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BBEJAEHHUE

[IpenogaBaTeneM CTYIEHTY COOOIIAeTCs HOMEpP €ro CXEMbl LIeU U HOMEp
CTPOKH B TaOJUIIE C YUCICHHBIMH 3HAYECHUSIMU TIAPAMETPOB AIIEMEHTOB CXEMBI.

OO0beM paboThI IS CTYICHTA MPUBEICH B KAKIOM 3aJJaHUH.

Pacuyets! BeimonHsA0TCs B cucteme CH.

[TorpenrHocTh pacyeToB HE TOJKHA MPEBBIMATH 5.

[TocTpoenue rpadkoB MOXKHO BBINOIHATH C MMOMOIIBIO MAaKETOB MPUKIAIHBIX
IpPOrpaMm.

JHomaminee 3aganue oGpopmisieTcss B MUCbMEHHOM BUJE C COOJIIOJICHUEM Tpe-
O0OBaHMI1 HOPMATUBHBIX IOKYMEHTOB, IPUBEACHHBIX B pazzeine «Jlureparypay.

TpynoeMKOCTh U CIOKHOCTh KaXJOTO 3a/laHusl paccuuTaHa Ha CTYACHTOB
AIIEKTPOTEXHUYECKUX U DJIEKTPOMEXaHNUYECKUX CIEIUAIBHOCTEH; MPHU ONpeaeICHHON
CTETICHH aJanTalliy 33JaHusl MOTYT OBITh MCIOJIH30BAaHbI B yUeOHOM MPOIIECCE CIie-
[IUATBHOCTEH, Y KOTOPBIX DJIEKTPOTEXHUUYECKUE TUCHUIUIMHBI HE SIBISIOTCS TIpPO-
(UITBHBIMU.

Kaxxgoe nomaraee 3aianue CHaOXEHO TPUMEPOM THUIIOBOTO pacyeTa.

SAJJAHUE Nel
PACYET HEIIN TIOCTOAHHOI'O TOKA

3agaHa IMHENHHas dJIEKTpUUECKas 1elb MOCTOsTHHOTO Toka (puc. 1.1 — 1.40) u
napaMeTphl ee ieMeHToB (Tadn. 1.1).
TpeOyercs:
1. Haueptutsb rpad nienu, nepeBbs u qonoiHeHus. CoctaBUTh Tonorpaduyueckue
MaTPHUIIBI LETIH.
2. Paccuurarh TOKM BO BCEX BETBIX METOJIOM Yy3JIOBBIX MOTCHIIUAJIOB.
3. Paccunrtarh TOKM BO BCEX BETBSIX METOJIOM KOHTYPHBIX TOKOB, CDAaBHUTH C pe-
3yJbTaTaMU pacuera 1o 1. 2.
OnpenenuTh MOKa3aHUs BOJIHTMETPOB.
[IpoBepuTth OamaHC MOLIHOCTH.
PaccunTaTh 3HaUCHUS MMOTEHITMAIOB TOYCK COCTMHECHHMS 3JIEMEHTOB BHEIITHETO
KOHTYpa IIEIH, TOCTPOUTH OTCHIIMAJIbHYIO JUarpaMmy. BeiOpaTh onTuMais-
HYIO TOYKY 3a3€MJICHUS.
7. PaccunTarh 3HaUYCHHE TOKA B IICTIH, YKA3aHHOM MPEIO aBaTeieM, METOI0OM JK-
BHUBAJICHTHOTO MCTOYHHKA TOKA.
8. Paccuurarh 3HaueHUE TOKA B IETH, YKa3aHHOU MpernoiaBaresieM, METOJ0M dK-
BUBaJICHTHOTO McTounuka JJIC.
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INPUMEP PACYETA

le R, I

<
° I I °

Rs
Ty
|
—
E; d
— (_,) (V2)
Puc. 1.41

Cxema 3JeKTpUYECKOi 1IeN MOCTOSTHHOTO TOKa npuBeaeHa Ha puc. 1.41. Yuc-
JIOBBIE TAaHHEIE CBEACHEI B Ta0I. 1.2.

Tabmuma 1.2
Jo E: E> Es = R1 R2 R3 R4 Rs Re Go
A B B B B Om Om OMm OmMm OmMm OMm CMm

12 110 | 220 | 110 | 110 10 15 12 8 12 9 0,2

1. OpuenTupoBaHHblii rpad, AepeBbsi, J0N0JTHEHHUSA, OCHOBHbIe TONMOrpadu-
YyecKHe MaTpHUIbI
1.1. Yeptum opueHTUpoBaHHBIN Tpad manHou nenu (puc. 1.42). [ns sToro B
CXEME€ LIETH UCKI0YAEM BCE BETBH, 110 KOTOPBIM HE MPOTEKAIOT JIEKTPUUECKUE TOKH,
B HalleMm ciydae 370 BeTBb No4, copepxamiast Ry u £y, 1 BETBU C BOJbTMETpaMu. 3a-
TEM BETBU LIEMH C AJIEMEHTaMH H300pa’kaeM OTpe3KaMHu MPSIMbIX, Y3JIbl NEpPBOHA-
YaJbHOM 1IENU U Y3716l Tpada coBmaaatoT.

Puc. 1.42

3nech @, @, @ ,@ —y3nel Tpada ; 0, 1, 2, 3, 5, 6 — BeTBU rpada. [1po-

M3BOJIbHO 3a1a€MCs HAIIPpaBJICHUEM BETBEH rpa(ba.
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Jlaraomy Tpady COOTBETCTBYET CIEIYIONIUE NEPEBbhs, MPUBEIACHHBIC HA PHC.

1.43 — 1.45. JlocTaTOYHO MOCTPOUTH CTOJBKO JCPEBHEB, CKOJIBKO HE3aBUCHUMBIX y3-

JIOB B CXE€M€, KOJIMYECTBO KOTOPBIX PABHO OOIIEMY KOJUYECTBY Y3JIOB, YMEHBIIICH-
HOMY Ha EJUHUILY.

JlepeBbs JlononHeHus

® @ O @

3
Puc. 1.44 Puc. 1.47

@

¢ L9 @ l@

3
Puc. 1.45 Puc. 1.48

CoOTBETCTBYIOUIUE JOMOJHEHUS K MOKa3aHHBIM JIEPEBbSIM MTPUBEJEHBI HA PUC.
1.46 — 1.48.
Jlns nepesa Ha puc. 1.43. cocTaBUM OCHOBHbIE TONOrpaduyeckue MaTpuisl (A,

Q, D).

1.2. CocraBum maTpuily coeaunenunii (A). KonnuecTBo cTpOK MaTpHIIbl paB-
HO KOJIMYECTBY Y3JIOB, YMEHBIIICHHOMY Ha €UHUITY, & KOJUIECTBO CTOJIOIOB — KO-
JII/I‘leCTBf BeTBeil rpada. [l aToro Ha rpade BEIOEPEM CIEAYIOIINE Y3IIbI : Y3ell )

y3en , y3el @ . Torna
0 1 2 3

)
@10 0 1 0 -
A=@o0 -1 -1 0 0 1
®0 0 1 -1 -1 0
1.3. CocraBum matpuily riaBHbeIX ceueHuit (Q) . Just atoro Ha rpade (puc.

1.42) mokaxkem cienapl riaaBHbIX ceuenuit ({1}, {2}, {3}) u yurem nepeBo, npuBeIeH-

Hoe Ha puc. 1.43.
Matpuia Q nmeer Bua
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O 1 2 3 5 6
1 o o -1 0 1
Q=1 1 1 -1 0 O
@Yo 0 —1 1 1 0

1.4. CocraBuM maTpuily riaBHBIX KOHTYpoB (B). Jlyst aToro Ha rpade (puc.
1.42) BpIOEpeM TrjaBHBIE KOHTYpHl (OHHU OYAyT OMNPENENATh CTPOKH MATpPHIIbI) U
ydTeM JomnoJIHeHUE Ha puc. 1.46. I'maBublid KOHTYp Nel cocrout u3 BetBen 0, 1, 6.
I'maBHbIl KOHTYp Ne2 coctouT u3 BeTBe 1, 2, 5. I'maBHbIM KOHTYp Ne3 cocTOHUT U3
BetBei 0, 3, 5.

Martpuna B BEITIISIAUT ClieyI0omuM 00pa3oMm:

O 1 2 3 5 6

11 -2 00 0 -
B=20 110 1 ol

31 0 01 -1 0

2. Pacyer TOKOB BO BCeX BETBAX IeNH METO0M Y3JIOBBIX HANPSIJKEHUI.

Ha puc. 1.49 uzo6paxkeHna cxema, 1o KOTOpou Mpou3BoauM pacyeT. OHa momy-
YaeTcs U3 MePBOHAYAILHOM MCKIIIOYCHHEM BETBH, coaepikaiiei Ry u Ey4, (TOK B 31O
BETBH PaBEH HYJIIO, T.K. JUIsl HETO HET 3aMKHYTOTO IyTH), U BETBEH, COIEpKaIIUX
BOJIETMETPHI (BHYTPEHHEE COMTPOTUBJIEHUE BOJIBTMETPA —>00).

R, P [Ipou3BoJibHO 3a1aIuMCs
4_
i — HOJIOKATCILHBIMA ~ HAITPaBJICHUS
Iel o TOKOB B BETBSIX (OHHM COBIIAJAIOT C
. T R, opueHTalnuel BeTBeil rpada, moka-
I: 6 I/ (T E, 3aHHOro Ha puc. 1.42) u mokakem
Go e ux cTpenkamu. Ecnu B pesynbrare
1 »—|:|—l ! eI Rs pacyera TOKM IIOJy4yaTcs OTpHULA-
— —> - TEJBHBIMH, BBHIOPAHHBIE ITOJIOXKH-
2 TEJbHBIE HAIPABICHUS 3THX TOKOB
L
R E, HY>KHO TIOMEHSTH (3a4epKHYTh) Ha
Jo 3 IPOTUBOIIOJIOKHOE (TIOKa3aTh HO-
] > N ¥
 — — BOM CTPEJIKO).
3 udpamu 1, 2, 3, 4 Ha cxeme
Puc. 1.49

(puc. 1.49) nponymepyeM y3ibl. 3a
0a3ucHBIN y3en mpuMeM y3enl 4 u OyJeM CuuTaTh €ro MOTEHIMAJ PAaBHBIM HYITIO
((P4 =0).

Hariem noreHumnanbsl OCTAIBHBIX Y3JIO0B.

[ToreHnuanbl y3710B MOKHO HAWTHU C TOMOIIBIO MATPUYHOTO YPaBHEHUS

A G(B)AT(pz AJ(B)_AG(B) E(B)

a HAIIPSDKEHUS BETBEU 10 YPABHEHUIO
u® =A'ep.
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Is

Bepxunit nnnexkc (B) o3sHa-
YyaeT MPUHAJJIEKHOCTh K BETBH II€-
nu, T — 3HaK TPaHCIOHUPOBAHUS
MaTpPHUIIbI, G® _ jmaromanbmas
MaTpulla MPOBOJUMOCTEN BETBEW,
¢ — MaTpuia-crogder MOoTeHIHa-
noB y3i0B, J® — Marpuma-cronber
TOKOB HCTOYHHMKOB TOKa, E®
Matpuna-croiaoer; IJIC BerBei,
u® — MaTpUIla HaANpPsSOKEHUNA BET-
;178

-

Ecnu nens mpoctas (koJu-
YECTBO Y3JI0B MaJi0), KaK B JAaHHOM
Cly4yae, Y3JIOBbIE YPaBHEHHUSI CO-

Puc. 1.50

CTaBJIAIOTCA HCIIOCPCACTBCHHO I10 CXCMC 0e3 HCIOJIb30BaHUS MaTpHuiIl.

Rs Re R Rs
1 03 =
=+ |, -2 =—=tyg
(Rl Re Go) 0, Rs 0.Go o
(LLA]. 0 0 _E_E:
R: Rs R Rs Rz R:3 R

ITocne pacuera monyunm : @;=-110,3 B, ¢, =-74,4 B, ¢@3=-89,5 B.

ITo 3aKOHY Owma AJI y4aCTKa O, COACPKAIICTO NI HE COACPIKAIICTO UC-

TOYHHK SI[C, COCTaBUM YPAaBHCHUA I HAXOKIACHNA TOKOB BO BCCX BCTBAX LICIIN

0

3

| _0T9 | :(P2+E1 | :(P3+E2
o 1/ Go ’ . R1 ’ 2 R> ’
| _ 9=+ Es | ) | _ %
3 ' 5 ! 6
Rs Rs Re
[ToacTaBuM B 3TH HOPMYIIBI YUCICHHBIC 3HAUCHUS U PACCUUTAEM TOKH
=_110’3+74’4=—7,18A, | :M:&%A’ :M:SJA,
1/0,2 1 10 2 15
=_110’3+89'5+110=7,44A, | =_89'5+74’4=—1,26A, | :110’3212,26A.
12 5 12 6 9

Toxu lp u |5 monyunnucek oTpULlaTEIbHBIE, CIEAOBATEIBHO, UX MEPBOHAYAIBHO BbI-
OpaHHOE HAIPABJICHUE HYKHO MIOMEHATH Ha MTPOTUBOIIOJIOKHOE.

[TpoBepka TOKOB MPOU3BOIUTCS 110 TIEpBOMY 3akoHY Kupxroda.

3. PacuyeT TOKOB B BeTBSIX LIeNIH METOAOM KOHTYPHBIX TOKOB.
Pacuet npousBoaures no cxeme Ha puc. 1.50.
Bribepem He3aBUCHMBIE KOHTYpPBI M ITPOU3BOJIBHO 3318 JUMCs HallpaBJICHUSAMHU

KOHTYPHBIX TOKOB (¢ , lio , l3) B HUX.
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KoHTypHBIE TOKH MOXHO HAHTH C MOMOIIBI0 MATPUIHOTO YPABHEHUS
B) pT 1K) — (B) (B) 1(B)
BRYB I'V=BE"™-BR"Y J",
d TOKH B BETBAX HAXOOATCA U3 ypaBHeHI/Ii/'I
|(B) — BT |(K)
B v ) K
R( ) — ManI/IHa COHpOTI/IBJIeHI/II/I BCTBCH, I( ) — ManI/IHa KOHTypHBIX TOKOB.
ECJII/I ICIIb HpOCTaﬂ, KOHTypHLIe ypaBHeHI/IH COCTABJISIKOTCA HeHOCpeHCTBeHHO
I10 CXEMCEC 663 HCITIOJIB30BAHU I ManI/IH

-

1 1 J,
RetRi+— ['la—Rile——ls=Ei+—,
Go Go Go
(Rs+R2+R1) I o—Ril a—Rsl e =—Ei+Ea,
1 1 J,
—+Rs+R3 ' ls—Rsle——la=E;——.
Go Go Go

[ToacTaBuM YMCIIEHHBIEC 3HAYCHUS
241,,-101,,-51,5=170,
-101,4+371,-121 =110,
—51a—12],,+29],5=50.

PemuB cucremy, nonyuum |y =12,26 A; 1o, =8,7 A; 1 3=7,44 A.

TeHepB Haﬁl[eM TOKH B BE€TBAX KaK KOM6I/IHaHI/H/I KOHTypHBIX TOKOB
|0 = IK3—IK1+\]O = 7,18 A 5 |1 = |K1—|K2: 3,56 A 5 |2 = |K2:8,7 A , |3 = |K3: 7,44 A 5
|4: 0 ; |5: |K2—|K3: 1,26 A |5: |K1: 12,26 A.

4. OnpenesieHne NOKa3aHUM
BOJIbTMETPOB

Jns omnpeneneHus mnoka-
3aHui BoIbTMETPOB Vi U V, co-
CTaBUM YpaBHEHUS, HCIIOIb3Ys
BTOpoil 3akoH Kwupxroda. s
ATOro BbIOEpEM HaIpaBICHUS
00x0/1a HanboJIee MPOCTHIX KOH-
TYpOB, B KOTOPBIE BXOJSAT BOJIb-
TMETPBI, U TIOKaKEM MX Ha pHUC.
1.51. YpaBHeHHs 1Jis1 3TUX KOH-
TYpPOB UMEIOT BU/L

Uv1+R1|1_R2 |2=E11
Uy, +R; I;=E; +E,.
Otkyna U,=E-R 1L1+R, 1., U,=E+E,-R;1Is.

ITocne IIOACTAaHOBKH YHMCJIICHHBIX 3HAUCHUM B YPAaBHCHUA ITOJTYUUM:

Uv,=110-10x%3,56+15%8,7=204,9 B, U,,=110+110-12x7,43 -=130,84 B .

Puc. 1.51
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5. IIpoBepka 6ananca MOIHOCTH
CocTtaBuM ypaBHEHHE AJI MPOBEPKH OaslaHca MOTPEOIIEMON U TeHEPUPYEMOit
MOIIHOCTEN B uccieayeMoi uenu. Cnenayer 3aMeTUTh, 4TO eciau HampasieHue J/(C
MCTOYHMKA U HaIlpaBJIeHUE TOKA, MPOTEKAIOIIEro Yepe3 Hero, He COBMAAAIOT, TO JaH-
HbIi ncTouHUK DJ{C sBIsIeTCS TOTPEOUTENEM MOIITHOCTH.

2
2 2 2 2 2 Il I,
+ + + + +2=E | +E.I.+EI.+—>J .
|1R1 |2R2 |3R3 I5R5 |6R6 G 171 272 3°3 G 0
0 0
[Tocne moIcTaHOBKY YMCIIEHHBIX 3HAYCHUN MOJTYYUM

3,567 -10+8,7% -15+7.432 -124+1,262 - 12+12.26% -9+ 11 =

=110 -3,56 +220 -8,7+110 743+%3 12 -

3554,13 Bt = 3553,7 Br.
Paccunraem pacxokaeHne B MOJyYUBIINXCS 3HAUEHUAX

Po”Pucr g0 5 355413-3558,7 100 010p

Pur 3554,13

bananc MoniHocTel B mpeaenax MOrpemHOCTH COOM0JAETCs, YTO CBHJIETENb-
CTBYET O JIOCTOBEPHOCTU PACCUUTAHHBIX 3HAUCHUSX TOKOB.

o=

6. PacueTr moTeHIIUAJIOB B
TOYKAaX COeIUHEHMSsI IJIeMeH-
TOB BHEIIIHEr0 KOHTYpPAa H Mo-

CTPOEHHE MOTEHIMAJIbHOM

AHATPaAMMBI
bykBamu a, b, ¢, d, e Ha
puc. 1.52 o0o3HauuM TOYKH
BHEIITHETO KOHTYpa, ISl KOTO-
pBIX Oy/IeM MCKaTh IMOTEHITUAIBI.
IToTeHIMaN TOYKKA CXEMBbI LICIIH,

0003HAYEHHON KakK J— npea-
Puc. 1.52 HojlaraeTcss  paBHBIM  HYIIIO

QC.=Qo+Es=Ey, op=Es+1sRs,
o:.=0pt LRy, @©qg=0¢.—E>,
Qe =@a—FE3, @©,=@q+I3Rs.

[Tociie moACTaHOBKY YHCIIEHHBIX 3HAYEHUN MOJIYYUM

0=110 B, @, =110+12,26x9=22031 B,  ¢.=220,34+8,7x15=350,84 B,
(0¢=350,84-220=130,77 B, .=130,84-110=20,84 B, ¢,=20,84+7,43x12=110 B.
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Puc. 1.53

[TorydeHHBIC 3HAYCHHS TIOTCHIIMAIOB MCIIOJIB3yeM JIJISl TMOCTPOSHUS TMOTCHITN-
anpHOM nuarpammel (puc. 1.53). ITo ocu abciuce oTKiIaabIBaéM 3HAYEHUS COMPOTHUB-
JICHUH YYaCTKOB BHEITHETO KOHTYpa, IPHYEM 3HAUE€HHUE COMPOTHUBIICHUS ydacTKa OT-
KJIaJIpIBa€M HE OT Hauaja KOOPAMHAT, a OT 3HAYCHUS CONMPOTUBIICHUS MPEABIAYIIETO
ydactka. [lo ocu opauwHAT OTKIaAbIBaeM 3HAYCHHS MOTCHIIMAJIOB TOUYEK BHEITHETO
KOHTYpa, BCE 3HAUCHMsI OTKJIAJIbIBAEM OT Hadajga KOOpAUHAT.

BriOupaem TOUYKy BHEIIHETO0 KOHTYpa COCIMHEHHsI C KOPITYCOM YCTpPOMCTBA,
TakuM 00pa3oM, 4ToObI PA3HOCTh MOTEHIIMATIOB JAHHOW TOYKU | JIFOOOU IPyroil Tou-
KU BHEIITHETO KOHTYypa Obllla MUHUMAJIBHOM. DTO TOuKa «U».

7. PacueT TOKa B CONPOTHUBJIEHUN R; MeTOI0M IKBUBAJIEHTHOT O
HCTOYHUKA TOKA
PacueTHas cxema nokaszaHa Ha puc. 1.54.
[IpuMeyaHue: B CXeMe BBINMOJHEHO MPE00-
pa3oBaHUME HCTOYHUKA TOKAa B HCTOYHHUK

S1C.

R =i=i=5 Om ,
o G, 02
J
E =—°=£=60 B.
o G, 02
PemaeM 3agadyy mo MeToAy KOHTYPHBIX
(1 —> TOKOB. Crcrema ypaBHEHUM:
R; E; IK.31'(R6+R0 )+0_IK.33RO:EO+E1’
Puc. 1.54 O+1.,"\R,+R )+ ,.Rs=—E,+E,,

Tl Ro T L Re Tl Ry TR ARy J=E, —E,,

ITocne noACTaHOBKM YHCIIEHHBIX 3HAYEHUN CUCTEMA YPAaBHEHNUN IIPUHUMAET BU]T

16



14|K.31+O—5 | ss = 60 +110,
0+27] 52 +12] 3= —220+110,
-5] K.31+12 Ly, ™ 291 ss = 50.

PemmB cucremy ypaBHEHUI, ONPEEIUM KOHTYPHBIE TOKH B PEKHME KOPOTKOTO 3a-
MBIKaHUSI
lesn =1475 A, s =-732 A, 1,3=729 A.

Torma Tok SKBUBaJICHTHOTO UCTOYHUKA paBeH J, ;. = |1+ | ;2 =7,43 A.

OmnpenensieM BHYTPEHHIOI IPOBOJAUMOCTb SKBHUBAJIEHTHOIO MCTOYHUKA TOKA.
JUis 5TOro BBIYMCIUM 3KBHUBAJIEHTHOE CONPOTUBIIEHUE 1ienu. [lepeBeneM HCXOaHYIO
LIENb B ITACCUBHBIN PEXUM IIyTEM HCKIIIOUEHUSI UCTOYHUKOB - PEAJIbHbIE NCTOUYHUKU
O/1C npenctaBigOTCS UX BHYTPEHHUMHU CONPOTHUBIICHHSMU (E€CIU B LEMU €CTh pe-
aJIbHBIE UCTOYHUKH TOKA, TO OHH BMECTE C BETBSIMH, B KOTOPBIX OHU PACIIOJIOKEHBI,
yOHparoTCs U3 CXEMBI LIETIH ) IT0OKa3aHa Ha puc. 1.55.

BhImoTHIM 3KBUBAJICHTHBIE PpeoOpazoBanusi cxemsl (puc. 1.56 — 1.57)

16 1 | RO RG
1
Rﬁﬁ] a | I |
a 0
] = —
1
v D |
Ro R5 | I |
R5 R2
1
I
Rs
Puc. 1.55 Puc. 1.56
Re
R0 1
a ._g
Rso
Ras —
| I
R2
Puc. 1.57
R = RR 910 g5 oy o RR 312 55 0y

% Ry*R.+R, 5+10+12 % RFR+R, 27

R:'Rs :10'12:4’44 O™, R :(R30+R6)'(R35+R2)

R, = + Reo =
¥ RytRsTRy 27 " RytRetRistRy
_(222+9)-(444+15) oo (5 506 Ow, c =—— =1 _0112 cm.
2,22+9+4,44+15 R 8,96
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COOTBETCTBEHHO I/IHTepCCYI-OHII/Iﬁ HacC TOK paBCH:

L= Y o= I8 g13m1A
1 G _+g, ~t 0112+01
_>|6 X.X. R2
N 8. Pacuer TOKa B comnpo-
I — THBJIeHNN R, MeTOIOM DK-
R a _Uxx BHBAJIEHTHOI0 HCTOYHHKA
] R o, (De IIC
Go E R, HaligeHO paHee B
. Rs pEIIeHUH 10 METOTy SKBHBA-
te— :'_« JIEHTHOT'O MCTOYHHKA TOKA.

loxx. Ucxonnyro CXEMY

R, E, npeoOpa3zyemM K BHUIY, MOKa-
Jo — 3aHHOMY Ha puc.1.58.
— HanpspkeHne X010¢Toro xo-
Puc. 1.58 Jla ONPEHCIACTCA U3 ypaBHE-
HUS1, COCTABIEHHOTO B COOTBETCTBUHU CO BTOPBIM 3akoHOM Kupxroga:
1 1
U —Relg, — 1o ====E +E
Rﬁ 6x.X. GO 0x.X. 0’2 1 6,

U, x=68,27 B.

Otcrona Tok B BeTBU Nel pasen:
U 6827

X.X..

1 R B+Rl_8,86+10

K]

=356 A.

3AJJAHUE Ne 2
PACUYET JUHEHHOM SJEKTPUUYECKOMH LIENIN
CUHYCOMJAJBHOI'O TOKA KOMIIJIEKCHBIM METO/10M

BBINOTHUTE pacyeT JIMHEMHOM JJIEKTPUYECKON LIENH KOMIUIEKCHBIM METOJIOM B
COOTBETCTBUM CO CXEMaMH, MPUBEJICHHBIMU Ha puUC. 2.1 — 2.4 u copepKaluuMu CUHY-
couganbHble ucTOUHMKU IJ[C 1 TOKa:

e=E,sin(ot+y,), J=1J,sin(ot+y,)

rae € u J — mraoBeHHbie 3HaueHus J/C u toka, En u J,, — aMmnTyIHbIE 3HAYEHUS
O/J1C u ToKa, e U y; — HavanbHbIC (Pa3bl D/]C 1 ToKa COOTBETCTBEHHO; () — KPyroBas
gacrota (w=2nf ); t — Tekymiee BpeMmsL.

YucioBble MaHHBIE MapaMETPOB HMCTOYHUKOB W DJIEMEHTOB CXEM 3aJaHbl B
Tadmn. 2.1.

TpeOyercs:

1. Paccuntarh TOKM BO BCEX BETBAX MPUEMHUKA U HAMPSIKEHUE HA 32KUMAX BET-

BeU npuemMHuKa. [IpoBecTr MpoBEpKy NMONYYEHHBIX 3HAYEHHUU MO IEPBOMY U BTOPO-
My 3akoHaMm Kupxroda (1711 HE3aBHCUMBIX y3JI0B 1 KOHTYPOB COOTBETCTBEHHO), TPU
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ATOM OTHOCHUTENbHAS MOTPEIIHOCTh MPOBEACHHBIX PACUETOB HE JIOJKHA MPEBBIIIATh
5 %.

2. OnpenenuTh ASHCTBYIONIME 3HAUYECHUS TOKOB BO BCEX BETBSIX AJICKTPUUYECKOM
[ENU ¥ HaNPsDKEHUH Ha 3aKMMaX BETBE MPUEMHHKA.

3. OnpenenuTs oKa3aHus TpuOOPOB: amrepmeTpa A, BoJIbTMETpa V U BaTTMET-
paW.

4. PaccuuTaTh aKTUBHYIO, PEAKTUBHYIO U IMOJHYIO MOIIHOCTH B KOMIUJIEKCHOM
dbopme, K03hHUIMEHT MOIITHOCTH TpueMHuKa. [IpoBepuTh OanaHc MoOIIHOCTEH (OT-
HOCHUTEJIbHAS IOTPEIIHOCTh IPOBEICHHBIX PACYETOB HE JOJKHA MpeBbILATh 1 %).

5. Ha KOMIUIEKCHOH IIOCKOCTH MOCTPOUTH BEKTOpHYIO auarpammy 2J[C, TOKOB
u HanpspkeHuil. [IpoBeputs 3akonbl Kupxroga.

6. Hamicath BbIpayKeHHS ISl MTHOBEHHBIX 3Ha4YeHMH Toka (1), HarmpsukeHus (U),
aKTHBHOM (P,), peaKTUBHOM (P,) M IOJNHOM (P) MOIIHOCTEH Ha 3a)KMMaX IPMEMHUKA.
[TocTpouTh rpadhMku 3aBUCUMOCTEH 3THX BEJIMYMH OT BpeMeHH (t).

BapuanTbl 1oManiHero 3ajiaHus

LD®

E:

Puc. 2.1 Puc. 2.2
ﬁ w Gez A w
D® DG

E, E

SO ©

Puc. 2.3 Puc. 2.4
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Tabmura 2.1

% Emt | we | Ry | Xy | dm | wi | G | R Ly C1 Rz Lo Cz Rs Ls Cs f
B rpan Om Om A rpan Cm Om Ml MKD Om M['H MKD Om Ml MEKD T'u
1 120 45 5 4 60 -25 0,25 4 2 0 10 35 100 20 40 500 50
2 30 40 6 3 25 25 0,2 4 0,5 0 10 3,5 50 18 4 20 500
3 90 -40 4 5 40 35 0,3 5 0,2 3 12 0 3 15 0,3 2 5000
4 140 50 3 3 80 0 0,15 8 4 100 14 45 80 16 60 ) 50
5 40 54 2 6 30 20 0,2 10 15 80 18 4,5 00 22 5,5 40 500
6 115 -25 4 4 65 -45 0,2 12 0,5 5 20 0,75 4 30 0 4 5000
7 250 10 6 4 120 60 0,4 3 3 0 16 140 20 28 250 40 50
8 210 20 8 5 120 35 0,3 7 0 65 15 6,5 40 25 6 55 500
9 140 -35 5 4 90 10 0,2 10 0,7 0 18 0,5 5 20 0,4 6 5000
10 70 42 6 2 45 -22 0,1 6 9 75 30 150 0 45 220 180 50
11 150 28 5 2 80 60 0,3 6 1,2 50 25 0 30 32 25 5 500
12 65 -48 2 6 36 48 0,2 14 0 3 16 4,5 0,4 18 0,45 0,3 5000
13 90 53 4 4 55 -22 0,4 10 5,6 70 24 40 55 25 180 ) 50
14 30 45 5 3 20 -45 0,2 18 2,4 35 22 15 45 27 0 38 500
15 20 -10 5 2 40 30 0,15 16 3 0 12 0,44 9 26 0,34 2,5 5000
16 110 40 6 3 70 20 0,1 3 4 45 15 40 90 0 30 400 50
17 40 -50 7 5 20 70 0.2 5 3 30 12 32 83 17 3,7 40 500
18 72 34 4 5 45 43 0,25 0 0,4 5 16 0,8 5 18 0,2 3 5000
19 100 62 5 4 30 -26 0,2 9 2 0 17 32 33 40 200 150 50
20 60 -38 7 2 35 60 0,15 4 15 40 12 0 35 28 42 47 500
21 160 38 5 4 85 -38 0,25 12 0,6 55 42 3,6 0,5 30 0 0,2 5000
22 310 23 3 5 160 -25 0,1 12 42 0 42 180 30 34 320 30 50
23 190 67 5 4 100 33 0,3 12 3,6 30 37 36 3,5 32 24 o) 500
24 150 15 6 2 80 -15 0,2 12 0,6 o0 40 2,6 2 30 3,2 24 5000
25 25 25 5 2 15 15 0,1 4 6 47 16 110 35 17 70 00 50
26 42 -40 8 6 20 30 0,15 4 13 o0 15 7 25 14 11 5,6 500
27 27 29 5 2 17 67 0,1 4 0,15 32 14 1,8 0 16 0,45 1,25 | 5000
28 400 20 8 4 250 -20 0,2 3 4,5 0 12 54 80 20 300 60 50
29 60 60 5 4 27 -28 0,3 8 2,4 10 16 18 7,2 23 0 12 500
30 55 45 7 5 45 -30 0,2 6 0,4 38 45 54 00 50 0,45 0,3 5000
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INPUMEP PACYETA

Ha puc. 2.1 npuBeneHa cxema 3JIEKTPUUYECKON 1IeTH, CollepKalle NCTOYHUKU
O/1C u Toka, YMCIIEHHbIE 3HAYCHUS [TapaMeTPOB MPUBEICHHI B Ta0I. 2.2.

Tabmura 2.2
Emi | wg | dm | y; | Re | Lo | G | R | Lo | Co | Rg | Ls | Cs
B rpan A rpax | Om | M[H | MK® | OM | M[H | MK® | OM | M['H | MKD
25 0 15 30 2 0,6 0 12 4,5 60 18 3 12

f R G L

B B, B1
I'm OMm CMm ml'H
500 5 0,25 | 1,27

1.  IlpenBapuTelbHO BBIIOJIHUM SKBMBAJIEHTHOE IPEOOPA30BAHKUE CXEMBI:
3aMEHUM UCTOYHMK TOKa J =J, sin(ot +y,) SN =10,71e3% =9,28+ j5,36 A,

* V2
Ha SKBUBAJICHTHBIN WCTOYHUK JIC (E,)) C

L), 10,716
Gy 0,25
R -2 -1 _som

> Gy, 025
[Tonyunnm nBa mocien0BaTeNbHO COEAUHEHHBIX HCTOUHUKA DIC:
E.2 51 E1 (e, =E,sin oat:.E =17,86 B, E =17,86 B), 3aMeHUM X OAHUM

J2

SKBUBaJIEHTHBIM rcTogHuKOM D/IC ( E ).

=42,84¢' =37,1+ j21,42 B ¥ BHYTpPEHHUM CONPOTHUBJICHHUEM

N

E,, =E—E, =17,86-37,1— j21,42=—19, 24— j21,42 =28, 79" B,
R = RBl + RBZ :5+4 = QOM’ ZZ)KB.BX: R3I<B.Bx+ jXLBl :9+ j4:9,8&j23960 OM_

OKB.BX

2. Paccuuraem sKBHUBaJICHTHOE CONPOTUBIICHUE IPUEMHUKA

oo narpyon =Z1+ ZZZZE  Zy =R+ X, =2+ j188=275/% O,

2 3
Z, =R, +j(X, —Xc,) =12+ j8,82=14,8%"°5% O,
Z, =R+ j(X, — X )=18-j1712=2484e1***° Om, Zzzfzg 118822 ~1176+ L7 Om,
=2 ' =3
Zax&narpw =2+ Jl,88+1l,76+ Jl,? :]_3,76+ 13’58 214’22ej14,58” OM.

3. PaccunTaem mosiHOE CONPOTHUBIICHUE LIETTH

Z o =Zy+ Loy arpyen =9+ JA+1376+ [358=2276+ j7,58=2399%"%** Om.

Pesynbrathl pacueToB cBeAeHbI B Ta0m. 2.3.
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Tab6muna 2.3

B anre6panyeckoii popme | B nokazarenpHoi# hopme
ConpoTuBieHHE Ont
VAN 9+ j4 085012396
Z s arpyon 13,76+ ;3,58 14,200 1458
Z 2+ j1,88 27514323
z, 12+ /8,82 14,89¢ 1%
Z, 18— /17,12 2484714356
z%izi 1176+ j1,7 118801822
Z,+Z; 30— ;83 31131154
Z, 22,76+ j7,58 23,90 11842
X L, j4 4%
X, j1.88 188¢1%
X, j1413 141310
- iXe, — j5.31 5316-1%
Xy, j9.42 0,421
—IXe, — /26,54 26,541
RB1 5 5
R132 4 4
R 2 2
R, 12 12
R, 18 18
X, 1,88 1,88
X, 8,82 8,82
Xq -17,12 -17,12
4. PaccunTaeMm TOKH B BETBSIX MPUEMHUKA

E_ 28791

j— OKB

Y Z. 23,99l

=1,200% =104 0,504,

. . j29,65° —j43,56° S i
e _L20eTT 2484 TR 4 ggeiss __0,96- j0,03A,
Zz +Z3 31 13715
l,=1,—1, =104+ j0,59—0,96— j0,03=0,08+ jO,56 = 0,57/ A.
S, PaccuuTaem HanpspkeHUs Ha dJeMeHTax 1enu (puc. 2.5)

Uo=1,Z,,,, =1200/2% .0 85025 _11 82ei%0' B, U, =|, R =1 206/2% .2=2, 40012 B,
Uy =1, X, =1200/%% 1,886/ =2,26e°* B, Ux =1, R, =0,96e"** .12=11,52"*" B,
Uss =1, jX,, =0,96¢/" 14,13/ =13,56¢1" B,
U = I, (—iX,,) = 0,96 .5,31e %" =51 i®* B, U, = I, R, =0,57e/*"" .18 =10, 26¢1"*™ B
22



U =1, jX,, =0,57e’%%".9,42e1%" =537/ B,

Uge = I5(~ X, ) =0,57e/%9" . 26,54¢ 1" =15,13¢ 1% B,
0 1

9
O
Puc. 2.5

[lo momydeHHBIM Be-
JWYMHAM CTPOUM BEKTOPHYIO
auarpaMmy TOKOB (COTJIacHO
nepBoMy 3akoHy Kupxroda)
U TOomorpaduiecKyro aua-
rpaMMy HamnpsokeHuH  (co-
[JIACHO  BTOPOMY  3aKOHY
Kupxroda, puc. 2.6).

Buumanue. Bexmoprul
HAanpsicenus U MmoxKa Ha aK-
MUBHOM conpomueneHuu

cosénaoaiom no Hanpaeie-
HUIO, B6€KMoOp HANPAXNCEHUA
Ha qumeu@HOCWlu onepe-

acaem 6€eKmop mokKka Ha y2oJi 900,' BEKMOpP HANDAINCEHUS HA eMKoCcmu omcmaenm om

sekmopa moxa Ha y2on 90°.

6. OnpenenuM nmokazaHusi IpruOOPoOB
® aMIepMeTp MOKa3bIBAeT JEHCTBYIOIIEE 3HaUCHUE TOKA [,
1, =12 A;
® BOJIETMETp MOKA3bIBACT JICHCTBYIOMIEE 3HaUeHNEe HanpskeHus U, =U,,

Uy =Upp+ U+ Uy, +U g+ Uy = 2,4619% 42, 26001955 1115201155 13,5601 45,1714
=2,09+ j1,19-1,12+ j1,96+11,51+ jO,31-0,37+ j13,56+0,13- j5,09=17,06e!** B.
U, =17,06 B;

. BaTTMETP MMOKA3bIBACT AaKTUBHYIO MOIITHOCTh, MOTPEOISEMYIO IPUEMHHKOM
Py =1,Uycosp=1 AU\,(:os(\pule -V, ) =1,2-17,06-cos(44,22° —29,65°) =
=1,2-17,06-cos(14,55°)=19,81 Br.

7. Paccuutaem MomHocTH

P, =P, =1982 Br, Q=1,U, sinp=12-17,06-0,25=514 Bap,
S =P, +jQ=1982+ j514=201e/*** B-A.
KoadduimeHT MOIITHOCTH paBeH: cos@ =cos14,48 =0,97.

Buumanue. B npedenax noepewnocmu pacuema 3HaueHue yena @ (14’55 14,48 )

)
00J12ICHO cosnacmo ¢ ¢hazoil Z s arpyar(1458°) -

8. [TpoBepum OanaHC MOIIHOCTEN

§. =E, I1=287910 .1 200 12 —34 550/ —32 78+ 10,92 Br,
rac * — 3HaK COIIPSAKCHUS,

~

SHOTp = Pa + JQ’



P=17(R+R,,,)+ IR, + 1R, =1,20°(2+9) +0,96* - 12+0,57* - 18 =33 21 Br,
Q=12(X, + X, ) +12X, + 12X, =1 20°(188+4) +0,96° -882+0,57 - (-17,22) =11,04 Bap,
S, = 33,21+ 11,04 =35 B. A,
{s”m ~ 32,76+ j10,92 = 33,5562 B. A,
PacxoskieHne MLy MOJLYJISIMH TIOJTHBIX MOIIIHOCTEH PaBHO
35—3355
3355

~ ~

oTp - S1"eH
e

o, = 100 % = 100 % =4 %.

TCH

PaCXOH(,ZIeHI/IG MCIKIOY (1)333MI/I ITOJIHBIX MOH.IHOCTCﬁ paBHO

§HOT _§Fe -
S :;ﬁ—w.100%:w.1go

4
Sren 1842

9. 3anumieM (popMyIIbl 1711 MTHOBEHHBIX 3HAUCHUN BEJIMUUH
i, =1,2-+/2-sin(wt +29,65°) =1, 70sin(wt + 29, 65°) A,
U,, =U, =17,06-v/2-sin(wt +44,22°) = 24,13sin(et +44,22°) B,

p,=R i?=1376-{170sin(wt+29,65°)}" =19,88:[ 1-cos (20t +59,30°) ] =

9KB IIp

%=0,16 %.

=19,88:[ 1+sin(2wt—30,7°)] Br,
P =X npilz=3,58-{l703in(cot+29,65°)}2:5,17-sin(20)t+30,70°) Bap,

p=u, i, = 24,13sin(ot +44,22°)-1,70sin(wt +29,65°) = 19,8920, 51cos(2at +73,87%) =

=19,89+20,47sin (20t —16,13°) B-A.
I'paduku BenmmuuH npuBeneHsl Ha puc. 2.7.

A

7

Puc. 2.6
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20.00| LF

10.00:

00.00.

-10.00

-20.00

-30.00

Puc. 2.7

SAZTAHUE Ne3
PACYET TPEX®A3HOH LIENIU

Harpy3ku nprcoeiMHeHbl K CHMMETPUYHOMY TpeXx(ha3sHOMY I'eHepaTopy C IMo-
MOILBIO JINHUU 3JIEKTponepenad. Harpy3ku CO€IMHEHBI TI0 CXEME «3BE31a» U «Tpe-
yroJibHUK» (puc. 3.1).

UwucnoBble JaHHbIC TPUBEEHBI B Ta0m. 3.1,

Benuuunst dazubix 3/1C cunycouaanbHon GopMbI 3a1at0TCsl TIPETogaBaTeeM
(Ey = 127, 220, 380, 500 B).

Tpebyercs:
1. Paccunrarh KOMIUIEKCHBIC (Da3HBIE TOKUA M HANPSDKEHHS] HA KaKJIOM Harpyske,

JINHENHBIE TOKHU.

PaccunraTh nokazaHus aMnepmMeTpoB U BaTTMETPOB.
PaccuuTaTh akTUBHYIO, pEAKTHUBHYIO M MOJHYIO MOIHOCTb TpeX(a3zHoil enu.

[TpoBeputh OanaHC MOLIHOCTEM.

o &~ D

[Toctpouts TOmOrpaduueckyro auarpamMmy HamnpsHKEHUH M TOKOB Ha KOM-
MJIEKCHOM TIJIOCKOCTH.

25
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TaOmuma 3.1

Ba- JInnelnbie [IpuemMHUK <«3 B €3 11 a»

pu- poBoaa ba3za A0 ba3za BO baza co

aHT R)] X)]L X)]C R X|_ XC G B|_ BC R X|_ XC G B|_ Bc R X|_ Xc G B|_ BC

OmMm | OM | OM | OM | OM | OM | CM | CM | CM | OM | OM | OM | CM | CM | CM | OM | OM | OM | CMm | CMm | CM

1 2 2 - 20 30 50 - - - 30 50 20 - - - - - - 0,05 | 0,05 | 0,1
2 - - - 15 2 10 - - - 15 2 10 - - - 10 20 10 - - -
3 - - - 15 5 10 - - - 10 2 15 - - - 10 20 8 - - -
4 - - - 10 15 - - - - 12 14 - - - - 10 - 18 - - -
5 1 1 2 - - - - - - - - - - - - - - - - - -
6 2 3 1 - - - 0,05 | 0,04 | 0,05 | 100 | 100 50 - - - - - - 0,02 | 0,01 | 0,02
7 - - - 20 20 - - - - 20 20 - - - - 20 20 - - - -
8 - - - 20 40 60 - - - 40 60 20 - - - 60 20 40 - - -
9 - - - 60 100 20 - - - 60 100 20 - - - 00pBIB (ha3bl

10 - - - - - - 0,01 | 0,02 | 0,01 - - - 0,02 | 0,01 | 0,02 10 15 10 - - -
11 - - - 10 15 - - - - 10 10 - - - - - - - 0,02 | 0,02 | 0,04
12 - - - - - - 0,05 | 0,04 | 0,05 | 200 | 100 | 200 — — - KOPOTKOE 3aMbIKaHUE (a3bl

13 - - - 10 20 35 - - - KOPOTKOE 3aMbIKaHHE (ha3bl 12 14 28 - - -
14 - - - 15 10 - - - - - - - 0,01 | 0,02 | 0,01 - - - 0,05 | 0,05 | 0,04
15 - - - - 40 - 0,05 - 0,02 | 20 - 20 - - - 18 - 10 | 0,02 - 0,02
16 - - - 40 20 60 - - - - - - 0,05 | 0,04 | 0,05 18 18 - - - -
17 - - - - 10 - 0,1 0,1 0,5 — 10 — 0,1 0,1 0,5 00pBIB (ha3bl

18 - - - 10 - - 0,05 | 0,1 0,05 KOPOTKOE 3aMbIKaHUE (ha3bl - - - 0,1 0,05 | 0,1
19 - - - 35 10 20 - - - 16 - 12 0,1 - 0,1 10 12 10 - - -
20 - - - 8 16 8 - - - - - - 0,05 | 0,1 0,05 8 16 8 - - -
21 - - - 6 16 8 - - - 6 16 8 - - - 6 16 8 - - -
22 - - - 12 16 32 - - - 12 16 32 - - - 12 16 32 - - -
23 - - - 6 - 8 - - - 6 - 8 - - - 6 8 - - - -
24 - - - 10 - - 0,2 - 0,2 10 - - 0,2 - 0,2 10 - - 0,2 - 0,2
25 - - - 18 30 6 - - - 18 30 6 - - - 18 30 6 - - -
26 - - - 12 20 4 - - - 12 20 4 - - - 12 20 4 - - -
27 - - - 24 2 20 - - - 24 2 20 - - - 24 2 20 - - -
28 - - - 6 8 16 - - - 6 8 16 - - - 6 8 16 - - -
29 - - - 18 24 - - - - 18 24 - - - - 18 24 - - - -
30 - - - 4 - - 0,2 - 0,2 4 - - 0,2 - 0,2 4 - - 0,2 - 0,2




Ta0muna 3.2

Ba- JIuneiinsle IIpueMHUK «TpEeyTroJbHHUK»
pu- poBoOJIa basza AB baza BC baza CA
aat | Ry | Xp | Xne R XL Xc G B, Bc R XL Xc G B Bc R XL Xc G BL Bc
O|Om | Om | Om | OM OmMm CMm CMm Cm OmMm Om OmMm Cm Cm Cm OmMm OmMm OmMm Cm CMm Cm
M
1 2 2 - - - - - - - - - - - - - - - - - - -
2 - | - - 6 16 8 - - - 8 26 32 - - - 4 15 12 - - -
3 - | - - 8 16 8 - - - 8 32 24 - - - 8 15 7 - - -
4 - | - - - - - 005 | 01 | 0,05 - - - 0,05 0,1 0,05 - - - 0,05 0,1 | 0,05
5 1 1 2 - - - 0,2 0,2 | 0,25 10 15 10 - - - 20 20 25 - - -
6 2 3 1 - - - - - - - - - - - - - - - - - -
7 - | - - 00pBIB (pa3bl 60 | 100 20 - - - 80 40 | 100 - - -
8 - | - — | 60 [ 100 20 - - - 00pBIB (ha3bl 80 40 | 100 - - -
9 - | - - 30 | 70 30 - - - - - - 0,01 0,02 0,01 40 - 40 - - -
10 | - | - - 30 | - 40 0,01 | 0,02 | 0,01 12 - 15 - - - 10 8 - - - -
11 | - | - - | 15 | 40 20 |0,02 |0,02 |0,02 10 10 - 0,1 0,5 0,4 10 20 10 - - -
12 | - | - - 8 2 10 02 | 025 | 0,2 25 25 10 - - - - - - 0,04 | 0,04 | 0,05
13 | - | - - 2 10 2 02 | 025 | 0,2 20 30 10 - - - - - - 002 | 002 | 04
14 | -] - - 10 2 10 02 [ 025 ] 02 20 25 20 - - - 40 25 40 - - -
15 | - | - - - - - 0,05 | 0,05 | 0,02 30 10 40 - - - 5 - 8 0,1 - 0,04
16 | - | - - | 30 | 20 50 - - - 4 20 4 0,05 0,1 0,05 - - - 0,05 0,02 | 0,04
17 | - | - - 10| 5 10 1 0,25 | 0,25 | 05 20 30 10 - - - - 25 - 0,02 0,02 | 0,04
18 | - | — - 10 | 15 10 - - - 4 6 2 0,2 0,2 - - 15 - 0,5 - 0,5
19 | - | - - 5 15 10 025 ] 025 | 05 30 10 40 0,1 - 0,1 - - 20 04 0,4 -
20 | — | — - 10 | 50 10 0,05 | 0,05 | 0,04 20 10 20 - - - - - - 0,01 0,01 | 0,02
21 | - | — - 8 6 16 - - - 8 6 16 - - - 8 6 16 - - -
22 | - | — - 16 | 16 4 - - - 16 16 4 - - - 16 16 4 - - -
23 | — | — - - - - 02 | 025 | 0,2 - - - 0,2 0,25 0,2 - - - 0,2 0,25 | 0,2
24 | - | - - |10 | - - 0,8 0,2 - 10 - - 0,8 0,2 - 10 - - 0,8 0,2 -
25 | - | — - 8 4 10 - - - 8 4 10 - - - 8 4 10 - - -
26 | - | — - 16 8 20 - - - 16 8 20 - - - 16 8 20 - - -
27 | - | — - 24 | 10 20 - - - 24 10 20 - - - 24 10 20 - - -
28 | - | — - 4 - - 02 | 025 | 0,2 4 - - 0,2 0,25 0,2 4 - - 0,2 025 | 0,2
29 | - | - - - 5 - 0,4 - 0,4 - 5 - 0,4 - 0,4 - 5 - 0,4 - 0,4
30 | - | — - 8 16 10 - - - 8 16 10 - - - 8 16 10 - - -

N
(e}




INPUMEP PACYETA

CxeMa paccuuThIBa€MOM LMY IPUBEAEHA Ha puc. 3.2.
HavanbHble naHHBIE:

U,=380 B, Z,,=10+jl0 Om, Z,,=5 Om, Z, =—j5 Om.

[TapameTpsl Harpy3Ku, COEIMHEHHOM MO CXEME «3BE3Aa»:

R,=15 Om, R, =15 Om, R,=10 Owm,
Xa=2 0OM, X, ,=20m X,.=20 Om,
X =10 Om, X =10 OMm, X =8 Om
[TapameTpbl Harpy3Ku, COEIMHEHHON MO CXEME «TPEYTOJIbHUKY:
R, =8 Om, R,.=8 Om, R., =8 Om,
X =16 Om, X ac =32 Om, X a =15 Om,
Xeap =8 Om, Xeae =24 Om, Xew =1 OMm
s RL-" XLa _IA_>
LR e O
Ey o7
0 RLB ~ i.»
+-O—e————(0) >
E =
B IB
| XCC ]C
O——@ —=
. |l &

Ra Rb Rc
Xla Xib Xie
Xeq Xep Xee

0’
Puc. 3.2

1. PaccunTaem mosiHbIE COMPOTUBIICHUS (ha3 HArPy3KH U JIMHEHHBIX TIPOBOOB.
1.1.

1.2.

[TonHbBIE CONMPOTUBIEHHUS JIMHEWHBIX MMPOBOJIOB:
Z,, =10+ j10=14,14e'*" Om,

Zpp=50m, Zy :_jszlseijgoo Om.
[Tonubie conpoTuBieHus (a3 Harpy3KH («3Be3/a»):

29



Z, =R+ (Xu—Xc) =15+ j(2-10)=15- j8=17e 12" O,
Z, =R+ (X —Xg)=15+j(2-10)=15— j8=17e 1% Om,
Z. =R +j(X,—Xg,)=10+ j(20-8) =10+ j12=15,62¢/** Om.
1.3. Tlonnble conpoTuBieHus (a3 Harpy3Ku («TpeyroJbHUK):
Z =R+ j( X —Xew ) =8+ j(16-8) =8+ j8=11,31e"" O,
Zye =Roo + ] (Xipe = Xepe ) =8+ j(32-24) =8+ j8=11e/* Om,

Za =R+ (X —Xoea) =8+ [(32-24) =8+ j8=116/" Owm.

1.4. Hpeo6pa3yeM «3BE3AY» B JKBUBAJICHTHBIN (TPCYTOJIBHUK):
Z' — Zazb +szc +ZOZa —
Zab
Z,

17e*j28,07°17efj28,07° +17e7j28,0°15’ 62ej50'190 +17e,j28‘07015’ 62ej50’190
i 15,6261

=47,75¢7 1% = 4,60 - j43,51 Om,

ZI —Za;b+Zch+ZcZa —
Zbe Za
17e 1807 70 1807 417 10715 626101 +17e 18715, 62e 0"
i 17¢ 727 =
=40,2e715™ = 40— j4 Owm,
ZI —Za;b+Zch+ZcZa _
—ca Zb
1712897177129 117e71%99715, 620101 +17e 71209715, 6210
N 17 1807 =

=40,2e 5™ =40- j4 Om.
[lepBonavanbHas 1ens (puc. 3.2) npeodpasyercs B IeMb, MPUBEICHHYIO
Ha puc. 3.3.
A O } >

Zy,

Puc. 3.3 Prc. 3.4
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1.5. JlaumHyro mermb mpeodpasyeM B SKBUBAJICHTHBIN «TPEYrOJbHUK» (pHC. 3.4):

ZabZab _ 11,31e1%° 47, 751837
Z,+Z, 8+]j8+4,559—j4351
_ Z,Z,, 11,31e/%40,2¢7 5™

Z,+Z,  8+j8+40-j4
Z.Z. :11’319145040, g I571°

_ _—Ca=ca

CZL+Z., 8+ j8+40— j4

Zo= =13,14e/% =11,2+ j6,864 Owm,

=0,44e¥% =7 779+ j5,352 Om,

=BC

=0,44e3%¥ =7 779+ j5,352 Om.

=CA

1.6. TIIpeoOpa3yem «TpeyroJbHHK B 9KBUBAJICHTHYIO «3Be3ay» » (puc. 3.5):

_ ZwZe _13,14e7%%.9, 44135
= Zpg+Zec +Zca 26,758+ j17,568

ZooZis 944615131401

=3,259+ j2,095 =3,87e1%™ Om,

N—

Zy === : =3,250+ j2,095=3,876/2™ O,
8Ty 7. +Z.. 26,758+ 17,568
7 - ZoZe 94T 9MTT 0 i 628-2.7957 Ou
T 47 +Z.. 26,758+ 17,568
40 H 1 A 6 —F—
Zy Zy4 Z,
R X e g ] o_:_o.
Zwp Z'p Z)
co{—}H—1H-
Zic Z'c co{___1—
Zc
Puc. 3.5 Puc. 3.6

1.7. Tlony4eHHyIO IIenb IpeodpazyeM B YIIPOLICHHYIO «3Be3ay» (puc. 3.6).

[ToHBIE compoTUBICHUS (ha3 Menw, MoKa3aHHOW Ha puc. 3.6:
Zy=Zn+2Z,=10+ j10+3,259+ j2,095=13,259+ j12,095=17,947e1*%" Om,
Ze=2Z +ZB =5+3,259+ j2,095=8,259+ j2,095=8,521e1**" Om,

Ze=Z,c+Zc=—j15+2,26+ j1,628=2,26— j13,372=13,56e ¥ Owm.
CoOTBETCTBYIOIIKE MMOJTHBIE TPOBOIUMOCTH:

Ya= Zi = W =0,04116—- jO,03755=0,056e >*" Cwm,
Z=A 1

Y= zi = Wlleiw =0,11376- j0,02885=0,117e % C,
=B ’

Y= zi = W —0,01228+ j0,07271=0,073e/®*" Cwm.
=C y
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1.8. PaccuuTaeM ynpomieHHYIO 1IeTh MO CXEME «3BE3/1a».
Harpy3ka (a3 HecumMeTpuiHa, MO3TOMY HalIeM HaIpsiKEHUE CMEIECHUS
HEUTpAJIN:

Tak kak reHepatop cummeTpuueH, ¢azubie J/]C paBHbI:
E, =380 B, E, =380 =—190— j329 B, E.=380e"* =-190+ j329 B,
Uss = 380°0, 0566 14°" 1.380e 1% .0,117e 1142 4 380112 .0, 073 %04”
0,04116— j0,03755+0,11376— j0,02885+0,01228+ j0,07271
41,72 j55,989
~ 0,1672+ j0,00631
Paccuntaem MMaJACHUA HAIIPSXKCHHUA B JIMHENHBIX IIpoBOJax

UZ =E,~Uay =380+ 261,79+ j324,98 = 641,79+ [324,98=719,3/%% B,

—_261,79- j324,98 B.

U? =E, Uy =—190— 329+ 36179+ j324,98=7179— j4,02=719¢ *Z B,

U2 = E—Uos =190+ j329-+ 361,79+ [324,98=71,79+ j653,98 = 657,9" B,

Torma TOKM B JIMHEMHBIX POBOJAX PABHBI
| al

I,=UsY,=719,3e/%%.0,056e 1**" = 40,08¢1°% = 38,623 j10,722 A,
| il

Il =U2-Y, =719 1*%.0,117e 1** =8,43e """ =8,051- j2,528 A,

[ . . .
I =UZ-Y. =657,9¢'%7.0,073e/** = 48,51e!"** = -46,666+ j13,255 A.
1.9. Paccuurtaem majeHus HANPsHKCHUH Ha JIMHEHHBIX MPOBOJAX:

U =1,-Z,, —40,08¢ 155 .14,14e/" —566,8¢1%* — 493+ j279 B,

Use = 1,2, =8,93 74 .5= 42,10 ' — 40,255~ 12,64 B,

Usc = I-Z, =48,51e/ .15 1% —727,6¢/"* =198,8+ j700 B.
1.10. ®dazHble HanpsbKeHNS B «3Be3ne» (Z,, Zg, Zc):

U’ =1,Z, = 40,08 /55 .3 871%™ — 155 3e)"% —148,3+ j45,97 B,

UL =1, Z, =8 43¢ 14 .3 876127 — 32 69¢/5% 3153+ j8,628 B,

Ul =g Z. =48,51eM%.2,79¢1%7" =135 %" = _127— j46 B.
1.11. Hcnonb3ys BTOpoM 3akoH Kupxroda, paccuntaeM JUHEHHBbIE HamNpsKe-
HUS B «TPEYTrOJbHUKE)» MEPBOHAYAIHOM 1IETH:
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Uy =1,2Z,~1,Z, =U'~U" =148 3+ j45,97 31,53~ j8,628=116,72+ 37,342 =
~122,6¢"" B,

Uy = 1,25~ 1. Z. =U},~U", =31,533+ j8,628+127 + j46=158,53+ j54,628 =
_167,7¢"" B,

Uch = I‘c Z.—1,Z,=U.-U, =—127— j46-148,3— j45,97 = -275,3— j91,97 =
=290,3e 1% B,
1.12. PaccunTtaeM TOKH B (pazax «TPEyroIbHUKAY:
7 Uw  122,66077

|, =—== __—=10,83e 7% =9,632— j4,964 A,
® Zab 111316]45 J

] 1 0
[ _Use _166,7¢"

e =14,82¢ /%% =13,322- 6,494 A,
“=he

‘ 1 —j161,5° .
Iw:U“’1 :290,38 5 = 25,6514 =22, 954+ j11,458 A.
Z. 1131
1.13. PaccuutaeM TOKM B JIMHEWHBIX TMPOBOJAAX, MPUCOEAMHEHHBIX K «Tpe-
YTOIBHUKY:

I =1,—1_ =9,632— j4,964+22 954 11 458 = 32,586 j16,422 = 36,49 17 A
l,.—1,, =13,322— j6,494 9,632+ j4,964 =3,69— j1,53=3,99e 125 A

lg =
1L =1~ |, =—22,954+ J11,458-13,322-+ 6,494 =36, 276 + 17,952 = 40,47e "¢ A
1.14. PaccuutaeM (ha3HbIe HAMIPSKEHUS B IEPBOHAYAIILHOM «3BE3/IEN:

Jr _Ua Yo Uy Y, _ 122,661 .0,0588¢1 —290,3 11" .0,064e 1 _
Y, HY +Y, 0,1447 - j0,0064

=147,3¢e " =145,1- j25,36 B,

Jr Uy, Y,—U,-Y, 166,7¢" .0,064e 1% _122 6e1"7™ .0, 0588¢1%%
Y. 4Y, 1Y, 0,1447— j0,0064

=79,43¢ /%% =31,94— j72,72 B,

Jr U,-Y,-U,-Y, 290,315 .0,05888/%% _167,7e"" .0,0588¢/ %%
VN 0,1447— j0,0064

=186e 1% =-121,3— j140,9 B.
1.15. Paccumtaem (ha3HbIe TOKM B IEPBOHAYATBHOMN «3BE3E»:
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147,3¢7 1 - .
:WZ&GGGJB =8,233+j2,7 A,

|, =—b =20 4 6707%2 23671 j2,89 A,

[

Ua

Z,

ﬂ 1 0
1 Uy 79,43¢7i%2

Z, 17e71®07

il

U,

- j130° . )
| =Z—=1f§§w=1lgeﬂm --11.9+j0,19 A

c
1.16. Paccuutaem HampspKEHHs] CMEIIECHUS HEHTpaidu MepBOHAYaIbHOU «3BE3-
JBDY:

U =E,-U, ~U, =380-493- j279-145 1+ j25,36 = ~258,1- 253,64 =
=361,8¢ " B.
2. Onpenenum rokazaHus aMIIepMETPOB, UCIIOJIB3YS pe3yIbTaThl 1. 1.13.
l, =1,=4008 A 1, =1,=843 A, I, =I.=4851 A
3. PaccuntaeM MOIIHOCTU HArpy30K.

3.1 Harpy3ka «3Be3na»:

Seu =S, +5, +S,.

star
S, =P, +JQ,=I2R, + jI2x, =(8,66)" -15+ j(8,66)" -(—8) =1124,9— j600 B- A,
S, =R +JQ, = IR, + jI2x, =(4,67)-15+ j(4,67)° -(-8) =327,13— j174,47 B-A,
S, =P+ jQ =I2R, +jI>x, =(11,9)° 10+ j(11,9)° 12 =1416,1+ j1699,32 B-A,

S,., =2868,13+ j924,85 B-A.
3.2. Harpy3ka «TpeyroibHUK»:
§A = S~ab + §bc + S~ca
Sw =Py +JQu = 12Ry, + 12 x,, =(10,83) -8+ j(10,83)° -8=938,31+
+j938,31 B-A,
S, =P +Q, = 12R,, + jI2x,, =(14,82) -8+ j(14,82)*-8=1757,1+
+j1757,1 B-A,
S =P, +iQu = 12R, + jI2x, =(25,65)° -8+ j(25,65)° -8=5263,38 +
+j5263,38 B-A

S, =7958,79+ j7958,79 B-A.
3.3  MomHOCTh B TUHEHHBIX MTPOBOJIAX:
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S, =S, +Sy;+ Sy

S =P +jQ =IZ2R_+jl2x =(40,08)"-10+(40,08)"-10=16064+ j16064 B-A,
S =P +iQu =12R,, =(8,43)"-5 =35532 B-A,

Sic =Puc+ iQue =—j12%,. =—j(48,51)° - 15=—j35298,3 B-A,

§, =16419,32— j19234,3 B-A.
3.4  TlosHas MOITHOCThH HAIPY30K:

S =S, +S,+S, =2868,13+ j924,85+7958,79+ j7958,79+16419,32— j19951=

— 27246,24— 11067, 4= 29408¢ 122 1°p. A
3.5. PaccynTaeM MOIIHOCTH HCTOYHUKOB:
o* o* [g*
S~source = S~A +§B +§C = EA' I At EB' I gt Ec' | c :380'40,0891-16o +

+380e—j120° '8, 4ej17° +380ej120° . 48, 51efj163° :15230ej16° +3192e7j103° +
+18430e 1% =14640 + j4197 —718— j3110+13478 — j12569 = 27400 — j11482 =

load

=29708e %" B-A.
3.6. [IpoBepuM BbINIOTHEHKE OajaHCa MOUTHOCTH:
P P 27400—-27246

_ source
5, = ~soute ~ Vioad

load -100 (y = — — .100 (V 2095 0/9
Psource ’ 27400 0 0

5, = Quaree ~Quat 9 o,  11482-11067,4
Quource 11482

4. Onpenenum Moka3zaHus BATTMETPOB

D *
Ry =Re|U, I, |,

100 % =3 %.

0 0 O _ -
U, =E,—E, =570+ j329=658"" B (E,),

R, = Re]| 658¢/*" 40,08 | = 658-40,08-c0s45,5°=18484,8 Br,

0 0 O |
U, =E.—E, =658/ B (-E),

R,, = Re[658¢*" . 48,51e " | = 658.48,51-cos (~74°) =8798 Br.
2
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5. TloctpouMm TomorpaduyecKyro AMAarpamMMy HampsDKeHWH W TOKOB Ha KOM-
IUIEKCHOM TUIOCKOCTH (pHc. 3.7).

ca
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SAZJAHUE Ne 4

PACYET NEPEXO/HBIX ITPOIIECCOB B INHEHMHOM
SJJEKTPUYECKOM IEITHU
3a/iaHbl Pa3BETBIICHHBIE JICKTpHUYECKUe menu: ¢ ogauM (puc. 4.1 — 4.12)
u nByms (puc. 4.13 — 4.78) peakTUBHBIMHU JIEMEHTaMHM; ¢ HyJIeBbIMU (puc. 4.13
— 4.40) u HenyneBbiMH (puc. 4.41 — 4.78) HavanpHBIMHU ycloBUsIMHU. Ha Bcex
cXemax yKaszaH BUJ KOMMYTAIIMH, BbI3bIBAIOIINI MEPEXOIHbIN TIpoLiecc.
[TapameTphl 2JIEMEHTOB CXeM, IIPUBEICHHBIX Ha puc. 4.1 — 4.78, BeiOUpa-
roTcs u3 Tadmunel 4.1.
Tpebyercs:
1. PaccunTaTh mepexoaHbIA MpOolecC B 3aJaHHON IENHU KIACCUUYECKUM
METOJIOM.
2. Paccuntarth mepexonHbI Mpolecc B 3aJaHHOW IENU OINEPaTOPHBIM
(100 APYruM yKa3aHHBIM MPETOIABATEIIEM) METOIOM.
3. IMocTpouts rpaduku W3MEHEHHUS BO BPEMEHH TOKOB B BETBSX IICNH U
HaIPsHKCHUH Ha PEaKTHUBHBIX JIEMEHTAX.

BapuanTbl 1oManiHero 3ajiaHus

Tabmuma 4.1
ITapameTpbl 37IEMEHTOB 3JIEKTPUYECKOMN LENH
Ne Bapu-
AHTA U R1 R> Rs3 L1 L, Cy Co
B OwMm I'n MKD

200 100 50 200 1,0 0,5 50 100

100 125 75 50 0,4 0,2 20 40

120 100 100 125 0,2 0,1 20 40

50 150 75 50 0,5 0,2 25 50

75 50 75 125 0,2 0,1 0,2 0,1

50 800 1000 1000 0,25 0,5 0,2 0,1

75 800 2000 | 1000 0,25 0,5 0,1 0,2

100 1500 500 1000 0,4 0,8 0,1 0,2

120 50 125 50 0,2 0,4 20 10

200 200 125 50 0,4 0,2 125 80

240 100 50 200 0,5 1,0 50 125

240 200 100 100 0,1 0,5 100 50

50 800 1000 | 2000 0,25 0,50 0,1 0,2

240 200 100 100 0,8 0,4 100 50

150 50 125 50 0,4 0,2 10 20

150 50 125 50 0,2 0,4 20 10

100 100 50 100 0,5 0,1 100 50

100 200 100 100 0,4 0,8 80 125

110 800 1000 1000 0,5 0,25 0,1 0,2

Oy Iy i N P Y P N e
oO|lw|m|~Nooalw = |o|® RN O W IN| -

50 800 1000 | 2000 0,25 0,5 0,2 0,1
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21 110 125 50 75 0,2 0,1 40 20
22 100 125 50 100 0,1 0,2 20 40
23 50 100 50 100 0,5 0,1 50 100
24 50 100 50 100 0,5 1,0 125 80
25 50 100 50 200 0,5 1,0 100 50

Puc. 4.7

Puc.4.5




Puc.4.10

Ry

Puc.4.16

Ry

Puc.4.19

Rl Rl
o—{ 1 o}
R3 R2 ﬁ]RS |::| R2 R3
C L
U 1
K | K
e
‘E] s R,
Puc.4.11 Puc.4.12
R, R
L o—{ ]
I Ro Ry
[
Ci
Cz Cl
Ly
Puc.4.14 Puc.4.15
R:
o— }
| I
Rs
U R R _
I::I i L 2 T C]_
K T © T C
Puc.4.17 Puc.4.18
Rl Rl
— o I
pu— Cl
U |::| Rs % L, — Cl
L
K K
4 o S
Puc.4.20 Puc.4.21
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U
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L,
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Puc.4.28 Puc.4.29 Puc.4.30
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O
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Puc.4.31
R1

O [ l
| |

Ly
o
L.
U
[]®
K R,
— ]

L
— YY)
Puc.4.34 Puc.4.35
Rl Cl
- —]
Rs
Rs
U
—_— G,
K C; K
> 5
Puc.4.37 Puc.4.38
R3 Rl
oO—1_ 1
R, R,
K
U Lz L]_ [} RZ
K C
Puc.4.40 Puc.4.41
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Puc.4.76 Puc.4.77 Puc.4.78

INPUMEP PACYETA

PaccunTaem nenn, mokazanHyro Ha puc. 4.79. UucneHHble AaHHBIC IS
JTAHHOW CXEMBI IIPUBE/ICHBI B Ta0. 4.2.

Tabmuua 4.2
U0 Ro R1 Rz L C
B OMm OMm Om I'n MKD
150 100 300 200 0,1 10

1. Kinaccuyecknii meTon
1. [Tycth t =0 — MOMEHT KOMMYTAIIUH.

— i, . oy . o
° L > 2. Tok i, BBHIOMpaeM B Ka4€CTBE HCKOMOM
= C HepeMeHHOﬁ, T.K. 9TOT TOK IIOJYUHACTCS

Uo K RZ
’) 3aKOHAM KOMMYTAIIUH.
oL E_I | 3. PaccuntaeM TOKM 1O KOMMYTAlHH, T.€.
Ro npu t <-0. [lenb comepKuT pe3ucTop
R, . [TocTOsSTHHBII TOK Yepe3 KOHIACHCATOP
Puc. 4.79 : _
He TPOXOIHT, MosToMy i (—0)=0,
U 150 : :
= 0 =025 A, i,(-0)=i (-0)=0,25 A,

i (_ O) = =
R,+R +R, 100+300+200
U.(~0)=R,i,(~0)=200-0,25=50 B.
4. Ucnonw3ys 3akonbl Kupxroda, 3amuiinemM ypaBHEHUS ISl BPEMEHH IOCIE

KOMMYTaIliu (t >0
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I, —1,—i. =0,
di, . )
L.-Eif"F F%JL +‘F22|2 ::LJO,
~R,i, +U. =0, (4.1)
) du
i. =C—=.,
c dt
[TpuBenem gaHHYIO CUCTEMY K OMHOMY AuddepeHITnaIbHOMY YPaBHEHHUIO, B KO-
TOpOM (pHUrypupoBaia ObI TOJBKO OJIHA MEPEMEHHAs — TOK 1, (WM HalpsDKEHUE

uc ) Tak kak 3Tu IMMCPCMCHHBIC HC U3MCHAIOTCA B MOMCHT KOMMYTAllUH, TO IIPpHU

PCIICHUHN I[I/I(i)(bepeHHI/IaHBHOFO YpPpaBHCHHA B KauCCTBC Ha4YaJIbHbBIX YCHOBI/Iﬁ
MOJKHO HCIIOJB30BaTh UX 3HAYCHHUA, KOTOPBIC OHU IIPUHUMAIOT JO KOMMYTAlIUU

(t=-0). Uckmouas nepemennsie Iy, Ic, Uc, u3 cucremsr (4.1) momyanm Tpe-
oyemoe nuddepeHraibHOE YpaBHEHUE BTOPOTO MOPSIAKA:

di, (1 1Ydi, 1(, R) 1U
a L Ry 1Y
dt’ +£R1L+R2Cj dt +LC( "R )-TLCR, (42)

Pemenvie ypasuenus (4.2) uiiem B Buae: i, =i, +i/', e i| — 3Hayenue To-

Ka B HOBOM YCTaHOBMBIIEMCS PEKHUME, i’ — CBOOOIHAS COCTABIIAIONIAs TOKA.
5. PaccunTaeM HOBBIN yCTaHOBMBIIMICS pexxuM Hemnu (T —>00):

i/:R1U+OR :303_?5200: 3A  il=i,=03A  iL=0,
2

u. =R,i, =200-0,3 =60 B.
6. Haliiem HauanbHbIEC YCIOBUS JJI1 HCKOMOUW EPEMEHHOM U €€ MPOU3BOIHOM:

i, (+0) O('ji

. CormacHo 3akoHam KOMMYTalluld UMCCM
t=+0

i,(-0)=i (+0)=025 A,  u.(-0)=u.(+0)=50 B.

[Tocne mo/icTaHOBKM ATUX BETUYHH B cUcTeMy (4.1), 3anmuMcanHylo 1Jisi MOMEHTa
BpemeHH t=+0, noayuum cucreMy anreOpanyecKux ypaBHEHMH OTHOCUTENIBHO
MIEPEMEHHBIX:

. . di, dug
i,(+0), iz (+0), at, . di|
| —i2(+0)—ic(+O)U:—O,25,
di) LRy R
; t:+0+ 3 i,(+0)= o025,
—R,i,(+0)=-50,
\ i (+0)- dst _0.
t=+0

Pemas 9Ty CUCTEMY, OIIPCACIINM HEJOCTAOIICC HAYaJIbHOC YCIOBUC!
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di,

=250 %

dtl (4.3)
OnroBpemenHo Haiinem: I,(+0)=0,25 A, i.(+0)=0, dditc =0.
7. IlogcTaBuM YKCIICHHBIE JaHHBIE B ypaBHEHUE (4.2) 1 pem;;ao ero
?;{IZL + 3500% +2,5-10%, =7,5-10°. (4.4)

Pemenne HeomnopoaHoro auddepeHaibsHoro ypaBaeHus (4.4) 3amnuiieM Kak
-/ =/
CyMMY 4acTHOTO perieHus 1| u oOmero pemenus || oTHOPOAHOTO ypaBHEHUS:
s =/
Io=1 +i (4.5)
Pemrenue OJHOPOJHOT'O YPAaBHCHHS, HA3BIBACMOC CBO6OIIHI>IM TOKOM, 3a-
MIACHIBACTCS CICAYIOIIUM 00pa3oMm:

i =Ae™ + AeP (4.6)
rae A u A, — OCTOSIHHBIE MHTETPUPOBaHUS; P; U P, — KOPHU XapaKTEPHUCTH-
YCCKOI'o ypaBHCHHUA:

p? +3500p+25-10° =0.
Pemraem nTo YPaBHCHHUC U HAXOIUM:

p,=-2500 ¥/, p,=—1000 1/.

KopHnu oonoicnvl Obims ompuyamenvHulMy YUCIAMU, €CAU KOPHU HOJYHUTUCDH
KOMNJIEKCHbIMU, MO OHU OOJIICHbL UMeMb OMPUYAMENbHYIO BeUjeCMBEHHYI0
yacmo.

Pemenue (4.5) ¢ yueTroM 1.5 3anuiiieM cieayromuM o0pa3om:

i, =i/ +i’ =03+ Ae?% + A0, 4.7)
[Tponuddepenurpyem 3To ypaBHEHHE:
i
% =-2500Ae**°* 100021, (4.8)
8.  BeumcauM noctosHHBIE MHTerpupoBanus A u A, . Jlna sToro 3anuniem

(4.7) u (4.8) nna Bpemenu t=+0 mOACTAaBMB B HHMX YHCJICHHBIC 3HAUYCHUS
HaYaJIbHBIX YCIIOBUM.

0,25=03 + A +A,
250=-2500A —1000A, .

Pemas sty cuctemy, Haiinem: A =-0133, A, =0083. IToacraBum BbIumC-
JICHHBIE BEIMYUHBI B IIPABYIO YaCTh ypaBHEHUS (4.7) ¥ IIOTy9HM PELICHUE

i, =0,3-013%2°°" +0,083 " A. (4.9)

9.  Pacder ocTaibHBIX TOKOB M HAaIPsDKCHHWH Ha PEAKTUBHBIX JJICMEHTAX W
MOCTPOEHUE TPa(UKOB.
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[ToncraBum (4.9) B cucremy (4.1) 1 HalijieM OCTaJIbHBIE TOKH:

.1 :
I, :E{UO—RJL—L

2

di
dt

} =0,3+0,03% %% -0,08% """ A,

i =i —i,=-0166e° 101667 A,

M HaIIPSPKCHUA Ha KOHACHCATOPEC M HA KATYIIKW HHAYKTHUBHOCTU:!

U = Ryi, =60+6,66 25 —16661° B

u =L

di,
dt

— 33’25e—2500 —8,36_1000 B.

Jlanubie pacuetoB cBeaeHbl B Ta0. 4.3. Ha puc. 4.80 npuBeaeHbl COOTBETCTBY-
folye rpaduKky Ha BpEMEHHOM UHTEPBAJIE:

0<t< 572
‘ plrz‘min

u,B |i, A iy

[ —
60 0.3 /,__—r-—"'"—:}-*'_
50 Ye
40 0.2
30
20 0.1

P

10 4 \\ ’,C

[~~~

e
0 04 08 1.2 16 20 24 28 32 36

=0,003--0,005 c.

Benuuuna 6PDEMEHHOC0 UH-

mepsana evloupaemcs. pas-

noii (3+5)r , 20e Z'=L

‘plvz‘min
ecjiu KOpHU Xxapaxkmepucnmiu-
YeCcKozco YpaeHeHUs eeuje-
CmeeHHble 4Hucia, 6 caydae
KOMNJIeKCHblX KOpH@MV pac-
uyem 6blnoJjHAemcs: Ha e6pe-
MEHHOM UHmMepeanie, pasHom
He Mmernee mpem nepuodaM
KoJleOaHuil moKoé u Hanp:-

1, MC .
Puc. 4.80 HCeHUU.

Tabmura 4.3

Ne t i(t) i(t) ic(t) uc(t)
c A A A B

1 +0 0,260 0,250 0 50,0
2 0,4-10° 0,307 0,256 0,050 51,3
3 0,8-10° 0,319 0,267 0,052 53,2
8 3,0-10'3 0,304 0,296 0,008 59,2
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3amady MOXHO OBLIO PEIINTh, He pemas aAuddepeHnnaibHoro ypapHenus (4.2).
O611ee perieHue sl TOKa MOKET OBITh Cpa3y IMPEICTABICHO B BUJIE:

i = pit pot | i/

I, =Ae™ +Ae™” +1',
KopHu XxapakTepuCTUUECKOTO YPaBHEHUS OIPEICIISIOTCS, UCIOIb3Ysl MAaTPUILY
KOHTYPHBIX COIIPOTUBJICHUM:

PLARHR; | -R,

det Z{p)=det =
R, R,+1/pC

0,1p+500 | -200

=det

=200 200+10°/p

VI MATPULy Y3JIOBBIX MPOBOAUMOCTEN (detY( p)= 0). Ucrounuk HanpskeHUs
3aKOpPOYEH.

1 1
etY (p) R, PV T DLIR,
1 1

-1 i10%ps— Lt -0
200~ P 01p+300

O0a ypaBHEHHUS JAIOT OJHO U TOXKE PEIICHUE:

p=-2500 & p,=-1000 =
¢ C
3aTeM MOKHO 3aIHcaTh
i = Ale—zsoot n Age—moa +03, % — _2500e 2%t _1000e 100

JlanpHelee peleHne COBNaacT ¢ pACCMOTPEHHBIM PaHee.

2. OnepaTopHblii MeTOJ
PaccunTaeM HayajabHbIE YCIOBHS AJISI IEPEMEHHBIX:

i, (-0)=025 A=i (+0), Uc(-0)=50 B=u.(+0).
9TI/I BCIIMYMHBI UCITOJIB3YIOTCA IIPU HAITMCAHUU ypaBHeHI/Iﬁ 1ICIIN B onepaTopHoﬁ

dopme. CormacHo 3akoHaM Kupxroda 3amuiiem ciaeayromnyo CUCTeMY yYpaBHe-
HUH B oTmIepaTopHOi hopme:
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HOI[CTaBI/IM YHUCJICHHBIC 3HAUYCHHUA B JAHHYIO CUCTCMY

I.(p)-1c(p)-1,(p)=0,

0.1pl, (p)—-0,025+300i, (0)+2001,(p)= 150
5
=1 (p)+=) 2001, (p) =0

[IpuBeneM cuctemMy K ONEepaTOPHOMY YPABHEHUIO OTHOCUTEIBHO ONEPATOPHOIO
Toka |, (p) Y CPaBHUM C paHEe MOJTYyYEHHBIM PEIIEHUEM

A(p) 0,25p?+1125p+0,75-10°
I (p): = 2 6
B(p) plp?+3500p+25-10°)
rae A(p) — noauHOM yuciuTelns U B(p) — nojauMHOM 3HaMeHaTes.

Pexomenoyemca npoeepume npaguibHOCmMb NONYUEHHOSO YPABHEHUS C
HOMOWBIO NPEOEos:

0,25p® +1125p +0,75-10° _025
p(p? +3500p+2,5-10°)
g . _0,25p*+1125p +0,75-10° 0,75-106
i, =1, (0)=limpl =lim =
=i (e)=lmpl,(p)=limp p(p? +3500p+2510°)  25-10°
Paccuurannbie TOKH iL(+0) 141 ilf COBIIAJAIOT C COOTBETCTBYIOIIMMH TO-
KaMH, MOJTYUYCHHBIMHU 11O KIIACCHYCCKOMY MCTOOY.

i, (-0)=lim p1, (p)=1lim p =025 A

=03 A

UtoObl paccuuTaTh TOK | (t OyJleM HCIO0JIb30BaTh TEOPEMY Pa3I0KEHUS:

IL(t) Z (pk)) Pt

1. Halinem KOpHH U3 YpaBHCHHSI B(p) 0

(4.10)

p(p? +3500p +25-10°)=0.
0,=—2500 L p,=-1000 p, =0.
C C

2. Ilpoussenem nuddepeHrpoBaHue

B'(p)= dig’)_sp +7000p+2,5-10°
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1
3. Paccuurtaem koaduimeHt Alp) st kopast P = —2500 ~:

B'(p) c
A(p,) _ 0,25-2500) +1125-2500)+0,75-10°

= =—0133 A.
B'(p)  3(-2500) +7000—2500)+2,5-10°

4. Paccuntaem KO3 PUIIHESHT % nns kopust P, =—1000 %:
A(p,) _ 0,25(-1000f +1125-1000)+0,75-10° _ 0083 A

B'(p,)  3(~1000) +7000(—1000)+2,5-10°

5. Paccunraem kosdduimeHt ;;((F:))) nst kopust Py =0

A(p,) _075-10°
B'(p,) 25-10°
6. Ucnonb3ys (4.10), momydaem GopMyity 1 TOKA:
i, =0,3-0,13372°°"+0,08% " A
Dta dopMyna coBmajgaeT ¢ BeipakenueM (4.9) ms i (t), momyueHHBIM K1acCH-

YCCKHUM MCTOAOM. Toku B APYIrux BCTBAX W HAIIPSIHKCHUC HA PCAKTUBHBIX 3JIC-
MCHTax IIOJy4aroT 110 aHaJIOI'nH.

=03 A

SAJTAHUE Neo5

PACYET NEPEXO/HBIX ITPOLIECCOB B HEJIJMHEHHBIX DJIEK-
TPUYECKHUX HEIIAX

B uenu, copepxanieil HEMMHEWHBIN AIEMEHT (MHIYKTUBHBINA, EMKOCTHOM
WJIU PE3UCTUBHBIN) U HAXOJAIIEHUCS MO IEUCTBUEM MTOCTOSTHHOTO HAIPSKEHUSI,
MPOUCXOJUT 3aMbIKAHHUE WJIM PA3MbIKAHUE KIIFOYA.

TpeOyercsi:

Haiitn 1 noctpouts BpeMEHHBIE 3aBUCUMOCTH TOKOB BO BCEX BETBSX II€-
A Y HampspKEHUs] Ha HEMMHEWHoM syiemeHTe. [lo ykazaHuio mpenogaBaTesis
BMECTO HAIPSDKEHUS HA HEIIMHEWMHOM 3JIEMEHTE MOXET OBITh MPEJI0KEHO TO-
CTPOUTH HAIPSDKEHUE HA JIMHEWHOM PEaKTUBHOM 3jeMeHTe. [[nsa pacuera uc-
M0JIb30BaTh. METOJI KyCOYHO-JIMHEWHOMN aIMpPOKCUMAlMd U METOJ IMOCJIEI0Ba-
TEJIbHBIX UHTEPBAIIOB (MeTO Diiiepa).

BapuaHTbl 1oManiHero 3ajaHus

BapuaHnTel pacyeTHBIX CXE€M MpeACTaBleHbl Ha pUC. 5.1 — 5.36, yncneH-
HbI€ 3HAUEHUS BEJINYMH MPUIOKEHHOTO HANPSKEHUS U N1apaMeTPOB JIMHEHHBIX
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9JIEMEHTOB IenH — B Tadymie 5.1, XapakTepUCTUKHA HEJTMHEHHBIX JICMEHTOB —
Ha puc. 5.37 — 5.39.

[lepBBie TIECTHAAIATH CXEM COAEpKAT HEIMHEWHBINM pPEaKTUBHBIN dJie-
MEHT (KaTyImKy ¢ (GeppOMarHUTHBIM CEPICYHIUKOM WJIM BapUKOHI — KOHICHCA-
TOP C HEJIMHEHHBIM AUAJIEKTPUKOM), OCTaJIbHbIE — HEJIMHEHHBIN pe3uctop. Oco-
OCHHOCTH peIIeHUs] 3a/1ad C HEJIMHEHHBIMH PEAKTUBHBIMH W PE3UCTUBHBIMH
AJIIEMEHTaMH PaCCMOTPEHBI B METOAMYECKUX YKA3aHUSX.

o L — 1 L 1% L L |
Ry R, R1 R2
R3
U U D Rs
v Ra v R4 ]
: ylll
Puc. 5.1 Puc. 5.2
o — o — —
Rl R1 R2
R3
U D Rs u
7 Ry o] v
o l
Puc. 5.3 Puc. 5.4
- yoily 2
L | —__ Ry
R1 R2 R,
U R3 U R3
© (o,
Puc. 5.5 Puc. 5.6
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Puc. 5.29
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U R3
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oYY z _ R1
L
u L
v R|] R
4 R,
0,
Puc. 5.31 Puc. 5.32
o— o—{
R1 \€' R1
L
U R, U |\|
\4 L v R
o : o 1
Puc. 5.33 Puc. 5.34
. —1{ 71
' L
RS U R3
U R
’ D v R2
L
o |
(o,
Puc. 5.35 Puc. 5.36
Tabnmma 5.1
U R, R | Ri | Ry C L
Cxema | Bapuant B OM kD '
a 400 50 10 2 100 - -
1 0 600 50 20 2 100 - -
B 500 50 20 5 100 - -
r 800 50 20 2 100 - -
a 200 10 10 10 100 - -
5 0 200 10 10 20 90 - -
B 300 20 10 20 180 - -
r 400 40 10 50 160 - -
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a 200 20 - 20 80
3 0 200 20 - 20 60
B 100 10 - 20 50
r 200 20 - 50 80
a 200 10 10 2 -
4 0 200 20 10 2 -
B 200 20 5 1 -
r 200 10 20 1 -
a 200 25 10 5 -
5 0 200 20 10 2 -
B 200 20 20 2 -
r 200 25 20 6 -
a 200 40 25 10 -
6 0 200 50 25 25 -
B 200 20 20 10 -
r 200 10 20 4 -
a 200 40 - 10 -
7 0 200 40 - 5 -
B 200 25 - 10 -
r 200 25 - 25 -
a 200 10 10 10 -
8 0 200 10 10 5 -
B 200 20 10 10 -
r 200 10 20 10 -
a 150 70 - 5 75
9 0 150 20 - 5 50
B 150 10 - 2 88
r 150 40 - 10 200
a 150 70 10 5 75
10 0 150 20 15 5 50
B 150 10 5 2 88
r 150 40 20 10 200
a 150 10 20 40 100
11 0 150 10 5 20 120
B 150 5 10 5 140
r 150 10 50 90 200
a 150 10 - 40 100
12 0 150 10 - 20 120
B 150 5 - 5 140
r 150 10 - 90 200
a 150 30 10 20 -
13 0 150 50 20 25 -
B 150 40 10 10 -
r 150 55 20 20 -
a 150 30 10 20 -
14 0 150 50 20 25 -
B 150 40 10 1- -
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r 150 55 20 20 - -
a 150 10 40 90 - -
15 0 150 20 50 80 - -
B 150 40 20 60 - -
r 150 25 25 50 - -
a 150 10 40 90 - -
16 0 150 20 50 80 - -
B 150 40 20 60 - -
r 150 25 25 50 - -
a —200 90 - 10 - 6
17 0 —200 190 - 10 - 6
B —300 30 - 15 - 6
r —-300 180 - 20 - 6
a —450 60 - 15 75 10
18 0 —500 60 - 20 70 10
B —450 30 - 15 55 10
r —450 30 - 20 100 10
a 400 10 - 40 50 5
19 0 250 15 - 60 225 5
B 400 20 - 60 160 5
r 500 20 - 30 100 5
a 200 12 - 4 1000 8
20 0 240 12 - 3 1200 8
B 240 16 - 4 1200 8
r 200 15 - 3 1500 8
a 300 20 - 5 - 10
21 0 240 12 - 4 - 10
B 240 15 - 3 - 10
r 240 16 - 4 - 10
a 180 90 - 5 - 5
29 0 200 100 - 6 - 5
B 240 120 - 10 - 5
r 240 150 - 10 - 5
a 240 - 3 15 - 8
23 0 240 - 4 12 - 8
B 240 - 4 16 - 8
r 300 - 5 20 - 8
a 240 - 12 60 - 6
24 0 220 - 11 110 - 6
B 220 - 10 90 - 6
r 240 - 10 150 - 6
a 240 3 - 12 - 10
o5 0 240 3 - 15 - 10
B 240 2 - 10 - 10
r 240 2 - 8 - 10
26 a 120 - - 100 - 12
0 120 - - 200 - 12
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B 125 - - 125 - 12 -
r 125 - - 60 - 12 -
a 240 12 4 - - - 10
97 0 300 20 5 - - - 20
B 240 16 4 - - - 30
r 240 15 3 - - - 40
a 240 12 60 - - - 50
28 0 240 12 36 - - - 60
B 240 15 60 - - - 70
r 240 15 30 - - - 80
a 240 15 60 - 225 - 90
29 0 240 10 40 - 50 - 10
B 240 12 60 - 168 - 20
r 300 20 60 - 150 - 30
a 240 12 - - - - 40
30 0 200 10 - - - - 50
B 240 15 - - - - 60
r 240 20 - - - - 70
a 240 - 60 12 - - 80
31 0 220 - 90 10 - - 90
B 240 - 150 10 - - 10
r 220 - 110 11 - - 20
a 300 20 180 - - - 30
32 0 240 12 60 - - - 40
B 320 20 60 - - - 50
r 240 15 60 - - - 60
a 240 30 10 - - - 70
33 0 240 24 12 - - - 80
B 240 30 15 - - - 90
r 270 30 20 - - - 10
a 240 12 60 - - - 20
34 0 240 15 60 - - - 30
B 240 15 75 - - - 40
r 240 20 180 - - - 50
a 50 - 15 3 - - 60
35 0 60 - 16 4 - - 70
B 60 - 12 4 - - 80
r 60 - 20 5 - - 90
a 125 - 60 12 - - 10
36 0 125 - 36 12 - - 20
B 125 - 60 15 - - 30
r 125 - 30 15 - - 40
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Puc. 5.39. BonbT-amnepHas xapakTepuCTHKA HETUHEIHOTO pe3ucTopa

B cBA3u ¢ Tem, 4TO pacyeT NepexoAHOro npouecca B UEMU ¢ HETMHEHHBI-
MU pPEaKTUBHBIMH 3JIEMEHTAMU HECKOJIBKO OTJIMYAETCS OT pacyera B LENH ¢ He-
JMHENHBIM PE3UCTOPOM, MPUBEJIEHBI TPU TPUMEPA pacyeTa.

INPUMEP PACYETA Nel

«Pacuem nepexoonozo npouyecca 6 yenu, cooepicauieii HeJIUHEUHYI0 UHOYK-
MUGHOCHIb)

Cxema nienu nokasaHna Ha puc. 5.40.

Hanneie i pacuera: U =90B,
R =30M, R,=42 OmM, R,=7 Owm. Be-
Oep-ammiepHasi XapakTEpUCTHUKA TIpe/I-
crasiieHa Ha puc.5.37. Tox | na eebep-
AMNEPHOU XapaKmepucmuke coomeent-
cmeyem moky W Ha cxeme.

(o,

Puc. 5.40
1. t =+0 — MOMeHT KOMMYyTAIIMH.
2. Tnst t >+0 cocraBuM cucTeMy ypaBHEHUI, HCIIONB3Ys 3aKOHBI Kupxroga:

=1, +1i,
dd—\f-i-ilR1+i2R2 =U . (5.1)
dd—lf+i1R1+i3R3=U
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[IpuBeneM gaHHYIO CUCTEMY K OHOMY Au(dhepeHInaIbHOMY YpaBHEHUIO, B KO-
TOpoM (urypupoBaiia Obl TOJIBKO T€ TIEPEMEHHbIC, KOTOPHIE OMHUCHIBAIOT XapakK-
TEPUCTUKY HEITMHEWHOTO 3JIEMEHTa — B pacCMaTpUBAEMOM CIy4ae MOTOKOCIEI-
nenue Y u Tok yepes Karyuky i, . JJs Toro, 4ToObl HCKIIOYUTH IEPEMEHHBIE |,

U i, u3 cucremsl (5.1), TOCTATOYHO BBHIPA3UTh MX M3 BTOPOTO M TPETHETO YpaB-

HEHUI U JJajiee MOJICTaBUTh COOTBETCTBYIOIIHNE BEIPAKECHUS B TICPBOC YpaBHEHUE
cuctemsl (5.1). B utore moyunm tpedyemoe nuddepeHnmnanibHoe ypaBHCHHE:

A Ou I At i )
at R, R, R, R, R,

OTKYZa OKOHYATEIILHO
dd\f+l(R1+ 2R j : (5.2)

[ToacTaBnsisi yuCIEHHbIC 3HAYEHUS MMapaMeTpPoB B ypaBHEHHE (5.2), MOIyduM

pacueTHOe ypaBHEHHE
d¥

—+9i, =90. (5.3)

dt

Huddepennnanbioe ypaBHeHue (5.3) sABISCTCS HEIMHEHHBIM, TaK KaK HEJH-

HEWHOM SBJISIETCS 3aBUCUMOCTD (i) .

3. Onpenenum pabounii yuacTOK Ha BeOep-aMIepHON XapaKTePUCTHKE.
3.1. Haxonum TOK uepe3 HENMHEHWHYI0 MHAYKTUBHOCTh B YCTAHOBHBIIEMCS pe-
xume 10 kommyTarn (t=-0):

90

I (— = =

W(0)= R1+R T 3142
¥ najee 1o Bebep-amnepHoi xapakrepuctuke Haxoaum W(—0)=0,08 B6.
1(-0),¥Y(-0) ompenensror KOOpaMHATH Hayajda paboOdYero ydacrka — TOYKU A

(puc.5.41).

3.2. HaxoauMm TOK 4Yepe3 HEIMHEHHYI0 WHIYKTHBHOCTh B YCTAHOBHUBIIEMCS pe-
XKUMe mociie kommyTarun (t=o0).

JIJIst 3TOr0, YYHTHIBAs, YTO B 3TOM PEKHUME JICHCTBYET MCTOYHHUK MOCTOSHHOTO

d¥

HampspKeHusi, B ypaBHeHuUH (5.3) cieayeT MOJIOKUTh E:O’ TOoraa

iy :%zloA. DTOT TOK U COOTBETCTBYIOIIee eMy mortokociermienne W =0135
9

B6 xapaktepu3yrot koHel pabouero yuyactka — TOUky B.
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4. MeToj KyCOYHO-THHEHHO annmpoKcuMAanuu

AnmnpokcumupyeM 3aBucumocth V(1) Ha yuactke AB aByMs OTpe3KaMu
npsmMeiXx AC u CB. Jlnsa sToro BeiOMpaeM mnosioxenue Touku C Tak, yToObl an-
MIPOKCUMANMs HE CIMILKOM OTIMYanach OT peaJbHOM 3aBucumocTH. Hanpumep,
ic=5A, ¥.=0,12 B0 (puc.5.41).

1). Paccmotpum yuyactok AC.

Ha sTom ydacTke 0Tpe30K anmpoKCUMUPYIOLIEH IPSAMOU OIUCHIBAECTCS
CJIEAYIOIIUM YPaBHEHUEM

Y=Y, +L i =0,054+0,0133-i, (5.4)
rae L = \Pic _;PA = O’lg_g’ 08 =0,01331'H — KBUBaJICHTHAsl UHAYKTUBHOCTD
c ™ 'A -
yuactka AC.

DTO ypaBHEHHUE MOJICTAaBIsieM B ypaBHeHHE (5.3) U Mmojydaem JIMHEHHOE
nuddepeHImanTbHOe ypaBHEHHE OTHOCHTENBHO TOKA Yepe3 HHIYKTUBHOCTS | :

di, .
0,0133%% 1 9.i, =90,
atoh
OTKYyJa
%+676,7-i1:6767. (5.5)

Pemenue ypaBaenus (5.5) uiieM B BUJIE:
i, =i/ +Ae™, (5.6)
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II€ || — BEJIUYUHA, COOTBETCTBYIONIAs YCTAHOBUBLIEMYCS PEXKUMY I1OCIIE KOM-
myTamun (t =00), A — mocTosiHHAs, oTnpeaesieMas Ha4aaIbHBIMU YCIOBUSIMH, P,

— KOPEHb XapaKTePUCTUUECKOTO YpaBHEHUS.
XapakTepucTUYECKOE YPaBHEHHE
p,+676,7=0
oTKyna p,=—676,7 1/c.
JUiss  yCTaHOBHMBIIETOCS  peXuMa  MOCJA€  KOMMYTalUd  HMEEM
o 6767
© 676,7
HATHCS TOKY TOUKH B Ha puc.5.41).
Banumiem (5.6) s momenTa kommytarmu (t=-+0):
10+A =i, (-0)=i, =2, otkyma A =-8.
OkoHYaTeNnbHO pelieHre ypaBHeHus (5.5) umeeT BUA:
i, =10—8e " A. (5.7)
Or1o peuieHue AeicTByeT Ha yyactke AC, KOTOPOMY COOTBETCTBYET WH-
tepBai BpeMenu oT t=+0 10 MoMeHTa BpeMeHH {C, COOTBETCTBYIOIIETO TOUKE

=10A (pu NpaBHJIBHOM BBINOJHEHUU MPEOOPA30BAHUM JTOJKHO paB-

C. Haiinem 3TOT MOMEHT BPEMEHH, UCIOIb3ys BhIpakeHue (5.7), 3alMCaHHOE

g Touku C.

10-5
8

5:10_8e—676,7tc , OTKy,Ha tC :_67]6' Z In( jzo, 695-1073C-

2). Paccmorpum yuactok CB.
Ha 3ToM yuacTke OTpe30K mpsIMOU OTMMCHIBACTCS yPaBHCHUEM

W =W, +L, i, =0,104+0,003-i,, (5.8)
e L, = ¥o e (01357012 4 0031w — oxupanentias MH{YKTUBHOCTb
Ig —ic 10-5
yuactka CB.

VYpasuenue (5.8) moacrasisieM B (5.3) 1 nmonyyaeM JnHeHoe nuddepen-
[[MaJIbHOE YPABHEHHE OTHOCUTEIHHO TOKA Yepe3 MHIYKTUBHOCTH i, JUIS ydacTKa
CB:

% +3000-i; =30000. (5.9)

[TockonbKy 3TO ypaBHEHHE CIPABEIIMBO 1 ydacTka CB, Ha KOTOpBIi
MBI NONAJAEM CITYCTS BpeMs t. IMMOCIIe Hayaja MepexoIHOro Mpouecca, peueHue
WILEM B BUJE:
i, =i + A el (5.10)
XapakTepUCTUUECKOE YPABHEHNE
p,+3000=0

oTKyna p,=-3000 1/c.
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JIns  yCTAaHOBHBIIETOCS ~ PeKHMMa  TOCIE  KOMMYTAallMM — HMEEM
i 30000 _10A—
3000
3anumeM (5 .9) nns MomenTa t=t.:
10+ A =i. =5, oTkyna A, =-
B pesynbrare penienue ypaBaenus (5.9) mpuMeT B
i, =105 00065107 A (5.11)
Ha puc.5.42 noctpoeHa 3aBHCHMOCTh H3MeHeHns Toka I (t) 1mo BeIpakeHUsIM
(5.7)u (5.11).

1 i1, A
10
"]
9 "
8
! /
6 //
S A1
4 A
|
3 |
|
2 |
1 I
10,695 t,me
0 v
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32
Puc. 5.42

5. Metoa Jiinepa

1) HaiimeM nOCTOSTHHYIO BpEMEHH T, alllIPOKCUMHUPYS paOOYHi yIacTOK
AB 0THUM OTPE3KOM MPSIMOH.

DKBHUBaJICHTHAS HHAYKTUBHOCTBH B 9TOM CJIy4dac COCTABJIACT BCIIMYHNHY
L=Fe= ¥ 0157008 _7 o5 159y,
Ip—I, 10-2

HKBUBAJICHTHOE aKTUBHOE COMPOTHUBIIEHUE cXeMbI (puc.5.40)

R=R+2 _3, 427 g0y
R+R 4247

IMMOCTOsITHHAasA BpECMCHU
L 725107
R 9

[peamnosaraem, 9To JIMTEIBHOCTD MEPEXOAHOIO MPOIIECCa COCTABISACT DT,

—08-1073¢.
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2) IIponsBogHas IO BPEMEHH B ypaBHEHHUU (5.3) 3aMEHSETCSl OTHOIIICHH-
€M KOHEUHBIX MPUPAICHUI:
d¥Y AY
dt At
u ypaBHeHue (5.3) npeobpa3zyercs K BUgy: AV =At-(90-9-i).
[Tpupamenne BpeMeHU (PUKCUPYETCS] U CBSA3BIBACTCS C MPEIIIOIaracMoi
JUTUTEIIBHOCTBIO TIEPEXO0THOTO TIpoliecca U KOJu4ecTBOM maroB N:

At=h=>".
N
-3
ITycte N =16, Torma h:M:O, 25-10° c.

[Morokocuerenne Ha (K+1)-om mrare HaxomsT ©3 HalJICHHBIX Ha
npeapiaymeM (K-oM) mrare 3HAYEHHSIX MMOTOKOCHCIUICHUS W TOKA. AJITOPHUTM
pacuera BBIMJISIUT CIIETYIOIIUM 00pazoM:

Y., =%, +h-(90-9-i,). (5.12)
k =0 cooTBercTByeT HauanbHBIM yciaoBusM 3amaun (t=0), ¥,=¥,=0,08 BO,
i, =1,=2 A.
k=1 — mepselii mar t=h=0,25-10"°c. B coorBeTcTBUM ¢ BhIpaxeHueMm (5.12)
umeem: ¥, =¥, +h-(90-9-i,)=0,08+0,25-10°-(90-9-2) =0,098 B6. [danee mo Be-
Oep-aMIIepHO XapaKTEPUCTUKE HAXOJUM TOK, COOTBETCTBYIOUIMI 3TOMY 3Ha-
YEHUIO MOTOKOCUEIUIeHU I, =2,85A.
k=2 — Bropoii mar t=2h=0,5-10°c. B coorBercTBHU ¢ BBIpakeHHeM (5.12)
umeeM: ¥, =¥, +h-(90-9-i,)=0,098+0,25-10°-(90-9-2,85)=0,114 B6. [lanee no
BeOep-aMIepHON XapaKTEPUCTUKE HAXOJUM TOK, COOTBETCTBYIOIIMM 3TOMY 3Ha-
YEHUIO TOTOKOCLEIUIEHUS i, =4,3 A.

AHanoruyHeIM 00pa3oM COBEPIIAEM OCTAJIbHBIE IIATH.

ITo pe3ynbpTatam pacueToB cTpouMm 3aBUCUMOCTH | (t). Ha puc. 5.43 noka-
3aH HA4aJIbHBIM Y4aCTOK 3TOU 3aBUCUMOCTH.
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N3 conocranenus puc.5.42 u 5.43 BUAHO 3aMETHOE PA3IMYUE 3aBUCUMO-
CTel, HAaJIEHHBIX JIBYMsI ClIOCOOaMHM, YTO OOBSCHSIETCS 3HAUUTEIIBHOU MOTrpell-
HOCTBIO MeTo/a Jilepa, CBA3aHHBIX C BEIMYMHONW BPEMEHHOTO 11ara u rpadu-
YECKHM OMPEACIECHUEM TOKA.

IMPUMEP PACYUETA Ne2
«Pacuem nepexoonozo npovecca ¢ yenu, cooepiicauieii HeJTUHEUHbII KOHOEH-
camop»
Cxema nienu nokasasa Ha puc. 5.44.
HManusie s pacyera: U =100B,
o> ] )/ R, =900M, Om, R;=10 Owm. Kyiosn-
i R vyl I3 BOJIbTHAsI XapaKTEPUCTHUKA IPEICTaBIIe-
U & . Ha Ha puc.5.38.
o
Puc. 5.44

1. t =+0 — MOMeHT KOMMyTaIHH.

2. Tnst t >+0 cocraBuM crucTeMy ypaBHEHHH, HCIIONB3Ys 3aKOHBI Kupxroga:
=i, +i,
LR +u. =U . (5.13)
LR, —u. =0
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ITpu 3TOM TOK Yepe3 HEIMHENHBIN KOHIEHCATOP ONPENENIIeTCsl BBIPAKEHUEM
¢
,=—.
dt
[TpeoOpa3yeM NaHHYIO cUCTEMY K OJHOMY IU(p(HEepeHInaIbHOMY ypaBHe-
HUIO, B KOTOPOM (UTYpUPYIOT TOJIBKO TE€ NEPEMEHHBIEC, KOTOPBIE ONUCBHIBAIOT
XApaKTEPUCTUKY HEIMHEHHOIO 3JIEMEHTA — JJIs JaHHOW 3aJadu 3apsjl KOHIEH-
caropa ( ¥ HaIpsKeHUE Ha KOHAEHCATope U . It TOro, 4T00bI MCKIIFOUUTH T1e-

peMeHHbIe i, U i, u3 cucteMsbl (5.13), J0CTaTOYHO BBIPA3UTh MX U3 BTOPOTO M

TPETHETO YpaBHEHHM W Jlajee MOJCTaBUTh COOTBETCTBYIOIIWE BBIPAXKCHUS B
NepBOE YpaBHEHHUE CHCTEMBI. B utore momyuanm tpedyemoe auddepeHimaibrHoe

YpaBHCHHE:
dq 1 1) U
— 4l | =—+= |==.
dt R R) R

[TopcTaBsisi 4MCIIEHHBIE 3HAYEHUS MapaMEeTPOB, MOJYYHUM pacyeTHOE ypaBHe-
HUE

dg

& HoAtluc =111, (5.14)
Huddepenunansuoe ypaBHeHue (5.14) sBisercss HEIMHEHHBIM, TaK KaK HENHU-
HEWHOM SIBJISIETCS 3aBUCUMOCTD ((U.) .

3. Onpenennm pabounii y4acTOK Ha KyJTOH-BOJIBTHON XapaKTEPUCTHUKE.
3.1. PaccMOTpUM yCTaHOBUBIIHICS pekuM 10 KommyTarmu (T =-0).

Tak Kak MOCTOSIHHBIA TOK Y€pe3 KOHJIEHCATOP HE MPOTEKAET, HAIPsHKEHHUE
Ha KOHJEHcaTope OyJeT paBHO MPUIOKEHHOMY:

u:.(-0)=U =100 B

U Janee mo Bebep-aMIepHoil xapakTeprcTuke Haxoaum ¢(—0) =50-10° Kur.

Takum oOpa3zoM, Mbl HallUIM KOOPAMHATHI Hayajga pabOYyero ydacrka —
touku A (puc. 5.45).
3.2. Haiinem HampspKkeHUE Ha KOHJIEHCATOPE B YCTAHOBHUBIIEMCS PEKHUME TOCTE
kommyTanuu (t=o0).

ITockonBKY B 3TOM peXUME B LENU JEHCTBYET MCTOYHUK MOCTOSHHOTO

HampspkeHusi, B ypaBHeHHM (5.14) cienyeT MOJOXKHUTD —q—O, TOrAa

dt
Ue :OLTllll =10 B. Haiinennoe HanpsikeHue onpeaesieT KoHell padodyero yyactka
— TOuKy B Ha puc.5.45.
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4. MeToj KyCOYHO-THHEHHO annmpoKcuMAanuu

ANNpOKCUMHUPYEM 3aBUCUMOCTh ((U:.) Ha ydacTke AB nByMs OTpe3KaMu

npsiMbix AC 1 CB. Beibupaem nosnoxxenne Touku C Tak, 4ToObI alllPOKCUMAIIUS
HE CJIMIIKOM OTJIMYAJach OT peaJbHOW 3aBUcMMOcTH. Hampumep, u..=44 B,

0. =40-10° K (puc.5.45).
1). Paccmotpum yuyactok AC.
Ha sToMm ydacTke oTpe30K annmpOoKCHMUPYIOIIEH IPsIMOM OMMCHIBAETCS
CJIEIyIOLIUM ypaBHEHUEM
q=0, +C U, =32-10°+0,179-10° -u, (5.15)
Or—0c _ (50—40)-10°
Uen—U.  100-44

rae C, = =0,179-10° ® — sKkBHBaJEHTHAss EMKOCTh y4acT-

ka AC.
DTO ypaBHEHUE MOJCTaBIsIeM B ypaBHeHUE (5.14) u nonydaem JMHEHHOE
muddepeHranbHOe ypaBHEHUE OTHOCUTEIBHO HANPsKEHUS KOHIeHcaTopa Uc !

0,179-10J<3°L|Lt¢+0,111-uC =111,
OTKyZa
dditc+0,62-106-uc =6,2-10°. (5.16)
Pemenue ypaBaenus (5.15) umiem B Buze:
U. =u. +Ae, (5.17)
rne Uz — BeJIMYMHA, COOTBETCTBYIOIIAs YCTAHOBUBLIEMYCS PEKUMY MOCIE KOM-

myTaruu (t =00), A — nmocTosiHHAas, onpeaesieMas Ha4aJIbHBIMU YCIOBUSAMHU, P,
— KOPEHb XapaKTEePUCTUYECKOTO YPABHEHUSI.
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XapakTepUCTUUECKOE YPABHEHHE
p, +0,62-10° =0,
oTkyma p,=-0,62-10° 1/c.
JIs yCTaHOBUBIIErOCS PEKUMA [OCIIE KOMMYTAI[MH UMEEM

106
0,62-10
Jlnist onpenenenust moctossHHOM A 3amnuieM (5.17) amns MOMEHTa KOMMY-

taruu (t =+0):
10+ A =u.(-0)=u., =100, otkyma A =90.
OxkoHuaTenbHO penieHne ypaBuenus (5.16) umeer Bu:
Ue =10+90e 06210t B (5.18)

DTO0 peuieHue aercTByeT Ha ydactke AC, KOTOpOMY COOTBETCTBYET HH-
TepBai BpeMenu ot t =-+0 10 MoMeHTa BpeMeHH t., COOTBETCTBYIOIIETO TOYKE

C. Haiinem 3TOT MOMEHT BpeMEHHU, MCTOJIb3ys BhIpaxkeHue (5.18), 3amucanHoe
g Touku C:

44=10+90e 2 | orkyna t, =

1 44-10
- In
0,62-10° ( 90
2). Paccmotpum yuactok CB.
Ha sTom ydacTke oTpe30K IpsIMOUN OMUCHIBAETCS YPAaBHEHUEM
q=0, +C, U, =14-10°+0,59-10° -u.., (5.19)
Qe -G, _ (40-20)10°
Uee —Ueg 44-10

j=l,57-1060.

rae C, = =0,59-10° @ — >KBUBaAJICHTHAs €MKOCTb y4acTKa

CB.
VYpaBuenue (5.19) noacrasnsiem B (5.14) u nonyuyaem nuHeitHoe audde-
pEHITMATBPHOE YpPaBHCHHWE OTHOCHTEIIPHO HAINPSDKEHUS KOHACHcCATOpa U. JIJIs

yuactka CB:

ddit%o,lg-loﬁ Up =1,9-10°. (5.20)

ITockoJibKy 3TO ypaBHEHHE CIIpaBeIIMBO Jyisl yyactka CB, Ha KOTOpBII
MBI [TONIAJIa€M CIYCTsI BpeMsl t. mOcCie Havyaia NeEPEXOIHOTO MPOLECCa, PEIICHHE
WILEM B BUJE:

Ue =UL + A e, (5.21)
XapakTepUCTUUECKOE YPAaBHEHUE
p,+0,19-10° =0

oTkyma p,=-0,19-10° 1/c.
- 19-10°

=———-=10 B.
0,19-10°

JI71s1 yCTaHOBUBILETOCS PEXKUMA MOCIIE KOMMYTAIIUU UMEEM U

3anuem (5.19) 1 momenTa t=t. :
10+ A =u.. =44, otkyna A =34.
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B pesyabTaTe pemenue ypaBaeHuS (5.20) IpUMET BU:
Ue —10+34 01920 (15710%) A (5.22)
Ha puc.5.46 noctpoeHa 3aBUCUMOCTb U3MEHEHHUSI HAmpspKEHUs U (t) 1o
BbIpakeHusM (5.18) u (5.22).

UcB
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1,67 t , MKC

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Puc.5.46

5. Metoa Jiinepa

1) HaiieM moCTOSIHHYFO BpEMEHH T, alllIPOKCUMUPYS pabOUHil y4acTOK
AB 01HUM OTPE3KOM MPSIMOM.
DOKBUBAJICHTHAsE EMKOCTh B 3TOM CIIy4ae COCTABIISICT BEIMUUHY
—_— —_— . _6
c =% _(0-2010"_45510¢ o,
Ucp —Ucg 100-10
HKBHUBAJICHTHOE AKTUBHOE COMPOTUBIICHUE CXEMBI
RoRR 9010 o0
R+R, 90+10

MOCTOSIHHASI BPEMEHU
r=RC,=0,333-10°-9=3-10"° c.
[Ipenmnonaraem, 4To JUTUTEITBHOCTD MEPEXOHOTO MPOIIECCa COCTABISET OT.
2) IIpou3BoiHast O BpeMEHU B ypaBHEHUU (5.14) 3ameHsAeTCs OTHOIICHU-
€M KOHEYHBIX ITPUPALLICHUM:
dq _Aq
dt ~ At
u ypaBaenue (5.13) npeoOpasyercs k Buay: Aq=At-(4,11-0,111-u.).
[Tpupamenue BpeMeHU (PUKCHPYETCS U CBA3BIBACTCS C MPEANoaraeMoun
JUTUTEIIbHOCTBIO TMIEPEXO0JIHOTO Mpoliecca U KoJauyecTBoM maros N:
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At=h=2%.
N
5.3.10°

ITycte N =15, rorma h= =1.10° c.

Bapsn koumencaropa Ha (K+1)-om miare HaxomsT W3 HaMJCHHBIX Ha
npenpiayneM (K-oM) mmare 3HaYeHHSX 3apsjia M HANPSDKEHUS KOHACHCATOPA.
ANTOpPUTM pacuera BBITISIUT CIEAYIOIUM 00pa3oM:

Oy =0 +h-@11-0,11-u,, ). (5. 23)
k=0 cootBercTByeT HauanbHbIM ycioBusam 3amaun (t=0), q,=q, =50-10°K,
Uco =Uc., =100 B.

k =1 — mepssiii mar t=h=1.10°c. B cooTBeTcTBHU C BhIpaxkeHueM (5.23) ume-
eM: ¢, =q,+h-(11-0,11-u.,)=50-10°+10°(1,11-0,11-100) =40,11-10° Kur.
Jlanee 1o KyJOH-BOJIBTHOM XapaKTEPUCTUKE HAXOIUM HANpPSLKEHHE, COOTBET-
CTBYIOIMI 3TOMY 3HAYEHHIO 3apsiaa Konaencaropa Ucy =43B.
k=2 — Bropoii mar t=2h=2-10°c. B coorBercTBuu ¢ BbIpaxkenuem (5.23)
umeeM: @, =0 +h-(111-0,11-u,,) =40,11-10° +10°(1,11-0,11-43) =36,5-10°  Ku1.
Jlanee mo KyJOH-BOJIbTHOM XapaKTEPUCTUKE HAXOJIWM HaIpsSHKEHHE, COOTBET-
CTBYIOILINI 3TOMY 3HAUEHUIO 3apsija KOHJIeHcaTopa U, =34B.
AHanoruyHeIM 00pa3oM COBEPIIAEM OCTAJIbHBIE IIIATH.

[Io pe3ynbpTaTaM pacyeToB CTPOMM 3aBUCUMOCTH Uc(t). Ha puc. 5.47 mo-

Ka3aH Ha4yaJIbHbIM YYaCTOK 3TOW 3aBUCUMOCTH.
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ITPUMEP PACYETA Ne3

«Pacuem nepexo0Hno2o npoyecca 8 yenu, cooeprcauieii HeJIUHEUHbLIL Pe3u-
cmopy
Cxewma 11enu nokazaHa Ha puc. 5.48.
Jaunsie qis pacuera: U =120B,
R,=700M, Om, C=10 mkx®. Bonbt-

aMIIepHasl XapaKTEpUCTHKA MpeCTaB-
nena Ha puc.5.39. Tox | na eonvom-
AMNEPHOU XapaKmepucmuKe coomeem-
cmeyem moky W na cxeme.

(o,

Puc. 5.48
1. t =+0 — MOMEHT KOMMyTaIHH.
2. st t > +0 mo 3akonam Kupxroga cocraBuM cucTeMy ypaBHEHHIA:
=1, +i,
u+u. =U (5.24)
u+i,R, =U
rae U — HalpspKeHWE Ha HEJTMHENHOM PE3UCTOPE.
[IpeoOpaszyeM naHHYIO CUCTEMY K OJHOMY Au(depeHInaIbHOMy ypaBHe-
HUIO, B KOTOPOM (PUTYPUPYIOT TOJBKO T€ MEPEMEHHbIE, KOTOPHIE OMHUCHIBAIOT
XapaKTEepUCTUKY HEIMHEMHOTO 3JIEMEHTA — JJIsI JAHHOM 3aJ1a4i HaNpsHDKEHUE Ha
HEJIMHEWHOM PE3UCTOpE U U TOK YEPE3 HETO | .
N3 tpeThero ypaBHeHUs: cUCTEMBI (5.24) BhIpakaeM TOK I, :
- U-u
RZ
BoIpa3uB 13 BTOpOro ypaBHeHHs cucTeMbl (5.24) HanpsihKeHUe KOHJIeHca-
TOopa Us =U —U, onpenesssieM TOK 4epe3 KOHACHCATop:
j—c _cdU-u)_ odu
dt dt dt
IloncTraBiisAst MOTyYEHHBIE BBIPAXEHUS UIsl TOKOB i, U I, B IIEPBOE ypPABHEHHUE

cucremsl (5.24), nomyunm Tpedyemoe nuddhepeHiaibHOe YpaBHEHUE:

du . u U
C—+h+—=—
dt R, R
WA, YMHOXast HA R, :
du .
RC—+iR,+u=U.
2 dt lRZ

HOI[CT&BJ'IH?[ YUCJICHHBIC 3HAYCHUA I1apaMCTPOB, IMOJYHYHM PACUHCTHOC YypaBHC-
HHUC

7-10*‘%+70i1+u=120. (5.25)
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Huddepennmanbioe ypaBHeHue (5.25) gBisieTcs HEIWHEWHBIM, TaK KaK HEJU-
HEWHOM SIBJISIETCS 3aBUCUMOCTH U(i,) .
3. Onpenenum pabounii yuacTOK Ha BOJbT=aMIIEPHOIN XapaKTEPUCTHUKE.
3.1. PaccMoTpuM yCTaHOBUBIIIHAKCS pekuM 10 KommyTarmu (T =-0).

Tak kak B 3TOM peXHMe KOHJICHCATOp ObUT HE MOAKIIOYEH K UCTOYHHUKY
SHEPruH, HAMPSLKEHUE Ha KOHJIeHcaTope OyIeT paBHO HYJIIO:

u:.(-0)=0 B.

B coorBeTcTBUM € 3aKOHOM KomMmyTauuu U (+0) =u.(-0)=0, Toraa u3 BTOpPOro
ypaBHeHus1 cuctemsl (5.24) u(+0)=U —u.(+0)=120 B. Ilo BosbT-amMnepHON Xa-
pakrepuctuke HaxomuM ToK 1(+0)=8 A. Takum o6pa3om, MbI HAILTH KOOP/IH-
HaThI Hayasa pabouyero yyactka — Touku A (puc.5.49).
3.2. Haiigem HampspkeHHE Ha PE3UCTOpE B YCTAaHOBHBIIEMCS PEKUME TOCHE
komMmyTanuu (t=o0).

[TockonbKy B ATOM peXUME B IEMH JEHCTBYET MCTOYHUK TIOCTOSHHOTO

u
HaIpsHKEHUs!, B ypaBHEHHH (5.25) clieqyeT NOJI0XKHUTh dt =0, B pe3ynbTare 3T0

ypaBHEHUE NPUOOPETAET BU:
u=120—70i,. (5.26)
Torga HampsikeHHE HA HETMHEHHOM COMPOTUBICHUU MOXKHO HAWTH, Kak
TOYKY TI€PECEUCHHs BOJIbT-AaMIIEPHON XapakTepucTuku ¢ mpsmoit (5.26).
Haiinennas Touka ¢ koopauHatamu U; =50 B, i; =1 A ompegensier koHel pabo-

Yero ydyacTtka — Touky B Ha puc.5.49.

u,B
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/
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4, MeTo KyCOYHO-IUHEHHOH annpoKCuMaIuu

AnNnpokcuMupyeM 3aBUCUMOCTH U(l) Ha ydacTke AB OByMs OTpe3KaMu

npsmeix AC u CB. Breioupaem nomnoxenne touku C. Hampumep, u. =100 B,
ic =4 A (puc.5.49).
1). Paccmotpum yuyactok AC.
Ha sToMm ydacTke 0Tpe30K anipOKCHMUPYIOIIEN IPSIMON OIMCHIBACTCS
CJIEIyIOLUM ypaBHEHUEM
U=uy+R, i, =80+5-i, (5.27)
u,—uc. 120-100

rie R, = T =5 OM — SKBHUBAJICHTHOE CONPOTHUBJIICHUE YYacTKa
A C

AC.
VYpaBuenue (5.27) noacrasiseM B ypaBHeHue (5.25) u mnoixydaem JIMHEH-
Hoe nuddepeHIanibHOe ypaBHEHHNE OTHOCUTEIBHO TOKA Yepe3 pe3UCTOp |, :
7-10™ -5%+70-i1+80+5-i1 =120,
dt
OTKyJa
35-104%+75-i1 =40,

N OKOHYAaTCJIBbHO:

%+2,143-1o4 | —1143.10°. (5.28)
Pewenue ypaBaenus (5.28) umiem B BUE:
i, =i/ +Ae™, (5.29)

rZ€ || — BEJIMYMHA, COOTBETCTBYIOIIAS YCTAHOBUBUIEMYCS PEXKUMY ITOCIE KOM-
myTaruu (1 =00), A — mocTosiHHAs, onpeaesieMas Ha4aaIbHBIMU YCIOBUSIMH, P,

— KOPEHb XapaKTEPUCTUYECKOTO YPABHEHUS.
XapaKkTepUCTUUECKOE YPaBHEHHE
B, +2,143-10" =0,
oTKyma p, =-2,143-10* 1/c.
JI71s yCTAHOBHBIIIErOCS PEXKUMA TOCIIE KOMMYTALIUU HMEEM

104
= 114310 5533 A
2,143-10
Jlst onpenenenust HoctostHHON Ay 3anmmiem (5.29) 11 MOMeHTa KOMMY-

tauun (t =+0):
0,533+A =i, =8, oTrkyna A =7,467.
OxkoHuarenbHO penieHue ypaBHeHus (5.29) umeer BUI:
i, =0,533+7,467e 21810 A (5.30)
Jto peuieHue AeicTByeT Ha yyactke AC, KOTOPOMY COOTBETCTBYET WH-

tepBai Bpemenu oT {=-+0 10 MoMeHTa BpeMeHH t., COOTBETCTBYIOIIETO TOUKE
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C. Haiinem 3TOT MOMEHT BpeMeHH, UCTOJb3Ysl BeipaxkeHue (5.30), 3amucanHoe
g Touku C.

4=0,533+7,467¢ 2110
OTKyZa

1 4-0,533
t.=— ~In
2,143-10 7,467
2). Paccmotpum yaactok CB.

Ha sTom yd9acTke 0Tpe30K mpsIMOM OMUCHIBAETCS YpaBHEHUEM
u=uy,+R,-i,=333+16,67-i, (5.31)

):O, 358-107c.

e R, = u-C —Ug _100-30

- 11 =16,67 OM — PKBUBAJICHTHOE COMPOTUBIICHUE YYacTKa
c™ B -
CB.
VYpasuenue (5.31) noxacrasisem B ypaBHeHue (5.25) u noixydaem JIMHEH-
Hoe Ju(depeHInaTbHOE YPaBHEHNE OTHOCUTEIBFHO TOKA YE€PE3 PE3UCTOP |,
%m, 743104, = 0,743-10°. (5.32)
[TockonpKy 3TO ypaBHEHHE CHPABEIIMBO 1A yyacTka CB, Ha KOTOpBIi
MBI IIONIAJIAEM CITyCTS BpeMs ic mocie Hayvana IepexoHOro IpOLEecca, pemre-
HUE UIIEM B BUJIE:
i, =i+ A ek, (5.33)
XapakTepucTUYECKOE YPAaBHEHHE
p,+0,743-10* =0
oTkyaa p, =-0,743-10* 1/c.
., 0,743-10°
JI71s1 yCTaHOBUBILIETOCS pEXKUMA NIOCIIE€ KOMMYTAllui UMEEM | = 0B =1
3anumem (5.33) q1st MOMeHTa t=t; :
1+ A =i =4, otkyna A =3.
B pesynbrate pemenue ypaBaenus (5.33) npumeT BU:
j, =1-+3e 07003810 A (5.34)
Ha puc.5.50 moctpoeHa 3aBUCHMOCTh M3MeHeHus Hampspkenus iy(t) mo
BeIpakeHUsM (5.30) u (5.34).

5. Metona Jiiepa

1) Haiizem nocTOSIHHYHO BpEMEHH T, alllIPOKCUMUPYS pabOvHil y4acTOK
AB o1HUM OTPE3KOM MPSIMOA.
OKBUBAJIEHTHOE CONPOTUBJIEHUE HEJIMHEWHOIO PE3UCTOPA B 3TOM CIIydae

COCTaBJIACT BCIIMYHNHY

_Upy—Ug _120-50 ~10 Ou

R=3T, 81
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9KBHUBAJICHTHOC aKTHBHOC COIIPOTHBJICHHUC CXCMbI
R 10-70
_RR =8,750m,

" R.+R, 10+70
MOCTOSTHHASI BPEMEHU
r=RC=8.75-10" c.
[Ipeamnonaraem, 4To JTUTEIBHOCTD TIEPEXOJHOTO MPOIIECcCa COCTABIISET OT.
2) IlpousBoiHas MO BpEMEHU B ypaBHEHHH (5.25) 3aMeHSAETCs OTHOIIICHHU-
€M KOHEUYHBIX ITPUPALLCHUMN:

du_Au
dt At
u ypaBHeHHe (5.25) npeoOpaszyercs K BULY: Au= % -(120-70-i,—u).
[Ipupamenue BpeMeHU (PUKCUPYETCS] U CBSA3BIBACTCS C MPEIOIaraeMoi

5t

JUIUTENBHOCTLIO TIEPEXOJHOTO Mporiecca U KoauuecTBoM maros N: At=h= N .

5-8,75-10°

IMycte N =25, Torma h= =175-10" c.

Hanpsokenue Ha HenuueinoM pesuctope Ha (K +1)-oM miare Haxomsr u3

HalIeHHBIX Ha npeapiayiieM (K-oM) mare 3HauYeHHUsIX TOKA W HAMPSDKEHUS. AJl-

TOPUTM pacueTa BHITIISIUT CICAYIONUM 00pa3oM:

h .
ukﬂ:uk+W-(120—7O~|1k—uk). (5. 35)
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k:O COOTBETCTBYET HadalbHbIM ycioBusM 3amaud (t=+0), u,=u, =120 B,
o =ha =8 A.
k—l — mepBbIii 1mar t=h=175-10°c. B cooTBeTcTBHM C BhIpakeHuem (5.35)
1,75-10°
7- l 7-10"
Jlanee mo BOJIBT-aMIIEPHOM XAPAKTEPUCTUKE HAXOAUM TOK, COOTBETCTBYIOLINN
ATOMY 3HAYEHHUIO HANpsKEeHUA i, =4,8A.
k=2 - BT0p0171 mar t=2h=35-10°c. B coorBeTcTBUHU ¢ BhIpakeHueMm (5.35)
1,75-10°
7-10"
Hanee no BOJILT-aMHepHOH XapaKTepUCTUKE HAXOAUM TOK, COOTBETCTBYIOLIMM
3TOMY 3HAYEHHUIO HANPSKEHU i, =3,8 A.

AHQJIOTHYHBIM 00pPa30M COBEPIIIAEM OCTAJIbHBIC IIATH.
ITo pe3ynbpTaram pacueToB cTpouM 3aBUCUMOCTH | (). Ha puc. 5.51 nmoka-

UMeeM: U, =U, + 107 ——(120-70-i,—u,) =120+ (120—-70-8-120) =106 B.

HMeeM: U, =U, + 7 g% (120704, ~u,) =106+ (120—70-4,8—106) = 97,95 B.

3aH HayaJbHBIN Y4aCTOK ATOM 3aBUCUMOCTH.

i, A

9

8

t, Mike

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Puc. 5.51
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[MTPMJIOKEHUE I1.1

Odopmienne nomamrHux 3aganuit (3) A0MKHO MPOU3BOAUTHCS B COOT-
BETCTBUM CO CIICYIOIIUMU HOPMATHUBHBIMHU JIOKYMEHTAMH, MIPUBEICHHBIMU B
CIIUCKE JIUTEPATYPHI.

CTpyKTypHBIMU 3JIEMEHTaAMH OTYETA SBJISIOTCS: TUTYJIBHBIN JIUCT; COEP-
KaHKe; epeUYeHb COKPAILEHUH, YCIOBHBIX 0003HAYEHU, CAMBOJIOB, €TUHUI] U
TEPMUHOB; BBEJICHHE; Pa3/ieJibl OCHOBHOM YacTH OTYETA; 3aKI0YEHUE; OMOINO-
rpaduyueckuii CUCOK; MPUIOKECHUS.

OOpaszen BBINOJHEHUS TUTYJIBHOTO JiucTa npuseAeH B [Ipunoxenun 11.2.

Co;[epn(aHHe BKJIIOYaCT HAMMCHOBAHUA Pa3aciIoB, IMMOAPA3ACIOB U ITYHK-
TOB C YKA3aHHNCM HOMCPOB CTPAHMHII, Ha KOTOPLIX ITIOMCIHICHO HAYAaJI0 JAaHHOI'O
Martcpuaiia.

HpI/IHHTBIC B OTUCTC MAJOpACIIPOCTPAHCHHBIC COKpAaIllCHHA, YCIIOBHBIC
0603Ha‘-IGHI/ISI, CHUMBOJIBI, CAMHHUIBI U CHGHI/I(l)I/I‘-IeCKI/IG TCPMHUHDbI OOJIKHBI OBITH
NpCaACTaBJICHBI B BUJAC OTACIIBHOI'O CIIMCKaA. Ecan COKpaliCHus, YCIIOBHBIC 000-
S3HAYCHUA, CUMBOJIbI, CAUHHUIBLI B TCPMHUHBI IIOBTOPAIOTCA B OTUCTC MCHCC TPCX
pas, OTIIGJIBHBIﬁ CIIMCOK HC€ COCTaBJIAIOT, a pacumtprBKy Jar0T HCIIOCPCACTBCH-
HO B TCKCTC OTUCTA IIPH IICPBOM YIIOMHUHAHUU.

Bo BBenenunn Gopmupyercs nenb /I3, a Takxke, KakuM MmyTeM (METOJIOM)
OHA MOXET OBbITh JOCTUTHYTA.

Pa3niensl OCHOBHOM 4acTH COJEPKAT TEOPETUUECKHUE TIOJIOKEHUS, PE3YJIb-
TaThbl paCYETOB, rPaMKHU U TaOIUIIBI.

3aKII0YEHUE COACPKUT KPATKUE U YETKHE BBIBOJBI O MPOJIETaHHON pado-
Te. BrIBOABI O TIpoAenaHHON paboTe HE JTOJIKHBI ObITh MEPEUUCICHUEM BBIIOJI-
HEHHBIX PabOT W JOJKHBI MPEJCTABIATh COOOM aHaIM3bl Pe3yJIbTaTOB, MOJIY-
YEHHBIX B IIpOLIECCE BBITOJIHEHUS [13.

bubnuorpaduuecknii CIUCOK JOJDKEH COACPKATh CBEACHHS O JIUTEPATy -
HBIX, ICTOYHUKAX, UCMOJIb30BAHHBIX MPHU BbINOJHEHUH J13. cTOUHUKM cheayeT
pacroyiaraTh B MOPSAKE MOSBIEHUS CCHUIOK B TeKcTe. CBeleHns 00 MCTOUHHUKAX
npuBoASITCS B cooTBeTcTBUU ¢ TpebdoBanusmu ['OCT 7.1-2003. [Ipumep O6ub-
auorpaMyecKoro Crucka:
1. Heiiman JI.P., lemupusin K.C. TeopeTnyeckre OCHOBBI AJIEKTPOTEXHU-
ku. — JI.: Dueprus, 1975. -T.1. -521c.
2. becconoB JI.A. TeopeTnueckue OCHOBBI AJICKTPOTEXHUKU. DJICKTpHUUE-
CkHe 1enu. — 9-e u3., nepepad. u nom. —M.: Beicur. mik., 1996.-638c.
3. Ocuognl Teopunu uemneut / I'.B. 3eseke, I1.A. Monkun, A.B. Herymm,
C.B. CtpaxoB. —5-e u3z., mepepad. —M.: Bricur. mik., 1996. —638c.
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B npunioxkeHne MOTyT ObITh BKJIIOUEHBI PUCYHKH, TAOTUIBI U paclieYaTKu
C KOMITBIOTEPOB, BBHITIOJIHEHHBIE HA JIUCTaX pa3mMepoM Oojbiie popmata A4, a
TaK)Ke MaTtepual, TOTOJHSIONIMN OTYeT.

TeKkCTOBBIN JOKYMEHT BBITIOIHSIOT Ha tucTax dopmata A4 (210x297Mm) ¢
OTCTYIIOM OT Kpas JIUCTa: CBepXy Ha 15MMm, cHu3zy Ha 20MMm, cieBa Ha 30MM,
cupasa Ha 10MM. Hukakux pamok, 0603uayarowux spanuyy 1ucma, 4epmums He
mpebyemcs.

PyKONUCHBIN TEKCT BBINOJHAIOT PYYKO# (IIAPUKOBOM WIIM TEIHEBOM) HKe-
JaTeNbHO YEPHOTO I[BETa, PUCYHKH U Tpadbl B TAOIHUIIAX MOYKHO BBITIOJIHSATH Ka-
paHaaIIoM.

TekcT OCHOBHOM YacTH OTYETa MOKET ObITh MOJCJICH Ha pa3Jielibl, Mo-
pa3aeinbl, MyHKThI. 3aroJIOBKU Pa3/AesioB MUIIYTCS CUMMETPUYHO MPONUCHBIMU
OykBaMu. 3arojIOBKM MoJipa3ziesioB nuinytces ¢ adzama (15 - 17 Mm) cTpoYyHBIMU
OykBaMU, KpOM€ TEPBO. 3aroJIOBKH pa3/eioB OTIEISIOT OT TEKCTA OJJHUM HIIU
JIBYMSI MEXCTPOYHBIMH UHTEpBajiaMu (5 MMm). [lepeHoc u mogyepKkuBaHue CJIoB
B 3ar0JIOBKax HE JIOMYCKAETCs, TOUKY B KOHIIE 3ar0JIOBKA HE CTaBsT, HAIIPUMED:

1. OITPEJEJIEHUE ITAPAMETPOB JIBYXITOJIFOCHUKOB
1.1. Pacyer akTMUBHOI'O CONPOTUBIICHUS

Bce aucThl, Ha KOTOPBIX MMeeTcs MH(pOopMaIus, TOJKHBI ObITh IPOHY-
MepoBaHbl apabCKuMuU LUppaMu MO MOPSAKY, HAUMHASL CO BTOPOrO JIMCTA /10
nocienHero. [lepBoit crpanuneil B JIF0OOM JIOKYMEHTE SIBISIETCSI TUTYJIbHBIN
JIUCT, HOMEp CTPAHMIIBI HA HEM He cTaBIT. HoMep cTpaHHuIbl CTaBAT B MPaBOM
BepxHeM yriy nucta. Mmmroctpauuu (deptexu, rpaduku, cxemsl, GhoTorpa-
(bun), KOTOpbIE PaCIONOKEHBI HA OTACIbHBIX CTPAHUIIAX OTUETA, BKIIIOYAIOT B
0O0IIyI0 HyMEpaIuio CTPAHHII.

Kaxxnas wimroctpaius 10/KHa UMETh 3ar0JIOBKH, a, P HE0OXOAMMO-
CTU —TOJIPUCYHOUHBIM TEKCT. 3aroJ0BOK WUTIOCTPALIMM MOMEIIAIOT HaJl HEW
M0 UEHTPY IIMPHUHBI pab0OYero MoJjsi, MOAPUCYHOUHBIH TEKCT — TMOJ Hew.
Homep nimmrocTpanyin JOJDKEH COCTOATH M3 HOMEpA pasziesla U NOPSAKOBOTO
HOMEpa WJUTIOCTPAIUU, PA3ACICHHBIX TOYKOM, W MOMENICH HUXE MOSICHSIO-
el moamnucu, Hanpumep: «Puc. 1.2» (BTOpol pUCYHOK NEpPBOTO pasjelia).
WnmrocTpauyy HyMEpYIOTCsl TOCIEI0BATENbHO apaOCKuMK tudpamMu B mpe-
nenax paszzena. JlomyckaeTcs CKBO3Has HyMepanus wuiroctpauuid. Eciou B
OTUETE OJIHA WUIIOCTpalus, TO €€ HE HyMepYyIoT U clIoBO “Puc.” He muiryT.
Ha nomep uimrocTparuu 00s3aTeNIbHO JOHKHBI OBITh CCHUTKH TIO TEKCTY.
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[Tpumepsl 0hopMIIECHUS WILTFOCTPAIIUIA

dopMa MarHUTONMPOBOAA MATHUTHON CUCTEMBI, UCCIIEyeMON B TaOOpaTOPHOMH

pabote
//
lz
| el Y |
Sren u() -5 '5
/
|
w &___13
II// 4+ LSZ \ls"‘}
stl

d — Bo3myIIHbIH 3a30p; |y, |y, lsu Sy, Sy, S3 — MKMHEI ¥ MONIEpeyYHbIe CCUESHHUS
CTEpPKHEU.

Puc.1.1

3aBUCHMOCTH MarHuTHOTro rmotoka (@) u toka (i) ot Bpemenu (1)
D, Bo6 I, A
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Puc. 1.2

[MudpoBoit marepuan aomkeH odopmiATbes B Buae Tabmui. Tabmuiry
IOMEIIAI0T B TEKCTe Mocie ab3ala, CoAepiKallero CcbUlKy Ha Hee. TaOnuua
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JOJKHA UMETh 3arojIOBOK, Yepe3 OJMH MEKCTPOUYHBIA MHTEpBAJ HAJ 3aroJioB-
KOM, BBIPaBHHMBAsI CTOKY IO MPaBOMY Kparo, MUIIYT ¢ IPOMUCHONW OYKBBI CIIOBO
«Tabmuna ....». Crnea, cipaBa ¥ CHU3Y TaOIUILy JTUHHUSIMH 3aKphIBaTh HE 00s3a-
TenbHO. [IpuMep odopmiieHUS TaOIHIIBI.
Ta6nuna ...(HoMep)
3arog0BOK TaOJIUIIbI

3aronoBku rpad

I'omoBka Iloa3aromnosku
rpad

Ctpoku

[Ipu nepenoce TabJIMLIBI HA IPYTYIO CTPAHUILY €€ IIanKy, OOKOBHK MOBTO-
pstot, u Uyt «IIpogomxenue Tadi. ... ».

@opMyJIbl B OTUETE Pa3MENIAIOT CTPOKOM CHMMETPUYHO JIEBOW U ITPABOU
rpaHuIiaM Tekcra. Mexay (GpopMysiol U TEKCTOM JTOJKHBI ObITh MEKCTPOUYHBIE
uHTepBaibl. DOpMyJIBI B OTYETE HYMEPYIOT apaOCKuMu LudpaMu B Ipenenax
pazziena, HOMEP YKa3bIBAIOT C MPABOM CTOPOHBI JIKCTa HA YPOBHE (POPMYIIbI B
KPYINIBIX CKOOKax. Hymepyromcs moavko me Qopmynvl, CCbLIKU HA KOMOpbvle
ecmb 6 mexcme. 110sCHEHNs 3HAUEHUN CUMBOJIOB M YHCIIOBBIX KO3(()ULINEHTOB
ClleyeT NMPUBOAUTH HETOCPEICTBEHHO mocie (GopMyJibl MOCIE CIOBA «T/AE», B
TOM K€ MOCIEeA0BaTEIbHOCTH, B KOTOPOH OHU YHNOMHHAJINCh B (opMmyle,
HaIpumep:

Tok | onpenensiem no 3akony Oma, B aMmriepax:

U

I=—>, (2.3)

rae U — anekTpudeckoe HanpsikeHnue, B; R — anekTpudeckoe conpoTuBieHue,
Om.

ITepenoc ¢opmyn nomyckaeTcsi Mocje 3Haka paBeHCTBA (=) WM TOCHe
3HAKOB IUTIOC (+), MUHYC ( - ), YMHOXeHUs (%), nenenus (:).

CchUTKM Ha WJUTIOCTPAIlUM YKa3bIBAIOT MOPSIKOBBIM HOMEPOM WILIIOCTpa-
1y, Hanpumep, «puc. 1.2». Ccbuiku Ha (OPMYJIBI YKa3bIBAIOT MOPSAKOBHIM
HOMEpPOM (popMyJIBI B CKOOKaX, HampuMmep: «.... B ¢opmyse (2.3)». Ha Bce Tab-
JIUIIBI JOJDKHBI OBITh CCBUIKH B TEKCTE, HAIPUMED: «... B Ta0a. 1.3.». Cchliku Ha
JUTEpaTypHbIE UCTOYHUKHU CJIEAYET YKa3bIBaTh MOPSIKOBBIM HOMEPOM I10 CHHUC-
Ky HCTOYHHKOB, BBIJICJICHHBIM B KBAJpPAaTHBIX CKOOKax, Hampumep: [2], [5,
Tabn.4]. Ecnu B oTueTe o7Ha WIUTFOCTpAIys, 0JHa Tabiuia, ogHa Gpopmyna, o1-
HO ypaBHEHHUE, OJHO MPHIOKEHUE, CICTYET IPH CChUIKAX MUCATh «HA PUCYHKEY,
«B TAOIUIIEY», «T10 POPMYJIE», «B YPABHEHUNY, «B MPUIOKECHUN». B TOBTOPHBIX

CCBUTKAX CJEIyeT yKa3biBaTh COKPAIIEHHO CIOBO «CMOTPH», Hampumep: (CM.
taou. 1.3), (em. rn. 1.2.).
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[lepeuniciienusi, mpu HEOOXOAUMOCTH, MOTYT OBITh TNPHUBEIECHBI BHYTPHU
NYHKTOB WM MOAMYHKTOB. [lepeunciennss peKoMeHyeTcsl BKIOYaTh B TEKCT
MOCJIE JIBOETOUMSI C a03aIHOTO OTCTYIA Ka)XA0€, HAYMHasl CO CTPOYHON OYKBBI U
0e3 Tupe, MeXxay co0o0i mepeurcieHus: OTACNSIOTCS TOUKoM ¢ 3amnsitoil. Ilepe-
YUCJICHUS CIeyeT HyMEpOBaTh MOPSIKOBOM HyMepaluei apabckumu nudpamu
co CKoOkoil, Hanpumep: 1), 2), 3) u T. 1. B npeaenax oAHOTo MyHKTa WX MO-
MyHKTa HE JI0IyCKaeTcs 00yiee OJTHOM TPYIIIbl IEPEYUCICHUH.

Ilepeuenb cokpalieHui, yCJIOBHBIX O0O3HAYEHHI, CUMBOJIOB, €IWHUIl U
TEPMUHOB JOJDKEH pacmoJiaraTthes ctosiomoM. CrneBa B alipaBUTHOM TOPSIIKE
MIPUBOJISIT COKPAIICHHUS, YCIOBHBIC 0003HAYEHUS, CHMBOJIBI, CIUHUIIBI U TEPMHU-
HBI, CIIpaBa - UX JIETAIbHYIO paciIuppPOBKY.

He pexoMenayercss HauMHaTh pas3zaen (moapasnen) oTyera ¢ TabJuLbl, pu-
CyHKa win popmynbl. OTUET TOJIKEH YUTAThCS U OBITh MOHSATEH MOJB30BaTEIIO.
Henp3a 3axkaHuMBaTh CTPOKY 3arojIOBKOM Tekcra. He pekoMeHayeTcs nepeHo-
CUTh Ha CJEIYIOIIYI0 CTPaHUIy MOCJIEIHIO CTPOKY al3ala Wid 3aKaHYMBaTh
CTpaHUIly NEpBOM CTPOKOW cienymoliero abdsama. B TexcTe He nomyckaercs:
IIPUMEHSATH COKPAILEHHUS CJIOB, KPOME YCTAaHOBJICHHBIX ITpaBUJIaMU PYyCCKOM Op-
dorpapun U AECUCTBYIOUIMMH CTaHIAApTaMHU; HE JOIMYCKAeTCs HCIOIb30BaTh
3HAK «-» Mepe]l OTPULATEIbHBIMU 3HAYEHUSIMU BEJIUYMH, CIEAYET MUCaTh «MU-
HYC»; YHOTPEOJISATh MATEMAaTHUYECKUE CUMBOJIBI M 3HAKU; IPUMEHATh a0OpeBUa-
Typsl cranaaptoB (TOCT, TY, CTII) 6e3 peructparimonHoro Homepa. [lpu me-
pEHOCE CJIOB M TEKCTa PEKOMEH]IYETCSl PYKOBOJICTBOBAThHCS MPABUIIAMU PYCCKOM

opporpadun.
[Tpu opopmuenun JI3 Takxke MOKHO MOJIb30BATHCS JTUTEPATYPOM:

1. Macnos H.H. Mcnonp3oBaHune 00IMIETEXHUYECKUX CUCTEM CTaHJIapTOB B
yaeOHOM Tmporiecce: Meronuueckue ykazanus. —JL:JIMWXKT, 1987. —
37c.

2. Kysneno U.H. TloaroroBka u odopmiienne pedeparoB KypCOBBIX U
TUTIOMHBIX paboT. —MH.:000 «Cap-Bect», 2000. —256¢.

3. Odopmiienne TeKCTOBBIX NTOKyMeHTOB: Metos.ykas. /Coct. B.A. Boino-
tuH, B.B. E¢pumos, B.I1. UrnateeBa, H.B. ®ponosa. —3-¢ uza. nmepepad.
u pom. —CII6.: TIT'YTIC, 2002. — 44 c.
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T'OCYJIAPCTBEHHbBI VHUBEPCUTET ITYTEU COOBILEHU S

Kadenpa «Teoperndyeckne OCHOBBI AIEKTPOTEXHUKID)

Jomamrnee 3aganue Ne 1

PACYET LIENMA MNOCTOAHHOIO TOKA
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I'pynna 3T-001

HopmokonTponb (moamuce) N.0. ®amunus

Otuer npuHsI:
[IpenogaBatens (MOAMKCH) noikHocTh  UM.O. @amunus
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