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PABOYASA ITPOI'PAMMA JNUCLIUIIMHBI
YPABHEHVISI MATEMATUYECKOW ®U3UKU

Pazpesnbl padoueii nporpaMmel

1. IIEJIM OCBOEHUA JVCLHAII/INHBI

2. MECTO IVUCHUITJIMHBI B CTPYKTYPE OOIT BO

3. CTPYKTYPA U COOEP)KAHUE NJVCHAIT/IVHBI
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5. YYHEBHO-METOIMYECKOE 1 UTHOOPMAIIMOHHOE OBECIIEYEHUE NUCHUITIINHBI
6. MATEPMAJIBHO-TEXHWUYECKOE OBECIIEYEHUE NUCLHUITINMHBI
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o Tlpunoxenue 2. TexHOMOruU U HOPMBI 00yUeHUsST
o IIpunoxenuve 3. @oHABI OLIEHOUYHBIX CPEZCTB



1. HE/IN OCBOEHUA JVCIIUITVINHBI

Lenbio ocBoeHNs AUCHUIUIVHEI SIBIsIeTCS (JOpMUpPOBaHUe CIeAYIOMINX KOMIIeTeHIIHHN:

OTIK-1 — cnocobeH MpUMEeHSITh eCTeCTBEHHOHAYUHbIE U OOIIeNH)KeHepHbIe 3HAHUS, METO/bI MAaTeMaTH4eCKOTO
aHa/IM3a U MoJie/IMpoBaHusl B rpodecCcroHaNbHOM AesTeTbHOCTH

OIIK-11 — CrocoOHOCTb BBISIBIATh €CTECTBEHHOHAYUHYI0 CYIHOCTh IpO0/eM, BO3HMKAIOIIMX B XOfie
npocdecCHOHAMBEHON JesiTeJIbHOCTH, TIpUBJeKaTh [l WX PpelleHUs (QU3MKO-MaTeMaThyecKuil ammapar u
COBpeMeHHble KOMIIbIOTEPHBIE TEXHOJIOTUU

®OpMHUPOBAHUIO KOMITETEHI[UH CITY>KUT JOCTIDKEHNE C/IeTyIOL[UX Pe3yIbTaToB 00pa3oBaHus:
OIIK-1

3HAHUA:

Ha ypOBHe TIpe/ICTaB/IeHUH:

* TUMBI (PU3UUECKUX TIPOLIeCCOB, MPUBOAALINX K YpaBHEHHSIM MaTeMaTH4yeCckoi (U3UKY;

+ kmaccudvKanyiss 3aJad MaTeMaTHueckod (U3WKW 110 TUIaM ypaBHeHUM (Turepboiryeckue,
napabonyeckue, 37T THYECKHE);

* kyaccuduKalys 3aau MareMaTuueckod (PU3UKU 10 BUAAM JOTOJHUTEIbHBIX YCI0BUi (3afaua Koy,
rpaHUYHbIe 33Ja4un);

* TUNbI TPAHUYHBIX YCJIOBUM pa3/MYHbIX 33/lau MaTeMaThueckou (pU3vKy;

* BapUaHTHI IOCTPOEHUS pelieHnH 3a/1au MaTeMaThueCcKoi (hH3vKy;

* OCHOBHbIE MeTO/Ibl YMC/IEHHOTO pellleHUs 3a[ja4 MaTeMaTHueCKoi (pU3UKY;

Ha YPOBHe BOCIIPOU3Be/IeHUSI:

* TpUMeHeHMe KaacCUPUKALMK 33/lad MareMaTHuecKod GU3MKM 110 TUIY ypaBHEHHH U BUJaM
JIOTIOJTHUTE/ILHBIX YCJIOBUH [/if BhIOOpPA MeTOJa pellleHHs] KOHKDETHBIX 3a/lau, B T.U. C WCIIO/h30BaHUEM
Criel[Maau3MpoOBaHHbIX MaTeMaTHyecKUx naketos (Haripumep, MATHCAD);

* [I0CTPOEHHe OCHOBHBIX COOTHOLIEHHWH [i7I YMCIeHHOTO pellleHus 3afiau (MeTos KOHeUHbIX pa3HOCTel,
MeTOZ, KOHEYHbIX 3/1eMEHTOB);

* aHa/IM3 TIOyUeHHbIX (B T.U. UUC/IEHHBIMUA METO[aMH) pellieHnH;

Ha YpOBHe TTIOHUMaHUsI:

* BOXKHOCTH TIOHMMAaHUsI M3yUeHre TeOpeTHUeCKUX OCHOB ypaBHEHHI MaTeMaTrideckon (HH3UKY;

* ¢dopMupoBaHUe ypaBHeHUs (CUCTeMbl YypaBHeHHI) U [OTOJHUTENbHBIX YCJOBUM (HauadbHBIX U
TPaHWYHBIX) KOHKPETHBIX M3MUeCKUX TIPOLIeCCOB;

* IOHMMaHHsI OCHOBHBIX 3TarioB a/ITOPUTMOB UMCJIEHHOTO DellleHus 3a/jau MaTeMaTiuyecKon pU3uKY;

YMeHuUsi:

TeopeTHYeCcKHe:

* BBIBOZIa YpaBHeHUs (CUCTeMbl YpaBHEHMI) KOHKPETHBIX (PM3MUECKUX TPOLIeCCOB;

* ompefeneHre BHWAA JOTOJHUTENBHBIX YCJIOBUM (HaualbHBIX M TPAHUYHBIX) U (OPM W WX
MareMaruueckasi popMy/IMpOBKa;

* OLIeHKAa TpaHUl] NMPUMEHUMOCTU TMOMYYeHHON MaTeMaTUueCKOW MOfelu peasbHOMY (pU3nueckoMy
TIpOLeCCy;

MpaKTUueCKue:

* BbIOOD METOZa W TOCTPOEHHE pelIeHWs 33flaud, B T.4. C WCIO/Ib30BAaHUEM CIelUaT3UPOBAHHBIX
MaTeMaTHuecKHx nakeros (Harpumep, MATHCAD);

* MIOCTPOEHHe OCHOBHBIX COOTHOLIEHWN /ISl YMC/IEHHOTO pellieHus 3a/lad MeTo[, KOHeUHbIX pa3sHoCTel
WJIM MeTOZ, KOHeUHBIX 3/IeMeHTOB C IToMolpto rnakera MATHCAD;

HABbIKU:

* aHa/IM3 KOHKPETHBIX pa3/nyHble PU3NUECKUX MPOLECCOB U TIOCTPOEHNEe WX MaTeMaTHUeCKuX Mojesieit
(crcTeM ypaBHeHUi, Haya/ibHbIe Y TPAHUYHbIE YCIOBUS);

* aHA/IMTUUECKOTO PellleHHs POCTEHIINX 3a/lau MaTeMaTrueCKol (hr3nKy;

* MCTob30BaHusl MaTeMaTnueckoro nakera MATHCAD s peltieHust 3a/iau MaTeMaThueckon GU3HKH.
OIIK-11

3HAHUS:

Ha ypOBHe Tpe/iCTaB/IeHNH:

* TUTIBI TPAHUYHBIX YCJIOBUHN pa3/IMYHbIX 3a/lau MaTeMaThuecKo (hU3vKy;

* BapUAHTHI TIOCTPOEHUS PellleHni 3a/jau MaTeMaTHueckoi Qpusmky;

* OCHOBHbIE METO/Ibl YMC/IEHHOTO pellleHusl 3a/jau MaTeMaTuyeckoi pUsuky;

Ha YpOBHe BOCIIPOM3Be/IeHUS:

* [IOCTPOEHHe OCHOBHBIX COOTHOLIEHUH [/1 YUCIeHHOTO pellleHNs 3afiau (MeTof, KOHEUHbIX pa3HOCTel,
MeTOJ, KOHEYHBIX 3/IEMEHTOB);

* aHA/IM3 TIOTYYeHHBIX (B T.Y. YMC/IEHHBIMU MeTO/[JaMH) pPellieHu;

Ha YPOBHe TTIOHUMaHUsI:



* (dopMupoBaHWe ypaBHeHMs (CUCTeMBbl ypaBHEHHI) U [OIOJHUTENLHBIX YCJOBUM (HAUadbHBIX |
IPaHUYHBIX) KOHKPETHBIX (hH3UUeCKUX MPOLIeCCOB;

* IOHMMAaHUYsI OCHOBHBIX 3TarioB a/ITOPUTMOB UMCJIEHHOTO PeIlIeHus 3a/jau MaTeMaThyecKon (hU3UKY;

YMeHusi:

TeopeTuyuecKue:

* OIleHKAa TpaHWI] TIPUMEHUMOCTU TIOYUeHHOM MaTeMaTUueCKOW MOfelu peasbHOMY (u3uueckoMy
TIpOLeCCy;

NpaKTUueCcKue:

* BBIOOD MeETOJla U TIOCTPOEHME peIlleHHsl 3ajlaud, B T.U. C WCIOJh30BaHUEM CIeldai3uPOBAaHHBIX
MareMaTUuecKux raketoB (Hanpumep, MATHCAD);

* TIOCTPOEHWEe OCHOBHBIX COOTHOIIEHUM [/l YMC/IEHHOTO pelleHus 3a/lau MeTo[, KOHeUHbIX pa3HoCTel
WA MeTOZ, KOHEUHBIX 3/1eMeHTOB ¢ moMolisio nakera MATHCAD;

HABbIKU:

* aHa/M3 KOHKPETHBIX pa3/MuHble GU3NUYeCKUX MPOLIECCOB U MOCTPOeHUe UX MareMaThUueCcKUx Mojenei
(cucTem ypaBHeHHWH, Haua/bHble U TPAaHUYHbIE YCIOBUS);

* UCI10/1b30BaHus MaTeMaTtuueckoro rnaketa MATHCAD psst peltieHus 3aJjau MaTeMaTHueckoi Qpusmuku.



2. MECTO INMCIIMIVIMHBI B CTPYKTYPE OOII BO

Oucounnuia Y PABHEHUSA MATEMATHUYECKOW ®N3UKMU siBisieTcs: AUCLUTUIAHOMA
00s13aTe/TbHOM YacTH O/10Ka 1 nmporpamMMbl MOAroTOBKY 0 HarpasaeHuto 15.03.03 TIpukaadHas MexaHukd.

CopepkaHue [UCLUIJIMHBI ~ SIBJISETCST  JIOTUUeCKUM Tpofgo/bkeHneM  gucimruinH: BBICHITASL
MATEMATUKA, ®PU3UKA.

CopneprkaHue AUCLIMIUIMHLI SIBJISIETCST OCHOBOM At ocBoeHusi gucturuindi: MATEMATUYECKUE U
KOMIIBKOTEPHBIE MOJAE/IN ITPOYHOCTU N MEXAHUKU PA3PYHIEHWSA, IIN®POBBIE
TEXHOJIOT'Y B AKYCTNUYECKUX PACUETAX.

[IpexBapuTenbHBIE KOMITETEHLIMH, C(HOPMHUPOBaHHbIE ¥ 00yJaroIierocs 10 Hayasa U3yueHust AUCLUTUTAHBL:

e OIIK-1 — criocoben MPpUMEHATH €CTeCTBEeHHOHdYYHbIE 1 OGMEHH)KEHEPHBIE 3HAHHWA, METO/ibl
MaTeMaTH4eCKOro aHa/ii3a U MOJe/IMPOBaHNs B HpOClJECCHOHaHLHOﬁ AedaTeJIbHOCTH



3. CTPYKTYPA U COAEPXAHUE JUCIHIUIT/INHBI

OO6111as TPYI0EMKOCTb AUCLIUIIMHBI COCTaB/IsieT 7 3.e., 252 u.

3.1. Cogepxanue (JUAAKTHKA) JUCLUTINHBI

KYPC

CEMECTP

HaumeHoBaHue Ppa3jesioB H JUAAKTHYECKHUX e JUHHUL]

AypuTopHBIe 3aHATHA
B KOHTAKTHOH opme

BCET'O

dopmupyemas
KoMmneTreHuusA, %

CamocrosiTebHas
paﬁo'ra CTYA€HTOB

BCEI'O
Jlekuuu
IIpakTHYeckue
3aHATUA

OIIK-1

OIIK-11

Paspen 1. 3aaauu, NpUBoO/sAIHe K yPABHEHHSIM MaTeMaTHYeCKOH (pU3HKH.
HauanbHble H KpaeBble yC/I0BHA. YDaBHeHHe MaJIbIX TOIepeyHbIX KomeGaHui
CTPYHBI. YpaBHeHHe MaJlbIX POJOIbHBIX KOleOaHUi YIIPyroro CTepikHsl. YpaBHeHUe

5 TEIUIONPOBOAHOCTH CTepykHs. [TonepeuHble Konebanust 6anku. YpaBHeHHe MajbIX 22 8 4 4 14 12

KpaeBbIX 3a/iay.

TonepeyHbIX KojebaHnii MeMOpaHbl. YpaBHeHHE TeTJIONPOBOAHOCTH. 3-X MEpPHbIH
ciyuait. HauanbHble U KpaeBble yc10BUsi. TuIbl KpaeBbIX yci10Buid. ITocTaHOBKa

Paspesn 2. YpaBHeHus: MaTeMaTHuecKoi (GU3HKH U HX K/IacCH(HKALmsL.
KaHoHnueckue (hopMbl /151 TMHEHHbIX ArddepeHIHanbHbIX YPaBHEeHHI.

5 T'unepbonnueckue, mapabonnueckye, SMIUNTHYeCKUe ypaBHeHus. [IpeobpaszoBanus 13 3 2 1 10 12

KOOp/MHAT. JIHelHOe ypaBHeHHe C MOCTOSHHBIMU Koa(duLeHTam. JInHeliHOe
ypaBHEeHMe, He COjiepyKalllee CMelllaHHO#! poK3BoAHOM. TIprMephl 3aau.

12

Paspgen 3. MeTtop XxapaKTepHCTHK. XapaKTepUCTHUeCKOe HarpaB/ieHue.
XapakrepucTyrka poctoro oneparopa H[u].Xapakrepuctiueckast popma oriepatopa
h[u,v] = H1[u]+H2[v]. Xapakrepuctuueckas opma napsi oneparopos hi[u,v].

5 T'unep6oruecKye CUCTEMBI C TIOCTOSIHHBIMH KO3 duiiieHTamMu. PerieHre 3afaun 35 11 5 6 24 10

Ko /715t 0HOMEPHOTO BOHOBOTO ypaBHeHusi. ®opmyra [lanambepa. Perenye
3a,aum Korm /7111 HeoJHOPOJHOTO BOJIHOBOIO ypaBHeHusl. PellieHre KpaeBbIX 3a/iau
Ha l'IOJ'lyl'[pﬂMOﬁ.OTpa)KeH]/le BOJIH Ha 3aKpervieHHbIX U Ha CBOGOAH]:IX KOHL|aX.
PellieHye 3a71la4y 0 pacripOCTPaHEHUH KPaeBOro pexkKrMa Ha MOJynpsiMOit.

10

Paspen 4. Metop ®dyphe peienus KpaeBbix 3ajau. [IpesiBapute/ibHbIe
nonsATus. CyLHocth Metoga Pypbe. CobcTBeHHbIe HYHKLMM U COOCTBEHHbIE

3HaueHusi. OCHOBHBIE CBOMCTBA COBCTBEHHBIX (PYHKLMI U COOCTBEHHbIX 3HAUEHHIA.
5 ymku 38 12 6 6 2 14

HekoTopble CBO/CTBa COBOKYITHOCTH COGCTBEHHBIX (DYHKLHiL. PelueHne
HeOZIHOPOZIHBIX KpaeBbIX 3aziay MetofoM ®Pypee. [TpumeHeHne Metoga Pypee K
PelleHnI0 KPaeBbIX 3a/iay 3//IMITHYeCKOro THIa.

14

Bcero 3a 5 cemecTp 108 34 17 17 74 48

48

Paspen 5. Heo0xopumeble cBeJieHHsT U3 00IIMX YMC/IEHHBIX MeTO/OB. [1oHsTHE 06

6 omrbkax BbrurcieHnit. Yncnennoe auddepenipposanue. YncieHHoe 19 8 4 4 11 12

HMHTerpUpOBaHHe.

12

Paspen 6. 3agauu Koum jy1st 06b1K IX
Opxorrarossle MeTozsl. MeToz Oiinepa.Metozp! Pyare-Kyrra. Metozs! Diiepa u

b NTBHBIX 7
JP

ARPOEP

6 Pynre-KyTTa 47151 cicteM 06BIKHOBEHHBIX Au(depeHIHanbHbIX YPaBHeHHIA. 35 16 8 8 19 12

TMocTpoeHHe OJJHOIIATOBBIX METO/0B BBICOKOTO MOpsi/ika. MHOroIaropble MeTO/BbI.
YCTOIYMBOCTB UMC/IEHHBIX METO/I0B. XKeCTKHe ypaBHeHusl.

12

Paszpen 7. KpaeBble 3ajaun. MeTo/ KOHEUHBIX Pa3HOCTeH J1/1sl IMHEIHbIX KPaeBbIX
3afa4. OLeHKa omMOKM yCeyeHHst MeToZ,a KOHEeUHbIX Pa3HOCTelt Ik THHeHHBIX
3agau.Kpaesble 3azjaun. PelieHre crcteM MHeHHBIX Au(depeHIaNbHbIX
ypaBHeHuii. MeTozibl Ko/utokarmy, by6HoBa-I'anepkuHa M MeTo/, HaMMeHbIINX

6 KBa/paToB.CpaBHEHNe METOJI0B KOHEYHbIX Pa3sHOCTeH, Ko/ioKaruu, By6HoBa- 41 20 10 10 21 14

l'anepkrHa 1 MeTo/, HAaMMeHbIIMX KBazZpaToB. Metoy Putna. IToctpoenue
YHC/IEHHOTO PelleHHs] Ha OCHOBE BapHaLjMOHHbIX (hOPMY/IMPOBOK. AMIMPOKCHMALHS
cradHaMu (MeToJ, KOHEeUHbIX 37eMeHTOB). UKc/ieHHOe pellieHHe CUCTeM JIMHeHHbIX
b depeHIManbHBIX YPaBHEHUH.

14

Paspaen 8. Unc/ieHHbIe MeTO/bI pellleHHs yPaBHEHHH B YaCTHBIX MPOU3BOJHBIX.
YpaBHeHus1 TapaboIMuecKoro THa. YpaBHeHHs TUIepOOIMYecKoro THIa. YpaBHeHHs

6 3/IMITAYECKOTO TUMA (JIByMepHbIe YpaBHeHHs! TOPUH yrpyroctn). YucaeHHoe 49 o4 12 12 o5 14

YTIPYTOCTH.

peliueHre MeTo40M KOHeUHbIX paBHOCTEi;l W METOJOM KOHEYHBIX 3/IeMeHTOB.
Bapl’laLUAOHHble METO/ TOCTPOEHKs KOHEUHbIX 3JIEMEHTOB /[i/id 3a/ja4 TeOpur

14

Bcero 3a 6 cemecTp 144 68 34 34 76 52

52

Bcero no jucHuniMHe 252 102 51 51 150 100

100

3.2. AyAUTOpPHBIN NPAaKTHKYM

Homep u
HauMeHOBaHHe
pasjena
JUCIHMILIMHBI

Tema MPAaKTHYeCKOro 3aHATUA

0O0nem,

ayp,.
YacoB

Paznen 1. 3agaum,
TPUBOJSLLHE K
ypaBHEHUSIM
MaTeMaTHhueCcKoM
¢u3vku. HauanbHble
U KpaeBblie yC/IOBUS.

dopmMupoBaHue ypaBHEHUH, OMKCHIBAIOIINX pa3/inyHble Ghu3nuecKre
Triporiecchl (KosiebaHusi, TeIJIOMPOBOAHOCTD). 3a/jJaHNe HauaIbHbIX U
KpaeBbIX ycoBuil. [TocTaHOBKa 3a/iau /1151 OfJHOMepHOT0, IByMEPHOTO 1
TPEXMEPHOTO CJTyuasi.

Pasnen 2.
YpaBHeHus
MaTeMaThueCKOu

OrnpefiesieHne TyIla ypaBHEHHS U TIPUBEZEHNE ero K KAHOHUYECKOMY
BuAy. [lonyyeHre ypaBHeHU XapaKTepUCTHK

7
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¢busuKy 1 ux
K/1acchuKarys.

Pasnen 3. Metop,

PeiieHne ypaBHeHHi KonebaHUi CTPyHBI (YpaBHeHUs TUTIepOoIrueCcKoro
THIIA) METOZIOM XapaKTepUCTHK. Pelienuie 3asau /151 6e CKOHEUHOM U

3 XapaKTepUCTHK. 10/1y0e CKOHEUHO!H CTPYHBI NP PA3/IMUHBIX HAuabHBIX YC/IOBUSX U 6
TPaHUYHOM YCJIOBUH (/151 TOJTy0eCKOHEUHOH CTPYHBI).
PetieHve 3aau KosiebaHusi CTPyHBI (ypaBHeHHs TUTIepOOITHUe CKOTO
Pazpen 4. Metoy, THIIa), HeCTaLOHAPHOM TEIJIONIPOBOAHOCTH CTEPsKHS (YpaBHEHUsT
4  |Dypbe pelueHus rapabo/IyeCcKoro TUTa) ¥ CTAlJMOHAPHOH TeTUIONPOBOAHOCTH TIIACTUHEI 6
KpaeBbIX 3a7au. (YpaBHeHUs 3/1/IMIITUYECKOro TUMa) MeTogoM Dypee. PellieHue 3a7a4 rpu
Pa3/IMuYHbIX HayabHbBIX YCAOBUSX U FPAHUUHBIX YC/IOBHUSX.
Bcero 3a 5 cemecTp 17
Pazzen 5.
Heobxomumble YucnenHoe guddeperuypoBanre QyHkuid. OLjeHKa BIUSHUS 1ara
5 |cBemenus u3 001mux |auddepeHIMpOBaHUS HAa BETMUMHY TOIPELIHOCTH JJ1s1 PA3/IMUHBIX CXEM 4
YMC/IeHHBIX yuc/ieHHoro AuddepeHIIPOBaHUSI.
MeTO/IOB.
Paszien 6. 3azaun Pemennie nuddepeHnraspHOrO ypaBHeHUst MeTozioM Diiiepa. PerreHue
Kowm st nuddepeHLIMaTBLHOTO YpaBHeHUs MeTOOM XblOHa. PellieHue
nuddepeHIMAaTBEHOTO YpaBHeHUs MeTozioM Pynre-KyTTa 4-ro mopsizika.
6 |0OBIKHOBEHHBIX 8
OrjeHKa B/UsHUS 11ara guddepeHIIMpOBaHUs Ha BeJTMUNHY
b depeHIaTbHBIX
VpaBHeHBii, TOTPELIHOCTHA J/ISL KK/AOTO METOAA. Pemenue cucrem O1Y metopmamu
Ounepa u Pynre-Kyrra.
PemieHne nuHeliHOTO AW depeHranbHOTO YPaBHeHUs 2-T0 MopsiAKa
MeTOZIOM KOHEeUHBIX pa3HOCTel (KpaeBas 3a/jaua). PertieHre cucteMsl 2-x
nHeNHbIX AuddepeHraabHbIX YPaBHeHUH 1-T0 Mopsiika MeToZoM
KOHEeUHBIX pa3HocCTell (KpaeBas 3aziaua). PeitieHne nuHeiHOTO
nuddepeHLIMaTBEHOTO YpaBHEHHUs 2-T'0 TIOPsiIKa MeTOA0M KOHEUHbIX
Pazgen 7. Kpaesblie
7 A 971eMEHTOB Ha OCHOBE METO/Aa Bby6HoBa-T'asiepkrHa (KpaeBasi 3aJjaua). 10
Pemienue nvHeltHoro AuddepeHIMaIEHOTO YpaBHEHUS 2-T0 TIOpsiZiKa
MeTOZ,0M KOHEYHBIX 3/IeMEHTOB Ha OCHOBE METOZ,a HaUMeHbIINX
KBa/IpaToB (KpaeBas 3a/iaua). PelieHue cUCTeMbI 2-X TUHEHHBIX
nuddepeHLIMaNbHBIX YpaBHeHUH 1-T0 MOpsKa METOJ0M KOHEUHbIX
3JIEMEHTOB Ha OCHOBe MeTo/ja BybHoBa-T'asiepkrHa (KpaeBasi 3a/jaua).
Perienue 3a7jauy 0fHOMEpPHOW HeCTal[MOHAPHOM TerJIONPOBOIHOCTH
Pasien 8. METOZIOM KOHEUHBIX pa3HOCTeM ¥ MeTO/IOM KOHEUHBIX 3/IeMEHTOB.
PellieHue 3a/1auM O TIOMEPEYHBIX KOIe0aHUAX CTPYHBI (TIPOIOBHBIX
UucieHHbIE METO/BI o
8  |pemermn ypapmermit KO/1e0aHUAX CTEPXKHS) METO/IOM KOHEUHBIX Pa3HOCTEH U METOIOM 12
B UACTHBIX KOHEUHBIX 371eMeHTOB. PellleHue 3a7,auul 3/UTUIITAUYE CKOTO TUIIA
S — (KpyueHrie CTep>KHsI HEKPYTJIOTO CeueHus, CTalyioHapHasi /IByMepHas
TeIUIONPOBOAHOCTD U T.I1.) METOZOM KOHEUHBIX pa3HOCTeN U MeTOIOM
KOHEUHBIX 3/IeMeHTOB.
Bcero 3a 6 cemecTp 34
3.3. CamocTrosTenbHas padora crygenra (CPC)
Howmep u
Ne HaMMEHOBaHUe Oo0neMm,
Copep)xanue yue0HOT0 3a/faHUsI
n/n paspaena 4acos
JUCL{AI/IMHBI
Pasnen 1. 3agaun, |CamocTosiTesibHOE YIIyO/leHHOe H3yueHHe MaTeprasa 1o TeMe
1  |mpuBopsiue K "KonebaHus MeMOpaHbI MPU Pa3/IMUHbIX HauabHbIX U TPAHUUYHBIX 7
ypaBHEHUSIM ycnaoBUsx'.
MareMaTuyecKou CaMocTosiTe/IbHOe yrny611eHHOe HU3yueHue MaTepuasa o TeMe
2  |busuku. HauanbHele "HecranmoHapHast TerjIonpoOBOAHOCTb MJIACTUHBI TTPY PA3JIAUHBIX 7
Y KpaeBble yC/IOBUSA. (Haua/IbHBIX U IPAHUYHBIX YCIOBUAX .
Pazpen 2. CamocTosiTesibHOE yry0OieHHOe U3yueHre MaTeprasa 1o TeMe
YpaBHeHUs "OmnpeeeHye TUIA/TUTIOB ypaBHeHus1. OnpegeneHue 061acTu
3  |maremaruueckoi (obmacreit) onpesiesieHys TUTIA/TUIIOB YpaBHeHus. [IpuBeneHme 10
(hY3UKY U UX ypaBHEeHUs K KAaHOHWYeCKoMY BUAY/BUaM.IlonyyeHre ypaBHeHU
KJIacCUbUKaI[HS. XapaKTepUCTHK".
4  |Paspen 3. Meton CamocTosiTe/ibHOE yIy0/ieHHOe U3yueHre Matepyaa o teme "Peiienve| 24
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| |XapaKTepI/ICTI/IK. 3azaun Koy fi/1s1 mosiy0e CKOHEeUHOH CTpPyHBI'.
CamocTosiTe/ibHOE yIy0/IeHHOe U3yueHre MaTteprasa 1o Teme "PelieHre
metonoM Dypee ypaBHeHUH rurnepbosnyeckoro tumna'.
Pasnen 4. Metop, A YPRE YP p "
F A —— CamocrosiTesibHOe yry0ieHHOe u3yueHre MaTepyasa 1o TeMe '"PeliieHye 26
X 3;12 BHI;( sazau MeTooM Dypre ypaBHeHUH napaborueckoro Tvna". CaMoCTosITe/TbHOe
p A yry0ieHHOe U3yueHre MaTepuala o teme "Perienue metonom dyphe
ypaBHEHUH /I/IMITUUECKOTO TUMa'.
Bcero 3a 5 cemectp 74
Pa3nen 5.
CamocrosiTesibHOE yry0OieHHOe U3yueHre MaTeprasa 1o TeMe
Heobxoaumeie " "
Uucnendoe auddepentmporanue. YncieHHOe HHTErPUPOBAHKE.
CBefIeHUs U3 001X " 11
AHCTOHHBIX CamocrosiTesibHOe yrmyOieHHOe M3yueHre MaTepHraria 1o Teme "Pelenue
CHUCTeM JIMHENHBIX YpaBHeHUN"
MeTOZI0B.
Pa3gen 6. 3agaun  |CamocrosiTesibHOe yryOsieHHOe M3yueHre MarepHraria o teme "Metoz
Ko s Oiinepa. Metogpbl Pynre-Kytra. MeTozibl Ditniepa u PyHre-KyTra st
OOBIKHOBEHHBIX crcTeM OOLIKHOBEeHHBIX JuddepeHnransHbIX ypaBHeHH. IlocTpoeHe 19
InddepeHLIMaNbHBIX [0HOLIArOBBIX METOAOB BBICOKOTO MOPsiKa. MHOromaroBsie MeTopl.
ypaBHEHUH. YCTOMUMBOCTH YMC/IEHHBIX MeTOZ0B. JKeCTKie ypaBHeHUs .
CamocrosiTesibHOe YIyO/ieHHOe M3yueHre MaTteprasa 1o TeMaM:
CpaBHeHHe MeTOZIOB KOHEYHBIX Pa3HOCTeM, Ko/utokauu, bybHosa-
l"aslepkyiHa ¥ MeTOZ HaMMeHBIINX KBaJparoB; * Metox Purtna.
Pasnen 7. Kpaesele P A AP ’ A H
A ITocTpoeHue UnCIeHHOIO pellieHrs] Ha 0CHOBE BapUalliOHHBIX 21
AT, (hopMynUpoBOK; ¢ ANMNpPOKCUMAaLUs CriylaliHaMU (MeTOJ, KOHeUHBIX
3/1IeMeHTOB); * Uuc/ieHHOe pellieHre CUCTeM JTMHeNHbIX
IuddepeHLIManbHbIX YpaBHEHUH.
Pazpnen 8. CamocrosiTesibHOe yryOieHHOe 3yueHre MatepHraria o treme "Perenue
UuceHHbIE METObl (METOOM KOHEUHBIX 3/1eMEHTOB 3a/jauM IByMepHOM HeCTallMOHApHOU
pellieHHsl YpPaBHEeHUM |Ter/IONpOBOAHOCTH . BhINoHeHNe oMalliHero 3a/laHus Ha 25
B YaCTHBIX TeMy"'PellieHre MeTO0OM KOHEUHBIX 3/IeMEHTOB 3a/laud JByMepPHOU
TIPOU3BOJHBIX. HeCTal[MOHAPHOMN TeIIONPOBOJHOCTH" .
Bcero 3a 6 cemecTp 76
4. ®OPMbI KOHTPOJIA OCBOEHUSA JNCIIUIIJINHbBI
CEMECTP HEJEJ/IN CEMECTPA
1 2 3 4 5 |[6] 7 8 9 10 11 | 12 | 13 | 14 15 |16| 17
TexK TexK TexK
5 TexK|TekK|TekK|TexK|TekK|IP TekK|TekK s |JP| TekK| TexK|TekK| TekK | AP ’
Kontp.P. Kontp.P. 3au.
6 TexkK|TekK|TexkK| TekK|TekK|[IP|TekK|TekK| TekK |JP|TexkK|TekK|TekK TekK| TexK |OP| I3

YcnoBHbIe 0003HAUEHUSI:
e JIP — muarHocTuueckas pabora;
e TekK — BOnpoCHI J151 TEKYIL[Er0 KOHTPOJIS;
¢ Kourtp.P. — koHTpO/IbHasE paboTa;
e 13 — momaiirHee 3alaHue;
e 3auy. — 3aueT.

TeKyIuii KOHTPOJIb YCIIEBAEMOCTH CTY/IEHTOB MPOBOIUTCA B JUCKPETHBIE BDEMEHHbBIE NHTEPBAJIbI B
crenyromx hopmax:
e [MArHOCTHYeCKas pabora;
e BOIPOCHI [I/Isl TEKYIIIETO KOHTPOJIS;
e KOHTpO/bHas paboTa;
e JlOMalllHee 3a/laHue.

IIpome)xxyTouHasi aTTecTarus IPOBOJUTCS B hopmax:

e 3aueT;
e SK3aMeH.
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5. YAEBHO-METOJAUYECKOE U NTH®OPMAIIMOHHOE OBECIEYEHUE
NUCHATUTMHBI

5.1. OcHOBHas iUuTeparypa Mo AUCLUITINHE:

1. M. O. JIebeneB. . OcHOBBI ypaBHeHHI MarteMaTiueckoi ¢usuku. CI16.: U3g-8o BI'TY "BOEHMEX" nm.
L. ®. YctuHoBa, 2022, 27 3K3.

2. M. O. Jlebenes. . Pemienue 3azau Maremaruueckol gusviku Ha Mathcad. CTTI6.BT'TY "BOEHMEX" um. [I.
®. YctuHoBa, 2014, 47 5K3.

3. M. O. JleGezieB. . UncsieHHbIE METOIBI pellleHus ypaBHeHWH MateMaTndyeckoi ¢usuku. CI16.BT'TY
"BOEHMEX" um. [I. ®. YcruHosa, 2012, 78 3ks.

4. M. O. Jlebeer. . Unic/ieHHbIe METOABI PeLleHHs 3aiau MaTeMaTHueckoi dusvku Ha MathCAD.
CII6.BT'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2017, 77 3K3.

5. M. O. JlebeneB. . Beegenne B ypaBHeHUs MateMatiueckoit ¢usuku. CI16.6T'TY "BOEHMEX" um. []. @.
YcruHoBa, 2011, 126 3k3.

6. M. O. JleGezeB. . PemieHnie AByMepHBIX 3a/lau METOOM KOHEUHBIX 37ieMeHTOB Ha Mathcad. CIT6.BT'TY
"BOEHMEX" um. []. ®@. YctuHoBa, 2018, 37 3k3.

5.2. [lono/iHUTe IbHAS JIMTepaTypa 110 AUCLIUIIINHE:
He TpedyeTcs..

5.3. Ileprogrueckue U3naHUS:
He TpebyroTCS.

5.4. TlepeueHs pecypcoB MH(HOPMAIMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTH "VIHTepHeT", HeOOXOAMMBIX [iIst
OCBOEHUS AUCLUIIJTHBI, 3/IeKTPOHHBIE OUOIMOTEeUHbIe CUCTEMBI:

1. http://library.voenmeh.ru/ — Bubnuoreuno-uzgarensckuii entp BI'TY "BOEHMEX" um. 1.0.
YcruHoBa; — ®yHpamenTanbHas bubmoreka BI'TY «BOEHMEX» um. [1.®. YcTrHOBa;

2. http://library.voenmeh.ru/ — Bubnuoreuno-usnarenbckuii iieHtp BI'TY "BOEHMEX" um. 1.®.
YeruHoBa — ®dyHpamenTanbHasi 6ubnuoreka BI'TY « BOEHMEX» um. [1.®. YcTrHOBa.

CoBpeMeHHbIe TIpo¢ecCHOHaIbHbIe 6a3bl JaHHBIX:
1. https://rusneb.ru — HarjpioHasnbHast 3siekTpoHHas 6ubmoreka (HOB);
2. https://cyberleninka.ru/ - HayuHas 3nekTpoHHast 6ubnmoreka «KubepieHuHKa»;

http://www.rfbr.ru/rffi/ru/library - IToHOTeKCTOBasI 3/1eKTpOHHAs1 6rbMoTeka Poccutickoro dhoxa
(hyHIaMeHTaTbHBIX UCC/IeJOBAaHUH.

WHdopmalioHHbIe CIIpaBOYHbIE CUCTEMBI:
1. TexakcnepT — VTH(pOPMaIMOHHBIM MOPTa/ TEXHUUECKOTO PeryIupoBanysi: HopMbl, MpaBwia, CTaHJAPThI
PO;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - B[] 'OCTog
cobctBenHol rerepauuu BI'TY "BOEHMEX" um. [I. ®. YcTHHOBa;
3. http://www.consultant.ru/- KoucynsrautILmtoc- nH()OPMaI[MOHHEIM 1TOpTasI TPaBOBOM HMOPMAIIH.

5.5. TTporpammHoe obecrieueHue:

1. Mathcad Education - University Edition Term;
2. Mathcad 15.

5.6. lHdopMaloHHbIe TeXHOIOTHH:

B3auMojielicTBre ¢ obyuatorumucs nocpencrsom DMOC Moodle BI'TY «BOEHMEX» um. [I.®. YcTrHOBA.
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6. MATEPUAJIBHO-TEXHUYECKOE OBECITEYEHUME JUCIIUIIJINHBI

6.1. J/IeKIUOHHBIE 3aHATHA:

CrelManM3MpoBaHHbIe TpeOOBaHMUS TI0 000PYAOBAHUIO OTCYTCTBYIOT; ayIUTOPUSA C MOCAJOUYHBIMUA MECTaMHU
T10 KOJTMYeCTBY CTY[EHTOB; OCKa.

6.2. ITpakTHUecKHe 3aHATHA:

1. Mathcad Education - University Edition Term;
2. Mathcad 15.

6.3. Ilpouee:

1. pabouee MecTo mIperofaBareisi, OCHaILeHHOe KOMIIbIOTEPOM C JOCTYIIOM B IHTepHeT;
2. pabourie MecTa CTy/|eHTOB, OCHAIlleHHbIe KOMITbIOTEPAMH C I0CTYTIOM B IHTepHeT, NpeAHa3HaueHHbIe [Jis
paboThI B 371eKTPOHHOM 00pa3oBaTensHOM cpefie.
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ITpunoxenue 1
K paboueii nporpaMmMe JHCHMITMHBI
YPABHEHUSI MATEMATUYECKOU ®U3NKHA

AnHoTanus pa6ouyeii mporpaMmsI

Oucounmmia YPABHEHUSA MATEMATUYECKOM ®U3UKM sBaseTcs  AMCLIUIAHOMN
00s13aTe/IbHON YacTU Oyoka 1 mporpaMmbl MOATOTOBKM 1O HarpasieHHt0 15.03.03 IIpuknadHas mexaHuka.
HucturinHa peanu3yeTcs Ha akynsTere E Opyskve U cucteMbl Boopykeauss BI'TY "BOEHMEX" um. ..
Yerunosa kadezpoit E7 MEXAHUKA JES@OPMUPYEMOI'O TBEPAOI'O TEJIA.

JucnurmHa HatlesieHa Ha (hopMUpoBaHHe KoMnemeHyuti:
OIIK-1 criocobeH MpPUMEHSITh €CTeCTBEHHOHAyUHbIe W OOIeMH)XeHEPHbIEe 3HAHMWSI, METO/bI MaTeMaTHUeCKOro
aHaJv3a U MOZe/IMPOBaHUs B MpodeCcCroHaNBHOU AesiTe/IbHOCTY;
OTIK-11 crnocoGHOCTE BBIAB/IATL €CTECTBEHHOHAYUHYIO CYIHOCTh MpO0JeM, BO3HHMKAIOIIMX B XOJe
rpodeccroHaNLHOM /leATe/lbHOCTH, TIpUBJeKaTb [AJiIsi WX pelleHus (U3MKO-MaTeMaTHUyecKuii ammapar u
COBpeMeHHbIe KOMITbIOTEPHBIE TEXHOJIOTHH.

Conep)kaHue AUCLIUTIIMHBI OXBaThIBaeT KPYT BOMPOCOB, CBSI3aHHBIX C MaTeMaTHKOW (MaTeMaTuKa, Teopus
muddepeHLIMaNbHBIX YpaBHeHU, MHPOPMaTHKa U T.I1.), (r3nkoi (pu3nKa,TeopeTHUeCKasi MeXaHUKa)d CITY>KAT
OCHOBOM /IJIsl OCBOEHUS TAKUX JUCLUIUINH, KaK JUHAMHKA MallliH, TeOPHs YIIPYTOCTH, CTPOUTETbHAs MeXaHUKa
MallliH, YCTOWYUBOCTh MEXaHUUeCKUX CUCTEM U T.II.

ITporpaMMoii AUCLIUIIMHLI TTPeAYCMOTPEHBI CJIe[YIOIe BUABI KOHTPOJIS:

TeKyIuii KOHTPOJ/Ib YCIIEBAEMOCTH CTYAEHTOB MPOBOJUTCS B IUCKPETHBIE BpeMeHHbIe HHTePBasIbl B
crenyronmx hopmMax:
e [MArHOCTHYEeCKasi paboTa;
e BOIIPOCHI [Ijisl TEKYIIIETO KOHTPOJIS;
e KOHTpO/bHas paboTa;
e JlOMaIlliHee 3a/laHue.

IIpomexxyTouHasi aTTecTarjusi IPOBOJUTCS B hopMax:
* 3ayeT;
* 9K3aMeH.

OO01iasi  TPYJI0OEMKOCTh OCBOEHMSI JUCIMIUIMHBI COCTaBiaseT 7 3.e., 252 u. IIporpamMMoM JMCIUTTHHBI
MIpeAyCMOTPEeHBI JIeKLUOHHBIe 3aHATUA (51 u.), mpaktrueckue 3aHatus (51 4.), camocrosTesnbHas pabora
cryzaeHTa (150 u).
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ITpunoxenue 2

K paboueii nporpaMmMe JHCHHMITMHBI
YPABHEHISI MATEMATNYECKOU ®U3UKU

TEXHOJIOI'U 1 ®OPMbI OBYUYEHWA

PEKOMEH]I[BI_[I/II/I 10 OCBOEHHUI0 MUCHUII/IUHBI VI CTy[J€HTad

TpyL0eMKOCTb OCBOEHUS JUCLIMIVIMHBI COCTaB/sieT 252 4., U3 HUX 102 4. ayiUTOpHBIX 3aHATHH, 1 150 u.,

OTBe/IeHHbIX Ha CAMOCTOSTENBbHYI0 paboTy CTy[eHTa.

PEKOMEH,Z[aL[I/II/I IO pacripenejeHruro yqe6Hor0 BpeMEHMU T10 BUjaM CaMOCTOSATEJTLHOM paGOTbI " pasfeiamMm

IUCLIMIUIMHBI TIPUBE/IeHbI B Tab/uLe.

KOHTpOJIb OCBO€HMA AUCLUIIIMHBI TIPOHU3BOAUTCA B COOTBETCTBUU C ITonoxenvem o TEKyILIEeM, pyﬁe)KHOM

KOHTPOJIE YyCI1I€eBA€MOCTU U HpOMe)KYTOqHOﬁ aTTeCTaliquu 06yLIEIIOI_L[I/I

XCs.

®opMbI KOHTPOJISI U KPUTEPHUH OLIeHUBaHWsI TIPUBeJEHbI B IPUIokeHnH 3 K Paboueli mporpamme.

HaumeHoBaHue paboTbl

Pekomenpyemasn
JiMTeparypa

TpyaoeMKoOCTb,
Jac.

yC/I0BHA.

Pa3pen 1. 3ajaun, npuBoAsAIIUe K ypaBHeHHAM MaTeMaTuueckou ¢pu3uku. HauanbHble 1 KpaeBble

CamMocTosiTe/IbHOe er'IY6J'IEHHOE H3yydyeHne MaTtepuasid 10 TeMe

M. O. JIebeges. . OCHOBLI
ypaBHeHU!
MaTeMaTuueCcKou Hr3uKu:

"Perrenue 3azaun Ko /st moy0e CKOHEUHOH CTPYHBI'.

13

yléggggiigﬂ MeMOpaHbI TIPY pa3/IMUHbIX HAYa/IbHBIX U FPaHUUHBIX CIT6.: W31-80 BITY 7
"BOEHMEX" um. 1. ®.
YctuHoBa, 2022 (1)
M. O. Jlebenes. . Peitienne
3a/la4 MaTeMaThueCcKoi
CamocTosiTesibHOE YryOeHHOe U3yueHre MaTepyasa 1o TeMe )
"HecTanmoHapHasi TemI0npOBOAHOCTD TJIACTUHBI MPU Pa3/IMUHbBIX (usuxy Ha Mathcad: 7
Haya/bHbIX ¥ TPAHUYHBIX YCI0BUAX" CII6.BI'TY "BOEHMEX"
) nm. 1. ®@. YctuHoBa, 2014
(1,2)
Uroro no pa3zpeny 1 14
Pa3pen 2. YpaBHeHHs MaTeMaTHUeCKO#N (DU3UKHU U UX K/IacCH(UKaIUs.
M. O. Jlebefes. .
BBenieHuie B ypaBHeHUst
MaTeMaThueCKOU (HH3UKH:
CII6.BI'TY "BOEHMEX"
CamocTosiTe/ibHOe yryO/IeHHOe U3yueHre MaTepyasa 1o TeMe
" um. [1. ®@. YctuHoBa, 2011
OmnpenenieHre TUIMA/TUIOB yYpaBHeHUs. Onpe/esieHre 06/1acTu 2.3)
(obnacTeit) onpeziesieHUs TUIA/TUIIOB ypaBHeHus1. [IpuBeieHHe . | M. 0. NeGenes. . OcroBpr 10
ypaBHEHUs1 K KAHOHUYeCKOMY BUAy/Buam.IlomyueHre ypaBHeHUM ypanHerui
XapaKTepUCTUK". o .
MaTeMaTuueCcKou Gr3uKu:
CII6.: U3g-Bo BI'TY
"BOEHMEX" um. 1. ®.
YctuHoBa, 2022 (2,3)
Wroro no pasgeny 2 10
Paspen 3. MeTop xapaKTepHCTHK.
CamocrosiTesibHOe yrybieHHOe U3yueHre MaTtepyasa 1o TeMe M. O. Jlebenes. . Perrienue 24

3ajlau MaTeMaTuyeCKou
¢u3uku Ha Mathcad:
CII6.BT'TY "BOEHMEX"
uM. []. @. YcruHoBa, 2014
(3.4)

M. O. Jlebeges. . OCHOBbI
ypaBHeHUM
MaTeMaThueCKOU (DH3UKH:
CII6.: U3g-Bo BI'TY
"BOEHMEX" nm. []. .
YcruHoBa, 2022 (4)
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M. O. Jlebepes. .
BBezieHue B ypaBHeHUs!
MaTeMaThueCKOU (DH3UKH:
CII6.BI'TY "BOEHMEX"
um. [1. ®@. YctuHoBa, 2011

“4
Wroro no pasgeny 3 24
Pa3pen 4. Metop @yphbe peilieHHsi KpaeBbIX 3ajad.
M. O. Jlebeges. . Peitienue
3a/lau MaTeMaTHhyecKoi
¢du3vkn Ha Mathcad:
CII6.BT'TY "BOEHMEX"
um. 1. ®@. YctuHoBa, 2014
(5,6,7,8)
CamocTosiTesibHOe yrybieHHOe U3yueHre MaTtepyasa 1o TeMe M. O. Jlebefes. .
"Perrenue metooM Pyphe ypaBHEHUH rHIepO0IUUeCKOro THa'. BBejenuve B ypaBHeHUs
CamocTosTeisHOe yriybieHHOe U3yueHre MaTepraia 1o TeMe MareMaTuuecKoi (pU3NKU: 26
"PerieHrie MeToZioM Pyphe ypaBHeHu# napabonuueckoro tuna".  |CII6.BI'TY "BOEHMEX"
CamocTosiTe/ibHOe Yry0/eHHOe U3yueHre MaTepyasa 1o TeMe uM. [I. ®@. YctrHOoBa, 2011
"Perienve metofoM @yphe ypaBHeHUM 3/UTANITHUECKOro TUMa'. (5)
M. O. JlebeneB. . OCHOBBI
ypaBHeHUM!
MaremaruueCcKol (U3NKH:
CII6.: U3p-Bo BI'TY
"BOEHMEX" um. [1. ®.
YcrtuHoBa, 2022 (5)
Wroro o pasgeny 4 26
Pazpen 5. Heo0xoguMeble cBeeHHs U3 00IMX YHC/IEHHBIX METOHOB.
M. O. Jlebepes. .
UuncrieHHbIE METOABI
pellieHUs] ypaBHeHU!
MareMaTrHuecKoi pU3MNKU:
CII6.BT'TY "BOEHMEX"
CamocTosTe/IbHOe YryO/IeHHOe U3yueHre MaTepyara 1o TeMe uM. 1. ®. YcruHoBa, 2012
"UucnenHoe guddepeHLpoBanye. YrcieHHOe NHTerpUpoBaHue.” 1) 1
CamocTosTe/ibHOe YIyO/IeHHOe H3yueHrHe MaTeprasa 1o TeMe M. O. Jlebefes. .
"PelieHure cucTeM JIMHeHHBIX ypaBHeHHH" YucieHHbIe METOABI
pelilieHus 3aad
MaTeMaTHueCcKod (pU3NKH
Ha MathCAD: CII6.BI'TY
"BOEHMEX" um. [1. ®.
YctuHoBa, 2017 (1)
Wrtoro o pasgeny 5 11
Paspen 6. 3agaun Ko a/1s1 00bIKHOBeHHBIX Ju(depeHHATBHBIX YPaBHEHHI.
M. O. Jlebefes. .
YucneHHble METO/bI
pelleHus] ypaBHeHUH
MaTeMaTuueCcKou Hr3uKu:
CamocTosiTe/IbHOe YIyO/IeHHOe U3yueHre MaTepyasa 1o TeMe CII6.BT'TY "BOEHMEX"
"Metop Diinepa. Metoabl PyHre-Kyrra. MeToab! Ditiepa u Pynre- |um. [. @. YcruHosa, 2012
KytTa a5 cucteM 00bIKHOBEHHBIX AuhhepeHIUaabHbIX 2) 19
ypaBHeHui.IlocTpoeHre OfHOIIArOBBIX METO/IOB BHICOKOTO M. O. Jlebenes. .
nopsifka. MHorouaroBsle MeTOAbI. YCTOHUUBOCTh UHMCIEHHBIX YucneHHble METO/bI
MeToz0B. JKeCTKrie ypaBHeHUs " peleHns 3ajau
MaTeMaTHueCcKoi (PU3UKU
Ha MathCAD: CIT6.BT TY
"BOEHMEX" um. [1. ®.
YctuHoBa, 2017 (2,3)
Wroro no pa3sgpeny 6 19
Paspen 7. KpaeBble 3ajaun.
CamocTosTe/ibHOe yrayOieHHOe U3yueHre MaTtepyaia o TeMam: M. O. Jlebezes. . 21
CpaBHeHHe METOZIOB KOHEUHBIX Pa3HOCTeH, Ko/utokalwy, byoHoBa- YucneHHble METO/bI
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lNanepkuHa 1 MeTOz, HAMMEHBIINX KBaZpaToB; * Metoz Putia.
[TocTpoeHue uMCIeHHOTO pellleHrs Ha 0CHOBE BapUAaLMOHHBIX
(hopMyTUPOBOK; * ATITIPOKCHMALIKS CII/IalHaMU (MeTO, KOHEUHBIX
37ieMeHTOB); * Unc/ieHHOe pellleHre CUCTeM JIMHeHHBIX

M depeHIAaIbHBIX YPaBHEHUH.

pelleHus] ypaBHeHUH
MaTeMaTuueCcKou Gu3muKu:
CII6.BT'TY "BOEHMEX"
uM. 1. ®. YcruHosa, 2012
(3.4
M. O. Jlebefes. .
YucneHHble METO/bI
pelleHus 3aad
MaTeMaThyueCcKoi (pU3UKU
Ha MathCAD: CIT6.BT TY
"BOEHMEX" um. [1. ®.
YctuHoBa, 2017 (4,5)

Wroro no pasgpeny 7

21

Pa3]J[EJI 8. UnucsieHHbIE METO/bI peleHus ypaBHEHl/Iﬁ B YdCTHBIX ITPOU3BO/JHBIX.

CamocTosTenbHOe yrayOieHHOe U3yueHre MaTepraa rno TeMe
"PeltieHrie METOOM KOHEUHBIX 3/IEMEHTOB 3a/]aull IByMepPHOMH
HeCTalMOHAapHOM TeIJIONPOBOAHOCTU" . BriNoHeHUe JoMalllHero
3a/1aHus Ha TeMy''PellieHre MeTOJOM KOHEUHBIX 3JIEMEHTOB 3aJjauu
IIByMepHOi1 HeCTallMOHAPHOW TerIONPOBOAHOCTH .

M. O. JlebefieB. . Perienvie
JIByMepHBIX 3a7au
METOZIOM KOHEUHbBIX
snemeHToB Ha Mathcad:
CII6.BT'TY "BOEHMEX"
vM. [1. @. Ycrunosa, 2018
(1,2,3,4,5)

M. O. Jlebenes. .
Uuic/ieHHbIE METO/TbI
pellleHHs] ypaBHEeHUN
MaTemMaThueckoit hU3UKH:
CII6.BT'TY "BOEHMEX"
nM. [I. @. Ycrunosa, 2012
(5.6)

M. O. Jlebepes. .
YuicieHHbIE METO/IBI
pelleHus 3a1ad
MaTeMaTuueckou pusnku
Ha MathCAD: CIT6.BT'TY
"BOEHMEX" um. [1. ®.
YctuHoBa, 2017 (6,7,8)
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Uroro nio pasgeny 8
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ITpunoxenue 3
K paboueii nporpaMmMe JHCHHMITMHBI
YPABHEHUSI MATEMATUYECKOU ®U3UKU

®OH/] OOEHOYHBIX CPEJICTB

@DOoH/] OL[EHOUHBIX CPE/ICTB, MO3BOJISIOIIHE OLIEHUTh Pe3y/IbTaThl 00yUYeHUs 10 JaHHOU JUCILIUIIUHE, BK/IIOUAIOT
B cebs:

e [HarHocTuueckas pabora

e BOIIPOCHI [Ijisl TEKYIIIETO KOHTPOJIS;
e KOHTpO/bHas paboTa;

e /lOMaIlIHee 3a/IlaHue;

e 3aueT;

e 3K3aMeH.

Kputepun onjeHNBaHusA

Juarnocruueckas: padora
HOuarHocruueckasi pabora nposogurcs B ¢popme Tecra B DVIOC Moodle:

e TIpU NIPaBWIBHOM OTBeTe MeHee yeM Ha 60% BOMpPOCOB - He aTTeCcTarus;
 TIpU MPaBUJILHOM OTBeTe Ha 60% BOIPOCOB U OoJiee - aTTecTaLysl.

Bonpocsl A/ TeKyliero KOHTpoJist

1. YTo MOHWUMAETCs 1Mo, TEPMUHOM "CTpyHa" TIPH BBIBOZIE YPaBHEHUM MaJsibIX TIOTIEPEUHBIX KoyiebaHni?
2. Kak HanpaB/ieHa Ccuia HaTsDKeHUsl CTPYHbI?
3. UTO [MOHMMAETCS 10 MaJIbIMU ITOMTEePEUHBIMI KO/IeOaHUSIMUA CTPYHBI?
4. YTo 03HauaeT TepMUH "HepacTshKuMas CTpyHa'?
5. Uto criepyeT U3 LONYILeHUS O HepaCTSDKUMOCTU CTPYHBI?
6. UTo TOHMMAeTCs TI0 MasTbIMH TPOJOILHBIMU KO/IeOaHUSIMU CTEPIKHS?
7. Ecyii oroHHast IJIOTHOCTB CTPYHBI siB/isieTcst pyHKIMel koopAnHaTHI (p(X)#const), To Kak OyAeT BIIVISLeTh
ypaBHeHue KoJjiebaHui (BHEIIHYE TT0TIepeUHbIe CHUJIbI OTCYTCTBYHOT)?
8, Ec/u mornepeuHoe ceueHue CTEPKHS AB/IeTCsl PyHKIMel KoopauHaTthl (S(x)#const), To Kak Oy/IeT BBITISAETh
ypaBHeHue Kojie6aHui (BHEILIHNe MPO/0/IbHBIE CHJIbI OTCYTCTBYIOT)?
9. Kakue Haua/ibHbIe YC/IOBUSI HEOOXOAMMO 3a/1aBaTh TP PeLeHU! 3a/1aur 0 KosiebaHUsAX CTPYHBI?
10. Kakue HayasbHBIE YCI0BHUS HeOOX0MMO 3a/laBaTh MPU PellieHrH 3a[aud HeCTalMOHapHOU
TeIUIONPOBOJHOCTY CTeP)KHA?
11. YkaxkuTe rpaHHUYHbBIE YCIOBHS A/ 3alauil MPOJOJILHBIX KO/Ie0aHuU CTepyKHsI, I0Ka3aHHOTO Ha PUCYHKe
(nmpenofaBaresns npe/araeT pas/IMyHble BapDUaHTBI).
12. YkakuTe rpaHUUHbIe YCIOBUS JJ1s1 3a/laud HeCTal[MOHapHO TeTIONPOBOAHOCTU CTEP>KHS, IT0Ka3aHHOTO Ha
pUCYHKe (TIperofiaBaTe/ib NpeJyiaraeT pa3/uyHble BApHUaHThI).
13. K KakoMy THIly OTHOCHUTCSI ypaBHeHUe (TIperofiaBaresib NpejijaraeT pa3/IMuHble BApDUaHThl YDaBHEHWHN).

KonTponbHas padora

KoHTposibHBIE pabOThI IIPOBOASATCS B KOMIIBIOTEPHBIX K/IaCCaX C MCIO/b30BaHHeM cructembl MATHCAD.
PeliieHust KOHTPOJIBHBIX PA0OT MPECTAB/SAIOTCS B PYKOITUCHOM (hOpMe, Ha KOTOPBIX [JO/DKHBI ObITh
TIpe/|CTaB/IeHbl 0CHOBHBIE 3aBUCUMOCTH, MOKa3bIBAIOLLKe X0, pellieHus 3afauu. YncieHHbI pe3yibTar 1
rpaduuecKoe MpeJCcTaBaeHye pellieHNs JeMOHCTPUPYeTcsl Ha KomrbioTepe. KaxK/iblii BapuaHT KOHTPOJILHOM
paboThl COIEPKUT OAHY 3aauy.
Kputepuu orjeHMBaHUS: 3aueT / He3aueT.

JomaiiHee 3ajaHue

PerieHrie MeTOIOM KOHEUHBIX 3JIEMEHTOB 3a/[auMl IBYMEPHOM HeCTallMOHAPHOW TEeIIOTIPOBOAHOCTH.
IpemnozaBaTenb 3a7aeT GOpPMy IJIACTUHBI, YCJIOBUS TETVIO0OMEHA Ha CTOPOHAX IJIaCTHUHBI. Teriodu3nyeckue
CBOMCTBA MaTepHasa MjacTUHBI.

3auet
1. BbIBozi ypaBHEHUS MajIbIX TIOTIEPEUHBIX KOJIe0aHUH CTPYHBI.
2. BbIBO/| ypaBHEHUSI MaJIbIX TIPO/IOIBHBIX KOIeO0aHU CTEPIKHS.
3. BbiBof| ypaBHeHHs1 HeCTAlJMOHAPHOM TeTJIONPOBOJHOCTH CTePXKHS.
4. BeIBO/l ypaBHEHUSs MaJlbIX MOTIepeuHbIX KoieOaHuii MeMOpaHbI.
5. BbiBoZ, ypaBHeHUs1 TpeXMepPHOW HeCTallMOHapHOW TeTJIONPOBOAHOCTH.
6. Bupl rpaHUUHBIX YCI0OBUM C IPUMepaMH.
7. IloHsTHE XapaKTEePUCTHKH.
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8. Xapakrepucruueckas popMa CUCTeMBI 2-X OTIePaTOPOB.

9. BriBog ypaBHenus [I'Anambepa.

10. Joka3arenbCTBO 1-0 1 2-01 IeMM [JIs pellleHus 3a/ja4u Kojie0aHust CTPYHBI Ha MO/TYIIPSIMOM.
11. PacripoctpaHeHue KpaeBoro sddexTa.

12. Cytb MeToza ®@ypne. [TosyueHure 0011[eT0 BH/Ia peIlieHus A1 3ajau TUTep0o/IMueCKOro THIIA.
13. Cytb MeToza @ypre. ITonydyeHue 00111ero BUza perenus sl 33/ja4 apabonruecKoro Tvra.
14. OcHoBHbIe cBoiCTBa COOCTBeHHBbIX 3HaueHWH 3agauu IlItypma-JInyBuss.

15. Pemtenrie metogom ®ypre JByMEPHBIX 3a/,au JUTANITUYECKOTO THUTIA.

16. TTocTpoenue peteHusi MeTofoM Pypbe 715 HEOZHOPOAHBIX 3a/jay rUIepOoIMUecKoro THIa.
17. Meton ®ypre /151 pelieHns JByMEPHbBIX 3a/iau I'MIepOoMyeCcKoro THIIa.

18. MeTop ®yphe [/ pellieHrs JByMEPHbBIX 3a/au 1apabo/inuecKoro Tvria.

IIpumepsl TeopeTHUYeCKUX BOIIPOCOB:

1. Ykaxkure coOCTBeHHBIe 3HaueHHUs 1 COOCTBeHHbIe QYHKLWH AJIs 3a/iauu:
u_tt-u_xx=0

u(0,t)=0,u(l,t)=0

2. Yka)KuTe COOCTBEHHbIE 3HAUEHUsT U COOCTBEHHbIE QYHKIIUHU /IS 3a/JaUM:
u_t-u_xx=0
u_x (0,t)=0,u_x (1,t)=0

3. YkakuTe cOOCTBEHHbIE 3HAUEHUS ¥ COOCTBEHHbIE (DYHKITUU [I/Is1 3a/]aUH:
u_xx+u_yy=0

u(0,y)=0,u(Ly)=0

u(x,0)=f_1 (x),

u(x,)=f_2 (x)

JK3aMeH

1. OCHOBHBIE BH/[bI OIITMOOK BHIUHC/IEHUSI.
2. YucnenHoe fuddepeHuypoBanue GyHKiuil. CxeMbl NOMy4YeHUsl BbIpaXKeHUH 7151 IPOU3BOAHBIX 1-r0 mopsifka
¢byHKIMM 0gHOTO aprymeHTa. [10psiZloK MOTpelHOCTeN Pa3/IMUHBIX CXEM.
3. YucnenHoe nuddeperuypoBanue GyHkiuii. [TomyueHue BeIpaykeHUs [jist IPOM3BOAHOM 2-T0 TOpsifiKa
¢byHKIMM 0gHOTO aprymeHTa. [10psiloK OTPenHOCTH.
4. YucnenHoe suddepenipoBanue GpyHKUWA. CxeMbl TOTyUYeHHs BbIpa)KeHUH JJ1s1 UaCTHBIX MTPOM3BOAHBIX 1-T0
ropsiKa /151 pyHKL[MU IBYX apryMeHTOB. [10psiloK MOrperiHocTeli pa3IMuHbIX CXEM.
5. UucnenHoe auddepeniupoBanue GyHKIMM. [TomyueHre BhIpaykKeHUs AJ1s1 YaCTHBIX IPOU3BOJHBIX 2-TO
ropsiiKa /st pyHKLMU IByX apryMeHTOB. [1opsioK MOrpewHoCTy.
6. MeTo bl UMC/IEHHOIO MHTerpyupoBaHus. [JOCTOMHCTBA U HEeZLOCTATKU pa3/IMYHbIX METOZOB.
7. OpHotaroBeie MeTofibl. MeTos Siinepa st ogHoro AuddepeHIMalbHOTO YpaBHEeHUS U [t cucTeMbl Y.
[Topsmok norpemHoCcTy MeToza.
8. OpHomiaroBele MeTofbl. MeToabl PyHre-KyTTa 17151 omHOTO AvidhdepeHIaibHOTO ypaBHEHUS U [Jis CUCTEMBbI
[Y.. ITops0K NOrpeliHocTeil MeTOZOB.
9. MHorortmaroBsie MeTogel Afiamca-barndopra u Agamca-MoyntoHa. [IpenmyiriecTBa ¥ He[JOCTaTKK
MHOTOLLIArOBbIX METOZ0B 10 CPABHEHUIO C OJHOLIArOBbIMHU.
10, YcToMuHuBOCTb UMC/IEHHBIX MeTO/I0B. JKeCTKre ypaBHEHHUs.
11. MeTop KOHEUHBIX pa3HOCTeM /1Jisl TMHEHHBIX KpaeBhbIX 3a/au.
12. OuleHKa OmMOKK yCeueHus: MeTo/la KOHEUHBIX Pa3HOCTeH [Jisl JIMHeMHBIX 3a/[au.
13. KpaeBnie 3agaun. Perienre crcteM mHelHBIX quddepeHIManbHBIX YPaBHEHUH.
14. MeTozb! Konokaluy. IlosyueHrie OCHOBHBIX pa3pellaoliiX COOTHOIIeHUH. [JoCTOMHCTBA U HeZloCTaTKH
MeToZa.
15. Metop Byb6HoBa-T'anepkrHa. [TosyueHre 0CHOBHBIX pa3perlarolnx COOTHOIEeHN . [JoCTOMHCTBa U
HEJ0CTaTK! MeToAa.
16. MeTo/, HaMeHbIIMX KBaZJpaToB. IlonyyeHre OCHOBHBIX pa3pellaroluX COOTHOLIeHHH. /JOCTOMHCTBA 1
HeJ0CTaTKu MeToAa.
17. Metop, Putnia. ITocTpoeHue UC/IEHHOTO peleHnsI Ha 0CHOBe BapHAIIMOHHBIX (hOPMY/THPOBOK.
18. AnmpokcuMalys criaitHaMu (MeToZ, KOHeUHBIX 271eMeHTOB). Unc/ieHHOe pellleHre CUCTeM JIMHeHHBIX
IubdepeHLManbHBIX yYpaBHEHUI.
19. YpaBHeHwust napabonuueckoro Tvma. UncieHHOe pellieHre MeTOJOM KOHeUHBIX pa3HocTel. TTonyueHne
OCHOBHBIX pa3pelllaoliX COOTHOIIEHUH.
20. YpaBHeHust apaboMuecKoro tura. YKcaeHHoe pellieHHe MeTO[0M KOHEUHbIX 37ieMeHTOB. [ToyueHue
OCHOBHBIX pa3pellaloliX COOTHOLIeHU.
21. YpaBHeHHs runepOoaueckoro Tira. YucieHHoe peleHre MeToZIoM KOHEUHBIX pa3HocTed. [Tomyuenue
OCHOBHBIX pa3pellaloliX COOTHOIIeHH.
22. YpaBHeHus TurepOonyeckoro tuma. YucieHHoe pellieHre MeTOZ0OM KOHEUHbBIX /1eMeHTOB. [ToyueHue
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OCHOBHBIX pa3pellaroliX COOTHOLIeHHU.

23. YpaBHeHHS TMIITAYECKOTO THTIa (ByMepHbIe YpaBHEeHHsI CTaLMOHAPHOW TeIUIONpOBOgHOCTH). UrcieHHOe
pellieHe MeTO/|0M KOHEeUHbIX pasHocTeil. ITo/lyueHre OCHOBHBIX pa3pellatoljiX COOTHOIIEHUH.

24. YpaBHeHUsI 3/UIMIITUYEeCKOrO THIa (JBYMepHble ypaBHeHHs CTaljMIOHapHOM TeIIonpoBogHOCTH). UncieHHoe
pelleHe MeTO/|0M KOHEUYHBIX 3/1eMeHTOB. I1o/lydeHre OCHOBHBIX pa3pellaroljiX COOTHOLIEHUH.

25. BapualjioHHbIe MeTO/| TIOCTPOeHUsT KOHEUHbIX 3/IeMeHTOB Ji/I 3a7jau Teopyuu yrpyrocTtu. [TomyueHue
OCHOBHBIX Pa3pellaroliX COOTHOLIeHHUH /71T ABYMEPHBIX 3a/jad TEOPHU YIIPYTOCTH.

[Iprumeps! TeopeTHUeCKHUX BOTIPOCOB:
1. Kputepuii yCTOHUHMBOCTH UHC/IEHHOTO PEeIIeHHUs] METO/IOM TIPOTOHKH.

2. FpaHI/I‘-IHbIE YC/I0BHA KdKOT'O THIld dBTOMATHUUY€CKU YUUTHIBAKOTCA IMPHU YUHC/IEHHOM pellleHUH METOL0M
KOHEUHBIX 3/IEMEHTOB C UCI10/Ib30BaHKEM BapHUAlJMOHHOI'O METO,[[EI?

3. YcnoBue cormacoBaHus 11ara 1o BpeMeHH U Pa3Mepa CeTKU TP pellieHnH HeCTal[MOHapHBIX 3a7ad
YKMC/IEHHBIMU MeTO/[aMHU.
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[MTacmopT hoHza OLIEHOUHBIX CPEe/ICTB
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Pa3pen 1. 3agaun, npuBojsimue K Bomnpocsr
3 5 |YPABHEHHAM MaTeMaTH4ecKou 2 8 4 4 14 0 1 hiniti
¢u3uku. HauanbHble 4 KpaeBbie TeKyIlero
YC/I0BHSL. KOHTPOJIS
Paspen 2. YpaBHeHust Bonﬁ ngI
3 5 |maremarnueckou GU3MKH U UX 13 3 2 1 10 12 | 12 A
TeKyIllero
knaccuukanus.
KOHTPOJISI
Bomnpocer
ISt
3 5 [Pa3pen 3. Merop xapakrepuctuk. | 35 | 11 5 6 24 10 | 10 | TeHymero
KOHTPOJIS,
KonTponbHas
pabota
Bomnpocer
ISt
3 5 Pa3pen 4. Metop ®@yphe penienust 38 12 6 6 26 14 | 14 | Texywero
KpaeBbIX 3a/1au. KOHTPOJIS,
KonTponbHas
pabota
Bcero 3a 5 cemectp 108 | 34 | 17 17 74 48 | 48
Bomnpocer
Paspen 5. Heo0xoqumble CBeieHHs il
3 6 19 8 4 4 11 12 | 12
U3 00IIMX YHC/IEHHBIX METOJ0B. TeKyILlero
KOHTPOJIS
Pa3gen 6. 3agauu Ko gis Bonﬁ ;{)CH
3 6 |0OBIKHOBEHHBIX 35 16 8 8 19 12 12 A
uPepeHpaTLHBIX YPABHeHHH TEKYLIETO
A ) KOHTDOJIS
Bormpocer
3 | 6 |Pasgen 7. KpaeBble 3a5aun. 41 | 20 10 | 10 | 21 | 14 | 14 AL
TeKyI1lero
KOHTPOJIS
Bomnpocsl
L1
Pa3pgen 8. UucneHHble MeTOAbI TEKVILELO
3 6 |pemieHus ypaBHeHMH B UaCTHBIX 49 | 24 | 12 12 25 14 | 14 yim
KOHTPOJIS,
NMPOU3BOJAHBIX.
HomartiHee
3ajjaHue
Bcero 3a 6 cemecTp 144 | 68 | 34 34 76 52 | 52
Bcero no gucuurinHe 252 | 102 | 51 51 150 | 100 | 100
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OIIK-1

Kpurepuu oneHMBaHusA

Ne 1

Ne 2

Ne 3

Ne 4

Ne 5

Ne 6

Ne 7
Ne 8

Ne 9

Ne 10

Ne 1

Bonpocbl omKpbimoz2o muna:
TepMuH "HepacTsDKUMasi CTPyHA" 03HAYAEeT, UTo B MPOLiecce KonebaHui

U3 AOIIylIeHrd O HepaCTHXKUMOCTU CTPYHBI C/IeAYeT, UTO CHJ/la HATsDKEHWS CTPYHBIL

HO,E[ MaJibIMHU TIPOAO0/IbBHBIMU Ko/ie0aHusAMU CTep>XXHA MOHUMAKOTCA TaKHe, IIPHU KOTOPBIX

Ecmn @1 u @2 - cobcTBeHHbIe (DYHKIWH, OTBeUarolyie COOCTBEHHOMY 3HaueHUI0 A, TO

3TOMY ke COOCTBEHHOMY 3HaUeHHUIO OyJieT OTBeUaThb BhIpa’KeHHe
rge C1, C2 - npou3BO/ibHBIE KOHCTAHTHI
YpaBHeHue BUzA

d%u i d%u  2%u
e BN
di? dx?  0dy?

TIpY KaKuX 3HaueHUsIx Ko3gdurenTa [TyaccoHa MokeT OMUCHIBATh MPOLECC
TIPOJ0/IbHBIX KO/Ie0aHui I/1aCTUHBI?

nn

Ecau vHu IMpU KaKuX, MMOCTaBbTe
YTo OTHOCUTCS (HamuILKTe HoMepa uepe3 ",") K OCHOBHBIM OITMOKaM BbIUHC/IEHHSI

1. oIIMOKY OKPYIJIeHNS;

2. OLIMOKH yCeueHus;

3. oOKY MpefiCTaBIeHus;

4. OIMMOKY UCXO/IHBIX JIAHHBIX;
5. cIy4aliHbIe OIIMOKWY;

6.0H_II/I6KI/I, CBsI3dHHbIE€ C HEMCIIPABHOCTBIO BBIUMC/IUTE/IbHOM TEXHUKH.
HOFPELUHOCTL dlrpoKCUMalu 2-oM HpOI/IBBOAHOI‘/JI numeer TIOpsAAOK.
HOpSI,IZ[OK MOTrpenHOCTY MHOT'OLIAroBOro MeToa, rMpUBeIeHHOT0 HIDKe

h
Vow = ¥+ (231,-167,,+51,.,)

paBeH

YucneHHBIN MeTO/ pelieHus JuddepeHLIHaNbHBIX yPaBHEHHH CUUTAETCS CTPOTO
YCTOMUMBLIM, €CJTH

KosdduiyieHThI anmpoKCUMUPYIOIIEro psifia B MeToZe KOJJIOKAI[K OTIPee IsTFOTCS
WCXOJs U3 HeBSI3KU B TOUKaX KOJUIOKAL[UMU.

Bonpocbl 3akpbimozo muna:
YTO MOHUMAETCS TI0 MaJIbIMK TOTIEPEYHBIMH KOTe0aHUSIMU CTPYHBI?

- [Tog MasbIMK TIOTIEPEUHBIMU KOJIeOaHUSIMY TIOHUMAIOTCSI TaKUe, TIPY KOTOPBIX
TOTIepevYHOoe CMelljeHre CTPYHBI B JIF000 ToUKe B /000 MOMEHT BpeMeHH MHOTO
MeHbIIIe ee JUHbI U(X,t) << L

- Tloz MabIMU TIOTIEPEUHBIMU KO/IeDaHUSIMU TIOHUMAFOTCS TaKUe, TPU KOTOPBIX
TMOTIEPEUYHOEe CMEI|eHWe CTPYHBI B /000U TOUKe B /000K MOMEHT BPEMEHH He

MPEBLIIIAET €€ MdKCHMaJ/IbHOI'O TIOINEePEYHOT'0 pa3Mepad.

- oz ManbIMU TOTMEPEUHBIMU KO/Ie0aHUSIMU TIOHUMAFOTCS TaKUe, TPU KOTOPBIX
TOTIEPEYHOEe CMEI|eHUe CTPYHBI B /000U TOUKe B /000N MOMEHT BPEMEHU He
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TMPEBBIIIAET 3apaHee 3aJAHHON BeTMUHHBI, KOTOpast MOXKeT OBbITh Pa3HOMU /17l Pa3/IMYHBIX
3ajau.

- oz ManbIMK MOTIEPEUHBIMU KO/Ie0aHHSIMU TIOHUMAIOTCSI TaKWe, TTPY KOTOPBIX B 000
TOUKE B JIt0OOH MOMEHT BPEMEHU BBITIO/IHSIETCS YC/IOBHE:

Bu)z

e

(6 X

Ne 2 Ecv moroHHasi IyIoTHOCTb CTPYHBI SIB/IsieTCst QyHKIMeH KoopAuHaThI (p(X)Zconst), TO

Kak OyZieT BBIIIAZETh YPaBHEHUe KojieOaHul (BHEIIIHUe TOTePeUHbIe CHJThI
OTCYTCTBYHOT)?

92u _ 0 ( T au)
gt ox \pl(x) ox

d a%u 9u
'a(ﬂ(x))— =l

gt?

Ne 3 Ecu moriepeuHoe ceueHure CTEPIKHS ABIsIeTCsA MYHKIMeH KoopAuHATHI (S(x)#const), To
Kak OyZleT BBIIVIAZETh YPaBHeHUe KojieOaHul (BHEIIIHUE MTPO/0/IbHbIE CUJTBI
OTCYTCTBYIOT)?

8%u 2 (E Em)
at? dx \pdx
d ( du 8%u
- Z(psS@) ) = ES() =
T pS( )gt : ( )axza
u U
Z(ps0Z) =Z(Bs)Z)
at (ﬂ ( ) ot ox ( ) dx

92u 1 4d du
E i pSix) & (ES (X) _x)

Ne 4 MO’KHO /T ICTTIO/B30BaTh (hopmyy Jamambepa fijisi pelieHus 3aJjauu 0 HeCTaluOHAPHON
TETIONPOBOAHOCTHU T10/Ty0eCKOHEUHOTO CTEP>KHS, €C/IU ero JIeBbIM Kpaii (Touka x=0)
TeIJIOU30/IMPOBaH U OTCYTCTBYIOT BHEIIIHYE HCTOUHUKWU/CTOKU Teria?

- [da, ecsii pacripoCTpaHUTh Ha OTPHIIATENBHYIO TIOTy0Ch (PYHKLIMIO Ha9aIbHOTO
pacripefie/ieHys: TEMIIEpaTyphl CTEP>KHS HEUEeTHBIM 06pa3om

- Ta, Tak KaK ypaBHEHHE OJJHOPOJIHO
- Her, Tak kak ¢opmyna Janambepa - 3T0 perieHue /iyt 0eCKOHEUHOTO CTEPIKHS

- Her, Tak xak popmyna /Jamambepa - 3TO pelieHue fJisl ypaBHEHHH TUTIepOOTIeCKOro
THIA

- [a, eciy pacripoCTpaHUTh Ha OTPUILIaTeIbHYIO 0/1y0Ch (PyHKIIMIO Ha4aAbHOIo
pacripeie/ieHust TeMITepaTypbl CTEPKHSI UeTHBIM 00pa3om

Ne 5 CrpyHa coBepIlaeT MaJjble IonepeyHsle Koje0aHus B ynpyroi cpegie. Cpezia OKa3bIBaeT
COIPOTHUBI/IEHYE IBU)KEHUIO MPONOPLIMOHA/IBHOE CMeLeHHI0 CTPYHbI OT
HEeBO3MYIL|eHHOTO nosokeHUs. KoaddurpenT nponopuyonansHocty "k". Kakoe u3
TIPHBe/IeHHBIX HIDKE YPaBHEHU! ONUCHIBAeT JaHHBIN Iporiecc?
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Ne 6

Ne 7

Ne 8

Ne 9

0%u d0%u

P g
2%u 9%u
P53 =Tax2+k-u
d0%u y Tazu ou
Paz™ "ax2 “ox
2%u _T32u+k3u
Ptz ™ " 9x2 " "“ox
d%u du d%u

e T el v

Kak 3aBucut MOTPelIHOCTh alllIpOKCUMALINU 1-oi1 HpOHBBO,Z[HOfI c1eayromnum
BbIpa’KeHHEM

, Y +h)—y(x)
- h

¥

OT BeJIMUuHELI miara h?

- 3aBUCHMOCTb OTPELIHOCTH OT BeJIMUMHEI I11ara HOCHUT XapakTep OyIM3KUi K
JIMHEHOMY;

- 3aBUCHUMOCTb TTOTPEITHOCTU OT BeJIMUMHEI 111ara HOCUT XapakTep O/M3KUM K
KBaJpaTUYHOMY

- - 3aBUCUMOCTb TIOTPELITHOCTH OT BEJINUMHBI 111aTa HOCUT XapakTep OJTU3KUM K
rUrepooIMUe CKOMY;

- 3aBUCHUMOCTb TTOTPEITHOCTU OT BeJIMUMHBI 111ara HOCUT XapakTep O/M3KUM K
9KCIIOHEHIUATEHOMY.

[Ij11 MUHUMM3aLIMU OIIMOOK OKPYI/IEHUS TTPU UCTIO/Tb30BAHUM METO/[a KOHEUHBIX
pa3HoCTel HeoOXOJUMO CTPEMHUTBCS K IMarOHALHOMY JOMUHUPOBAHUIO MAaTPUIIbI
>kecTKocTd. UTo B/IMsIeT Ha AUaroHaabHOe JOMUHUPOBaHUe?

- TOJIBKO 1I1ar YMCIeHHOro fuddepeHIpoBaHys (UeM MeHblie, TeM JIy4llle);
- TOJBKO K03(UITMeHTHI UCXOAHOTO ArddepeHIMaabHOT0 YpaBHeH!S;

- BbIOOD 3HAUEHMs 11ara OMpe/ie/isieTCst COOTHOIIEHHEM TI0/TyYaeMbIX BhIPaKeHUH
K03 PUILIMEeHTOB MaTPHI[bI KeCTKOCTH;

- BLIOOp 3HAUEHUS 111ara OTpe/Ie/sieTCs] COOTHOIIEHHEM KO3((ULIMEHTOB UCXOIHOTO
muddepeHINATBFHOTO YPaBHEHMS.

Kos¢dduryeHTs! anmpokCUMHUPYIOLIero psja B MeToze PuTLia onpeensitoTcst UCX0As U3

- obecrieueHHsT MUHMMAJTBHOTO MHTErpasia OT (yHKLUM HEeB3KU BO BCel 00/1aCTH MoMCKa

pelLleHunH;

- obecrieueHHsT MUHUMAJIBHOTO 3HauUeHUs (PyHKI[MOHAa, COOTBETCTBYIOILIEr0 UCXOIHOMY

IuddepeHLIanbHOMY ypaBHEHHIO;

- obecrieueHUss MaKCMMAaIbHOT'O 3HAUEHHST CDYHKL[I/IOHa]Ia, COOTBETCTBYHOILIET'O NUCXOAHOMY

IuddepeHLIaTbHOMY ypaBHEHHIO.
ITpu perieHUH MeTOZOM KOHEUHBIX pa3sHOCTel ojHOMepHoro AvddepeH1aabHOIo

YPaBHeHUA napa6oaneCKoro THUIla C UCII0/JIb30BaHMEM ABHOT'O ME€TO/d Iar 1o BpeMeHHU (

At) v mar ceTKU (Ax ) cBs3aHbl COOTHOIIIEHUEM:
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At = K - &x*;
AE = K -Ax;
At = K - Ax.
At < K- Ax

K - xo3ddurpeHT, 3HaUeHHEe KOTOPOTO OTIpe/iesisieTcs 3HaueHUsAMHU K03 duijiieHToB
HcxogHoro AuddepeHIansHOTO YPaBHEHHUS

Ne 10 [1pu perieHMM MeTO,0M KOHEUHBIX pa3HOCTeN ofjHOMepHOro AuddepeHiaIbHOTO
ypaBHeHWs THUIepOoIMUecKoro THIA Iar C UCIo/Ib30BaHeM HesIBHOTO MeTozja 1o
BpemeHH ( At) ¥ 1mar ceTku (Ax ) CBsi3aHbI COOTHOIIIEHUEM:

At < K -Ax

At = K - Ax%;
At < K - Ax;
AE =% - fx.

K - ko3 durienT, 3HaUeHME KOTOPOTO OIPe/IeIIeTCsT 3HaUeHHUAME KO3 OHUITMEHTOB
nucxogHoro auddepeHIMATEHOTO YpaBHEHUS
OIIK-11
Bonpocbl omkpbimo2o muna:
Ne 1 VYron Mexay KacaTeJbHOM K TIPOQUIIIO KOJIEOTIOIIENHCS CTPYHBI M CUJIONW HATSDKEHMSI CTPYHBI PaBeH
rpajycoB.
Ne 2 Omepatop T*, onpefienieHHbIN Ha H2, co 3HaueHusIMU U3 MHOKecTBa H1 Ha3biBaeTcs
comnpsbkeHHBIM oniepatopy T, ecy asisi Bcex f1 <= H1 u f2 <€ H2 cripaBe/jjIMBO PaBeHCTBO

Ne 3 Eciu @ ectb coOCTBeHHast (YHKI[HUS, OTBeUaroIasi COOCTBEHHOMY 3HaueHHI0 A, To u C-® (C —
KOHCTaHTa) -

Ne 4 Kakotii nipouiecc (konebaHui, HeCTallMOHAPHOM TETIONPOBOAHOCTHU, CTAl[MOHAPHOM TeTIONPOBOJHOCTH,
repeMeILeHHi TIPH CTaTHYeCKOM Harpy3Ke) U /It KaKoro 00bekTa (CTep KHs, IJI0CKOIo Tejia, 00beMHOro

TeJla) OTUChIBaeT ypaBHEHHe BH/ja

du d Ju d du

Ne 5 Kakotii npouiecc (konebaHu, HeCTallMOHAPHOM TETIONPOBOAHOCTHU, CTAl[MIOHAPHOMN TeTIONPOBOJHOCTH,
repeMeILeHui TIPH CTaTUUeCKOW Harpy3Ke) U It KaKoro 00bekTa (CTepIKHsI, JI0CKOro Tejia, 00beMHOro

TEJ'[a) OIMMCBIBAET YpaBHEHUE BU/d

d du d du a du

s Ie—1¥r—tlk—1t k-1 tg=0 (k(M) > 0)
dxNvdxd iyl duy i
Ne 6 MerTog Ditsiepa uMC/IEHHOTO pellieHus JuddepeHLMaNbHBIX ypaBHEHUH UMeeT NOPSIJ0K
MOTPEeLTHOCTH.
Ne 7 MeTop, Xbr0Ha UMC/IEHHOIO pellleHus Au(depeHIManbHbIX YpaBHEHUN UMeeT NIOPSJ0K
MOTPEeLIHOCTH.

Ne 8 YwncneHHbli MeTog pemenys guddepeHIHaNbHbIX YPaBHEHUH CYUTAETCs] YCTOHUMBBIM, €CJH

Ne 9 Ormmbka yceueHrsi MeTOZia KOHEUHBIX Pa3HOCTeH [/t TMHENHBIX v depeHIManbHbIX YpaBHEHUH 2-T0

Mopsiika UMeeT TOPSIZIOK MOTPeLIHOCTH.

Ne 10 KoshduimeHThI armpoKCHUMHUPYIOIIET0 psijla B MeTO/le HAUMEHBIIIUX KBaZIpaTOB OIPeIe/ISTFOTCST UCXO/s

13 obecrieueHrss MUHUMAJILHOTO 3HAUeHUS CYMMBbI KBaJpaTOB HEBA30K

Bonpocbl 3akpbimozo muna:
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Nel

Ne 2

Ne 3

Ne 4

Ne 5

YTO MOHMUMAETCs TI0/], TEPMUHOM "CTpyHA" TIPU BbIBOJIe YPABHEHWH MaslbIX TIOTIePeUHBIX KOmeOaHi?
- CTpyHO! Ha3bIBaeTCsl TeJI0 OAHO, U3MepeHre KOTOPOro (A1Ha) MHOTO OoJblIle [BYX DYTHX.

- CTpyHOM Ha3bIBaeTCs YIIpyroe Tejo, Marepras KOTOPOro P PacTsS’KeHUU U CKAaTUU [TOJUMHSETCS
3akoHy ['yka.

- CTpyHO# Ha3bIBaeTCs yIpyrasi HUTb, OKa3bIBaIOII[asi COTIPOTUBJIEHHE PACTSHKEHUI0, HO He
COTIPOTUBJISIFOLIYIOCSI U3THOY, COKATHIO U CABUTY.

- CTpyHO# Ha3bIBaeTCs yIpyrasi HUTh, OKa3bIBaIOII[asi COTIPOTUBJIEHHE PACTSHKEHUIO U C/IBUTY, HO He
COTIPOTHBJISIIOLIYIOCS U3THOY M CKAaTHIO.

- CTpyHO! Ha3bIBaeTCsl yrpyrasi HUTb, KOTOPast [IpY PacTsDKeHUH He U3MeHsieT CBOell TiepBOHauaIbHOM
JJIVHBI
ITpu BBIBOZE MasbIX TIOTIEPEYHBIX KosleOaHMi MeMOpaHbl MeMOpaHOi Ha3bIBaeTCs:

-TOHKasl TUIeHKa, TOJIIIMHA KOTOPOH MHOTO MeHbllle [IByX APYTHUX U3MepeHUi

-~TOHKas [/IeHKa, KOTOPasi COMPOTUB/ISIETCST PACTSPKEHHIO, HO HE COTIPOTUBIISIETCS CKATHIO, CIBUTY U
U3rudy

-~TOHKas [/IeHKa, KOTOPasi COMPOTUBIISIETCS PACTSDKEHHIO M CIBUTY, HO He COTIPOTHB/ISIETCS CXKATHIO U
H3rudy

-TOHKasl TUIEHKA, KOTOPasi COMPOTHUBJISETCS U3rUOY, HO HE COMPOTHUB/ISIETCS PACTSKEHUIO, CKATHIO U
CABUTY

- TOHKas IJIEHKa, KOTOPAasi COIIPOTUBJ/IAETCA PACTSXKEHUIO U I/I3FI/I6y, HO He COIMPOTHUBJIAETCA CKaTHUI0 U
CABUTY

XapakTepucTHKa 3T0:

- BeJIMYMHA, ONpeie/olas TUI TPaHUYHBIX YCI0BUN

- KpUBasl, B Ka)K/l0i TouKe HOpMasb K KOTODOM MMeeT XapaKTepuCTHYeCcKoe HalpaBJieHre

- HY OJHO OIlpeJie/ieHre He sIBJIIeTCS BePHbIM

- BeJIMUMHA, OIpejesIsitolasi TUIl ypaBHeHUs!

- KpUBasd, B K&K/I0l1 TOUKe KOTOPOM KacaresbHas K Hell IMeeT XapaKTepHCTUUYeCcKoe Harpas/ieHue
MoskHo /1 ucnosnb3oBark Gopmysy Janambepa A/1st pellieHus 3a/ja4u O MPOAO/BHBIX KoebaHusIX
YTIPYTOrO CTepXKHs AJMHOM L, ecnu 06a ero KoHIA 3aKpeTyieHbl ¥ OTCYTCTBYIOT BHeIIIHHMe Harpy3Ky Ha
CTep>kKeHb?

- Her, Tak kak ¢opmysna [lasambepa - 3TO pellieHre 3a/jaud 0 MasibIX MOMePeYHbIX KoieOaHUsIX
0eCKOHEUHOH CTPYHBI.

- ,Z[a, TdK KdK MaJible IMOoIrepevyHbIe KOJIe0aHus CTPYHBI U MaJlble TIPpOAO0JIbHbIE KoyiebaHus yrpyroro
CTep>XHA UMEIOT OIMH U TOT XKe BU/J

- Ha, ecyiu pacmipoCTpaHUTh Ha BCIO OCh X (OT -00 /10 +00) HYHKLMK Haya/IbHbIX OTK/IOHEHUH U
CKOPOCTeli CTep>KHsI UeTHBIM 00pa3oMm c repuogom 2L

- Hert, Tak Kak MaJible MornepeyHble Koje0aHusi CTPYHBI M MaJible TIPO/I0/IbHBIE KO/Ie0aHUsl yIIpyroro
CTEp>KHSI 3TO pa3Hble GU3NUeCKHe MPOL[eCCh

- Ha, ec/ti pacmipoCTpaHUTh Ha BCIO OCh X (OT -00 /10 +00) hYHKIMK Haya/IbHBIX OTK/IOHEHUH U
CKOPOCTel CTep>KHS HeueTHbIM 06pa3om c nepuozom 2L
®opmyrna [Janambepa - TOUHOE pellieHre 3a/jaun.

- CTaL[HOHapHOﬁ TEeIvIOIIpOBOAHOCTH 06eCKOHEeUHOTo CTEPXHA

- MaJIbIX TIOTIePeYHBIX KoslebaHuii 6eCKOHEUHOM CTPYHBI WK MallbIX MPOJOJILHBIX KOJieOaHuH
0eCKOHEUHOTO CTepyKHS
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- MaJTbIX TIPOZIOJIBHBIX KomebaHuii 6 CKOHEUHOTO CTepP)KHS
- MaJIbIX TIONIepevHbIX KoslebaHuii 6eCcKOHEUHOM CTPYHBI
- MaJIbIX MOTIEPeYHBIX KosieOaH!i 3aKperyieHHOM CTPYHBI

- HECTAIIMOHAPHOM TETUIONPOBOAHOCTUA 0@ CKOHEUHOTO CTEPIKHS
Uro ompefie/isieT MOPSIIOK TIOTPEIITHOCTH YUCIEHHOTO AU(depeHI[UpOBaHUS?

- BeJIMUMHY OIIMOKH arlmpOKCHUMaliH;
- XapakKTep 3aBUCHUMOCTH TMOTPeIIIHOCTH OT BeJIMUMHBI I1ara YicjaeHHOoro AnddepeHIMpOBaHMs;
- MeTO/I BbIOOpA Il1ara YMCeHHOTo JudQepeHIIpOBaHNS;

- KOHKDETHYH0 Be/IMUMHY II1ara YrcjeHHOro r¢depeHIpOBaHuUs.
Kak 3aBUCHT TIOTpenrHOCTh anmpoKCUMaLWH 1-0¥ POM3BOAHON CIeAyIOMIM BhIpaKeHHeM

OT BeJIMYUHEI miara h?

. e tk)—y{x—h)
N 2h

- 3dBUCHMMOCTD IIOIrpemHOCTH OT BE/IMYUKHLI 111dl'd HOCHUT XdpPaKTep O/IM3KuUi K HHHeﬁHOMy;
- 3aBUCUMOCTB IMOTPEIIHOCTU OT BEJIMYMUHEI 1l1al'a HOCHUT XapaKTep OIM3KUH K KBaZIpATUYHOMY
- 3dBUCUMOCTbD MOTPEIIHOCTHU OT BEJIMUYMUHBI 11dal'd HOCHUT XdPAKTEP O/113Kui K FI/IHep60]'[I/I‘»IECKOMy;

- 3aBUCUMOCTb MOTPELTHOCTH OT BeJTMUMHBI I11ara HOCUT XapakTep O/M3KUI K SKCITOHEHIIMATEHOMY.
KosdduumenTs! anmpokcumupytoiero psiza B Metofe byoHoBa-I"anepkiHa oripeiesisiroTCst UCXO/S U3

- obecrieueHust yCJIOBUSI OPTOTOHAILHOCTH 0a3MCHBLIX (PYHKIMI HEBSI3KE;
- obecrieyeHHs1 MUHMMAaJILHOTO 3HAUEHHs! CKa/ISIPHOTO NTpou3BeZieHHs1 6a3MCHBIX (YHKIMI Ha HEBSI3KY;
- obecrieueHHsT MAaKCHMaJIbHOTO 3HAaUeHHSs CKaISIPHOTO MpOoU3BeieHHst 0a3UCHBIX QYHKIUI Ha HEBSI3KY;

- obecrieueHus paBeHCTBa 1 3HaYeHUsI CKa/ISIPHOTO TIPOM3BeieHusT 0a3uCHBIX QYHKLIMM Ha HEBSI3KY.
Ipu pelieHMM MeTO/0M KOHEUHBIX pa3HOCTel ofHOMepHOro AuddepeHiiasLHOT0 ypaBHEHUs
rurnepOo/IIUeCcKOro THIA AT ¢ UCTIOb30BaHUEM SIBHOTO MeTo/ia 1o BpeMeHH (At) u mar ceTkH (Ax)
CBsi3aHbl COOTHOIIIEHHEM:

Al = K - &x?;
At = i - K-
At = K - Ax.
At < K - Ax?

K - ko3 duimenT, 3HaUeHNe KOTOPOTO OTIPe/e/sieTCsl 3HaUeHUSIMH KO3(hGhHIEHTOB UCXOIHOTO
IvddepeHLMaTBEHOTO YpaBHEHMUSI.

Ipu perieHNM METO/|OM KOHEUHBIX pa3HOCTel ofHOMepHOro AuddepeHiiaisHOTO ypaBHEHHUS
runepboIMUecKkoro THIA 1iar C UCIO/Ib30BaHKeM HesIBHOTO MeTO/ia 1o BpemMeHH (At) u 1iar ceTku (Ax)
CBSI3aHbI COOTHOIIIEHUEM:

At < K - Ax?
At = K - Ax?;
At < K - Ax;
At = K - Ax.
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K - xo3dduriyeHT, 3HaUeHHE KOTOPOTO OTpe/ieNsieTcs 3HaUeHUAMH K03QULeHTOB HCXOLHOTO
In(depeHLMaNBEHOTO YpaBHEHMUS.
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