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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Mucuynnuya 51.B.04 MeTo/ibl ONTUMU3aLMM OTHOCUTCS K YacTH, GOpMUpPyeMOU yuacTHUKaMHU
oOpa3oBaTe/TbHBIX OTHOIIEHUH 0Opa30BaTe/TbHOM MTPOTrPaMMBbI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

aHanuse 3a0au Ha
OCHOBe

3HaHull
¢yHOameHmanbHbIX
Mamemamuyveckux u
KOMNbIOMEPHbIX HAYK

npobnem
IIK-4.2: Ymeem

camocmosme/ibHO NpuMeHAMmMb

OUCYUN/IUH, HA KOMopble
onupaemcs usyueHue Memooos
onmumu3ayuu

nosy4eHHble 3HaHus 05 32) 0CHOBHbIX NPUHYUNOB U
aHanusa obvexma Memo0o0e Co30aHuUsl, aHAAU3d,
uccnedosaHusi, onpeodensimo aHanuMu4eckKoz0 U YUCAeHHO20
yeau u 3adadu uccnedo8aHusi, |UCcne008aHus
a makice ebloupamsb mamemamuyeckux mooenell 8
KOppeKMmHblii Memoo obaacmu memodos
uccne008aHust Hay4Holl onmumu3ayuu:
npobnembi 1.
IIK-4.3: Umeem CMpyKmypy peKyppeHmHbIX

npakmuueckuli onblim HayyHo- |ypagHeHull P. beaimana;

npunyun P. beanmaHna,

uccnedosamenbckoll 2. noHamue

desimenbHOCMU, A UMEHHO onmumanbHocmu 0415 3a0au
DeuwleHuUst HaQy4HbIX 3a0ay 8 8eKMOPHOU onmumu3sayuu;
coomgemcmauu ¢ 3. OCHOBHble NOHAMUS U
nocmaeneHHol yeabto u ¢akmbi u3 8bINYKI020 aHanu3a,

8blOpaHHOU MemoOuKoli 8K/IOUAS! CBOLICMBA BbINYK/BIX

pyHKyui;

4. 3anuch ycaosuli
ONMUManbHOCMU 0/151 Pa3AUUYHbIX
munoe 3a0au
Mamemamu4eckoz20
Npo2paMMUpOBaHUsL: yCA08US
Jlazpansca, Kapywa—KyHa—
Takkepa, 00cmamouHble
YCA08US1 8MOPO20 NOPAOKA U UX
pO/Ib 8 NOCMPOEHUU YUCAEHHbIX
Memooos;

5. Kaaccuueckue u

a¢pexkmusHble

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA MPOMEe)XyTOUHOMH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
ITIK-4: Cnocobex IIK-4.1: 3Haem IIK-4.1: CobecedosaHue
npumeHsimb Memoosb! | hyndamenmanbHbie u 3HaHue: IIpakmuueckoe DK3aMeH:
MameMamuieckoeo U | meopemuueckue 0CHOBbI, 31) oCHOBHbIX hakmos u3 3a0aHue PUsHOVDOGHEGbIC
KOMNbIOMEepHO20 yp
Heobxo0umble 015 mamemamu4ecko20 aHanu3d, KonmponbHas 5
uccnedosaHus npu 3a0anus
uccned08aHusi HayuHbIx 2eomempuu, aneebpbl u opyaux paboma




8bluUCAUMeAbHble MemoObl
00HOMepHOLl, MHO20MepHOU
NOKaIbHOII U 2106a1bHOL
onmumu3ayuu u ycaoeus ux
npumeHuUMoCcmu;

6. Memoobl yuema
o02paHuieHull 8 N0KAAbHOU U
MHO203KCMPeManbHOll
onmumu3ayuu.

7. npuHYuUnN Makcumyma
JI.C. ITonmpsizuHa & 3adauax
oNMuManbHO20 ynpaeneHust;
8. Heobxo0uMmble yCa08ust
IKCmpemMyma 8 npocmetiuwiux
3a0a4ax eapuayuoHHO20
ucuucneHust

33) donoaHumenbHbIX
npuHyunos, ¢pakmos, noHsimuti,
Memodos u3 npedmMemHou
obaacmu.

I1K-4.2:

YmeHue:

Y1) pewamb mamemamuyeckue
3a0ayu u npobsnembl co30aHusl,
aHaau3a u uccae008aHust
mamemamuuecKux mooesell u3
obaacmu memodos
onmumu3ayuu, npuMeHsimb
ylC/leHHble U aHaaumuyueckue
Memoobl:

1. 8bINO/HAMb
mMamemamuyecKyto NoCMaHo8Ky
3a0au onmumusayuu

2. cmpoumb
8bIULCAUME/bHbIE CXeMbl
peweHus 3a0ay OUHAMUYECKO20
Npo2pamMMupoO8aHuUsi C NOMOWbIO
ypaeHeHuti beaimana;

3. ucnonb308ameb Memoobl
C8epmoK 8 3a0auax
MHO2OKpUMepUanbHoLi
onmumu3ayuu;

4. Haxooums pewleHust
3a0ay Mamemamuy4eckozo
npo2pamMMupo8aHusi, UMerowux
npocmoe aHaaumuyeckoe
onucaMue, ¢ UCNO/b308aHUeM
yenosuti Kapywa-KyHa-
Takkepa;

5. eblOUpamsp
a¢ppexmueHble

8bluLcAUMe bHble Memoobl

peweHus HeAuHellHbIX 3a0ay




onmumu3ayuu pasau4Ho2o0 munda
U NpasuibHO
UHMepnpemuposamb
no/yyeHHble pe3ybmamoi.

6. npumeHsmb
YHUBepcanbHble
mamemamuyeckue nakemslt 015
8bINOMHEHUS ONMUMU3AYUOHHBIX
pacuemos;

7. NpuMeHsmb NPUHYun
Makcumyma ons
aHaAUMU4ecKo2o peuieHust
npocmblix 3a0a4 ONMUMAnbHO20
ynpasneHust;

8. npumMeHsimb ypasHeHue
Diinepa u e2o 0b6obweHus, a
makaice ycnosus
mpaHceepcanbHOCMu U ycaosue
Jlescanopa 04151 peweHus 3aday
8apUAYUOHHO20 UCUUCAEHUS.
Y2) dokasbieamb paHee
U3yuyeHHble 8 pAMKax
OUCYUNIUHBbI MAMeMamuyeckue
ymeepdicOeHusl, a maKaice HoBble,
npumbIKaroujue K HUM;

Y3) npumeHsimb uucaeHHble U
aHanaumuyeckue memoobl
peweHus 6a308bix
Mamemamuueckux 3a0ay u
Kaaccuueckux 3a0au
ecmecmeo3HaHus 8

npakmuueckol desimenbHOCMU.

IK-4.3:

BnadeHue:

B1) mepmunonozueil
npedmemuoti obnaacmu;

B2) npunyunamu nocmpoeHust u
ebibopa 3¢ppexkmusHbix
UUC/NeHHbIX Memo0o08 peleHust
HenuHeliHblx 3a0ay
onmumu3zayuu;

B3) npuemamu aHanumuyeckoz2o
peuwleHust 3a0ay U3 pasauyuHbIx
pazoenoe memooos
onmumu3zayuu u

uHmepnpemayuu pe3y/1bmamos.

3. CTpyKTypa U cojep)kKaHHe AUCIUILIUHbI

3.1 TpyAa0eMKOCTb AUCLUII/IUHBI

OYHasA




OO011as TPY/J0EMKOCTD, 3.e. 5

YacoB 1o yueoHOMY IJIaHY 180

B TOM 4UC/Ie

ay/JUTOpHbIE 3aHATHSA (KOHTaKTHas padoTa):

- 3aHATHUS JIEKIIHOHHOT0 THIA 48

- 3aHATHSA CEMHUHAPCKOro THIA (MpaKTHYecKue 3aHATHS / 1a0opaTopHble padoThI) 48

- KCP 2

caMocTosATe/IbHasA padoTa 46

IIpomexyTo4yHas arrecTanusa 36
JK3aMeH

3.2. CozepxaHWe JUCLUIIIMHbI

(cmpmeypupoeaHHoe no memam (paaaeﬂam) C YKdsdHuem 0MmMBe0eHHO20 HA HUX Koauuecmed

akademuuecKux udcos u 8uobl yuebHbIX 3aHamutl)

HanmeHoBaHue pa3/iesios U TeM JUCLMIUIMHbBI Bcero B TOM uHC/le
Yachbl
( ) KonTakTHas pabora (pabota Bo
B3aUMO/IeICTBUH C IIperofiaBaTesieM),
Yackl U3 HUX
3aHSTHS CamocTosTe/bHast
CeMHUHapCKOoro paGora
3aHaTus TUIa o6yuarowerocs,
JIEKITMOHHOTO | (TIpakThueckue | Bcero Jacel
THIa 3aHsaTHs/nabopa
TOpDHbIe
paboThI), yacsl

¢ b ¢ b ¢

0 0 0 0 0
Pasgen 1. BeefieHre: 10CTaHOBKU 3a/lau HeJIMHeHHOr0 MaTeMaTH4eckoro
TIPOrpaMMHpPOBaHNs, MHOTOKPUTepHasbHble 3aiaui. [InHaMr4eckoe 24 6 12 18 6
[IpOrpaMMUpOBaHue.
Paszien 2. DyeMeHTHI BBITYKJ/IOr0 aHanu3a. TeopHst yC/I0BUI ONTUMAaIbHOCTH. 28 10 10 20 8
Paspen 3. UncsieHHbIe METObI O€3yCIOBHOM JIOKAIbHOM ONTUMH3AL{UH. 28 8 10 18 10
Paszen 4. Metogp! yueTa (pyHKLIMOHA/IbHBIX OTPaHUYEHHUH B JIOKa/TbHOMN 14 6 3 9 5
ONTHMHU3aLIUH.
Pasgen 5. YucneHHble MeTO/bl MHOI'03KCTPeMa/IbHOM ONTHMU3aLIMK. 12 6 3 9 3
Paspen 6. 3asaun U MeTObI ONITUMA/IBHOTO YIIPAB/IEHHUS. 18 6 6 12 6
Paspen 7. 3ajaur 1 MeTO/ bl BAPUALJMOHHOIO UCUMC/IEHUS. 18 6 4 10 8
ATTectarust 36
KCP 2 2
Wtoro 180 48 48 98 46

CojepikaHue pa3/ie/ioB M TeM AUCIUIUTUHBI

CopeprkaHue pa3ziesioB JeKIMOHHOW YaCTU UCLIUTITUHBL;

Pazgen 1. BeeseHue: MoCTaHOBKY 3aJjau HeJIMHEMHOTO MaTeMaTHUeCKOT0 IMPOrpaMMHUPOBaHHS,
MHOTOKpUTepUasbHble 3afaud. IuHaMuueckoe rporpaMMUpOBaHue
1.1. TIOHATUE PEHIEHWSA B CKAJIAPHBIX 1 BEKTOPHBIX 3AJAUAX
1.1.1. O611jas MOCTaHOBKA OJJHOKPUTEPUA/ILHOM 3a/1aUM ONTUMU3AI[UM. TTOHATHSA JIOKA/TbHO-ONITUMATbHOTO U




r7100a/1bHO-ONITUMATLHOTO PeLIeHHUH, CTPOrOro U OCTPOTO JIOKAIbHBIX MUHUMYMOB.

1.1.2. O6006111eHIe TIOHATHI ONITUMa/IBHOCTH HAa MHOTOKPUTepHa/bHbIe 33/lau ONTUMHK3aliu. PelieHus
onTuMasbHble 1o Iapeto u Crnelitepy (3 dekTrBHbIe U c/1ab0 3¢ddeKTrBHBIE perienvst). MeToAbl TMHeHHOH
CBEPTKHU U CBepTKU ['epMmetiepa, X reomeTpuueckas uHTeprperaliys. CBoMCTBa JHHEHHOM CBepTKH (C
JIOKa3aTebCTBaMHM), CBOMCTBA CBepTKH ['epMmeiiepa (¢ reomeTpuueckuM 060cHOBaHWEM B R2) — 1o
MarepuasaMm siabopaTopHoii paboThI.

1.2. 3AJAYM U METOAbBI JUHAMUWYECKOI'O [TIPOTPAMMUPOBAHNSA

1.2.1. 3agauu ¢ GUKCMPOBAHHBIM BpeMeHeM Hadajia U OKOHYaHHSsI TpoLiecca.

IToHsATHE COCTOSHUS YTIPABJISEMOT0 [UHAMUYECKOTo Tiporiecca. ITocTaHoBKa 3a/jauu. TpeboBanus,
HaK/aJibIBaeMble Ha MOHSATHE «COCTOSIHKEe» B IWHAMWYEeCKOM MPOrpaMMupoBaHyu. Onpesenenust QyHKOMN
BennMaHa rpu pellieHUM «OT KOHIa» U «OT Hauasa». MeTo/| peKyppeHTHbIX ypaBHeHuM beisiMaHa npu 3amuicu
«OT KOHLIa» (BbIBOJI, BKJTFOUAsi IEMMY O paclieryieHnu nH(prUHyMa, o011iasi CTPyKTypa ypaBHEHHUH, TIOPSZ0K
npumMeHeHust). [IpuHLMT BesiMaHa Kak HeoOX0MMOe U Kak JOCTaTOUYHOe YCI0BUs, (HOPMYIUpyeMble Kak «OT
Hauasia», TaK U «OT KOHL{a», J0Ka3aTebCTBO NMpUHLMIA besiMana B ¢opme Heob6xoauMoro ycioBus (B
aJiAUTABHOM CJIy4ae) U ero JOKa3aTelbCTBO B (hopMe JOCTaTOUHOTO YCI0BUS (/7151 KpUTepUeB afUTUBHOTO U
TUIa MakcuMyma). CBsa3b nprHLIMIIa bessiMana ¢ ypaBHeHUssMY besinivaHa. 3anuch peKyppeHTHbBIX ypaBHeHUi
bennmana ot Hauana nporecca. Ilpumep rcnosb30BaHUs COOTHOLIEHUN besiMaHa (aHanuTHYecKoe pelieHye
3afiaur 06 onTUMaNbHOM pacripefie/ieH|H pecypca ¢ (pyHKLuell 10X0/a B BUie KOPHS KBaJJpaTHOTO0).

1.2.2. 3ajauyr ¢ HepUKCUPOBAHHOM [JINTETLHOCTBIO TIpoLiecca.

ITocTaHoBKa 3a/1auu, OT/IMYKS OT TOCTAaHOBKHU C (PUKCUPOBAHHBIM BpeMeHeM OKOHuUaHus1. O6001eHne
ypaBHeHui1 besyiMana Ha 3azaum ¢ He(pvKCMPOBAHHOM JJIMTEbHOCTBIO MpoLjecca. [IpyMeHeHye K 3a/jauam
TOVICKa ONTUMAaJbHBIX MyTel Ha rpadax. 3afaun MoMcKa ONTHMAaIbHBIX MyTel Ha rpadax ¢ HeoTpULATeTbHbIMU
Becamu pebep: aroput™ MeTozia [leKCTphl, J0Ka3aTe/bCTBO ONTUMA/IbBHOCTH ITOCTPOEHHBIX UM MyTel (I10
MarepuasaM iabopaTopHoii paboTel), CBsi3b MeToa [leHKCTphI ¢ npuHIumoM besiMaHa B jopMe OCTaTOUHOTO
ycJioBusi. 3a/jau Ha Tpadax ¢ BeKTOpHbIMU BecaMu pebep. OTbICKaHHe ONTUMa/bHLIX 110 [Tapeto u Crelitepy
pelLlleHri MEeTO/IOM CBEPTOK, COI/IacOBaHUe BUZia CBEPTKU C BU/IOM KpPUTepHsi, CKassipu3atiys rpada npu
COT/IaCOBaHHOM BBIOOpE (MCIOJ/Ib30BaTh MaTepyasibl JabopaTOpHO paboThl).

Pasgen 2. DyieMeHTHI BBINYK/IOr0 aHany3a. Teopust yCI0BUI ONTUMaTbHOCTH.

2.1. BrInyK/ible MHOXKECTBA, BBIMYKJ/Ible QYHKIMA (BBITYK/IOCTb U CTPOTasi BBIMYK/IOCTh). [IpoeKius TOUKy Ha
MHO>XeCTBO, /iBe JIeMMbI O CBOMCTBax Ipoekiuy. OTAeIMMOCTb TOUKA U MHO)XKECTBA, CTpOrasi U CUIbHast
OT/IeTMMOCTh, TeOMETPHUECKHI CMBIC/I TIOHSTHS OTJIe/TMMOCTH, /iBe TeopeMbl 00 oTzemMocTH. CBoMCTBa
BBIMYK/BIX QYHKLMH (C CaMOCTOSITeNTBHO TTPOBeIeHHBIMU J0Ka3aTebCTBaMH, KpOMe CBOMCTBA HeMPePLIBHOCTH
BO BHYTPEHHUX TOYKAaX), BK/ItOUast /jBa KpUTEPUs BbITYK/IOCTH. 3a/jaua BbIIYK/I0r0 MaTeMaTHuecKoro
MpOrpaMMHUPOBaHMS U ee CBOMCTBA (C Jl0Ka3aTenbCTBaMu). BO3MOXKHOCTB OTCeueHU TOMHOKECTB, He
coiepyKallyx r106a1sHOr0 MUHMMYMa, 110 U3MepeHUsIM TpajiieHTa B IJIa/JKMX BIMYK/IbIX 33/lauax (crefcTBre
KpPUTEepUsI BHIMTYK/IOCTH JudpepeHupyeMbIX QYHKLHM).

2.2. 'paguieHT U NPOW3BOHAs 110 HallpaBJ/IeHUIO, ee BbIUMC/IeHUe B ciyuae fuddepeHLpyeMoCTH (QYHKLINY,
CBOICTBA I'pa/jlieHTa, MHOYKeCTBO HalpaBJIeHU CTPOTOro JIOKalIbHOTO yObIBaHMS. Y C/IOBHE ONTUMa/IbHOCTH
TepBOro MopsKa MPU OTCYTCTBUM OrpaHUueHuil: TeopeMa Pepma.

3aziauy C orpaHuuUeHUsIMU 0011iero BUa, GyHKUKs Jlarparka /s o61jeld 3aaui MaTeMaTHUeCcKoro
rporpaMMupoBanus. OmpefiesieHue MOHATUS PeryIspHOCTH JOMYCTUMOI0 MHOKECTBa B TOUKE U B L[eJIOM.
3azauu c orpaHUYeHHsIMU-paBeHCTBaMy, TeopeMa Jlarpanxka (MeTog MHOKUTenel Jlarpawxka). [loctaTtouHoe
yCJIOBHE peryJIsipHOCTH [OIyCTUMOI0 MHO)KEeCTBa B TOUKe Ji/Isi OrpaHUueHUH-paBeHCTB. ['eomeTpruyeckas
VHTepIipeTaLys YCJI0BHI ONTUMAa/TIbHOCTH U3 TEOPEMBI O MeTO/le MHOKUTeIell JlarpaHyka — reoMeTpruieCKUi
CMBIC/I YC/IOBUI ee BbIIO/IHEHUSI.

3anvce yCI0BUM MUHMMYyMa B 33/ladyaX MaTeMaTH4eCKOro NporpaMMHPOBaHHs C OTpaHUUeHUsIMU CMeLIaHHOT O
tura. Teopema o J0CcTaTOUHOCTH i/1s T7106anbHOr0 MUHMMYyMa ycioBuit Kapyiia-KyHa-Takkepa B
HeguddepeHIMaNTBHONM hopMe, 3aMCaHHBIX Yepe3 MPUHLIUIT MUHUMYMa. TeopeMa 0 He0OX0IMMOCTH U O
nIoctatouHoctu ycioBuii Kapyia-KyHa-Takkepa B HefuddbepeHiuanbHol hopMe, 3aMMCaHHbBIX uepe3 TIPUHLIUI
MUHHMMYMa /i/1s1 BBIITYKJ/IOM 3a/jauul C peryssipHbIM MHOKecTBOM. Teopema Kapyiia-KyHa-Takkepa B



HegubdepeHIManbHON hopMe /151 BLIMYKIIOM pery/issipHOU 3a/lauu, 3ariMcaHHasi yepe3 CeJ[JIOBYIO0 TOUKY
¢dbynkimu Jlarpanxka. [loctaToudoe ycinoBue CreliTepa pery/isipHOCTH AOMyCTUMOTO MHOXKeCTBa. Teopema o
He0OXOJUMBIX U JOCTAaTOUHBIX YCAOBUSIX MUHUMYMa B AuddepeHianbHOM Gopme /15 Kacca BBIMYKIbIX
peryJisipHbIX 3a/jau. ['eoMeTpuueckas MHTepIpeTalus YCI0BUI ONMTUMAaTbHOCTH, 3allCaHHBIX B IPaJUEHTHOM
(hopMe /17151 BBITTYKJIOTO PeTyJ/sIpHOTO Cydast. ['eoMeTpuueckast MHTepripeTarus cutyanuu A_i<0 mpu
pa3/ioyKeHWy aHTUrPaJvieHTa LjesieBoU (YHKLMH B BBITYyK/ION 3aZiaue MpyA HeBepHOU ruroTtese o Habope
aKTMBHBIX HepaBeHCTB. Harpap/ieHHasi KOPPEKI[Hs THIOTe3 00 aKTUBHOCTH TPU PEITIEHUH BIMYKJTbIX
pery/sipHbIX 3a/lau C UCMo/b30BaHueM ycioBuid Kapyia-KyHa-Takkepa.
Teopema Kapyia-Kyna-Takkepa B guddepenimansHoi hopme /17151 HeBBITTYK/IBIX 3a7iau — yCJI0BUe
OTITUMaJIbHOCTH TIePBOT0 MopsiZiKa. KoHnyeckre anmpoKCUMaLiy BCTIOMOTaTe/IbHbIX MHOKeCTB. JlemMMa o
HeTlepeceKaeMOCTH KOHUUYeCKHX amlmnpoKCHUMaLUid, TOCTPOEHHBIX [Jis TOUKH YC/I0BHOTO JIOKa/JIbHOTO MUHHUMYMa.
®dopmyMpoBKa TeopeMsl JItocTepHuKa. JleMMa 0 T7106a1bHOM MUHUMYMe B JIMHeApHU30BaHHOM 3azjaue (7171s
OCHOBHOTO C/ly4Yasi — IIP1 HeMyCTOTe KOHMUeCKO# armpoKCUMal[i JOMyCTUMOro MHOXeCTBa). JJocTaTouHoe
yCJIOBUE PeryJisipHOCTH [JOyCTUMOT0 MHOXeCTBa B Touke (B (popme MHEHHOM HE3aBUCUMOCTH CIIeLaTbHOTO
Habopa rpagueHToB). ['eoMeTprUecKye MpUMepbl HeIOCTaTOYHOCTH YC/IOBUM TIEPBOT0 MOPsAKa JJist
CYII|eCTBOBaHUS JIOKaJbHOTO MUHHMMYMa B HEBBIITYK/IOM CJIyuae.
TeopeMa 0 JOCTaTOYHBIX YCIOBUSIX TIEPBOTO MOPSIJKA AJIs1 OCTPOTO JIOKaTbHOTO MUHUMYMa (6e3
JloKasaTenibCTBa). Teopema 0 JOCTaTOUHBIX YCJIOBUSIX BTOPOTO IMOPsJiKa AJIsi CTPOTOro JIOKAJIbHOTO MUHUMYMa B
3a/lauax CO CMeIIaHHBIMM OrpaHUUeHHUMU. TeopeMa 0 He0OXO/IMMBIX YCIOBUSIX BTOPOT'O MOPsiiKa /1St
JIOKaZIbHOT0 MUHHMMYMa B 33/jauaxX CO CMeLIaHHBIMHU OrpaHuueHus MU (6e3 10Ka3aTenbCTBa).
Pazgensl 3-5. UncieHHble MeTO/bl 6€3yC/IOBHOM JIOKaMLHON ONMTUMU3aiii. MeTozibl yueTa yHKIIMOHATbHBIX
OrpaHUueHUH B JIOKATLHOM ONTUMM3aLWK. Yrc/ieHHbIe MeTOAbl MHOTO3KCTPeMaTbHOM ONTUMM3aLIN
3.1. [TonsTre MeTOZA MOUCKOBOM ONMTUMM3alMU. McribiTaHie U TIOPSIIOK UCTIbITaHUsL. ATIPUOpHAas U TTOUCKOBast
nHpopMartus. [TaccuBHBIE U MTOC/IeZI0BaTeIbHbIE aNTOPUTMBIL. [IPUHIUI HAUTYYIlero rapaHTHPOBAaHHOTO
pe3ysbTata. ONTUManbHbIe U —ONTUMasbHbIE aITOPUTMBL. [ToHATHE ofHOIIaroBok nocae 0BaTeTbHON
ontuManbHOCTU. Kacc yHUMOAambHBIX (QDYHKI[HM, TTPAaBUIO COKpAllleHUst MHTepBaJa Io JByM U 1o k
n3MepeHusiM. [locTpoeHre ONTUMAa/bHBIX U —ONTUMAbHBIX MTACCUBHBIX N—ILIAarOBBIX arOPUTMOB, UX
rapaHTupoBaHHasi 3¢ heKTUBHOCTb. CUMMeTpHUYHbBIe alTOPUTMbI, CBOMCTBA MPONOpIHi AeseHust. [ToctpoeHue
—ONTHUMAJIBHOTO TI0C/IeJOBAaTeIbHOTO CUMMETPUYHOr0 N—111aroBoro ajnroputma (Metos ®uboHauun).
HeonTumasnbHble anropuTMbl: METOZBI 30/I0TOTO CeueHUs U [iBa BapMaHTa MeToJa JuxoToMuu. CBsizb MeToJa
dubOHAYYM C METO/IOM 30/I0TOTO CEUEeHHUS.
3.2. MeTo[ noucka r100aapsH0ro MUHUMYMa BhITTyK/on AuddepeHMpyeMoii QYHKIMK Ha BLITYKIOM
MHOTOTPaHHKKe. Byl HiKHel OLleHKU BBITTYK/IOW (DYHKI[MY 110 KOHEYHOMY UMCJTy ee UCTIbITaHU TIepBOT0
nopsigka. CBefieHre pellleHHs 3a[jauy K TI0C/eJ0BaTeTbHOCTH 3a/lay JIMHEMHOr 0 MporpaMMypoBaHusi. Teopema
00 omnpezienenuu peitienys (6e3 0Ka3aTenbCTBA).
3.3. 3afaur OMCKa JIOKAJIbHOTO SKCTPeMyMa B 3afiadyax 0e3 orpanuueHunii. OOImas CTpyKTypa UTeparjuOHHBIX
MeTO/IOB JIOKa/IbHOTO Noucka. [ToHaTHe nopsiika MeTofja. JInHeliHasi, CBepx/IMHeNHast U KBaJpaTHUHast
CKOPOCTU CXOAUMOCTHU (OTIpe/ie/ieHus).
[IBa kpuTepust BbIOOpPA 1ar0BOTO MHOXKUTEJIS, UX TeOMeTpUUecKast MHTepripeTalysi. AJITOPUTMbI APMUXO0 U
O/JHOMepHOW MUHUMHU3ALMH. « AKKYPaTHbIM» 0JHOMEepHbI rouck. [IpocTeie MeTO/ bl MHOTOMEPHOTO
JIOKaJIbHOTO TTIOWCKA Y UX CBOWCTBA: TpaileHTHbIe MEeTO/bI, BK/IIOUasi MeTO/, HauCKOpeHIllero rpaileHTHOro
ToUCKa, U MeToZ, HetoToHa. BhIBoJ, UTepaliMioHHOTO COOTHOIIIeHHsI MeToZia Hbl0TOHa, reoMeTpryecKas
uHTepriperarusi. CBOMCTBa METOZa HAMCKOPEHIIIero rpaiIieHTHOTo TIoMcKa U Metozia HetoToHa. TeopeMer
CXOMMOCTH JIJ/11 STUX MeTOZ0B. MeTo bl IIPSIMOro TIOMCKa Ha NpuMepe MeTosia Xyka-/>KrBca.
3.4. Bonee cnoxxHble U 3¢ deKTUBHBIE METO/bI JIOKATbHOM ONMTUMU3ALNU: alropuTM MeToa HetoToHa C
peryMpoBKO# 11ara (TIo OHOMepHON MUHUMH3aL[|K U 110 APMHUX0), MOAU(ULIpOBaHHEBIN MeTod HeloToHa C
MovdYKaLyeit MaTpuLibl ['ecce 10 M0JI0KUTENBHON OMpeZie/ieHHOCTU Ha OCHOBE MOAU(ULIMPOBAHHOTO
npeoOpa3oBaHus X0/1eCCKOro (TeopeMa O pa3/ioKeHHH X0J1eCCKOro, YIPOILeHHas cXxeMa MOIM(HULIMPOBaHHOTO
pasnoxeHust XoJiecckoro 0e3 yueta 3¢GheKTOB BEIUMCIUTETLHON HEYCTOMUMBOCTH ); KBA3UHBIOTOHOBCKOE
yCJ/I0OBUe, KBa3UHBIOTOHOBCKUI MeTo/ [laBujoHa-Petuepa-Ilayasnia; oHATHE COTIPSKEHHBIX HATIPaBJIeHUM,



TIOHSITHe METO/Ia COTIPSDKEHHBIX HalpaB/ieHWH U ero MoBe/ileHre Ha KBaJpaTUUHBIX CTPOTO BBIMYKIIBIX QyHKLIMSAX
— TeopeMa 0 KOHeUHOM cX0IuMOCTH (C 060CHOBaHUEM), a/ITOPUTM METO/[a COTIPSPKEHHBIX TPA/JAEHTOB
dneruepa—PuBca /1 KBa[paTUYHBIX U HEKBA/IPaTUUYHBIX (QYHKIMIA (110 MaTeprasiaM 1labopaTopHOTO
MpakTUKyMa). BbIBO/I 0CHOBHOT'O MTEPAL[MOHHOTO COOTHOLIeHUsI MeTo/ia DieTuepa-PrBca /st KBaZjpaTUUHBIX
(YHKLU C TIONOXKUTETBHO OMpefie/ieHHbIMU MaTpuLiaMu ['ecce.

4.1. PelieHue 3a/jau ¢ orpaHuueHysIMU. MeTo/| BHelliHero wiTpada, GyHKLMS CTelleHHOTo 1iTpada, BAusHre
TI0Ka3aTesisi CTereHr Ha r1agkocTh mrpada. Teopema cxogumocTy. ['eomeTprdeckoe ¥ aHaTUTHYeCKOe
00BsICHeHHE TPUYMH HeOOXOAUMOCTH HeOTPaHUUYEHHOTO BO3paCcTaHUst KO3 duiieHTa mwTpada mpH r1ajKoM
mrpade. CeoticTBa MeTo/1a mTpadoB: TuioXas 00yC/I0BIEHHOCTh BCIIOMOTATe/MbHBIX 3a/1a4, XapaKkTep
NIpUOIMKEeHUS OLIEHOK K pelleHunio. Teopema 00 OLjeHKe TMOTPeIiHOCTH PellieHus B 3aBUCUMOCTH OT
Ko3dduienTa mrpada 1 rokaszartesis crerneHu (0e3 mokasarenbcTsa). Kpurepuii octaHoBa B MeTozie ITpada.
5.1. 3ajjau MHOTO3KCTPeMaIbHOM OnTUMU3aIud. JIumnuieBbl GyHKIUK U UX cBocTBa. MeTop ITusiBckoro,
TeopeMa 00 oripe/ie/ieHUY PelIeHus C 3alaHHON TOUHOCTBI0. Bepcusi MeToa ¢ MCIo/Tb30BaHNEM OLIEHKH
KOHCTaHThI Jlumiuiia. OgHOMepHbIN BapuaHT MeToja [TUsgBCKOTo — MeTo TIOMaHHbIX. AJITOPUTM
MH(OPMAaLMOHHO—CTaTUCTUUECKOTO MeTO/la B CPaBHEHWH C METO/IOM JIOMaHbIX.

5.2. Metoppl peaykuuy pasmepHoctu. [Toaxos 1 — MHOro1aroBasi cxeMa pefyKLuu, IOCTpoeHre MeTO/0B T10
MHoOromaroBoi cxeme. Iloaxog 2 — ucrnosnb3oBaHue (paKTaabHBIX pa3BePTOK Ha OCHOBe KpuBLIX [TeaHo. Bug
peyLMpOBaHHOM 3a/lauM Ha OTpe3Ke, cBOUCTBO ['énbaepa. [Tpumep npubmkeHHOTo TOCcTpoeHus B R2 —
pa3Beptka ['nnbbepra—Ileano. Yactuunas nmotepst uHdopmarpm o 61130cTi 06pa3oB TOUEK B MHOTOMEPHOM
ripoctpaHcTBe. [IpMeHeHue BpalljaeMbIX pa3BepTOK.

5.3. MHoroMepHble MHOTO3KCTpeMasibHble 3a/jaun. HiskHss olleHKa (hyHKIMM Ha TrIepriapasiiesierive/e rmo
v3MepeHH0 (PYHKLMH B ero [ieHTpe — IOToYeyHas OL{eHKa 1 OL|eHKa Ha CUreprapasuie/ieniune/ie B [eJioM.
Merto/ fiesieHust Ha TPU: alrOPUTM JI/Is 3afiauk 6e3 QyHKIMOHAIBHBIX OrpaHUYeHHH, TeopeMa O CBOMCTBAaX
(IoKa3aTenbCTBO — CaMOCTOSITeNIBHO, TI0 aHA/IOTUH C MeToZioM [TusBckoro). O6o011ieHre MeToa fAeneHus Ha
TPY Ha 3aZlau¥ C OrpaHNYeHUSIMU-HepaBeHCTBAaMU /IS C/TyYast HeIyCTOro AOTYCTUMOTO MHOXKECTBA.

5.4. OBpUCTUUECKHE MYIbTHCTAaPTOBbIE METO/IbI MHOTO3KCTPeMabHOM ONMTUMHU3ALIUK, C UCTI0h30BaHUEM
metoga Monre-Kapiio.

Pazgen 6. 3aaun ¥ MeTO/bI ONITUMA/ILHOTO YTIPaBIeHUs

6.1. ITocTaHoBKa 3a7jaun. [ToHATHe ONMTUMATBHOTO YIpaB/ieHus], 00/1acTH yIIPaB/sIeMOCTH W HeYTIPaB/IsIeMOCTH.
®yukuysa bennMana B 3a/ilaye onTUMaabHOTO yripaBieHus. [lonydyeHre ycioByii ONTUMaNbHOCTH B hopMe
ypaBHeHus besiiMaHa /i1 3a7jauyl ONTUMAaIbHOTO YTIPaB/IeHNsI B TIPe/ITI0JI0KEHUH CITPaBe/[/TMBOCTH ruroTes3 1 u
2. Teopema 0 HeOOXOJIMBIX YCIOBHSIX ONTHMA/ILHOCTH B (hopMe MPUHIIMIIA MakcuMyMa TToHTpsiriHa, CBSI3b
TIPUHLIMIIA MAaKCUMyMa C ypaBHeHHeM besisiMaHa (roydeHre yCI0BUN ONTUMAabHOCTH B hopMe TIPUHLIUTIA
MakCHMyMa 13 ypaBHeHus bennmaHa B mpeAmno/noXkeHny CcripaBe /IMBOCTY TMIOTe3 3 U 4).

6.2. JIuHeliHbIe 33/lauy Ha ONTUMaJTbHOE OBICTpOelicTBHe. ITocTaHOBKa, TipeoOpa3zoBaHyre GOpMBbI 3amvcy
TIPUHIIMITA MAKCUMYMa [I7Is 9TUX 3a/jau, UCXO/Il U3 TEOPEMBI O TIPUHITUITE MaKCUMYyMa Jijist 00I1eld 3a1auu.
CTpyKTypa ONTUMabHOTO yTIPaB/IeHUs B IMHEHHBIX 3a[jauaxX Ha ONTUMajibHOe OBICTPOJeiCTBHe. Y C/IoBUe
00IIIHOCTH MoJI0KeHus1. TeopeMa O MPHUHIUIIE MAKCUMYyMa, Kak 0 He0OXO/IMMBIX U TIOUTH BCET/[a I0CTAaTOUHBIX
YCJIOBUSIX ONITUMAa/IbHOCTH YTIpaB/ieHust (J0CTaTOYHOCTb — 0e3 10Ka3aTenbCTBa).

6.3. [dpyrure ¢opMbl TOCTaHOBKM 3a/lay ONMTUMAaJIbLHOTO yTIpaB/ieHus, U3MeHeHHs: (hOpMbI TTPUHLIMIIA MAaKCUMyMa
(c obocHOBaHMeEM): 3a/1aua C PUKCUPOBAHHBIM BpeMeHeM /IOCTIIKeHHs]; HeaBTOHOMHBIE 3a/jauu; 3a7iaun
OITHMAJbHOTO YIIPaBJ/IeHUs CO CKOJB3SIMMU KOHLIAMU, YC/I0BHUEe TPaHCBePCaIbHOCTH.

Pazgen 7. 3amaun v MeTObI BApUALIMOHHOTO UCYUCIIEHUS

4.1. TIpocreiiive 3a/jaui BapuallMOHHOTO UCYMCIeHUs (C 3aKperyieHHbIMY, CBOOOAHBIMU U CKOJIb3SILLIIMU
KOHI]aMH ) — TMOCTaHOBKH 3ajau. dopman3aiyst MOHSTHsS O/TM30CTH KPUBBIX (Ha MPUMepe 3a/jau MepBoro v
BTOpPOro TUMNOB). [ToHATHE CUBHOTO U €/1ab0ro JIOKaJbHOTO SKCTPEMYMOB.

Mertoz Bapuauun Jlarpamka. [Tpo6HbIe GyHKIMY, TapaMeTpudecKasi Bapyalys KpUBOM. I1epBasi v BTopast
BapuaLuu (yHKUMOoHana. JleMMa o HeoOXOAUMBIX YC/IOBUSIX JIOKATBHOTO 3KCTpeMyMa (c/1aboro ¥ CUMbHOTO) B
ob1eli popme. DKCTpeMyM U 3KCTpeMarb GyHKIMOHaa (ornpesiesieHre SKcTpeMani). OCHOBHas ieMMa



BapUAL[MOHHOTO UCUHCTEHUS.
4.2. BeiunciieHue 1epBoi Bapyaliui QyHKIMOHAA [/ 33/1a4 C 3aKpeTvIeHHBIMY KOHIIaMH, 3a/iayu Co
CBOOOTHBIMY KOHLIAMHM, a TaKXKe /IS 3a1a4 CO CKOJIB3SIIUMU KOHIIaMH (TpedyeTcst ymMeHre He3aBUCHMOTO
BbIBO/Ia BBIPDA’KeHUH [I71s1 TIepPBBIX Bapualuii). BeiBog ypaBHeHus1 Jitiepa v TPaHUUHBIX YCIOBUHN Kak
HeoOXO/IMMBIX YCJIOBUI TIEPBOTO MOPsIJKA AJIs SKCTPeMyMa U KakK HeOOXO/IUMBIX U JOCTaTOYHBIX YCIOBHH JIIsT
JKCTpeMariell B TPex MPOCTeHIINX 3a[jauaxX BapHUallMOHHOTO UCUMC/ieHrs1. EcTecTBeHHbIe TPaHUYHbIE YCIOBUS U
YCJIOBUSI TPAHCBEPCAILHOCTH B 33/lauax CO CBOOOIHBIMU U CKOJB3AIUMH KOHIIaMU. VX TeoMeTpruuecKuit
cmbici. [TepBbie UHTerpasibl ypaBHeHUs Diijiepa.

4.3. JkcTpeMainu ¢ usznomamu. TeopeMa [ro0ya-PefimoHa (6e3 fioka3aTenbCTBa). Y CIIOBUS «CKIEHKN»
Beiiepirrpacca—Op/iMaHa Mpu U3/10Me SKCTpeMarieid (6e3 JoKa3aTenbCTBa).

4.4. BelumncsieHve BTOPOU Bapyaliviy B TPE/ITIOI0XKEeHHH 3aKpeTyIeHHbIX KOHIIOB. TeopeMa 00 yc/ioBUd
Jle>kaH/1pa, Kak He0OX0/IMMOM YCIOBHE BTOPOTO MOPsiZiKa /il MUHUMYyMa (MakcuMyMma) yHKIroHana (c
[l0Ka3aTebCTBOM).

4.5. BapualijoHHble 3a/jlaui C OrpaHUYeHUSIMHU.

N3onepumMeTpuueckast 3a/jaua, ocraHoBka. Oco0eHHOCTh MpUMeHeHUst TIoAxoa Jlarpamka c
rapamMeTpUUecKUMH BapHalysiMi. Teopema 00 yC/IOBHSIX SKCTPeMyMa IePBOTO MOPsifika B
M30TepUMeTPUUeCKHX 3a/ladyax (C MpoBeieHueM J0Ka3aTebCTBa).

3azaun BapUal[ioOHHOTO UCUUCTeHUs C A depeHaIbHBIMY CBSI35IMU, TEOpEMa O CBe/IEHUU K BapHUallMOHHOM
3a7jaue Ha 6e3ycIoBHbBIN 3KCTpeMyM (6e3 JoKa3aTebCTRa).

CofeprkaHye MpaKTUYeCKUX 3aHSTHH:

[MTpakTUYecKue 3aHATHS (CeMUHApPCKYe 3aHATHs /1abopaTopHbIe paboThl) OPraHU3YIOTCS, B TOM UKC/Ie B JopMe
NpakTU4YeCKoM Mo/roTOBKH, KOTOpasi IpelycMaTpUBaeT yyacTre 00yJaroliixcsl B BBIOTHEHUH OT/ie/IbHBIX
3/1IeMeHTOB PaboT, CBs3aHHBIX € OyayIel mpodeccroHaIbHON AesITebHOCTHIO.

ITpakTHyeckasi MOATOTOBKA MpelyCMaTPUBAET: BLITIOJHEHHE B PAMKax J1ab0paTOPHOTo MPakTUKyMa To
JVCLIUTIIMHE CTIeLjaIbHBIX TIPOEKTHBIX 3a/laHHi, HarpaB/ieHHbIX Ha MPAKTHUeCKOe 0CBOEHHe MeTOZI0B
MaTeMaTHYeCKOro ¥ KOMITbFOTEPHOT'O UCC/IeJOBaHMsI, HeOOXOIUMBIX TTPY aHa/IM3e TPe/I/IO’KeHHBIX 3a/lau U3
npeiMeTHOM 00/1aCTH M3yyaeMoi JUCLUIIMHEL [IprMepsl TeM NPOeKTHBIX 3a[,aHuM, Mpe/JlaraeMbiX B paMKax
YacoB MPAaKTUYeCKOU MOATOTOBKH:

1. CuHres, Bu3yanusalys 1 UCC/IefloBaHKe C UCII0/Ib30BaHHeM MaTeMaTHYeCKUX IaKeTOB HEBBITYKIIbIX
JBYMEPHBIX 33/lay MaTeMaTHueCKOro TIPOrpaMMHUPOBAaHKS C OTPaHUUeHUSIMA—HePaBeHCTBAMH, B KOTOPBIX
umerotcst Touku KyHa-Takkepa, He SIBISIFOLHECS YCIOBHBIMU JIOKATbHBIMA MUHUMYMaMU;

2. TlocTpoenue, BU3yanu3arys U UCCIeI0BaHHE C UCII0/Ib30BaHEM CIIeLabHOT0 IPOrpaMMHOr0 obecrieueHust
JBYMEPHBIX 3aJjay MaTeMaTHUeCKOro porpaMMHUpOBaHusi 6e3 pyHKLMOHATBHBIX OrpaHUYeHHH,
Tpe/ICTaB/ISAOIIMX CJIOXKHOCTH /IS TPOCTBIX MeTOZ0B Oe3yC/IOBHOM JIOKa/IbHOM ONTUMU3aLINH,
COTIOCTaBHUTE/IbHOE UCC/IeZ0BaHHe Ha TIOCTPOEHHBIX 33/lauax ToBejeHus 00iee CI0KHBIX MPUK/IaHBIX METO/[0B
JIOKaTbHOW ONITUMHW3aL[|H;

3. TlocTpoenue, BU3yanu3arys U UCCIeI0BaHHE C UCII0/Ib30BaHKEM CIIeLabHOT0 IPOrpaMMHOr0 obecrieueHust
CTPYKTYPHI ABYMEPHBIX 3alay MaTeMaTHuUeCKOro MporpaMMUPOBaHUS C OTpaHWYeHUsIM—HepaBeHCTBaMH,
MCCTIeZloBaHMe Ha TIOCTPOEHHBIX 3a/lauax BO3MOKHOCTEH UMC/IeHHBIX MeTOZIOB yueTa OrpaHHueHHi Ha IIpuMepe
MeTOo/ja BHEIIIHero CTereHHoro mrpada.

ITpoeKTHBIe 3a/jaHKsI BLINOJHSIOTCS TPYIIaMU U3 TPeX—UueThIpex YesioBekK.

Ha npoBefieHre MPaKTHUECKUX 3aHATUHN (CeMUHAPCKUX 3aHATHH /MabopaTOpHbIX paboT) B opMe MpakTUIeCKOU
TOATOTOBKU OTBOJUTCS 8 UacoB U3 001ero oobemMa 48 4yacoB MPAKTUUECKHUX 3aHATHH.

[TpakTHyecKasi OArOTOBKA HarpaB/ieHa Ha (OPMUPOBaHHE U Pa3BUTHE:

— MPaKTUYeCKHUX HAaBBIKOB B COOTBeTCTBHH C rpodumiem OI, a uMeHHO, Ha GOpMHUPOBaHKe TPAaKTUUECKUX
HaBbIKOB I1PU BBITIOJIHEHUH (DYH/IaMeHTa/IbHBIX U MTPUK/IaZHBIX paboT IOMCKOBOT0, TEOPETUUECKOTO U
3KCIepUMEeHTaIbHOTO XapaKTepa;

— komnereHuii — [1K-4 (criocobHOCTE TPUMEHSITE METO/[bI MAaTeEMaTHYeCKOTO U KOMITBIOTEPHOTO
WCCTIeZIOBaHUS TIPY aHa/M3e 33/lau Ha OCHOBe 3HaHWH (PyHIaMeHTa/IbHbIX MaTeMaTHUeCKUX U KOMITBIOTEPHBIX



HayK).

TeKyII1ii KOHTPOJIb YCIIEBAEMOCTH Pearu3yeTcsi B (hopMe OMpOCOB Ha 3aHATHSX CeMUHAPCKOTO THIIa,
nabopaTopHOro TUIa.

ITpomMe)KyToUHasi aTTecTalys POXOJUT B (hopMe KOMIUIEKCHOTO 9K3aMeHa, BK/TFOUAIOIIIEr0 BbIMOTHEHHE
MPaKTUYEeCKUX 3aJaHHi HApsiAy C TPAAUIIMOHHBIMUA OTBETaMU Ha BOIPOCKI 110 MTPOrpaMMe JUCIUT/TUHBI.

ITpakTHueckue 3aHATHS /MabopaTopHble pabOThI OPraHM3YIOTCSA, B TOM uMc/ie, B (hopMe MpaKTUUYECKOM
MOJITOTOBKU, KOTOpasi TpeAlyCMaTpyBaeT ydyacTHe OOyYarol[uXCsi B BBITIOJTHEHWU OT/AeIbHBIX 3/IeMEHTOB
paboT, cBsi3aHHBIX C Oyylie npodeccoHaNIbHON AeATebHOCTBIO.

Ha mpoBefieHre MpakTHUeCKWX 3aHSATHM / 1abopaTopHBIX paboT B (opMe MPaKTUUYECKOM IMOATOTOBKU
OTBOJWTCS: O4Hasi hopma obyueHus - 2 4.

4. YueOHO-MeToANUYeCKOe o0ecrieyeHHe CaMOCTOSITe/TbHOW PadoThI 00yJarouxcst

CamocTosiTenibHasi paboTa 00yYaroIuxcsi BK/IrOUaeT B Cebsi MOATOTOBKY K KOHTPOJIbHBIM BOMPOCAM U
3a/IaHUSAM [IJIS1 TEKYILEro KOHTPOJS W TPOMEXKYTOUHOM aTTeCcTalldd MO0 UTOraM OCBOEHMs JUCLIUTTUHBI
TIPUBE/IEHHBIM B II. 5.

MeTouueckrie MaTepUasibl HaripaB/ieHbl Ha 0becriedeHrie CaMOCTOSITE/TbHOM pabOThI CTY/I€HTOB.
Bujpl camocTosiTe/TbHOM paboThl CTY/IEHTOB:

. npopaboTKa TeOPeTUUECKOr0 MaTepHaia JIEKIUOHHBIX 3aHSITHH;

. TIO/ITOTOBKA K BBITIOJTHEHUIO paboT 1ab0paTOpHOTO MPaKTUKYMa;

. MO/rOTOBKA JOMAIIIHUX 3a/laHUi K HAyUHO-TIPAKTUYEeCKHUM 3aHSITUSIM;
. TIOJTOTOBKA K BBITTOJIHEHUIO NMMCbMEHHBIX KOHTPOJIbHBIX paboT;

. MO/IFOTOBKA K TPOME)XYTOUYHOM aTTecTaljuu B (popMe 5K3aMeHa.

1. TIpopaboTKa TeopeTHUeCKOro MaTeprasa JIeKLIMOHHbIX 3aHSITUN

BhbIMoHsIeTcsi caMoCTOSITeNTbHO C UCTIOb30BaHUEM T0JIHBIX OMYO/IMKOBAaHHBIX TEKCTOB JIEKLIUH
(CCBITKM yKa3aHbI B CIIMCKe TMTePaTyphbl) U MHOW peKOMeH1I0BaHHOM iuTepaTypbl. KOHTPOJIb
BBITTO/THSIETCS B (hOpMe TMPOBeIeHNsT eXXKeMeCsTYHOTO MMChMEeHHOT0 SKCITPeCC-0Tpoca o TTOHATHSIM,
dakTam, (hopMyIMPOBKaM, BBITTOHSEMOTO B TeueHHe 15 MUHYT Ha 3aHATHSX CEMHUHAPCKOTO THIIA.
Omnpochl BK/IIOUAOT T10 AT KOPOTKUX BOTIPOCOB U OL|eHUBAIOTCs APpOoOHBIME Oamamu ot 0 70 5
(cymma 6asioB, MosydeHHBIX 32 OTBET Ha KaXK/IbIM BOTIPOC), a TAK)Ke UTOTOBBIM JBOUYHBIM
TIO0Ka3aTesieM «3auTeHO»-«He 3aUTeHO». «3auTeHO» COOTBETCTBYET MOTy4eHHbIM OasiaM OT 3 U BhIILE.

2. TloAroToBKa K BBITOJTHEHUIO PabOT 1abopaToOpHOro MpaKTUKyMa

[TopsiioK IOATOTOBKY U MPOBe/ieHus1. JTabopaTOpHBIN MPAaKTUKYM BKJTFOUAET Psifl TeEM, OCBOEHHE
KOTOPBIX Mpe/rosiaraeT CaMOCTOSITe/IbHOE TIpeIBapUTe/IbHOe U3yUYeHue CTYJeHTaMU
JIOTIO/THUTE/IbHOIO TeOPeTUYeCKOro MaTeprasia, BbIXOZAILEro 3a rpejie/ibl MaTeprarna,
Mpe/CTaB/IeHHOTO B JIEKL[USIX.

[TpoBezeHue 1abOPaTOPHOTO MPAaKTUKYMa BK/TFOUAET /[BE YaCTH: BO-TIEPBBIX, CEMUHAPCKOe
o0cy»K/ieHre Kpyra IoCTaB/eHHbIX B paboTe rpobsiem, 00CyKaeHre HHIUBUIYa/TbHBIX 3a/JaHU; BO-
BTOPBIX, SKCIIEPUMEHTaTbHO-UCC/IeJ0BaTe/IbCKask YaCTh, 3aKAHUMBAOILAsICS 00CY>KIeHUeM U
COTMOCTaBJ/IeHWEM TOTyUeHHbIX Pe3y/IbTaToB.

3. TeMbI 1ab0paTOPHOTO MPAKTUKYMa:

JTabopaTopHsIii pakTUKyM 1. IToMCK onTHUMa/IbHBIX TyTeld Ha rpadaXx ¢ BEKTOPHBLIMHU BECAMU.
JTabopaTopHBIi MpakTUKyM 2. Mcrions30BaHHe YCIOBUNM ONTUMAIBLHOCTH A1JIsl YUC/IEHHOTO PellleHus
3a/lau MaTeMaTU4YeCcKoro rnporpaMMHUPOBaHUsI C UCTI0/Ib30BaHHEM MaTeMaTUueCKUX MakeToB.



JTabopartopHsIii rpakTUKyM 3. MccieoBaHre MeTo[0B 6e3yC/I0BHOM JIOKAaMbHOM ONTUMH3ALIUU B
riporpamMmMHo# 1abopaTtopun LocOpt.

JlabopaTopHslii pakTUKyM 4. MccnenoBanue Metoga mtpadoB B IporpaMMHON 1abopaTopuun
LocOpt.

JIabopaTopHBIM MPaKTUKYM 5. KCIIepUMeHTaIbHOe UCC/Ie/JoOBaHNe MeTO/J0B MHOT09KCTpeMasbHOM
ONTUMU3ALIUU.

4. MeTo1ueckre MaTepHaJibl JijIsi CAMOCTOsATeTbHOM paboThI o TeMaM 1-5 abopaTopHOTro
NIPaKTUKyMa yKa3aHbl B CIIMCKe JIMTepaTyphbl, a TaKKe IPUBeeHbl HIDKe:

a. VI31aHHBbI B 3/71eKTPOHHOM BU/le KYPC JIeKLMI 110 HeJIMHeHOMY MaTeMaTh4eCKOMY
NIpOrpaMMHPOBaHUI0 (yKasaH B CIIMCKe JIMTepaTypsbl);

b. l'opogenkuii C.FO. «JTabopaTopHbIi PaKTUKYM T10 METOZAM JIOKaTbHOM ONMTUMH3al[iH B
rporpaMmMHoOM cucteme LocOpt». D/1eKTpOHHBINA pecypc — pa3MellleH Ha
https://source.unn.ru/#/teacher/2023/1;

c. 'opogeuxuii C.1O., I'puinarun B.A. HenmHeliHOe nporpaMMupoBaHye U MHOTO9KCTpeMaslbHast
orrtuMm3anus. YuebHoe rocobue. H. Hoeropog: uza. HHI'Y, 2007.

5. Cnioco0bl, CpeficTBa ¥ MOPSIZIOK KOHTPOJIS:

KoHTposib caMocTosSITeNIbHOM paboThI CTY/IEHTOB TIPH MIOATOTOBKE TEOPETUUECKOUW YaCTH
71abopaTOPHBIX MPAaKTUKYMOB BBITIOJTHAETCS B (hOpMe YCTHOTO Ompoca-6ece/ibl-0ITycKa I10
He0OX0/IMMOMW TeOPUH, IMPOBOAMMOTO B Hauajie Ka)KI0T0 3aHSITHS 110 JTab0PaTOPHOMY MPAKTHKYMY.
[IIkasa olleHMBaHUsI TPOWYHASI: «He 3aUTeHO», «3aUTeHO YCIOBHO», «3auTeHo». B mepBbIX JBYX
Cyyvasix, CTyZeHThbI [0y4atoT JOTOJHUTEeTbHbIe UHIUBUyalbHbIe TeOpeTUUeCKue 3aJjaHust
Pa3/IMYHOr0 00beMa U JO/HDKHBI OTUMTATHCS 10 UX BHITIOJTHEHUIO TMCbMEHHO.

6. [ToAroTroBKa JOMaIIHUX 3a/JaHUM K HAYYHO-NIPaKTUUECKHM 3aHATHSIM

[omaiiiHue 3a7,aHus BbIZAIOTCS 110 UMEOIIeMYCSl 3a/JaUHKKY, KOTOPbIN BK/IHOYaeT KpaTKUW
TeopeTHYeCKUil MaTepyuas U TIpUMephI pellieHus 3a/jau U3 Kak10ro pa3zesna (0OHOB/sieMble TeKylye
BEepPCHUHM 3a/lauHUKa BBIK/Ia/IbIBAFOTCS /11 CTYZEHTOB Ha Source.unn.ru).

[TpoBepka BBIMOTHEHUS JOMAILIHKX 3a/laHHlM TIPOBOIUTCS B Hayasle KaXk/10ro MpakTUUeCKOro 3aHsITHSI.
Wcnonb3yetcst Tpy GOpMBI KOHTPOJIST: — 3all0/IHEHKME JIUCTa CAaMOOLIeHKU CTelleHH BbINOTHEHUS
Ka)K/IOTO U3 JIOMAIIIHUX 3a/]JaHUii; — BbIDOpOUHasi POBepKa BBITIOJTHEHHST 3alaHUH Y IBYX-TpeX
YeJIOBeK M3 IPYMITbI; — MPOBepKa B JopMe KOJIJIEKTUBHOTO 00CY>KJeHUsl Y IOCKU Pe3y/IbTaToB
BBITIOJTHEHUSI OT/e/IbHBIX 3a[JaHUM OZHUM W/ IBYMS CTYJ€HTaMU.

7. TloAroToBKa K BBITIOJTHEHUIO TTMCBMEHHBIX KOHTPOJIbHBIX paboT

B TeueHue cemecTpa IMPOBOUTCS [IB€ ayAUTOPHBIE U [IBE JOMAIITHAe KOHTPOJIbHbIE PabOTHI 110
Marepuasiam pasfiesioB JIeKLIMOHHOI O Kypca: 1; 2-3-4; 6; 7.

[1715 IOATOTOBKY K KOHTPOJIbHBIM paboTaM peKOMeH/[yeTCsl TOBTOPHO TIPOUUTATh TeOPEeTHUeCKHe
pasziesibl B 33/JlaUYHMKe, YKa3aHHOM B I1.6, TIPOCMOTPETH I10JIe3HbIe pa3/esibl B COOTBeTCTBYIOLIUX
HMCTOYHUKAX U3 CIMCKAa PeKOMeHI0BaHHOM IuTepaTypsl (pa3zesn 6), a Takke CaMOCTOSITEIbHO pellaTh
HEeCKOJIBKO 3a/jau 110 TeMe KOHTPOJIbHOM paboThl M3 yKa3aHHOTO 3alauHiKa.

8. [MoAroToBKa K NMPOMEXKYTOUHOM aTTecTal[uu B JopmMe 3K3aMeHa

B kauecTBe MeTOMUECKUX MaTepuasoB IIpY NOATOTOBKE K 5K3aMeHY PeKOMeH/yeTCs UCII0/1b30BaTh
coOCTBeHHbIE KOHCTIEKTHI JIEKL[UH, a TaK)Ke ICTOYHHKH, PEKOMEH/IOBaHHbIE B CITUCKe JTUTepPaTypHl,
CpeZiy KOTOPBIX TPe/[CTaB/IeHbl CCHUTKK Ha 3/IeKTPOHHbIE BePCUH 01Ty 0/TMKOBAHHBIX TIOTHBIX TEKCTOB
nekuuii. Hioke B hopme TaOUIIBI TIPUBEZEH CITMCOK KOHTPOJIBHBIX BOITPOCOB T10 TTPOBEPKE OCBOEHUS
komneTteHUH [1K-4, KOTOpbI peKoMeHyeTCsl UCM0/Ib30BaTh MPU MOATOTOBKE K TIPOMEXXYTOUHOU



aTTecTaly B opMe FK3aMeHa.

9. CriMCOK KOHTPOJIbHBIX BOMPOCOB K 9K3aMeHY.

Pa3pen 1.

OO0111ast TOCTaHOBKA O/IHOKPUTEPHANbHOM 3a/jaur OnTUMU3aLyu. [ToHSITHS TOKaTbHO-ONTUMATbHOTO U
r7100a/IbHO-ONTUMA/ILHOTO PeLleHUH.

O600111eHMe TIOHSATUIM ONTUMa/IbHOCTH Ha MHOTOKPUTEPHUAa/TbHbIE 3a/lauil ONITUMU3alUU. PellieHust
ontuMasbHble 110 [Tapeto u Crielitepy (3ddekTrBHbIE U T0/1y3¢hdeKTUBHBIE pellleHus).

MeToapbl MTMHENHOM CBePTKU U CBepTKU ['epmeliepa, MX OCHOBHbIE CBOMCTBA.

3a/jauu JUHAMUUECKOro TTPOrpaMMHPOBaHus ¢ GUKCHPOBAHHBIM BPeMeHeM Hauajia U OKOHUaHHUSI.
[TocTaHoBKa.

[Moustue dhynkuu bennMana (onpe/jeneHre) Npy pellieHU «0T Havyazia», a Takxke «0T KOHLa». MeTo[
PeKyppeHTHBIX ypaBHeHn! besiMaHa (BbIBOZ, U IPUMeEHeHNe).

[Mpunimn beyiMaHa Kak HeoOXoAMMOe ycioBHe (C I0Ka3aTebCTBOM [JIs aTATUBHOTO KPUTEPUS) U
KaK /I0CTaTOYHOe YC/oBUe (C JoKa3aTenbCTBOM) /IJisi B 3a/jauax C aJAUTUBHBIM KPUTEpUEM U
KpUTepHueM B BuZle MakcumyMa. CBsi3b puHLMIa bennmana ¢ ypaBHenusimu benimana.

Ob6parHble peKyppeHTHbIe COOTHOIIeHus besyiMaHa (3amuch OT Havasa TpoLiecca).

[Tpumep ncnonb30BaHUsl COOTHOIIEHHH besmvaHa (pemeHue 3a1aur 00 ONTUMAaTbHOM
pacripefiesieHuH ¢ GyHKLMeH 10X0/ja B BU/ie KBaIpaTHOTO KODHs).

[TocTaHOBKa 3a/jauu IMHAMUUECKOT0 TIPOrPaMMHPOBaHUsI C He(PUKCUPOBAHHOW JI/TUTE/TbHOCThIO
rporiecca, OT/INYMsi OT TTOCTAHOBKU C PUKCUPOBAHHBIM BpeMeHeM OKOHYaHUSI.

O606meHne ypaBHeHUH BesiMaHa Ha 3aiauu ¢ He(UKCUPOBAaHHOM JIJTUTEILHOCTBIO TIPOLIecca.
[TpumMeHeHMe K 3alauam MOMCKA ONTHUMaJIbHBIX MyTel Ha rpadax.

3afaun TIOMCKa ONTUMAJIBHBIX MyTel Ha rpadax C HeOTPULIATeIbHBIMUA BecaMu pebep: MeTo
[elKcTphl € J0Ka3aTeTbCTBOM ONMTUMAaIbHOCTH TIOCTPOEHHBIX UM MyTel (110 MaTepraiam
naboparopHoit paboThI), CBSI3b MeTo/a JleMKCTphI C IPUHLIUIIOM beryiMaHa B hopMe 10CTaTOUHOTO
yCJIOBUSI.

3agauu Ha rpadax c BeKTOpHbIMU Becamu pebep. OTbicKaHUe onTUMastbHbIX 110 [Tapeto u Crelitepy
pellieHri MeTo/IOM CBEPTOK, COT/lacOBaHKe BUZA CBEPTKH C BUOM KPUTepUSI.

Pa3nen 2.

BrInykiible MHOXKECTBA, BbIMYK/Ible YHKLIUU (BBIMYK/IOCTb U CTPOTrast BLIMYK/IOCTh). [IpoeKiiyis TOuku
Ha MHO)KEeCTBO, /IBe JIeMMbI O CBOMCTBaxX MPOEKL[UH.

OTHenMMoCTb TOUKA ¥ MHOKECTBA, CTPOrasi U CUIbHasi OTJe/IMMOCTb, FeOMeTPUUeCKUN CMBIC/T
TIOHSATHS OT/Ie/TMMOCTH, JIB€ TeOPeMbI 00 OTZe/TUMOCTH.

CBolicTBa BBIMYK/IBIX (YHKLMM (C J0Ka3aTebCTBaMU, KpOMe CBOWMCTBA HEMPEePhIBHOCTHU BO
BHYTPEHHHUX TOUKaX), BK/IKOYasi [Ba KpUTEPHs BBIMTYK/IOCTHU.

3a/jaua BBIMYK/IOT0 MaTeMaTUYeCKoro MporpaMMUPOBaHUsI U ee CBOMCTBA.

B03MOXXHOCTh OTCeUeHUI TIOZMHOXKECTB, He COZIepXKalliX r7100abHOr0 MUHUMYMa, TI0 U3MepeHUsSIM
rpajyieHTa B IVIaJKUX BBIMYK/bIX 3aauax (c/ieCTBHE KPUTEPUs BBIYKIOCTH AU depeHpyeMbIX
byHKLMN).

['pajivieHT ¥ IpOU3BOJHas 110 HaNpaB/IeHHIO, ee BbIUKC/IeHUe B cayydae AuddepeHLpyeMOoCTU
(GyHKLMY, CBOMCTBA IpaZiieHTa.

YcoBre ONTUMaTbHOCTH N€PBOT0 MOPsi/iKa NPY OTCYTCTBUM OrpaHrWYeHuii: Teopema Pepma.
3agauu c orpaHryeHusiMu, GyHKIM Jlarparxka. OnpesiesieHre MOHSATUS PeryJIsipHOCTH I0IyCTUMOTO
MHO>KeCTBa B TOUKE U B L]eJIOM.

3aJiauu C orpaHUYeHUsIMU-paBeHCTBaMu, TeopeMa Jlarpanxa (MeTos MHOXUTesel JlarpaHika).



[ocTraTouHoe yc/ioBUe Pery/asipHOCTH [JOTyCTUMOTO MHOKECTBA B TOUKe JI/Isi OrpaHUYeHUH-PaBeHCTB.
I'eomeTpuueckasi UHTepIIpeTalsi YC/IOBU ONTUMA/IbHOCTH U3 TeopeMbl JlarpaHska.

Teopema Kapyma-KyHna-Takkepa B HeguddepeHLMaabHOM (hopMe A1 BBITYKI/IOM 3a/auy, 3alMcaHHas
yepe3 MPUHLIUIT MUHUMYMa.

Teopema Kapyia-KyHa-Takkepa B HepuddepeHijuanbHOU (popMe ZiJist BBITTYK/IOM peryJisipHO# 3a/jauM,
3arycaHHasi yepes ce/iJIOBYI0 TOUKY QyHKLMY JlarpaHia.

[HocTtaTouHoe ycnoBue peryssipHocTy Creiitepa.

TeopeMa 0 HEOOXOIUMBIX U JOCTATOUHBIX YCJIOBUSIX MUHUMYyMa B v depeHiiranbHOM hopme [71st
KJlacca BBIMYKJ/bIX Pery/sipHbIX 3a/au.

I'eomeTpuueckasi MHTepIIpeTaLys yC/I0BUI ONTUMaNbHOCTH, 3alMMCaHHBIX B TPaZIMeHTHOMN Qopme [/t
BBIMYKJIOTO PeryJ/sipHoOro ciydas. ['eomeTpuueckasi MHTepripetTauys cutyauyu A_i<0 npu pasnioykeHuu
AHTUTPAZIMeHTa 11e/IeBOM (PYHKI[UM B BHIMYKJ/IOHN 3a/iaue MPU HEBEPHOU TUTIOTe3e 0 Habope aKTUBHBIX
HEPaBeHCTB.

Teopema Kapymia-KyHna-Takkepa B quddepeniansHoM Gopme 17151 HEBBIMTYKIIbIX 3a/layu — YCJIOBUE
ONTHUMAabHOCTH MIEePBOT0 MOpsiKa.

[octaTouHOoe yC/ioBHe PeryJ/sipHOCTH JOMYCTUMOT0 MHOXXEeCTBA B TOUKe B (popme JIMHEeNHOM
HEe3aBUCUMOCTU I'PaJIueHTOB.

'eomeTpuueckue NpUMepbl HeJOCTaTOYHOCTH YCI0BUM MIepBOro MOpsiiKa JJisl CYLlieCTBOBaHUS
JIOKa7bHOTO MUHMMYMa B HEBBIMYKJIOM CJlyuae.

TeopeMa 0 ZJOCTaTOUHBIX YC/IOBUSIX TIEPBOTO MOPSsiIKa OCTPOro JIOKaJIbHOTO MUHMMYMa B 3a/jauax C
orpaHnyeHusiMu (6e3 [0Ka3aTesbCTBa).

TeopeMa 0 JOCTaTOUHBIX YCJIOBUSIX BTOPOT'O TMOPSIIKa /iJIsi CTPOTOro JIOKa/JIbLHOT0 MUHUMYyMa B 3aJjauax
¢ orpaHuyeHusiMU (6e3 0Ka3aTebLCTBA).

Paznen 3.

[ToHsTHE MeTO/Ia TIOUCKOBOM ONTHUMU3aLMU. McTibiTaHUe U TTOPSA/I0K UCTIBITaHUS. ATIpUOpHas U
riorckoBasi uHdopmarus. [laccvBHbIe U MOC/Iel0BaTe/IbHbIE a/ITOPUTMBI.

[IpyHLMI HauMyyYlllero rapaHTUPOBaHHOTrO pe3ynbTata. ONTUMabHble U —ONTHMAasbHbIe
anroputmbl. OfHOIIaroBas nocaeoBaTe/IbHasi ONTUMaTbHOCTb.

Krnacc yHuMoanbHbIX (DYHKLMM, TTPAaBUIIO COKpallleHHsi MHTepBasa 1Mo ABYM U 1o k u3MepeHusIM.
[TocTpoeHue ONTUMAaMbHBIX U —ONTUMAabHBIX MACCUBHBIX N—111arOBbIX airOPUTMOB, UX
rapaHTUpoBaHHasi 3(PGeKTUBHOCTb.

ITocTpoeHre —ONMTHUMAJILHOTO MOC/Ie0BaTe/ILHOTO N—I11aroBoro ajropurMa (Metog duboHauum).
HeonTrimanbHble anropyuTMbI: METO/IbI 30/I0TOTO CEUeHHs U /IBa BapyMaHTa MeTo/a AuXoToMur. CBS3b
MeToza PubOHAUUM C METO/IOM 30JI0TOTO CEUeHUsl.

3aJjauu MOMCKa JIOKAJIbHOTO 9KCTpeMyMa B 3a/iauax 6e3 orpaHuueHuit. O01jasi CTpyKTypa
WTepaLMOHHbIX MeTO/I0B JIOKAJILHOTO 1ouckKa. [ToHsATHe nopsiika MeToza. JInHeliHas1, CBepX/IMHelHast
Y KBa/[paTUYHasi CKOPOCTU CXOAUMOCTH (OrpeiesieHus).

[IBa KpuTEepHs BBIOOPA IIIAr0BOTO MHOXKUTEJISL. AJITOPUTMBI APMUXO0 U O[HOMEPHON MUHHUMM3ALIUH.
«AKKypaTHbI» OJIHOMEPHBIH MTOUCK.

[TpocThie MeTO/IbI MHOTOMEPHOT'0 JIOKAJIbHOTO TOMCKA U UX CBOMCTBA: IPaJjueHTHbIe METO/bI,
BKJItOYAs MeTO/, HaUCKOpelillero rpajueHTHOro Norcka, U MeToZ, HetoToHa. BriBOz MTEpaljuoHHOTO
CcooTHoLIeHus1 Metoga HeroToHa.

TeopeMbl CXOAMMOCTH /IJIs1 METO/IOB HaMCKOpeHillero rpajJueHTHOro orcka U Metoga HeroToHa.
CBoiicTBa MeTO/la HAUCKOPeMIIIero rpaileHTHOTo MoMckKa U MeTozia HeroToHa.

MeTozbI NpsIMOro MOMCKa Ha TipuMepe MeTosa XyKa-/>KuBca.

O61mue npeacraBieHust 00 3¢)(HeKTUBHBIX METOAAX JIOKAIbHOW ONMTUMHU3ALUKN: alTOPUTM METO/a



HreroTOHa € perynvpoBKo# 11ara (Hanpumep, o ApMuxo), Mogu@ukanus matpuLel ['ecce 1o
TI0JIOXKUTETbHOM OTpe/ie/ieHHOCTH Ha OCHOBe MOAM(ULIMPOBAHHOTO Mpeobpa3oBaHUst X 0J1eCCKOro.
KBa3nHbBIOTOHOBCKOE yC/I0BUE, KBa3MHBIOTOHOBCKUM MeToZ, [laBusioHa-Detyepa-Ilaysnna.
[TonsiTHe conpshKeHHBIX HaMpaB/AeHWU, TTIOHSITHe MeTOo/la COTIPSDKEHHBIX HallpaB/IeHUH U ero
MoBe/leHre Ha KBaJJpaTUYHbIX CTPOTO BBIMYK/IbIX (DYHKLUSIX, aATOPUTM METO/ja COTPSPKEHHBIX
rpagueHToB ®eTuepa—PuBca /17151 KBa/[paTUUHBIX U HEKBaApaTUUHBIX (QyHKLUH.

Pazpgen 4.

OO011e MeTOZBI pelieHust 3a/1a4 C OrpaHUUYeHUsIMU. MeTo ] BHeIIHUX ITpadHbIX GYHKLWH, CTeTieHHast
¢byHkius wrpada. BivsHye nokasaTesis CTeNeHU Ha T/1aZiKoCTh (QyHKLWY Tpada.

Teopema cX0IMMOCTHU MeTO/la BHeIIHero 1tpada.

O1eHKM CKOPOCTH CXOJUMOCTH MeTO/la BHEIITHero cTerieHHoro mrpada (6e3 oka3arenbCTsa).
Pasnen 5

3a/jlaul MHOT03KCTPeMaibHOM ONTUMU3ALUU. JIMMIINLeBbl (PYHKLIUKA U UX CBOMCTBA.

Mertog, IIusasckoro, Teopema 0 CBOMCTBAX.

Bepcusi MmeTofia € KCI0/ib30BaHKeM OLIeHKU KOHCTaHThbI Jlumiiuiia. OJHOMepHbIM BapUaHT MeTo/ia
[TuABCKOro — MeTo/| IOMaHHbIX.

Anroput™ MH(POPMAaLIMOHHO—CTaTUCTUUECKOT0 MeTO/la B CPABHEHUU C METO/I0OM JIOMaHbIX.
MHoromepHble MHOTO3KCTpeMasibHble 3aaud. MeTo feneHns Ha Tpy, Teopema O CBOKWCTBax.
O6o061eHre MeToa ZieJieHrsT Ha TPY Ha 3aJjaudl C OrpaHUYeHUSIMU-HePaBeHCTBAMH /IS CTydast
HeIyCTOro JI0IyCTUMOr0 MHOXKeCTBa.

Paznen 6.

[TocTaHOBKa 3aZiauvl ONITUMA/ILHOTO YIipaB/eHus. [IoHSTHS ONTUMaIbHOTO yTpaBieHusl, 00/1acTeit
yHpaB/isieMOCTH Y HEYIIPaB/IsSieMOCTH.

®yukuysa bennmana B 3aiaue ONTUMaIbHOTO yIipaBrieHus. [TosyueHye yci0BUM ONTUMAa/TIbHOCTH B
(opme ypaBHeHus1 beniMaHa /17151 3ajauy ONTUMAa/IbHOTO YIIPABJ/I€HUS.

TeopeMa 0 HeOOXOIUMBIX YCJIOBUSIX ONTUMAaIBLHOCTH yTIpaB/eHus: B JopMe TIPUHLUIA MaKCUMyMa
[ToHTpsirnHa, CBsA3bL NPUHLMIIA MAaKCUMyMa C ypaBHeHHeM bennmana.

JIvHeliHbIe 3a/1auM Ha ONTUMasbHOe ObicTposelicTBUe. [TocTaHOBKA, MpeoOpa3oBaHue (hOPMBI 3aITUCH
TIPUHLMIIA MaKCUMYMa JIJIs 3THX 3a/iau, UCXO/s U3 TeOpPeMbl O MPUHLIMIIE MaKCUMyMa Z1Jisi 0011ieit
3a/jaui.

CTpyKTypa ONTUMAbHOTO yTIpaB/IeHus B IMHEMHBIX 3a/ladaxX Ha ONMTHUMaJIbHOe ObICTPO/eiiCTBYE.
YcoBue 00IIHOCTH TIONIOXKeHuUs1. TeopemMa 0 HeOOXOAUMBIX M JOCTaTOUYHBIX YCIOBUSIX
OTITUMAJTLHOCTH yTIpaB/IeHus (JOCTaTOYHOCTb — 0e3 ZloKa3aTenbCTBa).

Jpyrue (opmbl MOCTaHOBKY 3a/jau ONTUMAJIbHOTO YIIPaB/ieHus, U3MeHeHUs1 (pOpMbI TTPUHLIUIIA
MakcHMyMa: 3ajiaua ¢ (PMKCHPOBAHHBIM BpeMeHeM /IOCTKeHHs1. 3a/jJaui ONTUMAaJIbHOTO YIIPaBJ/IeHus
CO CKOJIb3SILIIUMU KOHLIAaMH, YC/IOBHUEe TPAaHCBePCaTbHOCTH.

Paspen 7.

I[Mpocretimue 337U BAPUALIMOHHOTO MUCYUCIeHHS (C 3aKperyieHHBIMH, CBOOOTHBIMU U CKOJIB3SIIITAMU
KOHLIAMH ) — MOCTaHOBKH 3a7iau.

dopmanu3anys MOHATHS O/TM30CTH KPUBBIX. [10HATHE CH/TBHOTO 1 €/1abO0ro JI0Ka/TIbHOTO SKCTPEMYMOB.
Mertoz Bapuaruu Jlarpanxka. [1pobHble ¢hyHKIuM, BapuaLys KpuBoi. [TepBasi u BTOpasi BapraLuu
¢dyHKIMOHAMa. JleMMa 0 HeOOXOAMMBIX YCIOBHSIX JIOKaJIbHOTO 9KCTPeMyMa B o01ield popme.
OKCTpeMyM U 3KcTpeMasb (pyHKIMOHaa (onpezeneHye skcTpemMani). OCHOBHasi ieMMa
BapHaLMOHHOT0 UCUUCIIEHHSI.

Brbruricienue repBoii Bapuaruu ¢GyHKLMOHAA J/1s 3a/jau € 3aKperieHHbIMK KOHLIaMHU, 3a/jau o
CcBOOOJHBIMU KOHL[aMM, a TakXKe [/ 3a/jau CO CKOJIb3SIMMU KOHLIaMHU.



BriBoj, ypaBHeHus1 Diisiepa U rPaHUYHBIX YCI0BUI Kak He0OXOMMBIX YC/I0BUH MepBOro Mopsiika AJist
9KCTpeMyMa U KaK HeoOXOIMMBIX U IOCTAaTOUHBIX YCIOBUH /it SKCTpeMasieli B TpeX MPOCTeHILnX
3a/ja4ax BapUaLlMOHHOI0 UCYUC/IeHUS.

EcrecTBeHHble rpaHUYHBIe YCI0BUS U YCJIOBHS TPAHCBEPCA/IBHOCTH B 33/jauax co CBOOOIHBIMU 1
CKOJIb3SILLIMMU KOHLIaMu. VIX reoMeTpryeCcKUid CMBICII.

[TepBble vHTerpasbl ypaBHeHuUs Jisiepa.

OkcTpemainu ¢ unomamu. TeopeMa /Irobya-PeiimoHa (6e3 Joka3aTebCTBa).

BerunicieHye BTOpoii Bapyaljiy B TIpe/TIONI0KeHUH 3aKperieHHbIX KOHI0B. Heo6xommoe ycioBue
BTOpOrO NOpsi/IKa AJ11 MUHUMYyMa (MakcuMyMma) GyHKLIMOHaIa — yc/aoBUe JlexxaHzpa.
BapuanjonHsle 3a1aum ¢ orpaHuueHUsIMU. M3onepumerpruueckas 3ajada, IOCTaHOBKA.
[Tpumenenue noaxoza Jlarpawka. Teopema 06 yCoBUsiX SKCTpeMyMa I1epBOTO TOPsijKa B
V30I1epUMeTPUYeCKUX 3aZladax.

5. @®oHA OLEHOYHBIX CPeJACTB //Il TeKYyIero KOHTPOJISA YCIeBaeMOCTM U HNPOMeXyTOYHOH
aTrTecTalyH M0 JUCLHII/IMHE (MOAY/II0)

5.1 TunoBbIie 3a/laHHUA, H806XOJII/IMLIE AJId OL€HKM Ppe3y/bTdTOB OﬁquHl/Iﬂ npu mnpoBejeHHUU
TEKYIIEero KOHTPOJ/IA yCII€eBA€MOCTH C YKd3dHHUEM KPUTE€PHUEB UX OLl€HUBAHUA:

5.1.1 TunoBble 3ajaHusi (oueHouHoe cpeacTtBo - CoOeceoBaHue) /i  OLleHKH
copmupoBanHocTu KomnereHuuu [TK-4:

ITpumep uHOUBUAYA/bHBIX OONOAHUME/NbHBIX B80NPOCO8 cobecedosaHusi no aabopamopHomy
npakmuxkymy 1.

1. IlpuBecty cBoM mpuMep rpada ¥ MOCTAaHOBKU 3a/lauM C HapylleHWeM TNpuHLuna bennvana B
¢dopme HE0OXOIMMOTO YC/IOBUSI.

2. CopmynupoBaTh npuHLun bennmvaHa B (popMe J0CTaTOUHOTO YyC/IOBUSL «C KOHLa». Jloka3aThb
JI1S1 KpUTEpUs TUMa MaKCUMyMa.

3. [JokasaTb, UTO TPU CTPOTO TOJIOKUTETbHBIX KOI(PUIMEeHTaX CBePTKU pelleHUsIMUA B MeTO/e
JTMHEWHOU CBepTKU OYAYT SBIATHCS TOMBKO 3¢dekTrBHBIe (onTHMasbHbIe 1o [1apeTo) myTu.

4. TlpuBecTu CBOIM TpyMMep I[I03TAlHOTO BBIMOMHeHUs MeToja [leWKcTpel s rpada ¢ 5-7
BepUIMHAMU /IJI1 KPUTEpUsl TUTA MakcuMyma. IlozoOpaTh TpuMep, TIPUBOASAIIMNA K W3MEHEHHUIO
TIOMETOK pebep y HEKOTOPBIX BEPLUIMH W OCTAaHOBY BBIUMCJIEHWH [0 TOTO, KaK BCE BEpIIMHEI
TIPUOOPETYT MOCTOSTHHbIE METKU.

5. B uem BbI BugnTe cBsi3b MeToia JleMKCTphl ¢ npuHiunoMm bennmaHa B (oopMe 0CTaTOUHOTO
yCI0BUSA?

6. ChopmymupytiTe U 060CHYyliTe H3BeCTHBIE Bam cBolicTBa cBepTKH ['epmetiiepa.

IIpumep uHOUBUOYA/IbHBIX OONOAHUMEAbHBIX B80NPOCO8 Cobecedo8aHusi no /1abopamopHoOMy
npakmuxkymy 2 .

1. JaTh ompezesieHWe peryaspHOCTA 00sacTM B Touke. IIpuBeCcTM CBOW mpumep 00/acTH,
TIOPO>K/IEHHOU TJIafIKUMKU HepaBeHCTBaMMU (/1151 Kjlacca TJIa[KUX 3a/lay), C HapyIllleHWeM pery/asipHOCTH
B O/IHOM U3 TOueK (C 000CHOBaHUEM).

2. TlpuBecTu TIpUMep AOIMyCTUMOTO MHOXXECTBA, [I/IsI KOTOPOT'O CYIIIeCTBYeT AOIMyCTUMasi TOUKa,
rle OrpaHHYeHUsi-HepaBeHCTBA BBITIOJIHAKOTCS CTPOro, a ycioBue CreliTepa NMPUMEHSTb Hemb3Sl.
[TpoaHanu3upoBaTh €ro 0Ka3aTeabCTBO U yKa3aTb MPUUYMHY ero HelmprMeHMMOCTH B Baitiem ciyuae.



3. [IpuBecTu CBOM MpHMep CUTyaluu (/i TJIaZIKOTO C/yuasi), KOr/ia TOUKa yAOBIETBOPSIET BCEM
ycioBusim KyHa-Takkepa, HO He SIBISIeTCSI IOKa/IbHBIM MUHUMYMOM.

4.Kak [0/DKHBI U3MEHUTBHCSI YCIOBHSI ONTHUMA/IbHOCTH /ISl TJIaJKUX 3a/lad C HepaBeHCTBAaMU B
3ajjauax Ha MakcuMym? [IprBecTH reoMeTpUYecKy WITHOCTPALMI0 B3aUMOPACIIOIOXeH sl BEKTOPOB
rpaIieHTOB B COOTBETCTBYMOLeM ciaydae. OBOCHOBATD.

5. [loka3aTh, UTO Ha Kjacce TIaJKMX 3a/lau C HEBBIMYK/IOH LjefieBod (yHKIMed W 06/acThbio,
yIOBJIETBOPSIIOIIE! I0CTaTOUHOMY YCJIOBUIO perysisipHocTd CreliTepa, 3TO yC/OBUe TIPUMEHUMO TIPH
HaJIMYUHY TJIaZIKOCTH orpaHudeHuil. T.e. TpebyeTcsi JoKa3aTh 3TO [JOCTaTOYHOE YCIOBHE PEry/sIpHOCTH
JUTsl ©3MEHEeHHOT0 KJlacca 3ajau.

Kpurtepuu oueHuBanus (oneHouHoe cpecTBo - CobeceoBaHme)

OueHka Kputepun ouieHnBaHuis

CTyzeHT ToHMMaeT OCHOBHYIO YacCTh TeEOPETHUECKOTO MaTepHaa o TeMe cobeceZjoBaHus,
3auTeHO TpaBU/IBLHO OTBeuaeT Oosee ueM Ha 60% BOIPOCOB 10O TEOPHH, a/leKBAaTHO BBITIO/IHSIET OCHOBHYIO
YacTb HeOOMBIINX TPAKTHUECKUX 3alaHHM.

CTY/:[EHT c1abo OPHUEHTUPYETCA B TEDMUHOJIOTYH, HEBEDHO TTIOHUMAET 1 HETIPpaBUJIbHO

He

(1)0];)MYJII/IpyET OCHOBHEIE TeOpeTHUUYeCKHe Cl)aKTbI, He MO)XeT BbITIO/THUTb 3HAYUTE/IbHYIO UaCTh
3a4TeHO o

THUIIOBBIX IMPAKTHYECKHX 3aJaHUH.
5.1.2 TumnoBble 3ajaHus (oueHOUHOoe cpeAcTBO - IIpaKkTHYeckoe 3ajaHue) /A OLIEHKH

copmupoBaHHocTH KomneTtennuu ITK-4:

IpakTHyeckue 3aaHud 10 jlabopaTopHoii padore 1

1. I3yunTh NOHATHS pellieH B MHOTOKPUTepUaIbHbBIX 3a/jauax, MPUMeHUTE/IbHO K 3a/lauaM Moucka
OTITUMAJIbHBIX MyTel Ha Tpadax C BeKTOPHLIMU BecaMu pebep.

2. [TocTpouThk B miporpaMmMHoii cucteme OptWay nprumMeps! rpadoB, UMeroIuX nopsigka 10 onTuMaibHbIX 110

Cneiirepy myTel, U3 KOTOPBIX 4-5 myTeii OyayT onTrManbHbIME 110 [TapeTo.

3. BeinonHuTth pacyetsl B cucteme OptWay 1o moucKy onTuMabHbIX 10 [1apeTo myTeil MeToZiamMu JIMHeHHOM
CBePTKU U cBepTKU ['epmeliepa, UCITO/B3Ys [I/1s1 pellieHus CKaasipU30BaHHbIX 3a/jau MeTo/, [JJefiKCTphl U MeTo[
Bennmana. O]_[eHI/ITI: 3dTPaThI 110 KOJIMUECTBY onepaunﬁ CJIOKEHHS YU CPAaBHEHMUS TIPU PA3HBIX cnoco6ax
pelleHusl.

4. [lokasaTb ONTHUMaIbHOCTb ITyTel, Noy4YaeMbIX IT0 MeToAy [leMKCTphl B CKalspyU30BaHHOM 3afiaue.

5. AHa/IMTUUECKH U T€OMETPHUECKH 000CHOBATh OCHOBHbIE CBOWCTBA [IBYX METO/IOB CBEPTKH.

IpakTHyeckue 3aaHusd 10 j1abopaTopHoii padore 2

1. I3yunTh TEPMHUHOJIOTHIO ¥ TEOPHUIO T10 YCJIOBUSIM ONTHMA/IbHOCTH [IJIs1 HEBBITYK/IbIX 33/jaU MAaTEMaTHUECKOT0

nporpaMMupoBaHusi. Pa3o6paTh reoMeTpuyecKyro HHTEepIIPeTaLyI0 BBIMTOTHEHHS YCI0BUN ONTUMAaTbHOCTH.

2. [1nst 3ajaHHOM HEBLIMYK/IOM JBYMEPHOW 3alauyll MaTeMaTU4eCKOTo MPOrPaMMHUPOBAHKS C TPeMSI
OrpaHUUeHUAMH—HEPaBeHCTBAMHM BBIMOJTHUTD CJIE/IYIOIHE UCC/Ie/IOBaHMS:



2.1. Ucnonb3yst MaTeMaTUuecKrii makeT Matcad moCTPOWTE KapTy JIMHUM PaBHOTO YPOBHS LiefieBoM GYHKLIMA U
CTPYKTYPY JOIyCTUMOI'0 MHO>KeCTBa.

2.2. I/ICXO,E[H M3 reoMeTpruuyeckoro Byuja 3da/idiu BBITIO/JIHUTE dHa/IN3 PEryJIaApHOCTU AOITyCTUMOT'O MHO>KEeCTBd B
I/ICC]'IE,[LYEMOI\/‘I 3alaye, a4 TaKXKe C1ej1aTh TIPOrHO3 KOJ/IMYeCTBAd U IM0J/I0OKEHKA TOUEK, B KOTOPBIX BBITIO/THAETCA
HeobxouMoe ycoBue KyHa-Takkepa.

2.3. Ucxops U3 reoMeTpUueCKOU CTPYKTYPHI 3a/jauu BbIIe/IUTh CPeAU HaliZIeHHbIX TOUeK JIOKabHble
MUHUMYMBI, 8 TAKXKEe «JIO’KHBIE» TOUKH.

2.4. Ucrosnb3ys pelliaTeny MaTeMaTH4yeckoro rakera Matcad paccuuTath nosioskeHue Touek KyHa-Takkepa o

BBITIO/JTHEHHBIM IIpe€BapHUTE/IbHBIM IIPOTHO3aM MX MeCTOII0/I0>KEHN.

2.5. [IpyMeHHUTH K Hali/leHHbIM TOUYKaM [JOCTaTOUHbIe YC/AOBHUS ITEPBOT0 WK BTOPOTO MOPSIZIKOB [/l TIOKAJIbHOTO
MHUHHMYyMa, a TaKk)Ke HeoOX0MMbIe yC/I0BUs BTOpOro nopsiaka. ChopmynrupoBaTth BEIBO/BI T10 pe3y/ibTaTaM
WCC/Ie/I0BaHuUsA 3a/lauH.

IIpakTHyeckue 3agaHus mo jabopaTopHoi padore 3

1. I3yunTh TeopeTUUECKWI MaTepuasl Mo NpHK/IaJHbIM MeTojaM MHOIOMEPHOTO JIOKa/IbHOTO TTOMCKa B 3a/iayax
6e3 orpanuuenuii. [ToAroToBUTE KpaTKye co0bIIeH s 110 UX TIOCTPOEHHIO U CBOWCTBAM.

2. C ucnonb30BaHNe porpaMmHol cucteMsl LocOpt BBITTOJTHUTE CPaBHUTEIBHOE YHMCIEHHOE UCCe0BaHNe
IPYIILI METO/IOB JIOKATbHOT'O NTOMCKa Ha Habope pas/iMuHbIX IByMepHbIX 1 MHOTOMEPHBIX 3a/jau.

3. Cyenathb BBIBOZBI 00 OTHOCUTENBEHOM 3 QEKTUBHOCTH PAa3/TIMYHBIX METO/IOB.

ITpakTHyeckue 3afaHus 1o y1abopaTopHoii padore 4

1. V3yuuTh Teoputo 10 MeTOy BHelllHero mrpada, BK/IroYast yCa0BUSI CXOAUMOCTH U OLIEHKH CKOPOCTH
CXOMOCTH.

2. ITocTpouTs B cucteme LocOpt cBOU BYMepHbIe IIpUMepEI 3a7a4 C OrpaHUYeHUSIMU.

3. M3yunth paboTy MeTOZia CTETIEHHOTO BHEIITHETo IiTpada Ha TIOCTPOEHHbIX 3a/jauax, UCIO0/Ib3Ys CPeJCTBa
BH3ya/M3alliy porpaMMHoOM cuctems! LocOpt.

4. ViccnenoBath BIUsiHUE Ha paboTy MeToza wTpadoB TIOKa3aTesisi CTeTieHH 1Tpada v CTpaTerny HaCTPOWKU
KosddurenTa mrpada.

Kputepuu onjeHnBaHus (0LleHOUYHOe CpeACcTBO - [IpakTHUeckoe 3a/jaHue)

OreHka KpuTtepuu orjeHuBaHUS

CrerneHb MPaBWILHOCTU U TOJTHOTHI BBITIOJTHEHUS MPAKTHUYECKOTO 3a/IaHus 1Mo JJabopaTopHOMY
3aUYTeHO TPaKTUKyMy He HIbke 60-65%, Py 3TOM CTYAEHT JeMOHCTPUPYET AOCTaTOUHOe 3HaHUe U
a/leKBaTHOE MMOHUMaHKWe HeOOXO0ZIMMBIX TEOPETUUYECKUX (haKTOB.

He HpaKTI/I‘-IECKOE 3d/laHHre BBITIOJIHEHO MeHee, YeM Ha 60%, I1pr 3TOM 06Hapy)KEH])I 3HauHuTe/IbHbIE
3a4UTeHO HPOGEIH:I B 3HAHHWHU ¥ ITOHMMaHW HEOGXO,Z[I/IMBIX TeopeThu4YeCKux (baKTOB.




5.1.3 TumnoBble 3apaHusA (omeHO4YHoe cpeAcTBO - KoHTposibHass pabora) /JaA OLeHKH
cpopmupoBanHocTu KomnereHyuu ITK-4:

Mpumep TMNOBOro 3aAaHUsA AN ayAUTOPHOIN KOHTPOJIbHOM paboThi 1:

[OII-1. TInanupyeTcsi TPOM3BO/CTBO HA [IBYX NpejnpusaTsix B TeueHre N jier. CyMMa HadanbHBIX CPeZICTB B (DOHJE pasBHUTHSA,
npeJiHa3HaueHHBIX /715 pacrpesiesieHys: paBHa S. CpeAcTBa B pa3Mepe U, BblJe/lleHHbIe i-My NPeANpUATHIO B Hauajle O4epesiHOro roja,
MpUHOCAT 3a rof goxox J i(u),a tawke cymmy f i(u), mepesaBaemyro B COBMeCTHBIM (OHJ pasBUTHS [Jis [JJaJbHEHIIIEro
¢uHaHCHpOBaHYs Npou3BozcTBa. CpesicTBa BBIZESIOTCS NPeJNPHUATHSAM CyMMaMH, KpaTHBIMU BennuuHe d Tak, uTO cpeZcTBa (oHza
TIOJTHOCTBIO [JIeJISITCSI MeX/y TpeANpPUSITHSIMY, 3a WCKIIOUeHHeM CyMM, MeHbIIHX d (3TH Toc/jie[HHe CYMMBbI TepsitoTcs). B Hauvanme
Ka)K/I0T0 CJIe[lYIOIIero rojia Cpe/iCTBa, rnepefaHHble B GoH/, 00beJUHSIOTCS 1 3aHOBO JensTcs. Heobxoaumo 106UTHCS MakCUMAanbHOro
CYyMMapHOT'0 COBOKYITHOTO [J0X0/ia, 00pa30BaHHOr0 13 3HaueHUi GyHKLMIA J, 32 cueT BbIOOpa CTpaTeruy rnepepacripe/ie/ieHusi CpefiCTB.

IMocraBuTh 3azauy B hopMe 3a7iauvl JMHAMUYECKOT0 MPOrPaMMHUPOBAHMS, 3aMMCaTh BU/, PEKYPPEHTHBIX ypaBHeHHH BesiMaHa fyist

1por3Bo/ibHOr0 N/ BBIMOMHUTE pacueTsl MpH cieAyromux qanHbix: N=3, S=120, f 1(u)=0.4u, f 2(u)=0.6u, d=20.
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TIpumep TUMOBOTO 3a/JaHus /I Ay JUTOPHOU KOHTPO/JILHOM PadoTsI 2 (BK/IIOYaeT TpH 3azaur MIT-1, MIT-
2, MII-3):

MII-1. OmnpefenuTs THII 33ja4H, BBISICHUTD PETy/ISIPHOCTb 00/1aCTH.
Haiitu peluenue.
min xA2 + (1/2)*yA2 + 22 + (x + y)*z -2*x - z

7+y+z>=0
X+z>=5
2¥x+y+z+1>=0
4%z -x>=10

Xx+ty+2¥z=1

MII-2. TTocTpouTs (B reoMeTprYeckoi (hopMe npeicTaB/IeHus1) pUMep IJ1aJKOH 3a/lauul C orpaHUYeHUsSIMHA-PaBeHCTBaMH, T/ie
CylLecTBYeT TOUKa, y/|OB/IeTBOPSIOLLas yC/I0BUAM Jlarpanska, HO He SIB/ISIIOLIASACS HU JIOKA/IbHBIM MUHUMYMOM, HU MaKCUMyMOM.

MII-3. Byzet v Ha Kjacce IVIafIKUX 3a/iau peryJsisipHO AOMyCTHMOe MHOKECTBO B BH/e M0JIOChI IIMPUHON 2*R? U3 KOoTOpoii BbIpe3aH
BIIMCAHHBIN B Hee KpyT paauyca R? IIpuBectr 060CHOBaHHe OTBeTa.

IIpuMep TUMOBBIX 3a/JaHU /1JIs1 AOMALHEH KOHTPO/IbHOU paboThi 3
OY-1. Haiit 06/1aCTb yNpaB/sieMOCTH ¥ OCYLLECTBUTh CHHTE3 ONTUMA/IBHBIX YIIPABIEHNH B 33/jauax 0 GbICTpedileM MonajaHnu B
Hayasio KOOpAWHAT JiIsl TMHeMHOM crcTeMbl
¥+ 2hx + kx = u(t), rme —1 < u(t) = +1, B cOSOVIOME COVIATK:
(@), <0,4; <0; (b)) A =04, <0; (c) A, = 0,4, = 0;
(d)Red, >0, Red, < 0; (e)Red; =0, Red, = 0.



3nech uepe3 assMOJa 0603HaUEHLI KODHH XapaKTepHUCTUUeCKOro rojvHoMa. Ilpu pemtennn 3ajau (a)—(e) camMoCTOSITe/NBHO BBIOpATh

3HaueHus1 K03 duieHToB h 1 k pu KOTOphIX OyAyT 0OecrieyeHbl yKa3aHHbIE BapHaHThI THITbI 3HaUeHUI KOPHEH XapaKTepruCTHYeCKoro
TMOJINHOMA.

IIpumep TUNMOBBIX 3a/JaHUM AJ/Is1 KOHTPOJIBHOMN PadoThI 4

BH-1. Haiiti skctpemams (YVHEIIHOHAIOE, BEIMCHHTE, MOMXET [IH HA 3THX 3KCTPEMANAX JOCTHTATRCH MEHHMYM
(MaxcHMyM) QVHKIIHOHATA:

a

ally()] = [y +yy)dx; y(1) = 0,¥(6) = 1.

b I[y()] = [ (2xy + (x* + e*)y)dx; y(a) = 4,y(b) = B.

cIy()] = [, (e” + xy)dx; ¥(0) = 0,¥(1) = a.

dIfy()] = [, (»* = y*)dx; y(0) = 1,y(m) = —1.

e Iy()] = J, (2" —y¥)dx;y(0) = 1,y(1) = e.

£1[y()] = [*(1 + x)y2dx,y(0) = 0,(x;) +x, = 2.
BH-2. HafiTe pemeHne H30NepHMETPHISCKOH 3a0aH:

Ily()] = [} ) dx; 3(0) = y(£) = 0, [} y*dx = 1.

Kpurtepuu oueHnBanus (oneHOUYHoe cpe/icTBO - KoHTpO/IbHasA padoTa)

Onenka Kpurepuu orieHMBaHUs

Bce npefyioykeHHbIe 3a/lauu pellleHbl, TPUMeHeHbl OpUTUHAbHbBIE U KODOTKHE
TPEeBOCXOHO Croco0ObI pereHus ¢ Heo6X0TUMBIM 000CHOBAHHEM, PEIIIeHUs 3a/jau I0Be/IeHbI 10
TPaBU/IbHBIX OTBETOB.

ITpeni0)KeHHBIe 3a/lauy pellieHsl, pellieH|s] UMe0T HeoOX0iuMble 000CHOBAHHUS,
OTJINYHO 3a/lauy ZioBeJieHbl 10 OTBETOB, B KOTOPBIX MOTYT MPUCYTCTBOBaTh He3HAUUTE/IbHbIE
TMIOrPEeLIHOCTH.

[Ipeno>keHHBIe 3a/jaud B OCHOBHOM pellieHbI (0K0J10 80-85%), X0Ts U C
OueHb XOpOLLO He3HauWTeIbHBIMU MOTPELIHOCTSIMY, pellleH!ss B OCHOBHOM 000CHOBaHbI, HO He
MOJIHOCTBIO.

IToutu Bce npeayjio>keHHbIe 3a/la4yi BO MHOI'OM pellleHbl, HO pellleHUd He Be3e

XOpO1I0 . o

JOBeJieHbI 10 BepHOro oTBeTa. CTeleHb BBINO/IHEHUs 3aiaHuid He Hike 60%.

[o/is IpaBUBHOCTY BLITIOJIHEHUS 3a/jJaHui HIDKe 55-60%, peltieHuUs1 TIPUBOJSTCS
YZ,0BJIETBOPUTEJILHO

0e3 Ha/IIeXKallero TeOPeTHUeCKOr0 000CHOBAHHS.

CrereHb BbINO/IHeHUs 3aAaHuid HKe 30%, AeMOHCTPUPYeTCsl HU3KUM YPOBeHb
HeY/I0BJIETBOPUTE/ILHO

3HAHUS TEOPUH.

OO0Hapy>keHbI CyI|eCTBeHHBIE MPoOe/ibl B MOHMMaHWU Matepuana. CTerneHb
IJIOXO

BBITIOJTHEHUS 3aJaHuii Hibke 10%.

5.2. OnucaHue MIKAaJl OlleHUBAHUsI Pe3y/IbTaToB 00yueHHs M0 JUCLIMILIMHE NPU MPOMe)XXYTOUHOMN
arrecTanuu

IITkana oneHUBaHUs C()OPMHUPOBAHHOCTH KOMIIeTeHLINH



YpoBen
b
chopmu Hey/I0BJ/IETBOP | Y/AOBJ/IETBO Oo4YeHb
TJIOXO0 XOpOLIO OT/IMYHO NPEBOCX0/{HO
POBaHH HTe/IbHO pUTe/ILHO X0pOo1I0
oCTH
KoMIer
eHIui
(uHpUK
aropa
AOCTHIK He 3aYTeHO0 3auTeHOo
eHus
KoMIer
eHIHii)
YpoBeHb
OtcyTcTBUE YpoBeHb poset
o o 3HaHUI B
3HaHUU MuHyManeH | 3HaHUU B obBeMe YpoBeHb
TEOPeTHUECKOTO o obbeme, ’ 3HaHWH B
YpoBeHb COOTBETCTBY YpoBeHb
MarepHaa. ” JIOIYCTUMBI | COOTBETCTBY ob6beme, o
3HaHUM HIDKe u o11eM 3HaHUH B
HeBo3MO>KHOCTB 1l ypoBeHb o11eM COOTBETCTB
MHHHMa/bHBIX - riporpamMme obneme,
3HaHUA | OLIEeHWUTb MIOJIHOTY o 3HaHUM. rporpamMmMe yiolieM
N TpeboBaHHUH. TIOJITOTOBKH TIpeBBIIIAOLIe
3HaHUI JonyleHo TOATOTOBKH! rporpaMme
Vmenu mecto . HorymieHo M IIpOrpamMMy
BCJ/Ie/ICTBUE MHOTO . Jomy1ieHo MOArOTOBK
rpy0Oble omubKH HECKOJIbKO MOATOTOBKH.
OTKasza HerpyobIx HECKOJIbKO u. Ommbok
HecyllecTBe
obyuarolerocs ot omboK HerpyobIx HHEIX HeT.
oTBeTa OInb0oK
oimbok
ITpopemoHc
TPUPOBAHBI
IIpogemoHC PHp
IIpogemoHc | Bce
[IpogemoHC | TpupoOBaHbI
TPUPOBaHbl | OCHOBHBIE
TPUPOBaHbl | Bce
BCE yYMeHUsI. IIpogeMoHCTp
OCHOBHBbIe OCHOBHBIe
OrcyTcTBUe OCHOBHbIe PetieHb! VIpOBaHbI BCe
ITpu perennn YMeHUSI. YMeHUSI.
MHUHUMaJIbHbIX YMeHUSI. BCE OCHOBHbBI®
N CTaH/|apTHBIX PemieHs! Pe1rieHs! Bce
yYMeHHH. PeliteHbl Bce | OCHOBHBIE yYMeHUSI.
3ajiau He THITOBbIE OCHOBHBIE
HeBo3Mo>xHOCTB OCHOBHBIE 3a/iauu C Pemtens! Bce
MPOJEMOHCTPUP | 3afjauu C 3ajlauu C
OLIeHUTDb Hajnuue 3a/launl. OTZAeNbHBIM | OCHOBHEIE
Ymenus o OBaHbI HerpyObIMH | HerpyObIMu
yMeHU BemonHeHs! | u 3a/1aunl.
OCHOBHbIE omMbKaMH. | OLIMOKaMH.
BCJIe/ICTBUE BCe 3a/laHUsl | HecyllecTB | BrimosHeHbI
yMenus. imeny | BeimonHeHsl | BoimonHeHbl
OTKasza B TIOJIHOM €HHBbIMU BCe 33/laHus, B
MecTo rpy0Obie BCE BCe 3aIaHus
obyuarolerocs ot obbeme, HO | HezjoueTaM | IOJIHOM
OIINOKH 3afiaHuis, HO | B TIOJTHOM
oTBeTa HEKOTOpble U, obneMe 6e3
He B obbeme, HO
c BBITIO/THEH HeJ|04eToB
TIO/THOM HEeKOTopble
HefjoueTaMH | bI BCe
obbeme c
3a7laHyis B
HefloueTaMu
TIO/THOM
obbeme
Nwmeetca
OTtcyTcTBUE [Ipomemonc IIpomemonc
MHHUMaJbH IIpogemoHc
6a30BbIX ITpu pereHnn o TPHPOBaHbI TPUPOBAHBI
bl Habop TPUPOBaHbI IIpogemMoHcTp
HaBBIKOB. CTaH/|apTHBIX 6a3oBble HaBBIKH
HaBBLIKOB 6a3oBbie MpOBaH
HeBo3MO>KHOCTB 3a7lau He HaBBIKY TIPH Tpu .
JIsL HaBBIKY TIPA TBOPYeCKHUH
OLIeHNTb Ha/luue | TPOfIeMOHCTPUP pelLeHnn pereHnn
HaBbiku perIeHyst pelLIeHnH TIOAXOZA K
HaBbIKOB oBaHb! 6a30BbIe CTaH/|apTHbI HecTaHAapT
CTaH/IapTHEI CTaH/|apTHBI peLIeHHI0
BCJ/Ie/ICTBUE HaBbIKU. MIMenu X 3afia4 C HBIX 33Jjau
X 33/la4 C X 3a7a4 Oe3 HeCcTaHZapTHbI
OTKasa MecTo rpy0Obie HEKOTOPbIM 6e3
HEeKOTOPbIM omuboK 1 X 3a/iau
obyuarorierocsi OT | OIUOKH u OIMOOK U
u He/|04YeToB
oTBeTa He/loueTaMu HeJJ0ueToB
HeJl0ueTaMHu
IMIkana OLl€eHUBAHHUA ITPH ITPOMEXYTOUYHOU aTTECTAllUHA
OneHka YpoBeHb NOJrOTOBKH
3a4YTeHO TPEBOCX0/{HO Bce KommeTeHIMM (YacTW KOMITeTeHLMH), Ha ()OpMHpOBaHHe KOTOPHIX HarpaBieHa

JUCLIMIUIMHA, COpPMHPOBAaHBI Ha YpPOBHe He HIDKe «IIPeBOCXOAHO», IMPOJeMOHCTPHUPOBAHbI
3HaHUS, YMeHWs, B/afleHus1 [0 COOTBETCTBYIOLMM KOMIIETEHL[USSM Ha YPOBHe BBbIllIe

MpelyCMOTPEHHOT0 TIPOrpaMMOi




OT/INYHO Bce komrmeTeHIMM (YacTH KOMIlETeHIMM), Ha (OpMUpOBaHME KOTOPLIX HarpaBjeHa
JIUCLITUTAHA, CHOPMHPOBAHBI HAa YPOBHE He HIDKe «OTJIMYHO».

04YeHb XOPOIlIO0 Bce KommeTeHIM (YacTW KOMITeTeHLMH), Ha ()OpMHpOBaHHe KOTOPBIX HarpaBieHa
JUCLIMIUIMHA, cOPMHUPOBAHBI HAa YPOBHE He HIDKe «0UeHb XOPOLIO»

XOpOI1110 Bce kommeTeHIMHM (YacTM KOMIlETeHIMH), Ha (OpMUpOBaHME KOTODLIX HarlpaBjeHa
JUCLITUTAHA, CHOPMHUPOBAHBI HAa YPOBHE He HIDKE «XODPOLIO».

yaoBjieTBopuTenb | Bce komreTeHIMM (YacTd KOMIIETeHIMH), Ha (OpMUpOBaHMEe KOTODLIX HarlpaBjeHa
HO JUCLIIUIAHA, C)OPMHUPOBaHLI HA YPOBHE He HIDKE «Y/IOBII€TBOPUTEILHO», TP 3TOM XOTS OBI
O/iHa KOMITeTeHIMs1 ChOPMHPOBaHa Ha YPOBHE «Y/IOBJIETBOPUTENIBHO»

Hey/oB/eTBopuTe | X0Ts Obl O7Ha KOMIIeTeHLMs CHOPMHUPOBaHA Ha YPOBHE «HEY/|OBIE€TBOPUTEJIBHOY.
JIbHO

He 3a4TeHO

TJIOXO0 XoTs1 6bI 0/IHA KOMITIETeHLUs1 ChOPMHUPOBAHA HA YPOBHE «ILIOXO»

5.3 TunoBble KOHTPOJ/IbHBbIE 3aflaHUsl WM HWHbIe MaTepHa/bl, He00XoJAWUMBbIe A/ OLIEHKHU
pe3y/IbTaToB 00ydyeHHsT Ha MPOMEKYTOYHOH aTTeCcTalMM C YKa3aHHeM KpHUTEPHUEB HX
OL|eHVBAHMA:

5.3.1 TumnoBble 3ajaHusA (OLleHOYHOEe CpPeACTBO - Pa3sHOypoBHeBble 3afaHMs) [/isl OLIEHKH
copmupoBanHocTu KomnereHiuu [1K-4

INpoueaypa NpoMe)XXyTOUHOM aTTecTal{uu B (hopMe 3K3aMeHa BK/IH0UaeT HECKOIbKO pa3HOYPOBHEBBIX
WHCTPYMEHTOB: KOPOTKHE TeCTOBbIe BOIIPOCHI /I/IsI PeIlleHHsI BOIPOca O J0MyCKe K 9K3aMeHy; OUIeThI-TeCThl,
BKJIIOUAIOIIMe /0 TISITU KOPOTKHX BOIIPOCOB T0 TEOPUH C MPUIOKEHHBIMU MUKPO3aJlaHUsMU (/151 Caur Ha
YPOBHE He Bhbillle "yI0BIeTBOPUTENLHO"); TIPAKTHUECKHUe 3a/IaHHUsT — 3a/1auu; OUeTHI /i1 OTBETOB C
TPOBe/IeHUeM [J0Ka3aTeabCTB (/151 TTo/yUeHu sl OLeHKU "XOPOoIIOo" U BhILLIE).

Huxe MprBeAeHbI TPUMEDBI TUITOBBIX BB,Z[EIHI/Iﬁ YKa3aHHBbIX TUIIOB.

1. TunoBble 0Opa3iibl TECTOBBIX 33JaHWH B KayeCcTBE JIOMYCKA K OCHOBHOW YacTU K3aMeHa (HCIO/b3YIOTCS
TeCTOBbIe BOIPOCHI, MPEATIO/Iararolye CBO00[HbIN OTBET):

01la. Kakas pyHkuus Ha3biBaeTcs pyHkuuyedt bernmvana Sk(x) , cMbica ee aprymeHTa?

01b. [TaiiTe onpe/eneHne BBITYKIOrO MHOXKECTBA. BBIMYKJ/IO /I ITyCTOE MHOXKECTBO?

Olc. [laiiTe onpe/esnieHre IPOU3BOAHOM (DYHKIIMH O HATpaB/IeHUIO U ()OPMYJTy ee BBIUMC/IEHHS Yepe3 rpaJjieHT.

01d. Yem onpezesnsieTcsi OPS/I0K BBIYUCUTENBHOIO METO/la ONTUMU3ALMKU? IIpuBeiuTe MprMephbl METO/0B IIEPBOTO U BTOPOTO
TIopsIAKa.

0Ole. ITocTaHOBKa 33Zlauyl BapHalMOHHOI'0 UCUMCJIEHHs] CO CBOOOHBIMY KOHIIAMHU. YKa)kuTe TpPeOOBaHUs K K/1acCy [0y CTUMbIX
KPUBBIX.

02a. [aliTe onipefiesieHHe pellieHUs, ONTHMaIbHOTO 110 [Tapeto. [TosicHUTe KapTUHKOIA.
02b. daiite onpezeneHye MPOEKLMM TOUKK Ha MHOXecTBO . KapTrHka-ripumep. [TepBast leMMa 0 TIpOEKLIUH.

02c. OnpefienTe MHOXKECTBO HAMpaB/IeHUl CTPOTOro JIOKAIbHOTO yObiBaHUs GyHKIMK Q B TOUKE Z, eC/Iu
ee rpaiieHT B 3ToM Touke paBeH (1; -3).

02d. Ha3oBwuTe COCTaBIISFOLIME TTOHSTHS BEIYMC/IUTEILHOTO MeTO/Ia ONITUMU3aLiMH. YKaKUTe 3TH COCTaB/ISIOIMe Ha IIpUMepe MeTofa
HaMCKOpeHIIero rpafileHTHOro MOUCKa.

02e. YTo Ha3bIBAIOT M1€PBOH BapyaLiiell GyHKIMOHAaA, SKCTpeMasibio? By, repBoid BapHaLy 1Py 3aKperyIeHHbIX KOHIIaxX.




2. TunoBbIe 00pa3ibl OM/IETOB-TECTOB /I/Is1 OLIeHHBaHUA BiajeHusa Komnerenuuei ITK-4 1o ypopHs,
COOTBETCTBYIOLIEr0 OLleHKEe «yAOB/IeTBOPUTE/IbHO».

Hwxkeropockuii rocyjapcTBeHHbIN yHuBepcuteT UM. H. 1. JlobaueBckoro

Kadeapa TYu/IC [Tucyunauna MemoOdbt onmumuzayuu — ITMU

OK3AMEHAIIMOHHBIN BUJIET-TECT Ne 1

1. TMocTaHoBKa 3ajaud AWMHAMHUECKOTO IMPOrPaMMHDOBaHUsI C (MKCUPOBAHHOM J/IUTENBHOCTBIO TIPOLieCca.
Onpegenenue GyHkuuu bennmana S k (x) py pelieHUH «OT KOHL[a», CMBICT ee apryMeHTa U MH/eKca.

2. Onpenenenue pelieHui, onTuManbHbIX 0 [1apeTo (3¢ dekTHUBHBIX pellieHuii). MeTog cBepTKu ['epmetiepa.
leomerpuyeckass wHTepripetanysi. IIpy Kakux 3HaueHUsix Kosd¢uryeHToB cBepTku ['epmeiiepa OyzeT
BbIZIesieHO petiienue (4;2), ecyii oHO 3((HeKTUBHO?

3. Metop BHemHux TpadHbIX (QYHKUWNA — OMucaHWe TIPUMEHEHUs] C TeoOMeTpHUUecKOl W/UIoCTpaLyed.
BymmisiHve TioKasaTesisi CTereH B CTelleHHOM LiuTpade Ha ryafkoctb GyHkiuuy mrpada. Kak Bivsier Hanmuuve
Y TIOPSAJIOK IJIaJKOCTH Ha IIpUMeHeHUe MeTozia?

4. locTaToyHOe yC/I0BUE PeryJisipHOCTU B (hopMe JIMHelHOW He3aBUCUMOCTH (C JoKa3aresbcTBoM). [IpuBeauTe
reoMeTpUYeCKyI0 WUTIOCTPALUI0 Cjlydyasl HapyLleHWsi 3TUX AOCTAaTOYHBIX YCJIOBUM B TIJIOCKOW 3ajade C
[ByMs1 HepaBeHCTBaMHU.

5. HeoOxopuMble ycioBUsSi MUHMMYyMa B TIPOCTeHIlel 3a/jaue BapUallMOHHOTO WCUMC/IEHHs CO CBOOOJHBIMHU
KOHILIaMH.

3aB. kadepoit
JK3aMeHaTop

Hwkeropockuii rocyjapctBeHHbI yHuBepcuteT UM. H. 1. JlobaueBckoro

Kadenpa TYulIC [lucyunauHa Memoobl onmumuzayuu — [TMU
OK3AMEHAIIMOHHEIV BUJIET-TECT Ne 2
1. O6wmii BuUJ PpeKYpPpPeHTHbIX ypaBHeHW benMaHa Tpu 3amucyd «OT Hayajaa» C TIOSICHEHWeM BCeX

0603HaueHUH.

2. Kputepuii Beinykioctd auddepenHippyemoid QyHKUMU (C [JoKasarenbcTBOM). Mcronb3ysi Kputepui,
3amucaTh BUJ, MHOXKECTBA TOUEK , CpeJy KOTOPbIX He MOXKET CO/epXKaThCs T100aMbHbI MHUHUMYM
BbIMyK/IOU Q, ecsu rpaguedT ¢yHKIuM B Touke (0; 0) paBeH (1; 1).

3. ®opmynupoBka Teopembl Kapyma-KyHa-Takkepa B guddepenuyansHod ¢opme (BBIIYK/IBIA C/ydyan).
[puBectu reoMeTpUYeCKyHo WJTFOCTPALIHI0 BBIIOJIHEHHUS yCJIOBUI B 3azaue
min x1A2 + x2A2, npu orpannyenusx x2 + x1-1=0, x2 < x1-1.

4. OrmpefeneHre yHUMOJaibHOW (yHKUWH. IIpaBW/IO COKpalljeHHs WHTepBaja NP TOWCKe MUHMMYMa.
dopmysa rapaHTupoBaHHOW 3ddekTHBHOCTH Tmoc/e N u3MepeHuwil. [lepeueHb MOC/EOBATEMBHBIX
JIFOPUTMOB B TaKMX 3a/jauax C yKasaHUeM UX rapaHTHPOBaHHBIX 3((deKTUBHOCTE.

5. IMocTaHOBKa JIMHEHHOM 3aJjau Ha OMTHUMajbHOe ObIcTpoelicTBue. Kakue TpeOOBaHMS HaK/Ia[bIBAIOTCS Ha
K/IacC JIOMyCTUMBIX yrpaBiieHui? Teopema 0 He0OXOAMMBIX M [JOCTaTOYHBIX YC/IOBUSIX ONTHMa/lbHOCTH
yTIpaB/ieHUSI.

3aB. kadezapoit

JK3aMeHaTop

Hwkeropockuii rocygapcTBeHHbii yHUBepcuteT uM. H. 1. JlobaueBckoro
Kadezpa TYu/IC Jucyuniuxa Memoobt onmumuzayuu — ITMI
OK3AMEHAITMOHHBIN BUJIET-TECT Ne 3
1. Omnpepenenvie ¢yHKuuM Bennvana Z k (X) Tpu pellleHWH «OT Hadasa». OOMiA BUJ PeKypPPeHTHOTo




ypaBHeHus BesisiMaHa Mpy 3aTMCH «OT Havasa» C MOsICHeHNeM Bcex 0003HaueHUH.

2. OmnpefiefieHre CTPOTO BBIMYK/IOW (DyHKIMHU. ['eomMeTprueckast UTFOCTPALIMS OTIpe/iesieHHsl C MOAMUCSIMU Ha
pucyHke. UTO MOXKHO CKa3aThb O BBINYK/JIOCTH Ha BBIMYK/JIOM MHOXKecTBe D cymmbl Buga C 1f1 (x) +...+
Cmfm (x), ecu Bce pynkumu f k (x) BBITyK/bI Ha D?

3. TlpousBo/iHasl TI0 HAIIpaBJ/IEHUIO, ee BhIUMC/IeHue s auddeperimpyemoint pyHkiuu. Teopema ®epma (c
Jl0Ka3aTeibCTBOM).

4. TlocTaHOBKa 3a/laud ONTUMA/ILHOTO yripaBieHus. Kakue TpeGoBaHWS HaK/Ia/bIBAIOTCS Ha ONTHMAaJbHOE
yTpaB/ieHHe B TeopeMe O TIPUHIIUIe MakcumyMa [ToHTpsiruHa?

5. Buji uteparioHHoU hopMmyibl MeToia HbIOTOHA U TeOMeTprUYecKasi WLTFOCTPAl[ys PUHITUIIA BbIOOpa HOBOM
TOYKU. Y CJIOBUSI, 0OecrieunBaroliyie CBepXIMHeHHY0 CXOAUMOCTh MeTo/a. YTO MOXKHO CKa3aTb Tpo 00J1acTh
CXOJIUMOCTU?

3ag. kadeapoit

DK3aMeHaTop

Hwkeropo/ckuii rocyjapcTBeHHbIN yHuBepcuteT UM. H. . JlobaueBckoro
Kadenpa TYulIC JucuunivHa Memoobl onmumuzayuu — ITIMU
OK3AMEHAIIMOHHEIN BUJIET-TECT Ne 4

1. Anroput™m MeTtoga [lelKCTpel, YC/IOBUS NMPUMEHMMOCTH. UTO XapakTepH3yeT 3HaueHHe BPeMeHHOW MeTKU
BepIUUHBI B MeTo/le [lelKCTpBI (T.e. KAKOB COJiep>KaTe/IbHbli CMbIC/T BeJTMYMHB] 3TOM MeTKH)?

2. OnpefesieHre OTAENMMOCTHA TOYKM M MHOKECTBA, CTpOras M CHU/bHas OTAenuMocTb. [lepBas Teopema 00
OTJeIMMOCTH (C JOKa3aTelnbCTBOM). fB/seTCs MM CTPOro OTAEIUMBIM LIEHTP TSDKeCTH TPeyro/ibHHKa OT
MHO>KECTBA ero BepLInH?

3. Teopema KyHa-Takkepa B TepMHHAaX Ce/JIOBOM TOUKH (OITHCaHMe KJlacca 3a7au U (GopMyIMpoBKa). MoKHO

JIU CJleniaTh BbIBOJ, O BBIMYKNIOCTH yHKIMK Q(X) B RN, ecsu yist moboro C MHOKecTBa {x: Q(x) < C}
BBIMYK/IbI?

4. TlpaBw/io COKpalleHWsl UHTepBaja. [‘apaHTHpOBaHHas HeolpejeneHHOCTb Tocie N U3MepeHHi.
OnTuMasnbHble U €-0NTUMasbHble TTacCUBHble N—IIaroBble ajJrOPUTMBI /IS YHUMOJAAMBHBIX (GYHKIMHA (C
00BbsICHEHUEM).

5. Kakas kpviBast Ha3bIBaeTCs CWIbHBIM JIOKaJbHBIM MHHUMYMOM (DYHKI[MOHama B TIPOCTeMIled 3azaue
BapUallMOHHOTO HcuucieHusi? Kakoe 3HaueHWe MMeeT aHa/M3 3HaKa BTOPOW YaCTHOW TIPOU3BOJHOM OT
MOJBIHTErpanbHON (DYHKLIUH T10 TIPOM3BOJHOMN OT 3aBUCHMOM TlepeMeHHO MPY pellieHrH MPOCTeNInX 3aau
BapHUallMOHHOT0 UCUKCTIeHHs?

3ag. katdeapoit

DK3aMeHaTop

Hwkeropo/ckuii rocyjapcTBeHHbIN yHuBepcuteT UM. H. 1. JlobaueBckoro
Kadenpa TYulIC JucuunivHa Memoobl onmumuzayuu — ITIMU
OK3AMEHAIIMOHHEBIN BUJIET-TECT Ne 5

1. IMTocTaHOBKa 3afjauyl JUHAMUYECKOTO MPOTPAMMUPOBaHUsSI C He(YMKCUPOBAHHOW JI/TUTETFHOCTRIO TpOIecca.
Bug 06061meHHOTr0 ypaBHeHUst BenniMaHa [yt 9TUX 3aau.

2. Anroput™ Metoga Pubonauun. Popmyiia AJisi €r0 rapaHTUPOBAHHOM 3 PEeKTUBHOCTH.

OO1jast CTPYKTypa MTEpAl[MOHHBIX MEeTO/IOB JIOKAJBHOTO TIOMCKa. [IBa KpuUTepusi BbibOpa IIIaroBOro
MHOXUTesTSA. ['eoMeTpruecKast ”HTEPIIpeTalysi KpUTepUs CyIleCTBeHHOCTH YObIBaHMS 11e/IeBOM (DyHKIUH.

4. OnipefienieHre QyHKLMY, JUMIINLEBON Ha MHOKecTBe D. fIBasiercst mm nvmnuunieBoit Ha D = [0, 1] dyHkuus
KOpHS KBazipaTHoro ot X? Metoy [TusiBckoro — onucanye anroputMa. JleMoHCTparyisi IpUMeHeHMs.

5. OnpezesieHye TepBoii Bapualvi. BeiBoz Bu/ja epBoii Bapuaniuy (GyHKIMOHAA /IS 3aa4 C 3aKpPeryieHHbIMU




KOHILaMHu.

3aB. kadepoit

JK3aMeHaTop

3. TunoBbIie NpUMepPHI 3a/1a4, MPUMEHAEMbIX B KaUeCTBe CPeJCTBa KOHTPO,IS HA MPOMEXXYTOUHOM
arrecranuu B (popMe 3K3aMeHa:

3.1. 3agaua U3 pasjena «onTUMaIbHOE YIIpaBIeHUE»

Cy/IHO MacChl COBepIIaeT TOCTYIaTe/IbHOe OJJHOMEPHOe JBM)KEHHUE T0J AeMCTBUEM [IBUTATEIS,
Pa3BUBAIOIIETO YCHU/IME , U UCIBITHIBAET COTMPOTHB/IEHHE CO CTOPOHBI OKPY’KaroIlled BO/bI, PaBHOE
CKODOCTH [IBWKEHUsT C OOpaTHBbIM 3HAaKOM. YCW/IHe, Pa3BUBAaeMOe [BUTATeJieM, OrPaHUUYEHO TI0
Be/MuuHe: . PelMTh 3a/jauy CHHTe3a YIpaB/IeHUs, MSATKO (C HYJEBOW CKOPOCTBIO) TIPUBOZSIIIETO
CYyJHO B TOUKy C KoopauHaTodi O 3a MHHMManbHOe BpeMs. Touka TNpHuYa/MBaHUS HAXOAWTCS Ha
TIPSIMOM, BJIO/Tb KOTOPOU TIepeMeIaeTcsi CyIHO.

3.2. 3agaua U3 pas3jesa «onTUMabHOe yIipaBIeHue»

[TocTtpouthb 006/aCTh YIIPAB/ASIEMOCTH W CHHTE3UPOBaTh OMNTHMAabHOE IO OBICTPOZAEHCTBHIO
yrnpaBJeHWe B HayaJ0 KOOPAWHAT [Jisl YIpaB/sieMOM [JWHAaMUUeCKOW CHUCTeMbI, OIMUChIBaeMOU
cucteMoi auddepeHIManbHbIX ypaBHEHUM:

: 1 0) 1 2
X = ( x+ )u t

o 2/*Fy

Touku (-1, -2) u (1, 2)

r7e BeKTop u(t) mMpUHMMaeT 3HaueHHWe Ha OTpe3Ke, COeAUHSIIOIIEM

3.3. 3ajaua U3 pasfena «ycjlIoBUs ~ONTUMAJbHOCTM B 3ajayaX MaTeMaTU4ecKoro
NpOrpaMMHPOBaHUSI»

BBIMO/HUTE aHAMNU3 TUTIA 3a/]aud, HAWTH I100aIbHBI MUHUMYM:

min 30y — 18xy — 10x + 11(x? + y?)

1+y=20
x—4y < -5
Ix—y<—4

3.4. 3amayva U3 paszesa «BapyuaLMOHHOEe UCUYUC/IEHHEe»

Haiitn 3KkcTpemann B H3ONEepHMETPHYECKOil 3ajgade Ha MHHIMYM (yHKIHIOHaATA
. T .
min fo x sin(t)dt npu orparmdeHnsax x(0) =0, x(m) = m U JONOTHHTEIBHOM YCIOBHI

[, x(tydt = 3.



4. O0pa3upl TUMOBBIX OM/IETOB /TSI MPOMEXXYTOYHOU arTecTaluu B opMe 3K3amMeHa (MpoBepKa
Kommnerennuu ITK-4):

Hikeropogckuii rocyiapCTBeHHbIH yHUBepcuTeT M. H.U. JTobaueBckoro
WHcrutyT VIH(pOPMaLMOHHBIX TeXHOIOT UM, MaTeMaTUK! U MeXaHUKU
Kadenpa Teopuy yripaBieHust U JUHaAMHUKH CHCTEM
OucuynanHa «MeTozpl ONTUMHU3aLn»

OK3AMEHAILIMOHHBIN BUAJIET Ne 1
1. Teopema Kapywa-KyHa-Takkepa B auddepeHumansHomn GopMe gasi BbIMYKAOM peryaspHoin 3agadun. FleoMeTpmuyeckas MHTepnpeTauns
Nosly4eHUs OTPUL,ATEIbHOTO 3HAYEHUSI MHOXUTENS JlarpaHyKa B PasioXKeHUM aHTUrpagueHTa LeneBon GyHKUMKN A5 BbINyKIOM
331241 NPU HEBEPHOWM rMMNoTe3e 0 Habope aKTUBHbLIX OrpaHUYeHUA-HEPaBEHCTB.
2. MpuMep UcnoIb30BaHUs YpaBHeHUN bennimaHa B 3aa4e 06 onTMManbHOM pacnpeaeneHnn pecypca ¢ GyHKUMAIMU 3IGPEKTUBHOCTU

BMAA ak(uk)®->

3aB. kadeapoit
JK3ameHaTop

Hwkeropogckuii rocyjapcrBeHHbIH yHUBepcuTeT M. H.V. JIobaueBckoro
WuctutyT VIHPOPMAIMOHHBIX TeXHOIOT UM, MaTeMaTUKH U MeXaHUKU
Kadenpa Teopun ynpasnieHus U JUHAMUKH CUCTEM
Jucuunmza « MeTosl ONTUMU3ALIAN»
OK3AMEHAITOHHBIN BUJIET Ne 2
1. MoHATMeE OTAENMMOCTM MHOXECTBa U TOYKK. NepBas TeopemMa 06 oTAeNMMOCTH.
2. BbiBog, HeO6XOAMMBIX YCIOBUI 3KCTPEMYMa MEepPBOro NopsAKa B MpocTeniuelt 3aja4e BapMaLMoHHOro MCHUCAEHUS C 3aKpenieHHbIMU
KOHLaMM (BK/IOYas BbIBO, GOPMYibl 4151 NEPBOI BapuaLLMmM MPUMEHUTENIBHO K 3aJja4e 3TOro TMna).

3ag. kadezapoit
DK3ameHaTop

Hwkeropogckuii rocyjapcTBeHHbIi yHuBepeuteT uM. H.U. JTobaueBckoro
WHctutyT VIH(pOPMaIMOHHBIX TeXHOIOT Ui, MaTeMaTHKH U MeXaHUKH
Kadenpa Teopuu yripaByieHust 1 JUHAMUKKA CUCTEM

JucuyniavHa «MeTozbl ONTHMU3aLn»

OK3AMEHALIMOHHBIN BUJIET Ne 3
1. NMoHsATUE BbINMYKIOW, CTPOTrO BbINYKIOM GyHKUMU. KpnTepmin BbiNnykaocTu auddepeHumpyeMon GyHKLNN.
2. ToHATHE 3KCTPeMyMa M IKCTPeMasM B 3aJa4ax BapmaLMOHHOTO ucuncneHuns. Bropas Bapuaums. Teopema JlexxaHgpa v ee posib B

pelueHnM BapuaLMOHHbIX 3a4a4.

3aB. kadeapoit
DK3aMeHaTop

Kputepun onjeHuBaHNsA (0L{eHOUYHOE CPeACTBO - Pa3HOypOBHeBbIe 3a/iaHHA)

OreHka Kputepru orjeHUBaHUS

CTyzieHT IpoZieMOHCTPUPOBA/ CBOOO/IHOE Bila/ileHHe TeOpPeTUIeCKUM MaTeprasioMm,
CTIOCOOHOCTB K PelleHuI0 MPaKTUYeCKUX 3afiayu, yMeHre 000CHOBLIBATh paHee
TPEBOCXOTHO

P A HEU3BEeCTHbIE eMy (DAaKThI U3 TEOPHH, HECKOTBLKO BBIXO/IAIINE 32 PAMKH

CTaHAAPTHOTO MaTepuraia JUCLUII/IUHBI.




OueHka Kpurtepuu oLieHUBaHUs

CTyJeHT OTBETU/I Ha BOTIPOCHI OW/IeTa—TecTa ¢ MUKPO-3a/IaHUsIMUA Ha YPOBHE BBIIIIE
OTJINYHO 90%, peluwsI Mpe/io’KeHHbIe TTPaKTUUeCKue 3aJjauk, CMOT MTPOBeCTH TpebyemMbie
JloKa3aTebCTBA MO BOMPOCaM OWsieTa, HO He B/IajieeT MaTepHaaioM CBOOO/HO.

CTyJeHT OTBETW/I Ha BOTIPOCHI OW/leTa—TecTa C MAKPO-3a/laHUsIMA Ha yPOBHE BhILIIe
OueHb XOPOILIO0 70%, pemm ¢ HEKOTOPLIMU OIIMOKaMHU TIPeIJIoyKeHHbIe TIPaKTUUeCcKUe 3a/1auy,
CMOT TIPOBeCTH TpebyeMoe JJ0Ka3aTelbCTBO M0 OHOMY M3 BOTIPOCOB Ousiera.

CTyZileHT OTBeTH/I Ha BONPOChI OuieTa—TecTa ¢ MUKPO-33/laHUsSIMU Ha yPOBHE BhbIIIIe
60-70%, B 1L1e/I0M peLIn/ C He3HAUNTe/TbHBIMY OIIMOKaMU TIpe/|/I0yKeHHbIe
XOpOLLO

P MpaKTUYeCKue 3a/jauu, CMOT TPOBECTH YacThb J0Ka3aTe/bCTB, TpebyeMbIX 110

ounery.

CTyJeHT OTBETW/I Ha BOTIPOCHI OM/leTa—TecTa C MAKPO-3a/laHUsIMKA Ha yPOBHE BhILIIe

50%, pelusa C 3aMeTHBIMU TIOTPeIITHOCTSMU O/IHY U3 TIpe//I0XKeHHbIX

YOBJIETBOPUTETHHO
MpaKTUYeCKUX 3a/jau, HO He CMOT OTBETHUTH Ha BOTIPOCHI OHjieTa 1o

A0Ka3aTe/IbCTBaM IIPeAJIOKEHHBIX TEOPETUUECKUX d)aKTOB.

CTyzieHT UMeeT He 3auTeHHbIe KOHTPOJIbHBIE pabOTHI B CeMeCTpe, Ha HU3KOM

YPOBHE OTBETU/I Ha BOMPOCHI TeCTa MO AOMYCKY K 5K3aMeHy, He CMOT PeLlIUTh

HeYZl0B/IeTBOPUTE/ILHO
TIpe//I0’KEHHYI0 TUIIOBYIO MPaKTUUeCKYHO 3a/jauy MM OTBETH/I Ha BOIIPOCHI

TIpe/IJI0OKEeHHOT0 OM/IeTa—TecTa ¢ MUKPO-3ajJaHUsIMU Ha ypoBHe Hibke 40-50%

CTyJeHT UMeeT CylljeCTBeHHbIe 3a/I0/DKEHHOCTH T10 pe3y/IbTaTaM J1abopaTopHOTO
TJI0X0 MPAaKTUKyMa U KOHTPO/IbHLIM paboTaM B CeMeCTpe U He CMOT' OTBETHTDb Ha
OCHOBHbIE BOTIPOCHI 13 TECTOBOI'0 KOMILJIEKTa BOTIPOCOB T10 IOMYCKY K 3K3aMeHY.

6. YueOHO-MeTOMUECKOEe H HH(OpMaIMOHHOE o0ecrieyeHHe JUCIMILTHHBI (MO/1y/151)

OcHoOBHasi uTeparypa:

1. 'opopeuxuii Ctanncnas FOpbeBuu. JIekijuu o HeJlMHeMHOMY MaTeMaTHUYeCcKOMY IIPOrpaMMHPOBaHHUIO
: yue6HO-MeTotUuecKoe rocobue / C. FO. Topogernkuii ; HHI'Y um. H. U. JTo6aueBckoro. - HwkHMiA
Hogropog, : 3a-80 HHI'Y, 2020. - 173 c. - TekCT : 371eKTPOHHBIN.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=794639&idb=0.

2. l'opopgenxuit Ctanucnas FOpreBru. Jlekiiy no BapualjuOHHOMY MCYHC/IEHUIO U ONITUMAa/IbHOMY
yIipaB/ieHuto : yuebHo-MeToguueckoe rocobue / C. FO. T'opogerkuii ; HHI'Y um. H. U. JIobaueBckoro. -
Hwxunuii Hosropog, : 3a-8o HHI'Y, 2020. - 51 c. - TeKCT : 5/1eKTPOHHBII.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=794640&idb=0.

3. BacunweB ®eziop [TaBnoBuy. YucsieHHbIe MeTO/[bI PellleHrsl 9KCTpeMasTbHbIX 3a/jau : yuel. rmocobue
JUTSI CTy/IEHTOB BY30B, 00yJaroIuxcs 1Mo creruanbHocTy "TIpukiaz. MatemaTuka'. - M3z, 2-e, mepepab. u
nor. - M. : Hayka, 1988. - 549 c. : un. - ISBN 5-02-013796-0 (B niep.) : 1.60., 178 3k3.

4. T'opogerkuii C. FHO. HemHetiHOoe rporpaMMUpOBaHUe ¥ MHOTO3KCTpeMasibHast OMTUMM3aIius : yuel.
rocobue / Hukeropozckuii rocyjapctBeHHbIN yHuBepcuteT um. H. U. JTobauerckoro. - H. HoBropog :



N3p-Bo HHT'Y, 2007. - 489 c. - (Mogenu 1 MeTojbl KOHEUHOMEPHOM ONTUMMU3al1K ; BhIM. 2). - ISBN
978-5-85746-987-3 : 90.00., 82 5k3.

5. KapmanoB Bnagumup I'eoprueBrny. MareMaTrueckoe porpaMMUpoBaHue : [yde6. mocobue /st By30B
1o crietjpanbHOCTH "TIpuKIagHast MaTeMaTuka']. - 3-e u3f., repepab. u gor. - M. : Hayka, 1986. - 286,
[1] c. : rpad. - 0.80., 127 3k3.

6. I'enbdang M3panis MorceeBrd. BapualjioHHOe UCUHC/IeH e : YUeOHUK /11 YH-TOB. - M. :
®usmarrus, 1961. - 228 c. : ueprt. - 0.47., 17 3K3.

7. KpacHoB Muxaw JleoHTbeBHY. BapuaijnoHHoe ucurcieHue : [yue0. rmocobue st BTy30B]. - M. :
Hayka, 1973. - 191 c. : c uepT. - (36paHHbIe I71aBbI BBICIIEH MaTeMaTUKH [Jis MH)KeHEPOB U CTYZEeHTOB
BTY30B. 3a/laui U ynpakHeHus). - 0.34., 26 3k3.

[ononmHuTebHAs TUTEpaTypa:

1. Tunn ®@unun. [paktrueckas orrtuMu3anys / miep. ¢ adri. B. FO. Jlebegnera ; oz pex. A. A. Iletpoga. -
M. : Mwup, 1985. - 509 c. : un. - 2.70., 32 3K3.

[TporpammHoe obecrieueHrie 1 VIHTepHeT-peCcypChl (B COOTBETCTBHUU C CO/IePKaHUEM IMCIUTUIAHBI):

W3panus, foCTynHbIE B 371eKTPOHHOM dopMme:

1. buprokos P.C., I'opogerkuii C.1O., I'ybuna E.B., CaBenber B.I1. MeTo/ibl ONTUMU3AIMK B TIpUMEpax 1
3ajauax. YuebHoe rocobue. Hwkuauii Horopoa: HHI'Y, 2024. — 142 c. DeKTpOHHBIN pecypc:
pa3MelileH Ha https://source.unn.ru/#/teacher/2024/1.

2. T'opogenkuii C.FO. [Torck onTuManbHBIX MyTel Ha rpadax ¢ BeKTOPHBIMU Becamu pebep. YuebHo-
MeTorueckoe riocobue. Huxkauii Hoeropog: HHI'Y, 2024. — 38 c. D/ieKTPOHHBIM pecypc: pa3MelieHo B
®ODP HHI'Y. URL.: https://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=919568&idb=0.

3. T'opogenkuii C.FO. JlabopaTopHbIii MPaKTUKYM T10 MeTO/JjaM JIOKaIbHOM ONMTUMHK3AaLiH B IPOrPaMMHOM
cucteMe LocOpt. D/ieKTpOHHBIM pecypc: pa3MeliieH Ha https://source.unn.ru/#/teacher/2024/1.

4. amaunsioB, A.®. UucieHHble MeTO/Ibl ONITUMU3aLIUU [ D/IeKTPOHHBIM pecypc]: MoHorpadus / A.D.
N3amannos, M.B. ConofioB. — D71eKTpoH. AaH. — MockBa: ®usmatiaut, 2008. — 320 c. — Pexxum
pJocrtymna: https://e.lanbook.com/book/2184 — noctyn uepe3 35C JIAHbB 1o nopmnucke ¢ KOMIbIOTEPOB
HHI'Y.

5. Kypanr P., I'uns6ept 1. Metozbl MaTematudeckoit pusuku,t.1, — M..T'UTTJI,1951. — B dopme
5/IEKTPOHHOI'0 JOKYMeHTa JjocTyIHa Ha caiite EdWorld «Mup maremaTrueckux ypaBHeHui», UTIM
PAH, 2004-2016, URL.: http://eqworld.ipmnet.ru/ru/library/mathematics/pde.htm — goctyn cBoGoAHBII.
6. EqWorld. Mup maTemaTnueckux ypaBHeHui / Paspabotunk — A. [I. ITonsaun. — M.: ITIM PAH,
2004-2014. DneKTpOHHBIN PeCypc, COZeprKalljiii 3/IeKTPOHHbIe BePCUU KHUT 110 BAPUALJMOHHOMY
WCUMC/IeHnto B cBoOOogHOM foctyme: http://eqworld.ipmnet.ru/ru/library/mathematics/variational.htm —
JIOCTYTI CBOOO/THBIH.

7. DnektpoHHasi bubroTeuHas cuctema «M3matesbcTBo Jlanb», 2016, URL: https://e.lanbook.com —
pocry 1o noanucke HHI'Y ¢ kommnisrotepos HHI'Y.

8. CoBpemeHHas 1judpoBasi obpa3oBarebHasi cpesia PO. [caiit]. YuebHble kypchl. URL:
https://online.edu.ru/public/courses?faces-redirect=true

[TporpammHOe obecrieueHwue:

1. Inist mo/imep>KKU Kypca pa3paboTaHbl KOMITBIOTEPHBIe TIpOrpaMMHBIe labopaTopuu «OptWay» u
«LocOpt», ycTaHOB/IEHHBIE B yueOHOM KOMIBIOTEPHOM Kiiacce abopatopuu «/IuHaMUKa v
ontumu3ays» Kadepsl TYu/IC (ayg. 217, kopr.2).



2. Tpu npoBeieHMM 1abOPaTOPHBIX pabOT UCIIO/IB3YOTCS MaTeMaTHUECKHe MaKeThbl 00IIero Ha3HaueHus,
npeumyiectBeHHo MatCad v 14 uiu MatLab. Mcrosib3yemoe nporpaMMHoe obecrieueHue siBJsieTCst
JTULIEH3WOHHBIM.

7. MaTepHa/IbHO-TeXHHYeCKoe ofecreyeHUe JUCLUIIMHBI (MO/Y /1)

YueOHble ayUTOPUM [i/isI TIPOBeJIeHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa3oBaTe/bHOM
MIPOTPaMMOM, OCHaIeHbl MYJbTUMEAUMHBIM 000pyZoBaHUEeM (TIPOEKTOP, 3KpaH), TeXHUUYeCKUMH
cpeAcTBaMu 00yYeHHs, KOMITbIOTepaMH.

[MTomeljeHust 151 CaMOCTOSITeNbHOM paboThl 00YYarOLMXCsl OCHALL|eHbl KOMITbIOTEPHON TeXHUKOW C
BO3MO)KHOCTBIO TIOJK/IIOUeHUs1 K ceTd "VHTepHer" u obecrieyeHbl [JOCTYTIOM B 3JIEKTPOHHYIO
nH(pOpMalMOHHO-00pa3oBaTe/bHYI0 Cpefy.

IMporpamma coctaBsieHa B cooTBeTcTBUM ¢ TpeboBanusimu OC HHIY 1o HampaBieHUro
nogrotoBku/crienaabHocT 01.03.02 - TIpuknagHas MaTeMaTHKa U MHGOpPMaTHKa.

Agstop(b1): ['opoperkuii Cranucnas FOpreBud, KaHAuAaT GU3MKO-MaTeMaTHUeCKUX HayK, JOLIeHT.
Peniensent(sl): JlomakuHa JIroboBb CepreesHa, A.T.H., mpodeccop HI'TY um. P.E. Anekceesa.
3aBenytomuii kagezapoii: Ocunos I'puropuii Bnaaumuposuu, 10KTOp (HH3UKO-MaTeMaTUUeCKUX HayK.

[TporpamMma oobpeHa Ha 3acefjlaHUM MeToAnuecKoi Komuccuu ot 02.12.2024, mpoTtokon Ne 5.
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