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IMPABHJIA TEXHUKHN BE3OITACHOCTH
ITPU PABOTE B IABOPATOPUH

1. Iepen cOOpKON cXeMbl yOETUTHCS, YTO ABTOMATHUECKHMN BBIKITIOYATEIH
nabopaTopHoro creHna y padodero mecra OTKJIFOUEH.

2. HpI/ICTyHaH K pa60Te, CJICAYCT O3BHAKOMUTLCA C UCTOYHUKAMU JJICKTPOIIU-
TaHUs, croco0amMu uxX BKJIIOUCHHS.

3. KATEI'OPUYECKU 3AIIPEINAETCA BKIIIOYATDH
ABTOMATHUYECKUI BBIKJIKOYATEJIb CTEHJIA BE3 PA3PEIIEHUA
MPEINIOJABATEJIA NI JIABOPAHTA. 3a yMBIIUICHHYIO TIOpYy MIPHOOPOB
CTYICHT HeCceT MaTepUalbHYI0 OTBETCTBEHHOCT.

4. 3anpemiaercss MPUKAcaThCS PyKaMU K 3aXKUMaM, HaXOJSIIMMCS TIOJ
HanpspkeHueM. Hanudue HanpspKeHHs Ha 3aKAMax MPUOOPOB WM APYTHX die-
MEHTOB CXEMBI CJICAYET MPOBEPSATH TOJIBKO H3MEPUTEIBHBIM ITPHOOPOM.

5. Bce u3MeHeHus B CXe€M€ WIHM yCTpaHEHHE IPUYMH €€ HEUCIIPABHOCTHU
MO>KHO IIPOU3BOJUTH TOJIBKO IIOCIE OTKJIIOUEHUS aBTOMaTHYECKOIO BBIKIIIOYATE-
7151 7a00PaTOPHOTO CTEHIA.

6. BAIIPEHIAETCS nosnb3oBaTbcs HEUCIPABHOM ammapaTypoi, B 4acTHO-
CTH, HE UMEIOIIEH U30IAINOHHBIX PyUeK.

7. HpI/I BKJIFOUCHHWHU YCTAHOBKHU IMPCABAPUTCIILHO Y6€,IlI/ITBCiI B TOM, 4YTO HH-
KTO HE MPUKACACTCA K TOKOBCAYIIIUM 3JIEMECHTAM CXEMBI.

8. Kareropuuecku 3ATIPEHIIAETCS o6mokaunBaThcst Ha YCTAHOBKY W dJie-
MEHTBI CXEM.

9. O Bcex 3aMEUCHHBIX HEUCIHIPABHOCTAX allllapaToOB, MAalllMH HJIA O60py,[[0-
BaHHUsA HEMCIAJICHHO COO6H.[I/ITL npenoaaBaTeIt0 Wi na6opaHTy.

10.  PA3BOPKA CXEMBI JOIIYCKAETCA  TOJIBKO  IIPU
OTKJIFOYEHHOM ABTOMATHUYECKOM BBIKJIIOUATEJIE
JIABOPATOPHOI'O CTEHIA.

11. KATETOPMYECKU 3AITPEIIAETCS npousBoauTh Kakue-mubO ore-
palyy Ha pacrlpeaeIUTEIbHOM IIUTE JJA00OPATOPHH, 3a UCKITFOUCHHEM OICpaIiH
OTKIIIOYCHHUS THTAHUS BCE JabOpaTOpWy MPH HECYACTHOM Cilydae, Kormaa Io-
OJIN30CTH HET IpenoaaBaTels win JabopaHTa.



JlabopaTopnasi paGora 1

PE3UCTOP, MHAYKTUBHASA KATYIIIKA U KOHIAEHCATOP B
HEIIA OJHO®A3HOI'O CHHYCOUJAJIBHOI'O TOKA

[{enb pabGotel. M3ydyenue 1abopaTOpHOro CTEHAA, M3MEPHUTENBHBIX HPHOO-
POB, OTpe/ieNICHNE aKTUBHBIX U PEAKTUBHBIX CONPOTHBICHNH YCTAHOBICHHBIX Ha
CTEHZAE PE3UCTOPOB, KATYIIKW HWHAYKTUBHOCTH M KOHAEHCATOpA 3KCIEPHMEH-
TaJILHBIM ITyTEM.

Ilopsaooxk evinonnenus padomaol

1. I3yunTs 10 y4eOHHUKY U 110 KOHCIIEKTY JISKIINI TEOPETUIESCKUH MaTepHai
IO CIICAYIOIINM BOTIPOCAM:

1.1. Kakue npuOOpsl MPUMEHSIOTCS IS U3MEPEHUSI COMPOTHUBIICHUS, TOKA,
HaTpsKEHUS, MOIIIHOCTH?

1.2. Yto Takoe abCOIIOTHAS M OTHOCHTEIbHAS MOTPEITHOCTE Tpudopa’?

1.3. Yto 03HaYaeT KJIacc TOUHOCTH mpubopa?

1.4. Yro Takoe mpeaen u3MepeHus npudopa v Kak onpeAenuTh IeHy JAeTeHus
MHOTOIpeeIbHOT0 Tprudopa?

1.5. Kakue 31eMeHTHI Ha3bIBAIOTCS UACATHHBIMU U PEATbHBIMA?

2. CobOpatp Ha CTEHAE CXeMy IO NMpHMepy cXeMbl Ha puc. 1.1, moaxmoudas
noouepenHo R1, R2, R3, R4, RL(peanpHas katyiika uHayktuBHoctH) 1 C.

Puc.1.1. Tlpumep osnexrpuue-
CKOM Lenu Uil ONpeAciICHUs
RL aktuBHBIX R1, R2, R3, R4, R_
U PEaKTUBHBIX COIPOTHUBICHUI
Xc u XL YCTaHOBIIEHHBIX Ha
CTEHJIE PJIEMEHTOB

Puc. 1.1. Cxema 1 ©3MEpEHUS COMPOTHBIICHUS TI0 TOKAa3aHUAM MIPHOOPOB

Brnumanue! Hanpspkenne Ha nens monaBaTh oT kiremMM "A" n "N" cern.
IIpenen n3MepeHus: BOIbTMETPA U3MEPUTENbHOrO KoMiuiekta K505 yctaHoBUTH
Ha 300 B, npenen usmepenus amnepmerpa — 1 A.

W3Meputs HampspkeHHE, TOK M aKTHBHYHK) MOIIHOCTh. JlaHHBIC M3MepeHHU
3aHecTd B Tabm. 1.1.



Ta6auma 1.1

TTokazatenu

DIeMEeHTBI

R1

R2

R3

R4

RL C

U,B

LA

P, Bt

4. Ilo manHpIM m3MepeHud Tabm. 1.1. u dopmynam tabn.1.2. mpousBecTH
pacyer akTUBHBIX conpotuBieHuii R1, R2, R3, R4, R\ n peakTHBHBIX CONPOTHB-
nennit Xp, Xc¢ , HOJHOTO CONpOTHBIECHUS Z|, MHAyKTHBHOCTH L, emkoctn C,

yria casura (a3 @ KaTyIIKd HHAyKTHUBHOCTH RL .

Pesynbratsl pacdera 3aHecTH B Ta0I. 1.2.

Tabsuma 1.2

Pacuer mo U, | Pacuer o I, P Pacuermo I, U, P
R1(R2,R3,R4) =U/ 1, 0m; | R=P/ 1?2 Ou; 7 = Ugl/ lre, Om;
Xe=Ud Ic ,0m: R.=Pr/ ln? Om;
C=1/(2af Xc)d rame f=50 XL=\(ZL2-R.2) ,0m;
I'n L=X./@nf) 'y

QL= arctg (XL/ Ry), rpan.
R1, | R2, | R3, | R4, | Xc, | C, | RL, | R2, | R3, | R4, | Zi, | Ry, | X, | L, oL,
OM |OM |OM | OM [ OM | @ [ OM | OM | OMm | Om | Om | OM | OMm | I'H | rpan.

5. M300pa3uth B TeTpamu (ceTka s puc. 1.2) BeKTOpPHBIE AHATPaMMBI TOKa
U HaNpsDKEHUS [UIS AJIEKTPHUYECKUX ITereil ¢ monkmroueHHBIME R1, R2, R3, R4,
KaTYIIKA WHAYKTHBHOCTH M KOHJICHCATOPA.

Puc. 1.2. Cerka as1s BEeKTOPHBIX AuarpamMm Toka u Hanpspkenns R1...R4, RLu C




JlaGopaTopnas padora 2

MMOCJIEAJOBATEJIBHOE U ITAPAJVIEJIBHOE
COEJUHEHUE HAT'PY3KH

[lens pabotel. MccnenoBanue pexxuMoB pabOTHI AJIEKTPUYECKOH LENu MpH
MIOCJIEI0BATEIFHOM M MapajuleIbHOM COECIUHEHHH aKTHBHO-PEaKTHBHBIX 3lle-
MEHTOB. DKCIIEpUMEHTAIbHAS IPOBEPKA METOAOB pacieTa IEKTPHIECKOI [eTn.

Ilopsaooxk evinonnenus padomol
ITocenoBaTtenbHOe coeIMHEHHE AKTHBHO-PEAKTUBHBIX 371eMEHTOB

1. MI3yunTh TeopeTHIeCKUi MaTepHral 1Mo y4eOHUKY U KOHCHEKTY. OTBETHTH
Ha CJICAYIOIIIE BOIIPOCHI:

1.1. Kax moxcuuTaTh MOJHOE CONMPOTHUBIICHME IIENH IPU MOCIEA0BATEIFHOM
COCIMHEHUH aKTHBHO-PEAKTHBHBIX 3JIEMEHTOB?

1.2. Kako# pesxuM paboThI 1IN HAa3bIBAETCSl PE30HAHCOM HAIPSHKEHUIT?

1.3. IIpu KakoM yCIIOBUH IIETIH BO3HHUKAET PE30HAHC HANpPsDKEHUH?

1.4. I3MeHeHHEM KaKuX MapaMeTpoB JOCTUTal0T PE30HAHCA HANPSKeHUN?

1.5. Kak mo mpubopam OIpeaenuTh peKuM pe3oHaHCca HapsHKCHU?

1.6. Yto Takoe k03¢ GHUIMEHT MOIIHOCTH, OT KaKUX (pakTOpPOB 3aBUCHT U Ue-
MY OH paBeH IIPH pe30HaHce?

1.7. Kak onpeaenuTh akTUBHYIO, pEAKTUBHYIO U IOJIHYIO MOIIHOCTb LI€NU?

1.8. Uto Ha3piBaeTCs TPEYrOJIBHUKOM CONPOTUBICHUNA, MOLIHOCTEN?

1.9. Kak 3ammcaTp BTOopoi 3akoH Kupxroda A menu ¢ mocieaoBaTeIbHbIM
coenqunenneM R,L,C snemeHToB?

2. Ilo yka3zaHHUIO IIpernojaBaTeNsi COCTaBUTh M M300pasuTh B OT4eTe (CeTka
JUIS pucC. 2.2) OHY U3 CXEM DJICKTPUYECKOH LEIH, MPUBEICHHBIX HUXKE:

2.1. TTocnenoBarenbHoOe coenuuenne emeHToB R1, R2, RL u C;

2.2. IlocnenoarensHoe coenunenue semenTos R1, R3, RL u C;;

2.3. IlocnenoBatenbHoe coenunenue snementoB R2, RL u C;

2.5. I[locnenoBarenbHoe coenuuenue eMenToB R4, RL u C;

2.6. ITocaenoBarenbHoe coequuenne snemenToB R3, RL u C

2.7. IlocnenosarensHoe coeqnaenne anemenToB R1, R4, RL u C

2.8. IlocnenoBarensHoe coequuenne eMenToB R4, R3, RL u C.

Buumanue! He sxmouats nocnesosatensio RL u C 6e3 moakmoueHns
MOCIEI0BATENBHO aKTUBHOTO cONpoTuBNeHus. IIpenen usmepeHus: BOIbTMETpPA
n3MepurensHoro kommiekta K505 ycranosurs Ha 300 B, amnepmerpa - Ha 1 A.



Py
K505 l

Puc. 2.1. Tlpumep cxemsl mocnenoBarenbuoro | Puc. 2.2. Cxema cOOpaHHO# Lemu Hocie-
COCJJMHEHHMS aKTHBHBIX M PEAKTHBHBIX JICMEH- | JOBaTENbHOTO COCIMHEHHS AaKTUBHBIX U
TOB PCaKTHUBHBIX JICMCHTOB

3. PexoMeHayeTCsl B Ka4eCTBE UCCICAyEMOi Ha prc. 2.2 H300pa3uTh Lelb,
COOTBETCTBYIOIIYIO BapuaHTy 2.1, T.e. NPEICTaBISIONIYIO ITOCIEJOBATEIbHOE
coenunenue 3neMeHToB Ry, Ry, RL, Xc.

CoOpaTh Ha CTEHAE COCTABICHHYIO 1O pHC.2.2 IIelb, UCIOJB3YS AKTHBHBIC
conporuBneHus R1, R2, peanpHas karymka HHAYKTHBHOCTH RL, xoHaeHcaTop
C, m3mepurenbHbld komiuiekT K505, mynetumerp ¢ npenenamu uzmepenus 200
B u 750 B.

I/ISMepI/ITL napamMeTpbl 3HeKTpPI‘IeCKOI>'I e U 3aHCCTH 3HAYCHHUSA U3MCPCH-
HBIX BCJIMYHH TOKa, HaI[eHI/Iﬁ HaNPsPKCHUA U aKTUBHOM MOIITHOCTH B Tabn. 2.1.

Ta6umma 2.1
3HayeHus 2 < o A & m 5 2 m & m g m g m
> — = Sm|D =) - >
PacuetHrle
H3mepennbie

4. IlpoBecTH pacyeT napaMeTpoB COOPaHHOI AMEKTPUUECKOH LIETIH.

IIpu pacuete 3HaueHHs compoTuBieHuil anemMeHToB Ry Rz, Ry, X, Xi, Z
B3STh U3 TabI. 1.2.

PacueTHpie GopMysbl MpeacTaBaeHBI IS JIEKTPUISCKON IeTH, COOpaHHOM
0 puc.2.2. cneayroniue:

1) OnpenenuTh 3HAYCHUS TTOJTHOTO COMPOTUBIICHHS LIETTH

Znom.= V(R1+Ra+RL) 2+(Xc- X1) 2 , Om

2)OmnpeaenuTh 3HaYCHNUE TIOJTHOTO TOKA M yriia caBHra ¢a3 MexXIy BeKTopa-
MU TOKa U HAPSDKEHUS !

lnons= U/ Znoms, A;  Quom= arctg ((Xc- X0) /(R1+R+R0)), rpan
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3)OnpenenuTh 3HAYCHHS TTaJACHAN HAIPSHKCHUH Ha 37IEMEHTaX IICTH:
U r1= R1x IHOJ‘IH, B ) rR2= R2 x InonH, B

U c=Xc X IHOJ’IH| B U RL= IHOJ]H X 7L, B

4) OnpenenuTh 3HaYCHUE AKTUBHON MOIIHOCTH:

P=(Ri+R*Ry) x | ZHOHH) Bt

[TonydeHHble pacyeTHbIE 3HAYEHUS TOKOB, aJICHUI HAPSKEHUN HA OTHEIb-
HBIX 3JIEMEHTaxX LENU U MOIIHOCTH 3aHECTH Takke B Tabm. 2.1 U cpaBHHUTH C U3-
MepeHHbIMH. OnpenenuTh MOTPemHOCTh pacdyera B IPOLEHTaX OTHOCHTEIBHO
9KCTIEPUMEHTAIBHBIX JTaHHBIX.

4. ITocTpouts B MacmTade BEKTOPHYIO THarpaMMy TOKA M HalpsDKEHHUH .

puc. 2.3. BekTtopHas auarpaMMa TOKa U HANpsDKEHHH MPH MOCIE0BATEILHOM
COEIMHEHUU 3JIEMEHTOB JIEKTPUYECKON LIEIH.

5. OnpenenuTs 3HaYEHUS PEAKTHBHOTO EMKOCTHOTO COTIPOTHUBICHUS X pes U
€MKOCTH KOHJICHCATOpa Cpeg npyu BO3MOKHOM pPE€30HAHCE Hapr[)](eHl/lﬁ B

coOpaHHOH 1leNH NpH 3aJaHHOM 3HadeHun XL (cM. Tadu. 1.2):

XC pes — XL, Cpe3: 1/(2751: XCpeS) ,(I)




MMapajyien1bHOE coeTMHEHHE AKTUBHO-PEAKTUBHBIX 3JIEMEHTOB

6. V3yunTs TeopeTHUECKUI MaTephal M0 YIeOHHKY MM KOHCHeKTy. OTBe-
TUTH Ha CIIEAYIOMINE BOIIPOCHL:

6.1. Kak ompenenuTs MOJTHOS COMPOTUBIICHUE ICTH, COCTOSINCH M3 mapaj-
JICNTEHO COCJIMHEHHBIX AKTUBHO-PEAKTUBHBIX AJIEMEHTOB?

6.2. UTo Ha3bIBAaCTCS TPEYTrOJLHIUKOM MPOBOIMMOCTEH?

6.3. Kakoii pexxum paOOTHI LIEITH HA3BIBACTCS PE30HAHCOM TOKOB?

6.4. [Ipu KakOM COOTHOIIICHUH COTPOTUBIICHUI B BETBSX BO3HUKACT PE30-
HaHC TOKOB?

6.5. VI3MeHeHneM KaKiX IMapaMeTpoB MOXKHO TOCTHYb PE30HAHCA TOKOB?

6.6. Kak ompenennuts TOK B HEpa3BETBICHHON YaCTH IETH C MapauIeIbHBIM
COCTMHEHHEM aKTHBHO-PEaKTUBHBIX AIIEMEHTOB?

6.7. Kak mocTpouTh BEKTOPHYIO AWAarpaMMy AJIS MEMU C MapauIebHBIM CO-
eIMHEHUEM aKTHBHO-PEAKTHBHBIX 3JICMCHTOB?

6.8. Kak mo npubopam omnpesenuTs pexkuM pe3oHaHca TOKOB?

7. Ilo yka3aHHWIO MPEMOaaBaTelsi COCTABUTh U M300pa3uTh B OTYETE (CETKa

JUTs prc. 2.5) OHY U3 CXEM JICKTPUYCCKOH IeTU WA BHECTH U3MEHCHHS B CXe-
Me, NIPeJICTaBJICHHO B KauecTBe puMepa Ha puc. 2.4:

7.1. MapannensHOe coenuHeHne meMenToB R2, RL u C anemeHToB.

7.2. IlapannensHoe coenunenune R2-C u R3 anemeHTOB.

7.3. MapamnensHoe coenuuerne R2-C, RLu R1 amemenTos.

7.4. lapamnensHoe coenuuerne RL, R1 u R4 sanemenTos.

7.5. MapamnensHoe coenuuerne R2-C, R1- RL u R3 anemenTos.

8. PekOMEHyeTCsl B KaueCcTBE HCCIICIyeMO Ha pUcC. 2.5 M300pasuTh 1erb,
COOTBETCTBYIOILIYIO BapuaHTy 7.5.

L [
M

ABCN  ABCN
K505

Puc. 2.4. Ilpumep cxeMbl mapaieabHOTO Co-
CANMHCHUA aKTUBHBIX U PEAKTUBHBIX 3JICMCHTOB

THBHBIX 3JICMCHTOB

Puc. 2.5. Cxema coOpaHHO# Iemu mapali-
JICJIBHOTO COCIUHCHUA aKTUBHBIX M pCak-

9. Cobpath cocTaBlIEHHYIO 110 PHC.2.5 cXeMy , HCHOJB3Ysl JIEMEHTHI U MIPH-
6opHI (aMIepMeTpsl) JIMLEBOM NaHe H cTeHa, KoMiuiekT K 505 n mynstumerp.



Brnumanue! He sxmouats 1ocCIeA0BaTEIbHO B OJHY BETBb 3JI€MEHTHI RL
u C. Ilpenens usmepenus BoapTMeTpa komiiekta K505 ycranosuts Ha 300 B,
amnepmerpa Ha 2,5 A, mynsTuMeTpa Ha 750 B.

10. M3MepuTh mapaMeTphl 3JCKTPUUCCKON LEIMH W 3aHECTH 3HAYCHUS H3ME-
PEHHBIX BEIUYUH TIOJIHOTO TOKA M TOKOB B BETBSIX, MAJCHUN HANPSDKCHUS U aK-
THBHOM MOIITHOCTH B Ta0i. 2.2.

11. TIpoBecTr pacdeT mapaMeTpoB COOPAHHON IEKTPUICCKOH IEITH.

ITo mpencraBineHHBIM HIDKe (GopMyJaM HPOBECTH pacdeT NapaMeTpoB CO-
CTaBJIeHHOHN cxeMblI (puc. 2.5.). TIpu pacuere 3HAYEHUS COMPOTHBIICHHIA dIIEMEH-
T0B R1, R2, R3 Ra, R, Xc, Xi, Z B34Tb u3 TadI. 1.2.

1) Onpenenuth 3HAYCHUS COMPOTUBIICHUI NIEPBOMA (Zl), BTOpOH (Zz) BETBEU

U TOJHOTO conpoTuBIeHus (Zponu) LEMH, a TAKKS YIVIOB CABHra (a3 MExIy
TIPWIOKEHHBIM HANPSDKEHUEM M TOKaMH B IIEPBOH M BTOPO BETBSIX:

Z1=N(R2%+Xc 2),0m 1= arctg ((Xc / R2) rpan
Z2="N(R1+R)2+X1)2,0m o= arctg (X, / (R1+Ry)), rpax
Znom.= (Rax Z12) ((Rs+ Z12), Om

rae Z12=( Z1x Z2)/ ( Z1+ Z5), Om

rne  Z1, Z2, Znomn.=— KOMIUIEKCHbIE COIPOTUBJIEHUS [IEPBOM, BTOPON BET-
BEM M MOJIHOTO CONPOTUBIIEHHMS.

2) OmnpenenuTh 3HaYCHHE TTOJTHOTO TOKA M yriia caBura (a3 MexIy BEeKTOopa-
MH IIOJTHOTO TOKA M MPHIIOKEHHOTO HAIPSDKEHUS :

ll'IO.TIH :Q/ znonH., A 5

3) OHpCI[GJ'II/ITL 3HAYCHMS KOMIUICKCHBIC 3HAYCHHMI HaZ[eHI/Iﬁ HaprI)KCHI/Iﬁ Ha
QJICMCHTAaX ICIIN:

Ur=Rixl2, B Ur=R:x11, B
U c=Xce"x Iy, B U r=2Ze" x I, B
4) Omnpe/ienuTh AKTUBHYIO MOIIHOCTb:

P=(R1+R|_)X |2 2+ R, x |12+R3 X |32, Br
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5) OnpenenuTs 3HAUYSHHUS] PEAKTUBHOTO €MKOCTHOTO COIPOTUBICHUS XC pes U
eMKocTH KoHAeHcaTopa Cpe; TP BO3MOKHOM PE30HAHCEe TOKOB coOpaHHOM

LIeNH B [P 3aJlaHHBIX 3HaUeHUAX Rz, XL, Zi (cM. Tabmn.1.2):

bC pes = bLy Xc pes / ( Rz 24+ Xc pes 2) = XL/Zsz Cpe3 = 1/(21‘Cf XCpez) ’(1)
Tabmuma 2.2
Bnawennst | @ | « | < | < | < | & 24 0 er CS? gi" ‘:3“
=) —_ = | & & al | D 5 5 S5 S =)

N3mepennsie

PacuetHrle

12. CpaBHUTB DKCIIEPUMEHTAJIbHBIC JaHHbBIE C pacyeTHBIMU. ONpeaenuTh 1o-
TPEIIHOCTh pacyeTa B MPOLEHTAaX OTHOCUTEIILHO SKCIEPHMEHTAIBHBIX JaHHBIX.

13. IlocTtpouts B MacuTabe BEKTOPHYIO THarpaMMy TOKOB M HAITPSHKCHHUH.

Puc. 2.6. Cetka Jy1st BEKTOPHOH JMarpaMMbI TOKOB M HAIPSDKEHUH TP MapajIeTbHOM
COEIMHEHNH aKTHBHBIX W PEAKTUBHEIX HJIEMEHTOB

11



JlabopaTopHas paGora 3
COEJIMHEHUE TPEX®A3HOMN HATPY3KH 3BE31011

[{ens pabGotel. MccnenoBanue pexxuMoB padOTHI Tpex(a3HO# Lenu Mpu co-
€IIMHEHNH Harpy3KH 3Be3[I0H. DKCHEepHUMEHTAIBLHOE MOJATBEPIKACHHE Pe3yiIbTa-
TOB pacueToB Tpex(daszHoil menm.

Ilopaook evinonuenusn padonivl
CoennHeHne aKTHBHOW HATPY3KH 3Be3/101i ¢ HyJIeBbIM IPOBOJAOM
(uenb TpexdasHas 4-X NpoBoAHAas)

1. U3yuyuts TeopeTHueckuili MaTepuan no y4eOHUKY mwin KoHcHekTy. OTBe-
TUTH Ha CIEAYIOIINE BOIPOCHL:

1.1. Kakne HanpspKeHNS ¥ TOKH Ha3bIBAlOTCS (PasHBIMU U IMHEHHBIMU?

1.2. Kakoe cooTHomeHne Mexay (asHbIMU U JTMHEHHBIMH TOKaMH W Harpsi-
KCHUSIMU TIPH COSIMHEHUH HArpy3KH 3Be3701 7

1.3. Yro Takoe cuMMeTpHYHas Harpy3ka?

1.4. KakoBa poip HEHTpaasHOTO IpoBOIa?

1.5. Kak paccuurars TOK B HyJIeBOM IpoBojie?

1.6. Kak paccumuraTh (ha3Hple TOKU IIPY HECUMMETPUYHOIN Harpyske 0e3 Hy-
JIeBOTO MpoBoja?

2. Ilo yka3zaHuIO IpernojaBaTess B cCXeMe, NPeICTaBICHHON B KauecTBe MpH-
Mepa Ha puc.3.1, BHECTH M3MEHEHHUsS] WM COCTaBUTh M M300pa3uTh (CeTKa IUist
puc. 3.2) OfHY U3 CIIeNYIOUIMX CXeM BKIIOYCHHUS aKTUBHOI Harpy3ku B Tpexdas-
HYIO CETh!

2.1. HecummerpuuHast Harpy3ka (B omHOW W3 (pa3 BKIIFOYAIOTCS J1Ba COIPO-
THUBJICHHS TTOCIIE/IOBATEIIHHO).

2.2. HecumMeTpudHas Harpy3Kka (B oIHOU U3 a3 0OpBIB IPOBOIA).

CuMMeTpHyHas Harpy3Ka. He BO3MOKHA.

Puc. 3.1.Ilpumep cxemsl coeauneHus tpexdasnoit | Puc. 3.2. Cxema cobpanHoit 4-x
Harpy3KH 3Be3710i C HyJIEBBIM ITPOBOJIOM NpOBOHOI TpexdasHoil nenu
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B pabote uCIosb3yloTes TpU U3 YEThIPpEX aKTHUBHBIX compotuBieHus R1, R2,
R3, R4, ammiepMeTp NHIIEBOH MaHENN CTEH/IA C TIPEeeoM u3MepeHus 1 A, m3me-
putenbHbii kommuekT K505, mynastumerp ¢ npeaenom usmepenus 750 B.

Buumanue! Tlpenen m3MepeHHs BOIBTMETPA M3MEPUTEIHHOTO KOMIUICKTA
K505 ycranoButs Ha 300 B, amnepmerpa - Ha 2,5 A.

CoOpath cOCTaBICHHYIO CXEMY H, OCHOBEIBASCH HA OCHOBHBIX COOTHOIICHH-
X TpexhasHOi e , COeAMHEHHOMN 1o THITy «3Be3aa»: U= V3 Upu 1= lg,
HPOU3BECTH pacyeT NapaMeTPOB 110 CIeAYIoIMM GopMymam:.
1)Onpenenuts 3uauenns dasupix ranpsokenmii Uy (Ua, Up, Uc) =Ua [V 3,
B;

e ga: Us e_jOo’B sz Us e—jleO,B ch Up e+j1200,B
2) Omnpenenuts KOMIUICKCHBIE 3HaueHMS (a3HBIX TOKOB IIPH 3aJaHHBIX
3HauyeHuAX_R1, R2, R3, R4 (cm. Ta61.1.2) no cnenyromeit popmyue:

1o=Uy/ Ry A:;

3) ompenenuTh KOMIUIEKCHOE 3HAUYEHHE TOKAa B HEUTPaATbHOM IPOBOJE
Inn=1acos09)+] LasiNg®)+ 16cos(-1209+] 15SING-1209)+ L COS(+120°)+j L cSIN(+120%)=
=(l,c05(0°)+ 1 bcOS(-120%+ 1 ccOS(+120%)+j(| aSIN(O)+ I bSIN(-120%)+ | (SIN(+120%)=

:INn e+J q)VN ,A

4) Omnpenenuth 3HAYCHUE aKTUBHOW MOIITHOCTH
P= Rix Ia 2+ R3 x |32+R2 X |c2 , Br

PesynbraThl pacuera 3aHectd B Ta0i. 3.1. CpaBHUTB DKCIIEPUMEHTAJIbHBIC
JaHHBIC C PACYCTHBIMU. OHpeZ[eJ'II/ITI) MOTPEIIHOCTE pacucTa B MPOUCHTAX OTHO-
CUTECJIBHO OKCIICPUMEHTAJIBHBIX JaHHBIX.

Tabmuma 3.1

Mokasa- |2 |2 |B |2 |2 |a a2 |~ <| < | <] <

aQ o) < : g 5 5 ) s | A A = N

Tenm < a 9 S5 1SS |13|35|3 ool 1 =T S

) ) S o [D (D ~ =
PacueTHbI€]
N3mepen-
HbIE
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4. TlocTponuTs B MacmTabe BEKTOPHYIO JHarpaMMy TOKOB H HAPSKCHUH.

Puc. 3.3. CeTka a5 BEKTOPHOM AUAarpaMMbl TOKOB U HANPSKEHUH MPU cOeqUHE-
HUU HECUMMETPUYHOM aKTUBHOM HAarpy3KH 3BE€3/101 C HYJIEBBIM IIPOBOJIOM

CoeaquHeHMe pa3HOXapPaKTEePHOIl HATPY3KHM 3Be3/10i 0e3 HyJIeBOr0 NpoBoJa
(uenb TpexdasHas 3-X NpoBoOAHAN)

5. W3yuuts TeopeTHuecKHii MaTepHal N0 Y4eOHUKY MM KOHCHekTy. OTBe-
TUTB Ha CJIETyIOIIHNE BOIPOCHI:

5.1. Kakue Toku Ha3bIBatOTCS (pa3HBIMH U THHEHHBIMU?

5.2. SIBnsercst M pa3HOXapakTepHas Harpy3Ka OJMHAKOBOW BEIIMYMHBI CHM-
METPUYHOMU?

5.3. Uro Ha3bIBaETCsI HANPSDKEHUEM CMEIIEHHs HelTpanu?

5.4. Kak paccuutaTh HalpsDKEHHE MEXIy HEHTpaJbHbIMH TOYKaMH TeHepa-
TOpa M HAarpy3Ku?

5.5. Uto Ha3biBaeTcs nepexocoM (az?

5.6. Uto Takoe npsimasi 1 oOpaTHas MOCIEeI0BATEILHOCTH (Pa3?

6. CocraBuTh 1 M300pa3uTh B pabouei Terpaau (ceTka Uit puc. 3.5) oxHy u3
Pa3HOBHIHOCTEI CXEM BKIIIOUEHHS CONPOTHBIECHUI B Tpex]asHyl0 CeThb WIH
BHECTH N3MEHEHHS B CXEMe, IIPEICTaBICHHON B KauecTBe IpuMepa Ha puc. 3.4.

14




T

R4 R?
Ksos| | | © RL

N

Puc. 3.4. Tlpumep cxembl coeunenus Tpexdasnoii | 3.5. Cxema coGpannoii 3-x mpo-
HarpyskH 3Be30i 6e3 HyJeBOro IpoBoja BOJHOI Tpex(a3Hoii nenu

Pa3sHOBUIHOCTE CXEMBI B3SITh 110 YKa3aHUIO IIPENOAABATENA U3 CIELYIOIIErO
CIIACKa!

6.1. Brirouyenwue nernouex: R1-R3 B pasy A; R2-RL B a3y B; R4-C B dasy C.

6.2. Brirouenue nernouex: R1-R3 B pasy A; R4-C B a3y B; R2-RL B ¢asy C.

6.3. Brirouenue nernouek: R2-RL B pasy A; R1-R3 B dasy B; R4-C B ¢asy C.

6.4. Brirouenue nernouek: R4-C B a3y A; R1-R3 B ¢asy B; R2-RL B ¢azy C.

s n3mMepeHuss TOKOB M HaNpsHKEHWM MCIOJIb30BaTh U3MEPUTEIBHBINA KOM-
wiekt K505, mynsrumerp ¢ nmpeaenamu numepenuit 750 B.

Buumanue! Tlpenen m3MepeHHs BOJIBTMETPA M3MEPUTEIHHOTO KOMIUICKTA
K505 ycranosuts Ha 300 B, amnepmerpa - Ha 2,5 A. JluHeiiHoe HampsiKeHHe
HU3MepsATh BoJibTMeTpoM Ha 500 B.

7. CoOpath AIEKTPUIECKYIO IIeTIh 10 COCTaBIeHHON cxeMe (puc.3.5) u mpo-
M3BECTH pacyeT napameTpoB. Pe3ysbraThl pacuera 3aHeCTH B Ta0I. 3.2,

Tabmuma 3.2

m m =

o |2 (% |2 |2 |22 e e e e <)<

arem [ 5 |5 (S5 |2 | |2 |2 |32 |=|=|=2|~
Pac-
qeT-
HEBIC
H3me-
peH-
HBIC

3. OCHOBEIBAsICh HA OCHOBHEIX COOTHOIIECHHIX TpeX(i)aSHOﬁ nenu, COCAMHCH-

HOi 1o Tumy «3Be3a» 3-x nposoanast : Uy= V3 Upu 1,= lg, npoussectu pac-
9ET MAPAMETPOB TI0 CIEAYIOIUM HOpMyJIaM.
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1)OmpenennTs KOMIUIEKCHBIE 3HAUCHHS (ha3HBIX CONPOTUBICHUM:
Z3=(R1+R3),0m @a= 0, rpan

Zn= W,OM (Pa= arctg (XL /(Rz +Ry)),

Zc= \/m ,OM  c= arctg (Xc /R4), rpan

2)OnpenenuTh KOMIDICKCHOE 3HAYCHHE HAPSHKEHUS CMEIICHUS HeHTpan:
Unn =(YaQA+YbQB+YCQC)/ (YatYbt+Yc), B

rne Ya=1/Za, Yb=1/Zp, Y= 1/Z; - npoBomumocTy pa3HbIX HArpy3oK
3)Onpenenuth KOMIUICKCHBIC 3HAYCHHS (Pa3HBIX HATPSKEHUI U TOKOB!
Us=Ua-Unn, B;  L=UJzZ. A;

Up=Ug - Unn, B; _lo=Un/Z A;

Ue=Uc -Unn, B.  Ic=UdZ ¢ A.

4)OmpenenuTh 3HAYCHUE TTOJTHOW aKTHBHON MOIITHOCTH:

P= (R1+Rs)x la 2+ (Ro+RL )x Is2+Rs x |2, BT

PesynbraTsl pacuera 3anectd B Tab. 3.2. CpaBHUTh 3KCIIEPUMEHTAIbHBIC
JaHHbIE C pacdeTHBIMU. ONpeNenuTh MOrPeIHOCTh PacueTa B MPOLEHTaX OTHO-
CHUTEJIFHO 3KCIIEPUMEHTAIBHBIX JaHHBIX.
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8. IToctpouts B Maciitabe BEKTOPHYIO JHArpaMMy TOKOB U HAMPSDKESHHUH.

Puc. 3.6. CeTka 11 BEKTOpHOW AMAarpaMMbl TOKOB M HANPSDKEHUN TIPH COSMHEHUN
HarpysKku 3Be3/10i 6e3 HyJIeBOTO IIPOBOIA
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JlabopaTopnas paGora 4
COEJMHEHUE TPEX®A3HON HATPY3KHU TPEYT' OJIbHUKOM

[lenp paboTel. MccnenoBanne peskuMoOB pabOTH Tpex(ha3HOH Iemu mpu co-
SIMHCHNH Harpy3KH TPEYTOJBHHKOM. DKCIIEpUMEHTaNbHAS HMPOBEpPKa METOIOB
pacyera LenH.

Ilopsaooxk evinonnenus padomaol

1. M3y4uTh TeOpeTHUYECKHA MaTepHal 10 YIeOHHKY WU KOHCHeKTy. OTBe-
THUTB Ha CIICITYOLINE BOIPOCHI:

1.1. Kak coequHUTH HAaTPy3Ky B TPEYTOIbHUK?

1.2. Kakue cooTHomeHuss Mexay (a3HBIMH M JIMHEHHBIMH HalpsDKEHUSIMA
[IPU COCTMHEHHUU TPEYTrOJIBHUKOM?

1.3. KakoBbl COOTHOLICHUS MeXAy (a3HbIMM M JIMHEHHBIMH TOKaMHU HpPHU
HECUMMETPUYHON Harpy3ke?

1.4. Kak BiusieT 0OpBIB TUHEWHOTO MPOBOJIA Ha paboTy TpexdasHoro motpe-
OuTeNsl, COeIMHEHHOTO B TPEYTOJIbHUK?

1.5. Kak 1o BEeKTOpHOH JuarpamMMe ONpENeNUTh HANPSHKEHUE MEXIy ABYMS
TOYKaMH 3JIEKTPUUYECKOH nenu?

2. CocraButh 1 W300pa3uth B paboueil TeTpaau (cetka s puc. 4.2) oaHy
13 Pa3HOBUIHOCTEH CXEM BKJIIOYEHHS CONPOTHUBICHHH B TpeX(a3HylO CeTh WU
BHECTH N3MECHEHHS B CXEME, IIPEACTABICHHON B Ka4eCcTBE IIpuMepa Ha puc.4.1.

In

e
ABCN ABCN

ol—s
ot —s
ot
of—s

K 505

Puc. 4.1. Ilpumep cxembl coenuHeHus Tpex- | Puc. 4.2. Cxema coequHeHHs Tpexdas-
(a3HOW Harpy3KH, COCAMHEHHOH TPEyroJbHH- | HOW Harpy3kd, COCIUHEHHOH Tpe-
KOM YTOJEHUKOM

Pa3HOBUIHOCTE CXEMBI B3ATh 110 YKA3aHUIO MPEMOAABATENS U3 CIEAYIOIIEro
CIIUCKA:
2.1. Bxmouenue nenouex: R1-R3 B a3y AB, R2-RL B ¢a3zy BC, R4-C B dazy CA.
2.2. Bxmouenue nenouex: R2-RL B a3y AB, R1-R3 B ¢pazy BC, R4-C B dazy CA.
2.3. Bruouenue nienouek: R1-R3 B pazy AB, R4-C B a3y BC, R2-RL B ¢azy CA.
2.4. Bxmouenue nenouek: R4-C B ¢azy AB, R1-R3 B da3y BC, R2-RL B da3y CA.
2.5. Bruouenne nienouek: R4-C B pazy AB, R2-RL B a3y BC, R1-R3 B dazy CA.
2.6. Brutouenue nienouek: R2-RL B dazy AB, R4-C B pa3y BC, R1-R3 B dazy CA.
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s u3MepeHusi TOKOB M HANPSDKEHWH HCIOJIb30BaTh KOMIUIEKT K505, am-
NIEPMETPHI ¥ BOIBTMETPHI ¢ IpeaenaMu usmepenuid 1 A, 300 B u mynsTumeTp ¢
npenenoM uzMepenus 750 B.

Buumanue! Tlpenen uaMepeHUs BOJBTMETPA W3MEPUTEIBHOTO KOMILIEKTA
K505 ycranoButs Ha 300 B, ammepmerpa - Ha 2,5 A. JIuHEiHbIC HANIPSKCHUS
HU3MEpSTh BOIBTMETpoM Ha 750 B.

3. Cobpatb cxemy 1o puc. 4.2. Ha CTeHIE, MPOU3BECTH H3MEPEHHE MTapaMeT-
POB COCTABJICHHOH CXEMBI M Pe3yJIbTaThl H3MEPEHHUH 3aHECTH B Ta0I.4..

Tabmuna 4

3nage- | U as, | Usc, | Uca, P,

Pexum s B B B la, Al lp,Allc, A If’ |[t;c, IZa' Bt
Pacuer-
Tpex- HBIE
¢daszubiii | Msme-
peHHbIC

4. OCHOBBIBAACH HA OCHOBHBIX COOTHOIIEHHSAX TpeX(a3Hoil NNy COeMHEH-
Hoit no tuny «rpeyronbauk»: Ua= Upm la= ¥ 3 |, npoussectu pacuer na-
PaMeTpOB TI0 CIeYFONIEM (GOPMyIaM:.

1)Onpenenuts KOMIIIEKCHBIC 3HAUCHHS (PAa3HBIX HANPSDKCHUH M (asHBIX CO-
MIPOTUBJICHUH:

U, (U a8, Usc, UCA) :U(b(Uab, Ube, Uac), B;
Zap= \/((R2+RL) 2+X.?) ,OM @ap=+ arctg (XL /(R.+RL)). rpan

Zbc="N (R4%2+Xc?) ,Om (Pbc=- arctg (Xc [R4) rpan

Zca= (R1+ R3),0M ®ca=0,Tpan;

2) OnpenenuTh KOMIJIEKCHBIE 3HaUeHUs (a3HBIX U JTMHEWHBIX TOKOB!

ICI)(Iab, loe, Iac), = Ucp/Z b, A;
lab:gab/Zab; le:QbC/Zbc; JaC:uaC/Zac;

la= lab-lca; lb= loe-lan;  lc=lca -loc.

3)Onpeaenuth 3HAYCHUE MTOTHOW aKTHBHOM MOIITHOCTH:
P= (R2+R|_) X Iab 2+ Rax Ibc2+ (Rl+ R3) X Ica2 , BT

Pesynpratsl pacueTa 3aHecTH B Ta0I. 4.
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CpaBHHTBH SKCIIEpUMEHTAJbHBIE JaHHBIE ¢ pacdeTHHIMH. Ompenenuts Io-
TPEIIHOCTh pacdeTa B MPOIICHTAX OTHOCUTENBEHO SKCIIEPUMEHTAIBHBIX TAHHBIX.

5. IToctpouts B MacmTabe BEKTOPHYIO JHUarpaMMy HalpsDKCHUH U TOKOB.

Puc. 4.3. Cetxa 111 BEKTOPHOH THarpaMMbl TOKOB ¥ HAIIPSKEHUH TIPU coelnHe-
HHUU Harpy3KH TPeyroJbHUKOM
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