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1. INIEPEYEHb IINTIAHUPYEMbBIX  PE3YJBTATOB OBYYEHHUA 11O
AACHUIIIMHE, COOTHECEHHBIX C IIJIAHUPYEMBIMH PE3YJbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOMU ITPOI'PAMMBbI

Bup neiTeJIbHOCTH BBINIYCKHHUKA
Hucuunimua b1.6.18 MeTobl onTUMHU3alMK OXBAThIBAET KPYr BOIIPOCOB, OTHOCSIIUXCSA K
HAyYHO-UCCIIEIOBATEILCKOMY BUIY POGECCHOHATBHOM eI TSILHOCTH.

Henab nuCHUNIHHBI
O3HakomiieHHE OOydaromMxcsi ¢ oOmedl Teopueil sKcTpeMaibHbIX 3aJad (MMHHMHU3ALUSA
(YHKIMOHAJIOB HA TOAMHOKECTBAX HOPMHUPOBAHHBIX MPOCTPAHCTB, BAPHALMOHHOE HCUYHCICHUE U
onTHMaibHOE ympaBieHue). [lokazaTb HX poib B NPUKIAAHBIX  33]a4aX, BOOPYKHTh
TEOPETUUYECKUMH M YHUCICHHBIMH METOJAaMM, NPUMEHSEMbIMH JUISl PELICHHS LIMPOKOro Kpyra
WH)XCHEPHBIX, MATEMATUYECKUX, SKOHOMUYECKHX 3a1ad. O3HAaKOMJICHHE C MaKeTaMU NPUKJIaJHbIX
IIpOrpamMM, OpUEHTUPOBAHHBIMU Ha PELICHUE TaKUX 3a/1ad.

3agaum AMCHUILIHHBI
— O00yYeHHE METOJaM aHAIUTUYECKOTO M KOMITBIOTEPHOTO (OPMAU30BAHHOTO TPEACTABICHUS
3HAaHUH W peau3alliy JIOTUYSCKUX BBIBOJIOB ISl IOCIEAYIOIICH BBIPAOOTKH M TPUHSTHS
YCIIOBCKOM BapI/IaHTOB HpI/IHI/IMaeMOFO peHIeHI/ISI;
— (opMHpOBaHUE YMECHHUS M HABBIKOB CAMOCTOSITEIILHOTO UCCIIEIOBAHMS U PEIICHUS PA3IMYHOTO
pOJia ONTHUMH3ALMOHHBIX 33124 MyTeM IPUMEHECHHUSI TEOPETHUYCCKUX 3HAHUM M MaTeMaTHYSCKHX
IIaKE€TOB HpOFpaMMI/IpOBaHI/Iﬂ.

Kon Conep:xanue IlepeyeHb NIaHUPYEMBIX Pe3yJIbTATOB
KOMIIeTeHIINH KOMIIeTeHIU I 00yueHHsl 10 THCIHILTHHE
1 2 3
OIIK-1 CrocoOHOCTb UCITOJIL30BaTh 3HATD:
0a30BbIe 3HAHUS €CTECTBEHHBIX | _ocHOBDI €CTECTBEHHBIX HAYK, OCHOBHbIE
HayK, MAaTCMaTHKH 1 (baKThl, KOHLENLUH, IIPUHIKILI TEOPUIA,
MH(OPMATHKH, OCHOBHBIC CBSI3aHHBIX C TIPUKJIAJHOW MaTEMATUKON K
(baKThl, KOHIIEIIHH, TIPUHIUITHI MHDOPMATHKOI;
b
TEOPH, CBA3AHHEIX C } yMeTh:
MPUKIIAHON MaTEMaTHKOM U
N —MPUMEHSTH armnapaT MaTeMaTUKH U
UHPOPMATUKOI
UHGOPMATHUKH TS PEIICHUS
NPaKTUYECKUX 3a]1aY;
BJIAJETh:
— METOJIaMH PEIICHHUSI MATEMAaTHICCKUX
3a7a4
OK-3 CrocoOHOCTE UCIIOJIL30BaTh 3HATh:
OCHOBBI OKOHOMUYECKHX 3HAHUH | _ (116006 pelienHs CTAHIApTHBIX
B PA3ITHYHBIX Chepax 9KOHOMHYECKHUX 33/]1a4 B Pa3TUUHBIX
KUSHCNCATCIIPHOCTH chepax KU3HEAEATSITLHOCTH
yMeThb:
— IPUMEHSITh TEOPETUUCCKUEC 3HAHUS U
WHGOPMAIIMOHHO-KOMMYHHUKAITHOHHBIC
TEXHOJIOTUHU
BJIAJETh:
- IPUEMaMH PEIICHUS 3a]1a4
npoeccnoHABHOM IeATEeHPHOCTH




I1K-2 CnocoOHOCTh MOHUMATB,
COBEpIIICHCTBOBAThH U
MIPUMEHSITh COBPEMECHHBII

MaTeMaTUYECKUi anmnapar

3HATb:

- COBPEMEHHBI MAaTEMAaTHYECKUI
amnmapar

yMeTb:
- [10JIb30BaThCsl PA3IMUHBIMU

BJIAJ1€Th:

cdepax )KU3HEACITeITHHOCTH

UH(POPMALMOHHBIMUA UCTOYHUKAMU JIJIS
MOJTyYeHUS COOOLICHUN O COBPEMEHHBIX
pa3paboTkax B METOJax ONTUMH3ALUU

- MCTOJaMH OIITUMHU3AIUU B pa3jIMIHBIX

2. MECTO JJUCHUAILJIMHBI B CTPYKTYPE OBPA3OBATEJIbHOM ITPOI' PAMMBI

Jucuuniauna b1.65.18 MeToapl onTUMH3aIMH OTHOCUTCS K 0a30BBIM.

JucuumnnuHa Metoasl onTUMu3anuu 0a3upyeTcsl Ha 3HAHUSX, NOJYyYEHHBIX IPU U3YYEHUU

yueOHOM TUCIUIIMHB MaTeMaTuyecKuil aHamus.

OcHoBbIBasicb Ha U3ydyeHUH MaTemMaTMyecKoro aHajiusa, JIUCUUIUIMHA MeTosl
ONTUMU3ALMKU MPEJCTABISAET OCHOBY JJIs  M3Y4YeHUs AUCHUIUIMHBI [IpukiagHble MakeTsl
ONTUMU3ALIHH.

Takoe cHucCTeMHOE MEXAUCIHUIUIMHAPHOE M3YyYEHHUE HANpaBI€HO HA JIOCTHIKEHHUE
tpedyemoro ®I'OC ypoBHsI IOATOTOBKH 110 KBaIU(pHUKaLUU OaKaiasp.

3. PACIIPEJEJEHUE OFBEMA JIUCHUIIJINHBI
3.1. Pacnpenesienne 00beMa JUCUMILIMHBI 10 popMaM 00ydeHuUst
Tpyooemkocme oucyunaunsl ¢ uacax
—~ 3 3 Buo
2 S 2 Konumpo | npomesnc
~ S O o o p p y
Dopma & : § 3 S JIbHAsA mounoil
00yueHus g § = S § paboma | ammecma
S s S
S| 8§ s |is|Ez s wun
o S 2 § S 5| &5 $ S
SIS § | 2 8 |SS|&8 8¢
< | O 23 < N | R|RS|CS
1 2 3 4 5 6 7 8 9 10 11
Ounasn 3 5 | 144 | 68 17 17 34 31 Kp OK3aMeH
3aounas - - - - - - - - - -
3aounas - - - - - - - - - -
(yckopeHHOe
o0OyueHue)
Ou4Ho-3204Hast - - - - - - - - - -




3.2. Pacnpenesienne 00beMa TUCUMIIJIMHBI IO BUAAM YYeOHBIX 3aHATHH H TPYA0EMKOCTH

6 m.u.
. Pacnpeodenenue
6 UHMEPAKMUBHOIL,
Tpyoo- N no cemecmpanm,
. aKmuenou,
Buo yueonwvix sanamuii emMKocHb . uac
UHHO6AUUUOHHOU
(uac.)
d)opmaxs 5
(uac.)
1 2 3 4
I. KonrakTHas pa6ora 0o0y4aromuxcs ¢
npemnojaasarejeM (Bcero) 68 6 68
Jlexmm (JIk) 17 6 17
[TpakTaeckue 3anrstus (I13) 34 - 34
JlabopaTtopusie padoTs (JIP) 17 - 17
Kontposbnas pabora + - +
['pynnoBeie (MHAMBUAYAIbHbIE)
KOHCYJIbTalluHu + - +
1. CamocTrosiTeibHast padoTa
o0yuaromuxcs (CP) 31 - 31
[ToaroroBka K 1a00paTopHBIM paboTam 16 - 16
[TonroTroBKa K SK3aMEHY B TEUECHHE CEMECTpa 15 - 15
I11. ITpoMe:xxyTOYHAS aTTecTALUSA
HK3aMEeH 45 - 45
OO0m1as TpyA0€MKOCTb AUCITUTUIHHBI yac. 144 - 144
3ad. elI. 4 - 4

4. COAEP) KAHUE JUCIIUIIVINHBI

4.1. PacnipeesieHue pa3iesioB IMCUMILIUHBI IO BUAAM YUeOHBIX 3aHATHI

- 1J151 04HOI (pOpMBI 00yUeHMS:

Buowt yueonvix sanamuil, 6kniouan
camocmoamenvHyio paoony
- odyuarowuxca u mpyooemKocmsy;
Ne s (uac.)
Haumenosanue Q
pas- S~ YyueoHble 3aHAMU
dena pazoena u S
mema OuCyUnIUHbL S naéo | npaxm | CHMOMOAM
u < enpHan
2 pamo | uuecku
membol ~ AEKY | o paboma
uu | P odyuarowuxc
pabo | 3anam 2%
mol us
1 2 3 4 5 6 7
DYHKIMOHAJIBI B HOPMHPOBAHHBIX
1. NPOCTPAHCTBAX 41 7 7 14 13
1.1. [ [IpowmsBognast oToOpaxeHus 12 2 2 4 4
1.2 | Touku JOKaJIBHOIO M rI00ATBLHOr0 MUHUMYMaA. | 17 3 3 6 5
Heo0OxoanuMblie | J0CTATOYHBIC YCIOBHS
1.3 | MuauMyM™a 12 2 2 4 4
2 BapuanmnonHoe ucumucieHue 58 10 10 20 18
IIpocreiinias 3aga4a BapualliOHHOTO
2.1 | mcumncnenus 10 2 2 4 2
2.1 ODYHKIIMOHAI, 3aBUCSIINNA OT HECKOIBKHIX 11 2 2 4 3




(dhyHKIMIA, TpOCTEHTIIas 3a7a9a B
napameTpruueckor popme
OYHKIIMOHAII, 3aBUCSIINMN OT CTapLINX
MPOU3BOIHBIX, (DYHKIIOHAN, 3aBUCSIINH OT
2.3 (YHKIIMY HECKOJIBKUX TePEMEHHBIX 10 1 1 4 4
3aja4ya Ha YCIIOBHBIN SKCTPEMYM,
2.4 | uonepuMmeTpuyecKas 3agada 15 3 3 4 5
Heo0Oxoaumple ycinoBus ciraboro sKCTpeMyma
2-T0 TIOpsAAKA, TOCTATOYHBIE YCIOBHUS C1a00T0
2.5 | skctpeMyma 2-ro mopsiika 12 2 2 4 4
UTOI'O | 99 17 17 34 31
4.2. Conep:xaHue TMCUMILUIMHBI, CTPYKTYPHPOBAaHHOE N0 pa3ejiaM U TeMaM
Buo
Ne 3aHAmMUA 6
Haumenoeanue .
paszoena . | unmepaxkmuenoi,
" pasoena u membwl Cooepircanue N1eKYUOHHBIX 3AHAMUTL axmueHoi,
OUCUUNTUHDL .
membwl UHHOBAUUOHHOU
dopmax, (uac.)
1 2 3 4
1. DYHKINOHAJIbI B HOPMMPOBAHHBIX IPOCTPAHCTBAX
11 IIponssBonnas O030p pa3IUYHBIX ONPENEICHUM
0TOOpaxeHUs MIPOU3BOIHON B OECKOHEUHOMEPHOM
npoctpanctse (Ppete, ["aro,
Jlarpanska). @opMyIibl KOHEUHBIX }
IIpUPALLECHUN JIJI IPOU3BOIHBIX ['aTo
O®pemte. Teopema 0 MOITHON IPOU3BOAHON
1.2 Touku J1I0KaNbHOTO U Ornpezenenne T10KaIbHOTO U
rI106aIbHOro 106aIbHOTO MHHUMYMa
MHHHMYMA. ¢ynkunonana. OnpezaeneHue KOHyca
JIONYCTUMBIX HaIlPaBJICHUH.
Brrunciienue KoHyca T0IyCTUMBIX -
HaNpaBJICHUN I BBITYKJIOTO
MHO’KECTBA, 3aIaHHOTO HEPABEHCTBaAMU
1.3 HeoOxonuMmeie u JlokazarenbCcTBO TEOPEMBI
JIOCTaTOYHBIE JIrocrepHuka. Beruucinenue konyca
YCJIOBUSA MUHUMYMA | JOIYCTUMBIX HAIIPABICHUM JJIsI
MHO’KECTBA, 3a/IAHHOTO HEPABEHCTBaAMU
110 TeOpEME .HIOCTepHI/Ij(a. BriBox ITpo6aemuas
HEOOXOMMBIX YCIOBUM 1-TO TopsiKa. nexmms( 2 ac)
BriBog focTaTOUHBIX yCnoBui 1-ro
nopsiika BbIBO HEOOXOTUMBIX
ycioBuil 2-ro nopsaka. Beisoa
JOCTATOYHBIX YCIIOBHU 2-TO MOPsIIKa
2 Bapuaunonnoe ucuucjienmue
21 [Ipocreitmas 3amaua | 3amava JuoHbl, 3a1a4a o [TpoGnemuas

BapnalfuOHHOI'O
HCUYUCIICHUA

Opaxucroxpone. O6001IeHNE 10
HpOCTGﬁHJCﬁ 3aJayu BapI/IaI_[I/IOHHOI‘ (0]
HNCUYUCIICHUS

nekmusi( 2 Jac)




2.2

DyHKIMOHA,
3aBHUCSIIHIN oT
HECKOJBKHUX
GbyHKIUH,
npocTeiias 3ajada

B IIapaMETPUYECKOU
hopme

DopMyIHpPOBKA TEOPEMBI O
(yHKLIMOHAJIE, 3aBUCAIIIEM OT
Heckonbkux pyHkiui. [Ipumep 3amaun
B IapaMeTpuuecKoit hopme

2.3 OyHKIMOHAT, DopMyIHPOBKA TEOPEMBI O
3aBUCAIINN oT | (yHKIIMOHAJIE, 3aBUCAIIEM OT CTapLINX
CTapUINX npomn3BoaHbIX. [Ipumep. PopMyIHUpPOBKa
MIPOU3BO/IHBIX, TEOpPEeMbI 0 (PYHKIIHOHAIE, 3aBUCSILEM
(dhyHKIIMOHA, OT (pyHKITMM HECKOIBKUX NIEPEMEHHBIX.
3aBUCSIIUN ot | IIpumep.
byHKIMH
HECKOJIBKUX
MIePEMEHHBIX

2.4 3amavya Ha yCJIOBHBIN | DOpMYITHPOBKA 3a/1a4M HA YCIOBHBIN [TpoGnemHuas
KCTPEMYM, 9KCTPEMYM U H30TEepUMETpUYECKas nexkuus( 2 vac)
u3onepuMerpuueckas | 3agada. Teopema Diinepa. CBenenue
3a/aya 3a/1a4u K 0€3yCIIOBHOMY

sKcTpeMyMy.DopMyITHpPOBKA 3a/1a41 CO
CBOOOIHBIM MPaBbIM KOHIIOM, 3a7a4a C
MIPaBbIM KOHIIOM, JICKAIINM Ha
3aaHHOM KpuBOH. Haxoxnenue
re0/Ie3MUECKUX Ha 3aJaHHON
MTOBEPXHOCTH.

2.5 Heo6xoaumeie VYcnosue Jlexxanapa, yCHIEHHOE
yCIIOBHUS ciaboro | ycioBue Jlexanapa. YpaBHeHue
skctpemyMa 1-ro u | SkoOwu, ycinoBue SIkobu, ycuieHHoe
2-ro nopsiaka, | yenosue SAxkoou. @opmynupoBka
JOCTaTOYHBIC HEOOXOIMMBIX M JIOCTATOYHBIX
yCIOBHUS ciaboro | ycioBuit cnaboro skcTpemMmyma 2-ro

skcTpemyma 1-ro u
2-T0 TopsKa

nopsanka.llone sxctpemaneit, pyHkuus
HAKJIOHA I10JIs1, UHBAPUAHTHBIN
unrerpan ['mibbepra. yHkuus
Beiiepurpacca

4.3. JJabopaTopHble padoThI

Buo
3aHaAmuA 6
No Homep Obven UHMepPaKmueHoll,
n/n pazoena Haumenosanue nabopamopnoii padomot AKMUGHOI,
OUCUUNTUHBL (uac.) UHHOGAUUOHHOU
¢popmax,
(uac.)
1. 1. [IpousBognas 0TOOpaXeHusl. Toukn 7 -
IKCTpEMyMa
2. 2. Pemenre onTUMH3aMOHHBIX 3a0a4 10 -
HUTOI'O 17 -




4.4, TlpakTHyecKue 3aHITHSA

Buo
3anaAmu 6
Ne Homep UHMEPAKMUGHOI,
Haumenosanue mem npakmuqeckux Obvem y
n/n pazoena . AKmMueHoll,
3aHAmMuU (uac.) .
OUCYUNIUHBL UHHOGAUUOHHOU
dopmax,
(uac.)
1 1 Pemenne  koHeYHOMEpHBIX  3afad  Ha 14 -
IKCTPEMYM
2 2 Y CIIOBHBIN SKCTPEMYM. 10 -
3 2 3ajiaya JTMHENHOr0 MPOrpaMMHUPOBAHHUS 10 -
nuToro 34 -

4.5. KoHTpo/1bHBIEC MEPONIPUATHA: KOHTPOJIbHAsA padoTa
KontponbHas paboTta BhINOJHAETCA KaK HHAWBUIYAIbHOE JOMAlllHee 3a/laHue. 3auyTeHHbIe
paboThl 0HOPMIIAIOTCS U BKJIFOYAIOTCS B HOPT(HOINO 00ydaroImerocs.

HCJIBI HpOBCpKa 3HAHHH U MPAKTUYCCKUX HABBIKOB ITOCTPOCHUA U aHAJIN3a MAaTCMATHUYCCKUX

MOJIEJIEN.
Crpykrypa:

3anaua 1. [IpousBoHas 0ToOpaKeHU;
3anava 2. KoHyc 1omycTUMBIX HalpaBieHUI
3anaya 3. 3aza4a Ha yCIIOBHBIN SKCTPEMYM.
OcHoBHast TeMaTuka: [louck 3xcTpeMaabHbIX 3HAUEHUH.
Pexomenayemsiit 00beM: 3 3a1aHus.
Brinava 3aganus , mpreM Kp MpOBOJAUTCS B COOTBETCTBUU C KaJCHAAPHBIM yU4eOHBIM

rpauKoMm.

Ounenka

Kpurepun onieHKM KOHTPOJILHOM padoThI

OTJIIMYHO

3a/iaHus BHIMOJIHEHBI B CPOK U B IIOJTHOM O0beMe. Ydaluiics
0OHapy>KUBAET CUCTEMAaTUUECKOE U TIIyOOKOe 3HaHHE Y4eOHOTro
MaTepuaia, CBOOOJHO BHIIOJIHSAET MPEAYCMOTPEHHBIE TPOrPaMMOil
3aJ]aHus, BJIAJEET MaTEMaTHYECKONH TEPMUHOJIOTHUEN U CUMBOJIUKOM,
MOJKET MOSICHUTD peleHus 1000 3a1auu.

XOPpOLIO

3aaHus BHIMIOJIHEHBI B CPOK M B MOJTHOM oO0beme. [Ipu 3ToM oTBET nmMeer
OJIMH U3 HEJOYETOB:

1) B U3N0OKEHUU PEUIeHHsI TOMYIIeHbI HeOObINe MPOoOeIbl, HE
MCKa3WBIIINE MaTEMAaTUUECKOE COJICPIKAHNE OTBETA;

2) nomyueHsl 1-2 HepovyeTa npu perieHnu 3aa4, UCIPABIEHHBIE TIOCIIE
3aMeYaHusl PEeToaBaTes;

3) nomyieHs! omubka Ui 6osiee ABYX HEIOUETOB MPU OCBEIICHUN
BTOPOCTETICHHBIX BOTIPOCOB WJIH B BBIKJIQIKAX, JIETKO UCIIPABICHHBIC
MIOCJIE 3aMEYAHUS TPETOIaBaATEIs.

YIIOBJIETBOPUTEILHO

3aaHus BEIITOJIHEHEI HE TTOJHOCTRIO, HO HEe MeHee, ueM Ha 50%.

1) uznosxeHue penieHus COACPKUT 1 rpy0oyro ommoKy, HCKaXKarOIIYIO
MaTeMaTU4YeCKOoe CO/IepKaHNEe OTBETA

2) B paboTe MOIMYIIEHBI HEIOUEThI, KOTOPHIE 00YJAIOIIUNCA HE CMOT
WCITPABUTH TMOCJIC 3aMeYaHusl TIPETO/IaBaTeIIsl.

HEYIOBJIETBOPUTEIBHO

Beimonneno menee 50% paboTsl, pabota cogepkut 6osee 2 rpyObIx
ommOOoK. Yuamuiicsi oOHapy>KUBAET CYIIECTBEHHBIE TPOOEIBI B 3HAHUSX,
NPEISTCTBYIONINE JaJbHENWIeMy 00Y4EHHIO. .




5. MATPAIIA COOTHECEHMUSI PA3JIEJIOB YYEFHOM JUCIAILJIMHBI K ®OPMUPYEMbBIM B HUX

KOMIIETEHIHUAM U OLEHKE PE3YJbBTATOB OCBOEHUA JUCHHUIIJINHBI

Komnemenyuu

Komnemenyuu x>
Kon-e0 OK | OIIK | HK | xomn. Buo Ouenxa
t.p uac | yueonvix

yacoe P . | pesyromamos
Ne, naumenosanue 3anamuii
Pazoenoe OUCUUNIUHbL 3 1 2

1 2 3 4 5 6 7 8 9
1. OYHKIIMOHAJIBI B 41 + - - 1 41 TP
HOPMHPOBAHHBIX Ii"B > | DK3aMeH, Kp
MIPOCTPAHCTBAX
2. Bapuanmonnoe 58 - + + 2 29 JIk,JIP,
HCYHCIICHUE 113 Ok3ameH, Kp
6C€20 4acoe 99 41 29 29 3 495




6.

IHHEPEYEHbDb YYEBHO-METOAUYECKOI'O

CAMOCTOSTEJBHOM PABOTHI OBYUAIOIUXCA MO JUCIHUATIIIMHE

OBECIIEYEHMUA JJIA

1. 3aiiueB, M. I'. MeToabl ONTUMHU3ALMKU YIPABICHUS U MPUHATUSA PEIICHUN: IPUMEPHI, 3a/1auu,
yueb. mocobue mns By3oB / M. I'. 3aiiues, C. E. Baptoxun. - 2-e u3z., ucnp. - Mocksa :
Heno, 2008. - 664 c.

KENUCHI :

2. JletoBa, T.A. Metonsl ontumu3anuu. [IpakTudeckuit Kypc :
A.B. IlanteneeB. - Mockaa :

ISBN
URL: http://biblioclub.ru/index.php?page=book&id=84995.
3. [Tanrenees, A. B. Metoapl onTUMH3AIMK B IPAEMEpax | 3ajJadax : yaeOHOe mocodue /s By30B /

A. B. ITantenees, T. A. JleToBa. - Mocksa : Beicmas mxoina, 2002. - 544 c.

1.

978-5-98704-540-4 ; To Ke

[DneKTpOHHBII

yuebnoe nocobue / T.A. Jlerona,
Jloroc, 2011. - 424 c. - (HoBast yHumBepcuTEeTCKass OuWOIMOTEKA). -

pecypc]. -

IIEPEYEHDb OCHOBHOM ¥ JONOJHHUTEJIBHOW JHUTEPATYPBHI,
HEOBXOJIUMOMU 1JIsA OCBOEHUA JUCHUITINHBI

Haumenosanue uzoanusn

Buo
3auA-
mus

Konuuecmeo
IKZEMNIIAPOG
6
ouonuomexe,
IIT.

Obecneuen-
HoCmb,
(9k3./ uen.)

2

4

5

OcHoBHas iMTEparypa

Munens, A.A. MeToibl ONITUMU3AIUY : y4eOHOE
nmocobue / A.A. Muniens, A.A. lllenectos,

B.B. Pomanenko ; MunucrtepcTBo 00pa3oBaHus u
Hayku Poccuiickon ®@enepannu, Tomckuit
INocynapctBennsiit Yuauepcuter CucreM
VYnpasnenus u Paguosnexkrponuku (TYCYP),
OAKVIJIBTET JUCTAHIUMOHHOI'O OBYUYEHU A
(®O0). - Tomck : TYCVYP, 2017. - 198 c. : umn. -
bubnuorp.: ¢.193-194. ; To xe [ DneKTpOHHBII
pecypc]. -
URL:http://biblioclub.ru/index.php?page=book&id=4
81034

JIx,
CP, xp

1 (V)

1,0

JleroBa, T.A. Metoas! ontumuzanui. [TpakTruueckuii
Kypc : yue6Hoe nocobue / T.A. Jlerosa,

A.B. ITanTenees. - Mocksa : Jloroc, 2011.-424 c. -
(HoBas ynuBepcurterckas oubmuoreka). - ISBN 978-
5-98704-540-4 ; To »xe [DnekTpoHHBIH pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=8

4995.

JIP, I13

1(3P)

1,0

JlonoJIHUTeIbHAS JIUTEpaTypa

I'onuapos, B. A. MeToasl onTUMHU3AINH : y4eOHOE
nocobue / B. A. I'onuapos. - Mocksa : FOpaiit, 2015.
-191¢c. -

JIP

0,3

Kyp3una, B. M. MeTos! onTumu3anuu : yaeoHoe
nocobue / B.M. Kyp3una, A.B. Tpery6. - Mocksa :
MI'VII, 2003. - 47 c.

13

10

0,5
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%97%D0%B0%D0%B9%D1%86%D0%B5%D0%B2%2C%20%D0%9C%2E%20%D0%93%2E
http://biblioclub.ru/index.php?page=book&id=84995
http://biblioclub.ru/index.php?page=book&id=481034
http://biblioclub.ru/index.php?page=book&id=481034
http://biblioclub.ru/index.php?page=book&id=84995
http://biblioclub.ru/index.php?page=book&id=84995
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BE%D0%BD%D1%87%D0%B0%D1%80%D0%BE%D0%B2%2C%20%D0%92%2E%20%D0%90%2E

8. IEPEYEHb PECYPCOB UH®OPMAIIHOHHO-
TEJEKOMMYHHUKAIIMOHHOU CETH «MHTEPHET» HEOBXOAUMbIX JIJIS
OCBOEHMUSA JUCIIUITJIMHBI

B miporiecce 00yueHust CTYACHTBI MOT'YT UCIIOJIB30BaTh OOIIHE PECYPCHI:
11.3nexTpoHHBIH KaTasior oubiauoreku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P?21
DBN=BOOK&S21CNR=&721ID=.

2. DnexrponHas oubnuorexa bpl'Y

http://ecat.brstu.ru/catalog .

3. DneKkTpoHHO-OMONIMOTEeYHAs cCcTeMa «Y HUBEPCUTETCKas Oubamoreka online»
http://biblioclub.ru .

4. DnexTpoHHO-0MOIMOoTeYHas cuctema «M3aatenscTBo «Jlanb»
http://e.lanbook.com .

5. Uupopmanmonnas cucrema "EanHoe okHO JocTyma K 00pa3oBaTenbHbIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas 6ubnmuoreka eLIBRARY.RU http://elibrary.ru .

7. YauBepcurerckas nnpopmannonnas cucrema POCCUSA (YUC POCCHUA)
https://uisrussia.msu.ru/ .

8. HantmonanpHas snekTpoHHast oubiamoreka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

N, kpome TOro, Bcerga JOCTYIHBI CIENUATIbHBIE TEMAaTUYECKUE calThl. Hampumep:

1. http://mathserfer.com/problist.php?tema=vect_act ;

2. http://libedu.ru/l_b/minorskii_v_p /sbornik zadach po vysshei matematike.html;
3. http://www.exponenta.ru/educat/news/kuleshov/index.asp;

4. http://www.allmath.ru/ .

9. METOAUYECKHUE YKA3AHUA JJIS1 OBYYAIOHIUXCS 11O OCBOEHUIO

JUCHUIIJINHBI

OOyuaromuiics JTOJKeH pa3paboTaTh COOCTBEHHBI pPEXUM PABHOMEPHOI'O OCBOEHUS
TUCIUTUTHHBL. [IOArOTOBKAa CTyHEHTa K MPEICTOSIIEH JIEKIHK BKIIOYAeT B CE0S PSIl BaXKHBIX
M03HABATEbHO-TTPAKTUYECKHUX 3TATIOB:

-~ YTEHHWE 3aluCel, CIACNAaHHBIX B TPOIECCEe CIYIMIAHWs M KOHCIEKTUPOBAHHS IPEIbIIYIICH
JIeKIMM, BBIHECEHHE Ha I0JI1 BCEro, 4To TpedyeTcs NMpH jAajbHelield paboTe ¢ KOHCHEKTOM U
y4eOHUKOM;

- TexHUYeckoe odopmieHHE 3amuced (MOJUepKUBAHUE, BBIJCIICHHE TJIABHOTO, BBIBOJIOB,
JIOKa3aTeNIbCTB),

—  BBINOJIHEHHE MTPAKTUYECKHX 33/1aHUI MTpero1aBaTes;

-~ 3HaKOMCTBO C MaTepHalioM NPEACTOSIIEH JEeKIUU 10 YYEeOHWKY H JOMOIHHUTEIHHOMN
JauTeparype.

VYCnemHocTh BBIMOJHEHUS J1TA0OpaTOpHBIX paboT ompenensercs MOATOTOBKOM K HHUM.
[ToaroToBka k 1a00paToOpHBIM paboTaM COAEPIKUT:

- H3y4YeHHE TEOPETUIECKOTO MaTepHuaa, CoAep Kamlerocs B yaeOHOW TUTepaType, N3ydeHne
JEKIIMOHHOTO MaTepuana,

- 3HAKOMCTBO C 33JjaHUSIMH Ha J1a00paTopHyIo paboTy;

- COCTaBJICHHUE IIJIaHa BBIMOJIHEHUS 1a00paTOPHOI paboTHI.

[TonroToBka K MPaKTHYECKUM 3aHATHSIM COJICPIKUT:

- U3y4YeHHE TEOPETUYECKOr0 MaTepuasa, coepkalierocs B yaeOHOW TUTeparype, U3yuyeHue
JEKIIMOHHOTO MaTepHana,

- 3HAKOMCTBO C 3aJIaHUSIMH ISl IPAKTUYECKOTO 3aHSTHS.

Haunbonee npoayKTHBHOM SIBIISIETCS CaMOCTOSITENIbHAS padoTa B OMOIMOTEKE, TJe TOCTYITHBI

OCHOBHBIC U JOIMMOJTHUTCIIBHBIC ICYATHBIC U 3JICKTPOHHLIC UCTOYHUKH.
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://ecat.brstu.ru/catalog
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/
https://uisrussia.msu.ru/
http://нэб.рф/how-to-search%20/
http://mathserfer.com/problist.php?tema=vect_act
http://libedu.ru/l_b/minorskii_v_p_/sbornik_zadach_po_vysshei_matematike.html
http://www.exponenta.ru/educat/news/kuleshov/index.asp
http://www.allmath.ru/

B mporuecce u3ydeHus: JUCUUIUIMHBI CTYAEHT JIOJKEH BBIMOJIHUTH KOHTPOJBHYIO padoTy,
OCHOBHOI 1I€TTBI0 KOTOPBIX SIBJISIETCS] OKa3aHHE MOMOIIH CTY/IEHTY B €r0 CaMOCTOSITENIbHOM paboTe.
3aBepIuaronIMM ATAIIOM U3YYEHUS TaHHOW AUCHUILIUHBI B COOTBETCTBUU € YYEOHBIM INIAHOM
ABIISIETCS C/laya 9K3aMeHa. Ha SK3aMeHe 00yJaroIuiics JOJKEeH: MPOSIBUTh YMEHHE IPUMEHSITh
TEOPETUUECKHE CBEICHUS K PELLIEHUIO 33/1a4 HAa OTBICKAHUE IKCTPEMYMOB; 3HAHUE TEOPETUUECKUX
OCHOB Kypca Ha YpOBHE OIpeJIeIeHU, TeopeM, (popmy.

9.1. MeTtoanueckue yKazaHusi J1J1s1 00y4arOIMXCHA M0 BBINOJTHEHHUIO JIA00PATOPHBIX U
NMPAKTU4eCKHUX pador

JladopaTopuas padora Nel
[IpousBogHas oToOpakeHus. Touku SKCTpeMyMa

[lenb paGoTHI:

N3yuuTh cpeacTBa OnpeaeIeHUs IKCTPEMYMOB (DYHKITUH.
..TeopeTnyeckue cBeIeHUS

DKcTpeManbHbIe 33J]aul — 9TO 337a4l 00 OTBICKAHUM MAaKCUMYMOB U MUHUMYMOB ()YHKIIMUA H
(YHKLMOHAJIOB IPU BO3MOXKHBIX OTPAaHUYEHUSAX PA3HOTO BHUJIA.

Jnist perieHus 3a1a4y ONTUMH3AINN, B KOTOPOH XapaKTEepUCTHUECKass Mepa 3a1aHa (QyHKIHeH
OJTHOW INepeMEeHHOM, MOXHO HCIOJb30BaTh Pa3JIM4Hble METObl. BrIOOp MeToNa pelleHus 3a1adu
ONTUMU3AIMH 3aBUCHT OT PA3IMYHBIX MPEIIOI0KEHUN U JOMYHICHUH OTHOCHTEIBHO HMPUPOIBI U
cBOWCTB wuccieayemoi ¢yHkuuu. Huxke paccMOTpeHBl HEKOTOpble M3 H3BECTHBIX METOJIOB
OJHOMEPHON ONTUMH3ALIUH.

MeTobl HCKITIOUEHUSI HHTEPBAJIOB

OTH METOABI OPUEHTUPOBAHBI HA HAXOXKJCHUE TOYKU ONITUMYMa BHYTPH 33JJaHHOTO MHTEpBaJia
U TIO3BOJIAIOT ONPEAEIUTh ONTUMYM (YHKIHMHU OJHOW IMEPEeMEHHOM IIyTeM I0CIe10BaTeIbHOIO
MCKJTIOUEHHUSI TOJBIHTEPBAJIOB U, CJIEI0BATENIbHO, IyTEM YMEHBIIIEHHs HHTEpBaJla IOUCKa

Jns Toro 4rtoObl HayaTh TMOUCK C MOMOILIBIO 3THX METOOB, HEOOXOJUMO YCTaHOBUTbH
IpaHULbl HHTEpBaa, COepKaIlero TouKy onTumyma. [locie 3Toro MOKHO IPUMEHUTH MPOLEAYPY
YMEHBIIEHUSI MHTEpBajia MOUCKA C IIEIBIO MOJYYE€HUS! YTOYHEHHBIX OILIEHOK KOOPJMHAT ONTHUMYyMA.
Benuunna nosapiHTEpBaia, HCKIOYAEMOr0 Ha Ka)JI0M Ilare, 3aBUCUT OT PAaclOIOXKEHHUS MPOOHBIX
ToueKk X! W X2 BHYTpM HHTepBaia moucka. ITocKonbKy MeCTOHaXOXJEHHE TOYKH ONTUMyMa
anpuopH HEU3BECTHO, 11€JecOo00pa3HO MPEANONI0KNUTh, YTO pa3MelIeHHe MPOOHBIX TOYEK JIOJIKHO
o0ecrieynBaTh yYMEHbIICHHE MHTEpBaja B OJHOM U TOM € OTHoueHudu. Kpome Toro, B Lemsx
NOBBILIEHUS 3P(HEKTUBHOCTH AIrOpUTMa HEOOXOUMO MOTPEOOBaTh, YTOOBI YKa3aHHOE OTHOIIEHHE
Obul0 MakcuMalbHBIM. [lo7OOHYIO cTpaTervio WHOTIZAa Ha3blBalOT MMHHUMAKCHOW cTpareruen
MOKCKA.

Merton neneHust TMXOTOMHUH

PaccmaTpuBaeMblii MeTO/ TMO3BOJIIET MCKIIOYATh B TOYHOCTHU IOJOBHMHY HHTEpBaja Ha
Kaxa0i wurepanuu. MHOrma >STOT METOA HA3bIBAIOT TPEXTOUYEYHBIM MOWCKOM Ha pPaBHBIX
MHTEpBaJiaX, MOCKOJbKY €ro peajn3allis OCHOBaHa Ha BbIOOpE TpeX MPOOHBIX TOUEK, PABHOMEPHO
pacripe/ielIeHHbIX B HHTEpBaje MOUCKA.

Hwke npuUBOAWTCS alTOPUTM MOKWCKA, OPUEHTUPOBAHHBIN Ha HAXOXKIACHUE TOYKA MUHHUMYMa
¢ynkuuu f(x) B uaTepnaie (a, b).

[ar 1. ITonoxute xm=(a+b)/2 u L=b-a. Beruucnute 3nauenue f(xm).

Hlar 2. [Tonoxuts x1=a+L/4 u x2=b-L/4. Takum o06pazom, Touku x1, X2 1 Xm JensAT UHTEPBA
(a, b) Ha yeTkIpe paBHbIE YacTU. Beruncnute 3Hauenus f(x1) u f(x2).

[ar 3. CpaBuuts f(x1) u f(xm). Ecmu f(x1)<f(xm), ucknrounts uaTEpBaN (Xm, b), IOIOKUB
b=xm. CpenHell TOYKOW HOBOrO HHTEpBaJia IMOWUCKA CTaHOBUTCA Touka x1. CremoBarenbHO,
HeoOxoaumo monoxkuTh Xm=x 1. [lepeiitu k mary 5.Eciu f(x1)>f(xm), nepeiitu k mary 4.

[ar 4. CpaBuuts f(x2) u f(xm). Ecou f(x2)<f(xm), uckimtounts uHTEpBaI (2, XM), MOJOKUB
a=xm. Tak Kak cpegHeil TOYKOW HOBOrO MHTEpBaJla CTAHOBUTCS TOYKA X2, TMOJIOKUTH XM=X2.
[Tepeiitu k mary 5.Ecnu f(x2)>f(xm), uckmounts uaTepBaisl (a, x1) u (x2, b). [lonoxurs a=x1 u
b=x2. Cpenneii TOUKOif HOBOr0 MHTEpBAIA MPOJOIKAET OCTaBaThcsa Xxm. [lepeiiTu k mary 5.
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Hlar 5. Beruucouts L=b-a. Eciu Benuumua |L| mMana, 3aKkOHYUTH MOUCK. B mpoTHBHOM
Clydae BEpHYThCA K Iiary 2.
Meropn 30J10TOT0 CEYeHUs
B oTnnume OT mpuBENEHHOrO BBILNIE B METOJE 30JI0TOTO CEYCHMs Ha KaKJIOW HTepanuu
BBIYHUCIISICTCS TOIBKO OHO 3HAYCHHE eJIEBOW (DYHKIIHUH.
Iar 1. ITonoxuts x0=a, x3=b.
[ar 2. [Tonoxutk x1=a+t1-(b-a). Beraucnure 3Hauenue f(x1).
[ar 3. [Tonoxute x2=a+t2-(b-a). Berancaurtes 3HaueHue f(x2).
[ar 4. Cpaauts f(x2) u f(x1). Ecnu f(x1)>f(x2), uckmounts uarepsai (x0, x1),
nooxuB L=x3-x1, x0=x1, x1=x2, x2=x0+t2-L, f(x1)=f(x2). Beraucautps 3HaucHHE
f(x2). Ilepetitu x mary 5. Ecnm f(x1)<f(x2), uckimrounts uHTEpBaAN (X2, X3), MOJI0KHUB
L=x2-x0, x3=x2, x2=x1, x1=x0+t1-L, f(x2)=f(x1). Beruucnuts 3nauenue f(x1).
IlepeiTu k mary 3S.
[ar 5. Onpenenuth KoJMUecTBO BhiuncieHud pynkiuu - k. Ecimu k<N u [L[>E,
nepeiTu k mary 4. B npoTUBHOM cily4yae 3aKOHUUTh ITOUCK.

Merton cpenHei TOUYKU

Ecim ¢yskmus f?(X) yHUMoIanbHa B 3aJaHHOM HMHTEPBAJIC IOHWCKA, TO TOYKOH ONTUMyMa
aBnseTcss Touka, B kKoTopoil f?(x)=0. Eciu mpm 3TOM HMMeeTcs BO3MOXKHOCTH BBIUUCIATH Kak
3HaYeHHne (PYHKIMH, TaK U €€ MPOU3BOJHOM, TO JJIsl HAXOKICHHUS KOpHA ypaBHEeHuUs f?(x)=0 MOKHO
BOCTIOJIb30BaThCSl A(P(GEKTUBHBIM aITOPUTMOM HCKIIOYEHHS WHTEPBAJIOB, HAa KaXKIOW HTEpaluu
KOTOpPOr0 pacCMaTpUBAETCs JIUIIb OAHA MpoOHas Touka. Hampumep, eciiu B TOUKE Z BBIIOJIHAETCS
HepaBeHCTBO 7(z)<0, To ¢ yueToM HpeanoiokeHuss 00 yHUMOAAIbHOCTH €CTECTBEHHO YTBEPKAATh,
YTO TOYKAa MHHMMYyMa HE MOXKET HAaXOAWTHCS JieBee TOYKH Z. J[pyrMMu cioBamH, MHTEPBAI X<Z
noJuIexuT uckiaodeHuto. C npyroil croponsl, ecnu f?(z)>0, ToO TOuka MHHMMyMa HE MOXKET
HAXOJUTHCS MPaBEe Z M MHTEPBAI X=>Z MOKHO UCKITIOUUTS /2/. IIpuBeieHHBIE pacCyKIACHHUS JIeKAT B
OCHOBE JIOTMYECKOH CTPYKTYpbl METOJla CpelHell TOYKH, KOTOpBIH MHOTAAa Ha3blBalOT MOHCKOM
bonbuano.

Omnpenenum e Touku L u R takum obpazom, uto f?(L)<0 u f?(R)>0. Cranmonapnas Touka
pacnonoxkeHa mMexay L u R. Bpuumcnum 3HaueHue npou3BOAHONW (YHKIHMHM B CpEIHEH TOUKe
paccmatpuBaemoro untepBana z=(L+R)/2. Ecnu £?(z)>0, To unTepsai (z, R) MOXHO UCKITIOUUTH U3
uHTepBana noucka. C apyroit ctoponsl, eciu f7(z)<0, To MoxHO uckimounTh uHTEpBan (L, z).
Hwxe naetrcst popmann3oBaHHOE ONMCaHKE IIaroB AJITOPUTMA.

[ar 1. [Monoxute R=b, L=a; npu stom {?(a)<0 u £?(b)>0.

[ar 2. Beraucnute z=(R+L)/2 u f2(z).

[ar 3.Ecnu | f7(z)|<E, 3akoHunTth nouck. B npotuBHoMm ciyuae, ecnu {7(z)<0, nonoxute L=z
u nepeiitu k mary 2. Ecnu £2(z)>0, nonoxute R=z u nepeiitu k mary 2.

3agaHue:
1. PeanusoBathb MCTOAbI AUXOTOMHUH, 30JI0TOr0 CCUCHHUA U CpCI[HCf/'I TOYKH, HUCCICAOBATH HX

CXOOAUMOCTb M HNPOBECTH CPaBHCHUE I10 YHUCITY BBIUMCIICHHI q)YHKHI/II/I JJI1 JOCTHXKCHUA
SaﬂaHHOﬁ TOYHOCTH. HOCTpOI/ITL rpa(bm( 3aBUCUMOCTH KOJMYECTBA BBIYMCICHUI

MUHUMH3UpYeMOl (GYHKIIMHU OT Jiorapudma 3a1aBaeMoil TOUHOCTH
2. Peanu3oBaTh adropuTM MOMCKA HHTEPBAIA, COAEPIKAIIET0 MUHUMYM () yHKIIUU

Bapuant 1. f(x) =sinx, x [0, 27]
Bapuanr 2. f(X) = COS| X|, X €[-x, 7]
Bapuanr 3. f(X) = |X —5|, x €[-10, 10]
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Bapuant 4. f(x)=(6-x%)?, x€]0, 8]
Bapuantr 5. f(x)=x°-x, xe[0, 2]
Bapuant 6. f(X) = Sin|X|, x €[0, 2r]
Bapuanr 7. f(X) = |X — 2| +3, xe[4, 8]
Bapuant 8. f(X)=(x-1)*+3, xe[-3, 3]

Bapuant 9. f(X) = —XX, x €[0, 3]
e

Bapuant 10. f(X) = xsin(x?), x [0, 7]

[Tops10K BBITOJIHEHMSL:

1. O3HaKOMHTBCS ¢ pabOTOI adropuTM™Ma.

2. Haiftu pemieHne TeCTOBOH 3a/1a4i U CPAaBHUTH C MPEABAPUTEIBHO
MIOJTyYCHHBIM PELICHUEM.

3. Ilony4nTs BapuaHThI 3a/1aHUI Ha BBIIIOJHEHUE PAOOTHI.

4. UccnenoBaTh BIUSHHUE MTAPaMETPOB 3aITaHHBIX 1EJIEBBIX (YHKINN HA
3G (HEKTUBHOCTD MOJIy4aeMbIX PELLICHUH.

5. UccnenoBarh BIMsSHUE 33JaBA€MOM TOUHOCTH Ha MOKa3aTeNln ObICTPOAECHCTBUS
METO/IOB.

6. OhopMHTB OTUET C pe3yJIbTaTaMH HCCIICIOBAHUS METOJIOB.

OTueT 0JKEH CoepKaTh 1iellb paboThl, pe3yabTaThl peIeHHs 3aJaHHOI0 BapUaHTa
1eJIeBOM (DYHKIIMH, JOTIOTHEHHBIE COOTBETCTBYIOIMMH aHATUTHUECKUMH PacyeTaMu.
ITomMrMO 3TOr0 HEOOXOIMMO NIPEACTABUTH B (hopMe, YA0OHOMH JUIsl aHaIN3a, Pe3yJIbTaThl
WCCIIEIOBAHMSI PA3IMYHBIX TAPAaMETPOB Ha MoKazaTesn 3(pPEeKTUBHOCTH METOIOB.
ITpuBecTH pe3yabTaThl pelIeHHs 0JIb30BaTEIbCKON (DYHKIINH.

PopMa OTYETHOCTH:

Otuert o paboTe COAEPHKHUT:

1. HaumeHoBanue nabopaTtopHoOil paboTHI;
2. Pa3zpaGoTaHHYIO IPOrpaMMmyj;

3. Pe3ynbTaTel €€ TEeCTHPOBAHUS;

4. BeiBogsl 1o paboTe.

OcHoOBHas nuTeparypa
1. JleroBa, T.A. Metoasl ontumuzanuu. [Ipaktuueckuii kypce : yue6Hoe nocodue / T.A. Jlerosa,
A.B. Ilantenees. - Mockaa : Jloroc, 2011..

JlononHuTenpHas TuTEpaTypa
1. T'onuapos, B. A. Metoas! ontumusanuu : yaedHoe nocodue / B. A. I'onuapos. - Mocksa :
IOpaiir, 2015. - 191 c.

KoHTpoJIbHBIE BOMPOCHI ISl CAMOIIPOBEPKHU

1. Onumure CyTh METOAA TUXOTOMHH

2. OnummTe CyTh METO/Ia 30JI0TOTO CEUCHHUS

3. OnummuTe CyTh METO/1a CPEeHEN TOUKH

4. Kakue ¢yHKIIMN HAa3BIBAIOTCS YHUMOIAJTLHBIMU.

JladopaTtopHas padora Ne 2

Pemenne OIITUMH3AaIMOHHBIX 3a1a4

[lenb paGoTHI:

O3HaKOMI/ITBCH C ME€ToAaMHU TIOHUCKa MI/IHI/IMYMa q)YHKI_II/II/I n HepeMeHHBIX B OIITUMHU3AIIMOHHBIX
3amauax 0e3 orpaHuYCHHM
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3amanue:

. 1. ChopmynmrpoBath U pemInTh 3a/1a4y paclpeeseHUs CPEACTB MO PA3INYHBIM UCTOYHUKAM IS
HOJIy4EeHUs] MaKCUMaJIbHON MPUObUIN OT PEKJIaMbl;

2. OOBSICHUTH CMBICII JAHHBIX OTYETA [10 YCTONUNBOCTH;

3. Onpenenuts U3MEHUTCS JIM ONTUMAJIBHBIH IJIaH paclpeesIeHUs CPEJICTB, €CIIU YBEJIUUEHHUE
npuOBbUIN OT ra3eTHON PEKJIaMbl CHU3UTCS 10 S5 10J11apoB B pacueTe Ha | noiiap, 3aTpayeHHbIN Ha
pexiiamy;

4. OnpenenuTb, B KaKO BUJ peKIaMbl OyJIET BHITOIHEE BIOKUTH JIOTIOJIHUTEIbHBIC CPE/ICTBA B
ciIy4ae yBeJIMYeHHUs Oro/pKeTa (PUPMEI.

TeopeTnyecKHe CBEJICHUS

Jis HaXOXKJICHHS SKCTPEMyMa IeJIeBbIX ()YHKIIMII MHOTHX MEPEMEHHBIX MOKHO HCIIOJIb30BaTh
pazmuunble MeTonsl /1, 2, 3, 4/. B 3aBUCUMOCTH OT OCOOEHHOCTEH OpraHW3alud ITOUCKA
9KCTPEMyMa METOJIbl MHOTOMEPHOW ONTHMH3AIUU MOXKHO Pa3/ICIMTh HA JIBE TPYIIIBI: METOIbI,
UCTIONB3YIONIMEe COOCTBEHHO 3HAYCHMS IEJIEBBIX (YHKIMHA, ¥ METOIbl C HCIOJIb30BAHHUEM
NPOM3BOJIHBIX. B pabore paccMaTpuBarOTCsS METO/ABI BTOPOil rpymibl. B ocHOBe METOI0B 3TOM
TPYIIIBI JISKUT UCTIOJIb30BAaHUE UTEPAITMOHHON POy PHI s(x(k)).,(
K)oa+x(k)=1)+x(k (1)
rae x (k ) — Tekymiee 3HaUeHUE apryMeHTa ucciaeayemMoi pyHKIuu;

(K) — mapameTp, XxapaKTepHU3YIOILIU JUTUHY Iara;ol
S ( k) — HanpasieHue oucka B N-MepHOM npocTpaHcTBe yrpaBisieMbix=S ( X (K))
MICPEMCHHBIX.

(k ) n nanpasnenus s ( x (k) ) BeimensirorolB ocob6eHHOCTH OT OnpeaeneHus: BeTMUNHBI
Pl METOZIOB ONITUMHU3ALIMH.

['pagrieHTHBIE METO/IbI

I'pagrieHTHBIE METOABI B OTIMYNE OT METOJIOB IPSIMOT0 IIOUCKA, KOTOPBIE
UCTIONB3YIOT B IPOLEAYPAX MOKCKA TOJIBKO 3HAYEHUS 11eJIeBOM (PYHKIINU B
HCCIIEyEMbIX TOYKAX, IPEAIOIaraoT HaJIn4re HHPOPMALIUU O IPOU3BOTHBIX
GyHKIMHU. DTO O3BOJISIET COKPATUTh KOJIMYECTBO HEOOXOIMMBIX BbIUMCICHHUN
3HaYeHUH HccaeyeMoi QyHKIMH.

Ecnu B xauecTBe HalpaBiIeHUs [TOMCKA s ( x (k) ) npuHATH HanIpaBiIEHUE

AHTHUTpaJMeHTa (YHKITUH
f(x(k)),V-=s(x(k))

Vrae of/ 0x - rpagueHt GyHKIUH,

TO moxy4yuM u3 (1) cooTHOIIEHHE

f(x(k)),V(k)o—x(k)=1)+x(k )

OTOpOE OMpEIEIIET peaTn3alliio METo/1a HauCKopeuiero cmycka, uiau Mmerona (k ) Ha kaxmoit
utepanuu Bbraucisercss nyremoKommu. B arom merone 3nadenune f (X (k) )V1) ) Bmons
HampaBJIeHUs +peIIeHus 3aaaun noncka muanMyma ¢yuknuu f( x (K ¢ momorpro Toro wimm

WHOTO METO/a OJHOMEPHOTO IIOHCKA. Metox oOnamaer BBICOKOW HAJCKHOCTHIO W
ycroiunBocThi0. OJTHAKO METOY CBOMCTBEHHBI M HEKOTOPBIC HemocTaTKu /1/. o (k) B (1)
HEKOTOpOE TOJOXHTEIbHOe 4Yuciao ollpuHsSB B KadecTBe MapaMerpa MOJTYYHM

BBIYHUCIIMTCIBHYIO CXEMY
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f(x(K)),Va—-x(k)=1)+x (k 3)

KOTOpasi ONMpeesieT peain3alyio IPOCTEHIIIEro rpaIMeHTHOrO0 METO/1a MPY MOMCKE MUHUMYMa
MHOTroMepHOM GyHKIMU. MeToa o0anaeT psiioM HEAOCTAaTKOB, U3 KOTOPBIX CJIETyeT OTMETHUTD
CIeNyIolle: BO-TIEPBBIX, BO3HUKACT HEOOXOIUMOCTh ; W BO-BTOPBIX, METOIY
CBOICTBEHHAOBBIOOpA MOJIXOJSANIEr0 3HAuUeHUs mapamerpa f BVMesieHHas CXOOUMOCTb K
TOYKE MHMHHMMYMa BCIJIEJCTBUE MAaJIOCTH TpaJueHTa  OKPECTHOCTH MOYTH CTAlMOHAPHOI
o0nacTH. Hapsiny ¢ npuBeneHHbIMH BBIIIE IS PELICHUS 3aJaud ONTUMU3AIUU
ucnonszyercst Meron ['aycca-3aiigens, W3BeCTHBIA elle I1OJ Ha3BaHUEM  METOAa
MOKoOpAMHATHOTO crnycka. CyTh MeTo/la 3aKJII04aeTcsi B OpraHU3allMi IMOMCKAa MHUHUMYyMa
(GYHKIMY OCIEeI0BATEeNBHO 10 Kax a0l koopauHare. [IycTs yctaHOBIIEHA

OYepeHOCTh M3MEHEHHUs KoopauHat x1 , X 2 ..., Xn , COBMNAJA0IIasl C OYEPEAHOCTHIO HX
uHaekcoB 1, 2, ..., n. CHayana wu3MeHsieM OJHY KoopJauHarty Xl , coxpaHssi BCe X U
onpenensieMAOCTalIbHbIE KOOPJAUHATHI TMOCTOSIHHBIMHU, Ha HEKOTOpylo BenmuuuHy 0 , To,
crnenoBarenibHO, mar ciaenan B JoxHom>f Af . Ecnmu Aenwuuny npupamenus — 0 He<f
AnanpapneHuu. V3MeHseM HampaBlieHHE M JBHXKEMCS O TE€X IOp, MOKa MW3MEHUT 3HAaK Ha
MIPOTUBOIIOJIOXKHBIN. Torna nmepexoauM K U3MEHEHHUIO JPYroil KOOPAWHATHI X 2 U T.J. JO TeX
nop, nmoka He OyneT HalJieHa ¢ HEKOTOpPOH 3aJaHHON TOYHOCTHIO TOYka MUHUMyMa. [lpu
peanu3aluy METOJa BO3MOXKHBI JIPYTHE€ BBIUUCIUTEIbHBIE CXEMBI. Meron oTnuyaercs
npocToToil peanuzanuu. OJHAKO MO CPAaBHEHHUIO C JAPYTUMHU MeTojJaMu TpeOyeT OO0JbIlero
BPEMCHH Ha TTIOMCK MHHUMYMa () yHKIIHH.

Meron Herotona

PaccMmoTpeHHbI€e BbIIIE METO/Ibl OCHOBAHbI Ha MOCIIEA0BATEIbHON JTMHEHHONW anlpOKCUMAIH
1eneBoi PyHKIUH 1 TPeOyIOT BEIYMCIICHUS 3HAYCHUH 1eNIeBOM (DYHKIIUU M €€ TPOU3BOIHBIX Ha
KaX/IOM Illare, Yuciio KOTOPbIX MOXXET ObITh OoueHb Benuko /1, 3/. Jnsg moctpoenus Ooinee
oOuieil crpareru HeoOXOIUMO MpHUBIIEYb MH(YOPMALMIO O BTOPBIX MPOoU3BOAHBIX f (X) . OTa
UHpOpMaLKs MOKET OBbITh MOJIy4yeHa MPHU KBAJPATUUHON almpoKcUManuu GyHKINHU, KOTa MpH
ee pasyiokeHuu B psig Telnopa yUUTHIBalOTCS WIECHBI PsAJia 10 BTOPOTO MOPSAKA BKIIOYUTENBHO.
Hcnonp30BaHnEe pe3ysbTaTOB allIPOKCHUMALIMK MPUBOAMT K peanusanuu metoga HeroToHa 1o
dbopmyie

F(x(k))=V1i-2f(x(k))V-x(k)=1)+x(k) (4)

riae V)- reccuan (Marpuna [ecce).
Meton HeroToHa 0OHApYXHMBaeT KBaAPATHUHYE CKOPOCTh CXOAMMOCTH, T. €.
BBITIOJIHACTCS HCPABECHCTBO

(k),ec<l)+ (ke
TAC C — HCKOTOpas MMOCTOAHHAA, CBA3aHHAA C O6YCJ'IOBJ'IGHHOCTBIO MaTpUIbl T'ecce.
x* —x (k) =(k) &

rae X * - iCKkoMoe pelIeHue.

CxomumocTtb MeTozia Hpl0TOHa BO MHOTOM 3aBUCHUT OT BBIOOpA HAYAJILHOTO
npuomkenus x ( 0) . Meroa cxoauTtcest BCSKHM pas, koraa BeIOop x ( 0 ) ocyriecTBiasieTcs B
COOTBETCTBUH C ycioBueM /1/

1c.<(0)e

KBanpatuuHasi CKOpOCTbh CXOAWMOCTH OOBSCHSETCS TeM OOCTOSITENLCTBOM, YTO IpHU
UCCIICIOBAaHUM HEKBAJPaTHUHBIX (QYyHKUIUH Meron HbploTOHA He OTIMYaeTCs BBICOKOM
HanexxHOCThIO /1, 3/. Ecm Touka X ( 0 ) HAXOAUTCS HA 3HAYUTEITLHOM PACCTOSHUU OT TOYKH X *
, mar no Merony HploTOHa 4acTO OKa3bIBAETCS YpEe3MEPHO OOJBIIUM, YTO MOXET MPHUBECTH K
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OTCYTCTBHIO CXOJUMOCTH. METOJ MOKHO JOBOJIBHO MPOCTO MOAU(DHUIIMPOBATH C TEM, YTOOBI
00ecreunTh YMEHBIICHHUE 1IeTIEBON (PYHKIIMUA OT UTEpAIlUU K UTEPAIlUU M OCYIIECTBISATh MTOUCK
BJIOJIb NIpAMOM, Kak B MeTojae Komu. [TocimenoBareibHOCTh UTEpALIMl CTPOUTCS B COOTBETCTBUU
¢ hopmyIoi

f(x(k)).Vi-2f(x(k))V(k)a-x(k)=1)+x(k)) (6)
Bri6op (K) ocymectBisieTcst Takum 00pa3om, 4TOObI o
min .—f (x (k))+1
DTO rapaHTHPYET BBIIOIHEHHE HEPABEHCTBA

f(x(k))<D))+ (x(k ) (")

Takoli MeTOJ HOCHUT Ha3BaHHME MOIU(UIIMPOBAHHOTO Merona HploTOHa M B ciydyasx, Korua
BBIUMCJIICHUE TOYHBIX 3HAUYEHUN INEPBBIX M BTOPBIX IMPOU3BOAHBIX HE CONPSDKEHO C
CYIIECTBEHHBIMHU TPYIHOCTSIMH, OKa3bIBACTCS HAACKHBIM U 3()(HEKTUBHBIM.

Mertozas! conpsKEHHBIX I'PAaIUEHTOB

Otu MeTobl, 0071a/1as1 MONOKUTENbHBIMU cBOMcTBaMU MeTo0B Komm u HetoToHa, 0OcHOBaHbI
Ha BBIYUCIICHHE 3HAUYEHUI TOJIBKO MEPBBIX MPOU3BOIHBIX, OTINYAIOTCS BBICOKON HAJEKHOCTHIO
npu noucke x * u3 ypameHHoM Touku X ( 0 ) ¥ OBICTPO CXOAATCS B OKPECTHOCTH TOUKH
MUHMMYyMa. B OCHOBE METOMOB JIEKUT MpOLEAYpa NOCTPOCHUS CONPSHKEHHBIX HAIpaBIeHUH,
JUI TIOJMYYEHHUS KOTOPBIX TNPHUMEHSETCS KBaapaTudyHas anmnpokcumanus (yHkoum f (x) u
3HAUEHUS KOMIIOHEHT TIpaJueHTAa. Wtak, cuumraem, 4To IueneBas (QYHKIUS SBIsSETCA
KBaJJPaTUIHOM: 12XTCx,+bTx+a=q(x)=f(x)

a UTepaIuy BRIMOJHIOTCS o popmyne (1), T. e.
s(x(k)). - (k)a+x(k)=1)+x(k

Hanpasnenus norcka Ha Kaxa0i UTEpaLU ONPEAEIAIOTCSA C IIOMOLIBIO CIEAYIOIIUX
COOTHOIIIEHUIA:

1-k
(i)s@)vX+g(k)—=s(k) 8)
O=i
g(0),-=s(0) )
Trae
b.+Cx (k) =g(x (k)) V =F (x (k)) V=g (k) (10)

Ecnu f (x) - kBagpatuyHas QyHKUMS, TO JUIsl HAXOXKICHHUS TOUKH MHUHMMYyMa TpeOyercs N-1
TaKUX HampaBieHUH M mpoBecTH N TOUCKOB Baoib mnpsmoil. Eciu xe ¢ynkumsa f (x) He
ABJIIETCS KBaAPATUYHON, KOJIMYECTBO HAIIPABJIEHUN U COOTBETCTBYIOLUX ITOMCKOB BO3PACTaET.
3ajaHue
1. C ucnonp3oBaHMEM NPOrpPaMMHOI0 OOECHEUEHHs] UCCIEeN0BaTh AJTOPUTMbl HA 3aJaHHOU

TECTOBOW (PYHKILIMH, OCYILECTBIISAS CIIYCK U3 PA3IUYHBIX UCXOJHBIX TOUYEK (HE MEHEe TpeX).
HccnenoBaTh CXOAMMOCTb alroputMma, (GUKCUPYs TOYHOCTb ONPEAEICHHUS MHHHUMYMA,
KOJINYECTBO HMTEpalMid METOoJa M KOJUYECTBO BBIYMCICHUN (DYHKIIMM B 3aBUCUMOCTH OT
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3a/1aBaeMOI TOYHOCTH TIOMCKA. Pe3ynbTaToOM BBHIMOTHEHHS JAHHOTO ITYHKTA JTOJKHBI OBIThH
BBIBOJIbI 00 00bEME BBHIYMCICHUI B 3aBUCUMOCTU OT 33JaBa€MOW TOYHOCTH M HAYaJIbHOTO
IpUOIMKEHUS.

2. TlocTpouTh TPaeKTOPHIO CITyCKa Pa3jHYHBIX aJrOPUTMOB U3 OJHON U TOW K€ HCXOAHOMN
TOYKM C OJMHAKOBOM TOYHOCTHIO. B OTueTe HAJOXKUTh 3Ty TPACKTOPUIO Ha PUCYHOK C
JUHUSAMH PABHOTO YPOBHS 3a/1aHHON (PYHKIIUU.

3. PeammsoBarh MeToi TOHMCKa JKCTpemyMa (DYHKIHH, MPOAHATU3UPOBATH €ro pabdoTy Ha
KBaIpaTUYHON (DYHKUMU (JIMHUU PAaBHOTO YPOBHSI HE JOJDKHBI OBITH OKPYXHOCTSMHU) H
¢byakn Po3eHOpoka . BrIrounTh B peann3yeMblil allfTOPUTM COOCTBEHHYIO IMPOLEAYPY,

pean3yIonly0 OAHOMEPHBIN MOUCK 110 HAMPABJICHHUIO.

[Tops10K BBITOJIHEHUSL:
1. Oznakomutcs ¢ paboTo# anropuTma.

2.Haiitu pemeHure TeCTOBOM 3aa4l U CPAaBHUTH C PEABAPUTEIBHO MTOJYYEHHBIM
pEILICHHUEM.

3.ITomyuuTh BapUaHTHI 331aHUH HA BBIIIOJHEHUE PAOOTHI.

4.WccrnenoBath BIMSHUE TAPAMETPOB 3aIaHHBIX LENEBBIX GYHKINN Ha APPEKTUBHOCTD
pelIeHU.

5.UccnenoBaTh BIMSIHUE HAYAJIbHBIX IPUOIMKEHUHN, TOYHOCTH HA MTOKA3aTeNN
OBICTPOJCICTBUS METO/IOB.

6.ITomyunTh penieHne s MoIb30BaTEIbCKON (DYHKITHH.

7.0¢h0opMUTH OTUET € pe3yJIbTaTaMU UCCIIEI0BaHUS METOIOB.

BapuanTsl 3a1aHuii

VYcnosue 3anaun:

Haiitn makcuMym 3aaHHON (DYHKITHH:
LleneBast pyHKIHS UMEET BU:

f(x,y)= 5 N > , rie N — HoMep BapuanTa,
3(X+N) +(y—-2N)“ +x+1
X € [-12;12],
y € [-25; 25]

PopMa OTYETHOCTH:

Otuert o paboTe COAEPKHUT:

1. HaumeHoBanue 1abopaTtopHoOil paboTHI;
2. Pa3zpaGoTaHHYIO IPOrpaMMmy;

3. Pe3ynbrarel €€ TeCTUPOBAHUS;

4. BeiBogsl 1o paboTe.

OcHoBHasl TuTEpaTypa
1. JIeroBa, T.A. Metonb! ontumu3zanuu. [Ipaktuuecknii kype : yaedbnoe mocodue / T.A. Jletosa,
A.B.Ilantenees. - Mocksa : Jloroc, 2011..

JlononHuTENBHAS TUTEPATYpa
1. T'onvapos, B. A. Metoap! ontumu3zanuu : yaeonoe nmocodue / B. A. 'onuapos. - Mockasa :
FOpaiir, 2015. - 191 c..

KOHTpOIbHBIE BOMIPOCHI JIIsl CAMOIPOBEPKHU
1. Merog 'aycca.
2. Meron Xyka u [[xuBca.
3. Merona PozenOpoxka (Bpamaronuxcsi KOOpJuHaT).
4. Merop Ilayanna.
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Merton neopMupyeMOro MHOTOTpaHHHKA.

Meto HauCKOpEeNIero Cycka.

MeTto1 COTPSIKEHHBIX TPATUESHTOB U €r0 MO (DUKAIIHH.
Metoa HproToHa 1 ero Mmoaudukamu.

Mertozpbl IepeMEHHON METPUKHU.

©ooNo O

IIpakTHUyeckoe 3ansaTHe Nel

Pemienne KOHCYHOMCPHBIX 3a/1a4 Ha S3KCTPEMYM

[lenb paGoTHI:

Hayunrtbes knaccupuuupoBarh, aHaTH3UPOBATh MAaTEMAaTHUECKUE MOJCIH .
Kak wu3BecTHO, 3ajjaua OTBICKaHMsI 3KCTpeMyMOB IuddepeHupyeMoil (yHKUHUU / CBOAUTCS K
pemenuto ypaBHeHus f'(x) = 0. OgHaKo Wb B OTACIBHBIX CIy4asX PEHICHHE 3TOrO YPaBHEHUS
yZlaeTcsl HAalTH B IBHOM BHJE.
Kak npaBuio, 3aaua oTbickaHusi KopHel ypaBHeHus f'(x) = 0
IPUMEPHO TaK K€ CJI0XKHA, KaK M 3a/Ja4a MUHUMM3AIMM (QYHKIUM /, U JIOOYI0 M3 3THX 3ajay
IPUXOJIUTCS pelIaTh YUCIEHHO. Takum o0pa3oM, UUCIEHHbBIE METO/Ibl PELIEHUS! YPABHEHUN MOXKHO
UCIOJIb30BaTh JUIS PELICHUs 3a/ad MUHUMM3ALMU, HO METOAbI, pa3paboTaHHbIe CHELUATbHO IS
3aJad  MUHUMH3AIMW, SBIAIOTCA  Oonee s dexkruBHBIMH. Heo0X0oauMoCTh  OTAENBHOTO
pPacCMOTPEHUs YUCIIEHHBIX METOOB MOMCKA SKCTpeMyMa (PYHKLUH OJHONM MEepEeMEHHOM AUKTyeTCs
CJICAYIOIIMMHU OOCTOATENbCTBAMH. BO-TIEPBBIX, 3TH METOBI UCTIONB3YIOTCS BO MHOTUX allTOPUTMAax
IIOUCKa 3KCTpeMyMa (yHKUUI, 3aBUCSIIMX OT HECKOJbKUX IEePEeMEHHBIX. BO-BTOpBIX, KJ1acchl
GYHKIMH OTHOW TIEpPEMEHHOW CIy)KaT YIOOHOW MOJENBI0 IS TCOPETHYECKOTO HCCIICTOBAHUS
3¢ (}EeKTUBHOCTH METOAOB ONTUMHU3ALMH. B-TpeTbux, MHOTJAa yAAaeTcs, UCIONb3ys T€ WIM HHbIE
IPUEMBI, HEMOCPEJICTBEHHO C IOMOIIBI0 aJITOPUTMOB OJHOMEPHOM ONTHUMHU3ALUU MOJYYUTh
peleHne MHOTOMEPHBIX 3a/a4.
IIpocremnii mpueM Takoro poja, TaK Ha3blBaeMmas cxema INOBTOPHOM ONTHUMHU3AlMH, OCHOBAH HA
TOM, YTO
min f(x\. x0) = min ( min f(x\. X0)) = min (Min f(x\. jy " XxexxK x2ex2J y I)) x2ex2K xxexx J v
TSl TPOU3BOIBHBIX MHOKECTB X\, X2 1 GYHKINH /.
Ecnm x\, X2 — ckackainsipbl, TO C OMOIIbIO BEIOPAHHOTO aJrOPUTMA OJHOMEPHOW ONTHMHU3AINU
MOYKHO BBIYUCIIATH 3HAUEHUS (PYHKIMH
ip(x\) = min f(x\, x2) x2ex2 u mMuHUMH3KPOBaTh 3Ty GyHKIUIO. ClieayeT MOAYEpPKHYTh, YTO
YHHUBEPCAJIbHBIX METO/A0B, MPUIOJHBIX IS MUHUMH3AIMKA TMPOU3BOIBHBIX (QYHKIUI OIHON
NEPEMEHHOM, He cymiecTByeT. [103ToMy MPUXOIUTCS CTPOUTH AJTOPUTMbI, OPUEHTUPOBAHHBIE HA
pas3JInYHbIe BCTpEYArOIMecs B MPUKIIAAHBIX 3ajauax Kiacchl (PyHKIUMA.
PaccMoTpuM BCIO COBOKYITHOCTD YIpaBICHHH (BbIIETICHHBIX CPEACTB)
UyU2UmA.2)
Ha OT 1Iarax orepamuu Kak T BEKTOpoB B A-MepHOM npoctpaHcTBe. Kputepuit apdextuBHoctn W
MHOT'0O3TAITHOW Omepaliy, B KaueCTBE KOTOPOrO Mbl BHIOpAJIM CyMMApHBIH 10XO0J 3a T JIET, 3aBUCUT
OT BCEH COBOKYITHOCTH yIpaBieHui A.2):

3ajaHue:
3anaua 1. HaiiTu Ha 7aHHOM MPSIMOI TaKyro TOUKY, YTOOBI CyMMa pacCTOSIHUM OT Hee 710 ABYX
3aJJaHHBIX TOYEK Obula MUHUMAIbHA (puc.1)
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3anaua 2. Brircats B Kpyr npssMOYTOJIbHUK HAaHOOJIbIIIEH TuTomaau (puc. 2).

Pewenue

ITepBas 3agaya — 3TO 337a4a HA MUHUMYM, BTOpasi — Ha MaKCUMYM.

Uto0bI MOXHO OBLIO TOJB30BATHCS TEOPHEW, HEOOXOAWM IEPEeBOA 3a7ad Ha MaTeMaTUYECKUN
A3bIK. OTOT HepeBoJl Has3biBaeTca Qopmanuzanued. OnHa W Ta K€ 3agadya MOXKET ObITh
dopmanu3oBaHa pa3HbIMU CIIOCOOAMU, M MPOCTOTA PEIICHUS 3a4acTyI0 CHIIBHO 3aBHUCHT OT TOTO,
HACKOJIbKO YAa4yHO OHa (opmanu3oBaHa. OcymecTBuM (opmanuzanuu 3agad 1 u 2. Haunem c
3anaun 1. HanpaBum ock Ox 1o 3agaHHON npsiMoi, a ock Oy npoBezieM uepe3 Touky A (cM. puc. 1).

[Tycth koopauHaTel Touek Aw B takoBel: A = @, a) u B = (d, b); xoopaunara touku C = (x, 0).
Torma ~ MBI OpuxoauM K CICAyIOUICH  3ajade:  HAlTH ~ MUHAMYM  (QyHKUHH

f) \/a2+12+\/ﬁ
o BceM X € R.

®opmannsyeM 3axady 2. [IycTh OKPY)KHOCTb OIMCHIBACTCS ypaBHEHHEM X- + y° = r’. Hampasum
ocu Ox u Oy mapajuienbHO CTOPOHAM MPSIMOYTOJbHUKA U 0003HAUMM uepe3 (X, y) KOOpIUHATHI
BEpILMHBI MpPSIMOYroJIbHUKA, JIeXKalled B IepBoM KpajapaHte (cMm. puc. 2). Torma mmomanb
OpSMOYTOJIbHUKA paBHA AXYy.

[Tonryuaem Takyto 3a7ady: HAMTH MaKCUMyM QyHKIMH f

file,y) =2* +y* —1* =0, fole, y) =2 >0,

fs(x, y) =y = 0.

Herpyano yb6eautbes, uro ycnosus x >0, y > 0 u3IuIIHM, U 33a4a HATH MakCUMyM AXy npu
ycnoBuM X2 + y2 = r2 SKBHUBaJIEHTHA 3a/1aye ¢ HepaBeHcTBaMu. Jro0as opmann3zoBaHHas 3a7ada
ycTpoeHa aHajgorndHo. OHa BKITIOUABKIIIOYAET B Ce0s CIEAYIONINE dJIEMEHTHI: (DyHKIIMOHAT /:

X —> R (X — o0nactp onpenenceHusi GyHKIMOHANA) U OTpaHUYEHHE, T.¢. ToaMHOKecTBO C C
X. [losicHUM HEKOTOpPBIE BCTPETUBIIUECS 3/1€Ch 0003HAYECHHS U TEPMUHBI: R — 3T0 pacmupeHHas
NeicTBUTENbHAs (BEIIeCTBEHHAs!) MpsiMasi, T. €. COCOBOKYMHOCTh BCEX JCHCTBUTENBHBIX YHCEN,
JIOTIOJTHEHHAS 3HAYCHMSIMU + o0 U — oo 3amuch F: X —> Y o3nagaeTt, yto oTtoOpakenue F mmeer
obnacte ompeneneHus X, a F(X) mis kaxgoro sneMeHTa X u3 X JIEKHT BO MHOXKECTBE Y; CIOBO
«pYHKIIMOHATY MBI YIIOTPeOIIsieM JIsl OTOOpaKEHU B pacIIupPeHHYIO npsamyto R.

TakuM o0paszoM, (hopmamu3oBaTh SKCTPEMAIBHYIO 33/lady — O3TO 3HAYUT TOYHO OIMHUCATh e
anemenTsl /, X u C. [lng dopmannzoBaHHOU 3afaun ynorpebdisercs 3anuch f(x) —> inf (sup); x e
C. (3) Touxku xgC HazbiBatoTCs nonyctuMmbiMu. Eciin C = X, To 3a1aya HaHa3bIBaeTCs 3aauei
0e3 orpaHuveHui. 3ajady Ha MaKCUMyM BCErJla MOXKHO CBECTH K 3a/lade Ha MUHUMYM, 3aMEHUB
3anauy f(x) —> sup, x e C, 3agaueii f(x) —> inf, x e C, rne f(x) = —f(x). 1, Haobopor, 3amavy Ha
MHUHUMYM MOXHO aHanmorudHbIM [Ipunaiun Jlarpanka B TeOpun SKCTpeMaibHBIX 3a1ad 11
o0pa3oM cBecTHM K 3ajJaye Ha MakCUMyM. J[Jsi ONpeneseHHOCTH B TeX Ciydaciaydasx, Koria
(bOpMYTUPOBKH HEOOXOIUMBIX YCIOBUH SKCTpeMyMa B 3ajjadaX Ha MUHUMYM MU MaKCUMYM pa3HbIe,
OyZeM BBIMMHCHIBATH WX TOJBKO JJIs 3aJa4yd Ha MUHUMYM. Eciu HeoOXoauMo uccienoBath 00e
3amauu, To Oynem nucath f(x) -> extr; xeC.

[TpuBenem hopmanmn3oBaHHbIE 3amucu 3a1a4 1 u 2.

3amaua | (X=C==R):
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flx) = \/a2+x2+\/b2+(d:p)2 — inf .

3amaua 2 (X — 37eCh AByMEpHasl INIOCKOCTh, 0003Hadyaemas R2):

4xy — sup; $2+y2 :rQ, x=20, y=0.

st 3amaum 2 uMeeTcsl, Kak ObUIO CKa3aHo BhIIIe, npyras Gopmanuzanus: AXy —> sup; k2 + y2
=r12. Cg) 3amaua Ci) — 3amaua 0e3 orpanuyeHuii, 3agada C2) — ¢ orpanmuenuem C = {(X, y) e
R2 | x2+y2=r12,%>0,? "0}, 3amaBaeMbIM B BHJIC PAaBCHCTB U HEPABCHCTB, 3a7a4a (3") — ¢
OTpaHMYCHUEM THIA paBeHCTBA. JlomycTuMast Touka X Ha3bIBAeTCs aOCONOTHBIM (MJIH €I11e TOBOPSIT
ro0aabHBIM) MUHMMYMOM (MakcuMyMoM) B 3amade (3), eciom f(x) > f(x) mma moboro xgC
(cootBercTBeHHO f(X) * f(x) ms moboro x E C).

ITpu 3ToM MBI tuiiem XxGabsmin3 (absmax3).

AOCOMIOTHBI MUHUMYM (MakCUMyM) 3aja4d OyJeM Ha3bIBaTh pEIIeHHEM 3ajaud. BemmumHa
f(x), rme X — pemieHue 3aJayd, HaA3bIBAaeTCs YMCICHHBIM 3HAaUY€HHEM 3aJayd (MHOTAa s
COKpAIlleHUs] TOBOPUM IIPOCTO 3HAueHHe 3afauu). OTy BenmuuHy Oynmem O6osnagare S3 WMJIU
S'min('S'max)B 3amadye 1 aGCOMOTHBIN MUHHMYM X, OINpeaestonmii uckomyio Touky C = (x, 0),
XapaKkTepU3yeTcs, KaKk U3BECTHO M3 TE€OMETPHHU, TE€M, YTO OCTPBIC YIJIbI, 00Opa30BaHHBIE OTPE3KAMHU
[AC] u [CB] ¢ ocbto Ox, paBHBI («yroJi MajeHusl paBeH yriy OTpaxeHHs»); 3HaueHue 3aaauu S3{ =
= y/(a + bl + d2. B 3amage 2 WCKOMBIM NPSIMOYTOJIBHHUKOM SIBISIETCS  KBaIpar
(mompoOy#(ronpoOyiiTe JoKa3aTh 3TO TEOMETPUUYECKH); 3TO COOTBETCTBYET PEIICHUIO X = I/11/2, y =
r/n/l, S32 =2r2.

Kpome ri1o6anbHBIX AKCTPEMYMOB OyleM TakkKe pacCMaTpUBaTh JIOKAIbHBIE SKCTPEMYMBI.
Janum ux ctporoe omnpezeneHue.

[Tycth B 3amaue (3) X — HOPMHUPOBAHHOE IPOCTPAHCTBO. ['OBOPSAT, UTO TOUKA X JTOCTABISAET B
3ajave (3) JOKAIbHBIM MUHUMYM (MakcuMyM), U mumyT X € loc min 3 (loc max 3), ecnu JgC u
cymectsyer 5>0 Takoe, 4TO Ul JFOOOHM JOMycTUMOW TOYKHM X, mias kortopoir \\x — x\\ < 5,
BBITIOJTHSETCST HepaBeHcTHepaBeHCTBO f(x)M(x) (f(x)(x)). UubiMu cnoBamu, ecau x ? loc min 3
(loc max 3), TO CyIIEeCTBYET OKPECTHOCTh % TOYKHM X Takas, 4Tto k? G abs min 3x (abs max 3x) B
3amaye /(x)->inf(sup); xeCnf. (3x)

Bce BblleckazanHoOE JaeT MOBOJI HAMETUTS IIJIaH JEUCTBUUN JIJIS pe-
pelieHus 3aaa4 6e3 orpaHMYeHU U MPU HATUYUHA HEKOTOPBIX MPOCTEUIITNX
OTpaHUYEHUH (TAaKOTO POA 33]a4M MBI Jlajiee Ha3bIBaeM JIEMEHTAPHBIMU).

1. dopmann3oBark 3a1auy.

2. Brinucats HE00X0AMMBIE YCIIOBUS AKCTPEMYMa.

3. Haiit Bce KpUTHYECKUE TOYKH.

4. OTbICKaTh pelIeHus: CpeIu KPUTUUECKUX TOYEK (Harpumep, 10Ka3as,

4TO pellleHHe CYILECTBYET, U nepeOpaB 3HaueHUs QyHKIIMOHAA B KpUTHYEC-
KPUTHYECKHX TOUYKAX) UJIM M0Ka3aTh, YTO PELICHUS HET.

@Popma 0TYETHOCTH: BHIOTHUTH 33jaHKE B TETPAIU U UCIOJIB30BaTh €ro IPU MOA30TOBKE K 3a4eTy
¥ KOHTPOJIBHOM paboTHI

3a1aHu JUIs CaMOCTOSITeNIbHOU PabOTHI:

[TpuBectu mpumepsl 3a1au 0e3 orpaHUYeHH 00 FKCTpeMyMmMe OecKOHEeYHO AuddepeHuupyemMbIx
GyHKIMI OqHON Win

JIBYX NIEPEMEHHBIX, B KOTOPBIX BBIOJIHSIOTCS YKa3aHHbBIE HHKE TPeOOBaHMUS.

1. AOCOMIOTHBIE MAKCUMYM U MUHHMYM JOCTHUTAIOTCS B OECKOHEUHOM YHUCIIE TOYEK.

2. OyHKIMOHAI OTpaHUY€eH, a0COIIOTHBI MAKCUMYM JTOCTUTAETCSI, MUHUMYM — HET.

3. OyHKIMOHAT OTPaHUYEH, HO A0COTIOTHBIE MUHIMYM U MAaKCUMYM HE JOCTUTAIOTCS.

4. OyHKIMOHAI OrpaHUYeH, HMEET KPUTHUYECKHE TOYKH, HO aOCOJIOTHbIE MHUHHUMYM U
MaKCI/IMYM HC JOCTHUT'AKOTCHI.

5. DYHKIIMOHAT OTpaHUYCH, UMEET JIOKaJIbHbIE MAaKCHMYMbl U MHUHHUMYMBI, HO TJIOOAJbHBIC
MaKCI/IMYM 1 MUHUMYM HEC JOCTHUT'AKOTCA.

6. Nmeercst emMHCTBEHHBIN JTOKATBHBIN SKCTPEMYM, HE SBIISFOIIUIICS TJI00QTBHBIM.
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7. Nwmeercss 6eCKOHEUHOE YMCIIO JIOKAIBHBIX MAaKCUMyMOB, HO HET HHM OJIHOTO JIOKAJIbHOTO
MUHHMYMA.

8. Orpannyenue QyHKIMH, 3aJaHHON Ha TUIOCKOCTH, HA JIOOYIO MPSIMYIO, IPOXOASIIYIO Yepes3
Hayalo KOOPAUHAT, UMEET B HyJI€ JIOKAJIbHbI MUHUMYM, HO BMECTE C TEM HayaJlo KOOPJUHAT HE
ABJISIETCS] TOYKON

JIOKaJIbHOI'0 MMHUMYMa.

9. MOXHO 1M yTBEp)KJIaTh, YTO €ClIi (PYHKIHS OJHOM IMepeMEeHHON UMeeT B KaKOK-IH00 TOuKe
JIOKaJbHBIH MHUHMMYM, TO B HEKOTOPOW OCTATOYHO MAaJIOM OKPECTHOCTH A3TOH TOYKH clieBa OT
TOYKU (PyHKIIMS yOBIBAET, a CripaBa BO3pacTaeT?

10.  Ilycts dyukmus / onpeneneHa u nuddepermupyema Ha Rn, ygosierBopser yciioBuro lim
f(x) =+00 u f'(x) uMeeT eAMHCTBEHHBII

|>k|—s-00

HYJb X. JloKa3arp, 4TO X ABISAETCSA TOYKOW aOCOMOTHOTO MUHUMYMa () YHKIIHH /.

11.  Ilyctb kaxaplii GyHKIHMOHATI HA HEKOTOPOM MHOXECTBE X JIOCTUIAET CBOEr0 abCOIIOTHOIO
MUHHMYMa. JloKa3aTh, 4TO X — KOHEYHOE MHOXKECTBO.

®opmanuzosars ymp. 12-17.

12. Haiitu kparyaiiliee pacCTOsSHHE OT 3aJJaHHOW TOYKU A, 2) Ha TUIOCKOCTH JI0 MpsMoit 2x\ +
N2 =1.

13. Haiitn xparuaiiliee paccTOSSHHE OT 3aJaHHOM TOYKM B TPEXMEPHOM IPOCTPAHCTBE 10
3aJJaHHOU IIJIOCKOCTH.

14.  Bmnwucatb B Kpyr TpeyroibHUK C HAMMEHbIIEH CYMMOM KBaJpaTOB CTOPOH.

15.  Haiitu Ha IUIOCKOCTH TOYKY, CyMMa PAacCTOSHMM OT KOTOpPOH O TpeX 3aJaHHbIX TOYEK
MUHUMAJIbHA.

16.  Pa3genuth 3a7aHHOE MOJIOKUTEIBHOE YHUCIO Ha JBE YacTH TaK, 4TOOBI NPOU3BEJECHHE
IIPOM3BENICHUS ITUX YacTel Ha UX Pa3HOCTh ObUIO MaKCUMAJIbHBIM.

17. Cpeau NmoIMHOMOB CTENEHU II CO CTApIIUM KOA(PPUIMEHTOM, paBHBIM €JUHMLE, HAUTH

MIOJIMHOM, UMEIOIIUI HauMeHbIyto Hopmy B L/2([—1, 1]).

PexoMenanuy mo BEINOJIHEHUIO 33JaHMi U HOATOTOBKE K MPAKTHUYECKOMY 3aHSITHIO
1. O3HaKOMUTBCSA C 3aJJaHUEM;

2. I3y4nTh TEOPETHUIECKHUE CBEJICHMS, TOJIYICHHBIC Ha JICKITUH;

3. O3HaKOMUTKCS C MPUMEPAMU PELIeHUs TOJOOHBIX 33]a4 B yueOHOW JIHUTeparype;
4. BeINOMHUTD 3a/1aHUE B TETPAIH.

OcHoBHast TuTepaTypa
1. Jleroma, T.A. Meroasl ontumuzaiuu. [Ipaktudeckuii Kypc : yueOHoe mocooue /
T.A. JIetoBa, A.B. IlanTenees. - Mockaa : Jloroc, 2011.
JlonmonHuTenpHas TuTEpaTypa
1. Kyp3una, B. M. Meronsl ontumusaiuu : yaeobnoe nmocodbue / B.M. Kyp3una, A.B. Tpery0. -
Mocksa : MI'VJI, 2003. - 47 c.

KoHTpoJIbHBIE BOOPOCEHI U1l CAaMOIIPOBEPKH
1. Kakue Buapl MaTeMaTHdecKuX Mozeliei Bel 3Haere?
2. JlaiiTe ompe/elieHue MaTeMaTHIECKON MOIEeITH
3. Uto Takoe mpsmMasi 3a/1a4a MOJICITHUPOBAHHS?
4. Kakwne sTansl HEOOXOIUMEI IS TIOCTPOCHUS MaTeMaTHIEeCKOW MOIeTn?
5. Uro Takoe maTexHasi MaTpuiia’?

IIpakTnueckoe 3ausarue No 2

Y CIIOBHBIN KCTPEMYM

ﬂenb [2360TLI: I/I3y‘-II/ITI> MAaTeMaTU4YCCKUC MOJIC/IN C HCOIIPCACICHHBIMU IMapaMeTpaMn
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TeopeTuuekue cCBEACHUS

Ecnu paccmarpuBath cucTeMy N JIMHENHBIX YPABHEHUN C M HEU3BECTHBIMU
Ax=b

B Cllydyae, KOrJa OHa I[IepeolpesesieHa, TO HHOIJA OKa3bIBAE€TCS €CTECTBEHHOM 3ajaya o
HaxOXXJICHUH BEKTOpa X, KOTOPBIH "yJOBIETBOPSET 3TOM CHCTEME HAmIydimmMm obpazoMm", T. €. u3
Bcex "He peweHuil" sBigercs aydmiuM. Hampumep, OblBaeT mHOJE3HOHM 3ajadya O HAXO0XKJIECHUHU
BEKTOpa X, Ji1 KOTOPOro Pa3HOCTh MPaBOM U JIEBOM yacTeil cCUCTeMbl (HEBsS3Ka) MUHUMAaJbHA, T. €.
MUHHMaJIbHA ()YHKIIHS

f(x) = llAx - b]l. 1)
DTy 3a7a4y CUMBOJIMYECKH 3aIMCHIBAIOT B BUIIC
f(X) — min

Hopmy B (1) MoxHO Opath pa3Hyro. Hanpumep, eciu B3siTa €BKIMIOBA HOPMA, TO MOJTY4aeTCsI
3a0a4a o Hauryyuem KeaopamuyHoM NPUOIUNCEHUU

n m 2 12
(> |>X ajx-bi| ) — min,
i=1j=1
WJIM, 9TO SKBHUBAJICHTHO,
n m 5
> Y ax-—bi|| — min,
i=1 j=1

I'eomeTpruecky dTa 3a/1a4a MHTEPIPETHPYETCS KaK 3a/1a4a 0 HAXOXKJICHUH Ha THIIEPIUIOCKOCTH
A(R™) B mpoctpanctee R" Toukn, 6mmxkaiimeii k Touke b = (by, ..., by).
3anaua Ulreiinepa.

Knaccuueckas 3adaua [lImeiinepa Gpopmynupyercs Tak: Tpebyercs Haiiti Touky X € R™, cymma

PaccTosHUI OT KOTOPOH /IO 3aJaHHBIX TOYEK X, ..., X' € R™ MuHMManbHa. DTa 3a1a4a THITHYHO
ONTUMHU3ALMOHHAS:
n
def H .
i) £ 2, |IX — X'|| = min

i=1

[IpuBeneHHbIE BBINIE 3aa4d IPEACTABISAIOT COOOM 3aqauu Oe3yClo6HOU onmumusayuy — Ha
HCKOMOE pEIIEHHUE HE HaJlaraeTcs HUKAKUX JONOJIHMUTENBHBIX YCIOBHM, KPOME TOro, 4TO OHO
JOJIKHO JIOCTaBJIATh MMHHUMYM HEKOTOpOM (QYHKIUHM (APYrUMH CJIOBaMH, MUHUMYM (QYHKIUU
UILETCS] Ha BCEM IMPOCTPAaHCTBE — OOJIACTH ompeneneHus ¢pyHkuuu). Yaie BCTpeyaroTcs 3a1auu
YCNI08HOU OnMUMU3ayuu, TPUMEpPbl KOTOPBIX MbI IPUBOJUM HUXKE.
3agaya o pauuoHe.

HyCTB nMeeTcsa N Pa3IUMYHBIX MUIICBBIX MPOAYKTOB, COACPKAIIUX m PA3JIMYHBIX IMUTATCIBbHBIX
BenecTB. OO03HAUNM depe3 ajj coAepKaHue (0JII0) J-ro MUTATEIBHOTO BELIECTBA B i-OM IMPOIYKTE,
gyepe3 Dj — CyTOUHyI0 TOTpPeOHOCTh OpraHW3Ma B j-OM IIMTATEINFHOM BEIIECTBE, Yepe3 Ci —
CTOMMOCTh €JMHHUIIBI I-TO TpoAyKTa. Tpedyercs COCTaBUTh CYTOYHBIH palMOH ITHTaHUS
MUHHUMAaIbHOH CTOUMOCTHU, ynOBHGTBOpSIIOHIHﬁ HOTpe6HOCTB BO BCEX IIMTATCJIIBHBIX BEHICCTBAX.
Ecnu 0003HaunTh 4epes Xj CyTOYHOe MoTpeOiieHue I-ro MpOoJayKTa, TO dTa 3aJada MOXKET OBITh
dopmanuzoBana cieayommmM oopasoM. Hy:kHo MUHUMH3HPOBATH (DYHKIIHIO

n
f(X1, .., Xn) = Y. CiXj (CTOMMOCTbH parnoHa)
i=1
IpU YCIOBHAX
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n
> ajjXj > bj, j=1,..,m
i=1
(pauuon JOJKEH cojepxKaTh He MeHee CYTOYHOI

MOTPEOHOCTHU B KAXKJIOM M3 MUTATEIbHBIX BEILIECTB).
OueBUIHO, TAKXKE CIIEYET TPeOOBATh, YTOOBI

Xi>0, i=1,..,n.

B BekTopHBIX 0003HAYCHHSIX 3ajad4a O palMOHE MOXKET OBITh 3alrcaHa TaK: MHUHHUMH3UPOBATH
G YHKIIHIO

f(x) = (c, x),

rae € = (Cy, ..., Cn) € R"; aTy 3a1auy, Kak 0OBIYHO, 3AMMCHIBAIOT B BUIE

(c, X) — min,

P OTPAaHUYCHUSIX

Ax>Dh,

X>0.

B HuX HepBOe HEPaBEHCTBO CBA3bIBAET 1Ba BekTopa AX u b us R™, a Bropoe — 1Ba BekTopa X u © u3
R".

3ajianue:
Haiitu sxcTpemyM 11eeBoit GyHKIIUU, UCTIONB3YsI METOJIBI pellaKCcallii, TPOIIOPIIMOHATIEHOTO

TpaAUCHTHOI'O IMTONUCKa U HaHCKopeﬁmero nmoar€Ma (CHy'CKa), HadynHasA ¢ TOUKH XO. Yka3aThb
YCJI0BUC OCTAHOBKH, CPABHUTDb CKOPOCTH CXOANMMOCTHU U PACCTOAHUC 10 UCTUHHOT'O 3KCTPEMYyMaA.
HOCTpOI/ITB TPACKTOPUIO ITOUCKA.

1. f(X)= 3% — X1 — x2° — 3x2% ; XI max| - 1°= (0, 0)

2. f(X)= %1% — 4xq + 2x.° + 2%, ; XI min| %= (1, 0)

3. f(X)= X1? X — 2X1X%5 + X1/X2 3 XI min| %= (1, 2)

4. f(X)= 9x1% — 90xy + 16x5% - 128x, ; X min| °= (1, 0)

5. f(X)= 2x:% — 12x1 + x5° ; XI min| %= (5, 3)

6. f(X)= 2x2% + X2 2 — 3xgx*2; X min| %= (2, 2)

7. 1(X)= (<1 —2)* — (x2— 3)% ; X max | °= (6, 4)

8. f(X)=4x; —8x, - 2X12 - 2%, ; XI max | %= (5, 10)

9. f(X)=8Xy + 32X, - 2X4° - 4x,° ; X| max | °= (6, 6)

10. f(X)= 2X1 - X1° - x> ; XI max | %= (3, 2)

Haiitu sxctpemym neneBoii pyukunuu f(X) Mmeromom HeonpeneneHHbIXx MHOKUTENEH Jlarpamika,
COCTaBUTh JBOMCTBEHHYIO 3a/]1a4y:
f(X) = (X0=2.5)%+ X% > max ; Xy >0; Xo > 2; X3 + X, < O;
X1—X2<1; X1 +2X>3
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Haiitu sxctpemym neneBoit pyukunuu f(X) Mmeromom HeonpeneneHHsIx MHOKUTENEH Jlarpamika,
COCTaBHTh BOMCTBCHHYIO 3a/1a4y:

1| F(X) = (x—2.5)+ X 2> max ; Xy >0; X, >2; X + X< 9;
X1— X2 <15 Xg + 2%2 3

2. [f(X)=X1Xo-XoXg—> MiN; Xy +X3 =2 X1°+X°=1

3. | F () =x 2= (%+2)° > max; Xy =X X174 2> 4;
X1°+%2<4

4. [f(X)=X1Xo—>MiN; X3 +X =1:X1°+Xp°=2

5. | f(X) =X12— X2 — Xy Xp — max ; Xy >1; X 12+ %> 9

6. | f(X)=xX1—min;xi+X332;X1%+X2>2; X1 2+(X22+2) <2

7. 100 =0+ 1%+ (Xo— 1)* > min ;X1 >3; X0 > 1; X 12+ %2> 7

8. | f(X)=x1°— (X2+2)% — max ; X1 =X, X 12+ 2Xp > 4;
X1 +X22§4

9. [T(X)=X1—Xe—min; X3 + 3% <3; X1~ X2 >—3; 2X1 + Xp >3

10.| f(X) =In X3+ Xo—> Min ;X1 + X <3 X 12+ X2 <9 X, > 1

PexoMeHanyy 1o BbINOJHEHUIO 33JaHUI ¥ TOATOTOBKE K MPAKTUYECKOMY 3aHATHUIO
1. O3HaKOMHTLCS C 3aJaHHUEM;

2. 3y4nTh TEOpETUYECKUE CBEICHUS, IOYUCHHBIE HA JIEKLIUU;

3. O3HaKOMUTKCS C MPUMEPAMU PeLIeHUs] TOJOOHBIX 3a]a4 B yueOHOW JIHUTEepaType;
4. BBINIOJIHUTG 3aJaHUE B TETPAIH.

OcHoBHast TuTepaTypa
1. JIeroBa, T.A. Meroas! ontumuzanuu. [IpakTuueckuit kypce : yuebHoe nocoodue /
T.A. JIetoBa, A.B. IlanTenees. - Mocksa : Jloroc, 2011.
JlonoTHUTE IbHAS JIUTEPATypa
1. Kyp3una, B. M. Metoap! ontumu3zanuu : yaebnoe nocooue / B.M. Kypsuna, A.B. Tpery®6. -
Mocksa : MI'VJI, 2003. - 47 c.

KoHTpOoabHBIE BOIPOCH! JJII CaMOIIPOBEPKHU

1. Kaxkue Bujipl MaTeMaTHaeckux Mojeiier Brl 3HaeTe?
2. [aiite onpeaencHue EIeBOH (YHKIINUU.
3. Uro Takoe IuraTexxHas MaTpuma?

IIpakTnueckoe 3ausarue Noe 3

3agava JIMHEHHOTO MPOrpaMMHUPOBAHUS

[lens pabotsr: [IproOpeTenne npakTHYeCKUX HaBBHIKOB AJIsl PELIECHUS 3aa4 TMHEHHOT O
MPOrPaMMHUPOBAHUS YUCIIEHHBIMH METOIaMU



TeopeTnueckue cBeICHUS

ITocTanoBka 3aJavyn
TpeOyercs HaliTH BEKTOp X , MOCTABIIAIOIIUI MAKCUMYM (DYHKLIUK
f(X)=cXx +C,X, +...+C X 1)

U yJIOBJIETBOPSIIOIINIA CUCTEME OIPaHUYCHHI:

A1 X+, Xo . A8y, X, =0y
Qg Xq F85p X +. . .+8p X, =D,

A Xq Fa Xo+. . A8, X, =0y,

)
X >0, j=Ln

2. Penienue 3a1auu CUMILIEKC-METOIOM
CuMIuIeKC-METO 1 PECTABISET COO0W UTEPATHBHYIO MPOLIEAYPY, BKIIOYAIOIIYIO
JIBa dTarna:
[Tonck HauaILHOTO OMOPHOTO (6a3UCHOTO) PEIICHUS.
[Torck ONTUMANBHOTO PEIICHUS IyTEM MePeXo/ia OT OJHOTO 0A3UCHOTO PEIICHHSI K IPYTrOMY

TakuM 00pa3oM, 4YTOOBI 0OCCIICYNTh BO3pacTaHUE F (X).

2.1. I[louck Ha4aIBLHOIO OIOPHOIO PELICHUs

Jlnist Havana paboThl IO CHMILIIEKC-METOTy TpeOyeTcsi, 4To0bl cucteMa (2) Oblia mpuBeIeHa
K TakoMy BUY, P KOTOPOM KaKHe-JIMOO M HEM3BECTHBIX ObUIN BBIPAXKEHBI UE€PEe3 OCTAIbHbIE
(Matpuna K03 PUIMEHTOB COAEPKUT €TUHUYHYIO TOJAMATPUILY OPSAAKA M), a CBOOOJHBIE WIEHBI
ypaBHEHMI ObUIM HeoTpuuaTenbHbl. Hampumep:

X1+§,m+1xm+1+' . '+£1,n Xp =§

Xy +£2,m+1xm+l+' . '+£2,n Xn :§2

Xm +ﬁn,m+lxm+1+' =8y 0 X, :ﬁm

3)
, X

X, Xy e
Torna cuctemy (3) MOXHO pa3pelIuTh OTHOCUTEIBHO MTEPEMEHHBIX m,
KOTOPbIE Ha3bIBAIOT 0a3UCHBIMH ITEPEMEHHBIMH.

B pesynbrare pemienus cucteMsl (3) 6a3ucHble IEPEMEHHBIE BbIPaKalOTCA Yepes

X X 5o X
OCTAJIbHBIC TIEPEMEHHBIE ~ M+’ “m+2 "1 men " gasprgaeMble CBOOOTHBIMEU. YHCI0 CBOOOTHBIX

IIEPEMEHHBIX K=n—m_ CgpoGonusre IIEPEMEHHBIE OCTAIOTCS POU3BOJIBHBIMA. JlaBast UM
pa3IMyYHbIE 3HAUY€HUs, IOIYYUM BCe pelieHus cuctemsl (3). OnHO 13 peleHnid HalleM, €CiIu BCe
cBOOOHbBIE IEpEMEHHbIE TPUPaABHAEM K HYJI0. Toraa momydnm:

xlzlf,xz:ﬁz...,xm:t%xm+1:0,x =0, X, =0 )

Ecnu Bce uncia tﬁ’ ﬁz T @m HEOTPHUIATENBHEI, TO IOJIyYHMM HEOTPHUIIATEIIBHOE
peleHne cucteMsl (3), COOTBETCTBYIOIIEE KpaifHel Touke (YriIoBOi TOuke, BEpIINHE)
MHOTOTPaHHUKA HEOTPHIIATEILHBIX PEIIEHUH, 3TO TaK Ha3bIBAEMOE OMOpHOE (6a3ucHOE) pereHue.
370 peleHne yJOBIETBOPSIET BCEM OTPaHUYCHUSM CUCTEMBI (2).

Ecnu equHuuHblif 6a3uc He BBIAENSETCS WIH TPYIHO BBIAETSETCS, TO AJISl €r0 CO3/IaHus
BBOJIATCS] HCKYCCTBEHHBIE IEpEeMEHHbIEe Xn+i, i=1,...,m. B cucremy orpanu4eHuii OHM BXOJISAT C
koa(urmenTom «+1», a B meneByro QyHkIuio ¢ kodpduimenTom «-My, e M — cKoJib yroaHo
00JIBIII0€ TIOJOKHUTEIbHOE YHCI0.  TO eCTh I UCXOTHOU 33/1a4H COCTABIISIETCS PACIIMPEHHAS
3ajava, KOTopasi UMeeT BU]T

m+2

26



F(X) =icjxj -M ixmi = max
j=1 i=1

da X +%.,=b;b>0i=Lm
i1

x>0 i=Ln+m

N x}={0,...,0,b,....b
OTOH 3amaue COOTBETCTBYET OIIOPHOE PEIICHUE: { } { T ’bl’ ! m} U 3HAYCHUE
Yy

m
F(X)=-M>h,

1eJIeBON (YHKITUH: =

Ha3nadeHue JOMOIHUTENBHBIX CIaracMbIX B IIEJICBON (YHKIIMU M UCKYCCTBEHHBIX
MNEPECMCHHBIX COCTOUT B TOM, YTOOEI B XO0J1€ pCIICHHUA M-3aI[a‘II/I BBIBCCTH UCKYCCTBCHHBIC
NIEpEMEHHBIC U3 cocTaBa Oa3uca.

Ecnu B pesynbrare pemenus M-3a1aun OKaxeTcsl, 4TO UX 3HAYECHMs HE PABHBI HYJIIO,
TO 3TO O3HAYAET, YTO OTPAHUYCHUS (2) HECOBMECTHBI

3ajiaHue:
PemmmTs 3apady TMHEHHOrO TPOrpaMMHUPOBAHUS:

max F(x) = x; + 4x,
X, +2:-X, 22

- X, +X,<3

X, + X, <7

2-% +X,<10

X, 20,x, >0

PexoMeHanyy 1o BbINOJHEHUIO 33JaHUI ¥ TOATOTOBKE K MPAKTUYECKOMY 3aHATHUIO
1. O3HaKOMHTLCS C 3aJaHHUEM;

2. 3y4nTh TEOpETUYECKUE CBEICHUS, IOJYyYCHHBIE Ha JIEKIIUH;

3. O3HaKOMUTKCS C MPUMEPAMU PELIeHUs] TOJOOHBIX 3aJa4 B yueOHOW JHUTeparype;
4. BBIIIOJIHUTG 3aJaHUE B TETPAIH.

OcHoBHast TuTepaTypa
1. JletoBa, T.A. Metoas! ontumuzanuu. [Ipaktuueckuii kype : yaeGHoe ocodue /
T.A. JIetoBa, A.B. IlanTenees. - Mocksa : Jloroc, 2011.
JlonoHUTENbHAS TUTEpPaTypa
1. Kyp3una, B. M. Meronb!l ontumusaiuu : yaeOnoe nocodue / B.M. Kyp3una, A.B. Tpery0. -
Mocksa : MI'VJI, 2003. - 47 c.

KoHTpoJbHbIE BOOPOCHI /715l CaMOTIPOBEPKHU

1. CkonpKO TMEepeMEeHHBIX (KaKyl pa3MEepHOCTh) OyIeT MMETh 3ajada mociie MmpeoOpa3oBaHus B
KaHOHHUYECKYI0 (OopMy, €CclM OTpaHMYeHMs 3aJaHbl CUCTEMOH N HEpaBEHCTB U BCE IEPEeMEHHBIE
MMEIOT NMPOU3BOJIbHBIN 3HAK?

2. To e, yTo U B Bonpoce 1, HO Bce nepeMeHHbIe TOJI0KHUTEIbHBI.

3. CKOJIBKO BEPIIMH MOXKET UMETh JOMYCTHMOE MHOKECTBO, €CJIM 33/1a4a 3a/laHa B KAaHOHUYECKOM
dbopMe 1 YnCII0 TEPEeMEHHBIX PaBHO YHCIY YCIOBUH-PaBEHCTB?

4. CKOJIBKO BEpIIMH MOXXET HMETh JOIMyCTUMOE MHOKECTBO, €CITH 3a]ada 3a/laHa B KaHOHUYECKOH
¢dopme 1 ycioBuii-paBEHCTB Ha OJHO MEHBIIIE YHCIIA IEPEMEHHBIX ?
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9.2. MeToauyeckne yKa3aHusl 0 BHINOJTHEHUIO KOHTPOJIBLHOH PadoThl

KonrtponsHas pabota nmpeacrasisieT co00i crioco0 MpoBepKU 3HAHHUH CTYICHTa, €T0 YMEHUI

U OpeamnojararoT NHUCbMEHHBIC OTBEThBI Ha IIOCTAaBJICHHBIC BOIIPOCHI,

BBINIOJITHEHUE IPAKTUYECKUX  3aJaHUU.
OTBETCTBEHHOM BBIIIOJIHEHUM BCEX JOMAIHHUX 3aJaHUM IO JUCUUILIMHE U CaMOCTOSTEIIbHOU
popabOTKE OCHOBHOM U JOIOJHUTEIBHON JINTEPATYPHI.
Lenbo KOHTPOJILHOM PabOTHI SABJISETCS MPUOOPETEHNE HABBIKOB CAMOCTOSITENILHON paboThI
C JUTEpaTypo, 3aKperyieHHe yMEHHH padoThl CO Cpenod MpOorpaMMHUpPOBaHUS, (HOPMHPOBAHUE
HABBIKOB OLIEHKU PE3yJIbTAaTOB COOCTBEHHOI J1€ATEIbHOCTH.
BrImonHeHUsT KOHTPOJIBHOUW pabOThI MPEAIOJIaracT:
- aHaJIM3 NOCTaBJICHHBIX 3a/1a4 U BHIOOP METO/IOB UX PEIICHHUS;
- peanu3altIo PEeLICHUs TIOCTAaBICHHBIX 3a/1a4;
- IPOBEPKY U aHAJIN3 MTOJIyYEHHBIX PE3YJIbTATOB;
- ohopMJICHHE OTYETA.

OT4eT o KOHTPOJIBHOU paboTe OpopMIISIETCS B IEYATHOM BUJE U CONEPIKUT:

- (opmyHpOBKY 3adaHMIA,
- ONHCAHUE UX PEIICHUIA;

- MOJIyYCHHBIC PE3YJIbTATHI;
-BBIBOJIBI.

a100 CcaMOCTOSITENbHOE
[lonroroBka K KOHTPOJILHOW paboTe COCTOUT B

10. IEPEYEHb UH®OPMAILIMOHHBIX TEXHOJIOI'UHI, UCMTOJIb3YEMBbIX IIPU
OCYHIECTBJIEHUU OBPA30BATEJIBHOI'O NTPOLECCA IO JUCHUIITIMHE

1. Microsoft Imagine Premium: Microsoft Windows Professional 7;
2. Microsoft Office 2007 Russian Academic OPEN No Level;

3. AnTHBHpYCcHOE porpammHoe obecrieuenue Kaspersky Security;
4. FreeMat.

11. OMUCAHUE MATEPUAJIbHO-TEXHUYECKOM BA3bI, HEOEXOJIUMON

JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOT'O ITPOLHECCA ITO AMCIUIIJIMHE

Buo Haunenosanue Ilepeuensv ocnoenozo 06opyoosanus N JIP, I3
3aHaAmuUs ayoumopuu
1 2 3 4
JIk JlexuroHHas ayauropus - -
JIP JTaGoparopust TeXHUUeCKUX | IlepcoHanbHble KOMNBIOTEPSI i5- Ne 1-2
CPEJICTB 3alUThI 2500/H67/4Gb/500Gb (MoruTop TFT19
Samsung E1920NR);
uH(opmanuy HMHTEpaKTHBHAs Jocka Smart Board X885ix
CO BCTpOeHHBIM 1poekTopoM UX60
113 JlexunoHHas ayauropus -
O6opynosanue 10 IK i5-
Kp 431 2500/H67/4Gb(monutop TFT19 Samsung); -
npuntep HP LaserJet P2055D
CP q31 O6opynosanue 10 IK i5- -

2500/H67/4Gb(mouuTop TFT19 Samsung);
npuntep HP LaserJet P2055D
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®OHJA ONEHOYHBIX CPEACTB AJ1d TPOBEJEHUSA

IIpuiaoxenne 1

MPOMEXXYTOUYHOM ATTECTAIIMU OBYYAIOIIUXCSA MO JUCIHUIIJINHE

1. Onucanue ¢poHIa OLIEHOUYHBIX CPEACTB (IACMOPT)

Ne
KOMIIEeT Paszpnen Tema
JIeMEeHT KOMIIeTEeHIINHU DdPOC
eHIMH
OK-3 CrocoOHOCTE UCIIOIL30BaTh 1.1 [Ipon3BoHas | DK3aMCHHALMOHH
OCHOBBI 5KOHOMUYECKHX 3HAHUN | m y 0TOOpaXKeHHUS ‘;\}?1‘3‘1?0;
B PAsIMIHBIX Chepax § 2 § 1.2 Touku TOKANBHOTO M | DK3aMEHHAIIMOHH
KUSHCACATEIILHOCTH &= gE ¢:> 7106a1bHOTO MUHUMYMA. bIii BOIIPOC
=83 Nel.31.-4
£ g § 1.3 Heob6xonumbie u
e% & & | mocraTouHbBIC yCIOBHS OK3aMeHHAIHOHH
o T MHHHMyMa BIH BOIIPOC
Nel.5-1.7
OIIK-1 | CnocoGHOCTh UCIIOIB30BATh 2.1 [Tpocreimas | Hxsamennammonn
0a30BbIe 3HAHUS €CTECTBEHHBIX 3aja4ya BapHAlMOHHOTO blii BOIpOC
HAyK, MATEMATUKH U VCUMCIICHUS] Ne2.1-2.3
MH(POPMATUKH, OCHOBHBIC 2.2 OyHKIMOHA,
(bakThl, KOHLENIMH, TPUHIIUITBL 3aBUCAIINN oT
TEOpHii, CBA3AHHBIX C HECKONBKUX  (DyHKIHIA, 3K3;?;)T£LOHH
MPUKIIAIHON MaTeMaTUKON 1 npocTeiias 3ajadya B No2 4-2.7
nH(}OPMATUKON rapaMeTpUIeCKOU
dbopme
“E’ 2.3 OyHKIIMOHAT,
2 3aBUCAIINN oT
g CTapIIuX
§ IIPOU3BO/IHbIX, SKSathHHaHHOHH
S| dyonan o
S N 02.8-2.
&= 3aBUCAIINN oT
% (GYHKIIUM  HECKOJIbKUX
g NEPEMEHHBIX
MK-2 CrocoGHOCTh MOHUMATb, § 2.4 3anava Ha | xsameHHAIEOHH
COBEpPILIEHCTBOBATh U IPUMEHSTh o~ YCIIOBHBIM IKCTpEMYM, blii Borpoc
COBPEMEHHBIN MaTeMaTU4YECKUI U30IepUMETpUYECcKas Ne
ammapar 3ajaua 2.10-2.11
2.5 Heo0xomumMere
YCIIOBHS ciaboro
dKCTpeMyMa 1-r0 M 2- | Dxzamennammonn
ro nopsjaka, BIM BOIIPOC
2.12-2.15

JIOCTaTOYHbIC YCIIOBHUS
ciaboro ’kcTpemyma 1-
T'0 ¥ 2-TO TIOps/IKa
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2. DK3aMeHAUlMOHHbIE BOMPOCHI

Ne Kommnerenunu 3K3AMEHHAIIMOHH
BIE Ne 1 HAaUMeHOBaHMe
BOIPOCHI pasiera
n/n Kon Onpenesnenue
1 2 3 4 5
1. OK-3 Cnoco6HOCTD 1.1. ITpousBogHas B 1. dynkumoHas bl B
HCIOJIb30BAaTh OCHOBBI | OECKOHEYHOMEPHOM HOPMHPOBAHHBIX
9KOHOMHYECKHUX npocrpancTree. Teopema o HIPOCTPAHCTBAX
3HAHUU B PA3IMYHBIX | MOJHOM NPOMU3BOAHOM
chepax 1.2 ®opmyiibl KOHEUHBIX 1. dyukunoHansr B
KHU3HECATEIIbHOCTH MpUpPAILECHUN 115 HOPMHPOBAHHBIX
Npou3BOAHBIX ['aTo u [POCTPAHCTBAX
Opere
1.3. JlokayibHbBIN U 1. dynkumoHa bl B
rJ100aNbHBI MUHUMYMBI HOPMHPOBAaHHBIX
(dbyHKIIMOHATIA. IIPOCTPAHCTBAX
1.4 Konyc nomycTumsbIx 1. ®yukimoHansr B
HanpaBJICHUN HOPMHPOBAaHHBIX
MPOCTPAHCTBAX
1.5 Teopema Jlroctepauka. | 1. ®ynkuuoHansl B
Brruncnenue konyca HOPMHPOBAHHBIX
JOIYCTUMBIX HAIIPABJICHUM | MPOCTPAHCTBAX
JUISL MHOXKECTBA, 33JJaHHOTO
HEPaBEHCTBAMH 10 TEOPEME
JIrocrepruka. BeiBog
HEO0OXOJIMMBIX yCIOBHH 2-
ro nopsiaka. Beisoa
JIOCTaTOYHBIX YCIOBUM 2-TO
TOpsIKa
1.6 BeIBOT HEOOXOIMMBIX 1. ®yukumonansl B
yCIOBUH 3KCTpeMyMa 1-T0 | HOPMHPOBaHHBIX
nopsiaka. Beisog MPOCTPAHCTBAX
JIOCTATOYHBIX YCIOBHIA 1-T0
TOpsiIKa
1.7 BeiBoT HEOOXOIMMBIX 1. ®dynkumoHan bl B
YCIIOBUH DKCTpeMyMa 2-TO | HOPMUPOBAHHBIX
nopsiaka. Beisog MPOCTPAHCTBAX
JOCTATOYHBIX YCIOBHHA 2-TO
TOpsIIKa
2. OIIK-1 CrocoOHOCTE 2.1 3amaya JIugoHbI 2. Bapuanuonnoe
HCII0JIb30BaTh HCUYHCIICHUE
0a30Bbl€ 3HAHUS
€CTECTBEHHBIX HayK,
MaTeMaTUKH U
UH(POPMATUKH,
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OCHOBHBIC (DAKTHI,
KOHIICIILUH,
MIPUHITUIIBI TEOPUH,
CBSI3aHHBIX C

2.2 Ilpocreitmas 3agada
BApUALIMOHHOTO
HCYUCIIEHUS

2. Bapuaruonnoe
UCYUCTIEHHE

MPUKIATHOMN
MAaTEMaTUKON U
nH(pOpMaTHKOU
2.3 OyHKUMOHA, 2. BapuarmonHoe
3aBUCAIIMNA OT HECKOJIBKUX | MCUHMCIICHHE
byHKIMHA
2.4 . OyHKIMOHAT, 2. Bapuaiuonnoe
3aBUCAIIUN OT CTapIInX HCUUCIIEHUE
IIPONU3BOJHBIX
2.5 ®yHkuuoHa, 2. Bapuammontoe
3aBUCAILUN OT QyHKIMU UCUHCIIEHUE
HECKOJIbKUX MCPECMCHHBIX.
ITpumep.
2.6 YCIOBHBIM SKCTpeMyM | 2. BapuanuoHHoe
Y U30IepUMEeTpHUECcKas HCUYKCIICHUE
3ajada
2.7 Cenenue 3a1a4u K 2. BapuarmonHoe
0€3yCIIOBHOMY 9KCTPEMYMY | MCUHCICHUE
MK-2 CrnocoGHOCTh 2.8 Teopema Diinepa 2. Bapuarmontoe
MMOHWMATh, HCYHUCIICHHE
COBEpIIIEHCTBOBAThH U
TIPUMCHATE 2.9 3amaya co cBOOOJHBIM | 2. Bapuaunontoe
COBPCMCHHBIN IIpaBbIM KOHIIOM, 33Jla4a C | HCYMCIICHHE
MaTeMaTHICCKIHI MPaBbIM KOHIIOM, JIEKAIIHM
anmapar

Ha 3aJJaHHOW KPUBOM..

2.10 Haxoxnenune
T'e0JIC3NICCKUX KPUBBIX Ha
3aJJaHHOM MOBEPXHOCTHU

2. BapuaronHoe
HCUHCIICHHE

2.11 Ycnosue Jlexxanapa

2. Bapuanuontoe

UCUKCIIEHHE
2.12 Ypasuenue Sxo0wu, 2. Bapuanyonsnoe
ycioBue SIKoOH, yCUIIEHHOE | UCYHCIICHHE

ycnoBue Akoou

2.13 HeoOxonuMmeie u
JIOCTaTOYHBIEC YCIOBHS
c11ab0ro SKCTpeMyMa

2. Bapuanuontoe
UCYUCTIEHHE

2.14 Tlone »kcTpemaneit

2. Bapuanyontoe

HCYHCIICHHE
2.15 VHBapuaHTHBIN 2. BapualmoHHoe
unTerpai ['unsbepra. UCYKCIICHHE

Oynkiusa BeriepmTpacca
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3. Onucanue nokaszaresieil 1 KPpUTEpHeEB OlleHMBAHUS KOMIIeTEHIIUIT

Ioka3zarenn Ouenka Kpurepun

3HaTh 3HaeT crocoObl pelIeHus CTaHAapPTHBIX

(OK-3): HSKOHOMMYECKHUX 33/1a4 B pa3IMYHBIX cepax

- crocoOBI peleHNs KU3HEJECATENbHOCTH;

CTaHIapPTHBIX -3HAET OCHOBBI ECTECTBEHHBIX HayK, OCHOBHbBIE

HPKOHOMUYECKHUX 3a/1a4 B (haKThI, KOHIIEIIUY, IPUHITUIIBI TEOPHA,

pa3iInuHbIX chepax CBSI3aHHBIX C MIPUKIIATHOW MAaTEMAaTUKON U

KU3HEJEATEIILHOCTH; nH(OPMATUKON

(OIIK-1): -3HACT COBPEMEHHBIM MaTEMAaTUYECKUI amnmapar ;

- OCHOBBI €CTECTBEHHBIX - IPUMEHSTh TEOPETUUYECKUE 3HAHUS U

HayK, OCHOBHBIE (DaKThI, MH(OPMALIMOHHO-KOMMYHHUKAIIIOHHBIE

KOHIIETIITNH, TPHHIIUITHI TEXHOJIOTHH,

TEOpUH, CBI3aHHBIX C OTJMYHO -yMeeT MPUMEHSTH afnmnapaT MaTeMaTUKH U

IIPUKIIATHON MaTeMaTHUKOM WH()OPMATHUKH TSI PEIICHUS TPAKTUICCKIX

U MHPOPMATHUKOIA, 3azay;

(lIK-2): -yMeeT NOJIb30BaThCs PA3TUIHBIMU

COBpPEMEHHBIH MH(OPMALIMOHHBIMU UCTOYHUKAMU JJIsI

MaTeMaTU4YeCKUi anmnapar MOJTyYeHHS COOOLICHUI O COBPEMEHHBIX
pa3paboTKax B METOAAX ONTUMHU3ALIUN

Ymern -BJIaJICET pUEMaMH peLIeHUs 3a/1a4

(OK-3): poheCCUOHATILHOM JIeATEIILHOCTH;

- IPUMEHSITh -BJIaJICET METO/IAMHU PELLICHUSI MAaTEMATUYECKUX

TEOPETUYECKHE 3HAHUS U 3a1a4y

MH(OpPMaLMOHHO- - BJIaZICET METO/IaMU ONITUMHU3ALMK B PA3IMUHbIX

KOMMYHUKaI[MOHHBIE cdepax KHU3HEIEATEIbHOCTH.

TEXHOJIOTHUH, 3HaeT OCHOBHI €CTECTBEHHBIX HAayK, OCHOBHbIE

(OIIK-1): (haKThl, KOHLEMIUH, IPUHITUIIBI TEOPHA,

- MPUMEHSATH anmapar CBSI3aHHBIX C MPUKIIATHON MaTEMAaTUKON 1

MaTeMaTUKH U nH(pOPMATUKON

uH(pOpMaATUKH JIJIs1 -3HAET COBPEMEHHBII MaTeMaTUYeCKUl anmapar ;

pELIeHUS] TPAKTUYECKUX - IPUMEHSTh TEOPETUYECKUE 3HAHUS U

3a1a4y MH(POPMAIITMOHHO-KOMMYHHUKAIIMOHHBIE

(TIK-2): TEXHOJIOTHH;

- [10JIb30BAThCA xoporuo -yM€EeT NMPUMEHSThH anmnapaT MaTeMaTUKU U

pa3IMYHBIMH MH(OPMATUKH JIsI pEIICHUS MTPAKTHIECKIX

MH(OPMaLlMOHHBIMU 3aj1ady,;

UCTOYHUKAMU JJIs1 -YMEET MO0JIb30BATHCS PA3IMUYHBIMU

MOJTyYEHUs COOOIIEHUH O MH(OPMALIMOHHBIMU UCTOYHUKAMU 151

COBpPEMEHHBIX pa3paboTKax MOJTyYeHHs COOOLIEHUN O COBPEMEHHBIX

B METOJIaX ONTUMH3ALUU pa3paboTKax B METOAAX ONTUMU3ALMH
-BJIaJIEET METOJaMU PELICHUS] MaTeMaTHYECKUX

Baagern 3ajad.

(OK-3): 3HaeT OCHOBBI €CTECTBEHHBIX HAYK, OCHOBHBIE

— TIpUEMaMH PEIICHUS (haKThI, KOHIICTIITUH, IIPUHITUITH TCOPHH,

3aja4 IpogeccuoHaIbHON CBSI3aHHBIX C IPUKIIATHOW MAaTEMAaTUKOW U

JEATEIbHOCTH nH(OPMATUKON

(OIIK-1): yno:é;f}f:pn -yMeeT MPUMEHSTH anmnapaT MaTeMaTUKU U

- METOJIaMHU PEIICHUS
MaTEMAaTUYCCKHUX 3a1ay4.
(TIK-2):

METOAAaMH OIITUMU3AllUU B
pasIuuHBIX chepax

MH(OPMATUKH [Tl pEIIeHUS TPAKTHYECKUX
3a1ady;

-YMeEeT MOJIb30BaThCs PAa3INYHBIMU
MH(GOPMAIIMOHHBIMA UCTOYHUKAMU JIJIS
NIOJTyYEHHs COOOLIEHUH O COBPEMEHHBIX
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JKH3HENCATENHLHOCTH pa3paboTKax B METO/IaX ONTHUMHU3AINH
-BJIaJICET MPUEMaMHU PEIICHUS 3a/1a4y
npodeCCUOHAIBHON IeATETHLHOCTH,

-BJIaJICET METOJaMU PEIICHUS] MATEMaTUYECKUX
3a7a4

HECYA0BJIETBO

PHTEIBHO JIeMOHCTpPHpPYET MeHee TT0JOBHHBI

c(hOpPMHUPOBAHHBIX MTAPAMETPOB KOMITETECHITUI

4, MeToauuyecKkue MaTepualjibl, onpeacjadrmue npouecaypbl ONCHUBAHUA 3H3HI/I]71,
YMeHHﬁ, HABBIKOB H OIIBITA J€ATECJIBbHOCTH

Jucuumnuaa Meronpl ONTHUMM3AIMKM HAMpaBlieHa Ha O3HAKOMIIEHHE OO0YYaroluXcs C
oOmield Teopuel HKCTpEeMalbHBIX 3a1ad (MUHUMH3aUUS (DYHKIIMOHAJIOB Ha IOAMHOXKECTBaX
HOPMHUPOBAHHBIX MPOCTPAHCTB, BAPHAIMOHHOE HCYMCICHHE M ONTHMAIbLHOE YIpaBICHHE), HX
pOJBI0 B NPUKIAAHBIX 33/a4aX, BOOPYKUTh TEOPETHUECKUMH M YHCICHHBIMH METOJIaMH,
MPUMEHSEMBIMHU JJI PEIICHUs IMUPOKOTO KPyra WHKEHEPHBIX, MATEMAaTUYECKUX, SIKOHOMHUYECKHUX
3a7a4. A TakKe OCYIIECTBJIEHHUS IOMCKA, XpaHEHHs, OoOpabOTKM M aHaiu3a MH(POpMaLUuu U3
pa3IMYHBIX UCTOYHUKOB M MPEJCTABICHUS €€ B COOTBETCTBYIOIIEM BHUJE U I UX AaJbHEHIIero
UCTIOJIB30BAaHUS B PAKTHUECKON JCATEITBHOCTH.

N3ydenne aqucuuminHel MeToIbl ONTUMH3AIUH TIPEAYCMaTPUBAECT:

JCKIH,

NPaKTUYECKHUE 3aHATHS,

nabopaTropHbIe pabOTHI;

KOHTPOJIbHYIO paboTy;

— DJK3aMEH,

CaMOCTOSTEIILHYIO padoTy cTyleHTa B 00beMe 31 vaca

Jiist puKCUpoBaHMS YCIEITHOCTH O0yYSHHS MTPEyCMaTPUBACTCS IK3aMeEH.

B xome ocBoenuss pazgena 1 «@DyHKIHOHaNbl B HOPMHUPOBAHHBIX MPOCTPAHCTBAX)»
oOyyaromuecs: JOJDKHBI YSACHUTH CHOCOOBI TIOMCKA SKCTPEMATBHBIX 3HAYCHH B HOPMHUPOBAHHBIX
MPOCTPAHCTBAX , UX aHANIM3 U 00pabOTKy, HAydyUThCS (POpPMYITUpPOBaTH COOCTBEHHBIC HIEU U
IpeJICTaBIeHNs 00 U3BECTHOM UM MPEAMETHOMN 001acTu.

B xone ocBoenus pasgena 2 «BapuanmoHHOe HCUMCIEHHE» O0YyYaroIuecs OCBAaUBAIOT
NPUHIUITBI PEIICHHUS Pa3IMYHBIX 3a7ad ONTUMHU3AIlUH, B TOM YHUCIIE, TUCKPETHOH, (popmanmu3anuio
MpPe/ICTaBICHUSI 3HAHHIA.

CryneHraM HEOOXOOMMO OBJAJETh HABBIKAMA M YMEHUSMH TPHUMEHEHHsS HW3Y4eHHBIX
METOAOB JUIsl Pa3pabOTKU M pealu3aluu Npo(ecCHOHAIBHO OPUEHTUPOBAHHBIX MPOEKTOB B
MOCJIeTYIONIEH yueOHOM NeITeTbHOCTH.

OBnazieHre KJIIOUYEBBIMU MOHATHAMU SIBJISETCSI OCHOBOW YCBOEHHUsSI Y4eOHOI0 mMarepuaia mo
JVICIIATUTHHE.

IIpu moAroroBke K 3K3aMeHy 0c000€ BHUMaHHE HEOOXOAMMO YIENUTh PEKOMEHIALUSAM U
3aMeYaHUsIM IPeToaBaTeNeil, BeIyIIX ayJUTOPHBIC 3aHATHS 110 TUCIIUIUTHHE

B mnpomecce mnpoBeneHus 1a0OpaTOPHBIX 3aHATUH NPOUCXOAMT 3aKpeIIeHWE 3HAHMH,
dbopMHEpoBaHWE YMEHHII W HAaBBIKOB TPUMEHEHUS PA3IMYHBIX METOJOB PEIICHHS CTaHIAPTHBIX
MaTEeMAaTHUYECKUX CUTYaIlHiA.

CamocrosTenpHy0 paboTy HEOOX0IMMO HAYMHATH C YTEHHUS JIEKIIMH U YICOHHKOB.

PaGotra c nuTeparypoil sBISETCS BAXKHEUIIUM DSIEMEHTOM B TOJYYCHUH 3HAHWNA TIO
mucruminbe. [Ipexae Bcero, HEOOXOAMMO BOCIIONIB30BAThCSI CIMCKOM PEKOMEHYEMOM 10 JaHHOU
TUCITUTIMHE JTUTEepaTypol. JlOTONHUTENbHBIE CBEACHHS 10 M3y4aeMbIM T€MaM MOKHO HAWTH B
nepuoanyeckoit neyatu u UurepHere.

[IpenycMoTpeHO MpOBEACHNUE ayAUTOPHBIX 3aHATUI B BUAE Pa3HOOOPA3HBIX TPEHHUHIOB U
CUTYyaIMi OOIIEHNS B COYCTAaHUH C BHEAYTUTOPHOU pabOTOM.
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IIpuaoxenune 2

AHHOTAIUA
padoueil nporpaMMbl JUCHUIIMHBI
MeToabl oITUMH3ALUA

1. Heab u 32124 JAUCUMILIHHBI
Ilenpro M3ydeHUs NUCHMUIUIMHBI ABJseTCs: O3HaKOMJICHHE OOYyYalomuXcs ¢ OOIIeH Teopuei
OKCTPEMANbHBIX 3aJau (MUHUMHU3ANUS (YHKIMOHAJIOB HA TOJMHOXKECTBAX HOPMHUPOBAHHBIX
IPOCTPAHCTB, BapHUAIMOHHOE HCYMCIIEHWE M ONTHMalbHOC yrpasieHue). Iloka3aTe MX pOJib B
NPUKIAIHBIX 33/1a4aX, BOOPYKUTh TECOPETUYECKUMH U YHUCICHHBIMU METOJAaMH, MPUMEHSIEMbIMU
Il pelIeHUs] IIMPOKOTrO Kpyra HWHXKEHEPHBIX, MAaTeMaTHYECKUX, JKOHOMHUYECKUX 3ajad.
O3HakoMJIEHHE C TIAKeTaMH MPUKIATHBIX POrpaMM, OPUEHTUPOBAHHBIMU Ha PEIICHHE TaKHX
3ajad4.
3amayamMy TUCIUAILIIMHEIL SBISIOTCS
— oOyueHue MeTo/laM aHATUTHUYECKOTO0 M KOMIBIOTEPHOTO (HOPMATU30BAHHOTO MPEICTaBICHUS
3HaHUW M pealM3alliy JIOTMYECKUX BBIBOJOB I MOCIEAYIOUIEH BBIPAOOTKH M HPHUHATUA
YEeJIOBEKOM BapHUAHTOB MPUHUMAEMOTO PEIICHNUS;
— (dopMHpOBaHHE YMEHUS U HAaBBIKOB CAMOCTOSITEIIBHOTO MCCIIEAOBAHUS U PEUICHHS Pa3IUYHOTO
poaa ONTUMHU3ALUOHHBIX 337]a4 MyTeM MPUMEHEHHUS! TEOPETHUECKUX 3HAHUM U MAaTEMaTUYECKUX
MaKeTOB MPOrPAMMHUPOBAHMUS.

2. CTpyKTypa IMCHUILIUHBI
2.1 PacmpenencHue TPYAOEMKOCTH IO OTICIbHBIM BHJaM YYCOHBIX 3aHATHN, BKIOYAS
camocTosTeNnbHyto padory: JIk.-17 wac., JIP-17 gac.; [13-34, CP-31 yac.
OO61as TpyA0eMKOCTh TUCHUIUTHHBL cocTaBisieT 144 yacoB, 4 3a4eTHBIX €IUHUIL.
2.2 OCHOBHBIE pa3/elbl IUCHUTUTHHBIL:

1 — ®yHKIMOHANBI B HOPMUPOBAHHBIX MPOCTPAHCTBAX.
2 — BapuanimoHHO€E UCYHCIICHUE.

3. [lnanupyemMsble pe3yJbTaThl 00yueHHs (MepedyeHb KOMMETEeHIHi)
[Tporniecc u3yueHus: AUCUUILIMHBI HAMpaBlieH Ha GOPMHUPOBAHUE CIEAYIOUTUX KOMITETEHITHI:

OIIK-1 - CtocoGHOCTb UCTIOIB30BATh 0A30BbIe 3HAHHSI €CTECTBEHHBIX HAYK, MAaTEMAaTHKHU U
MH(OPMATHUKH, OCHOBHBIE (DAKTHI, KOHIENIINN, TPUHLUIIBI TEOPUH, CBSI3aHHBIX C MPUKIIATHON
MaTeMaTHUKOW U HH(POPMATHKOM.

OK-3 - CtocoOHOCTh HCIOTB30BaTh OCHOBBI SKOHOMUYECKHUX 3HAHHUHN B pa3IMUHBIX chepax
KHU3HEIESITEIbHOCTH.

[1K-2 - CtocoOHOCTh MOHMMATh, COBEPIICHCTBOBATE M MMPUMEHSITH COBPEMEHHBIH MaTeMaTHIeCKUN
anmapar .

4. BuJ NPpOMe:KYTOYHOM aTTeCTAllMU: SK3aMEH.
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IIpuaoxenune 3

IIpomoxon 0 0ononneHuAX u UIMEHEHUAX 6 Padoyell npozpamme
Ha 20 __ -20 yueoHslil 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabouyto nmporpaMmy o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[TpoTtokon 3acemanus kadeapsr Ne OT«__ » 20 r.,

(paspabomuux)

3aBenyromuii kageapoit

(noonuce) (®.1.0.)
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IIpuiaoxenne 4

®OHJA ONEHOYHBIX CPEACTB AJA TEKYIIEI'O
KOHTPOJIA YCIIEBAEMOCTH 110 JUCHUIIJIMHE

1. Onucanue ¢oHIA OLIEHOYHBIX CPeACTB (IACIOPT)

JIOCTATOYHBIC YCIIOBHS
ciaboro ’kcTpemyma 1-

Ne
KOMIIEeT JuremenT Pazgen Tema ®OC
JN— KOMIIeTEeHI[UH
OK-3 CriocoOHOCTb UCTOIB30BATh 1.1 [IpounzBoaHas
OCHOBBI 5KOHOMUYECKHX 3HAHUHU B il 0TOOpaKeHHUSI P 1
pasIM4HBIX chepax % E § 1.2 Touku JTOKANBHOTO U JIP 1,
KHU3ZHENEATENBHOCTH z = <:) rII00aNbHOTO MUHUMYMA. | Kp, 3a]a4a
=28 1
E = § 1.3 Heob6xonumble u P 1
S §* £ | IOCTaTOYHBIE YCIOBHS . ’
— MUHHMYMa p. 3gﬂaqa
OIIK-1 | CnocoOHOCTh UCTIOIB30BATh 2.1 [Ipocreiimas
0a30BbI€ 3HAHUS €CTECTBEHHBIX 3aja4a BapHAIlMOHHOTO JIP 2
HayK, MaTEeMaTHKHU VCUUCIICHUS
MH(POPMATUKH, OCHOBHBIE (DAKTHI,
KOHIICTIIINH, TPUHITUTIB TEOPHUH,
CBSI3aHHBIX C IPUKJIAHON 2.2 (?YHKHHOHM’ P2,
MaTeMaTUKOM ¥ MH()OPMATHKOI 3aBUCAHIINH OT | Kp, 3a7a4a
HECKOJIbKUX (YHKIHNH, 3
MpocTelias 3ajadya B
napaMeTpU4ecKoi
dbopme
2.3 OyHKIHUOHA, JIP 2
3aBUCAIIUN oT
CTapIIuX
MIPOM3BOIHBIX,
byHKIIMOHAT,
3aBUCAIIUN oT
(YHKIUU  HECKOJIBKUX
MIEPEMEHHBIX
K-2 CnocoOHOCTh IOHUMATB, o 2.4 3agaua Ha JIP 2
COBEPIIEHCTBOBATh U TIPUMEHSITh = YCIIOBHBIN AKCTPEMYM,
COBPEMEHHBI MaTeMaTHYECKH % U30MepUMETpHUYECKast
ammapar = 3aada
=
2 2.5 HeoOxonumbie JIP 2
= YCIIOBHS ciaboro
= skcTpemyma 1-ro u 2-
§ ro nopsijika,
)
aa)
AN

T0 U 2-TO TIOPsIKA
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2. Onucanue noka3areseil 1 KpUTepHeB OLlEHUBAHUS KOMIeTeH Mt

Ioka3zarenn Ouenka Kpurepun

3Hath 3HaeT crocoObl PEIIeHUs] CTaHIAPTHBIX

(OK-3): SKOHOMMYECKHUX 33/1a4 B Pa3IMYHBIX cepax

- crocoOBI pereHNs KU3HEIESTeIIbHOCTH,

CTaHJAPTHBIX - 3HAa€T COBPEMEHHBIM MaTEeMaTHYECKUI anmnapar

HSKOHOMHUYECKHUX 33]1a4 B ;

pa3iInyuHbIX chepax - 3HAET OCHOBBI ECTECTBEHHBIX HAYK, OCHOBHBIE

JKU3ZHEACSITEIIbHOCTH; (haKThI, KOHIEIIUY, IPUHITUIIBI TEOPHHA,

(OIIK-1): CBSI3aHHBIX C MPUKIATHON MATEMATUKOU U

- OCHOBBI €CTECTBEHHBIX nH(OPMATUKON

HayK, OCHOBHBIE (DaKThI, - IPUMEHSTh TEOPETUYECKUE 3HAHUS U

KOHIICTILINH, TPUHITUTIBI MH()OPMATMOHHO-KOMMYHHKAITHOHHBIC

TEOPHi1, CBI3aHHBIX C TE€XHOJIOTHH,

MPUKIIATHON MaTEeMaTHKOMN OTAHHANO -yM€EeT NMPUMEHATH anrapat MaTeMaTUKH U

U MTHPOPMATHUKOIA, MH(OPMATUKH JJIsl pEIICHUS MTPAKTHIECKUX

(IIK-2): 3a/1a4;

COBPEMEHHBII -YMEET M0JIb30BATHCS PA3IMUHBIMU

MaTeMaTUYECKHI anmapar MH()OPMATMOHHBIMU UCTOYHUKAMU JIJISI
MOJIy4eHHUsI COOOIIEHUN O COBPEMEHHBIX

Ymerb pa3paboTKax B METOJaX ONTUMH3AINA

(OK-3): - BJIaJIEET METOAaMH PEILICHUs] MAaTEMaTHYECKUX

- IPUMEHSTh 3a1a4

TEOPETHUUECKHUE 3HAHUS U - BJIaJIeeT IpUEMaMHU peIlIeHus 3aau

UH(pOPMaIMOHHO- npodeccnoHaNbHOM IeATENbHOCTH,

KOMMYHUKAITMOHHBIE - BJIaJIe€T METOAaMH ONITUMH3AIIUU B PA3IMYHBIX

TEXHOJIOTHH, cdepax )KU3HEACITeITbHOCTH.

(OIIK-1): 3Haer

- MPUMEHATH anmnapar - 3HAET OCHOBBI ECTECTBEHHBIX HayK, OCHOBHBIE

MaTeMaTUKHU U (haKThl, KOHLEMIUH, IPUHITUIIBI TEOPHA,

UH(GOPMATUKH IS CBSI3aHHBIX C MPUKIATHON MATEMATHKOW U

pelieHus MPakTHUeCKIX nH(pOPMATUKON

3a/1a4 - MPUMEHSTh TEOPETUUYECKUE 3HAHUS 1

(T1IK-2): MH(OPMAMOHHO-KOMMYHHUKAIIHOHHBIE

- OJIb30BATHCS TEXHOJIOTHH;

Pa3TUYHBIMHU xoporo -yM€eT NMPUMEHAThH annapat MaTeMaTUKU U

UH(OPMaIMOHHBIMU MH(POPMATUKH JIJISI PEIICHHS TIPAKTHIECKUX

HUCTOYHUKAMU JJIA 3ajaady,

MOJIy4eHHUs1 COOOLIEHUH O - BJIaJICET METOJaMH PEIICHUS] MAaTEMaTHIECKUX

COBPEMEHHBIX pa3paboTKax 3a7a4

B METOAaX ONTHUMHU3AIIU - BJIaJIEE€T IPUEMaMU PELICHUS 3a]1a4
npo¢eCCuOHATBHON IeATETHFHOCTH,

Baaners - BJIaJIe€T METOAaMH ONTUMH3ALIUU B PA3IMYHBIX

(OK-3): cdepax KU3HEeIEATSILHOCTH.

— IpUEMaMU PEIICHUs 3HaeT OCHOBHI €CTECTBEHHBIX HaYK, OCHOBHBIC

3a71a4 MPO(ECCHOHATBHOM yI0BIETBOPH (haKThI, KOHIEMIIUH, IPUHITUITB TEOPHH,

JeATEIbHOCTH CBA3aHHBIX C MPUKIIATHON MATEMATHUKON 1

(OI1K-1): TeTLHO UHPOPMATHKOM

- MCTOAaMU PCIICHUA
MaTeéMaTHYCCKHUX 3a1a4.

- IPUMEHATh TEOPETUYECCKUE 3HAHUA U
MH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIE
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(TIK-2):

METOAAaMH OIITUMU3AllUU B
pasIMuHBIX chepax
KU3HEACATCIBHOCTU

TEXHOJIOTHH;

-YMEET MO0JIb30BaThCS Pa3INnIHBIMU
MH(GOPMALIMOHHBIMHY UCTOYHUKAMU JJIS
MOJTy4YeHUS COOOILICHUI O COBPEMEHHBIX
pa3paboTkax B METOJaX ONTUMH3ALHUU
- BJIaZICET METO/IaMU PELIEHUS] MaTEMAaTUYECKUX
3aja4
- BJIAZICET METOIaMU ONITUMHU3ALMH B Pa3IMUHbIX
cdepax KU3HEIEATEIbHOCTH.

Hey/10BJIETBO
PUTEJBHO

B ocranpHbIX ciaydasx
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[TporpammMa cocTaBiieHa B COOTBETCTBUU C (hefepaibHbIM TOCYAAPCTBEHHBIM 00pa30BaTEbHBIM
CTaHJApPTOM BHICHIETO oOOpa3oBaHus mo HampasiaeHuto moarotoBku 01.03.02 Ilpuxmannas
MaTteMaTHka 1 nHpopmatuka ot «12» mapra 2015 r. Ne 228

s Hadopa 2015 roaa: u yue6usM mianoM @I'BOY BO «bpl'V» anst ounoit popmbel 00ydeHus ot
«13 » nrona 2015 r. Ne 475

st Haoopa 2016 roaa: u yueoHsiM rianoM OI'BOY BO «bpl'Y» miis ouHoit popMbl 00ydeHHS OT
«06» utonst 2016r. Ne 429

s Hadopa 2017 roaa: u yuebusm mianoM ®I'BOY BO «bpl'Y» mist ounoit popmbl 00ydeHus ot
«6» mapta 2017r. Ne 125

IIporpammy cocraBuiI:

Parunckas E.B., ct. npenoa. kadp. Mu®

Pabouas nporpamma paccMoTpeHa U yTBEpKIEeHa Ha 3aceaHuu kapeapsl Mud

oT «21» Hos0ps 2018 r., mpoTokos Ne 3

W.o. 3aB.BBITTyCKaroOIICH Kadeapoit O.U.Mensenena
COI''TACOBAHO:

W.o. 3aB.BbIyCKatoIIel kadeapoit 0.1 Mengenena.
HupexTop Oubamnorexu T.®.CoTHuk

Pabouas nporpamma oo06peHa meronuueckoit komuccuet EH  daxynbrera

oT «20 » nexadbps 2018 r., mpotokon Ne 4

[Tpencenarens METOIMYECKON KOMUCCHH (DaKyJIbTETa M.A. Bapnansn
COI''TACOBAHO:

Havanpauk

y4eOHO-METOIUUECKOr0 YIpaBICHUs I'.II. Hexesen

Peructpanmonssiit Ne



