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1 OLIEHOYHBIE CPEJICTBA /IJId TEKYIIIETI'O KOHTPOJIA
YCIIEBAEMOCTU

1.1 Bompocs! ajig YCTHOTO ompoca

Pa3,11e.11 (TeMa) ANCITUIIIINHDI: DJIeMeHThI Teopun JMHAMHNYeCKHuX CHUCTEM

e 1. Oupejiesienne JIMHAMUYECKON CUCTEMBI.
e 2. [TonstTue dpazoBoro nmpocrpaHcrsa.

ABTOHOMHBIE IMHAMUYECKHE cucTeMbl. [IpuBennTe npumepsi.
HeaBToHOMHbBIE TMHAMUYECKUE CHCTEMBbI.

Orobpazxenne [lyankape.

Crpobockonuiueckoe oTobpakeHue.

Meto;i Xenona.

°
@ N S oo W

[Toryaure cTpoboCKOIMIECKOr 0TOOparKeHHe JIMHEHHOIO OCITU/LISITOPa, C
UMITYJILCHBIM BO3/IEHCTBEM

#=—ax+bY 5(t—kT), a>0,b>0.
k=0

9. Iomyunre ypaBHeHUWS i HEJTWHEHHOTO aBTOHOMHOTO R KOHTYypa ¢
nesuneiinoii emxocrnio U.(q) = B¢, Yemy pasua pasmepHocThb hazoBoro
npocrpancTsa. Haiijure ocodbie TOUKHA.

10. ITomyuure ypaBHeHUS JJisi HEJTUHEHHOTO HEBATOHOMHOTO I KOHTypa
¢ nesmneiinoit emxoctbio Up(q) = B¢ n ¢ BHEIHMM 1eproOIMIecKuM BO3-
oyxaennem U(t) = U, sin(wt).

Pa3,z[e.11 (TeMa) ANCIHUIIJINHDBI: BBe,Z[eHI/Ie B Teopuro yCTOﬁ‘IHBOCTH AMHaAaMMU4YeCKHuX CUCTeM

e 1. Cocrosnus paBHOBECHA aBTOHOMHDBIX CHCTEM.

e 2. lccyietoBanue JIOKAJIHHONW YCTORNINBOCTH aBTOHOMHBIX CHCTEM Ha (a3o-
BO#I 1110cKOCTU. KpuTepuii JIoKaJbHONW yCTOWIUBOCTH.

e 3. OO0bsicunTe Pa30BBIN TOPTPET IBYMEPHOIT aBTOHOMHOI CHCTEMBI B OKPECT-
HOCTU YCTOMYUBOIO y3JIa.
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e 4. O0bsicuuTe pazoBbIil HOPTPET JBYMEPHOI aBTOHOMHOI CUCTEMbBI B OKPECT-
HOCTU HEYCTOWYUBOTO y3JIa.

e 5. OObsicunTe Pa30BBIN TOPTPET IBYMEPHOIT aBTOHOMHOI CHCTEMbBI B OKPECT-
HOCTU CeJIJ1a.

e 6. OObsicuuTe has30BbIl TOPTPET JIBYyMEPHON aBTOHOMHON CHCTEMbI B yCTOM-
YUBOIo (poKyca.

e 7. O0bsicuuTe pazoBblil HOPTPET JBYMEPHOI aBTOHOMHO CUCTEMbBI B HEYCTOM-
quBOro (hokyca.

e 8. OnpesiesTe BO3SMOXKHBIE TUTTHI OCOOBIX TOYEK JABYMEPHOI JIMHEHHO 1nc-
CUIIATUBHON aBTOHOMHOI CUCTEMBI.

e 9. [IpejicraBpre ypasuenue Ban jiep ITosist
i—(a—2)i+2x=0

B HOpMaJibHO# bopme Kormm. Haiijgure marpuny Axobu m yka)kure Bo3-
MOXKHbIE THUIIbI OCOOBIX TOYEK.

e 10. UcciiejioBanue JIOKaJIbHOW yCTOWYMBOCTU 1EPUOJIMUECKUX JIBUMKEHU.
Kpurepnit 10KaabHO# yCTOWINBOCTH.

Pasgen (rema) gucuunnueas: OgHOMepHBIE JUCKPETHbIE JUHAMUYECKHE CHCTEMBI

e 1. OnHomepHbie oToOpaxkenus. CBoiicTBa JIMHEIHOTO OTOOPaXKEHNs.

2. Henmogpuxkabie Toukn . MTepanmonnas guarpaMmma.

3. YCTOMIMBOCTD HENOJIBUXKHBIX TOUEK. Kpurepun JIOKaJIbHOW yCTONINBO-
CTH.

e 4. Mysbrutinkarop p = f'(x4) HELONBUKHONR TOUKHM Ty U €I0 M€OMETPU-
qeCcKas MHTEPIPETAI.

e 5. M300pasuTte uTepalnnoHHble JUarpaMMbl B OKPECTHOCTH THIepOOJIrde-
CKOJi HEMOJIBUKHON TOUKY X, OTOOpakeHusi Tyyy = f(xp) Juisi caydaes:
0< fl(zy) <1lu f'(xy) > 1. O6bsichure HADIIONAEMYIO JIMHAMUKY.

e 6. lI300pasure UTEPANMOHHYIO JUarpaMMy B OKPECTHOCTU I'MIIEpOOJIMUe-
CKOMl HEMOJIBUKHON TOUKU X, OTOOpaykeHust Ty, = f(xrg) st ciydaes:
—1 < f(zy) <0u f'(xs) < —11. O6bsicuuTe HAOTIOAACMYIO JIUHAMUKY.



PoH, OIEHOYHBIX cpeJicTB. MaTeMaTudecKre OCHOBBI TEOPUU JUHAMUYECKUX cucrem, 2022

7. 3006pasuTe MTEPAIMOHHYIO JUATPAMMY B OKPECTHOCTH THIIEpOOJIHYe-
CKO¥i HEMOJIBUKHON TOUKM X, OTOOpakeHusi Tyyy = f(xp) s caydaes:
—1 < f'(xs) <0wm f(x,) < —11. O6bsichure HADIIONAEMYIO JIMHAMUKY.

8. Hukuibl. 3ajia4a MOMCKa IUKJIOB B OJHOMEDPHBIX OTOOPaXKEHUSIX.

9. ¥YcroituuBocTb HUKJIOB. MysibTuiljinKaTopbl UKJIOB. Kpurepuit jiokaJib-
HOHM yCTOMYUBOCTHU IUKJIOB.

10. Kacarenbnas 6udypkanus. Hopmanbaas dpopma fjis onncanus oudyp-
KaI[MOHHOTO TIepPexoia.

11. Tpanckpuruueckasi oudypkarnus. Hopmasbuasi popma jijist onurcanusi
01 ypPKALMOHHOIO 1IEPEXO/IA.

12. Busioobpaznasi dudypkanus. Hopmasbhuas dopma jyist onucanus Ou-
by PKAIMOHHOTO MTepexojia.

13. budypkanus yapoenus nepuoja. HopmasbHas dpopMma i onucaHus
OMdypPKAIMOHHOIO TTePEXO/IA.

14. Ilousitre o OudypKalusix rpaHUYHOIO CTOJHKHOBEHUS.

Pasgen (rema) mucnunimasl: [IByMepHbIe JUCKPeTHBIE 0TOOpaXkeHus U ux oudypranum

1. Ceuenue Ilyankape. [IBymepHbie 0TOOPaYKEHUSI.
2. HemopBu:kHBIE TOUKK JIBYMEPHBIX OTOOPaYKEHMUIA..
3. JIuneiinolit anaJim3 CTONYUBOCTDL HEIOJABUXKHBIX TOUEK.

4. Marpurna MOHOJPOMUH 1 MYJIbTUILINKATOPHI. KpuTepwnii JoKaabHOI yCTOl-
YUBOCTU HEIOJIBUKHBIX TOYEK.

5. TpeyroabHUK yCTORUNBOCTH.
6. LInKJIbI JIByMEpPHBIX OTOOPAYKEHMUIA.

7. Marpuiia MOHOJIPOMKHU U MYJILTUILINKATOPI IIUKJIOB. Kpurepnii jJoKajib-
HOM yCTOWYMBOCTHU IIUKJIOB.

8. ['unepbosnueckre HEMOABUXKHBIE TOUKNA U IUKJIBL.
9. YcroiiunBble 1 HEYCTONUNBBIE NHBAPUAHTHBIE MHOIOOOPA3NMs.

10. Cemyio-y3noBasi Oudypkarms.
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e 11. budypxarnus yjaBoeHus mnepuoja.

e 12. NluBapuanrusle Kpupble. Budypkanus Heiimapka-Cakepa.

ITIkaJjia orneHnBaHULA: OAJIIbLHA

Kpurepun onenku

Ornenka «7 0aJJI0BY» BHICTABIISIETCsT 00y IAIONIEMYCsI, €CJIM OH JEMOHCTPHUPY-
et 1yybOKOe 3HAHME COJIEPXKAHUST BOIIPOCA, JIa€T TOUYHBIE OIPEJICJICHUsT OCHOB-
HBIX MOHSITHI, apT'yMEHTHPOBAHHO U JIOTMYECKU CTPOHHO U3JaraeT yueOHbIi
MaTepuaJ, WTIOCTPUPYET CBOIl OTBET aKTYaJbHBIME MPUMEpaME (TUIIOBBIMU
HECTAHIAPTHBIMH), B TOM YUCJIE CAMOCTOSITEIbHO HAHJICHHBIMU, HE HY 2K IAeTCst
B YTOUHSIONMX U (MJIK) JOMOJHATETHHBIX BOITPOCAX TTPEOIABATES.

Onenka «4 6aJ1a» BLICTABJIAETCA 00YUAIONIEMYCs, €CJIH OH BJIaJIeeT COJEp-
YKaHWEeM BOIPOCa, HO JIOTYCKAET HEKOTOPhIe HEJOYEeThl MPU OTBETE, JOTYCKAEeT
HE3HAYMTEIbHBIE HETOYHOCTH TIPHU OINPEJICEHUN OCHOBHBIX MOHSATHH, HEI0CTa-
TOYHO apryMEHTHPOBAHHO U (WJIM) JIOTUIECKU CTPONHO M3j1araer yaeOHbIi Ma-
TepuaJ, WILIIOCTPUPYET CBOI OTBET TUMOBLIMU ITPUMEPAMHU.

Ornenka « 3 6aJIjIay BBHICTABJISIETCS 00y JIAIONIEMYCsI, €CJTM OH OCBOUJI OCHOB-
HbIE IIOJIOXKEHUS KOHTPOJIUPYEMON TEMbI, HO HEJOCTATOYHO YETKO JIAaeT OIlpe-
JleJIeHe OCHOBHBIX MOHSTHI U JeUHAINI, 3aTPY/IHIETCS IIPU OTBETax Ha J10-
MOJIHUTEJIHHBIE BOMTPOCHI, TPUBOJNT HEIOCTATOTHOE KOJNIECTBO TTPUMEPOB JIJIsT
MJUTIOCTPUPOBAHKSI CBOEIO OTBETA, HYXKJAETCs B yTOUHSIONUX U (MJIK) SOOI
HUTETBHBIX BOTIPOCAX TTPENoiaBaTeIs.

Onenka « 0 6aJ/I0B» BBICTAB/ISIETCS OOYUAIOIIEMYCs, €CJIM OH He BJIaJieeT
CoZiep>KaHMeM BOIPOCA, WJIN JIOTYCKAET rpyObie ONMOKY, 3aTPYIHSAETCS JaTh OC-
HOBHbBIE OIPEJICJICHUST, HE MOYXKET IIPUBECTU MJIM [IPUBOJUT HEIIPABUIbHBIE 1P~
MepbI, HE OTBEYAET Ha YTOUHSIONNE U (UJIH) JOTOJHATELHBIE BOITPOCHI MPETTO-
JlaBaTelisi WK JIOMYCKAeT 1TPU OTBETE Ha HUX I'pyObie ONMMOKN.

2 KOHTPOJIBHO-OOEHOYHBIE CPEJACTBA /1JI{d ITPOME-
YKYTOYUYHON ATTECTAIINN OBYYAIOIIINXCHA

2.1 BOIIPOCHI K BAYETY
e 1. Uro Takoe ureparus’?’
e 2. Onpejyiesienrie OPOUTHI OTOOPAYKEHHS.

e 3. Onpejiesiennst HEMOABUYKHOW TOUKH, TIEPUOATIECKON TOUKH, TTEPUOIATIE-
CKOI OpOUTHI.
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e 4. AnropurMm pacuera Cobweb guarpammbr.
e 5. AsroputMm pacuera OmdypKAIMOHHON THAIPAMMEL.

e 6. JIuneiinoe orobpazkeHue. YCTORINBOCTD HEIIOJIBUXKHBIX TOUYEK JIMHEHHOIO
oTobpaxkenusi (BKJOYas apMHHOTO JMHEHHOTO 0TOOpaAXKEHWs ).

e 7. JlokaJyibHast yCTONUMBOCTbH HENOJBUXKHBIX TOUYEK HEJUHEHHOTO 0TOOpa-

YKEHHUsI
— 7.1 Oupejgenenne TuIepOOINICCKON U HETUIIEPOOJINIECKON HEITOXKBUXK-
HOIl TOYKU.

— 7.2. MyabTumimkaTop HemoJIBUXKHOM /ieprouieckoit Touku. [eomer-
puUecKasi HHTEPIIPETAIH.

— 7.3 YeroituuBocTb ruiiepboJIndecKOl HEIOIBUXKHONR TOUKH.

— 7.4 YcToiuuBOCTh HErUIepoOJIMIECKO HEMOABUXKHON TOYKU C MYJIHTH-
IJIMaKTOpOM +1.

— 7.5. YeroitunBocTh HErnnepooJIMIecKoit HEMOJIBUYKHON TOYKU ¢ MYJIHTH-
IJIMAKTOPOM -1.

e 8. DyiemeHTH Teopun OMBypKaIUil OHOMEPHDBIX 0TOOpaAXKEHU

— 8.1. Kacarenpnas 6udyprarms (fold).

— 8.2. Cynepkpurnueckast Bujioobpastast budypkaiusi (supercritical pitchfork).
— 8.3. Cybprpurudeckas Buoobpasuas 6udypkanus (subcritical pitchfork)..

— 8.4. Tpanckpurnueckas budyprarus (transcritical).

— 8.5. Cynepkpurnueckast budypkanus yjBoenus nepuoja (supercritical
flip wnu period-doubling).

— 8.6. Cybkpurnueckast 6udypkarust yasoenus nepuoja (subcritical flip
nin period-doubling).

e 9. Ananu3 ycTOMIMBOCTH METOMOM YPaBHEHU MEPUOOB KYCOUHO-TIIATKIX
CHCTEM.
— 9.1 Meton nosrydenusi ypaBHeHUsT IEPUOJIOB.
— 9.2, AropuTM YHCIEHHOTO pEIeHnsT YpaBHEHW TeproJIoB.

— 9.3. AsiropurM pacdera MyJIbTUILIMKATOPOB HEIIO/IBUYKHBIX / TIEPUOJINIECKUX
TOYEK.
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e 10. Kycouno-ruiajikue JUCKpeTHbIe JMHAMUYECKUE CUCTEMbI (0TOOpaXKeH st ).
[TousiTue o border-collision budypxarusx.

— 10.1 Kycouno-nuneitnoe orobpaskeHue.
— 10.2. Persistence border-collision.

— 10.3. Fold border-collision.

— 10.4. Flip border-collision.

e 11. Amanuz border-collision 6udypKaruii MeTogoM TeOpuru HOPMAaJLHBIX
dbopwm.

12. /IBymMepHbIe 0OTOOpaXKeHus.

13. HenojiBuKHbie /TIePUOJIMIECKIE TOUKU JIBYMEPHBIX OTOOPAYKEHUIA.

14. Anasms TOKaIbHOI (THHEHHOM ) YCTORINBOCTH HETIOABUKHBIX / TTEPUOITIECKIX

TOYEK JIBYMEPHBIX OTOOparKeHHUIA.

15. Cuiest m onpejiesiuresib MaTpuiibl AAkoou. My ibTHILINKATOPHI HETTOIBU K-
HBIX /TIEPUOJUIECKUX TOUEK JIBYMEPHBIX OTOOPAYKEHUIA.

16. Kpurepun ycroitauboctu. TpeyroyibHUX yCTORUUBOCTH.

e 17. Jlokanbuble Kpurepuu OudypKaimii HeIoABUKHBIX TOUEK:

— 17.1 cengo-y3noBas Oudypkalus.

— 17.2. 6udpypkalyst yJBOCHUS TEPUOJIA.

— 17.3. oudpypkanmst Heitmapka- Cakepa.
2.2 BAHK BOIIPOCOB U 3AJAHUN B TECTOBOYI ®OPME
1.Haitjiure HENOJABUNKHYIO TOUKY Ty JIMHEHHOTO OTOOPaXKEHU s

T — ax — b.
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2. Onpejienure yCTORINBOCTD HEIIOJIBUXKHOM TOYKHU JIMHEHHOI'O OTOOpaYKeHUsI

Tpi1 = —1.2x; + 0.2.

e (a) Ycroitunna.
e (6) Heycroiiuupa.

e (B) Heiirpasubna.

3. Kakoii oudypkamuu coorBeTcTByeT ToUKa A = A9 Ha puc.1?

z,p
P1
1.0
0.0 - L A
—1.0f— e
AL 3791‘/
)\() /\2 A

Puc.1. Bu KAIIMOHHAS IAArPAMMa: I] o — HEMOABUKHBIE TOUKU; P12 — MYJTbTUTLIAKATOPH
YyPpKar Auarp 1,2 2! ) P, y p
HETIOJBUKHBIX TOYEK T7 o

Kacarenbnoii.

a

6

TpanckpuTHIECKOIA.

B) YJIBOEGHHIO MEPUO/IA.

(a)
(6)
()
(r)

r) Bunoobpasznoii.

4. Onpenenure xapakTep MEPEXOHOIO MPOIECCa B JTUHEHHOM OTODparKeHUH

LT+l = —05.’Ek — 2.5.

e (a) mepexoMHbIil TMPOIECC 3aTyXaeT MOHOTOHHO:

lim x, = 0.
k—o00
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e (6) nepexojHblii 1poIece 3aTyxaer KojedarebHo:

lim T = 0.
k—o0

e (B) HAOJIOJAIOTCS HE3ATYXAIOIMEe KOJeOAHMUSI.

5. Touka . € R orobpaxkenust © — F(x) siBjsiercs m-1epuojiuiecKoil, eciiu

e (a)
F(xy) —x. =0 F"(x,) —x #£0.
F(z,) —z., =0 F"(z,) —x,=0.

F(z,) —z. #0 F"(z,) —x,=0.

31ech
F"xg) = F(F(... F(xg)... )),

\

Vv
m pa3

6. Kakast budypkalusi peannsyercsi B KyCOUYHO-JIMHERHOM OTOOParKeHUN

< 0;

Y

acT + [, =
20,

x
T = Flay), F(x) = {
arRx + W, x

ecim ap = 1.2 n ag = —0.257
e (a) «border-collision» fold.
e (6) «border-collision» flip.

e (B) «border-collision» persistence.



(POH,E[ OII€HOYHbIX CPpeaCTB. MaremaTnuyeckme 0oCHOBBI Teopumnm JUHAMHUYIECKUX CUcCTeM, 2022
7. Jano orobpazkeHue

A A(1-z 4
Thi1 = Flzy), Fx)=e z—1)+ 72 oz, 2) :x+az—q:0.

Haiiure nepsyto mpoussognyto F'(x) st pacdera MyJbTHIIMKATOPA HEMO-
JBUKHOW TOYKMU.

* (0)
A«
! Y.}
F'(z) =¢e"+ PR YErE
* (8)
F'(z) = e + A CeM1-2),

8. Ilycrs jano orobpaxkenue xpyq = f(xy), UMeOIee HEMOMBUKHYIO TOU-

Ky T, ¢ mynpruimkaropom f'(z,) = —1. Hemy pasna F"(z,), roe F(z) =
f(f())?

o 1. F''(z,) = +1,;

o2 F'(x,)=0;

o3 F'(z,) = —1.

9. s oTobparkeHust

, O<o <]
Thp1 = Fla,xp), Fla,x) = Fr = a v ., x=>1,

HOJIy YUTE HOPMaJIbHYIO (DOPMY B BUJIE KYCOUHO-JIMHEHHOTO OTOOPaXkeHUsT. 3/1eCh
a > 0 — Bappupyemblit mapamerp, b > 1 — puUKCHpPOBAHHBIN TapaMeTp.

10
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10. Oupegenure ycTOMIUBOCTD HETUIIEPOOJIUICCKON HEIOIBUYKHON TOUKHU Ty
0TOOpaXKEeHU ST

z 0.7 -2 = F(x).

(a) x, — merumepbosmdueckas ¢ mysapTuiukaropom F'(z,) = +1; mouy-

YCTONYMBAsI.

(6) x, — Herunepbosmyeckas ¢ Mysabruiinkaropom F'(z,) = +1; ycroii-
qUBAasl.

(B) x, — merumepbosimueckasi ¢ MynbTumInkaropom F'(x,) = —1; ycroii-

quBad.

(r) x, — He cymecTByeT HErumepOOTNIECKON HEMO[BIKHO TOUKH.

(1) x, — merumepbosimaeckasi ¢ My abruinkaropom F'(z,) = —1; Heycroii-

quBa“l.

(e) xx — Herunepbosmueckast ¢ MysbTuiImKaropom F'(x,) = +1; Heycroii-

qyuBad.

11. Kakas 6udpypkaiiyst peajausyercss B KyCOUHO-JTUMHEHHOM OTOOpaXkKeHnu
< 0;

arT + W, <
> 0,

x
Tpp1 = F(zg), F(x)=
arxT + W, x

ecoim ay = 0.5 mw ap = —0.57
e (a) «border-collision» fold.
e (6) «border-collision» flip.

e (B) «border-collision» persistence.

12. lano orobpazkeHue

T = Fzy), F(x) = e)‘(x —1)+ 2eM1-2) L, ez2)=q—x— g(z —0.5) =0.
Q

[TonyunTe ypaBHeHmre MEePUOIOB sl pacdyeTa HEelmoIBUXKHOW TOUKH.

11
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* (a)

e)\(lfz)_l q
—2 —(z—1/2) =
q o L, 1/2)
e)\_e/\z q
- ~Lz-1/2)=0
q o L, 1/2)
e (8)
e/\(l—z)_l N q

13. Jlnst iByMepHOro 0TOOparkeHust
- _ 2
Thi1 = Uk; Ykl = @ — bx — Y

HafUTe HEMOJABUXKHDLIE TOUKH, CJIEJ U ONpeIeJUTe]h MATpUIbl AKoOm Kak

¢byHKIME mapameTpos a u b.

ol.x*:y*:—%<b+1i\/(b+1)2+4a>,5:b,T:b+1i\/(b+1)2+4a;
o2.x*:y*:%(b+1i\/(b—1)2—4a),5:—b,sz—li\/(b+1)2—4a;
©3. 1, = y = —%<b+1i\/(b+1)2—4a>, 5§ — —b 1 = b+ 1+

V(b + 1) — 4da;
14. Kakas 6udpypkaiiyst peaju3yrorcs B ToUke @ = 3.5 B 0OTOOpaXKeHuu T —»

ax(l—z) = F(a,x)?

e (a) Kacaresbnasi.
e (6) Tpanckpuruveckasi.
e (B) YaBoeHUs MEPHO/IA.
e (r) Bumoobpaszmnasi.

(

e (1) Hukakasi.

12
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15. Haitpure nuauio 6udypKanum ceijio-y3es Jjisi 0TOOparkKeHns

2 ) _
LTh+1 = @ — Ty, — byk;  Yk+1 = Tk

B (popMe siIBHOW 3aBUCMOCTHU OT TapaMerps a u b.

(1+0)>
e (a)a= -
31 +0b)?
e (6) a= ——
e (B) a= %

16. Oupejesure yeTORIMBOCTD HEIOJBUKHON TOUKH KyCOTHO-JTUMHEHHOTO OTOD-
parkeHus

0.4x 4 2,
—1.1z + 2,

e (a) Ycroituusa.
e (6) Heycroiiuupa.

e (8) IosyycroituuBa crpasa.

17. B kakoii 110c/1e0BaTe/IbHOCTH IIPOBOAUTCs aHAJIUS JIOKAJILHOR yCTONR M-
BOCTH HEMOJIBUKHO¥ / IEPHOIMIECKON TOTKN 0TOOPaXKEeHHs?

(a) l-mpuBecTu K JOKaJIbHON hopMe; 2-HAWTH HHBAPDHAHTHOE MHOXKECTBO; 3-
JIN-HEapu30BaTh 0TOOpaXKeHue, PUBEJIEHHOE B JIOKAJILHOI (hopMe, B OKPECTHO-
CTH HEMO-JIBUKHOI / TEPUOJNIECKON TOUKM; 4-HANTH MYJIBTUILIMKATOPHI HETO-
JIBHYKHOI /TIEPUOAMICCKOH TOUKM; H-IIPOBECTU AHAJU3 PACIOJIOKEHUS MYJIbTH-
MJINKATOPOB B KOMIIJIEKCHOW TIJIOCKOCTU OTHOCHUTEJHLHO TPAHUIIHI €IUHUIHOTO
Kpyra.

(6) 1- HaiiTH MHBAPMAHTHOE MHOYKECTBO; 2-TIPUBECTH K JIOKAJTBHON (opme; 3
- JINHEapu30BaTh OTOOpaXKeHue, IpPUBEJICHHOE B JIOKAJbHOI (popMe, B OKpecT-
HOCTY HEOJBUKHOM /IePUOIMIECKON TOUKY; 4-HAKTUH MYyJIBTUILIIUNKATOPBI HEIIO-
JIBUKHOM /1IEPUOJIMIECKOH TOUKU; D-IIPOBECTU AHAJIU3 PACHOJIOKEHUST MYJIbTH-
IJINKATOPOB B KOMILJIEKCHOW IIJIOCKOCTU OTHOCUTEJILHO TPAHUILI €IUHUIHOTO

Kpyra.
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PoH, OIEHOYHBIX cpeJicTB. MaTeMaTudecKre OCHOBBI TEOPUU JUHAMUYECKUX cucrem, 2022

(B) 1-HaiiTu MHBApUAHTHOE MHOXKECTBO; 2- JIMHEAPU30BATH OTODpaXKeHUe, B
OKPECTHOCTHU HenozLBHH(Hoﬁ/HepI/Iog:LquCKoﬁ TOYKH; 3-TIPUBECTU K JIOKAJIHHOM
dopme; 4-HailTH MYJIBTUILINKATOPHI Heno;[BI/DKHoﬁ/ MepUOJINIECKON TOYKU; O-
IIPOBECTU aHAJIN3 PACIOJIOXKCHUSA MYJIbTUILIMKATOPOB B KOMIIJIEKCHOU IIJIOCKO-
CTU OTHOCUTEJILHO TPAHUILl eIMHUYHOTO KPYyTra.

18. HaitjiuTe HEloBUKHbIE TOUKH 1 OTBEYaOIIe UM MYJIbTHILINKATOPDI JIJIs
0TOOpaKeHU s

Tpp1 = 1 —az; = F(a, xy).
* (a)
1
Be = =5 (1 +VIt 4a> . Fl(z)=1++17 a.
a

Ty —

(1+vV1—4a), F'(z.)=1%V1+4a.

DO | —

1
ze =2 (1 +VIt 4a) . Fl(z) = -1+ V17 da.
a

19. st orobparkenust

, x < 1;
a-x
Fr(a,z) = r>1
Y 9 =
1+ B(x—1)

MOJIy U Te HOPMaJbHYIO (DOPMY B BUJIE KYCOTHO-TMHEHHOTO OTOOPaYKEHUSsT. 31eCh
a — BapbUPYEMbIil apaMerp, ¢ u 5 — GUKCUPOBAHHBIE ITAPAMETPHI.

20. Onpejenure yCTOUIMBOCTD HETUIIEPOOJNIECKONHEIIOIBUYKHON TOUKH X,
0TOOpAaKEHU s

Tk+1 = F(a,a:k), F(CL,SC) -

x 20 — 2 = F(x).

e (a) x, — Herunepbosimueckas ¢ MysabTuiinkaropom F'(x,) = +1; mosy-
YCTONYMBAsI.

14



PoH, OIEHOYHBIX cpeJicTB. MaTeMaTudecKre OCHOBBI TEOPUU JUHAMUYECKUX cucrem, 2022

e (6) x, — Herunepbosinueckast ¢ Mysbruiimkaropom F'(x,) = +1; ycroii-

quBad.

e (B) x, — Herunepbosinueckas ¢ Mysnpruiimkaropom F'(x,) = —1; ycroii-

quBad.

e (I') T, — He CyIIECTBYET HEIUIEPOOIMIECKOH HEMOJBUAKHON TOUYKHY.

e (1) x, — HerunepbosyecKas ¢ My abruinkaropom F'(z,) = —1; Heycroii-

yuBa“.

e (e) x, — merunepbosinueckasi ¢ My abruimkaropoM F'(z,) = +1; Heycroii-

qyuBad.

21. Kaxkas Oudypxalius peajnsyercs B KyCOUHO-JIMHEHHOM OTOOparkKeHun
< 0;

acx + [, x
= 0,

T
Tpp1 = F(zg), F(x) = RT + .
R ’

ectn ap = 0.5 n ap = —1.257
e (a) «border-collisions» fold.
e (6) «border-collision» flip.

e (B) «border-collision» persistence.

22. Jlarno oTtobpakenue
Th = F(zr), F)=eNe—1) 42N -1, oz2)=q—z— %(2 —0.5) = 0.

Haiiure nepsyto mpoussognyto F'(x) st pacdera MyJbTHIIIKATOPA HEMO-

JBUKHOW TOYKMU.

* (a)

F'(z) =¢ — Aa A1)

F'(z) =¢e +

15
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* (5)

23. st 1ByMEpPHOIO 0TOOpAXKEHMSI

Thil = Uk, Yrer1 = 1 — ax} + byy,

HalIUTe HENO/BUKHBIC TOUKHU, CJIEJ| T ¥ ONPEJICUTE/h 0 MaTpuilbl fIKoOn Kak
dyHkuu napamerpos a u b.

1
ol 1z, =y = —%<b—1i\/(b—1)2+4a>, 5§ = —b 7 =b—1+
V(b —1)% + 4a;
1
02-$*—y*:2—<1—bi\/(1—b)2+4a),5:b,7:1—bi\/(1—b)2+4a;
a

03 1, =y = —2—1a<b—11\/(b—1)2+4a>, 5= b7 =-btl+
V(b —1)% + 4a;

24. Kakas dudypkalus peajnu3yoTcsa B TOUKe ¢ = 3.5 B 0TOOpaKeHuu T —
ax(l —x) = F(a,x)?

a) Kacarenpnas.

6

° Tpanckpurndeckas.

(a)

(0)
e (B) YIBOeHHUS EPUOJIA.
e (r) Busioobpasnasi.

(

e (1) Hukakasi.

25. Haitnre nuanio OudypKaluum yaIBOEHUS IEPUOJIA, JJIsi OTOOPaXKEHMSI
_ 2 . _
Thy1 = @ — Tp, — bYi;  Ypg1 = Ty,

B popMe SIBHOI 3aBUCMOCTH OT mapamerps a u b.

(1402
o () a=— Y

16



PoH, OIEHOYHBIX cpeJicTB. MaTeMaTudecKre OCHOBBI TEOPUU JUHAMUYECKUX cucrem, 2022

.(6)a:—@.
o(B)@z%.

26. Onpejieniure yCTONIUBOCTD HETOABUKHOM TOUKHU KYCOTHO-TUHEHHOTO OTOD-
parkeHust

0.4 — 1, z < 0;
e = Flay), F(r) = —llz—1, x>0

e (a) Ycroituusa.
e (6) Heycroituusa.

e (8) [lonyycroituusa cupasa.

27. Kak Bejier cebst opObuUTa JIMHEHHOIO 0TOOparXKeHUSI

L1 = Tk — 67

e (a) Yxouur B +00.
e (6) Yxomur B —00.

e (B) CoBeprmaer Hes3aTyxakoMMe KOTeOaHNUs.

28. KakoBa CKOpOCTD 3aBEpIICHNS IIEPEXOJIHOTO MPONECCa B 3aBUCUMOCTH OT
BEJIMIUHBI MYJIbTHILTHKATOPa F' (X, ) yCTOWINBO# HEMOABUKHON TOUKH T, OTOO-
paxkenns x — F(x)?

e (a) Yem Besmuuna |F'(z,)| 6amxke K 1, 7€M BbIIIle CKOPOCTH 3aBEPIICHMUS
MEPEXOJIHOTO TIPOTIECCA.

e (6) Yem emumumna |F'(x,)| 6mmke K 1, TeM HIKe CKOPOCTD 3aBEPITCHNUS
MEPEXOJIHOTO TIPOTIECCA.

17
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e (B) CkopocTb 3aBepliieHust IEPEXOJHOIO He 3aBUCHT OT Besimuunbl F'(x,).

29. HaiinnTe HEMOABMKHYIO TOUKY M OTBEYAIONIUN €il MYJIbTUILINKATOD JIJIs
0TOOpAaKeHU s

Tri1=a— 02— 22 = F(a,z)

Mcnob3yst 9T0T pe3ysbTaT, HaijuTe TOUKY OMdYpKaIUu YIBOEHUs IIEPUO/ia.
Omnpejenure yeTORINBOCTD HETIOJABUXKHON TOYKHU 1Tpn OndypKAIMOHHOM 3HaTe-
Huu napamerpa. Kakoii tun oudypkanuu peanusyercs (cyOKpuTHIecKas WU
cynepkpuTuaeckasi 6udyprarust)?

30. OnpejesinTe ycTORINBOCTL HEIUIIEPOOINIECKON HEIOABUXKHON TOUKU T
0TODpaKeHU s

r 20 — 28 = F(x).

(a) x, — Herunepbosmyeckas ¢ myJibruminkaropom F'(x,) = +1; nody-

yCTONYnBad.

(6) z, — Herunepbosmyeckas ¢ Mmysabruiinkaropom F'(x,) = +1; ycroii-
qnuBasdt.

(B) x, — Herunepbosmieckas ¢ Myabruiinkatopom F'(z,) = —1; ycroii-
qUBasl.

(r) x, — He cymiecTByeT HErunepOOTUIECKON HEMO[BIKHON TOUKH.

(1) x. — Herunepbosmyeckas ¢ MyJbruinkaropom F'(x,) = —1; neycroii-

quBad.

(e) &« — Herunepbosmueckast ¢ Mysbruimkaropom F'(x,) = +1; Heycroii-
qnBasl.

31. Kakas Oudypxaius peajusyercs B KyCOUHO-JIMHEHHOM OTOOparKeHun

agx + b, < 0;
Tpi1 = Fxg), F(x) = R
aRT + W, T = 07

ecim ap = 0.5 n agp = —1.257



PoH, OIEHOYHBIX cpeJicTB. MaTeMaTudecKre OCHOBBI TEOPUU JUHAMUYECKUX cucrem, 2022

e (a) «border-collision» fold.
e (6) «border-collision» flip.

e (B) «border-collision» persistence.

32. Jlano orobpaxkenue

Thr = F(x), F)=eNe—1)+2N"% -1, oz2)=q—z— 2(z —0.5)=0.
«

Haiiure nepsyto mpoussognyto F'(x) st pacdera MyJbTHIIMKATOPA HEMO-

JIBUZKHOM TOYKHU.

* (a)

33. Jljst AByMepHOro 0ToOparKeHusI
Thal = Uk; Yk = L — axj + by

HaliIuTe HeOABUKHbBIE TOUKH, CJIEJI T W OIPEIeIUTEh 0 MaTpUIlbl IKoOn Kak

dyukuu napamerpos a u b.

1
ol z, = y. = —%(b—li\/(b—l)Q—l—ZLa), § = —b, 7 = b—1+
V(b —1)% + 4a;
02.x*:y*—21 (1—bi\/(1—b)2+4a),5:b,7:1—bi\/(1—b)2+4a;

a
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1
o3 1, — g — _—(b—li\/(b—1)2+4a>, § = —b 7= —b+1+
a

V(b —1)? + 4a;

34. Kakast Oudypkaius peajn3yorcs B TOUKe @ = 3.5 B 0TOOpakKeHuu T —»
ax(l —x) = F(a,x)?

° Kacarenbnas.

a

6

° Tpanckpurnieckas.

YIIBOCHUS TTEPUOJIA.

(2)

(6)
* (8)
e (r) Busoobpasznasi.
e (1) Hukakasi.

35. Haitjure inauio Oudypraluumu yJBOCHUS I€PUOJIA, sl OTOOPaXKEHMSI
_ 2 . _
The1 = 0 — Tp — by Ype1 = Ty

B popMe SIBHOI 3aBUCMOCTH OT Iapamerps a u b.

 (140b)?
e (a)a= Y
3(1+ b)?
6) a=—
e (6)a 1
(1-0b)?
e (B) a= Y
36. Onpeennre yeTORIMBOCTH HETOABUYKHOM TOYKHU KYCOTHO-TMHEHHOTO 0TOD-
parKeHust
04x — 1 r <0;
T = Flxr), F(x)= ’ ’
e = Flaw),  Fz) {1.1:;;1, x> 0.

e (a) Ycroituusa.
e (6) Heycroituusa.

e (B) Ilosyycroitansa crpasa.
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37. Kax Bejer cebst opOUTa JIMHEHHOIO OTOOparKEHUSI

Tpy1 = T — 67

e (a) Yxomur B +00.
e (6) Yxoaur B —00.

e (B) Cosepiaer Hesaryxaoiue KojebaHusi.

38. KakoBa CKOpOCTb 3aBEpIIeHNS IIePEXOIHOTO MPOLECCa B 3aBUCUMOCTH OT
BEJIMIUHBI MYJIbTHITAKATOPA F'(X,) yeTORUUBO HEMOIBIKHON TOUKY Ty OTOD-
paxenus: T — F(x)?

e (a) Yem Besmuuna |F'(z,)| 6imxke K 1, 7€M BbIIIle CKOPOCTH 3aBEPIICHNUS
[IEPEXO/IHOTO TIPOTIECCa.

e (6) Yem Besmuuna |F'(x,)| Gumke K 1, TeM HU2Ke CKOPOCTH 3aBEPIICHMUS
EPEXO/IHOTO TIPOTIECCA.

e () CKOPOCTDH 3aBepIeHnst EePEXOIHOT0 He 3aBUCAT OT Benudunbl F'(x.).

39. HaiiinTe HEMOABMKHYIO TOUKY M OTBEYAIONUN €if MyJIbTUILINKATOD JIJIs
0TODpaKEHU s

Tpi1=a— 02— 22 = F(a,z)

Mcnob3yst 9TO0T pe3ysbTaT, HaijuTe TOUKY OM(YpKAIUU YIBOEHUs IIEePUOIa.
OnpejiesinTe yCTONINBOCTD HEIOJIBUXKHON TOUKM IIpU OMQypKaIMOHHOM 3HaYe-
nuu napamerpa. Kakoii tun 6udypranuy peanusyercs (cyOKpuTHIecKas WU
cynepkpuruaeckasi oudypxrarus)? 1. Onpegenure yeTroiIuBOCTh HETUTIEPOOJTH-
YeCKO} HEIOJIBUXKHOI TOUKHU Xy OTOOparKeHus

1+ 222

— — — 1= Fl(x).
x 5 (x)
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e (a) x, — Herunepbosimueckas ¢ mysbruiiukaropom F'(x,) = +1; nosy-

yCcTOMYnBad.

e (6) x, — Herunepbosinueckas ¢ Mysnbruimkaropom F'(x,) = +1; ycroii-

quBad.

e (B) x, — Herunepbosimyueckas ¢ MynpTuimKaropom F'(x,) = —1; ycroii-

quBasdl.
o (I) z, — HENOJBUKHAS TOUKA SIBJISIETCS TUIEPOOTNIECKOI.

e (1) x, — Herunepbonnveckas ¢ myabTuiuKaropom F'(x,) = —1; Heycroii-
qnBasl.

e () x, — nerunepbosimueckasi ¢ My bruinkaropom F'(z,) = +1; neycroii-

quBad.

40. Kakas oudypKalus peajgn3yercs B KyCOUHO-JIMHEHHOM OTOOparkKeHnn
ac + 2 X Oa
Tp = Fxy), F(r) =
ART + [, x = O)
ecin ap = 0.275 u ar = —0.3847

e (a) «border-collision» fold.

e (6) «border-collision» flip.

e (B) «border-collision» persistence.

41. Jano orobpazkenue
Ty = F(zy), Flr)=eMoz—1)+e7 oz,0) =g—1—(z—1)e¥ =0.

Haiiure nepsyio mpoussogayto F'(z) ajist pacdera MyJabTILIATATOPOB HEIMO-

JBUKHOW TOYKMU.

* (a)
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* (5)

A
F'(z) = et + Zet7),
q

42. Tlycerb jraHo otobpaxkenue Ty = f(xk), UMeOIIee HEmoBIKHYIO TOU-

Ky T, ¢ myrabrumiukaropom f'(x,) = —1. Yemy pasuna F"'(z,), tne F(x) =
f(f(2))?

o 1. F"(x,) = +1;

o2 F"(z,) =0

o 3. F"(x,) =25 f(x.), rne Sf — npoussopnast sapua dbyuxiuu f.

43. Kakas oudypxkalus peaysnsyrcs B Touke a = 1.0 B orobparkeHun x —>
ax(l+ 2%) = F(a,z)?
e (a) Kacaresbhasi.
e (6) Tpanckpurnueckas.
e (B) YIBOeHHUS IEPUOJIA.
(r)

e (1) Busioobpasznasi.

44. Haitjijure MyJibTUILJIMKATOPbI HEIOJBUXKHbBIX TOYEK T, OTOOparKeHUst

Tpa1 = 1 — 24-15% = F(xy).
e (a) Filz) = — zs— —2(1 4 v5).
(24 x.)% 2
«(6) Fl(z.) = —— zv = 2(1 £ V5).
(24 x)% 2
o (5) F'(2.) = — > 2% = —2(1 4 5).
(14 z,)2 2
45. Onpenesinre yCTORINBOCTD HETIOJIBUXKHON TOUKN KYCOUYHO-JIMHEHHOTO OTOD-
parkeHns
0.6z + 1, x < 0;
The = Flaw),  F@) = {0.8:1; Y1, x>0
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e (a) Ycroituusa.
e (6) Heycroituusa.

e (B) Ilosyycroitunsa crpasa.

46. Kax Bejier cebst opbuTa JIMHEHHOTO 0TOOPaXKEHUsT

Tpy1 = —Tp + 17

e (a) Yxomur B +00.
e (6) Yxomur B —00.

e (B) Cosepiaer Hesaryxakoime KojebaHusi.

47. Onenure uuciio urepaiuit k (Jauckpernoe Bpewmsi), 3a KOTOpoe u300pa-
JKAIOIasl TOYKA ITIONAJeT B OKPECTHOCTH HENOABUXKHON TOYKM T, JUHEIHOTO
orobpazkerusa Ty, = 0.5xy gmunoit A = 1077, A > 0, ecoim xg = 1.07 3xech

p > 1 —1enoe ancio.

b~ {_p-lnlOJ |
In0.5

. _p-lnlO .
In 2

. p-In10 .
In0.5

3ech || —pyHKIMs, BIIEASIONAs eIy 9acTh apryMeHTa.
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48. HaiiuTe HEMOJBUKHYIO TOUKY U OTBEJAIONTUN €il MYyJIbTUILINKATOD JIJIs
0TOOpaYKEHU ST

axry

Tht] = —F/—s.
i \/1+xz

ciioib3yst 30T pesy/brar, HailjiuTe TouKy BujaoobpasHoi budypkaiuu. 13006-
pasuTe KaueCTBEHHO UTEpPAIMOHHBbIE JUarpaMMBbl JI0, B TOUKE U IIOcae Oudyp-
karuu. Onpegennre yeToRInBOCTH HEMTOABUYKHOW TOUKN TTPH OMDYPKAITMOHHOM
sHadeHun napamerpa. Kakoit tun 6udypkannu peanusyercs (cyOKpurTnieckast
WM CyTepKpuTuaeckas 6udypranms)?

49. Kakas oudypxaliusi peaju3yoTcs B TOUKe @ = —1 B 0TOOparkeHuu x +—>
ar — 23 = F(a,x)?

50. Onpejgennre yeroRInBOCTh HEMMIIEPOOJINIECKON HEIMOABUAKHON TOUKN Ty
0TOOpaXKeHU s

T —x —2° = F(xy).

51. Kakas Oudypkaliys peajsudyercs B KyCOUHO-JIMHEHHOM 0TOOpasKeHUK

< 0;

Y

acT + 1, <
>0,

x
Tp1 = Fxyg), F(r) =
aRx + W, T
ecim ap = 0.3 n agr = —0.957
52. Jlano orobpaxkenue

iy = Flay), F(z)=cMe—1)+22M79 =1, g(zx)=q—1-(z—-1)e¥ - L(z-1
o

Haiigure nepsyio npoussojanyio F’ (x) JUId pacdeTra MYJLTUIIAKATOPa HEMo-
JBUXKHOW TOYKMU.

53. Tlycrh mano ortobpaxkenwe Ty, = 3/4 — 22 = f(x,), nMeromee Hero-
JIBUXKHYIO TOUKY Ty ¢ Mysibruiinkaropom f'(z,) = —1. Hemy pasna F"(x,),

rne F(z) = f(f(r))?

54. Haiijiure MyJIbTUILIMKATOPBI HEIIOJIBUXKHBIX TOUYEK T, OTOOParKEeHMS

LTkl = 3/4 - l‘z = F(a:k)
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55. Kak Bejer cebst opObHUTa JIMHEHHOIO OTOOparXKEHUSI
Tpe1 = —T — 2,

HAUYMHAIOIIASICSA B TOUKe T € R?

56. Haiiinre HEmoABMKHBIE TOUKH OTOOparKeHUs

1
24+

T 1-—

57. Jljst AByMepHOro 0TOOparKeHMsI

. _ 2
T+l = Yks  Yk+1 — a4 — by — Yr.

HaliIuTe HeIOBUKHbBIE TOUKH, CJIEJI T W OIPEJAeIUTeNh 0 MaTpHUIlbl IKoOn Kak
byHKIME mapamMerpoB a U b. 3anuinuTe yCeaIoBUe Ceji0-y3/10Boi dudypKrauu.

58. st orobpakenust

Fr=aq-a!7/b , O0<x <1
Th4+1 = F((I,I‘k), F(a,x) - FR— a-r , X P> 1,
L+ p-(z—1)
1\ 1
p= 1—5

HOJIy9UTE HOPMaJIbHY IO (DOPMY B BUJIE KYCOUHO-JIMHEHHOTO OTOOPaXkeHUsT. 3/1eCh
a > 0 — Bapbupyemblit mapamerp, b > 1 — puUKCHpPOBaHHBIN TapaMeTp.

58. OnpegennTe yeTORINBOCTL HEMMIIEPOOJINIECKON HEIMOABUKHON TOUKN Ty
0TOOpaXKeHUsI

1
xr—>%—1+azEF(x).

e (a) x, — Herunepbosimueckas ¢ Mysabruiinkaropom F'(x,) = +1; mosy-
YCTOUYMBAS.

e (6) x, — Herunepbosuveckas ¢ Myabruminkaropom F'(x,) = +1; ycroii-
qnBasdl.
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e (B) x, — Herunepbosinyueckas ¢ Mysnpruiimkaropom F'(x,) = —1; ycroii-

quBad.

e (I') o, — HENOJBUKHAS TOUKA I'MIIEPOOJIMIECKaAs.

e (1) x, — Herunepbosnnieckas ¢ mysabTuiuKaropom F'(x,) = —1; Heycroii-

yuBad.

e (¢) x, — nerunepbosmieckas ¢ Mmyabruiinkaropom F'(x,) = +1; neycroii-

quBa“.

59. Kakas Oudypxaiust peajnsyercs B KyCOUHO-JIMHEHHOM OTOOparkKeHun
< 0;

Y

acT + 1, <
>0,

ot = Fla), Fla)=q © 0 h z
ecin ap = 0.25 u ap = —1.057
e (a) «border-collisions» fold.
e (6) «border-collision» flip.

e (B) «border-collision» persistence.

60. Jlano orobpakenue

Lk+1 = F('xk‘)a F(ﬂ’]) = e)‘(sc o 1) + 26)\(1_2) — 1, QO(Z,.I') =q—1- (33' o 1)6/\Z o

HonyquTe YpaBHEHNE IIEPUOJOB JJIA pacdeTa HGHOILBH)KHOfI TOYKHU.

* (a)

e — ¢ q
A Az
q—1—u—gz:().

1—e) «

S T _ 1, _
4 1—¢et ¢ az
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61. Tlycrs jano orobpaxkenue T = 2.8x;(1 — xp) = f(x). Oupenesnure
3HAK MYJbTHITUKATOPOM f'(Z,) yeTONYIMBOIl HEMOMBIKHON TOUKH.

o 1. f/(xy) <0
o 2. f'(x,) =0
e 3. f'(x,) > 0.

62. Kakas oudypkarnus peajnsyorcsa B Touke a = 1.0 B oToOpakeHuu r —
ax(l —x) = F(a,x)?

° Kacarenbuag.

a

6

° Tpanckpurndeckas.

e (B) YBOeHUs IIEPUOJIA.

(a)
(6)
()
(r)

e (1) Buyioobpasnasi.

63. Haitnmre Bropyto urepanmio F(z) = f(f(x)) dyuxmun f(x), ecnn
f(z)=1—az’.

e (a) F(z) =1—a*—2az* + 2.
e (0) F(x) =1—a+ 2ax*® — a’z™.
e (8) F(z)=1—a— 2az* + a’z™.

64. Ornpeennre yeTORIMBOCTD HEITOABUYKHOM TOYKHU KYCOTHO-JTMHEHHOTO 0TOD-
parkeHus

Tp = F(rg), F(x){leQ x =0

e (a) Ycroituusa.
e (6) Heycroituusa.

e (B) TonyycroitunBa cripasa.
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65. Kak Bejger cebst opdbuTa JIMHEHHOIO 0TOOparKEHUSI

Tpy1 = —xp — 17

e (a) Yxomur B +00.
e (6) Yxomur B —00.

e (B) Cosepiaer Hesaryxaoime KojebaHusi.

66. Haiijiure HEoIBUYKHBIE TOYKH U OTBEUYAIONINE UM MYJIbTUILINKATOPDI JIJIsT
0TOOpAaXKeHU s

Ty = a — 22 = F(a, zy).
* (a)
Ty = —% (1 +VIT 4a) . Fl(z) =1+vI+4da

* (6)

1
T =g (1 ++1 — 4a) . F'(z,) =1+ 1+ 4a.
* (B)
1
7. = (1 1+ VI —|—4a>  F'(z) = -1+ ¥ 4a.

67. JList orobpaxkenusi

Fr(a,x) =a-a* , <L
T = Fla,zr), Fla,x) = Fr(a,z) = a- r>1
’ 1+ Bx—1) °

HOJIyYUTe HOPMaJIbHYIO (DOPMY B BUJI€ KYCOUHO-JIMHEHHOTO OTOOpazkeHusi. 3/1eCh
@ — BapbUPYyEMbIil TapamMeTp, ¢ i 5 — pUKCHPOBAHHBIE TTAPAMETPHI.

68. Kakast oudypxkaius peajnsyiorcs B Touke a = 1.0 B oroOpakennu r —
ax(l — 2%) = F(a,z)?
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Kacarenbnag.

()

e (6) Tpanckpurnveckasi.
(B) YiBoenus mepuosa.
(r)

Buioobpasznasi.
69. OnpenennTe TUIEPOOIUIHOCTD U YCTORUNBOCTD HEMOJBUXKHON TOUKHU Ty

0TODpaXKeHU s

Tppr = —1/4 — 22 = F(ay).

(a) x, — merumepbosmueckas ¢ myabTuiIKaropom F'(z,) = +1; mosy-

ycToiunBasd.

(6) x, — merumepbosimueckas ¢ MynbrumIrkaTopom F'(z,) = +1; ycroii-

qaUBasi.

. 6 F'(z,) = —1; yeroii-

e (B) x, — HerunepbosimiecKkas ¢ Mysabruiimkaropom F'(x,) = —1; yeroit
TUBA.

. /

e (r) x, — runepbosmuecKas ycroifunBas ¢ MyabTumInKaTopom |F'(x,)| < 1.

/ _ . .s

e (1) x, — HerumepboJIIecKas ¢ MyabTuIIEKaTopom F'(z,) = —1; neycroii-
qUBasi.

(e) xx — Herunepbosmueckast ¢ MysbTuiImKaropom F'(x,) = +1; Heycroii-
qUBasl.

70. Kakasi Oudypkaliys peajsudyercs B KyCOUHO-JIMHEHHOM 0TOOpasKeHuK

arT + [, < 0;
Th+1 = F(xk)a F(@ = a
arx + M, 2 07

ecmt ap = 0.2 1 ag = —1.27
e (a) «border-collision» fold.

e (6) «border-collision» flip.
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e (B) «border-collision» persistence.

71. Jlano orobpaxkenue

K

rin = F(z), Flo)=eMNa -1+ olza) =g —1—(z—1)e¥ =~z =0.
a

HOJIyLH/ITe YpaBHEHNE IEPUOJOB JJIA pacd€Ta HGHO,ILBI/I)KHO?JI TOYKHU.

a
e (6)
et 4 eA1-2) +gz_q:
1 — el «
* (8)
A Az
et —e q
S O . )
1 1 — el az

72. Ilycrs gano orobpaxkenune xp 1 = f(x), UMeOIIee HEMOJABUKHYIO TOU-

Ky Ty ¢ myabruiinkaropom f'(x,) = —1. Yemy pasua F"'(x,), vie F(x) =
f(f(x))?

o 1. F'"(x,) = +1;

o2 F"(x,)=0;

e 3. F"(x,) =25 f(x.), rne Sf — npoussopnas lsapua dbyuxmun f.

73. Haiiinre HEmoaBM»KHbBIE TOUKH OTOOparKeHUs

1
2+ a1

Tpyr = 1—
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2 _1+\/3

6 A X =
.()331 1_'_\/51332 2
. (8) 21 2 . Vh—1

B) X = ———F—, Ly = ———.

Y 2

74. Haiijiure MyJIbTUILIMKATOPBI HEIIOJIBUXKHBIX TOUYEK T, OTOOParKEHMSI

LT+l — 3/4 - ZC% = F(:ck)

F'(z,) =1+ /5.
F'(z,) = —1.

F'(z,) = +1.

75. Kak Bejer cebst opdbuUTa JIMHEHHOIO 0TOOparKeHMSI
Tpy1 = Tp + 2,

HAYUHAIONAACA B TOUKe To € R?

e (a) ¥Yxomur B +00.
e (6) Yxomur B —00.

e (B) YX0IUT B +00 WM B —OO B 3aBUCHMOCTH OT 3HAKA T.

76. st 1ByMEpHOIO 0TOOpAXKEHMSI
Thi1 =Yk ke = 1 — azj + byy

Hali/IATe HEHMOJBUXKHBIE TOUYKU, CJIEJ] T U OIpPeJeuTe)ib 0 MaTpuiibl fkodu
KaK (QYHKIMHU TapaMeTrpoB a u b. 3anuiure ycjaoBue oudypkamnuun Heitmapka-
Caxkepa.
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1
ela =y = —o (b—li\/(b—1)2+4a>, 5§ — —b 7 —b—1+
a
V(b —1)? + 4a. Yeaosue 6udyprannn Heiimapka-Cakepa § = 1.

1
2.7 =y = (1—bi\/(1—b)2+4a),5:b,7: 1-b+ /(1 — 0)2 + 4a.
a
Yenosue dbudypkanun Heitmapka-Cakepa 6 = 1;

1

03w =y = —o (b—li\/(b—1)2+4a>, § = —b 1= —bitl+
a

V(b —1)2 + 4a. Yenosue 6udypkanuu Heiimapka-Cakepa 1 — 7+ § = 0;

77. HaiinuTe HEMOABMKHYIO TOUKY M OTBEYAIONIUN €if MYyJIbTUILINKATOD JIJIs
0TOOpaXKEeHU ST

Thp1 = axp — =5 = f(a, xp).

Mcnonb3yst 9TOT pe3yibTaT, HailjuTe mopor OHM(YPKAIUU yIBOCHUS IIEPUOJIA,
(flip) muts cuMMeTPUIHOI HEMOJBUAKHON TOYKH, KOTOpas BOSHUKACT Y€pe3 BU-
Jg006paznyio oudypkaimo. Onpegesnre yeTORINBOCTL CUMMETPUIHON HEIO-
JIBV2KHON TOYKM B TOUYKe OMypKaluu yABOCHUs EPHOJA. 3JI€Ch «I0por Ou-
dypkamuny, «rouka dmdypkamuny — oudypKanrmoHHOe 3HaYCHUE ITapaMeTpa.

78. Onpejennre yCTONINBOCTH HETUIIEPOOJIMIECKON HETIOIBUXKHOM TOUKHU Xy
0TODpaKEHU S

Tpp1 = 1 — 0.750% = F(xy).

79. Kakasi Oudypkaliys peajsudyercss B KyCOUHO-JIMHEHHOM 0TOOpasKeHu1

arT + (4, < 0;
Tpy1 = Fag), F(z) = { 8
aRT + W, x = 07

ecit ap = 0.4 1 ag = —1.57
80. Jlano orobpakeHue

min = F(xy), Flo)=eMNo—147) -5+, @(z,x)=x+9'(§_1>:0'

[Tosyuure ypaBHeHue 11epuoJIOB JiJjisi pacdera HEelO/BUXKHOM TOUYKH.

81. Tlycrs jgano orobpaxkenune xp 1 = f(x), UMeOIIee HEMOJABUKHYIO TOU-
Ky T, ¢ myabruminkaropom f'(x.) = —1. Yemy pasna F"'(x,), rue F(z) =
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f(f())?

82.Haiijiure HemoBUKHbBIE TOUKH OTOOparKeHus

axXr

Tpp] = ————.
o 1+ a2

83. Haiijure MyJIbTUILIMKATOPLI HEIIOJIBUYKHBIX TOUYEK T, OTOOParKEeHMs
2

4 — a3 _

4

T+l = F(:):k)

85. Kak Bejer cebst opOdUTa JTMHEHHOIO OTOOparKEHUSI

Tpy1 = T — 1,

HAaYNHAIOMIASCI B TOUKe Xy € RY

85. KakoBa CKOPOCTb 3aBepIIeHUs IEPEXOIHOIO MPOIecca B 3aBUCUMOCTH OT

BEJIMIUHBI MYJIbTHIUKATOPa F'(X,) yCTONUNBO# HEMOIBIKHON TOUKHY Ty OTOD-
paxenus: T +— F(x)?

86. st orobpaxkenus

Fp=aqa-z'"W , O<z<l;
Lh+1 = F(aaxk‘)a F((L,l’) - Fr a-z .o >,
14+p-(x—1)
1\ 1
= 1—5

MOJTyIUTe HOPMaJbHYIO (DOPMY B BUJIE KYCOTHO-JTUHEHHOTO OTOOPasKEHUsI. 37eCh
a > 0 — Bapbupyemblii napamerp, b > 1 — pukcupoBaHHbI MapameTp.
87.HaiiiuTe HEMOJBUKHYIO TOUKY Ty JUHEHHOTO OTOOPAYKEHUS

T — axr — 2.

e (a) z, =2/(1 —a).
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88. Ompejennre yCcTORIMBOCTD HEMOJIBUXKHON TOUKM JIMHEHHOIO OTODpake-

1504071

Tpr1 = —0.98x; + 1.2

e (a) Ycroituunsa.
e (6) Heycroiiuupa.

e (B) Heiirpasubna.
89. OnpejennTe yeTORINBOCTL HEMMIIEPOOINIECKON HEIMOABUAKHON TOUKN Ty

OTOOPAYKEHST

Tpe1 = 0.75 — 27 = F(x3).

(a) x, — Herunepbosmyeckas ¢ myiabrumirnkaropom F'(x,) = +1; nosy-

YCTOUYMBASI.
e (6) x, — mermmepbosmueckas ¢ MynbTHIIIIKATOpoM F'(x,) = +1; ycToii-
qTUBa.
/ _ . .
e (B) x, — mermmepboJsimtiecKas ¢ MynpTHIIIKaTopoM F'(x,) = —1; ycroii-
quBasi.
e (I') T, — HENOJBUKHAS TOUKA SIBJISIETCST TUIEPOOJINICCKO .
/ _ . &2
e (1) x, — HerunepbosyecKas ¢ Myabruiinkaropom F'(z,) = —1; neycroii-
TUBA.
e () x, — mermmepbosmIecKas ¢ MyabTUIIIKaTopoM F'(x,) = +1; neycroii-

quBaZ.
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90. Onpenenure XapaKTep IEePEXoHOrO IPOoTiecca B JTUHEHHOM 0TOOpaXKeHUH

LT+l — 05$k — 2.5,

e () 1epexojiHbIil MPOIECe 3aTyXaeT MOHOTOHHO:

lim x;, = 0.
k—o00

e (6) mepexojHbIil TPOIEce 3aTyXaer KojedaTe bHO:

lim x; = 0.
k—oo

e (B) HAOJIOJAIOTCS HE3ATYXAIOIEe KOJeOAHMUSI.

91. Touka z, € R orobpaxkenus x — F(x) saBisgeTcss HEMOABIKHOMN, eCJn

e (a)
F(z,) —z., =0 F"(z,) —x. #0.

* (6)
F(z,) —z., =0 F"(z,) —x,=0.
* (5)
Fa,) —we #0 F"(x,) =2, = 0.
311ech
F™zy) = F(F(.. li(l"o) )

92. Kakasi Oudypkaliys peajgudyercs B KyCOUHO-JIMHEHHOM 0TOOpasKeHun

arT + [, < 0;
i1 = F(zg), F(x) = 8
aRrx + M, 2 07

ecim ap = 0.6 n agp = —1.257
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e (a) «border-collision» fold.
e (6) «border-collision» flip.

e (B) «border-collisions persistence.

93. Jlano orobpaxkenue
_ q-z
xk‘—H:F(xk)a F(x):eA(x_1+7)_7+eA(l Z)7 QD(Z,I'):SU—FT—Q:O
Haiiure nepsyto mpoussoguyto F'(x) st pacdera MyJbTHIIMKATOPA HEMO-
JIBUZKHOI TOYKH.

Fl(x) =+ + %e”lz)
* (6)
A«
/ O S
Fi(r)=¢e"—7v+ 73
e (s)
F'(x) = e + A CeM1-2),
q

94. Jlano orobpaskenue = — 1 — 32%/4), uMerolnee HENOJBUKHYIO TOUKY T
¢ myabruinkaropoM f'(x,) = —1. Yemy pasua F'(x,), rne F(x) = f(f(x))?

o 1. Fl(z,) = +1;
e 2. F'(x,) =0;
° 3. F’(x*) = —1.

95. Jlnst orobpaxkenus

Fﬂza.xﬁy ) 0<$<1,
Thp1 = Fla,xp), Fla,z) = Fp = a4 r =1
H:"}/l_b
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MOJIyIUTe HOPMAJbHYIO (POPMY B BHJE KYCOUHO-JMHEHHOTO OTOOPasKEHUSI.
3nech a > 0 — Bapbupyemblil mapamerp, ¥ — (PUKCUPOBAHHBIN TTapaMeTp.
96. Kakas Oudypkaiiust peajusyiorcs B Touke a = 2.0 B orobpakeHun T —»

ar — 23 = F(a,x)?

e (a) Kacaresbhasi.

(6) Tpanckputnaeckasi.
(B) YiBoenusi epuojia.

Buoobpasznasi.

97. OnpejiesinTe yCTORINBOCTH HEIUIIEPOOJINIECKON HEIOABUXKHON TOUKU T
0TODpaKEHU s

Tpp1 = 3/4 — 22 = F(mp).

(a) x, — mermmepbosmdeckas ¢ myabTuiKaropom F'(z,) = +1; mouy-

YCTONYMBAsI.

(0) x, — merumepbosmieckas ¢ myapTHIIHKaTopoMm F'(x,) = +1; ycroii-

quBa“l.

(B) x, — merumepbosimueckasi ¢ MynbTumInkaropom F'(x,) = —1; ycroii-

quBaZ.

(r) z, — He cymecrByer HErunepOOIMIECKOR HEMOBUKHON TOUKH.

(1) x, — merumepbosimaeckasi ¢ My abruinkaropom F'(z,) = —1; Heycroii-
qUBasl.

(e) x, — Herunepbosmdeckas ¢ MyabTuLIHKaTOpoM F'(z,) = +1; Heycroii-

quBaZ.

98. Kakas budypxalius peajusyercs B KyCOUHO-JIMHEHHOM OTOOparkKeHun

arx + /L, 07
T = F(xy), F(x)= R
ART + [, x = Oa

ecit ap = 0.3 mag = —1.17
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e (a) «border-collision» fold.
e (6) «border-collision» flip.

e (B) «border-collision» persistence.

99. Jlano orobpaxkenue

K

Tho1 = Flx), F)=erz—1) 4+ olz,0)=q—1—(z—1)e™* -2z =0.
o

Haiigure nepsyio npoussoanyio F’ (x) JUIA pacdeTra MYJLTUIINKATOPa HEro-
JBUXKHON TOYKMU.

A
F'(z) = e — A
AeM(x— 1)+ =
e (0)
A
Fl(z)=¢+ ¢ q
AeM(rx—1)— =
e (B)
o
F'(x) =e*+ - T
z —1 —
e (x )+&A

100. TIycrs gano orobpaxkenue Ty = 3/4 — x% = f(zy), nmerorree Hero-
JIBUXKHYIO TOUKY T, ¢ Mysbruiiukaropom f'(z,) = —1. Yemy pasna F”(x,),

e F(z) = f(f(2))?
o 1. F'(x,) = +1;
o2 F'(x,)=0;
o 3. F'(x,) =25 f(x.), rne Sf — upoussopnas sapua dyukiuu f.

IMIkxasma onmeHnBaHUA PE3YJIbTATOB TECTUPOBAHUA: B COOTBETCTBUU C
JleficTBYIONIEl B YHEBEpCUTETE OAJLILHO-PEATUHIOBOI CUCTEMOit OIleHUBaHUE Pe-
3YJIBTATOB TTPOMEXKYTOTHON aTTECTAIIMN 00y YAIOIIIXCsT OCYIIECTBIISETCS B PaM-
kax 100-0aJuibHO# MIKAJIbI, [IPU 9TOM MaKCUMaJbHbBIH OAJIJI 110 TPOMEXKYTOYHO
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aTTecTaIuu o0yUarOIIUXCs M0 OUHOI dopMe oOyueHus: cocrapisier 36 6asLIoB,
110 OTHO-3209THON 1 3a09HO (opMam 00y veHns- 60 6aIoB (yCTaHOBJIEHO TTO-
noxenunem I1 02.016).

MakcumaabHbBIi OaJlI 338 TeCTUPOBaHUE TPeJCTaB/IsieT co00il Pa3HOCTL JIBYX
YUCcea: MAaKCHUMAaJIbHOTO 0aJjijia 110 IPOMEXKYTOUHON aTTecTaluy Jijisd JIaHHO
dbopmbr 00y uernst (36 nim 60) 1 MakcMaIbHOTO a1 38 PereHre KOMIETeH THOCTHO-
OpUeHTHPOBaHHOM 3ajaun (6).

BaJii, mosiydaeHHbIi 00yJaioNuMecs 38 TECTUPOBaHUE, CYMMUPYETCsI ¢ 6AJIIOM,
BBICTaBJICHHBIM €MY 32 pelleHue KOMIIETeHTHOCTHO-OPHEHTHPOBAHHOMN 3a/1a4u.
O61mwmit 6asLI IO TPOMEXKYTOUHON aTTecTaluu CyMMUADPYETCsI ¢ DaJIIaMu, TIOJIy-
YEeHHBIMU 00YYAOIIIMCS 10 pe3yJIbTaTaM TEeKYIIero KOHTPOJIS YCIeBAeMOCTH B
TeUYEeHHNE CeMecTpa; CyMMa 0aJjijioB IEePEBOJUTCS B OLEHKY II0 JUXOTOMHUYECKOM
IIKaJIe CJIeIYIOUM 00pa3oM:

Coorsercraue 100 6abHOR U JIUXOTOMAYIECKUI TITKAJ
Onenka o 100-6amnpnoi mraJjie | OneHka mo JUXOTOMIYECKOH IKaJje

100-50 3a4TEeHO

49 u menee e 3a4TeHO

2.3 KOMIIETEHTHOCTHO-OPVMEHTNPOBAHHBIE 3A/IAY11

KomMmnereHTHOCTHO-OpueHTUPOBaHHad 3a/a9a Nel.

Haiinnre mopor oudypramnnn Angporosa-Xorda B ocimisitope ['ynpuma

dx d
T = —bix + p(2), d_i = —by + g1, (1)
dz a

i § - %
7 3T+ g2y, p(2) 11 Kaon

npu Bapuanuu 0.2 < by < 0.8. Ocramgbuble napamerpol: by = 0.5, by = 0.3,
g1 =2.0, g0 =0.5,a=100, K =0.1, n > 8.

KomMmnereHTHOCTHO-OpUEeHTUPOBaHHas 3agad9a Ne2.
Paccmorpute cucrtemy Péccnepa

dx dy
_ = — _ _— 2
dz
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OnpejeuTe MOPOr POXKJIEHUS TTPEJICTBHOTO KA U3 COCTOAHUS PABHOBECHS
NPy Bapualun C.

KoMneTeHTHOCTHO-OpHUEHTHPOBAaHHAA 3aa4a Ne3.
[ano orobpazkenne

a°$k
T = —% = f(x).a > 0.
k+1 1-{—372 f( k‘)a

Haiijinre HEeNnOABUXKHYIO TOUKY T, U OTBEHAIOWMIA eil Mysabrummukarop f’ (:13*)

Hcnomb3yst 3TOT pe3yabTaT, Onpeie/inTe 3HaUeHns mapaMeTpa @ Mpu KOTOPhIX

HeIoBUKHasl TOUKa HEYCTONINBa JINOO TOJy-YCTONINBa CIeBa WM CIIPaBa.
KomrmiereHTHOCTHO-OpUEeHTUPOBaHHAA 3aaa4a Ne4.

Ilano orobpaskenue

(1+a)-xp

l—l—a-xk Ef(xk)

L+1 =

Haiijjure HENOJBUAKHYIO TOUKY Ty U OTBevatoliuii et myibruiuimkarop f'(z.).
Hcnonbsyst 5TOT pe3ysbrar, OlpeleiuTe 3HaYeHus apaMerpa @ Iph KOTOPBIX
HEMOBYXKHAS TOUKA ACUMIITOTUYECKN YCTOMUNBA.

KoMmneTreHTHOCTHO-OpHUEHTHPOBAaHHAA 3aa4a Neb5.
PaccmorpuTe oTobpazkenue

T =1 —a 23 = f(ap).

Haiijjure HENOJBUAKHYIO TOUKY Ty U OTBevatoliuii et myibruiinkarop f'(z.).
Hcnonbsyst 5TOT pe3ysbrar, olpeeluTe 3HaYeHus HapaMerpa @ Iph KOTOPBIX
HEIOJBUKHASL TOUKA yCTOHUIMBA.

KoMmneTeHTHOCTHO-OpHUEHTHPOBaHHAd 3aa4a Ne6.
st 3a1aHHOrO0 OTOOparKeHUsI

Th = (1 +a) -z, — 2} = f(xp)

HajiInTe HENOABUXKHYIO TOUKY X, W OTBedaromuii et myaprummkarop f’ (:13*)
Hcnomb3yst 3TOT pe3yabTaT, Onpeie/inTe 3HaUeHns mapaMeTpa @ Mpu KOTOPhIX
HEIIO/IBU2KHAas TOYKa YCTONYNBA.
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KoMmnereHTHOCTHO-OpHUEeHTUPOBaHHas 3aada Ne7.
JlaHo oTjiHMepHOE oTODpaXkeHne

i1 = (L+a) - @y +ap = flan),

Haiinre HenmoaBMKHYIO TOUKY T, W OTBEYAIOMIl eif Myabrummkarop f (a:*)
Hcnosbayst 10T pesy/ibrar, olpeje/inTe 3HaueHus napaMerpa @ pu KOTOPbIX
HeTOBUKHAST TOYKA CTAHOBUTCS HEMUIIEPOOTUIECKO.

KomrmiereHTHOCTHO-OpUEeHTUPOBaHHASA 3aa4a Ne9.
HaiiiuTe HEMOABUKHBIE TOYKH W OTBEYAIONHE UM MYJIbTUILIUKATOPBI OTOD-

paKeHns

Ty = Fla,zr), k=0,1,2 ...,

F(a,z) =a— 2%
31ech a — napamerp. HMcnosb3yst 3TOT pe3ysibTaT, BHIMOJHUTE KavdeCTBEHHbI
aHaJin3 KacareJbHON budypkaiyuu 1 OudypKaium yJBoeHUs TIEPUOJIA.

KoMmnereHTHOCTHO-OpuUeHTUpPOBaHHas 3aga4da Nel(.

[Tocrpoiire rpacduk pynkiuu
g(a,x) = F(F(a,x)), Fa,z) =a+1—a”

Y pa3IUYHbIX 3HAYCHUsX napaMerpa a. Onummre Tpancdopmaiuio rpadu-
koB g(a,z) u F(a,x) B okpecTHOCTH TOUKU OudDypKAIUU YIABOCHUS TEPUOJIA
HEIOJ[BUYKHOI TOUYKN OTOOParKeHWs:

T = Fla,xp), Fla,z) =a+1— 2%

YKaxXKuTe 3JIeMeHTbI [IUKJIa C IEpruoJioM 2 rocjie budypkamuu Ha rpaduke jiBa-

Kbl ipourepupoBantoit dyukiuu gla, ) = F(F(a,x)).
KoMmnereHTHOCTHO-OpUEeHTUPOBaHHas 3aga4da Nell.

[Tokarkute, 4TO ecim oToDparkeHue

Tp = F(zy)
UMeeT HErunepooTMIecKyo HEMOJABUKHYIO TOUKY Xy C MYJbTUILIHKATOPOM — 1:

F'(z,) = —1,
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TO BTOpasi UTEPAIUs ITOIO OTOOPAKEHUsI
g(w.) = F(F(x.))
0bJIaIaeT CIIe/yI0NIUMK CBOCTBAMMY:
o g'(z) = +1;
o g"(z.) =0;
o ¢"(x,) =2SF(x,), rie

_F"(z) 3 [F'(2)]?
SE@) =T "2 | P

— npousBojiHas [IIBapiia.
KommierenTHOCTHO-OpUeHTPpOBaHHadA 3aaa4ua Nel2.

Haitjjure 3Havenus napaMmerpa a, OTBevarolye KacareJbHoil Oudypkraium u
OudypKauu yIBOCHUSI TePUOJIa HEITOIBUKHON TOUKHK OTOOparKeHusi

4
Tyl = Q4 — Tp.
KoMmnereHTHOCTHO-OpUEeHTUPOBaHHas 3ada4ua Nel3.

Haiiinre 3navenue napamerpa a st CylepKPUTUUIECKON BII00OPa3HON Ou-

dypKauu HEIOIBUMKHON TOYKH OTOOPAXKEHMSI
_ 3
Th41 = AT, — Ty,

zobpasure urepalimoHHbie arpaMMbl JI0, B TOUYKe U T0cjie OudypKaimnm.
KoMmneTreHTHOCTHO-OpUEHTHPOBaHHasA 3amada Nel4.

Haiiinre 3nadenune nmapaMerpa a JJisi CyOPKPUTHUECKON BUJI00OPA3HO Ou-
dyprauu HEIOIBUAKHON TOYKHU OTOOPAXKEHMSI

Try1 = aTf + x%

zo0pa3uTe urepalmoHHble JarpaMMbl JI0, B TOUKe U 1ocje OudypKalmm.

KoMmnereHTHOCTHO-OpUEHTUPOBaHHas 3aga4da Nelb.
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st oTobpazkenns
Tep1 = @ — 2 + BYr; Yryr = Tk
Haiijiure
O ypaBHEHHE JIJIs1 HEIOJIBUXKHBIX TOYEK;
o mMarpuily Axkodu;
o cJie)l T MaTpulibl fkoOu;
O ONpEJIEJINTEL § MaTpuIlhl SKoOH.

Ompegenure gunuio ceyio-y3aosoit (saddle-node, fold) 6udyprarmn.
KoMnereHTHOCTHO-OpUEeHTUPOBaHHas 3ada4a Nel6.
st orobparkeHust

Th41 = O — 95%@ + BYr;  Yr+1 = Tk
Haiijure
O ypaBHEHHE JIJIs1 HEIOJIBUXKHBIX TOYEK;
o Marpuily fAxkobu;
o cJjiesi T MaTpuiibl fkoou;
O OTpeIesInTeh 0 MaTPUIL SKOON.
Onpegesinre juanio Gudypranumn yasoenust nepuoja (period-doubling, flip).

KomrmierenTHOCTHO-OpUEeHTUPpOBaHHAadA 3aaa4da Nel7.

st orobparkeHust
The1l =Yk Ykl = By — axy + ;.
Haijiure
O ypaBHEHHE JIJI HEMOJIBUKHBIX TOUEK;
o Marpuily fAxobu;
o cyes T MaTpuilbl fKoou;
O OIPEeIeJINTENb 0 MATPHUILI SKOOH.

Ompenenure
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o JiHuIo ceio-y3nosoii (saddle-node, fold) 6udypkarmy;
o yimauIO Oudypkrauu yasoenus mnepuoja (period-doubling, flip);

KommierenTHOCTHO-OpUeHTpOBaHHAdA 3aaa4ua Nel8.

st oTobparkeHust
Th1 = QT + Yps Yee1 = Bag, + ).
Haiijure
O ypaBHEHHE JIJIs1 HEIOJIBUXKHBIX TOYEK;

O HEIOJBUXKHBIE TOUYKKM KaK (DYHKIUK [IapaMeTpoB o, [3;

o

MaTpuiy fAxobu;

o cJieJ; T MaTpuIbl fAKoowu;

O OTpeJIesInTeh 0 MaTPUIL SKOON.

O MYJIBTILIMKATOPbHI KaK (DYHKIMH 1apaMerpoB «, [3;

Ompegenure qunuio ceo-y3aosoit (saddle-node, fold) 6udyprarmn.
KomrmierenTHOCTHO-OpUEeHTPOBaHHAadA 3aaa4da Nel9.

st orobparkeHust
Tpy1 = QT + Yrs Ykt = BTp + x%
Haiijure
O ypaBHEHHE JIJIs1 HEMOJIBUXKHBIX TOYEK;
O HEIOJBUXKHBIE TOUYKKM KaK (DYHKIMK [IapaMeTpoB o, [3;
o Marpuily fkobu;
o cJjiesi T MaTpuilbl fKoowu;
O OTpeIesInTeh 0 MaTPUILl SKOON.
O MYJIBTILIMKATOPBI KaK (PYHKIMK HapaMeTpoB o, 3,

Omnpegenure qunnio 6udypkanun yasoenus nepuoja (period-doubling, flip).
KomrmierenTHOCTHO-OpUeHTPpOBaHHAdA 3aaa4ua Ne20.
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st IByMEpHOIo 0TOOpaXKeHus

T+l = @ — 932 — by, = f1(@k, yr);
Y1 = Tk = fozr, Yr)
HaliIUTe 3JIEMEHTHI 2-1UKJIa KaK (PYHKIMY mapaMeTpos a, b. Oupegenure Myib-
TUILJIMKATODP 2-1[UKJIa, JIJIs 9ero Haijjure MaTpuily MOHOJPOMUU, BHIYUCUTE
ciaes S u onpejenuTeb 3roi Marpunbl. Haitjiure anajinrudeckoe BblpaXkeHne
JUIsT IMHAN OMpypKaIUU yJIBOCHUS TEPUojia 2-TIMKJIa KakK (DYHKIUIO TTapaMeT-
poB a, b.
KomrmierenTHOCTHO-OpUeHTUPpOBaHHadA 3aaa4da Ne21.

st iBymMepHOro orobparkenust
Trp1 = 1 — axs — by = f1(zr, yr);
Yk+1 = T = foxp, yr)

HaIUTe 3JIeMeHThI 2-1IMKJIa Kak (DYHKIIMU apamMeTrpos a, b. Onpegennre Myib-
TUILJIMKATODP 2-1UKJIa, JIJIs Y9ero Haiijjure MaTpuily MOHOJPOMUU, BbIYUCJUTE
caen S ¥ onpesenTesb 3Toi Marpullbl. HaliinTe aHAJIUTUUIECKOE BhIPaXKEeHNe
JUIS JIMHUU OMPYpKAIUU yIBOCHUS IIEPUOJia 2-1MKJIa KaK (DYHKIHMIO IapaMeT-
poB a, b.

KomrmiereHTHOCTHO-OpUEeHTUPOBaHHAA 3aaa4ua Ne22.

Haitjure rpanuity oudgypxaiun Heiimapka-Cakepa Ji/isi HEIIOJIBUXKHOI TOUKH
JIBYMEPHOTO OTOOPaXKeHMUst
(x) (1 —ay? + bx)
— .
Y x

KoMmnereHTHOCTHO-OpUEeHTUPOBaHHas 3aga4ua Ne23.

Jlst TpUBHAJILHON HENOJABUXKHON TOUKKM OTOOPaAXKEHMSI

T s ar +vy
Y br + 2°

HaMIUTe JIMHUAIO CEJIJ10-y3JI0BOI OudypKalu.

KomrmierenTHOCTHO-OpUEeHTPOBaHHAA 3aaa4ua Ne24.
[Tosryuure xapakrepucTuieckoe ypaBHEHUE i aHAJIM3a, JIOKAJIbHOW yCTOH -
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BOCTHU 2-1IMKJIa OTOOPaXKeHus

1 —az? —
AT axr® —vy

Yy bx
B (popMe dABHOI 3aBUCHMOCTHU OT MapaMeTpOB.
KomrmierenTHOCTHO-OpUEeHTUPOBaHHAA 3aaa4ua Ne25.

Haitjure ypaBHenue juHun OudypKaluy yJaBOCHHS IepUojia, 2-1HKJa 0T00-
paXkeHust
x 1 —ax®—vy
H
Y bx
IMTkaJsia orleHMBaHU4 pellleHUd KOMIETEHTHOCTHO-OPUEHTUPOBAHHO
3a/Ia9m: B COOTBETCTBUM C JIEHCTBYIOIIEH B yHUBEpCcUTETE Oa/IbHO-PEHTUHTIOBO
CUCTEMOI OTEHNBAHUE PE3YIHTATOB MPOMEXKYTOTHON aTTEeCTAITUN 00y IalOIIX-
cs1 ocytnecTisgeTca B paMKax 100-0a/11bHOM IIKAJIbI, IIPH 9TOM MaKCHMAaJbHbII
OaJII 110 TPOMEXKYTOUHON aTTecTarun 00yvaroIuxcs 1Mo 09Hoi (ghopMe 00yHe-
HUsi cocrapsier 36 0aJLI0B, 110 OYHO-3a0YHON M 3a04HOI dopMam 0OyUeHus -
60 (ycramosmeno mosoxkennem 11 02.016). Makcumasnbroe KomnaecTBo 6aIoB
3a pelleHre KOMIeTeHTHOCTHO-OPUEeHTUPOBaHHOM 3aa4u - 6 6assios. baJs, mo-
JIyYEHHBII 00yJalouMCcs 3a pelieHrue KOMIIeTeHTHOCTHO-OPUEHTHPOBAHHOM 3a-
JlauK, CyMMUPYETCs ¢ 0aJlJIOM, BbICTABJIEHHBIM €My 110 Pe3YJibraTaM TeCcTupoBa-
Husg. O0muii 6aJlJ1 MPOMEXKYTOUYHON aTTeCTAllud CYMMUPYETCs ¢ DaJljiaMu, Mo-
JIyYEHHBIMW O0YYaIOMIMMCs 110 pe3yJibTaraM TeKYIINero KOHTPOJIs YCIeBaeMOCTH
B TE€YEHUE CeMeCTpa; cyMMa 06aJ1JIoB 1EPEBOJIUTCS B OLEHKY 110 JIMXOTOMUYECKO
rKaJe:

Coorsercraue 100 6aIbLHONR U JIUXOTOMAYECKON TTTKAJ
Onenka 1o 100-6asuibroi mikaJie | OueHka 1o JUXOTOMUYECKON 1KaJje

100-50 3a4TEHO

49 u menee He 3a4TeHO
Kpurepun oneHuBaHug penieHnst KOMIIETEHTHOCTHO-OPUEHTUPOBAHHOM

3a/1a4U (HIKECJIeIyoIne KPUTEPUU OICHKHU SIBJISIOTCS TPUMEDHBIMA 1 MOTYT
KOPPEKTUPOBATHCs ): 6-5 OAJIIOB BBICTABIIACTCA 00YIAIOMEMYCs, €CIU PEIeHHe
3a/la49M JIeMOHCTPUPYET TJyOOKOe NMOHMMaHUe ODYyYalomMMCsT HPEJJIOYKEHHO
IPOOJIEMbl U PA3HOCTOPOHHEE ee PaCCMOTPEHKE; CBODOIHO KOHCTPYUpyeMas pa-
6oTa mpeacraBiager coboil JOrMYHOe, ICHOE U IPHU 3TOM KPATKOE, TOYHOE OIU-
caHue XoJa pereHust 3a1a9u (Mocae0BaTeIbHOCTH (MM BBITOJIHEHWsT) He0O-
XOJIMMBIX TPYJIOBbIX JeficTBril) 1 (HOPMYJIMPOBKY JOKA3aHHOIO, MTPABUILHOTO
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BbIBOJIA (OTBETA); 1IPU 9TOM O0YUAIONIMMCs [TPEJIOKEHO HECKOJILKO BapUaH-
TOB PEIeHusl WM OPUTHHAIbLHOE, HeCTAH apTHOE perenne (uin Hanbosee -
dbekTrBHOE, WM Hanboiee parMoOHaILHOE, WK ONTHMAJBLHOE, UK €JIMHCTBEHHO
NpaBUJIbHOE DEIIeHNe); 3a/a1a PellieHa B yCTAHOBJIECHHOE TTPeNojlaBaTeseM Bpe-
MsI WJTH C OTIEPEXKEHUEM BpeMeHH. 4-3 Gasiia BRICTABISIETCST 00y JaloeMyCs, ec-
JIM PeleHne 3a/1a9u JIeMOHCTPUPYET MOHUMAHIE 00y IaloNIMCs IPE/TI0KEHHO
npobJIeMbl; 3ajiaua perieHa TUIIOBBIM CIIOCOO0M B YCTAHOBJIEHHOE MPENo/iaBa-
TeJeM BpeMst; UMEoT MecTo obiiue dbpasbl U (MiiKM) HECyIeCTBeHHbIE Heloue-
THI B ONMCAHUH XOJa perieHns u (min) BeIBojga (oTBera). 2-1 Gasuia BbICTaB-
JIsieTcst 00y IAIONIEMYCsl, €CJIH PellleHne 3a1aT1 JIEMOHCTPUPYET TOBEPXHOCTHOE
NOHUMaHUE 00y ATOIMINMCs [IPEJITIOKEHHON [TPODOJIEMbI; OCYIIECTBIIEHA MONBITKA
MaOJOHHOTO PEITeHH 33/1aH, HO IPU €€ PEITeHUN JOMYIIEeHb! ONMHOKY U (1T )
MIPEBBIIIEHO YCTAHOBJICHHOE IpenoasaresieM BpeMs. () 6aJsIoB BBHICTABIISIETCS
00y JatoIeMycs, ecJii pelleHre 3aJadi JIeMOHCTPUPYEeT HeloHMMaHue o0y Ja-
FOIIUMCsT [IPEJIIIOKEHHON 1TPOBJIeMbl, 1 (UJIM) 3HAYUTESBHOE MECTO 3aHUMAIOT
obre (hpasbl 1 TOJTOCTOBHBIE PACCYKICHNs, W (MJIN) 33/a9a He peIleHa.
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