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BBenenue

B kypcoBoii pabote mo Teopun aBromatuyeckoro ymnpasieHus (TAY)
TpeOyeTcss MPOBECTU aHaIW3 M CHHTE3 CHUCTEMbl aBTOMATHYECKOTO
perynupoBanus (CAP), conepxailieil KOHTYp C KE€CTKON OTpHUIATEIbHON
oOpaTHOM CBsI3bI0. YUHTHIBas TOT ()aKT, UTO PacyeT CHUCTEM Pa3IUIHOU
bu3MYeCKON TPUPOMBI, MPUHAIJICKANMX K ONpPEACICHHOMY KJaccy,
OJIMHAKOB, TpejuiokeHa CAP yriioBoil CKOpPOCTH JBUTATEIsI TOCTOSIHHOTO
TOKa.

Cucrema, mnpeaHa3HA4YeHHAs JJIs pacyeTa, SBISETCS JIMHEWMHOMN
CHUCTEMOM TpeThero mopsaka, AuddepeHImaibHble YpaBHEHUS KaxXa0ro
3B€HA KOTOPOH MOTYT OBITh COCTaBJICHBI C MPUMEHEHUEM H3BECTHBHIX B
BJIEKTPOMEXAHUKE 3aKOHOB.

CAP coctout u3 peryiupyeMoro 00ObeKTa U 3JEMEHTOB yIPaBJICHHUS,
KOTOpbIE BO3JICUCTBYIOT Ha OOBEKT TMPH MU3MEHEHUU OJIHOM WM
HECKOJIbKMX PEryJupyeMbIX mnepemMeHHbIX. [lox BiMsHUEM BXOJHBIX
curHajIoB (YMpaBJICHUS WU BO3MYIICHHUS) WU3MEHSIOTCS PErylupyeMbie
nepemennbie. Llens perynupoBanus 3akiatodaercs B GOPMUPOBAHUHN TaKHX
3aKOHOB, NPU KOTOPBIX BBIXOJHBIE PETYIUPYEMBIE IEPEMEHHBIE Mo
OTJIMYAJIUCh Obl OT TpeOyeMmbIX 3HaueHuW. PereHue maHHOW 3amayu BO
MHOTHUX CJIy4YasX OCJOXHSECTCS HAIMYUEM CIYyYalHbIX BO3MYIICHUN
(momex). Ilpu 3TOM HEoOXOAMMO BBIOpaTh TaKOW 3aKOH pPEryJUpOBaHUS,
IpU KOTOPOM CHUTHAJIBI YIPaBICHUS TPOXOAWIM Obl 4Yepe3 CUCTEMY C
MaJIBIMU MCKQKCHUSAMU, & CUTHAJIbI IIIyMa MPAKTUYECKU HE MPOITYCKAJIUCh.

KypcoBas paboTta BBINOJIHSETCA B TE€UEHHUE CEMECTpa U CIOCOOCTBYET
3aKpPEIVICHAI0 3HAHWUKW TI0 JUCHMUIUIMHE «Teopusi aBTOMaTH4YECKOIro
yhOpaBjeHus». BpImonHeHne padoThl TMO3BOJUT CTYACHTAM TOJYYUTh
HaBbIK  HCCJIEIOBAHUSA  OJHOKOHTYPHBIX CHCTEM  YIIPABJICHUS Ha
YCTOMYHUBOCTH Pa3IMIHBIMU CIIOCOOAMH Kak ¢ Ucmosib3oBanueM JOBM, Tak
1 0€3 UX UCIOJIb30BAHUI.

1. 3aganue Ha KypcoBy10 padoTy

1. ITonpoOHO onmcath Ha3HauYeHUE U puHIMN aecTtBus CAP.

2.CocTaBUTh CTPYKTYPHYIO CXE€MY CHUCTEMbl W  ONPEACIHUTH
nepeaaroyHbie (yHKIINHA 3BEHBEB.

3. AccnenoBarh cucTeMy Ha YCTOMYMBOCTH MO 4 KpPUTEPUAM
YCTOWYUBOCTH.



4.Tloncuntarh mepenaTodyHblii  KOAGGUIIMEHT CUCTEMBI, HaWTH
CTATUYECKYIO OMIMOKY U CJeJaTh BBIBOJ O HEOOXOJIMMOCTH MPUMEHEHUS
KOPPEKTUPYIOIIETO 3BEHA.

5. BKIIIounTh B CXEMYy KOPPEKTUPYIOIIEEe 3BEHO, 3aJaHHOE B TaOJIHIIE
(cm. mpui. 2). Haittu ero mepegaTouHyio (GYHKIHIO W YHUCICHHBIC
3HAUYCHMS TTapaMETPOB.

6. lccnenoBarb CKOPPEKTUPOBAHHYIO CHCTEMY Ha YCTOMYHUBOCTH 110 4
KPUTEPUSM YCTOMYHUBOCTH.

7. CocTaBUTh NEPEAATOYHYIO (DYHKIIMIO 3aMKHYTOM CHCTEMBI U 1O HEH
Hanvcath auddepeHmai,Hoe ypaBHEHHE 3aMKHYTOM cucTeMbl. PemuThb
nosydeHHoe auddepeHimaibHoe ypaBHEHHE TIPU  YCJIOBHH, 4YTO
M. =const . IToctpouts rpajpuxk Aw(t) . Haiitu nmo rpaduxy Aw(?)
MOKa3aTeIM KayecTBa MEPEXO0HOr0 Tpoliecca.

8. I[locTpouTh CTPYKTYPHYIO CXE€MY CHCTEMbl B MPOTPaMMHOM
kommuieckce MATLAB  Simulink, HaliTm 10OKa3arenu  KadecTBa
MEePEXO0HOTO MPOoIIecca, UCCIEI0BATh CUCTEMY Ha YCTOMYMBOCTD.

9. CpaBHUTDH pe3yJbTaThl PACYETOB CO 3HAUCHUSIMHU, MOTYUYCHHBIMHU B
nporpammHoM  komruiekce ~ MATLAB ~ Simulink, wu  caemarts
COOTBETCTBYIOIINE BBHIBOJIBI.

2. UcxogHasi cxemMa CHCTEMbI CTA0WIH3ALUN YIJIOBOIl CKOPOCTH
JABUTraTeJisi HOCTOSIHHOI0 TOKA U MPUHLUII ee JeliCTBUA

TH’ TM

Puc. 1. [IpunnunuanbHas cxeMa CUCTEMbI cTabuau3annu yriaopoi ckopoctu AIIT
JUIs1 HEYETHBIX BAPUAHTOB
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Puc. 2. [IpuHiunuanbHas cxeMa CUCTEMbI cTabuinu3annu yriaosoi ckopoctu AIIT
JUIsl YETHBIX BAPUAHTOB

Ipunyun pabomwl ucxoOHoU cucmemol

CxopocTh BpalieHds Baja JaBurarens mnoctossHHoro Ttoka (JII1T)
3agaeTca HamnpspkeHueM Us, KOTOpPOE uepe3 CONpOTHBIIEHUE Rj3 MOJAeTCs
Ha BXOJl oOmepanuoHHOro ycunurens (puc.l). Taxke Ha HeEro mojaercs
yepe3 CONpOTUBIICHUE R; HampsbkeHue ¢ TtaxoreHeparopa Upr. Ilpm
YBEJIIMYCHUU HArpy3ku Me yMEHBIIAETCS CKOPOCTh BpalleHUs Bala
JBUTATENS (07 U COOTBETCTBEHHO CHIYKAETCS HAIIPSHKEHUE TaxOreHepaTopa

Urr. CymMmapHoe HampspkeHue U, yBEIMYMBAETCS, CJEIOBATEIBHO,
YBEJIMYUBACTCS HampsbKeHHEe O0OMOTKH BO30OyxaeHus reHepartopa (OBI),
HaIpsSOKEHUE Ha JIBUrarejie W yrjoBas CKOpocTh. [lpu yMeHblieHUH
Harpy3ku M yBeIMYMBAETCS HampsbkeHue TaxoreHeparopa Urpp.

CymmapHoe HampsbkeHne U, yMeHbIIaeTcs, NPU 3TOM YMEHBIIAETCA
Hanpspkenue OBI™ u yrinoBas ckopocts 1T cHmkaercs.

[IpuHnun padbOThl CHUCTEMBl CTAOMIM3AIlMU, TPEJACTABICHHON Ha
pHC. 2 aHAJIOTHYEH.

VYrioBas CKOPOCTh ;; U3MEHSETCA C U3MEHEHWEM Harpy3Ku Ha Baily
neurarens Mc. B pe3ynpraTte MOXKHO 3alucarh, 4TO IOMEXA PaBHa:

) = ky - Mc(t), (1)
rie ky— nepenaro4Hslii K03()(PUIUEHT N0 KaHAITy IIOMEXH.

Crabunnzanusi yriaioBoM CKOPOCTH 0y AOCTUIAETCS 3a CUET NOJauu
HanpsbkeHus Uy Ha sKopHyro oOMotky nBuratens. CAP  sBnsercs
CTATUYECKOM, TTOITOMY pabOTaeT CO CTAaTMYECKOM OITMOKON, KOTOpasi HE
JOJKHA TIPEBBICUTH 3aJITAaHHOW BEJITUYUHBI.
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3. CTpyKTypHasi cxeMa CHCTeMbI CTA0MJIM3aAI NI
U nepeaaToYHble (PYHKIIUN ee 3JIeMeHTOB

[IpuHnMnuanbHbIe CXeMbl cuUcTeM crabwmsanuu  (puc. 1,2)
npeoOpa3yrorcsi B Onok—cxembl (puc. 3,4), MO KOTOPHIM BBIBOJSATCS
muddepeHIaTbHbIC YPaBHEHUS OTICIBHBIX JIEMEHTOB.

1T

Puc. 3. briok—cxema cucremsl cTabunuzanuu yriaoBoi ckopoctu JAIIT
JUIs1 HEYETHBIX BAPUAHTOB

Uy Uy Un
DV1 - VY2 - [ - M

T =

Puc. 4. biok—cxema cucremsl cTabunuzanuu yriaoBoi ckopoctu JAIIT
JUISl YETHBIX BAPUAHTOB

Hugpepenyuanvhvie ypagHenus s1eMeHmMO8 CUCHIEMbL:

1. DY — 371eKTPOHHBII YCHIIUTENb:

Uy =U, -kyy. 2)
2. I' — reneparop:
du ,



3. M — aBuraresb NOCTOSHHOTO TOKA:
d*w dw dM
A A H
+T, ——+w, =k, U, -k, (T, ——+M,). 4
i M g =kyg Uy —k;(Ty " i) (4)
4. TT" — TaxoreHneparop:

T, T, -

Up =0 - kyp. (5)
ITo ypaBHeHusM 3BeHbeB CAP BbIBECTH IepeiaTOuHbIe (QYHKIUH.

4. IlpoBepka cTaTH4YeCKON OMIMOKH

[lepenaTounast GyHKIIUSI PA3OMKHYTOU CUCTEMBI:

Weis(D)=Woy(p)-Wr(p)- Wy () Wrr(p); (6)
k k
paz (D) =ksy Tp+l TgTMpz IT, p+1 oy (7)
k
Wpas (p) = - > (8)
(T)p + 1)'(T;7TM192 +Typ+1)

e kpc =kyy ky -k -k — xoobduiment mnepenaun pasOMKHYTOM

CHCTEMBL.
Cratnueckas ommoka
t k. -Mq(t)
Ay =T\ B2 D ©)

1+ kpe 1+ kpe

[lonyyeHHYI0 CTAaTUYECKYI0 OLIMOKY HEOOXOJMMO CpPaBHHUTHh C
paspenieHHon (cM. Npuil. 1) U NpUHATH penieHrue 0 HeoOX0IMMOCTH BBOJIa
B CUCTEMY KOPPEKTHPYIOILETrO 3BEHA.

5. Koppekrupyouiee 3B€HO

=
=
<
=]
=
y
<
8<
é:
E

K3 - DY

1T

Puc. 5. briok—cxema cucremsl ctabunuzanuu yriaoBoi ckopoctu AIIT
C KOPPEKTUPYIOLIUM 3BEHOM JIJIs1 HEUETHBIX BAPUAHTOB
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OVlift= K3 = D2¥2 — I =~ M ——

T

Puc. 6. biok—cxema cucremsl ctabunuzanuu yriaoBoi ckopoctu JAIIT
C KOPPEKTUPYIOLIUM 3BEHOM Il YETHBIX BAPUAHTOB

Koppektupyrolee 38eHO moi0upaeTcst U3 Mpuil. 2 U MOAKIIOYAETCS B
OCHOBHYIO CXEMY B YKa3aHHBIX TOUKax (puc. 7,8).

Ilpumep pacuema akmueHo20 Koppekmupyrouie2o 36ena (puc. 7):

ObpatHas
cBs3b (OC)

Puc. 7. AKTUBHOE KOPPEKTUPYIOIIEE 3BEHO

[TepenaTounast pyHKIIMS aKTUBHOT'O KOPPEKTUPYIOIIETO 3BEHA:

Z
Wis(p) = x; (10)
ZBXO,ZZ
Zoc = Ry; (11)
. (12)
Zpxonr R R4+1
Cp

I (Ry+D)-C-p+1
Zpxon Rl'(R4'C'p+1),

(13)
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Zoc Ry (Ry+1)-C-p+1

; (14)
Ty, -p+1
Wis(p)=ko 72—, (15)
K3 0 T01'p+1

R
e k, =RTZ; Ty, =R,-C; Ty, =(R, +1)-C.
1
Ilpumep pacuema naccueno2o Koppekmupyrouiezo 36ena (puc. 8):

Puc. 8. [TaccuBHOE KOPPEKTUPYIOIIEE 3BEHO

[lepenaTounast PyHKIIMS MTACCUBHOTO KOPPEKTUPYIOIIETO 3BEHA!

YA
Wk3(p):ﬂ; (16)
Z gxon
L 1o (17)
ZBb[X R2k
R
7 =R, +Lp+—2* 18
BXOJ 1k TLP R, Cp+1 (18)
1 Ry -C-p+l . 19
Zgxon L'RZk'C'p2+(le'R2k'C+L)p+R1k+R2k
R
Zoo = 2k ; 20
€ Ry Cop+l 0
Zopx _ . Ry : (21)
Zexor LRy -C-p”+(Ry Ry -C+L)p+R; +Ry,
k
Wis(p) = ; (22)

TOZ1 -p2+T02-p+1
Ry T2 :L'RZk'C.T _R1k‘R2k‘C+L_

rne ky =——; > Log =
TRy Ry + Ry, Ry + Ry,

10



[lepenaTounas QyHKIMS Pa30MKHYTONH CUCTEMBI C KOPPEKTUPYIOITUM
3BEHOM:

Wpas(P) =Wis(p)-Woy (p)-Wr(p)- Wy (p) Wi (p); (23)
ky(Ty,p+1 k k
WPAS’(p): 0( 2P )‘kgy' 1 . zﬂ 'kTF; (24)
Ty,p+1 Iip+l T,T,,p”+T,p+1
k
Wpis (p) = 1 = ) , (25)
Toyp+) ——(Tp+D)-TgTyp~+Typ+1)
(Toop +1)

rac kPC :ko 'k\')y 'kl 'kﬂ 'kTF.
Haxomum Ttakoe 3HaueHue k), YTOOBI cCTaTHUECKas OIIHOKa
COOTBETCTBOBAJIA Pa3pEIICHHOM:

ki, -M-(t ko -M-(t
Aoy = f@) kM) ;M) . 06)

kf-MC(t)_1
B Awcy

0 - .
kay 'kl 'kﬂ 'kTr
Brruncnute mapaMeTphl nepesaTouHon (PYyHKIIUA KOPPEKTUPYIOIIETO
3BEHA.

(27)

6. Kpurepuii ycroitunBoctu I'ypBuna

Jns uccnenoBanusi ycronunBocTd 3aMkHyToM CAP 1o kpurepuro
ycToiunBocT ['ypBHUIla HEOOXOMMO COCTABUThH OMpeaAeauTeNb [ ypBuIia.
st 3TOro MOHAAOOUTCS XapaKTEPUCTUUYECKOE YpaBHEHUE 3aMKHYTOU
CHUCTEMBI.

[lepenaTounast GyHKIIUSI PA3OMKHYTOU CUCTEMBI:

Wpas(P) =Wis(p) - Woy(p)-Wir(p)- Wy (p) Wi (p). (28)

[Tociie moACTaHOBKY YMCIICHHBIX 3HAYEHUH MTOJIYYUM:

-1
W _cp" +ep" +.+c,p+c,
paz(P) = p 1 .
byp" +bp" +..+b,_p+b,
XapakTepuCTUUYECKOE YPABHEHUE:
a ' +a ' v +a, A +al =0, (30)

rne a, =by, +cy,a, =b,+c,..a, ,=b, +c,,a,=b,+c,.

(29)
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Onpenenurens ['ypBulia CHCTEMBI N—T0 TOPSIAKA:

a, a, as 0
a, a, a, 0
An _ 0 a, a, 0 (31)
0 a, a, 0
o o0 .. a,4 a,, a,

Aneopumm cocmasnenus onpedeaumens I'ypeuya:

1) ap> 0 — 310 ycioBHE Bceraa BBITOJIHUMO, T.K. JIEBYIO U IPABYIO
YaCTU XapaKTEPUCTHUYECKOTO YpPaBHEHHUS TPU HEOOXOJMMOCTH MOKHO
YMHOXHTH Ha (— 1);

2) MO TJaBHOW JMAaroHaJM TMOCJIEAOBATEIIbHO 3alHMCHIBAIOTCS N
K03 UIMEeHTOB, HAaYUMHAS OT MEPBOr0 U KOHYAS a,;

3) cTOnOIBI OMpEeACHUTES 3alOIHSAIOTCS BBEPX OT JIHMaroHaJbHBIX
AJIEMEHTOB IO BO3pACTAIOIIMM MHJAEKCAaM, a BHHU3 TI0 YOBIBAIOIIUM
UHJICKCaM;

4) xoabhduireHTs ¢ nHAEKCaMu MeHbIe 0 U OOJIbIIe 71 3aMEHSIIOTCS
Ha 0.

YcnoBue yCTOWYMBOCTHM CHUCTEMBI 3aKIOYaeTcsi B TpeOOBaHUU
MOJIOKUTEIHLHOCTH ompeAenurenss ['ypBuila U BCeX €ro JauaroHajbHbBIX
MUHOPOB.

Kpumepuui ycmotiuusocmu CAP uemeepmoeo nopsoka
XapakTepucTUIeCKOe ypaBHEHUE YETBEPTOrO MOPSIKA:

a At +al’ +a, N +ad+a, =0. (32)
Onpenenurens ['ypBuna:

a ay; 0 0
A= a a, a,; O : (33)
1o a a3 0
0 a, a, ay
A =a,>0; (34)
a, a
ap, da,
a a0 a, a a 0
0 a, das; as;
a d;

12



_ _ _ 2 2 2
A, = =a, Ay =aa,asa, —ajay —aygaza, >0, (37)

7. Kpurepuii ycronunBoctu Muxaitjiopa

Jnsg  wccnenoBaHWsT CUCTEMBI HA YCTOMYMBOCTH MO KPUTEPHUIO
MuxaiimoBa  HEOOXOAUMO  COCTaBUTh  MEPEAATOYHYI0  (PYHKIIHIO
PA30MKHYTOM CHCTEMBbl U TIOJCTaBUTh B HEE YHCJICHHBbIC 3HAYCHUS
KO3 D UITUEHTOB:

n n-1

W,i(p) = cp +ep" +..+c,p+c,
P b+t b, ptb,

4 P +...t n—1p+ n
XapakTepucTUIeCcKoe ypaBHEHNE 3aMKHYTOU CUCTEMBI:

n n—1 1 0 _
ag ' +a A" +...+a, A +a,A =0, (39)
rae a, =b, +cy;a,=b +c;;..5a,  =b, +c, ;a,=b, +c,.

Jlns mepexoja K 4YacTOTHOM (opMe 3amucH XapaKTepUCTHUYCCKOIO

ypaBHEHUS JIETIAETCS CIEAYIOMIasl TOJICTAHOBKA: A — i@ .
D(iow)=Up(w)+i-V,(o), (40)

rae Up(w) — nedcTBUTeNbHAs 4acTh KOMIUIEKCHOIO YHCIIA, MOJIyYECHHAs

(38)

U3 ciaraeMbix ypaBHeHus (40), copepkalux YeTHbIE CTENEHU A; -V, (o)
— MHHMasi 4acTh KOMIUJIEKCHOTO YHCJa, MOJy4a€HHash M3 ClIaraeMbIX
ypaBHeHus (40), comepkaiux HEYETHbIE CTENEHU A; [ = V-1 - mHnmas
€IMHULIA.
IIpasuno nocmpoenus coooepagha

3agaBas 3HauYeHHS YacTOT @ =(0-+00 , BBIYHCISAIOTCS 3HAYCHUS
Up(w) n i-Vy(w). Ha KOMIJIEKCHOW IUIOCKOCTH CTPOUTCS roxorpad
Muxaiinosa (puc. 9).

Dopmynuposka kpumepus Muxaiiniosa

Cucrema ycToiumnBa, €Ciy rojorpad) HauUMHACTCS Ha MOJOKUTEIbHON
JEHUCTBUTENBHON TMOJYOCHM W OrMbaeT MpOTHUB YacOBOW CTPEIKM Hayajo
KOOPAMHAT, MPOXOJIS MOCIIEIOBATENBHO 7 KBAJAPAHTOB, IJ€ 1 — MOPSIOK
XapaKTepUCTUYECKOTO YPaBHEHUS.
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Ilpumep.

iI-Vyle)
i)
/f‘\ om0 ploa)
-
K a,
o —+0

Puc. 9. 'onorpad Muxaiinosa

20

Wpa3(p) =

01-p*+2-p° +11-p* +23p+1’

O,1- 2 +2- 2 +11- 2 +23- A1 +21- 2 =0.

[IponsBoaum 3aMeHy A — i@

0,l-0*-2i-0°-11-w

Uy(@)=01-0" -

423-i-w+21=0;
11-0* +21;

iVy(@)=-2-0 +23-0.

Cocrasiisiem Tabsuiry:

o Up(m) i-Vp(m)
0 21 0
1 10,1 21
2 21,4 30
3 —69.9 15

|

S

101

1 ] | 1
T T | T

ITo Tabmunie crpoum rogorpad (puc. 10):

| V()

Y©

|
T

-70 =50  -30 -10

el

|
7

Puc. 10. IIpumep noctpoenus rogorpada Muxaitnosa
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8. Kputepuii ycroiiuuBoctn HaiikBucra

Kpurepuit HaiikBucra mo3BOMSIET CyIuTh 00 YCTOWYHMBOCTHU
3aMKHYTOM cuctembl 1o Buay APUX pa3oMKHYTOU CHCTEMBI.

UroOsl moctpoutsh ADYUX, HE0OX0TUMO TIEPENTH K 4YacTOTHOM (popme
3alUCH TepelaTOuHON (YHKIIMU pa3oMKHYTOW cucteMbl. [lepemaTodnas
(yHKIUS PA30OMKHYTON CUCTEMBI:

Wpazs (D) =Wis(p) - Woy (p)-Wr(p)- Wy (p) Wi (p); (41)

ko(Thp+1 k k

Wpa3(p)= ooz )'k3y' — zﬂ ks (42)

Typ+1 Lip+l T,T,,p°+Ty,p+1

1 k 1 1
W =(T +1)- . PC . . ; 43
rr(P) =P ) Tp e ) GpD) Gpa)) )

2

T2’3:T7Mi\/(T7M) ~Tg Ty, . (44)

AMIUTUTY]Ta YaCTOTHOW IepeAaToYHON (YHKIIMM HaXOJUTCS Kak
OTHOIIICHHE MOJYJICH YMCIUTENS M 3HAMEHATels, a ¢a3a — Kak pa3HOCTh
apryMEHTOB YUCJIHUTENS U 3HaMeHartess (Taou. 1).

AMITTUTY A TIepeAaTOYHON (PYHKIIMU Pa30OMKHYTOW CHCTEMBlI paBHA
MPOU3BENICHUIO aMIUIUTYl OTIEIbHBIX 3BEHbEB, a ¢aza — cymme a3
3BCHBEB.

A(0) = 4)(0) - 4, (@) - 43(@) - 4y(0); (45)

P(@) =@ (0) + 9 (0) + 93 (@) + ¢4 (). (46)
3anaBas 3Ha4Y€HUS 4acTOT @ = (<00, BBIYUCISIIOTCS 3HAUYCHUS A(®)
u ¢(w). B nomspHoii cucreme koopauHat crpoutcss AOUX (puc. 11).

Tabmuma 1
IIpumeps! Beryuciaenus AUX u @YX
[lepenatounas QyHKIUS Ammunryia da3za

W(p)=(Typ+1) A@) = TEe* +1 | (o) =arctg(T, o)
W (p)=—— @) == | () =-aretg(Ty o)
P)=———7 = p(w) = —arctg(Ty; - @

(Toyp +1) T021w2+1 o

k kpc

W(p)=—2=1— Aw) =———— o(w) = —arctg(T; - )

(Typ +1) V0% +1 :

15



=00 Q)

Puc. 11. Ammuutynno—¢pasoBas
YaCcTOTHAs XapaKTePUCTUKA

Yenosue yemouuusocmu no kpumepuro Hatikeucma
st ycroriunBoct 3amMkHyTOH CAP HEOoO0OXOaMMO W JTOCTaTOYHO,

yT00b1 ADUYX pazomMkHyTOM cuctembl W(iw) mpu M3MEHEHHUH 4YaCTOTHI
@ =0 +o0 He oxBaThIBaja TOUKy ¢ koopauHaTtamu ( —1;0) (cm. puc. 12).

F i*Vijw) & i*V(w)

! K ) U 1 U(w)
S

a) ycTouMBas cucremMa 0) HeycTOHYMBas cucTEMA

Puc. 12. ITpumepst AOYX yCcTOMUUBBIX U HEYCTOWYUBBIX CUCTEM
Ilpumep.

Uccnenyem Ha yCTOMYMBOCTD CUCTEMY C TIEPEIATOYHON (PYHKIIMCH:

1 10
WPAB(p)_(O,l-p—H)'(10-p+1)'(1-p+1)'
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Haiinem ammuntyny u a3y Kaxaoro 3BeHa:

[Iepenarounas AvmmTysa Dasa
byHKIUSA
Wi (p)=@0Ol-p+1) A(0)=+/0,01-0%+1 | o1(w)=arctg(0,]-0)
Wy(p)= S 4, (o) = : @, () = —arctg(10- o)
10-p+1) V100-* +1
Wi(p)= 10 4 (w)= L 3 (w) = —arctg(l- o)
(1-p+1) Jlo? +1

CocraBuM TabNIMIly 3HAYECHHIA:

0 | Ai(@) | Ay (@) | A(@) | 9i(@) | (@) | ¢3(@) | A(w) 9(w)
0 1 1 10 0 0 0 10 0
0,01 1 0,99 9,99 | 0,06| 5,71 —0,57 9,94 —6,226
0,02 1 0,98 999| 0,11 | -11,31 -1,15 9,80 | —12,341
0,03 1 0,95 9,99 | 0,17| -16,70 -1,72 9,57 | 18,246
0,04 1 0,92 9,99 | 0,23 | -21,80 2,29 9,27 | 23,863
0,05 1 0,89 9,98 | 0,29 | -26,57 —2,86 8,93 | 29,141
0,06 1 0,85 9,98 | 0,34 | -30,96 —3,43 8,55 | 34,054
0,07 1 0,81 997| 0,40 | -34,99 —4,00 8,17 | 38,595
0,08 1 0,78 996 | 0,46 | -38,66 —4,57 7,78 | 42,775
0,09 1 0,74 995| 0,52 | 41,99 5,14 7,40 | 46,614
0,1 1 0,70 995| 0,57| 45,00 —35,71 7,03 | 50,138
0,11 | 1,0001 0,67 994 | 0,63| 47,73 —6,28 6,68 | 53,373
0,12 | 1,0001 0,64 992 | 0,69| -50,19 —6,84 6,35 | —56,350
0,13 | 1,0001 0,60 991 | 0,74| 5243 7,41 6,04 | 59,094
0,14 | 1,0001 0,58 990 | 0,80 | -54,46 7,97 5,75 | 61,630
0,15 | 1,0001 0,55 9,88 0,86| 56,31 —8,53 548 | —63,981
0,16 | 1,0001 0,53 9,87 0,92 | 57,99 —9,09 5,23 | 66,168
0,17 | 1,0001 0,50 9,85| 097| -59,53 —9,65 4,99 | 68,209
0,18 | 1,0002 0,48 9,84 | 1,03| -60,95| -10,20 4,78 | 70,118
0,19 | 1,0002 0,46 9,82 1,09| -62,24| -10,76 4,57 71911
0,2 | 1,0002 0,44 9,80 1,15 63,43 | -11,31 4,38 | 73,599
0,3 | 1,0004 0,31 9,57 1,72 71,57 | -16,70 3,03 | —86,546
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[TocTpoum rpapuk ADUYX (puc. 13):

Puc. 13. IIpumep noctpoenuss AOUX

9. JlorapupmMuvecKkuii KpuTepuil yCTOMYMBOCTH

s moctpoenus JIAX u JI®X cucremMbl HEOOXOIUMO Pa3IOXKHUTh
nepeaTouHyr0 (QPyHKIIUIO Pa30MKHYTOM CHCTEMBI Ha JJEMEHTapHBIC
3BEHBS TaK, Kak ObIJIO OMUCAHO B 1. 8 — ypaBHeHus (41) — (44).

3arem Ha 1miockoctu crposarcs JIAX u JI®OX kaxaoro OTAEILHOrO
3B€HAa W MeToAOM  rpaduyeckoro  CyMMHUPOBAHUS  HaXOIATCSA
pesyabTupyronme JIAX u JIOX pa3oMKHYTOM CUCTEMBI.

Jlorapudmuueckue KpUTepuu, TaK K€ Kak W kputTepunm HailikBucra,
MO3BOJISIIOT CYAUTh 00 YCTOMYMBOCTH 3aMKHYTOM cuctembl 1o Buay JIAX
n JI®OX pa3sOMKHYTON CHCTEMBI.

JIns  cucreM  yCTOMYMBBIX B 3aMKHyTOM cocrosHun JIAX
PA30MKHYTOU CHCTEMBI JIOJDKHA Mepecedb 0Ch abcIce panblie, yeM JIOX,
criajas OKOHYaTeNbHO, MeperneéT yepe3 3Hauenue —r (puc. 14). Mnm Ha
4acTOTe cpe3a . BenuuuHa (as3bl ¢ JOJDKHA OBITh MEHBIIE 3HAYCHUS — 7T,
T.. < |-7|.

3anac ycmouuusocmu no gasze (A@) — 3TO BEIUYHHA, HA KOTOPYIO
J0JKHO BO3PACTH 3ara3blBaHue Mo (a3e B CUCTEME Ha 4acTOTe cpe3a O,

YTOOBI CUCTEMA OKa3ajaach Ha TPAHUIIC YCTOMUYUBOCTH.

3anac ycmouuueocmu no amnaumyde ( A L) — 3TO BenuyrHa
nonyctuMoro mnoabéma JIAX, mpum KOTOPOM cCHCTEMa OKaXeTcs Ha
IrPaHULIE YCTOMYUBOCTH.
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[Tpu npoektupoBanun CAP pexomenayercs obecrieunth: A@ > 30" n

AL > 605 .
Tabmauma 2
IIpumepsl nocrpoenus JAX u JIOX
W(p) = (T,,p+1) Wp)=— W(p) = —re
P= P (Tyup + 1) (Tp+1)
A L.ab | L, 1B /T lgo j L. 2B
= 20/g k1 -20 nb/nex
+20 nb/nex | 3 - N\ lgo
20— ————— 20— NI 1/T: \ -
| : |
yt | |
.° | | |
90_1_ | |
| |
45 | — — — —
|
0 |
4 L.
lg w
\ L 3 .‘
mfp : 1rﬁL
F Y : %—
9

Puc. 14. ITpumep JIAX n JI®X ycTONUMBBIX U HEYCTOWYUBBIX CUCTEM
(1 m 4 —3aMKHyTas cucTema ycroilunBas; 2 — 3aMKHyTasi cUCTEMa
Ha TPaHULE YCTOMYMBOCTH; 3 — 3aMKHYTasi CUCTEMA HE yCTOMYMBAs )
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L, nb A

Puc. 15. JIAX n JI®X
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Ilpumep.
Hccnenyem Ha yCTOMYMBOCTD CUCTEMY € IIEPEIATOUHON (PYyHKIMEH:

1 10
WPAB(p)_(Ojl-p—H)-(10-p+l)'(1-p+1)'

Haitgem napametpst JIAX:
[lepenatounas QyHKIUSA lg (wcp) 20lg k

Wi(p)=01-p+1 1 -

|

W, (p) = -1

2P =0 0

10
W5 (p) = 0 20

l-p+1

[Toctpoum JIAX u JI®X OTAEnbHBIX 3BEHBEB U PE3YJIbTUPYIOLIUE
JJAX n JIOX (puc. 15).

10. ITocTpoenne rpadguka nmepexoTHOr0 MpoIecca

Jlns mocTpoeHusi Tpaduka MEPEeXOJHOr0 Tpolecca HEO0OXOIUMO
COCTaBUTH MU PepeHIINATBHOE YPAaBHEHNUE 3aMKHYTON CUCTEMBI.

Wpazs(P) =Wis(p)-Woy (p)-Wr(p)- Wy (p) Wi (p); (47)

W (p) _ ko(Tozp + 1) Tk ) kl ) kﬂ e (48)
o Top+1 > Iip+l1 THTMp2+TMp+1 "
ko (T, p+1
Wiy () = reUnpp 1) (49)

(To1p +1)(T1P+I)(T;7TMPZ +Ty,p+1) .

[lepenaTounyro (yHKIHMIO 3aMKHYTOM CHCTEMBbI MOXKHO HaWTHU U3
BBIPAKCHUSA

Wp3(P)
w. = 50
3401 (D) LW () (50)

ko (Ty, p+1
W (P) = rcllpp+) . (51)

rcTp+ D)+ Ty p+D)Tip+ )T qTy p” +Typ+1)
b -p+b

Wiam () = 1 P70 (52)

a,-p*+ay-p’+a,-p>+a -p+a
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[lepenaTounass ¢yHKIMS — 3TO OTHOIICHHE BBIXOJHOTO CHUTHala K
BXOJHOMY, IIPEJICTABJICHHOE B OnepaTopHOi hopme:
y(p): . b31'p+b02 . (53)
x(p) a,-p +ay-p’+a,-p +a;-p+a,
[TpoBenem obpaTHOE mpeodpazoBanue Jlammacca:
a,-y" O+ayy" (O +ay Y () +a -y (O +ay y(@)=by - x' (@) +by - x(0); (54)
b b
VW)= ") =2y 0 =Ly (0= 22 o)+ 2k (0 +-2 x(0); (55)
a, a, a, a, a, a,
PWOy=—c " Oy ¥y ) =5y () =y y(O) + s X (O) e x(0). (56)
[Tonyuennoe nmuddepeHmanTsHOe YpaBHEHHE MOXKHO PEIIUTh C
nomotibio MATLAB Simulink. JIy1s 3TOro He00X0AUMO COCTaBUTH CXEMY,
NpeACTaBICHHYI0 Ha puc. 16, u mocTpouth rpapuK MNEPEXOTHOTO
mpoiiecca.

Wi (P) =

¥
1 e

Constant C6

1 1 1 3

' s B > s>
or1 Integrator Integrator3 Integrator2 Scope

Cc2
1

du/dt

Switched C5
derivative for
linearization

Puc. 16. Pemenne nuddepennmansaoro ypasaenus (56) B MATLAB Simulink

11. IIpoBepka pacueToB ¢ MOMOIIL MOAEJIUPOBAHUSA
cuctembl B cpeare MATLAB Simulink

J1J11 TpoBEepKH pacyeToB HEOOXOIUMO:

1. CocraButs ctpykrypHyto cxemy CAP B cpeae Simulink (puc. 17).

2. C mnomompio cpeactBa Linear Analisys mocTtpouth Trpaduk
MEPEXOJIHOTO Tpoliecca CUCTeMBbI (CM. puc. 18) W HaWTH TOKa3aTeau
KauecTBa  (BpemMsi  NEpPEeXOJAHOro  IMpolecca, MepeperyaupoBaHUe,
CTaTUYECKYIO OIINOKY).
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3. PazomkuyTh cucremy, nocrpouth JIAX, JI®X (cm. puc. 19) u
ADYX cucremsl (cM. puc. 20).

1 0.0164s+1
b 0.00324752+0.198s+1
Constant1 Gain2 Transfer Fcn2
v 2.77 1.14 P
P> - ~Or
0.365+1 0.003247s2+0.198s+1
Constant Gain Transfer Fecn1 Transfer Fen Scope

0.35}(

Gain1

Puc. 17. Ctpykrypnas cxema CAP 6e3 koppektupyromiero 38eHa B Simulink

4. Caenatb BbIBOA 00 YCTOMYMBOCTH CHCTEMBI M, €CIH CHCTEMa
yCTOWYMBA, HAITH 3amachl yCTOWYMBOCTH 110 aMIUIMTY/IE U 10 (ase.

5. CpaBHMTH TIOKa3aTeNid, HaWJECHHBIC paHee, C IOKas3aTelIsIMU,
NOJIy4eHHBIMH B cpesie Simulink.

6. Caenarb COOTBETCTBYIOIIME BBIBOJBIL.

LTI Viewer: Linearization Quick Plot EI@

File Edit Window Help
D& % S|E
Step Response
From: Constant To: Sum1
T T T T
| System: Model
i V0: Constant to Sum1
35 . Peak amplitude: 3.9% -
| Overshoot (%) 52.2
At time (sec): 0.253

System: Model
I'0: Constant to Sum1
Settling Time (zec): 1.51

Amplitude

Time (sec)

LTI Yiewer

Puc. 18. I'paduk nepexogHoro nporecca
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B LTI Viewer: Linearization Quick Plat
File Edit Window Help

TEIERIE

Bode Diagram
From: Constant To: Sumi
40 —_— —_— — —_—
20 - —
u ________________________________________________ —
g System: Model (2)
s 20 Gain Margin (dB): 0.788
2 At freguency (rad/sec). 21.8
& -40 - Closed Loop Stable? Yes
=
&0
=80 -
100 ! | L R | ! Lol L L
-45

System: Model (2)
Phase Margin (deg): 1.79 -
Delay Margin (sec). 0.0015

At frequency (rad/sec): 20.9
Closed Loop Stable? Yes
el == = - = - = - = - — - = = e = T - - s — - —

Phase (deq)
L

225
270 = ! R | L R | Ll
= 0 1 2 3
10 10 10 10 10
Freguency (rad/sec)
LTI *iewwer

Puc. 19. JIAX n JI®X

B LTI Viewer: Linearization Quick Plot
File Edit Window Help

0S| =S| E
Nyquist Diagram
From: Constant To: Sum1
25 T T T T T T T
20 - E —
15 : —
10 : -
F:.ystem: Model (2)
= | Gain Margin (dB): 0.783 B
o - At frequency (radisec): 21.8
# Closed Loop Stable? Yes
E pl-----Tx i ey PPN PPN SRR -
5 !
'9 System: Model (2)
E = | Phase Margin (deg): 1.79 a
- Delay Margin (sec): 0.0045
At frequency (radisec). 20.9
10 Closed Loop Stable? Yes _
5 - i .
=20 - : —
25 I | | | | |
-5 0 5 10 15 20 25 30 35
Real Axis

Plot type changed.

Puc. 20. AOYX
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12. TpeboBanus k opopmiieHHIO padoT

Obwee oghopmnenue nosacHUMENbHOU 3aNUCKU

[TosicHUTENBHYIO 3aMKCKY BBIIOJHSAIOT C NPUMEHEHHEM IEYATHBIX U
rpaguyeckux ycTpoucTB BbiBoja OBM Ha mmcrax ¢opmara A4. Ilo
YEThIPEM CTOPOHAM JIMCTa JIOJDKHBI OBITh OCTaBJIEHBI MOJIsi. Pazmep sieBoro
noJist iucta — 30 mm, npaBoro — 10 mMm, BepxHero — 20 MM, HikHEro — 20
MM. Bce cTpaHuiibl MOsICHUTEIBHOM 3aMCKH (KPOME TUTYJIHBHOTO JINCTA U
JIMCTA 3aJ]aHUs]) BBITIOJIHSIOTCS B paMke (TIpui. 4).

Tekct mosicHUTENbHOM 3amucku Habupaercs mpudprom Times New
Roman, kerns 14, noapucyHOUYHbIE TTOANMUCH U TaOIUIBI — KeTJb 12.

TuTynbHBINA JTUCT OPOPMIIIETCS B COOTBETCTBUU ¢ mpwil. 4. BTopbim
UJIET JIUCT 33J]aHNsl, BBIIAHHBIN TPENOJaBaTEIIEM.

B coxmepxaHwe TIOSCHUTEIBHOM  3alMCKHA  BXOIAT  Pa3JIeiibl,
MOJpa3/iesibl, MyHKTbl W TMOMANYHKTHIL. KaXIbpli W3 pas3/iesioB CIeayeT
HAa4YMHATh C HOBOU cTpaHullbl. CJ0Ba, BBIIIOJIHEHHBIEC HA OT/ICJIbHOW CTPOKE
(«Conepxxanuey, «BBenenuey, «3aKIIOUYCHHEY, «JIureparypar),
CIY’KalllU€ 3aroJIOBKAMH COOTBETCTBYIOIIUX pPAa3Ji€JIOB, HE JIOJKHBI
HYMEpPOBAaThCA.

Hymepamuss pasnenoB HauMHaeTcss ¢ o030pa JIMTEpaTypbl U
BBHITIONTHsIETCST apabckumu 1udpamu. [logpazaensl HaYMHAIOTCS ¢ KpacHOU
CTPOKM W HyMepyloTcs apabCckumu nudpamMu B Mpeneiaax KaxIaoro
pazaena. Homep mopapasnena AOKEH COCTOSATH W3 HOMEpA pasjena u
HOMEpa mojpasjena, pa3lesICHHbIX TOYKOW, Hampumep: «2.1.3» (ImyHKT
TPETHid moipaszena NeEPBOro pasjiesia BTOPOro).

Pazgensl, oTpaxaroiiye coiep>KaHue U pe3yiabTaThl paOdOThI, TOKHBI
UMETh COJIepKaTeIbHbIC 3arojIoBKH. VX mumryT nmponucHeIMU OyKBaMH, a
3aroJIOBKY MOJPA3/IETOB — CTPOUYHBIMH (KpOME TIEPBOM MPOMUCHOM).

[udpa, ykaspiBaromias HOMEpP NYHKTa, HE JOJHKHA BBICTYINATh 3a
rpanuily a03ama. PaccrosHue MeXIy 3arojioBKaMd U TOCIEAYIOIIUM
TekcToM — He MeHee 10 mM. PaccTosiHre MeXy TEKCTOM U MOCIIEIYIOIINM
3aroJIOBKOM — HE MeHee 15 M.

[TosicHuTenbHAs 3amucKa JoJDKHA ObITh cOportopoBana. Jlomyckaercs
MepEIUIETATh.

Hymeparusa cTpaHul] MOSCHUTENIbHOW 3alHMCKA JOJDKHA OBITh
CKBO3HOW: mepBasi CTpAaHWI]A — TUTYJIbHBIA JIUCT, BTOpas — 3aJaHUE Ha
KypcoByl0 paboTy u T.1. Homep cTpaHuIlbl MPOCTaBISIOT BHHU3Y B
cepenunne apadbckumu rudpamu. Ha TUTyIbHOM JTMCTE HOMEP CTPAHUIIBI HE
cTaBaT. Pucynku, rpaduku, TaOIMIIBI, PACIOJIOKEHHBIE HA OTIEIbHBIX
JUCTax, HEOOXOIUMO BKIIFOYATh B OOIIYIO HyMEpaIluio.

25



Ilocmpoenue mabauy

HasBanue Tabnuiipl 10DKHO OTpaXkaTh €€ CoJiep KaHue, ObITh TOUHBIM
u kpatkuMm. Ha3Banume momeraercs Haja TaOmuied. Tabmuibl criemyert
HyMepoBaTh apabCKuMU Iu(ppamMu CKBO3HOU HyMepaIuen.

3aronoBok Tpad ¥ CTPOK TAOIMIBI CIEAYyeT MUCaTh C MPOMUCHON
OYKBBI, a TTO3ar0JIOBKH rpad cO CTPOUHON OYKBBI, €CJIM OHU COCTABJISIIOT
OJIHO TPEJJIOKEHUE C 3aroJIOBKOM, WJIM C MPOMUCHON OYKBBI, €CIU OHH
UMEIOT  CaMOCTOSATENIbHOE 3HaueHWe. B  KOHIIE 3arojoBKOB U
M0/13aT0JIOBKOB TAOJIMI] TOYKH HE CTaBST. 3arojlOBKM W TOJ3aroJIOBKU
rpad yKa3pIBarOT B €JUHCTBEHHOM YHCIIE.

Oghopmnernue unmocmpayuti

WMimroctpaiuy, 32 HCKIIOYEHHEM  WUIKOCTPAUMKA  MPUIOKECHUU,
cleayeT HyMepoBaTh apaOCKUMHU IMdpaMu CKBO3HOW HyMEpallue.
WNnnroctpanuu, mpu HEOOXOIUMOCTH, MOTYT HMETh HAaWMEHOBAaHHE W
nosicHutenbHble  gaHHbie. Cokpamenne «Puc.» W HauMeHOBaHHE
MTOMEIIAIOT MOCJIE MOSCHUTENbHBIX JAHHBIX U PACIOJAraroT Mo [EHTPY.

Hanucanue gpopmyn

dopmynbl HYMEpPYIOT B TIpefiesiax paszesia apaObCckumu Iudpamu.
Homep nomkeH coCTOsITh M3 HOMEPOB pasjefia M MOPSIKOBOIO HOMEpa
dbopmynbl, pasneneHHON Toukoi, Hampumep (1.2) — (popmyna BTOpas
TIEPBOI0 pazjiena).

Howmep crenmyet 3akitouaTh B CKOOKHM M TIOMEIIATh B MMPABOM I0JI€ Ha
YpOBHE HUXHEH CTPOKU (HOPMYJBI, K KOTOPOM OH OTHOCHUTCS, MPUYEM
nmpaBas CKOOKa, 3aKjrovaronias HoMep (popMyiibl, TODKHA HAXOJUTHCS Ha
rpanuiie Tekcta. [Ipu ccplike B TeKcTe Ha (popMyily HEOOXOAMMO MHCATh,
Hanpumep: «B popmyne (1.2)...».

B skcmyatanuu (pacuim@poBke) 3HAUCHHS CUMBOJIOB M YHCJIOBBIX
KO9(PPUIIUEHTOB TOJDKHBI TPUBOIUTHCS HETIOCPEJICTBEHHO 110 (OPMYJIIOH.
3HavYeHUE KaKI0T0 CUMBOJIA U YHCJIOBOro Kod(duimenTa peKkoMeHayeTcs
JaBaTh C HOBOM CTpOKHU. [lepByr0 CTpPOKYy SKCITyaTallii HAUYMHAIOT CO
cJIoBa «re» 0e3 ab3aIHOro OTCTyIa U JBOSTOUYHS MOCTIE HETO.

Hampumep: «... €MKOCTh TIUIOCKOTO KOHAEHcaTopa B (apamax
HaxoaUTCs 1o popmyiie
£-8y,"S
—y
IJIe & — OTHOCUTENbHAS AUAJICKTPUUECKasi TPOHUIIAEMOCTbh, U T.JT.»

Ccolaku Ha aumepamypy

[Ipu ccplike B TEKCTE€ HAa UCTOYHUKH JOKYMEHTAJIbHOW MH(MOpMaIUu
cieAyeT TMPUBOAUTH TIOPSAKOBBIM HOMEp TI0 CIHCKY JHUTEpaTyphl,
3aKJIIovas ero B KBajpaTHble ckoOku. Hampumep: «B [1] mpuBoasrcs. .. ».
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B crniicok nauteparypsl 3aHOCAT BCe YMOTpeOisieMble B mpoliecce paboThI
HaJ KypCcOBOW pabOTON MCTOUHUKH.

Chnucok  nauTeparypel  IPOEKTOM  JOHKEH HMETh  3arojOBOK
«bubmmorpapuueckuit cnucok». Cnucok opopmiseTcs B COOTBETCTBUHU C
I'OCT 7.1-2003. Kaxaplii BICTOYHUK MH(OpPMAIIMK YKa3bIBA€TCSI C HOBOM
CTPOKHU M HAUMHAETCS C TOPSIKOBOTO HOMEpa UCTOYHHKA.

13. Ilopsa0K 321U THI KYPCOBBIX PadoT

Tlopsaoox npedcmasnenusi Ha NPOBGEPKY

PaGora cumTaercs TOTOBOWM TMpW YCJIOBHHM BBHIMOJHEHHUS BCEX
TpeOOBaHUH, PEIYCMOTPEHHBIX 3aJJaHuEM 151 HACTOSILIUMU
METOANYECKUMHU YyKazaHusiMu. OdQopMieHHas TMOSCHUTENIbHAS 3alucKa
JOJDKHA OBITh TpEACTaBlieHA [JIi TMPOBEPKU PYKOBOJIUTEIIO B CPOK,
YKa3aHHbBIN B 3aJJaHHUU.

Bnecenue ucnpapiieHnil B MOSICHUTEILHON 3alMCKE KYPCOBBIX PadbOT
B COOTBETCTBUU C 3aMEUAHUSAMHU PYKOBOAUTEINS JIOJKHO OCYIIECTBIIATHCS
CJICAYIOIIUM 00pa3oM:

- OomMOOYHAsT YacTh OUYEPUYMBACTCS M AKKypaTHO MEepeuEépKUBACTCS
KPECT—HAaKpECT;

- Ha OTJEJIBHOM JIMCTE JAECIAETCsl HOBAS PEAAKIUS BBIMEPKHYTOM YaCTH;

- JIMCT C WCIPABJICHHOM YacCThI0 BKJIIEMBACTCA WM BIIUBACTCS B
3aIMCKY JINCTA, TJI€ PYKOBOJIUTEIIEM CHIEJIAHO 3aMEUYaHUE.

3ampeniaeTcs BBIYEPKUBATH, CTUPATh W 3aKJIEHUBaTh IOMETKH,
BHECEHHBIEC PYKOBOJMUTEIIEM POCKTA.

3awuma Kypcoswix pabom

[IpuHUMAaTh 3aIUTYy KYpPCOBBIX pabOT MOXKET JUOO MPErnoJiaBaTelb,
MO0 KOMHCCHSI, COCTOSIIAS U3 COTPYTHUKOB Kadephl.

3amuTa KypcoBbIX pabOT COCTOUT M3 JIOKJIaJa U OTBETA HA BOMPOCHIL.
B nokmage CTygeHT JODKEH YETKO M SICHO  HU3J0XKHUTh  CYTh
MpeACTaBICHHON PabOThI, a TaK)Ke OCHOBHBIC TMOJYYCHHBIC PE3YNIbTaTHl.
[Tocne noknana CTyJIeHT JOJKEH OTBETUTH HA BOIPOCHIL.

I[To pe3ynbTaram 3aniuThl padOTHI BHICTABIIAETCS OIEHKA C YYETOM:

- 00béMa W KauecTBa BBIMOJHEHHOW pPAaOOTHI, OPUTHHAIHHOCTH H
CaMOCTOSITEJIBHOCTH PELICHUN;

- 3HAHUA CTYJACHTOM OOBEKTa HCCJICIOBAHUS, TEOPETHUECKUX
MOJIOKEHUH, B TOM YHCIIe (PU3UKO-MATEMATHUYECKUX U OOIICTEXHUUECKUX,
CBSI3aHHBIX C 0OBEKTOM HCCIIEIOBAHMS;

- YMEHHMs H3Jarath pe3yjiabTaThl paboThl, 0OOCHOBHIBATH IMPHHSTHIC
pELICHU U OTBEYATh HA 3a/IaHHBIC BOIPOCHL.
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[Tpunoxenue 1

5 Tla TM) be K1> KI[) Kf, KTD K3y9 MCHOM, (,OZ[HOM, ACOHCT,
S
S| c c c B panjpar | Be By, ) o
= B Bc | cam | pan B C C
1012 | 0066 | 000545 | 40 | 137 | 144 0,5 10 333 300 1,2
31016 | 008 | 000727 | 336 | 137 | 72 0,5 10 6,66 300 1,2
51 02 0,11 00091 | 35 | 137 | 48 047 10 10 300 1,2
71024 | 0132 | 00109 | 3,09 | 137 | 3,6 045 10 134 300 1,2
91028 | 0154 | 00127 | 26 | 1,14 | 20 044 10 20 250 1,0
11] 032 | 0176 | 00145 | 201 | 114 | 167 | 042 | 10 | 24 | 250 | 10
131 036 | 0,198 | 00164 | 2,77 | 1,14 | 143 | 035 10 28 250 1,0
15] 04 022 00182 | 264 | 091 | 080 | 037 10 40 200 0.8
17 044 | 0242 0,02 25 1091 | 0,71 | 036 10 45 200 0.8
19] 048 | 0264 | 00218 | 245 | 091 | 064 | 035 10 50 200 0.8
211 052 | 0286 | 00237 | 24 | 091 | 058 | 034 10 55 200 0.8
231 056 | 0308 | 0,0255 | 238 | 091 | 053 | 033 10 60 200 08
251 06 0,33 00273 | 232 | 068 | 028 03 11 87 150 0,6
271 064 | 0352 | 00291 | 206 | 068 | 026 03 12 93 150 0,6
291 068 | 0374 | 00309 | 1,82 | 0,68 | 024 | 031 13 100 150 0,6
311 0,72 | 039 | 00327 | 1,79 | 0,68 | 022 | 0,32 14 107 150 0,6
331 0,76 | 0418 | 00345 | 1,89 | 0,68 | 021 | 0,30 15 113 150 0,6
351 08 044 00363 | 164 | 068 | 0,2 0,35 15 120 150 0,6
371 084 | 0462 | 00382 | 146 | 068 | 0,19 04 15 127 150 0,6
391 0,88 | 0484 0,04 142 | 068 | 0,18 | 042 15 133 150 0,6
411 092 | 0506 | 00417 | 128 | 068 | 0,17 | 045 16 140 150 0,6
431 096 | 0528 | 00437 | 1,13 | 0,68 | 0,16 04 17 147 150 0,6
451 10 0,55 00454 | 105 | 068 | 0,15 | 035 18 153 150 0,6
471 1,04 | 0572 | 00472 | 084 | 0,68 | 0,15 04 19 160 150 0,6
491 1,08 | 0594 | 0,0491 | 0,79 | 0,68 | 0,14 | 0,35 20 167 150 0,6
51 1,L12 | 0616 | 00509 | 061 | 068 | 0,13 04 20 173 150 0,6
531 1,16 | 0,638 | 00527 | 0,54 | 0455 | 0,06 04 20 270 100 04
551 120 | 066 00545 | 044 | 0455 | 006 | 045 20 280 100 04
571124 | 0,682 | 00564 | 0,36 | 0455 | 0,06 0,5 20 290 100 04
591 128 | 0,704 | 00583 | 0,31 | 0455| 0,05 0,5 20 300 100 04
=
5 é S8 L._|8
BEREERMNE % 2 5 %a g8, 8 | B,
flfiacgs TR 233 BRI EE .| L1
THECIHIHHL R
[} @] 2 o)
UL H L
> = = % 3 5 o
= 8B |OE % 2 % = £ = | 58|28 = 2
2 [§~ é* g = é« 5| T &=
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Okonuanue mpui. 1

g Tl? TM’ T?I’ Kla KL[a Kf, K"[l"a KBy’ MCHOM. O)Z[HOM, AO)HCT,
§ c c c B pax | pan Bce B Hum pan pan
B Bc | cam | pan B C C
210134 01 00224 | 040 | 146 | 915 | 0345 | 10 7.0 320 427
410174 0,13 0029 | 045 | 141 | 775 | 0355 | 10 80 310 4,15
6 |0214| 016 | 00357 | 050 | 1,36 | 6,65 | 0367 | 10 9,0 300 4,00
810254 | 019 | 00425 | 055 | 1,32 | 483 | 0380 | 10 | 120 | 290 3,88
10| 0294 | 022 0049 | 060 | 1,27 | 400 | 0394 | 126 | 140 | 280 3,74
1210334 025 | 00557 | 065 | 123 | 337 | 0406 | 10 | 160 | 270 3,62
1410374 028 | 00625 | 0,70 | 1,18 | 290 | 0424 | 126 | 180 | 260 348
16| 0414 | 031 0069 | 075 | 1,14 | 250 | 0440 | 10 | 200 | 250 3,34
180454 034 | 00758 | 0,80 | 1,09 | 192 | 0460 | 21 25 240 3,20
2010494 | 037 | 00825 | 085 | 1,05 | 1,53 | 0479 | 126 | 30 230 3,08
2210534 04 008 | 090 | 1,00 | 125 | 0500 | 126 | 35 220 2,94
2410574 0315 | 0026 | 095 | 191 | 1,05 | 0515 | 60 40 210 1,03
26| 0614 | 046 0,102 | 1,00 | 1,82 | 089 | 0550 | 252 | 45 200 2,68
281 0,654 | 049 0,109 | 1,05 | 1,73 | 0,76 | 0,580 | 378 | 50 190 2,54
3010694 | 052 0116 | 1,10 | 1,64 | 065 | 0612 | 126 | 55 180 240
3210734 0404 | 00334 | L,I5 | 155 | 057 | 0,650 | 20 60 170 0,83
3410774 0426 | 00352 | 1,20 | 145 | 049 | 0,690 | 10 65 160 | 0,785
360814 | 0447 | 0037 | 125 | 136 | 043 | 0,735 | 10 70 150 | 0,735
3810854 | 047 | 00388 | 1,30 | 127 | 0373 | 0,790 | 10 75 140 | 0,686
4010894 | 0492 | 00406 | 1,35 | 1,18 [ 0,326| 0,850 | 10 80 130 | 0,637
4210934 | 0514 | 00425 | 140 | 1,09 [ 0283 | 0920 | 10 85 120 | 0,588
4410974 | 0535 | 00443 | 145 | 1,00 [ 0245 10 30 90 110 0,54
46| 101 | 0555 | 0046 | 1,50 | 091 | 0210 | 1,10 60 95 100 0,49
48 | 1,05 | 0577 | 00478 | 1,55 | 0,82 | 0,180 | 1,22 30 100 90 044
50| 1,09 0,6 00496 | 1,60 | 0,73 | 0,153 | 1,37 60 105 80 0,392
521 1,13 | 0,621 | 00515 | 1,65 | 064 | 0,127 | 0,79 15 110 70 0,344
541 1,17 | 0642 | 00532 | 1,70 | 055 | 0,105| 092 60 115 60 0,294
56| 121 | 0665 | 0055 | 1,75 | 045 | 0083 | 1,10 20 120 50 0,245
58| 125 | 0,688 | 00569 | 1,80 | 1,36 | 0240 | 0,735 | 60 125 150 | 0,735
60| 1,29 | 0,708 | 00588 | 1,85 | 1,36 | 0200| 0,735 | 20 150 150 | 0,735
=
g é 2l L. |8
N EREE ,Egcg%ég%a%g% | Es
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[Tpunoxenue 2

CxeMbI M TOYKH MOAKJITIOYCHUSA KOPPEKTUPYOINUX 3BEHLEB
AJISI HCYETHBIX BApUAHTOB

CXEMA ITapaMeTpbl KOPPEKTUPYIOILIETO 3BEHA
C=10"®; R, =10° Om.
1108 M b — 100
o HC ob C_16'1076 CD? R2_106 Owm.
—— — C=23-10"d; R, =10" Om.

C=29-10°®; R, = 10° Om.

C=62,7-10°®; R, =2,55-10° Om; R, = 10° Om.
C=93510°d; R, =2,55-10° Om; R, = 10° Om.
C=12,510°®; R, =2,55-10 Om; R, = 10° Om.
C=15,610°®; R, =2,55-10" Om; R, = 10° Om.

— | | — —
DG 2w |G e|wn| —|Z

C=62,7-10°®; R, = 1,11-10° Om; R, = 10" Om.
a%'llc op 21[C=148-10°®; R,=5,5510° Om; R, = 5-10° O,
—— | —a— [25/C=10,6'10°®; R;=8,90-10° Om; R, = 8-10* Om.

291C=9,6510°®; R,=1,11-10* Om; R, = 10° Om.

c R. 19/C=76-10"° ®; Rs = 10" Om; R4 =R, > 10° Om.
|-0—| = Il |123|C=44210°®; Rs=2-10" Om; Ry =R, >2-10° Om.
s q [27/C=20-10°®;Rs=5-10" Om; Ry =R, >5-10° Om.

— 131|C=11410°®; R5s=10° Om; R, = R, = 10° Om.

Ll? Wl 33|L; =100 I'm;r = 100 OM, W, = 100, W, :260, R, =R,.

f—==|37|L; =51 Tu; r; =61 Om; W, = 200; W, = 520; R, = Ry.

o 41[L, =46 T 1, = 50 Om; W, = 300; W, = 1230; R, = R,
Tp, W3 45| L, = 40 T 1, = 400 Om; W, = 36; W, = 78; R, = Ry,

35|R4=0,385Ry; C=2,07: R,.

ao_%l_l |C 1 32IRs=0385Ry; C=2,28: Ry,
— — o [43|Rs=0,436 Ry; C=2,20: R,

47/Ry4=0,487 Ry; C=2,13: R,.

49|L; =85,5T'w; r; = 500 Om; W, =100; W, =900

Ll:- Wl Iy 51 L1:71 FH, 1'1:400 OM, W1:150, W2:1350

a
* R a2 [53|L, = 55 [m; r; = 300 Om; W, = 200; W, = 1800
o ~Re =Ry [55]L, =57 [y 1y = 300 Om; W, = 250; W, = 2250

Wy - 57|L; =49 Tu; 1, = 250 Om; W, = 300; W, = 2700

59|L, =40,5Tn; r, =200 Om; W; =350; W, =13150
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OkoHyaHue mpui. 2

CxeMbI M TOYKH MOAKJITHIYCHUSA KOPPEKTUPYOINUX 3BECHLEB

AJIA Y€THBIX BADUAHTOB

CxeMa mOAKIIIOUEHUS

ITapaMeTpbl KOPPEKTUPYIOLIEH LIETIH.

Rix =10’ Om; Ryx = 12,7-10° Om; C=2,8-10"* @

Rix =10 OM; Ryx = 1,27-10° Om; C = 3,68-10° @

Rk =5-10° OM; Rog = 6,35:10* Om; C=5,1-10°®

Rix =7-10° Om; Ryx = 8,35-10* Om; C=4,4-10°D

Rix = 4-10° Om; Rox = 4,35:10* Om; C=6,3-10"°D

C=210" ®;Rix =310 Om

C=10"®;R;x=10° Om

C=310" ®; Rix =4,3-10° Om

C=210"®;Rix = 1,4-10° Om

C=610" ®; Rix =2,810° Om

0| o

Rg =3,46:10°OM; C=510" @

Rx =3,75-10°Om; C=7-10" @

Ry =1,19-10'Om; C=10" @

Rg=1,11-100Om; C=1,5-10" @

Ry =2,41-10°Om; C=3,1-10* @

Rk = 6,12:10° Om; Ryg = 2,45-10% Om; C = 510 °D

Rk =5,35-10° Om; Ryg = 2,14-10% Om; C = 610 °D

Rk =4,82:10° Om; Ryg = 1,93-10° Om; C = 710 °®

R;x = 4,40-10° Om; Rox = 1,76-10" Om; C = 8-10°°D

Rix = 4,10-10° Om; Rog = 1,64-10" Om; C = 9-10°D

C=3,32-10"®; Ry = 5-10°0m; Rix = 2,5-10°0Om

C=4,17-10"®; Ry = 7-10°0m; Rix = 3,5-10°0m

C=3,50-10"®; Ryx = 9-10°0m; Rix = 4,5-10°0Om

C=2,81-10"®; Ryx = 1,2:10°Om; Rix = 6-10°0Om

C=2,41-10"®; Ryx = 1,5:10°0m; Rix = 7,5:10°0m

Rix =1,5-10'0m; C=3,08-10°®; L=1,1-10°TH

Rix=7,510°0m; C=5,52:10"®; L=2-10’Tu

Rix =6:10°0m; C=4,32-10"D; L=2,310"Tu

Rix=510°0m; C=6,4-10"®; L=2,7-10°Tu

Rix=1,1610°0m; C=2-10"®; L=0,8-10’ Tu
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[Tpunoxenue 3
MunuctepcTBo 00pa3oBanus U Hayku PD
®denepanbHOE TOCYIapCTBEHHOE OI0IKETHOE 00pa30BaATEIHHOE

YUpEKJICHHE BBICIIEro mpodeccuoHaIbHOTO 00pa3oBaHuUs
«Cubupckas rocyJlapCTBEHHAs] aBTOMOOUIIbHO-IOPOKHAS aKaIeMHUSI

(CubAAN)»

Kadenpa «AIlll u aneKkTpoTeXHUKa»

[TosicHuTenpHasK 3amUcKa K KypcoBoil pabote
1o nuciuIuinae « Teopus aBTOMaTHYECKOTO YITPABIICHUSD

Tema paboThl: «AHanu3 u cuaTe3 muHerHo CAY»

PykoBoaurenn

I[OJI)KHOCTB, y4. CTCIICHb, 3BAHUC

©.1.0.

CryneHr:

Onenka
I'pymma:

Hata coaun paboTHhI:
« » r. «_ » T.

Omck — 2011
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