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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 Metoas». Ha ganubiii ®OC pacnpocTpaHAIOTCS BCE PEKBU3UTHI YTBEPHKIACHUS,
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
KOMIICTCHITHUI

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
KypCcOBOH 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. MACIIOPT ®OHJIA OLHEHOYHbBIX CPEACTB IUCHUIIJIMHE
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

IPUMEPHOTO IEePEYHS BOIIPOCOB, 3aIaHUH
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.
npoeccnoHaIbHOMN 1eATEeTbHOCTH 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. COJEP)KAHUE OLHEHOYHbBIX CPEJACTB TEKYIIEI'O KOHTPOJIA

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 3aganud 5. 3agaHus OTKPBITOTO TUIIA 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 Criocobex OCHOBBI MaT€MaTHUKH, 3HaHME IEMEHTOB TEOPHUH MOTPEIIHOCTEH, BKIIIOUAs! THUIIBI HOTPEIIHOCTEN 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
MOJICITAPOBaHA 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 BBIYMCIUTENbHBIX
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
Otser:
A b B I




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTCeHIIUH
KOMIIeTeHIIUH
A b B I
2 1 3 4

Tema 2. OIIK-1. NOIIK-1.1. 3naTth 3aoanus 3aKpvimozo muna Ha yCMAHO061eHUe NOC1e006AMeETbHOCHU.
Yucnennsie Cnocobex OCHOBBI MAaTEMaTHUKH, VY cTaHOBHTE IPABWIIBHYIO IOCJIEI0BATEIIBHOCTD 3TANlOB PEIICHUS TPUKIAIHOM
METO/IbI IIPUMEHSATh buzuky, 3a71aui U3 (PU3UKH C UCTIOIb30BAaHUEM YHCICHHBIX METO/I0B JINHEHHOM anreOpsl s
pellieHns 3a/1a4 | €CTECTBEHHOHA | BBIUMCIMTEIbHOU MIOCTPOEHUSI KOTHUTUBHON MOJIEIH.
JUHEHHON YUHBIE U TEXHUKH U 1. dopmynupoBka uznyeckoit 3agauu (HanpuMep, pacrnpeaeaceHue TeMIepaTypsl B
anreOpsl, OOIIENH)XEHEP | MPOrpaMMHUPOBAHUS HA CTEPHKHE)
BO3HUKAIOIIMX B | HbIC 3HAHUS, 6a30BOM ypOBHE. 2. CocraBineHue cUCTeMbl JMHEHHbIX anreOpanyeckux ypaBHeHuil (CJIAY) Ha
IIPOEKTUPOBAHU | METObI OCHOBE MaTeMaTU4YECKOIl MOJenn
Y KOTHUTUBHBIX | MAaTEMAaTU4YECKO 3. uckperuzanus qudQepeHnaIbHOro ypaBHeH!sI METOJOM KOHEUHBIX pa3HOCTeH
MoOZeIIen ro aHaJIA3a U 4. Peanuzauusi 4MCIEHHOrO MeToja (Hampumep, MeTo] I'aycca nian urepaliMOHHBINA
pealIbHBIX MOJICJINPOBAaHU METO/) Ha S3bIKe IPOrpaMMHUPOBAHUS
IIPOLECCOB s, 5. HHrepnperanus pe3ynbTaToOB B KOHTEKCTE HCXOAHOW (U3MYECKOM 3amauu u

TEOPETUYECKOT KOPPEKTHPOBKA MOJAEIH ITPU HEOOXO0AUMOCTH

on Ortger:

SKCTIEpPHMEHTA | | | | |

BHOTO Kurou:

HCCIIEIOBAHUS ‘ 1 ‘ 3 ‘ 2 ‘ 4 | 5

B

npogeccroHal 3aoanusn 3aKpeimozo muna Ha yCManosaeHUue NOC1E006aMeNbHOCIU.

bHOU Y cTaHOBHTE JIOTHYECKYIO TIOCIIEI0BATEIbHOCTD AEUCTBHM ITpH BbIOOpE U

ACATEIBHOCTH MPUMEHEHUN YUCIeHHOTO MeToja s pereHust CJIAY B BBIUUCIUTENBHON CUCTEME,

WCIIOJIb3YEMON B KOTHUTHBHOM MOJIEITMPOBaHUH.

1. Ananu3 cBoicTB MaTpuipl Ko3(h(UIHEHTOB (pa3MepHOCTh, pPa3peKEHHOCTb,
00YCIIOBIEHHOCTH )

2. BriOop MOAXOMAIIETO YHCICHHOTO MeToia (MPSAMOW WIIM HTEPAIlMOHHBIA) C
Y4ETOM PECYPCOB BBIYMCINTENBHON TEXHUKU

3. IlpoBepka yCTOWYMBOCTH W TOYHOCTH BBIOPAaHHOTO MeETOAa K ONIMOKaM




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIIUH
KOMIIeTeHIIUH
OKPYTJIEHUS U MOTPELIHOCTSIM JaHHbIX
4. llporpammuass peanu3anus MeToAa C Y4ETOM apXUTEKTYpPbl BBIUYHCIMTEIBHOU
cuctembl (CPU/GPU, napanienn3m)
5. Bammpanus mnody4eHHOro peELIEHUS NYTEM CPaBHEHMUsSI C TECTOBBIM MU
AHAJIMTUYECKUM peleHHEM
OtgerT:
| | | | | |
Kirou:
|1 E 3 [4 5 |
Tema 3 Meroast | OIIK-1. HOIIK-1.1. 3narp 3aoanun KOMOUHUPOBAHHO20 MUNA, NPEOnoIazaruue 6bl00p 00HO20
pelieHus Cnocoben OCHOBBI MAaTEMaTHUKH, NPAGUIILHO20 OMEema U3 nPeoNoHCeHHBIX.
CUCTEM [IPUMEHSTh buzukwy, [Tpu MoaenupoBaHNU CTALIMOHAPHOIO TEIJIOBOTO I10JIS B METAINIMYECKON IIACTHHE
JIMHENHBIX €CTECTBEHHOHA | BBIYMCIUTEIBHON METO/I0M KOHEUHBIX Pa3HOCTEH Oblila IMoJIyuyeHa CUCTeMa JIMHEHHBIX anredpanyeckux
anreOpanvecKkux | yuyHble U TEXHUKHU U ypaBHenuii (CJIAY) pasmeproctsio 10 000 x 10 000 ¢ pa3pexkeHHOM MaTpulien
YpaBHEHUN oOIenHXeHep | mporpaMMupoBanust Ha | ko3 dunuenton. Kakoit meron pemenus CJIAY Oyzner Hanboee 11€1eco00pa3HbIM C
HbIE 3HAHMWS, 06a30BOM ypOBHE. TOYKH 3PEHHUS BBIYUCIUTENBHON 3()(PEKTUBHOCTH ¥ SKOHOMHHU MTaMATH?
METObI A) Metox Kpamepa
MaTeMaTU4eCKO B) Ilpsmoit meton I'aycca 6e3 yuéTa pa3pekeHHOCTH
IO aHalu3a u C) UrepaunonHslii MeTos SIkoOu ¢ XpaHEHHEM TOJIBKO HEHYJIEBBIX 3JIEMEHTOB
MOJIEJINPOBAaHU D) O6patuenue MaTpuULbl ¢ MOCIEAYIOIIUM YMHOKEHHEM Ha BEKTOP CBOOOIHBIX
A, YJIEHOB
TEOPETUUYECKOT Otser: C
on O6ocHoBanmne: Meton Kpamepa (A) u oOpamenue Matpuubl (D) BeMHUCIUTETHHO
AKCIIEPUMEHTAI HeapdeKTUBHBI 7151 Oonbux cucteM (cnoxHocTh O(n! ) u O(n®) COOTBETCTBEHHO).
BHOI'O Meton I'aycca (B) mpu cTanmapTHON peaiv3alluy 3aloJHSET HYJIEBbIE 3JIEMEHTHI
HCCIIEIOBAHUS («3amOJTHEHUE»), YTO PE3KO YBEIMYMBACT MOTpebsieHHe mnamsTu. MTepanmoHHBIN




Tema Kon n Nuauxkaropsl Tect nmo Teme

dhopmyIMpoBK JTOCTUKEHU S

a KOMIEeTeHIIHH
KOMIETeHIHH
B Meron Sxobu (C) Xopomo TOAXOAWT A OONBIIMX Pa3peKEHHBIX CHCTEM,
npodeccruoHan MO3BOJIIET XPAaHUTh TOJBKO HEHYJEBBIC JJIEMEHTBHI M JIETKO pealu3yeTcss Ha
bHOM COBPEMEHHBIX BBIUUCIUTEIBHBIX IIATGOPMAX, YTO JACTACT ero MPEAIOYTUTEIIbHBIM B
JeSITeTbHOCTH (U3HYECKOM MOJICIIMPOBAHHH.

3adanua KOMOUHUPOBAHHO20 MuUNA, NPEONO1azaroujue 6b100p 00HO20
nPaguIbHO20 OMEema u3 nPed10MHCeHHbIX.

Br1 peanuszyere Ha Python uncnennoe pemenune CJIAY, Bo3Hukaromei npu pacuére
AIIEKTpUYECKUX Lienel no 3akoHaM Kupxroda. MaTpuiia cucteMbl UMEET HEOOIbIION
pa3mep (5 % 5) u 3aBeroMo HeBbIpokAeHHasA. Kakoit moaxo/ obecieunt Hanboliee
IIPOCTYI0, HAAEKHYIO M TOUHYIO PEAIM3aLINIO MIPH YCIOBUU UCIIOJIb30BaHUs
CTaHJAPTHBIX OMOINOTEK?

A) Pyunas peanuzanus metona ['aycca ¢ BEIOOPOM IITaBHOTO 3JI€MEHTa

B) HUcnonwszoBanue ¢pyukiuu numpy.linalg.solve(A, b)

C) llocnenoBarenbHOE NpUMeHeHUe npaBuia Kpamepa ¢ BelYMCcIeHUEM
ONIPEAEIUTENEN YEPE3 PEKYPCUIO

D) AHalIMTHYECKOE PELICHHE C IIOMOIIBI0 CHMBOJIbHBIX BBIYHCIICHUH (Sympy.solve)
BeiOepute oauH NpaBUIIbHBIN OTBET.

Otget: B

Ob6ocHoBanme: [l HEOONBIIMX, XOPOIIO OOYCIOBJIEHHBIX CHUCTEM (DYHKIHS
numpy.linalg.solve (B) wucnons3dyer onrtumusupoBanusie LAPACK-anroputmsl
(nanmpumep, LU-pasnoxenue), oOecreuyuBasi BBICOKYIO TOYHOCTb, CKOPOCTb U
ycrolunBocTh. PyuHas peanmuszaumst (A) mnoJaBep)kKeHa OMIMOKaM U MEHee
s dexruaa. Meton Kpamepa (C) HecTaOuineH yucieHHo U Hed(DPEeKTUBEH aaxe A
Manbix cucreM. CumBosibHOE pemieHue (D) u30bITOYHO A YMCIIEHHOM 3ajauu U
MmeneHHee. Takum 00pazom, HCIIOJIb30BaHNE MPOBEPEHHON OMOINOTEKH — JTYUIIHii
BbIOOpD C TOYKHM 3pEHHS MPOTrPAMMUPOBAHMS, BBHIYMCIUTEIBHON MaTeMaTUKH H
(U3NYECKOT0 KOHTEKCTA.




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTCeHIIUH
KOMIIeTeHIIUH
Tema 4. OIIK-1. NOIIK-1.1. 3nars 3adanus KOMOUHUPOBAHHO20 MUNA, NPeOnoIazaujue blO0p HECKONbKUX
Henunelinsie Cnocoben OCHOBBI MATEMATHKHU, 0Mmeemos u3 npeodioIHceHHbIX.
anreOpandyeckue | MPUMEHSTh bu3uky, ITpu npoeKTHpOBaHMHY KOTHUTUBHOW MOJEIN JUHAMUKH HOIIYJIALIMNA UCIIOJIB3YETCS
YpaBHEHUS U €CTECTBEHHOHA | BBIYMCIUTEIIbHON HEJIMHEWHOE YpaBHEHHUE BUJIA
METOJIbI UX yUYHBIE U TEXHHUKH 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
3ajavax HBbIE 3HAHUS, 6a30BOM ypOBHE. MIPUMEHEHBI 1JIs1 YUCIIEHHOTO HAX0K/ICHHSI KOPHSI 3TOT0 YPAaBHEHUS IIPU U3BECTHOM
KOTHUTHUBHOTO METO/IbI HavansHOM npubmmxennu X0€(0,1) , u mouemy?
IIPOEKTUPOBAHHU | MAaTEMATUYECKO A) Metoa MOJOBUHHOTO JieleHUsT (OMCEKINH )
s1. ro aHajau3a u B) Meron HproToHa (kKacaTeabHBIX)
MOJICJINPOBAaHU C) Meron npocToii nrepanuu
o, D) Meton IMaycca
TEOPETUIYCCKOT E) Meton xopa (cexymux)
ou Otsetnl: B, C, E
IKCIEPUMEHTAT ObocHoBaHME:
BHOI'O YpaBHEHHUE SBISIETCS CKAISPHBIM HEJIMHEVHBIM YPABHEHUEM, A HE CUCTEMOU
HCCIEN0BaHUS JMHEHHBIX ypaBHEHUH, nosToMy MetoA ["aycca (D) HenmpumeHuM.
B Meton Ooucekuuu (A) TpeOyet nnTepBaia [a,b], Ha KOHIITaX KOTOPOro PYHKIMS UMEET
npodeccruoHan pas3Hble 3HAKH; MPH 3aJaHHOM TOJIBKO HauyaJIbHOM MPUOJIMKEHNH Xo 0€3 rapaHTuu
bHOM CMEHBI 3HaKa OH MOXET ObITh HE PEATTU3yeM HAIPSAMYIO.
JESITENbHOCTH Merton Herotona (B) npumenuMm, Tak kak (GyHKIUS II1aKas ¥ JETKO BBIYUCISETCS e€

IIPOU3BOIHAS.
Merton npoctoit ureparuu (C) BO3MOXKEH IpU NPUBEACHUN YPaBHEHHS K BULY
X=@(X), 4TO JOMYCTUMO B IaHHOM CITy4ae.

Meron cexynux (E) Takxke moaxoauT, Tak Kak OH He TpeOyeT aHAIMTHYECKOTO
BBIUMCJIEHHS] IPOU3BOIHOM U paboTaeT ¢ OTHUM WM JBYMsI Ha4aJIbHBIMHU
NpUOIMKESHUSIMU.




Tema Kon n Nuauxkaropsl Tect nmo Teme

¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U

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

3aoanun KOMOUHUPOBAHHO20 MuUNA, NPEONOIAZarOuiUe 6b100p HECKOIbKUX
0mMeEemos u3 npeodioHceHHbIX.

IIpu MoznenupoBaHUYM HENMHENHON 3aBUCUMOCTH COIIPOTUBIICHUS TEPMUCTOPA OT
TEMIIEPaTypbl BO3HUKAET 3a/1a4a pelIeHHs YpaBHEHHsI BUIa
R(T)=Ro-eB¥T"VT)~R n3m=0,

rae T — nckomas Temneparypa (B KenbBuHax), ocTajnbHbIE TapaMETPbl U3BECTHBI.
Kakue u3 cneayromux yrBep:kKJIeHHIH BEpHbI OTHOCUTEIBHO BbIOOpA YUCIEHHOTO
METO/Ia U €T0 peaanu3aiuu?

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

B) Meton HproToHa npenoyTUTENEH, TOCKOIBKY (DYHKIHS OBICTPO MEHSETCS U
MMEET aHAJTMTHUYECKYIO IPOU3BOHYIO.

C) Jlnst moBbIIIeHUs HAIEKHOCTH BBIYMCICHUHN clleyeT n30eratb METOJ10B,
YYBCTBUTEJBHBIX K HAYAJIbHOMY MPUOINKEHUIO.

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

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

OtBet: A,B,C, E

ObocHoBaHMeE:

A — BepHO: MeTOo]1 OMCEKINK IPUMEHUM NPU HATMYUH HHTEPBaJla CO CMEHOW 3HaKa,
YTO TUITUYHO B (PUBNYECKUX U3MEPEHUSX.

B — BepHo: akcnioHeHIManbHas QyHKIUS TTagKas, e€ Mponu3BOoIHAs JIETKO
BBIYHUCIISIETCS, UTO JenaeT MeTo] HproToHa 3(h(heKTHBHBIM.




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIIUH
KOMIIeTeHIIUH
C — BepHO: B IPAaKTUYECKUX MHKEHEPHBIX U KOTHUTUBHBIX 3a/la4ax BayKHA
YCTOHYMBOCTh, OCOOEHHO MPU HETOYHBIX BXOJHBIX JTaHHBIX.
D — neBepHo: Metop ["aycca—3eiinens npeaHa3HayeH I CUCTEM JTUHEHHBIX (MIH
WHOT/]a HETUHEHHBIX, HO B UTEPAIIMOHHOM (popMe) ypaBHEHHUH, a 371eCh — OJIHO
CKaJIIpHOE HEJIMHEHHOE ypaBHEHHUE.
E — BepHo: 6ubnmoTeka scipy npeaocTaBIsieT MIPOTECTUPOBAHHbIE,
ONTUMHU3UPOBAHHbIE U HAJI&KHbIE YMCICHHbBIE METO/IbI, YTO COOTBETCTBYET JIYUIIUM
IIPAKTHUKaM IPOrpaMMUPOBAHUS U BBIYUCIUTEIbHON TEXHUKH.
Tema 5. Merox | OIIK-1. NOIIK-1.1. 3narp 3aoanun omKpeImozo muna ¢ pazeepHymovim Omeemom.
IIPOCTOM Cnocoben OCHOBBI MaT€MaTHKH, [Touemy npu UCIIOIB30BAaHUU METOAA IPOCTOM UTEpALUH [Tl PELICHUS HEIMHEHHOTO
uTepanuu IIPUMEHSATh buzukwy, YpaBHEHHU BHUJIAa X= cOS(X) BaXHO, 4YTOOBI IPOU3BOAHAS (PYHKLINHU O(X)=COS(X)
pereHus €CTECTBEHHOHA | BBIYMCIMTEIbHON 10 MOJTYJIIO ObliIa MEHBIIIE €AMHUILBI B OKPECTHOCTU KOpH:. [IpuBenuTe nmpumep, Kak
HEJIMHEWHOTO YUHBIE U TEXHUKU U ATO YCIIOBHE CBSI3aHO C HaIEKHOCTHIO BBIYMCIIEHUN Ha KOMIIBIOTEPE.
yYpaBHEHMUS oOlenHXxenep | nporpaMmmupoBanust Ha | OTBer:
HbIE 3HAHUS, 0a30BOM ypOBHE. [Tpu ucronb30BaHUM METOJ1a IPOCTON UTEPALIMU ypaBHEHUE PUBOAUTCS K BUITY
METOBI Xx=@(X), ¥ OCIIEIOBATEIbHOCTD MPHOIIMIKEHUI CTPOUTCSI IO POpMYIIe Xn+1= @(Xn).
MaTeMaTU4eCKO Jl1st cxoIMMOCTH 3TON MOCIEI0BATENBHOCTH K KOPHIO TOCTaTOUYHO, YTOOBI B
IO aHalu3a u OKPECTHOCTH KOPHSI BBINOJIHAJIOCH ycioBue |¢'(x)|<1
MO/ICJTMPOBAHU B cirydae ¢(x)=cos(x) nmeeM @'(x)=—sin(x), a Tak Kak |sin/0}(x)|<1 u BOIH3H KOpHS
A, (mpumepHO x~0,74) 3naueHue |Sin(x)|~0,67<1, ycnoBue cXOAUMOCTH BBITOIHEHO.
TEOPETHYECKOT OTO rapaHTUpYyeT, 4TO KaXKAas HoBas uTepanus Oyaer OJinxke K peleHno, a He
ou «yBOJIUTB» BBIYUCIIEHUS B CTOPOHY. C TOUKHU 3pEHUS BBIYMCINUTEIbHON TEXHUKH,
IKCTIEPUMEHTAI COOJTIOJIEHHE ITOTO YCJIOBUS NMPENOTBPAIAET PACXOIUMOCTh U U3JIHILIHEE
BHOT'O pacxo/ioBaHuE pecypcoB (BpeMeHH, MaMsITH), o0ecrieunBas yCTONUYHUBYIO U
HUCCIICNOBaHNA npeckazyeMyro paboTy aaroputMa Jaxe Ipu OrpaHUYEeHHON TOYHOCTH
B MIPEJICTaBICHUS YUCENl B KOMIIBIOTEPE.
npodeccuoHan

bHOU




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk JOCTHKEHH S
a KOMIIETEHIIMH
KOMIIETEeHIINH
JEeATENbHOCTH 3aoanun omKkpsImozo muna ¢ pazeepHymovim OMmeemom.

Onumwmre, Kak MOKHO PeaTu30BaTh METOJ MPOCTOM HTeparuu Ha si3bike Python mist
pelleHus ypaBHEHUS X=¢ © YKaXKuTe, Kakue 0a30BbIe 3JIEMEHTHI IPOrPaMMHUPOBAHUS
(UMK, YCIOBHE, IEPEMEHHBIC) TIPU 3TOM UCIIOJIB3YIOTCS, U TIOUEMY Ba)KHO 33]1aBaTh
OTrpaHHuYEHUE Ha MAaKCUMAaJIbHOE YHCIIO UTEePAIUil ¢ TOUKH 3peHUs paboThl
BBIYMCIIUTEIIBHON CUCTEMBI.
OrtBer:
s pemienus ypaBHEHUsS X=¢€
X=€* METOI0M MPOCTON UTEPALIMU MOKHO HCIIOJIb30BaTh LIMKJI, B KOTOPOM Ha
KaKJIOM UTEpALIK BBIYUCIISETCS HOBOE MPUOTHKEHHUE X_new= EXP (- xold)
[Tpumep peanuszanuu Ha Python:
Python

. import math

1
2.
3.x=0.5 # HavaJIbHOE TIPUOJIMIKEHNE

4. eps = 1le-6 # TpeOyemasi TOUHOCTh

5. max_iter=1000  # orpaHHYeHHE 11O YUCITy UTEPALIUil
6

7

8

9

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

11  x=X_new

12 else:

13 print("JocTUTHYTO MaKCUMaJILHOE YHCIIO UTeparuii™)
14

15 print("Pemenue:", x)
B nporpamme ncnons3yrores
e mepeMeHHbIe (X, X_New, eps, max _iter) Julst XpaHeHHs JaHHBIX,




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U
e 1ukJ for A1 HOBTOPHOTO BBIUKCICHUSI IPUOIMKECHUIH,
® YCIIOBHBII oneparop if 11 IpoBepKU JOCTHKEHUS TOUHOCTH.
OrpannyeHre Ha MaKCUMAJIbHOE YHUCII0 UTEPALUNA HE00XO0JUMO, TOTOMY YTO IIPH
HapyIIEHUH YCIOBHSI CXOAMMOCTH (Harmpumep, ecim |¢'(x)[>1
MIPOLIECC MOXKET 3allUKIUTHCS WU BBIIOJIHATHCA OECKOHEYHO JOIT0. ITO 0COOEHHO
Ba)KHO B BBIYHMCIIUTEIBHBIX CUCTEMAX, /1€ HY’)KHO FapaHTUPOBATh 3aBEPILICHUE
porpaMMebl U M30eraTh 3aBUCAHHUM UITH IEPEPacXo/ia pecypcoB.
Tema 6. OIIK-1. HOIIK-1.1. 3narp 3aoanusn 3aKpeimozo muna Ha yCMAaHo61eHUe COOMEEH CMGUSL.
YucneHHbie Criocoben OCHOBBI MaTEMaTHKU, 3HaHME YUCIIEHHBIX METOJOB AMMpPOKCUMAIMH U WUHTEPIOIUPOBAHUS HEOOXOAUMO B
METO/IbI MIPUMEHSTH busuky, KOTHHUTUBHOM IPOCKTUPOBAHUU IPOIIECCOB, MOCKOJBKY MPU padOTe ¢ HEMOJIHBIMH,
pellleHns 3a/1a4 | €CTECTBEHHOHA | BBIUYMCIUTEIHHOM 3alIyMIAEHHBIMUA WM JTUCKPETHBIMU JaHHBIMU — HAIpPUMEp, MPU MOJETHPOBAHUH
anmpoOKCUMAIIUU | YUHBIC U TEXHUKU U MOBEJICHUSI TIOJIb30BATENIsI 1O (parMEHTApHBIM JIOTaM B3aUMOJCUCTBUSL WU
" OOIIEMHKEHEP | MPOrPAaMMHUPOBAHKS HA | BOCCTAHOBJICHUHU TPACKTOPUN MPHUHSATHUS PEIIEHU — TpeOyeTcs: aJeKBaTHBIA BEIOOP
WHTEPIOJIUPOBA | HbIC 3HAHUA, 0a30BOM ypOBHE. METOJa: TakK, JUIS TJIAJKOTO BOCCTAHOBIIEHUS (YHKIUU IO TOYHBIM JAHHBIM
HUS B 3aj7]a49ax METOIbI MOAXOAUT CIUIAMH-UHTEPIONANMSA, a TPH HAIMYUM IIyMa W HEO0OXOIUMOCTH
KOTHUTHUBHOIO MaTeMaTH4eCKO 00001IeHNsT — METOJ] HAaUMEHBIIUX KBaJApaToB (ANMpPOKCUMAIUs MOJIWHOMAMHU
MPOCKTUPOBAHU | TO aHAIIN3A U HU3KOHN CTETNIEHN ).
s IPOLIECCOB MOJIETUPOBAHU YcTaHOBHUTE COOTBETCTBUE MEXKAY 3aaaueil (cuTyarueil) u Haubosee moaxo M
o, YUCJICHHBIM METOJIOM.
TEOPETUYECKOT Curyanus / 3a1ada Meton
oun A | 3BecTHBI TOUHBIC 3HAYCHUS (PUIUIECKON 1 | Meton HaMMEHBIIIUX
AKCIIEPUMEHTAI BEJIMYUHBI B y3JIaX CETKH; TpeOyeTcs KBaJIpaToB
BHOTO BOCCTaHOBUTH (DYHKITUIO, TIPOXOISIIYIO TOYHO (nuHeiiHas
HCCIIEIOBaHUS 4yepe3 BCE TOUKH. perpeccusi)
B b DKCnepuMEHTaIbHBIE TAHHBIE COJIEPKAT LIyM; 2 | KyOuueckuit crinaitn
npodeccronan HY>KHO HaWTH I'JIaJIKYIO 3aBUCUMOCTb,




Tema Kon n Nuauxkaropsl Tect nmo Teme
(popmypoBk AOCTHKEHHU S
a KOMIIeTCeHIIUH
KOMIIETCHIIMHU
BHOMU OIMCHIBAIOLIYIO OOIIYIO TEHEHLUIO.
ACATEIBbHOCTH B Tpebyercst OCTPOUTH HENPEPBIBHYIO, ABAK/IbI 3 | HomuHoMuansHas

muddepeHIpyEeMYIO KPUBYIO Uuepe3 3aJJaHHbIe MHTEPIIOJISIINS
TOYKH ISl MOJICTUPOBAHUS TPAEKTOPUU Jlarpanka
JBIDKEHUS poOoTa.

r HeobxomumMo ObICTpO peann3oBath 4 | Jlunelinas
MpUOIHKEHNE 3aBUCUMOCTH «BXOJ—BBIXOJ» B MHTEPIIOJSILINS

KOTHUTHBHOI CHCTEME MOHHMTOpHHIA C
MHWHHMMAJIbHBIMH BBIYHCIIMTCIBbHBIMHU

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

3aoanus 3aKkpeimozo muna Ha yCmaHo61eHUe COOMEENICIMEUA.

3HaHUE YUCIIEHHBIX METOJOB ANMpPOKCHUMALMU M WHTEPHOIMPOBAHUS HEOOXOIUMO B
KOTHUTHBHOM  TPOCKTUPOBAHHHM  MPOIECCOB, IMOCKOJBKY OHH  TTO3BOJISIOT
BOCCTaHaBJIMBaTh U 000011aTh HEJOCTAIOIINE UM 3AIIyMJIEHHbBIE JaHHBIE HA OCHOBE
UMEIOIINXCS HAOIOCHUN, YTO KPUTUYHO Ui MMOCTPOSHHS aalTUBHBIX MOZEIEH
OPUHATHS PELIeHUH; Hampumep, cieayoummid ¢parmeHT koaa Ha Python ¢
UCIIONIb30BaHUEM  scipy.interpolate.interpld  peamuszyeT — KyCOUHO-JIMHEHHYIO
UHTEPHOJSLMI0O — OJMH U3 0a30BbIX YHMCICHHBIX METOJOB BOCCTAHOBIICHMS
(GYHKINU TIO TUCKPETHBIM TOYKaM. YCTaHOBHTE COOTBETCTBHE MEXIY (parMEeHTOM
kona Ha Python (¢ wucmonp3oBaHMEM CTaHAAPTHBIX OHOIMOTEK) M YHMCICHHBIM
METOJIOM, KOTOPBII OH pean3yeT.

@dparMeHT Koja Meron

A | np.polyfit(x, y, 1) Kyb6uueckuii crutaiin




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk JAOCTHIKEHUS
a KOMIIeTeHIUH
KOMIEeTeHIUH
b | scipy.interpolate.CubicSpline(X, [TonuHOMHUAIEHAS. HHTEPIIOJISALIHS
y) CTETICHH N
B | np.polyfit(x, y, len(x)-1) JlvHeliHas armpOKCHMAIIHST
(MHK)
I' | scipy.interpolate.interpld(x, v, JluHelHAS HHTEPITOJISLIHS
Kind="linear")
OtBer:
A b B r
Kirou:
A b B r
3 1 2 4
Tema 7. OIIK-1. NOIIK-1.1. 3naTtp 3adanun 3aKpeimozo muna Ha yCMAHO08AEHUE NOCIE006AMETbHOCHU.
Yucnennas Cnocoben OCHOBBI MaT€MaTHUKH, Y cTaHOBUTE MPABUIBHYIO TOCIIEA0BATEILHOCTD 3TANIOB MOCTPOCHHS KyOUYEeCKOTo
UHTEPIONSIINS | IPUMEHSTh buzukmy, CIUTaiiHa JJ11 BOCCTAHOBJICHHUS I1aJIKON TPAEKTOPUU ABUKECHHS 0OBEKTa IO
CILJTalHAMU €CTECTBEHHOHA | BBIUYHCIUTEIIBHOMN AKCIIEPUMEHTAJILHBIM TOUKaM (Hampumep, AaHHsie GPS-Tpeka).
yUHBIE U TEXHUKU U 1. Coop u mpenBaputenbHas 00pabOTKa 3KCIEPUMEHTAIBHBIX JTaHHBIX (yAaleHue
OOIIEnH)XEeHEp | MPOrpaMMHUPOBAHUS Ha BBIOPOCOB, YIIOPSI0UMBAHKE 10 BPEMEHH )
Hbl€ 3HAHUS, 6a30BOM ypOBHE. 2. ®opMupoBaHHe YNOPSIOUYEHHOro Habopa Y370B (Xi,Vi),[Zl€ Xi — BpPEMEHHBbIC
METO/IBI METKH, Vi
MaTeMaTu4ecKo — KOOP/IMHATbI
ro aHaiu3a u 3. CocraBieHue CHCTEMBl JIMHEWHBIX YpPaBHEHUH JJIsI ONpEIeNieHHs BTOPBIX
MO/JIEINPOBAaHU MIPOM3BOJIHBIX (MOMEHTOB) CIUIaifHAa C YY4ETOM TpaHHYHBIX YCIOBHU (Harpumep,
s, ecTeCTBEHHBIH crutain: S”(X0)=S"(xn)=0
TEOPETUYECKOT 4. PemeHue MOy4eHHOH TPEXIAMArOHAIBHOW CHUCTEMBI METOJOM IMPOTOHKH (HMIIH C
ou UCIIONIb30BaHUEeM OnbmoTeku, Hanpumep scipy.linalg.solve_banded)
AKCIIEPUMEHTAI 5. Ucnonp3oBaHne HaiIeHHBIX KOI(PQUIIMEHTOB [UIsi BBIYUCICHUS 3HAYCHUN
BHOTO CIUlaiiHa M ero MNPOM3BOJHBIX B MPOMEKYTOUHBIX TOYKaxX (Hampumep, s
UCCIIEIOBAHMS BU3YJTU3aIUH WIH YIIPABIICHUS TBUKCHUEM )




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk JAOCTHIKEHUS
a KOMIIeTeHIUH
KOMIEeTeHIUH
B Ortser:
npodeccronan | | | | | |
BHOU Kirou:
NEeSTEIbHOCTH ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘
3aoanusa 3aKpvimozo muna Ha YyCMAaH081eHUe NOC1e008AMEeTbHOCHU.
YcTaHOBUTE JIOTHUECKYIO TTOCIEA0BATEIHbHOCTh ICUCTBUN MTPU MTPOTPAMMHOMN
peaM3anuy OJTHOMEPHON KyOU4ecKol CIUTaiH-uHTepIosiue Ha Python ¢
UCMOJIb30BaHuEM 0nbanoTeku SciPy.
1. Ummopt HeoOxoaumbix Mosayieit: from scipy.interpolate import CubicSpline u
import numpy as np
2. OnpeneneHre MacCUBOB Y3II0B: X = np.array([...]), y = np.array(]...])
3. Co3nanue obbekra craifHa: cs = CubicSpline(x, y, bec_type='natural’)
4. T'enepanusi IJIOTHOM CETKM IS IUIABHOTO  OTOOpaXCHHs: X _New =
np.linspace(x.min(), x.max(), 100)
5. BbluncieHre WHTEPNONMPOBAHHBIX 3HAUYEHUH: Yy new = cs(X_new) u Hux
BU3yanu3anus (Hanpumep, yepes matplotlib)
OtgerT:
| | | | | |
Kirou:
1 2 3 [4 5 |
Tema 8. OIIK-1. NOIIK-1.1. 3nars 3aoanusn KOMOUHUPOBAHHO20 MUNaA, npeonoiazaoujue evloop 00H020
MeTtobl Cnocoben OCHOBBI MaTeMaTHKH, npaguIbHO20 OMeema u3 nPed10NCeHHbIX.
OJTHOMEPHOM MIPUMEHSATh bu3nky, dynxuus f(x)=x*—4x+5 MOmETUPyeT 3aBUCHMOCTH YHEPTHH CHCTEMBI OT MOI0KEHHUS
MUHUMH3ALAT €CTECTBEHHOHA | BBIYMCIUTEIHHON YaCTHIIBI BI0JIb OCH X
YUYHBIE U TEXHUKU U Tpebyercs HaliTH OJIOKEHNE paBHOBECHS (TO €CTh TOUKY MHHUMYMa YHEPTHN),




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIIUH
KOMIIeTeHIIUH
OOILEHHXKEHEP | IPOrPaMMHUPOBAHMS HA | MCIIOJIb3Ysl UUCIEHHBIN METOJI, HE TPEOYIOLINI BEIUMCIICHUS IPOU3BOAHOM 1
HbIE 3HAHUS, 0a30BOM ypOBHE. IIPUTO/IHBIN JUJIs peanu3aly Ha IPOCTOM MUKPOKOHTPOJUIEPE C OrPAaHUYEHHBIMU
METO/1bI BBIUUCIIUTENbHBIMU pecypcaMu. Kakoii MmeTon Hanbosee 1eiaecooopazHo
MaTEMaTU4ECKO IIPUMEHUTH?
ro aHajIu3a u A) MeToj rpaJUeHTHOTO CIIyCKa
MOJICTIUPOBaHU B) Merox HetoToHa
A, C) Mertoj 30710TOro ce4eHus
TEOPETUYECKOT D) Meron Hauckopeniero ciycka
ou Otser: C
AKCIEPUMEHTAI O6ocHoBaHueE:
BHOT'O Oynknus f(x)=x*—4x+5 — KBagpaTHuHAsA, yHUMOAANbHAS U TIaJKas, U e& TOUHbIi
HCCIIEIOBaHUS MUHUMYM MO>XHO HallTu aHanuTuyecku (x=2). OgHaKo B yCJIIOBUU NOTUEPKUBAETCS,
B YTO 3a/1a4a PELIaeTcsi Ha POCTOM MUKPOKOHTPOJIIEPE C OrPAHUYECHHBIMU
npodeccruoHan pecypcamu, Iie:
bHOU ® JKeNaTeJbHO M30eraTb BBIUMCIEHUS NPOMU3BOAHBIX (UTO MCKIIIOYAET METOMAbI
JeSITEbHOCTH HploTOHA M rpaiMEHTHOIO CITyCKa);

e Tpedyercs MUHUMYM apu(METHICCKUX OIEepaIiil U MaMsTH;

e (YHKIUS YHUMOJIaJbHA HA MHTEPECYIOIIEM HHTEPBAJIC.

MeTo1 30JI0TOTO CEYeHUS — ITO JETCPMUHUPOBAHHBIM METOJT IPSIMOTO TTOMCKa, HEe
TpeOYIOIIHI BHIYHCIECHUS IPOU3BOIHBIX, UCIONIB3YIONINI (PMKCHPOBAHHOE MPABUIIO
COKpaIIeHHs] HHTepBaia HeornpeaeaeéHHOCTH. OH 0cO0eHHO 2P HEeKTUBEH IS
YHUMOJAIBHBIX (DYHKIUN U JIETKO peain3yeTcs Iake Ha YCTPOMCTBAaX ¢ HU3KOM
BBIYHCITUTEILHON MOITHOCTBIO. B OTIIMYMe 0T METOIOB THIA TPATUSHTHOTO CITyCcKa
i HploTOHA, OH HE MpeArnoiaraeT XpaHeHUsI UCTOPUHU UTEePAIUil U CII0KHBIX
omepanuii (HampuMep, AeJIeHUs Ha MaJIble Yhcia WK 00paieHus MaTtpuir). Takum
00pa3oM, METO/T 30JI0TOTO CEYCHHsI ONTUMAIIEH B JAHHOM KOHTEKCTE.

3aoanua KOMOUHUPOBAHHO20 MuUNA, NPeOnoIazarujue 6b100p 00HO20
nNPAsUIbHO20 OMEema U3 NPed10HCeHHbBIX.




Tema

Kon n
(popmypoBk
a
KOMIIeTeHIIUH

Nuauxkaropsl
JOCTHKEHHUS
KOMIIETeHIINH

Tect nmo Teme

[Tpu pa3zpaboTke nporpammsel Ha Python 11 aBTomMaTrueckoil HAaCTPOUKH SIPKOCTH

HKpaHa B 3aBUCHMOCTH OT BHEIIHETO OCBEIIEHHs ObLIa MOJyYeHa YHUMOIAIbHas

bynakuus ommoku E(a), e o

o — K03 punment spxoctu. 3BecTHO, 4TO aHAIMTHYECKOE BhIpakeHue i E(a)

CJI0HO, IPOU3BOHASI HEJOCTYIHA, & BEIYMCICHUE 3HAYCHUS (PYHKIIMH —

OTHOCHUTEJIBHO JOpOro no BpeMeHu. Kakoilt MeToa 0JJTHOMEpHO MUHUMM3ALIMU

o0ecrevynT HaXOXKACHHEe MUHUMYMa C MUHUMAJIbHBIM YKCJIOM BBIYHUCICHHM

byHKIUN?

A) Meton nepebopa (paBHOMEPHOTO ITOMCKA)

B) Meroa nuxoromMun

C) Meton nmapabonuueckoit anmnpokcumanuu (Metoq bpenra)

D) Meton 3010TOr0 CeueHus

Otset:D

O6ocHoBaHueE:

B 3anmaue ykasano, uto:

e (ynkuusa ommbku E(a)

e E(a) yaumonanbHa;

® AHATUTHYECKOE BHIPAKEHHUE CIOKHOE, a IIPOU3BOHAS HEJTOCTYITHA;

e BBIYWCICHUE 3HAYCHHWS (YHKIIMH JOPOTO TIO0 BPEMEHH, I03TOMY BaXKHO
MUHUMHU3HPOBATH YUCIIO BBI30BOB.

CpaBHUM BapHaHTHI:

Merton nepebopa (A) TpedyeT o4eHb MHOTO BBIYUCICHUN PYHKITUU U HEDPDEKTHUBEH.

Meton nuxoromuu (B) TpeOyeT 3HaHUS 3HaKa MPOU3BOAHOMN (MM MCTIONb30BAHUS

KOHEYHBIX Pa3HOCTEN), UTO JTUOO HEBO3MOKHO, TMO0 TOMOJHUTENBHO YBEIUUYNBAET

YHCIIO BHIYHCICHUH.

Merton bpenra (C) nefictButenbHO 3G(HEKTUBEH U 9aCTO UCIIOIB3YETCSl Ha TIPAKTHKE,

HO OH KOMOMHHUPYET MapaboINdecKyro alMpOKCUMAIIUIO U 30JI0TOE CEYCHHE, U TIPU

HEYJTAYHOH amnmpOKCUMAITUU MOYXKET JIeaTh JHUIIHNE BAuCIeHus. Kpome Toro, o

CIIOKHEE B pealIi3allii U MEHee MPEICKa3yeM M0 YHCITY BHI30BOB (DYHKIIHU.




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIIUH
KOMIIeTeHIIUH
Merton 30m0toro ceuenus (D) rapantupyer cokpalieHne HHTepBajia oucka ¢
¢dukcupoBaHHbIM KO3 umenToM (~0.618) Ha kaxxa0i UTepanuu 1 TpedyeT pOBHO
OJIHO HOBOE BBIYMCJICHNE (DYHKIMH Ha IIar (II0Cje Ha4albHOrOo 3Tana). OTo J1eaeT
ero Hau0oJiee IKOHOMUYHBIM U HaJIEKHBIM B YCIOBHSX, KOT'1a KaX10€ BBIUYMCIIEHNE
(GYHKIMH TOPOTO.
IToaTOoMy METOJT 30JI0TOTO CEYEHMSI — HAaWIYUIIUH BHIOODP MPU YKa3aHHBIX
OrPaHUYCHUSX.
[Tpumeuanue: Xots meTo] bpeHra B cpesiHeM ObICTpee, B yCIOBUSIX CTPOTrOM
HKOHOMHHU BbI30BOB ()YHKIIMU M OTCYTCTBUS MH(POPMAIIUU O IJ1aJKOCTH, 30JI0TOE
CeueHHe MpeanoYTUTEeNbHEee O1aroapsi CBOeH rapaHTUPOBaHHOM () (hEKTUBHOCTH U
IPOCTOTE.
Tema 9. OIIK-1. NOIIK-1.1. 3narp 3aoanun KOMOUHUPOBAHHO20 MUNA, NPEONOIAZarOUiUe 6b100P HECKOJIbKUX
Metoabl Cnocoben OCHOBBI MAaTEMaTHUKH, 0meemaog u3 npeodnoHceHHbIX.
MHOTOMEPHOI MIPUMEHSTh buzukwy, [Tpu MoaenupoBaHnHU ABM>KEHUS poOOTa B IPOCTPAHCTBE TpedyeTrcs
MUHUMU3ALNAN €CTECTBEHHOHA | BBIYMCIUTEIBHON MUHUMH3UPOBATH GYHKILUIO cToUMOCTH f(X,y,Z)
YYHBIE U TEXHUKH U f(x,y,z), onMCHIBAIOLIYIO0 SHEPro3aTpaThl Ha nepemeneHue. M3BecTHo, uro:
OOIEHXEHEep | MPOrpaMMHUPOBAHMS Ha e (yHkums raakas u guddeperunpyema;
HBIC 3HAHUA, 0a30BOM ypOBHe. ®  BRIYHMCJICHHE I'Pal€HTa BO3MOKHO, HO IOPOro;
METOJIBI e 33/1aua peuraeTcs Ha BCTPOEHHOM IIPOLIECCOPE C OTPAaHUYEHHOM MAMSTHIO.
MaTEMAaTHIECKO Kakue u3 nepeuncieHHbIX METOJIOB MOTYT ObITh IPUMEHUMBI B IaHHOW CUTyaluu?
I'0 aHaJIW3a U A) Metoa rpailue€HTHOTO CITycKa
MOZCINPOBAaHN B) Merox HetoToHa
a, C) MeTtoz conpsikEHHBIX TPaJUEHTOB
TEOPCTHICCKOT D) MeToa KOOpAMHATHOTO CITycKa
ou E) N'enetnueckuit anroputm
AKCIIEPUMEHTAI Orset: A,D
BHOT'O O6ocHOBaHUE:




Tema Kon n Nuauxkaropsl Tect nmo Teme

¢hopmyIpoBK JTOCTUKEHU S

a KOMIIeTeHIUH
KOMIETeHIHH
UCCIIeIOBAaHUS A) I'paguieHTHBII CHyCK — MNPUMEHHMM, TaK Kak (YHKIMS TIaiKas W TPagucHT
B cymectByer. HecMoTpst Ha ero «JJOpOroBHU3HY», METOJ TpeOyeT MHHUMYM HaMsTH
npodeccuoHan (TONMbKO Tekylas TOYKa M TPAJAMEHT) U JIETKO pealn3yeTcsi Ha BCTPOEHHBIX
bHOU cucreMax. Ilpu ymepeHHOM umclie mepeMeHHbIX (31ecb — 3) OH ocTaéres
NeSITeTbHOCTH MPAKTUYHBIM.

D) KoopaunaTHblii criyck — He TpeOyeT rpajueHTa BOOOIIe: Ha KaKIOM Imare

MUHUMU3UPYET (PYHKIHMIO MO OJHOW KOOpAMHATE. DTO OCOOEHHO BBITOJHO MpU
OIpaHUYCHHBIX BBIYMCIHUTCIIBHBIX PpeCypcCax, TaK KaK MO3BOJIACT HCIOJIb30BATh
OJTHOMEPHBIC METOABI (HampuMmep, 30J0Toe ceueHue). [1oaxoauT aus HEeOObIIOH
pa3MepHOCTH (3 repeMeHHbIe).

3aoanua KOMOUHUPOBAHHO20 Muna, NPeOnoaazarouiue 6bl00p HECKOIbKUX
0Mmeemoe u3 npeodi0IHceHHbIX.

Bb1 pa3pabatsiBaeTe nporpamMmmy Ha Python ayis HacTpoliku mapameTpoB HeipoceTu
(HeckoJIbKO ThICSU BecoB). LleneBast GyHKIMS — HeNUHEHHas1, HEBBIMYKJIasl, IIyMHas,
0e3 aHamuTH4eckoro rpagueHta. Kakue meTonsl 1enecooOpa3HO paccMOTpeTh AJIs
IIPAKTUYECKON peann3anuu?

A) Merox HetoToHa

B) Metop croxactuyeckoro rpajaneHTHoro ciycka (SGD)

C) Meron Jleenbepra—MapkBapara

D) MeTo MMHTAIIMK OTXKHUTA

E) Meton Hennepa—Muna (CUMIUIEKCHBIN METON)

Otset:D,E

O6ocHoBaHuE:

D) Umutanus orTxura — O€3rpaJueHTHBIA, CTOXAaCTHUECKUI METOJ, CIIOCOOHBIH
BBIXOJWTHh M3 JOKAJIBbHBIX MHUHHUMYMOB. [lOAXOAMT 711 HEBBIMYKJIBIX M LIYMHBIX
GyHKUMH, TOE TpajuMeHT HenocTymeH. Xopomo padoTaeT B YCIOBHSX




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIeTeHIIUH
HeomnpeAenEHHOCTH.
E) Meron Hennepa—Mmuna — xinaccuueckuid mpsiMod (Oe3rpaJueHTHBIA) METOJ
MHOTOMEpPHOM ONTHUMHU3AIlMU, OCHOBaHHBIA Ha nedopmanuu cumiuiekca. Lupoko
UCTIONB3YeTCsl B TPAKTHYECKUX 3a7adax (HampuMmep, B scipy.optimize.minimize),
KOr'/la TPaJIMeHT HEU3BECTEH, a Pa3MEPHOCTh YMepeHHas (10 HECKOJIbKUX coTeH). s
TBICSY TIAPAMETPOB OH MOXKET OBITh MEMJICHHBIM, HO TEOPETHYECKH HPUMEHHM H
4acTo HCIMOoNb3yeTcs Kak baseline.
Tema 10. OIIK-1. NOIIK-1.1. 3narp 3aoanua omKpvLIMO20 MUna ¢ pa3eepHymovim Omeemom.
MeTto1b1 Cnocoben OCHOBBI MaTEMaTHUKH, [Touemy mpu 06pabOTKE FIKCIIEPUMEHTATBHBIX JAHHBIX C JATYUKOB (HAIpUMeED,
YHCIEHHOTO MIPUMEHSTh buzukmy, aKceJepoMeTpa) IS OIpeieIeH s CKOPOCTU 00BEKTa Yallle UCTIONIb3YIOT YUCICHHOE
UHTETPUPOBAHU | €CTECTBEHHOHA | BBIYMCIIUTEIbHON MHTETPUPOBaHKE, a HE YnCiIeHHoe aAuddepeHnnpoBanme?
au yUHBIC U TEXHUKU U Ortser:
muddepeHuupo | oOuienHX)eHep | mporpammupoBaHus Ha | YucnenHoe nuddepeHpoBaHie CUIBHO YCHIIMBAET IIYM B JAHHBIX, TOCKOJBKY OHO
BaHUS HBIE 3HAHUS, 6a30BOM ypOBHE. OCHOBAaHO Ha BBIUMCIIEHUU pa3zHOCTel OJM3KUX 3HAUYEHUH: jJaxe HeOosbIINe
METO/IbI MOTPEIIHOCTH HM3MEPEHUH TMPUBOAIT K OOJBIIMM OLIMOKaM B IPOU3BOIHOIML.
MaTEMaTU4ECKO HanpoTuB, 4uclIeHHOE WHTETPUPOBAaHUE CIVIAXKMBAET IIYM, TaK Kak CyMMHUpYeET
ro aHajiM3a u 3HAYEHUS BO BPEMEHHU.
MOJIEJINPOBAaHU C (usnueckoil TOUKM 3pEHUs, YCKOpEHHE (M3MepsieMOoe aKCeIepOMETpOM) — 3TO
A, IIPOU3BOJIHAS CKOPOCTH, TO3TOMY YTOOBI MTOJIYYUTh CKOPOCTh, HY’KHO HHTEIPUPOBATH
TEOPETUYECKOT YCKOpPEHHE 10 BPEMEHHU — JTO NpsAMas 3ajava.
ou C BBIYMCINTENBHOM TOUKHM 3PEHMS, METOJAbl MHTETPUPOBaHUS (HAmpUMeEp, METOJ]
IKCIEPUMEHTAI Tpaneuuii) yCTONYMBBI U JIETKO PEAIN3YIOTCA Jake€ Ha MUKPOKOHTPOJUIEpAx, TOTAa
BHOTO kKak auddepennupoBanue TpeOyeT MpeaBapuTeabHON GUIBTPAIMK TaHHBIX U 0oJiee
UCCIIEIOBAaHUS CIIOKHOM  00paboTku. [losToMy HWHTErpupoBaHHE MpPEANOYTUTENbHEE IpH
B BOCCTAHOBJICHMHM KUHEMATUYECKUX BEJTMYHMH U3 SKCIIEPUMEHTAIbHBIX JIaHHBIX.

npodeccroHan




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk JOCTHKEHH S
a KOMIIETEHIIMH
KOMIIETEeHIINH
BHOH
JIEITEIBbHOCTH 3aoanun omKkpeImozo muna ¢ pazeepHymoim 0meemom.

[TpuBenure npumep ¢puszndeckoi 3axaun, rae HeoOXOAUMMO UCIIOIb30BaTh YUCICHHOE
MHTETPUPOBAHUE, U MI0YEMY aHATUTHYECKOE PEUICHHE HEBO3MOXKHO HIIH
HerenecoobpasHo. [IpogemMoHcTpupyiiTe npocTyro peanu3sanuto Ha Python ¢
UCTIOJIb30BAHUEM CTaHIAPTHOW OMOIMOTEKH.

Ortser:

[Tpumep: BbuuciieHne paboTHI CUIIBI CONPOTHUBIICHHUS BO3yXa IPU ABIKEHHUH TEIa,
KOTJIa CHJIa 3aBHCHT OT CKOPOCTH CJIOKHBIM 06pasom, Hanpumep F(v)=—kv?, a
CKOpoCTh V(t)

3ajjaHa Ta0IMYHO (10 JaHHBIM JIaTYUKOB) UJIM KAaK Pe3yJIbTaT YUCIEHHOTO PELICHUs
nuddepenmansHoro ypapuenus. Torna padora A= :12 F (v(t))-v(t) dt

HE UMEET aHATMTHYECKOTO BBIPAKEHUS, eCcIu V(t)

v(t) HeM3BECTHA B SIBHOM BUJIE.

B Takux cirydasx MpuUMEHSIOT YMCIEHHOE HHTerpupoBanue. [Ipocras peanuzanus Ha
Python ¢ ucnonb3oBanuem scipy.integrate.trapz:

python

1 import numpy as np

2 from scipy.integrate import trapz

3

4 # Ilpumep: BpeMEHHbIE METKH U CKOPOCTh (M3MEPEHHBIE NN CMOEINPOBAHHBIE)
5 t=np.linspace(0, 10, 100) # Bpems ot 0 1o 10 ¢

6 v =np.exp(-0.1 * 1) # mpuMep 3aTyxaroiiei CKOpoCcTH
7k=05 # KO3 PUIHMEHT CONMPOTUBIICHUS

8 F = -k * v¥*2 # cuta CONTpOTHBIICHUS

9 power=F *v # MIHOBEHHAasi MOILIHOCTh

10

11 work = trapz(power, t) # 4MCIIEHHOE UHTErPUPOBAHUE

12 print("Pabora cuiibl conpotunenus:", work)




Tema Kon n Nuauxkaropsl Tect nmo Teme
(popmypoBk AOCTHKEHU S
a KOMIIeTCeHIIUH
KOMIIeTeHIIUH
OTOT NOJAXO0/ YHUBEPCAIEH, YCTOMYMB U JIETKO MacIITabupyem, 4To JeJIaeT ero
NPEANOYTUTEIIFHBIM B MH)KEHEPHBIX U (PU3NUECKUX pacuéTax, rae GyHKINHU 3aTaHbI
JUCKPETHO WIH CIIMILIKOM CJIOKHBI U1l aHAIMTUYECKOIO NHTETPUPOBAHUS.
Tema 11. OIIK-1. NOIIK-1.1. 3nare 3aoanus 3aKpvimozo muna Ha yCMAaHO081eHUE COOMEEMCMEUsL
Yucnennoe Cnocoben OCHOBBI MaTEMAaTHUKH, VY cTaHOBHUTE COOTBETCTBUE MEXKIY METOJOM YUCIEHHOTO penleHus 3aaauu Komm n
peuieHue 3a1a4u | IPUMEHSTh buzukwy, ero XapaKTEPUCTHKON, OTPAKAIOMIEH OCOOCHHOCTH TPUMEHEHUS B (PH3HUUECKUX U
Komm st €CTECTBEHHOHA | BBIYMCIUTEIIBHON BBIUMCJIMTEJIBHBIX 33Ja4aXx.
CUCTEM YYHBIE U TEXHUKHU U Merton XapakTeprucTHUKa
OOBIKHOBEHHBIX | OOLIEMHKEHEP | IPOrPaMMHMPOBAHMS Ha A Merton Diinepa TpebyeT BbIUKCICHHS TPOU3BOJIHBIX BBICIIHUX
muddepeHnrans | Hble 3HAHMUS, 0a30BOM ypOBHE. HOPSJKOB; AA€T BHICOKYIO TOUHOCTb IIPU MaJIOM
HBIX YPaBHEHUHN | METOJbI YHCJIE I11aroB, HO CJIOKEH B peau3aluu I
MaTeMaTH4ECKO CUCTEM.
ro aHajausa u b Meron Pynre— [Ipoct B peanusanuu, HO UMEET HU3KYIO TOYHOCTh
MOACINPOBAHU KyTTLI 4-ro 1 MOYXET OBITh HeyCTOI‘/'IHI/IB JOaKe JJId TJIaaKux
A, nopsiaka (RK4) CHCTEM IpH OO0JIBIIOM IIare.
TEOPETHIECKOT B | Meron psanos He tpeOyeTr aHaIMTUYECKOTO BEIYUCICHHUS
ou Teitnopa MIPOU3BOJIHBIX, 00JIaJaeT XOPOIIUM OajlaHCOM
AKCIEPUMEHTAN TOYHOCTH U YCTOMYHMBOCTH; IIUPOKO
BHOTO HCIIOJIB3YETCS B MHKEHEPHBIX pacy€Trax.
HCCIIEIOBaHUS OTBeT:
B A b B
npogeccuoHan
bHOH Kitrou:
ACATCIIbHOCTU A IN B
2 3 1

3aoanusn 3AKpblmo2co muna Ha yCmanoesJjienue coomeemcmaeus




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

KOMIIETEHIIMH
YcTaHOBUTE COOTBETCTBUE MEXIY (DU3UUCCKOM 3aaueii 1 Hanbosee Mo X0 IsaIuM
METO/IOM YUCJIEHHOTO pelieHus 3aaaun Ko yis e€ KoMInboTepHOro
MOJICJTUPOBAHUS TPU OTPAHUYCHHBIX BHIYMCIUTEIIBHBIX PECypcax.

dusnueckas 3agada Meton

A MopenupoBanre cBOOOIHOTO MajeHus Tena | 1 Meron Ditnepa
¢ yu€TOM COIPOTHUBJICHUS BO3/lyXa (cucTteMa
u3z 2 O/1Y)

b Pacuér TpaekTopuu 3apspKeHHON YacTHIBI B | 2 SBHBII MeTOn PyHre—
HEOAHOPOJHOM MarHUTHOM ToJjie ((k€cTKas KyrTh1 4-TO NOpsika
cucrema O/1Y) (RK4)

B Nmuranys nBUKEHHS IIaHETHI BOKPYD 3 Hesasurblil MeTox miin
3BE3/IbI (JIOJITOCPOYHAsI MHTErPALIHS CHMILJICKTHYECKHI
raMUJIbTOHOBOM CHCTEMBI) WHTErpaTop (Hampumep,

merton Bepiie)
OrtBer:
A b B
Korou:
A b B
1 2 3
Tema 12. OIIK-1. NOIIK-1.1. 3naTp 3aoanus 3aKpbimozo muna Ha yCMAHO061EHUE NOCE006AMETbHOCHU.
YuclieHHbBIE Cnocoben OCHOBBI MATEMATHKH, YcraHoBUTE MPABUIIBHYIO MTOCIIEI0BATEILHOCTh TANOB MPU YUCICHHOM PEIICHUN
METOBI MIPUMEHSTh buzukmy, KpaeBOM 3a/1auu Uil ypaBHEHHUS TEIUIONPOBOJHOCTH B CTEPKHE C UCIIOJIb30BAaHUEM
pereHus €CTECTBEHHOHA | BBIUHMCIIMTEIIBHOMN METO/1a KOHEUHBIX Pa3HOCTEH U MOCIEAYIONeH pean3aliii B IporpaMMe.
KpaeBbIX 3314 C | yUYHBIE U TEXHUKHU U 1. ®opmynupoBka Gpu3ndecKoil MoIeTH (YpaBHEHUE, TPAaHUYHbIE U HaYallbHbIC
KOTHUTHUBHBIMU | OOIIEHMH)KEHEP | IPOrpaMMHUPOBAHUS Ha YCIIOBHS)
MOJICIISIMHU HBIC 3HAHMS, 0a30BOM ypOBHE. 2. Jluckperusanys NpOCTPAHCTBEHHOW 00JaCTH U allPOKCUMAITUS TPOU3BOIHBIX




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

KOMIIETeHIH U

pealbHBIX METO/IbI KOHEYHBIMHU PAa3HOCTAMU

IIPOLIECCOB MaTeMaTH4eCKO 3. Tloctpoenue cucteMbl TUHEHHBIX anredpanyeckux ypaBHeHuit (CJIAY)
ro aHajau3a u 4. Be16op unciennoro merojaa pemenus CJIAY (Hanpumep, METOT TPOTOHKH )
MOJIEJIMPOBAaHU 5. Peanuzanus anropuTMa Ha si3bIKE MPOrPAMMHUPOBAHUS U BU3YyAIH3aLUS
A, pe3ynbTara
TEOPETUYECKOT OtgerT:
on | | | | | |
SKCIEPUMEHTAI Kirou:
BHOTO |1 E 3 [4 5 |
HCCIIEIOBaHUS
B
npogeccHoHan 3aoanusn 3aKpoimozo muna Ha yCMAaHo081EHUE NOCTIE006AMENbHOCIU.
BHOM [Tpu mocTpoeHN KOTHUTUBHOW MOJIETN PACIpEIeICHNs HAIPSDKEHUS B YIIPYTOi
ACATCIbPHOCTHA OaJke 1oJ1 Harpy3KO# MCIOIb3yeTcs KpaeBas 3a1ava st qudGepeHIHaTbHOTO

ypaBHEHHUA U3ruda. Y CTAaHOBUTE JIOTMYECKYIO OCIEA0BATEIbHOCTh ACUCTBUNA OT

(U3NIECKOTO OMMCAHUS JI0 MOJTYYSHHS YHCICHHOTO PEIICHHS.

1. Onpenenenue 3aBUCUMOCTH MEXy AedopMaliieid 1 HarpspkeHueM (3akoH ['yka)
1 BBIBOJ AU PEepeHInanbHOr0 YpaBHEHUS U3rnda

2. 3ajnaHMe KpaeBbIX YCJIOBUH (HampuMmep, 3alleMJIeHHe Ha KOHIaX MJIM CBOOOJIHOE
ONHMpaHUE)

3. Anmpokcumanus BTOpOW M 4eTBEPTOM MPOU3BOAHBIX C TMOMOIIBIO IIEHTPAIbHBIX
pa3HocTen

4. ®opmupoBaHUE pa3peKEHHON MAaTPUILIBI )KECTKOCTH U BEKTOpa Harpy30K

5. Pemenme mnonyuenHoit CJIAY ¢ wucnonp3oBaHueMm OUOIHMOTEKH (HAIpUMep,
scipy.sparse.linalg.spsolve)

Otser:

| | | | | |

Kirou:

(1 [ 2 E




Tema Kon n Nuauxkaropsl Tect nmo Teme
¢opmyaupoBk JOCTHKEHH S
a KOMIIETEHIIMH
KOMIIETEeHIINH

Kpumepuu OUCHUBAHUA MeEeCm 06020 3a0anus:

Ouenka Kpurepun oueHnBanus
OTJIMYHO ot 90 10 100 % npaBUILHO BHIIOJHEHHBIX 3a/1aHUMN
XO0POIIO ot 70 110 89 % npaBUIBLHO BBINOJHEHHBIX 3aJaHUI
YAOBJIETBOPHUTEIbHO oT 50 10 69 % npaBUIBLHO BHINOJHEHHBIX 3aJaHUN
HEY/I0BJIeETBOPUTEILHO | MeHee 50 % npaBuUIbHO BHINOJHEHHBIX 3a1aHUN

4.2 TUMTOBBIE NIPAKTUYECKUE 3AJAHUSA
[TpakTuyeckue 3aaHus JOJDKHBI OTpaXkaTh YMEHHE 00y4arollerocsi IpUMEHATh OCBAaUBAEMYI0 KOMIIETEHIIMIO B MPAKTUYECKUX CUTYalUAX U

IIPY PEIICHUH TPOU3BOJCTBEHHBIX 3a4a4.

Tema Koa n HNuaukaropsl 3aaHus K NPAKTHYECKOMY 3aHATHIO
¢GopmyupoBk JAOCTHKEHMSI
a KOMIIETEHIINH

KOMIIETEHI[U U
Tema 4. OIIK-1. NOIIK-1.2. YmeTs Pacuemnasa 3adaua 1
Henunelinsie Cnocoben PUMEHSTh IIpn MoznenupoBaHUM KOTHUTUBHOM KapThl CUCTEMBI YIIPABIICHHUS PEAIIPUATHEM
aJ'IFC6paI/ILICCKI/Ie MIPUMEHATH €CTECTBEHHOHAYYHLIE U 3aBUCUMOCTDb MCKAY YPOBHEM LIPI(I)pOBOfI 3pCJIOCTHU X
METOABI UX YHHbIE 1 3HAHMUS, METOIIbI Y OIIMCBHIBAETCS YPABHEHUEM:

b
R NS

PCHICHUS B OOIIENHKEHEP | MaTEMaTHYECKOTO 3(') X“H6x—5 " .
3aj1avax HBIG JHAHIA, S TIPEZIEINTE, DU KAKHX 3HAYCHIAX X 3¢ (heKTUBHOCTH Y paBHA HYIHO. Vcnonb3yiiTe
KOTHUTHBHOTO AHATTUTUICCKUN METO/ (PEIICHUE KBaIpaTHOTO YPABHEHHS).

METObI MOJIETTUPOBAHHS,
MIPOEKTUPOBAHU Pemenue:

MAaTeMaTU4YECK | TEOPETHYECKOTO 1
i Pemnm ypaBHeHue:




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U
Or0 aHAJIM3a U | DKCIIEPUMEHTAIBHOIO —x2+6x—5=0= -Xx*—6x+5=0
MOJICTIMPOBAHU | MCCJIE0OBAaHUS B Huckpumunant: D=36-20=16
1, npodeccHOHANLHON KopHu:
TEOPETUYECKOT | JIeATEIbHOCTH.
ou X1’2:6i2\/E=62£=X1=1,X2=5
OKCIEPUMCHTA OtBert: 3¢ GeKTUBHOCTH paBHA HYIIO TIpU X=1 1 X=5
JBHOTO
UCCIIETOBAHUS
B Pacuemnas 3adaua 2.
npodeccronan B skcniepuMeHTaNbHOM UCCTIEA0BAaHUN KOTHUTUBHON MOJIETTH IPUHSTO, YTO YPOBEHb
bHOI aBTOMATH3AIMH X CBSI3aH C OLIMOKOM mporHosa f(x) cieayromum HelmnHEeHHbIM
e TeTbHOCTH YpaBHEHUEM:
f(x)=x3—-2x—-5

Haiinure npubnmkénnoe 3HaueHue KopHs ypaBHeHus f(x)=0 Ha oTpeske [2;3]
[2;3] METOOM MOJOBUHHOTO JiesieHus (MeToa OUCEKIMU) ¢ TOYHOCTHIO 70 0,1
Pemenue:

[IpoBepum 3HaKH:

f(2)=8—4—-5=—1<0

f(3)=27-6—5=16>0 — KopeHb ecTb.

Wrepanumu:

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

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 — xopens B [2;2,125]

o 4=2,0625: 1(2,0625)=8,78—4,125—5~—-0,345<0 =~—0,345<0

Teneps kopens mexay 2,0625 u 2,125. Cpengnee = 2,09, TOUHOCTb TOCTUTHYTA.
Otser: [IpubnmxEHHBIN KOpeHb x~2,1




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk JTOCTUKEHU S
a KOMIIeTeHIUH
KOMIETeHIHH
Tema 5. Meron | OIIK-1. NOIIK-1.2. YmeTs Pacuemnas 3aoaua 1.
MPOCTOM Cnocoben IPUMEHSTH [Tpu MoaeTMpPOBaHNUY 3aBUCUMOCTH MEXKIY YPOBHEM aBTOMATHU3AIIUU X
uTepanuu IPUMEHATH €CTECTBEHHOHAYUHBIE H | X U HHIEKCOM a¢ddexTuBHOCTH yripaBiieHHs f(X) MOTy4eHO HEIIMHEHHOE ypaBHEHUE:
pCIICHUA €CTECTBEHHOHA | OOIIEHH)KEHEPHBIE x=Inifoi(x+2)
HEJIMHEWHOTO yUHBIE U 3HAHUS, METO/IbI [TpuBenute 3TO ypaBHEHUE K BUAY, IPUTOJHOMY JJIE METOa MPOCTON UTEepaluu, U
b
ypaBHECHHUS OGIIEHHKEHEp | MATEMATHIECKOTO BBITIOJIHUTE OJIHY UTEPAINIO, B35B HaYaJIbHOE pUOImKkeHue xo=1
HbIC 3HAHMUS, aHalu3a u Pemerme:
YpaBHeHUE yke 3aIMCcaHo B BUAE X=0(X), rae ¢(x)=In (x+2)
METO/IbI MOJIeTTUPOBAHUS,
ATeMATIHCC CODETIICCKOrO BrimonHuM 0iHY UTEpaluio:
MaTeMaTH4eCK | T TUYECKOTO U
P X1=p(x0)=In(1+2)= In3 = 1,0986
Oro aHajn3a M | SKCIIEPUMEHTAILHOTO Oteer: x1~1,10
MOJIETTUPOBAHU | HCCIIEIOBAaHUS B
A, npodeCCHOHAILHON
TEOPETUYECKOT | JIeATEeIbHOCTH. Pacuemnan 3adaua 2.
ou J171st OIIeHKH yCTOMYMBOCTH KOTHUTUBHOW MOJIEIH UCIIONIb3YETCSl ypaBHEHUE:
JKCIIEPUMEHTA X?=3x+1=0
JTBHOTO [TpuBenuTe ero K UTEPAMOHHOMY BUIY X=((X), 00eCreunBaroIeMy CXOAUMOCTh B
HCCIEA0BaHUsA OKpecTHOCTH KOpHA XE[0;1], 1 BeIMOIHUTE OJHY UTEpanuto npu Xo=0,5
B Pemenue:
npodeccHonan W3 ucxoHOTO YpaBHEHUS BBIPA3HM X:
BHOU
x?+1 x2+1
JEATEIbHOCTHU X = T o(x) = .

2X
[Tposepka: |(p'(x)|=|;|<1 npu XE€[0;1] — ycrnoBHe CXOMMOCTH BBIMOJIHSICTCS.

OnHa ureparusi:

X1=(0,5) = 22" = 2200 = 22 ~ 0,4167




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk JAOCTHKEHHSI
a KOMIIETEHLIMH
KOMIIETEHIIMH
OrtBer: x1~0,42
Tema 6. OIIK-1. HOIIK-1.2. YMmeTb Pacuemmnas 3aoaua 1
YucneHnHsle CriocobeH PUMEHSATH [Tpu uccnenoBanuu BIUSHUS YPOBHS ITU(DPOBOI 3peIOCTH MPEANPHUITHS X Ha HHIEKC
METOAbI PUMEHATH €CTECTBECHHOHAYYHEIE U OHCpaHHOHHOﬁ 3(1)(1)6KTI/IBHOCTI/I Y DOJYYCHEI ABA OKCIICPUMCHTAJIbHBIX 3HAYCHUS:
peHICHUA 3a/1a9 | ecTeCTBEHHOHA | OOIIEMH)KEHEPHBIC e npux=2, y=40
ArIPOKCUMANNN | yyppie g 3HAHUS, METObI e 1pu X=4, y=60
u OOIIIEeNH)KEHEP | MAaTEMATHYECKOTO
HHTEPIOINPOBA | .0 3HAHWS, AHAIN3a W OueHuTe 3HaA4CHHUE Y TIPU X=3 C MOMOIIBIO JIMHEWHOW WHTEPIOJISALINH.
HIA B 3a/1adax METO/bI MOJICTTUPOBAHUS, Pewenue: ..
Eg:;ﬁﬁgig;gn MaTeMaTU4YeCK | TEOPETHUYECKOrO U j)zp;‘yiag ?:?iSHTepHOMHHH:
5 TPOLIECCOB Or0 aHaJIn3a u DOKCHEPUMEHTAIBLHOTO 17 %-x
MOJICJTMPOBAHU | MCCJIEI0OBaHUS B
A, npodeccuoHaIbHON Ioncrapssiem:
TEOPETHYECKOT | JeSTETbHOCTH. y =40+2=2(3-2) =40 + = x 1= 40+ 10 = 50
ou
JKCIEpPUMEHTA Otser: y = 50
JIBHOTO Pacuemnas 3aoaua 2.
HUCCICIOBAHUS [To pe3ynbraram HaOMIOEHUHN 32 TPEMS IPEATPUITHIMU TTOJIYICHBI JaHHBIC:
B
npogdeccronan YpoBeHb aBTOMAaTU3AINH X 1 2 3
BHOM
NEATEIbHOCTH OreHka KayecTBa MpoIeccoB y | 2 3 5

Haiinure koadurmenTs TUHEHHON anmpokcuMupytomeid GyHKun y=ax+b
METOJIOM HaMEHBIINX KBaJIPaTOB, UCTIOJIB3Ys YIPOIEHHYIO (GOPMYITY A TPEX
TOYCK:




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk JTOCTUKEHU S
a KOMIIeTeHIUH
KOMIETeHIHH
y3-
a= =1, b=yi1—ax1
X3— X1
Pemenue
5-2
Q= —==-= 1’5
3-1 2
b=2-1,5-1=0,5
Ortger: y=1,5x10,5
Tema 7. OIIK-1. HOIIK-1.2. YMmeTs Pacuemnas 3aoaua 1.
Yucnennas Criocoben IPUMEHSATH JlaHbl TpU y351a SKCIIEPUMEHTANBHBIX JaHHBIX, OMUCHIBAIOIINX 3aBUCUMOCTh YPOBHS
HUHTCPIIOJIAINA OPUMEHATH €CTECTBEHHOHAYYHEBIE U aBTOMaTru3anuum X OT MHACKCa YI[OBJICTBOpéHHOCTI/I COTPYAHUKOB Y:
CILIAHHAMH ECTECTBEHHOHA | OOIEMHKEHEPHBIE (0, 1),(1,3),(2,2)
yUHbBIE U 3HAHHSA, METOIbI [Tpu mocTpoeHNH TUHEHHOTO CIUTaliHA (KyCOYHO-THHCHHON HHTEPIIOJSAINHN ) HalTUTe
OOIIEHH)KEHEP | MaTeMaTH4eCKOTro ;HaquHe y mpu x=1,5
HBbIC 3HAHU4, aHanu3a u CILICHHC. . . .
Ha otpeske [1,2] nuHeiHbIH criaitH — 3To npsiMas Mexay Toukami (1,3) u (2,2)
METO/TbI MOJICTTUPOBAHUS, .
YpaBHEHME NPAMON:
MaTeMaTHYeCK | TEOPETUYECKOTO U
Oro aHaJIM3a U | IKCIIEPUMEHTAIBLHOTO 2-3
y=3+—(x-1)=3-(x-1)=4-x
MOJICIIUPOBAHU | UCCIICIOBAHUS B 2-1
1, pogeCcCHOHATBHOI IToncraBnsem x=1,5:
TEOPETHYECKOT | JeATETHHOCTH. 3(’)_4_1 S _22’55
ou TBET: y=2,
IKCIIEPUMEHTA
JBHOTO

Pacuemnas 3aoaua 2.




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
¢opmyaupoBk JTOCTUKEHU S
a KOMIIeTeHIUH
KOMIETeHIHH
UCCIIeTOBaHUS [Tpu MoxenupoBaHWY KOTHUTUBHOM KapThl OM3HEC-TIPOIIecca MMOTYYeHbI JaHHbIE:
B x=[0, 2],y=[1, 5]
npodeccuoHan
BHOM Hcnosnp3yeTcs TMHENHBIN CIUIaiiH Ha 3TOM €IMHCTBEHHOM yvacTke. Halinure
ESITeTPHOCTH 3HaYeHHe PYHKIHUU B TOUKE X=1
Pemenue:
Jluneitnsiit crnaitn mexay (0,1) u (2,5)
y=1+ = (x— 0) = 1 + 2x
[Ipu x=1:
y=1+2-1=3
OtBer: y=3
Tema 8. OIIK-1. HOIIK-1.2. YMmeTs Pacuemnas 3aoaua 1.
MeTtoib1 Criocoben IPUMEHSATH OyHKIMS 3aTpaT Ha aBTOMATHU3AIMI0 OU3HEC-TIpolIecca B 3aBUCUMOCTH OT YPOBHS
OJIHOMEPHOM IPUMEHSATH €CTeCTBEHHOHAYUHble U | BHEAPCHHUS X (B ycn1. en1.) omuchIBaeTCs mapadoIon:
MWHHUMU3AHU €CTECTBEHHOHA | OOIEHH)KEHEPHBIC f(X)=x?~4x+5
YYHBIE U 3HAHUS, METO/IbI 5
OGIIEHKEHep | MATEMATHIECKOTO Haiigure 3Ha4CHUE X, TIPH KOTOPOM 3aTpaThl MIHHMATbHBI, HCTIONb3Ys
HEIS JHAHMA, R AQHAIUTUYECKUHN METOJ] (HaX0XJAEHUE BEPILINHBI 1apadoibl).
METO/IbI MOJICTTUPOBAHUS, Pemerne: . 9
s kBagpatiuaHo# GyHknuu f(x)=ax“+bX+C MUHUMYM JOCTHUTAaETCS TIPU
MaTeMaTHYeCK | TEOPETUYECKOTO U b -4
Or0 aHAIM3a U | IKCIIEPUMEHTAILHOTO T 2a Ix1
MOJICIIUPOBAHU | UCCIICIOBAHUS B
q, npodeccruoHaNbHON Otset: x=2
TEOPETHYECKOT | JMeATEeTHLHOCTH.




Tema Kon u Nuauxkaropsl 3aiaHus K NPAKTUYECKOMY 3aHATHIO
dhopmyIMpoBK JTOCTUKEHU S
a KOMIIeTeHIUH

KOMIETeHIHH

ou

3KCIIEpPUMEHTA Pacuemnas 3aoaua 2.

JILHOTO [Tpu uccnenoBanuu 3PpPeKTUBHOCTH PabOTHI CUCTEMBI HAOTIOACHHUS 32 UCIIOJIHEHUEM

yCCleI0BaHNUs 3aKOHOB TIOJTy4eHAa IKCIIEPUMEHTANIbHAS 3aBUCUMOCTH oImuOkH f(X) oT mapamerpa

B HACTPOMKH X:

npodeccronan fx)=(x-3)*+1

BHOU

EATEIBHOCTH OnpenenHTevsHaquHe X, TIpH KOTOPOM ommrOKa MUHUMAaJIbHA, 0€3 BEIYUCIICHUS
MIPOM3BOTHOM, UCTIONB3YS CBOMCTBA KBaIpaTa.
Pemenue:
KBajpat 11060r0 4rciia HeOTPULATENICH, MUHIMAaIIbHOE 3HaueHue (x—3)?=0
JIOCTUTAETCS IPU X=3
Toraa f(3)=0+1=1 — 3T0 MUHUMYM.
OtBer: x=3

Kpumepuu OUCHUBAHUA NDAKMUUECKUX 3anaAmMuIL:

Onenka

Kpurtepun onenuBanus

OTJIMYHO

BricTaBnsiercs, eciau oOy4arouiuiicss yMeeT YBA3bIBATh TEOPHUIO C MPAKTHKOM (pemiaer 3anadu, GopMyJIupyeT BbIBOJIbI,
yMeeT NOSCHUTH MOJTy4YEeHHbIE Pe3y/bTaThl), BIaeeT MOHITUIHHBIM anlapaToM, MOJIHO U INIyOOKO OBIIaJiesl MaTepHalioM 110
3aJJaHHOM TeMe, 000CHOBBIBAET CBOM CYXKJIEHUS U JAET NPABWIbHbBIE OTBETHI HA BONPOCHI MPENOIaBATENs

X0po1o

BeicTaBisiercs, ecnu oO0ydaromuiicss yMeeT yBsI3bIBaTh TEOPHUIO C MPAKTHUKOM (pemaer 3aayu U (GopMyIupyeT BBIBOBI,
yMEEeT MOSCHUTD MOIY4YEeHHbIE PE3YIbTaThl), BIaIeeT NOHITUMHBIM allapaToM, MOJIHO U IIYOOKO OBJaJie] MaTepuaioM 1o
3aJJaHHOI TeMme, HO COJepKaHHWE OTBETOB MMEIOT HEKOTOpPble HETOUYHOCTH W TPeOyIOT YTOYHEHHS M KOMMEHTapusi Co
CTOPOHBI MPEMNoIaBaTeNs

YA0BJE€TBOPUTECJIbHO

BLICTaBJ'I}ICTC}I, CCJIn O6y‘-l&IOIlIPII>iCH 3HACT M MOHHUMACT MaTcpuajl IO 3aJIaHHOM TEMC, HO H3JIOXKCHHEC HCIIOJIHOC,
HEIOCJICA0BATCIIBHOC, NOMYCKATCA HETOUYHOCTU B ONPEACICHUN HOHS[TPIf/i, CTYACHT HEC MOXKCT 000CHOBAaTbL CBOU OTBETHI
Ha YTOUYHSAIOIINEC BOIIPOCHI MPCTIOAABATCIIA




Hey/10BJIETBOPHUTEJIHLHO

BricTaBnsiercs, ecinu 00ydaromuics 10MycKaeT OMMOKH B ONPEACTICHUH MOHATHI, HCKAKAIOIUE UX CMBICT, O€CTIOPSI09HO
Y HEYBEPEHHO M3yaraet marepuai. Jlenaer ommoOKy B OTBETAX HA YTOUHSIIONIME BOMPOCHI MPEIogaBaTes

4.3. TUITIOBBIE 3AJTIAHUS VIS KOHTPOJIBHBIX PABOT

KoHTtpomnbHble pabOThl cOEpKAT HECKOJIBKO MPAKTHYECKUX 33aJaHUW 10 WHIMBHIYaJIbHBIM BapuaHTaM, B MOJHOM OOBEME OXBATHIBAIOIIUX
W3yYEHHBI MaTepual N0 YKa3aHHOW TeMme. BbINoIHEHHEe KOHTPOJIBHBIX PAa0OT IMO3BOJSET ONPENEIUTbh PE3yJbTaT OCBOCHUS KOMIETEHLUH IO
JUCLUIIIMHE B PAMKAX pacCMaTpUBAEMOU TEMbI, OLICHMBAEMBbIN C IOMOIIBIO COOTBETCTBYIOINUX UHIAUKATOPOB JTOCTHKEHUS KOMIICTCHIIUMN.

Tema Kon u Nuaukaropsl TunoBoii BApHAHT KOHTPOJbLHOH PadoThI
dpopmyIMpoBK JTOCTUKEHU S
a KOMIIeTeHIHH
KOMIETEHIUH
Tema 10. OIIK-1. NOIIK-1.2. YmeTs 3aoaua 1 (Yucnennoe nuddepeHuupoBanrue — MpUOIMKEHNE TPOU3BOIHON )
MeTo bl Criocoben IPUMEHSTh [Tpy ucTIBITAHUY ABTOMATU3MPOBAHHOW CHUCTEMBl M3MEpPEHA 3aBHCHMOCTH BPEMCHH
YHCIIEHHOTO IPUMEHATH €CTECTBEHHOHAYUHBIE M | OTKJIMKA t (B CEKYH/IaX) OT HAIPY3KH X (B yCIJIOBHBIX EIMHHUIAX):
MHTEIPUPOBAHN | ecTeCTBEHHOHA | OOIICHHKCHEPHBIC X 1 2 3
a4 YYHBIE U 3HAHMS, METOIbI t(x) 2 S 10
muddeperumpo OOIICHH)KEHEP | MaTeMaTHYEeCKOTO
BaHMsA HbIE 3HAHUS, aAHATH3a U OneHuTe CKOpOCTh U3MEHEHUSI BPEMEHH OTKJIMKA TP X=2 C MOMOIIbIO LIEHTPATHHOM
METO/TbI MOJICTTUPOBAHUS, PasHOCTHOH (OpMyIBL:
MaTEeMaTHYeCK | TEOPETUYECKOTO U , £ ek h)—t ()
Oro aHajM3a M | SKCIIEPUMEHTAILHOTO t'(x) = — on
MOJICIIMPOBAHM | UCCIICIOBAaHUS B (3mech h=1)
o, npodecCuoHAIbHON
TEOPETUYECKOT | IESITEILHOCTH. Pemenwue:
oun
SKCIIEPUMEHTA t'(2)=: (32) ;tl(l) = 102_2 = g =4
JTBHOTO
HCCIIeIOBaHUs Otger: t'(2) = 4 c/y.en.
B
npodeccronan 3aoaua 2. (Dopmyna npsMOYTOIbHIUKOB — YHCICHHOE HHTETPUPOBAHHE)
bHOI [Totpebnenue 37aeKTpOIHEPTHUU YyCTpoilcTBOM (B KBT) B TeueHue 2 4acoB 3agaHO




Tema Kon u Nuauxkaropsl TunoBoii BApHAHT KOHTPOJILHOH PadoThI
¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U
JeSITeIbHOCTH TabJIuen:
Bpewms t, u 0 1 2
MomiHocts P(t), kBT 1 2 3

2
Onenure obmee morpedienue sHepruu 3a 2 yaca (T.e. fo P(t) dt) meTomom seBbIxX

MIPSIMOYTOJIBHUKOB € I1arom h=1
Perenue:

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

OtBet:3 kBT'u

3aoaua 3 (Popmyna Tpanenuii — YUCICHHOE UHTETPUPOBAHKE)

Jlns oneHkn 00bEMa JAaHHBIX, MEPeIaBacMbIX CEThIO, U3MEPEHA CKOPOCTh Tepeaadun
v(t) (8 Mb/c):

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

Haiigutre npubnuxéHHoe 3HaueHHE 00BbEMa MepeJaHHBIX JAHHBIX 32 2 CEeKYHIbI
2 .
(f o, V(1) dt) o dpopmyre Tpamenuii.

Pemenne:
[ v(®dt =2 [v(0)+v(2)] = = (4+8)=112=12 MB

Ortset: 12 Mb




Tema Kon u Nuauxkaropsl TunoBoii BApHAHT KOHTPOJILHOH PadoThI
¢opmyaupoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U
Tema 11. OIIK-1. NOIIK-1.2. YmeTs 3aoaua 1
Hucnennoe Cnocoben PUMEHSATH Mopeinb u3MEHEHHUs YUCICHHOCTH COTPYJIHUKOB X(t) M YpOBHS aBTOMaTU3auu y(t) B
pPEIICHUE 3a1a4n MIPUMEHATH €CTECTBEHHOHAYYHBIE U KOMIIAaHUHU OITMCHIBACTCS CUCTEMOU:
Koum juist €CTECTBCHHOHA | OOIIEHHKEHEPHBIE {x '=—-01x
CHCTCM YUHBIE U 3HAHUSA, METO/IbI y'=0.2x
OOBIKHOBCHHBIX OGIIEHHKEHEp | MATEMATHIECKOTO C HAYAJIbHBIMU YCJIOBUSIMU
nntbcbepeHuHanvb HbIC 3HAHMUS, aHalu3a u X(0)=100, y(0)=0
HBIX YPABHCHHH |\ orompl MOJICIIUPOBAHUS, . _ . N
Hcnonw3ys meton Ditnepa ¢ marom h=1, Haitnure npubmkénnsie 3HaueHus x(1) u
MaTeMaTU4ecK | TEOPETUUYECKOIOo U y(1)
Oro aHajM3a M | SKCIIEPUMEHTAILHOTO Pewenme:
MOJICJIUPOBAHU | UCCJICIOBAHUS B dopmyTbl MeToa Ditiepa:
A, PO eCcCHOHATbHOH x1=Xo+h-x(t)=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
B
npodeccronan 3aoaua 2. )
BHOM { w=v
JEATETBHOCTH v=-u

rae u(t) — ypoBeHb 3HaHHM, V(t) — CKOPOCTh HX POCTA.
Havanpasie yenosus: u(0)=1, v(0)=0

[Tpumenute meroxa Ditnepa ¢ marom h=0.5 mis maxoxaerns u(0.5) u v(0.5)




Tema Kon u Nuauxkaropsl TunoBoii BApHAHT KOHTPOJILHOH PadoThI

¢popmysmpoBk AOCTHKEHU S
a KOMIIeTeHIUH
KOMIIETeHIH U

Pemenue:

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
Otsert: u(0.5)=1, v(0.5)=—0.5

Kpumepuu oyenuganua KonmpoavHou padbomul:

Ouenka Kpurtepuu ouennBanus

OTJINYHO BeicraBisiercs, ecnu oOy4aroluiicsi yMeeT YBS3bIBaTh TEOPHUIO C MPAKTHKOW (pemaer 3ajgaud, GOpMYIHUpYeT BBIBOABI,
yYMEET MOSACHUTD MOIYYE€HHbIE PE3YJIbTAThI), BJIAJICET NOHATUHHBIM annapaToM, IOJHO U NIyOOKO OBIJIaJe]l MaTepHalioM 10
3aJJaHHOI Teme, 000CHOBBIBAET CBOU CY)KICHUS U 1aET

IIPaBUJIbHBIE OTBETHI HA BOIIPOCHI IPENOIaBATENS

XOpo1Io BeicTaBisiercs, ecnu o0ydaromuiicss yMeeT yBsI3bIBaTh TEOPHUIO C MPAKTHUKOH (pemaer 3aaayu U (GopMyaupyeT BbIBOJBI,
yYMEET MOSACHUTD MOIY4YE€HHbIE PE3YJIbTAThI), BJIaJICET NOHATUHHBIM annapaToM, IOJHO U INIyOOKO OBIJIAJE] MaTepHalioM 10
3aJJaHHOI Teme, HO COJiepXKaHHE OTBETOB HMMEIOT HEKOTOpble HETOYHOCTH U TpeOyloT YTOYHEHHS M KOMMEHTapusi co
CTOPOHBI NPENOAABaTENs.

YA0BJE€TBOPUTECJIBHO BLICTaBJ'IHeTCH, €Clin o6y11a101111/1171051 3HACT W IOHHUMACT MaTcpHall II0 3aJaHHOM TEMC, HO H3JIOKCHUC HCIIOJIHOC,
HCIOCJICAOBATCIIBHOC, NOMYCKAOTCA HETOUYHOCTH B OIPCACICHUN HOH?ITI/II\/'I, CTYACHT HC MOXKCT 000CHOBATb CBOM OTBETHI
Ha YTOUYHAIOIINEC BOIIPOCHI MPETIOAABATECIISA

HEy0BJIETBOPUTEILHO | BoicTaBisercs, ecnu o0yJaromuiics JOIMyCKaeT OIIMOKHY B ONpeAeIeHUH MOHATUH, HCKa)KaoIe UX CMBICI, O€CIIOpAI0UHO
U HEYBEpEHHO u3jaraet Marepuai. /lenaeT ommOKU B OTBETaX Ha YTOYHSIOIIKE BOIIPOCH IPenoiaBaTess

4.4. TUTIOBBIE 3ATAHUA J1JII CAMOCTOSATEJBbHOM PABOTBI

CamocTosTenbHas paboTa BKIIOYaeT B ce0sl MpopabOTKy TEOPETUUECKOTO MaTepHasa, U3ydeHHe PeKOMEH1yeMOM JINTEepaTypbl, BHITIOJTHEHUE
MPAKTUKO-OPUEHTHUPOBAHHBIX 3a/laHUi (3amojHeHue TaOJull, NPOBEJCHHE CPaBHUTEIBHOIO aHAIM3a, COCTABICHME CXeM U JIp.), peIIeHHe
MPaKTUYECKHX 3aj1ay, CO3/IaHre IPe3eHTalui, Han1canre pedepaTos, MoA00pKa HOPMATUBHOTO M MHOTO MaTepuala U BHIIMOJIHEHHUE JPYTUX 3aJaHUui




Tema Kon n NHauKaTopbl 10CTHKEHUST KOMIIETeH N Tunosoe 3a1anue AJ1s1 CAMOCTOATENbHOI PadoOThI
(popmymposka
KOMIIETEeHIIUH
Tema 1. OIIK- NOIIK-1.1. 3HaTh OCHOBBI MaTeMaTUKH, 3aoanue 1. Iloozomoeumsv peghepamvl u npezenmayuu Ha
DJIeMeHTbI 1.Cnocoben bu3uky, memy:
TEOPUH MPUMEHSITh BBIYUCIIUTEIIbHON TEXHUKHU U «OJIEMEHTbl ~TEOpUU TOTPEIIHOCTE B  MaTEMATUYECKOM
MOTPEIIHOCTE | €CTECTBEHHOHAYU | MPOTrpaMMHUpPOBaHUs Ha 0230BOM YPOBHE. o0ecre4eHnr KOTHUTUBHBIX TEXHOJIOTHI U TPOLECCOB)
B HbIE U NOIIK-1.2. YMeTh NpUMEHSTD 1. Ponp Teopun morpemHocteil B 00eCeueHHH JTI0CTOBEPHOCTH
MaTeMaTHUYeCK | OOLIEHMH)KEHEPHBI | €CTECTBEHHOHAYYHbIE U OOIIEUHKEHEPHBIE KOTHUTHBHBIX MOJIeTeit
oM € 3HaHWU4, 3HAHUS, METOJIbl MATEMAaTHUECKOTO aHANIM3a | 2. AHANW3 BIMSHUS BBIYMCIUTEIBHBIX IOTPEUIHOCTEH Ha
o0ecrieyeHuu | METOAbI ¥ MOJICIIUPOBAHMUS, TEOPETUUECKOTO U YCTOMYMBOCTh KOTHUTHUBHBIX KapT
KOTHUTHUBHBIX | MaTEMAaTUYECKOI | 3KCIEPUMEHTAIBHOIO UCCIIEIOBAHUS B 3. OmeHka MOTpemHOCTel NpU ANIpPOKCHUMALMU IKCIEPTHBIX
TEXHOJIOTUI U | O aHaJM3a U npohecCuOHaNBHOM NeSTeNbHOCTH. JAHHBIX B KOTHUTUBHBIX CHCTEMaxX
IIPOLIECCOB MO/JIEJIMPOBAHMUS, 4. TlorpemHocTy OKPYIVIEHUS M UX IOCJIEICTBUS B YUCIEHHOM
TEOPETUYECKOTO MOJICTUPOBAHIUHN KOTHUTHUBHBIX MPOIIECCOB
u 5. Meroasl KOHTpOJII W MHHUMHU3AIMK TOTPEIIHOCTEH B
JKCHEPUMEHTAIb QITOpUTMaX TMOMJCPKKA NPUHATUSA PEUICHHH Ha OCHOBE
HOTO KOTHUTUBHBIX TEXHOJIOTHIT
UCCIICIOBAHMUSI B
npodeccuoHaTbH
OM JIeATEIbHOCTH
Tema 12. OIIK- NOIIK-1.1. 3HaTh OCHOBBI MaTEeMaTHKH, 3aoanue na cpasnumenbHbLI AHAU3.
Yucnennsle 1.Cnocoben ¢bu3uky, CpaBHUTE METOA KOHEYHBIX pA3HOCTEM U  METOJ
METO/IbI MIPUMEHSITh BBIYUCIIUTEIILHON TEXHUKU U CTpeNbObl MPH PELIEHUH KpPaeBbIX 3a/ay, BO3HUKAIOMIMX IPHU
peleHus €CTEeCTBEHHOHAy4 | MpOrpaMMHUpPOBaHMs Ha 0A30BOM YpOBHE. MOJIEJIMPOBAHUU CTALlMOHAPHOTO paclpeiesieHNs TEMIIEpaTyphl B
KpaeBbIX HBIE U NOIIK-1.2. YMeTh TpUMEHSITh CTEpkHE (OJHOMEpHAsl 3ajlaya TEIJIOMPOBOAHOCTH). YKaXHTE,
3az1a4 ¢ OOIIIEMH)KEHEPHBI | €CTECTBEHHOHAYUHBIE U OOLIEMHKEHEPHbIE Kakol W3 METOAOB IMpOILIE  pealu3oBaTb Ha  SI3bIKE
KOTHUTUBHBIM | € 3HAHWSI, 3HAHUS, METOJIBI MAaTEMATUYECKOTO aHAJIM3a | MPOTrPaMMUPOBAHUS BHICOKOTO ypOBHA (Harpumep, Python) mpu
U MOJIEISIMU METOABI Y MOJICJIMPOBAHUsI, TEOPETUYECKOTO U 0a30BBIX  3HAHHWSIX  BBIUMCIUTEIBLHOM  MaTeMaTHKH |
peasbHbIX MaTeMaTHYeCKOr | SKCIIEPUMEHTAILHOTO HCCIIeI0BaHuUs B MIPOrpaMMHUPOBAHMUSL.
IIPOLIECCOB 0 aHaJIM3a u npodecCHOHATBLHOM 1A TeTbHOCTH. Ortser:
MOJIETTMPOBAHUS, Meton  koHeunbix  pasHocteir (MKP)  3amenser
TEOPETUYECKOTO muddepeHMaibHOe  YpaBHEHHE CUCTEMOHM  anreOdpanyecKux




Tema Kon n NHauKaTopbl 10CTHKEHUST KOMIIETeH N Tunosoe 3a1anue AJ1s1 CAMOCTOATENbHOI PadoOThI

(popmymposka

KOMIIETEeHIIUH
u ypaBHEHUHN MyTEM aNMPOKCUMALIUK MTPOU3BOAHBIX Pa3HOCTHBIMU
SKCIEPUMEHTAIIb CXxeMaMM Ha paBHOMEpHOW cerke. Jia JnMHEHHOW KpaeBoil
HOT'O 3anauu 310 npuBouT K CJIAY ¢ TpéxauaroHaJbHON MaTpULIEH,
HCCIIEI0BaHus B Jerko pemraemoi Merogom mporoHkn. MKP tpeGyer Tosbko
npodecCHOHATTBH 0a30BBIX 3HAHWW  JMHEWHONH  anreOpbl ¥  IMKIOB B

OU JIeSITEIbHOCTH

IPOTrpaMMHUPOBAHUH.

Meton cTpenbObl CBOAMUT KpaeByl 3ajady K 3ajzade
Komm, nonbupas HayanpHOE yCIOBHE TakK, 4TOOBI pellieHue
YIOBIIETBOPSUIO TPAHUYHOMY YCIOBHIO Ha JPYrOM KOHIE. DTO
TpeOyeT MHOTOKpaTHOIO 4YHUCIEHHOro wuHrterpuposanus OJ/Y
(manpumep, meroaoM Jiniepa unu Pynre—KyTTsl) u peanuzanuu
IpoLeypbl NOUCKAa KOPHS (HAampuMep, METOJOM IOJOBHUHHOTO
JIEJICHUS]), UTO CJIO’KHEE B pealln3allii U MEHEe YCTONYHBO.

IIpu 6a30BOM ypOBHE IOJATOTOBKM METOJ] KOHEYHBIX
pazHoCTeH mpole i MOHUMaHMs, pealu3alud U OTJIAJKH,
0COOEHHO B 3ajladyax ¢ JMHEWHBIMU YPAaBHEHHUSIMHM U IPOCTHIMU
TPaHUYHBIMU  YCJIOBHMSIMHM, XapaKTePHBIMU Ui  (PU3HUECKUX
MOJIeJIed B KOTHUTUBHOM ITPOEKTHPOBAHMH.

I(pumepuu OUCHUBAHUA CAMOCMOAMEIbHOTL pa60Mbl.’

Ouenka Kpurepun oueHnBanus
OTJIMYHO BBICTABJISIETCSL €ClIM paboTa HOCUT HAy4YHO-MCCIIE0BATENbCKUM XapakTep, MPOAaHAIW3UPOBAH U CIENIaH CPaBHHUTEIbHBIHN
AHAJIN3 HECKOJIbKUX JIMTEPATYPHBIX UCTOYHHUKOB, IPUBEIECHBI TPUMEPHI
Xopouio BBICTABIIICTCA €CJIM IPOAHAIU3UPOBAH W CHCIAH CPABHUTEJIbHBIM aHAJIW3 HECKOJBKUX JIMTEPATypHBIX HCTOYHHUKOB,
IIPUBEJICHBI IPUMEPHI
YAOBJIETBOPUTEIbHO BBICTABJIICTCS €CIIU IIPOBEJICH CPABHUTEIILHBIN aHAJIN3 HAYYHO-METOAUYECKON JIMTEPATYPBl, IPUBEAEHBI IIPUMEPBI
HEYJI0BJIETBOPUTEJILHO | BEICTABIISIETCS €CIi paboTa Mpollyia MPOBEPKY Ha aHTHUILIATUAT U COOTBETCTBYET TPEOOBaHUSIM O(POPMIICHHS




4.5. UHAUBUAY AJIBHBIE 3AJAHUSA JJI5S1 KYPCOBBIX PABOT

KypcoBast paboTa 1mo3BOJISET BBIABUTH CTENEHb BiIaJIeHUSI 0a30BbIMU 3HAHUSMHU, YMEHUSMU U HaBBIKAMH, HEOOXOAUMBIMH ISl OOy4YEeHUS, U
OIIPEJICNIUTh YPOBEHbB BIIAJICHUSI HOBBIM MaTEPHATIOM.

[IpumepHbIe HHIUBUIYATbHBIC 3aaHHs (TEMbI) 11 KyPCOBBIX paboT:

KypcoBas paborta He mpeaycMOTpeHa yuyeOHbIM ITaHOM

Kpumepuu oyenusanusa Kypcoeoii pabomol:

Onenka

Kpurepum oueHuBanus

OTJIMYHO

Copepxanre KypcoBoi pabOThI MOJIHOCTHIO COOTBETCTBYET 33JJaHUIO, COJIEPIKAIIEMYCS B METOAMYECKUX YKa3aHUAX, U IUIAHY.
[IpencraBiaeHsl pe3ynbTaThl CTPYKTYPUPOBAHHOTO M JIOTUYECKH IMOCIEAOBATEIBHOIO 0030pa JUTEPATypHBIX U HHBIX
HUCTOYHUKOB IO TeMe wuccienoBanus. CTpyKTypa KypcOBOW pa0OTHI JIOTHYECKHM W METOJMYECKH BBIIEpKaHa. BepHo
onpeJereHbl UCXOAHbIE JTaHHbIE Ul pacueToB. Bce aHanmuTHUecKUE pacueTbl BBIIOJHEHBI BEPHO, KOPPEKTHO MPUMEHEHbI
METO/Ibl IKOHOMHYECKOTO aHallM3a, He HapylleHa METOUKA aHaIn3a MpeaIMeTa uccienoBanms. Bece BHIBOIBI U MPEIOKEHUS
yOenuTensHo aprymeHTupoBaHbl. [Ipu 3amuTte KypcoBoil pa®oThl 0Oy4aromuiicss MpaBHJIBHO W YBEPEHHO OTBEYaeT Ha
BOIIPOCHI TperofaBaTeisi, JEMOHCTPUPYET TIIYOOKOE 3HAHHE TEOPETUYECKOro MaTepHuayia, CIOCOOEH apryMEHTHPOBATH
COOCTBEHHBIE YTBEPKICHUS U BBIBOJIBI

XOpo1Io

Copepxanue KypcoBoil paOOTBhI ITOJIHOCTbIO COOTBETCTBYET 33JJaHUIO, COJIEPIKALIEMYCS B METOAMUECKUX YKa3aHUSAX, U IIaHY.
[IpencraBneHsl pe3ysbTaThl CTPYKTYPUPOBAHHOIO WU JIOTMYECKHM IOCIEIOBATEIbHOIO 0030pa JIMTEPATypHBIX M HHBIX
HUCTOYHUKOB MO TeMe wuccienoBanusa. CTpyKTypa KypcoBOW pabOThl JIOTMYECKM W METOAMYECKH BblAep:kaHa. BepHo
oIpeJiesIeHbl MCXO/IHbIE JIaHHBIE [T pacyeToB. B pacderax momyckaroTcsi HE3HAUMTENbHbIE (HE MCKa)KalolMe o0ILero urora
OLIEHKH ) TOTPEIIHOCTH/OMIMOKHU. BOIBIIMHCTBO BBIBOJIOB M MPEJIOKEHUN apryMEHTUPOBAHO, KOPPEKTHO MPUMEHEHBI METO/IbI
HSKOHOMHYECKOT0 aHajn3a, He HapylleHa METOJIMKa aHalu3a npeamera uccienoBaHus. OdopmiieHHe KypcoBoi paboThl U
MOJIyYE€HHBIE PE3YNbTAThl B L[EJIOM OTBEYAIOT TPEOOBAHUSAM, M3JI0KEHHBIM B METOJUYECKUX YyKa3aHUsaX. MIMeroTcs onHa-nBe
HECYIIIECTBEHHbIE OIIMOKM B HMCIIOJIb30BAaHMM TEPMUHOB, B MOCTPOCHHBIX AMarpaMmax U cXemax, B 0OpMIIEHHUHM TaOJuIl.
HanuuecTByeT He3HauWTENbHOE KOJMYECTBO I'pPaMMaTHYECKMX W/MIM CTHIMCTUYECKUX omubok. [Ipm 3ammure KypcoBoii
paboThl OOyyaroImuiicsl MPaBUIBHO M YBEPEHHO OTBeYaeT Ha OOJIBIIMHCTBO BOIIPOCOB IMpENoJaBaTeis, JEMOHCTPUPYET
Xopollee 3HaHHE TEOPETUYECKOro MaTepuaja, HO HE BCEr/a CIOCOOEH apryMEeHTHpPOBAaThb COOCTBEHHBIE YTBEP)KICHHS U
BbIBOJIBI. [IpH HaBOSAIIMX BOIIpOCaxX MpenoaBaTessi HCIIPABISieT OIIMOKH B OTBETE

Y10BJI€TBOPUTEILHO

Coneprxanne KypcoBOi pabOTHI TOJIHOCTHIO COOTBETCTBYET 3a/IaHHIO, COJIEPKAIIEMYCSI B METOIUYECKUX YKA3aHUIX, U TUIaHY.
Pe3ynbrarhl 0030pa JUTEpaTypHBIX M WHBIX HCTOYHUKOB MPEJCTaBICHBI HEJOCTATOYHO TIOJHO, HEAOCTATOYHO JIOTMYHO M
MOCJIeIOBaTeIbHO. BepHO ompeneneHpl UCXOJHBIE JaHHBIC ISl PacueToB, HO HMMEIOTCS TpyOble OMMOKM B pacyeTax.
AprymeHTanys BBIBOJOB M TMPEMJIOKEHUN cinabas WM OTCYTCTBYeT. DKOHOMHUYECKHE BBIBOJBI HOCSIT KOHCTATHUPYIOIIUI




(ormmmcarenbHBIN) xapakTep. VIMEOTCS OHO-IBa CYIIECTBEHHBIX OTKIOHEHUW OT TpeOoBaHWN B OGOPMIICHHHM KypCOBOM
pabotel. [lonydeHHBIC Pe3yNbTaThl B LIEJIOM OTBEYAIOT TPEOOBAHUSM, M3JI0KCHHBIM B METOJIUYCCKHUX YKazaHUAX. MIMeroTcs
OJTHA-JIB€ CYIIECTBCHHBIX OMIMOKM B HCIOJb30BAHUU TEPMHHOB, B TIOCTPOCHHBIX JMarpaMMax M cxemax. MHOro
rpaMMaTHYEeCKUX W/WJIM CTUIIMCTHYECKUX omHOoK. [Ipu 3amuTe KypcoBoi paboThl 00yUYaONTHIiCsS TOMyCcKaeT rpyObie OITMOKN
IpU OTBETaX Ha BOIPOCHI IMPEMOAABATEIIsA, NEMOHCTPUPYET Cllaboe 3HAHWE TEOPETHYECKOr0 Marepuana, B OOJBIIUHCTBE
CIIy4aeB HE CIIOCOOCH YBEPEHHO apryMEHTHPOBATH COOCTBEHHBIC YTBEPKIACHHSI M BHIBOJIBI

HECYAOBJIECTBOPUTEC/IBHO CO,I[Cp}KaHI/IC KprOBOﬁ pa6OTBI HE€ COOTBCTCTBYCT 3aJaHUIO, COACpKAIMIEMYCA B MCETOAUYCCKHUX YKa3daHUAX, H

wiany. HeBepHo omnpeneneHbl MCXOAHBIE JaHHBIE ISl PacyeTOB, HEBEPHO M HE KOPPEKTHO NPUMEHEHBI METObI
AKOHOMHUYECKOTO aHaIn3a. DKOHOMUYECKHUE BBIBOJBI COJIEPKAT HEBEPHYIO SKOHOMHUYECKYIO OICHKY. MIMeroTcs Gosee AByX
CYIIECTBCHHBIX OTKJIOHCHHMH OT TpeOoBaHHMK B OGOPMIICHHMH KYypCOBOH pabOThL. bBobIIOE KOIMYECTBO CYIIECTBEHHBIX
OIMOOK 0 CYTH pabOThI, MHOTO IPAMMATHYCCKUX M CTHIMCTHYECKUX OIMMOOK U 1p. [TorydeHHbIe pe3yabTaThl HE OTBEYAIOT
TpeOOBAHUAM, H3JIOKECHHBIM B METOAUYCCKUX YyKazaHHWsAX. [Ipu 3ammre KypcoBOW padOTHI O0YYalOIIUKCS JIEMOHCTPUPYET
cnaboe TNOHMMaHWE MPOTPAaMMHOIO MaTepHayia, CTYJICHT HE MOJXKET 3allldTUTh CBOM pEIICHUsS, JOIYCKaeT TpyObie
(dakTHyecKkue OMMOKHM MPH OTBETaX Ha IMOCTABICHHBIC BOMPOCHI MM BOBCE HE OTBeuaeT Ha HuUX. KypcoBas pabora He

InpeacTaBjICHa IPCIIoaaBaTCIIO. O6yanOHlHﬁCH HC ABUWJICA HA 3allIUTY KprOBOﬁ pa6OTLI

5. MATEPHUAJIBI 151 OLIEHKH PE3YJIbTATOB IPOMEXYTOYHOM ATTECTAIIUH
[TpomexyTouHas aTTecTanus MPOBOJUTCS B pOpME IK3aMeHa
1.1. Bonpochl K 3K3aMeHYy B cemecTpe 3
WcTounuku u THnsl norpemHocteil. AOCONIIOTHASE U OTHOCUTENIbHASL TOTPEIIHOCTb.
. Ilpsimas 3a1ava Teopun norpeurHocted. OOpartHas 3a1a4a TEOPUU HOTPEIIHOCTEH.
. [lonsiTie 00yCIIOBIEHHOCTH 3aJauu.
. IlocranoBKa 3a1aun HHTEPNOAALUMHU. IHTEpIOISILMOHHBIM MHOrOWIEH Jlarpanxa.
. [lonsiTrie 0 KOHEUHBIX pa3HOCTAX. NHTepnonsiunonHblii MHOrOuIeH HptoToHa 1-ro u 2-ro poja.
. OnieHka norpemHoCTH MHOTO4JIEHHOW HHTEPIIOISALINH.
. O0yCIOBIEHHOCTD 33/Ja4l MHOTOYJICHHOW MHTEPIOJIALINH.
. IlocTaHoBKa 3a7aun MHTEPIIONALMH ciutaiiHamu. [TocTpoenne kyOudeckoro criaifHa. OueHka TOYHOCTH HHTEPHOJISILNY CIIaifHaMu.
9. IlocTpoeHne KyOMUECKOro CrulaifHa JJisl KpaeBbIX yCIOBHi 1-ro pona.
10. MeToz POTOHKY JJIs pEIIEHUs] CUCTEM, BO3HUKAIOIIUX MTPU MOCTPOSCHUH KyOMYeCKOTo CIUTaiHa.

0 3N L kAW

11. TlocranoBka 3amaun uuciaeHHoro muddepenmupoanus. uddepennnpoBanue Ha OCHOBe MHOrowieHa Jlarpamxa.

nuddepeHIpoBaHe Ha OCHOBE MHOrowieHa HeloToHa.
12. TloctaHoBKa 3a/1a4y TPUTOHOMETPUUYECKON HHTEPTIOJISIIIUU.
13. Muorouiensl YeObimeBa. CBsI3b MEXy TPUTOHOMETPUYECKON U anreOpaniecKoil HHTePIOIAIneH.

YucneHHoe




14. CgoticTBa aaredpandecKoi HHTEPIOJIAIMH C Y3JaMu B HyJIIX MHOrowieHa T n+1(x). AJropuT™ BBIYKCIICHUS 3HAUYECHUI MHOrO4WIeHa Pn (X, f).
15. IlocTanoBKa 3a/1a4M YUCICHHOTO HHTErpupoBanus. [locTpoeHue kBaapaTypHbIx Gopmyi.

16. KBaaparypusie popmyinbsl Hetorona-Koreca. O600mienHas hopmysia mpsMOyroJIbHUKOB.

17. O6o6menHas popmyna Tpamnenuu. O6ob6menHas popmyna CuMICoHa.

18. CpaBHEHHME TOYHOCTH KBaJIpaTypHBIX (hopmyil. Beraucienne uaTerpanos merogamu Monte-Kapiio.

19. IlocTaHOBKA 3a7ja4n YMCIEHHOTO PEIIECHUS] ypaBHEHUN. MeTO/1 IT0JIOBUHHOTO JIETIEHHUS.

20. MeTon xopa g peuieHusl ypaBHEHUM.

21. Meton kacaTenbHBIX JJIs PELEHUS] YPaBHEHUI.

22. Meton ureparui.

23. Ilonstue npudmmkennoro pemennss CJIAY. OOycnoBI€HHOCTb CHCTEMBI M MAaTPUIIBI CHCTEMBI.

24. Metop I'aycca pemenus CJIAY.

25. Meron I'aycca-Kopaana pemenus CJIAY. Boeiuncnenue onpenenureneid ¢ nomouibio metona [Maycca.

26. Beruucnenne oOpaTHBIX MaTPHI] C TOMOIIBIO MeToa ["aycca.

27. Metoa oproronaninzanuu pemenust CJIAY.

28. Meroa npoctoii urepanuu pemenus CJIAY.

29. Meton 3eiinens pemenus CJIAY.

30. IlocTaHoBKa 3a7jaun YMCIECHHOTO PEIIEHUSI CUCTEMbI HEJIMHEHHBIX ypaBHEHUI. MeTo1 IpoCcTOl uTepanuu.
31. ITonsTHE 0 YacTHOM MpoOIeMe COOCTBEHHBIX 3HAYeHUH. CTENEHHON METO/I.

32. IlonsATHE 0 MOJIHOM MpobiieMe COOCTBEHHBIX 3HaYeHUM. MeTOo bl pelieHusl.

33. TloctaHoBka 3amauu 6e3ycioBHON onTuMuzanuu. [loHSITHE YHUMOZAIBHOCTH (QyHKIMU. UHCIEHHOE pElIeHHe N-MEPHBIX CHUCTEM HEIHMHEHHBIX
YPaBHEHUH € MOMOIIBI METOJ0B N-MEPHON MUHUMU3AIWH.

34. Meroa ckaHMPOBaHUSI TOMCKa MUHUMYMa (DYHKIIMU OJTHOM MEPEeMEHHOM.

35. Meroabl noncka MUHUMYyMa (DYHKIIMIA HECKOJIBKUX NTEPEMEHHBIX.

36. IlonsaTue o yncneHHoM pemennu 3agaun Komm. Meton Diinepa pemenus 3agaun Kommn.

37. Meroas! Pynre-Kyrra.

38. Uucnennoe pemenue 3amaun Komm nans cucteMbl nud@epeHIuanbHbIX ypaBHEHUH TEpBOrO MOpsaka. UWCIEHHbIE METOABI pPEelIeHHS
¢ depeHIINaIbHOTO YPaBHEHUSI N-T'0 MOPsIIKa U CUCTEMBI AUPPepeHInanbHbIX YPAaBHEHUI N-T0 MOPsIIKa.
39. TlocTaHOBKa 337a4u YUCICHHOTO PEIICHUSI KPaeBbIX 3a7ad. MeTo/ CTpenbObl.

40.ITocTaHOBKa 3a7a4¥ Pa3HOCTHOM allIPOKCUMALMU UCXOIHOM KpaeBoi 3a1aun. OLieHKa MOTPENIHOCTH.

41. Meroa MpOTrOHKH JJIsl alllIPOKCUMAIIMH MPABBIMU Pa3HOCTAMU. OlleHKa MOTPEIIHOCTH.

42. MeToa NpOroOHKH JI LIEHTPAIbHO-PA3HOCTHON CXEMBI.

43. Metop I'anepkuHa.

44. MeTo KOJUTOKAIIUH.



45. Mcnonb3oBaHUE METOAA CETOK JUIsl YMCJICHHOTO PEIICHUS YPaBHEHHH B YAaCTHBIX MPOM3BOAHBIX. CeTouHbIM MeTon s 3anaun upuxmie mis
ypaBaenus [lyaccona. OCOOCHHOCTH ammpOKCUMAIINH KPUBOJIHMHEWHBIX TPAHUIL.

46. MeToa CeTOK JIJIsl OTHOPOIHBIX YpaBHEHUH MapaboIMIeCcKOro TUIA. Y CTOWYHNBOCTD SIBHOW U HESIBHOM CXEM.

47. MeTo IpOTOHKHU AJIS1 OAHOPOAHBIX YPaBHEHUH MapaboIu4ecKoro TUIa.

48. MeToa ceTOoK JiJIsl ypaBHEHHUH THIIEpOOIMYECKOTO THIIA.

Kpumepuu OUCHUBAHUA IK3AMEHA:

Onenka

Kpurepun ouneHuBanusi

OTJIMYHO

BricTaBmsiercs, eciii 00ydaromuMcst PaBUIBLHO U TIOJTHOCTHIO PACKPBITO COJIEPKaHUE MaTepralia B MpeJeiax MpoTrpaMMBbl,
YETKO U MPABUIILHO JIaHBI ONPEICICHHUS M PACKPBITO COJCPKAHUE MOHIATUH, TOYHO UCIIOJIb30BaHBI HAYYHBIC M TEXHUYECKUE
TEPMUHBI, B OTBETE HCIIOJIb30BAHBI paHee NMPUOOPETEHHBIE TEOPETUUYCCKUE 3HAHWS, CACIAaHbI HEOOXOIUMBIC BBIBOIBI U
0000111eHUSA

XOpo1I0

BricTaBisiercsa, ecnu 0Oy4aroUIMMCSl PacKpbiTO OCHOBHOE COJEp)KAaHUE MaTepuaia B Ipelenax IpOorpaMMbl, JIaHBbI
OTIpeIeTICHUS] U PACKPBITO COAEpKaHME MOHSATHH, B OTBETE HCIIOJIb30BAHBI paHee MPUOOPETEHHBIE TEOPETUUECKUE 3HAHUS,
clenaHbl HEOOXOUMBIC BBIBOJBI M 0000IIEHUS, HO MPHUCYTCTBYIOT HE3HAUMTEIIbHBIC HAPYIICHUS B IOCIEI0BATEIHHOCTH
W3JI0’KEHUs, UMEIOTCS OJTHA-/IB€ HETOYHOCTHU B COJIEP’)KaHUU OTBETA

YAOBJIETBOPUTEIHLHO

BeicTaBnsiercsi, ecnu  00ydaroUmMMCS COJCp)KaHHE Y4eOHOro Marepualia U3JI0KEHO (parMeHTapHOo, HE Bcerna
MOCJICIOBATEIbHO, HE JaHbl OMNpEICICHHs, HE PACKPBITO COJEpKAHHWE IOHATUH, WM OHHM H3JIOKEHBI C ONIMOKaMH,
AOIMYCKAarOTCA OIIMMOKY W HETOYHOCTHU B HCIIOJIB30BAHUU HaquOfI TEPMHUHOJIOTUN, OTCYTCTBYIOT BBIBOJbI U O606HICHI/I$[ nu3
MPEIBIIYIIEr0 MaTepralia, UM BO3MOXKHBI OITMOKH B UX U3JI0)KCHUHU

HECYAOBJIETBOPUTEILHO

BricTaBnsiercs, ecau oOydaroluMcsi OCHOBHOE COJIEpKaHME Y4eOHOro Marepuaja He pacKpbITO, HE JAOTCS OTBETHI Ha
OCHOBHBIE BOIPOCHI, JOIMYCKAIOTCA TpyOble OIMMOKM B OMNpENelIeHUH TOHSATHUH, B HCIONB30BAHUH TEPMHUHOIIOTHUH,
OTCYTCTBYIOT BBIBOJIbI U 0000IIEHUS

6. MATEPHAJIBI JJIS1 JMAT'HOCTHUYECKOM PABOThBI
3ananus A1 TUarHOCTHYECKOM pabOoThI TOJKHBI 00eCTIeYuBaTh OIIEHKY MOJTHOCTHIO WIIM YaCTHYHO chopMHUpOBaHHBIX KommneTeHnui. Kaxnoe
3aJlaHuEe JIOJDKHO OBITH MIPHUBSI3aHO K TOMY WM HHOMY WHIUKATOPY C(hOPMUPOBAHHOCTH KOMIICTCHITHA.
Ilpu popmupoeanuu 3a0anuii 013 OUAZHOCMUYECKOU PAOOMbL HEOOXOOUMO UCNOIB30BAMb MECHOBbIE 3A0AHUS CEOYIOUUX MUNOG.
Tun 3ananus 1. 3aganust 3aKpbITOrO TUNA HA YCTAHOBJIEHUE COOTBETCTBUSI.
Tun 3aganus 2. 3a1aHus 3aKPHITOTO TUTIA HA YCTAHOBJICHHE MTOCIIEIOBATEILHOCTH.
Tun 3axanus 3. 3a1aHuss KOMOMHHPOBAHHOTO THTIA, TPEAIIOIATAIONTNE BBIOOP OJTHOTO MPaBHUIIBHOTO OTBETA U3 MPEITIOKESHHBIX.
Tun 3aganus 4. 3agaHuss KOMOMHHUPOBAHHOTO TUTIA, MPEATIONATAIONINE BHIOOP HECKOIBKHX OTBETOB U3 MPETIOKEHHBIX.




Tun 3ananus 5. 3a7aHusi OTKPBITOTO TUIIA C PA3BEPHYTHIM OTBETOM.

Bce THIIBI 3aJaHU# TOKHBI ObITH NnmpeacraBjaceHbl HE MEHEE OTHOI'0O pa3a.

Ne Tema Kon HNuaukarop Tun 3aganmne Yposenn
n/0 | 3aHATHSA | KOMIETeHIH 3aJaHusA OCBOEHMS
| KOMIIeTeHIIN T
Bapuanr 1 Bapuanr 2
1. Tema 1. OIIK-1. HOIIK-1.1. 3a0anus | 1.3HaHUE 3EMEHTOB TCOPHUU MOTPEIIHOCTEH, 1.ITonumanwue cBs3u MekAy GparmeHTamu kona | basoserit (1-3
Onementsl | CriocobeH 3HaTh OCHOBBI | 3aKpblmo | BKIIOYAs TUIIBI IOIPEITHOCTEH U UX Ha Python u Tumamu norpenrHocrei, KOTopbie MUHYTBI)
TEOpUU NPUMEHSTD MaTeMaTHKH, 20 muna | onpene’eHus, HeoOX0IUMO Il KOPPEKTHOU OHU WITFOCTPUPYIOT WJIH [TO3BOJISIIOT OLICHHTD,
MOTPENIHO | €CTECTBEHHOHA | (DM3HKH, Ha OLICHKH TOYHOCTH ¥ HaJI&KHOCTH BBIYHUCIICHUH | HEOOXOAMMO JUIsl pa3pabOTKH KOPPEKTHBIX,
CTel B yUHBIE U BBIYHCIIUTENb | YCMAHOG | B KOTHUTHUBHBIX TEXHOJIOTHUSX, IIE JaXKe YCTOHYMBBIX U HHTEPIIPETHPYEMBIX
MareMaTuy | OOLICHMH)XeHep | HOM TeXHUKH | JjleHue HE3HAYHUTEINIbHBIC OIIMOKH MOTYT NPUBECTU K | BBIYUCIHTEIBHBIX MOJEIICH B KOTHUTUBHBIX
€CKOM HbIC 3HAHWS, u coomeem | CyLIECTBEHHBIM HCKa)KCHHSAM B IPUHATHH TEXHOJIOTHUSIX, TI¢ TOYHOCTD YUCIICHHBIX
o0ecredeH | MeToAbl TOPOTPaMMHpPO | cmeus pELICHHI WITM HHTEPIPETALUN TAaHHbIX. omnepanuii HanpsIMyIO BIHSCT Ha Ka4eCTBO
uH MaTeMaTH4eCK | BaHUS Ha YCTaHOBUTE COOTBETCTBUE MEXKIY THIIOM aHAIIM3a ¥ IPUHATHS PEIICHU. Y CTaHOBHTE
KOTHUTHBH | Or0O aHAIM3a M | 6a30BOM TOTPEIIHOCTH U e€ ONpe/ICIICHUEM. COOTBETCTBHE MEXIY ()parMEeHTOM KoJa Ha
BIX MOJICTIMPOBAHU | YPOBHE. Tun Omnpenenenue Python 1 THIOM norpentHocTH, KOTOPHIA OH
TEXHOJIOTH | 11, norpet WUTIOCTPUPYET WIIN MO3BOJISIET OLICHHUTB.
nu TEOPETUYECKOT HOCTU ®parmeHT Tun
MPOLIECCOB | O U A | Abcon OTHolIeHne KoJa MOTPEIIHOCTH
JKCIIEPUMEHTA FOTHAsI abCoITIOTHOI A| abs(x_true - OtHOCHTETbHAS
JIBHOTO norpern HOTPELIHOCTH K X_approx) MOTPENTHOCTh
WCCIIEIOBAHHUS HOCTb TOYHOMY (HJTH b | abs(x_true - AbcomtoTHast
B NpUOIHIKEHHOMY) X_approx) / MOTPEIIHOCTh
npogeccHoHal 3HAYEHHIO BEJIMYHUHBL abs(x_true)
BHOI b | Ornoc MakcHuMabHO B | sys.float_info. MaiuHHas
ACATCIEHOCTH UTENbH BO3MOXHOE epsilon HOrPEIIHOCTD
as OTKJIOHCHHE (3TCHUITOH)
Horpenn pesynbrara I' | round(1.23456 [MorpenrHocTh
HOCTB BBIYUCIIEHUS U3-3a 789, 4) OKpYTJIEHUS
KOHEYHOH TOYHOCTH Orser:
HPEJICTABIICHUS YHCEI A B B T
B KOMITbIOTEDE.
B | Ilorpe PasnocTs Mexmy Krtou:
HIHOCTb TOYHBIM 3HAYCHUEM A B B T
OKpYTJI BEJIMYUHBI U €€ 2 1 3 4
eHHUs MIPUOIHKEHHBIM
3HAUYCHHEM.




I' | Mammm | 4 | OmmoOka,
HHas BO3HUKAIOIIAS IPU
MOTrperI 3aMeHe OECKOHEUHOM
HOCTB JIEeCATUIHOH npodu
KOHEYHOM.
OrtBer:
A b B r
Komrou:
A b B r
3 1 4 2

Tema 2.
YucaeHHBI
€ METO/IBI
pemeHus
3a1a4
JIMHEHHOMH
anreOpsl,
BO3HHUKAIO
LUX B
MIPOEKTUPO
BaHHUH
KOTHUTHUBH
BIX
MoJienen
pearbHBIX
MPOIIECCOB

OIIK-1.
CriocobeH
TPHMEHSITh
€CTECTBCHHOHA
YYHBIE U
00IIenHKEHED
HbIC 3HAHUS,
METO/IBI
MaTeMaTHIeCK
Or0 aHaJIM3a u
MOJIEJIUPOBAHU
s,
TEOPETHIECKOT
o
9KCHIEPUMCHTA
JBHOTO
UCCIICZIOBAHUS
B
npogeccroHa
BHOMU
JIeSTEIbHOCTH

HOIIK-1.1.
3HaTh OCHOBBI
MaTeMaTHKH,
¢bu3nKy,
BBIYHCIIUTED
HOM TEXHUKH
H
MIPOrPaMMHUPO
BaHHS HA
6a3zoBOM
YpOBHE.

3aoanus
3aKPLIMO
20 muna
Ha
yemanog
JleHue
nocneoos
amenvho
cmu

2.YcTaHOBUTE PAaBIWIBHYIO
MTOCTICTOBATEIBHOCTD 3TATIOB PEIICHHUS
TIPUKIIATHON 3aauul U3 (PU3UKH C
HCTIOJF30BaHUEM YHCIICHHBIX METOIOB
TUHEWHOU anreOphl U HOCTPOCHUS
KOTHUTUBHOU MOJIENH.

1. ®opmyupoBKa (PU3UUCCKON 3a7a9u

(HammpuMmep, pacnpezeacHue

TEeMIIepaTyphl B CTEPIKHE)

2. CocTaBjeHHE CUCTEMBI TUHEHHBIX

anreOpandeckux ypasHenuii (CJIAY) Ha

OCHOBE MaTeMaTHYCCKOI MOACIN

3. duckpernzanus nuddepeHuansHoro

YpaBHEHHSI METOJIOM KOHEYHBIX
paszHocTel

4. Peanu3anus YUCICHHOTO METOIA
(mammpumep, metox ["aycca wm
WUTEPALMOHHBIA METO/T) Ha S3BIKE
MPOrPaMMHUPOBAHUS

5. MnTeprnperanus pe3ysbTaToB B
KOHTEKCTE MCXOHOM (hrusnueckoit
3a/1a4¥ ¥ KOPPEKTHUPOBKA MOJIEIH TIPH

2.YCcTaHOBUTE JIOTUYECKYIO
TIOCIIEI0BATEILHOCTD ACHCTBUII pH BEIOOpE U
MIPUMEHEHHUHN YHCICHHOTO METO/A JUTS PEIICHHs
CJIAY B BBIUHCIUTEIHFHOH CHCTEME,
HCTIONB3yEeMOH B KOTHUTHBHOM
MO/ICTUPOBAHUU.
1. AHanu3 CBOWMCTB MaTpPHIIbI
k03(pULKEHTOB (pa3MEPHOCTH,
Pa3pexEeHHOCTh, 00YCIOBICHHOCTD)
2. Bp100op MOAXOAMIIEr0 YUCICHHOTO
MeToza (TIPAMOMN MITH UTEPAIlMOHHBIN) ¢
y4€TOM PecypcoB BEIUHCIUTEILHON
TEXHHUKH
3. [IpoBepka ycTOMUYHMBOCTH U TOUHOCTH
BEIOPaHHOTO METOAA K OITHOKaM
OKPYTJICHUS U TIOTPELIHOCTSIM JaHHBIX
4. IIporpamMMHast peanu3anus METoa C
Y4E€TOM apXUTEKTYpPbl BEIUACIUTEILHON
cucremsl (CPU/GPU, napannenusm)
5. Banupanuys nojiy4eHHOro penieHus
MyTEM CPaBHEHUS C TECTOBBIM MU
AQHATUTUYECKUM PELICHHEM

HEOOXOIUMOCTH OrtBer:
OrtBer: | | | | |
l I I | | Kintou:
Kriou: 1 | 2 | 3 | 4 | 5

bazoswsrit (1-3
MHUHYTHI)




Tema 3. OIIK-1. NOIIK-1.1. 3aoanua | 3.Ilpu MoneNMpPOBaHUN CTAIIMOHAPHOTO 3.Bb1 peanmsyete Ha Python uncnenHoe bazoserii (1-3
Metoast Cnocoben 3HaTh OCHOBBI | KOMOUHU | TEIUIOBOTO TIOJISI B METAJNIMYECKOH TIacTHHE pemenne CJIAY, BO3HUKaIOIIEH pU pacuére MUHYTBI)
peLIeHUs PUMEHATB MaTeMaTuKd, | po6anHo2 | METOAOM KOHEYHBIX Pa3HOCTEH OblTa NIEKTPUUECKUX LieTielt o 3akoHam Kupxroda.
CHCTEM €CTECTBEHHOHA | (pH3nKH, 0 muna, | TOJydeHAa CUCTEMa JIMHEHHBIX Marpuma cucTeMbl HMeeT HeOOIBIION pa3Mep
JUHEHHBIX | yYHBIC U BEIUUCIIUTENs | npednon | anredpamdeckux ypasaenuil (CJIAY) (5 x 5) u 3aBegomMo HeBBIpOXKIeHHASA. Kakoii
anreOpand | oOIIEWH)XEHEep | HOW TEXHHUKH azarowue | pazmeproctsio 10 000 x 10000 ¢ OIX0/1 00eCTIeYNT Hamboee MpoCTyIo,
€CKHX HbIC 3HAHUA, u 8v100p pa3pexeHHOH MaTpurei K03 PHUITHEHTOB. Ha&XHYIO ¥ TOYHYIO PETN3ANHNIO TIPH
YpaBHEHHUH | METOJBI MIPOTPAMMHUPO | 0OHO20 Kaxkoit meron pemenust CJIAY Oynet YCIIOBUH UCNOJIb30BaHUS CTAaHIAPTHBIX
MaTeMaTHYeCK | BaHUS Ha npaeunvy | HanboJIee 1EIeCO00Pa3HBIM C TOUKH 3PCHHUS oubnmoTex?
oro aHamza u | 6azoBoM 020 BBIYHCIIUTENHHOH 3P PeKTUBHOCTH 1 A) Pyunas peanuzanust metona ["aycca ¢
MOJICJIMPOBAHU | YPOBHE. omeema | PKOHOMHH TTaMsITH? BBIOOPOM T'JIAaBHOTO 3JIEMEHTa
s, u3s A) Meton Kpamepa B) Ucnone3zoBanue pyHKIMH
TEOPETHYCCKOT npeonosic | B) Ilpsmoit meton [aycca 6e3 yuéra numpy.linalg.solve(A, b)
o EHHbIX Ppa3peXEHHOCTH C) [ocnenoBartensHOE MPUMEHEHHE TIPaBHIIA
JKCIIEPUMEHTA C) Urepammonnsiit Mmeton Skobu ¢ Kpamepa ¢ BerunciaenreM onpeaenuTenei yepes
JBHOTO XpaHEHHEM TOJBKO HEHYJIEBBIX JJIEMEHTOB PEKypCHIO
HCCIICIOBAHNS D) Obpartenne MaTpuipl ¢ MOCIETYIOMNAM D) AnanuTiueckoe penreHue ¢ MoMOIIbI0
B YMHO>KCHHEM Ha BEKTOP CBOOOIHBIX YICHOB CHMBOJIHBIX BBIYHCICHUH (Sympy.solve)
npodeccronan Ortger: C Bribepure oquH MpaBUITBHBIA OTBET.
bHOU Ob6ocuoBanue: Merox Kpamepa (A) u OtgeT: B
JIeSTeIbHOCTU obpaiuenne Matpuisl (D) BEruMCIUTEIBHO Oo6ocHoBanue: /111 HeOOJIBIINX, XOPOILO
Hed(EKTUBHBI TSl OOJIBIINX CUCTEM 00YCIIOBJICHHBIX CHCTEM (DYHKIIMS
(cnoxnocTb O(n! ) 1 O(n®) cooTBeTcTBeHHO). | numpy.linalg.solve (B) ucnons3yer
Merton I'aycca (B) npu ctannapTHoi ontuMusupoBanHble LAPACK-anroputmsr
peanu3aIiy 3anoHsIeT HyJIeBbIC 3JIEMEHTHI (mampumep, LU-paznoxenune), odecreunBast
(«3aroTHEHNEY), YTO PE3KO yBEINYHUBAET BBICOKYIO TOUHOCTB, CKOPOCTh U YCTOWYHBOCT.
norpebdienue naMaTH. Mrepanuonnslit Meton | Pyunas peanusanms (A) noaBepkeHa OmHOKaM
SAxo6u (C) X0opomIo NOIXOTUT TS OONBIITHX u MeHee 3¢ dexruBHa. MeTon Kpamepa (C)
Pa3peXEHHBIX CHCTEM, TI03BOJISIET XPAaHUTh HecTaOWIeH YUCICHHO U Hed(PPEeKTUBEH 1axe
TOJIBKO HEHYJIEBBIC 3JIEMEHTHI H JIETKO Jutst Mastelx cucteM. CuMBoitbHOeE pentenue (D)
peanu3yeTcsi Ha COBpEMEHHBIX M30BITOYHO JUTS YNCIICHHON 3a/1auu 1
BBIYHMCIIUTEIBHBIX IUIATPOPMax, YTO JesiaeT MmeaneHHee. TakuM 00pa3oM, HCHIONIB30BaHUE
€ro NPeANOYTUTEIbHBIM B (PU3NUECKOM NPOBEPEHHOH OMOIMOTEKH — Jy4IIni BEIOOD €
MOJICJIMPOBAHUH. TOYKH 3pEHUsI MPOTrPaMMUPOBAHUS,
BBIYHCIIUTENILHOM MaTeMaTUKH U (prU3n4ecKoro
KOHTEKCTA.
Tema 4. OIIK-1. HOIIK-1.1. 3adanus | 4.11pu MpOeKTHPOBAHNH KOTHUTUBHON 4.1Ipu MoienMpoBaHUH HETUHEWHON ITosrrmenHsrit (3-
Hemuneitn | Cnocoben 3HaTh OCHOBBI | KOMOUMU | MOJENY JUHAMHKH TTOITYJISILIMN UCIIOJIB3YETCSl | 3aBUCUMOCTH CONIPOTHUBIICHHS TEPMHUCTOPA OT 5 MHUHYT)
ble HPUMEHSTD MaTeMaTuKH, | posanHoe | HEIIMHEHHOE ypaBHEHHE BHJa TeMIlepaTypbl BOSHUKAET 3a/jaua PeleHUsI
anreOpauy | ecTeCTBEHHOHA | (U3MKY, 0 muna, f(x)=x—r-X-(1—x)=0, yYpaBHEHHS BUJIA




ecKue
YpaBHCHHS
1 METOJIBI
175:
permieHus B
3amagax
KOTHUTHBH
oro
MPOEKTUPO
BaHUS

YUHBIE U
o0IIenHKEeHEP
HbIE 3HaHWS,
METOJIbI
MaTeMaTH4eCK
Or0 aHaM3a u
MOJIETIMPOBAHH
A,
TEOPETUYECKOT
ou
JKCTIEpHUMEHTA
JIBHOTO
UCCIIeI0BAHHUS
B
npodeccronan
BHOH
JeSTSIBHOCTH

BBIYKCIIUTEIIb
HOI TeXHUKHU
u
MIPOrpPaMMHUPO
BaHHUA Ha
6a3o0BOM
YpOBHE.

npeonon
azaiowue
86100p
HeCKObK
ux
omeemog
us
npeonoic
€HHBIX

rae r>0 — nmapamerp pocra. Kaxue u3
MIEPEYUCIICHHBIX METOJIOB MOTYT OBITh
MIPUMEHEHBI ISl YUCIICHHOTO HaXOXKACHHS
KOPHSI 3TOTO ypaBHEHHMS TIPH U3BECTHOM
HavaxpbHOM npudmmxennu X0€(0,1) , u
mouemy?

A) MeTo MOJIOBUHHOTO JIeeHUS (OMCEKITHIH)
B) Meton HeroToHa (kKacaTeiabHbIX)

C) Meton npocToit urepanuu

D) Meron I'aycca

E) Metoa xopa (cexymux)

Otsetol: B, C, E

OOGocHoBaHuUE:

YpaBHEHUE ABISETCS CKATSAPHBIM
HEITMHEHHBIM ypaBHEHNEM, a HE CHCTEMOH
JIMHEHHBIX YpaBHEHHUH, TO3TOMY METO
laycca (D) HempumeHUM.

Merton Ooucekunu (A) TpeOyeT HHTepBaIa
[a,b], Ha KOHIIaX KOTOPOTrO (PYHKLIHUS UMEET
pa3Hble 3HaKH; TPH 3aJ]aHHOM TOJIBKO
HavaJIbHOM MpubmmkeHuu X0 0e3 rapanTuu
CMEHBI 3HaKa OH MOJXKET OBITh HE pean3yeM
HaIpsIMYo.

Meton HriotoHa (B) nmpumennm, Tak kKak
(GYHKIMSA THaKast U JIETKO BBIYHCIISETCS €€
TIPOMU3BOIHASL.

Merton nipoctoii uteparyu (C) BO3MOXKEH MpH
NIPUBEICHUN YPAaBHEHUS K BULY X=((X), UTO
JOIYCTHMO B JJaHHOM CIIy4ae.

Meron cexymux (E) taxoke moxxonur, Tak
KakK OH He TpeOyeT aHaTUTHIECKOTO
BBIYHCIICHHS TIPOU3BOJIHOI 1 paboTaer ¢
OJTHUM WJIM JIByMsI Ha4aJIbHbIMU
HPUOINIKEHUSIMHU.

Bce Tpu BHIOpaHHBIX METO/A IIUPOKO
HCTIOJIb3YIOTCS B BHIYUCIUTEIBHON MTPAKTUKE
u JeTko peanusytorcs Ha Python (Hanpumep, c
TTOMOIIBIO ITUKJIOB M (DYHKIIHIA), YTO
COOTBETCTBYET TPEOOBAHUSIM KOTHUTHBHOTO
IIPOEKTUPOBAHMUSL.

R(T)=R0-eB(T/1-T0/1) — Ruzm=0,

rae T — uckomas remnepatypa (B KempBunax),
OCTaJbHBIE TTAPaMETPhI N3BECTHBI. Kakne n3
CIICIYIOLINX YTBEPKACHUN BEPHEI
OTHOCHTEINIFHO BBIOOpA YHCICHHOTO METOa U
ero peanm3anuu’?

A) YpaBHEHHE MOKHO PEUINTH METOJIOM
Oucekunu, eciu n3BecteH uurepsain [Ta,Tb], Ha
kotopom R(Ta)-R(Th)<0

B) Meron HeroToHa mpeanodTuTeneH,
MIOCKOJIbKY (YHKIMS OBICTPO MEHSETCSI U IMEET
aHAJTIUTUYECKYIO POU3BOJHYIO.

C) Jlns OBBITIICHHS HAJEKHOCTH BRITHCICHUH
ciietyeT n30eraTb METOZOB, TyBCTBUTEIBHBIX K
HadaJIbHOMY MPHOIIIKEHHUIO.

D) Meton lNaycca—3efinens mpuMeHNM, Tak Kak
ypaBHEHHE HEIMHEHHOE.

E) Peanmzanus merona aa Python ¢
UCIIOJIb30BaHUEM SCipy.optimize.root scalar
00€ecIeyuT BBICOKYIO TOYHOCTh U
YCTONYHUBOCTb.

Oteer: A, B,C,E

O0ocHoOBaHue:

A — BepHO: MeTO OMCEKIIMY TPUMEHNM TIPU
HaJIMYUH MHTEpBaJla CO CMEHOHN 3HAKa, YTO
THIINYHO B (PU3NYECKUX U3MEPEHUSX.

B — BepHO: skcioHeHIIMATBHAS QYHKIHUS
ryajikas, e€ mpou3BOIHas JIETKO BBIUYMCIISETCS,
410 fenaeT Meto HproToHa 3¢ (heKTHBHBIM.

C — BepHO: B MPAKTHUECKUX WHIKEHEPHBIX U
KOTHUTHBHBIX 33J[a4aX Ba)KHA YCTOMYMBOCTB,
0COOEHHO TIPH HETOYHBIX BXOJIHBIX JIAHHBIX.

D — meBepHo: meton "aycca—3eiaens
NpeHa3Ha4YeH I CUCTeM JTMHEHHBIX (WIn
HMHOT/Ja HEJIMHENHBIX, HO B UTEPALIMOHHO
(opme) ypaBHEHHH, a 3/1€Ch — OJHO CKaJISIpHOE
HeIMHEHHOE ypaBHEHHE.

E — BepHo: OubnmoTeka scipy npeaocTaBisieT
IIPOTECTUPOBAHHBIE, OITHMU3UPOBAHHbIE U
Ha/1&XHbIE YUCIICHHbIE METO/IbI, YTO




COOTBCTCTBYCT JIYYLIUM HNPAKTUKAM
nporpaMMHupOBaHuA U BBIUHMCIIUTCILHOM
TCXHHUKMU.

Tema 5.
MeTton
IIPOCTOM
uTEpaLuu
pelieHus
HEJWHENH
oro
YpaBHEHUS

OIIK-1.
Cnocoben
HPUMEHATh
€CTeCTBCHHOHA
YUHBIC U
o0IIEenHKEeHED
HbIC 3HAHUS,
METObI
MaTeMaTHIEeCK
OT0 aHaM3a U
MOJICTIMPOBAHH
A,
TEOPETHICCKOT
ou
9KCHEPUMCHTA
JIBHOI'O
HCCIIeZIOBAHUSI
B
npogeccroHal
bHOU
JIeATETBHOCTH

HOIIK-1.1.
3HaTh OCHOBEI
MaTeMaTHKH,
¢u3nKy,
BBIYKCIIUTEND
HOM TEXHUKH
H
MIPOrPaMMHUPO
BaHHSA HA
6a30BOM
YpOBHE.

3aoanus
OmKpbIM
020 muna
c
DA3BEPHY
moim
omeemo
M

5.I1ouemMy pu UCIIOIB30BAaHUN METOAA
MIPOCTON UTEPALNH ISl PEIICHUS
HEJIMHEIHOTO ypaBHEHHS BAAA X= COS(X)
Ba)XHO, YTOOBI MPON3BOIHAS (PYHKIINH
p(x)=cos(x)

10 MOAYJIIO OblTa MEHBIIE €IMHUIIEI B
okpectHocTu KopHs. [IpuBenute npumep, Kak
9TO YCJIOBUE CBSI3aHO C HAJEKHOCTBIO
BBIYMCJICHUH Ha KOMIIBIOTEPE.

Ortger:

[Tpn ucnonb30BaHUH METOIA TPOCTON
UTEpaLUN ypaBHEHHUE TIPUBOAUTCS K BUIY
x=0(X), ¥ TIOCIIEAOBATECIHFHOCTH MPHOIMKCHAN
ctpourtcs 1o Gopmyine xn+1= @(xn). s
CXOJMMOCTH 3TOH MOCIIEI0BATEILHOCTH K
KOPHIO JJOCTaTO4HO, YTOOBI B OKPECTHOCTH
KOPHS BBINOJIHSIIOCH yeioBHe |¢'(x)[<1

B ciryuae @(x)=cos(x) umeem ¢'(x)=—sin(x), a
TaK Kak Isin@}](x)lfl 1 BOJIM3H KOPHS
(npumepHo x~0,74) 3Ha4yenue [Sin(x)|~0,67<1,
YCIIOBHE CXOJMMOCTH BBIITOJIHEHO. JTO
rapaHTHPYeT, YTO Ka)kaas HoBast UTeparis
OyneT OrKe K PEIICHHIO, a He «yBOANUTH»
BBIYHCIIEHUS B CTOPOHY. C TOUKH 3peHUS
BBIYHCIINTEIBHON TEXHUKH, COOJIIOIeHHE
9TOTO YCJIOBHS MPEIOTBPAIIALT
PacxoMMOCTb M U3JIHIIHEE PACXOJOBAHHE
pecypcoB (BpeMeHH, aMsITh), 00ecrieunuBast
YCTOHYMBYIO | MpeicKazyeMyto paboTy
JITOpUTMa JIaKe [TPU OrpaHUuEHHON
TOYHOCTH MPEACTABIICHUS YHCEI B
KOMITBIOTEpE.

5.0mumuTe, Kak MOXHO PEaTn30BaTh METOX
MIPOCTOH UTepalu Ha si3pike Python ms
pELICHHS ypaBHEHHS X=€¢ * Y KaXXHUTe, KaKHe
0a30BbIE AIIEMEHTHI TPOTPAMMHUPOBAHUS (ITHKII,
yCJIOBHE, IIEPEMEHHBIC) TIPH STOM
UCTIONIB3YIOTCS, ¥ TOYEMY Ba)KHO 3a]1aBaTh
OrpaHHYeHNE Ha MaKCUMAaJIbHOE YHCIIO
UTEpali C TOYKH 3pEeHHs paboThI
BBIYMCIIUTECILHON CUCTEMBI.

Ortger:

Jnst penienust ypaBHEHHS X=¢ *

X=€7* METO/IOM IPOCTOH NTEpaALUH MOXKHO
HCTIONB30BATh IIUKJI, B KOTOPOM HA KaXKI0H
UTEPALUH BEIUHUCIIETCS HOBOE MPHOIIKEHNE
Xnew=€XP (xold)

[pumep peanuzaruu Ha Python:

Python

1. import math

2.

3.x=0.5 # HadaJpHOE MPUONMKEHNE
4. eps = 1e-6 # Tpebyemasi TOUHOCTh

5. max_iter = 1000
YUCIly UTEepaLuil
6.

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

# OIrpaHUYCHUC T10

10 break

11 x=Xx_new

12 else:

13 print("JIocTUTHYTO MaKCHMAIIBHOE YHCIIO
nureparui'")

14

15 print("Pemenne:", x)
B nporpamme HCHONB3YIOTCS

Bricoxkwuit (5-10
MHUHYT)




®  mepeMeHHbIE (X, X_New, eps, max_iter) asst
XpaHEHHs TaHHBIX,

e ki for s HOBTOPHOTO BBIYUCICHUS
pUOIKEeHUH,

®  YCIIOBHEINA omeparop if 1t mpoBepkn
OCTHIKEHHUS TOYHOCTH.

OrpaHnyeHne Ha MAKCUMAIIbHOE YHCIIO

UTEpaIUii HEOOXOAUMO, TOTOMY YTO PH

HApyUIEHUH YCIOBHS CXOIMMOCTH (Hampumep,

eciu |@'(x)[>1

MPOIIECC MOXKET 3AUKIIUTHCS HIIH BBITOIHSATHCS

0ECKOHEYHO J0JT0. ITO 0COOCHHO BaXKHO B

BBIYHCITUTENIbHBIX CUCTEMAX, T/Ie HYKHO

rapaHTHPOBaTh 3aBEPIICHHE MPOrPAMMBI 1

n30erath 3aBUCAHUI WK TIepepacxoa

pecypcos.

Tema 6.
YucaeHHBI
€ METO/IbI
pelieHus
3a71a4
arnmpoKcH
MalWu U
HHTEPIIOIN
UPOBaHHS
B 3aJlayax
KOTHUTUBH
oro
MIPOEKTUPO
BaHUS
MPOLIECCOB

OIIK-1.
Cnocobex
TMPpUMECHATH
€CTECTBEHHOHA
Y4YHBIE U
OOIIIEHHKESHED
HBIC 3HAHMUS,
METO/IbI
MaTeMaTHYecK
Oro aHajM3a u
MOJICTUPOBAHU
s,
TEOPETUYECKOT
o
IKCIIEPUMEHTA
JIBHOT'O
HCCIICIOBAHHS
B
npodeccroHan
bHOM
JIeATeTbHOCTH

HOIIK-1.1.
3HaTh OCHOBBI
MaTeMaTHKH,
¢bu3uKy,
BBIYKCIIUTEND
HOM TEXHUKH
U
MIPOTPaMMHPO
BaHHUs Ha
6a3oBoM
YpOBHE.

3aoanus
3aKpbIMo
20 muna
Ha
yCmanos
JeHue
coomeem
cmeusi.

6.3HaHue YNCIICHHBIX METOIOB
ANMPOKCUMAITMH U HHTEPIIOJHUPOBAHUS
HEOOXOAMMO B KOTHUTUBHOM
MIPOSKTHPOBAHUH MPOIECCOB, MOCKOJIBKY MPU
paboTe ¢ HEMOTHBIMH, 3alTYMIEHHBIMHU HITH
JUCKPETHBIMY JJAHHBIMUA — HAIIPUMED, TIPH
MO/ICTMPOBAHHH TIOBEACHUS TI0Ib30BATEIS 110
(parMeHTapHBIM JIOTaM B3aUMOICHCTBUS HITH
BOCCTAQHOBJICHHH TPACKTOPHHA NPUHATHS
penreHmnit — Tpedyercs aTeKBaTHBIA BBIOOD
METO/A: TaK, IS IJIaJIKOTO BOCCTAaHOBJICHUS
(YHKIHU TI0 TOYHBIM JaHHBIM TOIXOTUT
CIUTAH-UHTEPIIONISIIUS, & IPU HAJTUYUH [IIyMa
U HE0OXOAUMOCTH 0000IIEHHS — METOL
HAMMEHBIIINX KBAIPATOB (AIMPOKCUMAIIHSI
NOJMHOMAMHU HU3KOW CTETICHH ).

YcTaHOBHUTE COOTBETCTBUE MEXTY 3a1a4eit
(curyarueit) u HanboJree MOIXOAIIAM

6.3HaHNE YHCICHHBIX METOJIOB allIPOKCUMALIUH
Y MHTEPIIOJIUPOBAHUS HEOOXOIMMO B
KOTHUTHUBHOM IPOEKTHPOBAHHH MPOLIECCOB,
NOCKOJIbKY OHHM TI03BOJISIFOT BOCCTaHABIIMBATH U
000011aTh HEJOCTAIOIHE HITH 3alIyMJIEHHBIC
JIAaHHBIC HA OCHOBE MMEIOLIUXCS HAOJIIOACHUH,
YTO KPUTUYHO JUIS TIOCTPOCHHUSI aJall THBHBIX
MoJIeliel IPUHATHS PeIIeHUH; HapuMep,
crexyromuid pparMeHT koaa Ha Python ¢
HCTIOJNBb30BaHUeM scipy.interpolate.interpld
peanu3yeT KyCOYHO-THHEHHYIO HHTEPIOISIIUIO
— OJIMH U3 0A30BBIX YHCIICHHBIX METO/IOB
BOCCTaHOBJICHUsI (DYHKIUH IO TUCKPETHBIM
TOYKaM. Y CTAHOBUTE COOTBETCTBHE MEXKTY
¢parmentom kona Ha Python (¢
HCTIOJIB30BAaHHEM CTaHIAPTHBIX OMOINOTEK) U
YHCJIEHHBIM METOJIOM, KOTOPBIH OH peanu3yerT.

YHCJIEHHBIM METOIOM. dparmeHT Meron
Koza
Cutyanus / 3agaua Meron A | np.polyfit(x, y, Kybunueckuit
A | U3BecTHBI TOUHBIE 1 Meton 1) CIUTaliH

bazossrit (1-3
MUHYTHI)




3HAYCHUS HauMeH
(huznueckoit BIIHX
BEJINYMHEI B y3J1aX KBajpar
CEeTKH; TpeOyeTcs OB
BOCCTaHOBHTH (mHel
(hyHKTIHIO, Has
MPOXOSIIYIO TOUHO perpecc
yepes BCE TOUKH. 1)

b | DkcnepumeHTaIbHEIC Kybwuue
JIaHHBIE COJIEPKAT CKUH
LIyM; HY>KHO HaWTH CIUTaliH
TIAJIKYTO
3aBUCHMOCTb,

OTHCHIBAIOIIYIO
0011yI0 TEHJEHITHIO.

B | Tpebyercs [TonuHO
MOCTPOUTH MHAIBH
HETIPEPHIBHYIO, ast
JIBaKIBI HHTEPI
mudepeHIIpyeMyIo OJISIITHS
KPHBYIO 4epe3 Jlarpan
3aJaHHbBIC TOYKH IS xa
MO/ICTTUPOBAHHUS
TPaeKTOpUHU
JIBIKEHUSI po0OoTa.

I' | Heo6xomumo 66icTpo Jluneitn
peann3oBaTh ast
npuOIIMKeHne UHTEPI
3aBUCHMOCTH «BXOJI— OJISILINS
BBIXO/1» B
KOIHUTHBHOM
cucreme
MOHHUTOPHHTA C
MHUHHUMAaJIbHBIMU
BBIYHCIIATEIbHBIMU

OTBeT:

A b B r
Kirou:

A b B r

b | scipy.interpolat [NonnHnomuansx
e.CubicSpline( ast
X, Y) WHTEPIIOIALUS

CTETIEHH N

B | np.polyfit(x, y, Jluneiinas

len(x)-1) anmpOKCHMAIIHST
(MHK)

I' | scipy.interpolat Jluneiinas
e.interpld(x, v, HHTEPTIOJISIIHS
kind='linear")

OTBeT:
A b r
Kirou:
A b r
3 1 4




E [1 [ 2 [4

Tema 7. OIIK-1. NOIIK-1.1. 3aoanus | 7.YcraHoBHTE IIPaBUIILHYIO 7.YcTaHOBUTE JIOTHUECKYIO bazoserii (1-3
Uucnenna | CrocobeH 3HATbh OCHOBBI | 3aKpblmo | TOCIEAOBATENBHOCTD ATANIOB IIOCTPOCHUS TIOCIIEI0BATENILHOCTD ACHCTBUI IPH MHHYTHI)
o MPUMEHATb MaTeMaTHKH, 20 muna | KyOMYECKOTO CIUIaifHa JUIl BOCCTAHOBIICHHSA MIPOTPaMMHON peai3aniui 0JTHOMEPHOH
MHTEPIONS | ECTECTBCHHOHA | (DH3HKH, Ha TJIaIKOW TPACKTOPHH ABI)KEHHSA 0OBEKTa 1O KyOudecKko# crulaifH-uHTeprnosinuy Ha Python
s YUHBIE U BEIYUCIIUTENb | YCMAHO8 | SKCICPUMEHTAIBHBIM TOYKaM (HarpuMep, C UCIIOTIb30BaHNEM OMOIHOTEKH SciPy.
CIUlaifHaM | OOIIeWH)XKeHep | HOW TeXHWKH | JjleHue narabie GPS-tpeka).
17 HBIC 3HAHW, u nocnedos | 1. Coop u mpenBapuTenbHas 00paboTKa 1. Umnopt HeoOXoauMbIX Moayeit: from
METOBI NPOTrPaMMHpPO | ameibHO | SKCIEPUMEHTANIBHBIX IAHHBIX (yajeHue scipy.interpolate import CubicSpline u import
MareMaTH4ecK | BaHUs Ha cmu BBIOPOCOB, YNOPSJIOYNBAHKE 110 BPEMEHN) numpy as np
oro aanusa v | 6a30BOM 2. ®opMupoBaHKEe YIOPSIAOYSHHOTO Habopa 2. OnpezeneHne MacCUBOB y3JI0B: X =
MOJICJIMPOBAHU | YPOBHE. y310B (X1,y1),rie Xi — BpeMeHHbIe METKH, Yi np.array([...]), y = np.array([...])
s, — KOOPAMHATHI 3. Co3nanue o0beKTa CIUTaifHA: €S =
TEOPETUUECKOT 3. CocraBiieHHE CUCTEMBI THHEHHBIX CubicSpline(x, y, bc_type="natural’)
o YpaBHEHHH AT OTIPEIETICHHUS] BTOPBIX 4. I'eneparyist INIOTHOM CETKH AJISI INITABHOTO
SKCIIePUMEHTA MIPOU3BOIHBIX (MOMEHTOB) CIUTaliHa ¢ yUETOM | oToOpakeHHs: X_new = np.linspace(x.min(),
JIBHOTO TPaHUYHBIX YCIOBHIA (HAlpUMep, x.max(), 100)
HCCIIeIOBAHUS ecTecTBeHHbIN crutaiH: S”(x0)=S"(xn)=0 5. Brluncnenue HHTEpHOIMPOBAHHBIX
B 4. PemieHue nony4eHHON TpEXAUAroHaIbHOU 3HAYCHUH: Y _new = cs(X_Nnew) U ux
npodeccronan CUCTEMBI METOJIOM MTPOTOHKH (WJIH C BU3yanu3alus (HanpuMep, dyepe3 matplotlib)
bHOU UCTIONIb30BaHUEM OUOIMOTEKH, HAIPUMED Otger:
JEATEIBHOCTH scipy.linalg.solve_banded) | | | | |
5. Mcnonb30BaHue HaIEHHBIX Kirou:
K09((DUIUEHTOB JIJIsl BBIYMCIIEHHS 3HAYEHU I | 1 | 2 | 3 | 4 | 5
CIIaliHa U ero MPOU3BOJHBIX B
MIPOMEXXYTOUYHBIX TOUKaX (HaIpuMep, JUis
BU3yIM3aIN WM yIIPABICHUS ABHKXEHUEM)
|OTBeT: | | | |
Kirou:
(1 [2 [3 J4 |5
Tema 8. OIIK-1. HOIIK-1.1. 3aoanus | 8.Oynkmusa f(X)=x’—4x+5 Momenupyer 8.I1pwm pazpadbotke mporpamMmel Ha Python s bazoserii (1-3
Mertobt Cnocoben 3HATh OCHOBBI | KOMOUHU | 3aBUCHMOCTbH SHEPTUH CHCTEMBI OT ABTOMATHYECKOM HACTPOWKH SIPKOCTH IKpaHa B | MUHYTHI)
OJTHOMEPH | MPUMEHSTh MaTeMaTUKH, | POBAHHOZ | TIOJNOKEHHS YACTUIBI BIOJb OCH X 3aBUCHMOCTH OT BHEIIIHETO OCBEIeHNs Oblia
oil €CTECTBEHHOHA | (hM3HKH, 0 muna, TpeOyeTcst HAalTH NOJI0KEHNE paBHOBECHS (TO | MOJy4YeHAa YHUMOJAJIbHAst QYHKIUS ONIHOKH




MHUHUMH3a
105074

YUHBIE U
o0IIenHKEeHEP
HbIE 3HaHWS,
METOJIbI
MaTeMaTH4eCK
Or0 aHaM3a u
MOJIETIMPOBAHH
A,
TEOPETUYECKOT
ou
JKCTIEpHUMEHTA
JIBHOTO
UCCIIeI0BAHHUS
B
npodeccronan
BHOH
JeSTSIBHOCTH

BBIYKCIIUTEIIb
HOI TeXHUKHU
u
MIPOrpPaMMHUPO
BaHHUA Ha
6a3o0BOM
YpOBHE.

npeonon
azarowue
86100p
00HO020
npasuibi
020
omeema
u3
npeonosic
EHHBIX

€CTh TOYKY MUHUMYMa HEPIHH), UCIIOIb3Ys

YHCJIEHHBIH METO[], HE TPEOYIOIHiA

BBIYMCIIEHUS IPOU3BOAHOMN U MPUTOAHBIN IS

peanu3ay Ha IPOCTOM MHUKPOKOHTPOIIIEpE

C OTPaHMYCHHBIMH BBIYHCINTEIBHBIMU

pecypcamu. Kakoit meTon Hanbomnee

esrecoodpa3Ho MPUMEHUTH?

A) MeTox rpaIHEHTHOTO CITyCcKa

B) Meron Herotona

C) MeTog 30710TOTO CeueHust

D) Meron Hauckope#miero crycka

Otser: C

O0ocHOBaHue:

Dynxuus f(x)=x>—4x+5 — KBagpaTH4HAs,

YHUMOJAJbHAS W TJ1aKast, 1 €€ TOYHBIH

MHHHUMYM MOYKHO HAalTH aHAJUTHYCCKH (X=2).

OnHaKo B yCIOBUH HOAYEPKUBAETCS, YTO

3aj[a4ya pemaeTcsi Ha MpoCTOM

MHKPOKOHTPOJIIIEPE C OTPAHMYCHHBIMH

pecypcamu, rie:

® IKCIAaTCJIbHO I/I36eFaTL BBIYHCIICHUS
MPOU3BOAHBIX (‘ITO HUCKJIIOYacT METOAbI
HrproTOHa ¥ rpalueHTHOTO CITyCKa);

e Tpedyercss MHHMMYM apU(pMETHIECKUX
omnepanuii ¥ namsTu;
e (yHKIUA YHHMOJaNbHa Ha

HMHTEPECYIOIIEM UHTEPBAJIE.

MeTon 3010TOTr0 ce4eHnst — 3TO
JETePMHUHUPOBAHHBIA METO IPSIMOTO
TIONCKa, He TPeOYIOIINii BBIYNCICHUS
HPOU3BOIHBIX, HCTIOIB3YIOIINN
(MKCHPOBaHHOE MPABUIIO COKPAICHUS
UHTEpBaJia HeonpeneaeHHOoCTH. OH 0COOEHHO
3¢ PEeKTUBEH /JIsl yHUMOAAIBHBIX QYHKIHMH 1
JIETKO peayin3yeTcs Ia)ke Ha YCTPOHWCTBaxX C
HU3KOH BBIYMCIUTEIBHON MOIITHOCTRIO. B
OTIMYHUE OT METOJOB THUIIA IPAJTUEHTHOTO
ciycka unu HeloToHa, oH He npefmnonaraer
XpaHEHUsI HCTOPUU UTEPALUI WU CIIOKHBIX
ornepanuii (Harpumep, JeJIeHUs Ha MaJible

E(a), rme a

o — k03¢ dunuent spkoctu. M3secTHO, 4TO

aHaUTHYeCcKoe BeIpaxkeHne 1y E(a) croxHo,

MIPOU3BOIHAS HEJOCTYITHA, & BHIYHCICHUE

3Ha4YCHUS PYHKIUH — OTHOCHTEIIFHO AOPOTO

1o BpeMeHu. Kakoit Mmetoa ogHOMEpHOH

MUHUMH3ALIHUN 00eCIeYNT HAX0KICHHE

MUHUMYMa ¢ MUHAMAJIbHBIM YHCIIOM

BBIYUCIICHUH QyHKIIH?

A) Meton nepebopa (paBHOMEPHOTO IMOKCKA)

B) Meton auxotomMuu

C) Metop napaboanyecKoi anmnpoKCUMAaIiy

(meron bpenTa)

D) MeTtoz 30710TOTO CeUeHUs

Otser:D

ObocHoBaHmMeE:

B 3amade ykaszaHo, 4T0:

o (ynxmus omudku E(o)

e E(0) yaumonanbHa;

®  AHAIATHYCCKOE BBIPAKCHHE CIIOKHOE, a
MPOU3BOIHAS HEJOCTYITHA,

®  BBIYKCIICHUE 3HAYCHHS (QYHKIIMU AOPOTO IO
BpPEMCHH, MO3TOMY Ba)KHO
MUHHMU3UPOBATH YUCIIO BHI30BOB.

CpaBHHM BapUaHTEHI:

Mertox niepebopa (A) TpedyeT odeHb MHOTO

BBIYUCIICHUH QYHKIINH U HEDPPEKTHBCH.

Meton nuxoromuu (B) TpeOyeT 3HaHUS 3HaKa

MIPOU3BOIHON (MIIM MCTIOIB30BaHUS KOHESYHBIX

pasHocTeit), 9TO MO0 HEBO3ZMOKHO, JINO0

JIOTIOJTHUTEIHHO YBEJIIMYUBACT YUCIIO

BBIYMCIICHUM.

Merton bpenra (C) neficTBuTenbHO 3G eKTHBEH

Y 4aCTO HMCIOJIb3YETCs Ha IMPAKTUKE, HO OH

KOMOWHHUpYET napaboInIecKyto

ANMPOKCHMAITHIO U 30JI0TOE CEUYCHHUE, U MPH

HEYJaYHOU amlmpOKCUMAIIMXA MOXET JeaTh

JWITHIE BEYUCIeHus. KpoMme Toro, oH clioxHEe

B peajM3alii U MeHee MpecKa3yeM 10 YUCITy

BBI30BOB (DYHKIIUH.




Yucna WK o0paieHus MaTpui). Takum
00pa3oM, METO[ 30JI0TOTO CEYEHUS
OIITHMAaJICH B IaHHOM KOHTEKCTE.

Merton 3omotoro cedenus (D) rapantupyer
COKpallleHHe HHTepBaJla IIoUCcKa ¢
¢ukcupoBaHHEIM K03 drmneHTom (~0.618) Ha
K10l uTepary 1 TpedyeT poBHO OJTHO HOBOE
BEIYHCIIEHUE (DYHKIMH Ha mIar (rmocie
Ha4daJILHOTO 3Tara). DTo JelacT ero HaudoJee
SKOHOMHUYHBIM M HAJIEKHBIM B YCIOBHAX, KOTJA
Ka)K/10€ BBIYMCICHUE (PYHKIIH JOPOTO.
IToaTOMy MeTOJ 30JI0TOTO CEeUSHUS —
HAWTYYIIAN BBIOOD MPH yKa3aHHBIX
OrpaHUYCHUSIX.

IIpumeuanue: Xota metoq bpeHra B cpegHem
ObIcTpee, B YCIIOBUSIX CTPOTOM IKOHOMHHU
BBI30BOB (DYHKIIUHU U OTCYTCTBUSA HHPOpPMAIHA
0 TJIAAKOCTH, 30JI0TOC CEUCHUE
MIpeaIOYTUTENFHEE Olaroapsi CBoeH
rapaHTHPOBAaHHOH 3()(HEKTHUBHOCTH H MPOCTOTE.

Tema 9.
MeToabl
MHOTOMED
HOH
MHHHMH3a
1147051

OIIK-1.
Cnocobex
TMPpUMECHATH
€CTECTBEHHOHA
Y4HBIE U
OOIIIEHHKEHED
HBIC 3HAHMU,
METO/IBI
MaTeMaTHYecK
Oro aHaju3a u
MOJICTUPOBAHU
s,
TEOPETUYECKOT
o
IKCIIEPUMEHTA
JIBHOT'O
HCCIICIOBAHHMS
B
npodeccroHan
bHOM
JIeSTeTIbHOCTH

HOIIK-1.1.
3HaTh OCHOBBI
MaTEeMaTHKH,
¢bu3uKy,
BBIYKCIIUTEND
HOM TEXHUKH
U
MIPOTPaMMHPO
BaHHs Ha
06a3oBOM
YpOBHE.

3aoanus
KOMOUHU
posannoz
0 muna,
npeonoi
azarouue
6b100p
HeCKOIbK
ux
omeemos
u3
npeonosic
EHHbIX

9.I1pu MoETMPOBAaHNY JIBIKEHHUS poOOTa B

MIPOCTPaHCTBE TPeOyeTCs] MUHUMHU3HPOBATh

¢dyHKIHo croumoctH f(X,y,z)

f(X,y,z), ONMCHIBAIOIIYIO SHEPrO3aTpPaThl Ha

nepemMenienue. M3BecTHo, uTo:

e  ¢ynkuus raaakas u quddepeHurpyema;

®  BBIYHCIICHHE IPaJANEHTa BO3MOXHO, HO
JIOpOTO0;

®  33j1a4a pemaeTcs Ha BCTPOCHHOM
MpoLeccope ¢ OrPaHNIEHHON MAMSTHIO.

Kakne n3 nepedncieHHbIX METOI0B MOTYT

OBbITH IPUMEHUMBI B TJAHHOW CHTYalluu?

A) MeTox rpaAMEeHTHOTO CITycKa

B) Meron Herotona

C) MeToa conpspKEHHBIX TPAJAUEHTOB

D) MeToa KOOpAWHATHOTO CITyCKa

E) I'eneTnueckuii anroputM

Ortset: A,D

O6ocHoBaHue:

A) I'paguveHTHBIH CITyCK — NIPUMEHHM, TaK
Kak  (QyHKOMS  THagKas M TPaJIMeHT

9.Be1 paszpabateiBacTe mporpamMmy Ha Python
JUlsl  HAacCTpOWKM  IapaMEeTpOB  HEUPOCETH
(Heckonbko Thicsu BecoB). lleneBas QyHKums
— HeNnuHeiHas, HEBBINYKJas, MIyMHas, Oe3
aHaJTUTHYecKoro TpaaueHta. Kakue MeToast
1e71eco00pasHoO paccMoTpeTh Ui
MPaKTUYECKOH peanan3anun’?

A) Meton HeroToHa

B) MeTton croxacTHYecKOro rpaJieHTHOTO
ciycka (SGD)

C) Merton JleenOepra—MapkBapara

D) MeToa IMHATAITIH OTXKHTa

E) Meron Hennepa—Muna (CHMITIEKCHBIN
METO[T)

Orer:D,E

O06ocHOBaHuMe:

D) Wmwuramus oTxura — Oe3rpagueHTHBIN,
CTOXACTHYECKHH METOJ, CIIOCOOHBLIM BHIXOIUTH
W3 JIOKIBHBIX MHUHUMYMOB. [loaxomut s
HEBBIIYKIBIX W IIyMHBIX (QYHKIWMH, TIe
TpajMeHT HENOCTyNeH. Xopouio padoTaeT B

[oBbImenHsIH (3-
5 MUHYT)




CYIIIECTBYET. Hecmorps Ha ero
«IOPOTOBU3HY», METOJ TpeOyeT MHUHHUMYM
MaMATH (TOJBKO TEKyIash TOYKa M TPAIUCHT)

U JIerKO pealnmu3yeTcs Ha  BCTPOCHHBIX
CHCTEMaX. Ipu YMEPEHHOM qucie
mepeMeHHbIX (3meck — 3) OH  ocTaéres
MPaKTUYHBIM.

D) KoopmuaaTHBIi Cmyck — He TpeOyer
rpajMeHTa BOOOIIE: Ha KaXJOM Iumare
MUHAMH3HPYET  (QYHKIMIO 1O  OJHOU

KOoOpauHaTe. OTO OCOOCHHO BBITOJAHO MPHU
OTpaHWYEHHBIX BBIYUCIHUTENBFHBIX pecypcax,

TaK KaK [103BOJISET HCIIOIb30BaTh
OJTHOMEPHBIE METOJbl (HAIpUMEp, 30J0TOE
ceuenne). IlomxomuT  miga  HEOOJBIION

pa3MmepHOCTH (3 TIepeMeHHEIE).

YCIIOBUSIX HEONPECIEHHOCTH.

E) Meron Hengepa—Muna — kiaccuueckuit
TIpsIMOTt (6esrpaareHTHEIIN) METO.I
MHOTOMEPHON ONTHUMM3AaL[M{, OCHOBAaHHBIH Ha
nedopmanun CHUMILICKCA. Mupoxo
WCTONB3YeTCsl B TPAKTHUECKUX  3a/adax
(mammpuMmep, B scipy.optimize.minimize), korga
TpaIMeHT  HEW3BECTEH, a  pa3MepHOCTh
yMepeHHas (0 HECKONBKHUX COTeH). [l Thicsy
MapaMeTPOB OH MOXET OBITh MEIJICHHBIM, HO
TEOPETUUECKH MPUMEHUM i 4acTo
ucronb3yercs kKak baseline.
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10.ITouemy mpu 06paboTKe
9KCIIEPUMEHTANIbHBIX TAaHHBIX C IATYMKOB
(HampuMep, akcenepoMeTpa) I
OIIpeeIIeHHsI CKOPOCTH OOBEKTa Yalle
UCTIOJIB3YIOT YMCICHHOE HHTEIPUPOBAHHUE, a
He yrcieHHoe auddepennuposanme?
OtBer:

Yucnennoe audpepeHupoBaHie CHIBHO
YCUJIMBAET IIYM B JJAHHBIX, IOCKOJIbKY OHO
OCHOBAaHO Ha BBIYUCIICHUH Pa3HOCTEN
ONMM3KHMX 3HAYCHHI: 1aXke HeOOIIbINE
MOTPENTHOCTH U3MEPEHHN TIPUBOIAT K
OOJBIIMM OITHOKAaM B TIPOM3BOTHOM.
HanpoTus, yucieHHoe UHTETpupOBaHUE
CIVIAKMBACT IIIYM, TaK KaK CYMMHPYET
3HA4YCHUA BO BPEMCHMU.

C ¢pu3ndeckoil TOUKH 3pEHUs, YCKOPEHNE
(M3MepsieMoe aKcenepoMeTpoM) — 3TO
MIPOMU3BO/IHASI CKOPOCTH, IOITOMY YTOOBI
MIOJYYUTh CKOPOCTh, HY)KHO HHTETPHPOBATh
YCKOpPEHHE 110 BPEMEHN — 3TO IpsMast
3aja4a.

10.IIpuBenute mpuMep HU3NIECKOI 3a1auu, TOe
HEOOXO0ANMO HMCIOIb30BaTh YNCICHHOE
UHTETPUPOBAHUE, U IOYEMY aHAITUTHIECKOE
peleHrne HEBO3MOXKHO WIIM HeleJIeco00pasHo.
[IponemMoHCTpUPYITE MPOCTYIO peak3aluio Ha
Python ¢ ncrnonp30BanreM cTaHIapTHOM
O6ubINOTeKH.

OtBer:

[Tpumep: BbIUMCIEHNE PAOOTHI CHITBI
COIPOTHUBJICHHS BO3/yXa IPH ABHKEHUH TeIa,
KOTZIa CHJIa 3aBUCUT OT CKOPOCTH CII0KHBIM
o6pasom, Hanpumep F(v)=—kv?, a ckopocTb V(t)
3a/1aHa TaOaUYHO (IO TAHHBIM JATYUKOB) WIIH
KaK pe3yJIbTaT YUCIEHHOTO PEIICHHs
nuddepennmansHoro ypasaenus. Toria padbora
A=[7 F (v(D)v() dt

HE UMEET aHATUTHYECKOTO BBIPAKEHHUS, €CIIU
v(H)

v(t) Hen3BecTHA B IBHOM BHUJIE.

B Takux ciydyasix MpUMEHSIIOT YHCIEHHOE
uHTerpupoBanue. [Ipocrast peanuzanus Ha
Python ¢ ncnonp3oBanueM scipy.integrate.trapz:

Bricoxkwuit (5-10
MHUHYT)




C BBIYUCIIUTENILHOM TOYKH 3PEHUS, METO/IBI python

HMHTErPUPOBaHMs (HAIpUMeEp, METO 1 import numpy as np

Tpareruii) yCTOWuMBHI 1 Jerko peanusytorcst | 2 from scipy.integrate import trapz

Jake Ha MUKPOKOHTPOJIIEPAX, TOTAa KakK 3

muddepernrpoBanme TpeOyeT 4 # Ilpumep: BpeMEHHBIE METKH U CKOPOCTh

MIPeABAPUTENHHON (HDUIBTPALUH JAHHBIX U (M3MepeHHbIE MITH CMOACINPOBAHHBIC)

6oee crmoxkHOH 00paboTku. [TosTomy 5 t=np.linspace(0, 10, 100) # Bpems ot 0

HMHTETPUPOBAaHUE NPEANOYTUTENBHEE TIPU m0 10 ¢

BOCCTaHOBJICHUY KUHEMATUYECKUX BEIUYUH 6 v =np.exp(-0.1 *t) # npumMep

U3 3KCIIEPUMEHTAIBHBIX JaHHbIX. 3aTyxaroliei CKOpoCTH
7k=0.5 # koo punneHt
COTPOTHUBJICHHS
8 F = -k * v¥*2 # cuna
COIPOTHUBIICHHS
9power=F *v # MTHOBEHHast
MOIITHOCTh
10
11 work = trapz(power, t) # gucieHHOe
HMHTETPUPOBaHNE
12 print("Pa6oTa cuinbl conpoTusienus:", work)
OTOT M0JX0]] YHUBEPCAJICH, YCTOHYHB U JIETKO
Macutabupyem, 4To JeaeT ero
NPEANOYTUTEIBHBIM B HHKEHEPHBIX U
¢busnyeckux pacuérax, rae GyHKIHUN 3a/1aHbl
JMCKPETHO MJIM CITMIIKOM CJIOKHBI JIJIs
AQHATUTHYECKOTO UHTETPUPOBAHUSL.

Kpumepuu ouyenusanusn ouaznocmuyeckoii padomot .

Ouenka Kputepun oneHnBanus
OTJIMYHO o1 90 1o 100 % mpaBUIBLHO BBHITOJTHEHHBIX 3aJaHUI
XO0poIio o1 70 1o 89 % mpaBMWIBHO BHITIOJHEHHBIX 33JaHUH
YAOBJIETBOPUTEIbHO oT 50 10 69 % npaBUIBHO BBITOJHEHHBIX 3aJaHUI

HEY/I0BJIETBOPUTEJIBLHO

MeHee 50 % npaBUIIBHO BBHITOJIHEHHBIX 33IaHUM




