MaTtemaTuveckoe
MOAeNMpOoBaHUe
B 3J1eKTpO3HepreTuke




4. MATEMATUYHECKHUE MOJEJIN
YCTAHOBUBLUUXCA PEXXUMOB
OHEPITOCUCTEM

4. 1. 3aga4ym pacyéTa yCTaHOBUBLLUNXCS
PEXMMOB 3HeprocucTtem. Cxemsl
3aMeLlleHNAa 3aNEMEHTOB SHEProCUCTEM
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A=A+ jA'=Ae’®
A=y amare?

A'=Re(4)=|4|cosa

A"=Im(4)=|4|sinc
A:‘A‘cosowj‘ﬁ‘sina

,JO0 Q1
e’ =cosa+ jsina 4 ‘




A=A IOV _ A, [cos(mr +\|1)+jsin(0)f+\p):|

= m

O=wf+y

_ _ JV
Am _A‘IZO — Am €

_ JV ,Jjor _ ylol
A=4,e' e’ =4 e

T
: 2 J5
i=5$1n|:1031‘+2i| [, =5e °
; L
1w =50sin10°7 U :SOejO:SO
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4.2. O0wune ceegeHUa o dpopmax
MaTeMaTU4YECKOro onnucaHus
YCTaHOBUBLLUNXCA PEXMMOB
SQHeprocucTem




3agada pacyéTta yCTaHOBMBLUKNXCS
PEXMMOB: NPU 3a4aHHON NCXOOHOM
MHPOPMaLNN O CTPYKTYPE CXEMBI,
napamMeTpax cXxembl 3aMeLLeHns
3NeMEeHTOB MacCUBHOW YacTu,
MOLLHOCTM Y350B Harpys3ku v
reHepauun paccymTaTb BEKTOPDI
HanpPs»KEHNN Y3r10B U NOTOKM
MOLLHOCTW B BETBAX (CBA3SAX).



HeJvHelHbIe YPABHCHMUS.
Metoa HeroToHa (MeToa KacaTeJbHbIX)

IlycTh HaM HYKHO PEMIUTh HETUHENHOE YPABHEHUE
tuna f(x)=0.

Y




Paznoxum B psag Terstopa B OKPECTHOCTH
npeamnoaaraemoro kopas f (X)

0 ,
1= 1)+ f SO vy

(xX)=S(xg) = ' (xg)(x—xg )+ — (\—\O) -
Ecnu Touka Xy AOCTaTOYHO OJM3Ka K KOPHIO YPaBHEHHUS, TO
(PYHKIIUIO C U3BECTHOM TOYHOCTHIO MOKHO CUHUTATh
PaBHOU HYIIIO.
OTOpOCUM YJICHBI MOPSAAKA MAJTOCTH BBIIIE IEPBOTO U
HaWJeM B OCTABIIEMCS BBIPAXKECHUU X,

f(x0) vy S (xp)
f '(-\‘o) | |

—f(xp)=f"(xg)(x—x5) =& (x—xp)=—



UeMm Oi1HKe TOYKA X K TOYKE X, TEM TOYHEE MOXKHO 3aMEHHTh [ (xg)

Ha f'(x).
C omnpeznerneHHOH J01€H TOYHOCTH MOKHO 3allHCaTh
20— f '(-\'o) |
S (xo)



DTOT METOJ OIIPEACIICHNS KOPHEHW HA3bIBACTCA METOIOM
KacaTeJIbHBIX — METO, II0CIICAOBATCIbHBIX TPUOIKCHUN
HrroToHna

A

e




PaccmorpuM mpmmep 3. IlycTte JaHO HEIHHEHHOE YpaBHEHHE
B, -sin(3)— Pr =0. rae Pr=0.6. B, =1 — H3BECTHBIC BEITHYHHBEL. Omnpee-

JIUTh KOPEHb YPAaBHEHHA Ha HHTEpPBalIE O € {O‘Tt/ 2} ¢ 3aJaHHOH TOYHOCTHIO

e=10-10"°.
3anHmeM ypaBHeHHe HbproTOHa 1714 BeIpakeHHA P(0) =F,, -sin(d) — Fr:

5. P(3,) _5 B, -sin(d,) — Pr |
" PGy Y B, -cos(3y)

1. BeiGupaem moboe CTapTOBOE 3HaUCHHE, HaIpHMEDP

59 =n/3=10472 paza H NPOH3BOJAHM IIEPBYIO HTEPALHIO.

3 =1.0472. P, -sin(8'?) =0.866. P, -cos(3?)=0.5:

(0) _
sM = 5O —&O)zlmn— 0866200 _, 51515 paj;
P 0.5

HeBsi3Ka A= ‘8(1) - 8(0)‘ =0.532.




2. JI14 ciaeayromeil HTepallMH CTapTOBBEIM 3HaueHHeM OyAeT BeIHYHHA
5 =n/3=0.51515 pan

31 =0.51515. P, -sin(3V)=0.493. P, -cos(3")=0.87:

. (1) _
5@ 25 _PO ) 51515 0493-06_ c3e49 paz;

P (M) 0.87
HeBs3Ka A= ‘8(2) - 8(1)| =0.123.

3. IIpogoirkas HTEpAllHOHHBIH IIPOLIECC, ITOTyYaeM

5 =0.63849, P, -sin(3))=0.596. B, -cos(3*))=0.803:

) ~
53 _g@ _ PO 51575 0:396-06

~0.6435 pan:
PD) 0.803 P

HEBA3KA A= |8(3) ~5¥=5.107",




4. 11, HaKOHEIll. IOCIeaHAA HTepaLlHA

5 =0.6435. P, -sin(8))=0.6. P, -cos(3)=0.8:

(3) _
5@ 5@ PO _ 643590706 _ 5435 pax:
P39 0.803

HeB3Ka A = ‘8(4) - 50)\ ~9.333.1075.



METO/bI PEHIEHUS CUCTEM HEJIUHEHWHBIX
YPABHEHUU
OO01ue 3amMeuyanuo

http://bourabai.ru/eintf/mathca
d/index.htm
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PacuieniieHne KOMILJIEKCHBIX MAaTPHUIl HA
NEUCTBUTEIHLHYI0 U MHUMYIO YACTH.
PenreHue HeJIMHEMHBIX YPABHEHUM Y3JI0BBIX
Hanpsi:keHU B popmMe 0a1aHCA TOKOB

JIo cuxX mop MBI paccCMarpuBalii METOMbI
peuteHus CJIAY 1 HEIMHEUMHBIX YPABHEHUU V11 CUCTEM
YypaBHEHUN C JEeMCTBUTEIbHBIMHA KOI(PPUIHECHTAMMU.

IIpy pacdyerax YCTAHOBUBIIMXCS  PEKUMOB
pECANIBHBIX  JHEPIre€TUYECKUX  CHUCTEM  BO3HUKAIOT
YypaBHECHHUS C  KOMIUIEKCHBIMH  KO3((UIIMECHTAMHU.
[loaToMy paccMOTpuUM IIPEOOPA30BAHHUE  CHUCTEMBI
YPAaBHEHUN C KOMIUIEKCHBIMHM KO3(Q(PUIMEHTAMHU B
CUCTEMY ypaBHEHUU C NEUCTBUTEIILHBIMU
| KO3((PUIMEHTAMMU.



[1yCcTh HY>KHO PEIINTH KOMIIJIEKCHYIO CUCTEMY
YpaBHEHUU

246/ —1-3f 2-10;
Y = I = . YU
= 12542/ 25-6/) " |4+5;) ==
PazobbeM cuctemy Y - U =1 Ha neficTBUTENBHYIO I MHUMYEO YaCTH:

Y=G-/B, U=U,+ U, I=1,+ I,
(G-/B)(U,.+/jU;)=L.+ jI:
GU, +BU, + j(GU, —BU,) =1, + jI, >GU, + BU, =1,..
GU,-BU, =1,

|
1

|
1

B pesynpTare moirydaem cucteMy ypaBHEHUIT
G B\ U, I B G\ U, L.
T= 3R 0 = .
-B G )\ U; I G -B )| U. I



B namewm cioygae

G:[guglz Jz( 2 -1 ] B:(bublz ):(—6 3}_
g18») \2525) bryibyy) -2 6
L=1+jI 1 {1{ J ( zJ 1 (11" J (-10}

' ”_’ ’_: , = R I: y = 5
Iy =jI, + jI; 1 -4 1 >

2 —1 -6 3 \V|U | (2
25 25-2 6 ||U, | |4
6 -3 2-1||y| |-10
2 -6 2525)| ., L5




Pemaem 3Ty cucreMy u noiaydaem

P
Uy | (22.128)

U, | | -1456 {Ql =-2.128- j0.464; |U, =2.178¢ /176"
s . )

U1" ~0.464 U, =-1456+j0,672;

L 0,672)

U, =1,604¢’133225




C moMOIIBIO TAKOTO
PA3I0KECHUS MOKHO peliarh 1
HEJIMHECHHBIC YPABHECHM.

Torga B MecTO 3a1ar0IUX TOKOB

HY>KHO I10JICTaBUTb U3
BBIPAXKCHHUS Y€PE3 ITIOTCHIUAIBL.
IIpuBenemM npumep pelicHUs
IJIS. CXEMBI, C OAJIaHCUPYIOIIUM
y3710M . COCTaBUM ypaBHEHUS
OajlaHCa TOKOB, YYUTBIBAS, YTO
BEJIMYMHA 0aJJaHCUPYIOIIETO
y3na: U= Ug




[Yn —Yzl)(m]:(ﬁ}r(lﬁs[fﬁ}
=Yy Yo \Uy ) \Ip) \13Ug)

rne Y=g-jb, S=P+jO, I=1I, +jI, YUs=gUs+ jbUs.

(S_l*\ (RU,, +QU)y; _ RUy; -QU),.
[IIJ_(II,.+jII,- J_ Uy | | UL+US UL + U}
L) \Ly+jli) | 53| | BUy+QUy  PUy-QUs, |
) | U5 +U5 Us, +Us;



Wnn IMoACTABJIAS 3HAYCHHUC TOKOB HCPC3 ITIOTCHIIMAJIBI U
MOIITHOCTD, ITOJIYYaACM.

RUy,. + QUy;
+2 2
Ui + U

g1 &2 by by Uy BU,, + Uy, (213Us
821 &2 by by ||Uy | U722;'+U5i . £23Us
by —b g1 &2 || Vi ~ RUy,; - QUy, ~b3Us |
—by) —Dyy g21 822 )\ Uy, Up +Us; \—b23U5

~ BUy; -OU,,
2 .2
[/’2;. +L’2i J

[TonydeHHYI0 CUCTEMY MOXKHO PEIIUTh OJJHUM W3 BBIIIIE
PACCMOTPEHHBIX METOJI0B UTEPALIUH.



PenieHue HeJTMHEMHBIX YPABHEHUHU Y3JI0BBIX
Hanpsi:keHU B hpopMe 0a1aHCA MOILITHOCTM.

Metoa HeroTona

IIycTh B paccMaTpuBaeMou cxeme 0aJaHCHPYIOIIUM
Y3JIOM SIBJISIETCS MEPBBIN y3€i. Torma ypaBHEHUA
y3JI0BBIX IIOTEHIIUATIOB OyIyT UMETh BUJ.

(Yo1 +Y03)U, —UsYy3 =1, +U Yoy;
—U,Y3, +(¥Y31+ Y3, ) U3 =13+ U Y5




HamoMuHaeMm, 4T0 BEIUYMHA HAIPSAKECHUE
OaJTaHCHUPYIOIIETO y3Ja ABIAETCS ICHCTBUTEIBLHOM.
IlepenuiiieMm 3T0 ypaBHEHUN YepPE3 MOIITHOCTH y3J10B
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[lepenuieM 3T ypaBHEHHUS, 0CBOOOIUBIINCH OT
3HAMCHATeIs .



JI1s1 ynoOGcTBa BBEAEM HOBBIE 000O3HAYCHUS JJIS

COOCTBEHHBIX IIPOBOAMMOCTEH y3710B, (COOCTBEHHAS
IIPOBOAMMOCTD y3J1a

Jns i-ro ysma Y; =(Y,, +Y;)

=11 =im

T ?* T T* * T* T 7 .
—_Yzzl_f'zgz —l_f'sl_f’zzzs :§2 +(_f2[f'1221~
,* . T* sk .'* . .
—U,U3Y3, —Y353U3U3 =53 +U3U X3

Beenem dyHKIMM HeOamanca MOITHOCTEH (HeBsI3Ka)
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JOm D" —JOk _ Lmb —JOkm

UU. =U? U

=i i-» jm—/\

LI"

me
Stan = O — Sy

IIPOBOJIMMOCTb BETBH IIPEJICTABIACTCA B BUIE CYMMBI

JIEVCTBUTEILHOU U MHUMOU YacCTEU.

Y=g—jb,

U [/ YAm U l’m Jol‘—'n(glnn_.jbl\'m):

~kZm
=U kl"‘m [COS(()]m,) —J Sin(‘slnn)](gkm - jbkm ) =
=UU,, [g fn €08(Oay, ) — bpyy SIS, )] -
_j UA'Um [bkm COS(S/{JH) + Ekm Sin(slnn )]



Paznenum ypaBHEHHs OanaHCa HA ICHCTBUTEIBHYIO 1
%
MHHUMYVIO YaCTH, YUYUTBIBAd, UTO0 S; =5 —jo;

(sz =P — gzzUzz +U,Uq(g21€08(851) — by sin(357) ) +
+U5U3 (823 €08(823) — by3 sin(833)):
wp3 = By — g33U3 +U3Uj (31 c0s(831) — by sin(337) ) +
+U3U; (832 €08(832) — by3 sin(83;)):
W2 =05 - bzng +U,U; (by1c08(851) + g1 S110(857) ) +

e

+L'r2br3 (b23 COS(823) + g3 Sill(823));

> i . e
wo3 = 03 —b33U5 + UsUj (b3 c0s(831) + g3 81n(837) ) +

k4‘(/73[]2 (b32 COS(832) — g23 Sill(832)).



Mzl nOIyYHUIIv YEThIPE HEJTMHENHBIX YPABHEHUM C
YEThIPbMS HEU3BECTHBIMU. UTOOBI HANTH KOPHU 3TOM
CHCTEMBI YpaBHEHHUH OyJIEM MCIIOJIb30BaTh METOJ HBIOTOHA.
3anuiineM UTEpPaAllMOHHOE ypaBHEHME HbIOTOHA JIJI1 MOUCKA
KOPHEU

[ & vpy Owpy OWpa  OWps

cUs oU, oU, 0oU,
(Uz Wp»o CWp»s O Vp3 o VQ.‘Z O VQS

U, Wp3 | cUy; oUz oUz 0U,

x=| " [, f(x)= , of(x)/ Ox= ) ) ) )
02 Wo2 Owps Owpy OWp2  OWp3

L O3 W03 00, 00, 004 004
Owpy Owps o2 O3

003 003 003 003




CHagaJia Mbl JOJLKHBI HAMTH IIPOXU3BOJIHBIC OT KaXKIOM
(PYHKIHMHU 0 KAXKJI0M IEPEMEHHOM, TO €CTh

CWpy OWps OWpy OWpy  OWpz COWpy OWpy OWpz

oU, " U, @5, 08, U, oU, 8, 88;
4

O‘VOZ an 12‘02 a l"Oz 6’\ 1/’02 6’1 VO 3 6'1 lr"'O 3 a l"O 3 a l"O 3
0U, " U, 85, @55 oU, oU, 05, &0,



B pesynpTaTe moydaeM MaTpHYHOE YpaBHEHIE
(Owpy Owpy Owpy Owpy |
oU, oU; &5, &8,

Owpy Owpy Owpy Owpy | AU, ) (

oU, 0U;y 88, 085 | AU, | | wp3(Us.Us,8,.85)
OWg2 OWga OWgy Wga || A8y | | wpy(U3.U3.8,.83) |
Uy 0Us G0y 003 (A3 ) | wys(U,.U3.8,.8;)
8w93 &VQ3 &VQ3 5WQ3
\oU, oU; 05, &8; |

( ud _y© )

(AU, )

IPILS AU3 = Ugl) _U§0) IIOIIPABKI K IICPEMEHHBIM.
A8, | | 5D _5©
\Ad3 ) 50 _50



Ternepp KOMIUIEKCHOE YpaBHEHHME OajlaHCA TOKOB MOKHO
3aMMCcarb B BUAE JCUCTBUTEIIbHON CUCTEMbI YPABHECHUU.

g1 &2 by b Uy, I, £13Us
221 &2 by by || Uy, I, g23Us

—biy by g1 &2 || Vi Iy; —b3Us |
~byy =by 821 82 )\Uzi) \Ii) \~=b3U




Texnomorns pemeHnus cuctemMsl ypaBHeHUI TakoBa. [loacraBissem Bes-
Ie, Ie BCTpedaroTcs IepeMeHHble [, 85, Uz, 83 B YpaBHEHUH HX CTapTo-

Bble (HYJIeBbIE) IPUOIIDKEHIS Uéo),U§O),BgO),6gO). 3aTeM oOIpeaessieTcs
(AU, )

BEKTOP-IIONPaBKa , pemiasi ypaBHeHHe

/&sz &sz 01VP2 6’1VP2
oU, oU, a5, 06,

( \
(AU.?'\ 6WP3 &VP_:, &Vps &VP3 1VPZ([]..’[f.7’7’82,’(33)
AUS | | QU aUy @8, 88y | | wps(UsUs.8,.85)
A3y | | Owozr OWga Owor DWoa | | wpy(U,.U3.8,.83)
\A83) aUz F‘@U:), 582 ﬁ683 \TVO3(072,U3,82,83)/




Ecian nopsaoK Marpuilbl BLICOKUH IS PEIICHUS] YPABHEHUN
HCIIOJB3YIOT METOABI I 'aycca, MpOCTOU UTEPALIMU UITH
3ennens. 3aTeM HaWACHHBIE TTOIIPABKU UCIIOJIb3YEM IS
OIPEACIICHUSA CIIEAYIOIIMX CTAPTOBBIX 3HAYCHUM

r(1) r(0) |
U7 1V (av,
Ug” [/r§0) AU,

— o R

581) 5%0) AOZ
AS

8gl) / 8§0) O3

Jlanee 3TOT mpoiecc MOBTOPSAETCS 10 TEX MOp, MOKa

MaKCUMaJbHas U3 IIONPABOK HE OyJIET MEHBIIIEC HAIIEPET
3aJITAHHOT0 MAJIOrO 4YucClia



Ipumep.

OnpenennTh MOTEHINAIIBI Y3JI0B JJIS IPUBEICHHOM
CXEMBI, €CJIA 0AJAHCHUPYIOLIUM Y3JI0M SIBJISCTCA
TPEeTHUH y3eJI.

3aaaHkI.

* IIOJIHBIE MOIIHOCTH B IIEPBOM M BO BTOPOM y3JaX,
e MOTCHLMAaN OaJaHCUPYIOIIETo y3Ja.

J114 pacdeTa OyaeM HCIO0JIb30BaTh YPaBHEHHUS
HanpspKEHUM B (hpopme OajlaHca MOITHOCTEM.

J114 peleHus HeJIMHEHMHOIO YPpaBHEHUS OylieM
MCI10J1630BaTh MeTOA HbI0TOHA



J1aHo
Z15:=10+20 Z;3:=15+30 Z,3:=10+ 25

Up =150 Pp:=28.8( Qp:=17.3] Py:=—461 Q,:=2:

‘I)OpMpreM JJIEMEHTDBI MATPHIOBI NPOBOAHMOCTH

1 1 1 1
Y= - Yipi=— Yj3i=—
11 12 13
Z1o Zyj Zy, Zy3
Y e e D Ve vy
25T T o 13T 1175 X2
Zyy Zy3 Zy3 ‘

(211 212 221 222 €13 23) =Re{(Y] Y2 Yo; Yop Vi3 Yo3))
(by1 12 by byy byz byz)i=-In{(Yy Y5 Yoy Yoy Vi3 Yo3))

PopmMHpYeM (PYHKIHH HeOAIAHCA MOITHOCTH — HEeBA3KY

\\fp1(111.112.¢1,¢2) =P;-g 1-1112 - 111-112-(g12-oos(¢>2 - ¢1) - blz-sin(cbz - ¢>l)) - “I'Ub'(cos(‘t’l)'gIS - b13-sin(¢1))
qu(ul,uz,cpl.cpz) =Qp -y 1-1112 - ul-uz-(—bu-oos(cpz - (pl) - glz-sin(cpz - cpl)) - 111-Ub-(si11(cpl)-g13 - cos(cpl)-b13)
sz(ul.uz.cpl,cpz) =P - g22-1122 + “1'“2‘(g12'°°5 (‘cpl — q)?_) +b, l-sin(cpl ~ @2)) + 112-%'(oos(¢>2)'g23 —~ b23-sin(cp2)]

, 2 - . - » 1
W qz(ul.uz,cpl.qoz) =Qy —byyuy - “1'“2’("’2 l'cos(cpl - (p?_') + 2y l-sm(q)l - ‘P?.,)} + 112-Ub-(51n(.cp2')-g23 + cos(cp_q)-bzsj



PopmupyeM MATpHIY SIK00H — SIK0OHAH

— W0 up by ) —Wpy(ug.u0.00.05) — W0 up, 07, — Wpg{ug.up.01.8y)

any ay -y ahy

;T\VpZ(ul'l'Z*‘bl*d)Z) ((;Twpz(“lv“r‘?l-d‘z) ;—sz(ulv“2~¢1v¢2) ;.—sz(“1’“2~¢1-¢2)
| | 1 2 1 2
D(u;.uy.0.8;) =
K o , i ' 8 -
—Warlup 00,0y 0y) —Woy(0g,05.00,05) —We(01,05,00,05) —Weg(up.05,0,.0,)
(ul (112 (¢1 (¢2

—W(u 0.0y, 8g) —Woplugup.01,69) —Wey(u1,u0,01,8y) —Woy(ug.05,01.0)
(lll (112 (¢1 (11)2




IIpuBexeM TPH HTepPANHH

u
150) 1
150 Uy
U:= =U 3ajaem ﬂpOMSBOJ‘Ibele CTapTOBbIe 3Ha4vYeHuA
0 oy
0
&

1) aTepanus:

2.852593
_q . > 4.630306
,9.,‘,_“1'“2‘¢1‘¢2) = D(111.112.¢1,¢;2) ‘W(ul‘“2'¢’1'¢2) |A(ul.uz.¢l.¢2)| = -
0.013428
uq ) g
1 153.3576) M
u, 151.4866 My
U:= - Aluy.uy,0¢.0 U= =U
s (n1:0:01.0,) ~0.0072 [
L —0.0296
L) R




2) aTepanuga

ﬁ(ul'“,'l"bl“bl’.) :=D(ul.uz.¢1,¢2)- I-W(ul,uz.d)l.q)z)

[ Wy
! 153.8079 v
. uy A( ) ¢) v 152.262 23
= - u,.u = :
WL 1>72>%1°%2 ~0.0087
1 - 1,
~0.0317
% ) 3

3) HTepanusd

ALul‘“Z‘d)l‘q)Z) = D(ul Uy, 01, d)z)— I-W(ul.uz.d)l. ¢2)

[
1 /153.8711
. Us \ ) ) - 152.3695
= + Uq,UH5, . =
wdli Y (0102414 ~0.0089
~0.032
L 92

0.45034)

‘A(“1~“2~¢1-¢2)

> | 0.77534
0.0015
0.00213,

[ 0.063
X 0.107

‘A(“l’“Z'd’Pq’z)l =

rd

1.867% 10}

— 4
\ 2.884x 10

\




IIpaBeaem nporpammy pacdera B cpeae MathCAD

%U) = |n « length(U)
U, Uo BenomoraTteabHast mporpaMma
BBITHCICHHA MAKCHMAIbHOH

for icl.n-1 KOMIOHEHTHI BeKTOpa
ume—Ui if um<Ui
Ym

balans W(U,g):= | for 120..100

)
A(ul,u2,fl .£) « D(ul,u2, fl,.£)" lW(ul.uz.ﬂ.ﬂ)

el « |A(u1‘u2.ﬂ.ﬂ)i

ul
u2
Ue - A(ul,u2,1.0)
fl
i)
if €2 maxel)
kei+1
break
ul
u2
fl
)
k
{ 153.7535
100
152.1695
-3 100
c:=10 U:= balans W(U.e) =| —-0.00858
Yoy A 0
“““““““““““ —0.03148 T T T T TS T S oS o oo o oo omooomooos

}43 0 \ 7



3agaHue .

PaccunTars HanpsKEHUS B
y3J1aX CETH IEPEMEHHOTO TOKa
2. PaccuntaTh TOKU B BETBSX.
3. Paccunrath mOTOKH
MOIIIHOCTH B HayaJic U B
KOHIIC Ka’KJI0H BETBH.

4. Paccuurarh NOTEPHU
MOIIITHOCTH B BETBSIX CXCMHEI.
5. Caoenarb IIpOBEPKY
PE3yNBTAaTOB MO OaaHCy
MOIIIHOCTEH.




Taomuma 1
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Tabauia 2

IIpoBoaumocTn BerBel, CMm
Yy Y20 Y30 Y0 Y5
1 0 0.02+j0.08 0.06+] 0.2+j1.5  0.04+0.1 -
0.1
0.07+0.5 0 1+j10 0 0.03+j0.09
0 0.03+j0.09 0 0 0
0.02+j0.05 0.04+0.1 0 0 0.01+j0.09
2+j15 0.08+j0.08 0  0.01+0.09 0 “
n 0 0 0.04+ 0.02+j0.05 0.04+j0.1 -
0.1
0 0.08+j0.8 0.3;1' 1. 0 0 “
n 0.03+j0.09 0 0  0.03+j0.09 0.01+j0.09
n 0.01+j0.09 3+j17 0 0 0.06+0.1
0.06+j0.1 0 0 0 0.08+0.8
0.07+4j0.01  0.06+0.1 0 3+j20 0
I S B I S I



Tabmuia 3

Hanpst:kenune 6a3ucHoro y3jaa U = 110 kB

ba3uc 3agaromue moutnoctu, MBA
HbIi S S, S; Sy Ss Se

y3eJ
1 12-j13 0 0 20 +j45 10-j40
2  12-j20 0 0 20+j90 2+j30
3 10+j65 20+j100 0 0 20 —j30
4 90+j90 0 0 15+j50 20+j10
5 0 30+j55 10-60 0 0 45+ 10
G 6 2+j25 0 0 2+j60 20—j70
1 30—-j9 12 +j80 0 0 40-j30
BN e 0 50-j50 10+j20 0 62+j20
9 3 354100 0 o 20+j100 35+j50 |
4 35-1100 30-j50 4+j20
5 20+j75 40—130 10+120



Minerr(varl, var2, ...)

Bo3Bpaliaer 3HaueHus nepeMeHHbIX varl, var2, ...,
HanO0O0JIe€ yI0BIECTBOPSIOIINE CUCTEME YPABHEHUH U
OrpaHUYCHUAM B OJIOKE perieHus1. Bo3Bpaiaer ckasp,
€CJIM 3aJIaH OJIMH apI'yMEHT, HHA4Y€ BO3BPAIIACT BEKTOP
peleHuii. Ecim pemenne He CXOUTCs, BO3BpAIIatOTCS
pPE3YJILTATHI MOCIIEIHEN UTEPALIUH.
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Metoa 3euaens AJs pelmieHus] HeJIMHEHHbIX
CHCTEM YPaBHCHHU M

NMeeM cucTeMy HETUHEUHBIX YPABHEHUI
B HESIBHOU (hopMme:

Fy (% X%, ) = Q

F, (%, X%, ) = G (3.1)

Fo (X, X%, ) = G



[Ipugagum cucteme (3.1) uTepallmOHHBIN BUI;

X = f1 (X Xp0eeniX, )

X, = fZ(Xl,XZ;---’Xn), (3.3)

X, = Fo (X0 X000 %),

B uTepaioHHbIX IPOIIECCAaX OHA U Ta XKE NEPEMEHHAA
MOXKET OJTHOBPEMEHHO HAXOIUTHCS B JIEBOU U MIPABOU
yacTax paBeHCTBA. OCHOBHAS CIIOKHOCTH COCTOUT B
o0OecIIeueHNH UTepallioHHOMY Tipolieccy (3.3)ycioBuii
CXOIUMOCTH:

o,




[Tponiecc nrepupoBanms BeIpaxkeHui (3.3)
OCYIICCTBISACTCS IO CICIYIOIISH CXEME:

(k+1) — (k) (k) (k)
X{ = 1(X1 D SRS & )

(k+1) — (k+1) , (k) k)
X2 - 1(X1 ,X2 ,---,Xn ), (3.5)

(k+1) _— (k+1) ,(k+1) k+1) , k)
XJ = £ (xE, x3D, x5 x )

1 IPOAOJKACTCS 10 BBIITOJHECHHUS 3aJaHHOM MOTPEIIHOCTHU

X9 -x*D<e, (1=1,2,..n). (3.6)



Metoa HeroTOHA /151 pelIeHUsI CUCTEM
HEJIMHEHHBIX YPABHCHUH

MeeM HEMHHENHYIO CHCTEMY

£ (%5 %g500%, ) =0 (3.20)
fo (%% %,) =0
f;z(xl.-xz ...... X P?):O



Cfl A F—— 2l —— A%+

ox, ox,
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Ax, + —=Ax, +

ox, ox,

5

o

— Ax; + —Ax, +
ox, Cx,

B 2310l cHCTEME 3HAUEHHA ITPOU3BOJHBIX =
cx

5 g o e (3.21)
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szAr + f, =

ox,

-
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- Axn+fn—0.
cxn

A H QYHKIHH f,
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BBIUHCIIFOTCA 110 JaHHBIM BCKTIOpa X; B k-M HpHﬁHH}KCHHH. B PE3VIBTATC

HMCCM OﬁquHYIO HHCIIOBVIO HHHCﬁHy}O CHCTCMY OTHOCHTCIIBHO IIOIIPABOK

Ax. .

l



[Tpumagum nuHENHHON cucteMe (3.21) MpUBBIUHYK A HEE dopmy:
epeHeceM CTondel] CBOOOAHBIX WICHOB f, B MpaByK 4acTh PaBEHCTBA U
3alHUIIeM €€ B MaTPUYHOM BHIE

f(x)Ax=—f(x), (3.22)
rae
CACAA
Ox, Ox, ox,
oh o
f'(x)=W=| 0x, ox, ox, |, (3.23)

- -~ -

S Y &>
| 0x, Ox, 7
MaTpHIla YaCTHBIX MPOM3BOAHBEIX (QVHKIHI f, 1O HE3aBHCHMBIM

IEPEMEHHBIM X, - Ha3bIBaeTCs MaTpHLEH Sxobu., a €€ ONpenenuTeNbh —

AKOOUAHOM,



/ A’cl A ( _.fi (x)\
A, — 15 (:
T ] BEKTOp MOMpaBokK, —f(x)= f2(x) - BEKTOp CTONOeI
(Ax, \‘fn(x)/
HEBSA30K.

Pemag cucremy (3.22), HaxXoOuM BEKTOp MOINPABOK Ar[.(”")_. 4yTo

INO3BOJIICT YTOUHHTL BCKTOP PCLICHUA
x = x® L Ax® (i =1,2,....n). (3.24)

Takum oOpazoM., MeTon HBIOTOHAa CBOOUTCA K MHOTOKPaTHOMY
PELICHUI0 JUHENHOH cucTeMel (3.22). Jnd 3TOro MOKHO HCIIONB30BaTh
paHee H3JIOKEHHbIE MeTOonbl: Kpamepa, oOpaTHOll MaTpuubl, [ aycca,

3eimensa u ap.



Ax=-W7(x)- f(x) (3.25)

X = x® g (x(k)) : f(x(k)) : (3.26)

3aBCpIIICHHC HICPAIIHOHHOI'O IIpoHE€cCa MOKHO OCVIICCIBIIATE IIO

YCIIOBHKO
k+1
g

{

— | Ay®)
= ‘Ar,.

(k)
xi

<g (i=12.....n). (3.27)



B mOpakTHUYeCKOM  IUIQaHE  MOXKHO  PEKOMEHAOBATh  TAKYIO
[IOCNIEI0BATEIbHOCTh JACHCTBHIA:

- PELIAEMYI0 CUCTEMY YPaBHEHHI NpeIcTaBUTh B popme (3.20):

- OPHEHTHPVYACh Ha (QU3NYECKHIl CMBICI pEIIaeMOil 3amauyd |

O’KHIa€MOTO pEIEeHHs 3aJaTh BEKTOp HaualbHBIX OpHOMmkeHHil x* m

I
[IOTPEIIHOCTD pacuera €;
- chopMHUPOBATH JTHHEAPU3OBAHHYIO cUCTEMY B popMme (3.21) nnu (3.22)
1 COPHEHTHPOBATHCA HA METOJI €€ PELICHHUA;

- OCVIICCTBHTH HTCpaI.lHOHHBIfI I[IponccCC, HaXOoIA IIOIIPABKH AYI-

pemeHueM (3.21) un (3.22) U YTOUHSA BEKTOP PELIEHUs COTJIacHO (3.24).

Ha cXOAuMOCTh UTEPALMOHHOTO MpPOLEcca YKA3bIBAET BEKTOP HEBA30K:
B XOJI€ UT€PALH OH JOJIKEH YMEHBIIASACH IO MOAYII0 CTPEMHUTECA K HYIIIO B
TOUKE PEILICHUs COornacHo (3.20).



ITpumep 3.4. MetonoM HbBIOTOHA HAlTH BEIIECTBEHHOE PEIICHUE
CHCTEMBEI

fi(xy)=2x-y*-1=0, (3.28)

3
fHi(xy)=xy -y-4=0,
PH HaYaJabHOM MPHOTHKEHHHU:
x(o) _ 2;},(0) =1



Peuternue. 3aniuiieM JIHHEAPU30BAHHYIO CHCTEMY B hopMme (3.22)

;AY + ;Ay =—Jix ). (3.29)
ox oy

cf- of-
—FAx+ Ay =—f,(x.y)-

cX cy
PackpriBad B (3.29) comepKaHHUE YaCTHBIX MPOU3BOIHBIX, HMEEM
6x°Ax —2yAy =—f,(x,y), (3.30)

yAx+ (3’ -1)Ay=-f,(x.).
OcHOBHasA MaTpuua cucteMsl (3.30) U ABIAETCA MaTPULIEH SIKOOH
6x° -2y
Wix.y)= . 541
B pemeHnu nuHEHHON cucTeMbl (3.30) opueHTHpyeMcs Ha (popMyly
Kpawmepa (2.5).



PaccuuTsiBaeM nepBoe NpUOIHKEHHUE HCKOMBIX pemeHuii (£ =0).
1. Hepsazku ¢yHKIMIA 1o (3.28):
L&) =14; £,(2;)=-3
BECbMa BEIIMKH, YTO CBHACTENBCTBYET O IOCTATOYHO IPyOOM HayalIbHOM

IPUOIMKEHUH.
2. Omnpenenurens MaTpuLel SIKOOH (AKOOHaH)

24
W(2:1)=A= =122

1 5

NOCTAaTOYHO BEIHK, YTO CBUIETEIBCTBYET O XOpolleH OOYCIOBIEHHOCTH
MaTpHULBI (BBICOKOH CXOAMMOCTH MPOLECca UTEPALUH).
3. TlompaBku Ax. Ay no ¢opmyne Kpamepa (2.5):

Ax 1 [-14 2| 64

Ax = = ——— =—0.5246;
A 12203 5| 122
, 24 -14

a2 _ 5% 07049
A 12201 3| 122

4. YTOUHEHHE 3HAUEHHUA x, y 10 (3.24):
x =2-0.5246=1.4754;



PaccuuTsIBa€M BTOPOE MPUOIHKEHHE HCKOMBIX IIEPEMEHHBIX (k =1):

- HEBA3KU (P yHKIIHII:
f1(1.4754:1.7049) = 2.51;

/,(1.4754;1.7049) = 1.61
yOpIBalOT Mo Moaymo (Obio f =14; f, =—3), 4TO CBHACTENBCTBYET O

BBICOKOIT CXOOUMOCTH MPOLECCa;
- ONPEIEIUTENb MAaTPULEI SIKOOH

13.06 -3.41
W (1.4754;1.7049) = ~171;
495 11.86
- monpaBku Ax, Ay:
o 1 [-251 341
Ax"’ = — =-0.2062;
1711-1.61 11.86
1 13.06 -251
Ay =—— =—0.050;
171{4.95 -1.61




- YTOYHEHHBIE 3HAUEHHS X, !

¥ =1.4754-0.2062 =1.269;
y# =1.7049 —0.05 =1.655 .
[Ipomomxkas 3TH pacyeThl, IOJIyYaeM:
npu k=2
x*=1.269-0.034 =1.235,
3 =1.655+0.006=1.661,
npu k=3
x™* =1.235-0.00072 =1.2343,
y® =1.661+0.00052 =1.6615.

Pe3ynpTarhl 3TOI HUTEpAllMd MOXKHO IPHHATH 3a NPUONMAKEHHOE PEIICHHUE,
IIPH 3TOM IIOTPEUIHOCTE paBHa € =0.00072.

B mporecce NMpPOBEOECHHBIX HUTEPAlUil ONPENeNHUTENs MaTPHLEl SKOOHU
npuHuUMan 3HaueHusa: 122; 171; 106; 99.6. Ilocne OBYX MEPBEIX HUTEpalHid
€r0 3HAuUe€HHE CTAOMIH3HUPYETCA., UYTO IIO3BONAECT C LENBI0 YMEHBIICHHS
o0beMa BEIYHCIIEHUH MPUMEHATh Moouguyupoearuslit Memoo Horomona.



