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Upueomoebme% K OCAOHCHEHUAM.

Hoxmop Xaye.

Xaoc U JUCKPeTHbIE MOJIeJIN

B nannoii 3ajiade BaM HpUJIETCS HPUMEHATh KAK HABBIKM AHAJIUTUYECKUX BBIYUCJIEHUN, TaK
U HaBLIKM YUCJAEHHOTO MojgesupoBanusa. Ho 3To He Tak cTpanrHo, KakK MOYXKeT TOKa3aThCd Ha
HEePBbIA B3IJIA.

Cpena nporpaMMupOBaHUA AJIS 3a1a9M

Jlast Toro, 9ToGBI BaM He HPHUILIOCH HHYEro IPOrPpaMMHUPOBATH, MBI IMOJATOTOBUIN TETPAJIKY B
cpeae Google Colab. MoxkHO HCIOIB30BATH O€3 CMC, HO C PECUCTPALHECH.

[TpoxoauTe 10 (cChlIKe Ha TeTpalky (Ha BCAKHI ciydail, BOT OHA ele pa3), 3aXOJuTe B CBOI
I'YIJIAKKAYHT, HA2KIMaeTe Ha BBITIOJHEHHE KO/Ia B JII000# s4eiikn (aTo TaKad KHOIIKa Hﬂeﬁ), BaM
COODIAIOT PAJIOCTHYIO HOBOCTH O TOM, YTO JAHHBIN KoJ Hamucas Hekuit EjmceeB Makcum, BbI
COTJTAIIIAETECH € ITAM U [TETPAJKa TOTOBA K HCIOJIb30BAHUIO.

[ToxpobHO PO TO, KAK IIOJB30BATHCS TETPAJKON PACCKA3AHO B JIAHHOM BI/1e0| (TeM caMbiM Mak-
cumom Enuceeswim). e Korga y Bac eefatyest NOIBATCS BOIPOCH 0 TOM, KaK MOJIH30BATHCS
JIAHHON TeTpaJiblo, TO Bbl MOYXKETE WX 33JIaTh B JUYHbIE COOOINEHUs BOT 3TOMY 4ejoBeky. He
CTeCHSNHTECh, OH TOTOB U 3apsizKeH 0TBevarh 25 (ABaJNATH MsITh) HA 7.

3ameuanmne. BobIasg yacTh TeTpaan 3T0 00ydeHne, KOTOPOe MPOIYCKATh He HAJI0, U 3a/IaHue
10-11 ksraccoB, KOTOpOE BbI MOXKeTe MPOIyCTHTH (B Kpaiinem ciydae Her). OcHOBHasi pabora
oyner B pasaene «/luckpernas mojesnby n «Ilyrs Toukms.

3ameudaHue. Bol MoxKeTe HCII0J/IB30BATD JIIOOYIO JPYIYIO Cpejly s PellleHus JTaHHOi 3a/1a4u,
HO MBI HE TAPAHTUPYEM, UTO JIDYTHAe YHUCJEHHBIE METOJIBI COUJYTCH K NPAaBUJIbHOMY DEIIeHUTO.
U ecTh puck, 94ToO MBI HE CMOXKEM BaM C 9THM HHUKAK IOMOYb.

JlnckpeTrHbie MoOe

Bo Muorux 3ajadax ObIBaeT yI00HO IMePeXOJHTh K JUCKPETHOMY BPeMEHH U HAOJIIOJATh 3 JIH-
HAMHUKOM U3MEHEeHHsT HeKOTOpoit Benunubl. Hanmpumep, Mbl MO2KeM 0003HAYUTD I, TOMYJISIIAIO
HEKOTOPOIo GHOJIONMYECKOro BI/Ia B MOMEHT BpeMeHH t, (K upumepy, B roj ¢ Homepom n). Toria
YpaBHEHUE, OIIUCbhIBAIOIEe JUHAMUKY U3MEHEHUA ITOMYJTAITUN B CaMOM IIDOCTOM CJy4dae, MOZKeT
NMETHh BU/

Tnt1 = /\xm

rie A = const > 0 — ko3ddunmenT, KOTOPHIN onpesesier yCJAOBHS YKU3HU JIAHHOIO BH/IA.
dAcuo, aro ecim A > 1, To monysanus OGyjgeT HEOrPAHUYEHHO PACTH, eCjii A = 1, TO ee 3HaYEHUE
Oymer U3 roja B roj MOCTOSHHBIM, eciin A < 1, To momyadrusa BbIMpeT. B 310l qacTu 3amadn
MbI OyIeM aHAJIH3UPOBATH CXOXKHAE MOJIEH.

[TpaByio gacTh ypaBHeHUsI MBI Oymem o6o3uadath f(x,). Ecin HekoTopoe 3navenme r* ymosiie-
TBOpsier ycaoBuio f(z*) = x*, To Takoil ¥ Mbl GyaeM Ha3bIBATH MOJOKEHUEM DABHOBECHSI.


https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://youtu.be/E-gaAUctv9k
https://t.me/jules_imf

Ecau Mbr iBa pasa nojeiicrByem nHaieii «yHknueii», 1. e. 3amuiem soipaxenue suga f(f(x)),
TO Takoe peobpasoBaHue Mbl Oy/eM Ha3blBaTh KBaIpaTHIHBIM U OyaeM 0603HauaTh Kak f2(z).
[Ipu neiictBun Hateit byHKImedd n pa3 Mbl Oy1eM UCnosib30BaTh obo3nadenue f™(z). fcHo, 410
CTeNleHb B JJAHHOM CJIy4uae He PABHOCWIbHA MOHATHUIO CTEIeHHW U3 aareOphl.

ITyTs Toukmu. JIuneitubIil cayqaii.

Pacemotpure B Terpaan kiaetky «Ilyts Touku». B neit 3amana «pyHknuss

fl@)=A-min[(1—2),2], wpp1 = f(2n)

rme A = const > 0. Bo Bcex myHKTax 3TOIl 4ACTH 337241 Mbl OyJIeM PACCMATPUBATH TOJIBKO
sHauennst ¢ € [0, 1].

1.

(0,5 6asna) B Kakux mpejiesiaXx MOKET U3MEHSAThCS MapaMeTp A, 9To0bl X, IpU JIOOOM n
npuHaIe)kan orpesky or [0, 1]7

(0 6annos) Nzobpasure f(x).
(0,5 6anna) Kauecrsenno uzobpasure f2(x) u f4(x) npu 3nauenusx napamerpa A # 0.

(0,5 6aanra) Haiimure 3aBUCHMOCTH YHCJIA MOJOXKEHUI PABHOBECHS OT HapaMeTpa A y
cucTeMbl, 3ajaBaeMoit «dynukmmeits f(x). g Tex 3uavenuit A, rge TUCIO MOIOKEHUIT
paBHOBecHsl HauboJIblilee, HAflIUTe 3aBUCUMOCTD HOJI0KeHui paBHoBecus °(\).

(0,3 6asrna) Haiiapre 3aBUCHMOCTD YHCIA TTOJOKEHHH DABHOBECHS OT mapamerpa A y CH-
cTembl, 3aaBaeMoii «ynkuueit» f2(x). s moboro mapamerpa A, Ijie 9icI0 H0J0KeHuil
PaBHOBECHS MAKCHUMAJIbLHO, pa3paboTaiiTe rpadudecKuit MeTo OTHICKAHKS YTHX MOJI0Ke-
HUI paBHOBECHA.

(0,7 6annros) Uemy paBHO MaKCHMaJbHOE KOHETHOE YHCIO MOJOKEHHI DABHOBECHSI y CH-
crembl, 3amaBaeMoii «dyHkumeits f"(z)?

(1,3 6asanra) dna «byukumms f(r) 1 A = 1.5 moIyduTe MOCTCIOBATEIBHOCTD Ty, €C-
am xg = 0,6, xg = 0,4 u ¢y = 0,139. Pesysbrat npejgcrapbre B BUue rpaduka, Ha KOTOPOM
OyayT uzobpaxkenbl f(x), a rakxke ¢(r) = x UM B BUJIE IEPBbIX COPOKA 3HAYEHHI 110CJIe-
nosarenbaoctn (n). OGbICHUTE NOTYICHHBIH PE3YAbTAT.

(1,7 6arnos) dna «bynknuu» f2(z) u X = 1.5 mosyduTe Hocje10BaTeIbHOCTD Ty, €CJIH
xo = 0,6, xo = 0,61. Pe3yabTar npejicraBbTe B Bule rpaduka, Ha KOTOpoM OyayT n3obpa-
xKeubl f(x), a Tak:ke ¢(r) = & WIK B BUJE MEPBBIX COPOKA 3HAYCHUI MOCIETOBATETLHOCTH
z(n). O0bscHUTE PE3yJIbTAT.

[MonpobyiiTe HafiTn (Wi n300pa3UTh) 3aBUCHMOCTH JJTsl IPYTUX HAYAIBHBIX 3HAYEHUIL.

(1 6aan) OTKpoiiTe KIETKY TeTpaau B pasjene «/luckperHas Mojeb. JIMHEHHbBIH CIIy-
qaity. OHA yMeeT CTPOUTDH 3aBUCUMOCTD 3HAUYEHUH TOUEK, OTBEYAIONINX TTOTOKEHUSIM DaB-
nosecus Jyist byukinuu f"(x) or napamerpa A. [locrpoitre panubiii rpacdux. Kakue oco-
OeHHOCTH JAHHOTO rpaduka BeI MOXKeTe BbienTh’! [lepedncinte Bce CBOIICTBA, KOTOPHIE
CMOXKeTe HailTu.

ITyts Touku. KBagpaTuudnslii ciaydaii.

Momudunupys xon B knerke «Ilyre Toukny, mpoanaausupyiiTe caeayonyto «OYHKIIIO»
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roe A = const > 0.

ITpumeuyanme. Dta «pyHKINST> BCTPEUALTCS B CAMBIX Pa3HbIX pasjenax Hayku. Or auddysun
JI0 9KOHOMUKH.

Bo Bcex myHKTaxX 3TOH 4acTu 3a7a4u Mbl OyJeM paccMaTpuBaTh TOJBKO 3Hadenus x € [0, 1].

10.

11.

12.
13.

14.

15.

(0,5 6asna) B kakux mpegenax MOKeT U3MEHSATHCS MapaMerp A, 9To0bl &, Hpu JIOOOM n
npuHaexkan orpesky or [0, 1]7

(0,5 6asna) N3o6pasure f(r). Haiiqure, npu KaKux A 9UCIO0 HOJIOKEHUN paBHOBeCHil
nHaubosbmee. Kak 3aBUCAT JaHHBIE TOJIOXKEHUST PABHOBECHA OT A

(0,5 6aana) Nzobpasure f2(r) npu aob6om 3nadenun napamerpa A # 0.

(0,5 6anrnra) Ons «byaknuus f(x) 1 A = 2 u moayduTe MOCIEI0BATENBHOCTD Ty, €CJH
xo = 0,5, g = 0,4 u xog = 0,33. Pesyabrar npejcraBbre B Bujie I'paduka, Ha KOTOPOM
OyayT uzobpazkenn! f(x), a Takke ¢(r) = x WM B BUJE MEPBLIX COPOKA 3HAYCHUI MOCTE-
joBarebHoct z(n). OObsICHUTE 110J1y YeHHbITT Pe3YJIbTAT.

(0,5 6anrna) Tna «byuknuuy f2(z) u A = 2 nOJIydUTE MOCICIOBATETBHOCTD Ty, €CJIH
xo = 0,1, xo = 0,16. Pe3yabTar npejicraBbre B Bujie rpaduka, Ha KOTOPOM OyayT n3obpa-
Kenbl f(z), a Takke ¢(r) = x WM B BAJE MEPBBIX COPOKA 3HAYEHUI OCIE0BATEIBHOCTI
z(n). OObACHATE PE3YJIHTAT.

[MonpobyiiTe HaiiTh (nan n300pa3UTh) 3ABUCHMOCTH /IS JPYTUX HAYAJIbHBIX 3HAYCHUH .

(1 6asanr) OTkpoiiTe KIeTKY TeTpaan B paszjuene «/luckpernast Mozesnb. KpaapaTuaHbrii
caydaiiy. OHa yMeeT CTPOUTH 3aBHCHMOCTD 3HAYEHUN TOYEK, OTBEYAIONIUX MOJIOKEHUAM
paBHOBecus yist byuknuu f(r) or mapamerpa \. 3agaiiTe MakCHMATIbHOE 3HAYEHUE \ U
nocrpoiire jlannbiii rpaduk. Kakue ocobenHocTu JlaHHOTO rpaduka Bbl MOKETE BblJe-
quth? Tlepeducaure Bce cBOICTBA, KOTOPBIE CMOYKETE HAIITH.

Aemopuvi 3adavwu: A. B. Caxapos, JI. M. Koadynos, M. U. Ilayxos



Pemenune ocHOBHOIT 3aga49n

Ob6cyauM cMbICJT YpaBHEHHI, KOTOpble ObLIN JaHbl B 3aja4de. B maabHeiinmem, Te npeobpa3oBa-
HUsI, KOTOPBIH B 3a/1aUe HA3BIBAJIUCH «(DYHKIIUIMUI» MBI Oy/IeM Ha3bIBaTh 0TOOparkeHUIMHU. Tak,
nepsas «QyHKIHA» IT0 oroOparkenue «reHTy. OOJaCTh ero MPUMEHEHUs JIOCTATOYHO MHPOKA
— OT TIPOTHO3UPOBAHUS OUPZKH 0 TeHepaTopa CIydailHbIX YUCeT U KOIUPOBAHUS COOOIIEHNUIA.

Bropas «dyuknus», napadoandeckas, Ha3bIBACTCA JOTHCTHIECKHM oToOpazkenneM. OHa 9acTo
HpUMEHSIeTCs IJIsi ONHCAHWA TOMYJIANMOHHONE Omosoruu. B Tekcre 3amadm OBLT IMOKa3aH IIPO-
cTefiruii mpuMep, KOTJIa OTHOINEHNEe YKCJa BHIOB IOMY/ISAIUA B TOA n + 1 JIMHEHHO 3aBHCEIO
OT HPEJBIILYIIEro Io/a, U 3TO BeJIO (3a HCKI0YeHneM ciaydas A = 1) jaubo K BBIMUDAHUIO U3-34
OTCYTCTBUS Pecypca, KOTOPbIH CYUTAETCH MOCTOAHHBIM, JTUOO K HEOTPAHUYEHHOMY Da3MHOMKEe-
ano. OIHAKO 3Ty MOJIEIb MOYKHO HAIEJIUTh OOJIBITHM CMBICIOM, €CJIH YUeCTh, YTO PECYPCHl HE
MOTYT OBITH BCerJ/Ia IOCTOSHHBIMH: IOIYJISIHUS B TOM 1 BIUSET He TOJbKO MPSIMBIM 00Pa30M
(aucsiom ocobeil) Ha TOMYJISIIUIO B CJIEYIONIAI 1O, HO U HA pecypchl (morpebuss ux). OTcona
HOJIYy9aeTCs JIOTHCTHIECKOE 0TOOparKeHne BUIa:

Tty = A (1 — ) 2.

Mok HO paccMOTpeTb BApUAHT, KOIJIa 33 BbIXKUBAHUE KOHKYPUPYET HECKO/IHLKO HOIYJ/ISINi 1 OHI
BJIMSIOT JIPYT HA JIPyTa:
Tp41 = )\(]- - xn)xn — ATnYn,

Ynt1 = :u(l - yn)yn + ﬂxnyn-

B rakoit Mojiesin MozKeT HabII0AATHCS ropa3/ 0 GOJIbIe THHAMUYECKIX PeKUMOB (06e BBIMPYT,
OfiHa BBIKHUBeT, 00e OymyT KuTh). Takas MoIe/ b Ha3bIBAETCA KOHKYPEHTHBIE ypaBHeH s JIOTK -
Bosibreppsl u nipu Hasm4duu 4 u 60/1€€ BUJIOB OHA MOYKET JE€MOHCTPUPOBATH PA3/JIUIHBbIE JTUHA-
MIYecKUe PeKAMBI — OT OYeBH/IHBIX JI0 aBTOKOJIE0ATEBHBIX U JUHAMIIECKOTO Xa0Ca.

JIuneitHoe oTOOpakeHue

1. Pacemorpum dyrkumio f(z) = Amin{l — z, 2z}, Makcumym nanuO# DyHKIUN JOCTHTAETCS
npu x = 0,5, Torga B cuity yesaopus x € [0; 1] momyanm, ato 0 < A < 2.

0.5 EY
f(z)
0.4 |
0.3 |

0.2}




2. Camo oTobOpazkeHue MPeICTaB/IeHO HA PUCYHKE, U3 KOTOPOTO SICHO CJeAyeT MOYeMy OHO Ha-
3BIBAETCS «TEHTS.

3. lcnosb3ys TeTpaab B I'YIVIKOIa0e TOCTPONM I'padHKH KBaapara 0TOOPakKeHHs U IeTBEPTOi
crernenn. Ecn u3MeHATh mapaMeTp A, TO MOKHO 3aMeTHTh, 4TO Ipu A < 1 rpacduku pyHKImit
f2(x) m f4(x) umeror onun uzaoM, Kak B ciaydae f(z). [Ipu 1 < X\ < 2 rpadukn MOryT mMeTh
2 u GoJiee U3JIOMOB:

, 0.5
0.7 | f*(z) —A=05 f(z)
0.6 | A= oy
0.5 |
0.3 |
04
0.3 | 0.2 |
0.2
0.1
0.1
L I I I l' Il Il Il i
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
0.7 | [z A=15 fi(x) —A=20
0.6 | 0.8 |
0.5 |
0.6
04 |
0.3 | 0.4 |
0.2 |
0.2 1
0.1
‘ ‘ ‘ ‘ X ‘ ‘ ‘ ‘ X
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1

4. Yro0Obl HAWTH TTOJOXKEHIE PABHOBECHsI (UX €Ille HHOT/IA HA3BIBAIOT HEIOIBUZKHBIMH TOUKAMH ),
HEeOOXOIMMO HaNTH, KOTIa TOYKA MO JeificTBHeM oToOpazKeHus mepeilaét B camy ceds. ['padu-
YeCKW 3TO O3HAYAET, YTO HAJMO MPOBECTH MPAMYIO iy = T U HAUTH YHUCJIO TOUYEK €€ Iepecedennd
¢ rpapuKkoM OTOOpaAYKEHN .

I[Ipu A < 1 6yger oxuo moJioxkenue paBHoBecud x = 0, mpu A = 1 ux OECKOHEYHO MHOI'O
(BBIpOXK IeHHBIH caydaii), mpu 1 < A\ < 2 — apa. Ilepsoe z; = 0, Bropoe xo = \/(1 + \).

5. B 1. 9 mbl nmoctpowsin rpaduk KBajpara orodpazkenus. Vcnoab3ysa MeTOIUKY IIPEIbILYIIEero
NyHKTa, MMoJydaeM, 9To npu A < 1 0JHO TOJOXKeHue paBHOBecHs, Npu A = 1 uX OGECKOHEYHO
MHOTO (BBIDOXKIeHHBII caydaii), mpu 1 < A\ < 2 — geThIpe.

6. Yem Oonbie 3HAUEHWE A, TeM HUKe OMYCKAIOTCId MUHUMYMBI OTOODayKeHWs W YHUCJIO Ie-
pecedennii HyHKIMU oToOpaxKkeHus m HYHKIUH Yy = x yBeqwdamBaercsa. Hambosbimee 4duciio
nepecevyeHuii JOCTUraeTcsd Ipu A = 2 u OHO paBHO 2",



f*(x) —A=15
0.8 |
0.6 |
0.4 |
0.2 |
02 04 06 08 1

7. x = 0.6 — 370 mOIOYKeHNEe PABHOBECHU S, HETMOABUKHAST TOUKA, MIOITOMY MBI B HEll HaXOANMCH
Bce 40 nTepanmii.

[Iponenypa, n3o0pazkaeMas Ha rpadHuKe KoIa B TeTpaJKe Ha3bIBaeTCs JecTHUIeH Jlamepesa u
orobpazkaeT «dyHKIuio» B pabore. Mbl GepéM HAYATIBHYIO TOUKY Tg, cumrtaeM x; = f(xg),
3aTeM, 9T00 CIejaTh CASAYIONYI0 HTEPAlMI0 HEePeXOquM 10 HPIMONl Yy = I HA HYXKHBIA T,
cantaeM Ty = f(r1). Mbl caenanu mar 1o jecraue Jlamepes.

0.8

0.6

f(=)

0.4

0.2

ITpu 2y = 0.6 MBI cpa3y nomnajaeM B MOJIOYKEHUE PABHOBECHS UJIN HEIOIBUKHYIO TOUYKY U B Heil
ocTaemMmes.

ITpn 2y = 0.4 MBI BUIUM, 9TO 3a JIBa IMara MbI MPUXOIUM B MoJI0KeHne paBHOBecusd (.6.

ITpu mebosbiioMm oTKJA0HEHUH OT 3Hadenus 0.4 MbI omaaeM B cuTyanuio, e 3a 40 urepaliius
MBI HE TIOITa1aeM B TIOJIOYKEHWEe PABHOBECHSI.



0.8

0.6

f(=)

0.4

0.2

o
=]
[N]
o
N
o
o
o
3

0.8

0.6

f(=)

0.4

0.2

8. /laHHBII MYHKT perraeTcsd aHAJOTHIHO MPeIblIYIIeMYy.

0.8

0.6

f(z)

0.4

0.2

9. JlaHHasI YacTh HOCBAIIECHA M3YUEHHIO OM(DYPKAIMOHHON IHATPAMMBI OTOOPasKeHUsT «TEHT».
Mpl BUAMM, 9TO TIO Mepe POCTa MmapaMeTpa A IIPOUCXOIUT YIBOSHHE YUCA MOJOXKEHUH paBHO-
BECHIT U B TO YK€ BPeMs POCT PACCTOAHUS MEK/y HUMU. B Kakoii-T0 MOMEHT UX CTAaHOBUTCS TaK
MHOI'O, 9TO OHU TPAKTUYECKH HEPA3IUIUMbBI. BarKHO OTMETUTH (PPaKTAIHHOCTD ITON CTPYK-
TYpBI, T.€. eé camonoaobue. Takue purypsl Buepsblie Hada 1 usydarb Manaeabopor. OgauM u3
CaMBIX U3BECTHBIX (DPAKTAJIOB aBIseTcs cHexknHKa Koxa. @pakrasbHocTh Gymer 6oJtee 3aMeTHA
B CJIy4ae JIOTHCTHYIECKOTO OTOOparKeHHUS.

Bropoit unrepecuoii 0cOGeHHOCTBIO ABJLAIOTCA 00JIACTH, HE 3AI0JTHEHHbIE TTOJIOKEHUSIMU PABHO-
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Becusi Ha (DOHE «CILIOITHOI» 3aKpacku — OKHa Hpo3padHocTh. Takue Ke 0COOEHHOCTH MOYKHO
BBIIEJIUTL U B 1I. 21.

Jlormctuyeckoe orobpakeHue
10. TTocrymast aHAJIOTHYHO II. 7, MOJYYaeM Apqr = 4.

11. TIpu A < 1 oxano mosioxkenue pauopecus, npu 1 < A < 4 — nBa. B nocieanem ciyuae
HalieM moJI0zKeHust papHoBecus. Ilepoe x1 = 0, Bropoe mepecedenue ro = (A — 1)/A.

0.25
f(z) — =1

0.2 1

0.15 |

0.1

0.05 |
0.2 0.4 0.6 0.8 1

12. I'padux kpajpara byukuun f2(x) uzobpazken nuke. [lpu A < 2 rpadux KadecTBeHHO He
ormuaercs or rpaduka f(x). Ecan 2 < A < 4, 1o rpaduk nveer aBa MaKCHMyMa U OJMH
JIOKAQJTbHBIT MUHUMYM B TIEHTDE.

0.7 { f*(x) — A=

A\ =
0.6 1 \ =
0.5 1

0.4+
0.3+
0.2+
0.1 |

02 04 06 08 1

13-14. /Tanuble TyHKTHI PEITAIOTCH AHAJOTHIHO TOMY, YTO OBLIO B IIPEABLIYIIEH 9acTy 33 1aHWI.



0.8 0.8

0.6 0.6

fl=)
f@)

0.4 0.4

0.2 0.2

T z
1
0.8
0.6
—
8
[
-
0.4
0.2
0
0 0.2 0.4 0.6 0.8
T
1 1
0.8 0.8
0.6 0.6
— —
2 z
0.4 0.4
0.2 0.2
] 0
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
x T

15. Mur momydaeM pe3yabTaT aHAJOTUIHBIA TOMy, 4To ObLT B 1. 15. OTau4ue JUIIL B TOM,
4T0 (ppakTasbHadg CTPyKTypa 0oJiee oueBuHa. 10T PakT, 4TO Pe3yIbTaThbl CXOKHU HE SBJIACTCH
YAUBUATEIbHBIM. Takue 0ToOparkKeHus Ha3bIBAIOTCA MTOJ00HBIMU.



3.5

2.5

o o o o

(@)f
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AnbpTepHaTUBHAS 3244

IlyTp Touku. JImueiiubrit cayqaii 11.

[IpoiinuTe B aJpTepHATHBHYIO TeTpaJky. PaccMorpuTe B TeTpagn KaeTKy «lIyth Toukwms. B
9TOM pazesie aHajausupyercs ciaenyormast «byukiusy: {\r} — npobuasg gacth Az, rie A = const > 0.
Bo Beex myHKTax 3TOi 4acTd 3a7adu Mbl OyJeM paccMaTpuBaTh TOJBKO 3HadeHus x € [0, 1].

1. (2,5 6aana) Uzobpasure f(z) maa A = 2.
2. (2,5 baana) Kawecrsenno nzobpasure f2(x) w f*(x) npu snadennax A = 2, A = 2.5, \ = 4.

3. (2,5 6aana) Haiimnre 3aBHCHMOCTD 9HCIIA OJTOKEHUIT DABHOBECHSI OT CTeleHH (OyHKIHH
npu \ = 2.

4. (2,5 6asna) OTKpoiiTe KieTKy TeTpajau B pasjere «/luckperHas Mojiesb. JInHefiHbIil cy-
Jaity. 3smenure «byHKIHIO» HA Ty, YTO U3yIAETCS B aIbTEPHATUBHON 3ajade. B aTom
pazjesie n300parzKaloTCs BCE 3HAYEHHUS, KOTOPbIE MOJIYYaeTCs I10cje OOJIBIIOro KOoJmde-
crBa orobparkenuii ipu A u3 amanaszona or 10 mo 20. [TonpobyiiTe mpoaHaM3upPOBATH
MOJIYYeHHbBI pe3yJibTarT.

11


https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing

Pemenue aabTepHaTuBHOI 3aaa4n

Jlannoe orobpazkeHue Ha3bIBAETCH «3y0 HMUJIBI». 3aMETUM, OJIUH HWHTEPECHBIH «TPIOK»: eCJIH
MUCATh YNCJIa B JIBOMYHOU cHCTeMe, TO NMPU YMHOXKEHUW Ha 2 BCE YUCJIO CJABUTAETCS BJIEBO
HA OJIMH Pa3ps/l, a B34TUM 1EJIOW 4YacTu - orOpachblBAaHUIO CTAPIIErO Pa3psjia, HOITOMY Ty i1
MOy IAeTCHd U3 Ty

2o = 0.01011...
z, = 0.1011...
29 = 0.011...

st oToOpaskeHust MUJIbI U3BECTHO, UTO MOCIE0BATEIbHOCTD, HAUNHAIOMIASICS IIPH PAIHOHA b~
HOM T = p/q lepuojuueckas, ecjiu ¢ - HederHoe. Hanpumep, 1moc/ie[0BaTe/ lbHOCTb, HAYHHAO-

masics ¢ 1/3, umeer mepuo 2:
1/3 - 2/3 > 1/3...,

a st 1/7 nosygaercst mepuos 3
17 —=2/T—4/7—1/7...

Ilpu yeTHOM ¢ TpPaeKTOPHs BBIXOJIUT Ha IEPUOJUYICCKYIO Yepe3 HeCKOJIbKO NTepalnil, Halpumep
1/6 -1/3—2/3—1/3...

nJjn
1/8—=1/4—1/2—1—1...

T.o. y orobpazxenusi cymecrByer 6eCKOHEUHOe (CYETHOE) MHOZKECTBO HEyCTONUUBBIX HEPHO/IH-
YECKUX OpPOUT.

Wrak, upu A = 2 umeeMm

1
f(z) — A=
0.8 |
0.6 |
0.4 |
0.2 1
0.2 0.4 0.6 0.8 1

KBajpar u derBépTas cTeleHb OTOOPAXKEHUS IIPH TOM ZKe A
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f(x) —A=2

0.8 |
0.6 t
0.4+
0.2+

01 02 03 04 05 06 07 08 009

) =

01 02 03 04 05 06 07 08 009

Keaapar u gerBépras crenenb orodOparkenns npu A = 2.5

() —A=25

0.8
0.6 t
0.4

0.2} } } } ‘ } } } } } %

01 02 03 04 05 06 07 08 09

T —A=25

0.8 |
0.6
0.4
0.2

01 02 03 04 05 06 07 08 09
Keaapar u gerBépras crenenb oroOparkenus upu A = 4
1 .
0.8 1
0.6 1

0.4 ¢
0.2 ¢

12 (x) R —1

01 02 03 04 05 06 07 08 0.9
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A=4

02 03 04 05 06 07 08 09

0.1

BujuMm nocsie HeCKOJbKUX ureparuii, 4ro orser 2.

, MeHsis 0o

.

, HECMOTPS HA MPOCTOTY 3aJa4M, B HEl MHOT'O YTO MOYKHO U3YUYUTH

Takum obpazom

cTerenb (pyHKnuu, 6O caM HmapamMerTp.
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