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PeQepar.

TpexSa:nue oneKTpuqecKr4e rlerrr4 rBJrruorcq ocuonofi cerefi 14 cncreM
3HeprocHa6xeuux, o6ecnequBaroqlrx sHepruefi npoMbrrxneHHbre npeAnpn.r^tr4fl u
xI4JIble pafioulr, KoropbIe, c ror{Kr{ 3peHlrr 3neKTpooHeprerHKH, rBJrf,Iorct
uorpe6ureJrrMr4 pa3nr,rrrHoro xapaKTepa.

Ha npoMbrruJreHHbrx npeArrpufllvflx B rpex$asHyro cerb BKrroqarorcq
pa3nplr{Hble craHKlr v ailtnparbr, B npeo6naAaloulefi qacru Koropbrx gneKTpr4r{ecK€ur

oHeprr4.rr npeo6pasyerc.r B MexaHr{qecKyro H rennoByro. Harpysra ro Sa:avr
pac[peAeJleHa 6onee paBHoMepHo B ocHoBHoM r43*a HaJrkrtvs.6ortrruoro Korr4r{ecrBa
rpex$asHbrx gneKTpuqecKux MarrrrzH, npeAcraBnf,rorrlr4e Anfl cerr4 ckrMMerpr{r{Hyro
Hafpy3Ky, u vs-sa nyuuefi opraHrl3arluu nolKrroqeHr4r K cerr.r Apyrr4x gJreMeHToB

rorpe6renux.

3rerrpnvecKr4e MarrrraHbr qacro pa6oraror B HeAolpyx(eHHoM pex{r,rMe, rrpr4
KoropoM xoeSSzqueHT MorrlHocrrr AocrarorrHo Hrr3oK.

3ro cuuxaer eSQeKrHBHocrr pa6oru oneKrpocraHrlrafi u tuuui,t nepeAaqr4

oneKrpuqecxof i  sHeprr{r{ .  Alr^ ynyqrxeHr.rq r<oeSSuqr{eHTa MoqHocrn Ha

n p a K T L I K e  I 4 C t I O J I b 3 y I O T C {  K a K  a B T O M a T I 4 T { e C K I 4 e  C I { C T e M b I ,  T a K  p I

3neKTpoMarrrr,rHHbre KoMfreHcaropbr peaKTrrBHofo roKa krrrkr pearrueHofi

MorrlHocrr4. Taxue ycrpoficrna ycraHaBnr4Barorc.s B Mecrax BBoAa Su4epon
3neKTponprra:nnfl Ha rrpeArrpvrflTvrfl,, qro rro3Bor.ser KoHTponupoBarb roeSSraqrreHT

MOrr{HOCTr4 rrepeA KOMTTeHCaTOpOM 14 rrOCJre. -

lIpH 3Kcurryararlnr cerefi kr cr4creM oneKTpocna6NeHz-f, HepeAKrr cnyqar4
noAKnloqoanfl. H orKrroqeHnfl. or npoMbruueuHofi cerr4 MorrlHbrx norpe6ureneft. He
yAaerct us6exarr u anapuitHbrx pexHMoB pa6orrr cerr4, B qacrHocrr{, cBf,3aHHbrx c
IIotBJIeHI4eM He14cnpaBHocrefi B gneKTpoMaIrILIHHbIX ycraHoBKax, BbI3BaHHbIX
KOpOTKI4MLT 3aMbrKaHUflMVr B O6lrOrraX. 3rO npr{BoAr4r K rrepexoAy pa6Oru

3neKTputlecrofi cerr.r r,r3 oAHoro B Apyrofi ycrofiuusuir. sHepreru.recKufi pexuM.

BosHllraloulkri4 nepexoAHrrfi npoqecc ueo6xoAr4Mo aHanv3LrpoBarb KaK Ant
lpaBl4nbHoro [poeKTr4poBaHvrfl. ycrpoficrn 3arrlr4Tbr, TaK 14 Anfl onpeAeneHr4.s
3aKoHoB r{3MeHeHLrr roKoB vr uauprNeuufi B cerr4, nocKonbKy uepexo4Hrrfi
trpoqecc Moxer rrpr4Becrrr K rrepeHarrpf,)KeHlr frM pr neperpy3KaM rro rory. 3ro
Moxer npprBecrr4 K BbrBoAy rr3 crpo;r Aoporocro-sulero o6opy4onaHvrfl,.



3anaHne:

BapuaHr i\lb 208.

Ha.ramHrre ycJroBurr

B rpex$a3Hyro cerr (puc. 1) HanpnKeHueM (U,:220 B (50 fq)_'exnror{eHbl

ABa norpe6urelr I u 2. llepnufi norpe6urem npeAcraBrlter co6ofi

pe3Hcrr,rBHyro Hecr.rMMerpr4qHyro Harpy3Ky, MoIr{Hocrl4 0ag xoropofi

cocraBJrrror Pt:6 rBr; Pa:8 rcBr; Pc:5 rBr. Harpy3Ka npI'I groM coeAI4HeHa

"3Be34ofi" c uylenbrM [poBoAoM. Bropoft uorpe6nreJrb rBJuerct cl4MMerpuuuofi

narpysxofi c o6qefi arrueHoft MorrlHocrbro Pz:39 rBr 14 xos$$uql4eHroM

MOTTIHOCTH coscpz:0,53 (arrznuo-r4HAyKrlrBHoro xaparrepa). @agrt nropofi

Harpy3Kr4 coeAr4HeHbr "rpeyrorbHl4KoM" . [rq yryqrueHu.f, xoe$SaqueHTa

MOrrIHOCTr.r BTOpO|O nOrpe6]aTers. AO COS(\2K:0,98 B Cerb MO)KeT 6rrrr BKJITOTTeH

KoMrreHcarop, o6ra.qaroulufi rroreprMrr aruunnofi MolrlHocru Py--0,7 rBr.

trrlcroqHr4r rpexSa^:noro Hanptr)KeHrr.a npeAcraBJrrer co6ofi reHeparop,

o6lrorra Koroporo coeA14HeHa "3Be34of i"  c HyneBbIM r lpoBoAoM c

BHyrpeHHnrr,r SaeHbrM corrporrrBneHr,IeM Rcr20. 10-3 Olr ra

)fu:145. 10-2Ovr.

I,Icroqriur
rpex$asuoro
Harrp.r{}KeHr,rt

Kounencarop

Puc. 1. CrpyxrypHafl. cxeMa rpexSa":Hofi. ceru.



'{nn sa4aHHoro BapHaHTa rpexQasuofi cern:

1. Paccqurarr roKr4 u Hanpr)KeHlrf, Ha gJIeMeHTax rrpu orKrrorleHHoM

KoMrreHcarope, MorqHocrra norpe6urenefi u o6rqyro MolrlHocrb eceft cerl4.

B H.IIacrLIrb pe3ynbrl4pylo IrIHfi roe Q QzqLI eHr MoIqHo cr n scefi, c erkr.

llpurvrevanne 1. llpn pacqere rpex$asnoft r{eura peKoMeHAyerc{ npunrrr 450

HaqanbHyrc Qasy luuefiuoro HarrprxeHl4.a U,qa. CoupornBJIeHI4e luneftnsrx

npoBoAoB npI4H{Tb paBHbIMI4 Hynro.

2. l lo nonyqeHubrM pe3ynbraraM pacqera uocrpol4Tb BeKTopHbIe

.ql4afpaMMbl ToKoB H Ha[pq)Keuuirt, norpe6urelefi I{ I'l cToqHuKa rvraHl1.'fl..

3. Haveprurr pa3BepHyryrc cxeMy rlerru c yKa3aHI{eM 3KBI{BaJIeHTHIIX

conporr4Btenufi. H r4HAyKTnnnocrefi n Sa:ax [pueMHIaKoB I{ ucrorlHl4Ka.

4. Brr.rr4crrarr oKBlrBarreHTHbre napaMerpbl KoMneHcaropa I43 ycnoBl4q

ynfrrueHHr roeQQuq?reHTa MorrlHocrr4 BToporo npI4eMHI4Ka Ao 3HarreHnt aosg2K.

B pac.rerax y{ecrb Mou+Iocrb norepb B KoMrleHcarope P6.

5. Pacc.{urarr rpex0a:nyro cerb rrpr4 BKrIorIeHHoM KoMlreHcarope, T.e.

o[pe.qenuTb roKra Qa: rorr,rneHcaropa u nuueituble roKLI HcroqHI{Ka Irl,ITaroqero

ABa norpe6urers. H KoMrleHcarop.

6. llocrpourr BeKTopHbre Ar{arpaMMbr roKoB Lr uanpxxeHufi ucror{Hl4Ka v

npI4eMHI4KO B npl4 IOAKJTTOqeHHOM KOMII eHC aTope.

7. Brr.rr4crHrr pe3ynbrrrpyiorqufi xoe0$uql{eHr MotuHocrl4 ncefi rpexQa":Hofi

cerr,r pa6oraroqefi c KoMIIeHcaropoM.

8. BrrquclHrr 3AC Sa:u B reneparopa r{3 ycnoBur. peasrcuoir, Harpy3KI4 npl4

HArrkrqkrr4 BHyTp e H H e ro c o IIp o rHB IreHI/.fl. re H ep arop a.

9. B Sase B rpex$asnofi qenr4 orrpeAenr4rb 3aKoH I43MeHeHI4.f, roKoB rrpLr

nepexoAHoM rrpoqecce npr4 noAKnroqeHldvr IpI4eMHI4KOB vt KOMIIeHCaTOpa K

r{cror{Hr4Ky rpex$asHoro Ha[pt]KeHllq

10. llocrpor4Tb B Macrrrra6e npelreHHyrc Ar4arpaMMy Hafi 4eHHofi sertlar{I4Hbl.

ll.llpoananr43prpoBarb pacrrerbr 14 cAenarb BbIBo.{bI o pe}I(I{Me pa6oru

qenu 6es KoMrreHcaropa, o Ha3HaqeHuu KoMlleHcaropa; o pacnpeAeneHul4

Hafpy3Kr4 r4 o rIepexoAHbIX npoqeccax B IIerII4.
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1. Pacqer roKoB H Hanpnxenufi Ha SJreMeHTax rrprl orKJrrcqeHHoM

KoMrreHcarope, prournocrefi norpe6ure.nefi lr o6qefi MolrrHocrlt scefi cerlr.

Brrquc.neHne pe3yJrbrr{pyrcqero rcoeQQuql{eHTa MoIrIHocrI{ scefi cerrr.

flpu*revaHrre: rrpn pacrrere rpex$a:Hofi qeuu peKoMeHAyercq rplrHflTb panuofi

45o Ha.raJrbHyro Oasy .nuHefiuoro HarIprlI(eHI{r U,rn. Conporl{BJreHl{fl JIITHe[nrtx

rrpoBoAoB IIpuHqTb paBHbIMIr HyJrro.

Pacqem neploeo npuewHuKa. Haepysrca neplozo npuel4HuKa coeduueua

<seesdo i l> ,  u  uMeem aKmurHbt { t  xapaxmep,  A :0 ,  cos(p :1 .  fnn  ldqucueHuf l

Qasuutx moKo6 nepnoeo npueMHuKa ueo6xoduuo ucnonbsoeamb rt4oLtlHocmu

coomlemcmeyrcu4ux Qas.

Oupe4eneHlle 3Haqennfi SasHbIX Hanpf,xeHufi :

r f  un  220
lJ ̂  = -+ - --7 =I27 A.- v 3 { 3

Onpe4eneHl{e KoMIIJIeKcoB S a:nux HaIIpDKeHufi nepaoro rrpIleMHI4Ka :

U t, t  =127 .eio' '  =127 B;
- , " ^ t

U tn  =127 'e - t ' " '  =  -63 ,5  -  j l l }  B ;
o

u rc =r27 .ej t2o -  -63,5 + j rro B.

Oupe4eneHr{e 3Haqenufi rouuJreKcoB Sa:nrrx roKoB nepBoro rIprreMHI4Ka :

; , ,  = !L -  6ooo 'e1o  =47 .2  A ;
U ,n 127 .er"

1 , " =  f ,  -  S o o o ' e 1 :  = 6 3 . e r t 2 o A :
U,u  127 .e - r "u

t ; .  =+=::90 # =3e,4.e-i"o A;
u ,, r27 .eI

Iu = 47,2 A;
t

I  to = 63 '  e-r t2o = -31,5 -  j55 A;

I  , ,  =39,4 '  er t2o -  -19,7 + j34 A.



Onpe4eneHlle roKa rryneBofo npoBoAa:

I,tr = lru * I ru r I tc = 4,2 -3I,5 - j55 -Ig,7 + j34 - -4 - j2I = 21,4' e-j 'o;tr '

Pacrtem nmopozo nompe1umen.fl. Bmopoit nompe6umenb npedcmalmem co6oil

cui/tfi^empurtHyro Hazpy3Ky (mpeyz0JtbHuKoJt4)). Haru 3AdAHA CyA4MApHAfl AKmUBHA.fl

Mott lHocmbPz =39 rcBm Ltcosq2 = 0,53.

c o s q 2 = 0 , 5 3  ) Q z = 5 8 0 ;

sinrp, = 0,85;

S, = P, ='?O9O = 73585 BA;A=Sz.sinez=73585.0,85= 62547 BAp,
" cos {p, 0,53

.s. .  -  s.,  = S"^ =1,s, = 73585 =245288A.
7 '  3

JInHeft urr. to*, BTopofo rorpe6l4Ten[:

'I 
., , =E24 = 2152: n,:: ' = r93 . ,, ' i A; I zo" =193.n-,"' -r02- jr64 A;- z ^  

U , .  l 2 7 . e N

- '  t  )

i , "  = { -  = ' , k - s : a  : , ! r l , : = 1 9 3 .  e , " ' A ;  I 2 o , = 1 9 3 . e - " ' 8  = - 1 9 2 -  j 7  A :
U  r ,  l 2 J  .  s - t ' " '

) , .=S : ,  = ' ! ! ? t ' i - i ^ i '  =193 .  e - i62 -A '  I 2 ,o= t93 .e i62  =g1+  j l 70  A .
U , -  127  ' e r " ' -

Toru Qa: ucrovHl{Ka:

! , t= lz t+ !re= 102 - j I64 + 47,2 = I49,2 - j I  64 = 222' u- j  ot2i 

.
I  u= I ru * l t a= - Ig2 -  j l  - 31 ,5 -  j 55= -223 ,5 -  j 62=232 'e - j ' u t  A ;

I  r=I  zc* I  tc= 9 l  +  j l70 -19,7 + j34 = 71,3 + j204 = 216 '  e j "  A.



P acqem pnyJtbmupynulezo rco e Q Qut4ueHma l4ott4Ho c mu e c eil c emu.

COS(pc = ZP.
(ZP)'+(ZQ)'

ZP, = Pu + Pu + P, + Pz = 6000+ 8000+ 5000+ 39000= 58000 Bm;

I Q, = Q, = 62547 BAP;
4 - t

58000
COS pc =

Jssooo2  +625472
= 0 ,68 ;

Q c  =  4 7 u ;

s-W=853ooBA;
s.= IP. + jZQ, = 58000+ j62547 BA.



2.Ilo rtoryqeHHbrM pe3yJrbraraM pacrrera rlocrpol{Tb BeKTopHbIe

ArrarpaMMbr roKoB H Harrprxenufi, norpe6ure.nefi lr I{cror{HHKa rII{TaHuq.

a) Bercmopuan duazpctMu4a dnn nepeoeo npuerrlHuKa.

l1u /rn=/08
/'1 /rn=l0A
* -/ ttl



6) BexmopHafl duazpa.MMe dnn emopoeo npue.n'rHuKa.

L t l l
I

i  i , '
i  j - .

\

l'fu lrn=/08
M lctl.l0A
- - f { H



e) O6u4an leKmopHafl duazpauua moKo6 u HanpnJrceHuu.

! l1t' /cu=/a8
j M /cn'/0A
|  - 4 ( t l



3. ParnepHyrafl cxeMa IIe[u c yKa3aH[eM sKBI{BaJreHTHbIx

corrporrrB.nenufi H rrHAyKTnnnocrefi n Qa:ax [pI{eMHHKax I{ ucroqHuKa.

B wqucneuue nqpaJnempo B nep*ozo npueMHuKa.

R,, = L= 9999 = 2.7 o.rt;
I ,n '  47 ,2 '

R,, =4= t99-o =2 o.tt ;
Iru' 63'

^ P" 5000
l(,. = ----; = - - --= = 3r2 O:t.

1,"' 39,4'

B or ru 
" 
n 

" 
n u e n ap a.t4 emp o G G m op o e o np ue JnH uK q.

f i " , =  
P ,  - - 3 9 o o q  = 0 . 3 5 o : t ' ,z^  

3 '  I ,  " '  3 '193"

Rzt = Rru J Rzc: = 0,35 ou;

x, = Q, . - 
66339- =0,56 o.t'.

"  3 . 1 , o '  3 . 1 9 3 '

L^ = X, - 0'56 = 1.8 .'4r.'  2 ' r ' f  2 ' 3 . 1 4 ' 5 0

B oruurn"rue napa.tutempo e ucmouHuKQ.
Xo =145'I0-2 oai

Ro =20'10-3 O-u; 
2

Z o = Ro + jX o = 0,02+ j0,145 = 0,146' ett '  Ou'

E u = I,r' Z o + (J, u = 222' s- t tt' ' 0,146' e t82"- + I27 = 32,4' stz+ 
- 
+ 127 =

= 26,8+ 718 + I27 =153,8 + /1 8 = 155 '  e j l 'Bi

En= In 'Zo+(J to :232 ' r - i r cs ' ' 0 ,146 ' r t $ ' * l ) , 7 ' e - i 12 i=34 ' r  i t i ' * 127 ' r - t n t ' -

=4-  j34-63,5-  j l10= -67,5-  i l44: I5g 'e-  
j t t fB;

l ' i ' e ' c ( t

Ec ,  =  I c  '  Zo  * ( J  r c  =216 .e r7 t  . 0 ,146 .e j t '  +127  ' e i t , ?o  =32 'e i t 53  +127  '  e i t 20  -

= -28 ,5+  j 15  -  63 ,5+ j1  10=  -92+  j l 25  =155 '  e j126  B .



P aseepuymafl cxetuta npueMHuKo 6.

1 n^-^^x, ,-^ ^,
z I lulatruultttr/tD

l a
LzA Kzt

J

t 1 lJnmnpit tmpnt

{, R' lo



4. Buqlrc.nenr.re 3KBHBaJreHTHbrx napaMerpoB KoMrreHcaropa I{3 ycroBuq

yJryqureHnn rcoeQQnqneHra MoulHocrrr BToporo rrpreMHr{Ka Ao 3aAaHHoro
3HaqeHuq.

Pz=39000 Bm;

Qz=62547 BAp;

Pr =700 Bm;

c-oFgzx = 0,98;

singro = 0,2.

Pzx = Pr + P, = 700+ 39000= 39700 Bm;

Q z x = Q x + Q z |

ezx = Pro .s inq.o=' :1?o .0,2=8102 BAp;
cos(p2k 

t '^ 
0,98

Qx = Qrr - Qz =8102- 62547 = -54445 BAP;

S * = Pr + iQ* =700- j54445=5445k-r8eBA;

S,** = 54450' ' j r ' "  RA'

flomoe conporl{BJleHrle KoMneHcaropa:

z r,q = Zxa = Zxc =!Ya = lll!:#= 0,89 . r-i8eo-0,016 - i0,89ou;
! ,  54450 

"et, '

Rr:0,016 Ou;

I
Xcx =0,89 Ou ) Cr =; ^ - :-  -  3,6 Ivt(D."  2 . 7 T . f . X r *



00/6 0n J5 nQ

Puc. 1. SxsusaneHTHa.s cxeMa KoMneHcaropa.

5. Pac.rer rpexQasnofi cern rrpu yJryqureHHoM KoMrleHcaropoM

rcoeQQuqneHTe MoIrIHocrIr BToporo rIpueMHIr Ka.

IrI: uparrr,rKr.r r.r3BecrHo, r{To KoMneHcaropbl BKJlloqarorcq nap€unenbHo c

rofi narpysxofi, xapaKTep roropofi u rpe6yer ero ilo4Knroqenvrt. B srofi euryar\Lrvr

[o.qKnloqeHHe KoM[reHcaTopa He oKaxeT BlrkrflH'Ii'.s. Ha TOKH OaMOfO BTOpO|O

norpe6urela. Terra 6onee raKoe noAKnroqeHl4e He cKaxerc-a Ha pe)Kl,Inae pa6oru

rrepBoro noTp eor{Tent.

Torcu neplozo nompe1umerfl .

I u = 4 7 , 2  A ;
v

I ,u = 63 ' e- jt2o = -31,5 - j55 A,'

I  r ,  =39,4 '  e j l2o -  -1g,7 + f ia  A.

Torcu nmopozo nompeiumenfl 6es xouneHcamopq.

I2ou  = I93 'e - j58  =102-  j l6a  A;

t

I  2 " "  =  193 'e - j178 =  -192 -  j7  A ;

I  2 "o  =193 'e ju 'o  =  91+ j170 A.

/3,5 r,rQ
00/5 0n

00/5 0n



Torcu s KouneHcamope:

1,,* =+ - s++50' e-i!]" =r43. e-tttto.
3 . U  o  3 . 1 2 7 . e r u "

I  t c t  =143 'e j \e  :2 , ,5  +  j143A;

I r,' =+ - 54450' e-rY = 143 . ,""A;
3 . u ,  3 . 1 2 7 . s - r t z r t "

I  xa  =143 'e - j31  =123-  i74A;

I  , . *  =+ -5aa50'e-r ,Y- =r43.e- i2os'A'= A L  
3 . u ,  3 . l 2 7 . e i t 2 o ".)

I xc =l43.ej2oe - -r25- j69A.

Torcu 2-zo nompe6umenn npu swtpqeHHoJtl KoMneHcamope:

I z x , t =  ! - z n *  l K s = 1 0 2 -  j I 6 4 + 2 , 5 +  j l 4 3 = 1 0 4 , 5 -  j z l = I 0 l  ' ' - j t t ) ;  
.

I z x a  =  I r u  *  I  r n  = - 1 g 2 -  j 7  + I 2 3  -  j 7 4  = - 6 9  -  j S l  = 1 0 6 , 4 ' t - t " ' 4 '

I z r c  =  I *  r  I  r c  = g I +  j l 7 0 - 1 2 5 -  j 6 g  = - 3 4 + i 1 0 1 =  1 0 6 , 6  ' e j t \ e ' A '

P e zyn u m upy to t/4u e m o Ku np u n o d u to q e H H o JvI K olrn e H c Qm o p e :

I '  n 
-- I  rrn * I  r, t  =l 04,5 - j2I + 47,2 = I5I,7 - i2l = 153' e- i8'  A ;

I '  u - -  I  r r u  t  I  t n  =  - 6 9  - i 8 1  - 3 1 , 5  -  i 5 5  = - 1 0 0 , 5  -  i I 3 6 =  1 6 8 '  e - i t t ' . A ;

I ' ,  =  I  r rc  t  I  rc  = -34 + j l01-  19,7 + j34 = -53,7 + j l35 =I45 '  e j t t2 '  A '



6. IlocrpoeHr{e BeKTopHofi 4uarpaMMbr roKoB H Haflpqxtenufi HcrorrHlrrca Ir

[pr{eMHrrKoB rr pu rroAKJrroqeHHoM KoMneHcarope.

a) BeKTopHar Ar.ralpaMMa roKoB H Hanpaxeuufi Broporo norpe6urelr kl
KOMrreHCaTOpa;

U,at  t /
_-F!.*



6) nerropnas. AvrarpaMMa HarrprxeHuit u runefiHrrx roKoB HcrotIHlIKa, IlepBoro

norpe6nrerx u cyMMapHbrx rraHeftnrrx roKoB BToporo norpe6urerx c

[oAKnroqeHHbrM KoMrIeHcaTopoM ;



e) nexropHEur ArrarpaMMa $asHoro Harrptr)KeHufl vr Bcex rHnefinrrx roKoB Qasrr B.
a -l ct\l

i
tl" I
i
I

l'ftt /cu-/08
M /rn=10A



7. Brtqucnenue pe3yJrbTl{pyrcqero rcoaQQuqneHTa MouIHocTI{ sceu

rp6xQa:uofi qenn, pa6oraroulefi c KoMrleHcaropoM.

[ = f t + f z + [ r ]
S, = P, + Po + Pc = 6000 + 8000 + 5000 =19000 BA;

S, = P, + iQ, = 39000 + j625a7 BA;

S * : P* + jQx:700 - j54445 BA; 
o

S=19000+39000 + j62547 +700 -  j54445=58700 + j8102=59257'ei 'BA;

coscp,' - 0,99 singt, ' = 0,139.

8. BrrqncJreHge 3AC Qas reneparopa rr3 ycJroBl{fl peaJrbHofi Harpy3Krr rpn

HaJrHrrr{I{ BHyrpeHHefo co[porl{BJreHllq feHeparopa.

a) 3IC zeHepamopa c omKJ'ttoueHHbtA4 Ko.l4neHcamopol4:

d

E  n  =  I  o '  Z  o + ( J  r o =  1 5 3 , 8 + 7 1 8  =  1 5 5 ' e j 1  B ;

E  u  =  l u '  Z  o+ (J  ru  =  -  67 ,5  -  i I 44=  159 '  e - i t "  B ;

o
E ,  =  I  c ' Z r t U t c  =  - 9 2 +  j l 2 5  = 1 5 5 ' e j t 2 6 B '

6) 3IC ?eHepamopa c sKJttoueHHbu\t Kol4neHcamopoJrr:

F f  t '  z  ,  r f  
c  r >  o t

L  t =  ! -  A '  L  0 r U  t A  = 1 5 3 '  e - i s ' 0 , 7 4 6 '  e t 8 2  + 1 2 7  = 2 2 3 '  e r l a  + 1 2 7  =
t1

= 6 +  j 2 1 + I 2 7  = I 3 3 +  j T l = I 3 5 ' e j e  B ;

E 'u=I 'u .Zo*uru=168.s- i " 'u .0,146.s izze*127'e- i l ' f ,=24,5 's- i+s"* I27 ' r - i tzoo-

=17 -  j lT  -  63,5-  j l  10 = -46,5 -  j l27 = 135 '  , - t t to  B;

C r r e ! O a t

E'  r  =  ! '  r 'Z  o  +  (J  r ,  =  145 '  e j t t ' '  0 ,146 '  e j t '  +  r27 '  e j t20  =  21 ,2 '  e j "o  +  r27 '  e j t2o  =

=-20,5-  j5 -63 ,5+ j I10  =  -84+ i105 =  135 ' r t t z i '  U .



9. B Qase B
IIpI{ rroAKJrroqeHr{rr
HaIIpq)KeHrrfl;

TpexQa3Hofi
rrpr{eMHr{KoB

Rt lo

qeIIr! o[peAeJrrrrb
rr KoMrreHcaTopa K

3AKOH I{3MEHCHHfl TOKOB

r{croqHrrrcy rpexQa3Horo

Ea Rn

/n

I

Eln =135'r- i t to\ '  e B@= 135'J7sin(:  At  - l too) r ;

Ro = o,o2 ou;T = 
+ 

=*=o,ot" ,

Lo =0,5 ufg Rru =2 Ou; Rzu =0,35 Ou;

Lzn = 1,8 '+tfrt, Rr = 0,016 Ou; C * = 3,6 u@.

1 ) Onp ea eJr.rr eM :ae3aBvrcuMbl e H arl zL[bH hle ycnoBl4t.

t(0-):
rro (0- ) = 232' J7 sin(3 l4t - 1650 ) At

irr(o-) =r93'J7sin(3 r4t -1780) A;

u"(0-)  = 0 B.

2 )Onpe4eJr.rreM ueo6xo4uMble Harr€ulbHble ycnoBl4.a :

i ro(0*)  = i ro(0-)  =328's in(3l+t  -1650) A;

irr(0*) = irr(0-) = 273'sin(3 t+t -t180) ' l ' ;

u , ( 0 * ) = u " ( 0 - ) = 0  B .

Cxeua nepexoAHoro npoqecca.



3 ) HaxoxAeHrle ropneft xapaKrepl4crl,IqecKoro ypaBH elr^vrfl. :

z , (  o \ -  Z ,o  ' 2 .

Z r u + Z *

_  29 .10  6  ._p2  +0 ,51 .  p  +97  
O- r , .

0 ,0018p2  +0 ,366 .p+278

(0 ,35+p.0 ,001sy . [o ,o ro  . - : - ]  0 , ,  r+e7. !  +zg . ro -u  .p
( '  p ' 0 , 0 0 3 6 / _  p

0 , 3 5 + p . 0 , 0 0 1 8 + 0 , 0 1 6  + z l 8 !  0 3 6 6 + 0 , 0 0 i 8  .  p + 2 1 g . !
p p

z,b)=22=
29 .10 -6  .p2  +O,5 l .p+97  . ,
0 ,0018p2  +0 ,366 .  p+278  

-

, a29 .10 -6  .  p '  +0 ,51 .  p  +97

0,0018p '+0 ,366.  p+278

58.10-6  .  p '  +1 ,02 .  p  +194
Ou;

0,003629. pz +1,242. p + 653

Z, -" (p) = z,(p) * z, b) = ̂ *,1 !li^ P,', * !;2?.;' * t 
Y = + 0,02+ 0, 0 0 0 5 p =r  \ t  /  0 ,003629.  p '  +1,242 '  p+653

_58 .10 -6  .  p2  +1 ,02 .  p+794+73 '10 -6  '  p2  +0 ,025 '  p+13 ,1+1 ,8 '10 -6  '  p3  +621 '10 -6  '  p2  +0 ,3 '  p  -0 .
0,003629' p2 + 1,242' p + 653

1 , 8 . 1 0 - 6  . p 3  + 7 5 2 . 1 0 - 6 '  p 2  + I , 3 4 5 . p + 2 0 7 , 1 = 0 ;

A = - 1 6 3  c - t ;

P z = - 1 2 7 + 7 8 3 0  c - ' ;

Pz = -127 - j830 c-\.

4) t---+oo:

i"o(/) = 168.Jr.sin(: r4t -127) A;

euQ)  =  191 '  s in (314 '  r  -  I  10)  B .

5) 3auucrrBaeM BbIpoKeH[e ceo6oAnofi cocrann.flIolqefi ToKa:

i " , ( t ) = A r . e o "  * A r . e - & . s i n ( a " " t + e ) * i , " ( t ) = A r . e - 1 6 3 t  * A r . e - t 2 7 t  ' s i n ( 8 3 0 f  + g a ) .



6)3anucrrBaeM BbrpaxeHr{e I4cKoMofi eerIaqI,IHbI :

iuQ) = Ar '  t - tu t '  *  Ar '  e-127t 's in(830/  + e)  +238's in(3 r4t  -1 .27 ' )

i u Q) = At' s-163;' * A,' e-t"'' srn(83 fr + rp) + 238'sin(3 I 4r - r27o )
) ; o t Ju: ! -=- l63At .e- tuo - l27Ar. r - t t ' '  s in(83& +rp)+Ar.e- t27t .830.cos(83u+p)+238.314.cos(314t-1210
dt

) 2 :  '  (

4=1632 At .e- tu !  +127' .Ar .e- t " '  s in(83o +rp)+127'830.42.e-127' .cos(83a+rp)-
dt' 

'  
, !,

-127.830.A2.u-tzt ircos(830 +@-830'zAr.r-tzt i 'sin(830 +rf i-23s'3142sin(3l4t-1270)

7) OupegeJl.leM Heo6xoAHMbIe HarlalbHble ycnoBu-f, :

CocranrqeM clrcreMy ypaBHeuufi, Als, cocrotHl4.x qerrl4 IIocJIe KoMMyTaIII{I4:

i u - i r u - i K - i z a = 0

lu.Ro+Uro i ru .Rru=€U

- i ru  .  Rru + i , rRr  +U,  = 0

- i r  . R r  - U ,  *  i r u R r u  * U , . r = 0

Peruaeu cucreMy upu t:(0*):

328.s in( - l650)  -  i ,u  -  i  *  -273.s in( - l780;  = 6

0,02. 328.sin(-l  65) + 2' i ,  u * U ro = 1 9 1' sin(- 1 1 00 )
- 2 . i r u  + 0 , 0 1 6 . i r  = g

-  0,016 '  i "  +  0,35 '  273.  s in( - l  780)  +Ll ,  ̂  =  0

- i r u  - i x  = 7 5

2 ' i r o + U m = - 1 7 8
- 2 . i r u  + 0 , 0 1 6 . i r  = 0

- 0 , 0 1 6 . i r  + U  
r r = 3

Her43BeCTHbIX, Epyrafl
TIoMoIuH MathCAd:

[-r -1 o ol
r , = l  z  o  1 o l^'- l, -z 0.016 o o !

I o  - 0 . 0 1 6 o r J

CocranrqeM TpI{ MarpI{IIbI, oAHy !I3 Koropblx u: roe$SuquenroB npl4
Hs ceo6oAHbIX rIreHoB 14 HaxoAuM HepI3BecrHbIe [pI4

[ -o"rgrl
xz=r-,.8=l _;#:fir !

I r.ar I

?5 I
-17s I0 i

3 J

Br=



\n = -0,6 A;

ix =-74,4 A;

U,.o= -176,8 B = IJ ro(r)  = -176,8'J7's in(3 14' t  -165 +90) B;

u  r r =  1 ' 8  B ;

'  ro --zsO'sin(?11'r  
-7s) 

= -500000. s in(3 14. t  -75);
Lo 0,0005

( u \
|  : -  |  = (-sooooo. sin(3 14. t  -7r) '  =-500000.314.cos(3 14. t  -7s).

I L , J

iu (0+) = Ar t A,' sin(cp) + 238' sin(- I 270 ) = 328' sin(- 1 65 0 
)

di u l0+) = -l 63 Ar - 127 . Ar . sin(rp) + A,' 830' cos(p) + 7 47 32' cos(- I 27 0 
) = qQl

t ,  |  ' _ l  - - - _ \ r  /  - - 2  \ r  /  
Id l  t -o

a'zru(9i =26569A1+16129.Ar.sin(rp)-688900.Ar.sin(Q)-2346548.sin(- l270)=[u"rto* ' l
d t 2  

- - t  - - - - -  - - r  - - - - \ r /  - - - -  t  
I  I o  )

A, + Ar. sin(p) +238. sin(-1270) = 328'sin(-l650)
-16341 -127 . Ar.sin(rp) + A, .83O.cos(p) +74732'cos(-1270 ) = -500000'sin(-750 )

265 69 At - 67 2l I I . A, . sin(p) - 23 465 48' sin(- 1 27 0 
) = -1 57' 1 06' cos(-75 0 

)

I A, + A, 'sin(p) = 105

j - 1 63 . At - 127 . A,' sin(rp) + 83 0' Ar' cos(rp) = 527 938

126569' At - 672171' Ar' sin(p) = -59375250

l,l.r'sin1q1=lo5 - At

l-l63At -127 A2.sin(p) + 830 ' Ar'cos(q) = 527938

lzasae . A1-70640955 + 67277r. Ar = -59375250

699340'A, =11265705

A t  = 1 6



I
I  A ,  = 1 6
I
l ,  8 9
7 / l . =

| 
' sin(p)

|  -tu, .16-127 =%'sin(p)+830 +-.cos(p) = 527e38
I srn1g) srn(p,)
-2608- 1 1303 + 7381 0' crs@) = 527938

ctg@) = 7,3 = tg(Q) :0,14 = Q = 80

l A '  = 1 6

1-l63At 
-127 A2.sin(p) + 830 . A, .cos(q) = 527938

I

lA, 'sin(rP) = $9

f.t, 
=rc

j r = s o
lA, =eqo

8) B pesyJrbrare nonyquM:

iB(t)  =16. e-163t + 640. e-127t .s in(830/ + 8o) + 238.sin(3 r4t  -7270),  A.



1 0.IIocrpoeHIIe B MacIIITade npervrenuofi Al{arpaMvmt nafiAenHofi

BEJIHTIIIHbI.

t : -0,0.00O1..0.1

r;ref (t) ;= -16 . s-rBt" tr

ice2(t),=-640 e-r27tl"irrf*ro r-t 
/ * \\

\ I'so 
*)) o

inp(t)r= 2a8.ri' fsra t- {* *ll A
\  \180 l l

L

t
:

PucyHor 5 - fpaSur ceo6oAHbIX LI

tuet (t)

*ez(tl

fnp [t]

rrpr{Hy)rqeHuoft cocraBJltrorqux.



f  l=S,g.3*1, .0.1

d (t) * dcal (t) + ice? {t} + inp {t} A

0
t-t*r

-""i

Il
i

*ton i

t (t)

Pucynor 6 - fpaQuK nepexoAHoro npoqecca.



11. Anarus pacu€ron v BbIBoAoB o pexrrMe pa6orr'I qern 6es

KOMrreHCaTOpa, O Ha3HaqeHIrIr KOMrIeHCarOpa; o pac[peAeJIeHHrr

Hafpy3KH rr o [epexoAHblx [poqeccax B IIe[u.

Kar [paBuJro, Harpy3Ka B cer-sx lrMeer aKTl4BHo-IaH4yrrunnutr

xapaKTep u nnfl, yMeHbrue:r^prfl. prH4yxrueuofi cocraBJl{rculefi ToKa npl{MeH-flror

KoMleHcarop, HMelotqufi axrnBHo-eMKocrHyro Harpy3Ky.

lIpH pa6ore rlenl4 6e: xouneHcaropa 3HaqeHHe aos (Pc - 0,53 , a ilppI

rroAKIIoq eHnkt KoMIIeHcaTopa oHo yBenl4ql4;tocb Ao cos(pc' - 0,99 ;

peaKrr4BHa{ Morr{Hocrs Q yMeHbrxr{nocb or 3HaqeHus,62547 ao 8102 BAp a

ece 3To 3HaqrlT rrro rroBbrcr4Jracb eS$exrunHocrb pa6omr rll4Taroqero

rpancQopMaropa.

llpra paccMorpeHrar{ rpa$ura uepexoAHoro npoqecca MoxtHo yBLIAerb,

rrro B nepnufi MoMeHT rrocJre KoMMyraqI4I{ 3HaqeHue roKa 6olrure 3HaqeHHt

npuHy)KAensofi cocTaBJltloqefi ToKa. llepexo4uofi upoqecc 3arlzxaeT

sa 0,08 c.
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