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MporpamMmy avcumnnvHbl paspaboTan(a)(n) 3aseayowmnin kadenpoi, A.H. (npodgeccop) NrHatbes
O.I". kagpenpa BbICLWIEN MATEMATUKN U MATEMATUHECKOrO MOAENNPOBAHNS OTAENEHNE
negnarormyeckoro obpasosaHus , Ignatev-Yurii@mail.ru ; 3aBenytowmii kKadeapon, O.H. (AOUEHT)
Monos A.A. Kacbenpa reometpum otoeneHne matematukm , apopov@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

Kypc "MaTtemaTtnyeckme oCHOBbl OU3NKKN" YuTaeTCs B 6 1 7 ceMecTpax, Koraa yxe 3aBeplieHbl
OCHOBHble Maremartmnyeckme Kypchbl. Lienb gucumninHbl NO3HaKOMUTb

CTYLNEHTOB C OCHOBHbIMM MaTemMaTn4eckmmm NpuHLMNaMm COBpeMeHHON OU3NKN 1 HaY4YNTb
NPUMEHATb MaTtemaTnyeckme MeTobl, a Takxe MeTodbl MaTeMaTn4eckoro

1 KOMNbIOTEPHOr0 MOAENNPOBAHUSA AN PelleHUs OCHOBHbIX oU3n4eckmnx 3aaau.

2. MecTO AMCUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbHOro obpasosaHus

IaHHasa yyebHaa gucumnnunHa BkntodeHa B pasgen " 62.B.1 ObwenpodeccrnoHanbHbIi
obpaszoBartenbHoit nporpamMmbl 050100.62 MNeparornyeckoe obpasoBaHNEe N OTHOCUTCS K
BapuaTtusBHol yactu. OceamBaeTtcs Ha 3, 4 Kypcax, 6, 7 ceMecTpbl.

Kypc TecHO nHTerpmpoBaH ¢ MaTteMaTuyeckummn gucuunnnHamm: "MaTtematnyeckun aHanms",

"AHanuTtunyeckasa reometpus”, "dundpdepeHumanbHas reometTpus”,
"OndodpbepeHumnanbHble ypaBHeHns", "VIHpopMaLnoHHbIE TEXHONOTUW B MateMaTuke".

OCHOBHOW

3. KomneteHuuu obyyarowierocs, hopMmpyemble B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopynsi

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeayoWwme KOMNeTEHUNN:

Pacwmndpposka
LLincpp komneteHumu npuobpeTaeMor KoMneTeHLUN
BrafeeT MaTeMaTukom Kak YHUBEPCanbHbIM A3bIKOM HayKW,
CPencTBOM MOLENVMPOBAHUS SBNEHMWIA 1 NPOLLECCOB, CNOCOOEH
NMONb30BaTbCA NOCTPOEHNEM MaTEMAaTUYECKUX MOaenel ans
CrnkK-12 PEWEeHNS NPaKTUYECKNX NPOBNEM, MOHMMATbL KPUTEPUM
(npodheccunoHanbHble KayecTBa MaTeMaTnyeckmx ccnenoBaHuim, NPUHLMNbI
KOMNeTeHLmm) SKCNepuMeHTanbHON 1 AMMNNPUYECKON NPOBEPKN HAYHYHbIX
TEOpWin, yMEHEM NCCenoBaThb Knacc Moaenem, K KoTopomy
NPUHAONEXNUT nonyYyeHHas MoAeNb KOHKPETHOW cuTyauun,
NPUMEHAA MaremaTuyeckyto Teopmio
CrK-3 Bnageet metonamm oby4eHusi MaTeMaTyeckomy v
(npodhbeccmoHanbHble anropMTMUYECKOMY MOLENNPOBAHMIO y4eOHbIX 3aaad
KOMNeTeHLmm) Hay4HO-TEXHNYECKOro, 3KOHOMMYECKOro xapakrepa
CrK-5 BnageeT MeToaamu anropuTMUYecKoro MoaennpoBaHns ans
MNOCTaHOBKM MatemMatn4eckmx 4, MeTogamm
(npodheccunoHanbHble ocTaro aremarnieckux safat, Merosa
KOMNETEHLIN) MaTeMaTM4ecKoro 1 anropuTMMYEeCcKoro MogenmpoBaHus npu
MOCTaHOBKE M pelleHnn 3a4a4 NpuknagHoro xapakrepa
CrK-7 Bnageet MeTogamn co3gaHnsa MatemMatnyeckmx moaenem
OCHOBHbIX 0OBEKTOB M3Yy4EHUSI €CTECTBEHHOHAYYHbIX
(npodbeccmoHanbHble
omcumnanH obpasoBaTenibHOro NpoLecca U peanna3oBbiBaTh MX
KOMreTeHuun)
B KOMMbIOTEPHbIX MOOENSAX
CrK-8 BfiageeT OCHOBHbIMM MOMIOXEHNSAMUN KNAacCU4eCcKnx pasnenos
(NDOKIECCHOHANbHbIE MateMaTu4eckomn Hayku, 6a3oBbIMU MOESMU U METOAAMU
P MaTeMaTukn, CUCTEMON OCHOBHbIX MaTeMaTU4eCcKmnx CTPYKTyp U
KOMNeTeHLmm)
akcmomaTtnyeckum MeToaom
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B pe3ynbTarte OCBOEHNA ONCUNMIINHDBI CTYOEHT:
4. nONXeH OJEMOHCTpUMpoOBaTb CMOCOBHOCTb 1 FOTOBHOCTb:

1. CnocobHOCTb 1 FOTOBHOCTb pellaTb OCHOBHbIE 3a4a41 TEOPETUYECKO MeXaHNKK 1 TeEOPUN Nons:

MoHumatb npnHUMN HanMeHblero OencTems u npuHUMN nony4eHns Ha OCHOBE ero ypaBHeHw7|
OBUXEHNA.

CocTtaBnatb ypaBHeHWI dinepa-JlarpaHxa ansg 3agaHHon OyHKUMM OENCTBUSA; OOPMynmMpoBaTh
3apadvy Koww gns

ypaBHeHun dnnepa-larpaHxa.

2. Pewartb n nccneposatb 3a4a4v MMHERHON Teoprmn KonebaHuin aHannTU4Yeckn 1 B nakeTe
nporpamm Maple;

YMCNEHHO pewaTb U uccnenosatb B nakete Maple 3anayun Teopun HENNHERHbIX KonebaHwii; CTPonTb
KOHpUrypaunoHHblie 1 doa3oBble TpaekTopumn

KonebaHwii. Pewatb 1 uccnenosatb 3aa4yv MEXaHNYECKOro ABUXEHNS B KNACCUYECKOM MNone
TAXeCTu, B TOM Yucne, B nakete Maple, ymetb

CTPOUTb aHNMMpPOBaHHbIE MOAENN OBNXEHNS.

3. CnocobHocTb NMPUMEHATb MaTteMaTndyeckme MetTodbl K peleHunio 3aga4y MexaHnk, Kak
KNnaccu4eckom, Tak u peﬂﬂTVIBMCTCKOIZZ

rpynnoeblie U TEH30PHbIE METOObl UCCENOBAHNA 3a4a4d, KOBapnaHTHO 0606LI.|,aTb YpaBHEHUA
OBNXEHNA N 3arnncbliBatb X B KpVIBOﬂVIHeVIHbIX

KoopaonHatax, HaxoaunTb NVHENHbIe MHTErpanbl ABUXEHUA, B HaCTHOCTU, onpenenaTtb NVHENHbIe
MHTErpanbl ABUXEHUSA B MNoJie LeHTPaJIbHbIX CUN,

npoun3eoanTb anrebpanyeckume n gudpdpepeHumnanbHble onepaumnmn Hag TeH30paMun, CTPOUTb
LyanbHble TEH30Pbl N0 AaHHOMY aHTUCUMMETPUYHOMY.

4. YucneHHo pewartb 1 nccnenoBatb B NakeTe Maple ypaBHEHUA reoge3n4eckmnx B ABYMEpPHbIX U
TPEXMEPHbIX PUMaHOBbIX NMPOCTPaHCTBAX,

CTPOUTb peLeHe AN reoae3nyeckux B none YepHol apipbl n3obpaxartb Ux rpagouyecku,
npoun3eoanTb anrebpanyeckune n audpdoepeHumnanbHbie onepauum

HaO TeH30paMu B NakeTe Maple, B YHaCTHOCTU, CTPOUTb YpaBHEHUA reoe3n4ecknx, BbIHNCNATb
TEH30pPbl KPUBU3HbI 1 Puyyn. NoHmMaTb CBA3b ypaBHeHI/IVI reoge3ndyeckunx

C Teopuver reoMeTpmn4eckom onTrKu.

5. Bbluncnatb TEeH30p Makcsenna u ,D,yaﬂbell7| K HEMY NO 3aaHHOMY BEKTOPHOMY noTteHuuany,
BblHNCNATb TEH30P SHEPTrnN-MMnynbca 3NEKTPOMarHUTHOro noJsis

no 3agaHHoMy TeH30py Makceenna, BblYMCNSTb KOBAPUAHTHYO OVBUPreHUMIO OT TEH30pa
SHEePrumn-mMnynbca, BblYMCNSTb TEH30P SHEPrUN-UMMNYyNbca

noeanbHOW XUOKOCTU N nony4yatb 3aKOHbl COXpaHEeHWUA, BbIHUCNATb NHBAPUAHTbl 3NEKTPOMAarHMTHOro
nonsd, Nnpon3BoanTb BblHNCIIEHUA C 0606LWeHHbIMK

OyHKLMSIMU, B 4ACTHOCTW, ¢ doyHKUMeh [upaka, B TOM yucne, B nakete Maple, 3anucbiBaTb
ypaBHeHnsi MakcBenna B KpUBOMMHERHbBIX KOOpAMHATaX,

nonyyaTtb 3aKOH COXpaHeHUs 3apsiia U3 KOBapuMaHTHbIX ypaBHeHUA Makcsenna, pelwarb ypaBHEHMS
MakcBenna B BaKyyMe, B HaCTHOCTU, B CPEPUHECKON

cMcTemMe KoopaMHaT 415 TO4eYHOro 3apsiaa C NoMOLLbIO CBOVCTB dpyHKUMK [mpaka.

6. CocTaBnsATb HEPENATUBMCTCKUE N PENSTUBUCTCKME YPaBHEHNS ABUXEHUS 3apana B
9N1IEKTPOMArHUTHbIX MOMSAX, B HACTHOCTU, B MOCTOSAHHbBIX CKPELEHHbIX 3NEeKTPUYECKOM N MarHUTHOM
nonsx,

YMCNEHHO pelaTb YpaBHEHUS OBMXEHNS 3apsia B CKPELEeHHbIX 3NeKTPOMarHUTHbIX MOJsX B nakeTe
Maple, cTponTb KOHQUIrypaumMoHHbIE N Pa30Bble TPAEKTOPUN ABUXEHUS,

CTPOUTb aHUMaLMOHHbIE TPEXMEPHbIE MOLAENWN ABUXEHUS.

7. MNpoBoanTb BblUCNEHUS C TeH30pamMy PuMaHa, Puyym n SnHWTenHa, NoHMMaTtb OCHOBHblE
NONOXEeHNsa Teopun rpaBUTaumm N KOCMONOrnn, MOHNMATb FrEOMETPUIO
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N30TPOMHOrO NPOCTPAHCTBA, 3HATb OCHOBHbIE PELEHNS ypaBHEHNIA DNHWTENHA: PEeWEeHNS
Weapuwwunboa n GpuamaHa.

4. CTpyKkTypa U cogepXxaHvue AUCLUNIUHBI MOAYNS
Obwas Tpya0eMKOCTb AUCLMMNIIMHBI COCTaBnseT 5 3a4eTHbix(ble) eanHuL(bl) 180 yaca(os).
dopmMa NPOMEXYTOHHOIr0 KOHTPONS ANCLUUMNINHDBI 3a4€T B 6 CEMECTPE; 9K3aMEH B 7 CEMECTpE.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCTBO NS [OMnycKa K 3a4eTy
28 6annos.

86 6annos n 6onee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBopuTenbHO" (YO0B.);

54 6anna n MeHee - "HeynOBNETBOPUTENLHO" (Heya.).

4.1 CTpyKkTypa u coaepxaHue ayauTopHON paboTbl N0 AUcCUMNIMHE/ MOAYIO
TemaTuueckui NNaH AUCLUNINHBI/MOAYNS

Buabl n yachbl
Paagen ayauTopHOM paborThbl,
Henens nX TPy AOEMKOCTb Tekywme cpopMbl
N D‘"Knlgv"lr;,’:_::‘"b'/ CeMecTP omectpal (B 4acax) KOHTpOnsi
Nex ““I'Ipaxmqecmena6oparopuble
L 3aHATUSA pabortbl

Tema 1. MNpuHumn TBopyeckoe
1.|HaMMeHbLLero 6 1-4 4 0 8 3agjaHue

nencreuns.

TBopyeckoe

Tema 2. Teopus
2'Kone6aHV||7|. 6 5-9 6 0 10 3apaHve

Tema 3.

Pengatusucrckas TBopyeckoe
3.|dom3uka u Teopus 6 10-13 6 0 8 3apjaHue

TEH30PHbIX

BblYUCNIEHUIA.

Tema 4. KoBapmaHTHble TBopyeckoe
4.|npon3BoaHbIE OT 6 14-18 4 0 8 3ajaHve

TEeH30pa.

Tema 5.
5. AnekTpoanHaMmKa. / 1-5 6 0 6

Tema 6. BoiBoa

KOBapUaHTHbIX

ypaBHeHun Makceenna.

YpaBHEHMS OBUXEHUS

3apsnaB i
6. SNEeKTPOMarHUTHOM / 6-10 6 0 6

none. TeH30p

SHepruun-nmnynbca

9NEeKTPOMarHUTHOro

nons.
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Buabl 1 yachbl
Pasgmen ayauTopHOM paborThbl,
Hepens UX TPYAOEMKOCTb Tekywme coopmbl
Nl Bwcuwunnaue/ - (CeMecTPoeyectpa (8 acax) Yovmpans
MpakTnyeckmelllaboparopHbie
flekuuu 3aHATUA pa601b|

Tema 7. TeH30pbl

KPVBU3HbI, Pnyyu,
7./ckangapHas KpuBu3Ha. 7 11-17 6 0 6

OneMeHTbl Teopum

rpasurtaumn.

Tema . Itorosas 3aver
. 6 0 0 0

doopma KOHTponsA

Tema . Ntoroeas Ok3ameH
. 7 0 0 0

doopMma KOHTpons

Ntoro 38 0 52

4.2 CopepxaHvue oUCLUMNUHbI
Tema 1. MNpuHUMN HaMMeHbLLEro OenuCcTBUS.
neKkumnoHHoe 3aHsiTne (4 yaca(os)):

MoHsATUE O AUHAMUYECKO CUCTEME, ee Pa3MePHOCTU, KOH(PUIypaunoHHOM 1 (ha30BOM
npoctpaHcTBe. MNprMepbl AnHaMMYecknx cucteM. MoHsTre 0 Bapraum yHKLUM U SNEMEHTbI
BapUaLMOHHOro ucuucneHus. Boloa ypasHeHus diinepa-JlarpaHxa n3 npuHumMna HauMeHbLero
neicTBUs. 3aKOH COXpaHeHns aHeprun. MamMmnbToHOBa OOPMYINPOBKA YPaBHEHWIA OBUXEHUS.
NuHeliHble NHTErpanbl ABUXEHWS, 3aKOHbl COXPaHEHNS 1 UX CBSI3b C CUMMETpMeEi cuctembl. Bropoii
W TPeTUin 3aKoHbl HbtoToHa.

naboparopHasi pabora (8 yaca(oB)):

1. B nakete Maple noCTpoMTb aHUMMPOBAHHYIO KOMMbIOTEPHYIO MOLENb ABUXEHWS TEna B
OLHOPOAHOM MONE TAXECTN NPU HANNYMUMN NINHEAHON CUNbl TPEHMNS:
m\frac{d*2\vec{r}}{dt"2}+k\frac{\vec{r}}{dt}=m\vec{g}, vec{g}=(0,0,-10); k=0.02; m=0.1. Ha ocHoBe
MONy4eHHOM MOOENN UCCNEenOBaTb KOHGUIypaUMOHHbIE 1 ha3oBble TpaekTopuu. 2. B nakete Maple
MOCTPOUTb aHUMNPOBAHHYIO KOMMbIOTEPHYIO MOOENb OBUXEHNS TENa B O4HOPOAHOM NONE TAXECTM
npwu Hanu4um nuHerHom cunbl Tpenns: m\frac{d*2\vec{r}}{dt*2}+k\frac{\vec{r}}{dt}=m\vec{g},
\vec{g}=(0,0,-10); k=0.01; m=1. Ha ocHOBe nony4YeHHO MOL4ENN UCCNenoBaTb KOHPUrypaLUNOHHbIE
1 pazoBble TPAEKTOPUN.

Tema 2. Teopus KonebaHu.
JIeKLMOHHOe 3aHsiTune (6 4aca(os)):

PaBHOBecHas oMHaMmnyeckas cuctema u MeTof Masblx BO3MYLEHWA. YpaBHEHNS NUHENHbIX
konebanwuir. [lnccmnatueHble npouecchl. Obliee peleHne ypaBHeHNS 0OHOMEPHbIX IMHERHbIX
KonebaHwuii, BUeHns N Pe3oHaHCbl, KOHPUIYPaLIMOHHbIE U (Pa30BbIe TPAEKTOPUM NNHENHbIX
KonebaHuii, KOMNbIOTEPHOE MOAENNPOBAHME NNHERHBIX KonebaHwiA.

naboparopHas pabora (10 4aca(oB)):

1. MocTponTb KOMMBLIOTEPHYIO MOLENb B NakeTe Maple 04HOMEPHbIX NMHENHbIX KonebaHuin YacTuLbl
maccbl $1$ ¢ nnHelHbIM KoadodomumeHToM TpeHusa $k=0.02%; $lomega 0=2$ n BbIHyXoarowWwen
cunoii $F={\rm e}*{-0.1t}\sin 2t$. NMocTpounTb hazosyto TpaekTopunto konebaHwuii. 2. NMocTponTb
KOMMbIOTEPHYIO Moenb B nakete Maple ofHOMEpHbIX NMHENHbIX konebaHwnii yactuubl macebl $0.5$ ¢
NHEenHbIM KoadhdpuumeHTom TpeHns $k=0.01$; $lomega_0=1$ n BoiHyX natowein cunon $F=\sin 3t$.
MocTpouTb Gha30ByO TpaekToputo konebanuia. 3. NocTponTb aHMMUPOBAHHYK KOMMbIOTEPHYHO
mMoZesnb B nakete Maple o gHOMEpPHbIX NMHENHbIX KonebaHuii YacTuubl Maccbl $1$ ¢ nnHelHbIM
KoadodomumeHToM TpeHmns $k=0.01$; $\lomega_ 0=2$ n BoiHyxgarowert cunoin $F=\sin 2t$.

Tema 3. Penatneucrckasi omsuka v Teopusi TEH30PHbIX BbIYMCIIEHUNA.

JNIeKLMOHHOoe 3aHsiTue (6 4aca(oB)):
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"eoMeTpust YeTbIPEXMEPHOro NCeBO0EBKIMAOBA NpocTpaHcTea. MNMpeobpasosaHus NlopeHua.
MpwHUMN KoBapuaHTHOCTW. KoBaprnaHTHoe 0606LieHre ypaBHEHUIA MexaHrKn. OnpeneneHne
TeH3opa. Anrebpanyeckme onepaunn Hag TeH30pamm.

naboparopHasi pabora (8 4aca(oB)):

1. BaneHTHOCTb 1 paHr TeH3opa. 3sneyeHne nHgpopmaumm o TeHsope B nakete Maple. Npumepsbi.
2. NaHbl koBapmaHTHbI TeH30p $$T_{ik}=\left(\begin{array}{lll} r & r*2 & r*3\\ 0 & \cos"2\phi &
\sin*2\phi \\ 1 & r & 0 \\ \end{array} \right)$$ n koHTpBapmaHTHbIn BekTop $UNi=(r,1,2)$. B nakete
Maple Bbiumcnutb ceeptkn $T_{ikjU?i$, $T_{ikjU kS, $T_{ik}UNUk$.

Tema 4. KoBapuaHTHble NpoOU3BOAHbIE OT TEH30pa.

neKkumnoHHoe 3aHsitTne (4 yaca(os)):

KoBapuaHTHble andpdpepeHumanbHbie onepartopbl 1-ro n 2-ro Nopsaakos. JUCKPUMUHAHTHBIA TEH30pP
N ero CBs3b C Niowanbio n 06bemoM. BbiBoa ypaBHEHWIA reoAe3nyYecKnx U3 ypaBHeEHNIA
ownnepa-llarpaHxa. NpuHumn depma 1 reomeTpuydeckas ontTmka HEOAHOPOAHON aHN3OTPOMNHOW
cpenbl. KoBapraHTHble gudpdpepeHumnanbHbie onepatopbl 1-ro 1 2-ro nopsiakos.

naboparopHas pabora (8 4aca(oB)):

21. Bbiumucnenune cumeonos Kpuctodpdpens 1-ro u 2-ro pona B nakete Maple. Bblyncnutb cumeonsl
Kpuctodpdpens 1-ro u 2-ro pona anst metpukun $$ds*2=(1-2r_0/r)dt*2-r*2(d\theta”2+% \sin*2\theta
d\varphi*2)-\frac{dr"2}{1-2r_0/r}.$$ 22. Beluncnntb B nakete Maple koBapnaHTHble NPOM3BOAHbIE OT
KOHTpBapuaHTHOro Bektopa $V=(r"2,r*2\cos*2\varphi)$ otHocutTENEHO METPUKM
$ds”2=drr2+r"2\cos"2\varphi$. 23. MocTpoOUTbL KOMNBIOTEPHYIO MOAEND ABUXEHNS YaCTMLbl B NONe
YepHon Obipbl.

Tema 5. dnekTpoamnHamMmKa.

JNIeKLMOHHOe 3aHsitue (6 4aca(oB)):

JMCKPUMUHAHTHBIA TEH30P W ero cBsA3b C nnowanbto 1 o6bemoM. TeHsop Makceenna v oyanbHbiii
TEH30p. 3ak0OH coxpaHeHns 3apsana. BoiBoa ero n3 ypaBHeHMs HENpPepbIBHOCTW. [11OTHOCTb
TO4yeyHoro 3apsaga. delta-goyHkums [upaka n ee cBocTBa. HeTblpexMepPHbI BEKTOPHbIA NOTEeHUMan
n TeH3op Makceenna.

naboparopHasi pabora (6 4aca(oB)):

BbluncneHune teH3opa Makceenna n ayanbHOro K HeMy TeH3opa no 3a4aHHOMY 4-X MEpPHOMY
BEKTOPHOMY noTeHumany. BolumcneHus B nakete Maple onepaumii Hag 0606wWeHHbIMU OYHKLMSMMA.

Tema 6. BbiBoo, KOBapuaHTHbIX ypaBHeHUU MakcBenna. YpaBHeHUs ABUXeHUs 3apsiga B
3NeKTPpOMarHUTHOM none. TeH30p aHeprum-umnynbca 3aNneKTPoMarHUTHOro Nons.

JNeKLuMoHHoe 3aHsiTne (6 4yaca(os)):

3akoH coxpaHeHus 3apsaa. BeiBog ero na ypasHeHUs HenpepblBHOCTU. [MNOTHOCTb TOYEYHOrO
3apsna. delta-cpyHkums dupaka v ee cBocTea. HeTbipexMepHbIi BEKTOPHbINA NOTEHUMaNn u TEH30pP
Makcsenna. ®yHkums JlarpaHxa ons anekTpoMarHUTHOro nons. BeiBog KkoBapmaHTHbIX ypaBHEHWUI
Makcsenna. HacTHble peweHuns ypaBHeHun Makceenna. 9nekTpoMarHUTHOE none TO4EeYHOro
3apsga. YpaBHeHus OBUXEHWS 3apsaa B 3/1eKTpOMarHMTHoOM rnone. BoiBog u3 npunHumna
HaMMeHbLWero OencTBus. TeH30p SHeprun-nMnynbca. TeH30p aHeprun-nmnynbca
9/1EKTPOMAarHUTHOro Nnons.

naboparopHas paborta (6 4aca(oB)):
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Mporpamma omcumnnmHel "Matematudeckme ocHobl omankin'; 050100.62 Meparormyeckoe obpasoBaHue; 3aBeayowmnii kadeapon, o.H.
(npodpeccop) Urnatbes KO.I. , 3aBenytowmin kadbenpoin, A.H. (aoueHT) MNonos A.A.

1. [loCcTpOMTb KOMMbIOTEPHYIO MOOESb ABUXEHNS 3apsna B NOCTOSAHHbBIX CKPeLWeHHbIX
9NeKTpoMarHMTHbIX Nonsx B nakete Maple. Ha ocHoBe nony4eHHON MoLenn nccnenosatb
KOHoMrypaumnoHHyto Tpaektoputo asmxeHns: $\vec{E}=(1,0,0)$; $\vec{H}=(0,2,0)$; $9=0.7$;
$m=0.98%. 2. MocTponTb KOMMBLIOTEPHYIO MOLENDb ABUXEHMS 3aPSAaa B MOCTOSAHHbIX CKPELEHHbIX
9N1EeKTPOMAarHUTHbIX MONSX C NMMHENHbIM TpeHueM B nakete Maple. Ha ocHoBe nony4yeHHOM Moaenu
nccnenoBatb KOHUrypaumoHHyio Tpaektopuio apuxenmns: $\vec{E}=(0.5,0,0)$;
$\vec{H}=(0,1.5,0)$; $g=1%; $m=0.25%; $k=0.025%. 3. NocTpONTL KOMMBLIOTEPHYIO MOLENb
OBUXEHNS 3apsiia B MOCTOSAHHbBIX CKPEeLWeHHbIX 9NeKTPOMarHUTHbIX NOJISAX C KBAAPATUYHbBIM M0
ckopocTu TpeHneM B nakete Maple. Ha ocHoBe nony4yeHHOM Mogenn nccnenosarb
KOHGoMrypaumnoHHyto Tpaektoputo asmxeHns: $\vec{E}=(0,1,0)$; $\vec{H}=(2,0,0)$; $g=1%; $m=1$;
$k=0.005$. 4. MocTponTb KOMMLIOTEPHYIO MOLENb ABMXEHMS 3apsaa B MOCTOSHHOM
anekTpomarHuTHom none $E=(0,0,E)$ ¢ kBagpatmyHbIM NO cKOpPOCTU TpeHmeM B nakeTe Maple. Ha
OCHOBE MONy4YeHHOM MoAeNnn nccnenosaTb KOHPUrypaLMOHHYIO TPAEKTOPUIO OBUXEHMS:
$\vec{E}=(0,1,0)%; $g=19%; $m=0.25%; $k=0.025%.

Tema 7. TeH30pbl KPpUBU3HbBI, PUyun, ckanspHas KpusmaHa. dnemMeHTbl TeOpUM rpasmTaLun.
neKkumnoHHoe 3aHsitTne (6 yaca(os)):

TeH30pbl KpUBU3HbLI, Pnydn, ckanspHas KpmsuaHa. Toxaectsa bbsHKM 1 ypaBHEHUS DRHWTENHA.
LBrXXeHne NpoBHbIX TEN B PENATUBUCTCKUX NONSX TATOTEHMS. PENSTUBNCTCKME KAHOHNYECKNE
ypaBHEHUS OBMXEHUS. YpaBHEHNS OBUXEHUS 4acTuLbl B CKansipHOM rnone. TeHsop
SHEPrun-umnynbca naeanbHon XnoKocTn. YpaBHEHNS ABUXEHUS naeanbHON XNAKOCTM Kak
andbpepeHumanbHoe CneacTene ypaBHEHUN SMHIITENHA.

naboparopHas pabora (6 4aca(oB)):

1. Bbl4MCAnTb TEH30p KPUBU3HBI 1 TeH30p Puydm ona metpukn Weapuywunbaa: ds*2=dt"2*(1-2/r)-
drr2 *1/(1-2/r)+r*2d\theta”2+r*2\cos"2\thetad\phi*2. 2. Bblancnutb TeH30P KPUBM3HbBI U TEH30P
Puyun onga metpukn ®pmnagmana: ds"2=dt"2-a"2(t)(dr*2+r*2d\theta*2+r*2\cos"2\theta d\phi*2). 3.
[MocTpoUTb YUCNEHHYO MOLENb ABUXEHNS MACCUBHOWM YacTuubl B none YepHow Oblipbi:
ds*2=dt"2*(1-2/r)- dr*2 *1/(1-2/r)+r*2d\theta"2+r*2\cos*2\thetad\phi*2, noctponTb
KOH(PUrypaumoHHYIO TpaekTopuio Yactuubl. 4. [1OCTPONTb YNCNEHHYIO MOOENb OBUXEHNS
6e3maccoBoil YacTumupl B none YepHow abipbl: ds2=dt"2*(1-2/r)- dr2
*1/(1-2/r)+r*2d\theta”2+r*2\cos*2\thetad\phi*2, noCTponTb KOHGUIypaUNOHHYIO TPAEKTOPUIO
YacTuupbl.

4.3 CTpyKTypa 1 copgepXxaHume caMOCTOSATE/IbHOM paboTbl AUCLUMIUHBI (MOLYNSA)

Buabl
N Paanen Cemecto| HeAens | camoctosirensHoi TpyaoemkocTh g?«%%%';?:;ﬁﬂg;
AducumnnnuHbl pcemecha paboTbl (B yacax) a60ThI
CTYLEHTOB P
Tema 1. MNpuHUMN noAroToBka K
1.|HaMMeHbLwero 6 1-4  |TBOpYECKOMY 10 ;I;Oﬂg‘;lﬁﬂceme
nencTeuns. 3ajaHunio
NoAroToBka K
o [Tema 2. Teopus 6 5.9 T:élps e(c):K an 16 TBOpYeckoe
[k HUA. HU
oneba 3anaHmio 3apaHue
Tema 3.
PenaTtnsucrckas NnoAroToBka K
3.|cpnsrka n Teopus 6 10-13 |TBOpYECKOMY 14 ;:%gﬁﬂceme
TEH30PHbIX 330aHNI0
BblYNCNEHUNNA.
Tema 4. KoBapunaHTHble NoOAroToBka K
4.|npon3BoaHbIE OT 6 14-18 (TBOpPYECKOMY 14 :T;I;(J)lr;:?ﬂceme
TeH30pa. 3aJaHuio
Ntoro 54

5. O6bpa3oBartenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs
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Mporpamma omcumnnmHel "Matematudeckme ocHobl omankin'; 050100.62 Meparormyeckoe obpasoBaHue; 3aBeayowmnii kadeapon, o.H.
(npodpeccop) Urnatbes KO.I. , 3aBenytowmin kadbenpoin, A.H. (aoueHT) MNonos A.A.

AKTVBHbIE I MHTEPaKTNBHbIE (POPMbl 06pa3oBaTe/bHbIX TEXHOMOMMiA, OCHOBaHHbIE Ha
NHTErpMpoBaHn MeTo0B UHGOPMALIMOHHBIX TEXHONOMMIA U KOMMbIOTEPHOrO MOAENNPOBAHNS
(aBTOpCKas paspaboTka).

MpenycMOTPEHO WNPOKOE NPUMEHEHNE KOMMbIOTEPHBIX CUMYTSILIIA.

6. OLeHOYHble CpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOW
aTTecrauum rno MToramMm OCBOeHUsi AUCLUIMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTeNIbHOM paboThbl CTYAEHTOB

Tema 1. MpUHUMN HaMMeHbLUEro OeNCTBUSA.
TBOpYECKOe 3afaHune , NpuUMepHble BOMPOChHI:

1. B nakete Maple nocTponTb KOMMAbIOTEPHYIO MOAENb OBUXEHUS Tena B OLHOPOLHOM MONe TAXECTM
NPy HANNYUN KBAAPATUYHON MO CKOPOCTU CUIbl TPEHUS:
m\frac{d”"2\vec{r}}{dt"2}+k\frac{\vec{r}}{dt]left|\frac{\vec{r}}{dt}\right|=m\vec{g}, \vec{g}=(0,0,-9.8);
k=0.02. Ha ocHoBe nony4eHHOn MOAENN UCCnenoBaTb KOHUrypaunoHHble U 0a30Bble TPAEKTOPUU;
m=1. 2. B nakete Maple noCcTponTb KOMMbLIOTEPHYIO MOLENb ABUXEHMS TeNa B OAHOPOLHOM Mnone
TSXECTU NMPW HaMM4mMM KBagpaTuyHom no ckopoctu cunbl TpeHns: m\frac{d"2\vec{r}}{dt"2}+
k\frac{\vec{r}}{dth\left|\frac{\vec{r}}{dt}\right|=m\vec{g}, \vec{g}=(0,0,-9.8); k=0.01; m=0.5. Ha ocHoBe
MONy4eHHO MOOENN UCCNenoBaTb KOHAUIYPaLUMOHHbIE U ha30BbIE TPAEKTOPUMN.

Tema 2. Teopus KonebaHu.
TBOPYECKOE 3afaHne , MPMMEPHbIE BOMPOCHI:

1. MNocTponTtb KOMNbBIOTEPHYIO MOAENb B NakeTe Maple oBHOMEPHbIX TMHENHBbIX KonebaHuin YacTuupl
maccbl $0.5$ ¢ nuHeliHbIM KoadhdpmumeHToM TpeHus $k=0.01$; $lomega_0=1$ u BoIHYX patowWe
cunoii $F=\sin 3t$. MNocTponTb hazosyto TpaekToputo konebaHuii. 2. MocTPoONTb aHUMUPOBAHHYIO
KOMMbIOTEPHYIO MoAenb B nakeTe Maple 04HOMEPHbIX NMHEHbIX KonebaHuii yacTuubl macebl $1$ ¢
NIMHeNHbIM KoadhdpuumeHToM TpeHns $k=0.01$; $lomega_0=2$ n BoiHyX natowen cunoin $F=\sin 2t$.
3. MNocTponTb aHMMMPOBAHHYO KOMMbBIOTEPHYIO MOLENb B NakeTe Maple 0iHOMEPHbIX NUHENHbIX
konebaHuin yactuubl Maccbl $0.5$ ¢ nmHeliHbIM KoadpdomumneHTom TpeHns $k=0.02$; $lomega_0=3% n
BbIHy>x Aatower cunoii $F=\sin 2t/t$. 4. NocTponTb aHNMNPOBAHHYO OCHALWEHHYO KOMMbIOTEPHYIO
Monernb B nakete Maple oiHOMEPHbIX NMHENHbIX konebaHuii YacTuupbl Macchbl $1$ ¢ NMHENRHbIM
KoadbgoumumeHTom TpeHns $k=0.025%; $\omega_0=2% un BbiHyXaatowein cunoin $F=\cos 2t$. BoisecTn
Ha Tabno faHHble O MOMEHTANbHOM 3HAYEHMN CKOPOCTH.

Tema 3. Penatusucrckasi ousnka v TeoOpus TeH30PHbIX BbIYNCNEHUHN.
TBOPYECKOE 3a4aHune , NpUMepHble BOMPOCHI:

1. BaneHTHOCTb 1 paHr TeH3opa. V3BneyeHne nHpopmaumm o TeHsope B nakete Maple. Mpreectu
npumep. 2. Boiuncnernne cumeonos Kpuctodpdpens 1-ro n 2-ro pona B nakete Maple. Boiuncnutb
cumBonbl Kpuctodpdpens 1-ro n 2-ro poga ons metpuku $$ds”2=(1-2r_0/r)dt*2-r*2(d\theta2+%
\sin"2\theta d\varphi*2)-\frac{dr*2}{1-2r_0/r}.$$

Tema 4. KOBapVIaHTHbIe npoun3sonHblie OT TeH30pa.
TBOpYECKOE 3anaHune , npnumepHbIe BOMNMpOChbl:

1. Beiuucnntb B nakete Maple koBapraHTHble NPOM3BOAHbIE OT KOHTPBAPMAHTHOrO BEKTOpa
$V=(rr2,r"2\cos*2\varphi)$ otHocutenoHo meTpukn $ds*2=dr 2+r*2\cos"2\varphi$.

Tema 5. dnekTpoamnHammka.

Tema 6. BbiBog, KOBapuaHTHbIX ypaBHeHUU MakcBenna. YpaBHeHUs ABUXeHUs 3apsiga B
3NeKTPOMarHUTHOM none. TeH30p 3Heprum-umnynbca 3aNeKTPoMarHUTHOro Nons.

Tema 7. TeH30pbl KPpUBU3HbBI, PUyun, ckanspHas KpusM3Ha. dnemMeHTbl TeOpUM rpasmTaLun.
Tema . UToroBasi hopma KOHTpOns
Tema . UToroeasi popma KOHTpons

[MpyMepHbIe BONPOCHI K 3a4ETy M 9K3aMEHY:
Y% %% %0 %0 Yo% Yo% Yo% Yo% MNPUHUNN HANMEHDbLLEro AeUCTBUSA %% %% %% Yo
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Mporpamma omcumnnmHel "Matematudeckme ocHobl omankin'; 050100.62 Meparormyeckoe obpasoBaHue; 3aBeayowmnii kadeapon, o.H.
(npodpeccop) Urnatbes KO.I. , 3aBenytowmin kadbenpoin, A.H. (aoueHT) MNonos A.A.

JHaMnyeckme CUCTEMbI; YUCNO CTeneHel cBoboabl, (0a30BOE NPOCTPAHCTBO CMCTEMBI. [prHUMM
HavMeHbLlero nencTeng. BoiBog ypaBHeHui Ditnepa-JlarpaHxa. YpaBHeHus dnnepa-SlarpaHxa ons
OLHOW YacTuLbl B Nonie noTeHumnanbHbix cun. Bropoi 3akoH HbloToHa. BbiBOA 3akoHa coxpaHeHus
SHeprun 13 ypaesHeHuin diinepa-JlarpaHxa. [1snxeHme B cpeprnyeckm - CUMMETPUYHOM
noTeHumanbHoM none. VIHTerpansl aABnxeHuns. BoiBog ypaBHeHWI reoge3nyeckmx U3 ypaBHeHUn
ounnepa-NarpaHxa.

OA)o/o%°/o%o/o%o/o%o/oo/o%o/o%o/o%o/oTeOpl/lﬂ KonebaHNin %% %% %% %o %% %% %% % %o %% %%
BblBoO ypaBHEHNS NIMHEWHbIX KonebaHuin ons cBsS3aHHO cMcTeMbl BbiBO4 ypaBHEHMS 0IHOMEPHbIX
HeNMHenHbIX konebaHuin gns noteHumana 4-ro nopsaka. MNoHsTne 0 %

CMOHTAHHOM HapyLleHU CUMMETPUMN.
%% %% %% % %% % %% Penatusncrtckas usnka n Teopns TEH30PHbIX BbIYNCNEHUN Y%

MpuHumMn koBapmnaHTHoCTW. KoBapraHTHOe 0606LWeHre ypaBHeHUiA MexaHnknOnpeaeneHue
TeH3opa. Anrebpanyeckune onepaumm Hag TeH3opamm. KoBapraHTHblE NPOM3BOAHbIE OT TEH30pA.
KoBapuaHTHble andpdpepeHumanbHbie onepartopbl 1-ro n 2-ro nopsaakos. JUCKPUMUHAHTHBIA TEH30pP
N ero cBs3b C niowanbio n 06bemoM. TeHsop Makcsenna n fyanbHblidi TEH30pP. TEH30Pbl KPUBU3HDI,
Pwnuun, ckansipHas kpnensHa. ToxaecTsa bbsaHkM 1 ypaBHeHNs DitHwTekHa. [BrxXeHne npobHbix
Ten B PENATUBUCTCKUX NONSX TArOTEHUS. PensTuBnCcTCkmMe KaHOHMYECKNE YpaBHEHMS OBUXEHUS.
YpaBHEHNS OBUXEHMS HacTULbl B CKaNsipHOM rnone. TeH30p SHeprum-umnynbca naeanbHom
XWIOKOCTW. YpaBHEHNS OBUXEHNS naeanbHOW XUOKOCTH.

Y% %0 %0 %0 %0 %o Yo% Yo Yo% eﬂeKTpO.ﬂ.l/lHaMI/lKa %%

3aKoH coxpaHeHus 3apsiga. BoiBon ero ns ypasHeHUs HenpepblBHOCTU. [MNOTHOCTb TOYEYHOro
3apsapa. delta-cpyHkums Iupaka n ee CBOMNCTBA. HeTbipexMepHbIil BEKTOPHbIA MOTEHLManNn 1 TEH30p
Makcsenna. ®dyHkums JlarpaHxa ons aneKkTpoMarHMTHOro nons. BeiBog KoBapuaHTHbIX ypaBHEHWIA
Makcsenna. HacTHble peweHns ypaBHeHun Makceenna. 9nekTpoMarHUTHOE none TO4eYHOro
3apsna. YpaBHeHMs OBUXEHUS 3apsiga B 9NeKTPOMarHUTHOM none. BoiBog n3 npuHumna
HavMeHbLlero 4encTBns. TeH30p aHeprun-umnynbca. TeH30p aHeprun-nmnynbLca
9NEeKTPOMarHUTHOro nons

%% %% %% %% Y% Y% Yo3anaun Ha ypaBHeHUS duinepa-JlarpaHxa %%%%% %% %

1. B nakete Maple noCcTponTb aHUMUPOBAHHYIO KOMIMbIOTEPHYIO MOLENb ABUXEHUS Tena B
OLHOPOAHOM MNoJie TAXECTM NPU HANNYUM NINHENHOWN CUMbl TPEHWUS:
m\frac{d"2\vec{r}}{dt*2}+k\frac{\vec{r}}{dt}=m\vec{g},

vec{g}=(0,0,-10); k=0.02; m=0.1. Ha ocHOBe Nony4eHHON MOAEenn nccnenoBarb KOHOUrypaLmoHHbIE
1N oa3oBble TPAEKTOPUN.

2. B nakete Maple NOCTPONTb aHNMNPOBAHHYIO KOMMNbIOTEPHYIO MOOEJIb OBUXEHNA TENA B

OLHOPOAHOM MOJE TAXECTN NPU HANNYMW NINHEAHOWN CUNbl TPEHWNS:
m\frac{d"2\vec{r}}{dt"2}+k\frac{\vec{r}}{dt}=m\vec{g},

\vec{g}=(0,0,-10); k=0.01; m=1. Ha ocHOBe nony4YeHHO MOLENN UCCNenoBaTb KOHPUrypaLUNOHHbIE
1 (pazoBble TpaekTopun.

3. B nakete Maple nocTpouTb KOMMbIOTEPHYIO MOOENb ABUXEHUS Tena B O4HOPOLHOM rone
TSXECTU MPU HANMYUK KBagpPaTUYHOM MO CKOPOCTU CUMbl TPEHUS:
m\frac{d"2\vec{r}}{dt"2}+k\frac{\vec{r}}{dt]left|\frac{\vec{r}}{dt}\right|=m\vec{g},

\vec{g}=(0,0,-9.8); k=0.02. Ha ocHOBe nony4yeHHON MOAEeNn NccnenoBaTb KOHPUrypaLMOHHbIE U
¢oazoBble TpaekTopun; m=1.

4. B nakete Maple nocTpouTb KOMMbIOTEPHYIO MOOENb ABUXEHUS Tena B O4HOPOOHOM rosne
TAXECTU NPV HANN4YMK KBaAPaTUYHOM MO CKOPOCTK cunbl TpeHnsa: m\frac{d*2\vec{r}}{dt"2}+

k\frac{\vec{r}}{dt}\left|\frac{\vec{r}}{dt}\right|=m\vec{g},

\vec{g}=(0,0,-9.8); k=0.01; m=0.5. Ha ocHOBe nony4yeHHON MOLENM NCCNenoBaTb
KOHpUrypaunoHHbIe 1 da3oBble TPaeKTOpPUN.

%% %% % %% %% % Yo% 3anaumn Ha TEOPUIO KONEBAHNIA V6% % YoY% Y% %Yo %Yo %o %o %% Yo

5. MocTponTb KOMNbIOTEPHYIO MoAeNb B nakeTe Maple oqHOMEpPHbIX NTMHEHbIX KonebaHuin YacTuLbl
maccbl $1$ ¢ nuHelHbIM KoadgodomumeHToM TpeHns $k=0.02%; $\lomega 0=2%

1 BblHy>X darouwein cunoint $F={\rm e}*{-0.1t}\sin 2t$. MocTponTb hazoByto TpaeKkToputo KonedaHwmi.
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Mporpamma omcumnnmHel "Matematudeckme ocHobl omankin'; 050100.62 Meparormyeckoe obpasoBaHue; 3aBeayowmnii kadeapon, o.H.
(npodpeccop) Urnatbes KO.I. , 3aBenytowmin kadbenpoin, A.H. (aoueHT) MNonos A.A.

6. MocTponTb KOMMbIOTEPHYO MOLenb B nakeTe Maple 0fHOMEpPHbIX MMHERHbIX KonebaHuii YacTuLbl
maccbl $0.5$ ¢ nuHelHbIM KoadhdomumeHToM TpeHus $k=0.01$; $lomega_0=1$

1 BbIHy>X datowein cunoin $F=\sin 3t$. MocTpoutb hasosyto TpaekTopmio KonebaHwuii.

7. MoCTpOonTb aHMMNPOBAHHYO KOMMBIOTEPHYIO MOLENb B NakeTe Maple 04HOMEPHbIX NTMHENHbIX
konebaHuii Yyactuupbl maccbl $1$ ¢ nnHenHbIM KoadbpuumeHToM TpeHns $k=0.01$; $lomega 0=2% n
BbIHyX aatowen cunon $F=\sin 2t$.

8. lMocTpoMTb aHMMMPOBAHHYIO KOMMbLIOTEPHYIO MOAENb B nakeTe Maple 0gHOMEPHbIX NTMHENHbBIX
konebaHuii yactuubl Maccbl $0.5$ ¢ nuHelHbIM KoadpdomumneHTom TpeHns $k=0.02%; $lomega_0=3%
1 BbiHyx datowein cunoin $F=\sin 2t/t$.

9. lNocTponTb aHUMUPOBAHHYIO OCHALLEHHYIO KOMMbIOTEPHYIO MOLENb B nakete Maple oJHOMEPHbIX
NNHEHbIX konebaHuin YacTuupbl Mmaccbl $1$ ¢ nuHeliHbIM KoadbdmumneHToM TpeHns $k=0.025%;
$\omega_0=2% v BuiHyxpatowewn cunon $F=\cos 2t$. BoiBecTn Ha Tabno faHHbIE O MOMEHTAIbHOM
3HA4YeHNN CKOPOCTMW.

10. MocTpOMTb aHMMMPOBAHHYIO OCHALLEHHYIO KOMMNBIOTEPHYIO MOAENDb B NakeTe Maple ogHOMEPHbIX
NIMHEeNHbIX konebaHuin YacTuubl Maccbl $0.5$ ¢ nnHenHbIM KoadogouumneHToM TpeHns $k=0.01$;
$\omega_0=1$ v BoiHyXpatowei cunoin $F=\sin 3t$. BoiBecTn Ha Tabno faHHbIE O MOMEHTANIbHOM
3Ha4YeHNn CKOPOCTH.

11. lMocTpounTb YNCNEHHYIO KOMMbIOTEPHYIO MOLesb B nakeTe Maple ogHOMEPHbIX HENUHENHbIX
konebaHwuii yactuupbl maccebl $1$ ¢ nnHenHbIM KoadbdpuumeHTom TpeHns $k=0.02%; $lomega_0=3$ n
BbiHyx aatower cunon $F={\rm e}*{-0.1t}\sin 2t$ B none noteHumana 4-ro nopsaka. lNoctponTb
dpa3oByto TPAEKTOPUIO KonebaHuiA.

12. [oCTpOMTb YMCNEHHYIO KOMMbIOTEPHYO Modenb B nakete Maple 0AHOMEPHbIX HENMHENHbIX
kKonebaHwuii yactuupbl maccbl $1$ ¢ nnHenHbIM KoadbdpuumeHTom TpeHns $k=0.01$; $lomega_0=2% n
BblHyXaatower cunoin $F=\sin 3t$ B none noreHumana 4-ro nopsiaka. lNoctpontb paz3osyto
TpaekTopuio KonebaHuii.

13. MNocTponTb KOMNbIOTEPHYIO MOoAeNb B nakete Maple ofHOMEPHbIX NMHEHbIX KonebaHwui
yactuupbl maccbl $0.1$ ¢ nuHeHbIM KoadpuumeHToM TpeHns $k=0.01$; $lomega_0=3%

1 BolHyxgatower cunoin $F={\rm e}*{-0.2t}\sin t$. MNocTponTb hazoByto TpaekTopuo KonebaHwmi.
14. TocTponTb KOMMNLIOTEPHYO MOLeNb B nakeTe Maple 0fHOMEpPHbIX NMMHEHbIX KonebaHuii
yacTuubl maccol $0.7$ ¢ nuHeHbIM KoadochunumeHToM TpeHns $k=0.02$; $lomega_0=1.5$

1 BblHyXpatouwel cunoit $F=\sin 3t/t$. MocTponTb ha3oByO TPAEKTOPUIO KONebaHMiA.

15. MNocTponTb aHNMUPOBAHHYIO KOMMbLIOTEPHYIO MOLENb B nakeTe Maple 04HOMEpPHbIX NTMHENHbIX

konebaHuin yactuubl Maccbl $0.25$ ¢ nuHeiHbIM kKoadochuLmeHToM TpeHns $k=0.02$;
$\omega_0=1.5% u BoiHyxpatoweii cunoii $F=t\sin 2t$; $v_0=0%.

16. MocTpOMTb aHMMMPOBaHHYIO KOMMbIOTEPHYO MOLenNb B nakeTe Maple 0LHOMEPHbIX MMHENHbIX
konebaHuin yactuubl Maccbl $0.25$ ¢ nuHeHbIM KoadpuumeHTom TpeHns $k=0.02%; $lomega_0=3$
1 BblHyXpatower cunoin $F=\sin 2t/t$; $v_0=-23.

17. MocTponTb aHMMMPOBAHHYIO OCHALLEHHYIO KOMMbIOTEPHYO MOAENDb B NakeTe Maple ogHOMEpPHbIX
NVHEHbIX konebaHnii yacTuubl Maccebl $2$ ¢ nuHeHbIM KoadhdprumeHToM TpeHust $k=0.028;
$\omega_0=1$ v BoiHyxaatowei cunoin $F=t\cos 2t$. BoiBecTn Ha Tabno OaHHble 0 MOMEHTaNIbHOM
3Ha4YeHunn CKOPOCTH.

18. IMoCTPOMTb aHMMMPOBaHHYIO OCHALLEHHYIO KOMMNBIOTEPHYIO MOAENb B NakeTe Maple ogHOMEPHbIX
NVHelHbIX konebaHnii yacTmubl macebl $0.5$ ¢ nuHeHbIM KoadhpuumeHToM TpeHns $k=0.02$;
$\omega_0=2% v BbiHyxpatowew cunon $F=t\sin 3t$. BoiBecTn Ha Tabno naHHblE O MOMEHTANIbHOM
3Ha4YeHNn CKOPOCTH.

%% %% %% Y% Y% Y% % 3anaqn no TEH30PHOMY UCHUCTEHNIO Yo%V %0 %Yo Y0 YooY %Yo

19. OnpeneneHve TeH3opa. 3agaHune TeH3opa B nakete Maple. lNpusectn npumep.

20. BaneHTHOCTb 1 paHr TeH3opa. 13BnevyeHne nHgpopmaumm o TeH3ope B nakete Maple. NpusecTn
npumep.

21. Bbiumucnenne cumeonos Kpuctodpdpens 1-ro u 2-ro pona B nakete Maple. Bbiyncnutb cumeonsi
Kpuctodpdpens 1-ro u 2-ro pona onst metpukun $$ds2=(1-2r_0/r)dt*2-r*2(d\theta”2+%

\sin*2\theta d\varphi*2)-\frac{dr"2}{1-2r_0/r}.$$

22. Bbiumcnutb B nakete Maple koBapuaHTHble NPON3BOOHbIE OT KOHTPBAPMaHTHOrO BEKTOPA

KETPOHHBH
B_EPCHTET
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$V=(rr2,r"2\cos*2\varphi)$ otHocutenoHo meTpukn $ds*2=dr 2+r*2\cos"2\varphi$.

23. NocTponTb KOMMbIOTEPHYIO MOAENb ABUXEHNS YacTuubl B none YepHoi [bipbl.

24. NaHbl koBapuaHTHbIn TeH3op $$T_{ik}=\left(\begin{array}{lll}

r& r2 & rh3\

0 & \cos”2\phi & \sin*2\phi \\

1&r&0\

\end{array}

\right)$$

N KOHTpBapuaHTHbI BekTop $U7I=(r,1,2)$. B nakete Maple Bbiumcnunts ceeptkn $T_{ikjUNi$,

$T {ikiUMkS$, $T_{ikjUNU"KS.

%o/o%o/o%o/ocyoo/ocyoo/oo/o%o/o3aﬂ,a‘-l|/| no anekTpognHammke %% %% %0 %% %0 %% Yo%

25. [loCcTpouTb KOMMbIOTEPHYIO MOLENb ABUXEHNS 3apsaa B MOCTOSHHbIX CKPELEHHbIX

9NeKTpOMarHUTHbIX nonsix B nakete Maple. Ha ocHoBe nony4yeHHOM Mo4enu nccnenosatb

EOHcgmgl’%paLWIOHHyIO TpaekTopuio asmxenus: $\vec{E}=(1,0,0)$; $\vec{H}=(0,2,0)$; $9=0.7$;
m=0.93.

26. [ocTponTb KOMMbIOTEPHYO MOOENb ABUXEHNS 3apsaa B MOCTOSAHHbIX CKPELLEHHbIX

9NEKTPOMAarHUTHbIX MNONSAX C NMMHENHbIM TpeHneM B nakete Maple. Ha ocHoBe nony4yeHHO Moaenu

nccnepoBatb KOHQUIYpaUNOHHYO TpaekToputo asuxeHns: $\vec{E}=(0.5,0,0)$;

$\vec{H}=(0,1.5,0)%; $g9=1%; $m=0.25%; $k=0.025$%.

27. ocTpounTb KOMMAbIOTEPHYIO MOAENb OBUXEHNS 3apsaa B MOCTOSHHbLIX CKPELEHHbIX

9NEKTPOMArHUTHbIX MOMSX C KBaApaTUYHbIM MO CKOPOCTU TpeHneM B nakete Maple. Ha ocHoBe

NONy4YeHHOW MOLENV NCCnenoBaTb KOHUIypauUnoHHYO TpaekToputo asmxeHuns: $\vec{E}=(0,1,0)$;

$\vec{H}=(2,0,0)$; $g=1%; $m=1$; $k=0.005$.

28. lNocTponTb KOMMbIOTEPHYIO MOOENb ABUXEHNS 3apsna B MOCTOSHHOM 9N1EeKTPOMarHUTHOM none

$E=(0,0,E)$ c kBagpaTU4HbIM NO CKOPOCTM TPEHMEM B nakeTe Maple. Ha ocHoBe nony4eHHol

MOJenn nccnenoBatb KOHMrypaumoHHyto Tpaektoputo asmxexus: $\vec{E}=(0,1,0)$; $9=1$;

$m=0.25%; $k=0.025$%.

29. lNoCcTpoUTb KOMMbIOTEPHYIO MOLENb ABUXEHNS 3apsaa B MOCTOSHHbIX CKPELEHHbIX

9NeKTpOoMarHUTHbIX nonsix B nakete Maple. Ha ocHoBe nonyyeHHOM Mo4enu nccnenosatb

KOHGOMrypaumnoHHyto Tpaektoputo asmxenuns: $\vec{E}=(2,0,0)$; $\vec{H}=(0,1,0)$; $g=18;

$m=0.5%; $v_0=(0,1,1)$.

30. O606weHHble dyHKUMM B NakeTe Maple. doyHKUMS Moayns, oyHKUMS XeBucaiaa n oyHKUMs

duvpaka. Nx oandpdbepeHumpoBaHme N CBA3b.

31. lNocTpouTb KOMMbIOTEPHYIO MOLENb ABUXEHNS 3apsaa B MOCTOSHHbIX CKPELEHHbIX

9NEeKTPOMArHUTHbIX NONSX C NMMHENHbIM TpeHueM B nakete Maple. Ha ocHoBe nony4yeHHOM Moaenu

nccnenoBatb KOHpUrypaumnoHHyto Tpaektopuio asuxenmns: $\vec{E}=(0,1,0)$; $\vec{H}=(0,2,0)$;

$9=0.1$; $m=0.25%; $k=0.02%; $v_0=(0,2,2)$.

32. [NocTponTb KOMMbIOTEPHYO MOOENb ABUXEHNS 3apsaa B MOCTOSAHHbIX CKPELLEHHbIX

9NEKTPOMArHUTHbIX MONSX C KBaApaTUYHbIM NO CKOPOCTU TpeHneM B nakete Maple. Ha ocHoBe

MONy4eHHO MOOENN UCCNenoBaTb KOHAUIYPaLMOHHYO TpaekToputo asuxenuns: $\vec{E}=(1,1,0)$;

$\vec{H}=(2,0,0)$; $9=0.6%; $m=0.01%; $k=0.0015%.

Y%%0%0%0 Yo% Yo% Yo %oV %o Yo %Yo Yo3anaumn No rpaBUTaLNNYe %Yo %YoV Ye %o Yo Yoo %o %o Yo% Yo% Yo

33. BblumcnuTb TEH30p KPpUBU3HLI U TEH30p Pryun ans metpukm Weapuywnnboa:

ds”2=dt"2*(1-2/r)- dr*2 *1/(1-2/r)+r*2d\theta*2+r"2\cos”2\thetad\phi*2.

34. Bbl4UCNUTb TEH30P KPUBU3HbI M TEH30P Pryum ang metpukn dpuamaHa:

ds*2=dt"2-a*2(t)(dr*2+r*2d\theta*2+r*2\cos*2\theta d\phi*2).

35. lNocTponTb YNCNEHHYIO MOOENb ABUXEHNS MACCMBHOW YacTuLbl B None YepHon abipbl:

ds”2=dt"2*(1-2/r)- dr*2 *1/(1-2/r)+r*2d\theta*2+r"2\cos"2\thetad\phi*2,

MOCTPOUTb KOHAOUIYPALIMOHHYIO TPAEKTOPUIO YacTULbI.

36. [NocTponTb YMCNEHHYO MOAENb OBMXEHNS 6e3MacCcoBO HYacTuLbl B none YepHol abipbl:

ds*2=dt"2*(1-2/r)- dr*2 *1/(1-2/r)+r"2d\theta’2+r*2\cos"2\thetad\phi*2,

PeructpaumnoHHbIin HoMep DAEKTPOHHEH
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MOCTPOUTb KOHPUIYPALIMOHHYIO TPAEKTOPUIO YacTULbl.

7.1. OcHOBHas nuTeparypa:

1. Snbcronbu, IleB OpHecToBuY. JuddoepeHumanbHbie ypaBHEHUS : yHeOHUK ANst (OU3NYHECKUX U
oM3MKO-MaTeMaTNYECKMX GPaKynbTeTOB yHUBepcuteTos / J1. 3. Snbcronby, .- M34. ctep. - Mocksa :
URSS : [U3a-B0 JTIKW, 2013] .- 309 c.

2. Nirnatbes, Opwuin MeHHaamesny. HepaBHoBecHas BeceneHHas [TekCT: anekTpPOoHHbI pecypc] :
KUHeTnyeckmne mooenun kocmonoruyeckon asonounn / KO. I'. Irhatees ; KasaH. (Mpusonx.) doenep.
YH-T, VIH-T MaTemaTnkm n mexaHmku nm. H. W. JlobayeBckoro .- OnekTpoHHble faHHble (1 doaiin: 2,72
M6) .- (KazaHb : KazaHckuin penepanbHbiii yHuBepcuteT, 2014) .- 3arn. ¢ akpaHa .- [ns 8-ro, 9-ro
1 10-ro cemecTpoB .- Pexum goctyna: OTKpbITbIN.
URL:http://libweb.kpfu.ru/ebooks/05-IMM/05_120_A5-000444.pdf.

3. lNycerixaHoB, M.K. OCHOBbI acTpohn3nKu [OnekTpoHHBbIN pecypc] : y4eb. nocobue / M.K.
['ycerixaHoB. - AnekTpoH. aaH. - CaHkT-lNMetepbypr : JlaHb, 2017. - 208 c. - Pexum goctyna:
https://e.lanbook.com/book/93593.

4. Caeenbes, WN.B. OcHoBbl TeopeTnyeckon douamnkm (B 2 71.). Tom 1. MexaHuka. dnekTpoanHammka
[OnekTpoHHbIN pecypc] : y4eb. - dnekTpoH. aaH. - CaHkT-lMeTepbypr : JlaHb, 2016. - 496 c.- Pexum
noctyna: https://e.lanbook.com/book/71764.

5. A3eB, C.A. Jlekunm o ConHeyHomn cucteme [OnekTpoHHbIn pecypc] : y4eb. nocobue / C.A. HA3es. -
OnekTpoH. aaH. - CaHkT-lMeTepbypr : JlaHb, 2011. -384 c. - Pexum poctyna:
https://e.lanbook.com/book/1557.

6. Nonockokos, OmMutpuin lNetposuy. NpakTrnyecknin Kypc MaTteMaTn4eckomn nsnkn B cCucteme
Maple [TekcT: aneKTPOHHbIA pecypc] : yuebHoe nocobre ans CTyaeHTOB BbICWNX y4eOHbIX
3aseneHuid / . IN. FonockokoB .-OnekTpoHHble AaHHble (1 dparn: 10,08 M6) .- (KasaHb : KazaHckuii
doenepanbHbll yHuBepcuteT, 2013) .- 3arn. ¢ akpaHa .- [ns cemectpos ¢ 1-ro no 9-bin. Pexum
noctyna: otkpbiThii .- URL:http://libweb.kpfu.ru/ebooks/05 _000_000414.pdf.

7. MexayHaponHas KOHpepeHLMs Mo rpaBnTaLmum, KOCMONOTUK U acTpodhr3mnKe, poccurinckas
rpaBUTaALMOHHAsA KOHGEPEHLMS.

XV-a Poccuinckas rpasutaumoHHas koHgoepeHums 'MexgyHaponHas KoHgoepeHUms rno rpasmrauuu,
KocMonorum n actpodomsuke'; MexayHapogHas wkona no rpasmraumm u KOCMONorum
'GRACOS-2014', KazaHb, 30 ntoHs - 5 nong 2014 rona [TekcT: aneKTPOHHbBIA pecypc] : matepuansl
KOHdpepeHumu / [non obuw,. pea. A.d.-M.H. KO. I'. UrHaTbeBa] .- OnekTpoHHble aaHHble (1 goaiin: 5,97
M6) .- (KazaHb : KazaHckuin dpenepanbHbiii yHuBepcuTeT, 2014) .- 3arn. ¢ akpaHa .- Bbix. aaH. opwur.
ney. naa.: Kasarbo: KasaHckuin yHusepcutet, 2014 .- B Hansar.: Poc. rpasurau. 0-8o, Poc. cooH
doyHoam. uccnen., KasaH. (Mpusonx.) doenep. yH-T, VIH-T MatemaTtnku n mexaHukm um. H. .
Nobayesckoro, LieHTp rpasutaummn n goyHaam. metponorun BHUMMC, Poc. yH-T opyx6bl HApoaos. .-
Pexwum poctyna: otkpbiThii. URL:http:/libweb.kpfu.ru/ebooks/publicat/806560.pdf.

8. Urhatbes, tOpuin 'eHHaanesuny. uddepeHumanbHas reoMetTpusa KpuBbix NOBEPXHOCTEN B
€BKNO0BOM NPOCTPAHCTBE [TEKCT: aNeKTPOHHbIN pecypc] : y4ebHoe nocobue : Kypc nekumin ans
CTYOEHTOB MateMaTMyeckoro goakynbTeTa : CneumnanbHoCTK: (MaTtemMatmka n nHdopmaTuka,
MaTemartrka v MHOCTpaHHbIn A3blK) / npod. O. . UrHaTbes ; KasaH. ([Mpusonx.) doenep. yH-T, VIH-T
mateMatukm n mexaHukym uM. H. U. JlobayeBckoro .- OnekTpoHHbIe AaHHble (1 dparn: 1,9 M6) .-
(KazaHb : KasaHckuin pepepanbHbin yHusepcutet, 2013) .- 3arn. ¢ akpaHa .- [ins 4-ro cemectpa .-
Pexwum poctyna: otkpbitbivt .- URL:http://libweb.kpfu.ru/ebooks/05-IMM/05_120_000327.pdf.

7.2. [lononHutenbHasa nuteparypa:

1. dndpcpepeHumanbHble U MHTErpanbHble ypaBHEHWS, BapyaLOHHOe NCYMCIEHNe B NpuMepax v
3apayax : yyebHoe nocobue / A. b. Bacunbesa [u op.] .- N34. 3-e, ucnp. - Caxkt-lMetepbypr [u op.] :
JNTaHb, 2010 .- 429 ¢

PernctpaunoHHbIn HoMep ;;?{I;TEPPCSH’{T%%
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2. NirnaTbes, Opwuin NeHHagbeBuy. Matematnyeckoe 1 KOMMNbOTEPHOE MOAENNPOBaHNE
doyHOaMeHTanbHbIX 00 bEKTOB 1 SIBNIEHUIA B CUCTEME KOMMbIOTEPHOI MaTeMatukn Maple : [nekumm
0N WKonbl N0 MmaremaTtnyeckomy mogenuvposanuio] / 1O. I'. MirhaTtbes ; KasaH. (IMpusonx.) denep.
yH-T, IH-T MaTeMatukun n mexanuku nm. H. U. Nlobayesckoro .- KasaHb : KazaHckuii yHUBEpCUTET,
2014 .- 297 c.

3. AH4ukoB, AHaTtonuin Muxannoeny. OCHOBbI BEKTOPHOIO U TEH30PHOr0 aHannaa :
yyebHo-mMeToanyeckoe nocobue / A. M. AHumkoB ; [Hayy. pen. B. P. Kaitropopnos] .- KasaHb : N3a-B0
KasaHckoro yHusepcurteta, 1988 .- 132 c.

4. Nrnatbes, Opwuin MeHHaamesny. MatemaTnyeckoe n KOMNbiOTEPHOE MOOENNPOBAHNE
pyHOaMeHTanbHbIX 06 BEKTOB U SIBIEHWIA B CUCTEME KOMMbIOTEPHOM Matematukn Maple [TekcT:
9NEKTPOHHbIN pecypc] : [nekunn gns wkonbl No Mmatematnieckomy moaenvposanuio] / KO. I.
Wrnatbes ; KasaH. (lMpusonx.) doenep. yH-teT, IH-T Mmatematukmn n mexaHuku nm. H. U.
NobayeBcKoro .- AnekTpoHHble AaHHble (1 goain: 19,09 M6) .- (KasaHb : KazaHckuin doeaepanbHbli
yHusepcuteT, 2014) .- 3arn. ¢ akpaHa .- [ns 8-ro, 9-ro n 10-ro cemecTpos. - Pexum goctyna:
URL:http:/libweb.kpfu.ru/ebooks/05-IMM/05_120_000443.pdf.

7.3. UHTEepHeT-pecypcChl:

"onockokoB, Omutpuii MNMeTtposuny. [NpakTnyeckuin kypc matematmyeckon cpmsnkm B cucteme Maple
[TekcT: anekTpoHHbIN pecypc] : y4ebHoe nocobue ans CTyAeHTOB BbICIIMX yHEOHbIX 3aBeOEHUI -
https://eknigi.org/nauka_i_ucheba/54606-uravneniya-matematicheskoj-fiziki-reshenie-zadach.htmi

XV-a Poccuiickas rpaButaumMoHHas KoHgepeHuns -
http://www.stfi.ru/documents/2014/GRACOS_2014_TrudiSchool.pdf

Wruatees FO.I". MaTematmyeckoe 1 KOMMNbOTEPHOE MOAENNPOBAHME (PyHOAMEHTabHbIX 0O HEKTOB U
ABNEHNN B CUCTEME KOMMbIOTEPHOW MaTtematmkm Maple. Jlekumm ong Wwkonbl N0 MaTeMaTU4eCKoOMy
mMomenupoBaHuto. - https://studfiles.net/preview/1701963/page:28/

Nrnatbes, lOpuii "'eHHaounesmny. JuddepeHumnanbHas reoMetTpms KpmBbIX MOBEPXHOCTEN B
€BK/INO0BOM MPOCTPaHCTBE [TEKCT: aNeKTPOHHbIN pecypc] : y4ebHoe nocobue : Kypc nekunii ons
CTYLEHTOB MateMaTnyeckoro goakynbteTa. - https://www.twirpx.com/file/2299041/

Wrnatbes, KOpuii ["'eHHaonesny. HepaBHoBecHas BceneHHas: KMHeTUYeckne Moaenu
KocMonoruyeckom asontoumm - http://rgs.vniims.ru/books/universe.pdf

8. MarepuanbHo-TexHU4eckoe obecrneyeHue oUCLUMUNINHbI(MOAYNS)

OcBoeHune ancumnnuHbl "MaTtematmyeckme oCHOBbI om3ukn" npeanonaraeT UCnonb3oBaHne
CnenylowWwero MmaTepuanbHO-TEXHUYECKOro obecneyeHmns:

MynbTumMeuiiHas ayoutopus, BMECTUMOCTbO 6onee 60 yenosek. MynbTumMeauniiHas ayautopums
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS 1 BU3yanv3auumn noboin Buaeo n ayamno
NHdpopMauunu, NoNyYeHNs 1 nepenaymn 3NeKTPOHHbIX JOKYMEHTOB. TUnoBas KOMMiekTaums
MyNbTUMEONAHON ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPOoeKTopa, aBTOMaTN3NPOBAHHOIO
NPOEKLIMOHHOrO 3KpaHa, akyCTUYECKON CUCTEMBI, a TaKXe MHTEPaKTMBHOM TpMbyHbI NpenoaaBsatens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHanblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(c TexHnyeckmnmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJoepeHL-MUKPOoH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHueM, MHTEPAENChHI
noakntouerms: USB,audio, HDMI. MHTepakTBHas TpmbyHa npenoaaBaTtens BnsieTcs KNo4eBblM
3N1EMEHTOM yrpaBnieHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONTHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenonasartens MMEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONISIET MPOBOANTL NEKLMM, MPaKTUYECKUE
3aHATWA, Npe3eHTaunn, BebrHapbl, KOHPEPEHLMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
MNHTEPaKTMBHbIX CPeACTB 00y4eHMs, B TOM YMCE C MCNONb30BaHMEM B NMpoLiecce 0by4yeHuns BCex
KopnopaTusHbIX pecypcoB. MynbTumMeouinHaa ayautopus Takxke ocHalleHa WupOoKOronoCHbIM
LOCTYNOM B CETb MHTEPHET. KoMnbloTepHOe 060pynoBaHMEM NMEET COOTBETCTBYHOWEE
NVLEH3VMOHHOE NporpaMmMHoe obecneyeHue.
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Mporpamma omcumnnmHel "Matematudeckme ocHobl omankin'; 050100.62 Meparormyeckoe obpasoBaHue; 3aBeayowmnii kadeapon, o.H.
(npodpeccop) Urnatbes KO.I. , 3aBenytowmin kadbenpoin, A.H. (aoueHT) MNonos A.A.

KomnbtoTepHbIl knacc, npeactaensowmii coboi paboyee Mecto npenoaasaTens n He MeHee 15
paboyrx MECT CTYAEHTOB, BK/TOYAIOLWMX KOMMbIOTEPHbIMA CTOM, CTYN, NePCOHasbHbIA KOMMbIOTEP,
NMLEH3MOHHOE NporpaMMHoe obecneyeHne. Kaxablii KOMAbOTEP MMEET WNPOKOMONOCHBIA JOCTYN B
ceTb VIHTepHeT. Bce KoMMbioTepbl MOAKIOYEHbBI K KOPNOPaTMBHOW KOMMbIOTEPHON cetTn KDY n
HaxoOaTcsa B €AMHOM IOMEHeE.

YyebHo-MeToan4eckas nutepartypa Ans 4aHHOW AMCLMMNANHBI UIMEETCS B HAMYUN B
3NeKTPOHHO-6ubnnoteyHor cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpeLoCTaBNEH CTyAEHTaM.
9BC "ZNANIUM.COM" conepXuT nponsseneHns KpynHENWmnxX POCCUNCKNX Y4EHbIX, PyKOBOOUTENEN
rocynapCTBEHHbIX OpraHoB, nNpenogasartenei Bedywmx By30B CTpaHbl, BbICOKOKBANMMULMPOBAHHbIX
CMeunanncToB B pasnunyHbix cdoepax brnsHeca. PoHL 6nbnmMoTekn chopMMpPOBaH C y4ETOM BCEX
N3MEHEHMNI 06pa3oBaTENbHbIX CTAHAAPTOB M BKKOYAET y4ebHMKK, yyebHble nocobus, YMK,
MOHOrpadoun, asTopedoeparbl, guccepraLmm, SHUMKNONEaNn, CAOBapu U CNPaBOYHNKN,
3aKkoHo4aTeNnbHO-HOPMAaTUBHbIE OOKYMEHTbI, CreunanbHbie Nnepnognyeckme n3agaHms n n3naHus,
BbiNyckaeMble nsgatenbcrsamm By30B. B HacToswee spems 965C ZNANIUM.COM cooTteetcTByeT
BCceM TpeboBaHMaM chefepanbHbIX roCyAapCTBEHHbIX 0Opa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanust (PrOC BI1O) HoBoro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLMMNINHBI UIMEETCS B HAIMYUN B
3NEKTPOHHO-6MbNMoTEYHOI cucTeMe Mapatenbctea "MlaHb" , AOCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MNapatenbcta "/laHb" BKOYaeT B cebs aNeKTPOHHbIE BEPCUMUN KHUI U3AaTeNnbCTBa
"laHb" 1 Opyrux Beaywmux n3natenbcTB y4ebHo nuTepaTtypbl, @ TakXXe 9NeKTPOHHbIE BepCUm
Nepruoanyecknx N3aaHnm no eCTeCTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbiM Haykam. OBC
NapatenbcTBa "/laHb" obecneynBaeT LOCTYN K HAyYHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3oaHmam no MakCMManbHOMY KONMMYECTBY NPOoUbHbLIX HanpasneHui ¢
cobntoeHneM BCex aBTOPCKUX M CMEXHbIX Npas.

1. Ha kadpenpe BbiCle MaTeMaTki 1 MaTeMaTM4eCKOro MOAENNPOBaHNS UMEETCS COOCTBEHHDIN
KadpegpanbHblili PoHA KHUT (CBbilwe 700 KHUr).

2. Ha neparornyeckom otaeneHnm umeetcs 3 KOMMbIOTEPHbIX Knacca, 06 beANHEHHbIX B TOKabHbIE
CeTV 1 NOAKNIOYEHHbIE K MHTEPHETY, 4 HoyTOyKa 1 3 npoekTopa, 4 NpuHTEepa, U3 HUX 1 - LBETHOWR, 1 2
Kcepokca, nodsonstowmne obecneynsatb y4ebHbili npouecc. KomnbloTepbl NCNONb3YOTCS, MOMUMO
NpoYero, Ans CneukypcoB M CNeLCEMMHAPOB, a TakXe ONs BbINONHEHNS KBANNMMKALMOHHBLIX paborT.

3. Ha kadbeipe umeetcs obopynoBaHune, No3BonsiolLee pa3MHOXaTb HpoLopoBaTb METOANYECKME
nocobus n y4ebHuKN.

4. MynbTumeguinHas ayomtopus (711 aya.)

Mporpamma cocTtasneHa B cootBeTcTBuM ¢ TpeboBaHnsmm ®rOC BINO n y4ebHbIM nnaHoM no
HanpasneHunto 050100.62 "Meparornyeckoe obpasosaHne” 1 NPouo NOAroToBkM Matematuka u
VIHOCTpaHHbIN SA3bIK (QHMUACKURA) .
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Mporpamma omcumnnmHel "Matematudeckme ocHobl omankin'; 050100.62 Meparormyeckoe obpasoBaHue; 3aBeayowmnii kadeapon, o.H.

(npodpeccop) Urnatbes KO.I. , 3aBenytowwmin kadbenpoin, a.H. (poueHT) MNonos A.A.

ABTOpP(bI):
Monos A.A.

UrHatees KO.I".

PeueH3eHT(bl):
Cyuwkos C.B.

PervnctpaunoHHbili Homep
Ctpanunua 16 n3 16.
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