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PaGouass mporpamMma COCTaBieHa Ha OCHOBE Oroc BO - cneuquanurer M0
crietmanbrocty 21.05.04 Fopoe aeno (prka3 MuHoOpHayKkH Poccun ot 12.08.2020 r. Ne 987)

PaGouas MporpaMma paccMOTpeHa W 0100peHa Ha 3acelaHuH kadenaps! [puknanHoit
MaTeMaTHKH H HHQOPMATHKH

09.02.2024, npotoxoin Ne 6 W
3as. kadenpoi - 10.A. V3BekoB

PaGouasi iporpaMma 0100peHa METOAMYeCKOMH xomuccueit WEuC
19.02.2024 r. npotoxon Ne 5

[peacenarenb A MN.10. Me3un
CoriacoBaHo: /
3as. kadeapoit ['eonoruu, MapKuIeH1epeKoro Aeia 1 oborarieHus Mnojie3HbIX
HCKOMaeMBbIX P8
P
= W.A. I'puiunx
v
PaGouas mporpamma cocTaBlIeHa: W /
nouenT kageapsl [IMul, kan. nei. Hayk 0 77 E.B. Cepreesa
Perien3enT:
, ’)is. PO Dusnku, KaH/l. ¢u3.-mar. HayK
L ~ JIM.Jloarymux




PabGouass mporpamma coctaBieHa Ha ocHoBe @DPI'OC BO - chnenuanurer 1o
cnenuanbaocTr 21.05.04 T'oproe neno (mpuka3z Munobprayku Poccun ot 12.08.2020 r. Ne 987)

Pabouas mporpamma paccMoTpeHa W omoOpeHa Ha 3aceqanuu Kadeapsr [IpukimaaHoi
MaTeMaTUK{ U HHPOPMATUKH
09.02.2024, mporoxoin Ne 6
3aB. xadeapoit 1O.A. U3BekoB

PaGouas nporpamma ogobpena meroauueckoi komuccueid MEnC
19.02.2024 r. mpotokon Ne 5
[Ipeacenarens N.1O. Me3un

CormacoBaHo:
3aB. kadeapoii ['eonoruu, MapKIen1epcKoro jieja u 000orameHus! MOJIe3HbIX
HUCKOIAEMbIX

N.A. I'pumvn
Pabouas mporpamma cocraBieHa:
noteHT kadeapel [IMuld, kann. nex. Hayk E.B. Cepreena
Penensenrt:
3aB. Kadeapoit dusukwy, KaH/I. ¢u3.-mar. HayK

JM. Jonrymmx




JIner akryaauszanuu padoueil mporpaMmbl

Pabouast mporpamMmma repecMoTpena, 00cykaeHa u o100peHa s peanuzamnuu B 2025 - 2026
yueOHOM roy Ha 3acefaHuu kapeapel [IpuknaaHol MaTreMaTuku U UHOOPMATHKH

IIporokomor 20 1. Ne

3aB. kadeapoii I0.A. U3Bekos

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
yueOHOM roy Ha 3acefaHuu kapeapsl [IpukinaaHol MaTeMaTUKU U WH(OOPMATHKH

IIporokomor 20 1. Ne

3aB. kadempoii I0.A. U3Bekos

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqanuu kadeapsl [IpuKIagHON MaTeMaTHKU U HHOOPMATHKH

IIporokomor 20 1. Ne

3aB. kadeapoii 10.A. U3Bekos

Pabouas nmporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2028 - 2029
y4eOHOM roy Ha 3acenaHuu Kadeapbl [IpuKiIagHOi MaTeMaTHKU U HH()OPMATHKH

IIporokomor 20 1. Ne

3aB. kadeapoii 10.A. U3Bekos

Pabouas mporpamma nepecmotpena, o0cyxaeHa u ogoopena ais peanuzanuu B 2029 - 2030
yaeOHOM ToJTy Ha 3acefanuu kadeapsl [lpuknagHoi MaTeMaTuku U THHOPMATUKU

[Iporokom ot 20 1. Ne

3aB. kadenpoii 10.A. U3Bexos

Pabouas mporpamma nepecmMotpena, odcyxaeHa u ogoopena s peanuszanuu B 2030 - 2031
yaeOHOM o1y Ha 3acefanuu kadeapel I[lpukinagHol MaTreMaTuku U HTHGOPMATUKU

[Iporokom ot 20 . Ne

3aB. kadenpoii 10.A. U3Bekos




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

HensiMmu  ocBOEHMSI JTUCHMIUIMHBI «MareMaTuka» SBISETCS NPUBUTHE HaBBIKOB
UCIIOJIb30BAHUS MATEMaTUYECKUX METOJI0OB HCCIEAOBaHUST M OCHOB MAaTEMaTUYECKOIO
MOJIeJIMpOBaHUsl B Oyaymieil npodeccuu Mo HHXEHEPHOMY OOECHEUeHHIO esTebHOCTH
YeNIoBeKa B HEJpax 3eMIIH MPH AKCILTYyaTaIl[MOHHOMN pa3BelKe, J00bIYe U mepepadoTKe TBEPABIX
MOJIE3HBIX HCKOMAEeMbIX, CTPOUTENIBCTBE M SKCIUIyaTallMd IMOA3EMHBIX OOBEKTOB PAa3IUYHOTO
Ha3HAYCHHUS.

2 MecTo THCHHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMMsl

Jucuunnuza Beicinas maremaTuka BXOJUT B 00s3aTENbHYIO 4YacTh y4eOHOro IJIaHa
00pa30BaTeIbHOI IPOrPaMMBI.

JUis  u3ydeHus  JAMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YMEHHMs,  BJaJCHUsA),
c(OpMHUPOBAHHBIC B PE3YIIBTATE U3YUCHHSI JUCITUTUTUH/ IPAKTUK:

Jia u3ydeHus TUCHUIUIMHBI HEOOXOIWMBbI 3HAHHUS W yMEHHUSA, CHOPMHUPOBAHHBLIE B
pe3ynabTaTe M3ydeHHH TUCHMIUIMH: «AnreOpa W Hayana aHanmszay, «['‘eomerpus» B 00bEME
MPOrPaMMBbI CpeTHEN IKOJIBI.

3nanus (YMEHHs, BIAJICHUS), TOTyYCHHbIE NMPH M3yYCHUU TAHHOM NUCIMILIMHBI OyIyT
HEOOXOAUMBI JUISl U3yYCHUS TUCIUTLTH/TIPAKTHK:

dusuka

TeopeTnyeckas MexaHUKa

ConpoTHBiIEeHHE MaTEpHAIIOB

[Ipuknannas MexaHuka

DNEeKTPOTEXHHUKA

Teopus BeposTHOCTEH U MaTeMaTHUeCKasi CTAaTUCTHUKA

AHann3 TaHHBIX

3 Komnerenuun odyuarouierocs, popMupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCUMILTUHBI (MOYJISl) ¥ IVIAHMPYEMBbIe pe3yJIbTaThl 00y4eHus

B pesynbraTte 0cBO€HHUS TUCHMILIMHBI (MOAyns) «Beiciias MmareMaTHKay 00ydaronuiics
JIOJDKEH 00J1a/1aTh CIICAYIOIIMMH KOMITETCHIIUSIMU:

KO)I HHJUKaTopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITNN

VYK-1 Cnoco0GeH OCyIIeCTBIATh KPUTUYECKUN aHaNMM3 MPOOJIEMHBIX CUTYyallMid Ha OCHOBE
CHCTEMHOTO IOJIX0J1a, BEIPAOATHIBATh CTPATETHIO JICHCTBHI

YK-1.1 AHanusupyeT MNpoOJEMHYIO CHUTyallMl0 KaK CHCTEMY, BBIABIAA €€
COCTABJISIIOLINE U CBSI3U MEX1Y HUMU
YK-1.2 Kputnuecku orieHnBaeT HaJeKHOCTh HCTOYHUKOB HH(POpMaINH, paboTaeT ¢

NPOTHUBOPEYNBON HH(pOpMaNMell W3 pa3HBIX HCTOYHUKOB, OIpEeIsieT
npobensl B wHGOPMAIMKM, HEOOXOAUMOW IS PEMICHUS TPOOIeMHOM
CUTYAllUH, U TPOEKTUPYET MPOLIECCHI [0 UX YCTPAHECHHUIO

YK-1.3 Pa3pabatbiBaeT M conep)kaTeinbHO apryMEHTHPYET CTpPATETHi0 pelleHus
NpoOJEMHON CUTyallud Ha OCHOBE CHCTEMHOIO U MEXIUCIMIUTMHAPHOTO
MOJIXOJIOB; CTPOMT CUEHAapUU peaju3allid  CTpaTeruu, OIpeaemss
BO3MOYKHBIE PUCKH M IIpeJIaras MyTH UX YCTPaHEHUs




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 5 3adyeTHbIX enuuuil 180 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKTHas pabora — 76,1 akaj. 4acos:
— ayIUTOpHAs — /2 aKaJl. 9acoB;
— BHeaynutopHas — 4,1 aka. yacos;

— caMocCToOsTebHAs paboTa — 68,2 aka. 4yacos;
— B (hopme mpakTHyecKoii moarotoBku — 0 akaj. yac;

— IMOATOTOBKA K 3K3aMeHy — 35,7 akaj. gac

dDopMa aTTecTaiuu - 3K3aMCH

AynuropHas s
o | XoHTaKTHas pabota E 3 ®dopma TeKyIero
=
= B aKaJl. 4acax 5} Bnu KOHTPOJIS
Pasnen/ Tema 3 (B axaz. vacax) = A . p Kon
S 3 © | caMOCTOSITENBHOM | ycleBaeMOCTH U
JUCLUTUTAHBI 5 £ 6 . | komnerenunu
O 5 g £ paboTs MIPOMEKYTOYHOM
nmab. | mpakT. 3
Jlek. P 'S aTTecTalyH
3aH. 3aH. | &
1. DneMeHTHI JTMHEHHO# anreOpsl
1.1 Jluneiinas anreOpa:
. MOATOTOBKA K
Marpumpl U gedcTBUS Hax
MPaKTUIECKUM
HUMH. Onpeapenurenu
3aHATHSM,
KBAJIPaTHBIX MAaTpUI, PaHT
6 CaMOCTOSITEIIbHOE ayIuTopHas VK-1.1
MaTpHIBL, ooparHai H3y4YCHHE KOHTPOJIbHASI T
MaTpHIIa. Meroasl| 1 6 2 2 6 AKP) Nel VK-1.2,
CIICHHS cucTteM JHTCPATYPBI, padora ( ) Ne YK-1.3
periet BeimonHerne PI'P PI'P Nel '
JMHEHHBIX anreOpandecKux
. Nel «Matpuupl.
YpaBHEHHUI. Teopema
Onpenenurend.
Kponekepa-Karemmm.
Cucrembn»
OnHOPOIHBIE CUCTEMBI.
Wroro no pazneny 6 2 2
2. BBenenue B MaTeMaTH4YECKUI
aHau3
- MOJITOTOBKA K
PAKTHIECKOMY
2.1 IIpenen i 3aHSATHIO, VK-1.1,
HenpepbIBHOCT  QyHKIuU| 1 2 4 14,2 | - cocraBieHue TECTHPOBAHHE YK-1.2,
OJIHOM TIepeMEHHOM yueOHOI KapThl VK-1.3
«Bpruncnenue
MPeIeTIOB)»
Wroro no pazaeny 2 4 14,2
3. Juddepennmansaoe
ucuuciieHne (QYHKIUU OJHOH M
MHOTHUX IIEPEMEHHBIX
3.1 OnpeneneHue
. - MOJITOTOBKA K
MPOU3BOJHOW (YHKIUH B
MPAKTHIECKUM
touke. [uddepenunan, ero
N 3aHATHSM,
TEOMETPHIECKUN CMBICII VK-1.1,
. - BeinostHeHue PI'P PI'P Ne2;
TI'eomerpuueckuit ul 1 2 2 12,2 YK-1.2,
N Ne 2 TECTUPOBaHUE
MEXaHIYECKUI CMBICIT VK-1.3
N «Inddepenunans
MIPOU3BOJHOM. [IpaBuna
HOE HCUHCIICHHE
U epeHIInpOBaAHUS u ®OIT u GHIT"

Ta6J'II/II_[a TMPOU3BOJAHBIX.




3.2 ITpousBoHbIC "
quddepeHnuansl  BBICHIMX

- IOAT'OTOBKA K

nopsakoB. OCH. TeopeMbl MPAKTUYECKOMY YK-1.1,
JTuQQepeHInaIbHOro 2 2 1 3aHATHIO, PI'P No2 VK-1.2,
HCYHCIIEHHS. Dopmyna - BeInosiHeHue PI'P YK-1.3
Teitnopa. [IpaBuno Ne2
Jlonurans
3.3 ITpumeHeHE - HOAFOTOBKA K
MIPOU3BOJHOM u
ILII/)I bepenmmana: pu MPaKTUYECKOMY YK-1.1,
e e LOBARMI (1) KU B 4 12 2 3aHATHIO, PT'P No2 VK-1.2,
BLIchZJ[IeHHH YHI - BeinosiHenue PT'P VK-1.3
NPpUONTMKEHHBIX 3HAUCHUH Ne2
3.4 Tuddepenuuponanue
OHII: mnoHATHE YacTHBIX - Hazi;f;i?; VK-1.1
MIPOU3BOIHBIX, ITOJTHOTO 2 6 2 P SAHSITHIO y - PT'P Ne2, YK-l.Zl
muddepennunana, > - TECTUPOBaHUE .
SKCTpEMYM OHIT - BeinosiHeHue PI'P YK-1.3
3JIEMEHTHI TEOPHH MO Ne2
Wroro no pasneny 10 22 17,2
4. VHrerpanbHOe HCUUCIIECHUE
(YHKIMU OTHOHN TepeMeHHO
4.1 IlepBooOpasHas ~ MOAITOTOBKA K
F— MPaKTUYECKOMY
. 3aHATHIO,
HeonpeneneHHELd - BpInoyiHeHue PI'P VK-1.1,
HMHTErpall U €ro OCHOBHBIE 2 2 4 Ne3 - PT'P Ne3; VK-1.2
CBOICTBA. Tabmnuma " - TECTHPOBaHHE )
O— «HeomnpeneneHHsl VK-1.3
i, oTIpe/ieNeHHbII
HMHTETPAJIOB OT OCHOBHBIX .
AJIEMEHTapHBIX (QyHKIMH u necobeTBeHbIi
UHTErpa»
4.2  OCHOBHBIE  METOJIBI HONFOTOBKA K
UHTETPUPOBaHUS. MeTobl A
HETNOCPEICTBEHHOTO 2 2 2 Hpa;THl;qTeHCSOMy - PI'P Ne3; zijé‘
UHTETPUPOBAHMSL. ) BbInonHeHI/lé prp| - Tectuposanne YK-l' 3‘
HuTterpupoBanre 3aMeHOH No3 '
TIEPEMEHHON U MO YacTsIM B
-TIOATOTOBKA K
4.3 OcCHOBHBIE  METOHBI MIPaKTUYECKOMY -PI'P N3 YK-1.1,
WHTETPUPOBAHUSI. 2 0,5 4 3aHATHIO, - recTH OB_aP’II/Ie VK-1.2,
Huterpuposanue apobeit - BeInosiHeHue PI'P P VK-1.3
Ne3
4.4  OCHOBHBIE  METOJIBI - HOATOTOBKA K
HUHTETpPUPOBAHUS. i
WNuTerpuposanue 2 1 6 P a;THPEZC}ﬁ()My - PT'P Ne3; zi-iél
Eg?gii‘;ﬁzgﬂ:f;““x " - BeimonHenue PIP| ~ TECTIPOBAMIE VK-1.3
BBIPAXKEHHI Ne3
45 OnpeneneHHbIi - HOMFOTOBKA K
MHTerpa. Popwyra I aKiI/IqGCKOM VK-1.1
Hyrorona-Jleiibuura. 2 05 84 p SAHSITHIO y - PI'P Ne3; YK-1-2’
S:;)ic;;;('mwm Mertonet - BhImoHenne PIP| ~ TECTHPOBANHE YK-1.3
IIpunoxenus. Ne3
4.6 Hecob6cTBeHHbIC - MOATOTOBKA K
MPAKTHYECKOMY . YK-1.1,
UHTErpasibl.  AOCONIOTHAsS 2 05 64 SAHSITHIO - PI'P Ne3; VK-1.2
zignﬁxgzz: [Ipuznaku - Bomonnerue Prp| - TeCTHPOBaHHE VK-1.3
s : No3
Uroro no pazaeny 12 6,5 30,8




5. OOBIKHOBEHHBIE
JuddepeHanbable  ypaBHEHUS
Oonay): AY 1l-ro u BeICHIHX
nopsaaKoB. OCHOBHBIC HOHSTUS,
Metonsl permenns. Cucremsr Y
HIEPBOI'0 MOPSIIKA.

5.1 OOBIKHOBEHHBIE

U depeHInaIbHbIC - IOJITOTOBKA K

ypaBHenuss (OAY): AY MPAaKTUYECKOMY - PI'P Nod: YK-1.1,
1-ro u BeICHIMX TOPSAKOB.| 1 6 15 4 3aHATHIO, - VK-1.2,
OCHOBHEBIE MTOHSTHS, - Bemonnenne PIP| ~ TECTHPOBAHHC VK-1.3
METOJIbI peuieHus. Ned

Cucrembl 1Y  mepBoro

HUroro no pasaeny 6 15 4

Hroro 3a cemecTp 36 36 |682 9K3aMeH

HToro mo quCHUILIMHE 36 36 68,2 JK3aMEH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

1. Tpagunuonusie obOpa3oBaTelbHble TexHoJoruu. OpraHuzaius 00pa30BaTEIHLHOIO
mpouecca, IpeanojaraeT MNpsSMYK TPaHCISALMIO 3HAHUW OT IpenojaBaTeliss K CTYAEHTY
(MIpEeuMyIIECTBEHHO Ha OCHOBE OOBSICHUTEIbHO-MILTIOCTPATUBHBIX METOJIOB OOy4YeHUS).
YyeOHast AEATENbHOCTD CTY/EHTa HO-CHT B TAaKMX YCJIOBHAX, KaK IPaBUIIO, PETPOIYKTUBHBIN
Xapaxrep.

®opmbl y4eOHBIX 3aHATHI:

- uH(pOpMalMOHHAs JIeKUMs — T[OCJIENOBaTelIbHOE M3JIOKEHHEe MaTepuana B
JUCIUTUTMHAPHOM JIOTHKE, OCYIIECTBIIIEMOE IPEUMYIIECTBEHHO BepOATbHBIMU CPEICTBAMH.

- IPAKTUYECKOE 3aHSTHE, ITOCBALIEHHOE OCBOCHUIO KOHKPETHBIX YMEHUU U HABBIKOB 10
IPEJIOKEHHOMY aITOPUTMY.

2. Texuonoruu mnpoekTHOro oOydeHus. OOpa3zoBaTENbHBIN MpolecC MOCTPOEH B
COOTBETCTBUHM C ITOPUTMOM IIOATAITHOTO PEIICHUs MPOOJEMHOHN 3aJa4d WM BBIIOJIHEHUS
yueOHoro 3ananus. [IpoekT npeanonaaraeT COBMECTHYIO Y4eOHO-TI03HABATEIbHYIO JIEATEIbHOCTh
IPYNIbl CTYJ€HTOB, HAIIPABJIECHHYIO HA BbIPAaOOTKY KOHLEMIMM, YCTAHOBJICHHUE L€ U 3a1ad,
(bOpMYITUPOBKY O0XXKHJIa€MBIX PE3yJIbTAaTOB, ONpPEICICHUE MPHUHIMIIOB U METOJUK PEIICHUS
IIOCTaBJIEHHBIX 3aJla4, I[UIAHUPOBAHHUE XO-Ja PAa0OTHI, MOMCK JOCTYNHBIX M ONTHMAJIbHBIX
pECypCcoB, MO3TAMHYIO peaju3aluio IJIaHa paboOThl, MPE3EHTALMIO PEe3yJlbTaTOB PaOOTHI, HX
ocMbIciieHue U pediekcuto. [IpumensieTcss B OCHOBHOM IS IEPEX0/1a KOMIIETEHIIMU HAa YPOBEHb
BIIJICHUSI.

OcCHOBHBbIE TUIIBI IPUMEHSAEMbIX HAMU B 00pa30BaTEIbHOMN JI€ATEIbHOCTH IPOEKTOB!

HccnenoBaTenbckuii MNPOEKT — CTPyKTypa npuOmmkeHa K ¢opMmaTy HaydHOTO
UCCIIEIOBaHMsl (J10Ka3aTeIbCTBO AKTYaJIbHOCTH TEMbI, ONPEJCIICEHHE HAay4HOM MpoOJIeMsbl,
npeaMera U O0bEeKTa HCCIeAOBaHUA, IeNiel W 3a/ad, METOJO0B, MCTOYHHKOB, BBIIIBXKEHUE
TUTIOTE3bI, 0000IIeHNEe Pe3ybTaTOB, BHIBOJBI, 0003HAYCHHE HOBBIX MpolOiieM). Pesymbrarom
ABJIsieTCs yueOHast KapTa [0 MOIYJI0 Hateil 00pa3oBaTeIbHON MPOrpaMMBl.

TBOpYECKHIT MPOEKT, MNPEANOJaramiiii B OTJIWYHAE OT MPEIbIAYIIEr0, KOHEYHBIN
IPOAYKT B CIEAYIOUIMX BapHaHTaX — ra3era K UCTOPUYECKH 3HAYUMOMY «MaTeMaTUYECKOMY»
coObITHIO (mpa3aHUK uucna «[Iu» u T.1.); «MaTemMaTudeckas» OTKpbITKa (CBOEro poja yyeOHas
KapTa, TOJbKO He(hopMalibHO, KpaCOYHO OpOpMIIEHHAS; BUACOPOIHK «5 Haydy Bac pemars ...» U
T.IL

NupopmaninoHHbli  MpOeKT — y4yeOHO-TIO3HABAaTENIbHAs JESITENBHOCTh C  SIPKO
BBIpa)KEHHON 3BPHCTUYECKOI HAPaBIEHHOCTHIO (IIOUCK, OTOOP U cHCTeMaTU3alus HHPOpMaLuU
0 KakoM-TO 00BEKTe, 03HAKOMJIEHHE YYAaCTHUKOB IPOEKTa ¢ 3TOW MH(OpMalMel, ee aHalIu3 U
00o00111eH1e U, HAKOHEL], IPe3eHTAlUs 110 IPAKTUYECKOMY NPUIIOKEHHIO).

4. UudopmaninoHHO-KOMMYHHKAIIMOHHBIE 00pa3oBaTelIbHbIE TEXHOIOTUU. OpraHu3anus
00pa30BaTeNLHOrO Mpolecca ¢ MPUMEHEHHEM CIEeHUAIN3UPOBAHHBIX MPOIPAMMHBIX Cpell U
TEXHUYECKUX CpPEACTB paboTel ¢ wHopmManue (MHPOPMAIMOHHYIO Cpeay YHUBEpPCUTETA
MOOAYC MOODLE).

6 YueOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4aroImMXcst
[Ipencrasneno B mpuioxxkenuu 1.

7 OueHOYHBIE CPeACTBA AJIsl IPOBeeHHs POMEKYTOUHOI aTTecTAlMI
[IpencraBneHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIIHHBI (MOTYJIs1)

a) OcHoBHas1 IMTEpaTypa:

1. llunayes, B. C. Beicmas maremaruka : yaeOnuk / B. C. IllunaueB. — Mocksa :
NHOPA-M, 2024. — 479 c. — (Beiciee oOpaszoBanue). — DOI 10.12737/5394. - ISBN
978-5-16-010072-2. - TekcT : anekTpoHHbIH. - URL:



https://znanium.com/catalog/product/2085943  (mata ooOpamenus: 02.04.2024). — Pexum
JIOCTYTIA: TIO TIOJITHCKE.

2. Maremaruka : yueonoe nocodue / 0. M. anunos, JI. H. XKyp6enko, I'. A. Hukonosa
[1 np.] ; mox pen. JI. H. XXyp6enko, I'. A. Hukonopoii. — Mocksa : UH®PA-M, 2022. — 496 c.
— (Bsicmiee oOpazoBanue: bakanaspuar). - ISBN 978-5-16-010118-7. - Tekct : 3neKTpOHHBIH. -
URL.: https://znanium.com/catalog/product/1818645 (marta ob6pamenus: 02.04.2024). — Pesxum
JIOCTYTIA: IO TIOIHCKE.

0) lonoJiHMTEIbHASA JIUTEpaTypa:

1. Marematuka B mpumepax M 3amadax . yde0. mocobue / O.M. ertspesa, JI.H.
XKypbenko, I'.A. Huxonosa, H.B. Huxonona, C.H. HypueBa. — Mocksa : UHOPA-M, 2019. —
372 c¢. — (Bricmee oOpazoBanme: bakamaBpuar). - ISBN 978-5-16-011256-5. - Tekcrt
anekTponHbii. - URL: https://znanium.com/catalog/product/989802  (mara oOpamieHus:
02.04.2024). — Pexxum A0CTyIIA: 10 MOAMUCKE.

2. ®uxrtenroubil, I'. M. OCHOBBI MATEMaTHUYECKOTO aHaIM3a : yueOHHUK : B 2 yacTsax / I'. M.
Ouxrtenronsll. — 11-e uzn., crep. — Cankr-IletepOypr : Jlans, [6. r.]. — Yacts 1 — 2019. —
444 c. — ISBN  978-5-8114-0190-1. —  Tekcr: onekrponHsiii //  Jlanp
3JIeKTpOHHO-0MOnoTeunas cuctema. — URL: https://e.lanbook.com/book/112051  (mara
obpaienus: 02.04.2024). — Pexxum goctymna: it aBTOPU3. [OJIb30BATEICH.

3. ®uxtenrousil, I'. M. OCHOBBI MAaTEMATHYECKOTO aHAIN3a ;| yueOHUK : B 2 yacTsx / . M.
O®uxrtenronsll. — 10-e usn., crep. — Cankr-IlerepOypr : Jlans, [6. .]. — Yacts 2 — 2019. —
464 c¢. — ISBN 978-5-8114-0191-8. — Tekcr : onekrponnsiii // Jlaub
ANIEKTPOHHO-OMOMoTeynas cucrema. — URL: https://e.lanbook.com/book/115730  (mata
obpaienus: 02.04.2024). — Pesxum A0CTyMa: 1 aBTOPU3. MTOJIH30BATEIICH.

4. llumayes, B. C. 3amaynuk mo BeICIIeH MaremaTthke . yueOHoe mocobue / B. C.
[lumaueB. — 10-e wusnm., crep. — MockBa . MHOPA-M, 2024. — 304 c¢. — (Bricuiee
obpazomanme). - ISBN 978-5-16-010071-5. - Tekctr : omekrponnbri. - URL:
https://znanium.com/catalog/product/ (mata obpamienus: 02.04.2024). — Pexxum goctyma: mo

TINTITTACK A&

B) MeToauyeckue ykasaHus:

1. I'payeBa, JI.A. OnpeneneHHblii HHTErpall: METOAUYECKHE yKa3aHUs Ul CTYACHTOB —
Marnutoropck: 'OV BITO «MI'TY um. .. HocoBay, 2010 — 12 c.

2. I'pauesa, JI.A. DneMeHTHI TMHEHHON anreOpbl, BEKTOPHOH ayireOpbl M aHATMTUYECKON
reomerpun: YuebHoe mocodue. - Marautoropek: 'OY BITO «MI'TY um. I'.'1. Hocoay, 2010 —
63 c.

3. Makcumenko, M.A. CoObITHsI 1 BeposATHOCTh. YacTh 2: MeToj. ykas. - MarHUTOTOpCK:
'OV BIIO «MI'TY um. I''. Hocosay, 2010. — 25 c.

4. Masuenko, E.II. IlpowsBognas wu muddepenmuan ¢yakuun. I[IpakTukym.-
Marnutoropck: 'OY BITIO «MI'TY um. I'.'11. HocoBay, 2010. — 38 c.

5. Masiuenko E.II. WccnenoBanue ¢ynkuuit m mocrpoenue rpadukos. [IpakTukym. —
Marnutoropck: 'OV BITIO «MI'TY um. I'.'1. HocoBay, 2011. —20 c.

r) [Iporpammuoe obecneuenue u UHTepuer-pecypceni:

IIporpammHoe o0ecneyenne

Haumenosanue 110 Ne norosopa CpoOK eCTBUS TUIEH3UN
MS Off'lce 2007 Ne 135 o1 17.09.2007 O6eccpouHo
Professional

7Zip CcB000JIHO pactpoctpansemoe [10 0ECCPOYHO

FAR Manager cBoOoHO pacrpoctpansemoe [10 OCeCCPOUHO



https://znanium.com/catalog/product/2085943
https://znanium.com/catalog/product/1818645
https://znanium.com/catalog/product/989802
https://e.lanbook.com/book/112051
https://e.lanbook.com/book/115730
https://znanium.com/catalog/product/

IIpodeccnonanbHble 0a3bl JaHHBIX M MH(MOPMAIHOHHBIE CIPABOYHbIE CHCTEMbI
HasBanue xypca Cchuika

Mexaynapoanas 0a3za MOJTHOTEKCTOBBIX
»KypHaioB Springer Journals
DneKkTpoHHbIE pecypchl Onommoreku MI'TY um.
I'.1. HocoBa
DnexTpoHHas 0a3a Mepuoanveckux m3ganui East
View Information Services, OO0 «IBUC»
[TouckoBas cuctema Akagemus Google (Google
Scholar)

9 MaTepHaJLHO-TEXHHYECKOE o0ecneuyeHne TUCIUIINHBI (MOLYJIf)

http://link.springer.com/

https://host.megaprolib.net/MP0109/Web

https://dlib.eastview.com/

URL: https://scholar.google.ru/

MarepuanbHO-TEXHHUECKOE 0OecleueHUe AUCHUIUINHBI BKIIIOUAET:

VY4eOHble ayJUTOPUN JUIsl IPOBEACHUSI 3aHATHI JIEKIIUOHHOTO THIIA.

Jlocka, MyJIbTUMEIMHHBIE CpEACTBA XpAHEHWs, Tepenayd W  pPeACTaBICHUS
uHpopmanuu.

VY4deOHblE ayOWTOpUU I TPOBEACHUS MPAKTHYECKUX 3aHATUH, TPYNIOBBIX U
UH/IMBU/YaJIbHBIX KOHCYJIbTAIMH, TEKYIEro KOHTPOJISL U MPOMEXKYTOUHOH arrectauuu. Jlocka,
MYJbTUMEAUMHBIA MPOEKTOp, 3KpaH, Komiuiekc Mmeroanueckux pa3paboTok (pa3gaTOdHOro
MarepHraia U METOJNYCCKHX yKa3aHHUi) M\WJIM KOMIUIEKC TECTOBBIX 3aJaHUl ISl HOATOTOBKH H
MPOBEICHUS TPOMEKYTOUHBIX U PYOCIKHBIX KOHTPOJICH.

[TomerieHus 1t CAaMOCTOSTENILHON pabOThI yyaruxcs.

[Mepconanbhbie kKomibloTepsbl ¢ TakeroM MSOffice, BeixomoM B HTEpHET 1 ¢ 10CTYIOM
B 3JIEKTPOHHYIO HHPOPMALMOHHO-00pa30BaTENIbHYIO CPEAY YHUBEPCUTETA.

[Tomemenne st XpaHeHHss W NPOPHUIAKTHYECKOTO OOCIY)KMBAaHUS — Y4eOHOTO
000pyIOBaHUS.

kader mus xpaHeHus: yueOHO-METOAMYECKON TOKYMEHTAIINH, YI1eOHOTO 000pyT0BaHuUs
¥ y4eOHO-HaTJISTHBIX TOCOOH.

[NPMJIOXEHUE 1
YueOHO-MeTOANYEeCKOEe 00ecTIeYeHre CaMOCTOAITEIbHOM PadoThl 00y4aromuxcs
Ilo mucnmmummee «MartemaTuka»  OPEeIyCMOTpPEHAa  ayAMTOpHas W BHEAyJUTOpHas
caMocCToOsTeNIbHas paboTa 00ydJaronMxcs.
AynuTopHas CcaMOCTOsTENbHAas padoTa CTYAEHTOB IpEANoiaraeT pelleHne 3ajad  Ha
IIPAKTUYECKUX 3aHATHUAX.

Ilpumepnvie sapuanmul pacuemmuo-zpaguueckux paoom (PI'P):

PI'P Ne 1. «QJieMeHTBI JIMHEHHOH aJare0pbl H AHATUTHYECKOH reOMeTPHUH B NPHJIOKEHUSIX K
NPUKJIAIHBIM 32/1a4aM 100bIBAIOLIEil MPOMBIILIICEHHOCTID)

3ananue Nel (ypoBeHb KOMIETEHHHH — «3HATh», «yMeTb»). Ilpum pemenum 3axau,
BOCHOJIb3YiiTECH OIHMM W3 NpUKJIagHbIXx makeroB (Mathcad, Microsoft Excel,
WolframAlpha Mathematica nwiam ap.).

PesynbraTr opopMuTe B BHAE CKPHHIIOTOB CTPAaHMIl ¢ BbluucjeHussMu B Google
JlokymeHTe (NpHILIMTE CCHUIKY IpenojaBaTeNlo, B JjJeMeHTe «3agaHue» Ha
o0pa3oBaTe/IbHOM NOPTAaJe WK HA Jocke Miro)

3anava 1. Haliqute npousBeeHre MaTpHIl
2 4 -1)(1 1 -1 3

2 -1 1
0 3 7112 -2 0 ( J-—Z

00 -2Jl1 1 =2 > 0 -6
1) B 2


http://link.springer.com/
https://host.megaprolib.net/MP0109/Web
https://dlib.eastview.com/
https://scholar.google.ru/

0

10
! , 5 \” ,
.(— 3} (2 —1)(2 3 4}
0 4) 6) 0 3/)l1 -1 1

3agayva 2. BerunciuTe onpenenuTenu

3 0 -4 01 5
5 7 9 4 0 3/-(4 2 0)
-2 1 6 00 1

2

4 -1 0 2 -4 3 11 3 6
0o 7 2 5 10 - 1 4 6
1) 0 0 3, 2) 0 4 7, 3) -2 -7 2’
1 14 -8 01 2
5 0 -4 10 2
2) 2 -7 2 | 5) 1 2 0.
3 7 -2
3amaya 3. Jlana MaTpuna p _ 01 4 . Haitmure
10 2 -4
00 5 1
1) A12, 2) A24, 3) det A 4) mpugyMalTe CaMOCTOSITEIBHO OIPENeNIUTeNb 6-TO
HOPSIIKA M TAKXKE BBIYUCIUTE €TO.
3anaua 4. Haitnute oOpaTHbIe A1 MaTPUIL
5 7 10 0 21 -34 52
1) (5 Oj, 2) |2 5 -1], 3) A=|-58 6.7 8.1
4 7 1 6.3 32 41

-1

¥l IPOBEPHTH, uTo A4~ =E
3anava 5. Pemute cucreMy a) MaTpUYHBIM CLIOCOOOM U
6) no ¢popmynam Kpamepa.

X + 3y + 2z = -7,
3X + 2y + 52 = 6
4x + 3y + z = L

3a;laqa 6. Pemure cucTeMsl METOJO0M Faycca, YKa3bIBas B KAKAOM CJIy4ac paHI' MaTpUIL

A u (Al B) B OIHOPOJHBIX CHUCTCMAX BBIITHUIIUTC (I)YH,[[aMGHTaJ'ILHy}O CUCTCMY peI_I_ICHI/Iﬁ TaMm,
1€ OHa €CTh.

2x + 4y + 3z = 5 X + 7y - 3z = 14,
1. {—Xx + 2z = -3, 2. <X + 3y + 4z = 2
6x + S5y + z = 2L 2Xx + 8y + 23z = -4
X + 3y - 2z = 5 X + 2y + z = 0
3. 42X + 5y - 4z = 38§, 4, <—-x + 3y + z = 0,
4x + 11y - 8z = 3. 2x + 5y + 3z = 0.




3X, +5x, +6x; —-4x,= 0,

3.4X+5.3y+6.12=9.2 4x, +7x, +10x, —-7x,= 0,

5. 16.4x+25y+8.12=34 6. 2X, +3X, 2%, -X,= 0,
7.2X+6.2y+6.92=8.2 X, +2x, +4x, -3x,= 0,

X -8x, +7x,= 0.

3agaua 7. OnpenenuTts TUII U IOCTPOUTH JIMHUIO HA TNIOCKOCTH U IIOBEPXHOCTH B
IIPOCTPAHCTBE:!

A)XZ —9y? +2x+18y+73=0

B)2X2 +3y? —4x+6y-7=0

B)y2 —4x—2y-3=0

I') Onpenenuth TUI NOBEPXHOCTH U TOCTPOUTD:

1.

X2

9

X2 y2 ZZ X2 y2 ZZ

z=4-x* o 9 a'® . 3 9 4 25 . a4
ooz Xy, 7 o
4 25 : 5. 9 4 25:6. X"-y =z

. . V4
3anauya 8. IlocTpoiiTe KpUBYIO B MOJIAPHOM CUCTEME KOOPIMHAT IO TOYKaM C IIaroM Ae@ = 3

p=4+2c0s2¢

3aganne No2 (ypoBeHb KoMneTeHIHMn «Biaagenne» - KEHCOBBIE 3AJIAHUS nas
rpymnm)

1.

[TpennpusiTie BHIMyCKaeT m  BUAOB U3AEIHH ¢ UCTIONb30BaHUEM K BHJIOB ChIpbsi. HOpMBI
pacxona ChIpbsl Ul IPOU3BOACTBA €IMHMIIBI ITPOJYKIUHA KaKJI0rO BHJA JAaHbl MaTpULEH
Anxk. CrouMmocTs equHMIBI ChIpbs 3anaHa Matpuueid C. Haiftu 3aTparel kaxaoro Buaa
CBIpBSl NP 33/IaHHOM IUIaHE BbIMycka (Q M cymMMapHbIe 3aTpaThl Ha cbipbe. lIpencraBuTh
pe3yabTaThl ¢ moMotibio Matpuil A, C, Q.

3701
A=|2 5 4 3 C=(@2 3 1 5 Q=(200 350 100).
0021

Nmeercss n  oTpaciell NPOMBIIUIEHHOCTH, KaXKJas M3 KOTOPBIX NPOU3BOJIUT CBOIO
npoayKIuio. YacTb ee ueT Ha BHYTPUIIPOU3BOJCTBEHHOE MOTPEOIeHHE TaHHON OTPacCIIbIO
U JPYIrUMU OTpaciisiMH, a Jipyrasg Y (KOHEUYHBIH MPOAYKT) MpeaHa3HaueHa JUIsl JIMYHOTO U
oOuiectBeHHoro mnorpebienus. Ilycte x; — oOumii (BanoBoil) oO0beM mpoaykuuu 1 —i
orpactu (i = 1,n); x; j — 00beM mnpoaykuuu i —i orpaciM, TOTpeOnseMon j —¥i
0TpaciIbio B mporecce mponssoacTea (i = 1,1, j = 1,n).

B Ttabnume 3aman OamaHc n oTpacieidl MPOMBINUIEHHOCTH 3a HEKOTOPBI
MIPOMEXKYTOK BPEMEHHU.
[TocTpouTh MaTpuIly NPAMBIX 3aTPAT A=(Q;;)mxn, TA€ A;j — KOID(HUIMEHTHI MPSAMBIX 3aTpaT
(oM MPOAYKIMH 1 — OTpaciu, WAYMKX Ha MPOU3BOJCTBO €JUHULBI MPOAYKIUUN | —i
OTpaciv) U BBIACHUTb, SIBJISIETCS JIM OHA MPOAYKTUBHON. HaliTh MaTpuIly MONHBIX 3aTparT.
Haiitn X; — 00beM BaJIOBOM NPOIYKITMN KaXKI0W OTPACIH, €CJIM KOHEYHBIN MPOAYKT JOJKEH
ObITh Y;. YKa3aTb HEOOXOAWMBIA MPOIEHT YBETUYEHHUS BAJOBOW MPOAYKLUHUHU MO KaxIOH

OTpacIIH.
| Otpacnu | IMoTpebnenue | Banosoii | KoneuHslit |




1 2 3 BBIITYCK X OpoaykT Y;
3. 1 4. 5 5. 10 6. 15 7. 100 8. 60
9. 2 10. 10 11. 10 12. 20 13. 100 14. 80
15.3 16. 15 17.5 18. 10 19. 50 20. 30

3. (DI/IpMa «Coro3» obecrieunBaeT A0CTaBKy BHUJCO- U ayAUOKaCCET C IICTI)IpéX CKJIaao0B,
PacCIoJIOKECHHBIX B PAa3HBIX TOYKAaX ropojia, B YCThIPC Mara3smHa. 3amnac KacceT, UMCIOIINXCs Ha
CKJIaaax, 00BEMBI 3aKa30B Mara3uHoB U TapI/I(bBI Ha JOCTaBKy IIPCACTABJICHEI B Ta6nnue.

CxItaapl Mara3uHesl 3armachol,
Nel No2 | Ne3 | Ne4 TBIC.IIT.
Cxaag Nel 2 6 4 3 120
Ckitag Ne2 5 1 9 2 240
Cxuag Ne3 3 2 2 6 80
Cxiag Ned 4 5 10| 3 60
3akaspl, Thic. miT. | 190 | 170 | 110 | 30

Omnpenenure 00BEMBI IEPEBO30K, OOeceynBaronye pupMme MUHIMAIBHBIE 3aTPAThI.



PI'P Vo2 «Memoowt ougpgpepenyuanvrnozo ucuucienus YyHKyuu 00O u MHO2UX
nepemeHHbIX NPU peueHun 3a0a4 NPUKIAOHO020 XapaKmepay

3ananue Nel (3Hanust m ymenus ). [Ipu pemieHun 3agay, BOCHOJIb3yHTECh OJHUM U3
npukiaaaneix nakeros (Mathcad, Microsoft Excel, WolframAlpha Mathematica woau np.).

PesyabTar odopmuTe B BHAE CKPUHIIOTOB CTPaHMIl ¢ BbluucjaeHusimu B Google
JlokymeHTe (NPHILIATE CCHUIKY IpenojaBaTe]l0, B JjeMeHTe «3agaHHe» Ha
o0pa3oBaTeJIbHOM NOPTAJIe WK HA J0cKe Miro)

1. Haiitu npousBoanbie u quddepeHinanbl IepBoro nopsaka
1) y _ [COSX

V= 5Xx+1
2) y=(2+5x)*—3cos7x,

3) y=%—4x-arcsinx,

4) y=(cosx),
2. Haifttu mpou3Boanyto GyHKIMH, 33JaHHON HESBHO e’ —5xe* —2xy +11=0.
3.Haiitu npou3BoaHyI0 (YHKIUY, 33/1aHHOM MapaMeTpU4IeCcKu {X =3cost -5,

y=4t° +5.

4. Haittu npou3Bo/iHbIE IEPBOrO Nopsiaka QyHKIMH Y = x’e*.

d? . x=3t-t° -
dxg GbyHKIHH: a) y=3t?; 0) y:5f

~ 2 9
6. Hanmimre ypaBHEHHE KacaTellbHOI K mapadoie ) = X" —4X + 2 B Touke ¢ abermccoii

5. Hatigure d—y u
dx

x, =0. Hocrpoiite rpaduk u KacaTeIbHYIO.
7. Ioctpoiite rpaduk nanHoi ¢hyHkimu. Haiinnte HanOomnpliee U HaMMEHbIIIEe 3HAYCHUS

(byHkimn na samanHoM otpeske: T(X)=2x° —6X° —18x+7, xe[-2;2].

1
8. Iloctpoiite rpadux GyHKIMH Y = 3 x® — 2x*u uccnenyiiTe €& Ha YKCTPEMyM.

9. Iloctpoiite rpaduk GYHKIUU U yKaKUTE MO rpaduKy €€ aCUMIITOTHI:

10. IIpoBenuTe MoTHOE UCCIeNOBaHHE (DYHKIIMU C IIOMOIIBIO TOCTPOSHHOTO TPEIBAPUTEIHHO

12
rpadukay = % .
X

11. 3aBuCUMOCTb IyTH OT BPEMEHU NPU MPSIMOJUHEHHOM JIBUKEHUH TOUKHU 33/1a€TCS ypaBHEHHEM
1
S= §t3 +2t*-3,roe s —myTbBM,a t — Bpems B c. Berunciure ee CKOPOCTh M YCKOPEHHE B

MOMEHT BpeMeHn t =4c.
@OyHKINU HECKOJIbKHUX NepeMeHHbIX:

Inf1—x2 - y? .

1-\y

2. HaiiTu 3HaueHUs YaCTHBIX MPOU3BOIHBIX (DYHKIIMI B 3a/1aHHOI TOUKE:
1

A) z=x' (11) B) z=In(Vx +y) &),
2
3. Haiitm a—l:,ecnn u=xy+sin(x+y).
X

1. [Toctpouts (hyHKIMIO, BEISICHUTH €€ 001acTh OMpeAeNeHuss Z =



4. BeraucnuTh NpUOIIKEHHO \/5-80‘02 +2,03%.

5. Iloctpouts noBepxHOCTh. Haiftu skcTpeMymbl QyHKImE 2 =X> + 2y —4X —6Y + 2.

6. Haiitn skcTpemanbHoe 3HaueHne QyHKIMH Z = 2X+ Y —Yy> —X° npu ycinosuu X+ 2y =1.

7. Haiiti HauOompIiee 3HaYeHUE (PYHKIIMH B 33IaHHOM 00JIacTH:

x>0 X+2y<1
A) z=Xx-2y+5 y=>0 B) z:ln(x2+y2) x>0
X+Yy<1, y>0.

3aganne No2 (ypoBeHb KoMneTeHnnn «Biaagenne» - KEHCOBBIE 3AJIAHUS nas

rpyIm)

1.

5.

3aBoJ BBITYCKAET CIMYEYHbIE KOPOOKU. Pacxo/pl Ha MPOU3BOACTBO OJHOTIO KOpoOKka 1
py0, a 1eHa npoaaxu paBHa 5 py6. CKOJIbKO HYKHO NMPOU3BOAUTH KOPOOKOB, YTOOBI
npuObUb OblTa HaumOombIIel, eciu t pabOTHUKOB 3aBOJia MOXET MPOU3BOAHUTH B
MeCSIII N=—(t—10)2+500 KOpPOOKOB.

Pacxongpl Ha mMPOM3BOACTBO Y aBTOMOOMJIEH COCTaBIISIOT Q:O,5y2+y+7 MUJUTHOHOB
pyOuseit B mecsin. Ecnu mponaBaTh KaxIplii aBTOMOOMIIB 32 S ThICSY pyOIiel, To mpu
MPOJIaKe BCEX MPOU3BEACHHBIX 32 MECSI] aBTOMOOMIEH 3aBOJI MOJIYYUT JOXOM Sy, a
3apaboTaeT Ha JTOM MPHOBUTH (IOXOABI MHHYC pacxoabl) - Sxy—Q. Kakyro
HAaNMEHBIIYI0 IIEHYy MPOJaXd S HY)KHO YCTaHOBUTH, YTOOBI 3a 3 Mecsla 3aBOJ
HOJTYYHJI IPUOBUTH 75 MUJUTMOHOB pyOeit?

B nByx obGnactsax ectb mo 20 pabounx, Ka)ablii U3 KOTOPBIX TOTOB TPYAUTHCS 1o 10
4acoB B CYTKHM Ha J00bIYE aTIOMUHUS WIKM HUKeNsA. B nepBoil obnactu onuH pabounii
3a yac goOwBaer 0,2 kr amomunus win 0,2 xr Hukens. Bo BTopoii obmactu ans
JOOBIYM X KT aJIFOMHHHUSA B I€Hb TpeOyeTcst x? 4eTOBEKO-4ACOB TpyZa, a Ui 100bIYU y
KI' HHUKENs B JIeHb TpeOyercs y2 4eJ0BeKO-uyacoB Tpyaa. O0e 061acTu MOCTaBISAIOT
JOOBITBIA METaJl Ha 3aBOJ, I/l A HYXJ MPOMBIIIICHHOCTH MPOU3BOJUTCS CIUIAB
IIOMUHUS U HUKEJS, B KOTOpOM Ha | kr amomunus npuxogutcs 1 kr Huxens. [lpu
TOM O0JacTH JOTOBAapHUBAIOTCA MEXIY COO0O BecTH MO0OBIYYy METaUIOB TaK, YTOOBI
3aBOJl MOI' TPOM3BECTH HauOoJblIee KOJIMYECTBO ciiaBa. CKOJIBKO KHUJIOTPAMMOB

CIjIaBa MPH TaKUX YCIOBUSAX €KEIHEBHO CMOYKET IIPOU3BECTH 3aBOJT?

(Ucrounuk: https://shkolkovo.net/catalog/slozhnye zadachi_prikladnogo_haraktera/naibolshego_na
imenshego znacheniya velichiny/page-2

© shkolkovo.net)

Pemmuts l"pa(i)I/I‘-IeCKI/IM MCTOJAOM 3aaady Ha HAXOXIACHUC OINTUMAJIbHOTO 3HA4YCHUSA

¢byHKIMY (T71aHa JOOBIYM MOJIE3HBIX HCKOMAEMBIX):
Z=2X,+X, = min

X, + X, <12
2%, — X, <12
2%, —X, 20
2X, + X, 24
X, >0

3amana Tabnuia 3HaUYGHWH X M Y W yKa3aH BUJ 3aBUCHUMOCTH Y = f(x,a,b).

Haiigute napamerpel 8 u D, HCIONIB3YsI METO] HAMMEHBIIINX KBAIPATOB.

f(x,a,b)=ax? +b


https://shkolkovo.net/catalog/slozhnye_zadachi_prikladnogo_haraktera/naibolshego_naimenshego_znacheniya_velichiny/page-2
https://shkolkovo.net/catalog/slozhnye_zadachi_prikladnogo_haraktera/naibolshego_naimenshego_znacheniya_velichiny/page-2

y 2,3 2,5 5,8 9,8 10,6

PI'P Ne3 «MeTobl HHTEIPAJIbHOI0 MCYUCJICHNS IPH PeLIeHNH NMPUKJIATHBIX 32129
3ananue (ypoBeHb KOMIIETEHIIHM — <«3HATb», «yMeTb»). Ilpu pemenun 3amgau,
BOCHOJIb3YiiTECH OIHMM M3 NpUKJIagHbIXx makeroB (Mathcad, Microsoft Excel,
WolframAlpha Mathematica uau ap.).
Pe3yabrar odopMuTe B BHAE CKPHUHIIOTOB CTPaHMI ¢ BhluuciaeHusmMu B Google
JoxkymeHnTe (NMPpUILIMTE CCHUIKY TMpPenoJaBaTeil0, B JjeMeHTe «3ajlaHue» Ha
o0pa3oBaTe/IbHOM NMOPTAaJie WK HA Jocke Miro)

1). Beruucnuth HeonpeeIeHHbIE HHTETPaJIbl
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2) BbIUuCIUTh ONpe/Ie/ICHHbIC HHTETPAITbI
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1. j(x +—)dx 2. J.Insmxdx3 J‘ﬁd IX4—2X2+5dx.
3 X +7x%+8 X" +8x°+9

3). Beruucauts mioraas GUrypbl, OrpaHUYCHHON JTHHUSIMHA
1) 3x—y=4 y*=6x

7 =Cos 2@, OS(DSZ
2) 6
x=2cost
3) {y=6sint; y=3(y=3).
4). BRIYUCIHUTD JJIMHY AYTH KPUBOH, 3aJaHHON ypaBHEHHEM
1) V= Inx, V3 <x<i15.
2) P= 3¢, —7/2<@p<x/2
x =e'(cost+sint),
3 {x=€'(005f—51ﬂf), n/2<t< .

5). Beruuciuts 00beM Tej1a, 00pa30BaHHOTO BpalieHueM BOKpyr ocu Oy Gurypsl, orpaHuueHHOMN
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PI'P Ne4 «/luddepeHunanbHbie YpaBHEHHUS

3ananue. Ilpu pemieHum 3agay, BOCHOJIB3YyHTECh OJHMM M3 NMPHUKJIAJIHBIX MAKETOB
(Mathcad, Microsoft Excel, WolframAlpha Mathematica wau ap.).

PesyabTrar odopmuTe B BHAE CKPUHIIOTOB CTPaHUIl ¢ BbluMcieHussMmu B Google
JlokyMeHTe (NPUILIATE CCHUIKY MNpenojaBarejilo, B JjleMeHTe «3aJaHue» Ha
o0pa3oBaTeJIbHOM NOPTAJie WK HA J0cKe Miro)

1. Haiitn oOmmii uHTErpas wiau ooduiee perieHue IUpQHEpeHaIbHOI0 ypaBHEHHsI EPBOTo
nopsika (B mpuMepax T), 1) pemuTsb 3aaauy Komm):

1) VA-x*y' +xy*+x=0, 2) 20xdx —3ydy =3x’ydy —5xy’dx, 3)

. X*+2xy-5y°
2x° —6xy
- _sin? , — w2
gy myeosx=sin2x o fyley=x g lde_XyJ“ldy:o_
y(0) = -1 y =1 X X

2. Haiitu o6ee peuienue quddepeHInanibHOoro ypaBHeHHS:
1) y"xInx=y",2) (L+x>)y"+2xy’ =12x>.
y" =2sin® ycosy

yngnwm=1

4. Haiitu o6miee pemenue nuddepeHmaibHOro ypaBHEHUS (M €CITH 3a/1aHO- PEIIUTh 33a9y
Komm):

1) y"-2y'+y=xe" 5y y"+4y' +5y=x"

3. Haiitu pemenue 3amaun Kormm:

3) V"' —4y"+5y = 6x> +2x—5, 4) y"'+2y"-3y'=(8x+6)e",
5) y'—4y +4y=e*(cosx+3sinx),6) y" —64y =128cos8x —64e™,

y"+y=1/sinx .
7 8 ' (O) =3,
){W”3=wampwm ) Y=yt y(0)

5. Pemure cucremy 1Y mepBoro mopsiaka IByMst Crioco0aMu - MOJICTaHOBKH U METOIOM Diiepa
y'=2x-5y+e'
{x’ =y-6x+e”
IMPUJIO’)KEHUE 2
OueHo4HbIe CPeACTBA A5 MPOBEIeHUs MPOMEKYTOUHOI aTTecTalluu

a) Ilnannpyembie pe3yabTaThl 00y4eHHUs] H OLICHOYHBIE CPEACTBA [1JIsl IPOBEACHHUSA
NMPOMEKYTOYHOM aTTECTALMHU:

Kon Nunukarop
HHOIUKA JOCTHDKEHUS OrieHOYHBIE CpEICTBA
TOpa KOMIIETEHIIN U

YK-1 Cnioco0eH ocyiecTBJISITh KpUTHYECKHI AaHAJIH3 NPOOJIeMHBIX CUTYAallHil HA OCHOBE
CHCTEMHOI0 N0JX0/12, BbIPA0AThIBATH CTPATErHI0 ACHCTBHI

VK-1.1 | Ananuzupyer 3HaeT BO3MOXHOCTHM NPHUKIAJHBIX CEPBUCOB M NAKETOB IS
pPOOIEMHYIO MaTEMaTHYECKOTO0  MOJACIMPOBAHHUA M  pEIIEHUsA  3aaady
CUTYAINIO KaK MPUKIIATHOTO XapakKTepa cpeAcTBaMu (METOAaMH) ayreOpsl,

CHUCTCMY, BBISABJIAA TCOMCTPUHU KU MATCMATHYCCKOI'O aHaIn3a. I[.HSI JOCTHIXXCHHA
€€ COCTaBJIAIOIIUE U | UHAUKATOpPA:

CBs3U MCKAY HUMU | -3HACT OCHOBHBLIC OIIPCACIICHUSA U ITIOHATUSA aJIF66pBI, reomMeTprun
N MaTEMaTHYCCKOI'O aHajlin3a, HWCIIOJb3YCMBIC JJIs 0T60pa n




Kon
HUHIWKA
TOpa

Nunuxarop
IOCTHIKEHUSI
KOMIIETEHI[UHA

OreHOYHBIC cpe€acTaa

00pabOTKM JaHHBIX B COOTBETCTBUHM C IIOCTAaBJICHHOM
MPUKJIAJHON 3aa4€el;

- BOCIPOM3BOAMT OCHOBHbIE MaTEMaTHYECKUE MOJIENIHU:
pacmo3HaeT MaTeMaTHIeCKUE 0ObEKThI; IOHUMACT CBS3h MEXKITY
pa3IMYHBIME MAaTeMaTUYeCKUMHU OOBEKTaMH, MO3BOJSIOUIIMU

CMOI[CJII/IpOBaTB nu peH_II/ITB 3aﬂaqy.
Ouyenounvle cpedcmea 00CmuIiceHue UHOUKAmopa:

- Pacuerno-rpaduueckue paborsl (PI'P) mo pasmemam kypca
(npumepnsbie BapuanThl PI'P npencrasnenst B [Ipunoxenun 1).

- Bompocsl 11 caMONpOBEPKU M MOJATOTOBKH K 3amnurte PI'P
(npencrasnensl B [Ipunoxenuu 1):

1. ®opMyIHpPOBKH OCHOBHBIX TE€OpPEM (CBOWCTB, MPU3HAKOB
M3Yy4aeMbIX MOHITHHA, HEOOXOAUMBIE U JOCTATOYHBIE YCIOBUS)
B M3y4YaeMbIX paszieniax Kypca,

2. Metoasl pacKphITUS HEONpPEAETEeHHOCTEH,
HETPEPHIBHOCTH (DYHKIIMH OJTHOW TIEPEMEHHOM,

3. Aaroput™M TpUOIMKEHHOTO BBIYUCICHUS (YHKIUU C
MTOMOIIIBIO mddepeHnuana; HaINM1CaHUs ypaBHEHUS
KacaTeJbHOW MPsAMOH (TUIOCKOCTH).

4. ANTOpUTM TIOJTHOTO UCCIIEeOBaHUS (DYHKITHH.

5. ANTOpUTM HaxOXIEHHsS SKCTpeMyMa (YHKIUU OIHOU H
MHOTHUX ITEPEMCHHBIX.

6. MeToabl BBISICHEHUS! KJIACCOB MHTErPUPYEMBIX (YHKIIHMA, a
TaK)Ke METOJIbI MHTETPUPOBAHUST OCHOBHBIX KJIACCOB (DYHKIIUH.
7. OCHOBHBIE TPUIIOKEHUS OTIPEICTICHHBIX HHTErPAJIOB.

8. CnocoObl  BBIACHEHHSI CXOAMMOCTH  HECOOCTBEHHBIX
WHTETPAJIOB.

BBIICHCHHA

- [IpeacraButh 0630p cepBUCOB, UPPOBLIX HHCTPYMEHTOB IS
BI/I3yaJ'II/ISaHI/II/I, I/ISYLIGHI/H[ CBOfICTB, aHaJIn3a HpI/IKJ'IaZ[HI)IX
3aja4, pemlaeMblX CpeICTBaMU JMHEHHOW anreOpel U
MaTeMaTHYECKOTo aHajnu3a

— pe3ynbTar (CKpUHIIOTHI WM ...7) IPEICTaBUTh KaK OTBET Ha
3amanne B Moodle, umun B Google nokymeHTte, wiM Ha JOCKE
Miro.

YK-1.2

Kputnuecku
OLICHUBAET
Ha/IeKHOCTb
HUCTOYHHKOB
uHpopManuy,
paboraer ¢
POTHUBOPEYNBON
nHpopmanuen u3
pa3HbIX
HCTOYHHUKOB,
onpezaenser
poOeITbl B

- UCTIOJIB3YET PECYPChl UHTEPHETA JUIsl MPOCMOTPA, TOUCKA,
oTOOpa, BU3yaJIU3allly U aHaJIW3a JaHHBIX (OTKPBITHIE Oa3bl
TAHHBIX, IOPTaJbl U caiThl, Hamp. Poccrar, TAdviser u np.).
Oyenounvie cpedcmea 0ocmudiceHue UHOUKaAmopa.
Ilpumepnuwiit 6apuanm 3adanusn:

1) U3yuuts (y3HATh) BO3MOKHOCTH CEPBUCOB, IIU(DPOBBIX
WHCTPYMEHTOB

1.1. nnsa BU3yanu3anuu, aHajin3a IpUKIaJAHbIX 3a7a4,
perraeMbIX CpeICTBaMH JIMHEHHOW 1 BEKTOPHOM anreOpsl
(Hamp., TpaHcIOpTHOM 3a1a4n, 3agauu JII1 — rpapuueckuit
METOJ),




Kon Nunuxarop
WHAKA TOCTUKCHHUS OreHoYHbBIE cpecTBa
Topa KOMIICTCHITHH
uHpOpMaIIny, 1.2. aust BU3yaau3aiuu, U3y9eHUs: CBOWCTB KPUBBIX U
HEoOXOoIUMOM 11 | moBepxXHOCTel 2-ro mopsiaka (Hamp., WolframAlpha u ap.)
pereHuUsI 1.3. u 1.1. (B K&XXI0M pazJiesie Kypca — sl peIieHus
poOIeMHOM KOHKPETHBIX MEXIUCIHUILTMHAPHBIX MPUKIIAJHBIX 3a/1a4)
CUTYaIlUH, U 2) Pe3ynbTatr (CKpUHIIOTHI HJIH ...7) MPEICTAaBUTh KaKk OTBET Ha
MPOEKTUPYET 3aganue B Moodle, nnmu B Google nokymeHTe, Wim Ha JOCKe
MIPOIIECCHI TIO X Miro.
YCTpaHEHUIO
VYK-1.3 | Pa3zpabarsiBaet u YMeer pemarts 3a1a4u MPEAMETHON 00JIacTH: BRIOUPATh METO/T
COJIepPIKATEIBHO U aJITOPUTM JUTSL PeIICHU KOHKPETHOW 3a1a4H,
apryMEHTHPYET apryMEHTHPOBATh CBOW BBIOOP; CTPOUTH MPOCTECHIITHIE
CTpaTeTuio MaTeMaTHYECKUE MOJICIH PEabHBIX MPOIECCOB M CUTYAIIHIA;
pereHusI IPUMEHSITh KOMIIBIOTEPHBIE MATEMATHYECKHE TPOTPAMMBI TSI
poOIeMHOM peleHus 3a1au:

CUTyalluu Ha
OCHOBE CHUCTEMHOT0
u
MEXIUCUUIUTUHAPH
Oro IOJIXOJI0B;
CTPOMT CLIEHapUU
peannzanuu
CTpaTeruu,
onpeaenss
BO3MOKHbBIE PUCKU
U npeasiarasi myTu
UX yCTpaHEHUs

- 00yraiaeT HaBBIKAaMHM 0TOOpa U 00pabOTKU MH(pOpPMAITUH,

- HaBBIKaMU ¥ METOAMKAMHU 00OOIICHHSI PE3yJIbTATOB PEIICHHUS
3aj]]a4 Ha OCHOBE TEOPETHUYECKUX MOJIOKCHHUN BBICIICH
MaTeMaTHKU

Ilpumepnuie 3a0anusn

3apanme 1. /I npousBoACTBa BYX BUIOB u3aenuid A u B
WCIIOJIB3YETCS] TP THUIIa TEXHOJIOTHYECKOT0 000pynoBanus. Ha
MPOU3BOJCTBO E€IUHUIBI U3enus A wucnonb3dyercs 3 yaca
paboThl 00OpyIOBaHHS TIEpBOTO BUIA, 4 Yaca paboThHI
o0opy/soBaHUsT BTOPOrO BHJAa M 5 dYacoB Haca padOThI
obopynoBanus Tperbero Buma. s enuHUIB u3genus B —
ucnonb3yercs 6, 3 1 2 yaca COOTBETCTBEHHO.

CymiecTBYIOT OIpaHMUYEHHs] HA WCIIOIB30BaHUE O0OPYIOBAHUS
neporo Buaa — 102 wyaca B Mecsll, Ha UCIOJIb30BAaHUE
obopynmoBanus BTOporo Buaa — 91 wac B Mecan U Ha
UCIIONIb30BaHNE 00OpyaOBaHMs TpeThero Bujaa — 105 yacoB B
MeECHIII.

Ilena peanu3anuu eIMHULIBI TOTOBOTO M3/eusa A cOCTaBiseT 7
y.e., u3nenus B -9 y.e.

CocraBbTe MmJ1aH NPOU3BOACTBA U3Neauil A u B Ha mecs,
00ecreunBaroIii MAKCUMAIBHYIO BRIPYUKY OT UX PeaU3alIiu.
Pemuts 3a1a4y ¢ nomorsto cpencts MS Excel.

. BeisicauTh, BpeMsi paboThl KaKOro 000pYyI0BaHUS HCUEPIIAaHO
HE MOJHOCTBbIO, B KAaKHUX IMpPEHeIax MOXKET MEHATHCS BpeMs
UCIIONIb30BAaHUSI BCEX TpeX BHUIOB O00OPYHAOBAaHMS, YTO ObI
«IIEHHOCTbY ATOT0 pecypca 0CTaBallach MPEKHEN.

B kakux npenenax MOXXHO U3MEHATH IIEHBI TOTOBBIX ITPOTYKTOB
A u B, 4T0 OBI MJ1aH UX MPOU3BOCTBA OCTAJICS IPEIKHUM.
[TpoBepuTh 11€51€C000pa3HOCTD BBEJACHUS B IJIaH TPOU3BOCTBA
emie oaHoro uznaenus C, ¢ 3arpaTaMu Ha €IUHULLY IPOAYKIIMH 2,
3, 5 yacoB paboTHl 00OPYAOBaHUS TIEPBOTO, BTOPOTO U TPETHETO
BHJIOB COOTBETCTBEHHO, €CJIU 1I€HA Pealn3allii COCTABUT & y.€.
3ananme 2. PeminTh TpaHCIIOPTHYIO 3a71a4y 0 MEPEBO3KE MECKa
C TpeX KapbepoB Ha YETHIPE CTPOUTEIIbHBIC IUIOMAIKU. B neHb




Kon Nunuxarop
HUHIWKA JOCTHIKCHUA OHCHO‘IHLIG CpeacTBa
TOpa KOMIIETEHI[UHA

Kaxapli kapbep npousBoaut 120, 80 m 100 ToHH mecka, Ha
cTpoiutonmanku tpedyercs 85, 65, 90 u 60 TOHH
COOTBETCTBEHHO. 3BECTHBI pacCTOSHUSA MEXIy 3aBOJaMU U
IJIOIIAIKAMH B KUJIOMETPaX:

7 4 15 9
11 2 7 3
4 5 12 8
Onpenenurs ONTUMAaJIbHBIN IU1aH IIEPEBO30K,

MUHUMM3HPYIOUTHA 00N KHIOMETPaK IEPEBO30K.

3aganue 3. [Ipu mocTpoeHNH BUCSYETO MOCTa YEPE3 PEUKY
«Tuxas» ¥ BbIAICHEHUU HA/IEKHOCTU COOPYKEHUS, CTYI€HTBI
CTpOHOTpPsAa CTONKHYJIHUCH C PELICHUEM CIEAYIOLIEH 3a1auu:
Tpoc, noABeIIEHHBIN 3a 1Ba KOHIIA HA OJJMHAKOBOMW BBICOTE,
uMmeeT Gpopmy Ayru mapadossl. PaccrosiHue Mexay TOUKaMu
KperieHus paBHo 24 M. 'myOuna nporuda Tpoca Ha
paccTostHuU 3 M OT TOUKM KperuieHus paBHa 40 cm. Onpenenutsb
rIyOnHy nporuda Tpoca MmocepeMHe MKy KPETUICHUSIMHU.

6) HOpﬂ)IOK NMpoBEACHUA l'lpOMe)KyTO‘lHOﬁ aTTeCTalluM, IOKa3aTe/JIn U KPUTECPUH
OIlCHUBaAHUA:

2. IIpoBeaeHns MPOMEKYTOYHOH ATTECTALMH

HpOMG)KyTOqHaSI arrecranusa 110 AUCHUIIIINHE «BrpIcras MaTremaTHnka IIpOBOAUTCA B
dopme SK3aMeHa U BKJIIOYAET TEOPETUYECKHE BOIMPOCHI, MO3BOJSIONIME OLIEHUTh YPOBEHb
YCBOCHUA O6y‘IaIOHII/IMI/IC$I 3HaHI/II\/'I, U TMPAKTUYCCKUC 3adaHWsA, BBIABIAIOUNIUC CTCIICHD
c(OpMHPOBAHHOCTH YMEHHH U BIIaJIeHUH, MPOBOAUTCS B (popMe IK3aMeHa.

OK3aMeH 10 JaHHOW JUCHMIUIMHE MPOBOAUTCA B YCTHOH (opMe IO 3K3aMEHAllMOHHBIM
OuneraM, KaAblil M3 KOTOPBIX BKIIIOYAeT 2 TEOPETUYECKHUX BONPOCA U OAHO MPAKTUYECKOE
3a/laHue.

IToxa3aTen U KpUTepPHHU OLlEHMBAHUS IK3aMeHa:

— Ha OIEHKY «OTJIMYHO» — OOydJaroluicsi JEMOHCTPUPYET BBICOKUH  YpOBEHb
chopMupoBaHHOCTH KomriereHIuu YK-1, BcecTopoHHee, cucTeMaTH4eckoe U IriIyOOKoe 3HaHue
y4yeOHOro MaTepuasia, CBOOOJHO BBIMOJHAET MPAKTHUECKUE 3aJaHMsl, CBOOOIHO ONEpUpYyeT
3HAHUSAMHU, YMEHUSMHU, IPUMEHSET UX B CUTYalIUSIX MOBBIIIEHHON CII0)KHOCTH.

— Ha OLIEHKY «XOPOLI0» — 00yYaroIUICs JEeMOHCTPUPYET CPEAHUN YPOBEHb CHOPMUPOBAHHOCTH
komneTeHIIMM YK-1: OCHOBHbBIE 3HaHMSI, YMEHUS OCBOEHBI, HO JOIYCKAIOTCS HE3HAUUTEIbHbIE
OLIMOKH, HETOYHOCTH, 3aTPYAHEHUS [TPH AaHATMTUYECKHUX OTepalnsiX, IepeHoce 3HAaHUH U YMEHUH
Ha HOBbIE, HECTAHAAPTHBIE CUTYALIUU.

— Ha OLEHKY «yIOBJIETBOPHUTEIbHO» — OOYYAIOUIUIICS TEMOHCTPUPYET MOPOTrOBBIA YpOBEHb
chopMupoBaHHOCTH KomrieTeHIMUu YK-1: B X0/1€ KOHTPOJBHBIX MEPOIPHUITHH IOMYCKAIOTCS
OLIMOKH, MPOSBISIETCS OTCYTCTBUE OTAEIbHBIX 3HAHWN, yYMEHHH, HaBBIKOB, OOy4aromuiucs
WCIBITBIBACT 3HAYUTENIbHbIE 3aTPYJHEHUs MPH ONEPUPOBAHUN 3HAHUSMHU U YMEHUSIMU INPU UX
IIEPEHOCE HAa HOBBIE CUTYaLIUU.

— Ha OIIEHKY «HeY/0BJIeTBOPUTEIbLHO» — 00YJaIONUCs TeMOHCTPUPYET 3HaHus He Oonee 20%
TEOPETUYECKOr0 MaTepHaja, JOMYyCKaeT CyIIeCTBEHHbIE OMMOKM, HE MOXXET II0Ka3aTh
WHTEJUIEKTYaJIbHbIE HABBIKM PELLIECHUs MPOCTHIX 3a/1a4 WJIM HE MOXKET NOKa3aTh 3HAHUS JaXKe Ha
YPOBHE BOCTIPOU3BEACHUS M O0BICHCHUS HH(POPMAIIUH.



