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BCTYII

Jucumrmrina ~ «OCHOBM ~ HAYKOBHX  JOCHIDKCHb  CKJIaJHUX
EICKTPOMEXaHIYHNX CHCTEM Ta KOMIUIeKCiB». YactmHa 1: «AHam3 i
cuHTE3 cucTteM apTromarnyHoro ympaBminHA (CAY) mig BrojauBoM
CTaTUCTUYHUX BUIMAIKOBHX (aKTOPiB», IUIA CTYICHTIB crenianbHocTi G3
«Enextpuyna imxeHepis» Bcix GopM HaBuaHHA NpU3HAYEHA Ui OibII
OBOJIOTIHHS 1 3aCBOEHHSI IHXKCHEPHUX METOMIB aBTOMAaTHIHOTO YIIPaBIiHHS
CKJIAIHUUMH €JeKTPOMEXaHIYHUMHU cHcTeMaMd. BoHa € CKiIaI0BOIO
MiATOTOBKM MAaricTpiB AEHHOI Ta 3a04HOi ()OpM HaBYaHHSI Ta CIPHSIE
BHKOHAHHIO CAMOCTIHHHX Ta JIA0OPATOPHUX POOIT i TUIIIOMHOMY TIPOEKTY.

B KxoHCHEKTI NeKIii pO3TISIHYTO BH3HA4YalbHI TEOPETHYHI OCHOBU
noOyaoBu i poboru CAY npu poOOTi eneKTpOMeXaHIYHUX 00 €KTIB B
CKIaJHUX YMOBax eKcIUTyaTalii Ta pi3HHUX peXHMax HaBaHTaXECHHS.
[IpuBeneno KoHKpeTHi mnpukiaan nodynosu CAY  BiamoBigHO 110
BUPILICHHS Pi3HUX 1H)KEHEPHHX 3824 1 BUMOT IPAKTHKH.

HaBenenni mMetoau Ta NpUKIagy MOXJIMBO BHKOPHCTOBYBAaTH MpHU
IH)KEHEpHUX PO3paxyHKaxX, HAayKOBO-TEXHIYHHUX MJOCHIIKEHHSAX Ta HpHU
BHKOHAHI MPaKTUYHUX 1 CAMOCTIHHUX POOIT.



3 AHAJITUYHUM METO/JI PO3PAXYHKY BHUIIAJIKOBAX
IHOXHUBOK CAY

3.1 BusHaueHHs nepenaBaabHol pyHkuii popmyrodoro giabTpa

AHaNTHYHUA MeToJ OO4YMCIeHHs 0a3yeThCsi Ha BUKOPHCTaHHI
TAOIUIb 11 OOYMCIICHHS 1HTEeTpaliB i3 ApoOHO-paIliOHATBHUAX (PYHKIIIH.

BusHaunTi mucmiepcito MOMWJIKH HAWIPOCTINIe, SKINO BXiTHUAN
BHUIIQJKOBUI curHanm Mmae Qopmy Oimoro mymy. Komm BXim 3amMKHEHOL
cUCTeMH OiIoro mIyMy 3 OJWHUYHOK CHEKTPaJbHOK IIUIBHICTIO
BIIKPHUTHH, AUCTIEPCiS CHCTEMHOT TOMHIKHA BU3HAYAETHCS BUPa3oM [1]

zf_f k yf(T)dT Jf_]oo yf(p) f( p)dp' (31)

ne K¢ (p) - Jlanacose nmpecTaBienns iMIyTbCHOI mepexinnoi dynkuii
k¢ (1), T06TO NEpenaBanbHOI GyHKIIT cucTEMH.

InTerpan BUIISILY 3.1 y IpOOHO-paIliOHATBHOMY
cyOiHTerpaTuBHOMY BHpa3i € Ta0yTipOBaHHM.

BusnauenHs nucnepcii TOMMIIKM [ CHTHAIIB, BIAMIHHHUX BiJ
Oimoro mrymy, I SIKAX CHEKTpajbHAa HIUIBHICTh € PalliOHAJIBHOK TMapHa
(dyHKIlisA 9acTOTH, OTpuMana dopmyoro [1].

f]oo C(p)C( p) p’ (32)

1 (joo _
D,r = f_]oo Kyr0)Kyr(=p)Fy(—p)dp = 2mj J=jo d(p)d(-p)

2mj

ne Fy,(p) - mepenasanbha dpyHkiis Gopmyrodoro ¢insTpa, mo nepeToproe
OLTHIA IyM 31 CIEKTPAILHOIO HILIBHICTIO

S,(w) = a?

B IIPOIIEC] 3 33/1aHOIO0 CIIEKTPAITBHOIO IITBHICTIO Sf (w).

Jliis cxemu TOCITiIOBHOTO 3'eHaHHS (hOpMyr0doro (ibTpa 3 JaHO0
cucreMoro (puc.3.1) mpu BXiZHOMY CHTHaldi y BHUIVIAAI Oioro mrymy
CTIIeKTpabHa MITLHICTE CUTHATY Ha BUXOI (ibTpa

S¢ w) = 5,(w)S1(—jw),



3HaXOAMMO YaCTOTHY XapaKTEePUCTHKY GopMytodoro (Gimbrpa

< (i
Fyp(jw) = ;(](WW)),
Y

abo Ju1s 6iMoro IyMy OAMHIYHOT CrieKTpaitbHoi minsHOCTI S), (W) = 1

Fp(jw) = (jw). (3.3
) 4
() Fo() f)+ ! k) ®)
Sy(w)=1 S¢(w)

Pucynok 3.1 — BusHaueHHs eKBiBaJICHTHOI NepeaBaibHOl QyHKIIT
CUCTEMHU 3 ypaxyBaHHAM (hopMyrodoro ¢inbTpa

[lepenaBanbHa QyHKLIs €KBIBAJICHTHOI CUCTEMH

Ky @)Fy(p) = 55 (34)

[MpupiBHIOIOYM  mONiHOMiaNbHI  KOe(iLli€EHTH 4YHCEIbHUKA 1
3HaMEHHUKA JIiBOT yacTHHH PiBHAHHS (3.3) M0 KoedilieHTiB MHOTOUJIEHIB:

c(p) =co+cip+ P + -+ cppp™
Ta

d(p) =d +dp +dyp? + -+ d,p"

(n>m), 3HaXOIMMO 3HAYCHHS OCTAHHIX 1 00uncaroemMo inTerpan (3.1).

Hpuxmax 3.1 Busnaute mnepenaBaibHy QYHKIIO (HOPMYyHOUOTO

dineTpa Fg(p), AKIIO CHeKTpanbHa MiTbHICTh CHTHAIY Ha BXOZi PeanbHO
CHCTEMHU



2a0%

—=2D——.
w2 + a? w2 + g2

Spw) = -

Pimenns. IlpemcTaBuBIIM CHEKTpalbHY IMUIBHICTh Y BHIISAII

MHOHUKIB:
ov2a ovV2a

jw+a —jw+d

Sf(W) =

3HAaXOJMMO BiINOBiAHO 110 hopmynn (3.2)

F =
¢(p) 1+pT

SIKIIo creKTpanbHa IiNbHICTh Sy(W) He € pallioHaTBHOI (YHKITIEIO

abo BimomMa 3 MOCBiAy, TO IJIs 3aCTOCYBaHHsS aHAIITUYHOTO METOmy ii
MTOTPIOHO aNpPOKCHMYBATH PaIliOHATHFHOO (PYHKITIETO.

3.2 Bu3HauyeHHs] MOMHJIKH BiA nepemkoau (paykryaniiinoi
MOMUWJIKH)

BusnaueHHs (iiykTyanidiHO MOMIIIKA PO3MISAATUMEMO HA OCHOBI
CTPYKTYpPHOI CXeMHu, HaBemeHoi Ha puc. 3.2. 3amaHo: TepenaBaibHA
dynxuis cucremn K,,,(p) i crmexTpanbHa INNBHICTH Tepemkomu f{t) Ha
Bxozii cuctemu Sy(w), npudomy K,,,(p) i 3Haiinenuii Bupas nns Fy(p) —
parioHanbHi 1podw [2].

Jucmepcis TOMIUIKH, CHPHYUHEHOI IHTEPEPEHINIEI0, TOPIBHIOE
(muB. dhopmymy (3.2))

1 0o

joo
1
=2_7Tj fKyf(p)Kyf(_p)Fd,(p)Fd)(—p)dp=
—joo
joo

_ 1 [ c®e=p)
2mj ) aGpy(-p) "’



e S,r(w) = K2, (W)Se(w);

K(p) >

Pucynok 3.2 — BusHaueHHs QIyKTyaliifHOT TOMUIKH

BusHaueHHsT MOMMJIOK BiJ 3aJlal04Or0 BIUIMBY (IUB. (Gopmyiy
(3.2). Iucnepcist MIOMUIIKK, 3yMOBIICHA 3a/IAF0YMM BILUTHBOM,

[ee)

1
Dy = 5= J Szx (W)dW =

2T
1 /e -
—joo

_ 1 [ c@e-p)
2nj ) d@d(—p) "

—joo

ne Sy (w) = Kzzx W)S,(w);
S, (W) — criekTpanbHa MmiNTHICTh MalicTep-Aii Ha BXO/Ii CHCTEMH;
K?2,, (W) — KBaJpaT aMILTiTy IHO-4aCTOTHOI XapaKTEPUCTUKH MOMMIIKH.
Sxmo B Mmaiicrep-aii X (t) MOKHA PO3PIZHUTH CHTHA y BHUIJISAIL
HEBUITAJJKOBOT KOMIIOHEHTH M, (t), SKa € MOBUIBHO 3MIiHHOI (YHKIIi€0
Yyacy, 1 CTaliOHApHOrO IIEHTPOBAHOTO BHUIIAJKOBOTO MpOLECY, TOOTO
X(t) = my(t) + X(t), Tomi TOUHICTH CHCTEMH MOXHA OLIHHMTH 3a

2 . . .
3arajbHOI0 KBagpaTHYHOIO MOXHOKOI Z, , PIBHOIO CyMi KBaJpariB



IUHAMIYHUX 1 BUIAIKOBUX IIOMUJIOK:
52 _ 2,52 _ 2
Zy =2z°+Zy =m",; + Dy
abo
= 2 = 2
Z, =z +vyZ,

Iie Y - KoediIrieHT, o BU3HAYa€ MATOMY Bary BUIIQAKOBOI IIOXUOKH.
_ 1(t) 1n(t) _
z,(t) = Dom,(t) + Dymy~ + Dym, " + -+ = my,(b).

Bu3HaueHHs] TOMWJIKM TMpU CHUTBHIA il 3a4ar040oro BIUIMBY i
niepermkoan. Jlucmepcis cyMapHOi TOXHOKH

o)

1
D, = fSZ(W)dW.

CrekTpaibHa NIJIBHICT CyMapHOi mommiku [11]
S;(w) =
= K2, (W)S, (W) + K (iW)Kzf (_jW)Sfx w) +

+Kzf (jW)sz(_jW)Sxf (W) + Kzzf (W)Sf (W):

ne Sgx(W) TaSyr(W) — B3aeMHI CHEKTpanbHi IMITBHOCTI  3a/1aK0¥0Tr0
BIUTUBY 1 MEPELIKOIN
K (jw) i K, (jw) = Ky s(jw)  —  4acTOTHI  XapaKTepUCTHKHU

MOMUJIKH 32 33IaHUM BIUTMBOM 1 TIEPEILIKOJION0.
3a BiZICYTHOCTI KOpPEMAIil MiXkK TOJOBHOK AI€I0 Ta iHTephEpeHIliern
Srx(W) = Syp(w) = 0, a TakoXk AUCTIEPCi€I0 TOMIITKH

D, = %fom K2, (wW)S,(w)dw +%f000 Kny(W)Sf(w)dW =D, + sz(3_5)

ne D,, - KOMIOHEHTa Jucrepcii MOMWIIKH, CIPHYMHEHA TOJOBHOIO MI€I0
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X(t);
D, - nomMunKa 30ypeHHs, AKa € YaCTHHOO aucnepcii f(t).
Skmo 3amarounii Brus X (t) — perynspHa (QyHKIis, a IepemKoaa
f(t) — cramionapHa BumagkoBa (GyHKILsI, TO MOXUOKA CHCTEMH TOPIBHIOE
CyMi KBa/IpaTiB AMHAMIYHOI Ta BUIIAIKOBOI CKJIQJIOBHX ITOXUOOK:

72 — ., 2 2 _ 2
VA —Zﬂ +Zf _ZA +sz
Hpukaax 3.2. 3HaUTH CcepeTHLOKBAIPATHYHY ITOMHIKY CHCTEMHU
CYNpOBOAY IIiJIi pajiofiokamiiHol craniii. Ha BXim cucreMu HaIXomsTh
CTalliOHapHI BUMAJKOBI HEKOPEIhOBaHI CUTHAIHM — IIBHJKICTH 3a/1al0Y0TO

BBy X (t) CIIUIBHO 3 MEPEIKOI0H0 f ().
[epenaBanbHa QyHKLIS cCUCTEMU

K,(1+pTy)

K z(p) = .
Y p(1+pT)
CHCKTpaJ'IBHa U_[iJ'IBHiCTL H.IBI/I,Z[KOCTi 3a1ar4oro BHJ'II/IBy Ma€ BUTJIAL

2a%y
CriexTpanbHa IUIBHICTh NEPEIIKOAN TUITY O1I0r0 IIyMy

S¢(w) = N* = const.

Pimenns. Cepemne 3HaYeHHs KBaapaTa IIOMIJIKM — MOXKHA
MPEACTABUTH CYMOIO JBOX CKIIAJJOBUX:

10 B I[bOMY BHITJIKy €KBiBAJICHTHE BHPa3y
D, = D,y + Dyy.

CriexTpanbHa IIBHICTE CyMapHOi HOMUIIKA
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S;(w) = K2, (W)Sz (W) + K2, (W)Se(w).

IlincraBuBmIM y BHpa3 CHEKTPaIbHOI IIITFHOCTI TIOMHJIIKH il
CKJIaJIOBi, OTPUMAEMO

T,(jw) +1
T,(jw)? + (1 + K, T,)jw + K,,

2a%y N
(w? +y?)

Sx(W) = ‘

N K,(Tyjw + 1) 2
T,(w)? + (1 + K,T,)jw + K,

BukopucToByoun TaONWYHI IHTErpaJid, MM 3HAXOIUMO 3HAYCHHS

kBazgpara RMS y Burmsi Z—x2

1
ya? [T12 e (1+K,T, + yTl)]
1+ K, T, +yTOWK, T, +v + K,) — T1 Ky

sz = sz =

K,(yK,To* + Ty)
2T1(1 + KUTZ) '

—
Z* =D, =N

SIkmo  Bimomi mapaMeTrpw CHCTeMH Ta Tmepemkomm: K, =
100c 1, T,=1¢ T, =0,2¢;
N?=10,36" 10_6pa,q2 * C, TO CEPEAHBOKBAAPATUYHA TOMHUIIKA

_, [100(1 + 0,04 - 100)
Zo=0,6-10 =2,1-10"3pag ~ 2 . K.

2-1(1 + 20)

Bupasu 11 nepenaBanbHOi GyHKIil posiMkHyToi cuctemu K, (p)
MIPH TIOCTiMHIA BENTWYHMHI CIIEKTPAIBHOI MIUTHPHOCTI MEPENIKOIN Ha BXOJi
crcTeMH HaBeeHi B Tab. 3.1 [8].
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Tabmuusa 3.1 — Jucmepcis mepemaBaibHOI (QYHKIIT PO3IMKHYTOL
cucremu K,,(p) npu TOCTIHHIA BENWYMHI CHEKTPAIBHOI IILIBHOCTI
MIEPENTKOIY Ha BXOJIi CHCTEMH

[lepenaBanbui QyHKITT .
D
K,,(p) Hucnepcist D¢
K(1+pT3) K2[T,Ts + (1 + K)T,%|N?
1+ pT))(1 + pT3) 2T, T:(1 + K)[T; + T3 + KT, ]
2
K, (1 + pTy) K, (1 LK, TTL>N2
p(1+pTy) .
! 2(1 + K,T,)
Ky(1+pT,) (1+ 2K,T,*)N?
p*(1+pTy) 2(T, = Ty)

BusHaueHHs cTyleHs NpUTHIYEHHS nepemkos cucremoro. CTymiHb
MIPUTHIYEHHS MEPENIKOl CUCTEMOIO MOKHA OILIHWTH, BBIBIIN Koeghiyicnm
321a00CY6aHHs,  PIBHUM  BIIHOLIEHHIO  CTAaHAApPTHOTO  BiAXWIJICHHS
MEPEIIKOAN Ha BXOZl CUCTEMH ¢/ 0 CTaHAAPTHOIO BIAXWICHHS MOMUIIKH,
g, TOOTO

e

S¢ (W) - ciekTpanbHa MTBHICTE MEPEIIKOIH Ha BXO/Ii CHCTEMH.
Ipukaan 3.3. BusHauuTn KOEIIEHT 3rIADKYBaHHS 1 0,¢ CUCTEMH,
SIKIIIO Ha ii BXOJI i€ epemKoa 31 CleKTPabHOO MILTBHICTIO

Z‘BO'fZ
Syw) = 14+ w2p?

a mepenaBaibHa (QYHKLIS PO3IMKHYTOI CHCTEMHU
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K,
Kyz(p) = ?'
ne K, = 0,5¢7%; o = 10; B = 0,1c.
Pimrenss.
ky,= |1+ ! _ 4,6
3rJ Kvﬁ 9
o,
Oy = - = 2,18,

3

OCHOBHOIO TEpeBarol0 aHANITHUYHOIO METOAY € MOXKIHUBICTh
BCTaHOBJICHHSI 3B'I3Ky Mk BenuunHoo RMS i mapamerpamu cucremu, mo
JIO3BOJISIE BH3HAYATH 3HAYCHHS MapaMeTpiB CUCTeMH, npu skux RMS
cucteMd MiHiMaiabHa. OnmHak g cxiaagaux CAY aHamTHYHHI METOL
PO3paxyHKy BHIIQJIKOBHUX IIOMHJIOK BHUSIBISAETbCA TPOMIZJKHM, 1 B IHX
BUMNIAJKaX  JOBOJUTHCSA  BIABaTucs 10  HaOmwkeHoro  rpadivHo-
AHATITHYHOTO METO.TY.

3.3 I'padoanatiTHaHIIT MeTO PO3PAXYHKY BUIIATKOBHX NIOMUIOK CAY

MeTon KOpPHCHUH JUisl  AQHAJIITHYHOTO ONKCY  CHEKTPATbHUX
uinbHOCTel rongosHoro edexkry S,(w) Ta intepdepenuii Sp(w) 3a
JOTIOMOTOI0 KOMITJIEKCHHX BHPA3iB, a TAKOXK HAsIBHOCTI BUCOKOTO TOPSIKY
PiBHSAHb JWHAMIKM CHCTEMH, a TakoX JUIsI HPSMOrO BHU3HAYCHHS
CHEKTpaJbHUX IIUIPHOCTEH 1 aMIUTITYTHO-4YaCTOTHUX XapaKTePUCTHK 3a
JIOTIOMOT 010 TpadiyHuX 3aco0iB [44].

IMpouenypa po3paxyHKy Ui BU3HAYCHHS TIOMHJIKH 4epes
iHTep(epeHIIif0 BUTTISAAE TaK:

1) GymyeTbcs aMIUTITYOHO-4acTOTHA XapaKTEPUCTHKA 3aMKHYTOI
CHCTEMH

Kyf w) = Ko(w)

(puc.3.3). OpauHaty 1i€i KpuBOi MiAHOCATHCS OO KBaaparta, i OyayeTbes
kpuBa [(Ky%(w);
2) OymyeThCst KpHBA CIEKTPATLHOI IIITBHOCTI IIOMHIKH
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S, (W) = Ko>(w)Sr(w),

JUISE 9OTO 3HAYCHHS CHCKTPalbHOI IMITBHOCTI HA BXOJ[I CHCTEMHU Sf(W)
MHOXXUThCSI Ha BeIMYMHY KBajgpata AUX cucteMu s KOXKHOI JaHOL
4aCTOTH;

3) BU3HAuYACTHCA 3HAYEHHs iHTerpana | 000 S,(w)dw umsxom
TiJIpaxyHKy IO S, yKIaaeHoi Mix KpuBoio Sg(w) i Biccro abenuc;

4) cepelHiii KBaapaT MOMUIKHU (IUCIIEPCist) BU3HAYAETHCS JIICHHSIM
3HaiIeHO] IO Ha 7T, TOOTO

[oe]

— 1 1
Z? = ;f S,(w)dw = — mwioma S = D,.
0

Ko(w)4 - K@)
S5 (@) o

0,707
S¢(0)

0 H H >
W wr w

Pucynok 3.3 - I'pacdo-ananiTuune Bu3HauUeHHS (IIyKTYaI[ii{HOT TOMUIKH

I'padik creKTpasbHOI MITBHOCTI TOMHIKH S, (W) MOXKe OyTH TaKOXK
po3paxoBanuii 3a momomoror JIUX. 3a 3amanum 3HaueHHsM K(p)
Bu3HayaoThess JIAX 1 @YX L(w) i @(w), 3Haxoautbes JIAX 3aMKHYTOT
cuctemu Ly(w), ii 3HAUCHHS MMOIBOIOIOTHCSA, TOOTO BU3HAYaeThes 2Lo(w)
TiACyMOBYIOTECS 3 BestuunHoto L (w) = 201gSy(w). B pesynbrarti
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2Lo(w) + Lg(w)

S,(w) = K?,:S(w) = antilg 50

Mpukaax 3.4. 3agano

100(1 + 0,2p)
p(1+ 2p)(1 + 0,03p)

K(p) =

S¢(w) = 0,8rpas” - c.

Heo0xigHo BU3HAYHTH BETMYNHY MTOMHJIKH BiJl MEPEIKOaN Z fz.

Pesynpratn obuuciienb, OTpUMaHi Ha OCHOBI BUKJIA/IEHOI METOIMKH,
HaBeleHi B Taou. 3.2.

3a ganumu Tabin. 3.2 Oynyemo rpadik (puc.3.4). Po3duBmm rpadik
Ha Tunosi ¢irypu I i II, Busnauaemo miomry S = 21,98 rpaz?.

Ilomunka:
_o 21,98
Zf =

rpaz?.

K2(0)$;(0)

187
16} /
121
0.8
0.4}

0

[

|
|
|
|
|
|
|
|
: .
0 4 8 12 16 20 24 28 32 36 40 y[c™Y

Pucynok 3.4 - BuzHaueHHs QuIyKTyaliifHO MOMUJIKH 32 JIOTIOMOTOI0
rpagiuHO-aHATITUYHOTO METOAY



Tabmuns 3.2 — Pesynpratn 00UnCiIcHb
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Dopmynu

g

S 5
< +|o
w,c ! 3 S

' L(w) ow) | Low) |[2Lew) [Lw) | XI] | S

S S

] >

S

S]

0,1 60 -102 0 0 -1,96 | -0,098 0,8
0,2 54 -112 0 0 -1,96 | -0,098 0,8
0,3 50 -116 0 0 -1,96 | -0,098 0,8
0,5 45 -117 0 0 -1,96 | -0,098 0,8
1 33 -141 0 0 -1,96 | -0,098 0,8
2 21 -145 0,6 1,2 -1,96 | -0,038 | 0,917
3 15 -145 1,2 2,4 -1,96 | -0,022 | 1,095
5 5 -140 3,2 6,4 -1,96 | -0,022 1,67
10 1 -130 2 4 -1,96 | -0,102 | 1,265
20 -7 -130 -4,5 -9 -1,96 | -0,545 | 0,285
30 -10 -135 -8 -16 -1,96 -0,9 0,126
50 -20 -145 -19 -38 -1,96 -2 0,01
100 -30 -150 -30 -60 -1,96 -3,1 0,008

200 -42 -162 -40 -80 -1,96 -4,9 0
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34 Oniamka NOMWJIOK Bil  HepemKoa, 3yYMOBJIEHHX
IUPOKOCMYTOBMMU BIJiInBaMu. EkBiBajieHTHA cMmyra mymiB

Ipy WHPOKOCMYTOBOMY CIIEKTPi 3aBaj, MPU SKOMY B MEXaX CMyTd
npornyckaHHs cucremu [45]

(muB. puc.), moxuOKa BiJl 3aBaj 3 MIEBHUM HAOIIKEHHIM OOUYHCIIOETHCS 32
hopmyioro

JIe CMyTa IIyMiB
Wy = K2, s (w)dw.
CMyra 1mIyMiB aHaTITHYHO BU3HAYAETHCS BUPA30M

joo

f Ky s(0)Ky s (—p)dp = ml,

—jOO

Wm=7TH

TOOTO JOPiBHIOE MOMHOXKEHOMY Ha T TaOIM4HOMY iHTerpany | mominoma
YUCENbHUKA | 3HAMCHHHKA MiJIHTErPaIbHOrO BHPA3y SKOTO 30iraroThCs 3
BiJIMOBITHUMHU TIOJIHOMaMHU TepefaBanbHOi (QYHKIII 3aMKHYTOI CHCTEMH.
Jlist HaOMMKEHNX PO3PaxyHKIB MOYKHA BBAKATH

wy = (1,5 - 2,5)w,,

JIe W, - 4acTOTa 3pi3y PO3IMKHYTOI CHCTEMHU.
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3.5 BusHaueHHs1 BUINAIKOBUX IOXHOOK 32 JIONOMOIOK0 €JIeKTPOHHOL
MozeJi

AHaITAYHI PO3paxyHKH, IOB'SI3aHi 3 BH3HAYEHHSM ITIOXHOOK Y
ckimaganx CAY, gacTo 3aiiMaroTh 6araTo 4acy, 0COONHMBO SKIIO HEOOXiTHO
0aratopa3oBo BHU3HA4YaTH TOMHIIKY 0pU 3MiHI PpI3HHX HapameTpiB
JOCIIPKYBaHOI CHUCTeMH. MeToj BH3HAYEHHS BUMAJKOBHX IOXHOOK 3a
JIOTIOMOTOIO €JIEKTPOHHOT MOIelTi 0a3y€eThCsl HA BiHOIICHHI 10

-2 Ie)
DZ = Zf = fO kzyf(t)dt, (36)

TOOTO 3HAYEHHsI TUCTIePCii CUTHATY TIOMIJIKK MPU MOJadi Ha BXiJ] CHCTEMHU
Oioro mIymMy JAOpiBHIOE IHTErpaidy KBaapara iMIIyJbCHOI MNepexigHol
¢bynukii [47].

i 2 3 4
5(t ks (t k2 (t 72
—()> Fo(p) CucreMa yf(g yf(i f >
|4

Pucynoxk 3.5 Briok-cxema BU3HaYCHHS QIIyKTyamiiiHOi HOXHOKH 3a
JOTIOMOTOI0 €JIEKTPOHHOT MOIei

Y

Cxema MOJEIIOBAHHS 3 YypaxyBaHHSM pEaJbHOTO BHUIIAJKOBOIO
CHTHaly Ha BXOJI CHCTEMH HaBeleHa Ha puc. 3.5. JUis BU3HAuCHHs Z2,
KpiM Qopmyrodoro ¢insTpa I, Momemi AOCHIKyBaHOI cucteMd 2 3
XapakTepucTukolo k¢ (t) nependayaetbess Ksajaparop 3 uisl MiJHECEHHS
3HaueHHs k,(t) 1o KBajgpara, a TaKkoX iHTerparop 4 Ui BH3HAYEHHS
iHTErpasa fooo kzyf(t)dt.

OIUHUYHANA IMITYJIBC TTOAAE€THCS HA BXIM MOJICHTI CHUCTEMH dUepe3
dopmyrounit npuctpiii §(t). OCKIIbKM IMITyJbCHA Jisl C€KBiBaJICHTHA
HEHYJIbOBUM TIOYAaTKOBUM yMOBaM, MPaKTHUYHY -(YHKIIIFO MOKHAa BBECTH,
CTBOPHBIIIM TOYATKOBI YMOBH Ha TIEPIIIOMY anepioAMIHOMY JAHKY MOJEIT.
Ha Buxosi Mojeni npu T0CTaTHLO BEJHUKIH t, TOOTO y CTalliOHAPHOMY CTaHi,
BiAmoBigHO 10 Bupasy (3.6), OTPUMY€ThCA 3HAYEHHS Z2, 3amucaHe
BHMIipIOBaIbHUM TpriiagoM. Ha puc.3.6 mokazaHo MOAenbHY Jiarpamy Juist
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BU3HAUCHHS AUCHEpcii Kepyrodoi NMOMUIKM CHCTEMH 3 IepelaBajbHOI0
(dyHKIi€0

K =Y
) = 5T
1 CIIEKTPANBHOT MITHHOCT] BIUTUBY
2a0?
Sr(w) = aZ + w2
R, Ry Rg
o — o — c
Il 4 3
R, el Rs rs TG T ® =
> T o
" Rg
Dopayiounii ikt
pMy P . Rg C4 @

Pucynok 3.6 - Cxema eJeKTpOHHOT MOJICIi JJIsi BU3HAYCHHS JUCTIePCii
HOXHUOKH KepyBaHHS

3.6 CuHTE3 cHCTeM aBTOMATHYHOI0 KEpPYBaHHS NPH 3adaHii
CTPYKTYPI Ta BIUTUBI BUNAJKOBUX CUTHAJIIB

Pospizusitors: cuHte3 CAY mnpu 3agaHii CTpYKTypi Ta BIUIMBI
BUMAAKOBUX curHamiB; cuHte3 CAY mpu 3agaHii CTPYKTypi Ta BIUIMBI
BHITQJIKOBUX 1 JaeTepMiHOoBaHMX curHamiB i cuHTe3 CAY mpu 3amaniif
CTPYKTYpi Ta BpaxyBaHHI 0OMEKECHb.

Cuntes CAY mnpu 3amaHiii CTPYKTypi Ta BIUIMBI BHUIIaJKOBUX
CUTHAJIiB PO3IISITHEMO Ha HACTYHNHOMY Hpukiani. 3aBmaHHs cuHTesy CAY
TIpH 3a7aHiil CTPYKTYpi (hOPMYITIOETECS HACTYITHIM YHHOM. 3a7aHO:

a) CTaTUCTUYHI XapaKTEPUCTHKH 33JJaF0Y0T0 Ta 30ypIOIOUOTO BILUIUBIB
S (w) S, (w);

0) CTPYKTypa CHCTEMHU y BUDIISII (DYyHKITIT

ny(P) = ny(pl :81' :82' ""Bn):
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ne f; — mapamerpu cucteMu. [1oTpiOHO 3HAWTH ONTHMAJIbHI MapaMeTpH
P10 P20, -+ » Prno> TPU AKUX 3a0€3M€Uy€THC yMOBAa MiHIMyMy CyMapHOI
JUCTIePCii TOMUIIKH
D, = min
abo RMS Z2 = min.

3a BIICYTHOCTI OOMEXeHb Ha KOOPIWHATH CHUCTEMH JUCHEpCis
TIOMIJIKH YIIPAaBIiHHS BH3HAYa€ThCsA GopMynoo (3.6). 3a A0mMOMOroro
TaONMUIb HTETPaJiB MOXKHA OTPUMATH AHANITUYHWHA BHpa3, IO TOB'A3YyE
JHCIIEPCito IOMUJIKY yrpaBiiHHs D, 1 mapameTpu cucteMu f;.

D, = F(B1, Bz, s Br)- (3.7)

Hocnimxyroun Bupas (3.7) Ha ekcTpeMyM (IIPUPIBHIOIOYM YACTKOBI
MOXigHI 1Mo [; HyNI0), 3HAIeMO 7 pIBHSAHB, 3 SKUX BHU3HAYAOTHCA
ontuManbHi mapamerpu CAY, mo 3a0e3nedytoTs MiHIMyM ITOMIUTKA. SIKII0
YHCJIO0 3MIHHHX TI HEBENMKE, MOIYK eKcTpeMyMy (QyHKIII F He BUKIIHMKae
TpyzaHoutiB. [Ipy BenmukoMy 4uMcIii 7 BIAIIYKaHHS €KCTPEMyMY CKJIaIHOI
¢GbyHKIil F MOB's13aHe 3 TPYAHOIAMH, TOMY BUKOPHUCTOBYIOTHCSI HAOIMKEHI
metoau. [Ipu BpaxyBaHHi, KpiM aucrepcii MOMHIKH, ii MaTeMaTHYHOTO
OYiKyBaHHS, CEpeiHid KBaapaT MOMMJIKH CHUCTEMH BHPa)Ka€ThCS dYepe3
rapaMeTpH CUCTEMH 1 BXiIHOTO CUTHAJY CITiBBiTHOIICHHIM

ay =22 =m,(By, ., Bn) + Dz (B, e, Br).

OntumanbHi mapaMeTpu, sKi MiHIMI3yIOTh CepeaHii KBaapar
MOXUOKH CHCTEMH, SKIIO BOHA MAa€ €KCTPEMYM, BU3HAYAIOTHCS 3 CHCTEMH
PIBHSHD BUTIISITY

0727 Omy By, -, Bn) | 0Dz (By, -, Bn)

3F, =2m,(By, ..., Bn) 3p, 3p, = 0.

Y  nOpakTHYHMX ~ BHUMAAKaX 3HAYHA 4YacTHHA  [apaMeTpiB
BH3HAYAETHCS 3 YPaxXyBaHHSIM TEXHIYHUX | KOHCTPYKTOPCHKUX MIpKyBaHb, 1
3aBJaHHSIM € BH3HAYMTH OAWH abo0 KiJIbKa IapaMeTpiB CHCTEMH, SKi
MiHIMi3yIoTh RMS. Takumu mapameTpamMu MOXKYTh OyTH 4acOBi KOHCTaHTH
KOPHUTYIOUHX 3B'S3KIB 1 KoeillieHT IepeTBOpEHHs BIIKpUTOI cructemu [48].
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[TapameTpu cucremu, oOpaHi 3a MiHIMAIEHUM KpurepieMm RMS,
JIOJTATKOBO OIIIHIOIOTHECS HAa OCHOBI YMOB MOXJIMBOCTI iX TEXHIYHOTO
BIIPOBA/DKCHHST Ta JIO3BOJICHUX JMHAMIYHHMX TIOKa3HHMKIB CHCTEMHU (4ac
peTYITIOBaHHS, HAIBHICTD 1 3HAYCHHS HAIMIPHOT pETYIIAIIiT TOIIO).

Hpukaax 3.5. BusHaunTy onTUMaibHe 3HAYCHHS K, U1 cHCTeMU
3 MepeIaBHOI0 (PyHKITIErO

K,
Kyz (p) = ?'

sIKa OTPUMY€E BU3HAUAIBHY IO Ta MEPEIIKOY XapaKTepPHCTHKAM

22a

S,(w) = > uSe(w) = a?.

az+w
Pimenns. Buie Oyno oTpuMaHo BUpa3 AucHepcii MOXUOKH:

D - ac? +a2Kv
T a+K, 2

OnTuMabHe 3Ha4eHHS K, TOXOIUTH BiJl YMOBU

aD,
oK,

=0,
Jle OTPUMAEMO

D,  aog? N a?
0K, (a+K,)? 2

=0,

3BIIKHA

K i 2
= - a—da.
v oNnT a

3uavyeHHs K, o, 32JICKHUTH BiJl 3HAUEHHS 0 Ta @, 10 XapaKTepU3ye
BU3HaUanbHUN edekT 1 inTepdepenmiro. [lpu 3MiHI 0 Ta @ 3MIHIOETHCA i
3HaYeHHA K, opr-
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3.7 Cunre3 CAY 3a 3a1aHOK0 CTPYKTYPOIO Ta Jii BUNAJKOBHUX i
JleTepMiHOBAHUX CUTHAJIIB

VY 1pbOMy BHUIMAJKy METOJ BUOOPY ONTHMATBHUX MMApaMETPIB CXOKHN
Ha ToniepeHii. JlaBaiiTe MpOUTIOCTPYEMO 1€ Ha IPUKIIAII.

Mpuknag 3.6. BuzHauutu onTumansHe 3HaueHHs K, cuctemu
ABTOBIJICT&)KEHHSI MiJi B TepMiHaX [aNbHOCTi, KONU IUIb JICTUTH Y
HalpsAMKy Oe3mocepeqHho A0 CTaHIil. Y IIhbOMYy BHUIAAKY HIBHIKICTH
rOJIOBHOI if

x(t) = D(t) = v,

TOOTO € JIETEPMiIHOBAHOK (DYHKIIIEIO Yacy.
XapaKkTepUCTUKH 3aBaJIN

Sf (W) = az.
IlepenaBanpHa QYHKITISI CHCTEMH

K,
Kyz(p) = ?

Pimenns. [Toxubka Bix AeTepMIHOBAHOTO 33JIal0Y0TO BIUTUBY

v
z, =m, = Dx(t) = Dyv = —.

K,
CymapHa noxuOka
2 2
_ p— v a“K,
ZZ Zﬂ2+Zf _ZLL2+DZf K_vz > )
072 _ v? a® 0
oK, K2 2

3BIOKHA
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% 3 41;2
vV oNT a? ’

IIpu HeoOXigHOCTI BpaxoByBaTH OOMEXEHHS Ti€i 4 iHIIOL
KOOPIWHATH CHCTEMH, IO € BUIAIKOBOIO (DYHKITIEIO Yacy, i BUpINICHHI
3alaui B paMKax JIHIHHOT Teopil JOIIIBHO OOMEXKEHHsS He camoi
KOOpJIMHATH, a 1 cepeqHporo 3HaYeHHs (puc. 3.7).

[Ipu HOpMaNBPHOMY 3aKOHI PO3MOIIIY WMOBIPHICTH TEPEBHIICHHS
BHITAKOBUM TiporiecoM 3HaueHHSs M = 30 gopiBaioe 0,003, ne 0 —
CepeIHbOKBAIPATUYHE BIOXWJICHHA, a M — MexXl 30HM JIHIHHOCTI.
[Mpumyckatoun, mo B IUX YMOBaX CHUCTeMa OUIBIIY YacTHHY 4Yacy Oyze
MTOBOJIUTHCA SIK JIiHIITHA, BETMYNHY a MTOTPIOHO OOMEXHUTH 3HAYSHHAM

M

< —
°=73

abo oucnepciro — 3HAUeHHAM

MZ
D<—.
9

BuxinauMu piBHSHHSIMU U1 BUPIIMIEHHS 3ama4i MiHiMizarii RMS e
BHpa3 JiJIsl IOXUOKU CHCTEMU

= _
A _F(ﬁl'ﬁZ'-"'ﬁn)
Ta PIBHAHHS, IO TOB'SI3y€ TMapaMeTpd CHCTEMH Ta CHUTHANiB i3

O6MC)KCHH$1M, TaKMM sK W-TIpUCKOPCHHS Ha BI/IXO)Ii CHUCTEMHU, TOOTO
MPUCKOPCHHSA CUCTCMHU.

w? = @(B1, Bz, Br) < GWmax)?, (3.8)

0€ Wpex =M - MakcuManbHO JONYCTHME B CHCTEMi 3HA4YCHHS
MIPUCKOPEHHS.
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|

w

_——

witwy

a- XapaKTePUCTHKA JIHIHHOT MOJIETIi; 6 - XapaKTEePUCTHKA EIEMEHTa 3
00MeXEeHHSM; 6- MaKCHMaJIbHa aMILTiTy1a 30ypeHHs! JUIS JTIHIHHOTO
BHUXOJY; 2- 00J1aCTh JIIHIHHOCTI Ha BUXO/I1

Pucynok 3.7 — XapaKkTepuCTHKH €JIEMEHTA TUITY «OOMEKEHHSD»:

BpaxoBytoun obOmexenHs (3.8) i 3aMmiHIOOUM el BHpa3 Ha
PIBHICTB, OTPUMYEMO, HA OCHOBI MeToy Jlarpamka

7,2 = F(By, Byy s Br) + 20 (By, Bas ) Br),

ne A - HeBu3HavYeHui koediuieHT Jlarpamka
3HaWIIOBIIN

97,2
aB;

=0 (i=12..,n),

Busnaunmo N piBHAHR 3 N+1 HeBimoMuMH. JIOTTOBHUBIIHM aHi
PIBHSHHS PiBHICTIO

w2 = @By, Bas s Br) = G Wimax)?, (39)
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OTPUMAEMO BIJICYTHE PIBHSHHS IS 3HAXOJDKCHHS ITyKAaHWUX TapaMeTpiB,
10 MIHIMI3yIOTh IOMWJIKY 3 YpPaxXyBaHHAM OOMEXEHHS IO MPUCKOPEHHIO
BuximHoi koopauHatH CAY. [lpu HeoOXimHOCTI BpaxyBaHHS pAAY
oOMexeHb (HampWKIIam, 10 BUXIAHIM KOOpAWHATI, I IIBHIKOCTI,
MPUCKOPEHHIO 1 T. JI.) BiJMOBITHO 301IbLIYETHCS YHUCIIO PiBHSAHB THUITY (3.9),
TOOTO

2_12 = F(B1, B2 s Bn) + Z A;0i (B1, B2y s Br)-
i=1

3.8 Cunre3 i mpouexypa BH3HAYCHHSI ONTHMAJIBHOI IepeIaBAJIBLHON
dyHkuii

3aBmannsaM cuATe’y CAY 3 MOBUTHHOIO CTPYKTYPOIO € BH3HAYECHHS TaKOl
XapaKTEePHUCTHKH Kyxonr(P) (puc. 3.8) 3 BioMMMH CTaTUCTHYHMMU

XapaKTepuCTHKaMH  Kepytodoi i S, (w) Ta intepdepenmii Sp(w), npu sxiit
JICIIEPCISt CyMapHOT TIOMIJIKH

7% = (Y, — Y)? = min,
e
Yip (@) = X(0)K,p (p);

Y(p) = n(p)K,x(p);

Yop(p) Ta Y (p) — 3anane Ta fiticHe 3HaUeHHA BUXiIHOT BETMYMHM;
Kyp(p) — amroput™ nepeTBOpeHHs.

f®

x(t) f K(p) (0
= —Y 7Z(t)
| +
| PN ey > Knp(p) _______ ); l'lp(t)

Pucynoxk 3.8 - BuzHaueHns noMuiiku ynpasiiaas CAY
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n(p) = X(p) + f(p).

OnTUMaNbHOK XapaKTEPUCTUKOID Mae OyTH (i3U4HO peasi3oBaHa
(hyHKIIisL.

Po3spizusrors cunTe3 CAY 3 HECKIHUEHHOIO 1 CKIHUEHHOIO TTaM'SITTIO.
VYV CAY 3 neckinuennow nam'smmio BuxigHe sHauenns Y (t) 3a MoMmeHT t
3a3BUYAll 3aJIEKHUTHh HE JIUIIE BiJl IIOTOYHOTO 3HAYCHHS BXIiJHOTO CHUTHAIY
X(7), a # Bij #oro momnepeaHix 3Ha4eHb, TOOTO Y(t) y MeBHUIT MOMEHT Yacy
3aJIeKUTh BiJl YCIX 3Ha4eHb X (T) Y HECKIHUEHHOMY YacOBOMY iHTEpBai T:
—oo0 < 1 <t [48]

CAY 3 KIHIEBOK TMaM'ATTI0O HAa3UBAIOTh CHCTEMH, Yy SKHX

IMITyJTbCHA TIepeXifmHa (QYHKISA 3 AeSIKOTro 4acy T cTae TOTOXHO PiBHOIO
HYJII0, TOOTO

kyX(t)ltzTo =0,
a0o0 mepexijiHa XapaKTePUCTHKA 3aJI0BOJILHSIE YMOBI

Y(®)l¢s1, = ¥o(0) = const.

Taka cucrema TOBHWHHA 3a0e3medyBaTH HE TUTBKA MiHIMAaJIbHY
JUCTICPCItO, aJie 1 IeBHY MIBUIKOJIIO (Y4ac MepexiHOrO MpPOoIIeCy) 1 TOUHICTh
BiITBOpEHHs 200 MepeTBOPEHHS 3a]af0u0ro BILTUBY. Hibkde po3misinaeTbes
cuate3 CAY 3 HECKIHYEHHOIO 1 CKIHIEHHOIO ITaM'TTIO.

Po3B'si3aHHs 33724l CUHTE3y CUCTEMH 3 HECKIHUCHHOI MaM'sITTIO Ha
ocHOBI Teopii Konmoroposa-Binepa 6a3yeTbcsi Ha TaKMX MPUITYILICHHSX:

1) mykaHa MakCHMMaJbHa CHCTEMa € JIHIHHOI 1 Mae MOCTikHi
napamMeTpH, [0 J03BOJISIE OOMEXUTH 3a7a4y 3HaxomKeHHs Kyy onr (P);

2) 3amarodi Ta 30ypIOIOYi BIUIMBY € CTALlIOHAPHUMH Ta €PrOANYHHUMHU
BHITaJIKOBUMU TPOIIECAMH, 110 MAIOTh CEPeHI 3HAYCHHS, PiBHI HYIIIO;

3) miHiMajbHE 3HAYEHHS IPUAMAaEThCS K YMOBA ONITUMAIBHOCTI

Z2 Th_r)rolo 5T I[an(t) Y(t)] dt = min;

4) ymoBOWO (i3WYHOI 3/IMCHEHHOCTI CHHTE30BaHOI CHUCTEMHU €
HACTYITHA PiBHICTB!
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k(t) =0mput < O0;

5) Bxigumit curHan n(t) € CyMmMOK0 TOJNOBHOrO e(peKTy Ta
iHTepdepeHwii, iHIUMH CIOBaMH, TOJOBHUH edekT 1 iHTepdepeHuis €
aJMTHBHUMHU.

IHOMI BBOAATHCS JIOMATKOBI YMOBH:

a) BILUTUBU BCTAHOBJICHHS Ta 30ypeHHS CTaTUCTUYHO 3aJIeXaTh OIWH
BiJl OHOTO;

0) TOYKM 3aCTOCYBaHHSA yaapy Ta TMEPEIIKoau He 30iraroThes.
JlonaTtkoBi yMOBHM HPHHIMIIOBO HE € HEOOXiTHHUMH, OCKUIBKH MOXIIUBO
BpaxyBaTH 3B's30K MK yIapoM i 30ypeHHSIM 1 HABECTH 1X IO OMHOTO BXOIY.

3amaqy MOXKHA y3araJIbHUTH Ha BUITAIKA HECTAIIIOHAPHUX MPOIIECIB 1
Ha JIHIMHI cuCTeMU 3 3MiHHUMH mapameTrpamu. OHAK PO3paxyHKH 3HAYHO
CKJIQJIHIMI 1 TYT HE PO3TIIAAIOTHCSL.

1 " P1 (]O)) +
vGo) [ 17| 6w 4

N /

7 N\
Pucynok 3.9 - Busnauenns ¢izudHo peanizoBaHOi ONTHMAaIbHOI
nepenaBanbHOl QyHKIIT

Y

ITopsimok  BH3HAYECHHS ONTHMANBHOI mepenaBanbHOl  (YHKIIT
¢izuuno 3xificnennoi CAY macrymnuuii (puc. 3.9):
1) oOuHMCTIOETBCS CyMapHa CIIEKTpaibHa MIUIBHICT BIUIMBY i
MIEPEIIKOIH, 1 I CyMa MONAEThCS y BUTIISIL JOOYTKY IBOX MHOXKHUKIB:

Sx(W) + Sp(w) = Y(w)p (—jw);

2) BUAUTSIETHCS CKIIAI0Ba
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1
Y(w)’
3) BHpa3 PO3KIATAETHCS HA MPOCTINTi KOMIOHEHTH
Sx(w) K. (jw) = PGw) | PGw)
Y(=jw) P §Gw)  Y(=jw)
1 BIZKMIAIOTBCS WIGHH 3 TOJIOCAMH, pPO3TAIIOBAHUMH B TpaBiil
. . P, (j . . .
MiBIUIOIIUHI, TOOTO wzfjxl})), IIpU [IOMY BUAUISIETHCS (DI3UYHO peartizoBaHa
Py(jw)
qyaCcTUHA ———.
§Uw)

4) ontumanbHa (i3MYHO peanizoBaHa TepeAaBaibHA  BYHKILiS
CUCTEMU

5)

Sx(W) (] )] 1 Pl (]W) (3 10)

Kyxonr (W) = Y(iw) [1/1( jw) Kap T yuw) EGw)

JUIs. BU3HAYEHHS peai30BaHOi ONTUMAIILHOI MepeaaBaibHol (QyHKIIi
B iHTerpanbHiil popmi H. Binep HaBoauTh Bupas

L@ g-iwegy [ Dwn®) jwegy, (311)

Kyxonr(W) = o (o)

27T1/J(JW)

ne Synpn(W) - B3a€MHA CHEKTpalbHa TYCTHHA 3a[aHOTO BHXIJHOTO
CUTHaJly Ta 3arajbHa BXiJHa €KCIO3ULIs:

Sy np n(W) = Sy npx(W) + Sy npf(W)-

Bubip ¢dopmynun a1 BH3HAUEHHS ONTHMAJIBHOI LIECTEPHEBOI
¢dynxii (3.10) a6o (3.11) 3anexuTh Bil KOHKPETHOTO 3aBIaHHs. 3a3BHUail
cuiBBizHomenHst (1.61) 3pyunimie, sKmo iHTepdepeHIiss Ta BIUIMB
TOJIOBHOTO HE KOPEJOIOTb.

IIpu HAABHOCTI B3aEMHOI KOPEISIIil 3a]al090T0 BIUIMBY 1 TIEPEIITKOIH
ONTHMalbHa NepeaaBaibHa QYHKIIIA
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_ 1 [Sw)
" wGw) [ (—w)

Kyx onr W) Kup (]W)]

1e YUwP(=jw) = S, (W) + Spx (W) + Syp (W) + Sp(w);

Sex(W) 1 Sy (W) — 300paxenns @yp'e Bifl B3a€MHO KOpesslifiHuxX
GbyHKIIII 321a1090T0 BIUIMBY 1 nepeikoau (iHtepepeHiiii).
OnTtumarnbHy mepefaBajbHy (YHKIIO MOKHA 3alldcaTH B
HaCTyIHIlN GopMi:

NRGEACO RN

Kyxonr(P) = ) w(—p) Knp(p)

3a BIJCYTHOCTI B3a€MHOI KOPEJSAIl MiXK 3aJal0uuM BIUIMBOM Ta
intepdepentiero g, (W) i Syr(w).
3HaueHHsT OWCIepCii TOXMOKW [UII CHCTEMH 3 ONTHMAaIBEHOIO
MepeaBHOI0 (PYHKITIEI0 BUPAKAETHCS SIK

K2 (w)dw.

Z=

1 [ Sew)Sw)
2 f Se(w) + Sr(w)

—00

Y Tabn. 1.5 HaBeneHO pe3ynbTaTH PO3PAXYHKIB ONTHMAIbHOI
nepenaBanbHOi  GyHKIIT CAY 118 pi3HHX BHUITAJKOBHX CTaIliOHAPHHUX

3aJaf0uuX BIUTUBIB 1 MEPEIIKOJ THUIY OLIOro Irymy, KOMU MK HHMH

. ) . A . .
KOpeysIist  BigCyTHsS. Y  Tabmuii p = ~  BIIHOWICHHS  DiBHIB

CHUT'HAJI/TICPEIIKO/Ia Ha BXO/Ii CUCTEMH.
3.9 Bu3znaveHHs1 ONTUMAJIBLHOI IMIYJILCHOT epexiAHoi pyHKIii
[punyckaerbes, mo BumagkoBi edekrn Ta f(t), ski €

CTaIllOHAPHUMHU BHITAJKOBUMHU (PYHKIISIMHU, 3aCTOCOBYIOTHCS 1O OIHI€l i
Ti€l & TOUKH cucTeMu [49]
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X(t) + f(t) = n(t),
ne n(t) e cramioHapHOIO BUIAIKOBOIO (DYHKIII€IO.
7% = [Yo () = Y(©)]" = min.

3a BU3HAUYCHHSM,

77 = limp_q, 7 fy Z2(8)dt, (3.12)
e
Z2(t) = [Yp(D]” = 2Ypp (DY () + [Y (©)]? (3.13)
Buxigauii curaan
Y(t) = [ kyp(Dn(t — T)dr (3.14)

Ta
YOI = [, kyx(On(t — D)dr][ [, kyxmn(t —n)dn]  (3.15)

Po3B'szytoun piBusinas (3.13) - (3.15) pasom, orpumaemo

[ee)

Z2(t) = Ry 1 (0) — 2 j Ky (@) R, mp (D)l +
0
+ [ [ lox@ kyetRa = azan,  316)
0 0

T

1 12

Ryp(©) = Jim o [ [ty @) de = [1, O]
0

—CEpCaHE 3HAYCHHA KBaJpaTa 3aJaHOI'0O BI/IXiI[HOFO CUTrHaly,
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Ta6mmns 3.3 — CrekTpanbHa MITBHICT

CriexTpasnbHa .
- OnrumanbHa nepegaBainbHa QYHKIISA
3a1ar040ro 3aBaj
BILUTUBY " 3amkneHa cucteMa Ky onr (P) Posimknena cucrema K, onr (9)
Se(w) Sp(w)
A? 2 X Z
we a p+x’ x=r
4B . Dl Ry x—B
% +w? “ p+x VP BB p+B
A? 2 V2xp + x? x= 7 V2xp + x?
w* p? +V2xp + x2’ p?
(x—AW2p+x+p)
a%p o TR S G—B2p+x+p)
Bt +w 24+ 2Bp + B2
TN p Bpr + B
x(2p? + 2xp + x?)
2 ; 2xp® + 2x°p + x3
A a? p3 + 2xp? + 2x2p + x3’ X 2P TEXYPTX f prx
we _ % p
2(x — B)p? + 2(x% + B?)p + x3
Ap? o2 D3+ 2xp? + 2x%p + %3 | 2(x = Pp? +2(x* = pPp+x° - B3
6 + 6 3 + 2 2 + 2 2 + 2
Be+w x=5’p2+ﬁ3ﬁ p Bp B*v+pB

T
1
Ry np n(1) = ’lll—l;{alo?f n(t — T)an(t)dt = Ry npn(_T):
0

—B3a€MHa KopelsiliiiHa (QYHKIIST MK 3aJaHUM BHXIJIHUM Ta
BXIIHUM CUTHAJIaMH;

T
1
Rule =) = Jim 7 | n(e = n(e = n)de = Roe =),
0

—KopensniiHa (YHKIIis BXiTHOTO CHUTHAIY.
Pipusnns (1.67) BcraHOBmOE 3B'A30K Z2(t) € kyyy () i3 3amannmu
xopensuitaumu Gynkuismu Ry, 1p(7), Ry np (7)) 1 Ry (7).
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Jlns BU3HAYEHHS iMITyJIbCHOI mepexinuoi GyHKuil Ky oy (t), 1m0
MiHiMi3ye RMS, noznaunmo

kyx(t) = kyx onT (t) + [,lT(t), (3.17)

ne r(t) - noBinbHA (Hi3MUHO peasri3oBaHa IMITyJIbCHA NIepexiaHa QyHKILis;
U - IEPEMEHHBIN [TapaMeTp.
[Mixcrasnsioun Bupas (3.17) y dopmyiy (3.16) cepeane 3HaueHHS
KBajpara IOMIJIKH Oyme GYHKITIEIO apaMeTpa U, TOMY IS 3HAXOKCHHS
daz2(t)

Minimymy Z2(t) HeobXigHO BimurykaTu o 0 mpu p = 0. OcraHHE

BurmBae 3 ymou (1.68), 3 saxoi BummBae, WO Ky (t) = kyy opyr (£) i

Z2(t) = min Tineku mpu u = 0. OTxKe,

d_z ©o 0 (00
Zdu(t) =-2 fO T'(T) Ry “Pn(T)dT + fo fo kyx onT (T)T”(U)Rn(f -
_n)den + fo fo T(T)kyx OIT (77) Rn(T - n)dn +

+2u [, [ r(@)r () Ru(z — n)drdn. (3.18)

3 oAy Ha MapHICTh KopensaiitHoi GyHkil R, (T)

f f kys onr (O Ry, (v — n)drdn + f fr(‘[)kyx oue (M Ry (x
00 00

—n)dzdn
(3.19)
[Mincrapmstoun  y  dopmyny (3.18) w=0 i BpaxoBywuH
criBBigHOMeHHS (3.19), 3HaiiHEMO

o

2 f T(T) [f kyx onT (n)Rn(T - TI)dTI - Ry Hpn(T)] drt = 0.

0 0

(3.20)

Ockinbku 1 (T)BiAMIHHE BiI HyJs, 3a BUHATKOM KIHIIEBOTO YHCIIA
3Ha4YeHb T, Bupa3 (3.20) cnpaBeyiMBUii 32 YMOBU
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Sy kyxome MR (T =1)dN = Ry ypn (1) = 0mipu 7 > 0 (3.21)
Ta

fooo kyx onr (DRy (T —n)dn — Ry np n(t) mput =0
(3.22)

Jane HeiHTerpanbHE PIBHIHHS, SIKE HA3MBAETHCS PIBHAHHAM BiHepa-
Xomda, BU3HAYa€ ONTUMAIBHY IMITYJIbCHY MEepeXiaHy (QYHKINO CUCTEMH. 3
dopmymu (3.21) BumUIMBae, mo iMIyidbCcHa mepeximHa ¢QyHKmis Oyne
ONTHUMAJIBHOIO, SKIO pEakKilii CUCTEeMH Ha BXIJHWA CHUTHAJ, PIBHUMA
KopensiiHii  GyHKuii R, (T) pealpHOro BXiIHOTO CHTHANY, IOPIBHIOE
B3a€EMHO KOpenAmiiHii @ynkuii Ry, ,(T) 3amaHoro BuXimHOTrO i
peaspHOTO BX1THOTO CHUTHAIIB.

Iarerpansue piBHsHHSA (3.20) M€K0 BUPIIIY€ETHCSI, KON BUIaIKOBHHA
BXimHUH curHan n(t) sBisie co0o0 OUMMI IIyM; MPH LBOMY IHTErpaibHE
PIBHSIHHS TIEPETBOPIOETHCA B anreOpaiuHe, OCKUTBKH KopesiiitHa QyHKIIisa
Oitoro mrymy BHpaxaetbes uepes Gpyukuito R, (t) = DS (1):

kyx onT (T)D - Ry np n(T) = 0.

QOyHKIIS IMITYIBCY Y I[bOMY BHITQJKy BU3HAYA€THCS BUPA3OM

1
kyx ont (T) = Ry np n(T)B (r = 0).

Y 3aranpbHOMy BUTNanKy, koiau n(t) He € OUIMM IIyMOoM,
BUKOPHUCTOBYETBCS HACTYIHHH NpHiOM. Byayerbest miniiiHA cuctema, 110
MEPETBOPIOE AaHUH BXiaHUI curHan n(t) B Oinuii mwym y (To0TO OynyeThes
GbinbTp, 3BOPOTHHIA 110 (GOpMyroUoro QiIbTpy), a IMOTIM 3HAXOAUTHCS
ONTHMaJIbHAa cucTeMa 3 OinuM ImymMoM Ha Bxomi. IlocmimoBHe 3'eqHaHHS
OUX OBOX CHCTEM Ja€ ONTHMAaJbHY CHCTEMY 3 JAaHHM BXiJIHUM CHTHAJIOM

n(t).
3.10 CunTe3 onTHMAJBLHOT CHCTEMH 3 KiHIIeBOIO TaM'ATTIO

CuHTEe3 ONTHMAalIbHOI CHCTEMH 3 KIHIIEBOIO IAM'ITTIO O3HAYae, IO
3ajlaya CTaBUThCS HE Ui Oe3yMOBHOro MiHiMmymy RMS, a mis meBHOro
YMOBHOTO MiHiMymy RMS, BpaxoByroUrM BHKOHAHHS 33J]aHUX YMOB, TOOTO
MEBHOTO TMepexigHoro yacy T, Ta OOMEKCHHS BEITUYHUHH TMOMUIIKH
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BiATBOpeHHS ab0 TpaHcdopMarllii il HaJaImTyBaHHS (IHHAMIYHA TTOMUIIKA)
[50].

PO3I‘J’I}IHCMO CHUHTE3 CHCTEMHU JIdA BI/IHaI[Ky, KOJIM CHUTI'HaJI, IO
CKIIAZa€ThCsl 3 HEBHITAMKOBOi, IMOBUIRHO 3MIHHOI Mil, NpeIACTaBICHOI
TIePIIMMHY KiThKOMa WIeHAMHU PO3KiIaay Ha psn Temopa, mie Ha Horo BXomi

x(t) = ay + ast + a,t?

e ag,a1,a; - Oymb-ski KoeiIieHTH, 1 CTaIliOHapHOTO BHIIAJKOBOTO
CUTHAITY - IEPEMIKOAN Y BUTIISIII O170T0 MIyMy 3 KOPEJSIIHHOI0 QYyHKIIE0

R (1) = a?8(7).

Anroput™ Tpancdopmanii cuctemu Ky, (p) = 1.
3amaHi YMOBH TaKi: yMOBa ISl IEpEXiMHOT QYHKITIT IMITYITECY

_(#0, 0<t<Ty
kyx(t)_{z 0, 0>t>Ty;

piBHICTE Hymo JuHaMiuHOI moMuikH —Z,(t) =0, oOymoBieHol
BIITBOPEHHSIM TIOBUTRHO 3MIHIOBAHOTO BIUIMBY, 1 MiHIMyM RMS,
06YMOBIIEHOT TIEPEMIKOI0I0 Z. F2 = min.

Ockinbkn  Koe(imieHTH TOXMOOK TOB'I3aHI 3  IMITYJBCHOIO
TIepeXiTHOI0 (DYHKITIEIO CITiBBITHOIIICHHSIM

. T .
Di=~(-1'7 [, thy@dr=p;, (329

Toz1i, 06 3a0e3neunty —z,(t) = 0 (TOOTO BCTAHOBICHHS 3HAYCHHS
D;), HeoOXimTHO BUKOHATH HACTYITHI YMOBH:

T

Uo = f kyx(T)dt = 1;

0
T

U = frikyx(r)dr =0,
0



35

Iie U; - MOMCHTH IMITYJILCHOI MepeXiTHO1 HyHKIIIi.
Jucnepcis moMuiky Bif iHTEpepeHii

T

D, = a? f k%, (7)dr,
0

Bupas miis ymoBHOTrO MiniMansHOoro RMS

T

N
Dzl = Dz + Z _Aiﬂi = f
i=0

0

N
a?k?,, (1) — Z 22,7k, (D) d7,
i=0

ne A; - HeBU3HaYeHI MHOXHUKH Jlarpanxa.
3 yMOBU

0Dy _
Ok (7)

3HaxXo0JuMO

N
azkyx(T) = 2 AiTi;
i=0

TOOTO iIMITyJIbCHA TIepeXiHa QYHKLIS Ma€ BUTIISA

kyy(T) = ag + apt + ay T3 + -+ a, ", (3.24)

e
Ao A;

a0=;; a; = —.

3HANIIOBITN 3HAYEHHS MOMEHTIB IMITYJICHOI mepeximaHoi GpyHKmii 3
ymoBH (3.23), BU3HayaeMo KoehillieHTH 3a/1al040ro BIUIMBY. [ligcTaBuBIIH
ix 3Ha4yeHHs y Bupa3 (3.24), oTpUMaEMO ONTHMANIBHY TepexiiHy (YyHKIiI0
kyy ().

Hpukaag 3.7. BuszHauuTH onTHMaNbHY MepexigHy (YyHKULi0
CHCTEMH 32 YMOB
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x(t) = ay + ayt, z,(t) = 0.

1o mpu3BOANTH IO BUMOTH 3a0e3meueHHs Uy = 1ipu; = 0.
Posp's3anHsg. Y npOMy BHIAIKy ONTHMANbHA IMITyJIbCHA MEpeXimHa

GbyHKIS
kyx (1) = a7

O0YHCITIMO MOMEHTH IMITYJIHCHOI ITepeXiMHOT hYHKITIT:

T
Uo = j(ao +a,7)dtr =1,
0

Ta

T
Uy = f(aor + a;t®)dr =0,
0

Po3B’s13aHHS OTpUMaHOT CUCTEMU PIBHSIHD JA€:

6

4
a0=?; a1=—ﬁ,

1 ONTUMaNbHY IMIYJIbCHY NEpEXiqHy QYHKIIIO.

4 6
kyx onT(T) =TT

T T2
Bona peanizyeThcs NUISIXOM HAOJIMKEHOT alpOKCUMAIIii.
Skmo HeoOXiHO CHHTE3yBaTh cuUcTeMy 10 MiHiMmymy RMS 3a
JIOTIOMOTOI0 JIBOX BHTAJIKOBUX CTallioHapHUX i X i f, 3acTrocoBaHuX y
OJIHI/ TOUIIi CUCTEMH, TOAI 3a]a4a 3BOJUTHCS JI0 MOLTYKY MiHIMyMYy

77 = limgeoo = [ [Yup(©) = [Pt ~ by G| de (3.25)

Sxmo ymoBa BukoHaHa z,(t) = 0.
V 1poMy piBHSHHI BIUTHB Ha BXOMi CHCTEMH
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n(t) = X(&) + f(t); Yyp(t) — HeoOXimnuit 3aK0H 3MiHH 3MiHHOT X

[oe]

Yoo (6) = f X(t = 1) kye mp (DT,

—00

7€ Ky np(T) — 3a/1aHe 3HAYEHHS IMITyTECHOT MepeXianoi pyHKiLii.

BusHayenHss MiHiManeHOro RMS (3.26) 3a ymoBm Zz,(t) =0
MIPU3BOANTH JIO IMITYJBCHOI TiepexigHoi (YHKINI, $SKa 3aT0BOJIBHSIE
iHTerpasibHe PIBHAHHSA

Jy Rn (t = Dkyy (Ddt = T_g At + [ Rp(t = DX(Ddr (0<t <
T), (3.26)

ne A; — HeBU3HAa4YeHI MHOXKHUKH Jlarpanxa.

Pos3B'szannsa piBasiHEA (3.26) HaBemeHo B poOoTi. BukonaHHs
BUMOTH Z,(t) = 0 cipuunsse 30inpurenas RMS Bin Brumsis X (t) ta f(t)
1 TIPU3BOANTH 1O HEpeali3oBaHOi CHCTEMH, OCKUIBKH ITOCTAaBIEHa yMOBa
BMMAarae CTBOpPEHHs acrtaTudHoi cuctemu (r + 1)-ro mopsiaky. Ilpu
BiZoMuX KoedilieHTax agiaq, mojiHOMiambHOro BIUIMBY X(t) CHHTE3
CHCTEMH MOXHA BHKOHATH, He Hakiajalounm ymoBm Z,(t) =0, o
MPU3BOAUTH OO MeHmoi BennmunHH RMS 1 Gimbln mpocroi B peanizamii
cuctemu. lle nmocsraeTscst 3a paxyHOK OOMEXKEHHS BEIMYMHH HOMHIKH
z,(t) 3BepXy 3aBpaHHAM BenuuuH 1 koedimientiB momminok D;. Ocranue
HaKJIa/la€ Ha IMITYJILCHY MepexigHy (yHKII0O CHHTE30BaHOI CHUCTEMH TIEBHI
OOMEKEeHHSI:

T
1- f kyx(T)dT = Dy;
0
T

f Thy(r)dt = Dy;

0
T

f "ky,(r)dt = D;;

0

A
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Jlani Bu3HagaeTbest yMoBHUH MiHIMyM RMS. 3a3Budaii onTHMaITbHI
XapaKTEePUCTUKN 3HAWACHOT CHUCTEMH MPAaKTHYHO Peali3yloThCs JIMIIE B
OZTHOMY YH iHIIOMY HaOJIHMKECHHI.

3.11 Po3B's3aHHs NPAKTUYHMX 33124 i3 JIOBUILHOIO CTPYKTYPOIO
cucreMu

[Ipn BuW3HAUeHHI ONTHMaNBHOI TMepemaBanbHOl QyHKIIT CAY
MOXYTh OyTH /1Ba OCHOBHI PI3HOBHIM 3ajadi: a) mepenaBajibHa (YHKIIA
CHCTEMH BHU3HAYA€THCA 32 BIACYTHOCTI Oynb-sIKMX 3aJaHUX EJIEMEHTIB Y
cucTeMi. Y bOMY BHITAJIKy BCi €JIEMEHTH CXEMH BHOHUPAIOTHCS BiATIOBIIHO
no orpuMaHoi mepemaBanbHOi GyHKIIT Ky onr(p); 6) mHepenaBambHa
(hyHKITIST CHCTEMH BH3HAYAETHCS 32 YMOBH, ITI0 YaCTHHA €JIEMEHTIB 3a1aHa i
3MIHIOBaTH IX MapaMeTpud HE TPENCTABISETHCS MOXKIUBUM. Y TaKUX
BUMAJKaX 3aBIAaHHA 3BOAMTHCS A0 BHOOpY MapamMeTpiB KOPHUTYBaJIbHHX
JaHIIOTIB NpU 3HAaWICHIA ONTHMaNbHIM nepenaBanbHill (QyHKUIi cucTemMn
VOpaBIiHHA B HUIOMY 1 BIJOMHX TepelaBalibHUX (YHKINSX ii OKpeMux
($yHKI[IOHATBEHO HEOOXiTHUX eJeMeHTiB [51].

[lepenaBanbHa (QYHKLIS MOCTIZOBHOTO KOPUTYBAaJBHOTO IPUCTPOIO
CHCTEMH 3 OJAMHMYHUM 3BOPOTHHM 3B'S3KOM JUISi BHUIAJKY, KOJW HYJI i
TIOJIFOCH NEpeIaBanbHOl QYHKIT 3a1an0i yacTunn Ky (p) nexars y niBiid
HAIIBIUIOIIMHI, BA3HAYAETHCS 32 (HOPMYIIOIO

_ Kyx onr(P)
Kk (p) B ch(p)[l_ny om'(p)] (327)

Mpuxnan 3.8. 3agaHa yacTHHA CUCTEMH Ma€ MepeaaBaibHy
(yHKITIO
Kyp) =~
p) = :
S T p@ +pTy)

HeoOxigHO BHW3HAUWTH TepenaBalibHy (DYHKINIO KOPEKIIIHOTO
MPUCTPOIO, KUK Ma€ OyTH MiJKIFOUCHHH IMOCIIOBHO JO CHCTEMH IS
peanizanii Ky onr (p).

Pimennst. Binnmosiguo 1o dopmynu (3.27), 3HaX0AMMO PO3B'S30K:
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1+ pT;

K (p) = K

ac

NE

3 mpuxiany 3.8 BUIUIMBAE, MO TPH MiHIMaNbHO (Da3oBiil merani,
TOOTO KOJNM TepedaBHa (QYHKISI Mae€ BCi TOMIOCK 1 Hyldi B JiBid
MiBIUIOIIMHI, KOPUTYIOUHI MPUCTPil KOMIIEHCY€E 1HEPLiIO 3a1aHOT YaCTHHHU.

V cucreMi 3 HEOAWHUYHAM 3BOPOTHHM 3B'SI3KOM Ha 3aaHiit
npsAMii nepeaaBanbHiil GyHkii Ky (p) Ta craTuCTHYHEMA
XapakTepUCTUKAMH yJIapy 1 Ieperko]i ONTHMaNbHa repeaaBajibHa
(yHKLIs 3BOPOTHOTO 3B'S13KY BiANOBigae BUpazy

K _ 1 1
—— ny OHT(p) Kl (P)

Jng miHIHHAX cHUCTeM HaWmpoCTila 3afa4a BUOOPY MapaMeTpiB
KOPUTYBAJIBHHAX CXEM 3 YpaxyBaHHSIM ONTHMAIIbHOI TepenaBaibHOl (QYHKIIIT
CHCTEMH 3arajioM 1 BiJJOMHX mepefaBalbHuUX (QYHKUiH (yHKIIOHAIBHO
HEOOXiTHMX EJEeMEHTIB PO3B'SI3ye€ThCSA 3a JOMOMOTOK) JIOTapH(PMITHUX
aMIUTITYTHUX 1 ()a30BO-YaCTOTHHUX XapaKTEPHUCTHUK.

OxpiM 3aja4, poO3ISIHYTHX Ha OCHOBI Meromy cuHTely CAY 3
JOBUTLHOK) CTPYKTYPHOKO CXEMOK0, MOXKHAa pO3B'S3aTM W iHII 3ajadi
ONTHMI3allii: BWU3HAUYEHHS TMepen0awInBUX 1 BiAKIAaAeHUX (QiIBTPIB,
pO3paxyHOK  ONTHMAIbHOI  CHCTEMH 3  ypaxyBaHHSAM  TIeHepaii
iHTepdepeHLii y camiii cucremi, po3paxyHOK ontumansHoro CAY 3
3MiHHMMH ITapaMeTpamMH TOLIO.
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BUCHOBKH

[IpoBenene nocmigkeHHs OyJIO MPHUCBSYEHE aHANI3y Ta CHHTE3Y
cucteM aBroMatudHOoro ympapiiHHsI (CAY) B yMoBax il CTAaTHCTHIHHX
BHITQJKOBHX (DaKTOPIB, AKi ICTOTHO BIIMBAIOTH Ha SIKICTh (DYHKITIOHYBaHHS
TEXHIYHUX CHCTeM. Y XOJli BUKOHAaHHA POOOTH OyJI0 PO3TISTHYTO
TEOPETHUYHI OCHOBU CTaTUCTUYHOTO aHaJIi3y CUTHAIIIB Ta MPOLECIB, a TAKOXK
MIPUHITUIIN ONITHMI3aIlii CTPYKTYpH 1 TapaMeTpiB CHCTEM KepyBaHHS 3
METOI0 3a0e3leUeHHS HEOOXIJHUX ITOKa3HHKIB TOYHOCTi, CTIMKOCTI Ta
IIBUIKOIII.

Y pobGoTi TmoOKazaHO, IO pealbHi CHUCTEMH aBTOMAaTHYHOTO
yOpaBIiHHS (PYHKIIOHYIOTH Y CEpelOBHIII, J¢ Ha HHUX MOCTIHHO MIiIOThH
PI3HOMAaHITHI BUMAJKOBi 30ypPEeHHS, IKi MOXKYTh OyTH SIK aJUTUBHUMH, TaK i
MYJbTHIUTIKATUBHUMHU. HasBHICTE Takux (akToOpiB MNPU3BOAUTH 10
BiAXWIeHHS (aKTUYHUX 3HAYCHh KEPOBAHMX ITApaMeTpiB Bij 3aaHUX, IO
MPOSIBIISIETbCS Y BHUDIAAI MOXMOOK ympaBiiHHsA. JIJis  OLiHIOBaHHS
epeKTUBHOCTI POOOTH CHUCTEM Yy TaKUX YMOBAaxX 3aCTOCOBYIOTHCS
CTaTHCTUYHI KpHUTEpil SKOCTI, cepel SKAX HANOIIBII TONIMPEHHM €
KpUTepidi MIHIMYMy CEpeIHBOTO KBajJpaTa IOXHWOKH, IO JO3BOJIIE
KUTbKICHO OLHUTH TOYHICTb BIITBOPEHHS 3a/JlaHUX CHUTHAJliB Ta PiBEHb
BIUIMBY BHIIIKOBUX IEPELIKOL.

Y mpomeci mocmimpkeHHs Oyno [OeTaabHO PO3TIITHYTO OCHOBHI
MOHSITTS TeOpil BUMAJKOBUX BEIMYMH 1 BHUIAJKOBUX IMPOIECIB, IO
BUKOPUCTOBYIOTBCSL MiJ 4Yac aHamizy cucreM KepyBaHHS. Jlo Takux
XapaKTepUCTUK HajexaTh (YHKIT PO3MOAUTY HMOBIPHOCTI, IIIJIBHICTH
po3moniny, MareMaTH4YHe OYiKyBaHHS, AMUCIEPCis, cepeJHbOKBAApPATUIHE
BIIXWJICHHS, KOpEeJSLiiHI Ta aBTOKOpesiuidHi QyHKUii. 3a3HaveHi
apaMeTpH JO3BOJIAIOTH ONMHCYBaTH CTATUCTUYHI BJIACTHUBOCTI CHUTHAINIB i
BH3HAYATH CTYMiHb IXHHOTO BINIUBY HA TUHAMIKY CHUCTeMH. Takox Oyio
BCTAaHOBJICHO, 10 JUIs 0araTboX MPaKTUYHUX 33]a4 JOCTATHHO 3HATH JIMIIE
nepuri Ba CTAaTUCTHYHI MOMEHTH BHUIIaJKOBOTO MPOLECY — MaTeMaTH4YHE
OUYIKyBaHHS Ta KOpEJAIiiHYy (YHKINI0, IO 3HAYHO CIPOIIYE aHami3 i
CHHTE3 CHCTEM KepYyBaHHS.

OxpeMy yBary B poOOTI MNPHIiIEHO BHUBYEHHIO BJIACTHBOCTEH
CTAaLliOHAPHUX Ta EpProJMYHUX BUMNAagKoBHX mporeciB. Ilokazano, 1mo
CTaIliOHApHI TPOIECH XapaKTEePU3YIOTHCA HE3MIHHICTIO CTATUCTHIHHX
XapakTePUCTUK Yy Yaci, IO 3HAYHO CIPOMIyE iX MaTeMaTHYHUN OMHC i
JO3BOJISIE BHKOPHUCTOBYBATH METOIM CIEKTPAJbHOIO Ta KOPESLiHHOTO
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aHami3y. Eprogmanicts npomecy 3abe3neuye MOXKIHBICTh BU3HAUEHHS HOTO
CTaTHCTUYHUX XapaKTEPHCTUK 3a OJHIEI0 TOCTATHBO JOBIOIO peaji3alli€ro,
0 MA€ BAXKJIMBE 3HAYCHHS JUIS MPAKTHYHUX JOCHIJKCHb 1 EKCIICPUMEHTIB.

Y po0oTi TakoX PO3TIAHYTO B3aEMO3B’SI30K MK CTATUCTHYHUMH
XapaKTEepUCTUKAMU CHTHATIB Ha BXOJl Ta BHXOAlI JIHIHHUX CHCTEM
KepyBaHHS. BcraHOBIeHO, WI0 TP TPOXOPKEHHI  CTAIliOHAPHOTO
BUIAIKOBOI'O CUTHAJy Yepes3 JIiHiiiHy cucTeMy 3 MOCTIHHUMHM MapaMeTpaMu
CTAaTUCTHYHI  BJIACTHUBOCTI  CHTHAIY 3MIHIOIOTBCS  BIIITOBITHO  JIO
nepenaBaitbHOl QYHKIT CHCTEMH, OTHAK XapaKTep pO3MOIiUTy BUIAIKOBOTO
nponecy Moxe 30epiratucs. Lle no3Bonse BUKOPHUCTOBYBAaTH aHaTiTHYHI
3QJIKHOCT] I BH3HAYCHHS MAaTeMAaTHYHOTO OYiKyBaHHS, TUCIIEpCii Ta
KOpEeTSIiHOT ¢dysKmil BHXI1/THOTO CUTHAITY 3a BiIOMUMU
XapakTepUCTUKAMH BX1THOTO CUT'HAJIY Ta IapaMeTpaMH CUCTEMHU.

OxkpeMuM HampsMOM JOCHIUKEHHS CTajJ0 BHUBYEHHS METOIB
KOMITCHCAIii BIUIMBY 30ypeHb 3a JOIMOMOTrOI0 peryisaTopiB. byio
posrmsinyTto  3actocyBanHs [I/I- Tta [ll-perynsropiB, sKi IITUPOKO
BUKOPUCTOBYIOTBCSI B CHCTEMax aBTOMATHYHOI'O YNpPaBIiHHA  JUIs
MOKPAIIEHHS] TWHAMIYHUX XapaKTepUCTHK 1 TIABHIIEHHS TOYHOCTI
perymoBaHHs. Bukopucrtanns IIJ[-perynstopa [03BOJISIE TOKPALIUTH
HIBUJKOMII0 CHUCTEMH Ta 3MEHIUUTH mepeperymoBanus, toxi sk IlI-
perymsrop 3abe3nedye yCyHEHHS CTAaTHYHOI IMOXWOKH Ta IIiJABHUINEHHS
TOYHOCTI BiITBOPECHHS 33/IaHOTO CUTHAITY.

Kpim TOro, Oyno pO3MISIHYTO TNPUHUUNH TMOOYIOBH CHUCTEM
MiAJIETIOT0  pEeryJIOBaHHA, SKi  XapaKTepu3yloTbcs 0araTopiBHEBOIO
CTPYKTYpOIO KepyBaHHs. Taki cuctemu 3a0e3redyroTh Okl eQeKTHBHE
pETyJIOBaHHS CKJIAIHAX EJIEKTPOMEXaHIYHUX O00’€KTIB 32 pPaxyHOK
po3noniny (YHKUIA YHOpaBaiHHA MDK BHYTPIIIHIMH Ta 30BHIIIHIMHU
KoHTypamu. lle 103BOJS€ TIABUIIUTH CTiHKICTh CHCTEMH OO0 30BHIIIHIX
30ypeHb Ta MOKPAIIUTH TUHAMITHI XapaKTePUCTHKH 00’ €KTa yIpaBIIiHHI.

3HayHa YacTHMHA PoOOTHM Oyja MPHUCBIYEHA METOJAM ONTHMI3allil
CUCTEM aBTOMAaTHYHOTO yrnpaBiiHHI. OCOOMMBY yBary MpHIIJICHO METOIY
MOIYJIBHOTO ONTHMYyMY, SKHH € OHWM i3 HaHOUIBII TOIMHUPEHUX
IHKEHEpHUX METOJIB HANAlITyBaHHS cUcTeM perymoBaHHs. CyTh IbOTO
METOAY TOJISITae y BHOOPI MapameTpiB peryjsTopa TaKuM YHHOM, 0O
aMIUTITyTHO-4aCTOTHA  XapaKTePHCTHKAa 3aMKHEHOI CHCTeMH Maia
ONTHMAJILHAN BUTJIA Y poO0OYOMYy miara3oHi yacToT. Lle q103Boise qocsrta
KOMIIPOMICY MDK IIBHIKOINIEI0 CHCTEMH, ii CTIHKICTIO Ta TOYHICTIO
PETYIIIOBaHHS.
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AHayi3 MpUKIaAiB ONMTUMI3aIlli 32 METOAOM MOIYJIBHOTO ONTUMYMY
[I0Ka3aB, 10 PAaBUIILHHUH BHOIp ITapaMeTpiB PeryIATOPiB JO3BOJISE 3HAYHO
MOKpAIIMTH  SKICTh MHEepeXiJHUX MpOLECiB, 3MEHIIUTH TPHUBAJICTh
MIePEXiTHOTO PEKUMY Ta 3a0€3MEYUTH HEOOXIMHY TOYHICTH MiATpUMAHHS
3aJaHnX napamerpiB. [Ipu MbOMY BaXKJIMBUM € BpaXyBaHHS CTATHCTUYHUX
XapaKTePUCTUK 30yPIOIOYMX CUTHANIB, OCKUIBKH iX BIUTUB MOXE CYTTEBO
3MIHIOBAaTH MOBEIIHKY CUCTEMHU.

OTxe, pe3ynpTaTd BHKOHAHOI POOOTH MiATBEPIKYIOTH, IIO
BUKOPUCTAaHHS METOMIB CTAaTHCTHYHOTO aHaTi3y Ta ONTHUMI3amii €
HEOOXiZHOIO YMOBOIO MiJ Yac MPOEKTYBaHHS CyYaCHHX CHUCTEM
ABTOMATHYHOTO YIIpaBIiHHA. BpaxyBaHHS BHITaIKOBHX (PAKTOPIB JO3BOJISE
CTBOpIOBAaTH OinbIn HanmidHI Ta €(EeKTHBHI CHCTEMH KepyBaHHS, 37aTHI
3a0e3neyyBaTH cTabilbHy pOoOOTY TEXHIYHHUX 00’€KTiB HABITh y CKIAIHUX
yMOBax eKCILTyaTaLii.

Takum 4MHOM, y Tpolleci BUKOHAHHS CaMOCTIHHOI poOoTH Oyio
CHCTEMaTU30BaHO TEOPETUYHI TMOJOXKEHHS MLIOAO0 aHalily Ta CHHTE3y
CHCTEM aBTOMAaTHYHOTO YIIPaBIiHHA B yMOBax Aii BHIIQJAKOBUX 30ypeEHb,
PO3INIAHYTO  CTAaTUCTUYHI  XapaKTEepPUCTUKU  BHIIQJAKOBUX  IIPOLECIB,
JIOCTI/DKEHO METOAM KOMIIeHcallii 30ypeHbp Ta ONTHMi3amii mapaMeTpiB
cucteM KepyBaHHS. OTpuMaHi pe3yibTaTH MalOTh BaXKIIMBE 3HAYCHHS IS
MOJAJIBIIOT0 BUBYCHHS JUCUMIUIIHM Ta TNPAKTUYHOTO 3aCTOCYBaHHS
METOJIIB Teopii aBTOMATHYHOTO YTPABIIHHA IPH pO3podIi CydacHUX
CJICKTPOMEXaHIUHUX CUCTEM.
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