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HccaenoBanne JUHUHA 3JIEKTPOINepeavyu MOCTOSHHOIO TOKA : Me-
TOAWYECKUE YKA3aHUS MO BBHIMNOJHEHUIO JJaOOpAaTOPHOM pabOThI MO JUCIIH-
IMHE «JEKTPOTEXHUKA M 3JIeKTpoHuKa» / KOro-3am. roc. yH-T; COCT.:
A.C. Pomanuenko, A.JI. OBunanukoB, O.B. Jlobosa. Kypck, 2016. 9 c.: uin.
4, Tabn. 1. bubnuorp.: c. 9.

MeTonuueckre yKazaHUsl COJIEP’KAT CBEJACHHUS 1O HCCIEAOBAHUIO HEPA3BETB-
JICHHOM 3JIEKTPUUYECKOM 1IeNH MOCTOSHHOTO TOKAa — JIMHUU 3JIEKTpornepeaayu. Y Kasbl-
BaeTCsl TIOPSIIOK BBITIOJTHEHUS J1abopaTOpHOUM paboThl, TpaBuiia 0hOPMIICHUS OTYETA.
JlaboparopHas paboTa 0XBaThIBAET MaTepUall MO CISTYIOIIUM TEMaM: PEKUMBI pado-
ThI JIEKTPUUECKON €M, MaJCHUE HAMPSXKEHUS U TTOTEPU MOIIHOCTH B JIMHUU DJICK-
Tpomnepeau, XapaKTePUCTUKU JIMHUU 3JIEKTPONepeaayu U UX MOCTPOCHUE.

Mertoauyeckne ykKa3aHUS COOTBETCTBYIOT TpPeOOBaHHUSAM pabodeil MporpaMMbl
JUCIUIUTUHBI «DJIEKTPOTEXHUKA U DJICKTPOHUKAY (pa3fiesl — DIEKTPOTEXHUKA).

[Ipenna3sHadeHbl 111 CTYAEHTOB TEXHUYECKUX CIIEIUAIBHOCTEN U HAIIPABJICHUN
MOJATOTOBKH TIPH MPOBEJICHUH JTa00OPATOPHBIX 3aHATHH.

TekcT meuaraeTcs B aBTOPCKOU PENAKIINT

[Toanucano B mevyaTh dopmar 60x84 1/16. bymara odcernas.
VY. neu. 1. . Yd.-u3a.01. . Tupax 50 5k3. 3aka3 . becrmatHo.
IOro-3anagHeiii rocy1apCTBEHHBIN YHUBEPCUTET.

305040, r. Kypck, yin. 50 net Oxtsa6ps, 94
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1. HEJIb PABOTDBI

1.1. M3yyenne nuHuK nepegaym HU3KOTO HANPSDKEHUS B PA3JIMYHBIX
peXrMax NMpU HEU3MEHHOM HAIIPSKEHUM MCTOYHUKA DJIEKTPUYECKON dHEP-
TUU.

1.2. CHaTHE XapaKTEPUCTHUK JIMHUM NIEPENAYN MIOCTOSIHHOTO TOKA HU3-
KOT'O HaIPsKCHUS.

2. 11IOAI'OTOBKA K UCCIIEAOBAHUAM

2.1. 3y4nTh MO KOHCIEKTY JICKIUHA U PEKOMEHIOBAHHOMY YYE€OHUKY
paszaen «Llenu mocToSHHOTO TOKay.

2.2. OCBOUTH METOJUKY BBINOJHEHUS JTa0OpATOPHOUl pabOThI MO Ha-
CTOSILLIEMY MTOCOOHIO.

2.3. 3aroToBUTh OTYET CO CXEMOM JKCIIEPHUMEHTAIBHOM YCTaHOBKH,
TaOIUIEHN ISl SKCIIEPUMEHTAIIBHBIX U PACUETHBIX JaHHBIX.

3. ITIPEABAPUTEJIbHBIE CBEAEHN A

JIunuel mepegayu Ha3bIBAETCS MPOMEXKYTOUHOE 3BEHO, COEIUHSIO-
1€ UICTOYHMK AJIEKTPUUECKON IHEPTUU C €€ MPUEMHUKOM.

Ha pucynke 3.1 npeacTaBieHa 3JIEKTpUUYECKAs CXeMa LIETH C JTUHUEH
nepeaadu, IJie UCTOYHUK U MPUEMHUK CTPYKTYPHO HE PACKPHITHI (Mpeni-
CTaBJICHbI B BUJI€ JBYXMNOJIOCHUKOB). [IpoBOja TMHUM TIepeaadn MOCTOSH-
HOT'O TOKa 00J1aJIal0T COMPOTUBIICHUEM, OIIPEEIsIEMbIM TT0 hopmyJie:

2 27, (3.1)

I7€ P — yAEIbHOE CONMPOTUBJICHUE MaTepuaia, U3 KOTOPOro U3rOTOB-
nensl poBoxa (Om *wm’/m);

| — nnuHa TPOBOJOB JIMHUM Tepenayu (g IBYXIPOBOJHOW JTMHUU
nepeaady paBHa yJIBOCHHOM JIJTMHE JIMHUU Tiepenadn) (m);

A — IWIOIIAIb CEYCHHS IIPOBOLOB (MA’).

I I
—»> —»>
Hc- JIu- IIpu-
TOY- U, | Hus U, | ém-
HUK ° nepe- Ps HHUK

Pucynok 3.1. Llens ¢ tuHueN nepenadyun
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CxeMa Ha pucyHke 3.1 MOXeT ObITh MpPENCTABICHA CXEMOU 3aMellle-
HUS, U300pKEHHON HA pUCYHKE 3.2, OT KOTOPOH MEepeiaéM K SKBUBAJICHT-
HOM €1 CXEMeE DJIEKTPUUECKOM LIETH, PEICTABICHHOW Ha pUCYHKE 3.3.
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Pucynok 3.2. Cxema 3aMelieHus Ieny ¢ JUHUEH Nepeaadyun
R, 1,
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<> U, U, Ry
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Pucynok 3.3. DkBHUBaJIEeHTHAs CXeMa LIeNH ¢ JMHUEH nepeaadu

IIpoBeném aHamm3 3TOM CXEMbl, MPEIACTABIAIONICH COOOM MPOCTYIO
AIEKTPUYECKYIO 1IEMb, NI KOTOPOUM crpaBeiuB BTOpoi 3akoH Kupxroda
(cuurtaem, uto E=U):

U =U,+AU=U,+R, -1, (3.2)
rae U, — nanpspkenue B Havalie IMHUK TIPEIayu;

U, — nanpsoxenue B KOHIE JMHUY NEpeaun (Ha HArpysKe);

AU — nanenue nanpsokenus (WId OTEPS HANPSHKEHUA) B JTUHHUU I1€-
penaadyu, KOTOPOE MOKHO ONPEACIIUTh KaK:

AU =U,-U,=R, -1, (3.3)

YMHOXas JEBYIO U MpaBylo 4acTh ypaBHeHHUd (3.2) Ha [, moiydaem
OCHOBHOE IHEPTeTUYECKOE COOTHOIIECHUE JIJIi pacCMaTpUBAEMOM 3JIEKTPHU-
YECKOU LIETIN:

2

U -1=U,-1+AU-I1=U,-I1+R, -1 (3.4)

[IpousBeneHne HampsHKEHUS Ha TOK €CTh MOIIHOCTH. [loatomy (3.4)
3aMUIIETCS B BUJIE:

2
P=P+AP=P, +R -1 (3.5)
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N3 nonydeHHBIX ypaBHEHUN MOXKHO OINPEACIUTH PsAJl BEIUYUH: Xa-
PaKTEPU3YIOIIUX pabOTy JMHUM Tepeadyn (XapaKTepUCTUKU JTUHUM Tepe-
Ja4uHn):

1) HanpsbkeHUe B KOHIIE JIMHUY Tiepeayu (Ha NpUEMHUKE):

U,=U,-AU=U,—-R,-I; (3.6)
2) MOITHOCTb, OTJaBacMas JIMHUEH Mepe/laud Harpy3Ke:
P,=P-AP=U,-1-R,-I°; (3.7)
3) KII/J] nuuuu nepenayu:
P, _R-AP __ AP R,
ZEZTZI—?]ZFI'UI. (3.8)

Cuna Toka I xapakTepu3yeT BeJIMUYNHY Harpy3KH.

[To oTHOIIEHHIO K Harpy3Ke JIMHHUIO MEpeladyd W UCTOYHHK DJIEKTPO-
SHEPIMM MOXKHO paccMaTpUBaTh Kak IBYXMOJOCHUK. [loaTomy Kak st
BCSIKOTO JIBYXIIOJIFOCHUKA TSI JIMHUM TIEpEIadr BO3MOXKHBI YETBIPE PeKUMa
PabOThl: HOMHUHAIBHBIA PEKUM, PEKUM XOJIOCTOTO X0/1a, PEKUM KOPOTKOTO
3aMbIKaHHUSI, COTJIACOBAHHBIN PEIKUM).

1. HomuHaabHBIM Ha3BIBACTCS PEKUM, IPHU KOTOPOM DIICKTPOTEX-
HUYECKOE YCTPOMUCTBO pabOTaeT Co 3HAUYCHUSMH TOKa, HAMPSHKEHUS, MOIII-
HOCTH, Ha KOTOPBIE OHO PAacCCUMTAHO 3aBOJIOM-HU3TOTOBUTEIIEM M KOTOPHIS
HA3BIBAIOTCS €r0 HOMUHAJIBLHBIMU (MTaCIIOPTHBIMHU) 3HAYEHUSIMU. BONbIINH-
CTBO JJIEKTPOTEXHUYECKUX YCTPOMCTB PACCUMTHIBACTCS JIJIsi paOOTHl UMEH-
HO B HOMHUHAJILHOM PEKUME.

2. Pexumom xosoctoro xoaa (XX) Ha3pIBaeTCs PEXUM, IPU KOTO-

pPOM CONPOTHUBIICHHE HArpy3kd paBHO OeCKOHeYHOCTH R, =% (pa3phiB
aeKTpuYecKoi tenu). [Ipu qaHHOM pekrume cripaBeiIMBO CIEAYIOIIEE:
[=0;U,=U,; AU=0; P=P,=0; n=1.
3. Pexumom kopotkoro 3ambikaHus (K3) HazpIBaeTcs pexum, Nnpu
KOTOPOM COITPOTUBIICHUE HArpy3Kud paBHO HYJ0. B 3TOM ciyyae corpo-

THBJIEHUE IENHM PABHO COIPOTHBIIEHUIO JIMHMY nepenaun R, u crpasemim-

BO CJICAYIOIICC:
U
I=1, =R—1; U,=0: P,=0;1n7=0; AU=U,.

J

J71s1 GONBIIMHCTBA AIEKTPUUECKHUX LIETIEH U YCTPOUCTB PEKUM KOPOT-
KOT'O 3aMBIKaHUS ABJIICTCSA ABAPUNHBIM.

4. CornacoBaHHbIM HAa3bIBACTCS PEXUM, NPU KOTOPOM BEIWYHMHA
MOIITHOCTH HAarpy3Ku MMEET MaKCHMaJlbHOE 3HaueHue. s ompeneneHus



dP,
HArpys3Ku 1pH" 3TOM pCKUME HAXOAUM IMPOU3BOAHYIO dR " IIpUpaBHUBA-
H

€M €€ K HYJIIO:

d|U,-— R,
ap, dU,-1-R,-I*)_ R, +R, R+Ri) |
dR,, dR,, dR,

R’-R,” =0, orcrioma R,=R,, .

Takum 00pa3oM, COINIACOBAHHBIM PEKHUM BO3HUKAET IIPH PABEHCTBE
COIPOTHUBJICHUIN JIMHUU W HArpy3ku. I JaHHOIO pEXKMMa BBIIOIHAETCA
cleyrolee (CIeACTBUE COTTIaCOBAHHOTO PEXKUMA):

Y IZL:(),S]]B. n=0,5.
2’ R +R, ’

CornmacoBaHHBIN PEXUM HAXOAUT NPUMEHEHHUE, HAIIPUMED, B JIMHUAX
cBs3y, rae KIIJl nmuHum He sBIIIETCS ONpEenesstonuM (GaKTopoM, HO IIe
HEOOXOAMMO B IPUEMHHUKE HMETh MAaKCHMAaJIbHYO MOIIHOCT.

U,

4. OTIMCAHUE DKCITEPUMEHTAJIbHON YCTAHOBKU

UccnenoBanus npoBoastcs Ha creHae JIDC-5, HanpskeHue Ha KOTO-
pBIil MOIa€TCsl ¢ MOMOUIBI0 OJIOKA BKIIOUEHHUS. {151 MOHMKEHUs HanpsKe-
HUA JI0 3aJIaHHOTO 3HAYEHUS UCIIOJb3YyeTCs Ja00opaTopHbIM aBTOTpaHcop-
matop (JIATP), moakimtoueHHBIM K (pa3HOMY HampsHKEHUIO TPEXGazHOro
UCTOYHMKA NUTaHus (OJ0Kka BKJIOYEHHUs ). s mosydeHHs OCTOSIHHOTO
TOKa HUCMOJIb3YETCS MOCTOBOM BBIMPSIMUTENb, COOpaHHBIA U3 auoaoB J[1—
4. JIunus nepenadyn MMHTUPYETCS MPOBOJIOYHBIM pe3uctopoM Ry. B ka-
yecTBE Harpyske ucnosbiyercs peoctaT PCIIC ¢ makcuManbHbIM 3HAYEHH-
eM comnpoTtuBiieHus 31 Om.

Cxema 3KCHEPUMEHTAIBHOM YCTAHOBKHM IpPUBEAEHA Ha pUCYHKE 4.1.
Ha stoii cxeme PV1 — BoapTMmeTp Ha 75B tuna 2533, ciiy XUt ju1st u3mepe-
HUSI HaNPSOKEHUS UICTOYHUKA MUTAHUS (HANPsHKEHUS B HA4YaJle JIMHUU TEpe-
nav); PA — amniepmerp Ha 1A Tuma 9525, ciiyXuT 1151 ©U3MEPEHUS TOKA B
uenu; PV2 — BonbtMmerp Ha 30B Tuna 23532, ciayxuT s U3MEpEHUsST Ha-
NPSDKEHUS B KOHIIE JIMHUM 3JIEKTPOIEpEIayu.

BHUMAHUE! Ilpu BxitoueHHM BbIKIIOYATENsT () CBOOOHbBIC KIIEM-

Mbl M PO3ETKM OJIOKa MHUTAHMSI CTEHIAa HAXOASATCS MOJ HaNpsSKEHUEM
220/127 B.



Iy=IA R -R, SA(BI)

PV2
Upp=30B

PV1

Pucynok 4.1. DnekTpudeckas cxeMa 3KCIEPUMEHTAIbHOW YCTaHOBKH.

5. TIOPIJIOK ITPOBEJIEHU S NCCJIEJOBAHUI

5.1. O3HaKOMHUTBCSI C UCIHOJB3YEMBIMU MPUOOpPAaMU U aNmapaTypou,
3aHECTU HUX TEXHUYECKUE JIJaHHbIC B COOTBETCTBYIOIIYIO TaOJIMIy OTYETa
(Mo yKa3aHUIO IIpenogaBaTesis).

5.2. CobOpatpb anekTpuueckyto cxemy (puc. 4.1) u gatb €€ npoBepUTh
7a0OpaHTy WM npenogaBarennto. [Ipu 3ToM BBIKIIOYATENN AOJKHBI HAXO-
JIUTHCS B BBIKIIFOUEHHOM COCTOSIHUM (HUKHEE TOJIOKEHHUE), a PETyJISITOp
aBTOTpaHc(opMaTopa B MOJIOKEHUH JI0 YIIOpa NPOTHUB YaCOBOU CTPENKHU.

5.3. Ilepekmtouareniem Bl oTkmtounTh Harpy3Ky, U BbIKJIrOYaTeneM Q
0JI0Ka BKJIIOUEHHUS MOAATh Ha CTeH ] HanpsikeHue. C MOMOIIbI0 aBTOTPAHC-
dbopmaTopa YCTaHOBUTH HAIPSKEHUE B Havasle JIMHUU NIepeaadyu B Mpese-
nax 18-22 B (BenuuuHy HanpspbkeHHs 3a7a€T MpenojaaBaTenb). 3amucarh
noKa3aHue MpuoopoB B Tabyuily 5.1 (BEpXHsIsl CTpOUKA — PEKUM XOJIOCTOTO
X0/a).

BHUMAHUE! Ilpu BbinmonHeHUHW pabOThl HE KacaThCs OTOJICHHBIX
TOKOBEIYIIUX YACTEH.

5.4. YcTaHOBUTH ABM>KOK HAarpy304HOrO PEOCTaTa B KpallHEE HHXKHEE
MOJIOKEHUE, MOJKIIOYNATH NepekatouaresieM Bl Harpy3ky k 1uHuM niepena-
Yy U, noajaepxkuBas HanpspkeHre U; paBHBIM HAIPSHKEHUIO XOJIOCTOrO XO-
71a, YMEHbIIIATh COMPOTUBJICHUE HATrpy3KH, 3alUChIBas MOKa3aHUs MpUOO-
poB B Tabnuity 5.1. Tlocneauuii 3amep Mpor3BECTH MPHU MOJIHOCTHIO BhIBE-
nenHoM peoctare (Ry=0 — kopoTkoe 3ambikanne). CoriacoBaHHBIA PEXKUM
MOJIy4arOT KaK OJMH M3 MPOMEXKYTOUHBIX PEKHUMOB NPU W3MEHEHUU Ha-
rpy3ku, koraa U, = U, /2.
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Tabmuma 5.1. DkcnepuMeHTaIbHbIE U PaCUeTHBIC JAHHBIC UCCIIEIOBAHMS

N3mepeno Brruucieno
rJ[\/@n U, U, 1 P | P |AU | AP | T | R; | Ilpumeuanue
B B A |Br| Br | Br | Br| - | Om
1 Pexum XX
2
3
4
CormacoBaH-
5 HBIU PEXKUM
U2:U1 /2
6
7
8
9 Pexxum K3

5.5. Otkmrounth cTeH oT ceth. He pa3Oupas cxembl, IoKa3aTh pe-
3yJIbTaThl U3MEPEHUN TTPEIOIABATEIIIO.

6. OSPABOTKA PE3VJIbTATOB U3MEPEHUI 1
COIEPXAHHUE OTUHETA

6.1. ITo moay4yeHHBIM SKCIIEPUMEHTAJIBHBIM JAHHBIM MOACUYUTATH 3HA-
yeHnust AU, P1, P2, AP, n 1 BHeCTH UX B Tabnuiy 5S.1.

6.2. Ha ocHOBaHMU JaHHBIX TAaOJUIIBI 5.1 TOCTPOUTH XapaKTEPUCTUKH
JUHUU Tiepenadd (3HaueHus Toka | OTKIajbpIBalOTCs MO TOPU3OHTAIBHOM
OCH):

R=f), =1, AP=f,(I), U, =f,(I), AU = f;(I), n = f,(I).

6.3. OnpeaenuTs CONMPOTUBIIEHUE JIMHUU MEPEAAYM, UCIOIb3Ys BbI-

AU
paxenne R, =—— u BHectm B Tabmmuy 2.1. 3Hauenue R, B mepBoii

1
CTpOYKe TAaOIMIIbI HAXOMUTCS KaK cpeiHee apupMeTHdyecKoe 3HadeHui R, B
nocieayomux crpoukax. Ilo cpeHeapudmMeTHdecKoMy 3HaUeHuIo R, n3-
Om- mm’
BECTHOMY YJIEJBHOMY CONPOTHMBIECHHUIO CTaMH A, :0313—M U ceue-

HIIO TIpoBoaa A=0,5 4y’ OIPeNeNTh JIHHY THHAN IepeIadn [:
. R -A

p.
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6.4. Ilo 3aJJaHHBIM  yJICJIbHBIM COIPOTHUBJICHUSIM MeIu

Om- mm® Om- mm*
£, :0’0187 U aJIOMUHHSA P, :0,037 U TEM K€ 3HAUYEHUSIM
CEUEHHUS U JUIMHE JIMHUM, YTO M B NYHKTE 6.3 IOJCYMTATH CONPOTHUBIICHUE
Ul

JIMHUU TICpCAavnu U TOK KOPOTKOI'O 3aMbIKaHHA 1 K3 :R_ U CPAaBHUTb UX C

J

JTAHHBIMHA TAOIUIEI 5.1.
7. KOHTPOJIBHBIE BOITPOCHI

OT 4ero 3aBUCHUT NAaJICHUE HANPSXKEHUS B TUHUU?

OOBSCHUTD BUJ XapaKTEPUCTHUK JIMHUU MIEpEIavn.

Kakue pexumbl padoThI TMHUM Tiepeaaun Bel 3Haere?

OT 4ero 3aBUCUT TOK KOPOTKOTO 3aMbIKaHUS JIMHUU TIepeaadn?

5. Ilpu kakoMm yCJIOBUM JIMHUA NEpeadyu mnepenaér Harpy3ke Hau-
OonpIyt0 MOIHOCTH? Korja mpuMeHsaroTCs JMHUHM, paOoTalolie B 3TOM
pexume?

6. Kak u3MeHsATCS XapaKTEpUCTUKU JIMHUM 3JIEKTPONEpEeIaun, €Ciu
€€ BBIIOJIHUTH U3 MEHOTO MpoBoAa?

7. Kak u3MeHATCA XapakTEPUCTHKU JIMHUU 3JIEKTPOIepeaadn, €Clu
BMECTO MEIHOIO ITPOBO/IA B35ATh ATFOMUHUEBBINA TPOBOJ?

8. Kak m3MeHsTCs MnajieHne HaNpsKeHUs U OTEpU MOUTHOCTH B JIU-
HUU TIepeadm, €CJIM YBEIUYUTD ILIOMIAaAb CEUEHHS IPOBOIOB?

9.  Kak u3mensTcs najeHrue HaupsHKEHUs U MTOTEPU MOIITHOCTH B JIU-
HUU TIepeadm, €CJIM YBEJIMUNTh HANPSDKEHUE B HaYasle JIMHUU ?

=
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HUccaenoBanue 3JeKTPUYECKON LENU € IOCIeI0BATEIbLHO C€O-
e¢IUHEHHbIMHM UHAYKTHBHON KATYHIKON U KOHJAEHCATOPOM : METO/IH-
YeCKHE yKa3aHUs IO BBIMOJHEHUIO JIAOOPATOPHON pabOThI IJi CTYICH-
TOB HarpasiieHuss moarotoBku 221000 mo kypcy «IIeKTpOTEXHUKa» /
Oro-3am. roc. yu-t; coct.: A.Il. Jloktnonos. Kypck, 2013. 8 c.: ui. 2,
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Mertonuueckue ykKa3aHHs COIACPIKAT CBEACHUS IO MCCIEHOBAHUIO
IPOCTHIX OJHO(A3HBIX AIEKTPUUYECKUX IIENEeH CHHYCOUJATBHOTO TOKa.
VYka3pIBaeTCA TMOPSAIOK BBHIMOJHEHUS JIa0OpaTOPHOM pabOTHI, MpaBUIIa
opopmienus oryera. JlaboparopHas paboTa 0XBaThIBAET MaTepuall MO
CIEIYIONIUM T€MaM: CXEMbl 3aMEIICHHUSI U SKBUBAJICHTHBIC CXEMBI, 3a-
KOHBI TEOPUU JIEKTPUYECKUX LEMEN, METOJBI aHAIN3A SJICKTPUUECCKUX
LeTIeH, KOMIUIEKCHbIA METOJ aHajlu3a LENedl CHUHYCOUAAIbHOTO TOKA,
PE30HAHC B HEPA3BETBJICHHOM IIENU CHUHYCOWUJAIBHOIO TOKA, MOCTPOE-
HUE€ BEKTOPHBIX JUArpaMM.

Mertoauueckue ykazaHus COOTBETCTBYIOT TPeOOBAHUSIM MPOTrpaM-
MBI, YTBEPKJICHHONU Y4eOHO-METOUUYECKUM OOBEIMHEHUEM 110 HaIlpaB-
nenuto noAaroroBku 221000 «MexaTpoHuka U pOOOTOTEXHUKAY.

[IpennazHayeHsbI 111 CTYJCHTOB HaIpaByieHus moaAroToBku 221000
B JJa0OPATOPHBIX 3aHATHUSX.

TekcTt neyaraercs B aBTOPCKOU peaaKUuU

[Toanucano B mevyaThb . @opmat 60x84 1/16.
Yenmed. 1. . Ya.-usa. . . Tupaxk 50 3k3. 3akas. becnnatho.

FOro-3anannblii rocyJapCcTBEHHBIN YHUBEPCUTET
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1. HEJIb PABOTBI

1.1. OnbITHAas TpOBEpKa OCHOBHBIX COOTHOIIEHUM JIJIA MOCJIEA0BA-
TEJIbHOU e CUHYCOUIAIBLHOT0 TOKa, 00IaJaroIIeil 2JIeMEHTaMH C aK-
TUBHBIM, HHIYKTUBHBIM U €MKOCTHBIM COIIPOTHUBICHUSMHU.

1.2. O3HaKOMJIEHHE C SIBJICHUEM PE30HAHCA HANPSHKEHUH U YCIIO-
BUSIMH, [IPU KOTOPBIX OH BO3HUKAET.

2. I[HOAI'OTOBKA K PABOTE

2.1. W3y4yuTh MO KOHCHEKTY JICKIIMH U PEKOMEH/IOBAHHOMY YyueO-
HUKY [1] pa3zmen "DnekTpuyueckre 1enu CUHYCOUJIAIBHOIO TOKA'" U OT-
BETUTH Ha CIICYIOIINE BOIIPOCHI:

1) oOnactu MpUMEHEHHUS DJICKTPUUYECKUX YCTPOUCTB CHUHYCOU-
JATbHOTO TOKQ;

2)  2JIEMEHTHI NEKTPUUECKOM LIETN CUHYCOUIaTIbHOTO TOKA;

3) pa3nu4HbIC MPEACTABICHUS CUHYCOUIAIBHBIX BEJTUYNH;

4)  3akoH OMa B KOMILJIEKCHOU opme;

5) 3akonsl Kupxroda s uernei CMHyCOMJaabHOrO TOKA;

6) KOMIUIEKCHBIM METOJI aHajau3a LeNed CUHYCOUJAIBHOIO TO-
Ka;

7)  aKTUBHOE, PEAKTUBHOE M TOJIHOE COMPOTHUBJIECHUE MACCHUBHO-
ro JIByXIOJIFOCHUKA;

8) aKTuBHas, PEaKTUBHAs W IOJHAA MOIIHOCTh IAaCCUBHOTO
IBYXIIOJIFOCHUKA;

9) pe3oHaHC B HEPA3BETBIICHHOM IIEMA CUHYCOUIAIBHOIO TOKA.

2.2. OCBOUTHh METOJMKY BBITIOJHEHHS J1aOOPATOPHON PabOTHI IO
HACTOSAIIEMY ITOCOOHIO.

2.3. 3aroTOBUTH OTUET CO CXEMOM IKCIIEPUMEHTAIIBHON YCTAaHOBKH,
Ta0IUIIEH SKCIEPUMEHTAIIBHBIX U PACUETHBIX JAHHBIX.

3. OIIMCAHUE 3KCIHEPMMEHTAJIBHOM YCTAHOBKH

HccnenoBanusa mpoBoastca Ha ctenae JI9C-5, B KOTOpOM HCTOINb-
3YIOTCS OJIOK BKJIFOUEHMS, OJIOK KOHACHCATOPOB, MHIYKTUBHAS KaTYIIIKa,



u aBToTpanchopmarop. Cxema NpUHIMIHAIbHAS YCTAHOBKH U300paxke-
Ha Ha puc. 1.

QA 7 AR N Hz
pv1\J Q' lSAl

__Zi. ‘<> _4@1)\/2 )

PV3

O2

Puc. 1. Cxema skCriepuMeHTaIbHONW YCTAHOBKH

Jlanubie mpruOOPOB HA CTEHJIE:

PA — amniepmerp Ha Tok 1 A (Tuna 3525);

PV1 — BonpT™meTp Ha HanpsbkeHue 150 B (tuma C5023);

PV2, PV3 — BonbT™MeTpbl Ha HanpsikeHne 150 B (tuna 3533);

PS — dazometp Ha HanpsikeHue 127 B, Tok 5 A (tuna [[5781).
BHUMAHMUE! Ilpu BkitoueHus BbIkIo4aTenass () CBOOOJHBIE

KJIIEMMbl M PO3€TKM OJOKa NHUTaHUS HAXOJATCA NOJ HaIpsSKEHUEM
220/127 B.

4. TIOPSJJOK TTPOBEJIEHW A UCCJIEJOBAHMM

4.1. O3HaKOMUTBCSI C MCIHOJIb3YEeMBIMU MpPUOOpaMU M ammapary-
PO, 3aHECTU UX TEXHUYECKHE JJaHHBIE B COOTBETCTBYIOIIYIO TaOJIUILY
OTYerTa.

4.2. CoOpath 3JEKTpUUECKYIO cxeMy (puc. 1) u 1aTh €€ npoBepUTh
nabopanty. Ilpu 5TOM BBIKJIIOYATEIW JOJHKHBI HAXOAUTHCS B BBI-
KJIFOYEHHOM COCTOSIHUU (HUKHEE MOJIOKEHHUE), a PETYJIATOp aBTOTPAHC-
dbopmaropa 7' B MOJIOKEHUU A0 YIOpa MPOTUB YaCOBOM CTPEIKH.

4.3. BeikitouareneM () MOJKIIOYUTh CTEH]I CETH U MO YKA3aHUIO

MpernojaBaTes aBTOTPaHC(HOPMATOPOM YCTAaHOBUTH HAIPSHKCHHUE B TIpe-
nenax 90 ... 120 B.



BHUMAHMUE! IIpu BeinosiHeHUU pabOTHI HE KacaThCs OTOJICHHBIX
TOKOBEAYIINX YacTEW, T.K. HA OTJAEIbHBIX YYAaCTKaxX LIEMU HANPSKECHHE
MOKET NO0CTUTHYTH 150 B.

4.4. Co3naTh peKUM TOJBKO aKTUBHO-UHIYKTUBHOW Harpy3ku (Xc
= 0). s sToro, nepees Beikitouatesb SAl (B1) B BepxHee mosioxe-
HUE, 3allyHTUPOBATh 0aTapero KOHJeHCAaTOpoB. Pe3ynbTarsl u3MepeHuit
3aHEeCTU B TabuIy 1.

4.5. [TonObupas BeMUUMHY EMKOCTH OaTapeu KOHJIEHCATOPOB MMyTEM
MEePEKITIOYCHHST KOHJICHCATOPOB, MOCTENEHHO YBEJIUYUBATh EMKOCTHYIO
Harpy3ky. 3aMmepsnl JejiaTh NP YMEHBIIEHUM yria (¢ ¢azoMmeTpa Ipu-
MepHo Ha 10°, B pexume, koraa yroua capura a3 COOTBETCTBYET WH-
TYKTUBHOM Harpy3ke. Pe3ynbTaThl u3mepeHuil 3anecty B Tadi. 1.

Ta6nuna 1

DKCIEpUMEHTAIIbHBIE U PACUETHBIE TaHHBIE UCCIIEIOBAHUS

No N3mepenne Xapakrep
mm |(U;,B |U,, B Us,B |ILA ¢, Tpax |cos ¢ | Harpysku
1
2
Tabnuua 1 (mpomomxeHue)
No Brruncienue

III ZK: RK) XK) XC: UR) ULa Pa QL) QC) Qa Sa
OmM | OMmM [OMm|OMm | B B |Br |Bap |Bap |Bap |B‘A

N | —

4.6. Ilogbupass BenmuuuHy €MKOCTH OaTaper KOHJIEHCATOPOB JIO-
OUTHCS TOTO, YTOOBI B 1IN HACTYIIWJI PE30HAHC HaIpsKEeHUH (Koraa ¢
= 0). Pe3ynbTaThl H3MEpEHUM 3aHECTH B Ta0I. 1.

4.7. Tlponoikas U3MEHSTh BEIMYMHY EMKOCTH OaTapeu KOHJEeHca-
TOPOB, MCCJIEAOBATh PEXKUM EMKOCTHOW Harpy3ku. OTCUEThl CHUMATH
npubnu3nTenbHo depe3 10°, moka cTpenka (pazoMmeTpa HE OTKIOHUTCS
HAa MAaKCUMAJIbHBIN yTOJI.

4.8. IToka3aTh penoaaBaTeto pe3yabTaThl OMBITOB.




4.9. PazobpaTh cxemy, IPUBECTH B IIOPSJIOK paboyuee MEeCTO.

5. OSPABOTKA PE3VJIbTATOB M3MEPEHUIA
N COAEPXXAHUE OTUETA

Briuucnenusi, HeoOXoMMble TPU 3amojdHEHUr Taba. 1 mpowusBo-
JSATCS TI0 ClIeAyIoIUM (hopMyJiam:

5.1. TlomHOoE CONPOTHUBICHUE KATYIIKH

ZK = U 2 /I
5.2. AKTHUBHas MOIIHOCTh, TOTpeOIsieMas KaTyIKoi
P =U, Icos .

5.3. Ecnu npeHeOpedyh aKTUBHBIM COIMPOTUBICHUEM COCIUHU-
TEJBHBIX MMPOBOJIOB U TOKOM YTE€UYKHM OaTapeu KOHJIEHCATOPOB, aKTUBHOE
CONPOTUBJICHUE KATYIIKU PABHO

R.=P/F.
5.4. VHIyKTUBHOE CONMPOTUBIICHUE KATYIIKU
X =+Z:-R}

[TapameTpsbl KaTymiku Z,, R, U X ONPEIEIsOTCs U3 EPBOTrO OIIbI-
Ta U B Ta0J1. 1 3anKchIBaIOTCSl OAMH Pa3 BIO0JIb COOTBETCTBYIOIIUX Ipad.
5.5. CuuTasg aKTUBHOE COIPOTHUBIICHUE OaTapeu KOHJEHCATOPOB
PaBHBIM HYIIIO, €€ EMKOCTHOE COIIPOTUBIICHUE OMPEIEIITUTCS KaK
XC =U 3 /L
5.6. PeakTWBHAas MOIIHOCTh, MAYIIAsd HA CO3aHUE MArHUTHOTO
TIOJIA
0, = F X..
5.7. PeakTuBHAas MOIIHOCTb, UAYIIAsA HA CO3JaHUE DJIIEKTPUUECKO-
r'o TOJIA
Oc=IFXc=Usl
5.8. PeakTWBHAs MOIIHOCTbH, MOCTYIIAKOIIAS B IEMb C MOCIEA0BA-
TEJIBLHBIM COCIUHEHHWEM OaTraper KOHJECHCATOPOB M MHIAYKTUBHOW Ka-
TYLIKHA OT UICTOYHUKA
Q=0r-0c

5.9. TlonHast MOIIHOCThH, MOTpedJisemMas IEMbI0 OT HMCTOYHHKA

AJIEKTPUYECKOU YHEPTUU
S=UI=\P+Q".



5.10. JInst mocTpoeHUs BEKTOPHBIX JUarpamMm u3 Tadn. 1 BbIOupa-
€TCSl HYKHBIN peXUM paboThl eKTpruUecKoi enu. Hanpumep, 11s mo-
CTpPOCHUS AUarpaMMbl JJist cirydasi, koraa X, > X¢c MOXKHO B3SITh BTOPOU
WM TPETUM OMBITHL. 3aJaeMCsi MAcIITaOOM HaNpsHKEHUsS TakuM 00pa-
30M, YTOOBI MOJYJH BEKTOPOB HE MOJYUYUIIUCh CIUIIKOM JTMHHBIMU
WM CIUIIKOM KOpOoTKuMH (Hampumep, U; = 120 B, Uy, = 60 B, U = U;
= 30 B moxHO BbIOpaTh MacmTad my = 30 B/cM). PaccuuTeiBaem AjiMHBI
BEKTOPOB

lUR = UR/mU, lUL = UL/mU, lUC = Uc/mU.
JI71s1 TpUBEACHHOTO BBIIIE TPUMEPA MOTYIUM
lyy=120/30=4cm, lyr=60/30=2cm, lyc=30/30=1 cm.
3agaeMcsi MacmITaboM TOKa m; U PACCUUTHIBAEM JJIMHY BEKTOpa
ToKa [;=1/m;.

[Ipu BBIMOTHEHUN OTYETa HEOOXOAUMO MTOCTPOUTHh TPU BEKTOPHBIC
JTuarpaMMbl, KOTOPbIE BBITIOJHSIOTCS B OJIMHAKOBOM Macitabe, T.e. 3Ha-
YEHUSI COOTBETCTBEHHO My W M NOJKHBI OBbITh OJJUHAKOBBIMH JIJIS TPEX
IarpamMM.

PaccunTtaB 1uHBI BEKTOPOB (pacyeT NMPUBECTH B OTYETE), TPH-
CTYHaroT K MOCTPOCHUIO BEKTOPHBIX Juarpamm (puc. 2).

YUty
=C Puc. 2. IIpumep mocTpoeHus
U BEKTOPHOU JUarpamMMabl
L,
Ur

[locTpoeHre HaUMHAIOT C BEKTOpAa TOKA, KOTOPHIA COBMELIAIOT C
BEIIIECTBEHHOM OChI0 KOMIUIEKCHOM TIUIOCKOCTH. OOBIYHO OCH KOM-
IUIEKCHOM MIOCKOCTH Ha JUarpaMMax He 0003HavaroT. 3aTeM OT Hayala
BEKTOpa TOKa OTKJIAJIBIBAIOT BEKTOP TaJICHHS HAMPSKEHUS Ha aKTUBHOM
COMPOTHUBIICHUH KaTylIKu Ug. DTOT BEKTOp COBMAMAAET MO (Pa3ze C TOKOM.
HanpsikeHre Ha UHAYKTUBHOM 3JIEMEHTE C CONMPOTUBJICHUEM X, omepe-
xaeT no (aze Tok I Ha 90°. [ToaTomMy OT KOHIIA BekTOpa Uy MOJ yriioMm
90° x BEKTOpY TOKa B CTOPOHY ONEPEKEHUS (BBEPX) OTKIAbIBAEM BEK-
Top HanpspkeHust U;. HanpsbkeHre Ha €eMKOCTHOM 3JIEeMEHTE Hao0OpOT
oTcTaeT oT Toka Ha yroa 90°. IToaToMy oT KoHIIa BekTopa U; OTKIaabl-
BaroT noA yriioM 90° Kk BEKTOpY TOKa B CTOPOHY OTCTaBaHUs (BHU3) BEK-



top HanpsbkeHuss Ue. Cymma tpex BekTopoB  Ug, U; n Uc paBHa Ha-
npsokeHuto U = U}, IPUI0KEHHOMY K LIETIH.

Kpome 00s13aTeNbHbIX TYHKTOB OTYET JOJDKEH COJICPIKATh:

a)  TPHU BEKTOPHbBIC JUArpaMMbl, IOCTPOCHHBIC B MacIlITa0e 11
3a/1aBaeMbIX MpenoaaBaresieM u3 Tabdj. 1 ombITOB:

Xe < X, Xe=X, Xc > X

0) rpaduku 3aBucumocreii I, U,, U, cos ¢, P, Q, S B byHKIIUU

Xc.
6. KOHTPOJIBHBIE BOITPOCHI

6.1. B kakoM ciy4yae MpH MOCIENOBATEIBHOM COCIUHCHUU WH-
TYKTUBHOM KaTyIIKU M OaTapeu KOHJACHCATOPOB TOK OyJeT OTCTaBaTh
1o (haze OT HANPSIKEHUS WK ONEPEKaTh €ro?

6.2. Ilpu KaKuX yCIOBHUSAX BO3HUKAECT PE30OHAHC HAIPSHKEHUM ?

6.3. [loueMy mpu pe3oHaHCE HAMPSHKEHUM TOK B IIEMU OyJEeT Mak-
CUMaJIbHbIM?

6.4. Ot kakux (PaKTOpoB 3aBUCUT KOIP(PUIIMEHT MOIIHOCTH BCEU
IIEMU U MPU KaKOM yCJIOBUU OH OyJET paBeH eauHuIe?

6.5.IToTpebmasieTcst WM HET DJIEKTpUUYECKas SHEPTUs OT UCTOYHUKA
MATAHUSI HA CO3/IaHUE MArHUTHOTO U 3JIEKTPUYECKOIO MOJIEH MpU pe3o-
HAHCE HAINPSHKCHUH ?

6.6. O0BACHUTDH BUJ TOJTY4YeHHBIX KpuBbIX I, U,, Us, cos ¢, P, O, S
B pyHKIIMU X
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PenienseHnt
JlokTop TexHUYECKUX HayK, mpodeccop C.D. Ayyu

HUccnenoBanue Tpexda3Hoil menu npu COeJMHEHUH MOTPeOH-
TeJs 3Be3/M0il : METOAUYECKUE YKa3aHUs MO BBINOJHEHUIO JIabopaTop-
HOM paboTHI AJIsl CTYACHTOB HarpaByieHus: moarotoBku 221000 o kypcy
«9nektporexuuka» / FOro-3am. roc. yH-T; cocT.. A.Il. JIoKTHOHOB.
Kypck, 2013. 14 c.: un. 8, tabn. 2. bubnuorp.: c. 14.

Meroanueckue yka3zaHusi COAEPKAT CBEICHUS IO SKCIIEPHUMEH-
TaJlbHOMY HMCCIIEOBAHUIO Tpex(da3HOU LIEHH IPU COEIMHEHUH NOTPeOu-
TEJs 3BE3/I0M. YKa3bIBAE€TCs MOPSIAOK BHIMTOJIHEHUS Ta00paTopHOil pabo-
Thl, TpaBwiIa oopmiueHusa oryera. JlabopaTopHas paboTa OXBaThIBaET
MaTepua Mo CIACAYIOIMNM TeMaM: CXEMbl 3aMEIICHUS U YKBUBAJICHTHBIC
CXEMBI, 3aKOHBI TEOPUU DJIEKTPUUYECKUX LENEH, METOABI aHaN3a dJICK-
TPUUYECKUX LIeTIEH, CHMMETPUYHAS U HECUMMETPUYHASA Harpy3ka, oOpbIB
JMHENHOTO NMPOBOJA, MOCTPOEHNUE BEKTOPHBIX JUATPAMM.

MeTtoanueckre yKazaHusi COOTBETCTBYIOT TPeOOBaHUSIM MpOrpam-
MBI, YTBEPKJICHHON y4eOHO-METOANYECKUM OOBEIMHEHUEM IO HAIpaB-
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1. HEJIb PABOTDBI

1.1. MccnenoBanue pa3IMYHBIX PEKUMOB PabOTHI B TPEXIIPOBO/I-
HOM U YETBIPEXMPOBOAHON TpeX(Pa3HbIX LEMAX MPU COCTUHEHUU HUCTOU-
HUKa MMATAHUS U HArPy3KU 3BE30M.

1.2. YcraHoB€eHHE COOTHOIICHUN MEXY JTUHEUHBIMU U (DA3HBIMU
HaIpsHKEHUSMHU U TOKAMU.

2. 3AJJAHHUE K KOJIJIOKBUYMY

2.1. UByuuts no yueObHuky [1] TpexdasHbie 1nemm.

2.2. O3HaKOMUTHCSI C TOPSIAKOM MPOBEICHUS UCCIETOBAHUN U 3a-
JaHUEM K BBITIOJIHEHHUIO OTYETA M0 JaHHOU J1abopaTopHOM pabdoTe.

2.3. 3aroToBUTH OTYET CO CXEMOW IKCIEPUMEHTAIbHOU YCTAaHOBKH
Y TaOJUIIaMU ISl 3aHECEHUS DKCTIEPUMEHTAIBHBIX TaHHBIX.

3. METOAUYECKHUE YKA3AHNA

COBOKYITHOCTbD TPEX ANEKTPUUYECKHUX LIETIEH, B KOTOPBIX IEUCTBYIOT
Tpu DJIC oMHAKOBOM 4acCTOThI, HO CABHHYTHIE 1O (Da3e oJlHA OTHOCH-
TebHO Apyrov Ha 120° u co3gaBaeMble OJJHUM HCTOYHHKOM SHEPrUu
Ha3bIBAIOT TpeX(a3HOU LEMbIO.

[Ipu coenvHEeHWU 3BE370M TPU KOHIIA MPUEMHUKA COEIUHSIOTCS
BMecTe (cM. puc. 1), 00pa3yst HEUTpaJIbHYIO TOYKY, a K HavdajaMm a, b, ¢
MOACOCIUHSAIOTCS MPOBOJA, Ha3blBacMble JUHEUHbIMH. [IpoBox, mon-
COEJIMHAEMBIM K HEUTPAIIBHOM TOYKE, HA3BIBAETCS HEUTpaJIbHBIM. Heu-
TpajbHas TOYKAa MPUEMHHKA Ha cXema o0O3HaJaeTcs n, HEHUTpaiabHas
TOYKA UCTOUYHUKA — N. B nanpHenmeM HanpsKeHUsl, OTHOCSIUAECS K UC-
TOYHHMKY (TeHeparopy), Oynem o003HauaTh MPOMUCHBIMU OyKBamu, a
OTHOCAIIMECS K MPUEMHUKY (Harpy3ke) — cTpouHbiMU. Kaxayro u3 of-
HO(A3HBIX IIeNel, BXOAIUX B Tpex(pa3Hylo Ielb, IPUHATO HA3BIBATH
dazoit TpexdazHol 1emH.

Hampsokenuss Ugp, Upc, Ucy, MUBMEPEHHBIE MEXAY JIMHEHHBIMU
MPOBOJIaMM HA3bIBAIOT JIUHEUHBIMU, HanpsikeHuss Uy, U, Ue, n3MepeH-
HbIE MEX]y JIMHEHHBIMU M HEUTpPaJbHBIM MPOBOJAMH, Ha3bIBAIOT (Ha3-



HbIMU. KonM4yecTBEHHBIE COOTHOLICHUS MEXIY STHUMHU HaMPSKCHUSM
TpeOyeTCs ONpeeTUTh MPU BHITTOJIHEHUU PaOOTHI.

A= A

Uy

L, Zz

S
o

S

N

B \,ﬁ., b 2 .

Uz |Usc

010!

a

Ic | ¢ Z Puc. 1. Cxema
O TpexdazHoi 1enu

W,

Iy

[IpueMHuKH, BKItOUYaeMble B Tpex(da3Hylo II€Mb, MOTYT OBITh Kak
onHo(dazubiMu, Tak U TpexdasubiMu. K ogHOda3HBIM pHEMHUKAM OT-
HOCATCS DJICKTPUYECKUE JIAMITbl HAKAJIMBAHUS U JPYTHE OCBETUTEIIbHBIC
MpUOOPHI, pa3IuYHbIE OBITOBBIE MPUOOPHI, 0AHO(A3ZHBIE IEKTPOIBUTA-
tenu U T.1. K Tpexda3HbM npUueMHUKAM OTHOCATCS TpeX(da3Hble acuH-
XPOHHBIC IBUTATEN, HHIYKIIMOHHBIC €YU U T.I.

KommiekcHbie cONMpOTUBIICHUST (pa3 CUMMETPUUYHBIX TpeX(azHbIX
NPUEMHUKOB PaBHbI MEXITY COOOI:

Z,=Zy=2.=z¢" (D)
Takue nMpreMHUKN HA3bIBAIOT CUMMETpUYHBbIMU. Eciiv 3TO ycioBue He
BBITIOJTHSAETCS, TO MIPUEMHHUKH HA3bIBAIOT HECUMMETPUYHBIMU.

PaccmoTpu citydyan BKIIIOYEHUS CUMMETPUYHBIX U HECUMMETPHU-
HBIX MPUEMHUKOB B TPEXIPOBOJHYIO U UYETHIPEXIPOBOJHYIO Tpexda3s-
HYIO LIETb.

3.1. TpexnpoBoaHast TpexdazHas 1EIb.

B Takol nenu HEWTpalibHbIE TOYKWM HCTOYHHUKA U MPUEMHUKA HE
COEAUHSIOTCA, T.€. HEUTPaJIbHBIM MTPOBOJ OTCYTCTBYyeT. Cxema 3amele-
HUS TaKOW LEMU NpUBEJICHA Ha pUC. | (C MCKIIOYEHHEM HEUTPAIBHOTO
npoBoja). B cooTBeTcTBUM cO BTOpbIM 3akOHOM Kupxroda moxHO miis
ba3HbIX HanpsHKeHU U MIpUEeMHUKA 3amucarh ypaBHEHUS



l_]a:l_]A_QNm Qb:%_l_]Nm l_]c:l_]C_l_]Nna (2)
rae Uy, — HanpspKeHUE MEKAY HEMTPAIbHBIMA TOYKAMH MCTOYHHUKA U
MIPUEMHUKA.

N3 ypaBHenuit (2) cieayer, 4To HaOpsHKEHUs] TPUEMHHUKA OyIyT
pPaBHBI HAIPSIKEHHUSM IreHepaTtopa (MCTOYHHKA) B TOM Clly4yae, €Clid Ha-
MPSDKEHUE MEXIY UX HEUTpaJlbHBIMU TOYKaMu OyneT paBHO HYIO (U,
= (), a Tak)Ke paBHBI HYJIIO MAJICHUS HANPSIKCHUS HA JIMHEUHBIX TTPOBO-
nax. Ecnu B Tpexdasznoit nenu OyAeT NpUCyTCTBOBATh HanpsbkeHue Uy,
# 0, ToO oHO OyJeT ucKaxaTh (Da3HbIC HANPSKEHUS MPUEMHHUKOB, YTO
MPUBEACT K HEHOPMaJIbHOM pabOTe MPUEMHHUKOB WJIM BBIXOAY HUX U3
CTpOA.

HanpsokeHne Mexay HEWTpajJbHbIMU TOYKAMHU MCTOYHMKA W NPHU-
E€MHUKAa MOXHO ONPEICIIUTh C HUCIOJb30BAHUEM METOJIA HAIPSIKCHUS
MEXIY ABYMsl y3JIAMU:

U, Y, +UY, +UY,
Uy, = > (3)
Y, +Y,+Y,
rtne Y, =1/2,Y,=1/2, Y.=1/Z.— xoMIaeKchl IpoBoauMOcCTei a3
IPUEMHUKA.

Eciu Harpy3ka cumMeTpuyHas, To cymma rnpoussenenuii Uy Yy B
qucauTeNe ypaBHeHUs (3) paBHA HYIIIO, a CJIEIOBATEILHO U HAIIPSKCHUE
MEXy HEUTPAJIbHBIMU TOUKAMHU NMPUEMHUKA U UICTOYHHUKA OTCYTCTBYET.
IIpn HecuMMeTpUYHON Harpy3ke cymma npousseneHun Uy Y B yuciu-
Tesie ypaBHeHUs (3) HE paBHA HYJIIO, CIE0BATEIIHHO, HAMPSHKEHUE MEXK-
1y HEUTPAJIbHBIMU TOUKAMU UCTOYHUKA U IPUEMHHUKA HE PABHO HYIJIIO.

Takum 00pa3oM, U3 CIIETAHHOTO aHajlu3a CJIEAYET, YTO TPEXIPO-
BOJIHYIO LIE€IIb MO>KHO HCIIOJIb30BaTh TOJBKO IMPU CHUMMETPUYHOM Ha-
Ipy3Ke.

[Ipy HECUMMETPUYHOW HArpy3Ke MOosBIsieTcs HanpsbkeHue Uy,
KOTOpOE MCKakaeT (pa3HbIe HAMPSKEHUS] TPUEMHHUKOB, YTO HEJIOMYCTH-
MO JUTSL UX HOPMAJIbHOM DKCIUTyaTalluH.

[IpousBeneHHbIN aHANU3 PaOOThHl TPEXIIPOBOIHON Tpexda3zHOH 11e-
A [PU CUMMETPUYHON U HECUMMETPUYHOU HArPy3KE MOMKHO HATJISJTHO
NPEICTABUTH C MOMOIIBI0 BEKTOPHBIX AuarpaMm. Tak Ha puc. 2 mpen-
CTaBJICHbI BEKTOPHBIC JUArpaMMbl TOKOB U HANPSIKEHUM IIPU CUMMET-
pUYHON Harpyske. {7 mpocTOTHI MOCTpOEHUs] AuarpamMm OyJeM CUu-
TaTh HATPY3Ky aKTUBHOW, T.€. Z = R, B 3TOM Ciy4yae TOK U HANPSIKECHUE

coBnaaaroT 1o dasze (¢ = 0). U3 nuarpaMmbl BUJIHO, YTO JAEHCTBYIOIIHE




3HaYeHUs (a3HbIX HANPSKCHUW B pa3iMuHbIX (Pazax paBHbl. Ha puc. 3
M300pake€Hbl BEKTOPHBIC AMArpaMMbl TOKOB M HANpPS>KEHUM MPU HECUM-
METPUYHOM HArpyske s ciydas, korma R, = R, < R.. I3 quarpammbl
BUJIHO, YTO B 3TOM CJy4Yae MOSIBUWIOCHh HAMPSHKEHUE MEXKIY HEUTpalib-
HBIMU TOYKAaMU T'eHepaTropa u npueMHuka Uy,, HO3TOMY HANpsKEHHUE B
daze C yBenn4uiaoch, a B hazax 4 U B yMEHBIIWIOCH MO CPAaBHEHHUIO C
CUMMETPHUYHON HArpy3kou. J[OmycTuM, YTO HArpy3KOHM SIBJIAIOTCS JIaM-
bl HaKaJIMBaHUS, CJIEN0BaTelibHO, B Paze C OHM OBICTPO BBIUIYT U3
cTpos, a B ¢hazax 4 u B Oyayt paboTaTh C MEHBIIIUM HaKajJoM. DTO €Il
pa3 rOBOPUT O TOM, YTO TPEXIPOBOAHYIO Tpex(}a3zHYIO IENb MOXHO HC-
MOJIb30BaTh TOJIBKO MPU CUMMETPUYHOMN HArpy3Ke.

L&w
Puc. 2. BekTopHbie Puc. 3. BexTopHbie
JyarpaMMbl HAIIPSDKEHUN U AvrarpaMMbl HAIIPSKCHUHU U
TOKOB IIPY CUMMETPUYHOU TOKOB IIPYM HCCUMMECTPUYHOU
HArpy3Ke Harpy3ke B TPEXIIPOBOJIHOMN

eI

[Ipn KCrIONB30BaAHUN TPEXMPOBOAHOM LIENMU MOTYT BO3HHUKAThH aBa-
pUHbBIEC PEKUMBI, HAIPUMEP, OOPBIB JIMHEHHOTO MPOBO/IA UIN KOPOTKOE
3aMbIKaHuEe B 0JHOM U3 (pa3. Paccmorpum 311 ciiydan.

Honyctum npowusoien oOpbIB JuHelHoro nposoaa B ¢aze C. To-
r1a K Harpy3ke OyZeT NMPWIOXKEHO JuHeHHoe Hampsbkenue U, a mo-
CKOJIbKY conpoTuBiieHUs: a3 A u B onuHaKoBsI (£, = Z;), 3TO HampshKe-
HUE pa3fenuTca Mexay ¢aszaMmu momnoiaMm. TakuMm oOpa3om, OOpbHIB JIH-
HEHWHOTO MpoBOAAa B OJHOW W3 (pa3 TPEXIPOBOJHOW LIEMU MPUBOIUT K
TOMY, YTO (pa3HbIC HAINPSKEHHS B JABYX APYrUX (pa3ax yMEHBLIAIOTCSA U
CTAHOBSITCS PaBHBIMU



Uyp=U, /2. )

BeKTOpHBIE UarpaMMBI I 3TOTO CiIydas U300paKeHbl HA pHC. 4.

[Ipy KOpOTKOM 3aMblkaHuU B (aze C HOTEHIMAI TOYKU 7 CTAHO-

BUTCS PaBHBIM NoTeHIMany Touku C reHeparopa. B stom ciydae ¢as-
HbIE HANPSKEHNS CTAHOBATCS PABHBIMHU JIMHEHHBIM, T.€.

U,=Uxc, Up=Uspc.

Cne10BaTeNbHO, PEXMM KOPOTKOTO 3aMbIKaHHs SIBJISIETCS OIac-

HBIM, T.K. Harpy3ku B (azax 4 U B OKa3bIBAIOTCA MO HOBBILIEHHBIM

(MMHEHHBIM) HanpskeHneM. BeKTopHBIE [uarpaMMbl TOKOB M HaIpsiKe-

HUM 719 peKruMa KOPOTKOIo 3aMblkaHMs B (aze C m300pakeHbl Ha PHC.
5.

Puc. 4. BekTopHbie Puc. 5. BekTopHbIe
TAarpamMMbl HAIIPSIKECHUMN U AvarpaMMbl HalpsKEHUN
TOKOB TIPH 0OpHIBE Y TOKOB IIPA KOPOTKOM
JIMHEHHOTO MpoBoJa B (haze 3aMbIKaHuu B (ase C

C TpeXmpOBOAHOU LETTH TPEXIIPOBOJHOU LETU

3.2. YeTbIpexnpoBoaHas TpexdaszHasi Lelb.

Takasg uenb CONEPKUT TPU JIMHEWHBIX IMPOBOAA U HEUTPAIbHBIN
IPOBOJ, COCIHUHSIOMNN HEUTPAIbHBIE TOYKM JIOTOYHHKA U IIPUEMHHKA
(puc. 1)

Kak ObL10 MOKa3aHO NpU aHaK3€ TPEXIIPOBOIHON IIENU MPU CHUM-
METPUYHON Harpy3Ke HalpssKeHUE MEKy HEUTPaJIbHbIMU TOYKAMH HC-
TOYHUKA U MPUEMHHKA HE BO3HUKAET, IO3TOMY, B COOTBETCTBUU C YpaB-
HEHUSIMU (2) HaNpsHKEHUS MPUEMHHKA PABHBI HAITPSKEHUSIM HCTOYHUKA,
T.€. HE UCKAXAaIOTCA. B TakoM pekuMe HEUTPAJIbHBIM IPOBOJ HE HYKEH.

JlnarpaMmbl TIpU CUMMETPUYHOW HArpy3Ke B YETBIPEXITPOBOIHOU
Y TPEXIPOBOAHOM LIEMSAX OJUHAKOBHI (CM. pHC. 2).



[Ipy HECUMMETPUYHOUW HArpy3Ke B YETBIPEXIIPOBOIJHOW LIENU HA-
MPSDKEHNE, BOSHUKAIOIIEE MEXK1Y HEUTPAIIbHBIMUA TOYKAMU UCTOYHUKA U
MPUEMHHKA, 3AMBIKAETCSI HAKOPOTKO HEUTpaJbHBIM MpoBoAoM. Kak cie-
nyeT u3 ypaBHeHuit (2) npu Uy, = 0 dha3Hble HaIpsiKEHUS] HE MCKaXKa-
roTcsa. ClieoBaTeNnbHO, YETHIPEXTTPOBOIHYIO LIENTb MOKHO MCIOJIb30BAaTh
U1 TIUTaHUsT HECUMMETPUYHOW Harpysku. Jluarpamma 3TOro ciydas,
korga R, = R, < R, noka3aHa Ha puc. 6. Bektop Toka B HEUTpaJIbHOM
IIPOBOJE CTPOUTCS HA OCHOBAHUU YPABHEHUS

ln:la—I—lb—I—lc- (4)

Ha puc. 7 nmoka3zana quarpaMma 4eThIPEXITPOBOAHOM 1€ MPpU 00-
pbIBe JIMHENHOrO npoBoAa B ¢aze C. M3 nuarpaMmbl BUIHO, YTO B 4Ye-
THIPEXIPOBOJTHOM 1NN UCKAKEHUHN (Da3HBIX HAMPSHKEHUN B OCTaBIIUXCS
dazax 4 u B He mpowusoiuio. BekTop Toka B HEUTpaJbHOM IMPOBOJIC
CTPOUTCS HA OCHOBAHWUU YPaBHEHUS

I, =L+ 1. (3)

Uca
b C
ch

Puc. 6. BekTopHbie Puc. 7. BexTopHbIe
JTAarpaMMbl HATPSHKEHUN U JAAarpamMMbl HaIIPSIKECHUU U
TOKOB IIPH HECUMMETPHUIHOMA TOKOB IPU 0OPBIBE JTUHEHHOTO
HArpy3Ke B YETHIPEXITPOBOIHOMN HpOBOJia B HETHIPEXIIPOBOAHOUN
enu Lenu

Takum 00pa3z3oM HEUTPAJIBHBIN MPOBOJ 00ECIIEUNBAET COXPAHECHHE
CUMMETPHUH (Da3HBIX HAMPSHKEHUN MPU HECUMMETPUYHOMN HarpysKe.

BakHbIM IPEUMYIIECTBOM YETHIPEXIIPOBOIHON LEMH SBISIETCS TO,
YTO MPU U3MEHEHHUM peXrUMa OJHOU U3 a3 peKUMbl Apyrux ¢as He u3-
MEHSIOTCS, TaK KaK MOCTOSHCTBO HANpsbKeHUH B (pa3zax obecreynBaeTcs
HEUTPAJIbHBIM MPOBOJOM. B peanbHBIX 3JNEKTPUUECKUX LETMSIX COIMpO-



THUBJICHHE HEUTPAIHLHOTO IIPOBOJIa OTIWYHO OT HYJIS, U TTIOITOMY TOJIHO-
ro OTCYTCTBUSI HANIPSKEHUS MEXIY HEUTpPaJbHBIMU TOYKAMHU HE MPOUC-
XOJIUT, HAa YTO CJIEAyeT OOpaTUTh BHUMAHHUE IIPH BBHITIOJHEHUH J1abopa-
TOPHOU PabOTHI.

4. OTIMCAHME SKCIIEPUMEHTAJIBHONU YCTAHOBKU

s uccnenoBanus TpexdazHoi nenu ucnomnbzyerca cten JIDC-
5, nuTaromuiica ot TpexdazHoil nenu Hanpsbkenuem 220/127 B. ns
BBINIOJIHEHUS JTa00OpaTOPHOU pabOThI UCIIONB3YETCS ClIeyIolas anmnapa-
Typa CTeHJa: OJOK BKJIIOYEHUS; BbIKIrodaTenn SA1 (Ha cTreHae o0o3Ha-
yeH Bl), SA2 (Ha cteHme o603HaueH B2); 0JIOK JaMIOBBIX PEOCTATOB;
HU3MEpHUTENbHBIE TPUOOPHI (CM. puc. 8) — ammnepmerpsl PA1, PA2, PA3 u
PA4 tuna 9525 ¢ npegenpabiM TokoM 0,5 A u 1 A, BosibT™MeTp PV Tuma
D533, ycraHaBiavMBaeMbIil Ha npeaeabHoe HanpsbkeHue 150 B s u3me-
penust (paszupix Hanpspkenuit u 300 B 1 u3MepeHust IMHEHHBIX HaNpsi-
AKEHU.

5. TIOPAAOK INPOBEAEHUA NCCIEJOBAHUA

[Tocne cOOpku 11enu B COOTBETCTBUU C pUC. § U MPOBEPKH €€ Ja-
OOpaHTOM NPOU3BOIAT HCCIECIOBAHME TpeX(azHOM LEeNH cHavayla MpU
HaJIM4YUHU HEUTPAIBLHOTO IPOBO/IA, a 3aTeM 0€3 HETO.

5.1. UccnenoBanre 4eThIPEXITPOBOHOM IIEIIH.

5.1.1. YcranoButh nepexmtouarenu SAl (Bl) u SA2 (B2) B noJo-
xenne "Bxi.".

5.1.2. Co3pnath pexuM CUMMETPUYHOUN Harpy3ku. s storo B ¢a-
3aX A, B m C BKIIIOYUTH OJWHAKOBOE KOJIWMYECTBO JIAMII. Y CTAHOBUTH
BOJIbTMETp Ha mipenen 150 B. U3meputs (pa3Hbie HanpshkeHus. Y cTaHo-
BUTH BOJbTMETP Ha mpeaen 300 B. M3Mmepuths nuHEHbIE HANPSHKEHUS.
YcranoBuTh amnepMetpsl Ha nipenen 0,5 A. M3mepuTh TOoku B dazax u
HEWTpallbHOM NpoBojie. Pe3ynbraThl 3aHecT B Ta0. 1.

5.1.3. Co3gaTh pexrM HECHMMETPUYHOW HArpy3KH, IJI 3TOTO B
(daze 4, Mo yKazaHMIO IPENnoaaBaTeisl, U3MEHUTh KOJIMYECTBO BKIIFO-
YeHHBbIX JIamIl. Kak M B NpeaplaylieM ONbITE Pe3yibTaTbl 3aHECTH B
Tabn. 1.



SAl ( j

(et [E2 Tpr3 [Era | ELS
0 A l l l l
_O_
PV R R W W
B
o Q—o
C [Ere [EL7 [Ers |ELo |EL10
I T T W O T
<> o° [EL11[EL12[EL13 [EL14 |EL1S
PA4 ' ' ' ' '
ON SA2AQ_On \ \ \ \ \ Z
PV
<—Q—> Puc. 8. Cxema 5KCIEPUMEHTAILHON YCTaHOBKU
Tabnunma 1
DKCIepUMEHTANIbHBIE U PACYETHBIE JAHHbIC
HCCIIEI0BAHMS YETHIPEXPOBOHON LIENH
Yerbipex- N3mepenue
HIpOBOAHAA Ia: Ib) IC) Uaa Uba Uca Ina Uab: cha Ucaa
119108 A A A B B B A B B B
Cummert-
pudYHas Ha-
rpysKa
Hecummer-
pUYHasg Ha-
rpysKa
Otkiroye-
HHE Harpys-

Ku B (haze
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Tabnuna 1 (mpoaoipKeHue)

Yerpipex- Brruucnenue

nposoanas | U, /U, | Uy /U, | Up /U, | P,, BT | Py, BT | P, BT |ZP Bt
LIEITh

Cummer-
pUYHas
Harpyska

Hecum-
METpUYHas
Harpyska

OTkiroue-
HHE Ha-
IPY3KH B
daze

5.1.4. Co3nmath pexxum o0pbIBa 0JHOM U3 (a3. JlJIst 3TOro BBIKIIO-
yatenaeM SAl OTKIIOUNTH TaMIOBBIN peocTaT B ¢aze A. Pe3ynbraThl 3a-
HecTH B Tao. 1.

5.2. UccnenoBanue TpEXIPOBOJHOM LETIH.

5.2.1. Brixmtouatenem SA2 (B2) OTKIIOYUTH HEUTPAIbHBIM MpPO-
BOJ.

5.2.2. OcTaBUB KOJHWYECTBO JIaMIT B JIaMIIOBBIX PEOCTATaX TaKUM
K€, KaK U TPU UCIHBITAHUM YETBIPEXIPOBOJHON LIEMH, CO3JaTh PEKUM
CUMMETPUYHOMN Harpy3ku. I3Meputh JUHEHbIE U (Pa3HbIC HAMPSHKEHUS
NEePEHOCHBIM BOJILTMETPOM, a TOKH B (pazax amrepmeTpamu. Pesymibra-
ThI 3aMUCaTh B TA0. 2.

5.2.3. Co31aTh peXUM HECUMMETPUYHON Harpy3ku. g aToro mo-
BTOPUTH MYHKT 5.1.3 ucHbITaHMl, HO C TPEXIPOBOAHOMN Lenbro. N3Mme-
puTh (pa3HbIe U JIUHEHHbIEC HANPSHKEHUS U TOKU (a3. Pe3ynbTaThl 3amu-
caThb B TaoO. 2.

5.2.4. Co3znath pexum oOpbiBa ¢asel. JJiss 3TOro ¢ MOMOIIBIO BHI-
kimovarenss SA1 OTKIIOYNTD JTaMIIOBbIA peoctaT B ¢aze A. Pe3ynbTaThl
U3MEPEeHUI 3aHeCTH B TaOJI. 2.



BKCHCPHMGHT&HBHBIG " paC4YCTHBIC JaHHbIC
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VCCIIEIOBAHUS TPEXIPOBOAHOU LIENN

Tabauna 2

Tpexmpo-
BOJIHAs
Leb

N3mepenne

9

> S

I,
A

L,
A

Ua,
B

Uy,
B

U,
B

UNna
B

Uaba
B

UCCZ)

CummMmer-
pUYHas Ha-
rpy3Ka

Hecummer-
pUYHas Ha-
rpy3Ka

OTKiIr04YE-
HUE Harpys-
KH B ¢aze

Kopotkoe
3aMbIKaHHUE
B (paze

Ta6nuna 2 (IpoaoKEeHHe)

Tpexmpo-
BOJIHAs
LEIIb

Brruucienue

ch/ Ua

Up /U,y

ch/ Uc

P, Bt

Pb, Bt

P., Bt

2P, BT

CummMmer-
pUYHas
Harpys3Ka

Hecum-
METpUYHAS
Harpys3Ka

OTkiroue-
HHC Ha-
IPY3KH B
dbaze

Kopotkoe
3aMbIKa-
Hue B (paze
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5.2.5. Co3naTh pexuUM KOPOTKOTO 3aMbIKaHUSI OJHOU U3 (a3 npu-
eMHHuKa. {1 3TOro BKIFOYMTH BBIKIOYATENb SAl M MPOBOIHHUKOM CO
IITEKKEPHBIMU BBIBOJIAMH 3aMKHYTh KJIEMMbI @ U X JIAMIIOBOTO peOCTa-
Ta. YCTAaHOBUTH IpeJiesl u3Mepenus amnepMeTpoB 1 A, BosbTMmerpa 300
B. IIpousBectn n3MepeHnss TOKOB U HANpsKEHUU. Pe3ynbpTaTel 3aHecTH
B Ta0I. 2.

BHUMAHMUE! Ctporo 3anpemiaercst co3aBaTh PEXKUM KOPOTKOTO

3aMbIKAHHWS MPUEMHUKA TIPU BKIHOUYEHHOM HEHUTPAIBLHOM IMPOBOJiE. BhI-
Kimrouarenb SA2 (B2) noipkeH ObITh 003aTeIbHO BHIKIIOUYEH !

6. COAEPXXAHUE OTHETA

6.1. BBINOJMHUTH BHIUUCICHUS U 3aHECTH UX B Ta0. 1 u Tadu. 2.

6.2. Jlnd xaxxJoro ombITa MOCTPOUTH B MAaclITade COBMEILICHHBIE
TonorpaUuecKyo IuarpaMmy HANpPsDKEHUW U BEKTOPHYIO AHArpammy
TOKOB.

7. . KOHTPOJIbHBIE BOITPOCDI

7.1. B yem mpeumyiiecTBa Tpex(a3HbIX IENE B CPABHEHUU C
onHo(dazHbIMU?

7.2. Ykaxute 00JaCTU MPUMEHEHHS TpeX(Pa3HbIX IeneH.

7.3. UeMy paBHO OTHOLIEHUE JIMHEMHBIX U (Pa3HBIX HAIPSKEHUN B
YETBIPEXITPOBOANON LENH MPU COCAUHEHUU Tpex(a3zHOro NpHUEeMHHUKA
3Be370M? OTKyna 3TO BUIHO?

7.4. Kakoe COOTHOIIEHUE MEXAY JTUHEHUHBIMU U (DA3HBIMU TOKAMHU
UMEET MECTO MPU COeAMHEHUU TpeX(Pa3HOro MpUEeMHHUKA 3BE€3101?

7.5. KakoBO COOTHOILIEHHE MEXIY JIMHEUHBIMU (Pa3HBIMU Harpsi-
KEHUSMH U TOKaMH IIPU COEUHEHUH CUMMETPUYHOIO U HECUMMETPHUY-
HOT'O TpeX(a3HOro MPUEeMHHUKA TPEYTOIbHUKOM?

7.6. Kakumu OynyT ¢a3Hble HaNps>KeHUs IpU 00pbIBE OJHOTO JIH-
HEWHOTO MPOBOJA B UETBIPEXITPOBOIHON U TPEXITPOBOIHON LEMH?

7.7. Yemy paBHBbI (Da3Hble HANpPSKEHUS B TPEXMPOBOTHON IEMU
IPY KOPOTKOM 3aMbIKaHUU OJTHOM U3 ¢az?

7.8. KakoBa ponp HeuTpanpHOro mpooja? Ilouemy B Hero He
BKJIIOYAIOT MPEJOXPAHUTENN U PA3beAUHUTENN?
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7.9. Korma HeoOX0UM HEHUTpaIbHBINA MPOBOJI?

7.10. [louemy npu HaJIMYUU HEUTPATBHOTO MPOBOJA OTCYTCTBYET
HecuMMeTpusl (a3HbIX HANPSHKEHUH MTPU HECUMMETPUYHOM Harpy3Kke?

7.11. Iloka3ath Ha cXe€M€ YCTAaHOBKHM KaK U3MEpUTh (Da3HbIC U JIU-
HEWHbIE HATPSIKEHUS TPUEMHUKA.

7.12. K yeMy mnpuBeneT OOphIB HEHUTpaIbHOIO MPOBOJA IMPU He-
CHUMMETPHUYHOMN Harpyske ¢a3?

7.13. Uemy OynyT paBHbI (ha3Hble HANPSKEHUS NMPU CUMMETPHUY-
HO Harpy3ke, eciu ¢azy 4 3aMKHYTbh HAKOPOTKO?

7.14. Kak ompenenuts TOK B HEUTPaJIbHOM IPOBOJIE MPU HECUM-
METPUYHOMN HATrpy3Ke?
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1. HEJIb PABOTDBI

1.1. IByunth ycTpoiicTBO TpaHchopMaropa Ha HATypHBIX 00pa3-
1ax.

1.2. Ilony4uuTh macnopTHBIE JaHHBIE TpaHC(OpPMATOpa U3 OMBITOB
XO0JIOCTOTO X0OJIa U KOPOTKOTO 3aMBIKAHUS.

1.3. CHATh M MOCTPOUTH pabouue XapaKTEPUCTUKHU TpaHcopma-
TOpA.

2. ITIOAI'OTOBKA K PABOTE

2.1. 3yuuTh M0 KOHCHEKTY JICKIIMI U PEKOMEHJIOBAaHHOMY yueO-
HUuKy [1] pasznen "TpancopmaTopsl" U OTBETUTH Ha CICAYIOIIUE BO-
IIPOCBHL:

1) Ha3HaueHHE U 00JIACTH TPUMECHEHUS;

2)  YCTpPOMCTBO M YCJIOBHBIC rpadpuyeckue 0003HaUCHMUS;

3) npuHIUN AedcTBUs, KO3GDUIMEHT TpaHchopmaluu, ypas-
HEHUSI JICKTPUUECKOTO U MarHUTHOT'O COCTOSIHUS,

4)  macnopTHBIE JaHHBIC U MAPKHUPOBKA;

5)  ONBITHI XOJOCTOTO X044 U KOPOTKOTO 3aMbIKAHUS;

6)  BHEWIHAS XapAKTEPUCTHUKA;

7)  notepu sHepruun u KIIJI;

8)  Tpéxdazubie TpaHCHOPMATOPHIL;

9) napamwnensHas paboTa TpaHchHOpPMaTOPOB;

10) TpaHchopmMaTOphl HANIPSKEHUS U TOKA;

11) aBTOTpanchopMaTopsI.

2.2. OcBOWUTH METOJUKY BBITIOJHEHUS J1a0OPaTOPHON pabOTHI MO
HACTOSAIIEMY OCOOHIO.

2.3. 3aroToBHUThH OTYET CO CXEMOM 3KCIIEPUMEHTAJIbHOU YCTAHOB-
KM, TaOJIUIIAMU SKCIIEPUMEHTAJIbHBIX U PACUETHBIX JAHHBIX.

3. ITIPEABAPUTEJIbHBIE CBEJAEHW A

Jlns BpIOOpa M MpH AKCILTyaTauu TpaHchopMaTopa HEOOXOAMMO
3HAaTh €r0 MacmopTHhIE AaHHBIE. Ha macmopTHo# Tabiuuke TpaHcdop-
MaTopa MPUBOJIATCS €r0 OCHOBHBIC TEXHUUECKUE JTaHHBIE:

1)  tun Tpanchopmaropa;



2)  HOMMHAaJbHAs MOJHAS MOIIHOCTD Sy

3) HOMHHAJIBLHOE NEPBUYHOE HANPSHKEHUE Ujyons

4)  HampsHKEHHE XO0JIOCTOTO XO0J1a BTOPUYHOM 0OMOTKH Uyy;

5) uyacrora TOKa f;

6) CXeMBl W TPYIIBl COSAMHEHHS OOMOTOK (M Tpexda3zHbIX
TpaHcPpOpMaTOPOB).

YuutsiBas, 4TO Suom ® Usuom Douom ® Uzx Dyoy MOKHO OIPEACIIUTH
HOMHUHAJIbHbIE TOKM OOMOTOK ojHO(a3zHOro TpaHchopMmaropa by, =
Suom / Unx B Iyor ® Suom ! Utwon AN 171 TpeXha3zHOro TpaHchopmaTopa —
IZHOM ~ SHOM / (\/3 UZX) a IlHOM ~ SHOM / (\/3 UIHOM)-

JIOoTOTHUTETLHBIMM TEXHUYECKUMH JTaHHBIMU TpaHchopmaTopa
SIBJISIFOTCSI: MOIITHOCTh MOTEPh B PEKHUME XOJIOCTOr0 Xoja P,; MOIIHOCTh
IIOTEPh B OIBITE KOPOTKOI'O 3aMbIKaHUS P,; OTHOCUTEILHOE HAIIPSIKECHUE
KOPOTKOTO 3aMbIKaHUS U, = Uiy / Ujyon' 100%; OTHOCHTENBHBIN TOK XO-
aoctoro xonaa iy = Iy / I1yon' 100%; rabaputhl 1 Macca.

OCHOBHBIC M JIONOJHHUTEIILHBIC TEXHWYECKHE JaHHBIC JAIOTCS B
macropTe Tpancdopmaropa.

OcCHOBHBIE TEXHUYECKHE JIaHHBIE TpaHCPopMaTopa 3aKIabIBAIOT-
Csl TIPU €ro MPOSKTUPOBAHUH, a JIOTIOJHUTEIIbHBIC — ONPEICISIIOTCS MPU
BBIITYCKE TpaHcopmaTtopa ¢ 3aBO/Aa-U3TOTOBUTENSI C YYETOM OIIBITOB
X0JIOCTOT'O XOJIa U KOPOTKOTO 3aMbIKaHUSI.

B kartanmorax TexHUYECKHE JaHHbBIC MPEJCTABISIOTCS B BHUJIE TaO-
JIILIBI, PUMEP KOTOPOH mpecTaBiieH Taoi. 1.

Tab6auma 1
ITapameTtpsl TpanchopmaTopa
Usows KB | IToTEpH, KBT Cxema n
SHOM) 0 - 0 rpyiuiaa co-
Tun kB-A| BH | HH | P, P, e Y0 b, o e IUHEHN
0OMOTOK
TM-250/10| 250 | 10 [ 0,69 | 0,74 | 42 | 6,5 | 2,3 |A/Yua—11
[TPUMEYAHUA:

1. BH — BbICcIICE HanpsKEHUE;
2. HH — Hu3uiee HanpskeHuUe;
3. A —cxema coelMHEHUsI 0OMOTOK TPEYTrOJbHUKOM;

4.  VH — cxema CcoeIMHEHUsS OOMOTOK 3BE3/I0M C HEUTpaIbHBIM



MIPOBOJIOM;

5. B KarajoXHbl€ JaHHBIE BKJIIOYAKOTCS TAKXKE CBEICHHS O Ta-
OapuTax, Macce M IieHe TpaHcgopmaropa.

Tun TM-250/10 — Tpexda3zubiii TpanchopMaTOp ¢ MaCISIHBIM OX-
JXKJICHUEM HOMUHAIBHOW MOIIHOCTHIO 250 KB-A U BhICHIUM HaIpsoKe-
HueM 10 kB.

Ecau nomonHuTENnbHBIE JaHHBIE TpaHchopmaTropa OTCYTCTBYIOT,
TO UX MOJYYarOT W3 OMBITOB XOJIOCTOrO XOJIa U KOPOTKOIO 3aMbIKAHHSI.
BrinosiHeHUE 3TUX OIBITOB U CPaBHEHUE UX PE3YJIbTATOB C MACIIOPTHBHI-
MU WM KaTaJOXHBIMU JAHHBIMM HCHIBITYEMOTO TpaHc(opmaTopa Io-
3BOJISIET CAETATh 3aKJIFOYEHHUE O €r0 UCIPABHOCTH.

s mpaBUIIBHOTO BBIOOpAa M TPAMOTHOM JKCIUTyaTalldd TPaHC-
dbopmaTropa HEOOXOAMMO 3HATh €r0 BHEIIHIOW XapakTepucTtuky U, (1)
u xapakrepuctuky KII/ n (1;). Ux M0kHO paccuuTaTh MO MACHOPTHBIM
JaHHBIM TpaHchopMmaropa U mapaMmeTpam Harpys3ku. Hampumep, oTHO-
CUTEJIbHOE MPOIEHTHOE U3MEHEHHUE BTOPUYHOIO HAMPSIKEHUS BBIUYUCIIS-
eTcs mo gopmyiie:

J— 0 _ & skeske . =
Su, = U,, —U, JU, 100%=B cosq, +u"sing, , (1)
rae B =S/ Swonw = b/ hyow — KO3(PIULIMEHT HArpy3KH TpaHCcPopMaTopa;
. u P U P P
u,=u_cosp, =—*—=—1100%—+—= “—100% — ax-
UIKIIHOM UIHOM 1k~ laoMm laom™ 1HOM
THUBHAS COCTAaBJISIONIAs OTHOCUTEIIBHOTO HAMNPSIKEHUS KOPOTKOTO 3aMBbl-

>

kauust; u, =+ju. — €. — peakTmBHas cocTaBIAIOMIAs; COSP, — KOI-
(pUIEeHT MOITHOCTH NPHUEMHHKA SHEPTUH; (P, — YTOJI CABUTA (ha3 MEKTY

TOKOM U HAIIPAKCHUCM ITPUCMHHKA.

CrnenoBaTenbHO
U, = Ux(1 — duy% / 100%) (2)
Xapakrepuctuka KIII BeipakaeTcs ciaenyromen 3aBUCUMOCTBIO
Bl B R
P P +AP P +AP +AP 3)
U,I, coso, _ PS uou COS P,

= 2 - 2
U,I,cos¢,+P +PB°F, PS,, cos¢,+P +p°P,
BTI/I XapPaKTCPUCTUKU MOKHO OIPCACIUTb TaKKE ISKCIICPUMCH-
TaJbHO, BBITIOJHUB UCIIBITAHUE TpaHCPopMaTopa Mo Harpy3KOH.

HOM



Kpome TOro Ha OCHOBE MACHOPTHBIX AaHHBIX TpaHchopmaropa
WJIA OIBITOB XOJIOCTOTO XO4a U KOPOTKOTO 3aMbIKAHUSI PACCUMTHIBAKOTCS
rapaMeTpbl SKBUBAJICHTHOM JJEKTPUUECKOM CXeMbl TpaHchopmaTopa,
KOTOpasi UCIIOJIb3YETCA IMPU PACUYETE DIIEKTPOIHEPIreTUUECKUX CETEN C
Pa3JUYHBIMA HOMWHAIBHBIMUA HAIPSIKCHUSIMHA HA y4acTKax, pas3iclieH-
HBIX TpaHchopMaTopamu.

4. UCITIOJIb3YEMOE OBOPYJIOBAHUE U ITPUBOPHBI

Pa6ora BemmonnsieTcs Ha cteHe JIDC-5. B kadyecTBe oiHO(A3HOTO
TpaHchopMaTopa UCIOIB3yeTcs oAaHa ¢aza TpexdazHoro Tpanchopma-
Topa 72 (cMm. puc. 1) co ciaeayromuMu mapameTpaMu: Sy, = 50 BA,
Uiwon ! Uax =220/ 20 B, f= 50 I'u. IIpu 3ToM MOXHO HCIIOIH30BaTh JIIO-
oyro ¢azy, Hanmpumep, pazy 4 ¢ 0003HAYCHUSIMH BBIBOJAOB MEPBUYHOU
00MOTKH A 1 X, ¥ BTOPUYIHOMN — a U X.

O A 71
PW PA1 PA2
B‘a‘ AR A T2
—O
C

2
N UC pviD|Ce L py | R

X X SA

Puc. 1. Cxema skCriepuMeHTaJIbHONW YCTAHOBKH

[Ipr€MHUKOM 3JIEKTPOIHEPIUU ABISETCS peocTaT R COMPOTHUBIIE-
HueMm 31 OM 1 MakCUMaJIbHBIM TOKOM I, = 4,5 A. OH nojxiroyaeTcs K
TpaHchopmaTopy uepe3 BeikiItouatenb SA (B1). Tok nmpuéMHuka nusme-
psercs amnepmeTpoM PA2 tuna 3526 ¢ yCTaHaBIMBAEMBIM IPEAEIOM
nsmepenus Iy, = 2,5A nnu SA, a HanpsHKEeHUe — BOJILTMETpOM PV2 Tuma
D532 ¢ npeaenom usmepenus Uy, = 30 B.

Tpanchopmatop BkiIrOUaeTCs Ha JUHEWHOe Hanpspkenue Uy = 220
B tpexdasznoii cetu (knemmbl A u C) yepe3 aBrorpancpopmarop 71 tu-
na AOCH-2-220 wim PHO-250-2A, KOTOpBIM yCTaHaBJIMBAETCS 3HAYeE-
Hue Uy, TpancopMaTopa a Takke NMoAaéTcsl MOHMKEHHOE Hampsike-
HHE B O1bITe KOPOTKOTO 3aMbIKaHUA (U = (3 — 10)% U\ yom)-

Crenp BKIIIOYAETCS TPEXMOJIIOCHBIM MAKETHBIM BBIKIIFOUaTeneM Q.



[TogBoaumoe k TpaHc(hopMaTopy HaNPSHKEHUE U3MEPSAETCS BOJIBT-
merpom PV1 tuma 9533 ¢ Uy, = 75, 150, 300 B, a TOK 1 akTUBHAs MOLI-
HocTh amnepmerpoMm PAl tuna 3525 ¢ I, = 0,5 A u BartmeTpom PW

tuna 150043 ¢ U,, = 30, 75, 150, 300 B u I, = 1 A. BartmeTp nmeer
npezen usmepenus Py, = Uy Iy,

5. TIOPSJTIOK BBITIOJTHEHUMS NCCJIEJJOBAHMI

5.1. 3yuuts ycTpoiicTBO TpaHc(opmaTopa HA UMEIOIIUXCS B Jia-
Oooparopuu o6pasziax. O3HaKOMUTHCS C YCTPOMUCTBOM MArHUTOMNPOBOJA,
COOpAHHOTO W3 W30JUPOBAHHBIX IUIACTUH 3JIEKTPOTEXHUYECKOW CTaJIH,
0OMOTKaMHU W3 MEIHOTO0 H30JIMPOBAHHOTO MPOBOAA M KJIEMMHOW mMa-
HEJIBIO.

5.2. 3anucath B OTYET AaHHBIC MACTIOPTHOM TAOIMYKH aBTOTPAHC-
dbopmaropa.

5.3. O3HaKOMUTBCS C UCTOJIb3yEMBIMU 000PYIOBAHUEM U U3MEPU-
TEJIbHBIMU MTPUOOPAMU U 3aHECTU UX TEXHUYECKUE JAHHBIE B COOTBETCT-
BYIOIIYIO TaOIUIly OTYETA.

5.4. CoOpatb 35eKTpuyecKkyto cxemy (puc. 1), yCTaHOBUB IpejiBa-
PUTENBHO BBIKIIOYATEIIA W PETYIATOPBI B UCXOJHOE cocTosiHue. s
ATOr0 BBIKJIIOYATEIN BBIKIOYUTh, YCTAHOBUTh MAaKCHUMAaJbHOE COIPO-
TUBJICHUE peocTaTa (CKOJIb3SIINI KOHTAKT PEOCTaTa YCTAHOBUTH B HUXK-
HEe TOJI0KEHUE), PETYIATOP aBTOTpaHCPopMaTopa YCTAaHOBUTH B MOJIO-
KEHHUE JI0 yropa MPOTUB YaCOBOU CTpENKU. J[aTh MPOBEPUTH CXEMY Ja-
OopaHTy.

5.5. IIpousBecTr OMBIT XOJOCTOrO Xoxa. [Jisi 3TOro BKIIFOYMTH
cTeH]1 (YCTAaHOBUTH TPEXMOJIFOCHBIN MAKETHBIN BBIKJIIOYATENb B IMOJIOMKE-
Hue "Bki") u ¢ momonipio aBToTpaHchopmaTopa 1mojarh Ha TpaHchop-
Marop HanpspkeHue Uy, = 220 B, nzmepsemoe Bonetmerpom PV1. Ilo-
Ka3aHus NpuOOpoB 3anucath B Ta0II. 2.

Tabnuna 2
OnBIT X0JIOCTOrO X012

3az1aHo N3mepeno Brraucneno

UlHOMa B lea A an Br U2Xs B n ixa %o APM: Br




5.6. HWccnenoBath TpaHcopmarop B padbodeM pexume. Paccum-
TaTh IO MACHOPTHBIM JAHHBIM TpaHchopMaTopa U pe3yiabTaTaMm OIbITa
X0JIOCTOTO X0J1a HOMHUHAJIBHBIA TOK BTOPUYHONH OOMOTKH Ipyon = Suom /
Usy.

[TogkirounTe Harpy3ky Bbikirouatesnem SA (B1) m ¢ momoibro
peocTtara R u3MeHsATh TOK I, B 4 — 5 ipu€MOB 710 B€IUUUHBI 1,2 15,0\, Pe-
3yJIbTaThl U3MEPEHUI B KaXKJOM OIBITE 3aHOCUTH B TaOJjI. 3, 3amucaB B
MIEPBOM CTPOKE PE3YJIHTATHI OIbBITA XOJIOCTOTO XO/a.

Tabauna 3
HccnegoBanue Tpancdopmaropa B pabodyeM pexkume
3aaHo npu
H3mepeno Breraucieno
Uson = 220 B p

UlHOM: B 127 A Il: A Pla Bt UZ: B P29 Bt 6”2% n AP, Bt AP;” Bt

5.7. YMEHBIIUTh 10 HYyJs aBTOTpaHC(HOpPMATOPOM HAMpPSIKEHHUE,
nojaBaeMoe Ha TpaHnchopmaTop. BBIKIIOUNUTH CTEHI.

5.8. IIponu3BecTH OMBIT KOPOTKOTIO 3aMbIKaHUs. [[J1s1 3TOro ¢ mo-
MOIIIBIO TIEPEMBIUKH 3aKOPOTUTH BTOPUUHYIO O0OMOTKY TpaHc(opmaTopa
(KIIEMMBI @ ¥ Xx). Y CTaHOBHTH npesien uaMepenus ponstmerpa PV1 Uy, =
75 B n Bartmerpa PW U,, = 30 B. Onpenenurs 3aHOBO LEHBI UX JEIIE-
HUI.

PaccunTaTh 10 macrmopTHBIM JaHHBIM TpaHc(opMaTopa ero HOMH-
HaJIBHBIN TOK [yom & Suow / Ulhon ¥ OIIPEACTUTH KAKOMY KOJUYECTBY Je-
neHut ammniepmetpa PA1 oH OyJeT COOTBETCTBOBAT.

BHUMAHMHE! OnbIT KOPOTKOTO 3aMbIKaHUS IPOBOJNUTH TOJIBKO B
IPUCYTCTBUU Ja0OpaHTA.

BxJ1rounTh CTEHIT MU OYEHb IUIABHO YBEJIWYMBAs HANPS)KEHUE aBTO-
TpancpopMaToOpoM YCTAaHOBUTH MO ammepmeTpy PA1 Tok KOpOTKOro 3a-
MbIKaHUS I, = [,y 3amucaTh pe3yiabTaThl U3MEPEHUM B Ta0J. 4 U yO-
paTh Hanpsi>KEeHUE. BHIKITFOYUTH CTEHI.

5.9. /Iath pOBEPUTH PE3yIbTATHI U3MEPEHHUS MTPETOAaBATENIO.

5.10. Ilocne yTBEpkKACHUS PE3yIbTATOB MPUBECTU BBIKIIFOYATEIN U
PETYJISITOPBI B UCXOJIHOE COCTOSIHUE U Pa3o0paTh CXeMy.



Tabnuna 4
OnbIT KOPOTKOTO 3aMbIKAHUS
3ama”o N3mepeno Brraucneno
IlK = IlHOM) A UlK) B PK) Br uK% APg, Bt

6. OBPABOTKA PE3VJIbTATOB
N OOOPMIJIEHUE OTHETA

6.1. PacmudpoBath MapKUpPOBKY MCIIOIB3YEMOT0 000PYI0BaHUS U
puOOPOB.

6.2. I8 ompITa X0JIOCTOTO X0/4a BEIYUCIUTD M 3aHECTH B Ta0II. 2:

a) 3HaueHne ko3 durmenta Tpanchopmanu n = Uy,oy / Usy;

0) 3HAYEHHE TOKa XOJOCTOTO X0/a B % K HOMUHAIBHOMY iy = [y /
1140m100%;

B) MOILIIHOCTh MAarHUTHBIX NOTEPH (B MarHutonposoie) AP, = Py;

6.3. Jlng kaxaoro ombiTa TpaHchopMaTropa NOA HArpy3kou u
OTBITa XOJIOCTOTO XOJa BHIYUCIUTh U 3aHECTHU B TA0I. 3:

a) aKTUBHYIO MOIIMHOCTh mpuémuuka P, = U, I, cos ¢, = U, I,
(MpUEMHUKOM SBJISIETCS PEOCTAT, Y KOTOPOTO cos ¢ = 1);

0) OTHOCUTEIIbHOE W3MEHEHHWE BTOPUYHOIO  HANPSKECHUS
Su, =, —U, JU, 100%;

B) KIII n = P,/ P-100%;

I') MIOTEPU MOIIIHOCTH B TpaHchopmaTope P = Py — P;

1) AJIeKTpruueckue norepu (B oomorkax) AP, = AP — AP,,.

6.4. JIns onbiTa KOPOTKOTO 3aMBbIKAHUSI BBIYMCIUTH U 3aHECTH B
Tabu. 4:

a) HanpsHKEHUE KOPOTKOTO 3aMbIKaHUA B % K HOMUHAIBHOMY Uy =
UlK / UlHOM %;

0) MOITHOCTH INEKTPUUECKUX MOTEPh (B OOMOTKaX) B HOMHUHAb-
HOM pexXUMe AP, yon = Pr.

6.5. [IpeactaButh B OTYETE XAPAKTEPUCTHKH HCCIEIYEMOTO
TpaHchopmaTopa no popme Taodm. 1.

6.6. [locTpouTh BHENIHIOK XapaKTePUCTUKY TpaHchopmaTopa
U,(I;) n nath €€ 00bsICHEHHUE.
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6.7. B obmieit cucreme koopauHaT (B MaciTade) MOCTPOUTH Xa-
pakrepuctuky KIIJI n(l,), npsamyro AP, (nmapamiensHo ocu I, T.K. AP, =
const mpu Toke [, B auama3oHe OT HYJS 10 Ir nax), KpuBblie AP,(l) u
AP(I,). O0ObsICHUTH X0/ XapakTepuCTUku 1(15).

6.8. PaccunTaTh nia ucciaeayeMoro TpaHc(opmaTopa Mo €ro mac-
MOPTHBIM JTaHHBIM, MOJYYEHHBIM B OMBITAX XOJIOCTOTO X0Jia U KOPOTKO-
ro 3ambikaHus, xapakrepuctuku U, (I;) u n(l,) no ¢opmynam (1 — 3)
1 S—7 3Ha4eHu Toka [, B auanazone ot HyJist 10 1,2 I, .« TPy aKTUB-
HOM Harpy3ke (cos @ = 1). Pe3ynbTaThl BEIUMCICHUN MPEACTaBUTH Ta0-
JUIIEH, a paCCUYUTAHHBIC XapPAKTEPUCTUKHU MOCTPOUTH Ha rpadukax co-
OTBETCTBYIOIINX SKCIIEPUMEHTAIbHBIX 3aBUCUMOCTEM.

6.9. Jlath 3aKiIr0ue€HHE O MPUTOJHOCTHU HCCIIEeIyeMoro TpaHchop-
Maropa K JKCIUTyaTaluu MO0 COOOpaKEHUSM (PaKTUYECKOTO 3HAYEHUS
ou,%. HanpspkeHue npuéMHUKA HE JOJDKHO OTKIOHATHCS OT 3HAYEHUS
U, 6oiiee ueM Ha 5%.

7. KOHTPOJIbHBIE BOITPOCHI

7.1. Uto npouzoiaeT ¢ TpaHchopMaTopoMm, €CiIu BKIIOYUTH €ro Ha
MMOCTOSIHHOE HaIPsKEHUE?

7.2. Kakue (QyHKIIUU BBIMOJHSIET MarHUTOMPOBOJ B TpaHC(opma-
Tope?

7.3. UeMm BbI3BaHa HEOOXOAUMOCTHh NMPUMEHEHHS] MarHUTOIPOBO-
na B Tpanchopmarope?

7.4. [ToueMy MarHuUTOIIPOBOJ] BBIMOJHSIOT U3 (EepPOMArHUTHOTO
Marepuaia, a He U3 AJIFOMUHUS WJIU TJIaCTMACChl?

7.5. IloueMy MAarHaTONPOBOJ BBINOJHAKT W3 AJIEKTPOTEXHUYE-
CKOM CTalii, a He U3 0OBIYHON KOHCTPYKIIMOHHOM ?

7.6. Moxetr 1 TpaHchopmaTop padoTaTh 0€3 MarHUTONpPOBOjIA?
Ecnu na, To Kakue ero mapaMmeTpsl PHU 3TOM U3MEHSATCS U TOUEMY ?

7.7. [loueMy BBICOKOYACTOTHBIE TpaHCPOPMATOPHI MOTYT OBITh
BBITTOJIHEHBI O€3 MarHUTONPOBO1a?

7.8. M0XHO JT1 U3TOTOBUTH TpaHcPopmaTop 0€3 MarHUTONPOBOA
C TEMH K€ OCHOBHBIMU 3JICKTPUUYECKUMHU IMapamMeTpaMH, YTO U TPaHC-
dbopmMaTop ¢ MarHUTONPOBOIOM?

7.9. Uto mpou3oiaeT ¢ BKIKYECHHBIM TPaHCHOPMATOPOM, €CIIH Y
HET0 Pa30MKHYTh MarHUTOIIPOBOJ?
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7.10. IloueMy MarHuTONPOBOA COOMPAIOT U3 OTACIBHBIX U30JIUPO-
BAHHBIX IJIACTUH 3JIEKTPOTEXHUYECKON CTAIIN?

7.11. IloueMy OOMOTKHM BBIMOJIHSIOT U3 MEIHOTO WU aJIFOMUHHE-
BOT'O MPOBOJIA?

7.12. Tlouemy NEpBUYHYIO M BTOPUYHYID OOMOTKU pa3MElIaOT
OJ[Ha Ha JIPyryro?

7.13. Uem omnpenenseTcss BeIWYMHA HANPSOHKCHUS Ha BBIXOJAE
TpaHnchopmaTopa?

7.14. YUTo HYXHO H3MEHHUThH B TpaHchopMaTtope, 4TOoObl €rO BbI-
XOJIHO€ HANPSIKEHUE YMEHBIIIUIOCH (MJIM YBEJIMYUIIOCH) B JIBa pa3a’?

7.15. Kak u3MeHATCS HanpsKeHUs!, TOKA U MOIIHOCTb, €CIU IPHU
HEU3MEHHOUN Harpy3Ke YMEHBIIUTh YUCJIO BUTKOB BTOPUYHON OOMOTKH
TpaHcdopmaTopa?

7.16. Kak B3auMOCBsI3aHbl TOKH TIEPBUYHON U BTOPUIHOU OOMOTOK
TpaHcopmaTopa?

7.17. Yto Oynetr u modemy, eciu TpaHchopMaTop MOAKIIOUUTH K
HAIPSDKCHHIO B \3 pa3 GoJbIie (MEHBIIE) HOMHHAIBHOTO?

7.18. Uto npousoiiner, eciiv Npu MOAKIIOUYEHUN TpaHchopmaTopa
nepenyTarb NEPBUYHYIO U BTOPUUHYIO OOMOTKH ?

7.19. Yto mpowusoiaer, ecinu TpaHchopMaTop, pacCUMTaHHBIA Ha
yactoty 50 ['y BKIrounTh B ceTh ¢ yactoTor 60 ['1, a Ha yactoTy 400 I'1g
—B cerb 50 ['n?

7.20. ITo kakuM mapamMeTpaM OCYUIECTBIISIIOT BBIOOp TpaHchopMa-
Topa?

7.21. IloueMy OTIMYaAIOTCS HANPS)KEHUSI Ha BBIXOAE TpaHchopMa-
TOpa B HOMHUHAJILHOM PEKHUME U MPU XOJIOCTOM X0/ie?

7.22. Tlouemy TpaHcopMaTop MPOEKTUPYIOT TaK, YTO y HEro Ha-
OpsIKEHHE BTOPUYHON OOMOTKH B PEXKHUME XOJOCTOTO XOJia MPUMEPHO
Ha 5% 00JbllIe HOMUHAIBLHOTO HANIPSKEHUS €r0 HArpy3Ku?

7.23. Kak ¥ mo4yeMy H3MEHSETCS HalpsHKEHUE Ha MPUEMHUKE,
HOAKIIOYEHHOM K TpaHcPhopMaTopy, IpU HM3MEHEHUU €ro MOIIHOCTH
(compoTtuBieHus)?

7.24. Kak paccyuTaTh BEJIMYMHY OTHOCUTEIHBHOTO U3MEHEHHS BTO-
PUYHOTO HanpshKeHUs TpaHchopMaTopa Mo ero NaclopTHBIM JTaHHBIM U
3aJJaHHOW Harpyske?

7.25. Kakum 00pa3omM KOMIICHCHUPYIOT U3MEHEHNE HaMpPsHKEHUS Ha
Harpy3ke TpancopmaTopa npu U3BMEHEHUH €€ MOITHOCTH?
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7.26. Ilouemy TpaHcopmMaTop HEXKENIATEIbHO JepKaTh BKIIFOYCH-
HBIM B CETh B PEKHME X0JIOCTOrO X01a?

7.27. Kakue moTepu MOIIHOCTH U TJIe UMEIOT MECTO B TpaHchop-
MaTope U KaK OHM 3aBUCAT OT BEJIMUYUHBI HATPY3KU?

7.28. Kak OnbITHBIM IMyTEM OMPEACIUTH OTEPU B TpaHCHOPMATO-
pe?

7.29. IloueMy npeHEOperaroT NEKTPUUECCKUMU MOTEPSIMU IHEPTUU
(B 0OMoOTKEe) TpaHchopMaTopa MPH XOJOCTOM XOJi¢ U MarHUTHBIMU (B
MAarHUTOIPOBOJIE) — B OINBITE KOPOTKOT'O 3aMbIKAHUSI ?

7.30. IloueMy B pexrMe XOJOCTOTO XOJIa MAarHUTOMPOBOJ TPaHC-
dbopmarTopa HarpeBaeTcs, a 0OMOTKa HET?

7.31. IloueMy B ONBITE KOPOTKOIO 3aMbIKaHHsI OOMOTKa TpaHC-
dbopmarTopa HarpeBaeTcsi, a MarHUTOMPOBOJI HET?

7.32. Uem OTIIMYAETCSI OMBIT KOPOTKOTO 3aMbIKaHUSI OT aBapUHHO-
ro pekruMa KOPOTKOTO 3aMbIKaHUs?

7.33. Yto OyAeT u mouemy, eciii B pado4yeM pekuMe MPOU30MAET
3aMBbIKaHHE BBIBOJIOB BTOPUYHOM OOMOTKH TpaHchopmaTopa?

7.34. Onpenenure Mo NAaCOPTHBIM JaHHBIM TpaHchopmaTopa TOK
BTOPUYHON OOMOTKH, IIPU KOTOPOM TpaHchopmaTop OyIeT UMeTh Mak-
cumanbHbid KIT/?

7.35. IloueMy TpaHchopMaToOp OOBIYHO DKCILTyaTUPYETCS MPHU KO-
sa¢pburmente Harpysku n = 0,5 — 0,87

7.36. Kak 0003Ha4arOTCA BBIBOJIBI OOMOTOK TpeX(a3HOro TpaHc-
dbopmaropa?

7.37. Tlo kakol cxeme BKJItoUaeTcs TpexdasHbiil TpaHcPhopmMaTop U
KaK IPU 3TOM OCYIIECTBIISIIOTCSI COEIMHEHUS Ha KJIEMMHOM NaHen?

7.38. Ilo kako# cxeme coeqMHEHbl OOMOTKH Tpex(}a3zHOro TpaHC-
dbopMaTopa, MUTAIOIIETO Ja00PATOPHBIA CTEH/I, €CIIM HAIPSIKEHUE CETU
380 B, a nanpsixenue crenaa 220 B?

7.39. K nexy noasoautcsa TpexdaszHas ceTh HampsbkeHuem 10 kB.
B uexe ycraHoBIeHbI TpH Ipymnbl Tpexda3HbIX MOTPEOUTENEH IEKTPO-
sHepruu ¢ HanpsibxeHuamu 660 B, 380 B u 220 B. MMmerotcsa Tpu oguHa-
KOBBIX Tpex(a3nsix TpaHchopmaropa ¢ Ugy, you = 10 KB mipu cxeme co-
equHenust ooMotku BH TpeyronbaukoMm u ko3dduimenTom tpanchop-
Mamuu n = 25. [lo kakuM cxemMam HEOOXOJUMO COEIMHUTH OOMOTKHU
TpaHC(HOPMATOPOB JIJIsi MUTAHUS YKA3aHHBIX TPYIIN MOTpEOUTENCH?
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7.40. YUto mpousoiiaer, eciu mpu padote TpexdazHoro tpaHchop-
Maropa ¢ HOMHUHAJIBHON Harpy3koil 00OpBETCA JTUHEUHBIN MPOBOJ CETH
WJIU TIEPETOPUT MPEAOXPAHUTETL OAHOMN U3 (az?

7.41. ns gero Tpanc@opmaTophl BKIOYAIOTCS NapaaiieabHO?

7.42. Tlouemy Ha TpaHchOPMATOPHBIX TMOACTAHIUAX YCTaHAB-
JIMBAIOT MO JIBa MapajijieJbHO paboTarnmx TpaHchopmaTopa OJMHAKO-
BOM MOIITHOCTH BMECTO OJTHOT0, 00JI€€ MOITHOTO?

7.43.1lpu xakoMm ycnoBuu nBa TpexdaszHbXx TpaHchopmaTopa
MOYKHO BKJIIOYATh MapajuiebHO?

7.44. B uém mpeuMyllecTBa U HEIOCTAaTKU aBTOTpaHCHopMaToOpoB
B CPAaBHEHUH C CUJIOBBIMU TpaHcpopmaTopamMu?

7.45. JIy1st yero NpUMEHSIIOTCA ¥ B 4€M OTJIMYKE TpaHCHOPMATOPOB
HaIMpsHKEHUS U TOKa OT CUJIOBBIX TpaHC(hopMaTopoB?

BUBJINOT PA®MYECKUI CITMCOK
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2. XKapoga, T.A. [IpakTukyM 1o 3JEKTPOTEXHUKE : yueOd. mocolOue
/ T.A. XKaposa. M.: Beicu. mik., 2009. - 127 c.
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1. IIEJIb PABOTDBI

1.1. U3yuuTh ycTpoiCTBO Tpex(a3HOrO aCUHXPOHHOI'O JBUTATEIS
C KOPOTKO3aMKHYTBIM POTOPOM Ha pa3o0paHHbIX 00pa3lax.
1.2. CHATBH ¥ IOCTPOUTH paboUKe XapaKTePUCTUKU JBUTATEIIS.

2. IIOAI'OTOBKA K UCCIIEAOBAHHAM

2.1. I3yuuTh 1O KOHCIIEKTY JICKIIMH U PEKOMEHIOBAHHOMY YyueO-
HUKY [1] pa3aen "ACUHXpPOHHBIE ABUTATENN" Y OTBETUTH HA CIEAYIOLINE
BOIIPOCHI 110 ABUTATEIIO:

1) J1OCTOMHCTBA, HEIOCTATKU U 00JACTh MPUMEHCHUS;

2)  YCTPOMCTBO KOHCTPYKIIUSI CTAaTOpa, KOHCTPYKIUS pOTOpa C
KOPOTKO3aMKHYTOM OOMOTKOM M C KOHTaKTHBIMU KOJIbIIAMH, Ha3Haye-
HUE KOHTAKTHBIX KOJIEI, HA3HAYCHHUE U UCTIOJTHEHUE MAarHUTOIPOBO/IA;

3) ycnoBHbIe rpaduueckue 0003HAYCHUS U MAPKUPOBKA;

4)  oOpa3oBaHME BpaIIAIOIIETOCS MAarHUTHOTO IOJSl, CUHXPOH-
Hasi CKOPOCTh;

5) NpUHIUI JEUCTBUSI, CKOJIBKEHHUE, CKOPOCTh BPAILICHUS;

6) DJIEKTPOMArHUTHBHIA MOMEHT M €ro 3aBUCUMOCTh OT Hamps-
KEHUSI CETH;

7)  MeXaHWYecKas XapaKTEePUCTUKA;

8)  HOMMHAJILHBINA, MAKCUMAJIbHBIA U ITYCKOBOW MOMEHTHI;

9) KIIJ u k0o3hPuiiueHT MOIHOCTH;

10) PaGoune xapaKTEpUCTUKU U UX IKCIIEPUMEHTAIBHOE OMpee-
JICHUE;

11) nacmopTHbIE NaHHBIE;

12) mMoaKIIOUYEHHUE K CETH;

13) cnocoOsl 3amycka.

2.2. OCcBOUTh METOJMKY BBIIIOJIHEHUS JA0OpAaTOPHOM padOTHI MO
HACTOSIIIEMY MTOCOOHIO.

2.3. 3aroTOBHATH OTUET CO CXEMOW IKCIEPUMEHTAIBHON YCTAHOBKHU,
Ta0JIUIIEH IKCTIEPUMEHTAIBHBIX U PACUECTHBIX JTAHHBIX.



3. UCITIOJIb3YEMBIE ObOPYJJOBAHUE U ITPUBOPDBI

Pabora Brimonasgercsa Ha crenae COD-2. O0bEKTOM UCCIIEOBAHMS
aBigere apurarenb Tuna 4AAMS0A4Y3 ¢ HanpsikeHUEM THUTAHUS
220/380 B.

Harpysko#i nurarenst M (puc. 1) ciy>kxutT TOpMO3 C dJIEKTpoMar-
HUTHBIM OPUBOAOM YB. Ero OCHOBHBIMM YaCTsIMHU SIBJISIFOTCS QJIFOMHU-
HUEBBIA JUCK, YKPEIUICHHBIM Ha Bajy, COYJIECHEHHBIH My(pTOl ¢ Bajiom
JIBUTATENA, U AJIEKTPOMaruuThl YA, okpyxaromue nuck. [Ipu nutannm
KATYIIEK 3JIEKTPOMATHUTOB ITOCTOSIHHBIM TOKOM CO3[1a€TCSI MAarHUTHOE
NoJIe, MHAYKTUPYIOIIEE BO BPALIAIOMIEMCS JUCKE BUXPEBBIE TOKU. B pe-
3yJIbTaT€ B3aMMOJCUCTBUS BUXPEBBIX TOKOB C MarHWTHBIM MOJIEM BO3-
HUKA€T MOMEHT B HAIPaBJICHUU BPAIlCHUSA JUCKA, KOTOPBIM MTOBOPAYU-
BACT DJJICKTPOMArHUTBI BMECTE C IPOTUBOJCUCTBYIOIIUM TIPYy30M U
CTPEJIKOM, YKa3bIBAIOIIEH 3HAYCHUE BPAIIAOIIEI0O MOMEHTA Ha HEMNOA-
BWKHOM 1IKaje. BenuunHa TOpMO3HOTO MOMEHTA PETYJIUPYETCS U3MeE-
HEHHEM TOKA B KaTylIKaxX 3JICKTPOMAarHuToB YA, OCYIIECTBISIEMOTO aB-
totpaHchopmaTtopom 7 tuna AOCH-2-220 uyepe3 Beinpsmurens UZ
("Bemmp. II").
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Puc. 1. Cxema 3KCrIepUMEHTAIIBHON YCTAHOBKHU

Bxon aBroTpanchopmaropa 7' (Ha Hanpsbkenue 220 B) Bkirovaert-



cs Ha (asHoe HanpspkeHue (kjaeMmbl C 1 N 0J0Ka BKIIFOYEHUS), a K €ro
BbIxoay (0...250 B) nmoacoenaunsiercst Boinpsamutenb UZ. Tak kak Mak-
CUMAJIBHBI MOMEHT TOpMO3a, paBHbIM 0,26 H-M, MeHbIlIE HOMUHAIBHO-
ro MOMEHTa ucciaeayemoro asurareins (Mo, = 0,42 H-M), To 1BUratens
BKJIFOYAETCS IO CXeMe '3Be3/la’, a He IO cXeMe " TPEeyroJibHUK'". OTo
HEO0OXOAMMO IIPU UMEIOIIEMCS Ha CTeH 1€ Tpex(da3zHoM HamnpsikeHuu 220
B. Ilpu 3TOM, yyuTBhIBas, 4TO BPAIIAOLIMKA MOMEHT JBUTATENS IIPOIIOP-
[IMOHAJIEH KBaJpaTy HANpPSKEHUS MUTAHUS, HOMUHAJILHBIN BpaIllatoIni
MOMEHT, a, CJIEIOBATEIbHO, U MOITHOCTb JBUIATEIS], YMEHBIIATCSA B TPU
pasa.

Ha neurarens mopaercst tpexdaznoe nampsbkenue 220 B (F = 50
I'mr) ¢ 6:10ka BrItoueHus (kiieMMbl A, B u C). ®a3Hble HANPSKEHUS], TOK
Y AKTHBHAsi MOIIHOCTb U3MEPSIOTCS, COOTBETCTBEHHO, BOJIBTMETPOM PV
(tuma 98032 na npenenbHOoe Hanpsbkenue Uy, = 150 B), amnepmerpom
PA (na npenensubiii T0K Iy, = 0,5 A) u BartmeTpoM PW (tuna /150043 ¢
Up=150B ul,, = 1A, T.€. c npeneaomM u3MepeHus 1o MOIHOCTU P,
= Uyp Ip = 150 Br).

YacToTa BpamieHus poTopa ABUTATENs u3Mepsiercs GoToTaxoMeT-
pom OT-2, B KOTOpOM poJib ITpeoOpa30BaTEIIsl YACTOTHI BpallleHUs B TOK
BR BemonHsieT (POTOAMUOJ, OCBEIIAEMBIN AIECKTPUYECKON JIAMIIOUYKOM.
Mexny HAMHM DPACIIONOKEH AUCK C MPOPE3sIMH, HACAXKECHHBIM Ha Bajl
TopMmo3a. TOK Ha BbIXOJle ITpeoOpa3oBaTessi MPOMOPIMOHATIEH YacTOTE
3acBETKU (OTOIMOMA, KOTOpas ONMPEAEIIAEeTCS YaCTOTOM BpalleHUs JUC-
Ka W, CIIEIOBATENBHO, JABUTATENSA. DTOT TOK M3MEPSETCS MUKpOAMIEp-
MeTpoM PAt, KOTOpbIA BXOAUT B COCTaB (POTOTAXOMETpPA U MPOTpayu-
pPOBaH B 000pOTax B MUHYTY (00/MUH).

4. TIOPSIJOK BBITTOJIHEHM S CCJIEJIOBAHMI

4.1. 3yunTh yCTPOMCTBO JBUTATENId HA pa3oOpaHHBIX 0Opas3lax.
PaccmoTperh ycTpoOMCTBO cTtatopa ¢ OOMOTKOM, poropa ¢ "Oennubeil
KJIETKOW", BEHTWJIATOPA, KIEMMHOM MaHeNId U KOpITyca. Y ACHUTh Ha3Ha-
YyeHHE KaXKIIOU JEeTalIN.

4.2. O3HaKOMHUTBCS C UCIOIb3YEMBIM OOOPYJIOBAHUEM U U3MEPU-
TEIbHBIMU MPUOOPAMU U 3aHECTU UX TEXHUYECKHUE JaHHBIE B COOTBETCT-
BYIOIIIYIO TAOJIUIly OTYETA.



4 3. CoOpatb 2JEKTpUUECKyIo cxemy (puc. 1) u 1ath ee NpoBEpUThH
nabopanty. IIpu 3TOM BCe BBIKIIIOYATENN JOJKHBI HAXOAUTHCS B BbI-
KJIFOUEHHOM COCTOSIHUM (HUKHEE TOJIOKEHUE), a PETYJIATOp aBTOTpaHC-
dopmaTtopa T — IPOTUB YAaCOBOM CTPEIKH /10 yHOpa.

4.4. BIouuTh CTEHJ — YCTAHOBUTH BBIKJIIOUaTenbr () OJioka
BKJIIOUCHHUS B MTOJIOKEHUE "BKi", yCTaHOBUTH BBIKIIFOYATEND SA BBIIPS-
MuTela B nojoxenue "Bxir. Beimp. 11",

4.5. N3MeHATb MOMEHT TOpMoO3a (Harpy3ku asurarensi) oT 0 1o
0,16 Hm uepes3 0,04 Hm yBenmrueHHMEM BBIXOAHOI'O HAIPSIAKECHUS aBTO-
TpaHcopmaropa T, 3anmcath MoKa3zaHus TpuOOpPoB B Ta0I. 1.

Tabmnura 1
DKCIEPUMEHTAIBHBIC U PACUETHBIC IAHHBIC UCCIIEAOBAHUS
3a-
N3mepeno Beruucneno
No | mano

o | M, n, Lig, A | Uy, B| Py, BT | P, BT| 1, % |cos @] s, %
H-M | 00/MuH

4.6. BBIKITIOUUTH CTEH/I, MPUBECTH BBIKIIOYATEIN U PETYJSATOPHI B
HCXOJHOE COCTOSIHUE U, HE pa30upast 1IeTH, AaTh MPOBEPSITh PE3YJIbTaThI
U3MEPEHNUH MPEIOIABATENIO.

4.7. Ilocne yTBepKA€HUS pE3yJIbTaTOB MpEroiaBaTesieM pa3oopaTh
CXEMY.

5. OBPABOTKA PE3VJIbTATOB Y O®OPMJIEHUE OTUETA

5.1. PacudpoBaTh MapKHpPOBKY HCIOIB3YEMOTI0 000pYyIOBaHUS
1 IpUOOPOB.

5.2. J1ig kaska0ro OIbITa BEIYUCIIMTEL U 3aHECTH B Ta0JI. 1:

a) MOIIHOCTh Ha Basy aurarenss P, =o M=M2nn/60=Mn/

9,55 Br;

0) MOIIIHOCTB, OTPEOIIAEMYIO IBUTATENEM U3 ceTh P =3 P4 Br;

B) KIIJI nurarenst n = P,/ P;-100%;

I) K03 GUIHMEHT MOIIHOCTH €OS ® = P14/ Sig = Pig / (Uig L1¢);



n —n

1) CKOJIbXKCHUE § = 100%, roe n; = 60 f/ p — yacToTa Bpa-

n,
IIEHUS] MArHUTHOTO 10151 (00/MUH), f— yacToTa Toka B cetH (50 I'r), p —
YUCJIO Map MOJIFOCOB ABUTATENs (ONPEACIUTh U3 0003HAUEHUS JBUTaTE-
JIs1).

5.3. 3anmcaTh B OTYET pacUETHbIE (POPMYIIBI.

5.4. B oOmeli cucreme koopauHaT (B MaciiTade) MocTpoUuTh pa-
Ooune xapakTepucTuku asuratens n(P,), n(P,), cos o(P,), M(P,),
L,(P2), S(Py).

5.5. OOBSACHUTH B OTUETE XAPAKTEP U MPUUYUHY OTKIOHEHUS IO-
JYYEHHBIX XAPAKTEPUCTUK OT 0KUIAEMBIX.

6. KOHTPOJIBHBIE BOITPOCHI

6.1. Uto sBIAETCS HArpy3kol 3JIEKTpOABUTraTesisi BOOOIIE U B
JaHHOM paboTe B YaCTHOCTHU?

6.2. OOBsICHUTE YCTPOMCTBO W MPUHUMII ACHUCTBUS UCIOIb3YEMO-
ro B paboTe TopMO3a.

6.3. Kak ocyiiecTBisIeTCs peryJIMpOBaHHE MOMEHTA Harpy3Ku B
pabote?

6.4. OxapakTepu30BaTh UCCIEAYEMbIH JBUTATEIb MO MACIIOPTHOM
TaOJIMYKE, TPUKPEIIJIEHHON K €r0 KOPIycCy.

6.5. Kak o0o3HaYeHbl W PACIHOJIOKEHBI BBIBOJLI OOMOTOK Ha
KJICMMHOM TTaHeIun?

6.6. B kakoM ciydae aBUraTeslb COEIUHSETCS MO cXxeMe "3Be3ma’,
a B KakoM 1o cxeme "TpeyroybHuK"? Kak 3TO OCyIIeCTBUTh Ha KJIEMM-
HOU MaHEeIN U K KaKUM KJIEMMaM IMOJICOEANHSAETCS CETh?

6.7. Ilouemy nBuUraTenp HE MOACOEAUHSAECTCS K HEUTPAIbHOMY
npoBoy?

6.8. Kakux 3Ha4Ye€HH MOXET AOCTUraThb KPaTHOCTh ITyCKOBOI'O
HAYaJbHOTO TOKA MPHU MPSIMOM BKJIFOUEHHM JBUTATENSI C KOPOTKO3aMK-
HYTBIM POTOPOM B CETh?

6.9. Ilouemy wucciemyeMblii JBUTATENb 3alycKaeTcs B Xoi 0e3
IYCKOBBIX YCTPOMCTB M KaKHU€ CHOCOOBI MyCKa B XOJ aCHHXPOHHOTO
JIBUTATENS CYIIECTBYIOT?

6.10. B xakoM ciiydae BO3MOXHO IPHMEHEHHE CIlocoba ITycka
JIBUTATEN TEPEKIFOYEHUEM CO CXEMBbI "TPEyroJibHUK'" Ha cxemy '3Be3-



na"? Kak npu 3ToM W3MEHSIIOTCS U BO CKOJIBKO Pa3 MyCKOBBIE TOK U MO-
MEHT?

6.11. Kak Oyner Bectu ceOsi ABUTraTesb, €CIU MOIKIIOYUTL €ro K
CETU C OJHUM OOOpPBAHHBIM JIMHEHHBIM MPOBOJOM HJIM HEUCHPABHBIM
npeaOXpaAHUTEIEM?

6.12. JlaliTe OOBsACHEHHE XapakTepa H3MEHEHUS MEXaHUYECKOU
XapaKTEPUCTUKU JABUTATEIS.

6.13. Bo CKOJIBKO pa3 MyCKOBOW M MaKCUMaJIbHbII MOMEHTBI JIBU-
raTelisi IPEeBbIIIA0T HOMUHAIBHBIN ?

6.14. Kak 1 Ha CKOJIbKO MU3MEHSAETCS BPAIAIOIINNA MOMEHT JIBUATA-
TEJsl TPU U3MEHEHUU MUTAIOIIET0 HAMIPSKEHUS ?

6.15. Kakue norepu MOIIHOCTH U TJI€ UMEIOT MECTO B JIBUTATENIE U
KaK OHU 3aBUCSIT OT BEJIMYUHBI HATPY3KU?

6.16. O0BsicHUTE XapakTep W NPUUYMHY U3MEHEHHUS 1), COS ¢ U [
IPU U3MEHEHUU T0JIE3HON MOIIHOCTH P.

6.17. Kak n3aMeHnuTh HanIpaBJICHUE BPAILICHHS JBUTATEIIS ?

6.18. Kakumu crnocobaMu peryiaupyercsl 4acToTa BpalleHus JIBU-
rateins? JJOCTOMHCTBAa U HEIOCTATKU ATUX CIOCOOOB.

6.19. Yto mpousoier U mo4yemy, €ciau Npu padoTe IBUTATENs
BXOJIOCTYIO WJIM TIOJI HOMUHAJIBHON HAarpy3koud MpoU30iAeT OOphIB JIK-
HEHHOrO MPOBOJA CETH WM NEPETOPUT NPEIOXPAHUTEND OJHON U3 (az?

6.20. UTOo mpou30MAET U MOYEMY, €CJIM JBUTATENIb BKIIIOYWTH HA
MOCTOSIHHOE HAIPSI’KEHNE BMECTO MEPEMEHHOIO TOW K€ BEJIMYMHbI?
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1. IIEJIb PABOTDBI

1.1. UccnengoBanme mMaqmOMOIIHOTO BBIIPSIMUATENS HA MOJYIIPOBOJAHHU-
KOBBIX JUOJAX.

1.2. YcranoBieHne pa3ivyuuid BO BHEIIHUX XApPaKTEPUCTHUKAX ITOTO
BeITIpsIMUTENA 0€3 puinbTpos, ¢ puinbTpamu C, RC, LC, CRC u CLC.

2. I1IOAI'OTOBKA K UCCIIEAOBAHUAM

2.1. 3y4nTh 1O KOHCHEKTY JIEKIMIA U PEKOMEH/IOBAHHOMY YUYEOHUKY
pazaenbl «I1oaynpoBOAHUKOBEIE TPUOOPHI (UOBI)», «BBIIPSIMUATEIN.

2.2. OCBOUTH METOJIMKY BBIIIOJIHEHUS JJa0OpATOPHON pabOThI MO Ha-
CTOSILIIEMY MTOCOOUIO.

2.3. 3aroToBUTh OTYET CO CXEMOM AKCIIEPUMEHTAJIbHOW YCTaHOBKH,
TaOIUIEH ISl SKCTIEPUMEHTAIIbHBIX JAHHBIX.

3. ITIPEJABAPUTEJIbHBIE CBEAEHN A

JI71s1 paboThI DIEKTPOJABUTATENEH ITOCTOSHHOTO TOKA, AJIEKTPOXUMUYE-
CKMX YCTaHOBOK, YCTPOWCTB 3JIEKTPOHUKH, aBTOMATUKHU, CBSI3U U JIp. TPeE-
OyeTcs JIeKTPOIHEPTUsl NOCTOIHHOTO Toka. Hanbomnee pacnpocTpaHeHHbIM
UCTOYHUKOM DJICKTPUUYECKOW IHEPTUU SBJISICTCS MPOMBIIIJIEHHAS CETh ITie-
peMeHHoro Toka yactorout 50 I'm.

st mpeoOpa3oBaHusi IEPEMEHHOIO HANPSIKEHUS B MOCTOSHHOE MPHU-
MEHSIOT BBIIPSIMUTENbHBIC YCTpONCTBa (BhIMpsAMUTENN). [IlepemenHoe Ha-
IpsiKEHUE CETH Uc B BhIIpsimutene (puc. 3.1) npeobpaszyercst Tpanchopma-
TopoM T B nepeMeHHOE HaNpsKEHUE IPYroil BEIMYUHbBI, HEOOXOIUMOE JIJIs
NUTAaHUS Harpy3ku Ry. DTo nmepeMeHHoe HanpsiKEHHE C TOMOIIbIO BEHTUIIS
V (wnm rpynmnbl BeHTWIEH) — mpubopa, MPOMyCKalIIero TOK B OJTHOM Ha-
IpaBJeHUHU, MPEe0Opa3yeTcss B HAMNPSDKEHUE C HEM3MEHHOM MOJISIPHOCTHIO,
HO U3MEHSAEMOE MO BEIUYNHE (IIYJIbCUPYIOLIEE HAMPSIAKEHHUE).

OpnHako Jyisi HOpMajibHOM paOOThl OOJIBIIMHCTBA YCTPONCTB MOCTOSIH-
HOTO TOKa TpeOyeTCsl HapsKEHUE MOCTOSHHOE U Mo BenuuuHe. [loaTomy B
BBINIPAMUTENSAX JJIsI TOJIYYEHUS] HE MYJbCUPYIOLIETO HANPSIKEHUS IOCIE
BEHTWICH CTaBUTCS criiaxkuBarommii ¢unbtp d, cxema KOTOPOro MOXKET
ObITh COOpaHa M3 KOHJIEHCATOPOB, UHAYKTHUBHBIX KaTYyIIEK U PE3UCTOPOB.
JI1st Toro 4ToOBl MOCTOSIHHOE HANPSKEHHE Ha HArpy3ke HE U3MEHSJIOCHh
PYU U3MEHEHUSIX HANPSIKEHUS CETH WA COMPOTUBIICHUS HArpy3KH, B CO-
CTaB BBHIMIPSIMUTENISI 4acTO BBOJUTCA cTabunu3arop Hanpspkenus CH, npen-
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CTaBJIAIONINN COOOH JIEKTPOHHOE YCTPOWCTBO, BBHITIOTHEHHOE HA CTAOMIIH-
TPOHAX, TPAH3UCTOPAX U JPYTUX IJICMECHTAX.

T \ D CH
e Ry

Puc. 3.1. CtpykTypHas cxema BBIIPSMUTEIIA

T At \g i
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Puc. 3.2. OpgHOmosynepuOIHBINA BBIIPAMHUTENb: a) JJIEKTPUUECKas
cxema; 0) oclJIIorpaMMbl (BpEMEHHbBIE TUarpaMMbl) HApsHDKEHUH U TOKa

B 3aBuCMMOCTH OT Ha3HA4YEHUS BBIIPSIMUTENS T€ WJIM UHBIE OJIOKH
MOTYT OTCYTCTBOBATb, 00513aTEIbHBIM SIBJISICTCS JIUIIL OJIOK BEHTUJICH.

B 3aBUCUMOCTH OT CE€TH MEPEMEHHOI0 TOKa BBIMPSAMUTENN ACIATCS Ha
onHo(dazubie u Tpexdasznpie. OnHO]a3HbIE BHIMPSIMUTEIN ACTATCS HAa OJ-
HOTIOJIYNIEPUOIHBIC U JABYXIOIYNEPUOIHBIE. JIBYXOMYyIEPUOIHBIC BBIMPSI-
MUTEIU B 3aBUCUMOCTH OT CXEMbI BKJIIOUCHHUS BEHTWICH JCNSTCS Ha BBI-
IPSIMUTEIN C BBIBOJIOM CPEIHEN TOUKH TpaHCchopMaTopa U MOCTOBEHIE.
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Hawnbonee mpocToii SBISIETCS OHOMOIYIIEPUOTHAS CXEeMa BBITIPsMIIC-
Husa (puc. 3.2). Korma Ha BTOpu4HOM 00MOTKE TpaHChOpMaTOpa MOJIOKHU-
TEJIbHBIA TOJYNEPUO ] HANPSIKEHUS, T.€. HA 3KUME A TOJIOKUTEIbHBIN
NoTEeHIIMal, a Ha B - oTpulaTeNnbHbIN, MO LENU NPOXOAUT TOK, T.K. THOJ
JUISl DTOTO HANPSDKEHUST BKJIIOYEH B MPSAMOM (MPOITYCKAOIIEM) HaIpaBJie-
HUU. B cruexyromuii, OTpULATENbHBIN, IOJYIIEPUO IUOJ OKa3blBACTCS
BKJIFOYEHHBIM B OOpaTHOM (HE MpomyckarouieM) HanpasieHuu. OH Oyaet
3aKpBIT, U TOKA YEpe3 HArpy3Ky, a, CIEAO0BATEIbHO, U HANPSHKEHUS Ha Ha-
rpy3ke He Oyner. Takum oOpa3om, HalpsHKEHUE HA HArpy3Ke OyJIeT TOJIbKO
B TMOJIOKUTEIBbHBIE MOJYIIEPUOJIbl BTOPUUHOTO HamnpsbkeHus U, TpaHcdop-
Maropa, T.e. Ha Harpy3ke Uy OyJeT CUIbHO MyJIbCUPYIONIIUM (C MPOBaJIaMH,
T.€. C UHTEpBaJaMHU BPEMEHHU, KOT/Ia HANPSPKEHUE HA HAarpy3Ke OTCYTCTBY-
€T), YTO SIBJISIETCA CYIIECTBEHHBIM HEIOCTATKOM OJHOMOJIYIIEPUOIHOTO
BBITIPSIMJTCHUSI.

3HAYUTEIIPHO YMEHBIIUTh IYJIbCAIMN BBIMPSIMICHHOTO HaIPSKCHUS
MO3BOJISIET CXEMa JIBYXITOJYIIEPUOTHOTO BBITIPSMUTENISI CO CPEITHEN TOUKOM,
KOTOPBIN (DAaKTUUECKU MPENICTABIAECT COOOM JIBa OJHOIMONYIEPHUOIHBIX BbI-
NPSIMUTENS, KOTOPbIE padOTalOT MOMEPEMEHHO Ha OJIHY Harpys3ky. K He-
J0CTaTKaM JIaHHOW CXE€MbI MOKHO OTHECTH CJIETYIOLIHE:

1) obs13aTenbHOE HaNM4KME TpaHchopMaTopa B CXEME C YABOECHHOM BTO-
PUYHON 0OMOTKOM;

2) B 3aKpBITOM COCTOSTHUM OOpaTHOE HAMPSHKEHUE Ha IMOJaX PaBHO Y/I-
BOCHHOMY HaIPsIKEHUIO HAIPY3KHU.

OTHUX HEAOCTATKOB JIMILIEHA OJHO(Aa3HAasi MOCTOBas CXeMa BBIMpsIMIIe-
Hug (puc. 3.3). IIpu MoNOXKUTETLHOM MOJYNEPUOIEC HANPSKEHHUS HA BTO-
puuHOil 0OMoTKe TpaHcopmaropa T Tok 1+ OyAeT MPOXOAUTh Yepe3 3a-
xuM A, muoa VD3 (muon VDI 3akpeIT st Toka 1+), yepe3 Harpy3ky Ry,
muon VD2 u 3axkum B (uepe3 quoa VDI Tok i+ npoxoauth HE MOXKET, T.K.
OH CO3/Ia€TCSl PA3HOCTHIO MOTEHIIUAIOB MEXIY 3axnMaMu A u B).

[Ipu oTpunaTeaIbHOM MOJYNEPUOJE TOK 1- MOUAET depe3 3axum B,
muon VD4, narpy3ky Ry, nunox VDI u 3axxum A. Takum o0pa3om TOK ye-
pe3 Harpy3ky OyJieT mpOoXOJUTh BCE BpeMsl B OJHOM HAIPaBJICHUM U, KaK
BHJIUM 10 OocItjuiorpaMmme (puc. 3.3) oH MyJIbCHPYIOIIHIA.

Haunbonee npocteiMu GUIbTpaMu, KOTOPBIE CTIAKUBAET IMyJIbCALUH
ABJISIIOTCS: ApOCCeb (MHAYKTHUBHAS KaTyllKa ¢ MarHuTompoBogoM — L-
bunsTp) u KoHAeHcaTOp (C-PUabTp).

Jlpoccenb BKIIIOYAETCS MOCIEAOBATENIbHO ¢ Harpy3koi (puc. 3.4) u
UCIIOIB3YETCS OOBIYHO B MOIIHBIX BBIIPAMUTENAX. T.K. APOCCETh HUMEET
(beppOMarHuTHBIA CEPACIYHUK, TO OH 00J1aaeT OO0IbIION HHAYKTHBHOCTBIO,
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KOTOpas MPENSTCTBYET HAPACTAHUIO U YOBIBAHHUIO TOKA B LIEMH U MTOITOMY
CIOCOOCTBYET CTIAKUBAHUIO MYJIHCAIUNA BRIMPSIMICHHOTO TOKA.

A
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Puc. 3.3. MocToBas cxema BBIIPSIMIICHUS: a) DJIEKTPUUYECKAs CXEMa;
0) ocuuIIOrpaMMBbl HAIIPSIKEHUS U TOKA Ha Harpy3Ke
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Puc. 3.4. Bkmouenue L-puiibTpa: a) a71eKTprUdecKas CXeMa;

0) ocrusIOrpaMMBbI HAIIPSKEHUS U TOKA Ha Harpy3ke (Ug - HalpsDKEHUE Ha

BBIX0/IC MOCTOBOM CXEMBbI BBITIPSIMIICHUS )

P
<«

~Uc 185 —E'—
< e |j RH
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3apsan  Paspan
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Puc. 3.5. Bximouenune C-puiibTpa: a) 3JeKTpUyecKas cxema,;
0) ocuMIIIOrpaMMBbl HAIIPSIKEHUSI HA HATPYy3Ke

KongeHcaTtop BKIOYaeTCs INMapajuieibHO Harpyske (puc. 3.5) u uc-
MOJIB3YETCSl MPAKTUYECKH BO BCEX CXemax BbINpsiMiieHus. [IpuHumn cria-
KUBAHUS B 3TOM CJIy4yae 3aKJIK04YaeTcs B TOM, YTO KOTJa HampsiKEHUE Ha
BBIXOJI€ BBITIpAMUTENS Ooblie, ueM Ha KoHaeHcaTope Cq (puc. 3.5,0) uaer
3apsii KOHJEHCATopa, a KOrja HampsDKEHUE BBIMPSAMUTENS] CTaHOBUTCS
MEHbIIIC HampsHKEHUE KOHACHCATOpa, BCE TUOJbI 3aKPBIBAIOTCA M KOHJICH-
caTop paspsiKaeTcs 4yepe3 CONMPOTUBIICHUE HArPy3KH, MOJIEPKUBas Ha HEl
HanpspkeHue. [Ipu 5ToM mynbcalliyd HaNpsOKEHUsST Ha Harpy3Ke Uy, Kak Mbl
BUJIUM MO ocuuiiorpamme (puc. 3.5,0), 3HaUUTENIBHO YMeHbIaroTcs. Jis
erre OOJbIIEero CrIaKUBAaHUS MyJIbcaluil mpuMeHsitoT I'-o6pasubie RC umu
LC u IT-o6pazusie CRC unu CLC GunbTpsl.
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Puc. 3.6. Bkimouenue RC-dunbtpa: a) aneKTprudeckas CXema;
0) ocuMIIOrpaMMBbl HAIIPSIKEHUSI HA HATPY3KE

B I'-o6pa3znom RC-dpunbtpe (puc. 3.6) criia’xuBaHue BBIIPSIMICHHOTO
HAIPSKEHUS YIIYUIIaeTcs 38 CUET 3aMEJICHHs 3apsija KOHAeHcaTopa u3-3a
yYMEHBIIIEHUSI pe3uctopoM (uibTpa Rg TOKa 3apsna KoHAEHcaTopa
(YMeHbIIIaeTcs CKOPOCTh 3apsiia KoHaeHcaTopa). CKOpocTh pas3psiga KOH-
JIeHCaTOpa Ha Harpy3Ky MpU 3TOM HE U3MEHSIETCA, T.K. IIENb pa3psiga ocTa-
J1aCh HEU3MEHHOM.

Eme nydie criaxuanue HamnpsikeHus odecneunBaer CRC-duinbtp
(puc. 3.7). B aTtom ciyuae 3apsa konuaeHcatopa Cg, OCYIIECTBISICTCS Ha-
OPSIKEHUEM, YaCTUYHO crilakeHHbIM Cg;. [ToaTOMY mysnbcanum Hampsixe-
HUS Ha Harpy3ke MeHblie, yeM B ciyyae RC-dunbrpa. AHanoruynelie pac-
cyxnenus cnpaBeiubl B oTHomeHun LC u CLC-unbTpoB (puc 3.8, 3.9).
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Puc. 3.7. Bkmouenne CRC-duiabTpa: a) aaeKTprdecKas cXema;
0) ocHILIOrpaMMBI HaNpsKEHUS Ha Harpy3Ke
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Puc. 3.9. Dnexrpuueckas cxema CLC-punpTpa

[Ipu skcmutyaTalii BBIIPSAMUTEN HEOOXOJUMO 3HATh, KaK MOMEHS-
eTCsl HaIPSIKEHUE Ha €ro BBIXOJEC NPU U3MEHEHHH TOKa HArpy3ku (C u3me-
HEHUEM CONpPOTHUBJICHUSA HArpy3Ku), T.€. HEOOXOAUMO 3HATh BHEIIHIOIO
(BOJIbTAMIIEPHYIO) XapaKTEPUCTUKY BbllpsiMutend. [Ipu 3Tom xopa Xapax-
TEPUCTUKHU PA3JINYEH IIPHU Pa3HbIX CriaxuBaromux ¢puiastpax (puc. 3.10).

A UH

| Likp R

0
Puc. 3.10. BHenHue xapakTepuCTUKHU 0HO(GA3ZHOTO BBITPSIMUTEIIS:
1- mpu pabote 6e3 PpunbTpa;
2- ipu padote ¢ C-punpTpom;
3- ipu padote ¢ RC-punbTpom;
4- npu padote ¢ LC-punbTpom
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[Ipu orcyTcTBUM (UIBTPA C POCTOM TOKAa HArpy3Kd HampsHKEHUE Ha
Harpy3ke ymenbiiaercs (puc. 3.10, kpusas 1), T.K.

Un=E;- Urpz- Uyyp = E> - R *Iy - Ry Iy = E5 - (R 1p2 + Ryyp)lp,

rae E, — OJIC Bo BTopuuHOi 00MOTKe TpaHchopmaropa; Urp, — ma-
JICHUE HAIPSHKEHUS HA COMPOTUBIICHUH BTOPUYHONM OOMOTKH R7p, TpaHC-
popmaropa; Uy,, — najieHue HanpsDKEHUS Ha TUOZE B IIPAMOM HaIIpaBJie-
HUU (OTKPBITOM COCTOSIHMH), T.€ HANPSDKEHUE HA HArpy3Ke YMEHbBIIAETCs
M3-32 YBEJIWYCHMS TAJICHUS HAIpPSOKEHUST HAa CONPOTUBIICHUE BTOPUYHOMN
0OMOTKH TpaHc(hopMaTopa U Ha IUOJE C pOCTOM TOKa Harpy3ku. IIpu atom,
MOCKOJIBKY BOJIbTAMIIEpHAs XapaKTEpUCTHUKA JUOJa HE JIMHEWHHa, TO U
BHEIIIHSISA XapaKTEPUCTUKA BBIMPSIMUTENS TaK YK€ HE JIMHEHHA.

[Tpu moakiIrOYEeHUH KOHAEHCATOpa B KauecTBe (GUIIbTpa U MPU OTCYT-
CTBUU HArpy3ku OH 3apsiKaeTcsl MOYTH J0 aMIUIUTYAHOTO 3HAYCHUS IMyJIb-
cupytoiiero HanpsbkeHus. [Toatomy xapaktepuctuka ¢ C-puiabtpoMm (puc.
3.10, xpuBas 2) HAYMHAETCA BBIIIE, HO OHA UMEET OOJBIINNA HAKIOH U3-3a
YBEJIMUCHUSI CKOPOCTH pa3psijia KOHJACHCATOpa Yepe3 YMEHbIIAIOIIEECs CO-
MPOTUBJICHUE HATPYy3KH.

B cnyuae I'-o6pa3Horo RC-dunbTpa ¢ yBeIudeHUEM TOKa Harpy3Ku
BBINIPSIMIICHHOE HaINpsKeHUE yMeHblnaercs emé ovictpee (puc. 3.10, kpu-
Bast 3), TaKk Kak JOMOJHUTEIbLHO YBEIWYMBACTCS MAaJICHUE HAIPSKEHUA Ha
pesuctope punbtpa Re,

Buemnsis xapakrepuctuka Beinpsmurens ¢ LC-punstpom (puc. 3.10,
KpuBas 4) uMeeT padounii y4acTOK, HAUMHAIOMIMICS CO 3HAUYCHMS TOKA Ha-
IPY3KH l4 xp, IPU 3TOM HANPSKEHUE HA HArPY3KE C POCTOM TOKA Harpy3Ku
najaeT, HoO MEJJICHHEEe, YeM B CXEMax C IPYrUMH (PUiIbTpaMu C KOHIEHCA-
TOPOM (BJIUSHUE APOCCEIIS).

[Ipu pacuere BhIIpSIMUTENS, paOOTAIOIIET0 HA aKTUBHYIO HarpysKy,
3a1a10TCS CIIEIYIOIIHNE MTAPAMETPHI: CPEAHEE 3HAUCHUE BBIIPSMIIEHHOTO TO-
Ka Iy cpenHee 3HaueHHE BBIIPSAMIICHHOrO HamnpspkeHUs Uy M HanpshKeHue
nuTaromiei cetu U;

TpeOyeTcsa onpenenuThb: cpeaHee 3HaUYeHUE TOKa BeHTWIA I,, oOpart-
HOE HAIPSHKEHUE HA BEHTWIBHOM IUI€Ye Ujp n.x JEUCTBYIOIIEE 3HAUYCHUE
HampspkeHuss oomMotku TpaHcopmatopa U,, koaddunueHT tpanchopma-
M k, JIEUCTBYIOIME 3HAYCHUS TOKOB IIEPBUYHON M BTOPUUHON 0OMOTOK |
u I, TpancdopmaTopa u pacyeTHyr0 (TUIOBYIO) MOIIHOCTh TpaHCc(popMaTo-
pa.

OCHOBHBIE COOTHOIIICHUSI MEXK]ly TOKAMHU M HANPSIKECHUSIMH U1 OA-
HO(A3HBIX JIBYXMOJYINEPUOMHBIX CXEM BBINPSAMIICHUS TPU pabOTe Ha aK-
TUBHYIO Harpy3Ky npuBejeHbI B Ta0imiie 3.1.
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Tabnuna 3.1. OCHOBHBIE COOTHOIIECHUSI MEXKIY TOKAMU W HampshKe-
HUSIMUA U1 OAHO(DA3HBIX JBYXIOJYIEPUOTHBIX CXEM BBIPSIMIICHHS TPU
paboTe Ha aKTUBHYIO HArpy3Ky

CxeMa ¢ BBIBOJIOM HYJIEBOW TOUKHU MocroBas cxema
TpaHchopmaropa
CpenHee 1 MaKCUMaJIbHOE 3HAYCHUE TOKA BEHTHIIA: /- f I g max Sin9dl = %

MakcumaiibHOe 00paTHOE HAIPSIKEHUE HA BEHTUIBHOM ILIEYe:

Ub max=2“gl{§ UE ZTEUd Ub max:‘\l@ U =

JleiicTByto111ee 3HaYeHNe TOKa BTOPUYHOW OOMOTKHU Tpchq)opMaTopa (mpu 15 =14 max):

I
1 gm . In sy T Emax .
= J;fu o max SIN*OA9 = 22, I, = 7 W = 1111,

CpeI[Hee 3HAYCHUC BBIIPAMIICHHOTO HAIIPAKCHUSA
T

1 2v2
:Ef V2 U, sin9dd =—U, = 0.9U;

Tac UZ' J]eﬁCTByIOHIGG S3HAYCHHUC HAIIPSKCHUS BTOquHOﬁ 0OMOTKH TpaHC(I)opMaTopa

JleficTByIOIIIEE 3HAUCHHUE TOKA IEPBUYHON 0OMOTKHU TpaHChopmMaTopa
(rne k=U»/U; - xoaddurment tpanchopmariim):

1 T
I, = ﬁf Ldd=kV2L, =k1.111, Li=kL=k *1,11*I,

0

PacueTHasi MOIIHOCTH BTOPUYHON OOMOTKHU TpaHchopmMaropa:

T

$:=2Us,=2%1,11Uy  I;=1,74P, Sy=1,11°Uy1,=1,23P,

PacuetHast MoIIHOCTH IEPBUYHON 0OMOTKH TpaHCchopMarTopa:

S;=U,=1,11" U 1,=1,23P, | S,=S;

PacuertHas (TumnoBast) MOIITHOCTH TpaHChOpMaTOpa:

Sr=(S1+S,) /2 =1,48P, | Sr=8,=8,=1,23P,

B pacuerHpIXx (Qopmymnax HE y4TEHBI BHYTPECHHHE CONPOTHBIICHUS
BCHTHJICH M COIIPOTHBJICHHS OOMOTOK TpaHchopmaropa. IlpmHnmas Bo
BHUMAHHUE 3TH COIPOTHUBJICHUS JJISI aKTUBHOM HArpy3Kd, MOJy4aeM Clie-
IYIOLIYI0 3aBUCUMOCTbh MEXY BBIIPSIMIIEHHBIM TOKOM U BBIIPSAMIICHHBIM
HANPSHKEHUEM JJISL IByXTOIYITEPUOJHON CXEMBI:

Ui=0,9E; — (Rip + Imp) 1y,

r1ne R;, — BHYTPEHHEE CONPOTUBIICHUE BEHTHIIS, 7y, — BHYTPEHHEE CO-
IPOTHUBIICHUE TpaHC(PopmaTopa.

C yBenuueHueM Toka Iy pacTeT majcHUE HANPSKEHUS B BEHTUISIX U
0o0MoOTKe TpaHchOopMaTopa, a BRIMPSIMICHHOE HAMPSKEHUE YMECHBIIIACTCS.
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[Ipu pacuere GUIBTPOB MUCXOIHBIM JAHHBIMH SIBISIOTCS KO3 UITH-
CHTBI IyJIbCAIlUA HA BXOJE€ W BBIXOJIE (pUIIbTPa, PAaBHBIC OTHOIICHUIO aM-
MUTUTY/AbI 1-OM TAPMOHUKHU HANPSIKEHUS K CPETHEMY 3HAYCHHUIO:

q1=Un1/Uas, q2=Un2/Ups,

rae U,;, U,», Uy 1 Uy — COOTBETCTBEHHO aMILIMTYAbI 1-OM TAPMOHH-
KM HAIPSIKEHUSI U TIOCTOSIHHBIE COCTABJISIONINE BBIMPSIMICHHOTO HAIPSIAKE-
HUSI HA BXOJE U BbIX0J/i€ (PUIIBTpA.

OtHolieHue g;/q,=S XapakKTepu3yeT CTCICHb CraKMBaHUS IyJIbCalli
buUIbTpOM U HazbIBaeTCs KodhPuimenToM GuinbTpanuu uind kKodphuiirmeH-
TOM CIyIakuBaHus. PacyeTHoe 3HaueHHE S 3aBUCHUT OT MApamMeTpoB U CXe-
MbI HUcnodib3yemoro (uibtpa. [locnennuit moxer ObITh [1-00pa3HbIM WK
['-06pa3HbIM.

4. ObOPYJIOBAHUE U ITPUBOPbI

Pabota Beimonnsiercss Ha crenae COD-2. Jlng onpeneneHust GoOpMbI
KPUBBIX HAIIPSHKEHUI UCIIOIB3YETCs oCIuIIorpad.

OJleKTpruueckass CxXeMa HCCIEOBAHUSI MOCTOBOTO BBIIPSIMUTES
npeacTaBieHa Ha puc. 4.1.

C nomomsio aBroTpanchopmaropa AT, Bxoa kotoporo (220 B) noa-
Kiovaercs K (azHomy HanpsbkeHuro (kiieMMbl C u 0 G10Ka BKITIOUEHUS),
yCTaHaBJIMBAaeTCsl TpeOyemMoe HalpspkeHue, moaaBaemMoe ¢ Bbixona AT
(0...250 B) nHa BX0a MOcCTOBOTro BhIpsAMuUTENs «Bpimp.l.». Beinpsamurens
BKJIIOYaeTCs TymOsepoM «Bki. Beimp. I».

Harpyskoii BwimpamuTensi ciayxuT jdammnoBbiii peoctat (HL1-HLS),
IMOIKJIIOYEHHBIN K KiiIeMMaM A 1 X.

B kauectBe ¢uiabTpa Hcnosib3yroTcsa KoHjeHcatopsl 0...34,75 mkd
(Co1) 1 30 Mxd (Cgy), TOAKIIOYAEMBIA OJTHUM U3 BBIKJIIOUATENeH «BKI.»
oJsi0ka peocratoB, u peoctat 470 Om 50 BT (Ryp), ycTanaBnuBaemslii Ha 1/3
MOJIHOIO 3HaueHus, T.e. Rp=150 OM, a Tak e BbIHOCHAas MHAYKTHBHAs Ka-
tymika (L-guibtp).

Tok Harpy3ku U3MeEpsIeTCs aMIEPMETPOM TMOCTOSTHHOrO Toka PA Ha
npenenbHbld Tok [ A Tuna M42300, a HanpsiKeHre BOJIbTMETPOM MOCTOSIH-
Horo Toka PV Ha npenensHoe Hanpsbkenue 150 B tunma M42300. Ocuuio-
rpa¢ tuna CI-64A BkiIOYaeTcs B PO3ETKY CTeHHA ¢ HampshkeHuem 220 B,
a ero BxoJ KaHana | mojmcoenuHseTcsi K Harpy3ke crelnuaibHbIM Kaleaem
(mepekroyaTeab BX01a B MOJIOKEHUHN «~)»).

Macimtabel B ocummiorpade yCcTaHaBIMBAIOTCS CICAYIOMMMU: TIO
Hanpspkenuro 10 B/gen (mmaBHas peryiupoBKka Ha MUHUMYME); TIO BpEMEHU
20 Mmc/nemn.



HL1 HL3 | HL5

Ip=1A
(M42300)

AT

Bkn.swbinp.1 HL2 HL4

SA1 SA2 SA3 SA4 SA5

Co1
¢ 83

0...34,75 Mk

Puc. 4.1. DnekTpruueckas cxema UCCIEOBAHUS BBIIPSIMUATEIIS




5. TIOPIJIOK ITPOBEJIEHM S NCCJIEJOBAHUN

5.1. O3HaKOMUTBCSI C UCIHOJB3YEMbIMU MPUOOpPAMH U anmapaTypou,
3aHECTHM HMX TEXHUYECKUE JAHHbICE B COOTBETCTBYIOLIYIO TAOJIMIy OTYETa
(Mo yKa3aHUIO penogaBaTesis).

5.2. CoOpathb anekTpudeckyro cxemy (puc. 4.1), ycTaHOBUB TyMOJIEpbI
koHAeHCcaToOpoB 0...34,75 Mx®D, nepekmodaTen Sa1-Sas, S3 B HUXKHEE TM0-
J0’KeHUE (TyMOJIepbl BBIKJIFOUYEHBI), TIEpEKIoUaTesin Sy, S, B BepxHee 1o-
J0keHHe (TyMOJiepbl BKIIIOUEHHBI), a aBToTpancopmarop AT u peoctar Re
— MPOTHUB YAaCOBOM CTPEJIKU JI0 MIpeAelia, U AaTh IPOBEPUTH €€ Ja0OpaHTy
WJIM TIPEToJ1aBaTeNIo.

5.3. BKItOUUTh CTEH U YCTAHOBUTH C MTOMOIIBIO aBTOTpaHCHOpMaTO-
pa AT no BosbTMmeTpy PV HampsbkeHue Ha BBIXOJIE BBIIPSIMUTENS 0€3
¢unapTpa B peKUME XOJIOCTOr0 X012, ykazanHoe npenoaasatenem (Ugx=90-
70 B). B nanbueitiiem AT He peryinpoBath.

BHUMAHUE! Ilpu BbINOJHEHUH pabOThl HE KacaTbCsl OTOJEHHBIX
TOKOBEAYIIMX YACTEM.

5.4. CHATb BHEUIHIOI XapaKTEPUCTUKY BBIIPAMUTENS Oe3 QuibTpa,
YBEIIMYMBAsA TOK BBIIPSAMUTENS ITyTEM IMOCIEIOBATEIBHOIO MOIKIIOUYECHUS
JIaMIl peocTaTa.

Pe3ynbraThl M3MEpPEHUN TOKA W HAINPSKEHUS 3aHECTU B Tadmuiy 5.1,
Ipu MakCUMaJbHOW Harpys3ke (TOKE€) 3apucOBaTh OCHUIJIOTpaMMYy Hamps-
YKEHHUS Ha Harpy3Ke.

5.5. IlpoBectu aHanoruuHbie usMepeHusa ¢ C-puibTpoM, MOAKIIOYAst
koH eHcatop GpunbTpoB Coy TymOJIEpOM S3.

5.6. IIpoBectu ananoruynbie uzmepenus: ¢ RC-punbtpom, 11 3Toro
TyMOJiep S; IOCTaBUTh B HUJKHEE MOJIOKEHUE, YCTAHOBUTH peocTaT Ry npu
BCEX BKJIIOUEHHBIX JIamMmax Harpy3Kd Tak, 4TOOBI BOJIBTMETP IMOKa3bIBaJ
Hanpsbkenue Uy=60-40 B (Oonbiiee gy Ugx=90 no nyHKTy 5.3) U BBINOJI-
HUTH n3Mepenus ¢ RC-puiabtpom.

5.7. BKIo4uTh Ha MOJHYI0 €MKOCTh KOHJeHcaTop 0...34,75 Mk® u,
MEHsSSI Harpy3Ky, 3aldcaTb TOK M HAIpPSIKEHUWE U 3apHCOBATh OCLUIUIO-
rpammy nipu CRC-dunbtpe.

5.8. TlpoBectu uzmepenusi ¢ LC-GunbTpom, Ijsi 3TOrO0 OTKJIIOYUTH
tymoOsiepamu Kouaencarop 0...34,75 mx®, TymOaep S; MOCTaBUTh B HUXK-
HEE MOJIOKEHUE (BBIKJIIFOYEHO), YBEIIMYUTHh TOK BBIIPSIMUTENS IMYTEM I10-
CJIEIOBATENIBHOIO MOAKIIFOUYEHUS JIaMII PEOCTaTa, IPU 3TOM 3apHUCOBATh OC-
UJUIOrPaMMYy BBIXOJHOTO HampshkeHUsl Ha Harpys3ke s LC-punbTpa npu
MOJTHOCTHIO BKJIFOUEHHOM HATrPy3Ke.
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5.9. IIpoBectu u3mepenus ¢ CLC-GunbTpom, 1t ITOTO BKIFOYUTH Ha
MOJIHYI0 €MKOCTh KOHJeHcaTop 0...34,75 mx® u, MeHss Harpys3Ky, 3aru-
caTh TOK M HANPSKEHUE, a TAKKE 3apUCOBATh OCHMIUIOIPAMMY BBIXOJIHOTO
HaIMpsHKEHUS Ha Harpy3Ke MpU MOJIHOM BKJIIOUEHUH HArpy3KH.

5.10. YcranoButh aBToTpanchopmarop AT Ha «0» M BBIKIIOYUTH
creHs. He pa3Oupas cxembl, mokazaTh pe3yybTaThl U3MEPEHUN MpPENnoiaBa-
TEJNIO.

Tabmuua 5.1. BHenHne XapakTepUCTUKA MOCTOBOTO BBIIPSIMUTENS C
pa3IMYHbIMU (PUIBTPaMU

Bes Iy, A
Gunerpa | Uy, B
C-punbTp I, A
Uy, B

RC - Iy, A
Gunetp | Uy, B
CRC - Iy, A
Gunetp | Uy, B
LC - Iy, A
Gunetp | Uy, B
CLC - Iy, A
$umbTp | Uy, B

6. COIEPKAHUE OTYETA

OTyer NOJKEH CONEPKATH:

a) 11eJ1b paboThI;

0) IPUHIUIIHAILHYIO AJIEKTPUUYECKYIO CXEMY HCCIIEIOBAHUS BBIIPSIMHU-
TEJS;

B) TAOJIMILY C SKCIIEPUMEHTAILHBIMU JAHHBIMU;

') OCHWJIJIOTPaMMBbl HAIIPSKEHUM BBITPSIMUTEIS;

1) BHemHUe xapaktepuctuku Uy = f{Iy) MOCTOBOTO BBIIPSAMUTEINS O€3
¢unsTpa u ¢ punstpamu C, RC, CRC, LC u CLC, uzobpaxEéHnbie Ha O/I-
HOM Tpaduke;

€) BBIBOJIBI 110 paboTe.
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7. KOHTPOJIbHBIE BOITPOCDI

1. Kakue cxembl BBITPSMIICHUS IEPEMEHHOIO TOKa BbI 3Haere, mpuH-
LUIT UX ACUCTBUS U Pa3INyuns?

2. Kakue cxembl BRIIPSMIICHHS UCCIIETYIOTCS B paboTe?

3. Kakue ¢puabTpsl uccneayroTcs B pabore?

4. Kakoil BUJ HMMEET BHELIHAS XapaKTEPUCTHKA BBIIPSAMUTENS 0€3
¢unpTpa? Kak oHa cHumaercs?

5. Kak u moueMy U3MEHSIETCS XOJ] BHEUIHEN XapaKTEPUCTUKH BBINIPSI-
mutensa npu BriodeHun C, RC, LC? (O0bsicHeHHEe BECTH C MOMOIIBIO OC-
UJIJIOTPaAMM).

6. O0BsICHUTH PabOTYy OAHOMOIYIEPUOIHOM, ABYXITONYIIEPUOTHON CO
CpPEIHEN TOYKOU U MOCTOBOM CXEM BBINPSMIIEHUS [IPU AKTUBHOW HATrpy3Ke.

7. C moMoIIbl0 Kakoro ko3(g(UIIMEeHTa yYUTHIBAIOTCS MYJIbCALMU B
KPUBBIX BBIIpsIMICHHOrO HampspkeHusi? Kak onpenenuts ko3dduimeHt
crinaxuBanus ['-o0pa3ubix RC-dunbtpon?

8. O0bsicuuth npuniun aeiicteus puibtpa C (RC, L, LC).
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