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IIpaBuaa

Academic ethics policy. IlonbiTka caTh Xo0Tsd Obl YACTUYHO CIUCAHHBIA TEKCT OyJIeT paccMar-
PUBATDHCS KaK rpyboe HAPYIIIeHNEe IPUHITUIIOB AKAIEMUIECKON 3TUKH CO BCEMU 8 IMUHUCTPATUBHBIMA
1 peryTauuOHHBbIMU ITOCJICJCTBUAMMU.

Deadline policy. B cayvae caavu paboThl 11ocjie CpoKa OlleHKa OyIeT olpeae/IaThCs KaK pelleHne
r = z(t) muddepeHIaIbHOIO ypaBHEHNUS

Tr=—x

¢ HauasbHbIM ycioBueM x(0) = xg, Tae Ty — OleHKa 0e3 yuéra mrpada, ¢ — KOJIUIECTBO JTHEH,
HPOIIEIIMX ¢ MOMEHTa Je/[IaifiHa 0 MOMEHTa ¢Jadu paboThl (BEleCTBEHHOe YUCIIO).

Typography policy. Tekct paboTsl craéres uckaodureabio B popmare PDF. Pabora ¢ naeasn-
HBIM OpOopMJIEHHEM, HaOpaHHas Ha KOMIIbIOTEPE, BBITVISIAIIAsd KaK CTPAHUIIA U3 XOPOIIO CBEPCTAH-
HOIT KHUTH, II0JIy9aeT 60HyC B 5% OT unc/ia HabpaHHbIX 6a/u10B. KapTHHKM MOTYT GBITH HAPUCOBAHLI
HA KOMIIbIOTEpPE WJIM BCTABJIEHbI B BHJIe CKAHOB. Pabora ¢ mioxuM odopmiieHreM (HaIpUMep, CKaH
paboThl, HAIIMCAHHON OT PYKH), moJydaer mrpad B 5% or uucia HabpaHHbIX 6anos. Pabora, ure-
HIe KOTOPOii BBI3BIBAET CYIECTBEHHbIE 3aTpyAHEHUs (Hepa30OPUYMBBINA CKaH win dororpadus u
T.J1.), MOXKeT OBITH BO3BpAIlleHa Ha J0PabOTKy 06e3 IMpoJIeHns Jie/Iaiina.

Grading policy. [lumure, noxaJsyiicTa, MOJIHbIE PEIIEHUs] CO BCEMU HEOOXOIMMBIMU TTOSICHEHMSI-
M.

Samauu

Onpenenenue 1. Jlugpgeperyuanrvroti 1-gopmoti HasbiBaeTcss (PYHKINASA U3 HEKOTOPO# objacTu
U C V nureitHOrO IpocTpancTBa V' B MHOXKECTBO JIMHEHHBIX (DYHKIIMOHAIOB Ha V. IHbIMU ci0BaMu,
roBOPAT, UTO 3ajana jauddepenmuaibuas 1-dpopma, ecan B Kaxk0il Touke MuOKectBa U 3aman
HEKOTOPLIN KOBEKTOP.

Ounpepnenenne 2. PaccmorpuM muddepenimabayio 1-dopmy w Ha maockoctu. [lyers P — Heko-
Topasi Touka aockocTH. OTIOKIM OT TOUYKH P Bce BO3MOXKHBIE BEKTOPBI v, Takue 410 w|p(v) = 0.
Ecmm w|p # 0, Bce Takume BEeKTOPBI JJisi (DUKCHPOBAHHON TOYKM OYIyT Ji€’KaTh Ha OIHOU MPIMOIi.
[Monmyaurcs nose wanpassenud, 3a1aBaeMbIx ypaBHeHHEeM W = (.

Bamaua 1. (3 6asia 3a KaxKIplil MyHKT.)

Jta kaxk ot u3 ciemaytomux auddepeHnna bubiX (pOpM MTOCTPOUTDH IOJI€ HAIIPABJIEHUN, KOTO-
poie 3anaiorcs ypasaenueM w = (. (ITocrpouTs mpsiMble, TIPOXOJIAIIKE Yepe3 TOUKH, yKa3aHHbIe Ha
pucyske [l OTmeruTs TOUKH, B KOTOPBIX HAIPABJICHHE HE 33JaHO. )

a. w=>5dr+3dy
b. w=3xdx + 4y dy
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Puc. 1: Pucynok k 3ajagam

c. w=2ydr—bdxdy
d. w=2ydr+ 4z dy

Bamaua 2. (3 6amia 3a KaxKblii myHKT.) s KaxK10ro u3 cieyomux quddepeHinaabHbIX ypas-
HEHUil [OCTPOUTH TI0JIe HalpaBJeHuil, koropoe M 3agaércs. (IlocTpouTsb HpsiMble, TPOXOJISIIUE
Jepe3 TOYKHU, YKa3aHHbIE HA PUCYHKE ) Kak cBsazanbl nuddepentuaibubie ypaBuenus ¢ audde-
peHIMaIbHBIMU (POPMAMU U3 MIPEIbIAYINEH 3a1a9n?!

) 3x 2y / Y
a. y =—- b. y’:—@ c. y’za d.

Baga4da 3. (5 6amios) Paccmorpum cucremy ypaBHeHuit

T = bx
Yy =2y

Haiitu Bce pemenust (3aBucumocts (z(t), y(t))).

Haiitu ypaBuenusi (pa30BbIX KPUBBIX (3aBUCUMOCTD T OT Y W/UJIH Y OT I).

Ecnu Bcé ciienano npaBuiibHO, (ha30Bble KPUBbIE TOTO YPABHEHUS JIOJIZKHBI COBIIAIATH C UHTE-
IPaJIbHBIMU KPUBBIMU JIJIsi KAKOTO-TO YPABHEHUsI U3 MPEIbLIYIMX 3a1a4d. Kakoro?
Hapucosarh BekTOpHOE T10J1€ U (ha30Bble KpuBble. BoiesmTh (Ha3oByio KPUBYIO, COOTBETCTBY-
forLyo HadajabHoMy yciosuto z(0) = 0, y(0) = —1.

Bazmaua 4. [1] IIpocreiimasi, camas rpy6ast MOfIe/ b, ONUCHIBAOIIAA 6OPHOY JBYX BUJIOB — XUIIHUKA
1 KePTBbI — COCTOUT B cJieyioiieM. PaccMoTpuM Tpy/i, B KOTOPOM KHBYT PbIOBI ABYX BUIOB —
CKaxkeM, Kapacu u 1nryku. Ecam Obl myK He ObLIO, KAPACH Pa3MHOXKAJIMCH Obl SKCIOHEHIINAJIBLHO, CO
CKOPOCTBIO & = kX, IPONOPIIUOHAJILHON X KOJUIECTBY = (MBI [IPEJIIIOIATAEM, YTO CyMMAPHAs Macca
Kapaceii MHOIO MeHbIIle Macchl npyaa). Ecam y — KoJImdecTBO IIyK, TO CJIEIyeT Y4ecTh Kapacei,
CbEeJIEHHBIX IyKaMu. Mbl TIPEIIOI0KIM, YTO YUCJIO BCTPEY Kapaceil co IMIyKaMu ITPOTIOPIIUOHAIBHO
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KaK YUCy Kapaceil, TaK M YUCIy MIyK: TOrJA JIJIT CKOPOCTH M3MEHEHUS YHCJIa Kapaceil MoJIydIuM
ypaBHenue & = kr — azy.

Yro kacaercs mIyK, To 0e3 Kapaceil OHM BBIMUDAIOT: § = —Ily, B IPUCYTCTBUU Ke Kapaceil
HAYMHAIOT PA3MHOXKATHCS CO CKOPOCTHIO, IPOIOPIIMOHAJIBLHOM YUCITY ChEJIEHHBIX Kapaceii: §y = —ly+
bxy.

Mpbr ipuxo/iuM, TaKuM 00pa30oM K cucteMe muddepeHnnabHbIX YPpaBHEHUH TPOCTEHIIel MOe
CHUCTEeMBI XUIHUK-3KepTBa (Mmodeau Jlomxu—Boavmeppa):

T = kx — axy,
o (1)
y = —ly + bxy.

3reck a, b, k, | — momoxkuTebHBIE TTApAMeTPbI, (Pa30BBIM IMPOCTPAHCTBOM SIBJISIETCS TIepPBasl I€T-
Bepth = > 0, y = 0.
Ilyctrba=1,b=4,k=05ul=1.

a. (3 6amna) Haiitu Bce Toukm ha30BOro MpOCTPAHCTBA, B KOTOPBIX IpaBasl 4acTh PABHA HYJIIO
(ocobwvie mouku).

b. (5 Gamwios) Hapucosars Bekroproe mose (). OrmernTs KpuBble (M30K/IMHBI), Ha KOTOPBIX
BEKTODPBI BEKTOPHOT'O TOJIsI HAITPABJIEHBI TOPU30HTAIBLHO U BEPTUKAJIHHO.

c. (3 6asna) HaiiTu 1 HapucoBaTh €IE OJIHY M30KJIMHY, sIBJISIONLYIOCS IPAMOi (He BEPTUKAJIBHOMN
U HE TOPU30HTAJIBHOI).

d. (3 Gasma) 3amnucarb HeaBTOHOMHOE juddepeHInalbHOoe YpaBHEHUE, UHTErPAJIbHbIE KPUBbIE
KOTOPOTO COBIAAAIOT ¢ (pa3oBbiMu KpubbiMu cucreMsl ([1)).

e. (10 6asutoB) Pemmrhb mosryyeHHOe ypaBHEHUE.

f. (5 6asnoB) Bamucars ypaBaenne $ha3oBbIX KPUBBIX (3aBUCHMOCTb MeKLy = 1Y) B Buge H(x,y) =
C,rne H(x,y) = F(x)+G(y). Uabimu ciioBamu, Haiitu Takyto dyakmmio z = H(x,y), npeacras-
nstomtytocst B suge H(X,y) = F(x) + G(y), aro ausa moGoro pemenns (x(t), y(t)) cucremst (1)),
H(z(t),y(t)) = const. (To ectb dynkmus H nomkHA OCTaBATHCS MOCTOSHHONW Ha (Ha3oBBIX
KPUBBIX CUCTEMBI. )

g. (3 6asura) Haiitu Bce Touku Mmunumyma H(x,y). Ecau y dyHKIUM HET KOHEYHOrO YUC/Ia TOYEK
MUHUMYyMa, PaccMOTpeTb BMecTo dbyHkimu H dynknuo —H.

h. (4 6aua) IlycTb ofHa U3 TOYEK MUHUMYMa, HARJEHHBIX B IIPEIBLIYIIEM IYHKTE, UMEET KOOD-
quHATHL (T, Yo ). Hapucosars rpadukn byukuuit f(x) = H(z,y0) u g(y) = H(xg,y).

i. (5 6asutoB) HapucoBars npumepHO (MM TOYHO ¢ HOMOIIBIO KOMIIBIOTEPA) HECKOJIBKO (ha30BbIX
kpusbix cucremsl (I)). (He 3a6yapre mpo crpesnoukn!) [jist 9TOro mOIE3HO HOHATH, KAK BBIIVIs-
qut rpaduk z = H(z,y) (upeabiaymuil myHKT BaM JIOJIZKEH B 9TOM IIOMOYb). SIBHO OTMETUTH
Bce (ha30Bble KPUBbIE, COOTBETCTBYIOIIME TOCTOSTHHBIM pPelleHusiM (TIOJIOXKEHWs] PABHOBECHSI,
OHU Ke 0CODBIE TOUKH ), a TakKe (ha30Bble KPUBbBIE, JIJI KOTOPBIX OJIHA U3 KOOPJMHAT OCTAETCs
MMOCTOSTHHOM, & JPyrasi MEHsIeTCS CO BPEMEHEM.

j- (3 6amra) CymecrByior i nepuoaudeckue pemenns ypasuernus ((1])?

k. (3 6amna) CymecTByIOT JIM PEIIeHNs], He SBJISIIOIINECS TePUOINIECKUMIU !

(3 6asta) Cy1mecTByOT JIM HEOTPAHUYIEHHBIE PellleHus (TO eCTh PEIeHts], TPAEKTOPUIO0 KOTOPBIX
HeJIb3sT TIOMECTUTh HU B KaKOil Kpyr Ha (a30BoM mpocTpaHcTse)?

—

Bazmaya 5. Haiigure ypaBaenue pa3oBbIX KPUBBIX (sl CACTEM aBTOHOMHBIX YDABHEHUN ) MJIN yPaB-
HEHWE WHTErPAJIbHbIX KPUBBIX (JIJIs HEABTOHOMHBIX ypaBHeHuil). Jlomyckaercsi HesiBHOe 3aJlaHue
KPUBBIX.
a. (6 6asI0B)
—dx (x3 — 5ty — 8xy”® — 9y3) +dy (—5x3 — 8%y — 9xy2) =0
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b. (6 6aJ1710B)
y =1y (=62 + cos (x)) + (—122% + sin (z)) e 2"+ @)
c. (6 6aJ17I0B)
= —25y*sin (z) sin (;y4 4 5y5)
= 42” sin (z) sin (z* 4 5y°) — cos (z) cos (z* + 5y°)
d. (6 6am1013
dz (z* (42" cos (z* + y*) + 3sin (2" + y*))) + dy (42°y’ cos (z* + y*)) =0
(6 6am1013)
@ =2’ + 82°y — 3ay”

®

. 3 2 2 3

y=ux"+ a7y +8ry” — 3y

3a,uaqa 6. PaCCMOTpI/IM CJIEAYIOIYIO MO/EJIb: Ha IIJIOCKOCTU €CTh HECKOJIbKO TOYCYHbIX MaCCUBHBIX
TeJI, TOJIOXKEHUsI KOTOPBIX (DUKCUPOBAHBI ( KILJIAHETBIY ), & TaK¥XKe OJIHO IMOJBUKHOE TeJIO («CILyT-
HUK» ). Ha cryTHUK nefCTBYIOT CHJIbI NIPUTSIZKEHUs KaXKJI0W U3 ILIAHET, OlpeJIe/isieMble 10 3aKOHY
BCEMHUPHOI'O TATOTCHUA:

GmM
F = —
,
rie G — rpaBUTAIMOHHAS TIOCTOSTHHAST, M U M — MacChl B3AUMOJIEHCTBYIOIIUX TeJI, I' — PACCTOsTHHE
MEXK Iy HUMHA.
Ha jiio60oM sI3bIKe MpOrpaMMUPOBaHUs HAIIUCATH IPOrPAMMY, HAXOMAILYI0 KOOPAUHATHI CILy THU-
K& B IPOU3BOJILHBIA MOMEHT BPEMEHH 110 €r0 HAYaJbHBIM KOOPAMHATAM U CKOPOCTH M C IIOMOIIBIO

3TOM IIporpaMMbI BBIIIOJIHUTH CJIC€AYIONIUE ITYHKTHI.

(10 6asutoB) Ilycrb mentp 3emin HAXOAUTCS B Hadase KOODJIMHAT, CIyTHUK 3aIlyCKAETCs C
ITOBEPXHOCTH 3€MJIM B HAIIPABJICHUN, TIEPIIEH UK YASIPHOM PAJIUyCy, C HA9aJIbHON CKOPOCTHIO .
Hukakux japyrux mianer Her. HapucoBaTb TpaeKToOpuu JBUKEHUs CIIyTHUKA (HA ILJIOCKOCTH)
st vg = 5,9,12 km/c 3a 10000 cexyn auzkenust. CunTarh Maccy 3eMJIU COCPEIOTOYEHHON B
eé merTpe. CTOJIKHOBEHUEM CITyTHWKA C IIOBEPXHOCTHIO 3eMJIN TIPEHEOPEUbD.

[Tonckaszka: MpoOU3BeIeHNEe MACChl 3eMJIM HA IPABATAIMOHHYIO TTOCTOSTHHYIO MOYKHO JIETKO Haii-
THU: OHO HA3BIBAECTCS 2PAGUMAUUOHHBIM NAPAMEMPOM.

b. (10 6ammoB) C MOMOIIBIO TPOrPAMMBI, HAWTH MEPBYI0 KOCMUYECKYIO CKOPOCTH (B KM/C), TO
€CTh TAKyI0 CKOPOCTh, IIPU KOTOPO#l CIIYTHUK BBIXOJIUT HA KPYTOBYIO OPOUTY BOKPYT 3€MJIU.
CpaBHUTB ¢ peasibHbIM 3HAYEHHEM ePBOil KOCMUIECKON CKOPOCTH.

c. (10 6amnos) Ilycrs jBe nuIaHETHI MACCOl, PABHOIN Macce 3eMJIH, PACIIOJIOKEHBI TAKUM 00pa3oM,
9TO paccrodgnne Mex 1y ux rnearpamu coctapigeT 40000 km. PoBHO Tocepeinae MeK Ty HUME
HaXOJNUTCs CIyTHUK. HadajbHas CKOPOCTh CIIyTHUKA HAIIpaBJeHa IO/ YIJIOM B 45 rpajycoB K
PSIMOii, coenHSATOIIeH 1eHTphl mianeT. [looxkenne mianer (HUKCUPOBAHHO U HE MEHSETCS CO
BpemeneM. B3aTb Bce HadabHbIe CKOpocTH OT 1 710 5 KM/c ¢ maroM B 0.5 KM/C 1 jijisi KaxK10ii
mocTpouTh TpaekTopuio 3a nepBbie 20000 ceKyH/ T TBUKEHUSI.

Bagaya 7. PaccmorpuMm ypaBHeHme
i =2+ 4z + 3.

&

(3 6amna) Haiitu dbyHKIUIO TOTEHIMAIBHO SHEPIUH, IOCTPOUTE €€ rpaduK.

b. (3 6amra) Haiitu dyukimo noaHoit sueprun (mepBblii HHTErpadt).

(5 6asnos) Ilox rpadukoM GyHKIMU MOTEHIMATLHON SHEPIUH MOCTPOUTH (DA30BBIi OPTPET
ypaBuenus. OTMETUTb OCOObIE TOYKH.

d. (3 6asuta) Haiitu BCe HaYaIbHbBIE YCJIOBUs, IPU KOTOPBIX DEIEHUE YPABHEHUS SBJISIETCS TI€PY-
onmgeckuM. OTMeTuTh UX Ha (HA30BOM MTOPTPETE.

e
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e. (3 6asura) HaiiTu Bce HauasIbHBIE YCIIOBUS, TIPU KOTOPBIX PEIIeHNe YPABHEHUs NMeeT KOHEUHbBII
npesest ipu t — +0o. OTMeruTh UX Ha (Ha30BOM MOpPTPETE.
f. (3 6asura) Haiitu Bce HavYaibHBIE YCJIOBHSA, IPU KOTOPBIX PEIEHUE SBISETCS OrPAHIMYCHHBIM

(ocTaérest BHYTPHU HEKOTOPOTO Kpyra) mpu Beex t. Bee sin Takue perneHusi siBJISIFOTCS T€PUOJIU-
YeCKUMU !

Crnucok JurepaTyphbl

[1] Apuosbg B. . O6bikHoBennbie quddepenimaibhble ypasHenus. — Vxesck: VxkeBckas pec-
nybsmkanckas tunorpadus. 2000. — 368 c.
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