POCCUICKAS DKOHOMHUYECKAS IIKOJIA
'NEW ECONOMIC SCHOOL

ITOCOBUE
10 MATEMATUKE
AAS TIOCTYTIAIOIIUX
B PDIII
B 2007 TOAY

Mocksa 2007



byaasckui B. A., bpem3sen A. C., T'oaroBans C. B., AeBsitoB A. E., Karbimesn I1. K.
[Tocobne 1o MaTeMaTHKe AAS TIOCTyHAOMMUX B PocCHUICKYyI0 OKOHOMHUYECKYIO
[IIxoay B 2007 ropy. — M., 2007 — 92 c.
AaHHOe nocobue COAEepP’KUT MH(OPMAIIMIO O BCTYIIUTEABHOM 3K3aMeHe II0 MaTeMaTUKe B

POIII u ponoanser CIipaBOUYHUK AAG nocTynaromux B POLI B 2007 roay.

(© Poccurickas OxkoHoMmuueckas L[1Ikoaa, 2007



CopeprkaHue

1

IIporpaMMa BCTYHHTEABHOTO 3K3aMeHa

1.1 MaTreMaTHYeCKUM aHAAM3 . . . . . . . o v o v v v v ..
1.2 AUTEPATYPa . . .« v oo e e
1.3 AuHeMHas aaredpa . . . . . . .« v v e e

1.4 AuTepaTrypa . . . . . ...

BcrynureabHsin sk3amveH 2004 r.

2.1 TectT . . . . .

2.2 OTBETHI M PEMIEHUST TECTA . . . « « « « « o o o v e oo

BcrynureabHbIN 3k3aMeH 2005 r.

3.1 TeCT . . . . .

3.2 OTBeTHI U PEHIEHUT TECTA . . . « « « « « « o o e e oo

BcrynureabHbINt 3k3aMeH 2006 r.

4.1 TecT . . . . . .

4.2 OTBeTHl U PELIEHUST TECTA . . . . . « o « « o o o o oo o .
®opmat BCcTynuTeAbHOro sk3ameHa 2007 r.

HOAI‘OTOBI/ITGABHBIG KYPChbI 110 MdTeMaTHUKe



[Tocobune o mareMaTuke aag nocrynaromux B POLI copepxuT mHpOpManuo o
BCTYIIUTEABHOM 3K3aMeHe U AONOAHSAeT CIIpaBOYHUK AAS HOCTyIaromux B POILIL

CopeprKaHUe dK3aMeHa B TeueHUe psgAa AeT OCTaBaAOCh HEM3MEHHBIM, XOTS (DOPMbI
5K3aMeHa MeHSIAUCH.

B mocobuu omnmchiBaeTcs COAep’KaHWE U CTPYKTypa BCTYIUTEABHOI'O 3K3aMeHa.
TpeboBaHus, IIpeAbsBASIEMBble Ha BCTYIIMTEABHBIX JK3aMeHaX, copepkarca B Crpa-
BOYHHKE AAA ITOcTymarommux B POILL.

[Tocobue copep>XUT MOAPOOHYIO IIPOIPAMMY BCTYIIMTEABHOI'O 9K3aMeHa M BapuaH-
Thl BCTYIIMTEABHBIX 3K3aMeHOB 2004—2006 ropoB C pelleHUusMHU.

[TpuBoAS pellleHUs 3aAa4, Mbl CTPEMUANCH ITOKA3aTh KakK IIPABUABHO pellaTh 3aAa-
un. MBI He Bcerpa IPUBOAUM CaMble Ay4YIIME, caMble HU3SIIHbIE, caMble KOPOTKHE pe-
IIIEHUsA, KOTOPble MOJKET IIPUAYMATh ONBITHBIM MaTeMaTUK. MBI cTapaeMcs [IPUBECTU
caMoe eCTeCTBEHHOe pellleHWe 3apaui U AOBOAMM ero A0 KOHIIa AOTUYECKU CTPOTo,
OITMCHIBASA OCHOBHBIE 3TANBI IIPOIlecCa PelIeHUs], COOTBETCTBYIOIINE apTyMEHTHI AAS

IITPUBOAKWMBIX YTBep}KAeHI/II\/'I 1 AOT'HUYEeCKHe IIepeXOAHDbL.
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ITporpamMMa BCTYNMHUTEABHOIO 3K3aMeHa

1.1 MaTreMaTnyeCcKuil aHaAU3

1.

DAeMeHThI TeOPpUN MHOXECTB
[TonsiTHe 0 MHOXKeCTBaxX U UX dAeMeHTaXx. [ToamMHOKecTBa. Onepaliuu Hap MHOKe-
cTBaMU: OO'beAMHEHUe, IepecedyeHre, pa3HoOCTh. AeKapTOBO IIPOU3BEAEHUE ABYX U

Oonee MHO>XECTB,; IIPOEKIKMK 3AeMEeHTa ACKAPTOBA IIPOM3BEACHU.

OToOpa>keHre OAHOI'O MHOXKECTBA B ApPYyroe; 0oOAAaCThb OIlpepAeAeHUs], OOAaCTh 3Ha-
yeHUH, rpauk oToOpa>keHus. TOXKAECTBEHHOe OTOOpa>KeHre MHOXKeCTBa B CeOd.
OO0pa3 sAeMeHTa UAM MHOXKeCTBa M3 OOAACTH ONpeAeAeHUd; (MOAHBIN) mpooOpas
SAEMEHTA WAM MHOXKeCTBa M3 00AACTH 3HaueHUN. KoMIlo3uiusa (CyNepIIO3UIind)

OTOOpa>keHUM.

B3auMHO opHO3HAuHbIE OTOOpPAKeHMS (BAOKEHUSI) M OTOOpPa KeHUs «Ha» (HaKpbI-
Tusa). OOpaTHOe OTOOpakeHHe. PaBHOMOIIHBIE (9KBUBAAEHTHBIE IO MOIIHOCTH)
MHO>XecCcTBa. KoHeuHble 1 cueTHBIe MHOKeCTBa. CUeTHOCTh MHOYKECTBA PalliOHAAb-
HBIX yrceA. MOIIHOCTh HOAMHO’KECTBA CUYETHOI'O MHOXKECTBa. MOIITHOCTh KOHEYHO-

'O UAM CUETHOI'O O6'B€AHH€HI/IH CUeTHBIX MHOJXECTB.

YucaoBasg npsimasi R 1 apudmernyeckoe nmpocrpancTtso R™

BemrecTBeHHBIE (A€MCTBUTEABHBIE) UMCAQ. OTKPBITBIN, 3aMKHYTBIN, ITIOAYOTKPBITHIN
oTpe3Ku. [loHATHMEe Ma>KOpPAHTHI (BepXHEN I'PAHMIbl) 1 MUHOPAHTHI (HUJKHEU I'pa-
HUIIBI) IIOAMHOKECTBA BeIllleCTBEHHBIX YNCEA, OTPAHUYEHHOI'O (CBEpPXY, CHU3Y) MHO-
>KeCTBa, HauOOABIIIETO U HaMMEHBIIIEro SAeMeHTa MHOKEeCTBAa, (TOYHOM) BepXHeU U

HUKHEU I'DaHeun.

CBOMCTBO IIOAHOTHI YHCAOBOM IIPSAMOM: TeOpeMa O CYIIeCTBOBAHUM BepXHeU (HUXK-
Hel) I'PaHU M TeopeMa O HENyCTOTe IIepeCedyeHUs: BAOKEHHBIX OTpPe3KOB. [IroT-
HOCTb MHOJKECTBA PAIMOHAABHBIX YHCEA KaK IIOAMHO’KECTBA YMCAOBOU IIPSMOM.

HecueTHOCTB OTpe3Ka YUCAOBOU MPAMOM; MOIJHOCTb KOHTUHYYMA.

Apudmernyeckoe (YMCAOBOE, KOOPAMHATHOE) mpocTpaHcTBo R". Omepamuum cAo-
JKEHUS IAEMEHTOB (BEKTOPOB, TO4ek) R" U yMHOXeHHUs WX Ha 4ucAo. [loHsAThe

OTpaHUYEHHOT'O0 MHOXKecTBa B R™.

CBO#ICTBAa MHOX€CTB HA YMCAOBO¥ mpsMoi u B R"

[ToHsATHE €-OKPECTHOCTU TOUYKU HA YUCAOBOU NPAMOM. OTKPBHITHIU ITaPAAACACTIUIIEA,
B R" Kak AeKapTOBO IMPOM3BEAECHUE OTKPBITBIX YHCAOBLIX OTpe3KoB. OOIree IOHS-
THE OKPECTHOCTU TOYKU UYMCAOBOM IIPSIMOM M TOUYKU mpocTpancTBa R". Cucrembl

KyOMYeCKMX M IIapOBBIX £-OKPECTHOCTEMN.
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BHYTpeHHI/Ie, BHEIIHNME U1 TI'PaHUYHBIE TOYKKM MHO>XECTBA. BHYTpeHHOCTL, BHeEIII-
HOCTH ¥ I'PdHHIIda MHO>XeCTBd. I/I3OAI/IpOBaHHBIe 1 IIpepAeAbHBbIe TOYKU MHOXXeCTBaA.
OTKpBITBIe N 3aMKHYTbIe MHO>XeCTBa. TeOpeMI)I 00 O6'B€AI/IHeHI/II/I n 1iepecedyeHuruu
OTKPBITBIX U 3aMKHYTBIX MHO>XXeECTB. 3aMbIKaHVe MHO>KeCTBa. AOHOAHQHI/IH K OT-

KPBITBIM W 3aMKHYTBIM MHOJKECTBAM.

Teopema O HemycTOTe IlepecedeHUs BAOKEHHBIX 3aMKHYTBIX MapaAAEAeIHIIEAOB
(moanorta R"). TToHsATHE KOMIIAKTHOTO (T. €. OrPAaHUYEHHOr'0 U 3aMKHYTOI'0) MHOXKe-
ctBa B R" u Ha yncAoBoM nipsimoii. HermycToTa mepecedeHusi BAOJKEHHBIX HEITYCThIX
KOMITaKTHBIX MHOXXeCTB. TeopeMa O BBIAGA€HUM KOHEUHOT'O OTKPBLITOI'O MOKPBLITHS

KOMITAKTHOI'O MHO>KecTBa B R" (Ha uncAoBoM mpsimoii R).

IIpeaen mocAeAOBaTEABHOCTU

[MoHsITHE MOCAEAOBATEABHOCTH ToO4YeK R" (MAM TOYEK UHUCAOBOM mpsMoi R) u
ee npepera. [ToATIOCA€AOBAaTEABHOCTH U TIPEAEAbHBbIE TOYKHU (YaCTUYHBIE IIpeAe-
ABI). ITpepaen TIOATIOCAEAOBATEABHOCTH CXOAMIIENCS MOCAEAOBATEABHOCTH. TeopeMa
boabniano—BelepiTpacca O BBIAGAEHUM CXOALAIIEUCHA ITOAIIOCAEAOBATEABHOCTU U3
OTPAHUYEHHOU ITOCAEAOBATEABHOCTH Touyek R". TToHsTHMe (PyHAAMEHTAABHOM IIO-
CAEAOBATEABHOCTU (IOCAEAOBATEABHOCTU Komim). SKBUBAAEHTHOCTb IMOHATUM CXO-

Asdteiics: 1 PyHAaMeHTaAbHOM MOCAeAOBaTeABHOCTH B R™.

YUuncaroBhIe IIOCAEAOBATEABHOCTH: CYIIeCTBOBAHUE IIpeAeAd Y MOHOTOHHOM orpa-
HUYEeHHOU IIOCA€AOBATEABHOCTH; HpeAeABHLII‘/JI Imepexop B HEPAaBEHCTBAX; IIOHATHE
BepXHero n HU>XHer'o IIpeaeAa. TeOpeMBI O Iipepene CYMMBI, Pa3HOCTH, IIPOU3BEAEe-

HHA, 4aCTHOI'O ABYX HOCAeAOBaTeALHOCTeﬁ.

IIpeaer pyHKnuu. HempepbIBHOCTh (PYHKIUI (0TOOpaskeHMiA)

UncAoBbIe (CKaAsIpHbIE) (DYHKIIMU KaK OTOOpa>keHust MOAMHOKeCTB R" mAM dmchao-
BOU IIPSAMOM B YHCAOBYIO NpaMyro. OnpepenreHue npeperd PyHKIUKW B TOYKe Ha
SI3bIKe «e—0»; MOHATHE ITpepera Ha OeCKOHeYHOCTH. ApudmeThuyeckKue orneparuun
HapA (pyHKIHIMU C 00lel OOAACTBIO OIpepeAeHUs. TeopeMbl O IIpepeAe CYMMEI,
Pa3HOCTH, IPOU3BEAEHM, YaCTHOI'O ABYX (OYHKIUMU. [IpepenbHBIN Iepexop B Hepa-

BEHCTBAX.

OmnpepenreHUe HeIIPEPBIBHOCTU (DYHKIIUM Ha S3bIKe «&g—0», B TEPMHHAX IIpeAeAd
QYHKIIMU U Ha S3bIKe IIOCAEAOBATEABHOCTEM; MX 3KBHBAAEHTHOCTH. HellpephniB-

HOCTb CYIIEPIIO3ULIUU HeIIPEPbIBHBIX PYHKIINM.

OrpaHUYeHHOCTh HEIIPEPBbIBHOU YUCAOBOM (PYHKIIMM U AOCTUIKEHHE €0 CBOEero
HaMOOABIIIETO M HAMMEHLIIEro 3HAaYeHWM Ha KOMIIAKTHOM MHOXecTBe B R™ (Teo-

peMbl BetiepiiTpacca).
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[TouaTne paBHOMEPHOU HEIIPEPBLIBHOCTU YUCAOBOU (PYHKIIMM HA HEKOTOPOM MHO-
xectBe B R™ uam R'. PaBHOMepHAas HeNPEpBIBHOCTH HEIIPEPBLIBHOM (PYHKIIUU HA

KOMIIAaKTHOM MHOJ>XeECTBe.

OyHKIIMOHAABHBIE TIOCAEAOBATEABLHOCTH. [ToTOUeuHass M paBHOMEpPHAasi CXOAUMOCTh
(PYHKIIMOHAABHOU IIOCAEAOBATEABHOCTU. HelnpepelBHOCTE DYHKIIUU, ABAAIOIIEUCS
IIOTOUYEUHBIM IIPEAEAOM PAaBHOMEPHO CXOASIIEMCS TTOCA€AOBAaTEABHOCTH HeTlpephIB-

HBIX (DYHKIIHN.

YncaroBble (QYHKIMU OAHOTO (4IICAOBOro) apryMeHTa
OAHOCTOPOHHYE TIpeAeAbl U KAACCU(@UKALMA TOYeK pasphiBa. [ToHdaTue mpeaena
Ha —00 U +00. MOHOTOHHBIE (DYHKIJUU; BUABI PA3PbIBOB MOHOTOHHOU (DYHKIIMH.

TeopeMa O CylIeCTBOBAHUU U HEIIPEPBIBHOCTU OOPATHOU (DYHKIUU.

[Ipepens:
i 1\" In(1 *—1 1 *—1
lim smx) lim (1 + ) , limu, limei, lim¢.
x—0 X X—00 X x—0 X x—0 X x—0 X

HenpepbIBHOCTE 3A€MEHTAPHBIX (DYHKIIWN.

TeopeMa 0 IPOMEKYTOUHBIX 3HAUEHUAX (DYHKIIMY, HEIIPEPBIBHOU Ha OTPE3Ke (Teo-

pema Kommn).

AunddepennupoBsanne QPyHKIUN B R’

[IpousBopHad, ee reoOMeTPUYECKUM U (PU3UYECKUU CMBICA; OAHOCTOPOHHUE IIPOU3-
BOAHBIe, OECKOHeYHbIe IIPOU3BOAHBIE. HelpepblBHOCTL PYHKIIMM, UMEIOIEeU IIPOo-
n3BOAHYIO. [Ipon3BopHAA CyMMBI, IIPOU3BEACHUS, YaCTHOIO AByX (pyHKnuu. IIpo-
M3BOAHASA CAOKHOM (pyHKIMU. [Ipou3BopHBIEe 3AeMeHTApHBIX (PyHKOUU. [lepBbiit

A depeHIiar U ero TeoMeTPUUECKUM CMBICA.

Teopembl Poaas, Aarpanyka u Komu. [lpaBunro Aonurtassa. [Tpon3BopHBIE BBICIIINX
nopssiAkoB. @opmyaa Terinopa (MakaopeHna). Pazaoskenne 1o popmyae MakaropeHa
HEKOTOPBIX 3AeMeHTapHbIX (pyHKUMU. [IpumeHeHne dpopmyanl Telaropa AAS HIpuU-
OAVJKEHHBIX BBIYMCAEHUN 3HaueHUM (QyHKUMU. [Ipu3HakyM Bo3pacTaHusd U yObIBa-
HUs PyHKOUU. [ToHATHE AOKAaABHOI'O M 'AODAABHOTO 3KCcTpeMyMa. CTallmoHapHbIe
TOYKU. AOCTATOUHbIE YCAOBUA 3KCTpeMyMa. Caydall OTCYTCTBUS ITPOU3BOAHBIX B
OTAEABHBIX TOYKAaX. BBIITYKABIE M BOTHYTHIE (DYHKIUM, UX I'paduKU. TOouku nepe-

ruba. PemeHne npocTeNMX 3KCTPEMAAbHBIX 3aAay.
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ITpousBoAHBIE U AN depeHIuarbl PYHKI[UII HECKOABKIX nepeMeHHbIX (B R")

YacTable npousBopHBle. AuddepeHnmpyeMocTs. [lepBrii pAuddpepennuar. CBa3b
AN PepeHIUPYEMOCTH U HelpepbIBHOCTU. Heobxopumoe ycaoBue auddepeHiin-
PyeMOCTH, AOCTATOYHOE YCAOBUE AUDPEPEHIIUPYEMOCTH (B TEPMHHAX CYIIECTBO-
BAaHWSA U CBOMCTB YAaCTHBIX IIPOM3BOAHBIX). KacaTeabHass IMAOCKOCTb U HOPMaAb K
noBepxHoCTHU. [IponsBopHasg no HampaBaeHUIO. 'papreHT. OPTOrOHAABHOCTH I'pa-
AVEHTAa MHOJKECTBY YpOBHA. AuddepeHIIMpoBaHUEe CAOKHOM (pyHKIIMU. HacTHbIE
IIPOU3BOAHBIE BBICIINX IIOPSAAKOB. AOCTATOYHBIE YCAOBUSI PABEHCTBA CMEIIaHHBIX

nipou3BoAHBIX. Dopmyaa Teriropa. Teopema 0 HeIBHOU (PYHKITUU.

MeToAbl onTuMu3anun B R™

[TorATHE BKCTPEMYyMa (AOKAaABHOI'O MAKCUMyMa UAW AOKAABHOTO MHUHUMYyMa). JKC-
TPEMYM [pPU OTCYTCTBUU OIPAHUYEHUM; HEOOXOAMMBIE M AOCTATOUHbIE YCAOBUS
AOKAABHOI'O 3KCTpPeMyMa. DKCTPEMYM I[P HAAUYUM OIPAHUYEHUMN B popMe ypas-
HEHUU (YCAOBHBIM 3KCTPEMYM); METOA MHOKUTEAEN /AarpaH>ka; AOCTATOYHBIE YCAO-
BUS JKCTpeMyMa IIpM HAaAWYUM OrpaHudeHuiu. [IpuMeHeHMe MeTOAQ MHOKXHUTEAEH
Aarpasyka AAS IIOMCKA HAaWOOABIIErOo (HaWMMeHbIIero) 3HayeHusd (DYyHKIIUU Ha orpa-

HUYeHHOM 3aMKHYTOM MHOXeCTBE€, 3aAdHHOM CUCTEeMOM YpaBHeHHfI.

HeomnpeaeAeHHBINT HHTErpaa

[TonaTue mepBOOOPA3HOM U HEOIIPEAEAEHHOTO HWHTerpasa. CBOMCTBa HeOIIpeAe-
AEHHOT'O MHTerpaiAa, TabAUlla UHTEIrPAAOB dAeMeHTAapHBIX (PyHKIUU. [IpreMbl nH-
TerpupoBaHusi. MIHTerpupoBaHue paruOHAABHBIX APOOeN, MPOCTEeNIINX Uppalro-

HAABHBIX (DYHKIIUY, IIPOCTEUIINX TPAHCIIEHACHTHBIX (DYHKIIAM.

OnpepeneHHBIN UHTErpaa

3apada OTBICKAHUS MAOMIAAW KPUBOAMHENHOU Tparnenuu. OTpeAeAeHHBIU UHTeTpaA
KaK I[IpeAeA HHTerpaAbHbIX cyMM. Cymmbl AapOy. Kpurepuii MHTErprpyeMOCTH.
NHTerpupyeMoCTb HEIPEPBIBHBIX (PYHKIIWM, MOHOTOHHBIX OI'PDAHUYEHHBIX (PYHK-
MM, (PYHKIMM C KOHEYHBIM YHCAOM TOYEK pa3pbiBa. CBOMCTBA OIIPEAEAEHHOI'O
nHTerpasa. Teopema o cpepHeM. CyllleCTBOBAHME IIEPBOOOPA3HOM HENPEPBIBHOMU
dyukimu. @opmyara HbroToHa—AelOHUIla. 3aMeHa IIepeMeHHOM I10A 3HAaKOM WH-

TerpaAa. VIlHTerpupoBaHue MO YaCTIM.

YucaroBbie U PyHKIUOHAABHBIE PSIABI

[TorATHE YMCAOBOTO pPSAAAQ U ero CyMMBl. Cxopduinecs U pacxopdamuecs papbl. [Tpu-
Mepbl. HeoOxoprMoe ycaoBue cXOAUMOCTH psipa. Kpurepuit Komm cxopamMocTu ps-
Ad. 3HAKOIIOCTOSIHHbIE U 3HAKOIlepeMeHHble psAbl. [Ipr3HaKu cpaBHEHUS PSIAOB.

[Mpuznaku cxopumocTu AaramOepa u Komm. MHTerpaabHbiv npu3Hak Komm. [pu-
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14.

3HaK AeMOHUIA AAS 3HAKOUEPEAYIOIUXCA PIAOB. AOCOAIOTHO U YCAOBHO CXOAAIU-
ecst paAbl. TeopeMa O HepecTaHOBKE UYAEHOB YCAOBHO CXOASIIETOCS psAa (TeopeMa

Pumana).

[ToTroueuHass 1 paBHOMEpPHAas CXOAUMOCTH (PYHKIIMOHAABHBIX pgAOB. Heobxopaumoe
1 AOCTATOYHOE YCAOBUE PAaBHOMEPHOU CXOAUMOCTHU. [IpM3HaKuM paBHOMEPHOU CXO-

AUMOCTU. TeopeMbl 0 PABHOMEPHO CXOAAIIUXCS (PYHKIIMOHAABHBIX PSAAX.

CrenneHHbIE PSIABI

Papnyc ¥ IPOMEKYTOK CXOAUMOCTHU CTeIleHHOTO psAa. DOPMYABI AAS OIIpeAEeAeHUS
paauyca cxopumocTu. IlouneHHoe auddepeHIIMpOBaHUEe U UHTErPUPOBAHUE CTe-
IIEHHBIX PSAOB, HEM3MEHHOCTb PAAUyCa CXOAUMOCTU. Pa3nokeHue s3AeMeHTapHBIX
dyHKIUHN B CTelleHHBIE PAABL. Teopema BelepmTpacca o TpuOAVMIKEHUN HEIlpepPhIB-

HBIX (DYHKIIMM MHOTOYAEHAMMU.

OOBIKHOBeHHbIe AN(P(epeHIarbHbIe YPABHEHNS IIEPBOro mopsipKa

Onpeperenne Au@PepeHIUaAbHOIO YPAaBHEHUS IIepBOro nopsapka. [lonarue o06-
II[ero M 4YacTHOI'o pellleHus. TeopeMa CylIeCTBOBAHUS U €AMHCTBEHHOCTU pellle-
HUS. YPABHEHUS C PA3AEASIOUIUMUCS IIepeMEeHHBIMU U CBOAAIIIMECT K HUM. /\UHeU-
Hble OAHOPOAHBIE M HEOAHOPOAHBIE YPaBHEHUS. YpPAaBHEHUS B MOAHBIX AU depen-

IaAax.
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1982.

Quxtenroasll . M., Kypc puggepeHIHaAbHOTO U HHTErPaAbHOIO ucuucAeHus. T.
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PaBYMeeTCH, MOJKHO IIOAB30BaThCs U OoAee IIO3AHUMU HU3AAHUAMU YKA3AHHBIX B

IIporpaMMe KHHUTI, a TaKXXe APYyI'MMU MCTOYHUKAMU.

1.3 AmuHelHasg aareopa

1.

Martpuusl 1 onepanuu ¢ HUMUA

[TousAATHME TIPAMOYTOABHOM MATPUIIBI;, OIl€paluyd CAOKEHMS MAaTpHl], YMHOKEeHUS
MaTpHUIbl Ha YHUCAO, YMHOXKeHUS MaTpull. EAMHNYHAA U HyAeBasg MaTpuUllbl. Tpak-
TOBKA MIPOCTpPAaHCcTBa R™ Kak IIpOCTPAaHCTBA BEKTOPOB-CTOAOIIOB MAK IPOCTPAHCTBA
BEKTOPOB-CTPOK. YMHOJKEHHe MAaTpHUIbl Ha CTOAOEI W CTPOKU Ha MaTpUIy KakK
YACTHBIU CAy4Yal YMHOXKeHHs MaTpull. CBOMCTBA aCCOIIMATUBHOCTU U AUCTPUOY-
TUBHOCTHU oIlepaliuii ¢ MaTpuilamMu. Onepalius TPaHCIIOHUPOBAHUS,; TPAaHCIIOHUPO-

BaHWe CYMMBI U IIPOU3BEACHUSI MATPUIL. I[lTousarue CHMMeTquHOﬁ MATPUIIEL.

BeKTOpHBIE IIPOCTPAaHCTBaA

OO01iee ompepeAeHMEe (BEIeCTBEHHOI'O) AMHEWHOrO ITPOCTPAHCTBaE; IIpuMepsl. [lo-
HATUE CUCTEMBlI BEKTOPOB. /AMHENHble KOMOMHAIIUM CUCTEMBl BEKTOPOB; IIOHATHUE
AVMHENHOU 3aBUCUMOCTU M HE3aBUCUMOCTU CUCTEMBI BEKTOPOB. YCAOBHE COXpaHe-
HUSA AMHEWHOU HEe3aBUCUMOCTU IIPU PACLIMPEHUU CUCTEMBI BEKTOPOB. TeopeMa O
AVHEWHOU 3aBUCHUMOCTH CUCTEMBI BEKTOPOB, AMHEWHO BBIPA’KAIOIINXCS 4Yepe3 CHU-

cTeMy C MeHbIIMM YKUCAOM BEKTOPOB. [TongaTue PaHI'a CUCTEeMEBI BEKTOPOB.

[TousiTHE Oa3uca BEKTOPHOI'O IPOCTPAaHCTBa. KoHeuHOMepHBIe ITpocTpaHcTBa. [1pu-
Mepbl 0a3ucoB. PaBHOMONIHOCTL 0a3UCOB (B KOHEUHOMEPHOM ITPOCTPAHCTBE) U I0-
HATHE Pa3MepHOCTU. AMHeNHas 3aBUCUMOCTb CUCTeMbI U3 N + 1 BeKTopa B M-Mep-
HOM IIPOCTPAHCTBe. BO3MOXHOCTH AONOAHEHUd A0 Oa3uca AIOOM AMHEWHO He3a-
BUCHMOM CHUCTEeMbl BEeKTOPOB. ba3uc Kak MaKcuMaAbHasi AMHEWHO He3aBUCHMas CU-
cTeMa BeKTOpoB. OAHO3HAYHOCTh PA3A0KEeHUSI BEKTOpa 110 AAHHOMY 0a3Hucy; KOOp-
AuHATBEL. COOTBETCTBUE MEKAY BEKTOPAMM M UX KOOpPAMHATAMM. TpPakTOBKa KOOP-

AVHAT KaK 9AeMEeHTOB (KOOpPAMHATHOTO) mpocTtpaHcTBa R". CoxpaHeHUe AMHENHOM
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3dBHCHMMOCTH 1M HE3ABHMCHMOCTH IIPpHU IIepeXOoAe OT CHUCTEeMEI BEKTOPOB K CUCTeMe uX

KOOpAUHAT.

[ToHATHE NOAIIPOCTPAHCTBA, COOCTBEHHOIO IIOAIIPOCTPAHCTBA. KOHEYHOMEpPHOCTH
IIOAIIPOCTPAHCTBA KOHEUYHOMEPHOT'O ITPOCTPAHCTBA; HEPAaBEHCTBO MEKAY HMX pas-
MEepPHOCTIMU. AUHEeNHasd 000AOUYKA CUCTEMbI BEKTOPOB KaK MOAIIPOCTPAHCTBO. PaHr
CUCTEMBI BEKTOPOB U PAa3MEpPHOCTb €ro AMHEMHOM O00AOYKHU. AuHelHble (adpdpuH-
Hble) MHOTOOOpa3ns KaK CABUTH IIOAIIPOCTPAHCTB; @HAAOTHS C IIPIMBIMU U IIAOCKO-

CTsIMH B TpEeXMEPHOM reoMeTprud4eCKOM IIPpOCTPaHCTBe.

Omnepanyu C IIOAIPOCTPAHCTBAMM: IlepecedyeHre M BeKTOpHasg cymMa. [lonarue
IIPSMOM CYMMBI ABYX (1 OOAee) HOAIIPOCTPAHCTB. CBA3b Pa3MEpPHOCTEU CYMMBI U
IlepecedyeHus C Pa3MEPHOCTSAMU UCXOAHBIX (ABYX) IIOAIIPOCTPAHCTB; CAydal IIPAMON

CYMMBI.

CucreMbl AMHEHHBIX (aAreOpanvyecKux) ypaBHEeHU

[TpeacTaBAeHUE COBOKYIHOCTU HEW3BECTHBIX CHUCTEMbl AMHEWHBIX YpPaBHEHUU M
IIPABLIX YaCTeM KaK BeKTOPoB B R" (B (opMe BEKTOPOB-CTOAGIIOB HMAM BEKTO-
POB-CTPOK). MaTpuila CUCTEeMBI 1 MAaTPUYHO-BEKTOPHAA ee 3aluck. [ IpepcTraBreHne
IIPAMOYT'OABHOM MATPUIIBI B BUAE CEMENUCTBA ee CTOAOIIOB UAUW CEeMEeNCTBa CTPOK;
TeopeMa O COBIIAA€HUM PAHI'OB 3TUX CEMEUCTB (TeopeMa O paHI'e MAaTpPHIlbl); paHT
MaTpULBL, PAHI CUCTeMbl ypaBHeHUU. [loHATHE O MaTpuijax IOAHOI'O paHra. Bul-
POKAEHHBIE U HEBBIPOKAEHHBIE KBAApPATHBIE MATPUIbl. TPAKTOBKA CUCTEMBI AM-
HEMHBIX YPaBHEHMM KaK 3aAa4d O PA3AOKEHHHM [IPAaBOM 4YaCTU IO CTOAOIIAaM Mart-
PUILIbI CUCTEMBL. YCAOBUE CYIeCTBOBAHUS peIlleHUs IIPU A0OOOU IIPaBOU 4acTU (AASL
AQHHOW MATPUIILI CUCTEMBI) U YCAOBUE €AMHCTBEHHOCTU UAU OTCYTCTBUS PeIIeHUs

B TepMUHAaX paHra mMarpulilbl. Teopema Kponekepa—Karmneaan.

MHOXeCcTBO pelleHUN OAHOPOAHOM CUCTEMBl AMHENHBIX YPABHEHUU KaK IIOAIIPO-
cTpaHcTBO B R", ero pa3smMepHOCTD; Ga3uC MOAIIPOCTPAHCTBA pelleHutlt (pyHAaMeH-
TaAbHAsA CUCTeMa pelleHWU) M 3allMCh OO0Ilero pelieHus B opMe AMHEUHOM KOM-
OMHAIIMM C HeOIIpeAeAeHHBIMM Kod(dduiimeHTaMu. BO3MOKHOCTh 3apaHUS AOOOTO
MIOAIIPOCTPAHCTBa B R" Kak MHOKeCTBa pellleHuil HEKOTOPOU CUCTEMbI AMHENHBIX

OAHOPOAHBIX ypaBHeHHfI.

CBsA3b MHOKECTBA peIIeHUN COBMECTHOU HEOAHOPOAHOMN CHUCTEMBI U COOTBETCTBY-
IOIIEN el OAHOPOAHOM CHUCTEMBbI; 3alliCh OOIero pelieHus. [Ipsgamas u rumepraoc-
KOCTh B R". BO3MOXXHOCTE 3aAaHUsT AFOOOTr0 AMHEMHOro (ap@uHHOIro) MHOrooopa-

3usg B R" Kak MHO>XeCTBa pellleHull HEKOTOPOM CUCTEMbI AMHENHBIX YpaBHEHUN.
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CucreMbl AMHEMHBIX YPAaBHEHUU C KBAAPATHOU HEBBIPOKAEHHOM MATpHUIlEN; Cy-
IIIECTBOBAHUE U €AVHCTBEHHOCTH pellleHus. [loHATHEe 0OpaTHOM MATpPUILI, ee Cy-
IIeCTBOBAHNE U €AVHCTBEHHOCTb AAS AIOOOM HEBBIPOKAEHHOM MATPUILI U OTCYT-
CTBUE AASI BBIPOKAEHHOUW MaTpUIlbl. HEeBBIPOKAEHHOCTh OOpPAaTHOM MATPUILBI; I1O-
BTOpPHOE oOpalleHue. YMHOXKEHHEe CUCTEMBbl AMHENHBIX YPAaBHEHUU Ha HEBBIPOJK-
AE€HHYIO KBAAPATHYIO MATPUIly KaK 3KBUBAAEHTHOE ITpeoOpa3oBaHue cuctemsl. Mc-
IIOAB30BaHME 3KBUBAAEHTHBIX IIPeOoOpa30BaHUU AAS BBIUMCAEHUS PaHr'a MaTPHUILbI

1 IIOMCKA OOILEro pelleHus: CUCTEMbl AMHEUHBIX YPABHEHUN.

OnpepeAuTeAb MaTPUIIBI

OnpepeAnTeAb KBaAPATHOU MAaTpULbl. HeM3MeHHOCTh OIIpeAEAUTEAS IIPU TPAHCIIO-
HUPOBaHMU MaTpulbl. CMeHa 3HaKa OIIPEAEAUTEAd IIPU IIepPeCTaHOBKE ABYX CTPOK
WAU ABYX CTOAOIIOB MaTpUIlbl. AMHEUHOCTb OIPEAEAUTEAS MO Ka>*KAONU CTPOKe M
Ka’KAOMY CTOAOIly. PaBEHCTBO HYAIO OIIPEAEAUTEAST KaK HEOOXOAUMOE U AOCTATOY-
HOEe YCAOBHUE BBIPOKAEHHOCTH MaTpulbl. OIpepeAuTeAb IIPOU3BEACHUS MaTpHl],

OIIPEAEAUTEAb 0OPATHON MaTPUIIHL.

[ToraTne MMHOpPA IIPOU3BOABHOI'O IIOPSAAKQA; OIIPEACA€HUEe paHra MATPHULLL B Tep-
MMHAX MUHOPOB. AATeOpanyeckue AOIOAHEHUS SA€MEHTOB MATPULLI U (POPMYABI
Pa3A0KeHUsI OIIPEAEAUTEASI IO CTpoKe UMAM CTOAOIy. Dopmyasl Kpamepa aad pe-
IIeHUsI CUCTEMbI AMHEWHBIX YPABHEHUU C KBAAPATHOM HEBBIPOKAEHHOU MAaTPULIEN.

[TpucoepviHeHHast MaTpUIla U ee CBSI3b C OOPATHOM.

BururicreHme OMpeAeAnuTeAs ITyTeM ITpeoOpa3oBaHUs MaTPHUIIHL.

AnHeNHBIE 0IlepaTOpPbI

AVHENHBIN ollepaTop KakK AMHENHOe OoToOpa’keHre BEeKTOPHOT'0 MpOocTpaHcTBa X
B BEKTOPHOE TIPOCTPAHCTBO Y; mpumepbl. CoBOKymHOCTE L(X,Y) Bcex AMHENHBIX
onepaTopoB n3 X B Y KaK BEKTOPHOe HpoCcTpaHCTBO. OOpa3 U SIAPO AUHEWHOTO

onepaTopa. Cynepro3us AMHEHHBIX OIIepaTOpPOB.

MarTpuiia AuHerHOro ornepatopa u3 X B Y AAd (PUKCUPOBAHHBIX 0A3UCOB 3THUX IIPO-
cTpaHCTB. COOTBETCTBUE MEKAY ACMCTBUAMM Hap OllepaToOpaMU U Haj UX MaTpUIla-
MH; MaTpHulla CyIepIlo3ulluu OollepaTopoB. MaTpullsl epexoapa Ipu cMeHe 0a3uCcoB
B X 1 Y, UX HEBBIPOXAEHHOCTbD; ITPe0Opa30BaHue MaTpPUIbl AMHEMHOI'O OIlepaTopa

IIpu cMeHe 0a3uCoB.

AunHelHbIE IIpeo0pa30oBaHus BEKTOPHbBIX IIPOCTPAHCTB
/AUHeWHBIe OllepaToOpPhbl, ACUCTBYIOIIYE U3 BEKTOPHOI'O ITPOCTPAHCTBA X B cebd; TOXK-

AECTBEHHBIN OIlepaTop; NpeoOpa3oBaHUe IIOAOOUSA AN UX MATPUI] IPpU CMeHe Oa-
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3uca B X. OOpaTHBIN ONepaToOp M e€ro MATpHUIla; YCAOBHE OOpPATHUMOCTH OIlepaTopa

B TEPMHUHAX ero siapa u obpasa.

MHBapuaHTHBIE IIOAIIPOCTPAHCTBA oOllepaTopa. MHBapumaHTHOCTH oOpasa U sgApa

orrepaTopa.

CoOcTBeHHBIEe BEKTOPbl U COOCTBEHHBbIE YMCAQ AMHEWHOI'O ollepaTopa U ero Mart-
punbl. XapaKTepUCTUYECKUNU MHOI'OYAEH MATPHUIIBl OIIepaTopa, €ero HEM3MEeHHOCTh
pu npeoOpa3oBaHuM 110pA00HsA. CHEeKTp omepaTopa W MaTPUIlbl, €ro COBIIAAECHUE
C MHOJXKECTBOM HYAE€M XapaKTepUCTUYeCKOro MHoOrouyaeHa. CoOCTBEHHOe IOAIIPO-

CTPAaHCTBO, COOTBETCTBYyIOIee AdHHOMY CO6CTB€HHOMY YUCAY.

AVHelVHasd He3aBHCUMOCTb CHUCTEMBI COOCTBEHHBIX BEKTOPOB, COOTBETCTBYIOIUX
Pas3HbBIM COOCTBEHHBIM YMCAAM. MaTpUlbl (AMHENHBIE OIepaTOPHI) IIPOCTOM CTPYK-
Typbl; AMArOHAABHBIM BUA MATPUIBI B 0asuce M3 COOCTBEHHBLIX BEKTOPOB (IIPU-
BeAE€HNe MATpHUIlbl IIPOCTOU CTPYKTYPBI K AMAroHAaABHOMY BHAY IIpeoOpa3oBaHU-
eM 1mopo6us). CoOCTBEHHbIe YUCAA U COOCTBEHHBIE BEKTOPBI OllepaTopa ITPOeKTH-

poBaHUS.

EBKAMAOBBI IPOCTPAaHCTBa

[Tounatue OuamHerHOU QopMbl. CKaASIpHOE IIPOM3BEAEHUE; €BKAWAOBO HPOCTPAaH-
ctBo. CTaHAAPTHOE CKaASIpHOEe Tpou3BeAeHre B R™; mpuMephl ApyTroro BhIGOpa CKa-
ASIPHOTO IIpOU3BepAeHUsdA. AAMHA BEKTOpa M YIOA MeXXAY BeKTOpaMHu (IpH AaHHOM
BBIOOpE CKaAspHOro npoussepeHusd). HepasencrBo Komu—bByHAKOBCKOro (Hepa-

BeHCTBO [IIBapia).

[TorsaTHe OPTOrOHAABHOCTH BEKTOPOB; AMHEMHAs HE3aBUCUMOCTb CUCTEMBI HEHYAE-
BBIX TIOITAPHO OPTOTOHAABHBIX BEKTOPOB. [Ipoliecc opTOroHaAM3aIuu U CyIIecTBO-
BaHHWEe OPTOHOPMUPOBAHHOTO Oa3uca. BripaskeHUe CKaASIpHOT'O IIPOU3BEAEHUST ABYX
BEKTOPOB 4epe3 WX KOOPAWHATHI B OPTOHOPMHUPOBAHHOM Oasmce. OpTOroHaAbHOE

AOTIOAHEHHE TIOAITPOCTPAHCTBA; OPTOTOHAABHBIN IIPOEKTOP.

/AUWHENHBIEe OIlIEPAaTOPhl, COXPAHAIOIINE CKAAIPHOE IIPOU3BEAECHUE (M30METpUS €B-
KAHUAOBBIX MPOCTPAHCTB); UX MATPHUIILI B OPTOHOPMHPOBAHHOM Oazuce (OpTOro-
HaAbHBIe MaTpulibl). HeBBIPpOKAEHHOCTH OPTOTOHAABHBIX MATPHIl, COBIIAAeHUe 00-
PaTHOM W TPAHCIIOHUPOBAHHOM, ITPOU3BEACHNE OPTOTOHAABHBIX MaTpull. OIlpepe-
AUTEAB U COOCTBEHHBIE UMCAA OPTOTOHAABHOW MATPUIIbl. MaTpUIlbl IIepeCTaHOBKHY,

MATpUIlbl BpallleHus, MaTPULblI OTPpa>XeHUd.

CaMoconps>keHHbIe (CUMMETpPUYHBIE) OIepaTOpbl, CUMMETPUYHOCTh UX MaTpHL], B
OPTOHOPMUPOBAHHOM 0Oa3uce. OPTOrOHAABHOCTE COOCTBEHHBIX BEKTOPOB, COOTBET-

CTBYIOIIUX PA3AMUYHBIM COOCTBEHHBIM umcAaM. CyllleCTBOBaHME OPTOHOPMUPOBAH-
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HOTO 0a3mnca, COCTOLAIIEro U3 COOCTBEHHBIX BEKTOPOB CUMMETPUYHOIO OIIEpaTopa.
[TpuBepeHUE CUMMETPUUYHON MaTpPUILI K AMAroHaAaAbHOU (opMe IIpeoOpa3oBaHU-
eM NOoAOOHSI C OPTOTrOHAABHOM MaTpullei nepexopa. CaMOCONpPSKeHHOCTb OPTO-
FOHAABHOTO IIpoeKTopa. Kaaccudpukanysi cCMMMETPUYHBIX MATPUI] 110 UX CIIEKTPY:
IIOAOKUTEABHO (OTPUIIATEABHO) OIPEAeA€HHBIE; HEOTPUIIATEABHO (HEIIOAOKUTEAD-

HO) OIIpeAeneHHbIe UAN TIOAYOIIDEACACHHBIE; HeOIlIpEeACACHHBIC.

. KBappaTrnunsie ¢popMsl

KBappaTtuunasa ¢popma. 3apaHre KBAaAPATUUYHONU (DOPMBI IIPU MTOMOIIU CUMMETPHY-
HOU MaTpullbl. [IpeoOpa3oBaHue MaTPUIbl KBAAPATUYHOM (DOPMBI IIPU 3aMeHe IIe-
pemeHHBIX. [IpuBepeHMEe KBAAPATUYHOU (DOPMBI K KAHOHUYECKOMY BHUAY (C pmaro-
HAABHOU MaTpullel) npeoOpa3oBaHUEM IIepeMeHHBIX C OPTOrOHAABHOW MaTpuIlen

IIepexopa.
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[IporpamMMe KHHUTI', a TaK>XXe APDYyTI'MMU MCTOYHUHUKAMU.
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2 BcrynureabHbIN 3K3aMeH 2004 r.

OK3aMeH II0 MaTeMaTUKe ITPOBOAUACI B POpMe NMUCBbMEHHOTrO TecTa. [ I[pOAOAKUTEAD-
HOCTh dK3aMeHa COCTaBAsiAA 4 Yaca, MaKCUMaAbHas OIleHKa — «12».

TecT cocTogn m3 AByX udacTel. [lepBasg 4acTb cOAeprKanra BOIIPOCHL U 3aAduU 110
MaTeMaTU4eCKOMY aHAaAU3y U AMHEUMHOU aAreOpe, B KaKAOM CAEAOBAAO BhIOPATh OAUH
MIPABUABHBIU OTBET M3 IISATU IIPEAAOKEHHBIX BAPUAHTOB.

BTopast yacTh copeprkanra BOIIPOCH], 00beAMHEHHBIE B OAOKU. B Ka>kpoM OAOKe Oblaa
BBOAHAS 4aCTh, OIMCHIBAIOIIAd YCAOBUSI, B paMKaX KOTOPBIX HAAAEKAAO OTBETUTH Ha
BOIIPOCHI A@HHOT'O OAOKa. Kakabih Bormpoc TpeboBaa oTBeTa «Aa» MAn «HeT».

[TpaBuAa OlleHUBAHUA TeCTa CAEAYIOIINE
ITepBag yacTh:

* TIPABUABHBIN OTBET — «+1»

* HeIpaBUABHBIM OTBET — «—0.25»

* OTCyTCTBUe oTBeTa — «0»

Bropas 4acTs:
* TIPABUABHBIM OTBET — «+1»
* HeIIPaBUABHBIN OTBET — «—1»

* OTCyTCTBUe oTBeTa — «0»

MaxkcuManbHOE KOAMYECTBO OAAAOB, KOTOPO€ MOJKHO OBIAO TIOAYYUTH 3a@ Ka’KAYIO
4acTb TeCTa, OAMHAKOBO. OIleHKAa 3a 3K3aMeH OIIPEeAEASIAACh CYMMON OAAAOB, IIOAY-

YUEeHHBIX 3a IMepPBYIO 1 3a BTOPYIO YaCTU TecCTa.

2.1 Tect

2.1.1 TIlepBas 4yacTh TecTa

2

1. HaumeHbIlee 3HaueHre (QyHKIMKA X* Ha MHOXKecTBe {(x,y): x*+y? = 1} pocTuraercs

TOABKO B TOUYKe (TOYKaX)
(0,0)

(0,1)
(0> —1 )

o O w »

(1,0), (—1,0)
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E (0,1), (0,—T)

2. Aano muHOX)ecTBO M = (0,1) U {2}. Kakne u3 caepyrommx ytBepkaeHun (I, 11, III)

BEpPHBI?
[. M OTKpBITOE MHO>XECTBO.
II. 'panuria M He mepecekaeTcs ¢ M.

ITII. AomoaHeHue K M OTKPBITOE MHOKECTBO.

TOABKO [
TOABKO I
TOABKO [ m II

TOABLKO II m II1

m 9 O w >

HU OAHO u3 yTBepyxpeHui I, II, III He aBAsgeTCS BepHBIM

3. Ilyctb M — MHOKeCTBO Ha BellleCTBEHHOM IIPSIMOM, He UMelolllee IIPEeAeAbHBIX TO-

uek. Kakue us carepyromux yreepxaenuit (I, II, III) BepHBI?
[. M OTKpBITOE MHOKECTBO.
II. M 3aMKHyTOe MHO>KeCTBO.

III. M HemycTOEe MHO>KECTBO.

TOABKO [
TOABKO 11
TOABKO II1

TOABKO [ m I

m 9 O @Ww >

TOABLKO II m III

4. MNana dpyuknus f(x,y) = eV u mMHO)ectBO M = {(x,y): x + y* = 0}. Kakue us

caepyromux yreepxaenuu (I, II, III) BepubI?
I. f pocTuraetr HauboOABIIIETO 3HaUEeHUS Ha M.

II. f pocTHUTaeT HaMMeHbINeTo 3HaueHus Ha M.
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III. f orpannuena Ha M.

TOABKO [
TOABKO II
TOABKO I 1 III

TOABKO II m III

m 9O O @Ww >

HU OAHO U3 yTBep>xpeHui I, II, III He aBAsgeTCa BepHBIM

5. 3HaueHHe MaKCHUMaAbLHOI'O penieHud 3apa4n Ko y’ = ZXU IIpr HAYAaABHOM YCAO-

BuM Yy(1) =1 B Touke x = —1 paBHO
A 0
B 1/e
C 1
D e
E He OIpeAeAeHO

6. MHO>XeCTBO I'paHUYHBIX TOueK MHOXXecTtBa M = {1/3,1/4,1/5,...1U{2/3,3/4,4/5,...}
paBHO

M
@
MU {0}

MU{0;1}

m 9 O @w >

MU {1}
7. AOHOAHQHI/IQ K HE3aMKHYTOMY IIOAMHOXXECTBY MHOXXeECTBa BEIIEeCTBEHHbIX YHNCEeA

3aMKHYTO
OTKPBITO
He SIBASETCS 3aMKHYTBIM

He SABASIETCA OTKPBLITBIM

m 9 O @Ww »

HU 0pAHO u3 yTBepX)peHuu A, B, C, D He ABAsIeTCSA BEpHBIM
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8. IlycTh A — CUMMeTPUYHBIM AMHEMHBIN oIepaTop B IpOCTpaHcTBe R*™. M3BecTHO,
YTO XapaKTePUCTUUIECKUIM MHOTOYAEH 3TOTO orepaTopa paseH (A—1)2... (A—n)?. Toraa

YUCAO MHBAPUAHTHELIX ITOAIIPOCTPAHCTB OIlepaTopa A PaBHO

A 2

B n

C 2n

D )

E OeCKOHEYHO MHOT'O

9. B mpoctpanctBe R™ mpu n > 1 3apaHa cucTeMa W3 4YeTHIpEX BEKTOPOB X =

= {x1,X2,X3, X4}, IPUYEM Ka’>KABIM M3 BEKTOPOB X; SIBASETCS AWHEWHONW KOMOWHAaIIHem

OCTAABHBIX TpeX BEKTOPOB CHUCTEMEI X. Tom,a

A €CAU CPeAr BEKTOPOB X UMeeTCsl HyAeBOU, TO PAHTI CUCTeMBI X paBeH ABYM
€CAM CPeAM BEKTOPOB X; HET HYAEBBIX, TO PAHI' CUCTeMBI X paBeH TPeEM

C eCAU AMHelHas oOOAOYKa CUCTeMbl X MMeeT PAa3MepHOCTb AB4, TO Cpepru

BEKTOPOB X; UMeeTCs HYyAeBOU
D eCAM AMHeMHas 000AouKa cucteMbl X coBrapaeTr ¢ R", ton =3

E Bce ueThIpe yTBepX)AeHud A, B, C, D roxkHbIe

10. B mpocTpanctBe R™ mpu n > 1 3apaHbl ABa moanpocTpaHcTBa Ly u L, ¢ pasmepHo-

CTSIMH Ty U Ny, COOTBeTCTBeHHO, npuueM R"™ = [; + L,. Toraa

ecamn; >n, to LH\L #9

ecrmmny+mn,<n, oL NL, =9

A

B

C ecrumn>7, Ton;+mn, >n

D €CAU Pa3MepHOCTh IepeceuyeHud L; N L, He paBHA HyAIO, TO N + N, <N
E

BCce yeThIpe yTBepX)AeHud A, B, C, D roxxHbIe

11. TTycts A u B — MaTpunibl pazdmMepoB mxn, m > 1, n > 1, a u b — cCTOAOIBI AAWHBI

m, @ X — UICKOMBIM CTOADEIl AAMHEI N.. Toraa

A €CAU cucTeMa Ax = a paspenirMa IIpu A0OOM MPaBOU YaCTH a, TO N < M
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E

ecan obOe cucteMbl Ax = a U Bx = b paspemuMbl npu AOOBIX IIPaBbIX
A a

4acTgaxXx a U b, TO 1 oObeprHEeHHas CUCTeMa B X = b pa3pelinuMa npu

AIOOBIX a U b

ecAm M = m, u obe cucreMbl Ax = a U Bx = b paspemmumbl 1pu AIOOBIX
MIPaBbIX YacTSIX a u b, To cucrema (A + B)x = ¢ pasperuma mpu Ar0060M

IIPaBOU 4ACTU C

€CAM N < M, W CHCTeMa AX = a pa3pelirnMa IIpH AIOOOY IIpaBOM YacTH a,

TO MaTpulla A HyAeBasd

BCce ueTnIpe yTBepX)AeHusa A, B, C, D roxHBIE

12. Tlycts A u B — ABe KBappaTHBIe MaTpPHUIlbL IOpsAKa N > 2. Uepes det X o6o3Haua-

eTCsl OIpEeACAUTEAD AIOOOM KBappaTHOM Marpuisl X, a yeped AT u A~ — Tpancnonu-

poBaHHag U oOpaTHasd MaTpullbl K A. Torpa

A

D

E

€CAU MHOXKeCTBO perlieHusi cuctembl (AB)x = 0 mMeeT pasMepHOCTH He

BhITIe eAHUITBI, TO det A # 0 uau detB # 0

ecan mpu BesikoM A € [0, 1] okaswsiBaeTcst det(AA + (1 —A)B) # 0, To det A +
+detB #£0

ecau (detA)? # detA, To det A # det AT
pu AT060M A > 0 BBITIOAHsIETCSI paBeHCTBO det(AA) = Adet A

BCe ueThIpe yTBepkAeHusa A, B, C, D roxkHBIe

13. Tlycts A u B — ABa AMHENHBIX omepaTopa, AekcTByromre nu3 R" B R" mpu n > 1.

Yepes AB o6osnaunm ux cyneprosunuio, T. e. (AB)x = A(Bx) mpu x € R". Tlyctb

ImA, ImB 1 Im(AB) — 06pa3bl COOTBETCTBYIOIINUX OIEpaTopoB. Toraa

m 9 QO w >

Im(AB) € Im A
Im(AB) C ImB
Im(AB) D ImB
Im(AB) D ImA

BCe ueThIpe yTBepkAeHusa A, B, C, D roxxHbIe

14. TTyctb A — BellleCTBEeHHas KBappaTHas MaTpulia nopsaka n > 2. Toraa
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E

ecAn ompepeAuTeAab Marpunbl (A2 — 1), rae I —eapuHMYHAS MaTpulia, OT-
pULIaTEAEH, TO Y MaTpHUllbl A MMeeTCd COOCTBEHHOE YHCAO B HMHTEpBAAe

(=1,1)

€CAM X| U X; — COOCTBEHHBIE€ BEKTOPbI MAaTPUIbl A, TO OHU AWMHEWHO He3a-

BHUCHUMBbIE

ecau A uMeer €AMHCTBEHHOE cobcTBEeHHOE YUCAO, paBHOeE epArHUIIEe, TO A —

CAVMHWYHAA MaTpHUla

€CAM y MaTpullbl A eCThb ABYMepHOe MHBAapHaHTHOE IIOAIIPOCTPAHCTBO, TO

Yy 9TOU MaTPHUIII UMEeTCsI COOCTBEHHOE YMCAO KpaTHOCTH 2

BCce yeThIpe yTBep)kAeHud A, B, C, D rokHbIe

15. BemecTBeHHbIE KBaApaTHBIE MaATpPUIlbl A 1 B mopsaka n > 2 paccMaTpUBAIOTCS

Kak omnepartopsl B R". Toraa

A

E

ecau marpuna (BTAB), rae B' —rpancnonuposannas Kk B, He 3apaeT ore-
paTop INPOEKTUPOBaHMd, TO AUOO B He 9BASEeTCS OPTOrOHAABHOU, AMOO A

He 3aAa€eT oIlepaTop IMPOEKTHUPOBAHUA

eCAM MaTpuila A He 3apaeT OIepaTop IIPOEKTHUPOBAHUS, TO €€ XapaKTepHu-
CTUYECKUM MHOTOYAEH He MOKeT UMeTb BUA P(A) = (—1)"AK(A — 1)K, rae

k—1enroe, m0<k<n

eCcAM MaTpHIla A He 3apaeT olepaTop MPOeKTHpoBaHus, To U A% He 3apaeT

OTiepaTop IMPOEKTUPOBAHUS

€CAN OPTOI'OHAABbHAA MaTpHUIad A He SIBASeTCS eAHHH‘IHoﬁ, To B R" He Cy-

mecTByeT Oazmuca, COCTOdAIIero mu3 COOCTBEHHBIX BEKTOPOB MATPUIIbI A

BCe ueTnIpe yTBepX)AeHus A, B, C, D roxHBIE

16. Ilyctb A m B — BemjecTBeHHBIE KBaApaTHBIE MATPHUIILI IIOPSAKA N, IIpuyeM A —

CUMMeTpUYHad. Toraa

A

ecau B oproronaanHas maTpuila, u AB = B, To A — eAMHHUYHAag MaTpHUIla

eCAU AAF HeKoToporo x € R™ okazarock, uto x'Ax = 0, © A OTPHUIIATEALHO

TIIOAYyOIIpeAeAeHHAas1 MaTpulla, TO X = 0

ecau matpuiia (BTAB) oTpuareAbHO OAyoIIpepeAeHa, TO B A OTPUIATEAD-

HO IIOAyOIIpeAeneHa
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D €CAU MaTpulla B Toke cuMMeTpuuyHass, U 00e MaTpuibl A U B IIOAOKU-
TEeALHO OIpeAeAeHbl, To MaTpuila (B~'AB) cuMMeTpuYHa M IOAOKUTEABLHO

oIrpeAeAeHa

E BCce yeThIpe yTBep)kAeHud A, B, C, D roxkHbIe

e

17. VuTerpan J x In xdx paBeH
1

2
A e4
24
B e:
242
C e;’
2 g
D ez
241
E e;

18. Oyuknug f(x) HempephIBHA Ha TTIOAYUHTEpPBaAe [2, +00), AuddepeHnimpyemMa Ha UH-
TepBaae (2,+00), U CYIIEeCTBYeT KOHEUHBIN ITPEAEA lel}l f(x). Kakre 13 mpuBeAeHHBIX
Hmke yrBep>kpeHuu (I, II, III, IV) BepHBI?

I. lim f'(x)=0.

X—+00

II. ®ynkiusa f(x) orpaHMYeHa Ha TTOAYUHTEpPBaAe [2,+00).

III. CymecTByeT Takoe YHCAO C > 2, 4TO Ipom3BOAHAsA f'(x) orpaHmYeHa Ha ITOAyWH-

TepBanae [c,+00).

IV. Oyuknus f(x) mMeeT 1Mo KpalHel Mepe OAMH AOKAAbHBIM MUHUMYM Ha ITOAYHWH-

TepBaae [2,+00).

TOABLKO [
TOABKO II
TOABKO Il

TOABKO [ 1 II

m 9 O w »

TOABKO Il 1 IV

19. HeasHast pyHKIUSA Yy = Y(x) oImpepeAsieTcs KaK pelleHHe ypaBHeHHs x* + 3xy —

d
—5x + 3y® = 2. Toraa mpomnsBoAHAs d—zﬂ) paBHa
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—5/6
—8/3
4,7

0

m O O @w >

3/5

Va+ Vo

20. ITyctb a, b > 0. Torpa mpepea T%Lnolo ( > > paBeH

Vab

a+b
2
1

ab

m 9 O @w >

(Ina+Inb)?
21. Ipu Kakux x rpaduk pyHkmmuu y = 10/x* —10/x> + 3/x* umeer Touku neperu6a?

1
—1
2
3

m 9 O @w »

ToYek Ineperuba rpaduk He UMeeT
22. Kpusble y = x%, x = y? (x, y > 0) ImepeceKaroTcs oA YTAOM

arctg(3/4)
/4

A
B
C /3
D arctg(1/2)
E arctg(2/3)

23. K rpaguky ¢yukiuu y = 1/4/x IpoBepeHa KacaTeAbHass B TOUKe (Xg, 1/4/Xo).
[Thomaab TpPeyTrOABHUKE, 0OpPa30BaHHOT'O KacaTeAbBHOM W OCIMU KOOPAWHAT, paBHa 9.

Torpa xp paBHO
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3/2
9/4

m 9O O @w >
w

16

24. Ha pucyHKe npuBepeH rpaduk gpyukomu f(x) = a(x + d)? +blx + d| + c.
Y

A
IRV

Torpa

A a>0,b<0,¢c<0,d>0
B a>0,b<0,¢c>0,d<0
C a<0,b>0¢c<0,d<0
D a<0,b<0,¢c>0,d>0
E a>0,b>0,c¢c<0,d>0

25. Papuyc mapa yObIBaeT CO CKOPOCTBIO, ITPOIIOPIIMOHAABHOW O0OBEeMY 3TOrO Iapa.
B momenT t = 0 papuyc paBeH 1, B MmoMmeHT t = 1 papuyc paBeH 1/2. B momeHT t = 2
papuyc Iapa paBeH

1/4

1/v5

1/v/10

1/V7

1/v6

m 9O O @Ww >

1/x

26. ITpeaen 1111&(1 —x?)"* paBen
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e

m 9 O w »
|

He CyILeCTByeT

27. Ilycte dyuakmuu f(x) um g(x) onmpepereHbl Ha R, mpuyeM CYIIECTBYIOT ITPEAECABI

lir% f(x) =yo m yhgl g(y). Toraa mpeaen liné g(f(x)) paBen
g(f(0))

9(yo)

lim g(y)

y—f(0)

Jim g(y)

m 9 O w >

MO>XET He CYIIeCTBOBATh
28. Oyukuua g(x) 3apaHa GOPMYAOH

xsin(1/x), ecam x #0,
g(x) =
0, ecam x = 0.

Kakwne u3 caepyromux yrBepxaenuu (I, II, III) BepabI?
[. ®yurnusa g(x) HempepbIiBHa B Touke x = 0.
[I. ®yurmus g(x) nMeeT HETPEPHIBHYIO TTEPBYIO0 MPOU3BOAHYIO B TOUKe X = 0.

[TI. OyuKIUg ¢g(x) UMeeT HENPepbBIBHYIO BTOPYIO MPOU3BOAHYIO B TOUKe X = 0.

TOABKO [
TOABKO I
TOABKO I 1 II

TOABLKO I 1 III

m 9 O w »

[ II Il

29. Haumenbinee 3HaueHve pyHKOu# f(x,y) = cosx + Ccosy Opu OrpaHUYEHUH [X| +

+ |y| = m/2, paBHO
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m 9O O @w >

2

dx

30. HeompeapeareHHBIN MHTErpaA | ———
pea P J 1+ cosx

paBeH

A In(1 4+ cosx) + C
B icC
X + sinx
C tgx + C
D tg(x/2) + C

1
E ctgx+ —+C
sinx

31. KakoBa maomaab (DUTypel, 3aAaHHOM HepaBeHcTBaMu x> +y2/4 <1 wm x| +|y|/2 > 1

Ha KOOPAMHATHOU ITAOCKOCTM?
7T—1
T2

2(mt—1)

m O QO @w >

32. TTycts dyukuus f(x) HenpepbIiBHO aAuddepeHIiupyeMa Ha R, u mycThb X1_1>r+r1 f(x)/x =
= 0. Ardg kKakux u3 caepyromux yreepskpeHuit (I, II, III) MmoxkHO 1mop00paTh (PyHKIWIO
f(x), TakyI0, YTO COOTBETCTBYIOIEE YTBEPKACHHUE BEPHO 10 OTHOIIEHUIO K 3TOU (PYHK-

Um?
[. ®yurnoua f(x) HeorpaHuueHa.
[I. ®yukmnus f(x) He UMeeT TOPU30OHTAABHOU aCUMIITOTHI.

III. Tlpeaea lim f’'(x) me cyecrtByer.

A TOABKO [
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TOABKO II

TOABKO [ 1 II

TOABLKO I 1 III

m O O w

[, II nlll

2

t
33. I'lpepen }(1;13 tgg(x)zc) paBeH

0
1
2

4

m 9 O w >

He CYIIeCTByeT
34. HauMeHbIlee 3HadeHne pyHkouu f(x,y) = x* +y? + 4xy — 5x + 5y — 15 paBHO
—5/2

252

—16

—31

m 9 O @Ww >

He CYyIeCTByeT

35. MHOXXeCTBO pellleHUl YpaBHEeHUs

In(3/2) :r ds

X2_1 282—1

eCTb

A {0)

{=1,1}
c {—\/Z \/i}
D {33}
E o

36. Ilycts f(x) = tg(e*"z). Torpa 3HaueHue 1mpousBopHOU f'(0) paBHO
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1
tge
1/cos’e

0

m 9 QO @w »

He CyIIeCcTByeT

37. Ilyctb f(x) — HenpepbiBHasg Ha [0, 1] dyHKIusa. Kakue M3 CAGAYIOMIUX yTBEPIKAE-

auu (I, II, III) BepubI?
[. Oyakuua f(x) nmeer nepBoobpasuyio, auddepeniupyemyto Ha (0, 1)
II. ®yuknusa f(x) uaTerpupyema no Pumany Ha [0, 1].

III. ®yuknusa f(x) paBHOMepHO HernpepbiBHa Ha (0, 1).

TOABKO [
TOABLKO 11
TOABKO III

TOABKO I 1 II

m 9 QO @w »

[ II uIII

/2
38. VHTerpaa J cos® x dx paBeH
0

A 7T
B /4
C 1
D APYTOMY 3HAYeHUIO
E He CYIeCTBYeT
& X4n
39. CremeHHOU PSA Z(—1 ik 2! CXOAUMTCSI HAa BCEU BeIleCTBEHHOM IIPSIMOU K (PyHK-
n)!
IEH n=0
A CoS X
B cos(x?)
C cos® x
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D K Apyrou yHKIIMHA

E pacxopuTcst opu |x| > 0

40. TTycts f(x) — HenpepsiBHast u orpannvyenHas Ha (0,1) pyHkuusa. Kakue us caepy-

omux yreepsxpenuit (I, 11, III) BepHbI?
I. Oyakuua f(x) paBHOMepHO HemnpepbiBHa Ha (0, 1).
I1. ®yukius f(x) uMeeT TTpeAeAbl (KOHEeUHbIe AW OecKoHeuHble) mpu X — 0 u x — 1.

[II. Oyukoua f(x) AoCcTUTaeT CBOEro HaMMEHBIIIero U HauboAbIero 3HadeHus Ha (0, 1).

TOABKO [
TOABKO 11
TOABKO III

TOoABKO II m III

m 9 O w »

HU opHO U3 yTBepkpaeHun (I, II, III) He aBAgeTCA BepHBIM

2.1.2 Bropas 4acTh TecTa

1. Muorouaer p(A) = A2(A — 1)? aBAasgeTcss xapaKTepPUCTUUYECKUM MHOT'OYAEHOM CHUM-

MeTPUYHOU MaTpunbl A. M3BeCTHO, 9YTO BEKTOPHBI
1 1 —1
—1 0 1 0
_] ) _] ) )
0

1 1 0

SIBASIOTCSI COOCTBEHHBIMM BeKTOpaMu MaTpulbl A. Toraa

a) mMaTpuna A 3apaeT OPTOTOHAABHBIN ITPOEKTOP;

Aa HeT

0) MaTpuiia A ABASIETCS OPTOrOHAABHOM MATPUIIEH;

Aa HeTt

B) CYIIECTBYeT ABe MATPHUIIbI A, YAOBAETBOPSIONIUX TOCTAaBA€HHBIM YCAOBUSM;

Aa HeTt
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1") CymeCTByeT 4eThbIpe MAaTpPHUIbL A, YAOBACTBOPAIOIINX IMTOCTABACHHBIM YCAOBUAM,

Aa Het

A) cyulecTByeT 4! = 24 maTpunbl A, YAOBAETBOPSIOUINX TOCTABA€HHBIM YCAOBUSM;

Aa Het

e) maTpuiia A umMeeT 8 HyAeBBbIX DAEMEHTOB;

Aa HerT

JK) AAS BCSIKOTO BelIeCTBEHHOT'O YHCAA o HAMAETCS CTOADeI] X, IIPH KOTOPOM X' Ax = «,
rae uepes x' 0603HaUaeTCs CTPOKA, IOAYYAIOIAsCs TPAHCIOHMPOBAHUEM CTOAGIA
X,
Aa Het

3) CyMMa SA€MEHTOB MAaTpPHUIIbL A PaBHa HYAIO.

Aa HeT

2. MakcuMaAbHOE (HEITPOAOAKaeMoe) peliieHue y = @(x) AuddepeHImarbHOTo ypaBs-

HeHUud 5
/ Y 2

= 2(x — 1 1

y' = 2= et )

yaoBAeTBOpsieT ycaoButo @ (1) = 0. Toraa

a) o6AacThb ompepeAeHUsT PYHKIIUU @(Xx) — MHTEpBaA (—oo, +00);

Aa Het

6) rpaduK PYHKIUU @(X) UMEeT BePTUKAABHYIO aCUMIITOTY;

Aa Het

B) rpaduK QyHKIUU @(X) UMeeT HaKAOHHYIO aCUMIITOTY;

Aa HerT

r) QpyHKIUS @(X) CTpEeMUTCT K —o0 IIPU X — +00;
Aa HerT
A) QYHKIUS @(X) MMeeT eAMHCTBEHHYIO TOYKY AOKAAbHOTO MakcumMyma x = 0, mpu
sToM @(0) = 2;

Aa HeTt
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e) PYHKIHUSA @(X) AOCTUTaeT HaWMMEHbIIIero 3HayeHWs B TOYkKaxXx x = —1, x = 1, nipu

atom @(—1) = @(1) =0;

Aa HerT
) yHKIMS @(x) MMeeT ABe TOukM meperumba x; = —1/v/3, x2 = 1/4/3, npu arom
0 (-1/V3) =0 (1/V3) =4/9
Aa HerT

3) rpaduk GyHKIHU @(x) 3aMKHYT B R?.
Aa Het

3. MNana dyuknusa f(x,y,z) = x> + 2y*> + 422 u mHOKecTBO M = {(X,Y,2) € R*: xyz = 1},
Torpa

a) dyukiusa f poocTuraeT Ha MHOKeCTBe M HauOOABIIIEro 3HAUYEHUS;

Aa HerT

0) dysHkuug f poocTuraeT Ha MHOXKeCTBe M HamMeHbIIIero 3Ha4eHUus;

Aa Het

B) dyHKIUA f UMeeT Ha MHOXKeCcTBe M He MeHee ABYX AOKAAbHBIX MaKCHUMYMOB;

Aa HerT

r) dpyuknusa f umeeT Ha MHOKecTBe M He MeHee BOCbMU AOKAAbHBIX MUHUMYMOB,;

Aa HerT

A) Touka (2,1,1/2) aBasieTcsd TOYKOM AOKAABHOTO MakcUMyMa (PyHKIuu f Ha MHOXe-
ctBe M;
Aa HerT

e) Touka (4,1,1/4) aBAsieTCs TOUKOM AOKAABHOTO MMHMMYyMa (pyHKIuu f Ha MHOXKe-
ctBe M;
Aa HerT

>K) B TOYKe (—\/Z—1 1/ \/Z) dyskMa f AOCTUraeT HauMeHbIIero 3HaueHusT Ha MHO-
>kecTtBe M;
Aa HeTt
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3) B TOUKEe (—ﬁ, -1,-1/ \/Z) dyHKIMg f AOCTUTaeT HauMeHbIIIero 3HaueHUsI Ha MHO-
JKecTBe M,
Aa Het

4. Oyukius f(x) ompepeAsieTcs CAEAYIOUIUM 00pa3oM:

lim Vx3" 4 2x2" + 1, ecam x > 1,

n—oo
f(x) = 111_)m VX3 4 x2n ecam —1 <x <1,
o0
lim x arctg(nx), ecan x < —1.
n—oo

Torpa

a) dyukuusa f(x) ompeaereHa Ha BCeM YMCAOBOM IPSAMOM R M HempepbiBHA B Ka>KAOM
Touke R;
Aa HerT

6) dyHkus f(x) UMeeT acUMIITOTY;

Aa HeTt

B) dyukums f(x) auddepennupyema Ha nateprare (—1/2,1/2);
Aa Her

r) dyHkrusa f(x) DpruHUMaeT HauMeHbIllee 3HaUeHUe B OOAQCTH CBOETO OIPEAEAEHUS;

Aa Het

Aa HeT

e) dyukums f(x) yobiBaeT Ha MHOXecTBe (—o0,0);

Aa Her

K) (pyHKIUs f(x) ABASIETCS BBITYKAOM Ha MHOXXecTBe [0, +00);

Aa Het
3) MHOKECTBO 3HaueHUH (pyHKImMU f(x) ABASIETCS BBITYKABIM ITOAMHOKECTBOM YHCAO-

BOM mpsimoit R.
Aa HerT
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o

5. AaH (PYHKIIMOHAABHBIU PSAA Z /xe ™. O6o3HaunM yepe3 M MHOKECTBO €ro CXo-
n=1

AUMOCTH U depe3d f(x) — cyMMy 3TOro psgpa Ard x € M.

a) MHO>XeCTBO M SIBASIETCSI 3aMKHYTBIM ITOAMHO>KECTBOM UKWCAOBOM IIPSIMOM;

Aa HerT

6) MHO>XeCcTBO M sIBAsieTCs OI'PAHUYEHHBIM IIOAMHO>XECTBOM YUCAOBOM HpHMOP'I;

Aa HerT

B) yHKIus f(x) HempepbiBHa Ha MHOXXeCTBe M;

Aa HerT

r) dyHknusa f(x) orpaHudeHa cBepxy Ha MHOXKecCTBe M;

Aa Het

A) dyskius f(x) poocTuraetr Ha MHOXKeCTBe M HaWMEHBIEro 3HaUYEeHWUS;

Aa Het

e) Ha MHO>XecTBe M pPdgA HEe CXOAUTCA PABHOMEPHO;,

Aa HerT

JK) CYIIeCTBYeT OTpe3oK [a,b] C M, a < b, Ha KOTOPOM Psip CXOAUTCSI paBHOMEPHO;

Aa HerT

3) Ha AIOOOM MHTepBaAe (a,b) C M psip CXOAUTCS PaBHOMEPHO.

Aa HeT

2.2 OrTBeThl U pellleHus TecTa
2.2.1 OrTBeThI Ha BOIIPOCHI NIEPBOM I'PYNIIbI

1.E. 2. E.3.B. 4. C. 5. C.6.D.7.D. 8. E. 9. E. 10. C. 11. D. 12. B. 13. A. 14. A.
15. A. 16. A. 17. B. 18. B. 19. D. 20. A. 21. E. 22. A. 23. E. 24. B. 25. D. 26. B. 27. E.
28. A. 29. C. 30. D. 31. D. 32. E. 33. B. 34. E. 35. D. 36. D. 37. E. 38. B. 39. B. 40. E.
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2.2.2 PemnieHus 3apa4 BTOPOH IPyNIbl

3apaya 1. 13 XapakTepuCTUYeCKOI'0 ypaBHEHUS MATPULBl A BUAHO, UTO OHA UMeeT
ABa cobcTBeHHBIX uncAa 0 u 1, Kaskpoe KpaTHOcTH 2. Tak Kak mMaTpuila A CUMMeT-
pUYHasi, TO COOCTBEHHbIE BEKTOPHI, COOTBETCTBYIOIINE Pa3HbIM COOCTBEHHBIM UMCAAM,

opTOoroHaAbHbI. O003HAUMM Yepe3

1 1 —1

T 10 1 10

S IR A R R IR N

1 0 1 0
1 3aMeTHM, UYTO BEKTOpHBI Z; W Z; He OPTOTOHAABHBI (M COOTBETCTBYIOT OAHOMY COO-
CTBEHHOMY UYMWCAY), U BEKTOPBI Z3 U z4 HEe OPTOTOHAABHBI (M COOTBETCTBYIOT OAHO-
My COOCTBEHHOMY YMCAY). 3HAUUT, CYIECTByeT POBHO ABE MATPUILI A: Takas, 4YTO
Az = 27, Azy = 25, Az3 = Azy = 0 1 Takas, 4To Az; = Az, = 0, Azy = 23, Azqy = 24
(Bommpoc B) — Aa, Bompockl T) u A) — Her).

Tak kKak MaTpuna A cUMMeTpUYHas U MMeeT coOcTBeHHble unucaa 0 u 1, To oHa
3apaeT opTonpoeKTop (Bompoc a) — Aa). Tak Kak coOCTBeHHOe 4ucAo 0 MMeeT HeHY-
AEBYIO KPATHOCTh, TO MaTpura A He MOXeT ObITb OPTOrOHAABHOU (Bompoc 0) — Her).

Tak Kak MaTpuija A 3aAaeT OpTOIPOEKTOP, TO Al0GOI BeKTop X € R* mpeacraBum

B BUAE CYMMBI X = X| + X2, TAe AXx) =%, A =01 x1sz = 0 (opToroHaAbHbI). Toraa
xTAx = (x1 +x2)TA(x1 +%2) = (x1 +x2) %7 = X1Tx1 —{—x;q = X]Tx1 >=0.

3HaunT, ecan o < 0, TO He CyIIeCTByeT TaKoro X, 4To X' Ax = « (Bompoc X) — Her).
AASI OTBeTa Ha BOIIPOCHI €) U 3) cocuuTaeM MaTpuily A. AAS yIPOIIEHUS BBI-
YNCAEHUN OPTOI'OHAAM3yeM CHUCTEMY COOCTBEHHBIX BEKTOPOB MATpUlibl A. A MMEHHO,

PaccMOTPUM BEKTOPBI

0 0
1 =21 —2z; = ! Mzy=23+24= 1
1 1 2 0 3 3 4 0
1
0O 1.0 1
1 1-1 01 0 5
MaTtpuna Q = ﬁ 0o 10 1 (B HElM O CTOAOIIAM CTOAT COOCTBEHHBIE BEKTO-
1T 01 0

PHI 2], Z3, 25, Z4) OPTOTOHAABLHA.
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AAST MaTpUIBl A BO3MOJKHBI ABa CAy4as. [lepBwiit (Az] = z{, Azy = z5, Az} = Azy =
=0):

1000 1T 0 1 0
A=Q 0100 Q= 110 1.0 -1

0000 211 0 1 0

0000 0 -1 0

Bropoit (Az; = Az, =0, Azj =z3, Azy = z4):

0000 0 -1 0
A=Q 0000 Q= 110 1 0 1

0010 2110 1 0

0 0 01 0O 1 0 1

Kak BuUAUM, B 000UX CAy4YasiX UMCAO HYAEBBIX 9A€MEHTOB paBHO 8 (Bompoc e) — Aa)

U CyMMa dAeMEeHTOB MaTpullbl A OOAbIIe HyAd (Borpoc 3) — Her).

3apaua 2. IlpaBag 4acTh AUPPEpeHIIMarbHOI'O YpPaBHEHUS OIIpeAeAeHa Ha BCeu
IIAOCKOCTH (X,y) 3a MCKAIOUeHHeM Touek Bupa (—1,y). B To >xe Bpems, Aroboe MaKCH-
MaAbHOE pellleHre UMeeT 00AACThIO OTIPEASACHUST HEKOTOPBIN OTPE30K ], COAePIKATIUH
Touky 1, Tak uto | C (—1,+00) (myHKT a) — Her).

3apaHHOe AU PepeHIIMaAbHOEe YpPAaBHEHUE SBASETCS AWHENMHBIM HEOAHOPOAHBIM.

Perrass oAHOPOAHOe ypaBHeHUe Y’ = IIOAy4YMM OOlllee pelleHue:
X

+1'
y=C(x+1)?% Cée(—o0,+00).

YHacTHOe pelrenre HeOAHOPOAHOI'O YpaBHEHNS UIeM MEeTOAOM Bapuallul IIOCTOSTHHOM.

NMeem
2C(x + 1)z

x+ 1
otkypa C = (x — 1) muy = (x — 1)?(x + 1)2. Takum o6paszomM, obIlee pelleHre TaKOBO:

C'lx+1)P2+C-2x+1) = +2(x—=1)(x+1),

y=(x—172x+172+C(x+ 1)~

[TopcTaBUB HadaabHOe ycaoBue @(1) = 0, MOAYyYMM WHTETPAAbHYIO KPUBYIO @(x) =
= (x — 1)?(x + 1)2 = (x? — 1)%. O6aacTh onpeperenus | = (—1,+oo).

OyHKIUSA @(X) — MHOTOYAEH YeTBEPTOM CTEMeHU, 3HAUUT aCUMIITOT Y WHTErpaAb-
HOW KPHUBOU He MOXKeT ObITh (IIyHKTHI 0), B) — HerT).

4

Tak Kak KO3(PUIUEHT IIPU X' ITOAOKUTEABLHBIM, TO @(X) — +00 IpU X — —+00

(myskT 1) — Her).

AAH ITIOUCKA 3KCTPEeMYyMOB BBIYHMCAUM ITPOU3BOAHYIO!

@'(x)=2x—1(x+1P+2x—12x+1) =4(x—1)(x+ 1)x.
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3 MOAOKUTEABHOCTH Kod(dumumenTa npu x' caepayer, 9To Toukm X = —1 U x =
= 1 ABASIIOTCSI AOKAABHBIMM (Ha CAMOM AeAe TAOOAAbHBIMU) MUHUMYMaMHU MHOTOYAEHA
(x — 1)*(x + 1)?, a Touka x = 0 ABASETCI TOYKOM AOKAABHOIO MakKcuMyMa. OAHAKO
@(0) =1 # 2 (myukT A) — Het). 1 Takke @(x) He onpepereHa B TOUKe X = —1 (IyHKT
e) — Her).

AAsI TIOMCKA TOYEK Tepernba HalAeM BTOPYIO MPOU3BOAHYIO
©"(x) =4(x+Dx+4(x—T)x+4(x+1)(x—1) =4(3x* —1).

3HauuT, TOYKH x = —1/V/3 u x = 1/V/3 (IpuHapAeKalIne 0OAACTH ONIPEACACHHUs pe-
IIIeHUs1) AeUCTBUTEABHO SBASIOTCS TOYKaMU Iieperuba. @ (—1 / \/§) =@ (1/ \/§) =4/9,
CAeAOBAaTEABHO, OTBET Ha BOIIpPOC X) — Aa.

IMpu x — —1 4+ 0 dyHKIUT @(X) CTpeMUTCS K HYAIO. Tak Kak x = —1 He mpu-
HAAAEKUT OOAAQCTH OIpeAereHus @(Xx), TO ee rpaduK He 3aMKHYT B R? (TyHKT 3) —
Her).

3apava 3. MHoXecTBO M 3aMKHYTO, HO HE OrpaHWYeHO. AAST TOCAEAOBATEABHOCTH
TOYEK X, =N, Yo = 1/N, z, =1, n=1,2, ... BEIIIOAHEHBI COOTHOIIEHUS: (Xn, Yn,Zn) € M
1 f (Xn,Yn,zn) > N?. 3HauuT, QyHKOUA f He orpaHMYeHa CBepXy Ha MHOXKecTBe M H,
CAeAOBaTeAbHO, HaubOOABINIero 3HaueHUs y pyHKmu f Ha M He cymecTByeT. Takum
o0Opa3oMm, Ha Bompoc a) orBeT — Her.

MHo>XecTBO 3HaueHUM (PyHKIUH f OrpaHUYeHO CHU3Y, TOCKOABKY f(x,y,z) > 0 Arg
ArOGOM TOuKRM (X,Yy,z). CAaepoBaTeAbHO, cyulecTByer m = inf{f(x,y,z) : (x,y,z) € M}.
Tak kak (1,1,1) € M u f(1,1,1) =7, To m < 7. fdcuo, uro ecam |x| > 3 uau [y| > 3
uam |z| > 3, to f(x,y,z) > 7, mosatomy m = inf{f(x,y,z) : (x,y,z) € C}, rae C =
= MN{(x,y,z) : [x] < 3,lyl <3,|z] < 3}. Ho mHOXecTBO C KOMIIAKTHO, I B CUAY TEOPEMBI
BetiepiTpacca cymecTByeT Takasi Todka (Xo, Yo, Zo) € C, uTo f(xo,Yo,20) = m. Takum
obOpa3oM, oTBeT Ha Bompoc 0) — Aa.

AAsT HaXOXKAEHUMS AOKAAbHBIX 3KCTPEMYMOB (PYHKIIMU f BOCIIOAB3YyEMCS METOAOM
MHOXUTeAer AarpaHka. AAgd OOAerdyeHUs BBIKAGAOK CAEAAEM 3aMEHY II€peMeHHBIX:

u = x,v = \/zy,w — 2z. Torpa uvw = 2v2, u dyHKUA AarpaHka HMeeT BHA

Liu,v,w) = u? + v +w? + A (2\/2 — uvw). PacCMOTPHUM CAEAYIOUIYIO CHCTEMY YPaB-
HEHUM (YCAOBUS IIE€PBOI'O IOPSAAKA):
CL
. 2u = Avw,
oL
— =0, 2v = Auw,
ov PR
oL 0 2w = Auy,
ow
ww = 2V, ww = 2v/2.
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PemmMm a1y cuctemy. [lepeMHOKUB IIepBble TPU YpPaBHEHMs, IOAYYUM: Suvw =

2, oTKypa (C y4eToM TOro, 4ro uvw = 2v/2) HaxopuM A = /2. YMHOKUB

= AM(uvw)
IIPaByIO M AEBYIO YaCTH IIEPBOrO ypaBHEHHMS Ha U, MOAYyYHMM, 4To 2u? = Auvw =
= V2 -2V?2, OTKyAQ U = +v/2. AmaroruuHo v = +v2 u w = +v/2. CaepOBaTEeAD-
HO, IIOAyYaeM 4 KpUTUYeCKHe TOUKU: (ﬁ, V2, \/Z) (ﬁ,—ﬂ,—ﬁ), (—ﬁ, \/Z,—\/Z)
u (—\/Z,—\/Z, \/Z) MAau B KoopaumHaTax (Xx,y,z): (ﬁ,m/\/i), (\/Z—],—V\/E),
(—v2,1,-1/v2) u (—v2,-1,1/V2).

AAsl OTBeTa Ha BOIIPOC, ABASIOTCS AWM 3T TOUKM AOKAABHBIMM MaKCUMYyMaMH UAUN
MHUHUMYMaMH, MOJKHO OBIAO OBI IIOMTHU II0 CTAHAAPTHOMY IIYTH M HCCAEAOBATH Mart-
PUILly BTOPBIX IIPOU3BOAHBIX (PyHKIHU L. OpAHAKO MOKHO 3aMeTUTh, UTO 3HAUYEHUE
dyukImYu f BO BceX KPUTUUECKUX TOYKaX OAMHAKOBO. B TO ke BpeMs, B TOUKe MUHMU-
MyMa yHKUuU f, CyllecTBOBaHHE KOTOPOU AOKA3aHO BBIIIE, AOASKHBI BBIIOAHSATHCS
HeOOXOAUMBIE YCAOBUS dKCcTpeMyMa. OTCIopAa CAEAYEeT, UTO BCe KPUTHYECKHUe TOYKU
SIBASIIOTCSI TOUYKaMU HauWMeHbIIero 3HadeHus1 @yHkuum f Ha MHOKecTBe M. Takum 00-
pa3oM, IIoOAydYaeM OTBeTHI: Ha BoIpoc B) — Aa, Ha Bompoc r)— HeT, Ha Bompoc p) —

HeT, Ha Bonpoc e) — HeT, Ha Bompoc ) — Aa, Ha Borpoc 3) — Her.

3apaua 4. Hatiaem aBHBIN BUp QyHKIUU f(X).

Ecam x > 1, TO

lim {5 + 264 1= lim 1+ 2/(¢%) +1/(67) =,

Ecam x =1, TO
111413310 V1i+2+1=1.
[Toaromy f(x) = x> mpu x > 1.

Ecam —1 <x <1, TO

lim (/%3 +x2" = lim x> Vx* + 1 = x%.
n—oo

n—oo

Ecau x < —1, TO

T{Lrgo arctg(nx) = —m/2,
s
U CAeAOBATEeALHO, f(x) = _EX'
OKOHYATEABHO IIOAyYaeM (CM. TakKKe puc. 1):
x3, ecam x > 1,
f(x) = < x2, ecam —1 <x<1,

T
—Ex, ecanm x < —1.

OTa QYHKIMS OllpepereHa Ha BCeM YHMCAOBOM HpsAMoM R 1 HemnpephIiBHa BO BCeX

TOYKax, Kpome x = —1. 3amerum, uTo Ha MHOXKecTBe [0,+o0o0) pyHKuIusa f(x) ecTh
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/2

—1 0 1 x

Puc. 1. I'paduk pyukium f(x)

MAaKCHMYM ABYX BBIITYKABIX (DYHKIUHA X? U X> M CA@AOBATEABLHO, SIBASIETCSI BBIITYKAOU

Ha 3TOM MHO>KecTBe. OTBeThI: Ha Bompoc a) — HeT, Ha Bompoc e) — Aa, Ha BOIIPOC
X) — Aa.

Oyuknus f(x) UMeeT HaKAOHHYIO aCUMIITOTY Y = —gx mpu x — —oo. OTBeT Ha
Bompoc 0) — Aa.

Ob6nacTbio 3HaueHUM (QyHKIuU f(x) sIBAsIETCS, OYEeBUAHO, MHOXKecTBO [0,+00), U
f(0) = 0. OTBeThl: Ha Bompoc T) — Aa, Ha Borpoc 3) — Aa.

OueBupHO, uTO TIpom3BoAHas f'(x) cymectByeT nipu x # —1 u x # 1. TIOCKOABKY
AeBas mpou3BoAHas pyHKIMHU f(x) B Touke x = 1 paBHa 2, a mpaBas paBHa 3, To f(x) B

Touke X = | Hepudpepenuupyema. OTBeTh: Ha Borpoc B) — Aa, Ha Borpoc p) — Her.

3apaua 5. Touka 0 € M u f(0) =0 (Bce YAeHBI psiAa PaBHBI HYATO).

Ecam x < 0, To x ¢ M (ueTHBbIe YAEHBI psiAa He OIPEeAEAeHbl).

[Tyctb x > 0, Toraa /x < max{l,x} = C(x), © UCXOAHBIN PsIA (C TOAOKUTEABHBIMU
cAaraeMbIMu) y o0 /xe ™ CXOAUTCS, TaK KaK Ma’KOPUPYETCsl CyMMOU OeCKOHEYHO
yObIBarolre reomerpudecko mporpeccuu C(x) Y ;e ™.

CaepoBaTeabHo, M = [0,400), ¥ TaK KaK BCE UYAEHBI PSIAA IMMOAOKUTEAbHBIE, TO
f(x) > 0 aAst AroGoro x > 0.

TakuMm 00Opa3oM, moAydaeM OTBETHI: Ha Bolpoc a) —Aa, Ha Bonpoc 0) — Her, Ha
BoIpoc p) — Aa.

IMycts 0 < x < 1. Toraa x > /x npu n > 2. CaepoBaTerbHo, f(x) > xe ™ +

Vxe ™ 1

+ VXY e ™ = xe X + Fip—— 7 mpu x — 0+. DTO O3HavaeT, 4yTO (PYHKIUS
f(x) He orpanuyeHa Ha Ato6oM oTpeske [0,al, a > 0. B wacTtHocTH, pyHKIUS f(x) He
SIBAsIeTCS HellpepbIBHOM Ha M. OTCIOAQ BBITEKAET, UTO PsSA HEe CXOAUTCS PaBHOMEPHO
Ha Afobom oTpeske [0, al, a > 0, a 3HAUUT, ¥ Ha MHOXXeCcTBe M.

TakuMm oOpasoM, MoAydYaeM OTBeThl: Ha Bolpoc B) — Her, Ha Bonpoc r) — Het, Ha

Bomnpoc e) — Aa.
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Ecam x € [a,b], a > 0, To {/xe ™ < C(b)e ™, u psa ) ., V/xe ™ CXOAUTCSI pas-
HOMEpPHO Ha [a,b] B cuAy npusHaka Be#piuTpacca, MOCKOABKY Ma’KOPUPYETCSI CXOASI-
IIIMCSI YUCAOBBIM PSIAOM.

TakuMm oOpa3om, OTBET Ha BOIIPOC X) — Aa.

PaccMoTpuM OCTATOK psipd Ry (x) =Y 7 {/xe ™. Ecan x € (0,1), To {/x > Y/x npu
n > m, mo3tomy R (x) > :{/Eeei" ~ W}f -

gyucAO X > 0, Takoe, uTo R, (x) > 1. DTO 03HAUAET, UYTO PSA fo’:] {/xe ™ Ha MHTepBaAe

. 3HAQUUT, AAS AIOOOTO M CYIIEeCTByeT

(0,1) He CXOAMTCSI PAaBHOMEPHO.

Takum oO6pa3oM, OTBeT Ha Bompoc 3) — Her.
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3 BcrynureabHsbinn 3k3aMeH 2005 r.

OK3aMeH II0 MaTeMaTUKe ITPOBOAUACI B POpMe NMUCBbMEHHOTrO TecTa. [ I[pOAOAKUTEAD-
HOCTh dK3aMeHa COCTaBAsiAA 4 Yaca, MaKCUMaAbHas OIleHKa — «12».

TecT cocTogn m3 AByX udacTel. [lepBasg 4acTb cOAeprKanra BOIIPOCHL U 3aAduU 110
MaTeMaTU4eCKOMY aHAaAU3y U AMHEUMHOU aAreOpe, B KaKAOM CAEAOBAAO BhIOPATh OAUH
MIPABUABHBIU OTBET M3 IISATU IIPEAAOKEHHBIX BAPUAHTOB.

BTopast yacTh copeprkanra BOIIPOCH], 00beAMHEHHBIE B OAOKU. B Ka>kpoM OAOKe Oblaa
BBOAHAS 4aCTh, OIMCHIBAIOIIAd YCAOBUSI, B paMKaX KOTOPBIX HAAAEKAAO OTBETUTH Ha
BOIIPOCHI A@HHOT'O OAOKa. Kakabih Bormpoc TpeboBaa oTBeTa «Aa» MAn «HeT».

[TpaBuAa OlleHUBAHUA TeCTa CAEAYIOIINE
ITepBas yacThb:

* TIPABUABHBIN OTBET — «+1»

* HeIPaBUABHBIN OTBeT — «—0.25»

* OTCyTCTBUe oTBeTa — «0»

Bropasa 4acTs:
* ITPABUABHBIA OTBET — «+1»
* HeIpaBUABHBIM OTBET — «—1»
* OTCyTCTBUe oTBeTa — «0»
MaxkcuManbHOE KOAMYECTBO OAAAOB, KOTOPO€ MOJKHO OBIAO IIOAYYUTH 3@ Ka’KAYIO

YaCThb TeCTa, OAMHAKOBO. OI_I;eHKa 3d 3K3aMeH OIIpeAeAsdINdaChb CYMMOfI 6aAAOB, IIOAY -

YEeHHBIX 3a IIepPBYIO M 3a BTOPYIO 4aCTH TecCTa.

3.1 Tect

3.1.1 [IlepBas 4yacTh TecTa

2

1. Tlpepen £1£I% 7(3—]27:(4—2 paBeH
A 1
B —1
C 1/3
D 0
E He CyIIecTByeT
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2. Ipepea lim (sin vn+1—sin ﬁ) paBeH

A sin 1

B 0

C 1/v2

D 1

E He CyIecTByeT
3. Tlpepen }E)Ill m paBeH

A 98/48

B 99/49

C 100/50

D 101/51

E 102/52

1

4. OnpepereHHBIN UHTErpaA J arccos x dx paBeH

0

A 0
B —1
C 1
D 1/2
E —1/2
5. OnpepeneHHBIU MHTErpaA r dx paBeH
Vi oxvx2—1
A 0
B /12
C /4
D /3
E He CYIIeCTBYeT
6. HeonpepereHHBIN I/IHTeraAJ f‘dx paBeH
x84 2
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1
A 3 In(x®+2)+C
1 xt— /2
B In V2 +C
2V2 x4+ V2
1 xt— /2
C In V2 + C
8vV2 T Ix*+ V2
v
D arct +C
1 x*
E ——arctg—= + C
442 J V2
7. Tlyctb {a,]}% ; — CXOASIIAsICS TTOCAEAOBATEABHOCTb HEHYAEBBIX YuceA. Toraa
A eCAUM Y {a, % ; eCTh HaMMEeHBIITNY AEMEHT, TO {a, |5 ; HeyObIBaoIas
B ITIOCAEAOBATEABHOCTD {0 11/0n 00 ; CXOAUTCS
C IIOCAEAOBATEABHOCTE { {/]|a,[}%; cxopuTCs
D ecAn &Hn a, < 0, TO IIOCAEAOBATEABHOCTBH {Qni1/0n[>; CXOAUTCS, U
o0
rllﬁn;o an-H/an <0
E BCe ueThIpe yTBepkAeHusa A, B, C, D roxHBIe

8. Ilycty dyukuus f(x) uarerpupyema no Pumany Ha oTpeske [a,b]. Torpa

O 0O w

o

CyuIecTBYIOT mpepeAbl lim f(x) m lim f(x)
x—a+0 x—b—0

dyukius f(x) ©MeeT pa3pbIBEI TOABKO IIEPBOTO POAA

MHOJKECTBO TOYEeK pasphiBa f(x) KOHeUHOe (MAU ITyCTOoe)

1
T 2 vHTerpupyema o Pumany Ha [a, b]

BCce ueThIpe yTBepX)AeHUua A, B, C, D roxHbIe

dyHKIUA i

9. IlycTh x — M30AMPOBaAHHAs TOYKa ITOAMHOKeCcTBa M BellecTBeHHOM Iipsmoi R. To-

rAd

m 9 O w >

X — IIpepAeAbHast ToOYKa MHOKecTBa M
X — BHYTPEHHSSI TOYKa MHOKecTBa M
X — BHEIITHSISI TOYKa MHOXXKecTBa M

X — rpaHUYHas TOYKa MHOKecTBa M

BCce yeThIpe yTBep)kAeHud A, B, C, D roxkHbIe
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10. B mmpocTpaHCcTBe RN, N > 2, sapana cucrema BeKTOPOB X = {X1,X2, ..., Xn}, KOTOpas
pa3buTa Ha ABe MOACUCTEMBI X; = {X1,...,Xx} U X3 = {Xx41,...,Xn}, TAE 1 < k < n.
M3BecTHO, YTO AMHEMHEBIE 000AOUKHM cucTeM X; U X, coBHaparoT. Toraa

ecAu cucreMa X AMHEHHO He3aBHCHMasl, TO OHAa AMHEWHO 3aBHUCHUMasd

ecAU cucrteMa X AMHEHMHO 3aBHCHMasi, TO OHa AMHEMHO He3aBUCHUMas

ecau n = 2k, To cucteMbl X; u X; 0o0e AMHEHHO He3aBUCHUMDBIE

ecAr n = 2k, To cuctemMa X AMHEHMHO He3aBUCHUMas

m 9 O w >

BCe ueThIpe yTBepkAeHusa A, B, C, D roxxHBIe

11. B mpoctpanctBe R" 3apanbl Tpu moanpocTtpancTBa Ly, L, u L3, pasmepHocT Ko-

TOPBIX PAaBHBI M, Ny U N3, COOTBETCTBEHHO. [Ipy 3TOM Ny 4+ N, +n3 = n. Toraa

eCAn (L] + I_z) N I_g = {O}, TO I_] + I_z + L3 =R"
ecam LiNL,NL; ={0}, To 1 + 1L, + L3 =R"
ecam Ly + L, + L3 = R"™, To cymma Ly + L, opsimas

(Li+L)NnL=(LinL) +(L:NL)

m O QO @ >

BCce ueTnIpe yTBepX)AeHud A, B, C, D roxHbIE

12. ABe BellleCTBEHHbIe MATpPULbI A U B MMeIOT padMepbl M X N U M X M, COOTBET-

CTBEHHO, TAe M > 2 u n > 2. Toraa
A ecAam MaTtpunia AB HeBBIDOJKAEHHAs, TO CUCTeMbl AX = a U By = b umeror
pellleHns IIPU AIOOBIX IIPABBIX YACTSAX 4 U b IMOAXOAAIIUX Pa3MepHOCTeN

B ecAn cucteMbl Ax = a u By = b umeror pemenus mnpu AObIX a € R™ u

b € R", To maTpuiia AB HeBBIPOKAEHHAS

C ecau cuctema (AB)y = 0 mMeeT TOABKO HYAEBOe pelleHue, TO MaTPUIBl A

1 B o6e uMeroT AMHEHHO He3aBUCUMEBIC CTOAOIILI

D ecAm MaTpulila AB HEeBBIPOKAEHHAS, TO Pa3MEPHOCTHU TOAIITPOCTPAHCTB pe-

mennn cucteM Ax = 0 u By = 0 coBmaparoT

E BCce yueThIpe yTBepX)AeHud A, B, C, D aroxkHbIe
13. BemecTBeHHasa NIpAMOYTIOAbHAsA MaTpulla A nMeeT padMepbl M X n. Toraa

A ecau det(AAT) # 0, To det(ATA) # 0
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m O O w

ecau det(AAT) =det(ATA), Tom=n
det(I+2AAT) #£0
@CAU CTOABIIBI MAaTPHUILI A AMHEMHO He3aBucuMBIe, To det(AAT) # 0

BCe ueThIpe yTBepkAeHusa A, B, C, D roxHBIe

14. Tlycth A — AMHEHHBIN omepaTop, AeticTBytomiuii u3 R™ B R". Toraa

m 9 O @w »

R"=KerA +ImA

ecan Ker A #{0}, To ImA # R"
ImA? =ImA

R™ £ Ker A +ImA

BCce ueTnIpe yTBepX)AeHud A, B, C, D roxHbIe

15. 3apaHa BellecTBeHHAsI KBaapaTHas MaTpuila A mopsiaAka n > 2. Toraa

A

E

ecau matpunia (A® — I) BRIPOSKAEHHAsI, TO €AMHUIIA SIBASETCSI COOCTBEHHBIM

YHUCAOM MATPUIILI A

€CAU Y MATPUIBI Az HMMeeTCsI COOCTBEHHOE YHCAO 1, TO Yy Hee umMeeTcCs 1

coOCTBeHHOE YUCAO — 1

ecAM MaTpHIa A BBIPOKAeHHasi, To y Marpunbl (I + A)? nmeercs co6cTBeH-

HOEe 4ucAO 1

eCAl eA\AMHCTBEHHBIM CcOOCTBEHHBLIM YHCAOM MaTpPHULBI A aBASeTCs O, TO MaT-

puna A HyAeBasa

BCce yeThIpe yTBep)kAeHud A, B, C, D roxkHbIe

16. 3apana BelllecTBeHHAsi KBappaTHast MaTpuiia A mopsiaka n > 2. Toraa

A

ecan A? = A, To MaTpulla A 3apaeT OllepaTop OPTOTOHAABLHOTO IIPOEKTH-

poOBaHUsA

ecAn A OpTOTrOHAAbHAasd CHMMeTpPHMYHAsd MaTpHIlA, TO MaTpuma A’ 3apaer

OTepaTop MPOEKTUPOBAHUS

eCAY XapaKTepUCTUYeCKUN MHOTOYACH MaTpULbl A uMeeT BHA P(A) = AK(1—

— A%, To MaTpulla A 3aAaeT OIepaTop MPOeKTUPOBAHUS

€CAU MaTpulla A OPTOI'OHAABHAA U A— BelmeCTBeHHOe CcOOCTBEHHOE YMCAO

MaTpunbl A%, To A = 1
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E

BCce ueThIpe yTBepX)AeHud A, B, C, D roxHbIe

17. 3apaHa KBappaTHas BellleCTBeHHass MaTpuiia A mopsiaka n > 2. Toraa

A

E

MaTpuna (AAT) IOAOKUTEABHO OIpeAeAeHHast

eCAM MaTpHIla A CUMMeTpHYHas, TO MaTpula A’ IOAOKHUTEABLHO OIIpeAe-

A€HHAadA

€CA Y MAaTpHUIbL A Bce CcOOCTBeHHBIE UMCAAQ CTPOI'0O IIOAOXHUTEABbHBIE, TO
det(A+AT) >0

€CAM MaTpula A CHUMMETpPHUYHAdA, HEBBIPOJXKAECHHAA WU HE ABAAETCA HU OTPU-

IIaTEeABHO, HU TIOAOKUTEABHO OompepAereHHOH, To det A < 0

Bce yeThIpe yTBepX)kAeHud A, B, C, D roxkHbIe

18. Ha HemycTtoM mnopMHOKecTBe M BeljecTBeHHOM nOpsaMoud R 3apaHa yHKIUSA

f: M — R. Tlycts mmoxectBo G C R? sBasercss rpacdwkom dyuknuu f, T. e. G =
={(x,f(x)) | x € M}. Toraa

A

E

ecau pyHKIUSA f HenpepblBHa Ha M, TO MHOKecTBO G 3aMKHYTOe
ecAn MHOKecTBO G 3aMKHYyTOe, TO (pyHKIUs f HermpepbiBHa Ha M

3aMbIkaHne G MHOXKecTBa G sIBAsIeTCS TpadMKOM HEeKOTOPOM (DYHKIUH, 3a-

AaHHOﬂ Ha 3aMbIKaHMK MHOYXecTBa M

€CAU MHOXecTBO G He SIBAIeTCS 3dMKHYTBIM, TO qZ)YHKI_H/IH f He saABAsieTCs

HeIlpepbIBHOM Ha M

BCce ueThIpe yTBepX)AeHud A, B, C, D roxHbIE

19. YuchaoBast OCAEAOBATEABHOCTD {X, ]2, 3apaHa opMyaaMu: Xg = 3/2, Xni1 = xi —

—2x,+2, n=0,1,.... Toraa

m O QO @w >

lim x,, = 1
n—oo
lim x, =2
n—oo

TOYKHU | U 2 SIBASIIOTCS IIPEACABHBIMU AAST TIOCAEAOBATEABHOCTH {X 100,

lim x, = +o0
n—oo

lim x, = —o0
n—oo
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20. Oyuknug u(x) ompeaereHa Ha TOAyTIIpsaMoOM [0,+00) U HellpepbiBHA Ha HeW, a ee
IIepBbIe ABe IIPOM3BOAHBIE CYIIECTBYIOT W HelpepbIBHEI Ha (0, +00). Kakue u3 caepy-

ommx yreepskpenuit (I, 11, III) BepHBI?
I. Ecam u/(x) >0 u”(x) <0, To u(x) paBHOMepHO HelpepbiBHa Ha [0, +00).
II. Ecam u/(x) <0 m u”’(x) >0, To u(x) paBHOMepHO HempephiBHA Ha [0, +00).

II. Ecam u/'(x) <0 m u’(x) <0, To u(x) paBHOMepHO HerpepbiBHa Ha [0, +00).

A TOABKO |

B TOABKO I

C TOABKO [ m II

D I, II nlll

E Bce yTBepxpeHud I, II, III roxkHBIE
21. Kospdunuent npu x® B pasrokeHun B psp Teiiropa pynkoum f(x) = ﬁ B
Touke X = 0 paBeH

A 720

B 120

C 1/720

D 1

E 0
22. HaubGoabinee 3Havenue gyHkiuu f(x,y) = x* + y?> Ha MHOKECTBe TOYeK, YAOBAE-

TBOPSAIOIINX yPaBHeHUIO x> + 2y? = 3, AOCTUTAeTCs:

A TOABKO B TOYKEe (O, \/%)
TOABKO B TOYKEe (\/g, O)

TOABKO B TOYKAX (\/g, O) u (—\/§, 0)
TOABKO B TOYKaXx (O,@) u (O,—\/ﬁ)
TOABKO B TOUKax (\/}@) u (—\/g,—\/ﬁ)

23. HesapHas yHKINA y = y(X) onpepeAsieTcs Kak pellleHHWe ypaBHeHHus 3xy — 5x? +

m O O w

+ 5y — 2x*y = 1. Torpa mpousBoAHAs d—)ycﬂ) paBHa
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1

11/16
18/11
11/18

m 9 O w »

~11/18

24. HawmGoabinee 3nauenne pyHkiuu f(x) = x° +4x? — 11x Ha orpeske [—2,10/3] paBHO

1210/27
30
—6
169427

m 9 QO W »

APYTOMY YUCAY
25. Oyuknug f(x) 3apaHa QOpMyAOH

x> +3x—4, x<1,
f(x) =

5x — 5, x> 1.

Kakwne n3 caepyromux yrBepxaenuu (I, II, III) BeprabI?

[. Oyaknua g(x) = | f(t) dt senpepriBHa Ha R.
Jo
II. Oynkiusa g(x) = | f(t) dt uMeeT HepepHIBHYIO MTEPBYIO IPOU3BOAHYIO Ha R.
do
[II. ®yurousa g(x) = | f(t) dt uMeeT HenpepbIBHYIO BTOPYIO IIPOU3BOAHYIO Ha R.
do
A TOABKO |
B TOABKO I
C TOABKO III
D TOABKO | m II
E I, IT u III

26. ITycts f(x) = max{6x* + 5x — 3, 8 — 5x — x*}. Kakue M3 CACAYIOIIHUX yTBEPKACHUMN
(I, 11, IIT) BepHuBI?
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[. ®yuknua f(x) HenmpepbiBHa Ha R.
II. ®yuknusa f(x) Beimykaa Ha R.

[II. Oyuknusa f(x) UMeeT HETPEPBLIBHYIO MEPBYIO ITPOU3BOAHYIO B AFOOOM Touke R.

TOABKO [
TOABKO II
TOABKO I 1 II

TOABKO I 1 III

m 9 QO wW P

[ II Il

27. Tlycte K C R — HemycToe KoMmakTHOe MHOXecTBO, a = infK, b = supK, u f(x) -

HenpepsiBHad Ha K dyuruma. Kakue n3 caepyromux yrsepxaenuu (I, II, IIT) BepueI?
I. Oyuknua f(x) poocTuraetT HauboOAbIlIero 3HaueHus Ha K.

II. Ecam dpyHkus f(x) poocTuraetr HauboOAbIero 3HaueHus Ha K BO BHYTpeHHEHN TOUYKe

xo € K, To cymecTByeTr mpousBopHas f'(xg) u f'(xy) = 0.

III. Ecau dpyskius f(x) auddepeHIiupyemMa B KakKAOM BHyTpeHHed Touke K, To OHa
AOCTUTAaeT HAuOOAbIIIero 3HaueHus Ha K AmMOO B TOYKe, B KOTOPOM ITPOU3BOAHAS

f’(x) oOpalllaeTcsi B HOAb, AMOO B OAHOM M3 TOYEK a U b.

TOABKO [
TOABLKO 11
TOABLKO III

TOABKO [ 1 II

m 9 QO W »

TOABKO I 1 III

28. K rpadguky dynkomm f(x) = 9x — x3

B TOYKe C abcruccoll x = 2 IpoBeAeHa
KacaTeAbHas. [IAOIIaAb TPeyroAbHUKAa, OOpa30BaHHOI'O KaCaTEAbHOW M OTpPEe3KaMH,

OTCeKaeMbIMHM €I0 Ha OCAX KOOPAMHAT, paBHA

A 128/3
B 256/3
C 36
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D 240/7
E 136/3

x+1
29. Tlycte f(x) :J yg(y)dy, rae gly) = -1, ecamy < 0, u g(y) = 1, ecam y > 0.

Torpa
A f'(0) =0
B f'(0) =1
C npousBopHas f'(x) nMmeeT B Touke x = 0 pa3pbIB IIEPBOTO POAA
D f'(0) e cymectByeT
E BCce ueThIpe yTBepX)AeHud A, B, C, D roxHbIe
30. IlycTb

lim <1 — ]2> , ecau x # 0,
f(X) _ ) n—ooo nx

0, ecam x = 0.

Kakue u3 caepyromux yreepxaenuu (I, II, III) BepnbI?

[. Oyaknmua f(x) ABa’KABI HeEIpephIBHO AMdepeHIupyeMa Ha BCeM YHUCAOBOU IIpsi-

Mo R.
II. CymectByet & > 0, Takoe uto f(x) < x* AAst ArOGOTO X € (=6, 8).

III. ®yurnusa f(x) SBAsIeTCS BBITYKAON Ha BCeM YMCAOBOU mpsmon R.

TOABKO [
TOABKO 11
TOABKO III

TOABKO [ 1 II

m 9 0O w >

[ II Il

31. Oyukuusa f(x) 3apaHa ¥ HelpepblBHA Ha BCEM YMCAOBOM TPSIMOM, a U b — Belle-

cTBeHHbIe uncaa. Kakue u3 caepyromux yrBepxxaenuit (I, II, III) BepHBI?

I. Jb f(x)dx = Jb+3 f(x)dx

a a+3

I1. Jb f(x)dx = J3 f(x)dx — r f(x)dx

a a b
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3b
I1I. J
3a

m O O @ >

b
f(x)dx = 3J f(x)dx

a

TOABKO |
TOABKO I
TOABKO [ u II
TOABKO II m III

[ II u III

o0

32. Ilyctb M — IOAMHOKReCTBO TAOCKOCTU X0y, TAe CXOAUTCS PSIA Zn!(4x — 5y)"™.

n=1

M — orpaHUYEeHHOE MHOKECTBO

M coBmniapaeT co Bced MAOCKOCTbhIo xOy

BHYTPEHHOCTH MHOKeCTBa M — OTKPBITHIM KPYT IIOAOKUTEABHOI'O papuyca
BHYTPEHHOCTH MHOKeCTBa M — OTKpHBITast IIOAYIIAOCKOCTH

BHYTPEHHOCTh MHOKeCTBa M — ycTOe MHO>XeCTBO

33. Tlycte f(x) — ABaXkABL AuddepeniupyeMass Ha R QyHKIIUSA, AAS KOTOPOM Cylile-

CTBYIOT KOHeuUHBIe mTpepeAbl lim f(x) u lim f'(x). Toraa
X—+00 X—+00

A

m O O w

lim f'(x) =0
Xx—+00
lim f/(x) = 0
X—+00
. ERT ’
Jim £ = lim ¢'(x)

f(x) — mocTosHHAs QYHKITUAS

f'(x) — mocTosiHHasA (QYHKIIMS
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34. Ha pucyHKe n3o06pakeHbl TpadyKu QyHKIMA Yy =X U Y = X°.

Y

<«
I
s/ X
S s
S S
S S S

[Thomaap 3alITPUXOBAHHON (PUT'YyPEI PaBHA

5/2
2

7/4
9/4

m 9 O W >

3

35. Bopa BrITeKaeT u3 0aKa CO CKOPOCTBIO, ITPOIIOPIIMOHAABHONU OO BbEMY BOABI, OCTAO-
meiica B 0ake. Uepes 30 cek. Iocae Havyara BBITEKaHUS B OaKe OCTaBaAdaCh IIOAOBMHA
IIepBOHAYaABHOI'O 00beMa BOABL. Hepe3 Kakoe BpeMs B OaKe OCTaHETCS TpeTh HadaAb-

HOT'O oOLeMa?

45 cek.
30In2 cek.
301n 3 cek.

301log, 3 cek.

m O O w >

60 cek.
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36. BriOeputre HeBepHOe YTBEPKAECHHUE.

A CyiecTByeT 6eCKOHEUHOe MHOKeCTBO B R", He umerolee mpepeAbHbBIX TO-
yeK

B AoTmoAHeHre AI060T0 He3aMKHYTOI'0 MHOXXecTBa B R He SIBASIeTCS OTKPBI-
THIM

C Cy1ecTByeT OTKPBITOe MHOKeCTBO B R", copeprkalree X0Tsi GbI OAHY CBOIO

I'PAHUYHYIO TOUYKY

D EcAu HekoTOpasi rpaHHWYHasi TOYKa MHOKecTBa M B R" He mpUHAAAERKUT

M, To MHOXecTBO M OeCKOHEUHO

E CYIJ_I;QCTBYQT 3dMKHYTO€ MHOXXeCTBO B Rn, AOIIOAHEeHHe K KOTOpOMY 3a-

MKHYTO

37. ITocAepOBAaTEABHOCTD {X,,n = 1,2 ...} 3apaHa paBeHCTBAMU

2
xo + 1
n
Xnt = n=12....
n

Kakue u3 caepyromux yreepxapaenuit (I, II, III) BepHbI?

[. CymiecTByeT Takoe 4HUCAO X7 > 0, UTO TTOCAEAOBATEABHOCTH {X,,n = 1,2 ...} orpa-

HHUYEeHa.

II. CymecTByeT Takoe 4ucAO X; > 0, 4TO MOCAEAOBATEABHOCTH {x,,n = 1,2/...} He

OorpaHu4eHa.

III. CymecTByeT Takoe 4UCAO X1 > 0, 4TO Ipepen r]LLIg Xn CYILeCTBYeT.

TOABKO [
TOABLKO 11
TOABKO I 1 II

TOABKO [ 1 III

m O O @Ww >

[ II Il

38. Oyuxius f(x,y) = x* +y> AocTUraeT HaMMeHBIIEro 3HauyeHus Ha MHOKeCTBe M =

={(x,y): x* —xy +y*> =5} B Touke (TOUKaXx)

S
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vs}

(V35) (4345)
C (0,—V5), (=v5,0)
D (—V5,-V5)

E HU OAUH U3 BapuaHTOB OTBeTOB A, B, C, D He sgBAsIeTCSI BEepHBIM

39. Oyuxius f(x,y) = x*> +y> AocTUraeT HauMeHBIIEro 3HauyeHUs Ha MHOKeCcTBe M =

={(x,y): x +y = 4/3} B TouKe (TOUKax)
v
* (3
¢ (33)(63)

D f(x,y) He AOCTHUTaeT HAaMMEHLIIero 3HaUeHUs Ha MHOKecTBe M
E HU OAUH U3 BapuaHTOB OTBeTOB A, B, C, D He gBAsieTCSI BEepHBIM
40. 3HaueHMe MaKCHUMAABHOTO pellleHus 3apaun Komm y' = —y/x + 2 mpu HavaAbHOM

ycaoBum Y(1) =1 B Touke x = 2 paBHO

12
1
3/2
2

m O O @w >

He OoIIpeAeAeHO
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3.1.2 Bropag 4acThb TecTa

1. Oynkius f(x) 3apaHa CAEAYIOIUM 00pa3oM:

(¢ t3dt
—_, ecAam x < —2,
Jo V4 +9
* 6dt
f(x) = e ecan —2<x<1,
Jx—1
(1 - e’tz)dt, ecanm x > 1.
\J1

O603HaumM uepe3 M MHOXKECTBO, Ha KOTOPOM olipepeAeHa pyHKHus f(x) (cooTset-

CTBYIOIINM MHTErpaA CylecTByeT). Toraa

a) MHO>XeCTBO M OTKpPBITO;

Aa Het

0) MHOXeCcTBO M 3aMKHYTO;

Aa HerT

B) dynkiusa f(x) HenpepbiBHa Ha M,;

Aa Her

r) dyHkiusa f(x) paBHOMEPHO HellpepbiBHA Ha M;

Aa Het

A) dyukius f(x) auddepeHIupyemMa B Ka>KAONW BHYTPEHHEHN TOYKe MHOXXeCTBa M;

Aa HeT

e) dyukumsa f(x) poocTuraer HauOOABIIIErO 3HAUEHUS Ha M;

Aa Het

K) QyHKIua f(x) AOCTUTraeT HavMeHbBIIero 3Ha4eHus Ha M;

Aa HerT

3) rpaduk pyHKIUA f(X) ©MeeT HaKAOHHYIO aCUMIITOTY;

Aa Her
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2. BemlecTBeHHas KBappaTHasd MaTpUlla A TpeThbero MopsiAka UMeeT TPU Pa3AUuYHbIX

COOCTBEHHBIX YHCAA A7, Az, A3, KOTOPBIM COOTBETCTBYET CUCTEMA COOCTBEHHBIX BEKTO-

POB {X1,X2,X3}, TA€
1 —1 0

O6o3HauuM uepe3 {yi,Yz,Ys3} CUCTEMY COOCTBEHHBIX BEKTOPOB TPAHCIIOHWUPOBAHHOU
MaTpunbl A', COOTBETCTBYIOIINUX COOCTBEHHBIM UHMCAAM Aj, Az, A3 (B TOM K€ IOPSA-
ke). [Tycts L; — AumHeliHast 060AOUYKa CUCTEMEBI {X1}, L, — AnHelHasg 060AOYKa CUCTEMBbI
{x2,x3}, L3 — AuHeliHass o60AOUKa CHUCTEMHBI {Y,,y3}. Uepes P 0603HaUYMM MTPOEKTOP Ha
L; mapaareabHO L, a uepe3d Q — npoekTop Ha L; mapaareabHo L;. Toraa

a) maTtpuna A He CUMMeTpUYHA;

Aa Het

0) npoekTop P opTOroHaAbHBIN;

Aa Het

B) mpoekTop Q OpTOTOHAABHBIN;

Aa Het
r) PQ=0Q;

Aa Hert
A) QP =P

Aa HeT

€) YHCAO HYAEBBIX 3A€MEHTOB MaTpulbl P paBHO ABYM;

Aa HerT

>K) UYMCAO HYAEBBIX A€MEHTOB MaTpHUIlbl Q paBHO ABYM;

Aa HerT

3) cyMMa areMeHTOB MaTpuibsl Q pasHa 1/4/3.

Aa HerT

3. Ilyctb a, b, &, X — HOAOKUTEABHBIE UHCAA. [lOoCAEAOBATEABHOCTD {X,,n = 1,2 ...}

OTIPEAEASIETCSI CAEAYIOIINM 00pa3oM:
X1 =X, Xpp=axp+b, n=12 ...

Torpa
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a) ecam « < 1 u x < b, To mpu Ar0o6oM a > 0 IMOCAEAOBATEABLHOCTh {X,} SIBASIETCS
BO3pAacTaroIlen;
Aa Het

0) ecam « > 1, To cyllecTByIOT Takue umcaa a > 0, b > 0, yTo nipu Aro60oM x > 0

TTOCAE€AOBATEABHOCTD {X,} PACXOAUTCS;

Aa HerT

B) ecAm & < 1, To AAd AIOOBIX a > 0, b > 0 cymiecTByeT Takoe 4yucao x > 0, 4TO

II0OCAE€AOBATEABHOCTD {X,} PACXOAUTCS;

Aa Het
r) ecama=3/16, b=1, =2, TO T}Lrgoxn =4.
Aa Het

4. AAS KaKAOTO YMCAQ 4 OITPEAEAVM (PYHKIMIO ¢(X, a) CAeAYIOIM 00pa3oM:

-1, ecAln x < a,
g(x,a) =
X —da, €eCAum X = Q.

x2+1
[Tycts f(x, a) :J g(y,a)dy. Toraa

X

a) AAS AtOOOTO MHTepBaAa (c,d) cylmecTByeT Takoe YMCAO a, uTo yHKuuA f(x,a)

ArddepeHIpyemMa Mo x mpu Ar6oM x € (c, d);

Aa Het

6) dyukmusa f(x,1) paBHOMEepHO HeIIpephIBHA IO X Ha MHOXXecTBe (—oo, 0];

Aa HerT
B) Xlél[é%]f(x,Z) =1, ){161[302(] f(x,2) =9/2;
Aa HerT

T) CYIIeCTByeT TaKOe YHUCAO a, 4To rpaduk QyHKmum f(x,a) mMeeT HaAKAOHHYIO
ACUMIITOTY.
Aa HeT

5. OyHKIUA Yu(x) (N = 1,2,...) ompepeAsioTcsd KaK MaKCHMaAbHBIE (HEIIPOAOAJKae-

Mble) pelreHus AupdepeHIInaAbHOIO YPaBHEHNUA
2

2 e "
v+ 2=
X X
yaoBAeTBOpstorire ycaoBuio Y(1) = n. Iyers z,(x) =x-yn(x), n=1,2,.... Torpa
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6.

Kaxkpast pyHKIUS Yy, (X) OIpepeAeHa TPU BCEX ITOAOKUTEABHBIX X;
Aa Het

Kaxpas pyHKIUS z,(X) YAOBAETBOPSsieT AudepeHIInaAbHOMY YpaBHEHUIO z'+2z =

2
=e X u ycroBuio z(1) =mn;

Aa Hert

Kaxpasa pyHKOUS z,(X) paBHOMEPHO HEIIpephIBHA Ha CBOEHW OOAACTH OITPEAEASHUS;

Aa HerT

Kaxxpast QyHKIIMA z,(X) MMeeT KOHEUHBIA TTpepeA mpu x — 0;

Aa HeTt

[TocAeAOBATEABHOCTE Yn(X) PAaCXOAUTCS B A0OOM Touke x € (0,1);

Aa Het

Cy1ulecTByeT OTpe3oK [a,b], Ha KOTOpPOM OIpeAeAeHBbl Bce QPYHKIUHM z,(x), ¥ Ha

KOTOPOM MOCAEAOBATEABHOCTD Z,(X) CXOAUTCS PaBHOMEPHO;

Aa HerT

Cy1iecTByeT Takoe N, 4To PYHKIUSA Y, (X) cOXpaHsIeT 3HaK Ha CBOeM 0OAACTH OIpe-
AEAEHUS;
Aa HerT

Cy1iecTByeT N Takoe, 4TO (DYHKIIHUSA X - z,(X) orpaHWYeHa Ha CBOel OOAACTH ompe-
AENEeHUI.
Aa Het

Aana dyukius f(x,y,z) = xy> —z u MHOKecTBO M = {(x,y,2): x* +4y? + 22 =7},

Torpa

a)

0)

dynkiusa f(x,y,z) AocTuraer HamOOABIIErO 3HAUEHWST HAa MHOXKecTBe M B eAUH-
CTBEHHOU TOUKE;
Aa Het

dyurnus f(x,y,z) AOCTUraeT HaWMeHBIIEro 3HaUEeHUS Ha MHOXKeCTBe M B eAUH-
CTBEHHOU TOYKE;
Aa HeT
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B) HauboAblllee 3HaueHue pyHKUIMU f(X,y,z) Ha MHO>KecTBe M paBHO 5/2;

Aa Het

7
r) HanbOAbIllee 3HaueHUe pyHKIuu f(x,y,z) Ha MHOKecTBe M paBHO 2\/;
Aa Het

A) HauMeHbIllee 3HaueHue (pyHKImU f(x,y,z) Ha MHOKecTBe M paBHO —7;

Aa HerT

3\/5—\/3;

e) HauMeHbIllee 3HaUeHUe (PyHKIUA f(x,y,z) Ha MHOKecTBe M paBHO —

Aa Her

1
>K) TOYKa <1 , ﬁ’ —2 | IBASIETCSI TOYKOM AOKAAbHOT'O MUHMUMYyMa (yHKImu f(x,y,z) Ha

MHO>KecTBe M;
Aa Het

2z
V3

f(x,y,z) Ha MHOXecTBe M.

2
3) TOYKa ( ,—\/;—\@ SIBASIETCSI TOYKOUM AOKAABHOT'O MaKCHMyMa (YHKIINU

Aa HerT

3.2 OrtBeThHI U pelleHus Tecta
3.2.1 OrtTBeThl HA BONPOCHI IIEPBON IPyNIbI

1. C. 2. B.3. A. 4. C.5.B. 6. E. 7. E. 8. D. 9. D. 10. A. 11. C. 12. B. 13. C. 14. B.
15. C. 16. B. 17. E. 18. E. 19. A. 20. C. 21. E. 22. C. 23. B. 24. A. 25. E. 26. A. 27. A.
28. A. 29. B. 30. D. 31. B. 32. E. 33. A. 34. A. 35. D. 36. C. 37. B. 38. D. 39. D. 40. D.

3.2.2 PemieHus 3apad BTOPOI I'PyNiibl

3apava 1. Cuavana HaWAeM SBHBIN BupA QyHKIMU f(Xx) (TA€ 9TO BO3MOYKHO) M MHOKe-
CcTBO M, Ha KOTOPOM OHAa OITpeAeAeHa.
Ecam x < —2, To nopbIHTerpaAbHasA (DyHKIIMS HellpepblBHA U OI'paHUUYeHa Ha OTpe3-

Ke [x,0]. CaepoBaTeArbHO, (pyHKIUS f(X) ompepeAeHa TIpu 3TUX X. [IpOM3BEAS 3aMeHy

2t3dt
repeMeHHON z = Vt* + 9, dz = —,
P V19

134t VXt q 1
_ _ 1a, - L 4 _
f(x)—J —t4—|—9_J 2dz 2(\/x +9 3).

0 3

ITIOAYYUM:
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Ecam —2 < x < 1, To nmopbIHTerpaAbHasd (QPYHKIIMSA He IIPU BCeX X OrpaHWYeHa Ha

orpeske [x — 1,x]. A umenno, ecau 0 < x < 1, To 0 € [x — 1,x], u f(x) He ompeapereHa.
[Mpu —2 < x < 0 umeeM:

X 6dt 6\ 1 1 6
fx) :L_1t2: (W) :6<X_1 _x> BRCESITS

Ecam x > 1, TO COOTBETCTBYIOUIMY HHTErpaA He BBIpa’kaeTcsl B 3AeMeHTapHbBIX

dyskiuax (mpu x = 1 pyskmusa f(x) = 0), HO OH CyII[eCTBYeT IIpHU BceX x > |, TaK Kak

TOABIHTETpaAbHas (PYHKIIUS HelpephbiBHA U OrpaHUYeHa Ha oTpeske [1,x].

Takum obpasom, gyHKIus f(x) onpepereHa Ha MHOXKecTBe M = (—o0,0) U [1, +00)
1 paBHA
1
2(\/7(4—1—9—3), ecand x < —2,
6
f(x) =< ——=— ecan —2<x <0,

(x —1)x’

(x—])—J e dt, ecamx > 1.
\ 1

MHo>kecTBO M He SIBASIeTCSI HU OTKPBITBIM, HUM 3aMKHYTBHIM (BoIIpoc a) — «Het»,
Borpoc 0) — «HeT»).

Oyukius f(x) HenIpepbIBHA Ha Ka’KAOM U3 TpeX OTpPe3KoB. [103TOMy eAVHCTBEeHHAS
TOYKa, B KOTOpoM f(x) Moraa 6Bl MMeThb pa3peiB, 3TO Touka x = —2. [Ipepen caeBa

paBeH

lim f(x) = f(—2 — 0) :1( (—2)4+9—3> —1.

x——2—0 2

[Ipepen cnipaBa paBeH

6 6
li = 1l = =1.
AT = I T T C2 = 1) (=)
3HaunT QyHKIUA f(X) HeIpepbIBHA B TOYKe X = —2, @ 3HAUUT M HAa BCEM MHOMKECTBE
M (Bompoc B) — «Aa»).
[Tpepen
Jgn, T = Jlign, £ = oo

To ectb dyHrnus f(x) Heorpanmuyena Ha M B okpecTHocTH Toukm x = 0. CaepoBa-
TEeABHO, OHa He MOXKeT OBbITh paBHOMEPHO HelpepblBHOM Ha M (Bompoc 1) — «Her»).
Kpome Toro, dynkmus f(x) He pocTuTraeT HaMOGOABIIEr0 3HaUeHUsT Ha M (Bompoc e) —
«Het»).

AHAAOTUYHO TYHKTY B) €AMHCTBEHHAas TOYKa, B KOTOpoM (QyHKIusA f(x) mMoker
OLITE HeprdepeHITUPyeMoH, 3TO Touka x = —2. Tak Kak f(x) B 9TON TOUKe Hellpe-

pbIBHa, U KaXkpast u3 ysakiumi (vx*+9—3)/2 u 6/((x — 1)x) aAuddepennupyema B
y y
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TOUYKe X = —2, TO AOCTATOYHO IIPOBEPUTH, COBIIAAAIOT AW A€Bad M IIPpaBasd IIPOM3BOA-

Hble pyHKOUA f(x). AeBas TPOU3BOAHAS:

1 ' x3 8
f/(—2—-0) = <\/4+9—3) S N
( ) (2 * ) x=—2 \% X4 + 9 x=—2 5
[IpaBag mmpousBOAHAL:
6 ' 6 6 5
! —2 _= _— —= _—— = —,
Fm2 o) ((x—nx> ( (x—W) s 6

Tak Kak AeBasi U IIpaBasi MPOM3BOAHBIE HE COBIIAAAIOT, TO QYyHKIMA f(x) He siBAsieTCsS
AuddepeHITUpyeMoi B Touke x = —2 (Bompoc p) — «HeT»).

3aMeTuM, 4TO Ha UHTepBare (—oo, —2) dpyHKiusa f(x) yObiBaeT (Ipou3BOAHAS OTPHU-
11laTeAbHas1), a Ha uaTepBase (—2,0) pyurnusa f(x) Bospacraer. CAepAOBAaTEABHO, PYHK-
s f(x) B Touke x = —2 AOCTHUTaeT HAMMEHLIero 3HadYeHWsI Ha uHTepBaie (—oo,0),
npuyeMm f(—2) = 1. Ha muOXecTBe [1,+00) dpyHukuusa f(x) Bospacraer, u f(1) = 0. Cae-
AOBaTeAbHO, HauMeHbIllee 3HaueHne PyHKIuH f(Xx) AocTUTaeTcs B Touke x = 1 (Borpoc
XK) — «Aar).

[TpoBepuM Tenepb HaAWUYME HAKAOHHOM acUMIITOTHL. [Ipm x — —oo dyHKuIusa f(x)
BeaeT cebs Kak f(x) ~ vx* = x2. CAeAOBaTEABHO aCHMIITOTHI HET.

PaccmorpuMm nioBepenme f(x) mpu x — +00. AAS 3TOro 3aMeTUM, YTO (PYHKITUSA e
yOBIBaeT OueHb OBICTPO (e‘Xz <1/x*), n

retzdt< det =1 2! <1
: ;B2 X

X

Tak Kak (pyHKITUA J et dt BO3pacTalolas, TO CYIIeCTBYeT IIpeAeA
1
X

lim J e‘tzdt:A, u 0<J e Pdt < A Ipy BCex x > 1.

X—+00 1 1

PaccmoTpuMm oTHotenue f(x)/x.

X

fix)  x—1 _L

X X X

e dt

HeTpyAHO BUAETH, UTO ITPEAEA ITOT'O OTHOIIEHUS MPU X — +0o paBeH 1.
Aanee,
X
lim (f(x) —1-x) = —1— lim J e Pdt= 1 A.

X—+00 X—+00 1

ChepoBaTeAbHO, v QyHKIMH f(X) CylecTByeT HaKAOHHAS acUMIITOTa X — 1 —A (BOIIpoc

3) — «Aa»).

I'paduk pyurmum f(x) nzobpa>keH Ha puc. 2.

3apaua 2. Martpumna A He MOXKeT ObITh CUMMETPUUYHOM, TaK KaK ee COOCTBEHHbIe

BEKTOPBI X1 U X, COOTBETCTBYIOIINE PA3AMYHBIM COOCTBEHHBIM YUCAAM, HE OpTOro-
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-2 o 1 2 X

Puc. 2. T'paduk dpynkiun f(x)

HaABbHBI APYT Apyry. OTBeT Ha mepBbIM Bompoc: a) «Aa». Tak Kak BeKTop x; € [, He
OPTOr'OHAAEH BEKTOPY X; € L;, TO HOATIPOCTPAHCTBO L, He CAY>KUT OPTOrOHAABHBIM AO-
IIOAHeHUeM K L;, u npoekTop P He gBAsieTCS OPTOrOHAABHBIM. B TO >Ke BpeMs BEeKTOPBI
Y2 ¥ Y3 OPTOTOHAABHBI BEKTOPY Xi. AEUCTBUTEABHO, II0 YCAOBHIO 3apaud Ax; = AjXq,

ATy, = My, m ATys = Azy;3. TTosTtomy
A2 (urx1) = (Aqy2) % = (YA )X = yg (Ax1) = M (yixa),

a Tak Kak A; # A1, TO y}q = 0. AHAAOTMYHO yCTaHAaBAWBAETCS PABEHCTBO y§x1 = 0. I'To-
3TOMY IIOAIIPOCTPAHCTBA L; u L3, HaTAHYTHIe, COOTBETCTBEHHO, HA CUCTEMbI BEKTOPOB
{x1} m {y2, Y3}, opToroHarBHEI APYT APYTY. KpoMme ToTO, cucTteMa {y,, Y3} AMHEHHO He3a-
BHCHMas, TaK KaK Y, U Y3 — COOCTBEHHEIE BeKTOPEI A', COOTBETCTBYIOIINE PA3AMYHLIM
cobcTBeHHBIM uncAaM (A; 1 A3). Tak uto dim L3 = 2, a dim[; = 1. Takum o6pasom, L3
CAY>KUT OPTOTOHAABHBIM AOIIOAHEHUHEeM K Ly, u npoekTop Q opTOoroHaAbHbIN. OTBETHI
Ha BTOPOM M TpeTuu Bonpockl: 0) «HeT», B) «Aa».

O6a mpoekTOopa B KauecTBe CBOero obpasza MMeEIOT IMOAINPOCTPAHCTBO L;, mpuuem
Px = Qx = x pArdg Bcex x € L. [ToaToMy mipu AroboMm z € R® umeem Pz € 1; u Qz € L,
tak uto (PQ)z = P(Qz) = Qz u (QP)z = Q(Pz) = Pz, To ectb PQ = Q u QP = P.
OTBeThbl Ha YEeTBEPTHIM U IISITHIA BOMPOCHL: T) «Aa», A) «Aa».

Panru npoektopoB P 1 Q paBHBI pa3MepHOCTHU IOAMpPOCTPaHCTBa L;, To ecTh 1, a

AIoGas MaTpulla paHra 1 uMeeT BUA Uv'

, TA€ U 1 V — HEeHYAeBble CTOAONEL. [Ipyu 3TOM
Px; = x; 1 Qx; = Xj, TO eCTb AAg 0Oemx MaTpul, (vIx;)u = x;. MOXHO IIOAOKHUTH
U = X|, @ HOPMHUPOBKY V BBIOpAaTh M3 YCAOBHA V'x; = 1. AAd mpoekTopa P mmeeMm

elle ABa YCAOBHSA: Px; = Px3 = 0, To ecTb vIx; = vix3 = 0. DTUMH TpeMs yCAOBUSMHU
CTOAGEI] V oIpeAeAsieTcss OAHO3HauHO: V! = (—1,1,—1). Aasa npoekTopa Q, BBHAY ero

OPTOTOHAABHOCTH, AOAJXHO BBIIIOAHATBECA PABEHCTBO QT = Q, TO eCTb V = X1, T'Ae
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o =1/(xIx;) = 1/3. Takum o6pasom,

OTBeTHI Ha IOCAeAHME TpU Bompoca: e) «Her», ) «Het», 3) «HeT».

3aAaqa 3. an/IBeAeHHOQ HVOKe pelleHre He SABAAeTCIA a0COAIOTHO CTPOTI'UM, IIOCKOAB-
Ky 9aCTHU4YHO OHO OCHOBAHO Ha I‘pa(bI/IKaX, HO AAS TIOAYyYEHUA IMTPABUABHBIX OTBETOB
€r'o MOJXHO HCIIOAB30OBATh.

a) U3 rpaduka (cMm. puc. 3) BUAHO, UTO €CAM X < C, TAe ¢ — abcI[ucca TOYKY Iiepecede-

=ax*+b

Yy

O] x1 b x x3c

Puc. 3

HUS I'Pa@UKOB PYHKIUU Y = X U Y = ax*+b (Takasg TOUKa CyleCTByeT U eAUHCTBEHHQ,
ITOCKOABKY & < 1, a > 0, b > 0), To TOCAEpAOBaTEABHOCTh {Xn,n = 1,2/...} gBAsIeTCS
Bo3pacTaromien. fIcHo, 4To b < ¢, IO3TOMY IIPaBUABHBIN OTBET «Aa».

6) 13 rpaduka (cm. puc. 4) BUAHO, YTO AOCTATOYHO BBIOpATh uncAa a > 0, b > 0 Takum
oOpazoM, 4ToObI IIpu Bcex X > 0 BBIIIOAHSIAOCH HEPABEHCTBO X < ax* + b. OTO MOKHO
cAeAaTh, TOCKOABKY o« > 1. Toraa mpm Arob6oMm x > 0 ITOCAEAOBATEABHOCTH {X,,N =
= 1,2,...} OyAeT pacCXOAMAIIENCs, TOUYHee, MOCAEAOBATEABHOCTH OYAET CTPEMUTBHCS K
+o00. OTBeT «Aa».

B) V3 rpacduka (cM. puc. 5) BUAHO, UTO ecAu & < 1, To mpu AroObIx a >0, b >0, x >0

IIOCAEAOBATEABHOCTD {X,, . = 1,2, ...} aBAsieTcs cxopsireticss. Orser «Her».

3
r) 'padbukn QyHKIUN y = X U Yy = ﬁxz + 1 mepecekaroTcss B Toukax (4/3,4/3) u
(4,4) (cm. puc. 6). 13 pucyHKa BUAHO, UTO €CAU X # 4, TO AMOO MMOCAEAOBATEABHOCTH

62



Y
y=ax*+b
y=x
b
0 X1 X2 X3 x
Puc. 4
Y y=x
y y=ax*+b
b
0 x; b X2 X3 X3X2 X1X
Puc. 5
Yy ) 4
= — 1
Y 16X +/
Yy=x
‘]_’
0l x 4/3 X 4 x
Puc. 6
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{xn,m=1,2,...} pacxoputcsi (ecau x > 4), Au60 T{Lrgoxn =4/3 (ecau 0 < x < 4). OTBeT

«HeT».

3apaua 4. Dysxkiusa ¢(x,a) pa3pelBHa B TOYKe X = @, HEIIPEepPhIBHA BO BCEX OCTAAb-

HBIX TOYKaxX X (CM. puc. 7).

Puc. 7

a) ITpu AI06OM X BBEITIOAHSETCS HepaBeHCTBO x < x? + 1. [ToaToMy ecam a < ¢, TO Ha
orpeske [x,x? + 1] dynkuus g(y,a) ectb y — a npu Aro6oM x € (c,d). Tak Kak 3Ta
(PYHKIMs HelpephiBHA B Toukax x, x> + 1, To f(x,a) auddepennupyemMa B KaKAOH
TouKe MHTEepBaAa (c,d). OrBeT «Aa».
0) HeTpyaHO BHAETB, 4TO eCcAM x — —oo, To f(x,1) mmeer mopspok pocra Cx', rae
C > 0 u mosTOMy He MOXKeT OBITh paBHOMeEpPHO HempepbiBHOU. OTBeT «HeT».
B) [IpsIMBIMM BBIYMCAEHUSIMU TIOAyYaeM SIBHOe BhIparkeHue AAs pyHkium f(x,2):

fi(x) = —x*4+x—1, mpu 0 < x < 1,

f(x,2) = _
fa(x) :X—Z—f—(xzz])z,

Oyukius fi(x) oTpuilaTeAbHa IIPU BCeX X, U Ha oTpeske [0, 1] mpuHUMaeT HauMeHbIIee

mpu 1 < x < 2.

3HayeHre B Toykax x = 0, x = 1, mpu atom f;(0) = f(1) = —1. Oyskuma f,(x) Ha
oTpeske [1,2] Bo3pacTaeT U, CA€AOBATEABHO, IIPUHUMAET HauOOAbIlee 3HaUeHUEe MIPU
x = 2, mpu aToM f,(2) = 9/2. OTBeT «Aa».

r) AAst ArOGOTO a 1ipu X — +oo yHKIuA f(x,a) pacTeT Kak Cx* rae C >0, IIO3TOMY

HAKAOHHOM aCHMIITOTLI UMeTh He MoykeT. OrBeT «HeT».

2y
3apaua 5. CoOTBeTCTByIOIllee OAHOPOAHOe ypaBHeHue Yy’ + — = 0 umeeT oO6IIee
X
c
pemenne y = —. ByaeM WCKaTh pellleHHe HCXOAHOTO HEOAHOPOAHOTO ypaBHEHWS
X
2
c(x) , 2 K—e™
B BHAE Y — 2 [MoacTaBasiss, moayduM c’(x) = xe ™, Tak 4To c(x) = — u
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y(x) = 52 Koncranta K HaXOAUTCS M3 HAYAABHOT'O YCAOBHS Y, (1) = n. OKoHYa-
X
nte !l —e nte !l —e
TEeABHO, Yn(X) = 5 " zn(x) = )
2x 2x

BuaHO, 4TO BCe (DYHKIIUM Y,(X) OIPEAEAEHBI AAS BCEX IMOAOKUTEABHBIX X. Hero-
CPEACTBEHHOM ITPOBEPKOU yOe>kpaeMCs, UTO z,(X) He YAOBAETBOPSIOT YpPaBHEHUIO z' +
+2z=e". Aanee, z,(x) B okpecTHOCTH TOYKU X = 0 BepeT ceOs Kak 1/x, Tak 4TO He
SIBASIETCSI PABHOMEPHO HEITPEePhIBHOW U He UMeeT KOHEYHOTO ITPEAEAa.

[TocAeAOBATEABHOCTD Yn(X) PACXOAUTCS TTPU KakaoM X > 0. To Ke MOKHO CKas3aThb
1 IIPO MMOCAEAOBATEABHOCTH Z,(X), TAK UTO CXOAMTHLCS PABHOMEPHO OHA HU Ha KAKOM
OTpe3Ke He MOXKeT. YUCAUTEADb BBIPAKEHUST AAS Y (X) OrpaHUYeH CHU3Y YHUCAOM 2N +

+ e — 1 U TIOAOKUTeAeH TIPU AIOOOM M, TaK YTO 3HauYeHUe Yy (X) TTOAOKUTEABHO IIPU

ntel —e*
AIOOBIX M 1 X. HakoHell, (yHKIMS X-z,, (X) = 5 orpaHHYeHa Ha MHOKECTBe

42
x>0B CUAY OT'PAHHUYEHHOCTH HA 3TOM MHO>XeCTBe (bYHKHI/II/I e .

TakuM oOpasoM, MOAydYaeM OTBETHI: Ha BOIIPOC a) — «Aa», Ha Bompoc 0) — «Het»,
Ha Bonpoc B) — «HeTr», Ha Bompoc r) — «HeT», Ha BOompoc aA) — «Aa», Ha BOIpPOC €) —

«HeT», Ha Bompoc X) — «Aa», Ha BOIIPOC 3) — «Aa».

3apava 6. Tak Kak MHOXKECTBO AONYCTHUMBIX TOYEK SIBASETCS HEITYCTHIM KOMIIaKTOM,
a 1enreBasgt (PYHKIIMS HeENpPepbiBHA, TO ee HauOOAbIlee W HaWMeHbIllee 3HaYeHUs AO-
CTUTAIOTCS, @ COOTBETCTBYIOIINE TOUKHU HAXOASTCS CPEAV CTAllMOHApPHBIX TOYEeK (TakK
KaK BCe AOIyCTHUMBbIe TOYKU PETyASpPHBIE).

OyuKIMsa AarpaHxa AAS 3TOU 3aAaUU CAEAYIOIIAs:
L=xy’—z—Ax*+4y*+ 2> —7).

AuddepeHiupysa 110 X, Yy U z, IOAYYUM CUCTEMY YPABHEHUU:

oL
— =y? =2\ =0, (1)
ox
oL
—— =2xy—8yr =0 2
oy xy — 8y , (2)
%:—1—2@:0. (3)
0z

M3 mocAepAHErO ypaBHEHUSI CAEAYET, UYTO B CTArfMoHApHOU Touke z # 0 u A # 0. Takum
1 2
oOpazoM, A = 5, OTciopa 1 U3 ypaBHeHUS (2) cAepyeT, 4To 2y (x + z) =0.

Ecam nipu atom y = 0, To u3 (1) caepyet, uto x = 0. Torpa z = ++/7, U 3HaYeHUsT

1ieAeBoM pyHKIMU f = /7.
2

-2
z
orpanndenue x> + 4y’ + z> = 7, IOAy4UM ypaBHeHe:

4 8 )
?‘F?—FZ —7=0.

Ecamy #0, To x = —— u u3 (1) moayuum y> = — . [TOACTaBUB 3TH COOTHOIICHHUS B
z
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OTCI0pa HAaXOAUM peleHust: z2 = 3 uau z> = 4. CooTBeTCTBEHHO, z = +v/3 uam z = +2.

CAeAOBaTeAbHO, BCe CTallMOHAPHbIE TOYEK CACAVYIOIIUE:

Ar = (0,0,V7), )\:—2\1/7, f(A1) = —V7,
Ar=(0,0,—V7), A= z\]ﬁ f(Az) = V7,
As = —é\gﬁ) 7\:—2\1@, f(A3):—3j/§—\/§,
Ag = —jg—\/g\/?) 7\:—2\1@, f(A4):—3j/§—\/§,
As = 23\/2—\/5) A:zj/g, f(A5):3i4/§+\/§,
Ag = 23—\E—¢§) )\:2\1/§, f(AG):gjgﬂ/i
A; = —1,\/}2) , )\:—l, f(Ay)z—i,
Ag = —1,—\/}2) , 7\:—1, f(Ag) = i,
Ay = 1,\/}—2), 7\:;, f(Ag):;
A = 1,—\/}—2) , 7\:1, f(Aq) :g.

Takum 00pa3oM, MOKHO OTBETHUTb Ha IIEpBBIE 6 BOIIPOCOB: a) — «Aa», 0) — «Aay,

B) — «HeT», 1) — «HeT», A) — «Aa», e) — «HeT».
YToOBI OTBETUTL Ha OCTAaBIINECS BOIIPOCHI, BBIYUCAUM BTOPYIO IIPOM3BOAHYIO

dyHKIUM AarpaHixa.

2\ 2y 0
DL=|2y 2x—8\ O
0 0 —2A

1
JTa IpoMU3BOAHAS B TOUYKE (1 , \/g , —2) paBHa:

—1/2 V2 0
DL=| v2 0 0
0 0o —1/2

AOHYCTI/IM]:;IG 3HA4YEeHUA BapI/IaLII/IfI (BeKTOpBI, OPTOT'OHAABHBIE T'PDAAVEHTY YpPAaBHEHUS

ceasu (2x,8y,2z)) ompepeassioTca ypaBHeHHeM dx 4 2v/2dy — 2dz = 0. Bepasum dx u
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HalAeM 3HAYeHUs KBaApaTUUHOM ¢gopMmel D?L Ha 3TUX BeKTOpax. [Toayuum:

—1/2 V2 0 2dz —2/2dy
(2dz-2v2dy dy dz)| vZ 0 0 dy =
0 0 —1/2 dz

B 12 4v2) (dy
= (dv az) (4\/2 —5/2) (dz)'

OTa KBaApaTHU4YHAA (1)opMa He ABAAEeTCA ITOANOKUTEABHO HOAYOHpeAeAeHHOﬁ, IIO3TOMY
AdHHAsA CTAIIMOHAPHAS TOYKA He ABASIETCA TOYKOM AOKAABHOI'O MUHUMYyMa (BOHpOC

X) — «Het»).

2 2
BeruncauM BTOPYIO HPOU3BOAHYIO (DYHKIUU /AarpaHika B TOUKE <\/§, —\/g , —\/§>:

1 22 0

1
DL=——1|(2v2 0 0
\/§f

0 0 1

AomycTuMble 3HAUYeHUS Bapualliii B OTOM TOUKE OIPEAEASIOTCS ypaBHeHUeM 2dx —
—44/2dy — 3dz = 0. Beipasum dx 1 HalAeM 3HaYeHUs] KBaApaTU4HOI ¢dopMel D?L Ha

5TUX BeKTopax. [loaryumnm:

1 2v2 0\ [3/2dz+ 2v2dy

1
—ﬁ(3/2dz+2\/§dy dy dz) 2\0/2 g (1) iy =
z

T 24 6v2)\ (dy
=5l o) (6\/2 13/4) (dz)'

OTa KBAaApPATUYHAA (bopMa ABAACTCA OTPUIIAABHO OHpeAeAeHHOIZ, IIO3TOMY AdHHAA

CTaIlMOHAPHAS TOYKA SBASETCS TOUYKOM AOKAABHOI'O MaKCHMyMa (BOIIPOC 3) — «Aa»).
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4 BcrynureabHbIN 3K3aMeH 2006 r.

OK3aMeH II0 MaTeMaTUKe ITPOBOAUACI B POpMe NMUCBbMEHHOTrO TecTa. [ I[pOAOAKUTEAD-
HOCTh dK3aMeHa COCTaBAsiAA 4 Yaca, MaKCUMaAbHas OIleHKa — «12».

TecT cocTogn m3 AByX udacTel. [lepBasg 4acTb cOAeprKanra BOIIPOCHL U 3aAduU 110
MaTeMaTU4eCKOMY aHAaAU3y U AMHEUMHOU aAreOpe, B KaKAOM CAEAOBAAO BhIOPATh OAUH
MIPABUABHBIU OTBET M3 IISATU IIPEAAOKEHHBIX BAPUAHTOB.

BTopast yacTh copeprkanra BOIIPOCH], 00beAMHEHHBIE B OAOKU. B Ka>kpoM OAOKe Oblaa
BBOAHAS 4aCTh, OIMCHIBAIOIIAd YCAOBUSI, B paMKaX KOTOPBIX HAAAEKAAO OTBETUTH Ha
BOIIPOCHI A@HHOT'O OAOKa. Kakabih Bormpoc TpeboBaa oTBeTa «Aa» MAn «HeT».

[TpaBuAa OlleHUBAHUA TeCTa CAEAYIOIINE
ITepBag yacTh:

* TIPABUABHBIN OTBET — «+1»

* HeIpaBUABHBIM OTBET — «—0.25»

* OTCyTCTBUe oTBeTa — «0»

Bropas 4acTs:
* ITPABUABHBIA OTBET — «+1»
* HeIpPaBUABHBIM OTBET — «—1»
* OTCyTCTBUe OTBeTa — «0»
MaxkcuMaAbHOE KOAWUYECTBO OAAAOB, KOTOPOE MOXKHO OBIAO TIOAYUUTBH 3a KaXKAYIO

4acTb TeCTa, OAMHAKOBO. OIleHKAa 3a 3K3aMeH OIIPEeAEASIAACh CYMMON OAAAOB, IIOAY-

YUEeHHBIX 3a IMepPBYIO 1 3a BTOPYIO YaCTU TecCTa.

4.1 Tect

4.1.1 TIlepBas 4acTh TecTa

1. IlycTte A u B — ABe BellleCTBeHHBIE IIPAMOYTOABHBIE MATPULIBI, UMEIOlINe pa3Meph],
COOTBETCTBEHHO, M X N U § X n. O603HayuM uepe3 L; MHOKeCTBO pelleHUuN CUCTEMbI

Ax =0, a uepe3 L, — MHOKXecTBO pemnieHuii cucteMbl Bx = 0. Toraa

A €CAM M + § > M, TO CyIllecTByeT HeHyAeBoU x € L1 N L,
B ecam m+s >mn, to Ly NL, ={0}
C ecnm m+s<n, tol;+L,=R"
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D

E

ecAm m+ s < N, TO CyllecTByeT HeHyAeBoHM x € Ly N L,

BCce ueTnIpe yTBep)AeHUusa A, B, C, D roxHBIE

2. HYCTI) A — BellleCTBeHHasd KOCOCHMMMeTpHu4dYeCKasls MaTpulla, TO eCTb AASd ee TpaHC-

IIOHUPOBAHHON BBITOAHAETCS paBeHCcTBO AT = —A. Toraa
A ecau A? =1, To A — OopTOroHaAbHasl MaTpPHUIlA
B ecau A? = —I, To maTpuia A 3apaeT IPOEKTOP
C ecAu MaTpuiia A 3apaeT IMpPoekTop, To A =0
D €CAM A OpPTOrOHAABHASA MATPUILQ, TO Y Hee eCTh BelljeCTBEeHHOe COOCTBEH-

E

HO€e 4YHCAO

BCce ueThIpe yTBepX)AeHUud A, B, C, D roxHBIE

3. Ilycts L; u [, — moampocTpancTea B R™. Toraa

A

m O O w

ecan Ly UL, aBasiercss moatipoctpancTBoM, To dim(L; UL;) =dim [y +dim [,
ecau Ly UL, aBagerca nopnpoctpancTBoM, TOo dim L +dim L, <n

ecan Ly UL, aBasteTcs mopnpoctpancTBoM, To dim(L; + L;) > 0

ecau Ly + L, = R", To moampocTpancTBa Ly 1 L, 06pasyoT OpsaMyio CcyMMy

BCe ueThIpe yTBepkAeHusa A, B, C, D roxxHBIe

4. ITycts A — BellleCTBeHHAs1 KBappaTHas MaTpuIla MOpsiAka M > 6, a | — eAmHWYHAsS

MaTpHIla TOTO JKe TTopsgAKa. OmpepeAruM MHOTOYAEH P(A) popmyrott p(A) = det(I+AA).

Torpa

A
B
C
D

E

MHOTOYAEH P(A) UMeeT CcTelleHb N
eCAM MaTpHIla A HeBBIPOKAEHHAs, TO MHOTOYAEH P(A) UMeeT cTereHb N’
MHOTI'OYAEH P(A) UMeeT CTPOro IOAOKUTEALHBIN KOPEHb

€CAU N HedyeTHOe, TO MHOTOUYAEH P(A) MMeeT CTPOro OTPUIATEABHBIM KO-

peHb

BCce ueTnIpe yTBepX)AeHud A, B, C, D roxHbIE

5. Tlycte A u B — BelllecTBeHHbIe CUMMETPUYHBIE MaTPHUITHI TOPsIAKA N > 6. Toraa

A

ecAau A U B TTOAOKUTEABHO OIpepAeAeHHbIe MAaTPUILbl, TO MaTpulla AB nmeer

TOABKO BellleCTBEHHEBIE ITOAOJKUTEABHEBIE coOCTBEeHHEBIE YHCAA
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E

ecAaru A 1 B oTpuniaTeAbHO OIIpeAeAeHHbIe MaTpuIlbl, TO MaTpulia AB nmeer

TOABKO BellleCTBeHHbIe OTpUllaTeAbHbIE COOCTBEHHEBIE YHMCAA

eCAM MaTpula AB uMeeT TOABKO BellleCTBEHHBIE IIOAOKHUTEABHEIE co0-

CTBEHHBbI€ YMCAQ, TO MATPUIIbI A u B IIOAOKUTEABHO OIIpeAeAeHHBIe

ecAn MaTtpuiia AB uMeeT TOABLKO BellleCTBEHHbIE OTPUIIaTEAbHBIE COOCTBEH-

HbIe YKMCAQ, TO MAaTpPHUIIbL AuB OTPpUIATEABHO OIIpeAeAC€HHbIe

BCe ueThIpe yTBepkAeHusa A, B, C, D roxHBIe

6. IIyctb A m B — BelllecTBeHHble KBaApaTHble MAaTpHUIBl MOpsiAKa M > 6. PaccMorT-

puM B R" cTaHAQpPTHOE CKaAsipHOE IIPOM3BEACHUE U IIPEATIOAOKUM, YTO IIPU AIOOOM

BellleCTBEHHOM o MaTpuila A + «B 3apaeT omepaTop IpoeKTUpoBaHusd. Toraa

A

E

ecAr N 4yeTHOe, TO B # 0
ecan B =0, To maTpuiia A cuMMeTpUuYHas

€CANu MaTpulia A 3dAaeT oIlepaTop OPTOI'OHAABHOI'O IIPOEKTHUPOBAHUA, TO
A+£B

eCAM MaTpulla A He 3apaeT oIlepaTop IIpoeKTupoBaHusd, To AB # BA

BCce ueThIpe yTBepX)AeHud A, B, C, D roxHBIE

7. Ilyctb A 1 B — BelljecTBeHHBIE MATPUIILI, pa3Mepbl KOTOPBIX PAaBHBI, COOTBETCTBEH-

HO, M XN U N X m. Toraa

A

E

€CAM paHru MaTpul, AB m A cOBIIapalOT, TO M = M U MaTpulla B HEBBIPOXK-

ACHHAas

ecan cucrema (AB)y = a umeer pemienue npu Aro6om a € R™, To panr

MaTpuIbl A paBeH m
ecAm maTpuila AB HeBBIPpOKAEHHAs, TO U MaTpuila BA HEeBBIPOKAEHHAs

ecan cuctema (BA)x = b mMeer He Gonree OAHOTO pelIeHUS TIPU Ka>KAOM

b € R", To panr maTtpuiibl B paBen m

BCe ueThIpe yTBepkAeHusa A, B, C, D roxxHbIe

8. OmpeaeArrM (DYHKIIMIO ABYX BEKTOpHBIX aprymenTtoB f(x,y), x € R"™ u y € R",

n > 2, noroxus f(x,y) = x'Ay, TAe A — BellleCTBeHHAs1 KBaApPaTHash MAaTPULIA MTOPSIAKA

n. Torpa
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E

ecAM MaTpuia A cuMMmeTpuuHas, To f(x,y) 3apaeT CKaAspHOe IIPOU3BeAe-

Hre B R"

ecam yHknus f(x,y) 3apaeT ckarsipHoe mpousBepenue B R", To maTpuiia

A cUMMeTpUYHasA

eCcAM MaTpuila A HEBBIPOXKAEHHas, TO f(X,y) 3apaeT cKaAIpHOEe TPOU3BeAe-

Hue B R"

ecan x'Ax > 0 mpu Aro60M HeHyAeBoM x € R™, To f(x,y) 3apaeT ckargpHOe

npousBepeHne B R"

BCce yeThIpe yTBepX)AeHud A, B, C, D roxxHbIE

9. [MTycts A — 3aMKHYTOe ITOAMHOXeCTBO R, a € A, b ¢ A, a < b. Toraa

A

m O O @

HAMAETCS TOYKA I'PAHUIILI MHOKECTBA A, IIpHHaAAeskalas (a,b)
HAWAETCST TOUKA I'PAHUIIBI MHOXKECTBa A, TIpUHaAAeXKalast [a,b)
HaMAETCS TOYKA I'PAHUIILI MHOXKECTBA A, TIpUHaAAeskalas (a, b]
He CYIIeCTByeT TOYKU I'PAHUITLI MHOXKECTBA A, IIpUHAaAAeXKalen [a, b]

BCce ueThIpe yTBepX)AeHud A, B, C, D roxxHbIE

10. ITycts M — KoMIIakKTHOe NTOAMHOXKecTBO R. Toraa

m 9 O w >

ecAu M He UMeeT IIPeAEeAbHBIX TOUEeK, TO M HMeeT MOIIHOCTh KOHTUHYYMa
ecA M He mMeeT MIPeAeAbHBIX TOUYeK, TO M cueTHoOe

ecAn M He mMeeT ITPeAeAbHBIX TOUeK, TO M KOHeuHoe

ecAu M He uMeeT IIpeAeABHBIX TOUek, To M mycToe

BCce ueThIpe yTBepX)AeHud A, B, C, D roxxHBIE

11. 3HaueHHe MaKCHUMaAbLHOrO pemeHusi 3apauu Kommu y’ = —y?, y(1) = 1, B Touke

x = —1 paBHO

A
B
C
D
E

—1

He oIIpeAeAeHO
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12. Pemenue 3apaun Komm y’' =

Yo pPaBHO

m O O W »

Y

T2 y(0) = yo, uMeeT mpepeA Xlﬂnpooldy(x) = 1. Torpa

0
1

en/z

efn/Z

He CYILIeCTByeT

13. MHOXeCcTBO 3HAUEHUU ITOCAEAOBATEABHOCTH {Q,}% ; UMeeT POBHO OAHY IpPEAEAb-

HYIO TOYKy. Torapa

m 9 O w »

IIOCAEAOBATEABHOCTD {2 | CXOAUTCS
ITIOCAEAOBATEABHOCTB {0, S ; PACXOAUTCS
IIOCAEAOBATEABHOCTD {0, |90 ; OTrpaHUYeHHas

IIOCAE€AOBATEABHOCTD {0, |90 ; HeorpaHUYeHHas

BCce ueThIpe yTBepX)AeHua A, B, C, D roxHbIe

14. HauGonblnee 3HaueHune pyHKIuM f(x,y) = xy Ha MHOKecTBe M = {(x,y): —v/2 <
<x < V2,y = V2 — x%} pocTUTaeTCsl B TOUKe (TOUYKax)

15.

m 9 O w »

(1,1), (=1,-1)
(1,1)
(=1,—1)
(=1,1), (1,-1)

He AOCTUraeTCd HU B OAHOﬁ TO4YKe

Oyukius f(x) onpeaereHa Ha nHTEepBaAe (a,b). Torpa

o O w >

ecan f(x) HempepwiBHA Ha (a,b), To f(x) orpannuena Ha (a,b)
ecau f(x) amddepennmpyema Ha (a,b), To f(x) orpanuuena Ha (a,b)
ecan f(x) HermpepbiBHa Ha (a,b), To f(x) paBHOMepHO HempepbiBHA Ha (a, b)

ecau f(x) amddepennupyema Ha (a,b), To f(x) paBHOMEPHO HeTpepbIBHA

Ha (a,b)
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E

BCce ueThIpe yTBepX)AeHud A, B, C, D roxHbIe

16. KpuBasi Ha TIAOCKOCTH (X,y) 3apaHa ypaBHeHHeM 6x*—7xy—2y>+3 = 0. YpaBHeHue

KacaTeAbHOU K 3TOM KPUBOM, IPOBEAEHHOM uepes3 Touky (1,1), ecTb

m 9 O w »

8 —13y+5=0
12x — 5y — 7 =0
5*—13y+8=0
9x — 1y +2=0

APyroe ypaBHeHMe, He COBIIapalollee HU C OAHOM U3 IIePEeUYHUCAEHHBIX B A,
B, C, D

17. Oyuknus f(x) 3apaHa ¥ HeIpepbIBHA B Ka)KAOM TOYKE YUCAOBOU IMPsiMOM, u f(x) =

X —sinx
2x3

m 9 O @ »

arsg x # 0. Torpa

£(0) = 0
£(0) = 1/2
£(0) = 1/6
£(0) = 1/12

QyHKIUA ¢ yKa3aHHBIMUA CBOUCTBAMU He CYIECTBYeT

18. TTocrepOBaTEABHOCTD {X,,n = 1,2 ...} 3apaHa paBeHCTBAMU X; = I, X; = 6, Xni1 =

4

m 9 O @w »

1
= —Xn + —Xn_1, N > 2. Torpa

lim x, =3
n—oo
lim x, =4
n—oo
lim x,, =5
n—oo

lim x,, paBeH APyroMy 4YHCAY, OTAMYHOMY OT IIepeuyuCcAeHHBIX B A, B, C
n—oo

lim He C TBYET
lim x, He cymecTsye

19. Aana pyHKIIUS ABYX IepeMeHHEIX f(x,y) = x* — 6xy + 2y + 6x + 10y + 5. Toraa

A

dyurmus f(x,y) Ha MAOCKOCTH (X,Yy) MMeeT HaubOOAbIIlee 3HAUEHWE U He

nMeeT HauMeHbIIero 3Ha4eHudAa

dyurnus f(x,y) Ha mrocKoCcTH (X,Y) UMeeT HaWMeHbIllee 3HAUeHVE U He

UMeeT HAaMOOABIIIEero 3HaYeHUd
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TOYKa (3,2) SABASETCS TOYKOM AOKAABHOTO MMHMUMyMa (yHKIiuu f(x,y) Ha

IIAOCKOCTH (X,Y)

D TOYKa (2,4) ABASIETCS TOYKOM AOKAABHOTO MakKcumMyMma (pyHKumu f(x,y) Ha
IIAOCKOCTH (X,Y)
E BCce ueThIpe yTBepX)AeHua A, B, C, D roxHbIe
20. AaHa (yHKIIHS ABYX IepeMeHHBIX f(x,y) = e’V u MHOKecTBO M = {(x,y): x +

+y < 2}. Toraa

A

E

dyskiusa f(x,y) Ha MHOKecTBe M orpaHuueHa CBepXy U He OrpaHHYeHa

CHU3Y
dyurnus f(x,y) Ha MHO)KecTBe M AOCTUTaeT HaMMEeHbIIeTO 3HAYEeHUS

Touka (1/2,3/2) aBAsieTCST TOYKOM AOKAABHOTO MUHUMYyMa QyHKIuuU f(x,y)

Ha MHOXecTBe M

Touka (0,0) ABASIETCS TOUKOW AOKAaAbBHOTO MMHMMyMa (pyHKImu f(x,y) Ha

MHOXecTBe M

BCce ueTnIpe yTBep)AeHUus A, B, C, D roxHBIE

21. Papmyc cepnl yMeHBIIAETCS CO CKOPOCTBIO, IIPOIOPIIMOHAABHON MAOILIAAU IIO-

BepxXHOCTU cdephl. B HauaAbHBI MOMeHT BpeMeHU (t = 0) papuyc cdepsl paBeH 4,

yepe3 ABe CEKYHABI PAAUYC YMEHBITUACS B 2 pa3a. B Kakoli MOMEHT BpeMeHH PapuycC

YMEHBIIUTCA B 4 paza?

m 9 O @w >

4 cek.
6 Cex.
8 cexk.
B APYT'OM MOMEHT BPEMEHHU, OTAMYHBIN OT IIEPEYUCAEHHBIX B A, B, C

TAKOI'O MOMEHTAa BpeMeHU He CYIIeCTByeT

22. TTocAepOBAaTEABHOCTD {X,,n = 1,2,...} 3apaHa PaBEHCTBAMU X; = @, X4 = € "+ 2,

n > 1. Torpa

A

B

IIPU AJOOOM @ TTIOCAEAOBATEABHOCTD {X,,,n = 1,2,...} MOHOTOHHO BO3pacTaeT

CYILIECTBYeT TaKoe d, YTO IOCAEAOBATEABHOCTH {X,,n = 1,2 ...} He orpaHu-

JyeHa CBEPXY
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E

AAsT ATOOOTO a € [1,2] ToCAeAOBATEABHOCTD {X,, . = 1,2 ...} UMeeT mIpeaea
AASI ATOGOTO a € [4,6] MOCA€AOBATEABHOCTD {X,, N = 1,2,...} UMeeT ImpeAeA,
1 limx, <2

t—o0

BCce yeThIpe yTBep)kAeHud A, B, C, D rokHbIe

23. BreiOepuTe AOKHOE yTBEpPIKAECHUE.

A repecedyeHre CYeTHOTO MHOKECTBA BBIITYKALIX MOAMHOKecTB R™ sBAsieTcst
BBLIITYKABIM MHOYKECTBOM

B 3aMBIKAHUE BBIITYKAOTO MMOAMHOMKECTBA R" SIBASIETCS BBITYKABIM MHOKE-
CTBOM

C BHYTPEHHOCTD BBLIITYKAOTO TIOAMHOXECTBA R" SIBASIETCSI BBIITYKABIM MHOXKE-
CTBOM

D BLIITyKAAst (DYHKIMS, OIPEACACHHAsT HA BBLIITYKAOM 3aMKHYTOM MHOXKECTBE
M C R", menpepsiBHa Ha M

E cpepu yrBepkpeHu A, B, C, D ecTs roKHOE

24. MaHa (PYHKIIMOHAABHASI MMOCAEAOBATEABHOCTH {f,(x) = xy/ne V™ n = 1,2,...}.

O6o03HaumM yepe3 M MHOKECTBO TaKUX X € R, 4TO cylmecTByeT IIpeaeA li_I>n fa(x),
n—oo

u nycTth f(x) = T{I_I)glo fa(x) Ha M. Torpa

A MHO>XeCTBO M OTKPBITO

B dyskius f(x) nmeeT paspsiB Ha M

C CyLIeCTByeT TaKOW WHHTepBaA (a,b) C M, dYTO IIOCAEAOBATEABHOCTH
{falx),m=1,2,...} He cxopuTCsT paBHOMEpPHO Ha (a,b)

D AASI ATOGOTO OTpeska [a,b] € M mocaepoBaTeAbHOCTH {f,(x),n = 1,2,...}
cxopuTcst K pyHkIimu f(x) paBHOMepHO Ha [a, b]

E BCe ueThIpe yTBepkAeHusa A, B, C, D roxxHBIe

25. AaH psp

1 [x—T1\"
YAl

[Tycts M — MHO’KeCTBO TOUEK Ha YMCAOBOU IPsIMOM R, B KOTOPBIX psip CXOAUTCSA. AAS

x € M o603HaumMM uepe3 S(x) cymMMy 3TOTO psipa. Toraa

A

MHO>XeCTBO M OTKpPBITO
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B S(x) > 0 pu Aro6om x € M
C Ha uHTepBaAe (1/4,1/3) psa cxopuTcsa K PyHKIHU S(X) paBHOMEPHO
D dyHKIus S(x) HelpepblBHa Ha MHOXXecTBe M
E BCce ueTnIpe yTBepX)AeHua A, B, C, D roxHbIe
26. HeonpepenreHHBIV UHTErpaA 4
X
J X2 +x
paBeH
6
A —+C
2x3 + 3x? *
B In|l— ‘ +C
x+ 1
C Inpx?*+x|+C
D In 1x3 + 1x2 +C
3 2
1
E In14+—-{+4+C
X
27. HeonpepeneHHBIN MHTErpaA
J x dx
x? 41

paBeH

1
A 2x21n|x2—|—1|—|—C
1

B ————+C
22+l
C In|arctgx|+ C
D arctgx + C
1
E i1n(x2+1)+C

28. OmnpepeAeHHBIM UHTErpaA

J12m
0 \/Z—Xz

paBeH
A —7t/4
/4
C —1/V2
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D 1/v2
E /2

29. OnpepeneHHBIV UHTETrpaA

[=2) (s (g)) o

pasert
A tg(7/2) —tg2
B tg(5/2) —tg2
C 1/2
D (tg(7/2))* - (1g2)’
E  (tg(5/2))" - (tg2)’

30. IThromaab QUIyphl, 3aKAIOUEHHON MeKAY KPUBBIMH Y = /X U Yy = X?, paBHa

1/6
1/3
1/2
2/3

m 9 O w >

1

29/x—3
31. TIpeaen lim u
x—=0  sin /x

—2/3

paBeH

2/3
32
2

m 9 O w >

He CyILIeCTByeT

XZ (1—x) /x>
32. Tlpepen lim <1 + ) paBeH
x—0 2

1
A 2ln-
"3

B e 1/2
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33. an/I KaKOM HauOOABIIIEM 3HaUYEHUU IIeAOI'O IIOAOKUTEABHOI'O YHCAA k MaKcHMMaAb-

dx ”
HOe (HeIIpPOAOAIKaeMoe) pelleHue 3apauun Koinm - x*, x(0) = 1 ompeapeAeHO B TOUKe
t=m/122

4

m 9 QO W »
w

APyTroM

34. Tlycte (pyskius f(x) ompeaeseHa, orpaHMYeHa U HeIpPepbIBHA BMECTe CO CBOew
IIPOU3BOAHOM Ha R, u mycThb

[F()]",  ecan f(x) #0,
0, ecan f(x) = 0.

g(x) =

Kakwne n3 caepyromux yrBepxaenuu (I, II, III) BeprBbL:
[. ®yukuusa g(x) HempepbiBHa Ha R.
II. Oynkius g(x) orpannueHa Ha R.

[II. ®yurousa g(x) auddepennupyema R.

TOABLKO [
TOABLKO 11
TOABKO [ 1 II

TOABKO [ 1 III

m 9 QO w >

HU opHo m3 I, II mu III

35. CymmMa pgpa

paBHa



A 2

B 4

C 6

D 1

E APYTOMY YHCAY
36. 3HaueHMe MAaKCHUMAABHOI'O (HEIIPOAOAKAEeMOTO) pellleHUs 3apaun Komm —
=1ysinx, y(n/2) = —m°/48 B TOUKe X = —71/2

A paBHO —703/16

B paBHO —T0°/48e

C paBHO —TC° /48

D PABHO APYIOMY YUCAY

E He CyIIecTByeT

dy

dx

37. Hesasnas gpyHKIMa y(x) onpeapeasdeTcs ypaBHeHHeM 4x*y — sinxy + 3y? = 12. Tpo-

M3BOAHAST Yy Touke (0, 2)
dx

A

B
C
D
E

paBHa 1/6
paBHa —1/6
paBHa —1/12
paBHa 1/12

paBHa APYIromMy 49HCAY HAK He CYIeCTBYeT.

o0
38. MHOXeCTBO CXOAUMOCTH PSIAd tgznx eCThb

m 9 O wWw >

n=0

{nk, k € Z}
OTKPBLITOE MHOKECTBO, OTAMYHOE OT R

3aMKHYTOE MHOXXeCTBO, oTAu4HOe oT {rtk,k € Z} u ot R

R

Hu opmo us A, B, C, D.

39. Hesapnas dyHkusa y(x) onpeaensiercs ypaBHeHHeM 3x°y? —4xy® +2x*y® +3x*y?® = 2.

[MTpousBopHas d—:“i B Touke (1,—1) paBHa
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m 9O O @w >
|

APYTOMY YUCAY

40. Cymma pspa

n=2
paBHa
3

A lni—l

B ;ln;—

C ;lni

3.3 1
D Elni_i

E APYTOMY YUCAY

4.1.2 Bropasg 4acTh TecTa

o0
1. TIycTh TIOAOKUTEABHBIE YUCAA Qn, U = 1, 2, ..., TAKOBHI, 4YTO »_a, = |. OyHKIUU
n=1
fn(x) 3apaHbB hopMyAaMU

1

—_ ecam x < —1,
nxm"
fa(x) =< an - (3x2/2—|—x) , ecaum —1 <x <0,
XTL
e ecam x = 0.

Torpa
o0
a) psap Y fu(x) cxopuTcst AAst ATOGOM TOUKHU X € R;
n=1
Aa HeTt

o
6) psa Y fn(x) cxopuTCs paBHOMEpPHO Ha CBOeN OOAACTHU CXOAUMOCTH;
n=I1

Aa HeTt
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CYIIECTBYeT ITOCAEAOBATEABHOCTD {a,} Takas, 4To f,(x) HempepbiBHa AAS AIOOOTO
mn,
Aa Het

CYIIIeCTBYeT MOCAEAOBATEABHOCTD {a,} Takas, 4To KaXkpas f,(x) mMeeT poBHO OAHY
TOUYKY Pa3phIBa;
Aa Het

o0

dyurnus f(x) = ) f,(x) HempepbIBHa Ha CBOEl OOAACTH OIIPEACAESHUS;

n=1
Aa Het

o0

dbyurnus f(x) = > f,(x) moroKUTEeAbHA Ha CBOel OOAACTHU OIIPEASACHUS;
n=1

Aa Het

AASI ATOOOM TIOCAEAOBATEABHOCTH {a,} pyHKIuu f,(x) aAnddepeHIMpyeMbl BO BCEX

TOYKaX, B KOTOPLIX HEIIPEPbIBHLI,

Aa HeT

1 1
N 5 CXOAMTCS K g(x) =
1+ (2 falx)
n=1

PABHOMEPHO Ha cBoel o0AACTH CXOAMMOCTH.

IIOCAEAOBATEABHOCTL gn(X) =

Aa HerT

2. B mpocTtpanctBe R", n > 2, BBEAGHO CTaHAAPTHOE CKaAsIpHOE IIPOM3BEAEHUe, IIpU

KOTOPOM MaTpuIla A MOpPSAKA N 3aAaeT OPTOTOHAALHBIN TTpoeKTop. CToAGII u € R™

u v € R" BHIOpaHHI Tak, 4YTo MaTpura A + uu' gBAgeTcs HeBBIPOKAEHHOM, a MaTpUIla

A + W' — BEIpOXKAEHHOM (MHAeKC T o603HayaeT TpaHCIOHUpoBaHue). Toraa

a)

0)

B)

mMaTpuiia A + uu' MOAOKUTEABLHO OIIpeAeAeHHasT;

Aa Het

MaTpuiia A + vu' BLIpOKACHHAS;

Aa HeT

MaTpuia A + 2vv' IMOAOKUTEALHO OIIPeACACHHAS;

Aa Het
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I') paHr MaTpulibl A He MeHbIle, YyeM n — 1;

Aa Het

A) paHT MaTpuilbl A He OOAbIlIe, 4YeM N — 2;

Aa HerT

e) marpuna A + Auu'A MOAOKUTEABHO OIIPeAeAeHHAS;

Aa Het

JK) Y MaTpHIBI A — Ul eCTh CTPOro OTPHUIIATEABHOE COOCTBEHHOE YHCAO;

Aa HerT

3) uncAo 1 SIBASETCS COOCTBEHHBIM YHMCAOM MaTPUILI A —uu'.

Aa HeTt

3. Aana dyukuys f(x,y) = 2x* — 7y? u mHOXKecTBO M = {(x,y): 4x" +y* = 4x* — 2y?}.
Torpa

a) pyskiusa f(x,y) AocTuraer HamOOABIIIEr0 3HAUYEHUsS Ha MHOXKeCTBe M B uUeThIpex

TOUKAX;
Aa Het

6) dyurmusa f(x,y) AocTUTaeT HaUOOABIIIETO 3HAUEHUsS Ha MHOKeCcTBe M B Tpex TOdY-
Kax;
Aa HerT

B) dyHKumsA f(x,y) AOCTUTaeT HaWMEHBIEro 3HaYeHUs Ha MHOXKecTBe M B YeThIpex
TOYKAaX;
Aa Het

r) dpyuknusa f(x,y) AOCTUraeT HaMMEHBIIero 3HaUeHUs Ha MHOKecTBe M B Tpex TOdY-

Kax;
Aa HerT

A) HamOoAblllee 3HaueHUe PyHKIUA f(x,y) Ha MHOKecTBe M paBHO 2;

Aa Het

e) HamMeHbIllee 3HaueHne QpyHKIUA f(x,y) Ha MHOKecTBe M pasHO 0;

Aa HerT
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JK) CYIIEeCTBYeT TOYKa, IIpUHAAAeKAIass M U SBASIONIAACS TOUYKONW AOKAABHOT'O MUHHU-
MyMa (yHKIuu f(x,y), B KOTOpOU He AOCTUTAeTCs HauMeHbIllee 3HaueHue (PyHK-
uu f(x,y) Ha M;

Aa HerT

3) CyIIeCcTByeT TOUKa, IpHHapAekalas M U SBASonascsa TOYKOM AOKAaABHOT'O MaKCHU-
myMa GyHKINA f(X,y), B KOTOPOU He AOCTUTAeTCsl HauOOAbIIIee 3HaUueHNe (PYHKIUN
f(x,y) Ha M.

Aa HerT

4. ANaH (DyHKIIMOHAABHBIN PSIA
Z \/72 — 1

rAe o — HeKOTOphIM mapaMmeTp. [Tyctb M — MHOKeCTBO ero CXOAUMOCTU. Aad x € M

0603HauMM 4depe3 S(x) cymMMy 3TOTO psipa. Toraa

a) pu AtoboM « € (0,1) MHOKecTBO M HeNyCTO ¥ 3aMKHYTO;

Aa HerT

6) mipu Ato6om « € (0,1) MHOKecTBO M He OrpaHUYEHO;

Aa Her

B) pu « = | pyHKIua S(x) HempepbIBHA Ha MHOXKeCcTBe M;
Aa Het
r) mpu AroOoM « € [1,+00) dyHKIMA S(x) orpaHMYeHa Ha AOOOM OrpaHUYEHHOM
IIOAMHOXXEeCTBe MHOKecTBa M;

Aa Het

A) TIpU o« = 2 CYIIEeCTBYeT TakKas ToYKa Xo € M, uto S(xo) = 2;

Aa HerT

e) mpu A06oM « € [0,4+00) psAp CXOAUTCS K (PYHKIUM S(X) paBHOMEPHO Ha AIOOOM

KOMIIaKTHOM IIOAMHO>KEeCTBe MHOyKecTBa M;

Aa Her

JK) TIpu & = 1 psIA CXOAMTCS paBHOMepHO Ha uHTepBaae (0,1);

Aa HerT
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3) cymiecTByeT & > 0, Takoe 4TO rpaduk PyHKIUU S(X) UMEeT aCUMIITOTY.

Aa Het

5. Ilyctb anst Bcex x € R dynkius f(x) 3apana dpopmyaon

1+e* t
f(x) = —dt.
( ) J2+x ]+t4

Torpa

a) dyukiwus f(x) HempepbiBHa Ha R;

Aa HeT

6) dyukusa f(x) auddepeniupyema Ha R;
Aa Het

B) f(x) > 0 AAd Bcex X, B KOTOPBIX OHa OINPEAEAeHa;

Aa HerT

r) f'(x) # 0 AAs Bcex X, B KOTOpBIX f(x) audpdepeniupyema;

Aa Hert
A) f(0) =0;

Aa Het
e) f'(0) =1,

Aa HerT
JK) TIpeAeA XEIPOO f'(x) =0;

Aa HerT
3) TIpepeA Jim f'(x) =0.

Aa Het

4.2 OrTBeThHI U pelleHus Tecra
4.2.1 OrtTBeThl HAa BONPOCHI NIEPBON IPyNIbI

1.D. 2. C.3.E. 4.E. 5. A.6.D.7.B.8.B.9.B.10. C. 11. E. 12. D. 13. E. 14. B. 15. E.
16. C. 17. D. 18. C. 19. E. 20. E. 21. B. 22. C. 23. D. 24. D. 25. D. 26. B. 27. E. 28. E.
29. B. 30. B. 31. D. 32. C. 33. D. 34. B. 35. C. 36. C. 37. A. 38. B. 39. D. 40. D.
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4.2.2 PemieHus 3apayd BTOPOH IPyHIbl

3apava 1. Aerko BHUAETH, UTO PSIA i fa(x) cxopuTcst past Bcex x € (—1,0), u ero
cymMMa paBHa 3x?/2 +x. Aast x > 1 n;m CXOAUTCS (HO HE PaBHOMEPHO, MOCKOABKY
dyurun f,(x) HeorpaHudeHnl) K xe*, a AAd x < —1 psia cxopures K —In(1 — 1/x).
OTBeT Ha BOIIPOC a) AQ, Ha Bonpoc 0) HeT. KpoMme TOro, BUAHO, 4TO NIpeper PYHKIIUU
f(x) cnmpaBa B Touke x = —1 paBeH 1/2, a 3HaueHHe B 3TOU TOUYKe paBHO — In 2. OTBETHI
HA BOIIPOCHI A) U €) HeT.

Aanree BUAHO, UTO HE3aBUCHUMO OT d,, Bce (pyHKImMU f,(X) HEIPEephIBHBI B TOYKeE

x = 0 (1 paBHBI HyAIO). Tak 4TO eCAM BBIOPATh A, I03a00TUBIINCH AMIIL O TOM, YTOOBI

S F:Jn, TO Bce pyHKIuM f, (x) OYAYT UMeTh pa3pblB B EAUHCTBEHHOM TOYKe X = —1.
Boo611ie He mMeTh pa3pbiBa Bce pyHKImuU f,(x) He MoryT. Hampumep, AAST HEUETHBIX
T 3HaUeHMe B TOUYKe X = —] OTpUIlaTEeAbHO, a IIPEAeA CIIpaBa MoAokuTeAeH. OTBeT Ha
BOIIPOC B) HET, Ha BOIIPOC T) Ad. Aanee, IipaBasi mpou3BoAHas GyHKIuU f,(x) B TOuke
x = 0 paBHa HYAIO AAS BcexX N > 1, a AeBasl IIPOM3BOAHAS B TOM ’Ke TOYKe paBHA Ay,
YTO He 00s13aTeAbHO TO ke camoe. OTBeT Ha BOIIPOC K) HeT.

HccaepyeM Terepb pPaBHOMEPHYIO CXOAWMOCTBH TIOCAEAOBATEABHOCTU (gn(X) =

o
= N 5. Tak xak pap ) fu(x) cxopurcsa Ha BceM R, To u gn(x) cxopuTcs
T+ (2 falo) =
n=1
K ¢g(x) Ha BceM R. PaccMOTPUM CXOAMMOCTL 3TOM ITOCAEAOBATEABHOCTH OTAEABHO Ha
Tpex MHOXecTBax: (—1,0), (—oo,—1], [0, 400).

o0
HeTpyaHO BuAETH, uTO psip »_ fn(x) cxopuTcsi Ha wHTepBare (—1,0) paBHOMEp-
n=1

HO (3TO CAEAyeT U3 OrpaHMYeHHOCTH QyHKIuU 3x*/2 + x). Tak Kak (PyHKIHS T2
X
pPaBHOMEPHO HeNpephiBHA Ha R, TO MOCAEAOBATEABHOCTH gn(X) CYNEpHIO3UIMHA 3TOU
PYHKIUN C YaCTUYHBIMU CYMMaMU PSIAQ TOKE CXOAUTCS PAaBHOMEPHO.
o

Ha muOXecTBe (—oo,—1] psaa Y fn(x) siBasercs psinom AetibHuiia. Tak Kak f,(x)
n=1

PaBHOMEPHO CTPEeMUTCS K HYAIO Ha (—oo,—1], To U caM psp CXOAUTCS paBHOMEP-
HO. PaBHOMepHasi CXOAMMOCTH TTOCAEAOBATEABHOCTH gn(X) CAEAyeT U3 paBHOMEPHOM

HeIIpepbIBHOCTU HKIIUU —.
pep (yHKII T2

[Mpu x € (0,+00) Bce pynkriuu f,(x) HeoTpUraTeAbHbIE ¥ MOHOTOHHO BO3pacTa-
N

rone. CaepOBaTEABHO, BCe YaCTHYHBIE CYMMBI ) f,(x) TOXXe HeOoTpHIlaTEAbHBIE U
n=1

MOHOTOHHO BO3pacTarolue. A 3HAYUT (PYHKIUU gn(X) BCE MOHOTOHHO YOBIBAIOIIIUE.

Kpome Toro, gn(x) — O mpu x — +00, ¥ CXOAMMOCTB gn(X) K ¢g(Xx) MOHOTOHHAS MpPU

Bcex x € R.
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3acukcupyem ¢ > 0. Tak Kak gn(x) yObBaroT 1mo N U CTpPeMSTCS K HYAIO IIpH
X — +00, TO HaMipeTcss Takoe M > 0, uTo 1ipu Bcex N U IIpu Bcex X > M BBIIOAHEHO
HepaBeHCTBO 0 < g(x) < gn(x) < e.

Ha otpeske [0, M] mocaep0BaTEeABHOCTb HENPEPBIBHLIX (DYHKIUN gn(X) MOHOTOH-
HO CXOAUTCSI K HEIIPEPBIBHOW (PYHKIUU ¢(x) = T 2o CAepOBaTEABHO, CXOAUMOCTD
paBHOMepHasi, 1 HatipeTcss Takoe Ng € N, uto aast Bcex N > Ny 1 x € [0, M] BBITTOAHSI-
eTcsi HepaBeHCTBO |gn(x) — g(x)| < e.

TakuM 06pa3oM, MOAyUrAH, uTo mpu Bcex N > Ny u x € [0, +00) cipaBeAArBO Hepa-
BEHCTBO |gn(X) — g(x)| < €. DTO ¥ 3HAYUT, UTO ITOCAEAOBATEABHOCTDL gN(X) paBHOMEPHO
cxopmuTest K g(x) Ha [0, +00).

CaepoBaTeAbHO, gn(x) cxopauTcst K ¢(X) paBHOMEpPHO Ha OOBEAMHEHWU BCEX Tpex

MHO>KeCTB, T. €. Ha R. OTBeT Ha BOIIpOC 3) Aa.

3apaua 2. Kak opTOroHaAbHBIM IIPOEKTOP MATpUIlla A CUMETPUUYHAs U MOAOKUTEAb-
HO IIOAyOIIpeAeAeHHas, T. e. z' Az > 0 npu Bcex z € R™. Torpa z' (A +uul)z = z"TAz +
+ (u'z)? > 0 npu Bcex z € R™, Tak uTo MaTpuna A + uu' ToKe MOAOKUTEABLHO IIO-
AyolpepeAeHHas. Tak Kak 3Ta MaTpulla HEBBIPOKAEHHAS II0 YCAOBMIO 3aAauM, TO OHA
U TIOAOKUTEALHO OIpeAeAeHa. [10 aHAaAOrMYHBIM IpPUYMHAM MaTpuia A + vw' Toxe
TTOAyOIIpeAeAeHHasT, HO TaK KaK OHa BBIPOXKAEHHAs, TO cyllecTByeT z € R, z #£ 0, mipu
koTopoM z'A + (z'v)v! = 0. Toraa z'Az+ (z'v)? =0, u Tak kak z'Az >0, To 2'Az=0u
z'v = 0. TTepBoe PaBEHCTBO AAS TTOAYOIIPEACACHHOM CMMMETPUYHON MATpHUILI A O3Ha-
gaet, uto z' A = 0. TTostomy z' (A +vu') =0, zI(A +2wW") =0 u z"(A + Auu'A) = 0.
Takum o0Opa3oM, OTBETHl HAa IIYHKTHL @) U O) AQ, Ha IIYHKTHI B) U €) HeT. KpoMe TOrO,
MaTpulla A BLIDOKACHHAs. B TO ke BpeMsi BBUAY HEBBLIPOKACHHOCTH MaTPHUIILI A +uu’
cucrema z' A = 0, z'u = 0 UMeeT TOABKO HyA€BOE pellleHue, T. €. PACHIMPEeHHAs MaT-
putia [A,u] umeet paur n. ITosaromy matpuiia A uMeeT paHr poBHO N — 1. OTBeTHI Ha
IIYHKT T') AQ, Ha IIYHKT A) HeT.

BOCITIOAB30BABIINCEH BLIPOKAEHHOCTBIO MAaTpUIbl A, BeibepeM z € R™, z # 0, z* = 0.
ITpu 3TOM, KaK OLIAO OTMeuYeHO BhIIe, z'u # 0, Tak uto z' (A —uu')z = —(z"u)? < 0. To
eCTb CHMMEeTPUYHAs MaTpulla A—uu' He SIBASETCS MOAOKUTEABHO MTOAYOIIPEACACHHOMT,
1 Y Hee AOAJKHO OBITH CTPOTO OTpUIllaTeAbHOe COOCTBEHHOe 4YucAo. OTBET Ha MYHKT

XK) pa. Ecaun=2mn
00 1 0

) u ) v )

0 1 1 0

T

TO BCe YCAOBUSA 3aAd4¥M BBIIIOAHEHBI, HO MaTpulia A —uu' He mMmeerT | B KadecTBe

COOCTBEHHOI'O YMCAQ. DTOT KOHTPIIPUMEDP ITOKA3bIBAET, UTO OTBET HA ITYHKT 3) HET.
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3apada 3. Tak kak MHOXecTBO M KOMIIAKTHOeE, a IeAeBasd (PYHKIIMS HEIIPEPBIBHA,
TO ee HAUWOOABIIlee W HAWMeHbIlee 3HAUYeHUS Ha M AOCTHIalOTCd, @ COOTBETCTBYIO-
IIIMe TOYKU HAXOAATCS AUOO CpeAU CTAllMOHAPHBIX TOYEK, AMOO CpeAr HeperyAspHBIX
TOYeK.

HeperyasgpHaa Todka (B KOTOPOM IIPOU3BOAHBIE (DYHKIIMH, 3aAQIOIIEU MHOKECTBO
M, paBHBI HYAIO) B AQHHOM 3apade opHa: x =0, y = 0.

CDYHKU;I/IH AarpaHyka AAS 3TOU 3aAaUU CAEAYIOIALA:
L =2x*—7y? + AN4x* +y* — 452 + 242).

AnddepeHIEpyA IO X U Y, IIOAYYUM CUCTEMY YPaBHEHUU:

oL

— =4dx+A(16x> — 8x) =0,
ox

oL

o = —1dy + A\(4y? + 4y) = 0.

A00aBUB K 3TOU CUCTeMe YpaBHEHUEe
4x4—|—y4=4x2:2y2, (1)

" pEelinB IIOAYHEHHYIO CUCTEMY U3 TpeX YpaBHeHPIﬁ, IIOAYyYUM 7 CTalIMOHAPHBIX TOYEK!:

x =0, y=0, A He OITpeAeAeHo, f(0,0) =0,
1
X:_]> y:O) )\:_E) f(_]>0):2)
1
x=1, y =0, 7\——2, f(1,0) =2,
2 2 5 2 2
X__\/;) y=—- g) 7\_§> f( \/;> g ——2,
2 2 5 2 /2
X__\/;) Y= g) 7\_2> f( g) g ——2,
2 2 5 2 2
SR R [
2 2 5
X_\/;> Y= g) }\_2> (\/7\/7 =—2.

(3amMeTHM, YTO HeperyAasipHasd TOYKa OKa3aAdach CPeAU CTAllMOHAPHBIX.)

CpaBuuBasi 3HaueHus (QyHKuuu f(x,y) B CTAI[MOHAPHBIX TOYKAX, HETPYAHO 3a-
METUTh, UYTO HauOOAblllee 3HaueHUe (PyHKIUM Ha M paBHO 2 (AOCTUTraeTcs B ABYX
TOYKax), HauMeHbIllee 3HaueHne (PYHKIUM Ha M paBHO —2 (AOCTHTraeTCsl B UeThIpex
TouKax). TakuM oOpa3oM, OTBETHI Ha BOIPOCHI @), 0), '), €) HeT, Ha BOMIPOC B), A) Ad.

EauvHCTBeHHasl cTallmoHapHas TOYKa, B KOTOPOM He AOCTUTAeTCs HauOOAbIllee UAU
HauMeHbIllee 3HaueHme (yHKIMU f(x,y) Ha MHOKecTBe M, 3TO Touka X = 0, y = 0.

WccaepyeM moBepeHmE (PYHKIMK B OKPECTHOCTH 3TOM TOYKMU.
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Bripasus y? u3 cooTHomenus (1), moayuum: y? = 2x* — 2x* —y*/2 na muoxectse M.

[MoacTaBUB 3TO BhIpakeHue B f(x,y), MOAyunMm:
f(x,y) = 2x* = 7y? = 2x* — 7(2x* = 2x* —y*/2) = —12x%* + 14x* + 7/ 24",

3amMeTuM, uTo Tak Kak 4x* +y* > 0, To npu Bcex (x,y) € M BLITIOAHSIETCS HEPABEHCTBO

y? < 2¢% (1 y* < 4x*). ChrepoBaTeAbHO, IIpH Beex (x,y) € M
f(x,y) = —12x* + 14x* + 7/2y* < —12x* + 28x".

OcTanroch 3aMeTUTh, YTO IpHu X # 0, AOCTATOYHO MAABLIX IO aOCOAIOTHOU BEAWUYMHE,
BeAMYMHA B IIPAaBOM YACTH HepPaBeHCTBa OTPHUIlaTeAbHas. 3HauuT, Touka (0,0) sBAs-
eTCs TOUYKOUW AOKAaAbHOTO MakcuMyMma (ysHkKiwmu f(x,y) Ha mHOKecTBe M. OTBeET Ha

BOIIPOC JK) HET, Ha BOIIPOC 3) AQ.

3apaua 4. 3amMeTuM, BO-IIEPBBIX, 4TO ecAm X € M, To x > 0, a, BO-BTOPBIX, UYTO
YKa3aHHBIN psp NIpU X = 1 CXOAUTCS AASL Alo6oro o«. M3 dopmyast Teliropa Aerko

CAEAyEeT, uTO
Yx—1 Inx  g(n,x)

ne - notl not+l (2)
rae QyHKIUN g(n,x) 0OAAAAIOT CACAYIOUUM CBOMCTBOM:
AAsL ArOGoro orpeska [a,b] C (0,400) cylIecTByeT ITOCAEAOBATEABHOCTD
3)

{en,m=1,2,...}, Takas uTo |g(n,x])| < ¢ mpu Ar0GOM X € [a,b] u lim ¢, =0.

Takum oOpa3oM, NpUMEHSST MHTerpaAbHBIM MIpU3HAK KoIu, MmoaydyaeM, UTO €CAM
«x > 0, TO psAA CXOAUTCS B AlOOOM Touke x > 0; ecanm « < 0, TO psgA PacXOAUTCI B
Arobon Touke x > 0, x # 1. B Touke x = 0 psip CXOAUTCS NTPU & > 1 U PAaCXOAUTCS TIPU
« < 1. OKOHYATEABHO TIOAyYaEeM:

M ={1} mpu « <0,

M = (0,+o00) ipu 0 < x < T,

M = [0,+o00) mipu 1 < «.

Takum oO6pa3oM, Ha BOIPOC @) OTBET HEeT, Ha BOIIPOC O) — A4.

Ecam « > 0, To u3 (2), (3) u npusHaka BelepiiTpacca CAepyeT, YTO Ha AIOOOM
orpeske [a,b] C (0,+00) psp cxopuTcss paBHOMepHO. CaepoBaTeAbHO, mpu « > 0
dyukmus S(x) HempepniBHa Ha (0,+00). [ToaTOMy Ha BOIIPOCHI B) U €) OTBETHI AQ.
(Harmomuaum, uto npu & = 0 MHO>KeCTBO M COCTOUT K3 OAHOM TOYKMN.)

[Tpu Ar0O0OM o Ka*kp0e craraeMoe psgpa IBASETCS BO3PacTalollel 1o x (PyHKIIHeH,
mo3ToMy (PYHKIIUS S(X) TakyKe siBAsIeTCsT Bo3pacrarolei. [Ipu aTom, ecau x < 1, To
S(x) < 0, a mpu x — +oo dyHkus S(x) crpemurcs K +oo. [loaToMy Ha Bompoc A)

OTBET AQ.
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[TokaxkeM, uto ipu o = 1 pyHKIMA S(x) He orpaHuyeHa Ha uHTepBare (0,1). Aeii-
CTBUTEABHO, TaK Kak (pyHKIUs S(x) Bo3pacraer Ha uHTepBare (0,1), To cyliecTByer
KOHEUHbI MAM paBHEIi —o0o mpeaer A = lim S(x). IMycts SM(x) = ki @ — -4 ya-
CTUYHAs cyMMa psipd. [TOCKOABKY Tpu X < 1 Bce cAaraembie psipa OTPHUIATEABHBI, TO
S(x) < S™(x) mpu kaxkpoM n. [Tepexoas K MpepeAy rpu x — 0+, oaydaem A < — i .,
¥ U3 PACXOAUMOCTHU TapMOHUYECKOTO PSIAd CAEAYeT, YTO A = —oo. 3HAUUT, Ha BO];I:I;OC
I') OTBET HEeT, a Ha BOIPOC 3) — AQ.

[MTockoabKy Tipu & = 1 pyHKIUsS S(x) He orpaHndeHa Ha nHTepBaAe (0, 1), a Kakpas
yactuyHasg cymma S™(x), oueBMAHO, orpaHMYeHa Ha 3TOM MHTepBare, To Ha (0,1)

CXOAMMOCTB pSgAa He MOXKeT ObITh paBHOMepHOM. OTBET Ha BOIPOC K) HET.

3apada 5. HeonpepeAeHHBIV UWHTErpaa

J1 —|—t4dt_ Earctg(t )+ C.

Coo0TBeTCTBEHHO,

f(x) = ;arctg ((1 + e")z) — ; arctg ((2 + x)z) .

OTa QyHKIUS onpepereHa Ha R, HempepblBHaA Ha R, IIOCKOABKY SIBASIETCS KOMIIO3U-
1Mel HelIpepbIBHBIX Ha R yHKIMN 1 AuddepeHiupyeMa Ha R, TTOCKOABKY SIBASIETCS
KoMIio3ullmen auddepeHnpyeMbix Ha R pyHKIuI.

3ameruy, uto lim arctg ((1 + e")z) =m/4, a lim arctg ((2 + x)z) = 71/2. CArepoOBa-
TEeABHO, Xgl_noo f(x) = —m/8 < 0. IToaTomy HatipeTcs x € R, B kotopom f(x) < 0.

KpoMme TOro, IpsiMO¥ TTOACTA@HOBKOM MOJKHO yOeAuThcst B ToM, uto f(0) = 0.

[MpousBopHast pyHKIUM f(Xx) paBHa

(14 e¥)ex (2+x)

f/ — —_ .
M= T ey Tr 2t
COOTBEeTCTBEHHO,
FO)=5—5=0#1
=55 = )
Aanee,
I 2 4 1
hm f,(x) _ hm e3x + e2x ;= x4 + x3 . — O
SRR L ) a4
1%}
(1+ e*)er Z+1
L”P f'{x) = l_l)Ip 1 1 x)4 | =0
I R

TakuM oOpa3oM, OTBETHI Ha BOIIPOCHL: a) — Ad, 0) — AQ, B) — HET, ') — HET, A) — AQ,

€) — HeT, X) — AQ, 3) — A4.

89



5 @opmMart BCTynuTeAbHOro 3k3amMeHa 2007 r.

1. DK3aMeH MO MaTeMaTuKe ITPOBOAUTCSA B pOpMe IMHMCbMEHHOro TecTa. [IpopAoAKu-

TEeABHOCTDb 5K3aMeHa 4 yaca, MaKCUMaAbHAsI OIleHKa — «12».

2. TecT COCTOUT U3 ABYX 4aCTeW.

[TepBas 4acTh COAEP’KUT BOIIPOCHI U 3aAQ4U [I0 MATEeMATU4YECKOMY QHAAU3Y U AU-
HEMHOM aAreOpe, B Ka’KAOM M3 KOTOPBIX HAAO BHIOpPATh OAWH IIPABUABHBIA OTBET

U3 IISITU TIPEANOJKEHHBIX BAPUAHTOB.

Lleab 5TOM YacTHU 3K3aMeHA — [IPOBEPUTH YMeHMe a0UTYypUEeHTa pellaTh CTaHAAPT-
Hble 3aAa4U (BBIYUCASATH IIPOU3BOAHBIE U MHTEI'PAABI, UCCAEAOBATH PYHKIIUU, HAXO-
AUTh MUHUMAaAbHBIEe U MaKCUMaAbHbIe 3HAUeHUd (PYHKIIUN, YMHOKATh U 00palllaTh

MATPUIILI U T. II.).
[TpOAOAKUTEABHOCTH IMTEPBOU YacTU — 2 4Yaca.

BTopas yacTh COAEP’KUT BOIIPOCH], OObeAUHEHHbIE B OAOKHU. B KakpOM OAOKe eCThb
BBOAHASA YaCTh, OIIMCHIBAIONIAS YCAOBHS, B PAMKaX KOTOPBIX HAAAEKUT OTBETUTH
Ha BOIIPOCHI AQHHOTO OAOKa. Kaskawii Bompoc TpeOyer oTBeTa «Aa» uAu «Her».

YucAo BOIIPOCOB B IpeAeAax KakKAOT0O OAOKa MOJKET ObITh Pa3AUYHBIM.

LleAab 5TOM YaCTU — IPOBEPUTH CTEIIEHb YCBOECHUS A0UTYypPUEHTAMU OCHOBHBIX MaTe-
MaTHUUYeCKUX IIOHATHUY, OIIPeAeAeHU!, TeopeM, a TakKe yMeHHe [IPUMEHSATh TEOPUIO

ANSL pellieHUd 3aAd4 M3 PAa3HbIX PA3ACAOB ITPOI'PAMMBI S9K3daMeHa.

[TpOAOAKUTEABHOCTb BTOPOM 4acTU — 2 Yaca.
3. IlpaBuna OLleHUBAHUA TECTa CAEAYIOIIVE

ITepBas 4acThb:

* TIPABUABHBIM OTBET — «+1»

* HeIpPaBUABHBIN OTBeT — «—0.25»

* OTCYTCTBHe OTBeTa — «0»
Bropas yacts:

* TIPABUABHBIA OTBET — «+1»

* HEITPAaBUABHBIA OTBET — «—1»

* OTCYTCTBUe OoTBeTa — «0»

4. MarkcuMaAbHOE KOAMYECTBO OAAAOB, KOTOPO€ MOJXXHO IIOAYUYUTH 3d Ka’XAYIO 49aCTb

TeCTa, OAMHAKOBO.
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. OLIeHKa. 3d OK3aM€EH OIIpeAeAdeTCsa CYMMOfI OaANOB, IIOAYYE€HHBIX 3a4 IIePBYIO U 34

BTOPYIO 9aCTU TeCTa. MakcuMaAbHasa OIl€HKa — «12»,

. OmeHKa «2» M HWKe CUYUTAETCSI HEYAOBACTBOPUTEABHOU. AOUTYPHUEHT, IIOAYYUB-

RER% %S HEYAOBACTBOPUTEABHYIO OLEHKY, K AaABHefIHJI/IM JOK3aMeHaM He AOIIyCKaeTCsd.

. B AeHBb OOBABAEHUS OIIEHOK 3a 3K3aMeH [I0 MaTeMaTHuKe aOUTYypPUEHTY IIPEeAOCTaB-
ASIeTCSI IIPABO O3HAKOMUTBLCSA CO cBoel paborou. [Ipu oOHapy’>KeHuM TeXHUYeCKOU
OLIMOKU B ITOACYETe HAaOpAHHBIX OYKOB aOUTYpPUEHT MMeeT IIPAaBO Ha alleAAAIUIo,
KOTOpas II0AA€TCA B A€Hb OOBIBAEHUS PE3YAbBTATOB JK3aMeHa U B TOT Ke AeHb

paccMaTpUBaeTCsI KOMUCCHEMN.

. ADUTypHeHTH], uMerolre opunuarbHbii cepTudukar o caaue GRE Subject Test in
Mathematics, moAy4eHHBIN He OOAee ABYX A€T Ha3ap C pe3yAbTaToOM He MeHee 720
OYKOB, OCBOOOXXAQIOTCA OT BCTYIHUTEABHOI'O 3K3aMeHa IIo MareMaTtuke. POIII pac-
cmarpuBaeT ceptudukatsel GRE Subject Test in Mathematics TOABKO ITprUCAQHHBIE
ETS no noute B appec POIL. B 3TOM cAy4dae OLleHKA 3a BCTYIIMTEABHBIM 3K3aMeH
BBICTABASIETCA ITyTEM IIepecdyeTa KOAMYEeCTBA OYKOB, YKA3aHHBIX B cepTuU(UKATE, B

12 GaAABHYIO CHCTEMY IIO CAEAYIOILIEN IIKAAE:

Baan, HaOpaHHBIN O11eHKa, BBICTABAsIEMAask B KaueCTBe
Ha sk3ameHe GRE BCTYIIUTEABHOU OLI€HKU

II0 MaTeMaTHuKe

850 6aAnr0OB UAU OOALIIEe 12

810—849 6aanroB 11
780—809 GaanroB 10
750—779 GaarnroB 9
720—749 GaanroB 8
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6 HOAFOTOBI/ITGABHBIQ KYPCBhbI 110 MdaTEMdTHUKE

B Poccurickont OkoHomuueckou [IIkoae paGOTalOT MAATHBIE ITOATOTOBUTEABHBIE KYP-
cel. [TporpaMMel HOATOTOBUTEABHBIX KYPCOB OPUEHTHUPOBAHBI HA IOATOTOBKY CAyIIa-
TeAel K CAQue BCTYNUTEAbHBIX 3K3aMeHOB B POIIl. 3aHdaTug Ha KypcaxX BEAYT OIIBIT-
Hble ImperiopaBaTeAn POLLLL

Lleab KypcCOB:

* HAIIOMHHUTH 8.6I/ITYpI/IeHTaM OCHOBHBIE IIOHATHA MATeMaTH4YeCKOI'O aHaAu3a U AU-

HENHOU aAreOpsl;

* IIPOSICHUTL T€ PA3AEABI TeOPpUHM, KOTOPBIM YACAdeTCd HeAOCTATOYHO BHUMAHUS B

TPAAUILIMOHHBIX KypCaX, YATAEMBIX B By3aX;

* PA300paTh pelleHus TUIIOBBIX 3aAa4 BCTYIIUTEABHBIX 3K3aMeHOB B POII,;

* IIOBBICUTH OOIIMM MaTeMaTUYeCKUUN YPOBEHb CAYyIIATEAEH.
[ToproToBUTEABHBIE KYPCHI padOTAIOT 110 ABYM IIpOrpaMMaM:

* IToaHBIN KypcC: peBparb—uioHb 2007 r.
Kypc npeaycmaTpuBaeT cUCTeMaTH4YeCKOe pacCMOTpPeHUe BCeX Pa3pen0oB MaTeMa-
TUYECKOI'O aHAAM3a U AMHEUHOU aAreOpbl B 00beMe IIpOrpaMMbl BCTYIIUTEABHOI'O
sk3aMeHa B POIII. Bauarusa 2 pasa B Hepenro (cpepa ¢ 18:30 u cyb66ota ¢ 11:00) —

3 aK. yaca Aek1imd, 2 ak. yaca cemuHap. Hauano 3ansarui — 14 ¢pesparga 2007 r.

* VIHTEHCUBHBIN KypcC: anipeab—uioHb 2007 r.
B MHTEHCUBHOM KypcCe pacCMaTpUBAIOTCS HambOoAee CAOXKHBIE pPa3AeAbl IIporpaM-
MBI. 3aHATHUSA: 2 AEKIIUU MO 3 aK. yaca B HeAeAlO0 (BTOpHMK U msaTHuiia ¢ 18:30).

Hauano 3angarTuii B aripeae 2007 r.

3anuce Ha Kypcbl: KOOpAMHATOpP ITOATOTOBUTEABHBIX KypcoB — Kyaarmna OAabra

MBaHoBHa, TeA. 332-4423, email okulagin@nes. ru.

Apapec PIOIII

117418, MockBa, Haxumosckuit npocnekr, 47 (3panue LUOMU PAH), 17 sTax, ocuc

1721, ipoe3p po cT. MeTpo «IIpodcorozHast».
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