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BBepeHue

Paspen «lepexOfHble NPOLeccH B AWHEAHBIX SNEKTPUHECKIAX ue-
nax» Kypca «TEOopeTUEecKue OCHOBLI SMEKTPOTEXHWKW» CTABUT cne-
ayIOLUE 3a0a4K. HAYYWTBCA COCTaBNATb XapakrepucTUyeckne ypas-
HEHUA W ONPeaensiTb X KOPHHM, 0CBOWTL METOAL! pacyeTa nepexoAHbix
NpoLeccoB.

KowtponbHas paboTa COCTOMT W3 ABYX 3ajad. B nepaoi 3agade
pacCUUTLIBAIOTCA NEepexojHbie NPOUECChl B LENH, NATASMON OT CEeTY
NOCTOSHHOIO TOKA, KNACCHYEcKUM onepaTtopHbiM cnocobom. Bo BTOpO#
3afaue TpebyeTcR paccuwTaTh nepexcgHkie Npoueccol 8 TOW Xe Lenw,
AUTAEMON OT CETU CUHYCOWAANBHOMD TOKA. _

PacueTbl U UCCNesoBaHue BNUAHWA NapaMeTpoR Ha NepexoiHble
NpoUeccbl NPOBOAATCA NO CTaHAAPTHLIM NporpaMMa, pazpaBoTan-
HbIM 2BTOPaMM.

Mo pesynbTaTam UCCMBAosaHMA CTYAEHT CTROUT cooTBeTCTBYIOLNE
rpadhmiv, AHANM3NPYET UX ¥ AENAET COOTBETCTBYIOWNE BbiBOAbI O BMWAA-
HUM 3aAAHHOTO NapaMeTpa Ha pexvM paboTsl uccneayeMoR uent.

AHaMBUAYAnbHbIe 3aaHKA ANA CTYASHTOB COCTOAT W3 ABYX 3aAaY.
Homep sapuaHTa oNpefenseTca ABYMA NOCnenHiMN LUmucpamMu wngpa
crygenTa. Ecny nee nocnefHue undpel oSpasyer uncno Gonblue 50,
HeoBX0aUMO NONYHEHHOE YHUCNO PA3AENUTE Ha 2 M OKPYrNUTE 40 Lieno-
ro 4UCra B MEHbLUYIO CTOPOHY.



3anaua 1. UccnenoBaHue nepexoaHbIX NpoLeccos
B NMUHEWHbLIX Uensax

B anexrpuyeckoi gyenu (puc. 1.1) nponcxoauT KOMMyTauus KnioHom K.

K L —>

o—q - el oy —
—> R
U uf.

Puc. 1.1, 2nekTpwEecKan Cxema MCCheayemol Lenu

TpebyeTch;
1. COCTaBUTL XapakTepPUCTUHECKOE YPaBHEHWE K HaWTK ero KOpHM.
2. COCTaRUTh YPaBHEHWA ANA pACYETa NepexoiHbiX NPoLeccoB To-

Ka WHAYKTMBHOCTW § = f(f), HanpskKeHMA Ha WHOYKTHBHOCTW
u, = f(£) NPy NOCTOAKHOM BO3AEACTBMM (CETh NOCTOAHHOTO TOKA

U/ = const ).

3. PaccuntaTh NnepexofHbie npoLeccsl ¥ NoCTPONTL Ha OAHOM Tpadu-
ke saevMonmoctn | = f(f) w u, = f(¢) B OTHOCUTENbHBLIX EAMHULAX.

4. CocTtaenThk ypaBHEeHKA ONA pacyeTa NnepexofHbLIX NpoLeccos To-
Ka WHAYKTMBHOCTU i, = f(I), HANPAXEHWA MHAYKTUBHOCTU NpU CUHY-
cCoMAanbHOM  BO3OEUCTBMM  (CETb  CUHYCOMAANbHOrO  TOKa

u=+/2 Usin(wr +,)).
5. Paccuutatbh NEPEXOAHLIE MPOLECCH W NOCTPOWUTL HA OJHOM
rpacouke 3asucumocty i, = f{t), i, = f({¥), w i = f(i) e otHoCH-

TENbHLIX €AUHULAX, 3 TAKKE 3aBNCUMOCTU | = () n u, = f{t).




[MapaMeTpbl KCCneayeMbix Lene

Tabnuuya 1.1
Home
Bap“auﬂa UB | @o.rpan | @,papc | R,Om | L,mMw
1 2 3 4 5

1 220 150 200 10 500
2 200 140 200 30 1500
3 30o 130 200 10 1000
4 100 110 200 30 1400
5 200 100 200 10 1200
6 200 a0 200 25 - 1400
7 100 80 300 10 1000
8 400 70 300 20 1400
9 300 60 300 12 1000
10 250 50 300 20 1400
11 300 40 300 11 1000
12 100 30 300 20 1800
13 200 20 300 13 600
14 300 10 100 20 2000
15 100 0 100 15 1000
16 200 -10 100 20 2000
17 200 -20 100 10 1000
18 200 -30 100 30 2500
19 300 -40 100 12 1000
20 200 -50 100 50 2500
21 300 -60 100 12 1000
22 200 -70 200 50 2500
23 150 -80 200 13 1000
24 200 <90 200 50 2500
25 100 -100 200 10 1000
26 200 -110 200 50 2300
27 250 =120 200 11 1000
28 300 -130 300 . 50 2300
29 350 -140 300 15 1000
30 400 -150 - 300 o0 2500
31 200 0 300 g 1000
32 150 140 300 50 2400




Ckondanue 1abn. 1.1

B::n::aiﬁ'a U.B ‘p", rpaa @ paaic | R, Om L mrn
1 2 3 4 5
33 200 130 300 10 900
34 250 110 300 50 2500
35 300 100 100 12 1100
36 350 90 100 70 2500
37 400 80 100 15 800
38 350 70 100 40 2500
39 300 60 100 20 600
40 200 50 100 50 400
41 300 40 100 10 600
42 200 30 100 50 400
43 300 20 300 15 700
44 170 10 100 50 500
45 300 0 100 15 400
46 200 -10 200 80 400
47 300 -20 300 15 1000
48 200 -30 400 80 200
49 300 -40 500 20 2000
50 100 -50 600 15 1000
PetuerHue

CocmasneHue xapakmepucmuyecKoz0 YPasHEeHUs

u onpedenerue e20 KOPHel

Mepeson wHaykTuRHOCTM U3 Ml ® B ['H nposoguTcs no ypabue-

wao L, =

L . /1000,

aln

Ans wccneayemoid Lieny audbeperuwancHoe ypasHeHue AnA Ha-
ApsekeHWI (2-0M 3akoH Kupxrodpa) umeeT ang

u=1‘R+Lgi.
dt




di
3aMeruB 7 Ha ONEpaTop P, W NPUPABHSB NONYYEHHOE BbIpaXe-
i

MU HYMO, NONY4YMM XAPAKTEPUCTHHECKOS YPaBHeHNe NePBOro NOPARKA

pL+R=0,
W3 nocreaHero ypasHeHNs KOPEHb XapaKkTepucTHHECKOro ypasHe-
R
R p=——.
P L

PacuemHble ypasHeHUs nepexodHbix Apoueccos
pU AOCMOAHHOM MOKe

YpaBHEHUs ANA TOKE MHAYKTMBHOCTW N HANPAXKEHUR Ha Helil:
i=1, +i =1 +4¢e"

Pt o g
1%y LApe’'=U Ce”
U, = E“ L rpun tLApe = L.apun +L e
rae 1, W Uy e — TPURYKOEHHBIE COCTABNAIOLIME,
U
I"P“N = _‘E : UL,nJﬂ-'n = 0 '

rae A v C — NOCTORHHbIE UHTENPMPOBAHUA.
Havanbtble yCHOBKUA NMO 3aKOHZM KOMMYTaLMUK.

i (=0)=i,(+0) =i (0) = 0; 4, (0)=U-iO)R=U.

MOCTOSHHbLIE UHTEMPUPOBAHUA HAXOAATCA N3 YPABHEHWUA!

=1, +4:u,0)=U, .+C;

et
A= Ii:(0) - Inp:m : C =Uy (U) - UL,npmi'
OkoHYaTensHblid BUA pacHeTHBIX YpaBHEHHﬂ:

. P . Pt
I _.Iﬂ_mﬂf+Ae IHL ""UL.HPM+CE .



Pacyem nepexodHbix fPoueccos u rnocmpoeHue
3asucumocmeli i = f(t) uu, = f(t)

Bpemn nepexogHoro npouecea f,., = ~(4+5)/ p .

3anaeTcA N pacyeTHHIMW TOUKaMK, NpUpatLeHe BPpEeMEH MEeXaY
RBYMR pacqeTHuiMu Toukamn Ar =4, /N .

Ona HarnagHocTy rpacdukos NepexoaHbiX NpPoLecCcoB WX Leneco-
0BpPazHO CTPOUTL B OTHOCHTENbHLIX eAVHMLEX X = x/ X, .

MpyMepHbIE KPHBLIE NEPEXOAHBIX NPOLECCOB NOCTROSHKE Ha pyc. 1.2.

......

Puc. 1.2. KpuBble nepexosHeiX npouyeccon Toka uigyktsioct 1 = f (2}

HaNPFKEHWA MHAYKTUBHOCTH B OTHOCHTE/TbHLIX BAHHWLEX

PacqemHsie ypasHeHUn nepexodHbix Npoueccos
1IpL CLUHYCOUQATbHOM MOKe

WHaykTueHoe conpoTtusnenne X = @l .

Moaynb cONpoTUBAEHUA Lienn Z = VR? + X? , apryment conpo-

X
THBRAEHWA ¢ = Qrclg E



” 7
AMNnuTyaa NpUHYXKAEHHON cocTaBnAioled Toka [, = J2 ="

AprymMeHT NpUHYXOEeHHON cocTasnsouled @, =@, —@.
AMNNUTYOE MPUHYKOEHHOW COCTABNAKWEW HAaNPFKEHUA Ha WHAYK-
TRHOCTL [J =t X , apryMeHT ApuHYKOEHHOH COoCTaRnsio-

Lt mipuit R
e @, = +x/2.
HauanbHoe 3naveHne Toka wuayktueHoctn i () =0, navansHoe
3HaueHue Hanpskenus Ha uHayktuenocts #, (0)=U,, .. sing, .
FloCTOSAHHbIE WHTEr pUPOBAHWA A=i0)-1,,..5109,,
C =4 (0)~ U, Sin g, -
OKOHYATENBHBIA BUA PACHETHBIX YPABHEHWH:

. pt 4 & pi
l _"InpuH+Ae ’uL_uL,npun+Ce 1
rac In_r:rs.-r.- = [ M PN Sln(ﬂ.’f # "?j;) .
uL,npuu = ULw,npun Sln(ﬂ}r * qpu‘t ) '

Pacuem rnepexodHsix rpoueccos U nocmpoeHue
sasucumocmeli i = f(t) u u, = f(t) Apu CUHyCOUQATLHOM

go3delicmeuu

Bpems nepexoaHora npouecea £ ~—(4+5)/p .

3apaeTtcsi N pacueTHLIMU TOUXAMU, NPUPALLIEHIE BPEMEHY MEXTY
ABYMRA PaCUETHbIMU Toukamm At =t /N .

[Ina HarNAAHOCTH rpadvKos NePEXCAHLIX NPOLECCOB CTPOAT VX B
OTHOCMTENbHBIX eAnHuUax X = x/ X, .
[pMMepHLie KpUBble NEePEXoAHbBIX NPOLIECtos NOCTPORHL! Ha puc. 1.3.



Puc. 1.3, KvBbie nepexoHbIx NpoLieccos punykaetko £, = f{1).,

ceobonHon i, = f(¢) cocrasnaiowmx v Toxa vykeroct £ = f(#),
B CTHOCMTENbRLIX BAHHHLEX




3apnaua 2. UccnenoBaHne NepexofHbIX NpoLNeccoB
B NMHENHLIX Lensx NOCTOAHHOIO TOKa

B anekTpudeckod uenu (puc. 2.1), nuTaemo# OT CeTH NOCTOAHHOIO
TOKa, NPOUCXOAUT KOMMYTaLMA Kouom K.

Puc. 1.2, IneKTpHJECKWE Ueni

Tpebyercs:
1. CoCTaRWTE XapaKTEpUCTIYECKOe YPABHEHWUE W HAWTH €ro KOPHM,
2. CocTaBuTe ypaBHEHMR ANA pacyeTa nepexosHbIX NpoLeccos To-

Ka MHAyKTMBHOCTM i, = f(I), HanpaxeHus uHaykTveHoCcTW i, = f (1},
HanpaXeHus konaencatopa . = f(f) v ero Toka i. = f(¢) aAna gpyx
papuaHTop conpoTuenenna R, =R, - w R, =5R, ..

3. Paccuvtate nepexcoaHbie npoueccsl U NOCTPOUTb Ha OAHOM
rpagvke 3aBucumoct i = f(£), u, = f(1), u. = f(t) w i. = f(1)
B OTHOCUTENbHBIX €AUHNLIAX ANA ABYX BapWaHTOB CONPOTUBNEHUS R, .

4. MocTpouTe Ha ofiHom rpadwmke 3asucumoctn i, = f(f),
u, = f{t) Npu BELECTBEHHBIX ¥ KOMNIEKCHbIX HopHﬁx.

NocTponTs Ha OAHOM rpaduke 3aBucuMocTn . = f(f) 1

i, = f(f) Npu BeweCTBEHHLIX N KOMANEKCHBIX KOPHAX.
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MNpoananuanpoBaTb NOCTPOEHHbIE KPUBLIE U CAENaTh COOTBETCT-
BYIOLME BbIBOAbI.

MapameTpsl uccneayemeix uensi

Tabnwua 2.1
Homep U B Mapamerpel aNeMeHToR Lienu Homep
BAPUaHTa ’ R,Om|R,,Om| L, mIn |C, Mkd| Cxembl

1 2 3 4 5 6
1 100 10 12 500 400 1
2 200 30 200 1500 400 1
3 300 10 14 1000 550 1
4 100 30 200 1400 400 1
5 300 10 15 900 400 1
6 200 25 200 1400 400 1
7 100 10 8 1000 400 1
8 400 20 200 1400 400 1
9 300 12 20 1000 500 1
10 250 20 220 1400 400 1
11 300 11 14 1000 550 1
12 100 20 220 1800 400 1
13 200 13 16 600 400 1
14 300 20 180 2000 400 1
15 100 15 8 1000 400 1
16 200 20 250 2000 500 1
17 200 10 15 1000 600 2
18 200 30 250 2500 200 2
19 300 12 19 1000 &00 2
20 200 50 250 2500 200 2
21 300 12 14 1000 600 2
27 200 50 220 2500 200 2
23 150 13 15 1000 600 2
24 200 50 230 2500 200 2
25 100 10 14 1000 500 2
26 200 50 240 | 2300 200 2
27 250 11 14 1000 500 2
28 300 50 240 2300 300 @ 2
29 350 15 | 14 1000 | 500 - 2

“10




Oxkox4aHue Tabn, 2.1

Homep U B MNapamerpbl 3NeMeHTOBR Leny Homep
BapuaHTa ! R,OM[R,,Om| L, ,mlu | C, M| Cxembl

1 2 3 4 5 6
30 400 50 270 2500 200 2
31 200 9 14 1000 600 2
32 150 50 260 2400 200 2
33 200 10 14 900 600 2
34 250 50 300 2500 200 2
35 300 12 14 1100 500 2
36 350 70 260 2500 200 2
37 400 15 14 800 400 2
38 350 40 260 2500 300 2
39 300 20 20 600 200 3
40 200 50 250 400 40 3
41 300 10 10 800 800 3
42 200 a0 250 400 40 3
43 300 15 10 700 800 3
44 170 50 250 500 100 3
45 300 15 12 400 800 3
46 200 80 250 400 70 3
47 300 15 10 1000 800 3
48 200 80 250 400 70 3
49 300 20 180 2000 600 1
50 100 - 158 20 1000 400 1

PeutoHue

CocmasneHue xapaKmepLcmuYecKo20 ypasHeHus
u onpedeneHue e20 KopHed

epeson wHaykTvenocT ua MIn 8 F'u v emkoctv 3 ux® B P
NpOBOAUM NO YPABHEHUAM:

L, =L, /1000; C,=C,_,/1000000.

COCTaBNERUE XApPaKTEPUCTUMECKOTO YPaBHEHWS 3aKNIYAETCA B
cneaylLem:

11



1. CocraBnsieTca BLIpaMeHne ANS KOMIASKCHOTO BXOAHOMQ CONpo-
TUBINEHWS

Z(jw)=R + jol+—I%C _R 4 jol 4=

R2+—_L JooR,C +1
joto
_JoRRC+ (oY RLC+R + joL+ R, _

- joR,C+1 -
_ (o)’ RLC + jo(RR,C+ L)+ (R +R,)
joR,C +1 '

2. B nony4yeHHoM BeipakeHun j@” 3ameHseM Ha p” u HahaeHHoe
YPaRHEeHWe NnpupasHueaem K Hynwo

RLC+pRRC+LY+(R +R) _
PR, C+1
W3 nocnegHero ypasHeHus cnejayer:
szBLC+p(RIRIC+L)+(R1 +R)=0; p*+ap+b=0,
(RR,C+L) d= R +R,
RLC ' RLC
KOpHW XapakrepucTUueckoro ypasHeHus

Zp) =L

roe ¢ =

2
c

[
e A it
pl,z 2 4

Flpn nonoxuTenbHoM NOAKOPEeHHOM BbIPeDKEHWMW KOPHW BellecT-

BEHHLIE;
2 2
i C C C
=——-+.“——d; m=———f——d
P 2 4 P 5 4

an OTPpMUATENbHOM NCOKOPEHHOM BblpadkKeHWH KOPHU KOMATEKCHbIS:

p=ptju, p,=p—ju,

12



¢
rae p — KoaUUMEHT 3aTyXaHua p = _E;

2
: ’ c
U —y4yacToTa cobereerHbiX koneBannin v =, (d — -—‘i— )

PacqemHbie YPaBHEHUS MepexodHeiX npoleccos
Npu 8eU{ECMBEHHbLIX KODHAX

YpasHeHus Ans ToKa WHOYKTUBHOCTM U HANPFOKEHWA HA HEel;

j‘l — Il,npuu + i‘,l‘l‘& = I!,Hpﬂh‘ + A18PI’ -+ Aiepz' :

u, = L% = i + L&plﬁpl! + LAQPZEMI ;
rAie Imm wl/ Lonpun — NPMHYXOEHHBIE COCTaBNAOLLME:!
U
woy = ———3 U =0.
1. npun R] +R2 L npain

HauanbHble YCNOBUA NO 3aKOHaM KOMMYTaLWN;
~ ANRA cxembl 1

fl(—U) =§(+0) =4 =10; uL((]) ={J:
— ANA CXeMmbl 2

£ (=0) = ,(+0) =§,(0) = 0; #,(0) = 0;
- ANS CXeMmbl 3

i (—0) = i,(+0) = i (0) =% : 1, (0) =i, (O)R .

MMOCTOAHHBIE UHTErPUPOBAHWS HAXOAUM U3 YPIBHEHWA!

I.] (O) = I!,npuu + A! + A?’ HL(O) = UL,npmr + Lp]Al + LpiAi;

4 = b-ap, § B b-ap, |
P~ P; Py Py
uL(O)_ULﬂpmr

rae a=§(0)-I,, ;b=

Apun " L
OxoHYaTenbHbIA BUA pacHeTHoIX YpaBHeHWA:
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=1

1. npun
rae C, =LA p,: C, = L4,p,.

YpaBHEHNs ANA HANPSKEHWA Ha ©MKDCTW M TOKa KOoHAeHcaropa
IPY BELWECTBEHHBIX KOPHAX!

+ Ae™ + A" u, =U,, +Ce” +Ce™,

L npux

s e Myt P .
Ue = UC.npun +uC,m =U +Bi€ l +Ble '

C.npun
; du[f py Pyt
fo= @ . Loy + CB pe™ 4+ CB, p,e™
e Ue e W Ly, — NPAHYKASHHBIE COCTABNAIOLLME:
R
U =—2—: ] =0.

Conpun C_npiti
R +R,
HauanbHble yenoBus No 3akoHaM KOMMyTaLWK:
— ONA CXeMe! 1

Uc~0) =4 (+0) =u(0) = 0; i.(0) =, (0) = 0;
— ANR CxeMbl 2
: u, (0
uc(-0) =u (+0) =u (0) = U ; i.(0) = -M—Rg-l;
2
—~ ANA CXeMmbl 3
uc{~0) = ue (+0) = u(0) =U ; i(0) = 0.
TMOCTORHHLIE UHTErPUPOBAHUA HAXOAVMM U3 YPaBHEHNH:
uC({J) = UC.ﬂpwr T Bi * BZ ;' IlC(G) = IC.npuu +CpIBl + CPZBZ ,

b— -
B|= ﬂpz;Bz=b le’
P PP
(-7
rAe a = uC(O)_UC.n;mu; b = C( ) c fpun .

OkoH4YaTeNbHBIA BUL PACUSTHLIX YPABHEHWA ANS HanpsKeHus u
TOK& KOHAeHcaTopa:

e =Ug pn + Be™ +B,e’ ;i =1

ot Pyt
C.npun + Dle + D2€ :

14



rae D, =CB,p,, D, =CB,p,.

YpasHeHWa ANs TOKa WHAYKTUBHOCTY N HanpmkeHWs Ha HEeWl npu
KOMNNEKCHBIX KOPHAX:

i = Iwm S =21

1,08

+ Ae”' sin{vor + /),

L mpeint

u, =U

L. npran + uL,ca

+LApd" sinx + )+ LAve™ cosir +y),

L FUPNNE

rae A — NOCTOAHHAA UHTErPUPOBaHMKS,
¥/ —~ HadaneHasn casa.
MOCTOAHHLIE MHTErPUPOBAHKUA HAXOAUM N3 YPaBHEHWNA.
O =1 Asiny;
w, (O =U, ., +LpAsing + Lodcosy .
W3 nocrReaHux ypasHeHwi nonyyaem:

a
W =arctg s A=— ,
b-—ap sinyy
u, (0)-U
e a=L(0)-1,, . b= A0 .
L
OKQH4YATENbHLIA BU PACYHSTHBIX YPEBHEHWA:
=1 e + Ae” sin(vt + 1) ;
o= ULﬂpuH +Ce” { psin{ur + ) + eos + 7)),

e C=1A4.

YpaBHeHUA AN HAaNPAXEHWs U TOKA KOHAGHCATODA NPU KOMANexc-
HblX KOPHSIX:

e = U s T U0 = U e + B sin(UE + 1) ;

Apus

i =1

Cpram

e oy = L+ CBpE” sinft +y) + CBue™ cosr +y) ,

rae B — nocToAKHAs WHTErpUpOBaHuA;
Y/ — HavansHag caza.

MopacTasnss HavYankeHLIe YCNOBUS B YPABHEHWUS ANA HANPSKEHWA U
TOKA, MOAYYAIT:

15



uc(0)=U.,,, + Bsiny ;
i (M) =1.,,, +CpBsiny +CoBcosy .
3 nocnegHux ypasHexuil nonyvaem:
a
b—ap; 4= siny
_ ic (0) - C ,npun .

w = arclg

rAe a = uf'(o) S UC MBI : b -
| ’ C
OroHyarenbHblid BUL pacyeTHBIX YPaBHEHMWNA:
T .
e =Ue pn + Be” sin(ut + ) ;

I = Iyt D (pSIn +3) + Ucos@r + 7)),
rie D=CB.

LN npoBepkn NposefeHHbiX PacyeToB HeoBxogumo onpeaenuTs
Ha4anbHBIe JHAYSHWA TOKOB M HANPSMEHUA NO MONYYEHHLIM pacyert-
HBIM YPABHEHUAM.

Pacuem rnepexodHbix npoyeccos

Mp#t BelECTBEHHbIX KOPHAX XapaKTepuCTUHECKoro YpasHeHWs
Bpemst NepexoAHoro npouecca £, , ~ —(4+5)/ p, .

KonnuecTso pacueTHsix Tovek N onpeaenseT npupalieHie BpemMe-
HU MEXAY ABYMA pacueTHbiMu Toukamu Af =1, IN.

Ans HarnagHoCcTH rpatiukoB nepexofHbiX NPoueccoB MX Lieneco-
06pa3sHo CTPOUTL B OTHOCHTENbHbIX eanHULEaX X = x/ X, .

Ana ananvaa xapakrepa nepexofHbiX NPOUSCCOE NPWY BeLECTBEHHX
M KOMNNEKCHBIX KOPHAX HeoBX0auMo NOCTPOMTE HA ORHOM rpadivke 3aem-

cumocTn i, = f(1), u, = f(f),ataoke u,. = f(t), i. = f(7).
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