NEKLIHSA #02 i
JHHAMHKA KOAEBAHHH: MOJEAH CHCTEM

$§ 2.01 Junamuueckne cucrempr

® Junamuueckas cucrema ([IC) - moaeab, KoTopas onucblBaeTcsi He3aBHCHMOH
nepeMeHHOH - BpemeHem | - u Habopom K BeAUUMH - JHHAMHYECKHX MEPEMEH-
mpix {x;}, (1<i<K), cumraiomuxcs Qynxumsmu Bpemenn: X; = x,(¢). Cookym-
HOCTb 3HA4YeHUH BCEeX AMHAMHYECKHX IepeMeHHbIX {xi(to)} B /laHHbI MOMEHT BpeMe-
HH 1, omnpeaerseT cocrosume furamudeckoil cucmemvl. CoBoKymnHOCTD {xi(l‘o)}

CUHTaeTCs] KOOPAUHATAMH TOYKU B K ~-MepHOM IPOCTPAHCTBE COCTOSIHMH CHCTEMBI, KO-
TOPOE€ HA3DbIBAETC ¢8308bIM HPOCTPAHCTBOM. Tqua 9TOro IIPOCTPAaHCTBa, COOT~
BETCTBYIOILasi COCTOSIHMIO CHUCTEMbI, Ha3bIBaeTCs1 (has080U MOUKOU.

< /Jlas ynpolenuss samucu (OpMyA KOOPAMHATBI (Pa30BOH TOUKH MOKHO CUHMTAaTb KOMITOHEHTaMH
BeKTOpa )?(t) B ucnoabsoBanun BeKTOpHBIX 0603HaYEHHH Hy:KHA OCTOPOKHOCTb: X; MOTYT HMETb

pa3HbI€ PA3MEPHOCTH.
¢ BeJ\I/I‘{I/IHbI {xi} CHYHTAIOTCA ﬂ,eﬁCTBHTeAbeIMH. ,ZI,J\H OIMMCaHUsI HEKOTOPDbIX AHHAMHYECKHX CHC~

TEM (HaanMep, BO3HHKAIOIOHUX B KBaHTOBOH MexaHI/IKe) BBOJSITCAA KOMIIAEKCHbIE JHHaMHYECKHE IIe~
pPEMEHHDIE. B 3TOM CAy'ae IIpH I0oJCYUeTe pa3sMePHOCTH (Pa30BOro IIPOCTPAHCTBA K ﬂ,eﬁCTBHTCAb-

HbI€ U MHHUMBDBIE YaCTH IN€PEMEHHDbIX [MTOAKHbI YYUTBIBATbCS I10 OTAEABHOCTH.

¢ Ormcanve AMHAMHUYECKOH CHCTEMbl MO:KeT MOTpeGOBaTb yKasaHMsl 3HAU€HHH psizia
napamempos JUHAMHYECKOH CHCTEMbl -~ (PU3UYECKUX BEAUYHH {aj},(lﬁ j< L), or-
AUYHBIX OT JHUHAMHY€CKHX IepeMeHHDIX.

<> COBOKyl'IHOCTb ImapaMeTpPOB {aj} MOzKHO 0603Ha4aTb Kak BEKTOP C_i B L ~MEPHOM npocmpar-
cmese napamempos.

¢ /lunamuyeckasi cuctema olpejeAeHa, €CAM 3aJaH OHEPATOP 3BOAIOLHH ﬁt,to),
KOTOPbIH H3BECTHOMY COCTOSIHMIO CHCTeMbl B MOMEHT [ COIIOCTaBAsIeT €JHHCTBEHHOe
COCTOSIHME CHCTEMbI B AIOOOH /IONYCTHMbIH IOCAJYIOIIUH MOMEHT BpeMeHH [ > {:

A

55(1‘ ) = S(l‘ ,to)f(to). 3aBHUCHUMOCTb )I;(l‘ ) Ha3bIBaeTCS 3aKOHOM JBHKE€HHI CHUCTEMBbI,
uru npocro gemasennem (cvm. 1LO1.1). Cosokynnocts Touek {f(t)‘Dt(> to)} obpa-

3yeT @pasoByro Tpaexropuio npuxenvs. (O6bruHO omepartop ﬁt ,to) He JaH HeIlo-

CPEJACTBEHHO, a OIIPEJEAAECTCA YPaABHCHHAMH /JBHKCHHA.
§ Z. 02 .‘/paBHEHHH JABHIKCHHA

€ /lra Teopun konebaHui Hambonee BamKeH KAacC MoOJeAeH, B KOTOPbIX BpeMs !
U3MEHSIETCSI HETIPEPBIBHO, a YpaBHEHMsl JBUKeHHs1 06pasyioT cucreMy K OOBIKHOBEH-

HbIX JUPPepPEHIIHaAbHbIX YPAaBHEHHH [EPBOrO MOPsi/IKa:
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zf’:Fi({xi}a{aj})a (1si<K) | (1

, _Lrr
rze {a j},(lg j< L) - napamerpbl. B BektopHbix 0603HaYeHHsIX: &=F (x,a).

¢ Ilpumep 1. Cucrema ypaBHenuil, onpegeAsiOlMX ABU:KEHHE MaTEPUAAbHOH TOUKHM Macchbl /1

107, leHCTBUEeM CHAbI I (17 ,17 ), BaBI/ICHLgeﬁ OT ee KOOpJAHHAT Fou CKOPOCTH ¥ B ZaHHOH HHEepUHaADb~
HOfI CHCTEME OTCHYETa, BKAIOYAET onpeaeJ\eHI/Ie HMITyAbCa ‘{aCTI/IgbI,
mr = p, (2)
H BTOpOI/UI sakoH HprortoHa,
p=F(F.F). (3)
B coBokynnoctu onu o6pasyior cucremy mectu ypasHenud Buza (1). Pemenue Takol cucrembr
BO3MO2KHO TOABKO IIPH CIIEIIMAABHOM Bblbope (pyHKIMH F (F 7 )

L 4 npnmep 2. KaHOHI/ILICCKI/IC YpaBHEHHA MEXAaHHUKH I'aMHAbTOHOBDBIX CHCTEM,

0H . OH
N )
Oq,-

rae H( ﬁ,q',t) - ¢ynxuus [amurprona [AAI, § 40] o6pasyior cucremy suza (1).

pi =

¢ Ilpumep 3. Konrebarerbnbiii koHTYp - MOjeAb, ONMMChIBAIOIIAsl SAEKTPHUECKYIO 1lelb, COCTOS-
IIyI0 U3 KoHjeHcaTopa eMKocTbio (', MAACTHHbI KOTOPOTO CO€JHHEHbI AMHEMHbIM TIPOBOJHHKOM C
conporuBAenreM R u unzayktuBHoctbio L. CocTosiHue cucTeMbl 3asaeTcsi BEAMMMHOH 3apsifia KOH-

aeHcaTopa q )5 Be}\H‘{HHOﬁ TOKa I B HpOBOﬂ,HI/IKe. BTI/I BEAHUYUHDbI CBs3aHbl AOKAAbBHbIM 3aKOHOM
COXpaHeHI/Iﬂ 3apﬂaa,
qg=1, (5)
H ypaBHEHHEM /[JASd CKOPOCTH H3MEHEHHsI TOKa, BbITEKAIOIIUM H3 3aKOHa QACKTpOMaFHHTHOﬁ HHIYK~
HI/II/I U 3aKOHa OMa INA y‘{aCTKa germ, coaepmalgero SAC,
1 R

[==——q-—1. 6
7T (6)

B coBokynnoctu onu o6pasyior cucremy aByx ypasHenud uza (1).

€ Cireayromuit npumep 4 3auMcTByeM H3 XUMHYECKOH KMHeTHMKHM. Kak mpasuio,
Mbl HeE 6sz,eM 3aHUMaTbCsad BbIBOJOM ypaBHeHI/Ifjl ABHZKEHHsI - HO B JaHHOM CAy4ae,
pasyd HOBH3HbI IIpeMeTa, CJeAaeM HCKAIOUYeHHe.

OCHOBHbIM YpaBHEHHEM XI/IMI/IquKOﬁ KHHETHKH SBASJIETCA 3adKOH Je”vCTBonw”X
macc (mass action law): ckopocTb xumMMueckoH peaklu, B XoZe KOTOPOH M3 Kk Mo-
AEKYA BEIIECTBa X, l MOAEKYA Be€LIECTBa y H T.A. 06pa3yeTCﬂ OZHa MOA€EKYAa BeEIlE~
CTBa Z IIPU TOCTOSIHHBIX IIPOYHX YCAOBHSIX IPOIOPIIMOHAAbHA IIPOU3BE/IEHHIO KOHIIeH-
tpauui (X,Y...) HCXOAHBIX MOAEKYA, B3ATbIX B CTElEHsIX, PABHbIX YHUCAY MOAEKYA

AaHHOI'0O COpPTa, y4aCTBYIOIIHUX B pEAKIIHU:

ZOXY . (7)
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< 3akon gesictyromux macc (3M) 6bin ycranoBaen Hoppemckumu xumukamu K.M. [yapa-
6eprom u [I. Baare (C.M. Guldberg, P. Waage) B 1864 - 1879 rr. 3/IM npumenum, xax npa-
BHAO, Al ONHCaHHs 3NI@MEHTapPHbIX CTaAUM XUMHUYECKHX peakUMH. DbisiBAeHHe Takux cTaguii co-
CTaBAeT OJHY M3 BasKHEHMIIMX 3a/ad XMMHYECKOH KHHETHKH, 9acTo JaAeKo He MpocTylo. | ak, Mo
COBPEMEHHbIM TIpe/ICTABAEHHAM MEXaHH3M PEeaKIMH OKHCAEHHs BOZOPOJA, OMHChIBAEMOH XMMHYECKHM
ypasuenuem 2H, + O, =2H,O, nacuursaer 30 (rpuauare) craguin [XBK83, c.7], a oamocra-
JMHHbIE peaKLHu IpejcTaBAsioT cobol peaxue uckaouenusi [ XBK83, c.11].  Jaree, 3AM npu-
MEHHUM K peaKIHsM, UAYIIUM B obbeMe pa36aBAEHHbIX PACTBOPOB MAH Ia30BbIX CMeced HeBbICOKOH
IIAOTHOCTH.

XDBK83 - Xumuyeckass u 6uorormueckas kusetuxa. |loa pea. H.M. Omanyeas, H.B. Bepesu-
na, C./Zl. Bapgporomeesa. - M.: Msa-so Mock. yu-ta, 1983 r, - 296 c.

HPOCTEﬁmeﬁ SIBASIETCS IIpOTEKaroldas IIPpU INIOCTOSIHHOM obbeMe cHUCTeMbI BEILIECTB
MOHOMOAEKYAsIpHasI XHMHUYECKasad peakllnda, B XOJeE KOTOpOﬁ MOAEKYyAa BellecTBa X
pacrialaeTcsd Ha MOAEKYAbI BEIIeCTB ) U Z. Ha OCHOBAaHHH 3aKOHa AEﬁCTBym&HX

Macc OHa MO:zKeT ObITh OITHCaHa YpaBHEHHUEM

aXx

dt

rae X -~ YUCAO MOAEKYA BelgecTBa X (l'IpI/I IIOCTOSIHHOM obObeMe IIPOITIOPIITMOHAADHOE

= —aX, (8)

KOHIIEHTpauuH), a d - napamerp. (OaHoBpeMeHHO ¢ HeH MO:KeT MpoTeKaTb M obpaT-
Hasi GUMOAeKyAsipHasi peakliysi, B X0Jie KOTOPOH H3 MOAEKyA BelllecTB J H Z obpa-
syercsi MoAeKyAa BemectBa X. (C yderom o6paTHOM peaKkluu ypaBHeHHe AAsd X

IIPUHUMAET BHU/

X x+brZ, (9)
dt

rae ¥ u Z - 4dcAa MOAEKyA BelllecTB V M Z, a b - mapamerp, XapaKTepHU3YIOIIHH
CKOpPOCTb 06paTHOH peakuWH. | lockoAbKy YHCAO MOAEKYA BelllecTB BCEX pearupylo-

IODUX BEIIECTB JOAZKHO COXPAHATbCA,

X+Y+7Z=S§=const, (10)
H IIOCKOADbBKY B CHAY pPaBHOIIpAaBHA MOAEKYA BEIUECTB y Uz
dYy _dz
—_—=—, (11)
dt dt
AAsl CKOPOCTH H3MEHEHHS YHCAAd MOAEKYA Y I[NOAYYa€EM ypaBHEHHE
dY a b
—=—X--YZ. (12)
dr 2 2

Hcknouas nepemennyio Z ¢ nmomornbio ypasuenus (10), moayuaem mpocrtefiiyio mo-

JEAD XHMH‘{CCKOﬁ KHHETHKH, KOTOPYIO 6yaeM Ha3bIBaTb MOJEADIO Xl' OHa 3aJaHa

cucremon Buza (1) us aByx ypaBHeHu# nepBoro mopsizka:
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X=—-aX+bY(S- X -Y),

. 13
=9x-Pys-x-1), )
27 2

M 3aBUCHT OT mapameTpoB d,b u S.

€ Lcau ucxoaHble ypaBHeHHs ABMzKEHHs CHCTEMbI MPEACTABASIOT COGOH OOGbIKHO-
BeHHble JU((PepeHlIMaAbHble YpaBHEHHs IOpsifika Bblllle II€PBOrO, TO, IPHUHAB IIPOHU3-
BO/IHblEe JHMHaMHYEeCKHX II€peMEHHbIX 3a HOBble JHHaMUYeCcKHe IepeMeHHble, Bcerjga
mozkHO cBectH cucteMy K Buay (1). B zaabmefimeM B Heob6xogumbIx cAydasix Mbl

6yZI,eM nogpasymMmeBaTb HCIIOAb30BaHHUE 9T0ﬁ IpoleaAypbI.
¢ Ilpumep 5. Cucrema ypasuenuit
X+xy=0, y+xy=0 (14)

SKBUBaAeHTHA CHCTeMe

X=p, p==xy, y=¢, 4=-py, (15)
kotopas umeet Buz (1) u onucpBaer aunamuyeckyio cucremy ¢ K =4 (cm. takke npumepnt 1 u 2
B CAeJyIoeM Iaparpage).
Ecan K - pasmepHOCTb (pa30BOro MpOCTPaHCTBA, TO YMCAO N = K/ 2 B TEOPUU KOAe-
6aHI/If/i Ha3bIBaeTCs YUCAOM CMEneHeu CBO60ﬂbl.
< Tloayueabie sHauenuss N HeykAIO:KH; K TOMY :Ke OHHM YIOTPEOASIOTCS TOABKO B OTEHEeCTBEHHOH

autepatype. Mbl 6yaem mnpeanounTaTh TepMHH K -MepHble AHMHAMHMYECKHE CHCTEMbI , a HHCAO

creniened cBoboabl N 6yseM NpPUBAEKATb, TOABKO KOI/la OHO IIEAOE.

€ B rteopun xonebanmii, kak M Boobllle B TEOPETHYECKOH (PM3HMKE, HUCCAELOBaHUE
ypaBHEHUH ABH:KEHUsI YZO0OHO MPOBOJUTb, OPHEHTHPYSICb Ha COOCTBEHHbIE MAacIITabbl
cucteMbl. Fcau cpeau mapameTpoB Mo/IeAM MMEIOTCS TPU BEAUYUHbI C HE3aBUCHMbI-
MH PasMepHOCTSIMH, TO UX YZAOOHO TPUHSATb B KauecTBe eJAMHHUL HsMepeHus. | lpu
3TOM BpeMsl, AUHaMH4YeCKHe IlepeMeHHble U BCe OCTaAbHble IMapaMeTpbl 3aJayvd CTaHYT
6e3pasMepHbIMH BEAMUHHAMHU.

¢ C]\eﬂ,yﬂ TpagulIuAM TeOpeTH‘{eCKOﬁ (PU3HKH, Mbl BCIOAY IOoJpa3yMeBaeM HCIIOAb30OBaHHE CHCTe-

Mbl €JWHHL] C TPEMsI OCHOBHbIMH BEAHYHMHAMH -~ HaIIpHUMEP, a6CO}\}OTHy}O rayCcCcoBy CHUCTEMY CFC

l_IpI/I HCIIOAb30OBaHHUU [JPYI'UX CHUCTEM €JHHHUIL HeO6XOﬂ,I/IMO BBECTH COOTBETCTBYIOIUHE H3MEHEHHUSI.

Ognoli us BbIro, Takoro npeobpasoBaHHsl ABASETCS BO3MO:KHOCTb BBEZEHHS PaCCTOSsI-
Hust R Mexay ToukaMd X ¥ ) (pa30BOro IPOCTPAHCTBA, KOTOPOE OOBIMHO CUHTAETCS

€BKANJO0BbDIM,

(16)

H CKOPOCTH V ABHKE€HHs TOYKH B (paBOBOM IIPOCTPAHCTBE,
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(17)

I/IJ\J\}OCTPI/IpyeM rnepexo K 663paBMeprIM INEPEMEHHDbIM IIPUMEPAMH.

’ Hpumep 6. B 3azave 06 OZTHOMEPHOM /[BH2KE€HHUH HYaCTHULbI B IIOA€ C IIOTEHIIHAaAOM

ooafie] 4]

2\a 4\ a

10/, IEUCTBUEM CHAbI BSI3BKOTO TPEHUs f ( y) = —0y U BHEIIHEH CHAbI, 3aBUCSILEN OT BpeMeHH T Mo
FapMOHH‘{CCKOMy BaKOHy, ypaBHel—me JIBHUKEHHUsSI UMEET BH[
3
mjp + 0y +Uy| 2 +21 | = ®eosOr, (19)
a a
rae m - macca YJacTHLbI, O - mocTosiIHHasi BSI3KOI'O TPEHHs, UO uHa - XapaKTepHble BEAHWYHMHaA H

AAHMHa IIOTE€HIIHaAaQ, q) U Q ~ aMIIAHUTyZa U YacToTa BHEIIIHEH CHADI. BbI6paB B KadecTBe €JAHHHI]

Macchbl, JAHMHDbI H BPEMEHH COOTBETCTBEHHO MacCy HYaCTHLbI m, XapaKTEPHYIO JAAHHY IIOTEHIIHaAa au

BEAMUMHY
2
g= M9 (20)
UO
nepenieM ypasHenue (19) B Buge
X+2yi +x+x° = Fcoswr (21)
Bxozsimue B 3To ypaBHeHHe BeAHHHHDI
T 0 0’
x=2, ==, 2y=a—, F=02 =08 (22)
a 0 m m

6espasmepubl. Y paBHenue (21), saBucsimee or TPEX 6e3pasMepHbIX NMapaMeTPOB, OTHOCHUTCS K

uucay ypasHenun /ly@pguura u 6yzer nospo6HO HCCAEZOBATLCS B MOCAEZYIOUIMX AEKLMSAX.

@ Ilpumep 7. [lpocreimas mozerp xumudeckor kunetnku X (13) coaepzur tpn nmapamerpa -
a, b u S, pasmepHOCTH KOTOPbIX 3aBUCHMBL: [b] = [S _la]. Boi6pas B kauecTBe eaunMIl BpemeHH

M KOHLIEHTpalluu BeAuduHbl 2/a u S cootserctBeHHo, nepenumem cucremy (13) B Buze
HEHTpaLl) p y

x=2x+2w(l-x-y), y=x-w(l-x-y). (23)
BXOMIQI/IC B 3TO ypaBHEHHE BEAHYIHHDI
X Y bS
x=—, =—, =— 24
5 VT3 W=- (24)

6espasMepHbl. | akUM 06pa30M, MPOCTeHIIas MOJEeAb XHMHIECKOH KHHETHKH XapaKTepHusyeTcsi Of-

HUM 6e3pasmepHbIM NapameTpoM .

B ZI,aAbHeﬁLI_IeM Mbl BcCerJa 6yaeM 6paTb YpaBHEHUA JABUXKEHHUA JUHAMHYECKUX

cucteM B 6espasMepHoi (popMe. Fe HcroabszoBaHMe coKpalllaeT YHCAO MapaMeTpPOB
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CHUCTEMbI B 06LHCM CAy4da€ Ha TpPH. HI/I}Ke, roBops O YHUCA€ IIapaME€TPOB MOJAEAH, MbI

Bcerza 6yzeM UMeTb B BHZAY YMCAO IapaMeTPOB AAsl 6e3pasMepHOH (POPMbI MOJEAH.
§ 2.03 Riaccugpuranns gunammuecknx cHcrem

€ Ecau Bece mapamerpbr a j He 3aBHCAT OT [, TO JC nasbBaeTcs aBTOHOMHOH.
Ecau nmapamerpnr a / 3aBHCAT OT [ 3aJaHHbIM oOpasoMm, d; =d j(t), 1o /IC nasbiBa-

€TCsl HEABTOHOMHOM.
Kaxzaon neaBronomuonn JIC ¢ K -MepHbIM (pasoBbIM IPOCTPAHCTBOM MOZKET

6bITb CcOMoOCTaBAeHa 3KBHBaAeHTHasi aBToHomHas /JIC ¢ (K +1)-MepHbIM  (pa3oBbIM

IIPOCTPAHCTBOM IIyTeM CAeZylolled Mpollesypbl, HasblBaeMOH aBToHoMH3aumed. K

cucreme ypaBHenud asuxenusi (1) go6aBasercss ypaBHenue
vy _
dt

a BpeMsi t B apryMeHTax Clj(t) 3aMeHsAeTCA Ha JAWHAMHYECKYH II€PpEeMEHHYI0 Xy .1,

: (25)

YUCAEHHO PaBHYIO BpEeMEHH.

(DasoBoe mpocTpaHCTBO CHUCTEMbI, TOAYYHBIIEHCS B pe3yAbTaTe aBTOHOMM3AlHH,
HasbIBAaeTCA PACHIHPEHHBIM (a308blM NpocmpaqHcmsoM. | akuM obpasoMm, 3aMeHa
IIOCTOSIHHbIX IlapaMeTPOB CHCTEMbl Ha IlapaMeTpbl, 3aBUCAILLIME OT BpPEMEHH, d(PQeK-

THBHO YBEAMYHBAeT HMCAO CTereHeil cBo6oab! chctembl Ha 1/2.
€ /Iaa aunamuueckon cucrembl Buza (1) aokarbnor guccnnannen /\(55) B JaH-

HOH TOYKE .7_(; (paBOBOFO MPOCTPAaHCTBA HA3bIBAETCsI JUBEPIE€HIIHSA IIOAS q)aBOBbIX CKO~

pOCTeﬁ B 39TOH TOYKE, B3dATasdAd C 06paTHbIM 3HaKOM:

= 0%, __~ OF,
/_ Ox; /_ Ox;

1= 1=

(26)

A(X) =—divx = -

<> r[pumep 1. AHHeﬁHbIﬁ OCgI/I}\J\ﬂTop C BA3KUM TpeHHeM €CTb CHCTEMa C ypaBHeHHeM JIBUXKEHHUS
X +0x+wix =0 (27)
8Ta MOJZEADb MOZKET 6bITb OIlMCaHa /JBYM:A ypaBHeHI/IHMI/I l'IepBOI‘O HOpHﬂ,Ka (CM §02)
X=v, U=-0v-wp. (28)
OTC}Oﬂ,a /\()?) =q: ﬂ,I/ICCI/Il'IagI/Iﬂ J\I/IHef/,Il{Ol‘O OCgPIJ\J\ﬂTOpa C BsI3KHUM TpeHHeM IIOAOZKHUTEADHA, ITOCTO~

SHHA M paBHa KoapQuUMeHTy TpeHua. < /JIAf oclMAAATOpa ¢ TpeHHEM JHCCHIIAIMS MPOIMOPIHO-
HaibHa ckopocTu usmenenusi sHepruu: cM. [AAI88, §25]. /Jlaa cucrem obiiero Buga sneprus ue

OoripeZeA€eHa, U TaKOH CBSA3U HeET.

< Tlpumep 2. Ocuurrsarop Pares (Mozerb, KoTopyio Mbl 6yfeM MOJpOGHO HcCAeOBAaTb B

ﬂ,aJ\bHeﬁU_IeM) €CTb CcucrtemMa C ypaBHeHI/IeM JIBHKEHUA
#-ai(l-i%)+x=0. (29)

8Ta MOJEAD MOZKET O6bITb ONHcaHa [ByMs1 YpaBHEHHUSIMH II€PBOI'O IOPsi/IKa (CM. §02)
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X =v, v:a(v—v3)—x. (30)

Juccunanus ocuuarsatopa Panes /\(55) = —G(l—3vz) 3aBHCHT OT BEAHYHMHBI CKOPOCTH: OHa OTPH-
LaTeAbHa IPH |v| < ]/ 3 U NOAOXKMTeAbHA IpPH |v| > ]/ 3.
Ecan JYCcHUIIalMsl BO BCeX TO4YKax (pas30BOro IIPOCTPAHCTBA IIOCTOSIHHAa W ITOAOXKH-
TeAbHa,

A(F)=y>0 (31)
TO OHa HAa3bIBA€TCA 3aTVXaHHEM. B HEKOTOPDbIX CAy4YadaAX JAd YIIPOIIEHHA q)OpMy.J\

yaobHee obo3HaueHHe /\(55) =2y >0; npu sToM Y TOKe Ha3bIBAIOT 3aTyXaHHEM.

@ Teopema 06 sportonun ¢asosoro obvema. /Jlra aunamuueckux cucrem BuAA
(1) oTHOCHTEeAbHast CKOPOCTb M3MEHEHHsl BEAMUHHbI 3AeMEHTapHOro ()asoBOro obbema
paBHa JAUCCUMNAUMH ¢ 0OpaTHbIM 3HAKOM.

PaccmoTpum aaeMeHTapHDbIH 06beM

K
v =[Ar (32)
BOAM3H TOYKH X (pa30BOrO IPOCTPAHCTBA.
K K
1 dV = 1 d, 0% _ .
7%7‘ Ax a7 ) G TN, 33

1= 1=
4YTO 3aBepLIae€T AOKa3aTEAbCTBO.

‘ CI/ICTeMbI, AAs1 KOTOPDbIX AHCCHUIIAIINA paBHA HYAIO BO BCEX TOYKaX q)aBOBOl"O npo-

CTPAHCTBa, /\(f) = O, Ha3bIBAlOTCs1 KOHCEPBATHBHBIMH. CI/ICTeMbI, AAsl KOTOPDIX

/\()_5) #Z 0, Ha3bIBaIOTCA JHCCHIIATHBHBIMH.
< Ecau /\(f)z 0 Bcroay B Qasosom mpocrtpanctee (cM. Bbuie mpumep 1), To (asoBbil o6bem

npHu ABH2KEHHH YMEHDIIIA€TCs.

§ 2.04 Ocnosupie 3agaun TeOpHH JHHAMHYECKHX CHCTEM

1. 3adaya Kowu: o 3aJaHHOMY Ha4vaAbHOMY COCTOSIHHUIO f(to) IIpH 3aJaHHbIX
napamMeTpax d HaHUTH 3aKOH JABHUXKEeHHA f(t) ars > lo- O6bryno IIPHHHUMAIOT t() = O,

a HadaAbHOE€ COCTOsAHHE f(to) = 5(5(0) Ha3bIBAlOT HAYAADHBIMH YCAOBHAMH.

<> 3aaaqa KOLLII/I ocobo BazkHa ANl CHCTEM, B KOTOPDIX IIPOHU3BOABHOE - II0 YCMOTPEHHIO 3KCIIE~

pHUMEHTaTOopa ~ 3aJZaHH€ HalaAbHbIX yC]\OBI/If;I )?(O) HEBO3MOKHO -~ HaIIpUMe€Ep, B Heb6eCHOH MeXaHHKe.

2. UccnedosaHue ycmolvueocmu deuwkeHusi. MynzamenrarbHol xa-

paKTepI/ICTI/IKOf/i JaHHOro JBH:KEHHA 3_(5(1‘) ABAAETCA €ro _}’CTOIIv'IIIBOCTb, OIIPEAENALIO~

iad KaquTBeHHbIﬁ XapaKTep B3aHUMHOI'O IIOBEJEHHA ZI,BI/I}KeHI/Iﬁ ¢ OAMBKHUMH HayaAb-

HbIMH YCAOBHSIMH. B YaCTHOCTH, PELIEHUE 3aJa'U KOLHI/I ANA ZI,aHHOI<;1 ZIPIH&MHHCCKO;I
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CHCTEMbI TIPAKTHUYECKH LIEHHO, TOAbKO €CAM HM3BECTHO, YTO MaAble BapHallMM HayaAb-
HbIX YCAOBHH MaAO HMSMEHST 3aKOH /JBHKEHHS] UAH OTJEAbHbIE €r0 XapaKTEPUCTHKH.
B Teopun xonebanuil 0CHOBHYIO pOAb MIpalOT CAeZyIOLIHE JBa OIpeeAeHHs yCTONYH-

BOCTH.
& /lsuxenue X(t) ycroiumso mo Namynmosy, ecau [0 >0 [D(€) Takoe, uro us
‘55(0) —55'(0)‘ <O mpu [t caeayer ‘f(t) —55'(1‘)‘ <€. Ilpu ycroiuusom mo Asamynony
JABH:KEHUH (pasoBble TOUKH, OAM3BKHE B HadaAbHbIH MOMEHT BpPEMEHH, OCTaHYTCs
6AUBKMMH BO BCE MOMEHTBDI.

€ /puxenue X(f) opburaipno ycrowumso, ecau [J€ >0 [D(€) Takoe, uto us

<g. Ilpu op-

‘55(0)—55'(0)‘ <O npu [t ars HexoToporo t' caemyer ‘55(1")-55'(1")
6UTaAbHO YCTOHYMBOM /IBU2KEHMH (pa30Bble TOYKH, GAH3KHE B OJHOM MecTe (Ja3soBOrO

IIPOCTPAaHCTBa, OCTAHYTCs OAMBKHMH H BO BceX APYrux MeCTaX.

3. UccnedoeaHue cmpykmypbi ¢hazoeozo npocmpaHcmea. /[lrs as-
TOHOMHDbIX CHCTEM C q)I/IKCI/IpOBaHHbIMI/I 3HAYE€HHAMU IIapaMETPOB OIIPEAEAEHHUE CTPYK-~
Typbl (pa30BOro IPOCTPAHCTBA CBOJUTCS, B IEPBYIO ouepellb, K BbIJEAEHHIO OCOOBIX
(MCKAIOYMTEADHDBIX) (Pa30OBBIX TPAEKTOPHH.

0 3.1. COCTOSIHI/IC AHHaMH‘{eCKOﬁ CHUCTEMDbI B 06LECM CAy4Ya€ H3MEHSIETCA CO BpPEME-~
HEM. HOBTOMy HCKAIOUYUTEADHbBIMH q)aBOBbIMI/I TPAEKTOPHUAMH SABAMIIOTCA HEHNOABHZK~

more toukn (fixed points), npeacraBAsiOlIUE COCTOAHHA PABHOBECHS CUCTEMDI.

Henoagpuzubie Touku X, onpegeasiores ypasHenusmu [ (55 f,c_i) =0.

¢ 3.2. /Ipu:kenue auHaMH4YeCKOH cHCTeMbl B obleM cAydae HemepuoauyHo. [ lo-
3TOMY HCKAIOUMTEAbHBIMH SIBASIIOTCSI (Da30Bble TPAEKTOPUH, COOTBETCTBYIOILHE ITEQPHO~
angeckomy gBuzsennio. /IAs aBTOHOMHbBIX JMHAMHYECKHX CHCTEM TaKHe TPaeKTOPHH
SIBASIIOTCSI 3AMKHYTbBIMH KPUBbIMH B ()a30BOM IPOCTPAHCTBE.
¢ TpeTbHM THIIOM HCKAIOYHUTEADHbIX q)aBOBbIX TpaeKTopI/If;I SIBAAIOTCA cenapaTpHChbl CEIAOBbIX
touek. VIx ompezerenue 6yzer zaHo mos:xe.

r o
¢ 3.3. Ecan npu A06pIx HadaAbHBIX YCAOBHSIX X M3 HEKOTOPOH OBAACTH HPH A0C-
TaTOYHO GOABLINX BpeMeHaX (pa3oBasi TOYKA OKAzKeTCs CKOAb YTOZHO GAMBKO K (paso-
BoM TpaekTopuu A, To Takasi (pa3oBas TPAaeKTOPHsl HA3bIBAETCS aTTPaKTOPOM W 5ib-
AsieTcsl ucKAlouMTeAbHOH. MHuozkectBo () Bcex HayaAbHbBIX COCTOSTHHH {xo} onpee-
MIOIUX (PasoBble TPAEKTOPHH, ACUMITOTHYECKH IPUTATHBAIOIIMECS K /JaHHOMY aT-
Tpaktopy A, HasbiBaeTcs 6accernom (3Toro) ammpaxkmopa.
¢ 3.4. Ecau npu ABMKEHUM CHCTeMbl 3HAUeHMsS! JMHAMHYECKHX IepeMEeHHbIX OCTa-

I0TCsd OrpaHH4Y€HHbIMH -~ CYIOUECTBYIOT TaKH€ IIOAOzKHTEAbHbIE YHCAA Xi’ 4ToO

t)‘ < X, npu Bcex ! - TO ABHeHHe CHCTeMbl HasbIBaeTCs @PHHHTHBIM. F.can xo-

Ts1 Obl ONA OZI,HOﬁ HepeMCHHOﬁ 9TO YCAOBHE HE BDIIIOAHAETCS, TO ABHXKEHHE CHCTEMDI
Ha3bIBA€TCsA IIH¢IIHI!THbIM. BbIZI,EJ\eHI/Ie rpaHHUIL obracTen q)I/IHI/ITHOFO JABH2KEHHsI

BXOJHUT B 3ajady HCCA€JO0BaHHs CTPYKTYpbl (pa30BOro IPOCTPAHCTBA.
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Jra cucrempr ¢ K -MepHbIM (pa30BbIM MPOCTPAHCTBOM M ONEPATOPOM SBOAIOLMH
S(t) aosymikor (trap) nasbiBaetcsi K -MepHasi o6AacTb (a3oBOro MmpocTpaHCTBa I

TaKasl, YTO €CAH B Ha‘IaJ\belf/’I MOMEHT BPEMEHH COCTOSIHHE CHCTEMDI AE€KHT B g, TO

H BO BC€ IIOCAEAYIOITHE MOMEHTDbI OHO 6y11,6T AezKaTb B g :
X(0)0Og O S()x0) 0% (34)

l_IOCTpOCHI/IC AOBYHIKH KOHEYHDbIX pa3MepPOB JOCTATOYHO AAA JAOKa3aTEAbCTBa q)I/IHI/IT~

HOCTH JABH:KE€HHsS CHCTEMBDI.

4. UccnedosaHue QuHaMu4yecKol cucmemsi. l_[pI/I H3MEHEHHUH ITapaMeT-
POB d JAWHAMHYECKOH CHCTEMbl B OOIIEM CAydae M3MEHSIOTCS M CBOHCTBA €€ HCKAIO-
YUTEAbHDBIX pPEIIeHHH. Ocobprit HHTepeC IPeJCTABASAET OIllpe/ieAeHHe IpaHHYHbIX 3Ha-
YeHHH [1apaMeTPOB, TIPH TePeXojie Yepe3 KOTOpble MeHSETCss YUCIIO U / HAHU TUMN TaKHX
PELIEHHH. Takoe usmenenue nasbiBaetcs GH@ypKagHEeH, a COOTBETCTBYIOIIHE 3Ha-
YEeHUA c_ib - TOYKaMH GHQYypKaLHH.
¢ I/ICCAeﬂ,OBaHI/Ie CBOMCTB ﬂ,I/IHaMI/I‘{eCKOf:I CHCTEMDI, 06J\aaa}0Lgef71 HECKOAbKHMH IIapaMeTpaMH,

NnpeJaCcTaBASIET BECbMa TPYJAOEMKYIO 3ajaqy. O6bI‘{HO IIPU TaKOM HCCA€ZOBaHHHU HCCAEAYIOT 3aBHCH-

MOCTb TOABKO OT OAHOIO ympapAgmoIero napamerpa (control parameter) d;, npuzaBasi OCTaAb-

HbIM KOMIIOHEHTaM B€KTOpa {a]} IIOCTOsIHHbIE 3HA4Y€HHI.

¢ I/Iso6pa;ﬂeHHe CBOHCTB ﬂ,HHaMH‘{eCKOﬁ CHCTEMbI Ha MAOCKOCTH ABYX yIpaBAsIOIIHX ITapaMeTPOB
(a],az) B HacCTosiIee BPEMsI HYaCTO BDICTYIIA€ET KaK HTOI' 3aBEPIIIEHHOI'O0 HAYYHOI'0O HCCA€JOBaHHA.

gBCTHbIC KapTbIl I'pAaHHILL O6}\aCTCI</,I C Ka4e€CTBEHHO PAa3AUYHDbIM IIOBEJE€HUEM SIBASAIOTCA YKpPaIllEeHHEM

MHOI'NX COBPEMEHHDbIX Hay4HDbIX 2KYpPHaAOB.

4@ BaskHOCTb 33AaY PA3AMYHBIX TUIIOB AASI TEOPUM KOA€OAaHMI BO3pacTaeT
B WCITOAB30BAHHOM BBIIII€ ITOPSIAKE MX IIEPEYMUCACHU.
[AaBHOV SIBASIETCS 3apa49a UCCAEAOBAHMSI AMHAMMUYIECKON cucTeMbI (4).
NceaepoBanne cTpykTypsl $pazosoro mpocrpancTea (3) sBasieTcss HeOob-
XOAMMOVL ITPEATIOCBIAKON PEIIeHMsI TAABHOM 3aAQ4N.
MNccaepoBarne yeronamBocT (2) MmeeT BCIIOMOTATEAbHBIN XapakTep.
Pemenne 3apaum Konm (1) moutn HUKOrAQ HE paccMaTpuUBAETCSI.
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