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Beryn
B nmepuriit nekuii, Ha MpUKIIaal aBBTOMAaTHYHOT YCTAHOBKH BOJSIHOTO MOXKEKeraciH-
Hs, puc.l., Oyno moka3aHo, 110 Jr00a 1o cKIaaHoCTI moxexxHa AC, Moxe OyTu mpe-
CTaBJIeHa HAOOPOM OKPEMHX MPOCTHX EJIEMEHTIB.

Takumu eneMeHTaMH MOXYTh BUCTYINATH: 1-BEHTHJI Ta 3aCyBKH; 2-TIOXKEKHI Ha-
COCH 3 JIBUT'YHaMH-IIPUBOAAMH; 3-3BOPOTHI KJamaHu; 4-By3JId YHpaBiiHHS; 5,6-
3porryBadi Ta TpyoomnpoBoau. B cripomennx Moaensx noxexaux AC, By3nu yIpas-
JIHHS Ta HACOCH 3 MPHUBOJAMHU MOXYThb OyTH TEX MPEACTaBIEHI SIK OKpeMi MpPOCTi
eneMeHTd. [[uHamika poOOTH yCiX €JIeMEeHTIB MOXKe OyTH OmHcaHa PiBHAHHAMH, 3T1-
JTHO MPUMHATOT MoJieni Oy noBu nmoxexHoi AC.

VY 3aranpHOMY BUNAAKY AUHAMiKa poOOTH MOkeKHUX AC ONMUCYEThCS CHCTE-
moro HemiHiHux Y. OnHak, BUKOpUCTaHHS HediHIMHMX [[Y cunbHO yckiaaHoe
pIILICHHS 3aBJlaHh aBTOMATUKH. 3aB/IaHHS 1ICTOTHO CIIPOIIY€ETHCS, KO HEJHINHI Pi-



BHSIHHS TPUOJIM3HO 3aMiHUTH JiHIHHUMU. Takuii nepexin Bix HemiHiiaux Y no mi-
HIHHOTO HA3WBAETHCS JTIHEAPHU3AITIETO.

OCHOBHOIO YMOBOIO JIIHEApH3aIlii € 00OMEXEHHs 001acTi TOCTIKYBAHUX PEXKH-
MIB MaJUMU BiAXWIEHHIMH. YiM By)Xe 00JIaCTh JTOCIIIKEHHS, TAM TOYHIIIE PE3YIb-
TaTH, OTPUMaHI MO JHIAHINA MOJei.

binpui ycmixu aBTOMaTtuku OyinM JOCATHYTI 3aBISKUA TOMy, 1m0 auHamika AC
BUBYAJIACS B JIHIAHINA MOCTAHOBIT.

1. Jlineapusauia /IP AC. Metrox noBHOro nudepeHmiaaa.

Hexaii nunamika AC onucyetnses J1Y:
F(f,Y)= o (x).

Axmo ¢yukmis nudepeHiroemMa, To MOXHA CKOPUCTATUCS METOJOM ITOBHOTO
nudepeHIiiana.
1. lopiBHsieMo nmoBHuUi1 1udepenuia jgiBoi it npasoi yactunm Y.

(“:J i () ar <[22 e
ov J, oY ), ox ),

2. 3aminuMo gudepeHiagm MAJIUMH BIAXUJIEHHSIMM.

[ﬂ} 2P (5] ey (22 ax
o7 ). oY ), oX ),

3. IlepeiineMo 10 BITHOCHUM 3MIHHOTO.
or ~Y—°Ai+(aFj-Y°AY=(a¢j-XOAX
orv ), Yo oY ), Y, oX ), X,

[aF. -Y0Y+(aij -YOY_=(a¢j X, X .
oY ), .

AY
: = = =
Y, dt Yo dt Yo
B aBromaTuili mpuitHATO BUKOPHCTATH HE aOCOJIIOTHI BIIXHWJIEHHS 3MIHHUX, a
BIJIHOCHI, IIOJI0 PO3TJISIHYTO1 0a3uCcHOT Kpanku X, Y.
KoeditieHTH ipu 3MIHHUX € MMOCTIMHUMU, OTXKE, OJIepKaliv JiiHIMHE qudepeHili-
aJlbHE PIBHSIHHSA 3 MOCTIHHUMHU Koe(illieHTaMu, iK€ MOXHa 3anucaty y ¢dopmi Komri:



ao?+ al?zb;.

Ipumirka. fAxmao nuHeapusyema QyHKIS sBiIS€ cO00I0 JOOYTOK 1 YaCTKy 3MIHHUX,
TO Mepes JiHeapu3alielo PyHKII0 3pyYHO TONEPEAHbO MpoIorapupMyBaTH.
Ipuxnan: niHeapu3yBaTH PIBHIHHS:

G =mPL

JT
[IposnorapudmyeMo naHe piBHSIHHSA:
InG=lnm+InP+InF-05InT .

JlopiBHsieMO nudepeHIiaiy IpaBoi i J1iBOi YaCTUHU:

dG dP dF dT
= + -0,5—.
GO PO FO TO
3amMiHUMO JTUQEepeHITiaTn MaJIMMH 301IBIIEHHSIMU 11010 Kparnku «0y»:
AG AP AF AT
~ + 05—
G 0 PO FO TO

[lepeiimemo 10 BIATHOCHUX TIEPEMIHHUX:
G=P+F-0,5T.
Opneprxanu mykaHe JiHIAHE PIBHIHHS 3 TOCTIMHUMH KoedillieHTaMH.

2. Jlineapusanis JIP AC. MeTtoa cidyHOI.

MeTo10M CIYHOT KOPUCTYIOTHCSI B TUX BUMAAKaX, KOJIM METOJ MOBHOTO Audepe-

HITlaJia HE MOYKJIMBO 3aCTOCYBATH.

Y

o3

. oY
A VY Toutn X, npou3BoHAs [—j =
oxX ),

OT’K€ JIIHIMtHA MOJiesIb Oy/ie 1aBaTh
HECKIHYEHH]1 ITOMUIKH.

VY Toumi X; mpou3BOHAs (2—;) =0

0

OTKE JIiHIiHA MOJIENTb HEpyXOoMa.

VY toumi X, ¢ynknus F(X) ne aude-
pEHITIoEMA.

|
| |
| |
| I
o
| ' !
| ' l
| ! '
Xo X1 X X
VY 11poMy BUIAKy BUKOPUCTOBYIOUH CTATUCTUYHI JaHi HETIHIAHY MOJENb MPH-
HO 3aMIHSIOTH JIIHIMHOT Tak, 100 MOMIJIKH, OTPUMaHI B PE3yJIbTaTi 3aCTOCYBaH-

»
»

HS JTHIMHOT Mojeni Oynu HaMEeHIIUMU (HampuKiIaJ METOJAOM HaWMEHIIUX KBaJpa-

TIB).
cu U

[Ipencrapiiena miHiliHa MOJIEb Oye SIBISTH COOOK0 HE JOTUYHY, a CIUYHY. 3BiJI-
Ha3Ba METOJY.



3. ®opmu 3anucy audepeHniaIbHUX PiBHAHbD.
3.1. 3euuaiina ghopma 3anucy /1y
3Buuaiina gopma 3anucy Y Bianosinae miHiitHOMY Y 3 mocTiitHUME KoedilieHTa-

MU: a, ;-i— a1;+ a2;+ Cl3;= b;

3.2. Cmanoapmua gpopma 3anucy ;1Y

VY cranpapTHiil Gopmi 3anUCy NPUIHATO, 00 KOS(ILIEHT IPU HYJIbOBIA MOX1-
Hill piBHABCA OJUHUI. Po3a1iMMo nipaBy i JIIBY YaCTHHM PIBHSAHHS y 3BUYAiHIN (o-
pMi Ha Koe(illieHT IpU HYJIbOBINA TOX1AHIMH.

a, — a, — a, — — b —
— V+ —y+ —y+ y = —Xx
a;, a;, a; a;
Onep>xuMo pIBHSHHS B CTaHAApTHIN dopmi.
o L > —
T13 y+T22y+T3y+y:Kx,
Koedimientn /1Y, 3anucanoro B ctau. ¢opmi, MatOTh TIEBHUH (h13UYHUMN 3MICT.
Koedimient miacuiends K Mmokaszye CIHIBBIIHOIIEHHS BHUXiJAHOTO CUTHAIY 0
BX1IHOTO Ha PIBHOBAXHHUX PEKUMAaX.

y=0; y=0; y=0; y=Kx

[Mocriiini wacy Ty, T, T; - XapakTepus3yloTh 1HEPLIHHI BIACTUBOCTI CUCTEMHU
BH3HAYAIOTh TPUBAIICTh AUHAMIYHUX MpoleciB. PO3MIpHICTh MOCTIHHUX Yacy JOpiB-
HIO€ CeKyH/I1. PO3MIpHICTh 3MiHHHX — BEJIMYMHA 3BOPOTHA YaCy:

dt c’ dt* ¢’ dt’ ¢’
OuyeBHIHO, IS TOTO 100 yC1 PIBHSHHS, 110 CKJIAJIAIOThCS, Oyiau Oe3p0o3MipHH-
MU, KOe(ILIEHTH TPH MOXITHUX TOBUHHI MAaTHU PO3MIPHICTh 4acy.

[Ti]=c; [Ta]=c; [Ts]=c.

3.3. Onepamopna gpopma 3anucy /1Y
B ocHoBi oneparoproi ¢popmu 3amucy Y nexuts Teopisa neperBopeHHs Jlammacy.
dopmanibHO 3aCTOCYBaTH ONMEPaTOPHY (HOpMY 3amHUCy MOKHA, SKIIO 3aMIHUTH CHU-
MBOJI JudepeHLioBaHHs oneparopom Jlamnaca:

4 = P
dt '

B omnepatopHiii popmi 3amucy, IEBHUM YHHOM 3MIHIOETHCS 3MICT IEPEMIHHUX, SIKI
TEnep Ha3UBAIOTHCS 300pa:keHHsIMU. Toxdl, CKOPUCTABIIUCH (OPMATIbHUM IpaBH-
joM, 3anumiemo /[P B oneparopHiii popmi:

T P’Y + T,P’Y + T,PY + Y = KX ..

3 JIP, 3anucanumM B onepaTopHiil (hopmi, MOKHA TOBOAUTUCS, SIK 13 TPOCTHM aJire-

OpaildyHUM PIBHSHHSM.
Bunecemo Y 3a myxku:




Y (TP’ +T,;P?+ T,P+1)=KX .
Ilepenatounoro ¢yukuicro (IIM) HazuBaETHCS BIAHOMIEHHS 300pa)KEHHS BUXI1J-
HOTO CUTHAITy J10 300paKeHHs BX1IHOTO CUTHAJy:
Y K

W(P)=—= .
®) X TP +T;PP+T,P+1

3Harouu nepenaTHy (QyHKIIIIO 1 BXIAHUM CUTHAII JIETKO OJEP>KaTH BUXITHUN CUTHAI:
Y=W(P) X
Takum unnoM, 1D nokasye, siki MepEeTBOPEHHS HEOOX1AHO 3pOOUTH HaJa BXIi-
HUM CUTHAJIOM X, 1100 OJIEPKUTh BUXITHUHN cUTHAT Y.
Taka BnactuBicTh [1® mo3sosie 300paxkyBatu AC y Bui (QyHKITIOHATEHOT CXEMH.
X Y

— W) ——

Hosinka. IleperBopenns Jlammacy 3B's13ye ¢yHKIi0 mificHol nepeminamii f{t) ¢ QyHKuiero kommiekcHoi nepeminnuii F(p). [ilicHy ¢yHKkIio Ha3uBa-
I0Th OPHTIHAJIOM, a KOMIUIEKCHY (YHKIiI0 — 300pakeHHAM. MaTeMaTH4HHU 3B'S30K OpHUTiHAIYy 3 300paXKeHHSM YCTaHOBIIOEThCS (hopmynoro L —
MIEPETBOPEHHSL.

LLF(O]=] f(t)e™dt=F(p) .

He 11 Besikoro opuriHamy MojkHa 3Ha#TH BifnoBifHe 300pakeHHs. [l 1eif opuriHan NoBUHHMI BiJNOBIIATH HACTYITHUM YMOBaM:
- ¢yHKIIA f{t) OBHHHA OyTH BU3HAUCHA B IHTEpPBANI + 0]
- IOpiBHIOBATH HYIIO IpH t < 0;
- OyTH Ha KOXKHIM BiIpi3Ky O€3yNMHHOI 1 MaTH KiHIIEBE YHCIIO EKCTPEMYMIB UM KiHIIEBE YHCIIO PO3PUBIB MEPIIOTO POIY;
- He MPArHyTH JI0 HECKiHYEHHOCTI IpH t —>00.
Ly BUMOraM 3a10BOJIBHSIE IIUPOKHI KiIac HYHKLIH, sKkuMu onepye miHiitHa TAY.
IeperBopenns Jlammacy nikaBo THM, IIO iHTeTpaibHE 1 Au(epeHIianbHe YHCICHHS B IPOCTOpi 300paXkeHb 3aMiHSAEThCS MPOCTUMH alreOpaiTHIME
onepanismu. Lle icTOTHO cripoliye aHaTiITHYHE TOCIIPKEHHS CKIIaJHUX JMHAMIYHUX CHCTEM.

[udepeHuiroBatHs.

JludepeHIiloBaHHS OpUTiHAy B IPOCTOpiI 300pa’keHb 3aMiHAEThCA MHOXKEHHAM 300paKCHHS HA KOMIUIGKCHHHM apryMeHT — «p».

LLf'O)=[ f' (0™ dt=p-F(p).

IHTerpyBaHHs.
IHTerpyBaHHS ~ OpHWriHaly B  TNPOCTOPI  300paKCHb  3aMIHSAETHCA  PO3MOMLIOM  300paXCHHS HAa  KOMIUICKCHHH  apryMEHT — «p».

t 1
iy fO)=—F(p).
3ani3HIOBaHHSL.

Sxmo F(p) 300paxenns f(t), To 300paxkenHsM (yHkuii f{t-1) €: L[f(l - T)] = If(f - T)eipl dt=e """ - F(p) Mexi.
0

Sxmio F(p) 300paskenss f{t), To: L[f(t)] = L[f(OO)] = hmp . F(p) .

t—0 p—0

Tabmus nepersopens Jlamaca.

Nor/m Opurinan f{(t) 3o6paxenns F(p)

1. 5(0 1
2 7-0(0) a
3. 1(t) 1
p
4. a(t) a
p

> a-t" (n=12,....... ) a-n!

p n+l1




6. t 1
t T, T
7o dme ) Tp (T, p + 1)p
7. t
a4, a
T Ip+1
8. t a
a(l—e T VNN
( ) p(Ip +1)
% _ T _t a
al-—L—e " ——2_¢ )
T, -T, T, -T, p(Lip+1D)-(T,p+1)
" w(l—#e_i.&'n( l_dzt+arctg 1_dz) 2 5
Vi-a* T d p(T*p* +2dTp +1)

4. OyHKIiOHAJBbHI CXeMH i IXHi IepeTBOPEHHS.

B3aemMo03B'130Kk pOCTHX AWHAMIYHHUX JIaHOK y ckiagaux AC 3pydHO BigoOpa-
KaTH 3a JOMOMOTow0 (yHKIiOHATBHHX cxeM. Ha mux cxemax JlaHKH 300paKyroTh
NPSIMOKYTHHKAaMH, YCEPEAUHI SIKUX 3alKcaHi nepenarHi QPyHkIii, a CTpUIbLSIMU - CH-
rHanm. [IpudoMy HaPsIMOK CTPIJIKM TIOKA3y€e 1 HAMPSIMOK BIUIHBY.

X(p) Y
p Wp) | (p)

HaiinpocTim apudmernuni onepaiii Jo1aBaHHS 1 BUpaXyBaHHS CUTHAJIB Ha (yHK-
IIOHABHUX CXeMax 300paxyroTh y TaKHil cocio:

Xi(p) Y(p)
Honasannst: Y (p) = X, (p) + X, (p)
Xa(p)
Xi(p) Y(p)
Bupaxysanus: Y(p)=X,(p)— X, (p)
Xa(p)

Takum yuHOM, (PYHKIIIOHAJIBHI CXEMH BIJOOPaXKYIOTh TI MaTeMaTUYHI omeparii,
110 31HCHIOIOTHCA MIPH Mepeiayl CUTHAIIB Yepe3 JTaHKH.

3a nomomMorow (PyHKIIOHAIBHOI CXEMH JIETKO OJEpXKAaTH 3arajlbHy MepeaaTHy
¢byHKIIi10 (pIBHSIHHS TUHAMIKN) B

ciei AC, He BHUpILIYIOYH CHCTEMY AUQEpEeHIIaIbHUX PIBHAHb, L0 OMUCYIOThH
JTUHAMIKY 1i €JIEMEHTIB.

4. 1. Ilocnidosne 3'conannsn nanox (cupamroBanus: CII, ITTTKII, AVIID)

X =W -X
X X1, x>, Y o
—> W1 > Wz > W3 > X2=W2-X1;
Y=W,-X,;

Buxkirounmo 3miHH1 X7, X5, OTKe:
Y=W, W, W,-X




ExBiBanenTHa nepenatHa GyHKIis Oye TOPIBHIOE:

Y
W ks :}:VVI W, W

4. 2. IlapanenbHe 3'€IHAHHS JIAHOK (po6oTa auepeHLiiHOro crosinrysaya)

W i
X g : Y Y =w X,
—> Y2=W2-X;
W, Y, ¥ Y=Y +7,.

Buxinrounmo 3MiHHI Y, Y, oTKe:
Y=W, -X+W, - X=W,+W,)-X.
ExBiBanenTHa nepenatHa GyHKIis Oye TOPIBHIOE:

Y
W ks :}=W1 +W,.

4. 3. 3ycmpiuno-napanenvne 3'conanna ranok (niarpumanss Tucky B AYBIID)

X € Y W e
W, > Y=W ¢,
Z=W,-Y;
Z e=X-7.
[ W2 <

Buxmounmo 3minHi Y}, Y, onepkumo:

Y:W1 '(X—W2 Y):Wl ‘X—Wl 'W2 Y
Y+W1‘W2'Y:W1'X 201051 Y‘(1+W1'W2):W1'X
ExBiBasieHTHa niepefaTHa QyHKIlsA Oyae TOPIBHIOE:
Y W,

X 1+W,-W, '

B aBTOomatwuii curnan Z Ha3uBarTh CUTHAJIOM 3BOPOTHOTO 3B's13Ky (OC).

Axmo (=X-Z OC Ha3uBa€ThCS HETATUBHOI.

Axmo (=X+Z OC Ha3uBa€eTbCs MO3UTUBHOI M €KBIBAJICHTHA MiepeaaTHa (QyHKITiS
BU3HAYAETHCS 110 POPMYIL:

WSKB =

Y W,

Wors =y 1-W, - W,

[Tincymku 3a IeKIiero

Taxkum 9yuHOM, 3arajibHi BIIOMOCTI OYJIOBH CHCTEM IOXKEXKHOI aBTOMATHKH, IO
HaMH PO3IJISIHYTO, OyAyTh BaMU BUKOPUCTAH1 AJisl OLIbII TTHOOKOTO OMaHyBaHHS OC-
HOBHHX T€OPETUYHHX TOJOKEHBb TeOpii poOOTH aBTOMATHKH MOKEKHUX CUCTEM, SKa
OyJe po3ryIsiHyTa Ha HACTYIHIN JIeKITii.
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5. BucHOBKH, ypaxyBaHHs BIUIMBY BOEHHOTO CTaHy.

3acrocyBaHHsl NPUHUMIIB CKJIAJAaHHA (PYHKHIOHAJIBHOI CXeMH aBTO-
MATHYHOI CHCTEMH B ONUCI CHCTEM 030PO€EHHS.

AnapaTypa cnpsaenns
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CrpykrypHo-pyHknionansna cxema ACY HCC DyHKIIOHAJBHA CXeMa
NepcneKTHBHOIO KOHTeliHepa
PO3BiIyBAJBLHOIO JIiTAKA

OyHKIIIOHAIBHI CXEMH 3 TOCHIJIOBHUM, TMapajieIbHUM Ta 3yCTPIYHO-
napajieIbHUM 3BSI3KaMU CKJIaJIOBUX €JIEMEHTIB IHUPOKO 3aCTOCOBYETHCS B OIMMUCI CUC-
TEM 030pOEHHS.

Bunno, 10 nepcrekTuBHA aBTOMATHYHA CHCTEMa YIIPABIIIHHS HESIICPHUX CUIT
ctpumyBaHHs 3CY 3 ypaxyBaHHSIM Cy4aCHUX HApOOOK MiIMPUEMCTB BITYUZHSIHOTO
BIICHKOBO-TIPOMHUCIIOBOTO KOMILIEKCY Ta CXeMa MEePCIEKTUBHOTO KOHTEHHEpa PO3Bi-
JYBaJIbHOTO JIiTaKa MICTATh B cO01 yCi pO3IJIAHYTI B JIEKIIi BUAU 3B’SI3KY JIHIHHUX
naHok. [lpencraBneni ¢yHKIIOHATBHI CXEMU CHUCTEMH YIPABIiHHS BIMChKaAMH Ta
npuiiaay, 10 BCTAHOBIIIOETHCS Ha OOPTY JiTaka ypaxyBYIOTh 3arajlbHOCHCTEMHI
OPUHIMIN Ta TNpaBWiIa CTBOPEHHS Ta OMUCY pPOOOTH aBTOMATHM30BAHUX CHCTEM
YIpaBJIiHHS Pi3HUX cep MpU3HAYCHHS.

Ak 1 B po3risiHyTHX B Jiekiii cxemax, ACY HCC Ta konTeliHep 3 po3BiayBa-
JBHUM OO0JaJHAHHAM CKJIaAAaI0ThCs 3 BXITHUX, MPOMIKHUX 1 BUXIAHUX CUTHAJIB JIJIs
JIAHOK 3 TIOCJI1IOBHUM 1 NMapajelbHUM 3’ €IHAHHSIM.

MaremaTuyHi oneparlii 3 JaHKaM{d Ta CHUTHAJaMU TOBHICTIO CITIBIIAQJIA0Th 3
MIPEICTABICHUMH B JICKI[IT IEPETBOPCHIMH.

3aB1aHHs HA CAMOIIATOTOBKY

1. Teopis aBromaruunoro ynpasiins. [Ipaktukym [Enextponnuit pecypc] : HaBd. 1mo-
ci0b. mmsa crya. cmemianbHOCTI 151 «ABTOMaTH3allisl Ta KOMIT IOTEPHO-IHTETPOBaHI TEXHOJIOTi» /
H.L. Bypay, J1.0. [liBropaxk; KIII im. Irops Cikopcrekoro, 2021. — C 05-11.
https://ela.kpi.ua/bitstream/123456789/42076/1/TAU_praktykum.pdf




