUEM MPUEMHHUKOB JICKTPOIHEPTUH ?

10. B uém 3akirouaercs moJsib3a U Bpell pe30HaHCa HAMIPSHKEHU?

Jlumepamypa

1. WeanoB, W.M. Onexrporexnuka / WN.W. HWBanoB, I'.M. ConoBnes,
B.C. PaBnonuk. — Cankr-Ilerepoypr: U3n-Bo «Jlanwy. — 2005. — C. 58-66, 93-98.

2. Kacatkun A. C. Dnekrporexnuka. yue0. / A.C. Kacatkun, M. B. Hemrios.

— 7-e nu3nanue. — Mocksa: Bricmas mkosa 2002. — 542 c.

JlaGopaTopHas padora Ned. UccaenoBanue TpéxdazHoi nenu

NPHU COeAMHEHUN HATPY3KH 3Be3/10il U TPEYroJIbHUKOM

Cseodenus us meopuu

CHa0xeHue dIEKTPUICCKON IHEPTUEH PA3IMUHBIX JJIEKTPUUECKUX YCTPOUCTB
OCYUIECTBJISIETCS B OCHOBHOM C MOMOIIIbIO TpEX(ha3HbIX Henei. OcoOeHHOCTH padOTh
ATUX IIenel OOyCIIOBIEHBI CIIOCOOOM COEIWHEHUS W TMapaMeTrpamu TpExdasHOoro
HMCTOYHUKA U HarPy3KHU.

CoenvHeHNe MCTOYHUKA M HArpy3ku TpéxdaszHoOW Iienmu mo cxeMe 3Be3la —

3BE€3/1a C HEUTpaJIbHBIM MPOBOJIOM MMOKa3aHO Ha puc. 4.1.
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Pucynok 4.1 — CoequHeHne UCTOUHHUKA U Harpy3Ka

TpeX(basHoﬁ OCIIN ITO CXEMC 3BC3/]1a — 3BC311a C HeﬁTpaHLHBIM IIpOBOAOM

Uy, Ug, Uc — (dha3HbIe HAMPSHKEHUS] UCTOYHUKA, CABUHYTHIE OTHOCUTEILHO JPYT
npyra Ha 120 rpamycos; U's, Us,U'c — ¢a3Hble HanpsKeHHsS HOTPEOHTENS;
U AB» UBC, Uca— NUHEHHbBIE HAIPSKEHUS Ia, Ig, Ic, In— ¢da3HbIe TOKU U TOK B HEUTpae;
Za, 78, Zc, Zn — HarpysKa moTpeOuTeNs 1 HEWTPaTbHOTO MPOBOIA

da3Hble HAMPSDKEHUSI U TOKU MOTPEOUTENsl, COCAMHEHHOTO MO CXEMe 3Be3/1a
OyIyT 3aBUCETh OT 3HA4YCHUs ZN U OT XapakTepa U BHujia Harpy3ku. Hampumep:

a) €ClIM Harpy3ka CUMMETpPUYHA, TO (pa3HbIC HAMPSIKEHUS MCTOYHUKA PaBHBI
(ha3HBIM HANPSHKECHUSAM ITOTPEOUTES U,=U's, Ug=U's , Uc=U'c u TOKH OTIPEICIISIOTCA
CIEAYIOIIMM 00pa3oMm:

1A=UA/ZA . IBZUB/ZB . 1C=Uc/Zc,

Tox B HEUTpaIHLHOM MPOBOJIEC U HATIPSDKEHUE HEUTpaJId Oy TyT paBHBI HYJIIO, T.€.
HEUTPAJIbHBIN IIPOBOJ B 3TOM CJIy4ae HE HY)KEH.

JluHeliHble HaNPSDKEHUST paBHBI MEXKTy COOOM U ONpeaesisitoTes 1o popmyie:

Unr=UdV3, Uas=Usc=Uca
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0) Tpu HECUMMETPUYHOW Harpy3ke, €clid HelTpaidb o0OpBaHa, WU
HEUTpaIbHBIA TPOBOJA 00JalaeT CONMPOTHUBICHHEM, TO TOSABISETCA HANpPSHKEHUE B

HEHTpaIbHON TOUKE HAIPY3KHU (CMEIEHUE HEHUTpaIIH).

Un= (UaYa+ UgYe+ UcYc) / (Ya+Ys+Yct+Yy) =
= Uy (Ya+YeatYca?) I (Yat+Ye+YctYy),

rne Ya=1l/Zp, Ye=1/Zg;, Yc= 1/Zc;, YN=1/ZN — KOMILIEKCHBIC MPOBOAUMOCTH (a3
Harpy3Ku HEUTPabHOTO IPOBO/IA;
Torna ¢dazHble HaPsHKEHUS TOTPEOUTENS OyAyT paBHBI
Ua'=Ux- Uy;
Ug'=Us- Un;
Uc'=Uc- Un
A TOKHM COOTBETCTBEHHO:
[p=Un'/ Za;
Ig=Ug'/ Zg; ic=Uc' Z¢,

Tox B HeliTpanu B ciydae 0<ZN<oo paBeH In= UN' 1 Zn

B) €CJIM K€ Harpy3ka HECUMMETPUYHA, T. €. Za # Zg # Zc U €CTh HEUTPAbHBIN
npoBosl ¢ Zy = 0, To Qa3Hble HampsbKeHUsl MoTpedutens OyayT paBHbI (ha3HBIM
HaIpsHKEHUSIM UCTOYHUKA, U TOKH ONPEAeNsATes 1o GopMmynam:

Ia= UA' | Zp,
IBZ UB' / ZB;
icz UC' / Zc

Tok B HelTpau paBeH cymme (a3HbIX TOKOB:

In= [a+s+Hc.
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3a cyeT cMEelIeHUsl HeUTpaau JaMIbl TOpSAT ¢ pa3HoW sipkocThro. M3 pacuera
CJIETy€eT, UTO KOHJEHCATOP HAaXOAUTCs B (haze A, TO SIpKO ropsiasi iaMmra BKIIOYeHa B
dazy B, a Tyckio ropsimas — B ¢azy C.

CoenmHeHne NCTOYHUKA U Harpy3Ka Tpex(a3Hoil memnu mo cxeme 3Be37a-

TPEYTOJIbLHUK TTOKa3aHo Ha puc. 4.2.

A
3 —_—
ICA \
U
"
Ugc
L 4 v
| —
Ic

Pucynok 4.2 — CoennHeHHE HCTOYHHMKA U Harpy3Ka

TpexdazHoil 1enu mo cxeme 3Be37Aa-TPeyroabHUK

U ,s:Ugc Ucas — nuneiinsle Hanpskenus Ug=U;-U,
IA;IB;IC; — JUHEHWHBIC TOKU i i

Uge =U. —Ug
IAB; IBC; ICA; — (ba3HbIE TOKU

Z g1 Zec Lens — Harpyska das

[Tpunsito Hanpasienue pa3bl A COBMEMIATh C MOJOKUTEIBHBIM HAIPaBICHUEM

BEMIECTBEHHON OCH.

U,=U,=U,,
U, =U ,[cos(~120") + jsin(-120°)]

U, =U,[cos(—240°) + jsin(—240)].
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B criydae coeauHeHus TpeyroJbHUKOM (pa3Hble HAPSKEHUS PaBHBI JIMHEHHBIM,

n03TOMY (pa3bl HE OKA3bIBAIOT BIUSHUS IPYT HA ApyTa U a = U b -
®da3HbIe U JIMHEWHBIC TOKU OYIyT 3aBUCETh OT XapaKTepa U BHUJIa HATPY3KHU:

a) TIIpY CUMMETPUYHOI Harpyske, koraa Z,g = Zge = Z.,(has3Hble TOKH PaBHbL:

U

.. =1 | A8
BC CA» AB Z y
AB

I
. _ﬂ’ IAB
NE]

a JTMHENHbIE TOKU onpeaessitores no | 3akony Kupxroda u B JaHHOM ciiydae TOxKe

OyIyT paBHBI MEXITYy COOOM:

0) Mpy HECUMMETPUIHON HAarpy3ke Zg # Lgc # Zca

I — U AB
AB !

Z AB

I — U BC
BC '

Z BC

I' — U‘CA

CA Z

JIuHelHbBIC TOKH OTNPEISTISIOTCS 10 IepBoMy 3aKkoHy Kupxroda:
Iy =1as —lca,
lg =lgc — s,

Ic - ICA - IBC .
AKTHBHAsT MOIIIHOCTh CUMMETPHYHBIX TMOTpEeOUTEICH, COOpaHHBIX IO CXEMe

TPCYTOJIbHUKA, BTPOC MMPCBBIMIACT €0 MOIIHOCTD ITPHU COCIUHCHUN 3B€3I[Oﬁ, T.K.



TOrAa.

Iy = =2
JIYy \/§-Zq>’

La =\/§'I@A-

CraenoBaTeiabHO,

Iﬂazﬁ'%-

D

CpaBHHBas BBIpaXXEHUS JIMHEHHBIX TOKOB 3BE€3/1bl U TPEYTOJIBHUKA, ITOIYYUM, YTO
IIpU OHOM M TOM k€ Uj; M OINMHAKOBOM CONPOTUBIEHUU Zgp, Ly = 3y, a mis
dasHbIX TOKOB I, = V31 ;y. MOIIHOCTb TpeXda3HOH CHCTEMBI:

P=+3-U;-1;-cos¢.

B pesynbprare yMeHbIIEHNs IMHEWHOTO TOKA IIPH MEPEKIFOYEHUH C TPEYTOJIbHUKA
Ha 3BE3/y 3Ta MOIIHOCTh YMEHbIIAETCS B 3 pa3a.

IIepexiroueHne co CXEMBI 3B€3/bl Ha TPEYTOJIBHUK MCIOJIb3YETCS IPU IIyCKe
MOIIHBIX ACHHXPOHHBIX JIBUTATEJEH JJI1 OTPAaHUYEHUS ITyCKOBBIX TOKOB.

IIpoepamma onvima

1. CoOpaTh TpexmpoBOAHYIO Tpex(dasHyI IIeb C COCAMHECHUEM 3Be3/la —
3Be37a [0 MOHTa)XHOU cxeme puc. 4.3, UCTIOJIB3YsI B KAUeCTBE HArpy3KH Kax a0 (a3bl
MOCJIEIOBATEIbHO BKJIIOYEHHBIEC JIBA MOCTOSHHBIX M OJMH MEPEMEHHBIN PEe3HUCTOop.
[luTanne uenu MNpPoU3BOIUTH OT TpeX(a3HOro HCTOUHHUKA, PACIOIOKEHHOIO Ha
MaHEJIN NCTOYHUKOB C TMHEHHBIM HanpspkeHuem Uy = 220 B.

2. V3meputrhb TOKM W MOIIHOCTH 1O (a3zaM C TOMOIIBI TPUOOPOB
n3MeputTenpHoro komruiekca K505, usmepenue Hanps>KeHUil — BOJIBTMETPOM.

3. M3MeHss cOonpOoTUBIEHNE IEPEMEHHBIX PE3UCTOPOB B (ha3ax 1enu, U3BMEPUTh
¥ 3anucaTh B Ta0i1. 4.1 BeTMUMHbBI TMHEWHBIX TOKOB, (Pa3HbIX U JIMHEHHBIX HANPSKEHUH,
a TaKKe MOKa3aHHUs BATTMETPA Ui Pa3IMUHbIX PEKUMOB paOOTHI IIETH.

4. 3ameHuTh B pazax A u B nocrosiHHbIE pe3ucTopbl Ha Katymky L =0,1 ['Hu
koHaeHcaTop eMKocThio C = 10 Mk®D.

5. Ilokazanus mpubopoB 3aHecTu B Tad. 4.1.

31



6. IloakmiounTh K UCCIEeTyeMON TPEXIIPOBOAHOM e HEUTPAIbHBIN MPOBO/I.
JUIst 3TOr0 COEIMHUTh COEAUHUTENEM IITEKEpHOE THE3A0 “0” MCTOYHMKA MUTAHUS C
COOTBETCTBYIOIIEH TE€HEPATOPHON KIEMMON HW3MEpPUTEITHLHOTO KOMILJIEKTa, a
Harpy3o4Hyw kiemmy “0” H3MEpPUTEIBHOrO0 KOMILIEKTa — C COOTBETCTBYIOIIUM
Harpy3Ke IITEKEPHBIM THE3IOM.
7. W3meputb BCe TOKHM, HAMNPSIXKEHUS W MOUIHOCTH MPU CUMMETPUYHOM H
HECUMMETPUYHOM PEXHUMAaX, PE3yJIbTaThl U3BMEPEHUI 3anucaTh B Ta0. 4.1.
8. IlocTpouTh BEKTOPHBIC IUATPAMMBbI HAMIPSKEHUI U TOKOB JJIsl BCEX OIBITOB.
Macurad st HalpsbKeHU 107KeH ObITh B3IT 2 B/MMm, a niig TokoB 0,05 A/MM.
9. TlocTpoeHue BEKTOPHBIX AHATPAMM CJIETyeT HAYNHATH C CHMMETPHUYHOM
3Be3/bl (pa3HbIX HanpspkeHuit reHeparopa Ua, Ug, Uc , 3atem moctpouts daszHbie

HaIpsHKEHUS! TOTPEOUTEINS U TOKH.

Tabnuna 4.1 — BennunHbl TMHEHHBIX TOKOB, (Pa3HBIX U JUHEHHBIX HAPSHKEHUI

Uzmepenns Bpru.
Pesxrm paboThl
- Ia, |1, |lc, [IN, [Ua, |Us, |Uc, |Un, Uas, Usc, Uca, |Pa, [Ps, |Pc, | Ux
AJA |A|A|A|B |B |B |B |B |B [Br |[Br [Br | Uy
A. CoenvHeHue Harpy3ku 3Be3/10i 0e3 HEUTpabHOrO MPOBOJIA
Cumm.
Hecumm.
OO6psiB
JINHENHOTO
IpoBoOja
K. 3. dazsr A
b. Coenunenune Harpy3Ku 3Be310i ¢ HEUTPaAIbHBIM MPOBOJIOM
Cumm.
Hecumm.
i ey =l qﬁ%ﬂ@%@ﬂéq@ﬁ]

(

oBol-& “Tﬁex@xe:exe%@'id
o gor<&- T ﬁex@xe:exe W—®|i\|
o001

(

C o—

(

0 o—

W axy

Pucynok 4.3 — MoHTaxHasi cxeMa Ja00opaToOpHOl YCTaHOBKH
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Pucynok 4.4 — BekropHas auarpamma Jjisi CAMMETPUYHON HArpy3Ku

10. CobpaTh 37eKTpUUECKYIO LIETIb C COEIMHEHUEM 3BE3/a — TPEYTOJIbHUK 110
MOHTQ)KHOU CXeMe, TMpHUBEACHHOW Ha puc. 4.5, UCHONB3YysSd B KauyeCTBE HArpy3Kd
K101 (ha3bl OCIEI0BATEIBHO BKIIOUEHHBIE IBA OCTOSIHHBIX U OJWH NIEPEMEHHBIN
PE3UCTOPBL.

11. W3MmepuTh NMHEHHBIE TOKH, AKTUBHYIO MOIIHOCTH (ha3, HCHOIB3YA
n3MepuTenpHbll  KOMIUIEKT K505, a wu3MepeHHe JIMHEMHBIX HANpsHDKEHUH -
BosibTMeTpoM Ha 150 B. Jlna usmepenus pa3zHbIX TOKOB MCTOIB30BATh aMIIEPMETPhI
Ha MaHEeJM CTeH 1a ¢ penenom usmepenus 1A.

12. W3meHss BeTUYUHBI IEPEMEHHBIX COMPOTUBIICHUN PE3UCTOPOB HATPY3KH,
U3MEpUTh U 3amucaTh B Ta0J. 4.2 BEIWYMHBI JIMHEWHBIX U (Pa3HBIX TOKOB, TUHEHHBIX
HaIpsHKEHUH, a TAK)Ke MOKa3aHUM BaTTMETpa JIJIsl pa3IMYHbIX PEKUMOB padOThI LIENH.

13. HM3MeHuTh MOCTOSTHHBIE pe3UCTOPhI Ha Karymky L u konmencatop C=10
MKk®D B pazax AB u BC.

14. Tloka3anus npuOOPOB 3aHeCTH B Ta0M. 4.2.

15. IlocTpouTh BEKTOpHBIE AHMArpaMMbl TOKOB U HanmpsikeHud. Ha BEeKTOpHBIX
auarpaMMax HM300pa3uTh BEKTOPbl TOKOB M HANpPSIKEHUW Pa3IMYHBIMU IIBETaMHU.
Macmtab 1151 BEKTOPOB HaIpsDKEHUN J0DKeH ObITh 2 B/mMm; TokoB — 0,05 A/mm.

[Ipumep nocTpoeHHsI BEKTOPHBIX AUarpamMm IMoka3zaH Ha puc. 4.6.
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Tabmuma 4.2 — Ilokazanust mpuOOPOB

Brrumnc-
N3mepenus
Pexxum JICHUS
pa6OTI>I Ial g le | 1as |lac ICA Uge Uns | Uca| Pas | Fec | Fea P Iﬂ/'@
LIEITH B
AAAAAABBBBTBTBTT
Cumm.
Hecumm.
OOpsIB
daser AB
OO6psIB
JIMHEHHOT'O
MPOBOJIa
10 10
< — < - <>
Ao—{: \“_OAO'_{:I_ o
< T Cg—@—@—@— .
30_4:~——OB<}—<:|_ 10 10 15
Q} > <> S <L —
C o2 ToCoT< 10 1j

Pucynox 4.5 — MonTaxHast cxema Tpexda3Hou 1enu Mpu COSTUHEHUN

Uca

CUMMETpPUYHAS Harpy3Ka

Tea

10 CXEME TPEYTOJIbHUK

UBC

Pucynox 4.6 — BektopHbie quarpamMmbl

Bonpocwi 0nsa camonposepku
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Kak coennHUTh Harpys3Ky u reHepaTop 1o cxeme 3Be3/ia-3Be3na’?

Ha3znauenue HENTpaapHOTO TPOBOAA.

w e

[Tonxmrouenue BoapT™METpa A1t u3mMepenust Uy, U, Un.
4.  CoOTHOIIEHUS MEXIY JUHEWHBIMH U ()a3HBIMU TOKaAMH U HaNPSHKEHUSIMU
IPU COETUHEHUH 3BE3I.
5. Kakas Harpy3ka Ha3bIBa€TCsl CHMMETPUYHON U HECUMMETPUYHON ?
6. HemocraTtok TpEXIPOBOIHOTO COSAMHEHHS 3BE3/OM.
7. AHanuUTHYECKOE OIpe/eICHUE CMEUIECHHS HEUTpalIu.
8. Ilouemy OOpBIB WM OTKJIIOUEHHWE HEHUTPAJIBHOTO TMPOBOJA B YETHIPEX-
MIPOBOJIHOM COEAMHEHUU 3BE3101 SBJISETCS aBAPUHNHBIM PEKUMOM?
9. Pacuér da3HbIxX HanpsHKEHUH TPEXITPOBOAHOM LIETIH IPU CUMMETPUYHOM U
HECUMMETPUYHOM COEIMHEHUU 3BE3/I0M.
10. H3meHeHue (¢a3HbIX HANPSHKEHUN MpPU COECAUHEHMM 3BE3J0H B Cilydae
CUMMETPUYHON HArpy3Kku 0e3 HeMTpanbHOIO IpoBOJA:
a) mpu oOpbIBE JIMHEWHOTO MPOBOJIA;
0) mpu 06psIBE (ha3HOTO IIPOBOJIA;
B) IPY KOPOTKOM 3aMbIKaHUH (a3bl.
11. TlocTtpoeHune BEKTOPHBIX JMarpaMM TPU  HECUMMETPUYHOU M
CHUMMETPUYHON HArpy3Ke B TPEXIPOBOJIHON U YETHIPEXIPOBOAHOM LETISX.
12. Kak coeanHUTH Tpex(ha3HbIi MOTPEOUTENb TPEYTOIHLHIUKOM?
13. Bxitouenue ammepMeTpoB ISl M3MepeHus: (a3HBIX TOKOB HArpy3KH,
COEMHEHHON TPEYTOJIBHUKOM?
14. Omnpenenennie (Ha3zHbIX TOKOB MO HM3BECTHBIM (Pa3HBIM HANPSIKEHUSIM U
(pa3HBIM CONPOTHBIICHHUSM.
15. CBsa3p MeXIy JIMHEWHBIMA M (a3HBIMU TOKAMH TPU COEIUHEHUU
TPEYTOJIbHUKOM.
16. VYcnoBue cumMmeTpuu Tpexha3zHOTO MOTPEOUTEIIS.
17. W3meHeHue TOKOB B (pa3ax TpPEYroJibHUKAa MpU OOpBIBE JIMHEHMHOIO

IIPOBO/JIA.
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18. H3MmeHeHue NMHEHHBIX TOKOB MpU OOpbIBE (Pa3HOTO MPOBOJA HATPY3KH,
COEAMHEHHOU TPEYTOJIbHUKOM.

19. [domycTUMO 1M KOPOTKOE 3aMbIKaHKE (Pa3bl COCTUHEHUS TPEYTOJIbHUKOM?

20. Oka3bIBaloT JIM B3aUMHOE BIUsAHUE (ha3bl MOTPEOUTENS IPU COCTUHEHUHU
TPEYTrOJILHUKOM?

21. V3MeHeHHe MONIIHOCTA HArpy3kd IPpU TEPEKIIOYEHHUH CO CXEMBI
TpPEYroJbHUKA Ha 3BE311Y.

Jlumepamypa

1. WeanoB, W.M. Onexrporexnuka / W.W. HWBanos, I'.M. ConoBbes,
B.C. Pasnonuk. — CII0.: U3n-Bo «Jlaup». — 2005. — C.127 — 135.

2. Kacarkun A. C.Onekrporexnuka. yue6. / A.C. Kacatkun, M. B. Hemiio.—

7-e u3ganue. M.: Beicmast mxona 2002. — 542 c.

JlaGopaTopHasi padora Ne 5. UcciienoBanue KaTymKka

¢ heppOMATHUTHBIM CEePACYHUKOM

Ceedenusi uz meopuu.

deppOMarHUTHBIA CEPACYHUK KATYIIKH YBEIMYHUBACT €€ WHIYKTHBHOCTD,
MOCKOJIbKY YCHJICHHE MarHUTHOW MHIYKIIMKA O3HAYaeT POCT MAarHUTHOTO MOTOKa MpH
HCHU3MCHHOM TOKE KaTymiKd. IIOCKONBKY CBSI3b MEKAY MArHUTHONW WHIYKIUCH M
HaNpsHKCHHOCThI0  MarHutHoro mons B=f(H) HenuueliHas, TO MarHuTHas
MPOHHUIIAEMOCTh 3aBHCHT OT HAMNPSHKCHHOCTH TOJISA, M, CJACIOBATEIbHO, OT TOKA B
KaTymKd. [109TOMy XapaKTEepUCTHKH KaTYIIKU C CEPACYHMKOM HEJIHMHEHHBIE, M cama
KaTyIlIKa SBISCTCS HEJIMHEHHBIM JJIEMEHTOM OJJIEKTpHuUecKoi memu. To ecTh
mapaMeTphl KaTYIIKH ¢ CEPACYHUKOM 3aBHCAT OT BEJIMYHMHBI TOKA, U CaM TOK IIPH
HACBHIIIEHUN CEPACYHMKA HM3MECHSETCS M0 IMEPHOAMYECKOMY HECHHYCOHIATBHOMY
3aKOHY TP BO3JCHCTBUN CHHYCOUIAIBHOIO HampsukeHusi. KpoMe Toro, B cepieyHmKe

KaTyIIKW UMCIOTCA IIOTCPHU BHGKTPHQCCKOﬁ OHCPIruu.
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Bonbramnepnass xapaktepuctuka (BAX), cBs3biBaromas AeHCTBYIOIINE
3HaueHus HanpspkeHus u toka U=f(l) karymku 0e3 cepieuHrKka, JTUHEIHA, TaK Kak

HHAYKTUBHOCTD L mocTosiHHA U ee HaIIPpSAKCHUC PABHO!
U=w-L-I

VY KaTyumku ¢ 3aMKHYThIM (eppOMArHUTHBIM cepliedHukoM BAX HenuHelHa:
YBEJIMYECHUE TOKAa NPUBOAUT K HACBHIIICHUIO CEpACYHHKA M, KakK CIEICTBHE,
YMEHBLIEHUIO HHIYKTUBHOCTH U UHAYKTUBHOTO CONIPOTUBIICHUSI.

Ecnu cepaedHuMK He 3aMKHYT, TO €CTh MMEETCS BO3AYLIHBIN 3a30p, To BAX
OoJiee MpsAMOJIMHEITHA, YEM B Cly4yae 3aMKHYTOI'O CEpJIEYHUKA, U3-3a BKIIOYEHHS B
MarHUTHYIO LIETb JIMAHEWHOIO y4acTKa.

Ha puc. 5.1, @) npencrasieHa cxeMa 3aMelIeHUs] KaTyIIKH 0e3 ceplcyHuKa, a
Ha puc. 5.1, 6) — ¢ cepICUYHUKOM.

Oo6o3HaueHus Ha pucyHke 5.1: R — comportuBieHue, CBSI3aHHOE C aKTUBHBIMU
MOTEPSIMU B MEAM KaTyIIKH; LS — MHAYKTHUBHOCTb, CBSI3aHHAs C PEAKTHUBHBIMU
MOTEPSIMU OT MOTOKA paccerBaHusl; Ly — MHAYKTUBHOCTB, O0YCIIOBIEHHAsI TOTOKOM
HaMarHW4YMBaHUs, TO €CTh IOTOKOM, 3aMBIKAIOIIMMCS IO CEpACYHUKY; Rre —
CONPOTHUBJIEHUE, O0YCIIOBJIEHHOE AKTUBHBIMU NOTEPSMHU B CEPJICUHUKE.

CxeMy 3aMelIEHUsI MOXXHO YIPOCTUThb, CUYWTasg, 4YTO JUI KaTyIIKH C
deppomarauTHeiM cepaeuHukoM Xs=~ 0. Ha puc. 5.1, B) u3zoOpaxkeHa BEKTOpHas
auarpaMma yrpouieHHOH cxembl 3amemeHus (X¢~ 0). Usmepus U, L, P moxHO

paccyuTaTh MapaMeTphl €€ FIEMEHTOB MO (hopMysam:

cosp= P
“g. OSN3

E=yU?+(kRVPE2.1.R-cosp
7]
Q




L =2x
Y w
rnie E — gnelictByromee 3HaueHne OJIC caMOMHAYKIMH OT OCHOBHOTO

HaMaronm4mMBaromicro roTokKa @ﬂ 06pa3yeM0r0 TOKOM |ﬂ.

o - 5
4T 444 F.w

rac f —gacTora IICPCMCHHOI'O TOKA, FI_[;
W — 4HCJIO BUTKOB KaTyIIKH.

BGJ'II/ILII/IHy R CICAYCT OIIPCACILATh Ha ITOCTOAHHOM TOKC (MOCTOM, OMMeTpOM).

IR
o) Y
A \
X, E
u . '
- @ Ire
s >
R ly b
a) 0) B)
Pucynok 5.1
Ilopsodok évinonnenus pabomol:
1. CHSATDH BOJIBTAMIICPHYIO XapaKTePUCTHKY

1.1 N3mepuTh OMUYECKOE COMPOTUBIECHUE KATYIIIKH.

1.2 CoOpath 11enb, 1300paXeHHYI0 Ha puc. 5.2.
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Pucynox 5.2

1.3 Cusath mokazanus Toka | 1 akTHBHON MOIITHOCTH P I BETMYUH BO3TYITHOTO
3azopa A =0; 0.5; 1.0; 1.5 MM npu 3HaueHuu nuraroriero Hanpspkerus U= 30; 60; 90;
120; 150; 180 B. Ilpu 3TOM TOK KaTyIIKd HE JOJKEH mpeBbimarh 3.5 A. CHATH
NOKa3aHus aKTUBHOM MoIHOCTH P 1 Hanpskenus U 71 9 TUX K€ BO3AYIIHBIX 3a30POB
npu Toke |=1 A. JlanHble u3MepeHus 3aHecty B Tadnuiy 5.1.

Jlns 3a30pa A = 2.0 MM CHATB TTOKa3aHus HanpskeHust U 1 akTUBHON MOIITHOCTH
P, mamepenus npousBoauts ¢ HanpspkeHus: U = OB, nmnaBHO yBennyuBas e€ro 0 TOKOB

I=0.5; 1.0; 1.5; 2.0; 2.5; 3.0 A. JlanHbIC U3MEPEHMS 3aHECTH B TAOIHITy 5.2.

Ta6muma 5.1 — BAX HenmuHEeHHOM KaTyIIKA
U,B 30 60 90 120 150 180
A=0,0 I, A 1
P, Bt
U,B 30 60 90 120 150 180 1
A=05| LA
P, Bt
U,B 30 60 90 120 150 180 1
I, A
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P, Bt
U,B 30 60 90 120 150 180
A=15] LA 1
P, Bt

Ta6muma 5.2 — BAX HenuHelWHON KaTymIKu ¢ 3a30poM 2,0 MM

I, A 0.5 1.0 1.5 2.0 2.5 3.0
A=2.0 U,B
P, Bt

1.4 Jlna nanpsokennst U = 180 Bu A =0.0 mm, a takxe st | =2 Au A=2.0

MM 3apuCOBATh HA KAJIbKY OCHHUJIJIOT'PAMMBI.

2. Ilo maHHBIM HM3MEPEHUN pPACCUUTATh MapaMeTpbl KaTyIIKH C Pa3HBIMHU
BO3JIyLITHBIMH 33a30pamu 1o Gpopmyinam (12.2) u noctpouts 3aBucumoctu E(1,), E(Ire)
u IR(I).

3. Tloctpouts 3aBucuMOCTH: Pre (A), L (A), Z(A) 11 cosp (A) mns | =1 A.

4. Tloctpouts BekTopHyto AuarpamMmy pu U =120 Bu A = 1.5 mm.

5. Ha omaoMm rpaduke moctpoutsh BAX mist 3a30poB A = 0.0 MM 1 A = 2.0 mwm.
B BeIBomax ykaszarh mnpuuuHy paznmmuus BAX KaTymiku C cepieyHuUKOM 0e3
BO3AYIIHOIO 3a30pa 1 BAX kaTylIKu ¢ CEpACYHUKOM, UMEIOIIMM BO3AYILIHBIN 3a30D.

Konmponvnuvie sonpocul:

1. Tlouemy ¢eppOMarHUTHBIM CEpJCUYHUK YBEJIUYMBACT HWHIYKTUBHOCTH
KaTyIIKA?

2. llouemy mnpu yJoaleHWH CepJeYHHKA U3 KaTyIIKH TOK 3aMETHO
YBEJIIMYUBACTCS?

3. OObscaute otnmune BAX kaTymiek ¢ cepA€UHUKOM U 0€3 CepIeUHHKa.

4. Tlouemy mpH CHHYCOMAQJBbHOM HAIpPsDKEHHUM TOK B KaTylIKe C

(beppOMarHUTHBIM CEPACYHUKOM HECUHYCOUIATIEH?
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5. OmbITHOE oOmpeneneHue TMapaMeTPOB CXEMbl 3aMEIICHUS KaTYyIIKH C
CEPIACYHUKOM.

6. OOBscHUTH TpuuuHY pa3anuns BAX kaTyliek ¢ 3aMKHYTHIM CEpACYHUKOM
U C CEpJICYHUKOM, UMEIOIINN BO3IYITHBIN 3a30p.

7. Kakue u3 mapaMeTpoB CXEMBI 3aMEIICHUS SBIIOTCS HEIHMHEWHBIMH U
noyemy?

8. TlocnemoBaTeabHOCTh TOCTPOCHUS BEKTOPHOW JWarpaMMBbl KaTyIIKH C
CEPJICYHUKOM IO ONBITHBIM JTAHHBIM.

9. byaer nm HampspkeHHWE Ha KaTYIIKH ¢ (PEeppOMarHUTHBIM CEPACYHUKOM

CHUHYCOHNAAJIbHBIM, €CJIM TOK 4CPE3 HEC U3MCHSCTCS 110 TaAPMOHHUYCCKOMY 3aKOHY?

Jlaboparopnasi pa6ora Ne 6. UccienoBanue ognogasHoro rpancgopmaropa

Cseodenus us meopuu:

Tpancopmaropsl  ABIAIOTCS  BaXHEUIIUMU  DJIEMEHTAaMH  CHJIOBBIX
ANEKTPUYECKUX LENeH. ODJIEKTPUUECKUE CTAHIMA W TPUEMHUKHU CBS3BIBAIOTCS
TpaHc(hopMaTopaMu B €IUHYIO CETh, 00pa3ys AIEKTPOIHEPIETUUECKYIO CUCTEMY.

B paborte uccrnenyroTcst peKUMbI XOJIOCTOTO (X.X.) X0/1a, HAarpy30UHbIN PEXKUM U
ONBIT KOPOTKOTO (K.3.) 3aMblKaHus. M3 pexxrma XOJO0CTOro X0/4a HENOCPEACTBEHHO
OompenensaoTcsa nmorepu  X.X. Pig = Pjo, Tok X.X. Ijo, HanpspKeHUs Ha EPBUYHOU U
BropuuHor 00MoTKax Ujpu Uyy. Ilo 5TUM TaHHBIM pacyeTHBIM ITyTEM OMPEACIISIIOT:

1

2

3) aMIUIMTYyAa MarHUTHOTO TMOTOKA M MAarHUTHOM WHAYKIMU B CEpPJCUYHUKE
TpaHchopmaropa
Om=020444-w2;, Bu=dmd, (6.3)
rae W, — 4ucio BUTKOB BTOPUYHOM OOMOTKH TpaHcpopMaTopa, S — MIoaab CEUeHUs
cepleuHrKa TpaHcpopMaTopa yKka3aHa B MaCIOPTHBIX TaHHBIX.

4) IlapameTpsl HaMarHUYMBAIOIICH BETBU



(magenue HanpsbkeHust Ha Ry 1 x; oT Toka [jp He yuuThIBaeTCs)

M3 omnbITa KOPOTKOTO 3aMbIKaHUS HETIOCPEACTBEHHO OIPEACIIAIOTCS MOTEPH K.9.
Pu=Pun=Pm TOK Ik = Ixn m Hanpsikenue k.3., Uk.

[To »TUM JaHHBIM PACUETHBIM IyTEM OMPEICISIOT:

1) norepu B Mmeau Py~P,, 00MoTOK TpaHchopMaTopa mpyu HOMHUHAIBHBIX
TOKaX;

2) k03 (UIMEHT MOIIHOCTH TpaHchOopMaTopa MPH OIBITE K.3.

3) mapaMmeTphbl CXeMBI 3aMeIIeHHs TpaHchopMaropa

R =Ry
Xl:Xé:XTK

Re —R +Ry =
ZzzllJ:

X, =X, +X3JZ2 -R2

B JIaHHOM CJTy4ae TOKOM /) ipeHeOperaror)
W3 onbITa Harpy3Ku ONpPEaEIIAIOT:
Koadpdunuent mnonesnoro nerctBust TpaHchopMmaropa MpU Pa3TUUHBIX TOKaX

Harpy3Ku

rac Pl(), PKH_ MOIIHOCTb NOTCPb B CTAJIM U MCAU IIPYU HOMUHAJIbHBIX HAIIPAKCHUAX U

TOKe TpaHc(opmMaropa
I
B = 1—2— K03 (QUIMEHT 3arpy3Ku;
2H
S

cos(2 — KOA(h(HULIMEHT MOITHOCTH HArPY3KHU.

— HOMUHaJIbHAs MOIITHOCTH TpaHchopmaTopa
KH+F LUPIHCOSPL+F LUFPLFKH (0.13)



2. Koapumment momHocT TpanchopMaropa mpu pa3andHbIX Harpy3Kax

cosp=P1U1-/1 (6.14)
OcHOBHBIEC TEXHUYECKHE JIAaHHBIC UCCIIEAYEMOro Tpanc(opMaTopa IpUBEICHBI B
Tabmure 6.1.
Tabmuma 5.1.
SH U U I | w w Ceuenue
H H H H H H CCPpACHHHMKA
BA B B A A — — cMm?

lIpoepamma u cxemwr 1abopamopHoti pabomol
O3HakoMUTBLCA ¢ 000pYIOBAaHKUEM CTEH/IA. 3alucaTh B OTYET M0 JJa0OpaTopHOM paboTe
HOMHHAJIbHBIE TEXHUUYECKHUE JaHHbIC TpaHChOopMaropa.
[IpoBecTu ombIT X0JIOCTOro XoAa Tpancpopmaropa. st 3Toro;

2.1. B cooTBeTcTBUM C TPUHLIUNUAIBGHON cxeMoW puc. 6.1 cobparh
AIIEKTPUUYECKYIO TIEMb JIJIsl IPOBENICHUSI OIbITA XO0JIOCTOrO X0/Aa TpaHcdopMaTopa o
MOHTaXHOU cxeMe puc. 6.2. [Iutanue 1ienu NpoBOIUTH OT PETYINPYEMOTO HCTOUHHUKA

CHUHYCOHNAAJIbHOI'O HAIIPSAKCHUA.

I=110 _C\AD -
w3l @

e,

Pucynok 6.1 — IIpuniunuanbHas cxema Jisi IpOBEACHUS OIbITa XOJO0CTOrO X0/

TpaHcopmaropa
o> o o & T — >
A
0'220 R505
B L
o > 1oNo & > |
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Pucynok 6.2 — MoHTa)kHast cxema Ui IPOBEIEHUS OIbITa XOJIOCTOTO X0/
TpaHchopmaropa
2.2. VI3amepeHue Toka, MOIIIHOCTH U HANpsHKEHUS! B IEPBUYHON 0OMOTKE TpaH-
chopmaTopa MPOBOAWTH W3MEPHUTEIBHBIM KoMIUIeKTOM K505, a mHampspkeHue Ha
3aKMMaX BTOPUYHON OOMOTKH - TU(POBBIM BOJIBTMETPOM.
2.3. YcTaHOBUTH HAIpSKEHUE Ha MEPBUYHON 0OMOTKE TpaHchopmaTopa pas-

HBIM HOMUHAJILHOMY U 3aIlucaTh MOKa3aHus BceX MpuOopoB B TadI. 6.2.

Tabmnura 6.2
N3mepenus Brruucienus
Uso Uzo 10 P1o cospz | Pu Bu Ro Xo
B B A Bt Bo6 Tn OMm OMm

3. IIposectu ompIT Harpy3ku Tpanchopmatopa. Jlis sToro:

3.1. CobpaTh AIEKTPUUECKYIO 1IeTh, MPUHIIUIIHUANIbHAS CXeMa KOTOpOUl mpuBe-
JeHa Ha PucC. 6.3 11 MPOBEICHUS OIbITa HATPY3KH MCCIIeAyeMOoro Tpancgopmaropa.
COopKy 1enu MPOBOJUTH B COOTBETCTBUH ¢ MOHTAXHOU CXeMOM puc. 6.4.

3.2. B kauecTBe Harpy3kd K 3a)KMMaM BTOPUYHOH OOMOTKH TpaHChopMmaTopa
MOJKIIIOUUTh TIEPEMEHHBIC U MOCTOSHHBIE PE3UCTOPhI, CYMMApPHOE COMPOTUBIICHUI
KOTOPBIX PacCUUTaTh M3 YCIOBUSI TOTO, YTO TOK MO BTOPUYHOW OOMOTKE JOJKEH
u3Menuthes ot 1, =0 go I, = (1,2-1,5)I

3.3. I3mepenne TOKOB, MOIIHOCTH | HAMPSOHKEHUS TIEPBUYHOW OOMOTKH
TpaHchopMaTopa IPOBOIUTH U3MEPUTENTHLHBIM KoMIiekToM K505, a uamepenue Toka
U HaIpsSHKCHUS BTOPUYHOW OOMOTKH — IU(POBBIM aMIIEPMETPOM M BOJHTMETPOM.
YcTaHOBUB Ha MEPBUYHON OOMOTKE TpaHCc(hOpMaTopa HOMUHAIBHOE HAIpPsIKEHUE U
M3MEHSSl BEIMYUHY COMPOTHUBJICHUS TIEPEMEHHBIX PE3UCTOPOB BO BTOPUYHOM IICTH,
IPOBECTH 5—6 M3MEPEHUH NP Pa3TMYHBIX 110 BEJIMYMHE TOKAX HArPY3KH B YKa3aHHOM
BBINIE AWana3oHe u3MeHeHui. [Ipu mpoBeAeHUM OMbITa HAMPSDKCHHE Ha 3aKMMax

HCpBH‘—IHOﬁ OOMOTKH noaaACpKuBaTh HCU3MCHHBIM, PC3YJIbTAThI I/IBMepeHI/Iﬁ 3aIIuCaThb

B Ta01. 6.3.
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Tabmnura 6.3

Nsmepenus Brruucnenus
U1 |1 P1 U2 |2 P2 B n COS(P2
B A Bt B A Bt — — —
I . I2
> (AT T (AD)
—>—E)- ®
\LUIZUIH 3‘% @ ealf
o,

Pucynok 6.3 — [IpuHIunmuanpHas cxema OnbITa Harpy3ku TpanchopmaTtopa

o—+—>—+0 AC > T
0-220
B K505 % E
o4—»>—oNo >

%>@—<%|R:|—>>—l
> |
RH

N RH RH

Pucynox 6.4. MoHTa)kHas cxeMma OrbITa Harpy3Ku Tpancopmaropa.

4. OnbIT KOPOTKOTO 3aMBIKaHUs TpaHchopMaTopa.

OnbIT IPOBOASATCS MPHU MOHUKEHHOM HAIPSKEHUU Ha IEPBUYHON 0OMOTKE, TPH

KOTOpOM TOKH B 00MOTKax PpaBHBIL

MIOJABOJIUMOE K

HOMHWHAJIbHBIM. HOBTOMY HaIIpsI’KCHHUC,

HGpBH‘-IHOfI 06MOTKC, HOJDKHO YCTAaHAaBJIMBATLCS M3MCHCHHCM

HaIpsHpKCHUA UCTOYHUKA ITUTAHUA C HYJICBOI'O 3HAYCHUS. I[J'IS[ IMPOBCACHUSA OIIbITA:
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4.1. CoOpatb 3IEKTPUUYECKYIO LIETb I MTPOBEACHUS OMBbITa KOPOTKOTO 3aMbl-
KaHUA UCCIIETyeMOro TpanchopmMaropa, IpUHIUIHAIbHAS CXeMa KOTOPOU yKa3aHa Ha

puc. 6.5, a MOHTa)kHast — Ha puc. 6.6.

T1k=I1u .

o+®7{@ T 12k=12n
Ut @ it @

PI/IC}/HOK 6.5 — HpI/IHI_[I/IHI/IaJIBHaH CXCMa OIIbITa KOPOTKOI'O 3aMbIKaHHA

1> o « T >
0-220 A |
- K505
B 3\ B
o > +toNo & B ——

Pucynox 6.6 — MoHTa)xxHasi cxema OIbITa KOPOTKOTO 3aMbIKaHUs TpaHchopMaropa
4.2. U3mepeHuss TOKa, MOIIHOCTA W HANpSIKEHUS B TNEPBUYHOU OOMOTKE
TpaHchopMaropa MPOBOAATCS H3MEpUTENbHBIM KomruiekToM K-505, a uzmepenue
TOKa BO BTOPUYHOIN OOMOTKE — IIU(PPOBHIM aMIIEPMETPOM.
4.3. I1naBHO U3MEHSSI HAIIPSKEHUE HAa IEPBUYHON 0OOMOTKE TpaHchopmaTopa oT
HyJsl 70 3Ha4eHHs, NMPU KOTOPOM TOKHM B OOMOTKAxX JOCTUTHYT HOMMHAJIBHBIX
3HAUYCHUM, OMpENEIsEMbIX [0 MACHOPTHBIM JaHHBIM, 3alKcaTh 3HAYEHHS BCEX

M3MEPSIEMBIX BETTMYHH B Ta0N. 6.4.

Tabnuma 6.4
N3mepenus Brruucnenus
Uk l1k Ik Pk cosd Rk Zy Xk
B A A Bt — Om OMm Om
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5. 1o pe3ynpTaTaM U3MEPEeHHA U pacYeTHBHIM (DOpMYJIaM MTPOU3BECTH:
5.1 BeIUMCNIEHUS BETMYWH, YKa3aHHBIX B Ta0umax 6.2; 6.3; 6.4.

5.2 moctpoeHrMe B  OJHOM  KOOPAMHATHOW  CHUCTEME  XapaKTEpPUCTHUK

tpancdopmaropa U, (1,) (I 2) ,coso(l,).

5.3 M3obOpaxkenne  T-oOpa3HOM  cXeMbl  3aMEIICHUS  HArpyXKEHHOIO
TpaHcpopmaTopa ¢ yKa3aHHEM BCEX €€ IIIEMEHTOB.

5.4 TloctpoeHne BEKTOPHOM auarpaMmbl TpaHchopMaTopa, BKIOYSHHOTO Ha
aKTUBHYIO HArpy3Ky.

Cooeporcanue omuema

1. IlacnopTHbIe naHHBIE TpaHcHopMaTopa.

2. [IpuHIIMTIATBLHBIE CXEMBI BCEX OMBITOB TpaHchopmaTopa.

3. Tabnmira ¢ pe3ynbTaTaMu H3MEPEHUH U BBIUUCIICHUH BCEX OIBITOB.

4, T-o6pa3Has cxema 3aMeIeHus.

5. XapakTepucTuku TpaHchopmaropa.

6. BexTopHas tuarpamma tpancgopmaTopa mpu akTUBHOW Harpy3Ke.

Konmponvnwvie onpocut

1. JIsist 4ero u Kak TPOBOAUTCS OMBIT XOJIOCTOrO X01a?

2. JIns yero v Kak NpOBOJUTCS OIBIT KOPOTKOTO 3aMbIKaHUs ?

3. UTo Ha3bIBAIOT BHEIIIHEW XapaKTepUCTUKON TpaHchopmaTopa?

4. W3zo6pasute Bua T-oOpa3HOM cxembl 3aMelleHusi TpaHchopmaropa u
YKaXUTE CIIOCOOBI SKCTIEPUMEHTAIILHOTO OMpeieTieHus €€ mapameTpoB?

5. Kakoe BimsiHEE OKa3bIBaeT PO HArpy3KH Ha BHJI BHEITHEH XapaKTEPUCTUKH
TpaHchopmaropa?

6. HazoBuTe OCHOBHBIE 3JIEMEHTHI KOHCTPYKIIMH TpaHchopMaTopa.

Jlumepamypa

1. Kacarkun A.C. Onekrporexnuka. yue0. / A.C. Kacatkun, M. B. Hem1ios.

— 7-e u3panue. M.: Briciiast mkomna 2002. — 542 c.

JlaGopaTopHuasi padora Ne /. UcciienoBaHue aCHHXPOHHOTO JIBUTATEJIs
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OCHOBHBIMM JTIOCTOMHCTBAMU ACUHXPOHHBIX JIBUTATENICH SIBISIOTCS BBICOKAS
HAJEKHOCTh B paboTe M HU3Kas CTOMUMOCTb. [103TOMY OHM SIBISIIOTCSI OCHOBHBIMU
JBUTATEISIMU B MMPOMBIIIIJICHHOCTH.

Cseodenus usz meopuu

B paGotre omnpenensitorcss paboure W MEXaHUYECKHUE XapaKTEPUCTUKHU
HCCIIEAYEMOT0 BUTATEINSI, KOTOPBIE MPEACTABIISIIOT COO0M 3aBUCMMOCTh TOKA CTaTopa
l1, momBemennoit ™omHOCcTH Pji, K.ILa. 1, K03(p@UIHMEHTa MOIIHOCTH COSP1
CKOJIRKCHHUS S, MOMEHTA Ha Bajy JIBUTaTelss M OT MOITHOCTH Ha Bally ABUTATENs Py,
Y 3aBUCUMOCTh MEXAHUYECKHUX BEJIMYMH, T.€. CKOPOCTH BaJia N OT MOMEHTA HA Bay
M.

Jlist BeraucneHus Py, S, cos@; # 1) IO SKCIIEPUMEHTALHBIM JTaHHBIM, & TaKKe
JUTSI TIOCTPOCHUSI pabOUYUX XapaKTEPUCTUK HEOOXOAMMO TMOJIb30BATHCS CIIEAYIOIIUMU
dbopmynamu:

1. MOmHOCTh Ha Baly aCHHXPOHHOTO JBUATATEIS

_ an
95S,’

2

rae P, — momiHOCTB, KBT;
M — momenT, Hwm,
Ny — 4acToTa BpallleHUs] pOTopa, 00/MUH.

2. CKOIBXEHHUE POTOPA ACUHXPOHHOTO IBUTATEIIA

n, —n;
S=—,
n,
r7ie N; — 4acToTa BPaIlleHUs] MArHUTHOTO TMOJIsI, 00/MUH.

3. KoaddummeHT MOITHOCTH aCHHXPOHHOTO ABUTATEIIS
Py
cos ¢, = U3
rae P — akTUBHas MOIIHOCTH MOTpebdsiemas 1puraresiem, Br;
U; — nuHeitHoe HanpsikeHue, B;
|| — IMHEHWHBIN TOK, A.

4. KoaduimeHT moje3Horo AHCTBUS JICKTPOABUTATENS
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_b
n P,
IIpoepamma pabomel
1. O3HaKOMUTHCS C YCTPONUCTBOM ACUHXPOHHOTO TpexdazHoro
ANEKTPOABUTATENSI C KOPOTKO3AMKHYTHIM POTOPOM Ha JEMOHCTPAIMOHHOM CTEHJEC

naboparopud M OTMETUTh OCOOEHHOCTH €ro KOHCTPYKIMH. 3amucartb THI U

HOMHUHAJIBHBIC TAHHBIC UCCICAYCMOI'O ACUHXPOHHOI'O 3JICKTPOABUI'ATCIIA.

Tun nBurarens 4A7 24y
HomunanbHOe HanpsikeHue, B 3x220/380
HomunansHas momuocts, KBT 0,55
HomunaneHbIN TOK, A 2,9/1,7
HoMunanpHas yacToTa HanpsHKeHUs muTaHus, 11 50
HomunanpHas gacToTa BpalieHus poTopa, 00/MUH 1370
HomunanesHbIN K.11.1., % 78

2. Ha paGoueii nmanenu "ACUHXPOHHBIN 3JIEKTPOJIBUTATENh" CTEHA (CEKIHs 2)
coOpath cxeMy puc. 7.1 nns CHATHS pabOYMX XapaKTEPUCTUK U MEXAHMYECKOU
XapaKTEPUCTHKHU UCCIIEYEMOTO IEKTPOABUTATEIIS.

COopky cxembl NPOBOAUTH TUOKUMH COEIMHEHHSIMH B COOTBETCTBUHU C
MOHTaXHOU cxeMou puc. /.2. U3MeHeHne TUHEHHOTO TOKa, JIMHEWHOTO HAIpPsSHKEHUS
NUTaHUsT MW TOTpebssieMol  MomHOCTH Pi  anexTpojaBurarenss MpPOBOAHTH
COOTBETCTBEHHO M3MEPUTENIbHBIMA MNPUOOpaMU - aMIIEPMETPOM C TMPEIEIoM
usMmepenus 7,5 A, BoabTMeTpoMm c mpenenom uaMepenus 250 B u TtpexdaznbiM

BATTMETPOM.
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Pucynok 7.1 — I[IpuHuunuaneHas cxemMa aCHHXPOHHOTO 3JIEKTPOABUTATEIIS.

PI/ICYHOK 7.2 — MoHTa)xHas cxema ACHUHXPOHHOI'O 3JICKTPOABUIATCIIA
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3. [IpoBecTu mpoBepKy EKTPUUECKOTO HYIIS nmpuoopa "MomeHT arperata Ne
1". JIns aToro pyuky perynstopa " MoMeHT Harpy3ku" Ha MaHenu "Harpy3OudHbIE
yCTpOWCTBA" CTEHAA YCTAaHOBUTh B KpalHEE JIEBOE IMOJOKEHUE, HAXXaThb KHOIKH
"Cetp" 1 "Arperat Ne 1", TeM caMbIM BKJIFOUHUB CXEMbI U3MEPEHUS MOMEHTA U YACTOTHI
BpamieHusi arperara Ne 1. bajmancupoBka npubopa rpy0d0 M TOYHO MPOBOJIUTCS
COOTBETCTBYIOIIMMU ITEPEMEHHBIMU PE3UCTOPAMU.

4. TlpoBecTH MyCK ACHUHXPOHHOTO JJICKTPOJBHUTATENsl HAXKATUEM KHOIKHU
«BKiroYeHre acHHXpPOHHON M CHHXPOHHOM MAallWHBI», PACIOJI0KEHHOW HA MAHENH
«ManmHbl IEPEMEHHOTO TOKA'.

5. CHaTb pabourie U MEXaHUYECKUE XapPAKTEPUCTHKY AIIEKTPOABUTATEIS, T.€.

L = f1(Pp); Py =f,(P); M=f3(P); cosdy = fo(Py);
n=fs(P); S=fs(P); ny=F(M) nupu U = const.

s aToro:

5.1. 3MeHsia Harpy3Ky Ha Bajly ACUHXPOHHOTO 3JIEKTPOJABUTATEIISI OT PEXUMA
xoyioctoro xoaa (M = 0) g0 pexuma, Mpu KOTOPOM MOIIHOCTh Ha Baly HMMEET
Benmmunny Py = (1,2—1,5) Poy. MI3MeHeHne BeTMUrHBI HATPY3KH Ha BaJTy HCCIICAYEMOTO
AJEKTPOABUTATENISE  MPOWUZBOAUTCA  M3MEHEHHEM TOKa B IIeMd  OOMOTKH
AJEKTPOMAarHUTHOIO  TOPMO3a,  HAxXOJSIIErocs HAa  Baly  ACMHXPOHHOTO
ANEKTPOABUTATENS, PYYKOM perynstopa «MOMEHT Harpy3ku» Ha TaHEIu
"Harpy3ounsie ycTpoicTa" cTeHaa.

5.2. B ykazaHHOM JaMana3oHE Harpy3kd caenaTb 6—7 U3MEpEeHHH, 3amucarh
MOKAa3aHMUsI BCEX M3MEPUTENbHBIX MPUOOpPOB B Tada. 7.1. OgHO M3 MPOM3BEIECHHBIX

M3MEPEHUH JOJKHO COOTBETCTBOBATH HOMUHAJIBHOMY PEKUMY Harpy3KHu.

Tabmuma 7.1

N3mepenus Brruucnenus

Nomsmepennst | U; | |y P, M Nz P, | S | cosps | N

B A kBt | Hv | 06/mMun | kBT | — — —
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5.3. Ilociie OKOHYaHUSI ONBITA OTKJIFOYHUTH AJIEKTPOJABUTATENb OT CETH, HAXKAB
KHOMKY "OTKJL." Ha Harpy304HO MaHEeNN CTEH/A.

6. IlpousBectu 00pabOTKy pe3ynbTatoB usMepeHuil. [lo u3MepeHHBIM
BEJIMYMHAM BBIUMCIHTD: P2; S; coser; N.

7. I1o u3MEepeHHBIM JaHHBIM U BBIUYMCIEHHBIM BEJIMYMHAM MOCTPOUTH B OJHOM
KOOPAMHATHON cuctemMe paboune XapaKTepUCTUKH, a B JPYyrodl KOOpJIMHATHOU
CHUCTEME — MEXAHUYECKYIO XapaKTEPUCTUKY ACHHXPOHHOTO 3JEKTPOABUATATEIIS.

Cooeporcanue omuema:

1. ITacnopTHBIE TaHHBIE ACHHXPOHHOTO JBUIATEIIA.

2. llpuHnUnuambHAs IIEKTPHUYECKAs cCXeMa yCTaHOBKH (puc. 7.1)

3.Tabnuua c pe3yibraTaMu U3MEPEHUN U pacyeTOB.

4. Paboumne XxapakTepUCTUKH, BHITOJIHEHHBIE HAa MUJLTUMETPOBOW Oymare.

5. MexaHnueckast XapakTepUCTHKA.

Konmponvnvie sonpocui:

1. Kakue rpaduku Ha3bIBalOT pabOYMMHU XapaKTEPUCTHKAMU Tpex(azHbIX
ACUHXPOHHBIX JBUTATENIEH?

2. C Kakoil 4acTOTOM HU3MEHSETCS TOK B OOMOTKE pOTOpa HCCIEIyEeMOTO
JBUTATEJIS IPY HOMUHAIBHOW Harpy3ke?

3. Ilouemy oOTHOCHTENIbHas BEIMYMHA TOKAa XOJOCTOTO XojAa Tpex(a3HOro
ACHHXPOHHOTO JBWUratesis Oojbie, yeM TpexdaszHoro TpaHchopmaTopa TOU Ke
MOIIIHOCTH?

4. IloyueMy HayaJnpHBIM ITIyCKOBOM TOK JBUIaTelsl € KOPOTKO3aMKHYTBHIM
pPOTOPOM TIPEBBIIIAET HOMHUHAIBHBIA B 5-6 pa3, a HaYaJdbHbIA MMYCKOBOM MOMEHT
TOJIBKO B 1,5- 2 pa3a 60JbI11e HOMUHAIIEHOTO?

5. Kakue BelIWYMHBI Ha3bIBAIOTCA K.ILJ. U KOIPPUUIKMEHTOM MOLIHOCTH
Tpex($a3HOro acuHXpoHHOro nBurarensi? Kak ux omnpeaenstoT MO MOKa3aHUSAM
M3MEPUTEITLHBIX TPUOOPOB?

6. HazoBuTE OCHOBHBIE 3JIEMEHTHI KOHCTPYKIIMU TPeX(PazHOro aCMHXPOHHOIO

nBurarensa?
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Jlumepamypa:

1. Onexrporexnuka. [Tog pen. B.C. [lanTromunua. M.: Beicias mkona, 1976. —
C. 413 - 450.

2. Kacatkun A. C. Dnexrporexnuka: yued. / A.C. Kacarkun, M.B. HemioB. —

7-e nznanue. M.: Bricias mikouna, 2002. — 542 c.

Jladoparopnasi pa6ora Ne 8. McciienoBanue 3J1eKTPOABUTaATEISI

MNOCTOAHHOIO TOKA HE3ABUCHUMOTI' 0 BO36y)K,HeHI/Iﬂ

Cseodenus us meopuu:

JBuratens nocrosisHHoro Toka (JIIT) siBrsiercs 3ieKTpUYecKo MaliuHOW, B
KOTOpPOM  D3JEKTpUYECKas  HHEprus  NOCTOSHHOIO  TOKa  MmpeobOpasyercs
3JIEKTPOMArHUTHBIM IIyTEM B MEXaHUYECKYHO SHEPIHUIO.

OcHoOBHBIEC yYpaBHEHUs, onchiBatolue padoty AI1T:

U=E+Iry,; (8.1)
E =(Cow; (8.2)
M = CoI; (8.3)
_Vohrm 8.4

w=—2(0), (8.4)

rae U — Hanpsbxenue Ha sikope HIIT, B;
E — npotuB0o31C 06MOTKH siKOpsi, B;
| — Tok sikOpS, A;
l'au— COMIPOTUBJICHUE IKOpHOU 11enH, OMm;
C — KOHCTPYKTHBHAsI IOCTOSIHHASL BEJIMUMHA JIJIs1 K&KJI0W MalllNHbI,
@ — MarHMTHBIN TIOTOK TJIABHOI'O MOJIIOCA, B * cek;
® — 4acTOTa BpAIllCHUS SIKOPS;
M — sneKTpoOMarHuTHBIM MOMEHT, Hwm.
[Tpunuun padoter JAIIT 3aknrouaercs BO B3aMMOACHCTBUM MOJIsA, CO3/1aBAEMOT0
0OMOTKaMH BO30YKIEHHUS TJIABHBIX IOJIIOCOB, C TOKAMH OOMOTKH sIKOpsi. UTOOBI

00eCIeUYnTh B ABUTATCIIC MOMCHT OAHOI'O M TOI'O K€ HAIIPABJICHU, MMOCTOSTHHBIHN TOK |
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C MIOMOIIIBIO KOJUIEKTOpa MpeoOpaszyeTcs B MIEPEMEHHBIN TOK, MTOTAFOIINICS B 0OMOTKY
akopa. B mammnaax MomiHocthto Oonbmie 0,3 kBT mnsg ynydineHuss KoMMyTaluu
(YMEHBIIIEHUsI ~ MCKPEHHMS IO  IETKaMH) MEXIy TJaBHBIMU  IOJFOCAMH
YCTaHABJIMBAETCS IOTIOJIHUTEIBHBIE TTOTIOCA.

JlBurarenb HE3aBUCHMMOTO BO30YKICHHUS HW3TOTaBJIMBAETCSI CO  CJIeTKa
MAJAIONIEA €CTECTBEHHONM MEXAHWYECKOM XapaKTEPUCTUKOM. JIJIsi mOnydeHus Takou
XapaKTEPUCTHKN Ha TJABHBIX TOJIOCAaX TOMEIMIAIOT CiIa0yio TMOCIeA0BaTEIbHYIO
00MOTKY BO30YKICHUS COTVIACHOTO BKJIFOUCHUS.

3anmycK HEMOJBUKHOTO JIBUTATENsl MOKHO OCYIIECTBUTH JBYMsI criocobamu. C
MIOMOIIBI0 TTYCKOBOI'O PEOCTaTa, KOTOPHIA BKIIIOUAETCS MOCIEAOBATEILHO C SKOPEM,
WM CHIDKEHHEM ITUTAIOIIEro HaIpspKeHMs, rmojgaBaemoro Ha skopb JIIT. B o6oux
ciydyasx oOMOTKa HapajuieIbHOro BO30YXKIACHUS JIODKHA OUTH MOJKIIIOYEHA Ha €€
HOMMHAJILHOE HAIPsKCHUE.

Ecaum nBuratens BKIIOYHTH HA IIOJHOE HAINpPsDKEHHE CETH 0€3 IyCKOBOIO
peocrara, TO, BCIEACTBUE TOrO, 4TO comnportuBicHue sikopHoil uenu IIT mano, a
IPOTUBORJIC MpPHU IMYCKE paBHA HYIIO, TOK sIKOps MoxeT B 20-30 pa3 mpeBbIIaTh
HOMHHAJILHOE 3HaueHue |,. ITO OIMacHO KaKk B MEXaHWYECKOM OTHOIIEHHU, TaK U W3-
3a BO3MOKHOCTH TOSIBJICHHSI KPYTOBOTO OTHS MO KOJIJIEKTOPY, HPHUBOJSIIETO K
pa3pylIeHUI0 KOJJIEKTOPHO-IIIETOYHOrO armapara. IlyckoBol TOk I 1Mo ycClnoBusSM
KOMMYTAIUU JIJIsl IBUTATENIe 0OBIYHOTO UCTIOJIHEHUSI OTPAHUYMBAETCS IO BEJIMUUHBI
15-251..

[Io mepe pa3roHa aBurartesis yBEIUYUBACTCS MNPOTUBO3JC E M TOK sKOps
yMeHbIIaeTcs. s coxpaHeHust JOCTaTOUHOW BEJIUYMHBI TyCKOBOTO MOMEHTA My =
CPIl; 1pu mycke € MOMOIIBI IYCKOBOIO PEOCTaTa, €ro COMPOTUBIICHHE, IpU
yBEJIUYEHUH OOOPOTOB JBUTATENs, HEOOXOAMMO yMeHbINaTh. Eciam ke 3amyck
MPOM3BOJATCS MPU TMOHWKEHHOM HAIpsDKEHUH, TO, MO0 MEpe pa3roHa JBUTATEs,
HalpspKeHHE  HEoOXOAUMO  yBEJIUYUBAT. OKCITyaTalldOHHbIE  CBOMCTBA
AJIEKTPUUYECKOTO JBUTATEsT HauOojee TOJIHO BbIpaXaeTrcs €ro padbouyuMu W

MCXAaHUYCCKUMHU XAPAKTCPHUCTUKAM.
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Paboune xapakTepuCTUKH — 3TO 3aBUCUMOCTh 4aCTOTHI BPAIlICHHUs, TOKA SIKOPA,
MOMEHTa U KO3 PUIIMEHTA MOJIE3HOTO ACUCTBUS OT MOIITHOCTH HA Bally:

w = f(P), [ =f(P), M= f(P),n=f(P).

MexaHnnyeckasi XapaKTepUCTHKa — 3aBUCUMOCTh YacCTOTHI BpallleHUs OT MO-
MeHTa BpameHus w = f(M).

VYpaBHEHHE MEXaHHUECKON XapaKTEPUCTUKHA MOKHO MOIy4duTh u3 (8.1)—(8.4):

U MT';]H
Co C2d?

w = (8.5)

N3 »toro ypaBHeHus ciueayer, 4ro yactory BpameHus JIIT moxHO
peryJupoBaTh TPEMs CIIOCOOaAMU: U3BMEHEHHUEM HaNpsHKEHUs, TI01aBaEMOro Ha SIKOPb
JIBUTATEJISI, BKIIOUYCHUEM B SIKOPHYIO IEMb JIOMOJHUTEIBHOIO CONPOTUBIICHUS U
W3MEHEHMEM MarHUTHOTO ITOTOKA.

MexaHnuueckasi XapakTepucTuka, cHsAtas npu HampsbkeHun U = Uy u Toke
B0O30YyxeHus |z, paBHOM HOMHUHAJILHOMY U J0OABOYHOM CONPOTHUBIICHUU B SIKOPHOM
uenu Iy, paBHOM HYJIFO Ha3bIBACTCS ecmecmeeHHou. XapaKTEePUCTUKH, MOJYUYECHHbBIC
IpU JIPYTHX 3HAYCHUSAX HANPSKEHUS, TOKAa BO30YXKICHHS M CONPOTUBICHUS [;
HA3bIBAKOTCS UCK)YCCMBEHHbIMU.

Cxema n1abopamopHotl yCMaHo8KU

[TpuniunuanpHas cxema JiabopatopHoi paboThl n3oOpaxeHa Ha puc. 8.1.
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Pucynok 8.1 — [IpuHiiunuanbHas cxema JBUraTes OCTOSIHHOTO TOKa.

JlaGopaTopHasi yCTaHOBKa COJICPKHUT JBHUTATEIh MOCTOSHHOTO Toka Tuma 121
napajiyieIbHOT0 BO30YK/IEHHUS C MTOCIeI0BaTeIbHON 00MOTKOM BOo30YyKaeHus1. Peocrar
Rg st perynupoBanusi Toka B 00MoTke Bo30y»kaenus OB, peoctart Ry, ucnosnb3yemblit
JUIS1 ITyCKa U PeryJIMPOBaHUS YaCTOThI BPAIICHUS IBUTATENS, IPUOOPHI I U3MEPEHUI
HarnpspbkeHus Ha skope JIIT, BombrmeTp V , 171 TOKOB BO3OYXIEHHUS U SKOPS —
aMrepMeTpel A 1 Ao.

Jnsg wm3MepeHHMss 4YacTOThl BpAIlICHUS JBUTATENsl HA Baly MOCJIEIHETO
YCTaHOBJIEH HEOOJIBIIION TaxoreHepaTop MocTostHHOro Toka TI'. DTOT TaxorenepaTop
MMEET JIMHEWHYIO 3aBUCUMOCTD BBIXOJHOTO HAMPSKECHUS OT 4acTOThHI BpaiieHus. Ha
naHenu Nel yCTaHOBJIEH NPHUEMHUK N — MAarHUTORJIEKTPUYECKUN BOJIBTMETP
IIOCTOAHHOTO TOKa. IIlkana BosibTMETpa mporpaayrdpoBaHa B 4acTOTE BpaILLCHUS N
(06/MuH).

Jns co3manus Ha Bally JABUraresiss TOPMO3HOIO MOMEHTA HCHOJIb3YETCS
anekTpoMarHuTHbI  TopmMo3 (OMT). Topmosznoit moment OMT 3aBuUCHT OT
MOCTOSIHHOTO TOKAa B €ro OOMOTKax BO30yXKJeHus. Perymaupys 3TOT TOK PYy4YKOU
«PerynupoBka Harpy3ku», pacrojoKeHHOW Ha maHenn No2 u3MeHseM TeM CaMbIM
TOPMO3HOW MOMEHT Ha Baly, UCIbITyeMoro asurareind. [Ipubop, peructpupyrommii
BEJIMYMHY MOMEHTA, PACIIOJIOKEH Ha maHenu Nel.

[TaciopTHbie aHHbIe ABUTraTens tumna [121 npuBenens! B Tabmuie 8.1.

Ta6numa 8.1
Pu Uy Iy MH ITH Ru Ruan Ruoc 2P

Tun

00/Mu
nsurareias | Br B A % OMm OMm OMm -

I121 1,5 220 9 /6 | 3000 | 156 | 0,43 | 0,2 2
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B Tabmutie 8.1 Ry, Ry, Ruoc — COMPOTUBIEHUS COOTBETCTBEHHO OOMOTKH SIKOPS,
JIOTIOJTHUTENBHBIX TOJIFOCOB M MOCIIE0BATEIbHON OOMOTKHU BO30YXKIeHUS. 3HAUCHUS
CONPOTHUBJICHUH JaHbl ipu TemmepaType 20°C.

IIpoepamma onvima

1.Cobpare Ha maHenu No7 1enb B COOTBETCTBUM C MOHTAXKHOW CXEMOM,
n300paxeHHOH Ha puc. 8.2.

2.1lomHOCTBIO BBECTH COMTPOTUBIICHHE ITYCKOBOT'O PEOCTATA, JIJISl YETO PYKOSITKY
IIyCKOBOT'O PEOCTATa MOBEPHYTH IMMPOTUB YaCOBOW CTPEIIKH 10 yIIOPA.

3.BbIBECTH MOJIHOCTHIO CONPOTHBJICHHE B IEMH OOMOTKH BO30YXIEHUS,
MOBEPHYB pYKOATKY "PerynupoBka Bo30yxaeHus" Ha naHenu Ned no 4acoBoil CTpelike
110 yIopa.

4. Pyuky "PerynupoBka Harpy3u'" Ha naHenu Ne2 MoBEpHYTh ITPOTHUB 4aCOBOM
CTPEJIKH JI0 yropa. YOeauThes, uTo KHONKH «Bxi. Harpy3km» u «Arperat Ne 2) Ha
ATON K€ MaHEeIW HE HakaThl. BKIIOUMTH aBTOMAaTUYECKUU BBIKJIIOYATEIb CTEH/A,
Ha)aTh KHOIKY «BKIL» CeTb.

5. Pykositkoit «bamancupoBka MoMmeHTa» (maHenb No2) BBHICTaBUTHh HYJb Ha

npuoope "Moment AI1T».
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Pucynok 8.2 — MoHTa)kHast cxema J1a00paTOpHON YCTaHOBKH

6. HaxaB knomky «Bxim» Ha manenn Ne 2, ycTaHOBUTH Ha mpubope
«Hanpsoxenne skops» 220 B.

7. IlpousBecTy MyCK AJIEKTPOJABUraTENs TUIAaBHBIM MEPEKIOYEHUEM ITyCKOBOIO
peocrara W3 NOJIOKEHUS «l» B TMONOXKEHUE «7» C BBIIEPKKOH HA KaXION
npomexyTouHou crynenu 0,51 c.

8. OmpoOoBaTh paboTy nBHUTraTess mpu Harpyske. st 3Toro HaXxaTh Ha TTAHEH
Ne 2 knonky «Bxi. Harpy3kw». Pyukoi "PerynumpoBka Harpy3km» YCTaHOBHUTH
HOMMHAJIbHBIN TOK SIKOPS, KHONIKAMU «T» «|» — HOMHUHAJIBbHOE HAIPSKEHUE Ha SKOPE.
Y6enutncs, uro npu Toke | = |y u nanpsokernu U = Uy, 060pOTHI ABUTATENST 1 MOMEHT
pPaBHbI HOMUHAJIbHBIM 3HAYEHUSIM (MOMEHT HOMUHAJIBHBIN HalTH, 3Has P 1 ®). B
MIPOTUBHOM ClTyyae OOpaTUThCA K MPernoaBaTelIio Uik JJaOOpaHTy.

10. CHaTh Harpy3Ky ¢ ABHTraTens, HOBEPHYB pyuky "PeryaupoBka Harpy3ku"

IPOTUB 4acoBO cTpenku. CHOBA yCTaHOBUTH HANpshKeHUE Ha sikope paBHbIM 220 B.
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11. CuaTh HaHHBIC 115 TOcTpoeHUs padounx (o,l,M,R = f(P2)), ecrecTBeHHBIX
U HUCKYCCTBEHHBIX, MeXxaHHueckux w = f (M) xapakrepuctuk. Hampsokenus sikops,
100aBOYHOE COINPOTUBJIEHHE [, U TOK BO30YKIEHUS JUIsl CHATUS HCKYCCTBEHHBIX
MEXaHUYECKHUX XapaKTEPUCTUK 3a/Ia0TCS MPENOJABATEIEM.

12. Tlepas TOuYKa XapaKTEPUCTHK CHHUMAECTCS Ha XOJOCTOM XOXIy
AEKTPOJABUTATENS], TO €CTh, IIPU MOMEHTE JJIEKTPOMATHUTHOTO TOPMO3a, PABHOM
HYJIFO. 3aTeM, MOCTENEHHO 3arpykas JABUTaTellb BpallleHHEM pydku «PerynupoBka
Harpy3Ku» 1 NOJJEepKUBasi HEM3MEHHBIM HanpshkeHue Ha sikope U 1 TOk Bo30yXK1eHus
I, 3armmcath B Tabmuiry 8.2 mokaszaHus BCeX MPUOOPOB It 6—7 TOUEK (BKIIOYAST TOUKY
HOMHHAIIBHOTO pexknma). [locaenHioo Touky cHATh pu Toke | = 1,21 A.

13. Ilocne BBINOJHEHUS BCEX M3MEPEHUU CHATh HArpy3kKy cC JABUTaTes,
BBIKJIFOYMB KHOIIKY "BKJI. HAarpy3Kku", ¥ OTKIIFOUUTH ITOCTOSIHHOE HAIIPSIKEHHE, HAXKaB
KHOIIKY «Otki.» Ha maHenu Ne2. PykosATKy ITyCKOBOro peocTaTa IIOCTaBUTh B
nonoxenue 1. IlpenbsButh nmanHbie mnpenopasarento. [locie TOro kak aaHHbBIE
MIPUHSATHI, BHIKJIIFOYUTh aBTOMATUYECKHI BBIKJIFOYATENb CTEHJA U pa300paTh CXEMY.

14. 3anucath NacOpPTHBIE JAHHBIE UCCIEAYEMOTO IBUTATEIS.

15. PaccuuTaTh K.M.J. YCTAHOBKHM MpH pabOTe JIBUraressi HA €CTECTBEHHON U
MCKYCCTBEHHBIX MEXAaHMUYECKHUX XapAaKTEPUCTUKAX U TOCTPOUTH BCE 3aBUCUMOCTHU 1) =
f (P,) B OTHUX KOOPAMHATHBIX OCSIX.

KoadduureHT nose3Horo aeicTBUS paBeH

P,
n_P1’

rae P, = Mo — MexaHuyeckas MOIIIHOCTh, oTaaBaemMas JII1T

P, = U(l + Ig) — anexTpuueckast MOIIHOCTb, TOTpeOIsieMast U3 CETH.

16. Tlo pe3yapTaTaMm ONBITHBIX JAHHBIX TOCTPOUTH XaPAKTEPUCTUKHU
n=f(Py), I=fP,), M=f(P,)n=f(P,). HAna ynoOcTBa aHaim3a BcCE
MEXaHUYECKHEe XapaKTePUCTUKH N300pa3UTh B OJHUX KOOPJIUHATHBIX OCSIX.

17. Paccuntath npu HEMOJABUKHOM SIKOPE €ro TOK |, Tpu mycke aBurarens 6e3
IyCKOBOTO peocTaTa YW HOMHUHAJIBbHOM HampsskeHuu cetd. CpaBHUTH TOK |y ¢

HOMHMWHAJIbHBIM TOKOM |H
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18. B BbIBOIaX OTMETHTH CIICTYIOIICE:

a) Kakhe CymecTBYIOT crmocoObl mycka JIIIT, u modyemy Henb3s IBUTATEND
3aITyCKaTh, MOJIKII0Yas €T0 SKOPh HETIOCPEICTBEHHO B CETh;

0) modeMy KIIJ TPU PEOCTATHON pEryJupOBaHUU CKOPOCTH MEHBINIE, YeM Ha
€CTECTBCHHON XapaKTEPHUCTUKE;

B) YKa3aTb JO0CTOMHCTBA U HCAOCTATKH UCCIICAYCMbBIX CIT0c000B PETYIINPOBAHUA

CKOpPOCTH.
Tabmnura 8.2
No N3mepenus Brruncnenus
M3MEPEHNN U I I n M P1 P, r

B A A 00/MuH M Bt Bt Om

PaGora /I[IT Ha ecTecTBEHHON MEXaHMUYECKOW XapaKTEPUCTHKE

1
2

PaGora nBurarenst Ha HICKYCCTBEHHBIX MEXAaHUUYECKUX XapPaKTEPUCTUKAX
1
2

PeocTtaTHOe perynrpoBaHUE 4acTOT BPALLICHUS

PerynupoBaHue 4acTOThI BpallleHUs] U3MEHEHNEM HAIIPSLKEHUS Ha SIKOPE

PerynupoBaHue 4acTOThI BpallleHHs! U3MEHEHUEM TOKa BO30YXIEHHS

1
2

Bomnpocsl 11 caMorpoBepku
Korna nenecoobpazHo MCnoib30BaTh BUraTelNb MOCTOSIHHOTO TOKa? YKaXHUTe

IIPUMEPBI MEXaHU3MOB, MPUBOAUMBIX BO Bpatienue I1T.
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N300pa3ute cxeMy MarHUTHOW IIEMH HCCIIEIyeMOIr0 JIBUTATENS C yKa3aHHUEM
OCHOBHBIX M JIOMOJHHUTENBHBIX MOMIOCOB. [loKa)kuTe, Kak 3aMbIKAeTCsl TJIaBHBIN
MarHUTHBINA MOTOK.

3anuimmre U 00bsICHUTE OCHOBHBIE ypaBHeHus [I1T.

OObsicnuTe npuHUUN paboThl aurarens. 3adeM B JIIT npumensitorcs
JOTIOJTHUTENIbHBIE TIOJII0CA U TOCIIeA0BaTeNIbHas 0OMOTKa BO30YKIEHUS?

CpaBHUTE Ha3HAUCHUE KOJIJICKTOpA B IBUTaTENIe U T€HEpaTope.

[Touemy mpu mycke ABUTATeNsi PeOCTaT B LENMU BO30YXKICHHS JTOJKEH OBIThH
MIOJIHOCTBIO BBIBEAECH?

Kak MOXXHO oOCylIecTBUTH peBepc (M3MEHEHHE HaNpaBlICHUS BpAIICHUS)
nBurarend?

Kakue cymecTByOT crocoba peryJupoBaHUsS YacTOTa BPAIIEHUS BUTATEIs?
Brieenute u3 (8.1-8.4) ypaBHEHHE MEXaHUYECKON XapakTepucTuku apuratens (8.6).

[Touemy cCHUMXAETCS 4acTOTa BpAIICHUS SIKOPS MPU YBEJIMUYECHUU HArpy3KH Ha
BAJIy JBUTATEIA?

O0bsacuute 3aBucumoctb [ = f(P,). VYkaxuTe, MO0 KaKoW NpUYUHE C
M3MEHEHHEM MEXaHUYECKOM MOIIHOCTH Ha Bainy u3MeHsere Tok skopst JII1T.

Kakue cymectBytor morepu B JIIT, U OoT yero 3aBUCHUT HUX BEIUYMHA?
OObsicauTe 3aBucuMocth N = f(P,). Ilpum kakoM yCIOBMM K.I.J. JIOCTHUTACT
MaKCUMaJIbHOTO 3HAYCHUS ?
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