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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)

15.04.03 IlpuknajHasi MexaHMKa
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

E7 MEXAHUWKA JTE®OPMHUPYEMOI'O TBEPAOI'O TEJIA

3aBenytomuii Kadezpoit CanHukoB B.A., A.T.H., pod.



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-5 — crioco6HOCTb pa3pabaThiBaTh aHAJTUTHUYECKHE W YUC/IEHHbIE METOZbI NP CO3/jaHHUM MaTeMaTHYeCKUX MOJeseil MalliH, TPHUBOJOB,
060py/I0BaHHs1, CUCTEM, TEXHOTIOTHYECKHX MPOLIeCCOB

OIIK-9 — croco6HOCTb MpeACTaB/sTh pe3y/bTaThl MCCIeA0BaHMSI B 00/IACTM MAIIMHOCTPOEHMS] B BHJE HAyUHO-TEXHHUECKHX OTUYETOB U
my6MKanui

@D OopMHUPOBaHHUIO KOMITETEHLMH CIIY>KUT [JOCTIKEHNE C/Ie[YIOIINX Pe3y/IbTaToB 00pa3oBaHMUs:
OIIK-5

3HAHUsA:

. OCHOBHbIE MeTO/bI pelleHys 3a/ja4 BapUaLIOHHOT0 UCUMCIIeHHS];

2. OCHOBHBIE TIOJIOKeHHsT (PYHKLIIOHAIBHOTO aHa/IM3a, HeoOXOANMBIe JIS pellleHHsT 3a/jau MaTeMaTHueCKOi (pU3MKH;

YMeHusi:

1. IpaBUJILHO OTIpesie/iATh MOZE/b MPUMEHSIEMO K/1aCCU4eCKOH 3a/jaui B 3aBUCUMOCTH OT (pOPMY/IMPOBKH MCXOHOMW 3afiaut;

2. KpUTUYeCKH aHa/IM3UPOBATh I1apaMeTphl TOCTPOEHHBIX MOZeel U UX pe3y/bTarhl;

HABbIKU:

pa3paboTKH HOBBIX METOAOB HCC/IeJJOBaHMs M WX TPUMEHEHHI0 B CaMOCTOSITeJIbHOM HayuHO-HMCC/Ief0BAaTeNbCKOM W B obactu
npotheCCHOHAIBHOM JiesiTe/IbHOCTH.
OIIK-9

3HAHUs:

1. OCHOBHBIEe 3a3/jau¥l BAPHUALIOHHOTO HCUHC/IEHNS;

2. OCHOBHbIE METO/[bI PeIlieHHs 33au MaTeMaTHueCKOl (H3NKY;

YMeHus:

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

2. CroCOOHOCTBIO TIJIAHUPOBATh U pelllaTh 3aJaul COOCTBEHHOrO MpogeCCHOHAIBHOTO U JIMYHOCTHOTO Pa3BUTHST; MCC/Iel0BaTebCKUX 1
MPAKTUUeCKHX 33/ja4, B TOM UHC/le B MEKJUCLUIVIMHAPHBIX 00/1acTsX;

HABbIKU:

MPOEKTUPOBATh U OCYIL{eCTB/ISITh KOMILUIEKCHbIE UCC/Ie/|OBaHMsI, Ha OCHOBE Lie/IOCTHOTO CUCTEMHOTO Hay4HOTO MOAXO0Aa.
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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 mporpaMMmEbI MOATOTOBKY IO Hampae/ieHuto 15.04.03 [IpukiadHas MexaHuka.

CopepkaHue JWCLMIUIMHBI SIB/ISIETCS JIOTMYECKUM TIPOJO/DKEHHUEM COZiep)KaHusl (pH3MKO-MaTeMaTH4ecKol IOArOTOBKM 0OakanaBpa W
CIYXKUT OCHOBOW JA7s ocBoeHusi muctmme: JAHAMUKA U YCTOMUMBOCTh MEXAHHMUYECKMX CHUCTEM, HAYYHO-
HNCCJIEJOBATE/IBCKAS ITPAKTUKA, OIITUMAJIBHOE IMIPOEKTUPOBAHUE KOHCTPYKIIHIA, TEOPUSA
INTACTUYHOCTU U IIOJI3YYECTH, YMCJ/IEHHBIE METO/JbI PEIIEHUSI IVMHAMWYECKUX 3AJAY MEXAHUKU
JE®OPMHUPYEMOTI'O TBEPAOI'O TEJIA



3. CTPYKTYPA 1 COJEPXAHUME AVCHUITJIMHBI

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

3.1. CopepixaHue (AMAAKTUKA) AUCIUILITMHBI

KYPC

CEMECTP

HanveHoBaHHe Pa3/ie/ioB H THJAKTHYECKHX e/[HHHIY

AypuTOpHEIe 3aHATHS
B KOHTAaKTHOIi (hopme

BCEI'o

®opmupyemasi
KomneTeHuus, %

pabora cTyAeHTOB

BCET'O

Jleknun
CamocrosTe/IbHas

IlpakTHUYecKne
3aHATHSA

K/IaCCHYeCKoro 0 MCYMC/IeHHSI.

Paspen 1. IIpocreiimas 3ajja4ya K/J1aCCHYeCKOro BapHaMoHHOro ncunciaenus. 1.1 Ilpocreiias 3agaua
9 K/1aCCHYeCKOro BapualjdOHHOI0 HCUMC/IEHHS 1.2 HECI6XOAI/IMDE YC/I0BHE 3KCTpeMyMa B npocTeﬁmeﬁ 3aaue

2.3 Yenosue Sko6u.

Paspen 2. JlocraTounsie yc/10Busi ¢1a6oro MUHHMyMa B npocTeiiiueii 3ajaue. 2.1 JloctatouHble yCIoBUs
9 c1aboro MHHUMyMa B MPOCTeHLIIelt 3a/jade KIaCCHUeCKoro BapHaLjuOHHOTO HCUKCTIeHust 2.2 YcioBHe

9 K/IacCH4eCKoro 0 HC! 3.1 Heof

Pa3jien 3. ®ynkius Beiiepurrpacca. Heo6xoumMoe yc/ioBHe CHILHOTO MHHHMYMa B IIpOCTeiineii 3ajjaue

npocTeiillieii 3a/1aue K1acCHueCKoro BapHarMoHHoro ncurcinenys 3.2 ®ynkims Beiiepuitpacca. Crsizh

YC/IOBHE CH/IBHOTO MUHUMYMa B 20

ycouit Beitepuurpacca u J 3 loc

ycoBus

(yHKLMOHAA.

Paspen 4. Ilepas u BTOpas

@)

OCTPOEHHS! 110151 SKCTpeMarei.

9 BTOpast BapualuK (yHKIMOHAMa. YpaBHenue Diinepa-Jlarpamka. 4.2 Ycnopue SIKo61 0 BO3MOXKHOCTH

Oiinepa-Jlarpamnxa. 4.1 Ilepsas u

11 6 4 2 5 10

Paspen 5. I ro

151 ipocTeiitiero ¢y 5.4 Diinep
)¢ prYeCKast 3ajaua.

5.1 IpocTeiiiias BeKTOpHasi 3ajjaya KJ1acCH4eCKoro
9 BapHALIHOHHOrO MCUKCIeHust 5.2 TIPUHLMIT HaUMeHbILero AeicTBUs 5.3 EcTecTBeHHbIE TPAaHHUYHBIE YCIOBHS
Tlyaccona 5.5 3ajiaua Bonbija 5.6

29 14

9 Paspen 6. 3agaua Jlarpamka c r M Her

6.1 3azava Jlarpamka ¢

TOJIOHOMHBIMHU CBsi3siMK 6.2 3ajjaua JlarpaHyka B MOHTPSTMHCKO# (opme.

Bcero 3a 9 cemectp

Pasgen 7. OT;

JIHOTO

Dypbe.

psiibl M3 HUX 1.2 YpaeHenue Beccessi, ero peiuerne 1.3 OproroHansHoCTh GyHKUui Beccensi 1.4 Unterpan

1.1 OpToroHa/bHbIe CUCTeMbI (yHKLHiL,

Paspen 8. .YpaBHeHHe Ma/bIX KostebaHuii. 2.1 BeiBog 1

MasbIX KC i coco6om

24

pa 2.2 BbiBoji M p y MaJbIX

it criocobam Dype.

Pa3jen 9. YpaBHeHHe TerionpoBojHocTH. 3.1. BeiBos y

ciyyaeB 3.2. Peienue TerL. )CTH 151 Pi

Teronp TH JI7151 P 30 15

X CITyyaeB.

Paspen 10. YpasHenus JIannaca u Ilyaccona. 4.1 Bbioj 1 peliienne ypaBHenus Jlaraca 4.2 Beisog 1

30 15

p y ITyaccona.

Pazpen 11. JTuneii 2

5.1. Knacc i

B YaCTHBIX

ypaBHeHHit 2 Nopsi/Ka B YaCTHBIX T 1x 5.2. 11

BUAY.

Vi i1 K KaHOHHMYeCKoMy

Bcero 3a 10 cemecTp

108 51 34 17 57 50

50

Bcero no gucumninHe

216 102 68 34 114 100

100

3.2. AyiuTOPHBIH NPAaKTHKYM

Homep 1 HauMeHOBaHMe pasjaena
JVICLIUILTHHBI

Tema NMPAKTHYECKOro 3aHATUA

O0neMm,

aya.
JacoB

Paspen 1. [Tpocreiimas 3agaua
KJ/IaCCUUeCKOTr0 BapHal[OHHOTO UCYUC/IEHHSI.

TTpocTeiias 3a7jaua K1aCCHUeCKOro BapHUaLiMOHHOTO Hcuncienus Heobxoaumoe
YCJI0BHE 3KCTPeMyMa B MPOCTeHIIel 3a/jaue K1acCHYeCKOro BapUaLiOHHOTO
VCUHCTIeHUS

Pa3gen 2. [JocTaTouHble yCI0BUS C/1aboro
MUHAMYMa B TIPOCTeNIIIeH 3aziaue.

IloctaTouHsle yc/10BUs c1aboro MUHMMyMa B MPOCTeiiileii 3asaue
KJIaCCHUeCKOT0 BapHallOHHOTO MCUMC/IeHHs YcaoBue Jlexxangpa. YcinoBue
Skobu.

Pa3pen 3. ®ynkuus Beitepirrpacca.
Heob6xoyiMoe ycioBHe CUIIbHOTO MUHUMYMa
B TIpOCTelIeli 3afjaue K/IaCCHYeCKOTo
BapUaLMOHHOI'0 MCUUC/IeHHUS.

Heo6xoziMoe yC/oBre CUIBHOTO MUHUMYMa B IpOCTediiiel 3a/jaue
K/IaCCYeCKOro BapUaljoHHOro ucurcienus. ®yHkiws Beliepiirpacca. CBsisb
ycoBuii Beftepirpacca u Jlexxangpa. [loctatounsle yc10BUst MUHUMyMa
(byHKLMOHAa.

Paspien 4. IlepBasi u BTopasi BapUaLuu
¢yHKIIMOHaMa. YpaBHeHue Jitiepa-
JlarpaHxa.

ITepBast 1 Bropasi Bapyaluy GyHKLHOHAIA. YpaBHeHue Ditiepa—Jlarpanixka.
Yenosue SIko6u 0 BO3MOXKHOCTH TIOCTPOEHHSI TT0JIs IKCTPEMareit

Paspien 5. I[IpyHIMIT HAUMEHBbLIIeTro AeHCTBUS.

TTpocTeiiiast BeKTOpHasi 3a/ja4a K/1aCCHUeCKOT0 BAPUALIMOHHOTO UCUHC/IEHUSI.
[TpyHLMIT HaVMeHbLIero JelcTBYs. EcTecTBeHHbIe FPaHUYHBIE YC/IOBUS [JIS
npocreiiitero ¢pyHKLMOHAMA. YpaBHeHHe Diiepa—Ilyaccona. 3agaua bosbia.
V3omepumMerprueckast 3ajaua.

Pasgen 6. 3agaua Jlarpanka C roJIOHOMHBIMU
U1 HErOJIOHOMHBIMU CBSI3SIMU.

3agaua Jlarparka ¢ rO/IOHOMHBIME CBsI3sIMU. 3azjaua Jlarpamka B MOHTPSITHHCKON
topme.

Bcero 3a 9 cemecTp

17

Pasgen 7. OtyenbHble paszenbl
(yHKLIOHA/IBHOTO aHa/Iu3a.

OproroHaseHble cucTeMbl QyHKLUH, ps/ibl U3 HUX. YpaBHeHUe Beccens, ero
pewtenne. OpTOroHanbHOCTb (yHKLMI Beccesns, unrerpan dypobe.

Pa3gen 8. .YpaBHeHUe MasibIX KosiebaHuUA.

BbIBOA U pellieHHe YpaBHEeHHs MajbixX Kosiebanuii criocobom Janambepa. BoiBog
U pellieHre ypaBHEeHHs MaJIbIX KosiebaHuii cocobam Dypee.

Paszgen 9. YpaBHeHUe Ter0npoBOSHOCTHU.

BI:IBOA U pellleHre YpaBHeHUS TeIJIONPOBOAHOCTH [jIs1 Pa3/IMUHbIX C/IydyaeB

10

Pasgen 10. YpaBHeHnus Jlannaca u ITyaccona.

BeiBog, 1 peltleHye ypaBHeHUs1 Jlarnaca. BeiBog 1 pellieHne ypaBHeHUst
[TyaccoHa.

11

Pasgen 11. JluneiiHble ypaBHeHus 2 TopsKa
B YAaCTHBIX [IPOM3BO/IHBIX.

JIvHeiiHble ypaBHeHUs 2 TOPsAZIKA B YACTHBIX MTPOU3BOJHBIX

Bcero 3a 10 cemecTp

17

3.3. CamocrosTenbHas pabora crygenra (CPC)

Homep u1 HanuMeHoBaHMe pa3je/ia AHCIUTIHHBI

Copaep)kaHue yueGHOro 3agaHust

Oo0beMm,
JacoB

Paspen 1. [Tpocreiimas 3azaua KJ1acCH4ecKoro
BapUaLlMOHHOTO UCUUC/IeHUS.

TToBTOpeHNe HeO6XOAUMBIX yC/IOBHIA IOKa/TLHOTO SKCTPeMyMa
r1aJKol GYHKLMY HEeCKOIbKHX IepeMeHHBIX. V3yueHre 0CTaHOBKH
rpocTeiileii BapUaL{IOHHON 3aJaul.

Pa3gen 2. [JocTaTouHble yCI0BUS ¢1abOro MUHMMYyMa B

HOBTOpeHI/Ie JAO0CTaTOUHBIX yCJ'IOBI/Iﬁ JIOKa/IbHOI'O 3KCTpeMyMa

6

12
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rpocTeiiiieii 3asaue. [/1a/IKOH (PYHKLIMM HEeCKOIBKUX TlepeMeHHbIX. V3yueHue
¢opmynupoBok ycnosuii Jlexangpa u SIkobu.
Pazgnen 3. @yHkuus Beliepuirpacca. Heobxoaumoe Usyuenue ycnosuii Jlexxanzapa u Slkobu, gpyHkumm Befiepiurpacca,
3 |ycroBue CUIBHOTO MUHHMMYMa B MpOCTeieil 3asaue /I0CTaTOYHBIX yC/IOBUHA CH/IbHOTO MUHHUMYMa WHTerpaJbHOTO 10
K/IaCCHUeCKOT0 BapHallMOHHOTO UCYHCIIEHHUSI. (yHKIMOHaa.
IToBTOpenue (GopMy/IbI HHTETPUPOBAHMS T10 YACTAM 1
4 Paspen 4. Hepoaﬂ 1 BTODasi BAPUALH (YHKIpOHANA. nuddepeHLpoBaHys N0/ 3HAKOM MHTerpasa. Vi3yueHre BbIBOza 5
YpaBHeHue Oitnepa-Jlarpanxa. o
ypaBHeHUs1 Jiiepa.
5 |Pasgen 5. TipurHipn Hanmerbmero feiicTeus. V3yueHne BeKTOpHOI 3a/la4M BapHALMOHHOTO HCUHMCTIeHHS, 15
[IPUHLMIIA HAUMEeHBIIIeTo [eficTBYs, ypaBHeHus Oiinepa-Ilyaccona.
6 Pasgen 6. 3azaua Jlarpaska ¢ FOJIOHOMHBIMU 1 IToBTOpEHHe yCIOBHOTO SKCTpeMyMa (GYHKLIN HeCKOIBKHX 6
HEroJIOHOMHBIMHU CBSI3SIMH. riepeMeHHBIX. VI3yueHue 3azaun JlarpaHka C roJIOHOMHBIMHM CBSI3SIMH
Bcero 3a 9 cemecTp 57
7 Pasgen 7. OtzenbHbIe pa3aens! (PyHKLHOHATBHOTO IToBTOpeHnwe TeMbl «Psip1 Pypbe, oniepalioHHOE UCUHCTEHHe» 13 8
aHaju3a. 06111ero Kypca BhICIIeH MaTeMaTHKU
Perienue npe/iokeHHbIX 3a7a4. [TocTpoeHne MaTeMaTHueCKUX
8 |Pasgen 8. .YpaBHeHMe MasbIX KomebaHHUiA. Mozesieit st KojiebaHUi CTPYHBI U MX BU3Ya/IM3aLUs C TIOMOLL{bIO 12
CHUCTEMbI KOMITbIOTEPHOM anre6psl.
Perrenue mipefiiokeHHBIX 3a7a4. [TocTpoeHne MaTeMaTHueCKIX
9  [Pasgen 9. YpaBHeHHe TeIIONIPOBOJHOCTH. Moyziesieli 1S ypaBHeHUs TeTJIONPOBOAHOCTH M MX BU3yalu3aLys C 15
[OMOLLbIO CHCTEMbI KOMITbIOTEPHOM anre6psbl.
PenteHue npe/yioxkeHHbIX 3a7a4. ITocTpoeHre MaTeMaThyeCKUX
10 |Pasgen 10. YpaBHeHus Jlaniaca v ITyaccona. Mozesnelt Aist 3a7aU ¥ MX BU3YyaIHU3aLdsi C TIOMOIIBIO CUCTEMBbI 15
KOMITbIOTEPHOI anre6psbl.
1 Pazgnen 11. JluHeliHble ypaBHeHHs 2 TIOPsiAKa B UaCTHBIX  (VI3ydyeHre TeopeTHUeCKOro Mareprasa. PelleHre Ipefiio)kKeHHbIX 7
TIPONM3BOAHBIX. 3aja4d.
Bcero 3a 10 cemecTp 57
4. ®OPMbI KOHTPOJISA OCBOEHUSA JVCIIUITVINHBI
CEMECTP HEJE/IN CEMECTPA
1| 2 |3|4| 5 6 |7 9 10 1 | 12 13 14 15 16 17
9 a3 a3 | ap a3 | ap a3 a3 ap 3au.
10 a3 a3 | Oop a3 | Op a3 a3 ap . 3ad.
YcioBHbIe 0603HaUeHwsI:
e [JIP — guarHocTuueckas pabora;
e 13 — foMallHee 3aJjaHue;
® 3au. — 3auer;
o 1ud. 3au. — A depeHIMPOBAHHBIN 3aUeT.
Tekymui KOHTPO/Ib YCIIeBaeMOCTH CTY/|eHTOB ITPOBOJUTCS B AUCKPETHbIE BpeMeHHble HHTepBasIbl B C/IeyIoIuX Gopmax:
[MarHoCTHYecKast paboTa;
JlOMalllHee 3a/jaHue.
IIpomMe)xyTouHas aTTecTanus IPOBOAUTCS B (hopMax:
3auerT;
nuddepeHIIMPOBaHHEIN 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. Pabymko, B. B. Bapxaros, B. B. [lepxaBel;. IHauBuyanbHble 3aaHus 1o Beicieli Matemaruke. Y. 2 KomruiekcHsle uncia. BI'TY
"BOEHMEX" um. []. ®@. YctuHosa, 2007, 3:1. pec.
7. A. 1. Ps6ymuko, B. B. Bapxaros, B. B. [lep>kaBer. VInauByyanbHbIe 3aiaHust 10 Beiciieit maremarvike. U. 2 KomruiekcHbie urcia. BITY
"BOEHMEX" um. [I. ®. Yctunosa, 2007, 406 5k3.
8. A. Il. Psbyuiko, B. B. Bapxaros, B. B. [lepxaBer;. UnauBugyanbHble 3aaHus o Beicuieii maremaruke. U. 3 Psiapr. BI'TY "BOEHMEX"
um. [I. ®. Ycrunosa, 2007, s71. pec.
9. B. I1. Pogun. . BapuaronHoe ucurcienue. CI16.BI'TY "BOEHMEX" um. [I. ®@. Ycrunosa, 2017, 50 3k3.
10. B. I1. PoauH. . BapuauyonHoe ucurciende. CI16.BI'TY "BOEHMEX" um. [I. ®. Yctunosa, 2017, a1. pec.
11. B. U. Baneko, O. B. EpmoninHa, I. H. KyBbIpkuH. . BapualjioHHOe Hcuuc/ieHre U onTuMasbHoe ynpasieHue. M.: M3g-so MI'TY um. H.
3. BaymaHna, 2018, 30 3k3.
12. B. JI. @aiiHmmuT. . OpToroHasbHele GyHKLMY U KpaeBble 3afaun. CII6.BI'TY "BOEHMEX" um. [I. ®. YctunoBa, 2021, 146 k3.
13. B. JI. @aiHmmMuAT. . dnemMeHTs! anrebpel v aHamTrueckoi reomerpun. CI16.BI'TY "BOEHMEX" um. [l. @. YctuHosa, 2015, 351. pec.
14. B. JI. @aitHmmvuat, H. B. Tapacosa. . HekoTopble ypaBHeHust MateMatrueckoit ¢pusuku. CI16.BI'TY "BOEHMEX" um. [I. ®@. YcTuHOBa,
2016, 39 2k3.
15. B. JI. ®atinmmuar, H. B. Tapacosa. . HekoTopele ypaBHeHus1 Matematuueckod gusuku. CI16.BI'TY "BOEHMEX" um. [I. ®. YctuHoBa,
2016, 311. pec.
16. [. I1. TonockokoB. . Kypc MaremaTnueckoit Gu3nku C KCrosb3oBanueM nakera Maple. CI16.: JTaub, 2015, 45 3k3.
17. M. O. Jlebezie. . OcHoBbI BapraroHHoro ucurcienus. CI16.BI'TY "BOEHMEX" um. [I. @. Yctunosa, 2011, s1. pec.
18. 1. C. byrpos, C. M. Hukonbckuid. . Briciasi Maremarrika. Mocksa: FOpaiir, 2020, 371. pec.

w N

5.2. [lonoyiHUTe IbHAs INTePATypa 0 JUCLUIIVHE:
He TpebyeTcsi.

5.3. [lepyopryeckue U3aHus:
He TpeOyIoTCs.

5.4. TlepeueHb pecypcoB HH(OPMALMOHHO-TeIEKOMMYHHKALMOHHOMN ceTH "VIHTepHeT", He0OXOAUMbIX [/Is1 OCBOEHHS JUCLIUIUIVHBIL, 3/1eKTPOHHBIE
6ubMOTEUHbIE CHCTEMBI:

1. https://library.voenmeh.ru/ — ®yngamenranetas 6ubnvoreka BI'TY «BOEHMEX» um. [I.®. YcTUHOB];
2. https://urait.ru/ — O6pa3oaresbHast riatdopma «FOpaiiT». [y By30B U CCy30B..

CoBpemMeHHbIe pogdeccroHabHbIe 06a3bl JaHHbBIX:

1. https://rusneb.ru — HanimoHasnmbHast anekTpoHHast bubmoreka (HOB);
2. https://cyberleninka.ru/ - HayuHas anekrpoHHast 6ubimioreka «KubepneHuHKa»;
http://www.rfbr.ru/rffi/ru/library - ITonHoTekcTOBast 3/eKTpoHHast bubnuoreka Poccuiickoro ¢hoHaa GpyHqaMeHTaIbHBIX HCC/IEI0BAHHUM.

VndopmarivioHHble CripaBoYHble CHCTEMbI:
1. Texakcnept — MH(OpMaLMOHHBIN MOPTa TEXHAUECKOTro peryniupoBaHust: HopMsl, npaBuia, ctaHAapTsl PO;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - BJ] TOCToB cobcTBeHHoi1 reneparmu BI'TY
"BOEHMEX" um. []. ®@. YcTrHOBa;
3. http://www.consultant.ru/- KoxcyasranTIImoc- MHGOpMaLMOHHBIH NOpTas npaBoBoi HH(MOPMALMK.
5.5. [IporpamMmHoe obecrieueHue:
1. Maple.

5.6. IHpopMaIioHHbIe TeXHOJIOTHH:

B3anMozelcTBue ¢ obyuaroimucs nocpegcrsom OVIOC Moodle BT TY «BOEHMEX» um. [1.®. YctrHOBa.
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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. AyIUTOpHS C YUC/IOM MOCAZIOUHBIX MECT HE MEHbIIIe KOJIMUeCTBa 00yUaroLuXCs;
2. Maple.

6.3. IIpouee:
1. pabouee MecTo rperofaBare;isi, OCHaILlleHHOE KOMITBIOTEPOM C [JOCTYIIOM B VIHTEpHeT;
2. pabourie MecTa CTYA€HTOB, OCHAll|eHHbIe KOMIBIOTepaMH C I0CTYNIOM B VIHTepHeT, npe/jHa3HaYeHHbIe /17151 paboThl B 371eKTPOHHON
obpa3soBare/bHOI 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
O0moka 1 mporpamMMel MOATOTOBKM 10 Harpae/ieHuto 15.04.03 IlpuknadHas MexaHuka. JUCLMIUIMHA peanusyeTcs Ha dakynsrere O
EcrectBerHoHayunslii BI'TY "BOEHMEX" um. [].®. YctuHoBa Kadeapoit O6 BBICIIIAT MATEMATUKA.

[JucuuniuHa HatlesleHa Ha GOpMHpOBaHUe KomnemeHyuli:
OIIK-5 crioco6HOCTb pa3pabarbiBaTh aHAIWTUUECKHE W UMC/IEHHble METOZbI TIPU CO3laHMM MaTeMaTHM4eCKUX Mogeseld MallllH, TPUBOZOB,
060py/j0BaHusl, CHCTEM, TEXHOJIOTHUeCKHX MPOLIeCCOB;
OIIK-9 cnocoGHOCTb TpeACTaB/IsTh pe3y/bTaThl WCCIe[0BaHWS B 00/aCTH MAIIMHOCTPOEHMS] B BHJEe HAy4YHO-TEXHHUYECKHX OTYETOB M
myOMKaryi.

Copep)KaHue [UCLIMIUIMHBI OXBaTbIBA€T KPYT BOMPOCOB, CBSI3aHHBIX C ITOCTAHOBKOW 3a/laud M TOCTPOEHHsT MaTeMaTH4yeCKOW MOfenu [ist
peasibHbIX YC/IOBHIA, WCIIO/b3ysl METO/bl M MOJE/M BBICILIEH MaTeMaTHK{;, a TAakKXKe IMPEeJCTAB/IeHHs Pe3y/IkTaTOB CBOMX HCC/IEJ0BAHUN B BUJE
0JTHON MaTeMaTHyeCKoW MoJie/y.

IporpamMMoii AUCLMIUIMHBI IIPEyCMOTPEHBI C/IeAYIOIVe BUABI KOHTPOJIA:
TeKymuii KOHTPO/Ib YCIIeBaeMOCTH CTY/€HTOB MPOBOJUTCA B AUCKPeTHble BpeMeHHbIe HHTepBasbl B CIeAYIOIUX hopMax:
e JWarHocthyeckas pabora;
e JOMallIHee 3a/jaHue.
IIpomMe)xyTouHas aTTecTanus IPOBOJUTCS B (JopMax:
*  3aueT;

e b depeHMPOBAHHBIN 3aUeT.

OO61jasi TPYA0EMKOCTb OCBOEHHS JUCLIMILIMHBI COCTaBsieT 6 3.e., 216 u. [IporpamMMoii JUCLIMIIMHBI [TPeyCMOTPEHSI JIeKLMOHHbIe 3aHsATHs (68
4.), pakTryeckue 3ausaTus (34 4.), camocTosTenbHas pabora cryaenra (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.

DopMbI KOHTPOJISL U KDUTEPUH OLieHUBaHUs NPUBe/ieHbl

B npunoxxeHur 3 K Paboueii mporpamme.

HaumeHoBaHHe paGoThI

PexkomMenjyemas 1ureparypa

TpyaoeMKoCTh,
vac.

Pa3zpen 1. IIpocreiimasi 3agau

d KJIaCCHYeCKOro BapualfiOHHOr0 UCYHC/IeHUs.

IToBTOpEHNe HeOOXOANMBIX YCIOBUI JIOKA/IbHOTO 3KCTpeMyMa
r1a/ikol (PyHKLINM HeCKOIBKUX TepeMeHHbIX. V3yueHue
[10CTaHOBKH TpOCTelillleld BApPUALIMOHHOM 3a/laul.

b. I1. PoguH. . Bapuarpontoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (1, 2)

B. 1. Baubko, O. B. Epmominna, I'. H. KyBbIpkuH. .
BapualMoHHOe ucuMcieHre U ONTUMa/bHOe yripasieHue: M.:
N3p-Bo MI'TY um. H. 3. Baymana, 2018 (1)

A.TI. Ps6yuiko, B. B. Bapxaros, B. B. [lep>xaBet].
VHauBrAyanbHBIe 3alaHus 110 BEICIIEH MaTeMarvke. Y. 2
Kommiekchble yrcna: BI'TY "BOEHMEX" um. [I. ®.
YcruHosa, 2007 (10)

b. I1. PoguH. . Bapuarponsoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. YctuHoBa, 2017 (1, 2)

A. TI. Psbyuiko, B. B. Bapxaros, B. B. [lepxxageti.
MnpuByayanbHble 3aaHus 10 BbICIIeii Matemaruke. U. 2
Kommnnekchble yncna: BI'TY "BOEHMEX" um. [I. ®.
YcruHoBa, 2007 (10)

M. O. JlebezieB. . OCHOBbI BapHALIMOHHOTO UCUMC/IEHHST:
CII6.6I'TY "BOEHMEX" um. [I. ®. Ycrunosa, 2011 (1)

Wroro o pasgeny 1

Paspen 2. [locTaTouHble yCI0BUA JIa00ro MMHHMYyMa B IPOCTEHIIIeH 3ajaue.

TloBTOpEHNE JOCTAaTOYHBIX yCIOBUIA JIOKA/IBHOTO SKCTPEMyMa
r1aJKo# (YHKLMKM HEeCKOJIbKHX TepeMeHHBIX. M3yueHrie
(opmynupoBok ycnosuii Jlexxanapa u SIkobu.

A. TI. Ps6yuiko, B. B. Bapxaros, B. B. [lepxxaget].
WHpuBHayanbHbIE 3aJaHUS TI0 BHICIIEH MaTteMartuke. Y. 2
Kommnekcnsle uncna: BI'TY "BOEHMEX" um. [1. ©.
YcruHoBsa, 2007 (10)

b. I1. PoguH. . Bapuatimonsoe ucurcienue: CI16. 5T TY
"BOEHMEX" um. [I. ®. YctuHoBa, 2017 (3)

B. Y. Bansko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapuaivoHHOe UCYHC/IeHre U ONITUMasIbHOe yIipaBsieHre: M.:
U3p-Bo MI'TY um. H. 5. Baymana, 2018 (2)

1. C. Byrpos, C. M. Hukoneckuii. . Beicias MaremaTrika:
Mockaa: FOpaitr, 2020 (8)

A.TI. Psbyuixo, B. B. Bapxaros, B. B. [lep>xaBeL.
VupuBuayanbHbIe 3aaHus 10 BhICIIei MateMartuke. U. 2
KomrinekcHble uncna: BI'TY "BOEHMEX" um. [I. ®.
YcruHoBa, 2007 (10)

B. I1. PoguH. . Bapuarponnoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. []. ®. YctuHoBa, 2017 (3)

12

Uroro no pa3geny 2

12

Pa3pen 3. ®ynkuus Beitepmrpacca. Heo0xoaumoe ycioBHe CHIBHOT0 MHHEMYMa B IIPOCTeHIIeH 3a/jaue K/IacCHYecKoro
BapHaLIOHHOT'0 HCYVC/IeHHUS].

M3yuenue ycioBuii JIexxanapa u SIkoou, QyHKImMu
BeiiepiuTpacca, J0CTaTOYHBIX YCIOBUHA CUTBHOTO MUHUMYMa
WHTErpaabHOro (QyHKIFIOHAIA.

B. 1. Baubko, O. B. Epmomiuna, I'. H. KyBbIpkuH. .
BapualivoHHOe ucuMc/ieHre U ONTUMa/bHOe yrpasieHue: M.:
W3p-Bo MI'TY um. H. 3. Baymana, 2018 (5)

B. I1. PozuH. . BapuaryonHoe ucurcienve: CII6.5T'TY
"BOEHMEX" um. [I. ®. Yctunosa, 2017 (4, 10)

b. I1. PoguH. . Bapuarponsoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Ycrunosa, 2017 (4, 10)

10

Wroro no pasgeny 3

10

Paspen 4. [lepsasa u BTOpasa Bapua

muu QyHKIMOHA/MA. YpaBHeHHe Jiinepa-J/larpamka.

[ToBTOpeHUe popMyIIbI IHTETPUPOBAHUS 110 YacTsSIM U
AuddepeH1poBaHys 110/] 3HAKOM UHTerpasa. VzyueHue
BBIBOZ|a ypaBHEHUs Jiiepa.

B. 1. Baubko, O. B. Epmominna, I'. H. KyBbIpkuH. .
BapualivoHHOe ucuMc/ieHre U ONTUMa/bHOe yrpasieHue: M.:
W3p-Bo MI'TY um. H. 3. baymana, 2018 (2, 3)

B. I1. PoguH. . Bapuarpontoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. /1. ®. Yctunosa, 2017 (5, 7, 8)

b. I1. PoguH. . Bapuatimonsoe ucuurcienue: CI16. 5T TY
"BOEHMEX" nm. [I. ®. YcruHoBa, 2017 (5, 7, 8)

Wroro no pasgeny 4

Paspesn 5. IIpyHIMI HAMMEHBILEro elCTBUS.

V13yueHre BeKTOPHOM 3a/jauil BAPUAL{IOHHOTO HCUYHC/IEHNS,
MpYHLIMIIA HAUMeHbLIIero JefCTBUs, ypaBHeHUs Diliepa-
IlyaccoHa.

b. I1. PoguH. . Bapuarponsoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Ycrtunosa, 2017 (14, 15, 16)
B. I1. PoguH. . Bapuarponnoe ucuncienvie: CI16.BI'TY

1

1

15

26561



"BOEHMEX" um. [I. ®. YctuHoBa, 2017 (14, 15, 16)
B. 1. Baneko, O. B. Epmomuna, I'. H. KyBeIpkuH. .
BapuanonHOe NCUYMC/IeHre U ONITUMAalIbHOE yTipaB/ienne: M.:
Wsp-Bo MI'TY um. H. 5. Baymana, 2018 (4)

Wroro mno pasgeny 5

15

Pa3pen 6. 3agaua JIarpamxa

C r'OJIOHOMHBIMH U HEr0OJIOHOMHBIMH CBA3SAMH.

TToBTOpeHue yC/I0BHOTO SKCTpeMyMa (yHKLIMM HeCKOMbKUX
repeMeHHBbIX. V3yuenvie 3aiaun JlarpaHka C roIOHOMHBIMU
CBSI3MU

B. I1. PoguH. . Bapuarontoe ucuncnenve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Ycrunosa, 2017 (16, 17, 18)

B. U. Banbko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapuanyoHHOe UCUYKC/IeHHe U OITUMAaIbHOe yTipaBrieHye: M.:
Wsp-Bo MI'TY um. H. 5. Baymana, 2018 (4)

b. I1. PoguH. . Bapuaronnoe ucuncienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. YcruHoga, 2017 (16, 17, 18)

Uroro no pa3geny 6

Pa3zpgen 7. OTaenbHbIe pa3jebl (GyHKIMOHA/TBHOT0 aHAIH3A.

ITosrOopeHue TeMsl «Pszb1 ypbe, onepaljioHHOE
HCUKCTIeHYe» U3 00IIiero Kypca BbICIIeH MaTeMaTHKU

[. I1. T'onockokoB. . Kypc MaremaTrdeckoi GU3MKH C
ncrions3oBaHyeM nakera Maple: CII6.: Jans, 2015 (1)

B. JI. ®aitnmmuaT. . OproroHanbsHele QYHKLMU U KpaeBble
3agaun: CI16.BI'TY "BOEHMEX" um. [I. @. Yctunosa, 2021
1,2,3)

A. 1. Psibymiko. HAWBHAYyaibHbIE 3a/jaHUSI TI0 BBICIIEH
Maremaruke. U. 4 OneparjpionHoe ucuucinenue: BI'TY
"BOEHMEX" um. [I. ®. Ycrunosa, 2007 (16)

A. TI. Pabymiko, B. B. Bapxatos, B. B. [lepxxaBet1. Psaapbr: BI'TY
"BOEHMEX" um. []. ®. Yctunosa, 2007 (12)

A. A. KoHoHOBa, A. JI. BenkoBa. . YpaBHeHHsI MaTeMaTHde CKOi
¢dusuku: CII6.BI'TY "BOEHMEX" nm. /1. ®. YctuHoBa, 2019
)

A. A. KonoHosga, A. JI. Benkosa. . YpaBHeHUs1 MaTeMaTU4eCKOi
¢dusuku: CI16.BI'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2019
)

A.TI. Pabyiko, B. B. Bapxaros, B. B. [lepxaBeL.

VHauBrAyanbHBIE 3alaHVs TI0 BEICIIEH MaTeMarrke. Y. 3 Psapr:

BI'TY "BOEHMEX" um. [I. ®. Yctunosa, 2007 (12)

B. JI. ®aiHIIMHUAT. . D/ieMeHThI aareOpbl ¥ aHATMTAYE CKOM
reomerpuu: CII6.BI'TY "BOEHMEX" um. [I. ®@. YcTuHOBa,
2015(1, 2, 3)

A. 1. Psiby1iko. HAMBHyaibHbIE 3a/JaHUSI TI0 BBICIIEH
Mmaremartuke. U. 4 OnepaiuonHoe ucuuciaesue: BI'TY
"BOEHMEX" um. []. ®. Ycturosa, 2007 (16)

Wroro no pasgeny 7

Paspe 8. .YpaBHeHHe Ma/bIX KoIe0aHHH.

PerieHue npeioxkeHHbIX 3aga4. IToctpoeHue
MaTeMaThuecKiX MOgiesiel Jist KoneGaHuii CTPYHbI ¥ X
BH3ya/IM3aL{Hisl C TIOMOLL[bI0 CUCTEMbI KOMIILIOTEPHOM anredpsl.

A. A. KoHoHOBa, A. JI. benkoBa. . YpaBHeHUsl MaTeMaTUueCKOM
¢dusuku: CI16.BI'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
@

A. A. KoHoHoga, A. JI. Benkosa. . YpaBHeHHsI MaTeMaTH4eCKOi
¢usuku: CI16.BI'TY "BOEHMEX" um. [I. ®@. YcruHosa, 2019
@

B. JI. ®aitaimmvugt, H. B. TapacoBa. . Hekotopsle ypaBHeHust
MareMartrueckoit pusuku: CI16.BI'TY "BOEHMEX" um. []. @.
YcruHoBa, 2016 (1)

B. JI. @aiinimvuaT, H. B. TapacoBa. . HekoTopble ypaBHeHUst
Maremaruueckoit pusuku: CI16.BT'TY "BOEHMEX" um. [I. ®.
YcruHoga, 2016 (1)

M. T1. TonockokoB. . Kypc Matemariyeckor (GU3MKH C
ucronb3oBaHueM nakera Maple: CIT6.: JTas, 2015 (2)

12

Wroro no pasgeny 8

12

Paspen 9. YpaBHeHHe Ten10NPOBOAHOCTH.

PelrleHue Npe/iNoXKeHHbIX 331a4. IlocTpoenue
MareMaTHueCKIX MOZiesiedi [/isi ypaBHeHHs TeIUIONpOBOAHOCTH
W MX BU3ya/IM3aLiysi C IOMOLLBIO CHCTEMBI KOMITbIOTEPHOMN
anreOpsl.

B. JI. ®aiinmmugt, H. B. TapacoBa. . HekoTopble ypaBHeHust
Marematnueckoit ¢pusuku: CI1I6.BI'TY "BOEHMEX" um. []. @.
YcruHoBa, 2016 (2)

A. A. KoHoHosga, A. JI. Benkosa. . YpaBHeHUsl MaTeMaTH4eCKOi
¢usuku: CI16.BT'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
3
B. JI. ®aitammvugr, H. B. Tapacosa. . Hekotopsle ypaBHeHuUst
MareMmarrueckoit pusuku: CI16.BI'TY "BOEHMEX" um. []. @.
YcruHoBa, 2016 (2)

[. I1. TonockokoB. . Kypc MaTemaTidecKoi GU3MKH C
ucrnonb3oBaHeM nakera Maple: CIT6.: JTaHb, 2015 (3)

A. A. KoHoHOBa, A. JI. BenkoBa. . YpaBHeHHsI MaTeMaThde CKOi
¢usuku: CII6.BI'TY "BOEHMEX" nm. [I. ®. YctuHoBa, 2019

3)

15

Wroro o pasgeny 9

15

Paspen 10. YpaBuenus Jlannaca u ITyaccona.

PerieHue npeyiokeHHbIX 3a7a4. [TocTpoeHne
MaTemMaTHueCKUX MOZenel At 3afiau ¥ UX BU3yaIu3aLys C
[OMOILbIO CHCTEMbI KOMITbIOTEPHOM anre6pbl.

B. JI. ®aitnmmuat, H. B. TapacoBa. . HekoTopble ypaBHeHust
Mmaremaruueckoit pusuku: CI16.BT'TY "BOEHMEX" um. [I. ®.
YcruHoBa, 2016 (3)

A. A. KonoHosga, A. JI. Benkosa. . YpaBHeHUs1 MaTeMaTU4eCKOM
¢dusuku: CI16.BT'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
“

B. JI. ®aitnmmuar, H. B. Tapacosa. . Hekotopsle ypaBHeHus
marematrueckor ¢pusuku: CI16.6I'TY "BOEHMEX" um. [I. ®.

12

15
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YcruHoga, 2016 (3)
A. A. KoHoHosga, A. JI. Benkosa. . YpaBHeHUsl MaTeMaTU4eCKOi
¢dusuku: CI16.BI'TY "BOEHMEX" um. [I. ®. Ycrunosa, 2019
4
M. I1. T'onockokoB. . Kypc MaremaTndeckoit GU3MKH C

ncrioss3oBaHyeM rakera Maple: CII6.: Jlanb, 2015 (4)
Wroro no pasgeny 10

Pa3zpgen 11. JInHeliHbIe ypaBHeHHUs 2 MOPSIAKA B YaCTHBIX POM3BOJHBIX.

A. A. KoHoHoga, A. JI. Benkosa. . YpaBHeHHsI MaTeMaTH4eCKOi
¢usuku: CI16.BT'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
®)
B. JI. ®aitaimvugt, H. B. TapacoBa. . Hekotoprle ypaBHeHust
Marematrueckoit pusuku: CI16.BI'TY "BOEHMEX" um. []. @.
V13yueHre TeopeTHUeCKOTr0 MaTepuasna. PerieHne YcruHoBa, 2016 (4)
Ipe//IO’KeHHBIX 3a/jau. A. A. KoHoHOBa, A. JI. besikoBa. . YpaBHeHHs1 MaTeMaTHueCcKOi
¢usuku: CII6.BI'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
®)
B. JI. ®aitnimuar, H. B. Tapacosa. . Hekotopsle ypaBHeHus
maremarnueckoit ¢pusuku: CI16.BI'TY "BOEHMEX" um. []. @.
YctrHoBa, 2016 (4)
Wroro o pasgeny 11
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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/I${ 8 (0] ,E[aHHOﬁ AUCLUILIMHE, BKJIFOYAKOT B cebs:

e [MarHocTuueckas pabora

e JlOMalliHee 3a/jaHHe;

e 3auyeT;

¢ 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.

JlomalHee 3a/jaHue

PelileHust OMaIIHUX 3a/laHUI NIPeZICTAB/ISIOTCS B TIeUaTHOM WM PYKOITUCHOM (hopMe TperofjaBarerito, NPOBO/sIeMy TIPaKTHUeCKUe
3aHaTHsA. Tembl ZoMalHUX 3a/jaHKi pacriosiokeHsl B YMK puctunmmael. Kakoe gomMariiHee 3azanve cogepsxut ot 1 1o 5 3agau. Kaxkzas 3azaua
JIO/DKHA OBITh TIPAaBU/ILHO M 000CHOBAHHO PelleHa.

3auer
OtleHKa "3auTeH0" BBICTAB/IAETCsI, €C/IM HabpaHo oT 60 Ga//IOB B COOTBETCTBHH C TEXHOJIOTUUECKOM 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

AyauTOpHBIe 3aHATHA <
B KOHTAaKTHO# (hopme IS ﬁ
g = O
58 g s =&
& $E| 2E | Ed
= g g3 €5 <8
£ 2 g S, 25 iE o
[~ = HaumeHoBaHHe pa3je/ioB U AMJAKTHUECKHX eJHHHI] 5 © & 28| 5 E g E E
> S P 3 = = SE| ¢ 8z =
- 2 | 8 F|EE| gE : | 58
S} Q ] S o
=2 S I8 2 = g
g (9% ¢ [ 3| Z&
X ] =
= = =
o o] @]
5 9 Paspen 1. IIpocTeiimasn 3afaya K1acCH4eCKOro 15 6 4 5 9 10 10 JlomMalliHee|
BapHallMOHHOr0 MCUUC/IeHHUS]. 3aJaHue
5 9 Pazpen 2.“ HOC"’THTO‘{HBIE ycaoBus (1aboro MUHIMyMa 20 8 6 5 12 10 10 JloMaliiHee|
B NpocTeiiieii 3ajaue. 3a7laHue
Pazpen 3. ®ynkuus Beiiepurpacca. Heo6xopumoe
N JlomalliHee
5 9  |ycioBHe CHIBHOrO MUHMMYMa B NPOCTeliluei 3ajaue 20 10 6 4 10 10 10 SATAHIe
K/IaCCHYeCKOro BapHal{iOHHOI0 HCYHC/IeHHA. W
5 9 Paspen 4. l'IepPaﬂ M BTOpas Bapuanum ¢yHKmoHasnma. 1 6 4 P 5 10 10 JloMalliHee|
YpaBHeHue Jiisiepa-/Iarpanxa. 3aJaHue
5 9 |Pa3gen 5. [IpuHLMN HAMMEHbIIIEro JeHCTBUSA. 29 14 10 4 15 5 5 Homarmee
3a/jaHue
5 9 Pa3paes 6. 3agaua JIarpaHxa c ro/;IoHOMHBIMH U 13 7 4 3 6 5 5 JlomalliHee
Hero/JI0HOMHBIMH CBSI3SIMH. 3aJjaHue
Bcero 3a 9 cemecTp 108 51 34 17 57 50 50
5 10 Paspen 7. OTaenbHBIe pasjesibl QyHKIMOHA/TIBHOTO 1 3 5 1 8 10 10 JlomariHee
aHa/mM3a. 3a/jaHue
5 10 |Pa3pgen 8. .YpaBHeHHe Ma/IbIX KOIe0aHMIA. 24 12 8 4 12 10 10 Homariwee
3aJjaHue
5 10 |Pa3gen 9. YpaBHeHue Ten10NMpOBOJHOCTH. 30 15 10 5 15 10 10 Homanmee
3aJaHue
5 10 |Pa3pen 10. YpaBHenus JIannaca u Ilyaccona. 30 15 10 5 15 10 10 Homaruriee
3a7laHue
5 10 Paspaes 11. JIuHeiiHble ypaBHeHUd 2 MOPSIAKA B 13 6 4 5 7 10 10 JloMalliHee|
YaCTHBIX NPOU3BO/HBIX. 3aJjaHue
Bcero 3a 10 cemecTp 108 51 34 17 57 50 50
Bcero no guciuniuHe 216 102 68 34 114 100 100
15 26561



OIIK-5
Bonpocbl omkpbimo2o muna:

Nel

Ne 2

Ne 3

Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ne 11

Kpurtepun oneHMBaHusA

HWurerpamsHeni ¢yaxuponan J(V) onpeneneH paseHeTEoM (V) = fol(ZX + y)dx.

Beraucmuts J(3x%2)

VkasaTh, 4TO JaHO NPH MOCTAHOBKE MpOCTeiIneH BAPHAIIHOHHOM 3a1a9H

Kaxoli 00BeKT HINeTcA NpH pemleHHH NMpocTelimel BapHaHOHHOH 3a1aun?

Hatitn gomyeTHMyTo sKeTpeMalb B IIpocTefinei 3a1ade BapHAHOHHOIO HCYHCISHH

1
] y™? dx — extr, y(0) = 2. y(2) =0.

VpaeHeHHE DI aa—F—ia—F
P cp ay  dxay'

(HasoBuTe THI TH(EPEHIHATEHOTO YpaBHEHHA)

= 0 g1 ¢yHkusonana J(V) = f; F(x,v,y")dx spaaetca

3anmcaTs BUA ypaBHeHHA Diinepa 111 yHKIHOHATA

w2 T T

Iz =| (2 +2? +2y2)dx,y(0) = 2(0) = O,y(i) =z (E) -1

0

K kaxoMy THITy 38,1a4 OTHOCHTCS BAPHALIHOHHAA 331494 IOHCKA KPHBOH 3aJaHHOH JTHHEL,
OXBaTHIBAIOINEH HAHOOIBITYIO ILTOINATE?

CemeiicTBo KpHBEIX V = V(X; C) obpasyeT oJne B 3aJaHHoi 0bmacTi D
mnockocTH XOY, eci depes KaxkIyio TOUKy (X: y) 3T0if 0DIacTH MPOXOJHT OIHA H TOIBKO
OIHA KpPHEBAA ceMelicTBa y = y(x: C):

IIpHBeneHHOE HA PHCYHKE Tole MLt kpyra X2 + y2 < 1 asnaetea

HpIIBe,‘IeHHOE YpaBHCHHIE HMEET IMOPATOK

2
Yy

Uy - u2, +ul, — 2uzy +u, —2zy =10
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Ne 12

Ne 13

Ne 14

Ne 15

Ne 16

Ne 17

Ne 18

Ne 19

Ne 20

Nel

Haiitu u = u(x; y) pemienne 3agadn Komu

4 =y, 22 0,~00 <y < +oo
ul,—o = fy),

3_2]::0 = &(y).

o o Y(y)-

VKazaTh THII IIPHBENEHHOI'0 YPDABHEHHA

2sin(r+y) - Uy — (‘.(JS('_;,:) Ugy +xYy Uz =3u+1=0

HpIIBe,‘IEHHOE YpaBHECHNE ABIACTCA YpaBHEHHEM KaKoro THIIa

Uzzr — AUy +dUyy — Juzs +2uy+1=10

HpHBG,E[GHHOﬁ YPaBHCHHC ABIACTCA YPABHCHHEM KAKOI'O THIIA

Upg + Bttpy + 251y, — Juy, +2=10

OVYHKIHH ¢4 (x) U @, (x) Ha3BIBAIOTCA OPTOTOHATBHEIMH € BECOM P(X) Ha ImpoMexyTke [a; b],

€CJIH BRIIIOIHACTCA PABCHCTBO

I[Ipu pelmeHHH BOTHOBOTO YpaBHEHHA HeTpHUBHATEHOe pemnenne 3agaun X'/ (x) + AX (x) =

0,X(x) = 0 mmeet Buzx X(x) = D, cos VAx D, sin Vax +. ITpi 3aJaHHBIX TPAHHYHEIX
yenoBHAX u,(0; t) = u, (I; t) = 0 cobcTBeHHas QYHKIIHA HMeeT BI

Metox Oypre pemeHns ypaBHeHHS CBOOOIHEIX KoleOaHNII KOHEUHOIT CTPYHEI €
3aKpeIUIeHHEIMH KOHIIAMH COCTOMT B TOMCKe pemeHHs U(x; t) B BiJe

KpaeBas 3a7aua Ut OfHOPOHOTO ypaBHeHns Jlamnaca B OqHOCBs3HOI obnacT ) € R,, rie T

- HOpMAIIbHO K I'paHHIIE _Q=, HMERIIAAd BH]I, HA3BIBACTCA

Au(z,y) =0,

el 0 = 9(z.y)

an

HIJHBQE[GHI{I'}I[?{ OIepaTop ABIACTCA KaKOI'D THIIA

I S S LA § a2
L—m -lT:r v 2 +'.

BOnpOCbl 3dKpblmo2o muna:
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Ne 2

Ne 3

Ne 4

Ne 5

Hasoeem paccTogHHEM K -To MOpPAIKA Ha oTpeske [a; b] Mexny ymrumave f{x) 1 g(x) eymmy
max £(x) — 9(0 + max [£'() = g'CO| + -+ max |f V() — g™

Haitru paccToanse 2-ro mopAnka MexIy GyHKIHAMH ¥ = X H ¥ = x° Ha oTpeske [0; 1] mo
[IPHBESICHHEIM rpadHKaM:

041
034
024 “02 04 0B 08 10
011
| f(z) - g'(2)
00 *
00
1 8
2 2V§
9
2\5
3 g4+
9
4 6

XI;IEEI)ES] If(x) —g()] + xre[%ﬁ] If () — g' ()| + -+ v]:%g%] |f™ (x) — g™ (x)|

Hazoeem paccTogHHEM 1 -To MOPANKA Ha oTpeske [a; b] Mexay ymrumavu f{x) 1 g(x) cymmy

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
1]

3. 0

4. [2x —1]

Ecan ¢pyuxuma y = y(x) moctapmieT skeTpeMyM GyHKUHOHATY [ (V) = f; F(x,y,v)dx, o
OHA ABJUIETCA PEllleHHEM yPaBHEHHA

1 Fx,y,y)=0
2 aF (x,y,.v")

— s

dy
3 OF (x,v,¥")
dy’'
4 d
Eﬂf’ =F

TIpu kaxux F(x, v, y") ypaeHeHus Jitnepa-Jlarpamxa QpyHruHoHaTa [ (V) = f;' F(x,y,yv"dx
o
OyayT auddepeHIHATEHEIME YPABHEHHAMH HEPEOr0 MOPAIKA

1 F(y,y',z) =22 4+ 47
2 Fly,y' x) =22 +y?
3 Flony.2) =27 + 4
4 F(y.v,2) = 2" + 1)
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Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ne 11

VeTaHOBHTE COOTBETCTBHE MEETY TOIBIHTEIPATEHEIM BhIpaeHHeM QyHKIHOHATA [(V) =

f:;‘ F(x,y,y")dx u ocobeHHOCTAMH ypaBHeHHA Diinepa-Jlarpamka

1 F(y,y,r) = 2xy% + 2522y | A Bremomuaerca
- ABTOMATHYECKH
2 Fly,y.x) =y + r; b HMmeer nepseri aHTErpaI
3 F(y,y,x) =22 +* B Anrebpangeckoe
4 Fly..x)=x* 4+ 4% T Jud.yp. nepeoro nopagka

Ipu xaxux F(x,y, ¥") BapHanuosHan 3axa4a 111 yHKurHoHana J () = ffl F(x,y,y")dx ue
o

HMeET cMEICTA (YpaBHeHHA Dinepa-Jlarparixa BEIIOIHCHE! ABTOMATHYCCKH)

Fly,y'.x) = z* + y*

F(y,y,x) = 2zy° + 2yz*y’
Fly,y' x) = 3a2y® + 2yz3y’
F(y.y'.z) = z(y" +v°)

| | b2 =

Vka3aTh, KakHe (yHKIMOHATHI OTIPEIEIAOT ypaBHeHue Jittepa-Jlarpamka suga v + y2 = 0

1 I (: -+ 5:;" :) dr

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

Han ¢pysxusonan J(y) = fab A(x,y)yJ 1 + v'?dx, usBecTHO, UTO IEBBIH KOHELl SKCTPEMAlIH
CKOJB3HT o KpHBoi y(a) = 1(a). a npaekiii ckoms3ut o kpueoi (D) = ¢(b). Ykasars,
KAKHE YCIOBHA HyKHO NMOCTABHTE HA TPAHHILIE OTPe3Ka [a; b]

1 L+ ¢'(a)y'(a) =0, 1+ &' (b)Y (b)) =0
2 L= @/ (a) = 0. T+ 7O/ (5 =0
3 L+ ' (a)y’ (n] 0, (b)Y (b) =

4 y'(a) =0, ' (b )f () =0

b
- z i
Han ¢pysxusonan J(y) = fa A(x,y)yJ 1 + v'?dx, usBecTHO, UTO IEBBIH KOHELl SKCTPEMAlIH
HAXOIMTCA Ha MPAMOLL X = @, a MpaBEIi ckomb3uT no kpusoii V(b) = @(b). Ykazats, kaxue
VCIIOBHA HyKHO [TOCTABHTE HA TPAHHIE OTpesKa [a: b]

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

3 y(a) =0, 1+ & (b)y'(b) =0

4 yia)=1, 1+ pb)y' () =0

YKH'SH'IIJ, MPH KaKOM 3HA'ICHHH IMapaMeTpa a 3KCTpEMAlb V = C COS X HE MOXET OBITH
BRIIFOUCHA B LICHIPATIBRHOC [I0JIC 3Kc1‘pema.nci'i d)ymamonana

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

S0

1 0<a<m

2 a>mn

3 ﬂ-(a(n
2

4 a — moboe

VKazaTh, KAKOMY YpaBHEHHIO B YACTHBIX IIPOM3BOJIHEIX YIOBIETBOPAET QPYHKINA z =

o(x? +y?)
1 {}j—:_ - r:;—; = ()
2 yg: +255 =0
: oz ~ oy =0
4 g—; - I*S—;' =0
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Ne 12

Ne 13

Ne 14

Ne 15

Ne 16

Ne 17

OOmee pemenne z = ¢ (y — 2x) ABIAETCA pelIeHHEM YPaBHEHHT

L 3; +2- 3; =xy
2 %-%-4-2:0
3 E+2.£=0
4 g—_i-i—;:ry :j;—()

Br10path, kakas u3 JaHHBIX QYHKINI u = u(x; y) ABIsAeTCA OOIIIM pelleHHeM YpaBHeHUs

» = ¥. 3nech C(y); C(X) - mpoH3BOIbHEIE DYHKITHH

u(z,y) =y*/2+ C(z)

u(z,y) =zf(y) + C(z)

u(z,y) =y*/2+C(y)

| W b2 | —

u(z,y) =zf(y) + C(y)

1 d:z

19z _ 4
HaifTH II0BepXHOCTb, Y/I0BICTBOPAIONIYIO YPaBHeHHIO * 9% U Iy , IPOXOJIAIIYIO Yepes3

mapa®ony y? = z B IUIOCKOCTII X = 0

1 z= '_1,-'2 -z

2 z= _e;"; - :ri -2
3 z=x2 4y

4 2=y’

iz
Git(eT—y)5E =0 z = (e
OOGImee pelleHie ypapHeHs o~ dy HMeeT BH] ety =

HaCTHOE pEIIEHHE 3TOI'0 YPAaBHEHHA, YIOBIETBOPAONIIES 3a/1aUe Komm:

z)

. Kaknwm Oynet

z =3 27
r=0 yr
1 z=3(e"y—z)+2
2 2 = \/'3 U — J + 2
3 z=3J/efy—ax + 2
4 z=3(e"y—z)* +2

Vka3aTb, KaKy0 Hy:KHO c/lellaTh 3aMeHY IlepeMeHHEIX B THHeitHoM auddepeHIaisHoM
YPaBHEHHH BTOPOTO MOPAIKA Uy, + Sy, + 41y, = 0, 4TOOBI IPHBECTH ETO K KAHOHIUIECKOMY

BH]TY.
1 E=y+zx, n=y+ 3z
2 E=y+dz, n=y—-2x
3 E=y—2z, n=y+z
4 {=y—z, n=y—4dz

Kakoe u3 IIPpHBEOCHHEIX ypaBHeHHﬁ ABJIACTCA BOIITHOBEIM ypaBHEHHEM?

2
1 Upp = A U pr

2
2 Up = A Uy

2
3 Ugt = a° (Uzz + Uyy)
4 Usp + Upr = ()
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Ne 18

Ne 19

Ne 20

OIIK-9
Bonpocbl omKkpbimozo muna:

Ne 1

Ne 2

Ne 3

Ne 4

Ne 5

Ne 6

Kaxoe 13 IpuBe/IeHHBIX YpaBHEHHIT ABIASTCA YpaBHEHHeM CBOOOIHEIX KolebaHuil MeMOpaHEI?

1 Ugy = @ty
2 u = a’u,,
2
3 gt = @° (Uzz + Uyy)
4 Ut + gy = 0
[TocTaBHTEL B COOTBETCTBHE KPUBOMHHEIIHYIO CHCTeMY KOOPAHHAT U BIJ onepaTopa Jlammaca A
B Hell
1 >r & a4 Cdeprueckiie
Af - Ox* + ay + dz= (p P
b 2 A2 -
2\ Apr_10 (,8 d 18 JleKapTOBEI
Af — rar d (Jr) + dz= + e dig*
3|, _ 18 (.28f 13 (wnpdf 1o IunuHIpHYecKH
Af = 357 5) + mamsoe (5005 ) + mamr 922 o
4 1 18 (_of 18 (_of 1 _9f ITapabommgeckue
AI — g4 o da G-:'Jo' + T dr TE)‘T + ot de=

Vkazats, Kakoil 13 AnddQepeHIIaNEHbIX 0lepaTOPOB OTHOCHTCA K CMEMIaHHOMY THITY

1 IR d
(J' 'u) dr= + (')yj

2 a? 2y D
3z T @+ )5

3 2 a2 a2
(2% + 1) g + 57

4 a° 2 2\ 82
a2 (27 +y ).';y-’

Hazoeem paccTogHHEM H -TO NOPAOEa Ha oTpeske [a; b] mexay dyasmmams fx) u g(x)
CYMMY

max [f(x) — g(x)| + max |f'(x) = g'(x)| + - + max [ (x) - g™ (x)]
xe[ab] xe[a.b] xe[ab]

Haittu paccroamne 1-ro nopagka Mexay GyHKIHAMHE Y = x HY = x° Ha otpeske [-1; 1]

HazoeeMm paccTOSHHEM X -T0 NOPAAKA Ha oTpeske [a; 5] mexmy dyaxmmanu fx) 1 g(x)
CYMMY

max |f(x) — g(x)| + max [f'(x) = g'(x)| + -+ max |f"(x) - g™ (2)]
xelab] xe[a,b] xe[a.b]

Haifita paccroamme 0-ro nopaaka mexay dyvermuavs g(x) = 11 f(x) = 2x Ha oTpezke
[0:1]

Coctaeuts ypaeseHue Jfinepa q1a dyukimonana J(v) = f; (v? — y?)dx, 2agaumoro
Ha MHOxecTRe X = y(x)|v(x)eC,[0; 1], ¥(0) = 0,y(1) =1

Jla 3aga<H MoHCKa 3KCTpeMyMa dVHKIHOHATA
b
J() = f Fx,y,y")dx
a

TIpH IpaEHAHEX yoIoemax y(0) = 2; y(2) = 1 HafigeHo pemleHHs YpaEHeHHA Dinepa

y=2x"4+Cx+C,

VkazaTe apryMeHT p dyvuimu Befiepmrpacca E(x, v, p,v') = Flx, v,v') — F(x,y,p) —
(/' — ), (x,y,p) Ara muterpatsroro ysxmmonata J(y) = [, F(x,y,y")dx
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TIpHBegeHHOR HA PHCYHKE HOMe LIL Kpyra x- + y° < 1 aemderca

Ne 7
Ne 8
COCT&BH’TB ECTECTECHHOE I'PAHHYTHOS VCIIOBHE IIPDH X — 1 A14 3aJa9H MOHCKA
sEcTpeMyMa byEEIHOHATA [(v) = fol Flx, v,y ,y")dx,y(0) = 4,¥(0) =B,y (1) =
H
Ne 9
COC'I'a.Bm SCTECTECHHOS TPAHHYHOS VCIIOEHS IIDH X — 1 A1A 3aJa9H IIOHCKA
skcTpemyMa dyHxHOoHATa [ (V) = J:F(x.y.}",y”)dx,y((}) =Ay'(0)=8B,y(1)=H
No 10
OxHEM H3 VCIOBHI, BXOIAIHX B KOMILIEKC YCIOBHH, JOCTATOMHEIN 4 TOTO, 9TODE
skcTpemans dyEEIHOHATA (V) = f;F(x, y,¥dx, y(a) = 4; y(b) = B gocrasmamza
&MY CHIBHEIH MHHHMYVM, ABIASTCA BEIIOIHEHHE 14 Hee (IPH BCeX
xela: b1) vemnennoro venoens Jlexxannpa:
Ne 11
HpHBe,‘IEHHOE YpaBHCHIE HMECT ITOPAIOK
y 2 &
Uy * -uiq +uz, — 2Upy +uy, — 22y =0
No 12
HpHBe,‘IEHHOE YpaBHCHHE HMEET ITOPAIIOK
. . 9 "
cos® u, sin” u, — 2uZ — 3u, +u =0
No 13
Ig§—+y%5==z
Vka3aTh XapaKTepHCTHIECKYIO CHCTEMY JUTA YPaBHEHIA v
Ne 14
VYkazaTh THIO NIPHBEAECHHOT0 YPABHEHHA
Ug - ui,; +2z-u-uyy —3ry-uy—u=>0
Neo 15
le[Be,‘IEHHOE YPpaBHEHHE ABJIAETCA YPaBHCHHEM KaKOI'O THIIA
Urz + 6Upy + 130y, + 2u, —3 =10
Ne 16
[IpiBecTn K KAHOHMUECKOMY BHJY U HAiiTH 00mIee pemenne u = u(x; y) ypaBHEHUA
Uy + 2Uzy — Uy, = 0.
B o1BeTax f, g — mpou3BoIbHbIE (YHKIIH OJHOI IepeMeHHO
Ne 17
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Ne 18

Ne 19

Ne 20

Nel

Ne 2

Ne 3

Ne 4

Ne 5

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

yernoBuaxX u(0; t) = w(l; t) = 0 codcTBeHHad (GYHKIHA NMeeT BHI

ITpu peleHnH BOTHOBOTO YPaBHeHHs HeTpHBHAIBHOE pemeHHe 3a1aull X' (x) + AX(x) =
0, X(x) = 0 mmeet Bux X(x) = D, cos VAx D, sin VAx +. IIpu 3aJaHHEIX TPaHIYHEIX

yenoBHAX u(0; t) = w,(l; t) = 0 cobcTBeHHAsA (QYHKIUIA HMeeT BI

KpaeBas 3ajaua Ut OfHOPOIHOTO ypaBHeHnst Jlamnaca B OHOCBS3HOI obnacT ) € R,, rie T

- HOpMaJ’[BH.O K I'paHHuIme Q=, HMEHIIAA BH]T, HA3bIBACTCA
Au(z,y) =0,

u| 5o, = 9(x.y)

HpIIBe,‘IEHHLIﬁ OIIEpaTOp ABIMACTCA KaKOTr'0o THIIAa

I R 9?2 3
L= + 43 —+_‘Q('_}33 + 3z

oz ay?

Bonpocr;l 3aKpblmo2o muna:

[IycTE JaH HETeTpATBHEI PyHEIHOHAT A TPAHHYHEIE VCIOBHE ___ B
JaHa HenpepslEHAA HYHKIHA ¥V = @ (X) H CYIIECTBYET NOI0KHTISIBHOE IHCIO £ = ()
Takoe 9TO AIH 000 HenpeprEHOH GyHEIHE ¥ = 1f(x), TaKod g0 P(x;) =
v1,10(x2) = 5. 217 KoTopol BEIIOTHEHO HEPAEEHCTEO B BRINOAHASTCA H
HepaeeHcTBO I

Torna roeopar, 9ro ¢gyHEKUHA v = @ (x) gocTaBmaeT GyHKUHOHATY J(1') CHIBHBIH
IOKATEHEIH MHHHMYM.

Y cTaHOBHTE COOTEETCTEHE HesanoaHeHHEX aieek A BBl n

omoxoe 1,23 4.

1 ) = [ Flay.v)dr,
ylz1) =, ylra) = v,

3 max |p(r) —v(x)| <=,
TE[ry,22]

4 J(p(a)) < J(w(x))

VEKazaTs NOCIeI0BaTEIBHOCTE AcHCTEHE NPH PEIIeHHH NpocTeHme sanads
EapHAIHOHHOTO HCUHCISHHA:

Cocraeuts ypaeseHne Jiinepa

Hcnons2ya rpaHHYHEE YCIOBHA, HAlTH HEHIBECTHEIE IOCTOAHHEIE
Halita sKcTpeMaIn

VeTaHOBHTE HATHYHE H THII IKCTPEMYMA

S| (e

Briopate IpaEHIEHOS YIBEPKISHHE H2 CIeAYEOMIHK:

1 ecaH GVHKDHA JOCTARIEET CIa0kH SKCTPEMYM, TO OHA JOCTABIAET H
CHIBEHEIH

2 ecaH GVHKOHA JOCTABISET CHILHBIH SKCTPEMYM, TO OHA JOCTABIACT H
CcrabeIi

3 ecaH GVHKDHA HE JOCTABIAET CHIBHEIR 3KCTPEMYM, TO OHA
JOCTARTAST CTAOEIR

4 ecaH GVHKDHA HE JOCTABIAET CHIBHEIR 3KCTPEMYM, TO OHA
He TOCTABIAET H CIa0BIH

‘Vpaererue Dfnepa nua dyuximsonana J(y) = _f: 2y (x)dx

HMEET HHTETPAT 3SHEPIHH

HMEET HHTETPAT HMITYVIILCA

He HMEET HHTETPaTa HMITYIBCA

HMEET H HHTETPAT SHEPIHH H HHTETPAaT HMITYIECA

o |l | b =

23
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'V CTAHOBHTE COOTEETCTIEHE MEXTY IIOIEIHTEIPATEHEIM BRIDAHKEHHEM lt:}mmmouana

JG) = f F(x,y,y")dx

© ypaeHeHHeM JHnepa-Jlarpamza

1 Fy.y'.x) =22 4+ ¢ A y' = const
2 f"l‘:y.y’. )= 2+ e B f:‘= 0
3 Fly.y'.x) =y" +y" B Yy —y=0
4 Fly.y' e)=z(y* +y7) r ' 4y -y =0
Ne 6
[pu xaxex F(x,v,y') ypasaenns Jiinepa-Jlarpamka gyHEsmmonama J(y) =
f:L F(x,y,y")dx 6yayT auddepeHIHATEHEIME YpPAaEHEHIAME AITe0paHIeckiME
0
1 Fly.y' z) =22 +y?
2 Fly.y',z) =2 +¢°
3 Fly,y',z) = 2%y + "
4 Flyy',z) = 2(4" + y*)
Ne 7
IIpn kaxmx F(x, vy, v') papuannonsas sagaga ama dyaemmonana J(v) = f:‘ F(x,y,y"dx
0
HMeET MEpEEIH HETErpan
1 Fly.y',z) =17 + y~
2 Fly.y x) = 2zy” + 2ya”y’
3 Fly,y,x) = 322y% + 2yady’
4 Fly.y'.z) = z(y" +y°)
Ne 8
VkasaTh, KakHe QYHKITHOHATE! ONpedelaloT ypasHeHHe Diitepa-Jlarpamsa suaa y'' —
y =0
1 J (2 + 2 +y?) de
2 J =y +y+ 9 +y?) dx
3 [ ey +y+y* —y?)de
4 [y —y+v* +y?) do
Ne 9
Vikazare, kakee (QYHKIHOHAIE ONPEIeLIioT VpasHeHne JHnepa-Jlarpamsa enga
2yy" +y# =0
1 [(z+y +yy?) drx
2 I (' +yy™) dz
3 [y +yy”) dz
4 T (yy’ + zyy™) dz
Ne 10
Brinmonsenne yonopra SIko0H [1a ZomyCTHMOH SKCTPEMANH, TO €CTh A14 peIlcHHA
yparHeHus Jilepa, VIORIETEOPAOMIErO TPAHHYHEIM YCIOBHAM, TOBOPHT O TOM, 9TO:
1 3T 3KCTPEMANTE JOCTARTIeT VHKITHOHATY CIaDEIH MAKCHMYM
2 3Ta IKCTPeMAIh JOCTABIAeT (DVHKIHOHATY CIAOEIH MHHHMYM
3 3Ta 3KCTPEMATE JOCTABTZET DVHKITHOHATY CHILHEIR MAKCHMYM
4 E03MOXKHO BKFOUHTE JOIYCTHMYEO 3KCTPEMATS E [1071€ 3KCTpeMancH
Ne 11
ToBopAT, 410 pelueHHe 331290 MaTeMaTHIeCKOH QHIHEH HENPEepHIEHO 3aBHCHT OT HA9aTbHBIX
JAHHELX, €CTH OPeJeIbHO MATEIM H2MeHEeHHAM HauaIBHEIX JAHHEIX 3aJa9H COOTEETCTEVIOT
NpeeLHO MAIkle H2MeHEeHHS pelleHHd. B KaKoM H2 MepedHcIeHHEX CIVIacE HMeeM A0 ¢
KOPPEKTHO MOCTABICHHOH 3agadei MaTeMaTHIeCKoH QH3HKH
1 PaznocTe AEVX pelneHwi 2a1aqH He ABIACTCH IPeIeIBHO
MaToll BEIMYHEON | 2 PAIHOCTE HAYATLHEX JAHHEIX COOTESTCTEYVEOMINK
3THM PEIIEHHAM CTPEMHICA K HYIIO
2 He cymecTeveT pelneH:A 3a1a9H VAOBIETEOPAIOMETD ECEM
VDARHEHHAM H YCIOBHAM 3aJa9H
3 Ilpu ommix | TeX e HAYAILHEIX JAHHEIX CYINECTEVET JBA
pEIIeHHA VAORICTEOPAKOIIHK ECEM YPARHEHHAM H VCIOBHAM 2aJa9Hi
4 Pemense cymecIByeT, eZHECTESHHO H HEIIPEPEIEHO 3AEHCHT
OT HAYATEHEIX JAHHEIX
Ne 12

24



Ne 13

Ne 14

Ne 15

Ne 16

Ne 17

VKa3aTh, KAKOMY YPaBHEHHIO B YACTHBIX MIPON3BOIHEIX YIOBIETBOPAET QYHKINA z =

p(x® +y?)
1 f;ﬂ; - r:;—; =0
2 y :;; + 13—‘; =0
’ vo: — 5y =0
4 g—; — IS—: =0

r2z 4 2{;0“ =4

&3

HaiiTu ypaBHEHIIe TOBEPXHOCTIH, YIOBIETBOPAIOIIEN YpaBHEHHIO — 9% Iy

— e 2

1 z=ux y(?)
7 2 (x

- z=y (%)
v,

3 z=%0(37)

4 z=zyp(%)

JaHO ypaBHEHHE U, ., =

vy = . Kakas u3 cnegyronux QyHKIHII Oy1eT 00 MHM pelleHIeM 3T0ro

ypaBHEHHS:
: u=gy’'+aly) F+o@) o+
2 u= —1 y+a(y) 5 +ey) -z +es(y)
3 u=yc 1(.1} +e1(y) - Tﬁ c2(y) -z + e3(y)
4 u= G.‘r Y+ z? + ; -r+c3
19z 4 19z _ 4
HaiiTi 0BepXHOCTS, VIOBIETBOPAIIYIO ypapHeHo * 9~ v Jy , IPOXOJIATIYIO Uepes3

mapaboiny y? = z B INIOCKOCTIH X = 0

2=y’ -
2 z= _Ué + :r"g — 2z
3 2 = .'L'Q + y?.
4 z=y?

VY CTaHOBHUTE COOTBETCTBHE MEXKIY YpaBHEHHAMH 1 HX Ha3BaHHAMIL.

1 JTHHEIHOE 0IHOPO/IHOE A “}3—; +(z—-vy) 3_; =22+ 92
YpaBHEHHE MepBOTO MOPAJIKA -

2 JINHEHHOE HeOAHOPOTHOE b (z + y) :3'- + ;y:}'—; =0
ypaBHEHHE MepBOT0 MOPAJIKA -

3 KBa3IIIHEeIIHOe YpaBHeHIIe B z r:—% - zyg—; =r—y
TIepPBOTO TMOPAJIKA

4 HellnHellHoe ypaBHeHNe r 9z | fi_a + 2L(j:—"' — 3;},{1_3 =0
TIEDBOTO TIODAIKA oz ¥ 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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