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[omxHocTb: [upekTop Msturopckoro uHctutyTa (Gunman) Cesepo-Kaskasckoro
(efepanbHOro yHMBepcuTeTa
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YiKToHbii NpOTpaMMH K10 Onucanue HHEHTPHHECHUﬁ CXEMDBLI CﬂEﬂHHEHHﬁ

d74ce93cd40e39275c3ba2f58486412a1c8ef96f

HUctounnk Gl - HCTOUHUK CHHYCOMIAJILHOTO HAIPSKEHIS MIPOMBINIICHHOM
YaCTOTHI.

HMcTouHUK NHTaHUS JBHTraTeNns IIOCTOSHHOro Ttoka (G2 mcIonb3yeTcs I
MUTAaHUI  PEryJIupyeMbIM  HaNOpsDKEHHMEM  OOMOTKM — BO30YXKACHHS  MAIIUHEI
nmoctosdHHOTOo Toka (G4, paboraromeil B peXUME TIeHepaTopa ¢ He3aBHUCHMBIM
BO30YKICHUIEM.

AxTuHas Harpy3ka Al0 ncnonb3yercs A1 HarpyxkeHnsd reaeparopa G4.

Bos30oyaurems G3 ciayXuT 19 ODUTAaHNSI OOMOTKH BO30YKJIEHHS MAalIlHBI
nnepeMeHHoro Toka M1, paboraromeil B pexXIMe CHHXPOHHOTO JBUTaTEI.

IIpeoOpazoBarens yIVIOBEIX mepemelneHulln G5 reHepUpyeT HNMITYIILCHI,
[IOCTYIIAKOIE Ha BXOJ VYKazaTelld 4YacTOThl BpalleHus P3 3JIeKTpoMallnHHOTO
arperara.

Mamuna (CMHXpOHHBII ABUraTelb ) M1 nomydaer nuranne oT uctounuka Gl
yepes TpexXdazHyro TpaHC(POPMaTOPHYIO IpyIny A2 I BEIKITIOUATENTE AD.

Peoctar A9 BBINIOIHAET POJIb PEINCTOPA CUHXPOHM3AIIUU U IIOJKIIFOUAETCS
BEIKITFOUaTereM A8 kK oOMOTKe BO30YKIEHISI CUHXpOHHOro ABurateid M1 Ha srame
ITyCKa IIOCJIETHETO.

C NOMONIBIO JINHEIHOIO peakTopa MOJEIHNPYETCS COIPOTHRICHHUE KaOeld,
[IITaroIIero Arurateias M1

C mnomombi MyJbTHUMETpa Onoka Pl koHTpoiaupyeTcda JIMHEHOe
HaIIps’KeHIe CTaTOpHON 0OMOTKHU ABUraTtess MI.

C noMompo M3MepuTeii P2 KOHTpoIupyroTcd NoTpeOrsemMas aKTUBHASA U

HDTpEﬁHHEMaH (pHBBHEaEMaH) pPC€aKTHBHAA MOIIHOCTH, HCIIBITYCMBIM JBHI'aTCIICM

MI1.
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C moMoIbro ykKazaTelnsd PS5 KOHTpoIHpyeTcs yrojl Harpy3KH CHUHXPOHHOTO
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YKazaHHUA 110 MNPpOBCACHHIK YKCIICPHMCHTA

e  (OCYIIECTBUTE IIyCK B XOJ CUHXpPOHHOTO ABUrareins M1 B coOOTBETCTBUU
C YKa3zaHISIMU 10 IPORBEJICHIIO SKCIIEpUMEHTa pazjeia 6.1 HacToAIero pykoBo/JICTBa
(6e3 BxroueHNnI ncrounnka G2).

e Bxmounte BeikrodaTenu "CETB" 6noka mynsTumerpoB Pl u ykazarens
yIJla Harpy3ku PS.

e AKTHBH3UPYIITE MyJLTUMETPEI Onoka Pl, 3aAciiCTRBOBAaHHEIE B
AKCIIEPUMEHTE.

e  PeryupoBOouHYIO pPYKOATKY HcToOUuHNKa G2 IMOBEpHHUTE IIPOTUB UaCOBOII
CTPEJIKU JI0 yIIopa.

e  PeryanmpoBOUHBIE PYKOATKU Harpy3ku AlQ yCTaHOBUTE B IIOJIOXKEHIUE
"100%".

e DBrxmrounte BeIKIOUaTenb CETLH" u Haxmure xHonky "BKIJL"
nctounnka G2.

e DBpamas peryJImpoBOUHYIO PYKOATKY HUCTOUHNKA G2 , M3MEHINTE YIOJI
Harpysku & gsurartenst M1 B quamazone 0...85° u 3aHocHUTe ITOKa3aHUs ykaszaTed PS5
(yron Harpys3ku ), BaTTMeTpa (aKTUBHas MOITHOCTEL P1, moTpediieMas ogHOIl (azoii
nBuratesrsi M1) u BapMerpa (peakTuBHaAsI MOITHOCTEL Q1, IToTpebiisieMas ogHoIl pa3oil

nBuratesrs M1) nmamepurens momHocTell P2 1 MynbTuMeTpa (JIMHEHHOE HAIIpSDKCHIE

U aBurarens M1) 6moka P1 B tabnuiry 1.2.1.

Tabnuya 1.2.1

o, rpaa

Pi1, Bt

Q1, BAp
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e B ciayuae mepexoma paBuratend Ml B aCHHXpPOHHBEIN PEXKUM pPaOOTHI
pasrpyzaiTe ero IO aKTHBHONM MOINMHOCTH, Bpailfasd PEryJInpoOBOUYHYIO PYKOATKY
ncrounnka (G2 IIPOTHB 4YacOBOII CTPEJIKN O TeX IOp, II0OKa HEe BOCCTAHOBUTCS
CUHXpOHHAas paboTta aBurarteinsd M1 ¢ ceTho.

o IIo 3aBepiieHun sxcrepuMenTa Haxmure KHomnky «OTKJL» mcTouHnka
Gl u orrxmounte BeETOUaTenn «CETBb» OlokoB, 3aJelICTBOBAHHEBIX B
SKCIIEPMMEHTE.

° Hcnonwb3ysa ganaeie Tadm. 1.2.1, BEIMUCINTE AJI9 KaXX0r0 3HaYeHH yIiia

o 1 3aHECHTE B
Ta01. 1.2.2 nonsele akTuBHyro P=3P1 u peaktuBayro Q=3Q: , moTpebiseMmnie

neurarteinem M1 .

Tabnuya 1.2.2

O, rpaj

P, Br

Q, BAp

e Hcnonbaysa mandele Tadbm 1.2.1 u 1.2.2, nocTpoliTe NCKOMBIE YIJIOBEIE

xapaktepuctuku P=1(d), Q=1(6), U=f(0) Tpexdaznoro cuHXpoHHOT0 ABUTaTEI.

Cuamue U—obpasmnoii xapakmepucmuxu [=f(I)

mpexgasnozo CUHXPOHHO20 O6ucamena

IlepeueHnb anmapaTypsbl
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O0o03HaueH
HaumeHoBaHUe Tun IIapameTpsl
ue
Gl TpexdazHbIll ICTOUHHUK ITUTaHII 012 ~400B /16 A
1.
—-0...250B 3 A
HcTOYHNK NMUTAHUS
(axopnb) /— 200 B
G2 ABUTATEJIs
06.1 /1A
IIOCTOSITHHOT'O TOKA
(B030Y:K1€HHE)
Bo30yaurent CHHXpOHHOI
G3 —0..40B /35A
MaIITTHEI 09.2
90 Br /220 B
10,56 A (AKopb)
G4 MarinHa ImocTOSIHHOTO TOKa
01.2 2x110 B/ 0,25 A
(B030Y:K1€HHE)
6 BEIX. KaHAJIOB /
IIpeoOpazoraTens YITIOBBIX
G5 2500 nMITyJILCOB 3a
IIepeMeleHI 04
obopoT
100 Br/~230B /
M1 MamnHa rnnepeMeHHOTr0 TOKa
02.1 | 1500 mun
) 3x80 B-A /230
Tpéxdaznasg TpancpopmMaTopHasd
A2 471 B/242,235, 230, 226,
I111a :
R 220, 133, 127 B
A6 T peXIONIOCHBIN BHIKIFOUATEID 0 ~400B /10 A
1.1
PeocTat i1 1enu poTopa MalllHbL
AQ
o NOKYMEHT MOAMVCAH 071 3x0...400m /1A
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Al0 AKTHBHas Harpyska 06 220 B /3x0...50 Br;
N
3x03Twu/
Al4 JIMHENHBIN pEAKTOP
142 [0,5A
3mynsruMeTpal... 100
Pl B0k My IBTUMETPOB 0B/0...10 A /O0...20
08.2
MOm
15; 60; 150; 300;
P2 3Mmepurens MONTHOCTEM 507.2 600 B /0,05; 0.1;
0,2; 0,5 A.
-2000...0...2000
P3 YKazaTellb 4YaCTOTHI Bpalll€HI
06.2 | mun'
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OnucaHue IEKTPHUHIECKOH cXeMbl COeJHHEeHUH

HUctounnk Gl - HCTOUHUK CHHYCOMJAJILHOIO HAIPKEHUS IIPOMBIIIICHHOIM
YacCTOTHI.

HcToOuHNK NHUTaHMA ABHTATElsl HOCTOSHHOro Toka (G2 HCHONB3yeTcs A
MUTAHUS  pPEryJIUpyeMbIM  HaIOpsDKEHHEM  OOMOTKH  BO30YKASHHS  MAalllMHBL
nmoctosdHHOTo Toka (G4, paboraromeil B peXUMe TIeHepaTopa ¢ He3aBHUCHMBIM
BO30YKJCHUEM.

AxTuHas Harpy3ka Al0 ncnone3yercs A1 HarpyxkeHns reaepatopa G4.

Bosoyaurens G3 cayXuT A1 ODUTAaHNS OOMOTKH BO30VKJEHHS MAaIllHBI
nepeMeHHoro Toka M1, paboTarormieil B pek1IMe CUHXPOHHOI'O JBUTATEI.

IIpeoOpazoBarens yIVIOBEIX IHepemelneHuil G5 reHepUpyeT HMITYIILCHL,
[IOCTYIIAROIIE Ha BXOJ VKazaTelld YacTOThl BpallleHusd P3 3JIeKTpoMallnHHOTO
arperara.

Mamuna (CMHXpOHHBII ABUraTesb ) M1 nomydaer nutanne oT uctounuka Gl
yepes TpexdazHyro TpaHCcpopMaTOpHYIO Ipynny A2 1 BRIKITIOUATENIL AO.

Peoctar A9 BBINIOJHAET PoOJib PE3UCTOpa CHUHXPOHU3AIIMU U IIOJIKITFOUYAETCSI
BEIKJTFOUATeIeM A8 K 0OMOTKE BO30YXKJICHUS CUHXpPOHHOTO ABHrated M1 Ha sTame
ITyCKa IIOCJIETHETO.

C NOMONIBIO JINHEIHOIO peakTopa MOJEIHNPYETCS COIPOTHRICHHE KaOeld,
IuTaroniero Jpurateis M.

C mnoMmombi MyJbTHUMETpa Onoka Pl koHTpoiaupyeTcda JIMHEHOe
HaIIpsKEeHUE CTaTOpHON 0OMOTKHU ABUrates MI.

C nmoMombio mMepuTed P2 KOHTpOIMPYETCSI aKTHUBHAS MOIHOCTh, IOTPEeOsIeMast

HCIILITYEMBIM JiBUraTesieM M.
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PucyHok 9.8-32nekTpHyecKas cXemMa coeJHHEHNH

YKa3zaHuA 110 MMPpOBCACHHK SKCIICpHMCHTA

ot OC}*’H_[ECTBHTE IIVCK B XOJI CIHXPOHHOI'O ABHUI'ATCIIA MI1 B cooTBeTCTBHUU

NOKYMEHT I:ID,QI'I MCAH
PNEKTROHHOM TIORFICHIO Ta pasjena 6.1 HacTosAImEero pykoBoJACTBa
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e  PerynmpoBOYHYIO PyKOATKY HCTOUHNKA G2 IMOBEpHUTE HNPOTUB YACOBOIT
CTPEJIKU JO yIIopa.

e PerynnpoBouHBIE PYKOATKN Harpys3ku AlO ycTaHOBHUTE B IIOJIOJKEHIIE
"100%".

e  Bxmounre BeIKIIOUaTE L «CETH» Om0oka MmyapTuMmeTrpoB Pl.

e AKTHUBM3UpPYHTE MyJILTUMETpbl Ojioka PIl, 3ajelicCTROBaHHLIE B
SKCIIEPUMEHTE.
e Brxmounte BeIKOUaTens 'CETB" u wHaxmure xuHonky "BKIL"

nctounnka G2.

o Bpamas peryiupoBOUHYIHO pYKOATKY wHcTouHuka G2, yCTaHOBHTE
IOJIHYEO aKTUBHYIO MOIHOCTB, IIOTpedIgeMyro ABurareiaeM M1 u3 ceTu, Halmpumep,
60 Bt (ompeaensercsa yTpoeHHeM IIOKazaHHI BaTTMeTpa usMepureildi P2)
IO JJCPIKUBANITE €€ B XOJ€ SKCIIEPIMEHTAa HEM3MEHHOI.

o Bpamas peryJIupoBOUHYIO PYKOATKY BozOyautensd G3, m3MEHSNTe TOK
Bo30yxkaeHnsa Ir (B mmamazone go 2 A) aBurartend M1 m 3amnuceIBaiiTe MOKazaHH

amrrepmeTpoB P3.2 (tox If) u P3.3 (Tox I cTaTopHOll 0OOMOTKI ABUTraTEelIs) B TaOIUILY

1.3.

Tabnuya 1.3

Ir, A

LA

e B cnyuae nepexoma aBuratensd M1 B acUHXpOHHBII peXUM paOOTHI
pasrpy:KanTe €ro 0 aKTHBHOII MOITHOCTH, Bpalllad PEryJIUPOBOUYHYIO PYKOATKY
ncrounnka G2 MOpOTHB YacoOBOM CTPEJIKN O TeX IIOp, IIOKa HE BOCCTAHOBHUTCS

CUHXpOHHas padboTta aBuratesisg M1 ¢ ceTsro.
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» 1Io 3aBepmiennn sxcrnepuMenTa Haxmure KHOIKy «OTKJL» ncrounuka
Gl u orxmounte BeIKTOUatenun «CETb» OlokoB, 3aJeICTBOBAHHEBIX B

SKCIICPHIMCHTC.

e Hcnonw3ysa pmaHable TabOn. 1.3, mocrtpoiite uckomyro U—oOpazHyro

xapaktepuctuky I=f(If) TpexdazHoro cuHXpoOHHOTO JBUTraTEIIs.

KﬂHTpﬂ.ﬂbelE BOIIPOCHI

1. Ilosicaure criocoO ucmnonk3oBaHusa o0omMoTok CJ] 110 Ha3HAUYSHUIO.

2. Kakne mMexaHndeckue xapakrepucTuk CJ| pacCUNTBIBAIOTCS U
HCIIOJIL3VIOTCA I yipaBieHus CJ[?

3. Kak BiusgeT BelInUnHA IIyCKOBOTI'O COIIPOTHUBIIEHNUA B 1le OB Ha IIyCKOBONI
I IIOJCUHXPOHHBII MOMEHTEI ?

4. Ilossicaure cxeMnl mmycka CJ], OTMETHB UX JOCTOMHCTBA U HEJOCTATKI.

5. Kak CJ] MOHO HCIIOJIL30BATh JJII KOMIIEHCAIIUN peakKTUBHO MOII[HOCTHU
NHIYKTUBHOI'O XapaKkTepa B CETU?
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IIpnnoxeHue A

)_—['D Ha'dalld paﬁﬂTLI CTYACHTEI 00s3aHLl N3YVHUTE 1IpaBHJla TCXHHKII
Oe30IacHOCTU IIpH paﬁmTe C JJICKTPOYCTaHOBKaMII. 00 H3YVHCHHNI IIpaBIJI TCXHHKI
OezoIracHOCTHU 14| ITOJIYHCHII HHCTPYKTaxa CTYACHTLI PACIIICBIBAROTCA B
CIICITHAJIbBHOM IKYPHAJIC. CT}’,[[EHTLI:, HC M3YVHHBIINC IIPpaBIJIa TCXHHKIH Oe30IIacHOCTHU
1 HC IIpoHIicAmINCe HMHCTPYKTAaxX, K BbBIIIOJIHCHIIO Ha6DpaTDpHBIX pa6mT HC

HOIIYCKAHOTCA.

YuyebOHag rpynna (IWId IOATPYIINa) pazOuBaeTcsa Ha OpUragbl, YHCIO KOTOPBIX
YKa3bIBAaCTCs IIpEIOJIaBaTEIEM, a CcOCTaB OpHraj KOMIUIEKTYETCS CTYyAeHTaMH Ha
IO0OpOBOJILHEIX Hauvajlax. CHHCOK TpyImIbl (HOATPYIIILI), pa3dUTOl Ha OpHIrajkbl,

CTapOCTa IIPCAOCTABJIACT IIPCIIOJdaBATCIIFO, BCAY I CMY Ha6DpaTDpHEIE 3AHATIIA.

Kaxmas n3 Opuraj BEIIIONHIET JaOOpaTOpHYIO pabOTy B COOTBETCTBHU C

rpapKOM, HaXOASIIEMCS B JITAOOpaTOPUL

Ilepen kakJIbIM 3aHATHEM CTYJEHT 00s3aH IIOATOTOBUTHCSA K BHIIIOJIHEHUIO
nadopaTopHOIl paOOTEl IO JaHHOMY METOQUYECKOMY IIOCOOIIO I PEKOMEHIyeMOIl
nuteparype. Ilepen HadaioM pabOTHEI HpelogaBaTelb IIPOBEPSIET 3HAHUA CTYIEHTOB

II0 COACPIKAaHHIIO BHITTIOJIHSIEMOII pEIGDTE-I. IImoxo IIOAT'OTOBIICHHBIC CTYACHTBEL K

BBLITIOJIHEHITO JIAaOOpaTOPHOI paOOThl HE JOIIYCKAIOTCH.
PaboTag B mabopatopun, HE0OOXOAMMO COOIIOaTh CIESAYIOI[IE IpaBIa;

K BRIIIOTHEHIIO J1aDOpaTOpHOI pabOTHI CJIEAyeT HNPUCTYIIATh TOJIBKO IOCIIE

ITIOJIHOI'O YVACHCHITA €C COLCPIKaHIA H IIOJIVHCHIA JOIIYVCKA K HEll.

2. HaumHate paboTy CHIEAyeT ¢ O3HAaKOMJIIEHMSI C IIpudbopaMu M

00OpyI0BaHUEM, IIPHUMEHIEMEIMH B JJaHHOIT padoTe.

3. Ha HHGDPHTDPHDM CTOJIC JAOJIZKHbBI HAXOJHWTBLCA TOJIBKO IIPCIMCTEI,

Hﬂﬂﬁ}i{}ﬂHMhIE AJA BEIIIOJIHCHITA ﬂaHHGﬁ pE’LﬁDTBI.
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4. PacnosnoxkeHne amnmapaTypbl Ha pabodeM CTOJI€ JIOJKHO OBITH TaKUM,
yTOOBI CXEMa COEJMHEHUII ITONIyYIUlack HanmboJiee IMPOCTOM, HAITIIJHON 1 padoTa ¢

anmapaTypoii Oblj1a yI00HOI.

5. XKemarenbHo, YTOOBI cXeMy cOoOHMpas OJUH M3 YIEHOB OpUrajwbl, a JAPyTHUE

KOHTP OJINPOBaJIIL.

0. HpI’I CﬁGpKE CJIOKHEBEIX CXCM CJICAYCT BHAHAJIC COCIHHITE IJIABHVIO,
ITIOCJICAOBATCIIbHYHO IICIIb, HAYIIHAA C6DpK}’ OT OAJHOI'O 34IIMd ICTOYHUHIKA TOKd I

3dKdaHYHMBAA Ha APYI'OM, d 34aTCM YiKC IIOJKIIFOHUHTE IIapaJlUICIIbHBIC ITCIII.

7. llocnme Toro kak cxema OyJaeT coOpaHa, HEOOXOAUMO YOEJUTHCS B

IPaBIJILHON YCTAaHOBKE JBIIKKOB PEOCTAaTOB, aBTOTPaHC(HOPMATOPOB U PYKOSATOK

APYI'HNX PCI'VIIMPYIOIIHX YCTPO IICTB.

8. CobpaHHasa cxemMa 00s3aTeIbHO JIOJIKHA OBITH IIPOBEPEHA IIPEIoJaRaTeIeM
IUI CTapIINM JIAOOPaHTOM M TOJIBKO C HX paszpelleHUsI MOXKET OBITh BKIIFOUEHA IIOJ

HAIIPAAK CHIIC.

9. Ilpu BKmMOYEHHU cXeMbl ocoOO€ BHHMAaHHE CIEIyeT OOpaTHThL Ha
[IOKa3aHUs aMIIEPMETPOB U APYIUX HM3MEPHTENLHBIX IpuOopoB. B ciydyae pe3koro
IBIKEHIS CTPEJIKM aMIlepMeTpa K KOHI[y IIKallbkl CXEeMy HeoOXOQUMO HEeMEIJICHHO

OTKJIFOUUTE OT MCTOHYHNMKA HAIIPAMKCHITA.

10. Heobxoaumo OepeXHO OTHOCHTBCS K alapaType, HCIOIb3YyeMOIl B
pabore. OO0 BceX 3aMEUEHHBIX HENCIIPABHOCTIX WM IIOBPEXKJACHUSIX CTYJIEHT

JOJKEH HEMCEIJICHHO CD'D6H_[HTB IIPCIIO 14 BATCIIFO I HEL6DpHHT}".

11. Ilocme BeIIONHEHN PabOTHI CTYAEHT 00fA3aH, He paz0upas CXEMEI
[I0Ka3aTh IIOJIYUEHHLIE JaHHBIE IperoJaBaTelro. EciIu pe3ylnbTaThl H3MEPEHUI
BEpHEI, TO IpelnoJaraTellh MX IIOJINCBEIBAET. OKCIEPUMEHT C HENPaBIIbLHBIMU

pe3yiibTaTaMH CIICAYCT IIOBTOPHUTE.

1. llq. ﬂ —_—T = == T - T e T TS _= e e LT T

NORYMERT NOAARCAR 777777 777770 MOCTIe €€ OTKIIFOUCHUS OT CETU.
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— TpOoraThkb PYKdaMH OI'OJICHHEBEIC IIPOBO/Jd4d 1 HdCTH HpHﬁDpGB: HaXOJAIIMIECH 110/]

HAIIPAKCHICM, [JaxC CCJIII1 OHO HCBCJIIKO,

— IHPOM3BOJNTE HN3MCHCHIIA B CXCMC IIpHM IIOAKIHOYUCHHOM ICTOYHIKC

[T TaHI,
— 3aMEHAITh WIN OpaTh 000pyAJ0BaHNE, IIN IIPUOOPHI ¢ APYTUX pabOUNX MECT
— 0e3 pazpenieHns IpernogaBaTerls WK JJadopaHTa;

— OTXOIAHUTE OT HpHﬁDpDE I MalllH, HaXOJANIIMNXCA IIOHA HaIIPHAXKCHIICM IIH

OCTABILIThL CXEMY IIOJ] HAIIpSIZKEHIEM IIpH 00pabOTKE pe3yIbTaTOB M3MEPEHMIL;

— IHICPCIPYIKATb HpHﬁprI TOKOM HWIN HAIIPAMNKCHIICM, IIPCBBIIIAROILITM

HOMITHAJILHOC 3HAYCHIIC.

Hp'DEEpKy HaJIITYHITA, II0JaBacMOI'O K CXEMCEC IJIM 3JIEMCHTAM CXCEMEI
HAIIPAAK CHITA HED6XD,[[HMD IIPON3BOAUTE TOJIBKO HDI—ITpDHBHDf:I JIJAMIIOYKON MIJIN

BOJIbLTMCTPOM, CD6HID,[[HH IIpaBIJIa TCXHHNKH Oe30IIaCHOCTI.

IIpu pabore B maboparopuu CJIEOyET CTPOro COOMIOJAaTL  MEPHI
IPEeJOCTOPOKHOCTH, TaK KakK »dJIEKTPUUYECKHII TOK, IPOXOASAIIHI dYepe3 TEJIo

yesjioBeka, BenunHoil B 0,025 A yxke SIBJIETCS OIlaCHBIM JJIS KI3HU

1Ipnnoxenue b

¢ BHEHTPHIIECH:HH cXema CﬂEﬂHHEHHﬁ TEIJIOBOH 3AIIHUTbBI MAallIHNHLI
IEPEMICHHOI'O TOKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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LAl
=

IlepeueHb anmapaTypsbl

Obo3HaUeHTE H anmMeHOBaHIe Ty ITapaMmeTpEl
100 Br/230B ~/
Al ManuHa nepeMeHHOr 0 TOKa 102.1
1500 muH™
G1 Tpexda3zublil HCTOYHHK MHTAHUSA 201.2 400 B~/16 A
OJOKYMEHT NoAarnncAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Ilepevyensb 0CHOBHOM H JONMOJTHHTEJILHOI JIMTepaTYPhl, HE00X0, MO /LIl 0CBOCHIA
MUCIIHILTHHDI

Ilepevyennb 0oCHOBHOI JIMTEPATYPbI:

1. Hruatormy B.M. DnekTpHyeckie MaIllHHBI H TPaHC(OPMATOPEI | S1eKTpOHHBIH pecypc] :
yueOHoe rmocobue / B.M. Urnaromy, I11.C. Poii3. — DOIeKTPOH. TeKCTOBBIE JJaHHBIE. — T OMCK:
T OMCKIH IMOJIMTEXHHYeCKHH YHHBepcHTET, 2013. — 182 ¢. — 2227-8397. — PexumM gocTyIa:

http://www.iprbookshop.ru/34738.html

2. Jlpo6oB A.B. BrnekTpHyecKHe MaIlIHHEI | DJIeKTPOHHBIH pecypc| : yueGHOe nmoco-0ue /
A B. JIpoGos, B .H. I'anyiko. — DIeKTpoH. TEKCTOBEIE JaHHBIE. — MHHCK: PecryOimn-KaHCKHI

HHCTHTYT ITpodeccHoHanbHOro oopazoBannd (PHUIIO), 2015. — 292 ¢, — 978-985-503-540-5.
— PexamM foctyma: http://www.iprbookshop.ru/67795.html

IlepeyeHnb JONMOJIHMT €JIbHOH JINT €PATYPbL:

I. DOnexrpHyeckHe MaIIHMHBI |OnMeKTpoHHBIT pecypce| : cOopHuk 3amau / B. WU
[lapaMOHO-Ba. — OIEKTPOH. TEKCTOBBIE JaHHbIe. — M. . MOCKOBCKas rocymgapcTBeHHAas

aKaJeMHs BOJHOro TpaHcmopra, 2015. — 72 c¢. — 2227-8397. — Pexum gocryia:
http://www.iprbookshop.ru/46905.html

HEpE‘IEHb }"IEﬁHﬂ-METDIﬂl‘IECRDI‘D o0ecrevyeHH A CAMOCTOAT €JILHOM pﬂﬁﬂThl ﬂﬁ}"lﬂlﬂlﬂlﬁtﬂ
o JMcinminJiHaue

1. MeToaHyeckHe PEKOMCHIOAITHH JIJIA ITOATOTOBKH K ITPAKTHYCCKHM 3dHATHAM.
2. MeToamyeckHe PEKOMCHOAIIHH A IIOATI'OTOBKIL K HﬂﬁﬂpﬂTGpI{BIM SAHATIIAM.

3. MeTtoaHyeckHe PEKOMCHIOAITHH ITO OPI'aHH 34aIlHH CAMOCT OAT eJIbHOH pﬂﬁDTBI CTYIACHTOB.

IlepeyeHn pecypcoB HH(POPMAIMOHHO-TEJIEKOMMYHHKAIIMOHHON ceTH «IIHTEepHETY,
He00X0ANMbIX /1JIf 0CBOECHHSA JHCITHILINHbI

1. http://www.biblioclub.ru -5bC "YHuBepcurerckast OHOmMOTeKa OHIaH"

2. http://www.iprbookshop.ru/ - OnexkrpoHHo- 6ubmoteuyHas cucreMa [IPRbooks

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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IlepeyeHb 0CHOBHOI M JOMOJHUTEJAbLHON JIUTEPATYPbI
IlepeyeHb 0OCHOBHOI JIMTEPATYPAI:

1. UruatoBuu B.M. OJnexkTpudeckne MallMHBEL U TpaHCPOPMATOPHL | SJIEKTPOHHBI I

pecypc| : yuedbnoe mocodbme / B.M. HMrmatoruu, III.C. Poiiz. — DOJIeKTpoH.
TEKCTOBLIE JaHHEIE. — Tomck: Tomckull monurexHudeckuil yHurepcurer, 2013.
— 182 C. — 2227-8397. — Pexmm JIOCTYIIA:

http://www.iprbookshop.ru/34738.html

2. Jlpobor A.B. OnexTpudeckne MallnHBI | OIEKTPOHHEII pecypc| : yueOHOe
nmocodue / A.B. JIpodor, B.H. I'anymko. — DOJeKTpOH. TEKCTOBLIE JaHHEIE. —
Munck: PecryOmukaHcKkuil HHCTUTYT OpodeccuoHanbHoro oopazorannsg (PUIIO),
2015, — 292 c¢. — 978-985-503-540-5. — Pexum JocTyma:
http://www.iprbookshop.ru/67795 .html

IlepeyeHb 10MOTHUTENBLHOH JIUTEPATYPbI:

1. OnexTpudecknue MallnHBI | OJIEKTPOHHEIN pecypc| : cOopuHuk 3agau / B. W
IlapamoHOBa. — OIEKTPOH. TEKCTOBBIE JaHHbIe. — M. : MockoBckas
rocyJgapcTBeHHas akaJeMIsI BOJHOro tpaHcmopta, 2015, — 72 ¢. — 2227-8397.

— Pexum goctyna: http:// www.iprbookshop.ru/46905.html
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MUWHWUCTEPCTBO HAYKHU U BBICIIIETO OBPA3OBAHUS POCCUNCKON
OENEPAITUU

OEJEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE
YUPEXJIEHHWE BBICIHIEI'O OBPASOBAHUWA

«CEBEPO-KABKA3CKUU ®EJIEPAJILHBIA YHUBEPCUTET»

[Iaruropckuit HHCTHTYT ((rmnan) CKOY

MeToanueckHne yKa3zaHUs

ITO BBIITOJIHEHHIO ITPAaKTHYECKHX paboT
1o gucimnmHe « JIEKTPUUECKHUE MAIITWUHBI»
IUISL CTYAEHTOB HAITPaBIIEHH S ITOAT OTOBKH
13.03.02 DrneKTposHepreTHKA H 3IeKTPOTEXHHKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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4.3.

4.4
4.5

4.6

4.7

4.8

4.9

5.1

5.2

5.3

CepTtudumkar:
Bnapeneu:

ComepKaHne

BreneHue

Llenp M 3a1aul H3YYEHH S T CIIHIUIHHEI
OO0OpyAOBaHHE H MaTEPHAIIEI
HanmeHoBaHHe IIpaKTHYECKHX padoT
CoJiep KaHHe ITPaKTHYECKHX pPadoT

[TpakTiyeckag padora Nel DOneKTpoMarHHTHEBIE ITPOIIECCHI B TpaHC(OpPMATOpE
ITPH XOJIIOCTOM XOJIE.

[TpakTiueckasd paGora Ne2 PaGora TpaHchopMaTopa IO Harpy3KoH.

[TpakTiueckag pabora Ne3 CxeMbl H TPVIIIIBI COeJHHEHHS TPEX(azHOTO
TpaHchopMaTopa.

[IpakTHueckas paboTta Ned TpaHchopmala Tpex(a3HbIX TOKOB.

IIpakTtiueckasgs padora Ned SKCIEpHMEHTAIbHOE OIPEJIEIIEHHE IapaMETPOB H
IIOTEPH TPaHC(pOPMATOPa.

[IpakTHueckas padora Ne6 MarHurHoe I107Ie B3aHMHOH HHIYKIIHH MHOI0(]a3HOH
OOMOTKM MAaIllMHBI IlepeMEHHOr0 ToOKa. CIiocoOBl TIIOMABJIEHHS BBICIIHX
rapMoHHK 3/]C MaImHEI ITIePpeEMEHHOIO TOKA.

IIpakTHueckasa padora Ne7 PacyeT M IOCTpOoeHHe SKOPHOH OOMOTKH MAaIllHHEI
IIOCTOSIHHOTO TOKA.

IIpaktHueckas pabora Ne8 PacueT MarHHTHOH IIEIH MAIIIHHBEI IIPH XOJIOCTOM
XOJIe H Harpy3Ke.

I IpakTHueckasa pabora Ne9 PexuMel paboThl MAIllHHEBI IIOCTOSHHOIO TOKA.
YuyeOHO-MeTOAHYECKOe H HH(POPMAITHOHHOE o0ecledeHHe JHCIHIIIHHEI

IlepeyeHbP OCHOBHOH M JOIIOIHHTEIBHOH JIHTEPATYPhI, HeOOXOIHMMOH Ul
OCBOEeHHS JTH CIHIUTHHBI

IlepeyeHp Y4YeOHO-METOMHYECKOTO OOECIIEUEHHS CaMOCTOSTEIILHOH pPaloTEhI
OOYYAIOIIHXCA 10 JUCIIHIUIHHE

[lepedeHp pecypcoB HH(OPMAIHOHHO-TEIEKOMMYHHKAI[HOHHOH ceTH MHTepHeT,

He0oOXOJHUMEBIX JITTSI OCBOEHHS JTH CIHIUTIHEI
[IOKYMEHT NOAMNMUCAH
3NEKTPOHHOW NOAMUCHIO
12000002A633E3D113AD425FB50002000002A6
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BrejieHue

HpﬂI{TH‘IECI{PIE 3daFAATHA CO3J4R0T  OIITHMAJIBHBIE  AHAAKTHYCCKIMC  YVCIIOBHA  JJIA
ACATCIIBHOCTHOI'O OCBOCHITA CTYVACHTAMI COACPaHIA H MCTOJOIIOTHH HB}*"IE],EMGﬁ JHCITHIUIITHBI
{{SHEI{TPII‘IECIGIE MAIIFHBI»., HCIIOIIB30BaAHIHIE CIICHHAIIBHOIO HﬂﬁﬂpﬂTGpHﬂI‘D Dﬁﬂp}"I[GEﬂHI[H I
TEXHHYCCKIIX CPCIACTB. HPEIKI‘H‘IECIGIE 3dHATHA 34dHHMAIOT IIPEHMYLICCTBCHHOC MCECTO IIPH
H3YUCHHH Dﬁl[[EHpD(bEGCHGHElﬂLHBIX H Hde)EGGHDHﬂJILHBIX JHCITIOIITIH. HpﬂI{TH‘IEGI{HE S34HATIA
ITPOBOAATCA C IICJIBIO ELIPH@GTI’JI ITPaKTHYCCKHX }MEHIHUI H HpIIDﬁpETEHH_H HABBIKOB B PCIIICHITH
34441, GTpﬂﬁOTIﬂI }"l'[pﬂHCHEHIIﬁ: BBEITIOITHCHIH 'LIEPTE}KE]?I? ITPOH3BOJCTBC pElC‘IéTGE HT.IL

[{enpro IpaKTHYECKHX 3aHSATHI SBIAETCS (POPMHpPOBAHHE ITPAKTHYECKHX YMEHHH —
NTpo)eCCHOHAIBHBIX (BBITIONIHATL OIIpeJelIEHHBIe JAeHCTBHS, OIepaliH, HeOoOXOJHMEIE B
IIOCIEAVIOMIEM B IPO(ECCHOHAIBHOM JAESATEIbHOCTH) IIH Y4eOHBIX, HEOOXOJAHMBIX B
ITOCHEAYIOMIEN Y4eOHOH JAESTEIBHOCTH II0 OOIIEenpo(eccHOHAIbHEIM H ITPO()eCCHOHAIBHBIM
JTTHCIIHIUTHHAM.

BuGmmorpaduyeckiii  CITHCOK COJAEPKHT CBEJACHHS O CIIPABOYHOHM JIHTepaType H
I OIIOIIHHTEIIbHBIX H3JaHHSIX, HeOOXOIHMBIX JUIS YTy OIIeHHOT'O H3Y4eHHS OTAeIIbHBIX BOIIPOCOB.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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1. I[ens u 3a0auu uzyueHua OUCUUNIUHDL

JIMCIMIUIMHA « DTEKTPHYECKHE MAIIIMHBD) U3YVYAETCS CTYAEHTAMH, 00YYaIOIIHMICS I10
HaITpaBJIEHHIO IIOATOTOBKH OakanaBpHata «13.03.02 DneKTposHepreTHKa H 3IeKTPOTEXHIKA.
L{enbro H3YyUYEHH S JUCIUIUIHHEL SBISIETCSA O3HAKOMIIEHHE CTYIEHTOB C OCHOBAMH TEOPHH H
SKCIUTYaTallHOHHBIMH XapaKTePHCTHKAMH 31eKTPHYeCKHX MaIIlHH H TPaHC(POPMaTOPOB, a TaKKe
TEOPETHYECKON 0a3bl M 3HAHHI B 00IACTH 3IIeKTPOMEXaHHYECKOI'O M CTATHCTHYECKOTO
ITpeo0pa3zoBaHMs SHEPT M, IIPHHIMIIA JeHCTBHSI OCHOBHBIX BHIOB 3JIEKTPHYECKHX MAIIHH H
TpaHc(POPMATOPOB H OCOOEHHOCTEH HX ITPHMEHEHHS.

HMcxoms U3 ITocTaBIeHHBIX I_[EJIEI?I:, JaJavdanMil H3VUCHIA AHCIIHILIIMHBIL ABJIAIOT G

- IHNOJIIYVUCHHC ITPAKTHUYCCKHX HABBIKOB SKCITIIYATAITHH ., H IIPOCKTHPOBAHIA JICKTPHYCCKIIX MAIIlHH
B cOcTaBe 0OBbEKTOB JJICEKTPOSHEPI'CTHEIH,

- 3HAHHE MaTePHAIIOB, IIPHMEHIEMBIX ITPH ITPOH3BOACTB € TEHEPATOPOB H ANEKTPHYECKHX
IBHT aTeJIeH,

- YMCHHCEC ITPCAOTBPAIlICHILA aBaPHIT H BBIXOdd H3 CTPOA BHEKTPIHECKGﬁ MAITTHHDBI .

- YMCHHEC IIPHHHMATDh H 0OOCHOBBIBATH KOHKPCTHBIC TEXHITUCCKIIC PCIICHIA KOHCTPYHPOBAaHHA
IJIICKTPO3SHCPI' CTHHUCCKOI'O GﬁDp}ﬂﬂEﬂI—HIH.

2. Obopyooearue u mamepuainl

KoMruiexT yueGHO-1ab0opaTOpHOro 000pyJOBaHHI

«OHeprocOepeKeHHE B CHCTEMAX IEKTPOCHAOKEHH I H IIEKTPOIToTpedneHsy. KoMIuieKkT
yueOHO-1ab0paTOPHOr0 00OPYAOBAHH I

« ABTOMaTH3HpOBaHHAs CHCTeMa KOHTPOMIA H yueTa AIIeKTpos3Hepryumy». KoMimieKT yueOHO-
11a00paTOPHOIO O0OPYAOBAHHS « DNEKTPHYECKHE CTAaHIMH H ITOACTaHIHI». KoMITIeKT yueGHO -
11a00paTOPHOTO 00OPYAOBAHHS « YMHAS MeCTHas pacIIpeJeIHTeIbHAa AIIeKTPHYECKAs CEThY.
HayuHo-HccnemoBaTenbCKH KOMITIEKC « ONITHMH3AIHS PeKHMOB PaOOTHL ATIeKTPHUYECKHX ceTeH
C aKTHBHBIMH 3IeMeHTaMH, BBIITOJTHEHHBIMH Ha 0a3e CHIOBBIX ITOIYITPOBOJHHKOBBIX
IpeoOpa3oBaTeNei», HCIIOIMHEHHE CTeHA0BOE KOMITbIoTepHOe. HayuHo-HCCIe ;oBaTelb CKHIt
KOMITIIEKC « ABTOMAaTH3HPOBAaHHBIE CPEJCTBA YITPaBISHH M 3aIIHTHI B CHCTEMAaX
3JIEKTPOCHA0KeHH I IIPOMBIIITIEHHBIX ITPeMITPHSATHIL», HCIIOTHEHHE CTEHA0BOE KOMITBEOTEPHOE.
Hay4uHo-HcCcIemoBaTenbCKH KOMITIEKC

«IIprMeHeHHEe aBTOMATH3HPOBAHHBEIX CHCTEM KOHTPOJIISA H YYeTa EKTPOIHEPTHH C IIETIBIO I10-
BBIIIIeHHA 3(P(PeKTHBHOCTH 3KCIUTyaTallHH CHCTEM 31eKTPOCHa0KeHH», HCIIOITHEHHE CTEHI0BOE
pyuHOe. KOMITJIEKT THITOBOI'O 1a00paTOPHOro 000PYI0OBaHHS « TeOpeTHUYECKHE OCHOBEI
AOKYMEHT NOAMMUCAH |~ 0 DHOT'O O0OPYAOBAHH A « SJIEKTPOTEXHHYECKHE
ANEKTPOHHOW MOAMNCHIO TO 000pyIOBaHHA " DIeKTPOTEXHHUECKHE

Ceptuchukar:  12000002A633E3D113AD425FBS0002000002A6 6 3
Bnapeneu: Webayxora TateAHa AnekcaHapoBHa O0OPYHAOBaHHA JIEKTPOTEXHHICCKHE
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MAaIlMHEIY. JlJabopaTopHOe 000pYIOBAHHE « OIEKTPO3HEPreTHKA-PeIeHHas 3allHTa 1
aBTOMATHKa». YUEOHBIN CTEH « T eOpHS AIEKTPHYECKHX IIETIEH H OCHOBBI 3JIEKTPOTEXHHKID.

3. Haumernoearnue npakmuueckux paoom

Ne TeMbI
TTUCITHIUTHHEI

HarmmeHoBaHHE TeM AHCIHIUIHHDBI, HX KPdTKOC
COJCPKaHIC

O06BeM
YAaCcOB

N3 HX
IPaKTHYECKaSs
IIOATOTOBKA, 4YaCOB

4 cemecTp

IlpakTHuyeckan padora Ne 1.

DOJIeKTPOMAarHHUTHBIE ITPOIIECCHI B
TpaHcOpMaTOPeE ITPH XOJIOCTOM XOJIE.

M3 y4HTE 3eKTpOMArHUTHEIE ITPOLIECCHI
XOIIOCTOr0 X0jla TpaHc(hOopMaTOpa.

1,5

IIpakTiHuyeckas padora Ne 2.
PaGota TpaHchopMaTopa ITo; Harpy3KOIi.

M3 yunuth paboTy HarpyKeHHOT'O
TpaHc(opMaTOpa.

1,5

IIpakTH4eckast padora NeJ.

CXeMbI H I'PYINIBI COeQHHEHNS TPEX(A3HOIO
TpaHc]opMaTOpa.

M3yuuTh coefMHeHHS TPEX(PA3ZHOTO
TpaHcopMaTopa 3Be30H H TPEYTOIIEHHKOM.

IIpakTH4eckasi padora Ne4,
TpaHchopmalsa Tpex(pa3HbIX TOKOB.

M3yuenne TpaHc(OpMAaIIHH OKOB B TPEX(a3HOMH
CHCTEME.

IIpakTH1eckasi padora NoS,

OKCcIepHMEHTaJIbHOE OIpe/ielIeHHE ITapaMeTPOB
H TIOTePh TpaHCHOpMaTOPa.

Hay4uHThCS pacCUHTHIBATh ITapaMeTPhI
TpaHc(popMaTopa H OIPEAEIATh ITOTEPH.

AOKYMEHT NMOAMWUCAH
ANEKTPOHHOW MOAMNWCHIO

IIpakTH4eckasi padora Ne6.

MarHHuTHOE IT0JIe B3aHMHOH HHAIVEITHH
IEPEMEHHOI'O

Ceptuchukar: 12000002A633E3D115AD425FBS0002000002A6 JHX T'apMOHIIK
Bnapeneu; LleBayxoea TateAHa AnekcaHapoBHa
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Pacyér MarHHTHOTO ITOJIS B3aHMHOH HHIYKI[HH
MHOT0(pazHOH 0OMOTKH MAIIIHHEI IIEPEMEHHOIO
TOKa. F3yueHne crioco0oB I0gaBIeHHS BBICIITHX
rapMOHHK 2 J1C MaIlMHEI IIEPEMEHHOIO TOKA.

IIpakTH4eckasi padora Ne7.

PacueT H 1ocTpoeHHe SKOPHOH OOMOTKH
MAIITHHBI TIOCTOSHHOT'O TOKA.

Hay4anuThcs pacCUHTEIBATh ITIOCTPOEHHE SKOPHOH
OOMOTKH MAIIHHBI ITOCTOSHHOIO TOKa

IIpakTnuyeckasn padora Ne8.

PacyeT MarHHTHOH I[EITH MaIlHHBI IIPH
XOJIOCTOM XOJ € H HAI'PY3KE.

Hay4dHuThCs pacy&Ty MarHHTHOH L[EITH MaIIHHBI
TIPH XOJIOCTOM XOJle H Harpy3Ke.

IIpakTH4eckasi padora Ne9,
Pexpmvbl palGoThl MAIIIHHEL IIOCTOSIHHOI'O TOKA.

HB}"IHTB PEAIIMDBI pﬂﬁGTLI MAITH ITOCTOMHHOTIO
TOKA4.

Hroro 3a 4 cemecrp:

5 ceMecTp

19

IIpakTHueckan padora Nell.

SHEETPGMEII‘HIITHLIE ITPOLECCHhI B AaCHHXPOHHBIX
MAIITHHAaX ITPH XOJIIOCTOM XO/JE.

HB}*‘LIHTB JICKTPOMAI HIITHBIC ITPOIICCCHI B
dCHHXPOHHBIX MAITIHHAX ITPH XOJIOCTOM XOJC.

1,5

20

IIpakTHuyeckan padora Nell.

OIIEKTPOMAarHUTHEIE ITPOLIECCH] B ACHHXPOHHBIX
MAIIIHHAX IIPH Harpy3Ke.

HB}"IHTB JJIEKTPOMAI'HHTHBIC ITPOLIECCHIL B
dCHHXPOHHBIX MAalllHHAX ITPH HAI'PY3KE.

1,5

21

IIpakTHuyeckan padora Nel2.
[Torepu, KIIJI acCHHXpOHHOI'O JBHIaTENs.

Hayuurbcs pacuéry nmoreps 1 KI1J]

OJOKYMEHT NOOANNCAH
SNEKTPOHHOM NOAMUCKIO

1,5

Ceptudchmkar: 12000002A633E3D113AD426FB50002000002A6
Bnapeneu; Webayxoea TaTeAHa AnekcaHgpoBHa
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SHHXPOHHOTI'O




ABHI aTCJLA.

HEl}"LIHTL CA PAaCCHHTBIBATD MCXAHHYCCKYIO
XdPAaKTCPHCTHKA dCHHXPOHHOI'O ABHI'aTCIIA.

23

IIpakTHuyeckan padora Nel4.
OmHO(a3HBIN aCHHXPOHHBIH JIBUTaTEellb.

M3 yuuTh cTpoeHHe H XapaKTepHCTHKH
OJHO(a3HOI0 ACHHXPOHHOT'O JIBHTATEIISL.

24

IIpakTH4yeckan padora Nels.
[IyCKOBBIE CBOHCTBA ACHHXPOHHOI'O JIBUTATE .

Pac4yéT IyCKOBBIX XapaKTepHCTHK AJl.

25

IIpakTHuyeckan padora Nelé.

PEF}UIIIPDEHIHIE HaCTOTBI BpaIlllCHIA
dCHHXPOHHOI'O IBHI'dTCIIA.

M3yuuTh perneHns 1Mo peryiIHpOBaHHIO YacTOTHI
BpallleHHS aCHHXPOHHOI'O JBHTaTEeIIsL.

26

IlpakTHuyeckan padora Nel7.

SHEETPGMEII'HIITHLIE ITPOLECChI B CI]HXPGHHGf[
MAITTHHE.

Pacuér JJICKTPOMATI'HITHBIX ITPOIECCOB B
GHHXPGHHDfI MAITTHHE.

27

IIpakTHuyeckan padora Nel8.

HOGTPGEHHE BCKTOPHBIX AHAI'PAMM
CHHXPOHHOI'O I'CHEPATOPA.

HE],}"LIHTL CA CTPOHTE BEKTOPHBIC JHAI PAMMBEBI
CHHXPOHHOI'O I'CHEPATOPA.

HToro 3a 5 cemecrtp

4,5

Htoro

7,5
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Onucanie NpaKkT MYeCKHX 3aHAT HH

 IIpakrnyeckoe 3ansarue Nel,
*  Tema. DneKTpoMarHHTHBIE ITPOLIECCH] B TPaHC(OpMAaTOpe IIPH XOJIOCTOM XOJIE

Ilens 3anamua: W3ydynTh 5IeKTPOMAarHHTHBIE ITPOIECCHI B TpaHc(opMarope IIpH
XOIIOCTOM XO/JIE.

TEﬂpEHIHIIECKﬂH Hacmb.

[Tog XojocTEIM XOJOM TpaHCc(OpMaTopa ITOHHMAKOT TAKOH PeXHM ero paboThl, IIPH
KOTOPOM K 3aXKHMaM IIEpBHYHOH XOJIOCTOH XOI — 5TO IIPeAelIbHBIH PeXHM padoTHL,
ITO3BOJISTFOIIHI OITPEAEIINTh TaKHE BaKHbIe BEJIHMYHHEI KaK. KO3()(HIMEHT TPaHCPOPMAI[HH, TOK
XOIIOCTOI'O XOJa TpaHc(popMaTOpa, IIOTEPH IIPH XOJIOCTOM XO/I€ TPpaHC(OpMaTOpa.

[TycTh K 3akuMaM IIEPBHYHOH OOMOTKH TpaHC(OpPMAaTopa ITPHIIOKEHO T'apMOHHYECKOE
HaITpsDKEHHE,

u) _V2Uysin_t; (1.1)

IO ASHCTBHEM KOTOPOTO IO OOMOTKE TEUYET TOK ip. DTOT TOK CO34aET HaMar HHYHBAOIIYIO CHITY
lowi, Te Wi — YHCIO ITOCIEJOBATEIbHO COEHHHEHHBIX MEXAY CO- OO0l BHTKOB IEPBHYHOIN
oOMOTKH. H.c. nmepBHYHOH OOMOTKH BBI3BIBAET ITOSBJIEHHE MAarHHTHOI'O ITOTOKA. JTOT ITOTOK
HMeeT HECKOJBKO COCTABISIONMX. @p — OCHOB- HOH ITOTOK, COCTABJLIIOIIHII OOJBINYIO YaCTh
CYMMAapHOI'O ITOTOKa, 3aMBIKAETCS IO CEePASYHHKY M CLEIUISETCS ¢ 00eHMMH OOMOTKaMH, P
IIOTOK PacCEesHHMS IEPBHYHON OOMOTKHM, 3aMBIKAeTCS BHE CEPJAEUYHHKA, CLEIISIETCS TOJIBKO C
TIEPBHYHOH (BO3MOKHO YaCTHYHO CO BTOPHYHOH) OOMOTKOH.

OOMOTKH TIOABOJASAT HaIIpsKeHHe, a BTOPHYHAs OOMOTKa pa3OMKHYTa, TO €ecCThb
BTOPHYHBIH TOK paBeH HYIIIO.

IIoTOK @) HAaBOIHUT B NEepBHYHON OOMOTKE OCHOBHVIO JJ|C, €1 M BO BTOPHYHOH - e2.
[IoTOK D51 — cO3HAET B ITEPBHYHOH 0OMOTKe 3 J[C paccessHUA € 4.

'l_r_ T L= -

T AOKYMEHT NOARWGAH 7777~ T-773T TOK lo, TO HA aKTHBHOM €€ COIIPOTHBIIEHHH |
INEKTPOHHOW MNOANMWUCHIO ICHO BTOPOMY 3aKOHY Kupxroda, B BEKTOPHO#
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U-1_E|-E-1-Fo_ri; (1.2)

B TpaHchopMaTropax oOBIYHOH KOHCTPYKITHH ITOTOK PacCesHHS IMPH XO0JI0CTOM X0oHAe (Pey

— 0) mam, r ToXke Mallo M /—() — 11 _ E-- 1 oObI4HO He IpeBblnacT 5% ot - | . IlosTomy B

IIePBOM ITPHOTIDKEHHH 5TOH Pa3HOCTHIO MOXKHO IpeHeOpeysb.

Torma ypaBHeHHe (1.2) uMeeT BHT,
U-1- ZEq; (1.3)

TO €CTh IIPpH XOJIOCTOM XOJle HaIlpsDKeHHe, IIOJBeJEHHOe K OOMOTKe TpaHc(opmaTopa,
ITPAKTHYECKH YPaBHOBEIMHBAeTCAd TONbKO JIC, cosmaBaeMOH B STOH OOMOTKE OCHOBHBIM
MarHUTHBIM ITOTOKOM.

Bripaxxenne (1.4) SBIsAeTCSI OCHOBHBEIM B TEOPHH TpaHC()POPMATOPOBR M1 PacyéTa
IEHCTBYVIOIIEro 3HaueHH S 2] C.

E| _ 444 fw) D)), (1.4)

BTopHuHass oOMOTKa ITPOHH3BIBAETCS TEM K& ITOTOKOM D, MO3TOMY JeHCTBYIOIEE 3HAaUeHHE
5J1C BTOPpHYHOH OOMOTKH, aHAIIOTHYHO YpaBHeHHIO (1.4), MOKHO 3aIrmcaTh B BHJE:

Ery — 4.44 fwy @,,, . (1.5)

OtHomeHne £ K E> HazpIBaeTcs KO3 PUIMEHTOM TpaHCPOPMAIIHH TpaHC(popMaTopa:

k 1E1/Ey 1wp/wy. (1.6)

MorHocTs Py, moTpebnseMast TpaHC(OPMATOPOM B PEKHME X.X. PacXOAyeTcs TOJILKO Ha ITOTEPH
B CTalIH.

KﬂHTpﬂ.]]beIE BOIIPOCHI A 34/ TaHN H.

1. Kaxme mapamMeTpsl TpaHchOpMaTopa II03BONSET ONPENETHTh TaKOH PEXIM pabOTHL,
KaK XOJIOCTOH XOJ1?

2.  Kak onpenemnts fefictByromee sHaueHne 3J[C TpaHchopmaropa?
3. UYto Takoe KodpHIMEHT TpaHchOPMAIHH, KaK er0 ONPENEIHTh?

4. Ha 4T0 pacxoayeTcs MOIIHOCTE, MOTpednsgeMas TpaHC()OPMaTOPOM IIPH XOJIOCTOM
xXozne?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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*  3Jamaum
l. OmpememiTs HOMHHAIBHBII TOK BTIOPHYHON o0OMOTKM  {2x opHO(daszHOro
TpaHc(opMaTOpa, €CIIH HOMHHAaIbHAsI MOITHOCTh Sy = 20 KBA, HOMHHAIbHOE HaIIPSDKEHHE

IePBHYHOH 0OMOTKH k = 15. U1y = 10 kB, KoapHIiHeHT TpaHchopMariHn

2.  OmnpeelnTh HOMHHAIBHYIO MOIIHOCTh TpexdasHoro TpaHcopmaTopa Sy H
HOMMHAIBHBIH TOK TIEPBHYHOM OOMOTKH [y , €CIIH HOMHHAJIBPHOE HAIPSDKEHHE IIepPBHYHOH
oOMoTKH U]y = 20 kB, HOMHHaIBLHOE HaNpsDKEHHE BTOPHYHOH OOMOTKH U2y = 0.4 KB,
HOMHHAJILHBIH TOK BTOPHYHOH OOMOTKH [0y = 150 A Hamru peictByroinue sHaueHHS 3/[C B
oOMoTKax £ u E?2 , ecl MaKCHMAalIbHBIH MAarHHTHEIH ITOTOK @Pmgax = 0.02 BO, yacTtora ToKa [ =
50 I'm, yncna BHTKOB IIEPBHYHOH M BTOPHYHOH 0OMOTOK cOOTBeTCTBEHHO W1 = 100, W2 = 50.

3.  MakcHMaIbHBIH MarHHTHBIH IIOTOK B CEpAeYHHKE OJHO(A3HOr0 TpaHchopMaTopa
P max = 0.02 BO, yncno BHTKOB NepBHYHOH oOMOTKH W] = 500. Onpenemuts Ko3((QHITHEHT
TpaHC(OPMAaIHH k U ITOABEAEHHOE HaIpsKeHHe U] , €CIIH HaIlpsDKEHHE Ha 3aKHMaxX BTOPHYHOH
OOMOTKH B peKHME XOIIocToM xoje U, = 127 B, yactora HampspkeHHs ceTH f= 50 111,

4. TpancopMaTop BKIIOYEH B CETh IIEPEMEHHOIO TOKA ITPOMBHIIIIEHHON YaCTOTEHL
MHIYKTHBHOCTE paccesHu IepBHYHON OOMOTKH Lg] = 0.001 I'nH. Ormpefeanrs HHIYKTHBHOE

COIIPOTHEIICHHE PACCCHAHHA HEPEH‘H—IGﬁ OOMOTKH Xo] .

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



« lIpakrnueckoe 3aHATHe No2.
Tema. PaGoTta TpaHcopMaTOpa Mo Harpy3KoH

Ilens 3anamua. U3ydnts paOboTy HarpyKEHHOI'O TpaHCc(popMarTopa.

3Hanua u ymMeHuUua, npuodpemaemsle chiyo eHmMoM 6 Pe3yabmame 0C60eHUL HeMbL.
B pesynbTaTe BEITOMHEHHI ITPAKTHYEeCKOTO 3aHATHA Y CTYAeHTa (DOPMHPYIOTCS

‘ TEI]]l"ETII YeCKhaAHA TACTDh

B macropre Tpex(asHeIX TpaHC()OPMATOPOB JAeTCsI HOMHHAIbHAS MOIIMHOCTE H
MOIITHOCTB ITOTEPh BCeX TpeX (pa3; Mo HOMHHAIbHBIMH HaITPsDKEeHHSIMH ITOHHMAIOTCS IIHHEHHBIE
HaITPSDKEHHS Ha 3aKHMaxX TpaHc(opMaropa B PeXHME XOJIOCTOrO XOJa, a IT0J HOMHHAIIbHBIMH
TOKaMH — JTHHEHHBIE TOKH He3aBHCHMO OT CXEMBI COeJHHEHHSI OOMOTOK.

[ TomHasT MOIITHOCTE TpeX(a3HOoro JBYyX0OMOTOUHOr O TpaHc(popMaTopa, B A,

—

S, =N3U, *1I (2.1)

H

OtHomene 3J[C 0OOMOTKH BERICHIErO HanpsokeHHsI K 3/JC OOMOTKH HH3IIETO
HaITPSDKEHHSL, paBHOE OTHOINEHHIO YHCIa BHTKOB STHX OOMOTOK, Ha3bIBaeTCS KO3 (HIMEHTOM

TpaHC(OPMAaIIHH:
k = Eyu /By = wy/w; (2.2)
TpaHchopMaTop, Yy KOTOPOro MapaMeTpPhl BTOPHYHOH IIeNH IIPHBeJeHbI K YHCITY BHTKOB

IIEPBHYHON  OOMOTKH  w), Ha3bIBaeTCSI TIIPHBEJESHHBIM TpaHCPOpMaTOpoM. TakoMmy
TpaHC(POPMATOPY COOTBETCIBYET 3JIeKTpHYecKas cxeMa 3aMelleHHsS (pHc. 2.1) H OCHOBHBIE

YPaBHEHHS:

U=(-E)+1z,=(-E);
Uy =E,—LZ,=E —jlLx;— I (2.3)
‘Fl o fﬂ T (_*F:E)

MHAYKTHBHEIE COIPOTHBIIEHHS IIEPBHYHOH X| M BTOPHYHOH X2 OOMOTOK OOYCIIOBIIEHEI
ITOTOKaMH paccessHHI P H Do,

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



- » B "
— ] 1) I
n [Tt E Es 111
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Pucynok 2.1 — Cxema 3aMeneHHS TpaHc(popMaTOpa
D OopMYIIEI IIPHBEASHNIA ITapaMeTPOB BTOPHYHOM IIEITH:
—TOK BTOPHYHOH OOMOTKH
b =L *k (2.6)
—2J1C 1 HanpsoKeHHe BTOPHYHOH
E, =E,*k, U, & U, *xk (2.7)

—adKTHBHOC H HHAYKTHBHOC COIIPOTHBJICHITA ETGpH‘H—IGﬁ OOMOTKH

no=r ckT,xp = x, % k" (2.8)

—IOJIHOE CONPOTHRIEHHE BTOPHYHOH OOMOTKH
I, =z, % Kk"- (2.9)

—IIOTHOE COIIPOTHBIIEHHE HaI' PY3KH
P a2 -
Zy=zy*k (2.10)

[Tpn H3MeHeHHH Harpy3KH TpaHc(pOpMaTopa B ITHPOKOM JHaIla3oHe (OT XOIIOCTOro Xoja
10 HOMHHAJILHOTO PEXKMMAa) MAarHHTHBIHN ITOTOK MOKET CUHTAThCS IMPAaKTHYECKH IOCTOSHHBIM H
PaBHBEIM MAarHHTHOMY ITOTOKY B PEXHME XOJIOCTOIO XOJ[a. OTO B CBOK OYEPENL OIIPedeiIsaeT
IIOCTOSIHCTBO ITOTEPh B CTAIH, KOTOPHIE JIETKO OIPeAeIISIOTCS H3 PeKHMa XO0IOCTOIO XO/Ia.

B pexmnMe «HOPMAaJIbHOIO» KOPOTKOIO 3aMbIKAHHS MAarHHTHBIH ITOTOK B CepJe4YHHKE
TpaHc(OopMaTopa HACTOIBKO Mal, YTO MM MOJKHO IIpeHeOpedb, a CIeJOBaTelIbHO, ITPH 3TOM
peXHMe TOTEPH B CTAalIH TpaHC(OopMaTopa IMpPaKTHYECKH PaBHBI HYIIO, a IIOTepH B MeaH (B
00OMOTKaxX TpaHc(OopMaropa) paBHBEI ITOTEPSIM IPH HOMHHAJIBHOH Harpyske TpaHCc(OpMaTopa.
BemmunHel TOKOB, HalpsOKeHHH H MOIIMHOCTEH, IOIy4YeHHBbIe H3 Pe’KHMOB XOJIOCTOrO XO[a H
«HOPMAIIbHOT'0» KOPOTKOI'O 3aMBIKAHHS, IIO3BOIITIOT OIIPeJelHTh OCHOBHEBIE ITapaMeTpPhI

AOKYMEHT noganmncAH
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 j*pchqmpmaTgpa
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Ly — I-::i:--"i'lrl?:t[j (211)

—dKTHBHOC

=P /3=] (2.12)
—pPCaKTHBHOC

x, =+/zZ— 12 (2.13)

COIPOTHBJIEHHS IIEPBHYHON OOMOTKH
- F_ :
=1 =12 (2.14)
X, =%, =x_/2 (2.15)
1 .. 4 .
COIPOTHBJIEHHS BTOPHYHOH OOMOTKH

r, =1 lk* (2.16)

x, = x4 /k" (2.17)

AKTHBHasI 1 PEaKTHBHAA COCTABIIATOINHC HAIIPAKCHIA KOPOTKOI'O 3dMbIKAHIH A

A -
. Ews
XY.Z £ (2.18)
I'Eé.t.
K 8
Upy, = Uy * SiD P, (2.19)
KoadduigieHT MOIITHOCTH KOPOTKOTO 3aMBIKAHHS
Cosq@,_ = Fﬁhﬁiﬂ U =1 (2.20)

MaxkcHMalIbHOEe 3HaYeHHEe MarHHTHOI'O TIOTOKAa HaXOIHTCS IO QJDPL{}"HEZ

I:I:.:'fﬂ = B:‘H * QEE’ ® L: (2*21)

&

% L=

- m _ﬁdﬁméﬁfﬁdﬂﬁﬁéﬁﬁ___ NATHHTHOH __Hl[}":[ﬂ[IHI B ETEP}KI‘IE MHIPHITOHPDEGI[E]':

SNEKTPOHHOW NOAMUCLIO
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KIIJ] TpaHchopMaTopa IIpH TH000I Harpy3Ke OnpeAensIeTcs BEIpakeHHEM:

B b * S, cos @, (2.21)
f =5 cos@,+ Pyy + 7 Pey

n

rJe Poy — MOIIHOCTE XOJOCTOTO XO/la ITPH HOMHHATFHOM HaIIpsDKEHIH,
P, — mommHOCTh K3 IMpH HOMHHAJIPHEIX TOKaX B 0OMOTKaX TpaHC()OpMaTopa.

OJIeKTpHYECKHe IIOTepH B OOMOTKax TpaHC(popMaropa IIpH HOMHHAJILHOH HarpysKe
MOKHO OIIPEJIeIHTh, €CIIH H3BECTHHI 3HAUEHHS aKTHBHBIX COITPOTHBIIEHHII H TOKOB OOMOTOK
TpaHcdopMaTopa:

P.=P,+P,= m.{frl + mlfjj I (2.23)
Hanoomennomt KIIJ] cooTBeTcTBYeT KO3 PHIHMEHTY HarPy3KH:

B, (2.24)

ﬁl:llf["l.':
P
ﬂ,q ECEE

Torma dopmyma g KI1J mpuHIMaeT BHI

1 'S, coseg, (2.25)
fmax B'S,cos@, + 2P,y

IIpumep 1. JlaH MacisaHbI TpaHcpopMaTop TM-25/10 ¢ HOMHHAIPHBIMH ITapaMeTPaMH:
HOMHHAIIbHOH MOIIHOCTBIO Swon = 25kB*A, HomMHampHBEIM HampsokeHHeM Uj=10kB,
HOMHHAJILHBIM TOKOM IIEPBHYHOH OOMOTKH [, HanpsokeHHeM K3 Uy%=4,5 H ero akTHBHBIMH H
peaKTUBHBIMH ITapaMeTpaMi U, H Ui, , MOITHOCTH XonocToro xoxma u K3 Po = 0,13 kBt u P, =
0,6 kBT, TOK X0mocToro xoaa /0% = 3,2, Ko3(pQHIHEeHTHI MOIMHOCTH X0I0CTOro xoAa H K3 cosex
H COs@,, ConporusineHue K3 Z;, M ero akTHBHASA H peaKTHBHAS YacTH ry M X, €70 HOMHHAJIbHOE
H3MEHEHHE HaITpsDKeHHS IIpH cOpoce Harpy3kH A U, (MHIYKTHBHBIH XapakTep). CoeIHHeHHE
TpaHchopmaTopa Y/Y. OnpeaeniTh HEM3BECTHEIE ITapaMEeTPEI TPaHC(OopMaTopa.

Peuwenue:
. HomimHaapHEDI TOK B IIEPBHYHOH OOMOTKE
5, 25
[[,.=——= =1.44 A
W3+ w, 173x10

. T OK XOJIOCTOr0 TOKa
g
Too 3.2

[, = o0 ( ).1.44 — 046 A

T, 100

= ) I ﬁar{gﬂgh} Hhﬁﬁﬁdﬁﬁ B oA,
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(365) v _ (f60) 10

u, = — = = (.26 kB
v 3 1.73
. KoadpduimeHt MormHocTH KOpOTKOro 3aMbIKaHH
P, 0.6
COS @, = - = - = 0.53
3, *U, 3+*144+026
sin ¢@,.=0.85
. AKTHBHAS 1 PeaKTHBHAS COCTABILIIOLIIE HAIIPSTKEHH S KOPOTKOr'0 3aMBIKaHH
U.,=U,cose, =45+0,53 =238%
Ugp = Ugsing, = 4,5 0,85 = 3,8%
. COIMPOTHBIEHHE KOPOTKOI'O 3aMBbIKaHH I
U, 10°
L, =—=026% = 180 OmM
Iy, 1.44
. AKTHBHAsI 1 HHIYKTHBHAS COCTABIISIOIIIE COIIPOTHBIIEHI S KOPOTKOIO 3aMbIKAHI
n, = Z,.cosg, = 180+*0,53 =954 Om
x.=Z sing_ = 180= 085 =153 Om
. HomimHameHOE H3MeHEHH e HATIPSDKEHHS TpaHc(popMaTopa IIpH cOpoce Harpy3KH

AU,q = U,y cosg, + U, sing, = 2,38+ 0,86 +3,6+0,6 = 4,18%

IIpumep 2. TexHmdeckne JaHHBIe TpexdaszHoro TpaHchopmaTtopa TM-630/10:
HOMHHAJIbHAS MOIIMHOCTE Sx0,=630 kB*A, HoMuHambHBIE NepBHYHOEe U,=10kB H BTOpHYHOE
Uzvon =0,4KB HampspKeHHS, HAIIPsDKEHHE KOPOTKOro 3aMbIKaHMSI Ui =5,3% MOIIHOCTH
KOPOTKOI'O 3aMbIKaHHS Pr,=7,6 KBT MOIIHOCTE XomocToro xoxa FPo.,=1,56 kBT, TOK XOIOCTOro
xonma ip=2,0. Onpeleaurs HeOOXOAHMBIE IApaMETPHl H ITOCTPOHTH TPEVIOJIBPHHK KOPOTKOIO
3aMBIKaHH S (0OMOTKH coeIMHEeHHI Y/Y ', IMapaMeTphl MpHBEeHBI K padoueil TeMIrepaType).

Peutenue:
. HarpskeHHe KOPOTKOI'O 3aMBIKaHHS
U, =U/10°=U,_ =55/10°=10=10° =550 B
. T OK KOPOTKOr'o 3aMBbIKaHHSI
= 630 = 10°
‘rle: — [EI:II'-'[l — SEEIH-';[:W 3 * UlEI:II'-‘[:] — 173+ 550 = 36,4 A
. Ko pHIpeHT MOITHOCTH peKHMa KOPOTKOI'O 3aMbIKAHHS
. P 7600
[NOKYMEHT NOAMUCA |73 #5500 # 364 0,22
ANEKTPOHHOWM NMOANUChLIO ' ’
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IlomnHoe COITPOTHBIICHIIC KOPOTKOI'O 3dMbIKAHH A

U, 550
Z =——=— = 8.7 Om
V31, +3+364

AXTHBHA COCTaBJISIOIA COITPOTHBJICHHA KOPOTKOI'O 3dMbIKAaHHA

r.=£Z.cosgp, =8,7=0,22=190mM

HH,[[}"KTHEHEIH COCTABJIATOIIdA COITPOTHBIICHIIA KOPOTKOI'O 3aMbIKAHH A

x, =Z_sing, =87 *0.97 = 8.44 Om

CTOPOHEBI TPeYrOIIbHHKA HAITPSDKEHHIT KOPOTKOTO 3aMbIKaHHS

U=1Iz =364=87=317H

U.=1ILr=364+19=69B

[J] =

21

uv_=1I

o = lx, = 36,4 % 8,44 = 307 B

[IppHIMaeM Maciutal HampsokeHHS m, = 5 B/MM, Torja JyIMHa BEKTOPOB (CTOPOH
TPeYroJIbHHKA KOPOTKOIO 3aMBIKAHHS):

317 69 U =22 =51 mum
5

— = (63 MM J =—=14 MM B
5 5

KﬂHTpﬂ.}]beIE BOIIPOCHI N 34 TAHHH.

1. YTo Takoe BHEIIHS XapaKTepHCTHKA TpaHc(opMaropa?

2. Jnga dero Jenaercs TPHBEAEHHE  IMApaMETPOB  BTOPHYHON  OOMOTKH
TpaHc(popMaTopa K ITepPBHYHOH?

3. M3MeHsdeTCS JIH MarHHTHBIH TIOTOK TpaHC(OpMaropa IIPpH H3MeHEHHH €ero

CepTtudumkar:
Bnapeneu:
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7. Kakmie rmoTepH B TpaHCc()OpMaTOpe He 3aBHCAT OT ero Harpy3KH?
8. 3aBHCAT JIH OT Harpy3KH 3IeKTPHYECKHE ITOTEPH B TpaHCc(popMaTope?

»

s Jagaun

1.  TpexdazHbii TpaHC(OPMATOP HMEET ITapPaMETPhI, 3HAYEHHS KOTOPBIX ITPHBE/IEHE] B
Tabn. 1.2.1: HOMHHaAIbHAS MOINHOCTD Sws H HOMHHAIIBHBIE HaNpsoKeHHS (JHHEHHBIE) Ulgoy H
Usion , HATIPSDKEHIE KOPOTKOI'O 3aMBIKAHHS TOK XOJIOCTOI'O XOa Iy, TIOTEPH XOJIOCTOr0 XOAa Py 1
IIOTEPH KOPOTKOTO 3aMBIKAHHS Pximen. OOMOTKH TpaHc(]OpMaropa COeIHHEHBI II0 CXeMe
«3Be3ga—3Be3ga». Tpedyercsd OIpedelHTh. IlapaMeTphl T-00pa3sHOH CXeMBI 3aMEIEHHS,
CUHTasl ee CHMMETPHYHOI (2 = r2' M x=x,), a Takke (paKTHUYeCKHe 3HAYeHHS COIMpPOTHBIIEHHI

BTOPHYHOH OOMOTKH, BelIMUYHHBI KIIJ[ 7, COOTBETCTBYIOIIHE 3HAYEHHSIM ITOJITHOH MOIIHOCTH
TpaHcopmaTopa 0,258.0.; 0.5 Suon: 0,75 Sgon H IIpH KO3 PHIIHEHTAX MOIIMHOCTH HArpy3KH
cos@r= 0,8 (MHIYKTHBHBIH XapakTep Harpy3KH) H cOsQ@2 = 1, HOMHHAIbHOE H3MEHEHHE
HanpsokeHHsI A U . [loctponts rpaduxu # = f(f) u Uz = f(f).

Tabmmia 2. 1— UcxomHbele maHHbIE K 3agaue 1

[lapaMeTpEI BapHaHTHI
1 2 3 2 3 6 7 8 9 10
SH.KB-A 100 | 180 | 320 560 1000 | 800 600 700 400 | 200
UlH, kKB 051 30 | 60 10 35 10 10 6.0 3.0 | 3.0
U2H, kB 023 04 | 04 0,4 3.0 0.4 0,6 0,6 0,23 | 0,23
Uk, % 3,9 | 33 8,9 6,5 3.5 6.5 8,5 3.5 6,5 3.5
10, % 6,5 | 3.5 3.5 3.5 3.0 5.0 3.5 3.5 3.5 6,5
POu,Bt 0,65] 1.2 1.6 2,5 5.2 3.6 2,8 3,2 2,0 1,5
Pxuom>xBt | 2,0 | 3.6 | 3.8 9,0 13,5 | 10,0 9,0 8,2 6,0 | 4,0

2. B Ttabmmue 2.2 mpHBeAeHBI JaHHBIE TpexX(aszHBIX CHIIOBBIX TPaHC(OPMaTOPOB
cepur TM: TONMHas IMTOMHHAIbHAS MOIITHOCTE S, HOMHHAIILHBIE TTOTEPHU XOJIOCTOTO XOAa Pp, H
KOPOTKOI'O 3aMbIKaHHA P, KO3((PHIIHEHT MOIIHOCTH HArpy3KH cos (2. TpeOyeTcs ONMpelelHTh
BelIHYHHY CHIDKeHHS KIIJ[ rpH HOMMHAILHONM HAarpy3ke II0 CPaBHEHHIO ¢ €r0 MaKCHMAaJIbHBIM
3HAUEHHEM.

Tabmmiia 2.2 — McxXomHele JaHHBIE K 3ajlaue 2

T SHomMmK B A POnom xBt Pxrom, kBT cos (2
TpaHCc(opMaTopa

TM-100/35 100 0,465 1,97 0.8

TM-160/35 160 0,70 2,65 0,85

TM-250/35 250 10 3,70 0,85

T NOKYMEHT NMOANUCAH ) 5,50 0,8
SNEKTPOHHOM NOANUCHIO p 7_}6{] 0_}?5
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TM-4000/35 4000 6,70 33,5 0,85
TMC300/35 6300 9,40 46,5 0.8

3. B taOGmuie 2.3 IpHBeAeHB TEXHHUYECKHE JaHHbIe TpeX(da3HbIX TpaHC(POpPMaTOpPOB
cepun TC3 (TpaHchopmaTop TpeX(a3sHBIH CYXOH C 3a3eMJIEHHOM IIePBHYHOH OOMOTKOI).
Hcrmomp3yss 5TH  JaHHBIE, OIPEIEIHTh. KO3(PQHIMEHT TpaHCPOpPMAIHH K, HOMHHAIIbHEIE
3HAYEHHSI TOKOB IEPBHYHOM [juon M [2uon BTOPHUHOH OOMOTOK, TOK XOJIOCTOIO XOAaA [pox
HaIIpsDKEHHE KOPOTKOIO 3aMBIKAHMSA Uy, COIMPOTHBIEHHE KOPOTKOIO 3aMBIKAHHS 7, H €ro
AKTUBHYIO F» M HHIYKTHBHYIO X, COCTAaBISIFOIIHE, OIPEICINTh HOMHHAILHOE H3MEHEHHE
HAIIPSDKEHHST IIPH 3HAYeHISIX KO3((HIIHEHTa MOIIHOCTH HAarpys3kH cos @2 =1; 0.8(MHZI.) H
0,8(eMK.); HOMHHAJIbHBIE H MaKcHMalbHble 3HadueHHSI KIIJ[ TpaHcopmaropa IIpH
K03 rIIHeHTaX MOITHOCTH Harpy3KH cos ¢>— 1 10,8.

Tabmmia 2.3— McxoaHble JaHHEIE K 3aj1adue 3

Tt rparcdop- |Swom, KB |1 nom B U21u0om B | P Onom KBT | PknHom KBT Uk 10
MaTopa A
4.0 160 6 0,23 0,7 2,7 3,5
4.0 1GO 10 0.4 0,7 2,7 3,5
3.5 250 6 0,23 1,0 3.5 3,5
3.5 250 10 0.4 1.0 3.5 3,5
3.0 400 6 0,23 1,5 5.4 3,5
3.0 400 10 0.4 1,0 5.4 3,5
1.5 G30 6 0.4 2,0 7.5 3,5
1.5 630 10 0.4 2,0 7.5 3.5
1.5 1000 6 0.4 3.0 11,3 3.5
1.5 1000 10 0.4 3.0 11,3 3,5
1.5 1600 10 0.4 4,2 16,0 3.5

4.  OpnHodazHbI TpaHC(OPMATOp HMeeT CIeAVIOI[He HOMHHAJIbHEIE JaHHBIE: S, =
10500 kBA, Ui1,/U2. = 110/6,3 xkB. OIBITHBIE JaHHBIE KOPOTKOI'O 3aMBIKAHHS ITPH HOMHHAIIbHBIX
ToKaxX B oOMoTKax Ui, = 115 kB, P, = 81,5 kBt, OImIT IIpoBOANTCS IIPH TeMITEpaType 0OMOTOK

75 C. BRIYHCIINTE aKTHBHBEIE H HHIYKTHBHBIE COIIPOTHBIIEHHS (a3 0OMOTOK TpaHc(opMaropa,

rmojiaras R, = R> U X, = X'2. Kakoe HampskeHHe HeoOXOoAHMO IojaBecTH K oOMoTrke HH mpu
ITPOBEJAEHHH OITBITA CO CTOPOHEBI 3TOH OOMOTKH?

5. HM3meHeHHe BTOPHYHOIO HAaIIPSDKEHHS TpaHc(opMaropa IIPH HOMMHAJIbHOM
Harpyske H cosp2 = 1 cocraBmser 1,97 %. Ornpenenurs B aOCOMIOTHBIX EIHHHIIAX
3IIeKTPHYECKHeE TTIOTepH TpaHchpopMaTopa, ecaH S, = 100kBA.

6. OnpefemdTh H3MEHeHHe BTOPHYHOIO  HaIpsoKeHHS  TpaHcopMmaropa B
OTHOCHTEJIFHBIX eIHHHIIAX U1 Harpy3ku [ = 0,552, u cos@z =0.8 110 CIeVIOIHM JTaHHBIM: Sy =
100 k B-A, Px=1970 BT, 1ttx = 4.5 %.

[IOKYMEHT MOAMUCAH B A HMeeT IToTepH KOPOTKOro 3aMbIKaHH S 1280
SNEKTPOHHOM MNOANUCHIO = 4.5 %. Haiftn 3HaYeHHs YITIa HAIPY3KH, IIPH

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Hlebayxoea TateAHa AnexkcaHapoBHa
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ITPH XOIIOCTOM Xojie P, = 2065 BT, IIpH KOPOTKOM 3aMbIKaHHH P, = 1280 Bt. Onpenemrs KIIJ]

TpaHc(popMaTopa I HOMHHAJIBHOH Harpy3KH ITPH TPeX 3HAUYeHHSIX KO3(p(HIIHEHTa MOIIHOCTH
cosp2 = 0.8; 1;(-0,8).

9. HommHampHag MOIMHOCTH TpexdaszHoro TpaHchopmaropa S, =25kB A,
HaIIpsoKeHNEe MTEPBHYHOH OOMOTKH U1xow = 10 KB BTOpHYHOH OOMOTKH Uzkow = 400 B mmorepu
IIpH XOIoCTOM Xoze P, = 125 Br, comporuBiIcHHe IepBHYHOM OOMOTKH R = 48,4 Owm;
BTOPHYHOH 0OMOTKH R> = 0,077 Om. Onpepermuts KII1J[ TpaHcdopmaTopa g 3HaueHHH f = 0,5;
1; 1,25 nipu Ko3(ppHIIHEHTE MOIITHOCTH cosp2 = 0,9,

10. Jist omHO(a3HOrO TpaHchopMaTopa HOMHHAIIbHOH MOITHOCTEIO S.0,—000 KB-A 1
HOMIHAIIbHBIM TIEPBHYHBIM HAIIPSDKEHHEM Ulon = 31,5KB MOIHOCTHIO KOPOTKOT'O 3aMBIKAHH A
P = 20 KBr v HaIpsKeHHEM KOPOTKOTO 3aMBIKaHHA Uy =8,5%. Paccunrars gaHHEBIE H
IIOCTPOHNTH Ipa(pHK 3aBHCHMOCTH H3MeHEHH S BTOPHYHOr O HanpsokeHusI A U oT ko3 dHIHeHTa
HaTrpy3KH [, eCTH KO3 (PHITHEHT MOITHOCTH HATPY3KH COS ¢).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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 lIpakTnyeckoe 3anarue Ne.3
Tema. CXeMBI H I'PYIIILI COEHHEHHA TPEX(Ppa3sHOro TpaHc(hopMaTopa

Ilens 3anamua. V3ydnTh COeMUHEHHS TPEX(aszHOro TpaHcpopMaTopa 3BE3A0H H
TPEYI OJIb HHKOM.

TEHPEHIHIIECKM HACINDb.

B oTedeCTBEHHBIX TpﬂHCd)GpMﬂTGpElK IMPHHATBI  COCAHMHCHIA OOMOTOK: 3BE3/14,
TPEYTOJIBHHK, 3HI' 34l

[Ipu coempHeHHH 3Be34a Y KOHIBI OOMOTOK 00pa3yroT OOINYIO TOUKY, a Hayala HAYT K
cetH. Ilpum coemgmHeHHMH OOMOTOK B TPeVrOIbHHK A Hayaao IepBOi (pazHOH OOMOTKH
IIPUCOEMNHIOT K KOHI[Y BTOPOH, HAyallo BTOPOH K KOHI[Y TPETEH, Hayalo TPETEH K KOHIY
IIEPBOMH, a BEPIINHEI 00Pa30BABIIErOCS TPEYTOIBHHKA K CETH. [IpH coenHeHH 3HT3ar)” Kaxmas
(paza BTOPHYHOI OOMOTKH pacIiolaraeTcs Ha JBYX Pa3IHYHBIX CTePKHSIX.

BooOmie roops, ITOHSATHSA Hayala H KOHI[a OOMOTOK YCIIOBHBL, OHH HEOOXOIHMBI JIJIS
IIPaBHIIBHOIO  COeJAHHEHHSI  (asHEIX oOMoTOK. B TpéxdazHom  TpaHchopmarope
ITOJIOKUTEIIbHOMY HaITpaBIIEHHIO TOKa OT Hadaja K KOHI[Y OOMOTKH JOJDKHO COOTBETCTBOBATE
OIIpeJIelIEHHOE HaITpaBJIeHHE IIOTOKA B CTEPIKHIX.

Havama ¢a3Hex ooMoTox BH oGo3Hauvaror oObryHO GCompmmmMH OykBamMH A, B, C, ux
KOHIIBI COOTBeTCTBEHHO X, Y, Z., i ooMoTok HH »TH 00603HAaUYeHHS COOTBETCTBEHHO a, b, ¢, H
X, v, z. Eci 0OMOTKa coeIHHEHA 3BE3J0H H YV HEE BBIBEJICHA HYIIEBAS TOYKA, TO IIPHMEHSIOT
0003HaYEcHHE.

[Ipn BxrouyeHHH TpaHc(OpMaTOpa Ha IMapajlIe]IbHVIO Pa0oTy OOJIbINOEe 3HAUYEHHE HMEET
cItocod coeHHeHHsI 0OOMOTOK, KOTOPBIH OIIPEAENSeTCS TPYIIION coequHeHHI. HoMmep IpyIib
COOTBETCTBYET VITIY MEXAY BEKTOpaMH JIMHENHBIX HamnpsokeHHn oOmorok BH m HH,
OTCYHTAHHOMY IIO YaCOBOH CTPEJIKE OT BEKTOpa JIMHEHHOrO HamnpsbkeHHs oOMoTrkH BH. 3a
e IHHMUITY YITIOBOTO MepeMeleH s IPHHAT yroi 30 . CymecTByeT 12 IPYIII coeHHEHHI — OT 0-

i 1o 11-#. (PaHbIe HyIIeBasg IpyIia Ha3bpIBanach 12).
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Prucynaox 3.1— I'pyroisl coeguHeHHIT ofHO(]a3HOr0 TpaHchopMaTopa

MeToamka omnpeielIeHHs TPYIII TpaHC(OpPMaTOPOB.

PaccmoTrpum ogHy a3y TpéxdazHoro TpaHcdopmaropa. Ecimi oOMOTKH HH3KOTO H
BLICOKOI'O HaIpPsDKEHHS HAMOTaHBI B OAHY CTOPOHY, TO €CTh HJIM IO JIEBOH HIIM IIO ITPaBOH
BHHTOBOI JIMHHI, BEPXHHE 3aKNMbI OOMOTOK IIPHHTE 3a MX Havajla, a HIDKHHE 3a X KOHI[BL, TO
BJIC (BeKTOpBI) HHAYKTHPYEMbIE B OOMOTKAX, BO-TIEPBHIX, ITapalUIelbHEI, T.K. HHAYKTHPYIOTCS
OJHHM H TeM JKe IIOTOKOM, a BO- BTOPEIX, HAITPaBJIEHBI B OJHY CTOPOHY. ECIH 3a:KHMMBI 0OMOTKH
HH mnepemapkuporars, To0 E4 m E, OyIyT HallpaBJIeHBI IIapajlIe]IbHO, HO BCTpedyHO. [IpH
rmocTpoeHHH BJ][, HEOOXOMMMOH AJIS ONpelelleHHs TPYIMIBL, CIeAVET TaKKe YUHTBIBATh, UTO,
€CIIH Ha CXeMe KOHI[EI OOMOTOK COeJIHMHEHBI B OIHOHM TOYKE, TO M Ha BEKTOPHOH IHarpamMme

COOTBETCTBYIOIIHE TOYKH BCKTOPOB (bﬂSI—[E:I}{ H&HP}DI{EHI]I”I: 0003HAUYEHHBIX Te MH XKE 6}314333}&11[:,
TakKeS COCIHHCHEI BMCCTC.

OOBIYHO BEKTOPH JMHHeHHBIX OJ[C 0oOMOTOK VIIOAOOISIOT CTPeJjIKaM YacOBOI'O
1pgepOmaTa, mpHuéM BekTop BH IpHHIMArOT 3a MHHYTHYIO CTPENKY, YCTaHOBIEHHYIO Ha
nudppe 12, a Bekrop HH — 3a 4acoByro cTpenky, H IH(pa, Ha KOTOPYE YKa3bIBAaeT 4YacOBas
CTpejIKa, ONIpeJenseT Ipyrry TpaHchopmaropa. IlycTs TpéxdaszHbli TpaHC)OpPMATOp HMEET
coequHeHne ooMoToKk BH u HH B 3Be3y. 1Ipu aTom:

X W 7
-
-
Ay by )
weh  wiE Ao

Pucynoxk 3.2 — Tpexda3zubIi TpaHcpOopMaTOp cO CXeMOil coeTHHEHH S 3Be3/a

1) o6morkn HH 1 BH HMelOT OZHHAKOBYIO HAMOTKY,

2) Havaila H KOHI[BI 0OMOTOK PacCIIOJIOKEHBI OJJHHAKOBO,

3)  OOHOHMMEHHBIE OOMOTKH PACIIONIOKEHBI Ha OOIIMMX CTEPKHSIX (HAIpuMep A H a, B H

B).

[Toctpoum Teneps B[ da3zubix n muHeHHBIX 2][C o6moTox BH 1 HH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Pucynoxk 3.3 — TpexdazHbii TpaHcpOopMaTOpP ¢ TPYIHIOH coeHHeHHH Y/ Y -()

[Tpm 5ToM OHOMMEHHBIE BeKTOopbl DJ[C COBMAIatoT 1Mo (hase, U eClU E,, COBMECTHMOCTh
Ha 1udeporare ¢ udpoit 12, To «4acoBas CTpenkay E_, MoKaxeT 12 mwm 0 «4acoBy.

Ecm Tereps B cXeMe Y/Y NOMeHSATh MecTaMH Hadalla H KOHI[BI oOMoToK HH, To B B/]
HH BekTOp rmoMeHseT HaIlpaBJIEHHE Ha ITPOTHBOIIOIOXKHOE, M «4achkl» OYIYT ITOKa3bIBaTh O-I0
rpymry. [Ipn xpyroBoil nmepeMapkHpoBke (paz oOmorku HH MOXKHO MOTy4HTh T'pPyHIEI 4 H 8,
IIOMEHSB MECTaMH Hayvajla M KOHIIBL. 2 M O, T.. BCE UETHEIE I'PVIIBI. YETHEIE I'PYIIIEI
ITOIYYArOTCS TaKKe IpH coeauHeHH A/ A, a HeuéTHele - A/Y H Y/A .

PaccMOTpHM Tereph coeJHHEHHE Y /A,

C
B¢ A ay "o
- LW 1 L 4
C : 4 £ :
- - Eﬁ. I..- -\.I .ll .
. - —er y Ecn
e }_ .:" * .I_.-l' '\._1 ) xlf:z - b,z h?::
[ \ . ¢ — - = Y
e - = Y
CoC ¢ Ears/ A\ » Fa
X Y Z & K | 5 X,C
. c
c
2l | b | ¢l
.H'J- .:.\'F- :J-
. = =
== >

Pucynoxk 3.4 — TpexdazHeIi TpaHCcpOpMaTOP CO CXeMOH H I'PYIIIOH coeJHHeHHH Y/-11

M3 prucyHka BHIHO, 4TO BekTOp mMHeHHOH DJIC HH cMmerneH Ha 300 110 OTHOIIEHHIO K
BekTOopy BH m pacmonoxurca HampoTHB IH@PHE 11.IlepeMapkupoBKOi 3aKHMOB MOKHO
ITOMYYHTh I'pyrmoiel 1,3,5,7 u 9. UToGkI 00eceyHTh MapauielIbHYyK padoTy TpaHCc(pOpMaTOpOB B
P® msrorapmiBarorca TpaHcpopmaropel: Y/Yo-0; A /Yo-11, Yo/ A -11, Y / J -11; cneBa ot

npodu —BH; ciipasa HH;, «0» — BEIBOI HapyKy H}UIEEGIB"I‘—‘GHIGL Y/Y0-0 — rmpuvenstroT Ha 10/0,4
H 6/0,4 xB, mpu HepaBHOMepHOH Harpyske ¢az: Y /<4 -11;35/10kBu35/6-Y /A-11, pu

Um =110 kB — Yo/ A-11.

C TOYKH 3PCHHA BIIIAHIA BBICIIHX I'dpMOHHK H IIOBSACHIA IIPH HECI]MI%IETPH‘]HGﬁ
warmmra rreTacnnfinanun ATy un nAMmaroar coaTHHUTH B TPEYTOIBHUK, T. K. ITPH 3TOM HCYE3AIOT
. . I. K.

AJOKYMEHT NoarnncCAH )
SNEKTPOHHOW NOANMMCHLIO 'HOCTH H I'apMOHHK, KPATHBIX TPCM.
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2. Yro Takoe Irpymia coeJHHEHH TpaHcpopMaTopa?
3. JIist Uero HeoOXOAMMO 3HATh TPYITITY COEeJHHEHH S TpaHc(hopMaTopa?
4. Kak ompeensercs rpymia coeHHeHHI TpaHc(popMaTopa?

. Jagauan
1. OImpenenHTh IPYIOTy TpaHc(opMaTOpa B COOTBETCTBHH ¢ BAPHAHTOM.

2.2 3amaHuna Qs peneHu s,

Samaua 2.1

OrnpeAeluTh TPYIITY TpaHC(OpPMAaTOpa B COOTBETCTBHH C BapHAHTOM.
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PucyHok 2.7— BapuaHTt 3
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Pucyuok 2.10 — BapuaHTt 6

b
- —__f"“v’““v"“‘\.—"“\—l ‘

e m—
s —
i

.
F—v—‘v’“v—‘xﬁ‘] =

e

PucyHok 2.11 — Bapuanr 7
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PucyHok 2.12 — Bapuanr 8
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PucyHok 2.15 — Bapuanr 11
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* lIpakruueckoe 3aHaTHe Ne.4
Tema. Tpanchopmarnisa TpexdasHBIX TOKOB

Ilens 3anamus. M3yyeHne TpaHcpOpMAaIHH OKOB B TPEX(A3HOH CHCTEME

TEﬂpEHIHIIECKﬂH yacmob.

Tpancpopmarsa Tpex@aszHeIX TOKOB H HaIIPSDKEHHI OCYINECTBIIIETCS C ITOMOIIBEO
TPYINIEL M3 Tpex OJHO(A3HBIX TpaHC(OPMAaTOPOB HWIH C IIOMOIIBK TpeX(pa3sHOro
IBYXOOMOTOYHOIO TPaHC(OpMaTOpa CO CTEPKHEBBIM HIIH OPOHEBBEIM MAaTrHHT OITPOBOJOM.

OOMOTKH OTAEIbHBIX (a3 COeTHHSIOTCS B 3BE€3AY — Y HJIH TPEYTOIIBHHK — _.

HampsokeHHS H TOKH OOMOTOK TpeX(asHOoro TpaHc(opMaropa: IIPH CHMMETPHYHBIX
TIEPBHYHBIX JTHHEHHBIX HAITPSDKEeHISX:

Usg = UpaiUge = UJ_"[E_}-I:THJH}: Uey = Ulr:'f'j':j”ﬂ:l (4.1)

H CHMMETPHYHBIX COIPOTHBIEHHSIX Harpy3KH (pazHBIe TOKH H HaIlpsDKeHHS TpaHCc(popMaropa
ITOITYYAFOTC I CHMMET PHYHBIMH.

(DasHEBIe HAaITPAKCHHA H TOKI TpﬂHG(bOpMﬂTDpa IIPpH COCIHHCHIH B 3BC3Y H 3HI3dl.
Uy =U N3 I, =1, (4.2)
IIPH COCIHHCHITH B TPEVYI' OJIbHIK.

Uy =Uy; I, =1,/V3 (4.3)

»

“ KoHrt POJIbHBIC BOIIPOCHI H 3a1aHHH

1. Kak omnpenenurs ¢aszHble HaIpsSKeHHS H TOKH IIPH COeJHHEHHH OOMOTKH
TpaHc]opMaTOpa IO cXeMe «3Be3an ?

2. Kak ompenennck ¢a3zHble HaIpsDKeHHS H TOKH TIPH COSQHHEHHH OOMOTKH
TpaHc]opMaTOpa IO CXeMe «TPeyrOIIbHHK?

3. Yto coboit MpeICTaBIISAET TPYIIIIOBOH TpaHchopMaTop?
*  3amaum

1. Tpyma u3 TpexX ogHO(}a3HEIX TpaHC(POPMATOPOB OJHHAKOBOI MOIIHOCTH C

TIMATTITITI G TIC TTIL TR ATT ﬂﬁqr}annr IIGaTTITT I STITT (O AT.T Ilir. A —
SNEKTPOHHOW Noanchio gHBIE OOMOTKH COCIHHCHBEI B TPEYI'OJIBHHK,
Ceptudurar:) 12000002A633E3D113AD4 25F B50002000002A6 S HaIIpSDKEHHS Ha OOMOTKAX 'I'pElHC(prM&TDp&?
Bnapenedl. Webayxoea TaTeAHa AnekcaHOpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



2.  Hampsskenune TpexdasHOil CeTH BLICOKOrO HampsokeHHa Uy = 525 kB, HH3KOro —

U, = 20 kB. Ilpu xakoM coeJHHeHHH OOMOTOK TpeX OIHO(A3HBEIX TPaHCPOPMATOPOB C
HOMHHAJIbHBIMH HaIpspkeHHsMH U,/ Uz, = 303/20 kB Bo3MOXKHa TpaHCc(pOpMaIHI Tpex(pazHbIX

TOKOB"?

3.  O6yoTKH Tpexdasnoro TpanchopMaTopa CoeTUIIeIn o cxeMe Y/ U, dmcIo
BHTKOB Ka)KIOH (pa3pl mepBHYHOH oOMoTkH W] = 1000, BropmuHon oOmorkH W2 = 200.

OrnpefenTh THHEHHOE HalpsDKeHHe Ha BEIXOJIe TpaHCc(opMaTopa, eCIIH THHEHHOE HaIlpsTKEeHHE
ruraromen cetH U1 =1000 B.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



* lIpakrHueckoe 3aHATHE No.5
Tema. DKkcriepHMeHTaJIEHOE OITpeielIeHHE ITapaMeTPOB H IIOTEPh TpaHc(popMaTopa

Ilens 3anamua: HaydnuThcs pacCUHTHIBATh ITapaMETPEI TPaHC(pOpMaTOpa H OIPEETISATh
IIOTEPH.

TEﬂpEHIHIIECKﬂH yacmob.

B mporiecce ommbiTa XOIMocToro xofa TpaHc(opMaropa (purcHpyercsa Uiz, Po, fio. 1o
JAaHHBIM OIIBITA PACCYHTBIBAIOT COIPOTHBIIEHHS:

U |
El} = I_J'D (51)
V3l
Iy = Lo
i T -
344, (5.2)
II
Xg = H|Ea — T (5.3)
Koa(pHIimeHT MOIITHOCTH:
P
COSQP, = — 2 (5.4)
V3 Uyplyg

B oIbITe KOPOTKOro 3aMbBIKaHHS TpaHc(pOpMaTopa K IEePBHYHOH OOMOTKE ITOJBOJIST
MeHbIIee (110 CPaBHEHHIO ¢ HOMHHAJIBHBIM) HaIpPsSKEHHE TaK, YTOOBI TOK /.1 OBII B Ipelenax
HOMHHAJIbHBIX 3HAYEHHI.

Tax ke, KaKk H B IPEAbIAYIIEM CIydae PacCUHTBIBAIOTCA Py, Zy, Fx, H Xx.

CxemMa 3aMelleHHS TpaHcpopMaTopa B PeKHMe KOPOTKOIO 3aMBIKaHHS HMEET BH,
ITOKa3aHHBIH Ha PHCYHKE J.1.

£ "3
) || -| )
i i f r:"
Lk _
AT,
NOKYMEHT NMoanncAH
3NEKTPOHHOW NoanncCeio
CepTudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TaTeAHa AneKkcaHOpoBHa Q
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Pucynok 5.1 —Cxema 3aMeIneHHS TpaHc(hopMaTopa B peXHMe K.3.

OOI11eE COIPOTHBIIEHHE CXEMBI:

Zur* Z,

7 =Z, +

Et

TaK Kak Z,_ > Z,, TO B 3HAMEHATeJIe YIEHOM Z , MOKHO ITpeHe0peyb, TOr/Ia:

Z NI, +E! (5.6)

T.C. VIIPOIICHHAA CXEMad 3aMCIIICHITA HMCCT BH/I.

£

o ]
—
I

L'Ip_'

C

PrcyHok 5.2 —YrpomieHHas cxeMa 3aMellleHHS TpaHc(opMaTopa B peKHME K.3.

Hampspkenne Uy, TpH KOTOPOM TOK KOPOTKOIO 3aMbIKAHHS paBeH HOMHHAIIbHOMY [, =
I,. Ha3BIBAETC S HAIIPSKEHHEM KOPOTKOI'O 3aMBIKAHHSI.

B OTHOCHTEIILHBIX €IHHHI[AX:

Up=——=Eg (5.7)

Bemmunxa U, OOBIYHO BEIpakaeTcsd B ITACIIOPTHOI TaOmmuke TpaHchopmartopa. Uk
MO2KHO OITPEIEINTh H3 BEKTOPHOH JAHArpaMMbI B PeKHME KOPOTKOIO 3aMbIKAHH ST

COCTaBIISIIOLIHM HAITPOKEHIA KOPOTKOI'O 3dMbIKAHH A

U_.=U_=cosg, (5.8)
U.=U_=sing, (5.9)
Iipumep 1.

HommHanbpHBIE JaHHBIE TpeX(a3sHOro TpaHc(popMaTopa IIPH COeJHHEHHH OOMOTOK IIO

[IOKYMEHT NOONUCAH | "7 kBA, HampsokeHHe Ha OOMOTKE BEICOKOIO H

SNEKTPOHHOW NOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeney: — (lUe6syxosa TatbaHa AnekcaHapoBHa TOTEPH KOPOTKOTO 3aMBIKaHHS — Py = 1,65 kBT,

1 kB uUyy = 0,4 kB. IloTepn xomocToro xoma —

0
MeiicTeuTenex: ¢ 20.08 2021 rio 20.08 2022 4,5 %, aKTHBHAS COCTABJISIOINASA HAaIIPsDKEHHSI



KOPOTKOTO 3aMbIKaHHI — Uwqg = 2,54 %. OnpeaermTs: KO3 QHIIHEHT MOIITHOCTH ITPH KOPOTKOM

3aMBIKAHHH H XOJIOCTOM XOJIe, COITPOTHBIIEHHS CXeMbI 3aMellleHHS UIS peKHMa KOPOTKOTO
saMbIKaHM L, KIIJ] mpH HOMHHAIBHOIM Harpyske H Koa(p(dHIIHEHTaX MOIIHOCTH COS ¢, = | H cos

¢, = 0.8, aKTHBHYIO MOINHOCTh Ha BTOPHYHOH CTOPOHE IIIA COS ¢, = 0.8, IIPH KOTOPOH

3HayeHHe KIIJI OyzmeT HaHOOIBIINM, IMOTEPH B TpaHcpopMaTope ITpH MonrHOoCcTH S = 10 kB-A;
HaITpSDKEHHE Ha BEIBOJaX BTOPHYHOH OOMOTKH ITPH HOMHHAJIBHOH Harpyske H KO3 (pHIHEeHTax

MOIIHOCTH €OS ¢, = 1 Hcos ¢, = 0.8.

Peuterue:

HomrmHambHbBIE TOKH, A

L S.  63%10° .
¥ooJ3U, V3s21+108

; U, B 63 = 10° o1
= UE[—I S W’EE 21 = 1']3 -

Kon(puigieHTH MOITHOCTH, O.€.:

Py 0.29
COS @y = —= = — = 0.132
v3U_ I, +3#%21#(0.035+1.73)
E 1,65

= (0.592

cos @, =— =
" V3U I, V3+%21+(0.045% 1.73)

CGHPGTI[BHEHI[H KOPOTKOI'O 3aMBIKdAHI AL, OM:

P, 1650

S = ;= 183
ml; 3(1.73)°

— P
, =1 +1, =

. bl = U [%] * (U /V3) _ JUZ—UZ =Uy, _ 4/(85) — (2.54)% = 21000 _ et
= T 1001, 100v/31,, 100v/3 = 1,73

KoadduimeHT mone3Horo AeicTBHS ITIPH HOMHHAIBHOI Harpy3ke, O.€.:

FZ:—: 5&: e
'] _ — —
& P, S.cose, +P,+F
. 63+1
i cos e, =1 Tt T 6311029+ 165
NOKYMEHT NMNOoAanncAH
3NEKTPOHHOW Noannceio 63 =08

Ceptudmkar: 12000002A633E3D113AD425FB5S0002000002A6 ., = . = []!963
Bnapeney:  Lle6ayxoea TaTbsiHa AnekcaHapoBHa = 63+0,8+029+1,65
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MakcHMalIbHOE 3HAYEHHE KOS(PQHIMEHTA IIOTIE3HOIO MAEHCTBHA COOTBETCTBYET —YCIOBHIO
F, = P,. YUHTBIBAs, YTO MOTEPH KOPOTKOI'O 3aMBIKaHUA F, = 3{[ T, OIPEAEIIFOTCS 3HAUCHILT

TOKa
—
A N P =0,727 A
SRR ELVREN P \ 3+183 !

H aKTHBHOH MOIITHOCTH Ha ETGPII‘]HDfI CTOPOHE

— 7 — /=2 Use
P, =v3U,.I,cos@, = V3U,, -

—

21000
}Il cos¢, = ¥3*400+* (W)GEE? #* 0.8 = 16.9 kb1

SH ™ oL

Y

A |

[ToTepn mormHOCTH B TpaHchopMmarope IpH S = 10 kB-A:

. 542 1042
EAP=P + kP =P + (—) P =029+ (—) 1.65 = 0336 kBT
- 5, 60
HaHpH}I{EHHE Ha ETGpH‘-IHIDﬁ GI‘I_‘)MGTI{E: CGGTEETGTE}"IOHIEE }’T[pl:}HIEHHGﬁ CXEME 3aMCIIICHHA
TpaHc(popMaTopa IO, HarPy3KOH:

U, =U, —1,(r,cos@, +x_sing,)

21000

cosgp, =1 U, = = — 173+183+#1=11820E
y

cosg, = 0,8 Ui ==2"— 173+ (183+ 1+ 260+ 0.599) = 11630 B,
y

HampskeHHe Ha BEIBOJAX BTOPHYHOH OOMOTKH IIPH HOMHHAJIBHOH HarpysKe:

. U. = SRLE _ w3l
- k (Ugy/ Uy )
» CGS-;!Z': — 1 o UH----:‘-E-].].E:U:S.;DB.
== (21/0.4)
. COS ¢, = (.8 . U. =»_5.11E-3D=383 B
- “HE (21/0.4)
L
AOKYMEHT NoanmncAH
INEKTPOHHOW NOANMUCHIO BOIPOCHI H 32 JaHHA
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

AIPCACIICHITA IIAPaMCTPOB CXCSMBI 3aMCIICHIA
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TpaHc(opMaTopa?
2.  KakoBwI yCIIOBHS IIPOBEACHH S OIBITa KOPOTKOI'O 3aMBIKaHHS TpaHCc(opMaTopa?
3.  Uemy paBHO HaIIpPsDKEHHE KOPOTKOI'O 3aMBIKaHH I B OTHOCHTEIbHBIX €IHHHI[AX”?
4. Y10 ompenensgeT MOIIHOCTL, H3MepPeHHas B OIBITE KOPOTKOIO 3aMBIKAHH?

«  3amaum

2.  HommHampHas MoINHOCTH TpexdasHoro TpaHchopmaropa 5,725 KB A;
HOMHHaIbHbIe HanpspkeHHT U, = 10 xB; BTopHuHon oomotku U, = 0,4 B. CxeMa coeqnHeHH

Y/Y. TpanchopmaTop HCIBITaH B pPeXHMe XOJIOCTOro XoJa co cTopoHsl oOomoTkn HH. Ilpu
HOMHHAIIbHOM HalpspkeHHH TOK [,,.= 1,15 A, nmorpebngeMasa MomHocTh P, = 0,135 xB1. Hatitn

TOK XOJIIOCTOI'O XOOa TpﬂHG(l)OpMﬂTﬂpﬂ B OTHOCHTCIIBHEBEIX SIHHHIAX H I{GB(b(bI]l[HEHT MOIITHOCTH
B PCKHME XOJIOCTOI'O XOJ4.

3 YacTtoTa IHTarOmieH CETH B OIBITE XOIIOCTOrO XojAa TpaHchopmartopa f = 49 I
Kakoe HampspkeHHe HeOOXOJHMO TIIOABECTH K TIEPBHYHOH OOMOTKe TpaHcpopmaropa c
HOMHHAILHBIM HarpspkeHueM U, .= 400 B u vactoTtorn 50 I'1f, YTOOEI peakKTHBHASI COCTABILSIOIAS

TOKa XOJIOCTOr'O X0Ja ocTanach 6e3 H3MeHeHHH?

4. OpHO(a3HBIH TpaHCHOPMATOP HMEET CIeAYIOIIHE HOMHHAIIBHBIE JaHHbIe: 5 = 10500
kB-A, U,,/U,.= 110/6,3 xB. OrbITHBIE AaHHBIE KOPOTKOTO 3aMBIKAHHS IPH HOMHHAIBHBIX
TOKaxX B oOMoTKax U, .= 11,5 xB, P, = 81,5 kBT. OnBIT MPOBOAIICA IIPH TeEMIIEPATYPE OOMOTOK
75 C. BBIUHCINTG aKTHBHBIE H HHIYKTHBHEIE CONPOTHBIIEHHA (a3 0OMOTOK TpaHc(opMaTopa,

_ i
nomarasg £ = B, u ¥ , = X5. Kakoe HampspkeHHe HeoOXOIHMO IMOABecTH K oomoTke HH mpn
ITPOBEJAEHHH OIThITA CO CTOPOHBI 3TOH OOMOTKH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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* lIpakrHueckoe 3aHATHE N2.6

Tema. MarHuTHOe MONIe B3aHMHOH HHIYKIIMH MHOrO(a3sHOH OOMOTKH MAaITHHBEI ITepeMeHHOTO
TOKa. CrtocoOBI ITOAABIIEHHS BRICIIIX rapMOHHK 3/]C MaIllHHEI TTIEPEMEHHOIO TOKA

Ilens 3anamus. PacyéT MarHUTHOTO TTOJISA B3aHMHOH HHIYKIIHH MHOTO(a3HOH OOMOTKH
MAaIllHHBl TIEPEMEHHOIO TOKAa. M3ydeHHe CIrioco0OB IIOAABIEHHS BBICIMHX TapMOHHK 3J1C
MAIIIHHEI TIEPEMEHHOIO TOKA.

T eopemiuieckKdan 1acmbo.

PazmokeHne MarHHTOABIDKYIEH cHibl (MJIC) rmepHOIHYECKOH CHCTeMBI KaTYIIEK B
psx Oypee.

IIpocTpanctBeHHOe pacnipefenceHue MJ/[C B MOMeHT BpeMeHH f = ()

= (6.1)
F = Z F__ cosva

m
=1

Anmrumuryaa | -oH rapMoHHyecKoH M JIC nmepHOoqHYECKOH CHCTEMBI KaTYIIEK

4 e -
Frevm = EF}:m 'il;:;..'a: = E Ilzfﬂ Wi 'il;:;..'z: (6.2)

rae 1 _ 1 02¢c,c=0,2,3...

KoadduimeHT yKopoueHHS mIara 0OMOTKH, XapaKTePH3YEOIIHH BIHSHIE Iara KaT yIIKH
Vx HA aMIUIHTYAY rapMoHHK M JIC,

Uy, T

2T (6.3)

K., = sin

[Ipn BEIOOpE IM1ara KaTyIIKH

v, = (vr—1)t/v (6.4)

rapMoHHYeCKHX _] -ro rnopsaka B MJ|C conmepkarscs He OYIET.

MarHuToABHKYINAsI CHIIa (pa3bl.

AmiomuTyga — -i rapMoHmdeckod MJ[C ¢asel Yepe3 aMIUIMTYAHBIH TOK KaTyIIEYHOMH
CTOPOHEI
Fd:u;-_: — qFJ{L‘i‘]‘l '!i:_uu — 4'?"{5"..'1:'{5_1:1:"""'3!& WJ{-"J(H”] (65)
ONOKYMEHT MNOONWUCAH
SNEKTPOHHOW NOAMUCHLIO - .
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 baspr yepes qeHCTBYIOIMI TOK (a3l [ = al,
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Fpom = E*..’E{wkw k.. /(mpv) (6.6)

Imew _ 2 pwy g / @ —4HCIIO BUTKOB B ITapajuIeIIbHOM BETBH (pa3bl.

KoadduimeHTt pacrpegeneHHss 0OMOTKH:

— sin[vr/(2m)] (6.7)
Y gsin|vn/(2mg)]
OOMOTOYHBIN KO3 (HIFEHT U1 OCHOBHOH rapMoHH4YecKor MJIC
Kog = Kyq Ky (6.8)
[Topsmox 3yOI[OBBIX BEICIIIHX TapMOHHYECKHX
JdkZIp_1 _2mgk _ 1, (6.9)
rme k=1, 2, 3,...
MarsHuToABHKYINAS CHIIa TpeX(pa3HOH 0OMOTKH
Fla,t) = Z F. cos(twt—va) (6.10)
r=1
rJie
Fom = (3/2)F, =3V2l*swsk,, =k /(7vp) (6.11)
HITH
F. = -E':qicwk}_ywﬁfﬁ w, f (mv) (6.12)

[ne “O=6¢-1.¢=0,1,2,3,...

[Tpsmvas rapmorryeckast MJIC TpexdazHoH 0OMOTKH BpallfaeTcs ¢ YTIIOBOH CKOPOCTHIO

0=w/p (6.13)

B ITOJIOHTCIIEHOM HAIIPABIICHHH,

_] -grapmoHmyeckasts M J|C BparaeTcs ¢ yriIoOBOH CKOPOCTBIO

AOKYMEHT NnoarmmCAH |
SNEKTPOHHOM NOANUCHIO MIHBI ITOCTOAHHOI'O TOKd PACIIONIaraCTCA B IIa3aX
Ceptudpnrar: - 12000002A633E3D113AD425FB50002000002A6 cTaTopa. (OHA BBIIIOIHSETCI M3 ME ITHOTO
Bnapeneu: Lebayxora TateAHa AnekcaHapoBHa

yI'OJIBHOI'O CCHCHHA.
Nencreutened: ¢ 20.08.2021 no 20.08.2022



DO1eMeHTOM OOMOTKH CTAaTOPa ABIHCTCA OJHO- HIIM MHOTI'OBHTKOBAA KaTVYIIIKA. OneMeHTBI
KAaTVIIIKI, PacCIlOlIdal'd€MbBIC B ITd3dX, HA3bIBAIOTCA ITda30BBIMH CTOPOHAMI, d YdCTH., HAXOIAIITHCCA
BHCEC IIa30B H CIVYAKAIIHCE I COCOHHCHIA IIda30BBIX CTOPOH, — JTOOOBBIMH YACT SIMH.

OOMOTKH CcTaTOpa XapaKTepH3YIOTCS ITapaMeTPaMH

yHCIIOM (pa3HEIX OOMOTOK, m; — ojHo(gaszHble (m; = 1) M MHOrodgasHsele, OOBIYHO
TpexdazHrie (m; = 3);

maroM OOMOTKH IIO Ila3aM yi — C IIOTHBIM (JHaMeTpaJbHBIM) IHaroM (yi = 1) H
YKOPOYeHHEIM IaroM (y; < 7).

31eCh T — IIOIIIOCHOE JeJIEHHE, M,
r=mnD /(2p) (6.15)
rJie D) —BHYTPEHHHI JHAMETP cTaTopa, M,
2p — YHCIIO ITOJIFOCOB OOMOTKH CTaTopa.
[ lomHeIH 111ar oOMOTKH
v =Z,/(2p) =1 (6.16)

B stoM ciryuae 3/[C, HHAVIIHpYeMasa B KaKIOM BHTKE KaTYIIKH CTaTOpa BPaIlaroIIIIMCs
MarHHTHBIM TIONIEM, OIpefensdeTca apHpMeTHYecKoil cymmMoii 3JIC CTOPOH ATOrO BHTKA, TO
ECTh

Canr — €1 + €2 (617)

Ecrmi mar oOMOTKM YKOpOYeHHBIH (v, < 1), TOo OJIC BHIKa OIPEHEISIETCS

reoMeTpHYecKol cyMMoil 3JIC ero ma3oBBIX CTOPOH, T.e. YUHTBHIBAeTCS (Pa3OBBIH CIBHT STHX
OJIC, pu stoMm BJ]C BHTKa, a cliegoBarenbHo, H D][C Beel pa3HOH 0OMOTKH E,, YMEHBIIAETCSL.

D10  yMeHblneHHe 2J[C, BBRI3BAHHOE VKOPOYEHHEM Inara OOMOTKH, VYHTBIBAECTCS

KO3 HIIHEHTOM yKOpOoUeHHA k., = E, /E,. KosduimeHT yKOpoueHHs IMepPBOil (OCHOBHOI)

I'dPMOHIKI.

T
k., = sin {ﬁ * E) (6.18)
—THe £ = 2L OTHOCHTEILHBIT AT OGMOTKIL

T

Jna 5]1C mro00i rapMOHHKH (v — HOMepP TapMOHHKH)

T .
kyp = sin (uﬁ . _} (6.19)
2
VT AOKYMEHT MoAAnCAH 1 -
SNEKTPOHHOW NOAMUCHIO
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Taxk Kak BBICIIIHE I'aPMOHHKH SI[C MOI'YT BBI3BATE B JJIICKTPHHYUCCKIIX CCTAX H

IIPHCMHIIKAX PAL HCKCIIATCIIbHBIX }IBJIEHI]IUI:. HeOOXOIHMO IIPHHHMATb MCPBI OJIA ITOAdBJICHHA
ITHX I'apMOHHK.

Tabmuia 6.1 — 3HaueHH I KO3 pHITHEHTa k}-,,. B 3aBHCHMOCTH OT OTHOCHTEJIBHOTIO IIara f3

OTHOCHTEILHBIH IIar 4/5 6/7 |
OOMOTKH [3
KoapduimieHT yKkopoueHHT K Y
1 -1 rapMOHHKAa 0,951 0,975
S-S TapMOHHKA 0 0.433 |
7-51 TapMOHHKA 0,573 0

Taomma 6.2 - KoadduimpieHTs! paciipeeneHus Ai1d 1, 5, 7-1 rapMOHHK

Yiicao nazos
Ha MoJIoC H (Pasy gy ..o.- | 2 3 4 9 § oC
Koaddpmmuent

pacrpencaeHus k,:

1-s rapmonuka ... 1,000 0,966 0,960 ¢,958 0,957 0,956 0,963
3-s b .. 1,000 0,707 0,667 0,654 0,646 0,644 0,636
57 ) - LOOO 0,259 0217 0,204 0,200 0,197 0,191
T-7 b 1,000 —0,259 —0,178 —0,157 —0,149 — 0,145 —0,1306

IlogaBneHne BhICIIMX TapMOHHK 3JIC MOXKHO OCVYIIECTBHTHR C  ITOMOIIBIO
COOTBETCTBVYIOIIEH KOHCTPYKIIHH OOMOTOK. K KOHCTPYKTHBHBEIM MepaM OTHOCSITCS:

1) yxopoueHme mrara OOMOTKH,

2) pacrpefeneHHe OOMOTKH IIO ITa3aM TaKHM OOpa3oM, YTOOBI YHCIO KaTVIIEK B
KaTVIIEYHOH I'pyrmie Op110 g > 1.

[Io cBOEH KOHCTPYKIMM OOMOTKH CTaropa pasIellroTcs Ha COCPEJOTOYEHHEBIE H
pacmpejielIeHHBle. B cocCpeloTOYeHHBIX OOMOTKax craTopa OOMOTKa KaKAOH (asbl
pacronaraeTcs B JABYX IIa3aX, a B paclpeJelIeHHOH OOMOTKe — KaTYIIKH KaXTOH a3kl
3aHHMAIOT HECKOIIBKO ITa30B. PacripejielieHie KaTyIleK B Ia3ax CepJcyHHKa CTaTopa BBI3BIBACT
HEKOTOpOoe YMeHbIeHHe OJJIC KaTyIleyHOH TPVYIIBL pachpelelleHHOH OOMOTKH £E., II0
cpaBHEHHIO ¢ 2 J]C KaTVIIeYHOH IPVIIILI COCPEIOTOUEHHON OOMOTKH £ ..

JI1g KOIMYEeCTBEHHOH OIIeHKH A3TOro ymeHbIneHHSI DJ[C HCIoab3yeTcs Koa((HIHEeHT

pacmpeaeneHHs OOMOTKH, IIPEACTABIISIOIINI co00M oTHOIIeHHEe 3/1C pacrpeaeileHHOH 0OMOTKH
K DJ1C cocpeqoTOUYeHHOH OOMOTKH:

kyy = sin B * gj (6.21)

Konthdhurment nacnenemerwur g o6MoTKY 11 TTepBOI TapMOHHKH DJ[C
OJOKYMEHT MoarnnucAH

SNEKTPOHHOW NOAMUCHIO
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IJle y — VIOl cABHra 1o (paze MeXKay BekTopaMH Ia3oBEIX DJ[C, T.e. DBJ[C, HaBOJAHMBIX B
ITPOBOIHIKAX, JIEKAIIMX B COCEIHHX ITa3ax cTaTopa, 3II. Irpaj.:

1" ]S /1 —YHCIIO T1a30B OOMOTKH.
v = 360p/Z, (6.23)

Tak Kak yromn cIBura II0 (ase MeXAy BeKTopaMH ma30BbIX 5J[C 11 v-i TapMOHHKH B V
pa3 OOJIbIIIE TTA30BOTO YITIA y, TO KOA(P(MHIHEHT pacIpeaelleHHsI OOMOTKH I TF000H rapMOHHKH

DJ1C pareH

~ sin(0.5 *v #q, *y) (6.24)
g, =sin(0.5 =v = y)

D

OJIC (pazHOH 0OMOTKH cTaTOpa OIIpeJeIsIeTcsa BhIpaKeHHEM
Epy = 444D+ f) *wy =k z) (6.25)
I'Zle @ — OCHOBHOH MarHHTHBIH ITOTOK,
b =(2/m)Bs =1, *T (6.26)
B; — MarHuTHasg HHAYKIHS B BO3AYIITHOM 3a30Pe MeXIY CTaTOPOM H POTOPOM,

fi —d4acToTa IepeMeHHOro ToKa B 0OMOTKe cTaropa, ['Ir;
W1 — YHCIIO ITOCIIEIOBATENIFHO COEeIHHEHHBIX BUTKOB B (pa3HOI OOMOTKE cTaTopa

w, = 2pq, *w, = Z,*w,/m, (6.27)
W\ — UHCIIO BUTKOB B KaTyIIIKe OOMOTKH CTaTOpa;

kost — OOMOTOYHBIH KOA3(QHIIHEHT, VUHTHIBAIONTHMI yMeHbIIeHHS OJIC, BBI3BaHHEIE
YKOPOUYEHHEM IIIara KaTVyIIKH 1 PacCIIPEAcIIeHHON KOHCTPYKIHEN OOMOTKH

kl:lﬁl =k 'IT{,!:Il

¥l
[Ipu BEIOOpE IM1ara KaTyIIKH

(v —1) (6.28)

L

¥ =

rapMOHHYECKHX v-T'0 Imopsjaka B 2 J[C copepxarbcsa He OVIET.

lipumep 1.
Crarop Tpex(asHON OeCKOIUIEKTOPHOH MAIIMHBI IIEPEMEHHOIO TOKA € BHYTPEHHHM
T OKYMEHT FOANWAGAH (17 777 }T YHCIO TasoB Z; = 36, HCIO TOMCoB 2p = 4.
SNEKTPOHHOM NOANKCHIO pa, eclH Imar oOMOTKH ITO IasaM y; = T, YHCIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Pewenue:
[TomrocHoE JenmeHue

r=m=D,/(2p) =314+=0.2/4=0.157 ™
OCHOBHOH MarHUTHBIN TTOTOK

b =(2/m)B;=1l,*71=064=0,75=0,2=0,157 = 0,015 B6

YHCII0 IocneqoBaTebHO COeJHHEHHBIX BUTKOB B (pa3HOH 0OMOTKE CTaTopa

w, =Z,#w,/m,=36%4/3 = 48 BUTKOE
YHCII0 ITa30B Ha IOMIOC H a3y

g, = Z,/(2pm,;) = 36/(4+*3) = 3 naza

Koa(uimieHT pacrpefelleHHI H 0OMOTOYHBIH KO3()(QHI[HEHT IS MepBOil (OCHOBHOMH)
TapMOHHKH:

k,, =096 kosy =k, = 0.96,

BJ1C (pazHOH 0OMOTKH
Ep_ 444D s fvw ko 444 0,015 _ 50U 48 L 0,96 L 153 B.

Ipumep 2.

Hcroms3ys maHHBIE IIpHMepa 1 B pe3ynbTaThl ero pacueTa, onpelenuTh JJ[C da3HOoid
OOMOTKH cTaTOpa IIepBOH (OCHOBHOH) TapMOHHKH, OOMOTKY BBIIIOIHHTL C YKOPOYEHHBIM
1raroM. Paccuurars JMHeHHYIO 2 /]C OCHOBHOH I'apMOHHKH IIPH COEIHHEHM X OOMOTKH cTaropa
«3BE3IOH» H «TpeyrolbHHKOM». Ha ckompko Oyayr ocmabneHbpl 2J[C IIITOH M ceIbMOH
TapPMOHHK ITPH ITPHHSTOM YKOPOYEHHH I11ara OOMOTKH Ha OJIHH I1a3.

Pewenue:
[TomHBIH (qHaMeTpaIbHBI ) ITIar
vy, = Z,/2p= 36/4 =9 nazose

YKOpPOUYEHHBIH I11ar

OTHOCHTEeIILHBIH IIar

NOKYMEHT NMNOoAanncAH

SNEKTPOHHOWM NOANUCHLIO E E,""EF = 0.89

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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— I TIepBOH (OCHOBHOH ) TapMOHHKH (v = 1)

ky, = sin (B + gj — sin (0.89 ,g} = 0.985

— IS TISITOM TapMOHHKH (v = 5)

k in{5* 039 H]
c —sin|{5* 0.89 *—
¥5 E

— IS ceAbMOMH TapMOHHKH (v = 7)
k n (7 *0.89 Hj 0.353
- =58in|7*089*+—)=—0.
¥7 2
KoadpuimeHTs! pacpeeneHus 41 1, 5, 7-i rapMOHHK IIPH ¢ 1= 3 (cMOTpH TabmHIry 6.2)

k,, =0.96 k,s =0.217 k,; =—0.178

OOMOTOYHEBIE KO3(D(HIIHEHTEI
k.., = 0,985+ 0,96 = 0,946
K,ec = 0,649+ 0,217 = 0,14

K- =—0,353+(—0,178) = 0,062
BJ1C (pa3pl OCHOBHOM I'apMOHHKH
Epyy =444+ D f vw) #k ) =4.44+0.015+50+48 0946 =151 B

Taxim oGpa3oM, YKOpOUEHHe Ifara OOMOTKH Ha OJHH I1a3 IMPHBEIO K YMeHbIIeHHTO 2 ][C
OCHOBHOM I'apMOHHKH Ha!

(Ey1 — Egyy) =100 _ (153 —151) = 100
Egy 153

~ 1.3%

[Ipu srom 3/]C 5-H rapMOHHKH YMEHBIIHTCS Ha 35 %, B ceILMOH r'apMOHHKH —Ha 65 %.

JInnetiHasa B5J]C nmpH coeMHEHHH 0OMOTOK «TPEYTOJIbHHKOM» OCTaHETCS PaBHOH (pa3HOH
DJ1C Ez1, = 151B, a ripu coeTHHEHHH «3BE30H», OHAa OYJIET paBHA.

E, _v/3_151 _261B.

[IOKYMEHT NOAMNMUCAH BONPOCHI H 3aaHHS

SNEKTPOHHOW NOAMUCLIO
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2. OObscHHTE CMBICT KO3 HIFEHTA pacIIPeqelleHHS OGMOTKH.
3. Kak onpenemiTs 0OGMOTOYHBIH KOS GHIIHEHT OOMOTKH?

4. C kakoii CKOPOCTBIO BpalllaeTcs OCHOBHas rapmoHmdeckag MJ[C TpexdasHoil
OOMOTKH?

5. Kax ompegemmtsy momayro MJIC TpexdasHOil OOGMOTKH IIPH CHMMETPHYHOIN
Harpyske”?
6. Kaxue mapaMeTpsl XapaKTEPH3YIOT OOMOTKH CTaTOpa MAIIMHBI ITEPEMEHHOTO TOKa?

7.  Kax onpegemits 5J]C BHTKA IIPH YKOPOYEHHH IIara OOMOTKH?

8. Kakx ¢ MoMOIIpIO KOHCTPYKIMH OOMOTKH OCYINECTBHTH IIOJABIEHHE BBICIIHX
rapMoHHK 3J[C?

9.  Kak Biumser pacpelelleHHe 0OMOTKH Ha BerrunHy D JIC KaTyIIeqHOH TPYITIBI?

10. Kax BpIOparh Imar OOMOTKH, IIPH KOTOpoM He Oymer B DJIC comepXkaTbes
TAPMOHIYECKHX COCTABJLIOIMX _ _ -T'O TIOPSIKa?’

11. YeMm ompegenseTcs HeOoOXOAMMOCTh IIOJABIEHHS BBICIIMX TapMOHHMK JJ[C
OOMOTKH MAIIHHEI TIEPEMEHHOIO TOKa?

[ ]
. Jagauan

1. Omnpenennuts Ko3(pQHIIHEHT VKOPOYeHHST Imara OOMOTKH JUIS IIEPBOH OCHOBHOI
rapmonmyeckon MJIC, eci B 3yOIIOBEIX JEJIEHHSX ITOJIFOCHOE JieTieHHe OOMOTKH paBHO 15, a ee
mar y = 1 1.

2. O6Iee YHCIO KATYIIEK BOCHMHIIOIFOCHOH JBYXCIOIHOR 0OMOTKH pasHo 72.I1lar
OOMOTKH B 3YOILIOBBIX JEIeHHSX paBeH /. OIpeAelnuTs KO3()(QHIHEHT YKOPOYEeHHS IIara
OOMOTKH IS ITEPBOH, TPETHEH H IIITOHN rapMOHHYecKxX MJIC.

3. Umcno 3y0I[0OB MarHHTOIPoBoga paBHO 90. OIpemelHTh IHar IIeCTHIIOMFOCHON
IBYXCIIOHHOH OOMOTKH B 3YOLIOBBEIX JEJIEHHSIX, IIPH KOTOPOM IITas rapMoHH4yeckas B MJIC
coiepKaTthbcs He OyzeT. UeMy paBeH IIpH TaKOM Iare KO3(QQHIHEHT YKOPOUYEHHS IS IIEPBOMH
rapMOHHYECKOH ?

4.  Onpegenuts Ko>(pPHIIMEHT pacIpefeleHns Tpex(asHoil OOMOTKH OCHOBHOI
rapmonndeckol MJIC dasbl, ecnH (pa3za COCTOHT H3 ABYX IEPHOJHYECKHX CHCTEM KaTVyIIeK (g =
2). UemMy paBeH k, TIpH YIBOEHHH YHCIIA ¢!

5. TpexdasHas IIecTHIIOMOCHAS OOMOTKAa C YHCIOM BHTKOB B (aze w = 68 H
OOMOTOYHBIM KO3(D(MHITHEHTOM ko5 = 0,866 IHTaeTCcsI CHMMETPHYHOH CHCTEMOH TOKOB ITPSIMOI
TIOCIIEAOBATENIBHOCTH ¢ TOKOM B Gaze A iq — 250cos314¢ A. Onpenermmrs aMIUIMTYAY H YacTOTY

BpallleHHA ITepBOH rapMoHmYecKon M JIC 0OMOTKH.

6. OrmpegemmTh aMIUIMTYAY OCHOBHOM, IISITOMl M ceAbMOil rapMoHHueckHx MJIC
Tpex(a3HOH JBYXCIOHHOH OOMOTKH ¢ YHCIOM IIa30B Ha IIOIOC H a3y g = 3, marom
0OMOTKH v, = (0,87, YHCIIOM BHTKOB B KaTVIIKe wi = 21. ToK mapasnensHon BeTBH I, = 15 A.

7. UeThpexmlonrocHas TpexdasHas ABYXCIOHHAas OOMOTKa cOepKHT 60 KaTyIIEK.
[TTar o6MoTkH y = 11 3yO1oBRIX AenieHHH. Umcino BHTKOB B (paze w = 50. Tok B daze [ = 442 A.

AOKYMEHT TTOANMCAH 1 HaIlpaBIIEHHS BpaITlleHHs OCHOBHOM, IITOH H
3NEKTPOHHOW NOAMNUCHIO ar 1 _50T
CepTudmkar — 12000002A633E3D113AD425FB50002000002A6 <. YacTtora ToKa f = II.
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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OOMOTKH B 3YOIIOBBIX JelIeHISIX v = 7. OnpeennTh Kod(pQHIIHEHT YKOPOYeHH Iara 0OMOTKH
IUISL TIEPBOM, TPEThEH H IIATOH rapMOHHYeCKHX 3/[C.

9. UYmcno 3y6mnoB MarHurompooga Z = 90. OnpemenHIb INar IMeCTHIIONIOCHOM
JBVXCIIOMHOH OOMOTKH B 3YOIIOBEIX JEIIEHHSX, IMPH KOTOPOM Iifras rapMoHmyeckas B OJ1C
coJiepkaThbcsa He OyfeT. UeMy paBeH IpH TaKOM HIare Ko3(QHIMEeHT YKOPOUYEeHHS IS IEPBOH
rapMOHHYECKOH ?

10. Borumcimre OOMOTOYHBIH KO3(MOHIIHEHT I OCHOBHOM, ITITOH H  CeIbMOI
rapMOHHYECKHX TpeX(a3HBIX JABYXCIOHHBIX OOMOTOK, €CIIH MarHHTOIIPOBOJ HMeeT Z = 72
3y011a, Imar 0OMOTKH B 3YOILIOBBIX JIJIEHHSX y = /. OOMOTKa MHOTOITIOIIOCHAS 2p = 8

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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 IIpakTnueckoe 3ansarue Ne.7
Tema. PacueT H IocTpoeHHe SKOPHOH OOMOTKH MAaIllHHEI IIOCTOSHHOTO TOKA

HEJII’: JAHAMUA. Hﬂ}*’lIHTBCH PaCCHHTBEIBATE IIOCTPOCHHCE HI{GpHﬂﬁ OOMOTKH MAIIHHBI
ITOCTOAHHOI'O TOKa

T eopemuiecKdn 1dacmbo.

OOMOTKa AKOPA ABJIACTCH BaKHEHIIINM SJIeMEHTOM MAIlMHBI H JOJKHA YA OBIICTEOPATD
CIIC YOI M TpEﬁDEElI—]IIHI‘vIZ

1) oOMOTKa JOJIKHa OBITH pPaCCHHTaAHa Had 3daJdHHBIC BCIIHYHHBI HAIIPAXKCHIA H TOKA
HAI'PVY3KH, COOTBCTCTBYIOIIIHC HOMIIHAJIBHBIC MOIITHOCTH,

2) oOMOTKa JO/KHA HMETh HEOOXOAHMYIO 5IEKTPHYECKYIO, MEXAHHYECKYIO H
TEPMHYECKYIO ITPOYHOCTh, 00eCIeYHBAIOIYIO JOCTATOYHO ITPOJOIIKHTENIbHBIH CPOK CIYKOBI
MarnuH (7o 15-20 1er);

3) KOHCTPYKIHSI OOMOTKH JOIKHA OOECIIEUHTh VYAOBIIETBOPHTEIBHBIE YCIIOBHS
TOKOCBheMa C KOIIIeKTopa, 6e3 BpeJHOI'0 HCKPEHH,

4)  pacxon MaTepHala ITPH 3aJaHHBIX SKCIUTyaTaI[HOHHBIX IToKa3aTelr X (K.ILJ. H Jp.)
IOJKEH OBITh MHHHMAaJIbHBIM,

5) TEXHOIIOTH S H3TOTOBJIeHH I 0OMOTKH JOJIKHA OBITH ITO0 BO3MOKHOCTH HPGCTGﬁ.

[lo cxeme coeaHEHHS IMPOBOJAHHKOB OOMOTKH SKOPS MAaIllMH ITIOCTOSHHOIO TOKa
pasfensioTCsS Ha IIPOCTHIE IIeTIIEBBIe, IIPOCTBHIE BOJIHOBBIE, CJIOJKHBEIE IIETIIEBBIE, CIIOJKHEIE
BOJIHOBBIE H JITyINauybH. CBOE Ha3BaHHE IETIIEBBIE H BOITHOBBIE OOMOTKH ITOIYYIUIH IO (POPME,
KOTOPYIO OHH 00pa3yroT ITPH MOCIeJA0BAaTEIIEHOM COEJHHEHHH CEKI[HI, IIEPBEIE HMEIOT (POpMY
TeTelIb, BTOphIe — ()OpPMY BOJIH.

Ilo HHCIIY CIIOCB B II43¥Y OOMOTKH MAIIMH TIOCTOSIHHOI'O TOKAa BBIITOIHSIIOT Ci, KaK
IIPaBHIIO, ,II:B}*’XCHGfH—[BII'uﬂI:, JIATYVIIIAYUBI — T-IEETBIPEEXCHGﬂHLIMI.

HPH COCTABJIEHHH CXeMBbI OOMOTKH He0OXOIHMO OIIPEACIIHTE €€ HIdI'H KdK IIO Ifd3dM, TdK
H ITO KOJUICKTOPY.

Yucmo JJIEMEHTAPHDBIX IId30B

Z9=7"*un, (18.1)

OOKYMEHT NnoarnmncAH _
SNEKTPOHHOW NOANUCHIO Jc I1asa,
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Z=5=K. (182)

,HJIH IIOCTPOCHIA CXCMBbI OOMOTKH HeOOXOIHMO OITPCACIINTE CIICAYIOIIHC IIal'H.

Vi1 — HEPELIfI YaCTHYHBIH I1ar, pElEI{BIfI HHCIIY JJICMCHTAPHBIX ITd30B 110 IIIHPHHE CCKITII,

V2 — BTOPOH YACTHYHBIH IIIAr, PaBHBIM YHCIIY 3JIEMEHTAPHBIX ITa30B MeEXKAY KOHEUHOI
CTOPOHOM ITPH 00XOJe CEKIMH H HaYyallbHOH CTOPOHOH ITOCIEIYIOINEH CEKI[IMH,

V — PE3YILTHPYIOIIHI IIar, PaBHBIH CABHIY CEKIHH, CIEAVIOIIHX OJHA 3a JPYIOH IIO
cxeMe OOMOTKH, 3TOT IIIar TaK)Ke H3MePSeTCs YHCIIOM 3JIeMeHTapPHBIX ITa30B;

Vx — IIar II0 KOIUIEKTOPY, PaBHBIH YHCIY KOIDIEKTOPHBIX AelIeHHH MeKIy HadaloM H
KOHI[OM CEKI[HH.

[ITar y; 0OMOTOK ITOCTOSTHHOT'O TOKa IIPHHHMAEeTCS OJIM3KHM IIOJIFOCHOMY IEIEHHIO T =
Z5/2p, TO eCTh

(18.4)

I'ac & — YKOPOUCHHE HIIH YIJIMHCHHE IITdIl'd OOMOTKH.

BemuiHa sBiaseTcs APOOHOH YacThIO OTHOINEHHMS Z./2p, KOTOpas IIPH 3HAKE MIHYC
YMEHBIIAET €r0, a IIPH 3HAKE IUIIOC JOIOHAET A0 OMMIKAMIIIETrO 1[EJIOr0 Y clIa

[1Iar 1o 1masaMm paBeH:
V. =¥/ u, (18.5)

Ecimu y. — 1enoe 4mcio, To 0OMOTKa ABJISETCSA PaBHOCEKIIHOHHOM, €CIIH YV, — APOOHOE —
CTYIIEHYATOH.

B mporiecce pacuera oOMOTKH HeOOXOMHMO OITPEIEIIHTh. YHCIIO ITapajUIeJIbHbIX BETBEH
OOMOTKH 2a M INark v;, ¥, Vi, a TAKKe MaKCHMAJIBHO BO3MOXKHOE YHCIIO YVPaBHHTEIBHBIX
COeIHHEHHI.

PacueTHEbIe BBEIPAKCHHA B 3aBHCHMOCTH OT CXCMbI OOMOTKH CIICAYCT ITPHHATD 11O TaOmHIe
18.1.

Tabmmia 18.1 — OCHOBHEIE JaHHBIE OOMOTOK SIKOPSI

OOKYMEHT NnoarnmncAH
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Tabmmia npeacTaBisgeT coO0H YCIOBHOE VIIPOINEHHOE H300pakeHHe II0CIIeOBaTEIIbHO
COEIHHEHHBIX CEKIMH OOMOTKH (pHCYHOK 28.1), IpHYeM CIUIOINHOH IIHHHEH IIOKa3bIBAFOT
CEKI[HOHHYIO CTOPOHY, VIOXKEHHVIO B BEPXHHII CIOH 3JIEMEHTAPHOrO Ila3za, IITPHXOBOH — B

HIKHIIL CJIOH I1a3a.
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PucyHok 18.1 — TalGmiia coefHHEHHS CEKITHOHHBIX CTOPOH OOMOTKH

Homepa BepxXHIX CTOPOH CeKIHH IMPOCTAaBISIOTCS B TaOIHIE CBEPXY, HHJKHHX — CHH3Y,
IIPHYEM HYMEPALMS COOTBETCTBYET ITaraM OOMOTKH.

Hammpumep, g oOMoTkH, Talmmila KOTOPOH IIOKa3aHa Ha pPHCYHKe 28.2, IIMaru
COCTaBILSIEOT: y1 =4, v = 1.

IlepBas ceKIMOHHAs CTOPOHA I |-H CEeKI[HMH VKIAAbIBAETCS B BEPXHHUI CIOH IEPBOrO
I1a3a, a BTOPasi CTOPOHA — COOTBETCTBEHHO B HIKHHIH CIIOH 1+y) =

=]+4 = 5H 119TO0rO0 11a3a.

C TIIepBOHM CEKIMEH IIOCIEMOBATENIbHO COEMHHAETCA BTOpas BepxXHsaa CceKIHMOHHAas
CTOpPOHA 2-H CEKI[HH VKJIAJbIBAcTCA B 1B + y = 1+1 = 2B, T.e. B BEpXHHH CIIOH BTOPOIO ITa3a H

T.II.

Ecmm HyMcpalliid CCKIIHOHHBIX CTOPOH B TaOIIIle BEITIOJIHEHA BCPHO, TO OJIA
,I[E}"XCJIGﬁ]—IGﬁ OOMOTKH HOMEDP KaAaJ0I'0 IId3d JOILKCH IIOBTOPHTBCA ABAMAbL — 1A BEPXHET O H
HHAHCI O CJIOAH ITd34d.

PEIBEEPH}*'].‘HH cxXeMa OOMOTKH SAKOPS CTPOHTCA B COOTBCTCTEHH C TaOMnmHIeH cOoeIHHEHH]
CCKITHOHHBIX CTOPOH. HPH 5TOM HeOOXOJHMO COOIMIOLeHHE CIICAVIOIIHX ITPaBHII

— TIa30Basg 4acTh OOMOTKH SKOPS H300pakacTCs B BHIAE ABYX ITapallieIbHBIX JTHHIII
(Ha Ka)XIObIH 3JIeMEHTApHBIN I1a3) — CIUIOIIHOH H INTPHXOBOH, COOTBETCTBYIOIIHX BEPXHEMY H
HIDKHEMY CIIOKO (CTOpOHe) Masza. Homep masza cOBIIaJaeT ¢ HOMEPOM CEKI[HH, YIIOKEHHOH B
BEPXHHH CJIOH 3TOrO I1a3a.

—  KOIUIEKTOp M300pakaeTcd B BHAE KOJUIEKTOPHBIX IIIIACTHH, IIPHYEM HOMEP
KOJITIEKTOPHOH IIIACTHHBI COOTBETCTBYET HOMEPY CEKI[HH, HAa4yalo KOTOPOH COEIHHSETCS C
JIIAHHOH TUIACTHHOH.

—  JUIS TOro, 4ToOBI JIOOOBBIE YAacTH CEKIHH OBUIH CHMMETPHYHBIMH, HYMEpAI[Hs
KOIIIIEKTOPHBIX IIIACTHH JO/KHa OBITh CABHHYTAa IIO HAIPaBIEHHIO HAMOTKH (BITPaBO)
OTHOCHTEIFHO HYMEPAIL[HH ITa30B Ha MTOJIOBHHY ITOJIFOCHOTO JEIIeHHS
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Ha xomIeKkTop HaKIaApIBAIOTCS IETKH, TTOJIIPHOCTE KOTOPBIX YepeIyeTcs, a KOIHYECTBO
PAaBHO YHCITY ITOIIFOCOB 2p.

PaccrosHie MCEAY COCCIHHMH INETKAMH JOJIXKHO OBITH PABHO T, IIICTKH OJTHOH
ITOJIAPHOCTH COCHHHATIOTCA MEKIAY cOOOH.

Ha paseepHYTOH cXeMe HeOOXOQHUMO IT0Ka3aTh INTPHXOBOH JIMHHEH 1+2 ypaBHHTEIbHBIX
COEQHHEHHS, COEMMHSIOIIIX PAaBHOIIOTEHI[HAIBHBIE TOUYKH JTIOOOBBIX YACTEH C IIIArOM ), = Z/p.

»

“ KonHr POJIbHBIC BOIIPOCHI H 3a1aHHH

1. Kakie BHIBI SKOPHBIX OOMOTOK MAIIIHHEI TIOCTOSHHOI'O TOKA BRI 3HAETe?
2. Kakrie maru HeoO0XoAHMO OITPEAEIMTh IIPH IIOCTPOEHHH SIKOPHOH OOMOTKH?
3. Kakass oOMOTKa SBIISIETCS PaBHOCEKIHMOHHOM, KaKas CTYIIEHYATOH?

»

g Jagaun

Kaxaeii CIVACHT IIOJIYHACT HHIHBHAYAIIBHOC 3aJdHIIC IIO PACHCTY OOMOTKH I,
BEITIOJIHACT BCE PACHUCTEI H ITOCTPOCHIA.
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* lIpakrHueckoe 3aHATHe No.8
Tema. PacueT MarHMTHOI I[EITH MAIIIHHEI ITPH XOJIOCTOM XO€ H Harpy3Ke

Ileny 3anamua: HayunTbcs pacy€Ty MarHHTHOM IIEITH MAIIHHEL IIPH XOJIOCTOM XOJE H
Harpy3Ke

dopmipoBaHHe v cTyAeHTa KomiteTeHI OIIK-4, U1-5omx4

Teopemuueckan uwacme.
5 J1C mapamenbHOH BETBH OOMOTKH SIKOPS
E,=4fad=C,*w*d (19.1)

rjae f—uacrora 2J[C 0OMOTKH SKOPSI,

W — HHCIIO BHTKOB B HﬂpﬂHHEJ]LHDﬁ BETBH OOMOTKH AKOPA

N (19.2)
W =—
4
Co — IIOCTOSIHHBIH KO3(P(DHIHEHT
Cho=—
2T
@ — MarHHUTHBIH ITOTOK Ha OJHH ITOJIFOC
D = B; *l; * b, (19.4)

IJc BJ — MAI'HHTHaA HHAYKIHA B 3a30PC,

[ — pacueTHas JUIMHA SIKOP,

b — pacueTHas IIOIIOCHAS JIyTa.

MarHHUTHEIH ITOTOK ITPH XOJIOCTOM XOJC
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PesyneTupyromas MJ|C rmpH X010CTOM X0ie
Fp =+ R+t hy+ 0 = Fe T 5 T F (19.7)

r7ie Fz. MarHUTHOE HaIIPSKEHHE 3a30pa, 3yOIOB H IpMa SKOPS,

F,, — MarHUTHOE HaIlpsDKeHHE CepieUHHKA ITOIIFOCA,
F; — MarHHTHOE HaIIpPSDKEHHE CTAHHHEL.
YpaBHEHHE HAITPSKEHHS SIKOPS ITPH HarPy3Ke:

— A I'CHEPATOPA ITOCTOAHHOI'O TOKd
U-=E—I,R, (19.8)
— A IBHI'ATCIIA ITOCTOAHHOI'O TOKA

U, =E+1,R, (19.9)

Ilpumep 1. JIBUTaATEIH ITOCTOSHHOIO TOKA IApaUIEIbHOIO BO30VKICHNS HOMIHAIbHOM
MOIITHOCTEIO P, = 100 kBT BKIIFOUEH B ceTh ¢ HanpskeHHeM U, = 440 B, KIIJ] aurarens n= 89
%: oOMOTKa IKOpsA ITpocTas BOJHOBAA (2a =2); ¢ YHCIOM IIOIIOCOB 2p = 4, YHCIO aKTHBHBIX
ITPOBOAHHKOB N = 280, TOK B 00MOTKe BO30VkaeHHUS [, = 0,02 I, BEINYHHA OJHOCTOPOHHEIO

BO3AYIIHOIO 3a30pa _ = 2 MM, MarHHTHasd HHAYKIMS B 3a3ope B = 0,82 Tn, MarHHTHas
HHAYKIMA B 3yOnax skops B; = 2,2 Tn, xoapdHIMEHT BO3AYIIHOIO 3a3zopa k _= 1.3;
KO3((HIIHEHT MarHHTHOI'O HACKHIIIEHH I MarHUTOIIPOBOa ABHrarerns k— _= 1,35.

Onpenemuts MJ[C peakiu sIKops I10 MOMIEPEYHOH OCH F ;¢ H YHCIIO BHTKOB B ITOIIOCHOH
KaTVIIKE BO3OYKIEHHS W., HEOOXOHMOE 11 KOMIIEHCAIMH PEAKIIHH SKOPSI IO ITOIIEPEYHOH OCH
ITPH HOMHHAJIIbHOHN HarpysKe JBHUIaTENs.

Peuteniie:

TDI{, HOTPE@HHE]&IBITI ABHI'ATCIIEM B HOMHHAJIBHOM PEKHMC

b 100+10°%
[, = —£ = = 255 A
: . 220+ 0,89

ToK B OOMOTKE BO30YKIEHH A

I, _ 0,02 1L, _0,02025 15A.

TOK B LIENH SKOPS IIPH HOMHHAIIEHOH Harpy3Ke

[JOKYMEHT MOANMUCAH
SNEKTPOHHOW NOAMUCHLIO 15250 A
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F.=08+By+6+ks+10° 10801028 _ 2 _1.3110°_ 1700 B.

M C oOMOTKH BO30OYKISHII B PEKIIME XOJIOCTOI'O X0/1a Ha Iapy IT0JIF0COB

F

o =2F; %k, 2 _1700_135_ 4590 A

MJIC sgKops Ha ITapy IIOIKOCOB B PeKHME HOMHHAIBHOH HAarpy3KH

KoapuimieHT peakiimy SKOpsS IO IornepeyHOH ocH IpH B: = 2.2 Tn u FuJ/F. =
8750/4590 = 1,9 xoapPuimeHt kp, = 0,22.

[Ipupamenne MJIC BO30YKIEHHS, KOMIIEHCHPVIOIIEE BIHSHHE PEAKIHH SKOPS II0
ITOTIEPEYHOH OCH,

Fog=kyo* Foy 022 8750 L1 1925 A,

MIAC BO30YKIcHHS Ha I1apy IIOIIFOCOB IIPH HOMHHAJIBLHON HarpyskKe IBHTATENIS,
IOCTATOYHOE JUISI KOMITEHCALHH BIIISTHIS PEAKIHH SIKOPSL

F,. = Fyo + F,, = 4590 0 1925 ~ 6515 A.

YHCII0O BUTKOB B ITOIIFOCHOH KaTVIIIKE OOMOTKH BO30 VYK IEHIL

Feyy 6515
W= =
2k 2&5

[~ 651 BHTOK

* KoHTpo/bHBIE BONIPOCHI H 33 JAHHA
1. TloscHmre GQH3HYECKYIO CYIMHOCTE peaktmH sxopsa MIIT. Or dyero 3aBHCHT
XapaKTep peaKiHH IKOps?
2. Kaxmm o6pa3’oM VUHTBIBAETCS pa3sMarHHYMBAIOIIEe JeiiCTBHE ITONEPEYHOI
peaKIMU SIKOPSA B HHKEHEPHBIX pacyeTax?

3. Kak PACCHUHTATh HAIIPAKCHHE Had 3dXIMdX I'CHCPATOPd IIOCTOAHHOI'O TOK4, H
IBHTaTeIS ITOCTOSSHHOI'O TOKA?

4. Yto OITPEACIICT MATrHHTHBIH ITOTOK Ha ITOIFOC B MAIIlHHE ITOCTOSHHOI'O TOKa?

Jagaun

1. Onpemennte 3J[C mapamIelnbHOH BeTBH IIPOCTOH BOJIHOBOH OOMOTKH SIKODS
YeTBIPEXIIOIFOCHON MAIIHHBI IIOCTOSHHOIO TOKA, €CIH YHCIO 3(P(QeKTHBHBIX ITPOBOJHHKOB
skopst N = 920, yactora BpameHusa n# = 1500 o6/MHH, MarHHTHBIH ITIOTOK Ha ITOFOC @ ]

0.425 _I{J_ZBS.
ONOKYMEHT MOONWUCAH
SNEKTPOHHOW NOAMWUCHLIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 1500 o6/mrm 3/]C MaIIHHEL IIOCTOSHHOIO TOKA
Bnapeneu: LieBayxopa TaTeAHa AnekcaHapoBHa 'I[C 0OMOTKH AKOPA IIPH YaCTOTax BPAIIICHHA

MAIIIHHEL 2p = 2.
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3. DOJIC MammHbel MOCTOSHHOIO TokKa E = 225 B. OIpemeimTh HAIpsKEHHe IS
peXKHMa reHepaTopa H ABUTaTelsd IpH ToKe SKops I, = 500 A, eClIH COIIPOTHBIIEHHE LIEIH SKOPS

R, =0,01 Om.

4. MarHMTHBEIH ITIOTOK Ha TIOMIOC MAIIHHBI ITOCTOSHHOI'O TOKa ITPH HOMHHAJIIBHOM

5
BO3OykaeHnH @ — 1,29 J10~~ BO6, mocrosHHBIN KO3 duuueHT Co = 126. OnpeaelHTh
HaIIpsCKeHHEe MAIIMHLI B TeHEPAaTOPHOM PeKHMe ITPH HOMHHAILHOM TOKe 100 A, ecitH yacTtora
BpameHHuI aKops # = 1500 06/MHH, COITPOTHRIIEHHE LIENH SKopsI R, = 0,25 Om.

5. T'eHepaTop NMOCTOSHHOIO TOKAa HArpyKeH Ha COIIPOTHBIIEHHE HAarpyskH R, = 0,44
OM, HampsokeHHe reHeparopa 220 B, comporuBiieHHe el SKopd R, = 0,01 OM. Omnpelennrs

.. - — a2
YaCTOTY BpPaIeHHS SKOPSA I'eHepaTopa, €CIIH MAarHHTHBEIH IToTOK @ — 2,96 — 10~ 7B06, umcno
a(pdexTHBHBIX MPOBOJHHKOB N = 304, 0OMOTKa SKOPS ITIPOCTas IeTIeBasL
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* lIpakrHueckoe 3aHATHEe Ne.9
Tema. Pexximvmel pab®oThl MAIIHHEL ITOCTOSHHOTO TOKA

H €Jib 3AHAMUHA I/IB}"IHTL PEARIIMDBI paﬁﬂTH MAITTHH ITOCTOAHHOI'O TOKA.

popmrpoBaHue y crygeHTa komMrteTeHI OIIK-3, U]I-Somx-3

TEﬂpEHIHIIECKﬂH yacmob.

MarirrHa IToCTOSSHHOI'O TOKa SBIISIETCS GﬁpﬂTHMﬂﬁ: T.€. MOXCT pﬂﬁGTﬂTL B I'CHCPAaTOPHOM
H IBHI'aTCIIbHOM PCIKIIMaX.

HPH pﬂﬁGTE MAIIIHHBI B I'CHEPATOPHOM PEKHME MCXAHHYCCKAA MOIITHOCTD, ITOABOAHNMANA K
BaJly MaIlllTHBI.

P, =M, *w (20.1)

rae M — Bpararonii MOMEHT IIEPBHYHOIO JBHI AT EIS.

MexaHH4yecKas MOIIHOCTD, ]'[pElDﬁp d3YCMaia JNCKTPOMAI HHTHBIM IIYTACM B
JJNIEKTPOMAI'HHTHYIO MOIITHOCTD.

Paex = P1—Pr — Py — Pz = Pay (20.2)

TAC Pr— MEXAHHYICCKHE ITOTCPH

Ppy— MAalrHHTHBIC IIOTEPH B 3}’61_[&}{ H APME AKOPA,

P ;— N00aBOYHBIE TTOTEPH.

Cl)i CKTPOMAI'HHTHAA MOITHOCTD .

Py =cg*l *De@w=F=] (20.3)
OieKTpHYEeCKas MOITHOCTh, CHHMaeMas CO IETOK SIKOPS:
Pg= Pyy — Py = Uly (20.4)

Tle Py = Rgls— BIEKTpHYECKHE TTOTEPH B IEITH SIKOPSL.

IlonesHas IJNCKTPHYCCKaA MOITHOCTD.
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rae Pgp = Rg #[; MOINHOCTh, pacxXofAyeMass Ha IIHTaHHE OOMOTKH HE3aBHCHMOIO
(mapauie IbHOT'0) BO30YKIeHHS.

Koa(pHimeHT MONe3HOro AeiHCTBH:

rP
(P, + ZP)

rje LF = pr + Pg + P3 T Pg CyMMa ITOTEPB.

B pexume aeurarensa U > E, ToK Lg < 0, TO3TOMY MOIITHOCTE P 1, Piex, Py, PH MOMEHTEHI
M, u M> TIOIy4arOTCs OTPHI[ATENLHBIMH H IIOJIE3HAS MEXAHHYECKAs MOIIHOCTHL P MEHBIIe
IMOTPedIIeEMON M3 CETH SIEKTPHYECKOH MOIIHOCTH P Ha IMOTEPH B MalllMHC P .

KoadduimeHT mone3Horo JeicTBH:

rP

~ (20.7)
(P, + ZP)

n=P/P=1

Ilpumep 1. HoMHMHambHasg MOIIHOCTL JBHIaTelns IIOCTOSHHOro Toka P, = 25 kBT,
HaIIpsDKEHHe THTaHUS el aKopsd U, = 440 B, HanpsKeHHe ITHTaHU A HEITH BO30YKAeHHI U=
220 B, yacTtoTa BpallleHHS SKOPS B HOMHHAIIbHOM pekHMe n, = 2200 o0/MHH, COITPOTHBIIEHHE
1erm akopa Lr = 0,3 Owm, 1enu Bo30yxIeHHS .= 00 OM, ImajeHHe HAIIPSDKEHHS B IIETOUHOM
KOHTaKTe TIPpH HOMHHAIbHOM Toke Al 2 B. moMuIrianniioe U3Meleline IanpsaKelds [Ipa

cOpoce HarpyskH Al = 2 B, TOK KOS B peKHMe XOIIOCTOro xoja o= 0 A.

Peuteniie:

YacToTa BPpalllCHHA B PCAIIME XOJIOCTOI'O XO/da

n_1n 111 _-_n/100_0_ 220001 Z 8/1007 Z 2376 0b/MuH.

9,[[(3 AKOPS B PEKHME XOJIOCTOI'O XOJ1a (]'[ELl[EHIIEM HAITPAAKCHITI B IIETOTHOM KOHTAKTCE
]’[pEHEﬁpEFﬂEM BBHAY CI'O He3HAYHTEIILHOH BEIIHYHHBI B PEHIME XOJIOCTOI'O }{G,[[ﬂ)i

E.,=Uy—I,5,~ 440 ~ 6 103 ~ 4382 B.
MoMeHT B PEAHME XOIOCTOI'O X044

M,_ 955 _438,2 _6/2376 _ 10,6 HMm.

MoMeHT HA RATTV MRUTATATS R NAXUME HOMITHAIILHOH HaI'PY3KIH

[JOKYMEHT NOANUCAH
3NEKTPOHHOW MNOAMUCHLIO
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SHEI{TPGMHI"HIITHBIﬁ MOMCHT ABHI'aTCIIA ITPH HOMHHAIIbHOH HaI'PV3KE.

M, = M, + M,,_ 10,6 _ 108,5 _ 119 H'm

BHEI{TPGMHI‘HHTHEIH MOIITHOCTE ABHI'ATCIIA B PEAKHME HOMHHaJIEHOH HaI' PY3KIL

Popyp = 0.105My # 1, — 0,105 _ 119 _ 2200 _ 17490 Br.

DJ]C IKops B pexkHMe XOIIOCTOI0 X0oa:
E o, =c,Pn,, otkymac,® = E_,/n,_ 438.2/2376 _ 0,185,
HO TaK KaK c,, / ¢, _ 9,55, 1O
e, = 955¢c.D_ 955 _ 0.185 _ 1,77.
M3 BEIpaKeHH A 3JIEKTPOMArHHTHOIO MOMEHTA B PEKHME HOMHHAIILHOH HAarPy3KH
My =cy*®=ly
OITPEAEIIMM 3HAUYEHHE TOKA SKOPS B PeKHME HOMHHAIIBHOH HAaI'PY3KH:

I, =M,/ _c®__119/1,77 _ 67 A

C}"I\ﬂ\lﬂ MAI'HHTHBIX H MCXAdHHYCCKHX IIOTEPh ABHIATCIIA IIPOIIOPITHOHAIIbHA MOMCHTY

XOJIOCTOI'O XO/4.

CepTtudumkar:
Bnapeneu:

Do + Puee = 0.105M, # n,— 0,105 10,6 ~ 2376 — 2644 Br.
QHEKTPIP{EGI{IIE ITOTEPH B LICIIH 0OMOTKH AKOPA.
p.. =15 *E =67°*03_1347 Br.

SHEI{TPI[‘IECI{HE ITOTEPH B HICTOYHOM KOHTAKTE SAKOPA.

Po. =l g=AU, 67 _2 _134BT.

MDH_[HOCTL:, IoaBOaHMaA K IICITH AKOPA, B HOMIHAIIBHOM PEKIME.

P = U, * [, _ 440 _ 67 _ 29480 Br.

TH

NOKYMEHT NOANUCAH
3NEKTPOHHOM MNOAMUCHIO

12000002A633E3D113AD425FB50002000002A6
lLlebGayxoea TateAHa AnekcaHapoBHa 0 / 60 37 A
L —J, :

Nencreutened: ¢ 20.08.2021 no 20.08.2022



MOIIHOCTE B IIEITH BO30VYKICHI S

Po = Ug/I;— 220 — 3,7 _ 814 Br.

MGH_[HGCTB:, HDTPE@JIHEMHH ABHI'ATCIICM B PCAKHME HOMHHaJIEHOH HAI'PY3KH.

P =P, + P, 29480 _ 814 _ 30295 Br.

KIIJ] neuraresis B HOMHHAIIBHOM PEKHME:

M, = (B,/P,,)*100 _ 125 _10% 30,3 J10° _ L1100 LI 82,5 %.

* KoHTpoJibHBIE BONMPOCHI H 33 JAHHSA
Kakomn BHJ uMeeT sHepreTHueckasd guarpamvma I'ITT u JJIIT?
Kakue morepu B MalmHax IMOCTOSHHOI'O TOKA SBIISIOTCA MEXaHMYECKHMH?
['ZIe TpONCXO AT MAarHUTHEIE ITOTEPH MOIITHOCTH?
['71e MpONUCXOIAT MNEKTPHYECKHE ITOTEPH B MaIlMHAX ITIOCTOSHHOI'O TOKa?

nanl el A

»

[ ]
g Jagaun

.  T'eHepaTop IIOCTOSHHOIO TOKAa HEe3aBHCHMOIO BO30VKIEHHS C HOMHHAILHBIM
HanpsokeHHeM Uz = 230 B H HOMHHAIIbHOH 4YacTOTOH BpalmeHHdI n. = 1500 oO/MHH HMeeT
IIPOCTVIO IETIIEBYI0 OOMOTKY SKOPS, COCTOSIYIO 3 N = 200 ImpoBOAHHKOB. YHCIIO ITOIIOCOB
reHepaTopa 2p = 4, COIPOTHBRIEHHE OOMOTOK AKOpd IpH pabodeil Temmepatrvpe _ r, = 0,175
OM, OCHOBHOH MArHHTHBII MOTOK @ = 4,8-107°B6. Jl19 HOMHMHATLHOTO PEXHMa PabOTHI

reHeparopa onpeaenurs. 3/]C aKops E.x, TOK Harpy3KH [z, STEKTPOMArHHTHYIO MOIITHOCTD £ sy,
H SIeKTPOMAarHUTHBIH MOMEHT AM.,. PasMarHHUMBaroOI[MM JEHCTBHEM PEaKIMH SKOPS
IpeHe0peys.

2 B 1IeCTHITOIMIOCHOH MAaIITHHE ITOCTOSHHOIO TOKA ITOTOK BO30ykaeHHI Pz = 0,01 BG6,
SKOPh Bpamaercsd ¢ dYacToToH n = 60 o0/MuH. OnpefemHTh cpegHee 3HadeHHe OJIC,
HHIYIIMPYEMOH B ITPOBOJAHHUKE OOMOTKH SKOPSL.

3. 3J1C reHeparopa He3aBHCHMOIO BO30VKIeHHA E, = 240 B, conpoTHBIEHHE IKOPHOH
oOMOTKH r = 0,1 OM. OrpeennTs HaAIIpsSKEeHHE Ha IeTKaX reHepaTtopa IMpH TOKE HArpys3KH [x =
100 A

4. MommHocTte, norpedngeMasd TeHEpaTOPOM IIOCTOSHHOI'O TOKa OT IIPHBOJHOIO
neurartensa, P = 50 xBr, cyMMapHBIE IIOTEPH MOIIMHOCTH B renepatope _LUP _ > kBT.
OrnpeaenuTs KO3 PHITHEHT IT0JIE3HOTO JIEHCTBHS FeHEpaTOpa.

5. ITpn yactore BpameHHdI n = 975 oO/MHH JBHTATelh ITOCTOSHHOIO TOKa OTJAeT

NOKYMEHT I'ID,ﬂﬁHCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudumkar: 12000002A633E3D113AD425FB50002000002A6 JKd HCE3aBHCHMOI O EDBﬁy}I{,I[EHI[H H3BCCTHDBI
Bnapeneu: LHlebayxoBa TatkaHa AnekcaHapoBHa He Uy = 23() B? HGTpEﬁHHEMElH MOIITHOCTD PI —

NeiicTevTenek: ¢ 20.08.2021 fio 20.08.2022 POTHBIICHHC OOMOTKH EGB@}OI{,I[EHIIH H AKOPA



cooTBeTcTBeHHO 15 = 100 OM u r, = 0,12 Om, Ko3pduImeHT monesHoro AeicTBHI = 0,865.

Omnpegemmts 2J|C sgxopHOH OOMOTKH FE,, 3JIEeKTPOMarHHTHYIO MOIIHOCTL P, TIIOTEPH B
OOMOTKE BO30OYKIeHHA P.,p, CYMMapHBIE IIOTEPH MOINHOCTH [P .

7. l'eHepaTop IapauielIbHOIO BO30YKAcHH paboTaeT Ha ceTh HanpsokeHHeM Ux = 120
B. CorpotuBineHnsa oOMOTOK SKOPS H BO30OYKIcHHSA B paboueM pexume r, = 0,08 OMm, rz = 18
OM, COIIPOTHUBIIEHHE HATPY3KH 1,,= 1,2 OM. Omnpeaemrs: TOK Harpy3KH IeHepaTtopa, TOK B IIETTH

BO30VNKIEHHS, TOK AKopsL, DJ1C reHeparopa, IMOIe3HYIO MOIIHOCTE

 IIpakrnyeckoe 3ansarue Ne.10
Tema. DneKTpoOMarHHUTHEIE IPOIECCH B ACHHXPOHHBIX MAIIIHHAX ITPH XOJIOCTOM XOJE

HEJH: JAHAMIA. I/IB}"HITL JJIEKTPOMAI'HHTHBIC IIPOICCCHI B dCHHXPOHHBIX MdIlllTHAX ITPH
XOJIOCTOM XO/cC.

(opmMHpoBaHHe y cTyAeHTa KomiteTeHI OITK-4, U]J-50mx 4

T eopemuiecKdn 1acmbo.

[Ipn HeMOABHKHOM POTOpPe acHHXpOHHasA MammHa (AM) mnpexacraBimgeT co0oit
TpaHCc(OpMAaTOp, OTIHYAIOMIMICSA OT OOBIYHOIO TpaHc(opMaropa IO KOHCTPYKI[HH
(pacrnpeenéHHass 0OMOTKa Ha CTaTOPe H POTOpe, HallM4He 3a30pa H T.I1). C (PH3HYECKOH TOYKH
3peHHs HeloABHXHaA AM H TpaHcpopmaTop 5SKBHBalIeHTHHI. llostomy wmn3ydenns AM
HauYMHAETCA CO CIIy4das, Korga n;=0 a pexuM paboThl — XOIIOCTOH XOJI.

ITycte porop AM mmeeT pazHOEe HCIIOTHEeHHe, H ero oOMOTKa pa30OMKHYTa, a CTaTop
BKIIOUEH Ha CeTh C HamnpspkeHHeM U/f B 4acTOTOH fi. J3TOT PEeXHM SKBHBAJIICHTEH
TpaHC(OPMATOPY IPH XOJIOCTOM XOJIe, IIPHYEM ITepBHYHASI OOMOTKAa — 3TO CTaTOp, BTOPHYHAS
porop. Ilox mercrBHeM HanpsokeHHS U/ Mo 0OMOTKe cTaropa IIPOTEKAET TOK XOJIOCTOIO XO/a,
CO3IAIOIIHII MarHHTHBIH ITOTOK, HMEIOIIHII JABE

COCTaBITOIIIIEC:

@ ;;; — OCHOBHOH IIOTOK,

@ - | — noToK paccesHHI cTaTopa. CKOpPOCTh

BpalllCHHA ITOTOKA 1 OITPEACITACTCA YaCTOTOH IHTAIOIIEH CETH:

60f, (11.1)
ny =
D
(OCHOBHOH ITOTOK CO3JIaéT B 00enx oOMmoTkax 2 /] C:
CTATONA
NOKYMEHT MNoanncAH
3NEKTPOHHOW NOANMUCLIO _ (11.2)
Ceprudmkat: 12000002A633E3D113AD425FB50002000002A6 061 Pm> *
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



poTopa
Ey _2_ 1fiw2 ko2 Dy (11.3)

IIoTOK paccesHusa co3gaér B crarope 231C:

E-1 _JjFor (11.4)

me *_ 1 — HHOYKTHBHOE COIIPOTHBJIEHHE paccesHHsS OOMOTKH cratopa. CraTop oOjajaeT H
aKTHBHBIM COITPOTHBJIEHHEM, YUHTHIBAS KOTOpoe (a, cIeJOBaTEIbHO, H ITaJcHHE HalpPSKeHHS B
r1), MOKHO 3aIlicaTh YpaBHEHHE HaIIPSDKEHHH 11T X.X. OOMOTKH cTaTopa 3aTopMOKeHHOH AM:

U_Fogr1Zjx - 1F0o. E | (IL.5)

[To aHamornmu c¢ TpaHcopmaropoM 0OMOTKY poropa AM mnpHBOIAT K 0OMOTKe cTaropa,
npuuéM E, _E,, a Ko3(pHIIHEeHT IpHBeIeHHs HaIPsSKeHHH paBeH:

Ey, wy*hky, (11.6)
YOE, wy ek,

g TpHBeAEHHOH HENOABIKHOM AM MOXHO TIIOCTPOMTH CXEMY 3aMeEIeHHS,
aHAJIOTHYHVYIO CXeMe 3aMelleHHSI TpaHcopMaTopa ToOKe OIpeJelisieTcs KOHCTPYKTHBHBIMHI
0COOEHHOCT SIMH.

PeakTHBHAs COCTABIISIIONIAS TOKA XOJIOCTOro Xomaa AJl:

my *p* oy, (11.7)

2% m, * w, *
V2Emmy F Wy F R gy

rJie m —IHCcI0 (a3 OOMOTKH CTaTopa,

P — HHCIIO IIap ITIOJIFOCOB,

Fo,n — avrmryaa MJIC, oOpa3yroIeHn II0TOK B3aHMHOH HHIAYKIIHH D,

AKTHBHA COCTaBIISIOINAS OKa XOJIOCTOIO X0J1a:

P, (11.8)
my * Ey

Iﬂ'lﬁ! -

rae P, — MarHHTHBIE IIOTCPH B MAI'HHTOIIPOBOJAEC CTATOPA.

IIpumep 1. IIpHHNMAs CHHYCOHAAILHOE PacIIpelelIeHHe HHAYKIIHA B 3a30PE, OIPeAelINTh

NANTINADITNTT  AFATUTITULITT  TTNTAY ANt VNNALIIINTT N\ ATITHHEI H CcOeIHHeHHH OOMOTOK CcTaToDa
OJOKYMEHT MNoarincAH 1p A P

SNEKTPOHHOW NOANUCEIO MHEHHBIX BHTKOB (a3pl cTaropa w; = 2336,
CepTudukat: . 12000002A633E3D113AD425FB50002000002A6 prermie cetn U, = 380 B, wactora f = 50 T'n

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa -
A Ha COIIPOTHBIICHHAX CTAaTOPHOH 0OMOTKH
Nencrentenew: ¢ 20.08.2021 no 20.08.2022



Peuteniie:

5J1C ¢azel 0OOMOTKH cTaTOpa:
E, = Uy — AUy ="— — 004" =210.86 B
v W3

OCHOBHOH MarHHTHEIH ITOTOK ACHHXPOHHOH MAIIIHHEI:

E, 210,86 _a
m - = — — 2;95 . 1[] Eﬁ.
Tey e fyowysk,g, | 3,146 Z633640,96

KﬂHTpﬂﬂhthﬁ BOIIPOCHI H 34/TAHN H.

l. ,HJIH Yyero HeoOXOIHMO ITPHBCACHIIC ElCIH—[XpGI—H—IGﬁ MAIMHBI K MAIIIHHE C
HEITOABHKHBIM pDTDpDM?

2. CpaBHHTe PeXHM XOIIOCTOrO XoJa TpaHc(OpMaTopa ¢ PEXHMOM XOIOCTOro XOZa
ACHHXPOHHO MAITHHEI.

3. Kax ompeIenHTb COCTaBIIOIMHE TOKA XOJIOCTOIO XoAa OOMOTKH CTaTopa
ACHHXPOHHOH MAIIHHEI?!

4. Kak onpenemiTs KO3 QHIMEHT IIPHBEAeHH IT0 HAIIPSDKEHHEO?

5. Kak BBRIITISIAUT cXeMa 3aMEINEHHS HEMOABIKHON IIPHBEIACHHON aCHHXPOHHOH
MAaIITHHEBI?

Jagaun

l.  BBHIYHCINTG MATHHTHBIH ITOTOK ACHHXPOHHOH MAIIHHBI ITIPH HECHHYCOHJaIbHOM
pacrpeelIeHHH HHAVKIHN, eclIH ¢a3Hag 3 J[C, HHIyIIHpoBaHHasS B 00- MOTKe cTaTopa, £ = 365
B, wumcno BHTKOB (a3el cratopa wi; = 176, oOMOTOYHBIH Ko3(duimeHT k.s1 = 0,958,
KO3((HIIHEHT HAaCHIMIeHHSI 3yOIoBoro ciosd k; = 1,2, yacrora Toka f = 50 I'r;. CpaBHHTB
ITOJIYYEHHOE 3HAYEHHE MATHUTHOI'O MTOTOKA C €r0 BEIMYMHON IIPH HEHACHIIEHHON MAIllHE.

2. HaiitTh TOK HAEaIbHOTO XONIOCTOIO0 XOJa YETHIPEXIIONIOCHOTO ACHHXPOHHOTO
IBHTATENII IO CIeNYIOIMHM JaHHEIM: JJ[C, HHAYIMpoBaHHAaA B (ase cratopa, Fi13 = 213B,
MJIC, oOpasyrom@ass OCHOBHOH MAarHHTHBIN IIOTOK, Fo, = 457.5 A, 4HCIO BHTKOB OOMOTKH
cratopa wi; = 126, oOMoTOYHBIT KO3pPHIMEHT ky,5; = 0,96, MarHHMTHBIE TIOTEPH B
MarHuToIpoBoJe craropa P, = 150 BT.

3. PeakTHBHAas COCTaBIISIOI[AS TOKa  XOJIOCTOTO  XOZa  IMECTHIIONEOCHOTO
ACHHXPOHHOIO JaBHrareid lp, = 40 A. Amromryga MJIC, oOpasyroiel OCHOBHOH MarHHTHBIH
ITOTOK, Fom = 1088 A, oOMOTOYHBIH KO3 (PHIEHT 0OMOTKH cTaTopa kos1 = 0,886. OmnpeaenuTs
YHCIIO BUTKOB B (pa3ze 0OMOTKH CTaTOpa.

AOKYMEHT TIOANNCAH JMOTKH CTaTOpa aCHHXPOHHOI'O JBHTATENA IIPH
3NEKTPOHHOW NOANUCHLIO Z =215B T I =56

CepTudukar  12000002A633E3D113AD425FB50002000002A6 JIE CTaropa, £ = . 10K B CTATOpPE fo = I,
Bnapeneu: Iebayxopa TateaHa AnekcaHapoeHa YTHRIIEHHS OOMOTKH CTAaTOP4d, SCIIH MdAl HHTHBIC

Nencreutened: ¢ 20.08.2021 no 20.08.2022



AOKYMEHT NOANMCAH
QNEKTPOHHOW MNMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: LWebayxopa TaTeAHa AnekcaHapoBHa

HewncrenteneH: ¢ 20.08.2021 no 20.08.2022



IIpakTHueckoe 3anarme Ne.11

Tema. SHEI{TPOMEII‘HIITI{BIE ITPONECChI B aCHHXPOHHBIX MaIIlITHAaX ITPH HAI PY3KEC

Ileny 3anamun. VI3y4nTh 3JIeKTPOMAarHHTHBIE ITPOIECCH B ACHHXPOHHBIX MAIlIHHAX ITPH
Harpy3Ke.

T eopemuileckan 1acmb.

CI{DPDGTB ITOJIA ElEI]HXpGHHDﬁ MAIITHMHBI 11 HA3BIBAIOT GHI—[XPDHHGﬁ:, ITOTOMY HYHTO OHa

ITOCTOAHHA H GHpEI[EJIHETCHﬁ:, d CKOPOCTE POTOPa n2 — ﬂCHI—[XpDI—]HGﬁj IIOTOMY HTO OHa MCHBIIIC,
HEM ny.

OTHOCHTEIIbHAS Pa3HOCTD CI{OPGCTEﬁ BpalllCHIA 11 H 12 HA3BIBACTCH CKOJIBKCHHEM §.

e (12.1)
ny

IS':

B HopMmanpHEIX pexpmax AJll s = 1,5+7%

CKOPOCTH BpallleHHS POTOpa:
iy, =1n(1—5) (12.2)
YacroTa TOKa B OOMOTKE POTOpa.

f2 - s (12.3)

Pexrmvel paboThl aCHHXPOHHOH MAaIIHHEI:

1) neurarciaedeii; 0 — s — 1;
2) reHepatopublii: — C — s _ 0;

3) TOpPMO3HOII (MPOTHBOBKIOYeHHE): 1 _ 5 _ _ .

JletictByromiee 3HaYeHHe 2 J1C B3aHMHONH HHAYKIIHH B (pa3e BpaIlalolIerocs poTopa:
Er  ZN2f| ZsZwy Zkogo — D, —SEr. (12.4)

Jlencrteyronee 3HayeHne 2 /[C paccesHHs poTopa:

L)~ g—X5.1, (12.5)

TTe WHITVKTHRHOA COTTNOTURITAHUA hacceaTHU S 0OMOTKH POTOPa ITPH CKOJIbKCHHH.
AOKYMEHT NoarnncAH
SNEKTPOHHOW NOANMUCHIO

Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 (12.6)
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

NeicreuTtenen: c 20.08.2021/ no 20.08:2022 1 HEITOJBHHOI'O POTOPA.



x2_2_f1lo—. (12.7)

Tok B (paze poTopa, 0OyCIIOBIEHHEIH JeiicTBHEM 3J]C BpamieHH 2.

o Das (12.8)

- ™
VI3 + X5,

YpaBHeHHe TOKOB aCHHXPOHHOH MAITIHHEI:
[, =1,~1 (12.9)
rie I, — U LinmpuBegeHHbIi TOK poTOpa

I, (12.10)

rJe ki — Koa(pHIIHeHT MPHBEAEHHH I10 TOKY

_ My Kog Wy (12.11)

1

MK o5 W2
KoadduimeHTs TpHBEIeHHS COITPOTHBIIEHHI
k _kyky (12.12)
YpaBHeHHe HanpskeHHi 11 pekrMa K3 AM Takoe Ke, KaK H 171 TpaHc(opMaTopa

E'rlk = _E'u; T jﬁ”-';; (12.13)

rae z, — z, + z,

IIpumep 1. TpexdasHBIiI aCHHXPOHHBIH JBHTATelb C (a3sHBIM POTOPOM HMeEET
CIIEYIOIIHE JaHHBIE: MAaKCHMAIbHOE 3HAYeHHE MarHHTHON HHIYKIHH B BO3AYIIHOM 3a30pe B

_ 1,5 Tn. apamcTp pactourku ctatopa Dy = 180 MM, mmuHa cepaeuHnka cratopa /i = 141 v,
YHCIIO ITONIFOCOB OOMOTKH CTaropa M poropa 2p = 4, 4HCIIO ITOCIEMOBATEIIFHO COEIHHEHHBIX
BHTKOB B (a3HbIX o0oOMOTKax cratopa wi = 48, poropa w2 = 8, OOMOTOYHBIE
KOA(P(HIIHEHTHI CcTaTopa H POTOpa kosi =kosz = 0,93. Ompenemnts (pas3Hbie 3HaueHHsI 3/1C B
oOMOTKe craropa £ M B OOMOTKE pOTOpa IIPH HEMNOJABHKHOM €ro COCTOSHHH FE» H
BPAIIAlOIEMCSI CO CKOIBKEHHEM S = 8 %, 4acTOTY TOKa B HEITOABIKHOM H BPaI[arOIEMCS

porope. HacTtora TOKa ImMraroIen ceTH fi = 50 I'1r.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



D, 3.14+180

T = — = 141 MM.
21 4
OCHOBHOH MarHUTHEII ITOTOK
2 2 _a ~
ED=—H§% Il?-r = ——15=180=10""=141=10" = 0.019 B&
T 3.14

BJ1C (pazHoH 0OMOTKH cTaTopa

E, = 444f,w k., & 444 ~ 50 048 00.93 00,019 J 188 B.

DJ]C B 0OMOTKE HEINOABHKHOI'O POTOPa

E, = 444f,w,k_.,®” 444 ~ 50 ~ 8 ~ 0,93 00,019 O 31B.

5 J1C BO BpamaroieMcs poTope IPH CKOJIbKEHHH

E,. =s+E, ~ 0.08 331 025B.

YacTtoTa TOKa B HeNmoABHKHOM portope {2 = fl1 = 50 I'm, yacToTa BO BpalaroIeMcs

POTOpE
fj = sfl_ .08 _ 50 U 4 I'm.
[ ]
* KoHTpoJbHbIe BOIPOCHI H 3aaHUA
1. KaxiM CKOJIbKEHHEM OITPEAEIISIETCS JBUTATEIbHBIN PeXKHM paboThl aCHHXPOHHOH
MaIlIHHBI?

2. Kak ompenemnts DJ1C BpalneHHa?
3.  Kak ompegensgercsa Ko3QQHIIHEHT IIPHBEIEHHS COIIPOTHBIEHHS POTOPHOM I[EIH?

4. Kaxmm o6pazomM oOMOTKY poropa AM IIpHBOIAT K OOMOTKE pOTOpa, a
BPAIAFOIYIOCS MAIIIHHY K HETTOIBHKHOM ?

g Jagaun

1. IIlecTHmnomrocHas aCHHXPOHHAS MaIlHHA ITHTAeTCI OT TPeX(asHOH CETH ¢ YaCTOTOMH
00 I'm. CkompxeHHe MammHbl paBHO 0,025, HanTH YITIOBYIO CKOPOCTH M YacCTOTY BpaIl[eHHS
OIS M poTopa. Kak m3MeHATcsa 3TH BenTHYHHEI ITpH YyacTtoTe 400 I'n? B xakoM pexmme padoTaer

MalllHHa?
2. PGTGP dCIHHHXPOHHOI'O ABHI'ATCIIM BPAlaCTCA C }THGEGﬁ CKOPOCTBIO _ _ 208
nan/c B KaKOM DEXUME W TTNU KAKOM CKOTTRKEHHH 5}*’,[[ET paﬁﬂTaTL MaIllHHa B HEpEBIﬁ MOMCHT
AOKYMEHT NMOANUCAH
SNEKTPOHHOW MOAMNUCHIO JTHBOIIOJIOZKHOC HAIIPaBIICHIIC BpPadIllcHHA, cCIIL
Ceprtudpmkar: — 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

) IBHTATEIS BpalllaeTcsad ¢ 4YacToToH n = 1440
Nencreurened: ¢ 20.08 2021 no 20.08.2022 1B (I)EIBE poTopa EE.«,-:. eCITH CHEXDOHHAST YaCTOTA



BpameHud n; = 1500 o6/vimH, a 3]]C 1mpH HenmoABHKHOM poTope EF2 = 200 B.

4. OJIC, maayimpyeMas B ¢da3e poTopa aCHHXPOHHOI MAIIHHEI IIPH CKOIBKEHHH § =
0,03, paerHa 6 B. HalTH TOK B OOMOTKE HEITOJABHKHOI'O POTOPA, €CIIH aKTHBHOE COITPOTHBIIEHIE
da3pl o6MOTKH portopa r» = 0,01 OM, a MHIYKTHBHOCTh paccesHus L. = 2,2 #107° Tu.
Yacrora cetH f1 = 50 I'1r,

5. AKTHBHOE COIIPOTHBIEHHEe (a3l OOMOTKH PpOTOpPa ACHHXPOHHOI MAIIMHEI C

(pasHBIM poTopoM r2 = 0,01 Om, 3JIC B3aHMHOH HHAVKIIHH B (pa3e poTopa IIPH HEITOJBHKHOM
porope E> = 212 B, tox I» = 2400 A. Onpeaennrs HHIAYKTHBHOE COIIPOTHBIIEHHE PacCesHIS
(pa3bl OOMOTKH POTOPa ITPH cKoIbkeHHH s = (0,03.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



« lIpakrHueckoe 3aHATHe Ne.12
Tema. [lotepu, KIIJI aCHHXpOHHOIO JIBHIaTENS

Iens 3anamua. Hayaurscs pacuéry nmorepb M K11/l aCHHXpOHHOI'O ABHIaTEs.

dopmpoBaHHe Yy cTyAeHTa KomMreTeHIp OIIK-4, U-50mnx4

TEﬂpEHIHIIECKﬂH yacmob.
N3 ceTH K HEPEH‘]HDﬁ 0OMOTKe dCHHXPOHHOI'O ABHI'ATCIIA ITOABOIHTCA MOIITHOCTD.

Py_mplyUjcos_ (13.1)
YacTs 3TOH MOIITHOCTH TCPACTCA B BHAC 3JICKTPHUYCCKHX IIOTCPE B HEPEH'—IHGﬁ 00OMOTKEe

Pa.'tl = ]ﬂl‘rj.: rHJ. (13*2)

a 4acTh — B CTaJIH cTaTopa (MarHHUTHEIE IIOTEPH)

i mlEf (13.3)

Pm = mlf,]', y =

Mo

OcraBmasics 4YacThb IlepeJacTcsa 3IeKTPOMAarHHTHBEIM CIIOCOOOM Ha POTOP, COITIACHO
cXeMe 3aMellleHH S (3JIeKTpOMar HUTHAS MOIITHOCTH )

T |
F;-H: =Tmy * I:I:_ ;_ — IHIEJ_L_': Cos ]1£Jj (13.4)

Yacte P, TepsieTcs B BHJIe Tellla B 0OMOTKe poTopa (37IeKTpHYeCKHe IIOTePH B 0OMOTKe
poTopa)

. ra

o :rﬁ_la-: :'erfzrn:#f[::?}": (135)

2

OCTABHIAACAH YaCThb ITPCBPAIlACTCA B MEXAHHYCCKYIO MOIIMHOCTD, PA3BHBACMYIO Hd POTOPC

1 —= (13.6)

5

Fm— — F‘EH — P = M, I5r,

AOKYMEHT NoOanMCcAH CKHIX ITOTCEPD Py
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapgeneuy: LleBayxoBa TaTbsiHa AnekcatapoBHa b TPYAHO, IIO3TOMY HX IIPHHHMAIOT PadBHBIMII

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Ilone3HasI MOIITHOCTE Ha Bally

P2 _Pyx —Pux—Po: (13.7)
P>»—P_Op, (13.8)

rie CyMMapHBIE TIOTEPH
(13.9)

Ep = Fam + Prar T Psno T Pre +p..!|;

KIIJ] aBHrarens onpeaensaeTcs KaK

P, T, (13.10)

Gk BBIPAKCHHA JIJIA P H P2 BEITCKAIOT COOTHOICHHA

Pog2 —SP 5 (13.11)
Py (1_8)Pyy,. (13.12)

13 KOTOPHIX BHJIHO, YTO MpH 5 = () ITOTeph B pOTOPe HeT (HAealIbHBIH XOJIOCTOH XOJ ), a IIPH § =

1 BCS Psy HAET Ha IIOTEPH B OOMOTKE poTopa, a Py = 0. Ilosromy ¢ Touku 3peHus KIIJ yem
MEHBILE 5, TeM Iryulte (s, — 0,02 _ 0,05).

IIpumep 1. ACHHXPOHHBII TpexX(azHbIH ABHTaTellb NPH HanpsokeHuw cetu U, _ 380 B

pa3BHBaeT HOMHHAIILHYIO MOIITHOCTh P, = 10 KBT, Bpamasack ¢ 4acToToil #, = 2920 o6/MIH H
nmoTpebisr 1ok 1, = 18,6 A 1mpH Ko3bhOHUIMEHTE MOIIHOCTH COS@,_0,913.B pexmme
XOJIOCTOI'O XOJa ABHIaTellb MOTPediIseT H3 CETH MOITHOCTE Py = 325 Bt nipu Toke Iy = 5,04 A.
AKTHBHOE COITPOTHBIIEHHEe OOMOTKH cTraTtopa r; = 0,326 OM, MeXaHHYECKHE ITOTEPH MOIIHOCTH
P = 130 Br. Cxema coemqmHeHHSI OOMOTKH cTaTopa — «3Be3fay». OINpeJcInTh ITOTEPH MOIIHOCTH

B MEJH CcTaTopa H POoTOpa, IIOTEPH B CTalH, J00aBOYHBIE ITOTEPH IIPH Harpy3Kke, KOA()PHIHEHT
ITIOJIE3HOI'O AeHCTBHSA A/l

Peutenriie:

HPH PELHICHHH 3aJd4H IIPHHATO JOIIVIICHIIC, YTO CYMMaA ITIOTCPE B CTAIN H MEXAHHYCCKIIX
ITOTEPL — BEJIMYHHA ITOCTOAHHAA.

HGTEPH B CTAIIH.

2 ~ 2 ~
P _ P, dm,lj_ p._U325_10U30U5,04_130__ 170 Br.
NOKYMEHT NMNOoAanncAH _
SNEKTPOHHOW MNOAMUCHIO Ppa.
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa 0
3,67 _ (1,326 _ 338 BrT.
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HGTPE OrnsieMas H3 CETH MOIIHOCTS:

P,_v3_Uyy — 11, — cos_, _380 _18,6 U 0,913 _ 11163.8 Br.

BHEI{TP OMAI'HHTHAA MOIITHOCTD.

Poy — Pl ZPem —Pogl — 111638 Z 170 — 338 Z 10655,8 Bt
OeKTpHYeCcKHe TIOTePH B 0OMOTKE poTOpa:

P.-=5+«P =0027*10655,8 = 287.7 BT.

IJie IIPH YacTOTe BPaIlleHHsI MarHHTHOT O IT0JIA cTaTopa ;1 = 3000 0O/MHH CKOIBLKEHHE

RL—ng _ 3000—2900

§ = = = 0.027
Ty 3000

JloGaBOYHEIE IIOTEPH:

Py A1 Pysy 1Py _ pPyg2 dpux — 106558 _ 10000 _ 287.7 _ 130 LI 238 Br
CyMMapHBIE ITOTEPH MOIIHOCTH:
P APspl — Pog 2 JAPem J Py JPo — 3380 287,77 — 1700 130 0 238 0 1163,8 BT.
KosdduimieHT 1moae3Horo AeiiCTBHAL

_Py-Ep

10000
N =

. 100% = 89.6%

+ 100% =

»

»

.

KoHTt PoOJibHbI€ BOIIPOCHI H 3adJAHHHA

l. Kaxkue ITOTEPH B ACHHXPOHHOM JABHIATCIIC OTHOCATCH K ITOCTOAHHBIM ITOTCPAM, 4
KaKHE K HEPEMEHHLIM?

2.  Kaxmue nmoTepH oTHOCSTCS K MEXAHHYECKHM IIOTEPSIM B aCHHXPOHHOM JBHIaTele?
3.  UeM omnpenenstoTces 1o6aBouHbIe ITOTEPH B AJl H KaK OHH PacCYHTHIBAIOTCA?
4.

HEPE‘HIEJ’HITE BCC BH/bBI ITOTCPb MOITHOCTH B dCHHXPOHHOM JBHI'aTCJIC.

5. KakoBa 3aBHCHMOCTh MeXIY 3JIEKTPHUYECKHMH ITOTEPSIMH B OOMOTKe poTtopa A/l 1
3JIEKTPOMArHHTHOH MOIITHOCTBIO?

. Jagaun

l.  DOmnekrpmyeckme IoTepH B oOMoOTKe cratopa AJl p..1 = 500 Bt. MoIHOoCTb,

IMOJABOMMMAS K JABHrarento. 13.8 KBT. OIpenemuTs MeKTPOMarHHTHYIO MOIITHOCTE, MOIITHOCTh

3“%%%5:23?%;%ﬁ%1m YOMOTKE POTOpa, MEXaHHYECKHE H JTOOaBOYHBIE

Ceprudbikar: | 12000002A633E3D113AD425EB50002000002A6 Jaraercsd ¢ yactoroil n = 1450 o6/mum, KIIJ
Bnapenel; Webayxopa TateAHa AneKkcaHgpoaHa

arHHTHEIE IIOTEPH B MAI'HHTOIIPOBOJC CTATOPpa
5 B OOMOTKe CTAaTOoPa.
Nencreutened: ¢ 20.08.2021 no 20.08.2022



2 ACHHXPOHHBII ABHTaTeNb ITPH HAIpsoKeHHH ceTH 380 B B peKHMe X0I0CTOr0 XO4a
nmoTpedisieT U3 ceTH ToK 30 A ¢ xoadduimeHToM MormHocTH 0,09, AKTHBHOE COIPOTHBIIEHHE
(pa3pl IIECTHIIOMIOCHOH OOMOTKH CTaTopa, COeIHHEHHOH B 3Be3dy, paBHO 0,07 Owm. Ilox
HOMHHAJIbHON Harpys3KOH IBHIATENb ITOTPellseT M3 CeTH aKTHBHYIO MOIINHOCTE 145 kBT 1pu
ko3 rreHTe MomnrHocTH 0,88 M Bpamaerca ¢ 4yacToToil n = 965 o0/MuH. IIpeHeOperas
MEXAaHHYECKHUMH H JOOABOYHBIMH ITOTEPSAMI, OIPEAEIMTEH TTOJIE3HBIN BpaIlfaroIlHid MOMEHT Ha
Bally ABHraress. Yacrora rurarorer cetH f = 50 I'1r.

3. TloTpeGnseMas acCHHXPOHHBIM JBHTaTeIEM MOIIHOCTE 16,7 KBT, HalpsDKEHHE CETH
380 B, xkosddmmeHt wmomHocTH 0,88, AKTHBHOE COIIPOTHBIIEHHE OOMOTKH CTaTopa,
H3MEPEHHOE MeEXAY €€ JIMHEHHBIMH BhIBOAAMH, 0,56 OM. CkonbxkeHne — 0,033, [Ipeamonoxim,
YTO MAarHHTHBIE IIOTEPH B CEPAEYHHKE CTATOPa PaBHBI TIOJIOBHHE SIEKTPHYECKHX TIOTEPH B
OOMOTKE CTaTOpa, MEXAHHYECKHE H JOOAaBOYHBIE ITOTEPH COCTABIISIOT 5 % OT CYMMAapHBIX
noTepb. OMpeAelHTh MOIe3HYI0 MOIIHOCTh H KO3((HIIHEHT MOIE3HOI0 AeHCTBHS IBHT AT EIIA.

4. DraekTpoMarHHTHas MOINHOCTh aCHHXPOHHOIO ABHrarensd P., = 500 BT, momHas
MeXaHHYeCKasa MOIITHOCTE P, = 470 Bt. HaliTH CKOIbKeHHE, ITPH KOTOPOM paboTaeT ABHIATElD,
1 3JIEKTPHYECKHE ITIOTEPH B POTOPE.

5. UYernpexmomocHuslii AJl ¢ ¢gasHEIM pOTOPOM IIPH HalpsokeHHH ceTH 380 B B
peXHMe XOIIOCTOro XoJa BparaeTcs ¢ yacToTor 1500 o6/MHH H npH KO3 (HIITHEHTE MOIITHOCTH
0,08 morpebnsteTr M3 ceTH TOK 25 A. AKTHBHOe CONpPOTHBJIeHHe (pa3pl OOMOTKH CTaropa,
COEIHMHEHHOH B 3Be3ay, paBHO (0,02 Om. OOMOTKa poTOpa BKIKOYEHA B TPEYIOJILHHK.
CompoTHBJIEHHe OOMOTKH POTOpa, H3MepeHHOoe Ha Koiablax, paBHO 0,008 Owm. Ilox
HOMHHAJIbHOH HAarpy3koH JBHTaTelb IoTpeOnseT u3 cetH 110.5 kBT mpu Ko3(pQHIlHEHTe
MOIITHOCTH 0,85, JIMHEHHBIH TOK B POTOPHOH IierH 278.5 A. Ilpeamonaras, 4yro MexXaHHYeCKHe
ITOTEPH PAaBHBI MarHHTHBIM ITOTEPSM B CEPAESUHHKE CTAaTOpa, OIPEIENIMTh CKOPOCTh Bpalll€HHI
POTOpPa B HOMHHATIEHOM PEKHME.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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« lIpakrnueckoe 3anarue Ne.13
Tema. MexaHmdueckas XapaKTepHCTHKAa aCHHXPOHHOI'O JIBUTATEIIs

H EJlb JAHAMUA. HE],}"‘]I ITECA PaCCHHTBIBATD MEXAHHYCCKYIO XAdPAaKTCPHCTHKA
dCHHXPOHHOI'O JBHI'ATCJIAL

TEﬂpEHIHIIECHﬂH yacmob.

MexaHHYeCKOH XapaKTEePHCTHKOH Ha3bIBAETCS 3aBHCHMOCTBH  SIIEKTPOMATrHHTHOIO
MOMEeHTa OT CKOJbXKeHHSI M., = f (s), ipu U}, fi=const.

HU3BecTHO, 4TO

P (14.1)
MEIHZ R
iy
rle
Wy =
60
YpaBHEHHE MEXAaHHYECKOH XapaKTePHCTHKH
21y (14.3)
v — prg Uy <
=M ]“f 2
W, (rl +?‘) +(x, +xl5)"
rJe
w, = 2nf, (14.4)
CKOJIbKEHHE, IIPH KOTOPOM M., JOCTHIaeT MaKCHMAJIBHBIX 3HAaUeHHH +M,,, Ha3bIBAETCS
KPHTHYECKHM £Sp.
N (14.5)
s =+
P T 2 ry2
W1 T [Ir:l +I:72)
OOBIYHO B 3HAMEHATETIE 1 1I0 CPABHEHHIO C X H ;r;j MAaJIO M MOKHO ITOIIYYHTH
NOKYMEHT MOANUCAH
SNEKTPOHHOW NOANUCHLIO 14.6
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6 (14.6)
Bnapeneu: lLieGayxoea TateAHa AnekcaHapoBHa
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MaxcuMaIbHBIH MOMEHT IBHTaTEIId

pm, U (14.7)

T 2aq(x,q +xlo)

JlJIS TIpaKTHYECKOro IOCTPOEHHS MEXAaHHYECKOH XaPaKTEPHCTHKH YacTO HCIIOJIb3YEOT
dopmymmy Kitocca, koTopas oInpeZielIsIeT CBA3b MeXIy TeKYIIHM 3HadyeHHeM M, H M, COTTIacHO

KOTOPOH
Maw o, 2 (14.8)
M, > 4 ~p
SE:[.‘: 5
HauaabHBIHN ITYCKOBOH MOMEHT
pm Usr (14.9)

M” = ™3 [ 2
wyllry +15)° +(x, +x25)7]

BI{CHJI}"&THHHGHHEIH MEXAHHYCCKAA XaPdKTCPHCTHKA A'H — 3TO 34aBHCHMOCTD

M> = f (n2), a yamme n = f (M>), IMeeT BHJI;

i

A

.

A, Ay

PucyHok 14.1 — SkcruryaTaliioHHas MeXaHHYeCcKa s XapakTepHucTuka AJl

IIpumep 1. Tpexda3HbIi aCHHXPOHHBIH JBHTaTellb ¢ KOPOTKO3aMKHYTHIM POTOPOM CEPHH
A2, paGoraronpii oT ceTH 4yacToToH S0 I'ry HampsxeHHeM 380 B. mpH coeMHeHHH OOMOTKH
cTaTopa «3Be3OH», MMeeT HOMHHAIBHBIE ITapaMeTphl: II0Ie3Has MOIIHOCTE P, = 22 KBT,
yacToTa BpaleHus n, = 1455 o6/MuH, KIIJ] = 90 %, ko3 duipieHT MoImHOCTH cos _ |,= 0,88,

KPaTHOCTh IIYCKOBOro ToOKa [,/I, = '/, KparHOCTh IIyCKOBOro MomeHTra M,/M, = 1,2 u
MaKCHMaJIbHOIO MOMeHTa M,,/M, = 2, akTHBHOe COITPOTHBJIeHHe (pa3HOH oOMOTKH cTraTopa 0,21
Om. TpeOyercsa paccuMTaTh IApaMeTpPhl M TIOCTPOHTh MEXAHHYECKYIO XapaKTepHCTHKY
neurarend ny = f (M). KoapdHIiHeHT MOIMHOCTH B peXKHMEe KOPOTKOrO 3aMBIKAHHS ITPHHSTEH
PAaBHBIM COS_ 4 _ 0,5c08_ {4

Poipiirie:

NOKYMEHT NoanncAH
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar:  12000002A633E3D1M13AD425FB50002000002A6 PEEIIME HOMHHAaJIbHOHN HAal'PY3KI
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Piy P,/ _22/09 1244KBr.

IIoTpeOnsgeMBIN ABHTATEIIEM TOK B PEKHME HOMHHAIBHOH Harpy3KH

P, 24400
) i —_— — f— p— 42 A
1= e L"-:l' COE@, I3+ 220 +0,88

IIyCKOBOH TOK JBHTIaTels

=1, =42+7 = 294 A

1H

CDHPGTI[EHEHHE KOPOTKOI'O 3aMbIKAHHA JBHIATCILA

o, o220
z, =2 =22=0.750m
I 294

KGBd)(l)HI_[IIEHT MOOIHOCTH B PEAIIME KOPOTKOI'O 3aMbIKAHI A

cosg, — 0,5_ 0,88 _ 0,44 sin_ 4 0,895 .

AKTHBHAS M HHIYKTHBHAS COCTABILSIOIIHE COIIPOTHBIEHH ST KOPOTKOT'O 3aMBIKAHHS
rae Jzgsin_4_ 0,75 _ 0,895 _ 0,67 OmM;

X J Zgec08_q — 75 11044 _ 0,33 OM.

CKOJIbKEHHE B PeKHMe HOMHHAJILHOH Har py3KH

My Ty 1500—-1455
n, 1500

0.03

5 -

[IpHBegeHHOE 3HaYeHHE aKTHBHOI'O COITPOTHBIEHHS (hasbkl 0OMOTKH poTOpa
rn =1,—1 =033-021=0,12 0mM
HomimambHOe 3HaUYeHHe HITeKTPOMarHHTHOIO MOMEHTA

& Fr e e L R q-
Py U wrg /5 2+3+220~+0,12/0,03
=— = =204 H+m

M = = — - - -
:_Tff._[[ rofrhiag) “E] 2+3,14+50[(0,21+0,12/0,03)2+0,67%]

MaxcuMaIbHEIH MOMEHT

n s — ms . My % # . —_ .
IOKYMEHT NOAMNUCAH M=l =408 H*m
ANEKTPOHHOW MNOAMUCHIO
Ceprucukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TaTbAHa AnekcaHapoBHa
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M, =204+12 =245H+m

KPHTHIIEGI{GE CKOJIbKCHIC

M i -| —
Sep = Sa [ﬁ +J (M, /M) — 1] =0,03[2+vV22-1] =011

MOMEHT ITPH CKOJIBXKEHHH 5= 0,

g

M — p.m-_vini_? . :e:!ﬂ:l}::-l},l:;u-ﬁ_ 341 Hm
o f-_[l_ rotrs ;EEJ +:;;] 2+3,14+50[(0.21+0,12/0,5)240,672]
PaccunTaB 4acTOTY BpaIlleHH S IT0 (POPMYyTIE
n, =1, (1l—=5)
Tabmmia 14.1 — Pe3ynbTaThl pacueTa MeXaHHYECKOH XapaKTepPHCTHKH
Homep 1 2 3 4 5
CKOJIbJKeHHe 0 0,03 0,11 0.5 |
Yacrtora
BpaIlleHHS, 1500 1455 1335 750 0
00/MHH
MomeHT, H'M 0 204 410 341 245

[To pe3ynmpTaTaM pacyeTa IMIOCTPOHTh MEXAaHHYECKYIO XapaKTEPHCTHKY 12 = f (M).

»

* KoHTpo/bHBbIE BONIPOCHI U 33 JaAHHA
1. Kakas xapakTepHCTHKa Ha3BIBAETCS MEXaHHYECKOH ?

2. TloscHure QH3HUECKHI CMBICT MEXAHHYECKHX XapaKTEPHCTHK AM.

3. Kakoe CKOJIbXeHHE COOTBETCTBYECT MAKCHMAIIBHOMY MOMCHTY dCHHXPOHHOI'O
ABHI'ATCSIIA, KAK €10 pﬂGG'LIHTﬂTL'?

4. qEIVI}*' PaBHO CKOJIBKCHHE B MOMCHT ITYVCKa aCHHXPOHHOI'O IBHUTaTEeIs?

[ ]
«  3amaum

1. OmnpenemnTs IIpHBEAEHHOE aKTHBHOE COIPOTHRIIEHHE OOMOTKH POTOpa TpeX(a3Horo
YETRIPEXIIOIFOCHOIO ACHHXPOHHOI'O JABHUIATENS, MMEFOIETO HOMHHAIBHYIO MOIIMHOCTE 110 KBT,
HOMHHAIbHYIO YacTOTY BparneHnusd n = 1470 o6/MHH, HOMHHAIbHOe (pa3Hoe Hamnpspkenne Ul, =
220 B, yacrory fi = 50 I'1, KpaTHOCTh MaKCHMAalIbHOIO MOMeHTa M, /M, = 2., aKTHBHOE
COITPOTHBIIEHHE OOMOTKH cTtaropa r1 = 0,021 Om.

NOKYMEHT MOANUCAH
INEKTPOHHOW MNOAINMCHIO XPOHHEBIH JBHTATElb B HOMHHAJIbHOM PEXHME

Ceptudukar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

oTe BpameHHa n = 2930 o6/muH . YacToTa ceTH
HCTHKY JIBHIATEIS IO CIEAYIOIIHM JTaHHBIM:

[leiicTeuTenew: ¢ 20.08:2021 10:20.08,2022 2, KITIT _ _ 88 %.



3.  Ilpm xaxol 4acTOTe BpallleHHsI aCHHXPOHHBIHN JIBHTaTelIb pa3BHBAeT MaKCHMAJIbHBIH
MOMEHT, €CIIH OTHOIIIEHHE MaKCHMAaJIbHOI'O MOMEHTA K HOMHHAIIbHOMY MOMeHTY M,,/M, = 2.2, a

HOMHHAJIbHAS YaCTOTa BPaIlleHH S IIECTHITIOIIOCHOI O ABHIaTeNs IIPH YyacToTe ceTH 50 I'1y n = 983
00/ MHH.

4.  UeTHIpeXIIOMIOCHBIH ACHHXPOHHBIH JIBHTaTellb IIPH HOMMHAJIBHOH Harpy3Ke
IOTPedIIIeT U3 CETH aKTHBHYIO MOIIHOCTE P = 10,9 KBT. HoMiHampHag 4yacToTa BpallleHHI i1 =
1470 o6/MHH, cyMMapHBIe TTOTepH B Apurarciac Cp = 1,9 kBr. OTHOIIeHHe ITyCKOBOI'O MOMEHTa
K HOMHHAJIbHOMY M, /M, = 1,1. Onpeaemnts NpHBEAEHHOE aKTHBHOE COIIPOTHBIEHHE OOMOTKH
poTOpa, €CIIM AaKTHBHOE COITPOTHBIEHHe OOMOTKH ctaropa r = 1,1 OM, HHIYKTHBHEIE

COITPOTHBIIEHH I OOMOTKH cTaTopa M potopax] _ x> — — _ 3,2 Om. HacroTa cetu fi = 50 I'nx.
PexomenyemMas JJUTepaTypa

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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« lIpakrnueckoe 3anarue Ne.14

Tema. OgHoda3HBIIT aCHHXPOHHBII JBHUTaTElhb

Ilens 3anamua. VI3ydnuTh cTpoeHHE H XapaKTEPHCTHKH OJHO(]Aa3HOIr0 aCHHXPOHHOTO JBHI aTEII.
Teopemuueckaa uacme.

B Tex cnyyasx, korja nmorpelleHHe IeKTPHYECKOH SHEPIHH HEBEIHKO (JKHIIbIE JIOMa,
TOPrOBBIE IPEMIPHATHS H Jp.) HIIH, KOrJla TPYAHO BBIIOIHHTE 3- (pa3sHVYIO CeTh (2KEJIe3HBIE
IOPOTH, 3JIeKTpH(HIHPYeMbIe Ha IIepeMEHHOM TOKe), ITPHMEHSIOTCS OJHO(a3Hble ceTH. lIpH
STOM BO3HHKAeT HEOOXOAUMOCTh HCITOIIL30BAHHS OHO(A3HBIX ABHTaTelIeH IIEpEMEHHOIO TOKA.

OnHo(a3HBIH aCHHXPOHHBIH JBHraTellb HMeeT Ha cTaTope OJHO(a3zHyK0 OOMOTKY, a Ha
POTOPE — KOPOTKO3aMKHYTI VIO OOMOTKY B BHIE OelIHUYbeH KIeTKH. MOKHO ITpeACTaBHUTh, YTO |-
(pa3HBII aCHHXPOHHBIHN JBHIATENlb ITOIyYaeTCsI U3 3- (pa3HOIO ITYTeM OTKIIFOYEHHS OJHOH (pa3kl
cTaTopa.

O,[[HG(l)ElBI{BIﬁ TOK CTATOpPa CO3J4cCT IIVIIBCHPVYIOIICSC MAI'HHTHOC IIOJIC, KOTOpPOC MOXHO
Pa3JI0XIITh Ha 2 ITOJI, HMCHOITHX PaBHBIC dMIUIHTVYIBI H BPAIldIOITHCCH B ITPOTHBOIIOIIOKHBIC

CTOPOHEI.
b=db_—d (15.1)

_ (15.2)
I::D'rnr:u = I:i:ml:lEl'p- - :i)-m

[Ipsmoe 110me BpalaeTcs ¢ CHHXPOHHOH CKOPOCTBIO

60 fi (15.3)

Ny = My = .

OOpaTHOE — ¢ TaKOH K& CKOPOCTRIO, HO C APYI'HM 3HAKOM.
Mgy — T (15.4)

[IpsmMass BOIMHA HMEET I10 OTHOIIEHHIO K POTOPY CKOIbKEHHE

n, —n -
s, =5 = 1 (15.5)
ny
AOKYMEHT MOArNM1CAH

SNEKTPOHHOW NOANUCHIO 'Y HMECT CKOIIbKEHIC

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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oy —h (15.6)

Ilog JgencTBHEM TIIpAMOro M OOpaTHOro IIOJIEH B porope Hasomurca OJJIC
COOTBETCTBYIOIIEN YAaCTOTHI M IIPOTEKAIOT TOKH, KOTOPBIE, B3AHMOIEHCTBYS CO CBOMMH ITOJISIMH
OYVAYyT cO3[aBaTh BpAII[AOI[HE MOMEHTHI, IIPOTHROIIOIOKHEIE TT0 3HAKy. B MOMeHT Itycka M, =
—Mosp, TIOSTOMY Pe3VIBTHPYIOINHH ITYCKOBOH MOMEHT paBeH HYII0 H  OJHO(pa3HBIH
ACHHXPOHHBIIN JABHTATEIIb HE MOXKET CAMOCTOSATEIHFHO IIPHITH BO BpallleHHE TIPH ITOMKITFOYEHHH
€ro K CETH, a HYKIAeTCsI B IIOCTOPOHHEM TOTYKE.

IIpn HeOOMBINIX § aCHHXPOHHBIH JBHIaTEIb Pa3BHBACT BPAILlAIOII MOMEHT, PaBHBIMH
M., HO ero HaJo TOATOJKHYTh. MexXxaHHuyeckas XapaKTepHCTHKa OJHO(]a3HOIO aCHHXPOHHOIO
JIBHT ATEIIS HIMEET BHJ CYMMBI JBYX XapPaKTePHCTHK:

1) M, =f(s); 2) Mosy = f (s), TOTydaeTcs TIPH ITOACTAHOBKE B YpaBHEHHE MeXaHHYECKOIT
XapaKTePHCTHKH BMECTO § BEIIMYHHBI 2-5 H C YUETOM TOIO, UTO M,p, U M5 Ha XapaKTePHCTHKE
HMEIOT PasHbIE 3HAKH

rn‘

pmy U * 5—=— (15.7)
M. = — — 2—5
I

27 fy (rl — 5 5) Flx, +xlo)°

3aBUCHMOCTD M, = f (5) 0AHO(A3HOIO0 aCHHXPOHHOI'O JBHIaTelsd ITOKAa3bIBAET, YTOOKI
ITOSIBIIICS ITYCKOBOH M, HEOOXOHMMO BO BpeMs ITyCKa JBHIATElS CO3JaTh B HEM BpalllAIOIEeCs
MarHHTHOE IT0Je. [[JI 3TOro Ha cTarope ABHTrarelis IIOMHMO padouer oOMOTKH PO IIpHMEHSIOT
eIl€é OMHY — IIYCKOBVIO. OTH OOMOTKH pacIIolararoT Ha CTaTOpe TaK, YTOOBl MX OCH OBLIH
cMermeHsl Ha 90 51 B IIPOCTPAHCTBE, a IO HUM ITPOTEKAIM TOKH, CABHHYTHIE BO BpEMEHH Ha 20",
]l monydeHHSI BpeMEHHOI'O CIBHTA B I[E€Ib ITYCKOBOH OOMOTKH BKIFOYAIOT (Pa30CABHIAIOIIIIA
3JIEMEHT, B KaUECTBE KOTOPOI'O HCITONB3VIOT: R, L win C. [IpH JOCTHKEHHH YaCTOTON BPAaIllcHU A
3HAUEHHS OMM3KOro K HOMHHAJIBHOMY, ITYCKOBYIO OOMOTKY OTKIIFOYAIOT C ITOMOIIBIO PEIIE.
Taxzmv oOpa3oM, BO BpeMs ITycKa — JBHraTelb 2-X (pa3HEIH, B pabodyeM pekKiMe — OJHO(pa3HbBIH.

“ KonHr POJIbHBIC BOIIPOCHI H 3a1aHHH

l. [JoueMy HEBO3MOKEH CaMOCTOSTEIIBHBIH 3allyCK OJHO(}Aa3HOI0 aCHHXPOHHOIO
IBHUTATEIISA?

2.  Urto mpomsoimeT, ecnH paboTaropil TpexdasHbiil AJ] mepeigeT B oxHOGMa3HBII
PeXHM (CTOPHT IMPeJOXpPaHHUTEIb B OJHOH H3 (a3)?

3. Kakoe HasHaueHHe KMeeT (A30CABHTAIONNGL SIIEMEHT B CXeMaX BKITIOUEHHS
ogHoga3HeIX AJ[?

. NOKYMEHT MOAMVCAH 0 [ BOIIHA II0 OTHOIIIEHHIO K POTOPY?

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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g Jagaun

I. Yacrora BpalieHHS poTopa OZHO(A3HOrO aCHHXpPOHHOro ABHTaTend n = 1400
o0/MHH, [JBHTATEIb 4YeThIpeXIOMIocHBIH. Yactora Immraromedn cetH 50 I C  kKakuMm
CKOJIBKEHHEM TIEPEMEINAETCI POTOP II0 OTHOINEHHIO K IIPSMOH H oOpaT- HOH BOIHAM
MAarHHTHBIX IT0JIeH OOMOTKH cTaTopa?’

2. OnpelemnTh 5SIeKTPOMATHHTHBIH MOMEHT OJHO(DA3HOTO YeTHIPEXIIONEOCHOTO
ACHHXPOHHOI'O JABHIraTels IIPH 4YacToTe BpaleHHsI poropa n = 1390 oO/MmH. Ilapamerper
CXEMBI 3aMEINEeHHT 1y, =15, = 0.04;x,, = x,,;1,, = 0,x,, = 2.8. J[Burarenp paGoTaeT IIpH

HanpspkeHnH U, = 1 u 4yactote 50 I'1r.

3.  Ilpu pabote Tpex}pasHoro aCHHXPOHHOI'O ABHTATeIs 000pBaICs OIHH H3 IIHHEHBIX
NpoBOAOB. OILIEHHTh H3MEHEHHE JIHHEHHOIrO TOKa JBHIATelIs, €CIH MOINMHOCTh Ha Bally
IBHTATENIS OCTallach HEM3MEHHOM.

4.  ACHHXPOHHBII KOHJeHCATOPHBII JBHIaTeNb IIpH HanpsokeHHH U = 220 B mMeeT B

(paze, BKITOUEHHOH HEITOCPEACTBEHHO B CeTh, TOK [—p — 5,2 —_j3 A OIpenenurs BEIHYHHY
eMKOCTH, 00eCIIeYHBAKOIIEH ITOJIy4eHHEe KPYTOBOTO TTOJI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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« lIpakrnueckoe 3aHarue Ne.13
Tema. [IycKOBBIE CBONCTBA ACHHXPOHHOI'O JBHTATEILS

Iens 3anamun. PacyéT IIyCKOBBIX XapaKTepHCTHK AJ].
dopmpoBaHHe Yy cTyAeHTa KomMreTeHIp OIIK-4, U-50mnx4

TEﬂpEHIHIIECKﬂH yacmob.

[lo Tumy poropa pa3nHyaroT crocoObl ITycKa JBHTareled ¢ (a3HBIM @ H
KOPOTKO3AMKHYTEIM POTOPOM.

H}*’CI{ IBHTATEIeH C (bﬂSI—[BIM POTOPOM IIPOH3BOAHNTICA C IIOMOIIBIO PEOCTATd B IICIIL
POTOPa. ﬂﬂﬁﬂEﬂlﬂ{GE COITPOTHBIICHHE Fry BEKIIIOHACTCA B IICIIE POTOPa4 C OJ- HOH CTOPOHEBI JJIA
YMCHBIIICHIA ITYCKOBOI'O TOKd POTOP4d, PaBHOI'O

f E, (16.1)
L
8 [rif _I_ r,a) -I_.-F.'.IEE

a C IPYIroH — IS YBEIMYEHHS ITYCKOBOIO MOMeHTa M,. IIprueM rs BeIOHpaeTcs TaK, YTOOB M, =
M., a s,,=1, clIeIOBATEIIBLHO

] r ’
o Gl ) (16.2)
Ep !
Xpy T X5,
OTKVaa
P ro
g =& =135 «C,/C,
, |
i y (16.3)
a Ji 2
HayansHEIH ITYCKOBOH TOK JIBHTAaTEI C (baBHBIM POTOPOM
N Uy (16.4)
'I!':'E ~ —
) iy 2 2
11.". [rj_ _I_ rjj_ +-I;|.;
HayansHBIH ITYCKOBOH MOMEHT JIBHTATENS C (ba.BHBIM POTOPOM
o .T_Fj P —— _Fj = ol '
OOKYMEHT noanmncAH ( 16’6)

SNEKTPOHHOW NOAMUCBIO
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HavampHBII ITYCKOBOH MOMEHT MaKCHMAIbHBIH, €CIH COIPOTHBIEHHE (pa3bl OOMOTKH
poTopa

[ . 16.6
rﬂfm =H||T‘]_'—|‘I£;””Ik ( )

,HJIH pPaciucTa dKTHBHOI'O COITPOTHBIICHIA 100aBOYHOTO PE3HCTOPA Fsos, HeOOXOIHMOI'0

IUIA TIONIYYeHHS 3aJaHHOIO ITOBBIIIEHHOTO CKOIBKEHHS § TIpH 3aJaHHOH (HOMHHAIILHOI)
Harpy3Ke:

Iy, = 1 (s/5, — 1) (16.7)

CriocoObI ITyCKa aCHHXPOHHBIX JBHIATelled ¢ KOPOTKO3aMKHYTHIM POTOPOM: ITPSIMOH,
PEaKTOPHEIH, aBTOTPaHC(POPMATOPHEIL, IIEPEKITIOUEHHEM «3Be34a—TPeyr OJIbHHK).

Hpmﬂﬁ IIYCK — L: — IH; M:.Hp.= ME*

[Tyck yepes peakTop ¢ HHAYKTHBHBIM COITPOTHBIIEHHEM Xp:

'I!'ﬂ = "!':IHJ':I: l'H':Iz.;:l. = """'::':z.""l':;l:!j

(16.8)
rJe
o =w||l[r[f +(IE+IP}E];"[:TIT{E+I§:] (16.9)
[Iyck yepes aBTOTpaHchopMaTop ¢ Ko3(pGHIHEeHTOM TpaHChOopMaIHH k
I.=1/k%M_ . =M, /k* (16.10)
IIpumep 1. JI71s1 aCHHXPOHHOT'O ABHIATENS ¢ (pa3HBIM POTOPOM, HOMHHAJIbHAS MOIITHOCTh
P, = 15 kxBr, HOMHHaIbHOE CKOIBXKeHHE s, = S %, IIEperpy3ouyHas CIIOCOOHOCTH
A=M

maed M, — 3.0 ; 4deno nonxocoB 2p = 8, CONPOTHBIEHHE 0OMOTKH poTopa r2 = 0,37 OMm.
PaccunTaTth COMPOTHUBIEHHS PE3UCTOPOB TPEXCTYIIEHYAaTOro ITyckoBoro peocrara IIP (prc.
26.1).

Peutenie:

HonrHambHas yacToTa BpaIlllCHITA

n, =n,(1—s5.) 75001 _ 0,050 _ 712 ob/mMuIL

rr

AOKYMEHT NOANHUCAH

SNEKTPOHHOW NOANMMCHLIO
Ceptudcmkar: 12000002A633E3D113AD425FBS0002000002A6 15000 ‘f.r 712 J01HM
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M, = 1.0M.~ 1.0 0201 O 204 H-m.

OTHOIIIeHHEe HAaYaJIbHOI'O IITYCKOBOI'O MOMCHTA K MOMCHTY HEPEI{JIIDIIEHI]IUI ITPHHIMACM

A=M/M,_ 21,
HayansHBIH ITYCKOBOH MOMEHT
M, =M, =A_ 2010 2,1 U 422 HMm,

T.e. M, /M,= 422/(3-201)=0,7;, 370 IO3BOISET IIPHMEHHTb AHAIMTHYECKIII METOJ pacyera
COITPOTHBIIEHHI ITYCKOBOI'O PeocTara.

-+t
1
L

PucyHok 16.1 — TpexcryrieHYaThIH ITYCKOBOH PEOCTAT

COIIPOTHBJIEHHE PE3HCTOPA TPEThEH CTYIIEHH [P
Fogz = T2 (A — 1) 1037/0U2,1 J1L _ 0.410Mm

COIIPOTHBJIEHHE PE3HCTOPA BTOPOH CTYIIEeHH [P
Frosz = Taesz ©A— 0.41_ 2.1 U 0,86 O,
COIPOTHBIIEHHE PE3HCTOPA IIEPBOH CTYIIEHH

o6l — Tgasz *AZ 0.86 Z 2,1 Z 1,8 Om.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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ComnpotueieHHe [P Ha BTOPOH CTYIIEHH

Rrps = Tagga + Taosz— 0,86 L 0,41 _ 1,27 Om.

ComporuBiieHHEe [IP Ha TpeThel CTYIIEHH

Em:-g = ,.':I:I:Iﬁa: 0.41 OM.

* KoHTpo/bHBIE BONPOCHI U 33 JaHHA
Kakne orpaHmyeHnsa HIMeeT IPSMOH ITYCK B XOJ aCHHXPOHHOI'O ABHT ATETIS?
J[1s 4ero Hy»KeH ITycKOBOH peoctaT B AJl ¢ (pa3HBEIM POTOPOM?
Yem apTOTpaHC()OPMATOPHBIH ITycK Al IIpeIIOYTHTEIIbHEE PeaKTOPHOIO ITycKa?
[loueMy HeKelraTelneH peoCTaTHRIH ITYCK A /| ¢ KOPOTKO3aMKHYTEIM POTOPOM?

B W=

g Jagaun

1. TpexdasHBI acCHHXPOHHBIH JBHTATeTh C (asHEIM POTOPOM CEPHH 4A HMEIOT
CIIEAVIOIIIHE JaHHBIE KaTajora, IpHBeAcHHbIe B Tadbmmie 10.1. HOMHHaIbHAas MOIIHOCTL P.;
HOMHHAJIbHOe cKonbXeHHe s, KIII #.; Ko3pHIIHNEHT MOIITHOCTH COS @,; TOK potopa [».; BJIC

poTopa E>; Meperpy3o4yHasi ClloOCOOHOCTb A, = M, ../ M,

OIpeaemiTh. HOMHHAILHBIA M, U MaKCHUMAaIbHBEIH Mmax MOMEHTEI, KPHTHYECKOH CKOJIbKEHHE
Sip B PEXHNME ECTECTBEHHOH MEXAHHYECKOM XapaKTEePHCTHKH, COIPOTHBIIEHHE ITYCKOBOIO
peocTtata Rpp, HEOOXOAHMOIO IS IOIYYEHHS KPATHOCTH ITYCKOBOIrO MOMeHTa Mo/M, = 1,5, u
COIIPOTHBIIEHHE Fs05, TPeOyeEMOE JUISA IIONYYEHHS YaCTOTHI BpalneHus n; = 0.5 nm IIpH
HOMHHAJIbHOM Har py304YHOM MOMEHTE.

Tabmma 16.1 — JlaHHbIe 1714 3a0aun 1

THIr BenHYHHEI
IIBUTATENSI Pu, kBT 2p sH, Yo nu, Yo cosou | Ru, A | E2,B Mmax/M
H
4AHK?225M8 30 8 5 86,5 0.8 165 120 1.8
AAHK250SMS8 37 8 5.5 57.5 0.8 190 115 2,2
AAHK?25018 45 8 4 89 0,82 190 140 2,2
AAHK250MS8 55 8 3.5 89,5 0.83 185 190 2,2
AAHK280S8 75 8 4 90,5 0.84 257 190 1,9
AAHK280MS8 90 8 4 90,5 0.84 267 214 1,9
A4AHK315S8 110 8 3.5 91.5 0.84 311 225 1.9
4AHK315MS8 132 8 3.5 92 0.84 364 247 1.9
A4AHK355S8 160 8 2.7 92.5 0,86 353 285 1,7
4AHK355M8 200 8 2.7 92.5 0,86 359 350 1,7

2. OHPEI[EJ]IITL BEIOTHYHHY HAYAJIbHOI'O ITYCKOBOI'O TOKaA IIPH ITPAMOM BKIIFOUCHHH B CCTb
H BCIIMYHHY HAYAJIbHOI'O ITYCKOBOI'O MOMCHTA 'I‘pE}{(l)E]BHGI‘G dCHHXPOHHOI'O  JBHIATCIIA IIO

AT oy T ?T.ﬂ_??r-.'r-ﬁ'ﬂ "TnTrE!'I:'Irf-ﬁ-D'qﬁ'Hﬂ_-CEﬁrn TEY T sy e ?_.f.ﬂ.‘.'?!".'!’."‘:lcrb PH j— 7:5 I{BT:‘ HGM]}IHJ]LHGE (baBHGE

BNEKTPOHHOU NOANMUCHIO 'Ta BpalneHHudI n, = 720 o6/MuH, cos @, = 0,75,

Ceptudamkar:| 12000002A633E3D113AD425FB50002000002A6 YyCKOBOI'O MOMEHTA M: fMH — 1:4: KPaTHOCTD
Bnapeneu: Lebayxoea TateAHa AnekcaHapoBHa
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3. C mnoMOIpI0 peakTopa TOK B CETH IIPH ITyCKe TpPeX(dasHOro AacHHXPOHHOIO
IBHTATelIs OrpaHHYEH OO0 3HauyeHHs [, = 21,. BO3MOXEH M ITYCK JBHrarTellsd IPH MOMEHTE
HarpyskH Ha Bainy Mp = 0,15 H-M, ecim KpaTHOCTE HAYaIbHOI'O ITYCKOBOI'O MOMEHTA JBHIATEIS
k.= 1,2, a KpaTHOCTh HaYaJIbHOI'O ITYCKOBOI'O TOKA k; = S

4. HommmHambHasg MOIHOCTL TpeX(asHOro acHHXPOHHOro asHrarens P, = 2000 kBr,
HOMHHAJIbHAS YacToTa BpamieHHsI n., = 1490 oO/MHH, KpaTHOCThP HAYaIbHOI'O ITYCKOBOIO
MOMEHTa k, = 1,2. Hanpspkenne rmraroren cetu Uy, = 6 kB. OOMOTKa craropa COeIHHEHA B
3Be3y. OmpefennTh HadyaldbHBII ITYCKOBOH MOMEHT ABHTATEeIS IIPH aBTOTPaHC(OPMaTOPHOM
ITYCKE CO CHIDKEHHEM HAITPSCKEHH S Ha 3aKHMax MaIrnHeL 10 U = 4 kB.

5. HauvampHBII ITyCKOBOH TOK TpeX(a3HOro acCHHXPOHHOro Apurarend I, = 130 A mpu
KO3 (HI[HEHTe MOIIHOCTH COS @, = 0,65, HayalbHBIH ITyCKOBOH MOMeHT M, = 450 H-wM.
HampstxkeHue cetu U, = 380 B. OOMOTKa cTaTopa ABHTATeNId COSMHHEHA B 3Be3AY. OIIPEaeIHTh
BEJINYHHY aKTHBHOI'O COITPOTHBIIEHHS, KOTOPOe HeOOXOIMMO BKIFOUHTH B IIEIL CTaTopa I
CHIZKEHHMS ITYCKOBOI'O TOKa B 2.5 pasza. UeMy paBeH ITPH 3TOM HAYallbHBIH ITYCKOBOH MOMEHT
IBHTATENA? Kakoe HHIYKTHBHOE COIIPOTHBRIIEHHE OOECIIEYHT aHAJIOTHYHBIE YCIIOBHS ITyCKa?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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« lIpakrnueckoe 3anarue Ne.16
Tema. PerymmpoaHie 4acTOTEI BpalllcHHI aCHHXPOHHOI'O JIBHUT AT

Ileny 3arnamus. V3yduTh pelieHHS MO PeryIHPOBAHHIO YAaCTOTHI BPAIEHHS aCHHXPOHHOIO
IBHT ATEJIA.

T eopemuiecKdn 1acmbo.

CrocoObI peryIHpOBaHHS YTTIOBOI CKOPOCTH POTOpa

PEF}"HHPDEEIHHE HaCTOThBI BPAIIICHIA 34 CHUCT H3MCHCHHA }THGEDﬁ CKOPOCTH BpaIllCHHA
TTOIIA:

1) H3MCHCHHEM HaCTOTHI TOKA, ITPH 3TOM JJIA ITOAACPKAHIA @ = const ITPpH H3MCHCHHH
JaCTOTHI HEOOXOIHMO BBITIOITHEHHE }"GJIGEHﬁZ

U,/f, = const npu My = const

II_
U,/ f, = const npu My = const/w
U,/f* = const npu M, = kw®

2) H3MCHCHHCEM HHCJIA ITdP ITOIIFOCOB.

PE:I‘}*'HHPGEEIHHE HAaCTOTHI Bpalll€HITA ITYICM H3MCHCHHA CKOJIb K CHILA.

1) H3MeHeHHeM HaIpsSKEHHS,

2) H3MCHCHHEM aKTHBHOI'O COITPOTHBIICHHA IICITH OOMOTKH QJHBHDTG POTOPa, IIPH 5TOM
IIPH BBCACHHH B IICIIb OOMOTKH POTOPa JOITOIHHICIBHOI'O COIIPOTHBIICHIA Fy; KPHTHHYCCKOC

CKOJIb K CHIIC:

| 17.2
Serpz'—"[:’":EJ”“,Ejfwllf’er(IlJr;ré): (17.2)

C BBeJIcHHBIM COITPOTHBIICHHEM Fs; CKOJIbAKCHHE Ha MeXaHHYeCKOH XAdPAaKTCPHCTHKE

TOTITATS T

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOM NOAMUCHIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 .
; | (17.3)
nageneu; lebayxoea TateAHa AnekcaHapoBHa
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T'Ile § — CKOIIbJKEHIE Ha eCTECTBEHHOH MeXaHHYeCKOH XdPaKTCPHCTHKE (F‘a =0)

3) BBemeHHEeM HoNOMHHTENLHOM DJIC B Iellh 0GMOTKH (ha3HOTO POTOPA.

CKOJIIbKEeHHE ITOCIE BBEIEHUS JOTTOIMHUTEIFHON D]1C
—_— i/ .
51—5—.&'EIE (17.4)

rle .IT{I; = E’lﬂ,’E'j = 0 ecnau E’E B daze c E'FE,H .E.cﬂ < 0, ecan E'FEE npoTHEODaze C E'j.

 KoHTpouabHbIe BoNpochl H 3a1aHAA
1. CrocoOmI peryimpoBaHHs YITIOBOH CKOPOCTH POTOpa

2. PE:I'}’]]IIPGEEIHIIE HdaCTOTEI BpaIlll€HITA 34 CHUCT H3MCHCHIHA }’TJIGEGﬁ CKOPOCTH BpalllCHIA
3. PEF}’]]IIPDEHHIIE HdCTOTEI BpAIIlCHHA ITYITEM H3MCHCHHA CKOJIBAKCHIA

[ ]
. Jagauan

1. Hampskenne Ha 3axuMax TpexX(asHOTO acHHXPOHHOI'O JBHIATENS, 4YacToTa
BpallleHHS KOTOPOI'O PeryYIIHpyeTICcs H3MeHeHHeM 4YacTOThl TOKa, YBEIHYHIIOCh B 1,41 paza.
PerynnupoBaHue 4acTOTbl BpallleHHsI OCYILECTBILIETCS IIPH YCIIOBHH P9 _| const . OIpeennThb

COOTBECTCTBYIOLICE YVBCIIHYUCHHC YaCTOTBITOKA.

2. OrmpememdTs BeIHYHHY JOIOIHHTEIBHOIO COIMPOTHBIEHHS R, TIPH BBeIEHHH
KOTOPOr0 B Iellb OOMOTKH (pa3sHOIO POTOpa IMECTHIIONIOCHOIO ACHHXPOHHOIO JIBHIaTEIId
JacTOTa BpallleHHS PoTopa IIPH TOH K€ Harpy3Ke CHH3HTCS OT 3HaueHHI n _ 95000/MHH 10 n
_ 600 o6/MmH. CormpotupieHHe 0OMOTKH poTopa Ry _| 0,009 Om, yacToTa IMUTAOMIEH CETH fi =

50 I'r.

3. HoMmHambHasg 4acTOTa BpPAIUEHHA INECTHIIOMIOCHOTO ACHHXPOHHOIO JIBHIATEILd
nipu yactoTe 50 I'tt n,, — 950 06/MUH. AKTURHOC CONPOTURICHUC 0OMOTKHY (pasHOro poropa R-

L 0,10M. Kak H3MEIUTCd YacTOTa Bpalllellid ABHUTATEN, €CIH IPH IIEHAMEIION IIarpys3Ke
BBECTH J0OABOUHOE COIIPOTHBIEHHE Ry _ 0,50M7

4. BBemeHHeM JOIOTHHTEIBHOIO COIPOTHBIIEHHS B IIElIb POTOpa ACHHXPOHHOIO
IBHTATEI ¢ (pa3HBIM POTOPOM YacTOTa BPaIIeHHS ABUTaTelI B HOMHHAJIbHOM PeKHMe CHHKEHa
Ha 25 %. OnpeenuTs BETHYHHY JOIIOIHHTEILHOIO COIIPOTHRIEHHS R; H OLIEHHTH H3MEHEHHE
KIIJ] mpu TakoM pexkuMe, eCIIH HOMHHAIbHASI MOIITHOCTS IIECTHIIOIFOCHOrO JABHrarend Py = 160
KBT, HOMHMHAIIbHAs YacToTa BpalleHHs n, _ 970 o0/MHH, aKTHBHOE COIIPOTHBIIEHHE OOMOTKH

potopa Ry _ (,010M, HomuHatbHelid K1 — ,, — 93% . Hactota nutarowci cetu fi = 50 I'm.

5. IIpH HOMMHATBHOH 4YacTOTe BpameHus n, = 950 OO/MHH IIECTHITONIOCHOIO
ACHTHX] '-—-ﬂﬁwﬁgqfﬁh—nﬁm&ﬁ"—" coorooor BAC B o6MoTKe potopa Ex = 9,2 B. B sToM
ANEKTPOHHOW NMOANUCHLIO tonomHuTenbHasgs 3/]C Es; =5 B, Haxomsmascs

Ceptudmkar:  12000002A633E3D113AD425FBS0002000002A6

ITCH IIPH 3TOM YdCTOTa B eHHUs OBHTaTeld’
Bnapeneuy: lLlebGayxoea TateAHa AnekcaHapoBHa p paltl A
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 lIpakrnueckoe 3anarue Ne.17
Tema. DreKTpOMarHHUTHEIE ITPOILECCH] B CHHXPOHHON MaIlliHE.

H e/lb 3aHamus. Pacuér AJIEKTPOMAI HHTHBIX ITPOIIECCOB B CIH—[XPGHHGﬁ MAITTITHE.

TEﬂpEHIHIIECKﬂH yacmob.

XapakKTepHBIM IIPH3HAKOM CHHXPOHHBIX MAaIllHH SBISIETCS KECTKas CBSI3b MEXIY
4acTOTOH BpallleHHs pOTOpa 11 H YaCTOTOH ITepeMeHHOI0 TOKa B OOMOTKe cTaTopa fi:

i, = f; *60/p (7.1)

B oOMoTKe craropa B Iporiecce padoThl CHHXPOHHOH MAIlMHEI HHAVIHpYyeTca 31C Hu
IIPOTEKAIOT TOKH, KOTOPBIE CO3Jal0T MAarHHTOABIDKYIIYIO cmry (MJC), makcHMalbHOe
3HAYEHHE KOTOPOH

V2 7.2
Flz?ﬁrnlﬁfdﬁwlﬁknﬁifp (7.2)

Ora MJIC co3maeT Bpararoieecss MarHHTHOE TI0IIe, a B BO3AYIITHOM 3a30pPe 0 MAIllFHEI
CO3JIaeTC I MAarHHTHAS HH]TYKIHSL

AMIUTHTYIA ITPOJONBHOH cocTaBisroner MJIC 0OMOTKH SKOPS

V2. o 73
anz?“”i"“r:ﬂ"‘“’i*‘kuﬁifp (7.3)

AMIUIHTYA ITONIEpeYHON cocTaBisrornei M /[C oOMOTKH SKOps

v2 o 74
quﬂz?"”ml"”{q”“"f"kuﬁﬂf?—’ (7.4)
I'me I, =I|sinff] nl, =1 |lcos f| Z— nelicTByIOINEe 3HAYeHHe ITPOJOIBHOI M IIOIIEPEYHOI

CHCTEM TOKOB AKOPAA,

S — yron mexnay 2J1C Bo30OyKIeHH Ejf H TOKOM I— (mm MJIC Fum).

J[11s1 SBHOIIOIMFOCHOH CHHXPOHHOH MAaIlHHBI CITPaBeIJIHBO YpaBHEHHE HaITPSKeHHI:
Uy=Ey+E+E,tEHq —11*1y (7.5)

I'Je.

[IOKYMEHT MOAMUCAH
SNEKTPOHHOWM MOAMUCHIO
CepTucpykar: |+ 12000002A633E3D 113AD425FBS0002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

HOH MAIITHHBI, IIPOIIOPIHIOHAJIbHAA OCHOBHOMY

Nencreutened: ¢ 20.08.2021 no 20.08.2022



E,, — OHC peakiumn AgKops CHHXPOHHOH MalllHHBI IIO0 IIPOJOIIBHOH  OCH,
11 portopiiHoHanbpHasas MJIC peakiHH SKops IO ITOIEPEYHOH OCH Fq4;

SIKOPSI I10 TTOIIEPEYHON OCH Fi4;

— JJIC peakiu SKOpS IO ITPOJOJIRHOH OCH, IpornopimoHanbHasga MJ[C peaxkigin

E_, — 3JC paccesammda, oOyCcIOBIEHHAS HAIMYHEM MAarHUTHOI'O IIOTOKa paccesHus Do,

BenmnunHa »Toi BJ[C mpomnopiioHaIbHa HHAYKTHBHOMY COITPOTHBIIEHHIO PacCesHHSI 0OMOTKH
cTaTopa X

Eyy = —Jj 1 *x, (7.6)

[—1_ry— aKTHBHOE IaJicHHE HaIIPSKeHHI B (pa3HOH OOMOTKE CTaTo OOBIYHO ITPH PEIIEHHH
1-"1

3a]1a4 3TOH BEIIHYHHOH ITPeHeOperarT BBHAY €& HEOOIBIIIOIO 3SHAYCHHS.

J[71s1 He IBHOITIOIFOCHON CHHXPOHHOH MAIIIHHB]I YPaBHEHHE HAIPSUKEHHI HMEET BH]L

U =E,+E —I*n (7.7)
31ech
E=E t+E, (7.8)

rie E, — DJIC peakifiu SKops HEABHOIOMIOCHO! CHHXPOHHO! MaITIHHBI.

* KoHTpoibHbIe BONIPOChI H 33JaHHAA
Kak omnpememiTs CHHXPOHHYIO CKOPOCTh BpaIlleHHS CHHXPOHHOI MAaIIIHHBI?
Kakoe mone B CHHXPOHHOH MaIllMHE Ha3bIBAETCS ITOJIEM PEAKIMH SIKOPSI?
Kakoe 1mone peakiiuu SKOPsS SBIISIETCS IIOIIEPEYHBIM, a KaKOe ITPOJOJIbHBIM?
Hammnure ypaBHeHHe HaIPsSDKEHHS IS SBHOIIOIFOCHOH CHHXPOHHOH MAIIFHEL.
Hammnure ypaBHeHHe HaIIpsDKeHHS IS HESIBHOIIOTKOCHOH CHHXPOHHOH MAIIHHBI.

N

[ ]

g Jagaun

1.  OnpememTh MarHHTHBII ITOTOK B3aHMHON HHIVKIIHH, COOTBETCTBYIONIHIT TOKY [ =
1300 A B TpexdazHoi 0OMOTKe JBYXIIOMIOCHOIO TypOOreHepaTropa, ero ITOTOKOCIIEIUIEHHE C
(pa30il OOMOTKH CTaTopa H HHAYIHPYeMyIO B Hel BJ[C, eclIH H3BeCTHO: YHCIIO BHTKOB B (paze
OOMOTKH wi = 16, 4HCIIO Mma30B Ha Ioroc H a3y g = 8, mar oOMOoTKH y = 20, pacueTHBII

3a30p _ —=3.,3 cM, IomocHoe JAeneHHe T = 150 cM, pacueTHasa anuHa [ _ 210 cM, gacToTa
Toka S0 I

2. Tlo H3BeCTHBHIM 3HAYEHHSM TJIABHBIX HHAYKTHBHBIX COIIPOTHBIIEHHH OGMOTKH
SIKOPSL 110 TIPOJONBHONH Xy = 2,02 OM H monepeuHon X,; = 1,53 OM ocsMm rugporeHeparopa

OOKYMEHT NOAMMCAH = | O MHAYKUHH SKOPSA Eu U Euy I peXHMa
SNEKTPOHHOWM NOANUCHLIO 0
Ceprtudmkar: | 12000002A633E3D113AD425FB50002000002A6 YITIOM ,5’ = 50".
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
sHepatopa S. = 20200 xB-A, HOMHHaAILHOE

Nencreutened: ¢ 20.08.2021 no 20.08.2022



nHHelHoe HampskeHne U,, = 10,5 kB, vactora Toka f = 50 I'l, coemmuHeHHe (pa3 — 3BE37a,
HOMHHAJIbHASI dYacTOoTa BpameHHd #x, = 125 oO0/MuH. HalHTH aMIDIMTYZy OCHOBHOH
rapmoHmyeckoil MJIC oOMOTKH SIKOpPS, eCIIH YHCIIO BHTKOB B (pase wi = 126,, oOMOTOYHBIH
Koa(prIiHeHT ko5 = 0,94. Halitu cocrasismonie MJ[C 110 MpoJOIEHOH H ITOIIEPEYHOH OCSIM ITPH

aKTHBHO-MHAYKTHBHOII (£ = 50°) Harpyske.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



 lIpakrnueckoe 3anarme Ne.18
Tema. [locTpoeHIe BEKTOPHEBIX JHArpaMM CHHXPOHHOTI'O I'eHepaTopa

H €Jib 3dHAMIA. HEI}"LIHTL CA CTPOHTE BEKTOPHBIC JHAI'PAMMbI CHHXPOHHOI'O I'CHEPATOPA

TEﬂpEHIHIIECKﬂH yacmob.

BekropHasg quarpamMMa 3 /1C CHHXPOHHBIX IT'€HEPATOPOB ¢ OAHOH CTOPOHLI, ITO3BOIISET Ha
CTafHH IIPOEKTHPOBAHHS OIpeJellsiTh 3HauyeHHe F(x) (a, clIegoBaTellbHO, H OCHOBHBIE
KOHCTPYKTHBHEIE JaHHBIE) I oOecliedeHHS HeOOXOJHMOIO peXHMa paboThl, C APYIOH —
OIIEHHTH SKCIUTYaTaI[HOHHEIE XapaKTepHCTHKH VKE T'OTOBOH MAIIMHBI IIPH Pa3IYHOH Harpy3Ke,
HE ITPOM3BOIS ITPH 3TOM MHOTOUYHMCIIEHHBIX OITBITOB.

l[EEl THIIA 3aJ4a"9, O KOTOPbBIX TI'OBOPHIIOCE BBOIIC, OIIPEACIIAROT JBd OCHOBHBIX BHJ4
BEKTOPHBIX JHAI'PAMM. PA3JIHYAIOT JHAI'PaMMbI brioHmensa u AHAI PAMMBbI IloTke.

Juazpammor braonodens

OTH AHal paMMBI HCITOJIB3VIOTCA JJIA aHaAIl3d XdPaKTCPHCTHK I'CHEPATOPa H CTPOATICA B
CIICAVYIOIIICM ITOPAIKC. M cxomHBIM SIBIIIETCS YPaBHCHHC CHHXPOHHOI'O I'CHCPATOPA.

[:,I' = E _.-i.xﬁﬁ!fﬁ' _.Flquttq _.-i.-fﬁﬁf o f ¥ ]"'ﬁ (81)

PrcyHok 8.1 — BekTropHas quarpamMma BIIoHZens ¢ y4eTOM COIPOTHBIIEHHH PeaKIHH SKOPSI (I
R-L HarpyskH)

DOt10 1-H BHI BEKTOPHBIX JHAaI'PaMM CTPOHTCH B YKa3dHHOM HIKE ITOPSIKE.

E=I—E ;—»E —E—=E_—I_ -U

NIOKYMEHT MOAMUCAH
ANEKTPOHHOW MOAMCHIO |
Ceprucpukar: 12000002A633E3D113AD425FB50002000002A6 @3BIBACTCS YITOM HArPYSKH. B reHepaTOpHOM
Braneneu: i1 tHeQ3yX0Ba 1 aThAHA AGKEAHAROBHI 7 u 7 cumTaercs monokHTEBHEIM. Ha3Bae

MeitcTBrTENEH: C 20.08.2021 o 20.08.2022 "HBHOH MOH_[HGGTH) CHHXPOHHOI'O I'CHEPATOPA.



P =mUlcos g (8.2)

M3 muarpaMMBl MOJKHO IIPOCTIENHTbH, YTO, €CIIH, U/, [_ const,a @ — MEHSIETCS, TO MEHSETCS

[, = E,,a=1U .

2-H BH] AHAal PAMMbI brioHenss ocHoBaH Ha YPABHCHHIH, 34dIDICAHHOM HCPE3 CHHXPOHHEIC

COITPOTHEBIICHH .

U=FE—jlzx,—jl x, —Ir (8.3)

T

H CTPOHTICA B TOM KE ITOPAIKE, KdK H ITPCABLAVIIA.

.._—-I_I-HIJJ

i -

— Xy

PucyHok 8.2 — BekTopHas guarpamMMa biIoHIeIsa ¢ y4eTOM CHHXPOHHBIX HHIYKTHBHEIX
COITPOTHBIIEHHIT

Ecim B BCKTOpPax TIaJlcHHIT H&HP}I}I{EHI]IUI IIOMCHATE 3HAKI, TO IIOIYYHM BCKTOPHBIC
AHAI' PAMMBbI, COOTBETCTBYIOIIIHE YPABHCHIIO.

E=U+jigx, + I x, +1Ir, (8.4)

[IpsMas, TpoBeEHHAS H3 TOUKH A MepleHIHKYISIPHO BeKTopy /- 0 nepeceueHus BekTopa E—
(MJIH ero MpoJo/DKeHH) B Touke (Q OyZeT oTcekaTh oTpe3ok AQ _| xg 1.

Yron QAB _| iy (Tak Kak HMeeT CTOPOHBI IIePIeHHKYIIIPHbIE CTOPOHAM VyITIa 1 _ _ _ 3HA4YHT
p AB I x_ :
—_— —_— —_— :I
¢ cosyr cosy 1 (8.5)

DTO CBOIICTBO HCIIONb3YETCS B HarpaMMax [1oTke, e 1o [, IJ cos ¢ 1 HaxomsrT E.

7151 HeIBHOITOIIFOCHBIX MAITIHH X . = X _. IIOSTOMY HET HeOoOXOIHMOCTH pa3jldal'daTb TOK Hd

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOW NOANMUCHIO AT 3HATHMTEJIbHO ITPOLIE.
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: le63yxora TateAHa AnekcaHapoBHa

[ CHPHEE,I[JII[BLI JIIIA JTH000TO }"GT&HOEI[EH.[EFOGH
Nencteutened: ¢ 20.08.2021 no 20.08.2022 'TOSIHHOH CTeIIeHBIO



HaCBINICHHA, T. €. C IIOCTOAHHBIMH X ., H X

a°

PucyHOK 8.3 — BeKTOpHas AHarpamMma HeIBHOITOIIFOCHOTro CI°

Jluazpamma Ilomve (HeIBHOIIOIIOCHBIH CHHXPOHHBIHN I'eHEPaTop)

Kaxk YiHKE T'OBOPHIJIOCDH, TAKOH THII AHAI'PpdMM HCITOJIB3YETCA IIPH IIPOCKTHPOBAHHIT H
JKCIUIYaTallHH CHHXPOHHBIX  MAIIIMH, KOI'Td HaJA0 OIIPCACIIHTD [ F :HEGﬁ}{D,I[HPvIBIﬁ HIL

oGecreueHns 3afalHHbIX U, I, cos ¢ , ¢ y4eTOM HACHIIIEHHL.

CHauama cTposarl/ m [, sarem jix__ u Ir,, Haxomar E;, HEOOXOAMMYIO 3aTeM IS
CO3JAHIS PEKHMA.

3aTeM IT0 XapaKTePHCTHKE XOJIOCTOr0 X0a OIPeJeIstoT | y HeOOXOHUMYIO IS CO3TaHHs

E: . 3aTeM BBIYHTAS H3 F’m H.C. P. 8. , IPHBEIEHHVIO K | .rF:;* IIOJIYYHM ITOJIHYIO H. ¢. OB.
JnarpammMa IIotee TakuM 00pa3oM COCTOHT H3 JIBYX. BEKTOpHas auarpaMma 3/[C4. Kak

OIIpeIelHTh 10 AHarpamMe [loThe HaIpsDKeHHe Ha 3aKHMax FeHepaTopa IIPH cOpoce Harpys3KH?
H BEKTOPHAs JHarpaMMa HaMarHHYeHHBIX CHII.

AOKYMEHT NoarnnMcAH
SNEKTPOHHOW NOAMUCBIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



PucyHok 8.4 — BekropHas guarpamma 3/[C IloTee

HPH IMPAKTHYCCKOM  HCIIOIIB30B4AHIIH  JHAI'PaMMBI HDTBE? €€ COBMEIIAT C
KﬂpﬁI{TEpHCTHI{Gﬁ XOJIOCTOI'O XOO4.

PucyHok 8.5 —BekTopHas auarpaMmMa HaMarHHYHBAKOINMHX CHII [I0oThe

[Tpn moctpoeHHH TNpHHHMAaeTca 1., () . boilee TOYHBIe Pe3yIbTaThl AHarpaMma JaéT,
eCIIH BMeCTO J[HarpaMma IToCTpoeHa I HESIBHOITIOIFO CHBIX MAIIHH.

Bekxtop momkeH OBITh NepneHAHKYIIsIpeH AD (H. ¢ .F’x ). Ecmm u3 toukm C IIpoBecTH

TIPSMYIO TIEPIIEHAHKYIIAPHYIO [ , TO nepeceueHns eé 1 OB macT HachlIlEHHOe E , eCII BMECTO
E: OTIOXUTH E;_, , TO QaHATIOTHYHEIM CITOCOOOM ITOITYYHM E

[To coBmemeHHOIl guarpamMme [loThe M XapaKTEPHCTHKH XOJIOCTOrO XOJa MOXKHO
IOy Th 3HAYeHHe HAMpPSDKEHHST Ha 3aKUMax MpH cOpoce U, (I, = const) Harpy3KH U HaHTH

H3MeHEHH S HanpsokeHusI AlJ. PasHuIa Mexny Uy M E IIPH 5TOM HMEET MECTO OT TOrO, UTO I
peKHMa Harpy3KH H XOJIOCTOIO XoJa IIpPHHHMAaeTcs (TIPH OIlpeleleHHH E) OJHA CTEIEHb
HACBIIIEHHS, @ Ha CaMOM JIeJIe OHH Pa3JINIHEI.

* KoHTpoJbHbIE BOIIPOCHI H 3aJaHHSA
YTO onpemensto ¢ IMOMOIIBIO BEKTOPHBIX JHAT PaMM CHHXPOHHOI'O TeHepaTtopa?
KaKoB IOpsIoK IIOCTPOEHHE JHArpaMMbI biioH1ensa?
Kak BRITTISIIUT AHarpaMMa bIiIoH e 171 He SBHOIIOIOCHOT O TeHepaTopa?
[Topsamok rmocTtpoeHHs AHarpaMmel 110The IS SBHOIUIFOCHOI'O T'eHepaTopa.

»

TS IO NS

g Jagaun

,EI_E}WMEHT MOaNnMCAH M ABHOITIOJIFOCHOI'O CHHXPOHHOI'O I'€HEPATOPA,

SNEKTPOHHOW NOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
M ABHOIIOJIFOCHOI'O CHHXPOHHOI'O I'CHEPATOPA,

Nencrentened: c 20,08.2021,no 20.08.2022



3. TlocTpoHMTh BEKTOPHYIO JHarpaMMma I HEeSBHOITOMIOCHOTO  CHHXPOHHOTO
reHeparopa, HMEIOMIEro aKTHBHO-EMKOCTHYIO HaIPY3KY.

4. TlocTpoHTh BEeKTOPHYIO [JHarpaMMa JUIS  HESBHOIIONIOCHOIO  CHHXPOHHOTO
reHeparopa, HMEIOMIEr0 aKTHBHYEO HarPy3KYy.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



 IIpakrnyeckoe 3ansarue Ne,10

Tema. PacueT oCHOBHBIX IIaPaMETPOB CHHXPOHHDBIX I'CHEPATOPOB

T eopemuiecKdn 1dacmbo.

HomunanvHole napamemput zeHepamopoe.

3aBOA-MB3TOTOBHTIENG IIPeJHAa3Ha4YaeT TeHepaTop IS OIPEeAEIEeHHOIO JJIHTEIBHO
IOITYCTHMOIO pekKHMa paldOThl, KOTOPBIH HA3bIBAIOT HOMHHAJIBHBIM. OTOT PeXKHM PadOThI
XapaKTepH3yeTcs IapaMeTpPaMH, KOTOPbIe HOCST Ha3BaHHE HOMHHAJIbHBIX.

J[I11 CHHXPOHHBIX 3JIEKTPHYECKHX MAIIHH B YCTAHOBHBIIEMCS peXHMe PabOoThl HMeeTCs
CTPOrOe COOTBETCTBHE MEXY YaCTOTOH BpallleHHs arperara #, 00/MHH, H YaCTOTOM ceTH f, I'1r;

n=60f/p (9.1)

HomiHamesHOE HampsDKeHHEe TeHepaTopa - 5TO JIMHEeHHOe (MeXKAy(asHoe) HaIpsoKeHHE
OOMOTKH CTaTOpa B HOMHHAJIIEHOM PEKHME.

HoMHHaTEHEIM TOKOM CTATOP4d I'CHEPATOPa HA3bIBACTCH TO 3HAUYCHHE TOK4, ITPH KOTOPOM
HJOITYCKACTCA MIINTCIIbHAA HOPMAJIbHAA pﬂﬁﬂTﬂ I'CHEPATOPa IIPH HOMIHAJIBHBIX IIAPAMCETPAX
OXJIa A CHITA (TEhﬂTEpﬂT}fpﬂj HAAaBJICHHEC H PpPacxod OXJIaXJalOoIIcro I'a3ada H }I{H,I[I{OCTH) I
HOMHHAJIbHBIX SHAUCHHAX MOITHOCTH H HAITPsDKCHH A, YKd3dHHBIX B ITACIIOPTC I'CHCPATOPA.

HomiHanmpHasg akTHBHAS MOIITHOCTE TeHepaTopa — 3T0 HaHOOIbINasg aKTHBHAS MOIITHOCTB,
JULSL IIIHTEILHOH paboThl ¢ KOTOPOH OH IIPeJHa3HaYeH B KOMIUIEKTE ¢ TYPOHHOH.

HomrmHanmpHas dKTHBHAA MOIITHOCTD I'SHEPaTOpa OITPEACIISACTCA CJIC VIO M
BBEIPAAKCHIICM.

P = Scosg. (9.2)

HoMHHaIsHas II0THAS MOIIHOCTh TeHepaTopa OIIpeelsdeTcs 10 clIeAyIomei GopMyIIe:

HoMHHaIBEHEIT TOK POTOpa — HTO HAMOONIBINMH TOK BO30YAKIEHHS I'eHeparopa, ITpH
KOTOPOM OOECIIEUMBAETCS OTaya FE€HEPATOPOM €0 HOMHHAIBHON MOIIHOCTH ITPH OTKIIOHEHHH
HaIIpSDKEHHSI CcTaTopa B IpelaenaxX +5 % HOMHHAIPHOIO 3HAYEHHSI H IIPH HOMHHAILHOM
KO3 ((PHIIHEHTE MOIITHOCTH.

T HOKYMEHT NOAMVCAH CTH COS@ TIpHHHMaeTcs paBHBIM 0.8 mid
SNEKTPOHHOW NMOAMMCHIO Y I TypOOreHepaTOPOB MOITHOCTBIO o 588
Cepruchukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Webayxoea TatbaHa AnekcaHopoBHa 151 Oonee MOILIHbBIX MalllHH.

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Kaxnaeiii reHeparop Xapakrepusyercsa Tarke KIIJ] mpH HOMIHAIBPHON Harpyske H
HOMHHAJIPHOM KOA()(HIMEHTE MOIMHOCTH. J[JII COBPEMEHHBIX T€HEPATOPOB HOMHHAJIbHBIH
KO3 ((HIIHEHT II0JIE3HOI0 AeHCTBH KoneOeTcs B npejenax 96,3 - 98,8 %.

Ilpumep 1. Haitthm 3]|C, HHIYKTHPYEMYKO B OJHOH (pa3e cTaTopa TIeHepaTopa
IIepeMeHHOI0 TOKa, eCIIH KOIHYeCTBO BHTKOB 24; 0OMOTOYHEIH K03 uIimeHT 0,9; yactora DJ1C
50 I'm, a MmarHuTHBIH 1T0TOK 0,05 B6.

Peuteniie:

E=444=fsk . +w+D =444+50+0,9+%24+0,05=2398B

KoHT POJIbHbIC BOIIPOCDHI H 3aJaHHH

JlaliTe IMMOHATHE HOMHHAIBHBIX ITapaMeTPOB CHHXPOHHOIO TeHepaTopa.
B xaxux npegenax xojebnercsa KIIJ] cHHXpoHHOro reHeparopa?

[ —

3. Kaxk onpegemits 3J]C dassl 0OMOTKH cTaTOpa CHHXPOHHOT'O F'eHepaTopa?

[ ]
. Jagauan

1. Porop TpexdaszHOro CHHXPOHHOIO TIeHepaTopa HMeeT 12 momrocoB. YacroTa

HaIpsCKEHMS Ha 3aKuMax reHeparopa f= 50 I'w. IlomesHass MOIITHOCTE ITPHBOJHOIO ABHTATENS
KBT. OnpegermiTs Bpalaroni MOMEHT Ha Bally FeHepaTopa.

2.  TpexdasHbIil CHHXPOHHBII FeHeEpPaTOpP BhIpabaThIBAET HAIIPsDKEHHEe 4acTOTOH f = 50
['m. Uncmno nomocoB 2p = 2. [IpHBOAHOH ABHIaTENh CO3LAET BPAIl[aFOINNII MOMEHT Ha Bairy M

L 29 Hy. OnpedenuTh MoIe3nyIo MOIIIIOCTh ITPHROIIIOND IBHTaTe I,

3.  OmnpegelMTb HAIpPKEeHHE Ha 3aXHMaxX TPex(asHOro CHHXPOHHOTO TeHepaTopa,
paboTaroIIEr0 B PeXHMe XOIOCTOrO XOoJa, IPH COeAHHEHHH OOMOTKH CTaTopa IO CXeMe
«TPEVIOJIbHHK» H «3Be3Ja», €CIH H3BECTHO, YTO yacTtoTa f = 50 ['II, YHCIIO Imocied0BaTeIbHO
COEIHHEHHBIX BHTKOB (pa3bl 0OMOTKH cTaTopa wi = 180, 00OMOTOYHEIH KO3(pMHIIHEHT ko51=0,92,
MaKCHMAaJIbHOE 3HAaYeHHE MarHUTHOI'O ITOTOKA OJHOH (pasbl Pyax — (.012 BO.

4.  OnpenelmTb HArPY304YHBIH TOK TypOOreHepaTopa IIPH JIMHEHHOM HAIIPSDKEHHH Ha
sakuMax U, = 0,3 kB u kxosddmineHTe MomHOCTH cose = 0.8, ecmn m3BecTHBI OJ[C
BO30VKIeHHS reHepatopa Ef = 7.5 KB, aKTHBHOe H IIOITHOE€ HHAYKTHBHOE COIPOTHBIIEHHS
oOMOTKH sxopsd R = 0,235 Om, X; = 32,9 Om. OOMOTKa COeIHMHEHAa B 3Be31Y. BimisHuem
HACBIIIEHH S IIpeHeOpeysb.

5.  SIBHOIOMIOCHBINI CHHXPOHHBIF TeHEpaTop BKIIOMEH Ha AKTHBHO-HHIYKTHBHYIO
Harpy3ky Zy _ 8,8 [0j6,6 OM. DasHblii TOK reHeparopa I = 346,8 A. Ompegemts DJIC
BO30OYXKIeHHSI TeHepaTopa (0e3 ydeTa HACHIIEHHS), €CIH HHAYKTHBHOE COITPOTHBIIEHHS
OOMOTKH SKOPA IO IIPOJONBHOH M IOIEPeUYHONH ocsM: Xy = 9,89 OmM, X, = 6,03 OM. AKTHBHOE
COIIPOTHRIIEHHE OOMOTKH SIKOpSI R = 0,147 Om.

NOKYMEHT NoanncAH i
SNEKTPOHHOM NOOMNMUCHIO I I'CHCPaTOp MOMIHOCTBIO Sy C HAITPKCHIICM Ha
Ceptudmkat: . 12000002A633E3D113AD425FB50002000002A6 -ESﬂﬂﬁ}}) IIPH 4acTOTE TOKa 50 FI—[ H YacToTe
Bnapeneu; Webayxopa TateaHa AnekcaHpoBHa

UIbHOIT Harpyske #, (Tadm. 18.1). I'eHepaTop
[leiicTahTeneH: ¢ 20.08.2021 no 20.08.2022 1 OIIPENEIIMTE aKTHBHYIO MOIIIHOCTD I'€EHEPATOPa



ITPpH HOMHHAJIbHOH HaI'PV3KE P n, TOK B 0OMOTKE CTaTOpPa {15, MOIITHOCTB IICEPBHYHOI'O ABHIATCIIA
P; u Epﬂﬂ.[ﬂlﬂ]l[li{ﬁ MOMEHT M, ITPH HEITOCPESACTBCHHOM MCXAHHYCCKOM COCIHHCHHI BalIOB
I'SHEPAaTOpPa H IBHI'ATCIIAL

Tabmmia 9.1 — JlaHHbIE K 3aga4e 6

oY BapuaHTEI
| 2 3 4 5 6 7 8 9 10
Su.kB-A | 330 | 400 170 470 230 600 780 450 700 500
UlH, kB 6,3 3.2 0.4 6.3 0.7 3.2 06,3 0.4 6.3 3,2
nH, Yo 92 92 90 91 90 93 93 91 93 92
nl oo/ | 1000 | 750 600 1000 600 500 1000 500 | 1000 | 600
[JOKYMEHT MOANMUCAH

SNEKTPOHHOW NOAMUCLIO
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« IIpakrnueckoe 3anarue Ne.11
Tema. PacueT OCHOBHBIX ITapaMeTpOB CHHXPOHHBIX JIBHT aTEIICH
Teopemuueckaa uacme.

Dnexmpomazrumusiii momenm CJ[

5k ITPHHITHITA IIeFCTBHA CHHXPOHHOI'O ABHI'ATCIIA 3dIIHIIIEM, YTO CHIIA, ,[[EﬁGTE}’TOH_[ﬂH Ha
ITPOBOAHIK C TOKOM B IIOJIC.

Ecmm ITPOBOJHHK VIIOYKEH B CTATOPE JHAMCTPOM ,.p'_'l' a» 10 F. -+ CO3AACT INCKTPOMAI' HHTHBIH
MOMCHT.

M, =F_I./2=BsI1./2 (10.2)

SIBIITIOII[HIICSI B JBHIrAaTelle BpaolaroImHM MOMCEHTOM. CHE,I[}"ET OTMCTHTL, YTO B MAIIITHAX
IICPEMEHHOI'O TOKaA Epﬂ]l[ﬂmﬂ[}]ﬁ MOMEHT CO3JacTcs TOINBKO aKTHBHOH COCTAaBJISIOIEH TOKA.

M, =B;=l=[=cosg=]]_/2 (10.3)

IIOCKOIBKY VpaBHEHHE VIJIOBOH XapakKTepHCTHKH I CM HMeeT BHJI ITPHBEICHHBII

paHee, TO

mEU mU={1 1Y (10.4)
M_, = sin@ + — — |sin 20

(x4 a0 \x, x4

3 Berpakenna (20.4) MOXXHO OITpeelIHTh: MaKCHMAaJIbHBIH 3IeKTPOMAarHHTHEIH MOMEHT:

B mEU (10.5)
sMm 0
1

M

CHHXPOHH3VYHOIIT] [ MOMEHT:

dM,, mEU mU {1 1 (10.6)

M_ = = cos B + — — | cos 28

- de Ox 0 \x, x4

KO3 (P(PHIIHEHT CTaTHYECKOH ITePErpPyKacMOCTH:

K, = MEIH:':I'I /M (10.7)

SMH

ﬁ"!‘!"!"’“‘.ﬂ T A TFer A fF TSR O ET R Ty OATEE TTE TR N SRAMATSATION FSRTR OE —
HORMERT MO ARTERT - pabotwl ( M_,,, = M_ cTaTHYECKOMY MOMEHTY
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mU={1 1 (10.8)
M = — —|s5in 28

TE20 \x, x4

KOTOPBIH CYIIECTBYET M3-3a MArHHTHOH HECHMMETPHH SBHOIIOMFOCHOH CM, ecnH x, = x

M, = 0.

t:l"}

DH3HYECKH BO3HHKHOBEHHE PEaKTHBHOIO MOMEHTAa B SBHOIIOJFOCHOH MAIlHHE
OOBSICHSIETCS TeM, 4YTO POTOP (HEeBO3OYKAEHHBII) CTPEMHTICS 3aHSATh IO OT- HOINEHHSI K
BpAIAaOIIEMYCS ITONIO ITOJIOXKEHHE, IIPH KOTOPOM COITPOTHBIIEHHE MAarHHTHOIO IIOTOKAa H
SHEPTHS IT0JIS MHHHMAJIbHEI.

Ecm M.,,=0, To M.,~0 n ®=0, T.e. OCh pOTOPaA M IIOII COBITAAAr0T. ECIM Ball HarpyKeH,
T.€. M.

IIpumep 1. Tpexda3HbII CHHXPOHHBIN JBHTATEIb HOMHHAIFHOH MOIIHOCTBIO P, = 575
KBT, 4CIIOM ITOJIIOCOB 2p = 0 pabdoTaeT OT CETH IIPOMBIIIUIEHHON YaCTOTHI HaNpsKeHHeM U, = 6
KB. IleperpysouHas crmocoOHOCTE ABHIaTensd Mmax/M, = 1,5, KpaTHOCTB ITYCKOBOIO ToKa I,/I, =
5, KpaTHOCTh ITycKOoBoro momeHra M, /M, = 1,4. Cxema coeguHeHHsSI OOMOTKH cTaropa —
«3Be3la». B HOMHHAIRHOM peXKHMe PpaOOThl JBHIATElbh HMEET KO3(PQHIHEHT IT0Ie3HOIO
oercTBHA _ _ 93%, xo3(pHIEHT MOIITHOCTH IIPH OIleperkKalolleM ToKe cTaropa cos_, _ 0,8
OnpeaemnTh: 1) moTpeOnsgeMyro ABHIaTeleM H3 CETH aKTHBHYKD MOINHOCTh Pi1 H TOK [,
CYMMApHBIE ITOTEPH MOIIHOCTH _ LIP , Bpalaroni MOMEHT JBHrareid M, ImMpH HOMHHAILHOM
Harpys3ke; 2) ITYCKOBOH TOK [, H IIyCKOBOH MOMEHT M, MaKCHMAaJIbHBIH MOMEHT Mmax, TIPH
KOTOPOM JIBHT aTellb BRITIAJAET H3 CHHXPOHH3MA.

Peuteniie:

HGTPE OnsieMasi IBHTraTelIeM H3 CeTH aKTHBHAS MOIIHOCTS:

P. 575
P, =—=——=618 kBr.
n, 0,93
[ToTpeOrsgeMBIN H3 CETH TOK:
S P, 618
[ =———=— = — = 74,5 A,
V3*#U, y3+#U*cosep, 3+6%0.8

HomrHampHas yacToTa BPaIllCHI AL

60 = f 60=50
=

= 1000 ob/MHH

n, =

Pa3BHBaeMBIH IBHTaTelleM BPAIAFOIIII MOMEHT:
NOKYMEHT NoanncAH
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P, 575 = 10°
i, — — = = 5494 H+*m
" 2men, 2m* (1000/60)

C}WHPI{E-IE INOTEPH MOIIHOCTH B ABHI'ATCIIC.
__P 1Py 1P, _ 61811575l 43 xBr.

IIYCKOBOH MOMEHT JIBHIaTEIIS:

M, _ 14M, _ 1.4 U 5494 Ll 7691H M.
IIYCKOBOH TOK JBHIaTEI S

1, 5L, 507450372 A.

MaxcHMalIbHBIH MOMEHT JBHraTelrs, Hm:

M ax= 1,5M ,, = 1,5 O 5494 0 8240 Hm.

KoHT POJIbBHBIC BOIIPOCHI H 3aaHHH

JlariTe omnmpeneneHe 3leKTPOMarHHTHOIO MOMEHTA CHHXPOHHOI'O JIBHT AT eI,
KakxoB (pH3HYeCKHH CMBICTI PeaKTHBHOI'O MOMEHTAa CHHXPOHHOT'O JIBHT aTells?
Kak onpeaemiTh IIyCKOBOH TOK H ITYCKOBOH MOMEHT CHHXPOHHOI'O ABHIATEISA?
Yrto Takoe KO3 (PHIMEHT CTaTHYECKOH ITEPerpyKaeMOCTH?

B Lo =

«  3amaum

1. TpexdasHbIi CHHXPOHHBIH ABHraTEIbh HOMHHAIIBHOI MOINHOCTBIO P, H YHCIIOM
IIOIIFOCOB 2p paboTaeT OT ceTH HampspkeHHeM U, (0OMOTKa cTaTopa COeQHHEHA «3BE3J0HY).
KIIJ] meurarens #., Ko3(QQHIHEeHT MOIIHOCTH COS_ , IIPH OIlepe’KarolleM TOKE cTaTopa.
Ileperpy3ouHad cIIOCOOHOCTH JABHIATEINSI _ , a €ro IIYCKOBBIE ITapaMETPEl OIPeAcIIEHBI
KPaTHOCTBIO ITYCKOBOI'O TOKa [,/[, 1 KPaTHOCTBIO ITYCKOBOIO MOMeHTa M, /M,. 3HAYeHHS 3THX
BeIIHMUHH IpuBeAcHBl B Tadmie 20.1.Tpebyercsa ompeaemTs: IOTPeOIseMBIE ABHTATEIIEM H3
CeTH AKTHBHVYIO MOINHOCTE P, H TOK [1,, pa3BHUBAacMBIH JBHraTelleM IIPH HOMHHAILHOM
HarpysKe BpallaroI[Ui MOMEHT M., CyMMApPHBIC IOTCPH MOLIHOCTH [J_P , IIYCKOBOH MOMEHT
M, 1 TYCKOBOM TO [, a TAK)KE BPAINAFOIII MOMEHT M ax, IIPH KOTOPOM JIBHTATEID BREITTAMAET U3
CHHXPOHH3MA.

JOKYMEHT NOoAarnncAH
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BenHunHel
BapHaHTEI
Pr.xBT | 1, B % | coson | pu.% | In/ln | Mu/Mu Mmax/Mu
1 575 6.0 16 0.8 03 5.0 1.4 1.5
2 600 3.0 10 0.9 02 5.5 1,7 1.5
3 325 3.0 8 0.9 90 4.5 1,7 1.6
4 60 .38 6 0.8 89 4.5 2,2 1.6
5 160 .38 6 0.8 90 4.8 2.4 1.5
2. TpexdasHeII CHHXPOHHBIH JIBHTaTellb HOMHHAJIFLHOM PeXHME  HMEET

TeXHHYeCKHEe JaHHbIe: MOIMHOCTh P, = 600 kBT, HanpskeHue U, = 3000 B, xoadduimeHT
TIONEe3HOr0 JeHCTBHA #x = 93 %, KO3(p(HIMEHT MOITHOCTH cos_» _— 0.8 , yroI marpysku _ _|
30_ . OnpceaciuTe DOTPCONSACMBIA U3 CCTH TOK H ICPCIPY30UYHYI) CNOCOOHOCTb ABUIATCIS.

3.  TpexdasHblil CHHXPOHHBII IBHraTelb HOMHHAIBHON MOIIHOCTBIO P, M YHCIOM
IIOIIFOCOB 2p paboTaeT oT ceTH HamnpsokeHHeM Uy, (0OMOTKa cTaropa COeQHHEHa «3BE3J0H»).
KIIJ| nurarens #., KO3(QQHIIHEHT MOIIHOCTH COS@, IIPH OIIEPEKAIOMIEM TOKE CTaTopa.
[IeperpyszouHas criocoOHOCTh MABHTATENII — j, a €ro ITYCKOBBIE IIapaMETPBI OIPEAeIcHEI

KPaTHOCTBIO ITYCKOBOI'O TOKa [,/l, N KPaTHOCTHIO ITYCKOBOIrO MoMeHTa M,/M,. 3HaUEHHS 3THX
BEIIMYHMH IpuBeJdcHBl B Tadmiie 20.2. Tpedyercs onmpedeHTh. MOTPeOIIeMBIE JBHTATEIIEM H3
CeTH AKTHBHYIO MOIIMHOCTh P, M TOK [.,, pa3sBHBAEMBIH JIBHTATEIEM ITPH HOMHHAILHOIM
HArpysKe BpaIlaroIl[uii MOMEHT M., ¢yMMAPHLIC OOTCPH MOLIHOCTH [1 _P | IIYCKOBOH MOMEHT
M., 1 ITyCKOBOH TOK [, a TaK)Ke BPAIAOINHH MOMEHT Mmax, IIPH KOTOPOM JBHIATEllb BEIMIALAET
H3 CHHXPOHH3Ma.

Tabmmia 10.2 — JlaHHBIE K 3a1a4e 3

BemnuiHbI
P B UIH F,IH '!ri'! Hu an.r
B H, KBT ; , T
apHaHTLI B 2p | cospwn % [, M. M,
| 575 6.0 16 0.8 03 500 1.4 1.5
2 600 3.0 10 0.9 02 505 1.7 1.5
3 325 3.0 8 0.9 90 405 1.7 1.6
4 60 0.38 6 0.8 89 4.5 2.2 1.6
5 160 0.38 6 0.8 90 4.8 2.4 1.5
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MHUHHUCTEPCTBO HAYKHU U OBbPA3OBAHUA

MUHUCTEPCTBO HAVKH U BLICIIIETO OBPASOBAHU S POCCUUCKOU OEJIEPAITUU
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«CEBEPO-KABKA3CKUU ®EJIEPAJILHBIA YHUBEPCUTET»

[ srruropckuid uHCTUTYT (puman) CKOY

MeToauyeckue ykasaHus

110 OpraHH3aI[HH CaMOCTOSTEILHOH padoThl O0YYATOIIIXCS
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BBeaeHune

CaMocTogrenbHasgs pabdora — IDIaHHpyeMasd VyueOHas, Y4ueOHO-HCCIIedOBaTelIbCKasl,
Hay4YHO-HCCIIEA0BaTelIbcKasl padoTa CTYIEHTOB, BEIIIOJIHIEMAas BO BHEAYIHTOPHOE (ayIHTOPHOE)
BpeMS II0 3aJaHHIO H IIPH METOJHYECKOM PYKOBOJCTBE IIpernojapareiss, HO ©Oe3 €ro
HEITOCPEeJACTBEHHOIO0 y4YacTHS (IIpH YacTHYHOM HEITOCPEeACTBEHHOM YYaCTHH IIpeltofaBaTelIs,

OCTaBJISIOIIEM BEAYIYIO POJIb 3a pabOTOH CTYEHTORB).

CaMocTtosgrenbHasg paboTta CTYAeHTOB B BY3e gBIfeTcd BaKHBIM BHAOM YVYeOHOH H

Hﬂ}”ﬂ{ﬂﬁ ACATCIIBHOCTH CTYACHTA.

Beayimasg 1einp opraHusaiid H ocyinecTBiaeHHS CPC JODKHA COBIAQAAaTh C I[ENBIO
OOVUYEHHS CTYIEHTa — IMOATOTOBKOH OakamaBpa C BBRICIHHM oOOpazoBaHmeM. [IpH opraHmsarf
CPC BaXHBIM H HEOOXOJHMBIM VCIOBHEM  CTAaHOBATCI (DOPMHPOBAaHHE  YMEHHS
CaAMOCTOSTENBHOH PadOTHI IS IIPHOOPETEHHS 3HAHNH, HABBIKOB M BO3MOKHOCTH OPraHH3aL[HH

yueOHOH H HAYYHOH JIeSTEIIbHOCTH.

[{enpro caMOCTOSTEN,HOH pabOTHl CTYAEHTOB SBIISIETCS OBIafleHHe (PyHIaMeHTaIIbHBIMH
3HAHHSIMH, ITPO()eCCHOHAIIFHBIMH YMEHHSMH H HaBBIKAMH JIeSITeJIbHOCTH IO ITPO(HIIIO, OIBITOM
TBOPYECKOH, HCCIEeIOBaTeIbCKOH JearelIbHOCTH. (CamMocTosTenbHas paboTa CTYIEHTOB
CIIOCOOCTBYET Pa3BHTHIO CaMOCTOSATEIBHOCTH, OTBETCTBEHHOCTH M  OPraHH30BAHHOCTH,

TBOPYECKOTO ITOJIXO0a K PelIeHHIO ITpo0iIeM yudeOHOro M Ipo()eCCHOHAIBHOIO YPOBHSI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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O0nas XapakTepHCTHKA CAMOCT OATE/IbHOH PadoThl 00yUaromierocs Npu H3y4eHHH

AHCITHILIHHDBI <OJICKT DHYIECKHE MAallIHHbD»

CaMocTosTeNbHas padora - IUIaHHpyeMas vyueOHasl, YyueOHO-HCCIIedOBaTEIbCKas,
Hay4YHO-HCCIIeJoBaTelbcKas padoTa CTYJeHTOB, BEITIOIHIeMAsI BO BHEAYIHTOPHOE (ayIHTOPHOE)
BpeMsd II0 3aJaHHIO H IIPH MeTOAHYECKOM PYKOBOACTBE IIperofaBareisa, HO 0e3 ero
HEITOCPEJICTBEHHOI0 yYacTHS (IIpH YacTHYHOM HEIIOCPeJCTBEHHOM YYAaCTHH ITpeltojaBaTells,

OCTaBJISIOIIEM BEAYITYIO POJIb 3a pabOTOH CTYEHTOB).

CaMocTogTenbHasg padoTa CTYAeHTOB B BY3e gBISeTCH BaKHBIM BHIOM YV4YeOHOH H
HaYYHOI JesSTEIbHOCTH CTyAcHTa. CaMocToATeIbHAaS padoTa CTYAEHTOR HI'paeT 3HAUYHTEIBLHVIO
POIIb B PEUTHHIOBONH TeXHOIOTHM OO0yueHHS. B CBS3H ¢ 3THM, 00yueHHe B BY3e BKIIOYAET B
ced4 IBe, IMPaKTHYECKH OJHHAKOBEIE IO OOBEMY H B3aHMOBIISIHHIO YaCTH — IIpPoIlecca OOYUEeHH
H Tporecca camMooOyueHHd. Ilosromy CPC nmomkHa craTh 3(p(QeKTHBHOH H IeleHallpaBIeHHOH

paboTOH CTY/IEHTA.

K COBPEMCHHOMY CIICITHAJIHCTY 0OIIECTBO IPEABABIIACT JOCTATOYHO I_T_IIIPDI{HI”I IICPEYCHD
TpEﬁGEﬂHI]ﬁ: CpEIH KOTOPBIX HEMAJIOBAXHOC 3HAYCHHE HMCCT HAJIIHYHE VYV BBIITYCKHHKOB

OITPEACIICHHBIX CItocoOHOCTEH H YMCEHHA CaMOCTOATCIIBHO IOOBIBAaTh 3HAHHI H3 Pa3JIYHBIX

HCTOUYHHKOB, CHCICMATH3HPOBATL IIOJIVHICHHYIO HH(l)DpMElI_[HIG: daBdTbh OIICHKY I{DHI{pETHGﬁ
(bHHElHCDEDﬁ CHTYAITHII. (DDPMIPDEEIHIIE TAKOI'0O YMCHHA ITPOHCXOAHT B TCHCHHC BCCI'O IICPHO/IA
Gﬁ}”{EHI[}I HEPEC3 YHACTHE CTYACHTOB B IIPAKTHHCCKHX 3dHATHAX, BBIIIOJIHCHHE KOHTPOJIBHBIX
3aJlaHHH H TCCTOB, HAIIHNCAHIIC KYPCOBBIX H BBIITYCKHBIX ICBEIJIH(l)HKEH.[IIGI—H—ILIK pﬂﬁGT. HPH JTOM
CAMOCTOATCIIEHAaA pﬂﬁﬂTEl CIVICHTOB HMI'pacT PCOHIAIOIIVIO POk B XOJC BCECIO WE@HGI‘G

ITponccca.

Benyimas 1enmp opraHmsamii M ocyinecTBieHHS CPC goikHa COBIIaJaTh C IIENBIO
00VYUYeHHS CTYJIEHTa — ITOJATOTOBKOHN CIIEI[HAIMCcTa M OaKajlaBpa ¢ BBRICIIHM oOpa3zoBaHHEM. [Ipu
opranm3anui CPC BaXHBEIM H HEOOXOJHMBIM YCIOBHEM CTAHOBSTCS (POPMHpOBaHHE YMEHHS
CaMOCTOSITEIILHOH PabOThI A1 IIPHOOPETEHH 3HAHHI, HABBIKOB H BO3MOKHOCTH OPraHH3aL[HH

yueOHOH H HAYYHOH JIeSTEIbHOCTH.

@QOpMBEI CaMOCTOSTENNBPHOH PaldOTHI CTYAEHTOB PasHOOOpasHEL. B COOTBETCTBHH C

paboueil ITporpaMMONH AHCIHIUIMHEI IIPeAYCMOTPEHBI CIEeAVIOI[HE BHILI CAaMOCTOSTEIIbHOH
[NOKYMEHT NOANMUCAH
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- CaMOCTOATCIIBHOC PCIICHHE 3aJda™'.

HEJII’: caMocmoAame/ibHo20 H3YUEHUA Jiimepamypsl — CaMOCTOATCIIBHOC OBJIIQACHHE

SHaHIANMI, OIIBITOM HCCIICAOBATCIIb CKOH JeSITeIIbHOCTH.

3a0 auamiu caMOCTOSTEIIBHOTO H3VUCHIHA JIMTCPAaT VPRI ABJIIAIOTCAH.

. VITIyOJIeHHe H pacIIHpeHHEe TeOPeTHYECKHX 3HAHHIT,

. (opMHpOBaHHE YMEHHH HCIIOB30BaTh HOPMAaTHBHYIO, IIPAaBOBYIO, CITPaBOYHYIO
JOKYMEHTALHIO H CIIEI[HATIBHYIO JINTEPaTYPY,

. pasBHTHE IO3HABATEJIbHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTY/[EHTOB.

HEJH: camMocmoAamellbHo20 peliieHiA 3a0ay - OBIaJIcHHE Hpﬂd)E:GCHDHElJ]LHBIhﬂI

YMCHHAMH H HdBBIKdAMIT ACATCJIIBHOCTH IIO HpD(l)HJ]ID 6}’,[[}’1].[Ef[ OJCATCIIBHOCTH.
3a0 auamu caMOCTOSTEIIBHOTO PELICHIA 3aa'4 ABJIIHOTCA.

. CHCTEMATH3aI[Msd H 3aKpeIUleHHe ITONYyYeHHBIX TEOPeTHYECKHX 3HaHHI H
IIPAKTHYECKHX YMEHHH CTY/IEHTOB,

. (pOpMHpOBaHHE CaMOCTOATEIIFHOCTH MBITTUIEHHS, CIIOCOOHOCTEH K
caMOPa3BHTHIO, CAMOCOBEPIIEHCTBOBAHHIO H CAMOPEaTH3aL[HI,

. pPa3BHTHE HCCIIEA0BATEILCKIX YMEHHH.

Ilenvro camocmoamenvHozo 6bINOIHEHUA KOHMPOALHOU padomst TI0 TUCIUIUIHHE
SIBIISIETCSA OBIaJieHHe (DYHJaMeHTaJIbHBIMH 3HAHHSIMH, ITPO(eCCHOHAIBHBIMH YMEHHSIMH H
HaBBIKAMH  JESTEILHOCTH IO ITPO(HIIO, OIILITOM TBOPYECKOH, HCCIIeZOBATEIIbCKOM

ACATCIIBHOCTIH.
3a0auamu JAaHHOTO BHIA CaMOCTOSTeIIbHOH pElﬁGTLI CTVACHTA ABJIAIOTCAL

. CHCTEMATH3alllsd H 3aKpeIUIeHHe IIOIYYeHHBIX TEOPEeTHYECKHX 3HaHHH H
IIPAKTHYECKHX YMEHHI CTYIEHTOB;

. VIIyOJIeHHE H pacIIHpeHHe TeOPeTHYeCKHX 3HAHHIT,

. (popMHpOBaHHE YMEHHH HCIIOJIb30BAaTh HOPMAaTHBHYIO, IIPAaBOBYIO, CITPaBOYHYIO
JOKYMEHTALHIO H CIIEIIHATIbHYIO JINTEPAaTYPY,

. pPa3BHTHE IO3HABATEIILHBIX CITOCOOHOCTEH H aKTHBHOCTH CTYIEHTOB. TBOPYECKOM

TTUMTIIATUDRLY  CaMNCTATTATLUANTIT ATRATATeaUUOCTH H ODCAHHROBAHHOCTH:
OJOKYMEHT NMoarvcAH P ’

SNEKTPOHHOM MOANMUCHIO | .
Cepruchukar:  12000002A633E3D113AD425FB50002000002A6 JHOCTH  MBIIUIEHHA,  CIIOCOOHOCTEH K
Bnapeneu,; lllebayxoea TateAHa AnekcaHapoBHa I0PeaITH3AIIHIL,
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® Pa3BHTHEC HCCIICQOBATCIIbCKIIX }MEHI{I‘T{;
® HCITOIIL30B4AHIC MATCPHAII4A, CGﬁpﬁHHDI‘O H IIOJIYHCEHHOI'O B XOJe
CaMOCTOSTEIbHBIX 3aHITHI Ha CEMIHapax, Ha IIPAKTHYCCKIIX H HﬂﬁﬂpﬂTﬂpHﬁIX 3aHATHSX, ITPH

HaITHCaHHH KOHTPOIBHON PadOTHI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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B pesymbrarte

OCBOCHITA  JHCITHITIITHEI

(hOpPMHPYIOTCS

CIENVIOIIHIT IlepeyeHb

INIAHHPYCMBIX PC3VIIbTATOB Dﬁ}"LIEHI[H II0 JHCIHIIIIMHE, COOTHECEHHBIX C IIJIaHHPYCMbBIMI

pe3ylbTaTaMH OCBOEHHS 00pa30BaTEILHOH ITPOr PAMMEI:

Kox, dpopmymnHnporRka

Kox, ¢popmympoBka

[ImaHupyeMble pe3ylbTaThl
0Oy4YeHH S ITO JHCITHILIHHE

(MOJIYIIXO), XapaKTePH3YIOIIHE

KOMITETEHIMI HHIHKaTOpa STATTBL (hOPMIPOBAHILE
KOMITETEHIM, HHIHKATOPOB
3HAaeT IIPHHIMIT  JEHCTBHSA
COBPEMEHHBIX THIIOB
BIIEKTPHYECKHX MaIIIHH,
OllK-4 CriocoOeH NJI-Somx4 AHaIM3HPYET | 0COOEHHOCTH HX
HCIIO/Ib30BAThb METOJBI aH4lIH3a | yecTaHOBHBIIHECS PEXRUMEIL | KOHCTPYKIHH, YPaBHEHHS,
n MOJCIHMPOBAHIA | paGoThl TpaHChOPMATOPOB H
SIMEKTPHYECKHX  LEMell M | pexTpHueckix MATTIHH, YMeeT aHaTSHPOBalh
JJICKTPHICCKHX MalllHH, HCIIOMB3YeT — SHAHHE — HX | o ODHPLHIEEAd  PEAIMb
DEKHMOR PAGOTEL - palbOTH TPaHC(OPMATOPOB H
XdPAKTEPHCTHK; NEKTPHYECKHX MaIllHH.
Brnaneer HaBBIKAMH
MOJIETINPOBAHHST
BIIEKTPHYECKHX IIETIEH
3HAeT CXEMBI 3aMEIeHHS H
XapaKTepPHCTHKI, MET OJ[BI
aHalIH3a M MOJEITHPOBAHISI
3IIEKTPHYECKHX MaIIIH
W J1-3mx-1 OOOCHOBEIBAET
BEIGOD [TapAMETPOB YmMeer HCITOJIb30BATh
[1K-1 CriocoGeH y4acTBOBATh B | 511ekTp00GOPYIOBAHILS IIOJIy4CHHBIC — SHAHHS  1IPH
IPOCKTHPOBaHHH CHCIEM | cucTteM  SIEKTPOCHAOKEHIS, PEHICHHH HPARTHACCRIR
BIIEKTPO CHAOKEHH L YUHTBIBAS Texrmueckue | oadt 1O HPOSKIHPOBAHHIO,
OTPAHIYEHIS HCIBITAHHSM H SKCIUTyaTal[HH
3IIEKTPHYECKUX MAIIIHH.
Brnaneer HaBBIKAMH
OITPEMEIIEHH OCHOBHEBIX
IIapaMeTPoOB  AIEKTPHYECKIX
MaIIlHH
NOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOANUCHIO

CepTtudumkar:
Bnapeneu:

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Il1an-rpadguk BbIIOJIHEHHS CAMOCT OSIT €JIbHOH Pad0ThI

O0BeM YacoB, B TOM YHCIIE
Kozt CpeJicTBa 1
peaTH3 yeMBIX BuI 1eSTeIbHOCTH ped KoHTaKTHAs
- TEXHOJIOTHH paGoTa ¢
KOMIIETEeHLHH, CTYIEHTOB S— CPC Bcero
HHTHKaTOpa(oB) ITpETtoaBat
eleM
4 cemecTp
CaMocCTOSTeIbHOE Cobeceonra
H3YVYEHHE JIMTePaTYPhl | HIHE 81.405 9.045 90.45
1o TeMaMm Nol-18
IloaroTorka K CobecelioBa
0,27 0.03 0.3
OIIK-4 TTEKISIM HIE ’ ’ ’
HJ1-Somx4 [loATOTOBKA K CobeceioBa
[K-1 UJ[-31x.; | TPAKTHYECKIM HITE 0,54 0,06 0,6
3aHSITHSIM
[IoaroToBkKa K Cobeceonra
n1abopaTOPHEIM HIlE 0,81 0.09 0.9
3aHSITH M
Hrtoro 3a 4 cemecrp: 83,025 9,225 92,25
5 ceMecTp
CaMocCTOSTeIbHOE Cobeceonra
H3YUYEHHE JHTEPATYPHl | HHE 108.675 12.075 120,75
1o TeMaM Nel18-36
IloaroToBka K CobecenoBa
OIK -4 " - 0,405 0,045 0.45
W]1-Somx4 [loATrOTOBKA K CobeceioBa
[K-1 U-3mx., | TIPAKTHYECKHM HIeE 0,81 0,09 0,9
RaHSITHSIM
[IoaroToBkKa K Cobeceonra
n1abopaTOPHEIM HHE 0,81 0.09 0.9
3aHSITH M
HTtoro 3a 35 cemecrp: 110,7 12,3 123
HToro: 193,725 21,525 215,25

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO

CepTtudumkar:
Bnageneu;

12000002A633E3D113AD425FBS50002000002A6
lLlebGayxoea TateAHa AnekcaHapoBHa
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KﬂHTpﬂ.]IbeIE TOYMKRH H BHIbI OTHCTHOCTH 11O HHM

No BH]J neAT eI HOCTH CTYAEHT OB Cpoxu KomiduecTRO
TI/TI BBITOTHEHHA OanimoB
4 ceMmecTp
1. IIpakTHUeCcKOe 3aHATHE No 2 6 Hemend 25
2. JlabGoparopHoe 3aHATHE No 5 10 Henena 15
3. IIpakTHUeckoe 3aHATHE No 8 16 Hegenq 15
HToro 3a 4 cemecTp 55
S ceMecTp
4. IIpaxkTHueckoe 3aHATHE No 11 6 Henenq 25
J. JIaGoparopHoe 3aHaTHE No 15 10 Heema 15
6. IIpakTHUecKoe 3aHATHE No 17 16 Hemend 15
HToro 3a S cemecTp 55

MakcHMalIbHO BO3MOKHBIH Oallil 3a BECh TEKYIIHH KOHTPOIb MaKCHMaIbHO BO3MOKHEIH

0aur 3a BeCh TEKYIIHH KOHTPOJIb VYCTAHABIHMBAETCS PaBHBIM 5. Tekyiee KOHTPOIBHOE

MCPOIIPpHATHE CHHTACTCA CIOdHHBIM, CCIIH CTVIACHT IIOINYYHII 34 HEIO0 HE MCHEC 60% ort

YCTAHOBIICHHOI'O OJII  35TOI0  KOHTPOIAd MAKCHMAJIBHOI'O

Oana.

PeHTHHTOBBIH

Oail,

BBICTABIISIEMBIH CIVIACHTY 3a TCKVIIICC KOHTPOJIILHOC MCPOIIPHATHE, CIJdHHOC CTIVIACHTIOM B

YCTAHOBJIEHHBIE I'Pa(HKOM KOHTPOIBHBIX MEPOIIPHATHI CPOKH, OIIPEeAeIIeTCS ClieYOIHM

o0pasoM:

YPDEEI{B BBITTIOJIHCEHITA KOHTPOJIBHOI'O

PeitrunToBBIH 02101 (B % OT MaKCHMAJILHOTO

3aJIaHHS Oasura 3a KOHTPOIIbHOE 3alaHHE)
OTIIMYHEIH 100
XOPOIIHI 80
Y IOBIETBOPHTEIILHBIH 60
HeynosneTBOpHTELHBIH 0

CepTtudumkar:
Bnageneu;

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6
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MeToanueckne PEKOMER AN ITO H3VUCHHIO TCOPETHYICCKOI'0O MaTEpHaJIa

CaMOCTOSTEIbHASI pﬂﬁﬂTﬂ CTVACHTAd HAYHMHACTCA C BHHMATCIIBHOI'O0 O3HAKOMIICHHA C

coZiepKaHHEM Y4eOHOr 0 Kypca.

M3yueHre KaKI0H TeMBI CIIeAyeT HaUMHATh C BHHMATEJILHOIO O3HAKOMIIEHH S ¢ HaOOpOM
BOITPOCOB. OHH OPHEHTHPYIOT CTVYIAEHTA, ITOKA3hIBAIOT, YTO OH JOJIKEH 3HATh ITO JAHHOH TEME.
Borpockl TeMbl KaK Obl HAaKIAaIbIBAIOTCS HAa COOTBETCTBVIOINYIO I'IaBY H30paHHOIro yuyeOHHKa
HIH yueOHoro nmocodus. B urore goKHO OBITH SICHBIM, KaKHeE BOIIPOCHI TEMBI Y4eOHOI'0 Kypca H
C KaKOH I''TyOHHOH PacKPBITHI B KOHKPETHOM yueOHOM MaTepHale, a KakHe BOOOIIE OITYII[EHBI.

TpEﬁ}ﬂETCH TBOPHUCCKOC OTHOIICHHE H K CaMOMY COACPKaHIIO JHCIHIUIIHBIL.

BGHPGCBI:, COCTAaBJLATOIIIEC ©C COACPKaHHC, o0mazaror pﬂBHﬂﬁ CTEIIEHBIO BaXKHOCTH. ECTh
BOIIPOCEI, BBIOIOIIHAROIIIIC (1)}"1-]141[}[@ JIOTHYECKOH CBS3KH CoAcpPAKaHHA TCMBI H BCCI'O KYpPCa,
HMCIOTCA BOIIPOCHI OINICATCIIBHOI'O IV PA3bACHHTCIIBHOI'O XdPAKTEPd, d TAKAS HCTOPHYCCKOI'O
JKCKYPCad B o0macTh HB’_’;-"IHEMGﬁ IHCILIHIIIMHEI. Bcece 53TH BOITPOCEI HE COCTABIIAOT CVYIH
]’[OHHI‘HﬁHﬂI‘G: KOHIICIITYAJIBHOI'O COJACPZKAaHHA TCEMbI, HO HEeOOXOAHMBI UISI I[EJIOCTHOIO

BOCITPICITHA H3YHIAaCMbIX HpﬂﬁHEM.

HM3ydyaemast QUCIIHIIMHA HMEET CBOH KaTErOPHAIBHO-TIOHATHHHBIN armrapar. HayuHbie
ITOHSATHSI — 5TO Ta 0a3a, Ha KOTOPOH CTPOHTCS Kakmas HayKa. [IOHSTHS — VY3JIOBBIE, OIIOPHEIE
ITYHKTEl KaK HAYYHOI'O, TaK M YUeOHOIO IT03HAHMHS, JIOTHYECKHE CTYIIEHH IBHKEHHSI B yuede or
ITPOCTOrO K CIIOKHOMY, OT SBJIIEHHS K CYIITHOCTH. be3 ACHOrO IMOHHMAHH S IIOHATHH yue0a KpaliHe

3dTPYIAHACTCA, d COACPKAHHC HpIIOﬁpETE:HHBIK 3HAHHH CTAaHOBHTCSI TYCKIIBIM, PACIIJIBIBYATBIM.

CT}",[[EHT JOJIIERCH ITOHHMATL, YTO CAMOCTOATCIIBHOS OBIIQJCHHS 3HAHIAMI HABIIACTCA
I'JIABHBIM, OITPESACIIIROIITIM. Bricirasg 1mxomna cosgaeT A9 STOro HeoOXOIHMBIE YCJIOBHA,
ITOMOTAacT 6}*’,I[}"I_T_[EM}*' ELICGI{GI{BEIJIHQJHHHPGEEIHHGI\{}’ CIICINITAIIMCTY OBJIAJICTb TEXHOJIOTHEH

CAMOCTOATCIIBHOI'O ITPOH3BOJCTBA 3HAHHH.

B camocrosrensHON paloTe CTYAEeHTaM IIPHXOAHTCS HCIIOIb30BaTh IJIHTEPATYPY
Pa3IMYHBIX BHIOB. IIEPBOHCTOYHHKH, MOHOIpa(HH, Hay4yHble COOPHHKH, XpPeCTOMAaTHH,
yueOHHKH, y4eOHBIe ITOCOOHS, KYpPHalIbl H Ip. M3ydeHHe Kypca IpefnonaraeT 3HAaKOMCTBO

CTYAEHTOB C OOJpIIMM OOBEMOM HAYYHOH H YYeOHOH JHTEpPaTyphl, YTO, B CBOIO OYEPE]b,

i

,D,GHFMEHT NOANMUCAH ' AHX PAallHOHAJIbHO-KPHTHYUYCCKOI'O IIOJAXO/Jda K

SNEKTPOHHOW NOAMUCHIO
Ceptudmrkat: - 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Yt0OBI He «YTOHYTIb» B OI'POMHOM o0beMe PEKOMCHAOBAHHBIX €MY A H3VUCHIA
HCTOYHHKOB, CTYICHI, IIpCHAC BCCIO, JOIKCH HAYVUHTLCA IIPABIIIEHO HX YHTATD. HPEIBIUIBHGE
HTCHHE PCKOMCHJIOBAHHBIX HCTOYHHKOB IIPEAITIONAI'd€T CIICHOBAHIIC HECCKOJIBKHM HCCIIOZKHBIM,

HO BECbMa ITOJIC3HBIM ITPABIIIAM.

[IpemBapHTENBEHBIN IIPOCMOTP KHHTH BKIIFOYAeT O3HAKOMIIEHHE C THTYIBHBEIM JIHCTOM
KHHTH, aHHOTAaI[HeH, IIPeJHCIOBHEM, OITIaBlIeHHeM. IIpH O3HAKOMIEHHH C OITIaBIEHHEM
HeoOXOJANMO BBIJICIHTD Pa3Jieibl, IT1aBkl, Maparpadsl, IMpeACcTaBIsSIONHE I Bac HHTepec, Oero
HX IIPOCMOTPEeTh, HAHTH MecTa, OTHOCSINHecS K TeMe (a03aIpl, CTPaHHILI, ITaparpadsl), H

TIO3HAKOMHMTBCS ¢ HIIMH B OOIIHX HEPpTax.

HE],}"LII{BIE H3dHHA COIIPOBOXRIAIOTCA Pa3JIHNYHBIMHI BCIIOMOI'dT CIIPHBIMI MATCPHAJIAMH —

HAYIHBIM allllapaTOM, IIO3TOMY BaAKHO 3HATHb, H3 KdKHX OCHOBHBIX 3JIEMCHTOBE OH COCTOHT,

KAaKOBBI ero (DYHKI[HH.

3HAKOMCTBO C KHHIOH IIy4YIlle BCEr0 HAYHHATh C HM3YYEHHS aHHOTAI[HH — KpPaTKOH
XapaKTepPHCTHKH KHHIH, PacKpbeIBaloOIeH ee coJepkKaHHe, HIEHHYI0, TeMaTHUYECKYI) H
’KaHPOBYIO HaITPaBIeHHOCTh, CBeJcHHSA OO0 aBTOpe, HasHAauYeHHe M JPyrHe OCOOEHHOCTH.

AHHOTAIM ITOMOTraeT COCTABHTH IpcABapPHTICIIBHOC MHCHIC O KHHI'C.

rﬂ}fﬁ}I{E ITOHATE COJACPKaHHC KHIITH IIO3BOJIIOT BCTVYIIMTICIIBHAA CTATbA, B I{GTGpGﬁ
HAd€TCA OIICHK4d COJACPKAHHA KHHIH, BanﬁTI[BﬂEMDﬁ B HeH HpOﬁHEM&TIHﬂI: COACPKHTICA
HH(prMEH_[HH O JKH3HEHHOH H TEGP‘IEGI{Dﬁ 6HGI‘IJE1(IJHH dBTOPA, BBICKA3BIBAIOTCH ITOJICMHYCCKHE
3dMCYaHHA, PA3BACHAIOTCA OTACIIBHBIC ITOJIOMKCHHA KHHIH, JAHOTCH KOMMCHTAPHIT H T.I. Bot
ITOYEMY 3HAKOMCTBO C ECT}*TI]ITEJ]LHGﬁ CTaTheH IMPEACTABIIACTCA OUYCHDE BaXHBIM. OHO ITOMOI'ACT
CTVACHTY COPHCHTHPOBATLCA B TCKCTC pﬂﬁGTBI:, GﬁpﬂTHTB BHHMAaHHe Ha ce HaHOoJjee ILeHHBIE H

BaKHBIC Pa3CJIbI.

Tol XKe LeIH COAeHCTBYET 3HAKOMCTBO C OITIABRIIEHHEM, ITPEIHCIOBHEM, ITOCIECIIOBHEM.
Becbma IIOJIE3HBIMH 3JIEMEHTAMH HAy4YHOI'O allllapaTa SBJIIIOTCS CHOCKH, KOMMEHTApHH,
TaONMIBI, T'paHKH, CIIHCKH IHTepaTypbl. OHH He TOIBKO HIUIIOCTPHPYIOT OT/IEJIbHEIE
ITONIOKEHNSI KHHTH HIH CTaThH, HO H CaMH IT0 cele SBIISIOTCS JOIOIHHTEIBHEIM HCTOYHHKOM

HH(I)GPMEH_[HH I HHTAaTCSIIA.

Ecm wiraTend 3dHHTCPECOBAJId KdKaAd-TO BBICKdA3dHHAJA dBTOPOM MBICIIb, HC HAIIICIIIIAA

HG,I[I]G@HGI‘G OCBCIICHHA B JaHHOM HCTOYHHEKC, OH MOMKCT GﬁpﬂTHTLCH K TCKCTY HCTOYHHKA,

NOKYMEHT NMNOoAanncAH
ANEKTPOHHOW MOANUCHLIO Z}TDpL]IuI OH MOJKeT HalTH B CITHCKe JINTCPATYPHL,
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapened; LHebayxopa TateaHa AnekcanpoBHa OI'O H3VICHHA.
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CyIIecTBYET HECKOIIBKO (POPM BeeHH S 3aIHCEH:

— Iu1aH (TIPOCTOH H pa3sBepPHYTHIH) — HanOojee KpaTkas (popMa 3arlHCcH ITPOYHTAHHOTO,
IIPEACTABILIIONIAsS COOOHM IIEPEYEHh BOIIPOCOB, pPacCMarpHBacMBIX B KHHIE IIH CTaThe.
PasBepHYTHIN IUIaH IIPeACTaBIIET coOom Oonee MOAPOOHYIO 3alllCh IIPOYMTAHHOIO, C
HeTalM3aleil OTIEIbHBIX ITOIOKEHII H BEIBOJOB, C BBIIIMCKOH I[UTAT, CTaTHCTHYECKHX JaHHBIX
U T.A. PasBepHYTBIH IUIAH — HEOI[EHHMMBIH ITOMOIIHHK IIPH BBEICTYIUIEHHH C JOKJIIAJIOM Ha

KOHKPETHYIO TeMY Ha CEMHHape, KOH(pepeHIIHH,

— TE3HCBI — KpPAaTKO C@GPMIIPGEHHI{BIE ITOIIORKCHIT, OCHOBHBIC ITOJIOMCHIN KHHIH,
CTaThH. Kak IMpaBHIIO, TC3HCBEI COCTABIIAIOTCA IIOCIIC ITPEABAPHTICIIBHOI'O 3HAKOMCTBA C TCKCTOM
HCTOYHHKA., IIPH €I'0 ITOBTOPHOM ITPOYTCHHIIL. OHH IIOMOT'al0T 3alIOMHHTL H CHCTCMATH3HPOBATD

HH()OPMAIHIO.
CocTaBlIeHHe KOHCIIEKTOB

Bonpmryro pons B YCBOEHHH H ITOBTOPEHHH ITPOHJIEHHOIO MaTepHalla HI'PaeT XOPOIIHI
KOHCIIEKT, COJIep KalllHii OCHOBHBIE HJIEH IIPOYHTAHHOIO B YdeOHHKE H YCIIBIIIIAHHOTO B JIEKI[HH.
KoHcriekr — 3T0, 10 cyIecTBY, HaOpOCOK, pa3BEPHYTHIH IUIaH CBS3HOIO paccKaza II0 OCHOBHBIM

BOITpOCAaM TCMBEI.

B kakoH-TO MCEPE KOHCIICKT PaCCHHTaH (E 3dBHCHMOCTH OT HHAHBHIAVYAJIbHBIX
ocoOeHHOCTEH CT}’,I[EHTE],) HE TOJIBKO Hada HHICIUICKTYVAIIBHYIO H SMOIIHOHAJIBHYIO, HO H Ha
SPHTCIIPHYIO IIAMATDL, IIPHYCM TCKCT KOHCIICKTA HCPCIKO dCCOLHHPYCTCA €IS H C TCKCTOM
WE@I—HII{H IIH 34IlHCBhIO JICKITIH. HDBTDIVI}" JICTYEC 3dallIOMHHACTCA COACPKAHIIC KOHCIICKTOB,

HAaITHCaHHBIX pﬂSﬁOp‘HIED? C ITIOJUCPKIBAHHCM HIIM BBIJACIICHHCM pEprH,[[KGﬁ KITOYEBBIX CIIOB H

hpas.

CaMOCTOSTEIIFHO H3YVUCHHBIC TCMbI IIPCAOCTABIIAIOTCA IIPCIIOAABATCIIIO B QJGPME
KOHCIICKTaA, ITO KOTOPOMY IIPOHCXOIHT cobeceJOBaHHE. TEGPETH‘IECI{HE TEMBI KypCa (GT,I[EHLHBIE

EG]’[pDGBI):. BBEIHOCHMEBIC Ha CAMOCTOATCIIbHOC H3VHUCHHC, ITPCACTABIICHBI HIT/KC.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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CnHcok peKoMeH/IyeMoil JTHTEPATYPhbI

llepeuens ocHOGHOI UmMep amypol:

1. HMruatoBuy B.M. DnekTpHyeckie MaIlHHBI H TPpaHC(OPMATOPEI | SIeKTPOHHEIH pecypc] :
yueOHoe rmocodue / B.M. Urnaromy, 111.C. Poii3. — DIeKTPOH. TeKCTOBBIE JJaHHBIE. — T OMCK:
T OMCKHH ITOIHTEXHHYECKHH YHHBEPCHTET, 2013. — 182 ¢. — 2227-8397. — Pexum gocryia:
http://www.iprbookshop.ru/34738.html

2. JlpoboB A.B. DOnekTpHyecKie MalIHHEI | DIeKTPOHHBIH pecype]| : yueOHOe moco-0ome /
A.B. JIpoGos, B.H. I'anyiko. — DIeKTPOH. TEKCTOBEIE JaHHBIE. — MHHCK: PecryOimn-KaHC K
HHCTHTYT NpodeccHoHanbsHOro oopazopannd (PUIIO), 2015. — 292 ¢, — 978-985-503-540-5.
— PexxamM octyma: http://www.iprbookshop.ru/67795 .html

Ilepeuens 0ononHumenbHOU JUMEPAMYpPol:

1. DIeKTpHYeCcKHe MAIlHHEL [ DNeKTPOHHELNI pecypc] : cOopHuK 3amau/ B. 1. [TapamoHo-Ba. —
OIEeKTPOH. TEKCTOBEIE JaHHBIe. — M. : MOCKOBCKASA TOCYJAPCTBEHHAA aKaJeMHA BOJHOIO TPaHCIIOPTA,
2015. — 72 ¢. — 2227-8397. — Pexum poctyma: http://www.iprbookshop.ru/46905.html

Ilepeuens pecypcos uH@oOpMaAUUOHHO-METEKOMMYHUKAUUOHHOU cemu « HHmepHem »

1.http://www.biblioclub.ru -OBbC "YHuBepcureTckas OndmoTeka OHIaiH"
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