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PaccmarpuBaem nepexoaHbIid MPOLECC B LEMAX, COCTABICHHBIX 3JIEMEHTA-
Mu R, L u C npu nutanuu ux ot ucrounuka JJ[C E. IlepexoHbIM OH Ha3BaH
MOTOMY, YTO MMEET MECTO MEXIY JABYMS YCTAHOBHUBIIMMHCS PEXKHUMaMHU, OT-
JIMYHBIMH OJIUH OT APYTOToO.

Bo3HukHOBEHME TIEPEXOAHOrO mpoiiecca Oy1eT 00yCIOBICHO KOMMYTalUei

LEMH: 3aMbIKaHUEM WJIM PA3MBIKAHUEM KJlFoua —> —{ A
B MOMEHT BpemeHHu ¢ = 0.

B 3aBHCHMOCTH OT PacmoOKEeHHUsI, KIH0Y OyJIeT MOACOeAUHATh (0TCOeu-
HSITh) UCTOYHUK NMUTAHUSI WK OTIEJIbHBIE ee 3JeMeHThl K (oT) nenu. C 3Toro
MOMEHTA U “‘CTapTyeT MEPEeXOHbINA MPOLECC MOICKAIUN aHATTU3Y.

Hac O6ynyt unrepecoBaTh GyHKIIUU BPEMEHU: TOKHU i(f) B dJIEMEHTaX ICTH
W HanpspKeHus u(f) Ha 3TUX 3JIEMEHTax. YKa3aHHbIE BEJIWYUMHBI MOTYT U3Me-
HATHCA BO BPEMEHHM CJIOXKHBIM 00pa3oM, HO TMOBEJCHHE HEKOTOPBIX W3 HUX
pencKazyeMo. ITO OOCTOSITENIbCTBO (OPMYTUPYETCS CICTYIONUMU 3aKOHAMH
KOMMYTaIl1u.

Tok 6 uHOYyKmugHOCMU U HANPAXNCEHUE HA eMKOCMU CPA3y Nocie KOMMY-
mayuu (6 momenm epemenu t = 0,) ocmaromca maxkumu-yce, KAKUMU OHU
Ovliu HenocpeocmeeHHo 00 Kommymayuu (B MOMEHT BpeMeHu £ = (_).

B kpatkoii 3anucu: iy (0-) =i, (0+) muc(0-) = uc(0-+).

AHAJIA3 ITEPEXOIHOTI'O ITPOLUECCA B IEIIM BTOPOI'O
[HOPAIKA C HYJIEBBIMU HAYAJIbHBIMU Y CIIOBUAMN

R=ISO3 On [Tomnexxar pacuery TOKM B BETBIX,
R HAIpsDKEHUS HA WHIYKTBHOM M €MKOCT-
10° Om HOM 3JIEMEHTax B MOMEHT KOMMYTalUU

£=200B i 1 MK% ==l U II0CJIE HEE.

0,1 T uc(fy Kirou B BETBM C HCTOYHHUKOM, Pa3OMK-

f=0 + iw(0) HYTBIA 1O KOMMYTAlUH, IPEAOTIPEAEIISIET

% HyJIeBble HadasbHble ycioBus: ip(0-) = 0
uuc(0-) =0.

PaccuutsiBaem iy (¢) u uc(f) nis t > 0.
CocraBnsieM pelieHue s KaKJI0M U3 3TUX BEIMYMH B BUJIE CYMMBI IIpU-
HYKJIEHHON ¥ CBOOOHOM COCTABJISIONINX:
iL(t) = iLHp + iLCB;
uC(t) = ULCup + UCcs.
Opna cocraBiromas “nOpuHykAeHa” K CyIIECTBOBAaHUIO HCTOYHUKOM D/[C
E, moBTopsieT ero opMy 1 OCTaeTCs HEU3MEHHON B TE€UEHHE TEPEXOTHOTO MPO-
necca. [locinennee o0CTOATENBCTBO MO3BOJISET OMPEACIUTD 3TY COCTABIISIOUIYIO
0 OKOHYaHWM MepexoaHoro mnpouecca. [Ipu 3Tom ya00HO BOCIOIB30BATHCS



CXEMOM, COCTABJIICHHONM UMEHHO I MOMEHTA BpEMEHHU ¢ = co. T. K. pexxum
YCTAHOBUBIIMICS, TO Uc(00) = const, ic(0) =0, i (0) = const, up()=0.

OTH COOTHONICHUS IMO3BOJIIIOT €MKOCTh MMpCACTABHUTL Pa3pbIBOM BCTBH, a
HHAYKUBHOCTb — KOPOTKHUM 3aMbIKAHHUCM.

=00
10° i (00)=200/(10°+10V=0,1[A]
D 10° M Tok B neBOM KOHTYpE.
‘1) E=200B | uco)  uc(e)=0,1-10° = 100[B].

i HANPSKEHUE HA COTPOTUBIICHUU
CpEIHEW BETBHU.

A
~
S~
—
~
8
~

Hpyras cocrapisitomas “cBo6oHa” ¢cB0OOHA OT BO3JEHCTBUS MCTOYHUKA
Y CYLIECTBYET 33 CUET U3MEHEHMS SHEPTUH B DJIEKTPUYECKOM M MarHUTHOM I1O-
JSIX UHYKTHUBHOTO U €EMKOCTHOI'O 3JIEMEHTOB:

ia=Ae?* +Be*, uc,=C-e"'+D-e"".

A, B, C u D — noctosiHHbIE UHTETPUPOBAHUS; A - KOPHU XapaKepUCTHUE-
CKOT0 YpaBHEHHUs. DTO ypaBHEHHME ‘‘3alpOrpaMMHUPOBAHO” B COINPOTUBICHUU
Z(\), 3alIUCAaHHOM OTHOCHUTEJIBHO 3aKUMOB JI000I M3 TpeX pa30pBaHHBIX BET-
BEU CIEAYIOLIEN CXeMBbl. Tak s CpeHed BETBU TO CONPOTUBIICHUE, IIPUPAB-
HEHHOE HYJIIO, U OyJIeT XapaKTepUCTUYECKUM

10
10° 10°
1 X 1()3'(%)
0,14 [5o == 0,1-A+10 +W:
+7
— Z0) A
1

Tocie peobpazoanmii momydaem A>+ 11-10° -4 + 2-10” = 0. Kopru sToro

ypaBHenusi: A =— 2300 u A, = —8700.

CocraBiisieM pelieHue, 00beIuHAs IPUHYKICHHYIO U CBOOOJHYIO COCTaB-

. . . . — -t — .t
JISIOIIHNE iL(t)=ipmp t iLes = ir(0) + A-€ 230014 B.g78700 ,

uc(t) = ULCnp + Uces = uC(OO) + C.e—2300-t n D-€_8700’t.
[Tocnennue nBa ypaBHEHUS] IPUHUMAIOT BU/T
iL(r)=0,1+ A-e B0+ B.g 00, uc(f)=100+ C-e P04+ p.e t70,
Omnpenensst moctosiHHbIe MHTErpHpoBanus A, B, C u D, cocrasisem e
cUcTeMbl ypaBHEeHMU. /{751 yero paccmarpuBaeMm i (f), uc(f) U UX MPOU3BOIHBIC
cpazy mocie kKomMmyTanuu. [I[pon3BoHbIE OT TOKA U HAIPSDKEHHS UMEIOT (hu3u-
yeckuit cMbIc: L- dip /dt = ui (t), C-duc/dt = ic(2).



t:O+

[
10° Om ir(0.)=0 J7 ic(04)=200/1 0°=0,2A < TOK Teuer 1o
( . 10° Onx BHEIIHEMY KOHTYDY.
l UC(O+) =0
l t(0:) ur(0+) =0 < cpenHsst BETBb 3aIIyHTH -
F pOBaHa MpaBOil BETBbIO.

Cxema 3amerienusi B MOMeHT #(0.) Oyaer:

Tox i (¥)=0,1 + A-e 20"+ B.e ¥ 5 poment 1= 0., ¢ yuetoMm i (04) =0,
Oyner: ir(0:)=0,1+A+B;i(0,)=0. A+ B=-0.1

Hanpsokerue ui (£) = L- diy /dt = 0,1[-2300-A-¢ >"'-8700-B-¢*"""'] B mo-
MeHT ¢ = 0., ¢ yaetom u (0,) =0, Oyner

ur(05) =0,1[ —2300-A —8700-B] nm 2,3-A + 8,7-B =0.

Hanpsokenue uc(f)= 100+ C-¢ %"+ D.e %"

uc(04)=0, 6yner:
uc(0.)=100+ C+Dum C+D=-100.

Tok ic(f)= C- ducldt=10"[-2300-C-¢ >*'-8700-D-¢ *""] qust ¢=0., ¢

yaetoM ic(0+)=0,2A, Oyner:
0,2=10"°[-2300-C—8700-D] mmu 2.3-C + 8.7-D = —200.
Pacronaraem aByMs CHCTEMaMU YPaBHEHUIA:

B MOMEHT ¢ =0, C yueroM

A+B=-0,1; C+D=-100;
2,3-A+8,7B=0. 2,3-C+8,7-D =-200.
Pemras cuctemsl, mojrygaeM 3Ha4€HUS IOCTOSIHHBIX MHTETPUPOBAHUSA:
=-0,1359u B =-0,0359; =-104,7uD=-4,7.

IToncraBnss 3nauenus A, B, C u D B cocTaBiieHHbIE paHee pelIeHus, Mo-
JydaeM TOK B WHIAYKTUBHOCTH WM HAIPsOKEHHE HAa €MKOCTH B BUJIC (yHKIIHI
BpPEMEHU

ii() =0,1 —0,1359-¢ 2% + 0,0359¢ " [A];
uc(f) =100 — 104,7-¢ 2% + 4,7¢"° [B].
HOHY‘ICHHBIG COOTHOIIICHHA Oa0T BO3MOXHOCTH OHpGI[CJ'II/ITB OCTaJIBHEBIC
TOKHU U HaHpsDKCHI/IS{

ic(t) = C duc/dt = 107°.[104,7-2300-¢ " — 4,7-8700-¢ "] =
=0,2406-¢ " —0,0406-¢ """ [A];
u (f) =L diy /dt = 0,1-[0,1359-2300-¢ """ — 0,0359-8700-¢ "] =
=31 ,26-6_2300t 3] ,26.6—8700t [B]:
i(t)=i.+ic=0,1 +0,1047-¢ " — 0,0047-¢ *"*"[A].



AHAJIN3 ITEPEXO/IHOT'O ITPOLIECCA KIIACCUYECKUM
METOAOM ITPU HEHVJIEBBIX HAYAJIbHBIX YCJIOBUAX

Ry iL(t)
400 Om R,

20 OMm
E L
450 B l C 0,2Tu

107 @
uc(?) R+=50 Om

[ ]
t=0

JIns t2 onpeneuTs U NpeICcTaBUTh

rpadukamu iy (f), uc().

PaccmaTpuBaem 1niens B pa3iIM4HbIe MOMEHTBI BDEMEHU.
VY cTaHOBUBLIMICS PEKUM K MOMEHTY KOMMyTanuu — ¢=0_.

K momenTy =0 WHIYKTUBHOCTH — KOPOT-
KO€ 3aMbIKaHHE; EMKOCTh — Pa3pbIB BETBHU.

i(0_)=450/(400+50)=1 A;
uc(0_)=1-50=50 B;

-

Pexum cpasy nocie kommyTtanuu — 1=0,.

400 Om i(0_)=1A
20 Om
E
450 B l uc(0 )=50 B
F 50 Om
]
u(0,)=400 B
)
400 Om

D E

450 B

i(0)=1A | ic(0)=0

jzooM

14
50B

HauanbHble ycnoBus
UHTEPHPETUPOBAHBI:
i(0)=i(0 )=1TA-
HWCTOYHHKOM TOKa,
uc(0+ ) = Mc(o_) =50B -
ucrounukoM I/C.

ur(04)
50B

= B xontype E=u(0+)+ ur(0+); ur(0+) = 450 -400 =50[B].

OmnpeznensieM TOKH B JIEBOM U CPEIHEN BETBSIX.

400 Om
20 Om
450 B
50B

i's(0-+)

i'(0,)=1i'c(0) 0,9524 A

HCHYJICBBIC HAYAJIbHBIC YCIIOBUA.

400 Om
20 Om
+ 14
i «(0+)
09524 A

1
N

i"'(0,)=0,0476 A

i(0,)=i'(0.) +1"(0.)=1 A, i.(0, )= i'«(0,) +i""«(0,) = 0.



Y CTaHOBUBILIMKCS PEXKUM 10 OKOHYAHHUU IIEPEXOJHOI0 MpoLecca — (=0,

400 Om iL(0)
20 Om
450 B
1 () i(0)=450/400= 1,125 A;
|\ UC(OO) =0.

PaccuntsiBacM 3Ha4eHUS KOPHENU XapaKTEPUCTUIECKOIO YPABHEHUS.

| I
400
20
1 % 0,2:1
T 1072
=, Kophuu ypaBuenus Z(A)=0
| onpeneisieM Mocje KOMMYTAIUH.

++ 20+ 400-0,2- =0; M+119-% +4,762-10°=0; Ai2=-59,5%5-210.
107" - A 400+ 0,2-A

Y cTaHOBWIIH CIIEaYIONIEE:

- B aHAJIM3UPYEMOU LIEH UMEIOT MECTO HEHYJIEBbIE HAYaJIbHBIE YCIOBHUSL:

i(0+)=i(0_)=1A, uc(0:)=uc(0_)=50 B;

- cpa3y NocJjie KOMMYyTallUN:

ur(0+)=50 B, ic(0+)=0;
9T 3HAYEHUS TTOHAI00STCS IPU OMPEICIICHUN MTOCTOSIHHBIX MHTETPUPOBAHMUS;

- KOpHHU XapaKTEPUCTUUECKOTO YPaBHEHUS KOMILIEKCHO-COMPSIKEHHBIE;
1enb paboTaeT B PEKUME 3aTYXAIOMIUX TAPMOHUYECKUX KOJICOAHU;

Pacrionaras nanHO#l MH(pOpManuei COCTaBIsEM pEIICHUE JISI UCKOMBIX
BEJINYUH I (f) ¥ uc(f) moouepeHo.

. l.f(t) R,=400 OmM; R,=20 Om; R3;=50 Owm;
4000m 1 o, C=10"* ®; L=0,2 I'n; E=450 B.
20 Om
E L
450 B C 02Tn
107 @ Panee onpeenimm —
R3:50 OM . .
O iL(0.)=1.(0-)=1 A; u(0.) =50 B;
JV 1=0 i(0)=1,125 A; A,=-59,5+]-210.

/A

(D)= iLap(D) + irea(t) = iL(0) + A7 +B-€M %
Jlnist pacyeTa MOCTOSTHHBIX MHTErpupoBaHusi A u B Bocmosib3zyeMcs nepBbIM 3a-
koHoM kommyTanuu i (04) =i (0-)=1 A.

Pemenue JJIs1 TOKAa B MHAYKTHBHOCTH



Pemenue * npu t= 0, Oyaet i (0;) =i (o) +A- 1+B- 1. @
Huddepennupyem * u ymHoxkaem Ha L L(diL/dt)\=L(A MmeEM +BA, €M),
D10 ypaBHeHHe B MOMEHT BpemeHu =0, Oyxnet u(0.)=L(AA+BA,). @
[TepBoe 1 BTOpOE ypaBHEHHS COCTABIISIOT CUCTEMY JJIsl ONPEICIICHHS TOCTOSH-
HBIX A, B 3. Tocne MMOJACTAaHOBKHU 3HAUECHUU 3.

A+B=ii(0)—i(), | A+B=1-1,125,
AMFBA= u(0.)/L. (=59,5+j210)-A+(=59,5 —210)-B = 50/0,2.

3HadYEeHUS ITOCTOSHHBIX HHTCIPUPOBAHUA CIICAYIOIINC -
=—0,0625—j-0,5775=0,5809-€ °%%; B=—0,0625+j-0,5775=0,5809-¢' "%,

[ToncraBnsem 3HaueHus i (), A u B B pemenue *. Tok B MUHAYKTUBHOCTH
Oyner

iL(1)=1,125+0,581-¢ 796239512101 1) 581.¢/%02.¢391.g 32107 =
=1.125+0.581 _6—59,5-t[€'(210.t—96,20) I e_j(210.;_96’20)] _
=1,125+1,162-¢"""-c0s(210-:-96,2°), [A].

IT ic() iVL(t) R1=4O40 OwMm; R,=20 Om; R;=50 Owm;
400 Om R, C=10"®; L=0,2T'n; E=450 B.
20 OMm
E L
450B 1 =C . 02TH Panee onpenenum -
uelt) 107 ® Re=50 Ot uc(0:)=uc(0-)=50 B; ic(0,)=0;
| uc(OO)ZO; 7\‘1’2:—59,5 i] -210.

J]V/ =0
Pelenye y1s HaNpsKEHUs HA EMKOCTH / /\

uc(t) = tcap(t) + uce(t) =0 +D-€M  +F-€ | * *
JIns pacdera 3Ha4YE€HHUN OCTOSAHHBIX MHTErpupoBanus D u F Bocrionbszyemcs
BTOPBIM 3aK0HOM KoMMYyTanuu uc(0+) = upc(0-) =50 B.

Pemenne ** ipu =0, 6yner uc(0,)=D+F. @
Hubdepenuupyem ** u ymuoxaem Ha C C(duc/\c‘lt) =C(DMEM' +F M €1),
D10 ypaBHeHHe B MOMEHT BpemeHu =0, oynet ic(0.) =C(D A +F A,). @

TpeTbe U 4eTBEPTOE YPAaBHEHUS COCTABIIAIOT CUCTEMY JIJIS OMPEICICHUS] TTOCTO-
sHHBIX D, F . TlocIie moACTaAHOBKY 3HAUEHHMIA .

D+F =uc(0.), 1 D+F=50,

DA+F A, =ic(04)/C. (-59,5+j210)-D+(-59,5-j210)-F=0. J

j15,8¢° —j15,8e
3HaueHHs IOCTOSHHBIX MHTerpupoBanus D =26-€' 7 ; F=26.¢7 ",

[Toacrasnsiem 3nauenuss D u F B pemenue **. Hanpsokenue Ha eMKOCTH
Oyner

”.C(t) :26,61'15,80..6_59,54.8210.;+26.e—j15,80.6_59,54.6_]'210.1:
=26-¢7 [0 4 AT = 52,670, c0s(210-1+15,8°), [B].



AHAJIN3 HHEPEXOJJHOI'O IIPOLIECCA B
OJIEKTPUYECKOMU LHEIN OITEPATOPHBIM METO0OM

?1 ,-Ly(t) OnpenenuTts TOK B UHAYKTUBHOCTH i1 (7).
400 Om R, B amanm3e KiIacCHMYECKHMM METOJOM  Oblia
20 OM NOKa3aHa IOCJIEOBAaTEIbHOCTh pacyera
45; 0B C 0o FL HEHYJIEBBIX HAYaJIbHBIX YCIIOBHIA:
= e i(0_)=ir(0:)=1 A m uc(0_)=uc(0.)=50 B.
R3:50 OMm
;FO
ﬁ ]D ®) < OmneparopHasi cxema 3aMelIeHus
20 - s ¢ > 0. B HEell HeHyneBble Hadalb-
450 1 10- % 0,20 Hple yCIIOBHS yYTEHBI JOIOJHHTENb-
3 10p - » aeiMu uctouHukamu IJIC uc(0- u
50 () o21 L-i(0). p
2
R . R . Jlns ananu3a BOCoab3yeMcs METOA0M
i A i J KOHTYPHBIX TOKOB.
Yl(p ) I(p) < YKa3bIBaeM MOJOKUTEIbHbIC HATIPABICHHUS
Sommee- ' IR ' TOKOB U 3aIIMCHIBAEM CHCTEMY YPaBHCHHIA.
10* 1 4
(420+L) I(p) +(2O+L) I, (p )_ﬂ—ﬂ,
P P p p
10° 10°
(20+L) I(p)+ (20+i+02 )- I(p)—$+02J
P pP p
4 4 4 2 4 6
a=20+1% .20+ 1% 1 02p) - 204102 3210 P4 10
P P P P
4 4 2 3 5
A, = (420 + g) (@+02)+(20 10 ). (400):84]7 +31 102p+45 10 ‘
P P P P
/ (p):A2 84p* +31-10° p+45-10° p> +369p+5357-10"
t A p-(84p* +10°p+4- 106) p-(p>+119p+4,762 - 104)

Paccuntan KOPpHH ITOJIMHOMA 3HAMCHATCIIA: P =

MU CBhIBACM ITOJIMHOM B MYJ'IBTI/IHJ'II/IKaTI/IBHOI\(JI (bopMe.

0; ps=-159,5tj 210, 3a-



1 (p)= p> +369p +5357-10° |
p-(p+59,5—-,210)-(p+59,5+ j210)

O6paTtHO€E mpeoOpa3oBaHUE BHITIOIHSIEM 110 TEOPEME BHIYETOB.

i, (t)= (p*> +369p +5,357-10%) -p~ 07" N

- (p+59,5—-j210)-(p+59.5+ j210) p, =0

. (p” +369p +5,357-10%) - (p+595—5210) (" "
P Ap+3595—72107- (p + 59,5+ j210) pr=-59,5+j210
.\ (p> +369p +5357-10%) (p+595+7210)- (" -
p-(p+59,5-j210) (p+£395+75210) p3=-59,5-j210

=1.125+0.581- e—59,5-t[ oi(210:4-96,1°) 4 e—j(210-t—96,1°)] _
=1,125+1,162-¢*".cos(210-t-96,1°), [A].

AHAJIN3 ITIEPEXOJTHOT'O ITPOLIECCA B DJIEKTPUUYCKOM LIETTN
METOAOM ITEPEMEHHBIX COCTOAHU A

RSI iLV( N Oo6patumcs k mporpamme rkfixed
400 Om R, cuctembl MathCAD. I'paduuecku

20 Om npencraBuM QyHkmu ip(f), uc(t)
E L KaK pe3yJbTaT peIIeHUsI CUCTEMbI

450B l =C . 0,2I'n muddepeHnnanbHbIX ypaBHEHUN B

uc(?) 0@ R3=50 Om @OPMG Ko,
] ir(00)=1A, uc(0-)=50 B.
=0

JIV/

Brinonusem ananus B untepBane ¢ >0. [lepemennsie coctosiuus - iy (), uc(?).

] N
L T 1%
R, i i 3anuchiBaeM yYpaBHEHUS 10 3aKOHY
,,,,,,,,,,,,,,,,,,,, | Kupxroda st ykazaHHBIX KOHTYPOB.
R Ri(iv +ic) T Ryictuc = E;
E D V l L —Rzic—uc+uL:O.
i C L w® [IpencTaBuM BETUYHHBI B YPABHEHUSIX
uc(?) gyepe3 MEePEMEHHBIE COCTOSHUS U WX
4 , MIPOU3BOIHBIC.
it ic p .
L, u di
t t

Ri, + R, chd’“‘—cmc E; (5)
d”C N d’;
dt

3anucelBaeéM ypaBHEHHE
o ®

OTHOCHUTEIBHO duc/dt.



du,. 1 R, . 1

= E— i, < YpaBHEHUE B
d (R +R)C (R, +R,)C

—_ . u
(R, +R)C ¢ dopme Korm.

DTO ypaBHEHHME MOJCTABISIEM B @ Y 3aIIUCHIBAEM OTHOCHUTENIBHO diy/dlt.
di, R, R\R, , R,
— . E _ s . ZL - . uC
dt (R +R,)L (R, +R,)L (R, +R))L

< YpaBHEHUE B
dbopme Ko,
B nocnennue nBa ypaBHeHus noacTtapisieM 3HaueHus: Ry =400 Om, R, =20 Owm,
C=10"®, L=0,2T'n, E=450 B.
dir/dt=107,1-9524 - iy +4,762 - uc; }
duc/dt=107,1-10*-9524-10" - i +23,81 - uc.
YpaBHEHUS pa3pelIeHbl OTHOCUTEIBLHO TEPBBIX MPOU3BOIHBIX TEPEMEHHBIX
COCTOSIHUS;, B TIPaBbIX YACTSIX JIUITb KOHCTAHTHI M TIEPEMEHHBIE COCTOSHUS.
CocraBnsieM xapakTepuctuieckoe ypapHenue Z(A)=0.

400 . 700 =20+ 1 , 400-0.2-2
107*-4  400+0,2-A
1 % 021
T 10 A +119 A +4,762-10*=0;
Zn =, AM»=—59.5+%1-210.
|

B nenu TOkM M HanpsSKEHUs] U3MEHSIOTCA MO TapMOHUYECKOMY 3aKOHY C
yrioBoi gactoron @, =210[1/c], T.= = 0,03[c] u 3aTyxarT BOo BpeMEHHU; BpeMs
UHTErpupoBaHusl BeiOMpaeM paBHbIM 5-T. = 0,15[c]. Uucno Touek nmpulamxeH-
Horo pemeHus — 500.



3AZIAHUE 1. BeinonHuTh aHaJIn3 NEPEXOIHOTO Mpoliecca B IIEMHU MEPBOro
nopsnka. Cxema menu n3obpaxeHa Ha puc.l B 0600mennoM Buse. Havanbubie
yCIIOBHS HYJICBBIC.

[lepen uccnegoBaHneM HEOOXOIUMO COCTABUTH CXEMY LIEIH, BOCIIOJIb30-
BaBIIMCH MHPOpMarrelt Tabnuisl. B kauecTBe mpumepa Ha puc. 2 u3o0pakeHa
cxema ¢ mapaMmerpaMmu 24-ro BapuaHTa Tabauiiml 1.

24| 330 | Ri=Rs=Rs=R;=1,25 kOm - Cr=6 Mk® | i5(2); us(t)

Ri=12500m  jy()=?

o i B JlaHHOM BapuaHTe YeT-
. BEPTOr0 U ILIECTOro 3Jie-
C,=6-10" @ MEHTOB HET, IO3TOMY
7" E=330 B R

OHHU 3aK0p0quI>I.
()= ||| Ry=1250 Om | 1250 Om

— —
t=0 Rs=1250 Om
Puc. 2
MetonoM, peKoMeHJO0BaHHBIM TpernojaBaTeiaeM, paccuutath i(f), u(t) B
MOMEHT KOMMYyTaIuu u mnocie Hee. [IpeacraBute 006e BenMUMHBI TpaduKaMu B
uHTepBaie Bpemenu 0 + 41 [c].




Tabmmma 1

E R L C Hckombie
Bapuanr [B] [KOM] [MIH] [MKD] BEJIMYUHbI
1 100 Ri=R,=0,1 Le=100 - i1(6); ug(?)
2 110 R1=R=0,15 L=150 - ir(0); ug(?)
3 120 R1=Rs=0,2 - Ce=10 | ixt); ua(f)
4 130 Ri=R,=0,25 - Cm1 | (0 us(d)
5 140 Ri=R,—R,=0,3 L7=200 - ir(t); uD)
6 150 Ri=Rs—R7=0,35 L,=250 - ir(t); u0)
7 160 Ri=R,—Rs=0,4 - C=20 | ixt); us(t)
8 170 R1=Rs=R,=0,45 h C=2 | ix(0); ur()
9 180 Ri=R,—R;=R¢=0,5 L300 - 11(£); ta(?)
10 190 Ri=R,—R,=R5=0,55 L=350 - i5(1); ua(f)
11 200 R1=R3=Rs=R7;=0,6 - Ce=30 i(2); uap(?)
12 | 210 Ri=R;=R4=R5=0,65 - C=3 | uit); unlt)
13 220 Ri=Rs=R7=0,7 L,=400 - i1(1); ug(f)
14 230 Ri=R,—R3=0,75 L=450 - ir(1); ug(t)
15 240 R1=Rs=R;=0,8 - C=40 | ixt); ud)
16 250 R1:R2:R3:O,85 - C6:4 ll(f), Z/lz(f)
17 260 | R;=R,=Rs=R,=R¢=0.9 | L,;=500 - ir(£); ta(f)
18 270 | R;=R,=Rs=R4—Rs=0,95 | L¢=550 - i3(0); w (D)
19 280 | Ry;=R,=Rs=R,=Rs=1.0 ] C=50 | ix(t); ta(?)
20 | 290 | R,=R,=Rs=R;=Rs=1,05 - Ce=5 | is(2); us(0)
21 300 Ri=R,=Rs=R.=1,1 L—=600 : i5(0); ux(?)
22 310 Ri=Rs=Rs=R,=1,15 L,~650 - i\(8); (D)
23 320 Ri=R,=Rs=R,=12 - Ce=60 | is(0); us(t)
24 330 Ri=Rs=Rs=R;=1,25 - C=6 | ix(0); us(d)
25 340 Ri=Rs=R¢=1,3 L:=700 - i1(8); us(D)
26 350 Ri=R,—Rg=1,35 Ls=750 - ir(1); ug(?)
27 360 R1=R3:R5:R7:1,4 - C5:70 ll(f), Ms(f)
28 370 R1:R2:R6:R7:1,45 - C3:7 lz(f), M3(f)
29 380 R1=R2:R5:R6:1,5 L7:800 - ll(f), M6(f)
30 390 Ri=Rs=Rg=R,=1,55 L,~850 - i5(1); ua(t)




3AZIAHUE 2. BeinoJHUTE aHAKM3 NEPEXOIHOTO Mpoliecca B e NEPBOTO

nopsnka. Cxema 1iernu n3o0pakena Ha puc.l B 0o60o0menHoM Buae. HavanbHbie
yCIIOBUS HYJIEBBIE.

o
a (WD
3 Tu3
1 J/Ml I 5 \LMS
Uab il E Ued i3
$u2 6 $u6
=0
— U
Puc.1

[lepen uccnegoBaHMeM HEOOXOJIMMO COCTABUTh CXEMY II€MH, BOCIOIb30-
BaBIIMCH MH(popMarelt Tabnuisl. B kauecTBe npuMepa Ha puc. 2 u3oOpaxkeHa
cxema ¢ rnapamerpamu 24-ro BapuaHTa TabJIuLbI 2.

24 280 R1=R,=R3=Rg= R7=0,8 - Cs=60 Mk® iz(t); Mcd(t)

H()="7? .
.................................. B nanHoM BapuanTte
R R;=800 Om YETBEPTOTO 3JIEMEHTA
g (1) 00 Cs . _,, HET, IIO3TOMY OH 3a-

M E=280 B 7-107 @ Z/tcd(lt)_ : KOPOYEH.
R K,
S00m _ 7 &, 500 0m v
{1 d
800 Om
Puc. 2

MetonoM, pexoMeHJO0BaHHBIM TpernojaBaTeiaeM, paccuutath i(f), u(t) B
MOMEHT KOMMYyTaIuu u mnocie Hee. [IpeacraBute 006 BenMUMHbI TpaduKaMu B
uHTepBaie Bpemenu 0 + 41 [c].



Tabmma 2

E R L C Hckombie
Bapuanr [B] [KOM] [MIH] [MKD] BEJIMYUHbI
1 50 Ri=Rs=R.=0,1 L=10 - ix(0); us(?)
2 60 Ro=R3=Rs=0,2 1,=20 ] i5(0); tan(?)
3 70 Ri=Rs=Rs=0,3 - C=100 | i3(t); ur(f)
4 80 Ry=Rs=R;=0,4 - C=10 | ixt); us(t)
5 90 Ri=Rs=Rs=Rs=0,5 Le=30 . 11(0); teal?)
6 100 Ro=R3=R,=R,=0,15 L,=40 - i1(£); ua(d)
7 110 Ri=Rs=Rg=R,=0,25 - Cs=200 | ix(2); us(t)
8 120 Ry=Rs=Rs=Rs=0,35 - Ci=20 | i5(0); uan(?)
9 130 R2=R3:R7:O,45 L1:50 - lz(f), Ml(f)
10 140 R1=R,=R5=0,55 Ls=60 - 11(0): ug(t)
11 150 R2:R3:R7:0,125 - C1:300 ig(t); uab(t)
12 160 R1:R2:R3:0,225 - C5:30 l3(f), Mz(f)
13 170 R1:R2:R3:R4:R5:0,325 L6:70 - i](t); ucd(t)
14 180 | Ry=R,=Rs—=R,=R;=0,425 | Ls=80 - ir(); us(?)
15 190 | Ri=R,=R3=R4—R5=0,525 - Ce=400 | ux(?); us(?)
16 200 | Ry=R,=Rs=R,=R,=0,175 - Cs=40 | is(0); ua(?)
17 210 Ri=Rs—Rs=R=0,275 L=15 - ir(1); ug(t)
18 220 Ro=Rs=R,=R,=0,375 L=25 - i3(0); us(0)
19 230 R1=R,=Rs=R4=0475 - Cs=500 | is(2); ur(f)
20 | 240 Ry=Rs=R¢=R,=0,575 - C=50 | i(2); w2)
21 250 Rs=R4=Rs=Rs=0.6 L =35 - ix(£); tea(?)
22 260 R1=R,=Rs=R4=0,65 L—45 - ix(8); (D)
23 270 R3=R4=Rs=R,=0,7 - C=600 | i1(t); us(f)
24 280 | Ry,=R,=Rs=Re= R,;=0.,8 - Cs=60 | ir(t); tea(t)
25 290 R1:R3:R4:R7:O,9 LZZSS - il(t); u7(t)
26 300 R1:R2:R3:R5:1, L6:65 - l3(f), Ms(f)
27 310 R1=R3:R5:R6:1 ,1 - C2:700 ul(t); u6(t)
28 320 R2:R3:R5:1,2 - C2:70 lz(f), M4(f)
29 330 R1=R2:R3:R7:1,3 L&=T75 - ll(f), M4(f)
30 340 Ro=Rs=Rs=Rs=1,4 L85 - i5(1); us(f)




3AZIAHME 3. BeInoJHUTH aHAK3 NEPEXOIHOTO Mpoliecca B e NEPBOTO
nopsiaka. Cxema menu uzo0OpaxeHa Ha puc.l B 0600menHoM Buje. HavanbHbie

YCIIOBUS HYJIEBBIE.

& I3

e

(D)
&y, \J
= U < U7
v 1 Uy
Dln O
Ye — 6 Ug
3® =0
2 Puc.1

[lepen uccnegoBaHreM HEOOXOJUMO COCTABUTH CXEMY IIETH, BOCIOJIb30-
BaBIIMCH MH(popMaineit Tabiuilpl. B kauecTBe npuMepa Ha puc. 2 u3o0pakeHa
cxema ¢ mapamerpamu 24-ro BapuaHTa TabIuIb 3.

24 | 120 R1=Rs5=R7=3,3 kOM - Cs=21 MKD | i) (?); uy(?)
R7=3300 Om
H(t)="7? j: B nmamHOM BapuaHTe
c BTOPOTO, TPTHErO W
_ 4 E IIECTOTO  3JIEMEHTOB
()= \LD Ry 21-10° @ 120 B HET, II0DTOMY OHHU
3300 Om ’
Rs 3aKOPOYEHBI.
3300 Om
t=0
Puc. 2

MetooM, pEeKOMEHIOBaHHBIM TIpernojaBaresieM, paccuurtarb i(f), u(tf) B
MOMEHT KOMMYTAaIlMu U mociie Hee. [IpeacTaButh 00e BenMWYMHBI TpadukamMu B

uHTepBaie Bpemenu 0 + 4t [c].




Tabmuna 3

E R L C Hckombie

Bapuanr [B] [KOM] [MIH] [MKD] BEJIMYUHbI
1 350 R1:R2:R3:R7:1 L5:1 - ig(t); ul(t)
2 340 | R,y=Rs=Rs=Re=R,=1,1 | L.=1,1 - i1(0); us(t)
3 330 Ri=R,=Rs=R,=1,2 - C=10 | ix(2); us(d)
4 320 Ro=R,=Rs=R,=1,3 - C=11 | is(0); wi(d)
5 310 Rs=R,=Rs=R,=14 L=12 - ir(£); ()
6 300 Ri=R,—R:=1,5 Ls=13 - i\(8); uD)
7 290 R=Rs=Rg=R.=1,6 - C=12 | ixt); u(d)
g 280 Ri=Rs=Rs=R;=1,7 - C13 | (o) us(t)
9 270 | Ri=R,=Rs=Re=R;=1,8 | Li=14 - ir(0); ui(?)
10 260 | Ri=Rs=R;=Rs=R;=1,9 | L,=1,5 - i3(0); ua(?)
11 250 Ri=Rs=R,—Rs=R;=2 - C=14 | iy(0); us(2)
12 240 | R,=Rs=Rs=Rs=R;=2,1 - Ci=15 | ixt); us()
13 230 Ri=R,=R;=2,2 Ls=1,6 - i5(0); ui(9)
14 220 Rs=R¢=R;=2.3 L=1,7 - i1(0); us(?)
15 210 Ri=R,—R;=2,4 - Cs=16 | ixt); us(?)
16 200 R5:R6:R7:2,5 - C1:17 l3(f), M5(f)
17 190 Ri=R,=Rs=R.=2.6 Li=138 ; i1(0); ua(2)
18 180 Ri=Rs=Rs=R,=2.7 L=1,9 - ix(0); un(t)
19 170 |  R,=Rs=R¢=R,=Rs=2.8 - C=18 | is(2); ug(d)
20 160 Ri=Rs=R4=R;=2.9 - C=19 | i1(0); ua(d)
21 150 Ri=Rs=R:=3 1,2 . ix(0); un(t)
22 140 Ri=Rs=R7=3,1 Ls=2,1 - i5(0); us(?)
23 130 Ry=R,—R7=32 - Ci=20 | i1(0); ua(d)
24 120 Ri=Rs=R7=33 - C=21 | in(0); (@)
25 110 R,=Rs—R;=3,4 Li=22 - i5(0); (D)
26 100 Ri=R,=R;=3,5 L=23 - ir(1); ur(f)
27 90 R2:R4:R7:3,6 - C1:22 l3(f), Mz(f)
28 80 Ri=Rs=Rs=R;=3,7 - C=23 | ii(d); us(d)
29 70 Ri=Rs=Rs=R;=3.8 L=24 - i1(1); ua(t)
30 60 Ro=Rs=Rs=R;=3.9 Le=2,5 - i5(1); us(f)




3AZIAHUE 4. BeinoJHUTh aHaM3 NEPEXOIHOTO Mpoliecca B e IEPBOTO
nopsiaka. Cxema menu uzo0OpaxeHa Ha puc.l B 0600menHoM Buje. HavanbHbie
yCIIOBUS HEHYJICBBIC.

—
. 7
) (4)

T \Luz 6 )$u6

CD E i Ua | T3

Puc.1

[lepen mccmegoBaHneM HEOOXOIMMO COCTABUTH CXEMY IIETIH, BOCIIOJIB30-
BaBIIMCh MHpOpManuei Tabauupl. Kitou pacnosioxkeH 1100 mapaiieabHo Jo-
OOMy W3 CeMH JJIEMEHTOB, JIMOO TMOCIEAOBATEIHHO DJIEMEHTaM CpPEIHEH WIIH
npaBoi BeTBH. Jlo kommyTanuu ( <0 ) kiarou au60 3aMKHYT ( 3 ) 1u00 pa3oMK-
HyT ( P).

B kauectBe mpumepa Ha puc. 2 U300paxkeHa cxema ¢ mapamerpamu 27-ro
BapuaHTa TaOIUIIbI 4.

27 E=185; Ri=R,=R;=R4=2800; i1 (%), u; (¢) [MapamnensHo Ry 3
C~=1,3-107

R;=28000Mm  R4=2800 Om

/=0 B nannom Bapuanrte msi-
] D R,=2800 Om TOT'O U IIECTOTO JJIEMEH-
. . )= ¢ = TOB HET, IIO3TOMY OHH

0 3aKOPOYCHBI.
DR3=28000M 1,3-107 @

il(t) =?

Puc. 2

MetooM, peKOMEHIOBaHHBIM TIperojaBaresieM, paccuurtarhb i(f), u(tf) B
MOMEHT KOMMYTaIuu U mociie Hee. [IpeacraButh 00e BenMWYnHBI TpadkamMu B
uHTepBaie Bpemenu 0 + 4t [c].




Taomuna 4

Bapu- DJIEeMEHTBI Uckomeie Be- | Pacnonoxe- Kurou
aHT E[B], R[OwMm], L[T'H], C[®D] JIAYUHBI HHE KIII04a pu <0
1 E=270; Ri=R,=R4=200; i1(?), ug(¢t) | HapamrensHo 3
L6:0,2 Ry
2 E=260; R\=R;=Rs=R;=300; ir (1), ug (f) | Mapannensno 3
1,=0,3 Re
3 E=250; Ri=R,=R;=400; i1 (?), ug(f) | Mapannensno 3
Ce=2-10 R,
4 E=240; R,=R;=Rs=500; i»(?), u3(f) | Hocnemnosa- P
C,=2-10"° TEIBHO Rs
5 E=230; R=R,=R4=600; i3(?), u; (t) | Iocnenosa- P
L=0,4 TENBHO R
6 E:220, R1:R3:R7:700; 78] (t), U (Z) [Tocnenona- P
L,=0,5 TEJNBHO R7
7 E=210; R1=R,=Rs=800; i3 (%), uy (f) | Hocnemnosa- P
C=4-1 0> TEIBHO R,
8 E:200, R1:R3:R7:900; I (t), I3 (t) [Tocnenona- P
Cy=4-107° TeIBHO R;
9 E=190; R1=R,=R4=Rs=1000; i1 (¢), us () | Hapannensno P
L7:0,6 R4
10 E=180; R1=R,=R,=Rs=1100; uy (1), i3 (¢t) | Iocnenosa- P
L=0,7 TENBHO R
11 E=1 70, R1:R3:R5:R7:1200; I (t), Ug (f) [TapasnnensHo 3
Ce=6-10"" R
12 E=160; R\=R,=R4=Rs=1300; u, (1), i3 (t) | HapamrensHo 3
C=6-10"° R
13 E=150; Ri=R,=Rs=R;=1400; i3 (%), up (f) | Napannensno 3
L3:0,8 R¢
14 E=140; R\=R,=Rs=R4=1500; i1 (1), u3 () | HapamrensHo P
Ls=0,9 R;
15 E=130; R1=Rs=R-~=1600; i3(¢), up (f) | Hapannensro 3
C,=8-10 R
16 E:120, R1:R2:R3:1700; I3 (f), U (f) [TapannensHo P
Cs=8:10"° R
17 E=1 10, Ri=R,=R;=R4=Rs=1 800, uy (l‘), I (t) [TapannensHo 3
L7:1 ,O R4
18 E=100; R1:R2:R3:R4:R5:1900; I3 (t), I (f) [TapasnnensHo P
L6:1 ,1 R3
19 E=105; Ri=R,=R3=R4;=R=2000; Uy (f), I (f) [TapayiensHo 3
C=10"° Ry
20 E=1 15, R1:R2:R3:R4:R5:2100; I3 (l‘), Uus (t) [TapannensHo P
Ce=10"" Rs




21 E:125, R,=R,=R;=R,=2200; I3 (f), 75 (t) [Tapaytensao
L=12 Ry
22 E=135; Ri=R3=Rs=R;=2300; ir(f), uy (f) | Hocnenosa-
L,=13 TENBHO Rs
23 E=145; R\=R,=R;=R,;=2400; Iy (I), Ug (f) ITocnemosa-
Ce=1,2- 1076 TENIBHO R)
24 E=155; R\=R;=Rs=R;=2500; i» (%), u7 (f) | Hapannensno
C=1,2:107 Rs
25 E:165, R1:R3:R4:2600; U (t), Us (t) [Mocnenosa-
Cs=1,3 10°° TETBHO R3
26 E=175; Ri=R,=Rs=2700; ir (1), ug (1) [Tocnenona-
Le=1,4 TENBHO R
27 E=185; Ri=R,=R;=R,4=2800; i1 (?), u;(¢t) | Hapannensho
C=1,3-107 Ry
28 E=195; R\=R,=Rs=R4=2900; ir (1), ug (f) | Mapannensno
L6:1 ,5 R3
29 EZZOS, R1:R3:R6:R7:3000; I3 (I), U (f) [TapasnnensHo
Ly=1 ,6 Rs
30 E=21 5; R1:R2:R3:R7:3 100, I3 (t), U (t) [TapasnnensHo
Ce=1,4-10"° R

YCJIOBHS HEHYJIEBBIE.

3AJAHUE 5. BbINOJHUTE aHAJIU3 EPEXOAHOTO MPOIIECCa B LIETH MEPBOTO
nopsaka. Cxema mnenu uzo0paxkeHa Ha puc.l B 0600menHoM Buae. HaganpHbie

(D—"2 ()
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Puc.1

[lepen uccnemoBaHeM HEOOXOJIMMO COCTaBUTH CXEMY IIEMH, BOCIIOJIb30-
BaBIIUCh MHGOpManuert Tabnuibl. Kitou pacnonoxen aub0 mapamieasHo JIro-
O0My W3 BOCBMH DJIEMEHTOB, JIUOO TIOCIEOBATEIILHO dJIEMEHTAM CpPEAHEH WiH
neBoit BeTBU. Jlo kommyTaruu ( ¢<0 ) ko9 1160 3aMKHYT ( 3 ) b0 pa3oMK-

HyT ( P).



B kauectBe mpumepa Ha puc. 2 u300paxkeHa cxema ¢ mapameTrpamu 27-ro
BapuaHTa TaOJIULIbI 5.

27 E=180; Ri=R,=Rs=Rs=170; ir(?), us (t) | IlapamnensHo R, P
L5=0,024
R2:170 OM L lz(t):?
— B nanHoMm BapuaHTe ueTBep-
\ f D R,=170 Om D Rs E TOTO, LIECTOrO U CEILMOIO
170 OMm 180 B DJIEMEHTOB HET, II03TOMY
=0 us(1)="? OHH 3aKOPOYECHBI.
—>
~ -
L3=0,024TH  Rg=170 Om
Puc. 2

MetonoM, pexoMeHJ0BaHHBIM TpernojaBaTenaeM, paccuutath i(f), u(t) B
MOMEHT KOMMYyTaIuu u mnocie Hee. [IpeacraBute 006e BenMUMHBI TpaduKaMu B
uHTepBaie Bpemenu 0 + 41 [c].

Tabnuma 5
Bapu- OneMEHTHI Hckomslie Be- | Pacrnonoxe- Kirou
ant E[B], R[Om], L[TH], C[®] JINYHHBI HHE KJIF0Ya ipu 1<0

1 E=50; R,=Rs=R-~100; i3 (%), uy (f) | Hapannensno 3
L1:0,01 R,

2 E=55; R\=R,=Rs=R-=1000; ir(¢), up (f) | Hapannensro 3
Ce=10"° R,

3 E=60; R,=R;=R,= R=Rg=105; i1 (¢), ug () | Mapannensro P
L=0,011 Ry

4 E=65; R)=R;=R,=Rs=R;,=2000; i3 (1), us(¢t) | Hapannensno P
C=1,1-10"° Rs

5 E:70, R2:R3:R5:R7:R8:1 10, I (l‘), us (t) [TapannensHo 3
L,=0,012 R3

6 E=75; Ri=R;=R;=R3=3000; i1(¢), u; (¢) | HapamwrensHo P
Cs=1,2:10"° Rs

7 E:80, R2:R5:R7:1 15, I (t), Uy (t) [TapannensHo 3
L,=0,013 R;

8 E:85, R1:R2:R6:R7:R8:4000; I (t), Ug (l‘) [TapannensHo 3
C;=1,3-10"° Ry

9 E=90; R1=R;=Rg=120; i3 (2), uq (¢) [Tocnenosa- P

L,=0,014 TEJIBHO Ry




10 E=95; R\=R,=
s AT =Rs=R;= . ]
o i A i0—67 5000; i» (%), ug (f) | Napannensno
11 E=100; R —R’ = -
N = _R = = . ;
iszg 0175 Re=125; i3(¢), uy (f) | Hapannensro
12 E=105; R\=R _ o
D) - _R :R - . i
616:125.15()—6 7-6000; i1 (1), ug(¢) | Ilocnenosa-
5 o R _, TEJIbHO R
AN _R :R =INg= . /
L23:0 816 s=Rg=130; i5 (1), us (¢) | Mapamnenso
14 | E=115 RRe °
D) e _R :R = N i
(,31:146.15() 7 7000, ir (1), us () | Tocmenosa-
- , T R
15 E=120; Ry=Rs=R;=R=135; : -
L o0l ; i1 (1), uq (2) IMocnenosa-
T R p— AL TEJIBHO R3
; Ri=R=Rs=R=Rs=140; j
L32:0 818 —Rs=140; i3 (%), up () | Hapannensno
17 E=130; R —;{ -
) = :R = . ’
L72:0 819 —=145; I» (1), u7 (¢t) | Hapannensno
18 E=135'R—R—, -
; Ri=R,=R;=Rg= : j
(;5=127-13() Ry 8000; i, (1), up (f) | Mocnenosa-
5 - : , TEIbHO R
E=140; R\=R4,=Rs=150; ] —
002 ; i1 (¢), us () | Hapannensro
20 E=145; R,=R,= - -
; Ry=R4=Rs=R7=Rg= : j
C14: : §'107_ 6R8 9000; i3(¢), uy (f) | HapamnensHo
21 E=150; R,=R - -
EAY) _R :R =Ig— . ]
L13:0,(§21 7=Rg=1355; ir (1), us (1) [MTocnenoBa-
22 E=155; R,=R,=R=R :104, - TENBHO Rg
1910 8 ; i1 (%), us () | Hapannensno
23 E=160; R,=R _ -
s L2 _R :R =Ig— . /
L43: . 6-22 7=Rg=160; i3 (%), us(¢) | Hapannensno
24 | E=165; R=Rs=1 -
’ — —R —I(g— . 4. ]
3C2 i 2.160_1?8 1,1-10%; ir (1), ug (f) | Hapamensuo
25 E=170; R\= "
; Ri=Rs~=R-=165; ]
L51:0 (6)237 165; i1(f), us(t) | Hocnenosa-
T P r—— R TEJBbHO R
’ =R3=R—=Rs= . 4. ]
2C 4:32 1.61 01_368 1,2-10%; i3 (%), u3 (f) | Hapannensno
27 E=180; R —R, = -
D) - _R :R - . ]
i3: 5 022 §=170; i (1), u3(¢t) | HapamrensHo
28 E=185; R,=R > -
’ - _R == . 4. ]
SReRERELIA0 | (0.0 | Mo
29 E=190; R —R’ = -
; Ri=R,=Rs=R-,=180; ]
IL 6:(2) 0255 7~180; i (1), ug (f) | HapamnensHo
30 | E=195; R=Ry=Rs Rl
. = —R = — — 4. ’
»=R3=R,=R,=Rs=1,4-10"; | i>(?), u3(¢) | llapamiensro
R

Cs=2,3-10"°




3AJJAHUE 6. BeINOMHUTE aHAIU3 NEPEXOAHOTO NPOLIECCA B LIEMHU MEPBOTO
nopsiaka. Cxema 1enu uzo0OpaxeHa Ha puc.l B 0600menHoM Bujie. HayanbHbie

YCJIOBUS HEHYJIEBEIE.
Uy

®l

D]y,  ®u 6)| ue
Iy iy I3

le E $u7

(s)
(5)

<— U5

Puc.1

[Tepen nccnenoBaHeM HEOOXOIMMO COCTaBUTH CXEMY IIETH, BOCIIOJIB30-
BaBIIUCH WHpopMarueit Tabmumpl. Kitou pacmonoxeH 0o mapamienbHO JIko-
OOMy M3 CeMH DJIEMEHTOB, JTUOO TOCIEIOBATEIIEHO dJIEMEHTAM JICBOW WJIM Tpa-
Boi BeTBU. Jlo kommyTanuu ( ¢<0 ) kirou 3aMKHYT ( 3 ) 1160 pasoMKHYT ( P ).

B kaudectBe nmpuMepa Ha puc. 2 n3o0pakeHa cxema ¢ mapMerpamu  27-ro
BapHaHTa U3 TaOIUIIHI 6.

27 E=230; R1=R;=R;=1,0; ir (1), i3 () [ocienoBa- P
C=14 TEJIbHO R
H()="7? J i5(£)="? B nanHOM BapuaHTe 4eTBeEp-

TOro, IATOIr0O M MECTOIO
QJICMCHTOB HCT, IIO3TOMY
OHH 3aKOPOYCHEI.

R,=10° Om R:=10° Om
R,
T G, E=230 B 10° Om

14-10° @ .
— =

Puc. 2

MetonoMm, peKOMEHIOBaHHBIM TMpernojaBaresieM, paccuurtarb i(f), u(tf) B
MOMEHT KOMMYyTaIuu u mocie Hee. [IpeacraBute 00e¢ BenMunHBI TpadukaMu B
uHrepBaine Bpemenu 0 + 41 [c].




Tabmnuia 6

Bapu- DJIEeMEHTBI Uckomeie Be- | Pacnonoxe- Kurou
aHT E[B], R[xOwm], L[MI'H], C[MKD] JINYUHBI HHE KJII0Ya npu <0
1 E=100; R,=R;=R4=R¢=0,1; i (1), u; (¢t) | HapamrensHo 3
L7:10 Ry
2 E=1 05, R2:R3:R4:R5:0,1 1, I3 (t), U (l‘) [Tocnenosa- P
L&=15 TeNbHO R;
3 E=110; R\=R;=Rs=R;=2,3; i1 (?), ug(f) | Mapannensno 3
Ce=1 Rs
4 E=115; Ry=R;=R4+=Rs=2,2; i3 (%), up () | Hapannensno 3
C7:2 R3
5 E:120, R1:R3:R6:R7:0, 12, I3 (t), U (Z) [TapannensHo P
L2=20 R;
6 E=125; R\=R,=R;=R4=0,13; i (1), uy (t) | HapamrensHo 3
Lg=25 Ry
7 E=130; Rs=Rs=R;=2,1; i3 (1), u (t) | Hapannensno P
C2:3 Ry
8 E=135; Ri=R,=R;=2; i3(¢), us (f) | Hapannensro 3
C6:4 R,
9 E=140; R\=R,=R;=R,=R=0,14; i1 (?), u;(¢t) | Hapannensno P
L7:3O R4
10 E=145; RI=R,=R;=R4=Rs=0,15; i> (1), i3(f) | Napamensuo 3
Lg=35 Ry
11 E=1 50, R1:R2:R3:R4:R6:1 ,9, i2 (t), U7 (l‘) [TapannensHo P
C7:5 R,
12 E=155; Ri=R,=R;=R,=Rs=1,8; i3(¢), uy (f) | Hapannensro 3
Cs=6 Ry
13 E=1 60, R1:R2:R3:R4:0, 1 6, I3 (t), U (Z) [TapannensHo P
L7:40 R4
14 E:165, R1:R3:R5:R7:0,17; i] (f), Us (t) ITocnenosa- P
L,=45 TEJIBbHO Rs
15 E=170; Ri=R,=Rs=R,~=1,7, ir (1), ug (?) [ocnenosa- P
Ce=7 TeIbHO R;
16 E=175; Ri=R;=Rs=R;=1,6; i1 (¢), u7 () | Hapannensro P
C2:8 Rs
17 E=180; R\=R;=R,+~1,5; us (1), us () [Tocnenosa- P
L=47 TEIbHO R
18 E=185; R,=R;=Rs=0,18; 11(2), ug (£) [Tocnenosa- P
Ls=50 TEIbHO R;
19 E=190; R\=R,=R;=R,=14; I (t), U7 (l‘) [TapamensHo P
C~=10 R,
20 E=195; R,=R;=R,=0,19; I (1), ug () Hapajgieano 3
3

L¢=55




21 E=200; R\=R3=Rs=R=0,2; i1(9), ug (f) | Hapamnensro
L2:6O R

22 E=205; R,=R;=R-=1,3; I» (1), us (t) | Hapannensno
Ce=11 R3

23 E=210; Ri=R;=R4+=Rs=1,2; i1 (), uy () | Hapannensno
C=12 Rs

24 E=21 5, R2:R3:R4:0,2 1 ; i3(t), Uus (Z) [Tocnenona-
L=65 TENbHO R)

25 E=220; R\=R;=R,=0,22; uy (1), u3 (t) | Tlocnenosa-
L,=70 TeJIbHO R7

26 E=225; R,=R;=Rs=1,1; i3 (1), uz (¢t) | Hapannensno
C,=13 R,

27 E=230; Ri=R;=R-=1,0; i (1), i3 () [Mocnenosa-
C,=14 TEIbHO R

28 E:235, R2:R3:R4:R6:0,23; I (t), Ug (t) [TapannensHo
L1:75 Rs

29 E=240; Ri=R,=R;=R,=0,24; i3(¢), uz (f) | HapamnensHo
L5:80 Ry

30 E=245; Ri=R;=Rs=R;=1,2; i3 (%), up (f) | Mapannensno
(=15 R

3AJJAHUE 7. BeInoaHUTH aHATIW3 NEPEXOJHOTO MPOIIECCa B LIEMUA BTOPOTO
MOPSIAKA, BAPUAHTHI CXEM KOTOPOH M300paXkeHbI Ha pHc. 1, 2 B 0000IIIEHHOM BHJIE.
HauanbsHble yCcTOBUS HEHYJIEBBIE.

@ @
. (6) 3 5)
7 (1) E
% T 1
© @

Puc.1

Puc. 2

[lepen aHanmmu3oM HEOOXOAMMO COCTaBUTH CXEMY MCCIEIYyEeMOM Ienu, BOC-
MOJIb30BABIIUCh MH(popManmer Tadmunbl 7. Kirod pacnonoken iaumbo mapai-
JICITBHO JTIO0OMY U3 DJIEMEHTOB, JTUOO TOCIICIOBATEIIFHO 3JIEMEHTAaM KaKOW-TTH00
BeTBU. [lo kommyTtanmu ( #<0 ) kmrou 1160 3aMkHYT ( 3 ) 1160 pasoMkHyT ( P ).



B kauectBe npruMepa Ha puc. 2 1300paxkeHa cxema ¢ rnapamerpamu 27-ro
BapuaHTa U3 TaOIUIIbI 7.

24 1

J:5,6; R1:R2:100; R3:150,
R4:450, L5:65, C7:6

ir3(2),
ui (%)

R,

[TapamnensHo

{ t=0

Ry
100 Om || R,
D7 oo P00 G
5,6 4 |9 Ls 6 Mx®d
ur(?)
65 mI'H
]

ir3(f) R3;=150 Om

Puc. 3

B JaHHOM BApPHAHTC HICCTO-
o 3JICMCHTa HCT, IIO3TOMY
OH 3aKOpOYCH.

MetonoM, pexoMeHJ0BaHHBIM TpernojaBaTeiaeM, paccuutath i(f), u(t) B
MOMEHT KOMMYTaIMu ¥ rnocie "Hee. [IpeactaButh 006€ BeMUYuHbI rpaduKami.

Tabmua 7
Bap. | Puc. Dnements J[A], E[B], Uckombie | Pacmomoxe- | Kirou
R[Om], L[MIH], C[Mx®] BCIMYMHBl | HHE KiIoda | mpu t<0

| 1 J=3; Ri=R,=R;=50; i (1), [MapasnensHo P
Le=20; C4=2 uc(f) Ry

2 2 E=90; R,=45; Rs=15; Rs=30; ic(?), [TapaiensHo 3
L1:25; C3:2,5 uL(t) Rs

3 1 J=9; Ri=R—=R,=100; ir(?), [TapannensHo 3
L,=30; C5=3 tre(t) Re

4 2 E=84; R,=Rs=50; Rc=300; ir(2), [MapasnensHo P
L1:35; C3:3,5 Mc(t) Rs

5 1 J=12,6; R=220; Rs=20; ic(), [MapasnensHo P
R,=200; L=40; C,=4 ure(?) Re

6 2 E=143; R;=10; R,=15; ir1(2), [apasiensHo 3
R3=250; L,=50; Cs=5 ui (1) Ry

7 1 J=15; Ri=R,=15; R;=20; ir2(?), [TapannensHo 3
R=100; Ls=50; C;=5,5 uc(t) R

8 2 E=150; R;=100; Ry=15; iri1(2), [MapasnensHo P
R3=35; L4:45, C5:4,5 ML(f) R

9 1 J:6, R1:R2:R3:50; R4:100, iC(t); [TapannensHo P
L=40; C¢=4,5 ugs(?) Ry




10 E=210; R=60; R=45; uc(?), IMocnenosa-
L=60; C5=3,5 uRS(f) TEIBHO Rs U Ly
11 J=3.5; Ri=50; R,=25; R¢=65; ir2(2), TocnenoBa-
L7=6 5; C5=7 UL( t) TEJILHO Re 11 L
12 E=145; R\=70; R;=75; ur3(9), Tocnenosa-
L,=60; Cc=5 uc(t) tenbsHo C
13 J=4; Ri=R,=40; Rs=80; irs(1), IocnenoBa-
L,=75; Cs=8 uc(?) TENLHO R
14 E=75; R,=60; Rs=90; i(0), TocrenoBa-
L,=85; C;=6 ugs(?) TEJILHO Rs
15 J=1,4; R=50; R;=60; R4=90; ir1(?), [apasiensHo
Ls=120; C&=10 uL (1) R
16 J=6; Ri=R;=100; Rs=400; ic(2), [TapaiensHo
L=20; Cs=2 ure(?) Ry
17 E=70; R,=250; Rs=100; irs(2), [MapasnensHo
R¢=150; L,=25; C;=2.,5 uc(?) Re
18 J=6; R=30; R—=R;=15; ic(?), [TapannensHo
Ls=35; C,:=3.5 up (£) Ry
19 E=130; R=100; Rs=70; i (?), [TapasnensHo
R¢=30; L,=40; C,=4 ure(?) Rs
20 J=5; Ri=R¢=40; R;=20; i (1), [TapaiensHo
L,=30; Cs=3 uc(f) Ry
21 E=150; R1=R,=100; R4~=400; iro(2), [TapanneasHo
L3:50; C6:5 I/lc(t) R
22 J=12; Ri=15; Ry=R;=10; ir(9), [apasuiensHo
R4=35; L5:45, C5:4,5 LlR3(f) Ry
23 E=126; R,=200; R,=100; i (1), [TapasnensHo
R4=400; L=60; C¢=5.5 uc(?t) R,
24 J=5,6; Ri=R,=100; R;=150; ir3(2), [apasiensHo
R=450; L=65; C7=6 ui (1) Ry
25 E=74; R,=70; Rs=300; ic(?), Iocnenosa-
L5:50; C4:7 uL(t) TEIBHO R 11 Ls
26 J=3; R1=100; R;=150; ir7(?), Tocnenosa-
R-=350; Ls=80; C,=7.5 uc(t) TEeNIBHO R; U Lg
27 E=144; R,=120; R~600; ic(?), Iocnenosa-
L;=85; Cs=9 ur () TenbHO Cs
28 J=4,5; Ri=100; R,=50; ira(2), Hocnenosa-
Rs=350; L;=160; C,=12 u (1) TensHo Ry
29 E=53; Ri=400; Rs=130; ir1(9), IMocnenosa-
L,=100; C,=14 uc(?) TenbHO R
30 J=4,2; Ri=R,=60; R,=300; ira(?), [MapasnensHo
Ls=140; C=16 uc(?) Ry
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TOCYIAPCTBEHHbIA YHHBEPCHTET

HNCTOPHUSA PASBUTHUS DJTEKTPOTEXHUNYEKOI'O OBPA3OBAHUS
B MHCTUTYTE TOYHOU MEXAHUKHA U ONITUKHU
IO.A. Knumos, B.C. Tomacosn

B 1930 roxy TeXHMKYM TOYHON MEXAHUKH U ONTHUKU ObLI pEOPraHU30BaH B
y4eOHBIM KOMOUHAT, COCTOSIIINI W3 WHCTUTYTA, TeXHHUKyMa U D3V B cucreme
Bcecoro3noro o0beiuHEHUsI ONTHKO-MEXaHUYECKON MTPOMBIIIIEHHOCTH.

B Te ronpl 2JIeKTPOTEXHUUECKYIO MMOATOTOBKY B HAIIEM MHCTUTYTE IPOBO-
o Kadenpsl «IIEKTPOTEXHUKW» U «JIEKTPOU3MEPUTEIbHBIX HPUOOPOBY.
Kadenpoit «nexrporexuuku» pykooaui npod. CanteikoB JI.H., a xadenpoii
«INeKTpoU3MEPUTENbHBIX PprOopoBy» npod. [Humenos JI.IT.

C cents6ps 1933 roga ucnoiHATH 00S3aHHOCTH 3aBEAYIOLIETO Kadenpoi
«ONEKTPOTEXHUKW» HAILEro MHCTUTYTa HaunHaeT PykaBumnukoB H. H, a ¢ Ho-
ss0pst 1937 rona, Ha 3aBenoBanue kadenpoit HazHadaeTcs ConogoBHUKOB A. A.,
M3BECTHBIA CHEIUAINCT B 00JIACTU 3JEKTPOTEXHUKH, AJIEKTPOU3ZMEPHUTEIbHBIX
npuOOPOB K 0OOPYAOBAHMSL.

Bo Bpewms BoiiHbl nipu 3Bakyauuu JINTMO B r. UepenanoBo kadenpoii py-
KOBOJMWJI J01L., K.T.H. bepe3nukoBckuii C. @.; mraTHOe pacnucanue kadeapsl B
T€ TOJIbl HACUUTHIBAJIO BCETO 4 YeIOBEKa.

[Tocne Bo3Bpamenus JIMTMO wu3 sBakyanuu B 1944 rony xadenpoii 3aBe-
nyeT bepesnukoBckuit C.d., koToporo 25 sHBaps 1945 roma ocBoOOXIal0T OT
obs3aHHOCTEH 3aBemyromero kadeapoit «OO0mmeld U CrenuaIbHON AIICKTPOTEXHU-
Ki» U Ha3HAYAIOT 3aBeAyIoNUM 3Toi Kadeapoit mpodeccopa 3unutenkesuya C..

B nocneBoeHHbIE TOJBI B IIEJIOM IO CTpaHe W B JIGHMHIrpaae ourymaics
NeUIUT OMBITHBIX MPENoiaBaTeseil BhICIICH MIKOJIBl U PYKOBOJICTBO UHCTHUTY-
TOM TPUTJIACUIIO B KauecTBE 3aBeAyrolero kapeapoit «O0mei u crenuanbHoR
IIEKTPOTEXHUKHW» M3BECTHOIO YYEHOro, nejgarora u Meroaucta ITnmotpoBckoro
JI. M. BosIbIUMHCTBO YYEOHUKOB MO 3JIEKTPUYECKUM MallMHAM B Ty MOpY OBLIO
HanucaHo 0o nauyHo I[luorpoBckuMm JI.M., mubo B coaBTOpCTBE C APYTHMH
BUJIHBIMU YUEHBIMU.

B 1948 rony na 6a3e xadgeapsl «OO11IeH U ClIeNaTbHON 3IEKTPOTEXHUKI
oOpazytorcst kadenpbl: «OOIIeld ANEKTPOTEXHUKH U AJIEKTPUUECKUX MAaIUH»
3aB.kad. noi1. bepesnukopckuit C.dD., « TeopeTuuecKrux OCHOB 3JIEKTPOTEXHUKN
3aB. Kad. npod. Crnensn JI.b. u «2nekTponsmMepurenbHbIX TprUOOPOB» HCHOJ-
HSIOMIUN 00s13aHHOCTH 3aB. Kad. npod. Cnensin JI.b

B 1951 rony xadenpst «3nexrporexHukn» U «TOD» 00beAUHSIOT B €1u-
Hy10 Kadeapy «nekrporexuuku u TOD» moa pykoBojcTBoM joil. bepesnu-
koBckoro C.®. B coctaBe Pannorexuundeckoro paxkynpreTa,



B 1956 rony na PagnorexnndyeckoMm (hakyjiabTeTe BHOBH OOpa3yIOTCsS JIBE
kadenper — «TOD» 3aB. kad. mor. CouneB A.S. U «DNEKTPUUECKUX MAITHH
3aB. kad. nou. bepesnuxonckuit C.D.

B nroie 1958 romga gor CouneBa A.5l. 0CBOOOXKIAIOT OT 00SI3aHHOCTEH 3aB.
kad. «TOD» , a non. dynrosa H.M. Ha3HayaoOT B.K.0. 3aB. Kad. U U30UPAIOT 1O
KOHKYPCY Ha JIOJKHOCTH 3aBeytomiero B 1960 rony.

B 1961 rogy B JIUTMO Ha AOMKHOCTH 3aBEAYIOIIETO Kadeapon «Iek-
TPUYECKUX MallluHy» npuriamarT npodeccopa Caxapona A.I1.

B 1965 romy Ha M0JDKHOCTH 3aBeayroliero kadeaponl «INeKTPUUECKUX
MaIHy u3bupaercs 1oil., K.T.H. [ mazenko T.A.

B 1968 rony xadenpst «TOD» u « INEKTpUUECKUX MAIIUH» 00BETUHSAIOTCS
B eIMHYI0 Kadenpy «DIeKTpOTEXHUKW» Mo pykoBojcTBoM T.A. 'mazenko.

Tatpsana AHatonbeBHa ['nmazenko B 1948 roay ¢ oTiauyumeM 3aKOHUYMIIA
sHepreTudeckui (hakynpreT JICHHHTPagCcKOTO WHCTUTYTA WHKEHEPOB JKEJIE3HO-
JOPOKHOTO TpaHcnopta. B 1953 rogy oHa 3ammTnia KaHAUIATCKYO JTHCCEPTa-
uuio U B 1966 roay DOKTOPCKYIO AUCCEPTALMIO. 3ACTYKEHHBIN JIESITENb HAYKH U
TexHuku Poccuiickorn denepanuu, MOYETHHIN WIEH DJIEKTPOTEXHUYECKON aKa-
nemun Poccun ipod. ['mazenko T.A. nBaaunath msTh JIeT BO3rIaBisiia kadeapy.
Ona sBisUIaCh BHUJIHBIM, TBOPYECKM AKTHUBHBIM Y4Ye€HBIM, aBTOpoM Oomee 200
OMyOIMKOBAHHBIX HayYHBIX pa0oT.

B 1990 rony Ha mo/DKHOCTH 3aBefyromiero kadeapoit uzdbupaercs npod.,
n.7.H. 'epman - I'ankun C.I'.

B 1996 rony xadenpa «DneKTpoTeXHUKW» ObliIa IepeMMeHOBaHa B Kade/I-
py «ONEKTPOTEXHUKH U MPEIIU3UOHHBIX AIEKTPOMEXAHUUECKUX CUCTEMY.

C 1991 rona xadenpoit pyKOBOAUT TOIEHT KAHAUIAT TEXHUYECKUX HAYK
Tomacos Banentun CepreeBuu.

Ceronnst B coctaBe Kaenpsl: 3aciy>KCHHBIA NEATENhb HAYKH W TEXHUKH
Poccuiickoii @enepaunn, JEHCTBUTEIbHBIN YieH MexIyHapoqHOW DHepreTu-
yeckou akanemuu, mpodeccop, A.1.H. Cabunun FO.A., npod., 1.1.H. OBUMHHU-
koB W.E., nom., k.1.H. Tonmaue B.A., goiu., k.T.H. ['ybanos H.H., nou., k.T.H.
Kporenko B.B., nouenr, k.1.H. Kapnonos I'.A., noi., k.T.H. Ocunos FO.M., nor.,
k.T.H. [letpoB E.A., nouent, k.1.H. CunuubiH B.A., jo11., K.T.H. YcoiubleB A.A.,
JOUEHT, K.T.H. [llanun B.M., nouenr, k.1.H. ConoBseB B.H. cT. niper., K.T.H.
Maxun N.E., nou. I'ypesinoB B.A., acc. [lenucoB K.M. acc., k.1.H. JlenucoBa A.B.,
acc. Ocunos /[.B., accuctent Hukutuna M.B., acc. Cepebpsikos C. A.



EBrenuii Anekceesuu IleTpos

AHAJIN3 ITPEXO/HBIX POIIECCOB B
OJIEKTPUYECKUX LEITAX

VYyebHoe mocobue mo Kypcam 31eKTpoTexHuku u TOD

B aBTOpCcKOM penakuuu
KomnbrotepHasi BepcTka U Au3aiiH E. A. IletpoB

3aB. peIaKIMOHHO-U31ATEIbCKUM OTIIETIOM H. ®@. I'ycaposa
JInnienzus UJI Ne 00408 ot 5.11.99

[Tonnucano k nevatu

Otneuarano Ha pusorpade. Tupax  3k3. 3aka3 Ne



