BBEJIEHHUE

B coBpeMeHHBIX YCIOBHUSAX pacyeT YCTAaHOBUBIIMXCS PEKHMOB 3JIEKTPOIHEPTreTHICCKOM
CHUCTEMBI SBJIsIeTCA HamOoJsiee yacTo pemaemoit 3amaueid. Ilpum mpoexktupoBanmu DIC pacuer
YCTAaHOBHBILIUXCS PEKHMOB OCYIIECTBIISIETCSI C IMENbI0 BHIOOpa W YTOYHEHHs IIapaMeTpOB
MPOEKTUPYEMOU CUCTEMBI.

B mpomecce skcruryatanuu 1mMoJ00HBIE pacueThl MO3BOJISIIOT ONEPATHBHO YIPABIATh H
nporuo3upoBathk padbotry DIC. Ilpu 3TOM OCYyImIECTBISIETCS OLIEHKA JOMYCTHMOCTH PEXHUMa IO
yCIOBHSIM ~ OOeCTiedeHHsT HOPMAaJbHOH pabOThl OOOpYHOBaHUS W OMNpEICIICHHE PEXKHUMOB,
ONITUMAJIBHBIX 110 TEXHUKO-2KOHOMHUYECKHUM KPUTEPHSIM.

3amaua pacuera yCTaHOBUBIIUXCS pexkuMoB ODC CBOAUTCS K  ONPEACTICHUIO
COBOKYITHOCTH I1apaMeTPOB, XapaKTEPU3YIONIUX pPabOTy CHUCTEMBI: HANPSDKCHHA B Pa3IMIHBIX
TOYKaX CUCTEMBI, TOKOB B €€ JIEMEHTaX, MOTOKOB MOIIIHOCTH U TIOTEPh MOITHOCTH U T.]I.

[IpoBeneHue pacyera CBsI3aHO C PSAAOM OCHOBHBIX JTAIlOB:

1. IlpenBaputenbpHbie TpeoOpa3oBaHUsl W MEPEXOJ K PACUETHON CXeMe 3JIEeKTPUUYECKOU
CUCTEMBI;

2. ®opMHUpOBaHKUE YPABHCHHS COCTOSIHHS 10 W3BECTHBIM HCXOJHBIM JaHHBIM C Y4€TOM
CTPYKTYPBI paCUeTHOM CXEMBI,

3. Beibop MeTo1a pacuera U COCTaBICHUE AITOPUTMA U TTporpaMMbl Ha DBM;

4. IlpoBeneHue pacyeTa yCTaHOBUBIIIETOCS pekuma Ha DBM;

5. AHanmu3 TOYHOCTH MOJYYEHHBIX PE3YNIbTATOB.

6. BBIBOIEL



HUcxoaHble JaHHDbIE:

Z;=0.2
Z,=0.3
Z;=04
Z4=0.8
Z5=0.3
Zs=0.5
Z;=0.8

~

1

~

2

~

3

NS

4
Js=
Eg,= 100
Egs =300

8
3
4
6
5

basucusie Bennunubl: Us=U; yon = 10,5 kB; S5 = S;uon = 7 MBa.

[Tapamertpel reneparopa u cuctemsl: E;= 1.07; U, = 1; P4 = 60; Tj = 14c.
VYroa 6 Mex1y 0ChI0 BpaIllalOIIErocss MarHUTHOTO MOJIsl 0OMOTKH CTaToOpa U MPOJI0JIbHOM

OCBIO pOTOpa B TeHeparope: 0=mu/6.

Hcxoanas cxema:

Ji J3 Js
1 @ l3 ©) is

IIpumeyanue:

J> Jy

Pucynox 1

1. Pacuer mpoBOIUTCS B OTHOCUTEIbHBIX €AUHHULIAX.

2. HampaBnenue BeTBel U HE3aBUCUMBIX KOHTYPOB MOTYT OBITh 33/1aHbI IIPOU3BOJILHO.



YCJIOBUSA 3AJAHUM:

3aganue 1.

Hcnonb3ys pacueTHYIO CXEMY M HCXOJHBbIE JaHHbIE JJIs PYYHOrO CueTa, IMpPOU3BECTU
CIeAYyIoUIUe TeUCTBUS:

- COCTaBUTh MaTpULbl MHIUAeHIUH M u N;

- 3aIMCaTh MATPULIbI PEKUMHBIX TapaMETPOB:

a) J, Zp, Vs

6) Uy Up B obmem Buue

B) mpeanonoxuth Hamuue J/IC B BeTBax 2,5 (Epy, Eps), 3anucats maTpuisl Ep, Ex.

3aganue 2.

Hcnonb3yss BapraHT pacyeTHOM CXEMbl U HUCXOAHBIE JAHHBIE 3amucath | W 2 3aKOHBI

Kupxroga B matpuuHoii hopMe U B BUJE CUCTEMb] YPAaBHEHUH.
3anannue 3.

Jlis pacdyeTHOM cxeMmbl 3amucaTb B MaTpuyHo ¢opme 0000IIeHHOE ypaBHEHUE
coctostHus. [lepeliTu Kk cucteme aireOpandecKnx ypaBHEHH OTHOCHUTEIHHO HEM3BECTHBIX TOKOB B
BETBSIX.

3aganue 4.

1. JIns pac4eTHOM CXeMBbI BBIYMCIUTH MATPHILY Y3JIOBBIX IPOBOJIUMOCTEN Y A.

2. CocraBbTe MaTpully Y, 0€3 MepeMHOXKEHHUSI MaTpull C yUeTOM (PU3NYECKOT0 CMbICIA €€
aneMeHTOB. CpaBHUTE MOJIyYEHHBIN pe3yabTaT ¢ MaTpuleil Y, BBIYUCIEHHOM B I1. 1.

3. 3amucaTh YpaBHEHME Y3JIOBBIX HaNpsyKEHUN B MaTpUuHON (opme U B BHUJIE CHCTEMBI
YpaBHEHUM.

3ananme 5.

[IpeanonoxuB namuune DJC B BeTBsix 2, 5 pacuerHou cxembl Eg, = 100, Egs = 300,

3anMcarh ypaBHEHUE KOHTYPHBIX TOKOB B MaTpUYHOU (hopMe U B BUJE CUCTEMBbl YpaBHEHUH.
3ananmue 6.

Hcnonb3ys cucTeMy ypaBHEHMH Y3JIOBBIX HaNpsOKEHHH, MOJydeHHYIO B 3aJaHuu 4,
paccuuTaTh 3HAUYEHUE Y3JIOBBIX HampsbkeHu metonom ['aycca.

[Ipoananu3upoBaTh TOYHOCTH pPE3YJIbTATOB pacuerTa.

3ananmue 7.

1. Hcnonw3ys cuctemMy ypaBHEHMH Y3JIOBBIX HalpsDKeHUN (3aaaHue 4), paccuuTaTh
3HAUEHUS HaANpsDKEHMH B y3/IaX pPAcyeTHOM cXemMbl MeToJoM 3eiiaens  (mposecTu 3
UTEPALIUN).

2. Ilpoananmu3upoBaTh CXOAMMOCTh HTEPALMOHHOTO IMpOLECcCa.



3ananue 8.
Ha ocHoBe pacueTHONl CXeMbl C Y4eTOM IOCTAaHOBKM 3ajaud paziena 3.2. u
UCXOJHBIX JAHHBIX O MapaMeTpax IeHepaTopa, KOTOPbIM MOAKIIOYEH K 4-My y3iy,

OIIpCACIINTD YCTOI\/’I‘-II/IBOCTB CUCTCMbI 110 KOPHAM XapaKTCPUCTUUCCKOTO YpPAaBHCHUA.

3ananmne 9.

Jlnst pacdeTHOM CXeMbl 3aJaHusl 8 3aIMcaTh XapaKTepUCTUYECKOE YPABHEHHUE C y4ETOM
MIEPEXO/IHBIX MPOIIECCOB B 0OMOTKe BO30yxaeHud. [IpoaHann3upoBaTh YCTOWYMBOCTH CHCTEMBI
no kpureputo I'ypBuna.
3ananmue 10.

[Ipoananu3upoBarth yCTOMYMBOCTH CHUCTEMBI (3agaHue 9) mo kpurtepuro Muxaiinosa.

[TocTpouts kpuByr0 Muxaitsiosa.



BBIITIOJIHEHUE 3AJTAHUA.

Beinosinenue 3axanus 1:
Jnst  pacdera HCXOJHOW CXEMBbl 3aJaJMMCs HaIlpaBJICHUSMH TOKAa B BETBAX U

HaIpaBJICHUAMH 00X0/1a KOHTYPOB:

Ji J3 Js
1 S @ l3 @)_is

A

® ! ©

J> Jy

Pucynok 2

CocraBum MaTpuIlbl MHIUASHIUA M u N :

-1 0 1 1 0 0 0
0 -1 -1 0 1 0 0
1
0

B B 1 -11 0 020 0
p----------—— 5 N=
0 0 1 -1 110

3anuiem MaTpHLbI PEKUMHBIX ITapaMETPOB:

a) MaTpHIla 3aJa0IUX TOKOB:

B obmem Buge:J =| J3 |; Ilo nanupIM 3aganus: J =

N & A W @




- JHMaroHaJibHas MaTpulla CONPOTHUBIICHUH

1

IIPOBOJIUMOCTEH BETBEN Y, = —:

B

0.2
0.3
0.4
0.8

0.3

0.5

0.8

BeTBeH 7,

3.3

AvaroHajlbHasA MaTpula

25
1.25
3.3

1.25

0) maTpuna y310BbIX Hanpsbkenuid U, , MaTpuna najgenuid HanpsokeHui B BeTBax Uy :

BoinosiHeHue 3a1aHuga 2:

Iepeuwuit 3akon Kupxzoga.

=1
A
I

Ex,

Martpuunas ¢popma 3amucH MO3BOJISAET MPEICTABUTH 0aTaHC TOKOB ISl BCEX Y3JIOB CXEMBI

OJTHOBPEMEHHO.

rae, M — marpulbl MHIMACHIMNA IEPBOTO POJIA;

I- MaTpula HCU3BCCTHBIX TOKOB B BCTBAX,

J — mMaTrpuia 3aJaronXx TOKOB.

M-I=J



Martpuunas dopma:

B Buze cucteMbl ypaBHEHUI:

(I +1;+14=8
I, -I3+I5=3
-y —Ig+1;=4.
—Is+15=06

-1, =5

Bmopoi 3axkon Kupxzoga.
Matpuunas ¢opma 3anucu
HE3aBHCHMBIX KOHTYPOB CXEM:
N-Zg-1=Eg
rjae,
Ex =N-Eg
0TCIO/1,

N‘ZB‘I=N‘EB

Haiinem BexTop koHTypHbIX O./1.C.

0,2
0,3
0,4
[1 11 0 00 0}
. 0,8
0 01 -1110
0,3
0,5

OTCIO/IA,

-1 0 1. 1 0 0 0]
0 -1 -1 0 1 0 O
0 0 0 -1 0 -1 1
0 0 0 0 -1 1 0

0 0 0 0 0 0 -1]

0,8

N & A W @

iR
1o o0 1

[03BOJISIET 3allucaTh OaJlaHC HamnpsHKEHUH  JUIst

-11 0 000
-1 110

BCEX

]




[mz -0,3 0,4 0 0 0 0} | [—EB{]
. 4 —_—

0 o 04 -0,8 0,3 0,5 0

B Buze cucTeMbl ypaBHEHUI:

0, 211 - 0, 312 + 0,413 == _EBZ
0,415 — 0,81, + 0,315 + 0,5 = E ;5

Bbinosinenue 3aganus 3:
O06001eHHOE YpaBHEHHUE COCTOSHUS UMEET BHI:
A-I=F

rae, eauHas MaTtpuiia KodhPHUIIMEeHTOB UMEET BU/I;
M
A= ;
N-Z,

riaec, O6T)CI[I/IHGHHa$I Marpuia HCXOJHBIX ITapaMETPOB NMECT BUA:

Haxonum npoussenenue N-Zp:

NFZB={m2 -0,3 0,4 0 0 0 0}
0O 0 04 —0,8 03 0,5 0
OTCHOJIA,
-1 0 1 0 0]
0 -1 -1 0 1 0
0 -1 0 -1 1
A=| 0 0 -1 1 0] F=
0 0 0 o0 -1
0,2 03 04 0 0 0 O
0o o 04 -08 03 0,5 0|

Tor/a 0000IIEeHHOE YpaBHEHNE COCTOSIHUS B MAaTPUYHOU (popmMe uMeeT BU/I:

N A W X

_EBZ

EBS




-1 0 1 1 0 0 o]
0 -1 -1 0 1 0 0

0 0 -1 0 -1 1

0 0 o0 o0 -1 1 0

0 0 o0 o0 o0 o0 -1
0,2 -03 04 0 0 0 O
0 o0 04 -08 03 05 0]

_EBZ

N A W

5

EBS

Cucreme anredpandyeckux ypaBHEHUN OTHOCUTENIbHO HEU3BECTHBIX TOKOB B BETBSIX:

BoinojiHeHue 3aJaHUsA 4:

—11+I3 +I4=8

I, -I3+15=3
—Iy-Ig+1,=4
X —Is+15=06
-1, =35

OrnpezensaeM MaTpULy y3JI0BbIX IPOBOAUMOCTEH Y A,

Yp=M-Yg M,

rae, M;- TpaHCIOHHpOBaHHas Marpuua M

-1 0
0 -1

1 -1
M¢=|1 0
0 1

0 0

0 0

Haxonum npoussenenue M- Yy :

10

=TT — I

I — R — N

0, 211 - 0, 312 + 0,413 == _EBZ
0,413 - 0,814 + 0,315+ 0,51 = E 5



5
10 11 0 0 0| 33 5 0 25 125 0 0 O |
011010 0 25 0 3325 0 33 0 0
0 0 010 11| 125 =0 0 0 125 0 -2 125/,
0 00 0110 33 0 0 0 0 332 0
(00 0 0 0 0 1] 2 (0 0 0 0 0 0 -125
| 1'25_
TOraga
1.0 0 0 0]
5 0 25 125 0 0 110 40 0 0| [85 25125 0 0 |
0 3325 0 33 0 1 1000|2591 0 33 0
YA =MY,M=(0 0 0 425 0 2 1,251 0 -1 0 0|=[-125 0 45 -2 -125
0 0 0 0 332 o0 |[l01 010 0 33 2 53 0
(0 0 0 0 o0 0 -125/{0 0411 0|| 0 0 -125 0 125]
(0 0 1 0 ]

CocraBum matpuny Ya 0e3 mepeMHOXKEHUS MaTpUll C y4eTOM (PU3UYECKOTO CMbICiIa €€
aneMeHTOoB. Ha riaBHOM [uaroHalid pacrosoXeHbl COOCTBEHHbIE MPOBOJUMOCTU Y310B Y -

paBHBIE CyMME IIPOBOJIMMOCTEN BETBEM, COCIUHEHHBIX C Y3JIOM i:

[5+2,5+1,25 Yy, Y3 Yy Yis| [875 Yy, Y3 Yis Vs
Yy, 3,3+2,5+3,3 Yy3 Yoe Yos| | Yar 91 Yy Yy Yis
Y3, Y3, 1,25+2+1,25  Yay Yas|=| Y3y Ys 45 Y3y Yis
Yy Yq Y43 3,3+2 Y Ya Yo Y4 53 Yy

| Ys Ys; Ys3 Ys¢ 1L25] | Y51 Y55 Ys3 Y54 1,25]

CHMMETPUYHO OTHOCUTENIHHO IJIABHOM JHMAroHalIMu PACIIOJIOKEHbl B3aUMHbIE MPOBOJUMOCTH
Y =-Y;i (co 3HaKOM MHHYC), KOTOpbIE€ PaBHBI IPOBOJAUMOCTH BETBU (B3ATOH CO 3HAKOM MHUHYC),

HAaxOIAIIUNC MEXY Y3JIaMH I U j, NI HYJIIO IIPU OTCYTCTBUM CBSA3U MEXKY y3JIaMM:

8,75 -2,5 -1,25 0 0 |
-2,5 9,1 0 -33 0
Yy=|-1,25 0 4,5 -2 1,25
0 -33 -2 53 0

0 0 -1,25 0 1,25

3anuieM ypaBHEHUS y3JI0BbIX HanpsbkeHui B MaTpudHoi opme YaUp=J:

11



8,75 -2,5 -1,25 0 0 | [Up;
2,5 91 0 -33 0 ||Up,
1,25 0 45 -2 1,25(-|Upz|=
0 33 -2 53 0 ||Uy
0 0 -1,25 0 1,25| |Ups

N &N A W @

CocTaBuM ypaBHEHHS! Y3JIOBBIX HAPSHKEHUN B BHUJIE CUCTEMbI ypaBHEHUH.

-

8,75-Up; —2,5-Upp —1,25-Uy3 =8
~2,5-Upy +9,1: Uy —3,3-Uyy =3
~1,25-Upy +4,2-Upy —2-Upy +1,25- Uy = 4
—3,3-Upp—2-Up3 +5,3-Uyy =6

~1,25-Up3 +1,25-Upy =5

A

Boinosinenne 3aganus S:
B marpuunoit popme ypaBHeHue KOHTYpHBIX TOKOB (Il 3akon Kupxroda) umeer Bun:
N-Zg-1=Eg.

Boipasum matpuily ToOkoB / B BETBSIX 4epe3 BEKTOP KOHTYPHBIX TOKOB I, HCHOJIb3Ys
CIENYIONIME W3BECTHBIE ypaBHEHHMsS CBsasu Mexay Humu: I=Ng-Ig, Torma BTOpod 3akoH
Kupxroga Oyzner umers BUI:

N-Zg-Ny-Igx =Eg.

ITpoussenenne Tpex Matpull N - Zp - N I03BOJISET OJYYUTh MATPUIYy KOHTYPHBIX
COIIPOTHBIICHUM:

Zyx =N-Zg -N¢,

rae Nr-TpaHCIIOHUpPOBAaHHAsA MaTpuLa NV:

SR
-1
1

Ne=| 0 -1
0 1
0
_0 0_

Torna MaTpHUYHOC YPAaBHCHHNEC KOHTYPHBIX TOKOB MOKHO 3allCaTb B BU/JIC:

12



OmnpenenseM MaTpuIly KOHTYPHBIX COITPOTUBIICHHIA:

(0,2 171 o]
0,3 -1 0
0,4 1 1
1 -11 1 000
Z, = : 0,8 0 -1|=
0 01 -1 110
0,3 0 1
0,5 0 1
i 0,8/ [0 0]
Lo
-1 0
1 1
3 0,2 —-0,3 0,4 0 0 0 0 0 1z 0,9 0,4
o o 04 -08 03 0,5 0 o4 2 |
0 1
0 1
Onpenensem marpuna KOHTypHbIX J.J1.C:
F 0
100
0
1 -11 1 000 -100
ZK= . 0 =
0 0 1 -11 10 300
300
0
L 0_

3anuiemM MaTpUYHOE YPaBHEHUE KOHTYPHBIX TOKOB Zy I = Ey :
0,9 0,4 (I -100
0,4 2 ||[I,| | 300
CocTaBuM ypaBHEHHs] KOHTYPHBIX TOKOB
{0,91Kl +0,4I, =-100

0,4IK1 + ZIKZ = 300

Broinosnenue 3aganus 6:

Jlanubie u3 3ananus 4:

13



8,75-Upy —2,5-Upp —1,25-Up3 =8
~2,5-Upy +9,1:Upp —3,3-Uyy =3
~1,25-Upy +4,2-Upy —2-Upy +1,25- Uy = 4
—3,3-Upp—2-Up3 +5,3-Uyy =6

~1,25-Up3 +1,25-Upy =5

A

PemnM cuctemy ypaBHEHHMI y3JI0BBIX HAIIPSKEHUH € MCIOJB30BaHUEM aJIrOpUTMa METOAA
I"aycca ¢ 0OpaTHBIM XOJIOM: aJlTOPUTM BKJIIOYAET B ceOs J1Ba ATamna:

Isman. Ilpamwou x00 [Taycca cOCTOUT W3 OJHOTHUIHBIX IIAroB, CBSI3aHHBIX C
¢dbopmupoBaHreM U3 MAaTPUL] KOAQHULIHEHTOB YA BEpXHEH TPEyroJibHON MAaTPHUIIBL.

lwae. TlonydyuMm mepBO€ KIOUEBOE YpaBHEHHWE, MJISI 4YEro pasfenuM l-oe ypaBHEHHE
CUCTeMbl Ha JMaroHajdbHbIM 3neMeHT Y;;=8,75. Jnsa uckimouenuss Uy, U3 1-T0 ypaBHEHHS
MBICJIEHHO JIOMHOXHUM KJII04e€BO€ ypaBHeHUE Ha KoddduuueHnt npu Uy; i-ro ypaBHEHHs B3ATHIHN C
0OpaTHBIM 3HAKOM, a 3aTE€M CJIOKUM KJIIOUYEBOE U i-€ ypaBHEHUE:!
(Up1—0,286-Uy, —0,143-Uyp3 = 0,914
8,385-Upy—3,658-Up3—3,3-Upy =5,285
1—0,378-Up» +4,021-Up3—2-Upyg+1,25-Up5=5,143
=3,3:-Upy—2-Up3+5,3:-Upy=6
k_l’ZS'UM’ +1,25-Upy =5

2 wae. Ilony4nm BTOPOE KIIFOYEBOE YPABHEHUE:!
UAZ —0,436 UA3 —0,394‘UA4 = 0,63
3,856-Up3—2,149-Upy +1,25-Up5 = 5,381
-3,439. UA3 +4.UA4 =8,079
—1,25'UA3 +1,25‘UA4 =5

3 wae. 1lotydnM TpeThe KIOYEBOE YPAaBHEHUE:
Up3—0,557-Upy+0,324-Up5=0,163

2,084'UA4 +1,114‘UA5 = 8,64
—0,696-Up4+1,655-Uy5=5,024

4 wae. 1lorydnM 4eTBEPTOE KIIOUYEBOE YPABHEHUE:

UA4 +0,535‘UA5 =0,078
2,027-U 5 = 5,258

5 wae. Tloydnm nsITO€ KIOUEBOE YPAaBHEHUE:
{Ups=2,594

B pesynbraTte npsamoro xona ['aycca ypaBHEeHUE y37I0BBIX HaNpsKeHU npuoOpeTaeT BUI:

14



1 -0,286 —0,143 0 0 | [Uxg] [0,914]
1 -0,436 —0,394 0 Uy, 0,63

1 —0,557 0,324 |x|Uxs |[=|0,163

1 —0,535| |Upg | |0,078

i 1 | |Ups| [2,594]

2s3tan. O6paTHbli X0 Metofa ["aycca:

Uy =2,594

Upy=0,078—0,535-U 5 =—1,310

Ups =0,163+0,557-Uyy —0,324-Uys =—1,429
Upy =0,63+0,436-Up3 +0,394- Uy y = —0,509
Upg =0,914+0,286- Uy, +0,143- Uy 3 = 0,564

HpOBCHCM AHAJIN3 TOYHOCTHU PCUHICHUSA, IJId 3TOr0 pacCYUTACM HEBA3KHU I10 I/ICXOI[HOI\/’I

CUCTEME YPaBHEHUM:

@) =[8-8,75-Up  +2,5-Uyy +1,25-Up3|=0,006

@y =[3+2,5:-Up; —9,1-Upy +3,3-Upy|=4,720

@3 =[4+1,25-Uy; —4,2:Up3 +2-Upy —1,25-Ups|= 4,844
@4 =[6+3,3-Upy+2-Up3—5,3-Uyy|=8,405

@5 =[5+1,25-Up3—1,25-Up5|=0,028

PaccunraeM cymMapHyro HEBS3KY:
5
oy = 2, ®; =0,006+4,720+ 4,844 + 8,405+ 0,028 =18,003 ~ 18
i=1

®y - OIPCACIIACT TOYHOCTD IIOJTy9ICHHBIX 3HAUYEHUH Y3JIOBBIX HaprDKeHI/II\/'I.

Broinosnenue 3aganug 7:

Jlanubie u3 3ananus 4:

(8,75-Up; —2,5-Upy —1,25-Up3 =8
~2,5-Up +9,1:Upp —3,3-Upy =3
—1,25-Upy +4,2-Up3 —2-Upy +1,25-Ups =4
~3,3-Upy—2-Up3+5,3-Upy =6
(—1,25-Up3+1,25-Upg =5

A

Pacuer y3:10BBIX HaNpsHKEHU ¢ MCIOJIB30BAHUEM MeTo1a 3eiers (MeTo ] UTepariuii)

BKJIFOYAET B ceOs CICOAYIOIIUC OTAallbI:
15



[IpeoOpa3yeM cuctemy y3J10BbIX HalIPsHDKEHUN K BUIY, YI0OHOMY Ul UTEPALlMOHHOTO
rpolrecca:
Upy=0,914+0,286- Uy, +0,143- Uy 5
Upy =0,329+0,275-Upy +0,362- Uy
Up3 =0,952+0,298-Upy +0,476-Upy —0,298- Uy s
Upg=1,13240,623- Uy, +0,377-Up s
Ups=4+Up;
3anagumMcs HauyalabHBIM MPUOIMKEHUEM Y3JI0BbIX HAIPSKEHUH:

©0) _

Uy} = 0,914
©0) _

uY) =0,329
©0) _

Uy} = 0,952

(0)
ul) =1,132

v® _
AS
Ha nepBoii utepaiiuu BbIUMCIIsIEM 3HAUE€HUS IEPBOTr0 MPUOIMKEHUS Y3JI0OBbIX HAIPSKEHUI

U(Al), OCYILECTBIIAA IOJICTAHOBKY U( ) B CUCTEMY YPaBHEHHIA:
Ul =0,914+0,286- UY) +0,143. U0) = 1,144
Ul =0,329+0,275. UY) +0,362. U) = 1,053
UY) =0,641+0,321-U) +0,423-U) +0,256- U = 0,64
ul) =1,13240,623- UY) +0,377- U} = 2,03
U} =4+ Uf) = 4,64
PaccunTaem HeBsA3KHM Ha nepBoﬁ HUTCpalnuu ajid MPOBEPKU TOUYHOCTH IMOJTYYCHHBIX

o 1
pe3ynbTaToB. I 3TOTO NOACTABIISIEM 3HAYEHUS Y3JI0BBIX HAIPSKEHUI U(Ai) B HCXOJIHYIO CUCTEMY

YPAaBHEHUH y3JI0BBIX HaIIPSKEHUMN:

o =18-8,75-U) +2,5.U%) +1,25. U} = 1,421
o =[3+2,5- 00 -9,1.UY) +3,3. U} = 2,972
oy =|4+1,25-0) —4,2. 00} +2. Y} - 1,25. UY)| = 1,002

o’ =[6+3,3.- 0 +2.0} -5,3. 0} |=0
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o =[5+1,25- U0} -1,25. U}[=0
Paccuntaem cymMmmapHyro HEBS3KY:

5
D= 3 o =1,421+2,972+1,002+ 0+ 0 = 5,39,
i=1

T.K. co(z) > 0,01, To TouHocTh pacuera €=0,01 HE TOCTUTHYTA.
Ha BTOpOI1 HTepanny Npon3BOIUM IIOJACTAHOBKY U( ) 5 cucreMy ypaBHeHUU. FIMEHHO:

U =0,914+0,286-UY) +0,143. U] = 1,307

2 _
Uy, =

0,329+0,275- U +0,362- UY) = 1,423
U =0,641+0,321-UY) +0,423-UY) +0,256- U) = 0,925
UR) =1,132+0,623- U +0,377- U = 2,367

)

@) _
@) =4+ UQ) =4,925

PaccunTaeM HEBSI3KM HA BTOPOI UTEpaALIUH:

o =|8-8,75.UD +2,5.UY) +1,25. UD)|=1,281
03 =|4+1,25-UQ) —4,2.UQ +2.U¢) 1,25 UR|= 0,327

o =16+3,3-UQ +2.0Y -5,3.0%)|= 0,001

o) =5+1,25- U -1,25. 0| =0
Paccuntaem cymMmmapHyro HEBS3KY:

5
o) = ¥ o® =1,281+1,128+0,327+0,001+ 0 = 2,736,
i=1

T.K. co(zz) > 0,01, To TouHocTh pacuera €=0,01 HE MOCTUTHYTA.
Ha tpereit utepanuu npon3BoauM MOJACTAaHOBKY U( ) B cucreMy ypaBHeHHUU. IMEHHO:
U =0,914+0,286- UQ) +0,143. UY) = 1,453
U =0,329+0,275.U) +0,362. UQ) = 1,585

U =0,641+0,321- UY) +0,423- UY) + 0,256- UR =1,044

A3) _ 3) 3) _
Uy, =1,132+0,623-U,, +0,377- U5 = 2,513
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3) _ 3) _
U,s =4+U,3 =5,044
PaccunraeM HEBSI3KM Ha TPETEN UTEPALIUHA:

oV =(8-8,75.U) +2,5.0) +1,25. U)|= 0,553

o8 =(3+2,5.U8) -9,1.08) +3,3.UC) | = 0,499

0§ =4+1,25-UQ) —4,2.00) +2.0) - 1,25 U) | = 2,513
o) =16+3,3-U5) +2.08) -5,3.0%)| = 0,001

o) =5+1,25-U5) -1,25. 0| =0

Paccuntaem cymMmmapHyro HEBS3KY:
G _ 2 (3
o) = 3 o = 0,553+ 0,499+ 0,153+ 0,001+ 0 =1,206 ,
i=1

3
T.K. (D(Z) > 0,01, To TouHocTh pacuera €=0,01 HE MOCTUTHYTA, CJIEIOBATEIBHO, 3HAYCHUS

2)
Uji

ellle He SBJSIOTCS UCKOMBIM PELIEHUEM CUCTEMbl YPaBHEHHMH y3JI0BBIX HampsykeHui. OnHako

o 3 1
CyMMapHas HEBA3Ka Ha TPETCU UTCPAllUU (Dg: ) S3HAYUTCIBHO YMCHBIINJIIACH 110 CPABHCHUIO C (D(Z) .

3

Brinosgaenue (2)
YCIIOBUSL @y

> o> o

> CBUJICTCIILCTBYET O CXOJAMMOCTH HTEPalMOHHOIO
>

nporecca.

Beinosinenue 3axanus 8:

VYcranoBuBimiica pexum pabor OOC mpenmnosaraeT HENpPepbIBHOE, CTOXAaCTHYECKOE
U3MEHEHHE BO BPEMEHM OOJIBLIOIO KOJUYECTBA HArpy30K. JTO NPUBOAUT K IOSBICHUIO Ha
reHepaTopax CUCTEMBbI JOMOJHUTENbHBIX MAJIbIX MOMEHTOB AM, KOTOpbIE TaKXKe€ CTOXaCTHYECKU
YBEJIMYMBAIOT M YMEHBIIAIOT  MOMEHTHI, JCWUCTBYIOIIME Ha BajaX OSTUX TE€HEpPaTopoB U
CMENIAIOIINE UX POTOPHI HA MaJIbIe YIIIbI AJ .

BosHukaronme mnpu  3TOM  IIEPEXOJHBIE  MPOLECCHI MOTYyT OBITb  ONMCAHbI
mupdepeHInaIbHbIMU  YPaBHEHUSMH OTHOCHUTEIBHO MaJlbIX Ao.  Tlopspok ypaBHEHMI
OTIpeNIeTIsieTCs CJIOKHOCTRIO paccmaTpuBaemonn D9C.

PaccmoTpuM mnpocredmmii  ciydail:  cTaHUMS — IIMHBI OECKOHEYHON MOIIHOCTH.
[Ipoananu3upyeM CTaTHYECKYK) YCTOWYMBOCTH CHUCTEMBI COINIaCHO pucyHKy | Ilpm oTcyrcrBum
Harpy3ku B y3max 1,2,3,5, b u monkmioueHuss K y3ny 4  CHHXPOHHOTO HESBHOIIOJFOCHOTO
reHepartopa. s perieHus 3Toi 3aauu  11€1eco000pa3HO IPUBECTU UCXOAHYIO PACUETHYIO CXEMY

K 9KBUBAJICHTHOMY BHUY, ITOKa3aHHOMY Ha pucynke I1.1.1.
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Ecnu He yuuThIBaTh MEpEeXOJHbIE MPOLIECChl B 0OMOTKE BO30Y)KJEHUS TeHepaTopa, HO

yuecThb JeMI(pUPYIOIIEe MOMEHTHI, AU depeHnaibHoe ypaBHEHHE OTHOCUTEIBHO Ad UMEET BU:

dZ.AS d-AS

T + P, +C;-AS=0
ae? 4 at ! ’
E,-U
rae C; =—— . cos$,
dx
Xgz = Xy + X, -9KBUBAJIECHTHOE COTNPOTHBIICHUE CHCTEMBI, KOTOPOE COOTBETCTBYET

COIMPOTHBIICHUIO y3J1a, K KOTOPOMY IOJIKJIFOUEH T€HEpaTop.
Ecnu BemjectBeHHass 4acTh 000MX  KOpPHEH  XapaKTEPUCTHYECKOIO  ypaBHEHUS
OTpULaTeNIbHAs, TO AIEKTPOIHEPTETUYECKASI CUCTEMA SBJISIETCS YCTONYMBOM.

JdanHble 1J1A pacyera:

0.2
0.3
Zg = o4 0.8 - MaTpuIla CONMPOTHUBIICHUN BETBEH,
0.3
0.5
0.8

m=7 - KOJTAYECTBO BETBEH B CXEME,

n=J5 - KOJIMYECTBO y3JIOB B CXEME,

y=4 - HOMEp y3JIa K KOTOpPOMY IMOJKIFOUEH TeHepaTop.

JlaHHbBIE TeHeparopa:

E,= 1,07 -cunxponnas 2/1C,

Xq= 1,7-CHHXpOHHOE UHIYKTUBHOE COIPOTUBIIEHUE T€HEPATOPA 10 MTPOJIOJIBHON OCH,

U. = | -HanpsiKE€HHUE CUCTEMBI,

Py= 60 -xo>ddunuent nemnpupoBaHus,

T;= 14c -nIOCTOSIHHAs MHEPLMU IT'€HEPaTOopa,

Us= U. on = 10,5kB -HOMUHaIIbHOE HANPSIKEHUE T'€HEPATOPa,

S = 8.0 = 7MBA -HOMUHaNbHAs MOITHOCTH T€HEPATOPA,

0 = /6 -yron Mexay OChI0 BPAlAONIETr0Cs MAarHUTHOTO MOJIsi OOMOTKH CTaTopa u
IIPOJIOJILHOM OCBIO POTOpa B T€HEPATOPE.

Ompenenum  kodpdunuent C;, I8  OSTOTO0 HEOOXOAMMO pacCUUTaTh 3HAUYCHHE
SKBUBAJIEHTHOTO COMPOTHBIICHUS CUCTEMBI X, KOTOPOE COOTBETCTBYET IWAarOHAIBLHOMY JJIEMEHTY

MaTpULbI Y3JIOBBIX CONPOTUBIICHUN Z4:

Xe=Z
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TaK KaK TeHepaTop MOJAKIIOUEH K 4 y31y.
Martpunia y3JIOBBIX COMPOTUBIECHUNH Z4 OOpaTHAa MO OTHOIICHUIO K MATPHUIIEC Y3JTOBBIX
MPOBOJIMMOCTEM, TOITOMY BBINOJIHIETCA COOTHOUIEHHUE:

YA ZA=E,

rne E=

=R R —
=TT
[ — T SN
(=2 S — R — N

0
0
0 [-egMHUYHAS MaTpULA,
0
1

-MaTpula y3JJOBBIX COHpOTI/IBJ'IeHI/Iﬁ JIIs

pacYETHOM CXEMBI.
Otcrona cineayeT MaTpUYHOE YpaBHEHUE Ul ONPENEIICHUs JIEMEHTOB TPEThEero cTosdna

Z 4, a, CIICIOBATEIILHO, ZAy44:

Z] [o
Zyy| |0
Yoo Zag |=]0
Zyy| |1
| Zsy4| |0

[Ipn pemeHun CHUCTEMBI YpPaBHEHMH BOCHOJb3YEMCA YK€ HMMEIOIHUMHUCI Y Hac

pe3ynbTaTaMu pacdeTa y3J0BbIX HaNpsHKEHNH MeToJoM ['aycca 1o MaTpU4HOMY YpaBHEHHMIO:

YAUs=J.
[Tockonbky mMaTpuna ko3¢pdunueHToB YA OJMHAKOBA, 3aMEHUM BEKTOp HeM3BeCTHBIX Upxp
B ypaBHEUU
(8,75-Up; —2,5-Upy —1,25-Up3 =8
—2,5:Up1+9,1:Upp—3,3:Upy =3
—1,25-Upg +4,2-Up3—2-Upg +1,25-Up5 =4
—3,3:Upp—2-Up3+5,3:-Upy=6
(—1,25:-Up3 +1,25-Upy =5

A

Ha Zuj a croyden; cBOOOAHBIX wieHOB J Ha cToj0el eAUMHWYHOM Marpuubl. Toraa Bce

npeoOpa3oBaHus A0 YETBEPTOrO KIHOYEBOTO YPABHEHUS aHAJIOTUYHBI.
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3anumiemM npeoOpa3zoBaHHYIO MAaTPHUILy, HAUWHAS C YETBEPTOTO KIFOUEBOTO YPABHEHUS:

2’084.ZA44+1’114.ZA45 == 1
—0,696°ZA44+1,655‘ZA45 =0

3aBepmum npsimoit xox ["aycca:

ZA44 +0,535‘ZA45 =0,48
2’027'ZA45 = 0,334

Torna
ZA45 = 0,165 Om

ZA44 = XC = 0,392 Om

IlepeBenem X, 1 Tj B OTHOCUTEIIBHBIE €IMHULIBL:

S 7
Xc(OTH en) XC(OM) _152 =0,392- =0,249
C. 2
Ug 10,5

2
riIe ®g = 6L0n -CUHXpOHHAs yrioBas 4actota, npu n=300006/mun, ay=314(pao/cex).

Omnpenensem 3naueHue kodpdunuenta Cy:

Xgs = Xgq+ X =1,7+0,249 = 1,949

Eq-U 1,071
Ci=—3—F.cosd== -cosTV=0,475
X4z 1,949 6

Haiinem KOpHH XapaKTepUCTHYECKOTO YPaBHEHHUS:

4396p> +60p+ 0,475 =0

—-60x \/602 —4-4396-0,475
2-4396

P1,2 =

—60+ j- 68,94 a3 I
_ 00210898 _ 681073 £.7,84-10
P1,2 8792 !

Hcxons u3 teopemsl JIsmmyHOBA, cucTeMa SIBISETCS CTATUYECKH YCTOMYMBOM, MOCKOJIBKY

00a KOpHsI coiepKaT OTPULIATENIbHYIO BEIIECTBEHHYIO YacCTh.

Broinosnenue 3aganug 9:

PaccmoTpuMm npumenenue anredpanyeckoro kputepus ['ypBuiia uist aHaau3a cTaTH4ecKOn

YCTOMYMBOCTH TMPOCTEHIICH 3JIEKTPUUCCKON CHCTEMBI, T/I€ yYYTEHBI HE TOJBKO AEeMII(pUPYIONINE

MOMEHTHI, HO M TI€PEXOJHBIE MpoIlecChl B 0OMOTKE BO30OYXIeHHs reHepatopa. B stom ciydae

XapaKTEepUCTUYECKOE ypaBHEHHE OyIeT UMETh BU:
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1.3 ’ 2 ’ _
T;Tap® +(T;+ PaTa )p* +(CaTa +Py )R+ Cy =0,
o . aadlins
A a1 a a3
rae T, - mepexoaHasi MOCTOSIHHAS BPEMEHHU I'eHepaTopa Mo MpoA0I5HON OCH;
P, - xoxpdunueHT nemndupoBaHus;
T; - mocTosIHHAs UHEPLUU TeHepaTopa.
3navenne kodpdunrenta C; BEIYUCIACTCS TAK)KE KaK U B 3aJ]aHUU 8, a JUIS ONIpEIeTICHUS

C> UCTIOJIB3YETCS BBIPAKEHUE:

X4-X
M.Ug .sinz 8’

C,=C+ ;
az * Xax

rzae Xy’ - IepexoJHOe PeaKTUBHOE COIIPOTHBIIEHUE FE€HEPATOPA, 110 NIPOJOJIBHON OCH;
’ ’
Xaz = Xg + X,.-

Ilepexo/Hast HOCTOSIHHAS BPEMEHH reHepatopa Ty pacCUUTBHIBACTCS U3 BBIPAKCHHUSL:

XI
T::l —_ dx

= ‘Tqo>
Xax

rae Ty - NOCTOSIHHAsE BpEMEHH OOMOTKHM BO30YKIEHHUSI CUHXPOHHOW MAalllMHBI MPU Pa30MKHYTOM

00MOTKe cTaTopa.

I/ICXO}IHLIB JaHHbIC 3aJJaHUA 8 u AOIIOJHUTCIIBHBIC CITPABOYHBIC NAHHBIC I'CHEpATOopa B

OTHOCHUTCJIBHBIX €IMHHIIAX:

Ty = 7,26 - nOCTOSIHHAasE BPEMEHM OOMOTKHU BO30YXIEHHSI CUHXPOHHOW MAalllUHBI MPU

Pa30MKHYTOH 0OMOTKE CTaTopa;

X4 = 0,172 - nepexoqHO€ peaKTUBHOE CONMPOTHUBIICHHE TE€HEPATOPA, MO MPOOJILHON OCH;

E,= 1,07 -cunxponnas 2/1C,

X¢=1,7-cHHXpOHHOE MHIYKTUBHOE COIIPOTHUBIICHUE F€HEPATOPA IO MPOJOIBHOM OCH,

U, = | -HanpsiKE€HUE CUCTEMBI,

Pi= 60 -xorpdpurment nemndupoBanus,

T;= 14c - NOCTOSIHHAs NHEPLIMU T€HEPATOPa,

Us= U. on = 10,5kB - HOMUHaJIbHOE HANPsHKEHUE TEHEepaTopa,

S5= 8. 1om = 7TMBA - HOMUHAJIbHAsI MOIITHOCTH T€HEPATOPA,

0= 7m/6 - yron MexAy OCbIO BpAILIAIOUIETOCsi MAarHUTHOrO IMoJii OOMOTKM cTatopa H
IIPOJIOJIBHOM OCBIO POTOPA B T'€HEPATOPE;

X.= 0,249 - 5KkBUBaJICHTHOE CONIPOTUBJIEHUE CUCTEMBI;

2
riIe ®g = 6L0n -CUHXPOHHAs yrioBas 4actota, npu n=300006/mun, ay=314(paod/cex).
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Xgs = Xg + X, =1,7+0,249 = 1,949

Eq-U 1,071
Ci=—3—F.cosd== -cosTV=0,475
X4z 1,949 6

Xls = X4 + X, = 0,172+0,249 = 0,421

X' 0,421
Ty =292 Ty =
X s 1,949

-7,26=1,568 .

[TpoBenem pacuet kK03 PUITMEHTOB XapaKTEPUCTUUECKOTO YPaBHECHHUS:

ay = TjTh =4396-1,568 = 6892,928
ap=T;+ PyTy =4396+60-1,568 = 4490, 08
a3 =C;=0,475
Jlyist onipenienienust a; HaiiieM 3HaYeHue ko3 unnenta C; mo:

1,7-0,172 lz-sinz(E

Xq-X,
Cy=Cy+—=94"2d .2 in25=0,532+ .

S L il ): 0,839
Xy - Xis 1,742-0,214

TOoraa

ay,=C, Ty +Py=0,839-1,568+60=61,316.

3anuieM XxapakTepUCTUYECKOE YpaBHEHUE C yIETOM 3HaueHU k03(hPpUineHTos:
6892,93p> +4490,08p> + 61,316p + 0,475 = 0.
CocraBuM omnpenenuTelb ['ypBUIla Ui HAIIETO XapaKTePUCTUIECKOTO YPaBHEHUS:
a; a3 0 4490,08 0,475 0

A3=|a, a, 0 |=|6892,93 61,316 0
0 a; ag 0 4490,08 0,475

BbigenuM MHMHOpPBI OTHOCUTENIBHO TJIAaBHOM JauaroHand Az U TNPUMEHUM KpUTEpuit
['ypBuna: 11s yCTOMUYMBOCTH CUCTEMBI HEOOXOJIMMO M JOCTATOYHO, YTOOBI IpU a9p>( Bce IIaBHbIE
JaroHaJbHbIe MUHOPBI onpeaenuTesis ['ypBuiia OblUIN MOJOKUTEIbHBIL:

ay = 6892,93 > 0;
Ay = a; = 4490,08 > 0;

[4490,08 0,475
2 —

=4490,08-61,316—-6892,93-0,475 =272039,61 > 0;
6892,93 61,316

A3 =a3A, =0,475-272039,61=129218,81 > 0.

Takum oOpa3zom, paccMarpuBaemasl d3JEKTPOIHEPreTHYecKass CHCTEMa CTaTUYECKH

YCTOI\/’I‘-II/IBa, T.K. BCC I''TaBHBIC JUArOHAJIBHBIC MUHOPBI OIIPEACTIUTEIIA prBI/Iua IOJIOKHUTCIIbHBIC.
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Beinosinenue 3axanus 10:

Kpurepuiit MuxaiinoBa sBIS€TCS YaCTOTHBIM KPUTEPUEM YCTOMYMBOCTH. B €ro ocHoBy
MOJIOKEH TPUHIUI apryMeHTa, M3BECTHBIM M3 TEOpPUHM (PYHKUUN KOMILJIEKCHOTO IEPEMEHHOTO.
PaccmoTrprM  mcronb30BaHME 4YacTOTHOTO KpuTepus MuxaiinoBa I aHajau3a yCTOMYUBOCTH
npocteitmeit 39C, pacCMOTPEHHOM B MPEABLAYIINX pa3ieax.

Hcxona w3 BUAAa XapakTEPUCTHYECKOTO YPABHEHUS 3alMIIEM XapaKTePUCTUUYECKHUU

MHoOrowieH D(p):
D(p)=agp> +a;p” +a,p+az = 6892,93p> + 4490,08p> + 61,316p + 0,475 = 0.
OcymiecTBiisisi TOACTAHOBKY p = j@ B XapaKTEPUCTUYCCKUNA MHOTOWICH, TOIyYUM

xapakrepuctuueckuil Bekrop D(ja):
D(jo) = 6892,93(j0))3 + 4490, 08(j(n)2 +61,316(jo)+0,475=0

Pa3nenum BeliecTBEHHYI0O U MHUMYIO YaCTH COCTaBJisAoNIMe BekTopa D(ja), 1.e.:

D(jo) = U(0) +jV(®),
rie U(o) = 0,475 — 4490, 08c>

V() = 61,3160 — 6892,930°

Bexkrop D(j@, wu300pakeHHBI B JEKapTOBBIX KOOpAMHATaX Ha IUIOCKOCTH, IHpHU
U3MEHEHUH -0 < () < +oo, BpallaeTcs, ¥ KOHELl BEKTOpa ONMCHIBAET KPUBYIO, KOTOpasi Ha3bIBaeTCs
20002paghom XapaKTepUCTUUECKOTO YPAaBHEHUS.

[IpakTueckass ¢popMynupoBka kputepus MuxailioBa: cucmema 6yoem ycmouuusa, eciu
npu gozpacmarnuu @ om 0 0o oo, 20002pagh, HAYUHAACH HA NOJOICUMENLHOU YACU EUeCNEEHHO
ocu, NPoxooum noCcie008amenbHO 8 NOJOICUMENbHOM HANPAGIEeHUU I KEAOPAHMOE, 20€ N-CMEeneHb
Xapakmepucmuuecko20 ypasHeHus.

Takoe nepemernienue rogorpada COOTBETCTBYET MOBOPOTY BekTopa D(ja) Ha yron 0,57n.

[Toctpoum romorpad, A 3TOro omnpeAeauM TOYKU IepecedeHus ¢ BemiecTBeHHOU U u
MHHUMOM V ocamu:

a) mepeceuenue rogorpada ¢ ocero U npoucxoaut npu V(w)=0:

V(o) = (61,316 — 6892,930%) = 0,

/ 1,31
otkyna o1=0, @, = % =0,0943

TakUM 00pazoM IepBasi TOUKa epecedyeHus npu @;=0, COOTBETCTBYET:
U(o) = 0,475— 6892,930> = 0,475
BTOpas Touka nepeceueHus npu @;=0,0943, cooTBeTCTBYET:

U(w)=0,475-6892, 93 = 0,475-61,295 =—-60,82
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0) nmepeceuyenue rogorpada c ocsto V npoucxoaut npu U(@w)=0:

U(0) = 0,475 — 4490, 08w = 0,

[ 0,4
OTKyZla ®y = % =0,01028

TakuM 00pa3zoM Touka nepeceuenus npu @;=0,01028 cootBeTcTBYET

V(n)=61,31600— 6892,937(1)3 =0,630-0,00748 =0,623
BriOupatorcst TOIBKO TOJIOKUTEIBHBIC 3HAYCHHS KOPHEH, T.K. (0 U3MEHAETCsT OT () 10 oo
[Toctpoum rpaduk, s 3TOro 3agaaumMcs psaaoM 3HadeHuM 0<w<oo W paccuuTaeMm

cooTBeTCTBYIOMIME 3HaueHus U(w) u V(w):

o |0 0,01 0,02 | 0,03 | 0,04 | 0,05]| 0,06 |0,07 |0,08|009|01 |0,11]|0,12|0,13 | 0,14 | 0,15

v (05|00 |-13|-36 |-67 |-10,8|-15,7| -21,5| -28,3| -35,9| -44,4| -53,9| -64,2| -75,4/-87,5 |-100,6

v |00|06 (12 |17 |20 |22 |22 |19 (14 |05 |-08|-24 |-46 | -72|-10,3 | -14,1

Utw) \

-100 -96 -92 -88 -84 -80 -76 -72 -68 -64 60 -56 -52 -48 40 -36 -32 -28 -24 20 -6 12 -8 -4

-12 1

-15 -

Pucynok 3.

Ha ocHoBanum nanHoro rpaguka cucreMa mno Kpurepuro MuxaiijoBa ycToilduBa, T.K.
KpuBas rojorpaga nepecekaer TpU KBaJpaHTa U CTENEHb XapaKTEPUCTHUECKOI0 YPAaBHEHHUS TOXE
TpH.
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INPUJIOXEHHUE 1

Pucynoxk II.1.1
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