BBepaeHue.

[peaAMeTOM M3y4eHUs ABNAKTCH CUCTEMbI aBTOMAaTUYeCKOro ynpaBneHus (nanee
CAY).

[pumepbl: TePMOPErynaTop, CUCTEMbI NOAAEPKAHUA TEXHONOrMYECKUX napamer-
POB, 3NeKTPOMEeXaHUYeckue CUCTeMbl perynupoBaHuA CKOPOCTH U yrna noBOpOTa,
aBTOMaTiyeckan NoACTPOMKA YacTOThbI reTepoAnHa NPUEMHMKA, perynupoBaHue B
PbIHOYHOW IKOHOMMUKE, U T 4.

% Teopus aBToMaTuyeckoro ynpaenexus (aanee TAY) ato Hayka, KOTOpas u3y-
YaeT Npouecchl yNpaBneHus W NPOKTMPOBAHWA ABTOMATUYECKUX CHUCTEM,
paboraowmx no 3amkHyToMy umMkny. MHaye roBops, OHa U3yyaer nibbie cuc-
TeMbl C 0DpaTHOM CBA3LI. Byaem Takke nonb3oBathes TepmuHom TY (Teo-
PUA YNpaBnexus)



MpuUHATO cuymuTaTh, YTO OAHMM M3 nepBbix NnpumepoB CAY ssnsietcsa perynsatop lNonay-
HoBa-Yatra (1764-65r.r.), npeaHasHa4yeHHbl ONA aBTOMATUYECKOro perynupoBaHus-
noaaepxaHus aasneHus B napoBom kotne. Ha puc.1.1 obo3HayeHo:

1. Ban naposoi mMaluHbl
2. Maxosuk
3. 3ybuartas nepegaua
4. lWapsbl, HENOCpPEeaCTBEHHO
ynpasnsoLwmne 3acrioHKON.
3agaya cBOAUTCA K NOAAEPXAaHUIO
NOCTOAHHON CKOPOCTW BpaLLEeHUS.

C npuHumnamu paboTbl 3TOrO pery-
naTtopa csasaHa pabora U.A. BeiwHe-
rpagckoro “Perynsitopbl NpSMOro aeun-
ctBus” (1876 r.), OCHOBHbIMK TE3UCa-
MU KOTOPOW ABMNAKOTCA:

e YBenuyeHue mMacchol LWapoB BpegHO
BMUSET Ha YCTOMYMBOCTb.

e YMeHblUeHUe TpeHUsi BpegHo
BMUSAET Ha YCTOMYMBOCTb.

e YMEHbLUEHWEe MOMEHTa MHepLUK

Perynartop MNonsyHosa-Yarra. 1764-65r.

X
3acnoHKe

Puc.1.1

Zs

MaxoBWKa BPEAHO BNUAET Ha YCTONYMBOCTb.
e YMeHblUeHne HepaBHOMEPHOCTH XoAa (B 3aBMCMMOCTU OT Harpy3ku) BpeaHO BfMSET Ha

YCTOMYUBOCTb.



Bce amu ebi800b1 npomuegopeyam UHXeHEePHOMY "30pagomy cMbiciy”.

Pa3BuTue TeXHUKU: NOBbILLEHUe MOLLHOCTU MalUUH, COBepLUeHCTBOBaHue obpabotku me-
Tana, ysenuyeHus paboyein CKOpoCcTu, CTpemMrneHne yMeHblUTb HepaBHOMEPHOCTb XoAa, -
NpMBOAWIO K yxyaweHuio pabotel napoBoro perynatopa. BeiwwHerpaackuin B csoei paborte
ob6bsAcHUN, NoYyemy yny4luleHne napaMmeTpoB MalluuHbl yxyawaeT eé paborty. UrkeHepam
B TO Bpems 3TO ObiNno COBEpLUEHHO HEACHO M HUKAK He YKNnaabiBanocb B CTaHOapTHble
CXeMbl.

B 1892 r. A.M. JlanyHoB Hanucan paboty “Obuwue 3agayum 06 yCTOMYMBOCTU ABWKEHUA", B
KoTOopown obocHoBan oOwwMi NOAX0oA K UCCnegoBaHMIO YCTOMYMBOCTU ABMKEHUS, U3 3TOro
pe3ynbTaThl BolluHErpaackoro BbiTe€Kanu, Kak YaCTHbIW crny4an.

Bo sTopoin nonoBuHe XX Beka Obinu pelueHbl MHOrMe HOBble 3ajayu 00 yCTOM4YMBOCTMH
cuctem. B coBpemeHHoMm Buae TAY Gbina cosgaHa Kk cepeauHe 60-x rogoB XX Beka, HO
pa3BuTUE BbIYUCNUTENbHOW TEXHUKN NOCTABUIMO HOBbIE 3aayu, Aano TakKkke U HOBble Me-
TOAb! PEeLEeHUA CTapbiX 3a4ay, pa3BuTUe Hayku NpoMCXoauT U B HAacTosLLee BpeMS.



CAY cocTouT 13 ABYX OCHOBHbIX YacTen: obbekra ynpasnenusn (OY) u perynaropa
(P). OpgHako, 310 pasgeneHue gocratoyHo ycnosHoe. OY npeacrasnsiet na cebs “Heuto”,
B KOTOPOM [OMKHbl ObiTh ABHO BblpaXeHbl OAHA UMW HECKONbKO BXOAHbIX U OQHA UMW He-
CKOMbKO BbIXOAHbIX BENMUYUH. Tak e Ha 0ObeKT AeNCTBYIOT NOMEXM.

£y &y
l Yi(t)

O] l

Um(t) Yp(t)
Puc. 1.2
u(t)=(u4(t)..... umt))” - BXogHoe, ynpasnsioLliee Bo3gencreme.
y(t)=(y1(t).....ya(t))" - BbIxOAHOE CUrHan, cocTosiHMe o6beKTA.
E(t)=(E1(t).....E(t))" - BekTOpP nomex.

[Ans noanepxaHua 3aAaHHOro pexuma OyHKUMOHMPOBaHUA 06beKTa, YTo BblpaXaeTcs B
3ajaHHOM MOBEeAeHWM BbIXOAHbLIX BENMUYUH Y, OCYLUECTBIAETCA YynpaBneHue BXOAHbIMU
BENUYMHAMM U B COOTBETCTBMM C HEKOTOPbLIM anrOpUuTMOM YNpasneHusi, NOCTPOEHHbIM, B
CBOIO O4Yepeb, B COOTBETCTBMM C NPUHLIMNAMU YNPABNEeHUS.



ycTponcTBo, BbipabartbiBaloLuee ynpasnesue, HasbIBaKT PerynaTopom.
[epen perynATopom CTaBuTCA 3ana4a 0beCneyeHUs 3aaHHoro Kayectsa paboTbl cucre-
Mbl BO BCEX MPAKTUECKM BaXHbIX pexumax. Perynatop co3faérest paspaboTymkoM cuc-
TEMbl, UCXOA U3 3HaHW O CBOHCTBAX 00bEKTA ynpasneHus 1 TpebyeMbix 3agavax cuc-

TEeMbl.



[TpuHUMNBI YyNpaBneHus

(perynupoBaHus)
o [MpUHLMN Pa3OMKHYTOrO PerynupoBaHMs. ‘é
WHave rosopa, YO PerynTop U 06BexT _Y,

NPUHLMN  NNAHOBOTO
ynpagnenus. Pabota- Y - Xenaembii anroput™ (yHKUUOHUPOBAHMA
€T A0CTAaTo4HO  YC- Puc. 1.3

NEHO NpU Hanuyuu
[1BYX YCNOBUMK:

a. [locTaToyHO MHGOPMaLMK O CBOMCTBAX 0OBEKTA M HEM3MEHHOCTH 3TUX CBOWCTB B NpO-
Liecce pabotbi.

0. HesHaunTenbHOCTb UMK NONHOE OTCYTCTBME NOMEX.




[TpuHUMNBI YyNpaBneHus
(perynupoBaHng)

o [IpuHUMN KOMNeHcauuu (ynpaBneHusi N0 BO3MYLLEHUID).

[peanoxeH .
Moxcene (1829 r.). S
Mp1HUMaIOTCS Mepbl K Pewgmp
U3YYEHUIO WMn  Bbl- .
WACTEHMIO  BO3MY- L Puc. 1.4
WaKLWero BO3AencT- Yo R U ™ o y

Bua &. Perynsatop P,
KOMMNEHCUPYET  noMe-
xi. WMMeHHO noaTomy KayecTBO paboTbl 3TOM CUCTEMbI Bbllle KayecTBa CUCTEMbI
paboTaloLen No NPUHLMNY Pa3OMKHYTOrO VNPaBNEHMUA.




[TpuHUMNBI YyNpaBneHus
(perynupoBaHng)

[MaBHbIA HEAOCTATOK 3TOr0 NPUHUMNA - He0DXOAUMOCTL U3MEPEHUs UNK anpUOPHOro 3a-
[aHUs BO3MYLLEHUS (Hanpumep,ero MateMaTM4eckon Mogenu).

SA

t Puc.1.5

3aKoH U3MEHEHUA NOMEXH AOMXEH BbiTb U3BECTEH, UK NOMeXa

AOMKHA U3MEPATLCA, ANA ITOrO AO/MKHA ObiTh H3BECTHA MaTeMa-

THYECKas MOAeNb NOMEXW UNKU YCTAHOBNEH AaTYMK ANA U3Mepe-
HUA.



[TpuHUMNBI YyNpaBneHus
(perynupoBaHng)

e [puHUMN 3aMKHYTOro ynpasneHus (ynpasneHus ¢ obpaTtHoOW CBA3bLIO, ynpasne-
HUSA NO OTKNOHEHUIO)

lNpeanoxeH YnkanesbiM (1874 r.)
JTOT NpUHLUMN ABnseTca Hanbonee obwum, HO U Hanbonee

[OPOrvM.
3
y',—" p : - 0 y -
'}
Puc. 1.6 KaHan obpaTHOM CBSA3M

Kanan obpatHoi cBsa3n aBnseTca Hawbonee ysssuMbiM mecToMm. [pu HapyweHun ero pa-
DOTbl CUCTEMA MOXET CTaTb NONMHOCTLIO HEpPaboTOCNOCOOHON.



[TpuHUMNBI YyNpaBneHus
(perynupoBaHng)

OTOoT 06K NPUHLMN YNPaBNEeHUs Yalle BCero peanusyetcs B BUae ynpaBreHus
MO OTKNOHEHMUIO, TO eCTb C UCNONb30BaHUEM CUrHana owubku e(t).

e(t)=yq(t)-y(t)

y

[To omnoHeno l ¢
y¢ dt) p u - 0
xasan ofparsouceaa |

2
-

Puc. 1.7

Ecnu 3agava 3aknioyaetcs B ynpaBneHuM 0OBLEKTOM npu HanuyMu BO3MYLLAKOLMX BO3-
[AEACTBUMA, HETOYHOCTU 3afaHuA MaTtemaTu4yeckon moaenu obbekra, NorpewHoCcTU ume-
PEeHUI U NOBbILLEHHbIX TPeDOBaHUAX K TOYHOCTU, TO NPUHLUMN YNPaBNeHUs Mo OTKNOHEHWUIO

ABnAeTCA Hambonee coseplue

HHbIM.



e Takke BO3MOXHO COBMeCTHOe (KOMOMHMPOBaAHHOE) UCNONb30BaHWe NPUHLMNOB
ynpaeneHus, Hanpumep, NPMHUMNA KOMNeHcauMn Bo3MyLeHusa u npuHuuna OC.

Hwxe Ha pucyHke NpuBeaEéH NpUMep TakoW CUCTEMbI, rAe UMEeeTCs U KOHTYp oTpuuarenb-
HOW 0BpaTHOW CBA3M, U LIenu KOMNeHcaumum NorpeLlHOCTeln 1 BO3MYLLIEHWA.

3T0- MoAenb 3NeKTPOMEXaHWYECKON CUCTEeMbI, cCoaepxallei npusoa, OObekT, AaTymku,
perynsatop u chbopmupoBaTtens (3aaartyumk) xenaemoro noBeaeHus BbixoaHoro curHana Y(t).
B atoin mogenu CAY cuuTaeTcs, 4TO NOMEXu AENCTBYEeT NUHENHO, T.e. NpubaBnsaioTcsa K
curdany. O4yeBMAHO, YTO UCNONb30BaH KOMOWHMPOBAHHbBIN NPUHLMN YNPaBNEeHUs.



RO
¥ ¥ &(t) : u u+a ¥(t)
P . Mprzox - (8]
’/;\ BATYI
Y
MompewHocTs
maTOw W3MEPEHMIA
TUNUYHBLIA BUA INEKTPOMEXaHUYEeCKON CUCTEMbI.
Puc. 1.8

K nodo6Homy eudy 4acmo MOXHO npueecmu munoebie CAY, npu4ém He mosib-

KO 3/1IeKmpoMexaHuYecKue, Ho u mobol dpyz0i Nnpupoosi.



TUIbI CAY

Tunbi CAY no 3agayam ynpasnexus (no Tuny 3agawoulero BO3geucTeus ):

O6paTtumcs K BUAY 3aaaloLLero BosaeincTaus (“ycrasku’, 3anatunka)  y A(t).

370 - Xenaemoe NoBefeHNe CUCTEMb, XenaeMblit anroput™ yHKUMoHuposanus. OT Bu-
aa v cnocoba hopMUPOBaHUA ITOrO CUrHana B 3HAYMTENbHOW CTEneHu 3aBUCUT Cnocob
NOCTPOEHUSA perynsTopa.

B 3aBucumocTy ot Buaa y**A(t) npunsaTo knaccuduumposats CAY no

3apjayam ynpasneHus:

o Cwucrembi cTabunusauumn: y** = const.

o Cuctembl nporpammHoro ynpasnexus: y** (t) - asnsercs yHKUMen BpeMeHU 1 3a-
paHee W3BECTHa.

o Cuctemsl cnegawme: y**(t) - 3apaHee HeU3BECTHO.



Tunbl CAY (npumephbl)

A

TUNUYHBLIM NPUMEPOM CUCTEMbI CTabUNU3aLMM MOXET CNYXUTb KOHTYP noaaepxa-
HUSA NOCTOSHHON TeMnepaTypbl B NOMeLLeHun (0bpaTute BHUMaHWe Ha Hanuyue B CUCTe-
M€ NOMEX B BUE U3MEHSIIOLMXCA YCNOBWIA: B NOMELLEHNe BXOASAT 1 BbIXOAAT Nioau U 1.0.!)
Eweé ogHum npumepom MoOXeT cnyxuTb cuctema AUl — asTomMatuyeckon NOACTPOVKM
4acTOTbl reTepoauHa NPUEMHMKA.

Mpumepom CAY nporpaMMHOro ynpasrneHusi ABNAETCA cucTema noaaepxaHus 3a-
[aHHOr0 TEXHONMOrMYEeCcKoro pexuma, Hanpumep, 3aKoHa HarpeBa NOAMOXKEK MUKPOCXEM,
Koraa u3secTHa Tpebyemas TemnepaTypHas KpuBas.
3ameyaHue: He cnedyem nymame MPUHYUN Mpo2paMMHO20 YrpaeneHus u cucmemy npo-
2PaMMHO20 ynpasneHusi (UMeemcs, K COXalneHulo, HeydayHas CroXuewascs mepMUuHo-
noaus).

HakoHel, npumepom crnegswien cUCTeMbl MOXET ABMATLCA NMbas cuctema auc-
TaHUMOHHOIO YNpaBneHus nepemMeLleHnemM, Hanpumep, poboT-maHunynsaTop, ynpasnse-
MbliA CneumanbHbIM “MKOACTUKOM™. B 3TOM cnyyae 06bekT A0MKET TOYHO BOCNPOU3BECTH
niobble 3apaHee HEM3BECTHbIE NMepeMeLyeHnsl, NPUTOM, BO3MOXHO, B YCIOBUAX NO-
MexX.



Knaccundpukauma CAY

Cucrembl ABTOMaTU4eckoro YnpasneHus I
____________ e —

CraunoHapHbie HecrauuoHapHbie

NuHenHbIe HenuuenHble
HenpepbiBHble OuckpeTHble
Uucposbie MMnynbcHble
_____________________ B S R
[deTepmurupoBaHHble CroxacTuueckue

........ L

C 3apaHHbIM Ka4yecTBOM

Mo Buay ypasHe-
Hun CAY.

Mo xapakrepy ne-
peaauu curHana.

Mo Xapakrepy
npoueccoe B CHC-
Teme.

Mo xputepuio ka-
yecrTea.



[Tpeobpa3oBaHue Jlannaca

Onpeaenenune. Hzobpascenuem no Jlanaacy KoMILIEKCHO-3HAYHOI (DYHKIHH
f (t) HasBIBaIOT (PYHKIHIO KOMILIEKCHOTO IIEPEMEHHOTO P = S+10, OlPeIeIsieMy 1o
KaK =
Fo)= [ 1O 1)
0

J.’I)l ll})906])i130B3I{lI>I (1) HCIIOJIB3VIOT CHMBOJIHYIECKVIO 3allHCh

fO)=F(p) wm F(p)=f(t).

[Ipu srom f (1) HasbBaIOT PyHKUUET-0PUZUHAAOM WIIH TIPOCTO opuzunatom. [1pes-
NoJIaraeTesi, YTO OPHIHHAJ YOBIETBOPSIET CJEAYIONINM TPeM YCIOBHSIM:

(a) f() =0 qmat < 0;

(b) f(t) vaosnersopsier ycaosuio JInmmmna-lensaepa Beiogy Ha ocu t > () 3a
HCKJIIOYEHHEM OT/Ie/IbHBIX TOYeK, IJle OPHIHHAI MOYKEeT HMEeTh pa3pbIBbI [I€PBOro
poja (IpH 3TOM CYHTAETCS, YTO Ha JIIOOOM KOHEYHOM HHTEpBajie TAKHX TOYEK
KoHeuHoe 4nco0): i Vi > 0 3A > 0, 3a: 0 < @ < 1 u 31y > 0 Takue, 4To

|f(t+7)—F(@®)] <Al (2)

s V1 |7| < 7
(¢) f(t) Bo3pacraer He GbicTpee nokaszarenbHON dyHkun, T.e. IM > (0 n
dsp = 0 Takue, yro jua Vi > ()

If ()] < Me*. (3)



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

1, t>0,
””z{u. t <. @)



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

[IpuBejem psiji NPOCTHIX COOTHONIEHHI, COCTABIISIIONINX AllapaT olepalHoH-
Horo Meroja. byjaem obosnauats jgasee uepes F (p) .G (p).H (p) .. .. n306paxe-
nust 1o Jlannacy opurunanos f (t).,g(f).h(t).... Ham Takxke s wutiocTpanun
cBoficTB npeobpazoBanns norpedyiores nzodpaxkenus no Jlamnacy npocreiinmx
OpPHI'HHAJIOB, a uMeHHo, dyukin Xesucaiiga (4) n skcnonentsl. U3 (1) serko
HAXO/THM

1 :
1(t)=-, eM=—7. (8)
p P — Po

H(.‘})Cl”l,’l(’.\l K H3VYCHHIO OCHOBHBIX CBOICTB Ilp(?()ﬁ])&l?()l’ial!ll}l .1&[1.'13(‘&1, ACMOHCTPDH-
Pyd NOIIYTHO Ha NpHMeEpaX TEXHHKY OIICPpHPOBaHHA HMH.



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

1. JInHeiitHOCTB.

J.'I‘/I .'ll()()bl.\' KOMILIEKCHBIX YHcen a u 3
af (t)+ By (t) = aF (p) + G (p).

6



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

B kauectse npuyepa HalijieM H300paskeHist TPOCTEHIIX TPHTOHOMETPHYE-
ckix ynkiuit. B coorserersun ¢ dopmynamu Jiiiepa u coorHomernsmi (8),
(9) nomyyaem

e et —pgt 1 ] | W 10)
snwt = == T g A [ e B
21 A\p-w ptw P+ W

gt } gt .1( ] ] ) D
coswt = = — +

) C2\p-w ptiw)  pPPw?




[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

2. Teopema noobus.

st Va > ()
L. (11)

Q

flat) = lr(

(X

Jloka3areJbCcTBO.

[Toacranoska f (at) B dopmyay (1) u 3amMeHa nepeMeHHOro at = T NPHBOJUT
K pesyibraty (11)

x 1 5 | 1 |
/ j ((lf) p'l”(’]l‘ - — f (7-) 6.-[!7/(1(17_ s (ﬁ) |
0 a Jo

(x O



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

3. Teopema 3anasabiBaHUs.
s VT > 0
f(t—7)=ePF(p). (12)
Jloka3zaTesbCTBO.

[TockosbKy 110 coiictBy (a) opurunana: f (t —7) =0 g t < 7 (em. Pue. 2),
TO

t
~
0 NS 1 \s/\ \\

Puc. 2: 3anazassaonyit oparasa.

/ f(t—7)ePdt =/A ft—71)ePdt= / £(0) e 040 = P F (p).
0 T 0



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

CaroiicTBo (12) yv106HO NpHMeHATh JUIsl (DYVHKIIHI, KOTOPbIE HA PA3HbLIX YVYaCT-
KaX 3a/1al0Tcsl pa3/IMYHbLIMH BhIpaykeHusimi. Hailinem, nanpumep, nsobparkeHue 1o
Jlanmnacy crynenuaroil pyakimn. Kak suano ns Puc. 3, qaHHBI OpHIHHAJI MOXKHO

t A0
6

Puc. 3: Crynenuaras $dyaxkimsa.

InpejcrasiThb B BHI€e CVIIEPDITOSHIIHH 3alla3/IbIBAIOIITHNX (b_\'lll\'[lllﬁ XeBucaiiia

f(f)=.~—'l[1(f)—+—1(f—‘r)+1(f—2‘r)—+—...]=.-4il(t—n‘r).

nn=>0
T()l‘,'la B COOTBEeTCTBEHH C (b()])!\l_\'.’l()ﬁ (8) CBOIHCTBOM JIHHeIITHOCTH (()) H 'I‘O()])(h\l()ﬁ
Ialia3/ILIBaHIs (12). InnoJiydaemM

20 e PnT A
F(p)=A E

n=»>0

p  p(Q—eP)

I[Ipu BBIBO/IE YYTEHO, YTO 3HAMEHAaTe /b IeoMeTpHYecKoil nporpeccun |e ™ P7| <
' g AR ] B



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

4. Teopema cvermenms.
[t 1106000 KOMILIEKCHOrO Wicia py
ol =T
)= F(p-m). (14)

Tlokassisaercs cBoficTBo (14) meMeHTAPHO 1yTeM HOACTAHOBKH €10 J1eBolf Ya-
CTH B HTerpal (1).



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

5. AnddepennupoBanne opuruHaJa.

- / -~ ~
Ecom dynkuus f (t) venpepoiBaa npu t > 0, u f' (), nan B Gosee obmem
cayqae f(") (), sBasoTCS OpHIHHAIAMH, TO

f'(t) = pF (p) — £ (0) (15)
HJIH g
f(n) (f) = p"F ([)) - an—l—kf(k) ((‘)) . (1()')
k=0

rje noxa f (k) (0) nmonnmaercst npenen cnpasa B T. £ = ()

F®(0) = lim %) (¢).
t—40



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

6. Auddepenumposanne u3odparkeHnsl.

JTuddepentmposatne w300pakeHiis CBOAUTCA K YMHOMKEHHIO OPHIHHATA HA
(—t), Te.
F® (p) = ()" £ (1) (17)

8. llnTerpupoBanue opuruHaJa.

IIlITOI‘])HP()B&HIK‘ OpHI'HHA/Ia CBOAUTCH K JACJICHHIO ll?()()p&’/!\'OIlll‘/l Ha p, T.€.

A f(r)dr ==~ 1()”). (23




[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

9. NuaTerpupoBanne n3obparkeHusl.

~00
Ecsm unrerpan [p F (q) dg no mobomy nyTH, HEJIHKOM JieKalleMy B 061acTi

Rep > sy, cxoaures, To oH aBisiercss nzobpaykennem ¢yuxiun f (1) /t, re.

M = / F(q)dq. (25)
p



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

10. Teopema o cBepTKe.

DTa cBoiicTBo npeobpaszosanus Jlamnaca siBasieTcst OJHHM U3 BajKHeHIIHX ¢
TOYKH 3peHHs NpakTH4yecKux npuioxkenuii. [Ipuseem cHavana obuiee onpejeie-
HHE CBEPTKH JABYX (hyHKIHIL.

Omnpenenenne. Ceeprkoii apyx dyukuuit f (1) u g (f) HassiBalor QyHKIIO
BHJIA

fH)@g( / f(r)g(t—7)dr = / g(7) f(t—7)dr, (27)

rjie CHMBOJI @ $IBJISIETCS] YCJIOBHBIM 0O03HAYEHHEM CBEPTKIL
s dynkmuii-opurunanos f (t) u g (t) ¢ ygerom Toro, uro f (1) =0u g (f) =
0 wis t < 0 u3 coornomenus (27) noaydaem

f)@g(t) = : f(r)g(t—7)dr. (28)

Teopema.

CB(?])TI\'(‘ OPHI'HHAJIOB COOTBETCTBYET ITPpOH3BE/ICHHE ll?()()])ﬂ‘/l\'(‘llllﬁ

ft)®g(t)=F(p)G(p). (29)



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

PaceMoTpiM HECKoJIbKO IPHMEpPOB Ha IIPHMeHeHHe TeopeMbl 0 cBepTke. B pa-
JHOTEXHHYECKHX 3a/1a49aX HMeIOT JeJ10 ¢ JIMHEeHHBIMH YeThIPeXIOIIOCHHKAMH (CM.
Puc.7), 3aiaBaeMbIMI EMITY/ILCHOI TIepexo/iHoi XapakTepucTukoii h (t). [Tpu stom

—y —»

x(1) h(t) 1)

- —e

Puc. 7: Jlnseitasiii 4eThipexnoocHuK.

curtast y (t) Ha BBIXOJl€ YETBIPEXIOIIOCHHKA MOYKeT ObITh BbIPaykeH Yepe3 BXOHOI
curtan x (t) ¢ nomonibio nHTErpana Joamesns

t
y(t) = / h(t—7)x(r)dr, (30)
0
npejicTaBistionero coboii ceeprky (28) dyuxuuii h (1) n z (t). Kak suano u3 (30),
h (t) npeacrasisier coboil OTKIHK CHCTEMbBI Ha KOPOTKHil d-ummyibe x (t) = 6 (t).
B coorsercrBin ¢ Teopemoii (29) u3z (30) mosyuaem npocTyio anrebpandeckyio
CBA3b H300parkeHnii BXOAHOrO H BBIXOJHOTO CHIHAJIOB
Y(p)=K(p) X (p), (31)
riae K (p) = h(t) sasbiBaior K03 PHUIHEHTOM Mepeiadn JHHEHHOrO YeThIPexIio-

JIOCHHKA.



[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

O O

Puc. 8: Mpocreiimas L RC-nenouka.

(cm. Puc.8), yunrbiBasi ypaBHeHHs CBA3H HanpsikeHusi u (t) um Toka i () Ha uH-
AyKTHBHOCTH L u emxkoctu C

di ; Jdu

u=L—. 1 =(C—

dt dt
i TeopeMy o auddepeHnnpoainn opuruiaia (15), MOXKHO 3aMEHHTh YKa3aHHbIe
HHEPIHOHHBbIE 3JIeMEeHThl 3KBHBAJIEHTHBIMH KOMILJIEKCHBIMH COIPOTHBIEHUsAMH pL
n 1/ (pC) coorBercTrBenHo. B pesyabrare pacuer (hpuibTpa CBOJHTCS K pacdeTy
[EeNOYKH H3 TPexX COIPOTHBJIEHHII, H MBI [OJIy4YaeM

1/ (pC) 1

K (p) = - = '
1 (1)) I)L e R+ 1/ (1)(1) I)QL(' + R(‘l)_*" 1




[lpeobpasoBaHue Jlannaca.
OCHOBHblE CBOUCTBA

T(.‘Op(‘.\(i\ O (‘B(?])TK(‘ 'r)(b(b(?KTIlBHO !I])ll.\l(‘H}lCT(‘H H K p(‘lll(‘llll!() llll'l‘(.’[‘])il.'lbllblx

_\'])aBlI(‘HHﬂ BH/1a ;
y(r)—A/ g(t—7)y(r)dr = £ (1),
0

Ha3blBaeMbIX llIlT(’I‘pil.’lbllbl.\[U _\'I)illili(‘]lll)l.\lli B().'lb'l’(‘,])])éi 2-[‘() po;m [ & l)ﬁ?llO(’THbl.\I
)!,'lp().\[. n])llMC‘ll}l}l K ()6(?]13\1 HacTsM }'pi]BIiPllU}l llp(‘()()])i\?()liallHO .—Iilll.'lﬂ.(‘i'l H y'lll-
ThIBasi TeopeMy O cBepTke (29), Jerko HaxojuM H300parkKeHHe HeH3BeCTHOro pe-
[HIeHHsd

F(p)
1—\G(p)

Y(p)=



OTbICKaHMe OpuUrnHanoB APOOHO-
paLOHaNbHbIX U300paXXeHnN

 [1Ns HaxoxXaeHusa opurmHana no N3BECTHOMY
N300paxeHunto , rae ecTb NpaBuIibHas
paLnoHanbHasa Apobb, NPUMEHSIOT creayoLlmne
npuembi.

» 1. 3Ty ApoBb pasnaraoT’ia CyMMy NpPOCTEMNLLMX
Opoben n HaxoaAaAT ANa KaXxaon U3 HUX opuUrnHar,
Nonb3ysiCb CBOUCTBAMU NpeodbpasoBaHUS
Nannaca.

e 2. HaxogsT normtockl 3TOM APOOU N NX KPaTHOCTMU .
Torpga opurnHanom anga oyaget doyHKuma F(p),

* rge cymma bepetcsa no Bcem nositocam pyHKLUNN .



OTbICKaHMe OpuUrnHanoB APOOHO-
paLOHaNbHbIX U300paXXeHNU

n

ft):= Z(k i FG) -y

* (16)



OTbICKaHMe OpuUrnHanoB APOOHO-
paLOHaNbHbIX U300paXXeHNU
* B cnyyae, ecnu Bce nontocbl yHKLUN

NpocThble, T.e. , nocrnegHasa popmyna
ynpoLlaeTca n NpuHMMaeT B

iy Alpk) et
f(t) =Y D2 gmit
kzzl B'(pr)




[MTpumep 1.

* Hantn opurnHan qoyHkumumn f(t), ecnu

. Pt 2
)



PeweHue. 'lepBbit cnocob
(cnl).

* [lpeactaBsnm B BUAE CyMMbl NPOCTEULLINX
aopoben

o p+2 A B C,+D
. (p+1)(p-2)(p* +4) p+1 p—2 p?+4
N Hangem HeonpeaeneHHble
KoadpdpuumeHTbl A,B,C,D.




PeweHue. 'lepBbit cnocob
(cn2).

 ImMeem

p+2=Ap-2p +4+Bp+ 1 +4)+(C,+D)p+1)p-2)

oot =1, p=2, p=2i

* MONYy4YnM

~156A=1, 24B=4, (20i+D)(2i+1)(2i-2)=2+2,



PeweHue. 'lepBbit cnocob
(cn3).
* OTKyOa
1 1 1

2
A=—-— B=>,C=—-—,D=-2
15 6 10° 5




PeweHue. Bropou cnocob.
(cni)

« Hangem nomnocbPr  OYHKUNWF(p)

X . » . 2 . 4
OHU COBMaAatoT C HYNsIMU B(p) = (p - 1) (p - 2)(p - 4)
3HaMeHaTens

Takum o6pasom, nsobpaxkeHue F (p) MMEET YEeThbIPEe NPOCTbIX MOMCA

p=-1l, p2=2  p3q==£2

m

Monb3ysck POpMynoii » A(PA) iy
y pmy flt) = Z ™ oPrt

nojtydyaemM opurnHarn



[Tpumep 2.
» Haiitv opurunan  flt)  ecnm

\ pt2
IWﬂ_ﬁ@-UQ




PeweHue npumepa 2.

* [laHHasa opoOLF (p) NMEEeT NoNG, = ()
KPaTHOCTW p, = 3

* NNOMKC 4, — 1  KPATHOCTW2p = 2
|_|OJ'Ib3yFICb doopmynou (16)

f) -Z i [F) - e

° nonyqaelvl OPUTUHAI






