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Hpueomoebme% K OCAOHCHEHUAM.

Joxmop Xayc.

Xaoc n ANCKPETHbIEC MOJdeJIN

B nannoil 3a71a4e BaM IpujieTcs TPUMEHATh KaK HaBBIKM AHAJUTHYECKUX BBIYHUCJIEHUI, Tak
U HABBIKM YUCJIEHHOTO MojejupoBanus. Ho 3To He Tak cTpalrHo, KaK MOYKET IOKa3aThbCd Ha
IIEPBBIA B3IVIAM.

Cpena nporpaMMupoBaHus AJs 33a9U

st Toro, 9To0BI BaM He TPUIILIOCH HUYEro MPOrPaMMIPOBATh, MbI TOJTOTOBUIN TETPAIKY| B
cpejie Google Colab. MoxkHO ucCO/IB30BaTh O€3 CMC, HO C PErUCTPAIIAEI.

[TpoxomuTe 110 CCBLIKE Ha TeTPaJKy| (Ha BCSIKUIl cirydail, BOT OHa elle pas), 3aX0JUTe B CBOI
ryrIaKKayHT, Ha2KUMaeTe Ha BBIIOJHEHHE KoJla B JII000il staeiiku (9To TaKas KHOINKA I11eil ), BaM
COODIAIOT PAJIOCTHYIO HOBOCTh O TOM, 4TO JIaHHBIH KOJI Halmcas Hekuit EymmceeB Makcum, Bbl
COTJIAIIAETECh C 9TUM U [TETPAJIKE FOTOBa, K MCIIOJIH30BAHUIO.

[Toipo6HO TIPO TO, KaK TI0JIb30BAThHCS TETPAIKON PACCKA3AHO B JIAHHOM BH1e0| (TeM caMbiM Maxk-
cumoM Ejmnceesbim). Eesmr Korna y Bac eeratyPest NOABITCS BOIPOCHL O TOM, KaK MI0JIb30BATHCS
JIAHHOM TeTpaJibio, TO Bl MOXKEeTe UX 33JlaTh B JIMTUHBIE COOOIEHUS BOT 3TOMY UejioBeKy. He
CTeCHSITECh, OH TOTOB U 3apsizKeH oTBevaTh 25 (/IBa/IIATh ITh) Ha 7.

3ameuanwue. BoJibiliasi 9acTh TeTpau 9T0 00yUdeHne, KOTOpoe IPOIyCKaTh He HAJI0, U 3a/laHue
10-11 kjaccoB, KOTOpoe BbI MOXKeTe MpOIyCTUTh (B KpaiiHem ciaydae Her). OcHOBHas pabora
oyner B pazjeie «/luckpernas mojiesby u «Ilyrs Toukms.

Sameuanne. Bol MoxKeTe UCIIOIB30BATD JIOOYIO JIPYTYIO CPEJLy JIJIs PEIlleHns JTaHHON 3a/1a49M,
HO MBI HE TapaHTHUPyeM, YTO JPyI'ue YUCJICHHbIE METO/Ibl CONIyTCH K IIPABUJILHOMY DEIICHUIO.
N ectsb puck, 9TO MBI HE CMOYXKEM BaM C 3TUM HUKaK IIOMOYb.

JluckperHbie Mo/iesn

Bo muorux 3ajiadax ObiBaeT yJI00HO IEPEeXO/IUTh K JUCKPETHOMY BpPeMeHU U HaOJII0IaTh 3a JIH-
HaMUKON N3MEHEeHUSs HeKOTOpOf/’I BCJIMYNHBI. HaHpHMep, MBI MOYKEM ODO3HAYUTD Ty, IMOIIYJIATTUIO
HEKOTOPOro GUOJIONMIECKOr0 BIJIa B MOMEHT BpeMenH ¢, (K mpumepy, B roj ¢ Homepom n). Tora
YpaBHEHUE, OIIUChIBAIOIee JUHAMUKY U3MEHCHUS IIOITYJ/IAIINM B CaMOM IIPOCTOM CJiy4dae, MO2KeT
NMETDb BU

Tnt1 = /\xm

e A = const > (0 — ko3ddunuenT, KOTOPLIl onpese/ser YCIOBUS KU3HU JTAHHOTO BUJIA.
dAcno, uro ecmm A > 1, To momyisnus OyJIeT HEOTPAaHUICHHO PACTU, eC/in A = 1, TO ee 3HAYUECHUE
Oy/eT U3 rojia B TOJ] MMOCTOSHHBIM, eci A < 1, TO momyssius BbIMpeT. B 370l gacTn 3a/1a9n
MBI OyJIeM aHaJU3UPOBATH CXOXKUE MOJICIH.


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

[IpaByto gacTh ypaBHeHus Mbl OyeM obosnadars f(x,). Ecim HekoTopoe 3nadenne r* ymaoiie-
TBOpsieT yesoBuio f(z*) = x*, To Takoit £* Mbl Gy/ieM Ha3bIBATH MOJIOKEHUEM PABHOBECHS.

Eci Mbl j1Ba pasa mojieiictByem Haieil «pyHKiuneit», 1. e. 3amuiiem Boipaxkenue sujia f(f(x)),
TO Takoe npeobpaszoBaHue Mbl OyjIeM Ha3bIBaTh KBaJPATHIHBIM 1 OyeM 0603HaYaTh Kak f2(x).
[Tpu peiictuu Hameit byHkImei n pa3 Mbl Oy1eM UCHOIB30BaTh obozHadenue f™(x). fdcHo, aTo
CTeIIEHb B JaHHOM CJ/Iydae€ HE€ PpaBHOCUJIbHaA IIOHATUIO CTEIIEHU U3 a.HFe6pr.

IIyTs Touku. JIunHeitHbII ciaydaii.

Paccmotpure B Terpasin kitetky «Ilyrs Toukm». B neit 3amana «pyHKImnsg

flx)=A-min[(1—2),2], wpp1 = f2n)

rie A = const > 0. Bo Bcex myHkTax 3Toif JacTu 3aJa4u Mbl OyJIeM paccMaTpUBATDL TOJIBKO
sHauenus x € [0, 1].

1. (0,5 6aanra) B kakux mpejiesiax MOMKET U3MEHSAThCS TapaMeTp A, 4TOOBI X, P JIFOOOM 7
npuHaJIe)Kaa orpesky or [0, 1]7

2. (0 6aanos) Uzobpasure f(x).
3. (0,5 6aana) Kauecrsenno uzobpasure f2(x) u f4(x) npu snauenusx napamerpa \ # 0.

4. (0,5 6annra) Haiture 3aBUCHMOCTDH 9HCIA TIOJIOYKEHUH DABHOBECHsI OT Hapamerpa A y
cucrembl, 3ajaBaeMoii «yuknueit» f(xz). dusg Tex 3naveHuit A, rje 9ucI0 MOJIOKEHUIT
paBHOBecusl HauboJIbINee, HafiInTe 3aBUCHMOCTD MOJIOXKeHHH paBHOBecHs ().

5. (0,8 6asna) Haitjure 3aBUCMMOCTD YHUCIIA TIOJIOXKEHUH DABHOBECHs OT TIapamerpa A y CH-
cTeMbI, 3a/IaBaeMoil «yHKIHeiy f 2($) st jiroboro napamMerpa A, TJie 9UCJIO MOJI0YKEHIH
paBHOBecHs MaKCHUMAJIbLHO, pa3dpaboTaiite rpadudeckuii METOJ OTHICKAHUS ITUX ITOJIOXKe-
HUH paBHOBECUI.

6. (0,7 6anrros) Yemy paBHO MaKCHMAaJbHOE KOHEYHOE YUC/IO MOJIOKEHUI DABHOBECHSI y CH-
cTeMbl, 3a/1aBaeMoil «dyuknueits f"(z)?

7. (1,3 6aana) g «byuxmums» f(z) m A = 1.5 mosydure HOCIEIOBATEIBHOCTD Ty, €C-
mm xg = 0,6, xg = 0,4 u zo = 0,139. PesyspraT npejictaBbTe B Bujie rpaduka, Ha KOTOPOM
OymyT m3obpazkenb! f(x), a Takxke ¢(r) = T WK B BUJE TIEPBBIX COPOKA 3HAYEHUI TOCIe-
joBaresibHocTu (n). O6bsICHUTE MOy YeHHbIH Pe3yIbTar.

8. (1,7 6aanros) dna «byukmun» f2(z) u A = 1.5 nojtyuure mocae0BaTeJbHOCTD Ty, €CIH
xo = 0,6, xro = 0,61. Pesysbrar npejcrasbre B Buje rpaduka, Ha KOTOPOM Oy IyT u3obpa-
xkensol f(z), a Takxke ¢g(r) = o WM B BUuje IEPBBIX COPOKA 3HAUCHUIT TOCIIEI0BATEILHOCTH
z(n). OObscHATE PE3YIIBTAT.

[Monpobyiite waiTn (Wm n306pa3suTh) 3aBUCHMOCTH JJisl JPYTUX HAYAJILHBIX 3HAUCHUIL.

9. (1 6aan) OTkpoiiTe KIeTKy TeTpajn B pasuene «JluckperHast mMojesb. JIuHedHbIil ciiy-
qgamy. OHa yMeeT CTPOUTDHL 3aBUCUMOCTD 3HAYEHU TOY€EK, OTB€YAIOIUX IIOJIO?KECHUAM paB-
HoBecust st byuknun f"(x) or mapamerpa A. [locrpoiite nanubiii rpaduk. Kakue oco-
OEHHOCTH JJAHHOTO rpaduka BbI MoKeTe BblIenTh! [lepedncimre Bece cBoiicTBa, KOTOPBIE
CMOZKETEe HANUTHU.



IIyts Touku. KBaspaTudnsblii ciay4aii.

Momudunupys ko B kiaerke «IIyth Toukns, npoanaJmsupyire caeayronyto «@yHKIHo»

f(x) = el =),

rae A = const > 0.

ITpumeuanme. drta «hyHKIUA» BCTPEIAETCA B CAMBIX PA3HbIX pasjenax nayku. Ot quddy3un
JIO0 SKOHOMUK.

Bo Bcex myHKTax 9Toi gacTu 3a7adu Mbl OyJeM paccMaTpuBaTh TOJNBKO 3HadeHus x € [0, 1].

10.

11.

12.
13.

14.

15.

(0,5 6asana) B Kakux mpejiesax MoxKeT U3MEHATHCS apaMeTp A, 9TO0bI X, TpHU J060M n
npuHaIe)kan orpesky or [0, 1]7

(0,5 6aana) Nzobpasure f(z). Haiiaure, npu Kakux A\ 9uCIO TOJIOXKEHUI paBHOBECHI
HauOoJsbIllee. Kak 3aBuCAT JIaHHBIE OJIOYKEHUS PABHOBECHSI OT A

(0,5 6anna) Nzobpasure f2(z) npu mobom 3Havenun napamerpa A # 0.

(0,5 6anna) dna «bysxmums f(z) 1 A = 2 U HOJIyIUTE MOCTEIOBATETLHOCTD Ty, €CJIH
xg = 0,5, xg = 0,4 u xg = 0,33. Pesysibrar nupesicrasbre B Buje rpaduka, Ha KOTOPOM
OymyT m3o6pazkens! f(x), a Takxke ¢(r) = & WIK B BUJE IEPBBIX COPOKa 3HAYECHUI TOCIe-
noBateabaocTn & (n). OOGbICHATE Oy I€HHBII PE3yIbTat.

(0,5 6arna) Ona «pyaxumus f2(z) m A = 2 noaydnTe MOCIEI0BATEIBHOCTD T, €CJIH
xg = 0,1, o = 0,16. Pe3sysabrat npejicraBbre B Buje rpaduka, Ha KOTOPOM Oy1yT n300pa-
xkeHbl f(z), a Takke ¢(r) = & WK B BUJE IEPBBIX COPOKA 3HAUCHUIT [OC/IEI0BATEILHOCTI
z(n). OObsICHUTE PE3YIIHTAT.

[TonpobyiiTe HaiiTh (MM U300PA3UTh) 3ABUCUMOCTH JIJIs JIPYTUX HAYAJIBHBIX 3HAYEHUH .

(1 6aan) OTkpoiiTe KJIeTKY TeTpaju B pasjeie «luckpernas mojensb. Kpagparnanbii
caydaity. OHa yMeeT CTPOUTH 3aBUCHUMOCTD 3HAUEHUN TOYEK, OTBEUAIONINX ITOJIOKEHUIM
paBHOBecust st dbyHKImn f(z) or mapamerpa A. 3ajaiite MakcuMasbHOE 3HAYUECHHE A 1
rnocrpoiite nanubiii rpaduk. Kakme ocobennocTn gaHHOrO rpaduka Bbl MOXKETe BbIIe-
Tk’ [lepeunciaure Bce ¢BOMCTBa, KOTOPbIE CMOXKETe HAWTH.

[Tepas mojckaska — 16.05.2022 14:00 (MCK)
Bropas mojckaska — 18.05.2022 14:00 (MCK)

Oxkonuanue ngroro typa — 20.05.2022 22:00 (MCK)



