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1. POHJ ONEHOYHBIX CPEJACTB JJIAA TEKYIIEI'O KOHTPOJIA

YCHEBAEMOCTH, MIPOMEXYTOYHOM ATTECTAIIUA

OBYYAIOIIUXCH IO JUCHUITVIMHE

Hacrosmuit ®onn onenounsix cpencts (POC) nmo qucnurmnie «YucaeHHbIE METOIBI.
SIBIISICTCST HEOTHEMIIEMBIM TMPHIIOKEHHEM K pabodeir mporpamme nucrurumabl  (PITI)
«Hucnennsie Metoap». Ha pganubiii ®OC pacnpocTpaHAIOTCS BCE PEKBU3UTHI YTBEPKIACHUS,
npeacrasieHnblie B PIIJ] no nanHOM aucuuIuivHe.

2. HEPEYEHb OIIEHOYHBIX CPEACTB
Jns ompeneneHus KayecTBa OCBOCHMs OOy4yaroIIMMUCS Y4eOHOro marepuana Io
JUCLMINIMHE UCIOIb3YOTCS CIEAYIOIUE OLEHOYHBIC CPEICTBA:

Ne
n/n

OunenouHoe Cpeacreo

Kparkas xapakTepucTHKA OLIEHOYHOT0
cpeacTBa

IIpeacrasienue
OLICHOYHOI0
cpeacrea B ®OC

TectupoBanue

Bun  KOHTpoOss, MO3BOJSIOLIMH — OLECHUTH
W3YYEHHBIN TEOPETUUECKUI MaTEepHUal.

Bompocs! qst
MIPOBEJICHUS
TECTUPOBAHUS

[IpakTrueckue 3agaHus

Bung  KOHTpOns, TMO3BOJISIOIIMI  OLEHUTH
yMEHUue oOyuatomerocs MPUMEHSITh
OCBAMBAEMYI0 KOMIIETEHIMIO B MPAKTUYECKUX
CUTYaIUAX H npu peleHumn
MIPOU3BOACTBEHHBIX 3a/1a4

3amauus K
MPAKTUIECKOMY
3aHATHUIO

KonTponbnas pabota

Bun koHTpoJis, MO3BOJSIOMIMI ONPENEIUTh
pe3yJbTaT  OCBOCHHMS  KOMIIETEHUMH IO
JNUCHUIUIMHE B paMKax paccMaTpuBaeMou
TEMBI, OILICHUBACMBIi c MOMOIBIO
COOTBETCTBYIOIIMX MHAUKATOPOB JOCTUKEHUS
KOMIICTCHITUM

Samanus
KOHTPOJIbHON pabOThI

CaMocrosTenbHas pa60Ta

Bung  KOHTpOns, TMO3BOJISIOIIMM — OLIEHUTH
MpopabOTKy  TEOPETHYECKOTO  MaTepHala,
W3y4EHUE  PEKOMEHAYEMON  JIMTEpaTypshl,
BBIITOJIHCHUC HpaKTI/IKO-OpI/IeHTI/IPOBaHHI)IX
3aJaHuil (3amoiHeHue TaONuI, MTpPOBEICHHE
CPaBHUTEIBHOIO aHAJIN3a, COCTABJIECHUE CXEM
W JIp.), pelIeHHe TPaKTUYECKUX 3ajad,
co3anue MIpE3EHTalHM, HaIlMCcaHUe
pedeparoB, MoAOOPKY HOPMATUBHOTO M HHOTO
MaTepMaﬂa U BBIIIOJTHCHUEC prFI/IX SaI[aHI/Iﬁ

3agaHus
CaMOCTOSTEILHOU
paboThI

Kypcosas pabota

Bun  KOHTpOJId, TO3BOJIAIOIIUN  BBIIBUTH
CTENEeHb BJaJeHUus 0a30BbIMU 3HAHUIMH,
YMEHUSMHU U HaBBIKAMH, HEOOXOAUMBIMHU IS
0o0y4eHHUsl, U ONPEIENIUTh YPOBEHb BIIAJCHUS
HOBBIM MaTEpPUAIOM

NuuBuayanbHbIe
3ajaHusl (Te€MBbl) JUIS
KypCOBOi1 pabOThI

3ayer/3ager c
OLICHKOW/DK3aMeH

Bung koHTposs, TO3BOJSAIOIIMNA  BBISIBUTH
CTEIIEHb OBJIAJICHUS 3HAHUAMH, YMEHUSIMHU U
HaBBEIKAMHM, HEOOXOAUMBIMH IS JaIbLHEHIIIEro
OCBOGHHUsI  00pa3oBaTENbHONW  MPOTPaAMMBI
IMOATOTOBKH

Bormpocsr JUIS
MOJITOTOBKH K
3ayeTy/3aueTy c
OLIEHKOM/9K3aMeHy




3. MACITIOPT ®OHJIA OLIEHOYHbBIX CPEACTB JIUCHUIIVIMHE
3.1. ConpoBoaurenbHass HHpopManus.

PazpaboTunk

JI. K. llalimapanoBa

Kadenpa

[Tpuknagnoit nHGOPMATHKH U HHOOPMAITMOHHBIX
TEXHOJIOTUI

HaunmenoBanue JUCHUITIIMHBI

«HucieHHble METOIBI

®DakynpTeT / UHCTUTYT

HNucTuTyTa MEXIyHAPOIHON S5KOHOMUKH, JIMJEPCTBA U
MEHEJKMEHTA

HanpaBneHHe IIOArOTOBKH / CIICHUAJIBHOCTD

09.03.03 Ilpuxnangnas nHGOPMATHKA

KonnuecTBo BOMPOCOB B OIIEHOUHBIX 10-20
3aJlaHusIX (rana3oH)

OO6iee BpeMst TeCTUPOBaHUS (MUH) 90 MuH
OO11ee KOIMYECTBO BOMPOCOB/3a/IaHUN B 20
dOC

Pa3zmenieHHOCTD Ha caiiTe YHUBEpPCUTETA a

MPUMEPHOTO IEePEYHS BOIIPOCOB, 3aIaHUN
DOC — 17151 MOATOTOBKH 00YYAIOLINXCS K
MIPOXOXKJICHUIO OLICHKU (J1a / HEeT)

3.2. XapaKTepHCTHKA OlleHHBAaeMbIX KOMIETEeHIHIA.

Kon DopMyJIHPOBKA NHaukaTopbl 10CTHXKEHUST
KOMIIETEeH KOMIIeTeHI[HH KOMIETeHI[UH
10
OIIK-1 CrniocobeH mpuMeHsTh HOIIK-1.1. 35aTh OCHOBBI
€CTeCTBEHHOHAYYHBIC U OOIICHHKCHEPHBIC MaTeMaTHUKH, (PU3UKH,
3HAHMSI, METOJIbl MATEMAaTHUECKOTO aHAITU3a U BBIYMCIUTEILHON TEXHUKH U
MO/ICIMPOBAHUS, TCOPETUUCCKOTO 1 IPOrpaMMHUPOBAHUS Ha Oa30BOM
AKCIIEPUMEHTAIBHOTO HCCIICI0OBAHNS B YPOBHE.
npoeccnoHaIbHOM 1eATETbHOCTH HNOIIK-1.2. YMeTs NpUMEHSATH

€CTeCTBEHHOHAY4YHbIC U
O6HI€I/IH)KCH€pHI>Ie 3HaHUuA, METOAbI
MaTeMaTHUYeCKOT0 aHalu3a u
MOJICTTUPOBAHUS, TEOPETUUCCKOTO U
IKCIIEPUMEHTAILHOTO UCCIIEIOBAaHUS B
poeCCUOHATBHON e TEITHHOCTH.




4. COAEP) KAHUE OHEHOYHBIX CPEJACTB TEKYIHIEI'O KOHTPOJIAA

4.1. THTIOBBIE TECTOBBIE 3AJIAHUSI.

Tectbl comep:kaT HaOOp BOMNPOCOB, B TMOJHOM OO0bEME OXBATHIBAIOLIME H3YYEHHBIN TEOPETHYECKH Marepuall IO YyKa3aHHOW TeMe.
BrinosiHeHUE TECTOB MO3BOJISET ONPEACIUTD PE3YJIbTAT OCBOCHUS KOMIIETEHUUN MO TUCLUIUIMHE B PAMKAaX PACCMAaTPUBAEMOM TEMbI, OEHUBAEMBbIH C
MIOMOUIBI0 COOTBETCTBYIOLIUX HWHAUKATOPOB JOCTH)KEHHUS KOMIETeHUUW. VHIuBHUIyandbHBIA TECTOBBIM CeaHC s KaXIOro o00ydarolierocs
(dbopMupyeTCsl TIO CIeNUATHPHOMY AJITOPUTMY, 00ECIEUYHBAIOIIEMY 3aJaHHYI0 TEMAaTHYECKYI0 CTPYKTYPY U IMPOMOPIHUOHAILHOE HAIMYHE BOIPOCOB

Pa3HOIO THIA U CJIOXKHOCTH.
Ilpu chopmuposanuu mecmos HeodOX00UMO UCNOIB306aAMb 3A0AHUA CIEOYIOULUX MUNOG.
Tun 3ananus 1. 3agaHust 3aKPBITOTO TUIA HA YCTAHOBJICHUE COOTBETCTBHSL.

Twun 3aganns 2. 3aI[aHI/I${ 3aKPBITOr'o THUIIA HAa YCTAHOBJICHUEC ITOCJIICA0OBATCIIBHOCTH.

Tun 3aaHusd 3. 3a)1aH1/1;1 KOM6I/IHI/IpOBaHHOFO TUIIA, MIPCAIOoJararomuc BI)I60p OAHOI'0 MPAaBUJIIBHOI'O OTBCTA U3 NPCIJIOKCHHBIX.

Tun 3aganus 4, 3aI[aHI/I$I KOM6I/IHI/IpOBaHHOFO TUIIA, ITPCAIIOararomue BBI60p HCCKOJIbKUX OTBCTOB U3 MMPCIIIOKCHHDBIX.

Tun 3aanus 5. 3a1aHus OTKPHITOTO THUIIA C PA3BEPHYTHIM OTBETOM.

Tema Koa mn Nugukaropbl TecT 1o Teme
¢hopmympoBk JAOCTUKEHU S
a KOMIIeTCHIIUH
KOMIIeTeHIIUH
Tema 1. OIIK-1. NOIIK-1.1. 3naTtp 3adanun 3aKpeimozo muna Ha yCMAHOG1EHUE COOMEEH CIMGU L.
DeMeHTbI Cnocoben OCHOBBI MaTEMaTHUKH, 3HaHME IEMEHTOB TEOPUH MTOTPEIIHOCTEN, BKJIIOUAs! TUIIbI HOTPELIHOCTEN U UX
TEOpUHU IIPUMEHSATh ¢bu3uky, ofpeieNieHus, HeOOXOIMMO JUIsl KOPPEKTHON OLIEHKH TOYHOCTHU M HAAEKHOCTH
MOTPEIIHOCTEH | €CTECTBEHHOHA | BBIYMCIINUTEIbHON BBIUMCJIEHUM B KOTHUTHUBHBIX TEXHOJIOTUSX, I/I€ Ja’ke HE3HAUUTEIbHbIE OIINOKH
B YUHBIE TEXHUKH U MOTYT IIPUBECTH K CYIIECTBEHHBIM UCKAXXECHUSIM B IIPUHATHH PELICHUN WIH
MaTEeMaTHYeCcKO | OOLIEMH)KEHEp | MPOrpaMMHUPOBAHUS HA | MHTEPIIPETALUU JAHHBIX. Y CTAHOBUTE COOTBETCTBHE MEXAY TUIIOM MOTPEIIHOCTH U
M 00€ecIie4eHu | Hble 3HaHU, 6a30BOM ypOBHE. €€ OIPEJICTICHUEM.
KOTHUTHUBHBIX METO/IbI Tun Omnpenenenue
TEXHOJIOTUH U MaTEMaTU4ECKO MOTPEIIHOCTH
MPOLECCOB ro aHajau3a u A | AGcomoTHas OTtHomieHre abCONMIOTHON MOTPEIIHOCTH K TOYHOMY
MOZICITUPOBaHA NOrpeIIHOCTh (v puOIMKEHHOMY) 3HAYSHHIO BEJTMYUHBI.
A, b OtHocuTenbHas MakcuMalbHO BO3MOKHOE OTKJIOHEHUE PE3YyIbTaTa
TCOPETUICCKOT MOrpeIIHOCTh BBIYMCIICHHS U3-32 KOHEYHON TOYHOCTH
ou MIPEJICTaBJICHUSI YUCENl B KOMIIBIOTEPE.
IKCICPpUMCHTAI B | IlorpemHocTs Pa3zHOCTH MEX Ay TOUYHBIM 3HAUEHUEM BEJIUYUHBI U €€




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk JOCTHKEHH S
a KOMIIETEHIIMH
KOMIIETEeHIINH
BHOTO OKPYTJICHHS MPUOJIMKEHHBIM 3HAYCHUEM.
HUCCIICI0OBAHMSI T Mammunanas 4 | OmmOka, BO3HUKAOIIAS TP 3aMEHE OECKOHEUHOM
B MOTPEUTHOCTh JIECATUYHOMN TpOoOH KOHEUHOM.
npodeccruoHan OtBer:
BHOH A B B r
JICATCIIBHOCTH
Kirou
A b B r
3 1 4 2

3aoanusa 3aKpbimozo muna Ha yCMaHo61eHUe COOMBEEMCMEUA.

[Tonnmanue cBsi3M MEeXAY PparMeHTamu Koaa Ha Python m Tumamm morpeurHocTeid,
KOTOpbIE OHHU WUIIOCTPUPYIOT MM IO3BOJSIOT OLEHUTh, HEOO0XOAUMO JUIs
pa3pabOTKU KOPPEKTHBIX, YCTOMUMBBIX M MHTEPIPETUPYEMBIX BBIYMCIUTENbHbBIX
MOJI€JIE B KOTHUTUBHBIX TEXHOJOTUAX, TIJ€ TOYHOCTb YHMCIICHHBIX OIEpanui
HallpsIMyK0 BIIMSET HA KayeCTBO AaHAIM3a W IPUHATHS PELICHUH. Y CTAHOBUTE
COOTBETCTBUE MEXAY pparMeHToM koja Ha Python u TUmom norpemHocTu, KOTOpbIii
OH MJUIFOCTPUPYET WJIU TO3BOJISIET OLIEHUTD.

@dparmeHT Koxa Tun norpemxocTu
A | abs(x_true - X_approx) 1 OTHOCHTENbHAS TIOTPEITHOCTh
b | abs(x_true - x_approx) / 2 | AGCOOTHAS TIOTPEITHOCTh
abs(x_true)
B | sys.float_info.epsilon 3 ManmHHas TOTPEITHOCTh
(a1ICHIIOH)
I' | round(1.23456789, 4) 4 | IlorpentHOCTh OKPYTIICHHSI
Ortser:
A b B r
Kirou:
A 3 B r




Tema Kon n Nuauxkaropsl Tect nmo Teme
(popmypoBk AOCTUKEHM S
a KOMIIETCHIM U
KOMIIeTEHIMHU
2 |1 3 |4
Tema 2. OIIK-1. NOIIK-1.1. 3nath 3adanus 3aKpvimozo muna Ha yCMAaHO061eHUe NOC1e006AMeTbHOCHU.
UucneHnsle Crniocoben OCHOBBI MATEMATHKHU, VYcTaHoBUTE TPaBUIIBHYIO NIOCIIEI0BATEIBHOCTD 3TANOB PELICHUS TPUKIAJHON
METO/IbI MIPUMEHSITh busukwy, 3a71aui U3 (PU3UKH C UCTIOIb30BAaHUEM YHCICHHBIX METO/I0B JIMHEHHOM anreOpsl s
peuieHus 3a1ay | €CTECTBEHHOHA | BBIYMCIIUTEIbHOU MIOCTPOEHUSI KOTHUTUBHOWU MOJIEIIH.
JIMHEWHOU YYHBIE U TEXHUKHU U 1. ®opmynupoBka pu3nyecKor 3aqaun (HapuMep, pacrpeaeseHue TeEMIEpaTyphl B
anreopsl, OOIIEMHXEHEP | MPOrpaMMHUPOBAHUS Ha CTEepKHE)
BO3HUKAIOIIMX B | HbIC 3HAHMUS, 0a30BOM ypOBHE. 2. CocraBieHHE CHUCTEMBl JIMHEHHBIX anreOpamdyeckux ypaBHeHuir (CJIAY) Ha
MIPOEKTUPOBAHU | METOJBI OCHOBE MaTeMaTH4eCKON MOJIeIn
Y KOTHUTUBHBIX | MaTeMaTHYECKO 3. JHuckpernzanus nudepeHnnanbHOro ypaBHEHHS METOAOM KOHEYHBIX Pa3HOCTEH
Mozelen ro aHaJIu3a U 4. Peanuzanus 4MCIIEHHOTO MeToja (Hampumep, MeTo] ['aycca Wiin UTeparroHHBINA
peanbHbIX MOJIETIUPOBAaHU METO/]1) Ha A3bIKE IPOTrPAMMUPOBAHUS
MIPOLIECCOB s, 5. HHrepnperamusi pe3ylbTaToB B KOHTEKCTE HCXOAHOW (U3MYECKOW 3amauu u
TEOPETUYECKOT KOPPEKTUPOBKA MOJIEH ITPH HEOOXOAUMOCTH
ou Ortser:
SKCTIEpHMEHTa | | | | | |
BHOI'O Kirou:
HCCIIEIOBAHUS \ 1 \ 3 \ 2 \ 4 \ 5 \
B
npogeccuoHan
bHOU 3aoanusa 3aKpvimozo muna Ha yCMAaH081eHUe NOC1e008AMeTbHOCHU.
NEATEIIBHOCTH YcTaHOBUTE JTOTHUECKYIO TTOCIEA0BATENHHOCTh ACUCTBUI MTPHU BHIOOPE U

MPUMEHEHUN YUCICHHOTO MeToa s pereHust CJIAY B BRIYUCIUTENBHON CHCTEME,

UCIIOJIb3YEMOM B KOTHUTUBHOM MOJIETUPOBAHHH.

1. Ananu3 cBoilcTB MaTpuipl Ko3(h(UIHEHTOB (pa3MepHOCTh, pPa3pe’KEHHOCTb,
00YCIIOBIEHHOCTH )

2. BpIOOp MOAXOMSAMIETO YHCICHHOTO MeToia (MPsSAMOW WJIM HMTEPAIlMOHHBIN) C




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIeTeHIIUH
y4€TOM PECYPCOB BHIYUCIUTEIHHON TEXHUKU
3. IlpoBepka yCTOWYMBOCTH M TOYHOCTH BBIOPAaHHOTO MeETOAa K OHIMOKaM
OKPYTJICHUS U MOTPEUIHOCTSIM JaHHBIX
4. llporpammuasi peanu3anus MeToAa C Y4ETOM apXUTEKTYpPhl BBIUYMCIMTEIBHOU
cuctembl (CPU/GPU, napanienu3m)
5. Bammpanus mnoday4eHHOro peELIeHUs IYyTEM CpPaBHEHMsS C TECTOBBIM MM
AQHATUTUYECKUM PEUICHHEM
OtserT:
| | | | | |
Kirou:
|1 |2 3 [4 5 |
Tema 3 Meroast | OIIK-1. HOIIK-1.1. 3narp 3adanun KOMOUHUPOBAHHO20 MUNA, NPEONOIAzaruUe 6b100pP 00HO20
peleHus Cnocoben OCHOBBI MaTEMaTHUKH, NPAGUIbHO20 OMEema U3 nPeoNoHCeHHbIX.
CUCTEM MIPUMEHSTh buzukwy, [Tpu MoaenupOBaHNN CTALIMOHAPHOT'O TEIJIOBOTO I0JIS B METAINIMYECKON TIACTHHE
JIMHENHBIX €CTECTBEHHOHA | BBIYMCIUTEIIBHON METO/I0M KOHEUHBIX pa3HOCTEH Oblila IMOoJIyuyeHa CUCTeMa JIMHEHHBIX anredpanyeckux
anreOpanvecKkux | yuyHble U TEXHUKHU U ypaBHenuii (CJIAY) pasmeproctsio 10 000 x 10 000 ¢ pa3pexeHHOM MaTpuLien
YpaBHEHUN oOIenHXeHep | mporpaMMmupoBanus Ha | ko3 dunumenron. Kakoit meron pemenus CJIAY Oyzaer Hanboee 11€1eco00pa3HbIM C
HbIE 3HAHMWS, 06a30BOM ypOBHE. TOYKH 3PEHHUS BBIUUCIUTENBHON 3()(PEKTUBHOCTH ¥ SKOHOMHHU MTaMsATH?
METObI A) Metox Kpamepa
MaTEMaTUIECKO B) Ilpsmoii meton 'aycca 6e3 yué€Tta pa3pekeHHOCTH
ro aHajiM3a u C) Urepanmonnslii MeTof] SIkoOM ¢ XpaHEHHEM TOJIBKO HEHYJIEBBIX 2JIEMEHTOB
MOJIEJINPOBAaHU D) O6paiueHue MaTpuLibl ¢ MOCIEAYIOIMIUM YMHOKEHHEM Ha BEKTOP CBOOOIHBIX
s, YJIEHOB
TEOPETUUYECKOT Otser: C
on O6ocHoBanmne: Meton Kpamepa (A) u oOpamenue Matpuubl (D) BeMUCIUTETHHO

OKCIICPUMCHTAJL

HeadekTuBHBI 1715 Oonbiux cucteM (cinoxkHocTh O(n! ) 1 O(n®) COOTBETCTBEHHO).




Tema Kon n Nuauxkaropsl Tect nmo Teme

dhopmyIMpoBK JTOCTUKEHU S

a KOMIEeTeHIIHH
KOMIETeHIHH
BHOTO Merton T'aycca (B) mpu craHmapTHON peanu3aiyy 3arojHSAET HYJIEBBIC 3JIEMEHTHI
WCCIICIOBAHUS («3armoyiHeHHEe»), YTO PE3KO YBEIMYMBAeT MOTpeOsiIeHHe mamsaTH. VTepannoHHBIN
B Meron Sxobu (C) Xopomo TOAXOAWT A OONBIIMX Pa3peKEHHBIX CHCTEM,
npodeccruoHan MO3BOJIIET XPAaHUTh TOJBKO HEHYJEBBIE OJJIEMEHTBHI M JIETKO pealu3yeTcss Ha
bHOM COBPEMEHHBIX BBIUYUCIUTEIBHBIX IIATGOPMaX, YTO JACTACT €ro MPEAINOYTUTEIIEHBIM B
JeSITeTbHOCTH (U3HYECKOM MOJICIIMPOBAHHH.

3adanua KOMOUHUPOBAHHO20 MuUNA, NPEONOIazaroujue 6b100p 00HO20
nPaguIbHO20 OMEema u3 nPed10MHCeHHbIX.

Br1 peanuszyere Ha Python uncnennoe pemenune CJIAY, Bo3Hukaromiei npu pacuére
ANIEKTpUYECKUX Lienel no 3akoHaM Kupxroda. MaTpuiia cucteMbl UMEET HEOOIbIION
pa3mep (5 % 5) u 3aBenoMo HeBbIpokAeHHasA. Kakoit moaxo/ obecieunt Hanboliee
IIPOCTYI0, HAAEKHYIO M TOUHYIO PEAIM3aLINIO NIPH YCIOBUU UCIIOJIB30BaHUS
CTaHJAPTHBIX OMOIMOTEK?

A) Pyunas peanuzanus meroaa ['aycca ¢ BEIOOPOM IITaBHOTO dJI€MEHTa

B) Ucnone3oBanue ¢pynknuu numpy.linalg.solve(A, b)

C) IlocnenoBarenbHOE NpUMeHeHUe npaBuia Kpamepa ¢ BelYMcIeHUEM
ONIPENEIUTENEN YEPE3 PEKYPCUIO

D) AHalMTHYECKOE PELICHHE C ITOMOIIBI0 CHMBOJIBHBIX BBIYHCIICHUH (Sympy.solve)
BeiGepute oauH NpaBUIIbHBIN OTBET.

Otset: B

Ob6ocHoBanme: [lys HEOONBIIMX, XOPOHIO OOYCIOBJIEHHBIX CHUCTEM (DYHKIHS
numpy.linalg.solve (B) wucnons3dyer ontumusupoBanusie LAPACK-anroputmsl
(manpumep, LU-pasnoxenue), oOecrieuyuBasi BBICOKYIO TOYHOCTb, CKOPOCTb U
ycrolunBoCcTh. PyuHas peanusanust (A) mnoJaBep)keHa omMOKaM U MeHee
s dexruaa. Meton Kpamepa (C) HectaOuieH yucieHHo U Hed(DPEeKTUBEH aaxe A
Manbix cucreM. CumBosibHOE pemieHue (D) u30bITOYHO A YMCIIEHHOM 3ajaud U
meneHHee. Takum o0pazom, MCIOJIb30BaHHE MPOBEPEHHON OMOIMOTEKH — JTYYIIHii




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTCeHIIUH
KOMIIeTeHIIUH
BbIOOp C TOYKM 3pEHUs NPOrpaMMUPOBAHMS, BBIUMCIUTEIBHOM MaTeMaTHKU MU
(U3NIECKOTO KOHTEKCTA.
Tema 4. OIIK-1. NOIIK-1.1. 3nars 3aoanus KOMOUHUPOBAHHO20 MUNA, NPeOnoIazauue 8blO0p HECKONbKUX
Henunelinsie Cnocoben OCHOBBI MATEMATHKHU, 0MmeEemos u3 npeodioIHceHHbIX.
anreOpandyeckue | MPUMEHSTh ¢bu3uky, ITpu npoekTHpOBaHMY KOTHUTUBHOW MOJIEIN JMHAMUKH NOIIYJISALIUUA UCIIOJIB3YETCS
YpaBHEHUS U €CTECTBEHHOHA | BBIYMCIUTEIILHOMN HEeJIMHEWHOE YpaBHEHUE BUJIA
METOJIbI UX yUHBIE U TEXHUKH U f(x)=x—1-X-(1-x)=0,
pelieHus B OOILEHHXKEHEP | IpOrpaMMupoBanus Ha | rae r>0 — mapamerp pocra. Kakue u3 nepedncieHHbIX METOI0B MOTYT OBITh
3a1a4ax HBIE 3HAHUS, 6a30BOM ypOBHE. IIPUMEHEHBI JIJISl YUCIIEHHOTO HaX0KIEHUsI KOPHS 9TOr0 YPaBHEHUS IIPU U3BECTHOM
KOTHUTHUBHOTO METO/IbI HavansHOM npubmmxennu X0€(0,1) , u mouemy?
IIPOEKTUPOBAHHU | MAaTEMATUYECKO A) MeTo/1 10JIOBUHHOTO JiesieHus (OMCeKIMn)
s1. ro aHajau3a u B) Meron HproToHa (kKacaTeabHBIX)
MOJICJINPOBAaHU C) Meron npocToii ntepanuu
o, D) Meton I'aycca
TEOPETUYECKOT E) Meton xopa (cexymux)
ou Otsetnl: B, C, E
IKCIEPUMEHTAT ObocHoBaHMeE:
BHOI'O YpaBHEHHUE SBISIETCS CKAISIPHBIM HEJIMHEWHBIM YPABHEHUEM, a HE CUCTEMOU
HCCIEN0BaHUS JMHEWHBIX ypaBHEHUH, nosToMy MetoA ["aycca (D) HempumeHuM.
B Meton Ooucekunu (A) TpeOyet nnTepBaia [a,b], Ha KOHIITaX KOTOPOro PYHKIMS UMEET
npodeccruoHan pasHble 3HAKH; MPH 3aJaHHOM TOJIBKO HauyaJIbHOM MPUOJIMKEHNH Xo 0€3 rapaHTuu
bHOM CMEHBI 3HaKa OH MOXET ObITh HE PEATU3yeM HAIPSAMYIO.
JESITENbHOCTH Merton Hrrotona (B) npumenuM, Tak kak (GyHKIUS I Kas ¥ JETKO BBIYUCISETCS e€

MIPOU3BOIHAS.
Merton npoctoit ureparuu (C) BO3MOXKEH IpU NPUBEACHUN YPaBHEHHS K BULY
X=@(X), 9TO JOMYCTUMO B IaHHOM CITy4ae.

Merton cexynmx (E) Takke moaxoauT, Tak Kak OH He TpeOyeT aHAIMTHYECKOTO




Tema

Kon n
(popmypoBk
a
KOMIIeTeHIIUH

Nuauxkaropsl
JOCTHKEHHUS
KOMIIETeHIINH

Tect nmo Teme

BBIYHCIICHUS TPOM3BOJHON U pabOTaeT C OHUM WU IByMSI HA4aJIbHBIMU
IPUOTMKEHUSMHU.

Bce Tpu BEIOpaHHBIX METO/1a IIUPOKO MCIIOIB3YIOTCS B BBIYUCIUTEILHON IPAKTUKE U
Jerko peanusyrorcs Ha Python (Hampumep, ¢ TOMOIIBIO IIMKIIOB U (YHKIIUHN), YTO
COOTBETCTBYET TPEOOBAHHSIM KOTHUTUBHOTO MTPOSKTHPOBAHUSI.

3aoanus KoMOUHUPOBAHHOZ0 MuUNA, NPEONONAZAIOWUE bIOOP HECKONbKUX
0meemos u3 npeodioIHceHHbIX.

IIpu MmoznenupoBaHUM HENMHENHON 3aBUCUMOCTH COIIPOTUBIICHUS] TEPMUCTOPA OT
TEMIIEPATYPHI BO3HUKAET 3a/1a4a PELICHNs YPAaBHEHMsI BUa

R(T)=Ro-e®W™" YTY "R _u3m=0,

rae T — uckomas Temneparypa (B KenbBuHax), ocTajibHbIE TApaMETPbl U3BECTHBI.
Kakue u3 crnegyronmx yTBepKASHH BEpHbI OTHOCUTEIBHO BBIOOPA YHCIEHHOTO
METO/Ia U €T0 peaaTnu3aiuu?

A) YpaBHEHHE MOKHO PEIINTh METOJIOM OMCEKIINH, €CIIM U3BECTEH HHTEpPBal
[Ta,Tb], Ha koropom R(Ta)-R(Th)<0

B) Meton HetoToHa npeinoyTUTENEH, TOCKOIBKY (DYHKIHMS OBICTPO MEHSETCS U
MMEET aHAJTUTHUYECKYIO IPOU3BOHYIO.

C) Jlnst moBbIIIeHUs HAIEKHOCTU BBIYMCICHUN clleyeT n30eraTtb METOJ0B,
YYBCTBUTEJBHBIX K HAUAJIbHOMY MPUOIHKEHUIO.

D) Metoa IN'aycca—3eiinens npuMeHUM, Tak KaK ypaBHEHHE HEJIMHEHHOE.

E) Peanmuzanus merona Ha Python ¢ ncnonszoBanuem scipy.optimize.root scalar
00€CTeymT BBICOKYIO TOUHOCTb U YCTOHYHBOCTb.

OtBet: A,B,C, E

ObocHoBaHMeE:

A — BepHO: MeTOo]1 OMCEKINK MPUMEHUM NPU HATMYUH HHTEPBaJia CO CMEHOW 3HaKa,
YTO TUITUYHO B (PU3NYECKUX U3MEPEHUSIX.




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIeTeHIIUH
B — BepHo: skcnioHeHIManbHas QyHKIUSA TTagKas, e€ Mpou3BOIHAS JIETKO
BBIUUCIISIETCS, UTO JiesiaeT Metoll HeroToHa 3¢ pekTuBHBIM.
C — BepHO: B MPAKTUUECKUX WH)KCHEPHBIX U KOTHUTHBHBIX 33/1a4aX Ba)KHA
YCTOMYMBOCTh, OCOOEHHO MPU HETOYHBIX BXOJHBIX JaHHBIX.
D — neBepHo: Metop ["aycca—3eiinens npeaHa3HayYeH I CUCTEM JTUHEHHBIX (MU
WHOTJ]a HETUHEHHBIX, HO B UTEPAIIMOHHOM (popMe) ypaBHEHUH, a 371eCh — OJIHO
CKaJIsipHOE HENIMHEHHOE ypaBHEHUE.
E — BepHo: 6ubnmoTeka scipy npeaocTaBIsieT MPOTECTUPOBAHHBIE,
ONTUMM3UPOBAHHBIC U HA/IEKHBIC YUCIICHHBIE METO/IbI, YTO COOTBETCTBYET JIYUILIIUM
IIPAKTHUKaM IPOrpaMMUPOBAHUS U BBIYUCIUTEIbHON TEXHUKH.
Tema 5. Meton | OIIK-1. NOIIK-1.1. 3narp 3aoanua omKpvLIMO20 MUNA ¢ pa3eepHymuvim OMeemom.
IIPOCTOM Cnocoben OCHOBBI MaTEMaTHUKH, [Touemy npu UCTOIB30BAaHUHU METO/A TPOCTOM UTEPALIUHU IS PEIICHUS HEJIMHEHHOTO
uTepanuu MIPUMEHSATh bu3uKH, ypaBHEHHUS BHUJIa X= cOS(X) BaXKHO, YTOOBI MPOU3BOAHAS (PYHKINU O(X)=COS(X)
pelieHus €CTECTBEHHOHA | BBIYMCIUTEIILHOMN 10 MOAYJIO ObUIa MEHBIIIE UHUIIBI B OKPECTHOCTH KOpHs. [IpuBeauTte nmpumep, Kak
HEJIIMHEWHOTO YUHBIE TEXHUKH U ATO YCIIOBHE CBSI3aHO C HAJEKHOCTHIO BBIYMCIIEHUI HAa KOMITBIOTEPE.
YpaBHEHUS oOmienHxeHep | nporpamMupoBanust Ha | OTBeT:
HBIE 3HAHUS, 6a30BOM ypOBHE. ITpu ncronb30BaHUK METOJ1a IPOCTON UTEPALIUU ypaBHEHUE IPUBOANUTCS K BUILY
METO/IbI X=Q(X), ¥ OCJIEA0BATEIbHOCTh MPHOIMKEHUI CTPOUTCS 110 PopMyIie Xn+1= ((Xn).
MaTEMaTU4ECKO JU1s cXOIMMOCTH 3TOH MOCIE0BATENIBHOCTH K KOPHIO I0CTaTOYHO, YTOOBI B
ro aHajiM3a u OKPECTHOCTH KOPH$ BBIIOJIHSIOCH ycioBue |¢'(x)I<1
MOJIEJINPOBAaHU B ciyuae @(x)=cos(x) umeeM ¢'(x)=—sin(x), a TaK Kak |sin{/o(x)|<1 u BOMM3M KOpHS
s, (mpumepHO x~0,74) 3nauenwue |Sin(x)|~0,67<1, ycioBue cXOAUMOCTH BBITOIHEHO.
TEOPETUYECKOT OTO0 rapaHTHUpyeT, UTO KakJ1asi HoBasi utepanus Oyner OJuxke K pelieHuIo, a He
ou «YBOJAMTB) BBIUUCIIEHUA B CTOPOHY. C TOUKHU 3p€HUS BBIYUCINUTEIBHON TEXHUKH,
IKCIICPUMEHTAT coOJII0ZIEHHE ITOTO YCIIOBUS IPEIOTBPAIIAeT PACXOAUMOCTh U U3JIUIITHEE
BHOTO pacxoJ0BaHUE PECypcoB (BpEMEHH, MaMATH ), 00ecTieurBasi yCTOMUUBYIO U
HUCCJICIOBAHMA MpeJICKa3yeMyro paboTy aJIrOpUTMa Jlaxe MpU OrpaHUYeHHONW TOYHOCTHU




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk JAOCTHIKEHUSI
a KOMIIETEHIIMH
KOMIIETEHIHH
B MIPEACTABJICHHS YUCET B KOMITBIOTEPE.
npodeccruoHan
BHOH
JICATCIIBHOCTH 3aoanun omKkpeImozo muna ¢ pazeepHymvim 0meemom.

OnwuiuTe, Kak MOYKHO pean30BaTh METOJI IIPOCTOM nTepanuu Ha si3pike Python s
pellIeHUs] ypaBHEHUS X=¢ = YKaKUTe, Kakue 0a30BbIE 3JIEMEHTHI IIPOIPAaMMHUPOBAHUS
(uMKJ, yCIIOBHE, IEPEMEHHBIE) IPU 3TOM UCIOJIb3YIOTCS, U IOYEMY Ba)KHO 33]aBaTh
OrpaHMYEHUE Ha MAKCUMAJIbHOE YMCIIO UTEPALUil ¢ TOUKU 3peHUs paboThl
BBIYUCIIUTELHONU CHCTEMBI.
Orser:
Jlist pelieHust ypaBHEHUs X=¢€
X=€ ¥ METO/10M IPOCTON UTEPALIMU MOKHO HCII0JIb30BATh LIUKJI, B KOTOPOM Ha
KaX/101 UTepaluy BHIYUCIIAETCS] HOBOE MPUOIMIKEHUE X_new= EXP (- xold)
[Tpumep peanuzanuu Ha Python:
Python

. import math

1
2.
3.x=0.5 # HavasnbHOE NPUOIHKEHUE

4. eps = le-6 # TpeGyeMasi TOUHOCTb

5. max_iter=1000  # orpaHuuYeHHE 110 YUCITY UTEPAIHIA
6

7

8

9

. for i in range(max_iter):
X_new = math.exp(-x)
. ifabs(x_new - x) < eps:
10 break

11 x=Xx_new
12 else:

13 print("IocTUrHYTO MaKCUMAaJIbHOE YHCIIO UTepanuii'")
14




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U
15 print("Pemenmue:", x)
B nporpamme ncnons3yrores
e TIepeMeHHBIE (X, X New, eps, max_iter) It XpaHEeHUs JaHHBIX,
e Uk for A1 HOBTOPHOIO BBIUKCICHUSI IPUOIMKECHUIH,
® YCIIOBHBII oneparop if 1 IpoBepKU TOCTHKEHUS TOUHOCTH.
OrpannyeHre Ha MaKCUMaJIbHOE YHUCII0 UTEPALUN HE00XOUMO, TOTOMY YTO IIPH
HApYIICHUU YCIOBUS CXOAUMOCTH (Hampumep, ecnu |¢'(x)1>1
MIPOLIECC MOXKET 3ALUKIUTHCS WM BBIMOIHATHCS OECKOHEYHO JIOJIT0. ITO OCOOCHHO
Ba)XHO B BBIYUCIUTENBHBIX CUCTEMAX, TJIe HY)KHO FapaHTUPOBATh 3aBEPIICHUE
MporpamMMbl U U30€raTh 3aBUCAHUN UITH TIEPEPacxo/ia PECypCcoB.
Tewma 6. OIIK-1. HOIIK-1.1. 3narp 3aoanusn 3aKpeimozo muna Ha yCMAaHo61eHUe COOMEEH CMGUSL.
YucneHHbie Criocoben OCHOBBI MaTEMaTHKH, 3HaHME YUCIIEHHBIX METOJIOB AMMpPOKCUMAIMH U WUHTEPIOIUPOBAHUS HEOOXOAUMO B
METO/TbI MIPUMEHSTh busuKy, KOTHUTUBHOM TPOEKTHUPOBAHHUH TPOIIECCOB, MOCKOIBKY MpU paboTe C HEMOIHBIMH,
pelieHus 3aiady | eCTECTBEHHOHA | BBIYMCIUTEIbHOU 3alIyMIEHHBIMUA WM JTUCKPETHBIMU JaHHBIMU — HAIpPHUMEp, MPU MOJETHPOBAHUH
anmpoOKCUMAIIUU | YUHBIC U TEXHUKH U MOBEJICHUSI TIOJIb30BATENIsI 1O (PparMEHTApHBIM JIOTaM B3aUMOJCUCTBUSL WU
u OOIIEWHXEHEp | MPOTrPaMMUPOBAHMS HA | BOCCTAHOBIICHUU TPACKTOPUHN MPUHATHS pEIIeHUN — TpeOyeTcs aJleKBaTHBINA BBIOOD
WHTEPIOJIUPOBA | HbIC 3HAHUA, 0a30BOM ypOBHE. METO/Ma: TakK, IJs TJAIKOr0 BOCCTAHOBJEHUS (YHKIMH IO TOYHBIM JIaHHBIM
HUS B 33J]a49ax METOJIbI MOAXOMUT CIUTAWH-UHTEPIONALMSA, a MpPUd HAIMYUU IIyMa U HEOOXOAUMOCTH
KOTHUTHUBHOTO MaTeMaTHIeCKO 00001IeHNsT — METOJ] HAMMEHBIIUX KBAJPaTOB (ANMMpPOKCUMAIIUS TOJIMHOMAMHU
MIPOEKTUPOBAHU | TO aHAJIM3A U HU3KOHM CTENEHN).
sl IPOLIECCOB MOJEIMPOBAHU YcraHOBHUTE COOTBETCTBHE MEXIY 3a/1aueii (CUTyarueil) 1 HandoJee Mmoaxo UM
o, YUCJICHHBIM METOJIOM.
TEOPETUYECKOT Curyanus / 3a1ada MeTton
ou A | 3BecTHBI TOUHBIC 3HAYCHUS (PUIUIECKON 1 | Meton HaMMEHBIIUX
IKCIIEPUMEHTAIT BEJIMYUHBI B y3JIaX CETKH; TpeOyeTcs KBaJIpaToB
BHOTO BOCCTAHOBUTH (DYHKITUIO, TPOXOSIIYIO TOYHO (JiuHeiHas




Tema Kon n Nuauxkaropsl Tect nmo Teme
(popmypoBk AOCTHIKEHU A
a KOMIIEeTeHINH
KOMIIEeTeHUNH
HCCIIEA0BAHUs 4epes3 BCE TOUKH. perpeccusi)
B b DKCrepUMEHTAJIbHBIE JAHHBIE COJIEPIKaT 1IyM; 2 | Kybuueckwii crutaitH
npodeccuoHan HY>KHO HaWTH I1aJIKyI0 3aBUCUMOCTb,
bHOU OIMCBIBAIOUTYIO OOIIYIO TEHCHIIHUIO.
ACATCIIbHOCTH B TpeOyeTcst TOCTPOUTH HEMPEPHIBHYIO, TBAXKIbI 3 | [TonmmHOMHMANIbHAS

Qg depeHIUpyeMyI0 KPUBYIO Yepe3 3aJaHHbIe MHTEPIOIISAIHS
TOYKH JIJIS1 MOACTHUPOBAHUS TPACKTOPHH Jlarpanxa
JBYKCHHS pOOOTAa.

r Heo6xoaumMo ObICTpO peain30oBaTh 4 | Jlunetinas
NPUOIIKCHHUE 3aBUCUMOCTH «BXOJI—BBIXO/1» B HHTEPIOJISIIHS

KOTHUTHBHOH CHCTEME MOHHUTOpHHI'A C
MHUHHUMAJIbHBIMHU BBIYHCIINTCIBbHBIMU

Ortser:
A b B r
Kirou:
A b B r
3 1 2 4

3adanun 3aKkpeimozo muna Ha ycmanoeieHue cOOMEEmMCmeusl.

3HaHHe YUCIAECHHBIX MCTOZOB aIllIPOKCHUMAIIUN U UHTCPIIOJIUPOBAHHUA HCO6XOJII/IMO B
KOTHUTHBHOM  TPOCKTUPOBAHHHM  MPOIECCOB, IMOCKOJBKY OHH  TTO3BOJISIOT
BOCCTaHaBJIMBaTh U 000011aTh HEJOCTAIOIINE UM 3AIIyMJIEHHbBIE JaHHBIE HA OCHOBE
HUMCIOITUXCA Ha6J'IIO)IeHI/II\/'I, 4YTO KPUTUYHO JIA IMOCTPOCHUA adallTUBHBIX MO)ICJ'ICf/i
NPUHATHS PELIeHUH; Hampumep, cieayoumid ¢parmeHT koxa Ha Python c¢
UCIIONIb30BaHUWEM  scipy.interpolate.interpld  peamuszyeT  KyCOUHO-JIMHEHHYIO
UHTEPHOJSIIMI0O — OJWH U3 0a30BBIX YHCICHHBIX METOJOB BOCCTAHOBIICHHS
q)yHKHI/II/I M0 JUCKPECTHBIM TOYKaM. YcTaHOBUTE COOTBETCTBHE MCKIY q)paFMeHTOM




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIeTeHIIUH
kojga Ha Python (¢ wucmonp30BaHMEM CTaHIAPTHBIX OHOIUOTEK) W YHUCICHHBIM
METOJIOM, KOTOPBI OH peaIn3yeT.
dparmMeHT Kojaa Meton
A | np.polyfit(x, y, 1) KyOudeckuii cruiaitn
b | scipy.interpolate.CubicSpline(X, [TonuHOMHUAIEHAS. HHTEPIIOJISALIHS
y) CTETICHH N
B | np.polyfit(x, y, len(x)-1) JlvHeliHas anmpOKCHMAIIHST
(MHK)
I' | scipy.interpolate.interpld(x, v, JluHeitHass HHTEPIOSAIS
kind="linear")
OtserT:
A b B r
Kirou:
A b B r
3 1 2 4
Tema 7. OIIK-1. NOIIK-1.1. 3naTp 3aoanus 3aKpbimozo muna Ha yCMAHO061EeHUE NOCE006AMETbHOCHU.
Yucnennas Criocobex OCHOBBI MaT€MaTHUKH, VYcTaHoBHTE TPaBUIIbHYIO TIOCIIEI0BATENIBHOCTh 3TANOB MOCTPOEHUSI KyOUYECKOTro
UHTEPIONSIINS | IPUMEHSTh buzukmy, CIulaifHa Juis BOCCTAHOBJIEHUS TJ1a/IKOM TPaeKTOPUHU JABHXKEHHs 0OBEKTa 110
CIJTaiHAMU €CTECTBEHHOHA | BBIYHCIUTEIIHBHOMN AKCIIEPUMEHTAJILHBIM TOUKaM (Hampumep, fanasie GPS-Tpeka).
yUHBIE U TEXHUKU U 1. Coop u mpenBaputenbHas 00pabOTKa 3KCIEPUMEHTAIBHBIX JTaHHBIX (yAaleHue
OOIIEenH)XEeHEp | MPOrpaMMHUPOBAHUS HA BBIOPOCOB, YIIOPSI0UMBAHKE 1O BPEMEHN )
HBbIE 3HAHUS, 6a30BOM ypOBHE. 2. ®opMupoBaHHe YNOPSIOUYEHHOro Habopa Y370B (Xi,Vi),[Zl€é Xi — BpPEMEHHBIE
METO/IbI METKH, Vi
MaTEMaTU4ECKO — KOOPJIMHATHI
ro aHajau3a u 3. CocraBieHue CHCTEMBl JIMHEWHBIX YpaBHEHUH JJIsI ONpEIeNieHHs BTOPBIX
MOJIEINPOBAaHU IPOU3BOJIHBIX (MOMEHTOB) CIIIaiiHa C Y4€TOM I'paHMYHBIX YCIOBMH (Harpumep,




Tema Kon n Nuauxkaropsl Tect nmo Teme

¢popmysmpoBk AOCTHKEHU S

a KOMIIeTeHIUH
KOMIIETeHIH U
s, €CTECTBEHHBIH crutaiin: S”(X0)=S"(xn)=0
TEOPETUYECKOT 4. PemeHue Moy4eHHON TPEXAMAroHaJIbHOW CUCTEMBI METOAOM IIPOrOHKH (WM C
ou HCIIOIb30BaHUEM OMOIMOTEKH, Harpumep scipy.linalg.solve _banded)
IKCIEPUMEHTAI 5. Hcnonp3oBaHue HaiIeHHBIX KO3(PPUIIMEHTOB [UIsi BBIYUCICHHUS 3HAYCHUN
BHOTO CIUTaliHa W €ro IMPOU3BOJHBIX B MPOMEXKYTOUHBIX TOYKaxX (Hampumep, Ais
HCCIIEI0BAaHUS BU3yaJIM3allMU WIK YIIPABICHUS ABUKECHUEM)
B Otser:
npodeccuoHan | | | | | | |
bHOI Kirou:
NEeSTeIbHOCTH ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘

3aoanus 3aKpeimozo muna Ha yCmanogieHue nOcae006ameabHOCHU.

Y cTaHOBHTE JIOTMYECKYIO ITOCIEA0BATEIBHOCTD AEMCTBUM IIPU IIPOIPAMMHON

peanu3aly 0JHOMEPHOH KyOuuecko crutaitH-uHTepronasuu Ha Python ¢

ucrnoJp30BaHueM oubnuoreku SciPy.

1. Nmmopt HeoOxomumbix moxyseit: from scipy.interpolate import CubicSpline u
import numpy as np

2. OnpeneneHre MacCUBOB Y31I0B: X = np.array([...]), y = np.array(]...])

3. Co3nmanme obwekTa crutaiiHa: cs = CubicSpline(X, y, bc_type='natural')

4. 'enepansi IUIOTHOM CETKM JUIs IUIaBHOTO  OTOOp@XEHUsS: X hew =
np.linspace(x.min(), x.max(), 100)

5. BpluncneHne MHTEPIOJMPOBAHHBIX 3HAUYEHUH: y new = cs(X_new) M ux
BU3yanu3anus (Hampumep, depe3 matplotlib)

R | | | |

Kirou:

1 2 3 [4 5 |




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk JTOCTUKEHU S
a KOMIIeTeHIUH

KOMIETeHIHH

Tema 8. OIIK-1. NOIIK-1.1. 3nars 3aoanusn KOMOUHUPOBAHHO20 MUNA, nNPeonoiazaroujue vlo0p 00HO20

MeTto1b1 Cnocoben OCHOBBI MAaTEMaTHUKH, npaguibHO20 OMeema u3 nPed10HCeHHbIX.

OJTHOMEPHOM MIPUMEHSITh buzukwy, dynxkums f(x)=x>—4x+5 MOmeIUPyeT 3aBUCHMOCTH YHEPTHH CHCTEMBI OT MOJI0KEHHUS

MUHUMH3ALAN €CTECTBEHHOHA | BBIYMCIUTEIIbHON YacTULbI BIOJIb OCH X
yUYHBIE U TEXHHUKH U TpeOyeTrcs HAWTH MOJIOXKEHHE paBHOBECHS (TO €CTh TOUKY MUHHUMYMAa SHEPTHH ),
OOIIENH)XEHEP | MPOrpaMMUPOBAHMS HA | UCIIOJIb3YS YMCIEHHBIM METOJI, HE TPEOYIOUINI BBIYMCICHUS IPOU3BOIHON U
HBIE 3HAHUS, 0a30BOM ypOBHE. MIPUTOHBIN JIJIs1 peanu3aliy Ha TPOCTOM MUKPOKOHTPOJUIEPE C OTPaHUYECHHBIMU
METO/IbI BBIYUCIIUTEIbHBIMU pecypcamu. Kakoit MmeTo1 HanboJiee 1einecooopa3Ho
MaTeMaTU4eCKO MPUMEHUTH?
ro aHajau3a u A) Metoa rpaiu€HTHOTO CITyCKa
MOJIETTMPOBAHU B) Merox Herotona
s, C) Meroza 30J10TOTO CEUCHHS
TEOPETUYECKOT D) MeTton HaucKopeuiiero ciycka
ou Otser: C
JKCIIEPUMEHTAI ObocHoBaHMeE:
BHOTO dyuxums f(x)=x*—4x+5 — KBagpaTHIHAS, YHUMOAAIbHAS U TIaJKas, ¥ €8 TOYHbIi
WCCIIeIOBaHUS MUHUMYM MO>KHO HalTH aHanuTU4YecKH (x=2). OHAKO B YCIOBUHU MOTYEPKUBACTCS,
B YTO 3aJla4ya PelrIaeTcsi Ha MPOCTOM MUKPOKOHTPOJIJIEPE C OTPAHUYEHHBIMU
npodeccruoHan pecypcamu, Ize:
bHOM e KelmaTesJIbHO Mu30eratb BBIYMCIEHUS MPOU3BOJAHBIX (UTO HCKIIIOYAeT METOMAbI
JESITENbHOCTH HploTOHA 1 rpalu€HTHOTO CIycKa);

e TpebyeTcs MUHUMYM apU(PMETHUECKUX ONepaluii U maMsTH;

e (yHKUUS YHUMOJAJbHA Ha MHTEPECYIOILEM UHTEPBAJIe.

MeToz 30J10TOro c€4eHNs — ITO JETEPMUHUPOBAHHBIN METO/I IPSIMOTO MTOUCKA, HE
TpeOYIOIIHI BHIYMCIEHUS IPOU3BOJHBIX, UCIOJIB3YIOLINI (PMKCHPOBAHHOE MPABUIIO
COKpAIlleHUs] HHTepBajia HeomnpenenéHHocTH. OH 0co0eHHO 2P PEeKTUBEH A
YHUMOJAJIBbHBIX (PYHKIMH U JIETKO pealn3yeTcsl 1a)ke Ha YCTPOMCTBaX ¢ HU3KOM




Tema

Kon n
(popmypoBk
a
KOMIIeTeHIIUH

Nuauxkaropsl
JOCTHKEHHUS
KOMIIETeHIINH

Tect nmo Teme

BBIUMCIUTENbHON MOIIHOCTBIO. B 0TIIM4Me 0T METO10B THIA IPAJUECHTHOTO CIIyCKa
i HeloToHa, OH HE MpeAnoaraeT XpaHeH!s: UCTOPUM UTEPALTUNA UITH CIIOKHBIX
orepanuil (Harpumep, JeJeHHs Ha Majble Yncia Uiu o0paieHus Mmatpun). Takum
00pa3om, METO/1 30JI0TOT0 CEYEHHsI ONTUMAJIEH B JAHHOM KOHTEKCTE.

3adanua KOMOUHUPOBAHHO20 MuUNA, NPEONO1azaroujue 6b100p 00HO20

nPaguIbHO20 OMEema u3 nPed10MHCeHHbIX.

[Tpu pazpaboTke nporpammsel Ha Python mis aBromaTnueckoil HAaCTPOUKH SIPKOCTH

JKpaHa B 3aBUCMMOCTH OT BHEIIHETO OCBEIICHU Oblja MOIy4eHa YHUMOJAIbHAs

¢bynkus ommbku E(a), rae o

o — k03¢ punment spxoctu. 3BecTHO, 4TO aHAIMTHYECKOE BhIpakeHue s E(a)

CJI0HO, TIPOU3BOHASI HEJOCTYITHA, & BEIYMCICHUE 3HAYCHUS (PYHKIIMH —

OTHOCHUTEIIBHO JOPOro no BpeMeHu. Kakoit MeToa 0JJTHOMEpHO MUHUMH3ALINU

o0ecrevynT HaXOXKACHHEe MUHUMYMa C MUHUMAJIbHBIM YHCJIOM BBIYHUCIICHHM

byHKIUN?

A) Metoz nepebopa (paBHOMEPHOTO ITOUCKA)

B) Meroa nuxoromMun

C) Meton mapabonuueckoit anmpokcumariu (Metoq bpenra)

D) Meton 30710TOTO CeueHuUs

Otset:D

O6ocHoBaHueE:

B 3amaue ykaszaHo, 4ToO:

e (ynkuusa ommbku E(a)

e FE(0) yHumoaanpHa;

® aHAJIUTHYECKOE BBIPAXKEHUE CII0KHOE, a IPOU3BOIHAS HEIOCTYITHA;

e BBIYKCIEHHE 3HAYeHHUs (QPYHKIUHM JOpOTO IO BPEMEHH, IOITOMY BaKHO
MHUHHMHU3UPOBATH YKCIIO BEI30BOB.

CpaBHUM BapHaHTHI:




Tema

Kon n
(popmypoBk
a
KOMIIeTeHIIUH

Nuauxkaropsl
JOCTHKEHHUS
KOMIIETeHIINH

Tect nmo Teme

Merton nepedopa (A) TpedyeT 04eHb MHOTO BBIYUCICHUNH (PYHKITUU 1 HEDPDEKTHUBEH.
Meton nuxoromuu (B) TpeOyer 3HaHUA 3HaKa POU3BOAHOM (UM UCIIOJIB30BAHUS
KOHEYHBIX Pa3HOCTEM), UTO JTUOO HEBO3MOKHO, JTMO0 TOMOTHUTEILHO YBEIHUYNBAET
YHUCJIO BBIYUCIICHUN.

Merton bpenra (C) nefictButenbHO 3(HEKTUBEH U 9aCTO UCIIOIB3YETCSl Ha TIPAKTHKE,
HO OH KOMOMHHUpYET NapaboInYecKyIo anmpOKCUMAIUIO U 30JI0TO€ CEYCHUE, U IIPU
HEYJAYHOH amnmpoOKCUMAIUU MOXKET JIeaTh JHUIIHUE Beuucienus. Kpome toro, on
CJIO’KHEE B pealTi3alliyl U MEHEee MPEICKa3yeM I10 YUCITY BHI30BOB (DYHKITHH.

Merton 3050T0ro ceuenus (D) rapanTtupyer cokpalieHre HHTepBalia oKucKa ¢
¢dukcupoBaHHbIM KO3 umenToM (~0.618) Ha kaxxa0i UTepanuu 1 TpedyeT pOBHO
OJIHO HOBOE BhIUMCIIeHHE QYHKIIMH HA mIar (Mocjie HayallbHOTO 3Tara). 9TO AeNaeT
ero HauboJiee 5KOHOMUYHBIM U HaJIEKHBIM B YCIIOBHAX, KOTIA KQK10€ BBIYHCICHHUE
GbyHKIIH 10pOTO.

[ToaTOoMy METOJT 30JI0TOTO CEYEHMSI — HAaWIYUIIU BHIOODP NMPHU YKa3aHHBIX
OTpaHUYCHUSIX.

[Tpumeuanue: Xots meTo] bpeHrta B cpesiHeM ObICTpee, B yCIOBUSIX CTPOTOM
HKOHOMHH BBI30BOB ()YHKIIMU M OTCYTCTBUS MH(POPMAIIUH O TI1aJKOCTH, 30JI0TOE
CeYeHUe MpeNouTUTENbHEE O1aroaps cBoeil rapaHTUPOBaHHON 3P(HEKTUBHOCTH U
IIPOCTOTE.

Tema 9.
Metonasbl
MHOTOMEPHOH
MUHUMU3ALUN

OIIK-1.
Cnocoben
HpI/IMeHSITI)
€CTECTBEHHOHA
YYHBIE U
OOIIenHKEHEP
HBIC 3HAHUI,
METO/IbI

NOIIK-1.1. 3narp
OCHOBBI MATEMATHKH,
buzukw,
BBIYMCIIUTEIbHON
TEXHUKH U
IporpaMMHUpOBaHUs Ha
06a30BOM ypOBHE.

3aoanun komounuposannozo muna, npeononazaoujue 6bl00p HECKOIbKUX
0meemos u3 npeoyoHceHHbIX.
[Tpu MonenupoBaHUH JBIKEHUS poOOTa B IIPOCTPAHCTBE TPEOyeTCs
MUHHMH3UPOBATH GYHKILUIO cTOoUMOCTH f(X,y,Z)
f(x,y,z), onmMCHIBAIOLIYIO SHEPro3aTpaThl Ha NepemeleHue. M3BecTHo, urto:

e (¢yHkums rmaakas u auddepenurpyema;

e  BBIUMCIIEHHE I'PAJMEHTa BO3MOXKHO, HO JOPOT0;

e 33Jaya pelraeTcsi Ha BCTPOSHHOM MPOIecCcope ¢ OTPAaHUYECHHOM NaMsIThIO.




Tema Kon n Nuauxkaropsl Tect nmo Teme

¢opmyaupoBk AOCTHKEHU S

a KOMIIeTeHIUH
KOMIIETeHIH U
MaTeMaTU4eCKO Kakue 13 nepeuncieHHbIX METOAOB MOTYT OBITh IPUMEHUMBI B TAHHOUN cUTyaluu?
ro aHajau3a u A) Metoa rpaiu€HTHOTO CITyCKa
MOJICIMPOBAHU B) Merox Herotona
o, C) Meroa conpsiKEHHBIX TPAIUEHTOB
TEOPETUYECKOT D) Meroa KOOpaAuHATHOTO CITycKa
oun E) 'enetnueckuii aroputm
SKCHEPUMEHTAI Otset: A,D
BHOTO O6ocHoBaHmue:
UCCIIeIOBAaHUS A) I'paguieHTHBIN CHyCK — MNPUMEHHMM, TaK Kak (YHKIMS TIaiKas W TpagucHT
B cymecTByeT. HecMOTpsi Ha €ro «JIOpOroBU3HY», METOJ TPeOyeT MUHUMYM ITaMSTH
npodeccuoHan (TONMbKO Tekylas TOYKa M TPAJAMEHT) W JIETKO pealn3yeTcsi Ha BCTPOEHHBIX
bHOU cucreMax. Ilpu ymMmepeHHOM umclie TMepeMeHHbIX (31ecb — 3) OH ocTaéres
JeSITeTbHOCTH MPAKTUYHBIM.

D) KoopauHatHblil cryck — He TpeOyeT IpajveHTa BOOOIIe: Ha KaKJIOM IIare

MUHUMU3UPYET (PYHKIHMIO MO OJHOW KOOpAMHATE. DTO OCOOEHHO BBITOJHO NpHU
OIpaHUYCHHBIX BBIYMUCIUTCIIBHBIX PpeCypcCax, TaK KaK IO3BOJIACT HCIOJb30BATh
OJIHOMEpHBIE METOJbI (Hampumep, 3070Toe ceueHue). [loaxomut s HEOONbIION
pasMepHOCTH (3 repeMeHHEbIe).

3aoanua KOMOUHUPOBAHHO20 Muna, NPeonoaazarouiue 6bl00p HEeCKOIbKUX
0meemog u3 npeodioIHceHHbIX.

Bb1 pa3pabatsiBaeTe nporpamMmmy Ha Python ayis HacTpoliku mapameTpoB HeipoceTu
(HeckoJIbKO ThICsiu BecoB). LleneBast GyHKIMS — HeNUWHEHHas1, HEBBIMYKJIasl, ITyMHas,
0e3 aHanmuTH4eckoro rpagueHTa. Kakue meTonsl 1eaecooOpa3HO paccMOTpeTh AJis
IIPAKTUYECKON peaan3anuu?

A) Metox HeroToHa

B) Metop croxactudyeckoro rpaaueHTHoro ciycka (SGD)




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIeTeHIIUH
C) Meropn JleBenbepra—MapkBapara
D) MeTon uMHUTaLIMK OTXKUTA
E) Meton Hennepa—Muaa (CUMIUIEKCHBIM METO.)
Otset:D,E
O6ocHoBaHueE:
D) Wmuranust oTxkura — O€3rpafueHTHBINA, CTOXAaCTUYECKUH METOJ, CIOCOOHBIMA
BBIXOAWTh M3 JIOKAIbHBIX MHUHUMYMOB. [lOAXOAMT N7 HEBBIMYKIBIX W LIYMHBIX
GyHKUMA, TA€ TPaJUEeHT HEJOCTYNEH. Xopomio paboTaeT B yCIOBHSIX
HeonpeAenEHHOCTH.
E) Meron Hemnepa—Mwuna — xinaccuueckuid mpsiMor (Oe3rpaJueHTHBINA) METO.
MHOTOMEpPHOH ONTHUMHU3AIMU, OCHOBaHHBIA Ha nedopmanuu cumiuiekca. Lupoko
UCTIONB3YeTCsl B TPAKTHYECKUX 3a7adax (HampuMmep, B ScCipy.optimize.minimize),
KOT'Jla TPaJeHT HEU3BECTEH, a Pa3MEPHOCTh YMepeHHas (10 HECKOIbKUX coTeH). s
THICSIY MApaMETPOB OH MOXKET ObITh MEIJIEHHBIM, HO TEOPETHYECKH IPUMEHUM U
4acTo UCIOoNb3yeTcs Kak baseline.
Tema 10. OIIK-1. NOIIK-1.1. 3narp 3aoanua omKpeImMo20 muna ¢ pa3eepHymovim 0meemom.
Meroas! Criocobex OCHOBBI MATEMATHKH, [Touemy npu 06pabOTKE 3KCIEPUMEHTAIBHBIX JAaHHBIX C JaTYUKOB (Hampumep,
YK CIEHHOTO IIPUMEHSATh ¢bu3uky, aKceyiepoMeTpa) JJisl ONpeIesIeHUs] CKOPOCTH OOBEKTA Yallle UCIIOb3YIOT YUCIEHHOE
WHTETPUPOBAHU | €CTECTBEHHOHA | BBIYMCIINUTEIbHON MHTETPUPOBAHUE, a HE YUCTIEHHOE AU pepeHnpoBanne?
au yUHBIE U TEXHUKU U Ortser:
muddepeHuupo | oOuienHX)eHep | mporpammupoBaHus Ha | YucnenHoe nuddepeHpoBaHue CUIBHO YCHIIMBAET IIYM B JAHHBIX, TOCKOJIBKY OHO
BaHUs HBIE 3HAHUS, 6a30BOM ypOBHE. OCHOBAaHO Ha BBIUMCIIEHUU pa3zHOCTel OJM3KMX 3HAUYEHUH: aaxe HeOosbIINe
METO/IbI MOTPEIIHOCTH HM3MEPEHUH TMPUBOAIT K OONBIIMM OLIMOKaM B IPOU3BOIHOIL.
MaTEMaTU4ECKO HanpoTuB, 4uciIeHHOE WHTETPUPOBAaHUE CIVIAXKMBAET IIYyM, TaK Kak CyMMHpYeET

T'0 aHaJIM3a 1
MOACIMPOBAHN

3HAYEHUSI BO BPEMEHH.
C ¢wusnueckoil TOYKU 3peHHUs, YCKOpeHHe (M3MepseMoe aKCeIepOMETPOM) — OTO




Tema Kon n Nuauxkaropsl Tect nmo Teme

dhopmyIMpoBK JTOCTUKEHU S

a KOMIIeTeHIUH
KOMIETeHIHH
A, MIPOU3BOIHAS CKOPOCTH, TO3TOMY YTOOBI MOJIYYUTh CKOPOCTh, HY’KHO HHTEIPUPOBATH
TEOPETUIECKOT YCKOpPEHUE TI0 BPEMEHH — JTO MpsiMast 3aaqa.
ou C BBIYMCIUTENBHON TOUKH 3PEHMsS, METOAbl WHTETPUPOBaHUS (HAMpUMeEp, METOJ]
IKCIIEPUMEHTAT Tpamenuii) YCTOWYUBBI M JIETKO PEATM3YIOTCS JTaXKe Ha MHUKPOKOHTPOJUIEpAx, TOTAa
BHOTO kak auddepennupoBanue TpeOyeT nMpeaBapuTeIbHON GUIbTPAMK TaHHBIX U 0oJiee
MCCIIEJOBAHUS cnoxHOW  o0paboTku. [lodTOMy HMHTErpUpOBaHHE MPEANOYTUTENbHEE TIPH
B BOCCTAHOBJICHHMHM KMHEMATUYECKUX BETUYHMH U3 SKCIIEPUMEHTAIbHBIX JTaHHBIX.
npogeccuoHan
bHOI
JeSITeITBHOCTH 3aoanus omkpoimozo muna c pazeepHymsim 0meemom.

[TpuBenure npumep ¢puszndeckoi 3ax1aun, rae HeoOXOAUMMO UCIIOIB30BaTh YHCICHHOE
MHTETPUPOBAHUE, U [TIOYEMY aHATUTHUUECKOE PEIICHHE HEBO3MOXKHO WU
HenenecoobpasHo. [IpogemMoHcTpupyiiTe npocTyio peanu3zanuio Ha Python ¢
HCII0JIb30BaHUEM CTAHJIAPTHON OUOIMOTEKH.

Otger:

[Tpumep: BbIuncieHHEe pabOThI CHIIBI COITPOTUBIICHUS BO3/1yXa IPU JIBUKEHUU Tea,
KOTJIa CHJIa 3aBHCHT OT CKOPOCTH CJIOKHBIM 06pasom, Hanmpumep F(v)=—kv?, a
CKOpOCTH V(t)

3a7jaHa Ta0IMYHO (10 TaHHBIM JIaTYMKOB) UJIM KAaK Pe3yJbTaT YUCIEHHOTO PELIeHUs

nudepenmansHoro ypapHenus. Toraa padota A= ttlz F (v(t))-v(t) dt

HE UMEET aHATMTHYECKOTO BBIPAXKEHUS, ecTu V(t)

v(t) Heu3BecTHA B IBHOM BH/IE.

B Takux cirydasx MpUMEHSIOT YMCIIEHHOE HHTerpupoBanue. [Ipocras peannzanus Ha
Python ¢ ucnonb3oBanuem scipy.integrate.trapz:

python

1 import numpy as np

2 from scipy.integrate import trapz

3

4 # Ilpumep: BpeMEeHHbIE METKH M CKOPOCTh (M3MEPEHHBIE U CMOJEIMPOBAHHBIE)




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTCeHIIUH
KOMIIeTeHIIUH
5 t=np.linspace(0, 10, 100) # Bpems ot 0 10 10 ¢
6 v =np.exp(-0.1 * t) # npumMep 3aryxaroiiei CKOpocTu
7k=05 # K02 (HUIMEHT CONTPOTUBIICHHS
8 F =-k* v**2 # cuia COnpOTHBIICHUS
9power=F *v # MTHOBEHHAsi MOLITHOCTb
10
11 work = trapz(power, t) # YMCIIEHHOE MHTETPUPOBAHUE
12 print("PaboTa cuibl conpotuBneHus:", work)
OTOT NOAX0J YHUBEPCAJIEH, YCTONYMB U JIETKO MaclITabupyeMm, 4To JIeJIaeT ero
NPENOYTUTEILHBIM B MH)KEHEPHBIX U (PU3NUECKUX pacu€rax, rae GyHKINHU 3aTaHbI
JUCKPETHO WIH CIIMILIKOM CJIOKHBI 111 aHAIMTUYECKOIO MUHTETPUPOBAHUS.
Tema 11. OIIK-1. NOIIK-1.1. 3nare 3aoanus 3aKpvimozo muna Ha yCMaHo81eHUe COOMEemcmeust
Yucnennoe Cnocoben OCHOBBI MAaTEMaTHUKH, VY cTaHOBHUTE COOTBETCTBUE MEXKIY METOJIOM YUCIIEHHOTO penieHus 3aaauu Komm n
pellIeHne 3aJa4ui | IPUMEHSTh buzukwy, €ro XapakTepHUCTUKOM, OTpaXkaroliel 0COOEHHOCTH NPUMEHEHUs B (PU3HUECKUX U
Komm st €CTECTBEHHOHA | BBIYMCIUTEIBHON BBIYHCIIMTEJIBHBIX 33Ja4aXx.
CUCTEM YYHBIE U TEXHUKU U Meron XapakTeprucTruKa
OOBIKHOBEHHBIX | OONIECHHKXEHEP | NPOrPAMMHUPOBAHUS HA A Merton Diinepa TpeOyeT BbIUUCICHUS TIPOU3BOAHBIX BBICIINX
nuddepeHnnans | Hble 3HaHUS, 0a30BOM ypOBHE. MOPSAJIKOB; Ja€T BHICOKYIO TOUHOCTH IPU MaJIOM
HBIX YPaBHEHUHN | METOJbI YHCJIE I11aroB, HO CJIOJKEH B peau3aluy I
MaTeMaTU4eCKO CHUCTEM.
I'0 aHaM3a U b Meron Pynre— IIpoct B peanusanyu, HO UMEET HU3KYIO TOYHOCTh
MOACINPOBAHU KyTTLI 4-ro 1 MOYXET OBITh HeyCTOI‘/'IHI/IB JOakKe JJId TJIaaKux
A, nopsiaka (RK4) CHCTEM IpH OOJIBIIOM IIare.
TEOPETHIECKOT B | Meron psanos He tpeGyer aHaIUTHYECKOTO BBIYMCIICHUS
ou Teitnopa MIPOU3BO/IHBIX, 00JIa/1aeT XOPOIINM OaJTaHCOM
AKCIIEPUMEHTAI TOYHOCTH U YCTOMUHMBOCTH; IIUPOKO
BHOTO HCIIOJIBb3YETCSl B MHKEHEPHBIX pacy€Tax.




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk JAOCTHKEHHSI
a KOMIIeTeHIINH

KOMIIETEHIIMH

HCCIICIOBAHUS OTBerT:

B A b B

npoeccroHan

BHOM Kimou:

JIeSITeIIbHOCTH A B B
2 3 1

3aoanusa 3aKkpvimozo muna Ha yCManoeieHue COOMeEencmeus

YcTaHOBHTE COOTBETCTBUE MEKTY (pr3uveckoi 3anadeii 1 HarnboJree 1o X0 IS IIHM
METOJIOM YHUCJIEHHOTO pemieHus 3aaaun Komu i e€ KOMIbIOTEPHOTO
MOJICJIMPOBAHUS MIPU OTPAHUYCHHBIX BHIYMCIUTEIBHBIX PECypCax.

duznueckas 3amada Meton

A | MopenupoBanue cBoOoAHOrO najeHus tena | 1 Merton Diinepa
¢ Y4€TOM COIIPOTHBIIEHUS BO3AyXa (CUCTEMA
u3 2 O/1Y)

b Pacuér TpaekTopuu 3apsKEHHON YacTHILIBI B | 2 SIBHbIN MeTOx PyHre—
HEOJIHOPOJAHOM MarHUTHOM IoJie (>k€cTKas KyrTs1 4-TO TIOpsika
cucrema OJ1Y) (RK4)

B NmuTanus ABUKEHHS TIJIaHETHI BOKPYT 3 HesBaEI MeTOn Min
3BE3/IbI (JI0TOCPOYHAsl MHTET A CHUMILIEKTUYECKU I
raMUJILTOHOBOM CHCTEMBI) WHTErpatop (Hampumep,

meTo] Bepre)
OtgerT:
A b B
Kirou:
A b B
1 2 3




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk AOCTHKEHU S
a KOMIIETCHIM U

KOMIIETeHIH U
Tema 12. OIIK-1. NOIIK-1.1. 3nath 3aoanusa 3aKpvimozo muna Ha yCMAaHo81eHUe NOCIE008AMENbHOCHIU.
UucneHnsle Crniocoben OCHOBBI MATEMATHKHU, VYcTaHoBUTE TPaBUIIBHYIO NTOCIIEI0BATEIBHOCTD 3TANOB [IPU YHCIEHHOM PELICHUH
METO/IbI MIPUMEHSTh busukwy, KpaeBOM 3a/1auu ISl ypaBHEHHUS TEIUIONPOBOJHOCTH B CTEPKHE C UCIIOJIb30BaHUEM
peueHus €CTECTBEHHOHA | BBIYUCIUTEIbHOMN METO/1a KOHEUHBIX Pa3HOCTEH U MOCIEAYIOLIEH pealn3alny B IporpaMMe.
KpaeBbIX 33/1a4 C | yUYHBIC U TEXHUKU U 1. ®opmynupoBka GuandecKoil Moaenu (ypaBHEHHUE, TPAHUYHBIC H HAYalIbHEIC
KOTHUTUBHBIMHU | OOLICHHXXEHEP | MPOTrpaMMHUpPOBAHUS HA yCIIOBUS)
MOJICIISIMU HbIC 3HAHMSI, 0a30BOM ypOBHE. 2. Jluckperm3anus MpoCTPAHCTBEHHOW 00JaCTH U alIPOKCHUMAITUS TIPOU3BOIHBIX
peanbHbIX METO/1bI KOHEUHBIMU PA3HOCTIMU
IIPOLIECCOB MaTeMaTH4ECKO 3. Tloctpoenue cucreMbl TUHEHHBIX anredpandeckux ypaBHeHuil (CJIAY)

ro aHaJIu3a U 4. Bsi0op uncnenHoro Merona pemenust CJIAY (nanmpumep, METOA MPOTOHKH )

MOJEIMPOBAHU 5. Peanu3zanus anropuTMa Ha sI3bIKE MPOTPAMMHUPOBAHMS M BU3YAITH3ALIUS

s, pe3yibTaTa

TEOPETUUECKOT OrtBeT:

on | | | | | |

JKCIIEPUMEHTAI Kirou:

E 2 3 4 E |

HCCIEA0BaHUS

B

npogeccHoHan 3aoanun 3aKpeimozo muna Ha yCMAaHo8AeHUE NOCIE006AMETbHOCIU.

BHOU [Ipy mocTpoeHn KOTHUTUBHOM MOJIENIH PACTIPEICNICHNs HANIPSKEHUS B YIPYTrOn

NEATEIIBHOCTH Oarke o1 Harpy3Koi HCMoNb3yeTcsl KpaeBas 3a1ada 1 JuddepeHInanTsHOro

YpaBHCHUA n3ruoa. YCTaHOBUTE JIOTUYCCKYHO ITOCJIICAOBATCIIBHOCTD HeﬁCTBHﬁ oT
(1)I/I3I/I'-I€CKOFO OIMUCAHUA N0 MOJYUCHUA YUCICHHOTO PCIICHUA.

1.

2.

OmnpeneneHne 3aBUCUMOCTH MeXy AedopMaliieid 1 HarpsbkeHueM (3akoH ['yka)
1 BbIBOJ AU PepeHInanbHOro ypaBHEHUS N3ruda

3ajaHue KpaeBbIX YCIOBUH (Hampumep, 3alleMJIEHHe Ha KOHIAX WM CBOOOJHOE
OTNHMpaHUE)

Anmpokcumanys BTOpOH M 4eTBEPTONM NMPOM3BOJIHBIX € MOMOLIBI0 HEHTPAIbHBIX




Tema Kon n Nuauxkaropsl Tect nmo Teme

¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U

pa3HocTen

4. dopmupoBaHHe pa3peKEHHON MaTPULIBI KECTKOCTU U BEKTOPA HArpy30K

5. Pemenue mnonydenHoir CJIAY ¢ wucnonp3oBaHueMm OHOIMOTEKH (Hampumep,
scipy.sparse.linalg.spsolve)

OtBeT:
Kirou:
1 [2 3 [4 5 |
Kpumepuu oyenueanua mecmoeozo 3a0anus:
Ouenka Kpurtepun onennBanus
OTJIUYHO ot 90 1o 100 % npaBuIBHO BBHINOIHEHHBIX 33/IaHUN
XOpo1Io ot 70 1o 89 % mnpaBUIILHO BHIMIOJHEHHBIX 3aJaHUI
YAOBJIETBOPUTEJIBHO ot 50 110 69 % npaBUIBLHO BBINOJHEHHBIX 3aJaHUI
HEy0BJIeTBOPUTEJbHO | MeHee 50 % npaBUIIbHO BHIIOJHEHHBIX 3aJaHUN

4.2 TUITOBBIE NIPAKTUYECKMUE 3AJAHUSA
[TpakTrueckue 3ajaHus JOJDKHBI OTpa)kaTb YMEHUE 00ydarolierocs MpUMEHITh OCBAUBAEMYI0 KOMIIETEHIIMIO B MIPAKTUUECKUX CUTyalUsIX U
IIPU PEIICHUH TPOU3BOJCTBEHHBIX 3a4a4.

Tema Koa n HNuaukaTopsl 3anaHus K NPAKTHYECKOMY 3aHATHIO
¢popmyaupoBk JOCTHKEHU S
a KOMIIETEHIINH
KOMIIEeTeHIINH
Tema 4. OIIK-1. HNOIIK-1.2. YMeTh Pacuemnasn 3a0aua 1
Henuueiinrie Crrocoben MIPUMEHSTh [Ipu MoznenupoBaHUM KOTHUTUBHOM KapThl CUCTEMBI YIIPABIICHUS IPEITPUATUEM




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
dhopmyIMpoBK JTOCTUKEHU S
a KOMIIeTeHIUH
KOMIETeHIHH
anrebpanveckue | MpUMEHSTh €CTECTBEHHOHAYYHBIE U | 3aBUCUMOCTh MEXK]y YpOBHEM IIU(POBOI 3pEIOCTH X
ypaBHEHUS U €CTECTBEHHOHA | OOLIEHHKEHEPHBIE X 1 3 (HEKTUBHOCTHIO OM3HEC-TIPOIIECCOB Y
METOAbI UX YUYHBIE U 3HAHMUA, METOIbI Y OIMIKMCBIBACTCA YPABHCHUCM!
N NP
peuicHus B OOIIIeNH)KEHEP | MAaTEMaTHYECKOTO y=—X+6x—5
3aj1ayax HbIE 3HAHMS, AHAIN34 ’ Omnpenenure, TpH KAKHX 3HAYCHAAX X s dexTuBHOCTS y paBHa Hym0. Mcnonb3yiite
KOTHUTHBHOTO | \rorop, MOJIEITHPOBAHHS, ;HaJII/ITI/I‘IeCKI/II/I MeTO/I (pelIeHrne KBaJpaTHOTO YPaBHEHUS).
TPOCKTUPOBAHH | \1areMaTHUeCK | TEOPETHYECKOTO U CHICHHC
i PemnMm ypaBHeHue:
Oro aHajM3a M | SKCIIEPUMEHTAILHOTO 9 9
MOJICTTUPOBAHU | MCCIICIOBAHUS B —XH6x5=0= X6x+5=0
JeHIp A . Huckpumunant: D=36-20=16
A, npodeccuoHanbHOM K )
OpHHU:
TEOPETUYECKOT | JIeATEeIbHOCTH.
ou < _6i\/16_6i4_X —1x =5
HKCIEPUMEHTA 2= 5 7 o T ez
TIBHOTO OtBeT: 3((eKTUBHOCT paBHA HYIIO IIPH X=1 U X=5
WCCIICTOBAHMS
2 P oaua 2
npodeccHonan acuemnasn 3adaua 2. §
LHOI B skcriepiMeHTaTLHOM UCCIIeIOBAHUN KOTHUTUBHOW MOJICITTH TIPUHSATO, YTO YPOBCHD
aBTOMATH3AIIMH X CBSI3aH C OLIMOKOI mporHosa f(x) creayromnum HelmnHeHHbIM
JeSITeIbHOCTH
ypaBHCHUEM:
f(x)=x3—-2x—-5

Haiinure npubmmkénHoe 3HaueHue KopHs ypaBHeHus f(x)=0 Ha oTpeske [2;3]
[2;3] METOIOM MMOJOBUHHOTO JeNieHns (MeTo OuceKIuu) ¢ ToYHOCThIo 10 0,1
Pemrenue:

[TpoBepum 3HaKH:

f(2)=8—4—-5=—1<0

f(3)=27-6—5=16>0 — KOpeHb ecTb.

Wrepanuu:

o Cepenuna c1=2,5: f(2,5)=15,625-5-5=5,625>0 — kopens B [2;2,5]




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢popmysmpoBk AOCTHKEHU S
a KOMIIETCHIM U
KOMIIeTeHIIUH
o (2=2,25:1(2,25)=11,39-4,5-5=1,89>0 — kopensb B [2;2,25]
o 3=2,125: 1(2,125)=9,59—4,25-5=0,34>0 — kopens B [2;2,125]
e C4=2,0625: f(2,0625)=8,78—4,125-5~-0,345<0 =~—0,345<0
Tenepb kopenb Mexy 2,0625 u 2,125. Cpeanee = 2,09, TOUHOCTb JOCTUTHYTA.
Otser: [IpubnuxEHHBIN KOpeHb X~2,1
Tema 5. Meton | OIIK-1. NOIIK-1.2. Ymers Pacuemnas 3aoaua 1.
IIPOCTOM Criocoben IPUMEHSTH [Tpu MoaenupoBaHNY 3aBUCUMOCTH MEXKIY YPOBHEM aBTOMAaTHU3ALIUU X
UTcpanuu IPUMEHATH €CTECTBEHHOHAYYHEBIE U Xu I/}H,ELGKCOM 3(1)(1)6KTI/IBHOCTI/I YIIPpaBJICHUA f(X) IOJIYYCHO HEIUHEHHOE YpaBHCHUE!
PCIICHHUA €CTECTBEHHOHA | OOIIECHHIKEHEPHBIE x=Inif0{(x+2)
HEJIMHEWHOT O VUHBIE 1 3HAHMS, METOJIbI [IpuBenuTe 3TO ypaBHEHUE K BUAY, IPUTOJHOMY AJI1 METOAA MPOCTON UTEpalluu, U
ypaBHEHUS OBLIEHIDKEHED | MATEMATHYECKOTO BBITIOJIHUTE OJIHY UTEPAINIO, B35B HAYaJIbHOE pUOIKeHue xo=1
HbIE 3HAHUS, aHajau3a u Pemerme:
METOJIEI T — YpaBHeHUE yKe 3anicaHo B Buae X=¢(X), rae ¢(x)=In (x+2)
BrImonHuM 0HY UTEpALIUIO:
MaTEMaTHYeCK | TEOPETUYECKOTO U xi=p(x0)=In(1+2)= In3 = 1,0986
Oro aHaju3a M | SKCIIEPUMEHTAIILHOTO Otser: x1~1,10
MOJIETUPOBAHU | MCCIIEI0BAaHUs B
A, npodeccuoHaIbHON
TEOPETUYECKOT | IEATEIbHOCTH. Pacuemnas 3adaua 2.
oun JI11 OLIEHKM yCTOMYMBOCTH KOTHUTUBHOW MOJIEIH UCIIOJIb3YETCSl ypaBHEHUE!
DKCIIEPUMEHTA x?—3x+1=0
JIBHOTO [TpuBenuTe €ro K UTEPALIMOHHOMY BUY X=0(X), 00€CIIeUnBaIOIIEMYy CXOUMOCTb B
HCCIEA0BaHUS OKpecTHOCTH KOpHA XE[0;1], 1 BeIMOIHUTE OJHY UTEpanuto mpu Xo=0,5
B Pemenmue:
npodeccHoHa W3 ncxoqHOTO ypaBHEHNUS BBIPA3HUM X:
BHOM

ACATCIIBHOCTHU




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk AOCTHKEHU S
a KOMIIETCHIM U
KOMIIETeHIH U
x?+1 x?+1
X2 =0 =53
X
[Tposepka: I(p’(x)|=|?|<1 npu XE[0;1] — ycmoBue cX0IUMOCTH BBIIOTHSIETCS.
OpnHa uteparus:
2
X1=(0,5) = 2= = 2280 = 22~ 0,4167
OrtBer: x1~0,42
Tema 6. OIIK-1. HOIIK-1.2. YMmeTs Pacuemnas 3adaua 1
Uucnennsle Cnocoben PUMEHSATh [Tpu uccnenoBaHUU BIMSHUS YPOBHS IIUGPOBOI 3peNOCTU MPEANPHUATHS X Ha UHIEKC
METOABbI OPUMEHATH €CTECTBEHHOHAYYHEBIE U OHGpaHHOHHOﬁ 3(1)(1)CKTI/IBHOCTI/I Y DOJYYCHBI ABA OKCIICPUMCHTAJIBHBIX 3HAYCHU:
peHICHUA 3a/1a9 | ecTecTBEHHOHA | OOIIEUH)KEHEPHBIC e npux=2, y=40
arpOKCUMANNN | yyppie 1 3HAHUS, METObI e 1pu X=4, y=60
" OOIIEHH)KEHEP | MaTeMaTH4eCKOTro
HUHTEPIOINPOBA | .0 3HAHMS, AHAIH3a OrnieHuTe 3HAYCHHE Y TIPH X=3 C TMOMOIIBIO JIMHEWHOW WHTEPIOJISAIINH.
HIDL B 3a/1atax METO/bI MOJICJINPOBAHUS, Pewmenne: ..
E;z)};fg;igggn MaTeMaTUYeCK | TEOPETUYECKOro U ;‘,)Zp;[yia g I;I:(?I;I(SHTGPHOMHHH:
5 TPOIIECCOB Or0 aHaJIn3a U | DKCIIEPUMEHTAIILHOIO 17 x-x
MOJICIIUPOBAHU | UCCIICIOBAHUS B
A, npodeccuoHaIbHON Ioncrapmsiem:
TEOPETHUYECKOT | NEeSITEIbHOCTH. y =40+ 62:;0 (3-2) =40 + 22—0 X 1=40+10=50
ou
JKCIEPUMEHTA Otsert: y = 50
JIBHOTO Pacuemnas 3adaua 2.




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
dhopmyIMpoBK JTOCTUKEHU S
a KOMIIeTeHIUH
KOMIETeHIHH
UCCIIeTOBaHUS I[To pe3ynbraTtam HaOIIOAEHU 32 TPEMS NPEANPUATUIMHU MOTy4EHBI JaHHbIE:
B
npodeccroHa YpoBeHb aBTOMATU3AIMH X 1 2 3
BHOH
JeSATeIbHOCTH Onenka KayecTBa MpoIeccoB y | 2 3 5
Haiiaure koaddunimeHTs! TMHEHHON annpokcuMupyomei GyHKiuu y=ax+b
METOJIOM HaMEHBIINX KBAJIPATOB, UCTIOIB3Ys YIPOMIEHHYIO (GOPMYITY I TPEX
TOYEK:
y3-
a=—2 b=y1—aX1
X3— X1
Pemenue
5-2
a=-—=-=15
3-1 2
b=2-1,5-1=0,5
Otger: y=1,5x10,5
Tema 7. OIIK-1. NOIIK-1.2. Ymers Pacuemnasn 3aoaua 1.
UucnenHas Criocoben MPUMCHSITh JlaHbI TpH y3I1a SKCIIEPUMEHTAITLHBIX JTAHHBIX, OIMCHIBAIOIINX 3aBHCHMOCTH YPOBHS
HUHTCPIOJIAN A MIPUMEHATH €CTECTBEHHOHAYYHLIE U aBTOMAaTHU3allMU X OT MHACKCA y&OBHCTBOpéHHOCTI/I COTPYAHUKOB Yy:
CIlTanHaMH €CTECTBEHHOHA | OOIIEUHIKEHEPHBIE (0, 1),(1,3),(2,2)
VUHBIE 1 3HAHHS, METOJIbI [Tpu mocTpoeHN: TUHEHHOTO CIUTaliHa (KyCOYHO-THHEHHON HHTEPIONSIINN ) HalTUTe
OOIIEHH)KEHEP | MaTeMaTHYeCKOTO ;HaquHe y pu x=1,5
HbIC 3HAHMUSI, aHaM3a u CHICHHC: o . .
Ha otpeske [1,2] nuHeiHbI crimaitH — 3To npsiMas Mexay Toukamiu (1,3) u (2,2)
METOTbI MOJICTTUPOBAHUS,




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk JTOCTUKEHU S
a KOMIIeTeHIUH
KOMIETeHIHH
MaTeMaTHYeCK | TEOPETUYECKOrO U VYpaBHEHHE MTPSMOIA:
Oro aHaJIu3a U | IKCIIEPUMEHTAIBLHOTO
MOJCIUPOBAHU | UCCIICAOBaHUs B y=3+ E (x-1)=3- (x-l) =4-x
i, npoQeccHoHanbHOH [Moxcrasisem x=1,5:
TEOPETUUYECKOT | JACSTEIHHOCTHU. y=4-1,5=2,5
ou OrtBeT: y=2,5
JKCIIEPUMEHTA
JBHOTO
HCCIIEIOBAHUS Pacuemnasa 3aoaua 2.
B [Tpu MoaenupoBaHWY KOTHUTUBHOM KapThl OM3HEC-TIPOIIecca MOTYUYEeHbI TaHHbIE:
npodeccuoHan x=[0, 2],y=[1, 5]
bHOH oL . .
eATEBHOCTH Hcnonp3yeTcst TMHEHHBIN CIUTAH HA 3TOM €IMHCTBEHHOM ydacTke. Haiinure
3HaueHNe PYHKIHUU B TOUKE X=1
Pemenue:
Jluneitnsiit crnaitn mexay (0,1) u (2,5)
y=1+ 2 (x —0) =1 +2x
2-0
ITpu x=1:
y=1+2-1=3
OtBer: y=3
Tema 8. OIIK-1. NOIIK-1.2. YMmeTb Pacuemnas 3aoaua 1.
MeTto bl Crniocoben IPUMEHSATh OyHKIMS 3aTpaT Ha aBTOMATH3AINI0 OU3HEC-TIpoIIecca B 3aBUCUMOCTH OT YPOBHS
OJTHOMEPHOM NPUMEHSATH €CTECTBEHHOHAYUHble U | BHEAPCHHUS X (B yca1. en1.) omuChIBaeTCs MapadoIon:
MUHHUMM3ALHMA | ecTeCTBEHHOHA | OOLICHH)KEHEPHBIC f(x)=x"—4x+5




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk AOCTHKEHU S
a KOMIIETCHIM U
KOMIIETeHIH U
YUHBIE U 3HaHMS, METOJIbI
OOIICHH)KEHEP | MaTeMaTHYEeCKOTO Haiinure 3HaueHue X, 0pu KOTOPOM 3aTPaThl MUHUMAJIbHBI, UCIIOIb3YS
HBIC 3HAHUS, aHaaM3a u AQHAIUTUYECKUHN METOJ] (HaX0XJACHUE BEPIINHBI 1apadoibl).
METO/IbI MOJICIUPOBAHUS, Permenue: 5 ,
MATEMATHUYECK | TEOPETHYECKOrO U ]_-[J'I}i lI)(BaL[PfTI/I‘IHOI/I bynknuu f(x)=ax“+bX+C MUHEMYM JOCTHTacTCs IIPU
Oro aHajiu3a 1 | SKCIICPUMCHTAJIBHOT'O = EN = <1
MOJEJIIUPOBAHU | UCCIIEIOBAHUS B
s, npodecCHOHATbHON OtBer: x=2
TEOPETHYECKOT | MeATEIbHOCTH.
ou
SKCIEPUMEHTA Pacuemnasn 3aoaua 2.
JILHOTO [Tpu uccnenoBanuu 3PpPEKTUBHOCTH PAOOTHI CUCTEMBI HAOTIOACHHSI 32 HCIIOJTHCHUEM
HCCIICIOBAHHS 3aKOHOB M0JTY4eHa SKCIIEPUMEHTaIIbHAs 3aBHCHMOCTD omnOku f(x) oT mapametpa
B HaCTPOI/IKI/IZXZ
npodeccuonan fx)=(x=3)"+1
BHOU
Omnpenenute 3HaYEHUE X, MPU KOTOPOM OIIMOKa MUHUMAIIbHA, 6€3 BBIYUCIICHUS
NEeSATETbHOCTH

IIPOM3BOIHOM, UCTIOJIB3YS CBOMCTBA KBaipaTa.

Pemenue:

KBazpar mo60ro uncia HeOTpHUIaTeIeH, MUHIMaTbHOE 3Hauenue (x—3)?=0
JIOCTUTAETCS MPH X=3

Toraa f(3)=0+1=1 — 3T0 MUHUMYM.

OtBer: x=3

Kpumepuu OUCHUBAHUA RPAKMUUECKUX 3auAmMuUIL:

Onenka

Kpurepum oueHnBanus

OTJINYHO

BricraBisiercs, ecnu oOydaromuiicss yMeeT YBA3BIBaTh TEOPHUIO C NMPAKTHKON (pemaer 3amgau, GOpMyJIHpyeT BBIBOJBI,




yMeeT MOSCHUTD MOITY4YEeHHbIE PE3YyJIbTaThl), BiIaleeT MOHATUMHBIM allapaToM, MOJHO U IITyOOKO OBJa/el MaTepruaioM 1o
3aJJaHHOM TeMe, 00OCHOBBIBACT CBOM CY)KJICHHUS U JaET MPABIIBLHBIC OTBETHI HA BOIPOCHI MPEIO1aBaTEeNs

XO0po1o BricTaBnsiercs, ecnu o0ydaromuiics yMeeT YBSI3bIBaThb TEOPHUIO C MPAKTHKOH (pemiaer 3agaud U (popMyIupyeT BBIBOBI,
YMEET MOSCHUTH MOJIyYEHHBIE PE3YJIbTaThl), BIAJACET MOHATUNHBIM aIlllapaToM, MIOJHO U INTyOOKO OBJIAJEN MaTepUAIIOM 10
3aJJaHHOM TeMme, HO COJep)KaHUE OTBETOB MMEIOT HEKOTOpble HETOYHOCTH U TPeOyIOT yTOUHEHHUS U KOMMEHTapHs CO
CTOPOHBI NPEN01aBaATENS

Y/10BJIETBOPHUTEJIHHO BrictaBnsiercsa, ecnau oOydaromiuiics 3HaeT M INOHMMAaeT MaTepual [0 3aJaHHOW TeMe, HO H3JI0KEHHE HEIOJIHOE,

HCIIOCJICAOBATCIIbHOC, NOMYCKAOTCA HETOYHOCTU B ONPCACICHUN HOHHTHﬁ,CTyﬂeHT HE MOET 000CHOBATh CBOM OTBETEHI
Ha YTOUYHAIOIIME BOIIPOCHI MPETIOaaBaTCIs

HEYAOBJIETBOPUTEC/ILHO

BricraBisiercs, eciau 00yJaronuiics 0MycKaeT OMIMOKY B ONIPEICIIEHUH MOHIATUH, NCKaXAIOIIUE UX CMBICI, OECTIOPSIIOYHO
U HEYBEpEHHO u3jaraet Marepuai. Jlemaer ommOKM B OTBETAaX HA YTOUYHSIIOIME BOIIPOCH! IPEnojaBaTessl

4.3. TUIIOBBIE 3AJAHUA IS KOHTPOJIBHBIX PABOT

KoHTtposnbHble paboThl coJiepKaT HECKOJIBKO MPAKTUYECKUX 33aJaHUN 10 MHIMBHyaJIbHBIM BapuUaHTaM, B MOJHOM OOBEME OXBAThIBAIOILUX
M3Y4YEHHBI MaTepuaia MO yKa3aHHOW TeMme. BBINoNHEHHE KOHTPOJBHBIX pabOT MO3BOJISIET ONPENEIUTh PE3YylbTaT OCBOEHUS KOMIIETEHIMH IO
JUCLMILIMHE B pAMKaX PacCMaTpUBacMOM TEMbI, OLICHUBAEMBIN ¢ TOMOLIbIO COOTBETCTBYIOIUX HHIUKATOPOB JOCTHKECHHS KOMIIETEHIIH.

Tema Koa n HNuauxaropsl TunoBoii BApMAaHT KOHTPOJIbHOH PadoThI
(popmyupoBK JAOCTHKEHUSI
a KOMIIeTeHI[UH
KOMIIeTeHIIUH
Tema 10. OIIK-1. NOIIK-1.2. Ymers 3aoaua 1 (HYucnennoe nuddepeHunpoBanme — npudIMKeHNne MPOU3BOIHON)
Metoabt CrniocobeH IPUMEHSATH [Tpn ucnbITAHMM aBTOMATHU3WPOBAHHON CHCTEMBI M3MEPEHA 3aBUCHMOCTH BPEMEHH
YHCIEHHOTO IPUMEHATH €CTECTBEHHOHAyUHBIe M | OTKJIHMKA t (B CEKYH/IaX) OT HAIPY3KH X (B yCIOBHBIX EIMHUIAX):
HUHTCTPUPOBAHU | ecTeCTBEHHOHA | OOIIEUHKEHEPHBIE X 1 2 3
a4 yYHBIE U 3HAHUS, METOIbI t(x) 2 S 10
Augepenuupo OOLIEeHH)KEHEP | MaTeMaTH4eCKOIro
BaHUs HbIE 3HAHMS, — Ouenure CKOPOCTb M3MEHEHNUS BPEMEHI OTKIIHKA IpH X=2 ¢ IOMOIIbIO IIEHTPATILHON
METObI MO/JICIIUPOBAHMS, PasHOCTHOH QopMybI:
MaTeMaTHYecK | TEOPETUYECKOTO U , ¢ Gebh)—t(x—h)
Oro aHajM3a M | SKCIIEPUMEHTAILHOTO t'(x) = — Yn
MOJICIMPOBAaHM | UCCIIEIOBaHUS B (3mech h=1)




Tema Kon u Nuauxkaropsl TuUnoBoi BApUAHT KOHTPOJIbHOH PadoThI

¢opmyaupoBk AOCTHKEHU S

a KOMIIeTeHIUH
KOMIIETeHIH U
A, npodeccuoHanbHOM
TEOPETUYECKOT | JIeATEIHHOCTH. Pemenue:
ou
3KCIIEPUMEHTA t'(2) = t@)-t(®) _10-2_8 _ 4

2 x1 2 2
JILHOTO
HCCICNOBAHMA Ortsert: t'(2) = 4 c/y.en.
B
npodeccronan 3aoaua 2. (Dopmyna npsIMOYTrOJIbHIUKOB — YHCICHHOE HHTETPUPOBAHHE)
BHOM [ToTpebnenue 3nekTposHEprUr ycTpoicTBOM (B KBT) B TeueHue 2 4acoB 3aqaHO
JeSITeIbHOCTH TabIuIen:
Bpewms t, u 0 1 2
Mounocts P(t), kBt 1 2 3

2
Ouenure obuee noTpedieHre >Hepruu 3a 2 vaca (T.e. | o P(© dt) meromom JIEeBBIX

MPSIMOYTOJIBHUKOB ¢ 1marom h=1
Pewienue:

[P (tdt = h-[P(0)+P(1)]=1-(1+2)=3 xBr\cdotpu

OrtBer:3 kBT'u

3aoaua 3 (Popmyna Tpamnenuii — YHUCICHHOE HHTETPUPOBAHUE)

st onieHKH 00BEMA TaHHBIX, MIEPEaBaeMbIX CEThIO, U3MEPEHA CKOPOCTh IMeperadyn
v(t) (B Mb/c):

t,c 0 2
v(t), Mb/c 4 8




Tema Kon u Nuauxkaropsl TuUnoBoi BApUAHT KOHTPOJIbHOH PadoThI
¢opmyaupoBk AOCTHKEHU S
a KOMIIETCHIM U
KOMIIETeHIH U
Haiinute npubmmkéHHOe 3HaueHHE 00bEMAa MEepelaHHBIX JAaHHBIX 32 2 CEKYH[bI
2 o
(f, v(t) dt) mo popmyse Tpanermii.
Pewenue:
2 h 2
fo v(t)dt = > [v(0)+v(2)] = 5 (4+8)=1-12=12 Mb
Otger: 12 Mb
Tema 11. OIIK-1. HOIIK-1.2. YmeTs 3aoaua 1
Hucnenunoe Cnocoben PUMEHSATH Mopenb u3MeHeHUs YUCICHHOCTH COTPYIHUKOB X(t) M YpOBHS aBTOMaTU3auu y(t) B
PCUICHUC 3a1a49 IPUMEHATH €CTECTBEHHOHAY4YHEBIE U KOMIIaHUH OIIUCKHIBACTCS CUCTEMOM:
A
Ko st €CTECTBEHHOHA | OOIICHHKCHEPHBIC {x h —0.1x
CHCTCM YUHBIE U 3HAHUS, METO/IbI y =0.2x
OOBIKHOBEHHBIX OGIIEHKEHep | MATEMATHIECKOTO c Ié&‘jil(‘[)%HLH\éH_}g)HOBI/I}IMI/I
HHq)(bepeHuHaﬂj’ HBIE 3HAHUS, aHajau3a u x(0)=100, y(0)=
HBIX YpaBHEHUHN
METO/IbI MOJICTTUPOBAHUS, . _ . n
Hcnone3ys meton Dinepa ¢ marom h=1, Haiinure npubnuxénnslie 3HaueHus x(1) u
MaTeMaTU4YeCcK | TEOPETUYECKOro U y(1)
Oro aHaJM3a U | HKCIIEPUMEHTAIBbHOTO Y —
MOJICIIUPOBAHU | UCCIICIOBAHUS B dopMyIb MeToza Ditepa:
4, MpOoeccHOHANbHO x1=Xo+h-x'(t0)=100+1:(—0.1-100)=100—10=90
TEOPETHUYECKOT | JeATEIbHOCTH. y1=yo+h-y'(to)=0+1-(0.2-100)=20
ou
JKCIIEPUMEHTA Ortser:
JIBHOTO x(1)=90;
HCCIIEIOBAHUS y(1)=20




Tema Kon u Nuauxkaropsl TuUnoBoi BApUAHT KOHTPOJIbHOH PadoThI
¢opmyaupoBk JTOCTUKEHU S
a KOMIIeTeHIUH
KOMIETeHIHH
B
npodeccronan 3aoaua 2.
bHOM { U =v
NEeATETbHOCTH v = —u

rae u(t) — ypoBeHb 3HaHUH, V(t) — CKOPOCTh X POCTA.
Havanpnsie yenosus: u(0)=1, v(0)=0

[Tpumenute meton Ditnepa ¢ marom h=0.5 ms naxoxaenus u(0.5) u v(0.5)

Pemienue:

u(0.5) =~ uo+h-u’(0)=1+0.5-v(0)=1+0.5-0=1
v(0.5)=vo+h-v'(0)=0+0.5-(-u(0))=0+0.5-(—1)=—0.5
Otgert: u(0.5)=1, v(0.5)=—0.5

Kpumepuu oyenueanus KonmpoavHoi pabomol:

Onenka

Kpurtepun onenuBanus

OTJIMYHO

BricTaBnisiercs, eciau oOy4arouuiicsi yMeeT YBSA3bIBaThb TEOPHIO C MPAKTHUKOHM (pemraer 3amayu, GOpMyJIUpYET BHIBOJIBI,
yMeeT MOSCHUTH MOJTYy4YEeHHbIE PEe3yNbTaThl), BIAJACET MOHATUIHHBIM allapaToM, IMOJHO U TIyOOKO OBJIa/ie]l MaTepruaioM o
3aJlaHHOM TeMe, 0OOCHOBBIBAET CBOM CYKJIEHUS U TAET

ITPaBWJIBHBIE OTBETHI HA BONPOCHI IIPENIOAABATENS

XOpo1Io

BricTaBnsiercs, ecnu oOydaromuiicss yMeeT yBSI3bIBaThb TEOPHUIO C MPAKTHUKOHN (pelaeT 3agaud U (pOpMyIHpyeT BHIBOJIBI,
yMeeT NOSCHUTH MOJTy4YEeHHbIE PEe3YyNIbTaThl), BIAJAEET MOHATUIHHBIM allapaToM, IMOJHO U TITyOOKO OBJIa/ie] MaTeprUaioM o
3aJJaHHOM TeMe, HO COJEep>KaHUE OTBETOB MMEIOT HEKOTOpPbIE HETOYHOCTH M TPeOyIOT YTOUHEHMSI U KOMMEHTapHs CO
CTOPOHBI NIPENOIABATENS.

YI0BJIETBOPHUTEILHO

BricraBnsercs, ecnu oOydaromuiics 3HAaeT W TOHMMAaeT MaTepuall MO 3aJaHHOM TeMe, HO H3JIOKEHHE HEIOJHOE,
HEMocle0BaTeNbHOE, JOMYCKAIOTCS HETOYHOCTU B OMpPENEICHUH MOHSATHH, CTY/IEHT HEe MOXKET 000CHOBAaTh CBOM OTBETHI
Ha YTOYHSIOIIHNE BOMIPOCHI MTPETO/1aBaTEIs




Hey/10BJIETBOPHUTEIHLHO

BricTaBnsiercs, ecnu 00ydaronuics 10MycKaeT OMMOKH B OMPEISTICHUH TIOHITHI, HCKAXAIONTUEe UX CMBICI, O€CTIOPSI0YHO
Y HEYBEPEHHO M3Jiaraet mMatepuali. Jlenaer ommoOKy B OTBETAaX HAa YTOYHSIONIME BOIPOCHI MPETIOAaBaTes

4.4. TATIOBBIE 3AJTAHUS JIJISI CAMOCTOSTEJIBHOM PABOTHI

CamocTosTenbHas paboTa BKIIOYaeT B ce0si MpopabOTKy TEOPETUUECKOTO MaTepHaa, U3ydeHrue peKOMEH1yeMOi JINTepaTypbl, BHITIOJTHEHUE
MIPAKTUKO-OPHUCHTUPOBAHHBIX 3aJaHUil (3amoiHeHHWe TaOJuIl, TPOBEACHUE CPAaBHUTEILHOTO aHaln3a, COCTABJICHHE CXEM U JIp.), pCEUICHHE
MIPAKTUYECKHX 3aj1a4, CO3/IaHre IPe3eHTalui, Hanucanue pedepaTos, MoA00pKa HOPMATUBHOTO M MHOTO MaTepualia U BHIIMOJIHEHHUE JPYTUX 3a1aHU

Tema

Kon n NHauKaTopbl 10CTHKEHUST KOMIIETeH MU TunoBoe 3a1anue AJ1s1 CAMOCTOATEIbHOI PadoThI
(popmympoBka
KOMIIeTEeHIIUH
Tema 1. OIIK- NOIIK-1.1. 3HaTh OCHOBBI MaTeMaTHKH, 3aoanue 1. Iloozomoeumsv peghepamvl u npezenmayuu Ha
DneMeHTHI 1.Cnocoben busuku, memy:
TEOpUHU MPUMEHSITh BBIYUCIIUTEIILHON TEXHUKU U «INeMEHThl TEOPUU TOTPEIIHOCTEM B  MaTEMaTHYECKOM
MOTPEIIHOCTE | €CTECTBEHHOHAYU | MPOTrpaMMHUpPOBaHUs Ha 0a30BOM YPOBHE. o0ecrevyeHnr KOTHUTUBHBIX TEXHOJIOTHI U TPOIIECCOB)
B HbIE U NOIIK-1.2. YMeTh NpUMEHSTD 1. Ponp Teopuu norpemHocTeid B 00eCrie4eHUH J10CTOBEPHOCTHU
MaTEeMaTHUYeCK | OOILIEHMH)KEHEPHBI | €CTECTBEHHOHAYYHbBIE U OOIIEHHKEHEPHBIE KOTHUTUBHBIX MOJENei
oM € 3HaHuS, 3HAHMS, METOJ[bI MATEMATUYECKOTO aHAM3a | 2. AHAIM3 BIMSHUS BBIYACIUTEIBHBIX TOTPEITHOCTEH Ha
o0ecrieueHuu | METOAbI 1 MOJICJIMPOBAHUS, TEOPETUYECKOIO U YCTOMYMBOCTh KOTHUTUBHBIX KapT
KOTHUTUBHBIX | MAaTEMAaTUYECKOT | SKCIIEPUMEHTAIHLHOTO UCCIICIOBAHUS B 3. OneHka MOTPEnTHOCTEH MPH aNIpPOKCHMAIUK AKCIIEPTHBIX
TEXHOJIOTHI U | O aHaIM3a U npohecCuOHANBHOM NeSTeNbHOCTH. JAHHBIX B KOTHUTUBHBIX CUCTEMAX
MIPOLIECCOB MO/JIEJIMPOBAHMUS, 4. TlorpemHOCTH OKPYIJICHUS M UX TOCIEICTBUS B YHCICHHOM
TEOPETUYECKOTO MOJIEJIMPOBAHUU KOTHUTUBHBIX MPOLECCOB
u 5. Metoasl KOHTpOJISI W MHHUMHU3AIMK TIOTPEIIHOCTEH B
AKCIIEPUMEHTAIIb aNropuTMax MOAJNEPKKA MPUHATUS PEIIEHUA Ha OCHOBE
HOTO KOTHUTHBHBIX TEXHOJIOTUH
HCCIIEIOBaHMS B
npodeccuoHaTbH
OM JIeATENbHOCTH
Tema 12. OIIK- MNOIIK-1.1. 3HaTh OCHOBBI MaTEMaTHKH, 3aoanue na cpasHUmMENbHLLIL AHAU3.
Uucnennole 1.Criocoben buzukmy, CpaBHHMTE METOJl KOHEUYHBIX pa3HOCTEd U METOH
METO/IbI MIPUMECHSITh BBIYUCIIUTEIILHON TEXHUKU U CTpENbObl TPH PENICHUU KPACBBIX 3a7ady, BO3HHUKAIOIIUX TPH
penieHus €CTeCTBEHHOHAYY | MPOTrpaMMUPOBaHMs Ha 0a30BOM YpOBHE. MOJICJIMPOBAHUHU CTAllMOHAPHOTO PACIIPEACIICHHS TEMIIEPATYPHI B




Tema Kon n NHauKaTopbl 10CTHKEHUST KOMIIETeH N Tunosoe 3a1anue AJ1s1 CAMOCTOATENbHOI PadoOThI
(popmymposka
KOMIIeTEHIIUH
KpaeBbIX HBIE U NOIIK-1.2. YMeTh TpUMEHSTH CTep’kHE (OJHOMEpHAs 3ajlaya TEIUJIONMPOBOAHOCTH). YKaXHTE,
3a/1a4 ¢ OOIIeNHKEHEPHBI | €CTECTBEHHOHAYUYHbIE U OOLIEMH)KEHEPHbBIE Kakod W3  METOJOB MpPOUIE  pEeaJn30BaTh HA  S3BIKE
KOTHUTUBHBIM | € 3HAHMS, 3HAHMSI, METOJ[bI MATEMATUYECKOTO aHAIM3a | MPOrPaMMHUPOBAHUS BBICOKOTO YpoBHs (Hampumep, Python) mpu
1 MOJAECIIAMH METO/IbI Y MOJICJIMPOBAHUS, TEOPETUYECKOIO U 0a30BBIX  3HAHMSAX  BBIUMCIUTENBHOM  MaTeMaTHKU U
peanbHBIX MaTEeMaTHYECKOT | HKCIIEPUMEHTAILHOT'O UCCIIC0OBAHUS B MIPOrpaMMHUPOBAHUSI.
IIPOLIECCOB 0 aHaM3a u pohecCuOHANBHOM NeSTebHOCTH. Otser:
MOJEIIMPOBAHUS, Meron  koneunbix  paszHoctedt  (MKP)  3amenser
TEOPETUYECKOTO muddepeHIMaTbHOe YpPaBHEHHE CHUCTEMOW —anreOpanyecKux
u ypaBHEHUH MyTEM alPOKCUMAILIMK MTPOU3BOIHBIX Pa3HOCTHBIMHU
3KCIIEPUMEHTAIIb CXxeMaMu Ha paBHOMEpHOM cerke. Jlnsg nuHEitHOW KpaeBou
HOT'O 3amauu 310 npuBouT K CJIAY ¢ TpéxanaroHanbHOM MaTpULEH,
HCCIIEJOBaHMSI B merko pemiaemor merogoM mnporoHku. MKP tpeOyer Tonbko
npodeCCHOHATTEH 0a30BBIX 3HAHWH JIMHCWHOH  anreOpbl ¥ IUKIOB B
Ol IeSITEJIbHOCTH MIPOrpaMMHUpPOBAHUMU.

Meton cTpenbObl CBOAUT KpaeByl 3ajady K 3ajgade
Komm, nonbupas HayanpHOE yCIOBHE TakK, 4TOOBI pelleHue
YIOBIIETBOPSUIO TPAHUYHOMY YCIIOBHIO Ha JPYrOM KOHIE. OTO
TpeOyeT MHOTOKpAaTHOrO 4YHCIEHHOro wuHTterpupoBanus O/Y
(manpumep, metoaoM Jinepa unu Pyare—KyTTsl) u peanuzanuu
IpoIelypbl MOUCKA KOPHS (Hampumep, METOJIOM IOJIOBHHHOTO
JeJICHMST), UTO CJIO’KHEE B pealn3alii U MEHee yCTOWYHBO.

ITpu 6a30BOM ypOBHE MOJATOTOBKM METOJ] KOHEYHBIX
pazHoCTeW mpole A MOHUMaHMs, pealu3alud U OTJIAJKH,
0COOEHHO B 3aJjadyax ¢ JMHEWHBIMU YpAaBHEHHSIMHM U MPOCTHIMU
TPaHUYHBIMU  YCJIOBHMSIMHM, XapaKTEpHbIMU JUIsl (PU3HMUECKHUX
MOJI€NIEN B KOTHUTUBHOM IIPOEKTUPOBAHUH.

Kpumepuu OUCHUBAHUA CAMOCMOAMEIbHOT paﬁombl:

Onenka

Kpurepum oueHnBanus

OTJINYHO

BBICTABJIAICTCA €CJIIN pa60Ta HOCHUT Hay"IHO-I/ICCJIe,Z[OBaTCJ'ILCKI/Iﬁ XapaKTCP, NPOAHAIN3ZUPOBAH U CHACJIAH CpaBHI/ITCJ'ILHHﬁ




aHaJIN3 HECKOJIbKUX JIMTEPATyPHBIX UICTOYHUKOB, IPUBEACHBI PUMEPHI

XO0po1Io BBICTABJIACTCA €CIM IPOAHAIN3UPOBAH U CJEJIAaH CPaBHUTEJBHBIM aHalU3 HECKOJbKUX JIMTEPATYPHBIX HCTOYHMKOB,
IIPUBEJICHBI IPUMEPBI
YI0BJIETBOPHUTEIbHO BBICTABJIIETCS €CJIM ITPOBEJIEH CPABHUTENbHBIN aHAJIN3 HAYYHO-METOANUYECKOH JINTEPATYPBI, IPUBEACHBI IPUMEPHI

HEY/I0BJIETBOPHTEJIBHO | BHICTABJIICTCA eciy paboTa mpoliyia NpoBepKy Ha aHTUILJIATUAT M COOTBETCTBYET TpeOOBaHUAM 0(OPMIICHUS

4.5. UHAUBUAYAJIBHBIE 3AJAHUSA JJI51 KYPCOBBIX PABOT

KypcoBas paboTa mo3BOJIsIeT BBISIBUTH CTEICHb BIIAJCHUS 0a30BBIMH 3HAHUSMH, YMEHUSMHU M HaBBIKAMU, HEOOXOIUMBIMU JUIsI OOy4eHUs, U
ONPEIEIUTh YPOBEHD BIIAJICHUS HOBBIM MaTEPHAIIOM.

[IpumepHbIe UHIUBHUyaIbHBIC 3aIaHUs (TEMBI) JJIsi KYPCOBBIX paboT:

KypcoBas pabota He mpeycMOTpeHa y4eOHbIM MIaHOM

Kpumepuu oyenueanus Kypcosoit pabomul:

Ounenka Kputepun onenuBanus

OTJIMYHO CopepxaHue KypcoBOi pabOThl MOJHOCTBIO COOTBETCTBYET 3a/JaHUIO, COZIEpXkKAIIEMyCsl B METOJWYECKUX YKa3aHUSX, U
wiany. [IpeacraBiensl pe3ynbTaThl CTPYKTYPUPOBAHHOTO M IOTUYECKHU TOCIIEI0BATEIBHOTO 0030pa TUTEPATYPHBIX U UHBIX
HUCTOYHHUKOB IO TeMe uccienoBanus. CTpyKTypa KypcoBOW paOOTHI JIOTMYECKHM M METOIMYECKH BbLIEp)kaHa. BepHo
ONpeIeIeHbl UCXOAHbIE JaHHBIE IS pacueToB. Bce aHamuTUUYecKue pacyeTsl BBIIIOJIHEHbI BEPHO, KOPPEKTHO MPUMEHEHBI
METOJIbl 3KOHOMHYECKOTO aHajlu3a, HE HapylleHa METOJUKa aHaju3a IpeaMera uccienoBaHus. Bce BbIBOABI U
IPEUIOKEHUsT yOeAUTENbHO apryMeHTHpoBaHbl. Ilpu 3amuTe KypcoBoit paboThl 0Oydarouuiics MpaBUIbHO U YBEPEHHO
OTBEUAET Ha BOMNPOCHl MPENoJaBaTeNs, JIEMOHCTPUPYET TINyOOKOEe 3HAaHME TEOPETUYECKOro MarepHualia, CHoCOOeH
apryMEeHTHPOBATh COOCTBEHHBIE YTBEPKICHHS U BHIBOJIBI

X0pouIo CopepxaHue KypcoBOW pabOThl MOJHOCTHIO COOTBETCTBYET 3a/JaHUIO, COZIEpXAIIeMyCsi B METOJWYECKUX YKa3aHUSX, U
wiany. [IpencraBieHs! pe3ynbTaThl CTPYKTYPUPOBAHHOTO M JIOTHYECKHU TTOCIEI0BATEIBHOTO 0030pa JIUTEPaTypHBIX U MHBIX
HUCTOYHUKOB 1O TeMme uccienoBanus. CTpykTypa KypcoBOW paboOThl JIOTMUECKM M METOAMYECKH BblIep:kaHa. BepHo
oIpeJiesIeHbl UCXOAHbIE JTaHHBIE JJIs pacueToB. B pacuerax JomyckaroTcs He3HAauMTeNbHblE (HE HCKaXKarolue oOIIero
UTOTa OLEHKH) TMOrPEHIHOCTH/OMUOKU. bBOJBIIMHCTBO BBIBOJOB M MPENJIOKEHUH apryMEHTHPOBAHO, KOPPEKTHO
IIPUMEHEHBI METO/Ibl S)KOHOMUYECKOI'O aHajIM3a, He HapylleHa METOAMKa aHallu3a mnpeaMeTa ucciegaoBanus. OdopmiieHue
KypcoBOil pabOThl M TMOJY4YEHHbIE pE3yJbTaThl B IIEJIOM OTBEYAIOT TPEOOBAaHUSAM, H3JIO0XKEHHBIM B METOAMYECKUX
ykazaHusx. MimeroTcs oHa-iBe HECYIIECTBEHHBIE OIIMOKH B MCIOJIb30BAHUM TEPMHHOB, B MMOCTPOCHHBIX JUarpaMMax M
cxemax, B opopmieHur Tabnui. HannuecTByeT He3HaYMTENbHOE KOJUYECTBO IPaMMAaTHUECKUX W/HIIM CTHJIMCTHYECKHX
omnOok. [Ipu 3ammre KypcoBoit paboThl 00yYarOIIUIICS MPAaBUIBHO M YBEPEHHO OTBEYAET Ha OOJBIIMHCTBO BOIPOCOB
npenojaBaTesis, TEMOHCTPUPYET XOpolllee 3HaHHE TEOPETUYECKOTr0 MaTrepHalia, HO He BCerja Coco0eH apryMeHTHPOBAaTh




cOOCTBEHHBIE YTBEPkACHUS U BbIBOIbI. [Ipy HaBOAMIIMX BOMpocax MpernoaaBarTess UCIPaBIseT ONTMOKH B OTBETE

YAOBJIETBOPUTEJIBHO

Copepxanne KypcoBOW pabOThI MOJTHOCTBIO COOTBETCTBYET 3a/JIaHHIO, COICPKAIIEMYCs B METOIWYECKUX YKa3aHUSIX, U
miany. Pe3ynbrarhl 0030pa JIMTEpAaTypHBIX M HMHBIX HCTOYHHUKOB IPEJCTABICHBI HEIOCTATOYHO TOJHO, HEIOCTATOYHO
JIOTUYHO U IIOCJICAOBAaTENIbHO. BepHO OIpesciieHbl MCXOAHBIC JaHHBIC IS PacdyeToB, HO MMEIOTCS TI'pyObIe OIIMOKH B
pacdyetax. ApryMmMeHTanus BBIBOJOB M TPEMIOKEHUN cliabas WM OTCYTCTBYeT. DKOHOMHUYECKHE BBIBOJBI HOCST
KOHCTATHPYIOIIUH (ONMCcaTeIbHbIN) Xapakrep. VIMEITCS OJHO-ABa CYIIECTBCHHBIX OTKIOHCHHH OT TpeOOBaHU B
opopmileHHH KypcoBOW paboTel. IlomydeHHBIE pe3ynbTaThl B 1I€JIOM OTBEYAIOT TPEOOBAaHUAM, H3JI0KCHHBIM B
METOJAMYCCKUX YKa3aHUsAX. VIMEIOTCS OJHA-JIBE CYIIECTBCHHBIX OIIMOKHA B HCIIOJIb30BAHMHM TEPMHHOB, B IOCTPOCHHBIX
quarpaMMax M cxemax. MHOTro TIpaMMaTHYeCKUX W/WIIM CTHIMCTHYECKHUX ommoOok. [lpu 3amure KypcoBoil pabOThI
oOyJaromuiicst JOMycKaeT TpyObie OMMOKHM MPU OTBETaX HA BOMPOCHI IMperojaBaTelis, JEMOHCTPHUPYET claboe 3HaHUE
TEOPETUYECKOro MaTepuana, B OOJBIIMHCTBE CIy4yaeB HE CHOCOOEH YBEPEHHO apryMEHTHPOBAaTh COOCTBEHHBIE
YTBEPKJICHUS U BBIBOJIBI

HEYTOBJICTBOPUTEJIbHO

ConepxaHue KypcoBOM pabOOThI HE COOTBETCTBYET 3aJIaHHMIO, COJACPIXKAIEMYCS B METOJMYECKHX YKa3aHHAX, H
mwiany. HeBepHO ompenesieHbl UMCXOAHBIE JAHHBIE ISl PACUETOB, HEBEPHO M HE KOPPEKTHO MPUMEHEHBI METOJbI
AKOHOMHYECKOT'O aHaJIn3a. DKOHOMHUUYECKHE BBIBOJIBI COACPIKAT HEBEPHYIO DIKOHOMHUYECKYIO OIleHKY. MIMeroTcst 6oJiee NByx
CYIIECTBCHHBIX OTKJIIOHEHUH OT TpeOoBaHHU B O(OPMIICHHH KYpPCOBOHM paOOThl. BoJbIIOE KOJIMYECTBO CYIISCTBEHHBIX
OomuOOK MO CyTH PabOThl, MHOTO TPaMMAaTHYECKHUX M CTHJIMCTHYECKHUX OIMMOOK u jap. IlomydeHHBIE pe3yabTaThl HE
OTBEUAIOT TPEOOBAHUSM, H3JIOKCHHBIM B METOJUYECKHX YKa3aHusaX. [Ipu 3ammre KypcoBOW padOThl 0OydYaromIuiics
JEMOHCTPHUPYET cJlaboe TTOHMMaHUE MPOrPAaMMHOTO MaTepuala, CTYJICHT He MOXKET 3all[UTUTh CBOU PEIICHHUS, JOMYCKaeT
rpyOblie (akTHuecKre OMMOKH MpU OTBETaX Ha MOCTABJIIEHHbIE BONPOCH! WM BOBCE HE OTBeuaeT Ha HUX. Kypcoas pabota
He Tpe/cTaBleHa npenoaasarento. OOydaromuiics He IBUJICS Ha 3alIUTY KYPCOBOM paObOTHI

5. MATEPUAJIBI JIJISI OIEHKHA PE3YJIbTATOB IPOMEXKYTOUYHOM ATTECTAIIUM
[TpomexyTouHast aTTecTalus MPOBOJUTCS B (popMe dK3aMeHa
1.1. Bonpochl K 3K3aMeHYy B cemecTpe 3

WcTounuku u THnsl norpemHocteid. AOCONIIOTHASE U OTHOCUTENIbHAS TOTPEIIHOCTb.

2. [Ipsamas 3agaya Teopuu norpeurHocteif. OdparHas 3a1a4a TEOPUH MOTPELUTHOCTEH.

3. [lonsTe 00yCIOBICHHOCTH 3a/1a4H.

4. IToctaHoBKa 3a7jauu MHTEpHoOALUN. HTepnoasMoHHbII MHOrOuWwIeH Jlarpanika.

5. IlonsATHE 0 KOHEYHBIX pa3HOCTIX. HTepnoiAuuOHHbIN MHOTOWIeH HproToHA 1-T0 M 2-r0 poxa.

6. OneHka NorpeHoCTH MHOTOYJIEHHONW NHTEPIIOJISALINH.

7. O0yCIIOBIEHHOCTH 33/IJa4¥ MHOTOWJICHHON WHTEPIIOJISIUH.

8. [TocranoBKa 3a/1a4y HHTEpHOIALMHU cruaiiHamu. [locTpoenne kyorueckoro crutaiiHa. OLeHKa TOUHOCTH MHTEPIIONISALUY CIUTaliHAMM.




9. [MocTpoeHne KyOMUYECKOTO CIJIaifHa /TSl KPaeBbIX YCIOBUM 1-TO poja.

10. MeToz MpOTOHKY /IS pEIIEHUs] CUCTEM, BO3HUKAIOIINX MTPH MOCTPOSCHUH KyOMYeCKOro CIilaifHa.

11. TlocranoBka 3amauu uyucieHHoro auddepennupoBanusa. HuddepenuupoBanre Ha ocHoBe MHorowieHa Jlarpamka. YwucneHHoe
muddepeHpoBaHue Ha OCHOBE MHOTOWIeHa HploToHA.

12. IloctaHoBKa 3a/1a4y TPUTOHOMETPUUYECKOU UHTEPIOJISIIIUH.

13. Muorouiens! Yeobimena. CBsi3b MEXIY TPUTOHOMETPUUECKOH U anreOpandeckoil HHTEPIIOJISAIIUCH.

14. CgoticTBa aaredpandecKoi HHTEPIOJSIMHY C y3JIaMu B HyJIIX MHorowieHa T n+1(X). AJropuT™ BBIUKCIICHHUS 3HaYCHHUI MHOTOWwIeHa Pn (X, f).
15. IlocTanoBKa 3a/1a4y YUCICHHOTO UHTErpupoBanus. [locTpoeHue KBagpaTypHbIX (GOPMYIL.

16. KBaaparypusie popmyinbsl Hetorona-Koreca. O600mieHHas Gopmysia mpsMOyroJIbHUKOB.

17. O606mennas popmyina tpanenuu. O6o0menHas Gopmyna CuMIICOHA.

18. CpaBHEHME TOUHOCTH KBaJApaTypHBIX (popMyJil. Beiuncnenue narerpanoB merogamu Monte-Kapiio.

19. [locTaHoBKa 3a/1a4M YMCIEHHOTO PEUIEHUsI ypaBHEHUI. MeTO1 TOJIOBUHHOTO JEJICHHUS.

20. Metoa xopJ 1715 pelIeHNs ypaBHEHUH.

21. Meroa kacaTeNbHBIX JJISI pELICHUS] YpaBHEHUH.

22. Meroa utepanuid.

23. Ilonarue npudnmkenHoro pemenus CJIAY. OOycnoBI€HHOCTh CUCTEMBI U MAaTPULIBI CUCTEMBI.

24. Meton I'aycca pemenns CJIAY.

25. Meron I'aycca-Kopaana pemenust CJIAY. Boiuncnenue onpenenureneid ¢ nomoubio metona [Maycca.

26. Beruucienne oOpaTHBIX MaTPHI] C MOMOIIBI0 MeToa ["aycca.

27. Meton oproronannzanuu pemenust CJIAY.

28. Merox npocToii urepanuu pemenus CJIAY.

29. Meton 3eiinens pemenus CJIAY.

30. IlocTaHOBKa 3a7a4uu YUCICHHOTO PEILIEHUsI CUCTEMbI HEJIMHEHHBIX YpaBHEHUI. MeTo1 mpoCTON uTepaluu.

31. [lonarue o yacTHOM npobiieMe coOCTBEHHBIX 3HaYeHUH. CTeTeHHON METOI.

32. TlonsTHe 0 MOJIHOM MpobieMe cOOCTBEHHBIX 3HaUeHU. MeTo/Ibl pelIeHus.

33. IlocraHoBka 3agaun Oe3ycinoBHOM onTuMM3auuu. [loHATHE YHMMOAANBHOCTH (PyHKIMH. YUCIEHHOE pellleHHe N-MEPHBIX CUCTEM HEJMHEHHBIX
YPAaBHEHUH € TOMOIIBIO METOI0OB N-MEPHONH MUHHUMH3ALUN.

34. Metoa ckaHUpOBaHMS MOMCKa MUHUMYMa (DYHKIIMH OJTHOM NEepEeMEHHOI.

35. Meroabl noMcka MUHUMYyMa (DYHKIIMI HECKOJIBKUX MTEPEMEHHBIX.

36. IlonsaTue o yncaeHHoM pemennu 3agaun Komm. Meton Diinepa pemenus 3agaun Komn.

37. Metons! Pynre-Kyrra.

38. UYucnennoe pemenue 3amaun Komm ans cuctemsl nu¢pdepeHIHaNbHbIX YpaBHEHHH MEpBOro mopsaka. UMCIEHHbIE METOABl pPELICHUs
g depeHInaIbHOT0 YpaBHEHUS N-T0 MOPsIIKa U CUCTEMbI JUPPepeHInanbHbIX YPaBHEHUI N-T0 MOPsIIKa.



39. IlocTaHoBKa 3a/1a4M YHCICHHOTO PEIICHUS KpaeBhIX 3a7a4. MeTo CTpenbObl.

40.ITocraHoBKa 3a/1auy pa3HOCTHOM alMpoKCUMAIMN UCXOIHOM KpaeBoil 3a1auu. OLeHKa OrpelHOCTH.

41. MeTtoa MPOTOHKH JIJIsl alllTPOKCUMAIIUU MTPaBbIMU pa3HOCTAMHU. OIieHKa MOTPEIIHOCTH.

42. Metoa IpOroHKY JJ1sl IEHTPAJIbHO-Pa3HOCTHON CXEMBI.

43. Meton I'anepkuna.

44. Meton KOJIOKaIUH.

45. Vcronp30BaHUE METO/A CETOK I YMCICHHOTO PEIICHHS YPaBHEHHWM B YaCTHBIX MPOM3BOAHBIX. CeTOUYHBIM MeToj Iis 3amadyu (upuxie ms
ypaBaenus [lyaccona. OCOOCHHOCTH ammpOKCUMAIINH KPUBOJTHMHEWHBIX TPAHUIL.

46. MeToa CeTOK JIJIsl OTHOPOIHBIX YpaBHEHUH MapaboIMYeCcKOro THIA. Y CTOWYHNBOCTD SIBHOW U HESIBHOM CXEM.
47. MeTtoa MPOTOHKH JiJIsl OTHOPOIHBIX YPaBHEHUN MMapaObOINIECKOTO TUIIA.

48. MeToj ceTOK I ypaBHEHUH THITEPOOTMYECKOTO THIIA.

Kpumepuu oyeHueanus IKzamena.

Ouenka Kpurepun onueHnBanus

OTJIMYHO BricTaBisiercs, eciu 00ydJaronuMcs IPaBIIILHO M TIOJTHOCTBIO PACKPBITO COJIEpKAaHUE MaTepraiia B IIpeesiax MporpaMMBl,
YETKO ¥ MPABUIILHO JJAHBI ONIPECIICHHS U PACKPBITO COJICPIKAHUE MOHATUH, TOUHO UCIIOJIh30BAHBI HAYYHBIC M TEXHUYCCKHEC
TEPMUHBI, B OTBETC HCIOJIH30BAHBI paHEe MPUOOPETEHHBIE TECOPETHYCCKHUE 3HAHWS, CIICTaHbl HEOOXOIUMBIC BBIBOJIBI U
0000111eHUSA

XO0po1Io BeicraBnsiercs, ecim 0OydaroLmIMMCs PacKpbITO OCHOBHOE COJEp/KaHME MaTepuana B Hpeenax MpOorpaMMbl, IaHbI
OTIpEeJICJIEHUS] U PACKPBITO COJIEpKaHUe MOHATHI, B OTBETE UCIOJIb30BAHBI paHee MPUOOPETEHHBIE TEOPETUUECKIE 3HAHMS,
c/iesaHbl HE0OXOIMMbIE BBIBOJBI U 00OOIIEHMSI, HO MPUCYTCTBYIOT HE3HAUUTEIbHbBIE HAPYIIECHUS B IOCIEI0BATEIbHOCTH
U3JI0’KEHUS, UMEIOTCS] OJJHA-/IBE HETOYHOCTHU B COJIEP’KaHUU OTBETA

YOBJIETBOPUTEIbHO BricTaBnsierca, ecnu  oOyyaromumcsl coJep’kaHue ydyeOHOro Marepuaja HU3JI0KEHO (parMeHTapHO, HE Bcerja
MOCNe0BaTeNbHO, HE JaHbl OIMpENeleHHs, HE PACKPBITO COJAEp)KaHWE MOHITHM, WM OHU H3JI0XKEHBl C OIIMOKaMH,
JOTYCKAIOTCs OMMOKU U HETOYHOCTH B MCIOJIb30BAaHUU HAYYHOW TEPMHUHOJIOTHH, OTCYTCTBYIOT BBIBOJIBI U OOOOIICHUS U3
MpeIbIIYIIero MaTepuana, Uiy BO3MOXKHBI OIIMOKY B UX U3JI0KEHUU

HEy0BJIETBOPUTEILHO | BoicTaBisercs, eciu o0ydaromuMcs OCHOBHOE COJepXaHHe y4eOHOro marepuajia He pacKpbiTO, HE JArOTCSl OTBETHI Ha
OCHOBHBIE BONPOCHI, JOMYCKAIOTCS TpyOble OIIMOKKM B OMNpENelIeHUH MOHSITHHA, B HCIOJIH30BAHUH TEPMHHOJIOTHH,
OTCYTCTBYIOT BBIBOJIbI 1 0000IIEHHUS




6. MATEPHAJIBI JJISI JMAT'HOCTHYECKOM PABOThBI

3ananus 419 JUarHOCTHYECKOM paboThl T0JKHBI 00ecTIeYuBaTh OLIEHKY MOJHOCTHIO MIIM YaCTUYHO C(hOPMUPOBAHHBIX KoMIeTeHIui. Kaxnoe
3aJlaHuE JIOJDKHO OBITH MPHUBSI3aHO K TOMY UM HHOMY UHIUKATOPY C(hOPMUPOBAHHOCTH KOMIIETCHIIHHA.
Ilpu ghopmuposanuu 3ad0anuit 013 OuazZHOCMUUECKOU PADOMBL HEOOXOOUMO UCNOIL308AMb MECHLOBbLE 3A0AHUA C/IEOYIOUUX MUNOE.
Tun 3aanus 1. 3aanus 3aKpHITOrO TUIIA HA YCTAHOBJIEHHE COOTBETCTBUS.

Twun 3aganns 2. 3a,Z[aHI/I${ 3aKPBITOr'o THUIIA HA YCTAHOBJICHUEC ITOCJIICA0OBATCIIBHOCTH.

Tun 3aaaHus 3. 3aHaHI/I$I KOM6I/IHI/IpOBaHHOI‘O TUIIA, IpeAnojgararonue BBI60p OIHOTO IMPAaBUJIBHOI'O0 OTBCTA U3 MPCAJIOKCHHBIX.

Twun 3aganns 4. 3a,Z[aHI/I${ KOM6I/IHI/Ip0BaHHOFO TUIIA, IPEAIIOoJararomue BBI60p HECKOJIBKHUX OTBETOB U3 IIPCAJIOKCHHBIX.

Twun 3aganms S. 3a,Z[aHI/I${ OTKPBITOI'O THIIA C Pa3BEPHYTHIM OTBETOM.

Bce TUIIBI 3a]aHUi 1OJKHBI ObITH NMpeacTaBJ€HbI HE MEHEE OTHOI'0 pa3a.

Ne Tema Kon HNupuxarop Tun 3aganue YposeHs
n/n | 3aHATHA | KOMIIETeHLH 3a/laHusA OCBOEHHUS
" KOMIIeTeHIIH U
Bapuanr 1 Bapuanr 2
1. Tema 1. OIIK-1. HOIIK-1.1. 3a0anus | 1.3HaHUE 3IEMEHTOB TEOPHU NOTPEIIHOCTEH, 1 .Ilornmanwme cBsi3u MexXAy GpparMmeHTamu kona | bazoserit (1-3
Onementsl | CniocobeH 3HATh OCHOBBI | 3aKpblmo | BKIOYAS TUIIBI TOTPEITHOCTEH U UX Ha Python n Tumamu norpemrHocTei, KOTopbie MHHYTHI)
TEOpHUHU PUMEHSTD MaTeMaTHKH, 20 muna | ONpeneTeHus], HeOOXOIUMO JUIs KOPPEKTHON OHH WIITIOCTPUPYIOT WJIH ITO3BOJISTIOT OLICHHTH,
MOTPENIHO | €CTECTBEHHOHA | (DH3HKH, Ha OLICHKH TOYHOCTH ¥ HaI&KHOCTH BBIYHCICHHH | HEOOXOANMO IS pa3pabOTKH KOPPEKTHBIX,
CTel B y4HBIE U BBIUHMCIINTENb | YCMAHOG | B KOTHUTHUBHBIX TEXHOJIOTHSX, IIE JaXKe YCTOHYMBBIX U HHTEPIIPETHPYEMBIX
MaremMaruy | OOIIEMH)XEHEp | HOM TeXHUKH | JeHue HE3HAYUTEIIbHbIC OIMOKH MOTYT IIPUBECTH K | BBIYMCIIUTEIbHBIX MOJIENICH B KOTHUTHBHBIX
€CKOM HbIE 3HAHW, u coomeem | CyIIECTBEHHBIM UCKa)XCHUSIM B IIPUHSITHN TEXHOJIOTHSIX, TJIe TOYHOCTh YHCIEHHBIX
obecrieueH | METOJIbI POrpaMMHpO | cmeus PELICeHHIT WIIM MHTEPIIPETaluy JaHHbIX. orepanyii HanpsIMyIo BIHSET Ha Ka4eCTBO
1237 MareMaTH4ecK | BaHUs Ha YcTaHOBUTE COOTBETCTBUE MEXIY THIIOM aHaJIM3a M NPUHSATHUS PELICHU. Y CTaHOBUTE
KOTHUTUBH | Oro aHaim3a u | 0a30BOM HOTPELIHOCTH U € ONpe/ieieHHEM. COOTBETCTBHE MEXy (hparMeHTOM KoJia Ha
BIX MOJIEITUPOBAHU | YPOBHE. Tun Omnpenenenue Python u THIIOM MOTPENIHOCTH, KOTOPBIH OH
TEXHOJIOTH | 1, norpert WITIOCTPUPYET WM TI03BOJISIET OLICHUTB.
Hu TEOPETUYECKOT HOCTH ®parMeHT Tun
IPOIICCCOB | O K A | AGcon 1 OTHolIeHNE KoJia MOTPENIHOCTH
9KCIIEPUMEHTa FOTHAst a0COIIIOTHOI A | abs(x_true - 1 | OrHOCHTENbHAS
JIBHOTO Torpert TIOTPEITHOCTH K X_approx) MOTPENTHOCTh
MCCIICIOBaHUS HOCTh TOYHOMY (WK b | abs(x_true - 2 | AGcomoTtHas
B IPUOIMKEHHOMY) X_approx) / MOTPENTHOCTh
npodeccronan 3HAYCHUIO BEJINYHHBL. abs(x_true)
BHOH b | Ormoc | 2 | MakcuMmanbHO B | sys.float_info. | 3 | MamunHas
AEATENLHOCTH UTENIbH BO3MOXHOE epsilon HOTPEITHOCTb




ast OTKJIOHEHUE
Horpet pe3ynbrara
HOCTb BBIUUCIICHUS U3-32

KOHEYHOH TOYHOCTH
MIPECTABICHAS YHCEI
B KOMITBIOTEE.

B | Ilorpe | 3 | Pa3HOCTH MexIy

ITHOCTH TOYHBIM 3HAYEHHEM
OKpYTIT BEITUYMHEI U €6
eHus MPUOTHKEHHBIM

3HAYEHUEM.

r Mamu | 4 Omu6ka,

HHas BO3HUKAIOMIAS IPU
MOTpelI 3aMeHe OCCKOHEUHOM
HOCTh JECSTUUHOHN IpoOu
KOHEYHOM.
OrtBeT:
A b B r
Kunrou:
A b B r
3 1 4 2

(a11cHIIoH)

I | round(1.23456 | 4 | IorpemHoCTh
789, 4) OKpYTJICHUSI
OrtserT:
A b B I
Kirou:
A b B I
2 1 3 4

Tema 2.
YuciaeHHBI
€ METO/IBI
peteHus
3a1a4
JIMHEHHOM
anreOpel,
BO3HHKAIO
LIUX B
MPOCKTHPO
BaHUU
KOTHUTUBH
BIX
MoJIelIeit
peaTbHBIX
MPOLIECCOB

OIIK-1.
CrocoOeH
MPUMEHSITh
€CTECTBEHHOHA
YUHbIC U
oOIIeHHKEeHED
HbIE 3HAHUS,
METOIbI
MAaTEMaTUYECK
Oro aHajau3a u
MO/JICTTUPOBAHU
ﬂ’
TEOPETHYCCKOT
ou
JKCIEPUMEHTA
JILHOTO
HCCIIEOBAHNS
B

HOIIK-1.1.
3HaTh OCHOBBI
MaTeMaTHKH,
¢u3nKy,
BBIYKCIIUTED
HOH TeXHUKHU
H
MIPOTPaMMHPO
BaHUs Ha
6a3oBOM
YPOBHE.

3aoanus
3aKpbIMo
20 muna
Ha
YCmamos
JleHue
nocneoos
amenvHo
cmu

2.YcTaHOBUTE NPaBUIBHYIO
TIOCJIEIOBATENIEHOCTh 3TAIOB PELICHUS
TIPUKIIATHON 3a7a9u U3 (YU3UKH C
HCTIOB30BaHUEM YHCIICHHBIX METO/IOB
JTUHEWHOU areOphl U HOCTPOCHHUS
KOTHUTHUBHOH MOJEIIH.

1. ®opmymupoBKa PUINIECKON 3a7a9U

(HammpuMmep, pactpenencHre

TEeMIIepaTyphl B CTEPIKHE)

2. CocTaBjeHHE CUCTEMbBI TMHEHHBIX

anredpandeckux ypaBHenuit (CJIAY) Ha

OCHOBE MaTEMaTUYECKON MOJENN

3. Quckpermzanus nuddepeHImaTsHOoro

YPaBHEHHSI METOAOM KOHEUHBIX

pasHocTei

4. Peanuzanuys 4MCIEHHOTO METO/1a

(manpumep, meron ["aycca nnn

UTEPAIIMOHHBI METOJT) Ha S3BIKE

2.YcTaHOBUTE JIOTHYECKYIO
MIOCJIEIOBATEIEHOCTE IEHCTBUH IIPH BEIOOPE U
MIPUMEHEHNH YHCICHHOTO METO/1a JUIS PeIICHUS
CJIAY B BEIYHCIUTEILHON CHCTEME,
HCTIONb3yeMOI B KOTHUTHBHOM
MO/JIETTMPOBAHHH.

1. AHanu3 CBOWCTB MaTpPHILIbI

KO3 PHUIUEHTOB (Pa3MepHOCTH,

Pa3pe’EHHOCTh, 00YCIOBICHHOCTD)

2. Bp100op moAXOMIIET0 YUCISHHOTO

MeToza (TIPAMOH MITH UTEPAIlMOHHBIN) ¢

y4ETOM PEeCypCcOB BEIYHCIHTEIBHOM

TEXHUKH

3. IIpoBepka yCTOWYMBOCTH U TOUHOCTHU

BBIOPaHHOT'O METO/Ia K OMINOKaM

OKPYTJICHUS U TIOTPELIHOCTSIM JaHHBIX

4. IIporpammMHas peanu3anus MeToja ¢

y4€TOM apXHUTEKTYPBl BHIYUCIUTEIEHON

bazossrii (1-3
MUHYTHI)




npodeccronan
bHOU

IpOrpaMMUPOBaHUS
5. MuTepnperanus pe3ybTaToB B

cucremsl (CPU/GPU, napamnenusm)
5. Banupanys noJry4eHHOrO peuieHus

JEATETbHOCTH KOHTEKCTE MCXOHOH (hn3nuecKoit IyTEM CPaBHEHHS C TECTOBBIM HITH
3aJa4l ¥ KOPPEKTUPOBKA MOAEIH TIPH AHATUTHYECKUM PEIICHUEM
HEOOXOIUMOCTH OrtBeT:
Orger: | | | | |
| | | | | Kiniou
Koy |1 [ 2 |3 | 4 |5
[ 1+ [ 3 [ 2 [ 4 ] 5
Tema 3. OIIK-1. NOIIK-1.1. 3adanus | 3.Ilpu MoIenMpOBaHUH CTAIHOHAPHOTO 3.Br1 peanmm3yere Ha Python gncnennoe Bazossrii (1-3
Metosl Criocobex 3HaTh OCHOBBI | KOMOUMU | TEIIOBOTO TIOJISl B METAJNIMYECKO TIacTHHE pemenne CJIAY, Bo3HUKaromIEH pH pacuére MUHYTHI)
peuieHust NPUMEHSTh MaTeMaTuKd, | po6anHO2 | METOJOM KOHEYHBIX Pa3HOCTEH Oblia JNIEKTPUUECKHX Lierel o 3akoHam Kupxroda.
cucTeM €CTECTBEHHOHA | (U3MKH, 0 muna, MOJTydeHa cHcTeMa JIMHEHHBIX Marpuna ciucteMbl UMeeT HeOOJIbIION pa3mMep
JIMHEWHBIX | y4YHBIC U BBIUHCIIUTENb | npeonon | anrcOpamdeckux ypaBuenuii (CJIAY) (5 x 5) u 3aBemomo HeBbIpOXKIeHHas. Kakoit
anreOpand | OOIICHHXEHEp | HOW TeXHHUKH azaiowue | pasmepHocTbio 10 000 x 10 000 ¢ MOJX0.1 00ecTeYnT HanboJiee MpoCTyIo,
€CKHX HbIC 3HAHW, u eb1O0p pa3pexeHHOW MaTpuiel KO3 PpHUIIHEHTOB. HaI&KHYIO U TOYHYIO PEaIU3alliio IPH
YpaBHEHUH | METOJIBI MIPOTPAMMHPO | 0OHO20 Kakoit meron pemrenust CJIAY Oynet YCIIOBUH UCNOJIb30BaHUS CTaHIAPTHBIX
MaTeMaTH4ecK | BaHUS Ha npasuiby | Hanbolee 1enecooOpasHbIM C TOYKH 3PEHUS 6nbmmoTex?
oro aHammza u | 0a3oBOM 020 BBIYHCIIUTENHHON 3 pekTHBHOCTH 1 A) Pyunas peammzanust merona ["aycca ¢
MOJZICJIUPOBAHN | YPOBHE. omeema | PKOHOMHH TTaMsTH? BBIOOPOM T'TIAaBHOTO 3JIEMEHTA
s, us A) Metox Kpamepa B) HUcnionb3oBanue GyHKINH
TEOPETUUECKOT npeonoosic | B) Ipsmoii metox [aycca 6e3 yuéra numpy.linalg.solve(A, b)
oHu EHHbBIX Ppa3pe’KeHHOCTH C) MocnenoBarenbHOE MPUMEHEHHE MPABHIA
SKCIIEPUMEHTA C) Urepanmonnsiit Mmetoa Skobu ¢ Kpamepa ¢ BernciaeHreM Onpe/ieNuTeNei dyepes
JIBHOTO XpaHEHHEM TOJIKO HEHYJIEBBIX 2JIEMEHTOB PpeKypCHIO
HCCIIEIOBAaHUS D) O6parenue MaTpHUIlB! C MOCIIETYOIINM D) AHanuTHueckoe petieHne ¢ MOMOIIBI0
B YMHOXEHHEM Ha BEKTOP CBOOOJHBIX YICHOB CHMBOJIbHBIX BBIYUCIICHUH (Sympy.solve)
npogeccroHa Otger: C Bribepure ovH MpaBUIIbHbLI OTBET.
BHOU Ob6ocuoBanue: Merox Kpamepa (A) u OtBet: B
JeATETbHOCTH obpatenne Matpuis! (D) BeruncanTensHO O6ocHoBanue: /11 HeOOIIBIINX, XOPOIIO

He3QPEKTHBHBI TS OOJIBIINX CHCTEM
(cmoxxaocTh O(n! ) 1 O(n®) COOTBETCTBEHHO).
Meron I"aycca (B) npu crangapTHOM
peanu3aliy 3aroIHIET HyJIEBbIE AJIEMEHThI
(«3amoTHEeHNE»), YTO Pe3KO YBEIHMINBAET
norpebienne mamsaTH. tepanioHHbIH MeTox
SAxo6u (C) XopomIo MOaXOAUT I OOJBITHX
pa3peKeHHBIX CUCTEM, TI03BOJISIET XPAHHUTh

00yCIIOBJICHHBIX CUCTEM (DYHKIIHS
numpy.linalg.solve (B) ucrons3yer
ontumusnposanHsie LAPACK-anropurmsl
(mampumep, LU-pasnoxenue), odbecrneunBas
BBICOKYIO TOYHOCTB, CKOPOCTh ¥ YCTOIUMBOCTE.
Pyunas peanuzamnus (A) moaBepkeHa omrOkam
u meHee dpdextuBHa. Meron Kpamepa (C)
HecTaOMIIeH YNCICHHO U Hed(ppeKTruBeH naxe




TOJIbKO HECHYJICBLIC 3JICMCHTBI U JICTKO
pPeaIn3yCTCda Ha COBPECMCHHBIX
BBIYHUCIIMTCIBHBIX rmaT(bopMax, 9ToO aciaacT
€ro nNpeaArnoOYTUTEIIbHBIM B (1)PI31/I‘{€CKOM
MOJCITNPOBAHUN.

Jutst Matelx cucteM. CuMBouibHOe pentenue (D)
W30BITOYHO JUTS YUCIICHHOW 3a/1auu U
MeuieHHee. TakuM 00pa3oM, HCIIOIb30BaHHIE
MIPOBEPEHHON ONOTHOTEKN — JYYIINi BEIOOP C
TOYKHU 3pEHUS IPOTPaMMUPOBAHUS,
BBIYHCIIUTENBHON MaTeMaTHKU U QU3HIECKOTO
KOHTEKCTA.

Tema 4.
Hemunein
IS(
anredpany
ecKHe
YpaBHEHUS
U METOJIbI
X
pelIeHus B
3aa4ax
KOTHUTHUBH
oro
MPOEKTHPO
BaHUA

OIIK-1.
Cnocoben
TOPUMEHSITh
€CTECTBCHHOHA
YUHBIC U
00IIenHKEeHED
HBIC 3HAHMU,
METOJIbI
MaTeMaTHIeCK
OT0 aHaM3a U
MOJICTIMPOBAHH
s,
TEOPETHIECKOT
o
JKCIIEPUMEHTA
JIBHOI'O
MCCIIEIOBAHHUS
B
npogeccroHa
bHOMU
JeSTSBHOCTH

HOIIK-1.1.
3HaTh OCHOBEI
MaTeMaTHKH,
¢bu3uKy,
BBIYKCIIUTEND
HOM TEXHUKH
H
MIPOTPaMMHPO
BaHHs Ha
6a30BOM
YpOBHE.

3aoanus
KOMOUHU
PpOoBanHo2
0 muna,
npeonoi
azarouue
6b160p
HeCKOMbK
ux
omeemos
u3
npeonoic
EHHbIX

4.IIpu IpOEKTHPOBAHNU KOTHUTUBHON
MOJIENN AMHAMUKH TOIYJISIIIAHN UCTIONB3YETCS
HEJTMHEHHOE ypaBHEHHE B/
f(x)=x—1-X-(1-x)=0,

rae r>0 — nmapamerp pocra. Kaxue u3
MEPEYUCIICHHBIX METOJIOB MOTYT OBITh
MIPUMEHEHBI JUIs1 YUCICHHOTO HaXOXKICHHS
KOPHSI 3TOTO ypaBHEHHS IPH NU3BECTHOM
HavaxpHOM npudmxennu X0€(0,1) , u
nouemy?

A) MeTo MOJIOBUHHOTO JIeeHUS (OMCEKITHH)
B) Meton HeroToHa (KacaTeIbHBIX )

C) MeTton npocToit urepanuu

D) Metox I'aycca

E) Metoa xopa (cexymux)

Ortsetol: B, C, E

O0ocHOBaHue:

VYpaBHeHUE SBIISETCS CKATSAPHBIM
HEITMHEHHbIM ypaBHEHNEM, a HE CHCTEMOH
JIMHEHHBIX YpaBHEHHUH, TO3TOMY METOJ
laycca (D) HempumeHuM.

Mertopn 6uceknuu (A) TpeOyeT HHTepBaIa
[a,b], Ha KOHIIaX KOTOPOTO (PYHKINS UMEET
pa3Hble 3HaKH; TPH 3a8J]aHHOM TOJIBKO
HavanbHOM IpubimxeHnu X0 6e3 rapanTuu
CMEHBI 3HaKa OH MOJKET OBbITh HE pean3yeM
HaIpsMYIO.

Metox HriotoHa (B) mpumennm, Tak kKak
(yHKIHSA TIaIKas ¥ JIETKO BBIYHCIIACTCS €
MIPOM3BO/IHAS.

Merton npoctoii uteparyu (C) BO3MOXKEH MpH
MIPUBE/ICHUN YPAaBHEHUS K BULY X=((X), UTO
JIOIIYCTHMO B JAaHHOM CIIy4ae.

4 IIpu MoienupoBaHUH HETHHEHHON
3aBHCHMOCTH COTIPOTUBIICHHUS TEPMHICTOPA OT
TEeMIIEpPaTyphbl BO3HUKAET 3a7aua PEeIeHUs
YpaBHCHHUS BUIA

R(T)=R0:eB(T/1-T0/1) — Ruzm=0,

rae T — uckomas remnepatypa (B KenpBunax),
oCTaJbHbIE TTapaMeTphl U3BeCTHHI. Kakue u3
CIICAYIOIINX YTBEPKICHUIA BEPHBI
OTHOCHTEIIFHO BBIOOpa YMCICHHOTO METOa U
€ro peanuzauuu?

A) YpaBHEHHE MOKHO PEUINTH METOJOM
Omceknuy, eciu U3BecTeH uaTepBai [Ta,Tb], Ha
kotopom R(Ta)-R(Th)<0

B) Merton HeroToHa mpeanodTuTeneH,
MOCKOJIbKY (DYHKITUS OBICTPO MEHSCTCS U UMECT
AHATUTUYECKYIO MPOU3BOIHYIO.

C) Jlnst oBBITIIEHHS HAJIEKHOCTH BBIYHCIEHUN
cleayeT n30eraTb METOJJ0B, YYBCTBHTEIBHBIX K
HAYaJIbHOMY TPUOIIKEHHIO.

D) Meton INaycca—3efinens mpuMeHNM, TaK KakK
ypaBHCHHE HETTMHEHHOE.

E) Peanmzanus merona ava Python ¢
HCTIOB30BaHUEM Scipy.optimize.root_scalar
00eCTIeYnT BBICOKYIO TOYHOCTH U
YCTONYHMBOCTb.

Oteer: A, B,C,E

ObocHoBaHUeE:

A — BepHO: MeTOJT OMCEKINH MPUMEHHUM ITPH
HaJM4YMU MHTEpBaja cO CMEHON 3HaKa, 9ToO
TUIIHYHO B (PM3UYCCKUX U3MEPCHUSIX.

B — BepHO: SKCIIOHEHIMATbHAS ()YHKIIAS
riajaKas, e€ MpOu3BOIHAS JIETKO BBIYHCIISIETCS,
410 enaeT Meto] HeroToHa 2 (peKTHBHEIM.

[ToBbrmenHsIi (3-
5 MUHYT)




Merton cexymux (E) Takxe moaxoauT, Tak
KaK OH HE TpeOyeT aHaJIUTHYECKOTO
BEIYMCIICHUSI TPOU3BOIHON U paboTaer ¢
OITHUM WJIH ABYMS Ha4aJIbHBIMHU
MIPUOIMKSHUSAMI.

Bce Tpu BEIOpaHHBIX METO/IA IIHPOKO
HCTIONB3YIOTCS B BRIYHACIUTEIIEHON TIPAKTHKE
1 JIETKO peanu3ytoTcs Ha Python (Hammpumep, ¢
TIOMOIIBIO IIUKJIOB ¥ (DYHKIHH), 4TO
COOTBETCTBYET TPEOOBaHUSIM KOTHUTHBHOT'O
MIPOCKTUPOBAHMUSL.

C — BepHO: B MPAKTHYECKUX WHXKEHEPHBIX U
KOTHUTHUBHBIX 3a/a4aX Ba)KHa YCTOHYMBOCTB,
0Cc00EHHO TIPH HETOYHBIX BXOIHBIX JaHHBIX.

D — meBepno: meron ["aycca—3eiimens
MpeIHa3HaYeH Ul CHCTEM JIMHEHHBIX (M
HMHOT/Ja HEJIMHENHBIX, HO B UTEPALIUOHHOMN
(dopme) ypaBHEHHH, a 371eCh — OIHO CKAJISIPHOE
HEJIMHENHOE ypaBHEHUE.

E — BepHo: 6ubnMHoOTEKA SCIpy MPEIOCTaBISICT
[IPOTECTUPOBAHHBIE, ONITUMU3NPOBAHHBIC U
Ha/I&XHbIE YUCIIEHHbIE METO/IbI, YTO
COOTBETCTBYET JIYUIINM ITPAaKTHKaM
MPOrPAaMMHPOBAHUS U BEIYUCIUTEIBHOMN
TEXHUKH.

Tema 5.
MeTton
MIPOCTOM
UTEpaLuu
pelieHus
HEJWHEH
oro
YpaBHEHHUS

OIIK-1.
CriocobeH
TPHMEHSITh
€CTECTBCHHOHA
YUHBIC U
00IIenHKEeHED
HbIC 3HAHUS,
METO/IBI
MaTeMaTHIEeCK
Or0 aHaju3a u
MOJICIIMPOBAHH
s,
TEOPETHIECKOT
o
9KCHIEPUMCHTA
JIBHOTO
MCCIIEIOBAHHUS
B
npogeccroHa
BHOU
JIeATEeIbHOCTH

HOIIK-1.1.
3HaTh OCHOBBI
MaTeMaTHKH,
¢u3nKy,
BBIYHCIIUTEID
HOM TEXHUKH
H
MIPOrPaMMHUPO
BaHHS HA
6a3o0BOM
YpOBHE.

3aoanus
OMKpbIM
020 muna
c
DA3BEPHY
molm
omeemo
M

5.IToueMy NpH UCIOJIL30BAHUH METO/A
NPOCTOH UTEPALIMH VISl PELICHHS
HEJIMHEWHOTo YpaBHEHHMS BHAA X= COS(X)
Ba)KHO, YTOOBI IPOM3BOHAS (DYHKIIMU
p(x)=cos(x)

10 MOAYJIIO OblTa MEHBILIE €IMHUIIBI B
okpectHocTu KopHs. [IpuBenute npumep, Kak
9TO YCJIOBUE CBSI3aHO C HAJEKHOCTHIO
BBIYMCIICHUI Ha KOMIIBIOTEPE.

OtBer:

[1pu ucnonk30BaHUH METOAA MIPOCTOH
UTEpalUK ypaBHEHHE MPUBOAUTCS K BUILY
x=0(X), ¥ TIOCIIEAOBATEIHFHOCTH MPHOIMKCHAN
ctpourtcs 1o popmyine xn+1= @(xn). Jns
CXOAUMOCTH 3TOH MOCIJIEIOBATEILHOCTH K
KOPHIO JIOCTaTOYHO, YTOOBI B OKPECTHOCTH
KOPHS BBIIOJHSIIOCH ycioBue |@'(x)[<1

B cirydae @(x)=cos(x) umeem ¢'(x)=—sin(x), a
TaK Kak Isin[Z@](x)ISl 1 BOJIM3H KOPHS
(mpumepro x~0,74) 3HauenHwue |Sin(x)|~0,67<1,
YCJIOBHE CXOJMMOCTH BBIITOJHEHO. DTO
rapaHTHPYET, YTO KaXK/1asi HOBas UTepaLys
Oyzet ONIbKe K PEIICHHIO, a HE «YBOIUTHY
BBIYKCIIEHNs B cTOpOoHY. C TOUKH 3peHUs

5.0mumuTe, Kak MOXHO PEaTn30BaTh METOX
IIpocTOl uTepanuy Ha s3bike Python mist
pELICHUs ypaBHEHUS X=¢ * YKaXXHUTe, KaKhe
6a30BbIe MIEMEHTHI IPOTPAMMHUPOBAHUS (ITUKIL,
yCIIOBHE, IEPEMEHHBIE) ITPU ITOM
UCTIOJIB3YIOTCSI, ¥ I0YeMY BaXKHO 3a/1aBaTh
OrpaHHYEHHE Ha MAaKCHMaJIBHOE YHCIIO0
UTepanuii ¢ TOUKU 3peHUs paboThI
BBIYUCITUTEIHHON CUCTEMBI.

OtBer:

st penienust ypaBHEHHS X=¢ *

X=€7* METO/I0OM TIPOCTOH NTEpaLUK MOXKHO
HCIIONIB30BAaTh IIUKJI, B KOTOPOM Ha KaX101
UTEPALUH BBIUHUCIISIETCS HOBOE MPHOIIIKEHNE
Xnew=€XP (xold)

[Ipumep peanusannu Ha Python:

Python

1. import math

2.

3.x=0.5 # HavaJbpHOE MPHUOMKEHNE
4. eps = 1e-6 # TpeOyemasi TOUHOCTh

5. max_iter = 1000
YyHCIy UTepanuit
6.

# OrpaHUYCHUC T10

Bricoxkwuii (5-10
MHUHYT)




BBIYHMCIIUTENILHOM TEXHUKH, COOJIIOICHHE
9TOTO yCJIOBHS IPENOTBPAIIACT
PacxoJUMOCTh U H3JIHIIHEE PaCXOJOBaHUE
pecypcoB (BpeMeHH, TaMsTH), 00ecrieauBast
YCTOIYMBYIO M IpeCKa3yeMylo paboTy
aNTOpPHUTMA JaXke TP OrpaHHICHHON
TOYHOCTH NPEACTABICHUS YHCET B
KOMIIBIOTEPE.

7. for i in range(max_iter):
8. x_new = math.exp(-x)
9. ifabs(x_new - x) < eps:

10 break

11 Xx=Xx_new

12 else:

13 print("JIoCTUTHYTO MaKCHMAIIBHOE YHCIIO
nureparui'”)

14

15 print("Pemenue:", x)

B nporpamme HCHONB3YIOTCS

®  mepeMeHHbIE (X, X_New, eps, max_iter) 1is
XpaHeHI/ISI JaHHBbIX,

e 1k for s HOBTOPHOTO BBIYUCICHUS
pUOIMKESHUH,

®  yCIOBHBI omneparop if asst npoBepku
JOCTHKEHUS TOYHOCTH.

OrpaHuyeHne Ha MAKCUMAIIbHOE YHCIIO

UTepaluii HE0OXOAUMO, MOTOMY 4TO IPU

HapyIIeHUH YCIOBUSA CXOJUMOCTH (HarpuMep,

ecin |@'(x)1>1

HpOHeCC MOXKET 3alIUKIINTHCA UJIU BBIIIOJIHATHCA

OECKOHEYHO J0JT0. ITO 0COOCHHO BaXKHO B

BBIYUCIIUTCIIBHBIX CUCTEMAX, I'IC Hy)KHO

rapaHTHPOBaTh 3aBEPIIECHHE MPOrPAMMBI 1

n3berath 3aBUCAHUI WK TIEpepacxoia

pecypcos.

Tema 6. OI1K-1. HNOIIK-1.1. 3aoanua | 6.3HaHNWE YHCIIEHHBIX METOIOB 6.3HaHUE YNCICHHBIX METOIOB ammpokcumanuu | ba3oserit (1-3
Yucnennsl | CrocobeH 3HATh OCHOBBI | 3aKpblmo | aIpOKCUMAILUH U WHTEPIIOJUPOBAHHUS U MHTEPIIOJHUPOBAHUS HEOOXOIMMO B MUHYTHI)
€ METOIbl | IPHUMEHSTH MaTeMAaTHKH, 20 muna | HEOOXOIUMO B KOTHUTHBHOM KOTHUTHBHOM IIPOEKTHPOBAHUH MPOIECCOB,

peuieHus €CTeCTBEHHOHA | (pU3MKH, Ha HPOEKTHPOBAHHH MPOLIECCOB, MOCKOJIBbKY IIPH | MOCKOJBbKY OHH TI03BOJISIFOT BOCCTaHABIMBATD U

3a7a4 YYHBIE U BBIYHCIUTENb | ycmanog | paboTe ¢ HEMOJHBIMHU, 3aITYMIEHHBIMHU WIIN 000011aTh HETOCTAOIINE WIIN 3aITyMJIEHHBIE

ANMpOKCH | OOIICHHXXEHED | HOU TEXHWKH | JeHue JUCKPETHBIMY JaHHBIMUA — HAIPUMED, IPU JTAHHBIC HA OCHOBE MMEIOIINXCS HAOJIIOICHNUH,

Maruy 1 HbIC 3HAHMU, u coomeéem | MOJEIMPOBAHHUH OBEACHMUS MOIB30BATENSA 10 | YTO KPUTHYHO TSI TOCTPOCHHMS aIalTHBHBIX

UHTEPIION | METOJIBI MPOTPaAMMHPO | CMBuUs. (parMeHTapHBIM JIOTaM B3aUMOICHCTBUS WM | MOJEIICH MPUHATHS PCIICHUN; HAPUMeED,

UPOBaHHUSA | MaTeMaTHUYeCK | BaHUS Ha BOCCTAHOBJICHHH TPACKTOPHIA NPUHATHS cleayromui pparMeHT koja Ha Python ¢

B 3a/a4yax | Oro aHagmzau | 06a3oBOM peleHuit — TpedyeTcs aeKBaTHBIH BEIOOD HCIIONIB30BaHMEM scipy.interpolate.interpld

KOTHUTHBH | MOJCIHPOBAHU | YPOBHE. METOJIa: TaK, YIS TJIAJKOTO BOCCTAHOBJICHUS peanm3yeTr KyCOYHO-THHEHHYI0 HHTEPIIOJIALINIO




oro
MPOEKTUPO
BaHU

MPOLIECCOB

ﬂ’
TEOPETUYECKOT
o
SKCTICpHIMEHTA
JBHOTO
HCCIICIOBAHNS
B
npodeccronan
bHOMU
JIeATEIbHOCTH

(YHKIHU 110 TOYHBIM JaHHBIM TOIXOUT
CIUTAIH-UHTEPIOSIYSA, a IPY HAJTUYUH [ITyMa
1 HEOOXOIMMOCTH 00O0OIIIEHIS — METOJ
HAMMEHBIUINX KBaAPATOB (aImpoKCUMaIus

MTOJTMTHOMAaMH HU3KOH CTETICHH ).

YcTaHOBUTE COOTBETCTBUE MEXY 3a1a4eil
(curyanueit) 1 HauboIIee TOAXOISAIINM

— OJMH 13 0a30BBIX YUCICHHBIX METOLOB
BOCCTaHOBJICHHS ()YHKIIMHU TI0 TUCKPETHBIM
TOYKaM. Y CTAHOBUTE COOTBETCTBHE MEXKTY
¢parmenTom koxa Ha Python (¢
HCTIOJb30BaHUEM CTaHIAPTHHIX OMOIHOTEK) U
YHCJICHHBIM METOJIOM, KOTOPBIA OH peannu3yerT.

YHCICHHBIM METOAOM. ®parMeHT Merton
Koza
Curyarus / 3ama4a Merton A | np.polyfit(x, v, Ky6uaeckwuii
A | H3BecTHBI TOUHBIE Meron 1) CIUIaliH
3HAYCHHUS HauMeH b | scipy.interpolat [NonuHomuaneH
(bu3uueckoit BIIIAX e.CubicSpline( ast
BEJINYMHBI B y3J1axX KBaJpar X, Y) UHTEPIOJISLS
CEeTKH; TpeOyeTcs OB CTENEHH N
BOCCTaHOBHTh (mnei B | np.polyfit(x, y, JluneitHas
(byHKUHIO, Has len(x)-1) annpoOKCHMAaLus
MPOXOJSIIYH0 TOYHO perpecc (MHK)
uepes Bee TOUKM. ust) I | scipy.interpolat JIuneiinas
b | OkcnepumeHTanbHbIE Ky6wuue e.interpld(x, v, MHTEPIIOJISIUS
JIAHHBIE COJIEPIKAT CKUH kind='linear")
LIYM; HY’)KHO HalTH CILIalH OTBET:
ITaAKyIo A b r
3aBUCHMOCTb,
OIICHIBAOLIYIO Kiou:
001IyI0 TEHJEHITHIO. A B T
B | Tpebyercs [TonmuHO 3 1 4
MOCTPOUTH MHaJbH
HETPEPBIBHYIO, ast
JIBAYKIbI HHTEPI
T pepeHIIpyeMyIo OJISIITHS
KPHBYIO 4epes Jlarpan
3aJlaHHbIC TOYKH JIs xa
MO/JIETTMPOBaHUS
TPaeKTOpUHU
JIBIDKEHMS po0OoTa.
T Heobxomumo ObIcTpo JInueitn
pean3oBaTh ast
npuOIIKeHne HHTEPII
3aBUCHMOCTH «BXOJI— OJISILIUST




BBIXOI» B
KOTHUTHUBHOM
CHUCTEME
MOHUTOPHHTA C
MHUHAMAJIbHBIMA
BBIYHUCIINTEILHBIMI
OrtBer:
A b B r
Komrou:
A b B r
3 1 2 4

Tema 7.
YwuciaeHnHa
A
WHTEpHOJIs
s
crjiaiiHaM
u

OIIK-1.
Cnocoben
NPUMEHSTh
€CTECTBEHHOHA
yUHBIE U
00IIenHKEeHED
HbIC 3HAHW,
METOJIbI
MaTeMaTHIeCK
Or0 aHaM3a u
MOJICIIMPOBAHH
s,
TEOPETHIECKOT
ou
AKCIIEPUMEHTA
JIBHOTO
MCCIIEIOBAHHUS
B
npodeccroHan
BHOH
JIeATETbHOCTH

HOIIK-1.1.
3HaTh OCHOBBI
MaTEeMaTHKH,
¢bu3uKy,
BBIYKCIIUTEND
HOM TEXHUKH
H
MIPOTPaMMHPO
BaHHs Ha
6a3oBoM
YpOBHE.

3aoanus
3aKpbIMo
20 muna
Ha
YCMaHos
JleHue
nocneoos
amenvHo
cmu

7.Y cTaHOBUTE MIPABUIIBHYIO
II0CTIeI0BATENBHOCTh 3TAIMOB TOCTPOCHUS
KyOMUYEeCKOTro CIuIaifHa JUisi BOCCTAaHOBJICHHS
IJIaJIKOH TPAGKTOPHHU JIBM)KEHHS 00BEKTa MO
SKCIEPUMEHTAIBHBIM TOUYKaM (HalpuMep,
nanusie GPS-Tpeka).

1. Coop u npeaBapuTeabHas 00paboTka
9KCTIEPUMEHTAIBHBIX TaHHBIX (YAaIeHHe
BBIOPOCOB, YHOPSJOUNBAHNE 110 BPEMEHN)

2. ®opMHpOBaHUE YIIOPSI0OUYCHHOTO Habopa
y3JI0B (X1,y1),rie Xi — BpEMEHHBIE METKH, Yi
— KOOPANHATHI

3. CocTaBieHHE CUCTEMBI JIMHEWHBIX
YpaBHEHMH TS OIpeAeTICHNS] BTOPBIX
HPOU3BOJHBIX (MOMEHTOB) CIUIaiiHa ¢ YIETOM
TpaHUYHBIX YCIOBUH (Hampumep,
ectecTBeHHBIN crutaitH: S"'(x0)=S"(xn)=0

4. Perrenue noy4eHHOM TPpEXIMaroHaIbHOM
CHCTEMBI METOJIOM TIPOTOHKH (WIIH C
UCIIONIb30BaHKEM OMOINOTEKH, HAIIPUMED
scipy.linalg.solve_banded)

5. Mcronb30BaHKe HaliIEHHBIX
K03()(pUIIMEHTOB 1151 BEIYUCIICHUS 3HAUESHUH
CIUIaiiHa U ero NpoOU3BOJHBIX B
MIPOMEKYTOUHBIX TOUKaX (HampuMep, Uis

7.Y cTaHOBUTE JIOTHUECKYIO
IIOCIIE0BATENBHOCTD AEUCTBUN IIPU
MIPOrpaMMHOM peain3aluu 0OJJHOMEPHOM
KyOHuecKoil crutaifH-uHTeprnosiuy Ha Python
¢ ucrosib30BaHreM Oubnnorexu SciPy.

1. mmopt HeobxomumMbIx Moayseit: from
scipy.interpolate import CubicSpline u import
numpy as np

2. OnpezneneHue MacCUBOB y3JI0B: X =
np.array([...]), y = np.array(]...])

3. Co3manne oObEKTa CIIJIaiHa: cSs =
CubicSpline(x, y, bc_type="natural’)

4. T'enepariusi TUIOTHOW CETKH JJIS TUTABHOTO
orobpaxenus: X_new = np.linspace(x.min(),
x.max(), 100)

5. Beruucnenue HHTEPIOINPOBAHHBIX
3HA4YCHUH: Y _new = cs(X_new) U ux
BH3yasIM3alus (Hampumep, yepes matplotlib)
OrtBer:

| | | | |

Kirou:

(12 [3 [4 s

bazossrit (1-3
MUHYTHI)




BH3YaJIM3aI[UH WIH YIIPABICHUS IBHKCHUCM )
OTBeT:

Tema 8.
MeTto bl
OTHOMEpPH
on
MHMHHUMH3a
197071

OIIK-1.
Cnocoben
HPUMEHATh
€CTECTBCHHOHA
YYHBIE U
00IIenHKEHED
HBIC 3HAHMU,
METO/IbI
MaTeMaTHIeCK
Or0 aHanm3a u
MO/ICTIUPOBAHH
s,
TEOPETHIECKOT
o
9KCHEPUMCHTA
JBEHOTO
UCCIICZIOBAHUS
B
npogeccroHa
BHOMU
JIEATETBHOCTH

HOIIK-1.1.
3HaTh OCHOBEI
MaTeMaTHKH,
¢u3nKy,
BBIYHCIIUTED
HOM TEXHUKH
H
MIPOrpaMMHUPO
BaHUs Ha
6a3zoBOM
YpOBHE.

3aoanus
KOMOUHU
POBAHHO2
0 muna,
npeonon
azaowue
6b160p
00H020
npAasuUibH
020
omeema
u3
npeonoic
EHHbIX

8.Dynkuus f(x)=x>—4x+5 Mojenupyer

3aBHCHUMOCTH SHEPTHH CHCTEMBI OT

MOJIOKEHHS YaCTHUIIBI BIOJb OCH X

TpeOyeTcs HaiTH TONOKEHNE paBHOBECHS (TO

€CTh TOYKY MUHIMYMa YHEPTHHN), UCTIONb3YS

YHCIJICHHBIA METO/I, HE TPEOYIOIIHIA

BBIYUCJIEHUS TPOU3BOJHOMN U MPUTOIHBIN JIsL

peanu3aiy Ha IPOCTOM MUKPOKOHTpOJIIEpe

C OTPaHUYEHHBIMHU BBIYUCIUTEIHHBIMU

pecypcamu. Kakoit metos Hanbosee

Lenecoodpa3Ho MPUMEHUTD?

A) MeTox rpaIMeHTHOTO CITycKa

B) Meton Herotona

C) MeTo 30710TOTO CeUeHUS

D) MeToa HauCKOpeHmiero cnycka

Otset: C

O0ocHOBaHueE:

®ynkuus f(x)=x>—4x+5 — KBapaTU4Has,

YHUMOJJIbHAs U TTajKasi, U €€ TOUHbIN

MUHUMYM MO>XHO HAWTH aHATUTUYECKH (X=2).

OpHako B yCJIOBUYU MOJYEPKUBAETCS, UTO

3a/1a4ya penraeTcs Ha MpocToM

MUKPOKOHTPOJUIEPE C OTPAHUUYCHHBIMH

pecypcamu, Te:

® KeJlaTeNbHO n3beraThb BBIYHCIIEHUS
MPOU3BOMHBIX (YTO WCKIFOYAET METOMBI
HeroTOHA ¥ TpaIMEHTHOTO CITyCKa);

e TpeOyercs MHUHHMYM apUPMETHICCKUX
omnepanuii ¥ namsTu;
o (GyHKIHS YHUMOJaJIbHa Ha

HWHTEPECYIOIIeM HHTEpBAJIE.
MeTo/1 3010TOT0 CEUEHUS — ITO
JETEPMUHUPOBAHHBIM METOJ IIPSIMOTO

8.I1pu pazpabotke mporpamMmsl Ha Python s

ABTOMAaTUYECKOIN HaCTPOUKU APKOCTH SKpaHa B

3aBUCHMOCTH OT BHEIITHETO OCBEICHHUS ObLIa

MOJTy4YeHa YHUMOJAIbHAS (PYHKITHS OIIHOKHI

E(a), e o

o — k03 dunuenr spkoctu. M3secTHO, YTO

aHaJUTHYeCcKoe BIpaxkeHue At E(a) crmoxHo,

NPOU3BOJIHASI HEJJOCTYIIHA, & BEIYMCIICHHE

3Ha4YeHHs PYHKIMHA — OTHOCHTENHHO I0OPOTO

no BpeMeHH. Kakoit MeTos onHOMEpHOI

MHHUMH3AIIH 00ECICYUT HaX0XKICHUE

MHHAMYMa ¢ MUHIMAJIbHBIM YHCIIOM

BBIYUCIICHUH QyHKIIH?

A) Metox epebopa (paBHOMEPHOTO ITOHCKA)

B) Meton nuxoToMuu

C) Meton napaboamdecKoi anmpoKCHMAaIHN

(meron bpenra)

D) Metoz 30510TOTO CEUeHus

Otger:D

O06ocHoBaHue:

B 3apaue ykasaHo, uro:

e ¢ynkuus ounbku E(o)

e  E(o) ynumonansHa;

®  QHAINTHYECKOE BBIPAXKEHHE CIIOXKHOE, a
MPOM3BO/IHASI HEJIOCTYITHA,;

®  BBIYHCJICHHE 3HAYCHUS (PYHKINH JOPOTO IO
BpPEMEHH, MO3TOMY Ba)KHO
MHHAMH3HPOBATh YUCIIO BHI30BOB.

CpaBHHMM BapuaHTHL:

Mertox nepebopa (A) TpebyeT oueHb MHOTO

BBIUUCIICHUH QYHKIINH U Hed P (PEKTHBEH.

Metox nuxoromuu (B) TpebyeT 3HaHuS 3HaKa

MIPOM3BOIHOM (MJIM MCIIOJIb30BAHHSI KOHEUHBIX

bazossrit (1-3
MUHYTHI)




TIOUCKa, He TPeOYIOHI BEIYNCICHUS
MIPOU3BO/IHBIX, HCIIOJIB3Y IO
(hMKCHPOBaHHOE MPABUIIO COKPAIICHUS
nHTepBana HeonpeaenéHHoctu. OH 0coOeHHO
3¢ deKTHBEH A1 YHUMOIATBHBIX (YHKIHHA 1
JIETKO peasn3yeTcs AaXKe Ha yCTPOHCTBAX C
HU3KOH BBIYMCIUTEIBHON MOIIHOCTRIO. B
OTJINYHE OT METOJOB THIA TPAUCHTHOTO
crycka wii HproToHa, OH He npearnosaraeT
XpaHeHHs] UCTOPUU UTEPALMI MIIH CIIOXKHBIX
orepanuii (Harpumep, JeJIeHUs] Ha MaJible
YHcNa WK oOpalleHust MaTpui). Takum
00pa3oM, METO/1 30JI0TOTO CEUSHUS
OIITHMAaJICH B IaHHOM KOHTEKCTE.

pasHocTeit), 4To MO0 HEBO3MOXKHO, JTMOO
JIOTIOJTHUTENBHO YBEJINYNBAET YUCIIO
BBIYMCIIEHUI.

Mertox bpenra (C) mefictButenbHO 3G eKTHBEH
1 9acTO UCIIOJB3YeTCs Ha MMPAKTHUKE, HO OH
KOMOWHHUPYET napaboInIecKyro
amIpOKCUMAIIHIO ¥ 30JI0TOE CEYECHHE, X IPH
HEYAAa4HON aNMpOKCHMAIUN MOXET JIeNIaTh
JMIIHUE BhIYHCiIeHus. KpoMe Toro, oH crnoxkHee
B peaJM3alliu U MeHee IMpejcKka3yeM 10 YUCITy
BBI30BOB (DYHKIIHH.

Merton 30motoro cedenus (D) rapantupyer
COKpallleHHe HHTepBaJla IIoUCcKa ¢
¢ukcupoBaHHEIM K03 pPrmueHToM (~0.618) Ha
K0l HTepanuy U TpeOyeT pOBHO OHO HOBOE
BBIUYHCIIEHHE (DYHKIMU HA mar (1oce
HadaJIbHOTO 3Tama). JTo AeaeT ero Hanboiee
SKOHOMHYHBIM U HaAEXKHBIM B YCIOBHUSX, KOTAA
Ka)XJI0€ BBIYUCIICHNE (PYHKIUH JOPOTO.
[ToaTOMy MeTO 30JI0TOTO CeUSHUS —
HaWIy4IInii BEIOOP NPU YKa3aHHBIX
OTpaHUYCHUSIX.

IIpumeuanue: Xots metoq bpeHTa B cpegHeM
ObIcTpee, B YCIIOBUSX CTPOTOM AIKOHOMHHU
BBI30BOB (DYHKITMH U OTCYTCTBHS HHPOPMALIUU
0 TJIaJJKOCTH, 30JI0TOE CEUCHUE
MIpeANoYTUTENIbHEe Oylaroiapsi cBoen
rapaHTHPOBaHHON 3(p(heKTHBHOCTH U MPOCTOTE.

Tema 9.
MeTo b1
MHOTOMED
HOH
MHUHHMH3a
1845051

OIIK-1.
Cnocoben
MPUMEHSTh
€CTECTBEHHOHA
YYHbIC U
oOIIenHXeHep
HBIC 3HAHWS,
METOJTBI
MaTeMaTHIECK
Or0 aHANIN3A H

HUOIIK-1.1.
3HaTh OCHOBBI
MaTEMaTHKH,
¢bu3uKy,
BBIYKCIIUTEND
HOM TEXHUKH
U
MIPOTPaMMHPO
BaHHUs Ha
6a3zoBOM

3aoanus
KOMOUHU
POBAHHOZ
0 muna,
npeonon
azaowue
66100p
HECKONbK
ux
omeemos

9.I1pu MosIeTMPOBAaHNN JIBIKEHHS poOOTa B

HPOCTPAHCTBE TPeOyeTcsi MUHUMH3HPOBATh

¢byHkmo croumocti f(X,y,z)

f(X,y,z), ONKMCHIBAIOIIYIO SHEPrO3aTPaThl HA

nepemMenienue. 3BecTHo, uTo:

e (ynxnus rmaakas u aupdepeHupyema;

®  BBIYKCIICHHE IPaJUEHTa BO3MOXHO, HO
JI0pOro;

®  33j1a4a pemaeTcs Ha BCTPOCHHOM
IpoLECCcOope ¢ OTrPaHNYECHHON AMSITHIO.

9.Be1 paspabarteiBacTe mporpamMmmy Ha Python
JUlsl  HAacCTpOWKM  IapaMETpPOB  HEUPOCETH
(meckosbko ThICSIU BecoB). llenmeBast (yHKIuS
— HeJWHEHHas, HEeBBINyKNas, IIyMHas, O0e3
aHAJIUTHYEeCKOro TpanueHta. Kakume MeTonsl
1enecoobpasHo paccMoTpeTh TS
MIPAKTHIECKOI peanu3arim?

A) Meton Herotona

B) MeTton croxacTHiecKoro rpaJieHTHOTO
crycka (SGD)

[ToBbimenHsIi (3-
5 MUHYT)




MOJEJIUPOBAaHU | YPOBHE. us Kakue u3 nepeuncieHHbIX METO0B MOTYT C) Meron JleBenOepra—Mapksapara

a, npeonodic | OBITh IPUMEHUMBI B TAHHOW CUTYaluu? D) Metoa nMuTanuuy oTKHUTa

TEOPETUYECKOT EeHHbIX A) MeTox rpaIHEHTHOTO CITycKa E) Metox Hemnepa—Muna (CUMIUIEKCHBIIH

ou B) Meton HeroTona METOJT)

SKCIIePUMEHTa C) Meton conpsKEHHBIX TPaHEHTOB Ortset:D,E

JHHOTO D) MeToa KOOpAWHATHOTO CITyCKa ObocHoBaHMeE:

HCCIIeJOBaHHS E) I'ereTHyeckmii anroputm D) Wmwuramms oTxura — Oe3rpamueHTHBIH,

B Ortset: A,D CTOXAaCTHYECKHH METOJ, CIIOCOOHBIM BBIXOIUTH

npogeccroHal O0ocHoBaHue: U3 JIOKaJIBHBIX MHHUMYMOB. [lomxomut s

BHOM A) I'paguveHTHBIH CIYCK — TNPHMEHHMM, TaK | HEBBIIYKIBIX W HIYMHBIX (YHKIMH, T

JIeATEIbHOCTH Kak  (QyHKUMS ~ TIaakas M TPaJUeHT | FPaJMeHT HEeJOCTyNeH. Xopouo paboTaeT B
CYILECTBYET. Hecmotps Ha €ro | yCIOBHSX HEONPEIEIEHHOCTH.
«IOpOroBU3HY», Metoa Ttpebyer muuHuMyM | E) Mertox Hennepa—Muaga — Kilaccuueckui
maMATH (TOJBKO TEKyIIas TOYKa M TPAIUCHT) | MpsSIMOM (OesrpaareHTHEIIN) METOJI
W JIETKO pealu3yercs Ha BCTPOCHHBIX | MHOTOMEPHOW ONTHMM3AINM, OCHOBaHHBINH Ha
cCHCTEMaX. Ipn YMEpEeHHOM yucie | aedopManyun CUMIUIEKCA. [Iupoko
NepeMEHHbIX (34ech — 3) OH OcTa€rcs | UCTONB3yeTcss B INPAKTHYECKHX  3a/1adax
MIPAKTUIHBIM. (mammpuMmep, B scipy.optimize.minimize), Korga
D) KoopaunaTtHBIi crmyck — He TpeOyeT | rpaiMeHT  HEW3BECTEH, a  Pa3MEpHOCTb
rpajMeHTa BOOOIIE: HAa KaXIOM IIare | yMepeHHas (I0 HEeCKOJNbKUX coTeH). [lyist Thicsd
MUHAMHM3MPYET  (YHKIHMIO 110  OJIHOHM | mapaMeTpoB OH MOXET OBbITh MeEIJIEHHBIM, HO
KOoOpJauHaTe. OTO OCOOSHHO BBITOJAHO IIPH | TEOPETHYECKU MPUMEHHM u 4acTo
OTpaHMYEHHBIX BBIUMCIHUTENBHBIX pecypcax, | UCIoib3yeTcs Kak baseline.
TaK KaK MO3BOJISIET UCIIOJIb30BaTh
OJTHOMEpHBIE METOJIbl (HarpuMmep, 30JI0TOe
ceuenne). IlomxomuT I HEOONBIION
pa3MepHOCTH (3 IIepeMeHHEIE).

10 | Tema 10. OIIK-1. HOIIK-1.1. 3aoanus | 10.ITouemy mpu 0OpaboTKe 10.IIpuBenute mpuMmep ¢puzndeckoii 3amauu, rae | Bricokwit (5-10
Mertost Cnocoben 3HATh OCHOBBI | OMKpbiM | SKCHEPUMEHTAIBHBIX JAHHBIX C JaTYUKOB HEOOX0ANMO HCIOIb30BaTh YUCICHHOE MHHYT)
YHCIIEHHOT | TPUMEHSTh MaTeMaTHKH, 020 muna | (HampuMep, akcelepoMeTpa) AJst UHTETPUPOBAHUE, U NIOYEMY aHAITUTHIECKOE
0 €CTeCTBEHHOHA | (QU3MKH, ¢ OIIpe/IeIeH s CKOPOCTH OOBEKTA Yalle peleHne HEBO3MOXHO WIIM HeleJIeco00pasHo.
UHTETPUPO | YUHBIE U BBIYHCIIUTENb | pA36epHy | WCIOJIB3YIOT YUCICHHOE MHTETPUPOBaHHE, a [TponemMoHCTPUPYITE NPOCTYIO peak3aluio Ha
BaHUS U OOLIEUH)KEHED | HOW TEeXHUKHU muim He yncieHHoe audepeHnupopanme? Python ¢ ncrnonp3oBanreM craHgapTHOU
muddeper | Hble 3HAHMS, u omeemo | OTBeT: OnOIMOTeKH.

UPOBAaHH | METOJIBI nporpaMmmupo | m Yucnennoe audpepeHupoBaHie CHIbHO OrtgerT:

s MaTeMaTHiecK | BaHUS Ha YCUIIMBAET IIYM B JJAHHBIX, IIOCKOJIBKY OHO [Tpumep: BbIUMCIEHNE PAOOTHI CHITBI
oro aHamza u | 6a3oBOM OCHOBAHO Ha BBIYUCIICHUH Pa3HOCTEH CONPOTHUBJICHHS BO3/yXa IIPH ABHKEHUH TeJa,
MOJICJIMPOBaHU | YPOBHE. OJM3KHMX 3HAYCHHH: 1ake HeOOJIbIINe KOTJIa CHJIa 3aBUCUT OT CKOPOCTH CII0KHBIM




ﬂ’
TEOPETUYECKOT
o
SKCTICpHIMEHTA
JBHOTO
HCCIICIOBAHNS
B
npodeccronan
bHOMU
JIeATEIbHOCTH

MOTPEITHOCTH U3MEPEHHUH TIPUBOJST K
OOJIBIIMM OIIMOKAaM B TIPOM3BOTHOM.
HampoTus, 4icIeHHOE HHTETPUPOBAHUE
CTJIQKHMBAET IIYM, TaK Kak CYMMHPYET
3HAYCHUS BO BPEMEHHU.

C ¢u3ndeckoil TOUKH 3peHUs, YCKOPSHHE
(mMepsieMoe akceIepoMeTpoOM) — 3TO
MPOU3BOAHAS CKOPOCTH, HO3TOMY YTOOBI
MIOJYYUTh CKOPOCTh, HY)KHO HHTETPUPOBATh
YCKOpPEHHE 110 BPEMEHU — 3TO IpsMast
3ajaya.

C BBIYMCIUTEIHLHON TOYKH 3PEHUS, METOJIBI
HMHTErPUPOBaHMs (HAIpUMeEp, METOJ
TpareL i) YCTOWYUBBI U JIETKO PEaTnu3yoTCs
JaXke Ha MUKPOKOHTPOJLIEpax, TOraa Kak
muddepeHnrpoBaHme TpeOyeT
TpenBapUTEIbHON QUIBTPALUY JaHHBIX U
Ooee crmoxkHOH 00paboTku. [TosTomy
HUHTETPUPOBAHUE NIPEANIOYTUTEIILHEE IPH
BOCCTaHOBJICHUH KHHEMAaTHYEeCKUX BEJIMYHH
U3 3KCIIEPUMEHTAIbHBIX JaHHBIX.

obpazom, Hanpumep F(v)=—kv?, a ckopocTh v(t)
3ajaHa TabaM4HO (110 JaHHBIM JTATYMKOB) WU
KaK pe3yJIbTaT YUCICHHOTO PelIeH s
middepeHnransHOrO ypaBHeHus. Torna padoTa

A= fff F (V(1)-v(t) dt

HE NMEET aHATNTUYECKOTO BBIPAXKEHHUS, ECITU
v(t)

v(t) HEeU3BEeCTHA B IBHOM BHJIC.

B Takux ciryyasx MpUMEHSIOT YHCIEHHOE
nHTerpupoBanue. [Ipocrast peanuzanus Ha
Python ¢ ncnonp3oBanueM scipy.integrate.trapz:
python

1 import numpy as np

2 from scipy.integrate import trapz

3

4 # Ilpumep: BpeMEHHbIE METKH U CKOPOCTh
(M3MepeHHBIE HITH CMOJCINPOBAHHBIC)

5 t=np.linspace(0, 10, 100) # Bpems ot 0
no 10 ¢

6 v =np.exp(-0.1 *t) # npumep
3aTyXaroullei CKOPOCTH

7k=0.5 # K03 PUIHEHT
CONPOTHUBIICHHS

8 F = -k * v¥*2 # cuna
COTPOTHUBIICHHS

9power=F *v # MTHOBEHHasI
MOIIIHOCTb

10

11 work = trapz(power, t) # JuCIeHHOE
HHTETPUPOBAHUE

12 print("PaboTa cuibl conporuBienus:", work)
OTOT 1MOJX0]] YHUBEpCAJIeH, YCTOHYMB U JIETKO
MacmrabupyeM, 4To JeaeT ero
TIPEATIOYTUTENHHBIM B HH)KEHEPHBIX 1
(usnueckux pacuérax, rae QyHKINN 3aJaHbI
JMCKPETHO MJIM CITHIIKOM CJIOXKHBI JIJIs
AQHAJIMTHYECKOTO UHTETPUPOBAHUSL.




Kpumepuu oyenusanus ouaznocmuueckoii pabomaot.

OueHka Kpurepum onieHuBaHus
OTJINYHO ot 90 10 100 % mpaBUIBLHO BHITOTHEHHBIX 33JaHAN
X0pouio oT 70 10 89 % npaBUIBHO BBIOJHEHHBIX 3a/JaHUI
Y/I0BJETBOPUTEJIBLHO oT 50 10 69 % npaBUIBHO BBHIOJHEHHBIX 3a/JaHUI
HeyI0BJeTBOpuTeabHO | MeHee 50 % npaBHIbHO BBIIOIHEHHBIX 331aHUH




