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[Tocobue mo maTeMaTuke AAS Inocrynarommx B POIIl copepXuT mHMOpMAaLuio o
BCTYIIUTEABHOM JK3aMeHe M AOIOAHSET CIIPABOYHUK AAM OcTynaromux B POLLIL

CopepKaHUe 3K3aMeHa B TeUEHHEe psIpAd A€T OCTaBAAOCh HEM3MEHHBIM, XOTSA (DOPMEL
5K3aMeHa MEHSAUCH.

B nocobum onuckIBaeTCs COAep KaHMe U CTPYKTypa BCTYIIMTEABHOTO 3K3aMeHa. Tpe-
OOBaHUS, IIpeAbsIBASIEMble HA BCTYIIUTEABHBIX dK3aMeHaX, COAEP’KATCS B CIIPABOYHUKE
AAS TiocTynaromux B POILIL

[Tocobue copep>XUT NOAPOOHYIO IIPOrPaMMy BCTYIIUTEABHOI'O 3K3aMeHa U BapUAHThI
BCTYIIUTEABHBIX 3K3aMeHOB 2009—2011 ropoB c pelleHUusIMH.

[TpuBOAA pelleHUsA 3aAa4, Mbl CTPEMUAWCH IIOKA3aTh KaK IIPABUABHO pellaTh 3a-
paun. MBI He Bcerpa IIPUBOAMM CaMble Ay4YIIMe, CaMble H3AIIHBIE, CaMble KOPOTKHE
pelleHns, KOTOPbIe MOKET IPUAYMATh OIBITHLIM MaTeMaTUK. MBI cTapaeMcs IIPUBECTH
CcaMoe eCTeCTBEHHOe peIlleHHe 33aAaull U AOBOAMM €ro A0 KOHIJa AOTMYECKH CTPOTO,
OIMCBIBas OCHOBHBIE 3Tallbl IIPOIecca pelleHus, COOTBETCTBYIOIHWEe apryMeHThI AAS

IIPUBOAMMBIX YTBep}KAeHI/IfI 1 AOTHUYEeCKHe IIePEXOAHRL.
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IIporpaMMa BCTYNHUTEABHOIO SK3aMeHa

1.1 MareMmMaTnuecKum aHaAU3

1.

OAeMEeHThbl TEOPUU MHOKECTB
[ToussTHEe O MHOXKeCTBaxX M MX dsaeMeHTaXx. [ToapMHOKecTBa. Omnepaliuu Hap MHOMKe-
CTBaMU: OObEAVHEHME, IIepeceyeHre, Pa3HOCTb. AEKapTOBO IPOM3BEAEHUE ABYX U

OoAnee MHOXXECTB,; IIPOEKIHU 3AEeMEHTa AeKAPTOBA ITPOU3BEACHUS].

OTobOpa>keHrne OAHOI'O MHOXKECTBA B APYyr'oe; OOAACTh OIIPEAEAEHUS, OOAACTh 3HAUYe-
HUH, rpaduk oToOpa>keHusd. TOKAECTBEHHOe OTOOpa>keHrue MHOKeCTBa B ce0s1. O0-
pa3 3AeMeHTa UAU MHOXKeCTBa U3 OOAACTU ONpeAeAeHUd; (IIOAHBIN) ITpooOpas 3ae-
MEeHTa WAU MHOXKeCTBa M3 O0AACTU 3HaueHUU. KoMmro3unusa (Ccylieprosuiius) oToO-

Pa>KeHUM.

B3anMHO OpAHO3HAUHBIE OTOOpPA’KEHUS (BAOKEHMS) U OTOOpa>keHUA «Ha» (HAKPBI-
Tus). O6paTHOE OTOOpakeHue. PaBHOMOIIIHBIE (3KBUBAAEHTHBIE 110 MOIITHOCTH) MHO-
>KecTBa. KoHeuHble U cueTHble MHOKeCcTBa. CUETHOCTh MHOXKeCTBa pallMOHAAbHBIX
yrceA. MOIIHOCTH TTOAMHOKECTBA CYETHOT'O MHOKeCTBa. MOIIHOCTh KOHEUHOTO UAY

CYEeTHOI'O O6'Le,A|I/IHeHI/I$I CUEeTHBIX MHOJXECTB.

YucaoBas npsimast R 1 apugmernyeckoe nmpocrpancrso R

BemlecTBeHHBIE (A€MCTBUTEABHBIE) UUCAQ. OTKPBITBIN, 3aMKHYTBIN, ITOAYOTKPBITHIN
oTpe3ku. [loHATHE Ma>KOpaHTHI (BepXHEU I'PAHUIIbl) U MUHOPAHTHI (HUJ)KHEU I'pa-
HUIIBI) TIOAMHO>KECTBA BeIlleCTBEHHBIX YUCEA, OIPAHUYEHHOI'O (CBEpXY, CHU3Y) MHO-
KeCTBa, HauOOABIIIETO YU HAaMMEHBIIIEro 3AeMeHTa MHOXKECTBA, (TOYHOM) BEPXHEN U

HUJKHEU I'DAHEeU.

CBOMCTBO IIOAHOTBHI YUCAOBOMU IIPSAMOM: TeOpeMa O CYIIeCTBOBAHUU BepXHEM (HMK-
HeM) rpaHu U TeopeMa O HeITyCTOTe IlepeceueHUsl BAOJKEHHBIX OTPe3KOB. [ In0oTHOCTH
MHOXeCTBa PAlJMOHAABHBIX YHCEA KaK IIOAMHOXXeCTBa YUCAOBOM IIpsaAMOU. Hecuert-

HOCTb OTPe3Ka YMCAOBOU IIPSIMOM; MOIIHOCTH KOHTHUHYYMa.

Apudmerrueckoe (YMCAOBOE, KOOPAMHATHOE) mpocTpaHcTBO R™. Omepaiinu caoxke-
HUSI 9AEMEHTOB (BEKTOpPOB, Touek) R" u yMHOXXeHUsI UX Ha YUCAO. [IoHATHE orpa-

HWUYEHHOT'O0 MHO’KecTBa B R".

CBoICTBa MHOKECTB Ha YMCAOBO# mpsiMoi 1 B R™

[ToungaTue €-OKpEeCTHOCTU TOYKM HA YMCAOBOU NPAMON. OTKPBITHIU HapaAAEAeIInuTIe)
B R" Kak AeKapTOBO MpOM3BEeAeHHEe OTKPBLITHIX YHUCAOBBIX OTpe3KoB. OOIee IOHS-
THE OKPECTHOCTH TOYKM UYKMCAOBOM IIPSIMOM M TOYKHM IIpocTpaHcTBa R". CucTembl

KyOW4eCKHUX U IMIaPOBBIX £-OKPECTHOCTEM.

BHYTpeHHI/Ie, BHelllHWEe U I'PaHUYHBIEe TOYKKX MHOXEeCTBA. BHYTpeHHOCTB, BHEITHOCTBb

W I'paHUIlda MHO>XeCTBa. I/ISOAI/IPOBaHHBIe " IIpeAeAbHBIe TOYKHM MHOJXEeCTBAa. OTKpLI-
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Thle U 3aMKHYTbIe MHO>XeCTBA. TeOpeMI)I 00 O6'L€AHH€HHH n 1rmepecedyeHrr OTKPLI-
ThIX 1 3dMKHYTBIX MHO>XXECTB. 3aMbIKaHVe MHO>KeCTBa. AOHOAHGHI/IH K OTKPLBITBEIM M

3aMKHYTBIM MHOXeCTBaM.

TeopeMa O HeEIyCTOTEe IIepeceueHMs BAOKEHHBIX 3aMKHYTBIX IMapaAAEAENHIIEAOB
(moanorta R"). TToHSATHE KOMIIAKTHOT'O (T. €. OPAaHUYEHHOTO U 3aMKHYTOT'O) MHOXKe-
ctBa B R™ u Ha uncaoBoi npsiMmoii. HemmycToTa mepeceyeHusi BAOJKEHHBIX HEITYCThIX
KOMITaKTHBIX MHOXKecTB. TeopeMa O BBIAGAEHHM KOHEYHOT'O OTKPBLITOTO ITOKPBITHS

KOMITAKTHOI'O MHO>XecTBa B R" (Ha umcaoBoi mpsimoit R).

IIpepena mocrepAOBAaTEABHOCTU

TToHsITHE TTOCAEAOBATEABHOCTU TOUeK R" (MAM TOuek YmMCAOBOM mpsiMoii R) u ee mpe-
Aera. TToaTiocAepOBaTEABHOCTU U IIPEAEAbHbIe TOYKM (YacTUUYHBIE TIpeAeAbl). [Ipe-
AEA TIOATIOCAEAOBATEABHOCTHU CXOAMAIIENCS ITOCAEAOBATEABHOCTHU. Teopema boablla-
HO—BeliepmiTpacca 0 BBIAGAEHUM CXOAAIIENCS ITOAIIOCAEAOBATEABHOCTU U3 OI'PAHU-
YEeHHOU IMOCAeAOBaTeAbHOCTH Touek R". TMoHsiTMe (PyHAAMEHTAABHOU MOCAEAOBa-
TEABHOCTHU (IIOCAEAOBATEABHOCTU Kolin). DKBUBAAEHTHOCTb MOHATHUM CXOAAIIENCS

1 (pyHAAMEHTAABHOU MMOCAEAOBaTEABHOCTH B R™.

YHCAOBBIE TTOCAEAOBATEABHOCTHU: CYIIECTBOBaHME IIpeAeAa Y MOHOTOHHOM OrpaHH-
YEeHHOU ITOCAEAOBATEABHOCTH; IIPEAEABHBIN IIEPEX0A B HEPABEHCTBAX; ITIOHSATHUE BEPX-
HETro U HUJKHEro Iipejpena. TeopeMbl O IIpepeAe CyMMEBI, Pa3HOCTH, IIPOM3BEACHUS,

YaCTHOI'O ABYX HOCAQAOBaTeALHOCTefI.

IIpeaea pyHKuu. HempepbIBHOCTh (PYHKIUI (0TOOpaskeHMiA)

YucaoBble (CKaAsIpHBbIE) (DYHKIIMK KaK OTOOpakeHus MOAMHOXXecTB R™ mAu umchro-
BOM IIPSIMOM B YHCAOBYIO NpaMyro. OnpepereHHe npepera (PyHKIUM B TOYKE Ha
SI3bIKE «E—0»; TIOHSATHE MpepeAd Ha OeCKOHeYHOCTH. ApudmMmeTHudyecKue olepaluu
Hap QPYHKOUAMU C OOLIer OOAACTBIO OlpepeAeHUs. TeopeMbl O IIpepene CYMMBHI,
Pa3HOCTH, IIPOU3BEACHUS, YACTHOI'O ABYX (DyHKUMN. [IpepeAbHBIN IIepexop B Hepa-

BEHCTBAX.

OmnpepenreHUe HENPepBIBHOCTH (DYHKIMM Ha A3BbIKe «g—0», B TEepPMUHAX IIpeAeAd
YHKIIUM 1 Ha sI3bIKe MTOCAEAOBATEABHOCTEH; UX SKBUBAAEHTHOCTH. HemmpephIBHOCTE

CYTIepHO3UITUN HeIlPepPhIBHBIX (DYHKITUM.

OrpaHnuyeHHOCTb HEIIPEPbIBHOM UMCAOBOM (DYHKIIUU U AOCTHU KEHUE €l0 CBOero Hau-
OOABIIIEr0 M HAaMMEHLIIero 3Ha4eHUM Ha KOMIIAKTHOM MHOXXecTBe B R" (TeopeMmbl

BeitepmiTpacca).

[ToraTne paBHOMEPHOU HEIIPEPBIBHOCTU UMCAOBOU (PYHKIIUM HA HEKOTOPOM MHO-
kectBe B R™ mam R'. PaBHOMepHasi HempephIBHOCTH HeIPephIBHOM PYyHKIUM Ha

KOMIIaKTHOM MHO>XeCTBeE.



OyHKIIMOHAABHBIE TTOCAEAOBaTeAbHOCTHU. [ToToyeuHasds M paBHOMepHas CXOAMMOCTH
(PYHKIIJMOHAABHOU I[IOCAEAOBATEABHOCTHU. HenpepbIBHOCTH (DYHKIIUU, SBASIOLIENCS
IIOTOUYEUHBLIM IIPEAEAOM PAaBHOMEPHO CXOASIIEMNCS ITOCAEAOBATEABHOCTH HEIIPepbhIB-

HBIX (DYHKIIMN.

YucaroBbie PYHKIUM OAHOTO (YMCAOBOr0) apryMeHTa
OAHOCTOPOHHUE TIPEAEABl U KAACCU(pUKALUg To4YeK pal3pbiBa. [loHATHe mpeapeAa Ha
—00 U +00. MOHOTOHHBIE (DYHKIIWM; BUABI PAa3pbIBOB MOHOTOHHOU (PyHKLOUU. Teo-

peMa O CYIIeCTBOBAHMU U HENPEPBIBHOCTU OOPATHOU (PYHKIIVH.

[Ipepenst
i \" In(1 X1 1 o«
lim %, lim (1 + —) , lim n(—+x)’ lim e—, lim &
x—0 X X—00 X x—0 X x—0 X x—0 X

HenpepbIBHOCTb 3A€MEeHTAPHBIX (PYHKIIUA.

TeopeMa 0 IPOMEXYTOUYHBIX 3HAUEHUAX (PYHKIIMM, HEIIPEPBbIBHOM HA OTpe3Ke (Teo-

pema Koriimn).

Auddepenuuposanne pyHKIUN B R

[IpousBopHad, ee reOMeTPUUYECKUU U (PUIUUYECKUU CMBICA; OAHOCTOPOHHUE IIPOU3-
BOAHBIe, OECKOHEUHBIEe [IPOU3BOAHBIE. HellpephIBHOCTL (DYHKIIMY, UMEIOLeN IIPOU3-
BOAHYIO. [Tpou3BopHAsA CyMMBI, IPOU3BEAECHMS, YAaCTHOrO AByX (pyHKUMU. [Tpoms-
BOAHASA CAOKHOU (pyHKOUU. [Ipon3BOAHBIE dA€MeHTApHBIX (PyHKIUN. [lepBbit AU(-

depeHIIaA U ero TeOMEeTPUYECKUN CMBICA.

Teopembr Poand, Aarpawka u Komwu. I[IpaBuao Aonurtass. [Ipon3BOAHBIE BBICIINX
nopsipkoB. @opmyaa Teriropa (MakaopeHa). Paznaokenme 1o popmyae MakaopeHa
HEKOTOPBIX JAEeMEHTApHBIX (PyHKOUMN. [TpuMeneHume dopmyabsl Tenaopa AAST IPH-
OAVJKEHHBIX BBIYUCAEHUM 3HaYeHUU (pyHKuumM. [TpusHaku BO3pacTaHUSA U yOBIBa-
HUs (pyHKUUM. [ToHATHE AOKAABHOTO M T'AOOAABHOTO 3KCTpeMyMa. CTallMoHapHBIE
TOYKU. AOCTAaTOUYHBIE YCAOBUS 3KCTpeMyMa. CAaydal OTCYTCTBUS IIPOM3BOAHBIX B OT-
AEABHBIX TOUYKAaX. BBITyKABIE U BOTHYTHIE (DYHKIUM, UX rpaduku. Touku neperuda.

Perienvie nipocTenimx 3KCTpeMAAbHBIX 3aAay4.

ITpon3BoAHBIE U AU PepeHINaAbl (DYHKIUIT HECKOABKHUX IepeMeHHBIX (B R")

YacTHble npou3BopHBIe. AuddepeniiupyemocTts. [lepBeii pnddepennuanr. CBa3b
AP PEPEHUPYEMOCTH U HeNpephIBHOCTU. Heobxopumoe ycaosue puddpepeHupy-
€MOCTH, AOCTAaTOYHOE YCAOBUE AU(P(PEepeHIMPyEeMOCTH (B TEPMUHAX CYIECTBOBAHUSA
1 CBOMCTB YaCTHBIX IIPOU3BOAHBIX). KacaTeabHas IIAOCKOCTh U HOPMAAb K ITIOBEPXHO-
ctu. [IpousBopHas no HanpaBaeHUIo. ['papreHT. OpTOrOHAABHOCTh I'PaAMEeHTa MHO-
JKeCTBY yPOBHA. AuddepeHnupoBaHre CAOKHON PYHKIIMUA. HacTHBIE IIPOU3BOAHBIE
BBICIIINX ITOPSAKOB. AOCTATOYHBIE YCAOBHUS PABEHCTBA CMENIAHHBIX ITPOU3BOAHBIX.

®opmyaa Teriropa. Teopema 0 HEIBHOU (PYHKITUU.
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10.

11.

12.

13.

MeToAbl onTuMu3amnuu B R™

[TorATHE 3KCTpeMyMa (AOKAABHOI'O MAKCUMyMa UAM AOKAABHOI'O MUHUMYyMaA). ODKC-
TPEMYM IIPU OTCYTCTBUM OrPAaHUYEHUN; HEOOXOAUMBIE U AOCTATOYHBIE YCAOBUS AO-
KaABHOI'O 3KCTpeMyMa. ODKCTPEMYM IIPU HAAWYWU OTPAaHUYEHUU B (popMe ypaBHe-
HUU (YCAOBHBIU 3KCTPEMYM); METOA MHOXKUTeAelr AarpaHrka; AOCTATOYHBIE YCAO-
BHSI DKCTpeMyMa IIpU HAAWMUYUM OrpaHuuYeHuM. [IpruMeHeHHe MeTOAQ MHOKUTEAeM
AarpaHyka AAS IIOMCKA HAUOOABIIEro (HaMMeHBIIEero) 3HadeHusa (PYHKIMYU Ha Oorpa-

HUYEeHHOM 3dMKHYTOM MHOXeCTBE€, 3dAdHHOM CUCTEMOM ypaBHeHHfI.

HeomnpeaeAeHHBIN MHTErpaa

[TonsATHE MepBOOOPA3HON M HEOIIPEAEACHHOT'O MHTerpara. CBOMCTBA HEOIIPEeAEAEH-
HOT'O MHTEI'PaAd, TabOAUIlA UHTEIPAAOB DAEMEHTApHBIX PyHKIUN. [IpreMbl nHTErpu-
poBaHUA. MlHTerpupoBaHue pallMOHAABHBIX APOOEN, IPOCTENIINX UPPALIMOHAABHBIX

PYHKIUY, IIPOCTEUIINX TPAHCIIEHACHTHBIX (PYHKIIUN.

OnpepeAeHHBIN UHTErpaa

3ajava OTBICKAHUS MAOIIAAU KPUBOAWMHEUHOM Tpanenuu. OnpepAeAeHHbIU UHTEerpaA
KakK IIpepen mHTerpaAbHbIX cyMMm. CymMel AapOy. Kputepuit nuaterpupyemocTtu. MH-
TEIPUPYEMOCTL HEIPEPBIBHBIX (PYHKIIMMN, MOHOTOHHBIX OIPAHMYEHHBIX (PYHKIINH,
dYHKIUN C KOHEYHBIM YHUCAOM TOYeK pa3pbiBa. CBOMCTBA OIIPEAEAEHHOTO MHTErpa-
Aa. Teopema o cpepHeM. CyllleCTBOBaHME IIepBOOOPA3HON HEIIPEPbIBHOW (DYHKIWU.
®opmyra HbroToHa—AenOHUIIa. 3aMeHa IIepeMeHHOM II0A 3HAaKOM WHTerpaasa. VH-

TerpupoOBaHME M0 YaCTsIM.

YucaroBble 1 (PyHKIMOHAaABHBIE PSIABI

[TordaTHE YUCAOBOI'O psgpa M ero CyMMbl. Cxopdmiuecsa U pacxopdiuecs psaabl. [1pu-
Mepbl. HeoO0xopuMoOe yCcAOBHe CXOAUMOCTHU pspa. Kpurtepunt Kol cXOAUMOCTH Ps-
Ad. 3HAKOIIOCTOSHHBIE U 3HAKOIepeMeHHble pdAbl. [IpU3HaKu CpaBHEHUS PSAOB.
[Tpusnaku cxopumoctu Aarambepa u Komm. MHTerpasrbueiii npusHak Komwu. [Tpu-
3HaK /\eMOHUIIA AAS 3HAKOUEPEAYIOIMUXCA PIAOB. AOCOAIOTHO U YCAOBHO CXOASIIM-
ecsa psgpbl. TeopemMa O IlepeCTaHOBKE UAEHOB YCAOBHO CXOAALIEIOCS psipd (TeopeMa

Pumana).

[Toroueunas U paBHOMEpPHAsA CXOAUMOCTH (DYHKIIMOHAABHBIX PSAAOB. Heobxopumoe
U AOCTATOYHOE YCAOBHE PABHOMEPHOU CXOAUMOCTHU. [Ipr3HaKM paBHOMEPHOU CXO-

AVMMOCTH. TeOpeMI)I O PABHOMEPHO CXOAAIIINXCHA q)YHKU;I/IOHaAI)HI)IX psaAax.

CTenieHHbIE PSAABI
Papnyc m IpOMeXKyTOK CXOAUMOCTH CTeeHHOI'o psgpa. DOpPMYABL AASL OIIpEAEAEHUS
paauyca cxopumocTtu. [TounenHOoe pAud(pepeHIMpPOBaHME W WHTErPUPOBAHUE CTe-

IIeHHbIX PSIAOB, HEHU3MEHHOCTb papuyCa CXOAUMOCTH. Paznroxenue OAEMEeHTAapPHBIX
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QYHKIIMU B CTelleHHbIe PIAbL. TeopeMa BelepiiTpacca 0 IIpUOAMIKEHUN HellpepbIB-

HBIX (DYHKIIMM MHOTOYAEHAMU.

OObIKHOBeHHBIE AN epeHIITarbHbIE YPaBHEHNUS IIEPBOro MOPSAKa

Onpeperenne pAudepeHMarbHOTO YPaBHEHUS II€PBOro IopsAKa. [lorgaTtre oliie-
o W YaCTHOTO pelleHUsdA. TeopeMa CyLIeCTBOBAHUS U €AVHCTBEHHOCTHU PeEIIeHUd.
YpaBHEHUS C PA3AEASIONIMMUCS IIepeMeHHBIMU U CBOAMIIWeCS K HUM. AMHeWHbIe

OAHOPOAHBIE U HEOAHOPOAHBIE YPAaBHEHUS. YPaBHEHUS B IOAHBIX AUdepeHIIuarax.
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IIporpamMmMe KHHUTI, a TaK>XXe APDYT'MMU MCTOYHUKAMU.



1.3 AmuHeNnHas aAreOpa

1.

MaTtpuus! u onepaguyu ¢ HUIMHA

[NTonATHe NIPAMOYTOABHOM MATPUIIBI; ONlE€PAlluU CAOKEHUS MATPHUL], YMHOKEHUSA MaT-
pULIBI HA YUCAO, YMHOKEHUS MaTpul,. EAMHWYHAA U HyAeBasg MATpUllbl. TpakTOBKA
mmpocTpaHcTBa R" Kak IPOCTPaHCTBa BEKTOPOB-CTOAOIIOB MAU IIPOCTPAHCTBA BEKTO-
POB-CTPOK. YMHOK€HHe MaTPHUIbI Ha CTOAOEI] M CTPOKM Ha MAaTPHUIy KaK YaCTHBIN
CAy4dall YMHOXeHUs MaTpul,. CBOMCTBA aCCOLIMATUBHOCTU U AUCTPUOYTUBHOCTH OIle-
panuii ¢ MarpuiiaMu. Onepanusa TPAaHCIIOHWUPOBAHUS,; TPAHCIIOHUPOBAHUE CyMMBI U

IIponu3BeAeHUA MaTpHUII. IMousaTue CHMMeTquHOfI MATpPHUILL.

BeKTOpHBIE IPOCTPAaHCTBA

OO0l1iee onpepeAeHUe (BEIIeCTBEHHOI'0) AMHEMHOTO MPOCTPAHCTBA; IMpuMepsbl. [ToHs-
THe CHUCTEMBblI BEKTOPOB. /AMHENHble KOMOWHAIIUN CUCTEMbl BEKTOPOB; MOHATHUE AU-
HEWHOM 3aBUCHUMOCTU U HE3aBUCHUMOCTHU CUCTEMbI BEKTOPOB. YCAOBUE COXPAHEHUS
AVHEMHOU He3aBUCUMOCTHU IIPU PACIIMPEHUU CUCTEMBI BEeKTOPOB. TeopemMa O AUHEN-
HOW 3aBUCUMOCTHU CHUCTEMBI BEKTOPOB, AMHENHO BbIPA’KAIOUIUXCSA Yepe3 CUCTeMY C

MEHBIINM YKMCAOM BEKTOPOB. ITousarue PaHIr'a CUCTEMEBI BEKTOPOB.

[ToussTHe Gazuca BEKTOPHOI'O MPOCTPaHCTBa. KoHeuHOMepHBbIe MpocTpaHcTBa. [Ipu-
Mepbl 0a3ucoB. PaBHOMOIHOCTE 0a3MCOB (B KOHEYHOMEPHOM ITPOCTPAHCTBE) U ITOHS-
THe pa3MepHOCTH. AUHeMHas 3aBUCUMOCTL CUCTeMbI M3 N + 1 BeKTOopa B N-MepHOM
IPOCTPAHCTBE. BO3MOXHOCTH AONOAHEHUS A0 Oa3uca AOOM AWMHEMHO He3aBUCHU-
MOU CHUCTeMBbI BEKTOPOB. ba3nc Kak MakKCMMaAbHAasd AMHEMHO He3aBHUCHUMAs CHUCTeMa
BeKTOpPOB. OAHO3HAYHOCTH PA3A0OKEHUS BEKTOPA II0 AQHHOMY 0a3uCy; KOOPAWHATHL.
CooTBeTcTBHE MEXAY BEKTOpaMU U MX KOOpAMHATaMHU. TpaKTOBKAa KOOPAMHAT KakK
SAEMEHTOB (KOOpAMHATHOro) mpocTpaHcTBa R". CoxpaHeHMe AMHEMHOM 3aBUCHMO-
CTU U HE3aBHUCUMOCTHU IIPU IIEPEXOAE OT CHUCTEMbI BEKTOPOB K CHUCTEME UX KOOPAU-

HAT.

[ToHATHE NOAIIPOCTPAHCTBA, COOCTBEHHOI'O IIOAIIPOCTPAHCTBA. KOHEUYHOMEPHOCTH
IIOAIIPOCTPAHCTBA KOHEYHOMEPHOT'O IIPOCTPAHCTBA; HEPABEHCTBO MEXKAY UX pasMep-
HOCTSAMM. /AUHeMHass 000AOUKA CHUCTEMBbI BEKTOPOB KaK ITOAIIPOCTPAHCTBO. PaHr cu-
CTEeMBbI BEKTOPOB U Pa3MEPHOCTb €ro AMHEeNMHOU O0OAOYKHU. AuHelHble (adpUHHBIE)
MHOT000pasusd KaK CABUTHU IIOAIIPOCTPAHCTB; @HAAOTHUSA C INPIMBIMUA U IIAOCKOCTSIMU

B TpexXMepHOM I'eoMeTpUdYECKOM ITPOCTPAHCTBeE.

Omnepanuu ¢ IIOAIPOCTPAHCTBAMMU: IlepecedeHre U BeKTOpHas cyMMa. [ loHaTue nps-
MOU CYMMBI ABYX (M OOAee) HMOAIPOCTPAHCTB. CBA3b pa3MepHOCTEM CYMMBbI U Ile-
pecedyeHuss C Pa3sMEPHOCTSIMU MCXOAHBIX (ABYX) IIOAIIPOCTPAHCTB; CAy4YaM IIPAMOM

CYMMBI.
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3.

CucteMbl AMHEHHBIX (aAre0panvyecKux) ypaBHEeHUI

ITpepcTaBAeHUE COBOKYIIHOCTH HEM3BECTHBIX CHUCTEMBI AWHEWHBIX ypPAaBHEHUMN U
IIPaBBIX YacTeld KaK BeKTOPoB B R™ (B ¢opMe BEKTOPOB-CTOAGIIOB MAW BEKTOPOB-
CTPOK). MaTpuna cucteMbl U MaTPUYHO-BEKTOPHASA ee 3aluch. [IpepcTaBaeHUE Ips-
MOYTI'OABHOM MaTpUIIbI B BUAE CEMEUCTBA ee CTOAOIIOB MAM CEeMeMNCTBa CTPOK; TeOo-
peMa O COBIaAEeHUHM PAHT'OB 3TUX CEMEUCTB (TeopeMa O paHr'e MaTPHUIIbl); PpaHT MaT-
PUIIBl, PAHI' CUCTeMbl ypaBHeHUU. [loHATHMEe O MaTpHUIlaX IOAHOI'O paHra. BeIpox-
AE€HHBbIEe U HEBBIPOKAEHHBIE KBAAPATHbIE MATPUIIbI. TPaKTOBKA CUCTEMbI AMHEUHBIX
YPaBHEHUM KaK 3aAa4¥ O PA3AOKEHUM IIPAaBOM YaCTU IO CTOAOIIAM MaTpUIIbI CHU-
CTeMBbI. YCAOBHE CYIeCTBOBAHUSA PeELIeHUs IIPU AIOOOU IIPABOM YaCTU (AAS AQHHOM
MaTPUILBL CUCTEMBI) U YCAOBUE €ANHCTBEHHOCTU UAU OTCYTCTBHUS PELIEHUS B TEPMU-

HaX paHra marpuibl. TeopeMa Kponekepa—Kaneaan.

MHOXeCTBO pelleHUN OAHOPOAHOM CUCTEMBI AWMHEMHBIX YPABHEHUU KaK IIOAIIPO-
ctpaHcTBo B R", ero pasMepHOCTh; 6a3ucC MOAIPOCTPAHCTBA pelleHu (pyHpaMeH-
TaAbHasA CHUCTEMa pelleHUW) U 3alliCh OOIero pelieHus B (popMe AMHEWHOU KOM-
OWHAIIMM C HeolIpepAeAeHHBIMU Koadduiimentamu. Bo3MOKHOCTh 3apAaHUsA AIOOOTO
MIOATIPpOCTpaHCcTBa B R" Kak MHOXKeCTBa peIlleHull HEKOTOPOU CHUCTEMbl AWHEWHBIX

OAHOPOAHBIX YpaBHeHPIfI.

CBsA3b MHOYKECTBA pelIeHUu COBMECTHOM HEOAHOPOAHOM CHUCTEMBI M COOTBETCTBYIO-
1Ier el OAHOPOAHOM CUCTEMBbI; 3allMCh O0IIero peiieHud. [ IpsaMas u rurnepriAoOCKOCTh
B R". BO3MOXHOCTB 3apaHUsT AFOGOTO AMHENHOro (adduHHOoro) Mmuorooopasus B R™

KaK MHOYXKeCTBa pelleHNN HEKOTOPOU CUCTEMBI AMHEUHBIX YPAaBHEHUN.

CucreMbl AVHEWHBIX YPABHEHUN C KBAAPATHOM HEBBIPOKAEHHOM MaTpHIEHN; Cy-
IIIeCTBOBAHNE U €AUHCTBEHHOCTH pellleHUs. [loHaTHe OOpaTHOU MAaTpHUILI;, ee Cy-
IIeCTBOBAHUE U €AUMHCTBEHHOCTb AASA AIOOOM HEBBIPOKACHHOU MATPULBL U OTCYT-
CTBUE AAS BBIPOJKAEHHOW MaTpUIlbl. HEeBBIPOKAEHHOCTH OOpPaTHOW MATPUIIBI; IIO-
BTOpPHOe oOOpallleHWe. YMHOXEHUE CHUCTEMbl AMHENHBIX yPABHEHUM HA HEBBIPOXK-
AEHHYIO KBaAPATHYIO MATPHUIly KaK 3KBUBAAEHTHOe IIpeoOpa3oBaHue cucTeMbl. Vc-
IIOAB30BAHUE JKBUBAAEHTHBIX IPEOOPA30BAHUU AAS BBIUMCACHUS PAHr'a MATPUIbL U

IIOMCKA OOIIero peleHnss CUCTEMbBl AMHENHBIX YPaBHEHUN.

OmnpepeAuTeAb MaTPHUILLBI

OnpepeAuTeAb KBaAPAaTHOM MaTpUIllbl. Hen3MeHHOCTh OIpepAeAUuTeAsT IPU TPAHCIIO-
HUpOBaHUM MaTpulibl. CMeHa 3HaKa OIIPeAeAUTEeAs IIPU [IepeCTaHOBKE ABYX CTPOK
WAU ABYX CTOAOIIOB MATpPHUIbl. /AMHEHHOCTb OIIPEAEAUTEAS II0 KAa*KAOU CTPOKE M
Ka’)KAOMY CTOAOIly. PaBEeHCTBO HYAIO OIIpEAEAUTEAS] KaK HEOOXOAMMOE M AOCTa-
TOYHOE YCAOBHE BBIPOKAEHHOCTU MaTpullbl. ONIpepAeAUTeAb IPOU3BEAEHNI MATPUII,

OIIpEeAEAUTEAb OOPAaTHOUW MaTPHUIIHIL.
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[ToHATHEe MHWHOpPA NPOU3BOABHOT'O IMOPAAKA; OIIPeAeAeHHe paHra MATpUIlbl B Tep-
MHMHAX MHUHOPOB. AAreOpanyecKue AOIIOAHEHUS SA€MEHTOB MATPHULbl U (DOPMYABI
Pa3A0OKEHUSI OIPEAEAUTEAs II0 CTpPoKe AU CTOAOIy. Dopmyabl Kpamepa AAg pe-
IIEHUsI CUCTEMbl AMHEMHBIX YPAaBHEHUM C KBAAPATHOU HEBBLIPOKAECHHOU MaTpPULIEN.

[IpucoepnHeHHaAsas MaTpuUlla U ee CBA3b C OOPATHOM.

BrrunicaeHme ollpepeAUuTeAs IIyTeM IpeoOpa3oBaHUsS MAaTpPHUIIHL.

AunHeNHBIE 0OIlepaTopPbl

AVHENHBIN oIlepaTop KaK AWHENHoe oToOpa’keHHe BEKTOPHOI'0 MPOCTPaHCTBa X B
BEKTOPHOEe IPOCTPAHCTBO Y; mpuMepbl. COoBOKYIHOCTL L(X,Y) Bcex AMHENHBIX OIle-
paTopoB M3 X B Y KaK BEKTOPHOe IIPOCTpaHCcTBO. O0Opa3 m IAPO AMHEMHOTrO olepa-

Topa. Cynepno3ulus ANHEHHBIX OIIepaTOPOB.

Martpunia AmMHeHHOro orepartopa u3 X B Y AAgd (DPUKCUPOBAHHBIX O0a3UCOB 3TUX IIPO-
cTpaHCTB. COOTBETCTBHE MEXAY ACUCTBUSAMHU Hap ollepaTopaMu M Haj UX MaTpulia-
MM; MaTpHuIa CyIepIO3UIIUU OIlepaTOpOB. MaTpuipl Ilepexopa IIpU CMeHe 0a3ucoB
B X 1 Y, UX HEBBIPOXKAEHHOCTD; IIpeoOpa3oBaHWe MATPUIlbl AMHEWHOTO OoIlepaTopa

IIpy CMeHe 0a3unCoB.

AuHeliHbIe NIpeoOpa30BaHUSI BEKTOPHBIX IIPOCTPAHCTB

AWHeVHbIe OllepaTopPhl, ACUCTBYIOIINE N3 BEKTOPHOI'O ITPOCTPAHCTBA X B Cce0d; TOXK-
AECTBEHHBIN OIlepaTop; IIpeoOpa3oBaHue MOAOOUSI AN UX MATPUIL ITpU CMeHe 0a3uca
B X. OOpaTHBIN OIIEpaToOp U ero MaTpUlla; yCAOBHE OOPaTUMOCTHU OIlepaTopa B Tep-

MHUHaX ero sapa u obpasa.

HBapraHTHBIE IIOATIPOCTPAHCTBA ollepaTopa. MIHBaprmaHTHOCTE 00pasa U SApa oIle-

paTopa.

CoOcTBeHHBIE BEKTOPHI M COOCTBEHHBLIE UKWCAA AMHEMHOT'O ollepaTopa W €ero Mar-
puilbl. XapaKTepPUCTUUECKUIN MHOT'OYAEH MATPUIIBl OIlepaTopa, ero HeM3MeHHOCThb
IIpu InpeoOpa3oBaHuU Iop0Omusg. CIIeKTp ollepaTopa W MAaTPUIlbl, €ro COBIIAA€HUEe
C MHOJKECTBOM HYAEU XapaKTEepPUCTUYECKOro MHOrouyAaeHa. COOCTBEHHOe IIOAIIPO-

CTPAHCTBO, COOTBETCTBYIOIEEe AQHHOMY COOCTBEHHOMY YHCAY.

AWHeVHasa HEe3aBUCUMOCTb CUCTEMBI COOCTBEHHBIX BEKTOPOB, COOTBETCTBYIOIINX
pa3HbIM COOCTBEHHBIM YHWCAAM. MaTpulbl (AMHEUHBIE OIlepPaTOpPhl) MIPOCTON CTPYK-
TYyPBbl; AUQIOHAABHBIW BUA MATpPULbl B 0a3uce U3 COOCTBEHHBIX BEKTOPOB (IIpUBeEAe-
HUe MaTPUIBI IIPOCTOU CTPYKTYPBhI K AMArOHAABHOMY BHAY ITPeOOpa3OBaHUEM IIO-

Ao0us). CoOCTBEHHBIE YHCAA U COOCTBEHHBIE BEKTOPHI OIlepaTOpa IIPOEKTUPOBAHU.

EBKAMAOBHI IPOCTPAHCTBA
[Tonatne OuAmHenHOU (GPoOpMbl. CKaASIpPHOE NPOU3BEAECHHUE; €BKAMAOBO ITPOCTPAH-
ctBo. CTaHAQPTHOE CKaAspHOe Mmpou3BepeHue B R™; mpumepsl Apyroro Beibopa cka-

ASPHOI'O IIPOUM3BEACHUA. AAI/IHa BEeKTOpa U YyI'OA MeXAY BEKTOpaMu (HpI/I AAHHOM
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BBIOOpE CKAASIPHOr'o npousBepeHus). HepaBeHcTBO Komn—ByHIKOBCKOTO (HepaBeH-

ctBo LIBapiia).

[ToHsATHE OPTOTOHAABHOCTH BEKTOPOB; AMHEWHAas He3aBUCUMOCTb CHUCTEMBI HEHYAe-
BBIX IIOIIAPHO OPTOI'OHAABHBIX BEKTOpPOB. [Ipolecc opTOroHaAM3alluM U CYyLIEeCTBO-
BaHWE OPTOHOPMHMPOBAHHOI'O 0a3uca. BeIpa’keHue CKaASIpHOTO IIPOU3BEAEHUS ABYX
BEKTOPOB 4epe3 NX KOOPAWHATHI B OPTOHOPMHPOBAHHOM Oasmuce. OpTOroHaAbHOE

AOTIOAHEHUE TIOAIIPOCTPAHCTBA; OPTOIOHAABHBIN IIPOEKTOP.

AVHelVHbIe OIepaTopbl, COXPAaHAIOIIHe CKaAIpPHOE IPOU3BEAeHUEe (M30MEeTpPUusl €B-
KAWAOBBIX IIPOCTPAHCTB); UX MATPUIIbl B OPTOHOPMUPOBAHHOM 0Oa3uce (OPTOrOHAAb-
Hble MaTpUIlbl). HEBBIPOKAEHHOCTH OPTOTOHAABHBIX MAaTPUI], COBIIaAeHNEe 0OpaTHOM
U TPAHCIOHUPOBAHHOM, MPOU3BEAEHHE OPTOTOHAABHBIX MaTpuill. OIpepAeAUuTeAb U
COOCTBEHHBbIE YKWCAA OPTOIOHAABHOM MaTpullbl. MaTpuilbl IepecTaHOBKY, MaTPUIIbI

BpallleHUs, MaTPUIbl OTPa KeHUS.

CaMoconpsiKeHHbIe (CUMMETPUYHBbIE) OMepaToOpbl, CUMMETPUYHOCTh WX MATPUIL B
OPTOHOPMUPOBAHHOM Oa3uce. OPTOrOHAABHOCTH COOCTBEHHBIX BEKTOPOB, COOTBET-
CTBYIOLIVX Pa3AUYHBIM COOCTBEHHBIM umcAaM. CyllleCTBOBaHME OPTOHOPMHPOBAH-
HOro 0asmuca, COCTOAILIEro U3 COOCTBEHHBIX BEKTOPOB CHUMMETPUYHOI'O OIlepaTopa.
[TpuBepeHWE CUMMETPUYHOM MATPHUIIBI K AMAroHAaAbHOU (popMe mpeoOpa3oBaHUEM
II0AOOMS C OPTOTOHAABHOM MaTpuliel nepexopa. CaMOCONPSA’KEHHOCTb OPTOTOHAAB-
HOT'O IIpoeKTopa. Kaaccudukanys cMMMeTPUYHBIX MAaTPUI] 110 UX CHEKTPY: IIOAOKU-
TEABHO (OTPUIIATEABHO) OIPEAEAEHHbIE; HEOTPUIIATEABHO (HEIIOAOKUTEABHO) OIpe-

A€NeHHBIEe UAU TIOAYOIIpEeAeACHHBIe, HeOIIpEeACNACHHDBIC.

KBappaTtnuHnsie (popMBI

KBappaTtuuHasa ¢dopMa. 3apaHue KBAAPATUYHOM (POPMBI IIPU MOMOINU CHUMMETPUU-
HOUM MaTpulpbl. [Ipeobpa3zoBaHre MaTPUIbl KBAAPATUYHOM (POPMBI IIPU 3aMeHe Iie-
peMeHHBIX. [IpuBepeHMEe KBapApPAaTUYHOM (POPMBI K KAHOHUYECKOMY BUAY (C AMAro-
HAABHOUM MaTpHllelr) mpeoOpa3oBaHUEM MEepPeMeHHBIX C OPTOTOHAABHOU MaTpHullen

IIepexoaa.
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14



2 BcerynureabHbIN 3K3ameH 2009 r.

OK3aMeH [0 MaTeMaTHuKe IIPOBOAUACSA B (popMe MUCBbMEHHOro TecTa. [IpOAOAKUTEeAD-

HOCTB dK3aMeHa COCTaBASAA 4 yaca, MaKCUMaAbHAas OIleHKa — «12».

TecT cocTosn M3 ABYX 4acTeu. llepBasg dacTb copep’Kara BOIIPOCHI M 3aAQ4U 110

MaTeMaTU49eCKOMY aHAAU3Yy U AMHEMHOM aAre6pe, B KaXKAOM CAEAOBAAO BbIGpﬁTB OAH

HpaBHAbHBIfI OTBET U3 IIATU IIPEANOKEHHEBEIX BAPWMAHTOB.

BTopas yacTh copeprkaaa BOIIPOCH, OO bepAHEeHHbIe B OAOKH. B Ka>kpooM OAOKe Obina
BBOAHASA 4YacCTh, ONMUCHIBAIOIIAS YCAOBHUSA, B paMKaX KOTOPBIX HAAAEKAAO OTBETUTH Ha

BOITPOCHI A@HHOTO OAOKa. Ka>kapili Bommpoc TpeboBaa oTBeTa «Aa» mam «Her».

HpaBHAa OlleHWBAHUS TeCTa CAEAVIoIne

IlepBag yacTh:

* TIDABUABHBIM OTBET — «+1»

* HeNPaBUABHBIN OTBeT — «—0.25»

* OTCyTCTBHe oTBeTa — «0»

Bropag yacts:

* TPABUABHBIN OTBET — «+1»

* HEeIPaBUABHBIN OTBET — «—1»

* OTCYTCTBHe OoTBeTa — «0»

MaxkcumanbHOE KOAMYECTBO OAANOB, KOTOPOE MOJKHO OBIAO IIOAYYUTH 3a Ka’KAYIO YaCTh

TeCTa, OAMHAKOBO. OHeHKa 3d 3K3aMeH OIIpeAEAsaIAaCh CYMMOﬁ 6aAAOB, IIOAYyHYEHHBIX 34

IIepPBYIO U 3a BTOPYIO YacCTU TeCTa.

2.1 Tect

2.1.1

1. Aana 3apava Komm y' = —xy?, y(—1) = —1. TIpeper MaKCHMAABLHOTO (HEIIPOAOAIKAE-

IlepBag yacTh TecTa

MOTr'0) perieHus y(x) mpu x — 400 paBeH

A

m O O w

—1

0

+00

pelleHre IIPOAOATKALTCSA A0 +00, U IIPEAEA He CYIIeCTByeT

pellleHre He TTPOAOAKAETCS A0 +00
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2. MakcuMaAbHOE (HEeIIpoAOAKaeMoe) pellleHHe 3apaun Komm y' = e 9/* 4 o y(e) =0,

OoIIpeAeA€HO Ha MHOXeCTBe

m O QO @ >

(2, +00)
(1, +00)
(0, 4-00)
(—00,0) U (0, +00)

(_OO> +OO)

3. 3HaueHWEe MAaKCUMAABHOT'O (HEIIPOAOAJKAEMOro) pelleHust 3apaun Komwm y' =

= —y?cosx, y(0) = 1/2, B Touke x = 7/2 paBHO

A

m O O w

~1)2
~1/3
0

1/3
1/2

4. Oynknus f(x,y) = x* + 4y? Ha MHOKecTBe {(x,y): 4x* +y? = 4}

m O O w

AOCTUI'aeT HAaMMeHbIIIer'o 3Ha4YeHUud POBHO B OAHOfI TOYKe
AOCTUT'a€T HaMMEHbIIIEero 3Ha4eHusi poOBHO B ABYX TOYKaX
AOCTHUI'AET HanOOABIIEro 3HaUYeHMs POBHO B TpeX TOYKaX
AOCTHUI'AaeT HanOOABIIEro 3HaAUYEeHUS POBHO B 9YeThIpeX TOYKAX

He AOCTUraeT HaMMeHBIIIero u HaMOOABIIETro 3HaueHuM

5. Oyukius f(x,y) = x> + (y — 1)? ma mHOReCTBe {(X,y): y> —x* =1}

m O O w

AOCTHUT'AeT HanOOABIIETO 3HaUYeHUs B eAI/IHCTBeHHOfI TOYKe
AOCTHUT'aeT HanOOABIIEro 3HAUYEHUS POBHO B ABYX TOYKAX
AOCTHUT'aeT HAaMMEHbIIIeIro 3HaUYeHHUA B eAI/IHCTBeHHOﬂ TOYKe
AOCTUT'aeT HAaUMeHbIIIero 3Ha9eHnsI pOBHO B ABYX TOYKaX

Bce ueThIpe yTBep)kAeHud A, B, C, D roxkHBIE

6. IMTycts f — pyrkumsa, HenpepbiBHasg Ha (0,1), u I' ={(x,y) € R*:x e (0,1),y =f(x)} —

ee rpacuk. Toraa
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['— 3aMKHyTO€ MHO>XECTBO
[ — OTKpBITOE MHOKECTBO
['— cueTHOE MHO>XECTBO

[ — MHO>XeCTBO MOIIHOCTU KOHTHHYYyMa

mH 9 QO @w P

BCe yeThIpe yTBepkAeHusa A, B, C, D AoKHBIe

7. I[lycTb A — IIOAMHOKeCTBO R, Bce TOUKU KOTOPOT'O SIBASIFOTCS €ro IIPEeAEAbHBIMU TOY-
Kamu. Torpa

A — IIyCTOe MHO>XECTBO
A — KOHeYHOe MHOKeCTBO
A — cueTHOe MHOYKeCTBO

A — MHO>XeCTBO MOIIHOCTHA KOHTHHYYyMa

m 9 QO W »

BCce ueTnIpe yTBep)AeHus A, B, C, D rokHBIE

8. I'lycte A — MOAMHOKeCTBO R, MHOKeCTBO NpeAeAbHBIX TOYeK KOTOporo mycroe. To-
raa

MHO>KeCTBO A — IIyCTO€e

MHO>KeCTBO I'DAHUYHBIX TOYeK A — IIyCTOoe

MHO>KeCTBO BHYTPEHHUX TOYeK A — IIyCTOe

MHO>KECTBO BHENIHUX TOYEeK A — mycroe

m 9 O w »

Bce ueThIpe yTBep)kAeHud A, B, C, D rokHBIE

9. HYCTB AuB-— HeCOBIIaAadIOIIIKe IIOAMHO>XEeCTBaA R, " ITIyCTh UX IlepecedueHne — Helly-

CTO€ 3aMKHYTO€ MHOXXeCTBO. TOI‘,A,a

A u B 3amMKHyTBIE
II0 KpaliHell Mepe OAHO M3 MHOXKeCTB A uMAM B He 3aMKHyTOe
A 1 B OTKpBITHIE

IO KpaiHeu Mepe OAHO M3 MHOXXeCTB A MAU B He OTKphITOE

m 9 O w »

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIE

10. B npocTtpancTtBe R™ mmpu n > 6 3apaHbI ABa HOAIpocTpaHcTBa Ly u L, ¢ pasmepHO-

CTSIMU My U N, cOOTBeTCcTBeHHO, mpuueMm R"™ =L + [,. Toraa
A €CAM N HeueTHOoe, TO N; # N,
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E

€CAM CyMMa HOAIIPOCTPAHCTB L; u L, He fABAsIeTCA MPSIMOM, TO Ny + Ny <N
€CAU My + My > M, TO CyMMa HOAIIPOCTPAHCTB L) u [, He gBAgeTCa IpaMon

€CAM [IepecedeHne MOAIIPOCTPAHCTB [y m [, He mycroe, TO uX cymMMa He

ABASIETCS IIPSIMOU

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

11. Y maTpuisl A pa3mepoB m X n, rae m > 10 u n > 12, cymMa cTpok HyAeBas. Toraa

H O QO w >

ecAu m < N+ 1, To CTOAGIIBI MaTPUIlLI A AUHEWHO 3aBUCHMbIE
ecAr m > n+ 1, To cTOAGIIBI MAaTPUITBI A AMHEMHO He3aBUCHUMbIE
€CAH CTOAOIIBI MAaTPHUIILI A AMHEMHO 3aBUCHUMBbIE, TO M < N+ |
€CAHM CTOAOIIBI MaTPUIILI A AMHEWHO He3aBUCUMbBIE, TO M > N + 1

BCe yeThIpe yTBepkAeHusa A, B, C, D roKHEBIe

12. Tlyctb A u B —MaTpuilbl pa3MepoB m xn, rae m > 10 u n > 12, a u b — cTOAOIBI

AAMHEBL M, @ X — UICKOMBIN CTOAOeI] AAMHEI N. Toraa

A

E

ecau cuctema (A + B)x = (a+b) He uMeeT pellleHusi, TO He UMEET PelIeHus

XOTsI OBl OAHA M3 cucTeM AX = a uAu Bx =D

A a
ecAn OOBbeAMHeHHAasl CUCTeMa X = He uMeeT peIleHus, TO He

b
MMeeT pellleHns XOTs Obl OAHA M3 cUcTeM AX = a UAu Bx =b

ecau cuctema (A + B)x = (a + b) umeeT pellleHre, TO UMEIOT pelleHUsT ooe

cucteMbl Ax =au Bx=b

eCAM N = M W oApHA u3 cucteM (AB)x = a u Ax = a uMeeT pelleHue, a

ApPyTasd pelleHud He umMeeT, TO MaTpUulla B BBIDOXXACHHAA

BCe ueTnIpe yTBep)AeHus A, B, C, D rokxHBIE

13. Ilycts A u B — ABe KBappaTHBIe MaTpUllbl mopsiaka n > 10, a yepes det X o603Ha-

YyaeTcsl OMMPeAeAUuTeAb AIOOOM KBapApaTHOM MaTpuilbl X. Toraa

A

B

ecan det(A —B) #0, To det A # detB

ecan MaTpullbl A U B OTAMYAIOTCS APYT OT APyra AMIIbL [IepPeCcTaHOBKOM

CTpOK, TO det A = detB
ecan detB # 0 u det(AB) =0, To detA =0

ecan det A # 0 uau detB # 0, To det(AB) # 0

18



E

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe

14. Tlycth A — AMHEUHBIN OIepaTop, AeUCTByMoIui u3 mpoctpadHcTBa R™ B R", rae

n > 10. Uepes Ker X u Im X 6yaeM o603HauaTh APO U o6pa3 omnepatropa X. Toraa

A

D

E

ecan (KerA) + (ImA) #R", to (KerA) N (ImA) # {0}

ecAu cyMMa pasmepHocteit Ker A u Im A GoabIiie uam paBHa 1, To (Ker A)N
N (ImA) ={0}

KerA #ImA
ImA?=ImA

BCe ueThIpe yTBepkAeHusa A, B, C, D roKHEBIe

15. TTycts B R"™, TaAe n > 10, BBeAe€HO CTaHAAPTHOE CKAASIpHOE TIPOM3BEeAeHre, U ABe Be-

IIeCTBEHHbIE KBaAPaTHBIEe MAaTPHUIlbl A U B mopsiaKa N pacCMaTPUBAIOTCI KaK AMHENHBIE

omepaTtopbl B R™. Toraa

A

E

€CAM MaTpulia A He 3dAaeT oIrepaTop OPTOTOHAABHOI'O IIPOEKTUPOBAHUA, TO
Al £ A

ecan A? # A, To A He OPTOrOHaAbHAash MaTPUIA

ecAu A He 3apaeT OIepaTop OPTOTOHAALHOT'O IIPOEKTUPOBAHMS, U ee XapaK-
TePUCTUYECKUI MHOTOYAeH uMmeeT Bup (—1)"AK(A — 1) % rae k —menoe u

0 < k <m, To MmaTpuiia A He CUMMeTpUYHas

ecAau matpuila AB He 3ajpaeT omepaTop IMPOEeKTUPOBAHUS, TO AUOO A, AUOO

B Toxxe He 3dAadeT OoIlepaTop IIPOEKTUPOBAHUA

BCce ueTnIpe yTBep)AeHus A, B, C, D roxkHBIE

16. Ilyctb A n B — BelllecTBeHHBIE KBAAPATHBIE MATPUIIBI IIOPIAKA N, IIpUYeM A CHUM-

MeTpruuHasa. Toraa

A

ecAu AASL HeKoToporo x € R™ okaszanroch Ax # 0 u x'Ax = 0, To MmaTpura A

BBIPO’KAECHHAS
ecan mMarpuria B Henyaesas, To cymiectByer x € R", mpu kotopom x'Bx # 0

€CAM MaTpulia BTAB He dBAdeTCA ITIOANOKUTEABHO OHpeAeAeHHOﬁ, TO WU MaAT-

puiia A He SIBASIETCS TIOAOKUTEABHO OHpeAeAeHHOfI

eCAM MaTpulla B To)ke cuMmMeTpuyHas, U 00e MaTpullbl A U B MOAOKUTEABHO
IIOAYOIIpEACACHHBIEC, TO KBappaTH4Has ¢gopMma x' ABX IMOAOKHTEALHO TOAY-

oIrpepAeAeHa
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E

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe

17. AuHeIHBIN omepaTop A B IpocTpaHCTBe R® 3apaH MaTpHieit

0 0
1 0
0 -1 0

Torapa 4MCAO MHBAPUAHTHBIX TTOATIPOCTPAHCTB orepaTopa A paBHO

m O O w

4

18. ®Oyuknusa f(x) crporo yoniBaeT Ha uHTepBaae (0,+o00). Toraa

D

E

y rpacduka pyHkrruu f(x) ecTh BepTUKaAbHAs aCUMIITOTA
y rpaduka pyHKImu f(x) ecTb ropu3oHTaAbHAas aCUMIITOTA

ecan f(x) orpanuueHa cHu3y, TO y rpaduka yHkiuu f(x) eCTb rOpu30OH-

TaAbHasi aCUMIITOTA
2 1Y) 1Y)
dyurnus f(x)° aBasieTcss yObIBarome (QyHKIINEN

BCce ueTnIpe yTBep)AeHus A, B, C, D rokHBIE

o0
19. TMocaepoBaTeabHOCTH {an,n = 0,1,2,...}, rae a, > 0, TakoBa, 4YTO PsIA ) /Gn
n=0

CXOAUTCA.

m 9 QO W »

20. PspnI

o0
Tom_a PAA Z (lan uMeeT papnuyCc CXOAMMOCTH
n=0

paBHBIN 2

He OOABbIIUY, yeM 1/2
He MeHLIIUH, ueM 2
He MeHbINnuy, uem |

BCe yeThIpe yTBepxkAeHuda A, B, C, D AoKHBIe

o0 o0
S amx™ u Y az;x’™ uMeroT papMychl CXOAMMOCTH 2 M 3, COOTBETCTBEHHO.
n=0 n=0

o0
Torpa psp ) apx"

A

n=0

nmeeT papAnyCc CXOAUMOCTHU 2

20



nMeeT PapAUyC CXOAUMOCTH 3
“MeeT PaAUYC CXOAMMOCTH, He MEeHbIINH 3

“MeeT PaAUyC CXOAUMOCTH, He OOABIINY 2

m O QO @

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIEe

oo
21. HOCAQAOBaTeALHOCTb {an,n = 1,2, . } OTpPaHUYEHAa, a PIA Z bn CXOAUTCH. TOI‘,A,a
n=1

o0
A psia Y an,b, CXopauTCS
n=1
o0
B ecau a, > 0 mpu Bcex M, TO psip ) A,b, CXOAUTCS
n=1
o
C ecau b, > 0 mipu Bcex N, TO psip ) A, b, CXOAUTCS
n=1
o0
D €CAM TIpeAeA TIOCAEAOBATEABHOCTH {d,} paBeH HYAIO, TO psp »_ apb, CXo-
n=1
AUTCSI
E Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIEe

22. Tlycte dyskius f: R — R TakoBa, uTto dyHKImsa f(x)? cTporo MOHOTOHHA Ha BCei

BellleCTBeHHOU IIpsaMoun. Toraa

f(x) MOHOTOHHAa
ypaBHeHue f(x) =0 He UMeeT pelnIreHUN
f(x) He AOCTHraeT HUM TOYHOM HU)XKHEHN, HU TOYHOM BepXHeM I'paHu

f(x) He MeHsileT 3HaK Ha BCEU IPSIMOU

m 9 O w P

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

23. Tlyctb ap = a € R, u pAaree PeKyppeHTHO, TOKa BO3MOXKHO, OINPEAEASeTCS a, =

=Ilna,; pagan > 1. Toraa
A IIpU AIOOOM AOCTATOYHO OOABIIIOM @ YHCAO @, OIIPEAEAEHO AASL BCEX M, U
ITOCAE€AOBATEABHOCTDh {a,,n = 0,1,2,...} MOHOTOHHA

B IIPpU AFOOOM AOCTATOYHO OOABIIIOM O YMCAO Q, OIPEAEAEHO AAS BCEX N, U

ITOCAEAOBATEABHOCTD {a,,n = 0,1,2,...} uUMeeT mIpeaeA

C IpU BCEX @, IPU KOTOPBIX YUCAO O, OIPEAEAEHO AASL BCEX N, MOCAEAOBa-

TEeABHOCTB {a,,n =0,1,2,...} uMeeT mpepeA
D CyIecTByeT Takoe N, 4TO YHUCAO ay He OIPEAEAeHO HU IIPU KakKoM a

E BCe 4deThIpe yTBepxkAeHusa A, B, C, D roKHBIe
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24. AaHa MMOCAEAOBATEABHOCTH {a,,m = 1,2,...}. Toraa

A

E

€CAU AAST ATOOOTO N > (0 BBIIIOAHSIETCS PABEHCTBO d, = d,, TO IIOCAEAOBa-

TEABHOCTB {a,,n = 1,2,...} TOoCTOsTHHA

€CAU AN AI000r0 M > (0 BBIIIOAHSIETCS PaBE€HCTBO Q;n = Ap, TO IIOCAEAOBA-

TEeABHOCTB {an, N =1,2,...} CXOAUTCS

ecAm AAs AfoGoro k > 1 ITocAeA0BaTEABHOCTD {Axn, . = 1,2, ...} CXOAUTCS, TO

{an,n=1,2,...} cxopuTcs

€CAHM AAST ATOOBIX T, k > 0 BBITTOAHSIETCS PABEHCTBO Qy, = d,, TO ITOCAEAOBA-

TEeABHOCTB {an, N =1,2,...} CXOAUTCS

BCce ueThIpe yTBep)AeHus A, B, C, D roxHBIE

25. [TycTb MHOKECTBO IIPEAEABHBIX TOYEK IIOCAEAOBAaTEABHOCTH {a,,m = 1,2,...} co-

AEPXXUT BCE€ pallMOHAABHEIEC YKCAQ. HaﬁAHTe AOJKHO€ YTBep>XXAcHUe

A

E

MHOYKECTBO TIPEAEABHBIX TOYEK IOCAeAOBaTeAbHOCTH {a,,n = 1,2,...} coB-

ITIapdeT C MHOJXeCTBOM BCeX BellleCTBEHHBIX YMCEeA

ATO0Aasi TTOCAEAOBATEABHOCTH, OCYIIECTBASIIONIAS B3aMMHO-OAHO3HAYHOE CO-
OTBETCTBUE MEKAY MHOKECTBOM HATypPaAbHBIX U PAIlMOHAABHBIX UYHUCEA, 00-

AdApdeT YKAa3aHHbIM CBOMCTBOM

ITOCAEAOBATEABHOCTh {an,n = 1,2,...} IpUHUMaET BCe pallMOHAAbHbIE 3Ha-

YEeHUS
ITIOCAEAOBATEABHOCTE {ay, N = 1,2,...} HEMOHOTOHHA

cpepu yrBepxpeHun A, B, C, D ecTb AOXKHEBIE.

26. Y mHOXecTBa M € R CylIecTBYIOT M30AUPOBAHHBIE TOUYKHM U CYIECTBYIOT HEHU3O-

AWPOBAHHBIE TOYKH. TOT',A,a

m 9 QO w >

MHOKeCTBO M HeorpaHUYeHHOe
MHO>XeCTBO M 3aMKHYyTOe

MHO>XeCTBO M He ABASeTCS OTKPBITHIM
MHOKeCTBO M KOHe4HOe

BCe yeThIpe yTBepkAeHusa A, B, C, D roxxHbIe

2

27. Aamno muoxxectBo M ={(x,y): y- = e’} u pyHKIUS f(x,y) = e Y. Toraa
Yy y Yy Yy

A

dyukius f(x,y) He orpaHnyeHa Ha MHOXKecTBe M
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E

dbyuruua f(x,y) AocTUraeT HauMeHBIIEro 3HaUeHUs Ha MHOKecTBe M

Touka (0,—1) ABASETCS TOYKOM AOKAaABHOrO MMHHMMyMa (yHKOuu f(x,y) Ha

MHOXecTBe M

Touka (0,1) SIBASIETCS TOYKOM AOKAABHOI'O MakKcuMyMma (QyHKiwmu f(x,y) Ha

MHOXecTBe M

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

28. Oyukuwms f(x) 3apaHa Ha BeI[eCTBEHHOM MPSIMOM U MMeeT KOHEUHYIO ITPOU3BOAHYIO

B TOUKe Xgo. Toraa

A CYILIECTBYeT OKPECTHOCTb TOUKM Xg, TaKas 4TO (pyHKIus f(x) paBHOMEpPHO
HellpepbiBHA Ha Hewl

B ecau f'(xo) > 0, TO CyIlleCTByeT OKPEeCTHOCTb TOUYKH X, TaKas YTO (DYHKIIUS
f(x) yObIBaeT Ha Hel

C CYIIeCTBYeT OKPECTHOCTh TOUKM Xo, TakKasg 4To PyHKIUA f(x) orpaHmyeHa
Ha Hel

D CYIIECTBYeT OKPECTHOCTh TOYKHU X, TaKas uTo ypaBHeHue f(x) = f(xo) umeer
KOHEUHOEe MHOXKEeCTBO PelleHUU B Heu

E BCce yeThIpe yTBepkAeHusa A, B, C, D AoKHBIe

X1 +...+x
29. TIycTb {x,,n = 1,2,...} — IOCAEAOBATEABHOCTb, U MYCTh Y = ——— " 1 > 1
n
Toraa

A €CAU TIOCAEAOBATEABHOCTH {Yyn,,m = 1,2,...} orpaHWYeHHasi, TO MOCAEAOBa-
TEeABHOCTB {Xn,n = 1,2,...} Tak)Ke orpaHn4YeHHas

B €CAM TIOCAEAOBATEABHOCTE {Yy,,n = 1,2,...} HeorpaHUYEHHasI, TO ITOCAEAOBA-
TEABHOCTD {X,,n = 1,2,...} Tak)Ke HeorpaHUYEeHHAasI

C €CAU TIOCAEAOBATEABHOCTh {Yy,,m = 1,2,...} UMeeT IIpepeA, TO MOCAeAOBa-
TEeABHOCTB {Xn, N = 1,2,...} TaK)Ke UMeeT IIPeAeA

D MHOYXECTBa ITPEASABHBIX TOYEK ITOCAeAOBaTeAbHOCTEH {xn,,n = 1,2,...} u
{Yyn,m =1,2,...} coBnapator

E Bce ueThIpe yTBepkAeHud A, B, C, D roxkHBIE

o0
30. AaH QYHKIIMOHAABHBIN psip ) (2x™ — x*"). O603HaUMM depe3 M MHOKECTBO TeX X,

n=0

o0
AASL KOTOPBIX 3TOT PSIA CXOAMTCS, M AASL X € M moaoxkum f(x) = Y (2x™ — x?"). Toraa

A

MHO>XXecTBo M 3dMKHYTO
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E

dyukmus f(x) Ha MHOKecTBe M orpaHuYeHa

psia > (2x™—x*") paBHOMEpPHO CXOAUTCA K pyHKIuu f(x) Ha uaTepsaae (0, 1)
n=0

o
psia Y (2x™ — x*") paBHOMEpPHO CXOAUTCS K (pyHKiuu f(x) Ha WHTepBare
n=0

(_1 ) O)

BCe ueTnIpe yTBep)kAeHus A, B, C, D roxHBIE

31. Kpusas Ha nrockoctu xOy 3apaHa ypasHeHHeM 2x” + 3y’ = 5. Uepes Touky (1,1)

IIpoBeAeHa KaCaTeAbHad K 3TOU KpHBOfI. HAOH.I&AB TPeyrOAbHUKA, o6pa303aHHoro OoT-

pPe3KaMH1, OTCeKaeMbIMU KacaTeAbHOM Ha 0OCSIX KOOPpAMHAT, U OTPE3KOM KacaTeAbHOM,

3dKAIOYEHHBIM MEXAY OCIMU KOOPDAWHAT, paBHA

m 9 QO @ >

25/12
20/3

21/16
26/15

APYT'OMY 4HCAy, OTAMYHOMY OT yKa3aHHBIX B A, B, C, D

32. Oyukinusg f(x) HempepbiBHa Ha [l1,4+00) U HempepbiBHO AuddepeHIMpyemMa Ha

(1,400). HalipuTe A0KHOE yTBEpIKAEHUE.

A €CAM CYIIEeCTBYEeT KOHEUHBIN ITPeAeA Xliinm f(x), To pynkIMs f(x) paBHOMEPHO
HelpepbiBHA Ha [1,+00)

B ecAau rpapuk QyHKIUM f(x) UMeeT HaKAOHHYIO aCUMIITOTY Yy = a+bx, b # 0,
TO Xl_i)gl@ f'(x)=b

C €CAM CyllecTByeT a > 1, Takoe 4TO mpousBopHas f'(x) orpaHmyeHa Ha
(a,400), To PyHKIUg f(x) paBHOMEPHO HelpepbiBHA Ha [1,+00)

D ecau Qyukius f(x) He yobiBaeT Ha [1,400), u [f'(x)] < % IIPU AIOOOM X €
€ [1,400), rae C — HeKOTOpasi KOHCTAHTA, TO CYIIECTBYeT KOHEUHBIN IIPEAEA
lim f(x)
X—+400

E cpepu yrBepxpeHun A, B, C, D ecTb AOXKHBIE

3
33. 3apana (PyHKIIMOHAABHASI MTOCAEAOBATEABHOCTH f.(x) = )" n=12....

O603HaumM yepe3 M MHOKECTBO TeX X, AAS KOTOPBLIX CYIIeCTBYeT mpepea lim f,(x), u
n—oo

AAst X € M moroxuMm f(x) = lim f,,(x). Toraa
n—oo

A

dyskIMa f(x) ABASETCS HeorpaHWYeHHOUW Ha M (yHKIUen

24



B MHO>KeCTBO M orpaHudeHo

C MMOCAEAOBATEABHOCTE {f,(x),m = 1,2,...} cxoputcst K pyHKumu f(x) paBHO-

MepHO Ha MHOXXecTBe M

D dysKkIMa f(X) ABATETCS YeTHON (PYHKIIMEN

s

BCce yeThIpe yTBepkAeHusa A, B, C, D AoKHEBIe

1

34. VnTerpan J xe *dx paBeH
0

1—2/e
1—1/e
14+1/e

14+2/e

m 9 QO W P

APYT'OMY 4HCAy, OTAMYHOMY OT yKa3aHHBIX B A, B, C, D

/2
35. Vnrerpaa J (sin®x + sinx + 1)dx paBen
0

3nt/4 —1
3m/4
3nt/4 + 1

9% /32 + 1

m 9 O wWw »

APYTOMY YHCAY, OTAMYHOMY OT yKa3aHHBIX B A, B, C, D

) us
SlIl20 ( —X)

paBeH
%20

36. TIpeapen lim
x—0

A 0

= ()

C 1
7T\ 20

> (3)
2

E APYT'OMY YHCAY, OTAMYHOMY OT yKa3aHHBIX B A, B, C, D
X

37. Tlpeaen 1(133 a1 paBeH

A 0

B 1/2

C 1
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38.

D 2

E APYI'OMY YHCAY, OTAMYHOMY OT yKa3aHHbIX B A, B, C, D

UucaoBasi MIOCAEAOBATEABHOCTD {a,,n = 1,2,...} 3apaHa popmyramu a; = 2, an 1 =

=1—1/a,, n > 1. Toraa nipepea lim a, paBeH
n—oo

39.

40.

—(14++5)/2
(1-+5)/2
(V5—1)/2
(vV5+1)/2

m O QO @ >

He CyIeCTByeT

X — Sinx cosx

I'T li
peaea 118 x(1 —cosx) paser
A 0
B 3/4
C 1
D 4/3
E He CyIlecTByeT
. dx
HeonpepeaeHHBIN MHTErpaA paBeH
xInxInlnx-...-In...Inx
—
n pas

A In...Inx + C

n—1 pa3
B In...Inx + C

—
n pas

C In...Inx + C

n+1 pa3
D In...Inx+ C

—

n + 2 pasa

E He CyLeCTByeT HU IIPU KaKUX X
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2.1.2 Bropas 4yacTh Tecra

1. Aanel pyukmua f(x,y) = x*(2x + 3) u MaoxxectBo M = {(x,y): (x* — 2x +y?) (x* + 2x +
+y?%) = 0}. Torpaa

a)

dyskius f(x,y) AOCTUraeT HaUMEHBIIETO 3HAYEeHUsS Ha MHOXXeCTBe M pPOBHO B OA-
HOHN TOUKeE;
Aa Het

dyukmus f(x,y) AOCTUTaeT HAaMMEHbIero 3HaYeHUsT Ha MHOKeCcTBe M POBHO B ABYX
TOYKAaX;
Aa Het

HavuMeHbIllee 3HaueHUe QyHKuuu f(x,y) Ha MHOKXecTBe M paBHO 0;

Aa HeTt

dyskiusa f(x,y) AocTUraeT HauOOABIIETO 3HAYEHUS Ha MHOXKeCTBe M POBHO B OA-
HOHU TOUKeE;
Aa HerT

dyukus f(x,y) AocTuraetT HauGOABIIETO 3HaUEHUST Ha MHOYKeCTBe M pPOBHO B ABYX
TOYKAaX;
Aa Het

HauOOAbIIlee 3HaueHne QyHKIMM f(x,y) Ha MHOKecTBe M paBHO 1;

Aa HeTt

touka (0,0) ABASETCS TOUKON AOKAaABHOTO MUHUMyMa QyHKumu f(x,y) Ha MHOXe-
ctBe M;
Aa HerT

Touka (—1,—1) ABAsIETCS TOYKOM AOKAABHOTO MakcuMyMa QyHKIuuU f(x,y) Ha MHO-
XectBe M.
Aa Het

2. Cucrtema ypaBHeHut Bx = 0, rae x € R?, uMeeT B KauecTBe MHOMKECTBA pelieHuun

ABYMeEpHOe€e IIOAIIPOCTPAHCTBO. N3BecTHO Tak>Xe, 4TO MaTpulia BBT HEeBBIPOJXACHHAA, a

marpuna A = B'B 3apaer npoektop B R*. Toraa

a)

maTpunia BB' epuHnuHag;

Aa HeT
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6) obpa3 MaTpulbl B’ nMeeT pazmepHOCTH 2;

Aa Het

B) mMaTpuila A UMeeT paHr 3;

Aa Het

I) XapaKTepUCTUYeCKUl MHOTOYAeH MATpHUIbl A uMeeT BHA P(A) = A2(1 —A)?;

Aa HerT

A) ob6passl MaTpul, B' u A coBmaaaror;

Aa HerT

e) ssApa mMaTpull B 1 A COBIAAAQIoOT;

Aa HerT

) obpas Marpuisl BT u gapo marpummsl B pasaararor mpocrpaHcTBo RY B mpamyro
CYMMY;

Aa HerT
3) MaTpulia A He ABASIETCS OPTOrOHAABHOW MaTPUIIEH.

Aa HeT
3. ABe HempepbiBHBbIe QyHKIMHU f(x) U g(Xx) ompeaereHBI Ha BeIeCTBEHHOU IIPSIMOU U
TAKOBBI, 4TO f(X) cTporo yGhIBaeT Ha BCeM IpPSIMOM, a g(X) CTPOro Bo3pacTaeT Ha BCeH
npamou. Toraa
a) ecau pyukumsa f(x) + g(x) = const, To pyHknusa f(x)g(x) MOHOTOHHS;

Aa HerT

6) ecam dynkmusa f(x) + g(x) = const, To dynkmus f(x)g(x) HEMOHOTOHHS;

Aa HerT

B) ecau (ynkius f(x)g(x) mepuoanuna u f(x) — 0 opu x — 400, To ¢g(x) — 400 puU

X — +00;

Aa HerT

r) ecau pyukuus f(x) + g(x) mepuopndna u g(x) — +oo mpu x — +o0o, To f(x) — 0 mpu
X — +00;

Aa Het

A) ecan yukiwus f(x) 4+ g(x) mepuopnuna u g(x) — +oo mnpu x — 400, To f(x) = —o0

Ipu X — +00;

Aa Her
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e) ecam pyHKus f(x)g(x) mepmoprmyHa, TO OHa HUTAE He 0OpaIlaeTcss B HOAD;

Aa Het

K) ecan yuknus f(x) + g(x) = const, a pyHrmus f(x)g(x) MOHOTOHHA, TO (PYHKITUS

f(x)? + g(x)? MOHOTOHHa;

Aa Het

3) ecau pynkiumsa f(x) + g(x) = const, To pynkiusa f(x)g(x) HemepropnyHa.

Aa Het

4. AaH (PYHKIIMOHAABHBIU PSIA

Inx\*
. (1+T) o
>

n=1

rae k — IIOAOKUTEABHOE IIeA0e YHCAO, [3 — BemecTBeHHOe uncAo. O6o3HaumM yepe3d M
MHOYXECTBO Te€X X, IIPU KOTOPBIX PSIA CXOAUTCS, M AAST X € M obGo3HauuMm uepes S(x)

CyMMYy 3TOro psipa. Torapa

a) nipu AOOBIX 3 > 0 1 meabIx k > 0 MHOKecTBO M HemyCcTOe M OTKpPBITOE;

Aa HeT

6) mpu k =2, f = 2 MHOXXecTBO M HemycToe, u PyHKIUS S(x) orpaHrYeHa Ha AIOOOM

OTPAaHUYEHHOM IIOAMHO>XKeCTBe MHOXXeCTBa M;

Aa HeTt

B) dyHKumsa S(x) mpu ABOOBIX 3 > 0 u meaom k > 0 HellpepbIBHA Ha MHOXKeCTBe M;

Aa HeT

r) mpu k =3, p = 3 ypaBHeHue S(x) = 3 UMeeT pellleHue;

Aa HeT

A) Tipu AI0ObIX 3 > 1 u eaoM k > 0 psgA CXOAUTCSI paBHOMEPHO Ha AIOOOM OrpaHUYeH-

HOM TIOAMHOYKEeCTBe MHO>XecCcTBa M;

Aa HeTt

e) mpu Ar0OBIX 3 > 0 u 1eaom k > 0 psSA CXOAUTCS paBHOMEPHO Ha AFOOOM KOMITaKTHOM

IIOAMHO>XeCTBEe MHO>XEeCTBA M;

Aa Her
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JK) CyIIecTBYIOT uncaa 3 > 1 u neaoe k > 0, Takue uTto rpadpuk QyHKIUU S(Xx) nUMeeT

T'OPU30OHTAABHYIO aCHUMIITOTY,

Aa HerT

3) cyiiecTBYIOT uyucAa B > 1 u 1eroe k > 0, Takue 9To rpaduk PyHKIUHA S(x) uMeeT

HAKAOHHYIO (IIpUYEM HE I'OPU30HTAABHYIO) aCUMIITOTY.

Aa HerT

5. IlycTb y(x) ecTb MakCUMaAbHOE (HEIIPOAOAIKAeMoe) peleHue 3apauu Koru

y' = % +xsinx, y(n) =1.

y(x)

O6o3HaunM uepe3 M obaracTh onpeperenust pyskimu f(x) = =——. Toraa
X

a) obaacTh ompepereHUsT QPYHKIUU Y(Xx) ecTh uHTEpBaA (0, +00);

Aa Het

6) rpaduk pyHKIHH Y(X) MMeeT HaKAOHHYIO aCUMIITOTY;

Aa Het

B) dyuKmsa f(x) HeoTpHUilaTeAbHa Ha MHOXKeCTBe M;

Aa Her

r) pyuKIusa f(x) HETIOAOKUTEABHA Ha MHOXKeCTBe M;

Aa HeTt

A) CYIIeCTByeT KOHeUHBIN mpeaea lim f(x), rae a = inf M;
Xx—a

Aa Het

€) CyLIeCTByeT KOHEUHBIN IIpeAeA ling f(x), rae b = sup M;
X—

Aa Het

K) QyHKIUSA f(X) IBASETCS OrpaHUYEHHOMN;

Aa Het

3) ypaBHeHHe Y(X) = cX UMeeT pelreHus mpu Arobom ¢ > 0.

Aa Her
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2.2 OrtTBeThl U pelIeHus TecTa
2.2.1 OTBeTHI Ha BONPOCHI IEPBO I'PYNIIbI

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

2.2.2 PenieHus 3apay4 BTOPOM I'PYIIIIbI

3apaua 1. 3ameruM, uto (X2 —2x+y?3)(x*+2x+1y?) = ((x =12 +y* =) ((x+1)*+y*—1),
OTKYAQ CAEAYET, YTO MHOXKECTBO M ecTh 0ObepAuHeHNe ABYX OKPYKHOCTel papuyca 1 —
opHa ¢ ieHTpoM B Touke (1,0), Apyras c meHTpoM B Touke (—1,0). A 3HAUUT TPOEKIU
MHOXecTBa M Ha mipsamyto Ox ecTb oTpe3ok [—2,2]. Tak Kak yskIius f(x,y) 3aBUCUT
TOABKO OT ITEPEMEHHOM X, TO AOCTAaTOUYHO MCCAEAOBATH €e Ha SKCTPEMYMBI Ha OTpe3Ke
(—2,2].

IMpousBopHas (x*(2x + 3))" = 2x(2x + 3) + 2x* = 6x(x + 1). Ee xopuu —1 u 0 Aexar
BHYTpHU OTpeska |—2,2]. Bropas mpousBopHas paBHa (x*(2x + 3))” = 12x + 6. B Touke
x = —1 oHa oTpuilaTeAbHast (x = —1 — TOYKa AOKAaABHOTO MaKCHMyMa), B Touke X = 0 —

IIOANOKUTEABHAA (X = 0 — TOYKa AOKAAbLHOT'O MI/IHI/IMYMEI). 3HaueHusd Q)YHKHI/II/I B TOYKAX

x=0wu x =—1 paBHbl 0 1 1 COOTBETCTBEHHO.
B Toukax x = —2 ¥ x = 2 (Ha KOHI]aX OTpe3Ka) 3HaueHUs1 (PYHKIUU pPaBHbBI —4 U
28. TakmM 06pa3oM, B TOUKe X = —2 AOCTHUTaeTCsl HauMeHbIllee, a B TOUKe X = 2 —

HambOAbIIlee 3HadeHHe QyHIHUHU x(2x + 3) Ha oTpeske [—2,2].

Bepuemcsa kK noBepeHuo pyHkumu f(x,y) Ha MHO>KecTBe M. Toukam x = —2, x =0
u x = 2 coorBeTcTBYyIOT Touku (—2,0), (0,0) u (2,0) mHOo)xecTBa M. Touke x = —1 ke
COOTBETCTBYeT ABe TOUKM MHOkecTBa M — (—1,1) u (—1,—1).

OTcropa caepyet, uyto pyHKIUSA f(x,Y) AOCTUraeT HaUMEHbIIIero 3HaYeHUsT Ha MHO-
>xectBe M B opHOM Touke (—2,0), U 5TO 3HaueHHe PaBHO —4 (OTBETHI HA BOIIPOCHI &) —
«pa», 0) — «HeT», B) — «HeT»). OyHKIMA f(Xx,y) AOCTUraeT HauOOABIIETO 3HAUEHUS Ha
MHO>XecTBe M B Touke (2,0), 1 3TO 3HaUeHMe paBHO 28 (OTBETHI Ha BOIIPOCHI T) — «Aa»,
A) — «HeT», e) — «HeT»). Touku (0,0) 1 (—1,—1) AEUCTBUTEABHO SIBASIFOTCSI TOUKAMU AO-
KaAbHOT'O MMHMMYMa W MaKCHUMyMa COOTBETCTBEHHO (OTBETHI Ha BOIIPOCHI JK) — «Aa»,

3) — «pa»).

3apaua 2. Tak Kak MaTpura A 3apaeT npektop, To A> = A, To ectb B'BB'B = B'B. Ec-
AM 3TO PaBeHCTBO YMHOKHTL CAeBa Ha B, a crpasa Ha BT, To moayumm (BB')3 = (BBT)2.
Tak kKak BB' HeBrIpoXpeHHasi MmaTpuia, To BBT = I (oTBeT Ha Bompoc a) — «Aa»). Tak
Kak cucteMa Bx = 0 B R mMeeT AByMepHOe MHOMKECTBO PeIleHM, TO PAHT MAaTPUILI
B, a caepoBaTeabHO M MaTpullel BT, paBem aBym (oTBeT Ha Bompoc 6) — «pa»). Ecam

Bx = 0, To Ax = B"Bx = 0. Hao6opor, ecau Ax = B'Bx = 0, To BB'Bx = 0, To ecTb
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Bx = 0. Takum obpa3omMm, siapa MaTpul] B 1 A coBIlapatoT (OTBET Ha BOITPOC €) — «Aa»).
[MTosTomy paHr MaTpuiibl A paBeH 4 —2 = 2 (OTBeT Ha BONPOC B) — «HeT»). Tak Kak
MaTpuila A MMeeT paHT 2 U SIBASETCS IPOEKTOPOM, TO UMCAO O AAS Hee SIBASIETCS COO-
CTBEHHBIM UMCAOM KPATHOCTHU 2, U YHUCAO | — COOCTBEHHBIM UMCAOM KPATHOCTU TOXe 2
(oTBeT Ha Bompoc I) — «Aa»). [TockoabKy A = BB, To 06pa3 MaTpHIEl A COAEPIKUTCS B
obpase MaTpuibl B', a Tak Kak UX PaHTU COBIAAAIOT, TO €CTh COBIAAAIOT PA3MEPHOCTH
00pas30B, TO COBIIAAQIOT U CaMu OOpasbl (OTBET Ha BOHIPOC A) — «pa»). OOpa3 Mapuilbl
B u ssppo MaTpunbl B coBmaaaer ¢ 06pa3oM U SIAPOM MAaTPHIBI A COOTBETCTBeHHO. Tak
KaK MaTpuIla A 3apaeT IIPOEKTOp, TO ee obpa3s U SAPO pasraraioT R B mpsMyro cymmy
(oTBeT Ha BOIIPOC XK) — «pa»). MaTpunia A He AIBASIETCS OPTOTOHAABHOM MaTpUIlel, TaK
KaK OHa BBIPOJKAEHHAS: ee PaHT (ABa) MeHbIIIe ee MOPSIAKA (4eThipe) (OTBET Ha BOIIPOC

3) — «pa»).

3apaua 3. Ecau cymiectByeT Takoe C, UTO IpU AIOOOM BEIIECTBEHHOM X MBI UMeeM
f(x) + g(x) = C, o g(x) = C — f(x) u Toraa f(x)g(x) = f(x) (C —f(x)) 3aBepoMO A0-
CTHUTaeT MaKCUMyMa, €CAU CylIecTByeT Takoe X, uTo f(x) = g(x) = C/2, u Toraa oHa
HeMOHOTOHHA. Hampuwmep, f(x) =1 — ¥, g(x) = e*.

OAHAKO MOXeT OBITh M TaK, 4TO Ipou3dBepeHue f(x)g(x) sSBAsIeTCS MOHOTOHHOM
dyuknuen (f(x) =C/2—e*, g(x) = C/2+ €¥). Toro, B myHKTax a) u 6) OTBET «HET».

Aanee, f(x)2 + g(x)? = (f(x) + g(x))* — 2f(x)g(x) = C? — 2f(x)g(x) U sBAsIeTCS MOHO-
TOHHON (pyHKIMEH, ecAm PyHKIUSA f(x)g(x) MOHOTOHHA — B ITYHKTE JK) OTBET «Aa».

Ecau pyukums f(x)g(x) mepruopndHa, To OHa HUTAE He 0OpallaeTcsi B HOAb — B ITyHK-
Te e) OTBeT «Aa». B caMoOM aAeAe, eCAM OHa TAe-TO paBHa HYAIO, TO OHa paBHA HYAO
B 0OECKOHEYHOM KOAMYECTBe ToueK. Ho KakablM HOAL (pyHKIuHM f(x)g(x) —3TO HOAB
opHOM m3 yHKIMH f(x) uam g(x). Kaykpasd m3 HUX, OAHAKO, B CUAY CTPOI'OM MOHOTOH-
HOCTHU, MOYKeT OOpaIllaThCs B HOAb He OOAee, YeM B OAHOM TOYKe.

Tenepp 1o mnyHKTy B). [lycTh cHOBa ¢ysHKImMa f(x)g(x) IepuopndHa, U IIYCTh
f(0)g(0) = C # 0. EcAu AAMHA TIepuoAa paBHA T, TO TIPU AIOGOM HATypaAbHOM Kk mMeem
f(kT)g(kT) = C. TTocaepoBaTeArbHOCTE i = f(kT) cXOAUTCSA K HYAIO BMecTe C (PYHKIMEH
f(x) mo ycaoBuIO. 3HAUUT, TOCAEAOBATEABHOCTE by = g(kT) TakoBa, uto by — +o00. Ho
dyHKIUS g(x) (CTpoOro) Bo3pacTaeT, MO3TOMY ¢(X) — 400 OpU X — +00 — B ITYHKTE B)
OTBET «AQ».

[Tepexopsi K OyHKTaM T), A), AomycTuM, uto (pyHKUMsa f(x) + g(x) mepmopwdHa C
riepuopoM T. Toraa oHa orpanuyeHa. AeMcTBUTEABHO, OHA HellpephbiBHA, CAEAOBATEABHO
AOCTUT@eT MUHUMyMa M MakKCUMyMa Ha (AIOOOM) OTpe3Ke AAWHBI . OTU MUHUMYM U
MaKCUMYM SIBASTIOTCSI TAOOAABHBIMHU. TOTrAa, KOHEUHO, eCAM g(X) — +oo MpU X — +00,
TO f(Xx) — —00 HpU X — +00 — B IyHKTE I') OTBET KHET», B IIYHKTE A) OTBET «AQ».

Hakownerll, AoOKa>keM, 4TO B IIyHKTe 3) OTBET «Aa». AeUCTBUTEABHO, ecAau f(x)+g(x) =

= C, to f(x)g(x) = f(x) (C —f(x)) He MOXeT OBITH MEPUOAMYHOMU: B CUAYy CTPOTOU MO-
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HoTOHHOCTH (PyHKIumM f(x), ypaBHenme f(x)(C — f(x)) = const umeer He Goree AByX
pelleHnl, a IepUOAUYHAS (PYHKIMA AOOOe 3HaueHUe IIPUHUMAeT OeCKOHEUHOe YUCAO

pas.

3apaua 4. Ilpumensasa ouHoMm HbIOTOHA, ITOAyUYaeM:

Inx\*

T+—) —1 2 k
n _kInx | k(k—1) (Inx) (Inx) 1
nB T nl+B T 2 n2+h e nk+B ° (1)

CAepOBaTEABHO, B CHUAY MHTErpaAbHOIO MpH3HakKa Koy moAydaeM, YTO TIPU AFOOBIX
k >0, B > 0 psp CXOAUTCSA B KaXAOM TOuke X > 0, IMOCKOABKY Ka’kKAOe CAaraemMoe
B IIpaBoM 4YacTu (1) sBAsIeTCS UAEHOM cCXOAdiierocs psipa. [Ipu f = 0 arsg Aroboro
k > 0 psin pacxopuTcsi B KaXkpoiM Touke x > 0, x # 1, Tak KakK IIepBOe cAaraemMoe B
npaBoM yacTu (1) ABASIEeTCSI C TOYHOCTBIO AO KOHCTAHTHI YAEHOM IapMOHUYECKOT'O PSAAQ,
a OCTaAbHBIE CAATaeMble SIBASIFOTCS YAEHAMM CXOASAITUXCS PSIAOB.

ITpu x = 1 psip, OUEBUAHO, CXOAUTCS TIPU AT0OBIX k, 3. Takum o6pazom, M = (0, +o0)
npu k>0, 3 >0.Tlpu k >0 u =0 umeem M = {1} — 3aMKHyTOe MHO>XeCTBO. [ToaTomy
Ha BOIIPOC a) OTBET «HeT».

Ecau k >0, 3 >0, To B cuay (1) dyHKIus S(x) MOKeT ObITH TPEACTAaBAEHA B BUAE

S(x) =c¥Inx+ M (Inx)2 + ... + ¥ (Inx)¥, (2)
rae ¢ ..., ¥ > 0. Orcropa Aerko caepyer, uto
lim |[S(x)| = +oc0, lim |S(x)| = +oo0. (3)
x——+0 X—+00

[MTosToMy Ha Bompoc 6) OTBET «HeT», TakK Kak QyHKIwmsa S(x) mpu k =2, f = 2 B cuay (3)
He orpaHUYeHa, Hampumep, Ha untepsaase (0,1).

B cuay (2) npu 3 > 0 dpyHkmusa S(x) HenmpepbIiBHa Ha M. 3HAYUT, Ha BOIIPOC B) OTBET
«pa».

Tak kak S(1) = 0, ToO B cuAy HelpepbIBHOCTH S(X) u (3) ITOAyYaeM OTBET «Aa» Ha
BOIIPOC T).

N3 (1) u u3 npusHaka BeiiepmiTpacca aerko caepyet, uto npu k > 0, 3 > 0 Ha
AtoGoM oTpeske [a,b] C (0,400) psia cxopuTcsi paBHOMepHO. HamoMHUM Tak>ke, UTO
M = {1} mpu = 0. [ToaTOMYy Ha BOIPOC €) OTBET «AA».

B cuay (3) oTBeT Ha BOIIPOC XX) «HET».

W3 (2) BeITekaeT uto S(x) = o(x) mpu X — +00 B CUAY U3BECTHBIX CBOMCTB (PYHKIIUU

Inx. [JoaTOMy Ha BOIIPOC 3) OTBET «HET».

Bosbmem k =1, f = 1. Torpaa S(x) =1Inx )_ o= Clnx (ma camoMm aene, C = %).
n=1
no no
O6o3raunMm C, = k; el Sh(x) = lnxkz_1 = Cnlnx. Torapa |S,(x)—S(x)| = [Inx|-|C,—C|,

OTKyAQ@ CAeAyeT, uTo Ha uHTepBaAe (0, 1) CXOAMMOCTH He SIBASIETCSI paBHOMepHOMH. OTBeT

Ha BOIIPOC A) «HET».
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3apada 5. AaHHOe AUdepeHIIMaAbHOE YPaBHEHUE IBASIETCS AMHENHBIM, II03TOMY pe-
UM €ero C INOMOIIbI0 MeTOAA Bapualluu MocTogHHOM. OOIlee pellleHre OAHOPOAHOTO
ypaBHeHus Yy’ = y/x paBHO Cx. Temepb HIleM YacTHOE pelleHre HEOAHOPOAHOTO ypaB-

Henus B Bupe C(x)x:

C(x)x

(C(x)x)" = C'(x)x + C(x) = + x sinx.

CoxkpatuB C(x) B AeBOM U IIPABOM YAaCTSAX YPaBHEHUs, TIOAyYaeM:
C’(x) = sinx,

oTkypa C(x) = —cosXx, ¥ 4aCcTHOe pellleHre UCXOAHOT'O ypaBHeHus —x cosx. Ob1ee pe-
IIIeHNe HEeOAHOPOAHOTO ypaBHeHus: paBHO X(C — cosx). [TopcTaBUB HauaAbHOE YCAOBHE
y(m) = 1, moayunm C = 1/t — 1 u pemenne y(x) = x(1/m—1—cosx). 3ameTnm™m, 4TO
HEeCMOTps Ha TO, YTO 3Ta (POPMyAa MMeeT CMBICA AAS BCEX BEIeCTBEHHBIX X, pelle-
HUe He IIPOAOAKAeTCs yepe3 mpsiMylo x = 0, TaK KaK Ha 3TON IPSIMOM IIpaBas 4YacTh
ypaBHEHUS He oIllpepeAeHa. TakmM oOpa3oM, MaKCHMMaAbHOe peleHue 3apauu Korrwm
y(x) =x(1/m—1— cosx) onpeaearero npu x € (0,+0co0) (OTBET Ha BOIPOC a) — «Aa»).
Tak Kak mpeaeA otHoreHus Y(x)/x = 1/mt—1—cosx npu x — 400 He CyIIecTByeT, TO
HaKAOHHOM aCHUMIITOTHI I'padUK PYHKIMY Y(Xx) HEe uMeeT (OTBET Ha BOIPOC O) — «HET»).
3aMeTuM, 4YTO TaK KakK mpu Bcex X > 0 BBITOAHSETCS HepaBeHCTBO 1/m—1—cosx < 1/,
TO TIpU ¢ > 1/7t ypaBHeHUe Y(x) = cx He UMeeT pelleHus (OTBET Ha BOIPOC 3) — «HET).
Paccmorpum dyukimio f(x) = y(x)/x = 1/m— 1 — cosx. OHa ompepereHa TaM ke,
rae u y(x) —Ha (0,+00). 3ametum, yto —1 < 1/m—1 < 1, oTKyaa caepyer, uto f(m) > 0,
a f(2m) < 0 (oTBeTHI Ha BOMPOCHI B) — «HET», T') — «HeT»). HUXKHSIS TpaHb MHOMXeCTBa

M paBHa inf M = 0, ipeaea 111%(1/71— 1 — cosx) cyImlecTByeT 1 paBeH 1/m— 2 (oTBeT

Ha BOIpPOC A) — «Aa»). BepxHsss rpaHb MHOXecTBa M paBHa supM = +oo, IIpepea
lim (1/t— 1 —cosx) He cyIlIecTByeT (OTBET Ha BOIPOC €) — «HeT»). Tak Kak (PyHKIUS
X—+00

COS X orpaHuyeHa, To u f(x) orpaHuyeHa (OTBET Ha BOIIPOC K) — «Aa»).
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3 BcerynureabHbIn 3K3aMeH 2010 r.

OK3aMeH [0 MaTeMaTHuKe IIPOBOAUACSA B (popMe MUCBbMEHHOro TecTa. [IpOAOAKUTEeAD-
HOCTB dK3aMeHa COCTaBASAA 4 yaca, MaKCUMaAbHAas OIleHKa — «12».

TecT cocTosn M3 ABYX 4acTeu. llepBasg dacTb copep’Kara BOIIPOCHI M 3aAQ4U 110
MaTeMaTU4eCKOMY aHAaAM3y U AMHEWHOMN aArebdpe, B Ka’KAOM CAEAOBAAO BBIOPATH OAWH
[IPABUABHBIU OTBET U3 IATU IIPEAAOKEHHBIX BAPUAHTOB.

BTopas yacTh copeprkaaa BOIIPOCH, OO bepAHEeHHbIe B OAOKH. B Ka>kpooM OAOKe Obina
BBOAHASA 4YacCTh, ONMUCHIBAIOIIAS YCAOBHUSA, B paMKaX KOTOPBIX HAAAEKAAO OTBETUTH Ha
BOITPOCHI A@HHOTO OAOKa. Ka>kapili Bommpoc TpeboBaa oTBeTa «Aa» mam «Her».

[IpaBuAa OLleHMBAHUSA TECTa CAEAYIOINe
ITepBag yacThb:

* ITPABUABHBIA OTBET — «+1»

* HeIPaBUALHBIN OTBeT — «—0.25»

* OTCYTCTBHe oTBeTa — «0»

Bropag yacts:
* MPABUABHBIM OTBET — «—+1»
* HEIPaBUABHBIN OTBET — «—1»
* OTCYTCTBHUEe OTBeTa — «0»
MaxkcuMarbHOE KOAMUECTBO OAANOB, KOTOPOE MOYKHO OBIAO IIOAYYHUTH 3@ Ka’KAYIO 4acTh

TeCTa, OAMHAKOBO. OU;eHKa 3d 9K3aMeH OIIpeAeAdAdCh CYMMOﬁ 6aAAOB, IIOAYyYEHHBIX 34

IIepPBYIO U 3a BTOPYIO 9aCTU TeCTa.

3.1 Tect

3.1.1 TIlepBas 4yacTh TecTa

1. Aana yHKIHS ABYX IepeMeHHbIX f(x,y) = x* +y? u maokectBo M = {(x,y): 1/Ix| +
+ 2+/ly| = 2}. Torpa

A dyukius f(x,y) He orpaHudyeHa Ha MHOKecTBe M

B YUCAO AOKAABHBIX MUHUMYMOB (pyHKIMHU f(X,Y) Ha MHOKecTBe M He GOAbIIIe
Tpex

C YUCAO AOKAABHBIX MaKCUMYyMOB yHKIUM f(X,y) Ha MHOKecTBe M He MeHb-
e Tpex

D B Touke (1,1/4) dpyuknus f(x,y) AoocTUraeT HaUMeHBIIIEr0 3HaYeHUsT Ha MHO-
xectBe M
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E Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe

2. Henyctoe mHOkecTBO M C R 3aMKHYTO, U MHOKECTBO €TI0 BHYTPEHHHUX TOYeK IIy-

cto. Torpa
A MHO>XeCTBO M KOHEYHO UAU CUETHO
B MHO>KeCTBO M orpaHudeHo
C BCE TOUYKU MHOKeCTBa M SBASIOTCS M30AUPOBAHHBIMU TOYKAMU
D BCEe TOUYKM MHOKeCTBa M SBASIIOTCS ero I'PaHUYHBIMU TOUYKAMU
E Bce yueThIpe yTBepkAeHud A, B, C, D rokHBIE

o0 1 n
3. AaH QPYHKIVOHAABHBIN PSA Z M

n=1

. Obo3HauuM yepe3 M ero MHOKECTBO CXO-

AmMocTHr. Toraa

MHO>XeCcTBO M HeorpaHUYeHHOEe
MHO’KeCTBO M 3aMKHYyTOe
Ha MHOXXecTBe M psip CXOAUTCSI PaBHOMEPHO

otpesok [0.1,0.5] copepxxutcsi B M

m 9 O w >

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

4. Tlpeper lim ((g —x) tg x)

x—7/2
paBeH 0
paBeH 1

A

B

C paBeH 2
D paBeH YUCAY, OTAUYHOMY OT IepedyrCcAeHHBIX B A, B, C
E

He CyIIeCTByeT

5. NaHa (PYHKIIMOHAABbHAs IIOCAEAOBATEABHOCTH {f,(x) = ne ™ x € Rn = 1,2,...}.
O6o3HaunM 4yepe3 M MHOXXECTBO ee CXOAMMOCTH M uepe3 f(x) = lim f,(x) opu x € M.
Toraa .
1 1 1
A naTepBaa (0,1) € M, cyiiecTByer L f(x)dx, u 1}1—1;20 L falx)dx = L f(x)dx
B oTpesok [1,5] € M, 1 mocAep0BaTEABHOCTD {f,,(X)} He CXOAUTCSI paBHOMEPHO

K f(x) ma [1,5]

1
C lim J (x® 4+ 2)fn(x)dx =3

n—oo 0
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D

E

dyHukIua f(x) aBAsieTCs HeorpaHUYeHHOU Ha M

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIEe

6. OyurIus Yy(x) IBASIETCS MaKCUMAAbBHBIM (HEITPOAOAJKAEMBIM) pellleHreM 3apadu Ko-
2

mu y' =

A

B
C
D
E

%, y(1) = 1/2. HatipuTe A0KHOE yTBEep>KAEHUE:

dyHKIUA Y(X) ABASETCS HeOTrpaHUYEeHHON

XEEIMU(X) =0
XE{)IJ}OU(X) =0

dyHKIIMA Y(X) ABASIETCS BO3pacCTaIoIIen

cpepau yrBepxpeHun A, B, C, D ecTb XOTS OBl OAHO AOKHOE

7. TlocAepOBaTEABHOCTD {X,,n = 1,2/...} ompeaeAsdeTcs PEKYPPEHTHO Xn 1 = Xn+Sin Xy,

n=1, 2,

A
B

E

.... Torpa

npeaeA lim x, cyliecTByeT nipu Aro6oM x; > 0 ¥ He 3aBUCHUT OT Xq
n—oo

CYIIeCTBYeT TaKoe YHUCAO X > 0, 4TO MOCAEAOBATEABHOCTH {Xx,,n = 1,2,...}

SABASETCA HeOFpaHquHHOﬁ

pu AT060M X1 > 0 TIOCAEAOBATEABHOCTD {X,, N = 1,2, ...} IBASI€TCSI MOHOTOH-

HOHU

CYILIECTBYeT TaKoe YHUCAO X; > 0, UTO ITOCAEAOBATEABHOCTH {X,,n = 1,2,...}

nMeeT ABA PA3AMYHBIX YaCTUYHLIX IIpeAeAd

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

0]

8. AaH (PyHKIVOHAABHBIN PSA Zne"“/ﬁ. O6o3HauuM yepe3 M MHOKeCTBO €ro CXO-

n=1

AVMOCTH ¥ uepe3 S(x) — cymMmy aToro psipa npu x € M. Toraa

A

m O O @

M — orpaHuYyeHHOE MHO>KECTBO

dysKkIMa S(x) orpannuyena Ha M

Ha ATOOOM MHTepBaAe (a,b) C M psip CXOAUTCS PaBHOMEPHO
dyukmus S(x) HempepbiBHa Ha M

BCe deThIpe yTBepkAeHuda A, B, C, D roKHEBIe

2
9. Ha KOOpAMHATHOM MTAOCKOCTH AQHBI ABe OKpy’XHOCTH X +y? =1 m <x— 10\/2) +

2
+ (y — 10\/2) = 1. B MmoMeHT t = 0 papuycC KaXKAOM OKPY’KHOCTH HauMHaeT yBeAWUYU-

BaTbCSI CO CKOPOCTBIO, IIPOIIOPIIMOHAABLHON ee papmuycy. Hepes OAHY CEKYHAY PapUyC

HepBOfI OKPYJ>XKHOCTHU YABAUBAETCI, da PapAUuyC BTOpOfI OKPY>XHOCTU YBEANYHNBAETCA B

yeThIpe pasa. KacaHue okKpy>KHOCTeM ITPOU3OUAET B MOMEHT BpeMeHU
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t =2 ceKyHABI
t = 3 ceKyHABI
t =1n10 cekyHp
t =1n12 cekyHp

t, OTAMUHBIM OT epeyncAeHHbIX B A, B, C, D

10. TTycte f(x) — HempepwiBHass Ha [0,+00) dyHKRuugs m a > 0. Torpa wuHTeErpasa

J x3f(x?)dx
0
1
A paBeH —J x2f(x)dx
3 Jo
Va
B paBeH ZJ xf(x?)dx
0
1
C paBeH —J xf(x)dx
2 Jo
1 Ve
D paseH 3 xf(v/x)dx
0
E He COBIIapaeT HU C OAHUM M3 BeIpakeHuu B A, B, C, D
. 5 1
11. TIpepear lim (x—x“In (14 —
X——+00 X
A paseH 0
B paBeH 1
C paBeH 1/2
D pPaBeH YUCAY, OTAUYHOMY OT IIepeducAeHHBIX B A, B, C
E He CyllecTByeT
12. Oyuknusa f(x) onpeaeaeHa Ha BellecTBeHHOU mipssmout R. Toraa

ecan f(x) HempepsiBHA Ha R, To ee TpaduK 3aMKHYT B R*

ecau f(x) mMeeT eAMHCTBEHHYIO TOUKY pa3pbiBa Ha R, W 3TO yCTpaHUMBIHA

pasphIB, TO ee rpaduK 3aMKHYT B R?

ecam f(x) UMeeT eAMHCTBEHHYIO TOUKY pa3phiBa Ha R, 1 3TO pa3phIB IIEPBOTO

poaAa, To ee rpadHK 3aMKHYT B R?

ecam f(x) mMeeT eAMHCTBEHHYIO TOUKY pa3phbiBa Ha R, ¥ 3TO pa3pbIlB BTOPOTO

poaa, TO ee rpadUK 3aMKHYT B R?

BCe yeThIpe yTBepx)AeHusa A, B, C, D roKHBIe
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13. Aano MHOXecTBO A C R?. O6osnaumm uepes X(A) = {x € R: 3y € R: (x,y) € A}

MpoeKIuio MHOXXecTBa A Ha ochk Ox. Toraa
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€CAM MHOKEeCTBO A 3aMKHYTO€, TO MHOXeCTBO X(A) TOXKe 3aMKHYyTOe
ecAr MHOKeCcTBO X(A) 3aMKHYTO€, TO MHOXECTBO A TOXKe 3aMKHYTOe
€CAM MHOJKeCTBO A OTKpPBITOE, TO MHOXeCTBO X(A) TOKe OTKPBLITOE
ecar MHOXecTBO X(A) OTKPBITOE, TO MHOXXECTBO A TOXKe OTKPLITOE

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

14. TIycts f(x) — dyukms, HempepoiBHas Ha (0,1), u T = {(x,y) € R%: x € (0,1),y =
= f(x)} — ee rpaduk. Toraa
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[' — orpaHnueHHOE MHOXXECTBO

' — HeorpaHMUYEeHHOE MHO>KECTBO
' — OTKpBITOE MHO>KECTBO

[’ — 3aMKHyTO€e MHO>KeCTBO

Bce ueThIpe yTBep)kAeHud A, B, C, D rokHBIE

15. Tlyctes pyHKIusa f(x) onpeaereHa Ha oTpe3Ke [a,b] u unaTerpupyema mno Pumany Ha

[a, b]. O6o3HauuM uepes F(x) = J f(t)dt. Toraa

a

A cyulecTByeT Takas f(x), uto F(x) umeeT paspsiB Ha [a, b]
dyuknus F(x) HenpepsiBHa Ha [a, b] n aAuddepennmpyema Ha (a,b)

C dyskiusa F(x) HenpepwiBHa Ha [a,b] u auddepeniupyema Ha BceM (a,b),
KpoMe, OBbITb MOXKET, OAHOM TOYKU

D dyukius F(x) HempepbiBHa Ha [a,b] u auddepeniiupyema Ha BceM (a,b),
KpoMme, ObITh MOXXeT, HEKOTOPOI'0 KOHEYHOI'0 MHOYKECTBa

E BCce ueThIpe yTBep)AeHua A, B, C, D roxHBIE

16. ITycte X = {X;,...,Xn}, TA€ N > 3, — CHCTeMa BEKTOPOB, IpHHaAAeKAmUX RV, Tae

N > 3. U3BecTHO, UTO ATOOBIe N — 1 BEKTOPOB U3 X AWMHEWHO He3aBUCUMBIe. Toraa

o O @ P

cucrtemMa X AMHEMHO 3aBUCUMAS
cucteMa X AMHEMHO He3aBUCUMast
eCAU cucTeMa X AMHEWHO 3aBUcHUMas, To n > N

ecAu cucteMa X AMHEMHO He3aBUCHUMadA, TO N < N
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E

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe

17. Ilyctb A — KBappaTHasg MaTpuila nmopsiaka n > 3. Obo3HauuM uyepes3 det A ompepe-

AUTEeAb MaTpulibl A. Toraa
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ecau det A > 0, To n yeTHOe
ecar det A < 0, TO N HeyeTHOe
ecau detA > 0, To det(ATA) >0
ecau det A < 0, To det(ATA) < 0

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIe

18. Ilycteb A — MaTpuila padMepa m X N, a — CTOAOeIl AAMHBI M, b — cToAOel, AAMHBI

N, U X — UCKOMBIM cToAGel mopxopsmiein aanHbl. Yepes A' obGo3HadyaeTcs MaTpHIA,

TpaHCIOHHPOBaHHasA K A. Torpa

A

E

ecAu cucrteMa Ax = a mMeeT He Ooaee OAHOI'O pelieHus IIpu AIOOOM a, To

cuctema AA'x = a UMeeT He GoAee OAHOTO pellleHUs MPU AIOOOM a

ecau cucrteMa AATX = a uMeeT He GOAee OAHOTO pellleHusl IIPpU AI0OOM a, TO

cucreMa Ax = a UMeeT He DOAee OAHOTO pelLIeHUs IIpU AI0OOM a

ecau cucrema AA'X = a coBMecTHa npu AOOOM a, TO cucreMa AXx = a

COBMECTHA IIpU AIOOOM a

ecau cucrema A'x = b coBmecTHa mpu Al60M b, To cuctema AATX = a

COBMeCTHa IIpHu AIOOOM a

BCe deThIpe yTBepX)AeHusa A, B, C, D roKHEBIe

19. Ynchro MHBAPUAHTHBIX MOAIIPOCTPAHCTB MATPUIIbI

TPAKTyeMOW KaK AMHENHBIN OIlepaTop B R?, paBHO

m 9 O @w >

O0eCKOHeYHO MHOTO
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20. Ilycts A —MaTpulla m X n, B —MaTpuila N1 X M U X, Y — CTOAOIBI AAMHBLI N U M

COOTBETCTBeHHO. Toraa

A

E

ecAu cymectByeT Yy # 0, Takoi uto ABy =y, To cymiectByeT x # 0, TaKoU

yTo BAX = X

ecau cymecTtByeT y # 0, Takou uto ABYy =y, To cymiecTByeT x # 0, Takou

yTo BAXx = —X%

€CAU CcyIiecTByeT Yy, Takou uto ABy = 0, To cymectByeT x # 0, TaKOH UTO
BAx =0

ecam cymjecTtByeT Yy # 0, Takoit utro ABy = 0, To cymjecTByeT x # 0, TaKoH
yTo BAX =0

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe

21. Auneiinblie omepaTopbl A U B siBAsiroTCst omepaTropaMmu nmpoekTrpoBanus B R™. To-

raa
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ecau AB = BA, To A + B saBAsieTcs oniepaTOpoM MPOEKTUPOBAHUS
ecau A + B sBasgeTca omepaTopoMm mpoekTupoBaHus, To AB # BA
ecau AB =0, To A + B saBAsieTca oriepaTOpoOM IPOEKTUPOBAHUS

ecanu A+ B =0, To A — B gBAsieTcd onepaTOpoM HIPOEKTHUPOBAHUSI

BCce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

22. HYCTB A uB — CUMMeTPHUYHbIE IIOANOJKUTEABHO IIOAYOIIpEeAeA€HHBbIe MATPUIBI I10-

psgaka n > 3. Obo3HauuM yepe3 rank A panr maTpuibl A. Toraa

mH 9 QO w >

ecan rank A + rank B > n, To matpuiia A + B TTOAOKUTEABHO OoTIpepeAeHa
ecau rank A +rank B > n, To maTtpuiia AB 4+ BA TOAOKUTEABHO OpepeAeHa
ecam rank A = rank B = n, To maTpuna A + B IIOAOKUTEABHO ONpeAeAeHa
ecau rank A =rank B =n, To maTtpuiia AB + BA moAroKuTeAbBHO onpepeAeHa

BCe yeThIpe yTBepkAeHusa A, B, C, D AoKHEBIe

23. Ilycts P — kBappaTHaa mMaTpulla IOpPSAKAa N, BCe COOCTBEHHBIE 3HAUYEHUS KOTOPOU

PaBHEI HYAIO UAW €AWHUIIEC. eres I o6o3HaUMM CAVMHUYHYIO MAaTpHULy. TOI"Aa

A

B

C

P2 =P
ecau P HeBBIpOKAE€HHAdA, TO P =1
(I-P)™ =(I-P)"
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D KOAUYECTBO AMHEWHO HE3aBUCUMBIX COOCTBEHHBIX BEKTOPOB MaTpUllbl P" He
IIPEBOCXOAUT KOAWYECTBA AMHEMHO HE3aBUCUMBIX COOCTBEHHBIX BEKTOPOB

MaTpPUIlLl P

E Bce ueThIpe yTBep)kAeHud A, B, C, D rokHBIE

24. Tlpy KakoOM HAMOOABIIEM 3HAUEHUM HATYPAABHOIO IapaMerpa k MaKCHUMaAbHOE

(HeTIpoAOAIKaeMoOe) pellleHre 3apauu Koim % = €% x(0) = k ompeapereHO B TOUKe
t=0.17?

A 1

B 2

C 3

D 4

E 5

25. CymMa pspa

n=0
paBHaA
A 1
B 2
C 4
D 6
E 4YHUCAY, OTAUYHOMY OT IlepeducAeHHBIX B A, B, C, D.

1+x? 1+y

26. HesBHas GyHKIUS Yy(Xx) ompeperseTcs yYpaBHEHUEM vyl n T

d
BOAHAST 4y B Touke (0,0)
dx

= 1. I'lpous-

paBHa 0
paBHa 1
paBHa —1

PaBHa YUCAY, OTAMYHOMY OT II€PpEYUCACHHBIX B A, B, C

m 9 QO w >

He CyIeCTByeT

27. BeiOepuTe UCTUHHOE yTBEPKAEHME (BCE MHOXKECTBA CYTh IIOAMHO’KECTBA YUCAOBOU

PSAMOU):
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E

IrepeceyeHnue AIODOOTO 4YHCAa HeITYCTbhIX KOMIIAKTHBIX MHOXXECTB ABAAETCS

HeIlyCThIM KOMIIaKTHBIM MHO>Xe€CTBOM

00beAMHeHNe KOHEYHOT'O YHCAA MHOMKECTB, Ka*KAO€ M3 KOTOPBIX SIBASIETCS
AUOO OTKPBITHIM, AMOO 3aMKHYTBHIM, SBASIETCSI AMOO OTKPBITHIM, AUOO 3a-

MKHYTBIM

IiepeceyeHue AIOOOT'O YMCAA AOHOAHQHI/Iﬁ K KOMIIQKTHBIM MHO>XeCTBaAM AB-

AdeTCAd AOIIOAHEHNEM K KOMIIAKTHOMY MHOXECTBY

AI0OOOe KOMIIaKTHOE MHOYKECTBO SIBASIETCS IiepecedyenrueM HEKOTOpOr'o (BOS-

MO>KHO, HqueTHOFO) YHUCAQ OTPE3KOB

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

28. BriOepure AOKHOe YTBEPKAEHHE (BCE MHOKECTBA CyTh IIOAMHO’KECTBA YUCAOBOU

IIPSAMOMN):

A

E

€CAU BCe I'PAHUUYHBIE TOYKH MHOXeCTBa He IIpUMHaAAeXXAT eMy, TO MHOXe-

CTBO 4BASETCA OTKPBITBIM

TOYHAs BEePXHIA I'PAHL HEITYCTOTO OIPAHNYEHHOI'O MHOKECTBA SABAACTCA €To

I'PAQHUYHOU TOYKOU

MHOXEeCTBO I'DA@HMYHBIX TOYEK MHOJXECTBQ4, He ABAAIOMIETOCSA HU OTKPLITEIM,

HUW 3aMKHYTHBIM, CaMO He ABAGeTCd HU OTKPBITBIM, HU 3aMKHYTBIM

€CAU MHOJXECTBO He SIBAJEeTCAd HU OTKPLITBIM, HU 3dMKHYTBIM, TO MHOXeCTBO

€I'0 'PAHUYHLBIX TOYEK HEITyCTO

cpepau yrBepxpeHun A, B, C, D ecTb XOTS OBl OAHO AOKHOE

29. AaHbI YMCAOBBIE IOCAEAOBATEABHOCTH {X,}, {y,}. Toraa

A

€CAU TIOCAEAOBATEABHOCTH {X,} U {Yn} CXOASITCS, TpuueM Yy, > 0, TO mocae-

AOBATEABHOCTD {Z, = X;/Yn} CXOAUTCS

€CAU TIOCAEAOBATEABHOCTH {X,} U {y,} cxopsaTcs, nmpuueMm x, > 0, y, > 0, TO

IIOCAEAOBATEABHOCTD {Z, = X,Y"} CXOAUTCS

€CAU TIOCAEAOBATEABHOCTH {X,} U {y,} CXOASATCS, a TTOCAEAOBATEABHOCTD {Z,}
TaKOBa, YTO X, < Z, < Yn, TO MOCAEAOBATEABHOCTH {z,} TaK)Xe CXOAUTCH,
npuueM lim x,, < lim z, < lim y,

n—oo n—oo n—oo

eCAU TIOCAEAOBATEABHOCTD {X2} CXOAMTCS, TO MOCAEAOBATEALHOCTE {X,,} ©MeeT

He Ooaee ABYX YaCTUYHBIX IIPpEeAEAOB

BCe ueTnIpe yTBep)AeHus A, B, C, D rokHBIE
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30. I'lpeaen lirgl Vx? + 2x — x paBeH
X—+00

0

= 1
31. Cymma Z —— DPaBHa
- 4n? —1

LI
32. I1 li .

paBeH 1
paBeH In 2
paBeH 0

paBeH +oo

m 9 O wWw »

He CyIeCTByeT

33. Murerpaa J

In2
In3
3ln2

2In3

m 9 QO W »

3In3

34. TTocrepOBATEABHOCTH {X,} 3aAaHa PEKYPPEHTHLIM COOTHOIIEHUEM X,.1 = 1/2(x, +

+ 2/x,); u3BecTHO, 4TO X # 0. Toraa

A ITOCA€AOBATEABHOCTD {X;} PACXOAUTCS AAS Xo < 0 M CXOAUTCS K 1 AAST Xo > 0
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E

TIOCAEAOBATEABHOCTD {X, ] PACXOAUTCS AAS Xo < 0 U CXOAUTCS K V2 AASL Xo > 0

IOCAEAOBATEABHOCTD {X;} CXOAUTCS K —1 AAST Xg < 0 M CXOAMTCSI K V2 AAS

X >0

IOCAEAOBATEABHOCTD {X,} CXOAMTCS K —V/2 AAST X < 0 M CXOAUTCSI K V2 AASE

X >0

ITOCAEAOBATEABHOCTD {X,} PACXOAUTCS AASI AFOOOTO Xo 7 0

35. TTocaepOBaTEABHOCTD {a,} TakoBa, uTo lim a,: = 0. Toraa

A

vs]

E

n—oo

lima, =0
n—oo

€CAM 4, MOHOTOHHa, TO lim a, =0
n—oo

lim a3 =0
n—oo
o0
PsIA, E a, X" IMeeT PapnyC CXOAUMOCTH He MEeHbIINH, 4eM |

n=0

BCe yeThIpe yTBepkAeHusa A, B, C, D AoKHEBIe

36. Ilyctb ap = a > 0. [TocaepoBaTEABHOCTD {a,} AASI M > 1 ompeaeaseTcs (popMyAOH

Torpa

m 9 O w P

AAs N Buaa 3k, rae k — mjenoe;
an =< a/’, argn Bupa 3k — 1, rae k — nenoe;

n
a® ; aasn oBupa 3k + 1, rae k — menoe.

CYIIECTBYeT a TaKoe, YTO MMOCAEAOBATEABHOCTh {a,} He OorpaHuYeHa
IIOCAEAOBATEABHOCTD {0, } HE SIBASIETCSI MOHOTOHHOM

€CAM ITOCAEAOBATEABLHOCTD {Q, | UMeeT IIPEeAeA, TO OHA SIBASIETCS ITOCTOSHHOM
TIPEAEA TIOCAEAOBATEABHOCTH {a,} CYIIECTBYeT TOABKO Ipu a = |

BCce ueThIpe yTBepkAeHusa A, B, C, D AoKHEBIe

o0 (0.¢]

37. Psapnl E a,x" u E b, x" MMEIOT papuyChl CXOAMMOCTH | M 2, COOTBETCTBEHHO.

n=0 n=0
0

Toraa psp Z a,byx"

A

n=0

nMeeT PapAUyC CXOAUMOCTHU 2
UMeeT PaAUyC CXOAUMOCTH |

nmeeT papnyCc CXOAMMOCTHU He MEHBIIINN, YeM 1
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D UMeeT PaAUyC CXOAUMOCTH, He OOABIIUHN, ueM 2

E BCce ueTnIpe yTBepX)AeHus A, B, C, D roxHBIE

38. Oyukuua f(x) ompepeAeHa Ha BeIleCTBEHHOM MIPSIMOM U UMEeT IIPU X — +00 aCUMII-

o0
TOTY, 3aAQHHYIO ypaBHeHUeM Yy = ax + b. Toraa papnyc CXOAUMOCTH PSAA Zf(n)xn

n=0
A OAMHAKOB Mpu Bcex a,b € R
B paBeH epuHUIle opu a =0
C IIpUHUMAaET He OOAee ABYX Pa3AWYHBIX 3HaQUEHUU
D AMOO paBeH epAMHUIle, AMOO TIPUHUMAaeT 3HaueHue, He MeHblee 2
E BCce ueTnIpe yTBep)AeHus A, B, C, D rokHBIE
T
39. Ilyctb a; = a € R, u paree ang n > 1 ompepeasieTcsa a, = sin (Ea“_])' Torpa

IIpeAeA TTOCAEAOBATEABHOCTH {a,}

He CYyIIeCTByeT Ipu |a| > 7
€CAU CYIIecTByeT, TO paBeH Aubo 0, aubo 1, Anbo —1
€CAU CYIIeCTByeT, TO paBeH Au60 1, Anbo —1

MOXeT IIPpUHUMAThb OecKOHeYHOe YHCAO 3HaUYeHUU

m 9 QO w >

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

40. Aano puddepennmarbHoe ypaeHenue Yy’ = y*. Toraa npu Ar060M Ha4aAbLHOM YCAO-

BUU €r0 MaKCHUMaAbHOE (HEIIPOAOAKAeMOe) pelleHue

OIpeAEeAeHO Ha OrpaHUYeHHOM WHTEepBaAe
onpepeaeHo 1ipu x =0
“MeeT BePTUKAABHYIO aCUMIITOTY

He OIIpeAeAeHo 1pu X = |

m 9 QO w >

BCe ueThIpe yTBepXkAeHusa A, B, C, D AoXKHEBIe

46



3.1.2 Bropag 4yacTh TecTa

1. Oyukius f(x) 3apaHa GopMyAOH

2

( n
. 1T+x
lim (cos ( ) , ecanx < —I,
n—oo n
X 1/n
f(x) =< lim (1—cos = ) , ecan —1 < x <0,
n—oo n
] ]/T'L
lim (xn + —) , ecanm x > 0,
n—oo xn

X

a pyHKIUsa g(x) :J f(t)dt. Toraa
0

a) dyukumsa f(x) ornpepereHa IIpU BCeX BEIIECTBEHHBIX X;

Aa HerT
6) rpaduk yHKIUHU f(X) UMeeT rOPU3OHTAABHYIO aCUMIITOTY;
Aa HeT
B) dyHKIMA f(x) AOCTUTAaeT HaUMEHBIIEro 3HaUeHUsI B eAUHCTBEHHON TOUKE;
Aa Het
r) f'(1) =1,
Aa HerT
p) f'(=1)=0;
Aa Het
e) dyHKIMA ¢(Xx) oIpeAeAeHa ITPU BCeX BelleCTBEeHHBIX X;
Het

Aa
K) yskrius ¢g(x) auddepeHmpyeMa B Ka’XKAOW BHYTPEHHEN TOYKe CBOEM OOAACTH

OIIpEAENEHUS;
Aa Het

3) rpaduK QPYHKIUM ¢(X) IMeeT HaKAOHHYIO (IpUYeM He FOPU30HTAAbHYIO) aCHUMIITO-

TY.

Aa Het
2. Aannl dyskiua f(x,y) = (x — a)®> +y?, rae a € R, u maOoXectBo M = {(x,y) €
€ R%: g(x,y) =0}, rae g(x,y) = x> — 3x? — 4x —y2. Torpa
a) MHOXXeCTBO M SIBASIETCSI KOMITaKTHBIM;
HerT

Aa
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0) ipu Aro6oM a QysKImA f(x,Yy) AOCTUTaeT HaWMOOABIIIETO 3Ha4YeHUs Ha M B eAUH-
CTBEHHOM TOUKE,
Aa HeTt

B) mpu Aro6oM a pyHKOus f(Xx,y) AOCTUTaeT HaMMeHbBIIero 3HaueHus Ha M,

Aa Het

r) ipu Aro6oM a yHKIuA f(x,y) AOCTHUraeT HauUMeHbIIero 3HavyeHuss Ha M He Goaee,
YyeM B OAHOM TOUKe;
Aa HeT

A) TIpu a = 3 HauGoOAbIIee 3HaueHMe PyHKIMH f(X,y) Ha M paBHO 2v/2;

Aa HerT

e) mpu a = 1 HamMeHbIIlee 3HaueHne pyHKOuA f(x,y) Ha M paBHO 1;

Aa Het

JK) CYIIeCTBYeT a TaKoe, YTO B AIOOOW TOUKe, B KOTOpou yHKmus f(x,y) aocTuraer

0
AOKAABHOI'O MMHHUMYyMAa Ha M, BBIIIOAHEHO PABEHCTBO a—g(x,y) =0;
Y

Aa Het

3) TIpU AIOOBIX PaA3AWYHBIX 3HAYEHUSIX ( HaWMeHbIWe 3HaveHWs QyHKimu f(x,y) Ha
M pasauyHBIe.
Aa Het

3. AaHa KBappaTHas BellleCTBeHHas MaTpuIia A mopsaka n > 6. MasectHo, uro A2 = —1.

Torpa

a) Matpuia A KOCOCUMMeTpU4YHad;

Aa Het

0) maTpuila A OpTOroHaAbHAasd;

Aa HerT

B) eCAUW mMaTpuila A KOCOCMMMETPUYHAsA, TO OHA OPTOTrOHAAbHAa;

Aa HerT

I') eCAW MaTpuna A CUMMETPHUYHAas, TO OHA OPTOIOHAABHAL;

Aa HeT

A) mpocTpaHcTBO R"™ pasaaraercs B IpsSIMYIO CyMMY siApa ¥ obpasa MaTpHIIHL A;

Aa Her
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€) y MaTpuIlbl A CyIecTByeT MHBapUaHTHOE MOAIIPOCTPAHCTBO pa3MepHOCTHU 1;

Aa Het

’K) Y MaTpPUIIEI A CYIIIeCTByeT 6€CKOHEUHO MHOT'O MHBAPUAHTHBIX ITOATIPOCTPAHCTB pas-
MEpPHOCTH 2;

Aa HeT

3) B R" cymectBytoT moanpoctpancTBa Ly u Ly, takue uto A(L;) C L, A(L;) C Ly u
R"=L1, o L,.

Aa Het

o
4. NaH (OYHKIIMOHAABHBIA PSA E n(e™ — ™). O6o3HauUM yepe3 M MHOKECTBO
n=I1

ero CXOAUMOCTHY, U AAS X € M 0603HauuM uepes S(x) cyMMy 3TOro psiaa. Torpa

a) MHOXecTBO M 3aMKHYTO;

Aa HerT
0) MHOXKeCTBO M He OrpaHMYEHO CBepXY;
Aa HerT
B) dyHKUImA S(x) yObIBaeT Ha M;
Aa HeT
r) dyHKIus S(x) orpannveHa Ha M;
Aa HerT
A) dyHKIus S(x) HempepbiBHA Ha M;
Aa Het
e) rpaduk QyHKIIUU S(X) ©UMeeT aCUMIITOTY;
Aa Het

3K) AASI AIOOOT'O KOMITAKTHOTO MOAMHOMKecTBa K C M psia cxoauTcs K S(x) paBHOMEpPHO
Ha MHOXXecTBe K;

Aa HeT

3) CYIIEeCTByeT HEKOMIIAaKTHOe MOAMHOXKeCTBO G C M, Ha KOTOPOM psiA CXOAUTCS K
S(x) paBHOMEpPHO.

Aa Het

49



o0

5. Oyukmus f(x) onmpepereHa Ha BeIECTBEHHOUW NPSAMON W TEPUOAWYHA, PSA Zan

n=0
(0.0}

CXOAMTCS, a PSA E b,x" UMeeT papAnyC CXOAMMOCTH, paBHbIM 1. Toraa

a)

n=0

o0
psA, E ai CXOAMTCS,;

n=0

Aa HerT

(o0}
Psip Z la,|f(n) cxopmures;
n=0

Aa Het

o0
PAA Z a,b, CXoAUTCHd,

n=0

Aa Het

[oe]
psip, Z b,.f(n)x" nMeeT papuyc CXOAMMOCTH, paBHBIA 1;
n=0

Aa Het

oo
eCAM MUHUMAALHBIN Tepuop GyHKuu f(x) paBeH V2, To psA anf(n)x“ uMeeT
n=0

PaAUyC CXOAUMOCTH, PaBHBIN 1;

Aa HerT

o
PSIA, Z a,f(n)x™ umMeeT papmyc CXOAUMOCTH, OOABIIUY 1;
n=0

Aa HerT

o0
€CAU OAVH U3 mepuopoB pyHKImU f(x) paBeHn 1, To psia Z a,f(n) cxopurcsi;

n=0

Aa HeT
€CAM MUHUMAABHBIA T1epuop QYHKIUU f(x) ABASETCS LEABIM ITOAOKUTEABHBIM UYKC-
o0
AOM, CTPOro GOABIIUM 1, TO pPsip E f(n)x"™ mMeeT papnyC CXOAMMOCTH, B TOYHOCTHU

n=0
paBHBIN 1.

Aa HerT
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3.2 OrTBeThI U pelHieHus TecTa
3.2.1 OrTBeThl HA BONPOCHI NIEPBOY IPyNHNbI

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

3.2.2 PemieHus 3apa4 BTOPOH I'PyIIbl

3apaua 1. Hatipem nipepeAbl BEIpaskKeHUM, CTOSIIUX B OlpepeAeHnn QyHKIUU f(x).

n? 2 n?
1 1 /1 1
lim ( cos ﬂ = lim|1== +x +o— — e (1H)?/2
n—oo n n—oo 2 n n2
lim (1 — COoS (§)>]/n = lim 1 <§>2 +o0 l o _
n—oo n o nooo \ 2 \ M n2 o

0, ecam x =0,

1, ecau x #0.

OcTaBHIMUCA IPEAEA HAUAEM AAS TPEX PA3HBIX CAYYaeB:

Cayuant 0 < x < 1:

lim (x“ + —) = lim — (x™+1) " =-
XTI

n—oo n—oo X X

Cayuant x = 1:

1/n
lim (Xn+x_“) = lim (1+1)""=1.

n—oo n—oo

lim | x"+ — =limx |1+ — =X.
n—oo xn n—oo XZn

TakuM ob6pasoM, QyHKIUIO f(Xx) MOMXHO 3aAaThb CAEAVIOIIEeN (OPMYAOM (CM. TaKKe

Cayuanu x > 1I:

puc. 1):
e 2 ecam x < —1,
1, ecam —1 <x <0,
0, ecan x =0,
f(x) =
1/x, ecam 0 <x <1,
1, ecau x =1,
[ % ecau x > 1.
CAepOBaTEABHO, OTBETHI Ha BOIIPOCHI () — «A@» (IIPEAEABI CYIeCTBYIOT BO BCEX TOU-
KaX BellleCTBeHHOM ocm), (6) — «pa» (mpu x — —oo pyHKIMS f(X) CTpeMUTCcs K HYAIO),
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—1 0 1 x

Puc. 1. I'paduk pynkium f(x)
(B) — «pa» (B Touke x = 0 pocTHUTaeTcsl HaumMeHblllee 3HaueHUe, pPaBHOe HYAIO), (T) —
«uet» (f'(1) He cymiecTByeT), (A) — «Aa».

3aMeTuM, 4TO eiczm x > 0, To yukius f(x) Heorpanudyena Ha otrpeske [0,x], mo-
9TOMY HUHTerpaa J f(t)dt me cymectByeT M QyHKUIUMA ¢(Xx) He ompeapereHa. Ecam ke
x < 0, To f(x) or]SaHI/Iqua Ha orpeske [x,0], u dynkiusa g(x) ompeperena. [ToaTo-
My OTBET Ha BOIIpPoOC (e) — «HeT». Tak Kak f(x) HempepwBHa mpu Bcex x < 0, To g(x)
A depeHnupyema pu Bcex x < 0 (OTBET Ha BOIPOC (JK) — «Aa»).

Tak Kak (pyHKIHSA g(x) ompepereHa Ha (—oo,0], TO HAKAOHHAS ACUMIITOTA MOJKET
OBITH TOABKO TIpH X — —oo. DOyHKOua f(Xx) MOAOKHUTEAbHAs IpU Bcex X < 0, moaTomMy
g(x) Bospacraromast, m Tak Kak ¢(0) = 0, To mpm Bcex x < 0 3HaueHus ¢g(x) < O.
3aMeTHuM, 4TO TakK Kak —(x+1)?/2 < X;I—Z, To ynkuua f(x) < ¥ npu x < 0, ¥ PyHKIUA

g(x) orpannYeHa CHU3Y (PYHKIIUEU J e dt = e’(e* — 1). Aerko BHAETb, YTO (PYHKIUS
0
e’(e* — 1) orpanmdena Ha (—o0,0], a 3Ha4uT U ¢(x) orpaHudeHa Ha (—oo,0]. [TosTOMY

g(x) KaK MOHOTOHHAas OTpaHUYEeHHass (PYHKIIUS UMeeT KOHEUYHBIN IpepeA lim g(x), a
X——00

3HAUUT UMeeT I'OPU30HTAABHYIO aCUMITOTY (OTBET Ha BOIIPOC (3) — «HET»).

3apaua 2. PaccmarpuBas ¢(x,y) = 0 Kak ypaBHeHHe Ha X IIpU (PUKCUPOBAHHOM Y,
AETKO yOeAUTBHCS, YTO OHO MMEET pelleHue IIpU A0OOM 3HAYeHHU Y, TAKUM 00pasoM,
MHOKeCTBO M He siBAsieTcsi orpaHudeHHbIM. OyHKIMSA f(X,Y), ABASIONASCS KBAaAPATOM
paccTostHUst A0 TOYKH (a, (), He sIBASIETCS OTPaHUYEeHHON Ha HEeOrPAaHUYEHHOM MHOMKe-
CTBe U, CAEAOBATEABHO, HE MOXKET AOCTUIaTh Ha HEM HAaWOOAbIIero 3HayeHus. OTBETHI
Ha BOHpOCHL (a), (0) u (p) — «HeT». [Ipyu 3TOM MHOXeCTBO M OUYEBUAHO SIBASIETCS 3a-
MKHYTBIM; HauMeHblllee 3HaueHre (yHKIuu f(x,y) Ha M He MOXKET AOCTUTAThCS BHE
kpyra D = {(x,y) € R* : (x — a)? + y* < a?} (3Havenue pyHKIUHU f BHE 3TOro Kpyra

2 B TO BpeMd KakK ee 3HauyeHue B Touke (0,0), mpuHapAesRalieli M, paBHO a?).

OoABIIIE a
MHuoxectBo M N B KOMIAKTHO, 1 K HEMYy IIpUMeHHMa TeopeMa Benepmrpacca. OTBeT
Ha BOIIPOC (B) — «A@».

3aMeTUM, UYTO MHOKEeCTBO M He COAepKMT TouekK c abcmuccort 0 < x < 4 u c

abcnuccoit x < —1. INostoMy npu a = 2 3HaueHUe (pyHKIUM f Ha MHOKecTBe M He
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MOJKeT OBITh MeHbIlle 4, a 3HaueHue 4 AOCTUTaeTCs cpa3y B AByX Toukax (0,0) u (4,0),
T.€., OTBET Ha BOIPOC (I') — «HEeT». AHAAOTMYHO, NpU a = | 3HaueHue PyHKIuUHU f Ha
MHO>XecTBe M He MoyXeT ObITh MeHbIle 1, a 3HaueHue | AOCTHUraeTCs B €eANWHCTBEHHOM
touke (0,0), B KOTOpO¥ BBIIOAHEHO 0g(X,y)/0y = 0, T.e., OTBETHI Ha BOIPOCHI (€) !
(k) — «pa». Hakonerl, mpu a = —2 3HaueHue (yHKIuM f Ha MHOXecTBe M Takke He
MOXXeT ObIThb MeHbIlle 1, a 3HaueHue | pocTturaetrcs B Touke (—1,0), T.e., oTBeT Ha

BOIIPOC (3) — «HEeT».

3apaua 3. PaccMOTpUM CAEAYIOUIYIO MaTpully 2 X 2:

(1 0 0 1 0\ 0 2
~\o 12)\=1 0/ \o 2/ \-1,2 0
(MaTpuIa, MOAOOHAs KOCOCHMMETPHYECKON). Aerko BUAETh, uTo B? = —I. B KauecTse

IIpuMepa MaTPHUIILI 6 X 6 MOKHO IIPEAANOSKUTH, HAalTpuMep, OAOYHO-AUATOHAABHYIO MaT-

puny

B 0 0
0 B O
0 0 B
(oTBeT Ha BOMpOC (a) — «HEeT»). 3aMeTUM, UTO 3Ta MaTpUIla He ABASETCSI OPTOTOHAABHOU
(oTBeT Ha BoOMpoC (0) — «HETY).
[TycTh Temepb MaTpuIia A KOcocuMMeTpudeckas, To ecTb AT = —A. Toraa ATA =
= —A? =1, a cAepOBaTEALHO A — OPTOrOHaAbHAsI (OTBET Ha BOIPOC (B) — «Aa»).
Ecam A? = —I, To mMarpuila A He MOKeT OBITb CHUMMETPUYHOM (AASI KOTOPOM

A? = ATA — IOAOKUTEABHO IOAyOIIpeAeAeHHas MaTpuiia). CAeAOBATE@ABHO, MOCHIAKA
B YTBEP)KAEHUM IIYHKTA (I') AOJKHAsI, U OTBET — «AQY».

3aMeTuM, YTO MaTpulla A HeBLIPOKAEHHAs (MHaue A’ ObIAa Obl BHIPOJKAEHHOI).
[ToaToMy ee sIAPO HyA€BOe, a o0pa3 paBeH BCeMy IPOCTpaHCTBY R™, u oTBeT Ha BOIPOC
(A) — «pa».

Ecam Obl y MaTpunbsl A OBIAO OAHOMEPHOE MHBAPUAHTHOE IIOAIIPOCTPAHCTBO, TO Y
Hee OBIA ObI COOCTBEHHBIM BEKTOP X (COOTBETCTBYIOLIUM KAKOM-HUOYAb COOCTBEHHOMY
gyrcay A). Ho Toraa 3ToT e BeKTOp X ObIA ObI COGCTBEHHLIM BEKTOPOM MATPUILI A? 1
COOTBETCTBOBAA OBl COGCTBEHHOMY YHCAY A° > 0. OpHAKO MaTpuiia A’ OTpHUIIATEeABLHO
ornpepeneHa. [ToaToMy OTBeT Ha BOIIPOC (€) — «HEeT».

YTo KacaeTcqd WHBAPUAHTHBIX ITIOAIIPOCTPAHCTB PA3MEPHOCTH ABA, TO B3AB AHOOOU
HEHYAEBOUN BEKTOP X, MBI IIOAYYMM, UTO BEKTOPHI {X, AX} 06pa3yi0T AMHEMHO He3aBUCHU-
MYIO CHUCTEMY, a TakK Kak A(Ax) = AZx = —x, TO AWHelHass 060AOUYKaA (x, AX) WHBapu-
aHTHa OTHOCUTEABHO MaTpuUIlbl A. TakuM 00pa30M, OTBET Ha BOMIPOC (XK) — «Aa».

[TopmpocTpaHcTBa [ 1 [, 13 myHKTa (3) MOKHO IOCTPOUTE CAEAYIOIIUM 00Opa3oM:
1. 3a(purcupyeM HEHYAeBOU BEKTOP Xi;

53



2. TIOAOKUM Y; = AX;, 3aMeTUM, UTO CUCTeMa {X1, Y1} AMHEHHO He3aBUCUMAs, AMHEeHHasd

o6oA0YKa (X1,Y;) MHBAPUAHTHA OTHOCUTEABHO A, U AYy; = —X1;
3. BeIOEepeM HEHYAEBOM BEKTOD X;, He MPUHAAAEKAIIUN AMHENHON 000A0YKe (X1,Y1);

4. TIOAOXKUM Y, = AX,, 3aMeTuM, 4To Y, ¢ (X1,Y1,X2) (MHaAUe Y, = oyXq + Prys + Xy, U
—X2 = Ayz = OC]AX] + B]AQ] + OCzAXz = X1y — B]X] + X2y = xX1yy — B]X] + OCz(OC]X] —+

+B1yr+oax2), ¥ x2 € (X1,Y1)) @ 3HAYUT cUCTeMa {X1, Y1, X2, Y2} AMHEHHO HE3aBUCHUMas;

5. IOBTOpSIEM AEUCTBUSA B IYHKTAaX 3 U 4 AO TeX MOP, IIOKA €CTh BO3MOXHOCTb BBIOPATH
Xmi1 & (X1, Y1y -+ yXmyYm), TO €CTH ITOKA YUCAO BEKTOPOB B CUCTEME {X1, Y1, - .y Xm, Ym}

He AOCTUTHET mNn.

B pesyabTaTe B KaueCTBe IIPOCTPAHCTBA [ MOKHO B3Tb AUHEMHYIO OOOAOUKY CUCTEMBI
BEKTOPOB {X{,...,Xn}, @ B KaueCTBe IIPOCTPAHCTBA L, — AMHENHYI0 0OOAOUKY CUCTEMBI

BEKTOPOB {Y1,...,Yn}. OTBET Ha BompoC (3) — «pan».

3apaua 4. Ecau x < 0, TO psgpA pPacXOAMTCS, TaK KaK OOIMM YAeH psiAa He CTPEMUTCS
K HyARO. [Tpu x = 0 psip, oueBupHO, cxoputcsi, U S(0) = 0. Ecam x > 0, TO psip CXOAUTCH,
TaK KaK OH IIPEACTAaBUM B BHAE PA3HOCTU ABYX PSAOB, Ka’KABINM M3 KOTOPBIX CXOAUTCH,
HaIpuMep, 1o npusHaky Aarambepa. Takum obpaszom, M = [0, +o00). CAepOBaTEABHO,
OTBET Ha BOMpPOC (a) — «Aa», Ha Bompoc (0) — «pa». Tak Kak S(0) = 0 u S(x) > 0 ans
At060ro x > 0, TO Ha BOIIPOC (B) OTBET «HETY.

Ecam x > 0, TO

—X —3x —3x(p2x __ 1 )
> —nx __ ,—=3nx) _ € - e — € (e )
S0 > ;(e ) e T e T (—en—e ™)

o0
n=
Tak kak €* =1+ x+ o(x) mpu x — 0, To u3 (1) crepyeT, 9TO
c
S(x) = - (2)
X
B HEKOTOpOM (mpaBoi) oKpecTHOCTH Touku O, Tae ¢ > 0 — HeKoTopasg KOoHcTaHTa. [To-
3TOMY Ha BOIIPOC (T) OTBeT «HeT». V3 (2) TakKe caepyeT, 4To PyHKIUA S(x) pa3pbiBHA
B HyA€, 3HQUUT, Ha BONIpPOC (A) OTBeT «HeT». V3 (2) BhITeKaeT, 4TO B Touke 0 rpacuk
dysaKIMM S(X) UMEeT BePTUKAABHYIO aCUMIITOTY, 3HAUUT, Ha BOIIPOC (€) OTBET «Aa».
Ha otpeske [0,1] (KOMIIaKTHOE MHOJKECTBO) Ka’kpasi JaCTUYHAsI CyMMa SBASETCS
HeIIPEepBLIBHOU (DYHKIIMEN, a TIpepeAbHas QyHKIug S(x) paspsiBHa. [ToaToMy Ha oTpes-
ke [0, 1] cxoaAUMOCTb He paBHOMEpHasi, U OTBET Ha BOIPOC (K) — «HET».

Ecamx > 1, TO
(o) o0
Z |n2(e—nx - e—3nx)| < ane—n)
n=1 n=1
U YMCAOBOU PSA B IIPABOM 4YAaCTU HepaBEeHCTBA CXOAUTCH. 1o nmpusHaky Benepmirpacca

HMCXOAHBIN PSiA CXOAUTCSI PABHOMEPHO Ha HEKOMITAaKTHOM MHOXKecTBe [1,+00). OTBeT Ha

BOIIPOC (3) — «pa».
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3apada 5. (a) HeT. 3HakonepeMeHHBIN KOPEeHb M3 FTaPMOHUYECKOT'O PIAa CXOAUTCS KaK

pap AerOHUIQ, @ CyMMa ero KBaApPaTOB — FaPMOHUYECKUU PSA;

(6) HeT, moTOMY 4YTO €CAM WCXOAHBIM PSIA — BCE TOT >Ke 3HAKOIlepeMeHHBIH, a f(x)
IIOCTOSTHHA (MAU MEPUOAVYHA C IIEPUOAOM, PABHBLIM 1), TO MOAyYaeTCs CyMMa MOAYAEM
3HAKONIEPEMEHHOI'0 PSAAQ, KOTopasd He o0sg3aHa CXOAUTBLCS (TOAUTCS HpuUuMep U3 (a),
CKaXkeM).

(B) Her. OGa pspa u3 npuMepa IIyHKTA (a). VIX mpon3BepeHUe ABASETCA TapMOHU-
YeCKUM PIAOM, @ PAAUYC CXOAMMOCTU AASL PYHKIIMOHAABHOTO PSIA@ HAa OCHOBE AIOOBIX
TAKUX YXUIIPEHUU paBeH eAuHUIle.

(r) Het, Tak kak f(n) Mo)ker GBITH paBHa HYAIO BO BCEX N, €CAM I[EPUOA paBeH
epvHUIe. Torpa yKa3aHHBIN PSAA — TOKAECTBEHHBINM HOABD.

(A) Het. 3apapuMm pysKImio f(x) caepyrommm o6pa3om:

1, ecau x = V2k, ke Z,
f(x) =
0, wHaue.

HaunMmenbmnui rieprop 3Tou (OyHKIUKA PAaBEH V2, HO Tak Kak V2 ecTb UppPAIMOHAABHOE
yrcao, To f(n) = 0 mpm BcexX HATYpPaAbHBIX M. TakuM 0O6pa3oM, PAAUYC CXOAUMOCTH
psipa paBeH OEeCKOHEUHOCTH.

(e) Her, Tak kak ecam y f(x) mepuop paBeH 1, a HICXOAHBIA psip M3 IIYHKTA (@), TO Y
PE3YABTHUPYIOIIEr0 psgAd PAAUYC CXOAUMOCTU B TOYHOCTH paBeH 1.

(k) Aa, Tak kak Torpa f(n) = const. [ToaTOMy TaKOU Psip CXOAUTCSI BMECTE C MCXOA-
HBIM PSIAOM.

(3) MO>XHO A€rko IIOCTPOUTH (PYHKIIUIO, He ABASIOIIYIOCS IIEPUOAUYHOU C IEepU-
opoM 1, HO HpuHHMMAIONIYIO 3HaueHWe O B IIEABIX TOYKAax (Hampumep, f(x) = sin7mx).

[TosTomy oTBeT — «HeT».
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4 BcrynureabHBIN 3K3aMeH 2011 r.

OK3aMeH [0 MaTeMaTHuKe IIPOBOAUACSA B (popMe MUCBbMEHHOro TecTa. [IpOAOAKUTEeAD-
HOCTB dK3aMeHa COCTaBASAA 4 yaca, MaKCUMaAbHAas OIleHKa — «12».

TecT cocTosn M3 ABYX 4acTeu. llepBasg dacTb copep’Kara BOIIPOCHI M 3aAQ4U 110
MaTeMaTU4eCKOMY aHAaAM3y U AMHEWHOMN aArebdpe, B Ka’KAOM CAEAOBAAO BBIOPATH OAWH
[IPABUABHBIU OTBET U3 IATU IIPEAAOKEHHBIX BAPUAHTOB.

BTopas yacTh copeprkaaa BOIIPOCH, OO bepAHEeHHbIe B OAOKH. B Ka>kpooM OAOKe Obina
BBOAHASA 4YacCTh, ONMUCHIBAIOIIAS YCAOBHUSA, B paMKaX KOTOPBIX HAAAEKAAO OTBETUTH Ha
BOITPOCHI A@HHOTO OAOKa. Ka>kapili Bommpoc TpeboBaa oTBeTa «Aa» mam «Her».

HpaBHAa OlleHWBAHUS TeCTa CAEAVIoIne

ITepBag yacTs:
* TIPABUABHBIN OTBET — «+1»
* HeNPaBUABHBIN OTBeT — «—0.25»

* OTCyTCTBHe oTBeTa — «0»

Bropag yacts:
* TPABUABHBIN OTBET — «+1»
* HEeIPaBUABHBIN OTBET — «—1»

* OTCYTCTBHe OoTBeTa — «0»

MaxkcumanbHOE KOAMYECTBO OAANOB, KOTOPOE MOJKHO OBIAO IIOAYYUTH 3a Ka’KAYIO YaCTh
TeCcTa, OAMHAKOBO. OIleHKAa 3a 3K3aMeH OIIPeAEAsIAaCh CYMMOW OAAAOB, IIOAYYEHHBIX 3@

IIepPBYIO U 3a BTOPYIO YacCTU TeCTa.

4.1 Tect

4.1.1 IlepBag 4yacTh TecTa

[o.¢]

1. AaH psA D a, C IIOAOKUTEABHBIMU YAeHaMH. KaKue M3 CAeAYIOIIUX yTBEpPKACHUN
n=1

(I, 11, III) uctuHHbIE?

(e.¢]

I. EcAan PAA Z a, CXOpAUTCd, U {bn}—HOAO}KI/ITeABHaH IIOCA€AOBATEABHOCTDH, TaKas
n=1

. bn &
yto lim — =1, To psAp ) b, cxopuTcs.

o0

II. EcAan PAaA Z a, CXOAUTCHd, TO CYIIECTBYET IIOAOJKUTEAbHASI ITOCAEAOBATEABHOCTDH
n=1

b [e'e)
{bn}, Takas uro lim — = +oco u psip Y b, cxopmTCH.
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o0

III. Ecan PsA Z a, PACXOAUTCHA, TO CYLIEeCTBYET IIOAOKUTEABHAS IIOCACAOBATEABHOCTD

n=1

b o]
{b,}, Takas uTo lim — =0 u psip Y b, pacXopUTCs.

m 9 QO @w >

TOABKO [
TOABKO I
TOABKO [ u II
TOABKO II 1 III

[ II u III

2. Aaubl TIOATIpOocTpaHcTBa Ly, L, L3 AunetiHoro mpoctpascTBa R"™, rae n > 3. O6o3Ha-

4ymM uepe3 Ty, My, N3 pa3mepHocTtu Ly, L,, L3 cooTrBeTcTBeHHO, U 4yepe3d X & Y MNpsAMYIO

cyMMy nopnpoctpancTs X u Y. Toraa

m 9O O @w >

ecruni+mn,=n, o R"=L®L,
ecam [, # L3, o L1+ L #1L + 15
ecAu Ny #ng, o Ly + L, £ L 4+ 13
ecnm L1, =L L3 ol =15

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIE

3. AaHbl MaTpuIlbl A padMepa m X n u B padmepa n x m. Toraa

g O w »

E

ecnu AB=1, to BA=1
ecam AB =1, To BA 3apaeT onepaTop NpOeKTUPOBAHUA
ecau AB 3apaeT omepaTop NpoeKTHupoBaHus, To BA =1

ecan AB 3apaer orepaTop IpoeKTUpoBaHUsA, TO BA 3apaeT orepaTop IIpo-

E€KTUPOBAHUA

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

4. ANaHa KBaApaTHas BellleCTBeHHas MaTpuila A TOpsgpka n > 6. O0o3HauuM depe3

det A ompepeanTeAb MaTpuilbl A. Toraa

A

ecau detA > 0, To y Marpunsl A CyIIeCTByeT OTPULLATEABHOE COOCTBEHHOE

YHCAO

ecan det A < 0, To y MaTpullbl A CYyIIECTBYeT ITOAOKUTEABHOE COOCTBEHHOE

YHUCAO
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C ecan det A > 0, To y MaTpulbl A CYyIIECTBYeT ITOAOKUTEABHOE COOCTBEHHOE

YHCAO

D ecan detA < 0, To y MaTpullbl A CyILIeCTByeT OTPHUIIaTEeAbHOe COOCTBEHHOE
YHCAO

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

5. AaHa opToroHaAbHasi MaTpuiia A mopsiAka n > 6. O6o3HauuM depe3 | eAMHUUYHYIO

MaTpuny mnopsiaAka n. Kakue u3 caepyromux yrBepxaeHuit (I, II, III) nctuHHBI?

II.

III.

1
MarTpwuriia Z(I — A) 3apaeT orepaTop IIPOeKTHPOBAHMUSI.

1
Ecam MaTpuila A cuMMeTpUYHas, TO MaTpHUIla z( [+ A) 3apaeTt omnepaTop ITPOEKTH-

pOBaHUS.

1
Ecam MaTpuila A KococuMMeTpuYHasi, ToO maTpura (I + A) 3apaeT ormepaTop Ipo-

€KTUPOBaHMUI. :
A HU OpHO U3 yTBepxkpAeHuu I, II u III

B TOABKO I

C TOABKO III

D TOoABKO II m III

E [ I ull

6. AaHa IpAMOYTOABHAs MaTpulla A pasMepa mxmn, b — cToAOel] AAMHBI M, ¢ — CTOADeT]

AAUHBI . ¥ X — UICKOMBIN CTOAOEI] TIOAXOAAIIEU AAWHBI. Hepe3s AT 06o3HaUUM MaTpHUILy,

TPAHCIIOHUPOBAHHYIO K MaTpuile A. Torpa

A ecAu cucTteMa Ax = b mMeeT pellleHHe IIPH AIOOOM b, To cucrema A'x = ¢

UMeeT pellleHre IIpu AI000M C

B ecAu cucrteMa Ax = b UMeeT pellleHHe IIPH AIOOOM b, To cucrema A'x = ¢

He UMeeT pellleHUd HU ITpU KakoM c # 0

C ecau cuctemMa Ax = b mpu AroO60M b UMeeT eAMHCTBEHHOEe pellleHue, TO

cucreMa A'x = ¢ Ipu AIO6OM C UMeeT eAMHCTBEHHOE pPellleHHe

D ecam cucremMa Ax = b nipu Aro0oM b uMeeT He OOAee OAHOTO PeIlleHUs, TO

cuctema ATx = ¢ nipu AIOGOM ¢ ©MeeT He GoAee OAHOTO PelleHUs

E Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

7. AaHa KBappaTHas HEeBBIPOKAEHHAs mMaTpuila A 1opsiaAka n > 2. Toraa
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E

ecau A CUMMeTpHX4YHasd, TO AZ CUMMeTpHUYHAdA ITOANOKUTEABHO OIIpEeACACHHA

MaTpula

ecAu A HecUMMeTpHWYHast, TO A’ CHMMeTpUYHAsE TIOAOKUTEABHO ONPEACACH-

Has MaTpulia

ecAr A? CUMMeTPHUYHAsl TIOAOKUTEABHO OIPeAeAeHHasi MaTpPHUIla, TO A CHM-

MeTpUYHAA

eCAnu A2 CUMMeTpHUYHAsd IIOAOKHUTEABLHO OIIpepAeA€HHad MaTpulla, TO A

HeCuMMeTpHUYHAaA

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

8. AaHa KBaApaTHas MaTpula A mopsaka n > 2. MssectHo, uto A? 4+ 2A = 0. Toraa

g QO w »

E

MaTpula A BBIPOKAEHHAS
MaTpulla A HEBBIPOKAEHHAS
yncaa 0 U —2 oba IBASIOTCSI COOCTBEHHBIMM YUCAAMM MaTpUIIBl A

XOTs1 ObI OAHO M3 YHCEA 0 u —2 He 9BASIETCS COOCTBEHHBIM YHCAOM MaAaTpPHULEI
A

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

9. AaHBI IPIMOYTOAbHBIE MAaTPUIILI A pa3Mepa m X n U B padMepa n X m, rae m > 2,

n > 2. M3BectHo, uTo MaTpuiia AB HeBhIpOkAeHHasA. Toraa

m 9 O w >

m<mn
m>-n
rank BA =rank AB
rank BA # rank AB

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIE

10. MHo>XecTBO A sIBAsSETCS IOAMHO>KeCTBOM MHOXXECTBa BellleCTBEHHBIX uuceA. Toraa

€CAN MHOJXXECTBO IIPEAEABHBEIX TOYEK MHO>XEeCTBA A IIycTOo€, TO MHOXEeCTBO

A KOHeuHoe

€CAN MHOJXEeCTBO IIpEeA€ABHBIX TOYEK MHOXXeCTBda A COBIIapAdeT C MHOXXe-

CTBOM BHYTPEHHUX TOYEK MHOXXeCTBa A, TO MHOYXECTBO A 3aMKHYyTOe

€CAN MHOJXeCTBO IIpeA€ABbHBIX TOYEK MHOXXeCTBa A COBIIapAQ€T C MHOXKe-

CTBOM I'PAHHUYHBEIX TOYEK MHO>XeCTBa A, TO MHO>XKeCTBO A 3dMKHYTO€e
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D

E

€CAN MHOJXEeCTBO IIPpEAEABHBIX TOYEK MHOJXeCTBa A 3aMKHYTO€, TO MHOXe-

CTBO A 3aMKHYTOE€

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIEe

11. PaccMaTpuBaroTCA IIOAMHOXKECTBA BeIIeCTBEHHOU OCU. Toraa

A

E

HafIAeTCH 3aMKHYTOe€ MHOXXeCTBO, SBASIOIIeeCs KOHEYHBIM IIepecedueHureM

OTKPBITBIX MHOJXEeCTB

HafIAeTCH 3aMKHYTO€ MHOXXeCTBO, SIBASIOIIeeCsi CIeTHBIM IiepecedeHneM OT-

KPBITBIX MHOJXECTB

HafIAeTCH OTKPBITOE MHOJXECTBO, SABAAIOIIIeeCd KOHEUYHBIM IIepeCedyeHreM 3a-

MKHYTBIX MHO>XeCTB

HafIAeTCH OTKPBITOE MHOXXECTBO, SABAMAIOIIEeCd CUETHBIM IlepeCcedyeHrueM 3a-

MKHYTBIX MHOXECTB

Bce ueThIpe yTBepkAeHud A, B, C, D rokHBIE

12. TTocaepoBaTeABHOCTD {a,,n = 1,2,...} He cxopuTcs. Toraa

A

m O O w

CyIecCTByeT TadKasl IIepeCTaHOBKA YACHOB ITOCAEAOBATEABHOCTH, YTO IIOAY-

YeHHad ITOCAeAOBATEABHOCTE CXOAUTCA

IIOCAEAOBATEABHOCTh {b, = e, n =1,2,...} He CXOAUTCS

MIOCAEAOBATEALHOCTE {¢, = a3, n =1,2,...} He cxopUTCS
IIOCA€, d, = a? — Iin=12
AOBaTEABHOCTH {d,, = a; —a, +1,n=1,2,...} He cxopuTCH

Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe

13. Ha wnTepBanre (a,b) 3apaHa (PYHKIIMOHAABHAS ITOCAEAOBATEABHOCTH {f,(x),n =

=1,2,...}, npuueMm Kakpas pyHkius f,(x) auddepenimpyema Ha (a,b). Toraa

A

€CAU TIOCAepOBaTeAbHOCTH {f,(x),n = 1,2,...} cxoputca K QyHkrium f(x)

paBHOMepHO Ha (a,b), To pyHKIUM f(Xx) HenpepbiBHa Ha (a,b)
€CAM TIOCAepOBaTeAbHOCTH {f,(x),n = 1,2 ...} cxopurcs K QyHKumu f(x)
paBHOMepHO Ha (a,b), To pyukuusa f(x) aAuddepennupyema Ha (a,b)

€CAM ToCAepOBaTeAbHOCTH {f,(x),n = 1,2,...} cxopurcs K yHKumu f(x)
paBHOMepHO Ha (a,b) u Anrdg Atoboro x € (a, b) cymectByer lim f) (x), To f(x)
n—oo

Arddepennupyema Ha nHTepBare (a,b) u lim f/(x) = f'(x)

€CAM TIoCAepOBaTeAbHOCTH {f,(x),n = 1,2,...} cxopurcs K QyHKumu f(x)
paBHOMEpHO Ha (a,b), To mocaepoBaTerbHOCTH {f2(x),n =1,2,...} cxopuTcs

K pyskiuy f2(x) paBHOMepHO Ha (a,b)
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E Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe
14. Oyuknusa f(x) 3apaHa paBeHCTBaAMU

X7, ecAr x < 2,

ax’ +b, ecam x > 2,

u pAuddepeHnupyeMa Ha Bcer npsamou. Torpa

A a=3 b=—4

B a=2,b=0
C a=1,b=4
D 4lncAa a, b He COBIapalOT HU C OAHUM U3 BapuaHTOB A, B, C
E TAKUX YUCEA a, b He CyILeCTByeT
15. AaHa QyHKIUS ABYX IlepeMeHHbIX f(x,y) = x*+1y? u MmHOKRecTBO M = {(x,y): \/Ix|+

+ 2¢/lyl = 2}. Torpa

A dyurmus f(x) Ha MHOKecTBe M AoCTHTaeT HauOOABIIIETO 3HAUYEHUS B ABYX
TOUYKaX

B dyskiusa f(x) Ha MHOXXecTBe M AOCTUTaeT HaWMEHBIIIero 3HaUeHUsI B ABYX
TOUYKaX

C ATOOOM NOKAABHBIM 3KCTpeMyM (yHKImU f(x) Ha MHOKeCTBe M SIBASIETCS

AMOO TOYKOU HAUMEHBbIIero, AMOO TOUKOU HAaUOOABIIEro 3HaueHus PyHKIINNU

f(x) Ha MmHOXecTBe M
D HanOoAblIllee 3HaueHue pyHKIMM f(x) Ha MHOKecTBe M pasHO 20

E BCe yeThIpe yTBepkAeHusa A, B, C, D AoKHEBIe

16. ITycth )  a, —9MCAOBOH psip. Toraa

n=1

0 0
A ecAm psAp, Y |a,| pacxoamTest, To psa Y a2 pacxopuTCs
n=1 n=1
B €CAH PSA ) _ Qi CXOAUTCS, TO PSIA ) —— CXOAUTCS
n=1 n=1 Inn
C €CAU PSIA ) @5, CXOAUTCS, TO PSIA ) — CXOAUTCS
n=1 n=1 M
o0 o0 a
n
D €CAH PSA ) G, PACXOAUTCS, TO PSIp ) Ton PACXOAUTCST
n=1 n=1107M
E Bce yeThIpe yTBepkAeHud A, B, C, D rokHBIe
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17. Oyuknus f(x) =

f(x) = f(

m 9 O w >

3
X .
? pPa3aokeHa B OKPECTHOCTU TOYKH Xp = 0B pPA, TeI/IAOpaZ
X

1

0) + > cpx*. Torpa

k=1
c;=2,¢c3=2
c;=1,¢c5=0
c;=—2,¢c3=0
c;=—1,¢c3=0

4HCAd C7, Cg HE COBIIAAAIOT HU C OAHUM u3 BapuaHTOB A, B, C, D

18. Aana yHKIUS AByX nepeMeHHbIX f(x,Yy) = min{x,y} u mHO)RKecTBO M = {(X,y): (X —
—2)> 4+ (y —1)? =5}. Toraa

A

E

dyukmus f(x) Ha MHOKecTBe M AOCTHTaeT HauOOABIIIETO 3HAYEHUs B ABYX

TOYKaAX

dyskiusa f(x) Ha MHOXXecTBe M AOCTUTaeT HaWMEHBIIero 3HaUeHUsI B ABYX

TOYKaAX

CYILIECTBYeT AOKAAbHBIM MUHUMYM (PyHKIHUU f(x) Ha MHOMXecTBe M, KOTO-
PBIM He SIBASETCSI TOUKOM HaWMeHBbIIero 3HaueHus: yHKIun f(x) Ha MHOXe-

ctBe M

CYIIECTBYIOT ABa AOKAABHBIX MaKcmMyMa QyHKIuM f(x) Ha MHOKecTBe M,
KOTOpBbIe He SIBASIOTCS TOYKaMU HamOOABIIero 3HaueHus (yHkuuu f(x) Ha

MHOXecTBe M

BCe yeThIpe yTBepkAeHusa A, B, C, D roKHBIe

19. O6BeKT A ABUJKETCA HAa KOOPAUHATHOW IIAOCKOCTHM PABHOMEDPHO BAOABL IIPSIMOM

4y — 3x = 0 co ckopocTbio 20 M/ceK B HallpaBAeHUM yBeAndeHus x U y. OObeKT B

ABUJKETCSI Ha KOOPAMHATHOM IIAOCKOCTH PaBHOMEPHO BAOAB IpsaAMol 3y —4x = 0 co cko-

pocThiO 15 M/ceK TaK)Ke B HallpaBA€HUN YBEAWUYEHUS X U Y. B HauaAbHBIM MOMEHT Bpe-

MeHUt OOBLeKT A HAXOAUTCSA B Ha4aAe KOOPAUHAT, 00BeKT B — B Touke C KOOpAHATAMU

(21,28) (epunHUIla M3MepeHUsT KOOPAUMHAT — MeTp). O6BeKThl A u B OyAyT HaXOAUTBHCS

HA HAaMMEHbIIEeM PAaCCTOdHUN

o N W »

yepe3 OAHY CEKYHAY IIOCAe Hadyard ABU>KEHUS

yepe3 ABe CEKYHABI IIOCAE€ HavyaAa ABUKEHUS

yepe3 TPU CEKYHABI IIOCAE€ HavyaAad ABUKEHUS

yepes3 IPOMEXYTOK BpeMeHH, OTANYHBIN OT 3HAYEeHUY, [IEPEUNCAEHHBIX B A,

B, C
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E

HauMeHbIIero paCCTodHus He CylleCTByeT

20. Oynkimsa f(x) HempepbiBHa Ha oTpeske [a,b] u auddepeHIupyemMa Ha UHTEPBAAE

(a,b). HaliauTe A0KHOE YTBEpIKAEHUE.

A

E

o6pa3 oTpeska [a,b] mpu oToGpakenuu f(x) sIBASETCS KOMITAKTHBIM MHOMe-

CTBOM
o6pa3 oTpesKa [a, b] mpu oToOpa>keHuu f(x) IBASIETCS CBI3HBIM MHOKECTBOM
dyskius f(x) naTerpUpyema 1no Pumany Ha oTpeske [a, b]

AASI AIOOBIX umceA ¢, d, TakuxX 4To a < ¢ < d < b, BBIIIOAHEHO PaBEHCTBO
d

f(d) —f(c) = J f'(x)dx

C

cpeau yTBepxpaeHunt A, B, C, D ecTb A0OKHOe

3
X
21. AaHa TIOCAEAOBATeALHOCTh (PYHKIHMH f,(x) = n? (1 — cos >, n=1 2 ....

n

[Tycte M C R — MHO’XeCTBO TaKMX YHCEA X, AAS KOTOPBIX cylecTByeT lim f,(x). Aas
n—oo

Ka’kporo x € M o6osnauum f(x) = lim f,(x). Toraa
n—oo

A MHO>XeCTBO M OorpaHUYeHO CBepXy
B dysKIMA f(X) IBAIETCS HEUETHOU (PYHKIIUEN
C rpadpuk pyHKImu f(x) UMeeT HaKAOHHYIO aCUMIITOTY
D f'(1) =6
E BCce ueTnIpe yTBep)AeHus A, B, C, D roxHBIE
22. Tlycte M — MHO>XeCTBO CXOAUMOCTH (PYHKIITMOHAABHOTI'O PSAQ i n(x——:U“ Toraa
A M = (—o0,—4) U (2,+00)
B M = (—o0,—4/3) U (2/3,4+0)
C M = (—4,2)
D M = (—-4/3,2/3)
E MHO>XecTBO M He COBIaAaeT HHU C OAHMM u3 MHOXXecTB B A, B, C, D
23. TTocaepoBaTEABHOCTH {Xn,n = 1,2,...} 3apaHa paBeHCTBAMU X; = A, Xni1 = Xn +

+sinx,, n > 1. Toraa

A

CymecCTByeT TaKOe HHUCAO a, UYTO ITIOCAeAOBATEABHOCTD {Xn, n= 1,2, .. } nmeetT

ABe IIpepAeAbHbIE TOYKU
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B CYIIEeCTBYeT TaKoe YHUCAO @, UYTO ITOCAEAOBATEABHOCTE {Xn, N = 1,2 ...} ABAS-

eTCs HeOrpaHUYEeHHOM

C CYIIECTBYeT TaKoe UYMCAO a # 27, 4To lim x, = 27
D ecnma=1,To limx, =7
n—oo
E BCce ueTnIpe yTBep)AeHud A, B, C, D roxkHBIE
24. HeompepenreHHBINM MHTETrpPaa J 2 dx aBeH
’ PeA P 2x8 +4 P
2 4
A \/;X In(2x3 +4)+C
V2 x*
B —-— tg| — C
2 3)-
1 x* )
C —arctg| — | +C
g (ﬁ
5 e (35)
D —arctg| —= | +C
g YN\ 2
E APYTro¥ (OyHKIIUU, OTAUYHOUN OT IepedncAeHHBIX B A, B, C, D

25. Tlpepea lim n <\5/n5 +5n4 —v/n2 + Zn) paBeH
0

—3/2

5/2

APYTOMY YWCAY, OTAMYHOMY OT IlepedHCAeHHbIX B A, B, C

m 9 QO @w P

He CyIeCTByeT

-1 n+1
(=1 x"=4—x

26. YpaBHeHUe ) _
n=1 n

nMeeT eAMHCTBEHHOe pellleHne, Aexkallee B uHTepBaae (0,1/5)
“MeeT eAMHCTBEHHOe pellleHue, Aexkalllee B uHTepBaae (1/5,1)
“MeeT eAMHCTBEHHOe pellleHue, AeKalllee B uHTepBaae (2,3)

He nMeeT pelleHud

mH 9 QO W »

BCce yeThIpe yTBepkAeHusa A, B, C, D AoKHEBIe

27. OCTpBIN yTOA, IOA KOTOPBIM KpHBEIEe X% + 2y? = 3 u x? + 3x + 4y* = 8 mepecekaroTcs

B Touke (1,1), paBen
A arct 1
I3
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B arctg %

2
C tg =5
arctg -
3
D tg —
arctg .

E APYT'OMY YHCAy, OTAMYHOMY OT IlepedyucAeHHBbIX B A, B, C, D

28. NuTerpan

r 5dx
0o X —3x—4
paBeH
A —In3
B —1In2/3
C —51Iné6
D —Iné6
E YMCAY, OTAUYHOMY OT IlepeuncAaeHHbIX B A, B, C, D

29. HeonpepeAeHHBIN MHTErpaA

J ctg xdx
In(sin x)
paBeH
1 —cosx
A In|———
1+ cosx
1—
B B ‘ Ccos X
14 cosx

C —Incosx + C
D Inlnsinx + C
E

YHKIIUN, OTAWYHOM OT IepeuucAeHHBIX B A, B, C, D

X
30. MakcuMaAbHOE (HEIIPOAOAYKAaeMoe) pellleHue 3apauu Ko T xsint, x(0) =1,
B TOUKe t = 7T paBHO

m O QO @ >
o
L

YHUCAY, OTAUYHOMY OT IlepeuncAeHHBIX B A, B, C, D, uau He cyljecTByeT
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31. MakcuMaAbHOe (HelpopOAYKaeMoe) pelleHue 3apauu Komm z/' = (z + 4x)?%, z(0) = 2,

B TOUKe X = 71/24 paBHO

m 9O QO @w >

2/V3
2/V3+m/6
2v3
2V3+m/6

YHMCAY, OTAUYHOMY OT IlepeuncAeHHBIX B A, B, C, D, uau He cyimjecTByeT

dx
32. MakcuMaAbHOE (HEITPOAOAKaeMoOe) pellleHne 3apauun Ko i xet—ee™, x(0) =2,

OIIpeAeAeHO Ha

A UHTepBaAe (—oo, ef)
B uHTepBaAe (—oo,e’)
C WHTEepBaAe (—oo,2e¢)
D BCEU YMCAOBOU MIPSMOM
E UHTEepBaAe, OTAUYHOM OT mepeuucAeHHbIX B A, B, C, D
33. TIpeaen
Him sin(7t/2 — 104/x) In cos 2x
x=0 (2 =T1)((x +1)° — (x—1)3)
paBeH
In2
A =
5
1
B _
5In2
C —5
D —5In2
E UHNCAY, OTAUYHOMY OT IlepeuncAeHHbIX B A, B, C, D, uau He cyijecTByeT
34. Tlpeapen
. cosx—+V1—x2
lim
x—0 x4
paBeH
A 00
1/6
C —1/12
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D 0

E YHCAY, OTAUYHOMY OT IlepeuncAeHHBIX B A, B, C, D, nuau He cymjecTrByeT
35. Tpeaen
limsin(e® — 1) - sin(1/x)
x—0
paBeH
A 1
B 2
C e
D 0
E

YHCAY, OTAUYHOMY OT IlepeuncAeHHBIX B A, B, C, D, uau He cymjecTrByeT

36. Murerpaa

Tt
J x? cos xdx
0

paBeH
A 0
B s
C —T
D —27
E YMCAY, OTAUYHOMY OT IlepeuucAaeHHBIX B A, B, C, D

37. MuTerpaa

/2
J sin® xdx
0
paBeH

A 2/3
B 4/3
C 1/2
D 1
E YHCAY, OTAUYHOMY OT IlepeumncAeHHBIX B A, B, C, D

38. Oyukuuu f(x) u g(x) onpeapereHB B HEKOTOPOM OKPECTHOCTHU HYAS, TIpUYEM CYIile-

CTBYIOT IIPEAEABI 1irr& f(x)g(x) u lin(} f(x) + g(x). Kakme u3 caepyrommx yrepkaeHUN (I,
X— X—

II, III) ucTuHHBI?
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[. CyImmecTByeT IIpeaea 1{15% 2(x) + g*(x).
II. CyurecTByeT mpeaea lxlg(} f(x) — g(x).
III. CyuiecTByeT mpeaea }(1:% f(x).
TOABKO [

TOABLKO 11

TOABKO I 1 II

g O w >

TOoABKO II m III

E I, II nlll

39. Oyukuua f(x) onpeapereHa B OKPECTHOCTU HYAs. KaKue M3 CAEAYIOUINX YTBEPIKAEe-

Huu (I, II, III) nctuHHBI?

I. EcAM AAST HEKOTOPOIo HaTypaAbHOro k cymmecrsyet limf(x)x*, To u ars Aro6oro
X

HaTypaAbHOTO | > Kk CcyIecTByeT lin(} f(x)x".

II. EcAn AAS HEKOTOPOTO HATypaAbHOIO k CyllecTByeT lin(} f(x)x*, To cymectByer u
X—

lim f(x)x*Inx.
x—0+

III. EcAu AAST HEKOTOPOTO HATYPAABHOTO Kk AASL AIOOOTO HATypPaAbHOTO | CYIIIeCTBYeT

lim f(x)x*In'x, To cymecTsyeT lim f(x)x*".
x—0 x—0

A TOABKO [
B TOABKO I
C TOABKO [ u II
D TOABKO [ u III
E [ I ull

40. Oyukuuu f(x) 1 g(x) onpeaeseHbl Ha BCel YUCAOBOM Tipsgmol, mpudeM f(0) = g(0) =

= 0. Torpa

A ecau f(g(x)) HempephiBHA B HyAe M ¢(x) HelpephiBHa B HyAe, TO u f(x)

HeIlpepbIBHA B HyAe

B ecam f(g(x)) HempepblBHA B HyAe M f(x) HempephlBHa B HyAe, TO U ((X)

HeIlpephIBHA B HYAE

C ecamn f(g(x)) HempepbiBHa B HyAe u ¢(f(x)) HempepwiBHa B HyAe, TO u f(x)

HeIlpepbIiBHA B HYAE
D ecau f(f(x)) HempepbIiBHA B HYyAe, TO U f(x) HelpepbIBHA B HyAE

BCe ueThIpe yTBepkAeHusa A, B, C, D roKHEBIe
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4.1.2 Bropas 4yacTh TecTa

1. KBaappaTHag maTpuliia A 4eTBEPTOT'O MOPSIAKA 3apAdeT B CTAHAAPTHOM Oa3uce AUHEU-
HOro mpocTpaHcTBa R! omepaTop mpoekTHpoBaHMS, He paBHBIN HYA€BOMY U TOJKAE-

CTBEHHOMY oIliepaTopaM. AaHbI YeThIpe BEKTOpa:

X1 =

o = 4o o
o o = -
- - o o
N )

M3BeCcTHO, YTO Xq, X2, X3 IBASIFOTCSI COOCTBEHHBIMU BEKTOpPAMM MATPHIILI A, a X, X3, X4

ABASIIOTCSI COOCTBEHHLIMU BEKTOPaMH TPAaHCIOHMpPOBaHHOM MaTpuibl AT. Toraa

a) MaTpuna A 3apaeT OPTOTOHAABHBIM MPOEKTOP (IPU CTaHAAPTHOM CKAASIPHOM IMIPO-
U3BEAECHUMN);
Aa Het

0) paHr MaTpullbl A paBeH 2;

Aa Het

B) paHT MaTpuIbl A He paBeH 2;

Aa HerT

I') reoMeTpuuecKas KPpaTHOCTb COOCTBEHHOI'O YKUCAa | MaTpullbl A paBHa TpeM;

Aa HeT

A) BEKTOP X4 ABASETCS COOCTBEHHBIM BEKTOPOM MATPUIBI A;

Aa HerT

€) eCAU CyMMa dAeMeHTOB MaTpHUllbl A paBHA HYAIO, TO TOYKa A = 0 IBASIeTCSI TOYKOU

nepern6a XapaKTepUCTHYECKOI'0 MHOTOYAeHa P(A) MaTpUIsl A;

Aa HerT

K) eCAW CyMMa B3AeMeHTOB MaTpunbl A paBHa 4, To Touka A = 1 ABASIeTCSI TOUYKOM

nepern6a XapaKTepUCTHIECKOI'0 MHOTOUYAeHa P(A) MaTpUIsl A;

Aa Het

3) y MaTpHIlBl A CyIIecTByeT 6€CKOHEYHO MHOTO WHBAPUAHTHBIX TTOAIIPOCTPAHCTB pas-
MEpPHOCTH 3.
Aa HeT

69



. Aanwl pyskus f(x,y) = (x +2)? +y* u maoxectBo M = {(x,y): y* = x> + 3x*}. Toraa

dyuruus f(x,y) AOCTUTaeT HAMMEHbIIIEro 3HAYEeHUsT Ha MHOKeCcTBe M B eAUHCTBEH-
Hou touke (—3,0);
Aa Het

dbyuxruua f(x,y) He AoocTUTraeT HaUMeHBbIIEro 3Ha4eHUsI Ha MHOXKecTBe M;

Aa Het

dyukius f(x,y) AocTHraeT HauOOABIIEro 3HaYeHUsI Ha MHOKeCcTBe M pOBHO B Tpex
Toukax (—2,2), (—2,-2), (0,0);

Aa Het

dyskius f(x,y) He AoCTUTaeT HaMOOABIIIETO 3HAUYEHUsI Ha MHOKeCTBe M;

Aa Het

TOYKa (—2/3,—«/28/27) SIBASIETCSI TOUKOU AOKAABHOTO MMHMMyMa (yHKimu f(x,y)
Ha MHO>XecTBe M;
Aa HeTt

Touka (—2/3,1/28/27) siBAsieTCS TOUKOM AOKAABHOrO MakcuMyMa (pyHKimu f(x,y)
Ha MHO>XecTBe M,
Aa HerT

TOYKa (—2,2) IBASETCS TOYKOM AOKAABHOTO MaKcuMyMa QyHKIum f(x,y) Ha MHOXKe-
cTBe M,
Aa Het

TouKa (1,2) IBASIeTCS TOYKOM AOKAABHOT'O MakcmMyMa (QyHKinu f(x,y) Ha MHOXKe-
ctBe M.
Aa HerT

[TycTb x(t) — MakcuMaAbHOE (HEIPOAOAIKaeMoe) pelreHue 3apauu Korrm

dx ox
&= e PR, X0 =y,

TA€ X U Y — BellleCTBEHHbIe YMCAQ, a 3(t) — HempepbIBHas (DYHKIIUs, OIIpeAeAeHHas Ha

BCeU BellleCTBeHHOU IpsaMou. Toraa

a)

ecau [3(t) > 0 mpu Bcex t > 0, To x(t) MOHOTOHHO He yObIBaeT Ipu Bcex t > 0;

Aa Het
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0) ecam [3(t) orpaHMYeHa Ha BCeW YMCAOBOM MpsMOM, TO X(t) orpaHnyeHa Ha CBOEWU

00AQCTHU ONIPEAENEHUSd;

Aa HerT

B) yHKIMA X(t) ompepereHa Ha BCeW YMCAOBOM TPSIMOMT;

Aa Het

r) ecau 3(t) =0, To x(t) — HeueTHass PyHKIIUS;

Aa Het

A) ecam x <0, vy<O0wu B(t) <O mpu Bcex t >0, To x(t) < 0 ipu Bcex t > 0 U3 obracTu
orpepeAeHus x(t);
Aa HeT

t

e) ecam o« >0, vy >0 u B(t) > 0 opu Bcex t > 0, To x(t) >J B(u) du mpu Bcex t > 0 u3
0
obAacTu orpepereHus x(t);

Aa Het
X) ecauax=1,v=0, B(t)=1 +\/%, To X(3/2) > ¢
Aa HeT

3) ecam =3, v =0, B(t) =83, To x(5) < 5000.
Aa HerT
x2—x+1

4. Oyukius f(x), x € R, onpepeasiercs paBeHCcTBOM f(x) = J g(t)dt, rae g(t) =
3x—2

= ,teR. T
i+ 2 € oraa

a) mpom3BopHas f'(x) cymecTByeT mpu KaXkpaoM x € R;

Aa HerT

6) ypaBHenue f(x) =0 uMeeT ABa pelleHUs;

Aa HerT

B) dynkiusa f(x) pocturaer Ha R HambGOABIIIEro 3HaAYEHUS;

Aa Het

r) dyuknus f(x) poocturaer Ha R HauMeHbIIEro 3HaYEHUS;

Aa Het
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A) TOUKa X = /3 ABASETCS TOYKOH AOKAABHOTO MUHUMyMa (QyHKIuH f(x);

Aa Het

e) Ha otpeske [—1,0] dpynkius f(x) Bo3pacTraer;

Aa Het
JK) CyIIecTByeT KOHEUHBIM IIpepen lim f(x);
X——00
Aa Het

3) rpacduk pyHKIMU f(Xx) UMeeT HaKAOHHYIO aCUMIITOTY.

Aa Het

5. Ilyctb MHOXecTBa My u M, OIIPEAEASTIOTCS CAEAYIOIIUM 00pa3oM:

. T\"
M; = {x < 0: cymecTByeT &an}o (1 — W) } ,
R -1 2n
M, = {x > 1: psp Z % CXO,A,I/IT(:;{} .
n=0

Oyukius f(x) ompeaeAsieTcss PpaBeHCTBOM

( ] n
lim (1 ——) , €ecau x € My,

n—00 nx?
f(x) =< a, ecan x € [0, 1],
00 —1 2n
b—Z%, ecam x € My,
\ n=0 ’

rae a, b — koHctauTel. O603HaunM yepes M = M; U [0, 1] U M,. Toraa

a) mpu a =0, b =2 dpyuknusa f(x) poocturaer Ha M HamOOABIIIEr0 3HAYEHUS;

Aa Het

6) mpu a=1, b =1 pyurnusa f(x) poocTuraer Ha M HaVMeHbBIIEro 3HaYEHUS;

Aa Het

B) CYIIIECTBYIOT 4HcCAa a, b, Takue uto (—1/2,1/2) C M u dyakums f(x) ABa>kKAbI Hempe-
pbIBHO Auddepennupyema Ha (—1/2,1/2);
Aa HerT

I) CYIIeCTBYIOT 4mMcCAa a, b, Takue uto (1/2,3/2) C M un pyskumsa f(x) ABa)KABI Helpe-
pbiBHO Auddepentiupyema Ha (1/2,3/2);
Aa HerT
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A) TOYKa X = —y/2/3 sgBAsieTCsl TOUKOU mneperuba rpaduka QyHkimu f(x);

Aa Het

e) mpu AIOOBIX @, b ypaBHeHUe f(X) = X UMeeT pellleHue;

Aa Het

JK) TIpU AIOOBIX a, b rpaduk pyHKIMU f(X) MMeeT TOPU30HTAABHYIO aCUMIITOTY;

Aa Het

3) CYIIeCTBYIOT TaKue 4YuCAa a, b, uTo rpacduk dyHkium f(x) uMeeT HAKAOHHYIO

ACUMIITOTY C HEHYA€BbIM YI'AOM HAKAOHA.

Aa Het

4.2 OrTBeTHI U pelleHus TecTa

4.2.1 OTBeTHI Ha BOMPOCHI MEPBOI I'PYIIbI

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

4.2.2 PemeHus 3apa4 BTOPOH I'PyNIbI

3apada 1. 3aMeTuM, UTO BEKTOPBHI X1, X2, X3 ABASIOTCSI COOCTBEHHBIMU BEKTOPAMHU MaT-
punbl A U He OPTOIOHAABHBI BEKTOPY X4, KOTOPBIM SBASETCSH COOCTBEHHBIM BEKTOPOM
maTpuipl AT, OTClopa cAeayeT, UTO BCe 3TH YeThIpe BEeKTOpPa COOTBETCTBYIOT OAHOMY
U TOMY JKe COOCTBEHHOMY YHCAY. KpoMe TOro, BEeKTOPHI X; M X3 COOTBETCTBYIOT TO-
My K€ COOCTBEHHOMY YHCAY TaKKe M KaK COOCTBeHHBIC BEKTOPBI MaTpunbl A' (oHH
He OPTOTOHAABHBI caMM cebe). DTO COOCTBEHHOE YHWCAO MOJKET OBITh OAHUM U3 ABYX:
0 mam 1, Tak Kak MaTpura A 3apaeT TpoeKTop. OCTaBIIMHUCST YeTBEPTHINM COOCTBEH-
HBIM OA3UCHBIM BEKTOP AOAJKEH COOTBETCTBOBATH APYI'OMY COOCTBEHHOMY YHCAY, TaK
KaK MaTpulia A He COBIAAAEeT C HYA€BOM M eAMHWYHOMU. [I0o3TOMy 3TOT BEKTOpP AOA-
JKeH OBITH OPTOTOHAAEH BEKTOpaM X;, X3 M X4 (COOCTBEHHBIE BEKTOPHI MaTpuiel AT,
COOTBETCTBYIOIIIE APYI'OMY COOCTBEHHOMY YHCAY). AErko IIOA0OpaTh TAKOU BEKTOP

(0603HaAUUM ero uepes Ys), HaIpUMep,

yi=(0 01 —1)T,
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U yOeAUTHCS, UTO BEKTOPHI X1, X2, X3 U Y4 00Opa3yroT OA3uUC B R*. B aToM Gazuce MaTpuila

orepaTopa, 3aAaBaeMoOro MaTpulierd A B CTAHAAPTHOM Oa3uce, UMeeT BUA

0 00O 1000
0 00O 0100
UAU

0 00O 0 01O

0 0 01 0 00O
Takum oOpa3oM, OTBETHI Ha BOIIPOCHI @) — «HEeT» (TaK KaK BEKTOP Y4 HE OPTOrOHAAEH
AMHENHOU OOOAOYKE BEKTOPOB X1, X2, X3), 0) — «HeT», B) — «Aa» (paHr MaTpunsl A paBeH
1 uam 3), 1) — «HET» (TeoMeTpUUYecKasi KPaTHOCTh COOCTBEHHOTO YHcCAa 1 MOXKeT OBIThH
paBHa 1), A) — «HEeT» (ecAu ObI X4 OBIA COOCTBEHHBIM BEKTOPOM MAaTPUIILI A, TO OH OBIA

OBl 00sI3aH COOTBETCTBOBATH TOMY K€ COOCTBEHHOMY YMCAY, YTO U X, X2 U X3, @ 3TO
HEBO3MOJKXHO).

PaCCMOTpI/IM CyMMY 9A€MEHTOB MAaTPUIBL A. Ee MOXHO 3amnmcaTh B BUAE

(111 1)A

—_— ) e

.
BekTop <1 11 1) MOJKHO IIPEACTABUThb B BUAE CYMMBI X; + x3. O0a 3TH BeKTOpa —
COOCTBEHHBIE, COOTBETCTBYIOT COOCTBeHHOMY umcAy O mau 1 (0OpHOMYy U TOMY JKe).

[TosTOMYy B IIepBOM CAy4Yae

1 0
1 0
1Al =0 )| ]|=o0
1 0
1 0
Y XapaKTepUCTUYEeCKUI MHOTOYAECH MATPHUILI A ecTb MHOrouAeH p(A) = (—A)3(1 —A).
Bo BTOpOM cAyuae
1 1
1 1
1Al =01 )| | =4
1 1
1 1
Y XapaKTepUCTUYEeCKUI MHOTOYACH MATPHUILI A ecTb MHOrouAeH p(A) = (—A)(1 —A)3.
OTcropa TIOAyYaeM OTBETHI Ha BOIIPOCHI €) — «Aa» U JK) — «Aa».

YTOOBI MOCTPOUTH OECKOHEUYHO MHOT'O MHBAPMAHTHBIX ITOAIPOCTPAHCTB Pa3MepHO-
CcTH 3, AOCTATOYHO B349Th BCEBO3MOJKHBIE AByMepHBIE ITOAIIPOCTPAHCTBA AMHENHOMN 000-
AOYKM BEKTOPOB X, X2, X3 (MHBApUAHTHBI KaK IIOAIIPOCTPAHCTBA COOCTBEHHOTO IIOAIIPO-

CTPAHCTBA MATPULLL A) U pacCCMAaTPUBATh UX CYMMBI C AMHEMHOU OOOAOUYKON BEKTOPA Yg
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(cobcTBEHHOE MOAIIPOCTPAHCTBO). Tak Kak CyMMa MHBAPUAHTHBIX ITOAIIPOCTPAHCTB WH-
BapMaHTHA, TO MOCTPOEHHbIe TPeXMepHbIe ITOAIIPOCTPAHCTBA WHBAPUAHTHBI OTHOCH-

TEeABHO A, U OTBET Ha BOIPOC 3) — «Aa».

3apaua 2. TloaCTaBUM BEIpaskeHHe AAS Y? U3 OIIPeAeAeHHUs] MHOKeCTBa M B (DYHKIIMIO
f(x,y). IMoayunm pysKIuIO g(x) = (% + 2)% + %% + 3x? = x3 + 4x? + 4x + 4. Tak Kak y* =He
MOXKeT OBbITH OTPUIIATEABLHBIM, TO (PYHKIMIO ¢(X) HY’KHO MCCAEAOBAThL Ha MHOMKECTBE,
rae x3 +3x? > 0 (uam x € [—3,+00)).
Kputnueckue Touku (PyHKIUU ¢(x) Ha MHOXKecTBe [—3,-+00) HaMAEM, IIPUPABHSIB
IIPOU3BOAHYIO K HYAIO:
g'(x) =3x*+8x +4 =0,

OTKYAQ IOAYYUM X = —2 UAU X = —2/3. AoOaBHUM TaK>Ke AEBBIM KOHEI] ITOAyUHTepBaAa
x =—3.

Tak Kak mpu x — +00 3Ha4eHUsT PYHKIUHA ¢(X) CTPEMSITCS K +00, TO g(X) HE AOCTH-
raeT HauOOABIIEr0 3HaUeHUs Ha [—3,+00) (a 3HaA4UT u f(X,Yy) HE AOCTHUTAaeT HAUOOAb-
IIIero 3HauyeHus Ha M, I03TOMY OTBETHI Ha BOIIPOCHI B) — «HET», T') — «AQ»).

OyukIus g(x) — Kybuueckas rmapaboaa, KOTopasi Ha MHOXKeCTBe [—3, +00) AOCTUTaeT
HaUMeHBIIero 3HaueHUs AMOO Ha AEBOM ero KOHIle, AMOO BO BHYTpPEHHEHU TOYKe, B

KOTOpOfI IIPON3BOAHASA PaBHA HYAIO. Kak BHUAHO,

g(—3) = (-3 +4- (=3 +4-(-3)+4=1,
9(=2) = (=2 +4- (-2’ +4-(-2) +4 =4,
g(—2/3) = (=2/3)° +4-(=2/3)*+4-(=2/3)+4 =76/27 < 4.
OTO 03HauaeT, UYTO HauWMeHblllee 3HAUYEHHEe AOCTUTAeTCsl B TOUYKe X = —3, KOTopas
COOTBETCTBYEeT EAMHCTBEHHON Touke x = —3, y = 0 MHOXecTBa M (A€MCTBUTEABHO,
y? = (—3)3+3-(—3)* = 0). Takum 06pa30M, OTBETHI Ha BOIIPOCHI &) — «Aa» U 0) — «HeT».

PaccMOTpUM BTOPYIO MPOU3BOAHYIO (PYHKITUM ¢(X) BO BHYTPEHHUX TOUKAX MHOXKE-
cTBa [—3,+00).
g”(x) =6x+8.

Kak BupHO, ¢"(—2) =6-(—2)+8=-4<0, g"(—2/3) =6-(—2/3)+8 =4 > 0, oTKyaa
CAEAyeT, YTO TOYKa X = —2 SIBASIETCSI TOYKOM AOKAABHOTO MaKCUMyMa, a TO4YKa X =
= —2/3 — TOYKOM AOKAABHOTO MHUHUMyMa (PYHKIUU ¢(x). DTUM TOYKAM COOTBETCTBYIOT
CcAepyIoOlIMe TOYKM MHOKecTBa M: x = —2, y=+2 u x = —2/3, y = £./28/27. Takum
00pa3oM, OTBETHI Ha BOIIPOCHI A) — «A@», €) — «HeT», JK) — «Aa», 3) — «HeT» (Touka x = 1,
y = 2 He SBASIETCSI CTallMOHAapHOM).

Ha pucyHke 2 m306pa>keHbl MHOKECTBO M M KpUTHUYeCKue TOYKM PyHKUu f(x,y)

Ha HEeM B MCXOAHBIX KOOPAWHATAX (X,Y).
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Puc. 2. MHokecTBO M U AMHUY ypoBHA QyHKIuu f(x,y)

3apava 3. HaripeM pelteHne pAaHHOTO AU pepeHnMarbHOro ypaBHeHus. OAHOPOAHOE

ypaBHEHUe
dx ox

dt  VviZ+1
MOJKeT OBITh IIPOMHTETPHUPOBAHO C TMOMOIINBI0 TAOAUILI MHTETPAAOB, €ro OOIIUM pe-
meHueM siBAseTcs QyHkiwmsa x(t) = C - (t + V2 + 1)“. Perrrenrie MCXOAHOTO YpPaBHEHUS

MOYXKeT OBbITh HAWAEHO C ITOMOIIBIO METOAA Bapualluy IMOCTOSHHOW: €CAU ITOACTABUTH

x(t) = C(t) - (t +VtE+ 1)(x B MCXOAHOE ypaBHeEHUEe, TO IIOCAe YIIPOUIeHUsI IIOAYYUM

dcC o
E(t+ t2+1)" = B(t),

OTKyAd HETPYAHO BBIBECTU pellleHune HCXOAHOﬁ 3aAQ4H:

t
B(t)dt oc
x(t) = y+J t+Vvt2+1).
o (T+ VT2 +1)° ( )
M3 sgBHOTO BHUAA PeIIeHUs HEMEAAEHHO CAEAYIOT OTBETHI Ha BOIIPOCHI a) — «HET»
(rocTaTouHO TMOAOKUTEL PB(t) =0, « > 0 m v < 0), 6) — «HeT» (Hampumep, nipu B(t) =

0, x >0 wu vy >0), B)—«pa», 1) —«HeT» (pu Yy # 0), A) —«pa» (CAepyeT U3 TOro,
UTO BBhIpakeHWEe B KBAAPATHBIX CKOOKAxX OTpuIlaTeAbHOe Tipu Bcex t > 0), e) — «pa»
(AOCTQTOYHO BHECTHU BBIPA’KEHHE BHE KBAAPATHBIX CKOOOK IIOA 3HAK WHTEPrpasd, OHO
cTporo GOAbBIIle 3HaAMeHaTeAsI ApOOM BO BCeX BHYTPEHHHMX TOYKax oTpeska [0, t]).

AASL TapaMeTpoB BOIIPOCA »K) pelleHne 3apaud Kol MOXXHO BBIYUCAUTHL B $B-
HOM BHAE (CHOBa BOCIIOAB30BaBIINCh TAOAMYHBIM WHTETPAAOM), OHO PaBHO Xx(t) = (t +
+Vt2+1)In(t+vt2+1) u B Touke t = 3/2 npessuuaer (3++/13)/2 >3 > e) (oTBeT Ha
BOIIPOC JK) — «AQ»).
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YToOBLI OTBETUTHL Ha BOIIpOC 3), IIOACTABUM IIapaMeTpPhI B pellleHrue YpaBHEHUAd:

! 8t3dt 3 t dt 3
t) = t+ /241 :8J t+v/2+1)°,
) L <T+\/T2+]>3( ) (1 1+1/12)3( )

3amMeTuM, 4TO TOA WHTErPAAOM CTOUT TOAOKHTEeAbHas BospacTtarorias Ha [0,t] dyHK-

oud, II09TOMY

Jt dt <Jt dt B t
o (14+/T+1/2)° b 1+ /T+1/82)°  (1+/T+1/8)°

Takum obGpazom,

t
t) < S StV 1)’ =8t
(1+1+1/82)
u x(5) < 8-5*=5000 (0OTBeT Ha BOIIPOC 3) — «Ad»).

3apaua 4. [lopbiHTerpasbHas QyHKIMS ¢(t) HempepbIBHa Ipu KaXkAoM t € R, a mpe-
AEABl UHTETPUPOBaHUS KaK (PYHKIMU OT X MMEIOT IIPOM3BOAHBIE IIPU Ka*kKAOM X € R.

ChepoBaTeAbHO, QYHKIHSA f(X) MMeeT IPOU3BOAHYIO IIPU Ka*kKAOM X € R n

1 1

f'(x) = (2x=-1)— ————=-3 1
M= Y ez )
13 moarokuTeAbHOCTH (pyHKIHU ¢(t) caepyeT, 4TO
f(x) >0, ecan x> —x+ 1> 3x —2,
f(x) <0, ecam x> —x+1<3x—2,
f(x) =0, ecarm X2 —x+1=23x—2.
[TosToMmy umeeM:
f(x) >0, ecan x € (—oo, 1) U (3, +00),
f(x) <0, ecau x € (1,3),
f(0) =1(3) =0

TakuM oOpasoM, Ha BONPOCHL @) U O) oTBeThl «pa». M3 (1) caepyeT (MBI omlyckKaeM

PYTHHHLIE BEIUACACHMS, 3aMeTHUM TOALKO, 4To x> —x + 1 > 0 npu Bcex x € R), uTo

—9x% +14x — 13 2
/ _ —
= a3 — fpr X < 3, (2)
x?—3 2
! = - - > _
Fix) (x2—x+3)x P x = 3 G
W3 (2) u (3) crepyeT, 9TO
f'(x) <0 npu x < V3,
f'(x) >0 npu x > V3,
f'(v/3) =0.
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3HaunT, QysKIWMa f(x) cTrporo yObiBaeT Ha (—oo, \/§) U CTPOTrO BO3pacTaeT Ha
(\/g, +oo). TakuM oOpa3oM, Ha BOMNPOC B) OTBET «HET», Ha BOIIPOCHI T) WU A) OTBETHI

«Aa», Ha BOIIPOC €) OTBET «HeT».
x*?—x+3
3x

pocTa Takou ’Ke, Kak Inx. AHaAOTMYHO TIpU X — —oo (PYHKIUSA f(X) SKBUBareHTHa

Ecam x > 3, To f(x) = In , U TIpU X — +00 (PyHKIUA f(Xx) uMeeT MmOpsiAOK

31In|x|. 3HAUUT, HA BOMPOCHI JK) U 3) OTBETHI «HET».

n
3apaua 5. HMsBecTHO, uTO lim (1 + —) = ek mpu Ar0O0oM BemecTBeHHOM k. [ToaTomy
n—oo n

o0
le
M; = (—00,0) u f(x) = e /% ma M;. [TOCKOABKY E — = e Ipu ATo60M BelrleCTBEeHHOM
n!
n=0

)2

k, To My = (1, 4+00) u f(x) =b —e® " ma M,. Takum o6paszomM,

e /¥ ecan x < 0,
f(x) = < a, ecam 0 < x <1,

b—e"’ ecam x > 1.

IMpr a = 0, b = 2 umeem f(x) < 1 mpu AIOOOM BellleCTBEHHOM X, HO sup f(x) = 1.
x€R

! 5 —co mpu x — +oo IpH

[TosTOoMy Ha BOIIPOC @) OTBET «HeT». [ToCKOABKY b — e
AIO00OM BeINIeCTBEHHOM b, TO OTBET Ha BOMNPOC 0) «HEeT».
Ecam a =0, TO MOKHO IIOKa3aTh (MCIOAB3YS, HAlIpUMep, UHAYKIIUIO), UYTO (PYHKIIMSI
f(x) B Touke x = 0 UMeeT IIPOM3BOAHLIE Bcex HopsiakoB u f™(0) = 0 aas Bcex n > 0.
[Tostromy mpu a = 0 u nipu Aro6om b QyHKIUS f(X) ABa)KABI (U Aa*ke OGECKOHEYHO)
HelpepbeIBHO Auddepennupyema Ha (—1/2,1/2). 3HauuT, HA BOIIPOC B) OTBET «AQ».

[lpu A00OBIX a, b umeeM:

f’(x) =0, ecam 1/2 <x <1,
f(x) = =2(1 + 2(x — 1)2)€(X_”2, ecanm 1 < x < 3/2.
[TOCKOABKY li%no f’(x) =0, a ligno f”(x) = —2, TO OTBET Ha BOIPOC T) KHET».
x—1— x— 1+

_ 2
Ecam x < 0, To f(x) = e /¥ u, cAepOBaTeABHO,

[ToaTOMy €AWHCTBEHHOM TOUKOU Ieperuda siBASIeTCs Touka —+/2/3. OTBeT Ha BOIIPOC
D) «pa».
Ecam, nanpumep, a = —1, b =0, To f(x) < 0 mpu Aro6om x > 0. Kpome Toro, f(x) > 0

npu AroboMm x < 0. 3HauuT, ypaBHeHHe f(x) = x pemennii He nMeeT. OTBET Ha BOIIPOC

e) «HeT».
[MTockoabKy lim f(x) =1 mpu ArOGBIX @, b, TO OTBET Ha BOIIPOC XK) «Aa». [Ipu ATOOBIX
X——00
a, b mpeaer lim f(x)/x = —oo. TToaTOMYy OTBET Ha BOIIPOC 3) «HETY.
X—+00
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5 @opMaT BCTYNIUTEABHOro 3K3aMeHa 2012 r.

1. OK3aMeH IO MaTeMaTHuKe IIPOBOAUTCA B (l)OpMe IIMCBbMEHHOI'O TeCTa. HpOAOA}KI/I-

TeABHOCTh dK3aMeHa 4 yaca, MaKCUMaAbHad OIl€HKa — «12».

2. TecT cOCTOUT U3 ABYX YacCTeMH.

[TepBas 4acTb COAEP’KUT BOIIPOCHI M 3aAd4UM II0 MATEeMATHYECKOMY QHAAM3y U AU-
HeMHOU aareOpe, B Ka’KAOM M3 KOTOPBIX HAAO BbIOPATh OAMH ITPAaBHUABHBIM OTBET U3

IIATH IIPEANOJKEHHBIX BAPHUAHTOB.

Lleab 3TOM 4acCTU 3K3aMeHa — IIPOBEPUTh YMeHMNe a0UTypUEeHTA pellaTb CTaHAAPT-
HbI€ 33AQ4U (BBIUMCAATH IIPOU3BOAHBIE M MHTEIPAABI, MCCAEAOBATH (PYHKIIUU, HAXO-
AUTHb MUHUMAaABbHBIE M MaKCHMaAbHBIE 3HaUeHUS (PYHKIWM, YMHOXATh U OOpallaTh

MaTPHUIILL U T. I1.).
[TpOAOAKUTEABHOCTD IIE€PBOM YaCTHU — 2 4aca.

BTropas 4acTb COAEP’KUT BOIIPOCHI, OOBbEeAUHEHHbIE B OAOKU. B Ka’kpOM OAOKe eCThb
BBOAHAS 4acCTh, OIIMCHIBAIOIAS YCAOBHUS, B PAMKAaX KOTOPBIX HAAAEKUT OTBETUTH HA
BOIIPOCHI AQHHOTO OA0Ka. Kaxkabll Bonrpoc TpedyeT orBeTa «Aa» uam «Her». Hucao

BOIIPOCOB B IIpeAeAdX Ka>XXAO0I'O OAOKa MOJKET OLITh Pa3ANYHBIM.

L[eAB 3TOU YaCTH — IIPOBEPUTH CTellIeHb YCBOCHUA a6I/ITypI/IeHTaMI/I OCHOBHBEBEIX MaTe-
MATHU4YECKHUX HOHHTHﬂ, OHpeAeAeHHﬁ, TeopeM, a TakK>XXe yMeHUue IIPUMeHIATh TeOPpHUIo

AASL pellleHUs 3aAa4d M3 pa3HbIX Pa3AeA0B IIPOrpaMMbI 9K3aMeHa.

[TpOAOAKUTEABHOCTH BTOPOM 4aCTH — 2 Yaca.
3. IlpaBuna OLleHUBAHMS TeCTa CAEAYIOIIVe

IlepBag yacTh:
* TPABUABHBIN OTBET — «+1»
* HeIPaBUABHBINM OoTBeT — «—(0.25»
* OTCYTCTBHe oTBeTa — «0»
Bropas yacrs:
* TIPABUABHBIM OTBET — «+1»
* HEIPaBUABHBIN OTBET — «—1»

* OTCYyTCTBUe oTBeTa — «0»

4. MakcuMaAbHOE KOAMYECTBO OAAAOB, KOTOpoe MOJXHO IIOAYUYHUTBH 3a Ka>XAYIO 49aCTb

TeCTa, OAMHAKOBO.

5. O1leHKa 3a 3K3aMeH OIIpeAeAseTCs CYMMON OAaAAOB, IOAYYEHHBIX 3a IIepBYIO U 3a

BTOPYIO 4acTH TecTa. MakcuMaabHas OlleHKa — «12».
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6. OneHKa «2» M HUXKe CUNTAeTCSd HEYAOBAETBOPUTEABHOU. AOUTYPUEHT, IOAYYUBIIUN

HEeYAOBACTBOPUTEABHYIO OII€HKY, K AaABHeI‘/'IH_[I/IM 9K3aMeHaM He AOITyCKaeTCHd.

7. B AeHb OOBSIBAEHUS OIIEHOK 3a JK3aMeH 10 MaTeMaTuKe aOUuTypUeHTYy IIPeAOCTaB-
ASeTC IIPAaBO O3HAKOMUTBLCSA CO CBOoeU paboTou. [ITpu oOHapy KeHuU TeXHUYeCKOU
OIIMOKYU B IIOACUETe HAOPAHHBIX OYKOB AOMTYPHUEHT HMMEET IIPABO Ha AIlEAASAIHIO,
KOTOpas IMOAQEeTCSI B A€Hb OOBABAEHUS PE3YAbTATOB 3K3aMeHa U B TOT >Ke AeHb

paccMaTpuBaeTCia KOMICCHEHM.

8. AOGuTypueHTHI, nMelonue opuinarbHbIN cepTuduKaT 0 cpaue GRE Subject Test in
Mathematics, oAyuyeHHBIN He OOAee ABYX AeT Ha3ap C Pe3yAbTaToM He MeHee 480
OYKOB, UMEIOT IIPABO OBITh OCBOOOKAEHHBIMU OT BCTYIIMTEABHOI'O 3K3aMeHa II0 Ma-
Tematuke. POIIl paccmarpuBaer ceprudgurkarsl GRE Subject Test in Mathematics,
npucaalgble ETS 1o noute B appec POII. B aToM cAaydae OnjeHKa 3@ BCTYIUTEAB-
HBIM 5K3aMeH BBICTABASIETCSl ITyTeM IlepecyeTa KOAWYEeCTBAa OYKOB, YKa3aHHBIX B

ceprtudurare, B 12-0aAABHYIO CUCTEMY II0 CAEAYIOILIEN IIKAAE:

Baaa, HaOpaHHBIU OneHKa, BBICTaBASIEeMasa B KaueCTBe
Ha 3Kk3aMeHe GRE BCTYIIUTEABHOU OLI€HKU

II0 MaTeMaTHuKe

820 6aAnr0OB UAU OOALIIEe 12

780—819 OaanroB 11
750—779 0aAA0B 10
720—749 6ann0B 9

680—719 GaanroB
640—679 GarnroB
600—639 6aaroB
560—599 GaaroB
520—559 GaanroB
480—519 6aaroB

W k= O OO N o®
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6 IloAroroBuTreAbHBIE KYPChI II0 MaTeMaTUKe

B Poccurickont OkoHommuueckon LlIkoare paboTaroT IIAQTHBIE [IOATOTOBUTEABHBIE KYPChI
II0 MaTeMaTUKe, OPUEeHTHPOBAaHHbIE Ha IIOATOTOBKY CAyLIaTeAeld K CcAaue BCTYIIUTEAb-
HBIX 3K3aMeHOB II0 MareMaTuke B POIIl. 3aHATHA Ha Kypcax BeAyT OIBITHBIE IIPEIO-
AaBaTeAu POIII.

Lleap KypcCOB:

* HAIIOMHHUTH aGI/ITypI/IeHTaM OCHOBHBIE MTOHSITHSI MaTeMaTHYeCKOro aHaAM3a U AUHeH-

HOM aATreOpshI;

* IIPOSICHUTL Te€ pPa3pAeAbl TeOpHUH, KOTOPBIM YAeAdeTCsd HEeAOCTAaTOYHO BHUMAHUS B

TPAAMIIMOHHBIX KypCaX, YUTaeMBIX B By3aX;
* pas3o0paTh pellleHus TUIIOBBIX 3aAa4 BCTYIIMTEABHBIX 3K3aMeHOB B POIII;
* IIOBBICUTH OOIIUU MaTeMAaTHYECKUU YPOBEHBb CAyILIATEACH;
* IIOATOTOBUTH K 0Oy4eHuio B POIII.

[ToaroTOBHUTEABHBIE KYPCBI PAOOTAIOT II0 ABYM IIPOrPAMMaM:

* Kypc 100 ak. yacos: peBparb—uionb 2012 r. Hauano 3ausaruii — 15 peBpand.
Kypc mpeaycMmaTpuBaeT cUCTeMaTHUYeCKOe PacCMOTPEHHe BCeX pPa3AeAOB MaTeMa-
TUYECKOI'O aHAAM3a M AMHEUHOU aAreOpbl B OObeMe IIPOrpaMMbl BCTYIUTEABHOI'O
sk3amMeHa B POIIl. 3anatusa 2 pa3a B HepeAlo (cpepa ¢ 18:30, 3 ak. yaca AeKuus, u

natuuiia ¢ 18:30, 2 ak. yaca ceMuHap).

* Kypc 72 ak. yaca: anpeab—uioHb 2012 r. Hauyano 3ansaTuit — 17 anpeas.
B uHTEeHCHBHOM Kypce pacCMaTpUBAaIOTCS HauboAee CAOKHBIE pa3AeAbl IPOrPaMMBbl.

3aHaTud 2 pasza B HepAeAlo (BTOpHUK U ueTBepr, 18:30 mo 3 ak. yaca).

3anuce Ha Kypchl: KooppWHATOp IMOATOTOBHUTEABHBIX KypcoB — Kyaarmaa OAabra

MBaHoBHa, TeA. (495) 779-1401, email okulagin@nes. ru.

7 IlloAroroBureabHBIE KYPChI II0 MaTeMaTUKe Ha BHUAEO

B anpene-wnrone 2010 ropa Poccuiickasg 3KOHOMHYECKAs IIIKOAQ COBMECTHO C VHTepHeT
YHUBEPCUTETOM HMH(POPMAIIMOHHBIX TEXHOAOTHUM ITPOBEAd BUAE03AIlMCh KYypPCOB IIO Ma-

TeMaTuKe 50 ak. yacoB. Bce 3anucu HaXOAATCSA B CBOOOAHOM AOCTYIIE Ha CAUTE IIKOABL.
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8 Kanenpaps aOurypuenrta 2012 r.

8.1 AHM OTKPBITBIX ABepei

3 aAekabpg 2011 r. (cy66ota), 11:00
9 deBpanga 2012 r. (uetBepr), 18:00

14 anpeas 2012 r. (cy66ota), 11:00

8.2 IIpuem AOKyMeHTOB online

c 10 dpeBparga no 1 uronsa 2012 r.

8.3 BcrynureabHbIEe YK3aMeHBI

¢ 2 o 20 utoag 2012 r.

9 Aapec PO

117418, MockBa, HaxumoBckum mpocriekT, 47 (3panue LIODMUW PAH), 17 atax, ocduc
1721, Ten. (495) 779-1401, (495) 956-9508, mpoesp, po cT. MeTpo «IIpodcoro3zHas».

Email abitur@nes.ru. Web http://www.nes.ru.
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