3aganue Ha KypcoByr padory Nel mo qucuun/inHe
«OCHOBBI TEOpUM YNIPABJICHUSD)

PaccuuraTe mapameTpbl cHCTEMBbI aBToMaTuyeckoro ympasiieHus (CAY),
OCYUIECTBIISIONIEH aBTOMATHYECKOE CIIEKEHHUE 32 OOBEKTOM, IMEPEMEIIAIOIIUMCS B
MPOCTPAHCTBE U U3ITYYAIOIIUM 3JIEKTPOMArHUTHBIC BOTHBI.

CrpykrypHas cxema CAY npencraBieHa Ha pUCyHKe 1, rae:

- PI1Y - pagnonpuémMHOE yCTpOUCTBO,

- YP — yrioBo# pa3nuyurens,

- K3 — xoppekTupyroiee ycTpoiicTso,

- YM — ycunureb MOITHOCTH,

- O]1 — 2NeKTpOIBUTATEIb,

- A — aHTEHHa C y3KOW IrarpaMMO HaIpaBJIEHHOCTH,
- MOC — mecTHast oOpaTHasi CBs3b,

- X=@,— a3umyT 1enu (00beKTa),

- Y=, — a3UMyT HaIlpaBJ€HUs TJIABHOTO JIENIECTKA JUArpaMMbl HAIIPABICHHOCTH
aAHTCHHBI,

- e=X-Y — omuOKa CJIEeKEHUsI.
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Puc.1 CtpykrypHas cxema CAY

1) HeoOXoauMo OnpeIeIuTh THIT M TapaMeTPbl KOPPEKTUPYIOIIETO 3BeHA
(K3) u mectHO# 00paTtHOii cBs13u (MOC), obecnieunBarOIINX Ka4Y€CTBEHHBIC IOKa-
3atenin CAY, 4yiCIIeHHbBIC 3HAUYCHHSI KOTOPBIX OTPEACAIOTCs npeanociaeaieit Ny u
nocienuent Ny udpamu 3a4eTHON KHUKKH.

Hcxoanbie JaHHDBIE:

1) Tlomnoca npomyckaHus:
W,=80+0.5'N;-1.2:-N, (c™)

2) Tlokasareib KOIeOaTeIbHOCTH CUCTEMBI:

W,;(W,)= M=1.36+0.03-N; mpu Ny — geTHOA,

W,(w,)= M=1.37+0.02:N; mpu N, — HeueTHoi

3) JdomycTuMble OIMTHOKH CIICKCHHUS:
a) 1Mo MOoJIOKEHUIO: €y=0
6) no ckopoctu: €;=0.15 +0.01 *N; - 0.01 -N,



B) 1o yckopenwuto: €,=0.6 +0.01 N, - 0.01 -Ng
IIPY CIICTYIOIINX 3HAYCHUSIX 1-# 1 2- MPOU3BOIHBIX U3MEHEHUS a3MMyTa 00beKTa
BO BPCMCHU:

d o
%:10 /e,

d’ o d d?
tf" =20 /cz, riue % - CKOPOCTh OTKJIOHEHUS O0BEKTA, dt(/:u -

YCKOPEHHUE OTKIIOHEHUSI 0OBEKTA;

4) TMapaMeTpbl HCXOIHOM YaCTH:

_ kPHy . — kyM . — kyp .
Ve =tept,m M= mepty, Y TTpr

W= Kom
P-@+PTr4)
Kprzy -Kyp =51073B

o 1
Kom=85

Tony =Tog=Tyu =510"3¢
Ty =12 mc+0.2 mc-N; +0.2 mc- N,
k,, =20 mxB-c (TaxoreHepaTop moHaaoouTcs npu pazpadorke cxembl MOC)

2) ITocne pacuéra mapamerpoB K3 1 MOC He0OX01uMO COCTaBUTh UX (DyHK-
IIMOHAJIBHBIC CXeMBbI ¢ ykazanueM 3Hauenuii C , R u K, (conmporusnenuii, eMxo-
cTeil 1 K0OdPHUIIMEHTOB YCUIICHHUS ), & TAKXKE MTPOBEPUTH 3aac YCTOMYMBOCTH CHU-
CTEMBI 110 (ha3e, YCUICHHUIO U ONPEASUTh (PaKTUYECKUI MOKa3aTeNb KOJIe0aTeb-

Hoctu CAY M.



MeToauveckue yKa3zaHusi 10 BbINIOJHEHHIO
3aganus Nel kypcoBoii padoThbl

1. Ilepenatounast pyHKIMS UCXOMHOM yacTu pa3oMKHyTOl CAY 6e3 yuéra K3

u MOC paBHa:
Wey =Wpepy -Wyp Wy -Woy gy

T.x. B nepenarounyto ¢pyHkuuto Wpy, BXOAUT HeThIpE MHEPIUOHHBIX 3BEHA
IIEPBOTO MOPSAKA U UHTETPaTOp (MHTErpaTOp BXOAMT B MEPEAATOUHYIO (DYHKIUIO
Wy4, T.K. BBIXOAHBIM HapaMeTpPOM 3JIEKTPOABHIaTeNs SBISIETCS YroJl IOBOpOTa
aHTEHHBI), a TApPaHTHPOBAHHO YCTOMUYMBOW SIBISETCS CHCTEMa TOJBKO C JIBYMS
MHEPIMOHHBIMU 3BEHBSIMH, TTOATOMY JJIsi 0OecreueHus] KaueCTBEHHBIX IMOKa3aTe-
et CAY noHagoOUTCsl BKIIOYUTh KaK MUHUMYM JBa KOPPEKTUPYIOLIMX 3BEHA.
Jlnis ynporuieHus pacd4€ToB BO3bMEM JBa KOPPEKTUPYIOIIUX 3BEHA C OJJMHAKOBBIMU
napamerpamu. OOmias mepenatouHas (yHKIHS TMOCIEIOBATEIBHO COEIMHEHHBIX
KOPPEKTUPYIONINX 3BEHHEB UMEET BH/I:

1+ pT,
HewusBectHsl mapaMeTrpsl KOppEeKTHpYROIUMX 3BeHbEB: k_, T, T,. Ilocime wnx

2
WK3 :Wml .WIC)‘Z = kK3 ’ [ﬂ] (1)

HaxoxaeHus pacyeT K3 MOKHO cUMTaTh 3aBEPILICHHBIM.
O6mas nepenaTouHas (pyHKIUS pa30MKHYTOM CUCTEMBI paBHa:

2
W, =W, ‘W, = % (L+ PTpy ~(tl++p&))2 W+ pTn) P E——
& 2.b-p )
k- 1+2p-T,+ p* T/
P 14+ p-(Toy +3Ty +2T) + P BTy Ty + 3Ty + 4T, Ty + T+

rae k=Kpgy -Kyp Ky, -k Kys

)/

©)

KoadduimeHTs! ommbok 1no nojioKeHno, CKOPOCTH U YCKOPEHUIO 110
ONPEIEICHUIO PABHBI:

2.
C, = Lo C, < : C, <— % rme p — cuMBod audepeHimpona-

€

HMU:.

T.K. B COCTaB CUCTEMBbI BXOJAUT OJWH UHTErpaTOp, TO MOPSJIOK acTaTU3Ma CH-
CTEMBI V =1.

s v =1 umeeMm: C, =0, Cls%, C, §2(¥— 1

@



W3 Beipaxkenus anst Cy onpenenum TpedyeMblil KoahGUIIMEHT YCUICHHS CH-

1
cteMbl K > —, moce 4ero u3 BeipaxeHus (3) MOXKHO HAalWTH K,
1

k
Kprry -Kyp -Kyar Ko

Ecmu k,, >1, To B coctaB K3 Ha/10 BBECTU HEUHBEPTUPYIOIINI YCUTTUTEND,

k

K3

eciu K5 <1, To B coctaB K3 Hazio BBECTH PE3UCTUBHBIN ACTUTEINH (OCIA0UTENb).
W3 Beipaxxenus st C; BBIpa3uM pa3HOCTh b —d, =T,, rae by u d; korddunu-
1
CHTHI IIPH p~ B BBIPAXKEHUH (2).

To:bl—d1=k%2+i (4)

Koaddumments by u d; Haxonsarcs u3 Beipaxkenwust (3):
b =2T, +T,p +Typ+ Ty + Top 0 =2T,. IloncTaBum BCe M3BECTHBIE 3HAUECHUS

B (hopmyny (4) u BeIpa3uM UCKOMbIe 111 15!

T,-T,=05-(T,=3- T, - T, zu) =Ty, 37€Ch YUTEHO PABEHCTBO: [, =T, =Ty,
Ecnu T, -7, >0, TO TpeOyeTcss KOPPEKTUPYIOLIEE 3BEHO C OTCTABAaHUEM I10

daze.
[To ycnoBuio 3agauu 3a/1aHa M0JI0Ca MPOILYCKAaHUS CUCTEMBI @ , I03TOMY

HAaJI0 HAaUTU BTOpO€E cooTHomeHne mexny 7, u T, n3 JIAUX pasomknyron CAY,
T.K. @; 3aBucut or T u T,

Brauane onpenenum 4actoTty cpe3a o

(1
=—————, 1€ Ap=arcsin| — |.
P 2-cos(A@) 4 (Mj

Ecn gy < = i(a)c — 4aCTOTa CONPSIKEHUS CAaMOI'0 UHEPLIUOHHOTO
94
3B€HA — AJIEKTPOJBUraTENsl, HATPY>KEHHOTO aHTEHHOI), TO J10 YaCTOThI Cpe3a
JIAYX pazoMKHYTOW CHCTEMBI ONPEIAEIAETCS TOJBKO HHTErPATOpOM U AByms K3.
[Toctpoum JIAUX pazomkHyTOM cCUCTEMBI. T.K. B COCTaB CUCTEMbI BKJIFOUECHBI
2 KOpPEKTUPYIOIIMX 3BE€HA C OTCTaBaHUEM 1O (a3e, T, KpOME YacTOThI Cpe3a,
TpeOyeTCss OTMETUTH MO OCU aOCIIMCC YAaCTOThI CONMPSKEHUS KOPPEKTUPYIOIINX
3BEHBEB!

o=l @=2
' Tl’ ? TZ
o, <,

JIAYX uHTerparopa, BXOASIIETO B COCTaB CUCTEMBI, IPEACTABISIET COOOM
npsIMyt0 ¢ HakJIOHOM -20 nb/nex Ha Bceit 4acTOTHOM 00J1aCTH, OJTHO KOPPEKTH-
pyoiee 3BeHo umeeT HakJIoH -20 ab/nek Ha yuyactke (w1, w;) ,ipu 18yx K3 ¢
oJlMHaKoBbIMU MapameTpamu ux JIAUYX cymmupyrorcs (HakioH - 40 nb/nek). Pe-
syapratupytomas JIAUX nosygaercs reoMeTpudeckuM ciioxkennem Bcex JIAUX
ycTpoiicTB, Bxoasmux B CAY. Ha yuactke (w;, @,) HakinoH JIAUX nonyuaercs -
60 nb/nek.



JLAYX J:El"f.';:mm-:ax:zm k2

-20n L ges

Puc.2 JIAYX pa3oMKHYTOM CUCTEMBI aBTOMAaTUUYECKOTO YIIPABJICHUS

Jlo wactotel Wy JIAUX cuctemsl onpeaensieTcst TOJIbKO HHTErPaTOPOM:
k
1) 2,(e)= 20|g;

1
Ha yuactke (o, ®,):
2) 2y(@1)= 2, (,)=60(g, ~lg ) = 601 ™
1

Ha yuactke (@@, )

3) /Ip(a)Z -

@,
T.K. ip (a)cp) :0, TO IIOCJIC IMOACTAHOBKH IICPBOI'O U TPCTHCI'O BBIPAKCHUA BO BTOPOC

MOJIYy4YHM:

201

® —60lg 22 /20
.

—i' . —i
2] T11 ) T,
L: L => T1:T . L
T2 a)cp a)cp

Jns Haxoxaenust 11 u T, pemiuM CUCTEMY YPAaBHEHHUI:
lT —T, =05(Ty =37y —T)



2. IlepBoe KOppeKTUpYIOLIee 3BEHO BKIIOUMM nociie YP. B ero cocras BKiIto-
YUM yCHIHTENb ¢ KodpduuueHToM K, ; . Cxema KOppEeKTUPYIOIIEro 3BeHa UMEeT
BU/I:

1

Rz

Beixon,

Puc.3 Cxema KOppeKTUPYIOILIETO 3BEHA

Heobxoaumo onpenenuTs napaMeTphbl CXEMBbI:
ROC
Koaddunment nepenaun ycumurens: k, =1+ =

3amagumcs R=1000 Om, Torma

Roc = R'(km _l)’
3amagum C=10 mMk®d u, pemas cucremy ypaBHeHuit (5), momyuum Ry u Ry:

T,=R,-C

T2 = (R2 ()

1 =R +R, ) C
Bropoe K3 peanuszyem mo cxeme BKIIIOUEHHS YEpPE3 MECTHYIO OOpaTHYIO

cBs13b (MOC), 0XBaThIBAIOILIYIO 3B€HbS CUCTEMbI C HECTAOMJIBHBIMU MTapaMeTpamu:
VC, D1 u A. Takoe BKIIIOYEHHE MOBBIMIAET CTAOUIBHOCTh MAapPaMETPOB OXBAUEH-
HBbIX 00paTHOI CBA3bIO 3BeHBEB. [lepenarounas Gynkuuss MOC onpenensercs mo

bopmyie:

VV0 :._1_.£ 1 __1]’ e
W2 WK 32

Ky - K
W, = vm Ko ] - nmepenaTtoyHast (yHKLHS 3BEHbEB, OXBAUECHHBIX

2 p-(l— pTyM)'(1+ pTS,ZM

OC,
_ 1+ pT,

=T - nepenaTouHas ¢Gyukmus BToporo K3 6e3 ycunurens.
1

1

Ecmn o, <o,y =7 TO 10 , nepeparounyro ¢ynkunuro W, MOXHO
S/

kyM 'kaaA

ONPENEINUTH MO TPUOINKEHHON PpopMyne W, ~
p



2
Torma W,— P _(1+pT1 _1j ko - P T-T,
ol

= , TIe k, =
Ky, K 1+ pT, 1+ pT, Kyp Ko
[lepenarounyro dynkmuio Wy peannzyem mocieaoBaTeIbHBIM COSTUHEHHEM
TaxoreHeparopa, mudGpepeHIMpyroIIeH Menu ¢ TOCTOSHHON BPEeMEHH |, M YCUIIH-
Teus ¢ kKodhdurmerTom ycreHus Ky c.

[Tepenarounas pyukius MOC umeer BU:

2
ko p pT?
Wn=-90"F _y .p. 22 6
0= ot, I B, e ©)
WTr TWYC

J
Cxema qud depeHnnpyroIien men UMeeT BHUI:
C

_<

R

Puc.4 Cxema aqudepeHupyroriei memnu
U3 Beipakenus (6) onpenenum Kyc:

kyc =

Tz ’ kTr

O6mas pyHKIMOHANbHAS CXeMa MECTHOM 0OpaTHOM CBSI3U UMEET BU/I:

(c

I I S

: || | .
| Rz:

: : Rofc Bierog,

T | |R'I

| |

| T o
LA

Puc.5 O6mas pynkrmonanbaas cxema MOC



/

, R
3apmagumcesa R '=1000 Om u u3 dopmynsl k. =1+ RO/C onpenenuM R,. .

dakTUYECKHE 3amachl YCTOWYMBOCTH OMpeAesaroTcs no TtouyHbiM JIAUX u
JIOUX rpado-aHaTUTHIECKUM METOJOM IO CIEAYIOUUM (opMyiam:

JAUX:
A, (@)=20lgk - 201g @+ 201g{1-+ (T, )~ 201g(1+ (aT, )~ 301g[L + (&, )~

uHme2pamop PIIYV @] VM

~101g(L+ (aT, ,, F)

oa

JIOYX:
o, (0)= -2 +2arctg(wT,)-2arctg(aT, ) - 3arctg(wT ,,,, ) - arctg(@T,,, )
2 - 7

—_ K3 PITV @1, VYM o0
uHmezpamop

[Tpumep BoImonHeHus pacueta U noctpoenus JIAUX u JIOUX B cpene MathCad:

©:=0.300 Tp:=541 Tp:=6.519 Ty :=5-10°  Typi=116-10"° K:=76923
d)((o) = _—: +2- atan(m . T2) -2 atan(oa . Tl) -3 atan(co . Trpu) = atan(co . Tda)
Al®) :=20- log(K) — 20- log(w) + 20- Iog|:1 + (o Tzﬂ - 20. Iog|:1 + (o Tl)z] ~30. Iog|:1 + (o Trpu)z] - 10 Iog{l Ho-T

Ha pucynke 6 npencrasnensl rpadpuku JIAYX u JIOYUX pa3oMKHYTOU cUCTe-
MBI.
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Puc.6 I'paduk JIAUX u JIOUYX pazomknytoit CAY

B nporiecce skcrutyaramnuu cuctembl PA ee mapametpsl (KO3 PUIIMEHTHI yCH-
JICHUS, TIOCTOSIHHBIE BPEMEHHU) W3-3a U3MEHEHHs BHEITHUX YCJIOBHH, KOJI€OaHUN
HaIpsKEHU UCTOYHUKOB SHEPTrUU U JAPYTUX MPUUYUH OTIMYAIOTCS OT PACUETHBIX

3HaueHui. Eciu He NpUHSTH ONpeelieHHbIX Mep, TO cuctemMa PA MOXeT cTaTh He-
8



YCTOMYMBOM. [l WCKIIOYEHMS 3TOr0 SBJIICHUSA INPU NPOECKTUPOBAHHUU CIEAYET
o0ecreyuTh OmnpeeeHHbIe 3anachl YCTOMUUBOCTA CUCTEMBI. 3arachl yCTOMYUBO-
CTH ONIPEAECIAIOTC Ha JBYX 4acTOTAaX: 4aCTOTE CPe3a W, U Ha KPUTHYECKOU 4Ya-
CTOTE w,,. Ha yactore cpeza JIAUX pa3soMKHYTON CHCTEMBI paBHA HYJIIO, HA KpH-
tndyeckor yactore JIOUX npuHUMaeT 3Ha4eHUE, paBHOE —7T, T.€.:
A, (@,)=0
p,(0,)=-7
Ha puc.6 A u B — BcnoMorarebHbIe IPsMBIE JIs1 ONPEIEIEHUs YaCTOThI Cpe-
3 ., U KDUTUYECKOH YaCTOTHI (,,,, PaBHbIE 0 U —7 COOTBETCTBEHHO.
Pa3nuuaroT 3anac ycTOM4YMBOCTH O (pa3e M YCHIEHHUIO. 3anac yCTOMYMBOCTH

no (paze mokaszeiBaeT, Ha Kakoe 3HaueHue JIOUX pazoMKHYTOM CHCTEMBI Ha 4acTo-
T€ Cpe3a OTINYAETCS OT —7T.

Ap=7-p,(@,)|
3anac yCTOWYMBOCTH MO YCUJIEHUIO OMPEIENSIET, BO CKOJIBKO pa3 HY>KHO yBe-
JUYUTh KOG OUITMEHT yCUIIeHUs], YTOOBI CHUCTEMa OKa3ajlach Ha TPaHUIIE yCTONYH-
BOCTH. 3arac yCTOMYMBOCTH MO YCUJIEHUIO ONpeiesieTcs o opMyIie:

aOE = _Ap (a)Kp) '

I[J'IH YCTOI‘/IILII/IBOCTI/I CHCTCMBI B LCJIOM HGO6XOI[I/IMO n A0CTaTO4HO, YTOOBI
BBIIIOJIHSJIOCH YCIIOBHE:
o, <o,

Ecmn o, = w,,, TO cUCTEMA HAXOIUTCS HA TPAHMILIE YCTOMYMBOCTH.

Cornacno rpapukam JIAUYX n JIOUX onpenenwnu, 4TO @i MEHBIIE @, ,

4TO CBHJIETENILCTBYET 00 YCTOMYMBOCTH CUCTEMBI.
dakxTHyeCKUi MOKa3aTellb KOIe0aTeIbHOCTH My, CBA3aH C 3allacoM yCTOM-

YUBOCTH 110 (ha3e BHIPAKECHUEM:
1

M, =—7—
? sin(Ap)’
M, - 310 3HaueHne AUX 3aMKHYTON CHUCTEMBI Ha PE30HAHCHOM YacTOTE.

3. lna nepexona k mudpossiM nporotunam K3 u MOC Bocnonszyemest dhop-
MyJION OMIIMHEWHOTO Z - MpeoOpa3oBaHus

W@=Wml .,

1

T 7
[TocTponm nmpoByr0 peanu3amnuio KOPPEKTUPYIOIIETO 3BE€HA, TepeaTOIHas
GyHKIIHUSE KOTOPOTO UMEET BHI:



1+ pT,
14 pT,

Haiinem T; — nepuon AMCKpeTH3aLMH:

W,, =K

1
T, = = rine F;—dactora nuckperusanuu
A

ITo reopeme KotenpuukoBa-HalikBucra:

Fﬂ>2FmaX FmaX:(1.5+2) Fn ,I‘,ZIC

a, o
F = 2—“ , @, - TI0JI0CA MPOITYCKAHUS 3aMKHYTOW CUCTEMBI.
T

2 17t
ITocie mogctanoBku B Wy, BMECTO P BHIPDAKEHUE — - %
A
HOJIyYUM

1+T2-1 T,
W(Z):kK3' i

51
1+£-l .

-1
T 1 1+z
YMHO)KI/IM YUCJIUTEIIb U 3HAMECHATEJIb HA 1+ Zfl, HOJIy‘lI/IMZ

. T1

1+z7" +2TT2-(1— zh)

e . A
W (Z) - kK3’ B 2T1 B
1+z27+—=-(1-z27)
T
O0603HaYNM Ty _ b, 2T,

—1 =gq,. Torna BeipaxxeHue OyAeT UMETh BUJ;
a a

W(2) =k '1+z‘1+b1(1—z‘1)_k 'l+z‘l+b1—blz‘1_k (+b)+(@-b)z"
P 14zt +a -z C 1+zt+a-—azt ¢ (1+a)+(@-a)zt

YtoOsl MONyYuTh A, =1, MOAEIUM YUCIUTENb U 3HAMEHATENb IpoOu Ha (1+4a,), U
MOJIYy4YHM:

1+b1+1—b1,z—1
1+a, 1+ . A +Az7
W)=k, T g AL
1+7a1.z_1 +A12
1+a,
e By —tB g o1, 178
1+a 1+a 1+a
, TIIe

10



Beipaxenuto W (Z) COOTBETCTBYET ClIeAyIOMasi CXeMa PEKyPCUBHOTO ITU(PO-
BOT'0 3BCHA MEPBOTO MOPSIIKA:

Puc.7 Cxema udposoro nporotuna K3

Hanee anamoruuno noctpoum mudposoi nporotun aigs MOC. Ilepuon auc-
KpETU3allid OCTaBUM TEM ¥KE.

[lepenarounas ¢pynkunss MOC nmeer BU:
2
Kyg- P
W =o' F
woc (P) 1+ p-T,

BeiBoa ¢opmyabl cucteMHOM (YHKUUM U KOIPPUUHMEHTOB CHCTEMHOM
¢pyukuuu 11 MOC BBINOJHUTE CAMOCTOSTEIBHO.

Cxema nugposoro nporotuna MOC umMeer BUI:

B0

y(n)

x(n)

Puc.8 Cxema mudposoro npororuna MOC

11
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