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Llens 1 3amaun n3yueHus TUCHUILTHHEL

O0opya0OBAaHME U MATEPUAITEI

HanmenoBanue naboparopHeix padboT

Conepxanue 1adopaTopHEIX padoT

Jlaboparopunaa pabora Nel. MccnemoBanue CIOKHBIX IENMEH IMOCTOSHHOTO
TOKA

Jlaboparopuasa pabora No2. IlocmemoBarenprHOE COEIMHEHWE AKTHUBHOTO,
WHIYKTUBHOTO U EMKOCTHOTO CONPOTUBIEHUN. Pe30oHanc HanpsaKeHnui
Jlaboparopuasa pabora Ne3. Dnexkrpuyeckas 1Ens CHHYCOMIAIBHOTO TOKA IPH
MApaIICIbHOM BKIIIOUYEHUHN AKTUBHOTO M PEAKTUBHEIX COIPOTHUBICHUN.
Jlaboparopuaa pabora Ned. HccnemoBanme tpex(dazHoll CHCTEMBI HOPH
COEQUHEHUN MTOTPEOUTENEH 3BE3N0M

Jlaboparopuas pabGora Ne5. UccrnemoBanue JIMHEMHOM 3IEKTPUUECKOM €N
IPA 1€ PUOIUIECKOM HECHUHYCOUIAIEHOM HAIlPAKEHUN

JIaboparopuas pabdora Ne6. Mccnenopanue JMHEHMHON SIEKTPUYECKOM LIEIH
MPX € PUOTUIECKOM HECHHYCOUAAIBHOM HAIPAKEHUN

Jlaboparopuasa padora Ne/. MccnenoBanne nmepexoqHeIX NPOIECCOB B LEMH C
€MKOCTBIO

JIaboparopuas padora Neg. ITepexonnsie mponeccer B R-L-C konType
JIaboparopuas padora Ne9. Ucnerranne ognodasnoro tpancopmaropa
JIaboparopuas padora Nel 0. Mcnerranne geurareneil moCTOAHHOTO TOKA
Jlaboparoprnas pabora Nell. Hcoerranme Ttpex(a3HOro acHHXpPOHHOTO
SIEKTPOABUTATENS C KOPOTKO3AMKHYTEIM POTOPOM

Yacte 1. Cuarue u ompenenenne xapakrepucruk xomocroro xoxa l,=f(U),
P=f(U), cos@o=t(U) Ttpexdaznoro  acCHMHXpPOHHOTO  JBUTATENSA  C
KOPOTKO3aMKHYTBIM POTOPOM

Yacte 2. Ilyck B xon Tpex(da3HOro AacHMHXpPOHHOTO [OBUTATENA C
KOPOTKO3AMKHYTEIM / (DA3HBIM POTOPOM € PETHUCTPALMEd M O0TOOpaKEHHEM

SNMAPGMETPOB HA KOMITBIOTED

3NEKTPOHHOW NoannChIO

Cepruchurd:] PCo000OB aitors 8635 22(CEBErHE0CRO0OITPEICICHIE XAPAKTEPUCTHK KOPOTKOTO 3aMBIKAHUSA

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ik=t(U), Px=f(U), Zx= f{(U) tpexda3Horo AacHMHXPOHHOTO [OBUTATENSA C
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KOPOTKO3aMKHYTEIM POTOPOM

5 YuebHo-MeToquuecKoe U HH(POPMAITUOHHOE 00eCTTeYeHNE JUCIIUTLINHEL

5.1 [lepeuens OCHOBHON W JONOJHUTENRHOM JMTEPATYPBlI, HEOOXOAMUMOU A
OCBOEHHS OTUCIATUIHMHEL

5.2 [lepeuens yueOHO-METOAMYECKOTO OOECIEYEHUA CAMOCTOATENLHOU pPabOTEHI
00yJaronxcsa n0 JUCIUILINHE

5.3 [lepeuens  pecypcoB  WMH(OPMAIIMOHHO-TEIEKOMMYHHUKAIIMOHHOM  CETH
Nurepuer, He0OXOTUMBIX A1 OCBOEHUSA T CIUILUTHEI

[Tpunoxenus
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Beenenue

Llenpro paboTel B naboparopuu ABAAETCA YriyOneHME M 3aKpEIUIEHHE NPHOOPETEHHBIX
TEOPETUUECKUX 3HAHUN IYyTEM SKCHOEPUMEHTATLHOW MPOBEPKU TEOPETHUECKUX MOJIOKEHUH, a
TAKKE 3HAKOMCTBO C OJIEKTPOHHBEIMH KOMIIOHEHTAMH, OOOPYIOBAHUEM, HW3MEPHUTEIBHBIMU
opudOpaMu U anmmaparypom, UCMOJIE3YEMBIMUA B 1a00pATOPUH.

B pe3synprare BBIMOMHEHUS JA0OPATOPHBEIX pPadOT CTYOEHTHI OOJIKHBI HpUOOpecTH
YMEHHMA M HABBIKM IO COOPKE M MCCIEOOBAHUIO JJIEKTPOHHBIX CXEM WU NMPUOOPOB, H3MEPEHUAM
SIEKTPUYECKUX BEMMYMH. lemarmka madopaTtopHeIX padOT MOMHOCTEI0 COOTBETCTBYET
COIEPKAHMIO OCHOBHBIX pPa3OenoB Kypca, M3Y4AeMOTO B BBEICHIMX TEXHUUECKUX YIEOHBIX
3aBencHUAX. B mpepnaraemMom yueOHOM mOCOOMM OMMCAHO OJMHHAIIATE J1a00paTOPHEIX padoT.
B onucanuu kaxmou madoparopHOU padOTEI CpopMyIHpoBaHA €€ 1€/Ib, U3JI0KEHBl OCHOBHBIE
TEOPETHYECKUE ITOJIOKEHUA, ONMMUCAHA CXEMA YCTAHOBKH IS MPOBEACHUA SKCIEPUMEHTAIBEHOTO
MCCJIENOBAHUA, OAHBI PEKOMEHJAINM IO IPOBENEHUIO OILITOB U 00padOTKE pe3yiasTaroB

W3MEPEHNH, A TAKIKE KOHTPOILHBIE BOIIPOCHI.
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1. lenw u 3a0auu uzyuenus ouCyUnIuHbl

[lenpro  OCBOEHMA  OUCHUILUIMHBL  «ODIEKTPOTEXHUKA»  ABIAETCA  IpUoOpereHue
oOygaromumucs o0menpo(peCCUOHANEHBIX W OPO(ECCHOHANBHBIX KOMIIETEHIIMM B 00macTu
COBPEMEHHOH  HAEKTPOTEXHUKH  HEOOXOOWMBIX  Aid  YCIOEMHOW  Opo(ecCHOHATBEHOU
AEATETBHOCTH CIEI[HATUCTOB.

3amagaMy M3y4ECHUS UCHUIUINHBL « DMEKTPOTEXHUKA» SABJISAIOTCA: HAYYUTh CTYIEHTOB:

. OCBOEHHUE  CTyIeHTAMH  OOmIEM  METOOUKM  IMOCTPOEHUSA  CXEMHBIX U
MATEMATUIECKUX MOIEIEN SIMEKTPUYECKUX LETEM;

. M3YUEHHE COBPEMEHHEIX METOIOB AMTOPUTMHM3AIMHM PEHIEHHA OCHOBHBIX
SMEKTPOTEXHUUIECKUX 3a7a4;

. O3HAKOMJICHUE CTYJICHTOB C OCHOBHBIMHU CBONCTBAMHM THWIIOBBIX AJIEKTPOHHBIX
LENEH OPU XAPAKTEPHBIX BHEIIHUX BO3IEUCTBUAX;

. BEIPA0OTKA  MPAKTUYECKUX  HABBEIKOB  AHAJUTHYECKOTO, UHMCIEHHOTO W
SKCIIEPUMEHTATLHOTO UCCIENOBAHMA XAPAKTEPUCTUK 1E€MeM ¢ OCHOBHBIX MPOIECCOB,

IPOUCXOIANINX B HHUX.

2. Obopyoosanue u mamepuasvl

ATlmmaparHeie CpencTBa.

— KommnekT TumoBoro madboparopHoro 000pya0BaHUS « IMEKTPOTEXHUYECKUE MALLIMHED)

— Kowmmuekt TumoBoro mabdoparopHoro o0o0pymoBaHus «leopeTuueckue OCHOBEI
SIEKTPOTEXHUKH»

— YueOnsiil creHn « Teopus 3neKTpUIeCKuX NENEH U OCHOBEI JJIEKTPOTEXHUKN)

YuebHas ayaquTopus I MPOBENEHUSA YUEOHBIX 3aHATHN, OCHAmIeHa 000pyaOBAaHUEM H

TEXHUYECKUMU cpeacTtBamu 00yuenus. [lepenocHoit HOyTOYK, MPOEKTOp, DOCKA MArHUTHO-

MapKepHas.
3. Haumenosarnue 1adopamopusix padoom
Ne Temesr N3 nux
HaumenoBanme TeM QU CIUILINHEBL, UX KPATKOE Ob0BeMm
T CITUILIIAH HpaKTHYECKas
COepKaHue qacoB
Bl [MOrOTOBKA, YACOB
3 cemecTp
ao 0
1 K mﬁm@gaﬁ padora Ne 1. Uccrnemomanue 3 3
Ceptidumkar:  2C0000043E9psE QKB AFETTICIE B ¢TOAHHOTO TOKA.
Bnaagnew:  UWeGsyxosa Tarohlo APHATEOSAPAKTUIECKUE HABBIKKM COOPKH CXEM
UL OKCIIEPUMEHTAIBHON HPOBEPKHM M pacueTa
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IENeH MOCTOAHHOTO TOKAa € HMCHOJb30BAHUEM
3akoHa Owma, nepBoro M BTOPOTO 3aKOHOB
Kupxroda.

JlabopaTopHasi padora Ne 2.
[locnemoBarensHO€  COEIMHEHME  AKTUBHOTO,
MHIYKTUBHOTO M €MKOCTHOTO COHPOTHBIEHHH.
Pe3onanc HanpsKeHMi.

OmneiTHAas DPOBEPKA OCHOBHBIX COOTHOIIEHUM
IJIA IO CJIENOBATENBEHOM IIEMMH MEPEMEHHOTO TOKA,
oOmamaronied  AKTMBHEIM, WHAYKTUBHBIM U
€MKOCTHBIM COITPOTHUBJIEHHAMH.

JlabopaTtopnass pabora Ne 3. Duekrpuueckas
LE€Nb CUHYCOUTAIBHOTO TOKA IMPU MapauIeIbHOM
BKITIOUEHNUN AKTUBHOTO M pPEAKTHUBHBIX
COIIPOTHUBIIEHUH.

DKCIIEPUMEHTANEHAA MPOBEPKA  3aBUCHUMOCTH
AKTUBHOTO M PEAKTUBHBIX COMPOTHBICHUN OT
JaCTOThI, a4 TAakk€ COOTHOUICHUH  MEKIY
HATPSIKEHUEM, COMTPOTUBIICHUAMM,
OPOBOOAUMOCTAMM M TOKAMH B LEOM  C
MapaIeIbHO BKJTIO Y€HHEI MU AKTUBHBIM
COIPOTUBIICHUEM, KATYLMIKON HHIYKTUBHOCTH WU
KOHJIEHCATOPOM.

1,5

JlabopaTopHasa padora Ne 4. Hccnemopanue
Tpex(azHoil  CHUCTEMBI TpPU  COEOUHEHUH
noTpeduTeneit 3Be310MH.

O3HAKOMUTECA OIMBITHBIM yTEM C
0COOEHHOCTAMHU COCIUHEHUSA 3BE310U
OPUEMHHKOB SJIEKTPUUECKON HSHEPTUM B LIEMH
Tpex(aznoro Toka. HccnemoBate — peRUMEI
PaBHOMEPHOU W HEPABHOMEPHOM HATPy30K, a
TaKkKe€ padoTy CHUCTEMBI OpU OOPBIBE OJTHOU U3
¢a3. [lonyuuTs NpakTUYECKUE HABBIKM PACUYETA U
HUCTIBITAHUS ~ TpeX(PazHBIX TIEMEl, a TakKe
MOCTPOEHUSA BEKTOPHBIX OUATPAMM.

JlabopaTtopnast pabdora Ne 5. Hccnemoanue
TAHEHHON SIIEKTPUIECKON (1051 OpH
MEPUOIUIECKOM HECHHYCONUIAIBEHOM
HATIPAKCHUH

PaccmoTpers siaekTpuueckas LEMb COCTOSMIYIO
u3 HOCIEI0BATEIHLHO BKJTFOUE€HHEIX
WHOIYKTUBHOTO, €MKOCTHOTO W  AKTHBHOTO
COIIPOTHUBIICHUH.

1,5

Ao
SANEKT

JlabopaTtopnass pabdora Ne 6. Hccnemoanue
NEPEXOTHBIX MPOIECCOB B LENU C EMKOCTEIO.

3akpereHnue METOOUKHA pacuéra IMEPEeXOIHBIX
NPOLIECCOB KJIACCUYECKUM METOAOM B IEIX,

COAEPTKAIIIX EMKOCTD, NMPAKTHYECKAs MPOBEPKa
pieay Ned@opacucTa.

1.5

CepTydukar: E%ﬁGGDGJSEE

Bnangneu:

Nenct

llleGayxoea Ta

TAGopaTopiis pabora Ne 7. HMccaenoeamue

TeEAHA dHOpP

e PEX OIHBIX IPOLIECCOB B e C

MHIYKTHBHOCTBIO.

1,5

' W




3aKpeIIEeHHE METOOUKHA pacue€ra MEePeXOIHBIX
IPOLIECCOB  KJIACCMYECKUM METOA0M B LEIIX,
COIEpIKalIMX HWHAYKTUBHOCTB, IIPAaKTHYECKad
MPOBEPKA PE3YILTATOB PacyETa.

JlabopaTtopnass padora Ne 8. Ilepexonusie
nporeccel B R-L-C konType.

HccnemoBate  mepexomgHble  MPOLECCHI B
YIEKTPUIECKOU eI, COCTOAIIEH U3
MOCAEOOBATENRHO  BKIIOUEHHBIX  AKTHUBHOTO
CONMPOTUBIIEHNA, HWHAYKTUBHOCTH M EMKOCTH,
OOpeaETUTh 3aBHCUMOCTD Xapakrepa
NEPEXOOHOTO0  Opolecca OT  COOTHOILECHUA
BCITHYMHEI ITAPAMCTPOB 3JICMCHTOB CXCMBEI.

1,5

JlabopaTtopnass padora Ne 9. Ucowiranue
omHo(pasznoro Tpanchopmaropa.

O3HAaKOMUTBECA € KOHCTPYKIHEH, METOIaMH
UCTIIBITAHUA W OINPENCIEHHA XAPAKTEPUCTHUK
TpaHC(OPMATOPOB.

10

JlabopaTopHasa padora Ne 10. HWcnoeiranue
IBUTATEIEH MOCTOAHHOTO TOKA.
O3HAKOMUTBECA € KOHCTPYKIHEH, METOJaAMH
UCTIBITAHUSA W ONPEACICHUA XAaPAKTEPUCTHUK
IBUTATEIEH IMOCTOAHHOTO TOKA.

1,5

1,5

11

JlabopaTropnass padora Ne 11. Ucnoeiranue
Tpex(PazHOTO ACUHXPOHHOTO AJEKTPOABUTATENA C
KOPOTKO3aMKHYTEIM POTOPOM.

O3HAaKOMUTBECA € KOHCTPYKIHEH, METOIaMH
MyCcKka MW XapakTEPUCTHKAMH ACHHXPOHHOTO
3JIEKTPOABUTATEIL

1.5

Hroro 3a 3 cemecrp:

27

27

Hroro:

27

27
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4. Cooeporcanue 1adopamopHbvlx paoom

Jlavopamopnan padoma Nel. Hcecneoosanue C1oicHbIx yeneil nOCHMOAHH 020 MOKA

Lenws padompi: 1101yanTE IPAKTUYECKNE HABBIKA COOPKH CXEM I SKCIEPUMEHTAIEHON
MPOBEPKM MU pacdeTa IEenel MOCTOSAHHOTO TOKA C MCHOJB30BaHMEM 3akOoHAa Owma, MepBOTO H

BTOPOTO 3aKOHOB Kupxroda.

Ocrnoevt meopuu:
CI0)KHOM LENbI MOCTOSHHOTO TOKA HA3BIBAIOT NIEKTPUUECKYIO IIEMb, COCTOANIYIO M3
HECKOJIBKUX COONPOTHUBICHUN U UCTOUHMKOB HAMPMKEHUA, COETMHEHHBIX MEKAY COOOM TeM W
MHBIM CIIOCOOO0M.

Y3510M 3IEKTPUUECKOMN LIEMM HA3BIBACTCSA MECTO COCOUHEHMA TpPeX M 00Jiee BETBEM LIEMU.

[Ipy Hammuuu B CXE€ME n TAKUX Y3JI0B MOKHO COCTABUTE (n_l) YPAaBHEHUH COTJIACHO
nepBoMy 3akoHy Kupxroga. B cooTBercTBHMM C 3TUM 3aKOHOM CyMMa TOKOB, MOAXOMANIMX K

y3JIy, paBHa CyMME TOKOB, OTXOIANIMX OT y3JId, WM anredpandeckas CyMMa BCEX TOKOB B y3JI€

paBHA HYIIO, T.E. 21=0 . [Tpu 5TOM HEOOXOOUMO TOKM, MOAXOJANIAE K Y311y, 3AMUCHIBATH B
yPABHEHUE C OJHUM 3HAKOM (HAmpuUMep «+t»), a TOKH, OTXOAANIME OT y3da — C
MPOTUBOIIOI0KHEIM 3HAKOM.

[Ipu mocmemoBarembHOM COEIMHEHUM HECKOJBKUX comporuBiaeHud (puc. 1.1 a) obmiee

CONMPOTUBJICHHE YyYaCTKA PAaBHO CyMME BCEX COOPOTHUBIEHMH Ha OTOM  YYACTKE:

R,=R+R,+R,

. Tok Ha YUdCTKE I € HCCKOJIBKUMH ITOCIICOOBATCIEHO COCIHHCHHBIMH

COONPOTHUBIEHUAMH OyIeT paBeH (mo 3akoHy Oma):

Pucynok 1.1 — [locaenoBarensnoe (a) u mapaniaensHoe (0) coeqMHEHNE COMPOTUBIEHNN

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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[Ipn mapannensHOM COEOUHEHMU OBYX CONPOTHUBICHUM (puc. 1, 0) SKBUBAIEHTHOE

R — R ‘R,
> R.+R
| TRy

COONPOTHUBIEHUE OTIPEAECAAETCA IO (popmye:
Ecm m3BecTeH TOk /[, mpOTEKAIONINM IO HEPA3BETBICHHOM YACTH LENH, TO TOKU [; U [; B

COONPOTUBIECHUAX R; 1 R> MOKHO OIIPEAEIUTE IO (pOpMyIaMm:

RE
I,=I,
R,+R,
Rl
I,=1I,
R,+R,

[Ipu Tpex mnapannempHO BKMIOYEHHBIX CONPOTUBIEHUAX (puc. 1.2) HSKBUBAIEHTHOE
CONPOTHUBIEHUE OYyIET PABHO:
R — R, R, R,
5 R. . .
R-R,*+R," R+ R R,

BETBEIO ANEKTPUUECKOH [N HA3BIBAETCA YYACTOK NIEKTPUUECKOU HEMH, 3aKIIF0YEHHBIN
MEKIy OBYMS y3JaMu (Hanpumep, KOHTYp abefa Ha puc. 1.3).

B xaxmoM KOHTYpE MEKOY SMEKTPOIBMIKYIIMMHA CHIAMU (3.1.C.), IMEIOIIUMUCS B TIEMH,
M TAJCHUAMUA HANPAKEHUs HAa OTACIBHBEIX VYUaCTKaX CYHIECTBYET CTPOTO ONpeneiIeHHas

3aBUCHUMOCTE, OIpeaenieMas BTOPEIM 3akoHOM Kupxroga:

LE=XIR

b

T.e. amreOpanueckas CyMMa OSJIEKTPOABHKYIIMX CWJI B [JAHHOM KOHTYpE paBHA
anreOpandeckoi CyMMe MaaeHud HATIPAKEHUH HA YUACTKAX IEMH 3TOT0 KOHTYPA.

Jlms Toro, 4ToOBI MPABUNBHO 3aMUCATh YPABHEHHE MO BTOPOMY 3akOoHy Kupxroda,
HEOOXOAMMO 3a0aThCA HAMPABJICHUEM 00XO0Ja ATOr0 KOHTypa (Hampumep, Mo XOAy 4YacOoBOHU
crpenku). Ecmm nmpu 00xone KOHTypa HANpAaBJIEHHUE 3.1.C. COBMANAET C HAOmpaBIeHUEM 00xona,
TO €€ 3amMCBIBAIOT B JIEBYIO UYACTh YPABHEHMS CO 3HAKOM «1+», @ €CIM €€ HANpPABICHUE HE
COBITAIAET C HATPABIECHUEM 00X04a, TO €€ CUUTAIOT CO 3HAKOM «—». AHATOTUYHO MOCTYIAOT CO
3HAKAMU TMAOEHUM HanpskeHuW. Ecmm HampaBieHMe TOKAa HA YUYaCTKE IENM COBHANAET C
HaIrpasJeHueM 00xoaa, TO /R HAa 5TOM yuacTKE 3aMUCBIBAIOT CO 3HAKOM «T», B MPOTUBHOM
CJIy4ae — CO 3HAKOM «—».

[Toka:xem 510 Ha mpumepe (puc. 1.3)

1. .«Hﬂ'ﬂ KOHTVDPA abefa, copepuiasa 00X0a 1m0 4aCOBOH CTPEKE, MOJIYUUM:
IOKYME Tnuunmc).ny.re /a, P P » HOLY

ANEKTPOHHOW NOAMUCHIO E _ 1— R + I R
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E 1 - 1 1 33
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

2. Jlns xonrypa becedb, copepmas 00x0a MPOTUB YACOBOW CTPENKH, MOy UAM:

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ceprudbgkar:  2C00000H3E9ABEBI5220 I CBYAETATBDHRMED CHHI

Bnanensu:

E,=I,R,+I,R,
3. Jlna kourypa abcedefa, coBepmias 00X0/1 MO 4ACOBOI CTPENIKE, TOTYIUM:

E,—E,=I,R,—I,R,

Yrazanue no mexnuke dezonacHocmii:
VKazanua 10 TEXHUKE O0€e30macHOCTHM MpH BBEINOAHEHUH Ja0OpaTropHeIX paboT

[IPUBEICHBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomoi:

1. [TomoOpaTe mpuOOpPEL, HEOOXOOUMEIE I BEIMOIHEHUA PAaOOTHL, 03HAKOMUTECA C
HAMH M 3aucarb TEXHUYECKUE [AHHBIE HMCTOYHUKOB 3.1.C., PEOCTATOB, H3MEPUTEILHBIX
npuOOpPOB.

2. CoOpars cxemy amsg npoBepku nepeoro 3akona Kupxroga (puc.1.2). YcranoButs
MAKCUMAIbHBIE 3HAUEHUS CONPOTUBICHUN PEOCTATOB U U3MEPUTH MOCIE 3aMBbIKAHWA Kinroda Kl

TOKM B IAPa/UIEJbHEIX BETBAX M 00mmi TOk uemu [0. Pesynprarer m3MepeHuil 3aHECTH B

Tabmuyy 1.1.

Io + R.
+ .Y &
Aq is * R

Pucynok 1.2 — Cxema nns npoBepku nepBoro 3akona Kupxrodga

B omweiTe 1.2 cnemyer mepenBUHYTH IMOJ3YHKH PEOCTATOB IMPOU3BOJIBHO, HaOmMrOmas,

gTOOBI CTPEJIKA aMIIEPMETPOB HE 3AIIKAJIMBAIH.

Tabmuua 1.1 — PeaynpraTel n3mMepeHui 1 BEIYUCICHUN

KTPOHHOW NOANWUCBLIO
Pe3yibTaTel BEMHCIIEHHH

Dayxopa TaTeAHa AnekcaHgpoBHa

O003HAaY.

Iy

I

I

R;

R,

Yo

NelcTen

erigH. c T2.Uo.

££ 10 TI.US.

£ULD
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En. n3wm. A A A A B O O Owm Om %o

OmeiT |

OneIT 2

OneIT 3

I[To 3dKOHY OMa BEIYHCIHTE COIMPOTHBJICHHUEC KaXIOOro peocrarTa H SKBHBAJICHTHOC

CONPOTHUBICHUE CXEMBI R5 BBEUNCIWUTE OTHOCHUTENBHYIO MOTPEMIHOCTH M3MEPEHHH )y %o MO

popmye:
[—(I,+I1,+1,)
y= o— 11+, 3) 100 %
I, \
3. CoOparts cxemy (puc. 1.3) nna npoBepku BToporo 3akona Kupxroda.
F:
= - g - C

o) "

f = o

Pucynok 1.3 — Cxema 11 mpoBepkU BTOPOTO 3akoHA Kupxroda

[Ipu pazomknyTeix pyOumeHukax P, u P, usMmepurs BOABTMETPOM BEIMUMUHEI 3.]1.C.

Kaxao0ro akkymymsaropa. Conporusienus peoctatoB Ry, Ry u Ry u3mepurs ommerpom. Toku Ha

OTJIEMBHEIX YYACTKAX LEMH U3MEPUTE 1A TPEX CIIyJaeB:
Oneit 1 — pyOunenuk Py 3amkayT, P2 — pa3zoMkHYT.
OmneiT 2 — pyOmnenuk P; 3amknyr, Py — pazomkuyT.

OmneiT 3 — 00a pyOunsauka Py u P> 3aMkHyTHI.

Pe3ympraTel W3MEPEHMH W W3BECTHBIE BEJIWYWHEI BHYTPEHHMX CONPOTHUBIECHUM

MCTOYHUKOB 3.11.C. 1y U Fy; 3aHECTU B TaOmmIry 2.

Tabnmuua 1.2 — PeayneraTel n3MepeHNN U BEIYUCIICHUN

No AOKYMEHT MNOANMCAH Hz2eecTHEREIE
SNEKTPOHHOMPIOR G L1 izmepenuii Pe3y L TaThl BEMHCIIEH Wil
Cepmppdmprart 2C0000043E9ABBB952205E7BAS00060000043E BEIIHYHMHEI
Bnaneneu: llebayxoea TateaHa AnekcadapoBHa
E; E; I I, I; U; U, Us; Foi Foz R; R R; 2 IR Yo

Nencteutened: ¢ 19.08.2022 no 19.08.2023

12




B B A A A B B B Onm Onm Onm Om Om B

Ongrt |

OneIT 2

OneIT 3

[To pesynsraTam M3MEpPEHU W BBIUMCIEHUM COENATH BEIBOA O MPUMEHHUMOCTH BTOPOTO
3akona Kupxroda gt pacuera ueneu nocTosHHOTO TOKA.

Brraucmrs OTHOCHTCJ/IBHYIO IOTPCIIHOCTE AJIA KAKI0TO U3 TPCX OIIBITOB

_SE-XIR

Vo 100%

Jl7s1 0MHOT O U3 KOHTYPOB MPOBEPUTH OATAHC MOTITHO CTEN:

SEI=SI"R+%I’r,

Cooepowcanue omuema:

OTuer DOmKEH CONEPIKATE:

1. Hazsanue paboTsr;

[leas paboTHI;

Kparkue TeopeTndeCcKkue CBEICHNA,

Omicanre uCnonp3yemMoro 000py10BaHUA U MATEPHUATIOB;
[Topanok BermomHeHus padboTHI;

Beruncnenus n 00paboTka pe3yibTaTOB;

-1 ™ h B L

BriBOIEI.

Koumponasnwvie sonpocwt:

1. KakoBa (pu3ngeckas CyniHOCTE NEPBOTO U BTOPOTO 3aKOHOB Kupxroga?
Maremarngeckoe BEIpaKEHHUE TIEPBOTO U BTOPOTO 3aKOHOB Kupxroda.
Yt0 Ha3pIBAETCI UCTOUHUKOM 3.1.C."7

B uem cyniHOCTE OamaHnca MONIHOCTEH ?

YT0 HA3BIBAETCSA Y3710M SIEKTPUYECKOMN 1ETH

o Y L S

Kak BerOnparoT HanpasieHus 00xoaa KOHTypOB?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ceptuidmkar: EEGGGGG-#SEBABBBBEEEDW
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpOBHa

JTaoopamopuan pavoma Ne2. Ilocredoeamenvnoe coeounenue akmigHo2o,

UHOYKIMUGHO20 U eMKOCHH 020 conpomueienui. Pezonanc nanpascenuil

Llenv padomwpr: OnblTHAA NMPOBEpPKA OCHOBHBIX COOTHOIIEHWW IJIA ITOCIENOBATEIEHON

[EMM MEPEMEHHOTO0 TOK4, OO0mamaromieil AaKTUBHBIM, WHAYKTUBHEIM W €MKOCTHBIM

COMPOTHUBJICHHUAMMU.

OcHoevt meopuu:

[TycTs B €116 IEPEMEHHOTO TOKA € yacToTON f = 50 [y BkIFOYEHA KaTymiKa, o0mamaromas
WHIYKTUBHOCTHIO L 11 AKTUBHBIM CONMPOTUBIEHUEM 1 (puC. 2.1).

[Tpu nporekanuu Mo KaTymnike MeEPEMEHHOr0 TOKA iz B MPOCTPAHCTBE, OKPYKAIONIEM BUTKH,

G}V,I[ET CO3TdBATECA MATHUTHEIN ITIOTOK @ " [MOTOKOCHCINICHHUC C BUTKdAMI I{HT}’IJII{H:
Y=w-P

rac w — dMciI0 BUTKOB KATYIIKH.

e
'\
N
@
@ J
"\, U |
ﬁ i
|
]
Y

E—
A [
f
U_=lr
@
4V
@
L
JOKYMEHT MNMOANCcAH L Y

3NEKTPOHHOW MOANWUCHIO
ORY YD ECxema mocenoBareapHOT0 coenuuenus R i L

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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CepTud

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA

NelcTeUTe

OTHOmEHNE MOTOKOCHEIUICHNUS KATYNIKM K TOKY KATYHIKM 1p HA3BIBACTCS COOCTBEHHOU

HHAYKTUBHOCTBHO HIIH HHAVKTHBHOCTEBIO.

L:w:w-t:b

I Ip

Ecmm coOCTBEHHOE MOTOKOCIEIIEHNE MPOMOPHUOHAIBEHO TOKY (B CIydae KaTymku 0e3
CTATBHOTO cepaeuHuka), To L = const. OCHOBHON €IWMHUIIEN W3MEPEHUS WHIYKTUBHOCTU

apraercs ['enpu (I'n):

1ry=150

1A 1Tw-10 °=1mlH

Ecim TOK B Karymke W3MEHAETCA (HAMIPUMEP, N0 CHHYCOMOAIEHOMY 3dKOHY), TO H
MOTOKOCHEIUIEHHE KATYIIKH W3MEHAETCI M IOATOMYy B BHUTKAaX KaTymlKH IO 3aKOHY

SIEKTPOMATHUTHON MHAYKIMH HABOOUTCA 3.0.C. CAMOMHIYKINH €

T.€. HaBOOUMAA 5.1.C. €. MNPEMATCTBYET H3MEHEHUIO TOKa . Kpome Ttoro, karymka
00nagaeT HEKOTOPBIM AKTHUBHBIM COMPOTHBICHUEM T.
[Ipumenss Bropon 3axkoH Kupxroga pnni MrHOBEHHBIX 3HAYEHUH JJIEKTPHUYECKHUX

BCIIMYHWH, MOHO 3dITHCATE.

u+EL=I*I“

OTCHOOd HAIIPAKCHHUC HA 3dKHMMAX TICITH PABHO
U—1 'F—EL—UE'FUL
HH,I[E‘HHE HAIIPAXKCHHA Hd AKTHBHOM COIMPOTHUBJICHHUH HA3BIBAIOT AKTUBHOM CﬂCTﬂBJ’[HI—D]lT,Eﬁ
HAIIPANKCHHUA MWW dKTHBHBIM HADPAKCHHUCM, d MMAOCHUC HANPAXKCHHUA Ha WHIYVKTUBHOM
COMPOTHUBJICHHH HA3BIBAIOT HH,I[}’I{THBHDﬁ CDCTHBJIHPDH.IEﬁ HAIMPAKCHHA. MrHOBEHHEIE 3HAUECHHA

STUX BEMWYWH 0003HA4awOT U, U U, a AeucrByronme — coorBerctBeHHO U, u Ur. Ilpu

CHHYCOHMJAJIBHOM 3dKOHC U3MCHCHHU A TOKd HAIIPAXKCHHC Hd 3dKHUMdAX TICITH ﬁyﬂET PaBHO.

_ | d['ImSinmt) |
u:Ir—eL:rIm51nmt+Ld£ ' :rImSmmI+mLImc05mt:

, . . Tt
U, sinwt+ U, sin|wt +2— ,

T.C. MCXKIY dKTUBHBIM H MHAYKTHBHBIM ITAACHHAMH HAIIPAXKCHHA HMCCTCA CABUT 110 q)aae

Ha 90°.

AOKYMEHT MNOANMCAH
IJNEKTPOHROW NO4INMCBEHD

war 2coldePexOmAK KOMIIICKEHOHM (PO PME MOKHO 3aIMCaTh:
U=U +jU =Ir+jlx,

ned: c 19.08. 2022 no 19.08. 2023

i
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JIx;=jwLI _
rac - KOMIIJICKCHOC COIMMPOTHBJICHHC HHAYKTHBHOTO 3JICMCHTA,

Lm

: am .
T L YT
15§ V - IEUCTBYIONINE 3HAYEHUA AKTUBHOTO M MHIYKTHBHOTO

HANPSKEHU.
Taxum o0Opazom, HanpsKEHHUE HA 3AKUMAX IEMH U MO’KHO MOPENCTABUTH B BUIE
U ju,
CYMMBI [JBYX CHHYCOW] ¢ mun M3BecTHO, 4T0 BCAKYH0 CHHYCOHMIAIBHO
W3MEHAIONIYIOCA BEIMYMHY MOKHO TPEICTABUTH B BHAE BEKTOpA (HAOPUMEpP, TOKA I ),
BPANIAIONIETOCA B MPOCTPAHCTBE C YITIOBOM YACTOTOM , MPOEKIHA KOTOPOTO HA MHUMYIO OCh U

OAET CMHYCOMJAIBEHYIO BENUUUHY (puc. 2.3).

Pucynok 2.3 — U300paxkenne CHHyCONIATEHOTO U3MEHSIOMIENCA BEIUUNHEI TOKA B BUJIE

BEKTOpA

OnpenenM HAOPAKEHAS HA 3aKUMaX [EMM HPA MOMONIM BEKTOPHOM IUATPAMMEL.

I

OTJIOKHM B HPOW3BOJBHOM HAMPABJICHUHM, HAOPUMEP, TOPU30HTAIBHO (pHC.

I

BekTop TOka

2.4). Bece ocTabHBIE BEKTOPHI Oy Oy T #KECTKO NPUBA3AHEI K BEKTOPY , T.€. UX CIOBUT IO (paze

OyZIeT CTpOTO ONpPEIEIEHHBIM.

U=1Ir

BeKTOp AKTUBHOTO HANPAKEHHA a OyzIer coBmamare MO HANPABICHHIO C

[ . y U,=jlIx,

BEKTOPOM . BexTOp MHOYKTUBHON COCTABILIIOIIEH HANPIAKCHUA Oyner

omepexars Ha 90 BexTOp I . CknanmpiBasg TEOMETPUYECKH BEKTOPEI a mu L

AOKYMEHT MNOANMCAH
3NEKTPOHHOW NOANMUCLIO

CepTUd e HMB et Ha 3a:KUMax ICITH.
1cp yti eicr@p Hﬂﬁp@zﬁ: U i

E lanene vxoBa TaTekAHA / KCaHODOBHA

S e = A0 A8 37T 5 - 3 M T3
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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Pucynok 2.4 — Bekropnas guarpamMma Opy mOCJIEI0BATENBHOM coeanHeHn R u L

X, =w- L=2m-f-L

Bemiunna HA3BIBACTCA UH d‘_]/H' MUGHBIM CONPOMUGTEHUEM

H H3MCPACTCA B Om. CDHPDTHBJIE‘HHE Xr 3dBHCHT OT 4YdCTOTBI M IMPH BKIHOYCHHHW KdTYIIKH

WHIYKTUBHOCTH B IIEIb ITOCTOSHHOTO TOKA ( f=0 ) TOK KaTymkyu OyJeT OrpaHudeH TOJIBKO €€
AKTUBHBIM CONMPOTHUBIIEHHMEM M OKAkKETCA HAMHOTO Oosbie. [Tosromy kaTymkn MHIYKTUBHOCTH,

[MPCOHA3HAUYCHHBIC IJIA pﬂﬁUTH Ha MEPEMCHHOM TOKE, HCIIB3dA BKJIHOYATH B ICHH ITOCTOAHHOTO

TOKA.

Tpeyronenuk OAB (puc. 4) @NIpAMOYIOJBHEIM W HA3BIBAETCA TPEYrOJIbHUKOM

nanpsukenuil. U3 tpeyronsauka OAB nmeem:

q-z - -
u=uU ,+U ,
a L

UEZ(ET )2+(f-xL)2:Iz(r2+xi)

M3Bnekas 3 00enx uacten KOpeHs, MOTyIuM

U= M{r2+ Xi

i+ x’
Bemrumna L | mveromas pasMepHOCTE COMPOTHBIICHHA, HA3EIBACTCS IMOJHEIM

COMPOTHUBICHHUEM ICITH A 0003HaAUaeTCHa Z

z:x/r2+xi

1 3aKOH Oma IS e TEPEMEHHOTO TOKA UMEET BU:

;  U=1Iz
OKYMEHT NoanvcAH
K(}ﬁ&aﬂ@g@w}a %ﬁﬂ@&;@ a3 ¢ Mexkay TokoM / 1 Hanpszkenuem U paBe:
Ceptudmkar:  2C0000043E9ABBBIS2205E7BA500060000043E
Bnageney, lLlebayxoea TaTbAHa AnekcaHapoBHa (;b Uﬂ I -r r
U I-z Z

- = - « } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023

17



M3 TpeyrospHMKa MONIHOCTEH, KOTOPBIM MOKHO IIOJIYUUTH U3 TPEYIrOJBHUKA

HAMPAKEHUN YMHOKEHUEM €r0 CTOPOH HA TOK I, mOIydrMM aKTUBHYIO MOMIHOCTS:
2
P=I°r=U-I-cos¢
PeakTrBHAI MOIITHOCTE:
2 )
Q=1 x,=U-I-sin ¢

[TomHasa MOTITHOCTE:

2 2
S=U-T=VP+ Q
OTHOmEHNE AKTUBHOW MOMIHOCTH K MOJHOU HA3BIBAETCA KOY(DPUIMEHTOM MOIIHOCTH:

cm5¢—P— P

S Ul

Ecim nene mepeMeHHOro TOKa 001agaeT akTUBHEIM COIPOTHBIEHHEM I M €MKOCTBIO C

(puc. 1.5), To mo BTOpomy 3akoHy Kupxroda nma MrHOBEHHBIX 3HAUYEHHUM DJIEKTPUYECKHUX

BEJIMYMH MOKHO 3aITHCATE:
u=i1-r+u c

I1€ U — MTHOBEHHOE 3HAYEHUE MMPUJIOKEHHOTO K LEMH HANPIKEHUS;

[ - MTHOBEHHOE 3HAYCHUE TOKA LEIIH;

U, - MTHOBEHHOE 3HAYEHUE HANPAKEHU A, MPWIOKEHHOTO K 00KIagKaM KOHOEHCATOpaA U
OPENCTABIAIONIETO COO0M MaNEHNE HAMPAKEHUA HA EMKOCTH.

Ecim  TOK  M3MEHAETCA BO BPEMEHM N0  CHHYCOMOAJIBEHOMY  3dKOHY, T.E.

I=1 sin wt
m . TO HpE‘,H,LI,I[}rIlIEE }’pﬂBHEHHE G}VEET HMCETE BH,I[:

U=rl_ sin mt+$1msin (cot—%)

M3 stoit popMynsl BUOHO, UTO NMPHIOKEHHOE K LENMA HANPAKEHUE COCTOUT M3 JBYX

u =rl sinwt

COCTABJIAIONINX: AKTUBHOM WM AKTUBHOTO HANPSIKEHUA a m COBITAAIOIIEH
o ¢daze C TOKOM, 15§ PEAKTUBHOM WIH EMKOCTHOU COCTABJISIOTIEN
1 : 7T
U =—-1 Sm(mt——)
, orcraromient ot Toka Ha 90° (puc. 1.6). Torma
L ] L
U=U_+U,
I -
%ﬁ@%* BEKrOpyyo  omarpammy U8 JAHHOTO  CIydast, TOMB3YACh TEMH  Ke
Ce 1 """ FESABBRBO52205E7BASOOOG0000043E
. knpaﬂgﬂaw, KAK 1, IPY HOCTPOEHUM AHATPAMMEIL I ITOCIEN0BATEIHHOT0 COEqMHEH I u L (eMm.

pHc 2.4).
NeicTal weH: ¢ 19.08.2022 no 19.08.2023
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i 'y
r L
Ur=ir
@ . . ]
n, U
&
C = | Ul xc
Y v

Pucynok 2.6 — BekropHas quarpamma It MOCIeI0BaTEIbHOTO

coemuueHnd R u C

[Tpu 5TOM HEOOXOIUMO UMETE B BUIY, UTO BEKTOP HAMPAKCHUA ¢ oTCraer OT TOKa

' 1a 90° (puc 2.6).

13 tpeyromsrnka OAB Ha pucynke 6 nmeem:
2 2 112
U=U_+U_
198151

2 2 I \» 2/ 2 1 o
U-=(Ir) +(_mC) =I°(r +—mc)

M3Bnekas kBaapaTHBIN KOPEHB W3 00€MX 4acTeH, MOITYyIUM:

_ 2 1\
U=1-r+
wC ﬁ
DTI{}’,I[H,
2 2
) 1 ) ‘\/ r + X
AOKYMEHT NOANMCAH r +( )
ANEKTPOHHOW NOONKCHIO wC
Ceptvdomkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnapeney llleGayxoea TaTeAHa AnexkcaHgpoBHa
Nencteutenexd: ¢ 19.08.2022 no 19.08.2023
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_ 1
XC——
Bemiunna wC HA3BIBACTCA EMKOCMHbIM conpomueieHuem W HU3MCPACTCA B

Om. EmxocrHOE COMMPOTHUBJICHHUC 3dBHCHT OT YdCTOTBI HAIIPAKCHHA CCTH H OT CMKOCTH

{

|2 2
VI + X C
I{DH,[[E‘HCHTDPH. Bem{[ﬂﬂ{ﬂ HA3BIBACTCA ITOJIHEIM CDHPDTI*TBHEH_HEM H DﬁﬂEHﬂ'—IHETCH

z. 3akoH OMa NPUMEHNUTENBHO K JAHHOM LIEMH NEPEMEHHOTO TOKA OyAeT UMETh BUA:

2 2
L = XI" + X
roe \ C

Ecmm BCce cToponel TpeyronsHuka Hanpsxenunt OAB pazpemures Ha TOK [, TO mOJIyunMm
TPEYTOIBHUK COTTPOTUBIIEHUH C KATETAMU ¥ U Xc U THIIOTEHY30M Z.
[Ipu mocnenoBarensHoM coenquHenun », L u C OyayT COpAaBEIIMBEL BCE BBIBOIHI,
MOJIy4E€HHBIE U 1ierH ¢ #-L u uenu ¢ r-C. IIpu 5TOM BO3MOKHEI CJIEIYOMINE KOMOMHAIMH:
>
XL XC

XL{XC XL:XC

a)

PaccMOTpHM C TOMONIBIO BEKTOPHBIX JUATPAMM KA IbIH U3 3TUX BAPUAHTOB.

, 0)

, B)

a) Umeem 11ems U3 MOCIEn0BaTENBHO COENMHEHHEIX #, L 1 C, Ipuuem

X, >X
L= ""C | Tlo Bcem Tpem compoTHBIEHHSAM OyIET MPOTEKATh OJUH M TOT K€ TOK

I

,  BEKTOp KOTOPOTO OTJI0XKHUM B BBIOpAaHHOM MacmTade MOpPOU3BOJIBHO, HAMPUMED,
TOPU30HTAILHO, T.€. HAIIPABIICHUE IIEPBOT0 BEKTOPA BEIOMPAETCA NPOU3BONEHO (puc. 2.7).

BekTop mameHus HanpsyKEHWA HAa AaKTMBHOM COIPOTHBIIEHWM OyAET COBHANAThH C

HAMPABICHUEM TOKA, a4 MAJCHUE HAMPMKEHUSA HA WHAYKTUBHOM JJIEMEHTE WU L Oyner
. ?7 0
OIMEPEKATH BEKTOP I' wa /2 . Tanenne HANPAKEHUA HA EMKOCTHOM JJIeMeHre  C©  Oygmer

I
OTCTABATEL OT BCKTOPd TOKdA Hd /2 H COIVIACHO YCJIIOBHIO

u. _ U,

C <

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkatr: 2C0000043E9ABBBO952205E7BAS0006000004
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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CepTud

Bnapneneu LLlef

NelcTeUTe

Pucynok 2.7 — BekropHas quarpaMma HAMpsSKEHH mpy L

O0miee HanmpsKEeHNe Uenu Oy IET PABHO CyMME

i
M3 BekTOpHON muarpaMmebl BHIHO, 4YTO MEXKIV TOKOM IIEITHA I 1 HAIIPAKCHHEM U
Y

€CTh VIOJI @ M TOK UMEET OTCTAIOMINHI XapakrTep, a cos @ < 1,().
Y @ @

Xt <X C
0) Ilpu OANEHUE HANPKEHUA HA MHAYKTUBHOM COMPOTHUBICHUU OyaeT
MEHBIIE MTAICHU HAIIPAKEHHA HA €MKOCTHOM COIPOTHBIICHUN, MOATOMY BEKTOPHAA AuarpamMma

Oy et umers BU (puc. 2.8):

Pucynok 2.8 — BekropHas muarpamma HanpsKEHUH TPU Ue » UL

C HMECT MCCTO pe30HAHC H{?HPHIHCEHHIL T.C. H 3TO

wL -1 U U
Oyzmer npu wC [Ipu 5TOM BEKTOPEI L m C  paBHEl MO MOAYmO H
MPOTUBOIIOIOKHO HAMpaBIeHB! (puc. 2.9), mo3ToMy HX CyMMa paBHA HYIO. 10K LEmA mpu
PE30OHAHCE HANPAKEHUN ONPENeeTCa TOIBKO AKTUBHBIM CONMPOTHBIEHUEM, MOATOMY YTOJI
caBura (paz mexay TOKOM U HANPSIKEHWEM IEMU PABEH Hymo, a cos ¢ = [. [Ipu srom Hamo

UMETh B BUY, UTO PE3YILTUPYIOMIEE COIPOTUBICHHUE LIEITH PE3KO YMEHBIIUTCS 10 3HAUCHUS Z =

F ¥ TOK LIEIH ITPH PE30HAHCE MOKET PE3KO BO3PACTATh.

. - -
= rre
OOKYMEHT NoarmmcCAH q} Ulﬂ' U l'r .

ANEKTPOHHOW NOAMWChS
ukat: 20000004 3ESABBB952205E7BAS00060000043E

—_

- "
1Ay X0Bd iITbHAHA AJIeKCaHOpoBHA

Pucynok 2.9 — BekropHas nuarpamma Hanps»KEHUU IIPH PE30HAHCE

ned: c 19.08. 2022 no 19.08. 2023

i
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VYrkazauue no mexuuke oezonacHocmi:

VYkazanns 10 TexHMKe O€30macHOCTH TPU BEIMOTHEHWH JIA0OpATOPHBIX padoT

[IPUBEACHBI B IPUJIOKEHUE A.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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Ykazanun no evinonnenuro nabopamoproiu padomoi:

1. CoOpars cxemy ¢ mocnemoBaremsHbIM coequHenunem R, L u C (puc. 2.10). B
KaueCTBE AKTUBHOTO CONPOTHUBJIEHUA UCIOJIB3YETCA PETYJIMPOBOUHBIN peocraT R, a B kauectse
emkoctu C — Darapes KOHIEHCATOPOB.

Bonsrmerpom V1 m3mepsator BxoaHoe (00miee) HAaOpsSKEHUE 1IENH, 4 BOTBTMETPOM V2 ¢
[MOMOIIBH IIYITOB MOOYCPCOAHO HM3MCPAIOT MAACHUC HAIIPANKCHHA Hd dKTHBHOM COITPOTHUBJICHHH

R (B Toukax a u 0), Ha MHOYKTUBHOCTHU L (B TOukax B u ) u eMkocTu C (B TOYKax r 1 n).

NATP

L 220B

@ Y =

Pucynok 2.10 — Cxema ¢ mocnenoBarensHeIM coemuHenueMm R, L u C

M3mepenns Heo0X0 MO BEIMOJIHATE IJIS TPEX PEKUMOB:

1) U; > U.:, 2) U; < Uf:, 3) U, = Ue.

Jlnd Kaxooro u3 peKUMOB BBEIITOJHUTE PACUETHI M BMECTE C PE3YIBTATAMHA W3MEPEHHHN
3anectu B Tabmuiy 2.1. Ilo pesympraram pacueTroB O KakZOTO M3 PEKUMOB MOCTPOUTE
BEKTOPHYIO JUATPAMMY HAIMPAKEHUM, I 4€r0 HEOOX0aMMO BEIOpATE MACIITAO HANIPSKEHUSA My
TakuM 00pazom, 9T00kI BeKTOp HanpsmkeHus nenu U Osn mpumepHo paBeH 8 — 12 cwm.

Tabmvma 2.1 — Pe3ynbprarel n3aMepeHN U BEIYUCIEHUMN

No M3mepeHHsIe BeTHIHHEL BrruncienHsIe BeTHIUHEL
DHL;TEI, U / U R U I U C cCOS @ S P Q
B A B B B . BA Bm BAp
1
2
3

Buumanue! Ilpu pes3onance HanpOKEHWMM TOK IEMU OHPENENAETCS AKTHUBHBIM
COMMPOTUBJICHUEM R, mO3TOMYy amMmepMmerp MOIMKET 3alikaauBaTh. B 3TOM ciyuae HEOOXOIMMO
moao0pars aMIepMerp ¢ HECKOIBKUMH TIPEIEIaAMI U3MEPEHUH U ITPU PE30HAHCE MEPEKTIOUUTE

€r0 Ha OONBIINM NPEIEN IO TOKY.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptucomkatr: 2C0000043ESABBBY952205E7BAS00060000043E
Bnageney: et QOCPDHEGHHE QUPHCHIA:

OTuer DOmKEH CONEPIKATE:
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1. Haszpanue paOoTEr;

[lems paboTsr;

Kparkue TeopeTnueckue CBEICHMA;

Omicanye uCnonp3yemMoro 000py10BaHUA U MATEPHUATIOB;
[Topamok BeimomHEHUs pabOTHI;

Brerauciaenns n 00padoTka pe3yabTaToB;

-1 o B w9

BeIiBOOEI.

Koumponsnwie sonpocwi:

1. YTo moHMMAIOT MO MHAYKTUBHOCTEIO M KAK OHA OTIPEAEIAECTCS

2. Kak 1 mouemy U3MEHAETCA UHAYKTUBHOCTE MPU BBEACHUM B KATYIIKY CTAIHHOTO
cepaeuHuKka’?

3. YT0 MOHUMAIOT MO EMKOCTBIO U KAK OHA OMPENETIETCS !

3 YT0 HA3BIBAIOT YIIIOBOM 9ACTOTOU ®7

5. [To kakum QopmysIaMm OONPEnEnsIoT I; Xy ; X¢ U Z LEMA TEPEMEHHOTO TOKA?

6. KakoBEI OCHOBHBIE COOTHOIIEHUS U BEKTOPHBIE TUATPAMMEI B IIETHAX C AKTUBHOM,

WHIYKTUBHON U €MKOCTHOM HArpy3KOM?

7. [Tpn Kaknx yCIOBUAX BO3HUKAET PE30HAHC HANPAKEHUI?

8. Yemy paBen K03(P(pUIIMEHT MOMIHOCTH €OS @ IIPH PA3JIAYHBIX YCIOBHAX U KAK OH

onpenenaercs?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jadopamopnan pavoma Ne3. Inekmpuueckas yenv CUHYCOUOATbHO20 MOKA NPU

napaiiieibHOM 6KJIlOYEeHUH AKMUGHO020 U PedKmMU6HbLX cﬂﬂpﬂmumeuuﬁ

Ilens padbompl: >KCOEPUMEHTAIBEHASA MPOBEPKA 3aBUCHUMOCTH AKTUBHOTO M PEAKTHUBHBIX
COMPOTHUBJIEHUHN OT YACTOTEHI, & TAKKE COOTHOIMIEHUH MEKIY HAMPIKECHUEM, CONMPOTHBIICHUIMHU,
IPOBOAUMOCTAMHU M TOKAMH B LIENH C MAPAJUIEILHO BKIFYEHHBIMA AKTUBHBIM COIIPOTUBIICEHUEM,

KaTyKOH MHIYKTUBHOCTH U KOHIECHCATOPOM.

Ocrnoevt meopuii:

[Tpu mapannensHOM BKIIOYEHHHM AKTUBHOTO COMPOTHUBIEHUS, KATYIIKH HHAYKTUBHOCTH U
KOHeHcaropa (puc. 3.1) Ha BCe TpU SIEMEHTA SIEKTPUUECKON LENH NOJA€Tcsa OOHO M TO XK€
HANpsDKEHUE U. MrHOBEHHOE 3HAYEHME TOKA 1 B HE-PA3BETBICHHON YACTU LENH PABHO CyMME
MTHOBEHHBIX 3HAYEHUM TOKOB PE3UCTOPA 1y, KATYIIKH 1x U KOHIEHCATOPA 1!

=1, +i.ti;
COOTBETCTBYIONIEE PABEHCTBO CIPABETUBO IS KOMIUIEKCOB TOKOB:
I=1+1+1
KOMIIIEKCEI TOKOB ONPENENMOTCS KOMILIEKCOM HANpskeHHs U M KOMIUIEKCHBIMU

COMPOTHUBICHHAMH COOTBCTCTBYIOMIHUX 3JICMCHTOB TICIIH.

I=Uk I.=U/Z. L= U/Z

. l

Pucynok 3.1 — [lapammensHoe BKIIFOUEHHE AKTUBHOTO COMPOTUBIIEHUA, KATYIIIKA

HHAYKTUBHOCTH B KOHOCHCATOPA

KOMIIEKCHOE CONMPOTHUBIEHHE PE3UCTOPA PABHO €Tr0 AKTUBHOMY COHNPOTHUBIIEHHIO T,

KOMITIICKCHOC COIMPOTHUBJICHHUC KATYIIKH HHIYKTHBHOCTH YUHTBIBACT ec dKTHBHOC

COTPOTHBISHHR &+ ¥ HHANK THBHOCTE L Zi= rictjo L= ritjx..
ANEKTPOHHOWM MOANMCHIO }
Ceprucbmkar:  2CoSdPIBPACHETE ECHLII0G:IAPALICITIEHO BKITIOUEHHEIMH 3JIEMEHTAMHU YI00HEE MMOIB30BATHCA

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

HC COIIPOTHBJICHUAMH, d ITPOBOJIHMOCTAMH.
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Y,=1/r=g,
Yi=1/Zi=1/( retjol)=r/(r+xi)-jxi/( ¥ +xi°)=gi-jbs

KomruiekcHas mpoBOIMMOCTE KOHIEHCATOPA C YUETOM IMMPOBOAUMOCTH W30JIALMH MEKIY
oOKmamKamu g.:

Y=g +jooC=g +jb.
I=Ul(ggrg) +j(b=by] = UY

Toxk, nporekaroninii yepe3 KaTymKy MHAYKTUBHOCTH, MOKHO IIPEACTABUTEH B BUIE JBYX
COCTABJIAIONINX. AKTUBHOH fMZ[jrgm o (paze, COBOANAONMIEN C HANIPSIKEHUEM, U PEAKTUBHOU [,=-
jUb., orcraromeii mo (paze ot HanmpsikeHs Ha 90°.

Tox, mporekaroniuii uepe3 KOHIEHCATOP, TAKKE MOKHO MPEICTABUTH B BUOE CYMMBEI
axtnBHOil [,,=Ug. m peaktuBHOW I,.=jUb, COCTABJIAIONMX, pPEAKTHBHAA COCTABIITIONIAS
ommepekaer mo (aze Hampsykenme Ha 90. Cxema 3aMeMICHHMS MPH 3aMEHE COMPOTHBJICHHH
MPOBOAUMOCTAMH UMEET BUI, N300pakEHHEBIN HA puc.3.2.

1

—
- L

i b i i

u gr gk gc br b.

* ]E'II'L * -i:il]

Pucynok 3.2 — Cxema 3amenieHus

Bun BEKTOpPHBIX auarpamMM HANPSKEHWS U TOKOB PACCMATPUBAEMON CXEMBI 3aBUCHUT OT

COOTHOLIEHUS NMPOBOINUMOCTEN b1 b, (puc.3.3).

™ ™ [ ] i [m} II Jpl:ﬂ
[rl- L, - Uh I Ul-r /( U...,
lq:l II IEL l]]}: [r ]:
] j:pﬂ
I Iiw
. ¥
I »

a) b) c)

Pucynok 3.3 — Bekropnasa guarpamma
AOKYMEHT MOAMNNCAH
ANEKTPOHHOW MOAMNMCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ecrm b6p>be, TO TOK uepe3 MHAYKTHUBHOCTL OOnbmie, 4eéM 4epe3 €MKOCTh, U TOK B
HEPA3BETBJIEHHON YAaCTH 1enu o (paze orcraér or Hanpsxkenus (puc 4.3a). Ecma by<be, 10O TOK
yepe3 MHAYKTUBHOCTh MEHBILE, UEM TOK uepe3 EMKOCTh, & TOK B HEPA3BETBJIECHHOM YACTH LIETH
o (paze onepexaer Hanpsxenue (puc.3.3c).

[Tpu paBencTBe WHAYKTUBHOM ¥ EMKOCTHOM MPOBOAMMOCTEH BEIMYMHA TOKA B
HEPA3BETBICHHON YAaCTH LENH ONPENEIAECTCA TOJMBKO CyMMOM AKTUBHBIX IPOBOAUMOCTEH g+
gt g.= g 1mpu 5TOoM TOK 1o (paze coBmamaer ¢ HanpsmKeHueM (puc.4.3b):

i=Ug

BexTopHas mmarpamma, m3oOpak€naas Ha puc.4.3b COOTBETCTBYET peKUMY pe30HAHCA
TOKOB, B 9TOM PEXKHUME TOKH 4EPE3 MHAYKTUBHOCTE U 4depe3 EMKOCTH PABHBI MO BEIMUWHE U
MPOTUBOMOJIOKHEL MO (pase, B HEPA3BETBAEHHOW YACTH LENMU TOK HNPUHUMAET MHUHHMAIBHOE

JHAYCHHC.

Yrkazanue no mexunuke dezonacHocmii:
Vkazanuga 10 TEXHUKE O0e30macHOCTHM MpU BBEINOTHEHUM Ja0OpaTropHeIX padoT

IPUBEICHEBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamoproii padomoi:
1. JlerambHO 03HAKOMMBIINCH C OCHOBHBIMM TEOPETUUECKUMHU MO0 KEHUAMHU,

coOpars cxemy, n300pakEHHyI0 HA puc.3.4.

W

Az
-~ 10B 40Mml 1 — IMKD

r
1000M

by - - *

Pucynok 3.4 — Cxema ¢ mapannensasiMm coenmaenneMm R, L u C

Y CTaHOBUTE NpENEnsl m3MepeHuii: BoneT™MeTpa — 20B, ammepmerpos — 200MA.

Qmﬁnme MUTAHUA W YCTAHOBUTH dacroty fo, mOpum KkOTOpOH B
CEPTWT&@pa&%ﬁfﬁﬁiﬁﬁﬁg JdCTH NEH TOR mpEMeT MUHMMAIBHOE 3HAYCHME. 3HAUCHHE 4acTOTH fo

Bnapeneil;: XOBa laTbAHa AnekcaHipoB

3aHecTu B Tabmuy 3.1.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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2. YOpare nepeMbIdKA B [EMA KAaTYIIKM M KOHAEHCATOpa, II0 ITOKA3aHWAM
aMmIiepMerpa ¥ BOIBTMETPA WIA aMIIEpPMETpa M BarrMeTpa MPOBEPUTH COIPOTHUBIECHUE U

BEIUMCIIATE IIPOBOIMMOCTE PE3UCTOPA.

r=U/I=P/I’, g.=1/r=I/'U=P/U".

3. Pazoppare 1ens pe3ucropa M yCTAHOBUTH MHEPEMBIYKY B I[€MNM KATYIIKHU, II0
MOKA3aHUAM ITPUOOPOB BEIYUCINUTE CONPOTUBICHUA U NPOBOIMMOCTH KATYIIKH.

r=P/P, z,=U/L x;=N(z2-1),
g=P/U, y=I/U, by=\(yi’-gi).

4. PazopBare 1ems KATYHIKM U yCTAHOBUTH MNEPEMBIUKY B IIEMM KOHIEHCATOPA,
UCHOMB3ys (POPMYJIBL, AHAJOTWYHBEIE (opmynam m.3, MO MOKA3aHUAM MPUOOPOB BEIYUCIIUTH
CONPOTUBIECHUSA U MPOBOAUMOCTH KOHAEHCATOpPA. BEIYMCIEHHBIE 3HAUCHUSA CONMPOTHUBICHUN U
IPOBOIMMOCTEN 3aHECTH B Tabmiy 3.1.

Tabmuma 3.1

fy, | Pesucrop Karymxka Konnmencarop g,

ru r'] gl‘ﬂ rka gka KL& bL'J L'J r':-ﬂ gm K':'J bl:a C1 CM
OMm | CmMm [OM |CMm [OM |Cm |TIH OMm |[Cm |OMm | CMm | Mx®D

5. YCTaHOBUTE BCE MNEPEMBIUYKH, HOAKIIOUNATE ammepMmerp A2, npu gacrore fo
U3MEPUTH MOTPEOIAEMYIO0 MOIIHOCTD, HAMPSKEHUE, TOK B HEPA3BETBAEHHON YACTH LIEMH U TOKH
OTIEbHBIX BETBEH. Pe3yapTarsl 3amMepoB 3aHecTy B Tadmiy 3,2.

6. BRIYUCINTE 3HAYEHMA AKTHBHBIX M PEAKTUBHBEIX COCTABIIONIMX TOKOB YEpe3
KaTy[IKy ¥ 4epe3 KOHASHCATOP M KOAY(PPUIIMEHT MOITHOCTH, MOIL3YACH BEIPAKEHUIMU:

Li=gU, Le=geU, L=LutLe, L=N(I-Li), Le=N(-L),
cosp=(1,+1+1..)/1

Pe3ymeTarsl BEIUMCICHUH 3aHECTH B TA0muy 3.2.

Tabdmua 3.2

f& Ua L II‘& Ikﬂ IC& Pa ya ba IEH ILﬂ P CDS(—P
I B MA MA MA MA | MBT | Cm Cwm MA MA MA

—

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvpmkatr: 2C0000043ESABSBO52205E7BAS00060000043E
Bnapeneu; lLle63yxoBa Tat H n AAGLOTAX }? :}3'200 TU; H ﬁ :ﬁ?+2 00 rﬂ [MPOHU3BCCTH TC K€ HM3MCPCHHA H

BEIUHMCICHHA, 9TO H HpH qacTOoTEC f[]._, pe.?pyJTE:THTLI H.?.MEPEI—THﬁ H BLIIH*ICI[E-‘I-H«{ﬁ 3dHCCTH B THGJH*IH}’
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4.2. Ilpu BEIMOMHEHUN PACYETOB HE CAEAyET 3a0BIBATE, YTO COMNPOTUBICHUA M HMPOBOIMMOCTHU
WHIYKTUBHOCTH U EMKOCTH 3aBUCAT OT YaCTOTHI.
8. [To pezynpraram M3MEpeHN U BBIUMCIEHUH HNOCTPOUTH BEKTOPHBIE ITUATPAMMEL,

AHATIOTUYHBIE MPENCTABICHHBIM HA pUC.2.3.

Cooepoicanue omuema:

OT4eT OOmKEH CONEPIKATE:

1. Haszsanue paOoTEr;

[lems padoTsr;

Kparkue TeopeTndecKkue CBEICHNA,

Omcanue UCIToIb3yeMOoro 000 Py I0BaHUA U MATEPHAIIOB;
[Topanok BeImomHEeHUs padOTHI;

Beruucnenus n 00paboTka pe3yibTaTOB;

-1 o BB W

BeIBOOEL.

Koumponsnwie eonpocwi:

1. Kak ompenenure akTUBHYIO M PEAKTUBHYIO ITPOBOOUMOCTH KATYIIKH, €CIH
W3BECTHHI €€ AKTUBHOE M MHAYKTUBHOE COIPOTHUBIIEHUA!

2. Kak 3aBUCAT pEakTUBHBIE TMPOBOJUMOCTH KATYLIKH WHIYKTUBHOCTH U
KOHZIEHCATOPA OT YACTOTHI?

3. Kak ompenemurs axkTUBHYIO HNPOBOAMUMOCTE KATYIIKHM WHIYKTUBHOCTH WIIH
KOHAEHCATOPA, MOAB3YACE MOKA3aHUAMU BATTMETPA, AMIEPMETPA U BOJIBTMETPA?

- Kak onpenemuTs MOJHYI0 HPOBOOUMOCTE YYACTKA OSIEKTPUUECKOM LEMH II0
MOKA3AHUAM AIEKTPOU3MEPUTEIBHEIX TPUOOPOB?

5. Kak orimuaroTcsa mo (paze mpunoKEeHHOE HANPAKEHUE U TOK, MPOTEKAIMINN IT0
KaTylIKe MHAYKTUBHOCTU? Yepe3 KOHAEHCATop?

6. [Touemy u Kak W3MEHMTCA TOK UEPE3 KOHACHCATOP (4Uepe3 KaTyUIKy
WHIYKTAUBHOCTH ) IIPH YBEIWYEHUN YACTOTEI IPHI0KEHHOTO HAIIPAKEHUA

7. B kakol SIEKTPUUECKON IEMM MOKET BO3HUKHYTH PEKUM PE30HAHCA TOKOB?
KakoBo ycmoBue ero BO3HUKHOBEHUA? [losgcHuTe (pu3nueckyro CymniHOCTh pPEKHMA pPe30HAHCA

TOKOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JMaovopamopnan padooma Ned. Hccneoosanue mpexgpasuoir cucmemut npu CoOeOUHeHUU

nompeoumesen 36e300i

Ilens padompr: O3HAKOMUTHECA OOBITHEIM IMyTEM C OCOOEHHOCTSMM COEIUHEHHUS 3BE3I0U
OPUEMHUKOB JJIEKTPUUECKOM HSHEPrUM B Ienu Tpex(daznoro Ttoka. MccmemoBars peKHUMEBI
PAaBHOMEPHOHU M HEPABHOMEPHOHM HATPY30K, a4 TaKk€ padoTy CHUCTEMBI mpU OOpPEIBE OJHOU W3
¢a3. [lonyunTe HmpakTUYeCKWE HABBIKM pacdeTa W MCIBITAHUA TPEX(A3HBIX LENEH, a TAKKE

MOCTPOECHUA BEKTOPHBIX QUATPAMM.

Ocrnoevt meopuii:

Ipexghaznou cucmemou >IEKTPUIECKUX [ENEN HA3BIBAETCA CUCTEMA, COCTOAMIAA U3 TPEX
OOHO(pA3HBIX ANEKTPUUECKUX LEMEN, B KAXKIOU U3 KOTOPBIX ACUCTBYIOT CHUHYCOHUJAIBHEIE 3.1.C.
OOMHAKOBOM YAaCTOTHI, HO CIABHUHYTHIE APYyr OTHOCUTEIbHO apyra Ha 1/3 mepuoma (120°) u
co3maBaemMele 00mIMM (Tpex(Pa3HbIM) UCTOTHUKOM SJIEKTPUIECKON SHEPrHH.

OTaensHBIE ATIEKTPUYECKHUE TIEMH, BXOIANIME B COCTAB TPEX(PA3HOU CHUCTEMEI, HA3BIBAIOT
gazamu. Ecim 5.4.¢c. kaxmoit u3 (a3 paBHEI IO BEIWYUHE, 4 TMOTHBEIE COMPOTUBIEHNA HATPY30K
BCeX Tpex (pa3 mo BEIMUMHE U XapaKTepy HATPYy3KHU (MO BEIMYMHE W 3HAKY ()A30BOTO CIBUTA)
OOWHAKOBBI, TO TAKOH PEKUM HA3BIBAIOT CUMMEMPUYHbIM. HEBBINTOIHEHHE NAHHBIX YCIOBHUH
ABISETCA MPUUMHON HecummempuuHoco pexuma. Harpyska tpex(asHeix neneid peako ObIBaeT
CUMMETPUYHON, KAK MPABWIO, OHA B TOM WJIM WHOM CTEIMEHH HECUMMETPUYHA HM3-3a HATWMYIHUA
OOHO(pa3HBIX MOTPEOUTENEH.

Tpex(aznsie reHeparopel CO30A0OT CHUMMETPUYHYH) CHUCTEMY  3.14.C., MHOSTOMY
HECUMMETPHUUHBIN PEKUM BO3HHKACT W3-3a HECUMMETPUYHOM HArpy3ku (a3. Ecma koHnp!
00MOTOK (pa3 CHHXPOHHOTO Te€HepaTopa Wi TpaHnc(popmaropa COEIMHUTH BMECTE 3BE30H, a K
HAYAJIaM MPUCOEIUHUTE MMPOBOAA, HUAYIIME K NMPUEMHHUKAM SJIEKTPHYECKOW SHEPTHH, KOTOPEIE
TOKE€ COEOUHUTH 3BE370i, TO monyduM Tpex(aznyio cucremy (puc. 1). Ilposoa, coequnsronniaii
HYJIEBBIE TOYKH MCTOYHHMKA W MOTPEOUTENA HA3BIBACTCA HYJIEBBIM. 14Ky CHUCTEMY HA3BIBAIOT
yemuipexnpogooroi. B nemnsax tpex(a3Horo Toka HE3aBUCUMO OT Crocoda coenuHeHus 00MOTOK
reHeparopa U MoTpeOUTENnen pa3myaroT HanpsaxeHusa — JuHenneie Uz u gasueie Usp, a Takke
TOKM — JuHeWHele [7 u (QasHweie [¢. Hampsxenwe mexny TMHEHHBIM W HYJIEBBIM IPOBOIOM
HA3BIBAETCA Da3HbIM, & MEKAY TUHEHHBIMU MPOBOJIAMU — JIUHEUHbLM. 1OKU, MPOTEKAIONINE B

IMHENHBIX NPOBOMAX, HA3BIBAIOT JUHEUHbIMU, A TNpOTEKaromme B (azax HArpy3KH HIH

OKYMEHT Moanwvc o . .
Hcmqmmémp%@m%ﬁﬁvﬁ,@xeme (puc. 4.1) miuenHsIe TOKU paBHEL (PA3HBIM, T.€. JIMHEHUHBIN TOK

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
—
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa —
U,=\3U,

OOHOBPEMEHHO sABsieTCa M (pasHeiM. [Ipu paBHOMEpHOU Harpyske , ECIIM CXema
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COeOQUHEHUA - 3BE3I4a.

[ 1 — [ 1
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Pucynok 4.1 — Cxema Tpex§a3zHou 4eTBIPEXTTPOBOTHOM HETMH OPHA COETUHEHNH 3BE3 10U
[Tpu HepaBHOMEpPHOM HArpy3Ke (pa3 B CXEME C HYJIEBEIM OPOBOAOM (puc. 4.1), B HyI€BOM

IPOBOJE MOABJIAETCA TOK, BEIMUYAHA KOTOPOT 0 OIIPENEIAETCA IT0 IIEPBOMY 3aKOHY Kupxroda:

Pucynok 4.2 — BektopHas muarpaMma HaOpsKEHUM PU COEAUHEHUH 3BE301

s s i (s

[=T,+Tp+]
Hanuuue Toka B HyJI€BOM HPOBOAE BBI3BIBAET HE3HAYUTEIBHOE MATEHUE HAMPSAKEHUS B
HEM, KOTOPBIM MOKHO HpeHeOpeus M CUUTATh, UYTO MEKOY HYJIEBOM TOUKOM HCTOUHMKA U
MPUEMHUKA PA3HOCTh MOTEHIMAIOB OTCYTCTBYET.
Ha puc. 4.2 noka3zano rpapuueckoe ONpenencHnue JIMHEUHEIX HAMPAKEHUN C ITOMOMIBIO

LOKYMEHT NMogrinc
BEKTQpH@ﬂMWMﬁ@mH{HM 7 TPOU3BOJIBHOTO MOMEHTA BPEMEHH KOMILUIEKCH (Pa3HBIX

CeptudmMKa Z2C0000043E9ABBB952205ET7TBAS00060000043E

BnanenHATTPAAKCHII, CABUIYEBIS IO (pase na 120°.

- = - « } YT e E [=] ]
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b b b

Uppg=Ua—Ug

b 2 &

Upc=Up—=Uc

b b &

Uca=Uc=U, s

8
Jlns monydeHuss TMHEHHBIX HanpskeHuil (CI0XKUM T€OMETPHUECKH BEKTOPHI A

a l : L ]
Up o C ¢ BEKTOpamm i : ~Uc : —Uy , KOTOPBIE PaBHBI COOTBETCTBEHHO
Ug, Up, Uy

, HO TIPOTUBOIOI0KHO HAITPABJICHEI.

BekropHasa aguarpamMMa JIWHEMHBIX HANOPAKEHUM TAKKE MOKET OBITH IONydeHA U3
BEKTOPHOU AuarpaMmMmel (pa3Helx HanpsxeHud (puc. 3). Takum o0pazom, 3Be€3ma JTMHEHHBIX
HANPSDKEHUN onepexaer 3Be3ny (asueix Ha 30°. Haiimem cooTHOmeHnuwe mexay (pasHeimu u

JIMHEHHEIMA HATTPSKCHUSAMHE, YIUTEIBAA, YTO BCE HAMTPSIKCHUS CHMMETPHYHEL
L : L L
U,=Uzg=U-=Uy,

Upg=Upc=Ucp=U

A \

C B

Pucynok 4.3 — BektopHas muarpaMma HaOpsKEHUN PU COEAUHEHUH 3BE310U

13 mpamoyronsnoro tpeyroasauka OAJl nmeem:

U U
JI AB
= =U ,-cos 30°=
NOKYMEHT NOOMWUCAH ) )

SMNEKTPOHHOW MOAMNMCHIO I
Ceptucbukar: 2C0000043E9ABSBIS2205E7BAS00060000043E B V3
Bnapeney lleGayxoea TatesiHa AnekcaHapoBHa G U *COS 3[} o= U ’

@ @ 7

Aeict
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':::u:;l."1;

U,=V3U,

dazHpIe TOKM OPUEMHHUKOB OMPENEIIAIOTCA TAK K€, KAK U B 0THO(DA3HBIX LEIAX:

I,= =TS ;
A A\TR+X,
b b
} _UB_ U g '
B—, —[2, 2"
Zp A\ ra+x;
L {s
. Us  Ug
[r=—= ,

2, 2
C ﬁfrc+xC

YTasl CIBUTA MEKIY HAMPSKEHUAMA M TOKAMH (pa3 MOKHO OTPEIETUTE U3 (POPMYT:
r r r

A B C
cosQ,=—, COS P p,=—, CcoSP.=—.
Z Z Z
A B C

Ecmi nmpuemuukn 001agar0T 4MCTO AKTUBHBIMUA CONTPOTUBJIEHUAMH, TO Za= T'a, ZB = IB, Zc
= I'c, @ YIUIBI CABUTA MEXKIy TOKAMM W HANpPsSKEHUAMH BO BCex Tpex (pazax Oyayr nyneBsimu. Ha
puc. 4 mpencraBieHa Tomorpaduueckas gUarpaMMa HAOPAKEHUM W TOKOB MHPH AKTHUBHOU

HECUMMETPUIHOU HATPY3KE.

. 7
Usc

Pucynok 4.4 — BekropHas quarpaMma HanopsaK€HUH U TOKOB 9YETHIPEXTPOBOTHOM IEMH

IPU AKTUBHOM HECUMMETPUYHOM HATPy3Ke (a3

Tox nynesoro nposoga I o= L+ Ip+ Ic

Cegerue, HYJIEBOLO MPOBOAA 3ABUCHT OT CTCMCHM HECHMMETPHM HATPy3KH (pa3, HO

SNEKTPOHHOW NOANWUCHIO o
QOBIYHOETO I PUHIMAIOE PABHBN D0 70 0T CEYCHUS JIMHENHOTO MPOBO/IA.

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

NelcTauTel

51 L L 4 i (=] 1
1eH: Cc 19.08. 202 19,08, 2023

1 Il"h
i L=
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[Ipn mamuuum nHewTpanu (HYJAEBOr0 NIPOBOAA) HANPAKEHUA HA (Paszax NPUEMHUKOB
OCTAIOTCA HEWU3MEHHBIMM W paBHBIMHA (Da3HBIM HANPAKEHUAM HMCTOYHHUKA JAkKe TIIPH
HEPABHOMEPHOHU HArPy3Ke, €CIHU NpeHeOpeus CONPOTHUBIEHHEM IPOBOIOB JMHHH M HYJIEBOTO
npoBoaa. [IpenensHbIM cnyuaem HEPABHOMEPHOM HATPY3KU (pa3 B 4ETBIPEXITPOBOIHON CHCTEME
Tpex(a3zHoro NPUEMHHKA, BKIIOYEHHOTO 3BE300M, MOKHO CUUTATH OOpBIB OXHOM W3 (pa3.
Hanopumep, ecnmn (paza A Oymer obopraHa, TO HE OyaeT HaAOPAKEHUA M TOKA y MOTpeOuTens,
BKJIIOUEHHOTO B 3Ty (pa3dy, a4 B OCTABIIUXCA HON HampszKeHWeM (azax pexum paboTel HE
m3MeHHTCA. YTO KacaeTcs HyJeBOro MpoBOJd, TO €CIIHM 10 0OpEIBa 01HOM 13 (a3 TOK ObLT papeH [
o= L+ Ip+ Ic (puc. 4.4), TO TEmeps OH U3MEHUTCS U OYIET ONMPENEIATLCA MO MEPBOMY 3aKOHY

Kupxroda: Ip+ Ip+ Ic= 0, otkyna - I g = Iz+ Ic (puc. 4.5)

Pucynok 4.5 — Bekropnasa nuarpamMma TOKOB U HAMPAKEHUH ITPU 00peIBE (pa3sl A

[Tpn 0OpEIBE MM OTCYTCTBUHU B CXEME HYJIEBOTO MPOBOJA SHEPTETUYECKUE COOTHOILIEHU S

B ATOH 1[EIT U3MEHATCA.

Pucynok 4.6 — Cxema TpeXnpoBOJHOU IIEMH TPEX(PA3HOTO TOKA

[ IR0l marpyske B TpexmpoBonnoi Tpex¢asuoii cucreme (puc. 4.6)

Ceprudomkar.  2C0000043E9ABBESS52205E TBAS00060000043E

BnanendiATTPHKCHEC MCHKCAY, HYACBEIMI TOYKAMH HCTOYHUKA U IIPUEMHHKA PABHO HYIIO M KOKAYIO (asy

CHCTEMEI MOKHO pHCCMﬂTpHBHTE KdK 33MK]—I}’TLIﬁ I{DHTyp.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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CepTudM

. ':'J lll_
wkat:  2C000004 IE9ABSBI52205E7BAS000600 T Y 3
o etronn Tarar An U UHﬂ cos30°=+3 U(b.?: 1,5U,,

Bnapene

[Tpu nepaBHOMEPHON HArpPY3KE€ U OTCYTCTBHM HYJIEBOTO IPOBOAA (pa3HBIC HAIIPSKEHU
OyIyT M3MEHATLCA NPAMO OPOMOPIMOHAIBHO COMpPOTHUBIECHUAM (pa3. Ecimu Ovl cucrema Oblia
UETBIPEXMIPOBOAHOM, TO IO HYJEBOMY IPOBOAY HOpPOTE€Kaan Obl TOK [y M Takum o0Opa3zom
NPAKTUUECKU BBEIPABHUBAINUCE OBl (pasHbie Hanpsxenus. Ha puc. 4.7 n3oOpaxeHa BEKTOpHAS
auarpaMMa HampsaKeHWM U TOKOB NPH HEPABHOMEPHOW HATPY3KE BCEX Tpex (pa3 M OTCYTCTBUU
HYJIEBOTO IIPOBOJA.

TpeyroneHuk IJMHEUHBIX HANPSKEHWW OCTACTCA TAaKAM Ke, 4a 3Be3na  (PasHbBIX

HanpsKEHUN 1 To9ka O MOTYT OBITH JIETKO MOMYYEHBI METOOOM 3aCEYEK W3 BEPIINH JTMHEUHBIX

HAMPS/KEHHI.

Pucynok 4.7 — Bexropnasa nuarpaMma TOKOB U HAIIPSAKEHUH IIPH HEPABHOMEPHOU

Harpy3Ke U OTCYTCTBUE HYJIEBOTO ITPOBO A

Ecrm omna u3 a3, nampumep, A, 00OpPBETCS MM BCE TOTpEOUTEMN STOM (pa3el OyayT
BEIKJTFOUEHEI, TO IMPU OTCYTCTBHUU HYJIEBOTO IMPOBOAA OCTABIIMECA MOJ HAOPsKEHUEM (pasel B u
C OKa)XyTCA BKIIOUEHHBEIMM IMOCIEAoBaTeNnbHO. MDasueie Toku Ip m lc, mporekaromme uepes
MOCJIENOBATEILHO BK/IIOYEHHBIE CONPOTUBICHHMA IPUEMHUKA, B OTOM Ciaydae Oynayr
ONWMHAKOBBIMU, a4 (pa3HBIE HANPAKEHUSA OyOyT OPOMOPHUOHANBHBEI CONMPOTHUBICHUAM (a3 (puc.
4.8). Ilosromy Ha BekTOpHOU muarpamMme Touka O’ MEPEMECTUTCS HA BEKTOP JIUHEHHOTO
HanpsoxeHus Usc u Oyper gemmTs ero Ha dactu, paBHeIe (pazHeim Hanpsaxenuam UB u UC (B

nameMm ciayuae UB = UC)

{

’SU =0 87U

oo 161
UC:UH_E a5y

Hanpsacenue ¢ azer A Bospacrer:
AOKYMEHT MNOARANCAH

3NEKTPOHHOW NOANMUCLIO

!

MTEneH: ¢ 19.08. 2022 no 19.08. 2023
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[TooTOMY B UETBEIPEXHPOBOIHEIX LIEIMAX HA HYJICBOU IMPOBOJA HE CTABAT HNPEAOXPAHUTEND,
T.K. €T0 IIEPETOPAHNE U3MEHAET PACIIPENEICHUE HANPSKEHUM (has.

[Ipu koporkom 3ambikaHum kakou-muOO (Paszer, nHanpumep, C, HyneBas Touka O’
npuoOperaeT moTeHIUuaI JIMHEUHOTO npoBoaa BC, a ¢a3el 4 1 B OKa3pIBAIOTCA MOJ JTUHENHBIM

HanpsDKEHUEM. BekTopHas quarpamMma s 9TOrO caydas mpeacrasiaeHa Ha puc. 4.9. Touka O

nepememaercs B Touky C.

Pucynok 4.8 — Bekropnasa muarpaMma TOKOB U HANIPSKEHUN OpU 0OpEIBE (Da3bl B CXEME

0e3 HyIeBOTO MPOBOAA

Hampsxkenus a3 A u B craHoBaTCA paBHBIMU JIMHEUHBIM (puc. 4.9):
Up=Uea=U;= Um'”g:
U,=U,-=U,=U,3,
U, =0.
Tox xoporkoro 3ameikanus ¢aszer C pacnpememsercas Ha Gaser B uw A, T.e.
I[e=I=—(1,+I})

JVHENHBIM HAOPSKEHUEM, HA KOTOPOE€ OHU HE PACCUUTAHBI, 1 OHU MOTYT BBIUTH U3 CTPOA.

Takum o0Opazom, nBe (a3el mpuUEeMHHKA OKAa3bIBAIOTCA MOJ

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Pucynok 4.9 — Bexkropnas quarpamma TOKOB U HANPSAKEHUH ITPH

3aMbIKaHUH (pa3er C mpuéMHUKA TPEXITPOBOIHON CUCTEME

B nemu Tpex(azHoro Toka aKTUBHAA MONIHOCTH PaBHA CyMME AKTUBHBIX MOIIHOCTEU
(pas:
P=P,+P,+P.=1I,-U,-cos¢ ,+1,U,-cos¢p,+I.-U . cose,.
Jlnsg w3MepeHns MONIHOCTH B YETHIPEXMPOBOAHON IMEMH MOKHO HCHOJIB30BATH TPH
OMHO((pa3HBIX BATTMETPA, CYMMHPYS UX MMOKA3aHWS, UM UCHOIB30BATh OJHO(PA3ZHEIN BATTMETP C

MEPEKTIOYEHUEM €r0 MO0YEPETHO BO BCE TPH (Ppazbl. ITOT METOL MOKET OBITh MCITOJIB30BAH KAK

IpU CUMMETPUYHOW, TAK U IPH HECUMMETPHUHOHN HATPY3KE.

Yrkazanue no mexnuke oezonacHocmii:
VYKazanua 10 TEXHUKE O0e30macHOCTHM MpH BBEINOTHEHUH JadopaTropHeIX paboT

[IPUBEACHBI B IPUJIOKEHUE A.

Ykazanua no evinonnenuro nadopamopHou padoomoi:

1. O3HakOMUTECA € mnpudopamMu, HEOOXOAMMBIMHM I/ BBIIIOJHEHUA PAOOTEI M
3aIUCATh MX TEXHUUYECKUE JaHHEBIC.

2. CoOpars cxemy (puc. 4.10) mma uccienoBaHMsA YETBIPEXHPOBOIHOW LEMH IIPH

COEMMHEHWH 3BE3I0MH.

3. nokyMEROISBHELH MCTIBITAHMS TIPU CIICIYIOMINX Y CIIOBHSX:
ANEKTPOHHOW MOAMNMChHIO

Cepruchukar:  2COGHHONEPER PABHONE PR HATPY3KE BCeX (a3 (R =Rp=~Rc), UCNOIB3ysA B KAUECTBE HATPY3KHU

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

(pa3 maMIOBEIE PEOCTATHI;

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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0) IpU HEPABHOMEPHOU HArpy3ke (pa3 JIAMIOBEIMU peocTaraMu (B 0aHOM (pase 4 mamIisl,
BO BTOPOH — 3 U B TPETHEU — 2 TAMIIEI);

g) npu 00peBe (pa3el 4 (B 0mHOU (paze BCE IamIlbl OTK/IFOUEHBI, 4 B OBYX IOPYIHX —
BKJIFOUEHEI ).

3 CoOpars cxemy Oias HCCIETOBAHMSA TPEXOPOBOAHON Tpex(azHOU NENH IIPH
coequHeHun 3Be300u (puc. 4.11).

5. [Tpon3zBecTr UCIIBITAHUA OPU CIEOVIOMINX PEKUMAX PAOOTHL:

@) paBHOMEpPHAA HATPY3Ka BCEX (pa3 IAMIOBBIMHM PEOCTATAMH;

6) HepaBHOMEpHAas HArpy3ka (a3 (ananoruaHo 4,0)

g) 0OpEIB (pasel (B 0OOHOM (paze BCE JTAMITEI OTKIIOYEHE], a4 B IBYX JPYTUX — BKIFOUEHEI );

N
@ & &

Pucynok 4.10 — Cxema 11 uccnen0BaHus YETHIPEXITPOBOIHON TpeX(PA3HON HEMH ITPH

COEMUHEHHWH 3BE3M0H

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO

icbukaTt 'I:_' A "EE"!-'.".l:';'"::';I:_':-_I:-_':|:_I:TEI.'..'.:_" 1CIOVWE D000 I"E

HHE AJ1e2KCaHODOBHA
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Pucynok 4.11 — Cxema g uccne10BaHus TPEXIIPOBOIHON TpeX(PazHOU LEMH NPH

COEIUMHEHHH 3BE3I0H

[Toxazanusa mpuOopoB 3amicars B Tadmuiyy 4.1.

OOKYMEHT NOANWMCAH
SNEKTPOHHOW NOONMUCLIO
13ESABEB952205E7BAS00060000043E

BHHE AJ1eKCaHODOBHS
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Tabnuma 4.1 PesynpTaTel n3MepeHuil U BEIYUCICHUIN

Pexum padoTel

Bemaumsr [Tapamerp C HyJIEBBIM

bes ayaesoro mposoga
MPOBOIOM 1y P

M3mepennsie
BETUUMHEI

Brruncienusie
BEJIIMYHHBI

BemmnauHe, Iy, A - - - -
HAU IeHHEIE

Up B

13 JUarpamMm

ConpoTuBaeHNE HATPY3KU (Pa3 BEIYMCHATE MO (pOpMyIam:

pmmA. B _Cc
b B IB: ( IC.

MoniHOCTE e ONpenensaTs mo (PopMyIam:
P,=1,-U,+1,Uj+1.-U_
Py=1,-U,ctlgUpg
BBuny TOTO, 4TO B [OaHHOM Ja0OpaTOpHOM padOTE MCIOMB3YETCA W3MEPHUTEIBHBIN
kommieke K505, Bce m3MepeHus W BBEIYUCIEHUA MPOBOIATCS AHATOTWMYHO YETHEIPEXITPOBOIHOU
CXEeMe.
[To peszynpraram m3MepeHU MOCTPOUTE B MACIITA0E BEKTOPHBIE AMATPAMMEI I BCEX

paccMOTpeHHBIX ciaydaeB. Omnpenenuts Ha BEKTOpHBEIX auarpammax fp u Uy u 3aHecTH

pe3yasTarel B Tabmmy 4. 1.

OKYMEHT MOAMNUCAH
CPUCANUDNINGCHLA:
Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E

Bnageney: et PRCTEHOAKEH00ZRPKATE:

1. Haszpanue paOoTEr;
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Llems padoTe;

Kparkue TeopeTuueckue CBEICHMA;

Omicanre uCnonp3yemMoro 000py10BaHUA U MATEPHUATIOB;
[Topanok BermomHeHus padboTHI;

Beruncnenus n 00paboTka pe3yibTaTOB;

-1 ™ h B

BriBOIEI.

Koumponasnwvie sonpocwt:

1. Kakoe coeqnHeHne Ha3bpIBAETCA COSMUHEHUEM 3BE310M 7

2. Kak cTpouTCs BEKTOpHAA OTUArpamMMa TOKOB M HAMPAKEHUU OPU CUMMETPHUHOM
Harpyske?

3. B kakoMm cirydae OTCYTCTBYET TOK B HYJIEBOM HMPOBOAE”

- [Touemy Ha HYZIEBOU MTPOBOA HE CTABAT MPETOXPAHUTEINH?

5. KakoBel 0coOeHHOCTH pexuma padoTel mMOTpeOuTeneil, COEIUHEHHBIX 3BE3II0U,

IPU HEPABHOMEPHOM HATPy3Ke (pa3 CUCTEM C HYJIEBBIM IMPOBOIOM?
6. KakoBel 0cOoOEHHOCTH pexuMa padoTEl mMOTpeOduTeneil, COEIMHEHHBIX 3BE3I0M,
npu 0OpEIBE (Pa3kl CUCTEM € HYJIEBEIM IPOBOAOM Wi 0€3 Hero?

7. Kak m3MepsaroT MOITHOCTE TPEX(PA3HOTO TOKA B YETBIPEXTPOBOTHOU CXeME?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

41



JMabopamopnan paboma Ne5. Hccnedoeanue 1uHeuH Ol 271eKMPUYECKOU Uenu npu

nepuooOUYeCKoM HEeCUHYCOUOWTbHOM HANPANCCHUU

Llenv padomwpi: PaccMOTpETh SJIEKTPHUECKAs LENb COCTOANIYI0 M3 MOCIETOBATEIBEHO

BKJIFOUCHHBIX HHOVKTHUBHOTO, EMKOCTHOTO U dKTHBHOTO CﬂHpDTHBJIEHH'FI.

Ocrnoevt meopuii:

B  pgannou  nmaboparopHou  paboTre  paccMarpuBaeTCa — ANEKTPUUECKAS  IIEIh,
npencraBiaeHHas Ha puc.4.l u cocrosmas w3 MOCIENOBATEILHO BKIIFOYEHHBIX WHIYKTHUBHOTO,
€MKOCTHOTO UM AaKTUBHOTO compoTuBiaeHui. Ha 3axumbel 1enm nomaércs HAOpsKEHUE

MPSIMOYTOAEHOM (popMEl, umeromniee ammmmtyay Um u wactoty o=2m f=2n/T.

L

e
—

Pucynok 4.1 — Dnexrpuueckas cxema 1ad0paTopHON pabOTEHI

[IpencraBnennas Ha pucyHKe (DYHKIM HAPSKEHUA pasiaraerca B psag Oypee:
flot)=4Uy/n*(sin wt+1/3-sin3 wit+1/5-sind wt+...)
JlelicTByIOIME 3HAYEHUSA TaPMOHUK:
Ul=4Uy/(\N2'7) ;U3=U1/3;U5=Ul/5; ut.n

[Tpu cpaBHUTENEHO HEOOMBIINX 3HAYEHUAX YACTOTHI O KOTAa S(PPEKT BBI-TECHEHHUS TOKA
HE3HAUUTEJIEH, aKTUBHOE COINPOTHUBJICHUE LEMNU MOKHO CUMTATH MOCTOSHHEIM, B TO BPEM: KaK
WHIYKTUBHOE COIPOTHUBIECHUE IMOBBIMAECTCA, @ €M-KOCTHOE — CHWKAECTCA IPOIMOPIMOHAIBHO
KPaTHOCTH 4acToT k:

Xii=k oL; Xe=1/(k ©C)

Ecm B paccmaTrpuBaeMon SAEKTPUUECKON IEMM ITPU OCHOBHOU vactore X, =Xc;, TO TOK

OCHOBHOM TAPMOHUKH OyAET ONMPEAEHAATHCA TOMBKO AMIUTUTYION HAIPAKECHUSA STON TAPMOHUKH

H dKTHBHBIM COITPOTHBJICHHUCM IICITH.

[IOKYMEHT MOANWCAH I[i=U/R
SNEKTPOHHOW NOANMCHIO

cepmniar 2CUTTg Y OCTanBHEIX VU TAPMOHMK  MEMCTBYIONIME  3HAYEHWUA TOKOB  OTPENEIIAIOTCS
AHODOBHA

Bnapeneu Lilel AV X0Bd ITBHAHZA AJTEKL

COOTBCTCTBYVIOIIIMMH HAITPSKCHIAMM M ITOJTHBEIMH COMMPOTHUBICHHUAMHA.

S e = A0 A8 37T 5 - 3 M T3
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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L=Us/z:=Us/N{R *+[3 wL-1/(3 ©C)] 2},
I;=Us/zs=Us/\N{R *+[5 oL-1/(5 ©C)] 2},

Yewm BeIIIE rapMOHMKA, TEM MEHBIIE TOK U TEM OOIbIIE YTOa (PA30BOTO CABUTA Py MEKIY
HAIPAKEHUEM M TOKOM JAHHOW FAPMOHHKH. YTJIBI (pa30BOrO CIBHAra MOTYT OBITH BEIUUCIIEHEI B
COOTBETCTBHUU C BBIPAK CHISMMU:

@:;= arc cos(R/z3), @s= arc cos(R/zs),

AKTHBHAS MONTHOCTE OPU PE30HAHCHOM 9acToTe w=1/ V(LC):

P=P;+P;+Ps+...=U,; Il +U;1I; cos ¢ ;+UsIs cos ps+...

JlelicTByOMIEE 3HAUEHNE HECUHYCONTATLHOTO TOKA:

[=y(P+12+ 1%+, )

Crnegyer OTMETUTB, YTO €CJIM B IEMM UMEET MECTO PE30HAHC HANMPSKEHUN I MEPBOU
TAPMOHMKH, TO TOKH OCTATBHEIX TAPMOHUK OYIyT HE3HAYUTEIBHBIMH, ITIOTOMY HAMPAKEHUE HA
AKTUBHOM CONPOTUBICHUMU Oyner OAM3kUM K CHHYCOUJAIBHOMY, 4 CyMMa HAamnpsaKeHUH

OCTAIBLHBIX TAPMOHUK Oyaer npunokeHa Kk LC-puistpy.

VYrazanue no mexunuke dezonacHocmii:
Vkazanusa 10 TEXHHUKE O0€30macHOCTHM TMpPH BEINOTHEHWUHM JTa00OpaTOpHBIX padoT

[IPUBEICHEI B IIPUIIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padomoi:

1. CoOpars cxemy, nzoOpaxkennyro Ha puc.4.l. B cxeme UCnoas30BaTe B KAUECTBE
KATYIIKU UHIYKTHUBHOCTH OOMOTKY Tpancdopmaropa ¢ uuciaom BUTKOB w=300, konmeHcarop
éMkoCTEIO 0,47MKD 1 conporuBnenue 100 Om. llems mOgKMOYUTE K TEHEPATOPY MEPEMEHHOTO
HANPSDKEHUA. Y CTAHOBUTE MPEIET U3MEPEHU TOKA HA myasTuMeTpe 200 MA.

2. BTOpEIM  MyJBTUMETPOM HW3MEPUTH AKTUBHOE COMPOTHUBICHUE  KATYIIKU
WHIYKTUBHOCTH RK M compoTuBieHUE HArpy3ku RH, 3aTeéM NEPEKMOUUTHE MYABTUMETD IJIS
M3MEPEHUS HATIPSKEHUS, YCTAHOBUB mpenesn m3mepenus 20 B.

3. BKmOYNTE TEHEPATOp CHHYCOUJAIBHOTO HAMPKEHUA, YCTAHOBUTH YaCTOTY
500I'n u mampsaxenue 5 B. M3mepure TOK B LENM U HANPKEHUE HA KAaTywke. Beraucnure
WHIYKTUBHOCTH KATYIIKH, MOJIb3YACh BEIPAKEHUAMU:

_ |72  p2
A=VLy—Ry L=X/(21f)

[IOKYMEHT MNOANWUCAH Zx=U/lx,
SNEKTPOHHOW MOANWUCHIO

Ceprudukar:  2C08b0043E9A BEHIMCITHATE PEIOHAHEHYIO YACTOTY OCHOBHOHN (IIEPBOI) TAPMOHUKH :

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
w, =1/ (LC), f,=w,/(2 7).

Nencteutened: ¢ 19.08.2022 no 19.08.2023

43



5. Yacrory f1 yCTaHOBUTH HA TEHEPATOPE, IEPEKIIOYMB €ro Ha CUTHAI
NPAMOYTONBHOM (popmel. MenneHHo Bpamas pyKOATKY HM3MEHEHHS 4YacTOThHI, JOOWUTHCA
MAKCUMAJIBHOTO TOKA B IIEMH, CPABHUTH MOJIYYECHHYIO PE30OHAHCHYIO 9ACTOTY f1 C pacyéTrHOMH.
Jlna nanpskenus Ha Beixone reneparopa Um=5 B BEUUCINTE AMIUIMTYOHBIE U IEHCTBYIONIME
3HAYEHMA HANIPSKEHUN 3-1, 5-U U 7-1 TAPMOHUK, MONL3YAChE (POpMyIamu:
flwt)=4Uw/m*(sin wt+1/3-sin3 wit+1/5-sind wt+...)
Ul=4U,/(\2:n) ;U3=U1/3;U5=Ul/5; ut.1
6.

Jlnsg SKCHEepUMEHTAIBHO HAWAEHHOM YacTOThl f1° BEIYUCIUTE AEUCTBYIOMIHUE

3HAYEHUA TOKOB 3-1, 5-U U 7-1 TAPMOHUK, ITOJIB3YACE (POPMYIaAMHU:

Li=Us/z5=Uy/ N{R *+[3 oL-1/(3 &C)] 2,
I=Us/zs=Us/ \{R *+[5 oL-1/(5 &C)] 2,

7. Berauciaures yriiel (Pa30BEIX CABUTOB FAPMOHMK, d 3dTEM — AKTUBHYIO MOIITHOCTE
o (popmyme:
@3;= arc cos(R/z3), @s= arc cos(R/zs),
8. BEIUMCIUTE JEUCTBYIONIEE 3HAYEHNE HECUHYCOUIATBLHOTO TOKA.
9. Brrauciennsie 3HAYEHWSA TOKA W MONIHOCTH CPAaBHUTH C  ITOKA3aHHUAMHU
aMIepMeTpa U BaTTMETpa MPH YCTAHOBICHHOM HA BEIXOJE TeHeparopa HanpsxeHun SB.
10.  M3mepurts HanpsKEHUE HA AKTUBHOM COIPOTHUBIECHUH HATPY3KHU U CPABHUTH €TO C

BEIYHCIEHHBIM JENUCTBYIOIUM HAMPAKEHUEM MEPBOU TAPMOHHUKHU.
[,=U/R
P=P;+P;+Ps+...=U; Il +U;1;cos ¢ ;+UsIscos ps+...
11.  Ilogkmrowas ocummmorpad moouepénHO K BBIXOAY TEHEPATOpa, K AKTHUBHOMY

COIMPOTHUBJICHHUTO H K [MOCJIICOOBATCIIEHO BKJIIHOUYCHHEBEIM KOHIOCHCATOPY H KATVYIIKC

WHAYKTUBHOCTH, 3dpUCOBATh HA KAalIbKe, MNPWIOKEHHON K OKpaHy, KPHUBBIE HANPIKEHUH.
YO0enurscs, 4TO KpUBas HANPKEHHUA HA BBIXOJE TEHEPATOPA UMEET IIPAMOYTOIBHYI0 (POpMy, HA
AKTUBHOM CONPOTHUBIEHMH — Oma3ka mo ¢Qopme k cunycoune, a Ha LC-pumstpe KpuBas
MPEICTABIAET CYMMY BCEX BBICHINX FTAPMOHMYECKUX COCTABJISAIONINX.

Pe3ypTarel BEIUMCIEHNN U U3MEPEHUM 3aHECTU B TaOmuy 4.1.

Tabmvma 4.1 — Pesynprarer 1aboparopron paboTh

fl fl’ Rk Ru X3 X5 X7 /3 /Z5 L]
' I OwMm Om Om Om OwMm Om Om Om
Ul L&qu ng HT$"H gﬂ&gﬁo I3 IS IT I]:ra = I‘:l-lECI'I- q)E (Pﬁ (P'.-' Ppa cH Pak:cn
Ceprvdbppt: 2 C.GBDME E%BB BF @ oE7 ;WEWWSE MA MA MA nMA FP an Fpﬂ bi | ]_—-pa bi | MBT MBT
Bnageneg—tHpGayxoea = = =
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Cooepoicanue omuema:

OTUeT OmKEH CONEPIKATE:

1. Haszsanme paOoTEr;

[lems padoTsr;

Kparkue TeopeTndecKkue CBEICHNA,

Omcanue UCIToIb3yeMOoro 000 Py I0BaHUA U MATEPHAIIOB;
[Topanok BeImomHEeHUs padOTHI;

Beruucnenus n 00paboTka pe3yibTaTOB;

-] o n s W

BEIBO TR

Koumponsnwie sonpocwi:

1. Kakne TrapMOHUKN COAEPKUT CUTHAT, CHUMMETPUUHBIA OTHOCUTENBHO OCH
abcrucc?
2. Kak BBIYUCIUTL COMPOTUBICHUE AKTUBHO-PEAKTUBHON WLEMH A OTAEIbHBIX

rapMOHUK TOKa?

3. Kak BeauCIuTh yriael (Pa30BOTO CABUTA MEKAY TOKOM M HANPSKECHUEM I
OTAETBHBIX TAPMOHUK?

4. Kak BEIYUCIWUTE JEHUCTBYIOMIEE 3HAYEHUE MEPUOTNUECKOTO HECHMHYCOHUTATBEHOIO
TOKA?

5. Kak  BBIYHUCIMTE  AKTUBHYK)  MOIIHOCTR B  LE€MNU  INEPHOIHMIECKOTO
HECUHYCOUTAIBHOTO TOKA?

6. Kak MOKHO BBIOEIUTE OJHY W3 TAPMOHHUK MEPHOIAYECKOTO HECHHYCOUIATBEHOTO

TOKA WM HATIPAKECHUA !

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JMaovopamopnan padooma Ne6. Hccneoosanue nepexoOHblx npoueccos 6 uenu ¢

EMKOCM bIO.

Llens padbompi: 3aKperieHNE METOIMKH PAacuéTa MEPEXOTHBIX MPOIECCOB KIACCHYECKUM

METO0M B LIEIAX, COAEPKAMINX EMKOCTE, [IPAKTUYECKAs IIPOBEPKA PE3yJIETATOB pacuera.

Ocrnoevt meopuii:
Llens ¢ omHMM KOHAEHCATOPOM U COMPOTHUBICHUAMH OMUCHIBAETCA OU((epeHINATBEHEIM

YPAaBHEHHEM NEPBOTO MOPAIKA, MOSTOMY CBOOOIHAA COCTABIAIONIAA TOKA WIM HANPSKEHUSI B

. pt
mo00M BETBH MMEET OOHO ClIaraemMoe BHUIA Ae , TIE p — KOPEHBb XapaKTepPUCTHIECKOTO
ypaBHEHUA, a A — MOCTOSHHASL UHTETPHPOBAHHAA.

XapakTepucTUIECKOE YPABHEHUE MOKET OBITE COCTABIEHO B BUE:

Z(p)=0 um Y (p)=0

2

rae: Z(p) v Y(p) - BXOOHBIE OIEPATOPHBIE COMPOTUBIECHUE U HNPOBOAMMOCTE. OHH
MOTYT OBITH MOIXYUYEHBI 3aMEHOW B BBIPAKEHUAX KOMIUIEKCHOTO COMPOTUBIACHUSA WIH
MPOBOAMMOCTH TIETA APTYMEHTA J*t HA Omeparop p.

[TocrosHHBIE MHTETPUPOBAHUA A UIA KAXOOT0 TOKA WM HANPAKEHHUSA ONPENENACTCA W3
HAYAIBHBEIX yCIOBUHU. {7 ompenenenus mocTosSHHOU 4 HEOOXOIMMO 3HATh 3HAYEHUE MUCKOMOM
(PYHKIIMHA B IEPBEIM MOMEHT BPEMEHHU ITOCIE KOMMYyTAIu (ipu t = +0).

HavanpHO€ 3HAYEHNE HANPAKEHUA HA KOHIEHCATOPE OIPENENIAETCA W3 IEPBOTO 3aKOHA
komMmyTaruu: uc(+0) = uc(-0).). B cBoro ouepens uc(-0 ompenenserca w3 pacdéra uenud Oo
KOMMyTaruu. HaganeHble 3HAYEHUA APYTUX BEMUUYUH (TOKOB U HAMPAKEHUHM, KOTOPBIE MOTYT
I3MEHATECSA CKAYKOM) PACCUMTBHIBAIOTCSA MO 3akoHy Oma um 3akonam Kupxroda B MOMEHT
Bpemenu = +0.

Takum 00pazom, BCE TOKM W HANPKEHUA B NEPEXOTHOM PEKAME HU3MEHSAIOTCA II0

SKCMMOHEHIIMAIIEHOMY 3aKOHY C OJZHOM M TOHW K€ IOCTOSHHOM BpPEMEHM ( T:U‘p ‘ ) or
HAYAJIBHOIO0 3HAYEHMA N0 ycraHoBuBmierocsa. [Ipmu€m, HauanpHOE 3HAYEHWE HANPSIKEHUS HA
KOHAECHCATOPE PABHO HAOPSKEHUI0O HA HEM HENOCPEACTBEHHO MEped KOMMYTAIMEH, T. €.
CKAUKOM HE MEHAETCH.

B pmannou pabore kommyTanus (BKIIOUYEHHWE M BBEIKIIOUYEHUE) OCYIIECTBIIACTCA

T ﬂH?pHCT(]EﬂKMgEHTH] HKOTOPOTO IMOOAROTCA OTIMHPAROIME HMMIIVIBECEI TOKA OT HCTOYHHKA
P SNEKTPOHHOW NOANMCLIO P A P t 'y

CePMOE Y COM AAABHOTO " HATTPSORCHr "¢ aacroToit 50 I'. B pesymeraTe 00a mepexomHsIX mporecca

Bnaneneu: llleGayxoea TaTeAHa AnexkcargpoBHa

HEpHﬂ,I[H'—IECI{H HGBTGPHTDTCH H X MOMKHO HHGJTPD,I[HTE Ha UCT.[HJ’[J’[GFpﬂq)E.
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OOKYMEHT MNoAnvcaH

ANEKTPOHHOW noanuceblo
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: LLeBayxoea TaTesHa AnekcaHapoBHa
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Yrazanue no mexnuke dezonacHocmii:
VKazanua 10 TEXHUKE O0€e30macHOCTHM MpH BBEINOAHEHUH Ja0OpaTropHeIX paboT

[IPUBEICHBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomoi:
1. Paccuurare nokommyrtaimpoHHeie (t=-0), HavameHbie (t=+0) ¥ yCTaHOBHUBIIMECA
(tE © ) 3HAYCHWUSA TOKOB U HANPSKEHUSA HA KoHueHcarope B uenu (puc. 10.1.1) B mByx

ciydasx: . - KiIrod 3aMbeIKaeTcs; 2. - KIFY Pa3MBIKAETCA.

R, 330 Om J i

i
U o _{
158 10 mkd> R, 2200M

\
. -

Pucynok 6.1 — PacueTnas cxema mepexogHOro Impoiecca ¢ EMKOCTBIO

2. B Kkax)IoMm U3 STUX CIy4aeB OMNPENEIUTh MOCTOAHHYIO BPEMEHU LEMH, CHATEH
OCLIMJUIOTPAMMEBI PACCHWTAHHBIX BEIMUYMH W yOEOUTHCSA, UTO BCE TOKH M HANPMKEHUE HA
KOHAEHCATOPE U3MEHAIOTCA C OJHON MOCTOAHHON BPEMEHH, 4 HAMPSIKEHUE HA KOHAECHCATOPE HE
HUMEET CKAUYKOB.

3. [Tpn BrmoueHnM Kmoda B Henu (puc. 6.2) pacCUMTalTe TOKM U HANPAKEHUE HA
KOHIEHCATOPE N0 KoMMmyTanuu (t=-0, K104 pa3oMKHYT), B EPBEIM MOMEHT MOCIE KOMMYTAIIUN
(t=+0, k10U 3aMKHYT) M B HOBOM yCTaHOBHMBHIEMCH pexume (t& « ). Pesymsrarel pacuéra
3anecure B Ta0m. 6.1

- [ToBTOopuTe pacuyér npu pasMeIKAHUM Ko4dd. Pe3ynbpTarel 3aHECUTE TAKIKE B TAOJL

6.2

5. CocTraBeTe€ XApAKTEPUCTUYECKOE yPABHEHHME, ONPENEINTE KOPEHb p U

MOCTOSTHHYIO BPEMEHHU T_U‘p ‘ IJIs TIEPBOTO U AJIS1 BTOPOTO CIyYaeB, 3aHECUTE PE3YIALTATH B
Tabm. 6.1 1 6.2
6. Cobepute wnens cormacHo cxeme (puc.6.2), BrIOuUMB B HEE BMECTO

M300paKEHHBIX W3MEPUTENBHBIX MPUOOPOB COOTBETCTBYIOIIME THE3NA KOHHEKTOpa. OOpature

BHHMJdHHEC nﬂﬂyﬂ?ﬁﬂ]ﬁﬂﬁ@% NCKTPOIATHICCKOTO KOHOCHCATOPA.
3NEKTPOHHOW NOANMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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7. Bxmouute ocmuiorpad, ycranosure pa3Beéprky 2 mC/men U nepepucyure
M300pakeHne 4JeThIpEX m3mepsaemMbix BemmdnH Ha rpaduk (puc.10.1.3). He 3a0yasre ykazars
MacmTad s KaxIaou KPUBOHU.

8. Onpenermre no rpaguky WIM  HENOCPENCTBEHHO IO  ociumiorpady
mokommyTanuonHsie (t=-0) nauansusie (t=+0) u ycranoBuBmmecs (t& © ) 3HAYEHUS TOKOB M
HAMPSDKEHUS HA KOHAEHCATOPE B IIENM B ABYX Ciaydasx: l. - KIr09 3aMbIKaercs; 2. - KiIou
pPa3MEIKAETCS. 3aHECUTE NX TAKKE B Ta0n. 6.1, 6.2 1 cpaBHUTE C pacuE€THEIMUA

9. Onpenemre o rpa)ukam IOCTOSHHBIE BPEMEHH NPH 3aMBIKAHUWA U PA3MBIKAHUN
kmoga. CpaBHUTE UX C pACYETHEIMM 3HAYEHUAMHA M 3aHecHuTe B Tadi. 6.1 m 6.2.

10.  IlpoanammsupyiTe pe3yabTaTH U CACTAUTE BEIBOIEL.

R, 220 OM | i c
1 1 3
o1 (A1) 1-@ 5

L, ~7B, 50 'y
KT502[ O
U 4700m N
15 B C
10 MK R, 1500M
Y |
e
Pucynok 6.2 — DnekTpuueckas Lenb
Tabmuma 6.1 — Kimog 3aMeikaeTcs
t uc, B i1, BA i), MA i3, MA 3, mC
- 0, pacuér
- 0, sxcmepuMeHT Pacuér:
+ 0, pacuér 0= MC
+ 0, SKCIEpUMEHT JKCHEPHUMEHT:
© , pacuér Q= MC
YKCIIEPUMEHT
Tabmvma 6.2 — Kimrou pa3Meikaercs
t uc, B i1, BA i), MA i3, MA 3, mC
-0, pacqéEElHMEHT NGANMCAH
3NEKTPOHHOW MOANUCHIO
Ceprucpcattl), FRCTICPHMIEHT52$05E7BA500060000043E Pacuér:
Bnaneneuw: lebayxoea TateaHa AnékcadnpoBHa
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+ 0, pacuér Q= mC
+ 0, SKCIEpUMEHT DKCIEPUMEHT:
© , pacuér Q= mC
o o
SKCHEPUMEHT

Cooepoicanue omuema:

OTueT DOmKEH CONEPIKATE:

1. Ha3zpanue paboTsr;

Llems padoTe;

Kparkne TeopeTnaeckue CBEICHNA,

Omicanye uCnonp3yemMoro 000py10BaHUA U MATEPHUATIOB;
[Topamok BeimomHEHUs pabOTHI;

Brerauciaenns n 00padoTka pe3yabTaToB;

-~ o B W D

BeIiBOOEI.

Koumponasnwvie sonpocwi:

1. [Touemy Ha KOHOEHCATOPE HATIPSAKEHUE HE MOKET U3MEHATHCA CKAUIKOM?

2. YT0 mMOHUMAIOT MO KOMMYTAUen?

3. Yem onpenensaercsa CTENEeHs XapaKTEPUCTUIECKOTO YPABHEHNA !

- Kak momydurs XapakTEpUCTHYECKOE YPABHEHHE ILIEMA 4Yepe3 €€ BXOOHOE
CONPOTHUBIEHUE?

5. Kak BBEIUMCIAIOT JOKOMMYTAIMOHHBIE W ITOCIEKOMMYTAIIMOHHBEIE HAYAIbHEIE
yCIOBUsA

6. Yro Takoe moCTOSHHAA BPEMEHU MTEPEXOTHOTO mporecca’?

7. Kak M3MEHHUTCA MOCTOSHHAA BPEMEHH LIENMH C KOHAEHCATOPOM IIPH YBEIWYEHUHU

ero éEMKoCTH?
8. Kak BiMser axkTHMBHOE COINPOTHUBIIEHHUE OSIEKTPUYECKOM IEMU, COAEpKamei
EMKOCTB, HA ITUTENRHOCTE MEPEXOTHOTO mporecca’?

9. Kak paccuuTeIBarOT 3aBUCHUMEIE HAYATBHEIE YCIOBUA?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MMadvopamopnan padooma Ne7. Hccneoosanue nepexoOHblx npoueccos 6 uenu ¢

UHOYKMUBHOCMbIO.

Lens padbompi: 3axkperieHne METOOUKU pacyéra NePEexXoHBIX NPOLUECCOB KIACCUIECKNM

METO0M B LIEIAX, COAEP)KAMINX HHIYKTUBHOCTE, IPAKTHYECKas IPOBEPKA PE3YILTATOB PacUETa.

Ocrnoevt meopuii:
[lens ¢ 0MHON KAaTyMIKOW MHIYKTUBHOCTH, TAK K€, KAK U LIENb C OJHUM KOHAEHCATOPOM
OMUCHIBAETCA Iu(p(PepeHnaTbHEIM YPABHEHUEM NEPBOro mopaaka. llostomy Bce TOKU

HAMMPSKEHUA B NEPEXOTHOM PEKUME U3MEHSIIOTCA MO SKCHOHEHIIMAITEHOMY 3aKOHY C OJHOM U

TOWU K€ MOCTOAHHOW BPEMEHU ( T:U‘p ‘ ) OT HAYaNBHOTO 3HAYEHUSA 10 YCTAHOBUBUIIETOCH.
[Ipyuém, HagampHOE 3HAYEHWE TOKA B WHAYKTUBHOCTH PAaBHO TOKY B HEH HEMOCPEICTBEHHO
nepen KOMMYTAIUEeH, TaK KAaK TOK B KATyHIKE HE MOMKET M3MEHATHCA CKAUYKOM II0 3aKOHY
KOMMYyTanuu. Hanpsxenne Ha KaTylmke MOKET U3MEHATLCA CKAYKOM U ITPH OTKITFOYEHUN MOKET
IOCTHUTaTh BEChMA OOJTBINNX 3HAYECHHH.

B nmannou pabore kKOMMyTAaya (BKIOUEHHE W BBIKIFOUEHHE IIEMH) OCYIIECTBIAECTCA
TPAH3UCTOPOM, HA 0aszy KOTOPOr0 HOJAIOTCA ONHOIIOJLIPHBIE IIPAMOYIOJIBHBIE OTHUPAIOIINE
HUMITYJIECBEI TOKA OT TEHEPATOPA HAMPMKEHUH cneruaabHou (popmel ¢ wactoror 200 I'a. [Hostomy

00a mepexomHBIX IMPOLECCa MEPHOOUYECKH HOBTOPAIOTCA M MX MOKHO HAOmMOOarte Ha

OOBIUHOM WJIM BUPTYAIEHOM OCIuIorpade.

Yrazanue no mexnuke dezonacHocmii:
VKazanua 10 TEXHUKE O0€e30macHOCTHM MpH BBEINOAHEHUH Ja0OpaTropHeIX paboT

[IPUBEICHBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii padbomoi:

1. BriBecTn HAa OUCIUIEN OCHMUIOrpad)a KPUBBIE TOKA U HANPAKECHUA HA KATYIIKE
WHIYKTUBHOCTH NPH NOAKIIOYEHWH U OTKJIFOYEHWH UCTOUYHUKA IMOCTOSHHOTO HampsKeHus. B
KQKIOM W3 S3THX CIY4YdeB OMPENEIUTh SKCIEPUMEHTAILHO U PACCUYUTATH JOKOMMYTAIUOHHEIE
(t=-0), naganeneie (t=+0) u ycraHoBuBmMEcCH (= ° ) 3HAYEHUA TOKA W HANPIKEHUS HA
KATYNIKE, OMPEIETUTE TO0 OCHWIIOTPAMME MOCTOSHHYIO BPEMEHH TIETH.

2. nuwn@ﬁrﬁﬁ%mlﬂeﬁH 1ens coracHo cxeme (puc.7.1), BrkaoumB B HEE BMECTO

SNEKTPOHHOW NOAMNUCHIO
CepTvdb 3 CHIESTR HSMEPH PO BP0 HPHOOPOB COOTBETCTBYIONINE THE3AA KOHHEKTOPA.

Bnaneneu: ebayxoea TaTteAHa AneKcaHgpoBHa
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Pucynok 7.1 — Ilpunimnuansnsie cxema nadoparopHou padOTEL

3. Bxmounute ocuwmnorpad, ycranosure pas3seéprky 0,5 mC/men m mepepucyure
M300paKEHNE TOKA U HANPSDKEHUA Ha Karymke Ha rpaduk (puc./.2). He 3a0ynpre ykaszars
MacmTad s KaxIaou KPUBOHU.

- Onpenermre no rpaguky WIM  HENOCPENCTBEHHO IO  ociumiorpady
mokommyTanuonHsie (t=-0) nauansusie (t=+0) u ycranoBuBmmecs (t& © ) 3HAYEHUS TOKOB M
HANPSKEHUW HA KATYMIKE B ABYX Cioydasax: |. - K09 3aMBIKAETCA; 2. - KIIFOY PA3MBIKAETCA.
3anecure ux B Tadu. 7.1.

5. PaccuuraiiTe TOKA M HANpsKEHUA HA KATYMIKE I 3THUX € MOMEHTOB BPEMEHH,
3aHECHUTE Pe3ynbTaThl Takke B Ta0n. 7.1. CpaBHuTe pe3ynbTarsl pacyéra U SKCIIEPUMEHTA.

6. OmnpenemiTe MO OCIIMIUIOTPAMMAM ITOCTOSHHBIE BPEMEHH ITPH BKIIOYEHHOM M IIPH

OTKJIOUCHHOM MCTOYHHUKEC ITUTAHMA.

KoY saMKHyT Koy pasoMKHyT
< ' < >
A
5 u, I
4
3 MacLuTabbl
2
1 t M=, B/oen
0 —
ME. e, mA/nen
-1
-2
M=.......... mC/gen
-3
4
-5 —OKYNERT TTOAMCAH
0 SNEKTPOHHOPNOANNCHIO 4 5 6 7 8 9 10
Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

UCYHOK 7.2 — OcummnorpaMMel NEPEXOIHOTO TIPonecca

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Tabmuma 7.1 — Kimod 3aMKHYT

t Bxmouenne, JG = MC BrikmoueHne, J0—= MC

ur, B ir, MA u;, B ir, MA

- 0, pacuér

- 0, sKCIIepUMEeHT

+ 0, pacuér

+ 0, sKCcIIepUMeHT

% | pacdér

o
3

IKCIICPUMEHT

Tabmuia 7.2 — Kimod 3aMKHYT

t BkmodeHue, JG = MC BrikmoueHne, Jo= MC

ur, B ir, MA u;, B ir, MA

- 0, pacuér

- 0, sKCIIepUMEeHT

+ 0, pacuér

+ 0, sKCcIIepUMeHT

© , pacuér

o
o

IKCIICPUMEHT

Cooepoicanue omuema:

OTuer D0IKEH COIEPKATh:

1. Hazsanue pabotsr;

[{ems paboTsr;

Kparkue TeopeTuueckue CBEIeHM,

Omnmcanne UCIoap3yeMoro 000pyI0BaHNA U MATEPHUATIOB;
[Topsamok BEITIOTHEHUS PAOOTEI;

Beraucnenus u 00paboTka pe3ynasTaros;

NSy AW

BrIBO TIEI.

K ORMPBBIVIC 6O OChI:
Sssts ettt
weptudukar. 2COPINESESAPTETréNRy TOR' B MHAYKTUBHOCTH HE MOKET HM3MEHSTECA CKAUKOM?

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

2. YT0 moHMMAOT N01 KOMMYTAIUEH !
Nencteutened: ¢ 19.08.2022 no 19.08.2023



3. Yem onpenensaercsa CTENEeHs XapaKTEPUCTUIECKOTO YPABHEHNA !

- Kak momydurs XapakTEpUCTHYECKOE YPABHEHHE ILIEMA 4Yepe3 €€ BXOOHOE
CONPOTHUBIEHUE?

5. Kak BBIYMCHAIOT JOKOMMYTAIIMOHHEIE M MOCIEKOMMYTALMOHHBIE HAYAILHBIE
yCIOBUsA

6. Yro Takoe moCTOSHHAA BPEMEHU MTEPEXOTHOTO mporecca’?

7. Kak M3MEHUTCA NOCTOSHHAS BPEMEHM LEMM ¢ KATYLIKOW IPU YBEIMUECHUH €€
WHIYKTUBHOCTH ?

8. Kak BiMser axkTHMBHOE COINPOTHUBIIEHHUE OSIEKTPUYECKOM IEMU, COAEpKamei

WHIYKTUBHOCTS, HA JIUTEARHOCTh NMEPEXOIHOTO mporecca’?

9. Kak paccuuTeIBarOT 3aBUCHUMEIE HAYATBHEIE YCIOBUA?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Jadopamopnasa paboma Ne8. Ilepexoousie npoveccol ¢ R-L-C Koumype.

Ilens pabomer: ViccnenoBaTe TEPEXOOHBIE TMPOLECCHI B ANEKTPUYECKOW I1IETIH,
COCTOSIMIEN W3 MOCHEAOBATENBHO BKIIOUEHHBIX AKTUBHOTO COMPOTHUBIEHUSA, UHOYKTUBHOCTH U
EMKOCTH, OINPENETUTh 3aBUCHUMOCTh XapakTepa MEePEXOAHOTO TMPOIecca OT COOTHOILIEHUS

BCJIMYHUHEI MTAPAMCTPOB 3JICMCHTOB CXCMBEI.

Ocrnoevt meopuu:

B 3amkayTOM KOHTYpE (puC. 8.1) mOCIE OTKIIOUYEHHUH €r0 OT MCTOYHHUKA ITOCTOSHHOTO
WM TIEPEMEHHOTO HANPSKEHUS MOTYT BO3HHKHYTH 3aTYXArONINE CHHYCOMIAIBHBIEC KOJIeOaHus,
OOyCIOBJIEHHBIE HAUATBHBEIM 34MAaCOM HSHEPTHM B SJIEKTPUUECKOM ITOJE€ KOHJACHCATOpPA U B
MATHUTHOM IT0JIE€ KATYIIKA UHAYKTUBHOCTH.

B o0mem ciydae COCTOAHHUE LENMM OMpenenserca u3 aqu(pepeHnnansHoro ypaBHEHUS,

COCTABIEHHOTO IO BTOPOMY 3aK0HYy Kupxrodga:

. di
RI+LE+HC:U.
Mockosky i=Cdu/dt,
du - d*u,
RC—+ILC 5 +u =0,
dt dt
HJIH

d’u du
c:_l_R C, 1 .
d° L dt LC

t=0; . R L

U lJc: C
v \ 4

Pucynok 8.1 — [IpuHiiummansras snexkrpudeckas cxema 1aboparopHo padOoTE

AOKYMEHT MOAMWCAH .
OMMaNHERORD T (P(PEPEHIMATEHOTO YPABHEHUA 3aBUCUT OT XapakTepa KOpHEH

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E
BragenXd P AKTSPHCTHHSCROFOVPaBH CHIA .
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KopHu 5TOr0 ypaBHeHU:

R /[RV 1
Po==57 37| "¢
oL \|2L] LC
RV 1 I'T
—| ——=>0, 7.e. R>2y—==R,
Korma 2L LC \C ’ \ KOPHU BEIECTBEHHBIE

OTPUIATEIBHEIE W MPOLECC HM3MEHEHMA TOKA W HANPDKEHMI WMEET AanepuoIuueCKui
saryxarommi xapakrep (puc.10.3.2a). Ecmn xe R<R,,, TO BO3HMKAET KOI€OATEILHEIN MPOLECC

(puc. 10.3.20). Torna pemenue ngud pepeHuINanbHOr0 ypaBHEHUS HMEET BU:

uD — &t - ' . ul] — 5t
U, — e " sinlot+y i 1 inr
|I 2
R gm L [R
)L \'zc 2L

Pucynok 8.2 — I'pajuk 3aryxaroninx CUMHYCOMTATBHEIX KOIEOaHUI

[lpy yMeHBImIEHMM CONPOTHUBIIEHWSA OT HEKOTOPOro 3HadeHus Oombmero, uem Rkp
CHA4Yana yBEIMUMBAETCA CKOPOCTh 3aTyXalMIETO AamepHOIMYECKOTO IPOIECcca, 3aTeM, IPH
R=Rkp Ka4eCTBEHHO M3MEHAETCA XAPAKTEP OPOLECCA — OH CTAHOBUTCA KOIEOATEIBHEIM - U TIPH
DATBHEUIIEM YMEHBIIEHUH COMPOTUBIEHUS YBEIUUNUBAETCA ACTOTA KOJIE0AHUNA U YMEHBIIAETCSA

saryxanue. Ilpm R, crpemsmiemcs k Hymro, 4acTroTra CTPEMHUTCS K PE30HAHCHOM 4YacTOTE

w,=1 I LC | a zaryxanue — K HyITI0.

B nmgannou pabore 3apsang KOHIEHCATOpa OO0 HAOPSKEHUA Ug OCYIIECTBIIACTCA

OTHOIIOJIAPHBIMH IPAMOYTOJIBHEIMM MMITYJIbCAMHM HANPKEHUA M HCCIEAYETCA IPOLECC €T0

paspana H4., CONPOTHBACHUE W MHAYKTHBHOCTh BO BPEMA May3 MEKAY MMIYILCAMU.
ANEKTPQHHOW NOANUCHIO

CepmnbdOBEORAIOA IS A FIPOHECE BaPAA. 1 Pa3PAaa KOHIEHCATOPA MOAKHO HA0MI01aTh HA HIEKTPOHHOM

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

WM BUPTYAJIBHOM OCHHILIOTpadE.
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Yrkazanue no mexunuke dezonacHocmii:
Vkazanuga 10 TEXHUKE O0e30macHOCTHM MpU BBEINOTHEHUM Ja0OpaTropHeIX padoT

IPUBEICHEBL B IPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamoproiu padomoi:

1. HccnenoBare BIMAHME AKTUBHOTO CONPOTHBIEHUS HA Xapakrep mporecca
pas3pana KOHAEHCATOpA HA COMPOTHUBIECHHE U MHAYKTUBHOCTh. CpPaBHUTH HKCHEPUMEHTAILHBIE
JacTOTY M 3aTyXaHue KOoJIeOaHnil ¢ paCu€THEIMA 3HAYEHHAMH.

2. M3mepeTe OMMETpPOM ¥ 3amMIINTE AKTUBHOE CONPOTHBIEHUE KATYIIKU
WHIYKTUBHOCTH, YKAa3aHHOU HA CXeMe (puc.7/.3):

R= Owm.

3. Breraucmmure pe30HAHCHYI 9ACTOTY M KPUTHUECKOE CONMPOTHUBIEHUE KOIE0ATEMEHOTO

KOHTYpA:
1
fﬂz ."—=
2nvLC '
L
R =2 ||_:
v NC Om;
4. CobOepute neme cormacHoO cxeme (puc./7.3), BKIIOUMB B HEE B KAYECTBE

W3MEPUTEIBHEIX OPHOOPOB COOTBETCTBYIOMIME THE3NA KOHHEKTOPA, BBIBEIUTE IMOACTPOEUYHBIN
pesuctop Rpo0 HAa HONE W yCTAHOBUTE HA MCTOYHUKE HANPAKEHUSA ONHOIOJIAPHEIE

OPSIMOYTOJIBHEIE UMITYJIECH yacToTOM 200 ['1i M1 MakcuMansHON AMIUTUTYIEL.

R.unﬁ 1kOm Ru 1 i

_ 5 + ITF | 40 mI
u JL “0?22@

MKD
T ‘
o ®
Pucynok 7.3 — [IpyHimmnmansHas 5NEKTpUUECKas CXxema
5. BrximounTe BUPTYaAJIBHBIE NPUOOPEI 1 HACTPOUTE BUPTYAIBHBIN ocuuuiorpad mmis

Hﬂﬁmﬂ%%%%m u 1(t) (manbonee yamodnas s pazséprka 200 - 500MmxC/nemn.).

Ceprudpukar: ECE’%‘)[’G“E%@%%Wﬂﬁﬂﬂﬂﬁ%mmpaq)y MePUO 3aTyXAMNX KOJICOAHWI M BEIYUCIIMTE

Bnaneneu: L1 eﬁafxn Ba TaTesH caHapoBHa

JacToTy:
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T= MC, f= I

7. Y0enurecs, 4TO MOJIYUEHHOE 3HAYEHUE YACTOTHI OJIM3KO K PE30HAHCHOM YaCTOTE.

8. [InaBHO yBenuumBag mo0aBOYHOE COMPOTHUBIEHUE R .6, yOemuTecs, uro gacrora
KO0meOaHuM CIErka YMEHBIIAETCA, 4 3aTyXaHUE YBEINUUBACTCA U MPU O0JIBIIOM COMPOTUBIIEHUH
MPOIECC CTAHOBUTCSA ATIEPUOIMIECKUM.

9. YcraHoBUTE PEryjasTop MOTEHIMOMETPA B MOJOKEHHUE, MPU KOTOPOM MPOIECC
MEHIET XaPAKTEP, OTKIIOUUTE ONUTAHNE U U3MEPHTE OMMETPOM 100ABOUHOE COMPOTUBRIECHUE!

R Owm.
Brruncmure cyMMapHOE€ aKTUBHOE COMPOTUBIIEHUE K0JIE0ATEILHOTO KOHTYpa!
R stR~= Om

Y0emurecs, uto 3Ta cymma Ommska Kk Ry,.

Cooeporcanue omuema:

OTUeT OOmKEH CONEPIKATE:

1. Haszeanue paOoTEr;

[lems paboTst;

Kparkue TeopeTuueckue CBEICHUA;

Omicanre nCmonp3yeMoro 000py10BaHUA U MATEPHUATIOB;
[Topamok BermomHeHus pabOTHI;

Beruncnenus n 00padoTKa pe3yibTaTOB;

-1 ™ a2

BEIBO ITEI.

Koumponsnwie sonpocwi:
1. Kak nmomygaror aud(pepeHIMaIbHOE YPAaBHEHME, OMUCBHIBAIONIEE NEPEXOTHBIN

MPONECC IEKTPUIECKON LIeTH?

2. Yewm onpenenserca nopagok gudepeHnnarsHOT0 ypaBHEHU !

3. B kakowm ciyuae qudpepeHImansHOE ypaBHEHNUE OyIeT OJHOPOIHEIM, U B KAKOM
— HEOTHO PO JHEIM?

- Kak  moayuuTe ~ XapakTEpPUCTHUECKOE  ypPaBHEHUE,  €CIM  M3BECTHO
mi(Pepentmansaoe?

5. Kak KOpHH XapakTepUCTUYECKOr0 YPABHEHUA BIIMAIOT HA XAPaKTEP IEPEXOTHOTO
mporecca?

OKYMEHT NOANMCAH
GEH%HTF.Q @qﬁ%%ﬁMDT HOJ MOKA3aTEIeM 3aTyXaHusi PE30HAHCHOTO KOHTYpa, OT YEro

Cepmudomkatr: 2C0000043ESABBBO952205E/BAS00060000043E
Bnanen3ABH CHEE R1Q BEAMEHHA 1posya
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1. Or 49ero 3aBUCHAT 4YAacTOTA KOJEOATENIBRHOTO IMPOLECCA, BO3ZHHUKAIONIETO B
SMIEKTPUIECKOM IEMA, COCTOSAMIEN U3 MOCIEI0BATENBHO BKIIFOUYEHHBIX KATYIIKA WHIYKTUBHOCTH
U KOHIeHcaropa?

8. Uro noHMMAOT M[OA KPUTHYECKUM COMPOTHUBIIEHUEM MOCIEI0BATEIBHOIO
PE30HAHCHOTO KOHTYPA, KAK OOPEIEINTh €r0 BETUUNHY ?

9. Kak BBMUCAWUTE 3HAUYEHUS TMOCTOSHHBEIX WHTETPUPOBAHUSA TIPU  PEIICHUH
mi((pepeHanEHOrO0 YPABHEHUA, ONUCBEIBAIONMIETO IEPEXOOHBIN MPOLECC B IIEKTPUUECKOU
eI !

10. Kak B pmannou maboparopnou pabore Brl ompenmenunu gactory kKoneOaHWM
IEPEXOTHOTO mporiecca’

11. Kak HalTH 3aKOH M3MEHEHUA TOKA 3apsAa KOHAECHCATOPA, €CIIM U3BECTEH 3aKOH
W3MECHEHMS HANPSKEHUA HA €r0 00KiIankax?

12. Kak HalTm 3aKOH M3MEHEHWSA HANPAKEHUSA HA MHAYKTUBHOCTH, €CIM W3BECTEH

3aKOH U3MEHEHU S, MPOTEKAIIETO yepe3 He€ Toka?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jadvopamopnan pavoma Ne9. Henvimanue oonogasnozo mpaucgopmamopa

Ilens padbomui: 03HAKOMUTHECA C KOHCTPYKIMEN, METONAMH HUCITBITAHUA U ONPENCICHUS

XapaKTePUCTHK TPAHC(POPMATOPOB.

Ocnoebl meopui:

Tpancpopmarop — 5T0 CTarMdeCKWil IEKTPOMATHUTHBIA ANNapar, MPEaHa3HA4dCHHBII
Wi npeoOpa3oBaHuA MEPEMEHHOIO0 TOKA OJHOTO HANPAKEHUA B JIEKTPUYECKYIO SHEPTHIO
MEPEMEHHOr0 TOKA IPYTrOr0 HANPAKEHUA MPU HEU3MEHHON 4aCTOTE.

Tpanchopmaropel MWHUPOKO NPUMEHAIOTCA B TEXHUKE, MPOMEINUIEHHOCTH U OBITY,
MOSTOMY YCTAHOBJIEHHAA MOIIHOCTE BCEX TPAHC(POPMATOPOB B HECKOJIBKO pPa3 HPEBHIIAET
MOIITHOCTE HUCTOYHHUKOB DJIEKTPOSHEPIHH, T.€. JJIEKTPOIHEPIrHA HA IIYTH OT HCTOUYHHUKA [0
noTpeOuTENd HECKOMBLKO pa3 TpaHcpopmupyerca (mpeobpasyercsa). [lo  waznawenuro
TpaHC(POPMATOPEI MOAPA3AEIAOTCA HA CHIOBBIE, CBAPOUHBIE, U3MEPUTENLHEBIE; IT0 KOHCTPYKIIAH
— Ha CTEpPIKHEBEIE, OpOHEBEIE; MO UnCHy (pa3 — HA Tpex(azHbie U OTHO(Pa3HEIE.

[Tpocreiinnnii  ogHodazHelii  TpaHCPOPMATOP COCTOUT U3 ABYX OCHOBHBIX YAaCTEH:
MArHUTONpOBOna  (cepmeunuka) wu  obOmorok. Cepmeununk  HaOuWpaercs W3 JIMCTOB
SMIEKTPOTEXHUYECKON  cramu  tommmHOM (0,5 MM, ¢ 00€eux CTOpPOH  MOKPBITHIX
SNMEKTPOTEXHUUECKUM JIAKOM Il YMEHBIIEHUS ITOTEPh B CTAJIM HA BUXpE-BEIE TOKH. Kpome
TOTO, SJIEKTPOTEXHUYECKAS CTAIb MMEET MOBBIMIEHHOE YAEIBHOE COMPOTHBICHUE W MAIBIE
nmorepu Ha rucrepesuc. CepaeyHuK CIyKUT OIA YCWICHUSA HIEKTPOMATHUTHON CBSI3M MEKIY
00OMOTKaAMM.

Ha cepneunuke pacrmonararorcsa oOmorkn. OOMOTKA, MOOKIIOYaeMas K NUTAIONIEH CETH,
HA3EIBAETCA IMEPBUYHOM, 4 00OMOTKA, K KOTOPOHM MOJKIIOYAIOTCA MOTPEOUTENH MEPEMEHHOTO
TOKA, HA3BIBAETCA BTOPUIHOU 00OMOTKOM (pucC. 6.1).

i

i |~ — = — ~

}
1.. 3 B | I
My Foo ' I Vs x’
1 |

AR A
A l'

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudbukar:  2C0000043E9ABBBI52205E7BA5000600080MEYHOK 6.1 — Cxema Tpancdopmaropa

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ecrm k mepBuuHOM OOMOTKE, MMEIOMIENM YUCIO BUTKOB Wi IOJBECTH NEPEMEHHOE
]
HanpsxeHue u;=U,SInmt, TO M0 HEX HAYHET NPOTEKATh TOK 1, KOTOPEIA OyAEeT OTCTAaBaTh OT U

Ha 90°, u co3mact B CEpOEUHUKE MEPEMEHHBIM MATHUTHBIM ITOTOK, TAKKE M3MEHSIOMIMHCA IO

o, =P,,, cosw t

C COMTAJIBHOMY 3aKO0 . MargauTHEIA TTOTOK, 3aMBIKAACEH M0 CEPAECUHHKY,
HHY MYy HY Y

Oymer HAaBOOWUTH B TMEPBUYHOM M BTOPUYHOM OOMOTKAX 3.0.C., MPOMOPIMOHAIBHBIE YHCIAM

BHUTKOB:

den .
el——wlﬁ——wl-mdbﬂMsmm t=—E

dD, ' '
ezz—szz—wg-m-@ﬂMsmm t=—EFE,,;sinw t

lM'SlH&J L

JleiicTByOMME 3HAUEHUE STUX 3.0.C. OyAyT pABHEL:
E,=4, 4w, [ ®,,
E,=4,4-w,f-®,

OTHOMIEHNE ATUX 5.1.C. HA3BIBAETCA KOA(Pp(punmeHToM Tpancpopmanum:

K= — =

Ecm U,> U,, To Tpanchopmarop moBeimaroniui, a eciau U, <U;, — To monmxkaronmii. B
macrnopre TtpaHncopmaropa ykaseiBaerca OOBIYHO HE KO3(pdumment tpancpopmanmm, a
OTHOMIECHUE BBICHIETO HANPAKEHAA K HI3MIEMY.

[Tpn mocTpoeHM BEKTOPHBIX OUATPAMM HANPKEHUM U TOKOB TpaHC(OpMATOpPa MOTYT
BO3HHUKHYTE 3aTPyAHEHUS C BBIOOpPOM Macmrada HANPKEHWH IEPBUYHOM W BTOPHUYHOU
oomorok, T.k. U;=kU,, a mmarpammel nomkHel ObITe B O0aqHOM macmrade. Ilostomy BmecTo
peanpHOTO TpaHcopmaropa OOBIYHO pPACCMATPUBAIOT TAK HA3BIBAEMBIM ITPUBEIECHHBIN
TpancpopMarop, y KOTOporo oaHa 0OMOTKa (0OBIYHO BTOPUYHASA) MPUBEAEHA K APYTOH, T.€. e
mapaMeTphsl MEPECYUTAHBI TAKUM 00pa3zom, 4TOOBI ATO HE OTPA3MIOCh HA SHEPreTUYECKUX

npoueccax B Ttpancopmarope. IlpuBenennoe HampsxeHME M OPYTHE MAPAMETPEl BTOPUUHOM

0OMOTKH 0003HATATIOTCS 2 2 2 2 2
U .=kU,=U, W =KW,=W, I,
Ecm 2 0] 2 , TO TOK ¢ OMNPEIeTUTCA U3 YCIOBU
[OKYMEHT NMOANMWUCAH —
3NEKTPOHHOW NOANUCLIO . IZ W, Iz' Wz '
Ceprudar e TR TBA O EQKO CHETTACHI 00436 » OTKy
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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2
r .=Kkr,
AHAIOTUYHO, IPUBENECHHOE COIIPOTUBJICHUE 2 ONPENEIAECTCA U3 PAaBEHCTBA

MOTEPHs MOMIHOCTH BO BTOPUYHON 0OMOTKE IO NPUBEIECHUS U MOCJIE MPUBEIECHUS:

Lr,=(I.)r,

2" 2
OTKyZa
2 2
L I, K 2
r=\——|  ‘ry=|—/——| ‘Ir,=K r
> (I 2\ I, ] 2 :
2
AHAIOTHYHO,
2 .
X —K X, Z —K T,
2 H 2
r1+r , — rK
Cymma ¥ HA3BIBACTCSA AKTHBHBEIM COMPOTHBICHUEM KOPOTKOTO 3aMBIKAHM,
X1+X =X, ZI+Z =Z,
a 2 - MHAYKTHBHBIM COTMPOTUBICHHEM KOPOTKOTO 3aMBIKAHHS J :

MOJIHBIM COIIPOTHUBICHUEM KOPOTKOTO 3aMBIKAHUA.
Pexum paboTel, mpHU KOTOPOM BTOpHUYHAsA OOMOTKA pa3OMKHyTa, T.€. HATrpy3Ka
Tpancopmaropa OTCYTCTBYET, HA3BIBAETCA PEKXUMOM XOJOCTOTO X0xaa. [Ipu 3TOoM mMarHUTHEIN

MOTOK CO3JA€TCSA HAMATHUYMBAIONIEN CUIIOW MEPBUYHON 0OMOTKH:

Fo=lw,

3

roe Ip — TOK X0/10CTOr0 X0Ia.

Bemiunna HamarHuamBaroonien Cuisl Fy SBIAETCA MOCTOAHHOM U 3aBUCHT OT pa3MEPOB U
Marepuaia CepacIHUKA.

Pexum paboOTEI, mpHU KOTOPOM BO BTOPUYHYI0 OOMOTKY BKJIFOUEHA HATPY3Ka, HA3BIBAETCSA
pabouuM peRUMOM WIH peRkUMOM HArpy3ku. [Ipu padore B pexnme HArpy3Ku Kaxoas u3
00MOTOK  Tpancopmaropa  CO3Ja€T  CBOIO  HAMATHUYMBAIONIYIO  CWIy,  HOPUYEM
HAMATHUYMBAIOMIAA  CAJA  BTOPUYHOM  0OMOTKM  Oymer — HampaBiieHAa  HABCTPEUy

HAMATHUYMBAIOMIEN CUJIE IEPBUYHON OOMOTKU:

FD - F 1 + FE
[IOKYMEHT MOAMMCAH i { {
SMNEKTPOHHOW MOAMNUCHIO wa=T.w.+].
Ceptchukar: 2C0000043E9ABSBI52205E7BA500060000043E IU Wo Il Wi 12 Wy
Bnageney, lLlebayxoea TaTbAHa AnekcaHapoBHa

- = - « } YT e E [=] ]
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Takum  00pazoM, MarHUTHBIM IIOTOK, CO30aBAEMBIM  BTOPUYHON  OOMOTKOM,
pa3MarHUUYMBAET MATHUTHBIN ITOTOK, CO3JAHHBIN MTEPBUYHON 0OMOTKOH.

Tak kak MarHuTHEIM MOTOK TpaHCPOpMATOpPA NO BEIUYMHE MMOCTOAHEH, TO
HAMATHUYMBAIONIAA CWJIA HNEPBUYHON OOMOTKH YBEIMUMBAETCS TOJBKO HA TAKYIO BEIMYUHY,

I,w,

W o
yTOOBI TEOMETpHUUECKAsA CymMmma L1 n OCTABANACH MPAKTUYECKH TTOCTOSIHHOM.

CnenoBaTensHO, IPU YBEIMUEHUH TOKA BO BTOPMYHOU OOMOTKE TOK IMTEPBUYHON O0OMOTKH

W -
VBEJIMUMBAETCS TAK, YTOOBI HAMArHUUMBAIOMIas cwia 00  mommepkuBasachk ImoCTOSHHOM.

[Ipu yBenuuennn wHarpy3ku TpaHcPopMaTopa HANPAKEHUE BTOPUUHOM OOMOTKH
CHUKAETCS HA BEMUUHY AU | KOTOPO€ Y MaJbIX TPAHC(POPMATOPOB MOKET OBITH OMPENEITIEHO

MyTEM UCIBITAHWUM MO HATPY3KOH TPaHC(POPMATOPA U HEMOCPEACTBEHHBIM U3MEPEHUEM AU

Tpancopmarop 00mBIION MONIHOCTH HATPY3WUTh M HUCIBLITATE MO HATPY3KOHM OYEHB CIOKHO U

HESKOHOMHUYHO, HOATOMY JJIS1 HUX AU OMPEAETAIOT PACIETHEIM TYTEM.

Harpyska Ttpancopmaropa MOKeT OBITP YUCTO AKTUBHOM (OCBELICHUE), MPHU KOTOPOU
cos ¢, = 1,0, u cmemanHoi — akTHBHO-UHAYKTUBHOHU (R-L) mnu aktuBHO-emrocTHOM (R-C), mpu
KOTOPBIX COS (2 < 1,0.

3aBUCUMOCTh HAOPSSIKEHUS BTOPUUHON OOMOTKM OT TOka Harpy3ku, T.e. U=t ( I ),
OpU MOCTOSHHOM IO BEIMYUHE HAMPAKEHUHM NEPBUYHOM 00MOTKM U; M1 mMOCTOSHHOM 3HAYEHUH
KOd(p(purieHTa MONIHOCTH COS (P2, HA3BIBACTCA BHEMIHEM XApPAKTEPUCTUKOM TpaHc(opmaropa
(puc. 6.2).

Hanpsxenne na BTOpuaHOH OOMOTKE MpH XO0JIOCTOM Xxoxe, T.e. mpu [, = (), Ha3eiBaercsa

HOMHUHAJIBHBIM HanpskenueM. llpu marpyske HanpsxeHne Oyner M3MEHATHCA HA BEIUYHHY

AU

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

WDKUKAT 2C0000043E9ABEB952205E7BAS00060000043E

o~ - "
LeD3yxXoBd iITbHAHA AJIeKCaHOpoBHA
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Pucynok 6.2 — Buemnsaa xapakrepuctuka Tpaancopmaropa

Jlna ompeneneHus BEIMYHHEL AU pacyeTHBIM ITYTEM HEOOXOIMMO BEIITOJHUTE IBA
OMBITA: OIMBIT XOJIOCTOTO XO4A U OMBIT KOPOTKOTO 3aMBIKAHUA.

OnelT XOJOCTOTO0 XOAA BBIMOJHACTCA [AJA OHNPEACICHUA HANPAKEHUS BTOPUUHOU
oomoTtku Uy , TOKaA xomocToro xona Iy u moreps momnoctu xonocroro xoxa Py. Tak kak npu
xomoctom xome Tok I, = 0, a ok I; = Ip 1 cocraBnger HECKONBKO MPOUEHTOB OT TOKAa I, TO
MOTEPH B 0OMOTKE IMPH XOJIOCTOM XOJE€ MAJIBI M MOKHO CUMTATh, UTO ITOTEPH XOJOCTOr0 XOIa —
3TO NOTEPU B CTAIM CEPAECUHUKA.

OneIT KOPOTKOTO 3aMBIKAHUA, IIPU KOTOPOM BTOPHUUYHAA OOMOTKA 3aMKHYT4 HAKOPOTKO
(zn = 0), BeimoyHsAeTCa mnpu MOHWKEHHOM HanpsskeHun Uin . IIpm stom mHampsuxenue
MOBBIMIAETCA OT HYJIA 00 3Ha4€HUA Uiy , OPU KOTOPOM TOK 3aMKHYTOH HAKOPOTKO BTOPHYHOH
00OMOTKM paBeH HOMUHATBHOMY Ly, Tak kak 5T0 HaNpsIKEHUE COCTABIAET HECKOJLKO MPOILIEHTOB
OT HOMMHAQJIBHOTO, TO U MAarHUTHBIA IMOTOK, ITPOMOPIMOHAIBHEIA HANPKEHUIO B CEPICUHHUKE,
O4EHhP MAJ M MOTEPAMH B CTAIM MOXKHO NpEHEOpeYh M CYUTATh, YTO HOTEPH IMPHU OMBITE
KOPOTKOT O 3aMEIKAHUSA — 3TO MOTEPU B MEAU 0OMOTOK TpaHc(popmaropa.

3uag Uy m motepu Pyy MOKHO ONPENEIUTE Zg, Fi, Xk

UIKH

1H

_ |2 2
Xg=NZg—Tg

e

r,=r,+r.. X, =X,+X.
Fﬂ%mwmgw rjc;lmmc H H K L 2
SMNEKTPOHHOW MOAMNMCHIO

- dKTHBHOC H PCAKTHBHOC COIIPOTHBICHHUA

Ceprnd KOPOTROTO! 3aMBIRAHH. /EA500060000043E

Bnageney, LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa

Neinct

BATE

Wsmenenue nanpsokenmst mpu marpyske AU oo ompenenurs mo dopmyre:
y My

o « 1 b 1 il Ll Ll - (=] y
fed: c 19.08. 202 19.08. 2023

1 Il"h
i L=
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L e
IDWEKAT Z LU0 43E9AB8BBAO52205E7BASD

ﬂU:B-[:Um'CUS ¢2+Uﬁp'51n ¢2)

U =1L r
rne ko T1H K - akTHBHAsA COCTABIIAIONIAS HATIPSIKEHUS KOPOTKOTO 3aMBIKAHU;
Kp - PEAKTUBHAS COCTABIISIONIAS HATIPSKEHUS KOPOTKOTO 3aMBIKAHW;
3‘42-
I _ .
2H - kos(p(punmeHT HArpy3ku TpaHcpopmaropa; 3HAUCHUAMH COSQP> U SN @

3a0dCMCA.

3uas Ugy n AU P PA3IMYHBIX 3HAYCHHUAX [ W XapakTepe HArpy3Kh, MOIKHO
ompenemuTs 3HadveHwe U, mnpu  HArpy3ke€ W MOOCTPOUTH BHEMIHHE XapaKTEPUCTHUKH
TpaHc(popmMaTropa paCIE€THEIM IIYTEM.

Baxuou xapakrepuctukou tpancopmaropa ssigerca ero KIIJI:

_PZ_PI—ZP_ P P

n= =1-
P, P, P

_ 2
" P,+IP

1

KII/l MO)HO OnmpenemiTs myTeEM HEMOCPENCTBEHHOTO W3MEPEHUA MONIHOCTEH P> u P
WM PACUETHBIM ITyTEM, 3HAA OQHY M3 €r0 MOMIHOCTEH M CyMMY moTeph B HeMm. [lepBriit meron
MPUMEHSIOT IMPU UCIBITAHUH MAJIOMOIIHEIX TPAHC(POPMATOPOB, T.K. B 3TOM CIIydae HET MpooIeM
C HArpy3kou Tpancpopmaropa peocraramu. B momuex tpanchopmaropax KIIJ ompemensroT

OyTEM W3MEPEHWUsA WIW pacdeTra NnOTePph B HEM M IIOJIE3HOM HArpy304HOM MONIHOCTH

p,=U,I,cos¢,

. Bemmuuna KIIJ] 3aBucut or marpysku (puc. 3).

P
_Egﬁgj

. P
KII/] nmeer makCumMyM MpU OTHOCUTENBRHOM HATpy3ke — 2H , KOTJ1a TTIOCTOSTHHBIE
norepu (Fo) paBHEI MEPEMEHHBIM TOTEPIM (Fk).
$ i
1.0

OOKYMEHT NOANWMCAH
SNEKTPOHHOW NOONKUC

000 BARBREZE0SE TEATY 0000043 P,
0 0 1.0 P.

l:_.ll

65



Pucynok 6.3 — 3aBucumocts KIIJ] Trpancdopmaropa ot narpysku

[Tpu yBemmuennn narpysku Beime 0,7 P, KIIJ] ymensmaercs, tak kak nepeMEHHBIE

2
[IOTEPH PACTVT IIPOIIOPIIMOHAIEHO I, a MOIIHOCTE — IIPOMOPIMOHAJILHO IMEPBOM CTEIEHH
VT

Ttoka. [Ipu ymenemennn narpysku KIIJ| ymeHpmaerca w3-3a yBEIMUEHHA TOJIHU ITOCTOSHHBIX

MOTEPE B 00MIEH MOTIIHOCTH.

Yrazanuue no mexnuke dezonacnocmii:

YKazanusa 0O TEXHUKE O0€30macHOCTH IMPH  BBEIITOJHEHUMH Ja00paTopHEIX padoT

[IPUBEICHBI B IPUJIOKEHUE A.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ykazanun no evinonnenuro nabopamoproiu padomoi:
1. BeIMOMTHUTE OMBIT X0MOCTOT0 Xoxa. [ms storo cobOpars cxemy (puc. 6.4). Ilpu
OMPENETIEHNHN NOTEPh X0mocToro xoaa Py kmou K B nierm BTOpUYHOM OOMOTKH NOJKEH OBITH

3aMKHYT Ha BOJIbTMETDP. Pe3yipTaTel M3mMepeHud mpu HECKOJBKUX 3HAueHMsx U; 3aHecTu B

Tabmuigy 6.1.
7
: ‘ m T
oo K
.
™ [T |
00— N
X X
Pucynok 6.4 — Cxema ucneiTanua TpaHc(popMaropa B pEKUME
X0JIOCTOTO X011
Tabmuma 6.1 — Pe3ynbprarel BEIUMCIEHUH U U3MEPEHUM
M3MepeHHbI€ BEMYNHEL BeluncnenHbie BETUUMHEL
NS U I P U K=t
OITEITA 1X 10 0 2 COSs Qo U,
B A Bm B - -
]
2
3

2. BRIMOJHUTE OOBIT KOPOTKOTO 3aMbikaHuA. Jlms sToro cobOpare cxemy (puc. 5), mpu
5TOM B CXeMme BOIsTMETp FV: 3amenurs ammepmerpom A Ilepen BkiaroueHMEM CXEMBI
noBOPOTHYIO pPykoATKY JIATPa HyXHO yCTAaHOBUTH HA HOIBL. 3aT€M 3aMKHYTh Kinod K,
BKJIIOUWUTE CXEMY U IDUIABHO yBemMMunBaTh HanpskeHnue JIATPom no Tex mop, moka aMmepMeTpsl
A, u A, HE CTAHYT MOKA3LEIBATH HOMHUHAIBHEIE 3HAUCHUA TOKOB [y U Ly, IPHU ATOM HANPSIKEHUE

NEPBUYHON 00MOTKM Oyner paBHO Uy, 3amucars MokasaHus npuOopoB B Tadmnuily 6.2.

JIATP

P [

0 g—

AOKYMEHT MNOANMCAH
S K POHAOVA QA1 V&b
%Hé}’lg(ﬁ{dgu—?%ﬁ%hﬂHCHMTﬂm{H TpaHc(popMaropa B peKUME KOPOTKOTO 3aMBIKAHHA

¥ X

Ceptudmkar: 2C000004 dBYS2Z205ETB

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA

Neicteutenex: ¢ 19.08.2022 no 19.08.2023



[To pesyneraram ONOBITOB XOJOCTOrO XO4A M KOPOTKOTO 3aMBIKAHWA OIPEICIUTE
kod(puument tpanchopmanuu k, Uk, cos @y cos @k, TOIHOE, AKTUBHOE W HMHIYKTHUBHOE

COMPOTHUBJICHHA KOPOTKOT' O 3dMBIKAHHA Zk , Fk H Xk .

Tabmuma 6.2 — Pe3ynpTaTsl BEIUMCIEHWH U U3MEPEHUT

O
Ne M3MmepeHHbIe BEMMIHHEI BeiuncaeHHBIE BeTUIUHBI
OIBITA
Uik Ik Pk Iy - COS Qg ZK Fx XK
|
B A Bm A - - Owm Om Owm
|
2
3
P 2
0
COS = ; COS ¢, = £
Uil , Uik lik ,
7 = UIK r = PK
K~ 1 K~ 32
I 1K . Il K :
|2 2
Xg=\VZx Tk

OnpenemTs KO3(PPUIIUEHT NOIE3HOTO IEUCTBUA TpaHC(opMmaropa #:
_ P, _ P,y
Py P,y+Py+Py

n

3naueHus Py Oepercs w3 macnopTHEIX JaHHBIX TPaHc(opMaropa.

3amaBasce 3nagenuamvu S = 0,25; 0.5; 0,75; 1,0 ompenemats AU nipu 3Ha4€HUAX €OS (2 =
1,0; 08 (R — L) u 0,8 (R — C), pe3yasTarTel pacueToB CBECTH B TaOmuiy 6.3. 3aTeM IMOCTPOUTE
BHEIIHUE XAPAKTEPUCTUKU IS NPUHATEIX 3HAUECHUM COS @>, IPU 3TOM UMES B BUAY, UTO COS (>

npu (R — C) Harpy3ke OTpHUIIaATENEH.

Tabmuma 3 — Pe3yapTaTel BEIUMCICHUA U M3MEPEHHM

U =J _—— U, cos@, +
B u =1, r. = X, | U_ -cosp -sin @ - AU
Kil 1H 'K Kp 1H K Kl 2 K 2 -
+U » SN @,
- B B B B B B
CepTudukgT -
Bnaneneu: C!lldéﬁay toBa TaTeAHa AnekcaHgpogHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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1,0

2. BeIMOMTHUTE OMBIT OOA HArPy3kOoM mo cxeme puc. 6.6. Ilpu srom cxemy
COEOUHEHUIT MNEPBUUHOM OOMOTKM (puC. 6.5) HE H3MEHSIOT, 4 K BTOPUYHOM OOMOTKE

MOJKJIFOYAOT HATPY304YHEBIN PEOCTAT U BEIMOJIHAIOT U3MEPEHUA IPH TPEX — YETHIPEX 3HAUYCHUAX

HATPY3KH.
Adg Ty
~ T
Oe S

Pucynok 6.6 — Cxema ucneITanus Tpascopmaropa moa Harpy3kou

B cuemyroonieM ONBITE NOCAENOBATENBRHO C HArPy30UHBIM PEOCTATOM MOAKIIOUAIOT
KATyIIKy WHIYKTUBHOCTH W BBINOJHAKOT 3amep [, u U, 3areéM ONBIT MOBTOPAIOT HPH
MOAKIIOUEHNH ITOCIENOBATENRHO € HArpy304YHBIM peocrtaroM Ry emkoctn C. Pesymbprars

mMepenuii  3aHocsat B tabmuiyy 4. Ilo pesyasraram  STUX ONOBITOB CTPOSAT BHEIIHHE

XapaKTE€PUCTUKH.

Tabmvma 6.4 — Jlanusie 11 mOCTPOEHU BHEIIHUX XAPAKTEPUCTUHK

No
M3mepeHHbIe BEMUMHEL
OMEITA
AKTHBHAS Harpy3kKa R-L narpy3ska R-C narpy3ska
1 U, 1 Us 1 U,
A B A B A B
1
2 _ _ _ _
3 _ _ _ _

Cooeporcanue omuema:
OTUeT OOmKEH CONEPIKATE:
1. Hazsanue paboTsr;

2. [leas paboTHI;

3. Kparkue TeopeTuaeckue CBEICHMA;
- Omicanye uCnoap3yeMoro 000py10BaHuA U MATEPHUATIOB;
AOKYMEHT MNOANMCAH
oD LTOPSIOK BhiTTo mHeHys paGoTer;
Ceprwdukatr: 2C0000043E9ABEB252205E7BAS00060000043E
Bnapeneuy lllebpyxopa TaTygHa AnekcadnpoBHa
- 6.7 " Beraucaenns u 00paboTka pe3yanTaTos;
Neitcteutened: ¢ 19.08.2022 no 19.08.2023
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1. BeIiBOOEI.

Koumponasnwvie sonpocwi:

1. C Kako# 1EeJIbI0 BRITTOJHAOT OIBIT XOJOCTOT0 X0ma?

Kak ompenenserca nanpsxenue Uoy?

Yem 00yCI0BIEHEI MOTEPH MOMIHOCTH B PEKUME XOJIO0CTOr0 X0aa?

C KaKOM IENBbI0 U KAK BBITOIHAIOT OIBIT KOPOTKOTO 3AMBIKAHU S

Kak ompenensoT n3MeHEHNE HOMUHATEHOTO HanpsxeHna AUy ?

OT 49ero 3aBUCAT MOTEPU MOITHOCTH B PEKUME KOPOTKOTO 3aMBIKAHUA 7
[Tpu kakux yemosusax KIIJ] numeer makcumansaoe 3HaueHUE?

Kakasa Harpyska i Tpancopmatopa aBiserca 0onee mpeanoudTUTEIEHON?

e e s R = TV, B O VS N o

[Touemy cepneunuk Tpancpopmaropa HaOUPAIOT U3 JIUCTOB SIEKTPOTEXHUUECKOMN

crann?

[
=~

byner m1 pabortate TpanchopMaTop C AEPEBAHHBIM CEPIACUHUKOM?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Jdadopamopuan pavoma Nel0. Hcenetmanue oguzameneit ROCMOAHHO20 MOKa.

Ilens padomur: O3HAKOMUTBECA C KOHCTPYKIIMEHN, METOAAMH UCHBITAHUA U ONPENEICHUA

XdPAKTCPHCTHK OBHUTATCII el IMMOCTOSHHOTO TOKA.

Ocnoebl meopui:

Bce mponeccer, mpoucxomamme B mamuHax noctoaHHOro toka (MIIT), moryr OwiTe
OOBACHEHBI C MCIOJB30BAHUEM UETHIPEX MPABWI, XAPAKTEPU3YIONINX AIEKTPOMATHUTHBIE
ABIEHUSA (OIPWIOKEHHUE A):

1) mpaBuwi1O0 MOAYyYEHUSA HIEKTPUUECKOrO0 TOKAa — "HyKHO B 3aMKHYTBEIM KOHTYp K
MOMECTUTH UCTOYHUK 3.1.C. £. B TakOoM KOHTYpe moTeuer 1ok [

2) OpaBuJIO HOONYYEHUs MArHUTHOTO moni — '"HyKHO B IPOBOOHHUKE CO34ATh
SIEKTpUIECKUH TOK /. BOKpyT Takoro nmpoBogHuka Oyaer 00pazoBaHo MarHutHoe nose ",

3) mpaBMIIO MOMYYEHUA MEXAHMIECKOMN CHbl — "HyXHO NPOBOAHUK C TOKOM / TOMECTHTE
B MaruHuTHoe noje @. Ha takou mpoBOAHUK OyIeT NeMcTBOBATE MEXAHNYECKasA cuia F';

4) mpaBuIO0 MOMYYEHUA UHAYKIHUOHHOM 3.1.C. £ — "[Ipu BCAKOM M3MEHEHNN MArHUTHOTO
noist @, nOpoHM3BIBAIONIEM KOHTYP K, B KOHType HABOOUTCA 3.4.C. L HampaBiacHHE
WHIYKIMOHHOH 3.1.C. OmpenendeTca mpaBswiom JIeHnna, mpuuem nepen MpUMEHEHHEM ITPaBUIa
KOHTYP C 3.1.C. Ha10 3aMKHYTE' .

Yerseproe npaBuno npumenurensHo kK MITT moxnO 3amenuTs Ha Oosiee mpocroe
OpaBuiIO MmpaBou pyku (puc.3.l), mnpuuem mponeaypa ONPEAEICHUs HAaNpPaBICHUA

WHAYKIIMOHHOM 3.7.C. £ cymiecTBeHHO nponie npasuia Jlenna.

- _ -
- [ N
g e = —* g
T il I e T -
«h AL R L e
. ;.'}j,__.-r”' T ] e

|'-i- T o
. "___,- I : —-
—- -~ —-

FiucvHokr 5.1 - K BRBOIY DPaBRIa pagol pyen o 8 JICHn S
UTERTPOMATHITTHON AHTY KU (G0 1 OPABRI0 OPagom py i (o)

[Tycte konwtyp (puc.3.l,a), Bpamarmommucas ¢ dYacTOTOM @ B MATHUTHOM TIOJIE,
XapaKTepPU3yEeMBIM UHAYKIMEN B mons, 3a Bpems df MMOBEPHETCA HA YroJl da, npudeM do=w-dt.
[Ipu momepeuynom D u mpogonsHOM [/ pa3sMepax KOHTYpa WU3MEHEHHE IUIOMAOH dS, KOTOPYIO

[IPOHMU3BIBAIOT JIMHU MATHUTHOIO IO UHAYKIUEH B, 3a Bpemsa df Oyner paBHO

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOANWUCEIO dS — I .D- dﬂ — I -D- dt
Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E s
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHapoBHa

a n3MeHeHnne d@ MarHuTHOTO MOTOKA @ 34 TO € BpeMsA df COCTABUT

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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dd=B-dS=B-l-D-w-dt

B kOHType B COOTBETCTBUHU C SBJICHHUEM SIEKTPOMATHUTHOM WHIYKIUM HABEOETCA 1.1.C.

E>, paBnas

d® B:l-D-w-dt D
2 dt dt @ > @ v

L - —

v

E

TO€ V - IMHEUHAA CKOPOCTh NMEPEMENIEHNS POBOTHUKA OTHOCHTEIBLHO ITOJIA.

[Ipn BpamieHun KOHTYpa OTHOCUTEIBHO MONA MEPEMEMIAIOTCA OBA IMPOIOIBHBIX
OPOBOAHUKA [, 11, MOATOMY B KaXAOM M HUX OymeT HaBemeHa 5.14.C. £, COCTABIAIONMIAS POBHO
noJoBMHY 5.4.c. £, (3.3). VYuuteiBag 510, B Ka)AOM W3 IPOBOJHUKOB KOHTYPA,
MEPEMENIAIONIEMCA B MATHUTHOM IT0J1€, OyI€ HABEIEHA 3.1.C., paBHAA

E=B-l-v

@opmyitoit (3.4) yCTAaHOBACHO MPABWIO HOMYUYECHUA MHAYKIMOHHON 5.4.¢c. £ B8 MIIT: "B
MPOBOJHUKE, MEPEMEMIAONIEMCS CO CKOPOCTBIO Vv B MATHUTHOM HOJE C WHAYKIMEH B,
HABOOHTCA 2.1.¢. E".

HampaBnenue 5.m.c. E, onpenenenHoe ¢ moMonipro mpaBuia Jlenna Oyaer Ttakum, Kak
MOKa3aHo Ha puc.3.1.a.

[Tocrpoenus, npuBenennsie Ha puc.3.1,a u Bug Gopmyisl (3.4), TpUBOOAT K IIPABUIY
npaBou pyku (puc.3.1,0): "IIpaByto pyky HyKHO pacmolOKHUTh TaK, 4TOOBI B JIAAOHb BXOIWIIH
IMHUM MATHUTHOTO Mo @, a OOnbmMON OTOTHYTHIM ITAJEl YKA3BIBAJI HA HANPABICHUE
MEPEMENIEHNA MPOBOJHHUKA B IOJE, TO HA HANPABJICHUE 3.4.C. YKAKYT OCTAJLHBIE YETHIPE
maabia'.

OrmedyaeM, 94TO NPABAJIO NMPABOM PYKH HE ABIAETCA YHUBEPCAIBHBIM, KAKUM ABIISAETCS
npaBuiao Jlenia, mMpUMEHUTENRHO K 0a30BOMY OOPENEICHUIO MOJIYUEHUS MHAYKIIMOHHON 3.1.C.,
HO ero mnpumeHeHne npu aHammze MIIT saBngercs Oome mpocTeEiM M, MOATOMY,

[IPCOITIOYTHTCIIL HBEIM.

OcHOBHAS YACTE.

JlBurarems nocrosunoro toka (/{I1T) conepxur (puc.3.2):

- o0OmoTKY BO30Yyxkmenus (OB), pacmomoxkennyio Ha crarope; k OB mpuroxeno
NOCTOSHHOE HampsukeHue BO30yxaeHusa Upg, KOTOpOE CO3HAET B HEW ITOCTOAHHBIM TOK [pp,
KOTOPEIM CO3JA€T MOCTOSHHOE MArHUTHOE mojie BO30yxkneHus @pp; ¢ NOMONIBIO MOJIFOCHBIX

HAKOHEYHHUKOB, HA3BIBAEMEIX H3-3a MX (DOPMBI, HOMIOCHBIMA OamiMakamu, BIOJb UX CO3JAETCA

HDETDM@%W@HFMHDE MOJIE, HATPABJIEHHOE K HeHTpy wm oT uenrpa JIIT; sto

Cepmudpukar:  2C0000043E9ABEBS52205E 7BAS0006Q000043E

Bnanen Ell_-[., D'T[ %&%Hﬁﬂ@?ﬁ% Q.%Q%M CCH 5

- potop, HazeiBaemeld B J{IIT sakopem; k 0OMOTKE AKOPA uepe3 PACIOJIOKEHHEIE HA HEM
Nencteutened: ¢ 19.08.2022 no 19.08.2023 72



IUTACTUHEI KOJUIEKTOPA U MPUJIETAIOIINE K IUTACTUHAM IIETKH, MOABOAUTCA BHENIHEE MOCTOAHHOE
HAIPAKEHUE, HA3BIBAEMOE HANIPKEHUEM AKOpA Uy, 5TO HANpKEHUE CO3TAET B 0OMOTKE AKOPA
MOCTOSAHHBIN TOK AKOPA 5.

Ipunyun oeucmeus [IIT cocTouT B CIEQYIOMIEM: HA NMPOBOJHHUKUA AKOPs, 00TEKAEMBIE
TOKOM [g, TIOMENmIEHHBIE B MAarHutHOEe mone Doy OOMOTKH BO30yKIEHUS, OEHCTBYIOT
mexanndeckne cwiel F. HampaBnenme cun [ onmpenensercs NOpaBUiIOM JIEBOM PYKH, 4TO
oTOOpaxeno Ha puc.3.2.

[IpoBogHUKH OOMOTKHM AKOpA YKIAOBIBAIOTCA B IMA3bl AKOPA W HOOKIIOYANOTCA K
IUIACTUHAM KOJIIEKTOpPA TAKUM 00pazom, 4TO B 4ACTAX OOMOTKH AKOPS, PACIIOIOKEHHBIX ITO
paszHel€ CTOPOHBI OTHOCUTENBHO MIETOK, TOKM MMEIOT OTHO W TO K€ HampasieHue. bmaromaps
TAKOMY HWCIOJHEHUIO AKOPs, CUIBL [, IEUCTBYIOMIUE HA BCE MPOBOJHUKH SKOPHOM OOMOTKH,
CO30A0T  OOMHAKOBBIE II0  HANPABJICHWIO  BPAMIAIONIAE€  MOMEHTEI, CIE€NOBATEIBLHO,
CKJIAABIBAIOTCSA M 3TUM 3aCTaBIAIOT POTOP BpamaTbCa B OOHY CTOPOHY, HANPUMEDP ITPOTHB
JaCOBOM CTPENKE, KaK MOKaszaHo Ha puc.3.2. HampaBnenue BpamieHus SKOpA C 4aCTOTOH @
COBITAaeT ¢ HampasieHueM momeHnTta M. Ecim m3MeHnTs MOIAPHOCTE NPUIOKEHHOTO K AKOPIO
HanpsokeHust Uy, TO M3MEHUTCS HANPABIEHUA TOKA /7 BO BCEX MPOBOIHUKAX OOMOTKH SAKOPS, U
JIIT Oyner Bpamarecsa B IPYryro CTOPOHY.
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Picpok 3.2 - ¥CTpoicTao | OpHaLEm JIeReTBIA JBHIATeE NOCTORHH OO TOR
OOKYMEHT UDﬂHHGAH
IANEKTPOHHOW NOANWUCEKO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[Tomumo ocuoBHOro spdexkra — mnomyuenusa Bpamaroniero momenta M, B JIIT
CYILIECTBYET HOOOYHbIU 3¢hhekm — BO3ZHUKHOBEHUE B AKOpE 5.14.C. BpameHusa E. IJta 3.4.cC.
BO3HUKAET 3a CYET TOTO, YTO MPOBOOHUKH AKOPS MEPEMEMIAIOTCSA B MATHUTHOM ITOJIE OOMOTKH
B030yknenus @pp. Hampasnenue 5.4.c. Bpamenus £, onpeneneHHoe mo npaBuiy MpaBod PyKH,
OPOTUBOMONIOKHO TOKY [g. Tak kak TOk [y co3maerca npuwiokeHHBIM K skopro JIIIT
HanpsoxeHuem Uy, To HampaBnenus /g m Uy coBmagaroT, a 3.1.C. BpamieHus L HampaBieHa
Hascrpeuy K Uy, IlosTomy 5.4.c. Bpanienus £ Ha3pIBAIOT TAKKE MPOTUBO-3.4.C. Y CTAHOBIEHHOE
COOTHOIIIEHHUE Mekay HampapiaeHuaMu E u Uy MO3BOISAET 3aMUCaTh CACAYIONIEE YPABHEHHE T1ETTH
akops JIITT:

U,~E=R,I, = U =E+R,I,

B coorBercTBUM € (3.2) 5.4.c. BpanmieHusa £ npaMo OpOonoOpLUOHAIEHO MHAYKTUBHOCTH B
MATHUTHOTO MOJsA BO30yxkaeHusa, pasmepam 00mMoTrkn D u / U 4acToTe BpameHua @ AKOPA.
YKazaHuyoo IponopuUHOHATLHOCTE MPUHATO 3aMUCHIBATE B BUIE

E=cqpm,

rae ce — Ko3(ppumment marantaoro moroka J{ITT.
Ypasuenune akopuou uenu 11T npumer Bun
U

g=CewtR I

Yrkazanue no mexnuke oezonacHocmii:
VYKazanua 10 TEXHUKE O0e30macHOCTHM MpH BBEINOTHEHUH JadopaTropHeIX paboT

[IPUBEACHBI B IPUJIOKEHUE A.

Ykazanua no evinonnenuro nadopamopHou padoomoi:

1. Y0enurech, 4TO yCTPOMCTBA, UCHOIB3YEMBIE B JKCIIEPUMEHTE, OTKIIOYEHBI OT
CETH 3JIEKTPOMUTAHU .

2. ColOepure HSIEKTPHUECKYI0 CXEMY COEQUHEHWH TEMIOBOM 3alUThl MAIIWHEL

[MEPEMCHHOT O TOKA.

L1

3. Coemuaure THE3Oa 3aM[UTHOTO 3a3eMIIEHHA " yCTpOMCTB, MCHOJIB3yEMEIX B
skcrepuMenTe, ¢ rue3nom "PE" tpexdasznoro ucrounnka nuranusa Gl.

- CoeguHuTE ammaparypy B COOTBETCTBUH C JJIEKTPUYECKOM CXEMOW COEIUHEHMI
BApUAHT | 1A MCCIeqOBAHN ABUTATENSA C HE3ABUCUMBIM BO30YIKIEHIEM.

5. HDHNH%JWTEHH pexxuMa padboter ucroannka G2 u Bo30ymurens G3 ycraHOBUTE
BMNEKTPOHHOW MOANMUCHIO

CepTd T O ACPRAS e AP RIERJ5H 7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ceptuidmkar: ECGGGGMEEEABBBBEEEDSETW{%
Bnaneneu: LlleGayxoea TaTeAHa AnexkcaHgpoOBH

6. PerympoBounsie pykosaTku uctounuka G2 u Bo30yaurens G3 noBEpHUTE TPOTUB

JaCOBOM CTPENKHU OO YIIOPA.

7. YcranoBute B Kaxa0u (paze akTUBHOM HArpy3ku Al0 cymMmapHyro €€ BEIUYNHY
100 %.

8. Brxmouute Beikmouarens «CETb» 0noka mymstumerpoB Pl u ykaszarens 9acToThl
BpamieHus P3.

9. AKTHUBM3UPYHUTE MyIETUMETPEL O10Ka P1, 3a1€11CTBOBAHHEIE B SKCIEPHUMEHTE.

10. Brxmouute ncrounuk Gl. O Hammuum Hanps:xeHnH (a3 Ha €ro BEIXOJE OJIKHEI

CHITHAJIM3HPOBATE CBECTANTHCCA JIAMITOYKH.

11.  Bxmounte Beixmouarens "CETB" u naxmure knonky "BKJL" ncrounuka G2.
[ ~ % il
o] e i— )
£ o
| ) Sy B
= =

eS|

1)
.
G
@
: o H[n_

g e
ada ale | - E-3-X-1
F e
- |
._\_\-':_ n — - _Sl
I:I-. F’_®_‘V "
.21@1
1. i |
T
h:l ™ 1 [y |
= 3 ;
& =
RN = || < = || <
. 1% =
£
"'1'? | =+
h i
=t ; 2l
L. at® L e o
S
NS

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

SQ?PB%DHE.I — Cxema NPUHIMITHAIIEHOHN CXEMBEI
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12. Bpamas perymipoBouHyr0 pyKoOATKY ucTouHnka G2, pasronure asurarens M2 o
4aCTOTEI BPAILIEHHA N, HAPUMEP, paBHOi 1500 vum'.

13. Bxkmouwre Beikmouarens "CETB" u naxmure knonky "BKJL" Bo30yaurens G3.

14.  Bpamas peryaupoBOdHyI0 PyKOATKY BO3Oyaurens (G3, m3MmeHsiTe TOK skops |
(Tok HEe pgomkeH npeBemare 3HadeHus [,0 A) npeurarens M2 u 3aHocure mnokaszaHus
ammepmerpa Pl.1 (tok I), Bonermerpa Pl.2 (manpsxenue U skopsa nBurarens M2) u ykaszarens

P3 (wacrora Bpanienus n) B Tabmuiy:

ILA

U,B

n, MHH

15.  Ilo 3aBepmenun skcrnepuMmenTa cHadana y Bo3Oyaurens (G3, a 3aTeM y UCTOYHHKA
(G2 mOBEpHUTE PETYIMPOBOUYHYIO PYKOATKY IMPOTHB YACOBOW CTPEIKA OO YIOpa, HAKMUTE
kHonky "OTKIJL" u orkmouure Beikmouarens "CETB". Orkmounre ncrounuk G1 naxaruem Ha
KHOMKY — T'pu0.

16. Hcnone3ya panHele TAOMMIBI, WIS KAKIOTO 3HAUYECHUA YACTOTEL BPANICHHA N

BBIYUCIUTE IO (OpMyTIe

60 f -
M= (U=651)1
2 mon
n, MUH"
M, H-m
17.  Hcnomp3ys OaHHBIE TOCTPOWTE MCKOMYIO CTATHYECKYIO MEXAHHMYECKYIO

xapakrepuctuky n=f(M) nBurarens noCTOSHHOTO TOKA.

Cooeporwcanue omuema:

OTuer DOmKEH CONEPIKATE:

1. Hazsanue paboTsr;

2. [leas paboTHI;

3. Kparkue TeopeTuaeckue CBEICHMA;

- Omicanre nCmonp3yeMoro 000py10BaHUA U MATEPHUATIOB;

5. [Topamok BermomHeHus pabOTHI;

6. NOKYMBHETIREMIES4Ha 11 0OpadoTKAa pPe3vVILTATOB:
SNEKTPOHHOW NOONUCHIO P pe3y :

Ceptudmkar: 2 EGE’?)[PMSEEAEEPQ“%? TBAS00060000043E
Bnaneneu: L1 eﬁafxn Ba TaTekAHAa K EH:EI,FI'DE Ha
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Koumponsnwie sonpocwi:

1. Kakue >1eKTpOMarHuTHEIE SABICHUS HAOMIO JAIOTCA B SNEKTPUIECKUX MANIUHAX 7
2. Kak mpuBecTH ABNEHUE SNEKTPOMATHUTHON MHAYKIMHU K OPABUITY MPABOU PyKU?
3. [Toscuure yCTPOUCTBO M HA3HAYEHUE OTAENLHBIX dneMeHToB JIITT.

4. Kakos npuniun geurcteus JITT?

5. Kakou no0ounsii 3¢ ekt BozHukaer Bo Bpanjaromemcs JITT?

6. IToscuuTe BEIBOA ypaBHEHUS SJIEKTPUYECKOTO COCTOAHUA AkopHou uenu JITT.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jdavopamopuan pavoma Nell. Heneimanue mpexgpasnozo acuHXpoHH020

IEKMPOOsU2aAmM e C KOPOMKO3AMKHYMBIM DO OpPOM

Llenv padbompr: 03HAKOMUTECA C KOHCTPYKIHUEH, METOOAMH ITyCKA U XaPaKTEPUCTUKAMH

dACHMHXPOHHOTO 3JICKTPOABUTATCIIA

Ocrnoevt meopuii:

ACHHXPOHHBIM JBUTATENEM HA3BIBAIOT JBUTATEIh HEPEMEHHOTO TOKA, POTOP KOTOPOTO
BPAILAETCA HE CHHXPOHHO C BPAIIAIONIMMCA MATHUTHBEIM ITOJIEM CTATOPA.

CtaTopOM HA3BIBAIOT HEMOABMKHYIO YACTh MAILIMHEL, & POTOPOM — BPANIAIONIYIOCSA YACTh.
Crarop COCTOMT W3 CEpACYHMKA, HAOPAHHOTO W3 JMCTOB SJIEKTPOTEXHUUYECKOM CTalu,
W30JIMPOBAHHEIX APYT OT APYTa SAEKTPOTEXHUIECKUM JIAKOM JIJIs1 YMEHBIIEHHUA BUXPEBBIX TOKOB,
1 0OMOTKH, YKIAABIBAEMOU B Ma3bl, BEIIITAMIOBAHHBEIE HA BHYTPEHHEN MOBEPXHOCTH CTATOPA.
[Ipu moaxmrouennu tpexdasznon oOMOTKH cTaropa B Tpex(pazHy CETh, B CTATOPE CO3OAETCH

Bpalldromieeccsa MArHUTHOEC ITOJIC, HdCTOTd BPAIICHHUA KOTOPOTO MOCTOAHHA M PABHA.

60f,
p .

rae f) —gacrora nanpsxkenus nuraromen cetu (f; = 50 ')

H1=

P — YHCII0 Tap MOJIFOCOB ABUTATEIA.

PoTtop Takke COCTOMT M3 CepaeuHHKa M OOMOTKM, KOTOPBIE HACAKEHBI HA BaJl.
Cepaeunnk poTopa HAOUpPAIOT U3 JTUCTOB SAEKTPOTEXHUUECKONU CTAIH, B KOTOPEIX HA BHEIIHEU
MOBEPXHOCTH BBIIITAMIOBAHEI MA3bl. ACHHXPOHHEBIE IBUTATEIN B 3aBUCUMOCTH OT KOHCTPYKITUH
poTopa MOTYT OBITH ABYX TUHOB. B aBurarensx ¢ pazHEIM pOTOPOM B MA3EI POTOPA YKIAABIBAIOT
TAKyI0 ke Tpex(aszHyro 0OMOTKY, KaKk ¥ HA CTAaTOPE.

Tpu konna 0OMOTOK COEAMHAIOT B 3BE3AY, 4 TPU JPYIUX BEIBOAAT HA KOHTAKTHBIE
KombpLa. B aBurarene ¢ KOpOTKO3aMKHYTEIM POTOPOM B ITA3EI POTOPA 3AJIMBAIOT PACILIABICHHBIN
ATIOMUHUM, OpPH STOM BMECTE€ € OOMOTKAMH OTIHMBAIOT KOPOTKO3AMBIKAIONIUE KOJbIA, B
pe3yabTaTe 4ero 0OMOTKA MOJIy4aeTCss KOPOTKO3AMKHYTOM.

Bpamiaronieecs MaruHuTHOE TOJIE CTATOpA MEpecekaeT 0OMOTKY poTOpa M HABOJUT B HUX
3.0.C., & TAK KaKk OOMOTKAa 3aMKHyTAa HAKOPOTKO, TO B HEW HAYMHAIOT MPOTEKATh TOKH, IPH
B3aUMOJEHCTBUN KOTOPBIX C MATHUTHBEIM MOJEM CO30AE€TCA BPANIAIONIMII MOMEHT, U POTOP
HAMWHACT BPAMATECA. Yacrora BpanieHusa potopa n B JBUTATEIBHOM PEKUME BCETAA MEHBIIE

AOKYMEHT MOAMNUCA

H

uacTorrr BPANTCHRS HOH traropa ni. PasHOCTS 5THX 4aCTOT, OTHECEHHAS K YACTOTE BPAIIEHHS
Ceptvpukatr: 2C0000043E9ABBBO52205E7BAS00060000043E

B o a6 Al
A S tons CTATEpA, MBI BATEH Erompoxenem muraTes
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Tak xaxk Bpanjaroniuil MOMEHT TMOSBIIAETCA B PE3YIBTATE B3aUMOICHCTBUA TOKA poTopa I»
C MArHUTHBIM IOTOKOM @ CTaropa, TO €ro BEIMYMHA IMPOMOPLUHUOHAIBEHA UX IIPOU3BEICHUIO.
[Tockonmeky B MeXaHW4ECKyr0 padOTy MOMKET HPEBPAmIATECA TOJBKO AKTUBHASA MONIHOCTE,

IPONOPIUOHAIBHASA AKTUBHOW COCTABJIAIOMIEN TOKA, TO

M=C,,-1,-®-cos y,

rae > — yroa casura (pas mexay 3.4.C. U TOKOM poTopa,
Cy — k03 (putIMeHT, 3aBUCAIIMHN OT KOHCTPYKIIMN JIBUTATEIIA.

Taxum oOpazom I,-cos ¢'2

- AKTUBHAsA COCTABJIAIONIAA TOKA POTOPA.
OCHOBHBIE JKCIUTYaTAI[MOHHEIE CBOWCTBA [BUTATENA OIPENEHAAIOTCA €ro padounmu
XapaKTepUCTUKAMMU, T.€. 3aBUCUMOCTAMHU P, cOsQ, n, 1, I, 0T mone3noit moninoctu aeurarens Ps .

[TonBogumas Kk ACHHXPOHHOMY OBUTATEII0 MONIHOCTE PABHA:

P,=3-U,I,-cos¢

rae: cosp — KO3 (PUIIUEHT MOTITHOCTH ABUTATENA;

N — 9acTOTa BPAILICHU POTOPA;

I, — Tok craropa.

Paboumne xapakTepucTuky ACHHXPOHHOTO ABUTATEIS MPEACTABIEHEI HA pUc. 7.1.

Paboumne xapakTepucTuku MOTYT OBITH HOMYYEHBI MO0 PACUETHBIM IyTEM, JHOO
OMPENEIEHEl OMBITHBIM MyTEM MPU MUCOBITAHUU JIBUTATENS MOA HArpy3kou. Harpyska na Bamy
W3MEHAETCA B IPEAEnax OT Hyl B pexume xomocrtoro xoma (P, = 0) no momunamsHON MM
Oompmen. Ilpu sTOM wm3mepsaroT norpedmgeMsli TOK [, "acrory BpamieHus poropa n,
norpedngemMyo MOMHOCTE Py, koa(pduipent monmoctu cos@. Benmunny mosie3Hon MONHOCTH
P, BEIUMCHAIOT yepe3 BEMMYUHY BPAMIAIONIETO MOMEHTA, €CIIM B KAYECTBE HATPY3KH JIBUTATEIIA
MCITOJTB3YETCA AIEKTPOMATHUTHRIN TOPMO3, WIHM 4EpPe3 MOMIHOCTh TEHEPATOPA, €CJIM B KAYECTBE
HArPY3KHU JBUTATE UCIOIL3YETCA TEHEPATOP MOCTOAHHOTO TOKA.

[Ipu »TOoM mnone3nas MOMIHOCTE TEHEpPATOpA OMPEAEHfAeTCs W3MEPEHUEM TOKA U
HAMPSKEHU TEHeparopa:

P r— U r 1 r
[TonBonumas oT ABUTATENA MOJIE3HAS MOITHOCTE Pajp paBHAETCA MOABOAMMOUN MONIHOCTH

TeHEPATO PRORMEHT NOANMCAH
BNEKTPOHHOW MOAMACHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E P
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa P
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rae 1 — KIIJI reneparopa (u3 puc. 2).

[Tpu narpyske Ha AIEKTPOMATHUTHBIA TOPMO3 U3MEPAETCA MOJIE3HBIN MOMEHT M Ha Bamy

IBUTATENA U 4aCTOTa BPAIIEHUA N, ITI0 KOTOPBIM ONpPEAEAeTCa IMOJIe3Hasd MOIIHOCTh JIBUTATENA

PEZ

b O

Pucynok 7.1 — Paboune xapakTepuCTHKA aCHHXPOHHOTO IBUTATEIIA

0
}’_L.-u‘
100 TI
ED ’/"-
50 1 I
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20 | I
. P %
0 20 40 60 g0 100

Pucynok 7.2 — 3aBucumocts KIIJ] reneparopa or momocru Pr

Yrazanue no mexnuke dezonacHocmii:

OKYMEHT MOAMWCAH
Vadaaraision HOnEEKHIKE  Ge30IaCHOCTH MPU BBIMOJIHEHWUH JTA0OpAaTOpHEIX  padot

Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnanend]PUBEASHEE BaHIPHALKSHESHA .
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Ykazanun no evinonnenuro nabopamoproiu padomoi:

Yacme 1. Cuamue u onpedenenue xapaxmepucmuk xonocmozo xooa I=f(U), P=f(U),
cos@o=f(U) mpexghaznozo acunxponroco oguzamensa ¢ KOpoOmMKO3AMKHYMbIM POMOPOM

1. Y0enurechb, 94TO yCTPOMCTBA, UCHOIB3YEMBIE B JKCIIEPUMEHTE, OTKIIOYEHBI OT
CETH AIEKTPOMUTAHUS.

2. ColOepute SIEKTPHUECKYIO CXEMY COEOUHEHWUM TEIIOBOM 3alIATEl MAIIWHEI

[ICPEMCHHOT O TOKA.

"

3. CoemuHWTE THE3OA 3AMIMTHOTO 3a3eMIICHUI " yCTpOMCTB, UCHOIB3yEMEIX B
skcnepuMenTe, ¢ rtneznom "PE" tpexdasznoro ucrounuxa nuranusa Gl.
- CoenpuHuTe annaparypy B COOTBETCTBUU C IEKTPHUIECKOU CXEMOU COEIMHEHUM.
5. [lepexmouatenun pexnuma pabotel Beikmouatenen A6 um A8 ycraHoBure B
nmonoxenue "PYUH.".

6. B tpex(aszneix Tpancpopmaropueix rpynnax A2 u A7 yCTaHOBUTE HOMUHAJIbHEIE

BTOPUYHEIE HANPsKEHUA Tpanchopmaropos 127 Bu 127 B.

7. Brmounte Beikmouarenn «CETby» 0510k0B, 3a1€ICTBOBAHHEIX B SKCIEPUMEHTE.
8. AKTHUBM3UPYHUTE MyIETUMETPEL O10Ka P1, 3a1€11CTBOBAHHEIE B SKCIEPHUMEHTE.
9. Brxmouute ncrounuk Gl. O Hammuum Hanps:xeHnH (a3 Ha €ro BEIXOJE OJIKHEI

CUTHAIIU3UPOBATH CBETANIUECH JIAMITOUKH.

10.  Ilycrure nBurarens M1 naxaruem knonku «BKJL» Beikmrouarens A6.

11.  MeHnsas nonoxkeHne peryaupoBOYHBIX PYKOATOK Tpex(PazHeIX TPaHC(POPMATOPHBIX
rpynn A2 u A7, Bapeupyure noppogumoe K apurarenro M1 ymmmennoe nanpsxenue U B
muanazone 100...250 B u 3anocure nokazanus Bonsrmerpa Pl.1 (manpsxenue U), ammepmerpa
P1.2 (¢a3uei Tok Iy nBurarens M1), a Takxke Barrmerpa u Bapmerpa nsmepureina P2 (aktuBHas

Py, u peaktuBHag Qy; MoniHoCTH, TOTpedIAEMBIE OmHOM (pa3ou neurarent M1) B tabmuy 4.2.1.

Tabmuma 7.1

U B

Iy A

P.-ju, Bm

Q.uju, Bm

12. Ormounre ucrounuk Gl.
NOKYMEHT NOAMNWCAH
EKTP

Ceprudukar: Ecm}ﬂ s 4359%%%§£EW4¥TEM «CETb» 0m0k0B, 3a1€HCTBOBAHHEBIX B SKCIIEPUMEHTE.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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14. Hcnone3ya nanneie tadnune! 4.2.1, BEIYMCINTE COOTBETCTBYIONIME HAMPAKEHUIO

U nmomnere aktuBHyio Py n peaktuBHyro Qo mommocth, morpebisemsie asurarenem M1, mo

(opmymam:
Py=3Py,,
Qv=3-Qu
1 3aHECUTE UX B TA0mIy 7.2.
Tabmuma 7.2
U B
Py, Bm
Oy, Bm
15. Hcnone3ysa nanneie Tadnune! 4.2.2, BEIYMCINTE COOTBETCTBYIOIIME HAIMPAKEHUIO

U 3nauenusa koa(purimenra MonHoCTH no (popmymne
P,
Y 2
P ,+
VP 5+ Q

COS ¢, =

U 3aHECUTE TMOJIyUYCHHBIE PE3YIBTATH B Ta0mIy 7.3.

Tabmuma 7.3
U B
cos @y
16.  Ilpm wneoOxommmocTm OOJBHIENM BAPHATMBHOCTH 3HAYEHWM HanpsxeHusa U,

MOBTOPUTE SKCIIEPUMEHT NPH 3aAKOPOYEHHOM JIMHEMHOM peaktope Al4.
17.  Hcnomp3zys manusie tabmuy 7.2 u 7.3 mOCTpOUTE HMCKOMBIE XAPAKTEPUCTHUKU
xonoctoro xoma ly=f(U), P¢=1t(U), cos@,=f(U) tpexdaznoro acuHXpOHHOTO HOBUTATENA C

KOPOTKO3aMKHYTEIM POTOPOM.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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YHacme 2. Ilyck 6 x00 mpexgasnozo  acUHXPOHHO20  Oguzamens ¢
KOPOMKO3aM KHYMbIM/(Qa3HBIM POMOPOM ¢ pecucmpauyueir U omooparcenuem peicuMHbIX
napamempoe Ha KoMnviomep

1. Y0enurechb, 94TO yCTPOMCTBA, UCHOIB3YEMBIE B JKCIIEPUMEHTE, OTKIIOYEHBI OT
CETH BJIEKTPOIMUTAHM .

2. ColOepute SIEKTPHUECKYIO CXEMY COEOUHEHWUM TEIIOBOM 3alIATEl MAIIWHEI

[ICPEMCHHOT O TOKA.

"

3. CoemuHWTE THE3OA 3AMIMTHOTO 3a3eMIICHUI " yCTpOMCTB, UCHOIB3yEMEIX B
skcnepuMenTe, ¢ rtneznom "PE" tpexdasznoro ucrounuxa nuranusa Gl.

- CoepuHuTe ammaparypy B COOTBETCTBUH C JJIEKTPUYECKOM CXEMOW COECIUHEHHM
(KOPOTKO3aMKHYTEIM POTOpPOM) / ((pasHBEIM pOTOPOM).

5. [lepexmouarenn pexnma paborel uctogynnka G2 u BeIKIOUATEnEn A6, AS
ycranoBure B nonoxenue «PYUH.».

6. Ycranosute B Kaxa0u (paze akTUBHOM HArpy3ku Al0 ee cymMMapHyO BETUUNHY
paBuyto, Harpumep, 100 %.

7. Ycranosure B kaxaou (pase peocrara A9 comporusienue, Hanmpumep, 18 Owm
(mpu mycKe aBUTATeNA C (pa3HBIM POTOPOM).

8. B Ttpex(asznon TpanchopmaropHod rpynmne A2 NEPEKTI0OYATENEM YCTAHOBUTE
KETAeMO0€ HOMUHAIBHOE BTOPUUHOE HATIPsIKEHNE TpaHcpopmaropa, Hampumep, 133 B.

9. [IpuBemure B pabouee COCTOAHUE MEPCOHAIBHEIM KOMIIBIOTEP AS M 3amycTure
MPUKJIATHYI0 Oporpammy «Perucrparop pexuMHEIX TapaMEeTPOB MALINHEL HEPEMEHHOTO TOKAY.

10. Brxmouure Beikmouarenn «CETb» 010k0B, 3a1€ICTBOBAHHEBIX B SKCIIEPUMEHTE.

11. Brxmouute ncrounuk Gl. O Hammuum Hanps:xeHuH (a3 Ha €ro BEIXOIE OJIKHEL
CUTHATU3UPOBATE CBETSINIUECS JTAMITOUKH.

12. Bpamienunem pykoOsATKH HA nOepegHed mnmaHemn wucTogdHuka (G2 yCcTaHOBUTE
Hanpspkenue, Hanpumep, 100 B na ero perynupyemom Beixone «SIKOPDb».

13. Haxmurte Ha BUPTYAJIBHYIO KHOMKY «3aITyCTUTE» HA OKPAHE KOMIBIOTEPA.

14. Hax;xxviite mocnemosareapHO KHOKH « BKJL.» ncrounmka G2, Beikmrogarensa A6 1
CIyCTs, HApUMeEp, 2 ¢ BeIKMoUarens A8 u 3areMm He mo3aHee, yem gepe3 10 ¢, ocranoBure
CKAHMPOBAHUE NAHHBIX PETHUCTPATOPOM HAKATHUEM HA BUPTYAIbHYI0O KHONKY «OcTaHoBuTh». B
pE3yABTATE MOMKEH OCYIIECTBUTHCA NBYXCTYMEHUATHIM IMYCK HATPYKEHHOTO ACHUHXPOHHOTO
aeurareas M1 u OomKHBEI 3amucareCsa B KOMIBIOTEP NAHHBIE O PEKUMHBIX I[MApaMerpax Ha

AOKYMEHT MOAMNNCAH
WHTEPBAARERTVORHOV NOANNCHIO
Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnaneneu:  UWeb}yiosa TaTETAROBIPPE'3AMICE MPOLECCOB, HAKAB HA BUPTYAIBHYIO KHOTIKY «OCTAHOBUTEY.

h 6.  Haxnvmre kxnonky «OTKJL.» nucrounmka GI.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Pucynok 7.4 — Cxema CHATHA MEXAHUUECKUX XAPAKTEPUCTUK
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Orxmounre Beikmouaremn «CETb» 0mokoB, 3a1€1ICTBOBAHHEIX B SKCIIEPUMEHTE.
Hcnone3ya BO3MOKHOCTH OporpamMMmbl «Perucrparop peKUMHBIX MTapamMeTpoB
MAIIUHBL MTEPEMEHHOTO TOKA», MPOAHATM3UPYHUTE OTOOpAKEHHBIE HA MOHHUTOPE KOMITBIOTEPA
MEXAHUUECKYIO0 XAPAKTEPUCTUKY ¥ BPEMEHHBIE 3aBUCUMOCTH TOKA CTAaTOPHOM OOMOTKH,

NMICKTPOMATHUTHOTO MOMCHTA, YACTOTHEI BPAIICHUA dACHMHXPOHHOTO ABHUTATCIA MPH ITYCKE €TO B
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Pucynok 7.5 — Cxema nogKmoyeHnsa K KOHHEKTOPY

Yacmo 3. Cuamue u onpedenenue xapaxmepucmuk kopomkozo samvikanusa Ix=f(U),
Pr=f(U), Zx= f(U) mpexghaznozo acunxponnozo oguzamess ¢ KOpomMKoO3aAMKHYMbIM POMOPOM

1. Y0enurecr, 94TO yCTPOMCTBA, UCHOIB3YEMBIE B AKCIIEPUMEHTE, OTKIIOUEHBI OT
CETH AIEKTPOMUTAHU .

2. CHUMHUTE KOXKYX, 3aKPBIBAIONMM My(PTy, COEOUHSAIONIYI0 BaJl MAIIWHEL
mocToAHHOTO ToKa M2 ¢ Banom neurarens M1, u 3akpenure Ha HEM CTOMMOPHOE YCTPOMCTBO.

3. ColOepure HSIEKTPHUECKYI0 CXEMY COEQUHEHWH TEMIOBOM 3alUThl MAIIWHEL

[MEPEMCHHOT O TOKA.

L1

4. Coemuaure THE3Oa 3aM[UTHOTO 3a3eMIIEHHA " yCTpOMCTB, MCHOJIB3yEMEIX B
skcrepuMenTe, ¢ rue3nom "PE" tpexdasznoro ucrounnka nuranusa Gl.
5. CoenuHuTe anmaparypy B COOTBETCTBUU C SNEKTPHUUIECKOU CXEMOH COEIMHEHUM.
6. [TepexmouaTtenu pexuma padbotel ncrounuka G2 u Beikmogarens A6 yCTAHOBUTE
B rostokenue "PYUH.".
7. B Tpex(daszueix Tpanchopmaropuex rpynmax A2 u A7 nDepexirodareneMm
yCTAHOBUTE HOMUHAILHBIE BTOPUUHBIE HANPSKEHUA TpaHchopmaropos 242 B.
SQH%%K;%%%HMDH&TEHH «CETb» 010K0B, 3a1€ICTBOBAHHBIX B SKCIIEPUMEHTE.

Ceprucukar:  2C0000043E9ABBBI52205E7BAS00060000043E
Bnageney  LWetxosa TarAKPHBHBHPYHTE MyJIbTUMETPHI Os10Kka P1, 3a1€liCTBOBAHHEIE B 3KCIIEPUMEHTE.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ceptudpkard, k2 AONPD04 JE9ABBBI52P0SE7BAS00(60000043E

Bnanen

10. Bxmouute ncrounuk Gl. O Hamuumn HanpsxeHnd (a3 Ha €ro BEIXOIE IOJIKHEL
CUTHAJIU3UPOBATH CBETANIUECH JIAMITOUKH.

11. Haxatuem kvomku «BKJL.» BeIKTOuarens A6 monkmrouure aeurareas M1 k
SIEKTPUIECKOU CETH.

12.  beictpo (menee uem 3a 10 c¢) cumraitte u 3anecure B Tadminy 7.4 MmoKazaHusd
BospT™MeTpa Pl.1 (nunennoe nampsaxenue U peurarems M1), ammepmerpa Pl.2 (tok Ik
cratopHou oOMoTkm aurarers M), a taxxke BarTmerpa wsmepurens P2 (aktuBnas Py
MOTIHOCTB, moTpebmsemasn oquoit gaszon aeurarens M 1) u cpa3zy mocnie 5T0ro HaKaTUEM KHOIKH
«OTKIJD» Beikmrouarens A6 orkmrouure apurarens M1 ot snekrpuueckon ceTu.

13.  IloBTrOopuTre HEOOXOIMMOE KOTUUECTBO pa3 MPOUEAYPY MOAKIIOUEHUS ABUTATENSA
M1 K 5neKTpUYECKOU CETH, CYMTHIBAHMA MOKA3AHWUN W3MEPUTEIBHBIX MMPUOOPOB M OTKIIIOYEHU A
aurarenss M1 oOr onekTpuueckoM CeTH npu  pa3IudHBIX  00JIE€ HM3KMX HOMHUHAJIBHEIX

BTOPUYHBIX HAMPAKEHUAX TpaHchopmaTtopos rpymm A2 u A7.

Tabmuma 7.4
U B
Ik, A
P K1, B m
14. Otxmognte ucrouduk Gl.
15. Orkmouwnre Beikmouaremn «CETby 0mokoB, 3a1€1CTBOBAHHEIX B SKCIIEPUMEHTE.
16. Ilpu wHeobxomumocTu  OONBIIEN  BAPUATUBHOCTA  3HAUEHUM  JIMHEMHOTO

HAIMPSKEHUA TOBTOPUTE SKCHEPUMEHT C COEAMHEHHEM BTOPUUHBIX 0OMOTOK TpaHC()OPMATOPOB
rpymnmsl A7 Mo CXeMe «3Be3aar.

17. Hcnone3ya nanueie Tadmunel 7.4, BEIMUCIATE COOTBETCTBYIONME HANpsaxeHno U
3HAYEHUA MMOJHOW akTMBHOHW MomHOCTH Py, morpebmnaemoir asurarenem M1, u momHoro ero

COONPOTHUBIEHNS KOPOTKOTO 3aMeIKaHus Lk mo popmyiam

Px= 3Pk,

Zg: Uf’r f K.
[TomyuenHsie pe3ynpTaTel 3aHECUTE B TAOIMIY 7.5.

Tabnuya 7.5

U B

Pr Bm poyment nganvcan

JNEKTPOHHOIA NOANACKID

BLL lleGayxoeg TateaHa AngKcaHapoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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18.  Hcnone3ys pannere tadbnun 4.3.1 n 4.3.2 DOCTpOUTE MCKOMBIE XAPAKTEPUCTUKU
kopoTkoro 3ameikanua Ix=f(U), Px=1t(U), Zx=1(U) Tpex(a3zHoro acCMHXpOHHOTO ABUTATENIA C

KOPOTKO3aMKHYTBIM POTOPOM.

Cooepoicanue omuema:

OTuer D0IKEH COIEPKATh:

1. Haszpanue paOoTEr;

[lems paboTsr;

Kparkue TeopeTnueckue CBEIeHMA;

Omicaniie NCmoap3yeMoro 000pyI0BAHNA U MATEPHUATIOB;
[Topsanok BeIMOTHEHUA PAOOTHI;

Beruucnenus n 00padoTKa pe3yIbTaTOB;

-1 o = W

BeIBOIEL.

Koumponsnwie sonpocwi:

1. KakoBO yCTpOMCTBO Tpex(Ppa3zHOTo aCHHXPOHHOTO ABUTATENS?

2. KakoB mpuHIMn JOEUCTBUSA — TPeX(Pa3HOrO ACHMHXPOHHOIO  JBUTATEIN €
KOPOTKO3aMKHYTEIM POTOPOM?

3. YT0 Takoe CKOIBKEHHUE IBUTATENA U KAK OHO OTIPENENAeTCA’

- [Touemy myCKOBOM TOK ACHHXPOHHOTO OBUTATENSA MPEBBIIIAET HOMUHAIBHEIM U BO
CKOJIBKO paz?

5. Kakumu cmocobamMm MOMXKHO PEryaIupoOBaTh 4YacTOTY BpamIEHWsA poTopa

dCHMHXPOHHOT'O IBHUIAT eng’

6. [Ipn kakux ycnoBusax KIIJ[ acuaxponHOro aBurarens MMEET MAKCHUMAIBLHOE
3HAYeHUE?
7. Kak oxy1a)maroTca aCHHXPOHHBIE IBUTATENN
8. Kak m3MEHUTE HATIPABJIEHUE BPAIIEHU POTOPA IBUTATENA
AOKYMEHT OAMNCAH

3NEKTPOHHOW NOANMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnedentie OUCHUNIUHDI

5.1 Ilepeuenv 0CHOGHOU U OONOIHUMENbHOU JAUmMEPAMypbl, HEOOXO00UMOU OnA
0CB0CHUA OUCHUNTUHDI

5.1.2 Ilepeuens 0CHOGHOIL TUmMEPAMYPbL:

1. becconora JI.LA. Teopernueckne OCHOBBI SIEKTPOTEXHUKHU. JIEKTPUUECKHUE IIETH.-
Mocksa: FOpairr, 2013.- 701 c.

2. becconora JI.A. Teopernueckue OCHOBEI ANEKTPOTEXHUKNA. JIIEKTPOMATHUTHOE MOJIE. -
Mocksa: FOpairr, 2014.- 317 c.

3. CvmpuoB HO.A. @Dusuueckue OCHOBHI AIeKTpOTEXHUKHU.- Cankrt IlerepOypr: Jlaus,

2013.- 560 c.

5.1.3 Ilepeuens OononumenvHoll 1Umepamypbl:
1. XKaBoponkoB M.A. DnekTpoTeXHHUKA U dIEKTPOHUKA.- MockBa: Axkanemus, 2012.

2. lonpnbepr O.J1. OnekTpomexanuka.- Mocksa: Axkagemus, 2012.

5.2 Ilepeuenv yueOHO-MemoeOUUECKO20 0DeCneHeHUA CAMOCHOAMENbHOU pPadontbl
00yuarouuUxca no OUCHUNIUHE

1. Meromnueckne peKOMEHIAWM Ui IMOATOTOBKH K JA0OPATOPHBIM 3AHATHAM IIO
TUCIUILIMHE « DTMEKTPOTEXHUKAY .

2. Meromuueckue peKOMEHIAINN TI0 OPTAHU3AIMN CAMOCTOSTENBHON padOTHI CTYAEHTOB

MO JUCITHUITIIHHE <« 3JIE?I{Tp0TE‘KHHI{H}}.

5.3  Ilepeuenv  pecypcos  unopmMaulioHHO-meneKOMMYHUKAUUOHHOU  Cemu
Humepnem, He00X00UMBIX 0718 0CBOCHUA OUCHUNTUHDI
1. http://www .biblioclub.ru -3bC "YHusepcurerckas Oubnmoreka ommaita"

2. http://www.iprbookshop.rw/ - nekrponno- bubmioreunas cucrema IPRbooks

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[Tpunoxenune A

Yrazanue no mexuuke oezonacHocmiu

Jlo Hauama pa®OTBEI CTYAEHTHl OO0SA3aHBI M3YYWUTHh NMPABUIA TEXHUKU 0€30IMacHOCTH IIPH
pabore ¢ smexkrpoycTaHoBKaMu. OO0 M3y4eHMM OpPaBWI TEXHUKM O€30MACHOCTH U HOMYIEHUH
MHCTPYKTAka CTYOEHTHI PACIUCKHIBAIOTCA B CHELUATLHOM KypHane. CTyaeHTHl, HE M3yYMBIINE
MPAaBUJId TEXHUKNA O€30ITaCHOCTU U HE MPOLIEANINE MHCTPYKTAXK, K BEIIOIHEHUIO Ta00PAaTOPHEIX
padoT HE NOMyCKAIOTCA.

Yuebnasa rpymma (wym moarpynma) pasOusaercas Ha Opuragel, 9MCIO KOTOPBIX
VKa3BIBAETCA MPEMNOIABATENIEM, 4 COCTAB OpUras KOMIUIEKTYETCA CTYIEHTAMH HAa JOOPOBOIBHBIX
Hauanax. Crmmcok rpynmsl (MOATPYHIEI), pa30uTOM HA Opuragsl, CTapocra IPEAOCTABIAET
MPENONABATENI0, BEAYIIEMY JIA0OPATOPHEIE 3aHATHSL.

Kaxnas u3 Opuran BeImomHAET 1a0OparopHyro paboOTy B COOTBETCTBHUM C Tpa(uKOM,
HAXOIAIIEeMCA B 1a0OpaToOpUH.

[lepen kaxapM 3aHATHEM CTyAEHT O00f3aH TOATOTOBUTHCA K  BBIIOJIHEHUIO
maboparopHoil padOTEI MO TAHHOMY METOIUYECKOMY MOCOOUI0 M PEKOMEHIyEMON JIMTEPATYPE.
[lepen nawamom padOTEI IpenomaBarenk MOPOBEPSAET 3HAHUA CTYJCHTOB IIO0 COAEPIKAHUIO
BRIMOMHAEMON padoTel. [L10X0 MOArOTOBIEHHBIE CTYAEHTHI K BEINOJHEHUIO JIA0OPATOPHOU
padOTEI HE MOy CKAIOTCAL.

Paboras B maboparopun, HeoOxoaqumo coOmoaaTs CIeayonue NpaBuia:

K Beimomaenmto madbopaTtopHOil padOTEI CIEAyeT MPUCTYNATh TOMBKO IMOCHE IOJHOTO
VACHEHUSA €€ COAEPKAHUS U IMOJIYUEHUA JOMYCKa K HEH.

2. Hauummare pabOory ciemyer ¢ O3HAakOMIEHHA € npubopamu u 000pymoBaHueEM,
MPUMEHSIEMBIMHU B JAHHOU padore.

3. Ha nmaGoparopHom CTONE DOMKHBI HAXOOUTHCS TOJBKO MPEAMETHI, HEOOXOTUMBIE IS
BEITTOTHEHUA TAHHOW PaOOTHI.

4. PacronoxkeHue anmaparypel HA padOueM CTOJE AOMKHO OBITH TAKMM, 4TOOBI Cxema
COCOUHEHUI MOJy4HIACh HAWM0OIee NOpOoCTOM, HATOHOM H padora ¢ ammapatypor Obliaa
yI00OHOU.

5. JKemarenpno, u4ro0OBl cxemy coOupas oOOWH W3 4YIEHOB Opurangel, a JIpyrue
KOHTPOJIHUPOBAIIH.

6. Ilpu cOoOpke CrIOKHBIX CXE€M CIEOyeT BHAUale COEOUHUTE TJIABHYVIO,

OKYMEHT NOANUCAH
HDCHEEDQMW%%%Q@HPH{HH COOpPKY OT OQHOTO 3a;KMMa UCTOYHHMKA TOKA M 3aKAHYMBAS HA

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E
BﬂaﬂlEﬂﬂp}Tﬂijaﬁm%{H{ﬁtﬂwa HHPHJUIEJTE:I{EIE I CITH.
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7. Ilocne toro, kak cxema Oyner coOpana, HeOOXOAUMO YOEOUTHCA B IPABUILHOU
yCTAHOBKE IBWIKKOB PEOCTATOB, ABTOTPAHC(POPMATOPOB U PYKOATOK OPYIHX PETYIUPYHOIIHX
YCTPOMUCTB.

8. CoOpannas cxema 0043aT€nbHO [O0JKHA OBITE MPOBEPEHA MNPEMOAABATENEM WIH
CTAPIINM JA0OPAHTOM U TOJBKO € UX PAa3PEmEHUs MOKET OBITh BKIIOUEHA IO HATIPAKEHHE.

9. Ilpn BriItoyeHMM CXeMBI 0CO000€ BHUMAHUE CaeayeT OOpaTuTe HA MTOKa3aHWA
AMIIEPMETPOB W JPYIMX HM3MEPHUTEIBHEIX NPUOOPOB. B cilyuae pe3koro IOBUIKEHHSA CTPEJIKH
AMITEPMETPAa K KOHIY LIKAJIBl CXEMy HEOOXOOMMO HEMEIEHHO OTKIIOYWUTE OT HCTOYHHUKA
HAIPAKECHUA.

10. HeoOxomumo OepekHO OTHOCHTHCA K ammaparype, ucmoab3yemMou B pabore. 000
BCEX 3aMEUEHHBIX HEHUCHPABHOCTAX WIH TMOBPEKICHUAX CTYACHT MOOMKEH HEMEIJIEHHO
COOOIMTE MPENOAABATEMO WM Ja00paHTy.

11. Ilocme BrmmomHenus palOTE CTyaeHT 00sM3aH, HE pa3dupas CXEMBl MNOKA3aTh
MOJIY4E€HHBIE MAHHBIE MPEenoaaBaTento. ECau pe3yasTaTsl U3MEPEHU BEPHBI, TO MPEIO1aABATENE
UX MOAIMMCEIBAET. JKCHEPUMEHT C HEMPABUIBHBIMU PE3yJIbTATAMH CIEIYET MOBTOPHTE.

12. Cxemy cnenyer pazOUpaTe TOMBKO MOCHE €€ OTKIIOYEHUS OT CETH.

13. Kareropuuecku 3anpeniaercs:

— TpOrarb pPyKaMH OTOJIEHHBEIE IPOBOAA W 4YaCTH MNPHOOPOB, HAXOIAMIMECST IO
HAIPAKEHUEM, TAXKE €CIIM OHO HEBEIHKO,

— MPOU3BOIUTE U3MEHEHHSA B CXEME MPU MO KO YEHHOM UCTOYHHUKE IMUTAHUS;

— 3aMEHATEL UM OpaTs 000PyAOBAHUE, WM IPUOOPEI C APYTUX padOUNX MECT

— 0e3 paspenienus npenoaaBaresns Wi 1a00paHTa;

— OTXOOUTE OT NPUOOPOB M MAIIWH, HAXOIAMMXCA ITOJ HANPAKEHHUEM WIH OCTABJIATH
CXEMY ITOJ] HAMPSKEHUEM ITPU 00padOTKE Pe3yIbTATOB U3MEPEHUMN;

— MEperpykarb NpUOOPEl TOKOM WM HAINPSKEHUEM, IIPEBBIIIAIONMIM HOMWHAIBHOE
3HAYEHUE.

[Tpoepky Hamuuusa, MOOABAEMOTO K CXEME WIHM JIEMEHTAM CXEMBI HANPAKCHUS
HEOOXOAMMO HPOU3BOOUTE TOJNBKO KOHTPOJBHOM JIAMIIOUKOW WM BOJBTMETPOM, COOmonas
MPaBHJId TEXHUKN 0€30MacHOCTH.

[Tpu pabore B maboparopuu caenyer cTporo coOmonars MEPEI MPENOCTOPOKHOCTH, TAK
KaK SJIEKTPUYECKUU TOK, HNPOXOIOANIMM 4Yepe3 TEno uenoBeka, BexmumHou B 0,025 A yxe

ABJIACTCA OITACHBIM JIA KI3HH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[Tpunoxenune b
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AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MUHHNCTEPCTBO HAVKHU U BBICIHIET'O OFPA3OBAHU S POCCUNCKOUN OEJIEPAIINU
OEJ/IEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJITEHUE BBICHIET'O ObPA3OBAHWSA
«CEBEPO-KABKA3CKHNI ®EJIEPAJIBHBIM YHUBEPCUTET»

[Taruropckmii UHCTUTYT (punmman) CKOY

MeTtoaunueckue peKoOMeHIaIuU

MO0 OPraHu3alul CaMOCTOATEILHOU PpadOTE 00yUarONXCS
mo muciuIiuinae « QJIEKTPOTEXHUWUKA »
IJIs CTYJIEHTOB HAITPABIECHUS MTOATOTOBKH /CIEIMAIIEHOCTH
10.03.01 Uu¢popmarmonnasn 0e300acHOCTE, be30macHOCTE KOMITBIOTEPHEIX CUCTEM

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

[Tsruropek 2023
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Conepxanue

Beenenue
1 OO0mias xapakTepUCTUKA CAMOCTOATEIBbHOM padoTel oOOyuaromierocs mnpu

H3VUICHHUHU JHCIHITIIITHBI « on CKTPOTCXHUKA»

2 [Tnan-rpaduk BEIMOTHEHWA CAMOCTOATETLHOM PAOOTEI
3 KOHTpOIBHEIE TOUKH M BUALI OTUETHOCTU IO HAM
4 Meromnueckne peKOMEHJAINH 10 N3YYEHHUIO0 TEOPETUUECKOTO
Marepuaia
5 YuebHo-meToqnueckoe U HH(POPMAIMOHHOE 00eCTeyeHne TUCTIUILTUHEI
NIOKYMEHT NOJMNWCAH

ANEKTPOHHOW NOAMUCHIO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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BBenenue

CamocroarensHas pabora — mranupyemas yueOHas, ydeOHO-HCCIenoBaTenbCKas,
HAyYHO-UCCIEN0BATENBCKAA padoTa CTyIEHTOB, BEITOJHAEMAS BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsA IO 3aJaHWI0 M HOPH METOIMYECKOM PYKOBOACTBE MPEmoAaBaTeiss, HO 0e3 €ero
HEMOCPEACTBEHHOTO y4acTHs (IIPHM 4YACTUUHOM HEMOCPEICTBEHHOM YUACTHH NPENOgaBaTes,
OCTABJIAIONIEM BEAYIIYIO POJIb 34 pA0OTON CTYAEHTOB).

CamocroarenpHas padbora CryneHTOB B BY3e ABmA€TCA BaMHBIM BHUAOM YUE€OHOM H
HAYYHOM NEATEIRHOCTU CTYIEHTA.

Begymias nems opranmzaumm u ocymiectBaeHus CPC momxHa COBMAmaTe C IIEBIO
o0OyueHMs CTyIEeHTa — NOATOTOBKOM OakamaBpa C BeICIMM OOpaszoBanuem. [Ipu opranmsanuun
CPC BaxHBEIM U HEOOXOOMMEBEIM  YCIOBUEM  CTAHOBATCA  (POPMUPOBAHUE  YMEHHUA
CAMOCTOATENBLHON PA0OTHL A1 mMPUOOPETEHNA 3HAHWUM, HABBIKOB M BO3MOKHOCTH OpraHW3aiiuu
yueOHOM 1 HAYIHOU JIEATENHHOCTH.

Llenpro camocToATENBEHON PAOOTEI CTYIEHTOB SBISAETCA OBJIAACHHE (DYHIAMEHTATEHBIMU
3HAHUAMHU, TPOPECCHOHATBHEIMA YMEHUAMH U HABBIKAMH OEATEIRHOCTH IO MPO(UIIO, ONBITOM
TBOPUECKOM, HCCIEOOBATEIBCKON aeATenpHOCTH. (CamocrosTencHas padora CTyOEHTOB
CIOCOOCTBYET pa3BUTHIO CaMOCTOATENBHOCTH, OTBETCTBEHHOCTH W OPraHU30BAHHOCTH,

TBOPUECKOTO MOIX01A K PEIIEHHUI0 TpodneM yaeOHOro u npo()€CCHOHATEHOTO YPOBHA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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O01as XapakTepHCTHKA CAMOCTOATE/ILHOM pa0doThI 00yualonierocs nNpu H3y4eHH
JTHCHHUINTHHBI «JIEKTPOTe XHHKA)

CamocroarensHas pabora - miaHupyemasa yueOHas, y4eOHO-HCCIeqoBaTeIbCKas,
HAyYHO-UCCIEN0BATENBCKAA padoTa CTyIEHTOB, BEITOJHAEMAS BO BHEAYAUTOPHOE (ayIUTOPHOE)
BpeMsA IO 3aJaHWI0 M HOPH METOIMYECKOM PYKOBOACTBE MPEmoAaBaTeiss, HO 0e3 €ero
HEMOCPEICTBEHHOTO y4acTHsA (IpH YaCTUUHOM HEMOCPEACTBEHHOM YYACTHM MPENnogaBaTess,
OCTABJIAIONIEM BEAYIIYIO POJIb 34 pA0OTON CTYAEHTOB).

CamocroarenpHas padbora CryneHTOB B BY3e ABmA€TCA BaMHBIM BHUAOM YUE€OHOM H
HAYYHOU AEATENRHOCTH CTyaeHTa. CamocroaTensHas padoTa CTyIEHTOB UTPAET 3HAYUTEIBHYIO
pOJTE B PEUTUHTOBOM TEXHOMOTMU 00yueHua. B cBsa3u ¢ stum, oOyuenue B BY3e Bkmtouaer B
ce0s IBE, MPAKTUYECKH OOUHAKOBEIE MO 00BEMY U B3aMMOBIIMSAHUIO YACTH — OPOLIECCA O0yUECHU S
u npouecca camooOyuenus. [Tosromy CPC momixna crare 3(p()EKTUBHOUN U LIEICHANPABICHHON
paboTOoM CTyIEHTA.

K coBpemMeHHOMY CENMATUCTY OOMIECTBO MPENBABIAET JOCTATOYHO MIMPOKUI MEPEYEHD
TpeOOBAHUN, Cpem KOTOPHIX HEMAJOBAXKHOE 3HAYEHUE WMEET HAIU4YME Yy BBIMYCKHUKOB
OMPENENEHHBIX CIMOCOOHOCTEM M yMEHHUA CAMOCTOSTEIRHO TOOBIBATH 3HAHUS W3 PA3TMUHBIX
MCTOYHUKOB, CHCTEMATU3HPOBATE ITOJYYECHHYI0 HH(POpPMAIMIO, AABATL OIEHKY KOHKPETHOH
(uHancoBou curyanuu. GopMUPOBAHUE TAKOTO YMEHUA MPOUCXOAUT B TEYEHUE BCETO MEPHUOIA
00ydeHMsA depe3 ydJacTHE CTYOEHTOB B ITPAKTHYECKHUX 3dHATHUAX, BBIITOJHEHUE KOHTPOJIBHBIX
3aJaHUH U TECTOB, HAMUCAHUE KYPCOBBIX M BBIMYCKHBIX KBAMM(PUKAIMOHHEIX padoT. IIpu sTom
CaMOCTOATENRHASA pPAdO0TAa CTYAEHTOB WIPAET PEMIAIONIYI0 POIs B XOIE€ BCEro ydeOHOro
mpo1iecca.

Begymasa nems oprammzauum u ocymiecrBaeHuas CPC pomxHa COBmagare C LEBIO
00ydueHusa CTyJeHTa — NOATOTOBKOM CIENHANNCTa U OakaimaBpa ¢ BeEICIINM OOpaszoBanuem. [Ipu
opranm3zanun CPC BaxHBIM M HEOOXOOMMEBIM YCIOBHUEM CTAHOBATCA (POPMUPOBAHHUE YMEHUS
CaMOCTOSATENBLHOM PA0OTHEI A1 mMPUOOPETEHNA 3HAHUM, HABBEIKOB M BO3MOKHOCTH OpPraHW3aI[uN
yueOHOM ¥ HAYUHOM JIEATEILHOCTH.

@opMEI  CAMOCTOATENEHOM pPAOOTEI CTYAEHTOB pasHooOpa3zuel. B coorBercrBHU C
paboden mporpaMmoN OUCHMUIUIMHBI MPENYCMOTPEHBI CIEOYIONIME BUABL CAMOCTOATENBEHOU
pabOTEI CTyIEeHTA:

- CAMOCTOSTENBHOE U3YUEHUE TUTEPATYPHI;

- CAMOCTOATCIBHOC PCIIICHHC 34044,

- %ﬁ%ﬁ%@@ﬂmm POEKTA.

Cepmwdukatr: 2C0000043E9ABEBS52205E7/BAS00060000043E
Bnagenew; etk @EBa CAMOCHLORMETEHO20 U3YUCHUA JUmMepamypbl — CAMOCTOSTEIBHOE OBIATEHUE

3HAHHUAMH, OIIEITOM HCCJ’[E‘,I[DBHTEJTE:CI{DITI JEATCIBEHOCTH.
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3adauamu CaMOCTOATEILHOTO U3YIECHUS JIUTEPATY PBI ABJIAIOTCA:

o yrayOJIEHHE U PACIIUPEHNUE TEOPETUUECKNUX 3HAHUM,

o (opMHUpOBAHNE YMEHHUH HCIIOIL30BATh HOPMATHBHYIO, MPABOBYIO, CIPABOUHYIO
DOKYMEHTALMIO U CIEIUAIBHYIO TUTEPATYPY;

. pa3BUTHE NO3HABATEIBHEIX CITOCOOHOCTEN M AKTUBHOCTH CTYIEHTOB.

Lenv camocmoamenvho2o pewenus 3a0ad - OBJIAJCHUE IPO(ECCHOHAIBHBIMA
YMEHUAMH U HABBIKAMH JE€ATEIHHOCTHU MO MPOPWIII0 OyayIIEH OEATENbHOCTH.

3adauamu CaMOCTOATENLHOTO PEIIEHUA 34044 ABJIAIOTCA:

. CUCTEMATH3AIMA W 3aKPEMICHHE MOIYYEHHBIX TEOPETUYECKUX 3HAHUH W
MPAKTUIECKUX YMEHUN CTyIEHTOB;

. (popmMupoBaHue CAMOCTOATEIEHOCTH MBITILIEHU A, criocoOHOCTEN K
CaMOPa3BUTHIO, CAMOCOBEPILICHCTBOBAHUIO U CAMOPEAIN3aLINN;

o pPa3BUTHE UCCIEIOBATEIECKUX YMEHHUI.

Henvio camocmoamensHo2o 6bINOJIHEHUA paciuemHo-cpaduueckoii padomsvt 10
OUCHUIIIMHE SABJISAETCS OBJANEHHE (PYHOAAMEHTAIBHBIMM 3HAHUAMH, HOPO()ECCHOHATHHBEIMHU
YMEHUAMH ¥ HABBIKAMH AEATEIRHOCTH MO MPO(UIIO, OMMBITOM TBOPUYECKOM, UCCIEI0BATENBCKOM
IEATEIBHOCTH.

Jadauamu TAaHHOTO BUOA CAMOCTOATENLHOU pA0OTHI CTYAEHTA SABJIAIOTCA:

o CUCTEMATH3AIMA W 3aKPEMICHHE MOIYyYEHHBIX TEOPETUYECKUX 3HAHUH W
MPAKTUYECKUX YMEHUN CTYIEHTOB;

. yTIIIyOneHne U pAaCIIMPEHNE TEOPETHIECKUX 3HAHNN;

. ¢popMUpOBAHNE YMEHHUM HCIIONL30BATh HOPMATHUBHYIO, MPABOBYIO, CIPABOUHYIO
DOKYMEHTALUIO U CIIEIUAIBHYIO TUTEPATYPY;

o pPa3BUTHE MO3HABATEIBHBIX CMOCOOHOCTEN M AKTUBHOCTU CTYIEHTOB: TBOPUYECKOM
WHUIIUATUBEI, CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTH U OPraHN30BaHHO CTH;

. (opmupoBaHE CaMOCTOATETBPHOCTH MBITILIEHU S, cmocoOHOCTE K
CaMOPa3BUTHIO, CAMOCOBEPILIEHCTBOBAHUIO U CAMOPEaTN3aliim;

. pPa3BUTHE UCCICIOBATEIIECKUX YMEHUI;

o UCIIOJIb30BAHUE  Marepuana, CoOpaHHOr0 W MOJYYEHHOTO B XOne
CAMOCTOATENBHBIX 3aHATHUN HA CEMHUHAPAX, HA MPAKTUYECKUX U TA00PATOPHBEIX 3aHATHUAX, NIPH

HAMMCAHUHU KYyPCOBOM PaOOTEL

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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B pesymprare OCBOCHMA OUCHUIUIMHEL (POPMUPYIOTCA CIEAYIONIMM  IIEPEUYECHE
[UIAHUPYEMBIX PE3YyAbTATOB OOy4E€HMA MO AUCHUIUIMNHE, COOTHECEHHBIX C IUIAHUPYEMBIMH

pe3yapTaramMu OCBOEHUA 00pa30BaTENBLHON MTPOTPAMMEL:

[Imanupyemsie pe3yasTaTsl
00y4YeHUs MO TUCIUILINHE

Koxa, (hopmymipoBka Kox, popmymipoBka (MOmyITIO),
KOMIIETEHIINH UHIUKATOPa XapPaKTEPU3YIOIIHE STAIIEI
(popmMupOBaHUA

KOMIOETCHINH, HHIUKATOPOB
3HaeT OCHOBHEIE 3aKOHEI
YIEKTPOTEXHUKH; OCHOBHEBIE
OTpENEICHM,
TOIOJIOTUUECKUE TaPAMETPEI
M METOIEI pacdeTa
YMEKTPUUECKUX LETIEH,
OCHOBEHI 3JIEKTPOHUKU U
YIEKTPUIECKUE U3MEPEHU L.
YMeer npuMeHSTE MPUHIIAITEL
MOCTPOCHU A, AHATIN3A U

OIIK-4 Coocoben nmpuMeHATh N JI-1onk.4 3HaTs: SKCIUTY ATAIHN
HEeOOXoauMEIE (pu3HUECKHe (pr3ngECKUE 3aKOHBI U YIEKTPUUECKUX LETIEH,
3aKOHBI M MOJIEIN IS MO €I, HEOOXO0 IUMBIE ITPU SIEKTPOOOOPYIOBAHUA U
pelieHus 3aaad pEIIeHNH 3a1a4 B PO MBIIIJIEHHBIX
Ipo (pecCHOHATBEHOM Ipo(pecCnoHaATBEHOM 5IEKTPOHHBIX MPUOOPOB.
NEeATENbHOCTH OEeATENbHOCTH. Brnaneer
HIEKTPOTEXHUUECKON
anmaparypou u
3JIEKTPOHHBIMHI

yCTPONCTBAMU, TPUMEHEHNEM
METOOB TEOPETUIECKOTO U
HYKCHEPUMEHTATBHOTO
UCCIIENOBAHU B
IEKTPOTEXHUKE U
MPOMBIILUIEHHO N
3JIEKTPOHUKE.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilnan-rpauk BbINOJTHEHHS CAMOCTOATE/ILHOH padoThI

O0BeM J4acoB, B TOM 4HCJIE
Konapr
CpencrBa u KoHrakTHas
peanrn3yeMbIX Bun negarensHOCTH
. TEXHOJIOTHA pabora c
KOMIIETEHIIHH, CTYIEHTOB CPC Bcero
s TKaTOpa(oB) OIIEHKH PETo1aBaT
enem
3 cemecTp
CamocrogarenrHoe Cobece TORAM
M3yUEHUE JINTEPATYPHI 5 9 1 10
mo Temam Nel-18
OlLIK-4 [Toaroroska K CobecenoBanu
(UI-1, U1I-2, 6,3 0,7 7
W13, UJT-4) JIEKITAAM e
’ [oxrorosxa K CoOecemopanu
1adopaTOPHEIM . 9 1 10
3AHATHAM
Hroro 3a 3 cemecrp: 24,3 2,7 27
Hroro: 24,3 2,7 27
[IOKYMEHT NMOAMWCAH

ANEKTPOHHOW NOAMUCHIO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KﬂHTpﬂ.]]thlE TOYKH H BH/IbI OTHETHOCTH IIO HHM

No Bung nedarempHOCTH CTYIEHTOB Cpoxknu KomigecTso
/T BEITTOJTHEHU 0anIoB
3 ceMecTp
. JTaboparopnuoe 3ansarue No 2 6 Hemens 25
2. JTaboparopuoe 3amsarue Ne 3 10 nenena 15
3. JTaboparopuoe 3ausarue Ne 7 16 nenena 15
Hroro 3a 3 cemecTp 55
Hroro 55

MakcumansHO BO3MOKHBIN 0ai 38 BECh TEKYIIMM KOHTPOJIE MakCUMamrsHO BO3MOKHEIN
Oasn 3a BECH TEKyIIMM KOHTPOJIb YCTAHABIMBAETCA paBHEIM 55. Tekymiee KOHTpPOIBHOE
MEPONPUATHE CYWUTAETCA CHAHHBIM, €CJIM CTYAEHT HOJy4ua 3a Hero He meHee 60% ot
YCTAHOBJIEHHOTO JJA OSTOTO KOHTPOIA MakCUMameHOro Oamna. PeurtunroBemi Oam,
BEICTABJIIEMBIM CTYAEHTY 3d TEKYNIEE€ KOHTPOJIBHOE MEPONPUATHE, COAHHOE CTYIEHTOM B

YCTAHOBJIEHHBIE TPA(PUKOM KOHTPOJBHEIX MEPONPUATHN CPOKH, OMNPEIENAECTCA CIEIYIONINMM

obpazom:
Y PpOBEHB BBHIITOTHEHUA KOHTPOJIBHOTO Perrtnaroseii 0Oayut (B % OT MAKCHUMAaIBHOTO
3aIaHuA Oayu1a 3a KOHTPOJILHOE 3aTaHHIE)
OTINYHEIN 100
X0 PO 30
Y noBa€TBOPUTEILHEIN 60
HeynoBneTBOpUTEIBEHEIM 0
AOKYMEHT MOAMNNCAH

ANEKTPOHHOW NOAMUCHIO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeToan4yeckHe PEKOMEHIAIHHA 10 HIYUCHHIO TCOPETHYECKOI'0O MaTepHaJia

CamocroArensHas padoTa CTyIeHTA HAYMHAETCS ¢ BHUMATEIBLHOTO O3HAKOMIIEHHMA C
comepxanueM yueOHOro Kypcea.

M3ydenne ka0l TEMEI CIEIy€eT HAUMHATE C BHUMATEIRHOTO 03HAKOMIEHU ¢ HA0OpOM
BOMMPOCOB. OHU OPUEHTUPYIOT CTYAEHTA, MOKA3BIBAIOT, YTO OH JOJIKEH 3HATH IO JAHHOWU TEME.
Bonpocer Tembl kKak OBl HAKIAOBIBAIOTCA HA COOTBETCTBYIONIYIO IUIABY M30paHHOrO ydeOHHKA
wm yueOHOoro nocodusa. B urore nomkHO OBITH ACHBIM, KAKHE BOMPOCHI TEMEI YU€OHOTO Kypca U
C KAKOUW TIIyOMHOU PACKPBITHL B KOHKPETHOM yueO0HOM Marepuaie, a Kakue BOOOIIE OMynIEHEI.
TpeOyercs TBOpUECKOE OTHOIIIEHHE U K CAMOMY COAEPKAHUIO0 JUCTUITIAHEL.

Bonpocel, cocTaBustomme ee coaepkanne, 00IamarT pa3HOM CTENEHBIO BaXKHOCTH. ECTh
BOIIPOCEI, BBEIMOJHAIONINE (PYHKIUIO JIOTMYECKOW CBA3KM COAEPKAHUSA TEMBI M BCETO Kypca,
MMEIOTCS BOMPOCH! OMUCATENBHOTO WM PA3bACHUTEIBHOTO XAPAKTEPA, @ TAKKE UCTOPUIECKOTO
3KCKypca B 00IaCTh M3y4aeMOM IUCHUILUIMHEI. BCe 3T BOMPOCE HE COCTABISAIOT CYTH ITOHS-
TUHHOTO, KOHLUENTYAJIBHOTO COAEPKAHUA TEMBI, HO HEOOXOIMMEI I/ HETOCTHOTO BOCHPHUATHS
M3y9aeMBIX ITPOOIEM.

M3yuaemas pucnuiuimHa MMEET CBOM KaTErOPUAILHO-MOHATUMHEBIN annapar. Hayuwusere
MOHATHA — 3TO Ta 0a3a, Ha KOTOPOM CTPOUTCA Kaxkaas Hayka. [loHaTtua — y3moBBI€, OMMOPHBIE
MYHKTHI KAK HAYYHOTO, TaK U y4€OHOTO MMO3HAHUA, JIOTHUECKHE CTYMEHU ABWKEHUA B yduede OT
OPOCTOrO K CJIOKHOMY, OT ABJIEHUS K CYNIHOCTU. be3 sCHOro moHuMaHus moHATHH yuelda kpailHe
3aTPYIHAETCS, 4 COEPKAHUE TPUOOPETEHHBIX 3HAHWH CTAHOBUTCSA TYCKIIBIM, PACTIILIBUATHIM.

CTyneHT AOKEH NOHUMATh, YTO CAMOCTOATENBRHOE OBJIAACHME 3HAHUAMH ABIACTCA
[JIABHEIM, ONpENe/MionM. Bricmias mkosa co3gaer sl 3TOr0 HEOOXOAMMEIE YCIOBHAL
MOMOTAE€T OyaymEMY BBICOKOKBATU(PUIIMPOBAHHOMY CIENHAIUCTY OBJAAETh TEXHOIOTHEH
CaMOCTOSATENLHOTO MPOU3BOACTBA 3HAHUM.

B camocroAaTemsHOM paboOTE€ CTyOeHTAM MPUXOOUTCA UCIIOIB30BATE JIUTEPATYPY
pa3IMYHEIX BUAOB: IEPBOUCTOYHUKH, MOHOTpauu, HAydHBIE COOPHMKH, XPECTOMATHH,
yueOHUKH, yueOHBIE mocoOus, KXypHaIsl U Ap. M3yuenue kypca Opennoaraet 3HAKOMCTBO
CTYAEHTOB C OOJBIIMM OOBEMOM HAYYHOW MU y4€OHOM JMTEPATYPHI, 4TO, B CBOIO OYEPE.B,
MOPOKIAAET HEOOXOOMMOCTE BBIPAOOTKM Yy HHUX pPalHMOHAIBHO-KPUTHUECKOTO MHOOXO04a K
M3y4aE€MBIM UCTOTHHKAM.

YTtoOBI HE «YTOHYTE» B OTPOMHOM OOBEME PEKOMEHIOBAHHBIX €My IJISI M3YUECHUS
MCTOUHUE R poiaR Hdg PGIIE BCErO, TOMKEH HAYUNTHCS MPABWIBHO MX UHTATH. [IpaBIIBHOE

Ceprvcukar:  2C0000043E9ABBBI52205E7BAS00060000043E
BnanenddT CHH & PEKOMEHIOBABHEX.: HCTOYHUKOB IPEAITOIaracT CJI€A0BAaHME HECKOJIbKHM HECIIOKHBIM,

HO BECbMA ITOJIEC3HBIM HpHBHHHM.
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[IpenBapurenbHeIil IPOCMOTP KHUTH BKIIOYAET O3HAKOMIEHHE C TUTYJILHBIM JHCTOM
KHATH, AHHOTAI[MEH, MPEIMCIOBHEM, OIIaBJIE€HUEM. [Ipu O3HAKOMIEHMHM C OIJIABICHUEM
HEOOXOAMMO BBIAEIUTE PA3AeNbl, TI4BkI, maparpadsl, MPEeaCTABIAIONINE I BAC HHTEpEC, OErno
UX OPOCMOTPETH, HAUTH MECTA, OTHOCAMMECA K Teme (ad3anel, cTpaHuusl, maparpadsr), u
MO3HAKOMUTHCS ¢ HUMU B OONINX 4ePTaX.

Hayunsie n3nanusa COMpPOBOKIAIOTCA PA3IMIHEIMU BCOOMOTATEIEHEIMI MATEPHATIAMA —
HAYYHBEIM AOmaparoM, MOSTOMY BAaXHO 3HATH, M3 KAKMX OCHOBHBIX J3JIEMEHTOB OH COCTOMT,
KaKOBEI €r0 (PyHKINH.

3HAKOMCTBO C KHWUTOW JIy4II€ BCET0 HAYMHATH C M3YUEHHSA AHHOTAIUM — KPATKOU
XAPAKTEPUCTUKA KHUTH, PACKPBIBAIOMIEN €€ COOEp/KaHUE, HIACHHYI0, TEMATHYECKYI0 U
JKAHPOBYIO HAIPABJIECHHOCTh, CBEIECHUA OO0 aBTOpE, HA3HAUEHHE M APYTHE OCOOEHHOCTH.
AHHOTAIMA NOMOTA€T COCTABUTE MPEABAPUTEILHOE MHEHAE O KHUTE.

['my0ke moHATH COOEpPKAHUE KHWUTH IMO3BOJIIOT BCTYIUTENBHASA CTAThsA, B KOTOPOU
OAeTCsA OIEHKA COAEPk aHWA KHWUTHA, 3aTParuBaeMoil B HEW NOPOOIEMATUKH, COAEPHKUTCS
uH(pOpMaNUA O KU3HEHHOU M TBOPUECKOM Omorpauu aBTOpa, BBICKA3BIBAIOTCSA MOJIEMHUUECKHE
3aMEUaHUsA, PA3BACHAIOTCA OTAEIBHBIE MOJOKEHWsA KHWUTH, OAIOTCA KOMMEHTApHUU U T.O. BoT
MOYEMY 3HAKOMCTBO C BCTYIIUTEIIBHOM CTATHEU MPEACTABILIETCA OYEHb BAKHBIM: OHO ITOMOTAET
CTYAEHTY COPUEHTHUPOBATHECA B TEKCTE padOTHI, 00pATUTH BHUMAHUE HA €€ HAMOOIEE IEHHBIE U
BAKHBIE PA3IEIIHL.

Toit xxe nenu comencTByeT 3HaKOMCTBO € OTJIABIEHUEM, NMPEAUCIOBUEM, MOCIECIOBUEM.
Becbma mDONIE3HBIMM SJIEMEHTAMHM HAYYHOTO ammapata SABJSIOTCA CHOCKHM, KOMMEHTAPHH,
TaOmunpel, rpauku, coucku ureparypel. OHM HE TONBKO WIMIOCTPUPYIOT OTAENBHBIE
MOJIOJKCHU. KHUTH WIM CTAaTbH, HO M CaAMM IO Ce0€ ABJIAIOTCA IOIMOJIHUTEIBEHEIM UCTOYHHKOM
MH(POpPMALINN I UATATEIIA.

Ecmm gurarens 3amHTEpECcOBaNa Kakasf-TO BBEICKA3dHHASA aBTOPOM MBIC/Ib, HE HALLIEUIAS
MOAPOOHOTO OCBENIEHWA B NAHHOM HCTOYHUKE, OH MOKET OOpAaTUTBCA K TEKCTY HMCTOYHHKA,
YIOMHWHAEMOTO B CHOCKE, JITMOO K MCTOYHUKY, KOTOPEIM OH MOKET HANTHU B CITMCKE JIMTEPATYPHL,
PEKOMEHIOBAHHON aBTOPOM U1 CAMOCTOSATEIIEHOTO H3YUEHUA.

CymiecTBy€eT HECKOIBKO (POPM BEIEHUA 3ATTUCEN

— 1u1aH (OPOCTOM U pa3BEPHYTHIN) — HaWOoOIEe KpaTkas (popma 3amicu OpOYUTAHHOTO,
MPEeaCTaBIAONIas COOOM NEepedueHbp BOIPOCOB, PACCMATPHUBAEMBIX B KHHMIE WIH CTATHE.
PazsepuyTerili mnan mnpexncraBmier coOou Oosee mompoOHYIO 3amuch HPOYUTAHHOTO, C
eTATIBAHHE P AR AbRHISLBOTONKEHI I BEIBOIOB, C BEIITICKOI! IATAT, CTATUCTHYECKUX JAHHEIX

Ceprvcukar:  2C0000043E9ABBBI52205E 7BAS00060000043E
Bnagendd: T.MecBHa3BePHYTBIM HEaH. — HEOLEHUMBIM MOMONIHMK HPH BBICTYIUIEHHMM C JOKJIAA0M HA

KDHKPE‘TH}’I—D TEDV[}’ Ha CENH’H-IHPE,, KDH(;[)EPEH’L[HH;
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— TE3UCBl — KPATKO C(OPMYIUPOBAHHEIE ITOJIOKEHUA, OCHOBHEIE MOJIOKEHUA KHUTH,
crareu. Kak mpaBmio, TE3UCHL COCTABIAIOTCA MOCIE MPEABAPUTEILHOIO 3HAKOMCTBA C TEKCTOM
MCTOYHMKA, IIPH €T0 MOBTOPHOM NPOUYTEHHH. OHM MOMOTAIOT 3alOMHHUTE M CHCTEMATHU3UPOBATH
UH(O pMATIHIO.

CocraBieHne KOHCIIEKTOB

bosblIyro poss B YCBOGHHMM M MOBTOPEHUM MPOMIEHHOTO MATEPUATIa UTPAET XOPOIINH
KOHCITEKT, CONEPKAIIMN OCHOBHBIE HJIEU MPOYUTAHHOTO B YUCOHUKE U YCIBIMIAHHOTO B JIEKIIVH.
KoHCekT — 3T0, M0 CymiecTBY, HAOPOCOK, PA3BEPHYTHIN ILIAH CBA3HOTO pAacCKa3a M0 OCHOBHBIM
BOITPOCAM TEMBEL.

B kakoii-T0O Mepe KOHCIEKT paccuuTadH (B 3aBUCUMOCTH OT WHAWBUIYATBHBIX
OCOOEHHOCTEN CTYIOEHTA) HE TOJBKO HA WHTEUIEKTYATBHYH W SMOIUOHAIBHYK, HO U HA
3PUTENLHYI0 IMAMAThH, IPHUYEM TEKCT KOHCIIEKTA HEPEOKO aCCOLMMPYETCA €€ M C TEKCTOM
yueOHMKAa WIN 3anmucero Jieknuu. [losromy serue 3amoMHMHAETCA CONEPIKAHUE KOHCIIEKTOB,
HAIMMCAHHBIX Pa300purBO, ¢ MOTYEPKUBAHUEM WIH BEIICICHUEM Pa3PANKOU KIHOUEBEIX CJIOB U
(pas.

CaMOCTOATENPHO W3YYEHHBIE TEMBI NPEIOCTABIAIOTCA MpenogaBaremo B (opme
KOHCHEKTA, [0 KOTOPOMY HpoUCXoauT codecenoBanue. T eopeTnuecknue TeMEI Kypcea (OTAEIbHBIE

BOIIPO CLI), BBEIHOCHMBIC Hd CAMOCTOATCIIBHOC H3YVUCHHEC, IMTPCACTABJICHEL HHKC.
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Yueono-memoouueckoe u ungpopmayuonnoe ovecnedenue OUCUUNIUHDI

Ilepeuenv 0CHOGHOU U OONOAHUMETbHOU JTUMEPAMYPbl, HEOOXOOUMOU 01 OCBO0CHUA
OUCHUNTUH I

Ilepeuenv ocnoeHoll TUmMepamypol:

1. becconora JI.LA. Teopernueckne OCHOBBI SIEKTPOTEXHUKHU. JIEKTPUUECKHUE IIETH.-
Mocksa: FOpairr, 2013.- 701 c.

2. becconora JI.A. Teopernueckue OCHOBEI ANEKTPOTEXHUKNA. JIIEKTPOMATHUTHOE MOJIE. -
Mocksa: FOpairr, 2014.- 317 c.

3. CvmpuoB HO.A. @Dusuueckue OCHOBHI AIeKTpOTEXHUKHU.- Cankrt IlerepOypr: Jlaus,

2013.- 560 c.

IIepeuensv OonotHUmMEIbHOU TUMEPAMYPDL:
1. XKaBoponkoB M.A. DnekTpoTeXHHUKA U dIEKTPOHUKA.- MockBa: Axkanemus, 2012.

2. lonpnbepr O.J1. OnekTpomexanuka.- Mocksa: Axkagemus, 2012.

Illepeuens yueOHO-MemoOuUeCckozo odecnedeHus CamMoCmoAmMenvHoU  padomol
00yuarouuUxca no OUCHUNIUHE

1. Meromnueckne peKOMEHIAWM Ui IMOATOTOBKH K JA0OPATOPHBIM 3AHATHAM IIO
TUCIUILIMHE « DTMEKTPOTEXHUKAY .

2. Meromuueckue peKOMEHIAINN TI0 OPTAHU3AIMN CAMOCTOSTENBHON padOTHI CTYAEHTOB

MO JUCITHUITIIHHE <« 3JIE?I{Tp0TE‘KHHI{H}}.

IIepeuenv pecypcoe ungopmayuonuo-meneKoMMyHuKayuonnou cemu Humepnem,
HEOOX00UMBIX 0151 0CBOCHUA OUCHUUNTIUHDI
1. http://www .biblioclub.ru -3bC "YHusepcurerckas Oubnmoreka ommaita"

2. http://www.iprbookshop.rw/ - nekrponno- bubmioreunas cucrema IPRbooks
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