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IIpaBuaa

Academic ethics policy. IlonbiTka ciaTh X0Td Obl YACTUYHO CHUCAHHBIA TEKCT OyJIeT paccMar-
puBaThCca Kak rpyboe HApyIIeHUEe MPUHITUIIOB aKaIeMUIEeCKON ITUKN CO BCEMU & IMUHUCTPATUBHbI-
MU ¥ PEeIry TAllMOHHBIMY TIocieicTBusgMu. [Ipu perernnn 3a/1a4, CBA3aHHBIX C HAITMCAHUEM IIPOTPAMM,
MOZKHO HCIIOJIb30BaTb UCXOAHBIC KO/bI, HAXOJAIMNECA B OTKPBITOM AJOCTYIIE, IIPXU YCJIOBHUH, 9YTO TaKOe
HCIIOJIb30OBaHUE HE HapylIacT aBTOPCKUX IIPpaB U Ha MCTOYHHK JaHa CCBbLJIKa B pa60Te.

Deadline policy. B cay4ae caaum paboThl IIocjie CpoKa OlleHKa OyIeT onpeae/aThCs KaK pelleHne
r = x(t) muddepeHIaIbHOIO ypaBHEHNUS

r=—x

¢ HadasbHbIM ycioBueM x(0) = zg, Tae Ty — OleHKa 6e3 ydéra mrpada, ¢ — KOJIUIECTBO JHEN,
[POIIIE/IIIAX ¢ MOMEHTa JIe/[JIaiiHa JI0 MOMEHTa, ¢ladu paboThl (BEIECTBEHHOE YUCIIO).

Typography policy. Tekcrt pabors! craéres uckiouantenbuo B popmare PDF. Padora ¢ uneasn-
HBIM ObOpPMJIEHUEM, HAOPaHHAd HA KOMIBIOTEPE, BBITJIAAAIIAT KAK CTPAHUIIA U3 XOPOIIIO CBEPCTAH-
HOI KHUTH, IIoJTy9aeT 60HyC B 5% 0T uncia HabpaHHbIX 6a/10B. KapTMHKM MOryT ObITH HAPUCOBAHBI
Ha KOMIIbIOTEpE UJIM BCTaBJIEHBI B BHJIE CKAHOB. Pabora ¢ mioxum odopmienneM (HapuMmep, CKaH
paboThl, HAIIMCAHHOI OT PyKH ), mojydaer mrpad B 5% ot uucsia nHabpanubix 6ajuios. Pabora, ure-
HHUE KOTOPOil BBI3BIBACT CYIIECTBEHHBIE 3aTPy/HEHUs (Hepa300pUMBBI CKaH wiau dororpadus u
T.JI.), MOXKET ObITH AHHYJIMPOBAHA.

Grading policy. Ilummure, nmoxkaJyiicTa, MOJHBIE PEIIEHUsI CO BCEMU HEOOXOIMMBIMU TTOSICHEHMSI-
MU.

Sagaun

Bamaya 1. (22 6amna) Pacemorpum cucremy simHeiHbIX JuddepeHIaabHbIX yPaBHEHUI:
rT=Tr—2y, yYy=5r+y

a. Haiitn Kakoe-HuOYIb COOCTBEHHOE 3HAYEHUE U COOCTBEHHBI BEKTOD (OHU JIOJIZKHBI OKA3aTbCs
KOMIIJIEKCHBIMM) MaTpHIbl cucreMbl. O603HaYMM UX Yepe3 A = o+ i ¥ ¥ COOTBETCTBEHHO.

b. IIpoBepuTh ABHO, 9TO \ ABJIsETCA COGCTBEHHBIM 3HAYEHMEM TOH YK€ MATPHIIBI C COOCTBEHHBIM
BEKTOPOM U.

c. Ilepeiitu B 6a3uc, cocrabyieHublit u3 BekTopoB Rev u —Imv (31ece Rev u Im v — nosiement-
Hasd BEIIEeCTBEHHAs U MHUMAas YaCTH BEKTOPa U COOTBETCTBEHHO; OOpPaTUTe BHUMAaHUE Ha 3HAK
munyc!). s 9T70ro HEOOXOAMMO HCHOIB30BaTh MaTpully mnepexona C, B KOTOPOH 3alHCaHbI
KOOpAMHATHI BeKTOpoB Rev m — Im v no cronbunam, n caenars 3aMeny
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(aHAJIOTMYHO TOMY, KaK MPOUCXOJIUT TIEPEXOJ K JIUATOHAJU3UPYIONIEMY Oa3UCy ).
PaccMmorpum KoMIieKCHOE ypaBHEHUE

z = Az, (1)

re A — HalijJleHHOe BbIllle coOcTBeHHOE 3Hadenue. [Iycrs z = q+ir, ¢,r € R. 3anucars cucremy
ypaBHEHWii Ha ¢ U T, moJyvaromtyiocs u3 (1)) mpupaBHuBanneM BerecTBeHHO 1 MHUMON YacTn
cJieBa U CIpasa.

CpasauTb MaTpunpl cucreM u3 myHkros |[d u [d

Bamucars pemerne z = z(t) ypasHenus (1| ¢ magampubiM yesoBueMm z(0) = qo + irg B BUIE
KOMILJIEKCHOUA 3KCIIOHECHTHI.

Haiitu BeriecTBenHyto u MHUMYIO 4dacTu ¢(t) u r(t) MOJydeHHOrO perieHus. 3alucaTbh UX B
BHJIE BEIIECTBEHHBIX PYHKIMK OT t. OUeBUIHO, Oy datonuecs (pyHKIMA SIBJISIOTCS PEIIeHneM
cucreMbl U3 myHKTa [d]

3ammcaTh BCe BEIECTBEHHBIE PEIEHUs] CUCTEMbI U3 MyHKTA

SanmcaTh BCe BENECTBEHHBIE PEIIEeHUsT UCXOIHON CUCTEMBI.

. HOKSB&TI}, YTO BCe BelIeCTBEHHbIC PEIICHUA HCXO,ZLHOfI CHUCTEMBI 3allUChIBaIOTCA B BHUEC

Cl Re(ve)‘t) + Cg Im(ve)‘t), Cl, CQ e R.

[TocTpouTtsb hazoBble MOPTPETHI UCXOIHONW CUCTEMBI U CUCTEMbBI U3 IIYHKTA . (MoxHO ¢ T110-
MOIIbI0 KOMITBIOTEPHBIX WHCTPYMEHTOB, OJHAKO HYKHO ITOHUMAaTb, UYTO HA UTOIOBON paboTre
KOMITBIOTEPHBIX WHCTPYMEHTOB I0JI PYyKOii He OyeT. )

Bagaua 2. (21 6asun) Pacemorpum cucremy

i 9 1\ [z
y -1 7] \y

dABnstercs m MaTpuIla CUCTEMBI JuaroHam3upyemoii? OTBeT 000CHOBATD.

. Kax BbIT/IAUT »KOp/1aHOBa HOpMaJibHasi (hOpMa MATPUIIHI !

Haiitu »kopnanos 6asuc. (B obriem Bujie nckaTh }KOPIAHOB 6A3KUC HE OYEHDb IPUSTHO, HO B CJIY-
Jae pa3MepPHOCTH 2 ITO JIETKO: MEPBbI BEKTOP ABJIAETCS COOCTBEHHBIM, & B KA4eCTBE BTOPOT'O
MOKHO B3STb JIIOOOM BEKTOD, KOTOPBIl €My HE MPOIMOPIIMOHAJIEH, JJOMHOXKHUB €r0 Ha, MOIX0/Is-
Iyto KoHctauty. JleiicTBuTE/IbHO, 0003HAYMNM HCXOIHYIO MaTpUIly depe3 A, eé eIMHCTBEHHOEe
coOCTBEHHOE 3HaUeHHe Yepe3 A, cOOCTBEHHBI BeKTOp depe3 v. CoOCTBEHHBIN BEKTOP OOsS3aH
ObITH MEPBBIM OA3MCHBIM BEKTOPOM KOPJIaHOBa 6a3uca (IIOTOMY YTO MATPHIA, 3AlIUCAHHAS B
JKOP/IAHOBON HOPMaJIbHOM (popMe, TePEeBOIUT MEePBbI OA3UCHBIN BEKTOP B MPOIMOPIUOHAJ b
HBIIT cebe — mposepbre 910). Onmepatop N = A — A\E' B KOpJAHOBOM 6a3uce MMeeT MATPUILY
(34). Bamernm, 94TO OH TIEPEBOAUT JIFOGOI BEKTOD, HE MPOIOPIMOHAJIBHBII IEPBOMY Ga3UCHOMY
BEKTODPY, B BEKTOD, IIPOIOPIMOHAIBHBIN eMy. Haobopor, /000it onepaTop, 00J1aaronuit 3STumM
CBOWMCTBOM, mMeeT Marpuily Buja (§¢), riae a — Kakoe-TO 4ucjo. JJoOMHOXKeHHeM BTOPOro

6a3MUCHOr0 BEKTOpPA HA KOHCTAHTY MOYKHO CJIeJIaTh (v PABHOI 1.)

d. Haiiaure Bce perenust cucteMbl (B HCXOIHOM Oasuce).

€.

[TocTpoiite e€ $ha30BbIil MIOPTPET B HOBOM M MCXOTHOM Oasuce.

Bamaua 3. (50 6asuios) Pemurs cieyromue cucreMbl juddepeHnuaibabix ypapuennii. Haiitu
pemienne ¢ HadaabHbiM yesoueM (2(0),y(0)) = (xg,yo). HauanapHoe ycaoBue cunraem BeIeCTBEH-
HBIM, PEIIIEHIEe TaKXKe JOJKHO ObITh BemiecTBeHHbIM. HapucoBars dha30Bblil moprper (B MCXOIHBIX
koopauHaTax). Oupenesuts Tun ocoboit Touknu (0,0), ecin oHa ABJIAETCS HEBBIPOXK ICHHOM.

a.

r="Tr—4y, y=2x+y
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= —3x — Y, y = _3y

=11z + 18y, y= —6z— 10y
=—6x —6y, y=4z+4y
=Tr+ 1ldy, y=—6x—1ly

3agava 4. PaccMoTpuM cucteMy ypaBHEHMiT

a

o

[eViNe)

izx(—a:Q—y2+49)+2y
y:—2x+y(—z2—y2+49)

. (5 6asutoB) OcyIiecTBUTH MEPEXOJ] K MOJIAPHBIM KOOpAMHATAM (T, ), TO €CTh CeJIaTh 3aMeHy
T =TCOoSp, y=rsiny u HAWTA ypABHEHUS HA " U (0.

. (b 6amnoB) IlocTpouTs hazoBblil mOpTPET B KOOpAMHATAX (T, ).

. (3 6amna) IloctpouTs (ha30BBIi TOPTPET B UCXOMHBIX KOOPAUHATAX (T,Y).

. (3 6asuta) Haiitu Bce mepuojaeckue perieHust ypaBaerusi. OTMETUTH COOTBETCTBYIOIIHE (ha-
30Bble KPUBbIE HA (PA30BBIX MMOPTPETAX.

Bagada 5. (20 6asos) Haiiure Bce BelecTBEHHBIE PEIICHUsT yPABHEHUs (/I PEIeHNs] BOSHUKA-
IOIMMX JTMHEHHBIX CHCTEM MOYKHO HMCIIOJb30BATh KOMILIOTEPHBIC MHCTPYMEHTBI — HaIpHMep, 6ub-
auoreky SymPy).

a. & + 10 + 50z = —300¢sin (5t) + 150¢ cos (5¢) + 125¢% — 410sin (5¢) + 235 cos (5t).

b

. &+ 104 4 25z = 12 (50e™ + 1) e

Bagada 6. (30 6amios) Paccmorpum HeMHERHYIO cucTeMy

t=sinzx+e—1, y=sin(zr—y). (2)

(5 6asuoB) C mOMOIIBIO JIFOGOIO KOMIIBIOTEPHOIO HHCTPYMeHTa (HAIPpUMED, ¢ TIOMOIILI0 (DyHK-
muu matplotlib.pyplot.streamplot) nocrpouts eé dazosbiii moprper B obsmactu [—1,1] x
[—1,1] u B obmactu [—5,5] x [—5, 5].

(5 6amnoB) PaccmarpuBasi mpaByro 4acTh CHCTEMbI KAK OTOODasKEHUE U3 R? B R?, naiitu ero
marpuily Adkobu B Touke (0,0). 3anucars JIUHEHHYIO CUCTEMY, 3aaBAEMYIO [TOJYY€HHON MaT-
purieit. OHa HA3BIBAETCS AUHEAPU3AUUET UCXOTHON HEJIMHEHHON CUCTEMBL.

(2 6asna) Ilocrpouts dasoBble mopTpeThl JUHEHHON cucreMbl B obsactax [—1,1] x [-1,1] u
[—5,5] x [=5,5]. CpaBHuTH ¢ Pa30BBIMU MOPTPETAMU HEJTMHEHHON CHCTEMBI.

(15 6ammoB) Ocobast TOUKa B HavYage KOOPAUHAT — CeJI0. Y JIMHEHHOrO Celljia CYIIEeCTBYIOT
pellieHnst, CTPeMSIIIIeCs K CeJIJTy B IPSIMOM UJTH O6PATHOM BpeMeHHU (cernapaTpuchl). Y HeJnHei-
HOT'O CeJIjIa TaKKe CYIIECTBYIOT CeapaTpuchl (HO OHU, BOOOIIE TOBOPsI, HE SIBJISIFOTCSI JIy IaMHu).
Haiiiure ¢ TogHOCTBIO /10 4-X 3HAKOB IIOCJIE 3aISTON TOUKY I€peceueHns CerapaTpuchl 0coboit
rouknu (0,0) mcxomuoii cucrembl ¢ npsmoit © = 5. (MupiMu ciioBaMu, BaM HEOOXOIAMMO Hai-
T TaKyI0 TOYKY Ha IPAMON & = 5, YTO OHa CTPEMUTCH K HAYAJy KOOD/IMHAT B MPSIMOM WJIN
0OpATHOM BPEMEHH. )

(3 6asa) Haiture ocobble TOUKH, K KOTOPBIM B OOPATHOM BPEMEHHU CTPEMSITCS TPAeKTOPUH,
[IPOXOJISINKE Yy Th BBIIIE U IyTh HUYKE HANJIEHHOU CENapaTpUCHI.
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