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WHauBuayanoHoe 3apaHue

OcHoBHas OCJIb HHAWBUIAYAJIBHOI'O 3adaHHUA — 3TO HpI/IO6p€TeHHe
HABBIKOB CTYACHTAMH IIPH €T'0 BBIIIOJIHCHUU K TBOp‘IGCKOﬁ CaMOCTOATEIBLHON
pa60Te C HCIIOJIb30BAHUCM IIPUKIAJHBIX IIPOTPAMMHBIX IIAKCTOB. B
HAaCTOAIICM HHIWBHUAYAJIBHOM 3ad/1aHUC HCO6XO,ZIHMO BBIIIOJIHUTL PACUCTHI
AJICKTPUICCKUX HCHGI?I IMOCTOAHHOT'O M HUCCIICAOBATH PC3OHAHCHBIC SABJICHUA B
QJICKTPHUICCKUX LCIIAX IICPECMCHHOI'O TOKA.

Bce pacuCThL 51 HUCCIICA0BAHUA HCO6XOI[I/IMO IIPOBCCTHU C
HNCITIOJIB30BaAHUCM HpOI’paMMBI CXCMOTCXHHNYCCKOI'O MOI[eJ'II/IpOBaHI/I}I
Electronics Workbench u cucremsr MathCAD.

Pacuer ANEKTPUYeCKnxX Lienen NOCTOSAHHOTO TOKa

[Ipu pacdere SIEKTPUYECKHX IIETEH MOCTOSHHOTO TOKa HEOOXOIUMO

pa3paboTaTh MM0JIb30BaTeNIbCKYy0 nmporpamMmy B MathCAD:

® IS pacyeTa SKBUBAJICHTHBIX COMPOTHBIICHUN MPH TOCIICIOBATSIIEHOM,
napayieTbHOM COSAMHEHUN PE3UCTOPOB;

e IS pacyeTa SKBHBAJICHTHBIX COINPOTUBICHUHN MpPU IPeoOpa3oBaHUU
COCIMHEHUS PEe3UCTOPOB 3BE3/I0H B TPEYTOJILHUK U HA000POT;

e IS pacyera IJICKTPUICCKUX CXEM, C HCIOJIh30BAHUEM 3aKOHOB
Kupxroda u MeTo/1a KOHTYPHBIX TOKOB.

JUIs ~ TIOATBEpKICHUS TOJIYYCHHBIX TMPH  pacdeTre pe3yIbTaToB
UCIIONIBL3YIO 3JIeMeHTHYI0 0Oa3y makera Electronics Workbench mposectu
WU3MEpPEHHUS OSKBUBAJICHTHBIX COINPOTUBICHUH W COOpaTh BUPTYAIbHYIO
7a00paTOpHI0 JIII M3MEPEHHS TOKOB M HANPSHKCHUH B PaCCUYUTAHHBIX
cxeMmax. [Ipu 3TOM UCTIONB3ysl pe3yJabTaThl U3MEPEHUN MPOBECTH MPOBEPKY
3akoHOB Kupxroda.

3apayva 1 Pacuet u onpegeneHne conpoTUBNEHUA Lienn NOCTOSAHHOIO TOKa

HeoOxogumo  paccunmTaTh CyMMapHOE COMNPOTHBIEHHE MPOCTOU
JNEKTPUYECKON 1enu, cocrosimed u3 8 pesucrtopoB. Ilpu pacuere
UCIIOJIb3YIOTCS BBIPAKEHUS IS TOCIEA0BATEIBHOIO:

R,=R +R,, (1)
U IMapalICIIbHOI'O:
1 1 1
11,1 2
R, R R @)



COCMHEHUS CONMPOTUBJICHUN. Pe3ynbTar pacuera npoBepsIeTCs B IporpaMme
EWB, noakmioueHneM K HCCIEIyeMOM cXeMe MYyJIbTUMETpa B PEKUME
M3MEPEHUS COMPOTUBIICHUS.

Bapuanmut 3a0anuii
[IpuHnMnUaIbHBIE CXEMBbl [JIsi pacuera MNpuBeAeHbl B Tabinuie 1,
BapUaHTHI 33IaHUI 1 HOMUHAJIbHbIE 3HAYEHUS COTPOTUBIICHUM B TabmuIe 2.

Tabmura 1.
HpI/IHHI/Il'[I/IaJILHble CXCMbI
No Pucynok No Pucynok
CXeM CXeM
Bl bl
1 6 ) )
R2 I I I RID R2L|:| Rim R6
S E—

RS R7 ]
2 R
3
4
5

Tabmuma 2.
HoMuHasibHbIE 3HaYEHUSI CONPOTUBIIEHU, OM

Bapuanr | Cxema R1 R2 R3 R4 R5 R6 R7 R8
1 1 5 5 10 15 25 10 10 7
2 2 50 7 5 5 1000 500 10 10
3 3 1000 | 1000 7 7 100 10 5 5
4 4 7 70 170 15 5 5 5 8
5 5 1500 | 1000 20 250 20 50 75 1000
6 6 75 75 75 150 5 10 5 8
7 7 600 750 150 10 5 5 8 8
8 8 200 200 400 5 1500 10 1500 100
9 9 10 8 75 75 10 8 50 10

10 10 200 200 400 5 1500 10 1500 100




11 3 1500 | 1000 20 250 20 50 75 1000
12 4 20 30 5 7 8 50 50 100
13 5 5 5 10 15 25 10 10 7
14 6 50 7 5 5 1000 500 10 10
15 7 1000 | 1000 7 7 100 10 5 5
16 8 20 20 120 100 50 75 75 75
17 9 100 1000 300 30 30 5 15 8
18 10 10 7 7 5 15 100 10 10
19 1 50 7 5 5 1000 500 10 10
20 2 10 8 75 75 10 8 50 10
21 5 600 750 150 10 5 5 8 8
22 6 300 30 30 100 100 120 10 120
23 7 7 10 30 30 120 150 5 5
24 8 5 10 10 70 50 10 5 7
25 1 300 30 30 100 100 120 10 120
26 2 150 10 10 15 150 500 50 10
27 3 500 100 200 250 50 50 75 100
28 4 100 50 15 10 5 5 100 20
29 5 5 7 7 10 10 50 15 10
30 6 2000 500 300 1500 250 1500 500 300

Xo00 evtnonnenusn paoomul
1. Onpenenuth UCXOAHBIE JaHHBIE JJI pacyeTa CXEMbl COEIUHEHH,
HOMMHAJIbl PE3UCTOPOB;
2. BpimoaHuTh pacyeTr ¢ uUcCHonb3oBaHUMEM (OpMyT MpeoOpa3oBaHus,
MpaBUJIBLHO  ONpenessis  BUA ~ COeAUMHEHUs  (MapajuiebHOE — WJIU
nocnenoBareiabHoe). Kputepuem onpeneneHus: Buja COCAMHEHUS CITY>KUT HE
napajyieJIbHOE WM [OCJEI0BATEIbHOE PACIOJIOKEHUE PE3UCTOPOB, a
HaJINYUE UM OTCYTCTBUE PA3BETBICHUM MTPU MPOTEKAHUU TOKA ;
3. CobOpatp uccienyemyro cxemy B nporpamme EWB, 3anaB HeoOXoaumbie
napameTpbl BXOJAIIUM B CXEMY PE3UCTOpaM.
4. JlobaButh Ha pabouee Moje MYJbTHUMETP, MEPEBECTH €ro B PEXKUM
MU3MEPEHHsI COMPOTHBIICHUN, YOEAWTHCSA, YTO MYJIBTHMETP YCTaHOBIIEH B
PEXXKHUM MOCTOSIHHOTO TOKA, BHIMIOJTHUTH U3MEPEHUE COMTPOTUBIICHHS,
5. 3aHecTu pe3yJbTaThl pacyeTa u U3MEpeHui B Ta0IuIy 3.

Tabmuma. 3
Pesynbrartsl nccienoBanuii

Pe3ynbTaThl pacuera COMpOTUBICHUS Pe3ynbTaThl N13MEpeHUs
1enu CONPOTUBJICHUS LICTIH




3apava 2. I'IpeoGpasoBaHMe TpeyrosfibHUKa B 3Be3gy 1 3Be3bl B TPEYroJfibHUK

B psge ciaywaeB  coeMHEHHMS CONPOTUBICHUNA HE MOMAYUHSAIOTCS
paBUITy MapalieTbHOTO COSAMHEHUS WM TTOCJIEI0OBATEILHOTO U UMEIOT BUJT
cienyromux cxeMm puc. 1. u 2. ['ne Ha puc.la conpoTUBIIEHUS COCTUHEHBI B
CXeMy TpEeyrojbHUK, a Ha puc.l6 coennHeHsl cxemoi 3Be3na. Ha puc. 2 a
CONPOTHUBJICHUS COEIMHEHBI B CXEMy 3Be3lla M  OCYIIECTBIISIETCS
npeoOpa3zoBaHuE €€ B TPEYrOJbHUK puUcC. 2 6.

B Takux ciaydasx MOryT OBITh MOJIE3HBIMHM TpaBWJIa MpPeoOpa3zoBaHUs
TPEYTrOJbHUKA B SKBHUBAJICHTHYIO 3BE3Jy WU HA0OOpOT, 3BE31bl B
TpeyroibHuk. [lpu Takux mnpeoOpa3zoBaHUsX OO0IIasg CXeMa COCIUHECHUS
AJIEMEHTOB MpuoOpeTaeT 0oyiee MPOCTOM BHJI, YTO CYHIECTBEHHO YIPOLIAET
pacyeT HOBOM peoOpa30BaHHOMN CXEMBI.

Puc.1. Ilpeobpazosanus mpey2oibHuKka 6 36e30).
[IpeobpazoBanre COEIUHEHUS TPEYroJibHUKA B COCIWHEHHE 3BE30MU
OCYILIECTBIISIETCSA O CAEAYIONUM (popMynam.

R12:R1'R2.R13_R1'R3. :Rz'Rs

) 1) R
>R, R, ® 3R

rre 2R =R +R,+R, — cymMmma cOnpoTUBICHHN CTOPOH TPEYrOJbHHMKA, a
R, Ri; R,;— paccunTanHble CONPOTHBIICHHUS JIy4E SKBUBAJICHTHOM 3BE3/IbI.

[IpeoOpa3oBanre CcoeAUHEHHUS 3BE3J0M pUC. 2a B COCAUHCHHUE
TPEYTOJIBHUK PHC. 26 OCYIIECTBIICTCS 10 CICAYIOMIUM (hopMyIaMm.

Puc.2. [Ipeobpaszosanus 36e30bl 8 mpey2oibHUK

R = R12+R13+@; R, =R, + Ry + R12R'1R23; Ry =Ry + Ry + RZE;RBW

23 3 2



rne  R,, R; Ry;— conporusnenusa sywed  3Besgel, R, R,, R—
paccYMTaHHbIE COMPOTUBIIEHUSI CTOPOH YKBUBAJICHTHOT'O TPEYTOJIbHUKA.

Xo00 evtnonnenusn paoomul
1. OnpenenuTh UCXOIHBIE JAHHBIC JJI pacyeTa CXeM COSAMHEHUH 3Be3/10M 1
TPEYroJIbHUKOM, HOMUHAJIBI PE3UCTOPOB;
2. BpimomHuTh pacuer ¢ UCHOJb30BaHHEM (GopMyll mpeoOpa3oBaHMs, s
SKBUBAJIEHTHOM 3BE€3/1bl U 3KBUBAJICHTHOI'O TPEYTOJIbHUKA ;
3. Cobpatb uccienyembie cxembl B nporpamme EWB, 3anaB HeoOxonumblie
napaMmeTpbl BXOJIAIIUM B CXEMY PE3UCTOPaM.

Tabmuria 4.
BapHuaHThbI cXeMa mapaMCTpbl
R1 R2 R3
1 5 5 5
2 10 15 25
3 4 4 7
4 4 4 4
5 10 10 10
6 5 15 7
7 7 7 7
8 4 10 7
9 5 5 10
10 6 6 6
11 7 7 7
12 Ry 8 8 8
13 R < 9 9 9
14 2 3 10 10 10
15 11 11 11
16 ¢ 12 12 12
17 13 13 13
18 14 14 14
19 15 15 15
20 16 16 16
BapUaHT cxema R12 R13 R23
1 5 5 5
2 10 15 25
3 4 4 7
4 4 4 4
5 10 10 10
6 5 15 7
7 7 7 7
8 4 10 7
9 5 5 10
10 6 6 6
11 7 7 7
12 8 8 8
13 9 9 9




14 10 10 10
15 11 11 11
16 12 12 12
17 13 13 13
18 14 14 14
19 15 15 15
20 16 16 16

4. JloGaButh Ha pabouee TMoOJe MYJBTHUMETP, MEPEBECTH €ro B PEKUM
U3MEpPEHUS CONPOTUBICHUN, YOEMUTHCA, YTO MYJBTHUMETP YCTAaHOBJIEH B
pPEXKUM TOCTOSHHOTO TOKA, BBINOJIHUTh W3MEPEHUE COMPOTUBIICHUN
SKBUBAJICHTHOM 3BE3/bl U 3KBUBAJIEHTHOTO TPEYTOJIbHHUKA,;
5. 3aHecTu pe3yJbTaThl pacyeTa u U3MEPEHUH B Ta0IUILy 5.

Tabnuma 5
Pesynbprarel nccnenoBanui
HccenemyeMble cXeMbl Pe3ynbraTel pacuera Pe3ynbraThel
DKBUBAJICHTHBIX U3MEPEHUS
CONPOTHUBIICHUI CONIPOTHUBIICHUI

3apava 3. UccnegoBaHue 1 pacyeT pa3BeTBNEHHOW ANEKTPMYECKOMN Lenu

Paccuurare u wucciaenoBaTh pPa3BETBICHHYIO JJIEKTPUYECKYHO LIETb
IIOCTOSSHHOTO TOKa C MCIIOJIb30BAHUEM IIEPBOIO U BTOPOrO 3aKOHOB
Kupxroda u MeTog0oM KOHTYPHBIX TOKOB.

Jlnss pacuera pa3BETBICHHOM JJIEKTPUYECKOM LENH CYIIECTBEHHOE
3HAYECHHE UMEET YMCIIO BETBEU U Y3JIOB B LIETIH.

Bemevio snexmpuueckoii yenu Haswleaemcs Y4acmokx, COCHMOAUWUL
MOJILKO U3 NOCIE008AMENbHO COCOUHEHHBIX IEMEHNO8.

Bnonbs BeTBU pOTEKAET HEU3MEHHBIN TOK, BETBb COCMHSET IBA Y3J14.

Y3nom onexmpuueckou yenu Hazvieaemcs MOYKA  COEOUHEHUS.
HEeCKOJIbKUX emeeli, 8 KOmopol NpouUcxooum paszeemsieHue mokd.

B nporpamme EWB mnonsatue <Ky3en>> uMeeT APYrol CMBICH, — 3TO
mo0asi TOYKa CXEMbl, MMEIOIIAas MOTEHIMal, OTJIMYHBIA OT HyJNsl U OT




IIOTEHIHAJIA JIPYTUX y3J0B. Tak, OJHA BETBb B COOTBETCTBUHM C TEOPHUEU
ANEKTPUYECKUX LENed He MMEET y3JI0B, Toraa Kak B mporpamme EWB nHa
OJIHOM BETBH MOXKET OBITh HECKOJIBKO Y3JIOB pHUC.3.

1k Ohm [Z]*Ikl:lhm 1k Ohm Eﬂk@hm

1 1

1 1
b R Y 13w

Puc. 3. Ilpumep nonsamusa <<yzen>>e npocpamme EWB.

Ha (puc.3) ciieBa mokazaHO, 4TO B HE3a3eMJICHHOW IEMH IMPOTrpaMMma
ONpeNeNsieT TPU y37a C pPa3sHbIMU MOTEHUHAIAMH, 3a3€MJICHHBIA YYacTOK
y3nmoM He cumraercs, — (puc.l) cmpaBa. C TOYKH 3peHHUS TEOPUU
ANEKTPUYECKUX LENel y3ell B IPUBEJICHHON CXEMe CYLIECTBYET KaK pa3 Ha
(puc.l) cipaBa, B TOUKE MOIKIFOUYCHUS 3a3EMIICHUS.

[Ipu 00x0/1€ MO COEAUHEHHBIM B Yy3J1aX BETBSIM MOXHO IMOJIYYUTh
3aMKHYTBIA KOHTYP.

3amkHymolli  KOHmyp npeocmasisiem coO0U  3AMKHYMblLU — NYMb,
NPOXOOAWUL NO  HECKONbKUM 6EM8iIM, NpU IMOM KANCOblU Y3el 8
paccmampusaemom KoHmype ecmpeuaemcst He 60Jiee 00H020 pasd.

Iepevini 3axon Kupxeogha npumensercs K y3iaam U (Gopmynaupyercs
CIEAYIOIIMM 00pa3oMm:

Aneebpauueckasn cymma mokog 8 y3ie pagHa Hyto

> 1=0. (3)

AnreOpandeckoil CyMMa Ha3bIBa€TCSl IOTOMY, YTO JIOJDKHO OBITh YUTEHO
HampaBJieHUE TOKa [0 OTHOLICHUIO K y3i1y. Bce TOkM, HanpaBieHHbIE K Y311y
BXOJIT B CyMMY C OJHHMM 3HAaKOM, a HallpaBJE€HHbIE OT Yy3l1a — C
npoTUBONONOXKHBIM.  [lepBeiit  3akon  Kupxropa  moxker  ObITh
chopMyIUPOBaH UHAYE:

Cymma mokog, 8mexkarowux 8 y3ei, pasHa CyMMme MOoKO8 8blMeKatouux

uz y3na:
ZIBX:ZIBLIX' (4)

duznueckuii CMBICI MepBoro 3akoHa Kupxroda 3akitodaercs B TOM,
YTO B y3JaX DBJEKTPUUYECKON ILEMU HE MOXKET MPOUCXOIUTh HAKOIUICHHE
3apsia.

Bmopou 3axon Kupxzogpa tipuMeHSAETCS K 3aMKHYTBIM KOHTYypam
AIIEKTPUUYECKON 11enu U HOPMYITUPYETCsl CICAYIOMMUM 00pa3oMm:

B n106om 3amkHymom konmype aneebpauieckas cymma HanpsaiCceHull Ha
anemenmax koumypa pasua cymme 3/C 6 amom Konmype



DU=XE (5)

B n1aHHOM omnpeneneHuu TakkKe MOAYEPKHUBAECTCS, YTO CymMMa JOJDKHA
ObITh anredOpandeckasi, TO 3HAUUT HEOOXOJUMO YUYECTh 3HAKU BXOMASILUX B
cymmy HanpspkeHuil 1 OJIC. B 3aMKHYTOM KOHType TOK MOXET ITPOTEKaTh
TOJBKO B OJHOM HAIpaBJICHUU, IIOITOMY JOJDKHO OBITH BBIOpaHO
HampaBJieHUE MPOTEKaHUs Toka. Ilocie 3Toro BhINONHAETCS 00X0J KOHTYypa
B BBIOpAaHHOM HAIIPaBJICHUU U IaJ€HUE HANpsDKEHUs Ha snemeHTe uin D/1C
UCTOYHMKA CYUTAIOTCA IOJIOKUTEIIBHBIMHU, €CIM TOK 4Yepe3 AJIEMEHT WM
OJIC coBmagaer ¢ HampaBieHueM oOxoma. B mpoTtuBHOM ciydae
COOTBETCTBYIOIIME HamnpsikeHus U DJ{C cyMMUPYIOTCSE ¢ 00paTHBIM 3HAKOM.
Ha ocHoBanuum 3akoHoB Kupxroda cocraBisitoTcss ypaBHEHUS IS
HEW3BECTHBIX TOKOB B BETBsX. CHCTEMa NOJYYEHHBIX YPAaBHEHHUM JIMHEWHA,
€€ PEILICHUE MO3BOJISET HAUTH HEN3BECTHBIE TOKHM B BETBAX Lenu. Pe3ymprar
pacueta MOXeT ObITh MNpoBepeH B mnporpamme EWB, mnoaxmoueHuem
aMIIEPMETPOB B Pa3pbIB COOTBETCTBYIOIINX BETBEU.

Bapuanmut 3a0anuii
[IpuHnunuanbHble CXEMbI JUISI pacueTa MpHUBEIACHB B Tabnuie 4,
BapUaHTHl 33JaHUd U HOMHHAJIbHBbIE 3HaueHHs comportuBieHudt u IJC
UCTOYHUKOB B TabmuIIE 5.

Tabmnuma 4.
HpI/IH]_[I/IHI/IaJ'IBHBIG CXEMBbI
Ne cxema Ne cxeMa
1 L I * [ 6 L * I
R1 R2 R1 R2
o | A J»
é El — E2 — El — E
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o] . Ji
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E3 o5 B3 R4
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1 | | |
2 ) 1+ 7 1 1+
R1 R2 Rl R2
=m
_T; E1 — E2 __—__ ] —1 1—+
R3
Ré& R6
4 I
RS B3 R4
R4 E3 RS E3
| —T |l
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3 T — [
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Tabmuma 5.
HapaMempbl DJIEMEHNM OB CXEMbl
Ba- | Cxema 3HadeHus conpoTuBiIeHuil, Om 9J1C ucrounukos, B
pu- R1 R2 R3 R4 R5 R6 El E2 E3
a|T
1 1 6 5 10 15 25 10 15 10 7
2 2 5 7 5 5 10 3 5 10 10
3 3 10 2 3 5 10 10 12 5 5
4 4 10 7 5 15 3 5 8 5 8
5 5 15 8 2 5 3 7 10 12 10
6 6 7 7 5 15 5 10 5 5 8
7 7 6 3 5 10 2 3 12 8 8
8 8 10 5 7 5 15 10 8 15 10
9 9 10 8 5 7 10 8 15 5 10
10 10 3 10 4 5 6 10 10 10 10
11 1 6 3 2 10 5 5 5 7 10




12 2 8 3 5 7 8 5 10 5 10
13 3 5 5 10 6 4 10 12 12 l
14 4 5 7 8 5 10 5 15 8 10
15 5 10 10 7 7 3 5 9 13 5
16 6 5 6 3 10 5 7 10 9 7
17 7 6 9 2 3 3 5 5 15 8
18 8 10 7 7 5 15 10 12 10 10
19 9 5 7 5 5 10 4 15 7 10
20 10 10 8 7 7 10 8 20 9 10
21 1 6 7 15 10 5 3 14 8 8
22 2 3 8 3 10 6 5 12 10 12
23 3 10 3 3 12 15 4 9 5 5
24 4 8 4 10 7 5 10 13 5 /
25 5 3 9 5 10 7 12 15 10 12
26 6 15 4 7 15 15 7 20 5 10
27 7 5 10 2 8 5 5 5 7 10
28 8 10 5 3 7 6 9 12 10 20
29 9 5 7 3 10 8 5 15 15 10
30 10 2 5 9 15 10 15 13 5 8

Xo00 evtnonnenusn paoomol

1. Bo BBOmgHON 4acTu chOpPMYJIUPOBATH MCIOJIB3YEMbIE TEOPETHUECKUE
3aKOHOMEPHOCTH;

2. Ompenenuth HUCXOIHBIE JAHHBIE JUISl pacyeTa: CXEeMy COEIUHEHUH,
HOMUHaJIBI pe3ucTopoB U DJC UCTOUHUKOB;

3. BBectu B cxemy YcCIOBHble O0OO3HAu€HHUs Y3JI0B, KOHTYpPOB. 3aaaTb
HampaBJieHUE MPOTEKaHUs TOKOB U 00X0/a KOHTYPOB IO YAaCOBOW CTPEJIKH,
HAYEPTUTh CXEMY C YKa3aHHBIMU 0003HAYEHUSIMU ;

4. CocTaBUTh CUCTEMY YypaBHEHUH II0 IIEPBOMY K BTOPOMY 3aKOHaM
Kupxroda;

5. CocTaBUTh CUCTEMY YpPaBHEHMI 11 KOHTYPHBIX TOKOB M YpPaBHEHUS JJIs
OIIPENIECIICHNS TOKOB B BETBSX;

5. IlpuBecTu cuctemsl ypaBHEHUM K CTAHAAPTHOMY BHY, BKIIOYMB B KaKJ10€
YPaBHEHHUE BCE HEU3BECTHBIE;

6. BriOpaTh crioco0 perieHus CUCTEMbl ypaBHEHHH, BBITIOJHUTH PEIICHHE,
PYKOBOJICTBYSICh ~ BBIODAaHHBIM  CIIOCOOOM, XOJ pEIICHHUS CO BCEMU
KIIFOUEBBIMU MTPEOOPa30BaHUSAMHU U MOSICHEHUSMH NPUBECTH B OTYETE;

7. Ecam 1 HEKOTOPBIX TOKOB TOJIYYEHBI OTPULATEIBHBIE 3HAYEHUS,
HAYEPTUTh HOBYIO CXEMY C MCIIPABJICHHBIMHU HAIIPABICHUSIMU TOKOB;

8. BBINIOJHUTH MPOBEPKY PELICHUS MOACTAHOBKOW HAWJIEHHBIX HEU3BECTHBIX
B HCXOJHBIE YpaBHEHMS, B CIIy4ya€ HEBBIIIOJHEHHUS YCJIOBUW MPOBEPKH,
MOBTOPUTH pacyeT U HAUTU OIINOKY;




9. Cobpatp cxemy nenu B EWB. M3Meputrb MCKOMBIE TOKH C TOMOIIBIO
BKJTFOUCHHST aMIIEPMETPOB B KaXKIYIO BETBb MCCIICAYEMOU IENH W TaaeHUs
HaIPSHKEHUH Ha BCEX COMPOTHUBIICHHUSIX CXEMBI;
10. 3anecTy pe3yabTaThl pacuyeTa U U3MEPEHUH B OTYET B BHJIC TAOIHIIHI 6;

Tabmuma 6.

Pezynomamul pacuemoe ucciredosanuti

MGTOI[ pacducTa TOKOB

PesynbraTh pacuera
TOKOB U HANpsDKEHUH B
BETBSIX LICTIH.

P€3y.III>TaTI>I HN3MCPCHUA
TOKOB U HaHp}I)KeHI/Iﬁ B
BCTBX IICIIN.

Pacuer TOKOB u
HaIpsSHKEHUH, C
HCIOoJIb30BaHueM 1 u 2
3akoHOB Kupxroda

Pacuer TOKOB 151
HaIpsSHKEHUM, C
HCIIOJIb30BaHUEM
MeTozaa KOHTYPHBIX
TOKOB

3apaya 4. UccnegoBaHue 1 pacyeT 3NeKTPUYECKUX Lienen nepeMeHHOro Toka

PaccuuTaTh U uccnenoBaTh AJIEKTPUUECKYIO 1IETTh IEPEMEHHOI0 TOKA C
nociienoBaresibHeIM coequaenneM R,L u C sinemeHTOB.
Cxema uccneayemMon 1enu rnpuBeeHa Ha puc. 4.

i) R L
=y e
u(t)|

C

Puc.4. Cxema snexmpuueckoii yenu nepemeHHo20 moka
BapuanTel 3agaHuii ¥ HOMUHAJIbHBIE 3HAQYEHUsI CONPOTUBIECHUN U
HaIpPSOKCHUST ICTOYHMKOB MIPUBEICHBI B Ta0muie 7. Ilpu 3ToM HOMUHAIBHAS
yactota ucrounuka nuranus f, =50 ['m. Hawanpnas ¢asza mwmraromero

HaIpsHKEHUS @, IPUBEIEHA B rpaaycax.

TabOmuma 7
Iapamempor s1emenmos cxemol
Bapuant R (Om) L(mln) C(mkd) U(B) @, (rpan)
1 1 2 300 300 -10
2 2 3 300 250 -20
3 3 4 300 200 -30
4 1 5 300 150 20




&) 2 6 300 100 30
6 3 / 300 150 10
7 1 8 300 200 0

8 2 9 300 250 90
9 3 10 300 300 45
10 1 2 200 100 20
11 2 3 200 80 10
12 3 4 200 70 -10
13 1 5 200 60 -30
14 2 6 200 100 -40
15 3 / 200 160 20
16 1 8 200 200 30
17 2 9 200 100 40
18 3 10 200 90 20
19 1 10 100 120 10
20 2 9 100 200 0

21 3 8 100 150 -20
22 1 / 100 120 -30
23 2 11 100 100 -10
24 3 12 100 250 10
25 4 13 100 300 20

Xo00 evtnonnenusn paoomul
Bo BBomHOW 4YacTu cOpMYIHPOBATH HCIIOIB3YEMbIE TEOPETHUYCCKHE
3aKOHOMEPHOCTH JIJIsl pacueTa PEaKTUBHBIX COMPOTUBIICHUHN AJIECKTPUYECKOM,
LEeTH, ICUCTBYIOIINX 3HAYCHUN TAJICHUN HANIPSHKEHUN HA 3JIEMEHTaX CXEMBbI,
ko3 dunreHTa MomHOCTH (COS(), aKTHBHOM MOIIHOCTH W PE30HAHCHOMN

YaCcTOTHI.
Brumanue. neobxooumocmsv pacuema pe3OHAHCHOU YACMOMbL 6
nepsyro ouepedv 00VCI081eHA meM, YMo 3HAs ee onpeoesemcs OUana3ow
UBMEHEHUsL 4acmom 6 00 Pe30HAHCHOU o0aacmu U 68 Nocie Pe30HAHCHOL
obnacmu.
Pe3onancHas 4acTtota @,, B OJEKTPUYECKMX LEMAX ONPEIENIEeTCs

3HAYCHHUSIMH [1apAMETPOB PEAKTUBHBIX HAKOMUTEIECW DHEPrUH, a HMEHHO:
BEJIMYMHON MHIYKTUBHOCTH L 1 Benmuunnoi emxoctu C [2].
1

a) —_—
o JL.C

1. Onpenenuth UCXoaHbIe qaHHbIC I pacueta B MathCAD 3aBucumocTeit
X, =f(w), X;=f(w), Z="1();
2. PaccunTaTh U NOCTPOUTH IpadUKu 3TUX 3aBUCUMOCTEH;




3. Onpenenuth ucxoaHble nanHble s pacdera B MathCAD 3aBucumocteit
| =f(w), U =f(w), U, =T(w), U="TF(0)U;="T(ov);
4. PaccuuTaTh M TIOCTPOUTH TpaUKH ITHX 3aBUCHMOCTEH W TPHUBECTH
pacueTHbIC JaHHBIC B BUC TaOJIHIIHI,
5. Onpenennth HCxoaHble HaHHBbIC A1 pacuera B MathCAD BpeMeHHBIX
3apucumocTeit U(t), i(t) mpu HOMHUHAIBHOM YacToTe;
6. Paccuntath M TMOCTPOUTH TpapUKHA ATHX 3aBHUCUMOCTEH W OMPEACIUTH
(a30BBIif CABUT MEXKAY HAPSHKEHUEM H TOKOM;
7. Cobparb cxemy nienu B EWB puc.5.;
8. V3meHsisi 4yacTOTy HMCTOYHMKA MHUTaHUS CHOPMHUPOBATH TAOIUIly IS
MIOCTPOCHHUS 3aBUCHUMOCTEH ¢ HcIosib3oBanueM Excel
| =f(w), U =Tf(w), U.=T(w), U="TF(0)U;="T(w);

9. CHATHh OCIIIJIOTPAMMBI HANPSKCHHs] UCTOYHMKA muTaHus U(t) u

Toka i(t) mpy HOMHHAIBHOM YaCTOTE U TI0 HUM OTIPEACTUTh (Hha30BBIN C/IBHUT.

10. IIpoBecTH CpaBHUTENBHBIN AaHAIW3 PE3YJIBTATOB HCCIEHOBAaHUN B
EWB u MathCAD.

TpeboBaHuMsA kK 0hOPMIEHUI0 UHAUBUAYANbLHOrO 3aaHusA

[Ipu BBINMOIHEHUM WHIWBHUIYAIBHOTO 3aJlaHUsl HEOOXOAUMO OTBETUTH
Ha CJIEAYIOIIUE BOIPOCHI:
1. Kakve BeauYMHBI MOTYT OBITh U3MEPEHBI MYJIBTUMETPOM B IPOTrpaMme
EWB.
2. Kak BBINOJHUTH MOBOPOT dJIeMEHTA B Tporpamme EWB.
3. Cxonpko coenuHeHuid B mporpamme EWB MOXHO moaBecT K OJHOMY
COEIMHSIOUIEMY Y3TTy.
4. Kakum 00pa3oM H3MEHSETCS HOMHHAIBHOE 3HAYEHHUE COMPOTUBIICHUS
pe3UCTOpa, KaKKe eIle mapameTpbl pe3UCTOpa MOTYT ObITh 3aaHbI.
5. MoxHo 11 yka3aTh Ha cxeme o0o3HaueHwus pesuctopoB R1, R2, .. u 1.1.,
Kak 3TO CAeNaTh.
6. Kak BIusitoT XapakTepUCTUKU TPUOOpa HA pe3yabTaT H3MEPEHUSI.
/. Tlpy u3MepeHun COMPOTHUBJIEHUS MYJIbTUMETPOM B LEMNH CO3JACTCA
HEKOTOpPBIN TOK, BIIUAET JIM BEJIMUMHA 3TOrO TOKA HA PE3yJIbTaT U3MEPEHUSI.
8. M0XHO 1M M3MEpPUTh BHYTPEHHEE COMPOTUBIICHHWE MCTOYHWKA TUTAHUS,
KaK 3TO CHENAaTh.
9. Uem ompenensercss KOIMYECTBO TOUCK B AJICKTPUUECKOM IEMU, UMEIOIINX
MOTEHIMAJI, OTJIMYHBINA OT MOTEHIMAJA APYTUX TOUYEK.
10. TIlpuBectn B OT4YETE€ CIHCOK HCIHOJB30BAHHOM B X0A€ paldOThI
JOTIOJIHUTENIBHOW JINTEPATYPhL, €CIIN TAKOU JINTEPATYPOU MOJIb30BATUCH.



Mpunoxexue 1
Cxembl u nonv3oeamenbeKan npozpamma 0J151 UCC/1e006AHUA AG/ICHUA

PE30Hanca

1. Ionvzosamenvckas npoepamma MathCAD
Hexonusle naHHbIe

E=1 L=10 C =100 fin = 30 an = 2-%-fnh mn = 314139
_3 i
X o= 2mfnl 10 ° Hl=3142 Um = 142 U= il U = 100400
He = : \E
°= P Xc = 31.831
2-m-fn-C- 10 W= - Hp

BpemenHas 3aBUCUMOCTD (OCHMIITIOTpaMMa) HalpsKEHHUsI HCTOYHUKA
MUATaHUsA
u(f) = Um sinon-t}
150

73

u(t) ]

-130
]

0.013 0.023 0.038 0.05
t

Puc. 5. Hanpsowcenue ucmounuka numanust
ToK, MPOTEKAOUIUHI 10 LIETIH.

$ = atan = | b= -1536 i(t) = 18442 sinfan-t — §)

w0

0 0.013 0.025 0.038 0.05
t
Puc. 6. Bpemennas 3a6ucumocms moxa 6 yenu
Jlnana3zoH N3MEHEHMS YaCTOThl UICTOYHHUKA MUTAHUS
o(f) =2-z-f f=3505_100

JlelicTByro1iee 3Ha4eHUE TOKA

u
I= —
=

2 2
E +X

3aBHCHUMOCTH napaMeTpoOB OT YaCTOThI

-

XI(f) = 2.aL-10 -f  Xle(h =

1 - .
_s L= JR* + (XU(f) - Xle(f))
27-£C-10



ZiH
5/

30 137.5 225 3123 400
f
Puc. 7. 3asucumocmu napamempoe ont 4acniomal

3aBUCUMOCTH TOKA, HANIPSXKEHUN, aKTUBHON MOIITHOCTH U COS () OT YaCTOTHI.

E U() = KH-XU(E) Uclf) = IH-Xlc(f) cos(f) = — £ =

I(f) =
&+ (an - x1e9)” R+ cacn - x1e9)
P(f) = ()R

120

100.17
8033

I 605
Y
2083

30 01.67 13333 175 216.67 258.33 300
f

Puc. 8. 3asucumocmu moka u Hanpﬂ:)fceﬂuﬁ oni yacmonivl

12 11-10*

09 8230
coz(f) 0.6 P(D 3500

0.3 2750

0
30 1125 173 2373 300 Djo 1125 175 2373 300

237,

f f
Puc. 9. 3asucumocmu COSQ u akmuHoU MOWHOCIIU OM YACHOMbI
2. CxeMmsbl JJ1s HCCIIEIOBAHUS PE30HAHCA TOKA

o}
250 uF

Il p mH

1
* 596 A& 4|
)m 220 vxs@& i 43

Puc. 10. Cxema onsa uccneoosanus senenus pe3oHauca
Jast cHATMS ocmwmiorpamMm Ui HampsbkeHuH Uy (t), u, (t), u.(t)

i

BTOPBIM IIyTIOM 2 ociuuiorpada moakiItouaTcs moo4epeHo K TOYKam
3a pE3UCTUBHBIM JIEMEHTOM R M MHIYKTUBHOCTHIO L .

3. IIpumep cxembpr B EWB nna wuccnmemoBanust mpolieccoB B
Pa3BETBIICHHOM JIEKTPUUECKOM 1ETU MOCTOSHHOTO TOKA.
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Puc. 11. Cxema onsa uccredosanus pazsemesiennuix snekmpudeckux yeneti ¢ EWB
C nomouiplo IIyna 2 OnpenesuTh MOTEeHIMalbl B y31ax 1, 2 u 3 1o
OTHOILIEHUIO K Y311y 4 cxemsl puc.11.
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