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[TOACHUTEJIBHA A 3AIINCKA
MeTonuueckre pEeKOMEHJAlUU IO BBIOJIHEHHUIO J1a0OPaTOPHBIX W MPAKTUYECKHUX

paboT Mo yueOHOU JUCHUIUIUHE « DIEKTPOTEXHUKA U DJIEKTPOHUKA» MPETHAZHAYCHBI
I8 CTyAeHTOB  cneruaibHocTu 22.02.03 JluteitHoe NpOM3BOACTBO YEPHBIX H
[BETHBIX METAJIJIOB (0a30Basi MOJATOTOBKA).

JlabopaTopHble  3aHATHS  SBISIFOTCS  BaXHBIM ~ DJIEMEHTOM  y4eOHOM
JUCIUTUIMHBI, TaK KaK B XOJI€ BBIMOJTHEHHUS 3aJaHUN Yy CTYJAEHTOB (OPMUPYIOTCS
MpPaKTUUYECKWE YMEHUSI U HaBBIKM OOpalleHus ¢ pa3IMyHbIMU TpUOOpaMH,
yCTaHOBKaMH, J1a00OpPaTOPHBIM O00OpPYAOBAHHUEM, aMIApaTypOl, KOTOPHIE COCTABISIOT
4acTh  NPO(ECCHOHAIBHOM  MPaKTUYECKOM TMOATOTOBKH, a Takke oOImue
KOMIIETEHIIUHU, TMPOSBIAIONIMECS 4Yepe3 yYMeHue HalaTh, CpPaBHUBATH,
aHAJIM3UPOBATh, YCTAHABIWBATH 3aBUCUMOCTH, JI€JIaTh BBIBOJBI M 000OIIEHUS,
CaMOCTOSATEILHO BECTH MCCIIEIOBAHUSA, OPOPMIISTH PE3YJIbTATHI B BUJIE OTUETOB.

[Iporpammoil yuyeOHOM JUCHUIUIMHBI «DJIEKTPOTEXHUKA W BJIEKTPOHHUKA)
MPEeIyCMOTPEHO BhITIoNHEHUE 14 1abopaTOpHBIX U 3 MPaKTHYECKUX PadoT.

B nmpomecce BbINOJHEHUs JAa0OPATOPHBIX U MPAKTUYECKHX pabor
oOyyaromuecsi CUCTEMATH3UPYIOT U 3aKPEIUIAIOT TOJYYEHHBIE TEOPETHUECKUE
3HAHUS, PA3BUBAIOT UHTEIUICKTyaJIbHbIE U MPOGECCUOHANIbHBIC YMEHUsI, POpMUPYIOT
AJIEMEHTHI KOMIIETCHIIUN Oy AyIIUX CIEIUATMCTOB:

ITIK 1.1. BeiOupath UCXOHBIC MAaTEPUAIIBI JIJIsl IPOU3BOJICTBA OTJIMBOK.

IIK 1.2. AHanu3upoBaTh CBOMCTBA M CTPYKTYpPbl META/UIOB U  CILIABOB
JUISl UBTOTOBJIEHUS OTJIUBOK.

ITIK 1.3. BBINOJIHATH pacueTsl, HEO0OXOIUMBIC npu pa3paboTke
TEXHOJIOTUYECKUX MPOIECCOB U3TOTOBJICHUS! OTJIMBOK.

[IK 1.4. YcraHaBnuBaTh M OCYIIECTBIISITH  PALlMOHAIBHBIE  PEKUMBI
TEXHOJIOTUYECKHUX OIEpaluii U3rOTOBJICHUS OTJIMBOK.

IIK 1.5. PaccunThiBaTh OCHOBHBIE TEXHHMKO-dJKOHOMUYECKHE IOKa3aTeIu
MIPOU3BO/JICTBA OTJIUBOK.

[IK 1.6. OpopMisaTh U YUTaTh KOHCTPYKTOPCKYIO U TEXHOJIOTUYECKYIO

JAOKYMCHTAIUIO 110 JIPITGI;'IHOMy IMPpOU3BOACTBY.



OK 1. IloHumarh CymIHOCTh W COLHMAIBbHYIO 3HAYUMOCTH CBOEH Oymymien
npodeccuu, MposIBIATh K HEW yCTOMUMBBINA HHTEPEC.

OK 2. OpranuzoBbIBaTh COOCTBEHHYIO JI€ATEIBHOCTh, BBIOMPATh THUIIOBBIC
METOAbl M CHOCOOBI BBIMOJHEHUSI MNPOPECCHOHAIBHBIX 3a/lay, OIEHUBATh HX
3 PEeKTUBHOCTH U KAaYECTBO.

OK 3. [IpuHuMaTh pelieHus] B CTaHIAPTHBIX M HECTAaHAAPTHBIX CUTyalHUsX U
HECTH 32 HUX OTBETCTBEHHOCTb.

OK 4. Ocy1ecTBasTh TOWCK M HCIONBb30BaHWE WHGOPMAIMN, HEOOXOAMMOM
Jutst 9QPEKTUBHOTO BBIMOIHEHUS MPO(ECCUOHATBHBIX 3aJ1a4, MPOGECCHOHAIBHOTO U
JUYHOCTHOTO PA3BUTHUA.

OK 5. Vcnonp3oBath MH(DOPMAITMOHHO-KOMMYHUKAITMOHHBIE TEXHOJIOTHH B
po¢eCCUOHAILHON JIEATEIbHOCTH.

OK 6. PabotaTh B KOJJIEKTMBE M KOMaHzae, 3(PQEKTUBHO 0OIIATHCS
C KOJIJIEraMH, pyKOBOACTBOM, MOTPEOUTEIISIMHU.

OK 7. bpatb Ha ce0si OTBETCTBEHHOCTh 3a pPabOTy WIEHOB KOMaH/IbI
(MOTYMHEHHBIX ), PE3YJIbTAT BHIOJIHEHUS 3a1aHUI.

OK 8. CamocTOosSITEIbHO ~ ONpEeNeNsATh  3aJaud  NPOGEeCcCHOHAIBHOTO |
JUYHOCTHOTO PAa3BUTHS, 3aHUMATHCSI CaMOOOpa30BaHUEM, OCO3HAHHO IUIAHUPOBATH
MOBBIIICHUE KBATU(UKAIIIH.

OK 9. OpuentupoBaTbcsi B  yCIOBUSIX  YaCTOM  CMEHBI  TEXHOJIOTHM
B IPO(ECCUOHATILHOM AESITEIbHOCTH.

YMmenus:
-BBIOMPATh DJIEKTPUUYECKUE, HIEKTPOHHBIE TPUOOPHI U AJIEKTPOOOOPYI0BAHUE;
- TPaBWIBHO 3KCIULyaTUPOBAaTh AJIEKTPOOOOPYIOBAaHWE M MEXaHU3MBbI
nepeavyu ABUKEHUS TEXHOJOTHUYECKUX MAlllMH U aliaparos;
-IPOU3BOJIUTH PACUETHI IPOCTHIX ANEKTPUUECKUX LIECTIEH;
- pacCUMTHIBATh MapaMETPhl PA3JIMYHBIX ANEKTPUUECKUX LIETIEH U CXEM;

- CHUMATb IIOKAa3aHUA M I10JIb30BATbCA 3JICKTPOU3IMCPUTCIbHBIMUA HpI/I60paMI/I



3HaHun:

- KJaccu(UKaIMIO BJIEKTPOHHBIX MPUOOPOB, MX YCTPOMCTBO U  00JacCTh
MIPUMEHEHUS;

-METOJIbI pacyeTa M U3MEPEHUSI OCHOBHBIX MMAPAMETPOB AICKTPUUECKHX IETIEH;

- OCHOBHBIC 3aKOHBI 3JIEKTPOTCXHUKH;

- OCHOBHBIC TMpaBWIa OHKCILTyaTallMM >3JIEKTPOOOOPYAOBAHUS W  METOIBI
U3MEPEHUS IEKTPUUECKUX BEIUYUNH;

-OCHOBBI TEOPHH DJJCKTPUUYCCKUX MAIlIMH, TPHHIMI pPadOThl THIIOBBIX
AIEKTPUYECKUX YCTPOUCTB;

- MapaMeTPhI AJTCKTPUUECKUX CXEM U €IUHUIIBI UX U3MEPEHUS;

- IPUHIIATI BBIOOPA AJIEKTPUUECKUX U JEKTPOHHBIX MPUOOPOB;

- IPYHIIATIBI COCTABIICHUS MPOCTHIX AJICKTPUUECKHUX U DJICKTPOHHBIX IIETeH;

- CIIOCOOBI TTOJTYYCHHSI, TIEPEaYH W UCIIOIH30BAHUS AJICKTPUICCKON SHEPTHH;

- YCTPOWCTBO, WIPHWHIMI JCHCTBUS W OCHOBHBIC  XapaKTECPUCTUKH
AIEKTPOTEXHUUECKUX MPUOOPOB;

- OCHOBBI (DM3MYECKUX IPOIECCOB B IPOBOJHUKAX, TMOJYNPOBOAHUKAX H
JTUDJICKTPUKAX;

- XapaKTEePUCTUKU U TTapaMETPhI MIEKTPUUECKUX U MArHUTHBIX TOJICH;

- TapaMeTPhbl PA3TUYHBIX JNEKTPUUECKHUX LIETICH.

Mertonuueckre peKOMEHAAIMK IO TPOBEICHUIO J1abopaTOpHBIX paboT u
MPAaKTUYECKUX pa3paboTaHbl C I1EIbI0 OKa3aHUsl [OMOIIM CTyJA€HTaM B
PUOOPETEHNN HEOOXOMMBIX HABBIKOB COOPKHU CXEM, UCCIIEIOBAHUS DIIEKTPUUECKHUX
MaIlliH, OJJICKTPOHHBIX MPUOOPOB U YCTPOMCTB, OCBOCHUU METOJOB pacuera
ANEKTPUUYECKUX LECTIEH.

JlaHHbBIE METOJIMYECKUE PEKOMEHAAIMH OMPENEISIIOT O0ImMii 00beM 3HAHUMH,
MOJICKAIUN  0053aTEIbHOMY YCBOCHHUIO CTYJEHTAMH IPU BBIMOJTHEHUH KaXIOU
71a060paTOPHON M TMPaKTHUECKOW pabOThl, YTO MO3BOJSET CTYJEHTAM 3aKPEIUIATh
3HaHMs TeopuH, GOPMHUPOBATH M PA3BUBATH HABBIKM HCCIIEOBAHUS JIEKTPUUECKUX

CXEM, JJIEKTPUYECKHX MAIHH, 3JIEKTPOHHBIX MPUOOPOB U yCTPOICTB, BOCIUTHIBAET



NO3HABATeNIbHYI0 aKTUBHOCTh M  MpO(ecCHOHATbHYI0  OTBETCTBEHHOCTh 32
pe3yJIbTaThl ONBITOB U PACUYETOB, (POPMUPYET HABBIKM COOJIIOJICHUS MPABUI TEXHUKH
0e30I1acHOCTH.
Kaxnas pabora umeer:

-HOMEp;

- HAMMEHOBAHMUE;

- 1IeJIh pabOoTHI;

- popMupyembIe B MPOLIECCE BHIMOTHEHUS pa0OThI 3HAHUS U YMEHHS;

- TeOpeTU4YEeCKOe 000CHOBAHUE;

- DJIEKTPUYECKYIO IPUHIUIINAIBHYIO CXEMY OIIbITA;

- mepeyeHb npuOopoB U (Win) 000pyIOBAHUS;

- IOPSIJIOK BBIMIOJTHEHUS PabOThI;

- COJIEp’KaHUEe OTYETA;

- KOHTPOJIbHBIE BOITPOCHI.
MeTtoauueckue peKOMEHAALMU IO BBINOJIHEHUIO JIAOOPATOPHBIX U IMPAKTHUECKUX
paboT coliepKaT CHUCOK PEKOMEHJIyeMOU JuTeparypbl. TUTYIBHBIA JHCT AOJHKEH

OBITH O(OPMJIIEH B COOTBETCTBHUH C MPUIIOKEHUEM A.



IHHEPEYEHD JJABOPATOPHbBIX PABOT

Paznen Homep 1 HaumeHoBaHue 1a00paTopHON pabOThHI Yacer
2 |1. UccnenoBanue crnocoOOB COEIMHEHHUS PE3UCTOPOB. 2
3 |2. UccnenoBaHue pa3BeTBICHHON MarHUTHOM 1IETIH. 2
4 |3. UccnepoBanue uenu NEPEMEHHOTO TOKA. 2
5 |4. UsmepeHnue sHepruu B 0JHO(A3HOM TIETH. 2
6 |5. UccnenoBanue paboTel TpexdazHOU LIETH MPU COSTUHEHUN 2

MOTPEOUTENICH SHEPTHUU 3BE30M.
7 |6. UccnenoBanue Tpexdaznoro tpancopmaropa. 2
8 |7. UccnenoBanue pabounx XapaKTepUCTUK Tpex(ha3HOro 2
ACMHXPOHHOTO JIBUTATENS C KOPOTKO3AMKHYTBIM POTOPOM
10 |8. UccnenoBanre cXxemMbl peIeiHO-KOHTAKTOPHOTO YIIPABICHUS 2
Tpex(a3zHbIM aCHHXPOHHBIM JIBUTATEIIEM.
11 |9. Onpenenenve noTepu HANPSKEHUS M MOIIIHOCTH B JIMHUU 2
ANEKTpoNepeaauH.
12 |10. UccnenoBanue noaymnpoBOJHUKOBOTO JUOJA. 2
12 |11. UccnenoBanue OUIMOISPHOTO TPAH3UCTOPA. 2
13 |12. UccnenoBanue padOThI BBIIPSIMHTEIIS. 2
14 |13. UccnenoBanue yCUIIUTENIBHOTO KaCKaa. 2
15 |14. UccnenoBanue GopMbl BEIXOAHOTO HAMIPSDKEHUS JIEKTPOHHBIX 2
TE€HEPaTOPOB.
Bcezo:| 28
IHHEPEYEHDb ITIPAKTUYECKUX PABOT
Pasznen Homep u HauMeHOBaHHMe MPAKTHYECKOW padOThI Yacel
1 1. PacueT anekTpudeckux Heneu npu nociaeqoBaTeIbHOM, 2
napasuieIbHOM M CMEIIaHHOM COEMHEHUH KOHIEHCATOPOB.
2 2. Pacyer aneKkTpu4ecKux 1eneil MOCTOSHHOTO TOKa. 2
13 3. Bb100p TMOA0B )1 pa3IMYHBIX CXEM BBITIPSIMHUTEIICH 2
Bcezo:| 6




JlabopaTopHasi padora Ne 1
HccnenoBanue cnocod60B coeIMHEHUS Pe3UCTOPOB.

Heabp padorpl: ONbBITHOE ONPEACICHUE COOTHOIIEHWM MEXIYy TOKAMU U
HaMpsOKeHUSIMA — TPU TOCHEOBATEIbHOM U HapajlieIbHOM
COEJIMHEHUH PE3UCTOPOB.

1.TeopeTnueckoe 060CHOBaHUE.

1.1 IlocaenoBaTe/ibHOE COeIMHEHNE PE3UCTOPOB.

R, R, I
O -O— 11 0
U1 U2

CoennHeHne pe3nucToOpoB Ha3BIBaeTCA MOCJICIOBATENLHBIM, €CIIA TPU HaJW4UH
VMCTOYHHKA MMUTAHMS YEPE3 BCE PE3UCTOPHI MIPOXOIUT OJIMH U TOT XKE TOK.
CaoiicTBa:
1) Ilpu mocnenoBaTeIbHOM COCIMHEHUU PE3UCTOPOB TOK UEpe3 BCE PE3UCTOPHI
MIPOXOAUT OUH U TOT ke: [=1,= L.
2) HanpspkeHue Ha 3aKMMax 1EMUW TPU  [OCJIENI0BATEILHOM  COCJAMHEHHUH
PE3UCTOPOB PABHO CyMME HAIIPSHKEHUU HA €€ OTAENbHBIX y4acTKax.
Uu=U, +U,
3) CompoTuBieHUE MOpHU TOCIEAOBATEILHOM COEIUHEHUH PE3UCTOPOB PABHO
CyMMe€ CONPOTUBIICHUI BCEX MOCIEA0BATEIIBHO COEUHEHHBIX YUYaCTKOB.
R=R+R;

ITpu nocneoBaTeIbHOM COEIMHEHUH 1 PE3UCTOPOB 00IEE COTPOTUBIIEHUE BCEH
LENU PaBHO apu(PMETHUECKOW CyMMe CONPOTUBIIEHUHN BCEX PE3UCTOPOB

R=D_ R,
k=1

1.2. [TapaJ/iesbHOE cOeIUHEHHE PE3HCTOPOB.
VYyacTok 1enu BA0JIb KOTOPOTO MPOXOJUT OJMH M TOT K€ TOK Ha3bIBaeTCs

6emevlto, a MECTO COCAMHCHUA érpex 1 OOJIBIIIETO YKCIia BETBEH Ha3BIBaeTQCH y3jaom.
R, th| 2

O

| R E—
O | || | i I ]
1 e | BN |
u
1 ! 2
—_—
U1 U2 7
U
1




CoenvHeHHE PE3UCTOPOB HA3BIBACTCS MapajuIeNIbHBIM, €CJIM OHU MPUCOCIUHEHBI K
OJIHOM M TOW K€ Mape Y3J0B HJIEKTPUYECKOW LEMU, TO €CTh HAXOIATCS IOJ
JEWCTBUEM OJHOTO U TOTO K€ HAIPSKECHHUS.

CaolicTBa:

1) HampsixkeHne Ha napaJuyieIbHO COEAMHEHHBIX PE3UCTOPaxX OJJMHAKOBO:

U=U,=0;
2) Tok B Hepa3BETBIEHHOM YaCTH 1IENIU PaBEH CYMME TOKOB B MapajuieIbHO
COCIMHEHHBIX PE3UCTOPAX.
I=L+1L

JIna ka0 BETBM U JIJIS BCEH L€ MOYKHO 3anucarh 3akoH Oma

rae R — oOmiee (3KBUBAJIGHTHOE) COMPOTHUBIICHUE BCEH LIECTIH.

v_ v, v
R R, R

2

Pa3aciinB 00¢ yacTtn PaBCHCTBA HA U , OKOHYAaTCJIbHO NMCCM

1.1 1 1 R+R,
Rl

1
R RZ , 1 2

3) Ilpu mnapamienbHOM COCIUHEHUH PE3UCTOPOB 0O0Ias MPOBOJIUMOCTD

paBHa CyMMeE IIPOBOJMMOCTEMN OTHENbHbIX BeTBen G =G+ G,

1
rme G= R



2 IIpubopsl u 000pynOBaHUeE.

1) Uctounuk nepemenHoro Hanpsibkenus 220 B.
2) I'pynnsl 1aMIl HAKaaIUBAHUS. -21IIT.

3) Amnepmetpsl € Liow=2.5 A -3mir.

4) Amnepmetp ¢ Liov=1 A -1mir.

5) Bonbtmetp € Uuon=250 B -1mir.

3 Ilopsaa0K BBINOJHEHHUS PA0OTHI

Omngoit 1.

1) Cobparh cxemy IMOCIENOBATEILHOTO COCIUHEHUSI JBYX YYacTKOB C

JJaMIlaMH HaKaJIMBAHUA U IIPCABABUTL AJIA IIPOBCPKU IIPCIIOAABATCIITO.

KA1

H1
— —>
! H2

|
U=220B |
1
I

N
o © k2

2) BkJro4nTh CHJIOBOM BBIK/IIOYATENIh. BKIIIOYWTH J1aMObl Ha IICPBOM H
BTOPOM y4dacCTKaxX, IIPOBECTHU MU3MECPCHUA TOKA LICIIM U HaHpH)KeHI/Iﬁ Y4aCTKOB LCIIN.

PesynbTaTel u3MepeHuit 3aHecty B Tadnuiry 1.

Tabmuma 1
Ne OnvITHBIE JaHHBIE PacuéTrHbIe JaHHBIC
n/n I, A U;,B U, B U B R;, Om R;,Om | R, Om
1
2
3

3) PaccuurtaTh CONMpPOTUBIEHUS YYacCTKOB, pe3yJbTaThl 3aHECTH B TaOIUILy 1:
U
R =— R =— RIT

4) Ilonb3ysich JTaHHBIMM OMNBITOB M PACUETOB,  IOJATBEPJIUTH CBOICTBA

IOCJICAOBATCIBHOI'O COCANHCHMUA:!

R=R;+R; U=U;+U,



OnbIT 2

1)  CobpaTh cxeMy mapajjIeIbHOTO COEIUHEHUS JIBYX YYACTKOB C JIAMITAMH

HaKaJIMBaHHWA U IIPCABABUTD AJIA IIPOBCPKU IIPECIIOAaBaTCIIIO.

™ N\

° 1T W

us2208 ! '1l o 12 i o
E: CV) HA H2

—i S &
L | K1 K2

2) BxirounTh CUIIOBOM BBIKJIIOUATENb. BKIIIOUNUTH JIaMIIbl HA IEPBOM U BTOPOM
yyacTkax 1enu. [IpoBecTH u3MEpeHHs HANpsKEHUS Ha 3aXMMax LENd M TOKOB

BeTBeM (y4yacTkoB). Pe3ynbrarhl u3MepeHuil 3aHeCTU B TaOIUILy 2.

Tabmura 2
Ne OnbITHBIE JaHHLIE PacuéTHble 1aHHBIE
n/n I I, | U R, R, Rp; G G, G
1
2
3

3) PaccuuTaTh CONPOTUBIEHUS U IPOBOJUMOCTH YYaCTKOB, PE3YJIbTAThI
pacyeToB 3aHECTH B TaOIUILy 2:

R =— r=Y Bk _ L _L
| 21 127 G=— G,=—
1 2 R1+R2 U U
I
Gp="
U
4) Tloawp3ysAch MaHHBIMH OIBITOB M PAaCcueTOB, MOJATBEPJIUTh CBOMCTBA

HapaJIJIeJILHOFO COCOAUHCHUA.
I=1+1 Gi.=G;+ G

5) Cnenatb BBIBOI.

4 KOHTpOJIbHBbIEC BONIPOCHI.

10



4.1 KakoB xapakTep U3MEHEHUS HAMPSKEHUS Ha TIEPBOM YUYacCTKe MpH
MOCJICIOBATEILHOM COCIMHEHUM YYaCTKOB C JJaMIIaMy HaKaJIMBaHUS, €CIU
YBEJIIMYUTH HA HEM YHCJIO BKJIFOUEHHBIX JIaMIT?

4.2 KakoBa BeJIMUYMHA TOKA B LTI IIPH MOCEI0BATEILHOM COCTMHEHUH
YYaCTKOB, €CJIM Ha BTOPOM YYaCTKE BBIKIIOUHUThH BCE JIaMIIbI?

4.3 KakoB XapakTep U3MEHEHHUS BEJIMYMHBI TOKA B LEMH NP NapajIeIbHOM

COCANMHCHHUHU YHYAaCTKOB, €CJIM HAa BTOPOM YYACTKE BBIKIIIOYHUTL BCC JIAMIIBI?

JlaGopaTopHasi pabora Ne2
HccnenoBanue pa3BeTBJIéHHOM MATHUTHOM e
Hean padorei: ONBITHOE MOATBEPIKIEHUE ITepBOro 3akoHa Kupxroda as
PAa3BETBJIEHHON MArHUTHOM LIETI U OBJIAJICHUE METOIUKOMN pacuera

MAargmMTHBIX ITOTOKOB.

1. TeopeTnueckoe 000CHOBaHHMeE.

Maznummnoii yenvio Ha3pIBACTCA COBOKYITHOCTh YCTPOUCTB, CONEPHKALIUX
(dbeppoMarHuTHbIE TeNla U 00PA3YIOIIMX 3aMKHYTYIO LIEMb, B KOTOPOW IIPU HATUYUHU
MarHUTOJIBUXKYIIEH CHIIbI 00pa3yeTcsi MAarHUTHBINA TOTOK U BI0Jb KOTOPOIA
3aMBIKAIOTCS IMHUY MATHUTHOW UHIYKLHUU.

[TpumepoMm SBIIAIOTCS CEPACYHUKHU TpaHC(HOpPMATOpa, MAarHUTHBIX YCUIIUTENEH,
ANEKTPUYECKUX MAIIUH U T.JI.

MarauToABIXKYIIYIO CHIIY B 3JIEKTPUUYECKHX MAIIMHAX CO3JIal0T OOMOTKH C
IIEKTPUYECKUM TOKOM HJIM ITIOCTOSIHHBIE MarHUThl. YacTh MarHUTHOM LIENH, 110
KOTOPOW 3aMBIKAETCSI MATHUTHBIN ITOTOK, U3TOTABIMBAIOT B OCHOBHOM U3
(beppOMarHUTHBIX MaTEPUAIIOB U HA3bIBAIOT MACHUMONPOBOOOM. MarHuTHbIE LIETTH
BBIITOJTHSFOT HEPA3BETBIEHHBIMU U PA3BETBICHHBIMY . Pa3nuyaroT TakKe MarHuTHbIE
LIEMTA OJHOPOHBIE U HEOAHOPOAHBIE. MarHuTONPOBOJ OAHOPOAHOM LIENU HA BCEM

CTO IIPOTAKCHUU BBIITOJIHCH U3 OJHOI'O MaTCpuajia U UMCCT OAUMHAKOBOC 110 (bOpMe )41

pasMecpaM IOoICPeIYHOC CCUCHUC, B HCOHHOpOHTﬁ LCTEY H-HT&"I}}QBO[% COCTOMT U3

1 @i Yl
HECKOIILKHX YYaCcTKOB, OTIHYAromk N cifgac 1? JiiHe, PPIYPEUHQHy
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ceyeHuto, matepuanam. Ha pucynke 1 mpeacTtaBieHa oqHOPOHAS pPa3BETBICHHAS

MarHuTHas LeIlb.

1 lm—-—l—--]‘m e

Ag—r (;Bﬁ’-— q v 4
H p I8 4
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X l ,;__: l g
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Pucynok 1 — OgHopoiHast pa3BeTBICHHAS MATHUTHAS LETIb.

s pac4eTOB MarHUTHBIX LENEN UCIIOIB3YIOT aHAJIOTUH C DJIEKTPUYECKUMHU
LETISIMU:

@D, MazcHUMHBLU NOMOK — DIEKTPUYECKUHN TOK I;

Ry, macnumnoe conpomuenenue - dIEKTPUYECKOE CONPOTUBIIEHUE R;

Uwv , macnumnoe nanpsisicenue - 3JEKTpUUECKoe HanpspkeHue U;

Fu , macnumoosusxcywas cuna - 30eKTpoaBKyas cuia E.

B pa3BeTBieHHON MarHUTHOM LEIH, 110 AHAJIOTUH C DJIEKTPUYECKOH LEIbIO,
MO>KHO BBIJICINTh KOHTYPBI, BETBH U OTMETUTH Y3JIbl. MOYKHO COCTaBUTH Y3JIOBBIE
ypaBHEHUS U cHOPMYIUPOBATH NepBbIi 3akoH Kupxroda 11 MarHuTHON LIETH.
AJiredpanveckasi CyMMa MATHUTHBIX IOTOKOB B y3J1¢ MATHUTHOM LleNM PaBHA

HyJ10 Y ® = 0.

2. IIpudopsl U 000pyI0BaHHE.
2,1 Uctounuk nepemennoro Hanpspkenusa 220 B, 50 I'g
2.2 Tpexdaznsliil TpanchopmaTop.

2.3 BoapT™meTp 251eKTpoMarHuTHOM cucteMbl ¢ Uyon=150 B.

3. IlopsaioK BHINOJIHEHUSI PA0OTHI
1) [Mogkmrounte karymky AX tpexdazHoro tpanchopmatopa K (DazHOMY

Hanpsbkennto Uy= 127 B.
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2) BxirounuTe UCTOYHMK HampsbkeHuss U udMepbre DJ{C OcTanbHBIX OOMOTOK.

JlanHbie U3MEpeHHi 3aHecuTe B Tabnuiy 1.

Tabmumal.
No CxeMa BKIIOUCHHS Eax Esy Ecz E.x Euy E..
/1

I

2

3

3)IloBropure oneir 18 karymek BY, CZ, noxakmouuB UX Ha

COOTBCTCTBYHOIIHC (1)8,3HBIC HaIIPpAXKCHUA.

4) PaccunTaiiTe BeIMYMHBI MAarHUTHBIX TTOTOKOB CTEepKHEW. JlaHHbIE pacdyeToB

3aHECUTE B TAOIHUITY 2.

CDopMyJIa pacucTa aMILUIUTY bl MArHUTHOI'O ITIOTOKA

S
" 4,44 w,

rae E —DJIC Bropuunbix 00MOTOK E o, E by, E ¢,
f=50I'y - yacToTa HANPSIKEHUS CETH;

w> =690 - 4nCcI0 BUTKOB BTOPHYHON OOMOTKHU.
Tabmura 2

NQ H/H CDm1 B6 csz, B6 cDm3,]36
1

2
3

5) And 3amaHHOrO  TpemnojaBaTelieM ToKa OIpeAeNIUTEe  HalpaBJeHHUE
MarHUTOJIBIDKYIIEH CHJIBI KATYIIKH M BBIYEPTUTE KOHPUTYpAIMIO MArHUTHOTO

MOTOKAa, COCTaBbTE€ YpaBHEHHUs 10 TNepBoMy 3akoHy Kupxroda, ucnosnbsyiire

paCyYCTHBIC JAaHHBIC.

@1- q)z- CD3 :O

6)CnenaiiTe BBIBO/I.
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4. KoHTpOJIbHBbIE BONIPOCHI

1) [aiiTe onpeneneHrie MarHUTHOM LEMU.
2) CkombKO y4YacTKOB COJAEpPKUT MarHuTHas Ienb  Tpexda3zHoro
TpaHchopmaropa?
3) Kak M3MEHUTCS MarHMTOJIBMOKYILAsl CUJIA, €CJIM YHKCIO BUTKOB KaTYIIKU
YBEJIMYUTH B 2 pa3a, a TOK YMEHBIIUTH B 2 pa3a?
4) Kakumu mnpaBuiaMu TOJB3YIOTCS I ONPENEICHUS HaIpaBJICHUS

MAarHUTOABHKYIIEN CUIIBI?

JladbopaTopHnast padora Ne 3

HccnenoBanue unemnm MMEPEMEHHOI'0 TOKA

Heab padorbi: ONbITHOE ONpEneIeHUE COOTHOUIEHHN MEXIYy TOKaMH H
HalpSOKEHUSIMA ~ YYaCTKOB C  aKTUBHBIM — COINPOTUBJICHUEM U

HHAYKTUBHOCTBIO.

127 B

2. TeopeTuueckoe 000CHOBaHUE
2.1. lenb C aKTUBHBIM CONPOTHUBJICHUEM U HHIYKTHBHOCTBIO
Ilens Ha prcyHKe | COCTOUT U3 y4aCTKOB, CBOMCTBA KOTOPBIX U3BECTHBI.
R - akTMBHOE CONMPOTHUBJIEHUE, HA HEM TOK M HaIpsiKEHUE COBMAAIOT 10 ¢asze.
[IycTh TOK B LIEM U3MEHSIETCS MO 3aKOHY I = [, sin ot, TOrJa HaIpsHKEHUE Ha

AKTUBHOM COIIPOTUBJIEHUU Ur = [, R sin wt. JIeWcTByIOIIEE 3HAYCHUE HANPSIKCHUS

14



Ha HHAYKTHUBHOM COIIPOTHUBJICHHUHU II0 3aKOHy Owma IJIA ydaCTKa »OCIIM pPaBHO

IMPOU3BCIACHUIO I[CﬁCTByIOHlCFO 3HAYCHUA TOKa Ha HHIAYKTHUBHOC COIIPOTHUBJICHHUC:

UL =TI XL.

u ;XL

—
L

Pucynok 1- Llens ¢ akTuBHBIM conpoTuBieHueM R
Y UJICAJIbHOM KaTyIIKOU X,
XL — MHAYKTUBHOE COINPOTHUBIICHUE, KOTOPOE SIBIAETCS PEAKTUBHBIM, IIOTOMY 4YTO
3aBUCUT OT 4YacToThl Toka, X; = 2mfL [Om]. Ha ydactke ¢ HMHIYKTHBHBIM
pPEaKTUBHBIM CONPOTUBIIEHUEM HAIPSKEHUE orepexaeT no (aze Tok Ha 90°.
Ecau TOK Ha y4acTKe LENH U3MEHSIETCS 10 3aKOHY [ = [, Sin wt, TO HANPSKEHHE
Ha UHIYKTUBHOCTU U, = I, X; sin (wt+90°).
1.2 BexTopHasi fuarpamma.

BekropHast auarpamma mpencrtaBisieT co0oil rpaduueckoe IMOCTpOEHHE,
BBIITOJTHEHHOE COTJIACHO BEKTOPHOTO YPAaBHEHUS, COCTABIEHHOTO 110 BTOPOMY 3aKOHY
> -

Kupxroda: U= UR * UL .
[Ipy OTCYTCTBMM YHMCIOBBIX JAHHBIX BEKTOPHYIO JuarpaMMmy  [OCTPOMM B

MIPOU3BOJIBHOM Macciiaoe.

-
1) ITo ycnoButo HauanpHas (aza Toka y; = 0, MOITOMY BEKTOpP TOKa I
YEPTUM TOPU30HTAIBHO.

2) HaHpH)KGHI/IC Ha aKTHBHOM COIIPOTHUBJICHHU COBIIAAACT IIO (1)3,36 C TOKOM,
-

IIO3TOMY BCKTOP R OTKJIaABIBACM ITaPaJlJICJIBHO TOKY.

15



- -
3) U3 koHma BekTopa R cTpoum BekTop L mepneHAMKYJISpHO TOKY,
T.€. C oniepekeHueM 1o ¢ase Ha 90°.
- -

4) CoeauHsieM Ha4dajao BEKTOpa R ¢ konmom Bekropa L momydaem

—

BEKTOp U, CcyMMy HampsbkeHuil y4yacTkoB. OH  SBIsIeTCS  THUIIOTEHY30M

2 2 2
U =Ux+tU;

IPSIMOYTOJIBHOTO TPEYTOJIbHUKA (TPEYroJbHUKA HANpPSLKEHHI):

U=\Ux+U;

L Bekropnas auarpamMma TIpe/CTaBieHa Ha PUCYHKE 2.

U/ | -
U
¢ —~
va
Ur

Pucynok 2 — BekropHas quarpamma.

3.11pubopsl 1 00OpyI0BaHME:

1) Hcrouynuk nurtanus ¢ HanpspkenueM 127 B., wactoron 50 I'n

2) Ammepmetp nepemeHHoro Toka [=1 A - lmr.

3) Boaptmerp U =150 B — 1 .
4) Barrmertp - 1 .
5) Peocrart ¢ conpotusienrem 100 Om - lmr.
6) Karymka MHIyKTHUBHOCTH — 1 mr.

4 Tlops10K BHINOJHEHUS PAdOThI

4.1 Cobepure cxeMy U NPEIbIBUTE MIPENOIABATEIIO JIJISl IPOBEPKH.

4.2 IIpoBeauTte U3MEPEHUS TAPAMETPOB LIEIN U IaPAMETPOB YYAaCTKOB LIETIH.
PesynbpTaThl M3MepeHuit 3aHecute B Tadauiy 1.
Tabmma 1
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No Bces uenn Karymika Peocrar
OnbITa U (B) LA P, Bt Uk(B) Px(BT) Ur(B) Pr(BT)
1
2
3

4.3PaccumnTaiite mapaMmeTpbl LENW M y4acTKOB Lienu. Pe3ynbTaThl pacdeToB

3aHECHUTE B TaOIMILy 2.

7= U p -
.. - T 2 2
Pacuérnbie popmyibl: r, cosp= Ul X= VZ*-R
U P
U R K _ K -
_Rr 7. =— cos ¢, =—— PR
K K . _
Re= I I Ukl , Rk =Zgcosp., Xi= \/ZK Ry
XL
L= 2mf R=Z-cos ¢
fZSOFH URK:]'RK ULK = I)(L
Tabmuma 2
No Bes nens Peocrar Karymika
H/ 11 Z R X COSQ RR URK ULK ZK RK XL L
Om | Om Om Om B B Om Om Om I'n
1
2
3
4.4 TlocTpoiiTe BEKTOPHYIO AWarpaMMy Iy Ha MIUTUMETPOBOM Oymare.
4.5 CnemaiiTe BBIBO/I.
5 KoHTpoJ/IbHBIE BOIIPOCHI.
5.1KakoBa BenmuumHa a30BOro CIBHIa MEXJIy TOKOM M HaIpsHKEHHEM Ha
yYacTKe:

a) C aKTUBHBIM CONPOTHBIICHUEM?
0) C MHAYKTUBHBIM CONPOTHBICHUEM?
5.2 IloueMy MHAYKTUBHOE COITPOTHUBIICHUE HAa3bIBAIOT PEAKTUBHBIM ?
5.3KakoB xapaktep u3MeHeHHs] (Pa30BOro CIBUTa B HCCICIyEeMOW CXeMe

IIPUYMEHBIICHUH CONPOTUBIICHMS peocTara?

JlaGoparTopHasi pabora Ne 4

N3mepenue 3Hepruu B ogHoda3HOM Henu
17



Heab padorbi: OBnageHHe METOJIMKON HM3MEPEHHUM SJIEKTPOIHEPIHMU MPSIMBIM U

KOCBCHHBIM MCTOJaMM M OCBOCHHC aJII'OpUTMa pacdcTa HpI/IBe,HeHHOﬁ IMOTIPCIIHOCTHU

CdcTUYHUKa.
1. Cxema.
Wh
T/ H1 H2
¥ \l/
220 B q!r) @ @
o _ o K1 K2

2 .TeopeTndeckoe 000CHOBaHME.
NHAYKIUOHHBIA CYETYHK YJIEKTPUIECKOM IHEPTHH.

NHAyKIMOHHBIE CUETYMKH CIIyXaT Ui MOJACY€Ta KOJIWYECTBA ANIEKTPUUECKON
SHEpPIruM, MOCTYMHUBIIEH K MOTPEOUTENI0 3a ONpEeNes€HHOE BpeMs. Y CTpPOWCTBO
WHAYKIIMOHHOTO CYETYMKAa TOKa3aHO Ha pucyHke 1. MHoroButkoBas 0OMOTKa
NEKTpOMarHuT 2  (oOMOTKa  HampsKEHHUs) TMOACOCAMHEHA  MapauleIbHO
notpebutento (Harpyske). IlociegoBarenbHO € Harpy3kol BKIIIOUEHA OOMOTKa

aneKTpoMarHuTa 1-3, cocrosiias U3 HECKOJIbKUX BUTKOB (TOKOBas 0OMOTKA).

Pucynoxk 1 — KoHCTpyKTHBHAsI cXxemMa MHAYKIIMOHHOTO CYETUYHKA.

18



ITockonbKy MHAYKTUBHOCTh KAaTYLIKH IPONOPLUUOHAIBHA KBAJpaTy YHCJIa BUTKOB,
MO>XHO CKa3aTh, YTO MHAYKTHUBHOCTb OOMOTKH HAINpPSKEHUS 3HAYUTEIHbHO OOJIbIIE
UHAYKTUBHOCTH TOKOBOM 0OMOTKHU. [I03TOMY TOK M coBIajaromuii ¢ HUM 1o (ase
MarHUTHBIA MOTOM 3JIEKTPOMAarHuTa 2 OTCTalT MO (a3ze OT TOKA U MArHUTHOTO
MOTOKA 3JeKTpoMarHuta 1-3 Ha yrou, 6nu3kuit k 90°.
MaruutHoe moje, o0Opa3oBaHHOE HAJOKEHWEM MAarHUTHBIX TOJEeH  JBYyX
AJIEKTPOMArHUTOB, HA3bIBAETCS Oezyuyum. beryiee MarHuTHOE MOJie€ UHAYLHUPYET B
JIMCKE TOKH, KOTOPBIC, B3aUMOIEHCTBYs C IIOJEM, CO3JAIOT MEXAHUYECKYIO CHILY.
Cuna B COOTBETCTBMM C HIpaBWiIOM JleHHa CTpeMHTCS YCTpaHUTh IPUYMHY, €€
BBI3bIBaIOIYI0. OHA pacCKpy4MBAET IMCK B HAIPABJICHUH OETrYILIEro MOJIs.

Cxembl BKJIIOYeHHS 0AHO(A3HOI0 CYETYHMKA.

Cxema OJICKTPUYCCKasl IMPHUHOUIINAJIbHAsA BKITOUCHUSA O)IHO(I)EBHOFO CUCTUYHKAa

I

—
o :

Ul Ry
o s

Pucynok 2

MPEJICTABJICHA HA PUCYHKE 2.

[TpakTruueckas cxeMa BKIIFOUECHHS OJHO(A3HOTO CUYETUMKA MpEJCTaBiIcHA Ha
pucyHke 3. 3axuMbl «I'» cimykaT s TOAKIIOYEHUS] CUETYMKA K DJIEKTPHUYECKON

CC€TH, K 3aKuMaM «H» nogxnrouaercs Harpyska.

7

Y

i

“1
e
X

Ol
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Pucynok 3-IIpaktrueckas cxema BKIIOYEHUSI OHO()A3HOTO CUETUUKA.
3. IIpubopsl u o0opyn0BaHUeE.

1. Onnodazupii cuértunk - 1 mmT.

2. JlamMmioBsIi1 peocTaT - 1 mr.

3. AMnepmerpcly=5A - lwmr.

4. Bonbt™merp ¢ Uy =250 B - 1 mr.

5. Cexynaomep - 1 .

4. IlopsiioK BHINOJHEHUS PA0OTHI.

4.1 Cobpartb cxemy | nms uccienoBanusi 0O JHO(PA3HOTO CUETUHKA, TPEIBSIBUTh
MIPENOAABATENIO JIJIsl IPOBEPKH.

4.2 BxIOYMTE CETEBOM BBIKIIOUATE/Ib, BKIIFOUUTE HECKOJIBKO JaMII.

[Tokazanust ammepMeTpa U BOJIBTMETPA 3aHECUTE B TabmuIty 1.

Ta6numa 1
HN3mepenus Boruncienus
Ne U I t n P K N K., Y
OTibITa B A c | 00opOoTHI Br --- | O6/kBtu - %
1 120
2
3

4.31Ipu 3aprKCUPOBAHHOM TOKE HArpy3KH MOCUUTAUTE KOJIMYECTBO OOOPOTOB
nucka cueturka n 3a 120 cekyH[, pe3yJibTaThl cueTa 3aHeCuTe B TaOiuIly 1.

4.4YBenuubTe€ YMCIO BKIIOYEHHBIX JIaMIl, IOBTOPUTE M3MEPEHUS IO
. 4.2 u 1. 4.3. BeIKJIIIOYUTE CETEBOU BBIKIIOYATEb.

4.5 BbITIOJIHUTE BBIYUCIICHHSI TAPaMETPOB 10 (popmyiam:
P=UI - momiHOCTH TIOTpEOUTEIS, BT.

DHeprusi, moTpebisieMas ENbIo 32 BpeMs OJJHOT0 000poTa TUCKa CUETINKA

X
n
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rae t- Bpems, C;
7 - YACII0 00OPOTOB JIUCKA CUETUMKA 3a BpeMs 7.
K _3600-1000
. n—
HomunanbHas IoCTOsIHHAS CUETUMKA N

rae N - mocTosiHHAs CYETYMKA, YUCIO 000pOTOB cueTynka Ha 1 kBT - wac sHeprum,

YKa3aHa Ha €10 IIUTKE.

y= = T, 100%
[IpuBeneHHas NOTPEITHOCTh K

[IpuBeneHHAs TOTPEIIHOCTD OMPEACIIAST KJIacC TOYHOCTH IIPHOOpa.
5. CnenaiiTe BLIBO/I.

6 KoHTpoabHbIE BONIPOCHI.

6.1 Ha3Banue o0OMOTKM (KaTyIIKH) CUETUYMKA, €CJIM OHa BKJIIOYCHA
napajuiesibHO Harpy3ke?

6.2 Ha3BaHWE€ MAarHUTHOrO MOJs B WHAYKIMOHHOM CUYETYMKE MPU HAIUYUU
KOTOPOTrO BpalaeTcs AUCK?

6.3 Ha3Banue Merona M3MEpPEHUs SHEPIHMM C UCIOJIb30BAaHUEM aMIIEpMETpa,
BOJIETMETPA U CEKyHI0Mepa?

6.4 Ha mkane cuerumka ykaszaH kiacc TOYHOCTH 2,5. COOTBETCTBYET JIH

cuetunk ['OCTy, ecin# Ypacs = 3% ?

JlabopaTopHnas padora Ne 5
HccaenoBanue padorsl TpéxdasHoil menmn

NPHU COCAUHECHUM NMOTPeduTe el IJHEPIuM 3Be3101
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Heab padoTel: ONBITHOE ONPEICICHNEe OCHOBHBIX COOTHOIICHUM MEXy TOKaMH 1
HAMPSHKECHUSIMU TIPU COSTMHEHUHU TTOTPEOUTENEH 3BE3/10H,

BBISICHEHUE POJIM HEUTPaIbLHOIO MPOBOA.

1. Cxema
H1I—& K1
5
A = &) ®
— R
— H2 K2 '
Biﬂ“*- t @ @ N
Co— | =@~
N @ H3’ 22 +|<3
&

j

2 Teopernuyeckoe 000CHOBaHUE

Tpexda3nas cucrema.

Tpexda3zHoii cucTeMoi ANEKTPUUECKUX LIeTIel Ha3bIBAETCSI COBOKYITHOCTh TPEX
AIEKTPUYECKUX LIETIEN, KOTOPBIX AEUCTBYIOT CUHycouaanbHble DJIC oquHakoBo
YaCTOThI U aMIUIMTY/Ibl, CABUHYTHIE OTHOCUTENIBHO JIPYT Apyra Ha 120°.
HcTouHnkamMu 3JE€KTPUYECKO SHEPTUU B TPEX(PA3HBIX HEMsIX ABISI0TCS TpEXda3Hbie
reHepaTophl Wik TpaHchopMaTopel. B Tpexdas3Hoil cucTeMe 3JeKTPHIESCKUX ISeH
da3oiiHa3piBaeTcsl oJHAa W3 Tpex uemnei. [l cokpaiieHuss uuciaa MPOBOJIOB
UCIIOJIB3YIOT CBsI3aHHbIE Tpex(asHble cucTeMbl. [ cCOeMHEHUs 3BE3/10M KOHIIbI
ooMoToKk mpuemMHUKa X,Y, Z COEAUHSAIOT B OOIIYI0 TOYKY, KOTOPYIO Ha3bIBAIOT
HYJICBOM TOYKOM WU  Hetimpanvto. KOHIIBI OOMOTOK TMPUEMHHMKA COCAUHSIOT B
001yt Touky N = neiimpans Harpysku (cM. pucyHok 1) . IIpoBozma, coeuHSIONME
Hayana A,B,C oOMOTOK MCTOYHHMKA C MPUEMHHKOM Ha3bIBAIOTCS JUHEUHBIMU.

I[IpoBox, coeauHsIOmuil HelTpanb reHeparopa N u HelTpans Harpy3ku N
Ha3bIBAIOT HeumpanbHoim. 110oiydaeTcs cBsi3aHHas YETBIPEXIIPOBOAHAS CUCTEMA

AJICEKTPUYECKUX LIECTIEH.
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A Ia

B3]

N(X, Y, 2)

Pucynoxk 1 — Cxema TpexdazHoi 1ienu npu CoeMHEHUU
0OMOTOK T€H
patopa u ¢a3 norpeduTesneit 3Be3101.

IHapamerpsl Tpexda3Hoi Henu
Jlunetinolii mox - 3T0 TOK, MPOTEKAIOUIUHN 10 JIUHEHHBIM mTpoBoAam (Iy).
Da3znblil MoK - TOK, MPOTEKaoIUi B (paze mprueMHuKa uin uctouHuka (Ig).
Jns cxembl 3Be37a (ha3HbIE M JIMHEHHBIE TOKK OJMHAKOBBI B Kaxoul daze: I, = lo
Jluneiinoe Hanpsoicenue - 3T0 pa3HOCTb MOTEHIIMANIOB MeXAy ABYMsI TUHUAMHU (U .,
Usc, Uca).
Daznoe HanpsiceHue - ATO HANPSHKCHUE MEXKIYy HA4dajloM M KOHIIOM (ha3bl WM

HaIpsHKEHUE MEXAY JTMHEUHBIM U HyJe€BbIM MPOBOAOM (Ua, Us, U).

Ecnu cuntaTh moTeHnmaibl Haval a3 renepaTopa u Harpy3Ku paBHBIMU (T.€.
NaJICHUE HANPSHKEHUS B IMHEMHBIX MPOBOAAX paBHO HYJH0). JIMHEHOE HanpshKeHUe

m000# (ha3bl mpeacTaBiIseT COO0M aNredpanvecKyro CyMmy (pa3HbIX HAMPSKEHU:

ﬁAB:ﬁA_ﬁB
Upc=Up—U¢
Uer=Uc-U,

BexTopHas nmuarpamma JTMHEHHBIX U (Da3HBIX HAIIPSKEHUH TPE/ICTaBlIeHa Ha

pPUCYHKE 2.
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Pucynok 2 — BekTopHas quarpamMma TpexQaszHou 1emnu.

Ecnu conpotuBnenus ¢a3 o1MHAKOBbI (Harpy3ka CHMMETPUYHAs ), TO TPEYTOIbHUKU

Ha JuarpamMmce SABJIAIOTCA paBHO6eI[peHHI>IMI/I, OTKYJa JICTKO IMOJYYUTh COOTHOIICHHC!
U,=v3U,

Tok B HEWTpalbHOM NPOBOJE pPaBEH anreOpandyeckoil cymMMme (a3HbIX TOKOB:

MCKAY HAIPSKCHUAMA

IN:IA+IB+IC

BekTopHas nmuarpamma npejcTaBieHa Ha pUCyHKe 3.

“-I:T.I'.L =il-ﬂ.
J:__IA
-~ IN

B o

[FC:E-_://"
e

—_—

Pucynok 3 — Tok B He#TpanbHOM mpoBoge N

3. IIpubopsl 1 00OpyROBaAHME
1) Uctounuk nuranus 220B 50 I'm.
2) Amnepmertpbl € Loy =3A -3 mr.
3) Amnepmerp ¢ Loy = 1A -1 mr.
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4) Bonbt™meTp ¢ Uow = 250B -1 mr.
5) I'pynmsl namn HakanuBaHUs - 3 IMIT.

4. IlopsiioK BHINOJIHEHUS PA0OTHI.
4.1 CobGepure cxeMy UccieoBaHus TpexPazHOU IeNH, MPEIbIBUTE TS

IIPOBEPKU MPENOIAaBATENIO.

4.2 Pexxum paboTsl 1ienu: PaBHOMepHas Harpy3ka (CUMMETpHYHAs Harpy3Ka),

HEUTPAJIBHBIN IIPOBOJT BKIIFOYEH.

a) YCTaHOBUTE PAaBHOMEPHYIO HArpy3Ky (BKJIIOYUTE OJMHAKOBOE KOJIMYECTBO JIaMIl B

(dazax Harpy3ku). BKirounTe ceTeBOM BBIKIIIOYATEIb,
0) M3mepbTe TOKM (a3, TOK B HEUTPaTLHOM MPOBOJE, (ha3HbIC U JIUHEHHBIC
HaMpsDKeHUS Ha Harpy3ke. Pe3ynbrarel u3amepeHuit 3anecure B Tabnuiy 1.
B) BhIK/IIOUMTE CETEBOU BBIKIIIOUATEID.

4.3 Pexxum pabotsl nenu: HepaBHoMepHas Harpy3ka, HEHTpaJIbHbBINA IPOBOJY
BKJTFOUCH.
a) YcTaHOBHTE HEPABHOMEPHYIO HArpy3Ky (pa3Hoe KOJIMYEeCTBO JIaMil B (pazax
Harpy3km). BkitouuTe ceTeBoil BBIKIIOYATEb.
0) UsmepbTe TokM (a3, TOK B HEUTPaTbHOM IIPOBOJIE, (pa3HbIE U JIMHEWHbIE
HamnpspKeHUs Ha Harpyske. Pe3ynbrarel u3MepeHuit 3anecure B Tabnuiry 1.
B) BhIK/IIOUMTE CETEBOM BBIKIIIOUATEIb.

4.4 PexxuM paboTsl ienu: XoJlocTon xo/1 (ha3bl, HEHTPATbHBIN TIPOBOJ]

BKJIFOUCH.
Pesxxum padoTsI nenu HN3mepenus
s 5 IA IB IC IN UA UB UC UAB UBC UCA
o S g Pexum
=l 273 marpyskn  [A[A|[ A | A |B|B| B | B | B | B
1 = PaBromepHas
= 053
£ <
) g g HepaBHomepHas
3+
s [ .
T8 XO0JI0CTOH X0
3 = dazbr
= 5 3 PaBHOMEpHas -
4| 288"
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)
MpoB
on
OTKJI
104eH

HepaBnomepnas

a) YCcTaHOBUTE HEPABHOMEPHYIO HArpy3Ky, BCe JIaMIIbl OJIHOM U3 (a3 JOIKHBI ObITH
BBIKJIFOYEHBI, YTO O3HAYAET XOJOCTOM TOK (ha3bl (pa3HOE KOJIMYECTBO JiaMM B (hazax
Harpy3ku). BkitouuTe ceTeBoil BBIKIIOYATEb.
0) M3mepbTe TOKM (a3, TOK B HEUTPaTLHOM MPOBOJE, (ha3HbIC U JIMHEHHBIC
HaIpsDKeHUs Ha Harpyske. Pe3ynbrarel u3MepeHuil 3anecure B Tabnuiry 1.
B) BhIK/IIOUMTE CETEBOU BBIKIIIOUATEID.
MIPOBEPKHU MPENOJABATEIIO.

4.5 Pexxum paboThl ienu: PaBHOMepHas Harpy3ka (CUMMETpHYHas Harpy3Ka),
HEUTPAIBHBIN ITPOBOJI BHIKIIOUECH.
a) YCcTaHOBUTE PAaBHOMEPHYIO HArpy3Ky (BKJIIOUMUTE OJMHAKOBOE KOJIUYECTBO JIAMII B
(dazax Harpy3ku). BkitounTe ceTeBoil BBIKIIIOUATEIb;
0) U3mepbTe Toku (a3, dha3Hbie U IMHEIHbIC HAMIPSKEHUSI HA Harpy3ke. Pe3ynbrarsl
U3MEpEeHUil 3aHecuTe B Tabauiy 1.
B) BhIK/IIOUMTE CETEBOU BBIKIIIOUATEID.

4.6 Pexxum pabotsl 1ienn: HepaBHOMepHast Harpy3ka, HeUTpaabHbIN TPOBOJ
BBIKJIFOYEH.
a) YCTaHOBHUTE HEPABHOMEPHYIO HArpy3Ky (pa3HOe KOJUYECTBO JIaMIl B (ha3ax
Harpy3km). BkiatouuTe ceTeBoil BBIKIIOYATEb.
0) U3mepbTe Toku (a3, (pa3Hble U IMHEHHbIE HATPSHKEHUST HA Harpy3ke. Pe3ynbrarel
U3MEpEeHUil 3aHecuTe B TabnuiLy 1.
B) BrIK/TIOUNTE CETEBOM BBIKITIOUATEIIb.

4.7 Tlo naHHbIM ONIBITOB 1,2,3 OCTpOWTE BEKTOPHYIO JUAarpaMMy pacdeTa TOKa
B HEUTpaAJIbHOM IIPOBO/JIC HA MUJUIUMETPOBOI Oymare.

4.8 OneHnTe MOCTOSHCTBO (Pa3HBIX HAMPSHKEHUI MO PE3yJIbTaTaM OIBITOB
2,3,5 1 ero 3aBUCUMOCTH OT pekuMa padoThl Tpex(azHoil men.

4.9 Boluncnure OTHOLIEHUE JMHEHHOro U (Pa3HOro HAMpPsHKEHUH 1o

pe3yJibTaTaM U3MEPEHUN B ombITe 1.
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S. BeiBoa.

6. KoHTpO/IbHBIE BONIPOCHI.

6.1Kaxk BrIMOTHUTH coeuHeHue (a3 TeHepaTopa U Harpy3KH 3Be3710i1?
6.2Ha3Banue oO01ero npoBojia Tpex Henel YeThIPEeXIPOBOAHON CUCTEMBI ?
6.3 Uto 3HauuT «X0a0cTOM X0/ (ha3bi»? [Ipu Kakux peasbHbIX YCIOBUSIX

BO3HMKAET TaKOH peKuM padboThI.?

JladbopaTopHas padora Ne6
HccaenoBanue Tpex(asHoro rpancopmaropa

Heas paGorel: DopmupoBanre yMeHui onpenenaeHus (asHoro v JIMHEHHOTO
koadpuieHToB TpaHchopMaIuy Ha OCHOBE MOKa3aHUN TPHUOOPOB U U3MEPEHHE
MOIIIHOCTHU TIOTEPb.

1. TeopeTnyeckoe 000CHOBAHUE

Tpexdaszusie TpanchopmaTopbl TPEOOPA3YIOT IIEKTPUUYECKYIO HIHEPTHUIO
Tpex(a3HbIX EMIX C OJHUM COOTHOIICHHEM JIMHEHHBIX HAIpPsSHKEHUH W TOKOB B
AJIEKTPUYECKYIO JHEPTUI0 C JPYTUM COOTHOIIEHHWEM OJTHUX K€ BEIUYHMH TpHU
HEU3MEHHOM 4acTOTE.
B crepxHEeBBIX Tpexdha3HbIX TpaHCc(hOopMaTOpax ¢ PacHoIOKEHHEM TPEX CTEP)KHEH B
OJTHOM TJIOCKOCTH, 3aMKHYTBIX CBEPXY M CHU3Y SpMaMH, UMEIOTCS JIB€ Tpexda3Hbie
oOMOTKH - BeIciiero HanpspkeHuss (BH) w Huzmero Hanpsokenuss (HH), B kaxayro
U3 KOTOPBIX BXOJIAT O TpH (ha3HbIe OOMOTKH WK (Pa3bl.
Tpexdasnawnii Tpancpopmarop mmeeT 12 BBIBOAOB OT 3 HE3aBUCHMBIX (Ha3HBIX
oOMoTok. HauanbHble BBIBOJBI ()a3 OOMOTKH BBICIIErO HANPSIKEHUS 0003HAYAIOT
oykBamu A, B, C, xoHeuHbIE BBIBOJGI - X, Y, Z, a mus ¢a3 o0OMOTKHA HHU3IIETO
HaIPsHKCHUS TPUHUMAIOT aHAJIOTHYHbBIC 0003HAaUeHus - a, B, C, X, y, z. da3Hbic
OOMOTKM BBICIIETO W HH3IIETO HANPSHKEHWH COCOUHSIOT 3BE3IOH  WIH
TpeyroiabHukoM. CoeauHeHHue 3Be370M 0003HAYArOT -Y, €€ HEUTpaJbHbIC TOYKHU -

OykBamu N, n, cOeIUHEHUE TPEYTOJbHUKOM - A
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®dazublil k03¢ dunueHT Tpanchopmaruu TpexdasHoro TpaHchopMaTopa OnpeaesiFoT

Ul@O
OTHOLICHHEM (Pa3HBIX HATIPSKCHUHM IIPU XOJIOCTOM XOJe: No=1; .
290
o o _ Umo
JIuneinplil k03P PUIUEHT TpaHCPOpMalUK ONPENETI0T aHanoruyHo: U ;= U
2J1

Ecnu coequnenue ¢azHpix 0OMOTOK BhINOIHEHO 10 cxeMaM Y/Y wimu A /A, TO 006a
kod(pdunmreHTa TpanchopmMaluu OJUHAKOBBI: B, =H 4 .
ITo cxeme A/Y, ni =ne V3
Po u Pk - MOUTHOCTH, OTBEYAOIINE COOTBETCTBEHHO OMBITAM XOJOCTOTO XOJa U
KOPOTKOTO 3aMbIKaHHS,
1> m >4 - COOTBETCTBEHHO TOK HArpy3Kd BTOPHUYHOW OOMOTKH TpaHChopmaropa ee
HOMUWHAQJIBHOU TOK.

2 IlpuGopsl u odopynoBaHue.

1) Crenn «DIEeKTpUUECKHUE MAILIMHBDY.
[TacriopTHbIe JaHHBIE TpaHCHOpPMATOPA.

SH BA U]H B U2 B IzH A
100 220 110 0,91

3 Ilopsaaok BbINOJHEHHUS PadOTHI.

OmnbiT 1. Onpenenenue ko3pPunuenta rpanchopmanuu.

1) Cobepute sneKTpuUecKyto cxeMy onbiTal coracHo pucyHKy 1. Bkitouute
TyMOsep S1 «CeThb», 3aTeM BKIIOUUTE COOPaHHYIO cXeMy TyMOaepom S8.

2) [lepexmouatenem T1, Vi ycranosute Hanpsixenue 220B. Mcnonb3ys
BosbT™METp VI, u3mepbTe (pa3Hbie HANPSHKEHUS IEPBUYHON U BTOPUYHOM
00MOTOK, 3aHecuTe B Tabauiy 1 . [Io u3mMepeHHbIM BETUUUHAM OIPEIeIuTe
kod¢duimeHT TpanchopManuy ucnsiryemoro Tpancopmaropa T3.

Tabmuna 1 — KoadduiwienTs! TpanchopmMarum.
U](I) , B Uz(b , B Uzn , B No Ny
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PucyHnok 1 — Dnekrpruueckas cxema omnbita 1.
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OnpIT 2. X0J10CTOM XO01.

1) Cobepute dIEKTPUIECKYIO CXEMY OIBITA 2 COTJIIACHO PUCYHKY 2.

Pucynok 2 —DnekTpuyeckasi cxema omnbiTa 2(X0JIO0CTON XO).

2) Bxumtouute crenn tymoiaepom «Cetb» S1. Brirounute cxemy paboTh
tymOsnepoM S8. YcranoBute nepexitovarenem T1 nanpsbxkenue 220B (V). U3-
MepbTe (pa3HOE HaNpsHKEHUE Ha IEPBUYHONM 00MOTKe TpaHchopmaTopa T3
BosibTMeTpoM VI. CHuMuTe nokaszanus npubopos Al, W1, 3anecurte B

Tabauny 2.
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Tab6muma 2- OneiT XX.

U1c1>o, B Il(DO, A Plo, Bt

3)YcranoBute nepexitoyatens T1 B HaYallbHOE NOJIOKEHUE. Brikimtounte TymOiep

S8. Beikmounte Tymoep S1.

OmnbiT 3 Koporkoe 3ambIkaHue.

1) CoGepuTe 2MEeKTPUIYECKYIO CXEMY OIbITa 3 COTIACHO PUCYHKY 3.

g

a1

-

R4.3

0 J

z >

ol
o \
(%__*
>
5
o

Pucynok 3 — DyiekTpuueckasi CXeMa OmbITa 3 KOPOTKOT'O 3aMbIKaHUSI.
2)IIpoBeppTe, uTO maKeTHbIM mnepexmouatens T1, Vi BbiBeneH B
nosnoxxenue 0.

3)Bxitounte crena tymonepom S1«Cetb» U cxemy J1abOpaTOpHOU pabOThI

TymOsIepom S8.

4)13MenHsis TepBUYHOE HalpspKeHue mnepekntouareneM T1, Vi,

ycTaHoBUTE TOK 10 amnepmerpy Al B mpeaenax (0,8 ....1) A.

Buumanue! Pyuxy ranernuka JIATP a T1 ycranaBiuBaTh TOJIBKO B

npeaeaax (0-20) B na 3ejieHoM 30He IKAJABI BO M30€KaHMe BbIX0a M3 CTPOS

3JIEMECHTOB CXCEMBI.
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5)BBIKTIOUNTE CTEH] U IpUCOEaUHUTE amrepmeTp Al B
NEepPBUYHYIO, 1IeTTh TpaHchopmaTopa. BxitounTe CTeHHA, 3amuUIIUTeE

MoKa3aHusi MpuOOpPOB B TAOIHUILY 3.

Tao6muma 3- OneiT K3.

Uiox, B Lok, A Pix, Bt

5) YcranoBute nepexitoyatenas T1 B HavanbHOE MOJIOXKEHUE. BrIkTtounTe
tymonep S8. Brixmounte Tym6iep S1.
4 BriBoxg

SKoHTpOJIbHBbIE BONPOCHI.

1)Uto Ha3pBaOT (a3HBIM U JUHEHHBIM KO3 PUuIneHTaMu
Tpanchopmarmn?

2)Kakue moTepu dHEpTHUHU UMEIOT MECTO B TpaHchoOpMaToOpe H
OT 4Y€TO OHU 3aBUCHAT?

3)KakoBa ob6nacTh npuMeHeHHsi TpexdaszHbIX TpaHcHopMaTopoB?

JlabopaTopHas padora Ne 7
HccaenoBanue padounx XapaKTepUCTHK TPeX(a3HOro aCHHXPOHHOIO

ABATraTe/ifl ¢ KOPOTKO3AMKHYTBIM POTOPOM

Heab padorel: [lonyyeHne ONbITHBIM MyTEM PabOYMX XapaKTEPUCTUK

ACUHXPOHHOI'O ABUT'aTCII € KOPOTKO3aAMKHYTBIM POTOPOM.

1. TeopeTnueckoe 000CHOBaHUE
KoHcTpyKIusi aCHHXPOHHOI'0 IBUTaTeJIsl ¢ KOPOTKO3AMKHYTHIM POTOPOM.
Tpexda3upiii aCHHXPOHHBINA JIBUTaTeIh COCTOUT M3 JIBYX OCHOBHBIX YaCTEM:

cTaTopa U poTopa. CTaTOp - HCIIOABHWIKHAA Y4CTh ABUTATCIIA, CIIYKUT IJIA CO3aHUA
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BpaIAIOIIETrOcs MarHUTHOTO noJiss. OH COCTOUT U3 KOpIyca (CTAaHUHBI), CEPACUYHHKA
u ooMoTku. Cxema coenuHeHus Tpex(da3zHoil cTaTopHOW OOMOTKM - 3Be3Ja HIIU
TpeyroibHUK. Kopryc nauToil, ctasibHOM M 4yryHHbIA. CepaedyHuK coOupaercs u3
TOHKHUX JIUCTOB AJIEKTPOTeXHUYECKON cTtanu. CoOpaHHBIE JHMCTHI CTadd 00pa3yioT
MakKeT cTaropa, KOTOpPbIM 3ampeccoBbIBaeTCi B Kopmyc crtatopa. Ha BHyTpeHHel
CTOpPOHE CepJIeYHHKa 00pa30BaHbI Na3bl, B KOTOPbIE YJI0KE€HAa 0OMOTKA CTaToOpa.

PoTop cocTouT M3 CTaJIBHOrO Bajia, HA KOTOPBIM HANPECCOBAH CEPJICYHUK,
BBINIOJIHEHHBIM, KaK W CEepACYHMK  CTAaTopa, M3  OTACJbHBIX  JIUCTOB
ANEKTPOTEXHUYECKOM CTald C  BBIIITAMIOBAHHBIMU B HHUX [a3aMH.
Kopotko3amknyTass oOMOTKa (Oenuube KOJIeCO) TPENCTaBIsieT Co0OW  pan
METAJUNIMYECKUX CTEPKHEHN (UIFOMUHUEBBIX WIH MEIHBIX), PACIOJIOXKEHHBIX B Ma3ax
CEp/ICUHHKA, 3aMKHYTBIX C ABYX CTOPOH KOJIbIIAMH.

Ban poropa Bpamaercs B MNOAIIMIHHUKAX KayeHUs. PacrnonoXeHHbIX B
NOJAIIMITHAKOBBIX MMTaX. OXJIaKIEHUE JBUTATENSI OCYUIECTBIISIETCS METOJA0M
MOBEPXHOCTHU KOPITyca EHTPOOEHKHBIM BEHTHIISITOPOM.

HpuHuun gercrBus.

MaruuTHOoe mTOJe cTaropa IepecekaeT IMPOBOJHUKKM OOMOTKH poTOpa H
HABOJUT B HUX MEpeMEeHHYIO 3.1.c. [lockonbky oOMOTKa poTropa 3aMKHYTa, dTa
3.1.C. BBI3BIBAET B HEW TOK TOrO K€ HANpPABIECHHs, 4YTO M 3.1.c. B pesynbrare
B3aMMOJICHCTBUSl TOKa POTOpa C BPAIAIOMIMMCA MArHUTHBIM MOJIEM BO3HUKAET
AJIIEKTPOMAarHuTHasi Cuja, JEWCTBYIOIIas Ha MPOBOJHUKH poropa. Cuna co3paer
BpAILIAIOIINI MOMEHT, JCHUCTBYIOIIHUMN B Ty %€ CTOPOHY, YTO U CUJIA.

[Tox neficTBMEM MOMEHTA BpAIllEHUS POTOP MPUXOIUT B JIBXKEHHUE U TOcie pa3bera
BpallaeTcsl B TOM K€ HalpaBJIEHUH, YTO U MarHUTHOE MOJI€ C HECKOJbKO MEHBIIEH
4acTOTOM BpalllCHUSI, YeM II0JIE: n, = (0,92...0,98)n,,

IZI€ 1; - 4YacTOTa Bpall€HUsS MArHUTHOTO MOJIA CTaTOpa, WM CUHXPOHHAs 4acToTa
BpaIllCHHUSI;

n;- 4acTOTa BpallECHUS pOTOpA.
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CUHXpOHHAsT 4acTOTa BPAICHUS OMPENEISETCS YacTOTOM TOKa  (f;) MCTOYHUKA

60
NUTAHUS JBUTATEI U YUCJIOM Iap MOJCOB cTaTtopa (p): n=—-

(mMun )

Yacrora BpaliCHHUA pOTOpaA ONPCACTIACTCA CKOJIbXCHUCM:
n=n 1( 1 - S) )

n,—n,
riae S - CKOJIbXKEHUE: s=——
1

PaGoune xapakTepuCcTUKHA ACHHXPOHHOTO JIBUTATEJIA.
PaGoune xapakTepuCTUKH TPEACTABIAIOT CO000W rpadudecKkue 3aBHCHUMOCTU
napaMeTpoB JIBUTaTesis OT MOITHOCTH Ha Baiy: n = f(P,); M = {(P,); cos ¢: = {(P»);
n = f(P,).

2 IIpubGopsl 1 000pyI0BaHHE.

Crenpa «DJIEeKTpUUECKUE MALLIUHBDY, IBUTaTENh M2.

HﬁCHOpTHI:IC JaHHBIC ABHUT'aTCIIA

Pu, BT 180 My, Hm 0,62967

n, % 65 Ny, 00/MHUH 3000

Cos on 0,78 Su 0,09

N, OO/MUH 2730 S, 0,37436

[H, A 0,5 My, H™ 138527 | 3

Ta/Tm, A 7 n, A ) Hopsitox
) 22 T, A 0.5

BBINIOJTHEHUS PadOThI.
Co0patb 3IEKTPUUECKYIO CXEMY OIBITAa COTJIACHO PUCYHKY 1.
Omnpbit 1. XoJ10ocToM x01.
1)Bxorounte crenn tym6iepom «CeTb» S1, cxemy 1a00paTOpHON YCTaHOBKH
TymMOsepoM S2, aCHHXPOHHBIN JBUTATEh KHOMKOU S4.
2)'enepatop noctossHHOrO Toka M1 He BkItouath (nepembruku 111 u [12
0TCYTCTBYIOT, perynsarop JIATPa 11.1 B nonoxxenue «O» TymOiep S6 OTKIIOUEH).
B sTOoM pexume u3MepsIoTcs cieayIoue napaMeTpbl JBUraTess:
® MOIIHOCTb XOJIOCTOTO X0/1a;
® TOK XOJOCTOI'O X0/13;

® HamOpsKEHHE cTaTopa.

33



[TapameTpsl 3aHecTr B Ta0IUIYy 1.

Tabmuua 1- [Tapamerpsr A/]

qu, B Iq> 5 A PH, Bt

87

3 S -,
A 7 A B c’

PucyHok 1 — DnekTprueckas cxemMa BKIFOUYECHHS] aCHHXPOHHOTO ABUraTens M2

OnbIT 2.PeskuM HATPY3KH ABUIaTe/Isl.



BHUMAHHE! Ilepeo npoeedenuem pabomwl ydedumecb umo 6ce 2ajieniHbvle
nepekntouamenu JIATPog (T1, T1.1, T1.3) ycmanoenenwt ¢ no3.«O». Ilpu pabome
¢ oonogpasnvimu JIATPamu TI.1 u TI1.3 ne Oonyckaemcsa 00HOBPEMEHHOE
ucnoavzoeanue mpexgaznozo JIATPa TI.

)Ans cHATUg paboyux XapaKTEpUCTUK YyCTaHOBHUTE mnepembluky II1.

2)Bxatounte creHn tymoOnepoMm «Cerb», cxemy JabOpaToOpHON YCTaHOBKHU

TymMOJIepoM S2, aCHHXPOHHBIN JIBUTaTeIh KHOMKON S4.

3)Tymbnepom S6 Brmtouute JIATP T1.1 u ycraHoBute ero peryysrop B

nosnoxenue «50» 1 u3MeHsuTe Harpy3Ky reieparopa pesuctopom R1 (monoxenus 1-
6) u npu HeobOxoauMocTu noyuuth R1 = 0 ycranoButh nepembruky [12 . U3menss
nonoxxenne perynstopa JIATPa T1.1, MOXHO yBenuuuBaTh Harpy3Ky Ha acHH-
XpPOHHBIA JBUTaTENb, MPU MPOCKAIb3bIBAHWM IMACCHUKA MO MIKWUBAM YMEHbIIUThH
Hanpspkenne JIATPa. JlanHble u3mepeHuil 3aHecT B Ta0IUILY 2.

Tabnuua 2 — ITapamerpsl A/l B pexxume Harpy3Ku.

N3mepenus Boruucienus
JBuraresnp ['enepaTop
Upng Ins Po n, Ur Ir P, M S Ns Nr COSQ®
B A Br  [mun’ B A Br Hwm - - - -

4)BBINOIHUTH PACUYETHI.
5) [MocTpouts rpaduku XapaKTEPUCTHK.
6) Cnenatb BBIBO/I.
4. KoHTpoOJIbHBIE BONPOCHI.
1)ITouemy B MOMEHT MycCKa TOK cTaTOpa HauOOIbIIHii?
2) KakoBbl c11ocOObl CHUYKEHHUSI ITyCKOBOT'O TOKa?
3) Ot KaKux napaMeTpoOB 3aBUCUT MOMEHT BpPAILICHUS IBUTATES?
4) Kak u3MeHUTCS BpalIAlONUii MOMEHT JIBUTATEIS, €CIIH HAMIPSDKCHUE B CETH

canzutcg Ha 10%?
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JlaGoparopHasi pabGora Ne 8
HccaenoBanue cxeMbl pesieiHO-KOHTAKTHOTO YIIPABJIEHUSA
Tpex(a3HbIM ACMHXPOHHBIM JIBUTaTeIeM

Heab paGoTei: OcBoeHUE alNropuT™Ma JUCTAHIMOHHOTO YIIpaBJieHUs TpeXda3HbIM

ACMHXPOHHBIM IBUTATCIICM.

1 Cxema

RN

Kl KK J

=]

[ ]

2TeopeTnunyeckoe 000CHOBAHUE.

Anmapatypa KOMMYTAllMd M yIIPaBJIeHUsI.

ABTOMaTHUECKOE YHOPABJIICHUC SJICKTPOABUTATCIIAMA U APYTUMHA IPUCMHHUKaMU
BHGKTpHLIeCKOfI OHCPIUHu OCYIICCTBIIAIOT ITYTEM IIPUMCHCHUS B SJICKTPHUUCCKHUX
LCIIAX PA3JIMYHBIX allllapaToB, IIPHU IMOMOIIKW KOTOPLIX OCYINCCTBIIAIOT ITYCK,

PEryJINPOBAaHME YaCTOTHI €r0 BPAIIECHUS, TOPMOKEHHE , OCTAHOBKY JIBUTAaTENEN, a
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TaK)Ke UX 3aIUTy OT MEePErpy30K U KOPOTKUX 3aMbIkanuii. Hanbombiee
MPUMEHEHUE CPENIU MOA00HOT0 pojia YCTPOMCTB MOTYUUIIU KOHTAKTOPHI, Peie,
MAarHUATHBIE ITyCKAaTENH, IIyTEBBIE U KOHLIEBBIEC BBIKIKOYATEIH, KHOIIKH,
MPEIOXPAHUTEIN U T.11.

VYrpaBasaTe Tpex(da3HbIM aCHHXPOHHBIM JBUTATENIEM C KOPOTKO3aMKHYThIM
POTOPOM MOYKHO IPHU MOMOIIA MATHUTHOTO ITycKarteil. MarHuTHbIE Iy CKaTEIn
MPECTaBIAIOT COO0I COBOKYIMHOCTh KOHTAKTOPA U TEIJIOBBIX Pelie, yCTAHOBIEHHBIX
Ha OJIHOM ITaHEIH.

KonTakTopsl.

KoHTakTOpOM Ha3bIBAIOT KOMMYTALIMOHHBIM 3JEKTPOMArHUTHBIM ammapar, y
KOTOPOTO BPYYHYIO IIPOM3BOAAT MEPEKIIOUYECHHE B LENW  YIPABICHUS, a
MEPEKIIOYEHUE B TJIABHOM LENW MPOUCXOAUT aABTOMATHUYECKU. KOHTaKTOpHI
IIPEAHA3HAYEHBI I YacThIX BKJIIOUYEHHM M OTKIIOUYEHHH AJIEKTPOYCTAHOBKH IIOJ
Harpy3koil (mo 1500 BkIOYEHMH W OTKIIOYEHUMH B  Hac). Ycerpouctso

QJICKTPOMAIrHUTHOI'O KOHTAKTOpaA IIPEACTABJICHO HAa PUCYHKC 1.

5

NI
L ) 7% ;\

6 1y
?

Pucynok 1 — DneKTpoMarHuTHBIA KOHTAKTOP.

IIpn 3amMbplKaHMM KHONKHM YHpaBlieHWs | B Lenu ynpasieHus, T.€.
KATyIIKE 2, BOBHUKAET TOK, KOTOPBIM CO3/1a€T B CEPJACYHUKE 3 MAarHUTHBINA NOTOK U
AIIEKTPOMArHUTHAsl CUJIA MPUTATHUBAET SIKOPb 5 K CEpACYHUKY 3.MarHuTHbIM MOTOK
3aMbIKAeTCs TI0 MAarHUTOIPOBOJY, COCTOALIEMY U3 CepACUHHKA 3, AKOPsl 5 U CKOOBI 8.

Korga skope NPUTSHYT K CEpPACYHHMKY, 3aMBIKAKOTCSA TJIABHbIE KOHTAaKThl 4, depes
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KOTOpbIE  3amuThIBaeTCs OOMOTKa craropa. OTHOBPEMEHHO  IMPOUCXOIUT
NepeKsIifoYeHue OJOK — KOHTakToB. YuWciIo OJOK - KOHTAaKTOB MOXKET OBITh
pa3nuYHBIM. VX BKITIOYWAIOT B IIETb YMPABIEHUS JTaHHOTO KOHTAKTOpPA WA JIPYTOTO
anmapara. Ha aJeKTpuueckmx cxeMax KOHTAaKTOphl O0003HAYaloTCs B HMCXOJTHOM
obectoueHHOM cocTostHuM cornacHo ['OCT 2.755 (Tabnuua 1).

Pesie

Pene — 3T0 ammaparthl, KOTOpbIE IPOU3BOAAT aBTOMATHUYECKOE IEPEKIIIOUCHUE
KOHTAKTOB B IICIIH YIIPABJICHUS JAPYTOTO arapara.

TemnoBbie pCiac NpCaHa3HAYCHbI I 3alllUThI 00MOTOK ABUTAaTCIIA OT MJIMTCIIbBHBIX

neperpy3ok Ha 10- 20%. KoHcTtpyKkTHBHasA
CXeMa  TEIUIOBOTO pene C
OMMeETaNIMYECKOU r TUTACTUHOM
IIpEICTaBJIEeHa  Ha pUCYHKE 2.

Pucynok 2 — Tennooe perne.

HarpeBarenbHpli 371eMEHT 1 BKIIIOYAIOT MOCJIEAO0BATEIBHO C JIEKTPUUECKOM IETbIO,
KOTOPYIO HaJ0 3amumiarh. HarpeBaTenbHBIN 3JE€MEHT HArpeBaeT PacloIOKEHHYIO
pAIOM OMMETAINTMYECKYIO TUIaCTUHY 2. buMerannnyeckasi 1mjiacTHHA BBIIOJHEHA U3
JIBYX CJIOEB METAJUVIOB C Pa3HbIMU KOA(DPUIMEHTaMU pacCIIUPEHUs, TOITOMY MpU
HArpEeBaHWM OHA BBIIPSIMIIETCS, W pbhiuar 3 ocBoOoxmaercs. Ilom neicTBueM

MPY>KUHBI 6 phlYar NOBOPAYMBAETCA U Pa3MbBIKAET KOHTAKTBI 5 B LIETIH YIIPABIICHUS.
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Taomuna 1
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Haumenosanue anemenTta

Odoana-
geHHAEe

KorTakTr xoMMyTH- 3aMEBIKAIOIIH T
PYIOIIETO YCTPOHMCTBA
(obmee obo3HATYEHEE) .
Pa3MEIKAONTHAN \l:
T PERITIOYATOTITH j
Briknouatenns OJTHOTIOJTIOCHBIT ~
TPEXIIOTIOCHEIH (LN
[Tepermouarens . A
O/THOTIOJTIOCHBITA
TPEXTIOJTFOCHEINA %l
IOBYXIOJIIOCHEIA TPEXIIO3UITHOHHBII | | | |
¢ HEMTPATEHBIM MOJI0KEHAEM ﬁ
PasrequanTe s

Beix/mogare s Harpysxu

BrikmouaTens aBToMaTHYeCKAR

Knonku ynpasneans

C 3aMBIEAIONMIUM KOHTaKTOM

C pasMbIKaKIIAM KOHTaAKTOM

KonTakT rimasrHo nenn
KOHTAKTOpa, MATHHUTHO-
T IMycKaTelIsd

3aMBIKAIOIIIH

Pa3MEIKAONIHHA

3aMBIKAOIIAN JyTOraCHTE ILHEIH

Pa3MEIKAIHNHI JyrOracHTe IEHEBIH

KonTakT Temosoro peste 6e3 camoBo3BpaTa (C BO3BpaToM

HaxaTueMm RI—IO]IRH)

KonTakT 3amMBIRa O
C BBIIEPRKOM BpEMEHH

IIPpH 3aMbIKaHHHA

PElala4 A

TIPH pa3MBIKAHUH

-

3 IIpubopsbl 1 00OpyIOBAHME

1) HUcrounuk nutanus - tpexdasnas cetb 220 B, 50 I'y



2) Tpexda3zubiit acunxpoHHbsiit apuratens AOJI-22-4 220/380 B 50 I'nx ;

P. =400 Bt; n=1400 o6/Mun

3) MarHuTHbIH ITycKaTeb

4) Iloct ynpasnenus - [IKE - 222 - 2V?2

5) AmniepmeTtp Toka - 5 A.

4 Ilopsiiok padoThI

1) CoOpats cxemy. IlpenbsBUTh cxeMy HJisi IPOBEPKH MPENOAaBaTENIO.

2) BxatounTs ceTh Bbikouatenem QF.

3) BxomtouuTs ABUTATENH C TOMOIIBI0 KHOMIKK SB2. Y6eautcs B ToM, 4To mocie
OTIYCKaHHWsSI KHONKMA JBUTATellb Mpojaoipkaer paborats. [Ipocneauts 3a
cpabaTblBAHUEM MArHUTHOTO ITyCKATEeIs.

4) OTKII0YnTh ABUTATENb ¢ moMoIsio kHomku SB1. [lpocneauts 3a paboroit
MarHuTHOTO MyCKaTes

5) OtknrounTh 010K - KoHTakT KM. BKIIIOUNTH ABUTATENbh C MIOMOIIBIO KHOIIKH
SB2. [Ipocineauts 3a paboToit cxemsl. [ToakmounTs 0J10K - KOHTaKT KM.

6) [IpousBecTu peBepc ABUTATENISI, TTOMEHSIB MECTaMM JIBa JIIOOBIX JIMHEHHBIX
poBojAa

7) BBIKIIIOYHTH CETEBOE MUTAHUE.

5 Cnenarb BbIBOA.

6 KoHTpOoJIbHBIE BONPOCHI_

1) OObsicHuTe NPUHLUI PAOOTHI MArHUTHOT'O ITyCKaTEJIsl.

2) KakoBo Ha3zHaueHHEe OJIOK - KOHTAKTOB MAarHUTHOTO MyCKaTess?

3) MO>KHO JIM MCHOJIb30BaTh TEILIOBOE peiac g 3allUThI HOTp€6I/IT€JISI IIpu

KOPOTKHUX 3aMBIKAHUAX ?

JlaGopaTopHasi paGora Ne9

Onpene.ﬂemle MOTEPHU HANPSIZKCHUA U MOIITHOCTHU B JIMHUM JICKTPOIIEpEIaIn
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Hean padorei: DopMUpOBAHUE YMEHUS ONBITHBIM ITyTEM OINPEIEISATh BIHSHUE
IIEKTPUYECKOU HATPy3KH U CONIPOTUBIICHUS ITPOBOJOB HA BEJIIMYUHY IIOTEPU
HaIpPsHKEHUS, BEJIMYUHY OTEPh MOIIHOCTU B IMTPOBOJIAX U KO3(P(PUUUEHT MOJIE3HOTO

JICUCTBUSI JIMHUN DJICKTPONIEPEIaUN.

1 Cxema
' (AN H, - H
R [ e
F— — . ] ;
127B \2 ép& T ®
¢ — : : e (49
R] R
[ S K' K.

2 Teopernueckoe 000CHOBaHUeE.

B mpoBomax nMHUN 37E€KTPOCHAOXKEHHS BO3HUKAET MAJCHHE HANpPSDKEHUS,
MIPONOPLUHUOHAIBHOE TOKY M CONPOTHBIECHUIO JUHUM. HanpspkeHus Ha 3akumax
norpebutenss U MeHblle HanpspDKeHUs Ha 3axumax uctouHuka U,. PasHoctb
AU = U, — U Ha3pIBalOT NOTEpPEN HANPSHKEHUS B IMHUH.

HOTepIO HAIpsKCHUA YaCTO BbIpAXAarOT B IMPOLOCHTAX OT HOMHWHAJIBHOI'O

A—U100

3HAYCHMS HANpsOKEHUs norpeburens U %.

3HaueHue MOTepU HAMPSHKEHHUs] CTPOro pErJIAMEHTUPYETCS, TaK Kak IpHu
3aJJaHHOM HaNpsPKEHUU MCTOYHMKA OT 3HAUEHUsS MOTEPb 3aBUCUT HANpPSDKEHUE Ha
notpeodutene. Hecobmoaenne HOPM NMOTEPHU HANPSKEHUS] TPUBOAUT K HAPYIICHUIO
paboThl MOTpeOUTENEH, YMEHBIICHHIO IYCKOBBIX M BpAILAIOIIMX MOMEHTOB
JIBUTATENIe, YMEHBIIEHUIO CBETOBOrO MOTOKa Jamn. Hampumep, npu yMeHbIIEHUU
HanpspkeHus: Ha 10% cBeToBOM MOTOK Jlamn yMeHbluaercs Ha 1/3. HesnauutenbHoe
IPEBBIIEHUE HANPSKEHUS! OTHOCUTEIBHO HOMUHAIBHOI'O IMPUBOJAUT K YMEHBIIECHUIO

CpoOKa CITy>KOBbI JIaMII.

2 IIpudopsl u 000pyIOBaHHE:

1) Amnepmertp € L= 1A - lmr.
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2) Bonbt™etp ¢ Uuow=150B - 2mT.
3) Peoctatsl ¢ Ry0w=300M - 3.

4) I'pynna namn HaKaJuBaHUS - 3IT.

3 IlopsAAOK BBINOJHEHHUS PA0OTHI

1) Cobepute cxemy U MpebIBUTE AJISI HPOBEPKU MPENOAABATEIO.

2) Bkirounte cereBoil BhIKIOuYarenb. [lpy moMomm  ABYX peoOCTaToB,
pEryJmpys UX CONPOTUBIICHUS, YCTAHOBUTE HaNpsKeHUE B Havane quHun U, = 60 B.

3) OnBIT X0JIOCTOTO X0/1a: BCE JIaMIIbl BBIKJIIOUEHBI. OnpeiesiuTe TOK JUHUU U
HanpsbkeHue Ha norpedurene U,. [lokazanus npuOopoB 3aHecute B Tabauiy 1.

4) Bxitounte Harpy3kKy, OpH IOMOIIM JBYX PEOCTaTOB BOCCTAHOBUTE
HanpsbkeHue B Hadasne jquHaun U; = 60 B. Onpenenure TOK JMHUM U HANPSKEHHUE HA
notpeoutene U,. [Tokazanust nprubopoB 3aHecute B Ta0IuUILy 1.

5) MeHnsist KOJIM4eCTBO BKIIFOUEHHBIX JIAMII, BHITIOTHUTE 11.4).

Tabnuua 1- Pe3ynbratsl u3MepeHuii U pacueTos.

No HN3mepenus Boiuuciaenust

OoInEbITa Uy I U, AU P, P, AP n Ry Ry
B A B B Bt Bt Bt % Om Om

1

2

3

4

5

6) Beimonnute Beruncienus. Pacuernsie popmynst: A U =U, - U,

U U
RH_ 2 Rﬂzﬂ n:?z
P1:U1'1 P2:U2'] AP:P1—P2 I I 1

7) Toctpoiite rpaduku 3aBucumoctet 4 U=f(1); AP= f(I),

n = f(I) Ha MuLIMMETPOBOI1 Oymare.
4 CpeaailiTte BbIBOI.
5 KoHTpoabHbIE BONPOCHI
1) Hanpsokenue Ha 3akumax uctouHuka 230 B, HampsbkeHHe Ha 3axuMax

notpebutens 220 B. Paccunraiite notepu HanpsH»KeHUs B MPOICHTAX.

43



2) AKTHBHOE CONPOTHUBIICHUE JTUHUM OJiHOTO IpoBoaa 0,05 Oma, TOK B JIMHUU
10 A. Omnpenenure NOTEPO HANPSIKEHUST B JMHUM , €CIM PEAKTUBHBIM
COMNPOTUBJIICHUEM MOXHO ITPEHEOPEYb.

3) KakoBbl BO3MOXHBIE TOCIIEJICTBUSI YBEIWYEHHUS TIOTEPh HANPSIKEHUS B

JIUHUA?

JlaGopaTopHasi pabora Nel(
HcciienoBanue noaynpoBoJHUKOBOI0 1M01a
Heab padorbi: OCBOGHHE METONOB CHSATHS BOJIBT — AMIEPHOM XapaKTEPUCTUKHU
oA U airOpUTMa pacyeTa COMPOTUBIICHUHN IIPU MPSIMOM U OOPAaTHOM BKJIFOUECHUH.

1 CxeMmbl.

ITpsiMoe BKJIIOYEHHE A711+3080 X1 O6pathoe Brmouenne
SN NS i ek x5

58

PA PA

X6 X6

2 Teoperuveckoe 000CHOBaHHE

IMorynpoBOAHUKOBBIM MO0OM Ha3bIBaeTCs MPUOOpP C JABYMsI BBIBOJAMH,
coJiepKallliid OANH 3JIEKTPOHHO-BIPOYHBIN EPEXO.
PaboTa moxynpoBOAHHKOBOTO BBHIMPSMUTENBHOTO IM0/a OCHOBAaHA Ha CBOWCTBE p-ni-
nepexofa IMpOIMyCKaTb TOK TOJBKO B OJHOM HampaBieHud. OCHOBHOMU
XapaKTEPUCTUKON TMOJYNPOBOJHUKOBBIX JIMOAOB SBIIAETCS BOJBT - aMmIepHas
xapaktepuctuka (BAX)- 3aBUCHMMOCTh TOKa depe3 JHOA OT MPUIIOKEHHOTO

HaIIPAKCHUA.

IIpsiMmoe BKJIIOYEeHHE TUOA.
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[IpuiiokeHHOEe HaNpsHKEHUE Ha3bIBACTCA MNpAMbIM, €CIU IUIIOC HCTOYHHKA
MOJKJIIOYAETCS K MOJYNPOBOJAHUKY p —TUMA (AaHOIY), @ MUHYC K MOJYTPOBOJAHUKY K
— tuna (karoxy). Ilpu npsMoM BKIIOUEHUMHM TOK MOTEYET TOJBKO TOT/a, KOTJa
HampsbkeHue npsimoro BktoueHuss Uy, MPEBBICUT MOTCHIMAIBHBIN Oapbep. Bricota
NOTEHIMAIIBHOTO Oapbepa 3aBUCUT OT TUNa noaynpoBogHuka: 0,3 B mns
repmanueBbIX U 0,6 B 11 KpeMHUEBBIX MTOITYTIPOBOJHUKOB.

OO0OpaTHOe BKJIKOYEHHE THO/A.

[IpunoxeHHoOe HaNpsHKEHUE HA3bIBACTCS 0OpaAmHbIM, €CIM MUHYC UCTOYHHUKA
MOAKJII0YAETCS K MOJYIPOBOJIHUKY p —TUNA (aHOAY), a IUTI0C K MOJYIPOBOJIHUKY M —
tuna (karoxy). [Ipu oOpaTHOM BKJIIOYEHUU MOTCHIMANIBHBIA Oaphep A1 OCHOBHBIX
HOCHUTENIE 3apsA0B  YBEIMYMBAETCSA, MO3TOMY OHUM HE MOTYT €ro MpPEOoJI0JIETh.
[IpakTruecku oOpaTHBIN TOK 00YCIOBIICH peiihoM HEOCHOBHBIX HOCUTEIICH 3apsiIoB
(ToxoMm Apeiida), T0ITOMY SBJISIETCS HE3HAYUTEIbHBIM.

BoJbT - aMnepHas XapaKTepHCTHKA.

JIns cpaBHeHMsT Ha pucyHke | mnpuBeneHbl TunoBble BAX repmanueBoro u
KPEMHUEBOr0 Juo0/0B. KpeMHueBble AMOIbI HMMEIOT BO MHOTO pa3 MEHbIINE
oOpaTHbIE TOKHM TMPU OJMHAKOBOM HANPsDKCHHH, YeM TepMaHueBbie. Jlomyctumoe
oOpaTHOE HaIpsPKEHHE KPEeMHHUEBBIX AM0;10B MoxeT aocturath 1000-1500 B, B To
BpEMSs KaK y T€pPMaHUEBBIX OHO JIEKUT B npenenax 100-400 B. KpemHueBbie nroabl
MOTYT paboTaTh Tipu Temmeparypax ot -60 go +150°C, a repmanueBsie - oT -60 10
+85°C. Ot1o o00ycioBiIeHO TeM, 4YTO Mpu Temieparypax Bbime 85° C pesko
YBEIIMYMBACTCS  COOCTBEHHAss  MNPOBOJUMOCTh  TIE€pPMaHUs, NOpPUBOASAIIAs K
HEJIOMyCTUMOMY BO3pacTaHUI0 0OpaTHOTro Toka. Bmecte ¢ Tem mpsimoe maaeHue
HalpsDKeHUST Yy KPEMHHUEBBIX JUOJOB OOJbIIe, YeM Yy TEePMAaHHUEBBIX. OITO
OOBSICHAETCS, YTO y TEPMAaHHUEBBIX JUOJIOB MOXHO TIONYYHUTh BEIUYUHY
CONPOTHUBJICHUS B MPSIMOM HaIlpaBlieHUH B 1,5-2 pa3za MEHbIIYIO, YEM Y KDEMHHUEBBIX,
IpU OJMHAKOBOM TOKE Harpy3ku. llo3ToMy MoIIHOCTB, paccenBaemasi BHYTpPH
repMaHUEBOr0 JUO/a, OKa3bIBAETCS BO CTOJIBKO € pa3 MeHblle. B cBsi3u ¢ 3TUM B
BBITIPSIMUTENIBHBIX ~ YCTPOMCTBAX HU3KUX HANPSOKEHUW BBITOJHEE MPUMEHATH

repMaHuCBbIC TUOABI.
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Pucynok 1 - CpaBautensubie BAX xapakrepuctuku repmanueBoro (1) u
KpEeMHHUEBOTO (2) THOJIOB.

3 IlpuGopsl 1 060pyI0BaHUE.

1) JlaGopaTtopusiit ctena «IIpomanexkrponukay, 6mok Nel, cxembr Alu A2;

2) TlpuGop 3neKTpousMepUTeNbHbI MHOrOGyHKIHOHANBHBIA [14317.3.
3) CoenuHuTEIbHBIE TPOBO/IA.

4 IlopsAIOK BBINOJIHEHHUS PA0OTHI.

OnbiT 1 CHsiTHe psimoii BeTBH BAX nmopaa.
1) BxiIrouuTh CTEHI B CETh, IOCTABUB CETEBOM TymOIIep B nojioskeHue BKJL.
2) Ha ogHOM M3 MCTOYHMKOB MUTaHMS JlabopaTtopHoro crenaa (V1 uwmu V2) ¢
MOMOIIBIO PYYKH BBICTABUTH HaIpsKeHne SB, u3aMepuB ero MyJabTUMETPOM HA
npeznene namepenuit 20B.
3) BrikimounTs ceTeBoi TyMOJIEp .
4) Pyuky noteHiromerpa R1 moBepHyTh NPOTUB 4aCOBOM CTPEIIKH JI0 YIOpa.

5) Tlonath muTaHue Ha UCClIeIyeMYIo cxeMmy: «+» Ha X1, «-» Ha X2.

6) IMoakmounTh U3MEpUTETHHBIC MPUOOPHI C YKa3aHHBIMU TIPeieIaMy U3MEPEHUS

corjiaCHO MHCMOCXCMBEI, CO6J'II-OIIa}I YKa3aHHYIO IIOJIAPHOCTD.

7) Iocne mpoBepKu CXeMbI MPENOJaBaTENIeM BKIIIOUUTH CETEBOU TyMOIep.
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8) IloBopauuBas pyuky noreHuuomeTpa R1 mo 4acoBoii cTpesnke, U3MepSTh IPsIMOE
HaNpsOKEHUE 1M0/1a B Ipeieax, yka3aHHbIX B Ta0nuue 1, pukcupys 3HaueHUs TOKa
yepe3 kaxasie 0,1 B. Pe3ynbrarsl uamepenuii 3anectu B Ta0aumy 1.

Tabmuma 1

U, B 0 0,1 0,2 0,3 0,4 0,5
I.p, MA

9) BrikimounTh ceTeBOU TyMOJIED.

OnbIT 2. CHsiTHe 00paTHOM BeTBM BAX nmnona.

1) Ha oboux ucrounukax nuranus jgadboparopHoro crenaa «lIpomanekrponnka» V1
1 V2 BBICTaBUTh MAaKCUMAJIbHBIE HANIPSKEHUS NUTaHus 15 B, MoOBEpHYB py4yKH MO
4acoBO# cTpenke 10 yrnopa. CoeqMHATh HICTOYHHUKH MOCIEA0BATEIBHO , YCTAHOBUB
HanpsbkeHue 6moka 30 B.

2) IlopaTh HampsiKEHHWE MUTAHUS HA UCCIIEIYEMYIO CXEMY: «1» OT UCTOUHHKA V2 Ha
kiiemMmy X1, «-» oT ucroynuka V1 Ha knemmy X2.

3) Pyuky norenunomMerpa R2 moBepHyTh IPOTHUB YACOBOM CTPEIKU JO yIOpPA.

4) TloakmounTh U3MEPUTENBbHBIE MPUOOPHI C YKa3aHHBIMU TIpeieIaMid U3MepeHU
COTJIaCHO MHEMOCXEMBI, COOJII0/1asl YKa3aHHYIO MOJISIPHOCTb.

5) Ilocne npoBepku mpenoaaBaTeaeM BKIIOUUTh CTEH/T B CETh.

6) IloBopauuBas pyuky norenuuomMmerpa R2 no yacoBoii crpenke , UBMEHSTh
oOpaTHOE HalpsLKEHUE Ha AUOJIE B Mpeiesiax, yKa3aHHbIX B Tabuile 2.3HaueHus
o0paTHOTO TOKa HEOOX0UMO (PUKCUPOBAThH KaKble 5 B, pe3ynbraTsl uaMepeHuii
3aHECTH B TaOIUILy 2.

Tabnuua 2.

Uosp. B 0 5 10 15 20 25
I o6p, MKA
7) BbIKIIIOUUTH CeTEBOU TyMOJIED.

8) Ilo nanubiM Tabmun 1 u 2 noctpouts BAX nuona.
9) BrInoaHUTH pacyeThl CONPOTUBIEHUN Ryp U Rogp,

10) CnenaTh BHIBOSI.
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5 KoHTpo/ibHBbIE BONIPOCHI.

1) BenuuuHbl NOTEHIIMATBHBIX 0aphEPOB FEPMAHUEBOTO U KPEMHUEBOTO U
MIOJTYITPOBOTHUKOBBIX JTNOI0B?

2) Kak BBIIIOJTHUTH NPSIMOE BKJIIOYEHUE TUoaa?

3) Kak BbImosHUTh 00paTHOE BKIIIOUEHUE A10a7

4) Tlouemy mpu 0OpaTHOM BKIFOUCHUH JUO/Ia TOK Yepe3 HETO HAMHOTO MEHBIIIE,

4eM MpU IPSIMOM BKJITIOUECHUH?

Otuer no
JlabopaTopHoii paGore Ne 10
HccienoBanue morynpoBoJHUKOBOIO 1101

Heab padorei: OCBOEHHE METOIOB CHATHUS BOJIBT — AMIIEPHOM XapAKTEPUCTUKHU
JIMO0J1a U aIrOpUTMa pacyeTa COMPOTHUBICHHUM MPU MPSIMOM U
00paTHOM BKJIFOUCHHH.

1 CxeMBbl.

ITpsiMoe BKJIIOYEHHE A11+3080 X1 O6pathoe Brmouenue
XXE b A X i ek x5

PA PA

X6

X6

2 Ta0uua 1 IIpsiMast BeTBb BOJIbT —aMIIEPHOM XapaKTEePUCTHKH.

U, B 0 0,1 0,2 0,3 0,4 0,5
Ip, MA
3 Tabimua 2 O0paTHasi BEeTBb BOJIbT — AMIICPHOM XaPAKTePUCTHKH.
Uosp. B 0 5 10 15 20 25
I o6p, MKA
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2 Pacuyersbl. np

0bp A Io6p

4 I'pauk BOJIBT — aMIIEPHOM XapaKTEePUCTHKU HA MUJLJIMMETPOBOM

Oymare.

S OTBeThbI HA KOHTPOJIbHBIE BOIPOCHI.

6 BeiBog.

JlabopaTopHasi padora Nell
HccaenoBanne OUMOJSIPHOTO TPAH3UCTOPA

Heab padorei: OCBOEHUE METOJIOB CHATHS XapaKTEPUCTUK U aITOPUTMa pacyeTa
napamMeTpoB TPAH3UCTOPA, BKIIFOUEHHOIO 10 CXEME C 0OIIUM

HMUTTEPOM.
1 Cxema
L 20 MA
i X
X5 "@ X6 X8 9X10

+15B

) [ {Jns

°X11

X9

2. Teopernyeckoe 000CHOBaHME.

OnpenesieHue TpaH3UCTOPA.
Tpanzucmop  (NOMYNPOBOAHUKOBBIA  TPHOJ)  NPEJCTaBIseT  CcOOOM

BHCKTPOHHBIﬁ HpI/I60p, OCHOBAHHBLIA Ha BSaHMO}ICﬁCTBHH ABYX PacCIIOJOXCHHBIX
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OJIM3KO Jpyr OT JApyra (Ha pacCTOSHUM HECKOJIbKUX MHUKPOMETPOB) 3JIEKTPOHHO-
JIBIPOYHBIX p-n-niepexo/1oB. OCHOBHBIM 3JIEMEHTOM TPaH3UCTOpPA SIBISETCS KPUCTAILIT
repMaHHsl WU KPEMHUS, B KOTOPOM C IOMOIIBIO COOTBETCTBYIOLIMX IPUMECEH
co3gaHbl Tpu obOmacth (ciaosl) € pa3aU4YHBIMU TUIIAMH [POBOAUMOCTU. B
repMaHUEBOM TPAH3UCTOPE OOBIYHO JBa KpaHMX CJIOS O0JaJaroT JbIPOYHON
MPOBOJAUMOCTBIO (p - 00JIacTH), a BHYTPEHHUH CJIOM UMEET SJIECKTPOHHYIO
MPOBOJUMOCTH (7 - 00J1aCTh), B COOTBETCTBUHU, C YEM TAKOW TPAH3UCTOP HA3BIBAETCS
MOJIYIIPOBOJJHUKOBBIM TPUOJOM THMA p-n-p. YCIOBHOE O0O3HAUYECHHE TPaH3UCTOPA
TUIIA p-n-p TIoKa3aHo Ha pucyHke 1. KpemHHeBbIe TpaH3UCTOPHI Yallle U3TOTOBIISIOT
B BHUJE IMOJYIPOBOJHUKOBBIX TPHUOJIOB THUIA M-p-k, TPUHIUIUAIBHAS CXeMa H
YCJIIOBHOE HM300pa)kK€HHWE KOTOPHIX MOKa3aHbl Ha pucyHke 2. [lpuHiun neuctBus
MOJIYTIPOBOJHUKOBBIX TPAH3UCTOPOB HE3aBUCUMO OT HMX THNA OOUH MU TOT IXKE€.
Paznmuuue coctour maumb B BBIOOpPE TMOJISPHOCTH MPHUCOCIUHIEMBIX K HUM
UCTOYHUKOB muTanus. Cpenusis o01acTh (CI0i) TpaH3UCTOpa HE3aBUCUMO OT THIIA

ABJIsIETCS ero 0a3oil b uim ocHoBaHMeM, a KpailHue — SMUTTEPOM D U KOJUIEKTOPOM
K.

o—— P | N|P |—o

B 'lB

Pucynok 1 - YcinoBHoe 0003Hau€HUE U CTPYKTYypa TPAH3UCTOpA TUIIA P-N-P

3 K 3

o— N | P | N }—o0

ls

B
Pucynok 2 - YcinoBHoe 0003Hau€HUE U CTPYKTYypa TpaH3UCTOpa TUIA N-p-n.

Ha rpanunax paznena oGnacteid 00pa3yroTcs JABa p-n -liepexojia,
XapaKTePU3YIOIIMXCS TUHAMUYECKUM paBHOBECHEM. UTOOBI BBIBECTH p-71- TIEPEXO]T
U3 COCTOSTHUSI pABHOBECHS, K HEMY MTPHUKJIAILIBACTCS BHEITHEE HAMIPSKCHHE.

2 IlpyHUMI JeldCTBUA TPAH3UCTOPA

CxeMbl BKJITIOUYEHHSI ICTOUHUKOB MUTAHUSI TPAH3UCTOPOB TUIIOB p-N-p U H-p-N
MIPEICTABJIEHBI HA PUCYHKE 3.
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Pucynok 3 - CxeMbl HOpMaJbHOTO BKIJIFOUEHUS TPAH3UCTOPOB.

HopmainbHoe BKIIIOUEHHE - TPAH3UCTOPHI BKIIFOUAIOTCSI B CXEMY TaKUM 00pa3oM,
4YTOOBI K MIEPEX0/1y IMUTTEP — 0a3a BHEIIHEE HANpPSKEHUE ObLIO MPUII0KEHO B
MPSIMOM HaNpaBJICHUH, a K p-n-Tepexoy KoJuleKTop— 0a3a — B oOpaTHOM
HaIpaBJICHUH.

[Tpu BO3A€iICTBMU BHEIIHUX HANPSXKEHUN MOTEHIUATIBHBIA Oapbep MEXIY
AMUTTEPOM U 0301 MOHMKAETCSA, a MEXAY 0a30i M KOJIJIEKTOPOM — YBEITUYHBACTCSI.
B pe3ynbTaTe OCHOBHBIE HOCUTENH 3apsifa SMUTTEPHOTO CJI0S MEPEXOAT B 00J1aCTh
0a3bl, a 3aTeM B 00J1aCTh KOJIJIEKTOPA, CO3/1aBasi TOK KOJIJIEKTOPHOIO MEPEX0/1a.

ODHOBPEMEHHO € 3TUM MPOUCXOAUT U MEPEXO]] OCHOBHBIX HOCHUTEIIEH 3apsiaa
0a3bl yepe3 IMUTTEPHBIN nepexo 1. OmHaKo B 0071acTh 06a3bl MPHU U3TOTOBICHUH
TPAH3UCTOPA BBOASAT 3HAUUTEIIBHO MEHBIIEE KOJTUYECTBO aTOMOB IIPUMECH, YEM B
OMUTTEP, TOATOMY TOK IMUTTEPHOTO MEPEX0Ia CO3/TAETCSI TIIaBHBIM 00pa3omM
MEPEX0/I0M OCHOBHBIX HOCUTENEH IMUTTEPHOTO c0si. Eciiu Bpemsi MpOXOKIECHUS
OCHOBHBIX HOCUTEJIEH 3apsijia SMUTTEpa Yepe3 00J1acTh Oa3bl MHOTO MEHBIIIE BPEMEHHU
WX HE3aBUCHUMOTO CYIIIECTBOBAHUSI, TO OCHOBHASI YaCTh 3TUX HOCUTEJICH TOXOJUT JI0
KOJUIEKTOPHOTO NIepexoa U nonagaeT B o01acTh Koyuekropa. [lpu sTom nuuib
HeOoJIbIIIas YacTh YKa3aHHBIX HOCUTEJIEH peKOMOUMHUPYET B 00s1acT 0a3sbl C €€
OCHOBHBIMHU HOCUTEISIMU. TakuM 00pa3oM, 3HAaUEHUE TOKA B IIEMHU KOJUIEKTOPHOTO
(3aKpBITOr0) Mepexojia 3aBUCUT OT 3HAYEHUS TOKA B LEMU AMUTTEPHOTO (OTKPBITOTO)
nepexoaa. CBs3b MEXIy TOKAMU KOJUIEKTOPHON M SMUTTEPHOM 11eTeit
XapakTepuszyercs K03PPUIIMEHTOM Mepeladl ToKa

Al

a=—
Al

ipu U = const

AL, Al

rac - Ipupam€HuA KOJUJICKTOPHOI'O U OMUTTCPHOI'O TOKOB.

JIJ1s IITIOCKOCTHBIX TPAH3UCTOPOB KO3 puumeHT nepenayun toka o= 0,92—~0,99.
DT0 03HauaeT, yTo B 00JacTu 0a3bl PEKOMOUMHUPYET COOTBETCTBEHHO 1—8%
OCHOBHBX HOCHUTEJEH 3apsia sSMUTTepa. UNCI0 peKOMOMHUPYIOMIUX B 00JaCTH 0a3bl
OCHOBHBIX HOCUTEJICH 3apsifa SMUTTEpaA OMpeAesieT TOK 0azbl I

B cootBercTBUU ¢ 3TviMu I = [, — Ik

CxeMbl BKJIKOYeHNUS] OUTNIOJSAPHBIX TPAH3UCTOPOB B 3JIEKTPUYECKYIO LeNb.
CxeMbl KJIaCCH(PUITUPYIOTCS TI0 HA3BAHUIO AJIEKTPOIa, OOIIETO I BXOAHOW U

BBIXOJHOU IETICH.
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Cxema c ooweit 6azon. CxeMy yCUITUTEIBHON SYEHKHA HA TPAH3UCTOPE C 001IIeH
0a30i1 (pUCYHOK - 4) MOXXHO MPUMEHSTh Ha 00JIe€ BICOKUX YacTOTaX, OJHAKO OHA
uMeeT KodQ(DHUIMEHT YCUIICHUS TI0 TOKY MEHBIIIE €IUHUIIB U MAJIO€ BXOTHOE
CONPOTUBJICHUE.

Pucynox 4 — Cxema c oOrmieit 6a30ii.

Cxema ¢ o6uwum xonnexkmopom. CxeMa BKIFOUSHHS TPAH3UCTOPA C OOITUM
KOJUIEKTOPOM (PUCYHOK 5) UMeeT OOJIBIII0E BXOAHOE U MaJIO€ BHIXOTHOE
conpoTuBieHUs. [l09TOMY €€ 4acTO MPUMEHSIOT B MHOTOKACKAIHBIX YCUIIUTENSIX B
KaueCTBE COTJIACYIOIIETO KacKajla U BBIXOJAHOTO KacKaja Mpu paboTe Ha
HU3KOOMHYIO Harpy3Ky.

O O— ©
Pucynok 5 — Cxema ¢ 001IUM KOJUIEKTOPOM.

Cxema ¢ o6uwum amummepom. Hanbonee 4acto UCHOIB3YIOT CXEMY C OOLIUM
AMUTTEPOM (PUCYHOK 6), C TOMOIIBIO, KOTOPOIl BO3MOKHO OCYIIIECTBISATh YCUIICHUE
M0 TOKY, HAPSKEHUIO U MOIIIHOCTH HAMOOJIbIIIEEe [0 CPABHEHUIO C IPYTUMHU
CXeMaMHU BKJIFOUCHHS TPAH3UCTOpA. DTa CXeMa XapaKTEePU3yeTCs HE3HAUUTEIbHBIM

BXOJHBIM COITPOTHUBJICHHUCM. i

o
Pucynok 6 — Cxema ¢ 00ITUM SMUTTEPOM.

CraTudeckue XAPaKTCPUCTUKH TPAH3UCTOPA OTPAKAIOT 3aBUCHUMOCTDb MCKIAY
TOKaMHM U HAIIPSDKCHUAMU Ha €TI0 BXOJAC U BBIXOC. I[JISI CXCMBI C O6IHI/IM OMHUTTCPOM

cmamu4ecKkoll 6X00HOU Xapakxmepucmuxou siBjaseTcs rpaduK 3aBUCUMOCTH TOKa
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0a3bl [ oT Hanpsikenust Ugs IpU NOCTOSHHOM HanpsikeHUH Ha KoiwiekTope Uks:
Is=f(Ugy) npu Uy =const.

Cmamuueckue 8bIX00Hble XapaKmMepucmuky TPaH3UCTOpa MPEACTABIISIIOT COO0M
3aBUCHUMOCTh TOKA KOJUIEKTOPA OT HAMPSHKEHUSI MEXKTy KOJUIEKTOPOM U AMUTTEPOM
pu NOCTOSTHHOM TOKe 0a3bl: Ix = f{ Uxy) npu Iy = const.

['paduku cTaTHYECKUX XapaKTEPUCTUK TPEACTaBIEHbI HA PUCYHKE 7.

mKA A lE Ux =0 UK!

mAAN |k les

52
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41 —

B S | Vo
—)I—l(— B -~
AUS U B
alk
a) 0)
Pucynok 7 — Cratudeckue XapakKTepUCTUKH TPAH3UCTOPA JIL CXEMBI C o01MmM

AMUTTEPOM: a) — BXOJHAS XapaKTEPUCTUKA; O) - BBIXOJHAS XapaKTEPHUCTHKA.

3 IIpubopsl u 000pyaOBaHuUeE.

1) Jlabopatopusiii crenn «IIpomanexkTponukay, 610k Ne2, cxema A;
2) Ilpubop snexTpousMepuTeNbHbI MHOTOGYHKIMOHAIBHBI 114317.3.
3) CoenuHuTenbHbIE IPOBOAA.

4 TTopsiaoK BBIMOJHEHUSA PA0OTHI.

1) BxirouuTe CTEH/ B C€Th, IOCTABUB CETEBOM TymOIiep B nojoxxkeHue BKII.

2) Ha ucrounuke nutanus V1 ¢ IOMOIIBIO pyYKH BBICTaBUTH HalpsbkeHue SB,
U3MEPHUB €0 MyJbTUMETPOM Ha Ipeseie nsmepenuit 20B.

3) Ha ucrounuke nutanus V2 C MOMOIIbIO PYYKH BBICTaBUTE HampsbkeHue 15B,
MU3MEPUB €ro MyJIbTUMETPOM Ha ipejeie usmepenuii 20B.

4) BbIKJIIOUUTE CETEBOU TyMOJIEp .

5) CoenuHuTe UCTOYHUK NUTaHUS V 1CO BXOIOM TPaH3UCTOPA COTJIACHO
MHEMOCXEMBI.

6) CoenuMHUTE UCTOYHUK MUTAHUS V 2 ¢ BBIXOJIHBIMU KJIEMMaMHU TPaH3UCTOPA
COIIaCHO MHEMOCXEMBI.

7) Pyuky norenmmomerpa RS moBepHUTE MPOTHUB 4acOBOW CTPEJIKH JI0 yIOpa.
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8)[loaxmrounTe U3MEPUTENIbHBIC TPUOOPHI C YKA3aHHBIMHU MIPEACIIaMUA U3MEPECHHUS
COTJIAaCHO MHEMOCXEMBI, COOJIIO/1asl YKa3aHHYIO MOJISIPHOCTD.

9)ITocne mpoBepKU CXEMBI MPEMNOIaBaTesIeM BKIIOYUTE CETEBOM TyMOIIep.

10) IloBopauuBas pydky noTeHipmoMerpa RS mo wacoBoit ctpenke, u3MeHsTe
HaIpsDKEHUE KOJUICKTOpAa B IIpejieliax, yKa3aHHbIX B Tabnuile 1, pukcupys 3HaueHUs

ToKa. Pe3ynbpTaTel u3mMepeHuil 3anecurte B Tadnuiry 1.

Taobmuna 1
Ux», B 0 0,1 0,2 03 0,4 0,5 1 2 5
Ix, MA mpu R,
Ix, MA mipu R,
Ix, MA mpu R;
Ix, MA mipu R4

11) Bsixitouute cereBoit TymOmIEp.

12) Tlo manHBIM TaOaUIEI 1 TOCTPOITE BHIXOAHBIC XapaKTEPUCTUKU TPAH3UCTOPA
Ix =f (Uxs) npu I;= const na MusmuMeTpoBoi Oymare. Paccuuraiite mapametpsl (3,
Rasix).

13) Cpnenaiite BBIBO.

5 KoHTpoOJIbHBIE BONIPOCHI
1) ITpuunHBI LIMPOKOTO MPUMEHEHUS cXeMbl ¢ OD?

2) ITapameTp, ocTarouiics HEU3MEHHBIM IIPU CHSATUU CTATUUYECKUX BBIXOJIHBIX
XapaKTEpUCTHUK TPAH3UCTOPA;

3) Koaddunuent a = 0,8, Berancnute B Tpanzucropa?

4) Kakve n3mMeHeHus! Hy>KHO IIPOU3BECTH B CXEME JIJIsl UCCIIeI0BaHUS
TpaH3UCTOpa Pp-n-p TUmna?
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Ortuer no
JlaGoparopHoii padore Nell
HccaenoBanue OUMOJSIPHOTO TPAH3UCTOPA

Heab padoTei: OcBOEHHE METOAOB CHSTHS XapaKTEPUCTUK U aJrOpUTMa pacuera
napamMeTpoB TPAH3UCTOPA, BKIIFOUEHHOIO [0 CXEME C 00IINUM
AMUTTEPOM.

1 Cxema

eX10
+15B

e

oX11
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2 Tabauna

Uks, B

Ix, MA 1pu R,

Ix, MA 1pu R,

Ix, MA mpu R;

Ix, MA mpu R4

3 Pacuernl. B=

4 I'padpukm xapakTepUCTUK Ha MUJUTUMETPOBOI Oymare

RBle =

Ix = f(Uxs) npu I;= const.

5 OTBeTHI HA KOHTPOJIbHBbIE BONIPOCHI.

6 BriBog.

JlabopaTopHasi padora Nel2

Ne
]_[e JIb | ONbLITA
Kaucc

Cxema

Ocunwtorpamma

Ua

U,

max

Kl‘T.l

pasHb

1 Cxe 1

JIb30BaHUH
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2 Teopernuyeckoe 000CHOBaHME

OcHoOBHbIE MOHSATHS 0 CIIIAKUBAKIIUX (PUIBTPAX.

[Tpu paccMOTpEeHUH CXEM BBIIPSAMUTENEH ObUIO YCTAHOBIIEHO, YTO
BBIMPSIMIICHHOE HAPSHKEHUE BCET/IA SIBISICTCS MYJIbCUPYIOIIAM U COJCPKUT KPOMe
IOCTOSTHHOW IEPEMEHHBIE COCTaBIISIIOIINE. B OOJBIIMHCTBE CilydaeB MUTaHUE CXEM
IPOMBIIIIEHHOHN 3JIEKTPOHUKH IYJIbCUPYIOIIEM HANPSyKEHUEM HETIPUEMIIEMO.
JlonyctumMble 3HaueHUs KO3 (UIMEHTa MMyJIbCalliy 3aBUCAT OT Ha3HAYEHUS U
pexuma paboThl yCTpOHCTBa; X BbIOMparoT B npeaenax 0,001 - 2,5%. [Tockonbky B
10001 cxeMe BBITTPAMUTENS KOAPGUIIUEHT MyJIbCAIII BXOHOTO HAMPSKEHUS BO
MHOTO pa3 MPEBBILIAET ITH MPEAEIBI, HAa BBIXO0/IE BBIMPSIMUTENEH BKIIIOYAIOT
CTIaKUBaroOIINe QUIbTPHI.

K cxemam criaxxuBaronmx GUiabTPOB NPEIbSIBISIOT CISAYIOIUE OCHOBHBIC
TpeOOBAHMUS:

1) ®unbTp N0JKEH OBITH MOCTPOEH TAKUM 00pa30oM, YTOOBI C OJHOM CTOPOHBI,
MaKCHMaJbHO YMEHBIININCH IEPEMEHHBIE COCTABJISIONINE, a C IPYTOn He
MPOUCXOMIIO CYIIECTBEHHOTO YMEHBIIICHHS IIOCTOSTHHON COCTaBIISIFOIICH, KOTOpast
npoxouT yepe3 GuibTp. [103TOMy 0OBIYHO CXEMBI CTIIAKHUBAIOIINX (PUIBTPOB
COJEpIKaT PEaKTUBHBIE COCTABIISIONINE (MHAYKTUBHOCTH U EMKOCTH) U JIMILIb IIPU
OYEHb MaJIBIX MOIIIHOCTSX Harpy3Ku MOTYT COJIEP>KaTh U aKTUBHBIE CONPOTUBIICHHUS.
2) IIpu nepexoAHbIX MpoLeccax B (pUIbTpe BO BpeMsl BKIIIOUEHUSI HAIPSKEHUS CETH
WIN HAarpy3KU BETUYUHBI OPOCKOB HAIPSDKEHUS U TOKA JOJIKHBI HAXOAUTHCS B
JIOMTYCTUMBIX Npeesax.

3) CobcTBeHHas yacToTa PUIbTpa JOMKHA OBITh HUKE YACTOTHI OCHOBHOM
TapMOHMKH BBITIPSIMIICHHOTO HAMPSDKEHHS BO N30€KaHNe PE30HAHCHBIX SIBJICHUI B
OTJENIbHBIX 3BEHbSIX (UIBTPA.

OCHOBHBIM TTapaMeTPOM TO3BOJISIONINM IaTh KOJTHUYECTBEHHYIO OIEHKY
CTJIQXKUBAIOIIETO (PUIbTPA, BISETCA KOADPUIMEHT CriaXMBaHUs, KOTOPbIN paBeH
OTHOUIIEHUIO KO3 PUIIMeHTa myabcaluu Ha Bxojie GpuibTpa K KodhGUireHTy
MyJIbCAllMU HA BBIXOJE (PUIbTpA:
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KCe_

n.eblx

(I)I/I.]'ILTIJLI C IAaCCUBHBIMH 3JICMCHTaAMMU.

Ponp npocTeimux criiaxuBaromux GUILTPOB MOTYT UTPATh HHAYKTUBHBIC
KATYILIKHU, BKIIFOYEHHBIE TIOCJIEIOBATENIBHO C HATPY3KOM, U KOHJAEHCATOPBHI,
BKJIIOUEHHBIE MTapajuiesIbHO Harpy3ke (pUCyHOK 1).

Lz Rs
E—
& VTN
R Ce Ra
O
a) 0)

Pucynox 1 — IIpocreiimue GuabTphl: a) MHAYKTUBHBIN, 0) €MKOCTHBIMA.

[Ipy WCMOIB30BAaHWM WHAYKTHUBHBIX KATyIIEK BBICOKHH KO3 HIIMEHT
CTJIQXXKUBAHUSA MOXKET OBITh JOCTHTHYT TIPH YCIOBHHM, UYTO HWHIYKTUBHOE
COIPOTHUBJICHHUE IICTIM 3HAYMTEIIBHO MIPEBBIIIACT €€ aKTUBHOE CONIPOTUBIICHHE:

X =o-L _ p
TJIe ( - 9aCTOTa OCHOBHOW TAPMOHUKH BBITIPSMIICHHOTO HATIPSDKCHHSL.
B sTromM cnydae OCHOBHOE TajicHHUE HANPSDKCHHUS TEPEMEHHBIX COCTaBIISIOIIAX
MPOUCXOJUT HE Ha COMPOTUBJICHWUU HArpy3KW, a Ha WHAYKTUBHOCTH (QUIBTpPa
(mpoccensi) OOBIYHO  HEBEIUKO, HANPSKEHUS  TOCTOSHHOM  COCTaBJISIFOLIEH
BBINIPSIMJICHHOTO TOKa Ha BX0Ji¢ (PHIIbTpa M HA Harpy3Ke MPaKTHUYECKH PaBHEI.
WHIyKTUBHBIH (GUIBTP HMMEET IMPOCTYI0 CXEMy M OOCCIEYMBAET Mayible IMOTEepU
MOIIIHOCTA M MaJlo¢ M3MEHCHHWC BBIXOJHOTO HAMPSDKCHUS TIPH  HM3MEHEHUHU
CONMpOTHUBJICHUS Harpy3ku. OJHAKO MpU OBICTPOM YMEHBIICHHH TOKAa Harpy3Kd Ha
3KHMax JIPOCCeisl BO3HHMKAIOT KPATKOBPEMEHHBIE OpOCKH HANpPSHKEHUS, KOTOPBIC
MOT'YT JIOCTUTaTh CYIIICCTBEHHOTO 3HAYCHHUSI.
ITockonmbKy HWHIYKTHBHBIE (QHIBTPBI  OOCCIIEUMBAIOT JIydlllee CIUIAKUBaHHE
MyJbCAIMA TIPU MAJIBIX COMPOTUBICHUSX HArpy3KH, WX MPUMEHSIOT TJIABHBIM
00pa3oM B MOIIHBIX BRIMIPAMHTENSAX. [[py BKIFOYECHNN KOHACHCATOPA MapalIeIbHO
Harpy3Ke JJIs JTy4IIero CTIaXUBaHUS MTyJIbCcalliii EMKOCTHOE COMTPOTHUBIICHUE

JOJDKHO OBITh 3HAYMTEJILHO MECHBIIIE AKTUBHOT'O COIIPOTHUBJICHUS:

x =L

We << Ry
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B »53TOoM cnydae KOHJIEHCAaToOp 3apspKaeTcslt 4Yepe3 MO BBIIPSIMUTENS /10
aMIUIATYTHOTO 3HAYEHUS HAIPsDKEHUS Ha BbIXOJ€ (QUIbTpa B T€ MOMEHTHI BPEMEHH,
KOTJIa HampsDKEHUE Ha BBIXOJE (PUibTpa MpeBhIlIaeT HAMPsKEHNE Ha KOHIEHCATOPe.
B ocrampHOE BpeMs KOHAECHCATOp pa3pspKAaeTCs Ha Harpys3ky. 3HadeHUe
€MKOCTH BBIOMPAIOT TaKUM O0pa3oM, 4TOOBI 3a MEPHOJ KOJIEOAHUN HANpsHKEHHs Ha

BbIXOJIE€ (QUIBTPA HAMIPSHKEHUE HA KOHAEHCATOPE CYIIECTBEHHO HE U3MEHUIIOCH.
KomOunupoBanubie pUJIbTPHI.

JUis monyyeHus: 6oJiee BBICOKOro KO3 (ULMEHTA CIIIaKUBAHUS TIPUMEHSIOT

KOMOMHMpPOBaHHbIe GUIBTPBI, KOTOPbIE 0003HAYAIOT 110 KOH(UTYpalun
COEJIMHEHHUS 2JIEMEHTOB (UIIbTpA:

o I' - o6pasusie RC (Pucynok 2a);
* ' - o6pasnsie LC (Pucynok 20);
* [1 - o6paznbpie RC (Pucynok 3a);

* I1 - o6pazubie RL (Pucynox 36).

@ T j; o Tc iRH
0)

a)

Pucynok 2 — I' — o6pazubie punbTpsl: a) RC — ¢punbtp; 6) LC — unsTp.

Ra

I C, I Cs - Ry R,
a) 0)

Pucynox 3 — I1 —o6paszusie puibtpsl: a) RC — dunbtp; 6) RL — Gunbtp.

[[Iupokoe npuMeHEeHHE HA MPAKTUKE HAaXOJAT ' - oOpa3Hble MHAYKTUBHO-EMKOCTHBIE

GUIBTPHI, KOTOPBIE MPEJCTABISIOT COOON COUETaHHE JIBYX MPOCTEHIINX (DUILTPOB:

MHIAYKTUBHOTO YU EMKOCTHOTO.
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[Tpu BemonHEHUY yCenoBUsd Xc<< Ry<< X, Takue QuiabTpbl 00€CIIeYnBaAIOT
3HAYUTEIBHO 00JIe€ BHICOKUN KOADPHUIIMEHT CTIaKUBaHUS MyJIbCaIiil, 4eM (UIbTphI
U3 OJTHOM MHIYKTUBHOCTH WA EMKOCTH.

Bb100p KOHKpPETHBIX 3HAYCHUW WHAYKTHBHOCTH W EMKOCTH TPEICTABISET B
JTAHHOM CJIy4Yae He MaTeMaTHYeCKYl0, 8 TEXHUYECKYIO0 3aauy. OObIUHO €€ pemaloT ¢
y4€TOM JOMOIHUTENBHBIX YCIOBHUNA, K KOTOPBIM OTHOCSTCS Ta0apuUTHBIE pa3Mephl,
Macca U CTOMMOCTh (WIbTPA, a TaK K€ BEJIMYMHA JOIMYCTUMOTO OpocKa ToKa Mpu
BKioueHuu. bonee addexTuBHbIME sBIsI0TCS [1 -00pazHbie GUIBTPHI.

Jlyuymmi pe3ysibTaT CIVIQXKUMBAHUSA IOJYYalOT C NOMOUIBK0 MHOI03BEHHBIX
(pUIABTPOB, COCTOSIINX U3 HECKOJIBKUX MOCIIEI0BATENHLHO BKIOUEHHBIX [ -00pa3HbIxX
unu I1 - oOpa3zHbix GUIBTPOB.

O0mmit  K03(pGUIMEHT CrIaKUBAaHUS MHOTO3BEHHOTO (uiIbTpa paBeH
MIPOU3BENICHUIO BCeX KOA(D(PHUIIMEHTOB CTIaKUBAHUS OT/ICTHHBIX 3BEHBEB!

Kcr=Keri Kers - Kern

Cpenu nepeyucieHHbIX TpeOOBaHHM, MPEIBABISEMBIX K CITIAKUBAIOIINM (PUIBTpaM,

Wo
OoTMeuajaach He0OXOIUMOCTh OTPAHUYCHHSI COOCTBEHHOM 4acTOTHI (PUIIHTPa
1 o
0= =<~ cL=2
yCJIOBHEM JVLC ,  OTKyna ®

3 IIpubopsl u 000pyaOBaHUeE.

1) Jlabopatopusrit ctena «IIpomanexkrpoHukay, 610k Neg.
2) Ocuumnorpad C1-159.

3) CoenuHuTENbHBIC TPOBOA.

4 IlopsaoK BBINOJIHEHUS PA0OTHI.

1) Bxirouute CTEH/ B CETh.
2) KonnyecTBO OMBITOB COOTBETCTBYET KOJIMYECTBY CXEM.

OI11BIT.
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3) CoeauHute NpOBOJAMU 3JIEMEHTBI CXEMBI, COOTBETCTBYIOIINE IAHHOMY OIIBITY.
[Toaxmr0YnTE K BBIXOAY CXEMBI OCHMIUIOTPad 1 BOJTBTMETD.

4) B BpiOpanHOM MaciiTabe pa3BepTOK U300pa3uTe OCHUIIOTPAMMBbI
BBITIPSIMJICHHBIX HAIPSKEHUM, ONPEeInTe aMIUTUTYy EPEMEHHON COCTaBIISIONIEH
BBITIPSIMJICHHOTO HampsikeHus. JlaHHbIe 3aHecUTe B TaOJIUILY.

5) Ilo BonbTMETPY OMpEACIUTE BETUYUHY CPEIHETO BBIIPSIMICHHOTO HAIIPSIAKEHUS
Uq. Pesynbprar 3anecure B TaOnuIly.

6) Beraucnute korddunments! mynbcanuii K, u crnaxubanus K, 11s kaxaoro
bunbTpa.

BBIBOJI O KaYECTBE BBIPSAMIICHHOTO HAPSIKCHHUS.
7) Cnenaiite

5 KoHTpoOJIbHBIE BOIIPOCHI:

e Tipcie RaROTE TR WHTTETPE [Ty IELatiTT %ﬁigw‘ﬂgudf U U, K, [ K.,

ONBITAYK1e TUTIBI PUIBTPOB MOKHP MPUMEHSATH TOJIBKO B M OO T

fa)
BDOLIIPANMMICIIAA

3) HZIIBpI)I, pUMEHSBIIIUECS B padgTe?

; dryeT 110
_ aboparopHoi pajor Nel2

2 HccaefoBanue padoTbl BEINDAMUTEIH
b padofpl—O

Ka] rONATDAIITINI TV VONAaIrmToOnIIOTIIY DI ITTNAazNTairyyNhral yyarorm n\}r DI
vy EES g T rarsene u ey g TLX

.
B U3licpeHpihHranreopuTMapaicTp

O ITINT AVIaA N VAN A S V)I\EIDQUTITZ
T Ao Fey e s e as o e e ee

PaPHBIX THII

3Cxe




2 Pacuernl. PacueTHbie hopMyIIbL:

K
Mpx

crm—
K ppix

_Un

Kn=
"= Ud

K

2 OTBeTHI HA KOHTPOJ/ILHBIC BOIIPOCHI.
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3 BriBoa.

JlabopaTopHasi padora Nel3
HcciienoBanue yCHIMTENbHOT0 KaCKaAa

Heab padorei: PopMUpPOBaHHE YMEHUS U3MEPEHUN BBIXOJIHOIO HANPSKEHUS HA
Pa3JIMYHBIX YACTOTAX U ITIOCTPOCHUE aMILINYAHO- YACTOTHOM XapaKTEPUCTUKHU

OJHOKAaCKagHOT O I/136I/IpaTeJ'IBHOFO YCHIINTCIIA.

1 Cxema

®_ 140
P

3

550
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1 Teopernyeckoe 000CHOBaHUeE.

OcHOBHBIE TEXHHYECKHE MOKA3ATEJIN yCHJINTeei.

Baxneimum TEXHUYECKUM NOKa3areseM YCUWINTENS SBJIAFOTCS:
Kod(pduureHTsl ycusieHus (M0 HANpPSKEHUIO, TOKY W MOIIHOCTH), BXOJHOE H
BBIXOJJTHOE€ CONPOTHUBJIEHUS, BBIXOJHAS MOIIHOCTb, KOA((UIMEHT IOJE3HOrO
NEUCTBUSA, HOMHHAJIBHOE BXOJHOE HaIpsiKeHUue (YyBCTBUTEIBHOCTH), JAMAMA30H
YCWJIMBAEMBIX YaCTOT, JUHAMUYECKUNA AUANa30H aMIUIUTYA U YPOBEHb COOCTBEHHBIX
IOMEX, a IOKa3aTeNlM, XapaKTepU3YIOLIUe HEJIWHEWHbIe, YacCTOTHbIE U (pa30BbIC
VCKa)XEHUsl YCUIIMBAEMOTO CUTHAJIA.

Koa¢duuuenr ycunenus.

Koadpdunmentom ycuienuss mo HampsokeHHio Ky  Ha3bIBAaeTCsl BEIMYMHA,
MOKa3bIBAIOIIAs, BO CKOJIbKO pPa3 HANpsHKEHUWE CHUTHaja Ha BBIXOAE YCHIIMTENA

0oJIBIIIe, YeM Ha e€ro BXOJe:

3nauenue kodddunmenta ycuwieHus K y pa3iaUYHbIX yCWINTENEH HaNpsKEeHUs
MOXXET UMETh BETTUYNHY MOPSAKA JECATKOB M COTCH. Y YUTHIBAs, YTO B COBPEMEHHBIX
YCWIMTEIBHBIX cXeMaX KOd()(UIMEHT yCWJICHHS, BBIPRXCHHBIH B O€3pa3MepHBIX
SAMHMIIAX, MOJTYYaeTCs, JOBOJIBLHO TPOMO3AKHM YHUCIOM. B 2JIEKTpOHWKE MOTYYHII
pacnpocTpaHeHHE CIOCO0 BBIPAKEHUS YCHIIMTEIBHBIX CBOWCTB B JIOTApU(DMHUIESCKIX
equHunax - deyubenax (n1b). KoagdumueHnt ycunenus, BeIpaXeHHBIN B AeIuoenax,

paBeH

Y BBIX

K=20lg Yse =20IgK

OOpatHbIii mepexon OT Jenuben K 0e3pa3MepHOMY YHUCIY MPOU3BOAMUTCS MPHU

IIOMOIIMY BBIPAXKCHUA

KGB

K=10%
AMIINTYTHO-4aCTOTHAsI ~XapaKTEPUCTUKA - 3T0 Tpaduyeckas 3aBUCUMOCTh

KOB(b(I)I/IHI/ICHTa YCWICHUA CUTHAJIA OT 4aCTOThI CUI'HAJIA.
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JAuana3oH yCHJIMBAaeMbIX YaCTOT WM I10JI0CA MPONYCKAHUSA, WIH IIOJIOCOU
MPOITYCKAHMSI YCUITUTEIsI, Ha3bIBACTCS Ta 00JacTh YacTOT, B KOTOPOi KO3 UIIMEHT
YCUJICHHSI U3MEHAETCS HE OO0JIbIIE, YEM 3TO JOIYCTUMO 110 TEXHUYECKUM YCIOBUSIM.
JlommycTuMble  U3MEHEHHUS KO3(PQUIMEHTa yCHJIEHUS B TNpeaesnax  MOJOCHI
MPOIYCKAHMS 3aBUCAT OT Ha3HA4YeHHs M ycioBHM paborel ycunutens. B YHUY,
HaIpUMeEDp, 3TU U3MEPEHUs 0OBIYHO HE MPEBBIIAIOT 3 1b.

3 IlpuGopsbl U 000pyI0BaAHUE:

1) N30uparenbHbIi yCUITUTENbHBIA KaCKa]
2) T'eneparop I' 6 - 43
3) Ocuumnorpad C1-137

4) VcTouHuK muTaHUS «AraT»

4 IlopsAIOK BHINOJHEHUS PAdOThI
1) Cobepute  2JIEKTPUYECKYIO  CXE€MYy, TNpPEObsSBUTE s IPOBEPKHU

MPEno/IaBaTelto.

2) BxirounTe MCTOYHHMK NMUTAaHUS «Arar», YCTAHOBUTE HAIPSHKEHHE MUTAHUS
yeunutens U = 15B.

3) Brirounte ocuuwmiorpad: kabeab NEPBOr0  M3MEPUTEIBHOTO  JIyya
MPUCOCIMHUTE K BBIXOAY TeHepaTopa, KaOeiab BTOPOrO0 H3MEPHUTEIBHOrO JIyda
MPUCOETUHUTE K BBIXOLY YCUITUTEIS.

4) BxirounTe reHepaTop CUTHAJIOB.

- BbIOEpUTE BHJI CHTHaja — CHHYCOMJIAJbHBIM Ha)kaTHEM COOTBETCTBYIOIICH
KHOIIKH;

- BpAIICHUEM PYUYKH «AMIUIMTYJIa» YCTAHOBUTE BEJIMYHMHY aMILIATYbI
BXOAHOro HanpskKeHUs! Uy = 0,1B. KOHTpoJib BEIMYMHBI BXOJHOTO HAIPSKEHUS
BBITIOJTHUTE ociuiuiorpadom (iryy I).

5) YcTaHoBUTE HavaabHYIO YacTOTY BXOAHBIX curHanoB f, = 300 I'm.

I'eneparop ummeer mecth auanazoHoB yactor: 100'm: 1000m; 1kl 10k@1;
100xl'y; 1MI'nm. BeiOop aguana3oHa  4YacTOT  MNPOU3BOJUTCS  HAXaTHEM
COOTBETCTBYIOIIEH KHOMNKHK: Haxmure KHONKy | kI'm. Bpamas pyuky niaBHOU

PETYIMPOBKHU YaCTOThI, yCTAHOBUTE HAMPOTUB yKa3zaress BbiOopa uncio 0,3.
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f. = 0,3-1000 = 3001 1.

6)U3mepbTe ammuintyay BeixoHoro curnana (myud II) . [Tapamerpsl BXxogHOTO 1

BBIXOJIHOTO CUTHAJIOB 3aHECUTE B TAOIUILY 1.

7) IlnaBHO MeHs 4acTOTYy BXOAHBIX CHTHaNOB B auana3zoHe oT 300I'm nmo

OIIpCACINTb MAKCUMAJIbHYIO aMIUIUTYAYy BbIXOOAHOI'O CUI'HaJIda U 4aCTOTY

PE30HaHCa.

1000I'u, mpoBeauTe W3MEpPEHUS BBIXOAHBIX CHUTHAJIOB. Ilapamerpbl BBIXOIHOTO

curHana 3aHecure B Tabmuny 1. Ilpu npoBeaeHun wu3MepeHud HEO0OXOIAUMO

Tabnuua 1.

[TapameTpbl CUTHAJIOB YCUJIMTENS

st, B

UBbe, B

KU9 HB

8) BreixiatounTe npuOOpPHl U UCTOYHUK MUTAHMSL.

9) Beimonuute pacuetsl Ky u niepeBos B neuudensi( ab):

v u
BX Kuv = 20IgK ob

9) ITocTpoiiTe aMILTUTYAHO - YACTOTHYIO XapaKTEPUCTUKY YCHUIIUTEIS.

5 Cpenaiite BLIBO.

6 KoHTpoJsibHbIE BONIPOCHI.

1) OcnoBHoe otninuue cxem YHY ot pezoHaHCHOTO ycUnuTes?

2) Ammutyaa BxoaHoro curHana 0,05 B, aMIiuTyaa BEIXOJHOTO CUTHAJIA —

5 B. Beruucnure ko3¢ dunuent ycwienns Ky B nenubenax.
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Otuer no
JlabopaTopHoii padore Nel3
HccnenoBanue yCWINTENbHOT0 KacKaaAa

Heab padoTel PopMUPOBaHUE YMEHUS U3MEPEHUI BBIXOJIHOTO HAIIPSDKEHUS Ha
PA3JIMYHBIX YACTOTAX U ITIOCTPOCHUE aMILINyAHO- YACTOTHOM XapaKTEPUCTUKHU

OJHOKAaCKagHOT O I/I36I/IpaTeJ'IBHOFO YCHIIUTCIIA.

1 Cxema
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2 Taoauna 1

UBX, B

f, I'g

UBblx, B

Ky

Ku, b

3 Pacuernl Ky u nepeBon B aeru6ensi( 1b):

4 I'paduk xapaKTepuCTHKH.
S OrBeTnl HA KOHTPOJILHBIE BOIPOCHI.

6 BeiBo.

JlabopaTopHnasi padora Nel4
HccaenoBanune ¢GpopMbl BHIXOHOT0 HANIPSKEHUS JTCKTPOHHBIX TeHEPaTOpPOB

Heab padorei: OBnageHNE METOJUKON CHATHUS OCUUAIIIIOTPAMM
MIOCJIEIOBATENBHOCTEN BBIXOIHBIX HMITYJICOB 3JIEKTPOHHBIX T€HEPATOPOB U
OINPEJEIICHUE HX NapaMETPOB.

1 Teopernuyeckoe 000CHOBaHME

Buabl uMyibcoB

[Tox umnynbcom MOHUMAIOT KPATKOBPEMEHHOE OTKIIOHEHUE HANIPSDKEHUS WIIH
TOKa OT HEKOTOPOT'0 MOCTOSIHHOT'O YPOBHS, B YACTHOCTH OT HYJIEBOTO.
Haubonee pacnpocTpaHeHHBIMU SBJISIOTCS NPSIMOYTOJIbHAS, TpalelenaaabHas 1
TpeyroJyibHast popMbl (pUCYHOK 1).

u u

Um

tg

|

/ J

S ]

X

#L

S e

~¥3

Upx Ky = 20igK ob
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Pucynok 1 — Buasl IMIyJIbCHBIX CUTHAJIOB

PeanpHble UMITYJIBLCHI HE UMEIOT (DOPMBI, CTPOT'O COOTBETCTBYIOIICH HA3BAHUIO.
Hanpumep, npsiMoyrosibHble UMITYJIbChl UMEIOT POpMYy, OJIU3KYIO K
TpaIreuernIalIbHON a TPEYTOJIbHbIE — K IKCIOHEHIIMAIBbHOW Pa3nyaroT UMITyIbChl
MOJIOKUTENbHOU (pUCYyHOK 1 - a, O, T, 1) ¥ OTpHUIIATENIbHbIE TTOJIAPHOCTH (PUCYHOK 1 -
B), @ TAK)XXE IBYXCTOPOHHUE (pa3HOIOJSPHBIE) UMITYJIbCHI (pUCYHOK 1 - €). B
AJIEKTPOHHOM TEXHUKE HauOO0JIee YacTO UCTIOIb3YETCs MPSMOYTOJIbHbIE UMITYJIIBCHI.
I[MapameTpbl MoC/1€10BATEIbHOCTH UMITYJIHCOB.
Ilepuoo u yacmoma noemopenusi umnyavcos. IlpomexyToxk Bpemenu T Mexay
HAYyaJIOM JIBYX COCEIHHMX OJIHOTOJISIPHBIX HMITYJIbCOB (CM. PUCYHOK 1) Ha3bIBaroT
nepuodom TIOBTOpPEeHUs (CleqoBaHus) MUMIYJIbCOB. OH BBIpaXKaeTcs B €IWHUIIAX
BpEMEHM: CeKyHJax (C), MWUIMCEKYHIaX (MC) UM MHKpPOCEKyHJax (MKC).
Benuuuny, oOpaTHyr0 mnepuojy MOBTOPEHHUS, HA3BIBAIOT YACMOMOU NOGMOPEHUs
(cenoBanus) f uMiyabcoB. OHa onpenenseT KOJUYECTBO NEPUOJIOB B T€UEHHE | ¢ U
BbIpaxkaetcs B repuax (I'm), kmnorepuax (xkl'm) u t.1.

Bubl 3JIeKTPOHHBIX T€eHEPATOPOB.

ONEeKTpOHHBIA TE€HEepaTop - 3TO YCTPOMCTBO, IpeoOpasyrouiee 3JIEKTPUUYECKYIO
HHEPTUI0_MCTOYHUKA MOCTOSHHOTO TOKA B SHEPTUIO HE3aTyXaloUIUX JJIEKTPUUECKHUX
KojeOaHuil 3agaHHOW (OPMBI U YACTOTHI.___ DJEKTPOHHBIA TE€HEpPaTop IIUPOKO
UCIONB3YIOT B paguoanmnaparype, H3MEpUTEIbHOW TEXHHUKE, YCTPOUCTBAX
aBTOMATHKE, AJIEKTPOHHO-BBIUUCIUTENbHBIX MAIIMHAX U T.J.

Kaaccudgukanus mo cnocody Bo30y:KaeHHus KOJIeOaAHUI.

[To cmocoOy BO30YyXAE€HHS TE€HEPATOPhl MOAPA3ICNAIOT Ha TEHEpPaTophl C
HE3aBUCUMBIM  BO30YXKJIEHHEM M  TEHepaTopbl C  CaMOBO30YXXIEHUEM
(aBTOorenepartopel). I'eHeparopbl ¢ HE3aBUCHUMBIM  BO30YXICHUEM  SIBISETCS
YCWJIMTENSIMU KOJIeOaHUH, KOTOPBIE BHIPA0ATHIBAIOT MOCTOPOHHUE UCTOYHHKH.
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ABTOTEHEPATOPHI CaMU CO3/AI0T HE3aTyXarolIue KoJieOaHus 32 CUET MCIIOJIh30BAHUS
MOJIOKHUTEIBHOU 00paTHOM CBSI3H.

MyabsTuBHOpaTOp

MynbTuBHOpaTOp MPEACTABISIET COO0OW reHepaTop KoieOaHwid, ONM3KHX IO
dbopme K MpSAMOYTroJbHbIM. MyJIbTUBHOPATOP MIMPOKO HCIOJIB3YIOT B UMITYJILCHOM
TexHuke, B OBM wu ycTpoilcTBax aBTOMAaTHKE B KayeCTBE IIYCKOBBIX WU
MEPEKIIIOYAIOIINUX YCTPOUCTB.
ABTOKOJNIE0aTENIbHBIA MYJIbTUBUOPATOP,  COOpaHHBIA O  OCHOBHOM  CXeMe
(pucyHOK 2), mpencTtaBisieT coOOM MBYXKAaCKaJHBIH PE3UCTHUBHBIN yCHIMTENh HA
TPaH3UCTOPHBIX KIIIOYaX-UHBEPTOPAX, COCAMHEHHBIX MEPEKPECTHHIMU OOpaTHBIMU
cBs3saMU. [lpu moakIrOYeHUH MYJIBTUBUOpPATOpPA K UCTOYHUKY MUTAHUS HAUMHAETCS
reHepalnus KoJieOaHu!: Ha KOJJIEKTOPaX TPAH3UCTOPOB (POPMHUPYIOTCS UMITYIIBCHI, TI0

dbopme OIM3KHE K IPSIMOYTOJIbHBIM.

2
iK1T Rel ﬁ‘i‘ ﬁ“iz iK% B]ﬂd ‘EK U &
Uil _ /:><<\ f DU
K KZ=UBbIX _Uk1 v 1
¥T1 o T : T

0 : -

-Uk2

a) 0)
Pucynok 2 — a) cxema aBTOKOJI€0aTEILHOTO MYJIbTUBUOPATOPA;
0) BpeMEHHbIE AUarpaMMbl HAPSKEHUI Ha KOJIJIEKTOpPax TPaH3UCTOPOB.

LC- aBTOreneparop.

Cxema ¥ g TPAH3UCTOPHOTO
aBToreneparopa tuna LC []m o fu MIpYBEJICHA Ha PUCYHKE 3.
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Pucynok 3

TpaH3uCTOPHBIN aBTOI€HEPATOP C MHAYKTUBHOM CBSA3BIO.

Konnencatop C, 1 kaTy1ika MHIYKTUBHOCTU L, 00pa3yroT mapasienbHbli
KoJe0aTenbHbIN KOHTYp. [Ipy moaKII0OYeHNN K NCTOYHHUKY MUTaHus E. KoHAeHcaTop
C« K051e0aTenbHOr0 KOHTYpa 3apsyKaeTcsl, MOCIe YEro B KOHTYPe BO3HUKAIOT
HEe3aTyXaroIIue MEKTPUIECKUE KOIeOaHusl ¢ 4aCTOTOU fy

fo 1
" 2nyL.C,

Ha xonnexTope BbIXOIHOTO TpaH3UCTOpa (OPMHUPYIOTCS CHUHYCOUIANIbHbIE
kosneOanus. KonebGaHus SBISIOTCS HE3aTyXaIOIMKUMHU OJarofapsi mojJ0KUTEIbHOM
00paTHOM CBSI3M, MEPEArONICH YacTh BRIXOJHOTO CUTHANA Ha BXoa ycunutens. [Ipu
ATOM JIOJDKHBI COOTIOATRCS ABA YCIOBUS: OalaHCc aMIuiuTy A U Oamanc das.

I'enepaTopbl NMJI000Pa3HOT0 HANIPHKECHUS.

["'enepaTop nua000pa3HOTro HAPSHKEHUST MPEeCTaBIseT coOO0M
OJTHOKACKaIHBIN yCHIIUTENh, TIPEOOPA3YyIOIINI SHEPTHIO TPSIMOYTOJIBHBIX KOJIeOaHU

B DHEPTHUIO MHJIO00Pa3HbBIX KOJIEOAHUM TOM K€ YacTOThI (PUCYHOK 4).
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Pucynox 4 — a) cxema reHeparopa nuioo0pa3HOTO HAMPSKEHUS;
0) BpeMEHHBIE AHarpaMMBbl 3aITUPAIONTUX UMITYJIbCOB;
B) BBIXOJ/IHbIC UMITYJIbCHI.

BpIXoHOE HaNpsHKEHUE CHUMAETCA C KOHJIEHCATOPa, BKIIOYEHHOrO MapaijIeIbHO
Tpan3ucropy. IIpum TOCTYIJIIEHHMM TMOJIOKUTEIIBHOTO HWMITYJIbCA, 3alUPAIOIIETO
TPAaH3UCTOP, KOHAEHCATOp 3apspkaerca a0 HanpskeHusa Uy, < Eix. [lo okoHuanuwn

UMITYJIbCA TPAH3UCTOP OTKPHIBACTCA U KOHJEHCATOP pa3pshKaeTcsl Ha Harpys3Ky.

2 IIpuGops! U 06opyAoBaHue:
1) Ocmumnorpag C 1 -59

2) T'eneparop ¢pyHkunoHanbHbIN ['6-43.

3 IlopsiioK BBINOJHEHUS PadOTHI.
1) Bxotouute npubopsl B ceTh. CoeAMHUTE BBIXOJ FEHEPATOPa CO BXOJA0M

ocruiorpada.
2) Ha mkane reHepatopa BHIOEPHUTE «IIPSIMOYTOJIbHBIN CUTHAID, HAKaB KHOTIKY
Ha TIAHEJIM reHepaTopa. Y CTAHOBUTE CUTHAJ ONPEACIICHHON aMIUIUTY/ bl U YaCTOThI

NPUOJIM3HUTENBHO 1O IKAJIe TeHEpaTopa COrJIACHO BapHaHTa 3aJaHusl 1o tadmuue 1.

Tabmma 1
Bapuant | 2 3 4 5 6
Un,B 1 5 2 3 4 6

Jnamnazon 0,5-1 1-5 5-10 10 - 25 25-50 | 50-75
qacToT, KI'11

HN3mepenue aMIIuTy bl HN3mepenue 4acToThI
Ilena Kon-Bo Un Ilena Kon-Bo T f
Hccnenyemast NeJICHUsl | JeJIeHUM JeIeHus | JeNeHUuN
cxema B/nen B C/nen C I'n
Cxema 1
Cxema 2
Cxema 3

3) Beibepute onTrManbHble MaclITaObl PA3BEPTOK CUTHAJIA, 3AHECHUTE B
tabymiry 2. HapucyiiTe ocuiumiorpaMmy CUTHaIa HA MIJUTUMETPOBOM Oymare.
BrluncnuTe aMIuIMTy Iy UMITYJIbCa U ITAPAMETPhI IOCIIET0BATEIIBHOCTH UMITYJIbCOB,
pe3yJbTaThl 3aHECUTE B TAOIUILY 2.

Tabmuma 2
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4) Ha mkane reHepaTropa BbIOEpUTE «CUHYCOUIAIbHBIA CUTHADY, HAJKaB
KHOIIKY Ha naHesu reuepatopa. [loBropure aeiicTBus cornacHo m.2) u 3).

5) Ha mixane renepaTopa BbIOEpUTE «TPEYTOJIbHBIM CHUTHAD), HA)KaB KHOIKY Ha
naHenu reaepartopa. [loBropurte nelcTBUs COTNIACHO 1.2) U 3).

6) Caenaiite BBIBO/I.

4. KOoHTpOJIbHBbIEC BONIPOCHI.
1) Kakum oOpa3zoM noajaepKkuBaeTcsi HempepbiBHAsI FeHEpalys UMITYJILCOB B

aBTOreHepaTopax?
2) Ha3Banue kackajga Ha OWIOJSIPHOM TPAH3UCTOPE HA OCHOBE KOTOPOTO
MTOCTPOEHBI CXEMBI TEHEPaTOPOB.

3) Kakoil u3 renepaTopoB HE SBISAETCS «aBTOreHeparopom»? [louemy?

Ortuer 1o
JlaGoparTopHoii padore Nel4
HccaenoBanue ¢popMbl BHLIXOTHOT0 HANIPAKEHHUS IJTEKTPOHHBIX TeHEPATOPOB

Heab padorei: OBNajieHUEe METOJAUKON CHATHUS OCHAIIIIOTpaMM
MOCJIEIOBATEILHOCTEN BBIXOAHBIX HMMITYJIbCOB 2JICKTPOHHBIX T€HEPATOPOB U
OmnpeeIeHUEe MX MapaMeTpPOB.

1 CxeMbl

o [f.] Lk
y Cxela liK Ek we @X%Ma ;;
I'enépatrop npyMOyroabHBIX I/?M [V JICOB ['eneparop ¢uHlCOUIATBHBIX
<1 c2 I
Uk1 Uk2=Usbix

w171
wT2
U617 ‘W@)




Cxema 3

['eneparop mum000pa3HOTO HATIPSHKCHUS

HN3mepenne aMIuIuTyabl HN3mepeHnune 4acToThl
Ilena Koin-Bo Un Ilena Komn-Bo T f
Hccnenyemast NEJICHUA | IEeIeHU JNeIeHus | IeNneHun
cxema B/nen B C/nen C I'o
Cxema 1
Cxema 2
Cxema 3
2Tabauna 2.

3.PuCyHKH OCHM/IOTPAMM HA MUJUIMMETPOBOM Oymare.

4. OTBeTHI HAa KOHTPOJIbHbIE BOIIPOCHI.

5. BeiBoj1.
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IIpakTnuyeckas padora Nel

Pacuer IEKTPUIECCKUX uenei«i IPpH NMOCJIEA0BATC/ILHOM, MMAPpALJIEIbHOM U
CMCIIAHHOM COCIMHECHUUN KOHIACHCATOPOB.

Heab padoThl: OCBOCHHE METOANKU PACUETA SKBUBAJICHTHOU 3JIEKTPOEMKOCTH TIPU
Pa3TUYHBIX CIIOCO0aX COSAMHEHUST KOHECHCATOPOB.

1. Teopernyeckoe 000CHOBaHHE.

B TexHuKe KOHIEHCATOPOM Ha3bIBAIOT YCTPOMCTBO, COCTOSILIEE U3 IBYX

MCTAJUIMYCCKUX INUIACTHH, PA3JCJIICHHBIX TUIJICKTPHUKOM, o6naz[ammee OHpGI[GJI@HHOI?I

AIEKTPOEMKOCTBIO U MPEIHA3HAYEHHOE JJIsI BKIIFOUEHUS B DJIEKTPUUECKYIO LIETh.
[IpOMBIIIJIEHHOCTH BBIMYCKAET KOHIEHCATOPBI PA3JIMYHON SJIEKTPOEMKOCTH: OT |
nukodapassl 10 ThICSY MUKpOdapaa Ha pa3IndHble HanpsbkeHus. HoMuHanbHbIe
3HAYEHUS] EMKOCTEW KOHJEHCATOPOB OMPEACISAIOTCA psiAaMA HOMUHAJIbHBIX
3Hauenuii: E3, E6, E12, E24, E48, E96, E192. Uucno nocne E yka3biBaer

KOJIMYECTBO 3HAYCHUN €MKOCTH AT ACCATUYHOIO IMOopAdKa. HaHpI/IMCpZ

Psan 3Ha4YeHUsT HOMHUHAJIa

E3 I; 2,2; 4.7

E6 I; 1,5; 2,2; 3.3; 4,7, 6.8;

E12 1;1,2; 1,5; 1,8; 2,2;2,7;3.,3; 3,9;4,7;, 5,6;6,8;

HomuHan eMKOCTH MoJydaeTcss yMHOKEHHEM Yucia U3 BBIOpaHHOro psaa Ha 10™.
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I[J'I?I IMOJIYYCHHUS PaCUCTHBIX 3HAYCHUN €MKOCTH KOHACHCATOpAa IIPUMCHAIOT
Pa3JINYHBIC CITOCOOBI COCIUMHCHU:.

1) TlocnenoBarenbHOE COETUHEHHE (PUCYHOK 1), TPU KOTOPOM €0

9KBHUBAJICHTHAs 3JICKTPOCMKOCTDb 3 K rae k — aucno

IIOCJIEIOBATEILHO BKIIFOYEHHBIX KOHIEHCATOPOB.
_ Cl'C 2
9 C.+C
ECJ'H/I IIOCJICI0OBATCJIBbHO BKJIFOUCHEI JIBA KOHI[GHC&TOpa, TO 1 2

ITpu mocnenoBaTeIbHOM BKIIIOUEHUH K KOHJIEHCATOPOB OJIMHAKOBOM

c,=%

2
371eKTPOEMKOCTH k
c1
c2 = ¢

C3

AHHF

PI/ICYHOK 1- HOCHGHOB&TCJ’IBHOC COCIMHCHUC 3-x KOHACHCATOPOB U
SKBUBAJICHTHBIN Y4aCTOK.

2) TlapamnenbHoe coeMHeHUE (PUCYHOK 2), TP KOTOPOM IKBUBAJICHTHAS
€MKOCTh PaBHA CYMME €MKOCTEH BCEX MAPAJIIEIbHBIX YYACTKOB:
=C,+C +i(-6+
Co=CrtlyriotCy , TJe K — 9ucio BKIIFOUEHHBIX MapasuieIbHO

KOHACHCATOPOB. Ecau BeanunHbI eMKOCTEH BCEX KOHACHCATOPOB LCIIHU

OJINHAKOBBIL, TO Cy=k-C

Cc1 * c2 Cc3 c

#

Pucynok 2 — I[lapamienbHoe coeuHEeHNE 3-X KOHJIEHCATOPOB
Y SKBUBAJICHTHBIA Y4aCTOK
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3) CMelIaHHOe COeIMHEHUE KOHJIEHCATOPOB MPEACTABISET LIETh C yYaCTKaMU
napajiyIeIbHOTO U MOCJIEI0BATEILHOTO COCIMHEHUN KOHIEHCATOPOB

(pucyHnku 3 u 4).

o
[ o
(g FH
Cim— G
e e

o

Pucynoxk 3 — CmenanHoe napasaieabHOe COCIMHEHNE KOHIEHCATOPOB.

Cs
Pucynok 4 — CMmelanHOe 0CiIeJ0BATENbHOE COEMHEHNE KOHIEHCATOPOB.
Pacuer Takux nenen CBOAUTCS K MOCIJIEIOBATEIBHON 3aMEHE YYACTKOB, COAEPKAIINX

HECKOJIBKO KOHJICHCATOPOB YYaCTKOM C 3KBUBAJICHTHON PaCYETHON EMKOCTBIO.
2.11pumep.
Hano: B pacuernoit cxeme no pucynky 4 C,=C,=C;=1 mx®; Cs=Cs=1,5 mxD;
Cs = 3 Mmx®. Onpenenure Co.

Pacuer.
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1) Onpenennm 3KBUBaJIEHTHYIO 3JIEKTPOEMKOCTh EMKOCTh y4acTKa C
koHjaeHcaropamu C, , C, , Cs, BKIIOUCHHBIMU MapajuiesibHO. T.K. eMKOCTH
YKa3aHHBIX KOHJIEHCATOPOB OAMHAKOBBIL, Ci,3 = 3-1= 3 MKOD.

2) Omnpenenum 3KBUBAJICHTHYIO EMKOCTh y4acTka ¢ KoHaeHcatopamu C4,Cs. T k.
€MKOCTH YKa3aHHBIX KOHJIEHCATOPOB OJMHAKOBBI, TO Cs5 = 21,5 = 3 Mx®D.

3) Ilonyuwnu 1enb, COCTOSNIYIO U3 TpexX KoHJeHcaTtopoB Cios, Cys, Co

COCIMHCHHBIX ITOCJICIOBATCIIEHO. T.x. emkocTH YKa3aHHBIX KOHACHCATOPOB

|wo

C3= =1 mMkd

w

OJMHAKOBEI,

3amanue.

Paccuntath 9KBUBAJICHTHYIO CMKOCTb COCAMHCHNA KOHACHCATOPOB, 110 CXCMC Ha

pUCYHKE 5, NP MOJOKEHHIX KIIIOYe B COOTBETCTBUU C Tabnuiei 1. 3HaueHus

eMmkocTer KoHaeHcaTopoB C; =2 MKD, C,=C; =C4=Cs =1 Mx®, Cs=3 Mk,

C7;=10,5 Mx®. ITonoxenuns kiaroueii: 0 — BRIKIIIOUEH; 1 — BKITFOUCH.

Ta0mumna 1
Knrou [Ho3uuu
1 2 3 4 5 6 7 8
K1 0 1 0 0 1 1 0 1
K2 0 0 1 0 1 0 1 1
K3 0 0 0 1 0 1 1 1
Co '
I I C3 I K3
C1 5 o ol
= -
K1 L
C4 | o5{C7
© —ae
Pucynok 5.

3.KoHTpOJIbHBIE BONPOCHI.
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1) Kak onpenensiercst 5KBUBaJIECHTHAsE €MKOCTh TP MOCJIEI0BATEILHOM U
napajuieIbHOM CO€IMHEHUU KOHJIEHCATOPOB?
2) Kakoii BuJ coeAMHEHUS KOHAEHCATOPOB HA3bIBACTCSI CMEIIAHHBIM?

[IpuBenuTe npuMep TAKOro COCTUHEHHUS.

4. Conep:kanme oT4yera.

1)Homep paboThL.
2)HaumeHnoBaHue.

3)Llenb paboThL.

4)YepTexk CXEMBbI COTIaCHO BapUAHTY 3aJIaHMUSL.

5)Pacuet napameTpoB.
6)OTBETHl Ha KOHTPOJIbHBIE BOMPOCHI.

7) BriBog.

IIpakTuuyeckas padora Ne2

Pacuer 3j1eKTprYecKHUX Hened MOCTOSHHOIO0 TOKA

Heab padorei: OcBoeHNME METONMKHU pacyeTa 3JIEKTPUYECKHUX LEeNed MOCTOSHHOIO
TOKa C OJTHUM UCTOYHHKOM IUTAHUS.

1.TeopeTnyeckoe 000CHOBaHME.

[Ipu pacuete 27EKTPUUYECKUX TETel B OOJBITUHCTBE CITy4aeB U3BECTHBI
napameTpbl UCTOUYHUKOB DJIC, CONPOTUBIIEHUS JIEMEHTOB 3JIEKTPUUECKOM LIETIH.
3amaya pacuera NEeKTPUYECKON LIETH CBOJUTCS K ONIPENEIIEHUIO TOKOB B BETBsX. [1o
HaWJICHHBIM TOKaM MO>KHO pPAaCcCUMTAaTh HANPSKEHUS HA DJIEMEHTAaX LEMH, MOIIIHOCTh
OTZEJIBHBIX JIEMEHTOB U AIEKTPUYECKON LIENH B LIEJIOM, MOIIIHOCTh UCTOYHHUKOB,
CEYEHUS IPOBOJHUKOB.

J{ns pacuera 3JIEKTPUYECKUX LENEW C OJHUM UCTOYHUKOM HEPTHUH
MPUMEHSETCS METO/ SKBUBAJIEHTHBIX MPE00pPa30BaHUM, 3aKII0YAIOLIUICS B
MOCTENIEHHOM MPe0Opa30BAHUM U 3aMEHE TOCIIE0BATENBHO U NAapAJLIEIbHO
COEIMHEHHBIX 3JIEMEHTOB YKBUBAJIEHTHBIMU. BCIO rpynimy 3JIEMEHTOB LENN

3aMCHAIOT OJJHHUM 3KBUBAJICHTHBIM. Hp606p330BaHI/I5{ Ha4YMWHAIOT B BCTBIX, HauoOosce
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yAaIEHHBIX OT UCTOYHHUKA. 3aTeM B IIpeoOpa3oBaHHOM (TIPeaeIbHO MPOCTOH) MU 110
3akoHy OMa onpenensitor ToK. [lomydeHHsie B mporiecce mpeoOpa3oBaHus PacueTHHIC

CXEMBI MIO3BOJISAIOT ONPEAETUTh TOKH BO BCEX OCTAJIBHBIX BETBSX.
1. Ilpumep.

Hano: Ry =3 Om; R,=2 Om; R; =5 OmMm; R,=10 Om; E =50 B.

~
[‘E
L Al

w[] =] wf Jo. |

R, R,
I 5 | S 6

a) 6) B)
Pucynox 1 - [Ipumep sKBUBaIEHTHBIX TPE0OPa30BAHMUIA:
a) cxeMa HIEKTPUUECKOM LeTH 10 MPeoOpa3oBaHMs;

0) pacdeTHas cxema IocJie epBOTO MPEoOPa30BaAHNUS;
B) - pacyeTHas CXxema Mocje BTOPOro (OKOHYATEIHHOTO) MPeoOpa3oBaHMUsI

Pacuer
8) OrmpenenuM TOKU B BETBSIX CXEMBbI, IPEJICTABIEHHON Ha pucyHKe 1-a.
9) Beibupaem HarpaBieHuUs: TOKOB B BeTBsIX. [IpeoOpa3zyem napajiensHo

COCAMHCHHLBIC PC3UCTOPLI R,u R3, 3aMCHII UX OKBHUBAJICHTHBIM 3JICMCHTOM Rz, 3

10)PacueTHas cxema mocie nepBoro npeodpazoBaHus MokKa3zaHa Ha pucyHke 1- 0.

11) [IpoBosuM BTOpoOe npeobpazoBanue. st 3T0r0 mocien0BaTeIbHO

COCJIMHEHHBIE PE3UCTOPHI Ri, R> 3, R4 3aMEHsIEM OJJTHUM SKBUBAJIICHTHBIM Roig.

R;)KB :R1 +R2,3+R4 =3+ 1,43 +10= 14,43 Owm.

12) Tenepp ucxoaHas cxema CBEJEHA K ITPOCTEUIIIEH, TOKa3aHHOM Ha
=L =0 3474
y R, 14,43
pUCYHKE 1- B, U3 KOTOpPOH onpeaenum OKB

Jlns onpeneneHust TOKOB 1, 1 I3, HEOOXOIMMO ONPEACIHNTh HanpspDkeHue Uy, UX
CXEMbI Ha PUCYHKE - a, KOTOpOE pacCUUTHIBAEM 110 CXeMe PUCYHKA 1- 6:

Uws = Ry, 31, =1,43:3,47 = 4,96 B.
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Bo3sBpaimasich k cxeMe pucyHka 1-a, moiryuyum

U
=—0=2%_) 154
R, 2
U
1=—2=%%_4 994
R, 5

Jjis mpoBepKU MPABUIIBHOCTH pacueTa TOKOB COCTaBIIsIEM OajlaHC MOLTHOCTH.
Mo1HOCTb, BbIpaOaThiBa€Masi BCEMH HCTOYHUKAMU SHEPTUH B LIETIH, JOJIKHA OBITh
paBHa MOIIHOCTHU, TOTPEOIISIEMOI BCEMU NPUEMHUKAMHU 3JIEKTPUUECKON SHEPTUU
(marpy3koit). OTHOCHUTEIbHAS TOTPENTHOCTD pacyeTa He TOJKHA MPEBBIIATh OJHOTO

MPOIICHTA.
MomHoCTh, BhIpabaTeiBacMast BICTOUHUKOM DJ[C
Pu=E-I,=503,47=173,5 Br.
MomHocTh, ToTpebisiemMast Harpy3Kou
Py= DIRHIIRH IR+ IRy _36 151 150414123+ 4,9 = 173,73

Bm

[TorpemHocTh OanaHca MOIIHOCTH
173,5-173,73
173,5

P —P
A H100%=
PI/I

-100%=-0,13%<*=1%

BeiBoj: T.k. 6anaHc cXOAUTCS ¢ JOMYCTUMOM MOTPELIHOCTHIO, TO PACYET TOKOB
BBITIOJTHEH BEPHO.

3aganue.

JlaHa pa3BeTBIICHHAA JIEKTPUYECKas LEIb, COAEPIKAIIAs OJUH HCTOYHUK SHEPTHUU C
OJIC E v npuéMHuku R, R, R3, R4, Rs, Rs. MeTO10M SKBUBaJICHTHBIX
npeoOpa3oBaHU HANTH TOKK BO BCEX BETBSIX U HAMPSHKEHUS HA AJIEMEHTAX ICTIH.
CocraBuTh 0anaHc MOITHOCTH. VIcXo/IHbIE JaHHBIE TPUBEICHBI B Ta0auIe 1.

Tabmuna 1
BapuanTel 3a1aHui
Homep BapuanTa | Homep E, R, | R, | R | R, | Rs
pHCYHKA B Om

1 2 3 4 |56 7|8

1 2 30 212161212

2 2 30 212112 6 |12

3 2 20 2 1121216 |12

4 2 20 216 |12 2|12
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Pucynoxk 2.

PucyHok 6.
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Pucynox 7.

2. KoHTpoJsibHBbIE BONIPOCHI.
3) Kak onpenensiercst skBUBajieHTHOE (0011e€e) CONMPOTUBIICHUE MTPU

IOCJIE0BATEIBHOM U MAPAJUIEIBHOM COEIUHEHUH PE3UCTOPOB?
4) B 4em cyThb MeTO/1a SKBUBAJIEHTHBIX MPeo0pa30BaHUil IPU CMEIIAaHHOM

COCIUHEHNH DJIEMEHTOB?

4. Copep:xxaHue oT4era.

1)Homep paGoThi.
2)HaumeHnoBaHue.

3)Lems paboThL.

4)UepTexk CXeMbl COTJIACHO BapUaHTY 3a/IaHMUS.

5)Pacuer napameTpoB.
6)OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.

7)BeIiBOS.

IIpakTuyeckasi padora Ne 3

Pacyer omHO(a3HOTO BHINIPAMUTEJIS ¢ AKTUBHBIM CONPOTHBJICHHEM HAIrPy3KH

Heab padorbl: DopmMupoBaHre yMEHUN 1TOI00pa JTUOIOB IO JOITYCTUMOMY TOKY 4

U oOpaTHOMY HanpsbkeHuto Uy, A1 paboThl B KaueCcTBE BEHTUJICH B
CXEME OJHOIIOIYTIEPUOAHOTO BBIIPSIMUTEIIS.
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1 TeopeTnueckuii MmaTepuas
ITapamMeTpbl BLINPSIMUATEIBHBIX TUOI0B.
- Haubonvuuii svinpsamumenshviil Mok lyp mex - HAHOOJBIIIEE TOIMTYCTUMOC
CpellHee 3HAUCHUE BBITIPSMIICHHOTO TOKA 3a TIEPUO];
- IIpsaimoe naoenue nanpsiscenus U,y - HAPSIKEHUE HA TUOJIE TIPU
MPOTEKAIOIIEM YepPe3 HETO YCTAHOBJICHHOM BBITIPSMIICHHOM TOKE;

- Haubonvuwee oopamnoe nanpsoicerusi Uosp max- HAPSHKEHUE, KOTOPOE MOKET
OBITH TIPHIIOKEHO K TUOY B OOpPaTHOM HAIpaBJICHUHU B TCUCHUH JTTUTCIIBHOTO
BpeMeHH 0€3 OIaCHOCTH HapyIIeHUs HOpMaJIbHON paboThI AM0/a;

- Haubonvwuii oopammuwiii mok l,s, max - TOK uepe3 Juoj1 B 00paTHOM
HaIpaBJICHUH MPU MPUIOKEHHOM K HEMY HarOOIBIIIEM TOMTYCTUMOM 0OpaTHOM
HaIPsOKCHUH;

- Haubonvwas oonycmumasn mownocms pacceu8anust Ppac rax - JOMYCTUMOE
3HAYEHNE PacCEMBAEMON MOIIHOCTH, P KOTOPO oOecrieunBaeTcs 3a1aHHas
HaJISKHOCTD TMPH JUTUTEIHLHON paboTe 1ruoa.

- Jluanazon yvacmom Af - mongoca 4acToT, B pejiesiax KOTOPOH BHITPSIMIICHHBIN
TOK JINOJIa HE YMEHBIIIAeTCsI HUKE 3aJITAaHHOTO YPOBHSI.

BoInpsiMuTeIbHBIE CXEMBI.

Oonoghaznviii 00HONOTYNEPUOOHBLI BbINPAMUMETL — TTPOCTEHUIIAA CXeMa C

OJIHUM JIMOJIOM MPEJ/ICTaBJIEHA HAa PUCYHKE 1.

ofip max

Pucynok 1 — OgHoda3zHbIil 0THOTIONYIEPUOIHBINA BHITTPSIMUTE:
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a - cxema; 0 - BpEMEHHBIE TUarpaMMbl paOOTHI.

Oonoghaznwlil vinpsimumens co cpedHell MmoyKol COCTOUT U3 0OJAHO(PA3HOTO
TpaHchopmaTopa ¢ IByMs OAMHAKOBBEIMU BTOPUYHBIMH OOMOTKAMH, UMEIOIIIUMH
OOIIyI0 TOUYKY, U IBYX AHOJ0B. CXeMa BBIIPSIMUTEIIS MIPEACTABICHA Ha PUCYHKE 2.

Oonoghaznwil MOCmoBol 8binpamumelb COCTOUT U3 0JHO(GA3ZHOTO
TpaHc(opMaropa ¢ 0OJJHOU MEPBUYHOUN U OJTHON BTOPUUHON OOMOTOK U
CUMMETPUYHON CXeMBbI Ha YETBIPEeX JU0Jax (MOCTOBOM cxembl). Cxema
BBITIPSIMUTEITSI TIPEJICTABICHA HA PUCYHKE 3.

u, ¢ R

DY LAY
VD1 mf Y Y
+-) [ [ 1 '
¥ 1 .I' )
i (Y : Y
[ (Y 1 [
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1 . [
Y : ! r [ wt
3 J ! I '
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,'(us") ) W
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Fy § 1) Iy £
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Y
B

I, A

H

a) 0)

PucyHok 2 — BeIpsAMUTENB CO CpETHEN TOUKOM:
a — cxema; O — Bp€MEHHbIE IMarpaMMBbl.

a) 0)

Pucynok 3 — MocTOBO# BBIIPSIMUTEND: a — CXeMa; O - BpEMEHHbIE 1huarpaMmm
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2 Ilopsanok pacuera.

1) PacueT cpenHero BHIIPSIMIIEHHOTO TOKa

2) Pacuyer 00paTHOrO HaNpPSKEHUS

® OJHOIOJYIEPUOIHAS cXxeMa U cxema co cpenneit Toukod Uy =m U 4:

e wmoctoBasg cxema U, = 0,5t U 4.

3) BpIOOp THOIOB IIPOBOIAT

o [To MakcuManbHOMY TIPSAMOMY TOKY I 1p on. = 314 :
o [To nomyctumomy o6paTtHOMy HanpsikeHUIO U o5 > U s,
3ananmue.

BriGepute 1uoabl 151 BRITIPSMUTEIS.

BapuaHnThl pacueTHbIX 3a/laHHil TIpeIcTaBIeHbI B TabuIe 1.

Tabnuna 1
Ne 1 2 3 4 5 6 7 8 9 10
BapUaHTa
Us, B 100 50 100 100 50 40 10 |30 60 30
Py, BT 100 500 250 50 50 120 50 60 150 15
Tun cxems! | OnHOMONYyHIEpHOTHAS MocroBas Co cpenHeil TOUKOM.
[TapameTpsl 110/10B IPUBEIACHBI B TAOIHIIE 2.
Tabmura 2
[TapameTtpbl A1OTI0B.
Tun nuona I jon, A U B Tun guomga I nom., A Uosp , B
11205 0,4 400 11243 5 200
11207 0.1 200 J1243A 10 200
J1209 0,1 400 J1243b 2 200
J1210 0,1 500 1217 0.1 800
J211 0,1 600 J218 0.1 1000
1214 5 100 221 0.4 400
T14A 10 100 J1222 0.4 600
J214b 2 100 J224 5 50
215 5 200 JH224A 10 50
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JI015J1 10 200 2245 2 50
J2156 2 200 11226 0.3 400
1233 10 500 J226A 0.3 300
J233B 5 500 J031 10 300
J1234B 5 600 J231B 5 300
042 5 100 11232 10 400
TRA2A 10 100 J2326 5 400
JI2425 2 100 44 5 50
J244A 10 50 303 3 150
24456 2 50 1304 3 100
11302 1 200 1305 6 50

3. KoHTpoJibHBIE BONPOCHI.

1) KakoB nopsiiok HanpsKEHU Ha TUOJIE€ B MPOBOSIIUN MOTYTIEpUO?
2) KakoB nopsi0K HanpsKeHWH Ha JUOJI€ B HEMMPOBOAAIINN MOIyIepro?

3) B kakoii cxeme OOpaTHOE€ HaNpsHKEHHE MEHbIE MO CPABHEHHIO C JIPYTUMHU
cxemamu?

4. Coxep:kanue oryera.

1)Homep paboThi.
2)HaumenoBanue.
3)Llens paboThL.

4)YepTexk CXeMbl BBIIPSIMUTENSL COTNIACHO BapHaHTY 3aJJaHUS.
5)BpeMeHHble AuarpaMMbl HANPS>KEHUHA BBITPSMUTEIS.

6) PacueT napameTpos.

7) Beibop anonoB 1o tadnuie 2.
8)OTBeThl Ha KOHTPOJIBHBIC BOITPOCHI.

9)BriBO.

KPUTEPUU OLEHKHA
JIABOPATOPHBIX U ITPAKTUYECKHUX PABOT

- OLICHKA «OTIUYHO» BBICTABIISIETCSA 00ydYaroIIeMycs 3a padoTy, BBIIIOJIHEHHYIO

66301HI/I60‘{H0, B IIOJTHOM 00BEME C Y4CTOM PAllMOHAIIBHOCTHU BBI6paHHBIX pemeHHﬁ;

- OILIGHKa «XOPOIIO» BHICTABIIAETCA 0OydaromemMycs 3a padoTy, BBITOJIHEHHYIO

B IIOJTHOM 00BEME C HCOO4YCTaMU,
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- OLIEHKa «YJOBJIETBOPUTEIBHO» BBICTABISETCS OOyuarolemycs 3a padory,
BBINIOJIHEHHYIO HE B MOJHOM oObeme (He MeHee 70 % NpaBUIIBHO BBINOJIHEHHBIX
3aJlaHui OT 001Iero oobeMa padboThl);

- OLIEHKa «HEYJIOBJIETBOPUTEIHHO» BBICTABIIAETCS OOydaromemycs 3a pabory,
BBINIOJIHEHHYO B HE 1OJIHOM 00beme (MeHee 70% MpaBUIbHO BBITOJHEHHBIX 3aJaHUN

oT 00111ero oObema padoThl).
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[Ipunoxenue A
MunucTepcTBO 00pa30BaHus U Hayku YensOuHCKOM 00sacTu
['ocynapctBeHHOE Or01KETHOE TIPOo(hecCHOHATBbHOE 00pa30BaTEIbHOE YUPEIKICHNE
«HOXKHO-YpanbCcKuil rocy1apCTBeHHbINH TEXHUYECKHI KO

OTYET

T10 BBITTOJTHEHUIO J1a00PaTOPHBIX U MPAKTUICCKUX
paboT 1Mo y4eOHOU TUCIUTUINHE

«3J1el<mp0mexnuka U I1IEKmpoHUKa)
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