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ITIOPAOOK IMPOBEJEHUA BCTYIIUTEJIbHBIX W CITBITAHUM

JIBE ITIPOTPAMMBI ¥ IBA ITPO®UJIAA OBYUYEHHA
Ha ¢axkysibTeTe MaTeMaTUKU NMeeTCA IBeé MaruCTepcKux 00pa3oBaTeIbHBIX IPOTrPAMMBL:

o aHIJIOA3BIYHAA nmporpamma «Mathematicsy

o pycCKOA3BIYHAA Nporpamma «MaTteMaTuka U MaTeMaTudeckas GU3nKay.

Pazinune Mexay HUMU 3aKJII0YaeTCsA MOJIbKO B UX A3BIKOBOM cTaTyce. OpunraibHbIM A3bI-
KoM obyueHHUs Ha mporpamme «Mathematicsy sABJisieTcsA aHFm/II‘/’ICKI/H‘/’Il, a Ha nporpamme

«MaTemaTHKa U MaTeMaTudeckas GU3NKay — PYCCKUM.

Kaxaplil CTyIeHT MarucTpaTypsl, BHE 3aBUCUMOCTHU OT TOT'0, HA KaKOW U3 JIBYX IPOrpamMM
OH YYMTCS, OTAEJIbHO BhIOUpaeT A1 cebs npodwts 0O6yyeHus. TakOBBIX UMeEETCs JIBa:

o MaT€EMaTHKa

o MaTemMaTruueckasa pusnka.

dopmMasbHO OHU pa3JINYal0TCA BecbMa HeOoJIbIINM HabopoM 00sA3aTesIbHBIX KyPCOB U ce-
MHHapoB, He)OpMaJIbHO — TeM, YeMy: MaTeMaTuKe nid Matdusrke OyaeT yaeaeHo oc-
HOBHO€ BHMMAaHUe B X0/ie y4€ObI 1 HAy4HOH paboThl. BeiOOp npodusisa 06yueHus ocyIiecTs-
JiieTCA CTyIeHTaMU Ccpasy MocJie 3a4UCIeHUsA U HUYeM He 0ZPaHuyeH: He3aBUCHMO OT TO-
ro, Ha Kakyw u3 nporpamm, «Mathematicsy nnn «MaremaTtuka 1 Matemaruieckas Qusu-
Kay, CTyJIeHT 3aUKCJIeH 1 He3aBUCUMO OT CBOUX Pe3yJIbTaTOB Ha BCTYNUTEJIbHOM 3K3aMeHe
KaXXblll CTyZleHT MoxeT (1 JOJIKeH) BhIOpaTh cebe J1t0001l U3 AByX Mpoduieil o0yueHus.
HIMeHHO OT 3TOro BBIOOPA, a He OT TOro, Ha Kakou IporpamMme Brl yuntech, Oy Ay T 3aBHUCETh
coJiepxaTeJibHble MaTeMaTHhueckas U pusnueckas cocTapJisole Bamero o6pasoBaHus.

3aunciieHne Ha o0e MarucTtepckue nmporpaMmsbl «Mathematicsy u «MaTemaTuka U Mate-
MaTnueckasa GU3MKay IPOUCXOAUT 110 eAUHOMY U obuemy Oyt 08YX Npoecpamm KOHKYPCY,
KOTOPBIM ITPOBOAUTCA HAa OCHOBAHUU pPe3yJIbTaTOB OAHOI0, 0o0Iiero ajiA ABYyX MPOrpaMm
IIMCbMEHHOI'0 BCTYIUTEJIBHOI'O 3K3aMeHa M0 MaTeMaTUKe. YUYaCTHHUKU KOHKypca ynops-
JI0YMBAIOTCA MO yOBIBAHUIO MTOJIy4YeHHOr'0 Ha 9K3aMeHe pe3yJsibTaTa, U Bce aOUTypUEHTHI,
4yel pe3yJIbTaT OKa3bIBAEeTCA B IIpe/esiax 0pUIMaIbHO YCTAHOBJIEHHBIX [IPOXOAHBIX 0aJ1JIOB
J1A 00ydyeHUA Ha OIPKETHBIX WJIM IIATHBIX MECTaX CYUTAITCA YCIEIHO MPOoMIeqIINMU
€IUHBI KOHKYPC.

PacnpeziesieHne yCIENIHO MPOLIeANINX eUHBI KOHKYPC CTYIeHTOB MeXy 00pa3oBaTeJib-
HeIMU Tporpammamu «Mathematicsy u «MaTeMaTuka U MareMaTuyeckas Gusnkay ocy-
IIeCTBJIAETCA MO JXeJIAHUI0 CTYIeHTOB Ha OCHOBAaHUU Pe3yJIbTaTOB BHyTPEHHEro TeCTUPO-
BaHUA 110 aHTJIMHACKOMY sI3bIKY. TecTupoBaHUe MPOBOJUTCSA MOcjie 0ObABIEHUS pe3yJibTa-
TOB eJHOT'0 KOHKYPCa U He A8Jiemca 06s3amestbHbM. K TeCTUPOBaHUIO JJOMYCKAITCA BCe

lOaHO 13 moc/eACTBUI aHTJIOA3BIMHOCTH 3aKJIIOYAeTCss B TOM, YTO BBIMYyCKHMKaM mporpammsl «Mathe-
maticsy Ipu MOCTYIJIEHUH BO MHOTHE aHIJIOA3BIYHEIE aCIIMPAHTYPHl He mpebyemcs MOATBEPXKAATh YPOBEHb
CBOETr0 aHTJIUICKOTO OTEJIbHBIM S3BIKOBBIM CEPTUGUKATOM — AUIJIOM 00 OKOHYAHUU AHTJIOSA3BIYHOI MPO-
rpPaMMBI YaCTEHbKO €r0 3aMeHseT.



YCIIEIIHO Ipolle e eqUHbII KOHKYPC, BHE 3aBUCMMOCTU OT TOTO II0 KAKOMY U3 IABYX
npoduieit kMaTeMaTHUKa» WU «kMaTeMaTuueckasa pusrkay OHU B JaJIbHeNIeM cOOUparoT-
ca oOyvatbcsA. YuyacTde B TECTUPOBAHUU U ero pe3yJsibTaThl He BJIMAIT Ha BO3MOXHOCTb
JajibHelnero Beibopa npodusda. OHU CylleCTBEHHBI TOJIBKO AJIS CTYJEHTOB, XeJIalomnuxX
obyuaThCs Ha aHTJIOA3BIYHOM nporpammMe «Mathematicsy: A 3auncIeHUsA Ha aHTJIOSA3bIY-
HYI0 IMpOrpaMmy Heo6x00uMO TPONUTH TECTUPOBAHME 110 aHTJIMICKOMY U MOKa3aTh Ha HEM
pe3yJIbTaT He HUXe 0(pUIMATIbHO YCTAaHOBJIEHHOTO.

[Tocne 00bsABIEHNA Pe3yIbTaTOB TECTUPOBAHUSA CTYA€HTHl OKOHYATEJIbHO ONPeAesIATCA ¢
BBIOOPOM IPOTrPaMMEI, U T€, KTO YCHELIHO MIPOLIESI TECTUPOBaHUE U oXeJsiajl 00y4aThCsa Ha
nporpamme «Mathematicsy, 3aUnCJIAIOTCA Ha 3Ty IPOrpaMMYy, a BCe OCTaJIbHbIE CTyAEHTHI,
YCIIeIIHO MpOoIIeflIe BCTYIUTEIbHBIN KOHKYPC, 3aUYMC/IAITCA HA nporpamMMmy «Martema-
TUKa U MareMaTtuuyeckas Gpusnkay.

BCTYNUTEJbHBIN DK3AMEH 10 MATEMATHKE

BeTynuTtesibHBIM 5K3aMeH COCTOUT B MMCbMEHHOM pelleHnH 3a/1ay, pa3OUTHIX HA TPU I'PyII-
IbI: 00Ijasd 4acTh, COCTOAIIAA U3 YETHIPEX 3a7a4, U ABe cleluasbHble yactu — «MaTema-
THKa» U «MaTemaTtnueckas pusnka», o0e u3 Tpéx 3agad. KosnuecTtBo 6aisioB, JaBaemoe
3a MOJIHOE pellleHue KaX oW 3aJauu, yKa3blBaeTcs B eé ycioBur. OQUH OTBET, MPUBEEH-
HBII 6e3 000CHOBAHUSA, OLeHUBAETCA B HyJIb 6aJ1LJIOB BHE 3aBUCUMOCTH OT TOT'0, BEPHBIN OH
1y HeT. Ha UTOroByI0 OLIEHKY BJIUAET TOJIBKO CyMMa 0aJuioB S, MOJIyYeHHBIX 3a pelleHune
POBGHO MPEX PewéHHbIX 3a0au — TeX, 3a KOTOphble IocTaBjeHbl Haubosbie 6asuisl. [Ipu
3TOM KaxkJas 3ajada, pa3duTtasd Ha MyHKTHI, YUUTHIBAETCA KaK OfHA, 1 OaJisibl HabpaHHbIE
BO BCeX €€ IyHKTaX CyMMHUPYIOTCA.

Hrorosas onenka pasHa min(100, S). Takum oO6pa3oM, MakCUMaJIbHOe 4MCcJI0 0aJlioB, KO-
TOpOe MOXHO Ha0paTh Ha 3k3aMeHe, paBHO 100.

Ha BrinosiHeHue 3aganus otsogutca 180 MuHyT. 3a1auv MOXHO pelliaTh U 3aluChiBaTh B
Jr000M nopsiake. Bo BpeMs sKk3aMeHa pa3pelaeTcs [0JIb30BaThCA TOJIBKO PYUYKOH 1 Oyma-
rou. Micnosp3oBaHue Kakux Obl TO HU ObLIO MHBIX HOCHTeJIeN WH(opManuu, B TOM 4ucie
JIIOOBIX 3JIEKTPOHHBIX YCTPOMCTB MJIM IINAaprajiok, CTPOro 3amnpelleHo, paBHO KakK U BCAKOe
obmeHue ¢ keM 100 KpoMe 3Kk3aMeHaTopoB. HapyiieHue 3Tux npasBuil ABJIAETCA IOBOAOM
JIJIA OTCTPaHEHUsA OT BCTYNUTEJIbHBIX MCOBITaHUU. Ha sk3ameHe paspelaeTcsa UMeTh IpU
cebe NUTHEBYIO BOAY U MIOKoJaf (nm ux aHasoru). B 2020 rogy B ¢BA3M ¢ BpeMEHHBIM
1epeBoJIoM 00pa30BaTeIbHOU AeATEJIbHOCTHU B 3204HBIN (POpMAT BCTYIIUTEIbHBIN 5K3aMeH
IIPOBOAUTCA 3a0YHO B COOTBETCTBUN C BPEMEHHBIM PerjlaMeHTOM, IIPeCTaBJIeHHbIM B OT-
J1eJIBHOM JOKyMEHTe.



TPEBOBAHUSI K ITIOCTYIIAIOIIIUM

OBIIAA YACTh

OT Bcex IMIOCTyIaIoIUX IMMPpEAIIOJIaraeTCAa BJIageHre CJICOYIIIMMKU TEMaMH.

o DJIeMeHThl KOMOMHATOPUKU (CoueTaHus, TepeCcTaHOBKH, MYJIbTUHOMUAJIbHbIE KO3(-
(uIieHTHI) U OCHOBBI TEOPUU BEPOATHOCTEN (HE3aBUCUMOCTh COOBITUN U CITyYalHbIX
BEJINYMH, YCJIOBHbIE BEPOSTHOCTH, MaTeMaTHYeCcKoe OXUAaHue, QUCIepCUs).

o JJIeMeHTapHas ajredpa: nojie KOMIJIEKCHBIX unces, popMaJibHble CTelleHHbIe PSAIbI
1 MHOTOYJIEHBI, BEIpa’)keHHe CUMMeTpruUYecKuxX GyHKLIUN OT KOPHEel MHOr'o4JIeHa ye-
pe3 ero ko3 PuiyeHTsl, a K03QPULNEHTOB — Yepe3 KOPHHU, IIOJIMHOMUAJIbHAsA UH-
TEPHOJIALYA, KpaTHble KOPHU, aJiroputM EBKJIMAA AJ11 MHOTOYJIEHOB, Pa3JiOXeHNe
paloHaJIbHON (DYHKI[UU Ha NpOoCTeuIre ApoOU U B CTENEeHHOU PAM, SKCIIOHEHTa U
Jorapudm.

o JlnHenHas ajredpa: BEKTOPHbIE [IPOCTPAHCTBA U JIMHEUHbIE OTOOpaxeHus1, 6a3ucChl,
Pa3MepHOCTH, pellleHre CUCTEeM JIMHENHBIX YPaBHEHUM, ONpeeInTet, XapaKTepu-
CTUYEeCKUN U MUHHMAJIbHBI MHOT'OYJIeHBl MATpUIlbl, TOXAecTBO ['amuibToHa — Ka-
Ji1, cOOCTBEHHBIE YlcJia U COOCTBEHHbIE BEKTOPHI, XKOpJAaHOBA HOpMaJsibHaA popma
KOMIIJIEKCHOM MAaTpHLbl, BBIUMCJIEHNEe aHAJIUTUYeCKUX (QyHKIMI OT MaTpul] U oIe-
paTopoOB, OMJIMHENHbIE U KBaJlpaTU4YHble (POPMBI, OPTOrOHAIN3aLUA, UHAEKC Belle-
CTBEHHOU KBaJpaTUYHOU (OPMBL.

o EBKJIM[IOBA reoMeTpus MpocTpaHcTBa R™: paccTosiHUE OT TOYKH A0 MOANPOCTPaH-
CTBA, YIJIBl MEXAY MPAMBIMU U TUIEPILJIOCKOCTAMHY, €BKJINI0B 00bEM Mapasuiesenu-
nea U CUMILUIEKCca.

o OOHOMEpPHBIM U MHOTOMEPHBIM BeleCTBeHHBIU aHajIn3: ImpedeJibl MocjeqoBaTesib-
HOCTel U (QYHKIWI, YUCJIOBbIe U (PYHKIIMOHAJIbHEIE pANBI, pAn Teisopa, CBOMCTBa
HenpephIBHBIX GyHKIUNA, nuddepeHirnan otoopaxeHus R™ — R", nmpousBogHbIe
CJIOKHBIX U HESIBHBIX (QOYHKI[UI, OTBICKAHUE YCJIOBHBIX M 6€3yCJI0BHBIX 3KCTPEMYMOB,
omnpeesIEHHBIN UHTerpaJsl, cBeJeHre MHOTOMEPHBIX MHTErpajioB K MOBTOPHBIM OJ-
HOMEPHBIM, HeCOOCTBEHHbIE WHTerpaJibl, BhIUMCJIEHNEe JIMHBl KPUBOM U ILIOIIAAN
MIOBEPXHOCTU C IOMOIIbI0 UHTETPUPOBAHUSA.

o OCHOBBI KOMIIJIEKCHOTO aHaJiM3a: KOMIUIeKcHas npousBoaHas ¢ynkiuu C — C, ro-
JoMopdHble U MepoMopdHble QyHKIIMM, nHTerpasa Komu, Teopema 0 BblYeTax, BhI-
YrCJIeHre MHTErpajoB (BK/IOYasA HeonpeAeJéHHbIE) IIPU MOMOIIU BBIUETOB.

o OObIKHOBeHHbIe U depeHIabHble YPaBHEHUA: TeopeMa CyIeCTBOBaHUA U eJJUH-
CTBEHHOCTH pellleHUs, 3JIeMeHTapHble IPHUEéMBI MHTerprpoBaHu (paszeseHue nepe-
MEHHBIX, OJHOPOAHbIE YPaBHEHNs, JINHEIHbIE YPaBHEHNs IEPBOT0 1 BTOPOT0 MOPAI-
Ka, ypaBHeHUA B AudPepeHnrianax, UHTErpupyoIIUNA MHOXHUTEJb), CUCTEMBI JIMHEN-
HBIX yPaBHEHU! € IOCTOAHHBIMU K03dULIMeHTaM!, ypaBHEeHUs C YaCTHBIMU [TPOU3-
BOJHBIMU I1€pBOT0 MOPAAKA, METO[ XapaKTepUCTHUK.



o DJIEMEHTHI TEOPUU T'PYIIL IOATPYIIIbI, CMeXHbIE KJIaCChl, TOMOMOP(U3MBI, (PaKTOp
TPy, IPsAMOe MIPOM3BeJeHNe TPYII, CUMMETPHUYECKUE TPYIIIb], 3HaK U [IMKJIOBOU
TUII [IEPECTAHOBKHY, IPYIIIBI CUMMETPUI F€OMETPUYECKUX PUIyp, MaTpUYHbBIE I'PYII-
nel JIn GL,,, SL,, SO,,, SU,,.

PEKOMEHOYEMBIE YUEBHUKU

B. U. ApnHonbg, O6bikHOBeHHble OupPepeHyuaTbHble ypasHeHuA, Mxesck: PX]T, 2000.
B. Y. ApHosbp, Jlekyuu 06 ypagHEHUAX ¢ 4acCmHbIMU Npou3eoo0Hsmu, M: dasuc, 1999.
2. B. Bunb6epr, Kypc aneebput, M: ®akropuan 1999.

U. M. l'enbdanpg, Jlekyuu no jtuHetiHol aieebpe, M: Hayka 1971.

A. JI. TopoaeHueB, Asicebpa. YuebHux 0yt cmydeHmog-mamemamukos. Yacmu I, 11,
http://vyshka.math.ru/pspdf/textbooks/gorodentsev/algebra-1.pdf,
http://gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-2 2015.VI.15.pdf.

A. JI. TopoaeHues, I'eomempus,
http://gorod.bogomolov-lab.ru/ps/stud/geom ru/1617/lec total.pdf.

B. A. 3opuy, Mamemamuueckuti aHastuz, M: MIJHMO, 2007

A. H. Konmmoropos, C. B. ®omuH, Dstemermst meopuu ¢pyHkyuli u GyHKYUOHATBHO20 AHATTU-
3a, M: Hayka, 1976.

M. A. JIaBpeHTbeB, b. B. [llaGat, Memodst meopuu ¢pyHKyULI KOMIUTEKCHOZ0 NepemeHH020, M:
Hayka, 1973.

B. B. IIpacosos, B. M. Tuxomupos, I'eomempusa, M: MIITHMO, 1997.
B. B. Cremanos, Kypc duggepeHyuamvHbix ypagHeHutl, Enutopuan YPCC, 2004.
B. ®esnep, Baederue 8 meopuro depossmHocmeltl u eé nputodxceHus, Tom 1, M.: Mup, 1967

B. B. IllabGaT, BaedeHue 8 KOMIJTeKCHbIl aHatu3, Jlaus, 2004.


http://vyshka.math.ru/pspdf/textbooks/gorodentsev/algebra-1.pdf
http://gorod.bogomolov-lab.ru/ps/stud/algebra-3/1415/algebra-2_2015.VI.15.pdf
http://gorod.bogomolov-lab.ru/ps/stud/geom_ru/1617/lec_total.pdf

CIIELIUAJIBHASA YACTbh «KMATEMATHKA»

(0)y T€X, KTO c061/1paeTc;I peuaTh 3agavuun n3 CHeHHaHBHOﬁ yacTtu «MaTteMaTuKay JOIMOJIHU-
TE€JIbHO IIpeAIoJjarac€TcAa BjIageHue CJIEAYIINMN TEMaMU:

o DJIeMEeHThl KOMMYTAaTHUBHOI ajareOpbl: KOMMYyTaTHUBHbIE KOJIblIa ¥ UX FrOMOMOpQuU3-
MBI, 1Jieasibl U (pakTop KOJibIla, KOJIbI[A BBIYETOB U KUTAalicKad TeopeMa 06 ocTaTKax,
KaccuduKanysa KOHEUHO OPOXAEHHBIX abesleBbIX rpyni, (paKkTopUaibHOCTh KOJIb-
IJa MHOI'O4JIEHOB OT MHOT'MX II€peMEeHHBIX, [10J11 U TOMOMOP(}U3MEHI II0JIel, XapaKTe-
PHCTHKA, IPOCTHIE paCIINpPeHNs [I0JIel, ONMCcaHKe U IPUMepbl KOHEeYHBIX [T0JIe.

o JJIEMeHTHl reoMeTpun: adhrHHBIE Y TPOEKTUBHBIE IPOCTPAHCTBA, abdUHHbIE U IPO-
eKTHBHbIE 0TOOpa)keH!sA, B3aUMHOEe pacIoJIoXKeHre IPOeKTUBHBIX U apPUHHBIX TOJ-
MIPOCTPAHCTB, BHIMYKJIble GUrypsl B R", ornopHoe moJiynpocTpaHcTBO, adPrHHBIE U
IIPOEKTHBHbIE KPUBbIE 1 IOBEPXHOCTH BTOPOTO MOPAAKA (KBaJApPUKU U KOHUKMN).

o DJIeMEHThl HEKOMMYTAaTHUBHO! ajireOphl: accollaTHUBHBIE KOJIbIa 1 aareOpbl, MOAY-
JIM HaJ HUMHU, HEIpUBOAUMOCTSD U jieMMa Illypa, nosiHasa npuBOAMMOCTb KOMILJIEKC-
HBIX JINHEUHBIX NPeICTaBJIeHNI KOHEYHOU I'PyIIIIbl, HEIPUBOAVMEIE NTPEeACTaBIEeHUA
rpynm Sz, Sy, Ay.

o DJIEMEHTHI TOIOJIOTHU: OTKPHIThIE, 3aMKHYTHI€ I KOMITAaKTHbIE ITOMHOXeCTBa B R",
BCIOJIy TJTIOTHBIE Y HUT]IE He TJIOTHbIE MHOXECTBA, TOMOJIOTMYECKHE TIPOCTPAHCTBA,
KOMITAKTHOCTh, CBSI3HOCTb, BHYTPEHHOCTb M 3aMbIKaHUe, HelpephIBHBIE OTOOpaxe-
HUsI, TOMOTOIIUY, TPUAHTYJIALNH, HAKPHITUA, PyHAaMeHTaIbHas rpyma.

o DJieMeHTHl (PYHKI[MOHAJIBHOTO aHajm3a: Mepa u uHTerpas Jlebera B R", Teopema
®yO1HY, paBHOMEPHAas HENPEPHIBHOCTh Y PABHOMEPHAsA CXOAUMOCTb HellPePHIBHBIX
(yHKUIMI, TpUMepbl 6€CKOHEYHOMEPHBIX TOIIOJIOTMYeCKHX, HOPMHUPOBAHHBIX U TMJIb-
0epTOBBIX BEKTOPHBIX MPOCTPAHCTB (IIPOCTPAHCTBA HEIPephIBHBIX, CYMMUPYEMBIX U
CyMMUPYEMBIX ¢ KBaipaToM (PYHKIMII Ha KoMmmakTe, Ha R™ u Ha Tope).
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CIIELIUAJIBHAA YACTbh «KMATEMATHYECKAS ®U3UKA»

OT Tex, KTO coOupaeTrcs pemath 3aJjauyd M3 ClieluaJibHON YacTu «Matemarmieckas
(dusuka» JOMOJHUTEJIFHO MpeIojaraeTcs BjiafeHrue CJIeAYIUMU TeEMaMU:

o OCHOBBHI KJIAaCCUYECKO! MeXaHUKU: 3aKOHBI Hpl0TOHA, OTEHI[aJIbHbIEe CUJIBL, pa-
60Ta cuJIbl BIOJIb TPAeKTOPHH, 3aKOHBI COXpaHeHU, JlarpaHX1uaH U YypaBHeHUA
JBMXeHUs (ypaBHeHUA Dilyiepa—Jlarpanxa) i MeXaHU4eCKOW CHCTEMBI B I10J1e
MOTEHIMAJIbHBIX CUJL.

o Kiaccuueckas sjieKTpoAMHaAMUKa B BakyyMe: 3akoH KyJsioHa, mojie U morteH-
1[1aJl, NoJA U SHeprus B3auMOENCTBUA NPOCTENIINX KOHPUTypaluil 3apAI0B
(cdepsl, MI0CKOCTH, TOUEYHBIE 3apA/bl). J[BUkKeHNe 3apsKeHHON YaCTUIIBI B OA-
HOPOJHOM MarHWTHOM M 3JIEKTPUYECKOM I1oJie, cuiia JlopeHna.
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,Z[EMOHCTPALIHOHHBII;,I BAPUAHT DK3AMEHAITMOHHOTI'O 3AJAHHUA
OBIIIASI YACTh

3AZIAYA 1 (27 BAJUIOB). IlycTh uncia p,q € C TakoBbI, 4TO MHOTOWIEH f = x3 + px + q
“MeeT TPU Pa3N4YHbIX KOpHA. CyllecTByeT JIM MHOTOYJIEH BTOPOH CTelleH!, 3HauyeHue KO-
TOPOr'o B KaXX[IOM M3 KOpPHell MHOTOuYieHa f paBHO NMPOU3BEAEHMIO JBYX APYTUX KOpHeWu
MHoroueHa f? Ecau ga, ABHO BRIYKUCIINTE ero koadduinreHTsl. Ecii HeT, 00bsCHUTE T10-
yemy.

3AJAYA 2. CymecTByeT JIM Takas KOMILIEKCHas 3 X 3 maTpuna X, 4yTo MaTtpuna eX pasHa

-2 2 1 3 1 =2
A) [18 6amnos] | 2 -3 -2|? B)[96auioB] |8 5 -9|?
-5 6 4 1 -2 3

Ecnu fa, npegbaABUTe Takylo MaTpully ABHO. Eciiu HeT, oObACHUTE ITOYEMY.

3AJAYA 3 (27 BAJLJIOB). UrpasibHBIN KyOMK OpOCaloT 10 TeX MOp, MOKAa OAHO U TO Xe YUCJIO
OYKOB He BBHINAAET JiBa pa3a nmoApsAn. HaiiguTe MaTeMaTudeckoe OXHOaHUe KOJIMYecTBa
ClieJIaHHBIX OPOCKOB.

3AZTIAYA 4 (27 BAJUIOB). Ha KOOpAMHATHOU IJIOCKOCTH BIIPABO I10 OCU abCLUCC ¢ eAUHNY-
HOU CKOPOCTBIO O€XUT CyCJIMK, a IO Y3KOH peke B ¢popme rpaduka pyHkiquu y =1 /(x+1)
IUTBIBET aKyJia, BCE BpeM:A AepiKalasacsa B caMou OJIM3KOH K CyCJIUKY TOUKe peku. Kakosa
abcoJIloTHasA BeJIMUMHA CKOPOCTHU aKyJibl B TOT MOMEHT, KOT[jJa OHa IepecekaeT OCh Opau-
HaT?

CIIEOVAJIBHAA YACTb KMATEMATHUKAY

3AZIAYA 1 (36 BAJLIIOB). B kiy6Ge «/[iia CBoux» Kaxablii Bedep cobupaetrca 10 ciiyyaliHbIX
yesioBeK. [lo mpaBusiaM kj1yba, Bce, KTO HE 3HAKOM HHU C KeM U3 MPUIIeUINX, MOKUAAI0T
coOpaHue. 3aTeM yXOZAT BCe Te, KTO 3HAKOM POBHO C OJHUM M3 OCTaBIIMXCA. JJajiee TOYHO
TakK Xe [oCcJIie0BaTeIbHO NOKNAAIT KIIyO BCe Te, KTO UMeeT POBHO 2, 3, ... , 9 3HaKOMBIX
cpeay OCTaBIIMXCA K 3TOMY MOMEHTY nocetuteser. Kakoe HanboJibIee 41cjio noceTure-
Jiel MOXeT B KOHI[e KOHLIOB OCTaThCA B Ki1yOe? [Ipenmnosiaraercs, 4To ecau nocetuteab N
3HAKOM C mmoceTutesyieM M, To u M Toxe 3HaKom C N.

3AJAYA 2. fBiAw0TCA 11 AByMepHas cdepa ¢ TpeMs pasjIMYHBIMU BBIKOJIOTHIMU TOYKAMU
1 JBYMEPHBIU TOP C OAHOU BBIKOJIOTOU TOYKOU

A) [18 6ansioB] romeoMoppHBIMU?
B) [18 6ass10B] roMmoTOonM4YeCcKy SKBHUBAJIEHTHBIMU?
3AJAUA 3. JlonyckaeT Ji CUMMeTpUuYecKas rpynmna Sy
A) [18 GansoB] HeTpUBHAIBHBIN TOMOMOP(}U3M B I'PYIILy HEUETHOr'O NMOpAAKA?
B) [18 6annoB] BioxeHue B rpynny GL,(C)?

Ecnu fa, nocTpoiite ABHBIN npuMep. Eciiu HeT, 00bsACHUTE oueMy.
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CIIEOVAJIBHAA YACTb «KMATEMATHUYECKAA ®U3UKAY

3AIAYA 1 (36 BAIIOB). DyHKIMSA BellleCTBEHHON MepeMeHHOIl X 3aJaHa B BHUJe Heco0-

CTBEHHOI'0 MHTerpasa
F(x) 0 cos(xt) dt
x) = —— dt.
o t2+x?
Hatigute ABHBIN BUA QyHKUMU F(X).

3AJAYA 2 (36 BAJJIOB). TOHKOe MPOBOJAILIee KOJIbI[O Macchl M u paguyca R nMmeet sJiek-
Tpu4ecknuu 3apsan q. [IpoTUBONOJIOXKHBIN €My 10 3HaKy TOYEUYHBIN 3apA[ —q MacChl m Ha-
XOAWTCA HAa paCcCTOSAHUY a OT LIEHTPa KOJIbI]a Ha MNPOXOsAILel yepe3 3TOT LieHTP NepleH/Iu-
KYJISIDHO TJIOCKOCTH KOJIbIla ocU . B HayaIbHBIN MOMEHT KOJIBI[O M TOYEUHBIN 3apsAf Io-
KoATcsA. Kakylo MUHUMAJIBHYI0 CKOPOCTh BAOJIb OCHU £ HAaJl0 COOOLIUTh TOUEUYHOMY 3apAAay,
YTOOBI OH CMOT YAQJIMTBHCA CKOJIb yTOAHO AaJIeKo OT KoJsibla? Kakyo cKopocTh npruoOpeTeT
B MTOre KOJIbL[0? Becemu crtamu, KpoMe 3JIEKTPOCTAaTUYECKUX, CJIeqyeT IpeHeOpeys.

3AZIAYA 3 (36 BAJJIOB). OAHOPOAHBIY TOHKOCTEHHBIM LWJIMHAP Maccel M u paguyca R
0e3 IIpocKaJib3blBaHUA CKAThIBA€TCA B OJHOPOJHOM II0JI€ TSKECTH U3 COCTOSHMA IOKOS
10 HAKJIOHEHHOM NOJ yIJIOM @ K TOPU30HTY IUJIOCKOCTH [l Tak, 4TO €ro ocb BCE BpeMs
OCTa€TcA ropU30HTaAIbHON. OnpefiesinTe BpeMs, 3a KOTOpOoe OH MPOUAET MO IMJIOCKOCTH 1
pacCTosiHUE s.
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PEIIEHUA 3AOAY JEMOHCTPAILITMOHHOI'O BAPUAHTA

PEIIEHVE 3AJJAYU 1 OBIIENA YACTH

OTBeT: Takoll MHOT'O4JIeH 3aBeJOMO cyIiecTByeT. UToObI HanucaTh ero, 0003Ha41MM KOPHU
JAHHOTO MHOTrOYJIeHa x> + px + q 4epe3 a4, a,, as. [To dopmynam Buera,

a1+0(2+0(3=0 (]-)
aa3 + a103 + A1 =p (2)
a a3 = —q. (3)

CoryiacHO MHTEpPHOJIALUMOHHON popMyJie JlarpaHixka, KBaJApaTHBIN TPEXUJIeH, IPUHNUMAI0-
U NIPU X = a4, A, A3 3aJaHHble 3HaYeHUsA a3, A1 A3, A1 Ay, PABEH

(x —ax)(x — az) o (x —ay)(x —az) o (x —a))(x —ay)
(@ —ax)@y —as) - (ag—ap)(ag —ag) (@ —ag)(az —az)

aras3

[TpuBoaA Bce aApobu K o0memMy 3HameHaTeso 4 = (a3 — ap)(a3 — aq)(a, — aq) Y NOJIb3YSACh
TeM, UTO B CHJIy cooTHomeHus (1) npu Bcex {i,j, k} = {1, 2,3}

_ 42
(x —apx—aj) =x°+arx + a;q;,
nepenuiineM TPU CJIaraeMbIX MpeAbIayIeil CYMMBI KaK

azas(as — ay)

(x% + ayx + ayaz)

A
aiaz(az —aq)
- y (x% + ayx + a az)
ajay(a; —ag)
2 x“+azx+aay).

Takum 06pa3oM, KO3GPULUEHT IPU X2 y NCKOMOI'O KBa[PaTHOTO TPEXYJIeHa PaBeH

aaz(az — az) —ajaz(az — ay) + a1ax(a; —ay)

(az —az)(az —aq)(a; — aq)

1

(4ucuTesb, 6yAydr KOCOCUMMETPUYHEIM! MHOTOYIEHOM OT a4, (7, 03, JEJIUTCS Ha TIpo-

n3Be[eHre MX Pa3HOCTel, YaCTHOe MMeeT CTeleHb HYJIb, T.€. ABJIAETCA KOHCTAaHTOU, U
paBHO 1, Tak Kak JieKCUKOrpapudeCcKu cTapIiirve MOHOMBI YUCJIUTEIA U 3HaMeHarteJiA oba
paBHbI —a?a,). KoapduimenT npu x, ¢ y46ToM cooTHOMmEHuUs (3), paBeH

(@ — @) - (@3 — @) + (@ - ay) =0.

Hakownel1, cBOOO/IHBII YJIEH paBeH

2.2 2 2 2.2
ajaz(az —ap) —ajas(az —ay) +ajaz(@; —ag)

(az —az)(az —a)(a; — aq)

1To ecTh 3aHyIAOMUMCS U IPU (3 = A, U TIPU Q3 = @y, U TIPU Ay = ;.
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(yacTHOE — OJHOPOAHBIN CUMMETPUYECKUI MHOTOUJIEH CTENEHU 2 CO CTapIINM MOHOMOM
@@, — 3TO jieBas yacThb (2)). UTak, MICKOMBIA MHOTOYJIEH paBeH x2 + p.

B nmpunnune, o 3TOro oTBeTa BIIOJIHE BO3MOXHO AOraJaThCA MyTEM HEKOTOPOTO KOJIM-
4ecTBa yAavyHO CJIOKUBIINXCA MIPo0 ©, MOCJIe 4ero NpoBepUTh €ro ABHBIM BBIYMCIICHUEM.
Jpyrou crnoco6 — pemuTh CUCTEMY U3 TPEX JIMHENMHBIX ypaBHEHUN

2,2 _ 3
aa;aj +bajaj+c = aj +pay+q

Ha K03PPUIMEHTH a, b, ¢ ICKOMOro KBaJpaTHOIro TpéxwieHa ax’ + bx + ¢, UCKI0Yas
HeN3BeCTHBIE U3 CUCTEMBI IPU NMOMOIIM cooTHomeHuu (1)-(3).

PEIIEHWE 3AJIAUYU 2 OBIIENA YACTH

OtBertsl: B (a) — Aa, B (6) — HeT. O6bsAcHeHMe K (6): IOCKOJBKY eXe X = E, Bce MaTpuisl
Buza eX obpaTumel, a maTpuna B (6) MMeeT HyJIeBOH ONpeNesUTe b,

Hanpotus, maTtpuna B (a) nMeeT XapaKTepuCTUYEeCKU MHOTOYJIEH
tB34+t2—t—-1=0t+1D*t-1

C ABYKpaTHBIM KOpHEeM t = —1 u npocTeiM KopHeM t = 1. KoMmiusiekcHaA aHajimTuueckKas
dyHKOMA Int UMeeT BeTBb, ONPeAe/IEHHYI0 B OKPECTHOCTAX 00eux Touek t = +1 u npu-
HUMAaWIIYI0 B 3TUX TOYKax 3HaYeHUA In1l = 0 u In(—-1) = wi, rae i = \/—_1 € C. [TosTomy
ornpefesiéH

-2 2 1 -2 2 1) -2 2 1 100
In|l2 -3 -2|l=a-12 -3 -2 +b-|2 -3 -2|+c-l0 1 0},
-5 6 4 -5 6 4 -5 6 4 00 1

rJe KOHCTaHTH a, b, ¢ TAKOBBI, YTO KBAJPATHLIA TPEXWIeH p(t) = at? + bt + ¢ uMmeer B
Toukax t = 1 ut = —1 Te xe passioxeHuA Telaopa BILIOTb 4O, COOTBETCTBEHHO, HYJIEBOTO
1 TIepBOT0 NOPAAKOB BKJIIOUMTEJBHO, YTO M BRIOpaHHAs HAMU BeTBb Jiorapudma, T. e.

p(H)=In(1)=0, p-1l)=In-1)=mri, p'(-1)= In'(-1) = -1.
OTO IPUBOAUT K CUCTEME JIMHEMHBIX ypaBHEHUI Ha KO3 GUITNEHTSI a, b, c:
a+b+c=0, a-b+c=mi, -2a+b=-1,

pelas KOTOpyo', mosyuaem a = (2 — wi) /4, b = —mi /2, ¢ = (=2 + 3mi) /4 u

2 2 1) ,_ (3 4 -2) . (-2 2 1) _,,3.(100
X=In| 2 -3 -2|= 0 1 ol|=-2E]2 -3 —2|+22" 0 1 of=
5 6 4 ¥ 12 22 —1) Yl 6 4 4 1o o 1
14mi =2 1
= —TTi 271 i

14+2ni -2-2mi -1-mi

'Hanpumep, no npasuny Kpamepa.
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PEIIEHUE 3AJAYHN 3 OBIIEN YACTU

Otset: 7. O603HaunM uepe3 F,, coObITHUE, COCTOALIEEe B TOM, 4TO IIpU n-M OPOCKe BIIEpBHIE
BHIIIAZAET TO X€ YMCJIO OYKOB, YTO U IIpU NpeabiaylieM OpocKe, yepe3 p — BEPOATHOCTH
BHINIAJaHUA IPU OYepeJHOM OpOCKe MMEeHHO TOI'0 YKCJa OYKOB, UTO BHINAJIO MPU Ipedbl-
ayimeM Opocke, a yepe3 g = 1 — p — BepOATHOCTb NPOTUBOIIOJIOXKHOTO coObITUA. Toraa

p=1/6, q=5/6, PF)=q"?p

(Ha 2-M, 3-M, ... , (n — 1)-M 6pockax BbITaZlaeT He TO, YTO Ha MpeApiaAyleM Opocke, a Ha
n-M 6pocke — TO Xe, 4TO 1 Ha (n — 1)-m). lckoMoe MaTeMaTuiyeckoe OXuJaHre paBHO

Y n-PE) =Y ng?p = Z Y ngnt =

nz2 n=z2 n=2

d
(-1+ d—q(1 —71) =

QT

(4= =g (2 -1) =p T +1=7.

Q3

B TpeThbeM PaBEHCTBE Mbl BOCHOJIb30BAINCh TeM, 4TO GyHKIusA (1 — z)™ ! = Z z" aHanm-
n=0

. N2 i 1 n-1
TUYHA B Kpyre |z| < 1, 1 e€ npousBogHasdA (1 —z)™“ = dz(l z) " = Z nz" .
nx>1

PEIIEHUE 3AJJAUU 4 OBILEN YACTU

OrtBerT: \/E /4. IlycTb B MOMEHT BpeMeHHU t CyCJIMK HaXOAUTCA B TOuKe s = s(t) = (¢,0), a
aKyJjia — B TOuke a = a(t) = (x(t), y(t)), tme y = (1 + x)‘l. BeKTop CKOpOCTU aKyJibl paBeH

v(t) = (x{,¥{) = (xt.ye - x{) = (L, -1 +x)72) - x{. 4
[TockomnbKy a ABAeTCA OMXalller K s TOYKOU rpaduka, BeKTOp
sa=(x—t,1+x)7")

[IEPIIEHAUKYJIIPEH BEKTOPY (1,—(1 + x)‘z), HAIlpaBJIEHHOMY BJOJIb NPOXOJAIIEN 4yepes
TOYKy @ KacaTeJIbHOI K rpaduky ¢yHkimu y = (1 + x)~ 1. TIoaToMy ckajsipHOe IPOU3-
BeJleHMe 3THX BeKTOpoB X —t — (1 +x)™> = 0, otkyaa t = x — (1 + x)~3. Ilo popmyie aJis
Npou3BoHO# 06paTHO# dyHKIMK x{ = 1/t = (1+ 3(1 +x)~*)™". Hoacrasass 10 B (4)
u noJarasa x = 0, mosydyaeM v(t) |x=0 =(1,-1)/4.

PEINEHUE 3AAYU 1 YACTU KMATEMATUKA»

OtBeT: 8 yesioBek. Takoe KOJIMYECTBO JOCTUTAETCA, €CJIN 8 OCceTUTe el NONapHO 3HAKO-
MBI APYT C APYI'OM, a TaKXe C OCTABLIMMUCA ABYM:A, KOTOPHIE IIPY 3TOM He 3HaKOMbI MeXy
coboii. Torga 3Tu BOe UMEIOT POBHO IO 8 3HAKOMBIX, a Bce ocTajbHble — 110 9. Korga atu
JIBOe YUAYT, y OCTABUIUXCSA CTaHET MO 7 3HAKOMBIX, U MOCJeJHNI UCX0] UX He KOCHETCA.

C Apyroii CTOPOHBI, TOCETUTEIU C MUHUMAJIBHBIM YKCJIOM 3HAKOMBIX JTOJIKHBI YUTU C Be-
yepuHKU. Ecsin Takoil 4esioBek M pOBHO OJUH, TO AOJIXHBI OBITh JIIOAU, C KOTOPBIMU M He
3HaKkoM. Bce oHM mMerT cTporo 6oJibllie 3HAKOMBIX, 4eM M, 1 mocJjie yxoga M 3TO 4wuc-
J10 He u3MeHuTcA. [Toatomy mocsie yxona M ¢ Hen30eXXHOCThI0 OCTaHYTCA JIIOAU CO CTPOTO
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60s1bImINM, 4YeM Yy M, 41CJIOM 3HAKOMCTB, U T€ U3 HUX, Y KOT'0 3TO YKCJIO HAaMeHbIlIee, TOXe
yuayT. Takum oOpa3om, Kak MUHUMYM JBOe MOceTUuTeser 00A3aTeIbHO MOKUHYT KJIyO.

PEINEHUE 3AJAYU 2 YACTU «KMATEMATUKA»

OTtBetsl: B (a) — HeT, B (6) — ma. Ilo Teopeme XopmaHa, netsisa C C R?, apnsAtomasncA
00pa3oM HelpephIBHOIO BiIokeHusa ST < R? OKpyXHOCTH B IUIOCKOCTh, BCETAa pa3duBaeT
IUIOCKOCTh Ha KOMIIOHEHTHI B TOM CMBICJIE, 4TO IIPOCTPAHCTBO R?\ C He ABJIAETCA JIMHEHO
cBA3HBIM. OueBMHO, YTO Teopema JKopjaHa oCTaéTcsa BEPHOW M MOCje yaaleHusa u3 R?
M060ro KOHEYHOTO MHOXeCTBa Touek. ITockosibKy cepa 6e3 Touku romeomopdHal R,
TeopeMa JKop/jaHa octaérca BepHoii pu 3aMeHe R? Ha chepy ¢ TpeMs BBIKOJIOTBIMU TOY-
kamu. Eciin O mocsieiHAA Oblsla roMeoMop@Ha TOPY € BBIKOJIOTOUM TOYKOM, TO TeopeMa
>KopnaHa 6b11a 6bI BepHa U 71 Topa. Ho 3To He Tak: Ha Tope ecTh eT/Ii?, IPU yJaJleHun
KOTOPBIX I10JIy4aeTCs MPOCTPAHCTBO, TOMeOMOpPGHOe LUJINHAPY, & OH JINHEUHO CBA3EH.
JTo goka3biBaeT (a).

Yro kacaetcda (6), To o6a IpOCTpaHCTBA TOMOTONNYECKN 3KBUBAJIEHTHHI OyKeTy U3 ABYX
OKpYXHOCTell. B camoM feJie, TOp C BBIKOJIOTOM TOYKOU IOJIy4yaeTcs M3 KBaJpaTa C BbI-
KOJIOTOU BHYTPEHHeU TOUKOU OTOXeCTBJIeHNeM KaXX 0! 13 ABYX Map NPOTUBOIOJIOKHBIX
CTOPOH B OJIUH OTPE30K C COXpaHeHHeM opueHTauuu. KBaJgpatT ¢ BBIKOJIOTOU BHyTpeHHel
TOYKOU CTATUBAETCA HAa CBOM BHEIIHMI KOHTYP L] Tak, 4TO BCe TOYKU KOHTypa OCTAI0TCA Ha
MecTe B Ipoliecce TOMOTONUU. B pe3ysibTaTe nocjeyomieil CKJIelKy MPOTHUBOIOJIOKHBIX
pEGep 3TOro KOHTypa MOJIYUYUTCS Mapa OKPYXKHOCTEeU ¢ OJJHOI O0IIell TOYKOM, B KOTOPYIO
neperayT Bce YeThipe BepIInHb kKBajpaTa. Cdhepa ¢ TpeMs BBIKOJIOTBIMU TOYKaMU CTATH-
BaeTcs Ha JUCK C ABYMs BHIKOJIOTBIMM BHYTPEHHMMU TOYKaMU, KOTOPBII B CBOIO OUYepeab
craruBaeTcsa Ha rpad 0, a 3ToT rpad — Ha OyKeT ABYyX OKpPYXHOCTeH (CTATMBaHUEM I'OpH-
30HTAJIBHOW NIePEMBIYKU B TOUKY).

PEIIEHUE 3AAYU 3 YACTU «KMATEMATUKA»

OTBeT B 000ux ciydasax — HeT. Tak kKak |S,| = 24 = 8 - 3, HeTpUBHAJIbHBI TOMOMOP-
¢pn3m u3 S, B rpynily HEYETHOTO NOpAAKA JOJDKEH UMETh AAPOM HOPMAJIbHYIO OATPYIIILY
nopska 8, Ho HeTpUBUaJIbHble HOpMaJIbHble OATPYIIH B S, MCUepIBIBAIOTCAS 3HAKOTIIe-
peMeHHOU noArpynmnou nopsaaka 12 v noarpynnou KieiiHa, nmeroien nopAgokK 4.

Bioxenue S, < GL,(C) 3agaBaso Obl AByMepHOe 3¢q>eKTHBHoe4 JIMHENHOe IpeAcTaBJie-

Hue rpynmnsl S,. Takoe mpeacTaBsieHre JIMO0O HEMMPUBOAUMO, JTUOO ABJIAETCA MPAMOU CyM-
MO BYyX OJHOMepHBIX. Ho ByMepHOe HellpuBOANMOeE IpeAcTaBjieHne S, IPOInyCcKaeTcsA
yepe3 snuMopdusM S, -» S3 U UMeeT AapoM rpynmy KieiiHa, a o6a oqHOMEPHBIX Mpes-
CTaBJIEHUs cojiepXaT B sAApe 3HakollepeMeHHylo noarpynny A, C S,. Takum oOpasom,
Jar060e AByMepHOe JIMHeHOoe MpeJicTaBjieHne S, 0043aH0 UMeTh HeTpHUBHUaJIbHOE AMPO.

1HaanMep, TpU TIOMOIIM CcTepeorpaduiecKoil MPOeKINU 13 BHIKOJIOTOM TOUKH.

2Har[pI/IMep, SKBaTOP WJI MepUauaH.

30;11/1H 13 (MHOTHX) CIOCOOOB B 3TOM yOeIUThCA TaKoB: Kaxgass HopMaJibHas NOATpyNna sBjseTcs 006b-
eJHeHNeM KJIacCOB COMNPXKEHHOCTHU, KOUX B S, UMeeTCs IATh: TOX/IeCTBEHHas lepecTaHOBKa, 3 maphl He3a-
BUCUMBIX TPAHCHO3UIUH, 8 IUKJIOB JJIMHEI 3 U 10 6 I[UKJIOB AJIMHEI 4 U JJIVHE 2, TaK YTO YKMCJIO 3JIEMEHTOB
B HOPMaJIbHO! MOATPYIIle MOXeT ObITb PaBHO TOJIBKO 1 + 3&; + 8¢, + 6&5 + 6¢,, Ile KaxAbll &; paBeH 0
wiu 1, 1 BHo6aBoOK JOJIKHO JEeJIUTD 24.

4To ecTh ¢ TPUBUAJILHBIM AIPOM.
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PEINEHUE 3AOAYU 1 YACTU KMATEMATUYECKAA ®U3UKA»

OtBeT: F(x) = me*’ / 2]|x|. I[Io npu3HaKy cpaBHeHUA MHTerpaj abCOJIIOTHO CXOAUTCA MpU
x # 0 u pacxogutea npu x = 0. B culy 4ETHOCTH NMOABIHTErPAJIBHOIO BBIPAXEHUA M0 X
¢pyHKnuMA F(x) TOXe 4€THA, U JOCTATOYHO BBHIYUCIIUTH €€ TOJbKO 1A x > 0. ITosb3ysacek
YETHOCTBIO OABIHTETPAJIBHOTO BEIPAXXEeHUA 110 t, mepenuiieM F B BUAE

7 +00 cos(xt) it 1 [ cos(xt) it 1 R too  plxt it
(x)—/o t2 + x2 _2/_oot2+x2 ) e/_ t2+x2

(e8]

O6o3HauuM uyepe3 Cp C C mpoxoauMyl0 IIPOTHUB YAaCOBOUM CTPEJIKM I'paHHUIly MOJIyKpyra
paauyca R ¢ IeHTpOM B HyJIe, JieXallero B BepXHel KOMIUJIEKCHOU MOJIYTIIJIOCKOCTU U UMe-
IOI[er0 CBOMM OCHOBaHHEM BellleCTBEHHBIN 0Tpe30K [—R, R]. HecoOCTBeHHBIN MHTErpasl

+oo  plxt 4 ; eixz 4
———dt = lim ———dz,
t2 +x2 R—+oo fo 7% + x?

—o0
nockosbKy 1/|z? +x?| < 1/|z|* — 0 paBHOMEpPHO 10 Z IIPH |z| — o0, U CTaJIO OBITh, BKJIA[,
OT MHTerpajsa mno MoJyKpy>XHOCTH TOXe CTPEMUTCSA K HyJII0 IpU R — oo no jeMmMme Kop-
faHa. KOHTypHBIN MHTerpas BEIUUCIIAETCA P OMoIX BbueToB. IIpu R > x > 0 noAbiH-
TerpajibHasA QyHKIUA MepoMopdHa B pacCMaTpuBaeMOM IOJIyKpyre, U eé 0COOEHHOCTHU
HCYEPIBIBAIOTCA €JUHCTBEHHBIM IIPOCTHIM IIOJIFOCOM B TOYKe ix. [ToaTomy npu R > x > 0

2

ele d 2 ] R el.xZ 2 ) e—x n.e—x
——— dz =2mi Res —— =2mi —— =
co 22+ x? z=ix 72 + x? 2ix x

2

PEINEHUE 3AJAYU 2 YACTU KMATEMATUYECKAA ®U3UKA»

3agauy npoie BCero peuunTh Mpu IIOMOIYW 3aKOHOB COXpPaHEHUA UMITYJIbCa U SHEPIUU B
CHUCTeMe OTCYETA, CBA3aHHOM C L[EeHTPOM MaccC KoJiblla U TOUueuHoro 3apsga. IlycTs B Jya-
00OpaTOPHOU CHUCTEMe OTCUYETA NCKOMAasA MUHUMaJIbHasA CKOPOCTb TOUYEYHOI'0 3aps/ia BAOJIb
ocu ¢ paBHa v,. Torga B cucTtemMme IjeHTpa MacC HadyaJibHble CKOPOCTH KOJIbI[A ¥ TOYEYHOTO
3apsga paBHbBI, COOTBETCTBEHHO,

muv, My,

TMm T MEm ©)

V=
TaK KaK MOJIHBIA UMITYJIbC B 3TOM CUCTeMe paBeH HyJii0. [IoMUMO KUHETUYECKOU SHEePrUuu,
B HAyaJIbHbII MOMEHT BPE€MEeHHU cucTteMa 00JiaflaeT MOTEHIMAJIbHOU SHeprueu 3JeKTpo-
CTaTHUYeCKOT0 B3aUMOAENCTBUA

W=-xq*/L, thme L=VR%+a?,

a Ko3(®UIMEHT » 3aBUCUT OT BhIOOpa equHMI] U3MepeHusa'. Koraa Kosblo U ToueuHbIi
3apsAq pacxoAAarcsa Ha 00JIblIoe pacCTOsSHUE, SHEPTIUs 3JIEKTPOCTaTUUYECKOr0 B3auMOe-
CTBHUSA CTAHOBUTCA NMPeHeOpeXUMO MaJIOM, U Y CUCTEMBI OCTAETCA TOJIBKO KUHeTHYeCcKas

!B npunsaTOii B TeopeTudeckoii pusnke crucreme CI'CO » = 1.
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sHeprus. Eciiu cKOpoCTb v, TO3BOJIAIONAsA KOMIIOHEHTAaM CHCTEeMBbI pa30MTUCH CKOJIb YTOA-
HO Jlajieko, BBIOpaHa MMHUMAJIbHOM, TO Ha 6@CKOHeYHO 60JIbIIOM yaaJIeHuu APYT OT APY-
ra KoJIbl[0 M TOYEYHBIN 3apAa OyAyT MMeTh B CCTeMe LIeHTpa Macc HyJieBble IIpeJieIbHbIe
CKOPOCTU U HYJIEBYI0 KMHETHUYeCKyl0 5Hepruio. Takum oO6pa3oM, NPy MUHHMAaJbHOM v

3aKOH COXpAaHEeHUs SHePTUM UMeeT BU[ !
Mv? mv:  xq?

2 T2 71

=0.
[MoncrasJiAs ciofa 3HauYeHUs ckopocTeit u3 GopmyJisl (5), mosydaem

2

2%q*(M +m)
VE=———

LMm (6)

OTmeTuM, YTO HalpaBjieHHe CKOPOCTH He MMeeT 3HaueHHs — TOYEUHBIN 3apsad MOXHO
3aIyCTUTh KaK B CTOPOHY KOJIbLIA, TaK U OT Hero. J[Jis OTBeTa Ha BTOPOU BOIIPOC 3aJjauu
3aMeTHM, YTO B CHCTeMe LIeHTpa Macc KOJIbLIO B Ipejiesie nmokoutcs. [1oaTomy B jlabopa-
TOPHOM CHCTEMeE OHO OyAeT IBUTaThCA CO CKOPOCTHIO LIEHTPa Macc B TOM e HallpaBJIeHUH,
YTO W TOYEYHbIH 3apsz. Takum o6pa3oM, mpejiesibHasi CKOPOCTh KOJIbI[a paBHA

mvy 2mxq?
M+m \ LMM+m)’

(7)

MoxHO pemaTh 3aady U B JIJAOOPAaTOPHOU CHCTeMe OTCUETA: 0003HAYUTh Yepe3 Ui U U,
npefesibHbIE CKOPOCTH KOJIbIAa U 3apsAAa Npu nx 0€CKOHEeYHOM yJaJieHuU APYT OT ApyTa,
3amnMcaTh 3aKOHBI COXpAaHEHMs MOJIHBIX UMITYJIbCa U SHEPTUU

mvy = Muy +mu,, mvi +2W = Mu? + mu3,

BBIPA3UTh 13 NIEPBOTO ypPaBHEHUA U, IOACTAaBUTh BO BTOPOE U IOJIyUYUTh HA CKOPOCTb Uq
KBajipaTHOE ypaBHeHne M(M + m)u? — 2Mmvyu, — 2mW = 0, IUCKPUMHUHAHT KOTOPOT'O

D /4 = M?>m?v§ + 2WMm(M + m)

IIpU MaJblX vy OTpUIliaTesieH, Tak Kak W < 0. MuHuMasibHOe 3HauYeHUue v,, IIpU KOTO-
pOM ypaBHEHUE UMEET pelleHre, BO3HUKaeT npu D = 0, 4To Jaér s vé sHauenue (6).
EnuHCTBEHHBIN KOPeHb ypaBHEHU:A IpU 3TOM paBeH (7). OTMeTuM, 4yTO npu 60IbIINX 3HA-
YeHUAX vy GU3NYEeCKUN CMBICI UMeeT TOJIBKO TOT U3 ABYX KOPHEH U, KOTOPBI CTPEMUTCA
K HyJ0 1ipu W — 0. CooTBeTCTByWOIllEe eMy 3HaueHue U, — v,. Pu3nuecky TakoMy Ipe-
JIeJIBHOMY I1epexoly OTBedaeT ocJjiabjieHue 3JIeKTPOCTaTU4eCKOro B3auMOAeCTBUA.

PEINEHUE 3AAYU 3 YACTU KMATEMATUYECKAA ®U3UKA»

OtBeT: 24/5s /(g sin ). [IpuBeném pelieHre, OCHOBaHHOe Ha 3akoHax HpioToHa. Hanpasum
och Ox MHepLUMAJIbHON CUCTEMBI OTCUETa BAOJIb HAKJIOHHOM IJIOCKOCTU BHU3, a 0Cb Oy —
neprneHANKYJIIPHO 3TOU MJIOCKOCTU BBEPX (Tak 4TO yCKOpeHHe CBOOOJHOr0 najgeHus uMe-
eT OTpUIlaTeJIbHYI0 IPOEeKLNIo Ha och Oy). Ha nuauHap AeiicTBYIOT TPU CUJIBL CUJIa TsXKe-
ctu M g, IPUJIO)KEHHAA K ero LieHTPY Macc, CHUjia peaku OBepXHOCTU N, PUJIOKEeHHAas

1B JIeBOM YacTHU HamrcaHa HavyaJibHast JHEPrus, B HpaBOfI — IIpeaeJIbHOE 3HaYE€HNEe MOJTHOM SHEPTHUU IIpU
0eCKOHEeYHOM yAaJaeHWU TeJia OT KOJibIa.
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B TOYKe KacaHWsA IWINH/Pa C HAKJIOHHOM IJIOCKOCTBHIO U HampasJieHHas BAOJIb ocu 0y, a
TaKXKe MPUJIOKEHHAs K 9TOM Xe TOUKe cujia TpeHus F, HanpaBjieHHas mpoTus ocu Ox. J[Bu-
KEHUe MWINH/PA ONpe/esIseTCs ypaBHEHNEM Ha JBIKEHME IEHTPa MacC U ypaBHEHHUEM,
OMMCHIBAIOIEM BpallleHre IUJINHAPA BOKPYT IieHTpa Macc. OG03HAYNM yCKOpPEHUeE IeH-
Tpa Macc yepe3 a, yrjI0BOe YCKOPeHHe BpallleHHsI BOKPYT IIeHTpa Macc 4epes3 ¥, a MOMEHT
VHEPLUU UINHAPAa OTHOCUTEJIbHO OCH BpaleHus depe3 J. [Ipoekmus BTOPOro 3aKOHA
HetotoHa Md = F + N + Mj Ha ock Ox MMeeT BUJ

Ma =Mgsina —F. (8)

Tak Kak 10 yCJIOBHIO OCh LIMJIMHApA MepeMellaeTcs MapajieJJbHO caMol cebe, BEKTOPHI
MOMEHTOB BCE€X CHWJI IIapaJijieJIbHbl OCU BpalleHuA, U MOMEHTHI cCuJlI N 1 M g paBHBI HYJIIO.
[IosTOMYy BTOpO€ ypaBHEHNE, CBA3BIBAIOLee MOMEHTHI CUJI U YIJIOBOE YCKOPEHNUe, CKaJIAap-
HO U uMmeeT BuUA Jy = FR. J{J14 OAHOPOAHOI'O0 TOHKOCTEHHOr' O {uMHapa | = M R*,ua= YR,
TaK KakK HeT Mpockasb3biBaHusA. Tem cambiM, F = Jy/R = yMR = Ma. [loxctaBiss oTo B (8),
HaxoAuM abCOJIIOTHYI0 BeJIMUYMHY YCKOPEHMs LIeHTpa Macc HWUJIMHAPA

1 .
a=;gsina.

ITpu paBHOYCKOPEHHOM ABIXXEHUU IYTh S U3 COCTOAHUA MOKOS IPOXOAUTCA 3a BpeMA

2s S
—=2‘/,—.
a gsina
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JIOTIOJIHUTEJIBHBIE 3ATAYU [JIsI CAMOCTOATEJIBHOI'O PEIIEHU A

[IpuBOAMIMBIE HUXE 3aa41 Pa3HATCA I10 CBOEMY YPOBHIO, U HEKOTOPBIE U3 HUX 3HAUUTEJIb-
HO TpyJHee TeX, YTO B CpeHeM IIpeJaralTcA Ha BCTYNUTEJIbHBIX dK3aMeHax Ha Maru-
cTepckue nporpaMMel «MaTtemaTuka» u «MaremaTtrka u MateMaTudeckas ¢pusukay. Pemie-
HMe 3TUX 3a/1a4 [M03BOJIMT BaM, C OJHOUN CTOPOHBI, YBEPEHHO U Ja)ke ¢ HEKOTOPhIM 3alacoM
MIOATOTOBUTHCA K BCTYNIUTEJIbHBIM UCIBITAHUAM Ha (aKyJIbTET, a C APYrou CTOPOHEHI, JaCT
BO3MO>KHOCTbh IIOYYBCTBOBATh AyX TOTO, YTO XJET HA peaJlbHOM dK3aMeHe — MpeAJIoXKeH-
HBIe TaM 3371a4u Oy iy T, CKOpee BCcero, HEMHOTIO MOIPOlie, HO He MeHee MHTEPECHBI 1 CTOJIb
K€ HeCTaHAAapTHBI 10 CBOMM (HOPMYJIMPOBKaM.

3AZIAYA 1. Haligute KOJIMYECTBO AeBATHU3HAYHBIX YKCeJ ¢ HEYETHON CyMMOU nudp.

3ATAYA 2. HaliiuTe MakcMMaJIbHOE BO3MOXXHOE YHCJIO TOYEK IepecevyeHrs: JuaroHasien
y BBIIMYKJIOT'O N-yTOJbHUKA.

3A0AYA 3. [Ipu nepBoM Gpocke 1Mo KoJjblly 6ackeT0osicT KocopykoB Bcerja nomnajgaer,
IIpU BTOPOM — IPOMaxXUBAETCsA, a MPU KaXIOM IocJjeayioiieM O6pocke BepOATHOCTb €ro
MonaJjaHusA paBHA NPOLEHTHOU J0Jie YMCJIa OMaJaHuU BO BCeX MpeAbIAyInX OpocKax ce-
pun. KakoBa BepOATHOCTH TOTO, YTO B CEpUU U3 cTa OpOCKOB OyzeT poBHO 50 nonagaHum?

3AAYA 4. MoxeT Jii rpymnma ObITh O0beJUHEHNEM IBYX CBOUX MOATPYII, OTJIMYHBIX OT
€JIUHUIIBI U BCEU TPYIIIbI?

3AJAYA 5. CKOJIBKO epecTaHOBOK B CMMMETPHUYECKOU rpymnmne S, ABJIAITCA Npou3Bee-
HUAMU [JBYX Pa3/JIMUYHBIX TPAHCHO3ULIWMI?

3AZIAYA 6. J{yis nepectaHoBku 0 = (12345 &) e S Brruncure 02018,
3AAYA 7. CkoibKO aBTOMOPGU3MOB y abesieBoul rpynmnsl Z/(2) @ Z/(2)?
3AIAYA 8. Hangure nopsiaku rpynn GL, (F,) u SL, (F,) Hax q-s1nemMeHTHBIM n0J1EM .

3ATAYA 9. MOXHO JIM BJIOXKUTH I0JIe U3 JEBATU 3JIEMEHTOB B IIOJIe M3 [BaJIlaTH CEMU
3JIEMEHTOB?

3AZIAYA 10. Haiigute Bce oOpaTUMBbIe 3J1eMeHTH B KOJIbLIE 1IeJIbIX FayCCOBBIX YHCEJI
ZIV-1]={a+bVv-1€C|la,beZ}.

3AZIAYA 11. MakcuMaJieH Jid ujeasl, IOpOoXAEHHBIN 3JIeMEHTOM X B KOJIblLie
A) Clx] B) C[[x]] B) Z[[x]]?

3AZIAYA 12. fIBnisieTcss iU 2 A) IPOCTHIM  B) HEMPUBOAUMBIM 3JIEMEHTOM KOJIblia

Z[V5) = {(a+bV5 eR| a,beZ)?
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3A0AYA 13. TlpuBoauM 1 HaA nojieM Q MHOTO4WIeH A) x34+27x2 +5x4+97 B)x*+4?

3AJAYA 14. CKOJIBKO pellleHu nMeeT ypaBHeHUe xyz = 2 -3 -5 7 - 11 B HaTypaJIbHbIX
yyciax?

3ATAYA 15. Hangute KyOM4ecKnii MHOTOYIEH C LeJIbIMU Ko3(dduineHTaMmy, KOpHAMU
KOTOPOTO SABJIAIOTCA KBapaThl KOpHeH MHorowieHa x> + x2 — 2x — 1.

3AJAYA 16. Yemy paBHO IIpou3BeeHIe MONapHbIX PA3HOCTEH BCeX KOMILIEKCHBIX KOPHEN
CTENeHN N U3 eIUHULIBI?

3AZTAYA 17. KoHEYHO Ji1 MHOX€ECTBO pa3JIMYHbIX BJIOXeHu! nosis R B osie C?
3AZTAYA 18. MOXHO JI [UPKYJIEM U JITHENKON MOCTPOUTD NPAaBUJIbHBIN 14-yTrOJIbHUK?

3ADAYA 19. JlokaxuTe, 4TO [JiA JII0OOOU YeTBEPKU KOJLIMHEAPHBIX TOYEK P4, P2, P3, P4 B
R? 1 MHOTOUYJIEHOB BTOPOM CTENEeHH fi, fo, f3, f+ € R[x,y] onpenenuTess 4 X 4 MaTPUIL[bI

det(fi(p;)) = 0.

3ANAYA 20. CywecTByeT Ji1 MaTpulia ¢ XapaKTepUCTUYeCKUM MHOTOUJIEHOM y(t) U MU-
HUMAaJIbHBIM MHOTOWIEHOM u(t) i A) x(t) = (t — 1)(t — 2)3, u(t) = (t — 1)(t — 2)

B) x(t) = (t° - 1), u(t) = (> = 1) B) x(t) = (t — D>t - 2)°, u(t) = (t = D*(t - 2)*?
Eciu ga, To mpuBeguTe ABHBIU IPpUMeEpP TaKOUW MaTpPHUIIBL.

3AJAYA 21. Haniaute MUHUMAJIbHBIN MHOTOYJIEH KBAAPATHOM N X N MaTPUIIbI

0 0 0 a4
1 0 : :

0 1 0 an_;
oo 0 apg
0O - 0 1 ay

3ATAYA 22. BesAkoe Jid OTKPBITOE MOAMHOXecTBO B R™ mpepcraBiisgeTcsa B Bulie 00bequ-
HEHUA CYETHOTO CeEMeNCTBA 3aMKHYTHIX MHOXECTB?

3AJAYA 23. PaBHOCUJIBHA JIM 3AMKHYTOCTb KaXXJ0ro U3 NOAMHOXeCTB A, B C R 3aMkHY-
TOCTH MX IpousBegeHus A x B C R? ?

3AAYA 24. [l BCAKOTO JIM 3aMKHYTOro nojaMHoxectBa C C R™ Haliaérca Takas mo-
cJieqoBaTesIbHOCTDh X : N — C, 4To Kaxaas Touka MHOXecTBa C SBJIAETCA €€ YaCTUYHBIM
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npenesom?

3AJAYA 25. JIoKaXuTe, 4YTO KaXJbI HEMOCTOSAHHBIM MHorowleH f € C[x] 3agaér cob-

crBeHHoe! otobpaxenue f: C — C.

3AJTAUA 26. CyllleCTBY€ET JIM TaKasl HelpephiBHAsA cropheKima f : R? - [0, 1], uto mpoo6pa3s
f~Y(x) mo6oro x € [0, 1] orpannyeH? MoxeT 1 f GHITh MOHOTOHHOI??

1

(o)
3ATAYA 27. C touHocThio 110 0, 01 BEIUMCIIHUTE Z 3

n=1

3AZIAYA 28. JlokaxuTe, 4yTO A4JiA JiIoO0U uHTerpupyemou Gynknuu f : R — R cymjecTByer
t 1
1
Takoe yucio t € [0, 1], yto /f(x) dx = > /f(x) dx.
0 0

3ATAYA 29. Besakas siu HenpepolBHO AuddepeHnupyemas QyHkuA R — R npencrasiia-
eTcA B BUJIe PAa3HOCTU [BYX CTPOrO BO3pacTaL[X HelPepPbhIBHbIX (QYHKLIUNA?

3AZIAYA 30. IycTh 718 mouTH Bewoay: auddepennupyemoit pyHkimu f : R — R mourtu
BCIOAY BHINOJIHAETCA paBeHCTBO f'(x) = 1. Cienyet jiu otciona, uro f(1) — f(0) = 1?

3AOAYA 31. lokaxwure, 4TO lim sup sin(nx) = 1 gjia noutu Bcex x € R.

n—oo

3AZIAUA 32. Tlycts GyHknus f : R? — R yaoBiaeTBopser aJis Beex (x,y) € R? cooTHoIIE-
HusM f(x+1,y)=f(x,y+ 1) = f(2x+y,x +y) = f(x,y). BepHO 51, 4TO

A) ecny f HenmpephIBHA, TO OHA MOCTOSIHHA?
B) ecnu f nHTerprupyema no Jlebery, To OHa OYTU BCIOAY NOCTOSHHA?

3AAYA 33. HaliguTe GyHAaMeHTaJIbHYIO I'PYIIY TOIOJOTMYECKOro MPOCTPAHCTBa, MOIy-
YEeHHOTr0 U3 JIByMEPHOI'0 TOpPa OTOXAECTBJIEHWEM KaKUX-TO [BYX €ro pa3jNYHbIX TOUEK B
OHY.

3A0AYA 34. EcTb i1 3yieMeHT OeCKOHeYHOro nopsaaka B pyHAaMeHTaJIbHOW TpyIine mpo-
crpancTBa R3 \ X, roe X sBisercs oObequHEHMEM OCHU Z, TOUKU (3,3,0) U eUHUYHON
OKPYXHOCTH X2 + y2 = 1 B IJTOCKOCTH X,y ?

3AJAYA 35. CylecTBYIOT JIM TaKue Iyiajgkue QyHKIUU fi, f, f3 : R® = R, 4TO MHOXeCTBO

X={xeR®| 1(x) = fo(x) = f5(x) = 0}

roMeoMop¢HO Bel[eCTBEHHOU ITPOEKTUBHO! IJIOCKOCTH, TpUueéM auddepeHnnainsl QyHK-
UUu fi, f2, f3 TUHEHHO HE3AaBUCUMBI B KQXXJ0M TOYKEe MHOXeCTBa X ?

3AJAYA 36. Berunciaute /max(xl, ey Xp)dx;dx, ... dx, mo kyoy 0 < x; < 1B R™

3AJZIAYA 37. BblUnC/IMTE MHTErpas / e~9¥) dx, ... dx, AJIA HOJOXUTEIHHO ONpeAesIeH-
Rn
HOW KBaZpaTU4HON GopMsl q(x) = xAxt, raqe A = Al BemecTBeHHAsA CUMMETPUYHAA N X N

IT. e. mpu KoTOPOM TPOOGPA3 JTH0GOr0 KOMIAKTa KOMIAKTEH.
2B ToM cMBICITe, YTO MOJIHBIH IIPO0OpPa3 JT06Oro CBA3HOrO MHOXECTBA CBS3EH.
3Io mepe JleGera.
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MaTpuIa, X = (Xq,Xy, ..., Xp) € R™.

3AOAYA 38. []714 npor3BOJIbHO 331aHHBIX KOMILJIEKCHBIX MaTpull A, B pasMepa nxn BBIYHC-
JIUTe 3HaYeHue Ipy x = y = 0 cMeIlaHHON MPOU3BOAHOM 32 f /dx0y OT MAaTPUYHO3HAYHOM
dynxmun f(x,y) = e¥4+YE,

3AZTAYA 39. JlokaxuTe 1A roJIOMOpPHOU B eAMHUYHOM Aucke |z| < 1 pyHKIuuU f paBeH-
CTBO

/ fx)dx = / f(2)In(z)dz,

[0,1] lz|=1
re cjeBa MHTerpupoBaHUe BeIETCA N0 TpAMoIMHelHoMy oTpe3ky [0, 1] € R c C, a cipa-
Ba — [0 €AMHUYHOU OKPYXHOCTH, 00XOAVMMOI OAVH pa3 IPOTHUB YaCOBOU CTPEJIKU, Hauu-

Hasa ¢ Touku 1 € C, u goraprdm AeliCTBUTEJIEH Ha MOJI0XUTEIbHON MOJIyOCH Bel[eCTBEH-
Hou npsaMon R C C.

3AZTAYA 40. VI3BeCTHO, YTO BCe KOPHU KOMILJIEKCHOI'O MHOTOWIeHa UMEIOT MOJIOXKUTETb-
HYI0 MHUMYIO 4acTh. JIOKaXHWTe, YTO BCe KOPHU €ro MPOU3BOAHON TOXE MMEIOT MOJIOXKH-
TeJIbHYI0 MHUMYIO 4acTb.

3ATAYA 41. JlokaxuTe, 4TO cyMMa BbIYeTOB 1-popMsbl dz / f(z) MO BCeM KOMILJIEKCHBIM
KOpHAM MHoroweHa f € C[z] paBHa HyJ110, eciii deg f > 2. BepHo sini 310, korgadeg f = 17?

elkx

—xzdx,rnei:\/—le(c,kez.

3ATAYA 42. BeluncnTe UHTErpall / 1T

—0

3AJZIAYA 43. MoOryT Jiu OKPYXHOCTh U MapaboJjia Ha eBKJIMAOBOM IUTockocTh R? mepece-
KaTbCs POBHO B IBYX TOYKaX Tak, YTO B OAHOM U3 HUX OKPYXXHOCTh KacaeTcsA napaboJisl, a
B Ipyroii — HeT?

3AZTAYA 44. CocTaBbTe OOBIKHOBEeHHOe AuddepeHInaIbHOe YpaBHEeHe, KOTOPOMY YO-
BJIETBOPSIOT BCE OKPYXHOCTHU HAa MJIOCKOCTH .

3AZIAYA 45. Hanigute cucteMy aud@epeHInaabHbBIX YpaBHEHN BTOPOTO opsAAKa

{ 0=1(.9.0¢)
¢ =g, ,0,9)

Ha IOJIAPHbIE KOOPAUHATH B IVIOCKOCTH R?, peleHns KOTOPOH B JeKapTOBBIX KOOPAUHA-
Tax (x,y) UMeT BUuAg x = at+b, y = ct+d, rae a, b, ¢, d — IpOU3BOJIbHBIE BellleCTBEHHbIE
TOCTOSIHHBIE.

3ATAYA 46. HaiiguTe Npon3BOAHYIO OT pelieHusA AuddepeHIInaIbHOTO ypaBHEHUA

¥—x+0x=te?

¢ HavaJibHbIM ycJioBueM x(0) = 1, x(0) = 0 no napameTtpy 6 nipu 6 = 0.

!PaccmaTprBaeMble JIOKaJIbHO, BOJIM3M TOUEK ¢ HeBepTHUKAIbHBIMU KacaTebHBIMU, Kak rpaduki GyHK-
U OT OOHOM ITlepeMeHHON
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