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CopepxaHue

1. MNepeyeHb NnaHMpyeMbix pesynbTaToB 00y4eHWs No AMCUMUMIMHE (MOAY0), COOTHECEHHBIX C MNaHUPyEMbIMIA
pesynbtatamm ocsoeHms OlNMOI BO

2. MecTto gucumnnuxbl (mogyns) B cTpykType OIMOI BO

3. Obbem oncumnnnHbl (MOJJ,yJ'ISI) B 3a4€THbIX eOnHMUAax C yka3daHneM Konmyectsa 4acoB, BblAeNNIeHHbIX HA KOHTakKTHYHO
paboTy obyyatowmxcs ¢ npenogasatenem (Mo BuoamM y4ebHbIX 3aHATUI) 1 HA CaMOCTOSITeNbHYO paboTy 0byHaroWwmnxcs

4. CopepxaHue OMcuMnInHbl (MOayns), CTPYKTYpUpPOBaHHOE Mo TeMaMm (pa3fenam) ¢ ykasaHueM OTBeAEHHOro Ha HIX
KONMYeCTBa aKa4eMN4ecknx YacoB 1 BULOB yHeOHbIX 3aHSATUM

4.1. CTpyKTypa 1 TEMATNYECKMIA NMNaH KOHTAKTHOW 1 CAMOCTOSITENBHOM paboThl MO AUCLMNANHE (MOAYIIO)
4.2. ConepxaHue oMcuMnanHbl (Moayns)

5. NepeyeHb y4ebHO-MeToAMYECKOro 0BecrneyeHmnst AN CaMOCTOSTENbHOM paboTbl 0byyarowmxes no AUCLUUNInHe
(Momynio)

6. POHA OLEHOYHbIX CPEACTB NO AUCUMNIMHE (MOLOYHO)
7. MNepeyeHb nutepatypbl, HEO6XOANMOW A1 OCBOEHWS LMCLUMNAMHBI (MOAYNS)

8. MepeyeHb pecypcoB NHPOPMALIMOHHO-TENEKOMMYHUKALIMOHHOW ceTh "IHTepHeT", He0bX0ANMbIX AJ1s1 OCBOEHUS
ANCUUNAnHBI (MOayns)

9. MeTonmyeckue ykasaHusi ons oby4arowmnxcs no 0CBOEHWIO JUCUMIIHBI (MOZYNS)

10. MNMepeyeHb MHAOPMALMOHHBIX TEXHONMOTWIA, UCMOMNb3YEMbIX NPY OCYWECTBNEHM 06pasoBaTeNnbHOro npouecca no
OMCUMNIVHE (MOAYNio), BKNloYas NepeyeHb NporpaMMHOro obecrnedeHns n MHOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM (NpK
HeobX04MMOCTHN)

11. OnncaHue maTepuanbHO-TeXHUYecko 6a3bl, He0BX0AMMOI ANs ocylecTBNeHNs 0bpa3oBaTeNbHOro npoLecca no
OMcumnnanmHe (MoLynto)

12. Cpe,EI,CTBa agantaunm npenonaBaHnua oUCUNNNNHDI (MO,EI,yJ'I;I) K I'IOTpeéHOCTFIM 06yqa|ou4v|xc;| MHBanNnOoB 1 nny, C
orpaHn4eHHbIMM BO3MOXHOCTAMN 300p0BbA

13. MNpunoxeHne Ne1. doHA OLEHOYHbIX CPEaCTB
14. MpunoxeHue Ne2. MNepeyeHb nTepaTypbl, HEOHXOAMMON NS OCBOEHWS OUCLIMMNWHBI (MOLYNS)

15. MpunoxeHue Ne3. NepeyveHb NHPOPMALIMOHHBIX TEXHONOMNIA, UCMOMNb3YEMbIX OS5I OCBOEHUS OUCLMIMIMHBI (MOSYy”Ns),
BK/I0YAS NepeyeHb NPOrpaMMHOro obecneyeHms N MHEOOPMALIMOHHBIX CMPaBOYHBIX CUCTEM
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Mporpammy nmucuunnuHel paspaboTtan(a)(n) npogeccop, O.H. (npodeccop) bukyaHtaes U.A. (Kadbenpa Teopun
QoyHKUMIA 1 NpubnuxeHnin, otaeneHne matematuku), lidar.Bikchantaev@kpfu.ru

1. MepeyeHb NNaHMpyeMbIX pe3ynbTaToB 06yyeHUs No QUCLUNINHE (MOOYNI0), COOTHECEHHbIX C MIaHUPYEeMbIMU
peaynbtatamm ocBoeHns OMOIM BO

Obyuqarowumitcsi, OCBOVBWNIA AUCLUNAUHY (MOOY/b), LOMXEH obnanaTtb cneayowmnmMy KOMNeTEHLUAMU:

LWndop PaclumndppoBka
KOMMNeTeHLuun npuobpeTaeMorn KOMNeTEHLUN
OriK-1 CnocobeH NpuMeHsiTb doyHOaMeHTanbHble 3HAaHWUS, MONy4YeHHble B 06nacTu

MaTemMaTn4YecKnx 1 (M) eCTECTBEHHbIX HAayK, 1 UICMONb30BaThb KX B
NpogeccroHanbHoON AesTeNbHOCTM

Orik-2 CnocobeH paspabaTtbiBaTb, aHANN3NPOBaTh 1 BHEAPSTb HOBble MaTeMaTmyeckue
MOOENN B COBPEMEHHbIX ECTECTBO3HAHNM, TEXHMKE, SKOHOMUKE 1 yrpaBieHnm

Obyuvarowumitcsi, OCBOMBWNIA AUCLUUNAUHY (MOSYb):

JonxeH 3HaTb:

3HaTb COBPEMEHHble

npobnembl TeOpYM 06bIKHOBEHHbIX ANGIPEepeHLNaNbHbIX YPaBHEHWIA.

JonxeH ymeTb:

YMeTb NPUMEHSITb UX MPU PelleHnn NpUKnaaHblX 3aaad. YMeTb pelwatb COBPEMEHHbIE

npobnembl Teoprn 06bIKHOBEHHbBIX ANGIPEepeHLNanbHbIX yPaBHEHWA. YMETb MPUMEHSTh UX MPY PEWEHNN NPUKNaLHbIX
3apjad

HonxeH snagertb:

BnageTtb coBpeMeHHbIMM

npobnemMamu Teoprmn 0H6bIKHOBEHHBIX ANGPEPEHLMANBHBIX YPAaBHEHWNA. YMETb MPUMEHSATbL UX NPW PELIEHUN
npvknagHbiX 3anady

JlonxeH BeMoOHCTpMpoBaTh CNOCOBHOCTL Y FOTOBHOCTb:

- obnapatb TeopeTn4eCKknMmm 3HaHnAMmM No OCHOBHbLIM pa3nenam 0ObIKHOBEHHbIX andpgoepeHumnanbHbIX ypaBHeHMI7I n
ypaBHeHVIVI C 4aCTHbIM/ NPON3BOOHBIMA;

- OPNEHTMPOBATLCSA B MPUMEHEHNN audodpepeHumnanbHbIX ypaBHeHVII7I B OpPYyrnx eCteCTtBeHHO-HaYy4YHbIX OANCLUMITNHAX;

- NPMOBPECTUN HaBbIKW PEWEeHNs PasnnyHbIX TUMOB AUdIEPEeHUMaNbHbIX YPaBHEHWIA.

2. Mecto aucuunnuHbl (Moayns) B cTpyktype OMOIM BO

JaHHasa oucumnnmHa (Mogynb) BkntodeHa B pasaen "B1.0.11 OucumnnuHbl (Mogynu)" OCHOBHOM NPOGIECCMOHANBHOA
obpasosatenbHoi nporpammel 01.03.01 "Martematuka (MaTematuka B LMGPPOBOA 3KOHOMUKE)" 1 OTHOCMTCS K
0bs13aTeNbHbIM AUCUMNANHAM.

OcBauBaeTcs Ha 2 kypce B 3, 4 cemecTpax.

3. 06bem gucuunnuHbl (MOAYNS) B 3a4ETHbIX eAMHULLAX C YKa3aHUEM KOJIMYeCcTBa YacoB, BbiAe/IeHHbIX Ha
KOHTaKTHyI0 paboTy obyyaloLmxcs ¢ npenogasarenem (Mo BUAaM y4ebHbIX 3aHATUN) U Ha CaMOCTOSITENIbHYIO
paboty obyuaromxcs

O6was TpynoeEMKOCTb AUCLMINANHBI COCTABASET 7 3a4eTHbIX(ble) eauHuL(bl) Ha 252 yaca(oB).

KoHTakTHas paboTa - 146 yaca(oB), B TOM yncne nekumm - 72 4aca(oB), npakTuieckme 3aHatus - 72 yaca(os),
nabopatopHble paboTbl - 0 Yaca(oB), KOHTPONb CAMOCTOSITENbHOW PaboThl - 2 Yaca(os).

CamocTositenbHas paboTta - 70 yaca(os).
KoHTponb (3a4€T / ak3ameH) - 36 yaca(os).
dopma NPOMEXYTOYHOr0 KOHTPONS AUCLUMANHDBI: 3a4eT B 3 CEMECTPE; 9K3aMeH B 4 ceMecTpe.
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4. CopepXxaHue aucUUNNUHbI (MOAYNSA), CTPYKTYpUpPOBaHHOE MO TeMaMm (pa3penam) ¢ yKkasaHMeM OTBeAeHHOro Ha
HUX KONMYecTBa akageMUYecKnx 4acoB U BUOOB y4eOHbIX 3aHATUN

4.1 CTpyKTypa U TeMaTU4eCKui nnaH KOHTaKTHOW M CaMOCTOSITENbHON paboThl MO AUCLMNNIMHE (MOAYNIO)

Bupobl n yachbl
KOHTaKTHOW paboThbl,

Pasnenbl gucumnanHbl / UX TPy A,0EMKOCTb CamocrosiTenbHas
N moayns Cemectp (B yacax) pa6ota
MpakTnueckue/laboparopHoble
Jlekumn 3aHATUSA paboTbl
1. [Tema 1. 1. OCHOBHbIE NOHATUS. 3 6 6 0 6
Tema 2. 2. NpuMepsbl 3apay,
2. [npuBoaawmx K andodoepeHumanbHbiM 3 6 6 0 6
ypaBHEeHNAM
Tema 3. 3. 'eomeTpuyeckas
3. [MHTepnpeTaums HopManbHoM 3 6 6 0 5
CUCTEMDI
4 Tema 4. 4.PewweHune npocTtenwmnx 3 6 6 0 6

" lypaBHeHuIn nepBoro nopsaka

Tema 5. 5. Obwas Teopust
5. [HopManbHbIX cuctem 3 6 6 0 6
andpbdoepeHumnanbHbIX YpaBHEHWIA.

Tema 6. 6. ndpdepeHumpyemocTb
6. [pelweHns No napameTpam u 3 6 6 0 6
HayanbHbIM \\yCrOBUSIM.

v Tema 7. 7. JluHeHble
" [BudpdoepeHUnanbHble ypaBHEHNS

8. [Tema 8. 8. Kpaesble 3apaqu
9. [Tema 9. 9. Teopus ycTon4nsocTn

10 Tema 10. 10. ABTOHOMHbIE CUCTEMbBI 1
‘[nx dpa3oBble npocTpaHcTBa.

11 Tema 11. 11. YpaBHeHUs1 ¢ YaCTHbIMU 4 12
‘(Npon3sBogHbIMK NEepBOro nopsaaka

£ I S B
D [O|O] O
D [O|O]| O
o |Oo|o| ©
D [O|O]| O

NToro 72 72 0 70

4.2 CopepxaHue aucUUNIUHLI (MOBYNS)

Tema 1. 1. OCHOBHbI€ NOHATUS.

1. OCHOBHbIE NOHATUS U onpeneneHus. MNprBeneHue obiei cucTeMbl AUMEPEHLMANBHBIX YPABHEHWI K CUCTEME
ypaBHeHUi nepeoro nopsaka. HopmanbHas cuctema onddpepeHumanbHbix ypaBHeHW. [TeomeTpuyeckas
WHTepnpeTauns HOpManbHOM CUCTEMbI AndddpepeHumanbHbiX ypasHeHuin. 3agaya Koww.

OnddepeHunanbHbiMU YypaBHEHNSMW HA3bIBAIOTCS Takue ypaBHEHUS, B

KOTOPbIX HEN3BECTHLIMU SBASIOTCSA CPYHKLIMU OHOMO MM HECKONbKMX

nepeMeHHbIX, MPUYEM B ypaBHEHUS BXOAST HE TONbKO camu oyHKLIMU, HO U

NX NPOV3BOAHbIE. ECNM HEN3BECTHBIMU (PYHKLMSAMU SBASIOTCA CPYHKLUN TONBKO

OQHOro NePEMEHHOr0, TO ypaBHeHMs Ha3biBatoTcs {\it 06bIKHOBEHHbIM},

eClin Hen3BeCTHble C*)yHKLLVII/I 3aBUCAT OT MHOIMX NepeMeHHbIX, TO ypaBHEeHUA

HasbiBaloTCs ypaBHeHnamm {\it B YaCTHbIX NPOM3BOAHbIX}. B Hawem kypce Mol

6ynem n3yyatb Nub 0BbIKHOBEHHBIE AMADEPEHLMANBHBIE YPABHEHNS.

2. BcnomoratenbHble CBeAeHNS U3 aHann3a v NHenHoh anrebpebl. JInHelHble onepaTopbl B KOMMIEKCHOM BEKTOPHOM
npoctpaHcTee. KOMNnekCcHble PYHKUUN OEACTBUTENBHOMO NEPEMEHHOr0. JIeMMbl O BEKTOP-(PYHKLUSIX.

Tema 2. 2. Mpumepsbl 3apad, NpueoaALLMX K audchepeHUManbHbIM ypaBHEHUAM

PanunoakTuBHbIf pacnag.

3akoH pacnaga: CKoOpoCTb pacnana paanoakTMBHOIo eelecTea
nponopunoHanbHa NMetolWeMyCcsa Konn4ecTBy BelecTea.

PaamHoxeHne 6akTepwii.}

3aK0oH pPa3MHOXEHNSA: ECNM YCNOBUS OKPYXatoLwel Cpeabl MakCUManbHO
6naronpusTHbI, TO CKOPOCTb PA3MHOXEHNS BakTepuii NponopLmnoHansHa

CrpaHnua 4 n3 12.
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Hann4YHOMy Konu4ecTBy BakTepwii.

MaTtematuyecknini MasiTHuK.

Matematuyecknini MasiTHUK npegctaenset coboii Touky $p$ maccol $m$,
KoTOpas noA AeACTBUEM CUMbl TSXXECTU [BUXETCS N0 OKpyXHocTn $K$
paonyca $I$, nexaieli B BeptukanbHol nnockoctu. BennumHa $I$
HasbiBaeTcs {\it AnMHON} MasTHMKA.

Tewma 3. 3. FeoMeTpnyeckasa uHTepnpeTaumsa HOpMasabHON CUCTEMbI
LOundbchepeHLmanbHble ypaBHEHNS U CUCTEMbI MEIOT, Kak Npasuio, 6eCKoHeuHoe
MHOXECTBO pelleHuii. MNosToMy, Korga npeacTaBnseT UHTEPEC KOHKPETHOE
peleHve, CTaBAT OOMNONHUTENbHbIE YCIOBUS, BblOENAIOWME Ero U3 MHOXeCcTBa
BCEX peLeHni.

CB#53b MeX Oy reOMeTprYeCcKon nHTepnpeTaumeri ypaBHeHNS 1 reOMeTpUHeCKom
WHTeprpeTaumnel ero pelweHnii 3akntoyaeTcst B TOM, YT ftobas MHTerpanbHas
kpueas $x=\vp(t)$ B kaxaor ceoeit Touke $(t,\,\vp(t))$ nmeet

kacaTenbHblin BekTop $(1,\,\dot\vp(t))$, paBHblii 3HA4EHMIO BEKTOPHOrO

nosns B 3TON TOYKE.

Tewma 4. 4.PelueHne npocTedLLINX ypaBHEHUA NepBOro nopsaka
YpaBHeHus ¢ pasnensiowmnmMmncs nepemMeHHbIMI.

Mpouecc HaxoxaeHus {\it obuero pewenwns} (T. e. hopmynbl, fatuein {\it
BCE} pelweHus) omgpdpepeHuUmansHoOro ypaBHeHust HasbleatoT 06bl4HO {\it
WHTErpupoBaHueMm } amgdpepeHuUmMansHoro ypaBHeHus. Y1obbl He 6bino
nyTaHvLbl, onepauuio B3STNS HEONPeAeNeHHOro HTerpana ot dyHKLUn
HasbiBatoT Torga {\it keagpartypoii.} Takum obpasom, $\int f(t)\d t$ ---
kBagparypa dyHkumm $f$.

INnHelHble ypaBHEHWS NepBoro nopsaka.

YpaBHeHve Bnoa

$$

\dot x=a(t)x+b(t),

$$

roe $a$ n $b$ --- 3apaHHbIE HeNpepbIBHbIE (OyHKUMM Ha nHTepBane $(r_1,\

r_2)$, HasbiBaeTcs {\it nHeRHbIM AndepeHUnanbHbIM ypaBHEHNEM NEPBOTO
nopsiaka}.

Tema 5. 5. O6L,a5 Teopusi HOpManbHbIX cucTeM andpchbepeHLManbHbIX ypaBHEHUMN.

TeopeMbl CyLeCTBOBaHWS U €AUHCTBEHHOCTMN pelleHus 3aaaqmn Kown ons HopManbHoi cuctembl ang5. HenpepblBHOCTb
N LMPEPEHLIMPYEMOCTb pelleHns 3aaadun Kown ans HopManbHOM CMCTEMbI MO NapaMeTpam 1 HavanbHbIM OaHHbIM.

6. HopmanbHble cucteMbl NMHENHBIX audbdbepeHLmanbHbix ypasHeHuid. CBoicTea pelweHuin. Onpenenntens BpoHckoro.
dyHOameHTanbHas cuctema pewenunii. opmyna Jinyesnnns. Obwee pelweHne. MeTon Bapuaumm NOCTOSAHHbIX.
JlnHelHble ypaBHeHns. dopmyna Jlnysunns. MeTton Bapmaumm NOCTOSHHbIX. JINHEHbIE YpaBHEHUS 1 CUCTEMBI C
KOMMIEKCHbIMU KO3do(hpepeHLmManbHbIX YpaBHEHA 1 AndpdoepeHunansHOro ypaBHeHns, paspeweHHoro 0THOCUTENbHO
cTapLei Npon3BOLHONA.

HenpoponxaeMble peweHnsi. Teopema 0 HENPOLOMKAEMOM pPeleHnn. YpaBHEHUS!, He paspelleHHble OTHOCUTENbHO
npoussofHoii. Ormbarowas ogHonapaMeTpUIeckoro cemericTea kpmebix. Ocobble peleHus.

dovumeHTamn. BoloeneHne 0encTBUTENbHbBIX PELEHWA.

Tema 6. 6. OuchbchepeHUUpyeMOCTb peLlieHNs Mo napaMeTpaMm U HayasbHbIM \\YCNOBUSM.
OnddepeHunpyemocTb pelweHns 3agaym Kowwm

no napameTpam 1 HavasbHbIM 3HAYEHUAM.

{\sc ndpdhbepeHUMPYEMOCTb peELLEHNS MO NapamMeTpam. }

Kak 1 B\S 11 paccMOTp1M HOPManbHYI0 CUCTEMY YpaBHEHWIA

$$

\dot x i=fri(t,\,xM 1 ,\dots,\,x*n,\,\mu”*1 \dots,\,\mu”l) \
i=1,\dots,\,n,\eqno(1)

$$

3AE
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npasble 4aCcTW KOTOPbIX 3aBUCAT OT napameTpos $imur1 \dots,\,\mur$ n
onpepneneHbl B HEKOTOPOM OTKPbITOM MHOXecTBe $itilde
G\subset\mathbb{R}*{n+I+1}$ npocTpaHcTBa NepemMeHHbIX

$t,\,x M \dots,\,x*n,\,\mu”1 \dots,\,\murI$.

Tema 7. 7. JInHerHble auchchepeHUnanbHble ypaBHEHUSA
NIMHENHBIE ONDOEPEHUMANBHBIE YPABHEHNSA

HopmarnbHas nvHeiHas cuctema gudogpepeHLumnanbHbiX YPaBHEHNA.
B ckansipHoit oopme aTa cuctema MMeeT Buz

$$

\dot x*i=\sum_{j=1}"na™i_j(t)x"j+bri(t),\ i=1,\dots,\,n.\eqno(1)

$$

Bynem npennonaratb, 4To KoagpdprumeHTol $ari_j(t) $ n $bri(t)$

onpegneneHbl U HenpepblBHbI HA MHTepBane $q_1<t<q_2$. Torna no Teopeme 1
13 \S 8 nioboe peleHne cuctembl (1) MoxeT BbiTb NPOAONXEHO Ha BECb
nHtepsan $q_1<t<q_2$. B nanbHeliwem bynem cumtatb, H4TO BCe
paccmaTpuBaeMble peleHmnsl onpeneneHbl Ha BceM nHTepsane $q_1<t<q_2$.

Ecnu Bce cBoboaHble YneHbl $b%i(t)$ pasHbl Hynto, To cuctema (1)
HasbiBaeTcs {\it ogHopoAHOM}, B NPOTUBHOM cnyyae --- {\it
HeonHopoAaHow.} B matpuyHon chopme cuctema (1) 3anucbiBaetcs B Buae
OQHOro ypasHeHus (cM. \S 8)

Tewma 8. 8. KpaeBble 3apauu
Kpaesas 3apaya onst HopmanbHOW NMHEAHON
CUCTEMBI.

{\sc 1. OgHopoAaHas kpaesas 3agadya.}
PaccMoTpum nuHenHoe ypaBHeHue

$$

\dot x=A(t)x,\eqno(1)

$$

roe $A:(q_1,9_2)\to \mathcal{M}*{n,n},\ q_1<q_2,$ --- HenpepbIBHas QyHKLUS.
BmecTo 3agaym Koww paccMoTpum cnegyrowyto kpaesyto 3agady. {\it Hantn
peweHne $x(t)$ ypaBHeHuns (1), yOOBNETBOPSIOWEE KPAEBbIM YCNOBUSM }

$$

B_1x(r_1)+B_2x(r_2)=0,\eqno(2)

$$

roe $B_1, B_2\in \mathcal{M}*{n,n},\ r_1,r_2\in(q_1,q_2),r_1<r_2,$ ---
3afaHbl.

Tema 9. 9. Teopusi yCTONYMBOCTU

TEOPWS YCTOMYMBOCTU

®yHKuua JisanyHosa.

B\S 11 (cnenctsue 2) 6610 NOKasaHo, 4To peweHne 3agayun Koww ans
HOpManbHON cUCTEMbI AnddEpPEeHUMaNbHbIX YPaBHEHWI

$$

\dot x=f(t,\,x)\eqno(1)

$$

HenpepbIBHO 3aBUCUT OT HaYasNbHbIX 3Ha4YeHul, koraa aprymeHT $t$
nameHsietcst Ha otpeske $[r_1,\,r_2]$ npn ycnosmu, yto $f(t,\,x)$
yLOBNETBOPSIET YCNOBUSIM TEOPEMbI CYLLECTBOBAHMS U € AUHCTBEHHOCTY.
B aTom naparpadbe Mbl Byfem nayyaTtb 3aBUCMMOCTb pelleHns 3anaqm Kown ot
HavanbHbIX 3HA4YEHWIA NPW YCNOBUM, YTO PELIEHNEe ONpeneneHo Ha
6eckoHe4HoM npomexyTke $[t_0,\,+\infty)$.

Bynem npepnonaratb, 4To cuctema (1) yoOBNEeTBOPSET YCNOBUSAM TEOPEMBI

CrpaHnua 6 13 12.
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CYLLECTBOBAHMS U €ANHCTBEHHOCTY (CM. \S 8) B OTKPLITOM LUnanHaope
$G=(\a,\,+\infty)\times D\subset\mathbb{R}*{n+1}$, roe
$D\subset\mathbb{R}"n$ --- 0TKpbITOE MHOXECTBO B NPOCTPaHCTBE
nepemeHHbIx $x1,\dots,\,x n$.

Tema 10. 10. ABTOHOMHbIEe CUCTEMbI U UX (pa30Bble NPOCTPaHCTBA.
ABTOHOMHbIE CNCTEMbI

ABTOHOMHbIE CUCTEMbI U UX (PA30BbIE
NpPOCTPaHCTEa.

HopmanbHow {\it aBTOHOMHO} cucTemon anddepeHunanbHbIX ypaBHEHUI
nopsaka $n$ HasbiBaeTCcs cuctema

$$

\dot x=f(x),\eqno(1)

$$

roe $f(x)=(f"1(x),\dots,\,f*n(x))$ --- 3apnaHHas nercTBUTENBHAS
BEKTOP-GOYHKLNS HA HEKOTOPOM OTKPbITOM MHOXECTBE
$D\subset\mathbb{R}"n$. bynem npeanonaratb, 4to $f(x)$ ynosnetsopsiet
ycnosuio Jlunwuua Ha kax oM koMnakTHoM nogmHoxectee $D$. O1o
rapaHTUpyeT CyLLeCTBOBAHME W €IMHCTBEHHOCTb HEMPOAOMKAEMOr0 PELIEHMS
cucTembl (1) Npy Ha4anbHOM yCnosun

$$

x(t_0)=x_0,\x_0\in D

$$

Ha HekoTopoM uHTepsane $m_1(t_0,\,x_0)<t<m_2(t_0,\,x_0)$, conepxaliem
Touky $t 0$.

ABTOHOMHbIE cucTeMbl (1) HasbiBatoT ewe {\it amHammnyecknmm} nnm {\it
KOHCepBaTMBHbIMU}. ABTOHOMHBIMM CUCTEMaMM OMUCHLIBAIOTCSH MHOTOYMNCNEHHbIE
maTemaTuyeckmne Mooenu peanbHblX PU3NYECKUX CUCTEM, KNaCcCU4eCcKo
MEXaHVKU, Teopum KonebaHuin, 3KOHOMUKIW, OAVNHAMUKMN XMUBbIX CUCTEM U T. 4.

Tema 11. 11. YpaBHeHUs1 C YHaCTHbIMU NPOU3BOAHbLIMU MEePBOro nopsigka
YPABHEHUNA C YACTHbBIMW NMPOV3BO OHbIMA

MEPBOIO NOPAOKA

OcHoBHble onpeaeneHmns.

Jo cux nop paccmatpusanuch auddepeHumanbHble ypasHeHUs
OTHOCUTESNIbHO HEN3BECTHBIX CKaNAPHOM GOYHKLUKN NN BEKTOP-PYHKLINN,
3aBUCSLLNX OT OOHON HE3aBNUCMMOIN NEPEMEHHOIA.

B HacTosiwer rnaee 6ynyT paccMatpuBaTbest andpdoepeHumanbHble
ypaBHeHUs B1Ia

$$

Rt(xM \dots,\,x*n,\ u\ \f{\p u}{\p x*1}\dots \\{\p u}{\p
x*n}rt)=0,\eqno(1)

$$

roe $n\ge2$, $F(x,\,u,\,p)=F(x" 1 \dots\,x"n,\ u,\ p*1,\dots,\,p*n)$ ---

3agaHHas Ha oTKpbIToM MHoxecTBe $G\subsetimathbb{R}*{2n+1} $ npocTpaHcTBa NnepemeHHbIX $x*1,\dots,\,x n,\ u,\
p"1 \dots,\,p*n$ neinctBuTEenbHas

gyHkums knacca $C(G)$ n B kaxpoii Touke MHoxecTBa $G$

$$

\sum_{i=1}"n\It(\f{\p F}{\p p{\.i}}\rt)*2\neO.

$$

YpasHeHuve (1) HasbiBaeTcs {\it AmdpdepeHUnanbHbIM ypaBHEHNEM B
YaCTHbIX MPOU3BOAHbBIX NEPBOro NopsiaKa} OTHOCUTENIbHO HEN3BECTHOIA
doyHKUMmM $u=u(x)=u(x*1 \dots,\,x n)$.
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5. MepeyeHb yueOGHO-MeTOAMUYECKOr0 O6ecneyeHus jisi caMoCcTosiTeNbHON paboTbl o6yyaroLMxcs no
AucuunnuHe (Moayno)

CamocTosiTenbHas pabota obyHarolLyxcs BoINOMHAETCS Mo 3a0aHNI0 U NMPU METOLMYECKOM PYKOBOACTBE Npenofasatens,
Ho 6e3 ero HenocpeLCcTBEHHOro y4acTus. CamocTosiTenbHas pabota nogpasnensieTcsl Ha CaMoCcToSTENbHYO paboTy Ha
ayLUTOPHBIX 3aHATUSIX U HA BHEAYAUTOPHYIO CaMOCTOsTeNbHY0 paboTy. CamocToaTenbHas paboTta obyyatowmxcs
BK/OYAET Kak MOMHOCTbIO CaMOCTOSITENIbHOE OCBOEHME OTLEMbHBIX TEM (Pa3fenos) AUCLMUNAUHBI, Tak 1 NpopaboTky Tem
(pa3penos), ocBaMBaEMbIX BO BPeMsi ayanTopHol paboTel. Bo BpeMsi caMocTosiTenbHOM paboTbl 0Byyarowmnecst YnutaroT u
KOHCMEKTUPYIOT y4eBOHYI0, Hay4HYHO 1 CMIPABOYHYIO TMTEPATYPY, BINMONHSAT 3aaHUsi, HANPaBNEHHbIE Ha 3aKpenneHne
3HaHW 1 0TPabOTKY YMEHUIA U HABBIKOB, FOTOBSTCS K TEKYLWEMY 1 MPOMEXYTOYHOMY KOHTPOSO MO AUCLUMIUHE.

OpraHusauusi caMocToaTeNbHOM paboTbl 0Oy4alOWNXCA PernaMeHTMpyeTCsl HOPMaTUBHBIMU JOKYMEHTaMu,
yuyebHO-MeToANYEeCcKOon NUTepaTypoii N aNeKTPOHHbLIMM 00pa30BaTeNbHbIMU Pecypcamm, BKoYas:

Mopspok opraHM3aummn 1 oCyLecTBIEHNS 06pa3oBaTenbHON AeATENbHOCTH NO 06pasoBaTebHbLIM NPOrpamMMam BbiCLIErO
obpa3oBaHus - nporpammam bakanaepuara, nporpamMmam crieumanuteTa, nporpaMmmam MarucTpatypbl (YTBepXaeH
npvkasom MuHuctepcTBa obpasoBaHus U Hayku Poccuiickoin ®@enepauun ot 5 anpens 2017 roga Ne301)

MucbMo MuHucTepcTea obpasosaHus Poccuiickoin Pepepaunm Ne14-55-996mH/15 ot 27 Hosibps 2002 r. "O6
aKTBM3aLUMM CaMoCTOATENBbHONM paboThl CTYAEHTOB BbICWIMX y4eOHbIX 3aBEAEeHUIA"

YcTaB cheaepanbHOro rocyaapcTBEHHOr0 aBTOHOMHOIO 06pa3oBaTensHOro yupexaeHns "KasaHckmin (MprBonxckuii)
doenepanbHbI yHuBepcuTet"

MpaBuna BHyTpPeHHEro pacnopsaka enepansHoro rocyfapCTBEHHOO aBTOHOMHOMO 06pa3oBaTeNbHOMo yYpeXaeHns
BbicLero npodpeccmoHansHoro obpasosarus "KasaHckuii (MpuBonxckuii) doeaepanbHblli yHuBepcnTeT"

JlokanbHble HOpMaTMBHbIE akTbl KazaHckoro (IpuBonxckoro) coenepansHoro yHusepcuTeta

6. DOHA OLEHOYHbIX CpeacTB Mo AUcCUUNIuHe (MOLYNI0)

DOoHAO OLEHOYHbIX cpencTs no gucunninHe (Mo,u,ymo) BK/IOYAET OLUEHO4YHblE MaTepualibl, Hanpae/iEHHbIE HA NPOBEPKY
OCBOEHMS KOMMETEHUW, B TOM YMCIEe 3HAHWN, yMeHI/II7I 1 HaBblkoB. POHAO OLEHOYHbIX cpencTs BKIO4YaeT OUeHOYHbIe
cpencTea TeKylWero KOHTponda 1 oueHo4YHble cpenctea I'IpOMe)KyTO'-IHOI7I arrecrtauumn.

B ¢hoHLe OUeHOYHbIX CPEACTB COAEPXUTCS cneaytolas uHgpopmMaums:

- COOTBETCTBME KOMMETEHLUI NNaHMPYEMbIM peadynbTatamM 06y4eHus Mo SUCLUMNMHE (MOLyNio);

- KPUTEPUM OLIEHMBAHNS CHOPMUPOBAHHOCTY KOMMNETEHLWIA;

- MEXaHU3M (DOPMUPOBAHWS OLIEHKM MO AMCUMNIVHE (MOZYNIO);

- onucaHve nopsiaka NPUMEHEHUS 1 NpoLeaypbl OLEHMBAHNS LS KAXA0ro OLEHOYHOro CPencTBaa;
- KpUTEPWM OLIEHMBAHNS LS KaXA0ro OLEeHOYHOro CPeacTBa;

- cogepXaHue OLEHOYHbIX CPeacTB, BK/oYas TpeboBaHus, NpeabsBisiemMbie K 0eiCTBUSM 00yHatowmxcs,
IEeMOHCTPVPYeMbIM peadynibTaTaMm, 3aaHns PasnnyHbIX TUMOB.

®DOoHAO OLEHOYHbIX cpencTs no gucunnianHe HaxoonTcs B I'Ip|/|n0>KeHv||/| 1k nporpamme gucunninHbl (MO,EI,yJ'IPO).

7. NepeueHb nuTepatypbl, HEO6XOAUMMON OIS OCBOEHUS OUCLUNMUHBI (MOAynst)

OcBoeHuWe aucumMnnmnHbl (MOoyns) npeanonaraet U3y4eHrne OCHOBHOW 1 OONONHUTENbHON y4ebHOW nuTepaTypbl.
NutepaTypa MOXeT BbiTb BOCTYMHA 0ByYaoWUMCS B OAHOM 13 OBYX BApMaHTOB (b0 B 060MX N3 HUX):

- B 9N1EKTPOHHOM BUAE - Yepe3 3NEeKTPOHHbIe BUBMOTEYHbIE CUCTEMbI HA OCHOBaHUM 3aktoYeHHbIXx KDY norosopos ¢
npasoobnagarensamu;

- B NeyatHoM Buae - B HayuHow 6ubnuoteke um. H.N. llobayesckoro. Obyyarowmecs nonyyaroT y4ebHyto nutepaTypy Ha
aboHeMeHTe Mo YMTaTENbCKMM brneTam B COOTBETCTBUM C NMpaBunamy nonb3oBaHus HayyHol 6nbnnoTekoi.

OneKTPOHHbIE N30aHNA OOCTYMHbI AUCTAHUMOHHO 13 No60i TOUKM Npu BBEAEHNN 00y4aIOLWMMCS CBOETO NOMMHA 1 Napons
OT NNYHOro KabuHeTa B cMcTeMe "ONEeKTPOHHbIA yHMBepcuTeT". Mpu MCNoNb30BaHMM NeYaTHbIX U3naHni GbNNOTEYHbIN
POHL [OMKeEH BblTb YKOMMNEKTOBAH MK U3 pacyeTa He MeHee 0,5 ak3emnnspa (ans obyyatowmxcs no drocC 3++ - He
meHee 0,25 ak3eMnngapa) Kaxaooro u3 n3gaHnini OCHOBHOWM nuTepatypbl 1 He MeHee 0,25 ak3emnngapa AONONHUTENbHON
nuTepaTypbl Ha Kaxaoro obyyatowerocs 13 yucna nuu, 04HOBPEMEHHO OCBaMBAIOWWMX OAHHYIO OUCLUMNANHY.

MNepeyeHb OCHOBHOW U NONONHUTENBHOR Y4eOHOM NTEpaTypbl, HEOOXOAUMOI A4/ OCBOEHNS AUCLUMAMHBI (MOOYNs),
Haxonmtcs B MNpunoxeHnmn 2 k paboyel nporpamMme oucLUmMnavHel. OH NOANEXUT OOHOBEHMIO NPY U3MEHEHUN YCITOBUIA
noroeopoB K@Y ¢ npaBoobnaparensiMu anekTPOHHbIX U3LAHWIA U NPU N3MEHEHM KOMNNEKTOBAHNUS OOHA0B Hay4Hoi
6rnbnuotekun KdY.

8. MepeueHb pecypcoB MHCPOPMALLMOHHO-TENIEKOMMYHUKALMOHHOW ceTu "UHTepHeT", Heo6X0aUMbIX AN
OCBOEHUS BUCLUMIIMHBI (MOOYIs)
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Demuposuy B.1., MapoH V.A., lyeanosa 3.3. YnucneHHble meToabl aHanmaa. MpubnuxeHne yHKLWIA,
andbdbepeHumanbHble N MHTerpanbHble ypasHeHus. N3patenscTteo "MlaHb". 2010 -
https://e.lanbook.com/book/537#authors

Demnposuy B.MM., Mogeros B.I. duddepeHunansHble ypasHeHus. Vzgatenbctso "JlaHb". 2008. -
https://e.lanbook.com/book/126#authors

MeTtpywko N.M. Kypc Bbicwen matematukun. IHTerpanbHoe ncumcneHne. @yHKLMM HECKONbKUX NEPEMEHHbIX.
OudpdpepeHumnanbHblie ypaBHeHna. Jlekumm n npaktukym. Mapatenscteo "flaHb". 2008. -
https://e.lanbook.com/book/306#authors

9. MeTtoguyeckue ykasaHus ons 06y4aloLLLMXCcsl N0 OCBOEHUIO AUCLUMIUHBI (MOAYNS)

Bup, pa6ot MeTtoauueckue peKoMeHpaLmm

nekunn B xoOe neKUunoHHbIX 3aHSATUIA BECTY KOHCNeKTnposaHne y'-le6HOFO martepuana. O6paLI.laTb BHMMaHmne
Ha KaTteropuu, oOpMynnMpPOBKN, packpbliBatowWwme CyTb TeX UIN UHbIX SABNIEHUI 1 npoueccos, Hay4Hble
BblBObl N NMPpaKTU4eCckmne pekomeHgauunn. XenaTtenbHO oCcTaBUTL B pa60qv|x KOHCNeKTax nong aons
nomeTok. He cnenyetT CTeCHATbCA 3andaBaTb NEKTOPY BOMPOCHI, eCnu Kakue-nnbo acnekTol
NeKUMOHHOro Matepuana okasa/inCb HENOHATHbIMW.

npakTnyeckme | Pabota Ha NpakTU4ECKMX 3aHATUSAX MPeLnonaraeT CUCTEMATUYECKYIO U NNAHOMEPHYIO NOLrOTOBKY K

3aHsATUA 3aHsATMI0. [ocne nekumm cnepyeT NO3HAKOMUTBCS C MIAHOM MPAKTUYECKUX 3aHATUA U CMINCKOM
06513aTENBHON 1 [ONONHUTENBHON NMTEPaTypbl, KOTOPYIO HEOHX0AMMO NPOYUTaTb, USYHNUTD 1
3aKOHCMEKTMPOBaTh. PasbsicHeHMe Mo BONPOCaM HOBOW TEMbl JAOTCS MPENoaaBaTeneM B KOHLE
NpeLbloyllero NpakTUYeCKOro 3aHsTUs.

camoctosi- | CAMOCTOSATEJIbHAA PABOTA TpebyeT, npexae BCEro, N3y4eHust PeKOMeHayeMblX MCTOHYHUKOB U
TenbHas MOHOrpadpuyecknx paboT, nx pedoeprpoBaHns, NOAroTOBKM LOKNAL0B 1 CO06WeHNA. BaxHbiM
paboTa 3TanoM B CaMOCTOSITENIbHOW paboTe sBNsSieTCs MOBTOPEHMEe MaTepuana no KoHcnekTy nekumum. OnHa

13 rNaBHbIX COCTaBNSOWMX BHEAYAUTOPHON NOArOTOBKM - paboTa ¢ yuebHukoM. OHa npennonaraet:

BHMMaTENbHOE NPOYTEHNE, KPUTMHECKOE OCMbICNIEHME CoaepXaHusi, 060CHOBaHNE COBCTBEHHO

no3muum No ANCKYCCUOHHBIM MOMEHTAM, MOCTAHOBKWN MHTEPECYIOLLNX BOMPOCOB, KOTOPbLIE MOTYT CTaTb

npeameToM obcyxaeHns Ha cemmHape. Mpu paboTte ¢ TepMMHaMn HeobxoanmMo obpaluaTbes K

CnoBapsiM, B TOM Yncne JOCTYyNHbIM B VIHTEepHETe, HanpuMep, Ha calTe http://dic.academic.ru.

3aver Mpwn nogrotoeke k BAYETY HeobxoouMo onmpaTbCs, MPEXAe BCEro, Ha NeKUUn, a Takxe Ha
MCTOYHKKU, KOTOPbIE pasbupanicb Ha ceMuHapax B TedeHne cemectpa. OTBET Ha 3ayeTe
npegnonaraeT NOMHOE W NOCNenoBaTeNbHOE U3N0XEHNE U3YYEHHOrO MaTepuana, a Takxe
LEMOHCTPaLMIO CNOCOBHOCTY 1 TOTOBHOCTM MPUMEHMUTb MOJNyYEHHbIE TEOPETUHECKNE 3HAHNS K
npegnaraemMbiM NPakTUYECKUM 3a0aHNAM.

9K3aMeH Mpwu noarotoske k SIKBAMEHY Heobxoaoumo TwaTtenbHo npopabotath nekumn. Cneayet Takxe
06patuTb BHNUMaHNe Ha LOMNONHUTENBHYIO TUTEPATYPY Y MCTOYHKKM, KOTOpbIe pasbrpanichb Ha
ceMuHapax B Te4yeHue cemectpa. OTBeT Ha aK3ameHe npeanonaraert NofHoe 1 nocnenosaTenbHoe
N3N0XEHNEe N3Y4YEeHHOro MaTepuana, a Takxe AeMOHCTPaLUMo CrocoBHOCT U FOTOBHOCTU NPUMEHNTD
Nony4YyeHHbIe TEOPETUYECKNE 3HAHNS K NpeafiaraeMbiM NPakTU4eCkMM 3a0aHnsM.

10. NMepeyeHb MHPOPMALMOHHBIX TEXHONOINMIA, UCMOJIb3yEeMbIX NMPU OCYLLLECTBIEHUM 06pa3oBaTe/ibHOro
npouecca no gucuuninHe (Moaynio), BKIOYas nepedyeHb NPorpaMMHOro obecneyeHusi 1 MHGOPMaLLMOHHbIX
cnpaBo4HbIX cUcTeM (Npy Heo6xoaUMOCTH)

MepeyeHb NHPOPMALIMOHHBIX TEXHONOI WA, MCMONb3YEMbIX NMPU OCYLLECTBNEHNN 0Opa3oBaTeNbLHOro NpoLecca no
LMCLMMIMHE (MOBYNIO), BKNOYAs NEePeYeHb NPOrpPamMMHOro 06ecneyeHns 1 UHGPOPMALMOHHBIX CIPABOYHBbIX CUCTEM,
npencTasneH B MpunoxeHnn 3 k paboyeit nporpamme OUCLUNAUHBI (MOLYNS).

11. OnucaHue maTepuanbHO-TEXHUYecKon 6a3bl, HEO6XOAUMOW ANs OCYLLLECTB/IEHUS 0Opa3oBaTenbHOro
npouecca no gucuunnuHe (Moayno)

MaTtepuanbHo-TexHn4eckoe obecnedeHne obpasoBaTenbHOro npouecca no gucuunanHe (Moaynio) BkYaeT B cebs
cnenyowme KOMMNOHEHTbI:

MomelleHns ons caMoCTOSATENbHOM paboTbl 0ByYaOWMUXCS, YKOMMNEKTOBAHHbIE CMELNANU3NpoBaHHOR Me6Genblo (CTONbI 1
CTYNbs!) U OCHAIWEHHbIE KOMMbIOTEPHOM TEXHUKOM C BO3MOXHOCTBIO NOAK/OUEHUs K ceTu "MIHTepHeT" 1 obecnedeHnem
[OCTyna B 3NMEKTPOHHYI0 MHADOPMaLMOHHO-06pa3oBatefbHyto cpeay KdY.

YyebHble ayaMTopun Ans KOHTaKTHOW paboTbl C MpenonaBaTenem, yKOMNIeKTOBaHHbIE CNeLManM3npoBaHHoli Mebenbio
(cTonbl 1 CTYNbA).

KomnbioTep 1 NpuHTEp NS pacneyatky pa3gaToyHbiX MaTepuanos.
KomnbioTepHbIin knacc.
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12. Cpe.u,cma ajantauumumv npenogasaHus auCcUNNMIUHBbI K ﬂOTpeﬁHOCTﬂM 05yl-lal0Ll.l,VIXCSI UHBaANUOoOB U nNuuy c
orpaHn4eHHbIMU BO3MOXHOCTSIMU 300pPOBbSA

Mpw HeobxoomMMocTK B 06pa3oBaTeNibHOM NMPOLECCe NPUMEHSIOTCS creaytolwme MeTodbl 1 TexXHonorum, obneryaroume
BOCMpUSATHE NHpopMaLMK 0By4YatoWwmMMncst MHBaNIMAAMI U NNLAMW C OFPaHN4YEeHHBIMU BO3MOXHOCTSIMU 300PO0BbS:

- co3aaHne TEKCTOBOW BEpCUmn NtoBoro HeTEKCTOBOrO KOHTEHTA [/ ero BO3MOXHOro npeoépaaoBaHM;l B
anbTepHaTuBHbIE POPMbI, y,El,06HbIe ONg pasnnyHbIX Nonb3oBaTenen;

- CO3[aH1e KOHTEHTA, KOTOPbI MOXHO NPeACTaBWTb B Pa3nnyHbIX Buaax 6€3 notepn AaHHbIX U CTPYKTYpbI,
npenycMoTPeTb BO3MOXHOCTb MacwTabupoBaHus TekcTa U nsobpaxeHuii 6e3 notepm kayecTea, NpeayCMoTpeTb
LOCTYMHOCTb YNPaBNEHUsi KOHTEHTOM C KnaBuaTyphbl;

- cO34aHne BO3MOXHOCTEW AN 06y4atoWwmxcs BOCIPUHUMATL OLHY U Ty Xe MHPOPMaLMio U3 pasHbIX MCTOYHMKOB -
HanpuMmep, Tak, 4Tobbl NMLA C HAPYLWEHNUAMU CyXa NonyyYani MHGOPMaLLMIO BU3YarbHO, C HAPYILEHWSIMU 3PEHNS -
aynmnanbHo;

- MPUMEHEHNE NPOrpaMMHbIX CPeACTB, 0b6ecrneynBatowmx BO3MOXHOCTb OCBOEHNS HABbIKOB 1 YMEHWIA, CDOPMUPYEMbIX
OVCLMNMIMHOM, 3a CYET anbTepHaTUBHbLIX CNOCOO0B, B TOM YUCNE BUPTYanbHbIX NabopaTopuii u CUMYNSILMOHHBIX
TEXHONOINIA;

- MPUMEHEHNE LUCTAHUMOHHbIX 0Bpa3oBaTenbHbIX TEXHONOMA 4N Nepeaayn MHGopMaLMm, OpraHn3aLm pasnuyHblx
hOPM MHTEPAKTUBHOW KOHTAKTHOW paboTbl 0Byyarolwerocs ¢ npenogasaTteneM, B TOM Yucne BebrHapoB, KOTOpble MOryT
6bITb NCNONb30BaHbl AN NPOBEAEHNS BUPTYanbHbIX NEKLUA C BO3MOXHOCTbIO B3aMOLENCTBUS BCEX YHACTHUKOB
LUCTaHUMOHHOIO 06y4eHUs, NPOBELEHUS CEMUHAPOB, BbICTYMNEHUS C AOKNALaAMU U 3aLMTbI BbINOAHEHHBIX paboT,
NpoBeAeHNs TPEHUHIOB, OPraHU3aLMy KONNEKTUBHON paboThl;

- NMPUMEHEHNE LMCTAHUMOHHbIX 0Bpa3oBaTeNbHbIX TEXHONOTMA AJis OpraHnu3aunmn oopM TEKYLLETO U MPOMEXYTOYHOIO
KOHTpOnS;

- yBenndeHne npononxXmnTenbHOCTh coayn O6y‘-la}OLIJ,VIMC9| nHBANMOOM N NNULIOM C orpaHU4eHHbIMN BOSMOXHOCTAMA
340p0BbA CpOpM npomexyTquon arTrectTaunm no OTHOWEHMIO K yCTaHOBJ'IeHHOl7| npoaOIXNTENIbHOCTUN NX cOa4vun:

- NPOOONXNTENbHOCTU caa4vun 3a4é€Ta UM sK3aMeHa, nposoanMoro B NUCbMEHHOM oopme, - He 6onee 4em Ha 90 MUHYT;

- NPOOONXNTENbHOCTM NOAroTOBKM 06y4atollerocs K oTBeTy Ha 3a4éTe Unn aKk3ameHe, NPOBOAVMOM B YCTHOM doopMe, - He
6ornee yeM Ha 20 MUHYT;

- NPOOOIXUTENIbHOCTU BbICTYNNEHNA 06yqa+ou4erocs1 npu 3awunTte KprOBOI7I pa60TbI - He bonee yem Ha 15 MUHYT.

Mporpamma cocTtasneHa B cooTBeTcTBUM ¢ TpebosaHuaMu GrOC BO 1 yyebHbIM nnaHom no HanpasneHuio 01.03.01
"MaTtemaTuka" n npodounio NoAroToskn "Matemartmka B LMGOPOBON 9KOHOMUKE".
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Mporpamma ancumnnuubl "duddepeHumnansHole ypasHeHuns"; 01.03.01 "MaTtemaTuka".

lMpunoxerve 3
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
61.0.11 AugbpepeHumanbHbie ypaBHEHNS

nepe'-IeHb MHPOPMaLIMOHHbIX TEXHONMOINMMK, UCNONb3YyeMbIX AJ1s1 OCBOEHUS AUCLUMIUHBI (MO,IJ,ynil), BKo4yas
nepe4yeHb nporpaMmMHOro obecneyeHns u MH(POPMaLIMOHHbIX CNPaBOYHbIX CUCTEM

Hanpasnenue nogrotosku: 01.03.01 - Marematuka

Mpodhunb noarotoskun: Marematvka B LMAOPOBON SKOHOMUKE
KBanudomkauus BeinyckHuka: bakanasp

dopma 0by4eHus: o4Hoe

SA3bik 0by4eHuns: pycckuia

"oa Hauana obyyeHus no obpasosatenbHoi nporpamme: 2020

OcBoeHne oucuUnnInHbI (MO,EI,yl'IFI) npegnonaraet ncnosib3oBaHme cnenytowero nporpamMmHoOro obecrneyeHus 1
MHJPOpMaLMOHHO-CNPAaBOYHbIX CUCTEM:

OnepauunoHHas cuctema Microsoft Windows 7 MpodbeccuoranbHas unm Windows XP (Volume License)

MakeT odpucHoro nporpammHoro obecneverus Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayaep Mozilla Firefox

Bpaysep Google Chrome

Adobe Reader XI unn Adobe Acrobat Reader DC

Kaspersky Endpoint Security ang Windows

YyebHo-MeToAMueCKas nutepatypa ons JaHHOW AUCLMMNANHBI UIMEETCS B HANMYMK B SNIEKTPOHHO-OMBNMOTEUHOI cucTeme
NapatenbcTBa "JlaHb" , OCTYN K KOTOPO NnpenocTasneH obyyatowmmes. 36C NapatenscTea "MaHb" BkNtoyaeT B cebs
9NEKTPOHHbIE BEPCUM KHUT n3patenscTsa "flaHb" u opyrux Beoylwmx n3natenscTs y4ebHOM nutepatyphbl, a Takxe
9NEKTPOHHbIE BEPCUUN MEPUOLNYECKUX U3OAHUIA NO €CTECTBEHHbIM, TEXHNYECKMM 1 r'yMaHUTapHbIM Haykam. 96C
NapatenbcTea "JlaHb" obecneumBaeT NOCTYN K HAYYHOR, y4eOHOM NnTepaTtype 1 Hay4yHbIM NEPUOLMNYECKM N3AAHUSM MO
MaKCVUManbHOMY KONMYECTBY NMPOMUIbHBIX HANpPaBneHuii ¢ COBNIOAEHNEM BCEX aBTOPCKMX Y CMEXHbIX MPaB.

CrpaHnua 12 ns 12.




