Poznain 1

®A30BI IOPTPETU JIBOMIPHUX
ABTOHOMHUIX OJTHOPITHUX
CUCTEM JITHIMHNX
JIMNOEPEHIIIAJIBHUX PIBHAHB

1.1 ®az3oBi kpuBi Ta (pa3oBi nopTpeTn

Posrisinemo crucremy maudepeHiialbHIX PiBHSIHD

dx
= P11+ piata, (1.1)
dx :
= b2a171 + P,
31 crasmmu aificanMuM Koediientamu p;; (1,j=1,2), abo 3anucany y BEeKTOpHO-
MaTpuaHiil popmi
dx
11P12
= =Pz, e P=(P"P (1.2)
dt P21P22
[ls1 cucremMa € aBTOHOMHOIO CUCTEMOIO JINdePeHIaJIbHIX PIBHAHD 1 KOXKHUI 11
pO3B’s130K BU3HadeHuit Ha Beiit anconiii Bici R. Hexait x1 = p1(t), ©2 = wa(t)
— nificauit po3s’azok cucremn (1.1). Tomi piBHsIHHS

1= p1(t), xo=s(t), tE€ (—00,+00)

(mapameTpuyHi piBHsIHHSI) BH3HAYAlOTh KpuUBY Ha (as3oBiii miomuui 1, T,
sIKa,3TJIHO 3 O3HAYeHHAM (a30BOI KpUBOI cUCTeMHU JinpepeHIliaIbHIX PIBHIHD
3araJJbHoOro BUJTY, HOCUTL Ha3BY (pa30BoOl KpuBOI, ado (a30Boi TpaeKTopii cu-
cremu snepentianbanx piBaganb (1.1). Kapruny, sky yTBoptooTs Bei dazosi
KpuBi 11i€l cucremn Ha, (as30Biil IJIOMINHI HA3UBAIOTE (PA306UM NOPMPEMOM CU-
cmemu dudeperyianvrur pienans (1.1). Cucrema gudepeHIiajibHIX PIBHIHD
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(1.1), oueBmmHO, Ma€e TpUBIATLHUIT PO3B’A30K
z1(t) =0, x9(t) =0.

[li mapamerpudHi piBHAHHA BU3HAYAIOTH Ha (HaszoBiil miommui 1, s daszo-
By KpuBy — Touky (0,0), siKa € TOYKOIO CIIOKOI0, ab0 MOJIOKEHHSIM PIBHOBAIM
cucremu (1.1). MuoxkuHa BCix To9oK crokoro cucremu (1.1) criBrajae 3 MHO-
JKITHOIO BCIX PO3B’A3KIB aareOpalaHol JIiHIITHOI 0JIHOPIIHOI cCUCTEMU PIBHSIHD
p1z1 + praxe = 0,
P2121 + paaxa = 0,

Y Bunajiky, koian detP # 0, g ajredbpaldHa cucTeMa Mae eJIMHNIN PO3B 30K

(0,0).

OckibKu Jij1st OyIb-SIKUX JIficHUX T, 513(1), x5 3ajada Kol

abo y BekTopHO — MaTpuuniii popmi Pz = 0. (1.3)

z1(to) = 2,  @a(ty) = 2

Juisi cucreMu JudepeHniaabHux piBHsaHb (1.1) Mae enuHuil po3s’s30K, TO Ha
mijicTaBl TeopeMu PO haz0oBl KPUBI 3arabHOl aBTOHOMHOI cucTeMu JindepeH-
MiaJbHIX PIBHSAHB KOYKHA (basoBa KpuBa (dasoBa TpaeKTopis) cucremu Jude-
peHIiaabHIX piBHsIHB (1.1) € KPUBOIO OTHOTO 3 HACTYITHUX TPHOX THUIIIB:

1) TouKa CHOKOIO (T10JIOXKEeHHsI PIBHOBAI'H );

2) 3aMKHeHa TJiaJika Kpuba (IUKJI), sKa Bi/IIOBiTa€ MepiomIHOMY DO3B’SI3KY
CUCTEMU;

3) riaJKa Kpusa 6€3 caMOolepeTnHy.

Tak sk cucrema JiHIHUX OHOPIAHUX judepeHiiaabiux piBHstHb (1.1) €
CUCTEMOIO 31 cTajuMu KoedillieHTaMi, TO BOHA IHTEI'PYETHCS 1 TOMY MOYKEMO
3HaiiTH BCi 11 da3oBi Kpusi, ToOTO 1MoOYyyBaTH 11 (pa30BUil TOPTPET.

Buriisan mporo gazoBoro mopTpeTy Ha (az30Biil MJIONUHI CyTTEBO 3aJI€KUTH
BiJI BJIaCHUX 3HAYEeHb MATpUIll P, TOOTO BiJl KOPEHIB XapaKTEePUCTUIHOTO PiB-
HAHHS

det(P— NE) =0, ado |PHTA P2 ol_g (1.4)
P P22 — A
3BijIcH 3HAXOIMMO BIJI IILOI'O PIBHSIHHS

M — (SpP)A+det P =0 (1.5)

KoedimieHTn 1nporo KBaJpaTHOIO PIiBHsIHHs € jificHumMu ducjamu. Tomy BOHO
Mae abo J(Ba JIHCHUX KOPEHHsI A1, Ao, aDO JiBa KOMILJIEKCHO - CIPSIXKHUX KO-
perns A1 1 Ay = A\;. B 3aJyiezxnocTi Biji THITy MIX KOPEHIB 1 IX BJIACTUBOCTEN



OTPUMAEMO BiJIIIOBLIHII pa3oBUil HOPTpET cucrTemMu JrdepeHIiaabHIX PiBHSIHD

(1.1).

1.2 OcHoBHuil Bunagok (BJjiacHi 3HavYeHHs marpuili P pisHi i Bij-
MiHHI Biz HyJIsT)

OckKJIBKHI Y JIaHOMY BHUITQJIKy BJIACHI 3HAaUEHHsT MaTpuili P BiAMIHHI BiJ| HYyJIs,
to 3 (1.5) Bumimaae, mo det P # 0. Tosxi, sik Bxke OyJI0 BKA3aHO BHUIIE, CH-
creMa judepenriaabaux piBusanb (1.1) Mae euny TOUKy CIOKOIO (TT0J0KEHHS
pisrosaru) (0,0). [Jasi, cnodaTky po3rJIsTHEMO CHTYAIII0, KO KOPEHI A1, Ag
€ Jificaumu i pisauMu. ¥ 1iiit cutyariil cucrema judepeniiaibaux piBastHb (1.1)
Mae pyHIaMEHTAJIbHY CIM'10 PO3B I3KIB

Hite,, Mgy,

e e, ey — JiiicHI BJIaCHI BEKTOPHW MaTpuill P, IO BiANOBIIAIOTH BJIACHUM
3HAYEHHAM A1, Ao . TOMY KOXKHUIT pO3B’s130K

0= (2

cucremu JudepeHniaapaux piBasiab (1.1) Mae Buj
Qj(t) = Cle)‘ltel + 026/\2t62. (16)

ne Ch,Cy — piiichi craji. Bekropu ey, eo, 10 BiJIOBIIaI0TH PI3HUME BJia-
CHUM 3Ha4YeHHSIM A1, A9, YTBOPIOIOTH Oa3uc Ha ILIOMIMHI X1, Ty . Hexait &, &
— Koop/HaTH BekTopa x(t) y npomy 6asuci. Toxi 3riguao 3 (1.6)

& = CreMt, & = Coe, (1.7)

I[i piBHAHHA € MapaMeTPUYHUMU PiBHAHAMU KpUBOI Ha TmonumHi &1, &, dKa
e dazoBoio TpaekTopieto cucremu (1.1) Ha mwromMHI 1, Ty. PazoBuii mopT-
peT JI0CTaTHLO OOYAyBaTH TiIbKK B mepiiomy KBajpanti: C7 > 0, Cy > 0,
ockinibku B cuity (1.6) dasoBuil moprper cuMerpudHUil Bi[HOCHO BiCIB KOOD/Ii-
HaT &, & . Ilpu npoMy BUHHKAE 1OTpeda OKPEMOT'O PO3IJIsily BHUIIAJIKIB, KOJIU
KOpPEHI A1, Ao OJIHOrO 3HAKY 1 PI3HUX 3HAKIB.

I. Hucna A, Ao odnozo snaxy.

A. M <0, X<0.



[Ipu Cy = Cy = 0 orpumyemo touky crokoro (0,0). Axmo C; > 0, Cy =0,
To asoBa TpaekTopisa Bick &1, gaxkmo C; = 0, Cy > 0 — Bicb & . Crpiikn
Ha MAJIIOHKY BKA3aloTh HANPAMOK pyxy Touku x(t) 3i spocrannsam t. Hexaii

01>0, CQ>0.TO,ZL1
Mt — 0 mpu t — 400, Mt —s 400 mpn t — —oo (j =1,2)

Taxum yunom, gazoBa TpaeKTopisd — HeoOMeXKeHa KPUBa, IO BXOJUTL B IOYa-
TOK KOODJIMHAT (B TOUKY CIIOKOI) Ipu t — 400 .
Ao Ay > A9, TO

: 2 : _
lim 22 = lim eM M = 0,

t—+o0 £ t—00

3BIJIKI fCHO 1110 (ha30Ba TPACKTOPid JOTUKAETHCA Bici & Y HOYATKY KOOPIMHAT
(i Bici & . gKImO A1 < A9 ).

Kpiwm Toro, 3 (1.7) maemo

C X
(G
(Cy)™

TOOTO OTPUMYEMO HACTYIIHE PIBHAHHA (pa30BOI TPAEKTOPIT

& = Coe™! =

A
& =0, e C>0, oz:)\—2>0, (1.8)
1

3BIJIKU BUJIHO, 1110 (a30Bi TpaeKTopil MaroTh B 'mtapabost'. 3o0parkeHna Ha ma-
moHKy KapruHa (i1 Touka crokoio (0,0)) HasuBaeTbest cmitikum 6y3.a0m (CTiii-
KM TOMY, 1110 To4YKa x(t) mpsiMye jgo0 Touku crokoto (0,0) mpu ¢ — +00).

B. A >0, Xy >0.V npomy Bunajky ¢ga3oBuil mopTpeT Takuii caMmuii, aK
1 Ha MaJIIOHKY, TLIHKN BCl CTPLIKHU CHPSIMOBaHI BiJ MOYATKy KOOpAuHAT. Taka
kapruna (i Touka crokoo (0,0)) HABHBAETHCT HECMITKUM 6Y3A0M

IT. Yucna Ay, Ao pisnux 3naxis (cigo).

Hexait s BusHadenocti Ay > 0, X < 0. fAxmo C7 = Cy = 0, t0 da-
30BOI0 TpaekTopicio € Touka crnokoo (0,0). [Ipu C; = 0, Cy > 0 wmaemo
£ =0, & = Coe™ — 0 upu t — +oo, anpu C; > 0, Cy = 0 MaeMo
& =0, & = CeM — +oo upu t — +00. Orpumani goTupn npominus
(e gBa mpominus ogepxyemo ipu Cp =0, Co < 0 inpu Cy =0, C; < 0)
Ha3MBAIOTh BycaMu Cijjia.

Axmo C; >0, Cy > 0,10 § — 400, & — 0 npu t — 400 i
piBHSIHHSI TpaekTopil Ha mwiomuHi &1, & Mae Bursiy (1.8), B sskomy o = i—f <0,
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T06TO hazoBi TpaekTopil MalTh B rimepbos (Mmas. ). Taky kapruny (i Touky
criokoio (0,0) ) HABUBAIOTH CidAOM.

III. Yucna Aq, Ay pi3Hi, KOMILJIEKCHO CITPSIZKEHI.

Iokmagemo Ay = A. Toxi Ay = . Hexait e — BiacHuil BeKTOp Marpuli
P, mo Bignosijae BaacHoMmy 3HadeHHio \: Pe = \e. Toxi Pe = e, To6TO,
€ -BJIaCHUIT BEKTOP, 110 BIJNOBIJIAE BJIACHOMY 3HAUYEHHIO 2. 3BijcH sICHO, M0
cucrema Judepeniiagibaux piBHsHb (1.1) Mae KOMIUIEKCHY (DyHIAMEHTAIbHY
ciM'10 PO3B’SI3KIB

e’\te, eMe.

[ificna Ta ysgBHI 9aCTHHU IUX BEKTOPIB YTBOPIOIOTH AificHy (yHIaMenTaaIbHy
cim’1o poss’askiB cucremn (1.1). Bmafigemo i giiicui i ysai wactuuan. [Toka-
JIeMO

)\:Od+iﬁ, e:f1+z'f2,

e a, [ — niitai ancna (5 # 0) 1 £y, fo — giiicni Bexropu. Tozi 3 BuKopucTa-
nuam dpopmyan Eitnepa onep:xumo

eMe = TP (£ 4 ify) = e™(cos Bt + isin Bt)(fy + ify) =

= (eat cos 3t f1 — e sin 5t f2) +1 (eo‘t cos Bt fa + e sin 5t fl) :

3BIICK OTPUMYEMO HACTYIHY JificHYy (byHTaMEHTATBHY CIM 10 PO3B I3KIiB CHCTE-
v (1.1)

e™ (cos Bt f; — sin Bt fy) e (cos Bt fy + sin Bt fy) .
Tomy koxxHUI fificHuii po3s’si30k cucremu (1.1) mae Bug
x(t) = Cre™ (cos Bt f; — sin Bt £5) + Coe™ (cos Bt fa + sin Gt fy)

ne Ch, Cy — nificni crasi. Bekropu fy, fo e niniiino nesamexxuumMu (Tak sk Jii-
HITHO HE3aJIeXKHIMHI € BEKTOPU € 1 € ) , 1 TOMy yTBOPOIIOTE Oa31c Ha ILIONIITH]
T1, T2 . B oMy 6asuci Bektop x(t) Mae poskia

z(t) = e (C} cos ft + Cysin Bt) 1 + e (—Cysin ft + (Cycos ft) £z (1.9)
Koopaunaramu &1, & Bekropa x(t) y 6asuci fy, fa €

£ = e (Crcos Bt + Cysin Bt), & = e (—Csin Bt + (Cy cos Bt)



Axmo C; = Cy = 0, 1o dazosoro TpaekTopieo € Touka crnokow (0,0) [Tpu
C? + C2 # 0 maemo

C} cos Bt+Cysin ft =/ C? + C2 (\/% cos Ot + \/% sin 575) =
i 2 i 2

=4/ C? + C3sin(Bt + ),
—C sin ft+Cy cos Bt = 1/ C? + C2 —L sin 5t + L cos [t
S Ve VCI+C3
C
= /Ol + CReos(Bt+7), ne tgy=,
2

& = poe™' sin(Bt+7), & = poe™ cos(Bt +7), (1.10)

ne po=+/C?+ C3.

I. @ =0 (xopeni uncro yaBui A\jo = £if). ¥V 1[bOMY BUIAJIKY

§1 = posin(Bt + ), &2 = po cos(Bt + ),

TOOTO

1 ToMy
&+ & = s

TOOTO (pa30BUMM KPUBUMU Ha TIJIOMIUHI T1, Ty € EJINCH € IEHTPOM y TOYII
criokoro. Hampsimok 00xi/1a estincis 3a1exxuTh Bijt 3Haky [ (Ha Mamonky [ < 0)
Taxuit asopuit moprper (i Touka crokoo (0,0)) HOCUTL HA3BY yeHM)P.

II. a#0: Doxyc.

A. a < 0:Cmitixuti goxyc.

Y mpanomy Bumajky 3riguao 3 (1.10)

ff -+ 53 = pge%‘t — 0 upu t — +oo,

TOOTO (pa30BUMU TPAETOPIAMU 3 CHIpaJIi, dKi 3aKPYIYIOTHCA B IMOYATOK KOOP-
nuHaT. HanmpsiMoK 3aKpydyBaHHS 3a/I€2KUTh BiJl 3HAKY (3.

B. a > 0: Hecmitixuti goxyc.

Daz0BUil MOPTPET CUCTEMU TaKUil ¥Ke, K 1y IMONepeIHbOMY BUITAJIKY, aJie
npu t — +00 TOYKa yXOJUTh IO CIipaJil Ha HECKIHYEHICTh



1.3 OcobJymBi BUnDaakKm

I. Kopeni xpatHi Ta BiaMminai Bij Hyad. Hexait
)\1:>\2:)\, e )\7&0

Y 1IbOMY BUIIAJIKY BUTJIA]T Pa30BOI0 OPTPETY CUCTEMHU JIN(PePEHTIBIATEHIX PiB-
Hsiib (1.1) 3a/1e2KuTh BiJl CTPYKTYPH YKOPJIAHOBOT HOPMAaJIbHOT (DOPMEI MaTpPUILi
P . B posrisgiaeMoMy BUIAJIKY YKOpJaHoBa HOMaJbHA hopMa maTpuii P Mae
OJINH 3 JIBOX HACTYIIHUX BU/IIB

abo G1:<(>)\ 2\), abo ng(g\ /1\>

Binbmr Toro, gist koxkuoro i € {1,2} icHye HeBUpO/KeHa JificHa MaTpuist S
Taka, 110

G; = S'PS.
BpaxoByioun 11e, 3acTocyeMo 70 cucreMu JgudepeHiaabHux piBHaHb (1.2) me-
peTBOPEHHSI
x =Sy (1.11)
B pesysibTari oTpuMaemMo
dy
— = PSy,
dt Y
3BiJIKH, TTOMHOYKAIOUYN OOMBI YaCTHHH 3J1iBa Ha S, 01epsKIMO
d d
Y 5PSy, a6 L =Gy (i€ {12} (1.12)
dt dt
A. i=1. Jluxpumuunui 6y30A.
[Ipu ¢ = 1 cucurema jaudepenniajibuux piBHstb (1.12) B KoOpauHATHIM
dopmi Mae B
d
{ dd_ytl = )\yla
% = Ay

ObujiBa piBHSIHHA 1€l CCTEMU He 3aJieXKaTh OJIMH BiJl OJIHOTO i JIETKO 1IHTEIrPy-
10Thest. Maemo
At Mt
y1 = Che™,  1yo = Coe™,

ne Cy, Cy — naificui crami. Tomd

o= (i) =o' (o) v (7).
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i Tomy 3rigHo 3 3aminoro(1.11)

z(t) = Cies ( (1) ) + CyeMS ( (1) ) .

e1:S<(1)), eng((1)> (1.13)

€ JIHIHO He3aJIe?KHUMU 1 TOMY OTpUMaHe CIIIBBLJIHOIIEHHS € PO3KJIaJI0M BEKTO-

Tyt BekTOpU

pa x(t) y 6asuci e, ey. Koopmunarn Bekropa x(t) B mpomy 6as3mci MaioTh
BU/I

51 = Cle”, 52 = OzeM. (114)
[li piBHsIHHS € TapaMeTpUYHIME PiBHAHHsIMU (a30Bol TpaekTopil x(t) Ha da-
30Biil omuHi (21, T9) .

[Ipu C; = Cy = 0 daszosa Tpaekropis € Toukoio crokoo (0,0). fAximo
Cy > 0, C7 = 0, 1o Bignosinna ¢asoBa TpaekTopist - Bich & . B pemri Bu-
majkis (C; > 0,Cy > 0) B cuny (1.14) & = C& (C > 0) 1 tomy dasosi
TpaekTopii € mpomiasivu 3 modarkoMm B Touri (0,0). Takum unsoMm, dhazosnii
MOPTPET CKJIAAETHC 3 YCiX MpoMeHiB, mo BuxojsTh 3 Toukn (0,0). [Ipu mpo-
My, BpaxoBytoun Te 1mo e — 0 npu t — +oo, gxkmo A < 0 i eM — +oo
npu t — +00, MPUXOUMO JI0 BUCHOBKY, IO TOUYKN Ha (PA30BUX TaeKTOpisdl 3i
3POCTaHHAM t IPAMYIOTH B TOUKY CITOKOIO IIpu A < 0 1 70 HECKIHYEHHOCTI ITPH
A>0.

Y nepuiomy BunaJiky (A < 0)dasosuit noprper (i Touky crokoro (0,0) Ha-
3UBAIOTH CMitkull dukpumuyHut 6yzon, a y apyromy (A > 0) — necmitikud
dukpumuuHULL 6Y301

B. 1 = 2. Bupodocenuti syson.

[Ipu i = 2 cucrema audepentianbaux piBHsHb (1.12) B KoopquHaTHI Gopmi
Ma€ BHU]

{ % = Ay1 + Yo,
% = /\yQ
[aTerpytoun i1 3HU3Y yBEPX, OJAEPKUMO

ya(t) = Coe™,  yi(t) = (C1 + Cat) ™.

y(t) = ( ;8 ) = (Cy + Cat)e™ ( (1) ) + Che™ ( ? ) .
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3Binku 3 ypaxysausiM 3amian (1.11) ogepkyemo, 1o

2(t) = (C1 + Cot)eMs ( . ) + CoeMS ( ; ) |

Takum aunOM, MaeMo poskyaj BekTopa x(t) y 6asuci (1.13). Koopaumaramm
x(t) y npomy Oasuci €

£ = (O + Cot)eM, & = Coe. (1.15)

[Ipu C; = Cy = 0 dasosoro kpusowo € Touka croko (0,0). [pu Cy = 0
Ma€EMO

& =CreM, & =0,

T00TO ha30oBi KpuBI po3ramioBaHi Ha Bici & 1 TOUKM Ha HUX 31 3POCTAHHSIM
t pyxatorbest 10 Touku crokoio (0,0) mpu A < 0 i g0 HeCKiHYeHHOCTI TIpH
A > 0. Hexait renep Cy # 0. Toxi 3 (1.15) sicro, 1mo daszoBa TpaeKTOpis
nepeTnHae npu t = —% Bicb & y Toumi & = 026_/\% 1 KOKHa TOYKa, ITI€]
TpaeKkTopil 31 3pocTanusiM ¢ pyxaeThest 10 Toukn criokoio (0,0) mpu A < 0 i 10
HeckindeHHocTi mpu A > 0 [Ilo0 ObLIbII JeTabHO AOCTIANTH BUTJIAN (Pa30BOI
TpaekTopii Tpeba 3 apyroro pisasiaag (1.14) Busnauntn t [depes & 1 motim 3

nepiioro pisastabst (1.15) Busnadutu & depes & . Oynemo MaTu

1, & Ch t At Ch 1 &
t=—In= é =\ =+ = =|—=—4+-—In= £
A 027 ! (CQ CQ) 026 OQ /\02 OQ >

TOOTO MAaEMO HACTYIIHY SIBHY 3aJIeKHICTH &1 Bix &9

_ 1 &\ &
51 = (Cl‘i‘xlna) 52

Hocniup 1o ¢yHKI0 1 modyyBas 11 rpadik,onep:kuMo B, (pa30Bol Tpae-
KTOPII.

Orpumanmuii dasosuit moprper( i rouka crokowo (0,0)) cucremu gudepeHir-
asbHuxX piBHsHD (1.1) mpm A < 0 HOCUTBH HA3BY cmitiKul 6upodrHcenull 6Y304,
apu A >0 — necmitikuti supodatcenuti 6Y30A.

I1. det P = 0.V upomy Bunajky cucrema judepenriajbuux piBashb (1.1)
Mag€ HeCKIHYEHHY KIJIbKICTb TOYOK CIIOKOIO 1 cepejl KOPEHIB XapaKTEePUCTUYHOIO
piBastaHs (1.5) MaTpumni P ichHye xo4a 6 ojJinH HYJIbOBHUiT KOPiHbD.



A. Bunadox 00nozo nyavosozo xopens. Hexait \y = 0, g = X #0 1 eq,
€o — JiificHi ByIacHI BeKTOpU MaTpuui P, 110 BiJAOBIgal0Th UM KopeHsiM. Toi
cucTeMa JudepeHiaTbHuX piBHAHL Ma€ PyHIaAMEHTAIbHY CiM'10 PO3B’s3KiB

€1, 6)\tez

| KOsKHUI 1T pO3B’A30K Ma€ B/
_ At
z(t) = Crer + Cae™es.

[le mpescraBienHs € po3k/agoM BekTopa x(t) y 6asuci e, eq i fioro Koopau-
HAaTaM# y I[bOMY Oa3Muci €

& =0y, &= Coe™. (1.16)

[Ipu dikcoanux C7,Cy naHi piBHIHHS € IMapaMeTPUIHUMU PIBHAHHSIMU (a-
30BOI TPaeKTOPil.3 BUIVISIY IUX PIBHSIHb SICHO, 110 (a30Bi TPaeKTOPil € CUMU-
TPUYIHUMU BijiHOCHO BiciB & 1 & . [Ipu Cy =0, C > 0 maemo

& =01, &=0,

o610 hbazoBa TpaekTopist € Toukoro crnokoio (Ch,0). Takum duHOM, Bich &
IOBHICTIO 3amoBHeHa Toukamu croko. IIpu Cy > 0, C7 > 0 dazoBa Kpuna
€ poMiHeM 3 modaTkoM B Touri crokoo Ch,0) i napasensaum Bici & Toukn
Ha 1bOMY MPOMEHi 3i 3pocTaHHsM ¢ TpsAMYIOTh y TOUKy crokoo (C1,0) mpu
A < 0 1y neckingenicts mpu A > 0.

B. Bunadox dsox nyavosux xopenis.

Y 1boMy BHIAJKY CTPYKTYpa (a30BOr0 MOPTPETY 3a/eKUTh BiJl BUIJISLY
»KOPAaHoBOI HOpMaJibHOl popmu MaTpuili P . Bona mae oaun 3 BuIiB

abo G1=(8 8), abo G2:<8 é),

npuaoMy mpu KokHOMY 4 € {1,2} icHye HeBupo/KeHa MaTpuist S Taka, I
G; = S7'PS . Ilpu i = 1, 3acTocoByIoun 10 ciucTeMn andepeHIiagbHIX Pib-
HsiHb 1eperBopenns (1.11), orpumaenmo 3rijno 3 (1.12) cucremy nndepeniiaib-
HUX PIBHSIHb
{ Zd_zt: i gyl + Oy27
i = Oy1 + Oy,
3BIJIKHI 3HAXOUMO, 1110

yl(t) - Cl? y?(t) - 027
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ne Cy, Cy —nmsiicui crai. Togi jyist BekTopa-cToBminka y(t) 3 KOOpJANHATAMIE
y1(t), yo(t) Oymemo maTu 300pazkeHHs

w-a(})ea ()

i Tomy 3 ypaxysarHsM 3aminu (1.11) 3HaxX0IMMO, 110

x(t)zC’ls((1)>—l—CQS((1)>.

Ile npejcTaBaenns € posKaagoM BexrTopa z(t) y 6asmci (1.13). Moro xoopmu-
HATaM® y I[bOMY Oa3Muci €
§1=C1, &=0

Tomy dasosa Tpaekropis € Toukoto crokow (C, Cy). Takum auHOM y poO3risi-
HYTOMY BHIAJIKy BCl (a30Bi TpaeKTopil cucreMu JudepeniiabiHuX PiBHAHD €
TOYKAMHU CIIOKOIO, TOOTO ha3oBa IJIOMIMHA CYIIIBHO 3all0OBHEHA TOUYKAME CIIO-
KOIO.

[Ipu i = 2 Bukopucropytwoun nepersopentst (1.11) omepyemo 3riguao 3 (1.12)
cucreMy JudepeHIiagbHIX PIBHSIHb

{ % - 0y1+y27
2 — Oy; + Oya,

[nrerpyroun mio cucreMy 3HU3Y yBepx, OyJIeMo MaTu
Ya(t) = Cy,  y1(t) = C1 + Chat,

ne C1, Cy — ngificui crasti, ToOTO

y(t):(01+02t)<é)+02(é>

i Tomy B crity 3aminnm (1.11)

x(t):(01+02t)5<(1)>+025<(1)).

[le mpejicraBents € po3kiaaoM daszoBoro Bektopa x(t) y 6asuci (1.13) i fioro
KOOPJIMHATAMU Y IILOMY 0a3uci €

S =C1+Cot, & =0y
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IIpu 9 = 0 maeMo pa3oBy TPaeKTOPIitO
=01, §&=0

Bona € Toukoro criokoo (C1,0), o610 Bich & CyIIBHO 3al0BHEHA TOYKAMMI
CIIOKOt0 cucteMn jndepeniianbanx piBastab (1.1). Ilpu Cs # 0 dazosoio Tpae-
KTOPI€I0 € IpsiMa, 110 MapaJiesibHa Bici & 1 nepernnae Bich & y Touri & = Cy,
IpUYIOMY 31 3pOCTaHHAM t TOYKa Ha Iiil ¢a30Biit TpaeKToOpil mpaMye 10 +00
upu Cy >0 1100 —oo npu Cy < 0.

IIPUKJIAJ] 1. Hakpecautn ¢a3oBuii mopTpeT CUCTEMU

CkJ1aj1aeMo 1 po3B’si3yeMO XapaKTEePUCTUIHE PiBHSHHS

‘Q—A 0

_ 2 _ — — —
: 1_A|_0, A _3M4+2=0, M=1, X=2.

Kopeni giiicni, pisui i gogarai. OTxke Touka crokoo (0,0) — Hectiiikuit By30.1.
st Ay = 1 snaxogaumo Biaacuuit Bektop (0,1); a st Ay = 2 — Bekrop (1, 1).
Ha mromuni xOy Oyiyemo mpsimi, siki HallpaBJieH] B3JI0BXK [IIX BEKTOPIB (cucTe-
ma koopauHat £10E, ), a MoTiM KPUBI, M0 JTOTHKAITHCS B MOYATKY KOODJIHHAT
HEPIIOT 3 IUX MPAMUX TaK, IK Ag > Aq.

1.4 Jlesiki 3acTOCYBHHS

I. Jlimiding dugpepernvianvri pisHanmHs Opy2020 nopadxy.
Pozryisinemo Jsiniitne ogaopijine gudepeHiiajibie PiBHIHHS PYTOTO TOPSIKY

y" +ay +by =0 (1.17)
31 crajumu gificinmu Koedimientamu a 1 b. Ilokiamaodan
y=ux1, Yy =

3BeJIeMO oro 10 cucreMu jaudepeHniaabHIX PIBHSIHDb

—dxl = xQ
di ’ 1.18
{ —dﬁ = —bxr, — axs. ( )
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Daszosi TpaekTopil cucremu (1.18) HasuBaOTHCs (Ha30BUMU TPACKTOPISIMU PiB-
msrast (1.17), gxi 306paxKyrorbes Ha mioniuai (y, ¢') . XapakTepucTudHi piBHsi-
HHs1 cucremu jincpepentiaibiux piusub (1.18) i pudepeniiaabHOro piBHSIHHS
(1.17) cuiBnagaorb: A2+aX+b = 0, i Tomy Bci dpazoBi nopTpeTH [ist piBHAHHS
(1.17) Taki »x cami, siK 1 g1t cucremu J1Box piBHsiHb (1.18).

I1. Jlugepernuiarvni pienanmna nepwozo nopsadky. Posriasaemo audepeniri-
aJibHe PIBHSIHHSI [1€PIIOr0 HOPSIKY

d ar + b
T (1.19)
dr  cx+dy
ne a, bed — miiicui crami. Touku (z,y), 1m0 € Po3B’sI3kaMu aareOpaidaHoOl
CHUCTEMNU
ar + by = 0,
cr +dy =0,
HA3WBaIOTHCs OCOOIMBUME ToUKaMu fudeperiiaibaoro pisasians (1.19). dxro
ad — bc # 0, (1.20)

TO 1151 cucreMa Mae €uauit po3s’30K (0, 0), Tobro piusuus (1.19) mae equny
ocobsmBy Touky (0,0). Hasi, 6ymemo BBazkarn, mo ymoBa (1.20) BUKOHYETbCs
i posristnemo mopsiy 3 piBastHHAM (1.19) cucreMy JiHIHUX O HOPIIHEX JTHde-
peHIiaJbHIX PIBHAHD

g — (1.21)

Ccll—”t” = cx + dy,
5 = ar + by,

sKa IpU & = X1, Y = To € cucremoio Buay (1.1). B cumy ymosu (1.20) Bona
Mae eauny Touky crokoro (0,0). Hexait Touka (zg,79) € R? i e Bigminnoro
Big Toukn crokoro (0,0). Tomi gepes 1o TOUKY Hpu jesKOMy 3HadeHi ¢ = tg
IIPOXOJIUTE €/1MHa (Pa30Ba TPACKTOPIs

r=ux(t), y=uy(t), te (—oo,+0)

cucremu judepenniaabuanx piBasiab (1.21). Ockiabku Touka (g, yo) BiaMiHHA
BiJl TOYKI CIIOKOIO, TO BUKOHYEThCsI OJIHA 3 HEPIBHOCTE

abo cxg+dyyg #0 abo axg+ byy # 0.

[IpumycTumo crioyaTky, 10 BUKOHYEThCd Iepiia 3 X HepiBHocTeil. Toji y
JIETKOMY OKOJI1 £

dx(t)
dt

cx(t) + dy(t) # 0, 10bTO
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Tomy st z(t) icaye obeprena dbyukiist t(x), 10 BU3HAYEHA Y JIETKOMY OKOJI
Iy Toukn zq. Iligcrapisioun 1o QYHKINO 3aMicTh ¢y CIIBBIJIHOIICHHS Yy =
y(t), orpumyemo dyukiio y(t(x)) = p(r) BusHAUEHY Y BKA3aHOMY OKOJI X,
7tst kol 3rigmo 3 (1.21)

dy _dydt G _ av+tbo(z)
de dtdr 2  cx+doe(x)’

TOOTO BOHA € €IUHUM DPO3B’si3KOM Jmdepeniianbaoro piBuguus (1.19), skuii
3aJI0BOJIbHSIE TTOYATKOBY YMOBY (o) = %o. lHTerpaibHa Kpusa, 10 BiJIIO-
BiJIa€ 1IbOMY PO3B’$I3KY TPOXOJUTH Yepe3 TOUKY (X, o) 1 B OKOJI T1i€l TOUKM
cruiBnajiae npu t € Iy 3 $pa3zoBoio KPpUBOIO cucTeMu JinepeHIiaJIbHuX PiBHIHD
(1.21).

Axmo cxg + dyg = 0, 10 azxg + byy # 0 i Tomy ax(t) + by(y(t) # 0 B
JesskoMy okoJii 7 Touku ty, T06TO d%—gf) #0 upu t € I. Toni s y(t) icaye
obeprena dyHkiis t(y), mijgcraBisgodn sky 3amicts ¢y x(t), orpumemo QyH-
kiito z(t(y)) = ¥ (y) , Bu3BHAUEHY Y JEIKOMY OKOJII TOUKH % , IO € PO3B’SI3KOM
nepeBepHyTOTO 710 (1.19) piBHSHHS

dr  cr+dy

—_— = 1.22
dy ax+by’ (1.22)

SIKUiT 33/10BOJIbHSIE YMOBY 1 (Yg) = Xo. BianosijHa jijisg 1boro po3s’sasKy iHre-
rpajibHa Kpuba piBHstHHs (1.22) MpOXoJuTh Yepe3 TOUKy (X, yo) 1 B OKOJI 1iel
TouKM cuiBnajae upu t € I; 3 haszoBoo KpUBoIO cucreMu JudepeHiiaabHuX
piBHstHb (1.21).

3 BUINEBUKJIAIEHOIO 3PO3YMLIO, 10 HOPTPET IHTerpaabHUX KPUBUX B OKOJI
0cobJINBOT TOUKY JinhepeHIiaTbHIX PiBHsHD Tepinoro mopsiiky (1.19) i (1.22),
a TOUHiIIe JudepeHialbHOI0 PIBHSIHHS

(az + by)dx = (cx + dy)dy, (1.23)

criBna/ae 3 hazoBuM MOPTPeToM (6€3 TOUKH CIIOKOI0) CHCTeME JinepeHIiab-
HuX piBHstHD (1.21) 3 €1MHO0 PI3HUIIEIO, sTKA TOJISITae Y BIICYyTHOCTI CTPLIOK HA
iHTerpaJbHIX KPUBHUX, SIKi Ha (pa30BUX TPAEKTOPISAX BKA3yIOTh HAIIPSIMOK PyXY
TOYOK Ha IUX TPAEKTOPIAX 31 3pOCTaHHAM { .

BpaxoByroun BullieBHKJIa/ieHe, MOXKeMO OyayBaru (has30oBUil IOPTPET CHUCTe-
M JinchepeHIianbanx piBstHb (1.21) 3 BUKOPHCTAHHAM HOPTPETY iHTerpajbHIX
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KpUBUX ePeHIliajlbHOro piBHAHHSA Tepinoro mopsaaky (1.23) i maBmakm —
MOPTPET IHTerpabHIX KPUBUX OJHOTO 3 PIBHSHB mepinoro mopsaky (1.19), abo
(1.22) 3 Bukopucranusim dazoporo moprpery cucremn (1.21).

HPHUKJIAJ] 2. 306pasutu rpadidno ¢a3oBi TpaeKTopil cucreMn mudepeH-

HiaJIbHUX PIBHAHD
dx 4 dy
—_— = — -
dt Yo

a TAKOXK ITOKa3aTH HAIIPSAM PYXY B3JI0BK TpaeKTopiil. Birachi 3Havuennss MaTpuiii

=T —Y,

KoedIIIEHTIB i€l cucTeMu 3HAXOANMO 3 XapaKTePUCTUIHOIO PIBHSIHHSI

11—\ -4
1 —1-A

‘:0, M 4+3=0.

3BIJICH BHAXOIUMO A; = —i\/g, Ao = 1V/3. BjlacHI 3HAYEHHA CyTO Y4BHI i
Tomy ToUKa criokoio (0, 0) cucremu € nerrpoM. Buyt irmmmx dazoBux TpaekTopiit
CHCTEMHU BU3HAYAEMO 3 JUQEpPeHIaJIbHIX PIBHSIHD IEPIIOTrO IOPSIKY

dv  rz—4y dy x—y

dy v—y dr x—4y’
SIKI OTPUMYEMO TTO/ILIUBINHI ((DOPMAJIBLHO) OJIHE 3 PIBHSIHB CUCTEMH Ha iHIIe, ab0
3 OJIHOIO I ePeHIiaIbHOIO PIBHSHHS O1JIbIIT 3araJbHOIO BULY

(z —y)dr = (v — 4y)dy,

BammmeMo Horo y BULIAIL
(x —y)dz + (4y — x)dy = 0.

- Ile piBHsiHHA y noBHUX judepeniaiax. Po3s’sa3ytoun itoro, jgicTaemo

2
i
oyt [ y)de =5~y +4),
d
—z+ % = —z+4y, py) =2y

1 ToMy
2

i
uz,y) = 5 —xy+ 29"

Ot2xke, hazoBUMI TPACKTOPIAME JIAHOI CHCTEMU JTepeHIialbHIX PiBHAHD €
ot — 2wy 4+ 4y? = C?, (v —1y)* +3y* = C°
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Pyx no nux enincax € nepiogunanuM. Harmpsam pyxy MoxKHA BU3HAYUTH, HAITPH-
ka1 Tak. [pumycrumo, 1o B garuit Moment Touka (x(t),y(t)), sika pyxaerbes
110 OJTHOMY 3 eJIICIB, nmepeTnnae npominb x = 0, y > 0. Toxi B 1eit MmomMeHT
3riJTHO 3 JIPYTUM PIBHSIHHAM CUCTEMU Ccll—?; = —y(t) < 0, TobTO OpAMHATA PYXO-

MOT TOYKHN B JIaHIi MOMeHT 4acy crajae. OTxke, pyxu 110 eJilcax HalpsMJIeH]

IPOTU PYXY FOJUHKOBOI CTPLIKHU.

1.5 Bmnpasu Ta 3aja4i JJis caMOCTiitHOI poboTu

1. Hakpeciautu ¢azoBi noprpern HACTYIIHUX CUCTeM JudepeHIliaJbHIX PiB-

HAHDB:

dry __ dri __ dr, _
n{%‘““ 2){%‘“”% 3){%‘”“”“
d_tQ s 23:‘1 —|— ﬂf2, d_t2 — _633]_ - 5132, d_t2 — 21;1 _I_ 21‘27
dx dx dx
& =3r—2y w=2r—y =
4 gt "5 {dt T6 {dt
) {%:43;—63:, R D V=2,
dx dx dx
n s {1 RS
by ¥ =2 -, =2y 2.
dx dx dx
& — 3y — 4y {—:—aﬁ—l—Zy {—:—Zx—Sy
10 dt ’ 11 dt ’ 12 g
) {%Zx—% ) Y =0, ) @ =2+ 5y,
dx dx dx
= =2 Y =x— 2y = = —3x + 2y
13 gt ’ 14 {dt ’ 15 {dt
) {%:gj+y, ) %:233—&1; ) %=$—4?J,

1) Ilpu sikux 3HAYEHHSX a, b, ¢, d Jyist KO)KHOTO PO3B’si3Ky cucremu aude-
peHIllaJIbHUX PIBHSIHD
{ ;é—z i ax + by,
7 =cr+dy
nosiapuuii Kyt Toukn (x(t),y(t)) 3pocrae mpu 3pocramni t 7
2) Ilpu sxkux 3HAYEHHSX TMapaMeTpa a¢ € R Touka CIOKOW cucteMu jaude-

de __ 2
(G =iamy

W= 5y — (34 2a)y

€ By3JsioM? cijiom? 1ieHTpoM? (hoKycoMm?

peHIlaJIbHUX PIBHSIHb
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3) Ha miontuni mapameTpiB @ i b BU3HAYUTH TAKy MHOXKHUHY, IO JIJIs OYIb
skux (a,b) 3 1iel MHOKUHHU Jpyra KoMIoHeHTa Y(t) Oyjib-sKOro pPO3B 3Ky
cucreMn jincpepeHIiaIbHIX PIBHAHD

Z—f:aﬂf—y,
W — by +

Ma€ HeCcKiHUYeHy MHOXKUHY HYyJIB 1ipu ¢t > 0.
4) Yu mozke daszoBa TpaeKTopist cucremu auepeHIiaIbHIX PiBHIHD

dr — oy — g
dy—3:(:—2y

3 Touku (—a® —1,—1) norpanuru y touky (1,a? +1)?
5) Ilpn g9KkuX @ TOYKa CIIOKOIO CHCTEMH

{Z—f—a(ery)

dy __ CL y
€ C1JIJIOM.
6) docaiant moBeinKy (a30BUX TpaeKTopiii cucreMu
dr __
{ 7= ax + v,
[/
3 = T tTay

7) Hocniguru moBeiHKy (has3oBUX TPAEKTOPIil crucTeM
de _ dr __
{dt— 4o + 2y, {gt—O,
y _
T =2ty
3. HakpecymmiTu inTerpa/bHi HOPTPETH B OKOJII OCOOJIMBUX TOYOK HACTYIHUX
nudepeHIliabHIX PIBHSHB MEPIIOTO MOPSJIKY:

1) dy 2r+y 2)dy x+4y 3) @:3}—41;
dr ~ 3z +4y’ dr 2z + 3y’ der 2y — 3z’
5) dy y—2x 5) dy  ©—2y ) dy y—2x
de  y dr 3z — 4y’ dr 2y — 3z’
dy 2x—vy dy 4y —2x dy y
7 === 8§ —=—-— 9 ===
)dx x—vy’ )da: r )d:z: x
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4. Hakpecauntn ha3oBi NOPTPETH HACTYITHUX JIHIHHUX OJIHOPIIHUX JuepeH-
HiaJIbHUX PiBHSAHB JIPYTOTO MOPSIKY:

1) 2"=32"+2:=0, 2) 2"—92=0, 3) 2"—-22"+22=0,
4) 2"+9x=0, 5) 2"—-8'+17x =0, 6) 2"+ =0,
7y + Ty +10y=0, 8) o' -8/ +20y=0, 9) 3 —25y=0.
10) v =20 +5u=0, 11) " +4'+4u=0, 12) <"+ 174 =0.
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