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2.3 Ocolibie TN 215 HEAWHEHHLIX CHETEM peryTMpOBANIS

Peansitsic CAP MOAHO CHHTTS THHCHHBIMH HaUIC BOEFO B IpEATONOKCHIN
MANOCTH OTKIOHEHI] IEPEMEHHBIX OT HX 3HAUCHMH B ONIpEICICHHOM YCTAHOBHS-
LeMCS CocTosHIK. 3a MpeIeaMs yKasaiHoll 0G1ACTH BETEACTBHE SHATHTEIBHON
OTKIOHEHI XapaKTEpHCTHK OT THHCHHbX KapTHHa as0BbIX TPacKTOpHi MOKET
CHUTEHO H3MEHHTECS H CTATS Ka'leCTBCHHO WHOT.

B uactocTH, cenm no mmeiinoli Teopn CAP okassisactes Heycrofiumsoit
M poLCC HATMHACT PACXOTHTECA, TO MOKCT OK3ATECS, 1O W3-3a GaKTHYCCKOH
"HeMHEHHOCTI XAPAKTEPHCTHK OH He GYIET PACXOANTECA HEOTPAHICHHO. AMILIH-
Ty2a paCXOAIMXCS KoneGaHHIi MOKET YBETHTHBATEES TOTEKO 40 ONPEACIEHHOTO
SHQUCHNS, @ ATEM OCTABATHCA NIOCTORHHOM, T. . Heycrolitmbas Arciias CAP
Kak Gut npeBpamacTes B yeToliumByto HenmHelinylo asToxoneGarenbiyio CAP (ch-
TeMa reHepHpyeT yCTOlMHBHE KorleGaris onpeecHHoM dopys).

Kaprua asonsiX TpackTopui /Ut SToro ciysas Takosa. BOTSH Hatata
'KOOP/HAT HOAYHAIOTEA CTIMPATH, Kak B HeyCTofmBoli AMHEHiHO cHCTeNC, Ho fa-
Jiee Bee OHM PACXOIATCA HE 210 GECKOHEUHOCTH 0, @ IPHOIDAZIOTCH aCHMITIOTH-
ek K HEKOTOpOMY JaKIYTOMY KOHTYPY. K Hey e NpHGIIKatoTes H Bee -
A, HAXOASLECH BHE KOHTYpA. DTOT KOHTYp — HanGolce BuKHIi JUI% TeopHH
THn ocoBix I Ha basoBoll IWIOCKOCTH — HASHBACTCA yemoiiuusbiM npedets-
etst yuxt0 s, Ot COOTBETCTBYCT ABTOKOTEGAHMSN B CHCTEME.

‘Bropoit aksill TN ocoGHX AMHIH, OTpEEAONH YCTONMBOCTS CHETENS
B MATIOM) H HEYCTONMMBOCTS « GOTSIIONY, HASHBACTC HeyCmOTiusELI npedeTo-
etst koM. OH SBIHETCH TpasMtcii Ha%IBHbX YenoBili, 10 kotopoii CAP yeroii-
B, OT Hero b oGe CTopoHs! (BHYTPb H HApYAY) YAQISIOTES CIMpATCBWHSE darso-
BHIC TPACKTOPHI. JaMETHM, 9T B TOM ClyHae MOKET GBITS Takoke cllE Gonee Yia-
éwmbi yeroliunBeii NpeACTBHNIE WK, COOTBCTCTBYIOWMH ABTOKONCOAHNIM ©
Gombuoli amTyt0fi.

Tperuii TR ocoGkix MM HAHBACTCS cenapampuca. OWM WMEIOT Gorlee:
CoAHOC H PA3HOOGPA3HOE ONEPTAHMHE H B AaHHOM KYPCE HE PACCMATPHBAIOTCA.

Toka rosopiiocs o CAP, KoTopbie pi MATHX OTKIOHGHIEX PACCMATPHBAIOT-
st Kai nunelibic, a IpH GOTBUIX - Kak HenMHeliHbie. AHATOTH1HAS KapTHHa TIOTY-
HACTER M /UIA TaKMX HenMHCHHbX CAP, KOTOpBie, J0Ke «B MAIO, HEIb3s pacca-
TpuBars Kak TwHcliksic. TaKOBBIMH SBIIOTCA MHOTOHCICHRHE penciifbic CAP, a
Tascke CAP ¢ 0ol HEUYBCTBHTEIBHOCTH, THETEPESHCOM, 5a30pOM (1iofTon). M-
TEPECHO OTMETHTS, UTO TaKHE CHCTEMSI CKOPEE (& GOTBLIOND, YN «B MANOM, IpH-
GTIKRIOTER K THHCHHAIM, KOT1a 30Ha HEUYBCTBHTEABHOCTH, THCTEPESHC, 3230 OKa-
SBIBAIOTCA MATHIMI 110 CPABHEHHIO C BEHIHHON OTKIOHCHHS X.

B CAP ¢ soHoil He1yBCTBTEILHOCTH CYMCCTBYIOT OGIACHI SACMOA, KOTA
YCTRHOBHBUIEMYCS COCTOSIHHIO COOTBTCTRYET He OZIA, 4 LETas 001aCTS paBHOBEC-
HbIX cocTosmi cerens. Ha dasosol II0GKOCTH 9T0 BEPAKACTES B TOM, HTO 0c0-
Gast ToNKA BHTATHBACTCS B OCOGI: OMPEIOK.

1

Pacemotpensii MeTon dazonoli IIOCKOCTH AMIACTC TOUHBIM, HO HMEeT
OrpaHIueHHOE NpHMCHEHHE, T. K. IPAKTHCCKH He MpHMeHinM 1% CAP Baine bTo-
poro nopsaka. JU1A CHETEM BHIE BTOOTO TIOPAAKA MPWIETEA HMETh A0 ¢ paso-
BBIM IPOCTPAHCTBOM, T0 YpESBENMAIHO CIOAHO H3-32 HOSBICHHS HOBKIX 0COBCH-
Hocteli npoticcon. JlanHsili MCTO Ghu BBCACH B TCOPHIO GBTOMATHYCCKIX CHe-
‘Tem Awporossie AA 5 1959 1.

Jlonomirenbiyio HibopMaio MokHO Houepriyrs B [1-7,9 - 1],
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2 Jlexuns Ne 2. Wccaenosamue ycroitumsoctu u asrokoefanuii
MmeTo1om $a3oBoii MIOCKOCTH

Conepxanue JEKUHH: NOHATHS (a3OBOTO NPOCTPAHCTBA, Ha3OBBIX TPACKTO-
‘pHii. U3o6paeHie npolieccos Ha $a3oBoii 110CKoCTH.

Iess JeKUMH: H3YIHTh MeTO] (ha30BOil IIOCKOCTH aHaJH3a H CHHTE3a aB-
TOMATHYECKHX CHCTEM peTyTHpOBaHHs.

2.1 Gasosoe npocTpancTso
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JU1si HarJIAAHOTO NPE/ICTAB/ICHHS CIIOKHBIX HEIHHEHHBIX IIPOLECCOB PEry/IH-
POBaHI IPHGETAIOT K MOHATHIO (ha30BOr0 MPOCTPAHCTEA, KOTOPOE 3AKTIONACTCH B
cnenyiomen. JluddepeHinatsoe YpaBHEHNE 3aMKHYTOI CHCTCMBI /1-T0 NOPAIKA
MOIIHO NpeoGpa3oBaTh B cHCTeMy 71 TH(depeHIHATBHBIX YPABHEHHIH IEPBOTO 110~
PSIKa B BHJC:

dxi/dt = D(x1, Xppees X f5 @5 oo Al = D1, Xons X [, 2, (B)

IJ€ Xy, Xa,..., X, — IIEPEMEHHBIE, SABIIOWUECS HCKOMBIMU (YHKLHSMH Bpe-

MEHIH, TIPHUCM X MOKET 0BO3HAUATS YTIPABIACMYIO BEIHUHHY;
X3..-. X, — BCIIOMOTATE IbHEIE TIEPEMEHHBIE;
/¥ g — BosmyIaoliee H 3aj[alolee BO3ICHCTBHA.

Tlycts n =3 (T. e. cucTeMa TpeThero nopsika). [lepemennbie Xy, x;, X3 Mo-
YT UMETh M0GOi (HHUECKHT CMBICT, HO YCIIOBHO HX MOKHO MPE/ICTABHTL Kak
[IPAMOYTOIBHEIC KOOP/HHATHI HeKOTOPOit Toukit M. C TeucHHeM BPeMEHI X1, X2, X3
MEHSIOTCS, UTO COOTBETCTBYET NICPEMEIIICHHIO TouKH M B NPOCTPAHCTBE MO Onpe-
Jenentoii TpackTopHi. CIIe/IOBATSNLHO, TPACKTOPHS TOUKH M MOKET CIyKHTS Ha-
TJISTHOM TeOMETPHYECKOll HIUTIOCTpAIHeil MI0BE/ICHHS CHCTEMBI B TIPOLIECCE Pery-
uposanns. Touka M HaskiBacTcs usoGpaxcaroueti mouxoti. EE TpackTopus Hasbi-
BacTes (hasosoli mpaexmopueti, a npocmpancmeo (xy, X, Xs) HasbiBacTCs haso-
evuv. Hauanbmbic yCloBis (X1 = X10, X2 = X20, X3 = X30 IpH Bpemer ¢ = 0) onpesie-
JISIOT KOOP/IHHATEI HAYabHON TOUKH M.

CoBOKYIHOCT, (ha30BBIX TPACKTOPHIi, COOTBETCTBYIOMIAN BCCBOSMOKHBIM
Haua/lbHBIM YCIIOBHSM, HasblBaeTest hazoesim nopmpemon. Emé Gonee HarusaHo
(asoByio TpaekTOpHIO H (a30Bblil IOPTPET MOXKHO NPEJCTABHTL B Clydae JBYX-
MepHoro drasoBoro npoctpasctsa (n = 2). JlByxMepHoe asoBoe NPOCTPAHCTEO
HasbIBaeTCH (ha3060il N0CKOCMBIO.

B PACCMOTPEHHOM FeOMETPHUIECKOM MPE/ICTABICHHH YUaCTBYIOT KOOp/HHA-
THl M HCKJIOYEHO BpeMs 7. (Da3oBast TPAeKTOPHs JaeT JIHIIb KaYeCTBEHHYIO Kap-
THHY TIOBE/ICHHS CHCTEMBL. UTOOBI ONpe/IeHTh KONHYECTBEHHOE TONIOKEHHE H30-
Gpaskaromeii TOUKH B 1060 MOMEHT BPEMEHH, HYKHO HaiiTH peenne ndde-
PeHLHATLHEIX ypaBHeHHii (3) BO BpeMeHIL.

Ecin ypasHeHms (3) COCTAB/ICHBI B OTKIIOHEHHAX OT YCTAHOBHMBIIETOCH COC-
TOSHHS, TO MOCTIE/IHEE XapaKTEPH3YETCsl SHAYCHHIMH X = X2 = x,= 0. Cresto-
BATENBHO, W300pAKEHHEM YCTAHOBHBIIETOCS COCTOSHHS CHCTEMbI ABISCTCH HAva-
110 KoopAMHAT (a3oBOro MpocTpaHCTBa. OTCIONA BHITEKACT, UTO a3oBbe Tpack-
TopHH yCTOIMNBOIH JTHHCIiHOI CHCTEMBI GYIYT ACHMITOTHUECKH TPHEIIKATHCS K
HavaJly KOOP/IMHAT TIPH HEOTPAHHYCHHOM YBEIHYCHHH BpeMeHH. A (a3oBbie Tpa-
eKTOPHH HeyCTOMUMBOl TMHEHHOM CHCTEMbI GyJlyT HEOTPAHHUCHHO YIAIATHCH OT
Haua/Ia KOOpJIHHAT.

Da3oBast IWIOCKOCTH — 5T0 KOOPAHHATHAS ILIOCKOCTD, B KOTOPOI 110 0CSIM KO-
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CAP, ocosantsiii Ha nocTpOEHIN ($as0BOTO NOPTPETa, HASHBAIOT Memodax da-

Hacro npw H30GpaeHM Mpotieccos Ha (asoBoli IOCKoCTH 5a azoByko Ko-
OIMHATY X, KOTOPYIO OTKIAIHBAIOT 10 OCH OPAMHAT, NPHHHMAIOT IPOH3BOTYIO
KOOpIWHATE! 11, OTKIABaEMO 110 ock aGcice. B >To cyuac pasoBsic Tpack-
‘TopHM oG takoT ceyRoUMMM cROfiCTBaNMH.

B bepiieii MOAYILIOCKOCTH HIOSPaAAONIES ToUKA ABIAETCA ClicBa HAmpa-
b0, Tak Kkak x,> 0 1 x; Bospactact. B wickHeli no1yII0CKoCTH, HaoGopor, H30Gpa-
AUOUAR TOUKA ABIKETC CTIPABA HATCBO, Tak Kak ¥ < 0 W ¥, yOusacr. Tlostomy
pasoswie mpackmopuu nepecexaiom ocv abeyuce nod npaveis yerom.

Tlo (a30BoMY MOPTPETY MOAHO CYIHTS O XaPaKTEpe NIEPEXOHBIX HpOLICE-
o, B wacTHOCTH, 110 (3080l TPAEKTOPHH MOKHO TIOCTPOHTS 563 PACHETOB Katie-
CTBCHHO BPEMCHIYIO XapaKTEpHCTHKY — KPHBYHO SaBHCHMOCTH X, O BPEMCHI £, 1,
~Ha0GOPOT, 110 BpeMCHHO/ XapaKTEPHCTHKE MOAHO HIOCTPOHTS G¢3 pacHieToB Katlee-
‘Theno dasonyio TpackTopiio.

DasoBble NOPTpETSI HeHHEHHHX CHTEM XapaKTEpH3YIoTCs GoTbui pas-
~HOOGpasHeM, e (asoBlie TIOPTPETH THHCHHbIX CHCTEM. OJTHAKO THITH 0cOBBIX
ToueK (KOTOpHIE GYIT paccMOTpeH! Aaiee) (asoBHX NOPTPCTOB AMHCHHEIX
HEIMHEHHBIX CHETEN COBAAIOT. 3ech HMEIOTCA B BITY Te 0COBHIC TOUKH, B 0K~
[PECTHOCTAX KOTOPHIX YpABHEHHS HETHHCHHIX CHCTEM 10TYCKAIOT THHEAPH3AIIIO.

2.2 DasoBbie TPAEKTOPHM /15 OOBIKHOBEHHAIX THHEHHLIX CHETEN

Tlyers, nepexoansii npottece B Hekotopoli cHcTeMe omcaBacTes Ande-
PEHUATLHHM YPABHCHHEN BTOpOTO MOpS KA

dlde* + aydeldi + axe = 0. @

OBosmatin cKopocTs oTKIOHEHHS ynpasesoli seist d/di = y. Torza
uipakere (4) NPeoBPAYETEs B CHETEMY JBYX YpaBHEHHH iepBoro NOpaiKa

dyldr
Hlekaousnn 13 9THX ypaseuii BpEMS £, PASICIHB TEPBOC YpABHEHHE Ha

s10poe,
©)

Pemettie y = g(x) 9Tor0 A depEHIMATLHOTO YpaBHEHHS NPEICTABIACT Co-
Goli Bce BoIMOKHbE (basoBbic TPACKTOpHH. PAccMOTPHM 9TH TpacKTOpHH.
VpasHeritio (4) CoOTBETCTBYIOT KOPHH XapaKTEPHCTHYCCKOO YpABHEHHS

ay-ax,  dddi=y. ©)

Pz = a2 (@l a). ™

Bowiorkitht weets cyiacs:
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- KOpHM 4HCTO MuMsie (KoeGaTe TbHas rpanHia yeTofiumBocT ol
cHerens);

- KOpHH KOMILIEKCHBE ¢ OTPHIATEIISHOIl BeUeCTBCHHON HacTHio (yeTolitm-
st THHCHHAN CHETEM C SATYXAIOUIHN KOCATE TLHAIM TIEEXOHBIM IPOLIECCO);

~ KOPHI KOMILIEKCHHIC ¢ HIOTIOAHTEIIBHOH BEECTBCHHOI aCTBI0 (HeyCTof-
Bas THHEHHAR CHCTEMA ¢ PACXOIAILUMER KO/ICGATEBHEIN TIEPEXOHEIM TIpoTice -
con);

- KOpHI OTPHUATEIBHHE BelllecTacHRHE (ycToliumbas miHeiinas cHTeMa,
nepexommuii npontece Ges koneGamii);

- KOPHH TIOTIOKHTENSHBE BeleCTBCHRHE (HeyeToMMBas THeliHas cHeTe-
M, nepexonmsii mpotiece Ge3 koneGanuii);

- KOPHH BEUICCTBCHHSIE W UMCIOT pashbic 3HaKi (eycTolunbas mHHeHHas
enerena). YacTaii carysali — O1H 13 KopHeil paBcH HylO (anepHOTCCKas rpa-
it yeToitaHBOCTH HHCHHOM CHCTEME).

Cayait 1. Tlonysatores HesaTyXatoume KoneGanms ¢ noctosmoli awmm-
Tyn0li A W HauansHO Gasoli B, KOTOpHE SABHCAT OT HAYQISHbX yerOBMH:

x=dAsin(wr+ ). y=duldi= wAcos(r+ B). ®

VrioBas 4acToTa STHX HesaTyXaiomux koncGammii o = Vay. Jlus Gasosoit
IUMocKoCTH ypasHeHs (8) NPEACTABIAIOT CoBoll NapaMETpHICKHE YpaBHEHHS 11~
I, B KOTOPHIX NIZpAMCTPOM ABISCTES Bpenst {. BocloIb30BABIINCS TPHTOHO-
MCTPUHCCKHM TORACCTBOM sin’(of + B) + cos™(@f + B) = 1, HCKIIOWHM W3 HHX {
oAy ypasierie aonoli TPaCKTOPHH B IPAMOYFOISHbX KOOpIMHATAX X 1 Y2

AP+ (oA ©

Takunt oGpason, nepoMeckin koeGanis B CAP cooTheTCTByeT 1Bi-
etme wsopakatoutcil TouKH 10 3aMKHyTOH KpBOTi. ToKH, B KOTOpHIX Heno3-
MOAHO YCTAHOBHTS HATPARICHHE KACATCABHEIX K (a%0BHM TPACKTOPHSM, Hasbl-
BaloTes ocoGeuu. B oM Ciyac 0coGoll ABIIETE ToUKa B HaUle KOOPIMHAT
oot miockocTw. E& wassahe — yenmp.

‘Cayuait 2. Hnietor wecto satyxatomme koneGanms x = Ae™™ sin(or + B), tae
@=ay/2. Kax  passinie, mocTosHHbE A H [ ONPEACISOTES HAATBHEINH YCTOBH-
MH. 3aTYXaIOUIMM KONCOAHIAM CHCTEMS! OTBEHalOT (BasoBHIE TPACKTOPHH B BIIC
OTapHMICCKIX CIMpaei, 110 KOTOPHIM H3OGPEATIOIA TONKA PHEIHAETS
K Havay KoopauHaT. Ocoofi SBTHETES TOKa B HAULIE KoopAHHAT azoBo 1ioc-
Koctu. E& nassanme — yemoitiugi: oxye.

Cayuaii 3. Hvelor MecTo pacxonsmecs: koreGamis. (asoBiic TpackTopHi
Toke B BIIC TOTapHMHYCCKIX CHpTCi, TONbKO H3OGPUKAIONIAS ToTKA ABHTA-
€104 110 HIRM He K HatTy KOOpIHHAT, a OT Hero. OcoGoll SBIHETEs TouKa b Hatate
~KoopHaT azosoil nockocTH. EE assane — neycmoirusoti horye.

Cayuali 4. 10T cyuaii CoOTBETCTBYCT anCPHOMCCKOMY (e KoreGaTes-
Howy) npottecey x = Cie '+ Cae 7. B oTmmume ot npeaero, viech pasonsic

9





image5.png
TpackTopHI BIMBaIoTE HerocpecTREHRO (Ge3 cnmpancii) B Ha%aTo KoopaMHAT
dasooit WiocKoCTH. OHAKo WIGPAAIONIAS TOUKA HE MONAIACT B HAUIO Koo~
JIHHAT 32 KOHUHOE BpCNS, @ IPHGTIAQCTCS ACHMITTOTHICCKH.

Firak, 3aTyXalol arICPHOTHHECKINM TPOLIECCaM B CHCTEME oTBedaioT da-
30BHIE TPAEKTOPHH, BIHBAIOWICCH B HaYANO0 KoopHHaT. Ocooli BIAETCA TOKa B
‘Hauane KoopHaT (pasosoil 1ockocTH. EE HasBaswe — yemoiiuserii ysex.

‘Canyualt 5. Iror cyual Takke COOTBETCTBYCT ATICPHOTHIECKOMY MPOLIECCY,
HO M305paKaIoNas TOKa YAAIACTCR OT Hatana KoopMHaT. OcoBoli amss
Ka B Havate KoopHAT (axoBoil IIocKoCTH. EE HAsBaHMe — neyemoiriusail y3e1.

Cayuall 6. 0T cyuall TAKAE COOTBETCTBYET PACKOIALEMYCS AlICPHOH-
HecKoMy Mpotiecey, Ho (a30Bie TPACKTOpHH 3Acch HHBIC H IPECTABISIOT CoGOH
cewelicrno rmepGor. HaoGpaaloitas TouKa, JBHTALCE 11O HIM, B KOHETHOM HTO-
Te yAaIHeTeR OT KavATa KOOpIMHAT.

Ocoboli smiseres Touka b Hatate KoopaHHAT dasoBoli WIOCKOCTH.
Batte — cedao. B oTIME OT OKYCa H Y1a, CELI0 BeeTa HeyCTONMBO.

B TaGmtie | NpHBCACHS! PACCMOTPEHHSIE BHILIC TIEPEXOHBIE Mpotiece, ha-
30BHIC TIOPTPETHI  THITH 0COBKIX TOUEK IIpH PASIHYHAIX KOPHAX XapaKTEHCTHICC -
Koro ypasteris.

TaGmma 1- XapaxtepHCTHKH HETMHCHHSIX CHCTEM NpH PAvIHYHBIX KOPHSX
XapakTepheTItcKoro ypaseHis

Koprm Xapaxrep nepexon- Dasoswii noptper | Twn oco-

| ypasmenns Horo npouecea Goit ok
Uucto | Hesatyxaioune Kore- | 3akHyTHic kpuBbe —

1| e | Gamns. KoneGarensias e Uerp

rpaniua yetoitunsocr|

Kowniexcrsic ¢| KoneGareasiuili sary- | Jlorapuiiicciie crinpa-
2 | orpuuaressioli | xaoumii, Crcrena ye- | mu. Hsopakatoutas Touka | Veroitun-

Beimecracnnoli | Toliumsa JBiKeTCR K Havany koop- | B okyc|
nacsio a0 uacosolt etperke

Kowniexcrie ¢| KoneGareasiii pacxo-| Jlorapufwiicexne cupa- | Heycroii-
3 | nonomurens- | asmuniics. Cerena we- | mm. Hsobpaxatontas Touka | anssii

Hoil etcersen) yeroiiunza AmKeTes 1 Hakaa Koop- | dokye
Hoil wactblo Juat o sacooli crpenke
‘BemceraeRHe | AncpHomIceKI ‘Dasossic TpackTopun | VeTomui-

4 | orpuaressise | exonsuuiics. acnmToTcekn suusa- | vai yien

Cucrena yeroitunsa | iomes s asano koopaumar
Bemcoraenntic | Ancpnomiricekii | H300paAaiomas Toka

5 | nonomurens- | pacxonsuumiics. YA@IAeTeR OT Hataa Koop-| B
e Crerena wecroiiunsa_| anmar yaen
‘Bemceraennbic | Ancpuomicckii | Hso0paaionia Touka b

6 | ¢ pasmsn swa- | pacxozsumiics. Koeurow cuere yransercs| Cento
s Crerena necroiiunsa | or navana koopasar
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