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JIUCT COI'JIACOBAHHA

PABOYAS ITPOT'PAMMA COCTABJIEHA B COOTBETCTBUM C TPEBOBAHUSIMU ®EJTEPAJIBHOI'O
TOCYJAPCTBEHHOI'O OBPA3OBATE/IbBHOI'O CTAHJAPTA BBICHIET'O OBPA3OBAHMS (PI'OC BO)

24.04.05 [IBuraTenu aeTaTe/IbHbIX annapaToB
roj HaGopa rpymnmbl: 2024
IIporpamMMy cocTaBuIu:
Kadeapa O6 BBICIIIASTI MATEMATUKA

BenkoBa AHactacust JIeoHUIOBHa, K.¢.-M.H., JOL[eHT

Kadeapa O6 BBICIIIASTI MATEMATUKA
Uepnycs [1aBesn I1aBnoBuy, K.T.H., JOLEHT

IIporpamma paccMoTpeHa

Ha 3ace/jJaHUH Kadezipbl-pa3paboTurika

paboueii mporpammel 06 BBICIIIAST MATEMATHKA
3aBenytomuii Kadezapoit Bunnuk I1.M., 1.T.H., 101,
INporpamma paccMoTpeHa

Ha 3ace/jJaH1H BBIMyCKaroLlei Kadeapbl

A9 IIVTABMOT'A30JMHAMMUMKA U TEIVIOTEXHUKA

3aBenytomuii Kadezpoii Terepuna 11.B., K.T.H., o1,



PABOYAS ITPOTPAMMA JUCIIUITVIMHBI
BBICIITAAA MATEMATUKA B HAYUHBIX UCCJ/IEJOBAHUAX

Pa3pesnibl paGoueii mporpaMMsI

1. JEJIN OCBOEHUSA AVCHWITJIMHBI

2. MECTO IUCHUITJIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEP)XAHME OVCLATIIINHBI

4. @OPMbI KOHTPOJIA OCBOEHNA AV CLHUIIIVTHBL

5. YYHEBHO-METOJMYECKOE 1 THOOPMALIMOHHOE OBECIIEYEHUE JUCLIUTTJIMHBI
6. MATEPMAJIBHO-TEXHMYECKOE OBECITEYEHUE OMCLUTIINHBL

IIpunoxeHus K paboueii nporpaMmMe AMCIUIUIMHBI
o [Ipunoxenuve 1. AHHOTaLWs paboyeii MporpaMMbl

o TIpunoxenue 2. TexHonoruu u hopmbl 00yueHUst
o TIpunoxenue 3. @OH/bI OLIEHOUHBIX CPe/CTB



1. IEJIX OCBOEHUMA AV CIIUIT/IMHBI

Llenbro ocBOeHUs AUCLMIUIMHEI SB/IsIeTCS GOPMUPOBaHHe CIe/yIOLUX KOMITeTeHLHiA:

OIIK-2 — crnoco6HOCTb UCIO/Ib30BaTh COBPeMeHHbIe HH(OPMALIMOHHbIE TEXHOJIOTMH TIPY BBITIOJIHEHUH HAyYHBIX MCCIe[0BaHUI 1 pa3paboToK;
WCTIO/Ib30BaTh CTAaHJAPTHbIe MAaKeThl MNPUK/IAJHBIX IIPOrpaMM; CIocobeH K anrOpUTMM3aLUM MpoLiecca BHIYMC/IEHHI NPU NPOBefieHUH
YCCIlefi0BaHNI; OPraHM30BbIBaTL U COO/MIOAATh TPeOoBaHUs: MH(OPMALMOHHOM 6e30macHOCTH B podeCCHOHAIBHOM AesTeNlbHOCTH

OIIK-4 — crioco6HOCTb UCIIO/Ib30BATh OCHOBHBIE MOJIOXKEHHUS, 3aKOHbI U MEeTO/Ibl €CTeCTBEHHBIX HAyK M MaTeMaTHKH, pa3paboTKu (pru3nuecKux
1 MaTeMaTUYeCKUX Mojesieil MccieflyeMbIX TpPOLIECCOB, SIBIeHWH W OOBEKTOB ISl TIOCTAHOBKM U pellleHWs HayYHO-TeXHWUYeCKHX 3ajad I1o
Harpap/IeHHI0 NIOATOTOBKU

DOpMUPOBAHHIO KOMIETEHLIMH CJIY)KUT JJOCTIDKEHNe CIeYIOIHX pe3y/IbTaToB 00pa30BaHus:
OIIK-2

3HAHUA:

1. OCHOBHBIEe METOZBI PellleHus 3a/,a4 BapHALiOHHOTO CUKC/IEHHST;

2. OCHOBHBIE MOIOKeHHsT (PYHKLIMOHATBLHOTO aHa/M3a, Heo6XoMMble [J1s1 pellieH s 3a/iau MaTeMaTHUeCKol (pU3KKY;

YMeHusi:

1. IpaBUJILHO OTIpe/ie/isATh MOZE/b MPUMEHSIEMO K/1aCcCH4eCKOH 3a/ja4i B 3aBUCUMOCTH OT (hOPMY/IMPOBKHU UCXOHOMW 3ajiaui;

2. KpUTUYeCKH aHa/IM3MPOBaTh NapaMeTphl OCTPOEHHBIX MOAeel U UX pe3y/bTarhl;

HABbIKU:

pa3pabOTKM HOBBIX METOAOB MCC/IeJJOBaHMs M WX TPUMEHEHHI0 B CaMOCTOSITEJIbHOM HAyYHO-WUCC/Ief0BATeNbCKOM W B obactu
npote CCOHAIbHOM flesiTe/TbHOCTH.
OIIK-4

3HAHUsA:

1. OCHOBHBIE 3a/lauy BapUAL[IOHHOTO NCUUC/IeHHUST;

2. OCHOBHbIE MeTO/[bI PellieHHs 3ajau MaTeMaTHueCKol (H3HNKY;

YMeHus:

1. cHocoGHOCTBIO K KPUTHUECKOMY aHa/IM3y 1 OLieHKe TIOCTaB/IeHHbIX 3a/lay, FeHepPUPOBAHUIO HOBBIX M€ MPH pelleHuy;

2. crocoBHOCTBIO TI/IAHUPOBATh M pellaTh 3a/jaul COOCTBEHHOTO MPO(eCCHOHANBHOTO 1 JIMYHOCTHOTO Pa3BUTHS; UCC/IeJ0BaTeIbCKUX U
MpaKTHYeCKHX 3a/ja4, B TOM YMC/Ie B MEXXAUCLMIUIMHAPHBIX 00/1aCTsX;

HABbIKU:

TIPOEKTUPOBATh U OCYLLeCTB/ISATh KOMIUIEKCHbIe UCC/Iefl0BaHMsl, HA OCHOBE 11e/IOCTHOTO CHCTeMHOIO HayYHOrO MOAX0/A.
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2. MECTO JUCIIMIVVIVMHBI B CTPYKTYPE OOII BO

Mucuununa BBICIIIASI MATEMATUKA B HAYUHBIX CCJ/IEJOBAHUSAX siBisieTcst AUCLUMIUIMHON 00513aTe/IbHOM YacTH
6/10ka 1 mporpaMMmEI MOATOTOBKY T10 Hampae/ieHuto 24.04.05 /Jgueamenu semamenbHbIX annapamos.

CopepkaHue JWCLMIUIMHBI SIB/ISIETCS JIOTMYECKUM TIPOJO/DKEHUEM COZlep)KaHusl (pH3MKO-MaTeMaTH4ecKol IOArOTOBKM 0OakanaBpa W
CIY>)KAT OCHOBOM pyisi ocBoeHus jucuuiuiiH: BBIYMC/IMTEJIBHBIE METOJbl MEXAHUWKH, TA3OAVUHAMUWUYECKUE U
TEXHOJIOTUYECKHWE IIPOIIECCBI C ®A30BbBIMU IIEPEXOJAMU, HAYYHO-UCCJ/IEJOBATE/IBCKASI PABOTA,
TEYEHHE I'A3A C YACTULIAMUI



3. CTPYKTYPA 1 COJEPXAHUME AVCHUITJIMHBI

OO611jast TPY[0€MKOCTb AUCLMIUIMHBI COCTaBsieT 6 3.e., 216 u.

3.1. CopepixaHue (AMAAKTUKA) AUCIUILITMHBI

AyAMTOpHBIE 3aHATHS N
B KOHTAaKTHOIi (hopme g &
] £
ZE zZ
& ¢ g% ]
g 2 g g Ep i
> E HaumeHoBaHHe Pa3jje/IoB M JHJAKTHYECKHX eJHHHI] 8 E § gE 3 5 H
X 5] 2 = g £E g¢g H
o Q b} E = R
A = ] 5% & <
£ SR |2 &
= =
=] (=]
Paspen 1. TIpocreiimas 3ajja4a K/J1aCCHYeCKOro BapHaMoHHOro ncunciaenus. 1.1 Ilpocreiias 3agaua
5 9 K/IaCCHUYEeCKOro BapHalOHHOro ncuncaenus. 1.2 Heobxoaumoe ycioBie SKCTpeMyMa B POCTelileid 3ajaue 15 6 4 2 9 10 10
K/1aCCHYeCcKoro '0 UCYMCIIEHHS.
Paspen 2. JlocraTounsie yc/10Busi ¢1a6oro MUHHMyMa B npocTeiiiueii 3ajaue. 2.1 JloctatouHble yCIoBUs
5 9 c1aboro MHHUMyMa B MPOCTeHLIelt 3a/jade KIaCCHUeCKOro BapHaLjuOHHOTO HCUKMCTIeHus1. 2.2 YCIoBre 20 8 6 2 12 10 10
2.3 Yenoue Sko6u.
Pa3jien 3. ®ynkius Beiiepurrpacca. Heo6xoumMoe yc/ioBHe CHILHOTO MHHHMYMa B IIpOCTeiineii 3ajjaue
5 9 K/IaCCHYeCKOro 0 MC 3.1 Heot YC/I0BHE CUIBHOTO MHUHHMyMa B 20 10 6 4 10 10 10
TpocTeiilieii 3a/ja4e KJ1acCHUecKoro BapuaLjuoHHOro ucuncienus. 3.2 ®yuxius Beliepiurpacca. Cesizb
ycouit Beitepuurpacca u J 3.3 JlocTaTouHble YCI0BHsSI MUHMMYMa (YHKLIHOHAIA.
Paspen 4. Ilepas u BTOpas i) Oiinepa-Jlarpamnxa. 4.1 Ilepsas u
5 9 BTOpast BapualuK (yHKIMOHAMa. YpaBHenue Diinepa-Jlarpamka. 4.2 Ycnopue SIKo61 0 BO3MOXKHOCTH 11 6 4 2 5 10 10
OCTPOEHHS! 110151 SKCTpeMarei.
Pa3pen 5. ITj TO /iei 5.1 IpocTeiiiias BeKTOpHasi 3ajjaya KJ1acCH4eCKoro
BapHaLIHOHHOrO Hcurcienyst. 5.2 [IpUHLMN HauMeHbLIero AeficTBus. 5.3 EcTecTBeHHbIe TPaHIYHbIE YCIOBHS
5 9 151 ipocTeiitiero ¢y 54Y Oiinepa—Ilyaccona. 5.5 3azaua Bonbija. 5.6 2 14 10 4 15 10 10
7 prYeCKast 3ajaua.
5 9 Paspen 6. 3agaua Jlarpamka c r M Her 6.1 3azava Jlarpamka ¢ 13 7 4 3 6 10 10
TOJIOHOMHBIMHU CBsi3siMH. 6.2 3a/1aua JlarpaHika B MOHTPSTUHCKO# (opme.
Bcero 3a 9 cemectp 108 51 34 17 57 60 60
Pazpen 7. Ot JIHOTO 1.1 OpToroHa/bHbIe CUCTeMbI (yHKLHiL,
5 10 psizipl M3 HUX. 1.2 YpaBHenue Beccens, ero pewenne. 1.3 OproroHanbHOCTb (yHKiumii Beccens. 1.4 Wnterpan 11 3 2 1 8 5 5
Dypbe.
5 10 Paspgen 8. YpaBHeHHe Ma/IbIX KosteGanuid. 2.1 BeiBog 1 MabIx it cocobom 24 12 8 4 12 10 10
pa. 2.2 BeiBog U MaJIBIX KC i criocobam Dypee.
5 10 Pa3jen 9. YpaBHeHHe TerionpoBojHocTH. 3.1. BeiBos y Teruionp TH JI/151 P 30 15 10 5 15 10 10
ciyyae. 3.2. PelueHu TEIUIONPOBOAHOCTHU /Il Pa3/IMUHbIX C/y4aeB.
5 10 Paspen 10. YpasHenus Jlannaca u Iyaccona. 4.1 BbiBoj 1 pelieHne ypaBHenus Jlanaca. 4.2 Bbioj 1 30 15 10 5 15 10 10
p y ITyaccona.
Paspen 11. Jlunei 2 B YaCTHBIX 5.1. Knacc i
5 10 ypaBHeHHit 2 Nopsi/Ka B YaCTHBIX T 1x. 5.2. T1] 7 y i K KOMy 13 6 4 2 7 5 5
Buy.
Bcero 3a 10 cemecTp 108 51 34 17 57 40 40
Bcero no gucumninHe 216 102 68 34 114 100 100
3.2. AyiuTOPHBIH NPAaKTHKYM
O0neMm,
Ne Homep 1 HanMeHoBaHHe pasjesna
Tema NPAKTUYECKOro 3aHATUSA aya.
n/n JUCIUTUTHHBI
YyacoB
o Hpomeﬁmaﬂ 3aZiaya K/j1aCCHUYeCKOro BapruarjiOHHOTO0 UCUYMC/IEHUA. HeOGXO,/I[I/IMOG
Pasgen 1. [Ipocreiias 3agaua o
1 YyC/I0OBHE 3KCTpeMyMa B IIPOCTeUllIen 3a/iaue K1aCCHueCKOro BapyualtfiOHHOro 2
K/1aCCUYeCKOro BapraliMuOHHOI0 UCUYUC/IEHHS.
HUCYHUCTIeHUs
IloctaTouHsle yc/10BUs c1aboro MUHMMyMa B MPOCTeiiileii 3asaue
Pa3gen 2. [JocTaTouHble yCI0BUS C/1aboro
2 oo KJIaCCUUeCKOr0 BapHaL[MOHHOIO UCUYXC/IeHus YcoBre Jlexxanzipa. YcioBre 2
MHWHHMYMa B IIDOCTEUILIEN 3a/iave.
Skobu.
Pasgen 3. DyHKLMA Beﬁep]l[TpaCCB. HeOGXO,Z[I/IMOE yc/ioBHe CUIbHOTO MUHHMMYMa B npomefz’lmel‘z’l 3azave
3 HEOGXOAI/IMOE yC/ioBHEe CUIBHOTO MMHHMMYMa |K/J1aCCUYeCKOro BapyualliOHHOTO UCUHUC/IEHUS. (I)yHKL[I/[H BeﬁemepaCCH. CBsi3b 4
B npomeﬁmeix’l 3ajiave KjiaCCu4yeCKoro y'C]'IOBI/Iﬁ BeI‘z‘Iemepacca u J'Ie)KaH/:Lpa. ,[[OCTEITO‘«IHI;IG yC/10BHMsI MUHUMYMa
BapUalMOHHOI'0 UCUYMC/IeHHUA. Cl)yHKLII/IOHafla.
Paspien 4. IlepBasi u BTopasi BapUaLuu -
A P pas Baprany ITepBast ¥ BTopasi BapyaLy QyHKLFIOHa/Ia. YpaBHeHue Dityiepa—JlarpaHxa.
4 |dyHkuroHana. YpaBHeHue Diinepa- . 2
Yenosue SIko6u 0 BO3MOXKHOCTH TIOCTPOEHHSI TT0JIs IKCTPEMareit
JlarpaHxa.
HpOCTeﬁH.IaH BEKTOpHas 3aZiaua K/jlaCCHUueCKOTro BapyualilMOHHOI0 NCUMCIeHHUA.
o [IpyHLMNI Ha¥MeHbI1ero AEﬁCTBHﬂ. EcrecTBeHHbIe rpaHUUHbIE ycioBus A1
5 |Pasgen 5. IIpUHLMI HAUMEHBILIETO JelCTBUS. . - 4
npocreiiitero ¢pyHKLMOHAMA. YpaBHeHHe Diiepa—Ilyaccona. 3agaua bosbia.
M3onepumerpuyeckas 3azava.
6 Pasgen 6. 3azjaua Jlarpaska ¢ roJIOHOMHBIMH (3afiaua Jlarparka ¢ TOJIOHOMHBIMH CBsA3IMU. 3a/iada Jlarpamka B TOHTPATUHCKON 3
Y HETOJIOHOMHBIMU CBSI3SIMH. cbopme.
Bcero 3a 9 cemecTp 17
7 Pasgen 7. OtyenbHble paszenbl OpToroHasIbHBIE CUCTeMbI GYHKLIWM, PSi/ibl U3 HUX. YpaBHeHue Beccers, ero 1
beHKLII/IOHaJIbHOFO aHa/m3a. pelieHue. OpTOFOH&J’IbHOCTb CIJYHKLU/II\/'I Beccens, UHTerpasl CDypbe.
o BrIBOj 1 pellieHre YpaBHEeHHUsS MaJlbIX KosiebaHuit criocobom [lanambepa. Briso,
8 |Pa3sgen 8. YpaBHeHUe MajbIx KojebaHHi. A np yp - A P A 4
U pellieHre ypaBHEeHHs MaJIbIX KosiebaHuii cocobam Dypee.
9  |Pasgen 9. YpaBHeHMe TeIIONPOBOAHOCTH.  (BBIBOZ U pellieHre ypaBHEeHUs! TelyIONpPOBOAHOCTH /il Pa3/IMUHbIX C/Iyyaes. 5
BriBog 1 perienne ypaBHeHus Jlannaca. BeiBog U pellieHye ypaBHeHUs!
10 |Paspen 10. YpaBHenus Jlaruiaca u Ilyaccona. A YD yp AP yp 5
[TyaccoHa.
Pasgen 11. JluneiiHble ypaBHeHus 2 TopsKa o
11 JIuHeliHble ypaBHeHUs 2 TIOPSIiKa B YaCTHBIX NTPOU3BO/HBIX. 2
B UaCTHBIX MPOU3BOAHBIX.
Bcero 3a 10 cemecTp 17
3.3. CamocrosTenbHas pabora crygenra (CPC)
Ne O6neMm,
/n Homep Y HaMMeHOBaHHe pas3jie/ia JAUCHUII/IHHBI Conepmanne yqeﬁﬂoro 3a/laHUA Jacos
o HOBTOpeHI/Ie HEOGXO,Z[I/IMI)IX yC]IOBI/Iﬁ JIOKa/IbHOT'0 3KCTpeMyMa
Paspen 1. ITpocreliias 3afiaua K/1acCU4eCKOro o
1 T/1aJKOHU (byHKL[I/II/I HeCKOJIbKUX IlepeMeHHbIX. V3yueHue [10CTaHOBKU 9
BapUalMOHHOI'0 UCUYMC/IeHHUS. o o o
TpOCTeulIer BapUalJUOHHOM 3a[auu.
2 |Pasgen 2. [locraTouHble yc/a0BUs cnaboro MUHMMYMa B (IIOBTOpeHHe JOCTaTOYHbIX YC/IOBH JI0KaIbHOTO SKCTPeMyMa 12

6
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rpocTeiieli 3aaue. r1afKoW QyHKIMY HEeCKOJTBKHX TepeMeHHbIX. V3yueHue
¢opmynupoBok ycnosuii Jlexangpa u SIkobu.
Pazgnen 3. @yHkuus Beliepuirpacca. Heobxoaumoe Usyuenue ycnosuii Jlexxanzapa u Slkobu, gpyHkumm Befiepiurpacca,
3 |ycroBue cUIBHOTO MUHHMMYMa B MPOCTeMHIIIe 3aaue JI0CTaTOYHBIX YC/IOBUM CUJIBHOTO MUHHMYMa HHTErpanbHOTOo 10
KJ/IaCCUUeCKOT0 BapHAIL[IOHHOTO UCUUC/IEHUSI. ¢dyHKIMOHAMA.
[MToBTOpEHUe GHOPMYJIBI UHTETPUPOBAHHS TI0 YaCTSM U
4 Paspen 4. Hepoaﬂ 1 BTOpast BApHaliH (yHKLOHara. nuddepeHLpoBaHys N0/ 3HAKOM MHTerpasa. Vi3yueHre BbIBOza 5
YpaBHeHue Oitnepa-Jlarpanxa. o
ypaBHeHuUs1 Jiinepa.
5 |Pasgen 5. TipurHipn Hanmerbmero feiicTeus. V13yueHne BeKTOPHOM 3a/la4M BapHALMOHHOTO HCUHMCTIeHHS, 15
MPUHLIMIIA HAUMEeHbLIero AedCTBus, ypaBHeHus Jitepa-IlyaccoHa.
Paszien 6. 3ajiaua JTarparoka C roTOHOMHBIMH M [ToBTOpEHHe YCIOBHOTO 3KCTPeMyMa (GYHKIMH HeCKOTBKUX
6 repeMeHHBIX. V3yueHue 3afiaun JlarpaHka ¢ FOIOHOMHBIMU 6
HeroJIOHOMHBIMH CBA35MU.
CBSI3SIMU.
Bcero 3a 9 cemecTp 57
7 Pazgnen 7. OtzenbHble pa3zens! (pyHKLMOHATBHOTO IMToBTOpeHue Tembl «Psiibl Pyphbe, onepaljioHHOe UCUUCTIeHUe» U3 8
aHasm3a. 00111ero Kypca BbICIIeH MaTeMaTHKK
PewteHue npeioxkeHHbIX 3a7a4. IlocTpoeHre MaTeMaTHyeCKMX
8  |Pasgen 8. YpaBHeHue MajibIx KojieOaHuit. MoZiesnelt /i1 ypaBHEHHsT TETJIONPOBOAHOCTU ¥ MX BU3YyaIH3aLys C 12
[IOMOLIBIO CHCTEMbI KOMITBIOTEPHOH anrebpsl.
PellieHue Npe/l/IKeHHBIX 3a/ia4. [TocTpoeHre MaTeMaTHueCcKUxX
9 |Pasgen 9. YpaBHeHue Te10npoBOSHOCTH. MoZierneil sl ypaBHEHHS TeTJIONPOBOAHOCTY M MX BU3ya/In3aLys C 15
TOMOIIIBIO CUCTEMbI KOMITBEOTEPHOM areOphbl.
PerieHue npe/io’keHHBIX 3a7a4. IlocTpoeHre MaTeMaTiyeCcKux
10 |Pasgen 10. YpaBHenus Jlannaca u ITyaccoHa. MoZiesel AJist 337ia4 U MX BU3yaliu3aliysi C IOMOLIBIO CUCTeMbI 15
KOMITbIOTEPHOI#1 anre6psbl.
1 Pasgen 11. JIuHeliHble ypaBHeHUs 2 TIOpsi/iKa B YaCTHBIX |VI3ydyeHMe TeopeTHUUYeCKOro MaTeprasa. PerieHre rpefiioskeHHbIX 7
TTPOU3BO/IHBIX. 3a7au.
Bcero 3a 10 cemecTp 57
4. @OPMBbI KOHTPOJIAA OCBOEHUSA AN CIINITVINHBI
CEMECTP HEJE/IN CEMECTPA
1 2 3/4|5| 6 |7 8 9| 10 | 11 12 13 14 15 | 16 17
9 BII3 ap BII3 ap BII3 BII3 ap 3au.
10 BII3 ap BII3 ap BII3 BII3 ap nud. 3au.
YenoBHbIE 0603HaUEHMS:
e JIP — nuarHoctuueckasi pabora;
o BII3 — Bonpocel/3aanus 1o Temam I13;
® 3au. — 3auer;
o ud. 3au. — U depeHIMPOBaHHbIN 3a4eT.
Tekyuii KOHTPOJIb YCIIeBAEMOCTH CTY/IeHTOB MPOBOJUTCS B AUCKPETHBIE BpeMeHHbIe HHTepPBaJIbl B C/IeAYIOIUX Gopmax:
[IMarHOCTHYeCKast paboTa;
BOMNPOCHI/3aiaHus 1o Temam I13.
ITpoMeKyTouHas aTTecTaus POBOAUTCS B hopMax:
3auer;
v depeHIMPOBaHHbIH 3aueT.
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5. YYEBHO-METOJMYECKOE Y TH®OPMAIIMOHHOE OBECIIEYEHUE
JACITUTUTAHBI

5.1. OcHOBHas MTeparypa 1o JUCLUIIMHE:

1. A. A. KoHoHOBa, A. J1. BenkoBa. . YpaBHeHust MareMatnueckoit ¢pusuku. CII6.6I'TY "BOEHMEX" uwm. []. @. YctunoBa, 2019, 351. pec.

. A. A. KonoHoga, A. JI. Benkoga. . YpaBHenust maremaruueckoit ¢pusvku. CII6.BI'TY "BOEHMEX" um. []. @. Yctunosa, 2019, 66 3k3.

. A. 1. Psi6ytuko. MHauBHAyabHBIE 3ajaHKs 110 BbICIIel Matemaruke. Y. 4 OnepauponHoe ucuucienre. BI'TY "BOEHMEX" um. []. @.

YctuHoBa, 2007, 311. pec.

4. A. Tl Psibyuiko. VinauBrayanbHbIe 3a/iaHust TI0 BbIciier mareMarrke. U. 4 OneparponHoe ucuncienue. BITY "BOEHMEX" um. [I. .
Ycerunosa, 2007, 198 3k3.

5. A. I1. Ps6yuko, B. B. Bapxaros, B. B. [lepxkaget1. Psapr. BI'TY "BOEHMEX" um. [I. ®. YcruHoBa, 2007, 146 3k3.

6. A. I1. Pabyuko, B. B. Bapxaros, B. B. [lepxxaBel;. IHauBuyanbHble 3afaHus 1o Beiciieli Matemaruke. Y. 3 Psgapl. BI'TY "BOEHMEX"
uM. [1. ®. YcruHoBa, 2007, 351. pec.

7. B. IL. PoguH. . Bapuanmontaoe ucurciende. CI16.BI'TY "BOEHMEX" um. [I. @. YctuHoBa, 2017, 50 3K3.

8. B. II. PoguH. . BapuarjionHoe ucunicienue. CI16.BI'TY "BOEHMEX" um. [I. ®@. YctuHoBsa, 2017, 351. pec.

9. B. . Banbko, O. B. EpmomuHa, I H. KyBbIpkyH. . BapualioHHOe ucuncieHre U orTuMasbHoe yrnpasneHue. M.: M3a-so MI'TY um. H.

w N

3. baymana, 2018, 30 3k3.

10. B. JI. @aitnmmuaT. . OproroHansHele GyHKLMH U KpaeBble 3aaud. CI16.BI'TY "BOEHMEX" um. [I. ®. YcruHosa, 2021, 371 pec.

11. B. JI. ®@aiiHmmuar. . OpToroHanbHble GyHKLUUK U KpaeBble 3agaun. CI16.BI'TY "BOEHMEX" um. /1. ®. YctuHoBa, 2021, 146 3k3.

12. B. JI. @aiinmmugt, H. B. Tapacosa. . Hekoropble ypaBHeHUst MareMatiueckoi ¢usuku. CII6.BI'TY "BOEHMEX" um. [I. @. YctuHoBa,
2016, 39 7K3.

13. B. JI. @aiinmmugt, H. B. Tapacosa. . Hekotopble ypaBHeHHst MateMaTtiueckoi ¢usuku. CII6.BI'TY "BOEHMEX" um. [I. @. YcTuHOBa,
2016, 311. pec.

14. M. O. JlebezieB. . BBesienne B BapuapionHoe ucurcienve. CI16.5I'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2022, 571 pec.
15. M. O. JlebezieB. . Besienue B BapuarpionHoe ucuricsienue. CI16.BI'TY "BOEHMEX" um. [I. ®. YctuHoBsa, 2022, 27 3K3.

5.2. Jloro/iH|TeNbHAs JIUTepPaTypa M0 AUCLIUIUIHHE:
He TpebyeTcsi.

5.3. [lepyopryeckue U3aHus:
He TpebyroTcs.

5.4. IlepeueHb pecypcoB HH(OPMALMOHHO-Te/IEKOMMYHHUKALMOHHOM ceTH "VIHTepHeT", He0OXOAUMBIX [/Is1 OCBOEHUS JUCLIUIUIMHBI, 3/1eKTPOHHBIE
6ub/IMOTEUHbIE CHCTEMBI:

1. https://library.voenmeh.ru/ — ®yngamenranehas 6ubnvoreka BI'TY «BOEHMEX» um. [I.®. YcTUHOB];
2. https://urait.ru/ — O6pa3oarenbHast riardopma «HOpaiiT». [Iyis1 By30B U CCy30B..

CoBpeMeHHblIe NpogeccHoHabHbIe 0a3bl JaHHBIX:
1. https://rusneb.ru — HatjoHanbHas snekrpoHHast 6ubimioreka (HOB);
2. https://cyberleninka.ru/ - HayuHas anekrpoHHast 6ubimioreka «KubepneHuHKa»;
http://www.rfbr.ru/rffi/ru/library - IlonHoTekcToBast anekTpoHHast bubnuoreka Poccuiickoro ¢hoHaa GpyH/qaMeHTaTbHBIX HCC/IEI0BAHHM.
VHdopmalioHHble CTIpaBOYHbIe CUCTEMBI:
1. TexakcrnepT — VIHGOPMAI[MOHHBII MOPTa/ TEXHUYeCKOTO peryiupoBanus: HopMmbl, paBuia, cTaHAapTtel PO;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - BJ] TOCToB cobcTBeHHoii reHeparu BI'TY
"BOEHMEX" um. []. ®. YcTrHOBa;
3. http://www.consultant.ru/- KoncynsrantIlmoc- nHGOpMaLMOHHBIN MOPTa MPaBOBOM MH(POPMALH.
5.5. [IporpammHoe obecrieueHue:
He TpebyeTcs.

5.6. IHpopMaIioHHbIe TeXHOJIOTHH:

B3anMozelcTBue ¢ obyuatoimucs nocpegcrsom OVIOC Moodle BT TY «BOEHMEX» um. [I.®. YcTuHOBa.
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6. MATEPAJ/IBHO-TEXHNYECKOE OBECITEYEHUWE AV CIIAIT/IMHBI

6.1. JIeKIiMOHHbIE 3aHATHS:

CrieLjaIM3MpoBaHHbIe TpeboBaHHsl 10 060PY0BaHHIO OTCYTCTBYIOT; ayAUTOPHS C TI0CAJ0YHBIMM MECTaMH T10 KOJTUUECTBY CTY/eHTOB;
JlocKa.

6.2. [IpakTHYeCcKue 3aHATHA:
1. AyauTopusi C YMC/IOM MOCAZIOUHBIX MECT He MEeHbIIIe KOJIMUecTBa 00yyarommuxcs.

6.3. IIpouee:

1. pabouee MecTO nperogaBare;isi, OCHallleHHOe KOMIBIOTEPOM C JJOCTYNOM B VIHTepHeT;
2. pabourie MecTa CTyZ|eHTOB, OCHAIlleHHbIe KOMITBIOTEDAMU C JOCTYTIOM B VIHTepHeT, Npe/jHa3HaYeHHBbIe [ PabOThI B 3/IeKTPOHHOU
obpasoBare/bHOIi cpefe.



TIpunoxenne 1
K paboyeii mporpaMme JUCIMIITHHBE
BBICHIASI MATEMATHUKA B HAYUHBIX UCC/IEJOBAHUAX

AnHoTanus paéoueii nporpaMmsl

Mucuummaa BBICIIIASI MATEMATUKA B HAYUYHBIX MCC/IEJOBAHUSAX sBsieTcst OUCLMIUIAHON 00f3aTeIbHON YacTH
©6/10Ka 1 mporpamMMBbl IOArOTOBKH 110 Hanpas/ieHuto 24.04.05 [lguzamenu semamenbHblx annapamos. JIUCLUIIIMHA peanu3yeTcs Ha dakysnsrere O
EcrectBerHoHayunslii BI'TY "BOEHMEX" um. [].®. YctuHoBa Kadeapoit O6 BBICIIIAT MATEMATUKA.

[JucuunivHa HatesleHa Ha GOpMHpOBaHUe KoMnemeHyuii:
OIIK-2 crocobHOCTb UCIOMb30BaTh COBPeMeHHbIe MH(OPMaLMOHHbIE TEXHOJIOIMH NPH BBITIOIHEHWM HAyUYHBIX MCC/IeJ0BAaHHH M pa3paboTok;
MCIO/Ib30BaTh CTAaHJAPTHbIE TAaKeThl TMPUK/IAJHBIX MPOrpamMM; CHOCOOEH K ajirOpUTMH3ALMKM MPOLIeCCa BBbIUMCJIEHWH MNpU TPOBeJEeHUU
WCCIeJOBaHNH; OpPraHW30BbIBaTh U COOMOAATh TpeboBaHust MH(OPMALIOHHO 6e3011acHOCTH B MPO(heCCHOHABHOM /1esTe/TbHOCTH;
OIIK-4 crioco6HOCTb MCII0/Ib30BaTh OCHOBHBIE TMOJIOXKEHHMSI, 3aKOHBI U METO/bl €CTECTBEHHBIX HAYK U MaTeMaTHKH, pa3paboTKu (GpU3UUecKhX U
MaTeMaTudeCKHux MOAEJIE;I uccieyemMbelxX TpoOLieCcCoB, ABJIEHUN U 06’beKTOB [JIs1 TIOCTAaHOBKU W pellIeHWs HAYYHO-TeXHWUYeCKUX 3a/ay I0
HarpaB/IeHHIO MOJTOTOBKH.

CO,E[EP)K&HI/[G AWUCLUII/IMHBI OXBaTbIBaeT pr[‘ BOHPOCOB, CBA3aHHBIX C l'[OCTaHOBKOﬁ 3ajaui " HOCTpOEHI/IH MaTeMaTquCKOﬁ Moaenu A
peasibHbIX YC/IOBHMA, WCIIO/b3ysl METOABI U MOZE/H BBICILIEH MaTeMaTHK{; a TAaKXKe IMPEeJCTAB/IEHHsI Pe3y/bTaTOB CBOMX HCC/IEJ0BAaHUN B BH/E
10JTHOM MaTeMaTH4eCKoW MoJienu.

IporpamMMoii AUCLMIUIMHBI IIPeyCMOTPEHbI C/IeAyIOIHie BUABI KOHTPOJIA:
TeKymuii KOHTPO/Ib YCIIeBaeMOCTH CTY/JeHTOB [IPOBOJUTCS B JUCKpPeTHbIe BpeMeHHble MHTepBaslbl B CIeAyIOLUMX hopMax:
e JMarHocTHyeckas paboTa;
e BOIpOCHI/3afaHus 1o Temam I13.
IIpomMe)xyTo4Has aTTecTanus IPOBOAUTCS B popMax:
* 3aueT;

¢ ubdepeHMPOBaHHBIN 3aUeT.

OO611ast TPYA0EMKOCTb OCBOEHHS! JUCLIMILIMHBI cocTaBsieT 6 3.e., 216 u. [IporpaMMoii JUCLMIUIMHBL [TPeyCMOTPEeHSbI JIeKIMOHHbIe 3aHsATHs (68
4.), nmpakThyeckue 3ausaTus (34 4.), camocTosTenbHas pabota crygenra (114 u).
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TIpunoxenue 2

K paboyeii mporpaMme JUCIMIITHHBE
BBICHIASI MATEMATHUKA B HAYUHBIX UCC/IEJOBAHUAX

TEXHOJIOI'X 1 ®OPMbI OBYUYEHUSA

PexoMeHjaliii 10 0CBOGHHIO JUCLUILUIMHBI /1A CTyAeHTa

Tpy/0eMKOCTb OCBOEHMS! JUCLUIIMHBI cocTapiasgeT 216 u., u3 Hux 102 u. ayfUTOpHBIX 3aHATHH, W 114 4., OTBefleHHBIX Ha

CaMOCTOSITE/IbHYIO paboTy CTy/eHTa.

PekoMeHJALMKU TI0 pacripe/ie/ieHHI0 yuebHOro BpeMeHH 10 BHJaM CaMOCTOSITeJbHOM paboThl M paszesiaM [WCLUIUIMHBI [IPUBEJIEHbI B

Tabme.

KOHTpO/b 0CBOEHUsI AWCLIMIUIMHBI TIPOU3BOAUTCS B COOTBETCTBUM C ITonO)KeHHEM O TekyleM, pyOeKHOM KOHTpOJe YCIIeBaeMOCTH U

MPOME)KYTOUYHOM aTTeCTaliiy 00yYaroIuxCsl.

DopMbl KOHTPOJISE U KPUTEPUH OLIeHUBAHMS NIPHUBe/ieHbI B NPUIoXkKeHUH 3 K Paboueli mporpamme.

HaumeHoBaHHe paGoThl

Pexomenayemas 1uTeparypa

TpyaoeMKoCTh,
vac.

Pazpen 1. ITIpocreiimasi 3afiaya KJ1acCHYeCKOro BapHAI[IOHHOI'0 MCUYHCIeHHA.

IToBTOpeHNe HeOOXOAUMBIX yC/IOBHIA JIOKa/MLHOTO SKCTPeMyMa
a0 QYHKLMY HEeCKO/IbKMX NepeMeHHBIX. M3yueHne
[10CTaHOBKH ITPOCTefilell BapualjIOHHOM 3aziauu.

M. O. JlebezieB. . BBefieHne B BapralMOHHOE HCUKC/IEHHE:
CII6.BI'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2022 (1)
b. I1. PoguH. . Bapuarpionnoe ucuucienve: CI16.BI'TY

"BOEHMEX" um. [I. ®. YcruHoBa, 2017 (1)
B. I1. PoguH. . Bapuaumonnoe ucurcienue: CI16. BT TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (1)
B. U. Banbko, O. B. EpmonivHa, I. H. KyBbIpKUH. .
BapuarjoHHOe ucunc/eHye U ONTUMasbHOe yIpaB/ieHre:
M.: U3g-Bo MI'TY um. H. D. Baymana, 2018 (1)

Wroro no pasgeny 1

Pazpen 2. AOCTBTO'-IHBIG ycioBus ciaboro MHUHHUMYMa B HpOCTeﬁIﬂeﬁ 3ajaue.

TloBTOpEHNE JOCTaTOYHBIX yCIOBUIA JIOKA/TBHOTO SKCTpeMyMa
r1aJKo# (YHKLMKM HEeCKOJIbKHX IepeMeHHBIX. M3yueHrie
(opmynupoBok ycnosuii Jlexxanapa u SIkobu.

M. O. JlebezieB. . BBefieHne B BapHUal{IOHHOE HCUKC/IEHHE:
CII6.BI'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2022 (2)
B. I1. PoguH. . Bapuauuonnoe ucurcienue: CI16. BT TY

"BOEHMEX" um. [I. ®. Yctunosa, 2017 (2)
B. I1. PoguH. . Bapuarmontoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (2)
B. U. Baneko, O. B. EpmonHa, I. H. KyBbIpKUH. .
BapualuoHHOe ucurciieHye U ONITUMalbHOe yIpaB/ieHue:

M.: U3g-Bo MI'TY um. H. D. Baymana, 2018 (3)

12

Wroro no pasgeny 2

12

Pazpen 3. ®ynknus Beiiepmrpacca. Heo6xoaumoe ycioBHe CHILHOI0 MMHHMYMa B IPOCTeiileii 3ajaue K/1acCHYeCKOro
BapHALIHOHHOr0 HCYHC/IEHHUSI.

Usyuenue ycnosuii Jlexanzapa u Skobu, GpyHKLIun
BeliepiuTpacca, J0CTaTOUHBIX YC/IOBUH CHILHOTO MUHUMYyMa
WHTerpajbHOro (yHKILIMOHAIA.

B. I1. PopuH. . BapuaryonHoe ucurcienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (3)

B. I1. PopuH. . BapuarnyonHoe ucurcienve: CI16.5I'TY
"BOEHMEX" um. [I. ®. YctuHoBa, 2017 (3)

B. 1. Baubko, O. B. Epmoniuna, I'. H. KyBbIpkuH. .
BapualroHHOe McYKC/IeHre U ONTUMalTbHOe yTipaB/eHue:
M.: U3g-Bo MI'TY um. H. 3. Baymana, 2018 (3)

M. O. JlebezieB. . BBefieHne B BapralMOHHOE HCUKC/IEHHE:
CII6.BI'TY "BOEHMEX" um. [I. ®. YcTrHOBa, 2022 (2)

10

Wroro no pasgeny 3

10

Paspen 4. IlepBas u BTopas Bapuanuu GyHKIuoHama. YpaBHeHue Jitiepa-JIarpamxa.

I[ToBTOpeHue (hopMy/Ibl THTErPUPOBAHMS 10 YaCTsM U
[ depeHLpoBaHys N0/, 3HAKOM MHTerpasa. VisyueHre BbIBOzja
ypaBHeHUs1 Diiepa.

B. I1. PopuH. . BapuanyonHoe ucurcienve: CI16.5I'TY
"BOEHMEX" um. [I. ®. YctuHoBa, 2017 (4)

b. I1. PoguH. . Bapuarpionnoe ucuucienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (4)

B. U. Banbko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapuanjoHHOe ucuMcieHye v ONTUMasbHOe yIrpaB/ieHre:
M.: U3g-Bo MI'TY um. H. D. Baymana, 2018 (2, 4)

M. O. JlebezieB. . BBefieHne B BapHal{IOHHOE HCUKC/IEHHe:
CII6.BT'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2022 (3, 4, 5,
6, 13)

Wroro no pasgeny 4

Pa3zpen 5. IIpuHMI HAaUMeHbIIEro /eHCTBHUS.

V3yueHre BeKTOPHOM 3a/jauil BAPUAL{IOHHOTO NCUYHCTIEHNS,
MpUHLIMIA HaUMeHbIIIero JeficTBYsl, ypaBHeHUs Jilsiepa-
[Tyaccona.

B. I1. PozuH. . BapuarmonHoe ncurcienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (5)

B. I1. PopuH. . BapuaryonHoe ncurcienve: CI16.5I'TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (5)

B. 1. Baubko, O. B. Epmoniuna, I'. H. KyBbIpkuH. .
BapuanyoHHOe UCUMC/IeHre U ONTUMallbHOe yIpaB/leHue:
M.: U3g-Bo MI'TY um. H. D. BaymaHna, 2018 (4)

M. O. JlebezieB. . BBefieHHe B BaprUalMOHHOE UCUKMC/IEHHE:
CII6.BI'TY "BOEHMEX" um. [I. @. YcruHosa, 2022 (9, 10,
12)

15

Wroro no pasgeny 5

15

PEB}Z[CJ'[ 6. 33[13‘{3 J'Iarpal-m(a C Ir'OJIOHOMHBIMH U HEr0J/IOHOMHBIMH CBA3SAMH.

IToBTOpEHHe yCIIOBHOTO SKCTpeMyMa (DYHKLM HeCKOTBKHX
repeMeHHBIX. V3yueHve 3aziaun JlarpaHka C roIOHOMHBIMU

11

M. O. Jlebezier. . BeesieHue B BapUaldOHHOE UCUHCIIEHHE:

CII6.BI'TY "BOEHMEX" um. [I. ®@. YctuHoBa, 2022 (7)
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CBA3SAMMU.

B. U. Bansko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapualinoHHOe 1curc/ieHre U ONITUMaslbHOe yIpaB/ieHue:
M.: U3g-Bo MI'TY um. H. D. Baymana, 2018 (4)

B. I1. PopuH. . BapuanyonHoe ucurcienve: CI16.5I'TY
"BOEHMEX" um. [I. ®. YctuHoBa, 2017 (4)

B. I1. PoguH. . Bapuaumonnoe ucurcienue: CI16. 5T TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (4)

Wroro o pasgeny 6

Pa3paen 7. OTaensHbIe pasjesibl PyHKIMOHATLHOIO aHA/IH3A.

[ToBTOpenue TeMel «Psapl ypee, onepalioHHOe UCUMC/IEHHe»
13 061Ilero Kypca BhICIIel MaTeMaTHKU

A. T1. Psibymiko. HaMBYIyaibHbIE 3a/IaHUSE TI0 BBICIIIEH
Maremartuke. U. 4 OnepaiuonHoe ucunciaenue: bBI'TY
"BOEHMEX" um. []. ®. YctuHosa, 2007 (16)

B. JI. ®aitHiumuaT. . OproroHanbsHele GYHKLMU U KpaeBble
3agaun: CI16.BT'TY "BOEHMEX" um. [I. ®. YcTuHoBa, 2021
L2
A. A. KoHoHOBa, A. JI. benkoBa. . YpaBHeHUs.
maremaruueckor pusuku: CI16.BI'TY "BOEHMEX" um. /1.
®. YcruHoBa, 2019 (1)

A. A. KoHOHOBa, A. JI. BenkoBa. . YpaBHeHUs.
Maremaruueckoi pusmku: CI16.BI'TY "BOEHMEX" um. [].
®. YeruHoBa, 2019 (1)

A. T1. Psbywko, B. B. Bapxaros, B. B. [lep>kaBer]. Psapr:
BI'TY "BOEHMEX" um. [I. ®. Yctunosa, 2007 (12)

A. T1. Psibymiko. HAMBHyaibHbIE 3a/JaHUSI TIO BBICIIIEH
Mmaremaruke. U. 4 OneparponHoe ucuucienue: BI'TY
"BOEHMEX" um. [I. ®. Ycrunosa, 2007 (16)

A. II. Pabyuiko, B. B. Bapxaros, B. B. [lepxaseL.
VnuBrAyanbHble 3alaHus 110 BeICIIe MaTeMaruke. Y. 3
Psgei: BITY "BOEHMEX" um. [. ®. YctuHoBa, 2007 (12)
B. JI. ®aitnmmuaT. . OproroHaneHele GYHKLMU U KpaeBble
3agaun: CI16.BI'TY "BOEHMEX" um. []. @. Ycturosa, 2021
1,2

Wroro no pasgeny 7

Paspen 8. YpaBHeHHe MaJIbIX KO/Ie0aHUH.

Pe1enue npe/i0keHHBIX 3a/iau. ITocTpoeHre MaTeMaTHueCKUX
Moyziesieli [T ypaBHEeHHs TETIJIONPOBOAHOCTH M MX BU3ya/In3aLiys
C MOMOIIIBI0 CHCTeMBbI KOMITBIOTEPHO# areOpsbl.

A. A. KoHOHOBa, A. JI. BenkoBa. . YpaBHeHUs.
Maremaruueckoi pusuku: CI16.6I'TY "BOEHMEX" uwm. /1.
®. YeruHoBa, 2019 (2)

A. A. KoHOHOBa, A. JI. BenkoBa. . YpaBHeHUs.
Mmaremaruueckoit ¢pusuku: CII6.BI'TY "BOEHMEX" nm. [1.
®. YeruHoBa, 2019 (2)

B. JI. ®aitnmmugt, H. B. TapacoBa. . HekoTopble ypaBHeHust
maremaruueckor pusuku: CI16.BI'TY "BOEHMEX" um. /1.
®. YctrHoBa, 2016 (1)

A.TI. Psbyuiko, B. B. Bapxartos, B. B. lepxxaBel. Psiapr:
BI'TY "BOEHMEX" um. [I. ®@. Ycrunosa, 2007 (12)

A. II. Psbyuiko, B. B. Bapxatos, B. B. [lepxaBeL.
VHuBrAyanbHBIE 3aaHVs 110 BEICIIEH MaTeMarrke. Y. 3
Page: BI'TY "BOEHMEX" nwm. . ®. Ycrunosa, 2007 (12)
B. JI. ®aiimmvugt, H. B. TapacoBa. . HekoTopble ypaBHeHust
Maremaruueckor ¢usuku: CI16.BT'TY "BOEHMEX" um. 1.
®. YcruHoBa, 2016 (1)

12

Uroro no pa3geny 8

12

Paspen 9. YpaBHeHHe TellJI0NIPOBOJHOCTH.

Pemenue npe/yiokeHHbIX 3a7a4. IlocTpoeHne MaTeMaTHyeCKUX
Moyziesiell iis ypaBHeHusl TeIIONPOBOSHOCTH U UX BU3ya/lIu3aLyist
C TIOMOLIBIO CUCTEMBI KOMITBIOTEPHOH anreGpsl.

B. JI. ®aitamvuat, H. B. TapacoBa. . HekoTopele ypaBHeHust
MmareMaruueckoit ¢pusuku: CII6.5I'TY "BOEHMEX" nm. [1.
®. YerrHoBa, 2016 (2)

A. II. Psbymiko. IHAMBYAYyaIbHBIE 3a/laHUs 110 BBICIIEH
Maremartuke. U. 4 OnepayuonHoe ucunciaenue: BI'TY
"BOEHMEX" um. []. ®. YctuHosa, 2007 (16)

A. A. KoHOHOBa, A. JI. benkoBa. . YpaBHeHUs.
maremaruueckor pusuku: CI16.BI'TY "BOEHMEX" um. [].
®. YcruHoBa, 2019 (3)

A. A. KoHoHOBa, A. JI. BenkoBa. . YpaBHeHUs.
Marematuueckor gusuku: CI16.BT'TY "BOEHMEX" um. 1.
®. YcruHoBa, 2019 (3)

B. JI. ®aitamvuaT, H. B. TapacoBa. . HekoTopele ypaBHeHust
Maremaruueckoit ¢pusuku: CII6.5I'TY "BOEHMEX" nm. [1.
®. YerrHoBa, 2016 (2)

A. TI. Psbyuiko. UHAMBHAYyaIbHBIE 3a/laHUs 110 BBICIIEH
Maremaruke. Y. 4 OnepaijoHHoe ncurcienue: bI'TY
"BOEHMEX" um. []. ®. Yctunosa, 2007 (16)

15

Wroro no pasgeny 9

15

Paspen 10. YpaBHenus Jlannaca u IlyaccoHa.

PerieHue rpeyioxkeHHbIX 3a7a4. IlocTpoeHre MaTeMaTH4yeCKUX
Moziesiedt [41st 3a/a4 M X BU3ya/IH3aLiisi C TIOMOLLBIO CHCTEMBI
KOMIIbIOTePHOH anreOpsl.

12

B. JI. ®aitnmmuar, H. B. Tapacosa. . Hekotopble ypaBHeHus
maremaruueckor pusuku: CI16.BI'TY "BOEHMEX" um. /1.
®. YcruHoBa, 2016 (3)

A. A. KoHoHOBa, A. JI. BenkoBa. . YpaBHeHUs.
Maremaruueckoi pusmku: CI16.BI'TY "BOEHMEX" um. [].
®. YeruHoBa, 2019 (4)

B. JI. ®aiiamvuat, H. B. TapacoBa. . HekoTopble ypaBHeHust
MaremMatuueckoit ¢pusuku: CII6.BI'TY "BOEHMEX" um. [1.
®. YerrHoBa, 2016 (3)

15
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A. A. KoHoHOBa, A. JI. BenikoBa. . YpaBHeHUs!
MmareMatuueckoit ¢pusuku: CII6.BI'TY "BOEHMEX" um. [1.
®. YeruHoBa, 2019 (4)

15

Wroro no pasgeny 10

Pa3zpgen 11. JInHeliHbIe ypaBHeHUs 2 MOPSIAKA B YaCTHBIX IPOH3BOJHBIX.

EEVECH

VI3yueHue TeOpeTHUeCKOro MaTepHarna. PellieHue rpe/yioyKeHHbIX

A. A. KoHOHOBa, A. JI. be/koBa. . YpaBHeHUs:
maremaruueckort pusuku: CI16.BI'TY "BOEHMEX" um. [].
®. YcruHoBa, 2019 (5)

A. A. KoHOHOBa, A. JI. benkoBa. . YpaBHeHUs.
Maremaruueckor ¢usuku: CI16.BT'TY "BOEHMEX" um. 1.
®. YcruHoBa, 2019 (5)

B. JI. ®aitamvuaT, H. B. TapacoBa. . HekoToprle ypaBHeHust
Mmaremaruueckoi pusmku: CI16.BI'TY "BOEHMEX" um. [].
®. YerrHoBa, 2016 (4)

B. JI. ®atiHiumuaT, H. B. Tapacosa. . HekoTopble ypaBHeHUs
marematnueckoit ¢pusuku: CII6.BI'TY "BOEHMEX" nm. [1.
®. YcrrHoBa, 2016 (4)

Wroro o pasgeny 11

13
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TIpunoxenue 3
K paboyeii mporpaMme JUCIHIITHHBL
BBICHIASI MATEMATHUKA B HAYUHBIX UCC/IEJOBAHUAX

®OH/J] OHEHOYHEBIX CPEACTB

CI)OH,E[ OL€HOYHBIX CPe/ICTB, MO3BOJIAIOL[HE OL[EHUTL pe3y/ibTaTbl O6y‘leHI/Iﬂ 8 (0] ,E[aHHOﬁ AUCLUILIMHE, BKJIFOYAKOT B cebs:

e [MarHocTuueckas pabora

® BONpOCHI/3afiaHus 1o Temam I13;
e 3aueT;

¢ ubdepeHMPOBAHHBIN 3aUeT.

KpuTepnu oneHUBaHHUSA

Junarnocrudeckasi paGora
JnarHocruyeckast pabora npoBozutcst B popme Tecta B 3M1IOC Moodle:

* IIpY NIPaBUILHOM OTBeTe MeHee 4eM Ha 60% BOIIPOCOB - He aTTeCTallus;
* IIpU NpaBWILHOM OTBeTe Ha 60% BONpPOCOB U Ooslee - arTecTalys.

Bonpocsi/3ajanus no tremam I13

BrInosiHeHHe KOHTPOJIbHBIX MEPOIPUSITHI 110 TeMaM MPaKTUUeCKUX 3aHATHI U CaMOCTOSITe/TbHOM paboThl, KOTOpbIe OOBSB/ISIOTCS B
Hauajie ceMecTpa C yKa3aHueM 06ajioB 3a UX BHITOJIHEHHE B COOTBETCTBUM C TEXHOIOTMUeCKOH KapToi Kypca.
OO6pa3sLibl BOIIPOCOB U TEXHOJIOTMUeCKUe KapThl MOXKHO Haiit B YMK guctunmast 1 S1OC Moodle.

3auer
OtieHKa "3auTeH0" BBICTAB/ISETCS, €C/IM HabpaHo oT 60 6aiIoB B COOTBETCTBUYU C TEXHOJIOTMYECKON KapToi Kypca.

JunddepennypoBanHbIii 3aueT
OvjeHKa "3a4TeHO-Y/I0B/IeTBOPUTE/ILHO" BBICTAB/ISETCS, e/l HabpaHo oT 51 710 74 6a/ioB B COOTBETCTBUM C TEXHOIOTHUYECKOM KapToi

Kypca.
OrjeHKa "3auTeHO-X0POIIO" BBICTAB/ISIETCS, /i HabpaHo oT 75 10 84 6a/yioB B COOTBETCTBHMH C TEXHOIOTMUECKOM KapToi Kypca.

OrjeHKa "3a4TeHO-0T/IMYHO" BBICTAB/ISIETCs], €C/IM HabpaHo oT 85 6a/IoB B COOTBETCTBUMY C TEXHOJIOTMUECKOM KapToi Kypca.
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IMacriopt ¢oH/jA OLIEHOUHBIX CPe/CTB

KYPC

CEMECTP

HaumeHoBaHue Ppa3fiesioB U JUAAKTHYECKHX e JHHUL]

BCEI'O

AynuTopHbIe 3aHATHS
B KOHTaKTHO# ¢opme

BCET'O
Jlekmu
IIpakTHueckue
3aHATHA

CamocrosaTenbHasi
pabora cryaeHTOB

dopmupyemas
KoMmeTeHIus1, %

OIIK-2

OIIK-4

HANMEHOBAHUE
OLEHOYHOI'O CPE/ICTBA

Pazpen 1. ITpocreiimas 3ajaua KJ1acCHYECKOr0
BapHaLlMOHHOT0 MCUUC/ICHHUS.

15

=
(=]

Bonpocsy/
3a7laHust
110 TeMaM
113

Paspien 2. [locTarouHble YCI0BUsA €1a60ro MHHUMyMa B
npocTeiinei 3ajayge.

20

12

10

10

Bonpocsy/
3a7laHust
110 TeMaM
113

Paspen 3. ®ynkuus Beiiepmrpacca. Heo6xopumoe
yC/I0BHe CHIbHOT0 MUHMMYMa B MpocCTeliei 3ajaye
KJ/IaCCHYeCKOTr0 BaPHAIIHOHHOTO0 HCYHC/ICHHU .

20

10 6 4

10

10

10

Bomnpocsy/
3a7laHust
T0 TeMaM
113

Paspen 4. Ilepas u BTopas Bapuanuu GpyHKIMOHAIA.
YpaBHeHue Jisrepa-J/Iarpamka.

11

10

10

Bonpocsy/
3a/laHust
TI0 TeMaM
113

Pazpges 5. [IpuHIMN HaMMeHbIIIero AefCTBUA.

29

14 10 4

15

10

10

Bonpocsy/
3aflaHust
TI0 TeMaM
113

Paspen 6. 3ajaua JIarpanxa ¢ roJIOHOMHBIMH M
Hero/JIOHOMHBIMM CBA3SIMH.

13

10

10

Bonpocsy/
3a/]aHus
TI0 TeMaM
113

Bcero 3a 9 cemecTp

108

51 34 17

57

60

60

10

Pa3pen 7. OTaenbHbIe pasjeibl pyHKIHOHATBLHOTO
aHa/M3a.

11

Bonpocsy/
3aflaHust
TI0 TeMaM
113

10

Pa3pen 8. YpaBHeHHe MaJIbIX KoyIeOaHUH.

24

12 8 4

12

10

10

Bonpocsy/
3a/]aHus
TI0 TeMaM
113

10

Pa3pen 9. YpaBHeHue Ten10npoBoJHOCTH.

30

15 10 5

15

10

10

Bonpocsy/
3a7laHust
TI0 TeMaM
113

10

Pa3pen 10. YpaBHenus JIaniaca u Ilyaccona.

30

15 10 5

15

10

10

Bonpocsy/
3a7laHust
TI0 TeMaM
113

10

Pa3zpen 11. JInHeliHbIe ypaBHeHNA 2 IOPsAKA B
YaCTHBIX MPOU3BOJAHBIX.

13

Bormpocsl/
3aJ,aHus
10 TeMaM
113

Bcero 3a 10 cemecTp

108

51 34 17

57

40

40

Bcero no AuMCHMIIHHE

216

102 68 34

114

100

100

15
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Kpurtepun oneHMBaHusA

OIIK-2
Bonpocbl omKpblmozo muna:
Ne 1
Hazoeem paccToAHEEM M -TO MOPAAKA Ha oTpezke [a; &) Mexay dyvEkumavHa fx) u g(x)
CYMMY
gﬁ“ﬂﬂ—g&ﬂ+£§§V%ﬂ—ﬁwﬂ+m+£ﬁﬁﬁ“%ﬂ—ywﬁﬁ
HaiiTi paccToasme 1-To TopAIKa MeXIy GYHKIHAME Y = X BV = Xx° Ha otpezke [-1; 1]
Ne 2
Hazosem paccTosHHEM # -To NOpAAKa Ha oTpeske [a; &] mexay dyaxumava fx) u g(x)
CYMMY
max |f(x) — g(x)| + max |f'(x) = g'(x)| + -+ max |f™(x) - g™ (x)]
xe[a.b] xe[a.b] xe[a.b]
Haifita paccToamme 0-ro nopanka Mexay dyeEmmavs g(x) = 11 f(x) = 2x Ha oTpezke
[0:1]
Ne 3
Kaxoli 00BeKT HINETCA NpH peMIeHHH NpocTelimel BapHaHOHHOH 3agaun?
Ne 4
Hatiti gomycTHMyTo SKCTpeMalb B IpocTelinei 3aqade BapHAMHOHHOIO HCYHCICHHA
1
f y? dx — extr, y(0) =2, y(2) =0.
1]
Ne 5
. 8F  d 8F b ,
VpaeHeHHe Diinepa oy axay = 0 nma dpyurimonana J(y) = fa F(x,y,y")dx spmaetca
(HasoBuTe THI THdEPEHIHATEHOTO YpABHEHHA)
Ne 6
3anHcaTs BHA YpaBHeHHA Diinepa 111 GyHKIHOHATA
/2 T T
Jv.z) = (V' +z'2 + 2yz)dx,y(0) = 2(0) = O,y(i) =z (E) =-1
0
Ne 7
IIpHBeeHHOE HA pHCYHKE ToNe L kpyra X2 + y2 < 1 asnsercs
Ne 8
K xaxoMy THIy 3aJad OTHOCHTCA BapHAIIHOHHAA 3371a9a MOHMCKA KPHBOH 33 JaHHOMH JTHHEL
OXBaTEIBAaIOIEH HAHOOIBITYIO ILTOMANE?
Ne 9
CemeiictBo KpuBEIX V = V(X; C) obpasyeT I0JIe B 3aJaHHOH obnacT D
mnockocTH XOY, eciu depes Kakayro ToUKy (X: y) 510l 0DIIacTH MPOXOJHT OHA H TOIBKO
OIHAa KpHBaA ceMelicTBa y = y(x: C):
Ne 10
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T[p}-[Bc,ueHHoc HAa PHCYHKE II0JI€ 1A KpyTa X 24+ yz = 1 ABnACTCA
v e

. 1
cer L,
e | 4
!
—_— ] i
i
/
|

ul

\

Ne 11
IlpuBenennOe ypaBHEHHE HMEET HOPAIOK
9%z 5
adx2iy= =2z
Ne 12
Haiiti u = u(x; y) pemeHne 3aaa4n Komm
Pu 0 2 >0.—00 < 40
| = = f(¥),
du _ ]
5% | =0 = 0(¥),
9%u W
T = (y).
=0 .
Ne 13
HpHBC,E[ﬁHHOﬁ YPaBHCHHC ABIACTCA YPABHCHHEM KAKOI'O THITA
Uz + Bttyy + 251y, — Ju, +2 =10
Ne 14
VKa3aTh THII IPUBEJEHHOIO YPAaBHEHH
2sin(z 4+ y) - gz —xcos(y) Uzy + 2y Uz = 3u+1=0
Ne 15
[TpuBeeHHOe ypaBHEHHe ABIACTCA YpaBHEHHEM KaKoTo THIIA
Uzz — dUzy +AUyy — 3uz +2uy+1 =10
Ne 16
@OVyHKIHH ¢4 (x) 1 ¢, (x) Ha3pIBaIOTCA OPTOrOHATBHBIMH C BeCOM p(X) Ha mpoMexyTke [a; b],
€CJIH BBITIOIHACTCH PABEHCTBO
Ne 17
IIpH peleHHH BOJTHOBOTO YpaBHEHHA HeTpUBHATbHOe pemnernne 3agadn X'/ (x) + AX(x) =
0,X(x) = 0 mmeet Bux X(x) = D, cos VAx D, sin VAx +. IIpu 3aJaHHEIX TPaHIIHEIX
ycnoBuAX u, (0; t) = u,(l; t) = 0 cobcTBeHHas QyHKIIHA HMeeT BI]
No 18
Metox @yphe pelleHH YpaBHEHHA CBOOOIHEIX KOIeOaHNII KOHEUHOI CTPYHBI €
3aKpeIlIeHHBIMH KOHITAMH COCTOHT B IoHCKe pemeHHs U(x; t) B Bijie
Ne 19
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Kpaepad 3a1aua I OJHOPOAHOTO ypapHenns JIamnaca B 0MHOCBA3HOI o0macTh ) € R,, e T

- HOPMAIIBHO K rpaHnie Q , HMEroIas BIJI, Ha3bBaeTCs
Au(z,y) =0,

Ju _ ]
aflaa — 9(z,y)
Ne 20
IIpHBemeHHSIH ONepaTop ABIACTCA KAKOr0O THIIA
L_f}'-’ __1[')'-'_0'-‘ _ 2, a
T a7 T et T G T ax T by

- a

BOnpOCbl 3dKpblmo2o muna:

Ne 1
Hasoeem paccTogHHEM K -To MOpPAIKA Ha oTpeske [a; b] Mexny ymrumave f{x) 1 g(x) eymmy
max [f(x) =gl + max |f'(x) = g'()| + -+ max IF ™) — g™ ()l
Haitru paccTofnme 2-To mopAgka MexIy QyHKIHAMEH ¥ = X H Y = x° Ha oTpeske [0: 1] mo
PHBEASHHBIM rpadHEam:
04l
034
02 "02 04 0B 08 10
011
| (@) - 9'(x)
00*
0.0
0
P 02 04 086 08 10
2 (&) — g"(x)
-3
-4
-5
8
1 8
2 2V3
9
2\5
3 g4+
9
4 6
Ne 2
Hazorem paccToAHHEM 1 -TO IOpPAAKA HA oTpeske [a; b] mexny yrrmmavu f{x) 1 g(x) cynry
max [f(x) =gl + max |f'(x) = g'()| + -+ max IfF ™) — g™ ()
Haiitu pacctosnre 1-ro mopAnka Mexay gyurmame g(x) = 11 f(x) = 2x Ha otpeske [0; 1]
1 3
1
2. f |2x — 1|dx
0
3. 0
4. |2x — 1]
Ne 3 -
Ipu xaxux F(x,y, ¥") ypaeHeHus Siinepa-Jlarpamxa ¢pyuxusonana J(y) = j;‘ LE(xy, yNdx
o
OyayT auddepeHIHATEHEIME YPABHCHHAMH HEPEOr0 MOPAIKA
1 F(y,y', ) =22 4+ 47
2 Fly,y' a) =22 +y?
3 F(y.y' z) =2y +y"
4 Fly.y' x) = z(y* + y*)
Ne 4

18

26546



Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ecmn dpyuknma y = y(X) ZocTaBIAST 3KCTpeMyM GyHKUHOHATY [ (V) = f; F(x,y,v)dx, o
OHA ABJUIETCA PElIeHHEM yPABHCHHA

Fx,yv)=0

1
2 aF (x,v,y") “o
ay

3 OF (x,y,¥")
ay’'

TIpu kakux F(x, y, y") BapuaimonHan 3aga4a ;A QyHEuHOHADA J (V) = I:;L F(x,y,y)dx ne

HMeeT eMBIcia (ypaBHeHHA Jinepa-JlarpaHixa BEIIOIHEHB! ABTOMATHUSCKH)

Fly.y'.z) = 2% + y"*

F(y.y'.x) = 2zy* + 2yz*y
F(y,y'.x) = 322y + 2uyzy’
F(y.y'.z) =z(y* +3°)

o | Wi b =

VeTaHOBHTE COOTBETCTBHE My IOARHTEPATLHEIM BblpazkeHueM Gyukimonana J(y) =
Xy ; .
“[7‘-'0 F(x,y,y")dx 1 ocobeHHOCTAMH ypapHeHHA Jinepa-Jlarpamka

1 F(y,y,x) = 2xy% + 2y2%y | A Bemomuaerca
ABTOMATHYICCKH

2 Fly,y.z) =y* +y° B HMeeT mepBhIi HHTETPAT

3 F(y,y z) =2 +3* B Anrebpangeckoe

4 Fly. . x) =22 4 y* T Jud.yp. nepeoro nopamka

VkasaTh, KakHe (YHKIMOHAIBI ONpEIeIIOT ypasHeHHe Jittepa-Tlarpamka suga ¥ + y2 = 0

1 I (: + 5:;" u) dx

2 [ (zy/ +y +3y” = 2y*) dz
3 [ @y +y+y* —y?)de
4 [y =y’ + 9 +y7) dx

Han ¢yskusonan J(y) = fab A(x, y)yJ 1 + v"?dx, usBecTHO, UTO IEBBIH KOHEIl SKCTPEMATH
CKOJIB3HT [0 KpHBo# Y (@) = 1(a). a npaesiii ckomssut mo kpueoi (D) = ¢(b). Ykasars,
KAKHE YCIOBHA HyKHO MOCTABHTE HA TPAHHLIE OTpe3Ka [a; b]

1 L+ ¢'(a)y'(a) =0, ’(b)i,:’{b} =0
2 = (a)y/(a) =0, 1+ JO)/(b) =0
3 L+ y'(a)y’ (n] 0, (0 (b) =

4 y'la) =10, o'(b ]i b)=0

b
Han ¢yskusonan J(y) = fa A(x, y)yJ 1 + v"?dx, usBecTHO, UTO IEBBIH KOHEIl SKCTPEMATH
HAXOIMTCA Ha MPAMOLL X = @, a IpaBEIi ckomb3uT no kpuBoii V(b) = @(b). Ykazats, kakue
VCIIOBHA HyKHO [IOCTABHTE HA TPAaHHIE OTpesKa [a: b]

yla) +y'(a) =0, 1+ (B)y'(b) =0
Y(a)=0, 14+ (b)) =y (B) =0
y(a)=0, 1+ & (B)y'(b) =0
y(a)=1, 1+ @by (b) =0

| o] k2| =

YKETSH'IIJ, IIPH KAKOM 3HAYCHHH [IapaMeTpa a 3KCTPEMATL V = C COS X HE MOXKET DBITE
BEIFOUYUCHA B IICHTPATIBHOC IIOJIC 31(C'I‘1}CM3J'I¢FI :ﬁymau{orlaﬂa

J(y) = / (v* = y?) da

S0

1 0<a<mw

2 a>m

3 ﬂ-(a(n
2

4 a — moboe

19
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Ne 11

Ne 12

Ne 13

Ne 14

Ne 15

Ne 16

Ne 17

BELICHHTE KaKie H3 OIPHESJSHHEIX PABCHCTE ABTAKTCA VPAEHEHHAMHE B JaCTHREIX MMPOMIEO THEIX

] 2 . P —
Uz, + uy, = (Uzr — tyy)” =0

dz o 8z _
or + by =0

1
2
3 i+ =1
4 Inx+y" = 2%y

Obmee pemenne z = ¢ (y — 2x) ABIAETCA pellleHHeM YpaBHEHHSA

1 ﬁ—f__+2-%}}_—‘;=3:y
2 f—j;f—jf}-kz:ﬂ
3 = +2-2=0
4 g—;-i—;try-ﬁ—;zﬂ

u, = y. 3necs C(y); C(X) - mpoH3BOIBHEIE (DYHKITHH

Br1Opath, kKakas H3 JaHHBIX QYHKIUI u = u(x; y) ABIAeTCA OOIIIM pelleHHeM YpaBHeHUA

HaiiTu noBepXHOCTh, yI0BIETBOPAOIIYIO YPaBHEHHIO
napabony y? = z B IJIOCKOCTH X = 0

z=y% -z’
2 zzuj——:rz_—Qi
3 7 = .'!,'2 + y?.
4 z= r;‘)

dz - __ Yz
~ 5=+ (e Y5 =0
OGIIee pemeHne ypaBHEHIIA

HaCcTHOE pelICHHE 3TOI'0 YPAaBHCHHA, YAOBIICTBOPAIONIIES 3a/laUe Kom:

z =3y + 27

=0

1 z=3("y—z)+2

-2
2

z=/3(c*y —x) +2

z=3J/e*y—x + 2

| ow
A
|

z2=3(e"y—z)’ +2

Vkazath, KaKyl0 HYKHO c/lellaTh 3aMeHY TlepeMeHHBIX B THHelHOM T pepeHITHaTEHOM
YPaBHEHII BTOPOTO MOPSIKA Uy, + Suyy + 41y, = 0, UTOOBI IPHBECTH €TO K KAHOHIYECKOMY

BHIY.

{=y+z, n=y+3z
2 E=y+dz, n=y—2x
3 E=y=2z, n=y+zx
4 {=y—z, n=y—dz

20

u(z,y) =y>/2+ C(z)
2 @y =2/ )+ C@)
3 u(z,y)=y*/2+C(y)
4 u(z,y) =zf (y) + C(y)
19: 4 19z _ 4
xdx T ydy , IPOXOJIAIIYIO Yepes3

b
z=pley=r
HMeeT BH] e’y }. Kaknm Oyner
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Kakoe u3s IIPpHBEOCHHEIX ypaBHEHHﬁ ABJIACTCA BOIIHOBLBIM ypaBHEHHEM?

1 Upy = @ gy
2 w = a’u,,
2
3 gt = @° (Uzz + Uyy)
4 Usp + Uy = 0
Ne 18
Kaxkoe m3 IpHBEIEHHBIX ypaBHEHHfI ABIACTCA YPABHCHHEM CBOGO,E[HBIX KoIebaHHi MEMf}.paHH?
1 Upp = uEuII
2 U = a’u .,
2
3 Ust = a° (Uzz + Uyy)
4 Usp + Ugr = ()
Ne 19
ITocTaBHTL B COOTBETCTBHE Kp]iBOJlHHEﬁHy}O CHCTEMY KOOpIOHHAT 1 BHI OII€paTopa Jlammmaca A
B Heil
1 e _ Pf L 2 I Ceprueckie
Af = 9z T ay? t 5:2 dep
b) P 2 2 -
2\ Ap_10 (,.9f o) 19 JleKapTOBEI
Af — ror ir(31") + dz=* + T dip=
3| _ 18 (. 28f 13 (winpdf 1 02§ IMunuHIpHYeCcKH
Af = Z5: (5 ) + mameoe (50055 ) + =3 a2 o
4 _ 1 ) af 18 af 1 9 ITapaGomngeckue
AI o471 | T o g«')o + T o7 T T + o T dg=
Ne 20
VKa3ars, KaKoll 13 ,Z[Hq)q]epeHL[HaJIBHBIX OIIEPaToOpPOB OTHOCHTCA K CMEIIAHHOMY THITY
1 IR d
(J' .U) dx= + (']yi
2 a? a2y 8
(‘JII": (J' + y )"jy'__s
3 2 i? a9
("L_ + 1) dr2 + ('3.:;2_
4 a? (22 + ?) a?
o2 Y )ay®
OIIK-4
Bonpocbl omkpbimo2o muna:
Nel
Hazosem paccTodHHeM # -TO NOpAaKa Ha oTpeske [a; b] mesxay dyaskummama fx) u g(x)
CYMMY
max If(x) =g () + max If'(x) = g' () + -+ max If™(x) - g™ ()
Haiiti paccToanse 1-ro Dopaaka MexIy GYHEIHAMHE Y = x HY = x° Ha otpeske [-1; 1]
Ne 2
Hazoeem paccToAHHEM A -T0 NOpAAKa Ha oTpeske [a; 5] mexmy dyaxumava fx) u g(x)
CYMMY
max If () = g() + max If'(x) —g' ()l + -+ max If(x) - g™ (@)
Haitru paccrosamne 0-ro nopanka mexny dvarmmamu g(x) = 1 1 f(x) = 2x Ha oTpezke
[0:1]
Ne 3
Cocraeuts ypaEHeHH: Diinepa g1a dyukmmonana J(y) = f; (v? — y"*)dx, samaumoro
Ha MEO®ecTBe X = y(x)|v(x)eC,[0; 1], v(0) = 0,v(1) =1
Ne 4

21
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Jl1a 3aa<9H MOMCKA 3KCTpeMyMa dVHKIHOHATA
b
JG) = f Fx,y,y")dx
a

TIpH rpaHHAHEX yoeaoemax y(0) = 2; y(2) = 1 HafiieHo pemeHH: YpaEHeHHA Dinepa

y=2x4+Cx+C,

Ne 5
Vkasate apryment p dyuximu Befiepmrpacea E(x, v, p,v') = F(x, v, v') — F(x,y.p) —
(" — p)F, (x,,p) aa mererpaTsroro dyuxmonata J(v) = [ F(x,y,y')dx
Ne 6
TpueegenHOe Ha PHCYHKE TOTe LI Kpyra x- + y° < 1 apmaerca
Ne 7
Ne 8
CoCTaBHTE eCTECTEEHHOE TPAHHYTHOE VCIOBHE OpH X = 1 7717 3371a9H IOHCKA
sxcrpestyva dymxmonata J(¥) = [ F(x,7,',y")dx,¥(0) = 4,'(0) = B,y'(1) =
H
Ne 9
CoCTaEHTE ecTECTBEHHOE TPAHHYTHOE VCIOBHE OpH X = 1 J74 337490 NOHCKA
skcTpemyma dyrkmmHonana J(y) = J;JlF(x,y,y',y")dx,y(O) =A,vy'(0)=8B,y(1)=H
Ne 10
OzmaM H2 YCIOBHIL, EXOZAHX E KOMILIEKC YCIOEHH, JOCTATOTHEN A1 TOTQ, IT00E
skcTpemants dyEEmHOHATA (V) = _f:F[x, »,¥)dx, y(a) = 4; y(b) = B gocrasaama
eMy CHIBHEIH MHHHMYM, AEIAeTCA ERIIOIHEHRE 1714 Hee (IIpH Ecex
xela; b1) veunennoro venoens Jlexannpa:
Ne 11
HpIIBe,‘IeHHoe YPpaBHECHIE HMEET IIOPAIOK
‘ 2 ‘
Uy * -uiq +uz, — 2ugy, +u, —2xy =10
No 12
le:IBe,D;EHHUe YpaBHeHIIe HMEET ITOPAIOK
¢ 2 ‘
Uy * -uiq +uz, = 2ugy, +u, -2y =10
Ne 13
r -‘-;—Z +y 5}"—: =2z
VKazaTh XApaKTepUCTHYECKYIO CHCTEMY I ypaBHeHUud “F 9y
Ne 14
VKa3aTh THII IIPHBEJICHHOTO YPABHEHHA
Uy - uiq +2r-u-uyy —3ry-uy—u=>0
Ne 15
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Ne 16

Ne 17

Ne 18

Ne 19

Ne 20

Nel

Ne 2

Ne 3

IIpuBeieHHOE ypaBHEHNE SBIIAETCA YpaBHeHHEM KaKoTo THIIA
Upy +0ugy + 13uy, +2u, —3=0

Upy + 2uyy — u,, = 0.

B o1BeTax f, g — mpou3BONBHEIE (YHKIIH OJHOI IepeMeHHOI

yenoBHAX u(0; t) = u(l; t) = 0 cobcTBeHHaA QYHKLIA HMeeT BUJ

yenoBuaX u(0; t) = u,(I; t) = 0 codcTBeHHAsA (QYHKINA HMeeT BH]

[TpiBecTn K KaHOHNUECKOMY BHJY U HaliTH o0mlee pemeHne u = u(x; y) ypaBHeHHUA

IIpH pelleHNH BOJTHOBOTO YPaBHEHNS HeTPHBHAIBHOE pemenne 3agaun X' (x) + AX (x) =
0, X(x) + 0 umeet Bust X(x) = D, cos VAx D, sin VAx +. IIpu 3a[JaHHBIX TPAHHYHBIX

IIpu pellleHIH BOTHOBOTO YpaBHEHHA HeTpHBHATbHOE pelneHue 3agaun X'’ (x) + AX (x) =
0, X(x) # 0 umeet Bux X(x) = D, cos VAx D, sin VAx +. IIpH 3aJaHHEIX TPaHIYHEIX

KpaeBas 3aja4a Ut OfHOPOIHOTO ypaBHeHnst Jlamaca B OHOCBS3HOI obnacT ) € R,, rie T

- HOPMHJ’[BH'O K TI'paHHIe Q=, HMEHROIIAA BH]I, HA3BEIBACTCA
Au(z,y) =0,

”l;)gg = g(z,y)

HPIIBE,‘IEHHLIﬁ OIIEpaTOop ABIACTCA KaKOr'o THIIA

L=2 442 492 L 2
— dx ay? “az2 dz

BOnpOCbl 3dKpblmo2o muna:

[IycTe JaH HHTerpatbHEl GyHKIMOHAT A~ rpaHWuHBIE VCIOBHA b
JaHa HempepseHan GyHEUEA ¥ = @ (X ) H CYIIECTEYeT IOI0KHTEABHO THCIO £ = 0
Takoe 9TO A1 T0b0d HenpeprleHOH hyHKIHE y = ¥(x), Takod 910 i (x;) =

V1, @ (x2) = V2, 477 KOTOpOH BEIIOTHEHO HEPABEHCTEO _ B BEINOTHAETCA H
HepaepeHcTBO _ I

Torma roeopar, 9ro gyHEKURA v = @ (x) gocTaEmaeT GYHKUHOHATY J(1') CHIBHBIH
IOKATEHEIH MHHHMYM.

YV cTaHOBHTE COOTEETCTEHE HesanoaHeHHEX ek A BBl n

omoxoe 1.2.3 4. _
1 J) = [ Fla,y.y) do,
ylz1) =y, y(xa) = s,
3 max |p(r) —v(x)| <=,
eS|
4 J(p(x)) < J(w(x))

VEKazaTe NOCIeN0EATeIEHOCTE AeHCTEHE IPH PelleHHH NpocTelmel sanadn
EApHAIHOHHOTO HCIHCISHHA:

CocTaEuTs ypaeHeHH: Diinepa
Hcnonssya rpaHHAHEIE YCIOBHA, HAHTH HEH3BECTHEIE IOCTOAHHEIS

Haiita skctpemams
Y CTaHOEHTE HATHYHE H THII 3KCTPEMYMa

i ll-=Al=2 ]
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BriopaTk IpaEHILHOS YIESPKISHHE H2 CIeTVIOMIHK:

1 ecIH (HYHKIEA JOCTABIACT CAa0EIH IKCTPEMYM, TO OHA JOCTABIACT H
CHIBHEIA

2 ecH (DYHKIHA JOCTABIACT CHIBHEIH 3KCTPEMYM, TO OHA JOCTABIAST H
crabeIi

3 eciIH (DYHKIEA He JOCTABIACT CHABHEIA 3KCTPEMYM, TO OHA
JOCTABIAST cIa0EIH

4 eciIH (DYHKIEA He JOCTABIACT CHABHEIA 3KCTPEMYM, TO OHA
HE JOCTABIAET H CIAOLIH

Ne 4
'VpaeHeHHe Dinepa a1 dyvHKHOHANA [(y) = _}: 2y (x)dx
1 HMEET HHTETPAI SHEPTHH
2 HMEET HHTETPAT HMITYILCA
3 He HMeeT HHTErpata HMITYIbCa
4 HMEET H HHTETPaT SHEPTHH H HHTETPal HMITYILCA
Ne 5
YV CTAaHOEHTE COOTESTCTEHE MEXKIY MOALIHTIEI PATBHEIM ERIpaKeHHeM QyHKUHOHATA
b
10) = [ PGy
a
u ypasHeHHeM JHnepa-Jlarpamxa
1 Fly.y'.xr) =22 +¢? A y' = const
2 Fly,y'.x) =22+ B y= 0
3 Fly.y' r) =y +y* B y' —y=0
4 Fly.y',z) = 2(y” +y"7) r wy' 4y —xy =10
Ne 6
[Ipm xaxex F(x,v,y') yparuenna Ditnepa-Jlarpamza dyusimonana J(y) =
f:* F(x,y,y")dx 0yayT snd depeHINATEHEIME ypaEHEHIAME AITre0panIecKaME
o
1 Fy.y'.x) =22 4+ ¢
2 Fly,y'.x) =22 4+ 4
3 Fly.y' x) =2y +y”
4 Fly.y' x) = z(y? + )
Ne 7
TIpn kaxux F(x, v, v") papuannonnas 2agada q1a dyaxnuonana J(y) = f:‘ F(x,y,y")dx
o
HMeeT NepEBIH HHTerpan
1 Fly.y' z) =2 +y*
2 Fly.y" x) = 2xy” + 2ya’y’
3 Fly,y',x) = 3zy* + 2yaiy’
4 Fly.y',x) = z(y" + ¢°)
Ne 8
VEazaTh, KakHe (yHKUHOHAIE! ONpeNedioT ypasHeHHe Diinepa-Jlarpamsa euna y'' —
v =0
1 J (@ + 7+ y?) da
2 Sy +y+y* +y7) dx
3 [(ay +y+y* —y*) da
4 [y =y +y* +y?) do
Ne 9
VkazaTe, KakHe QYHKITHOHAIE! ONpeeldioT VpaeHeHHe Jfnepa-Jlarpamsa EHIa
2yy"+y% =0
1 [(z+y +uy?)dx
2 Iy’ + yy) de
3 [ @&y +yy”) da
4 [ (v’ + xyy™) dx
Ne 10
BrimonserHe veaoeHaA AKoOH A14 ZOMYCTHMOH SKCTPEMATH, TO €CTh 1A pellcHHA
vparHeHna JiiTepa, VIORTSTEOPAIOMETO TPAHMTHEM YCTIOBHAM, TOBOPHT O TOM, UTO:
1 3Ta 3KCTPEMANE SOCTABIIeT (PVHKIHOHATY CIaDEI MaKCHMYM
2 3Ta IKCTPEMATE JOCTARIZeT HDVHKIHOHATY CIAOEI MEHEMYM
3 3Ta 3KCTPeMalh JOCTABIAeT (DVHKIHOHATY CHIBHEIH MAKCHMYM
4 BO3MOKHO BIJIEOTHTE JOIYCTHMYIO SKCTPEMATE B [1071e 3KCTpeManel
Ne 11
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Ne 12

Ne 13

Ne 14

Ne 15

Ne 16

Ne 17

KOPPKTHO IIOCTARTIEHHOH 2anadel MaTeMaTHIeckoH hH2HKH

Tonopn‘n TTO PEMSHHE 3aTa9H MaTeMaTHIecKOH El)H:?.P[I{H HENPEPEIEHO 3AEHCHT OT HAYATEHEIX
AaHHEIX, ©CIH NPENeIbHO MAITEIM HIMEHECHHAM HAYATBHEIX JAHHBIX 38089H COOTECTCTEVEOT
OpeIeIbHO MAIBIE H3MEHEHHA PEINCHHA. B kaxoM H3 NEPEIHCIEHHBIX CIIVIACE HMEEM &0 ©

1 PaznocTs ZEVX pelleHuil 3a0aTH He AETISTCA IPEfeIsHO
Manoi EEIHIHHOMN , 4 pasHOCTE HAYATEHEIX JAHHEIX COOTECTCTEVIOMIHX
3THM pelleHHIM CTPEMHTCA K HYTIO

2 He cymecTeyeT penreHns 2a1a9H VIOETETEOPAIOMETO ECEM
VDABHEHHAM H VCIOBHAM 3aJaqsH
3 TIpu oZHEX H TeX Ke HAYATLHBIX JAHHEIX CYVINECTEVET JBa
pelleHHd VIOBISTEOPAIONIHY ECEM VPABHEHHAM H VCIOBHAM 2aJa9H
4 PemeHHe CYIIECTEVET, EOHHCTESHHO H HENPEPEIEHO 3dEHCHT

OT HATAIERHBIX JAHHELX

BEICHHATE Kakue H2 NPHECASHHEIX PAECHCTE ABRIAKTCA VPAPHCHEAMH E JACTHEIX NPOHIEDQ THELX

1 uzz + u'_‘éy = (g = Uyy)” =10
dz dz _

2 d_r du n

3 2yt + =1

4 Inz +y" = 2%y

HaifTi ypaBHeHIe TTOBEPXHOCTIIL, YIOBIETBOPAIONIEH ypaBHeHI0 9%

rs +2y‘.)y =4

&3

1 z=:::2;(§}
2 2 =y2p(%)
3 2= p(%)
4 2 = zyp(Z)

rrr

HaHo ypaBHeHIe u,,, = y. Kakas u3 cnegyronux ¢yHKIuil 6y1eT o0 mHEM peleHneM 3TOTo

ypaBHEHIS:
: u=gy’+aly) F+al) z+al)
2 u= —1 I}+(1(U) % + c2(y) -« + e3(y)
3 U= 1;(1 ) + e1(y) - Tﬁ c2(y) -z + e3(y)
4 u= G;r.' Yy+es z? + ; -r+c3
19s 4 193 _ 4
zdz * ydy , IPOXOJIAIIYIO Yepes3

HaflTi noBepXHOCTb, YIOBIETBOPAIONIYIO YPaBHEHHIO
mapaboiy y2 = z B ITOCKOCTIH X = 0

2 =y2 - 22
2 z= _u"; - ;ré -2
3 z=12+y?
4 z =y

Y CTaHOBITE COOTBETCTBHE MEXKIY YPAaBHEHHAMH 0 HX Ha3BaHHAMIL.

25

1 TIHHEITHOe 0JHOPOJIHOE A W:j_; + (z - :U)S—; = a2 + 42
YpaBHEHHE MepBOTO MOPAJIKA -

2 JINHEHHOE HeOIHOPOTHOE b (z + y) :3'- + ;y:}'—; =0
ypaBHEHHE MEePBOTO MOPAJIKA -

3 KBa3IIIHEeIIHOe YpaBHeHIIe B 2x :_% - zg;g—; =r—y
TepBOTO MOPAIKA

4 HellnHellHoe ypaBHeHNe r 9z | fi_f- + 2L(j:—"' — 3;},{1_3 =0
TIeDBOTO TODAIKA or ¥ o i
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Ne 18

Ne 19

Ne 20

Haiitu u = u(x; y) pemenne 3aaaqn Komm

Upy + 2Uzy — Uy, =0

H|y=n = 31.'2

u?,,|”=0 =0
1 u(z,y) =322 +y
2 u(x,y) = 3z* + y*
3 u(z,y) = 32% + 2y
4 u(x,y) = 3z° = y?

Kakoe 3 IIPHBEICHHEIX ypaBHEHHﬁ ABIACTCA YpaBHCHHEM TEHJIOH]JOBO,Z[HOCTH?

)
1 Upp = @ Uy
2
2 Uy = A" Ugy
£)
3 Use = a° (Uzz + Uyy)
4 Ut + Ugr = ()

[Ipu pemeHuN 3a1aqu

Ut —a2Use =0 (0<2<l, 0<t<+00)
U(x,0) = ¢(z), Ulx,0) = ¢(z), UO,t) =0, U{,t) =0

MeToioM Dypbe HCIOTB3YeTcs pasiokerne GYHKIHIT ¢ (x) u (x):

B psan Oypse

B CTelleHHOM pal

B pan Jlopana

I | |1 =

B ITPOH3BEICHIE MHOT'OUJIICHOB

IIocTaBHTE B COOTBETCTBHE HEOJHOPOIHOE ﬂH(l](pQPEH[[HaHBHOG YpPaBHEHHE H €T0 Ha3BaHHE

26

1 Au=f A BonHoBoe ypaBHEHHE
2 Au+miPu=f b VpasHeHIe Jlamaca
3 Pu _ Ay = f B VpaeHeHue [ eIsMroasna
otz
4 %'.ti —Au=f T VYpaBHeHIHe
L#
- TEII0IPOBOIHOCTH
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