MMWHOBPHAYKH POCCHH
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Kadeppa-pa3paboruuk paGoueii mporpaMmsl

OuHasn

E OpyXue ¥ CHCTeMbl BOOPY)XeHHS

E4 BBICOKO3HEPTETUYECKHE Y CTPOMCTBA ABTOMATUYECKNX CUCTEM

06 BBICIITASSI MATEMATHUKA

I’ YACHI (o Ha/IMuMI0 BU/I0B 3aHATUI) o
S = ﬁ AYIUTOPHBIE 3AHATUSA CAMOCTOATE/IbHASI PABOTA B
o= Q T
=
a E E g ’E = ﬁ 5 - E g E
o E | ET | = a5 | 2 S 3 2o | 5g
Q ®) o o = T > UZ & < = &
> £ fE % g B BE HfE g E | B EE | g
[y = =) = X
3 (=4 2 5 < S5 | £B K o > H = =S
55 | - | % | B 8 EZ | = z g  Eg | &%
E’% ) E <@ ) @) E s =
o < & & [ S~
[T = = > ) S §
© S X < m
5 9 3 108 51 34 0 17 57 0 57 3au.
5 10 3 108 51 34 0 17 57 0 57 . 3au.
BCET'O 6 216 102 68 0 34 114 0 114
CankT-Iletepbypr
20 1

26567



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

E4 BBICOKO3HEPTETUYECKUE YCTPOUCTBA ABTOMATUUYECKUX CUCTEM

3asepytromuii Kadezpoit Hecrepos H.IL, K.T.H., oL,



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:

YK-1 — criocobHOCTb OCYLIeCTBAATh KPUTHUECKHI aHaIn3 POO/IEMHBIX CUTYal{|ii HA OCHOBE CHCTE@MHOTO I0/X0/ja, BLIPabaThIBaTh CTPATeruto
mericTBHI

OIIK-5 — crocobHOCTh pﬂ3pa6aT]:IBElTb dHa/IMTHYeCKHWe W YMC/IEHHBIE METOABI IPU CO3JaHUHU MaTeMaTU4eCKHX MOAEHEﬁ MalllnH, TIPUBOAOB,
060pyAOBaHI/I9{, CHUCTEM, TeXHOJIOTHYeCKHX MPoLeccoB

@DOpMUPOBAHKIO KOMIETEHLIMH CJIY)KUT [JOCTIKEHHE CIeYIOLHX pe3y/bTaToB 06pa3oBaHus:
YK-1

3HAHUSA:

1. OCHOBHBIE 33/jau¥l BAPHUAL{IOHHOTO UCYHC/IEHNS];

2. OCHOBHBIE MEeTO/bI PeLlleH sl 3a/jau MaTeMaTHuecKoi (H3MKH;

yMeHusi:

1. crioco6HOCTEI0 K KDUTUYECKOMY aHa/I3y U OLIeHKe [T0CTaB/IeHHBIX 3a/ja4, TeHePHPOBaHMI0 HOBBIX H/jel MPH pelleHnH;

2. crocoBHOCTBIO TI/IAHUPOBATh M pellaTh 3a/jaud COOCTBEHHOTO MPO(eCCHOHANIBHOTO 1 JIMYHOCTHOTO Pa3BUTHS; UCC/Ie0BaTeIbCKUX U
TPpaKTUYeCKUX 3a/ay, B TOM 4KC/ie B MeXXJUCLUIIIMHAPHBIX 06J'[aCTHX;

HABbIKU:

NIPOEKTHUPOBATh U OCYIIeCTBIISITH KOMIUIEKCHBIE UCC/IeZJlOBaHHs, HA OCHOBE LIeJIOCTHOTO CUCTEMHOI'0 HayYHOT'O ITOAX07a.
OIIK-5

3HAHUSA:

1. oCHOBHBIE MEeTO/bI pelleHNs 3aia4 BaprualjMOHHOI'0 NCUYNC/IeHUSA;

2. OCHOBHBIE TIOJIOKeHHsT (HYHKLIOHATBHOTO aHa/M3a, HeoOX0ANUMbIe J/Is pelleHHst 3a/jau MaTeMaTHueCKOM (pU3MKH;

YMeHusi:

1. paBUJILHO OTIPeJieNsATh MOZAE/Ib IPUMEHSIeMO# K/IaCCHYeCKOH 3a7laui B 3aBUCUMOCTH OT ()OPMY/IMPOBKH UCXOJHOM 3aziauu;

2. KpUTUYECKH aHa/IM3UPOBATh I1apaMeTphbl OCTPOEHHBIX MOZe/el U UX pe3y/bTarhl;

HABbIKU:

pa3paboTKH HOBBIX METOAOB HCC/IeJJOBaHMs M WX TNPUMEHEHHI0 B CaMOCTOSTEeJbHON HayuHO-WMCC/IefOBaTeNbCKOM MW B obsactu
ripoeccrOHANBHON AesTeNbHOCTU.
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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/DKEHUEM COZlep)KaHusl (pH3MKO-MaTeMaTH4ecKol IOArOTOBKM 0OakanaBpa W
CIy>KUT ocHOBOM /7151 ocBoeHust AuctviyivH: AKY CTUYECKUE METO/AbI KOHTPOJISA 1 JUATHOCTUKU, MATEMATUYECKOE
MOJE/INPOBAHUE ITPOILIECCOB OBPABOTKU METAJIZIOB JAB/IEHUEM, HAYUHO-UCCJ/IEJOBATE/IbCKASI PABOTA,
KOMITBIOTEPHOE KOHCTPYVPOBAHUE



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

Jleknun

BCEIr'o
CamocrosTebHas

IlpakTHUYecKne
3aHATHSA

YK-1

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

10

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

Vi i1 K KaHOHHMYeCKoMy

BUAY.

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. []. @.
Ycrunoa, 2007, 198 k3.
4. A. Tl Psibyuiko. VinauBrayanbHbIe 3a/iaHust TI0 BbIciier mareMarrke. U. 4 OneparponHoe ucuncienue. BITY "BOEHMEX" um. [I. .
YcruHoga, 2007, 351. pec.
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.

[JucuunivHa HaljesleHa Ha ()OpMUpOBaHe KoMnemeHyul:
YK-1 crioco6HOCTb OCYILIeCTBATh KPUTHUECKHI aHain3 MpOOIeMHBIX CUTYyaliii Ha OCHOBE CHCTEMHOIO IMOAX0Ja, BbIPAOAThIBATH CTPATETHIO
eCTBUM;
OIIK-5 criocobHOCTb pa3pabarhiBaTh aHAJTUTHUECKHE W UHC/IEHHbIE METOAbl MPHM CO3[aHWKM MaTeMaTHUecKhX Mojesiedl MalluH, [PHUBOJOB,
000opyIoBaHus1, CUCTEM, TEXHOJIOTMYeCKUX MPOLIeCCOB.

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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TEXHOJIOI'X 1 ®OPMbI OBYUYEHUSA

PexoMeHjaliii 10 0CBOGHHIO JUCLUILUIMHBI /1A CTyAeHTa

TIpunoxenue 2
K paboyeii mporpaMme JUCIMIITHHBE
BBICHIASI MATEMATHUKA B HAYUHBIX UCC/IEJOBAHUAX

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

M. O. JlebezieB. . OCHOBBI BapHaLlOHHOTO UCUKC/IEHUST:
CII6.BI'TY "BOEHMEX" um. [I. ®@. YctuHoBa, 2011 (1)
A. TI. Psbyuiko, B. B. Bapxaros, B. B. [lepxxageti.
VnpuBrzyanbHble 3aflaHus 110 BICIel MaTeMaruke. Y. 2
Komnnekchble uncna: BI'TY "BOEHMEX" um. [I. ®.
YcruHoBa, 2007 (10)

B. U. Banbko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapuanyoHHoe ucuuc/ieHre U ONTUMabHOe yripaB/ieHye: M.:
W3p-Bo MI'TY um. H. 5. Baymana, 2018 (1)

A. TI. Psbyuiko, B. B. Bapxaros, B. B. [lep»xageti.
VnpuBrzyabHble 3alaHust 110 BeIcIel MaTemaruke. Y. 2
Kommnekchble uncna: BI'TY "BOEHMEX" um. [1. ©.
YcruHoBa, 2007 (10)

Wroro o pasgeny 1

Paspen 2. locraTouHble yC/10

B (JIa00ro MMHHMYyMa B MPOCTEMILIEN 3aaue.

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

B. I1. PozuH. . BapuatonHoe ucurcienve: CI16.BT'TY
"BOEHMEX" um. [I. ®. YctuHosa, 2017 (3)

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

A.TI. Psbyuiko, B. B. Bapxaros, B. B. [lep>xaBel].
VupuBuayanbHbIe 3aaHus TI0 BhICIIei MareMaruke. U. 2
Komrinekchble uncia: BI'TY "BOEHMEX" um. [1. ©.
Ycrunosa, 2007 (10)

1. C. Byrpos, C. M. Hukosbckuii. . Beiciasi MaTeMaTHKa:
Mockaa: FOpaiir, 2020 (8)

A. TI. Psbyuiko, B. B. Bapxaros, B. B. [lepxageti.
MupuBuayanbHble 3aaHus N0 BbICIIel MateMaruke. Y. 2
Kommnekcnble uncna: BI'TY "BOEHMEX" um. [1. ®.
YcruHoBa, 2007 (10)

B. 1. Baneko, O. B. Epmomuna, I'. H. KyBeIpkuH. .
BapuanyoHHoe ncuync/ieHre U ONTUMabHOe yTipaBieHye: M.:
Wsp-Bo MI'TY um. H. O. Baymana, 2018 (2)

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

B. Y. Banbko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapualvoHHOe UcuYHC/IeHre U ONTUMasIbHOe yIipaB/ieHre: M.:
U3p-Bo MI'TY um. H. O. Baymana, 2018 (5)

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

10

Wroro no pasgeny 3

10

Paspen 4. IlepBasi 1 Bropas Bapuanuu QyHKIHoHAIa. YpaBHeHue Jiiiepa-JIarpamka.

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

b. I1. PoguH. . Bapuarponsoe ucuncienve: CI16.BI'TY
"BOEHMEX" nm. [I. ®. YcruHosa, 2017 (5, 7, 8)
B. I1. PoguH. . Bapuarponnoe ucuucienve: CI16.BI'TY
"BOEHMEX" um. [1. ®. Yctunosa, 2017 (5, 7, 8)
B. Y. Banbko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapuaivoHHOe ucuuc/ieHre U ONTUMa/bHOe yripaBieHre: M.:
W3p-Bo MI'TY um. H. 3. Baymana, 2018 (2, 3)

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

11

15
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"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. U. Banbko, O. B. EpmoniuHa, I. H. KyBbIpKUH. .
BapualMoHHOe UCUKC/IeHre U OTITUMa/IbHOe yripaBieHue: M.:
W3p-Bo MI'TY um. H. 5. Baymana, 2018 (4)

B. I1. PoguH. . Bapuarponnoe ucuvcienve: CI16.BI'TY
"BOEHMEX" um. [I. ®. Ycrtunosa, 2017 (16, 17, 18)

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

B. JI. ®aiiHIIMHUAT. . D/ieMeHThI aareOpbl ¥ aHATMTYE CKOM
reomerpuu: CI16.BI'TY "BOEHMEX" um. [I. ®@. YcTuHOBa,
2015(1, 2, 3)

[. I1. TonockokoB. . Kypc MaTemaTidecKoi GU3MKH C
ucronb3oBaHyeM nakera Maple: CIT6.: JTanb, 2015 (1)

B. JI. ®aiHmmMugT. . OpToroHabHble QYHKIWU U KpaeBble
3azaun: CI16.BI'TY "BOEHMEX" um. [I. @. YcTuHOBa, 2021
1,2,3)

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.TI. Psbyuiko, B. B. Bapxaros, B. B. [lep>xaBet.

VnuBrAyanbHble 3aflaHus 110 BeICIIel MaTeMarvke. Y. 3 Paapr:

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

A. TI. Psibyiiko. IHAMBHAyaIbHBIE 3a/JaHUs 110 BBICIIEH
marematuke. Y. 4 OnepanuoHHoe ucurcienue: BI'TY
"BOEHMEX" um. [I. ®@. Yctunoga, 2007 (16)

A. TI. Pssbyuiko. HAMBHAYyaIbHbIE 3a/jaHUsI TI0 BBICLIEH
Maremartuke. U. 4 OnepaiponHoe ucuucinenue: BI'TY
"BOEHMEX" um. []. ®. Yctunosa, 2007 (16)

A. A. KoHoHOBa, A. JI. BenkoBa. . YpaBHeHHsI MaTeMaThde CKOi
¢dusuku: CII6.BT'TY "BOEHMEX" um. /1. ®. YctuHoBa, 2019

O]

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.

[1. T1. TonockokoB. . Kypc Matemariyeckor GU3HUKH C
ucronb3oBaHyeM nakera Maple: CIT6.: JTanb, 2015 (2)

A. A. KoHoHOBa, A. JI. BenkoBa. . YpaBHeHUsI MaTeMaTHue Ko
¢usuku: CII6.BI'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
@

A. A. KonoHosga, A. JI. Benkosa. . YpaBHeHUsl MaTeMaTU4eCKOi
¢dusuku: CI16.BT'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
@

B. JI. ®aitammvugt, H. B. TapacoBa. . Hekotopsle ypaBHeHuUst
marematrueckort ¢pusuku: CI16.BI'TY "BOEHMEX" um. [I. ®.
YcruHoBa, 2016 (1)

B. JI. ®aitammvuat, H. B. TapacoBa. . HekoTtopele ypaBHeHuUst
Maremaruueckoit ¢usuku: CII6.5I'TY "BOEHMEX" um. [I. ®.
YcruHoBa, 2016 (1)

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
[. I1. T'onockokoB. . Kypc MaremaTnde kot GU3MKH C
ncrionb3oBaHyeM nakera Maple: CII6.: Jans, 2015 (3)

A. A. KoHoHoga, A. JI. BenkoBa. . YpaBHeHHsI MaTeMaTH4eCKOi
¢usuku: CI16.BI'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
3
B. JI. ®aitammvugt, H. B. TapacoBa. . Hekotoprle ypaBHeHust
MareMaTtrueckoit pusuku: CI16.BI'TY "BOEHMEX" um. []. @.
YcruHoBa, 2016 (2)

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.

M. I1. Tonockokos. . Kypc Maremariyeckoi U3HUKH C
ucronb3oBaHyeM nakera Maple: CIT6.: JTaHb, 2015 (4)

B. JI. ®aiiaimmvuat, H. B. TapacoBa. . HekoTopele ypaBHeHUst
maremaruueckoil pusuku: CI16.5T'TY "BOEHMEX" um. [I. ®.
YcruHoBa, 2016 (3)

B. JI. ®ainmmuat, H. B. TapacoBa. . HekoTopble ypaBHeHust
maremarnueckoit ¢pusuku: CI16.BI'TY "BOEHMEX" um. []. @.
YcruHoBa, 2016 (3)

12

15
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¢dusuku: CII6.BI'TY "BOEHMEX" nm. /1. ®. YctuHoBa, 2019
©)]

¢dusuku: CI16.BI'TY "BOEHMEX" um. [I. ®. YcruHosa, 2019
“

A. A. KoHoHoBa, A. JI. BenkoBa. . YpaBHeHHsI MaTeMaTH4e CKOi

A. A. KoHoHOBa, A. JI. benkoBa. . ¥YpaBHeHUsl MaTeMaTUueCKOM

Wroro no pasgeny 10

15

Pa3zpgen 11. JInHeliHbIe ypaBHeHHUs 2 MOPSIAKA B YaCTHBIX POM3BOJHBIX.

I13yueHue TeopeTMUECKOro Marepurasna. PerieHue
Ipe//IO’KeHHBIX 3a/jau.

B. JI. ®aiinimmvugt, H. B. TapacoBa. . Hekotopble ypaBHeHust
maremarnueckoit ¢pusuku: CI16.BI'TY "BOEHMEX" um. []. @.
YctuHoBa, 2016 (4)

A. A. KoHoHoBa, A. JI. BenkoBa. . YpaBHeHHsI MaTeMaThde CKOi
¢usuku: CI16.5TTY "BOEHMEX" um. [I. ®. YctuHoBa, 2019
®)

A. A. KoHoHOBa, A. JI. BesikoBa. . YpaBHeHUsI MaTeMaTHueCKoi
¢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

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/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
€ -
58 :§ e
= g 25 =B
[V o 4z T < &
9 | O o 5.0 85 E£8 g3
[~ = HaumeHoBaHHe pa3je/ioB U AMJAKTHUECKHX eJHHHI] 5 © & $E| & E & E g E
2 | = P o | 2| B ZE|E 63 55
M 55| A M g 2| g E g ST
o ] ] °©
=2 S I8 2 = g
£ |°% - [ 2| £X
5|8
> | O S
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 [lomariHee
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
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Kpurtepun oneHMBaHusA

YK-1
Bonpocbl omkpbimozo muna:
Nel
Hazoeem paccToAHEEM M -TO MOPAAKA Ha oTpezke [a; &) Mexay dyvEkumavHa 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]
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)
CYMAY
max |f(x) — g(x)| + max |f'(x) — g'(x)| + -+ max |f™(x) - g™ ()]
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
CocrtaeuTs ypaEHeHH: Diinepa n1a dbyekmonana J(y) = fu_l (v? — y"*)dx, sagausoro
Ha MHEO®ecTBe X = y(x)|v(x)eCy[0; 1], v(0) = 0,v(1) =1
Ne 4
Jl1a 3amaTr momcKa sECTpeMyMa DYHRIHOHATA
b
I = f F(x,y,y")dx
a
npH rpaEHHHEX yeroerax y(0) = 2; y(2) = 1 HalineHo pelleHHE YpaBHeHHA JiHnepa
y=2x24+Cx+C;
Ne 5
Vkasath aprymeHT p dvHKimE Befiepmtpacca E(x, v, p,v') = F(x, v, v") — F(x,v,p) —
(' = P)E,(x,y,p) Anx mmrerpatsHoro dymxmonata /() = [ F(x,y,y")dx
o
Ne 6 i .
TIpHEegeHHOE HA PHCYHEE MONE I KPyTa X~ + ¥~ < 1 Senderca
|
Ne 7
Ne 8
CoCTaBHTh eCTECTEEHHOE MPAHHTHOE VCIOBHE [IPH X = 1 7714 33749 HOHCKA
3EmﬂﬁM@WﬂMWMM@]=HF@JJMWMXJGJ=&ﬁ@]=ﬁfﬂ]=
H
Ne 9 )
CocTapHTh ecTecTEEHHOE TPAHATHOE VCIOBHE IIPH X = 1 7714 337496 HoHCKa
skcTpemyMa dyExmHonaTa J(¥) = j:' F(x,y,y",y")dx,y(0) =4,y'(0)=B,y(1)=H
Ne 10
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OnHuM U2 VCIOBHI, EXOIAITHX B KOMIUIEKC YCIOEHH, JOCTATOYHELA 14 TOrO, 9T00EL
sxcTpemans dyeruHOHATA [(V) = f:F(x, v, ¥")dx, y(a) = A; y(b) = B pocraemana
&MV CHIBHEIH MHHHMYM, SBIAeTCA BEIIOIHEHNE 114 Hee (TIPH BCeX
xela; b)) vemnennoro venoens Jlexanapa:
Ne 11
[IpuBeneHHOE ypaBHEHIE HMeeT IOPAIOK
2 2 c
Ug Uy, + Uzy — 2Uzy + Uy — 22y =0
Ne 12
[IpuBeneHHOE ypaBHEHIE HMeeT IOPAIOK
. . 9 5 .
cos? u, sin® u, — 2u? — Juy, +u=20
Ne 13
m%i-ky%5==z
VKa3aTe XapakTepUCTHYECKYIO CHCTeMY Il ypaBHeHHd ©~ %
Ne 14
Vka3aTh THI IPUBEJSHHOTO YpaBHEHHA
Uy - uiu +2r-u-tyy — 3y -uy—u=>0
Ne 15
ITpuBeleHHOE YpaBHeHHe AB/IASTCA YpaBHEHHEM KaKoIo THIIA
Ugy + 00Uy + 13Uy, +2u, —3 =0
Ne 16
ITpuBecTH K KaHOHHYECKOMY BHJY H HAliTH oOIlee pemeHne u = u(x; y) ypaBHeHHA
Upr + 2Uzy — uy, = 0.
B o1BeTax f, g — IpON3BOIbHEIE (PYHKIIH OJHOM I1epeMeHHOI
Ne 17
IIpu perreHnH BOTHOBOTO YPaBHEHNS HeTpHBHAIBHOe pemenne 3agaun X' (x) + AX(x) =
0, X(x) # 0 mmeet Bujt X(x) = D, cos VAx D, sin VAx +. IIpu 3aJaHHBIX TPAHHYHEIX
yecnoBuAX u(0; t) = u(l; t) = 0 codcTBeHHasA QYHKIIA IMeeT BU]I
No 18
IIpu pemreHnH BOTHOBOTO YPaBHEHN HeTPHBHATBHOe pemenne 3agaun X' (x) + AX (x) =
0, X(x) # 0 mmeet Bug X(x) = D, cos VAx D, sin VAx +. IIpH 3aJaHHBIX TPaHIYHEIX
yenoBuax u(0; t) = u,(I; t) = 0 cobcTBeHHas (QYHKIUIA HMeeT BIJ
Ne 19
Kpaesas 3ama4a 114 0JJHOPOZHOTO YpaBHeHN Jlamnaca B 0IHOCBA3HOII o0macTu ) € R,, rae T
- HOPMAIBHO K rpaHuie Q , HMeroIas BUJl, Ha3bBaeTCa
Au(z,y) =0,
u| 5o = 9(z,y)
Ne 20

HPIIBE,‘IEHHLIﬁ OIIepAaTop ABIAETCH KaKOI'o THIIA

Y N i? ra
L= dz -Jf-‘lt’)‘t,_,r2 +q? + dz

Bonpocb 3aKpbimo2o muna:
Ne 1
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Ne 2

Ne 3

Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

[IycTE gaH HETeTpanbHEI PyHEIHOHAT A TPAHHYHEIE VCIIOBHE B
JaHa HenpepslEHAA HYHKIHA ¥V = @ (X) H CYIIECTBYET NOI0KHTISIBHOE IHCIO £ = ()
Takoe 9TO AIH M000H HenpepsEHOH GyHEIHE ¥ = 1f(x), TaKod g0 P(x;) =
v1,10(x2) = V5. 217 KoTopol BEIIOTHEHO HEPAEEHCTEO B BEINONHAETCA H
HepapeHcTEO I
Torna roeopar, 9ro ¢gyHEKUHE v = @ (x) gocTaemaeT QyHKUHOHATY J(1') CHIBHBIHR
TOKATEHEIH MHHHMYM.
Y cTaHOBHTE COOTEETCTEHE HesanoaHeHHEX aieek A BB v
omoxor 1,234

£

L Jw) = [ Flay,y) de,

E

y(zy) =y, y(x2) = ¥s,

3 El[rlmi ]|¢{J-) —(z)] <=,
4 J(p(x)) < J(w(x))

VEKazaTs NOCIeI0BaTEIBHOCTE AcHCTEHE NPH PEIIeHHH NpocTeHme sanads
EapHAIHOHHOTO HCUHCIEHHA:

A CocTaguTs vpaeHeHHE Jiepa
B Hcnons2ya rpaHUMHEle VCIORHA, HANTH HEHIBECTHEE IOCTOAHHEIE
B Hailita sKcTpeMaIs
T VeTaHOBHTE HATHIHE H THIT 3KCTPeMyMa
Briopare IpaEHIEHOE YIECPKICHHS H CICAYHOIIHX:
1 ecad HYHENHT JOCTABIAET CIa0EIH SKCTPEMYM, TO OHA JOCTABIAET H
CHIBHEIR
2 ecad HYHKEIHA JOCTABIACT CHIBHELN 3KCTPEMYDM, TO OHA JOCTABIAET H
crabeIi
3 ecHHd (HYHEIHT HE JOCTABIAET CHIBHEIR 3KCTPEMYM, TO OHA
JOCTARTAST CTAOEIR
4 ecnd HYHENHT HE JOCTABIAET CHIBHEIR 3KCTPEMYM, TO OHA
He TOCTABTIAST M CIa0ORIH

‘Vpaerenue Dinepa nua dyuxmsonana J(y) = _f: x2y"% (x)dx

HMEET HHTETPAT 3SHEPIHH

HMEET HHTETPAT HMITYVIBCA

He HMEET HHTETPaTa HMITYIBCA

HMEET H HHTETPAT SHEPIHH H HHTETPAaT HMITYIECA

o |l | b (=

Y cTaHOBHTB COOTBETCTEHE MERIY IMIOIBIHTETPATBHEIM ERIDAFCHHEM lt:ymcmmuana

JO) = f F(x,y,y)dx

[

u ypaEHeHHeM JHnepa-Jlarpamxa

1 Fly.y'.r) =22 4+ ¢? A y' = const

2 Fly.y' =)=z +4° B y= 0

3 Fly.y.2) = 42 + V2 B Y —y=10

4 Fly,y', x)=z(y? + 1) r o'ty —ay=0

[pu karxex F(x,v,y') ypasHenna Jiiaepa-Jlarparmka dyarmmonata J(y) =

f):: F(x,y,¥")dx 0yayt snddepeHInaTEHEIME ypaEHEHHAME aTTe0panIeckiMe

vy x) =2’ +y?

y.y' x) = + 4

1, y!. )= J'?_J,rj + L’Q
y.y' 1) = x(y? + )

B
7
-
F

1 (
2 (
3 (
4 (

TIpn xaxux F(x, v, v') papuannonsas 3agaga gma dyurmmonana J(y) = fx‘ F(x,y,y")dx
*g

HMe€eT NePELIH HHTETpan

1 Fly,y' x) =2 +y7

2 Fly.y",x) = 2xy” + 2yz’y
3 Fly.y'.x) = 3a2y? + 2yady’
4 Fly.y'.z) =z(y* + 1)
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Ne 9

Ne 10

Ne 11

Ne 12

Ne 13

Ne 14

VkazaTh, KakHe QYHKIHOHATE! ONpedeIaloT ypasHeHHe Diitepa-Jlarpamsa exaa y'' —
y =0

1 J(2® + 32 +y?) de

2 Sz +y+ 9 +¢%) dx

3 [ (= +y+y* —y?) da

4 [y =y +y* +y?) da
‘VEkazare, KakHe GVHKIHOHANE ONPEJeIAI0T YpaEHeHHe Jinepa-Jlarpamsa EHIa
2yy" +y"% =

1 [(z+y +yy/?)dx

2 [y’ + yy) dz

3 &y +yy”) dz

4 [ (v’ + xyy™) dx

Bemmomserse yemoena fAxkobu ana gonycTHMOH SKCTPEMAIH, TO €CTE A1 PEINCHHA
ypaeHeHHA Jfinepa, VIORISTEOPAIOIMIETO TPAHHTHEIM VCIOBHAM, TOEOPHT O TOM, UTO:

3Ta 3KCTPEMANE JOCTABIIeT (PVHKITHOHATY CIaDEIH MAaKCHMYM

3Ta 3KCTPEMATb JOCTARTACT JVHKITHOHATY CIa0EIH MHHHMYM

3TA IKCTPEMAIE SOCTAELIeT (PVHKIHOHATY CHIBHEIR MAKCHMYM
BO3ZMOKHO BEKIFYHIE JOYCTHMYIO 3KCTPEMATh B MOJIe 3KCTpeManei

e |l | b =

ToBOpAT. 9TO peIIeHHE 2ATATH MATEMATHISCKOH (HIHEH HENPePEIEHO 2aBHCHT OT HAYATEHEIX
JaHHEIX, €CTH NPeIeIbHO MaTbIM H3MEHEHHAM HA9aIbHEIX JAHHBIX 3aJd9H COOTEETCTEYIOT
OpefslBHO MATEIE H3IMEHEHHE pelleHnd. B KaKoM H3 MepedHCcIeHHBIX CIVIAcE HMEEM Jel0
KOPPEKTHO [IOCTABIEHHOH 3aJaqel MaTeMaTHIeCKOH GQHIHKH

1 PazHOCTE JBVX pelIeHH 3a0adH He SBIIeTCA IPeIelsHO
ManoH BEIHTHHON , A4 pasHOCTE HAYAIEHEIX JAHHEIX COOTECTCTEYIOMIHX
3THM pPEINeHHIM CTPEMHTCH K HYIIO

2 He cymecTeyer pemrensa 3a1a4y yIOBTETBOPAIOMIETO BCEM
VPAEHEHHAM H VCIOEHAM 2a0a9H

3 Tlpn ozHEX B TeX Ke HAYATLHBIX JAHHEX CYVINECTEVET JBa
pelleHHd VIOBISTEOPAIONIHY BECeM VPAEHEHHAM H VCIOBHAM 2aJa9H

4 Pemenne cymecTEYeT, eIHHCTECHHO H HEIPEPEIEHO 3ABHCHT

OT HATAIBRHEIX TAHHEIX

VKazarh, KAKOMY YPaBHEHHIO B YACTHBIX [IPOH3BOJHBIX VIOBIETBOPAET (PYHKIHA Z =
2 2
px*+y?)

1 Y5z — x5 =0;
2 ySz + 13—; =0
; oz ~ 5 =0
4 g—; - IS—:— =0

Oz dz )
. - TEE + 2y =4
Haiitu ypaBHEHIIE IOBEPXHOCTIL, YIOBIETBOPAMOIIEN YpaBHEHHIO ~ I* 9y

&

T )
2 2 =y%p(%)
3 2= Zp(%)
4 z = zyp(Z)

19
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Ne 15

Ne 16

Ne 17

Ne 18

Ne 19

JaHo ypaBHEHHE u,,, =

rre

y. Kakas u3 crnegyromux QyHKIHIL Oy1eT 00MHEM pellleHIeM 3T0ro

ypaBHEHHS:
1 u= éyg +aly) 5+ - c2(y) -z + cs3(y)
2 u= gy +aly) -5 +ely) z+aly)
3 u= 1;(1 ) + c1(y) - Tﬁ c2(y) - = + c3(y)
4 u= G.’I.' Y+ z2 + ; S e
19: 4 19z _

HaiiTi MOBepXHOCTE, YAOBIETBOPSIONIYIO YpaBHerH o * 9=~ v Jy

, IPOXOJIAIIYIO Uepe3

napabony y? = z B IJIOCKOCTI X = 0

2=y’ -
2 z= _a;"i - :ri - 2x
3 z =12+
4 z=y?

VY CTaHOBUTH COOTBETCTBIE MEXKITY YpaBHEHIIMH H X Ha3BaHHAMIL.

1 JIHHEHOe 0JIHOPOIHOE A ”}‘j—" + (z = U)Q_Z =z +y
Ysa ; ‘
ypaBHeHHE IIepBOr0 IOpAIKA : -Y
2 ii . dz 4 . 0z _
2 TIHHeTHOe HeOIHOPOIHOe b (x+y)52 + ry5e =0
ypaBHeHHe IIepBOr0 IOpAIKa -
T e 012 gy D e
3 KBa3IIIHEeIIHOe YpaBHeHIIe B wwHE Y =r—y
TepBOTO IOPAIKA
4 HelnHeilHoe YpaBHeHNe r 9z L 9z 4 9, r 92 d« —3y2z =0
dx Hy' “ dy
TIePBOTO IIOPAIKA -
Hafitu u = u(x; y) pemenne 3agaqn Kommu
Ugy + 2“x,r.r Ju Lyy = 0
2
hr|_a‘,a={'l =3z
uy|y=0 =0
1 u(z,y) =3z +y
2 u(x,y) = 3z* + y*
3 u(x,y) =32% + 2y
4 u(x,y) = 3z* —y°
Kaxoe 13 IpHBe/IeHHBIX YPaBHEHHUI ABIIACTCA YpaBHEHHEM TeILIONPOBOIHOCTH?
1 Ugp = uEuII
2 u = a’u,,
P
3 Uge = a° (Uzz + Uyy)
4 U + Ugr = ()
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[Tpu pemeHHN 3aa4qu

Ust = a2Uszz = 0 '( 0<z<l,0<t< +00)
U(z,0) = ¢(x), Ulx,0) = ¢(z), UO,t) =0, Ult) =0

MeTojioM Dyphbe HCIONB3yeTCs pa3ioxenne GYHKIHIT ¢ (x) u P (x):

| B pan Oypse
2 B CTelleHHOH pal
3 B pax Jlopana
4 B [IPOH3BEJCHIC MHOI'OUJICHOB
Ne 20
IIoCTaBHTE B COOTBETCIBHE HEOJHOpOIHOE ﬂH[p(pQPEHHHaHBHOQ YPaBHEHIE H €TI0 Ha3BaHHE
1 Au=f A BomHOBOE ypaBHEHIE
2 Au+miu=f b VpasueHe Jlannaca
3 «:;t v _Au=f B YpasHeHue ['ensMroiba
4 %1:_ —Au=f T VpaBHeHIe
F
- TEILIOIIPOBOIHOCTH
OIIK-5
Bonpocb! 0MKpbimozo muna:
Nel )
HWurerpamsHeni ¢yaxuponan J(V) onpeneneH paseHeTEoM (V) = fol(ZX + y)dx.
Beraucmuts J(3x%2)
Ne 2
VkasaTh, 4TO JaHO NPH MOCTAHOBKE MpOCTeiIneH BAPHAIIHOHHOM 3a1a9H
Ne 3
Kaxoli 00BeKT HINeTcA NpH pemleHHH NMpocTelimel BapHaHOHHOH 3a1aun?
Ne 4
HafiTH JoIycTHMYEO SKCTPEMATE B IIpocTelimeit 3a1ate BapHAIHOHHOTO HCHHCISHHA
1
/ y™? dx — extr, y(0) =2, y(2) =0.
1]
Ne 5
. 8F _ d 8F b .
VpaeueHHe Ditepa oy axay 0 gma dpyurumonana J(y) = fa F(x,y,y")dx apaaerca
(HasoBuTe THI THQQEPEHIHATEHOIO YpaBHEHHA)
Ne 6
3ammcaTh BRI ypaBHeHHA Dinepa Ama QyHKIHOHANTA
w2 T T
Jy.z) = (y'? +z'2 + 2yz)dx,y(0) = 2(0) = {],y(—) =z (—) =-1
0 2 2
Ne 7
K xakoMy THITy 3aJa4 OTHOCHTCA BapHAIIHOHHAA 3aJa9a IOHCKA KPHBOH 3aJaHHOMH JTHHEL
OXBaTHIBAIOINEH HAHOOIBITYIO ILTOINATE?
Ne 8
CemeiicTBo KpHBEIX V = V(X; C) obpasyeT oJne B 3aJaHHoi 0bmacTi D
mnockocTH XOY, ecin yepes Kaxkayio ToUKy (X: y) 3T0if 0DI1acTH MPOXOIHT OIHA H TOIBKO
OIHA KpPHEBAA ceMelicTBa y = y(x: C):
Ne 9
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ITpHBEIeHHOE HA PHCYHKe IoIe MLt kpyra X2 + y2 < 1 semseTes

Ne 10
No 11
[IpuBeieHHOE YpaBHEHIEe HMeeT OPSIOK
Uy --uiy +ul, - 2upy +uy,—2zy =0
No 12
Haiitu u = u(x; y) pemenne 3agaun Komu
Pu =y 2>0,—00 <y < +00
Iu'lr:ﬂ = .f(:u)*
du _ ,
92 | =0 = 0(¥),
9%u — aly( 1
922 = U(y).
=0 .
Ne 13
Vka3aThk THII IPHBEIeHHOTO YPABHEHHS
2sin(z + y) - gz —xcos(y) Uzy + 2y Uz —3u+1=0
No 14
[IpuBeJeHHOe ypaBHeHIe ABIAeTCS YpaBHeHHEeM KaKoro THIIA
Uzz = dUzy +Auyy — 3uz +2uy+1 =0
No 15
Hprme,qennoe YPABHCHHE ABITACTCA YPABHCHHEM KAKOI'O THITA
Uy + 8ty + 250, — Ju, +2=10
No 16
@VYHKIHH ¢, (x) U ¢,(x) Ha3EIBAIOTCA OPTOrOHAILHEIMH € BeCOM p(X) Ha IpoMexyTKe [a; b],
eCJIH BBITIOTHSAETCS PaBeHCTBO
No 17
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I[Tpu pemeHHH BOIHOBOTO YpaBHEHHA HETPUBHANbHOe pemenne 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,(l; t) = 0 cobcTBeHHAasA QYHKIIHA HMeeT BIJ

Ne 18
Meton CDypbe pemeHnd YPABHEHHA CBOE).O,‘IHBIX KonmebaHmil KoHeuHOil CTDVHEI C
3aKPEINICHHBIMHI KOHITAMH COCTOHT B IIONCKE PEIICHILA U (x H t) B BHIE
Ne 19 .
KpﬂeBa}l 3amava g OJHOPOIHOTO YPABHEHIA Jlamnaca B OJHOCBSA3HOH obmactu () € ]RZ’ rae T
- HOpMAalIbHO K I'paHHIe Q . HMerIasg BH/, Ha3sIBaeTCa
Au(z,y) =0,
du _ .
anlaa — g‘(l" U)
Ne 20

IlpuBenennbni onepaTop ABIACTCA KAKOTO THIA
L _ ('}"’ _ _1 o - -
= a2 gz T Byt

Bonpocu 3dKpblmoeo muna:

Ne 1l
HasoBem paccToAHHEM 1 -T0 NOPAAKA HA oTpeske [a; b] mexny ymximwmve f{x) 1 g(x) cyvy
max |f(x) —g(x)| + max |f'(x) —g'(x)| + -+ max |fW(x) — g™ ()|
xe[a.b] xe[a.b] xe[a.b]
Haitru paccToanme 2-T0 mopAgka MekIy QyHKIHAMH Y = X H Y = X° Ha oTpeske [0: 1] mo
IPHBSISHHEIM IpadHKaM:
"02 04 0B 08 10
(@) - g'(w)
0 :
1 02 04 06 08 10
2 ' (x) — g"(x)
-3
-4
5
6
1 8
2 3
9
2\5
3 g+
9
4 6
Ne 2
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Ne 3

Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

HazoBeMm paccTogHHEM 1 -To MOPAAKA HA oTpeske [a; b] Memay yuxumavu f{x) 1 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[ab]

Haiitn pacerosnue 1-ro nopanka mexny pyuxmmave g(x) = 1 u f(x) = 2x Ha otpeske [0; 1]

1. 3
1
2. f |2x — 1|dx
1]
3. 0
|2x — 1]

Ecmn ¢yuxmma y = y(x) mocrapmieT skeTpeMyM dyHKIHOHATY [ (V) = fab F(x,y,v")dx, o
OHA ABJLIETCA PellleHHeM YPaBHEHHA

Flx,y,y) =0

1
2 aF(x,y,v" _o
dy

3 OF (x, v, ")
ay’'

TIpu kaxux F(x,y,y") ypaeHenus Jiinepa-Jlarpamxa GpyHrunHoHa®a [ (V) = I:D‘ F(x,v,y")dx
OyayT auddepeHIHaTEHEIME YpaBHEHHAMH HePEOTO MOPAIKA

1 Fly,y',z) = 22 4+ ¢
2 Fly,y',x) = 2%+

3 Fly.y ) =a"y +y*
4 Fy,y' ,x) = z(y* + y°)

YV CTaHOBHTE COOTBETCTBHE MEXIY IOIBHICIPAIBHEIM BhIpaxkeHHeM dyHkImoHama J(y) =
Xy ’ o
“[1'0 F(x,y,y")dx 1 ocobeHHOCTAMH ypaBHeHHA Jiinepa-Jlarpamka

1 F(y,y . r) = 2zy* + 2y2%y’ | A Bemomuacrca
ABTOMATHYICSCKH

2 Fly,y,z)=y?% +4* B HnMeeT nepBhIi HHTErpat

3 Fly,y z) =2 +3* B Anredpangeckoe

4 Fly.y'.z)=z? + y*? T Iud.yp. nepsoro nopamxa

Tpu kaxux F(x, y, y") BapuaimonHas 3aga4a A QyHEuHOHaADA J (V) = I:;L F(x,y,y)dx ne

HMeeT eMBIcia (ypasBHeHHA Jinepa-JlarpaHixa BEIIOIHEHB! ABTOMATHUSCKH)

F(y,y,x)=2*+y*

F(y.y'.x) = 2zy* + 2yz*y

F(y.y'.x) = 32%y* + 2yx3y’
Fly.y'.z)=z(y* +y°)

o | Wi k| =

Vkasath, KakHe (yHKIHOHATDI ONpPEIe/AIOT ypasHeHue Dittepa-Jlarpamsa uga v’ + y2 = 0

1 I (: b 5:;" :i) dr

2 [ (zy +y+3y? =2y dx
3 [ +y+y°=y?)de
4 [y =y +y* +y?) de

Han ¢yuxusonat J(y) = fab A(x, y)y/ 1 + v'2dx, u3BecTHO, UTO IEBBIH KOHEI[ 3KCTPEMATH
CKOJIB3HT 0 KpHBoH y(a) = Y(a). a mpaseIii ckoassut no kpusoi (D) = ¢@(b). Yrasats,
KAKHE YCIOBHA HY/EKHO MOCTABHTh HAa TPAaHHIIE 0Tpe3ka [a; b]

1 L+ ¢ (a)y'(a) =0, 1+ (B (B)=0
2 1 = ¢'(a)y'(a) =0, ¢'(b)y'(b) =0
3 1+ v'(a)y’ (rr] 0, By (b)) =0
4 y'la) =0, 14+ (b )i (b)=0

24

26567



Ne 10

Ne 11

Ne 12

Ne 13

Ne 14

Ne 15

b
_ 2 5
Han ¢pyuxusonan J(y) = fa A(x,y)yJ 1 + v'?dx, u3BecTHO, UTO NEBBIH KOHEI[ SKCTPEMATH
HAXOIMTCA HA MPAMOI X = @, A MPaBEIH ckomb3HT no kpusoii V(b) = @(b). Ykazats, kaxue
YCIIOBHA HyXHO TIOCTABHTE HA TpaHHIle oTpeska [a: b]

yla) +y'(a) =0, 1+ (b)y'(b) =0
yla)=0, 1+ (b)—y' () =0
y(a)=0, 1+¢& (b)y'(b) =0
yla)=1, 1+ o(b)y'(b) =0

| | b2 =

YKH'SH'IIJ, MPH KaKOM 3HA'ICHHH IMapaMeTpa a 3KCTpEMAlb V = C COS X HE MOXET OBITH
BRIIOYCHA B LICHTPATBHOES IIOTIS 3KCT13€M3J'I&ﬁ EIJYI-HG.IHOHaHa

J(y) = / (v* = y?) d=x

S0

1 0<a<mw

2 a>mn

3 ﬂ-( <
—<a<m
2

4 a — mwboe

VKa3aTh, KAKOMY YpaBHEHHIO B YACTHBIX IIPOM3BOJIHEIX YIOBIETBOPAeT PYHKINA z =

@(x? +y?)
1 y5e — 252 =0;
2 Y9z + 13—; =0
3 Yoz ~ o, =0
4 g—; - fg-; =0
Oomee penterne z = ¢ (y — 2x) ABIAeTCA pellieHIIeM YPaBHEHIA
1 3—i +2- g;; =y
2 j—j; : f—jf; + 2= 0
3 :;_; +2. 3_; -0
4 S—; +xy - 3—; =0

u, = y. 310ecb C(y); C(X) - mpoH3BOIbHEIE DYHKITHH

Br10pats, kakas U3 JaHHBIX QYHKINI u = u(x; y) ABIAeTCA OOIIIM pellleHHeM YpaBHeHNs

u(z,y) = y*/2+ C(z)
2 u(z,y)=zf(y) + C(x)
3 u(z,y) =y*/2+C(y)
4 u(z,y) =zf (y) + C(y)
10: L 10z _

HailTi oBepXHOCTH, VAOBIETBOPAIIYIO ypapHeH0 * 9%~ v Jy
mapabony y? = z B IJIOCKOCTI X = 0

, IPOXOJIAIIYIO Yepes3

z= '_1,-'2 -
2 z= _u"; - ;r'z_ -2z
3 2 = .'L'Q + ?;'2
4 z=y?
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Ne 16

Ne 17

Ne 18

Ne 19

Ne 20

OObmiee pemieHne ypaBHeHNA
YJacTHOE pellleHHe 3TOr0 YpaBHeHH, y/l0BIeTBopsoniee 3anade Komm:

dz -
$2+(e”

_U)d,’, =0 z =

HMEET BH

(e

Y=%) Kaxim Oymer

z =3y + 27

=0 y+

1 z=3("y—z)+2
2 z=/3(eTy —z) + 2
3 z=3/efy—a + 2
4 z=3(e"y — )% +2

VKa3aTb, KaKyl0 Hy;KHO c/lellaTh 3aMeHY IlepeMeHHEBIX B MHHeitHoM A} depeniaisHoM

Kaxkoe u3 TIIpHBEOEHHEBIX ypaBHEHHfI ABIIACTCA BOIIHOBBEIM ypaBHEHHEM?

YPAaBHEHIH BTOPOTO TOPSIIKA Uy, + Suiyy, + 41y, = 0, UTOOBI IPHBECTH €70 K KAHOHHYECKOMY
BH]IY.
E=y+zx, n=y+ 3z
2 E=y+4dzr, n=y—2z
3 E=y—-2z, n=y+=z
4 {=y—z,n=y—dz

2
1 Upp = A U4,

2
2 Up = AUy

2
3 Ugt = a° (Uzz + Uyy)
4 Usp + Ugr = ()

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

9
1 Upp = A Uy,
2
2 Uy = A Uy
2 .
3 gt = @° (Uzz + Uyy)
4 Ut + gy = 0

ITocTaBHTE B COOTBETCTBHE I{pHBOHHHef[HYIO CHCTEMY KOOpIHHAT H BHJ OIl€epaTopa Jlanmaca A

B Hell

1 Af = :‘E'-i + 3’: + 3': A | Chepuueckue

2 Af = %}% ,%{) + %{ + Flf:iz b | JlekapToBEI

3 Af = ;1'.?;3};(’25{') + F”ﬁf})ﬁ (ng%) + = silwﬂ%} B EIUIHH,HPHHECKH
41 Af = a;ir_ [i%(”%) +%%( %}_{)] + F"?’% I | ITapabommueckne

Vkazats, Kakoil H3 :an)q)epeﬁmraﬂbﬁmx OIepaTOpPOB OTHOCHTCSA K CMEeNIaHHOMY THITY

I (z U) oz T )y

2 Lt (z+y? )‘,,r

3 (22 + 1) 5 + 22

4 fv_r + (2% +9° )m
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