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AKT COI'ZTACOBAHUA
Ha METOJMYECKHE PEKOMEH/IAllMU M0 BBITIOJHEHHIO JIA0OPATOPHBIX padoT
10 y4eOHOM TUCIUIINHE «DJIEKTPOTEXHUKA U SJIEKTPOHUKA» IJISl CTYACHTOB
cnenuanbHocTH 15.02.01 MOHTax 1 TeEXHUYECKas SKCIUTyaTalrs MPOMBIIIIEHHOTO
obopynoBanus (1o orpacisam) (0a3oBas MOATOTOBKA),
aKTyalnu3upoBaHHbIE npenoaasaTesneM HKHO-YpanbCKoro rocy1apcTBEHHOIO
TexHu4eckoro kosurepka A.A. IlectpukoBoi

MeTtonuueckre pPEeKOMEHJALUMK IO BBINOJHEHUIO JAa0OPAaTOPHBIX PadoOT Mo
yueOHOM JUCHUIUIMHE «OJIEKTPOTEXHHUKA M DJIEKTPOHHMKA» COCTAaBJICHBI B
COOTBETCTBHUHM C mporpaMmon ydeOHON muctumiuHbl. Ilporpammoii yueOHOM
JUCIHUILTUHBL «DJEKTPOTEXHUKA M DJICKTPOHUKA» MPEAYCMOTPEHO BBIMOJIHEHUE 9
1abopaTOpHBIX paboT, paCCUMTAHHBIX Ha 18 YacoB ayIUTOPHBIX 3aHATUM.

[losicHuTenbHAst 3amMcKa COJEPKUT MEpPEUYeHb AaKTyaIu3UPYEeMbIX 3HAHUMH,
OCBaMBae€MbIX YMEHHUU. MeTonuueckre pPEeKOMEHJAIMU K KaxkJol J1abopaTopHOU
paboTe coziepxKar:

-HOMED J1abopaTOpHOU PabOTHI;

-Ha3BaHUe JabopaTOpHOIl pabOTHI;

-11eJ1b paOOTHI;

- (hopmupyembie Ha TaHHOM 3aHITHH YMEHHUS, aKTyaIM3UpyeMbIe 3HAHUS;

- TEOPETUYECKOE H3JI0KEHHE HEO0OXOJUMOro MaTepuaina, (HOpMyIbl, PUCYHKH,
rpaduky;

- BapHUAHTHI 33JIaHUI, TAOIUIIBI ICXOAHBIX JTAHHBIX;

- OIIMCAaHME aJTOPUTMa BBITIOJTHEHUS PAOOTHI;

- KOHTPOJIbHBIE BOTIPOCHI;

-popmy oTyera.

MeTtonuueckre peKOMEHJAIMU BBIMIOJHEHBI B COOTBETCTBUHM C IMPOTPaAMMOi
y4eOHON JUCHUIUTUHBI «DJEKTPOTEXHUKA W DJIEKTPOHUKa» [JIi CTYACHTOB
cennasbHOCTH 15.02.01 MoHTaXX M TeXHHYECKas SKCIUTyaTalus MPOMBIILICHHOTO
obopynoBanus (1o oTpacisiM) (6a30Basi OJATOTOBKA) U MOTYT OBITh UCIIOIH30BaHbI B
o0pa30BaTeNbHOM IPOLIECCE.

DaKP b

s

TexHu4eCcKnil AUPEKTOP
3A0 «BMM-2»

P.I'. /IeBanbn

o
i




I[NOACHUTEJIBHA A 3AITMCKA
MeTtonnueckre peKOMEHJIAlMU IO BBHIMOJHEHUIO JAOOPAaTOPHBIX paboT Mo
yueOHOM JIUCHUIUTMHE «JIEKTPOTEXHUKA W DIIEKTPOHUKA» MpeAHa3HAYEHBI IS
ctyaeHToB  cnenpanbHOCcTH 15.02.01 MoOHTaX HW TEXHUYECKas SKCIUTyaTaius
IPOMBIIIICHHOT'0 000pymoBanus (1o orpaciisiM) (0a30Bast MOATOTOBKA).

JlaGopaTopHble  3aHATUS  SIBISIOTCA  BaXXHBIM  3JIEMEHTOM  y4eOHOM
JUCHMIUTMHBI, TaK KaK B XOJ€ BBITIOJHEHHS 33JaHUN y CTYACHTOB (OPMHUPYIOTCS
NpPaKTUUYECKHE YMEHUS M HaBBIKM OOpalleHds C pPa3IddHbIMH NPUOOpaMH,
yCTaHOBKaMH, J1a0OpaTOPHBIM 00OpPYAOBaHHUEM, aNMapaTypor, KOTOPhIE COCTABIISIIOT
yacTb Mpo(ecCHOHANBPHOM  MPaKkTUYeCKOW TOArOTOBKM, a Takke oOImme
KOMIIETEHIIMM, TPOSBISAIONIMECS  4epe3 yMEHHe HalbmojaTb, CpaBHHUBATh,
aHaJIM3UpPOBaTh, YCTAHABIMBATH 3aBUCUMOCTb, JEJIaTh BBIBOJABI U OO0OOIIECHHUS,
CaMOCTOATENIbHO BECTH UCCIIEI0OBaHUs, OPOPMIIATH PE3YJIbTATHI B BUJIE OTUYETOB.

B  npomecce  BbImoMHEHWS ~— JA0OpaTOpHbBIX — paboT  oOydarommecs
CUCTEMATU3HUPYIOT U 3aKPEIUIAIOT MOJTYYEHHbIE TEOPETHUECKUE 3HAHUSA, Pa3BHBAIOT
MHTEJUIEKTyalIbHbIE W MPOQECCUOHANbHbBIE YMEHHS, (POPMUPYIOT 3BJIEMEHTHI

KOMHGTCHHHﬁ 6y,Z[YIHI/IX CIICOHUAaJINCTOB.

[Iporpammoil y4yeOHON JUCHMIUIMHBI «DJIEKTPOTEXHUKA M DJICKTPOHUKA»

MPETYCMOTPEHO BhITIOJIHEHUE 9 1a00paTOPHBIX padoT.
Brinosnenue 1abopaTopHbIX pabOT HAMpaBIeHO Ha (popMUpOBaHUE
VYMEHUL:

- coOupaTh NpoCTENIINE IIEKTPUUECKUE 1IETH;

- BBIOMPATh 3JEKTPOU3MEPUTEIbHBIE PUOOPHI;

- OTIPEJENATh apaMeTPhl AIEKTPUUECKUX LENeHl;

- IOJIK30BATHCA AJIEKTPOHHBIMU MTPUOOPaAMU U 000PYAOBaHUEM.

3akperuieHue
3HaHU:

- IPUHITUTT PAaOOTHI U XapPaKTEPUCTUKHU AIEKTPOHHBIX MPUOOPOB;

- CYIHIHOCTDb (bH?;PI‘ICCKI/IX IMpoueCCOB, IMMPOTCKAIOIINX



B QJIGKTPUYECKUX U MATHUTHBIX LEMsX;
- IOCTPOEHUE IIEKTPUUECKUX LIENIEH, TOPSIOK pacyeTa UX NapaMeTPOB;
- CIIO0COOBI BKIIFOUECHHUSI 3JIEKTPOU3MEPUTENBHBIX TPUOOPOB U METObI U3MEPEHUI
AIIEKTPUYECKUX BEJTUUHH.

MeToauueckie peKOMEHAAMKU [0 TMPOBEACHUIO JIAOOpPaTOpHBIX padoT
pazpaboTaHbl C IENbI0 OKa3aHUS I[OMOIIM CTyJEHTaM B MPUOOpPETCHHH
HEOOXOJMMBIX HABBIKOB COOpPKHM CXE€M, HCCIEIOBAaHUS DJIEKTPUUYECKUX MAIIMH,
AIIEKTPOHHBIX MPUOOPOB U YCTPOUCTB.

JlaHHBIE METOJMYECKUE PEKOMEHJALMHU ONpPEAEA0T 00U 00beM 3HaHU,
HOJUIeKAINM  003aTEIbBHOMY YCBOEHHUIO CTYIAEHTAMM IIPU BBIIOJHEHUM KaXKIOU
nabopaTOpHON pPaOOThI, YTO MO3BOJISIET CTYAEHTaM 3aKpeIUIATh 3HAHUA TEOPHH,
dbopMupoBaTh M pa3BUBAaTh HAaBBIKM MCCIENOBAHUS DJJEKTPUUECKUX  CXEM,
ANEKTPUYECKUX MAlIUH, 3JIEKTPOHHBIX NPUOOPOB U YCTPOMCTB, BOCHHUTBHIBAET
[TO3HABATEJIbHYI0 AKTUBHOCTh M  MPO(PECCHOHAIBHYIO OTBETCTBEHHOCTh 32
pe3ysbTaThl  OMBITOB, (OPMUPYET HABBIKM COOJIOJEHUS MPaBUJI  TEXHUKH
0€30IaCHOCTH.

Kaxnas pabora umeer:

-HOMEp;

- HAMMEHOBAHMUE;

- IIeJIb pabOTHI;

- popMupyemble B MpoIIECCe BHIMOIHEHUS paOOThI 3HAHUS U YMEHMUS;

- TeOpeTUYeCcKoe 000CHOBAHUE;

- YIIEKTPUYECKYIO MPUHIUIHAIBHYIO CXEMY OIBITA;

- nepeyeHb NpruOopoB U (WiIKM) 000PYIOBAHUS;

- IOPSAJIOK BBINOJHEHUS PabOThI;

- COJIep>KaHUEe OTYETA;

- KOHTPOJIbHBIE BOITPOCHI.

MeToauueckie  pPEKOMEHJAIMM [0 BBIMIOJHEHUIO JIabOpaTOPHBIX padboT
coliepKaT CIUCOK PEKOMEHAYEMOM JHUTepaTypbl. TUTYIbHBINA JIUCT TOJKEH OBITH

0OpMIIEH B COOTBETCTBHHU C MPHIIOKEHUEM A.



IIEPEYEHDb JTABOPATOPHBIX PABOT

Paznen Howmep u HanmeHoBaHue 1abopaTOpHOU pabOThHI Yacel
1 |1. UccnenoBanue SJEKTPUUECKON IENMU IPH Pa3IUYHBIX CIIOCOOaX 2
COEJIMHEHUS YYaCTKOB.
2. VccnenoBanue pa3BeTBICHHOW MarHUTHOM 1IETTH 2
3. U3mepenwne sHeprun B oHOGA3HON IEMH 2
4. UccnenoBanue paboThl Tpex(ha3HOH 1enH MPU COSAMHEHUN 2
MOTPEOUTENICH SHEPTUU 3BE3I0M.
5. UccnenoBanue Tpexdha3sHOro aCHHXPOHHOTO JBUTATEIS C 2
KOPOTKO3aMKHYTBIM POTOPOM.
6. UccnenoBanue cxeMbl pesieiHO-KOHTAaKTOPHOTO YIIPABJICHHUS 2
Tpex(a3HbIM aCHHXPOHHBIM JIBUTATEJIEM.
2 |7. WccnenoBaHue MoxyrnpoBOHUKOBOTO JIMO/A. 2
8. UccnenoBanue paboTsl 01HO()A3HOTO BHIMPSIMUTEIIS. 2
9. UccnenoBanue GopMbl BEIXOAHOTO HAMPSXKEHUS SJIEKTPOHHBIX 2
TeHEePaTOPOB.
Bcezo:| 18




JlaGoparopHas padora Ne 1
«HMccneqoBanne 3JIEKTPUYECKOM e MPH PA3JIHYHBIX CIOCO0aX COeAMHEHUSA
Y4YaCTKOB)
Heap padorepi: ONBITHOE ONPENEICHUE COOTHOLICHHM MEXIYy TOKaMU H
HaIpPsSHKEHUSIMU ITPU MTOCIEA0BATEIEHOM U apAJJIEIbHOM COETMHEHUH PE3UCTOPOB.
YMeHus:
- IPOU3BOAUTD PACUYETHI MPOCTHIX JICKTPUUECKUX LIETIEH;
- pacCUUTHIBATh ApaMETPhl PA3TUUYHBIX AJIECKTPUUECKUX TIETIEH U CXEM.
3HaHusa (AKTyaJIu3amus):
- METOJIBI PacyeTa U U3MEPEHUSI OCHOBHBIX MapaMETPOB IICKTPUUECKHUX LIETICH;
-OCHOBHBIE 3aKOHBI AJIEKTPOTEXHUKH;
-fapamMeTPhI IEKTPUUECKUX CXEM U €IUHULIBI UX U3MEPECHMUS.
IIpuGopsl 1 060pyaOBaHKE:
1. VUcTounuk nepemeHHoro Hampsxenus 220 B.
2. 'pynmel naMI HaKaJIMBaHUS. -21IT.
3. AmmepMeTpsI € lyoy=2.5 A -3mIT.
4. AmniepmeTp C lyon=1 A -1mir.
5. Bobt™meTp € Uyo,=250 B -1mir.
Teopernueckoe 000CHOBaHUE
ITocsenoBaTe/ibHOE COCAUHEHHE PE3UCTOPOB.
CoeauHeHue pe3uCTOPOB HA3BIBAETCS MOCIEAOBATENbHBIM, €CIIM MPU HAIMYUU

MCTOYHHMKA THUTAHUS Yepe3 BCE PE3UCTOPHI MPOXOAUT OJUH M TOT K€ TOK (CM.

pUCYHOK 1).
R, R; I
o [ | O— 1 o
U1 U 2
u

Pucynok 1 — IlocinenoBaTenbHOE€ COEAMHEHUE PESUCTOPOB



CBoiicTBa.
1. IIpu mocie1oBaTeIbHOM COSAMHEHUH PE3UCTOPOB TOK YEPe3 BCE PE3UCTOPHI
MPOXOJUT OAUH U TOT ke: | = 11= Iy,
2. Hanpspkenue Ha 3akuMax IENd IPU MOCIEI0BATEIIBHOM COCIUHEHUHU
PE3UCTOPOB PABHO CYMME HANPSIKEHUU Ha €€ OTIEIbHBIX yUacTKax.
U=U;+U,
3. ComnpoTuBIICHHE TMPU TOCIEAOBATEILHOM COCIUHEHUU PE3UCTOPOB PABHO
CyMME COMPOTUBJIEHUN BCEX MOCIIEIOBATEIHO COEIMHEHHBIX YUYaCTKOB.
R=R;+R>
[Ipu mocnenoBaTeIbHOM COCIMHEHUH N PE3UCTOPOB OOIEe COMPOTHUBICHUE

BCE 1ENM paBHO apU(PMETHYECKOM CyMME CONPOTUBIIEHHHA BCEX PE3UCTOPOB

R=Y'R,
k=1

IHapasienbHoOe coeMHEeHHEe PEe3UCTOPOB.

Y4acTok wenu, BAOJIb KOTOPOrO MPOXOAUT OAWH U TOT K€ TOK Ha3bIBACTCS
8emebi0, a MECTO COCIMHEHUS TPEX M OOJIBIIIET0 YHCIIa BETBEH HA3BIBACTCA )310M.

CoenvHeHME  pE3UCTOPOB  HA3BIBACTCA  IMAPAJUIENBHBIM, €CIM  OHH
MPUCOCIVHEHBl K OJHOW M TOW K€ mape y3JI0B JJIEKTPUUYECKOM LENH, TO €CTh

HaxXoOgATCA IO, I[GfICTBPleM OAHOI'O U TOT'O K€ HAIIPAKCHUA.

—_—

R, I,
Pucynok 2 — [TapamienbHoe cOeIMHEHUE PE3UCTOPOB
CsoiicTna:
1. HanpsbxeHue Ha mapauiesIbHO COSAMHEHHBIX PE3UCTOPaX OJIMHAKOBO:

U=U;=U,



2. Tok B Hepa3BEeTBJIEHHON YaCTH LIETH PABEH CyMME TOKOB B MapaJlIeIbHO

COCI{I/IHéHHBIX PE3UCTOPAX.

=11+

JIns KaXkmoi BETBU M JIJISI BCEH IIEMM MOYKHO 3amucaTh 3aKkoH Oma

rie R — o0miee (3KBUBAJIGHTHOE) COMPOTHBIICHUE BCEH IICTIH.

u u U
—_— =4 —
R R, R,

pasnenuB o0e yacTu paBeHCTBa Ha U , OKOHYATENIbHO UMEEM

11,1 p 1 _RR

R R, R, 1. 1 R+R,
R1 2

3. HpI/I mapauiCJibHOM COCAMHCHHN PC3UCTOPOB 06111351 IMPOBOAUMOCTD

paBHa CyMMe MPOBOJUMOCTEN OTAeNbHBIX BeTBel G = G+ Gy,
1
rne G==
R

3aganme 1 YCTaHOBUTH OMNBITHBIM IyTEM COOTHOUIEHUH MEXKAY TOKaMU M

HaIPsKCHUAMMU IIPU ITOCIICA0BATCIIbHOM COCANMHCHHUUN PE3UCTOPOB.

IMopsiaok BbINOJIHEHHS PadOTHI:
1. CoOpatb cxeMy NociieJ0BAaTENbHOTO COEUHEHHUS IBYX YYACTKOB C JIAMITAMHU
HaKaTMBaHUS (PUCYHOK 1) ¥ IpeabsIBUTH [JIsl MPOBEPKH MPEMOIAaBATEINIO.

KA1

H1
— 0
[ H2
|

© K2

Pucynok 1 — Cxema nociieioBaTeIbHOrO COEIMHEHUS PE3UCTOPOB.



2. BKrounTh CHIIOBOM BBIKJIIOYATEb. BKIIIOUNTH J1aMIbl HAa IEPBOM U BTOPOM
ydacTKaxX, IPOBECTH HM3MEpPEHUs TOKAa LEeNM W HANPsSIKEHWH YYacTKOB ILEMU.
Pesynbratel u3mepenuii 3anectu B Ta0auiy 1.

Tabnuua 1 - Pe3ynbrarhl n3MepeHui TOKa U HANPSKEHUS B LIETIH

Ne OnpITHBIE JAHHBIE PacuéTHble JaHHbBIE

n/n I, A Ui, B U2, B UB R1, Om R2,Om | R, Om
1
2
3

3. Paccuntarh CONMpOTHBIEHUS Y4acTKOB, pe3yJbTaThl 3aHECTU B TaOIuILy 1:

R =t R, =22 R=Y

4, HOJII)I’)y}ICB JaHHBIMH OIIBITOB H PpPacdCTOB, IMOATBCPANTDH CBOMCTBaA

IIOCICAOBATCIIbHOT'O COCANHCHU A .

R=R;1+R; U=Ui+U;

3aganme 2. YCTaHOBHUTH ONBITHBIM IIyTEM COOTHOLIEHUN MEXIY TOKAMH M
HaIPsKEHUAMH IIPU [1apaJuIeIbHOM COEAMHEHNUH PE3UCTOPOB.
IHopsinok BbINOJIHEHHS PA0OTHI:
1. CoOpaTh cxemMy MapajjieIbHOIO COEIUHEHHs JBYX YYacTKOB C JaMIamH

HaKaJIuBaHUs (PUCYHOK 2) U MIPEABSIBUTH JIs1 MPOBEPKH MPETO01aBaATENIO.

o

U=220B

Pucynok 2 — Cxema napaJuieIbHOIO COETUHEHUS PE3UCTOPOB.

2. BKIIIOUnTh CUJIOBOM BBIKJIIOYATEIb. BKIIIOUNTD JIaMIIbl HA TIEPBOM U BTOPOM
yyacTkax uenu. [IpoBecTn M3MepeHUs HaIpsDKEHUsS Ha 3aXUMax LENM UM TOKOB

BeTBe (y4acTkoB). Pe3ynbrarhl m3MepeHuii 3aHeCTH B TAOIUILY 2.
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Tabnuua 2 Pe3ynbTaThl U3MEPEHU TOKA U HANTPSHKEHUS B LIENTU

Ne OnvITHBIE JaHHBIE Pacuérnble JaHHDBIE

n/n l1 I [ U R1 R2 R G G2 G
1
2
3

3. PaccuuTaTh CONpPOTUBIEHUS M MPOBOJMMOCTH  YYaCTKOB, PE3yJbTaThl
pacyeToB 3aHECTH B TaOIUILy 2:

U U R -R I | |
Rl = — RZ = — Rlz :1—2 Gl :_1 G2 :_2 Glz = —
I, I, R, +R, U U U

4. Tlonb3ysichb JAHHBIMH OIIBITOB M PACUETOB, MOATBEPAUTH CBOMCTBA

HapaJIJIeJILHOFO COCOANHCHUA.
I=hL+1 Gp=G +G,

5. Cuenatb BBIBOJI.

KoHTposibHBIE BONPOCHI.

1) Kak M3MeHHTCS HaAnpsoKEHHE Ha MEPBOM yYacTKE IPH IMOCIIEI0BATEIbLHOM
COCIMHCHUH YYacTKOB C JIaMIIaMU HAKaJIWMBaHUSA, €CJIM yBEIMYUTh HA HEM YHCIIO
BKJIIOYEHHBIX JIaMII?

2) Kak n3aMeHuTCs BeIMYMHA TOKA B LIEMH TIPH MTOCJICIOBATSILHOM COCTMHEHUHN
YYaCTKOB, €CJIM Ha BTOPOM YYaCTKE BBIKIIOYUTH BCE JIAMITBI?

3) Kak m3MeHMTCS BeIMurMHA TOKA B LEMU MPHU IMapaICIbBHOM COCAMHEHUU

Y4aCTKOB, €CJIM Ha BTOPOM Y4aCTKE BBIKJIFOYHUTDH BCC JIaMIIbI?

JlabopaTopHnasi padora Ne2
«HcenenoBanue pasBeTBJIEHHON MATHUTHOH L e
Hean paborbi: OnbiTHOE MOATBEpPXKIAEHUE TepBoro 3akoHa Kupxroda mis
Pa3BETBJICHHOM MAarHMTHOM LIENMUA W OBJIAJICHUE METOAUKOM pPacyeTa MarHUTHBIX
MOTOKOB.
YMeHus:
- IPOU3BOAUTH PACUETHI MPOCTHIX FJEKTPUUECKUX LECTICH;

- paCCUYUTHIBATh MMAPAMETPHI PA3JIMUYHBIX JICKTPUUECKUX LETEN U CXEM.

11



3HaHusa (AKTyaJIu3amus):

- OCHOBHBIC 3aKOHBI 2JIEKTPOTEXHUKH;

- XapakTEepUCTHUKA U TNapaMeTpbl 3JEKTPUYECKUX M MAarHUTHBIX IIOJEH,
[IapaMeTPhl Pa3IMYHBIX AJIECKTPUUECKUX LIETICH.

IIpubopsl u 060pyOBaHME:

1. Mcrounuk nepemenHoro Hanpspkenust 220 B, 50 I'n

2. Tpexdaznbiit Tpanchopmarop.

3. BonbT™eTp anexTpoMarauTHoi cucteMsl ¢ Uyou=150 B.

Teopernyeckoe o00cHOBaHuUe.

Macnummnoii yenvi0 Ha3bIBACTCA COBOKYIHOCTb YCTPOWCTB, COJEPKAIINAX
(eppoMarHuTHeIE Teja U 00pa3yIOIIKUX 3aMKHYTYIO II€lb, B KOTOPOW MPU HAIUYUU
MarHMTOABIKYIIEH CHJIBI OOpa3yeTcs MAarHUTHBIM IOTOK M BIOJb KOTOPOM
3aMBIKAIOTCSA JUHUU MAarHUTHOW MHIYKIHUU.

[IpumepoM SBISIFOTCS CEPACYHUKH TpaHC(hOpMaropa, MarHUTHBIX YCHIIMTENEH,
ANEKTPUYECKUX MAIIVH U T.J.

MaruuToIBHKYIIYI0 CUJy B 3JIEKTPUYECKHX MAIMHAX CO3Jal0T OOMOTKH C
ANEKTPUYECKUM TOKOM WJIM IIOCTOSHHBIE MarHuThl. YacTh MarHMTHOM LENH, IO
KOTOpPOM 3aMBIKaeTCsl MAarHUTHBIA MOTOK, M3rOTABIMBAIOT B OCHOBHOM U3
(eppOMarHUTHBIX MaTEPUAIIOB W HAa3bIBAOT MACHUMONPOEOOOM. MarHuTHbIE LENH
BBIIIOJIHSIFOT HEPA3BETBICHHBIMU U Pa3BETBICHHBIMU. PazmnyaroT Takke MarHUTHBIE
LEMU OAHOPOJHbIE U HEOAHOPOAHbIE. MarHuTONpoOBOJ OJHOPOJHON IIENU HA BCEM
€ro MPOTSHKEHUH BBIIMOJIHEH U3 OJIHOTO MaTepuaja U UMEEeT OJIMHAKOBOE M0 opMe U
pazMepaM NONEPEYHOE CEYEHUE; B HEOJHOPOJAHOW LIEMU MarHUTOIIPOBOJI COCTOUT U3
HECKOJIbKMX YYaCTKOB, OTJIMYAIOUIMXCS B OOILIEM Ciyyae MO AJMHE, MONEepEeYyHOMY
cedyeHuro, matepuanaM. Ha pucynke | mpencraBieHa OJHOpOAHAs pa3BETBICHHAs

MardvMTHasi OCIlb.

12
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PI/ICYHOK 1 - OI[HOpOI[HaSI Pa3BCTBJICHHAA MATrHUTHAA LOCIIb.

I[J'I)I pacueTOB MAarHUTHBIX ueneﬁ HCIIOJIB3YIOT aHAJIOTUH C JJICKTPUICCKUMU

OCIISIMM

@D, macHumHwILL NOMOK — BIAEKTPUUECKUH TOK ]

Ry, Macnumnoe conpomusieHue - dNEKTPUIECKOE CONMPOTURICHUE R;

Uy, Macnumnoe Hanpsicenue - 3IEKTpuYeckoe HanpspkeHue U,

Fur , macnumoosuscywas cuna - 3nexrpoaBrxyuias cunia E.

B pa3BeTBIEHHON MAarHUTHOW LIEMU, MO AHAJOTMHU C BJIEKTPUYECKOUN LEMbIO,
MOKHO BBIJICIUTh KOHTYpPBI, BETBH U OTMETHUTH Y3JIbl. MOXHO COCTAaBUTH Y3JIOBBIC
ypaBHEeHUs U CchHOPMYJIUpPOBaTH NEpBbIM 3akoH Kupxroda s MarHUTHOM Iiemu.
AJuire0panveckasi CcyMMa MATHUTHBIX OTOKOB B y3Jle MATHUTHOH LleNM PaBHA

HyJ10 Y ® = 0.

3apnanme: CoOpath cxemy TpexdaszHoro TpaHchopmaropa M OCYIIECTBUTh

3aMepsbl (ha3HOTO HAMPSDKEHUS Ha KaTyIIKax.
IHopsinok BbINOJIHEeHHSI Pa0OThI:

1. Tlomxmrounte katymky AX TpexdaszHoro TpaHchopmaropa K (azHomy

HanpspkeHuto Ugy= 127 B (pucyHoxk 2).
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Pucynok 2 — Cxema coequHeHHs1 0OMOTOK TpaHchopMaropa.
2. Bxorounte nctouHuK HampspkeHUs U u3mepbre DJ]C ocTanbHBIX 0OMOTOK.
JlanHble U3MEpEHMIt 3aHecuTe B Tabmmy 1.

Tabmunal - Pe3ynbTaThl H3MEpEeHUIA.

Ne CxeMa BKIIIOUYCHUSA Eax Esvy Ecz E.x Eby E.,
/o

W N

3. TloBropure omeiT mus katrymek BY, CZ, mnogkmounB wuX Ha

COOTBETCTBYIOIINE (Pa3HbIC HATPSKCHMUS.

4. PaccuuTaiiTe BEIMYMHBI MAarHUTHBIX MTOTOKOB. /[aHHBIE paCYETOB 3aHECUTE B

Tabauiy 2.

CDopMyna pacucTa aMIUIMTYAbl MAarHUTHOI'O ITIOTOKA

® - E
4,44-f -w,

rae E— 3J1C Bropuunbix 0OMOTOK E o, E by, E ¢
f =150 I'y - yacToTa HAMPSKCHUS CETH;

W, =690 - 9muciio BUTKOB BTOPUYHOU OOMOTKH.
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Ta6Jmua 2 - I[aHHBIC pacd€TOB BEJIMYMNH MAIrHUTHBIX IIOTOKOB.

Ne i/t CDml BO (sz, B6 (Dmg,B6
1
2
3

5. Omnpenenure HanpaBI€HHE MAarHUTOJBIIKYIIEH CHJIBI W BBIYEPTUTE
KOH(UTYpaIi0 MarHUTHOTO IOTOKA, COCTaBbTE YPaBHEHHS IO TEPBOMY 3aKOHY
Kupxroda, ucnonb3yiite pacyeTHbie JaHHBIE.

@1- q)z- @3 =0

6. CremaiiTe BBIBO/IL.

KoHTpoJ/ibHBIE BOIPOCHI:

1) MaiiTe onpe/eieHre MarHUTHOM IICTIH.
2) CKOJIBKO  YYacTKOB  COJCP)KUT  MarHuTHas Iienb  Tpex¢a3Horo
Tpanchopmaropa?
3) Kak M3MEHHTCS MarHWTOJBIDKYINAS CHJIA, €CIM YHCIIO BUTKOB KaTYIIKH
YBEJIMYUTH B 2 pa3a, a TOK YMEHBIIUTH B 2 pa3a?
4) KakumMu npaBUIaMH TIOJB3YIOTCSA JUIS  ONPEHCICHUS  HAIPaBICHHS
MAarHATOJBW)KYILEH CHJIBI?
JlaGopaTopHnasi padora Ne 3
HN3mepenue sHeprum B 0AHO(AZHOM LeNu
eab padorbi: OBiaicHUE METOUKON U3MEPEHUN IJEKTPOIHEPTUH TIPSAMBIM U
KOCBEHHBIM METOJIJaMU U OCBOCHHE aJITOPUTMa pacyeTa MPUBEICHHOW MOTPEIIHOCTH
CYETYHKA.
Ymenus:
- coOupaTh NpoCTEUIIne FIEKTPUIECKHUE ST,
- BBIOMPATh 3JEKTPOU3MEPUTEIbHBIE TPUOOPHI;
- OIIPEAEIATh MapaMETPhl ANEKTPUUECKUX LICTICH.
3HaHus (aKTyaM3anus):
- CYIIHOCTh (PU3NYECKUX MPOIIECCOB, TPOTEKAIOITUX

B SJICKTPUYCCKUX U MAI'HUTHBIX LOCILAX
15



- TIOCTPOCHHE IIEKTPUUECKHX IETEH, MOPSIOK pacyeTa ux mapameTpoB;
- CHOCOOBI BKITFOUCHHS SJICKTPOU3MEPUTEILHBIX TPUOOPOB M METOIBI H3MEPECHU
AIIEKTPUYECKUX BEITUYHH.
IIpudops1 u 000pyn0OBaHUE:
1. Ognodasupiii cuéTunk - 1 mT.
2. JlammioBbIi peocTat - 1 mwr.
3. Amnepmerpc ly=5A - lwmr.
4. Boapt™merp c U4 =200B - 1 mT.

5. CekyHioMep - 1 .
Teopernueckoe 060cHOBaHUe

NHAYKUMOHHBINA CYETYMK YJIEKTPHYECKOM JHEPIrUH.

NHIyKIIMOHHBIE CYETUMKN CITYKAT JJIS OACUETA KOJIMYECTBA DJIEKTPUIECKON
SHEpPruM, MOCTYNUBIIEH K MOTpPeOUTENI0 3a OmpelaenéHHOE Bpems. YCTPONCTBO
MHIYKIMOHHOTO CUYETYMKA I[I0Ka3aHO Ha pucyHKe 1. MHoroBuTkoBas OOMOTKa
ANIEKTpOMarHuT 2  (0OMOTKAa  HampsyKEHUs)  MOACOEAMHEHAa — HapauleIbHO
norpedburento (Harpyske). llocinemoBarenbHO ¢ Harpy3Kol BKJIIOYEHa OOMOTKa

aneKTpoMarHuta 1-3, cocrosiias 3 HECKOJIbKUX BUTKOB (TOKOBasi 0OOMOTKA).

Pucynok 1 — KoHCcTpykTHBHAs cXemMa MHAYKIHOHHOTO CUETUHKA
IToCKOJIBKY MHIYKTHUBHOCTH KaTyIIKHA MPOIOPLUMOHAIbHA KBAJIPATy YUCJIA BUTKOB,
MOKHO CKa3aTbh, YTO MHAYKTUBHOCTH OOMOTKHU HANPSKEHUS 3HAYUTENIbHO OO0JIbIe

16



MHyKTUBHOCTH TOKOBOI 00MOTKH. [lo3TOMY TOK M coBmagaromuii ¢ HUM 1o ¢aze
MarHUTHBIN TOTOM 3JIEKTpOMarHuTa 2 OTCTAIOT Mo ¢a3ze OT TOKAa U MAarHUTHOTO
MOTOKA 3JIEKTpoMaruuTa 1-3 Ha yron, 0au3kuii k 90°.
MarnutHoe Toje, 00pa3oBaHHOE HAJOKEHHEM MAarHUTHBIX TIOJeH  JIBYX
AIIEKTPOMArHUTOB, Ha3bIBaeTCs Oecywum. beryiiee MarHuTHOE MOJie WHAYLHUPYET B
JMCKE TOKH, KOTOpBIE, B3aMMOJEHCTBYsS C IOJIEM, CO3AAI0T MEXAHHUYECKYIO CHILY.
Cuna B COOTBETCTBMM C HpPaBWIOM JIeHIIa CTpPEMUTCS YCTpPaHWUThb MPUYUHY, €&
BbI3bIBaoONIy0. OHa pacKpyunBaeT AUCK B HAMPABICHUU OETYIETO MOJIS.

CxeMbl BKJIIOYeHHS! 01HO(A3ZHOI0 CYeTYHKA.

Cxema areKkTpuyecKkasl NpUHIUINAIbHAS BKIIOUEHUS OAHO(A3HOrO CUETYMKA

MPEJICTaBIICHA HA PUCYHKE 2.

v Ry

o
Pucynok 2 — Cxema s5eKTpuiecKasi IpUHIUITAAIBHASL

[IpakTrueckas cxema BKJIIOYEHHUS OJHO(GA3HOIO CYETUMKa MpeCTaBieHa Ha
pucysnke 3. 3axumbl «I» ClIykaT I MOJIKIIOYEHUS CUETUMKA K DIICKTPUUECKOMN

CCTH, K 3a)KUMaM «H» IMOAKIOYACTCA HAIr'py3Ka.

—
YU He Fe HY

: PP

O

Pucynox 3 — Cxema BiIro4eHHS 0THO(A3HOTO CUETYMKA
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IMopsinoK BHINOJIHEHHS PadOTHI:
1. Cobpatb cxemy ISl UCCIEAOBaHUS OAHO(PA3HOTO cueTYMKa (pUCYHOK 1),

MMPpCABABUTD IIPCIIOAABATCIIIO IJIA IIPOBCPKU.

Wh

— () i H2
A S
\)22(/);'9 ®‘§
g— || T K1 K2

-

Pucynok 1 — Cxema coenriHeHus: 0qHO(GA3HOTO CYETUUKA

2. BximrounTe ceTeBOM BBHIKIIIOYATEIb, BKIIFOUUTE HECKOJIbKO J1amil. [lokazaHus
aMIIepMeTpa U BOJbTMETpPA 3aHECUTE B TaOIuILy 1.

Tabnuna 1 — Pe3ynbTaThl n3MepeHui okazaHuii mpuooOpoB

H3mepenus Buruncienus
Ne U I t n P K N Kn Y
OmbITa B A c obopoTel | BT --- | O6/kBTa | --- %
1 120
2
3

3. [Ipu 3adukcupoBaHHOM TOKE HArpy3KH MOCYUTANTE KOJIHMUYECTBO 00OOPOTOB
nucka cueturika N 3a 120 cexyH, pe3yJbTaThl cueTa 3aHecuTe B Tabnuiy 1.

4. VYBenuybTe UYHUCIO BKIIOUEHHBIX JIAMII, TOBTOPUTE W3MEPEHHS IO
n. 4.2 u 1. 4.3. BeIK/IIOYnTE CETEBOM BBIKIIFOYATEb.

5. BbINoNIHUTE BHIYUCIICHUS TAPAMETPOB 0 Popmyiam:
P=U-l - momHOCTHL IOTpEOUTENS, BT.

DHeprus, notpediigieMas 1enblo 32 BpeMsi 0JJHOT0 000poTa AMCKa CUETUMKA

Pt
n

K

rae 1 - Bpewms, c;
N - 4rco 0OOPOTOB IMCKA CUETUYMKA 3a BpeMms 1.
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.. 3600-1000
HomuuanbHas nmocrosiHHas cuérunka K, = N

rae N - mocTosiHHas cu€ryuka, 4MciIOo 00OpPOTOB cueTurka Ha 1 kBT - yac
SHEPrUH, yKa3aHa Ha €ro MIUTKE.

K-K
[IpuBeneHHAsA NOTPEMIHOCTD ¥ = T“ -100%.

[IpuBeneHHas MOTPENIHOCTD OMPENesIeT KJIacC TOUHOCTH Iprbopa.

6. Cnaenatb BBIBOJI.

6 KoHTpoJILHBIE BOIIPOCHI.

6.1 Kak nHasbiBaeTcs 0oOMOTKa (KaTyIIKH) CYETYMKA, €CJIM OHA BKJIIOUYCHA
MapaJIeIbHO HArpy3Ke?

6.2 Kak Ha3pIBaeTcs MarHUTHOE II0JIE B HWHAYKIIMOHHOM CUYETYHKE IPHU
HaJIMYUU KOTOPOTO BPAIAETCs TUCK?

6.3 HaszoBute MeTon M3MEpPEHHs] PHEPTUU C HCIOJIb30BAaHUEM aMIIEpMETPA,
BOJIBTMETPA U CEKYHIOMEPA?

6.4 CootBetctByet 1 cueTdyuk 'OCTy, eciau Ypaew = 3%. Ha mkane cuetunka

yKa3aH KJIacC TOYHOCTH 2,5.7

JlabGopaTopHasi padora Ne 4
«HccenenoBanue padorel TpExGazHOM HenH NPU COCAMHEHUN NOTpeduTe el

JHEPIrUM 3Be310M»

eab padorbl: ONBITHOE ONPENEICHUE OCHOBHBIX COOTHOIIEHUM MEXKIY
TOKaMU W HaIpPsHKCHUSIMUA TPU COCTUHEHUM TOTpeOUuTesie 3Be3[0M, BBISICHEHUE
POJM HEUTPAIBHOIO MPOBOJA.

YMeHus:

- MPOU3BOAUTH PACUYETHI MPOCTHIX JIEKTPUUECKUX LETICH;

- pacCUUTHIBATh APaMETPhI PA3TUYHBIX AIEKTPUUECKUX LIETIEH U CXEM;

- CHUMATh MOKA3aHUs U MOJb30BATHCS JICKTPOU3MEPUTEILHBIMU MPUOOpaMu 1

MIPUCTIOCOOICHUSIMU.
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3HaHusa (AKTyaJIu3amus):
- OCHOBHBIC TMpaBWJIa OKCIUIyaTallid »dJICKTPOOOOpPYAOBaHUS W METOJbI
WU3MEPEHUS JICKTPUUCCKHUX BEIIMYUH;
- OCHOBHBIE 3aKOHBI AIEKTPOTEXHUKH;
- YCTPOWCTBO, TMPHUHIMI JCWCTBHS H OCHOBHBIC XapaKTCPUCTUKH
AJIEKTPOTEXHUICCKUX IPHOOPOB.
IIpudopsbl 1 06opyaOBaHME:
1) Ucrounuk nutarus 220B 50 I'm.
2) Amnepmerpsl € lyoy=3A -3 mmirT.
3) Amnepmetp € lyon = 1A -1 .
4) Bombt™meTp € Uyoy =250B -1 mir.

5) I'pymmbl TaMIl HAKAJIMBAHUS - 3 IIIT.

Teopernueckoe 000CHOBaHME.

Tpex¢asznas cucrema.

TpexdazHoil cucTeMol AIEKTPUUECKUX LIeTIel Ha3bIBAETCS] COBOKYITHOCTh TPEX
ANEKTPUYECKUX LEINel, KOTOPBIX AEHUCTBYIOT cuHycoupanbHbie DJ[C oamHaKOBOM
YaCTOTHI U AMIUIUTYbI, CABUHYTHIE OTHOCUTEIBHO JIPYT Apyra Ha 120°.

HcrouHnnkaMu 5SJIEKTPUYECKOW DSHEPrUM B TPEX(PA3HBIX IEMsSX SBISIOTCS
Tpéx(a3zHble TeHepaTopbl WM TPAHCPOPMATOPHI. B Ttpexdasznoii cucreme
AIEKTPUUECKUX lieriel (ha30if Ha3bIBAE€TCS OJHA M3 TpeX uemnei. J[ns cokpaieHus
YKCJia MPOBOJOB MCIOJIB3YIOT CBsi3aHHbIE Tpex(dasHbie cucTembl. Iisi coenuHeHus
3BE€3/10M KOHIIBI 0OMOTOK mpuemMHuka X,Y, Z COeIUHSIOT B OOIIYI0O TOUKY, KOTOPYIO
Ha3bIBAIOT HYJIEBOM TOYKOW Wi  Hetimpanvio. KOHIBI OOMOTOK IpHUEMHHUKA
coenupsioT B obmyto Touky N ~ weiimpans narpysku (cM. pucynok 1). Ilposona,
coenunsrone Hadasa A,B,C 00MOTOK MCTOYHHMKA C TIPHEMHHKOM HAa3bIBAIOTCS

JUHEUHbIMU.
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N(X, Y, Z)

Pucynox 1 — Cxema Tpexda3zHoii 1ienu npu coeAMHEHUH 0OMOTOK reHepaTtopa u ¢as
noTpeduTeNneit 3Be3101.

[IpoBox, coeauHsiomuii HelTpamb renepatopa N u Heiitpans Harpysku N
Ha3bIBAOT HeumpanbHoim. lloiydaercs CBsA3aHHAs YETBIPEXIPOBOJHAS CHCTEMA
AIEKTPUYECKUX LIETIEH.

IHapameTpsl Tpex$a3zHOU Henu

Jlunetinvltl mox - 3T0 TOK, MPOTEKAIOIHIA 10 JTMHEHHBIM TpoBoaam (1),

Dasznwiti mox - TOK, MPOTEKAIOUINH B (a3e MpueMHUKa HITH ncTouHUKA (Ig).

Jnst cxembl 3Be371a  (ha3HbIE U JIMHEHHBIE TOKH OJMHAKOBBI B Kax0i (aze: |,
=le

Jluneunoe nanpsosicenue - 3T0 pa3HOCTh MOTEHIIMATIOB MEXAY ABYMS JIMHUSIMU
(UA81 UBC1 UCA)-

daszHoe Hanp:osicerue - 310 HAIPSKCHUE MCXKAY HAYaJIOM M KOHIIOM (1)8,351 nim

HaMPsHKCHUE MEKIY JIMHEHHBIM 1 HYJIeBBIM TPpoBo oM (Ua, Us, Uc).

Ecnu cuurath moTeHnMansl Hayan (a3 reHepaTtopa U Harpy3ku paBHbIMU (T.€.
MaJicHue HANPsHKEHUS B JIMHEWHBIX MPOBOJIAX PAaBHO HYJI0). JInHelHOe HampspKeHHe

m000i#1 (ha3el mpecTapiseT co00i anredpandeckyro cyMMmy (ha3HbIX HAMPSHKCHUI:
A_UB
-U c
CA UC_UA

c C C
a8 &

[ [ I
cC C
o
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BekTopHas nuarpamMma JUHEHWHBIX W (Da3HBIX HANpPsDKEHWM MpejicTaBieHa Ha

PUCYHKE 2.

Pucynok 2 — BektopHas quarpamma tpexda3Hoit 1emnu
Ecniu comporuBienuss (a3 OJUHAKOBBI (HAarpy3ka CHUMMETpUYHas), TO
TPEYTOJIbHUKU Ha JUarpaMMe SIBJISIOTCS paBHOOEAPEHHBIMU, OTKY/1A JIETKO MOJIYYHTh

COOTHOILIEHUE MEX/Y HanpsiKeHusMu U, =~/3U,
Tok B HEHTpaIbHOM IPOBOJE PaBeH ajreOpandeckoil cymMMe (pa3HbIX TOKOB:

Iy =1,+15+1;. Bekropuas nuarpamma mpejcraBiicHa Ha pUCYHKE 3.

-~
PucyHok 3 — Tok B HEHTpPaJIbHOM MPOBO/IC I N
3apnanme: CoOpaTh cxemy Tpexda3HOW LEeNMH U ONpPENeTUTh COOTHOIICHUS
MEXTy TOKAMH U HalpsHKEHUEM.
IMopsiTok BHINOJTHEHHS PA0OTHI
1. CoOepute cxemy wuccienoBanus TpexdaszHol I1enu, NPeabIBUTE s

MIPOBEPKH MPENnoaBaTeito (PUCYHOK 4).
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Pucynoxk 4 — CxemMa Tpexdax3Hoii 1ieru ¢ HeUTpabHbIM MPOBOIOM

2. IlpoBeaute wucciegoBanue Ienu. Pexum pabGoTsl nenu: PaBHOMepHas
Harpyska (CUMMETpUYHas Harpy3Ka), HeMTpaibHbIN IPOBOJI BKIIIOUYEH.

a) YcTaHOBUTE pPaBHOMEPHYIO HArpy3Ky (BKJIIOYUTE OAMHAKOBOE KOJUYECTBO
Jamn B a3ax Harpy3ku). BKitounTe ceTeBoi BBIKIIOUATENb;

0) UsmepbTe TOKM (a3, TOK B HEUTpaJIbHOM IpOBOJiE, (ha3HbIC U JIMHEHHBIC
HaIpsDKEHUs Ha Harpy3ke. Pe3ynbratel u3MepeHuii 3anecute B Ta0auny 1.

B) BBIKITIOUNTE CETEBOM BBIKIIFOYATEb.

3. Pexum pabotel menu: HepaBHOMepHass Harpys3ka, HEUTpaJbHBINH MPOBOJ
BKJIFOYEH.

a) YCcTaHOBUTE HEPAaBHOMEPHYIO HArpy3Ky (pa3Hoe KOJIMYECTBO Jamm B (hazax
Harpy3ku). Bkitounte ceTeBoi BBIKIIOYATENb.

0) UsmeppTe TOKM (a3, TOK B HEUTpPAIbHOM MPOBOJE, (Ha3HbIC U JTUHEHHBIC
HaIpsDKEHUs! Ha Harpy3ke. Pe3ynbratel u3aMepeHuid 3aHecute B Tadbiuny 1.

B) BrikiTtounTte ceTeBOl BHIKIIIOYATEb.

4. Pexum paboTbl 1menu: XoJocTo xoa (a3pl, HEHUTpaIbHBIA TPOBOJ
BKJIFOYEH.

a) YCTaHOBHTE HEPAaBHOMEPHYIO HArPY3KY, BCE JIAMITBI OJHOM 3 (a3 JOIKHBI
OBITH BBIKJIIFOUYEHBI, YTO 03HAYAET XOJOCTOM TOK (pa3bl (pa3HOE KOJMYECTBO JIaMII B
(hazax Harpy3ku). BKItounTe ceTeBOil BBIKIIIOUATEb.

0) U3mepbTe TOKH (a3, TOK B HEUTpATLHOM TIPOBO/IE, (ha3HbIE U JIMHEHHbBIS

HaIpsOKEHUs! Ha Harpy3ke. Pe3ynbrarsl u3aMepeHuii 3aHecute B Tadbnuiy 1.
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B) BrikimtounTe ceTeBoil BHIKIIIOYATEb.

5. Pexxum pabotel nenu: PaBHOMepHas Harpyska (CUMMETpHUYHAs Harpyska),
HEUTPAJIbHBIN ITPOBOJI BBIKJIFOUECH.

a) YCTaHOBUTE PaBHOMEPHYIO HArpy3Ky (BKIIOUMUTE OJIMHAKOBOE KOJIMYECTBO
Jamn B a3ax Harpy3ku). BKitounuTe ceTeBoi BRIKIIOUATENb;

0) Usmepnpre TOoku (a3, (asHple U NTUHEIHBIC HANPSKEHUS HAa Harpyske.

Pe3ynbTaThl u3MepeHuit 3anecure B Ta0uIy 1.

B) BrikitounTte ceTeBOl BHIKIIIOYATENb.

6. Pexum paboTel menu: HepaBHOMepHas Harpyska, HEUTpaJbHBIA MPOBOJT
BBIKJTFOUYEH.

a) YCTaHOBUTE HEPAaBHOMEPHYIO HArpy3Ky (pasHoe KOJIMYECTBO Jiamm B ¢azax
Harpy3ku). BkitounTte ceTeBoi BBIKIIOUATENb.

0) Msmepbre TOkM a3, ga3Hble U JTUHEUHBIC HANPSHKEHUS Ha Harpyske.

Pe3ynbpTaThl n3MepeHuil 3aHecuTe B Ta0nuIy 1.

B) BhIKiTtounTE CETEBOM BBIKIIIOUATENb.

Tabnuua 1 — Pe3ynpTaThl H3MEpEHUN HATPY3KH

o PesxuM pa0doThI Hemu N3mepenus
2 | 55 la{lg| lc | In [ Ua| Us | Uc | Uss | Usc | Uca
© SHE]
< £ £ | Pexunm Harpysku
~ 2 A|lA| A| A | B B B B B B
1 g | PaBHOMepHas
)E &
= 2 | HepaBHOMepHas
2 E 2
m
£ g
3 5 2 XO0JIOCTOU XOX
a1 dasbr
4 | £Ex5| PasHoMepHas
258
B E S -
5| B=§
L= HepaBHomepHas

7. Ilo naHHbIM OMNBITOB 1,2,3 MOCTpOWTE BEKTOPHYIO AUArpPaMMy pacueTa TOKa
B HEUTpaAJIbHOM MPOBO/IC HA MIJIJTMMETPOBOM Oymare.
8. OlieHHTE MOCTOSHCTBO (Da3HBIX HAMPSKEHUH 10 pe3yJIbTaTaM OIbITOB 2,3,5

Y €ro 3aBUCUMOCTH OT peXuma paboThl Tpex(azHoil LenH.
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9. BpbluucnauTe — OTHOIIGHWE JIMHEHHOTO W ()a3HOTO HAMPSHKEHUH 10
pe3ylbTaTaM H3MEPEHUN B U3MEpPEHUH 1.
10. CnenaiiTe BEIBOBI.
KoHTpoJibHBIE BONPOCHI.
1) Kak BBITIOJHUTE COeAMHECHHE (ha3 reHepaTopa U Harpy3KH 3Be3/101?
2) HazBanme 00mIero mpoBojia Tpex Mereld YeThIPEeXIPOBOHON CHCTEMBbI?
3) Uto 3HauuT «XonocTod xon (a3e»? Ilpu Kakux  peasbHBIX YCIOBHSIX

BO3HHMKAET TaKOH PEKUM PadOTHI?

JlaGopaTopHnasi padora Ne 5
HccnenoBanue Tpexda3Horo aCHHXpPOHHOIO JJIEKTPOABUTaTEs €

KOPOTKO3aMKHYTBIM POTOPOM

Hear padorbi: [lodyuyeHue ONBITHBIM IMyTeM  pabOYUMX  XapaKTEPUCTHUK
ACMHXPOHHOTO JABUTATENSI C KOPOTKO3aMKHYTHIM POTOPOM.
Ymenus:
- cOOMpAaTh MPOCTEMNIINE ITEKTPUUECKUE LEMH;
- BBIOMPATh DJEKTPOU3MEPUTEIBHBIE IPUOOPHI;
- OIIPEAENATh MapaMETPhl ANEKTPUUECKUX LIETIEH.
3HaHus (AKTyaJ Iu3anus):
- CYIIHOCTh (PU3NYECKUX MPOLECCOB, MPOTEKAIOIINX
B DJIEKTPUYECKUX U MAarHUTHBIX IIEMAX;
- MOCTPOEHUE ANEKTPUUECKUX LIETIEH, MOPSIOK pacyeTa UX NapaMeTpOB;
- CIOCOOBI BKIIFOUEHUS 3JICKTPOU3MEPHUTENBHBIX IPUOOPOB U METOIbl U3MEPEHUN
AIEKTPUUYECKUX BEITUYMH.
IIpuGops1 u 06opynoBaHue:
Crenp «DJIeKTpUUECKHUE MAIIMHbDY, IBUTATENh M2,
Teopernueckoe 000cCHOBaHUE

KOHCprKIII/IH ACHHXPOHHOI'O ABUTaTEJIdA ¢ KOPOTKO3AaMKHYTBIM POTOPOM.
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Tpexda3upiii aCHHXPOHHBIM JBUTATENb COCTOMT M3 JIByX OCHOBHBIX YacTe:
craTtopa u potopa. Crarop - HEMOABUIKHAS YaCTh JIBUTATEIIS, CIIYKUT I CO3JAHUS
BpalIalolEerocs MarHuTHOro nojisi. OH COCTOUT W3 KopIyca (CTaHUHBI), CEpACUYHUKA
u ooMoTku. Cxema coenuHeHusi Tpex(da3sHoM cTaTOpHONM OOMOTKM - 3Be3lla WIH
TpeyrosbHUK. Kopryc nuToil, cTtanbHOW M 4yyryHHbId. CepAaedyHHK coOupaercs u3
TOHKUX JIUCTOB 3JIEKTpOTeXHUYeckon cTanu. CoOpaHHBIC JHUCTHI CTald 00pa3yroT
NAKEeT CTAaTopa, KOTOPBIM 3alpeccOBbIBAE€TCS B Kopiyc craropa. Ha BHyTpeHHel
CTOpOHE CepJIeYHHKa 00pa30BaHbI MMa3bl, B KOTOPHIE YJI0KEHAa 0OMOTKa CTaTopa.

Porop cocTouT u3 CTalibHOTO Bajia, HA KOTOPBIM HAIPECCOBAaH CEPJICUHUK,
BBIIIOJTHEHHBIM, KaKk H  CEpACYHUK  CTaTopa, W3  OTHEJIbHBIX  JIHCTOB
AIEKTPOTEXHUYECKOW CTAIM C  BBIIITAMIOBAHHBIMU B HHUX Ma3aMmH.
Koporko3zamkHyTas oOMOTKa (Oenuube KOJIECO) TPEACTaBISeT Cco00Ml  psia
METAJTMYECKUX CTEP>KHEH (QTIOMUHUEBBIX WM MEAHBIX), PACIIOJIOKEHHBIX B Ia3zax
CepACUYHHUKA, 3aMKHYTBIX C ABYX CTOPOH KOJIbIIAMH.

Ban poropa Bpamaercs B NOANIMINHUKAX KayeHUs. PacrojoKeHHBIX B
MOAIIMITHUKOBBIX MmUTaX. OXJaXJIeHUe ABUTATENS OCYIIECTBISETCS METO0M
MOBEPXHOCTHU KOPIyca IEHTPOOEIKHBIM BEHTUIISITOPOM.

IpuHuun gecTBUs.

MarnutHoe mMoJie cTaropa IMepeceKaeT MPOBOJHUKUM OOMOTKH poTOopa U
HAaBOJUT B HUX TMEpeMeHHYI0 3.1.c. [lockonmbky oOMOTKa poTopa 3aMKHyTa, 9Ta
3.]1.C. BBI3BIBAET B HEW TOK TOrO K€ HANpaBJiE€HHs, 4YTO W 3.1.c. B pesynbrare
B3aMMO/JICHCTBUSL TOKAa POTOpPA C BPAIIAIOUIMMCS MArHUTHBIM IIOJIEM BO3HUKAET
ANEKTPOMArHWTHAasl CWja, JACHCTBYIOIIAs HA MPOBOAHUKU poropa. Cuia co3agaer
BpAIIAIOIINI MOMEHT, JCHUCTBYIOIIHUM B Ty %€ CTOPOHY, YTO U CHJIA.

[Tox nevicTBueM MOMEHTa BpallleHHs] pOTOP MPUXOJIUT B ABMKEHUE U TMOCie pazdera
BpalllaeTCsl B TOM K€ HANpaBJIE€HWHU, YTO WU MAarHUTHOE MOJI€ ¢ HECKOJbKO MEHBIIECH
4acTOTOM BpaIllleHUsl, 4YEM TOoJIe: np = (0,92...0, 98)n,

rie Ni - 4YacToTa Bpall€HUs MarHUTHOTO MOJISI CTaTOpa, WM CUHXPOHHAs 4acToTa
BpAaIlICHUS;

Nz - 4acToTa BpalleHusl poTopa.
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CuHXpOHHas 4acToTa BpalleHus ompenaeisiercs dactoroi Toka  (f1) mcTounmka

60 ]
MATAHUS JBUTATENS U YUCIIOM Tap HoJIIocoB cTaTopa (p): n, = % (vun 1)

Yacrota BpalllCHUA pOTOpa OIIPCACIISACTCA CKOJIBKCHUCM !

nz=ny(1 -S),
n{i—m
rae S - CKOJIbXEHHE: s = %
1

XapakTepuCTUKH JBUTATEJIS.
Paboune xapakTepUCTUKN aCHHXPOHHOTO JIBUTATEIIS.
Paboune XxapakTepuCTUKH TMPEACTABIAIOT CcO000W rpaduyeckue 3aBUCHUMOCTU
mapaMeTpoB JaBUTATENs OT MomHocTH Ha Bay: N = f(P,); M = f(Py); cos ¢1 = f(Py);
n = f(P2).
3amanue : CoOpath MEKTPUUECKYIO CXEMY OIbITa COTJIACHO PUCYHKY 1.
IHopsOK BbINOJIHEHHUS Pa0OThI:
X0J10CTOH XO011.
1) Brurounte crenn tymonepom «Cetb» S1, cxemy 1a00paTopHON yCTaHOBKH
TymMOJIepoM S2, aCHHXPOHHBIN IBUTaTENb KHOMKON S4.
2) I'eneparop mocrosiHHOTO ToKa M1 He BKItouath (epembruku I11 u I12
oTcyTCcTBYIOT, peryistop JIATPa 11.1 B momoxenue «O» TymbOnep S6
OTKJIFOUEH
B aTOM pexxume u3MepsitoTes Cleayronme napaMmeTpbl JBUraTes:
® MOIIHOCTb XOJOCTOr0 X0/4;
® TOK XOJIOCTOT'O XO[a;
® HampsHKEHUE cTaTtopa.
[TapameTpbl 3aHeCTH B TaOUILy 1.

Tabnuna 1 — mapameTpbl ABUTATES

Ucp, B |q>, A PH, BT
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Pucynok 1 — Dnekrpudeckas cxema BKJIIOUCHHUS aCHHXPOHHOTO JiBUTaTens M2

Pexxum Harpy3ku aBurartesis.

BHUMAHHUE!  Ilepeo npoeedenuem pabdomout ybdeoumeco uUmMo 6ce
2anemmuvie nepexmouamenu JIATPoe¢ (T1, Tl.1, T1.3) ycmanosnenvt 6 no3.«Om.
IIpu paoome c oonogpaznvimu JIATPamu TI.1 u TI.3 ne oonyckaemcs
00HOB8peMeHHOoe ucnonvizosanue mpexgaznozo JIATPa T1.

1) Jns cHATHSA pabOYMX XapaKTEPUCTHK YCTAaHOBHUTE mepemMbIuky I11.

2) Bxirounte crern TymoOnepom «CeTb», cxeMmy J1a0OpaTOPHOH YCTaHOBKH

TymMOJIepoM S2, aCHHXPOHHBIN IBUTATENb KHOMKON S4.
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3)Tymbnepom S6 Brmounte JIATP T1.1 M ycTaHOBUTE €ro peryisarop B
noJsioxkeHue «50» 1 U3MEHsNTe Harpy3Ky reepatopa pesucropoM R1 (monoxenus 1-
6) u mpu HeobxoaumocTu noiayunth R1 = 0 ycranoButh nepembruky [12 . M3menss
nonoxxkenue perynsitopa JIATPa T1.1 MoXHO yBenM4MBaTh Harpy3Ky Ha acHUH-
XpPOHHBIM JBUTaTeNlb, MPU NPOCKAIb3bIBAHUU IMACCHKA IO IIKMBAM YMEHBIIUTH
nHanpspkenue JIATPa. Jlannbsie n3mMepeHuii 3aHeCTH B Ta0uILy 2.

Tabymia 2 — IlokazaHus n3MepeHHit

N3mepenust Bobruuciaenust
JlBurarenp ['eneparop
Uns InB Po n, Ur Ir P M S N8 nr COSQ
B A BT MHH " B A BT Hm - - - -

4)BBINOIHUTH PaCUYETHI.
5) [locTpouTts rpadmku XapaKTEPUCTHUK.
6) CnenaTh BBIBOJ.
4. KoHTpO/1bHBIC BONPOCHI.
1)[Touemy B MOMEHT ITyCKa TOK CTaTOpa HAauOOJIbIITH?
2) KakoBbI c1tocoObl CHH)KEHHSI ITyCKOBOTO TOKA?
3) OT KaKuX MapaMeTpOB 3aBUCUT MOMEHT BPAIIICHUS JIBUTATEIs?
4) Kak U3MEHUTCS BpAIAlOLIHi MOMEHT JBUTATEIIS, €CIIH HAMIPSKCHUE B CETH

cuusurcd Ha 10%?

JlabopaTtopnasi paGora Ne 6
«HMccneqoBanmne cxeMbl pejieiiHO-KOHTAKTHOI'O YIIPABJICHUA

TpeX(l)af{HbIM ACMHXPOHHBIM ABHUTATEJIEM)>

Heab paGorbi: OcBoeHuE  anropuTMa  JAWCTAHUMOHHOIO YIPABIICHUS

Tpex(pa3HbIM aCUHXPOHHBIM JIBUTATEJIEM.
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YMeHus:

- IPOM3BOJUTH PACYETHI MPOCTHIX NIEKTPUUECKUX LIETICH;

- pacCUMTHIBATh MAPAMETPhI PA3JIMYHBIX AIEKTPUUECKUX LIETIEH U CXEM;

- CHUMAaTh [TOKa3aHUs U MOJIb30BaThCS AIEKTPOU3IMEPUTEIBHBIMU TPUOOpAMU U
MIPUCTIOCOOICHUSIMU.

- TMPaBWIBHO SKCIUTyaTUPOBATH 3JEKTPOOOOPYAOBaHME M  MEXaHU3MBbI
nepesadn ABMKEHUS TEXHOJOTHYECKUX MAllUH U alaparTos.

3HaHuA (aKTyaJan3anus):

- YCTPOMCTBO, NPUHIMO JEHCTBHA M  OCHOBHBIE  XapaKTEPUCTHKHU
AJIEKTPOTEXHUYECKUX IPUOOPOB,;

- OCHOBHBIE IpaBHUJIa SKCIUTyaTalluud »3JIEKTPOOOOPYAOBAHUS U METOJbI
WU3MEPEHHUS DIIEKTPUUECKUX BEIUYNH;

IIpuGopsl 1 060pyaOBaHKE:

1) Wcrounuk nutanus - Tpexdasnas cetb 220 B, 50 I'n

2) TpexdasHblii aCHHXPOHHBIH JBUTATEIh C KOPOTKO3AMKHYTBIM POTOPOM —
AOIJI-22-4 220/380 B 50 I'tt ; P, =400 Bt; n=1400 06/mMun

3) MarHuTHBIH MMycKaTelb

4) Toct ynpaenenus - [IKE - 222 - 2V2

5) Ammepmetp Toka - 5 A.

Teopernyeckoe 000cHOBaHHE

Annapatrypa KOMMYTAIIMH U yIIPABJICHUS.

ABTOMAaTHYECKOE YIPABJICHHUE 3JIEKTPOABUTATEISIMA U IPYTUMH IPUEMHHUKAMU
ANEKTPUYECKOM SHEPrUM OCYLIECTBISIIOT IIyTEM HPHUMEHEHUS B 3JIEKTPUYECKUX
LEMSIX Pa3jMyHbIX allapaTroB, IPU IOMOIIM KOTOPBIX OCYIIECTBISIOT IIYCK,
PETYJIMPOBAHUE YACTOTHI €r0 BpALIEHUs, TOPMOXKEHUE , OCTAHOBKY JBHUIaTelieH, a
TaKkKe UX  3allUTy OT TNeEeperpy3ok M KOPOTKUX 3aMbikanuil. Haubombiiee
MpUMEHEHUE Ccpeau MOJO0OHOro poja YCTPOWCTB MOJYYHIIM KOHTAKTOpbI, pele,
MarHuUTHbBIE  ITyCKaT€IW, IyTEBbIE W  KOHLEBBIE  BBIKIKOYATENH, KHOIIKH,

MPENOXPAHUTEIN U T.II.
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VYrpaBnsate Tpex(da3HbIM ACHHXPOHHBIM JIBUTATEIEM C KOPOTKO3aMKHYTHIM
pPOTOPOM MOKHO IPU ITOMOIIM MArHUTHOIO ITycKaTens. MarHWTHbIE ITyCKaTelu
MIPEACTABIISIIOT COOOM COBOKYIHOCTh KOHTAKTOPa M TEIUIOBBIX PENE, YCTAHOBIEHHBIX
Ha OTHOU IaHEJH.

Konrakropsbl.

KOHTakTOpOM Ha3bIBaIOT KOMMYTAallMOHHBIM 3JIEKTPOMATHUTHBIM ammapar, y
KOTOPOTO BPYYHYIO MPOM3BOAAT IEPEKIOYEHWE B LENH  YIPABICHHS, a
IIEPEKIIIOYEHNE B TIJIABHOM LENH IPOUCXOJMUT aBTOMATUYECKU. KOHTaKTOpBI
NpEeAHA3HAYEHBI I YacThIX BKJIIOUYECHHM M OTKIIOUEHUH 3JIEKTPOYCTAHOBKH IOJ
Harpy3koit (mo 1500 BkItOUeHHH U OTKIIOYEHHH B  4ac). Y CTpoincTBO

ANEKTPOMATHUTHOTO KOHTAKTOPa MPEJACTAaBICHO HA PUCYHKE 1.

PucyHok 1 — D51eKTpOMarHuTHBIM KOHTaKTOP.

[Ipy 3aMbIKaHMM KHOIIKM YIIPaBJICHHs | B LENM YNpaBiIeHUS, T.€. KaTylIKe 2,
BO3HHUKAET TOK, KOTOPBIA CO3MA€T B CEPACYHUKE 3 MArHUTHBIM TMOTOK W
AIEKTPOMArHWTHAs CUJIa NPUTITUBAET SIKOPb 5 K CEpACUHHMKY 3.MarHuTHbBIA MOTOK
3aMBIKAETCsl IO MAarHUTOMPOBOTY, COCTOSIIIIEMY U3 CepACYHUKA 3, AKOps 5 U CKOOBI 8.
Korga sikopp ONpUTSHYT K CEpACYHUKY, 3aMBIKAIOTCS TJIABHBIE KOHTAaKThl 4, depes
KOTOpbIE  3amuThIBaeTCs oOMOTKa  crtatopa. OIHOBPEMEHHO  MPOMCXOIUT
nepekyroyeHrne OJIOK — KOHTakToB. YMcCio OJOK - KOHTAKTOB MOXET OBITh
paziuuHbIM. X BKJIIOYAIOT B 1IEMb YNPABJICHUS TAHHOTO KOHTAKTOpa WU APYroro
annapata. Ha sJekTpruecKMX cXeMax KOHTAaKTOphl O003HA4yaloTCsd B HCXOIHOM

obecroueHHoM coctosiHuu coriacHo ['OCT 2.755 (tabmuma 1).
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Peute

Pene — 3710 ammapatbl, KOTOpbIE MPOU3BOAAT AaBTOMATHUECKOE MEPEKITIOUEHUE
KOHTAKTOB B IICTIM YIIPABIICHHSI JPYTOTO armapara.
TemnmoBble pene mpenHa3HA4YEHBI IS 3alIUTHl OOMOTOK JBUTATENs OT IJIMTEIbHBIX
neperpy3ok Ha 10-20%. KoHcTpykTuBHasE cxema TEIUIOBOTO  pele ¢

OMMEeTaUIMYECKOM MIACTUHOMN MpEeCTaBlIeHa Ha PUCYHKE 2.

Pucynok 2 — TermmoBoe peine

HarpeBarenbHblid 351eMEHT | BKJIIOYAIOT MOCHEAOBATEIBHO C BJIEKTPUYECKOM
LENbIO, KOTOPYK) HAA0 3amumarb. HarpeBarenbHbI 3JIEMEHT HArpeBacT
PACIIOJIOKEHHYIO  PSJOM  OMMETAUIMYECKYl0 TulacTUHY 2. buMeramidueckas
MJIaCTUHA BBITIOJIHEHA W3 JIBYX CJOEB METAJUIOB C Pa3HbIMU KO3 UIIMEHTaAMU
pacliMpeHus, MNO3TOMY MpPU HArpeBaHUM  OHA BBIIPSIMISECTCS, W pblyar 3
ocBoOoxmaercs. [lon meficTBueM MpyXUHBI 6 phlUuar MOBOPAYUBAECTCS U Pa3MbIKACT

KOHTAKThI 5 B LIENH YIIPABJICHHUS.

32



Ta6nuna 1 — I'paduyueckoe 0603HaUEHNE KOHTAKTOB

OGoana-
Hamvmenosanue azemenTa genue
KorTakTr koMmMmyTH- 3aMBIKAIOIIHI _— —
pymme cTpoiicTBa
(obmee oG%anaqenne) PA3MBIKAIOIIHE \;

e PEeRII0IAT0 j
BrikmouaTens OHOIIOJIIOC _—

I

—— 1

TPEeXTIOJIIOCHBIH

TPEeXIOJIIOCHEIN

Ilepexmouarens OAHOIIOJTIOCHEIH _/"_
ARR

ABYXIIOMIOCHBIN TPEXIIO3UITHOHHBIN | | I l

¢ HefTPAIBEHEIM MOJOKEeHHEM %=%

Passenunanrens —_—
jo4YaTes b HArpy3KH —/oi—
BrikmiogaTes aBTOMATHIECKHI _/G'_
Kaonkn ynpasnesus C 3aMBIKAIIIIM KOHTAKTOM _']]1_
C Pa3MEBIKAIAM KOHTAKTOM —'-H:r
KouTakT rmaBHOM nenu | 3aaMBIKAOMUNT —
KOHTAKTOpa, MArHUTHO-
ro nycKaTesas PA3MEIKAOITHL N—
3aMBIKAIIAN AyroracHTe IbHEIN —/d>
Pa3MBIKAIIAN JYroracHTe IbHEIN ﬂf?
KonTakTr Tenmosoro perne H6e3 camoBoaBpaTa (¢ Bo3aBpaToM o
HaKaTHeM KHOIIKH) j_,
KoHTakT 3aMBIKAaOmMAi | IpH 3aMEIKAHHH _JL

C BELIEP7KKOM BpeMeHH

IIpH pasMEIKAHHH J




3amanue: BpIMoaHUTE cXeMy COOpPKM JAMCTaHIIMOHHOIO  YIIPaBJICHMS
Tpex(ha3HbIM aCHHXPOHHBIM JIBUTATEIIEM.
IopsoK BbINOJIHEHHUS PAadOTHI:

1. CoOpats cxemy anektponasurarenst (pucyHok 3). IlpenbsButh cxemy uis
MIPOBEPKH TPETIOaBATEINIO.

2. Bxmounts ceth BeIKItouareem QF.

3. Bkmrouutes aBuraTtens ¢ moMolnblo kKHonku SB2. YOegurcsa B ToM, 4TO mocie
OTITyCKaHHWSI KHOIKHM JBUTATeNh MpoJoDKaeT paborats. I[lpocmeauts 3a
cpabaThIBaHHEM MarHUTHOTO ITyCKaTEeIs.

4, OTKIOYNTHh JABUTATENb C Momolnbio KHomku SB1. Ilpocnenuts 3a paboToit
MarHUTHOTO TTyCKaTeIIs

5. OrxmrouuTh 650K - KOHTaKT KM. BKiIroUnTh IBHTaTeNh C MOMOIIBIO KHOIKU
SB2. IIpocmeauts 3a paboToit cxeMbl. [logkmounTts 6710k - KOHTaKT KM.

6. IlpomsBecTu peBepc ABUTATENS, MMOMEHSB MECTAMU JIBAa JIFOOBIX JTMHEHHBIX
IpoBOIa

7. Harpyxas aBurateib TOPMO30M, JOOUTHCS €T0 OTKIIOUCHHUS TCTUIOBBIM pelie
BHOBB 3anmycTUTh ABUTaTElb, YCTPAHUB IIEPETPY3KY.

8. BBIKIIOYNTE CEeTEBOC MUTAHHE.

9. Cpemaiite BBIBOIBI.

T g ]
KM_] L

PucyHok 3 — cxeMa BKJIIOUEHHS ABUTATENS
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KoHTpoJibHBIE BONPOCHI

1) OOBsicCHUTE MPUHIIKMIT PAOOTHI MATHUTHOTO MYCKATEIS.

2) KakoBo Ha3HaueHne OJIOK - KOHTAKTOB MAarHUTHOTO ITyCKATEsI?

3) MoXHO 71 UCIOJIb30BaTh TEIJIOBOE peJie ISl 3allUThl MOTPEOUTENs Mpu

KOPOTKHUX 3aMbIKaHUAX ?

JlabopaTtopnasi pa6ora Ne/
HccnenoBanue morynpoBoIHUKOBOIO 1HOA
Heas paGorbl: OcBoeHHME METOJOB CHSTHUS BOJBT —  aMIIepHOMN
XapaKTEPUCTUKU JIMOJa W aIrOpUTMa pacuera CONPOTUBICHUN NpPHU TPSIMOM U
00paTHOM BKJIFOUCHUH.
YMeHus:
- cOOMPATh MPOCTEHIIHE FICKTPUICCKUE TIETTH;
- BBIOMPATh 3JIEKTPOU3MEPUTEIbHBIE PUOOPHI;
- OIIPENIEIISATh MapaMeTPhl AIEKTPUUECKUX TETIeH;
- TTOJIK30BATHCS AJICKTPOHHBIMU MTPUOOpPaAMU M 000PYAOBAaHUEM.
3HaHus (AKTyaJu3anms):
- MPUHIHUI PabOTHI ¥ XapaKTEPUCTUKU JICKTPOHHBIX MPUOOPOB;
- CYIITHOCTh (PU3NYECKUX MPOIIECCOB, TPOTEKAIOIITUX
B DJICKTPUYECKUX M MATHUTHBIX LIETISX;
- TIOCTPOEHUE AIEKTPUUECKHUX IIETICH, TOPSJIOK pacyeTa UX mapaMmeTpoB;
- CIOCOOBI BKITFOUCHHUS JICKTPOU3MEPHUTEIBHBIX MPUOOPOB U METOIBI U3MEPEHUN
ANEKTPUYECKUX BEJIMUKH.
IIpuGops1 u 06opyaroBaHKE.
1. Jlaboparopnsiii ctera «IIpoManekTponnukay, 6ok Nel, cxembr Alu A2;
2. [Tpubop anmexTpon3MepuTensHblii MHOTOQYHKITMOHANBHBIA 114317.3.

3. CoeqMHUTEILHBIE TTPOBOIA.
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Teopernueckoe 000cHOBaHHE

I[HoynpoBOAHUKOBBIM JHOAOM Ha3bIBaeTCs NpUOOpP C JABYMSI BBIBOJAMHU,

coJiepKaluii O1H JIEKTPOHHO-IBIPOYHBIN MEPEXOI.
PaboTa monynpoBOAHUKOBOTO BBIIPSIMUTENILHOTO IMOJa OCHOBaHAa Ha CBOICTBE P-N-
nepexoja MPONyCcKaTh TOK TOJABKO B OJHOM  HampaBieHuu. (OCHOBHOM
XapaKTEPUCTUKON TMOJYIMPOBOJHUKOBBIX JUOJOB SBJISIETCS BOJBT - aMmIlepHas
xapaktepuctuka (BAX)- 3aBucuMocTh TOKa dYepe3 JuojA OT MNPUII0KEHHOTO
HaTPsDKCHUS.

IIpsimoe BKJIIOYEHME THOA.

[IpunoxeHHoe HAMpPsHKEHUE HA3bIBACTCS MpsAMbIM, €CHU IUIOC HCTOYHUKA
MOAKIIOYAETCS K TOMYNPOBOAHUKY P —THMa (aHOAY), @ MUHYC K TOJYIPOBOIHUKY N
— tuna (karony). Ilpu mpsiMoM BKIIIOYEHUH TOK IOTEYET TOJIBKO TOTJa, KOIAa
HaIpspKeHUe NpAMoro BkItoueHUs Uy, NpeBBICUT MOTEHIMANbHBIN Oapbep. BricoTa
MOTEHIIMANIBHOTO Oapbepa 3aBUCUT OT TUNa mnoiynpoBoanuka: 0,3 B jmus

I'CpPMAaHHUCBLIX U 0,6 B AL KPEMHUCBBIX ITOJYIIPOBOJIHHUKOB.

Oo0OpaTHOe BKJIIOYEHHE THO/A.

[TpunoxeHHoe HaNpsKEHUE HA3BIBACTCS 0OpamubiM, €CIM MUHYC MCTOYHUKA
MOJIKJIFOYAETCs K MOJYTIPOBOJHUKY P —TUMa (aHOAY), a IUIFOC K MOJYIPOBOIHUKY N —
tuna (katony). [lpu oOpaTHOM BKIIIOYEHHH MOTEHUUATIBHBIN Oapbep JUisi OCHOBHBIX
HOCHUTEJIEW 3apsAl0B  YBEIWYMBAETCSA, MO3TOMY OHHM HE MOTYT €ro Ipeo0JETh.
[IpakTuuecku oOpaTHBINA TOK 00yCIOBICH Apei(POM HEOCHOBHBIX HOCUTENEH 3apsiI0B

(ToKOM Apeiida), TOITOMY SBISICTCS HE3HAYUTEIBLHBIM.

A1!+3080 X106pathoe BKIIOUEHHE
X5 3 A2

Pucynok 1. — I[IpsiMoe 1 06paTHOE BKIIOUEHUE IHOJIOB
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BoJubT - aMniepHasi XapaKTepPUCTHKA.

Jns cpaBHeHus Ha pucyHke 2.1 mpuBeneHsl Tunoslie BAX repManueBoro u
KPEMHHEBOTO JM0A0B. KpeMHHEBBbIE AMOJBI HMMEIOT BO MHOIO pPa3 MEHBIIUE
oOpaTHbIE€ TOKM MPU OJAMHAKOBOM HANpPsDKEHHHM, YeM repmaHueBble. Jlomyctumoe
oOpaTHOE HaIpsHKEHHE KPEMHUEBBIX AM00B MoxeT gocturarh 1000-1500 B, B TO
BpeMsl KaK y T€pMaHUEBBIX OHO JIeKUT B nipenenax 100-400 B. KpemuueBbie 1uoabl
MOTYT paboTaTh Ipu Temmeparypax oT -60 mo +150°C, a repmanueBsie - oT -60 10
+85°C. Orto o00ycnoBieHO TeM, 4YTO MNpu Temreparypax Bbime 85° C pesko
yBEJIMUMUBAECTCS  COOCTBEHHass  MPOBOJUMOCTh  T€pMaHus, MNPUBOAAIIAS K
HEJOIyCTUMOMY BO3pacTaHUI0 OoOpaTHOro Toka. BmecTte ¢ TeM mpsimoe majeHHe
HallpsOKEHUST Yy KPEMHHEBBIX JHOJOB OOJbIle, YeM Yy TE€pPMAaHHMEBBIX. OTO
OOBSICHSIETCSI, UYTO Yy TEPMAHUEBBIX JUOJOB MOXKHO TMOJYYUTh BEJIUYUHY
CONPOTHBJIEHUS B PSIMOM HAIIPaBJICHUH B 1,5-2 pa3a MEHBIIYIO, YEM Y KDEMHUEBBIX,
IIPU OAMHAKOBOM TOKE Harpy3ku. lloatomy MmomHOCTB, paccemBaemasi BHYTPH
Tr€pMAHMEBOr0 JAMOJ1a, OKa3bIBAETCS BO CTOJIBKO )K€ pa3 MeHbLIE. B cBsA3M C 3TUM B

BBINIPSMUTENBHBIX YCTPOWCTBAX HU3KHUX HAIPSHKCHWM BBITOJHEE IPUMEHSTH

IE€PMaHUEBBIEC TUOBI. [frp,/d A / 2
03+ 1| 1
o
0,2 /
o1+ /I
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Pucynok 2. - CpaBaurensubie BAX xapaktepucTuku repmManueBoro (1) u

KPEMHUEBOTO (2) TUOA0B.

3ananme 1: CHATh oKa3aHus npsimoit BeTBu BAX nuona.
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IHopsinok BbINOIHEHHS PadOThI

1. BKJIIOYUTH CTEH]T B CETh, TIOCTABUB CeTeBOM TyMOjep B mosioxkenue BKII.

2. Ha oqHOM M3 HCTOYHMKOB ITUTaHus JJabopatopHoro creraa (V1 wiu V2) ¢
NOMOIIBIO PYYKH BBICTABUTH HAIpsDKEHUE 5B, N3MepuB €ro MyJIbTUMETPOM Ha
npenene uamepenuit 20B.

3. Beiximrounth ceTeBoit TymoOIIep .

4. Pyuky norennromerpa R1 nmoBepHyTh IPOTUB YaCOBOM CTPEIKU JI0 YIOpPA.

5. [logate nuTaHue Ha UcciaeayemMyro cxeMy: «+» Ha X1, «-» Ha X2.

6. IlogkmouuTh uU3MEpUTENbHBIE NPUOOPHl € YKa3aHHBIMU MpEJeIamMu
M3MEPEHUS COINIACHO MHEMOCXEMBI, COOJTI01asl YKa3aHHYIO MOJSIPHOCTD.

7. Ilocne mpoBepKU CXEMBbI MPENOIABATENEM BKIIOYUTh CETEBOI TyMOIep.

8. IloBopaunBas pyuxky noreHimoMerpa R1 mo uyacoBoil cTpenke, U3MEpAThH
NpsIMOE HaIpsHKEHUE [UOoAa B Mpeaenax, yka3aHHbIX B Tabmune 1, duxcupys
3HauYeHUs Toka yepe3 kaxasie 0,1 B. Pe3ynbrarsl uamepenuii 3anect B Tadauny 1.

Tabnuua 1 — Pe3ynpTaThl H3MepeHui
Uyp, B 0 0,1 0,2 0,3 0,4 0,5

lop, MA

9. BBIKTIOUNTH CETEBOM TyMOJIED.
3amanue 2: CHaTh noka3anus oopaTtHoi BeTBu BAX nuona.
IHopsinok BbINOIHEHHS PAadOTHI

1. Ha  o0oux  UWCTOYHMKAX  TUTaHUA  JabOpPaTOPHOTO  CTEHHA
«IIpomaniektpornka» V1 u V2 BBICTaBUTh MaKCUMAJIbHBIC HAMPSKEHUST TUTaHus 15
B, moBepHyB pydkH 1O 4YacoBOMl crTpenke A0 ynopa. CoeIMHUTh HCTOYHUKHU
MOCJIEIOBATEIHLHO , yCTAHOBUB Hamnpsbkenue 01oka 30 B.

2. Ilonatp HanpspKEHWE MUTAHUS HA UCCIEAYEeMYIO CXEMY: «+» OT UCTOYHHUKA
V2 na knemmy X1, «-» ot ucrounrka V1 Ha knemmy X2.

3. Pyuky norenunomMerpa R2 noBepHyTh IPOTUB YACOBOI CTPEIKU JI0 YIOPA.

4. TlogxmouuTh W3MEPHUTENbHBIE TPHOOPHI € YKa3aHHBIMH TIpeeIamMu

M3MEPEHHUI COTJIACHO MHEMOCXEMBI, COOJTI0/Iast YKa3aHHYIO TOJISIPHOCT.
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5. [locne nmpoBepku mpenojaBaresneM BKIIOUUTh CTEH]T B CETh.
6. [loBopauuBas pyuky moreHuuomerpa R2 mo yacoBoil cTpeske , U3BMEHSTh
oOpaTHOE HamNpsKEHUWE HA JIMOJIE B MpelesiaX, YKa3aHHbIX B TaOnuie 2.3HauyeHUs

oOpaTHOro Toka HeoOXoaAuMo (PUKCHpOBaTh Kaxablie 5 B, pe3ynbraThl u3MepeHui

3aHECTH B TaOIHIy 2.

Tabsuua 2 — Pe3ynpTaThl H3MepeHui
Uosp, B 0 5 10 15 20 25

| o6p, MKA

7. BBIKITIOUUTH CETEBOM TyMOJIED.

8. ITo manubM TabuI 1 u 2 moctpouth BAX nauona.
9. BeInmosHUTH pacueTsl conpoTuBieHUH Ryp 1 Rogp.
10. CnenaTh BBIBO/I.

KOHTpOJILHLIe BOIIPOCHI.

1. Ha3panue BeMWYMH TOTCHIMAIBHBIX OaphbepoOB TEPMAHUEBOTO U
KPEMHHUEBOTO U MOJYIPOBOIHUKOBBIX JHOJI0B?

2. Kak BBINOJHUTH MPsIMOE BKIIFOUEHUE Truoaa?

3. Kak BeImoHUTE 00paTHOE BKITIOUEHUE q101a?

4. Tlouemy mipu OOpaTHOM BKJIIOYEHHUH IUOJAa TOK 4Yepe3 HEro HaMHOTO

MEHBIIIE, YEM IPU MPSIMOM BKIIFOUCHUU?

JlabGoparopHasi pabora Ne 8
HccaenoBanue padorbl 04HOGA3ZHOT0 BHINPSIMHUTEJIS
Heap padorbi: OcBOEHHME METONOB M3MEPEHWMH W alNropuTMa pacyera

Ka4CCTBCHHBIX XAPAKTCPHUCTUK BBIIIPAMIICHHOI'O HAIIPSKCHUA IIPU HMCITIOJIB30BAHUUN

Pa3HBIX TUIIOB (PHIIBTPOB.
YMmenus:
- cOOMpaTh MPOCTEHIINE IIECKTPUICCKUE TETTH;
- BBIOMpATh JIEKTPOU3MEPUTEIHHBIE PUOOPHI,
- OTIPEICIIATH IMapaMeTPhl ANEKTPHUCCKUX IICTICH;
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- MIOJIb30BATHCSI AJIEKTPOHHBIMHU IPUOOPAMU U 000PYIOBAHUEM.

3HaHus (AKTyaJu3anms):

- IPUHITATT PAaOOTHI M XapPAKTEPUCTUKHU AIEKTPOHHBIX MPUOOPOB;

- CYIIHOCTh (DU3WYECKUX IIPOIIECCOB, MPOTEKAIOIIUX B JJICKTPUUYCCKUX H
MAarHUTHBIX IETIX;

- MOCTPOEHUE AIEKTPUUECKUX IENeH, TOPSIIOK pacueTa UX MapaMeTpoB;

- CIocoOBl BKIIIOYECHHUS DJCKTPOU3MEPHUTEIBHBIX IPUOOPOB M  METOIBI
M3MEPEHUN PIIEKTPUUECKUX BEITUYUH.

IIpudopsl u 000pyn0BaHUE:

1. JTaGopartopusiii cteny «I[IpomanekTponukay, 610k Ne§.

2. Ocuunorpad C1-159.

3. CoenuHuTeNBHBIC TPOBO/IA.

Teopernueckoe 060cHOBaHUe

OCHOBHBIE OHATHS 0 CIJIAKMBAIOIIUX (PUILTPAX.

[Ipu paccMOTpeHHMM CXeM BBIIPSMUTENCH OBUIO  yCTaHOBIIEHO, YTO
BBITIPSIMJICHHOE HAIPsDKCHUE BCETIA SBISETCS MyJIbCUPYIOIIMM U COJCPKUT KPOME
MTOCTOSTHHOW TIGPEMEHHBIC COCTABIIAIONIKE. B OOJIBITMHCTBE CITydaeB MUTAHUE CXEM
MPOMBIIIUICHHONW  DJIGKTPOHUKH  IMYJbCUPYIOIIEM HAMpPsHDKEHUEM  HETPUEeMIIEMO.
JlommycTuMble 3HaYeHUs  KOI(PQUIIMEHTA IyJIbCAllMM 3aBUCAT OT Ha3HAYCHUS W
pexuMa paboThl YCTpOCcTBa; ux BeiOMpatoT B npeaenax 0,001 - 2,5%. [lockonbKy B
0001 cxeme BBIPSAMUTENS KOIDPUIIMEHT MyJbcaluii BXOIHOTO HAMPSHKEHUS BO
MHOTO pa3 TIPEBBIMIACT JTH TPEAeTbl, Ha BBIXOJC BBIMPSIMHUTENICH BKIIOUYAIOT
CTJIQXKUBAIOIINE (PHIIBTPHI.

K cxemaMm crimaxuBaommx (GUIBTPOB MPEABSBISIIOT CICIYIONIME OCHOBHBIE
TpeOOBaHMUS:

1) ®uabTp A0KEH OBITh TOCTPOCH TAKMM 00pa30M, YTOOBI ¢ OJHON CTOPOHHBI,
MaKCUMaJbHO YMCHBIIMIINCH TEPEMEHHBIC COCTAaBJSAIOMIME, a C JpPYyrod He
MIPOUCXOIUIIO CYIIECTBEHHOTO YMEHBIIICHUSI TMOCTOSHHOW COCTABJISIFOIIEH, KOTOpas

npoxoauT 4epe3 ¢GuiabTp. [l09TOMYy OOBIYHO CXEMBI CriaXUBAIOIUX (QUILTPOB
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COJIEP/KAaT PEaKTUBHBIE COCTABJSIONIME (MHIYKTUBHOCTH U EMKOCTH) W JIMILIb NPHU
OUYEHb MAJIBIX MOIIHOCTSIX HAarpy3Ku MOTYT COJIEP>KATh U aKTUBHBIE CONPOTUBIICHUS.

2) [Ipu mepexoaHbIX mpoleccax B GUIbTPEe BO BpeMs BKIIOUCHUS HATIPSIKCHHUS
CETH WJIM Harpy3KH BEJIMYHHBI OPOCKOB HAIPSDKEHUS U TOKA JOJDKHBI HAXOIUTHCS B
JOITYCTUMBIX MpEAeax.

3) CobOcTtBenHass vactota ¢GuiIbTpa JOJKHA OBITH HIDKE YaCTOTHI OCHOBHOM
TFAPMOHMKH BBINIPSMIIEHHOTO HaNpsKEHUS BO U30€KaHUE PE30HAHCHBIX SBJICHUN B
OTJIETBHBIX 3BEHBAX (QUIIBTpA.

OCHOBHBIM IapaMETPOM MO3BOJSIOUIMM JaTh KOJUYECTBEHHYIO OLIEHKY
CTJIQXKMBAIOIIETO (PUIbTpa, ABIAETCA KOA(P(GUIMEHT CriakUBaHUs, KOTOPBIM paBeH
OTHOLIEHUIO KO3(p(ULKEHTa MylbCcalud Ha BXoJe (uibTpa K Ko3(PHUIHEHTY

IIyJbCallii Ha BBIXOIC (1)I/IJ'II>TpaI

n.evlx

OuJIbTPHI ¢ TACCUBHBIMM 3JIEMEHTAMHU.
Ponp mpocredmmx criaaxuBarommx (UIbTPOB MOTYT UIPaTh HWHIYKTHBHbBIE
KaTyIIK{, BKJIIOYEHHBIE TIOCJIENOBATENBHO C HArpy3Kol, M KOHJAEHCATOPHI,

BKJTIOUEHHBIE MapaJijIeIbHO Harpy3ke (pUCyHoK 1).

LRz

Ru Ce Rr

a) 0)
Pucynox 1 — I[Ipocreitmme GuabTphl: a) UHAYKTUBHBIN; 0) EMKOCTHBIN.

[Ipy wWcnonb30BaHWM MHAYKTHBHBIX KATyIIEK BBICOKMM KO3(hUIIMEHT
CTJIQ)KMBAHUSI MOXET ObITh JOCTUTHYT TPU YCIOBUH, UYTO HWHAYKTUBHOE

COIIPOTHUBJICHUC LCITU 3HAYUTCIBHO ITPCBLIIIACT €€ aKTUBHOC COIIPOTHUBJICHHUC!
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X =w-L>>Ry
rac w - 4aCcToTa OCHOBHOM rapMOHHKH BBIIPAMIICHHOI'O HAIIPSIKCHHA.

B 3TOM cityyae OCHOBHOE IajieHUE HANPSDKEHUS MEPEMEHHBIX COCTABIISIOMINX
MMpOUCXOJAUT HC Ha COIPOTHUBIICHUHW HAIPY3KHM, a4 Ha HWHAYKTHUBHOCTHU q)HJ’IBTpa
(apoccenst) OOBIYHO  HEBEJIMKO, HANPSDKCHUS  TOCTOSHHOM — COCTaBIIIOIICH
BBIIIPAMIICHHOT'O TOKa Ha BXOJIC q)HJILTpa M Ha HArpys3Ke MMpakTHU4ICCKU PAaBHbI.
NuaykTuBHBIA (QUIBTP MMEET MPOCTYIO CXEMy U OOECHeuMBaeT Majble MOTepU
MOIIHOCTH W MAaJlo€ W3MEHEHHE BBIXOJHOTO HAIPSDKCHUS TIPH HM3MCHCHUH
CONpPOTUBJIEHUS Harpy3ku. OnHAKO NpuU OBICTPOM YMEHBIIEHHH TOKA HArpy3KH Ha
3@KUMax JPOCceNsi BO3HUKAIOT KPAaTKOBPEMEHHBbIC OPOCKM HANPSDKEHUS, KOTOPBIE
MOTYT JOCTUTATh CYIIECTBEHHOTO 3HAYCHHUSI.

[TockoJIbKy WHIYKTHBHBIE (UIBTPHI O0OECIICYMBAIOT JIY4INEE CIrIaKUBAHUE
MyJIbCAllMM TIPU MAJBIX CONPOTUBJICHUSAX HArPy3KH, HX HPUMEHSIOT TIJIABHBIM
00pa3oM B MOIIHBIX BRIIPAMUTEIAX. [Ipy BKIIOUEHNN KOHAEHCATOpa NapaJlieIbHO
Harpy3Ke JUisl Ty4IIero CTIaKMBaHMS MMyJIbCalni EMKOCTHOE CONPOTUBIICHUE

JOJIDKHO OBITH 3HAYUTEIIFHO MEHBIIIEC AKTUBHOT'O COIIPOTHUBJICHUA:

D¢

B 53TOM ciydae KOHJIEHCATOp 3apspKaeTcsi dYepe3 AMOJ  BBIIPAMUTENS 0
aAMIUTUTYTHOTO 3HAYEHUS HANPSKEHUS Ha BbIX0J€ (QUIbTPA B TE MOMEHTHI BPEMEHHU,
KOTI'Jla HalpsKEHUE Ha BBIXOJIE (PMIIbTpA MPEBBIIIAET HANPSHKEHUE Ha KOHIEHCATOPE.

B ocranpHOE BpeMs KOHAEHCATOp pa3pspKaeTcsi Ha Harpy3Ky. 3HA4YeHHE
€MKOCTH BBIOMPAIOT TaKUM 00pa3oM, 4TOOBI 3a MEPUOJI KoJIeOaHUN HaNpsHKEHUs Ha
BbIXO/i€ (PUIIbTpa HANPSKEHUE Ha KOHJEHCATOPE CYILECTBEHHO HE U3MEHUIIOCH.

KomOunupoBanHbie (pUILTPHI.

Jlnst mosmydeHust 0osiee BBHICOKOTO Kod(uIMeHTa CriakKuBaHUS MPUMEHSIOT
KOMOUHHPOBaHHbIe (UIBTPBI, KOTOpble 0003HAYalOT MO KOHPUTYpaLUU
COCIMHEHUS JIEMEHTOB (QUIIbTpa:

* I' - o6pasnbie RC (PucyHnok 2a);
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o I' - oopasubie LC (PucyHok 20);
* I1 - o6paznpie RC (Pucynok 3a);

* I1 - o6paznpie RL (Pucynox 36).

a) 0)

Pucynox 2 — I' — o6paznbie punsTpsl: a) RC — punbtp; 6) LC — dpunsTp.

a) 0)
Pucynox 3 — I1 —o6pa3zubie punbTpel: a) RC — dunetp; 6) RL — dunbTp.

[[Iupokoe mpuMeHEHHE Ha MPAKTUKE HaXo T ' - oOpa3Hble MHAYKTHBHO-
€MKOCTHBIE (PUIIBTPBI, KOTOPBIE MPEACTABIISIIOT COO0M coueTaHue ABYX MPOCTEUIINX
(GuUABTPOB: UHAYKTUBHOTO U EMKOCTHOTO.

[Tpu BeimonHeHuu ycnoBus Xc<< Ry<< X, Takue GuiabTpbl 00eCIeuynBaOT
3HAUUTETBHO O0Jiee BHICOKHIA KOA(PPUIUEHT CriaXXuBaHUs MMyIbCalui, 4eM (PUIbTPHI
U3 OJHOW MHIYKTUBHOCTH WU EMKOCTH.

Bb100p KOHKpETHBIX 3HAYE€HWW WHAYKTUBHOCTH U EMKOCTH MPEJICTABISET B
JAHHOM CJIy4yae He MaTeMaTHYECKYI0, & TEXHUYECKYIO 3a7auy. OObIYHO €€ pelaroT C

y4E€TOM JIOTIOJIHUTENLHBIX YCIOBUM, K KOTOPBHIM OTHOCSITCS Ta0apUTHBIE pa3MEpHI,
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Macca U CTOMMOCTh (PHIIBTpa, a TaK K€ BEIMYMHA JOIMYCTUMOTO OpOoCKa TOKa IMpH
BKiIroueHuu. boinee apdexTuBHbIMU sIBIsIIOTCS [T -00pa3Hbie GUIBTPHI.

Jlyqmnii pe3yibTaT CriaXHBaHHS IOJYYal0T C TMOMOIIBI0 MHOT03BEHHBIX
(GpUIABTPOB, COCTOSIINX U3 HECKOJIBKHX TOCIEI0BATEIHHO BKIFOUEHHBIX | -00pa3HbIX
nn 1 - 06pa3HbIX (GUIBTPOB.

OOmuit  KO3(PGUIMEHT CrIaKMBaHUS MHOTO3BEHHOTO (MIbTpa PpPaBeH
MIPOM3BENICHHUIO BeeX KOI(D(PHUIIMEHTOB CTIaKUBAHUS OT/ICIHHBIX 3BEHBEB:

Kcr=Kcri Kerz *Kcrn
Cpenu mepedyucieHHbIX TPeOOBAHMM, MPEABIBISIEMBIX K CrIaKHUBAIOIIUM

(I)I/IJIBTpaM, oTMCHaJIaCh H€06XOIII/IMOCTI> OI'PaHUYICHUA COOCTBEHHOM 4YaCTOTHI

1
vJLC

3ananue: [loaKIIOYUTE CXEMBI COTJIACHO PUCYHKY |

bunpTpa wo yCIOBUEM @, = <

INRES

4
, OTKyma CL> p

Ne Cxema Ocunsiorpamma Ug | Un [ Ky | Kea
onbiTa max
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Pucynok 1. — CxeMbl NOAKIIOUEHU N
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Iopsinok BeINOJTHEHUS] PadOTHI.

1. BkimrounTe CTEH B CETh.

2. KonnyecTBO OMBITOB COOTBETCTBYET KOJUYECTBY CXEM.

3. CoenuHuTe TPOBOJAMHU JIIEMEHTBHI CXEMBI, COOTBETCTBYIOUINE TaHHOMY
onbITy. [logkiounTe K BBIXOLy CXEMBbI OCLIMILIOrpad U BOJBTMETP.

4. B BbIOpaHHOM MacmTade pPa3BEPTOK H300pa3uTe OCIUILIOTPAMMBI
BBIIPSIMIICHHBIX HANPSDKEHHM, ONPENEINTE aMIUIUTYLy IEPEMEHHON COCTABIIAIOIIECH
BBINPSMIICHHOTO HanpsbkeHus. J[aHHble 3aHecuTe B TaOIULLy.

5. Ilo BOJABTMETPY ONpPENETUTE BEIMYHUHY CPEIHErO BBIIPSIMIEHHOTO
HanpspbkeHus: Uy, Pesynbrar 3anecure B Talnuiy.

6. Beruuciaure koadpdunmentsl myibcarmuii K, u crnaxuBanms Ko, ams
KaXX70ro (puibTpa.

7. CpenaiiTe BbIBOJ O KAYECTBE BBHIMPSIMICHHOTO HAIPSKEHHUS.
KoHTpobHbIE BONIPOCHI:

1) Tlocine xakoro Tuna GuiabTpa MyJIbCAIHSI MAKCUMAIIbHA?
2) Kakwue Turbl GUIbTPOB MOKHO IPUMEHSITh TOJIBKO B MaJIOMOIITHBIX
BBITIPSAMUTENAX ?

3) Haszowute GWIBTpPHI, IPUMEHSBIIHECS B padboTe?

JlabGoparopHasi pabora Ne 9

HccaenoBanue GpopmMbl BBIXOJHOI0 HANPSAKEHUS JICKTPOHHBIX F€HEPATOPOB

Heas  paborhIi: OBnageHne  METOOUKOM  CHATUS  OCHUJUIOTPAMM
MOCJIEOBATEIILHOCTEH BBIXOJHBIX WMIYJILCOB DJIEKTPOHHBIX T'€HEPATOPOB U
omnpe/eiieHe MX MapaMeTpOB.

YMenns.

-  TPaBWIBHO OKCIUTyaTUPOBATh AJIEKTPOOOOPYIOBAaHHE U  MEXAHU3MBI
nepeayu ABMKESHUS TEXHOJOTHUECKUX MAIlMH U aliapaTos;

- paCCUNTBIBATEL ITaPaMETPhI PA3JIMYHBIX SJICKTPUUCCKUX HCHCﬁ H CXEM,
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- CHUMAaTh TIOKa3aHUsI U MOJIB30BATHCS IJIEKTPOU3ZMEPUTEILHBIMU MPUOOPAMHU U
IPUCTIOCOOJICHUSIMHU.

3HaHuA (aKTyaJan3amnus):

- kJjaccuuKanus AJIEKTPOHHBIX MPUOOPOB, WX YCTPOMCTBO M 00JIACTDH
MIPUMEHECHUS;

- YCTPOMCTBO, TMPUHIMI JEUCTBUS W  OCHOBHBIE  XapaKTEPUCTUKHU
ANEKTPOTEXHUYECKUX MPUOOPOB;

- OCHOBHBIE MpaBuja »OKCIUTyaTallud >JIEKTPOOOOPYJOBAHUS U METOBI

U3MEPEHUS JIEKTPUUECKUX BEJIUYUH;

- IPUHIIMIT BBIOOPA DJIEKTPUUECKHUX U AJIEKTPOHHBIX MPUOOPOB.

IIpuGops1 u 06opyaoBaHKE:

1) Ocuummnorpag C 1 -59

2) Tenepatop dyHKIMOHAIEHBIN ['6-43.

Teopernueckoe 000CHOBaHME

Buabl UMy 1bCOB.

[lon umnynbcom MOHUMAIOT KPAaTKOBPEMEHHOE OTKJIOHEHHUE HANPSHKEHUS WU
TOKa OT HEKOTOPOT'O MMOCTOSIHHOTO YPOBHS, B YACTHOCTH OT HYJIEBOTO.
Hawnbonee pacnpocTpaHEeHHBIMU SIBIISIIOTCS MPSIMOYTOJIbHAS, TpaneleuiaibHas u

TpeyroJyibHasi opMbI (PUCYHOK 1).

Um | - { \ /"Um /m

~Y

h

a) 6) B)

}Ll

=
s

Um t Um
Um #L m t
0 T "t 0 T t
> » T
r) R) -

Pucynok 1 — Buasl IMIyJIbCHBIX CUTHAJIOB

PeanibHbie UMITYJIBCHI HE UMEIOT (DOPMBI, CTPOTO COOTBETCTBYIOIIECH HA3BAHUIO.
Hampumep, mnpsMoyronbpHbIE  HUMIYJIbChI ~ UMEIOT  ¢GopMy, ONU3KyI0 K
TpaneueHIAIbHON a TPEYroJIbHbIE — K 3KCIOHEHUHAIbHOM Pa3nuyaroT UMIyJibChbl

46



MOJIOKUTENbHOM (pucyHOK | - a, 0, T, 1) U OTpULIATEIbHBIE MOISIPHOCTH (PUCYHOK 1 -
B), a TaKXe JIBYXCTOPOHHHE (pa3HOMOJIAPHBIC) HUMMYJbChl (pucyHok 1 - e). B
AJIIEKTPOHHON TEXHHUKE HAaN0OJIee YacTO UCIIOJIb3YETCsI MPSIMOYTOIbHBIC HMITYJIbCHI.

I[MapameTpbl MOC/I1€10BATENIBHOCTH UMITYJIHCOB.

Ilepuoo u yvacmoma noemopenus umnynvcos. IIlpomexyrok BpemeHu T Mexy
HayajoM JIByX COCEIHHMX OJHOMOJIIPHBIX HUMIYJIbCOB (CM. PUCYHOK 1) Ha3bIBarOT
nepuooom TOBTOpEHUs (cleoBaHUsl) UMIYJIbCOB. OH BbIpaXkaeTcsi B €IUHUIAX
BpEMEHHU: CeKyHJax (c), MWUIMCEKYyHAaX (MC) W MHUKPOCEKYHIaX (MKC).
Benuuuny, oOpaTHyio mnepuojy MOBTOPEHHMS, HA3BIBAIOT UYACMOMOU NOBMOPEHUs]
(cnenoBanus) T ummnysbcoB. OHa omnpeeiseT KOJIMIeCTBO IIEPUOIOB B TeueHHE 1 ¢ 1

BbIpaxaercs B repuax (I'm), kunorepuax (k') u 1.1.

Buabl 3JIEKTPOHHBIX T€HEPATOPOB.

DNEeKTPOHHBIA TEHEPATOP - 3TO YCTPOMCTBO, MPeoOpasyrolee AEKTPUIECKYIO
OHEPTUI0_MCTOYHHKA MTOCTOSIHHOIO TOKAa B DHEPIHIO0 HE3aTYXAOIIUX JJIEKTPUYECKUX
KoJeOaHuil 3agaHHOM (OPMBI M YACTOTHI.___ DJIEKTPOHHBIM TI'E€HEpATOp IIUPOKO
UCIIOJIB3YIOT B pajHoanIaparype, H3MEpPUTEIbHON TEXHHMKE, YCTPOMCTBAx
ABTOMATHUKE, AJIEKTPOHHO-BBIUUCIUTEIbHBIX MAIIMHAX U T.J.

Knaccudukauus mo cnocody Bo30y:kaeHus1 KoJIeOaHU M.

[To cnocoOy BO30YyXKAEHHSI TE€HEpaTopbl MOAPA3JEISIOT Ha TEeHEepaTopbl C
HE3aBUCUMBIM  BO30YXKJIEHHMEM M  TEHEepaTtopbl €  CaMOBO30YXIECHHEM
(aBroreHepaTopbl). I'eHeparopbl C HE3aBUCHUMBIM  BO30YXKICHUEM  SIBISCTCS
YCUJIUTENSIMU KOJIEOaHUMN, KOTOPbIE BRIPAOAaThIBAIOT TOCTOPOHHUE UCTOYHUKH.
ABTOTreHEpaToOpsl CaMu CO3AAI0T HE3aTyXarolIue KojieOaHusl 3a CUET UCIOIb30BaHUS
MOJIOKHUTEIBHOU 0OPATHOM CBSI3H.

MyabTuBuOpaTop.

MynbTUBHOpaTOp MpeACTaBiIsieT co00il reHepaTop KoneOaHWid, ONM3KHUX MO
dbopMe K TpSAMOYToJibHbIM. MyJIbTUBUOPATOP HIMPOKO HCIOJB3YIOT B UMITYJIbCHON
TexHuke, B OBM u yCTpoWCTBax aBTOMATHKE B KayeCTBE IIYCKOBBIX WIIU

IIEPEKIIIOYAIOIINX YCTPOUCTB.
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ABTOKOJIEOATENIbHBIA MYJIbTUBUOPATOP,  COOpaHHBIM 1O  OCHOBHOM  CXeMe
(pucyHOK 2), TpelcTaBisieT CcOoOOW ABYXKACKaIHBIM PE3UCTUBHBIA YCUIIUTEIh HA
TPAH3UCTOPHBIX KIIOYaX-UHBEPTOPaX, COCAMHEHHBIX NEPEKPECTHBIMU OOPATHBIMU
cBs3siMU. [Ipu MONKIIIOUEHUH MYJIBbTUBUOpATOpa K UCTOYHUKY MUTAHUS HAYMHAETCA
re’epanus KoueOaHuil: Ha KOJJIEKTOpax TPAH3UCTOPOB (OPMHUPYIOTCS UMITYJIbCHI, O

dbopMe O61IM3KHE K TPSIMOYTOJIBHBIM.
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PrucyHOK 3 — BpeMeHHbBIE TUarpaMMbl HANIPSKEHUN HA KOJUIEKTOPax
TPAH3UCTOPOB.
LC- aBTOoreneparop.

Cxema TpaH3uCTOpHOTO aBToreHeparopa tuna LC mpuBeneHa Ha pucyHke 4.
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Pucynok 4 — TpaH3UCTOPHBINA aBTOT€HEPATOP C MHIAYKTUBHOM CBS3BIO.

Kongencatop Cy M Karylka MHIYKTUBHOCTH L, oOpasyrorT mapasienbHbId
KoJsie0aTeNIbHbIN KOHTYp. [Tpu nojakitoueHnn K UCTOYHUKY nuTaHus E. KoHaeHcaTtop
C«  KojeOaTeNbHOTO KOHTYpa 3apsiKaercsi, MOCJieé 4ero B KOHTYpPE BO3HUKAIOT

He3aTyXalollue 3JIeKTPUIecKre Kojebanus ¢ gactotor fo

1
27 JLC

Ha xomiekTope BBIXOAHOTO TpaH3UCTOPA (POPMUPYIOTCS CHHYCOUAAIBHBIE

fo =

koneOanus. KonebGaHusi gBISIIOTCS He3aTyXaloOMMU OJjlarojaps MOJOXKUTEIbHOU
oOpaTHOM CBS3M, TIEPEMAIOIICH YaCTh BBIXOJHOTO CHTHAJA Ha BXOJ ycunutens. [Ipu
ATOM JOJIKHBI COOJIIOAATHCA JIBAa YCIOBHUS: OaJlaHC aMIUTUTYy A U OanaHc (das.
I'enepaTopbl NMJ1000pPa3HOT0 HANPSIKEHHUSI.
['enepaTop  MWJIOOOpPA3HOTO  HAMPSIKEHUSA MpEeACTaBIsAeT  coOoM
OJIHOKACKAJHBIA YCUIIUTENb, TPEOOPa3YIOMIUNA SHEPTHIO NPSIMOYTOIBHBIX KOJIeOaHUN

B DHEPTHUIO MUJIO00PAa3HBIX KOJIeOaHU TOH K€ 4acTOTHI (PUCYHOK 5).
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a) cxeMa reHepaTopa MUJI000pa3HOT0 HAPSKEHUS;
0) BpeMEHHbIE TMarpaMMbl 3aITUPAIOIINX UMITYJIbCOB;
B) BBIXOJHBIE UMITYJIbCBHI

Pucynoxk 4 — Cxema reneparopa

BBIXOI[HOC HAIIPAKCHUC CHUMACTCA C KOHICHCATOpAa, BKJIFOYCHHOI'O

MMapaJuIeIbHO  TpaH3ucTopy. IIpM DOCTYymIEHMM MOJIOKUTENBHOIO HMITYJIbCA,
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3aMuparoniero TPaH3UCTOp, KOHIEHCATOP 3apsbkaercs 10 HanpspkeHus Upn < Ey. Ilo
OKOHYaHWH HMMITYJIbCa TPAH3UCTOP OTKPBIBACTCS M KOHJIEHCATOP pPa3psoKaeTcsl Ha
Harpys3Ky.

3ananme: ONBITHBIM MyTEM MPOU3BECTU CHATHUE OCHMWIIJIOTPAMM BBIXOIHBIX
HMMITYJIBCOB 3JIEKTPOHHBIX TEHEPATOPOB.

IHopsiiok BbINOJTHEHUS] PAOOTHI.

1. Bxntounte npubopbl B ceTb. COEIMHUTE BBIXOJI T€HEpATOpa CO BXOJOM
ociuiuiorpada.

2. Ha mikasne reneparopa BBIOEpUTE «IIPSIMOYTOIBHBIA CUTHA», HAKAaB KHOIIKY
Ha MMaHeNW reHepaTopa. Y CTAaHOBUTE CUTHAJ OINPECIICHHONW aMIUTUTYAbl U YaCTOTHI
npUOIM3UTENBHO 110 IIKaJie TeHepaTopa COrJIacHO BapuaHTa 3alaHus 1o tadnmie 1.

Tabnuna 1 — BapuaHTbl aMIUIMTY/IBI U YACTOTHI HA IIIKAJIe TeHepaTopa
Bapuant 1 2 3 4 5 6
Un,B 1 5 2 3 4 6

Jnanazon 05-1 1-5 5-10 10-25 | 25-50 | 50-75
4acToT, Kl I

3. BeiOepute onTuManbHble MacIITaObl pa3BEPTOK CUTHANA, 3aHECUTE B TaOIHILy 2.
Hapucyiite ocuumiorpaMmy curHajga Ha MWJUIMMETPOBOM Oymare. Brraumcnmre
aMIUTUTYly UMITyJIbCa U MapameTpbl MOCIEA0BATEIbHOCTH UMITYJIbCOB, PE3YJIbTAThI
3aHEeCUTe B TaOIUITY 2.

Tabnuua 2 — Pe3ynbraThl n3MepeHuit

HN3mepenue aMIIMTyabl HN3Mmepenue 4acToThl
[lena Koi-Bo Um Ilena Koin-Bo T f
Hccnenyemasi | nenenus | neieHuit JIEIICHUS NeJIEHUN
cxeMa B/nen B C/nen C I'm

Cxema 1

Cxema 2

Cxema 3

4. Ha mikame reHepaTropa BBIOCpUTE «CHUHYCOWJAIBHBIA CUTHAD», HaXKaB

KHOIIKY Ha IaHenu reHeparopa. [loBropure neiictBus cornacHo n.2 u 3.
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5. Ha mixane renepatopa BeIOEpUTE «TPEYTONbHBIN CUTHA), HAXKaB KHOIKY
Ha naHenu reueparopa. [loBTopure nelcTBUs coryacHo m.2 u 3.
7. CnenaiiTe BBIBO/I.

KoHTpoJibHbIE BOIPOCHI.
1) Kakum 00pa3zom mojiepKMBaeTCcsl HENPEPhIBHAS TCHEPAIIUs UMITYJIbCOB B

aBTOreHepaTopax?
2) Ha3Banme kackaja Ha OHIIOJISPHOM TPAH3UCTOPE HA OCHOBE KOTOPOTO
TIOCTPOCHBI CXEMBI T€HEPATOPOB.

3) Kakoii u3 reHepaTOpoB HE SBISETCS «aBTOreHeparopom»? [louemy?
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KPUTEPUHU OLIEHKH
JIABOPATOPHBIX U ITPAKTHYECKHUX PABOT

- OLIEHKA «OTJIMYHO» BBICTABIISIETCS 00y4daroIeMycst 3a padoTy, BHIITOJIHEHHYIO
CaMOCTOSITENIBHO 0€30IIMO0YHO, B IOJHOM OOBEME C YYETOM palMOHAIBHOCTU
BBIOpAHHBIX PEIICHUI;

- OLICHKA «XOPOLIO» BBICTaBIIsIETCA oOydarouemMycs 3a paboTy, BBIITOJIHEHHYIO
B IIOJIHOM 00BbEME C HEI0YETaMH, UCIPABIECHHBIMU CAMOCTOSTENBHO MO HABOIAIIUM
BONpOCAM IPENOoJaBaTels.

- OLIEHKa «YJOBJICTBOPUTEIBHO» BBICTABISAETCA OOydaroleMycs 3a paloTy,
BBINIOJIHEHHYIO C HEJIOUYETaMHU, UCIIPABIEHHBIMU C IIOMOIIBIO IPETOaBATENS;

- OLIEHKA «HEYJIOBJIETBOPUTENILHO» BBICTABISIETCSl oOydarolemycs 3a padory,
BBINIOJIHEHHYIO B HE MOJHOM 00beme (MeHee 50% MpaBUiibHO BBIMOJIHEHHBIX 33/laHUN

OT 00111eT0 0OBbeEMa paboThI).
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