BU3HAYEHHS CTIMKOCTI CUCTEM
ABTOMATHNYHOI'O KEPYBAHHAI

CTIMKICTb - O/IHA 3 OCHOBHUX JAMHAMIYHUX BJIACTUBOCTEW Mpale31aTHOCTI CUC-
TEMHU aBTOMATUYHOTO ynpasmiHHs. [1ig cTifikicTio miHiiHUX CAY po3yMitoTh ii 371aT-
HICTh TTOBEPTATUCS B MEPBUHHUN PIBHOBAXHUU CTaH IMICJIS 3HATTS 30BHIIIHBOTO 00Y-
PEHHS, IO BUKJIMKAJIO TTOPYIIICHHS PIBHOBATH.

Hecrilika cuctema mpu CKUTBKY 3aBTOJHO MaJIMX BIIXWJICHHSX BiJl CTaJIOl PiB-
HOBAard He MOXKE TMOBEPHYTHUCS B LieH CTaH, a Oe3MepepBHO BIANAISIETHCA BiJ HHOTO
a00 3MIICHIOE HETIPUITYCTUMO BEJIMKI KOJTUBAaHHA. Taki CHCTEMH HETpaIle3/1aTHi.

[Tpu aHamiTHYHOMY MOCHIHPKEHHI TUHAMIYHMX CHUCTEM YIIPaBJIiHHI HEOOX1THO
CKJianaTy AuQepeHiianbai piBHSIHHS 1 BupimryBaTth iX. [Ipote BupimenHs nudepen-
[iaTbHUX PIBHSHB HAaBITh JJIs MOPIBHIHO MPOCTUX JIIHIKHUX CUCTEM 3B'si3aHE 13 3HAY-
HUMU TpyaHowaMu. ToMy npo criiikicte CAY cyasTh 10 NeBHUX O3HAKaX, 00X0s-
quch 0e3 0e3MocepeIHhOr0 BUPIMICHHS AudepeHIiaabHux piBHAHB. L1 03HaKK ciy-
KaTh JIJISI MATEMAaTUYHOTO BU3HAaYEHHsI YMOBH CTiiikocTi CAY 1 Ha3UBaIOThCSA KpUTeE-
pIAMH.

3aJie’kHO B1J] BUKOPUCTOBYBAHOI /IJIsl IEPEBIPKH, 1HPOpMAIIii KpUTEPIi TIIAThCS
Ha AB1 rpynu: anrebpa (Paycy, ['ypsius, JIbena-lllunapo, Bumnerpancekoro, He-
Mapka, BoponoBa Ta in1i) 1 yactotHi (MuxaitnoBa, HalikBicta, morapupMuyHuii).

1. Pospaxynok cmitikocmi CAY no aneebpaiunomy kpumepir Payca.

3acTocyBaHHS alreOpaidyHUX KPUTEPIiB 3aCHOBAHE HA JOCIHIIKEHHI KOMOIiHa-

11l KOoe(IEHTIB XapaKTEPUCTUYHOTO PIBHSHHS, IKUM € 3HAMEHHHK NepeIaBaIbHOI
byHKIII{ 3aMKHYTOT CUCTEMH.

a,p"+a,p"t +...+a, ,p+a, =0 (1)

A(p) =215p% +115p° +4,89p + 2,37 (2)

Xapaxkmepucmuune pieHAHHA 8I0N0GI0AE CMINKIN cucmemi, AKWL0 6Ci Y1eHU

nepuio2o cmosnya mabauyi Payca nozumueni, akuio xoua 6 oOuH uieH mac 6i-

O0'emHuil 3HaK, mo ne cmiiika, a AKWO Xo04a 6 00UH YjleH MA€ HY1b0Be 3HAYEHHA,

mo Ha mexci cmilkocmi.,

Tabnuus Payca mae (n+1) ctpoky i (n+1) cToBIEIb i CKIAIAETHCS TAKUM YH-
HOM:
> y nepuiomy psiaky tabnuii Payca po3minnyroThcsi KoedilieHTd 3 TapHUMU 1H-
NEKCaMHU, TOYMHAOYH 3 Ap;
> y IPYromMy psJKy - KOe(Iili€eHTH 3 HETAPHUMH 1HJIEKCAMH, TOYMHAIOYH 3 a;;
> pelTa eaeMeHTiB Tabnuill Payca BU3Ha4aeThCs IO CHIBBIIHOIICHHSX;
> BIJICYTHI €JIEMEHTU 3aMIHIOIOTHCS HYJISAMH.



d d: A Qs
ad d; ads aAs
dx d» A Aw - - -
R = a41 a.42 a43 a44 T ’ ' (3)
C, 0 0 0
Ac a31:a2_a3'20: ad,—dsl; (4)
a.32 = 3.4_85- rl;ass = ae_a7' I
a
adn~ as_aaz'il =d;~ sl
a1

A = 85— au-,» 1HIII AHATIOTTIHO.

SIKI110 MiJICTaBUTH YUCIIOB1 3HaUeHHS — Tabnuils Payca mpuiiMe BUTIISIA:

215 489 0
115 237 0
R=loass 0 o
236 0 0

BucHOBOK:
32iono kpumepiio Payca CAY, wo onucyemuvca xapaxmepucmuydHum pie-
HAHHAM (2), € CMIlIKOW 0CKINbKU Koepiyienmu nepuio2o cmoenusa nO3umueHi.

2. Pospaxynox cmitikocmi CAY no kpumepiro I ypsuys

3riiHo Kputepito ['ypBullsd XapakTepUCTUYHE PIBHSHHSA 3aMKHYTO1 CUCTEMH ()
€ CTIMKOIO, SIKIIIO BC1 AlaroHajabHI BUSHAYHUKHU MATpHIll [ ypBUIIS MO3UTUBHI.

Martpuus ['ypsuis (5), 110 Mae n CTPOK i N CTOBMIIIB CKJIAJIAEThCS TAKUM YH-
HOM. Bci koediiieHTH BiJ @1 10 @n PO3TAIIOBYIOTHCS IO TOJOBHIN JiaroHali B IO-
PSAAKY 3pocTaHHA 1HAeKCiB. Ham miaroHamo 3anucyroThesi KOeQilieHTH 13 3pOCTaro-
YUMHU 1HACKCAMH, IIiJl TOJOBHOIO - KOS(IIIEHTH 13 CIaJHUMU 1HJIeKcaMu. Ha micii
KOe(DIIIEHTIB, THACKCH SKUX O1IbIIE 7 1 MEHIIIE HYJISI, MPOCTABISIOTHCS HYII:

a a a - - - 0
& a a - - - 0
0 a a - - - 0
A=|. . . (5)
0 0 0 a,

PosrisiHeMo cucteMy aBTOMAaTUYHOTO YIPABIIHHS 3 XapaKTEPUCTUYHHUM PiB-
HSHHSM:



2.10°p* +2-102p® +3p? +130p+10° =0 (6)
Jlns Haoro BUMAAKY, XapaKTEPUCTHYHE PIBHSIHHS YETBEPTOrO MOPSAKY
(n=4), romy matpuiist ['ypBHIISI CKIIQTa€THCS TAKUM YHHOM:

al a’i
A4 — ao a2
0 a
0 a
[lizcTaBUB YKCIIOBI 3HAYEHHS OTPUMYEMO:
2-10° 130
-6
A, - 2-10 3 B
0 2-10
0 2-10°°

Buznaunmo BCl BUBHAYHUKHU 1 OTPUMYEMO:

A =a,=2-10">0

0 0
a. g (7)
a,
aZ a4

10° 0 (8)
130 O

A,=a,-a,—a, a,=2-10%-3-2-10°-130 ~ 0,06 >0

a a, O

A,=la, a, a,|=a,-A,—al a,=130-0,06-(2-10%)*-10° =-32,2<0

0 a a

Tpetiii BU3HAYHUK MEHII HIXK HYJIb, TOMY 32 KpuTepieM ['ypBHIIS MOXKHa 3po-
OUTH BUCHOBOK, [0 CUCTEMa aBTOMATUYHOT'O YIPABIIHHS HE CTIMKA.

3HauyeHHs BU3HAYHUKIB piBHOFO CTYIICH:A:
4 aj
a, a,
a, a; O

a, a, a,=a,€a,-a,a, >a,a’ >0

0 a, a; ag
0 a, a, a,

~ 2
= €,a, —a,3, }334 —a,a; > €a,—aya; 5>0

2 " ~
As = €3, —a,2; 15 €2, —a,3; } dg Qala‘S —az t €2, —aa; x

X [laSaG —a;€,a, —a,a, :} alzag >0

3. Pospaxynox cmitikocmi CAY no kpumepiro Jlvenapa-1llunapa

VY npakTudHUX po3paxyHkax cTikicte CAY BH3HA4YaIOTh MO NMPUBATHUX KPH-
Tepisx ctikocti ['ypBuils, sikuii Ha3uBarOTh kKputepiem JIbeHapa - [llumnapa 1 BiH ¢o-
PMYJTIOETHCS TaK:
Xapakmepucmuune PiGHAHHA 6I0N06I0ac CMINUKIN cucmemi, AKU0 npu nap-
HOMY N NO3UMUBHI 6Ci 0iA2OHANbHI GUHAUHUKU MAMPUUL HERAPHO20 NOPAOKY,



HpU HEnapHOMY N - RO3UMUGHI 6Ci OIA2OHAIbHI GUIHAYHUKU NAPHO20 NOPAOKY),
moomo
npu n=2K A>0, A3>0,...,42x-1>0
npun=2k+1 A,>0, A,>0,...,42x>0
TakuMm 4MHOM:
- JUI PiBHSIHHS TPETHOTO HOPSAKY a,P° +a,p° +a,p+a,; =0 ymosa crifikocTi:
A, >0
- [UTSt PiBHSIHHS 4eTBEPTOro Mopsaky a,p* +a,p° +a,p” +azp+a, =0 ymosa criiiko-
CTI:
A3 >0
- I piBHSHHS I'STOrO MOPSAKYy ap° +a,p’ +a,p’+ap’+a,p+a;=0 ymosa
CTIHKOCTI:
Ay, > 0; Ay>0
- U1 PIBHSHHS IOCTOro mOpsaKy a,p°+a,p°+a,p*+a,p’+a,p®+a;p+a,=0
yMOBa CTIHKOCTI:
A3 > 0; As>0

4. Pospaxynok cmitikocmi CAY no kpumepiio Hetimapxa

B xapakTepucTHYHOMY PIiBHSHHI MPOBEJICMO 3aMiHy p=>j®, 1e | = V-1, i Bi-

JOKPEMUMO JIIMCHY 1 ySIBHY YaCTUHH:
W(jw) =R(jo) +I(jo)

OueBuaHO, mo noiaiHOM R(j®) Moke MICTUTH WICHHU TiIBKH 3 MAPHUM CTYTIe-
HEeM ©, a oJiiHOM J(j®) - WICHH TiJIbKU 3 HETIAPHUMH CTYIICHIMHU O.

[To3naunmo xoedimientn R(jw) yepes ¢, a koedinientn J(jo) depes d, ToOTO
3aMyIIeMO MOJIIHOMH TaK YHHOM:

R(0) =Co0" + 0" +...+C,

1
J)=dyo" +d,0" " +...+d,
[pu 11pOMy, SIKIIIO N - TTAPHE YKCIIO, TO BCI ¢ 3 HeMapHUMH 1 d 3 mapHUMM 1H[e-
Kcamu (BpaxoBytroui i Op) piBHI HYJIIO.
Jam ckiageMo TaOIUI0, Y BEPXHIM PSIAOK SKOi BUMMUIIIEMO BCE C, a B HUXK-
Hii psnoK Bel d Tak, mo0 B OJAWH CTOBIELb MOTPANUIN KOSPIIIEHTH 3 OJTHAKOBUMHU
1HJIEKCaMU:
CoCy--C
dod,...d,
BBeaemo Tenep BiAHOLIEHHS Nepioi HUGPH BEPXHBOTO psJiKa 10 Mepuioi, Bi-
JMIHHOI1 B1J1 HYJIsl U(PU HUKHBOTO PSJIKA.
C
L=-2
d,

1 CKJIa/IeMO HOBY TaOJIMIIIO, Y BEPXHIN PAIOK KO BXOJUTUMYTh TaKi €JIeMEHTH:



c;, —Ad

TOOTO €JIEMEHTH, 1110 OTPUMYIOTHCS BIIHIMAHHSM 3 TIONIEPETHHOTO €JIEMEHTY J100Y-
TKY A Ha €JIEMEHT HIKHBOTO PSIIKY, III0 CTOITh B HACTYITHOMY CTOBIIII, & HUXHIN PSAIOK
3aIIMIIAETHCS 0€3 3MIHH.

Jlaii po3rasHeMO Ha MPUKIIAi XapaKTePUCTUUHOTO PiBHSHHS, 110 M€ BUTJISI;

9p*+8p*+71p*+2p+05=0
TO ITiCJIS TIJICTAHOBKH B HHOTO P —> J® OTPUMYEMO:
jow)' -8(jo)’ -7(jw)* +2(jw)+05=0

i+1

a0o
(90" —710° +0,5) + j(-80° + 2w) =0
Omxe,
R(®) = 90" - 710° +0,5
J(w) =-80° + 20
Tomy Tabnuiis 11 piBHAHHS OyJ1€ MaTH BUTJISL:
9 0 -71 0 05
{ 0 -8 0 2 0 (A)
BingHomienHs ke nepioi nudpu BEpXHBO1 CTPOKHU J10 Nepiioi udpu HUKHBOT
CTPOKH, 10 BIJIPI3HAETHCS BiJl HYJIsA, Oyie

9
G

OT)KG, HOBa Ta6J'II/II_UI 6y,[[€ MaTH BHUTTIIA:

9 9
o5l o [rafg)e oo
0 -8 0 2 0
a0o0 TicIIs IEpEeTBOPEHb.
0 -48 0 05
{—8 0 2 0
BBeaemo Tenep BiIHOIIEHHS nepoi uudpu Tabauil micist HyJst APYroi cTpo-
KU JI0 TIEPIIOi IUQpi MEPIIOi CTPOKH, 110 BIIPI3HAETHCS BT HYJIS .
-8 8
M7 "ags ags
1 CKJIaJIEMO HOBY TaOJIUIIIO, B KOTPii €IEeMEHTH TEPIIOi CTPOKHU 3aJIUIIAThCs 0e3
3MIHH, @ €JIEMEHTH JPYroi CTPOKU 3aMIHIOIOTHCS HA €JIEMEHTH, LIO SBIISIIOTH OO0 pi3-
HUITIO MK CTAPUM €JIEMEHTOM 1 37I00YTKOM LL Ha €IEMEHT BEPXHBOI CTPOKH, 0 CTOSITH B
CITiyr04oMy CTOBOII. B pe3ynbTari oTpuMyeMo Taky TaOJIHIIHO:

0 -4.85 0 0,5
8 8
[‘8‘(@"4’*@ ° H@J“j °
a00

0 -48 0 05
0 0 117 O



Bu3nauumo A, SK BiAHOIICHHS NEPIIOi MUGPU BEPXHBOI CTPOKU JIO IMEPIIOT,
710 TiepIoi MU pH HUKHBOT CTPOKH, 110 BIAPI3HAETHCS BiJl HYJIA:

0 117 O
abo
0 0,5
0 117 O
Otpumyemo H,
7
H 05

[Tportecu moOyI0BM TaKMX TaOJIUI HOCATH Ha3BY A - TIEPEXiJ] Ta L - TIEPEXi.

Taki mepexoau 3A1HCHIOIOTHCS 10 TUX Mip, TOKK HE OTPUMYEMO TaOJIMIIIO,
110 CKJIAJA€THCS TUTBKA 3 OJHOTO CTOBIIIIS.

Cucrema 3a kputepieM Helimapky € cTilikoro, SIKIIO BCi KoeillieHTH A Hera-
THBHI, a yC1 KOe(DIIIEHTH |l TO3UTHUBHI.

5. Oyinrosanns cmitikocmi i skocmi TTHIUHUX cucmem 3a Kpumepiavu B.C. Boponosa

[Ipu mocmikeHHl M TPOEKTYBaHHI CUCTEM aBTOMATHYHOIO KEpyBaHHS OyBae
BXKJIMBO 3HATH, SIK BIUIMBAIOTH MapaMeTpU CUCTEMHM Ha ii CTIMKICTH 1 KICTh. Mare-
MaTUYHY MOJIEJb JIHIHHOT CUCTEMHU MOYHA MIPEJACTABUTH y BUTIIAII TepeaaTHOl GyH-
KITIT:

— B(p) — b0+b1p+"'+bmpm (1)
Alp) Qg +a, p++anpt

IPUYOMY HaWO1IBIT BayKIMBa 1H(POPMAIIisi MICTUTBCS B KOE(III€EHTAaX XapaKTe-

PUCTUYHOTO TOJIiHOMA

A=ay,+aqa..+a,p" (2)

[To mim koedimieHTaM, BUKOPUCTOBYIOUM KpuTepii Payca i ['ypBina, MmoxHa
CYJIUTH TPO CTIAKICTh CUCTEMH, a PO3TAlTyBaHHS KOPEHIB XapaKTEPUCTUYHOTO PiB-
HSIHHS (TTOJIFOCIB CUCTEMU) JI03BOJISIE CYIUTH TIPO SIKICTh MEPEX1THUX TIPOIIECIB.

KrnacuuHni 94acTOTHI ¥ KOpPEHEBI METOJIM HE 3aBXIH 3pY4HI MPHU MPOEKTYBAaHHI
CUCTEM, OCKUIbKH B I[bOMY BHUIMAJKY 3B'S30K Mk KOE(IIlIEHTAMA MaTeMaTUYHOI MO-
Jiel ¥ 3aCTOCOBYBAHUMH KpHUTEpIAMH (ITOKa3HUKAMH) CTIMKOCTI 1 SKOCTI € JOCUTH
ckJIagHo0. ToMy BUHUKAE MUTAHHS: YU ICHYIOTh TaKl KpUTEPIi, Y IKUX 3B'SI30K MIXK
KoedilieHTaMu mosiHoMa (2) 1 MOKa3HUKAaMH CTIMKOCTI 1 SIKOCTI OyJia O MPOCTOIO.
[lo3uTrBHA BIAMOBIAb Ha e TUTaHHS Oyna naHa y podotax B.C. BopoHnosa, sikuii B
60-x pokax MUHYJIOIO CTONITTS BIIEpIIE OJEPKaB MPOCTI HEOOXI1IHI i MPOCTI AOCTAT-
Hl YMOBH CTIMKOCTI. ¥ CBOiX poOOTax BIH TaKOX 3alPONOHYBAB MOKAa3HUKU CTIMKOCTI
1 IKOCTI CUCTEM KepyBaHH$, 10 MAIOTh MPOCTUMN 3B'I30K 3 KOoe(illiEHTAMH XapaKTe-



puctuyHoro nojiHomMa. Ax 1o kiHis 70-x pokiB B.C. BopoHnoB ny0iiikyBaB yci CBOi
pOOOTH y BaKKOJOCTYITHUX 1 MAJOTUPAKHUX BUJIAHHIX, TOMY 1HOJ1 OTpUMaHI iM pe-
3yJIBTATH MPUNKACYIOTH 1HIIIMM aBTOPaM.

Bynemo BpaxoByBaTH, 110 BCl KOS(DIIIEHTH MOJIHOMA MalOTh OJIHAKOBI 3HAKHU
(bynmeMo BBaxKaTH iX IMO3UTHBHHUMHM), IO € HAWUIPOCTIIIOW HEOOX1JHOK YMOBOIO
CTIMKOCTI, chopMyIb0BaHO0 CTO0JI0IO.

CTiliKiCTh 1 SKICTh CHUCTEMH KEPYBaHHS 3 XapaKTEPUCTHUYHUM TOJIHOMOM (2)
MO>KHA OIIHUTH 32 IOTIOMOTOX0 HACTYITHUX TTOKA3HHKIB:

Habnmxeni yacToTu, 0 CHOIy4YaroTh

W, =2%2 k=1,2,....n (3)
axg
[Toxa3auku (MipH) SIKOCTI
Z
0 =282 — % §=12.,n1 (4)

)
Wi Of—q Q41

[Toxa3nuku (MipH) CTIMKOCTI
W, =-2-0,0,,, =—5& =12 . n2 (5)

2 Op—q Of+z

3naueHHs (3) npuOIU3HO JOPIBHIOIOTH CIIOJYYEHUM YacTOTaM Ha JIUJISHKaX, Je
BU3HAYAIOYMMU € JIMCHI KOpHI, BIAMOBIIHI O amnepioJu4HuX JaHoK. Skmo Q <
1,7...2, TO 3HAYEHHA W}, , 1 = ] Wy W}, HAOIMIKAE, CIIOTYYEHY YaCTOTY HA JUIAHII,
JIe BU3HAYCHOIO € Tapa KOMIUIEKCHO-CIIOMYUYEeHUX KOPEHIB, BIAMOBIIHUX /10 KOJIHUBA-
JIbHOT JIAHKU.

BuxopucroBytoun meron maremaruuHoi iHaykIli, B.C. BoponoB B 1965 porii
JTOBIB, 1110 BUKOHAHHS HEPIBHOCTEH

ﬂ{ﬂ{‘...ﬁ:b{...{a“‘z (6)

g g GLk+q an

€ HEOOXIJIHOI0O YMOBOIO CTIMKOCTi. 3 BUKOPUCTAHHSM IOKa3HUKIB CTIMKOCTI
yMoBa (6) 3anuieTbcs y BUTIISAII:

W;,: > 1, k= 1, 2,..., n-2 (7)

HeBukonanns xoua 6 ogHoro 3 HepiBHOCTEH (7) € MOCTaTHHLOIO YMOBOIO HE-
CTIHKOCTI.

Bukonanust HeoOx11HOT yMOBH CTiMKOCTI (7) 111 HE 03HAYae, Mo cuctema Oyse
ctifikoro. Tomy B.C. BopoHOB 3amponoHyBaB TakoX psij JOCTaTHIX YMOB CTIMKOCTI.
Haiinpocrime 3 HUX Ma€e BUTIIA

W, > 2,148 k=1, 2,...,n-2 (8)

3 Bupazy (5) BurmBae, mo ymoBa (8) Oyze 3aBKIu BUKOHYBATHUCS, SIKIIO T0-
Ka3HUKH SKOCTI1 33JJ0BOJILHAIOTH OOMEKEHHSIM:

0, >+/2,148 = 1,466,k=1,2,...,n-1 (9)



Takum yuHOM, (9) € TOCTaTHLOIO YMOBOIO CTIHMKOCTI, 110 chOpMOBaHa IO TO-
Ka3HUKaM SKOCTI.

Ha npakTwin 3Bu4aifHO BUMararTh, 00 CUCTeMa MaJia ICSKHI 3amac CTiiKoC-
Ti 1 IKOCTI, TOMY TIopsia 3 ymoBamu (8), (9) B Oyia 3ampornoHoBaHa yMOBa CTIHKOCTI
13 3am1acom

WF.: == 3, k= 1,2,...,1’1'2 (10)
1 yMOBa CTIMKOCTI 1 IKOCTI1 (SIKICHOT CTIHKOCT1)
0, >v3=1732%k=1,2,...,n1 (11)

B.C. BopoHOB mokazaB Takox, 110 Ko Bci Qk > 4, To Bci KOpiHHA MOJTIHOMA
OyIyTh pCYOBUHHUM.

VY crnemianbHiN diTEpaTypl HaBeACHI TAKOX 1 1HII, TPOXHM OUIBII CKJIaJIHI JIOC-
TaTHI YMOBH CTIHKOCTI, III0 MPAKTUYHO HAOJIMKAIOTHCS J10 HEOOXITHOI M JOCTaTHHOT
yMmoBU. OiHaK HAHOLIBII MPAKTUYHUMHU € HaumpocTimi ymoBu (8) - (11), Tomy 00-
MEXKHUMOCS IXHIM PO3TIISIIOM.

6. Pospaxynox cmitikocmi CAY no kpumepito Muxaiinosa

Kpurepiii MuxaiiioBa 3aCHOBaHO HAa BHKOPHUCTAHHI XapaKTEPUCTHUYHOTO pPiB-
HSIHHS 3aMKHYTO1 cucteMu. [Ipu npomMy B XapakTepucTuyHoMY piBHsHHS (12) miac-
TaBJISFOTH 3aMICTh P BUPA3 j® i OTPUMYEMO B 3aralIbHOMY BHUTJISI:

G=a,4o " +a,€o " +..+a, jo+a, =0 (1)
a B YUCJIIOBOMY BUTJISIJIL:
G =6(jo)* +14(jo)’ +5(jo)* +11jo+8=0

[ToTim, BUAIISIEMO MIMCHY 1 YABHY YaCTUHH, XapaKTEPUCTUUYHE PIBHSHHS Mpe/I-
CTaBUMO Yy BUTJISIAII KOMIUJIEKCHOTO TTOJIIHOMA

G(jo) = R(0)+ j) (o)

3riiHo KpuTepito Muxaitnosa, A CTIMKOT 3aMKHEHOI CUCTEMH N-TO MOPSIAKY
HEOOX1IHO 1 I0CTaTHBO, 1100 rogorpad Muxaitiosa, 1110 OMUCYETHCS KIHIIEM BEKTOPY
G(jw), pu 3miHI yacTotn ® Big 0 10 o0, mounHarOYi Tpu ® = O Ha AIHACHOT MO3UTHUB-
HOT Ha TIBOCI , ONKCYBaB TIJIKU MPOTH TOJWHHUKOBOI CTPUIKU MOCIIJOBHE YHUCIIO
KBaJIPAHTIB KOOPJUHATHOI TJIOCKOCTI, PIBHOMY MOPSIIKY N XapaKTePUCTUIHOTO PiB-
HSHHS (B HAILIOMY BUITAJIKY 4).

JInst po3paxyHKiB NMpUUMEMO, LI0 j2:—1; jaz—j; j4=1 1 IPOBEAEMO PO3IIICHHS
XapaKTEPUCTHYHOTO PIBHIHHS MEepeIaBaIbHOI (PYHKITT pO3IMKHEHOT CHCTEMHU Ha JTiHi-
cay R(®) i Muumy J(©) yacTuHH:

RQ =60"—50°+8 (2)
JO =-140° +110 (3)

[Ticis yoro, 3a7al04KCh PI3HUMH 3HAYECHHSAMH © OT 0 10 o0, 3HAXOJMMO BEIIH-



gy R(0) u J(®) 1 mobynyemo rpadik R(w) =f J(w) B miockocTi KOMILICKCHUX
3MIHHHX. Pe3ynpTaT po3paxyHkiB 3BeieMo 10 Tadmui 1.

Tabmun 1 - Po3paxyHok cTiiikocTi 1o kputepito MuxaiinoBa
Q) 0 0,25 |05 0,75 |10 |1,25 |15 1,75 |4
R(w) |8 7,71 713 709 |9 14,84 | 27,13 | 48,96 | 1464
Jo) |0 253 3,75 2,34 |-3 |-13,59 |-30,75 |-55,78 |-852

[To oTpumanum nanuMm Oyayemo rojporpad Muxaitnosa, sIKHil MpeCTaBICHUN
Ha PUCYHKY 1.

10,00 4 J(W)

5,00 15,00 25,00 35,00 45,00 R(w)

-30,00 A
-40,00

-50,00 ~

-60,00 -

Puc. 1 — T'ogorpad Muxaiinosa

BucHOBOK:
3amkuyma cucmema CAY € ne cmiiikoro, momy uwi0 He 6UKOHYEMbCA BUMOZU
Kkpumepiro Muxaiinosa.

7. Busnauenns cmivkocmi 3a kpumepiem Haiixgicma.

Kpurepiii criiikocti HalikBicTa 1Mo3BoJisi€ CyquTH MPO CTIMKICTh 3aMKHYTOI CH-
CTEMU aBTOMATHUYHOI'O KEpyBaHHS MO aMIUTITYAO - (pa3o - 4aCTOTHOI XapaKTepUCTHUL
PO3IMKHYTO1 CHCTEMH.

Jl1st iporo B piBHSHHI nepeaatHoi GpyHkiii po3iMkHyToi cuctemMu Wpos(p) mij-
CTaBJISIEMO P = J® 1 OTPUMYEMO BHPA3:

™ 0T .

b, €0 "+b €0~ +-+b,.iw +b, 1)
™ ™~ . '

aqdo rado  +.+a,.w+a,

W3 (jo0) =

[ToTiM, IUISIXOM BiJJOMHX MEPETBOPEHb MOAUISIEMO YHMCEJIBHUK 1 3HAMEHHUK Ha
J1ACHY MHUMY YaCTHUHHU, OOYUCITIOIOUN BIAMOBIIHI KOS(PIIIEHTH:
a, B — JIilicHA 1 ysIBHA YaCTUHU YUCEIbHUKA,
C, d — miiicHa 1 yABHA YaCTHMHU 3HAMEHHHKA.



Jiis Bu3HaueHHs airicHol R(®) 1 maumoi |(®) yacTun piBHsSHHS (1) BUKOPHUCTO-
ByeMoO Bupasu (21 3)

2 Cz ()}dz ():
~ b0 3c@ a0 dG
JO - S~ e~ (3)
coxd o

[Ticns Ob0TI0, 3aJart0OYNCh piSHOMaHiTHI/IMI/I SHaAYCHHAMH 4aCTOTH O, 3HAXOAHUMO

BermurHA R(®) 1 J(0) 1 OyryeMo B TUTONIMHI KOMITIEKCHUX 3MiHHHX rogorpad Haiik-
BicTa (ADUYX) (pUCYHOK 2).
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Pucynok 1 - [lpuknanu rogorpady Haliksicta

[Tpu anasni31 3aMKHYTOi CUCTEMHU 10 11 MOBEIHKH B PO3IMKHYTOMY CTaHY MOXE
BUHUKHYTH JIBa BUMAJIKU: PO3IMKHYTa CUCTEMA CTilKa abo HeCTIHKa.

Kpurepiit HalikBicTa y cripomieHOMy BapiaHTi (POPMYIIOETHCA TaK - 3aMKHYTa
aBTOMAaTWYHa CHUCTeMa KepyBaHHs OyJe CTIIKOI, SIKIIO aMILTITYI0 — $a3o - 4aCTOTHA
XapaKTepUCTHUKA PO3IMKHYTOI CUCTEMHU MPHU 3MIHI HACTOTH O Big 0 JO ©© HE OXOIUIIOE
KOHTpOJIbHY TOUKY (-1; jO).

Jlist Bunaaxy, ko AOYX oxorutroe 1any TouKy abo MPOXOAUTH Yepe3 HEto, TO
CHUCTEMa aBTOMAaTUYHOTO KEPYBAaHHS BIJOBIHO — HECTIMKa a00 BOHA HEUTpaJbHA.

8. Pospaxynox cmitikocmi CAY noeapugmiunum memooom

[Ipo CTIMKICTh 3aMKHYTOI CUCTEMH aBTOMATUYHOTO YIpPaBIiHHS, CYIATh MO JIO-
rapupmiyanx ammmityaHux (JIAYX) 1 ¢pazosux (JIOUX) yacTOTHUM XapaKTepUCTH-
KaM pO3IMKHEHO1 CUCTEMHU.

Jns po3paxyHKy Bi3bMEMO TiepeAaBajbHy (YHKIIFO PO3IMKHEHOI CHCTEMH 1
IPOBENIEMO ii aHaMTI3.

_ 41,7p+0,988
 215p* +p° +1,31p+2,37

W._(p)

JInst uporo B PIBHSHHA NepelaBalibHOI (QPYHKIT po3iMKHEHOT cucteMu Wp(p)
MPOBOJMMO 3aMiHy P Ha j©, BPaXoBYIOUi MO j =1 j’=—j; j'=1 - IPH LLOMY OTpH-
MYy€EMO BHpa3



WP (J(,l)) — bo €0 T +b; €o T4 4by jjotby, (1)

ag §o N+a; §o V14 4a, jjo+a,
41,7 jo +0,988

W (joo) =
P00 = e jo® 1 131j0 + 237

[ToTiM, BUKOPUCTOBYIOUH AOMOMIXKHI KOE(IIIEHTH PO3ALISEMO MEepeaaBalbHy
¢dyHkmiro Ha gilicHy R(®) u manMy J(®) yacTuHU.

R(e) = 3(©)-€(©) +b(0)-d(©) (2)
¢’ () +d° (o)
J(w) = @) C(©) ~a(0)-d(©) (3)
¢’ () +d*(w)

[Ticst yoro, 3a7al04YKMCh 3HAYCHHAMH ©, 3HaxX0auMO BenuunHH L(®) 1 ¢(®) Ta
no0yyemo rpadiku 20 IgL(e) = f(w) i ¢(w) =f(®) B m1ockoCcTi KOMIUIEKCHUX 3MiH-
HUX, 10 KOTPUM BH3HAYMMO XapaKTepPHI KPaIKu.

L(0) =/R?*(®) +J?*(w)
) | oo Aem= 0; £1; £2; £3;...

¢o(w) =arctg %

Pe3ynbpraTi po3paxyHkiB 3BeJIeMO 710 Tabaui 2.

Tabnuug 1 - Po3paxyHOK CTIMKOCTI JIOTapU(PMIYHIM METOJIOM

® R() J() 20Lg[L ()] j(0)

0 0,42 0,00 -15,20 0,00

1 0,85 9,17 38,56 84,72
2 -0,30 2,22 14,04 -82,35
3 -0,09 0,70 -6,13 -83,01
4 -0,03 0,30 -20,91 -84,27
5 -0,01 0,15 -32,47 -85,24
6 -0,01 0,09 -41,93 -85,96
8 0,00 0,04 -56,90 -86,91
10 0,00 0,02 -68,51 -87,51
12 0,00 0,01 -78,01 -87,91
13 0,00 0,01 -82,18 -88,07
14 0,00 0,01 -86,04 -88,21
16 0,00 0,00 -92,99 -88,43
18 0,00 0,00 -99,13 -88,60
20 0,00 0,00 -104,62 -88,74
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Pucynox 1 - Jlorapudmiunuit Kputepiit CTIHKOCTI

BucHosok:

Cucmema aemomamuynozo ynpaeiiHHA 6 PO3IMKHEHOMY cmami, Oyoe He
CMIIKOI0 I 8 3aMKHymomy cmani, ockinoku mouka A JI®YX gionogioac odracmi
no3zumuenux 3navenv JIA9X.



