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INPOT'PAMMA
BCTYIHUTEIBHOIO UCIIBITAHUS 110 CIELUATBHOR TUCIHILIHHE
TP IIpHeMe Ha 00y4YeHHe 110 00pa30BaTEeTBHOM IPOrPaMMe BEICIIETO
00pasoBaHus — IporpaMMe IOrOTOBKH HAYYHBIX W HAYYHO-IIEIarOTHYeCKIX
KaJIpOB B aCIIMPAHTYpPE 0 HAYYHOH CIIeUaTbHOCTH
1.1.2.JuddepennuanbHble ypaBHEHHS U MaTeMaTuueckas (pU3nKa

1. Inneiinan anredopa

Jluueiinoe mnpoctpancTso. basuc. JlueeliHble omepaTophl. Marpuia IHHEHHOTO
orepaTopa. JJIEeMEHTapHBIE MATPUIEL JleTepMUHAHT KBaJpaTHOH MaTpuikl. [[Ba ompeneneHus
paHra MaTpULB (B TEPMUHAX JTMHEHHON HE3aBUCHMOCTH CTPOK ¥ HEPABEHCTBA HYJKO MHHOPOB).
Cucrema  JMHEHHBIX  ypaBHeHwd. Kpurepuit coBmectumoctd — Kponekepa-Kamemmm.
CobcTBeHHBIC BEKTOPBI M COOCTBEHHBIE UMCIIA JIMHEHHOT0 onepaTopa. HopMasbHble onepaTopeL.
JKopnanosa dopma (6e3 noxaszarenscrBa). CHHTYIAPHOE paslOXKeHHe. DbHIHHEHHBIE |
KBajpari4Hble dopmel. llpusenenwe kpamparmuHoit dopmsel Kpurepuit CumpsecTpa (Ge3

JIOKa3aTelbCTRA).
2. MateMaTH4ecKHH aHAJIH3
Ipenen [OCIIENOBATEIBHOCTH. Uncnosle PsObL IIpenen byHKIIH,

Huddepenmupyemocts. @opmyna Teiinopa. Psa Teitnopa. Dxcrpemym dynximn. HeoGxoammoe
ycroBue skcTpeMymMa. Jlocrarounoe ycrnoBHe skcTpemyma. MuTterpan Pumana. HecoGcTBeHHbBIE
unterpaisl. Qopmynsl I'puna (6e3 nokasatenscTsa). Psgsl Oyphe MO TPHrOHOMETPHYECKOH
cucreme. Cxomumocth psanos @ypee MIi KycodHo-rmankux ¢yskmmi, [Topsmok ybObBaHMS
koa¢duuento @ypre mna 7 - pa3 HelpepeIBHO-AubdepeHimpyeMoii Gpynknun. PaBHoMepHas
cxonuMmocTh  psima Dypbe  Juist  HempephiBHO gubdepenuupyemoit  dynxmum.  Teopema
Beftepmitpacca (o monnore). Muorouwnensr YeGbimea. DYHKIHH OJHOH KOMILIEKCHON
nepeMeHHO#. Ycmosne Komm-Pumana. Marterpamsnas dopmyna Komm. CreneHnble psibl
lleppass Teopema AGens. JluddepeHnupoBanue ¥ HHTETPUPOBAHUE CTENEHHBIX PANOB.
OKBHBAICHTHOCTh TH(HEPEHIMPYEMOCTH ¥ PeryJspHOCTH (GYHKuuH B obmactu. Psn Teftnopa.
Pan Jlopana. Ocobble Touku. [loHATHE BRIYETA B M30IMPOBAHHON TOUKE.

3. OyHKUNOHAJLHBINH AHAIN3

Merpuyeckue mnpoctpascTsa. Ilomnora. HenpepbiBHble oToGpaskenus. KoMmaxkTHEIE
MHOKecTBa. [IpUHIMI CKaThIX OTOOpaxkeHMH. MeTOH IOCTeNOBATENBHBIX OTOOPaKeHH L.
Jluneinble, HOpMUpPOBaHHBIE, 0aHAXOBBI U THWILOEPTOBHI IpocTpaHcTBa. CHlbHAS W crabas
CXOAMMOCTE. 3ajiadya O HaWJIydlleM NpHOTHKCHHH 3JIEMEHTAaMM BEITYKIOIO MHOMKECTBA MIIH
NOIIpOCTpancTBa. MUHUMaIBHOE cBOHCTBO KoabdunuenTos Oypre. HenpepsipHble TuHEHHEIE
omepaTopsl. Hopma u cmexrpamembii  panmmyc omeparopa. CXOAMMOCTb — ONEPAaTOpPOB.

O6patumocts. Pan Heilimana Z Ak U YCIOBHS €r0 CXOIMMOCTH. T€OpeMEBI 0 CYIIECTBOBAHUH
k

obparHoro omeparopa. Jlumeinrpie ¢yHknmonansl. CONpPSDKEHHOE MPOCTPAHCTBO. [IPHHIAI
PaBHOMEpHOH orpaHuyeHHOCTH. Teopema Banaxa-lllTeitnraysa, ee NpPHIOKEHUS. Teopema
Pucca (mis rumsGeprosa npocTpancTsa). CopskeHHEIE, CaMOCOTIPSKEHHEIE, CHMMETPHUHbIE,
TTOJIOKUTEIBHO OIpejielieHHbIe, BIIOMHE HENPEpLIBHBIE ONEpaTopsl M uX cpoiicTBa. ColicTBa
COOCTBEHHBIX 3HaYeHMH M COOCTBEHHBIX (YHKUMIl I 3aMadd Ha COOCTBEHHEBIE 3HAYCHHS
Au = 7Lu, rme A— CaMOCOIIPSDKEHHBIM, BIIOJIHE HEIPEPBIBHBIN JTMHEHHENT omeparop.
Keanparuunbie QyHKIMORABI H 0600IEHHBIE PEIIEHHS OTIEPATOPHBIX YPABHEHHIE.

4. O6bikHOBeHHbIe AU (depeHIHATbLHbIE YPABHEHHUS

TGOPEMa CYIIECTBOBAHHA H CIHHCTBEHHOCTH PeLIeHHsa 3aga4du Komu A OOHOTO
YpaBHCHUSA 1-ro mopsaka 4 UL CHCTEMBI 71 ypaBHEHHY 1-ro nmopgaka ¢ /! HEH3BECTHBIMH B
HOpMabHOH (popMe (6e3 mokasarenscTBa). Teopema CYIIECTBOBAHUS M €IMHCTBEHHOCTH sl
CHCTEMBI JHHEHHBIX ypaBHEHHH 1-ro nopsagxa. JIHHeHHBIE ypaBHEHHA /1-TO NOPAKKA C



HOCTOSHHBIMHE KO3 puimenTamu. PenleHre oIHOPOAHOTO ypaBHeHuUs. Perlenue Heo THOPOIHOTO
YPaBHEHHs CO CICHHAIBHOH NPaBOW 4aCTBIO B BHJE KBAa3HIOMHHOMA. YpaBHenue Diiepa.
Pemenye 0{HOPOJHOH CHCTEMBI TIEPBOTO MOPSAKA C TIOCTOSHHBEIME Koshduuuentamu (cinydait
IPOCTBIX KOpHEH). CHCTeMBl JHHEHHBIX YpaBHEHMH IIEPBOrO MOPSJIKA C IIEPEMCHHBIME
Kodppuurentamu. O@yHIAMEHTAbHAS CHCTEMA PELICHUI OHOPOIHOTO YpPaBHEHHSI. @opmyna
Jluyemiust. Metox Bapmauuy MPOM3BONBHBIX MOCTOSHHBIX NI OTHICKAHMS YACTHOTO PEIICHHs
HEOJTHOPOIHOM cucTeMbl. CTpyKTypa 00IIero penieHus.
S. 3agaun MatemMaTH4ecKoil PUIHKH

Matematnueckue Mojens (QH3HYECKHX —3ajay, TNPHBOIAAIIME K  YPABHECHMSM
MaTeMaTHIeCKOl (usuku. OCHOBHBIE yPaBHEHUS MaTeMaTHIECKOW (DU3MKH, [IOCTAHOBKHA 3a1ad.
ObobimenHoe pelenne KpaeBBIX 3ajad [Ulsl IUIMITHYECKUX YPABHEHUH B CaMOCONPAKEHHOM

o

. k k
dopme. IIpoctpancrea dyuxmmit W P> Wp . [Tonsitre o Teopemax Brnoxenus. 3amaua [lltypma-

JInysunnsa. Ceenenne samaun IlItypma-JInyBrimst k WHTerpanbHOMy ypaBHeHuio. CBoifcTBa
COOCTBEHHBIX 3HAYCHMH M COOCTBEHHBIX QyHKumi 3amawn IlTypma-JInysmuis. Meton Dypre
(MeTox pasieneHus NepeMeHHBIX) I BOIHOBOIO YPAaBHEHHSA M YPABHEHUS TEIUIONPOBOHOCTH.
OGocHoBanWe MeTOJlda Ha KOHKPETHBIX mpuMepax (mpocreifmmx). Teopema Crexiosa (Ge3
IoKasaTelbcTBa). 'apMonndeckne QyHKIMA U HX CBOMCTBA.

6. MeTobI BEIYHCIHTENLHOM MATEMATHKH

6.1. UncieHHBIH aHAIH3

Hurepnomsimst. UaTeprionanuonseri Muorowiex Jlarparmka. MaTepnonanus QyHKimn
OJ[HOTO NIEPEMEHHOTO C MOMOMLIBIO KyOu4ecKHX CIaifHoB. KycouHo-KyOruecKkas HHTEpPIOIALMST
co crnaxuBanueM. luankue BocmonHeHmsa. CXOIMMOCTE cCrutaiin-Gyukuuit. YucieHHoe
HHTErPHPOBaHUE.

6.2. YucienHbIe MeTOABI JUHEHHON aaredpnI

Pasnoxenuwe MaTpHIBI Ha TPEYrofdbHBIE MHOXKHTENH. KoMmakTHas cxema. MeTox
dakropusauuu. ucno 06ycI0BIEHHOCTH MATPUIIE! KK MEpa YCTOHYMBOCTH TIPOLIECCA PELICHH
CHUCTeMBl ypaBHEHHH. MTepalMoHHBIE METOJBI pENIeHHs CHCTEM JIMHEWHEBIX YpaBHEHHUIA.
CXOMMOCTE M ONTUMH3AIMS HTEPAMOHHBIX METOZOB. METOJ MOCHe0BaTeNbHON BepXHEil
penakcarnuy, 4eOBIUEBCKHE HTEPAIHOHHEIE METOMBI, METOJ MHHMMAIBHBIX HEBS30K, METO]I
CONPSKEHHBIX I'PAIMEHTOB. TeopeMbl 0 CXONMMOCTH ISl HTEPAllHOHHBIX METOLOB. 3ajaya Ha
cobcTeenHble 3HaueHus. CTerneHHbIt MeTo. MeTo/ BpameHuit.

6.3. UYuciaeHHbIe MeTOOBI pemeHHs OOLIKHOBEHHBIX aH(depPeHIHATLHBIX

YpaBHeHHi

Koneuno-pasnoctaele MeTonsl. Metons! Pynre-KyTra (Ha mpuMepe SBHOM cXeMsl 4-T0
nopsijika annpokcuManuu). JInneiinbie MHOTOYAcOBBIe MeTOBL. [IpeUKTOP-KOPPEKTOP METOIE!
(Ha mpumepe wMmeroga Ajamca-bamBopra-MynrtoHa 2-To  TOpAAKA  ANTIPOKCHMALIMH).
CXOIMMOCTE W yCTOWYMBOCTE KOHEUHO-PA3HOCTHBIX METOMOB. IIOHSATHS YCTOMYMBOCTH,
abCOMOTHOH  ycToHunBoCcTH. [IOpPANOK —ANIPOKCHMALMM, IOTPEIIHOCTh  ANIPOKCHMALHH.
CX0MMMOCTb pellenus pasHOCTHOM 3a/1au K pelIeHno JudepeHnuansaoi (Ha npuMepe SBHOM
cxembl PynreKyrra 2-ro nopsiaka ammpoxcuManuu). JKecTkue 3amaurt. SIBHBIE W HEABHDLIC
METO/Ibl, HX 0coOeHHOCTH. [IpHMeHeH e THHEHHBIX MHOTOIIIATOBEIX METO/IOB.

6.4. PasHOCTHbIE ¥ MNPOEKIHOHHO-CETOYHbIE METOAbLI pEIleHHs  3a1ad9
MaTeMaTHYeCKOoil Pu3HKn

OCHOBHBIE MOHATHA TEOPMM DA3HOCTHBIX CXeM (CETKH, CETOuUHEIE (yHKIHUH,
alIpOKCHMAalMs, YCTOHYHBOCTB, CXOAMMOCTB). Pa3HOCTHBIE CXEMBI I SIUIMITHYCCKHX,
napadoNMIeckKuX ¥ IHNepOONHIeCKIX ypaBHeHMH. JIBYXCIOMHBIE U TPEXCIONHbIE CXEMBI, X
yerolumpocTs. Cxema Kparka-Hukoncon mms spomonuoHHoro ypasaenus. OIeHKa MOpsIKa
TOYHOCTH. KOHCEPBATHBHBIE DA3HOCTHBIE CXeMBl. [IOHATHE 06 3KOHOMHYHEIX PasHOCTHEIX
cXeMmax. BaprHaluOHHBIE W NMPOEKIMOHHBIE METO/[bI PELISHHS 3a/ad MaTeMATHUecKOd (H3HKA
(meropsl  Putma, ByGnopa-T'anépkuna, HAMMEHBIIMX —KBaJpATOB, [anépxuna-Tlerposa).
Anmpokcumanysd — QUHATHEIME ~— (QYHKOHSIME  (KYCOYHO-NMHEHHEIMM,  [IOJIMJIHHEHHBIMHE,



IPMUTOBBIME Oa3uCHBIME QyHKIHAMK). [[poeKIMOHHO-CeTOYHbIE CXEMEI I 3JIIUITUYECKHX,
1apaboNHYecKuX, THIEPOOIHUECKUX 3aa4. TeopeMsl cXoMMOCTH. MeTOR! pacIuerIeH st s
HECTALMOHAPHBIX 3a/a4. MeToapl cTabMIM3aluy, MPeJUKTOP-KOPPEKTOP, MOKOMIOHEHTHOTO
pacenyieHus. MeTox IByIMKINIECKOr0 IOKOMIOHEHTHOTO PACIIENICHHUS.

7. MaTeMaTH4ecKOe MOJETHPOBAHHE B €CTECTBO3HAHHU

Y CTOHYHMBOCTD TMHAMHIYECKOM CHCTEMEI 110 JTMHEHHOMY TIPHOIIMIKEHHIO, KIACCHMHUKALIIA
0COOBIX TOYEK CHCTEM BTOPOTO IOPSIKA. ATTPAKTOPHl AWHAMMYECKHX CHCTEM, TEOPEMEI
['pobmana-Xaptmana u Ilyankape-Benmukcona. Momeinb «XHIIHUK-KEPTBay. XHMHUYECKas
KHHeTHKa, Mojelb bemoycopa-KaGotunckoro. JlunaMuka passBuTHS SOHAEMUH, Momelb SIR.
CtpaHnHble aTTpakTopkl, Mofens Jlopenna. Cructema Jlopenua, 10Ka3aTenbCTBO CYIIECTBOBAHUS
arTpakTopa. budypkauuyn pemeHuil HETHHEWHBIX JHHAMHYECKMX CHCTEM, MSTKAsS W IKECTKAs
notepr ycroH4MBOCTH. Ilokasarenmu JlsmyHoBa m mx cBoiicTBa. JIMCKpETHBIE AMHAMUYECKHE
CHCTEMbl, JIOTHCTHYECKas MOJleNb, OudypkaumonHas juarpamma, umcio Oeiirenbayma.
Muoxectsa Xronma u ux croficTa, ppaxran Manjens6pora. Pasmeprocts mo Xaycnopdy s
(hppaKTaTBHONO MHOKECTBA, BBIYUCICHHE Pa3MEPHOCTH KaHTOPOBA MHOYKECTBA.

8. Berunc/HTeILHBIH IKCIIEPHUMEHT

BrraucrnaTenbHbIH SKCIIEPUMEHT: IIelTb, 3a/aun, 00J1acTH MPUMEHEHHS, BUIbI, OCHOBHEIE
sTambl. [IpoBepka HOCTOBEPHOCTH pe3yNbTaTa BHIYHCIMTENHHOTO SKCHEepUMeHnTa. OLeHka
IIOTPEIIHOCTEH MAIIMHHBIX BBHYUCICHUH. [InmaHMpoBaHHE BEIMHUCIUTEIBHOIO 3KCEPUMEHTA.
Ouenka HeoOXOJUMBIX PECYPCOB BEIMHUCITHTEIEHON TEXHAKH H BPEMEHH PElIeHHs 3aa4H.

9. AIropuTMHYECKHE S3BIKH

CrpykTypHOE IIpOrpaMMUPOBAHKE Ha A3BIKE BHICOKOIO YpOBHs. THIIBI JaHHBIX. THIOBbIE
AITOPHTMHYCCKIAEC KOHCTPYKIMH: BETBJIEHHNE, OCTAHOB, IIEPEXO/I, IIMKII, BIOXKeHHe. KoMmumanus
1 KOMIIOHOBKA. OOBEKTHO-OPHEHTHPOBAHHOE IIPOTPAMMUPOBAHHE Ha A3BIKE BHICOKOTO YPOBHSI.
Honsitne kmacca u oObekta. MHKamcymamms, naciepoBaHde momumopdusM. OOBeKTHAS
CTPYKTypa TporpaMMmbl. IJakeThl NpHKIaJHBIX NOPOrpaMM: BHABI, Ha3HAYEHME, TUIOBAS
CTPYKTypa. JKu3HeHHBIH UK IPHKIIaJHOTO IPOrPaMMHOT0 00eCIICUEHHS.
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