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JlabopaTtopHas pabota Ne 4
«ITaccuBHBIN ABYXMOJIOCHUK B LN CUHYCOUIAJTBHOI0 TOKA)

Heab0 padoThI SBISECTCS HCCIECIOBAHUE MACCUBHOIO JBYXIOJIOCHUKA B
e CUHYCOUJAIBHOTO TOKA: COOTHOLICHWM MTIHOBEHHBIX 3HAYEHUW TOKA H
HAPSKEHUS IMaCCUBHOIO JBYXIIOJIFOCHHUKA, MOKa3aHUM npudopoB,
DKCIEPUMEHTAIIBHOE  OMNPEACICHWE  MapaMeTpOB  IOCIEAOBATEIBHOM U
MAPpAUIETPHOM  CXEM  3aMEUICHUS  IMACCUBHBIX  JIBYXIIOJIOCHHUKOB  IIPHU
CHHYCOUJIAJIbHOM BXOJHOM BO3JECUCTBUU.

KuoueBble ¢€J10Ba: MTHOBEHHBIE 3HAUEHHS CHUHYCOWJAIBHBIX TOKOB U
HaIpsDKEHUM; JEHCTBYIOIIEE 3HAYC€HHE; CABUT (a3; PE3UCTUBHBIA DJIEMEHT;
VHAYKTUBHBIA  DJIEMEHT; €MKOCTHOM  D3JIEMEHT; WHIYKTHBHAS  KaTyIIKa;
MTHOBE€HHAsI MOIIHOCTh; IOJHAs MOIIHOCTh; AKTHMBHAs MOIIHOCTh;, PEAaKTUBHAS
MOIIIHOCTh; KOMIUIEKCHBIE TOK MW HalpsDKCHWE, BEKTOpHAasg Juarpamma;
TPEYTOJbHUK HAIpPSKCHUH; TPEYrOJbHUK TOKA;, CXE€Ma 3aMEIICHUS MMaCCHBHOTO
JIBYXIIOJIFOCHUKA.

1. TeopeTnyeckasi cipaBka

DneMeHTaMu Lienell NepeMEHHOr0 TOKa SBIISIFOTCS HCTOYHUKHA M IPUEMHUKA
AIIEKTPOMAarHUTHOM SHEpPruu: MOTpeOUTenb — pe3ucmop W HAKONUTEIN —
Kamywika u KOHOeHcamop. [Ins ynpoueHus: UCCleI0BaHus MPOLECCOB PEATBHYIO
AIEKTPUUYECKYIO LIEMb TEPEeMEHHOr0 TOKa, Kak M LeMb IOCTOSHHOI'O TOKa,
NPEACTABIAIOT CXEMOM 3aMEIEHHUsl, COCTABJICHHOW U3 UICAIU3UPOBAHHBIX
JUHEWHBIX JJIEMEHTOB — TMPUEMHHUKOB (PE3UCTOp, HMHIAYKTUBHBIM 3JEMEHT,
E€MKOCTHOM 3JIEMEHT) U HJealbHbIX (UK peanbHbix) uctouHukoB DJIC u ToKa.
[Tapametrper R, L u C wupeanusupoBaHHBIX PE3UCTUBHOTO, WHIYKTHUBHOTO U
€MKOCTHOTO JJIEMEHTOB  OTPaXalOT OCHOBHBIE CBOWCTBA M  MapaMeTphl
COOTBETCTBEHHO PpE3HCTOPOB, HWHAYKTUBHBIX KaTylleK W KOHJEHCATOPOB,
00ycnoBJIeHHbIE (PU3MUECKUMHU MPOLIECCAaMU HEOOPATUMOTO PACCESIHUSI SHEPTUHU U
00OpaTUMOro HAaKOIJIEHUs 3HEPTUH, CBSI3aHHON C MAarHUTHBIM M 3JIEKTPHUUECKUM
nosaimMu. C moMonibo 31eMeHToB ¢ mapamerpamu R, L u C MOXHO cocTaBUTh
MOJIENI PE3UCTOPOB, MHAYKTHUBHBIX KaTyIIEK M KOHAEHCATOPOB, YUUTHIBAIOLIUX
peanbHbIe MPOLIECCH B 3TUX 3JE€MEHTaX B 3aBHCHUMOCTH OT JUana3oHa 4acToT, B
KOTOPOM IIPOM3BOIUTCS aHAU3 MPOIIECCOB.

B nunelinbix nensx npu penctBuM cuHycouAasibHbIX DJIC (MCTOYHUKOB
HaNpsOKEHUS WIK TOKAa) TOKU U HANPSKEHUS Ha BCE AJIEMEHTaX (JBYXITOJIIOCHUKAX)
CUHycOuJanbHble. PaccMOTpUM CBSI3b 110 MIHOBEHHBIM 3HAUYEHHMSIM TOKa H
HAIpPsDKEHUST Ha PE3UCTOpPE, MICAIBHOM KOHJEHCATOPE M WACAIBHOM KaTyLIKE.
[Ipumem  HavanpHyio a3y CHHYCOMJAIBHOIO TOKa B JJIEMEHTE HYJIEBOH,
OIPEIEIUM COOTHOIIECHHWE aMIUIMTYJ Toka W Hampsbkenus (U, | ) u casur

HadalbHBIX (a3 @=@,— ¢, npu yriaooii wacrore ®=2nf, f — wgacrore
MCTOYHHKA.
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Ucnons3ys asynyueBoi OCHHUJIJIOI'PA®, 1o KpuUBBIM MIHOBEHHBIX
3HAYEHUN HANPSDKEHUS] U TOKA MOKHO OIpPEAESIUTh COOTHOLICHUS aMIUIUTYA W
cABUT (a3 MexAy TOKOM M HANpsLDKEHHEM Ha MACCHUBHOM JIBYXIIOJIFOCHUKE, MPHU
M3BECTHOW YacTOTE MapaMeTphbl PE3UCTUBHOIO, MHAYKTHUBHOTO MM €MKOCTHOTO
AIIEMEHTA, NapaMeTpbl HeuealbHON (pealbHOM) KaTyIIIKH.

Jns  ompeneneHUss SKBUBAJIEHTHBIX MApaMETPOB CIIOKHBIX MACCHUBHBIX
JBYXIIOJIFOCHUKOB IPOBOJSATCS M3MEPEHUS aMIEPMETPOM H©  BOJBTMETPOM
oelicmeylowux 3HayeHuti TOKOB M HaIpsSHKEHUH Ha BXOJE JIBYXIIOJIOCHHKA,
U3MEpPEHHE BATTMETPOM aKMUBHOU MOwHOCmMU W cosuea ¢haz Mexay
HaNpsOKEHUEM U TOKOM (MCHOJb3ys (pa3oMeTp Wiu ABYJIy4YeBOM ociuuiorpad). B
nabopaTopHoil  paboTe IT  ATOTO  HUCIOJB3YIOTCS  MPUOOPHI  MOIYJIS
U3MEPUTEJIb ®A3bI!. [leiicTByionee 3HaYCHHE CHHYCOMOAILHOIO TOKA U
U

“m
J2
BAaTTMETpPa OIpPEACIAeT aKTUBHYI MOIIHOCTh HMCTOYHHKA, PaBHYK aKTHBHOMW
MOIITHOCTH, NOoTpedasieMoit aAByxnoitocHukoMm: P =Ul cos(p, —¢,) =Ul cose [BT].

I
HanpsDKEHUs] 3aBHCUT OT aMIUIMTY/IbI: IZT'; [A], U= [B], nmoxazanue

T
3HaK @ YyKa3blBa€T Ha XapaKTep IaCCUBHOTO JBYXITOJIOCHUKA: TPU 0<(p<§
HaIpsKEHHE onepekaeT TOK (pe3UCTUBHO-VHIYKTHUBHBIH XapaKkTep

T
JIBYXIIOJIOCHUKA), TIPH —§<(p<0 HANpsDKEHHE OTCTaeT OT TOKa (PEe3UCTUBHO-

. . T
eMKOCTHOM Xapakrep naByxmoirocHuka). Ilpu ¢ =0 pesuctuBHbIl, @= >
o I o
WHIYKTUBHBIN, (= 5 €MKOCTHOM XapaKTeP JIBYXITOIIOCHUKA.

llonnas  mownocms paBHA TPOU3BEACHUIO JEHCTBYIOIIMX 3HAYEHUH
HanpspkeHuss W Toka S =U -l [BA]. [lna ydera oOMeHa DSHEprucii Mexmy
MCTOYHUKOM W TPHUEMHUKAMU-HAKOMUTEISIMU B IEMSIX CHHYCOUIAIBHOTO TOKa
BBOJAT TOHATHE peaxkmuenoi mownocmu Q [Bap]. Hdus ¢>0 peaxkruBHas

momaocTh Q >0, mpu ¢<0 coorBerctBenno Q <0. Ilomnas, akTUBHaAs M

pEaKkTUBHAS MOIIHOCTH CBSI3aHBI COOTHOmIeHMEM S°=P?+Q’ (TpeyrompHHK

MongHocTel). [lo maHHBIM U3MEPEHUN MOXKHO ONPEACIIUTh IKEUBALECHNHbLE
napamempsl  TACCUBHOTO  JBYXIIOJIOCHHUKA:  9KGUBANEHMHOE  AKMUGHOE

conpomuenenue R

9K

P U
= I—Z, NnoHOEe 8X00HO0e conpomuenernue Z = T y PeaKknmusnoe

9K

conpomuenenue X, =+Z*—-R®. 3HaK «t» COOTBETCTBYET HWHIYKTHUBHOMY

XapakTtepy AByxmnomocHuka (¢>0), 3HaK «—» — EMKOCTHOMY XapakTepy
nByxnoirocHuka (¢<0).

Jlyist pacyeTa CMHYCOMAAQIbHBIX BeJMYMH (TOKOB, Hampsbkenui, I/C), T.e.
JUISL  BBITIOTHEHHUS alreOpanyecKuxX OINepaluid HajJ HHUMH, T[EpPeXOoIsiT B

1 Cm. IPUJIOKEHUE No2



KOMNIEKCHYI0 pacuemuyto obaacme. llpencraBneHne CHHYCOHMJATbHBIX TOKOB,
HanpsokeHudl u DJIC KOMIUIEKCHBIMU YHCIIaMU TO3BOJISIET M300pakaTh HUX Ha
KOMIIJIEKCHOM MJIOCKOCTH B BHJI€ BEKTOPOB, OTOOpaXkast A€HCTBUSA, MPOU3BOIUMbIE
HaJ OJTUMHU YHCIaMM B IIpoOllecCe pacyeTa Uened, B BHUAE IOCTPOCHUI
COOTBETCTBYIOLINX 8ekmopHbix duazpamm. Kaxnomy xomrutekey 1., U, E (1,

U, E) COOTBETCTByeT MIHOBCHHOEC 3HAUCHHE CHHYCOMIAIBHOTO TOKa,
Hanpsbkennss u OJIC: ammmTyna paBHa iMHE (MOAYJIIO) KOMIUIEKCHOM

aMIUTUTYAbl WIN B J2 pa3 Oosple AIUMHBI (MOAYJIs) KOMIUIEKCa AEHCTBYIOLIETO
3HAYCHHUS, a HavabHas (a3bl paBHA YUy KOMIUIEKCHON aMILTUTYIbl M KOMILICKCA
JNCHCTBYIOMIErO  3HaueHHS. KOMIIOHCHTHBIE  YpaBHEHHS PE3HUCTHUBHOIO,
E€MKOCTHOTO ¥ UHIYKTHBHOI'O 3JIEMCHTOB B KOMILICKCHOW O0JIACTH OIHUCHIBAIOTCS
anreOpandeckuM ypaBHeHrem: U =Z -1, rie Z = R 1 pe3uCTUBHOTO 3JICMEHTAa,

Z:—jXC:—j—C — JUIi  eMKOCTHOro JyeMeHTa, Z= jX = joL— s
®

WHIYKTUBHOTO AJICMCHTA.

Hcnonb3yss KOMIUIEKCHBI METOM, YI0OHO PAacCUMTBIBATH IKEUBANEHIHbIE
napamempusl BYXIIOJIOCHUKA W CTPOHUTH O9KGUBAICHMHYIO CXeM) 3aAMeujeHuUs
08YXNONIIOCHUKA.

Ionnoe  komnnexchoe — conpomuenenue  (6x00HOe  conpomusienue)
JIBYXITOJIFOCHUKA OMPENEISIOT KaK OTHOIICHHWE KOMIUIEKCA HANPSOKCHHS K
KOMIIJIEKCY BXOJIHOTO TOKa!

Z=

I—|IC

=Z7e=Zcosp+ jZsing.
R X

Axmuenoe conpomuenenue R=2Z Coso OIPCACIIAIOT KaK OTHOIICHUC
aKTUBHOM MOITHOCTH Ha 3aAKUMaAX JIBYXIIOJNIOCHHUKA K KBaJpaTy )I@ﬁCTBYIOIIICFO

P :
3HAQUYEHUSl TOKa: R=I—2. Peaxmuenoe conpomusnenue X =ZSINQ CBSA3aHO

cootHomennmeM Z°=R*+X?, mpm »stoM X =+Z?—-R?. 3Hak «+»
COOTBETCTBYET HMHIYKTHUBHOMY XapakTepy ABYXMoitocHUKa (¢ >0), 3HaK «—» —
E€MKOCTHOMY XapakTepy AByxmnoiitocHuka (¢<0).

Hcnonp30BaHne 5SKBUBAJEHTHBIX MapameTpoB R u X cooTBeTCTByeT
nocnedoeamenvHou cxeme sameujenus 0gyxnoaochuka. Ilycts ¢ =@, —¢,>0, T.c.

HalpsDKEHWE  OlEepekaeT  BXOAHOM  TOK.  BekrtopHas  nguarpamMmma u
COOTBETCTBYIOIIAsA cxeMa 3aMmenieHus (puc. 1):

L

Ly

(R

+1

Puc. 1
Hampsokenne  MOXHO — pasnoxuth Ha coctasisiomme: U =U, +U .
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CocTaBIOLLYI0 BJOJIb BEKTOpa ToKa U, Ha3bIBAIOT aKMUBHOU COCMABAAOUIEl

Hanpsicenus, a TEPICHIMKYIAPHYIO Bekropy Toka U, ——  peakmuenou

cocmasnsowel Hanpsxcenus. Bextopa U, U, u L_Jp 00pasyIoT mpeyeonrbHuUK
HanpsdiceHuii. AKTUBHAs MOLITHOCTh MOXeET ObITh onpeaencHa kak P=U - 1I.

Bxoornoi I’lpO@OOMMOCI’HbiO Ha3bIBAIOT OTHOHMICHUC KOMIIJICKCA BXOIHOI'O
TOKa K KOMIIJICKCY HAIIPSKCHUA

I i o
Y===Yel" =Ycosp— jYsing.
Y = Ty
3nece G =YCOSQ — oKeusarenmuas aKmuHasi NPOBOOUMOCb, A
B=Ysing — oxeusanenmnas peaxmusnas nposooumocms. PeakTUBHASA

IPOBOJAMMOCTh MOXKET OBITh MOJIOKHUTEIbHA U OTPUIIATEIbHA, B 3aBUCUMOCTH OT
3Haka ¢. Mcnonbs3oBaHue 3KBHBaJEHTHbIX MapamerpoB G u B coorBercrByer
napanneivbHou cxeme 3ameujeruss ogyxnomocuuka (puc. 2). Ilycte ¢>0, T.e.
HamNpsDKEHUE ~ ONepekaeT  BXOAHOW  TOK.  BekTopHas — mmarpaMma U
COOTBETCTBYIOIIAsl CXeMa 3aMEIICHUS:

y, @

+J
Jygﬂ Jigf-’
~y
L 2 e [Jos
2l
+1 °
Puc. 2
BxogHolt TOK MOXHO pa3iloXkuTb Ha cocTasistomue: | =1, +lp.
CocTaBifOIyl0 BIOJb BEKTOpa HaNpsDKEHUS |,  Ha3bIBAIOT  aKMUBHOU
cocmaensowett. Moka, a TEPNCHIUKYISIPHYIO BEKTOPY Hampsokenus |, —
peaxmuenotl cocmasasower moka. Bexropa |, 1, u |, obpasytor mpeyeonorux

moka. AKTHBHAsi MOIIHOCTb MOKET OBITh onpenencHa kak P=U -1
Cé:3b MedHcOy IKEUBATEHMHBIMU CONPOMUBTIEHUAMU U NPOBOOUMOCHAMU.

1 R R X X
=—; G=—=———; B=—5=——;
Z Z? R*+X? Z? R*+X?
1 G G B B
:—1 R:— ; X:—— ;
Y Y2 G2+B? Y? G*+ B2

[Ipy mOCTpPOEHHM MApaUICIbHON CXEMBI 3aMCIIECHHUS SKBHBAJICHTHBIC
napamMeTpsl MOTYT UMETh eIUHUIBI m3MepeHust [OM]. B TakoMm cinydae Ruapan=1/G,
Xuapar=1/B. JIJis mocieaoBaTeIbHOW U MapajieIbHON cxeM 3amerneHus RZRuapan,
X;éxnapan-

[Tpu pacuere mapamMeTpOB IMACCHBHOI'O JBYXIIOJIIOCHUKA MCIIONB3YIOT TAKKE
memoo mpex eonvmmempos. OIpeneacHrue KOMILICKCHOTO —COIMPOTHBICHHUS
JBYXITOJIFOCHUKA Z TMPOBOJAT IIyTEM ITOCTPOCHHS BEKTOPHBIX JHArpaMM: CTPOST B

Macmirabe auarpaMMy Toka M auarpammy Hampsokennd U,, U,, U (puc. 3).
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[lockonbky Hampsokenuss U,, U,, U cBa3aHbl Mexay coOoil paBeHCTBOM
U=U,+U,, To Ha guarpamMme OHM O0Opa3ylOT TPEYrOJbHUK CO CTOPOHAaMU
U,, U,, U. TpeyrosbHUK CTPOST C MOMOIIBIO IUPKYJS IO TPEM CTOPOHaM B
BbIOpaHHOM MacmiTabe. CTOpOHA TPEyrobHHUKA, COOTBETCTBYIONIAS HAMPSIKEHUIO
U,=R, 1, omnpenenser nampaBineHue BekTopa Toka |. B cooTBeTcTBYyIOIIEM

MaciTabe n3o0paxaroT BekTop Toka |. [list BapuanTta a) (mepecedyeHre B HIKHEN
MOJYIUIOCKOCTH) BEKTOp TOKa OTCTAaeT OT BekTopa Hampspkenus U, =Z-|

CJIeIOBATEIbHO, XapaKTep ABYXMOMIOCHUKA Z — PE3UCTHUBHO-WUHIYKTUBHBINA. [[7s
BapuaHTa 0) XapakTep IBYXMOMIOCHUKA Z — PE3UCTUBHO-EMKOCTHOM.

Puc. 3

[Io DOCTpOCHHOW BEKTOPHOM JOHMAarpaMMe HAaNpsDKEHUS W TOKa
npyxnomocHuka (U,, 1) paccuumTeiBaloT mapameTpsl cxeMm 3amerieHus. [lpu
pacuere napamMeTpoB IACCUBHOIO JABYXIIOJIOCHUKA MCIIONB3YIOT TaKXKE Menmoo

mpex amnepmempos.
2. lloaroroBka Kk padorte

1. 3anucathk hopmynbl ISt onipeenieHuss Z METOJIOM TPEX BOJIBTMETPOB IO
n3BecTHbIM 3HaueHusM U, U,, U u R, (puc. 3). [Ipunumas ¢ >0, npu 3anaHHOi
4acTOTE 3amucaTh (YOPMYITy sl OTPEACTICHUS HHIIYKTUBHOCTH JIBYXITOJIFOCHHKA.

2. [1o w3BecTHBIM TOKa3zaHuWsAM MpuOopoB (Tabmuma 1) mas IBYX OMBITOB
nIpu 3aJaHHOM 3Hake O=¢,— ¢, (T.e. U 1 ¢>0 u qua ©<0) 3ammcatsh
MTHOBEHHBIE  3HA4YCHHs]  BXOJHOTO  HAMpsDKEHHWS M TOKa  MAaCCHUBHBIX
JIBYXTIOJFOCHUKOB, TIPUHSB HAvajibHYIO (ha3y CHHYCOMIAIBLHOIO TOKa HYJEBOH (
¢, =0). Yacrora f=100 T'u. Iloctpouth B MacmTabe KpHBBIC MIHOBEHHBIX
3HAYCHHM HAIPSHKEHUS U TOKA.

3. 3anucath COOTBETCTBYIOLIME KOMILIEKCHI aMIUIMTYAHOIO 3HAUEHUS TOKa
U HaIpsDKEHHs, KOMIUIEKCHI JEHMCTByromMX 3HadeHunid. Iloctpoute Ha
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KOMILUIEKCHOM IIOCKOCTH B MaciliTade BEKTOPHYIO JuarpamMmy KOMIUIEKCHBIX
HarnpsbkeHus ¥ Toka. [loctpouts B Macmtabe TpeyroJibHUK TOKOB U TPEYTOJbHUK
HaIPsKEHU M.

4. Paccuutath napamerpsl nocieaopatensHol (R; X) u napamiensHoii (G; B
W Ruap; Xuap) CXEM 3aMeleHUs] MACCUBHBIX ABYXMOJIOCHUKOB MPH 3aJaHHOM
3HaKe @ =@, —¢,. [Ipu 3a1aHHON YacTOTE ONpEAEINTh HHIYKTUBHOCTD (EMKOCTB)
PEaKTUBHOTO 3JIEMEHTa MOCJIEIOBATEIbHOW U MapalyIeIbHON CXEMbI 3aMelICHUs

NACCUBHBIX JBYXIIOIOCHUKOB. HauepTuth cxemy 3amenieHusi ¢ o0o3HaueHueM L
(C) neMeHTOB ¥ pacCYNTAHHBIM YHCICHHBIM 3HaYeHHEM (B MI H 1 MKD).

5. Onpenenuty TOJMHYIO, PEAKTUBHYID MOIIHOCTh JIBYXITOJFOCHUKOB.
ITposeputs cootHomenune P=U -1 =U -1, .
Tabauma 1
No 1 omeiT ipu >0 2 omwIT ipu ¢<0
Opurajbl U,B |, MA P, Br U,B I, MA P, Bt
1 5 79,5 0,379 5 129 0,530
2 5 68,2 0,325 5 138 0,532
3 5 59,6 0,284 5 151 0,533
4 5 53 0,253 5 167 0,532
5 6 95,4 0,546 5 104 0,367
6 6 81,8 0,468 5 115 0,369
7 6 71,5 0,409 5 130 0,369
8 6 63,6 0,364 5 148 0,367
9 7 111,3 0,743 5 89 0,249
10 7 95,5 0,637 5 101 0,249
11 7 83,4 0,557 5 118 0,259
12 7 74,2 0,496 5 138 0,250




3. Coneprxanue u NMOPSII0K BBITOJIHEHNSI Pad0ThI

B nabGoparopHoil paboTe HCCIEnyIOTCS PE3UCTUBHBIA AJIEMEHT (PEe3UCTOp)
3 MOAYJISI PEBUCTOPOB, uHAyKTUBHBIN 3J€MEHT (UacaibHas KaTyIIKa),
o0o3HaueHHas Ha creHje kak L, u3 6ioka MOAYJIb JOIIOJIHUTEJIbBHBIU,

€MKOCTHOM »3JeMEHT (UIeajdbHbId KOHJEHCATOpP) M HeujaealibHas (peaibHasi)
karymka u3 monyisi PEAKTUBHBIE DJIEMEHTDI. [ naGnrogeHus: KPUBBIX
MTHOBEHHBIX 3HAUYEHWW HAa 3TUX OJJIEMEHTaX HCIOJIb3yeTCs JBYJIYUYEBOU
OCHUJIVIOT'PA®. PeanbHas KaTyllka MMEET aKTHMBHOE COINpPOTHUBIECHHE Ry,
KOTOPOE OMNPEIEseTCs IO HKCIEPUMEHTAIbHBIM JaHHBIM (PacCUUTHIBAIOTCS
napaMeTpbl TMOCJIEOBAaTENbHOW M MapajuIebHOM CXEeM 3aMELIEHUsl KaTYIIKH).
OmnpenensitoTcst napamMeTphl MOCIEI0BATEIbHON U MapaieIbHON CXeM 3aMelleHUs
naccuBHoro RLC-aByxmnontocHuka. MHAYKTUBHOCTh HEUACAIbHONW KaTyllku L u
eMKOCTh ujaealibHoro konjeHcatopa Ci m Cp 3amatorcsa 1o HoMmepy Opuraibl
(BapuanTa) B Tabuie 2.

Taomuna 2
Ne Gpurass L, M['a C1, Mk®D C2, MkD
1,13 60 82 22
2,14 70 56 6,8
3,15 80 68 10
4,16 90 82 6,8
5,17 60 68 10
6, 18 70 68 10
7,19 80 82 22
8, 20 90 68 10
9,21 60 56 22
10, 22 70 47 6,8
11, 23 80 47 10
12, 24 90 47 10

HNctounnkoM  CHHYCOMJANBHOTO  HAMNpsDKEHUS  SIBISETCS  MOAYJb
@YHKHHOHAJIBHLIﬁ I'EHEPATOP. M3mepenus ACHCTBYIOMIMX 3HAYCHUH
TOKa, HAMpPSOKEHUS W yriia caBura (a3 ¢ MeXay MIHOBEHHBIMU 3HAYCHUSIMU
HaMPsHKEHUS U TOKa BhIMONHSIOT ipudopamu moayist U3SMEPUTEJIb ®A3bI. B
KauecTBe MU3MEPUTEITBHBIX pudOpoB (BOJIBTMETPOB) UCIIOIb3YIOT
MYJbTUMETPbI u3 Gmnoka MOJYJb W3MEPUTEJIBHBIA u
3JEKTPOHHBIA BOJIbTMETP.

Yacrs 1
MrHoBeHHbIE 3HAUEHUS CUHYCONIATbHBIX HANIPAKEHUI U TOKOB
e Cobparp menp mo puc. 1.1I1. B kadyecTBe IOMOJHUTEIBHOTO PE3UCTOPA
rcronb30BaTh R1=1 Om u3 61oxka MOAYJIb JIOMMOJIHUTEJIbHBI.
¢ Bxmounth aBTOMaTtnueckuii Beikiodarenb QF 61oxka MOIAYJIb IIMTAHUS
u TtymO6mep Cerr wmomyns @®YHKIHMOHAJBHBIN TI'EHEPATOP.
[lepeximouaTens @opMa YCTAaHOBUTH B MOJIOKEHUE \v. Y CTaHOBUTDH PETYJISITOPOM
Yacrora 3HaueHue dvactorel =100 I'm. Yacrory f 3amucath B NPOTOKOIL

9




VYcTaHOBUTH JIEHCTBYIOIEE 3HAaYeHWE HanpsbkeHus Ha Bxoge U=7 B. [lus
MU3MEPEHUS JEUCTBYIOLIErO 3HAYEHUS UCTIOJIb30BATh JJIEKTPOHHBIN BOJIBTMETD.
¢ Bxmounts OCHUJIJIOT'PA®. [Toakmtounts Bxoa 1 ocuumiorpada k Touke 1
(HampsbkeHWe HA  JIOMOJIHUTENbHOM  pesuctope) llomkmounts Bxom 2
ocumuiorpada K Touke 2 (HanmpspKeHHe Ha BXOJle AByXmoiitocHuKa). [lomyuuTs Ha
skpane OCHUJIVIOTPA®A wu3o0paxeHUs: KPUBBIX MIHOBEHHBIX 3HAaYCHUUN
HarnpsbkeHus 1 Toka Ha pesuctope R=100 Om u3 MOAYJIA PE3UCTOPOB.
[TonyueHHbIE HM300paXKEHHMS 3aHECTH B OTYETZ. 3amucarh MAaciuTaObl 10 OCH
opauHAT (My, Mi) 1 ocu adcrrce (M) (B JaIbHEUIIIEM ISl BCEX OCIIHILIIOTPaMM).
e Cob6parb nens no puc. 1.2I1. Iomyuuts Ha skpane OCHUJIJIOT'PA®A
M300paK€HUs KPUBBIX MTHOBEHHBIX 3HAUCHUHN HAIPSOHKEHUS] U TOKA HA UJICaIbHOU
WHIYKTUBHOM KaTylike La. [ToayueHHble n300pakeHusi 3aHECTH B OTYET.
e Cobpars 1iens mo puc. 1.311, nomensB kaTymiky La Ha HeugeanbHy0 KaTymky L
(L=30 mI's; R=30 Om) u3 moaysis PEAKTUBHBIE DJIEMEHTDI. ITonyunts
Ha skpane OCHUJIJIOT'PA®A wn300pakeHHs] KPUBBIX MTHOBEHHBIX 3HAYCHUU
HanpspkeHus U Toka. [lomyueHnHbie n300paKeHusl 3aHECTH B OTYET.
e CoOparp nens no puc. 1.411, nomenss katymky L Ha konnencatop C=10 Mk®D
3 wmoayns PEAKTHUBHBIE JJIEMEHTDBI. Ilonyunts Ha 3Kpane
OCHUJIVIOT'PA®A n300pakeHUs] KpUBBIX MTHOBEHHbBIX 3HAUCHUN HANPSKEHUS
u ToKa. [lomyueHHbIe N300paKEHUsl 3aHECTH B OTYET.
e CpaBHUTH MOJy4YEHHbIE KpUBbIE. OTMETUTh KOOPAUHATHBIE OCU U YTJIbl CIBUTA
dbas.
Yacrtb 2
Omnpenenenue napaMeTpoB HeW1€aIbHON KATYIIKHA METOI0M Tpex
BOJILTMETPOB
e Co0Oparb 3EKTPUUECKYIO LIeTh 10 cXeMe, puBeAeHHOoN Ha puc. 211 mporokona
U3MepeHui. Y CTaHOBUTh JEHCTBYIOIEE 3HAUCHUE HampspkeHus Ha Bxojae U=7 B,
gactory f=100 T1. Pesuctop R=100 Owm BeiOpate u3z MOIAYJISA
PE3UCTOPOB. Heuneansnyto karymky L wu3 wmonyns PEAKTUBHBIE
DJIEMEHTDBI BoiOparh B COOTBETCTBUU C JaHHbIMU Tabmuiel 2. W3meputsb
HaIpsKEHHE Ha BXOJIE IBYXIIOJIIOCHUKA, HAIPSKEHNE HA HEUJIealIbHOW KaTymike L
U HanpspkeHue Ha pesuctope. [lomyuennsie u3amepenus 3anectu B Tadnuiry 111.
e PaccunraTh mapaMeTpbl HEHACATbHOW KATYIIKH METOJOM TPEX BOJBTMETPOB.
CpaBHUTH MOTYYEHHBIE PE3YIIbTATHI C 3a/ITaHHBIMU MapaMeTPaMHu.
Yacrb 3
ITaccuBHBIN ABYXIIOJIOCHUK: MOCI€0BAaTE1bHOE COCAHHEHHE HeHAealbHOI
karymku (L, R¢) u pesucropa (R2)
e CoOparh IIEKTPUUECKYIO IIETh 10 cXeMe, mpuBeAeHHoM Ha puc. 31 mporokona
M3MEpeHUH. Y CTaHOBUTH JICUCTBYIOIIEE 3HAaUCHUE HampsikeHus Ha Bxoae U=7 B,
gacrory f=100 T'm. IloakmroumTh K CcXeMe JBYXIIOJIOCHUK, COCTOSIIIHN W3
MOCJICIOBATEIbHO ~ COCMHEHHBIX HewaeanbHOM Karymku L w3 Onoxka
PEAKTUBHBIE JJIEMEHTBI (Tabmuna 2) u pesucropa R»=100 Om wu3
MOAYJSA PESUCTOPOB. Tymonep SA2 monyns UBMEPUTEJIb ®A3bI

2 Cm. IPUJIOKEHUE Nel
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yCTaHOBUTH B monokeHue 12. TlpoBectu m3MepeHHs NEHCTBYIOIIETO 3HAYEHUS
TOKa, HAMPSDKCHHS Ha BXOJE JIBYXIIOIOCHHKA, CIBUTA (a3 MEXKAY HAMPsDKEHUEM U
TOKOM, aKTUBHOU MOIIHOCTHU. [lonyueHHbie u3Mepenust 3anect B Tadnuiry 211.
e Paccuutate mapameTpsl HeHAeaIbHOW KaTylmiku. CpaBHUTh C MapameTpamu,
pacCUYUTaHHBIMU METOJOM TPEX BOJIBTMETPOB.

ITaccuBHBIN IBYXIOJIIOCHUK: NapajljieJIbHOE COeJMHEHUE Hen1eaIbHOI

karymku (L, Rc) m kongencaropa (Cy, Co)

e [[oOKIIOUMTE K CXEME JABYXIOJIOCHUK, COCTOSAIIMUA W3 MApaJUIENbHO
COCIMHEHHBIX HeuaeanbHoW Karymku L wu koHgeHcatopa Ci w3  Onoka
PEAKTUBHBIE DJJIEMEHTBI (Ta6bmuuma 2). IlpoBectn wu3MepeHus
JNEUCTBYIOLIETO 3HAYEHUSI TOKA, HANPSIKEHUS HA BXOJAE NIBYXIIOIIOCHHUKA, CIBHIra
dba3 MexIy HanpsbKeHHeM M TOKOM, aKTHUBHOM MourHocTH. [lomyueHHbie
u3MepeHus 3aHecT B Tabnuiy 311.
e PaccunraTh mapaMeTpsl MOCIEAOBATEIBHON U MApPAIIICIbHON CXEM 3aMELICHUS
UCCIIENYyEMOTO JBYXIIOJIFOCHUKA.
e [logkirOUnTh K CXEME JABYXIOJIOCHUK, COCTOSAIIMKA W3 IAPAIIIETBHO
COCIMHEHHBIX HeuaeanbHoW Karymku L wu koHzgeHcatopa (2 w3 Onoka
PEAKTUBHBIE DJJIEMEHTBI (Ta6bmuua 2). IlpoBectn wu3MepeHus
JNEUCTBYIOLIETO 3HAYEHUSI TOKA, HANPSIKEHUS HA BXOJAE NIBYXIIOJIIOCHHUKA, CIBHUIra
dba3 MexIy HanpssKeHHeM M TOKOM, AaKTUBHOM MouHocTH. [lomyuyeHHbIe
u3MepeHus 3aHecT B Tadnuiy 311.
e PaccunraTh mapaMeTpsl NOCIEAOBATEIBHON U MAPAJIICTBHON CXEM 3aMEIICHUS
MCCIIENyEMOTO JBYXIIOJIFOCHUKA.
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MMPOTOKOJI U3MEPEHUM K JIABOPATOPHOM PABOTE Ne 4
Yactb 1 — MrHoBeHHbIE 3HAYCHHUS CHHYCOUAAJIBHBIX HANIPSAKEHUI U TOKOB

CxeMbl ISl CHATHS OCHMJUIOIPAMM TOKA W HAMPSDKCHUS JBYXITOJFOCHUKA
npeactasiensl Ha puc. 1.111-1.411. Yacrora =100 I,

k2

DYHKTHOHATBHLI I
TEHEPATOP

Buxoa © I 100 Om
Hacrora
AMIIHTY 1A i U

A
- dopua i 1 CRCE P ;-(i)ﬁ'pgﬁ)-t
% 1 Ons iuﬁmn
CH2

CHI1

Puc. 1.111

mu, B/ mi, MA/KIL. Mt, MC/KIL. T, Mc Um, B Im, MA

BI)IBOII: TOK W HAIIPAKCHHUC Ha PC3UCTOPC CHMHYCOUAAJIbHBIC, COBIIAAAOT I10 (1)2136.

Otnomenue aMmuutyx Um/ln= = (R= OM) He 3aBUCHT OT
YaCTOTBHI.
>
BYHKIMOHATBHEI I =
TEHEPATOP
Buxoa © La
Yacrora
A Iyia i
thopma 1
> i 1 On luﬁ
fafan]
Puc. 1.21I1
mu, B/xa. | mi, MA/kiI. | mt, MC/KIL T, Mmc Unm, B Im, MA

BriBoa: TOK M HampsipkeHHE Ha KaTymke La cMHycoujanbHbIe, TOK OTCTaeT OT
HampsDKeHUsT Ha yroil ~m/2 (upeanbHass karymika). OTHONIIEHHE aMIUTHTY/]
Un/lm= = (oLa= OM) 3aBHCHT OT 4YacTOThl, cIBHUT (a3
MPAKTUYECKU HE 3aBUCHT.
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, 2
MYHETHOHANTBHRIH I -
I'EHERATOPR
Buxon © I.: RK
Hactora
i
AMILIHTY.A
thopma 1

e on

CHI1

@ @O ;-(rﬁppﬁ;t
CH2

Puc. 1.311

My, B/ki1. mi, MA/KJI. | Mt, MC/KIL T, mc Um, B Im, MA

BbiBoJ: TOK M HampsbkeHHME Ha KaTylike L cuHycompanbHble, TOK OTCTaeT OT
HaINpsDKEHUsT Ha yroia ¢ = (HempaeanbHas KaTymika). OTHOLIEHHUE aMIUIUTY]

Un/Im= = (Z=4 RK2 + (coL)2 = OM) 3aBHCHUT OT YaCTOTHI, CJIBHT

(a3 3aBUCHUT OT YaCTOTHI.

-
.. : F;
OYHEIHOHAITEHRIH I -
IF'EHEPATOP
o
Buxoan ©
Yacrora o
AMIIIHTYI
hopma 1
\_/ i 1 Oma lUp
jafula

Puc. 1.411

my, B/ki1. mi, MA/KII. | M, MC/KIL T, Mc Unm, B Im, MA

BbIBO: TOK M HampsbkeHue Ha KoHaeHcarope C CHHYCOUIaIbHBIE, TOK OIEpexaer
HanpspKeHne Ha yroil ~m/2 (uaeanbHBI KoHAeHcaTop). OTHOIIEHHE aMILIMTY.I
Un/Im= = (L/oC= OM) 3aBHCHT OT 4YacTOThI, CABUT a3
NPaKTUYECKH HE 3aBHCHT.
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METOAOM TpPEX BOJABTMETPOB

—-
PYHETTHOHATBHLIA !
IFEHEPATOP
Buxon © i
Hacrora
AMIIHTY A
thopma
= 5]
Puc. 211

L.R,

Rf 100 Om

YucrieHHBIC 3HAYCHUS mapaMecTpOB SJICMCHTOB!: L=

Yacrora f=100 1.

Yactb 2 — OnpenesieHne napaMeTpoB HEUACAIbHONH KATYIIKHA

Tabauma 111

JIBYXIIOJIFOCHUK

U,B

U, B

Uz, B

L,R—R2

[TocTpoenue TpeyrojibHUKa HAMPSHKEHUN U OMIPEAECIEHUE TapaMETPOB

HGHI{C&J’IBHOﬁ KaTyKHU METOJIOM TPEX BOJIBTMECTPOB:
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Yactb 3 — OnpenesieHne napaMeTpoB HeUAEAIbHON KATYIIKH M0 U3MEPEHUAM
AEeMCTBYIOLIUX 3HAYCHUH M yrJia caBUra ¢as

HMIMEPIMTENR
A IhI

o 02

DYHEITHOHATTEHEI
I'EHEPATOP

;
Brxon © S O
,,lqm:m'.r.i. . & NACCHEHEI I
’ E‘;;;E’” AEYVHNONHICHWE
~ j}_ o l o
Puc. 311
HucneHHble 3HAYEHUS TAPaAMETPOB JIEMEHTOB:
R2>=100 Om; L= MI'H, Re= Om
Yacrora =100 I'm.
Tab6auma 211
JIBYXTIOJIFOCHUK U,B I, MA o, ° P, Bt

L,RR2

Omnpenenenue mapaMeTpoOB MOCIENOBATENBHOM W MMApajuIeIbHOM  CXEM
3aMEIICHHUS TTACCUBHOTO JBYXIOIIOCHHUKA (HEHIcaIbHAs KAaTYIIIKa U PE3UCTOP):

a) IocJeI0BaTeIbHAs CXEMa 3aMEIICHUS

0) mapasienpHas cxeMa 3aMelieHUs
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Yactb 3 — OnpeaesieHue napamMeTpoB cxeM 3ameleHus L,R.-C-
ABYXIIOJIIOCHUKOB 10 U3MEPEHUSAM AeCTBYIOIINX 3HAYEHHUI U yIJjia CABUTra

¢pa3
UucneHnHble 3HaUCHHS TTapaMeTPOB AJIEMEHTOB: L= MIH, Re= Owm
Ci= MKD, (o= MK®. Yacrora f=100 I'11.
Tab6ana 311
Ne JIByXTIIOJIFOCHUK U,B I, MA o, ° P, Bt
1 L.R—C1
2 L.R—C,

Onpenenenue mapaMeTpoOB MOCIENOBATENbHONM W MAapajuleIbHOM  CXeM
3aMeIICHHS ITACCHBHOTO JIBYXIIOJIIOCHUKA (HenIeaabHas KaTyIIka U KOHJICHCATOP).

1. AByxmnomtocHuk L,R—C1:
a) TocjeI0BaTebHas CXeMa 3aMEeICHHUS

0) mapayienbHas cxema 3aMelIeHUs

2. [IByxnomtocHuk L,Ri—Cx:

a) IIoCJICa0BaTCJIbHAA CXCMa 3aMCILICHUA

0) mapajienpHas cxeMa 3aMelIeHUs
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4. Conepxanue u opopmiieHHE 0OTHETA

1. [loaroroBka K padoTe BBHINOJHAETCS B MOJHOM OOBEME, MOCTPOECHHE
KPUBBIX MTHOBEHHBIX 3HAYCHUH MPOBOIUTCS HAa MUUIMMETPOBOH Oymare WiM B
KOMITBIOTEPHBIX MTpOorpamMMax ¢ yKazaHHEM MacliTaboB, 0003HAYEHHEM OCeil, Bcex
pa3MepHOCTEN U H300paKEHHBIX (DYHKIIHMA.

2. OT4eT JIOJDKEH COoJAepX aTh OCHUIUIOTPAMMBbI KPUBBIX HAMPSKEHUM.
OcuumiorpaMMbl  poTorpadupyroTcss B XOpOILIEM KadecTBE M TNEPEHOCATCS Ha
OyMa)XHbII1 HOCHUTENb C YKa3aHHeM MacmTaboB, O0O3HAYEHHWEM OCeH, BCeX
pa3sMepHOCTEN 1 N300paKEHHBIX (DYHKITHIA.

3. Bce pacuersl nmynkToB PaGouero 3amaHusi JOMKHBI OBITH MOJIPOOHBIMH M
JIOTIOJTHEHBI BEKTOPHBIMU JHarpaMMaMHU.

4. CnenaTh NUCHbMEHHBIN BBIBOJI O TIPOJIETIAHHON padoTe.

5. KoHTpoO/ILHBIE BONIPOCHI M 3a1aHUS

Bce oTBeTbl Ha KOHTPOJIBHBIE BOMNPOCHI JOJDKHBI  CONPOBOXKAATHCS
HEOOXOJUMBIMU CXeMaMH, (HOpMyJIaMH, YHUCICHHBIMH pPe3yJbTaTaMH PacCyETOB,
rpaduueckumMu WILTIOCTpanusMu (Tpadukamu, 1uarpaMmmamMu U T.J1.) U COJIepPKaTh
OJIHO3HAYHBIN OTBET HA [IOCTABJIEHHBIE BOIIPOCHI.

1. Kak 3aBUCST mapameTpbl pe3UcTopa, UACaTbHON KATYIIKA U UJI€aJTbHOTO
KOHJIeHcaTopa OT 4acToThl? JlaiiTe ompeneneHre WHIYKTUBHOIO U €MKOCTHOTO
CONPOTUBIICHUS  KaTylIKu W  KOHJeHcatopa. [locTtpoiite  3aBucumocCTH
CONPOTHUBIICHUM PE3UCTOPA, UACATBHON KAaTYIIKH U UICATBHOTO KOHAEHCATOpPA OT
yacTtoTel. [IponemMoHCTpUpyHTE, KaKk HW3MEHEHHE IapaMeTPOB ATHUX 3JIEMEHTOB
BJIMSIET HA MOCTPOEHHBIE 3aBUCUMOCTH. UeM OTIIMYArOTCA WJICATbHbIE KATYIIKA U
KOHJIEHCATOPHI OT peanbHbIX? [IpuBeauTe cXxembl 3aMEICHHUS.

2. Kax onpenenuTh XapakTep MBYXIOIIOCHIKA METOJOM TPEX BOJIBTMETPOB?
HeoOxonuMm nu gonosHUTENbHBINA onbIT? [losicaute Barr oTser.

3. Kak omnpenenuth  XapakTep  JBYXIIOJIOCHHMKAa  METOJIOM  Tpex
amriepMmeTpoB? HeoOxoaum u nonoaHuTEbHbIN onbiT? [losicauTe Bamn oTBer.

4. Vicnonw3ys pe3ynbTathl pacuyera myHkra 2 [lonroroBku k padote, cunuras
JICHCTBYIOIIEE 3HAYCHHWE HANPSHKCHHUS Ha BXOAe HeusMeHHbIM (mpu  ¢>0),
OTIPEJICNINTh, KaK M3MEHSATCS JEHCTBYIOIIEE 3HAYEHWE TOKa W CABUT (a3, eciu
YacTOTy BXOJHOIO HAIPsDKEHUsS YBENIUMYUTh B 2 pasa. lloctpouTh KpuBbIe
MTHOBEHHBIX 3HAUYEHUN BXOJHOI'O HANPSKEHHUS W TOKA, BEKTOPHYIO JUArpaMMy
HanpsHKEHUS U TOKA.

5. Ucnonb3ys pe3ynbTraThl pacuyeTa myHkTa 2 [loaroroBku k padore, cunrtas
JCHCTBYIOIIEE 3HAYCHUE HAMNpPsOHKEHUS Ha BXxoJe HeusMeHHbIM (mpu  @<0),
ONpEeNIeNIUTh, KaK WM3MEHATCS JCHCTBYIOIIEE 3HAYEHHWE TOKA U cIBUT (a3, eciau
4acTOTy BXOJHOIO HAaNpsDKEHUs YBEIMYUTh B 2 pasa. I[locTpouth KpuBbie
MTHOBEHHBIX 3HAUYEHUN BXOJHOI'O HANPSDKEHHUS U TOKA, BEKTOPHYIO AUarpaMmy
HaIPsKEHUS U TOKA.

6. Ucnonb3ys pe3ynbpTaThl pacuera myHkTa 2 [logroroBku k padote, cuutas
JICHCTBYIOIIEE 3HAYCHHWE HANPSOKCHUS Ha BXoAe HeusMeHHbIM (mpu  ¢>0),
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ONpENIeNIUTh, KaK WM3MEHATCS JCHCTBYIOIEE 3HAUEHHWE TOKA U cIBUT (a3, eciau
YaCTOTYy BXOJHOTO HAIpPsIKEHUs yMEHbIIUTh B 2 pa3a. llocTpouth KpuBbie
MTHOBEHHBIX 3HAYEHUW BXOJHOTO HAMNPSDKEHUS M TOKA, BEKTOPHYIO JUarpammy
HaIpPsHDKEHUS U TOKaA.

7. Vcnonb3ys pe3ysbTaThl pacyeTa myHkTa 2 [loaroroBku x pabore, cuntas
JICHCTBYIOIIEE 3HAYCHHWE HANPSHKCHUS Ha BXoie HeusMeHHbIM (mipu  ¢<0),
OTIPEJICNINTh, KaK M3MEHSATCS JIEWCTBYIOIEE 3HAYEHUWE TOKa W CABUT (a3, eciu
YacTOTy BXOJIHOTO HAIpsOKEHUST yMEHBIIUTh B 2 pasza. [locTpouTh KpuBbIE
MTHOBEHHBIX 3HAYCHHI BXOJHOTO HANPSDKEHHS W TOKA, BEKTOPHYIO JUArPAMMY
HaAMPSHKCHUS U TOKA.

8. O0BsicHUTE, TOUeMY M3MEHWICS 3HAK CABUTA (a3 MKy HANPsDKECHUEM U
TOKOM J1J11 onbITOB ¢ JiByXnoyitocHukamu L,R«—C1 u L,R«—C2? CoxpaHuTes a1 3To
M3MEHEHUE MPU YBEJIMUYCHUHN WM YMEHBIIEHUH YaCTOThl BXOJHOTO HAIPSKEHUS?
OTBETHI MOSCHUTE MPU MOMOIIU PACYETOB U BEKTOPHBIX JUATPAMM.

9.1lpu kakoil dYacToTe BXOAHOTO HAMpPSDKEHUS JUISI  OMbBITa C
nByxmnonocHukoM L,R—C1 (coenuHeHue mapasuiesibHOE) MOIIMHOCTh MCTOYHHKA
OyJleT MaKcUMaJibHa?

10. Ilpy  kakoil YacTOoTe BXOJHOTO HAMNpPSXKEHUS Ui ONbITa C
nByxnoiatocHUkoM L,R«—C> (coeamHenue mnapalienbHOE) MOIIHOCTh MCTOYHHUKA
OyneTr makcuMalnbHa?

11. Paccunraiite eMmkocThb KoHJeHcatopa C, mpu mapamuienbHOM
MOAKJIIOUYEHUH KOTOPOTO K HEHJAealbHOW Karymke L,Rqx MOIIHOCTh MCTOYHHKA
Oyzaer makcumainbHa. Yacrora f=50 I'mr.

12. Paccunraiite  emMKoCcTh  KOHAeHcaropa C, 1mpu mapamuieIbHOM
MNOAKIIOUYEHUH KOTOPOTO K HeWjaealbHOW Karymke L,Rqx MOIIHOCTh MCTOYHMKA
oyzaetr MmakcumainbHa. Yacrora f=100 I,
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ITPNMJIOXEHUE 1
OCIIMWJIJIOT'PA® I[BYXKAHAJII)HI)IFI GOS-620

GOS-620FG — 310 IByXKaHAJIBHBIN OocLIOrpad co BCTPOCHHBIM MHOTO(YHKITHOHATBHBIM
remeparopom ¢ uyactoroi no 1 MIu. Ilomoca mpomyckanus ocmmuiorpaga — 20 M,
MaKCHMaJIbHasi YyBCTBUTENBbHOCTh — | MB/men, Munnmansueiii ko3ddunment pa3séprku — 0,2
MKC/nen. Ocmwiorpad J0MycKaeT yCTOHYMBYIO CHHXPOHH3AIMIO, KOT/Ia OJHOBPEMEHHO
UCCIIEIYIOTCS IBa Pa3IMYHBIX CUTHAIA Pa3HOM YacToThl. [Ipu mepeBone ocrmiuiorpada B peskum

X-Y kanan | ucnosnp3yercst Kak och X, a BX0J KaHaia 2 — Kak och Y.

FOCUS - pery. TR S POWER - Brixmrogarens CeTEBOro MUTaHNA.

IIpu BRIIFOYEHNH 3aropaeTCa MHANKAT
n300paKeHna & o °F

Puc 1. O6mmii Bua nepeaHeit manenu ociusuiorpada

POSITION -
PEryiaMpoBKa
CHUTHana KaHana 1
10 BePTHKAIH

POSITION - peryaupoeka

CHUTHANA KaHaja 2 1o EEPTHKAIN

VOLT/DIV - macmTabupoea
oT 5 mB/men go 5 B/men
on4 KaHana 1

VOLT/DIV - macmrabuporanmue

ot 5 MB/nen no 5 B/nen
N4 KaHana 2

CHI1 (X) - exox kanana 1
B pexume X-Y exomHOI
KaHan X ocH

CH2 (Y) - exon kanana 2
B pexxume X-Y BxomHO
KaHaln Y ocHu

Tlepexmouareny INV CH 2 - uneepTHpOBaHHe CUTHANA B KaHaie 2
PEXUMOB BXOROB VERT MODE (pexumsr):
YCHIUTens KaHana 1 CH]1 - Ha skpaHe HabIrO#aeTca CUrHaN KaHana 1
GND - Bxoa yCHIMTeN OTKIIOYaeTCa CH2 - na sxpane HabmrogaeTca CUrHanl KaHana 2
OT MCTOYHMKA CHTHANA M 3a3eMIFeTca DUAL - Ha skpaHe HabmronaroTca N300paKeHNa CUTHATIOB
DC - otrpeITEIT BXOO 000MX KaHAIOE
AC - 3arpeITBIIT BXOO ADD - anrebpanueckad cyMMa WM PasHOCTb CUTHAIOB
(aHanoru4HoO 114 KaHana 2)

Puc 2. PacnionoxeHune opraHoB ynpasJIeHUs Ha epeJHel maHenn ocumniorpada
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Buumanne! [Tpu pacuere macmrabupoeanmna
o ocu opausar VOLT/DIV enyTpennas pyuka VAR
OOIDKHA HaXOAMTCA B KpaiiHeM [TPag oM ITOIOKEHNH

(pucka CAL)

Puc. 3 Ynpapnenue BepTUKAILHBIM MacIITaOUPOBAHUEM

YcranoBka BpeMeHHU pa3BepTKH
Ycranosure nepexiouatens TIME/DIV B Takoe monokeHue, mpu KOTOPOM Ha JKpaHe
oTtoOpakaeTcs HEOOXOJMMOE YHCIIO MEPHOA0B CUTHana. Eciu mepuosoB MHOTO, yMEHBLINTE
BpeMmsl pa3BepTku. Ecium Ha sKkpaHe OTOOpa)kaeTcsi TOJNBKO JIMHHS pa3BEepTKH, MOMpoOyiTe
YBEIMYUTH BpeMsi pa3BepTku. Korga Bpemsi pa3BepTKH AOCTATOYHO Malloe MPU HAOIOJCHUU
YacTH CUTHaJIa, 0COOCHHO MPSAMOYTOJIbHOM (hOpMBI, Ha SKpaHe OyAeT BUIHA MpsMas JTUHHUS.

| TIMEDIV - ycraHaenueaet

| xo3bdHIIeHT pasBepT

ot 2 mxc/zen go 0.5 c/nen
IIpu nepeeone B nmonokeHue
X-Y obecrieuneaer

.| Habmonenne duryp Jnccaxy

SWP. VAR - nnaeHas perymnpoeka koabpduimenta

POSITION - pazeepTrn. [Ipu pacuete neprona JomKHA HAXOOWTCH

repeMemaeT B KpaiiHeM rpagom ronoxenun (pucka CAL)
n3obpakeHue x 10 MAG - yeenuuenne & 10 paz
I10 TOPM30HTAIH

Puc. 4 Ynpasnenue pa3BepTkoit

Cunxponun3auus (moJiydeHHe yCTOHYMBOro n300pa:keHus HAa IKpaHe ocuULIorpadga)

Bri6op cunxponuzamuu HeoOXxomuMm st dPGEKTUBHBIX ACHUCTBUN C ocImuiorpadom.
[Tonb30BaTens MOMKEH OBITH MOTHOCTHIO 3HAKOM C (DYHKIMSAMH TEPEKIIoUaTeNield pPeXKUMOB U
UCTOYHHUKOB CHHXPOHH3AIINH.
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TRIGGER MODE -er1bop pexima 3arnycka pazeepTi
AUTO - aeTOMaTHHECKHIT PEXKIM

NORM - xaymuit pexum (TIpH HATMHMHM BXOJAHOrO CUTHala)
TV-V - cunxpoHM3aLma o BepTHKAIN

TV-H - cunxpoHmM3aiig rno ropusoHTaIm

TRIG.ALT -
YCTOHYMEad
KapTHHa 1 n

2-ro CUTHAIOB SOURCE - ucTo4HMK.

Bribupaet pexym
BHYTpPEHHEH N
BHEMHEHN
CHHXPOHM3ALINH
LEVEL- CH1 (X-Y) - paseeptra
YPOBEHE CREERIDE CMHXPOHM3MPYETCa CUTHATIOM
IPRIOICHON MepEOro KaHana
ITPOMCXOANT £ | CH2 - paseeptxa
3aITyCK PasECPTEN oy CHHXPOHM3UPYETCA CHTHATIOM
ETOpOro KaHana
LINE (cets) - oT nuTaromeit ceTut
SLOPE -niepexnrouarens MIEPEMEHHOI O HANpAXKEHNA
MTONAPHOCTH CHHXPOHM3MPYIOMEro EXT (enemnmit) - BHEmHIM
cHUTrHamna CHTHAIOM
Puc. 5 Ynpasnenue cuHXpoHU3aueH
OaHOKAHAJIBHBIH Pe;KUM pPadoThI
HaumeHnoBaHue [loJi0keHNe MepeKIIYaTe s Pucynok
POWER OTxar Puc. 1
INTEN CpenHee 1oJ10’KeHHE Puc. 1
FOCUS Cpennee 1os10’keHHE Puc. 1
VERT MODE CH1 Puc. 2
ALT/CHOP Omxar (ALT) Puc. 2
CH2 INV OTxar Puc. 2
POSITION CpenHee nojIoKeHHe Puc. 2
VOLTS/DIV 0,5 B/nen Puc. 2
VARIABLE CAL (xpaiiHee mpaBoe NOJIOKEHUE, 10 4acoBoil ctpenke) | Puc. 3
AC-DC-GND GND Puc. 2
SOURCE CH1 Puc. 2
SLOPE + Puc. 5
TRIG ALT OTxar Puc. 5
TRIGGER MODE AUTO Puc. 5
TIME/DIV 0,5 mClnen Puc. 4
SWP.VAR Kpaiinee npaBoe nonoxeHue Puc. 4
POSITION Cpennee 1os1o’keHHE Puc. 4
X10 MAG OTxat Puc. 4
LEVEL Cpennee 110J105)KEHHE Puc. 4

JAByXKaHAJbHBIH pesKUM padoThl
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e VYcranosure nepexiouatesnis VERT MODE B nonoxenne DUAL. Ha skpane, kpoMme cursana
¢ kaHaia |, Oyner HaOmonaThCs MpsMas JMHUS Pa3BEpPTKU KaHayia 2 (OpraHbl yIpaBlieHUS
JIOJKHBI OBITh YCTAHOBJIEHBI, KAK OIMCAHO BBILIE).

e Jlomaiite curnan Ha Bropoii kanaiu. Ilepexmouatens AC-DC-GND ycTaHOBUTE B MOJ0KEHUE
AC.

e YcTaHOBUTE «yJIOOHBINY pasmep u3o0paxenus ¢ nomouibio pyuek B/JIEJI u BPEMS/IEJL

e [Ipu ncnosnp3oBanuu AByxkaHaiapHOro pexxuma (DUAL unum ADD pexum) curnan xasHana 1
WIM KaHaia 2 MOeT OBbIThb CHUHXPOHU3HMPOBAH IIOCPEACTBOM IEPEKIIOYEHMS BBIKIHOYATEISA
SOURCE.

e Ecnu curnansl, nogaBaemeie Ha CH1 (Kanan 1) u CH2 (Kanan 2), 5kBUBaJIeHTHBI 110 YacTOTE,
TO OHM MOTYT OBbIThb CTa0MJIBHO OTOOpa’keHbl OJHOBpeMEeHHO. Eciu Her, (TO ecTh CHUTHajbl
aBTOHOMHBI), TO TOJILKO CHUTHAJ KaHaja, BbIOpaHHbId mepekmouateneM SOURCE B kauecTBe
CUHXPOHM3UPYIOLIET0, MOXKET OBbITh OTOOpa)keH cranuoHapHo. OJHAKO, €CIM HaXaTb KHOIKY
TRIG.ALT, To BO3MOXHO cTaOuibHOE HAOJIOJEHUE ABYX HEIKBHBAJIEHTHBIX II0 YacTOTE
curdanos. (He ucnoun3yiite «<CHOP» n «ALT» mepek/iouareib B TO e caMoe BpeMsi).
[Tepexmouenue mexay CHOP- pexxumom 1 ALT-pesxuMoM aBTOMaTHYECKH MPOUCXOUT ITyTEM
U3MEHEeHHUs NoJoxeHus nepexirouarens TIME/DIV.

Pexxum X-Y
VYcraHoBUTE NEpeKIoYaresb Bpems/nen B monoxkeHue X-Y JUId  YCTaHOBKH —peXHMa
HabOmronenust ¢uryp Jluccaxy. IIpu sToM Bxoasl ocumiiorpada pacupefensTcs Cieryromum
obpazom:
X-ocb (TopU30HTaIbHAS) — BXOJ KaHana 1;
Y-och (BepTHKaIbHas) — BXOJ KaHaia 2.
Buumanmue:
Korna ¢ nomoursro X-Y pexnma HaOIrOAAI0T CUTHABI BBICOKOW 4acTOTHI, CIEAYET YUUTHIBATh
pabouyyl0 TOJOCYy YacTOT YCHUJIMTENEH BEPTUKAIbHOIO OTKIOHEHUS U BO3MOXKHOE
«TEXHOJIOTUYECKOe» pa3nuune ¢a3 MeXAy CUTHAJIaMH, MOCTYNaoIMMU Ha X U Y -0CH.
Pexxum X-Y wucronb3yercs JUisi U3MEPEHUI, KOTOphIE HE MOTYT OBITh MPOBEACHHI B OOBIYHOM
pekuMe (M3MepeHue OTHOIIEHUH YacToT, TEeMIIEPAaTypPbl, CKOPOCTH H T.JI.).
e VYcTaHOBUTE NEpeKiovaTesb Bpems/aen B nonoxenue X-Y. Kananl craner oceto X U kaHam
2 cTaHeT OChio Y.
e JlopaiiTe HccieryeMble CUTHANIBI Ha COOTBETCTBYIOIIME BXO/IbI ocLmIIorpada.
e PyykamMHM MOJIOKEHHUS JIyda [0 TOPU3OHTAIM U BEPTUKAIM IEPEMECTUTE M300pakeHue B
HYKHYIO 4aCTh 3KpaHa (Kak MPaBUjIO, IEHTPAIbHYIO).
e [lepexmouatenem B/nen xananma 1 ycraHOBHTE HEOOXOIMMBIN pa3Mep M300paskeHUs 1O OCH
X (ueMm OombIIe pazMep U300pakeHuUs], TEM BbIIIE TOUHOCTh U3MEPEHUH ).
e JlepexmouaTtenem B/nen xanana 2 ycraHOBHUTE HEOOXOMMBIM pazmep M300pakeHUs 1O OCU
Y.

e [IpoBenute HEOOXOAUMBIE U3MEPEHUS.
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[MPUJIOXXEHUE 2
N3MEPUTEJIb ®A3bI

Moayns U3MEPHUTEJIb ®A3bl mno3Boisier NpoOBECTH HU3MEPEHUE JACHCTBYIOIIETO
S3HAYCHHUA HAIIPAKCHHA, TOKa, aKTUBHOU MOIIHOCTHU U CABHUT'A (1)213 MCXKAY HaIPsKCHUCM U
TOKOM, a TaKXe JCHCTBYIOIIME 3HAYEHHs U CABUT a3 MexAy JBYyMS CHHYCOHIAJbHBIMU
HAIPSAKCHUAMMU.

[Tpu6op UBMEPUTEJIb ®A3bI onpeaenser caBur (pa3HocTh) Ga3 MEexXIy HalpsHKEHUEM
¥ TOKOM Ha BXOJI€ JBYXMOJIOCHUKA. /{151 3TOr0 TymM0OJ1ep mpuéopa J0/KeH ObITh YCTAHOBJIEH
B noJio:keHue 12. Cxema noaximouenus npuOopa nokazana Ha puc. 1. [IpuHaB HadanpHYO (hazy
TOKa 3a HYJCBYH, MOXXHO 3alucaTh HAYalbHYI (ha3sy CHHYCOMIAIBLHOTO HANPSOKEHUS
JBYXIIOJIIOCHUKA. Eciay npuHATh HayanbHyo0 a3y HanpsOKEeHUs 3a HYJIEBYIO, TO HayalbHas Qasza
TOKa OTpeAeseTcs 0 MOKa3aHuIo MpuOopa ¢ 00paTHBIM 3HAKOM.

H3MEPIMTENE
A3k

MOOYNE
MATAHWH

NacCHEHLIA
DEYXNONHCHME

UZ3

I B

Puc. 1. Hopkmouenue npudopa U3MEPUTEJIb ®A3bI B pexume 12

Ha puc. 2 npuBenena nepeansis nanens npudopa. JlelicTByroliee 3HaueHne HANMPSHKEHHs Ha
BxoJie mpubopa U=5,9 B, Toka |=154 MA, cnBur HauanpHBIX (ha3 MEXIY HAMPSKEHHUEM U TOKOM

¢, — ¢, =—30°

\3’ @)

® ®

Puc. 2. Ilepennss nanens npubopa U3MEPUTEJIb ®A3bI

[puHUMas HavyanbHYIO a3y CHHYCOUAATBHOTO HAPSDKCHUSI 32 HYJICBYIO, MOXKHO 3aIlHCaTh
MTHOBEHHBIC 3HAUCHHS CHHYCOMJANBHBIX HAMPSDKCHUS W TOKA HA BXOJAE HCCIIELYyEeMOTO
nByxmnoiocHrka npu yacrore =50 'y (0=2nf=314 pan/c):

u(t) =59v2sin314t, B i(t)=0,154v/2sin(314t +30°), A’

HpI/IHI/IMaH Ha4YaJIbHYIO (baay CUHYCONJAJIBHOI'O TOKa 3a HYJICBYIO, MOHO 3alluCaTb
MIHOBCHHBIC 3HAUCHUA CHHYCOWIAAILHBIX HAIPAKCHHUA MW TOKa Ha BXOAC HCCICAYyCMOIO
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JBYXIOJIFOCHUKA TIpH YactoTe f=50 I
u(t) =5,9v2sin(314t-30°), B i(t)=0,1542sin314t, A

AXTHBHas MOIIHOCTL Ha BXOJAC ABYXIIOJIFOCHUKA (npOBepKa):

P =Ul cos(¢p, —¢;) =5,9-0,154-c0s30°=0,77 Br_

[TostHast MOIIIHOCTH IBYXITOFOCHUKA ¥ KOY(DPHUIIMEHT MOIITHOCTH:

COS(p=E=—O'77 =0,781
S=Ul =5,9-0,154 = 0,9086 BA’ S 0,9086 _

[Ipuoop HUBMEPUTEJIb ®A3bI wucnonb3yercs Takke B pEeKUME H3MEPEHUS
JICMCTBYIOIIEr0 3HAYEHHS W CABHMra HayalbHBIX (a3 OBYX CHHYCOUWAAIbHBIX HAIPSDKEHHUM
(motenmmanos). IlogkmoueHne mpubOpa MOKa3aHO HA pUC. 3, B 3TOM pekume TymoOJep SA2
npudopa 10/1:keH ObITh YCTAHOBJIEH B MoJI0KeHue U2.

P=vi-y;

K BBIXOIY
(YHKIIMOHAIBHOTO
K Y311y 5 reHeparopa
3NEKTPUIECKON (omopHoe
1enu (CurHajbHoe HanpsiKeHne)
HANPSKEHUE)
TyMOIep B
nonoxennn U2
[ O1m 02k L

__oJijf" ™

Puc. 3. IIpuGop uzmepurens Gasbl B pexxuMe U3MEPEHUs CABUTa HauaJbHBIX ¢a3 (U2)

~

BeiBoast 01 1 02 mpubopa MOMKHBI OBITH MOJCOEIWHEHBI K TOYKE HYJIEBOTO MOTEHIIMAaa

(0603HAUEHHBIH 1 (WM «3eMf») (YHKIHMOHATBHOTO TeHepaTopa). BeIBoasl mpubopa,
ob6o3nauennple kKak Uz m Ui, moacoeauHSIOTCS K y3JIaM HCCIIEAyeMON DAJIEKTPUYSCKON IICTIH.
BreBon Uz u cooTBeTcTByIOIIEE MOAKIIOUEHHE OMpE/eseT OMmopHoe HampsbkeHue. OmopHoe
HanpsDKeHUe, KaK MpaBWJIO, NPUHUMAETCS C HyJeBOM HadanpHOM (a3oil. BeiBog Ui u
COOTBETCTBYIOIEE TMOAKIIOYEHHUE OIpeNeNsieT CUrHajabHoe HanpsbkeHue (puc. 4). Lludposoit
UHAMKATOp Tnpubopa (QuUKCUpyeT MAeHCTBYIOLEE 3HAYEHHE ONOPHOIO U  CHUTHAJIBHOTO
HaNpsOKEHUH W CHBUI HAayalbHBIX (a3 MeXJy CHUTHAJbHBIM U OIOPHBIM HANpPsHKECHUEM
(paxTuuecku, HaYaNIbHYIO (pa3y CUTHAIBHOTO HANPSYKEHUS).

Uz U1
PP
om CUEH
[ "

an 020 04 U,

Puc. 4. OnopHoe Hampsi>KeHHE U CUTHAIBHOE HaMpshKEHUE pudopa
Ecnmu curnanbHOe HanpspKEHHE CHUMAETCS KakK HaNpsHKEHHE Ha PE3UCTOpe, 0O0YCIOBICHHOE
TOKOM B PE3HCTOpPE, TO MPUOOP MOKAKET CABUT HauaIbHBIX (a3 TOKA U OMOPHOTO HAMPSHKEHUS,
T.€ HauaJpbHYI0 (pa3y TOKa MpU MPHUHSATON 32 HOJIb Ha4aJbHOM (pa3e omopHoro HampsukeHus. Kak
MIPABUIIO, B KAYECTBE OMOPHOTO HATIPSKEHHs OepeTcsl HaMpsHKEHHE Ha BXOJIe UCCIIEeyeMOM 1enu
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(HampspkeHne  (PYHKIMOHAIBHOTO TeHeparopa). [lpm wucmonp3oBaHMHM mpuOOpa B peXHUME
U3MEpeHus: caBura (a3 NPaKTUYECKU IPOBOAUTCS H3MEPEHHE KOMIUIEKCHBIX HaNpsKEeHUN
(moTeHMaIoB) U KOMILJIEKCHBIX TOKOB.

Puc. 5. Hanpsbkenue Ha Bxoze nenu (onopHoe) U =7,1/0° B, HanpsbkeHne Ha pe3ucTope
R=100 Owm (curnansuoe) U =4,4 ./ —29° B. Tok B pe3uctope | =0,044/ —29° A.

Puc. 6. Hanpsbkenue Ha Bxoze nenu (onopHoe) U =7 20° B, nanpsbkenue Ha pesuctope R=100
Owm (curnanshoe) U =4,1/25° B. Tok B pesuctope | =0,041.25° A.
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