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CI[aIOH_II/II\/JI BCTYIIUTCIIbHBIC UCIIBITAHUA JOJIKCH:

3HATb:

O06mue mpUHUMNBI KIacCU(DHUKAIUKM ypaBHEHUW B YAaCTHBIX Npou3BoaHBIX (YpUIl),
ocHOBHBbIE Kiacchl YpUIl 1 moCTaHOBKM OCHOBHBIX KPAaeBBIX 3aJa4 JUIs HUX, YCIOBUSA
CyUIECTBOBaHMSI M €IMHCTBEHHOCTM WX  pEIICHUH,  CBOWCTBA  pEIICHUH;
XapakTepucTHieckas U cBOOOJHAs MOBEPXHOCTH, PAaCHPOCTpaHEHHE OCOOCHHOCTEH;
MaTeMaTH4YeCKHe MOJenu peanbHBIX MPOIECCOB, OTIMCBIBAEMBIX
nuddepeHIInaIbHBIMA  YPABHCHUSMH,; OCHOBBI TEOpHUHM OO0OOMICHHBIX (DYHKIUH,
npoctpanctBa CoboneBa, TEOpPEMbI BIOXKEHUS M O cienax; (QyHJIaMeHTaJIbHbIE
pelIeHUs HEKOTOPBIX KJIACCHYEeCKUX Iu(epeHInanbHbIX ONepaTopoB; (GopMyisl
Hanambepa, Ilyaccona, Kupxrodda pemenus 3agauu Komm miisi BOTHOBOTO
ypaBHEHHUsI, aHAJIOTHYHBIE (OPMYIBI AN YpaBHEHHS TEIUIONPOBOJAHOCTH, (DYHKIUS
['puna s 3agaun Jupuxie; cBOWCTBa raApMOHHMYECKUX (YyHKIUH.

nnmYpaBaenus bepnyiu, Jlarpanxka, Kiepo, Pukkatv; MeTOIbl NOHWKEHUS
nopsiika OOBIKHOBEHHBIX JH(depeHInanbHbBIX ypaBHEHUH; (¢yHAaMEHTaIbHas
cucTeMa pelleHHui, BpoHCKHaH, (opmyna JlmyBumisi-OcTporpagckoro, MeETO[
BapHalMi MOCTOSHHBIX;, YCTOWYUBOCTh o JIsnyHoBy, pynkuus JlsmynoBa, ¢a3oBbie
TpaekTopuu, (QOKyC, Cemsio, y3el, NpeAeiabHbld Uuki; QyHkus [puna, 3amada
Itypma-JInyBuiis.

CBoiicTBa HENPEPHIBHBIX OTOOPAXKEHHI TOMOJOTHYECKUX MPOCTPAHCTB, KOMIIAKTHI,
OCHOBHbBIE TMOHSTUS METPUUECKUX, HOPMHUPOBAHHBIX, THIHOEPTOBBIX MPOCTPAHCTB;
MPOU3BOJHASL IO BEKTOPY, 1-s Bapuauus, nNpousBogHas nmo Pperie; npeacTaBieHUe
JUHEWHOTO OrpaHMYEHHOTO (QYHKIMOHAA B THIHOEPTOBOM IMPOCTPAHCTBE; PIIEMEHTHI
TEOPUH OPTOTOHANBHBIX CHCTEM U psAgoB Dypbe; OCHOBHBIE KJIACChl MHOXECTB,
UCTIONIb3yeMbIe B TEOPHH MEpHI; POJOIDKEHHE Mepbl, Teopema Kaparteomopu, crocoOb

3aganus mep Ha (R",B(R")), usmepumsle Gpynkuuu, uaterpan Jlebera, mpoctpaHcTBa

L,(X,4) : OCHOBHBIE HEPABEHCTBA, CONPSIKECHHBIE TPOCTPAHCTBA, CBEPTKA U

YCpEAHCHUC, TCOPEMBI BJIOKCHUA U KOMITAKTHOCTH.

e [[puHIUIIBI JOKa3aTEJhCTBA CYIIECTBOBaHUs: KommnakTHocTu (Beliepmrpacc-Jleber-

bap), paszpexennoctu(bap), cxxumaromux orodpaxkenuit (banax), npunuun bpayapa,
npuHuun Muntu-bpaynepa, npunnun L{opHa.

®opmyna Teinopa aist GyHKIIMHE MHOTHX MEPEMEHHBIX; TEOPEMBI O HEIBHON (DYHKIUH,
00 oOpaTtHOi ¢yHKUIMM; (yHKIMOHAJIbHAs (HE)3aBUCHMOCTh (YHKIUH, paBHOMEpHas
CXOIMMOCTh W OCHOBHBIE ONeEpaluu Haj cemeilcTBamMM (QYHKIUH; (YHKIMOHAIbHbBIE
pansl, R-, C-nuddepennupyemocts, ycnosus Komu-Pumana, ananutuueckue GpyHKIUU
U UX cBOHcTBa, Teopema Komm u ee o0oOmieHus, BblueThl, psn JlopaHa; MHTErpan
Pumana u xpurepuit JleGera ero cyuiecTBoBaHMs, KPUBOJUHEHHBIE U MOBEPXHOCTHBIE
uHTerpaisl, popmynsl I'puna, 'aycca-OcTtporpanckoro, CTokca; 371€MeHTbl BEKTOPHOTO
aHaJu3a U TEOPHUH MOJIsI; KPUBOJMHENHHbIE KOOPAUHATHI Ha TOBEPXHOCTH, KBAapaTHUHbIE
(GhOpMBI TOBEPXHOCTH; WHTETPAIBI (B TOM 4YHCJIE HECOOCTBEHHBIE KPAaTHBIC), 3aBUCAIINE
OT MapameTpa; MeTol MHOXUTeNel Jlarpanxka

JluneiiHble OTOOpa)keHUsT M MATPUIBl, PAHI, WHBApPUAHTHl JUHEWHBIX OTOOpaKEHUH
(IerepMUHAHT, clel), MNpsSAMble CYMMbl IIPOCTPAaHCTB M OTOOpa)K€HUH, CTPYKTypa
JUHEHHOTO OTOOpa)KeHus, *KopJaHoBa HopMaibHas (opma, COOCTBEHHbIE BEKTOPHI U



CIIEKTp JIMHEMHOro OIeparopa, CKalspHbIe Npou3BeAcHUs, Marpuua ['pama;
HOJIMIIHHEHHBIC omepaTopsl, K-(hopMbl; OCHOBHBIE alreOpandecKue CTPYKTYPHI.

yMeThb:

® CTPOUTH MPOCTEHIINE MOJETH PEATbHBIX MPOLIECCOB, ONMUCHIBAEMbIX TU(PepeHINATEHBIMU
YPaBHEHUSIMH, OIPEACIATh THUIl YPAaBHEHUH, BBIYHUCIATH XApAaKTEPUCTUKU YPaBHEHUM U
NPUMEHATh UX NPU pelleHUH (M aHalIM3€ ) KpaeBbIX 3aJau, pellaTh KpaeBble 3aJaudl IpU
noMouM npeoOpasoBaHus Dypbe, METOIOM pa3AeiCHUS IEPEMEHHBIX, METOJIOM
XapaKTEPUCTHK; BBIBOIUTH JHEPreTUYECKHE HEPABEHCTBA U C IIOMOIUBIO HUX JOKA3bIBATh
€IMHCTBEHHOCTh pEIeHUH KpaeBbIX 3ajady; pemarth AuddepeHnuanbHble ypaBHEHUS B
KJaccax 000OLIEHHBIX (DYHKINH, BEIYUCIATH (yHIAMEHTAIbHbIE pelleHHs, pellaTh 3a1auy
Komm st YpUIl ¢ momomipio (hyHIaMEHTANbHBIX PEIICHUH; CTABUTh KpaeBble 337a4d B
KJaccax 000OIIeHHBIX (YHKIHUH, JOKa3bIBash COOTBETCTBYIOIIME TEOPEMBI O Clielax M
BJIOKEHUS; pewaTh 3a1a4dy Jupuxie ¢ nomouibto ¢pyHkuuii ['puna, pemars 3agauy Komm
JUTSE TUHEHHBIX 1 KBazwinHeHbX YpUIl 1-ro mopsiaka.

e Pemare ony C pasAciHAIIUMUCST IEPEMEHHBIMH, OJHOPOJHBIE, B IIOJIHBIX
muddepeHnuarax W NPHUBOASIIMECS K HUM, JUHEHHBIC YpAaBHEHUS M CHCTEMBI C
NOCTOSSHHBIMU KOO (UIIMEHTaMH, a TakkKe, UCHoib3ys Teopemy JlmyBuiuis-
Octporpaackoro, ¢  INEepeMEHHbIMH KO3 (UIMEHTaMM;  aHAIM3UpPOBaTh  Ha
CyLIECTBOBAHME M E€AMHCTBEHHOCTHb 3anady Komm misg oxy, MCKaTh aHAIUTUYECKHE
pemenus 3.Komm, HaXOOuTh NPOU3BOJAHBIE OT PELICHMS 110 HAa4dalbHBIM JaHHBIM U
napaMerpaM; pucoBaTh (pa3oBble MOPTPEThl aBTOHOMHBIX CHCTEM, pellaTh KpaeBble
3ama4n Uil Oy C momouipio ¢GyHKIMH [puHA; HAXOAWTH MOJIHYI CHCTEMY MEPBBIX
WHTETPajoB CUCTEMBI OJy; PEIIATh IPOCTEHIINE HHTETPATIbHBIC YPABHEHHUS.

e Pasnarare ¢yHkumio B psaasl Teitnopa, Jlopana, ®@ypbe; HaxoIuTh HpeoOpazoBaHuE
®ypse, Jlamnaca GpyHkuuu; pasnarath neiable QyHKIUH B OECKOHEUHbIE MPOU3BEICHUS,
BBIUMCIIATh HMHTErpajbl C IOMOIIBIO BBIYETOB; HAXOAUTh OJKCTPEMYMbI (YHKIMMA
(Oe3ycnoBHBIM M C 3aJaHHBIMM  YCJIOBHMSIMH), pelIaTh MNPOCTEHIIyI0 3aj1ady
BAPHUALIMOHHOTO HCYUCJICHHUs, W30NEPUMETPUYECKYIO 3aJady; BBIYMCIATh JUIMHBI,
IJIOAAN U O0OBEMBI, OMPENEATh KPUBU3HY JINHUM, TJIaBHbIE KPUBU3HBI MIOBEPXHOCTH;
ONPENEATh TUI KPUBOM M MOBEPXHOCTU 2-TO NOPAJKA; MOJb30BATHCS CIEIUAIBHBIMU
(GYHKIMAMM; T0JIb30BAaThCS Pa3IMUYHBIMU IPUEMaMU HaXOXXJIEHHUS CyMM, HWHTEIrpajoB;
BBIUUCIIATh BEPOSITHOCTH COOBITHI, YUCIOBBIE XapaKTEPUCTHKH CIy4ailHBIX BEJIUYMH,
BEKTOPHOE, CMELIaHHOE MPOM3BEJCHHE BEKTOPOB; BHIYMCIATH COOCTBEHHBIE 3HAUEHUS U
BEKTOpbl JIMHEHHBIX ONEpaTopoB, MPUBOJUTH MATPUIY K KOpAaHOBOW dopme,
NPUBOAUTH KBaJApaTUUHYI0 (OpMYy K TJaBHBIM OCSIM, pasjlaraTbh MHOTOYIEHBl Ha
HETIPUBOIMMBIE MHOKUTEIH.

Kpurepun onennBanus
MuHMMaIbHBIN TPOXOAHOM Oall Mo TUCHMIUIMHE MaTeMaTuka — 61 Gayios.

1. HemnpepsiBHOCTH (DYHKIIUU OJJHOW NEPEMEHHOI, CBONCTBA HETPEPHIBHBIX (DYHKIUH.



10.
11.
12.

13.

14.

15.

16.

17.

Oyaknuu  MHOTUX TepeMeHHbIX. [uddepenuupyemocts. JlocTaTouHble  yCIIOBUS
QG pepeHIPYEMOCTH.

Wurterpan Pumana. Kpurepuii uarerpupyemoctu ¢pynkuuu no Pumany. Materpupyemoctsb
HernpepbiBHOU (pyHKkIuu. [lepBooOpaznas. @opmyna Herorona-Jleitonmuiia.

HesBuble pynkuuu. CyiiecTBoBaHUE, HEMPEPHIBHOCTh U AU PepeHIupyeMOCTh HESIBHBIX
byHKUIN.

Uucnossle panel. Cxomumocth psigoB. Kpurepuit cxomumoctu Komm. Jlocratounsie
MIPU3HAKU CXOJUMOCTH.

AOcComoTHasl M YCIIOBHAsl CXOAMMOCTh psna. CBoicTBa aOCONMIOTHO CXOMSIIUXCS PSAIOB.
YMHOXEHUE PSAAOB.

Paner  ynkmuit. PaBHOMmepnas cxommmoctb. [lpmsnak Beiiepmrpacca. CBoiicTBa
PaBHOMEPHO CXOMSIIUXCS PSAOB (HEMIPEPHIBHOCTH CYMMBI, TIOYWIEHHOE UHTETPUPOBAHUE U
nudepeHIpoBaHue).

CreneHHble psAbpl B JCHCTBUTENFHOW W KOMIUIEKCHOW oOnactu. Paanmyc cxoammocTH,
CBOMCTBAa CTCNEHHBIX psIOB (MOWICHHOE WHTErpupoBanue u auddepeHnupoBanue).
Pasnosxenue aneMeHTapHbIX HYHKIUH.

HecoOcTBeHHBIE MHTErpaibl U WX CXOAMMOCTh. PaBHOMEpHas CXOJUMOCTh HHTErpajioB,
3aBUCSIIMX OT napameTrpa. CBoHCTBAa PABHOMEPHO CXOJSIINXCS UHTETPAJIOB.

Pspapt @ypre. JlocTaTouHbie YCIOBHS MPECTaBUMOCTH PYHKIUHU psiioM Dyphe.
KpuBonuneiinsle uuTerpaisl 1-ro u 2-ro poaa, hopmyna I'puna.

[ToBepxHOCTHBIE HMHTerpayisl 1-ro u 2-ro poga, ¢opmyina I['aycca-Octporpaiackoro u
Crokca.

JIuHeitHbple mpocTpaHcTBa, UX noAnpocTpancTBa. basuc. Pasmepnocts. Teopema o panre
MmaTtpunbl. CUCTeMa JIMHEWHBIX ypaBHEHHMH. ['eomeTpuueckas MHTEpPIpETaLUs CUCTEMBI
JUHENHBIX ypaBHeHM. DyHHaMeHTalabHas CUCTEMA PEUIEHWM CHCTEMBI OJHOPOIHBIX
JIUHENHbIX ypaBHeHul. Teopema Kponekepa-Kanemm.

bununeitnsle 1 kBazpaTHuHble (QYHKIUMU U (HOPMBI B JIMHEWHBIX IPOCTPAHCTBAX U MX
MaTpuubl. [IpuBeneHne kK HOpMaIbHOMY BUAY. 3aKOH UHEPLIUH.

Jlunelinple mpeoOpa3oBaHMs JUHEMHOTO TMPOCTPAHCTBA, HX 3aJaHUS MaTpPHUIAMH.
XapakTepuCcTUYeCKUl MHOTOWIEH JIMHEHHOro mpeodpazoBanus. COOCTBEHHbIE BEKTOPHI U
cOOCTBEHHBIE 3HAYEHUS, CBSI3b MOCIEAHHUX C XapaKTEePUCTUUECKUMH KOPHSIMHU.

EBximmnoBo mpoctpancTBo. OpToHOpMupOBaHHbIE 0a3uchl. OpTOroHalbHBIE MAaTPHIIBI.
Cummertpuueckue npeodpazoBanus. [IpuBenenne kBaapaTHuHON (HOPMBI K TTIABHBIM OCSIM.
I'pynnel, noarpymnmsl, Teopema Jlarpanxka. Ilopsanok snementa. L{uknuueckue rpynmisl,

¢dakroprpynna. Teopema o romomoppu3Max.
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Addunnas u Mmerpuueckas KiacCupUKalns KPUBBIX U TOBEPXHOCTEH BTOPOTO MOPSIIKA.
Teopema cCylecTBOBaHUSI W E€IUHCTBEHHOCTM PEILIEHUS 3aJauyd KOUIM Il CHCTEM
OOBIKHOBEHHBIX U(PepeHINaIbHbIX ypaBHeHUH. Teopema O MPOJOHKEHUU peIICHUs.
Ciyyaii TMHEMHBIX CUCTEM.

Teopema 0 HenmpepbIBHON 3aBUCUMOCTH U U HEpeHIIMPYEMOCTH PELICHHI 110 HauyalbHbIM
yCIOBUSAM U 110 nnapaMeTpy. CucTemMsl B BapHaLMsIX.

Jluneiinbie cucremsl. Onpeaenurens Bponckoro. @opmyna JinyBusmuis-OcTporpaackoro.
Meron Bapualuy MOCTOSHHBIX.

OKCIIOHEHTa JUHEHHOro oneparopa. JInHelHble ypaBHEHUs M CHUCTEMBI C MTOCTOSIHHBIMHU
ko3 unreHTamMu. YpaBHEHHUs C KBA3UMHOTOWICHOM B IPABOX YacTH.

ABTOHOMHBIE cucTeMbl. Tpu Tuna ¢(a3oBbix TpaekTopuil. OcoOble TOYKHU JMHEHHBIX
CHUCTEM Ha IJIOCKOCTH.

Teopema o BpimpsAMIIeHHMH BekTOpHOro mons. IlepBeie wuHTerpansl. Teopema o
CYILLECTBOBAHUHU IOJIHON CUCTEMBI NIEPBBIX UHTETPAJIOB.

KBasunuHelinble ypaBHEHUS ¢ YaCTHBIMU MPOU3BOAHBIMU 1-TO mopska: olliee penieHue,
3agada Koru.

O606mmennbie ¢pyHkuu. JlelictBus Hax 00001meHHBIME QYHKIUSAMU. DyHIaMEHTaIbHBIC
pEeIIeHHs OTIepaTOPOB C MOCTOSTHHBIME KO PHUIIMEHTAMH.

3anava Ko /u1st BOJTHOBOIO YpaBHEHUSI: SJHEPT€TUYECKOE HEPABEHCTBO, €AUHCTBEHHOCTh
peLIeHus.

@yHIaMEHTAIIBHOE PEIICHUE BOJIHOBOTO OINlEpaTopa B Cly4asx, KOrja MpOCTPaHCTBEHHAS
nepeMeHHasl uMeeT pasmMepHocTs 1, 2, 3. @opmynsl Kupkroxa u Ilyaccona. KauectBennoe
UCCJIEJIOBAHHUE.

@yHIaMEHTAIBHOE ~ PELIEHHE Olleparopa TEIUIONPOBOAHOCTH. 3amadya Komm ms
ypaBHeHHus TemuonpoBogHoctH, Popmyna Ilyaccona, mpuHuun makcumyma. Kpaesele
3a/1a4M, MPUHIUI MAaKCUMyMa, €TUHCTBEHHOCTh PEILICHUH.

dyHaaMeHTaIbHOE pelnieHue oneparopa Jlammaca. @yukuus ['puna mig 3agaun Jupuxie
U ee cBoicTBa. Penenue 3anaun Jupuxiie Ui mapa.

CBoiicTBa rapMOHHYECKHX (DYHKIIHIA: Teopema O cpeHeM, IPUHLIUI MaKCUMyMa, TeopeMa
JInyBusisi, Teopema 00 yCTpaHUMON OCOOEHHOCTH.

AOcTpakTHasi cxemMa MeToJla pa3jiesieHus nepeMeHHbIX (Meton dypre). O0ocHOBaHUE IS
pa3IMYHBIX KPaeBbIX 3a7ad AJIs |-MEepHOro BOJHOBOIO ypaBHEHUS.

VYcioBHBIN 3KCTpeMyM (QYHKIUH MHOTHX nepeMeHHbIX. HeoOxoaumoe ycimoBue. Meron

MHOHUTeNen Jlarpanxka.



34.

35.
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HeoOxomumbie  yclioBHsI  OKCTpeMyMa B TPOCTEHIIEH  3amade  KJIAaCCHYECKOTO
BapHallMOHHOTO UCUUCIIEHNUS, 3a1a4e bonbia.

[lonsiTMe  METPUYECKOTO  MPOCTPAHCTBA, IOJHBIE  METPUUYECKHE MPOCTPAHCTBA,
KOMIAKTHOCTh. TeopemMa bonbuano-Beliepmtpacca. Ilpunuun cxogumoctu Komm.
Kpurepuii HenpepbIBHOCTH (DYHKIIHIA.

Mepa, usmepumsie GpyHkuu, narerpai Jledera. CpoiicTsa.

I'unsbepToBel  HpocTpancTsa. Msomoppusm €2 . Teopema Pucca o nuHeiiHOM
dbyHKIIMOHATE.
OproronanbHsle cuctembl. HepaBencTBo beccens, ycnoBue nonHoThl. Psanel @ypbe.

Cxonumocts psagoB ®Dypbe. IlosHOTa TPUTOHOMETPUUECKON CHUCTEMBI B IIPOCTPAHCTBE

HEMPEPBIBHBIX MEPHUOTUIECCKUX (DYHKITUH.
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