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O06opoTHas cTopoHa TUTYJIsHOTO Jucta PITJI

I. PaGouyasi nporpaMMa rnepecMoOTpeHa Ha 3acelaHNM AeNapTaMeHTa:

IIpoTokomn oT « » 20 1. Ne

HupexTop nenaprameHTa

(moamucse) (1.0. dammnus)

Il. Padouasi mporpaMMa nmepecMoTpeHa HA 3aceJaHMH JieNapTaMeHTa:

[IpoTokoi oT « » 20 1. Ne

HupexTop nenaprameHTa

(moamch) (1.0. damumus)

I11. Pagouyas mporpamMma nepecMoTpeHa Ha 3aceJaHUH JeNapTaMeHTa:

IIpotokomn oT « » 20 1. Ne

JupexTop nenaprameHTa

(moamuce) (1.0. ®amumms)

IV. Padouasi nporpaMma nepecMOTpeHAa Ha 3aceJaHUHU JeNapTaMeHTa;

IIpotokomn oT « » 20 1. Ne

Jupexrop nenapraMeHTa

(oamch) (1.0. damumus)



. HEJX U 3AJAYU OCBOEHUA JUCIIUIIJINHDBI:

Lens: IlpuoOperenne y oOydaronuxcsi HEOOXOAMMOTO IS OCYIICCTBICHUS

npodecCHOHaIBHON IeATETbHOCTH YPOBHS KOMIETSHIIHM.

3amaun:

L OCBOCHHC MCTOAOB PCIICHHA IIPUKIIAAHBIX 3ada4 COBpCMGHHOﬁ

BBIUMCIIMTCIBHOM MaTEeMaTHKH M MaTeMaTH4YeCKOM (l)I/IBI/IKI/II YU CJIICHHBIC

MCTOJbI  PCHICHUA HHTCTPAJIbHbIX ypaBHeHHﬁ, BapHUallMOHHBIC u

IMPOCKIOUOHHBIC MCTOJAbI PCIICHHUA 3adaq MaTE€MaTUYCCKOM (1)I/IBI/IKI/I,
MCTOAbI pACIICIIIICHHA,
L q)YHI[aMCHTaJIBHOG HN3Yy4CHHUC BOIIPOCOB IIOCTPOCHUS, HUCCICIOBAHUA

U IIPUMCHCHUA YHCJICHHBIX MCTOAOB PCIOCHUSA 3aaad MaTeMaTH4YeCKOM

(PM3HKHU, COCTABIIAIOIINX TEOPETUYECKUI (PYHIAMEHT U1l ONTMCAHUS U

e  paspaboTka

(bu3HUeCcKo MPUPO/IBI;

TEXHOJIOTMM W MareMaTH4ecKoll (U3MKH,

MaTEMAaTHYCCKUX

Mozenel  0OBEKTOB  pa3IMuHON

"HAYYHO-UCCIICAOBATCIbCKAA pa60Ta B oOJyacTh HH(i)OpMaI_II/IOHHBIX

CBA3aHHOM ¢ BBIOOPOM

HCO6XOI[I/IMBIX MCTOJA0B H aJrOPUTMOB, HCIIOJIIB3YEMbLIX B PAa3JIAMYHBIX

TCXHHUYCCKHUX CUCTCMAX,

HN3YyUYCHHUC HOBBIX HAY4YHBLIX PC3YJIbTATOB, HaquOﬁ JIUTCPATYPhEI H

HCIIPCPBIBHOMY HpO(beCCI/IOHaﬂBHOMy CaMOCOBCPLICHCTBOBAHNIO,

B pesynbrate

M3y4CHUS

I[&HHOIZ JUCHUIIIINHBI o6yqa}0mnxc;1

y

dbopmMupyroTCA cleaytoue oomenpodpeccuoHanbHble KOMIETEHIIUN

HaumeHoBaHMe KaTeropuu (rpynmbi)
o0menpogeccuoHAIbHBIX KOMIETeHIMIi

Kon u HaumeHoBaHuEe 001eNPodecCHOHATBLHONH KOMIETEHIIHU
(pe3yJIbTaT 0CBOEHMS)

MK-7 CnocoOeH IpoBOIUTE HAYYHO-HCCIIEJOBATEIIECKAE M OTBITHO-
KOHCTPYKTOpPCKHE pa3paboTKH B 00IacTH IU(PPOBU3AIMH TTPEATPUATHIA

Kox n HaumeHoBaHMe HHAUKATOpa
JAOCTHKCHUS KOMIIETCHIIUHU

HauMeHoBaHUe MoKa3aTelis] OLCHHBAHUS
(pe3yJbTaTa 00y4eHHs N0 TUCHUILINHE)

I1IK-7.1 leMoHCTpHUPYET 3HAHNE
MeTOHOHOFI/Iﬁ HayKW U TCXHUKH, METOJI0B
HCCIIETOBaHUA OOBEKTOB
nmpodeccnoHaTEHOM NeATEIEHOCTH H
pa3paboTku Mojielneit, crroco0oB
obecrieueHns1 KauecTBa UCCIIeI0BaHUN 1
TpeboBaHui1 CTaHAAPTOB N0 0(OPMIICHHIO
Hay4HO-HCCJICI0BATEIILCKIX OTYETOB

3HaTh: METOHAO0JIOTMN HAYKHU U TCXHUKU, METOJ0B UCCJICTIOBAHUA
00BEKTOB MPO(PeCcCHOHANBHON AEATEIFHOCTH U Pa3pabOTKH MOAETIEH,
crioco0o0B obecrieueHns KauecTBa UCCIeI0BAHNI 1 TpeOOBaHUIT
CTaHJAPTOB 110 0(OPMIICHHIO HAyYHO-HUCCIEA0BATEIECKIX OTYETOB,
nccIeI0BaHNsl 00BEKTOB PO EeCCHOHATIbHOM AesSTEIbHOCTH.

VYMeTh: UCIIOIb30BaTh METOJAOJIOTUH HAYKHU U TCXHUKU, METO/I0B
HUCCIICO0OBAaHUA 00BEKTOB HpO(I)CCCHOHaJ'ILHOfI JACATCIBHOCTH.

BJ'Ia)_ICTI)Z HaBBIKAMH HCII0JIb30BaHUS 3HAHUI C€CTCCTBCHHOHAYYHbIX
JUCHUIIIINH, BBIYHCIIUTEILHON TEXHUKH U MporpaMMUupOBaHUA JISL
peuicHus O6IIII/IX 3aJ1a4 €CTCCTBO3HAHMUs, TCXHUKH, HaBBIKAMH
MNPUMCHCHUSA 3HAHUH K TCOPECTUYCCKU M U TPAKTUICCKHUM
HUCCICAOBAHUAM

TIK-7.2 Uccneayer 0ObeKThI

3HaTh: OCHOBHI MPO(ECCHH, TPUHIINITB APXUTEKTYPHI




Koa u HaumMeHoBaHuUe HHIUKATOpa
JAOCTHKCHUA KOMIIETCHIIMH

HanmeHnoBanue noxkasaTeJisi OleHUBAHHSI
(pe3ysbTaTa 00y4eHusl 0 AUCHUILIMHE)

npoecCHOHABHON NeATeIBHOCTH,
BBISBIISIET U HIACHTU(QHIHPYET
aKTyalbHbIC TIPOOJIEMBI, IPEAIaracT
THIOTE3bI, GOPMHUPYET LU U 3a1a4un
HCCIIeIOBaHuUit U pa3paboTKH,
ocyuiecTBIsieT cOop U 00paboTKy
pE3yabTaTOB MPOCKTHBIX UCCICIOBAHH,
npeiaraeT BapuaHThl PeIIeHUH,
OCYILIECTBIISIET BEIOOD, COCTABIISACT OTYETHI
0 TIPOZETaHHOH paboTe, 00630pHI

BBIYHCITUTSILHON TEXHUKH M CHCTEMBI IIpOrpaMMHOTO O6CCHCLI€HI/I5[;
IpOrpaMMHYIO HHKCHEPHIO, TEXHOJIOTUU TPOrpaMMUPOBAHUA U
CIIOCOOBI peajin3aliii NporpaMMHBIX TPOCKTOB.

YMeTh: KOPPEKTHO CTABUTH HpO(l)eCCI/IOHaJ'II)HLIe 3aJla4yu,
HCIOJIB30BaTh METOJAbI MATEMATUYCCKOI'O U AJITOPUTMUYCCKOTO
MOJICIMPOBAHUS IIPU PCLICHUM TCOPECTUUYCCKUX U MPUKIAAHBIX 3a4a4,
CaMOCTOATCIIBHO MPOBOAUTH aHAJIU3 PE3YyJIbTATOB HAYyYHO-
HCCJIeI0BATEILCKOM pa60T1,1, JCJIaTh 000CHOBAaHHbBIE BBIBOJ.

Brnaners: crmocoGHOCTBHIO HCHOIB30BATh MPOYECCHOHATIBHBIE METOIbI
IIpH aHaJN3¢e MPoOIIeM B 00J1acTH IPO(eCcCHOHANBHON A TEIBHOCTH;
CIIOCOOHOCTBIO YYacTBOBATH B CO3IaHUHM MHPOPMALMOHHBIX U
KOMIBIOTEPHBIX CHCTEM, IIPOrPaMMHBIX IIPOEKTOB Ha BCEX Tarax
KU3HEHHOTO IIMKJIA.

[IK-7.3 Pa3pabatsiBaeT Momen 0OBEKTOB
npodeccroHaNbHO JIeSTeIbHOCTH,
OCYIIECTBIISICT OLCHKY MOJYYCHHOTO
pe3yJbTara, onpeessieT KauecTBO
HpOBOI[I/IMI)IX HCCHC[[OBaHHﬁ, COCTaBJISICT
OTYETHI O MPOJIETAHHOHN paboTe, 0030PHI,
TOTOBHUT IyOJHKAIMH

3HaTh: OIpeeNIeHIsI ¥ CBOHCTBA OCHOBHBIX OOBEKTOB
npo(heCcCHOHAILHON eI TeIbHOCTH

YMETh: PelIaTh 33Ja4i BEIYUCIUTEIHHOTO U TEOPETHYECKOTO
XapakTepa, HaXOUTh ONTUMAJIbHBIC PEIICHUS ¢ HAUMEHBIIUM PHCKOM
OLIUOKH.

BJIAJICTh: pa3HOOOpa3HbIM NpodeccHOHANBHBIM Pa3pabOTKH, OMTUCAHHS
1 OIICHKHU MoJielieil 00beKTOB Npo(dhecCHOHABbHOM AeSTeIbHOCTH

I[JI?I Q)OpMHpOBaHI/I}I BBIIIICYKA3aHHBIX KOMHCTCHHI/Iﬁ B paMKaxX AIUCHHUILIMHBI

«Anddepennmanbupie

ypaBHEHUS»

IMIPUMCHAIOTCA (G (S144:10J1185(§ MCTOObI

AKTUBHOTO/ MHTEPAKTUBHOTO OOYUYECHUS:

® IIPE3CHTAlUM C HCMOJIb30BAHUEM JIOCKW, KHUI, BHJEO, CIIAiIOB,

KOMIIBIOTCPOB U T.II., C ITOCIICAYIOIIUM 06CY)KI[€HI/ICM MaTcpHalioB,

° obparHass CBs3b C (OPMUPOBAHHEM OOIIETO IIPEACTaBICHUS 00

YPOBHC BJIaJICHNA 3HAHUAMU CTYACHTOB, aKTyaJIbHBIMU IJIA 3aHATHA,

L4 pasMHHKa C BOIIpOCaMH, OPHUCHTHPOBAHHLIMHM Ha BbICTPAWBAHHC

JIOTUYECKOM IETOYKU U3 MOJTYYEHHBIX 3HaHWN (KOHCTPYMPOBAHUE HOBOTO

3HaAHUS),

e paboTra B MalbIX TIpynmax (JaeT BCEM CTyACHTaM BO3MOXKHOCTH

y4acTBOBaTbh B

pabore,

IMPaKTUKOBATb HaBBIKH COTpYAHHUYCCTBA,

MEKJIMYHOCTHOTO OOIICHUS).

Il. TPYJOEMKOCTb JUCHUILIMHBI U BUJOB YUEBHBIX
3AHATHI IO JUCHUILJIUHE

OO1mmas TpyI0eMKOCTh JUCIMILIMHBI cocTaBisieT 4 3auéTHbie equHuibl (144

aKaJeMHUYCCKHX Yaca).

(1 3aueTHas eqMHUIIA COOTBETCTBYET 36 aKaJeMUUYECKUM YacaMm)
Bunamu y4eOHbIX 3aHATHN U pPaOOTHI 00YYaIOMErocs 1Mo AUCIUIUIMHE MOTYT

SABJIATHCH.

O6o03HaueHue Buzp! yueOHbIX 3aHATHH 1 pabOTH 00y4YaIOIIerocs
Jlex Jlekun
JIab JlaboparopHsie paboThI
IIp [IpakTHueckue 3aHATHS




OK OnnaiiH Kype

CP CamocTosTenpHas paboTa 00yJaronerocs: B EPHo] TCOPETHICCKOTO 00yIEHUS

KonTpons

CamocTosTenbHas paboTa 00yJaromerocs 1 KOHTaKTHas paboTa 00yJaronierocs ¢
npenojaBaTeneM B MEPHOJ MPOMEKYTOUHOM aTTeCTALUH

CTpyKTypa JUCUUTIINHBI:
dopma 00ydeHus: — OUHasl.

KoauyecTBo 4acoB nmo BUIaM y4eOHBIX
o 3aHATHI 1 paboThI 00y4alomerocs
= A DopMbI
HaumenoBanue paziena g = .
Ne = 3 MPOMEKYTOUHOI
JTHCHUILINHBI 5 = e o =< - =9
O é lg = ) @) e arrecTannuu
S
==
1 MOJVIJIb 1. YpaBHeHue 16
NIEPBOTO MOPSAIKA
, | MOZVIIb 2. Vpasicrns 4 20 36 | 36 draamen
BBICIIMX MOPSIIKOB
Hroro: 36 36 36

I1l. CTPYKTYPA U COJAEPKAHUE TEOPETUYECKON YACTH

KYPCA
4 cemecTp.
MOJYJIb 1. YpaBHeHue nepBOro NopsijaKa

Paszgea 1. MeToabl MHTEIPUPOBAHUSA YPABHECHUH NIEPBOI0 NMOPAIKA

Tema 1. IlonsaTue nuddepeHuuabHbIX ypaBHeHuil 1 mopsiaka, oOurero,

YaCcTHOTO pelleHHid, HX TeoMeTPUYECKOr0 CMbICJIa. YpaBHEHUs
pa3aeJsIOIUMHU epeMeHHbIMH
Ilepeuenb paccMaTpuBaeMbIX BONPOCOB:
1. OCHOBHEBIE ITOHATHS,
2. 3a/1auu, IPUBOJAIIUECS K MU PepeHIIaTbHBIM YPaBHEHUSIM;
3. METO]1 pa3/ieJIeHUs IEPEMEHHBIX.
Tema 2. Ognopoanbie ypaBHenus 1 nopsiaka
IlepeuyeHb paccMaTpUBaeMbIX BONPOCOB:
1. OHOPOJHBIE YPAaBHECHUS,
2. ypaBHEHUSI, IPUBOIANTUECS K OJHOPOIHBIM;
3. 0000ITIEHHO-0THOPOAHBIC yPaBHEHHUsI, 3aJlaud, MPHUBOJISIIUECS

OJHOPOJHBIM YPABHCHUAM.

Tema 3. JIuneiinbie ypaBHeHus1 1 mopsijaka
Ilepeyenns paccMaTpuBaeMbIX BOIIPOCOB:
meton Jlarpanxka;

merox bepuymu;

Hwn e

ypaBHeHus bepHyum u Pukarru.

CBOMCTBA pelIeHn TuHEeHHOTO AuddhepeHITnaIbHOTO YPaBHECHNUS,

C

K




Tema 4. YpaBHenus B NOJHbIX JIu(pepeHHNATAX, HHTErPUPYIOLIHIA
MHOKHUTEJIb
ITepeyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. kputepuii Kormm;

2. ITOHATHE UHTETPUPYIOIINX MHOKUTEIIEH, UX CBOMCTBA;

3. IIPAKTUYECKOE HAX0KICHUE NHTETPUPYIOIIETO MHOXKHUTEIIS.

Tema 5. YpaBHeHus1, He pa3pelieHHbIE OTHOCUTEIbLHO MPOU3BOIHOM
Ilepeuenb paccMaTpuBaeMbIX BONIPOCOB:

1. ypaBHenus Buaa F(y)=0;

2. ypaBHeHUs Buaa F(X, y)=0;

3. ypaBHenus Buga F(X, y)=0;

4, ypaBuenus Buaa F(X, Y, y)=0, cmyuait o0rieii mapamMeTpu3aiuy;
S. ypaBHenue Jlarpanxka u Knepo.

Paznen 2. Teopema 0 CylmieCTBOBAHUM M €IMHCTBEHHOCTH PeLICHUN 3aJadu
Kouu

Tema 1. Teopembl Komm 0 cymecTBOBaAaHMM M €IMHCTBEHHOCTH PpPelICHMS
3agauyn Komm
Ilepeyennb paccMaTpuBaeMbIX BOIIPOCOB:

1 BCIIOMOTATENIbHBIC MPETT0KEHUS;

2 JI0Ka3aTEeNbCTBO CYIIIECTBOBAHUS PEIICHUS;

3.  J0Ka3aTelbCTBO €IMHCTBEHHOCTH;

4 MPOJIOJKEHUE PEIICHUM

Tema 2. OcoOble TOUKH YPABHEHUSA V' = ax+by (2 yac.)

cX +dy
Ilepeyennb paccMaTpuBaeMbIX BOIIPOCOB:
1. KJ1accuukaius 0CoObIX TOYEK, B cliydae Koraa A, # A, ;
2. KJaccuduKaius 0CoObIX TOUEK, B ClIydae Korja A, =4, ;

Tema 3. /IBa cnocoda HaxoxkAeHHsI 0COOBIX pelleHuit
Ilepeyens paccMaTpuBaeMbIX BOIIPOCOB:

1. METOJ P-TMCKpUMUHAHTHOW KPUBOM;
2. Metof C-TMCKPUMUHAHTHOW KPUBOU;
3. 3a/1auyv Ha HaXOXJACHUE OCOOBIX PEIICHUH.

MOJYJIb 2. YpaBHeHusI BbICHIMX NOPSIAKOB
Paznea 1. Knaccudgukanusi ypaBHeHuUil BbICIIUX MOPSAKOB

Tema 1. YpaBHeHHs BbICHIUX MOPSI/IKOB, HHTErpUPyeMble B KBaJApaTypax
Ilepeyenb paccMaTpuBaeMbIX BOIPOCOB:



1. ypaBuenus uga F(x, y ™)=0;

2. ypasHenus Buna F(...y ",y ™)=0;

3 ypaBHenus Buga F(y "2,y ™)=0;

4.  3a7a4Yd Ha HAXOXKIEHHE OCOOBIX PEIIEHUIA.

Tema 2. YpaBHeHHs BBICHIUX NOPAAKOB, 10IIYyCKAOIIHE IOHUKEHHE ITOPAIKA
Ilepeyens paccMaTpuBaeMbIX BOIIPOCOB:

YpPaBHEHMS, B KOTOPBIX HET ApIryMEHTA;

YpaBHEHUS, B KOTOPBIX HET (DYHKIINH;

OJIHOPOJHBIE YPABHEHUS;

0000IIEHHO - OJHOPOIHBIE YPABHEHUS;

HwnheE

5.  ypaBHEHHS C TOUHOU MPOU3BOJTHOM.
Pasznea 2. JIuneiiHble ypaBHEeHHS N-T'0 MOPSAAKA

Tema 1. JluHeiiHble ypaBHeHHMsl N-ro mnopsiaika. TeopemMbl 0O JIMHEHHOM
3aBHCHMMOCTH ¥ HE3aBMCUMOCTH peLIeHU I
Ilepeyens paccMaTpuBaeMbIX BOIIPOCOB:
1. noHsTHE JNMHENHONW 3aBUCUMOCTH M HE3aBUCUMOCTU pEIICHUH,
onpenennuress BpoHckoro;
2. TeopeMa O 3aBUCUMOCTH (PYHKIIHIA;
3. TeopeMa o JTMHEHHON HE3aBUCUMOCTHU PEIICHUI;
4. (¢yHaameHTanbHas CUCTEMa PEIICHUM M TeopeMa O CYIIEeCTBOBAaHUU
(yHIaMEHTAIbHON CUCTEMBI PELICHUM.

Tema 2. IlocrpoeHue  JHMHEHHOI0  OJHOPOAHOIO  YPABHEHHHA IO
¢pyHaameHTaNbHOI cucTeMe pemieHuii. ®opmysa JInyBmuisg-OcTporpaackoro
Ilepeyens paccMaTpuBaeMbIX BOIIPOCOB:

1. Teopema 0 3aBUCHMOCTH «n+1» perieHus;

2. TeopeMa O  COOTBETCTBUM  OJHOPOJHOTO  YpaBHEHHS U

byHIaMEHTAIBHOM CUCTEMBI PEIICHU;

3. TOCTpOCHHE YpaBHEHHUSA MO PyHIAMEHTAIFHOW CUCTEME PEIICHUA.

Tema 3. Teopembl 0 cTpyKTYype 0011ero pelieHus JHUHEHHOI0 OJXHOPOJAHOIO,
HEOJHOPOJAHOI0 PeLIeHUs
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:
1. Teopema 0 CTpyKType OOIIEro pemieHus JHUHEHHOrOo OJHOPOJHOTO
YpaBHEHUS.

Tema 4. Ilonn:keHne NMOpsiiKa B JUHEHHOM OJHOPOJAHOM U HEOAHOPOIHOM
YPaBHEHHMH
Ilepeuennb paccMaTpuBaeMbIX BONIPOCOB:

1. moHMXEHHE MOopsAKa, €CJIM U3BECTHO YaCTHOE PEIICHHUE;



2. MCTO/J Bapral IPOU3BOJIbHBIX ITOCTOSHHBIX.

Pa3znen 3. YpaBHeHus1 ¢ NOCTOSSHHBIMHU KO3 PUUMEeHTAMU
Tema 1. IlocTpoeHue 001Iero peumieHusi JUHEHHOT0 OJJHOPOAHOTO YPaBHEHMSI
N-ro MOPsAAKA ¢ MOCTOSHHBIMHU KO3 PUIIHEeHTAMUA
Ilepeyens paccMaTpuBaeMbIX BOIIPOCOB:
1. cnyyaii pa3nu4HBIX XapaKTEPUCTUUECKUX KOPHEH;
2.  ciydYail KpaTHBIX XapaKTePUCTUYECKUX KOPHEH.

Tema 2. [Tog0oop 4acTHOTO pelieHNs JUHEHHOT0 HEOJTHOPOAHOTO YPABHEHUS €
NMOCTOSAHHBIMU K03(duuueHTaMu Mo BUAY NPABOH YacTH
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:
1. B cmydae, Korja npapasi 4acThb €CTb MHOTOUJICH;
2. B CiydYae, KOTJa TpaBas 4YacTh €CTh JKCIIOHEHTA, YMHOXKCHHAs Ha
MHOTOYJIEH;
3. B cCiIydYae, KOTJa B IIPABOM YacTH €CTh €Xp, MHOTOWICH C SiNX U COSX.

Tema 3. YpaBuenue Jiuiepa. ludgdepeHuuanbHbie ypaBHeHUd 2 MOPAAKA

Hcrons3yst case-TEXHOJOTUH, PACCMOTPUM METOJABl HMHTETPUPOBAHMUS
ypaBHeHuUH 2 nopsaka (ogHopoaHbIe). OHU AENATCS MO TUILY:

1. Her aprymMeHTa—MeTOJ| Y-HOBBII arg, y-HOBasi PyHKIIHUS;

HeT (PYyHKIHMH — MIIAJIIITYIO IPOU3BOIHYIO0 0003HAYaeM 32 HOBYIO;
0000IIEHHO - OJJHOPOJIHBIC —3aMeHa X=¢€ ', y=u(t) e";
OJIHOPOJHBIE — 3aME€Ha y=uy, U-HOBasi PyHKIUS;
C TOYHOU MPOU3BOIHOMN — MOHM>KEHHUE MOPSAIKA;

ok wn

U3BECTHO OJHO YaCTHOE — 10 (hyHIaMEHTAIBHOU CUCTEME.

IV. CTPYKTYPA M COJAEP)KAHUE ITPAKTUYECKOM YACTH
KYPCA 1 CAMOCTOSTEJBHOMN PABOTBHI

1. Yro Takoe auddepenmanbHoe ypaBHeHue. [IporpaMmbl KOMITBIOTEPHON
anreOpel  Maxima, Mathematica, Maple W uX NOpuUMEHEHHE K pEUICHUI0 H
uccienoBanuio g depeHmaIbHbIX YpaBHEHHI.

2. BekTopHbIE NOJS W TOJSA HANPABICHUH, UX HOCTPOECHHE C MOMOILBIO
nporpaMM  KOMIBIOTEpHOW  anreOpel.  ['eomeTpuyeckas  MHTEpIpeTaIus
g depeHIIMaT,HOTO ypaBHEHUs KaK TOJISI W30KJIWH WM BEKTOPHOTO TOJS Ha
miockoctu. I[lpeacraBnenne o pemieHun au@depeHnaIbHOr0 ypaBHEHUS M0 MX
BEKTOPHBIM TIOJISIM.

3. OO6mee pemenue audepeHIMaIbLHOT0 ypaBHEHUST 1-ro TopsIKa.
Haxoxaenne Takux penieHui ¢ MOMOIIBI0 MPOrpaMM KOMITBIOTEPHOU anreOphl B
"aHaMUTHYECKOM BHIE".



4. IlpubmmkeHHOe  4YHCIEHHOE  pemieHne  3amadun  Komm  muis
muddepeHranbHbIX YPaBHEHHM TIEPBOrO TMOps/IKa € MOMOIIbIO MpOrpaMm
KOMITBIOTEPHOM anreopshl.

5. Csenenue 3amaun Komm pns nuddepeHnranbHOro ypaBHEHUS K
UHTErPAJIbHOMY ypaBHEHHIO. TOYHOE M NPHUOJMIKEHHOE PEIICHHE TaKHX
MHTETPAIbHBIX YPABHEHUH C IIOMOIIBIO TPOTrPaMM KOMITBIOTEPHON aireOpsl.

6. OcoObie Touku auddepeHnmanbHbIX ypaBHeHMH. UX kimaccuduxarims.
Onpenenenue Thmna ocoOOW TOYKM MO BHJY BEKTOPHBIX MOJEH BOJIM3HM TaKOM
Toukd. [lpumMeHeHue mporpaMM KOMIBIOTEPHOM  anreOpbl Uil TaKHUX
HUCCIIEeI0OBaHUMH.

7. VYpaBuenuss $n$-ro mopsinka. Mx reomeTpuyueckas HMHTEPIpETALUS.
[Tonmkenue nopsigka. Pemenue ¢ momMoIbio TporpaMM KOMIBIOTEPHOU anreOpsbl.
Ceenenue k cucteme nu@pepeHuanbHbIX YPaBHEHHM.

8. JluHeliHble ypaBHeHUS $n$-ro mMOpsiKa M WX PEUICHHE C TIOMOIIBIO
IporpamMM KOMIIBIOTEPHOU anreopsbl.

9. Marpunia nuHediHoro auddepeHIuanbHOro ypaBHeHusa. JledcTBus c
MaTpyulaMd M WX HHBApUaHTbl. BbIUMCIEHMS € TOMOILIBIO IPOrpamm
KOMIIBIOTEPHOM anreopsl.

KontposbHbIe padoThI
IIpuMmepsbl KOHTPOILHOM padoThl Nel o Teme «/IuddepenuuanabHbie
ypaBHeHus 1 mopsjaka»

Bapuanr 1
1. OnpenennTh TUIT yPaBHEHUS U PEILUTH €ro: yy' = xy+1
2. OrnpenenuTs TUI YPaBHEHUS U PEIIUTH €ro: Y =,/2X+Yy+1
3. OrnpeieNIuTh TATI YPaBHEHHS M PEILUTH €ro: Xy' =X +2y
4, OnpenenuTs TUI YpaBHEHUS U PELIUTH €r0: (x2 +ey)dx+(xey + 2y)dy =0
5. OnpenenuTh THIT YPaBHEHHUS U PEIIUTH €ro: Xdy — ydx = Xy/X* + y*dx
Bapuanr 2
1. OnpenenuTh TUI YpaBHEHHS M PEIIUTH €ro: Xy' =X +Y°
2. OnpenenuTs TUI YPaBHEHUS U PEIIUTH €ro: Xy =e* +Xxy
3. Onpenenuth TUN YpaBHEHUS U PEIINATH €T0: (2xy —4x3)dx +(x2 + yz)dy =0
4, OnpenennTs TUI ypaBHEHUS M PEILIUTb €r0: (Xcosy+sin2y)y’ =1

S5. OnpenenuTs TUI YPaBHEHUS U PELIUTH €r0: (x —yCos 1) dx+xcos Y dy=0
X X



Bapmuanr 3
OnpenennTs TUI YpaBHEHUS M PEIUTb €ro: (x—1)y'+xy=0
y

2. OmpeznenuTb TUI ypaBHEHUs U PEIIUTh €r0: (X+Y)y =y—X
3. OnpenenuTsb TUI YpaBHEHUS U PEINTH €ro: (x—1)dy = (x2 + y)dx
4. OnpenenuTh TUIT yPaBHEHUS U PEIIUTH €rO: =X
X+ Yy’
5. Omnpenenuts TUNI YPaBHEHHUS U PELIUTH €TO: (2xy2 - y)dx+ xdy =0
Bapuanr 4
1.  OmpenenuTh THII ypaBHEHUS U PEIIUTh €rO: y'tgx—y =3
2. OmnpenenuTh TUI ypaBHEHUs ¥ PELIUTD €r0: 2Xyy' =X +Y?
3. OnpenenuTsb TUI ypaBHEHUS U PELIUTH €ro: (Cosy—xigy)y' =1
4. OnpenenuTb THI YPaBHEHUS U PELIUTb €T0: Y = ——
X-y
5. Ompenenuts TUIT ypaBHEHUS U PELIUTH €T0: (x —ycos 1) dx+xcos Y dy =0
X X
Bapuanr S
1. OmpenenuTh TUIl YPABHEHHS U PEIIUTH €T0: Y +2Xy’ = 2Xy

OnpenenuTp TUI YPaBHEHUS U PELIUTH €r0: (x + y) y'=4y-2x+6

3. OmnpenenuTs THI ypaBHEHUS M PEIIUTH ero: X'y +xy =(x+1)y°
dx (1
4.  OmnpeneauTh TUI yPaBHEHUS U PEIIUTH €ro: — =| ——2x |dy
y
5. OnpenenuTp TUI YpaBHEHUS U PEIIUTh €ro: Xy' = ZW cos—2y

IIpuMepsbI KOHTPOJILHOM padoThI Ne2 1o TeMe «YpaBHEHUsI, HE pa3pelIeHHbIE
OTHOCHUTEJIBLHO NPOM3BOIHOIN»

Bapuanr 1
1.  PemmuTh ypaBHEHHE U YKa3aTh €ro 0COObIC PELICHHS, €CITH OHH UMEIOTCS:
y'+2xy% =2xy
2. Pemmth ypaBHEHHUE U yKa3aTh €ro 0COOBIC PEIICHUSI, €CITH OHU UMEIOTCS:
y12 +ex — yyl
3. Pemmth ypaBHEHHE U yKa3aTh €ro 0COObIC PEIICHUS, €CITU OHU HMEFOTCSL:
(¥ +y) =Xy’
4.  PemnTth ypaBHEHHE U yKa3aTh €ro 0COOBIC PEIICHHUS, €CIIM OHU HMEFOTCS:

2xy'—y=siny’



5.  Pemmtb ypaBHEHHE U YKa3aTh €r0 OCOOBIE PEIICHUs, €CIIM OHU UMEIOTCS:

y:y! 1+y12

Bapuanr 2
1.  PemuTs ypaBHEHUE U yKa3aTh €ro 0COOBIC PEIICHUS, €CITH OHU UMEIOTCS:
9y*? —4y° =0
2.  Pemmth ypaBHEHHE U yKa3aTh €r0 0COOBIC PEIICHHUS, €CITH OHH UMEIOTCS:
xy'+y=Iny’
3.  Pemmth ypaBHEHHE U YKa3aTh €T0 OCOOBIC PEIICHUS, €CIIM OHU UMEIOTCS:
y13 _ yre2x -0
4.  PemmuTh ypaBHEHHE U yKa3aTh €r0 0COOBIC PEIICHHUS, €CITH OHU UMEIOTCS:
2y =x+Iny’
5.  Pemmts ypaBHEHHE U yKa3aTh €ro 0COObIE PEIICHHUs, €CJIM OHU UMEIOTCS:
Xy’ =2y + 1+ y¥

Bapuant 3
1 PemuTh ypaBHEHHE B yKa3aTh €r0 0COOBIC PEIICHUS, €CIIM OHU UMEIOTCS:
y13 _ yleZX — 0
2 PemuTh ypaBHEHHE B yKa3aTh €r0 0COOBIC PEIICHUS, €CIIM OHU UMEIOTCS:
y=2xy'—y"
3. Pemmts ypaBHEHUE U yKa3aTh €ro 0COObIE PEIICHUs, €CJIM OHU UMEIOTCS:
y=(xy'+2y)
4 Pemnth ypaBHEHHME U yKa3aTh €r0 0COOBIE PEIIEHUs, €CIIH OHU UMEIOTCS:
Y (y—xy)=xy
5 PemuTh ypaBHEHHE B yKa3aTh €r0 0COOBIC PEIICHUS, €CIIM OHU UMEIOTCS:
X*(y—xy')=yy*

Bapuaur 4
1.  PemmuTh ypaBHEHHE M yKa3aTh €r0 0COOBIC PEIICHUS, €CIIM OHU UMEIOTCS:
xy© =y’ +1
2.  Pemutsb ypaBHEHUE U yKa3aTh €ro 0COObIE PEIICHHUs, €CJIM OHU UMEIOTCS:
y=xy'—3y"
3. Pemuts ypaBHEeHUE U yKa3aTh €ro 0COObIE PEIICHUS, €CITU OHU UMEIOTCSI:
y=(xy'+2y)
4.  Pemmth ypaBHEHHE U yKa3aTh €T0 OCOOBIC PEIICHMUS], €CITU OHH UMEIOTCS:
yz + X2y15 _ Xy(y;z + yls)
5. Pemuts ypaBHEHUE U yKa3aTh €ro 0COObIE PEIIeHNUs, €CJIM OHU UMEIOTCS:

(y _ 2Xy,)2 _ 4yy13



Bapuanr S

1. Pemuth YPaBHCHHUC U YKa3aTh €TI0 0CO0EBIE peuicHus, €CJIM OHU UMCIOTCA:
xy" =2yy’'—x

2. Pemuth YPaBHCHHUC U YKA3aThb €TI0 0COOKBIE peuicHusd, €CJIM OHU UMCIOTCA .
yZ +4y =2xy' +X°

3. Pemuth YPaBHCHHUC U YKa3aTh €TI0 0COOEBIE peuicHus, €CJIM OHU UMCIOTCA:
X2y12 4 yz _ (2_ yyr)

4, Pemuth YPaBHCHHUC U YKa3aTh €TI0 0CO0EBIE peuicHus, €CJIM OHU UMCIOTCA:
ye+(y? -2y )x=3y' -y

5. Pemuth YPaBHCHHUC U YKa3aTh €TI0 0CO0EBIE peuicHus, €CJIM OHU UMCIOTCA:

12

' 2y
—v¥=2_11
(xy'—y) " +

IIpuMepbl KOHTPOIBLHOM PadoThI Ne3 0 TeMe «Y paBHEHHUS BBICIIHNX

NOPAIKOB»
Bapuanr 1

1) y"—3y"+3y' —y=0.

” ’ 1
2) y+y=—-—.
sin x

3) y" —4y' +5y =1+8cos x +e*,

4) y”—2y’+2y:(x+ex)sinx.

5)  A=h=Ak, A=A=i, =l =-i.

6) A =4=-12, 1,=12=13i, 1, =12-13i, y:%+3x4.
Bapuanr 2

1) ym!_5yn+4y:0_

2) yﬂ_y!:

3) y'+4y =e*+4sin2x+2cos’ X.

eX+1°

4) y"+y' =sinx xcosX .
5) h=2=1, =4 =0=1+i, =2 =4 =1-1.

6) 4 =4, =12, A, =12+12i, 4, =12-12i, y=%+cos4x.

Bapuanr 3
1) y" -3y’ +2y=0.

2) yV'+y= )
) Yy cos® x



3) y'—2y' -3y =2x+e " —2e*,
4) y"—-2y"+4y -8y =e"*sin2x+2x".
B A=A =A=2, A=l =1+2i, A=A =1-2i.

6) 4 =4, =-11, A, =11+12i, A, =11-12i, y:%+sin3x.

Bapuanr 4
1) y"—8y=0.
2) yrym——.
\/sin® x - cos x
3) y+y =x—e*+e*.
4) y" +y" =7x —3cosX.
5) h=A=A=-1, 4 =2 =2, I=72=-2i.

: : 1
6) 4 =7, =11, 4, =11+11i, 4, =11-11i, y=—7+e%.

Bapuaur 5
1) ym// - 6y1 + gym =0.

X

2) V' -2y +y= .
) V' -2y'+y ]

3) y'+y =cos*x+e*+¢e.
4) y"—y"—y' +y=3e"+5xsinx.
5) h=2,=2, 3=y =2=3, Jg=Ay =2 =-3i,

1. 6) 4, =4,=-10, 4, =10+11i, 4, =10-11i, y:—%+3x2.

V. YYEBHO-METOANYECKOE OBECHHEYEHHUE
CAMOCTOSATEJBHOMN PABOTBI OBYUAIOIIUXCSA (M OH/IAHH

KYPCA IIPU HAJIUYHN)

Y4eOHO-METOAUYECKOE oOecrieueHue

oOydJaromuxcs 1Mo JUCHHUILUIMHE BKIIFOYAET B Ce0s:

CaMOCTOSITEIIbHOU padoThI

e TUIAH-TPa(UK BBHIMOIHEHUS CAMOCTOSITEIbHON PabOThI MO TUCIUILIIUHE, B

TOM 4YHUCJIC ITPUMCPHBIC HOPMbI BPCMCHH Ha BBIINIOJIHCHUC I10 KAXIOMY

3aJIaHHUIO;

IVIAH-TPAQUK BHINOJHEHUS CAMOCTOSTEIbHON PadoThI

IIpumepHbBIe HOPMBI

Ne Jata/cpokn Bua camocrosiTeqbHOIM
BpeMeHH Ha ®dopmMa KOHTPOJIsI
n/n BbIINOJIHEHUS padoThI
BBINIOJTHEHHE
1 Henens Ha KaXxka0e
1 1 -4 nenens Homarnsis padora Ne 1 — 4 A A [TpoBepka Ha 3aHATHAX
3amaHue
2 S Hepens KoHnTponsHas pabota Ne 1 4 Hepenu O1eHKa 110 3aJIaHUI0




1 Hexens Ha Kaxg0€
3 6 — 7 Henens Jomammmsst padora Ne 5 — 7 A A IIpoBepka Ha 3aHATUAX
3a7aHne
4 8 Henens KontponpHas pabora Ne 2 3 Henenu OreHKa 110 3aJJaHUI0
5 8 mepens KommoxBuym Ne 1 7 Henmenn Orenka oTBeTa
oManrHss pabota Ne 8 — 1 Henens Ha KaxJo0e
6 9 — 11 nenens A p a A ITpoBepka Ha 3aHITHSIIX
10 3aJlaHue
omarnrHss pabora Ne 11 —
12 — 15 venens A 115 4 Hepenu [IpoBepka Ha 3aHATUAX
16 Henens KontponpHas pabora Ne 3 15 nenens O11eHKa 110 3aJIaHUI0
9 17 nepenst KommoxBuym Ne 2 OrneHka oTBeTa

MeToanyeckue peKOMEHIAlUM 110 BbINOJTHEHHUIO 3aJaHUI 1JIA
CaAaMOCTOAATEJILHOM PadOThI

CamocrosiTenbHass paboTa  CTYAGHTOB COCTOMT W3 TOJTOTOBKH K
MPaKTUYECKUM paboTaM, pabOThl HAJl PEKOMEHJIOBAHHON JTUTEPATYPOU U TEKCTaMHU
JIEKIIUH B MPOLECCE NU3YUYCHHS TEOPETUUECKOTO MaTeEpHaa.

Tembl 3amaHuil AJi1 CaMOCTOATENBHON pabOThl MPEACTaBICHBI B IUIAHE-
rpa(uke BBITOJIHEHHS] CAMOCTOSTENBHOM Pa0O0ThI MO JUCIUILIMHE.

[Ipy mnOArOTOBKE K NPAKTUYECKUM 3aHATHSIM HEOOXOAMMO CHayaa
IIPOYNUTATH OCHOBHBIE MOHATUSA M TEOpeMbl MO TeMe. [Ipy BBITOTHEHUN 3aJaHUA
HYKHO CHauaja IOHTh, 4TO TpeOyeTcs B 3a/1aue, KaKOil TEOpeTUUECKU MaTepHra
HY’)KHO HCIIOJIb30BaTh, HAaMETUTh IUIAH peLIeHUs 3anayd. PexomeHayercs
UCIIOJIb30BaTh METOJNYECKUE YKAa3aHUs U MaTepUallbl 110 KypCy, TEKCT JIEKIUH, a
TaK)K€ AJIEKTPOHHBIE MOCOOMs, nMmeromuecss Ha cepBepe IIIkoibl ecTeCTBEHHBIX
HayK.

[Ipy moAroToBKE K KOHTPOJIBHBIM pabOTaM JIONOJHUTEIBHO K H3YYEHHUIO
KOHCIIEKTOB ~ JIGKIMH  HEOOXOAMMO  MOJb30BaThCcsl  yuyeOHMKamu. Bwmecto
«3ayudBaHHI) MaTepuala BaXXHO JOOUTHCA TOHUMAHUA H3YyYaeMbIX TEM
JucuuIUIMHbBL. OTBeyass Ha IIOCTABJIEHHBIM BOIPOC, NPEABAPUTEIBHO CIEAYET
MOHSTH, YTO TpedyeTcs oT Bac B naHHOM ciydae, Kakod TeOpEeTUYECKU MaTepuat
HY>KHO MCIOJIb30BATh.

[Ipy 1DOArOTOBKE K HSK3aMEHY HYXHO OCBOUTH TEOPHUIO: pa3o0parh
ONPENEIICHUs] BCEX NOHATUWA W YHCIECHHBIX METOJOB, PACCMOTPETh MPUMEPHI U
CaMOCTOSITEJIbHO PELINTh HECKOJBKO THIIOBBIX 3aJad M3 Kaxaou tembl. llpu
pellieHny 3ajad Bcerja HeoOXOIuMO KOMMEHTHpPOBAaTh CBOM JEWUCTBUS WU HE
3a0BIBaTh O COJEPKATEILHON NHTEPIPETAIIH.

TpeboBanus K npeACTABJIEHUIO U 0()OPMJIEHHIO Pe3yJIbTATOB
CaMOCTOAATEe/IbHON PadOThI

Pe3ynpTaToM camMoCTOSATEIbHOM pabOThI SBJISIOTCS OTYETHl IO KOHTPOJIbHBIM
paboTtam.

B nmnpouecce mNOArOTOBKM OTYETOB y CTYJIEHTOB pPAa3BHBAIOTCS HABBIKU
COCTAaBJICHHUs IMCbMEHHOM JIOKYMEHTAallMM W CHUCTEMAaTH3alUd HMEIOIIUXCS



3HaHuu. [Ipy cocraBneHnn OTYETOB PEKOMEHAYETCS IPUAEPKUBATHCS CIEAYIOLIEN
CTPYKTYPBI:

e [locranoBka 3a1auu;

e  Meron pemieHus;

e  Cneuuduxaiys UCIOIb3yeMbIX (PYHKINN U TUIIOB JAHHBIX;

e  Onwucanue pelieHns KOHKPETHBIX 3aJaHUil.

Kputepuu oieHKkH BbINOJHEHHS CAMOCTOSITEIbHOI PadoThI

OT4eT NOJKEH MOJHOCTBHIO YAOBIETBOPATH YCIOBHIO 3amaud. B cimydae
HEKAYECTBEHHO BBIMOJIHEHHBIX OTYETOB (HE COOTBETCTBYIOIIUX 3asSBICHHBIM
TpeOOBAHMAM) Pe3yIbTUPYIOIIMKM Oat 32 paboTy MOXKET ObITh CHMKEH. CTyleHT
JOJDKEH  MPOJAEMOHCTPUPOBATh  OTYETIMBOE M CBOOOJHOE  BIaJICHUE
KOHIIETITYJIbHO-TIOHSATUHHBIM ammnapaToM, HayYHBIM SI3bIKOM U TEPMHUHOJIOTHEH.
Hanuuue Bcex 0TUETOB SIBIISIETCA JOMYCKOM K 3K3aMEHY.

Ha sk3ameHe o1leHKa «OTJIIMYHOY» BBICTABISIETCSA CTYACHTY, €CIIA OH TIIyOOKO
¥ TMPOYHO YCBOWJI MPOTPAMMHBIA MaTepuaj, WCUYEPIbIBAIOIIE, TOCIEA0BATEIBHO,
YETKO M JIOTHYECKH CTPOMHO €ro M3JaraeT, yMEeT TECHO YBS3bIBaTh TEOPHIO C
MIPAKTUKOMW, CBOOOIHO CIPABIIAETCS C 3ajauaMi, BOIMPOCAMHU U JPYTUMHU BUAAMU
NPUMEHEHUs] 3HAHUM, IPUYEM HE 3aTPYyJIHSETCS C OTBETOM INpPU BUIOM3MEHEHUU
3aJjaHuil, MCHOJB3yeT B OTBETE MaTepual MOHOIpadUUYECKONl JHUTEpaTypshl,
IPAaBWIBHO OOOCHOBBIBAET NPUHATOE pPEIICHHUE, BIAJEET Pa3HOCTOPOHHUMU
HaBBIKAMU M IPUEMaMH BBIITOJIHEHUS IPAKTHUECKUX 3a71ad.

OrneHka «XOpOIIO» BBICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HaeT
MaTepuaj, TPaMOTHO M MO CYIIECTBY M3JIaraeT €ro, He JOIMyCKas CyIIEeCTBEHHBIX
HETOYHOCTEH B OTBET€ HA BOMPOC, MPABHIBHO TMPUMEHSIET TEOPETUUECKUE
MOJIO)KEHUSI TPU PEUIeHHMM NPAKTHUYECKUX BOMNPOCOB M 3ajad, BIAJeeT
HE0OXOMMBIMUA HaBbIKAMU U MPUEMAMH UX BBITIOJIHCHHUS.

OneHka «yJOBIIETBOPUTEIBHO» BBICTABISETCS CTYIEHTY, €CIIM OH HMEET
3HaHUS TOJBKO OCHOBHOTO MaTepHalia, HO HE YCBOWJI €ro JeTalieid, JOIycKaeT
HETOYHOCTH, HEIOCTATOYHO MPaBUIIBHBIE (DOPMYITMPOBKHU, HAPYIICHHUS JTOTHIECKON
MOCITIEZIOBATEILHOCTH B HW3JIOKEHWU TMPOTPAMMHOTO MaTepuaya, HCIBITHIBAET
3aTPYJHEHUS MPU BHIMOJIHEHUN TPAKTHYECKHUX padoT.

OneHka «HEYAOBIETBOPUTEIBHO» BBICTABISIETCS CTYACHTY, KOTOpPBIA He
3HaeT 3HAUYUTEIbHON YacCTH MPOrpaMMHOTO MaTepuaia, J0MyCcKaeT CylIeCTBEHHbIE
OLIMOKHU, HEYBEPEHHO, C OOJBUIMMH 3aTPYJHEHUSMHU BBIMIOJIHSAET MPAKTUUECKHUE
pabotsl. Kak mpaBuiio, oneHKa «HEYIOBJIECTBOPUTEIBHO» CTABUTCS CTYACHTAM,
KOTOpBhIE HE MOTYT TPOAODKUTH O0OydeHHe Oe3 MOTOJHUTENbHBIX 3aHATHN II0
COOTBETCTBYIOLIEH JUCLIUILIAHE.

VI. KOHTPOJIb JOCTUXEHUS LEJEN KYPCA



Ne KonTtposiupyemsle pa3ieibl / TeMbl Koa n OueHoYHbIE cpecTBa
n/n AUCIMILIHHBI HaHMEHOBaHHe =
WHIMKATOPA TeKyIHii KOHTPOJIb NMPOMEKYTOUHAS
AOCTHKEHHS aTrecTanmi
1. Juddepennnansasie ypaBHeHUS | OIIK-1.1 3HaeT IIpoBepka noMammHux IlonroroBka k
MOPSAKA C pa3AeIAIOIAMHACT OIIK-1.2 Vmeer 3agaamii Ne 1 KoJuToKBUyMy Ne 1
nepeMeHHBIMA. OTHOPOTHEIE OIIK-1.3 Bnaneer
YpaBHEHHUSL.
2. JIuneitnbie ypaBHeHus 1 mopsaka OIlK-1.1 3HaeT [IpoBepka noMamHX IlonroroBka k
VYpasHenue bepraymnu. OIlK-1.2 VYmeer 3agaHuit Ne 2 KoJtokBuyMmy Ne 1
OIIK-1.3 Braneer
3. YpaBHeHHUE B NOJTHBIX OIlK-1.1 3HaeT [IpoBepka noMamHX IlonroroBka k
mupdepentmanax. Unterpupyrommii | OITK-1.2 VYmeer 3agaHuii Ne 3 KoytokBuymMmy Ne 1
MHOXKHTCIb. OIIK-1.3 Braneer
4. Teopema Komn. 3agaun Komu. OIIK-1.1 3HaeT IIpoBepka noMammHux IlonroroBka k
OIIK-1.2 VmMmeer 3agaHuil Ne 4 KoJokBuymy Ne 1
OIIK-1.3 | Bnageer
5. KonTponsHas padora Ne 1 OIIK-1.1 3HaeT ITposepka x/p Ne 1
OIIK-1.2 Vmeer
OIIK-1.3 | Buageer
6. Huddepennmuansapie ypaBHEHUS OIlK-1.1 3HaeT [IpoBepka moMammHIX IlonroroBka k
HEepa3peuIeHHbIE OTHOCUTEIBHO OIIK-1.2 VMmeer 3ananuit Ne 5 KoJutokBuyMy Ne 1
TPOM3BOJHOIA. OIIK-1.3 | Buazeer
7. JlBa cioco6a Hax0XKICHUS 0COOBIX OIlK-1.1 3Haer IIpoBepka gomamrHux IToaroroBka k
pelieHui. OIIK-1.2 Ymeer 3ananuii Ne 6 KoJuToKBUyMy Ne 1
OIIK-1.3 | Bnageer
8. KontponbHas padora Ne 2 OIIK-1.1 3Haer Iposepka x/p Ne 2
OIIK-1.2 Vmeer
OIIK-1.3 | Buageer
9. Komtoxksuym Ne 1 OIlK-1.1 3HaeT [IpoBepka KoMIOKBHYyMa
OIK-1.2 | Ymeer | Ml
OIIK-1.3 Bnaneer
10. JIuneiinble ypaBHeHUs N-0T0 OIIK-1.1 3HaeT IIpoBepka roMammHux IlonroroBka k
nopsJika. 3aBUCUMOCTb, OIIK-1.2 VYMmeer 3ananuit Ne 7 KoJUTOKBUYyMy Ne 2
HE3aBUCHMOCTb PELICHHH. OIIK-1.3 Buraneer
11. [NoHmxeHme MopsIKa B THHEHHOM OIlK-1.1 3HaeT IIpoBepka moMamHNX IlonroroBka k
OZIHOPOJIHOM YpaBHEHUH N-0r0 OI1K-1.2 YwMmeer 3ananuit Ne 8 KOJTOKBUYMY Ne 2
[opsaKa OIIK-1.3 Bnaneer
12. Huddepennmansapie ypaBHEHUS 2- OIlK-1.1 3HaeT IIpoBepka moMamHIX IonroroBka k
Or0 TIOpSIKA, Pa3HBIE METOIBI OIlK-1.2 Ymeer 3amannit Ne 9 KOJDTOKBUYMY Ne 2
HUHTECTPUPOBAHUA. OIIK-1.3 Bna}leeT
13. Juddepenruansabie ypaBHEHUS 2- OIlK-1.1 3Haer IIpoBepka gomamrHux IToaroroBka k
OT0 TOPSIIIKA. OIlK-1.2 VYmeer 3amaauii Ne 10 KOJDTOKBUYMY Ne 2
OIIK-1.3 Brnageer
14. WnTerpupoBanue 0THOPOAHBIX OIIK-1.1 3HaeT IIpoBepka noMammHux ITonroroBka k
ypaBHEHHi N-0ro nopsijaka ¢ OI1K-1.2 YwMmeer 3amanuii Ne 11 KOJTOKBUYMY Ne 2
MOCTOSIHHBIM K03 HuImeHToM OIIK-1.3 Buaneer
15. WuTerpupoBanue 0THOPOIHBIX OIlK-1.1 3HaeT IIpoBepka moMammHX IlonroroBka k
YpaBHEHHUH N-0TO MOpsIKa C OIlK-1.2 VYmeer 3amaauii Ne 12 KOJITOKBUYMY Ne 2
MOCTOSIHHBIM K03 HuImeHToM OIIK-1.3 Buazeer
16. WuTerpupoBanue HEOTHOPOTHBIX OIlK-1.1 3HaeT IIpoBepka moMammHX IlonroroBka k
YpaBHEHUH N-0ro nopsijaxa OIIK-1.2 VMmeer 3aganuil Ne 13 KOJIOKBUYyMy Ne 2
OIIK-1.3 Brnageet
17. KontponsHas padota Ne 3 OIlK-1.1 3HaeT [TpoBepka k/p Ne 3
OIlK-1.2 Ymeer
OIIK-1.3 Bianeer
18. Komnoksuym Ne 2 OIIK-1.1 3Haer IIpoBepka komIOKBHYyMa
OMK-1.2 | Ymeer | N2
OIIK-1.3 Brnaneer




VIl. CHHUCOK YUYEBHOU JIUTEPATYPHI U UTHOOPMAIIMOHHO-
METOJUYECKOE OBECIIEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTEpaTypa
(3/1eKTPOHHBIE U NTeYATHbIC U31aAHMH)
1. HM. MarBeeB Metoasl unterpupoBanus OJ[Y. M.: Beicias mkona, 2012,

545c.
2. B.B. CrenanoB Kypc nuddepennunansusix ypaHenuit. M.: 'oc. uzn-so ¢us.-
Mmar. qureparypsl, 2013, 465c.
3. JI.C. Iloutpsirun OObikHOBeHHBIE AuddepeHnmanbabie ypaBHeHus. M.: Hayka,
2012, 328c.
4. A.®. Gununno COopHuK 3amad no auddepeHalbHbBIM ypaBHEHUAM. M.:
Hayxa, 2014 128c.
5. P.IIL. IleneneBa OObIkHOBeHHbIE Au((depeHnanbHbie ypaBHeHUs. M31-Bo
JIBT'Y, 2012, 210c.

JlonoTHUTE IbHAA JTUTEPATypa

1. JL.3. Dawcroasu. Auddepenuuansabie ypaBHenus. //M.: U3a-Bo Tex.-Teop.
autepatypsl, 2012.

2. IO.H. bubuxoB. OOmuii kKypc o0ObIKH. aud-x ypaBHenuwit. // W3m.
Jlenunrpajackoro yauBepcuteta, 2014, 231c.

3. P.II lleneneBa Meroanueckue yka3aHUsi K CaMOCTOATENbHON paboTe 1o
teme «l'onomopdHbie (QYyHKIMU OT MaTpHll U HUX MPHIOKEHUS» B Kypce
«OObIkHOBEeHHbIE Au(depeHumanbablie  ypaBHeHus» MMuKH. W3n-Bo
JlanpHEBOCTOUHOTO YHHUBEpcuTeTa, 2012r.

4. P.II. leneneBa OObikHOBEHHbIE MU (epeHnnanbubie ypaBHeHus. W31-Bo
JABI'Y, 2012, 210c.

5. T'.I'. HypuoB COopHuk 3amanuii mno auddepeHuaIbHbIM YpPaBHEHUAM
Jluneitasie cuctemsl, JIBI'Y 2013.

6. E.B. Koctiouenko, E. TI. [Ilpunenkuna Ilocobue 10 pelieHuro
OOBIKHOBEHHBIX TU(]PepeHIInaTbHbIX YPaBHEHUH, U3-BO JallbHEBOCTOUHOTO
yHuBepcureTa, 2014 r.

7. T'.I'. JypHoB Metoauyeckue yka3zaHus K KOHTPOJIbHBIM paboOTaM, H3-BO
JlanbHeBOCTOUHOTO YHHUBEpcuTeTa, 2014,

8. IlleneneBa P.Il. Meronnyeckue ykasaHUsl K CaMOCTOSITENIbHOM pabore u
3amanus (temel 1 1 2) o kypcy «luddepenimansusie ypaBHeHU». 13-BO
JAB®VY, 2014 r.

9. Illemenema P.II. Meronuueckue ykazaHHsi K CaMOCTOSITEILHON paboTe U
3amanud (TeMbl 3 U 4) 1o Kypey «auddepennmanbubie ypaBHeHus». 13-Bo
JIB®VY, 2014 r.



10. Hlenenesa P.II. Meroanueckue ykazaHus K CaMOCTOATEIbHOW paboTe u
3aganus (TeMbl 5 U 6) mo Kypey «auddepeHiuanbapie ypaBHeHU». 3-Bo
JIB®Y, 2104 r.

11. IleneneBa P.II. YueOHo — wMerogmdeckoe mnocobue «OrnepaloHHOe
ncunucienue». M3narenscto [[BOY, 2013.

ViIl. METOANYECKHUE YKA3AHUS 11O OCBOEHUIO
JANCHUIIJINHBI

Jisi  yCIemHoro JOCTHKEHHsI Y4YeOHbIX meJield 3aHATHH T0JKHbI
BBINOJIHATHCA CJIeYION[He OCHOBHbIE TPEeOOBAHMS:

o COOTBETCTBUE JEUCTBUI OOyYarONIMXCS paHee W3YyYEHHbIM Ha
JIEKIIMOHHBIX U CEMUHAPCKUX 3aHATUAX METOJAMKAM U METOJAM.

o MaKCHUMaJbHOE NPUOIMKEHUE JEHCTBUI CTYIEHTOB K pEaJIbHBIM,
COOTBETCTBYIOIIUM OYAYUIUM (PYHKIIMOHAIbHBIM O0S3aHHOCTSIM.

o MO3TanHOe (POPMUPOBAHME YMEHHM M HABBIKOB, T.€. JBHUYKEHUE OT
3HAHUU K YMEHHUSAM U HABBIKaM, OT IIPOCTOTO K CJI0KHOMY U T.J.

o WCIIONB30BaHUE MpU paboOTe Ha TpEeHaXepax WIM JEHCTBYIOIICH
TEXHHUKE (PAKTUUECKUX JOKYMEHTOB, TEXHOJIOIMUYECKHUX KapT, OJIAHKOB U T.II.
o BbIpa0OTKA HHIUBUAYAIbHBIX U KOJUIEKTUBHBIX YMEHHUI U HAaBBIKOB.

o pacrpeneneHue BPEMEHH, OTBEACHHOIO Ha 3aHATHE, HA PELICHHE

Ka)XJI0M 3a/1a4H;

o no00p WJUTIOCTPATUBHOTO MaTepuana (rpadukoB, TaOIHUI], CXEM),

HEOOXOJIMMOr0 IS pelIeHUs] 3aJad, MNPOAYMBIBAHUE PACIOI0KECHUS

PUCYHKOB M 3aIlMCEN Ha JOCKE.

CTyaeHT D0JIKeH:

o Hay4YuTbCs paboTaTh C KHUTOM, JOKyMEHTallMed U CXeMaMu,

IIOJIb30BAThCS CIIPABOYHOM M HAYYHOU JINTEPATYPOU.

o dbopMHpOBATE YMEHHE YUYUTHCA CaMOCTOSATENHHO, T.€. OBJIAJIEBAThH

METOJlaMH, CIocoO0aMu W TIpUEeMaMH CaMOOOyYEeHUs, CaMOPa3BUTUSA U

CaMOKOHTPOJISI.

Ha nexumsix mpemnogaBaTenb OOBSCHAET TEOPETHUECKUM MaTeprail. BBoauT
OCHOBHBIE TIOHATHS, OIpEAeNieHus1, CBOMCTBA. DOopMylMpyeT U JI0Ka3bIBacT
teopembl. [lpuBogutr mnpumepsl. HeoOxomawmo momnepKuBaTh HENPEPHIBHBIN
KOHTAKT C ayJIMTOPHEHN, OTBEYaTh HAa BO3HUKAIOIIME y CTYICHTOB BONpOChl. Ha
MPAaKTUYECKUX 3aHATHSAX IMperojaBaresib pazOupaeT HpUMEphl MO MPONICHHON
TeMe. Bo BTOpoill wyacTM 3aHATUS CTyJEHTaM Mpenjaraercs padoTrarh
CaMOCTOSITEJIbHO, BBINOJHSSA 3aiaHusd 1o teme. [IpenopaBartens KOHTPOJIUPYET
paboTy CTyIEHTOB, OTBEUAET HA BO3HUKAIOIIUE BOIPOCHI, MOACKA3BIBACT XOJ U
MeTol pemeHus. Eciaum  3HaHWN, TMOJYYEHHBIX B ayJUTOPUH, OKa3aJIOCh



HEIOCTATOYHO, CTYJACHT MOYKET CaAMOCTOSTEIBHO MOBTOPHO MPOYMTATH JIEKIIHIO,
IPOCMOTPETh TMPAKTHKYM C Pa300paHHBIMH IMPUMEpPaMH, KOTOpbIE COOpaHbI B
uzydaeMoMm Kkypce B cucteme blackboard dvfu. Ilocrme BbImosHeHMsS 3amaHus
CTY/ICHT OTIIPABISET €ro Ha MPOBEPKY MPENOJaBaTeNII0 B COOTBETCTBYIOIIEM
«Haznauenum». PaGora momkHa ObITh oTOcnana B ¢opmare PDF  omaum
JIOKYMCHTOM. [To mamHOMY Kypcy pa3paOOTaHbl METOJUYECKHE YKa3aHHS,
KOTOphIe BEUTIOKEHBI B crcteMe blackboard dvfu B cootBeTcTBYyIOIIIEM pasmernre.

ITo nanHHOMY Kypcy pa3padoTaHbl cieqyiolee MeToAnYecKue nocoous: [3, 6 8,
9,10, 11].

IX. MATEPHAJBLHO-TEXHUWYECKOE OBECIEYEHUME
JUCHUILIAHBI

Jlekuuu o aucuumirae «OObIKHOBEHHbIE AU(depeHInaTbHbIE YPaBHEHUS
IIPOBOJATCS B MYJBTUMEAWMHBIX AYyJAUTOPUAX, OCHAILEHHBIX COOTBETCTBYIOIINM
COBpPEMEHHBIM 000pyZoBaHMeM. JlJii oOpraHM3aluy CaMOCTOSITEIbHOM pPadOThI
CTY/ICHTBI TaKXe€ IMOJIb3YIOTCSI COOCTBEHHBIMU NEPCOHATIBHBIMU KOMITBIOTEPAMU M
YUTAJIbHBIMU 3aJ1aMU Hay4HOU OnOanoTeku [IBOY.

HaunmeHnoBaHune 000py10BaHHBIX
NoMelleHU U IoMeleHUu i A1
CAMOCTOSITEJIbHOW PadoThI

ITepeyeHb OCHOBHOTO 000PY10BAHMS

Dkpad ¢ anekrponpuBogoM 236*147 cm Trim Screen Line; [Ipoekrop DLP, 3000
ANSI Lm, WXGA 1280x800, 2000:1 EW330U Mitsubishi; ITogcucrema
CIEIMAIN3HPOBAHHbIX KperureHnit obopynosanust CORSA-2007 Tuarex;
IMoxcucrema Buzeo kommyranuu; IloxcucremMa ayino KOMMyTanuy 1
3BYKOYCHJICHHUS; aKyCTHYECKasi CUCTeMa Ui oTojouHoro MmoHTaxa S|l 3CT LP
Extron; madposoii aynno npoueccop DMP 44 LC Extron; 6ecipoBonasie JIBC ms
obyuarommxcst obecmedeHsl cucTeMoit Ha 6ase Touek mocryna 802.11a/b/g/n 2x2
MIMO(2SS).

MynpTUMenuitHas ay IMTOpUs

Mono610x HP ProOmne 400 All-in-One 19,5 (1600x900), Core i3-4150T, 4GB
DDR3-1600 (1x4GB), 1TB HDD 7200 SATA, DVD+/-RW, GigEth, Wi-Fi, BT, usb
kbd/mse,Win7Pro (64-bit)+Win8.1Pro(64-bit),1-1-1 Wty

Ckopocts noctyna B aTeprer 500 MGut/cex.

Paboune MecTa a1s JMI0/IeH ¢ OrpaHWYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBBS OCHAIIIEHBI
JMCIUIESIMH ¥ TIpHHTepaMu bpaiiist; 060py10BaHbl: TOPTATUBHBIMHU yCTPOHCTBAMH
JUISL YTEHHS TUIOCKOTICUATHBIX TEKCTOB, CKAHUPYIOIMMH M YHTAIOIMMH MAlIMHAMK
BHJICO YBEIMYHUTEIEM C BOSMOXKHOCTBIO PETYJISIIUH [IBETOBBIX CIIEKTPOB,;
YBEJIMYMBAIOIIMMH 3JIEKTPOHHBIMH JIYIAMH H YIIbTPA3BYKOBBIMH MapKHPOBLIMKAMH

UuransHble 3a5161 Hayunoi
oubmotexu IBOY ¢ OTKpHITEIM
JOCTYNOM K (oHzy (kopryc A -
ypoBeHb 10)

X.  ®OHJAbI OHEHOYHbLIX CPEACTB

IlIkaJjia u3MepeHust ypoBHs CPOPMHUPOBAHHOCTH KOMIIETEHIUM

Htoroselii 0am1 1-60 61-75 76-85 86-100

OneHka (maTubauIbHas IKaja)

2 (He3a4YTEeHO)

3 (3auTeHo)

4 (3a4TeHo)

5 (3a4TeHo)

YpoBeHb CHOPMUPOBAHHOCTH
KOMITETCHITHI

OTCYTCTBYET

TIOPOTOBBIN
(6a30BBIiT)

IPOJIBUHYTHIH

BBICOKHH
(KpeaTHBHBIN)

MeToaunveckue peKOMEHIAlMU, ONpeAessAole MPoueAypPbl OLeHUBAHMS

pe3yJabTaTOB 0CBOCHUA NUCHUILJIMHDBI

OneHo4vHblIe cpeacrea aJjist l'IpOMe)KyTO‘IHOﬁ arrecranmun




[IpoMexyTouHas aTTecTanus CTYIEHTOB MO AucHUILUInHE «OOBIKHOBEHHBIE
g depeHIMaIbHble YPAaBHEHUS» MPOBOJUTCS B COOTBETCTBUM C JIOKAJIBHBIMU
HOpMaTUBHBIMU akTamu JIBDVY u siBnsiercs 00s13aTeabHOM.

IIpomexxyTouHass arrecranyds W TEKyLWIMM KOHTPOJIb 110 JMCLMIUIMHE
OCYLIECTBJISIETCS C UCIIOJIb30BAaHUEM OATBHO-PEUTHHIOBOI CCTEMBI.

[To mucummnune «duddepenimanbaple ypaBHEHHUS» YYEOHBIM IUIAHOM
IIPEAYCMOTPEH 3K3aMEH B IIEPBOM U BTOPOM CEMECTpPax.

Dk3ameH 1o auciuiuinae « OObIKHOBEHHBIE MU PepeHInanbHbIe ypaBHEHUS»
IPOBOANUTCA B NMHUCBMEHHOM BHJI€ B (DOpME BBINOJHEHUS NMUCbMEHHBIX 3a/laHUM.
[Tpu HEOOXOAMMOCTH CTYIEHT YCTHO IOSICHSET BBIIIOJIHEHHBIE HE MOJIHOCTHIO

OTBETBHI.
IlepeyeHb BONIPOCOB K IK3aMeHY U KOJJIOKBUYMaM
KosnoxkBuym Nel (YpaBHeHHe nepBOro nopsjaKa)
Bomnpocsr:
1. MeTtoapl HHTETPUPOBAaHUS YPAaBHEHNUN IIEPBOTO MOPSIKA
2. [lonsitue nuddepeHnnanbHbIX ypaBHeHUN 1 mopsiaka, oOriero,

qaCTHOI'O pGHIeHI/Iﬁ, X TCOMCTPHYCCKOIO CMBICIA. ypaBHeHHH C
Pa3aCIIAIOMUMHA IICPCMCHHBIMU

3. OpnHoponHble ypaBHEHUS | mopsiika
a. ypaBHEHUS, TPUBOASAIINECS K OJTHOPOIHBIM
b. 0000IIEHHO-0THOPOIHBIC YPABHEHUS, 3a7a4M, IPUBOASIIUECS K
OJTHOPOJHBIM YPaBHEHUSM
4, JIunelinbie ypaBHeHUs | mopsaka
a. MeTon Jlarpanxa
b. meToJ bepryn
C. CBOMCTBAa  peIICHMH  JUHEHHOro  JauddepeHInalIbHOTO
ypaBHEHUS
d. ypaBHeHMs bepHymum u Pukattn
S. VYpaBHeHus B nonHbIX Auddepennumanax, kpurepuit Komm
a. MOHSITUE UHTETPUPYIOLINX MHOKUTEJIEH, UX CBOMCTBA
b. MPAKTUYECKOE HAX0KICHUE NHTETPUPYIOIIETO MHOXKUTES
6. YpaBHEHUS, HE pa3pELICHHbIE OTHOCUTEIBHO IMPOU3BOIHOM
a. ypaBHeHwust Buaa F(y)=0
b. ypaBHeHus Buaa F(X, y)=0
C. ypaBHeHus Buna F(y, y’)=0
d. ypaBHeHus Buaa F(X, y, y)=0, ciydaii o01iei mapaMmeTpu3anuu
€. ypaBHeHue Jlarpanxa u Knepo



7. Teopema O CymeCTBOBAaHMM M E€AWHCTBEHHOCTH PELICHUN 3a1a4u

Komm: BcmoMorarenbHbIC MNPCAJIOKCHUA, OJOKA3aTCIbCTBO CYIICCTBOBAHUA

PCIICHUA, TOKA3aTCIbCTBO CAMHCTBCHHOCTH, ITPOJOJIDKCHHUC peHIGHHﬁ

, _ax+by

8. Oco0Oble TOYKH ypaBHECHHS CX+dy : gnaccudukamms 0coBBIX

TOYEK, B ClIy4ae Korjma A, #4,, Ki1accudukamus OCOOBIX TOYEK, B CIydae

Korzga A4, =4,
9. JIBa croco6a Hax0XJIEHUST 0COOBIX PEIICHMIA:
a. METOJ P-TMCKPUMUHAHTHON KPUBOM
MeTo, C-TUCKPUMUHAHTHOM KPUBOH
C. 3a/1a4M Ha HAXO0XJEHHUE OCOOBIX peIIeHUN

KoasoxkBuym Ne2 (YpaBHeHHsI BHICHIHX MOPSATKOB)

1. Krnaccudukanus ypaBHEeHU BBICIIMX TOPSIKOB
2. VYpaBHEHUS BBICIIUX TOPSIAKOB, MHTETPUPYEMbIE B KBaIpaTypax:
a. ypaBHeHus Buna F(X, y™)=0
b. ypaBueHus Buga F(..,y ", y™)=0
C. ypaBHeHwust Buga F(y "2, y™)=0
d. 3aJ]auM Ha HaX0XKJIEHUE 0COOBIX peIlieHui
3. YpaBHEHUS BBICIINX NOPSAKOB, JOMYCKAIOINE TOHMKEHUE TTOPSIAKA:
a. YpaBHEHUS, B KOTOPBIX HET apryMEHTa
b. ypaBHEHUS, B KOTOPBIX HET PYHKIIUU
C. OTHOPOJHBIE YPAaBHEHUS
d. 00O0OIIICHHO - OAHOPOIHBIC YPABHEHUS
e. YPaBHEHUS C TOYHOM MPOU3BOIHOMN
4, JluHenHble ypaBHEHHsST N-TO TMOpsAKa. Teopembl O JIMHEWHOU
3aBUCUMOCTH M HE3aBUCHMOCTH PELLICHUI:
a. MOHSTUE JIMHEWHON 3aBUCHMOCTH M HE3aBUCUMOCTU PELICHUM,
onpenenurens BpoHckoro
b. TEOopeMa O 3aBUCUMOCTH (PYHKIIUH
C. TeopemMa O JIMHEMHOW HE3aBUCUMOCTH PELICHUN
d. dyHIaMeHTallbHas  CUCTEMa pelleHMd U TeopeMa o
CYIIIECTBOBAHHUH (PYH/IAMEHTAIILHON CUCTEMBI PEIICHUIM
S. ITocTtpoenue JIMHEWHOTO OHOPOZHOTO ypaBHEHUS 1o
byHIaMeHTaIbHON cUCTEME PELLICHUMN. dopmyna JInyBuiuis-
Octporpaackoro:
a. TEOpPEMA O 3aBUCUMOCTHU «n+1» pereHus
b. TEOpEMa O COOTBETCTBUHM OJHOPOJHOIO ypPAaBHEHHUsS U

byHIaMEHTAIBHON CUCTEMBI pEIICHUI



C. NOCTPOCHUE ypaBHEHHs 10 (YyHIAMEHTAJIbHON CHCTEME

peueHun
6. Teopema 0 cTpykType OOIIEro peueHus JUHEHHOTOo OJIHOPOIHOTO
ypaBHEHUS
7. Teopema o cTpykType OOIIEro perieHus JUHEHHOTO HEOAHOPOIHOTO
ypaBHEHUS
8. [TonmxkeHne mopsaka B JIMHEWHOM OJHOPOAHOM M HEOJHOPOIHOM
ypaBHEHUHU:
a. MOHKEHHE MOPSAKA, €CIIM U3BECTHO YaCTHOE PEIlICHUE
b. METO/1 BapUalluy MPOU3BOIBHBIX TOCTOSIHHBIX
Q. [TocTpoenue oOlIero pemieHrs JIUHEHHOTO OJHOPOJAHOIO ypaBHEHUS
N-TO TOPSIIKA C TIOCTOSTHHBIMU KO3 HUITMCHTAMH:
a. Cllydail pa3IMYHBIX XapaKTePUCTUIECKUX KOPHEH
b. CIIy4al KpaTHBIX XapaKTEPUCTHYECKUX KOPHEN
10. [TonGop yacTHOTO perIeHHs JMHEHHOTO HEOTHOPOJAHOTO YPAaBHEHHUS C
MOCTOSTHHBIMU KOA()PUITMEHTAMU TIO BUIY TIPABOM YacCTH:
a. B CJIy4ae, KOrjia rpaBas 4acTh €CTh MHOTOWICH
b. B Clly4ae, KOrja mpaBasl 4acTh €CTb DKCIOHEHTa, YMHOXKEHHas
Ha MHOTOWICH
C. B Cllydae, KOTr/ia B MPaBOil YacTH €CTh €Xp, MHOTOWIEH C SINX |
COSX
11. VYpasuenue Ditnepa. Auddepenimranbabie ypaBHEHH 2 TTOpsiiKa

Kpurepuu BeICTaB/IeHHA OLCHKHU CTYAEHTY HA YK3aMeHe 10 JTUCHHIIUHE
«InddepeHuunajbHbie YPABHECHUD)

Banasl Onenka 3auera/ TpeGoBaHus Kk cpopMHPOBAHHBIM KOMIIETEHIIUAM
(pedTuHroB 3K3aMeHa
Oif OLIEHKH) (crannmapTHas)
100-86 «3AUMEHON/COMAUUHO» O1eHKa «OTIMYHOY BBICTABISIETCS CTYACHTY, €CJIM OH ITyOOKO B IPOYHO

YCBOWJI TIPOTPAMMHBIN MaTepHai, HCYEpIBIBAIOIIE, MOCIEJ0BATENBHO,
YEeTKO M JIOTHYECKH CTPOWHO €ro M3JIaraer, yMeeT TECHO YBS3BIBaTh
TEOPHIO C IPAKTUKOH, CBOOOZHO CIPaBIISsIETCs € 331a4aMH, BOIIPOCAMHU

U JpYTUMH BUIAMHU NPUMEHEHUs 3HAHUHU, IpUYEM He 3aTpyJIHsETCs C
OTBETOM IIPU BUJOU3MEHEHUU 3aJaHUH, UCHOJIb3YEeT B OTBETE MaTepuall
MOHOTpaUUECKON JIUTEpaTyphl, MPaBWIFHO OOOCHOBBIBAET IMPUHSITOE
peleHwe, BIafeeT pPa3HOCTOPOHHMMHM HaBBIKAMH M IpHEMaMu
BBIMIOJTHEHNSI IPAKTHUECKUX 3a/1ad.

76-85 «3AUMEHON/«XOPOUO» OrneHKka «XOpOUIO» BBICTABISICTCS CTYOEHTY, €CIIH OH TBEPIO 3HAeT
MaTepual, TPaMOTHO M IO CYLIECTBY H3JIaracT ero, He JOIycKas
CYIIECTBEHHBIX HETOYHOCTeH B OTBETE HAa BONPOC, MPABUILHO
IPUMEHSICT TEOPETUYECKUE IOJIOKEHUSI TPH PEIICHUH IMPAaKTHYECKHX
BOIPOCOB U 33734, BIafeeT HeOOXOANMBIMU HABBIKAMH W TMPHEMaMH HX
BBITIOJTHEHHSI.

61-75 «3aumenoy/ O1eHKa «yIOBJIECTBOPHUTEIBFHO» BBICTABIACTCS CTYJCHTY, €CIIH OH IMEET
«YOO0BAEMBOPUMENLHOY 3HAHUSI TOJBKO OCHOBHOTO MaTepuaia, HO He
YCBOMII €T0 JIETANIEH, IOMYCKAEeT HETOYHOCTH, HEOCTATOTHO
NPaBHIbHbIC (bOopMyIHPOBKH, HapyIIeHUs JIOTHYECKOM

MOC/IE/IOBATEIBHOCTH B W3JIOKEHHMHM HPOTPaMMHOIO  Marepuala,
VICTIBITBIBACT 3aTPYIHEHHs TIPH BBITOJTHEHUH
IPaKTHYECKUX PadoT.

60 1 MmeHee «HezaumeHnoy/ OHeHKa «KHEYHOBJICTBOPUTECIbHO» BBICTABJISAACTCA CTYACHTY,




«HEey0081emBOPUMENbHOY KOTOPBI HE 3HAeT 3HAYUTEIbHOW YacTH MPOrpaMMHOrO MaTepuana,
JIOMYCKaeT CYyIIECTBEHHbIE OMIMOKM, HEYBEPEHHO, C OOJBIINMHU
3aTpYAHEHUSIMU BBITIONIHSET TNpakTuueckue pabortel. Kax mpasumio,
OLIEHKA «HEYIOBJIETBOPUTEIBHOY» CTABUTCSI CTYEHTaM, KOTOpBIE HE
MOTYT TIPOJOJDKHTH OOydeHHe Oe3 MONOJHUTENBHBIX 3aHATHH 110
COOTBETCTBYIOIECH AUCIUILIMHE.

OueHo4vHbIE cCpeACTBA I TEKYLIeH aTTecTallul

Texymas arrectanusi CTyJIeHTOB 1o aAucuuimiiHe «OOBIKHOBEHHbBIE
g depeHIMaIbHbIE YPABHEHUS» MPOBOJIUTCS B COOTBETCTBUM C JIOKAJIbHBIMU
HOpMaTUBHBIMU akTamu JIBDVY u sBnsiercs 00s13aTeabHOM.

Texymas aTTecTaus 1o JUCLUIIIINHE «OOBIKHOBEHHbIE
mudpepeHnnanbHble  YpaBHEHUS»  MPOBOAWTCS B (GOpME  KOHTPOJIBHBIX
MeponpusaTHiA (KOHTPOJIBHON pabOTHI, IKCIPECC KOHTPOJIHHOU, HHIUBUIYATEHOTO
JOMAIIHET0 33JaHusl) 10 OLEHUBAHHUIO (PAKTHUECKUX pPE3YyIbTAaTOB OOyUYEHHUS
CTYJIEHTOB Y OCYLIECTBIISIETCS BEYIIUM IIPEIIOIABATEIEM.

OObeKkTaMy OLICHUBAHUS BBICTYIIAIOT:

o yueOHasi TUCHUIUIMHA (aKTMBHOCTh HA 3aHATHUSAX, CBOCBPEMEHHOCTb

BBIMIOJIHEHHSI PA3MYHBIX BHUIOB 3aJaHHM, MOCEIIAEMOCTh BCEX BHUIOB

3aHATHI MO aTTECTyEeMOW JTUCUUILINHE);

o CTENEHb YCBOCHUS TEOPETUUECKUX 3HAHUI;

o YPOBEHb OBJIAJICHUS NIPAKTUYECKUMHU YMEHUSMH U HaBBIKAMHU 110 BCEM

BHJIaM y4eOHOM paOOThI;

o pe3yNbTaThl CAMOCTOSTEILHON PAOOTHI.

KonnokBuym  siBisieTcss  (QOpMONW  KOHTpOJIE  YCBOGHHUS  CTyJIEHTaMH
TEOpEeTHYECKOW 4YacTh Kypca. Craercs CTyIAeHTaMu MpErnoAaBaTeNI0 B YCTHOU
dopMe B BHJEe cobeceoBaHHUS BO BpeMs JIEKIIMOHHBIX 3aHSATHH MO 3aBEPIICHUIO
U3YyYEHUs TEOPETUYECKOW YacTH pa3/eloB Kypca U OLIEHHBaeTcs B ¢opme
1 pepeHInpOBaHHOTO 3a4YeTa.

KomnokBuym cuuTaercss CHaHHBIM YCIEIIHO NPH TOJYYEHHH OLIEHOK
«OTIIMYHO», «XOPOILIO» WA «YIOBJIECTBOPUTENBbHO». [lpn momyyeHHn OLEHKH
«HEYIOBJIIETBOPUTEIBHO)» OH CUUTAETCS HE CAAHHBIM, @ COOTBETCTBYIOIIMM pa3aen
TEOPETHUYECKON YAaCTH HEYCBOCHHBIM.

CryzaeHTy npeaocTaBisieTcsl BO3MOXKHOCTD IEpecAaTh KOJUIOKBUYM OIUH pa3
BO BpeMs KOHCYJbTAlMil MO JUCUUIUIMHE C MOJYYEHHEM OLEHKM Ha OAMH Oa
Huxke. s CTyneHTa, YCHEIIHO CHABIIEr0 KOJUIOKBHUYM, BBIHOCUMBIE Ha
KOJUIOKBUYM BOMPOCHI MCKJIIOYAIOTCS M3 CIIKMCKa BOMPOCOB, BBIHOCHMBIX Ha
DK3aMEH.

KontpoabHasi padora siBisiercs (pOpMON KOHTPOJSL YCBOEHUS! CTYIEHTAMU
IIPaKTUYECKON 4acTu Kypca. BhINMOIHSAETCS CTyAeHTaMu BO BPEMs MPAKTHYECKHX
3aHATHI 10 3aBEpIICHHUI0 M3YyYEHHs IPAKTUYECKOM 4YacTH paslesioB Kypca.




KonTponbHas paboTa coaeTcsi mpenojaBaTeNi0 Ha MPOBEPKY U OLIEHUBAETCS B
dbopme nudpepeHITupPOBaHHOTO 3a4eTa.

KonTponbHast paboTa CUMTAETCS BBIOJHEHHOW YCIEIIHO TMPH TOJTYYCHUH
OLICHOK «OTIUYHO», «XOPOIIO» WU «YIOBICTBOPHUTEIbHO». llpm momyueHUn
OIICHKU «HEYJIOBJICTBOPHUTEILHO» KOHTPOJbHAS padoTa CUMTAeTCA HE CAAHHOW, a
COOTBETCTBYIOIIUN pa3/ie] MPaKTHKyMa HEYCBOCHHBIM.

CryneHTy mpenocTaBlIsAeTCs BO3MOKHOCTH MEpecaTh KOHTPOJIbHYIO paboTy
OJIMH pa3 BO BPeMs KOHCYJIBTAIHMH O JUCITUIUIMHE C MTOJTyYEeHUEM OIICHKU Ha OJINH

OaJLT HUXKe.
KonTtponupyemsie pa3aesnsl / TeMbl JUCIUTIIHHBL Komp! u 3Tamnst O1eHOYHBIE CpeACTBa — HANMEHOBAHHE
(hopmMHpOBaHHS
KOMITETEHITIH TeKYIIHH MIPOMEKYTOUHAs
KOHTPOJIb aTTecTanus

Juddepennmanpasie ypaBHeHHs | IOpsIKa ¢ OIIK-1 IIposepka [oaroroBka k

Ppa3aesIOMUMHUCS epeMeHHbIMU. OTHOPOJHbIE YPaBHEHUSI. JOMAIIHIX KOJUTOKBHyMy Ne 1
3amaHuii Ne |

Jluneitnsle ypaBHeHus 1 nopsinka YpasHeHue bepHyim. OIIK-1 IIposepka IToaroroska k
JIOMALIHUX KoJUToKBUYMYy Ne 1
3agaHuil Ne 2

YpaBHeHHe B MONHBIX Tuddepennnanax. MHTerpupyronmii OIIK-1 IIposepka [oaroroBka k

MHOKUTEIb. JIOMALTHUX KoJmokBuyMy Ne 1
3amaHui Ne 3

Teopema Komm. 3agaun Komru. OIIK-1 IIposepka [oaroroBka k
JIOMALIHUX KoJUToKBUyMYy Ne 1
3aganui Ne 4

Kontposbphas padora Ne 1 OIIK-1 TIposepka x/p Ne
1

Juddepennmanpapie ypaBHEHNS HEPa3pEIICHHBIC OIIK-1 IIposepka [oaroroBka k

OTHOCHUTEIBHO IPOU3BOIHOM. JIOMALTHUX KomokBuyMy Ne 1
3agaHui Ne 5

J1Ba crioco6a HaXOXJIeHUsI 0COOBIX pelIeHHH. OIIK-1 IIposepka IToaroroBka k
JIOMALIHUX KoJuToKkBUyMy Ne 1
3anaHuit Ne 6

KonTtpomnsnas padora Ne 2 OIIK-1 IIposepka x/p Ne
2

Komnoxeuym Ne 1 OIIK-1 IIposepka
KoJTokBUyMa No
1

JluneitHble ypaBHEHHs N-0ro NOpsaKa. 3aBUCHMOCTb, OIIK-1 IIposepka IToaroroska k

HE3aBUCUMOCTH PEIICHHH. JIOMAIITHIX KOJUTOKBHYMY Ne 2
3agaHuil Ne 7

Tlormxenue nopsika B JMHEHHOM OTHOPOAHOM ypaBHeHnu N- | OIIK-1 IIpoBepka [Hoaroroska k

OTO TIOpsIIKa JIOMAIITHIX KOJUTOKBHYMY Ne 2
3anaHuii Ne 8

Juddepenimanbaple ypaBHEHHS 2-0T0 MOPSIKA, pa3HbIe OIIK-1 IIposepka IToaroroska k

METO/Ibl HHTETPUPOBAHNSI. JIOMAIITHUX KOJUTOKBUYMY Ne 2
3amaHuii Ne 9

Juddepennuanbapie ypaBHEHHS 2-0T0 TOPSIKA. OIIK-1 IIposepka [oaroroBka k
JIOMAIIHIX KOJUTOKBHYMY Ne 2
3amanui Ne 10

HHTerpupoBaHye OJHOPOIHBIX YPaBHEHUH N-0T0 MOpsAKa C OIIK-1 [TpoBepka [Tonroroska k

MOCTOSTHHBIM KO3 QUIIIEHTOM JIOMAIIHUX KOJUTOKBHYMY Ne 2
3agaHuil Ne 11

MuTerpupoBanue 01HOPOAHBIX ypaBHEHU N-0ro MOpsIKa C OIIK-1 IIposepka INoaroroska k

MOCTOSIHHBIM K03 punmenTom JIOMAIITHIX KOJUIOKBHYMY Ne 2
3amanui Ne 12

WHTerpupoBaHue HEOJHOPOAHBIX YpaBHEHHH N-0ro MopsaKa OIIK-1 [TpoBepka [Tonroroska k
JIOMaIIHUX KOJIIOKBHYMY Ne 2
3aganuii Ne 13

Konrponsnas padora Ne 3 OIIK-1 IIposepka x/p Ne
3

Komnoxsuym Ne 2 OIIK-1 IIpoBepka




KOJUTOKBHYMa Ne

2

Kpurepuu oneHku (MUCbMEHHbI O0TBET)

100-86 OGamaoB - eciau OTBET MOKAa3bIBACT INIyOOKOE U CHUCTEMAaTHUYECKOE
3HaHHE BCEro MPOrPaMMHOr0 Marepuana U CTPYKTYpPhl KOHKPETHOTO BOIpOca, a
TaK)K€ OCHOBHOT'O COJIEp>KaHUS M HOBAIlMU JIEKIIMOHHOT'O Kypca MO0 CPAaBHEHUIO C
yueOHOM sutepaTypoil. CTyIeHT AEMOHCTPUPYET OTYETIMBOE M CBOOOJHOE
BIAJICHUE KOHIIENTYaJbHO-TIOHSITHMHBIM  allllapaTOM, HAyYHBIM SI3BIKOM U
TEPMHUHOJIOTUEN

COOTBETCTBYIOIIEH Hay4YHOW 00JIACTH. 3HAHME OCHOBHOW JUTEpATyphl U
3HAKOMCTBO C JIOMOJIHUTEIBHO PEKOMEHJIOBAaHHOM muTeparypoi. Jlorudecku
KOPPEKTHOE U YOeIUTENbHOE U3JI0’KEHHUE OTBETA.

85-76 - OamIoB - 3HAHHWE Y3JOBBIX MPOOJIEM MPOTpaMMbl U OCHOBHOTO
coJlepKaHMUsl  JIGKIIMOHHOTO Kypca; YMEHHE TI0JIb30BaThCS  KOHIENTYaJlbHO
NOHSATUWHBIM alapartoM B MPOILIECCE aHalu3a OCHOBHBIX MPOOJEM B paMKax
JAHHOM TEMbl, 3HAHWE BAXHEHIIMX pabdOT M3 CIHUCKAa PEKOMEHJAOBAHHOU
auTepaTypel. B 1menom JOTWYecKM KOPpPEKTHOE, HO HE BCErja TOYHOE U
apryMEHTHPOBAHHOE M3JI0KEHHUE OTBETA.

7561 - OGamn - QparMeHTapHbIC, MOBEPXHOCTHBIE 3HAHUS BAKHEUIIINX
pa3liesloB MPOTpaMMbl M COJACpP)KaHUS JICKIIMOHHOTO Kypca; 3aTpyJHEHHS C
UCIIOJIb30BAaHUEM HAYYHO-TIOHSATUMHOIO amnmaparta W TEPMUHOJIOTHUU Yy4eOHOMU
JTUACIUIUIAHBI, HEMOJHOE 3HAaKOMCTBO C PEKOMEHIOBAHHOM JIUTEPATYpOU;
YaCTHYHBIC 3aTPyJHEHUS C BBIMOJHEHHEM MPEAYCMOTPEHHBIX MPOTPaMMOi
3aJjaHUi; CTPEMJICHHE JIOTUYECKH OIPENeICHHO W TOCIEI0BATEIbHO H3IOKUTH
OTBET.

60-50 OGamioB - He3HaHHWE, JMOO OTPHIBOYHOE MPEACTABICHUE O JaHHOU
npo0semMe B paMKax y4eOHO-IPOTpaMMHOTO MaTepHuaia; HEyMEHUE UCIIOIb30BaTh
MOHATUMHBIN arIapar; OTCYTCTBHUE JIOTUUECKOU CBS3U B OTBETE.

Oto coorBercTByeT: 100-86 OamioB — «oTiudHO», 85-76 OamioB —
«xopotioy», 75-61 0OamnoB — «yJdOBJIETBOPUTEILHO», HE Oonee 60 OamioB —
«HEYIOBJICTBOPUTEIILHO.

,HOMa]IIHI/Ie U KJIACCHbIC 3a1aHUA

3ansaTue 1 3amaun Ha cocTaBieHue ypaBHeHUM | mopsnka B kiaacce Ne 31-
33, 71-75 (ueuernwie), nomoit Ne 30-34, 72-76 (uerHble). YpaBHEHHUS C
pa3AeISIIOIUMHUCS IepeMeHHbIMU B Kiacce Ne 51-65 (HeuetHbie), toMoi Ne 52-64
(ueTHbIE)

3ansarue 2 OpHopoansie ypaBHeHusi | mopsinka B kimacce Ne 101-111
(aedetnbie), qoMoi Ne 102-112 (getHbie). O000MIEHHO-0THOPOIHBIC YPABHEHHS U




ypaBHEHUS, MPUBOISAIIMECS K OJHOPOAHBIM B kijacce Ne 113-127 (umeueTHsble),
nomoii Ne 114-126 (uetHbie)

3ansatue 3 Jluneiineie ypaBHeHUss 1 TopsAlKa, METOJA BapUallUU
POU3BOJILHOTO TocTossHHOTO Jlarpanxa B kiacce Ne 137-153 (weueTHsie), oMo
Ne 136-148 (uerHbie). JluneliHble ypaBHeHUs | mMoOpsiiKa, METOJ MOJACTAHOBKH,
ypaBHeHus: bepuymnu B kimacce Ne 155-165 (meuetnwie), gomonr Ne 150-166
(uetnsbie). YpaBHenus Pukartu B kinacce Ne 167-171 (neuetnsie), nomoid No 168-
174 (uetHbIC)

3ansaTue 4 YpaBHeHus B nosHbIX Auddepennuanax B kinacce No 187-193
(neuetnnie), naomoit Ne 186-194 (uernbie). WHTErpupyrommii MHOXHUTEb.
Haxoxxnenue uHTerpupyomero MHoxurenss B kimacce No 195-207 (HeuerHble),
nomoit Ne 196-208 (dueTHbIe)

3ansaTue 5 B knacce Ne 209-219 (weuetnsie), romoit Ne 210-220 (yeTHbIe).
TpeHUHr Ha oOIpeneneHue TUMIA U METOoAAa pPEIICHUWM ypaBHEHMM | mnopsnka,
pa3pelnieHHbIX OTHOCHUTENbHO mNpou3BogHOM B kiacce Ne 301-410 (HederHble),
nomoii Ne 302-420 (ueTHbIC)

3anaTue 6 KonrponpHas pabora «YpaBHeHus | mopsiika, pa3pericHHbIC
OTHOCHUTEJIBHO MPOU3BOAHON». [IpuMepHbIil BapuaHT npeasiaraercs. YKazaTh THUI
Y METOJI U IPOUHTEIPUPOBATH:

y 2

!

y |y
(sin X+ y)dy + (ycos x — x*)dx =0
(2x+3y-1)dx+ (4x+6y—-5)dy =0

xdy — ydx = X4/x* + y2dx
(V' = xJyV)* =) = xy

3ansaTe 7 VYpaBHeHus | mnopsaka, HE paspelIeHHbIE OTHOCHUTEIBHO
npoussomuoii tuma  F(Y)=0, F(x,y)=0, F(y,y)=0. B xmacce Ne 241-261
(neuetHwie), ngomon No 242-262 (uertHwie). VYpaBHeHuss | mopsiaka, He
pa3pelleHHbIe OTHOCUTEIIBHO MPOU3BOAHON. MeToy o01ieit mapaMmerpu3auu s
ypaBHEHUS TUIA F(x,y,y’)=0. B kimacce Ne 267-285 (HeuerHblie), gomoit Ne 268-
286 (ueTHBIC)

3ansatue 8 VYpaBuenus Jlarpamxa u Kiepo. B kmacce No 287-295
(neuetHble), nomoit Ne 288-296 (yeTHbIE)

3anstue 9 KontposnbsHas pabora «YpaBHeHus 1 mopsiika, Hepa3peleHHbIe
OTHOCHUTEJIBHO IPOU3BOAHONY. [[puMepHBI BapUaHT mpeaaraeres.



oy =y) =y*-1
3y =y'+y
4y = x> +y'?
x(y'? +e?)=-2y

YpaBHeHHs BbICHINX MOPSAAKOB

3ansitue 10 IloHmwkeHue mOpsiAKa B YPABHEHMSX, HE COJAEPIKAIIMAX
GyHKIHIO, apryMEeHT, OJHOPOJHBIX OTHOCHUTEIBHO Yy M €ro MpPOU3BOJIHBIX,
00001IIeHHO-0THOPOTHBIX OTHOCUTENRHO X U Y. B kimacce Ne 421-435 (HeueTHbIC),
nomoit Ne 422-434 (uetnbie). B kmacce Ne 437-449 (meuetnrie), nomoit Ne 436-450
(uetnpie).  CBeneHME  MHOTOKPAaTHOIO  HMHTErpaja K  OJHOKPaTHOMY,
WHTETPUPOBAHUE Yepe3 BbIICICHUE MOJIHBIX MPou3BOAHBIX. B kimacce Ne 451-461
(ueuetHsble), momoit Ne 452-462 (yeTHbIC)

3anaTue 11 IloHwkeHue mNoOpsAAKa, UCHOJIB3Ys OJHOPOAHOCTH U
unTerpupoBanue. B kinacce Ne 463-475 (neuetHsie), nomoit Ne 464-474 (uetHsle).
Ceenenue k ypaBHeHusiM 1 nopsnaka. B knacce Ne 481-499 (neuetHbie), momoit No
482-500 (ueTHBIC)

3ansarue 12 KontponbHas paGota «YpaBHEHHSI BBICHIUX TIOPSAIKOB C
nepeMeHHbIMU K03 puumentaMmuy». [[puMepHbIil BapuaHT MpeiaraeTcs.
yy'+1=y"?
2xyy" =y -1
Xy" =y’ +xsin Y

X
y(xy"+y") = xy"* (1-x)
yxy" +xy"* = 2yy’
JIuHeliHbIe YpaBHEHHS ¢ NOCTOSAHHBIMHM KO3 puuueHramu

3anaTue 13 Haxoxzaenue o6mero pemenus. B kmacce Ne 511-531
(neuetnnie), gomon Ne 512-532 (uernwie). Haxoxpenuwe oOmero pemenus. B
kiacce Ne 533-547 (neuetnsie), qomoit Ne 537-548 (ueTHbie)

3ansaTue 14 HaxoxkIeHHe 4YACTHOrO pEIMIEHUS C HEONPEAEICHHBIMU
kodppunmrentamu. B knacce Ne 549-569 (neuetHsbie), nomoit Ne 537-548 (ueTHbIE).

3ansaTue 15 Meron Bapmanuu IpOW3BOJBHBIX NMOCTOSHHBIX. B kmacce Ne
575-581 (neuetHsie), noMoit Ne 576-580 (ueTHbIC)

3ansaTue 16 KonrponsHas pabora «JIuHeliHbIe YpaBHEHUSI C TTOCTOSTHHBIMH
koadpurmenTammuy. [IpuMepHsbIil BapuaHT mpeasiaracTcsl.



y" +y”=7x-3cos X

y'—=2y'+2y =(x+e")sinx
y'+y=4e"y(0)=4y(0)=-3

y'" +4y = 2tgx

L[y]= 2cos xsin x +5e* (cos 2x +1)

K, =+2i, Ky, = %20, Ky, =120, k;, =1

Haiimu obwee pewenue ¢ HeonpedeneHHbIMU KO3 DuyueHmamu

Meroanyeckue yKa3aHusi K Kypcy
JInneuHble U depeHInATbHbIC YPABHECHUS
1. Cnenyromme TeOpeMbl SBISIOTCS OCHOBHBIMM B TEOPHUHM JIMHEHHBIX
mu(pepeHInanbHbIX YPABHEHUH.
OO1ee penieHre JIMHEHHOTO OTHOPOIHOTO YPAaBHEHHS N — IO NOpsAJIKa UMEET BUJ

y:C1y1+"'+Cnyn1
rac yl,---,yn = J'II/IHGI)'IHO — HEC3aBHUCHUMBIC peHIGHI/IH, C11---,Cn = HpOPI?;BOJ'IBHBIe

IIOCTOSIHHBIE.
OOwee pelieHUe JUHEHHONO HEOJHOPOAHOIO YpPAaBHEHHS PaBHO CyMME €ro
YACTHOT'O PEUIeHHs U OOLIETO pelIeHUs] IUHEHHOTO OTHOPOHOTO YpaBHEHUSI.
AHaJIOTUYHBIE TEOPEMBI CIIPABEUIMBBI JIJIS INHEWHBIX CUCTEM.

2. YtoOBl pemuTh JJMHEWHOE OJJHOPOJHOE YPABHEHUE C TOCTOSIHHBIMU

ko3 pureHTamMu

a,y" +ay" +a,,y' +a,y =0, (1)
HaJI0 HAMTH BCe KOPHH A XapaKTEPUCTHUECKOTO YPaBHEHHUS

a, A" +a A +..+a A+a =0. (2)

O6miee pemrenue ypapHeHus (1) eCTh cymMMa, COCTOSIIAS U3 CIaraéMbIX

BUJA ¢ J.ei"x JUTSL KaXKZI0TO TIPOCTOTO KOPHS 4, ypaBHEHU (2) U CllaraeMbIX BHIA
k—1y\ 44X
(Cm+l +Cm+2x+"'+cm+kx )e (3)
JUISL KQXKJIOTO KPaTHOrO KOPHsS A ypaBHeHUs (2), rae k - KpaTHOCTh 3TOrO KOPHSL.
Bce C; - mpousBoabHble nocTossHHbIE. KoaddununenTsl ypasaenns (1) u kopau A

3]1eCh MOT'YT OBITh BEILIECTBEHHBIMU WUJIU KOMIIJIEKCHBIMHU.

Ecnu xe Bce koapuiuenTsl B (1) BemecTBEHHbIE, TO PEIIEHHE MOKHO HAIUCaTh
B BEIICCTBEHHOM (popMe U B CiTyyae KOMIUICKCHBIX KOpHEH A. J{Jis1 ka0 mapbl
KOMIUIEKCHBIX COTPSDKEHHBIX KOPHEH A=a+pi B (opMylly oOliero pemeHus
BKJIFOYAKOTCS CllaraeMble

C,,.€7 COS X +C,,,e™ sin fX,

C€CJIM BCC 3TU KOPHHU ITPOCTEIC, U CJIaracMbIC



P, (X)e™ cos S+ Q,_, (X)e™ sin S,
€CIIM KaXKIbIM W3 ATHUX JBYX KOpHEH HMMeEeT KpaTHOCThk. 31ech P, u Q. -

MHOTOWIEHBI CTETIEHH K -1, aHAJIOTM4YHbIe MHOTOUJIEHY B (3), UX KO3 UIIUEHTHI -
MIPOU3BOJIbHBIE TTOCTOSTHHBIE.

IIpumep 1. Pemmts ypasrenue Y  —2y" —16y'+32y=0.
[Tuiiem XapakTepUCTUIECKOE YPaBHEHHE
A =24 -164+32=0.
Haxoqum ero KOpHU: 4, = 4, =2, A =—2, a4, =2i, A =2
ITo M370KEHHBIM BBIIIIE PABUIIAM ITUILIEM 00IIee PEIICHUE
y = (C, +C,X)e* +¢,e > +¢, C0s 2X + C, Sin 2X
(CTermeHb MHOTOYICHA ¢, +c,x Ha | MEHbIIIe KPAaTHOCTH KOPHS, a YiICHbI COS H SiN

COOTBETCTBYIOT KOPHSM = 2i).
3. Jluig TMHEWHOTO HEOJHOPOAHOTO YPABHEHUSI C TOCTOSIHHBIMU
Kod(pduleHTaMd U C MPAaBOM YACTHIO, COCTOSIIEH U3 CyMM U MPOU3BEACHUUN

dyaxmmit by +bx+...+b X", €, cospx, sinpx, YacTHOe pelIeHHe MOYKHO HCKaTh
METOLOM HEONPEAEICHHBIX KOPPHUIMEHTOB.
Jlna ypasHeHwmii ¢ npasoii wacteio P, (X)e”, roe P,(X)=b, +bXx+..+b,x", wactHOE
pelleHre UMEET BUJ

Y, = Xx°Q, (x)e", (4)
rne Q. (X) - muoroureH Toit ke crenern M. Ywmcio £=0, €CIIH } —HE KOPEHb

XapaKTepUCTUUECKOTO ypaBHEHHUS (2), a €Cliu ¥ — KOPEHb, TO ¢ PAaBHO KPAaTHOCTU

3TOT0 KOPHSI.
Jl71st ypaBHEHUI ¢ BEIIECTBEHHBIMU KOA(DPHUITMEHTaMU U MPABOW YaCThIO BHJIA

e”(P(x) cos A +Q(x)sin AX) (5)
MOJXHO HCKAaTb 4aCTHOC PCIICHUC B BUIC
y, = xe”(R_(x)cos A +T_(X)sin px), (6)

rae £=0, €CIIM o+ i HE KOPEHb XAPAKTEPUCTUYECKOTO YPABHEHUS U ¢ PABHO

KPAaTHOCTH KOPHSL « + i B IPOTHBHOM CIly4ae, a R, u T, - MHOrOWIEHEI CTEIIEHN
M, paBHOI HanOobIIeH U3 cTerneHed MHOrowieHOB P u @ B (5). UtoOb! HaiiTu
K03 GUIIMEHTH MHOTOWICHOB B (4) wiu (6), HalO MOJACTAaBUTH pPEUICHHE y, B

ypaBHEHHE W MPUPABHATH KOADPUIMEHTHl MpU TOAOOHBIX WICHAX B JIEBOH U
IIPAaBOM 4acCTAX YPaBHEHUS.



YacTHOE peleHne JIHHEIHOTo ypaBHeHus ¢ npaBoi yacteio f(X)+..+ f (X) paBHO
CyMME YaCTHBIX pEHICHUN YpaBHEHHMI C TOH K€ JIEBOM YacTbi0 M TPABBIMU
gacTsimu f(X) +..+ f (X).

[Ipumep 2. Pemnts ypaBHEHUE

y" —6y" +9y' =xe¥ +e¥ cos2x. (7)

XapaKkTepuCTHIECKOE YpaBHEHHE A° —642+91=0 UMEET KOPHU A4 =4, =3, A =0.
[ToaTomy oO1iiee perienre OAHOPOAHOTO YPaBHEHUSI UMEET BUJT
Y, = (¢, +¢,X)e* +c,.
[IpaBasg wacth (7) COCTOMT M3 ABYX ciaraeMbiX. MIieM OTOENbHO YacTHBIE
pELICHUs] ypaBHEHUI

y
y"' —6Y"+9y' =e* cos 2x. (9)

"

—6Yy"+9y' = xe*, (8)

Uucino y =3 ecTh KOPEeHb KPAaTHOCTH 2, MO3TOMY JUIsl ypaBHEHHUs (8) yacTHOe

perenue, cornacto (4), nveer sux Y, = X (ax+b)e™. Tlogcrasus ero B (8), Haiinem

a:i,bz—i.
18 18

Yucio «+ fi=3+2i He SABIAETCI KOPHEM, MOATOMY Juisl ypaBHeHuda (9) wactHoe

perenue, cornacto (6), umeer Bux Y, =€ (CC08 2X +dsin 2x). Tloxcrasus ero B (9),

HalJEM ¢ :_i,d :_i.
52 26

Oowiee pemenue ypaBHeHus (7) paBHo Yo+ Y+ Y,

4. [pyroii wmeTox OTBICKAHMS YacTHOTO PELICHUS YpaBHEHHS C
BEIIECTBEHHBIMU

ko3 duenTaMu u 1pasoii wactero P(X)e™ cos X (mmm P(x)e”sin fX) cocromt B
crenyroweM . Pemaror ypasaenue ¢ npasoii uactoro P(X)e“”. Tak kax

el** = g™ cos X +ie™ sin X, To BeleCTBeHHAs YACTh TONYYEHHOTO PELICHUS OYLET
pPEILICHUEM ypaBHEHUSA C IMPABOM YaCThIO P(X)eax cos X, a mMHmMas — peuieHueM

ypaBHeHHUs ¢ npaBoii uacteio P(X)e” sin fX) .
[Ipumep 3. PemuTh ypaBHEHHE

y” + 4y = 8sin 2x. (10)
Tak Kak sin2x = Ime®*(T.e. MHMMAas 4acCTh OT e**), TO CHayaja peiiaeM ypaBHEHUE
y/I _|_4y — 8eZiX (11)



VYpaBHeHue A° +4=0UMEET KOPHU A ==22i. B mpaBo 4acTU y=2i COBIANAET C

KOpPHEM KpPaTHOCTH 1, MOATOMY pelieHue uieM B BUie Y, = axe”™. Toxcraensas B
(11), mocie ynpoiieHu# moxydaeM

4iae”™ =8e™;a=-2i.

3HauuT, YacTHOE perieHue ypaHenus (11) ectrb

y, = —2ixe™ =-2ix(cos 2x +isin 2x).

B3s1B MHMMYIO 4acTh OT vy, , HOJIy4aeM 4acTHOE pemeHue ypaBHeHus (10):

y, =Imy, =-2xcos 2x.

[TIpubapnsas obmee permenue Y, =C C0S2X+C,SIN2X  ypaBHEeHMS " +4y=0,
noyyaeM obiee pemieHue ypapaenus (10).

5. JluneliHO€  ypaBHEHME C  TIOCTOSSHHBIMU W TIIEPEMEHHBIMHU
kodpdunreHTaMu U ¢ 000N TpaBOM YaCThIO f(x) MOXHO PEIIUTh METOJOM
BapUalMu TIOCTOSIHHBIX, €CJIM HW3BECTHO ofmiee pemenue Y, =CY, +..CY,
JMHEHHOTO OJHOPOJHOTO YpaBHEHHUS C TOM e JIeBOoM 4dacThio. Torma peiieHue

JIMHEHHOTO HEOJHOPOMHOrO ypaBHeHMs umercs B Bume Y=C/(X)Y, +..+C,(X)Y,.

Oynxmuu C(X) ompenensiorcs u3 cucteMsl (rae 8, - KO3(QOUIUEHT MpPH y" B
YpaBHEHUN)

C()Y: +.+C ()Y, =0;

)Yy +..+C ()Y, =0;

()Y +. ()Y, =0 (12)

8, (e (9, + .+ cs(0)y, ") = £ (0.
[Ipumep 4. Pemuth ypaBHEHHE
y'-2y'+y=e"/x (13)
XapaKTepucTUYECKOE ypaBHEHUE 4> —21+1=0 HMEET KOpeHb A =1 KpaTHOCTH 2.
OO11ee perieHre OJHOPOAHOIO YPABHEHUS
Y, =(c, +C,X)e" =ce* +c, xe”.
Nuem pemenue ypasHenus (13) B Buze
y=c,(x)e" +¢,(X)xe". (14)
DYHKIUU ¢, (x),c,(x) ONPENestoTcs u3 cuctemsl Buaa (12)
c,(x)e* +c,(x)xe* =0;
(XY, +c,(xe* +e*)=e*/x
W3 3T0M cuCTEMBI ITOydYaeM

¢ —1/xc =1 CM)=In|x|+c,, ¢ (X)=-x+c.



[MoncraBmnss ¢, (x) 4 c,(x) B (14), Haxoaum oO1iee perieHue
Y =C,(x) = (¢, - X)e* +(In | x| +¢,)xe.
6. YpaBHeHue Jitnepa

ax"y" +ax™y™ 4 ya xy'+ay=f(X) (15)
CBOJIUTCSl K JINHEHHOMY YPaBHEHHIO C TOCTOSHHBIMU KO3((dHUILIMEeHTaMH 3aMEHOM
HE3aBHCHUMOTO TIEPEMEHHOT0 x=¢' Mpu X >0 (Win x = —' mpu x <0). YToOsI cpazy
HaIMCaTh XapaKTEPUCTUYECKOE ypaBHEHHE, HAI0 Ka)XXJ0€ MPOU3BEICHUE Xy“ B

(15) 3amenuTp Ha mnOpousBeaeHue k  yObIBarommx Ha | yucenm:
A —D(A—-2)...(A —k +1).
IIpumep 5. Pemmth ypaBHEHUE

XSy/H_XZyH_I_ZXyr_Zy:BX?). (16)
Cpa3y IMAIICM XapPAKTCPHUCTHUICCKOC YPAaBHCHHC
AA-D(A—-2)—A(A—-1)+221—-2=0. (17)

Ero xopHu 4, = 4, =1, 4 =2. [losTOMy 00LIEE pelIeHNE IMHEHHOTO OTHOPOTHOTO
ypaBHEHUS C IOCTOSSHHBIMU KO3 puiiieHTaMmu

Y, = (c, +C,t)e' +c,e’,

UtoO0BI pemuTh HeoTHOpOHOE ypaBHeHuE (16), cHauana packpoeM ckoOku B (17):
A —42 +51-2=0.

[Io »TOMY XapakTepUCTUYECKOMY YpPaBHEHHUIO COCTaBIIIEM JIEBYIO 4YacTh
U pepeHInanbHOTO YpaBHEHHUS, a MpPaByK YacTh MOJy4YaeM M3 MpPaBOW 4YacTu
(16) 3amenoit

x=e'1y;~ 4y +5y; -2y =8¢, (18)
Uucno 3 — HE KOpPEHb XapaKTEpUCTHUYECKOIO YpPABHEHHMS, IMOATOMY YacCTHOE
pEIIEHUE HUIIEM B BUIEC Y; = ae”. [ToncraBnss B (18), HaxoguMm a=2. Htak, obmiee
pelieHrne UMEET BUJL
y=Y,+Y,=(c +ct)e' +c,e” +26" =(c, +¢, In| xx+c.x* +2%°,

7. OOmero Meroda pelieHUs JTWHEWHBIX YpPaBHEHUU C TMEPEMEHHBIMU
Kod(pdulieHTaMu He CYIIECTBYET. B HEKOTOPBIX CiTydyasxX YaCTHOE PEIICHUE
yAaeTcs HaWTHM TmyTeM T[ojdopa, HampuMep, B  BUJE  MHOIO4JIeHa
y=x"+ax""+..+d unum B Buge Y=~ u ..

Ecnu u3BeCTHO 4aCTHOE pelieHue y, JIMHEMHOr0 OJHOPOAHOTO YpaBHEHHUS N — To
NOpsiAKa, TO TOPSAJIOK YPAaBHEHUS MOXHO I[IOHWU3UTh, COXpaHsd JIMHEHHOCTb
ypaBHeHus. [l 3TOro B ypaBHEHHE HAJO MOJACTABUTH y=y,z U 3aTEM NOHU3UTH
IOPSIOK 3aMEHOU Z' = u.

[Tpumep 6. Pemnth ypaBHEHUE



xy" —(x+1)y +y=0. (19)
VieM 4acTHOE peleHne B Buae MHorowena Y =X" +ax" +....

CHayaja HaiijeM ero crerneHb. IlojgctaBiaseM Y=X"+.. B (19) u BBIIUCHIBaEM
TOJIBKO YJICHBI CTApIIEH CTETICHHU:

xm(m=1)x"2 +...— (X +)mx"* —...+x" +...=0.

[TpupaBHHBaeM HYI0 KOA((UIIMEHT MpH cTapiiei creneHu X

-m+1=0m=1.

CrnenoBaTellbHO, MHOTOWIEH MOXXET OBITh TOJBKO TepBoi cremeHu. [lomcraBiss
y, =x+a B (19), HaxonuM a=1. 3HA4UT, y, = x +1 - YACTHOE PEILLICHUE.

UtoObl HaiiTH oOI1Iee pemieHue, aenaeMm B (19) 3ameny vy = (x+1)z. [lomydaem nmocie
YIPOILIEHUI

X(x+1)z" - (x* +1)z' =0.

(%) r _ 2 .
[ToHmXaeM MOPANOK 3aMeHOM z'=u u pemaem ypasHenue X(X+1U'=(x"+1u;

X

du_ x*+1 Ly O
u  x(x+1) (x+1)°

. Tak xak z'=u, a

J'—Xe 2dx=—jxexd( L ):_xe +I(Xe)dx= ¢ +C, TO
(x+2) X+1 x+1 x+1 X+1

X

ce
Xx+1

Z= +Cy, Y=(X+Dz=ce"+c,(x+1).

8. YupaxueHus.

Pewmnts ypaBHEHUS:

y"'—=3y'+2y=0. y"+5y' +y=0. 3. y"'—4y" +8y =0.

y" +9y’ =0. y'+4y' +4y=0. 6. y""—2y"+y' =0.

y" —y=0. y' +2y"+y=0. 9. y'-4y=¢*

y'+2y' +5y=¢e"", y'+y=xe". y’ —y=sinx.
y'—y -2y=e”. y'—y=xe", y"+y=sinx
y' 2y 42y =67 + X V' +y =xe =%

JIJTst KaKI0TO U3 CASAYIOMNUX YPaBHEHUH HAMKMCATh €r0 YaCTHOE PEIICHUE ¢
HeonpeeIeHHbIME K03 duiineHTaMu. YnCIOBbIX 3HAYCHUH KOI(PPUIIMEHTOB HE
HAXOJIUTh:

1 y'+2y' +2y =" +Xsinx.
V' -4y +4y =xe* + % cos x.

2.
3 y" =2y +5y =¢e* cos 2x.
4 y'+y -6y =xe?sin3x.



5 y" =6y +10y = x’e® + xsin x,

6. Y'-y=xe"cos’x

; y" +4y" =xsin® x.
Pemmts ypaBHEHUSA:

1
eX+1

y'+3y' +2y=

Xy"+xy' -y =0.

XY =Xy +y =X
y'+y=1tgx.

Xy +xy' —y =0,
X2y + Xy +4y = X2 - 2x.

o g kMoo e

[TogoOpaB yacTHOE peIIeHHE B BHJIE MHOTOWICHAa WM IOKa3aTeIbHOU

(GyHKIUYU, PEIINTh YPABHEHUS:
1 X(X=)y"—xy"+y=0.
2 Xy" —(X+y)y' —2(x-1)y=0.

MeToauyecKkue yKa3aHHusi K CAMOCTOATEIbHOI padoTe CTYI€HTOB M 3aJaHMs

(tembl 1 u 2) mo kypcey «O0bIkHOBeHHbIe MU depeHIIHaATbHbIE YPABHEHUD)

|.  ¥YpaBuenus 1 — ro nopsiika, paspeinieHHbIe OTHOCUTEILHO
NPOU3BOTHOM.

Pemnte nuddepennmansubie ypaBHeHus Yy = f(X,y) - 3HAYUT HAWTH BCE TaKUE
GyHKIMU y=y(X), KOTOpBIE €MY YIOBJIETBOPAIOT, 00pa3ylOT €ro B TOXKIAECTBO
y'(x)=f(x y(x)). Kaxmas Takas GyHKims Ha3bIBaeTCs pelleHHEM, a ee rpaduk —

WHTETPAIbHON KPUBOMU.
1. TlepBbIil MPOCTEHTIIHI TUIT — YPABHEHHUSI C Pa3ICIISIONIUMH TIEPEMEHHBIMHU.
DTO ypaBHEHHME BHJIA
y'(x)=f(x)g(x) @)
WJIM BHJA
M (x)N (y)dx+P(x)Q(y)dy =0 (2)
JIJist pelieHuss Takoro ypaBHEHHMsSI HaJo0 00€ ero 4acTh YMHOXHUTh WIIH

pasacinTb HAa TAKOC BBIPAKCHHC, YTOOBI B OIHY YaCTb YpaBHCHUA BXOJHJIO TOJIBKO



X, B IPYTYIO — TOJILKO Yy, ¥ 3aT€M IPOUHTErPUPOBAThL 00€ YacTu (Hago CIEIUTh,
9T00BI OX ¥ dy CTOSJIM B YHUCIIUTEJNE, @ IPU HUX COOTBETCTBYIOLIME (DYHKIUH OT X
M OT y).

Ilpu nenenuy o0EMX dYacTel YpaBHEHMs Ha BHIPAXKEHHE, COIEpIKALIEE
HEM3BECTHBEIE X W Yy, MOLYT OBITh IOTEPSHBLI PEIICHHs, OOpAIAIOIIUE 3TO
BBIP@)KEHHE B HYJIb.

Pemmts ypaBHeHue Xy —xy’ =y’.

Pa3perraeM ypaBHEeHUE OTHOCUTEIHHO MPOU3BOTHOM Y’

y* (1+x)
—

Xy =y +xy?, y =

[Tonyuuts ypaBHenue Buma (1). Tax kak y'=j—y, TO yMHOXKaeM 00e 4YacTH
X

2 dy 1+x
ypaBHeHHUs Ha dx u aenuM Y°. [lomyunm v = de. [IepemenHbIe pa3ieiieHBI.

1
Teneps MOKHO HHTETPUPOBATH: Id_);: 1+—X+c; ——=In|x+x+c.
y X y

Y- 3)

In X|+x+c

IIpu nenenuu Ha y° MBI MOIJIM IOTEPATH pemienue y=0. [loacraBusieM y=0 B
HCXO/JHO€ ypaBHEHHUE, BUIUM, 4TO y=0 - penieHue. Mtak, Bce pelieHus: TarTcs
dbopmynamu (2) 1 y=0.

YpaBHeHHE BUIA

y'= f (ax+hy) 4)

IPUBOJUTCA K YPABHECHUSIM C Pa3JeISAIOLICHCS MNEPEMEHHOM 3aMEHOM HMCKOMOWU
(GYHKIUM z =ax+by (MU z=ax+by+c, C - 1000€).

[Ipumep. Pemmmm ypaBHeHUE (X+ y—2)2 y'=1.
Pazpemm ypaBHEHUE OTHOCUTENBHO MTPOU3BOJHOU Y’ !

;L 1
V= ey ) ()



[Tomyumiiocs ypaBHeHue Buaa (4). BBogum HOBYIO HCKOMYIO QYHKIIHIO Z = X+ Yy —2
. Torma z’=1+y’, y' onpenensierca u3 (5). [lonyuaem:

, 1 dz 72°+1
zZ :1+—2, —_—= > -
z° dx z

Paznennm nepeMeHHBIE:

2’dz

dx .
22 +1

Ternepb MOKHO UHTETPUPOBATH:

%dz 7% +1-1 dz _
f =|— dz=jdz—f > 1:z—arctgz=x+c,I/IBo3Bpama;ICLK XU y:
7°+

7 +1 7 +1
(x+y—2)-arctg(x+y-2)=x+c.
2. OIHOPOIHBIC YPABHEHUS MOTYT OBITh 3aIMCAHBI B BUJIC

a) y=f(xy),rme f(x y) - dynaxuus 0 — ro usmepenus, T.€.

y=f (i) (6)

a TAK)XKE B BUJC

dy _M(xy)
dx  N(x )

(7)

rme M(xy) u N(x y) - omHOponHbIe QYHKIMK OMHOM U TOH JKe CTENEHH, T.e.
M (kx, ky)=k"™™ (x,y), N(kx,ky)=k™N(x,y), nanpumep, M u N - ogHOpOAHBIE

MHOI'OYJICHBI.

OIHOPOZHOE YpABHEHHE 3aMEHBI 2 =t, t=t(X) IPHBOZWTCS K YpAaBHEHHIO C
X

pa3IEIAIOIMMHUCS IEPEMEHHBIMH.
[Ipumep. Pemnts ypaBHEHUE XYy -2y =X.

PazpemnTs OTHOCUTENBHO TPOU3BOJHOI:

V=5 ®)

VYpaBaenue numeeT Buj (6), T.€. ABISETCS OJTHOPOIHBIM.
Henaem 3ameny y=tx. Torma y'=tx+t. [logcraBigem »Tto B (8): tx+t=2t-1,

t'x=t-1.



Pa3nenum nepeMeHHbIE U 3aTEM HHTETPUPYEM:

v dx1 ar_pdx +Inc, In(t—l)lnx+|nc, t—1=cx. BosBpamasice or t k v,

t1x tlx

TOJTy4aeM
Y _1=cx, y=ol+x (c#0) 9)
X

[Tpu nenenuu Ha t-1 MoOryIo OBITH MOTEPSHO pemieHue t—-1=0, T.e. t=1, y=x.
[Toncrainss B (8), BUuauM, 4to y=x. Ero moxxHo noayuuTts 1o popmye (9), ecnu
JIOITyCTUTH ¢=0.

Wrak, Bce pelieHus 3agaorcs QGOpMyIod y=cx’+X, € - I[POM3BOJILHAS

IIOCTOsIHHAA.

YpaBHeHue BUA

, ax+by+c a
0) y=f|————| NpuUBOAUTCA B clly4ae, KOIjaa #0 K OOZHOPOIHOMY C

ax+hy+c

IMOMOLIBIO IIEPECHOCA HaAYaJIa KOOpAUHAT:

aa+bp+c=0

X=U+a
,TIe @ U B - pPEIICHUs CUCTEMBI
aa+bp+c =0

y=v+p

a
Ecau xe

b .
‘z 0, TO ypaBHEHHE UMeET BUJ (4) U periaeTcsl 3aMEeHOn Z=aX+hy+c,.

Pemuts ypaBHenue (2x—4y+6)dx+(x+y—3)dy=0.

X=U+c
1|=7¢0, T.C. JeJaeM MEPEHOC { a u p

CoctaBuM omnpenenuTesnb
y=v+p

204 +6=0

a=1
a+ f-3=0 " p=2

HaAWUIEM U3 CUCTEMEI {

+1
Ilocne 3ameHEl { ) OpUAEM K OTHOPOJHOMY YPaBHEHHUIO
y=V+

(2u—4v)dx+(u+v)dv=0. 3ameHOM Yot IMPUBEAEM €ro K YPaBHEHUIO C
u

pa3aeSIONUMMU IEPEMEHHBIMH (t2 -3t+ 2)du =—(t+1)udt.

——I t+1
t?— 3t+2



-2
IIOCJIC HHTCITPUPOBAHU U IOJCTAHOBKH BMECTO 1= y— , IIOJIYIHUM,
X —

(y—2x)3 :c(y—x—l)z, y=x+1.

[Mpumep. (x—y-1)+(y—-x+2)y'=0.
L

=0.
-1

CnenaeM 3aM€HY x—y—1=t, y=x—t—1, y—x+2=x-t-1-x+2=t+1, y'=1-t'.

Onpenenurens

IMOACTaBHMM B YPABHCHHUC

dt t?

+(-t+1)(1-t")=0, 1+(t-1)t'=0, (t- 1)dx -1, (t-1)dt =—dx, E—t——x+c,

(x=y-1)

5 —(x-y-1)=-x+c.

B) HEKOTOPbIE YPABHEHUSI MOXKHO MPUBECTH K OJHOPOJHBIM 3aMeHOU y=2z". Hucmno
m 3apaHee He m3BecTHO. Hampumep, ypaBaenue 2X'yy'+Yy*=4x". D10 ypaBHCHHE

6YII€T OJHOPOJHBIM B TOM CJIy4dac, KOI'la CTCIICHHU BCCX €TI0 YICHOB PAaBHBI MCIKAY

o 3
coooM, T.e. 4+m+m-1=4m=6, oTCIO/TIa M= > CnenoBaresibHO, YPABHEHHE MOXKHO

3 3
3aMEHHTH Y =2"* IPUBECTU K OJHOPOJHOMY y' == 57 , 222 2 2 =4
2x*2°7' +2° = 4x° - OIHOPOJIHOE.
.2
3aMeHON —=t MPUAEM K YPABHEHUIO C Pa3AEISIONIMMUCS IEPEMEHHBIMU: Z =1X,
X

' =tx+t

2
2"t (X 1)+ = 4x°, %:%
t"-2t°+4 X

_J_ dx Ej d(t3—1) :J‘%

2t3+4 x' 3 (-1 +(\B) X
2 2 -1 z y* 2 y =X
arct =In|xc|, t=—= , arct In(xc
33 J J3 bl X X 33 ’ J3x (xc)

3. JIMHEWHBIM Ha3bIBAIOT YpPaBHEHUE

A(x)y'+B(x)y =Q(X)(HenpuBeIeHHOE, HEOJHOPOIHOE)



U y+P(x)y=R(X) (mpuBemeHHOE HEOIHOPOAHOE) (10)
Ero y3HaTe cpeam Apyrux ypaBHEHUHM lmopsaka MOXHO 1O BHIY — JIMHEHHOE
OTHOCHUTENIFHO Yy U y', ¢ KO3 (UIIMEHTAMH, 3aBUCSIIUMU OT X.
Jns wnTerpupoBanus ypaBHeHus (10) npumenum wmeton Jlarpanxka (merton
BapHally [IPOU3BOJIBHOTO MOCTOSHHOTO).

[Ilar 1. B Hayane npouHTErpHpyemM cooTBeTCTBytouiee Hamemy (10)

OJTHOPOJHOE YpaBHEHUE

y'+P(x)y=0 (11)
DTO ypaBHEHHE C pa3JICIISIIOIMIMMU TEPEMEHHBIMU
dx ay
—=-P(x)y, —=-P(x)dx
5= POy, =P

Yoo = ce I e ¢ - IPOU3BOJIbHAS KOHCTAHTA (12)

[ar 2. ®opmyna (12) HABOAUT Ha MBICJIb: UCKATh y OO0IIEe HEOJHOPOIHOTO
B TOYHO TaKOM ke Buje, yTo U (12), TOJbKO ¢ BO3bMEM KakK (DYHKIIHUIO OT X.

y,, = c(x)efjp(x)dx (13)

Ocranoce HalTH c(Xx) M3 TeX cooOpaxeHui, 4to (13) ecTh pelmeHHe ypaBHEHHS
(10). IToacrasum (13) B (10).
c'(x)efjp(x)dx Jrc(x)efjp(x)dx -(—P(x))Jrc(x)efjp(x)dx -P(x)=R(x).
Ciaraemele ¢, ¢(x) IMOJOOHBI M Pa3HOTO 3HAKA.
OcraeTcs c’(x)e_j " ZR(X), ¢(x)= el P R(x)+¢, ¢ - TIpPOU3BOIBHAS
KOHCTaHTa

IMar 3. TTogcTaBum c(x) B Y,,, MOIy4UM y, =(ef P(X)"X.R(X)Jrcjef PR

[Ipumep y’ = yctgx+cosx, Yy — yctgx =cosX.
PemmM cooTBETCTBYIOIIIEE OJJHOPOJHOE YPAaBHEHUE

y'—yctgx =0, dy _ yctgxdx, In|y|=In|sinx|+Inc,y, =csinx
y

3aMeHMM C Ha ¢(X) M OJACTaBUM Y, =c(X)sinX B 3aJaHHOE ypaBHEHUE.

OH



¢’(x)sin x+c(x)cos x = c(x)sin xctgx +cos x

c’(x):z?%, c(x)=In[sinx|+c,

ITomryuaem pemenue y =c(x)sinx—(Insinx+c,)sinx

2 crmoco® MHTErpUpOBaHUS JHMHEWHOTO YPaBHEHHsS] HOCHT HA3BaHHUE METO]]
bepHymnnu: penieHre Hallero ypaBHEHUS MHILETCS Kak MpOM3BEleHHE  2-yX
(GyHKIMA u(x) ¥ v(X), OZHY U3 KOTOPBIX MBI BBIOMPaeM Kak HaM y100HO, a BTOpas
HaXOJIUTCS UX TEX COOOPaKEHHH, YTO BMECTE 3TO IPOM3BEAEHHE U(X)-V(X) - €CTh
pelieHue JaHHOTO YPaBHEHUS.

[Mpumep. Permth ypaBHEHHE (x+ yz)y’ =y-1

OTO ypaBHEHHE JIMHEHHO OTHOCUTENEHON QYyHKIUM X(Y)

2

: X
x+y =x(y-1), (y-1)x'-x=y?, X_y_—lzyyl

Hmem x(y)=u(y)-v(y), X' =uv+uw/

2

u’v+uv’——1 =Y 1 rpynnupyeM 1 ¢ 3-um ciaraeMbIM WM 2-0€ € 3-UM:
y-41 y-
2
u—— vruv =Y
y—-1 y—1
du d
IMomaraem u'——9 —o, M_ Y  Jnu=In(y-1)+Inc, u=(y-1)c
S1=% Ty (y-1) (y-1)

ITycte c=1, TOrma u=y=1.

OcraBmiasics 4acTh YpPaBHCHUA JACT CICAYIOIICC

Y ' y
y-1)v' = , V=

2
I Iy —dy J~y —2y+2y+1 1 I(y_l)zdy*'jzy;l_l;ldy:y+2fydi/1+j

(y-1) (y-1)

=y+2|n|y—]1—y—_l+c

v=y+2|n|y—]4—yi_1+c.



OtgBer. x =(y—1)[y+2|n(y—1)—i1+c], y =1 (Ipu AeIEHUU TOTEPSHO).
y_

K nuHeitHbIM ypaBHEHHSIM MPUBOAATCS ypaBHEHUs bepHymum u B psje

CIy4aeB ypaBHEHHE PUKKaTH.

Vpasuenue Bepuymmu umeer Bug: Y +P(x)y=Q(x)y”
Ecmum a =1, TO 3TO ypaBHEHHE C pa3ACISIIOIIUMUCS EpeMEHHbIMU. Eciin o =0, TO
3TO JIMHEWHOE YpABHECHUE.

Paccmorpum cinyyan a#0, a1, Torga B KakOM Hamgo yopars y* cmopasa (3TO
2

«IOPTUT» JTUHEHUHOCTH). JIJIs1 3TOTO pa3fenuM Bce ypaBHEHUS Ha Y“.

¥ P 2.
—+——==0Q(X). 2-0¢ claraeéMoe MOKa3bIBAET, YTO 32 HOBYIO (DYHKIMIO HAJI0
y y

1

B3ATh 7 =—

, a npoauddepeHpoBas ee, MOIyIuM z' =(1—a)ia y', T.€. YMHOXHB
y

ypaBHEHHME Ha (1-¢) B 1-0M claraemMom mojay4um z'.

YpaBHeHHe IPUHUMAET JTMHEHHbIA Bux 2 +(1-a)P(x)z=(1-a)Q(X).

[Ipumep. Pemnuth ypaBHenue y' =3y + y’e”.

y' =3y = y’e*, nenuM o0e yactu Ha Y°: lz_gzeX.
y y
1 ! y ! X ’ X -
1=—, 7'=——=, -7'-3z=¢€", 7'+3z=-€" - IHHCHUHOC.
y
HHTerI/IpyeM cro Z,—f-BZ:O, %:_3dx’ InZ=_3X_InC’ Zooze—fix'cl
z

z,, =e.c(x), -3e*-c(x)+3e c'(x)+3c(x)e™ =e*

1 N 4x . X I X o
c'(x)=e¥, c(x)==e"+¢, z, = ° iel=S ree, 1.8 e

4 4 4 y 4

Ypaeuenne Pukkaru, T.e. Y =a(X)y’+b(x)y+c(x) B obmem cmyuae He
MHTETPUPYETCs B KBaaparypax. ECiu ske H3BECTHO OJHO 4acTHOE pewenue Y;(X),

TO 3aMeHOM Y =Y, (X)+Z ypaBHeHue. Pukkaru cBoauTCA K ypaBHEHUIO BepHym u

TaKuM 00pa3oM MOKET OBITH PEIICHO B KBajaparypax. Hampumep, 1y ypaBHEHUS



y'+y>=x*~2Xx B JIEBOM 4acTh OYyIyT Wi€HBI, HOJAOOHBIE YeHaM B MPaBOW YaCTH,

€CJI1 B3AThb y=ax+b.

[ToncraBmnsis B ypaBHEHUE U MTPUPABHUBAS KOI(DPHUIIMEHTHI TPU MOIOOHBIX YIEHAX

HailiieM a U b(eciau 4YacTHOE pEUIEHME YKa3aHHOTO BHJA CYLIECTBYET, YTO HE
) ' 2 2

Bcerna ObiBaer). /[lpyroit mpumep il ypaBHeHHS Y +2y°=6/X" Te ke

PaACCYKICHUA H06y}KI[aIOT HAaC UCKATb YaCTHOC pCUICHUC B BUJIC alx.

a a o
HOI[CT&BJIHCM y=—, y' =—— B YPAaBHCHHC HAWJCM IIOCTOSHHYIO a.
X X

—%+2—2: , 2a*—-a’-6=0. UmeeMm a=2, a=-3/2.

a’> 6
X X X

2 2
Bo3pMem a=2 uactHoe peumieHne wumeet Buj —. CraenaeM 3aMeHy Yy=—+2,
X X

2 ’ 2 ? 6 ' 8 2
it +2 “tE| = ¥+ 2=-22" - ypasHeHHe BepHym.

z
Jenmum Ha 7% =+

'
2

> | oo
N |~

1 8
=-2, CIeJIaeM 3aME€Hy Uu==, Torjga -U'+—-Uu=-2 WIH
z X

N

8 .
u'——-u=2 - IMHEUHOE YPaBHEHUE.
X

8
Pemmaem Mmetomom Jlarpamka: u'——-u=0, Ug,=X’-C, Tle C - HPOM3BOJIBHASL
X
KOHCTAHTA.
Umem U, =X°-¢(X). [TogcTaBum B ypaBHEHHE:
7 7 ! 8 ’ 2 ~
8X -c+8x -C'——X"-c=2, ¢'=—, C=—z—=+C
X X 7X
8 2 8
W rorpa u, =x°| ———=+¢€ |=—=x+6X".
X
1 2 1 7 2 7
—:—?X+CX, Z= = PRV =—+W-
z Y X+ 7Ex X —2X+T7CX

4. YpaBHeHHs B OJHBIX quddepeninanax

M (x, y)dx+N(x, y)dy=0 (14)



HaspiBaeTcst ypaBHeHHEM B TMOJHBIX AuddepeHnranax, eciid ero JieBas 4acTh
pasa monHomy auddepennuany or Hekotopod dymkuuu F(X,y), T.e.

oM  oN
Fxdx + Fydy =0. JIJ1s1 3TOro HEC0OOXOIUMO M JOCTATOYHO YTOOBI E =
X

OOmiee pemieHne ypaBHEHHS B TONHBIX AudQepeHnanax  3amuchiBaeTCs B
HesiBHOU popme: F(X, y)=c.
Hanpumep. Pemuts ypaBHeHue:

(y*-5x")dx+(3xy* +2y)dy =0 (15)
Tak Kax (y3—5x“)'y=3y2, (3xy2+2y)’x=3y2, 10 (15) — ypaBHeHHE B MONHBIX
mubpdepennuanax. Haitnem Ttakyto QyHKIMIO F(x, y), y KOTOPOM TMOJIHBIN
muddepennuan dF =F'x+Fydy paBeH JieBod yactu ypaBHeHus (15), T.e. Takyio
¢yHKIMIO F, 4yTO

F/=y*-5x*, Fy=3xy’+2y (16)
HuTterpupyem mo x mepBoe u3 ypaBHeHHi#l (16), cuutas y mocTOsSHHBIM. BmecTo
MOCTOSHHOM MHTerpupoBanus muimem f(y): F :J.(y3 —5x* )dx =xy° = x"+o(y).

[oxcrasmsis 510 Bo Bropoe ypasrenue (16), Haxomum ¢(Y):

(xys—x5 +g0(y))l y=3xy2+2y, ¢'(y)=2y, o(y)=y’+const.
MoxHo B3aTh F(X,Y)=Xy’-X’+y?. Obuiee pemenue ypasuenus (15) umeer Bun
xy’=x>+y*=c.
Ecnu ycnosue %Vl = (%N HE BBINOJHEHO, MOKHO BOCIIOJIB30BATHCH HAXOKIEHUEM
MHTETPUPYIOILEr0 MHOKHUTEIIA.
VHTErpupyIOIMM MHOXKHUTENEM I YPaBHEHUSI
M (x, y)dx+N(x y)dy=0 (a7)
HaswiBaercss Takas ¢ymkmus M(X yY)#0, mocme yMHOXEHHS, HA KOTOPYIO

ypaBHeHnue (17) mpeBpaiaercss B ypaBHeHUE B MONHBIX Auddepennumanax. Ecnu

byakuuu M u N B ypaBHeHHH (17) UMEIOT HENIPEPHIBHBIE YACTHBIE MPOU3BOTHBIC



W He o0pamarmTcs B HYJb OJHOBPEMEHHO, TO HHTETPUPYIOMUNA MHOKUTETh
cymectByeT. OqHaKo HET OOIIEro MeToaa NI ero OThICKaHusA. [lomoub MOXkeT
8(m M) a(n N)

dbopmya, moayueHHas u3 yciaosust Komm: ==

C y4etom, uto M(X,y) Kak GYHKIHMS, OT U KOTOpast €CTh QYHKIHS OT X U Y .

M _oN
w_y w
H NZ_mE
OX oy
Yaie BCero B poiH U IPOOYIOT U=X, u=y, u=x%, U=y", u=xy, u=xy’, u=x%y,
X
u=—...
y
Hanpumep yodx—(xy+x°)dy (19)
oM oN
ooy, Soy-3y
Pk Al
3(y+x°
[To dhopmyne (18) umeem: du_ (y 5 ) 5 du.
H x(y+x2)—u—y2—u
0 oy
IlycTe u=x, TOrga d_u:_%’ OTKYyJa ,u=i3.
U X X
1.y y+x°
VYMHoxkuM ypaBHenue (19) Ha = Zdx—-=——dy=0.
XX X
st mocnennero ycnoBus Komm: ﬂ:2_2/’ N _2y

oy X X

T.e. aT0 ypaBHEHHUE €CTh ypaBHEHHUE B OJHBIX quddepeHinanax

oF y°
&_F . yZd y2
, orcroma F=|1dx=="—+
OF _ y+X A -[xs 2X° ?(y)
y X

[ToacTaBuM BO BTOPOE ypaBHEHHE: _—Z+go'(y):_—y+1, o'(y)=1, o(y)=y+¢
X X

2
OtBer 2_—Xy2+y:c.

OHpeI(eJ'H/ITI) THIT KaKJI0TO U3 CIICAYIOINX ypaBHCHI/Iﬁ " PCIONUTD HUX:



o o~ w bd =
\<‘
=
«
X
!
<
[
w

8. X’y =2xy-y

9. (x+Yy)y'=y-x

10. 2xyy' = x* +y°

11.(x+y)y =4y-2x+6
12.(xy+1)y'+y* =0
13.xy'=x3+2y

14. xy' =¢e* +xy
15.(x—1)dy:(x2+y)dx
16.(cosy—xtgy)y' =1
175y +xy =(x+1)y°

18. xyy' = y* +x-1
19.(x2+ey)dx+(xey+2y)dy:0
20. (2xy—4x*)dx+(x* +y*)dy =0

21. 1% _p
X+Vy

1

2

X=y

23.d—;=(1—2x]dy

22.y' =

y
24. (cosx—xsinx) ydx+(xcos x—2y)dy =0



25. xdy — ydx = X4/ x* + y*dx
26.(xcosy+sin2y)y'=1

27.(2xy* — y)dx+ xdy =0

28. (x— ycosl)dx+xcosldy =0
X X

29. xy' = 2.[y cos-2y
30.xy'(Iny-Inx)=y
Il. VYpaBHeHus, He pa3pellieHHbIE OTHOCUTEIbHO NMPOU3BOIHOI
1. MeToap!l pelieHus ypaBHeHus Buaa F(Xx,y, y')=
A. PazpemuTh ypaBHEHHE OTHOCUTEIIBHO Y', T.€. BBIPA3UTh Yy’ YEPE3 X U Y .
ITosryunTcst 0HO MM HECKOJIBKO ypaBHEHUM Buja y' = f (x, y). Kaxngoe u3 aux

HaJa0 pCHINTD.

IIpumep 1. Pemuth ypaBHEHUE y'2 =4y .

PaspeliaeM OTHOCHTEIBHO IPOU3BOHON: y' = +2,[y .

2
PemaeM nostydeHHbIC ypaBHEHUS: i—\yﬁ —dx, +Jy =x+c, y=(x+c)".

Kpome Toro, npu JiefieHnr Ha [y MOTEpsHO pelueHune y =0,
b. Meron BBenenus napamerpa. Ilycts ypasaenue F(x,y, y')=0 MOXHO
pa3peInTh OTHOCUTENBHO Y, T.€. 3aIucaTh B Buze y = f (x, y'). BBoas nmapamerp

p=y,T. p :(;l_y’ oJIy4acm
X

y="f(x p) (1)
Tak kak dy = pdx, a u3 (1) umeem dy = fdx+ fpdp, TO
pdx = f%dx+ f pdp (2)

DTO ypaBHEHHE JIETKO Pa3pemaeTcsi OTHOCHTEILHO 9 Ecom ero penieHue

dp

HAWJICHO B BUAE X =¢@(p), TO C NOMOLIBIO (1) mosryyaem penieHue ncxoIHoro

YpaBHEHHs B IapaMeTpudecKoil 3amucu: x=¢(p), y=f(o(p), p).



OTHM XK€ CrIOCOOOM pelIaroTcs ypaBHeHus Buaa x= f (y, y').
[Ipumep 2. Pemuth ypaBHEHHE y=Xx+Yy —Iny’.
BBoaum napamerp p=y':
y=x+p-Inp (3)

Otcrona dy = dx+dp_@, a U3 PaBEHCTBA Yy’ = p UMeeM dy = pdx . [ToaTomy
p
pdx:dx+dp—d—;), (p—l)dx:pT_ldp-

A.Ecimum p =1, TO cCOKpaimaem Ha p-1, dx:%, x=Inp+c.
Y

[ToncraBiisist 310 B (3), moJiydaeM pelieHUe B MapaMeTPUIECKOM 3amucu x =In p+c,
y=p+cC.

W ckntounB p, MOKHO MOJTYYUTh PEIICHUE B SIBHOM BUJIE:

+c (4)

b. Eciu p=1, To moactaBisisi p=1 B (3), moJiydaeMm €I1iie pelieHue y = x+1.

y — eX7C
(bbu10 OBI OIIMOKOM B paBEHCTBE p =1 3aMEHUThH p Ha y' U, IPOMHTETPUPOBAB,
HOJYYHTh Y =X+C.)

IIpumep 3. y*2 —4xy’+8y? =0. OTO — YpaBHEHHE [IEPBOM CTEIICHU

: c P2y
OTHOCHTENBHO X, pazpemiaeM ero (y' 0003HaYuM p ): X=got
y P
Huddepenunpyem obe yacTu 1o y, cuutas p (QpyHKIUEH y U 3aMeHss j—y yepes
X

p.
Homyunm: _[i—ﬂJ%— p° 2

p \2y p*)p* 4y* p

2 2 3 2

[Tpeobpazyem: dpp -4y _p -4y

dy 2yp’ 4y*p

Jlenst 06e yacT Ha OO MHOKHUTEND p° —4y?, MBI TIOJTy4aeM YPaBHEHHE C

pa3aeNAIOIUMUCS IEPEMEHHBIMU dp _dy ; HHTETPUPYS, HAXOIUM: p =cy”?. BHOCA
Py

9TO BBIPAXEHUE B JaHHBIE YPAaBHEHUS, IOJIydaeM: c?y*? —4cxy¥? +8y? =0.



OTKysa BbI/IENAAS YACTHOE PEMIEHUE y =0, HAXOMUM: c4y = (4cx— c3)2 :

CZ

2
Wnu, BBOJIS HOBOE MOCTOSTHHOE ¢, = i y=c (x—4)".

IIpupaBHMBas p°®—4y? =0 U UCKIIOUYHUB P U3 IOJYYECHHOI'O YPABHEHUS U U3
4
NEPBOHAYATIBHOTO IIOJIYyYUM Yy = 27 X", y=0.

2. Oco0bIM penieHHEM ypaBHEHHUS F(X,y,y')=0 Ha3bIBaeTCAd pEIICHHUE,

KOTOpOro B Ka)XXJIOM TOYKE KacaeTcs APpyroc pCmcHuc, OTIMYHOC OT AAHHOI'O B

CKOJIb YTOJTHO Majoi OKpECTHOCTH 3Toi Touku. Tak, B mpumepe | pemeHust y =0
B KaXJ0M TOUKE KacaeTcsl oJHa U3 mapadoi y =(x+c)2, KOTOPBIC TOXKE SIBISIOTCS
pemenusiMu. CreioBaTeNIbHO, pellieHrne y =0 - 0co0oe.

YT0o0kI HaliTH 0CO00€ perenue ypaBHeHus F(x,y,y')=0 (mpeamonaraercs, 4rto F
, OF /8y, OF /&y’ HENIPEPHIBHEI), HANO UCKIIOUUTE Yy U3 ypaBHEHMH F(X,y,y')=0,

oF (% y,Y)
oy

ITonyuennoe ypaBHeHHE y (X, y)=0 Ha3bIBACTCSA YPABHEHUEM JIUCKPUMHUHAHTHOM

=0.

KpuBoi. Kaxyro BETBb IUCKPUMUHAHTHOW KPUBOW HAJI0 IPOBEPUTH:

a) ABJSAETCS JIM OHA PEICHUEM JIAHHOTO YpaBHEHHUs F (X, y,y')=0 (1I0JICTaBUB €€ B

ATO YpaBHEHUE);
0) KacaroTCs JIM 3TOTO PEIICHUSI B KaXJI0W TOUKE IPYTUE PEIICHMUS.
Ecnu Ha 06a Bompoca OTBET yTBEPAUTEIIBHBIN, TO UCCIAEAyeMast BETBb SBIIICTCS
OCOOBIM PEIICHUEM.
[Tpumep 4. Haiitu ocoboe perieHne ypaBHEHUS
y=x+y —Iny". (5)

Ot 06enx yacTeit paBeHCTBA BO3bMEM ITPOU3BOJIHYIO T10 Y’

0=1-1 (6)
y

UckntouaeM y' u3 paBeHcTB (5) u (6). 13 (6) umeeMm y’' =1, noactasisis B (5),

I0JTy4aeM AUCKPUMUHAHTHYIO KPUBYIO y = x+1. byner nu oHa pemennem?



[ToncraBisst y =x+1 B (5), moyyaeM TOXIECTBO, 3HAUUT, y = x+1 - pEIICHUE.
Byzaet nm1 oHO 0COOBIM, T.€. KacaroTCs JIM €T0 B KKIOW TOUKE APYTHE PEIICHUs?

YcnoBue KacaHus ABYyX KPUBBIX y=Y,(X) U y=Y,(X) B TOUKE x, COCTOUT B
OJITHOBPEMEHHOM BBITIOJIHEHUH JIByX PABEHCTB

Y1(X0)=y2(xo)’ y{(XO)Zyé(XO) (7)
V¥ Hac y, = x+1, a Apyrue pemenus umerot Buj (4), T.e. y, =e*° +c. [loncraBmuss
9TO B ycioBHe kacanus (7), moiiydaem: X, +1=e*“+c, 1=e*"°.
3 BTOpOro paBeHCTBa ¢ = x, , OJICTABIIASA B IIEPBOE, MOIYYAEM X, +1=1+X,. ITO
CIPaBEUIMBO IIPH BCEX X,. 3HAYUT, IIPU KAKAOM x, PELIEHUE y = Xx+1 - 0c000€E.

[Ipumep 5. IIyCTh NU3BECTHO CEMEWCTBO PELICHUN
y =cx—c? (8)
muddepeHnnansHoro ypaBHenus. Haiitu ero ocoboe perieHue.
Oco0oe pellieHrne B KaXKI0M TOUKE KacaeTcs KpUBOU U3 cemeictna (8), T.€.
ABJIsIeTCA orudaroiei cemeiictBa. UToObl HaliTH OrUOAOIIIYIO, HA/I0

npoauddepenipoBaTh 00€ yacTH ypaBHEeHUsI (8) MO0 C U U3 MOJTYYEHHOTO

2
X 4
paBeHCTBa 0=x—2c U u3 (8) UCKIOUnTH C . Mmeem =2 y=§-x-(gj cy=2

4
X ~ ~
[Tomy4yeHHast KpuBast y = 7 B K&XKNOH TOGKE KACAETCA ONHOTO M3 PEIIICHHH

ceMeiicTBa (8) (mpoBephsTe yCIOBUE KacaHus, Kak B mpumepe 4). Crie1oBaTeNbHO,
ATa KpUBas — orudaroIias CeMeMcTBa pelieHui, T.e. 0c000€e peIIeHHE.

3. YpaBuenue Jlarpanxa. M3noxxenue npeoOpazoBaHusi IPUBOIUT
YpaBHEHHE, HE PAa3pPEIIEHHOE OTHOCUTEIBHO MPOU3BOIHOM, K HOBOMY YPaBHEHUIO,
KOTOPOE SIBJISIETCS pa3pelieHueM OTHOCUTEIBLHO MIPOU3BOIHOM; HO 3TO HOBOE
ypaBHEHUE, BOOOIIE TOBOPsI, HE MHTETPHUPYETCs B KBajapaTypax. Celuac Mbl
paccMOTpUM THUT YPAaBHEHUH, HEPA3PEIICHHBIX OTHOCUTEIHHO MPOU3BOAHBIX, B
MPUMEHEHUH K KOTOPBIM MeTo TudPepeHInpoBaHus BCETa MPUBOIUM
YpaBHEHUIO, MHTETPUPYEMOMY B KBajipatypax. JTo — ypaBHeHue Jlarpanxka. Tak

HAa3LIBACTCA YpPaBHCHHUC, JIMHEMHOE OTHOCHUTEJILHO X U Yy, T.C. YpPaBHCHUC BHUA.



A(P)y+B(p)x=C(p)

rae koapduimentelt A, B, C - naxe auddepeHnupyemMbie GyHKIUN

. d
IIPOU3BOOHOU P = d_y . Pa3pemaﬂ 9TO YpaBHCHHUEC OTHOCUTCIIBHO Y (MBI
X

Ipeanonaraem, 4to A(p)=0), IPUBOAMM €TI0 K BUIY

y=o(p)x+y(p)
[Mpoauddepenuupyem ero mo X, cuutas p - pyHKIHUEH OT X,

’ ! d
p=p(p)+[¢'(p)x+y (p)]d—z-
Ecnu B 5TOM ypaBHEHHH pacCMaTPHUBAaTh X Kak HCKOMYIO (DYHKIIHIO, P - KaK

HC3aBHCHUMOC IICPCMCHHOC, TO IIOJIYYUM JINHEHHOE YPaBHCHHUC!

d _#p)  __#(p)
dp ¢(p)-p  P-o(p)

OHo uHTErpHUpyeTCsa B KBaApaTypax, pelIeHHE UMEET BUJ: X =ca(p)+ z(p).

BHocs HaliieHHbIe BbIpaXKEHUs X B JAHHBIC YPABHEHUSI, TOJYYUM BhIPOKCHUE
BUJIA:

ye[cax(p)+x(p)]o(p)+y (p)-

Takum 00pa3om, IBE IEPEMEHHBIX BHIPAXKCHBI B (DYHKITUIO ITapaMeTpa P , €CIIH
UCKJIFOYUTH ATOT MapameTp, NoJyduM oomuit uaTerpan Jlarpanxka B popme

P(x, y,c)=0.

[Ipumeuanue: [IpuBeneHne Kk IMHEHHOMY YPAaBHEHUIO HEBO3MOKHO, €CIIU
@(p)—p=0.Cnyuaii p(p)—p=0 paccMOTpUM B ClIeayIOLIEM pasaeine. Jlomyctum
TEIEPh, YTO JJI1 HEKOTOPOI'O 3HAYEHHUS p =C, MBI UIMEEM ¢(c,)—C, =0, TOraa
IOJIyYEHHOE YpaBHEHHUE JOIyCKAET PELIEHUE p =c,, [IOJCTABIISAS B ypaBHEHHE
Jlarpansxa 5TO 3Ha4Y€HHME P , MOJIYHAET Y =¢(C, )X+ (C,) . MOKHO IPOBEPUTE, YTO

ATO €CTh penieHue ypaBHeHus Jlarpanxka. MokHO yOeaUThCS, 4YTO OHO HE

COZIEPKUTCS a GopMyJie OOIIETO PeIIeHNS.



[Tpumep: y=2px+ p? . Auddepenuupyem no x, cuuras p v y QYHKIHIMH

d d
X U 3aMEHS d—i qepe3 p, uMeeM p=2p+2(x+ p)d—s .
P dx dx 2X
aspernias OTHOCUTEIIBHO &’ HaXOIUM p = 5 2, PCIICHMSI 3TOTO YPaBHCHUS
c 2p 2c p’
X=—5-— Bcrapisist 3T0 BEIpaKeHHE B TAHHOC YPaBHEHUE, HAXOUM Y = R
p

WTak, MBI BRIpA3WIId X U Yy B (YHKIIUU TapaMeTpa P | MPOHU3BOJILHOTO
MIOCTOSTHHOTO C , MBI TIOJIY9HM OOITIee pelieHue B mapameTpuaeckon popme.
Kpowme 3Toro penieHns nMeeTcs eie pemneHne y =0.
4. YpasHenne Knepo ABiseTcs 4aCTHBIM CIIy4aeM ypaBHEHHUs Jlarpanxka: OHO
UMEET BUI:

y=px+¢(p),
rae ¢ - nanHas (muddepennupyemas ¢pynkius). [lpoauddepennmpyem obe yactu

IIo X, IIoJIiy4acM:

0.

p= p+[x+¢'(p)]% W %(X-F(D'(p))

HccnenyeM 06a MHOXUTENS JIEBO YACTH MOCIEAHETO YPABHEHHUS.
ITepBblii MHOKUTEND AaeT AU GEPEeHIMATBHOE YpaBHEHUE Y =Cx+¢(C).
Utak, obiiee pemenne ypasaenus Kiepo moigyyaercs 3aMeHol p Ha
IIPOU3BOJIBHOE ITOCTOSIHHOE C .

ITpopemmBaeM BTOpOi MHOXKHTENL X+¢'(p)=0. Onpenensger p Kak QyHKIMIO OT
X, p=w(X), €ClIN IIOACTaBUTh 3TO 3HaUeHUE P B ypaBHeHue Kiepo, To momydum:
y =Xxo(x)+p(o(X)).

Mo>HO TakKe OJICTaBUTh 3HAUYEHUE X =—¢'(p) B ypaBHeHHe Kiepo nomyuyurs Ty
’Ke KPUBYIO B ITapameTpudeckoi popme x=-¢'(p), y=—pp(p)+o(p)

DTO eCcTh 0C000€ pEeIICHUE — OrudaroIas.

5. Pemuts cienyromye ypaBHEHUS U YKa3aTh UX 0COOBIC PEIICHMUS, €CITN

OHH UMCIOTCHI.



1)y +xy=(x+y)y'
3) y*—ye* =0.

5) xy*? =2yy'—x.

7) y2+eX=vyy'.

9) y=2xy'-y*.

11) y2+4y=2xy'+x?.
13) (xy'+y)2 =Xy .
15) y=(xy’+2y)2.

17) xty?+y? =(2-yy').
19) 2xy'—y =siny’.

21) y*(y—xy')=xy".

23) yP+(y?-2y')x=3y'-y.

25) y= y’«/1+ v,
27) x*(y—xy')=yy".

12

29) (xy'-y)’ :y7+1.

2) 9y? —4y° =0.

4) xy® =y +1.

6) y=y'Iny’.

8) xy'+y=Iny'.

10) y=xy'—3y*~.

12) y®+(3x—6)y =3y.
14) y*—ye* =0.

16) y*+(3x—6)y' =3y.

18) 3y®* —xy+1=0.

20) 2y’ =x+Iny’.

22) y2+x2y15:xy(y’2+y13).

24) x*y? —2(xy-2)y'+y*=0.

26) xy'= 2y+4/1+ v,

28) (y- 2xy’)2 =4yy"®.

30) x(y”?+e)=-2y.



MeToanueckue YKa3aHUsl K  CaMOCTOSITeILHOW  padore
cryaeHToB U 3amaHusi (tembl 3 m 4) mo kypcy «OObIKHOBEHHBIE
g epeHIMAIbHbIC YPABHEHUSD)
YpaBHeHMe BbICIIUX IOPSAAKOB
Belnenum OCHOBHBIE YT UHTETPUPOBAHUS YPABHEHUH BBICIIUX HOPSIKOB.
A. YpaBHeHUs, HE COAEpIKaIME HE3aBUCUMOM IIEPEMEHHONW. OTH YPaBHEHHUS

AMEIOT BUJT
F(y, Yy, y”,...,y(”))zo (1)
BBeaem HOBYIO HEMOTHYIO GYHKITUIO IO (hopmyJie
vz (2)
W TIPUMEM Y 3a HE3aBUCUMYKO II€pEMEHHYI. Bbipazum vy, V', y",.., y(”) yepes

(GYHKIUIO Z U €€ IPOU3BOIHBIE.

’ ” 2 2
Vneem y,,:d_y_g_dzg_dzz;y,,,:dy d(dzzj: d_;(g] ,
dy® \dy

dx_dx_d_ydx_d_y dx  dx d_y

(n) dz d"*z
V'V =w Z,—,...,? .
dy dy

[ToaTOMY HCKOMOE YpaBHEHUE ITPUMET BUJL

dz dz d"?'z
Fly,z,—z,..,0|2,—,....—— | |. 3

D10 ypaBHEHME n-1 - ro mopsjaka. Eciu, pemias ero, Haifnem oOlee perieHue

z=¢(Yy,¢,...C, ), TO, BO3BPAILAACH K HICKOMON (QYHKLIUH Y , IIOJIy4HM YpPaBHEHHUE

Y =p(Y: € Ca) - (4)
[IpounrterpupoBas ero, HaiiieMm 001K UHTErpasl ypaBHeHUs (1).
OcoOble pemieHus ypaBHEHHS (3) MOTYT NPHBECTH K OCOOBIM pEIICHHUSIM
ypaBHeHusi (1) B cumy mnoxacranoBku (2). Jlasee ocoObie peEIIeHUS MOTYT
BO3HHMKHYTh BCIJIEJCTBUE HHTerpupoBaHus (4). HakoHel, Mbl MOTJM MOTEPSTh

pelIeHus BHUAA Yy =const, IMIPUHUMAs 3a HE3aBUCUMYIO IepeMeHHYr. [loaTomy

HY’KHO ITOJI0KHUTh B ypaBHeHue (1) y=m. bynem umers F(m,0,...,0)=0.



Ecnu monydeHHOE ypaBHEHHE HMMEET BEIECTBEHHbIE KOPHHM mM=m, TO
ypaBHeHue (1) momyckaer peleHus Buaa y =m.
[Mpumep. lano ypaBHeHHE yy" =Yy'* .

dz
Ilonmaras y’'=z v IpuHUMAas Y 3a HE3ABUCUMYIO IIEPEMEHHYIO, UMEEM Y = W’ TaxK
y

dz
YTO UCKOMOE YPaBHEHUE NPUMET BUJ] y=— = 7°.

dy

PaznenuB Ha z (mpu 3TOM paBEeHCTBO z=0 JaeT y=const, YTO MBI IIOKa
orOpocuM, W00 MPHUHSIM Y 3a HE3aBHUCHUMYIO IEPEMEHHYI0), MHTErPHUPYS IO
4acTsM, MOJYyYUM Z=YC ; BO3Bpallasch K GQYyHKIUU Y, MPUIEM K YpaBHEHUIO
y'=yc,. UuTerpupys emie pas, nmpujaeM K o0IieMy HHTErpay HCKOMOTO ypaBHEHUS
y =e*c, . [loyio’)kuM Tenepb B KICKOMOM YPaBHEHUM Y =N, MOJy4uM m-0=0°. Tak
KaKk J1000€ M yIOBJIETBOPSIET 3TOMY YpPaBHEHHIO, TO MCXOJHOE YpaBHEHUE
JOITYCKAaeT CEMEHCTBO PEIICHUI Y =C, IJie C - MPOU3BOJIbHAS ITOCTOSTHHAS.

b. VYpaBHenue, He cojaepikamiee HCKOMOW (YHKIIMHU, WM ypaBHCHHE, HE
coJieprKailiee MCKOMOW (DYHKIIMM M TOCJIEIOBATEIbHBIX MEPBBIX MPOU3BOJIHBIX,
UMEIOT CIEAYIONIUN 00Imuid BU:

F(x, y ),y y<“>)=o, (k<n)=0 (5)

DTO ypaBHEHHE JOIMYCKAaeT IMOHIKEHUE MOpsAaKa Ha k E€IWHUI] TPU MOMOIIU

BBEJICHUS HOBOM MCKOMOM (hyHKITMU z 10 popmyIie

y =z2. (6)
[Tomyyaem
F(x, z, z’,...,z(”’k))zo. (7)
[peamnoa0KuM, 9To STO ypaBHEHHE UHTETPUPYETCS B KOHEUHOM BHUE U
Z=¢(X,C,Cpuus Gy ) (8)

ecTh pemtenue 31oro ypasrenusi. Torna y* =g¢(x, ¢, c,...,C ).

' ¥n—k



WuTerpupyst 3TO ypaBHEHHE, HaieM O0Olllee pelieHue JaHHOro ypaBHEHHS (5).

Oco0pIM perieHreM ypaBHEHHsI (7) COOTBETCTBYIOT OCOObIE pEIICHHs YpaBHEHUS

(5).

n2

[Ipumep. [Jano ypaBHeHHE 4y'+y"* =4xy”

12
ITonoxnMm y'=z. Torz[a 4z + 7% = 4Axz' Wi Z=x7'—-
y

2
c
Oto ypaBuenue Knepo. Ero ob1iee pernieHre uMeeT BUA z = cx -

2
[TosTomy: y’=cx—%. Otkynma y=cx(x—c,)+c,, (q:%j.

OT0 U ecTh 00111Iee perieHue UCXOJHOTO YPaBHEHUS.
12
2

z
YpaBHeHUE z:xz’—T uMeeT ocoboe pemeHue z=x*. EmMy cooTBeTcTByeT

3
X

ypaBHeHue y'=x’. [loaToMy y=2-+c', T1ie ¢’ - IpOU3BOJIbHAS IOCTOSIHHAS — TOXE
3

ABJIACTCA PCIICHHUCM 3aJaHHOI'O0 YPAaBHCHMAI. Jlerko BHJACTb, YTO 3TO PCHICHUC

ocoboe.

B. YpaBuenue F(x, Y, Y y(”))=0, ©)
B KOTODOM JIeBas 4YacTh SBJAETCS OJHOPOJHON (DyHKIMEH OTHOCHTENBHO
v, Vv, Te. F(x,ty,ty’,...,ty(”)):th(x, Y, y’,...,y(”)) JIONTyCKAaeT TOHMKEHHE

MOpsAKa HAa €IUHUITY MPU MTOMOITY TTOJACTAHOBKH
y =vyz, (10)

rje z=z(X) €CTb HOBas HEU3BECTHAA (PYHKIIHS.
B camom nene, mudbdepennupys nocnenosarensHo (10) , 3aMeHsist Kaxapii pasz y
Ha Yz, IOyYnUM

y'=yz+yr'=y(2*+7);

y"=y(2°+322'+7");

..........................



[TosTomy, BbIONHSAA B YypaBHeHun (9) mnoxacraHoBky (10) u  momnb3yschk

IPEUI0KEHHON OJHOPOAHOCTHIO (PYHKIMK F , MosTydum

ymF(x,l, z, 2% +z’,...,a)(z,z’,...,z("‘l)))zo (11)
Cokpamas Ha y", HAXOAUM ypaBHEHHE (n—1) - IO MOpsAIKa
F(x, 1 z, 22 +z’,...,a)(z, Z,.., z““”)):o (12)

Ilycte  z=¢(X,¢,C,...C,,) €cTb oOmee pemenue ypapHenus (11). Torma

Gy
Y =¢(X, €, CpersCry) Y
WuTterpupys 9TO JINHENHOE OJTHOPOJTHOE ypaBHCHHE, MOJTY9IHM

[ o010z e 1 Jox
y=c.e

, T.e. ob1ee pereHue ypaBHeHus (9).
OcoOnie pemieHusi ypaBHeHUs (12) MOryT MNPUBECTH K OCOOBIM PELICHUSIM
ypaBHeHus (9).

[Ipumep. YpaBHeHUE, paCCMOTPEHHOE B 1. A, MOXET OBITh PACCMOTPEHO KakK

!

OJIHOPOJHOE OTHOCUTEIIBHO Y, y,...y" W, cliezoBaTesbHO, MPOUHTErPUPOBAHO
METOoJIOM II. B.

JlaHo ypaBHeHue: yy' =y'*.

[lonarasa y'=yz, umeeM y”:y(22+z’). [ToaTtoMy ypaBHEHHE MEPENUILIETCS TaK:

y? (z’+ 22) =y?’z?. Cokpainas Ha y°, moiydaem z'+z° =z°.

OTO ypaBHEHHE MMEET PEIICHHUE zZ=c, , 3aMEHss Z Ha y7', OyneM uMeTh %:cl.
UHuTerpupyst eie pas, moayduM Y = e C,. YpaBHCHHE UMEET €llle pelieHne y =cC,
HE coJiepKalieecs B mpeablayiieit hopmyie.

I VYpaBuenne (9) HaspBaeTcsi 0OOOIIEHHBIM OIHOPOJIHBIM, €CIIH
CYIIECTBYET TaKOE ITOCTOSIHHOE BEIISCTBEHHOE k, YTO JeBas dYacTh JTOTO
ypaBHEHUSI  CTAHOBUTCA  OJHOPOAHOW  (PyHKIMEH  HEKOTOpOW  CTENeHU
OTHOCHTEIHFHO BCEX apryMEHTOB IIPH YCIOBHH, 4TO X,Y,Y,...y" cumrarorcs

BEJIMYMHAMHU COOTBETCTBEHHO |-TO, k -TO, k—1-TO,..., k—n -TO U3BMEPEHUH, TaK YTO

IIpHU BCCX { BBIIIOJIHAETCS TOXKIAECCTBO



F(tx, tky,tk‘ly’,...,tk‘”y(”)) =t"F (x, VoV y(")) .
DTO ypaBHEHUE JIOMYCKAET MOHMKEHUE MOpPSAJIKa HAa €JUHUIlY, UOO MpHU MOMOIIA
3aMEHbl HE3aBUCUMOM MEPEMEHHON X M HEHW3BECTHOW (PYHKIMH Yy 1O GopmysiaM
x=e', y=ze"
MPUJIEM K YPaBHEHUIO, KOTOPOE€ HE COAECPKUT HE3aABUCUMOM MEPEMEHHOM H,
II0OPTOMY, COIJIACHO CKa3aHHOMY BBIIIC, JOIIYCKACT IMOHM)KEHUE IOpsAaKa Ha
CIVHULLY.

[Tpumep. PaccmoTtpum ypaBaeHHE X°y” +2xyy' —Xx°y? —y? =0.
Cuyutas x,y,y,y” COOTBETCTBEHHO BEJIUYMHAMU I-ro, k-ro, k-1-ro, k—2-ro
W3MEPEHHM, COCTABIISIEM YCJIOBHE, OINPEACISAIONIEE Kk , T.€. YCIOBUE, IPU KOTOPOM
BCC WICHBI OyayT ojgHOro uiaMmepeHus. IlepBwlii wieH x°y" HMeEeT H3MEPCHHE

3+k-2,u00 x* umeeT uzMepeHue 3, a y" - usmepenue k —2 . Ismepenue BTOpPOTO

wieHa 2xyy’ paBHO 1+k+(k-1). Tpermii wmen (-x’y?) wumeer u3MepeHue
2+2(k-1). Hakomen, mu3mepenue mocieaHero wiesa (-y’) paBHO 2.

[IpupaBHUBasgs Bce O5TU HM3MEPEHUs, IOIYy4aeM YCJIOBHS, ONpenenstomue k :
1+k =2k =2k =2k .

Ot1o ycnoBue OyneT BBIMOIHEHO Nmpu k =1. CriemoBarenbHO, paccMaTpUBaeMOe
ypaBHEHUE SBISETCS 000OIICHHBIM OJHOPO/IHBIM.

Jlemaem MOJCTAaHOBKY x =e', y=ze'.

n__ dyl -t _

,_dy o _dz . d?z dz) .,
Torma y,=—Cc =—+z;y"=—-¢"'= + e, TaKk 4YTO MOCJI€ MOJCTaHOBKH

dt dt dt dt?  dt

IOJIY4YHM YpPaBHCHHEC 2"+17'—7'*=0, KOTOPOE HE COHEPXKUT HE 3aBUCUMYIO
nepemeHHyo t. Ilooxkum z'=u W mpuMeM z 3a HE3aBUCHMYKO NEPEMEHHYIO.
Torma z”=u'u, ¥ MBI IME€EM u'u+u—u’=0.
CokpatuB Ha U, mosydaem Uu'+1-u=0, OTKyga u=cge’'+1, HO u=z' TO3TOMY
Z'=ce’ +1.

t

c,e

I/IHTerI/IPYH, HaxoJuM C, (C1 +e‘z) = e—t , OTKyda z = In I—coe .
R A}



C,X

Bo3Bpammasch Kk nepeMeHHBIM X H Y , IOJy9UM 00IIee pereHne y = xIn ooy’
—C,C,X

PaBeHCTBO u=0 MNPUBOIUT K CEMEWCTBY 4YaCTHBIX PEIIEHUA y=cx(x#=0).

CryneHTaMm npeajiaraeTcs CaMOCTOSITENIbHO PElIMTh IATh 3aAaHuid. B 4-M u 5-M
3aJJaHUSX TIPEAJIaraeTcs HCIOJIb30BaTh HACH COCTaBieHHA MU depeHIInanIbHbIX
yYpaBHEHUH B (PU3MUECKUX M T€OMETPUYECKHX 3aJayax, Kakue NPHUBOJWINCH B
teme «/luddepeHunanpHple ypaBHEHUs MEPBOrO IMOPSJKa», C TEM JIMIIb
JIOTIOJTHEHUEM, YTO YCKOPEHHE 3aMEHSIeTCS Ha BTOPYHO TNPOU3BOJIHYIO B
¢uznyeckux 3ajayax, B TEOMETPUUYECKUX 3a/adax BTOpas MMPOU3BOJHAS BXOJUT B
(bopMyy KpUBU3HBI KPUBOM.
Hanpumep, npeqnaraercs Takas 3ajgaya:

.Hy‘-l CBCTa M3 BO3JyXa IIOKA3aTCJIb IHPCIOMIICHUA m, IHagacT oA YIJIIOM «, C

BEPTHUKAJBIO B KHUJKOCTh C IEPEMEHHBIM IOKa3zareeM npenomnenus. [locnennuii
JUHENHO 3aBUCUT OT I[JIYyOMHBI M TIOCTOSHEH B IUIOCKOCTH, NapajlIeIbHON
TOPU30HTY; Ha TIOBEPXHOCTH >KUJKOCTH OH paBeH m,, a Ha IIyOMHE h, OH paBeH
m, Halitu gopmy cBeToBOro igyya B KUAKOCTU NOKA3aTeNb MPETIOMIIEHUS CPEJIbI
00paTHO MPONOPIIMOHATIEH CKOPOCTH PaCpOCTPAHEHHUS CBETA.

Pewenue.

[Iycth ochb abOciucc HampaBiieHa BEPTHUKAIbHO BHHM3, HAyajo KOOPAMHAT Ha
TIOBEPXHOCTH JKMJKOCTH, ypaBHeHHME nyda y=f(x). Ha rmyOume X wumeem

sSina m+dm
= , TJIe M - [MoKa3aTeNb MPEJIOMIICHHS Ha IIIyOUHE X, a o - YroJa

sin(d+da)  m

MEXK]ly BEpPTUKAJIBIO U KacaTeIbHOM K CBETOBOMY Jiyuy. OueBHUIHO, tga PaBHIETCS
y'. 13 ypaBHenus msina =(m+dm)(sinacosda +cosasinda), PacKphIB CKOOKU H

O0TOpOCHB OECKOHEYHO MaJlble MOPsAKA BBIIIE MEPBOTO, MOIYYUM mda =-dmige .

!

dy

dm _ dy’
OTtkyna o y’(1+ yrz) :



HuTerpupys 310 ypaBHEHUE, HaiaeM y', kak ¢pyHkiuio m . [loacrasnss BMecTo m

€ro BBIPAXKEHUE Yepe3 X W HUHTEIpUpysd BTOPUYHO, IMOJYYUM OTBET

_ mghsina, In

mm [m+Jh2—mozsin2aoJ+q.

3ananue Nel.
VYpaBHeHUe, HE COIepIKaIllee apTryMEHTa:
1. yy?=1
C 14y =2yy"
. 2yy"—3y"? =4y?

2

3

4. 2(2a-y)y"=1+y"
5. y'-yly'=1

6

y'(1+yy) =y (1+y?)

~

2y =(y-1)y"

8. 2yy"+y?+y*=0

9. (2y+y)y"=y”
10.yy"+y—-y?=0

11. yy"-2yy'Iny—y* =0
12.yy"—y* =y’

13.y" 1y =2yy'/ (1+y?)
14,y =y"? +1

15.y* —y’y"=1
16.y?+2yy"=0
17.y"y? =y
18.y"+y? =2e”
19.y"*-2yy"+1=0
20. yy" =y —y"

21. y’y" =1

22 y72 — (3y _ 2yr) y”



23.2yy" = y*y"?
24. y"tgy =2y"
25.yy'+y=y"
26.(y-1)y"=2y"
27.(y'+2y)y"=y"”
28.3y"=y>"?
29.y"=e¥
30.y"=1/.fy
3ananue Ne2
YpaBHeHne, He copepramniee QyHKIHUIO:
1 y'(e'+1)+y'=0
Yy =xy"
2y'(y"+2)=xy"
y"? —2y'y"+1=0
2xyy" =y"* -1
y"=2(y"-1)ctgx
Yy =2y’
y?=y?+1

© o N oo g &~ W N

y'=xy"+y" =0
10.y"(2y'+x) =0
ll.(l—xz)y”+xy':2
12, y"y2 =y™

13. xy" = y’+x(y’2+x2)
14.(1+ xz)y”+y’2 +1=0
15. xy"=y'Iny'/ x

16. x°y"+x°y'-1=0



17. (1—x2)y”+xy'—2:0
18.(1+e")y"+y'=0
19. x?y" = y"?
20.y"=y"
21. y"tgy = 2y"
22.xy" +y"—x—1=0
23.y"+2xy”? =0
24. xy" =y +xsiny'/ x
25.% (Y —yy")=y"
3ananne Ne3
B cremyronmx 3amadax MOHU3UTH MOPSIOK JaHHBIX YpPaBHEHHH, IIOJIB3YSCh HX
OZIHOPOHOCTBIO, ¥ PEIINTH 3T YPABHEHHSL:
1. xPyy"—2x°y? +xyy' +y* =0
2. Xy =(y—xy')
Xy =y )+ xyy = yx°y” +y?
Xyy” +xyy'? —yy' =0
Xyy" =Xy = yy’
yy' =y? +15y*\x

N o 0o B~ W

(e 1)(y" )=

8. xyy"+xy”?=2yy

9. Xy =(y—xy')

10. y(xy'+y')=xy"* (1-x)
11. x*yy"+y? =0
12.xyy"=y'(y+Y')

13.¢y" =(y—xy')(y—xy' —x)

14.% (2yy"-y"?) =1-2xyy’



15.x* (yy”— y’2)+ xyy'’ :(2xy’—3y)\/x_3

16.x* (y* —2yy") = 4x°yy' +1

3

17. yy' +xyy" -y =x
18.(2y+y")y" =y"”
19.y"+2xy"* =0

20. xyy" +xy'> = 2yy’
21.2yy" —3y'’* =4y?
22.V"+y Ix+ylx*=y"?ly

23. V2 I X2 +y? =3xy"+2yy
24.y"=(2xy -5/ X) y' +4y> -4y /[ x?
25.y"x* =y —xy'

JIuneiinbie U@ pepeHunaNbHbIC YPABHCHUA

1. Cnenyromue TeopeMbl SBISIIOTCSI OCHOBHBIMM B TEOPUM JIMHEUHBIX

nudepeHnnanbHbIX ypaBHEHUH.

OO1iee pelieHue JUHEHHOTO OJHOPOJHOTO YPaBHEHHUS N - Oro Mopsijaka

UMEET BUJ

Y=gy, +...+CY,,

rae V.Y, - JIMHEWHO-HE3aBUCUMBIEC PEUIEHUsd, C,...C, - IPOU3BOJIBLHBIC

ITIOCTOSHHBIC.

OO1ee penieHre JIMHEMHOTO HEOAHOPOJAHOIO YPABHEHUSI PABHO CYMME €ro

YaCTHOTO PEIICHUS M OOINero pemeHus JUHEHHOTO0 OJIHOPOHOTO

YPaBHEHMS.

AHaJIoTu4YHbBIC TCOPEMBI CIIPABCAJIMBBI AJIA JIMHEHUHBIX CUCTEM.

2. UtoOBbl pemuTh JHUHEWHOE OJHOPOJHOE YPaBHEHHE C MOCTOSTHHBIMU

koahpurmeHTaMu
ay"” +ay" +..+a,,y +a,y=0 (1)
HAJI0 HAWTH BCE KOPHU A XapaKTEPUCTHUYECKOTO YPaBHEHHUS

aA"+a A" +..+a A +a =0 (2)



Ob6miee pemenue ypaBHeHus (1) €cTh CymMMa, COCTOSIIAsi W3 ClIaraeMbIX

BHJA c,e’’ JUI KaXI0ro IpoCTOro KOpHsA /;, ypaBHEHHs (2) U CIIaraeMbIX
BHJIA

(Cpy +CpX+...4+C xk‘l)eiX (3)

m+1 m+2 m+k

JUTISL KaXJ0T0 KPaTHOro KOpHsS A ypaBHEHUs (2), riae k - KpaTHOCTh 3TOrO

xkopHsa. Bee c¢; - npousBombHbIe mOCTOSAHHBIE. Koo duumenTsl ypapHeHUS

(1) m xopHM A 37€Ch MOTYT OBITH BEIIECTBEHHBIMU UM KOMIUJIEKCHBIMHU.
Ecau xe Bce xoadduimentsl B (1) BelecTBEHHBIE, TO PEIICHHE MOXKHO
HaIMcaTh B BEIECTBEHHOM (opMe U B CiIyyae KOMIUIEKCHBIX KOpPHEH A .
JUis KaXJoM maphl KOMIUJIEKCHBIX COMNPSKEHHBIX KOpPHEH A=a+pfi B
(GopMyiy 0011Iero peleHus BKIOYAIOTCS cllaraéMble

C._..e%cosBx+C

m+1

e®sin Bx,

m+2

€CJIM 3TU KOPHU MPOCThIC, U ClaracMble
P, (x)e® cos Bx+Q,_, (x)e™sin Bx,
€CJIM KaXKAbI U3 3TUX JABYX KOPHEH UMEET KpaTHOCTh Kk . 31ech P, U Q,, -
MHOTOYJIEHBl CTENEHU k-1, aHaJOrM4yHble MHoOrowieHy B (3), ux
KO2(PPUIIMEHTHI — TPOU3BOJIbHBIC TOCTOSTHHBIEC.
[Tpumep 1. Pemuts ypaBHeHue y° —2y* 16y’ +32y =0.
[TuiiemM XxapakTEpUCTUUECKOE YPAaBHEHHE
A°—22*-161+32=0.
Haxomum ero xopau: 4, =4, =2, 4,=2, 1,=2i, ,,=-2i.
ITo n3J10’%KEHHBIM BBIIIIE MMPABUIIAM MTHUIIIEM 00III€€ PEIICHHE
y =(c, +C,X)e™ +c,e7 +¢, €S 2X +C, Sin 2X
(crenenb MHOrO4JIEHA C, +C,X Ha 1 MEHBIIE KPATHOCTU KOPHS, 4 YJICHBI COS
U sin COOTBETCTBYET KOPHIM +2i ).
Jimsg  JIMHEMHOro - HEOJHOPOJHOTO  YPAaBHEHHUS  C  MOCTOSSHHBIMHU
kodhdurmeHTaMu M ¢ TPaBOM  YACThIO, COCTOSIIIEM U3 CYMM U

npousBeeHUN QyHKITUN



b, +bx+...+b X", e, cosBx, sinfBx, YACTHOE PEIICHUE MOKHO MCKATh
METOIOM HEOTpeIeIeHHBIX KO PUITEHTOB.
Jns ypaBHeHUi ¢ mpaBol 4acTeio P, (x)e™, rme P, (x)=b,+bx+..+b x",
YaCTHOE PELICHUE UMEET BUJ

¥y =X'Qp (x)e” (4)
rae Q. (x) - MHOrOYIEH TOH e creneHd M. Yuceiao s=0, ecam y - HE
KOPEHb XapaKTEPUCTHYECKOrO0 ypaBHEHHS (2), a €clih y - KOpPEeHb, TO S
PaBHO KPaTHOCTH 3TOTO KOPHSI.
JUist ypaBHEHU C BEHIECTBEHHBIMU KO3(PQUUIHUEHTaMH WU TEPBOM YaCThIO
BUJIA

e™ (P (x)cos Bx+Q(x)sin Sx) (5)
MO>KHO MCKaTh YaCTHOE PELICHUE B BUJIE

y, =x%e” (R, (x)cos Bx+T, (x)sin Bx) (6)
rpe s=0, €ClIi a+ i HC KOPCHb XApPAKTCPUCTHYCCKOIO YPABHCHHS M S
paBHO KpaTHOCTU KOpHI «+ i B NPOTUBHOM clydyae, a R, u T, -
MHOTOWIEHBI CTEMEHW M, paBHON HAauMOOJbIIEH U3 CTENEHE MHOTOYJIEHOB
P u Q B (5). UroObl HaiiTu K03(p(HULHEHTH MHOTO4YIeHOB B (4) uiu (6),
HAJI0 TIOJICTABUTh PEUICHHE Yy, B ypaBHEHUE U NMPUPABHATH KOIDPUIMEHTHI
IpU [TOI00HBIX WIEHAX B JIEBOM U MpaBOW YacTIX ypaBHEHUS.
YacTHoe pelIeHne IMHEMHOrO YpaBHEHHMS C IIPAaBOM 4acThio f(X)+...+ f (X)
pPaBHO CyMM€ YaCTHBIX PELICHUN YpPaBHEHUM C TOW K€ JIEBOM YaCTBIO U
NpaBeIMU YacTAMH f,(X), ..., f, (x).
[Ipumep 2. Pemuth ypaBHEHHE

y" —6y"+9y’ = xe™ +e* cos 2x (7)
XapakTepucTuueckoe ypaBHEHUE A°—-64°+91=0 UMEET KOpHU 4 =4, =3,

A4, =0. IToaTomy 00111€ pereHne OJHOPOTHOTO YPABHEHHS IMEET BUJ

Yo =(c, +C,x)e¥ +c;,.



[IpaBasg vacth (7) cOCTOMT W3 ABYX ciaraeMbiX. Miiem OoTaenbHO YacTHBIE
peleHus ypaBHEeHUN
ym _6yﬂ+9yr — Xe3x (8)

m

y" —6Yy" +9y' =e* cos 2x 9)

Yucino o+ pFi=3+2i He SABIAETCA KOPHEM, MO3TOMY /i ypaBHEHHS ()
4aCTHOE PEIICHHUE, COTIacHo (4) uMeeT BH] Y, = X* (ax+b)e™.

IToncraBus ero B (8), HalimeM a=1/18, b=-1/18.

Yucino o+ pFi=3+2i He SABIETCA KOPHEM, MO3TOMY i ypaBHeHHs (9)
YacTHOE peIIeHue, coryacHo (6), umeer ua y, =e™(ccos2x+dsin2x).
IToncraBuB ero B (9), Halinem ¢=-3/52, d =-1/26.

Oo1ee pemieHre ypaBHeHUs (7) paBHO Y, + VY, +Y, .

. JluneitHoe =~ ypaBHEHHME€ C  TIOCTOSHHBIMH  WJIM  [EPEMEHHBIMU
K03(QQHUIUMEHTaMH M ¢ JI000M NpaBoM 4YacTeio f(X) MOJHO pEIIMTH
METOJIOM BapWallid TIOCTOSIHHBIX, €CJIM HW3BECTHO OOINee perieHue
Y, =CY, +...+C,y, JHUHEHHOrO OJAHOPOJHOTO YPAaBHEHHS C TOWU KE JIEBOU
4gacThio. Torga pemenne JUHEHHOTO HEOJHOPOIHOTO YPaBHEHHS HIIETCS B
BUIE Y=C (X)Y;+...+C,(X)Yy,. PyHKUHHU ¢ (X) ONPEACIAIOTCA U3 CHCTEMBI
(rne a, - ko3ddumuent npu y" ypaBHeHHH).

¢ (X)y,+..+¢ (x)y, =0;

¢ (X)y;+..+c (x)y, =0;

cl(x)yl(”’z) +..+Ch(X) 2 _q; (10)

[Ipumep 3. Pemuth ypaBHEHHE

y”—2y’+y=e; (11)

XapakTEepUCTUYECKOE ypaBHEHHE A°—-21+1=0 HUMEET KOpeHb A=1

KpaTtHocTH 2. O0111ee perieHre 0JJHOPOAHOrO YpaBHEHUS



Yo =(C, +C,x)e** =ce* +c,xe” .
Niem pemenue ypaBaenus (11) B Buze
y=¢ (x)e*+c,(x)xe* (12)
dynkuyA ¢, (x), ¢,(Xx) onpenensatoTcs u3 cucreMsl Buja (10)
ce' +cxe =0;
cie” +cj (xe* +e) _&
X

N3 3101 cHCTEMBI ITOTydaeM

’ 1 ' ’ — , _
C = ¢ =-1, ¢;(x)=In|x|+T,, ¢/(Xx)=—x+T,.

IoxcraBnas ¢ (x) u c,(x) B (12), Haxoaum oOuiee penienue
y=(S —-x)e*+(In|x|+T, ) xe*.
. YpaBHeHue Dilniepa
ax"y" +a X"y ¢ ra xy'+a,y = f(X) (13)
CBoauTcs K JUMHEMHOMY YpPaBHEHHIO C IMOCTOSHHBIMHM Ko3(duuueHtamu
3aMEHOI HE3aBHCHMOIO INEPEMEHHOIO x=g¢' NpU x>0 (WM x=-€' IpH
x<0). UYtoObl cpa3y Hamucarb XapaKTEpUCTUYECKOE YypaBHEHHE, HaJ0
kaxnoe npomsseneane xy® B (13) 3aMeHnTs Ha mpoM3BENEHHE K
yObIBaromux Ha 1 uncen: A(A-1)(A-2)..(A-k+1).
[Ipumep 5. Pemnts ypaBHEHUE
XCy" —X°y" +2xy’ -2y =8x%° (14)
Cpazy nuuiem XxapakTepucTUYECKOE YPAaBHEHHE
A(A-1)(2-2)-A(A-1)+24-2=0 (15)
Ero xopuu A4 =4,=1, A4 =2. IlosTomy oOuiee pemnieHre JIUHEHHOrOo
OJTHOPOJTHOTO YPaBHEHHUS C MTOCTOSTHHBIMH KOd(PpuIimeHTaMu
Yo =(c +ct)e' +ce®.
UtoO0BI permuTh HEOTHOPOHOE ypaBHeHUE (14), cHauanga packpoeM CKOOKU

B (15): A*-442+51-2=0. [lo »TOMy XapakTEepUCTUYECKOMY YypaBHEHUIO



COCTaBJISIEM JIEBYIO YacTh AU epeHInanbHOro ypaBHEHUS, a MPaByIO 4acTb
noJiy4aem u3 npasoil yactu (14) 3aMeHol x =e':

Y/ -4y, +5y, -2y =8¢’ (16)
Uucno 3 — He KOPEHb XapaKTEPUCTUUECKOTO YPABHEHHUS], IO3TOMY YaCTHOE
pemienue uiieM B Buze Y, =ae” . Ioacrasuss B (16), Haxogum a=2 . Utak,
oO11iee peleHrne UMeeT BU/T
Y=Y, +Y,(c +C,t)e +ce® +2e% =(c, +c, Infx)x+cx° +2x° .
OO6mero MeToja peleHus JUHEHHBIX YpaBHEHUM C IEepEeMEHHBIMU
Ko3(pUIIIEHTaMU HE CYIIECTBYET. B HEKOTOPBIX CIIydasiX YaCTHOE PELICHUE
yIaeTcss HaWTW IyTeM M[oja0opa, HampuMmep, B BHJAE MHOrOWICHa
y=x"+ax""'+..+d uiu B BUAC y=e U T.II.
Ecnu He W3BECTHO 4YacTHOE pelIeHUuEe Y, JIMHEWHOIo OJHOPOJHOIO
YpaBHEHHUSI N - Oro MOPSAKA, TO TMOPSAJOK YPAaBHEHUS MOYKHO IOHHU3UTh,
COXpaHsisi JIMHEMHOCTh ypaBHEHMsS. J[[1s 3Toro B ypaBHEHHE HaJO
MOACTAaBUTh Y =Y,Z W 3aTE€M [IOHU3UTH MOPSAJOK 3aMEHOMN z' =u.
[Ipumep 4. Pemuth ypaBHEHHE

xy"—(x+1)y'+y=0 (17)
WieM yacTHOE pelieHHe B BUAEC MHOTOWwIeHa y=X"+ax" ' +... CHadana
Haiijiem ero ctenenb. [logcrasiasieM y=Xx"+... B (17) u BBIMUCHIBAEM TOJIBKO
YJIEHBI CTapIIECH CTETIEHU:
xm(m-1)x"? +..—(m+1)mx"* —..+x"+..=0.
[TpupaBauBaeM HyM0 KOAGOUIIMEHT MPU CTapIlel CTENEHU X
-m+1=0, m=1.
CrnenoBaTenbHO, MHOTOWIEH MOKET OBITh TOJIBKO MEPBOM CTEIICHH.
[ToncraBmnsist y, =x+a B (17), Haxogum a=1. 3Ha4uT, Yy, =X+1 - YacTHOE
peLIeHHE.

Yro0s! HaiiTH obIee penrerue, nenaeM B (19) 3ameny y=(x+1)z.

ITomyyaeM mocine ynpoueHun



x(x+1)z”—(x2 +1)z' =0.
[ToHmxaeM IOPSIOK 3aMEHOM 7' =u U pellaeM YpaBHEHHE

X

du x*+1 cxe
X(x+)u'=(x*+1u; —=——"dx; u=———.
(x+1) ( ) u  x(x+1) (x+1)2

Tak kak z’'=u, a

X

j xe de:—fxexd( 1 j:_xex +j(xex)dx: € +c,
(x+1) x+1 X+1 X+1 X+1

TO

X

ce
X+1

z= +C,, Y=(Xx+1)z=ce*+c,(x+1).

7. BapuaHTbl ayIuUTOPHBIX (JOMAIHWX) KOHTPOJIBHBIX padOT MO TeMeE:
«JIuHeliHbIE ~ ypaBHEHMsI  BBICHIMX  IOPSAJKOB  C  IOCTOSIHHBIMH
ko3 dunmeHTaMm».

Bapuanr 1.

7) y"—3y"+3y'—y=0.

8) Yy =

9) y"—4y +5y=1+8cos x+e**.

10) y”—2y'+2y=(x+ex)sinx.

11) h=h=Ay ly=2 =i, Lg=2y=—.

12) A=A =-12, 1,=12=13i, 1,=12-13i, y:%+3x“.

Bapuanrt 2.
l) ym/_5y"+4y =0.

1

2 I!_ ’: .
)y y e*+1

3) y'+4y =e"+4sin2x+2c0s” X .
4) y"+y =sinx XCOSX .

5) Ay =2, =1, Jy=Ay=Jo =141, Jg=1y =l =1-1.



6) 4=4=12, 4, =12+12i, 4,=12-12i, y:%+cos4x.

Bapuanrt 3.

1) y"—3y'+2y=0.

2 1 — .
) Yy cos® x

3) y' -2y -3y =2x+e* —2e%,

4) y" —2y" + 4y -8y =e*sin2x + 2x°.

5Y A=A =A=2, Ay =de=1+2i, A=A =1-2i.
6) 4 =4, =-11, A, =11+12i, 4, =11-12i y=%+sin3x.

Bapuanrt 4.
1) y"-8y=0.
1

2) y"+y:m-

3) y+y =x-e"+e",

4) y" +y"=7x —3cosX.

5) h=A=A=-1, 4=A=2i, =4 =-2i.

6) 4, =4,=11, A4, =11+11i, 4, =11-11i, y=—%+e“*.

Bapwuanr 5.

1) ymu . 6y! +9ym =0.

X

2) y"—2y’+y=x2+1.
3) y'+Yy =cos’x+e*+e”.

4) y"—y"—y' +y=3e"+5xsinx.

5) h=2=2, y=2y=2=3i, Jg=2 ==-3i.

6) 4 =4,=-10, 4, =10+11, 4, =10-11i, y:—%+3x2.

Bapuanr 6.

1) yl/rl+2yn+y:0.



2) y'+2y'+2y=

e*sinx

3) y'+4y=xsin’x .

4) y"+2y"—y' =xe*.

5) 4=2,=3, h=A=A=2+i, Ly=A =2 =2-I.
6) 4,=4,=10, 4, =10+10i, 4, =10-10i, y:%+c032x.
Bapuant 7.

1) y"—y" -y +y=0.

2) y”er:sin3x'

3) 2y" -3y’ —2y =5e*chx .

4) y"+4y"+4y=cosX.

B) A=A =A=3, A=A =4i, A=A =—4i.

6) 4, =4,=-9, 4, =9+10i, 4, =9-10i, y=%+sin2x.

Bapuanr 8.

1) y"+8y"+16y' =0.

2) y'—y =e"cose*.

3) y'+2y +5y=4e* +17sin2x.
4) y" +4y" +4y = xsin 2x.

5 A=A =A=2, A=A =2+2i, A=A =2-2i.

6) A=4=9, 4=9+9, 4,=9-9i, y=%+e3x.

Bapuant 9.
1) yml +4yll +3y =0.

m " X_l
2) y'+y'= N

3) y'+2y +2y=(5x+4) +e*.
4) ym!_4ym+6yﬂ_4y!+yzxex .
B) h=dy=ly=-3, A =lg=3+i, d=24 =3-i.



6) 4L=4,=-8, 4,=8+9, 4,=8-9i, y=%+cos4x.

Bapwuanr 10.

1) y"—3y"+3y' —y=0.

2) y'+y=tgx.

3) y' -2y +y=2+e"sinx.

4) y"+6y +13y =e > cos2X .

5Y A=A =A=4, A=A =3+2i, A=A =3-2i.

6) 4, =4, =8, A, =8+8i, 4, =8-8i, y=%+sin4x.

Bapuanr 11.
1) y"—y"+3y +4y=0.

X

! ! e
2) y -2y +y==—.
X
3) y" -3y =18x—10Cc0SX .
4) y" -3y +2y =xe* +sinx-e**.

5) A=4=-4, 4,=4,=4,=3+3i, ;=4 =2,=3-3i.

6) A=4,=-7, ,,=7+8i, 4, =7-8i, y=%+ezx_

Bapuanr 12.
1) ymu_ yml_|_8y”’_8y”—|—16y’_16y=O'

—X

e

2) y'+2y+y= —
3) y' -y =4x-2e*.

4) y"+16y =sin(4x+a).

By A=A =A4=5, A, =i =4+i, x=A =4-i.
6) A=A =7, A=T+Ti, 4, =7-Ti, y:;+2x.

Bapuanr 13.
1) y"+2y"+2y +y=0.

2) y-2y'+y=¢e’Inx.



3) y+3y —4y=e*+xe*.

4) y"—6y"+12y' -8y =3xe* + (x2 +1)sin 2X .

8) h=2,=-5, =4 =A=4+20, ly=4 =2 =4-2i.
6) ,=4,=-6, 4, =6+7i, 1,=6-7i, y=§+cos4x.

Bapuanr 14.
1) y"—4y"+5y' -2y =0.

3) 2y"+5y' =5x*—2x-1.

4) y"+4y' +8y =e*(sin 2x + c0s 2x).

5) h=h=4=6, 4, =4 =4+3i, 1=, =4-3i.
6) 4L =1,=6, 4, =6+6i, 4, =6—6i, y=§+sin4x.

Bapuanr 15.
1) y"—5y"+8y'—4y =0.

2) Y =G

3) 2y"+5y' =0,1e*> —25sin2,5x .

4) y"+2y' -2y =(x+1)e > +cosx-e.

B) A=y =6, A=Ay =25 =4+, Jg=1y =g =4—4i .
6) ,=4,=-5, 4, =5+6i, 4, =5-6i, y=§+e‘x.
Bapuanr 16.

1) y"—4y"+7y' =3y =0.

2) y'+y= :
) V'Y cos” X

3) 2y”+5y'=3chgx.

4) y"+3y' +2y =x%" +2sinX.
B A=A, =A=T7, A, =2 =5+i, ,x=4 =5-i.



6) 4,=4,=5, 4, =5+5i, 4,=5-5i, y:%
Bapuanr 17.

1) y"—7y"+16y' —12y =0.

2) y"+y=ctgx .

3) y' -3y +2y=3e".

4) y"+y =x*+2sinx.

5Y A=A, =T, A=Ay =A =5+2i, A=A =Jy=5-2i.
6) ,=4,=-4, 4, =4+5i, 1, =4-5i, y=5x+C0s2X.
Bapuanr 18.

1) y"+4y"+5y' +2y=0.

2) V'-y=5 g
3) y" -3y +2y=e*(3—4x).

4) y' -y =x+1+xe*.

5)Y 4 =A,=4,=8, 4, =4 =5+3i, 4, =4, =5-3i.
6) L=4=4, L,=4+4i, 2, =4-4i, y=—x+sindx.
Bapwuanr 19.

1) y"—3y'—-2y=0.

2) y'-y=

e +1’

3) y' -3y +2y=2e*—e?.

4) y" +y" =Xx*+XCOSX.

5 4=4,=-8, =4, =4 =5+4i, =4, =4 =5-4i.
6) ,=4,=-3, 4, =3+4i, 1, =3-4i, y=2x+e*,
Bapuant 20.

1) y"+3y"—4y' +2y=0.

1
e 41"

2) y'-y=

3) y"—3y’'+2y =shx.



4) y"+2y"+y =xe* +X°.

5) A=A, =4=9, A4, =4 =5+5i, 4, =4 =5-5i.

6) 4,=4,=3, ,,=3+3i, 4,=3-3i, y=e* +cos4x.
Bapuanr 21.

1) y"+5y"+8y +4y=0.

2) y'—y =e*sine*.

3) y' -4y +4y=3e*.

4) y" -2y +y=(x+1e*+5.

5Y A=A =-9, A=A =A =6+i, A=A =4 =6-1i.
6) ,=4,=-2, 4, =2+3i, 1,=2-3i, y=e " +sin2x.
Bapuant 22.

1) y"+5y"+7y +3y=0.

2) V' +2V + :e_x.
) Y2y +y |

3) y' -4y +4y :8(x2 +e” +sin 2x).

4) y" +4y" = xcos2x+7.

5Y A=A, =4 =10, 4, =A =6+2i, A, =4 =6-2i.
6) ,=4,=2, ,,=2+2i, 4, =2-2i, y=¢>.
Bapuant 23.

1) y"+7y"+16y' +12y =0.

—X

" ! e
2) y'-2y +y:—m.

3) y"—4y' +4y =sh2x.

4) y"+9y' = x* +xsin3x.

5 4=4,=-10, 4, =4,=4=6+3i, 4, =4,=24,=6-3i .
6) ,=4=-1, 4, =1+2i, 4, =1-2i, y=sinx+cos3x .
Bapuant 24.

1) y"+y"—8y' —12y =0.



”n ! XInX
2) y'-2y'+y=e =

3) y'+y=sinx—2e7*.
V3

4) y"+y +y=xe"+ 2x‘“2xsin7x :

5 4=4=4,=11, 4, =4 =6+4i, I, =1, =6-4i.
6) 4L =4=1, 4, =1+i, 4, =1-i, y=cos2x.
Bapuanrt 25.

1) y"+2y"+2y +4y=0.

2) Yy -2y +y=e-x-Inx.
" ' 3/5x H 4
3) 5y"-6y' +5y=e ~S|ngx.

4) y"-2y"+y =2x" +xe*.
5) A=4=-11, 4, =4,=4,=6+5i, A, =1, =4, =6-5i.
6) 4,=4,=0, 4,=2i, 1, =-2i, y=sin3x.
Bapuanrt 26.

1) y"—y"+2y —2y=0.

2) y'-2y'+y=earctgx .

3) y -y =201-x).

4) y”—2y':ex(x2+x—3).

5) h=h=Ak=1 =I=1, ky=2y=-i.

6) L=2=2, 4y =4+5i, 4, =4-5i, y=¢*.
Bapuant 27.

1) y"+2y"+3y"+2y' +y=0.

2) y'+2y'+y=earcsinx.

3) y"+4y=xsin2x.

-XI2 i \/§

4) y'+y +y=e sin ==X

B A=4,=3, L=A=A=4i, =1 =lj=—4i.



6) L=4=2, L=1+i, 4, =1-i, y=sinx’.



TectbI:

1. Yro morumaetcs oy auddepeHImanbHbIM ypaBHEHUEM ?
+ ypaBHEHHE, B KOTOPOM HEU3BECTHasl (DYHKIIMS BXOJUT TI0J] 3HAKOM MPOU3BOIHOMN
w nuddepernuana;
- ypaBHEHUE, B KOTOPOM HEU3BECTHAs! (YYHKIHS €CTh Y,
- ypaBHEHUE, B KOTOPOM HEH3BECTHAs! (YYHKIIHS €CTh X,
- YpaBHEHHE, B KOTOPOE BXOJUT dx u dy.

2. Kakoe guddepeHnnanbHoe ypaBHCHHE HA3bIBACTCS  OOBIKHOBEHHBIM

muddepeHnaabHbIM ypaBHEHUEM?

0%u  9%u ]
- muddepennmnanbHoe ypaBHeHune Buaa —; — —; = 0;
0x2  9y?2
du Ju
- nudgdepeHaIbHOE YpaBHEHUE BU/IA L Ta 9 0;

+ nuddepeHunanbHOe ypaBHEHHE, B KOTOPOM HEU3BECTHAsI (PYHKIUS BXOAUT TOJ
3HaKOM OOBIYHOM MPOU3BOJAHON UK quddepeHuana.

3. Urto Ha3bIBaeTCs NOPAAKOM U PepeHINaTIbHOTO YpaBHEHUS ?
+ NOPSA0OK HAUBBICIIEH MTPOU3BOIHOM, BXOJSALICH B 3TO YpaBHEHUE;
- IOPSAJIOK IEPEMEHHOM X, BXOJAIIEH B 3TO ypaBHEHHUE;
- IOPSIOK Y, BXOJISIIETO B 3TO YPABHEHHUE;
- IOPSAIOK MPOU3BOAHOM, BXOJAIIEH B 3TO YPAaBHEHHUE.

4. Tlonsitue obmero pemernne O.J1.Y. I mopanka y = f(x,y).
+ y = @(x, ¢) Ha3pIBaeTCs OOIIMM pelleHneM ypaBHeHUs y = f(x,y), ecnu ans
100011 KOHCTAHThI € — 3TO PELIEHUE JAHHOTO YpaBHEHUS U ISl AJi JIFOOOW TOUKU
(x0,Yo) HaMAETCS KOHCTaHTA C = Cy TaKas, 4To Yo = @(Xq, Co);
- y = @(x,¢) Ha3pIBaeTCs OOIIMM pelieHHeM ypaBHeHHs y = f(x,y), ecu s
000 KOHCTAHTHI C — 3TO PEIICHUE TaHHOTO YPaBHECHHSI,
-y = @(x,¢) HaspIBaeTCA OOIIMM pElleHHeM ypaBHEHHS ¥ = f(X,y), €CllH OHO
IPOXOIUT Yepe3 JIF00YI0 HaYaIbHYIO TOUKY.

5. UTo Takoe 4acTHOE pelieHue ypaBHeHus y = f(x,y)?
+ 3TO penieHre, KOTOpoe MOJy4yaeTcsl U3 OOILIEro ¢ y4yeTOM HadallbHBIX JaHHBIX

[P KOHKPETHOM KOHCTAHTE C;



- 9TO PEHICHUEC, KOTOPOEC COLACPKUTCS, B O6H1€M;
- 9TO PCHICHHUEC, KOTOPOC IIOJIYyHaCTCA U3 00I11IeTO Inpu HGKOTOpOﬁ KOHCTAaHTE C,
- 9TO PCHICHUEC, KOTOPOC OTBCYACT CBOMM HAaYaJIbHBIM 3HAYCHUAM.
6. Kakoe 13 HIKENEPEUNCICHHBIX YPaBHEHUM SIBISIETCA YPaBHEHHEM C
Pa3acIaIOMIUMUCA HepeMeHHLIMI/I?
__ 5x-y,

-dy_ dx '

+ ydy = xdx;
-y tan(xy) = y;

y2+1
dy

-xdx =

7. OyHKUMS JIBYX TepeMeHHBbIX Z = f(x,y) Ha3bIBacTCsi OJHOPOIHOM
u3MepeHus k, ecnu
- fltx,y) = t*f Co,);
- flxty) = t*f (%, p);
+f(txty) = t°f (x,y);
- ftx,y) = t*f Co,y) wma f (x, ty) = t*f (x,3);
8. Kakoli moaCTaHOBKOW OJHOPOJHOE ypaBHEHUE MPHUBOAUTCS K

YPaBHEHHUIO C PA3ACIAIONIUMHUCS TEPEMEHHBIMU ?

x
-5 = z(x);
-x -y =2z(%),;
x—y = 2(%);
+ % = z(x).
9. Kakoii mojcTaHoBKOM ypaBHeHue y = f (LW) npu § = b 0
ax,+by,+cq 1 by

TIPUBOJIUTCS K OJTHOPOTHOMY YPaBHCHHIO?
-a1x + b1y = z,
{ ax +by=a
ax+by=p
xX=u+t+a
+ :
{y =v+p



{ ax+by+c=u
ax+byy+c =v

a b
a, by

ax+by+c
)

10. Kaxoii mosicTaHOBKO#1 ypaBHeHue y = f( no =

axq+byi+cq
IIPUBOJUTCA K YPABHCHUIO C pa3aCIAIOIIUMHUCA HepeMeHHBIMI/I?

+ax + by =z

_{ax+by=a_
ax + by =p’
x=u+a

_{y=v+ﬂ’

{ ax+by+c=u
ax+by+c =v

11. Kakoe nuddepennnanbuoe ypaBHeHue | mopsijika Ha3pIBaloT TMHEHHBIM?
+ nuddepennmansHoe ypaBHeHHe | mopska, TUHEHHOE OTHOCHTENBEHO Y U Y C
kod(punmenTamu, 3apucsumu ot x: A(x)y + B(x)y = C(x);
- muddepeHnransHOe ypaBHEHHE BHaa: ax + by =y, tae a,b - HeKoTOphle
KOHCTaHTHI,
- muddepeHnnanTbHOe ypaBHEHNE, JIMHEHHOE OTHOCHTENBHO X M Y, HAaIpUMEp
5x + 2y' = 3y?;
- nuddepeHnmanbHoe ypaBHEHHE, JTUHEHHOE OTHOCHUTENBHO X W Y, HalpuMep
2x + 5y =yy'.

12. B ueMm 3akitodaercs CyTh METO/a BapUaIlUU MPOU3BOJILHON MOCTOSHHOU B

pELIEHNH HEOJTHOPOIHBIX YPaBHEHNN?

- pemiaeM COOTBETCTBYIOLEE OJHOPOJHOE ypaBHEHHE U  BapbHUpyeM
MIPOM3BOJILHYIO KOHCTAHTY C B OTBETE;
- pelaeM COOTBETCTBYIOIEE OAHOPOJHOE YPaBHEHHE M OOBSBISIEM KOHCTAHTY C
GyHKIIMEH OT X, TOMYyYEeHHOE PEIICHHE W €CTh MCKOMOE PEUICHHE HCXOHOTO
HEOTHOPOJIHOTO YpPaBHEHHS,
+ pemaeM COOTBETCTBYIOIIEE OIJHOPOJHOE YpaBHEHHE, 3aTe€M HIINEM pEIIeHHe
HEOJHOPOJIHOTO YPAaBHEHHS B TaKOM K€ BHUJE, CUNTas KOHCTAHTY C (PyHKITUEH OT

X, 3aTEM MOJICTABIISIEM TO PEIIEHUE B UICXOIHOE YpaBHEHHE U HAXOAUM C (x).



13. Kakoe w3 HIDKENEpEYUCIEeHHbIX YypaBHeHHMM | mopsiaka sBisieTcs

ypaBHeHueM bepHyin?

! 4 .
-2y' =1y = x%y;
+xy’+y=\/_;
-xy' + 2y =0;

-x(y)? -y =
-y 4y =xy.
14. Kakoe ypaBHeHune | mopsiaka Ha3bpIBa€TCA YypaBHEHHEM B  IOJIHBIX
nuddepenumanax?
- ypaBHeHue Buga du = 0;
+ ypaBuenne Buma M (x,y)dx + N(x,y)dy = 0, jgeBas 4acTb KOTOPOIO €CTh
NoJIHBIN au(depeHIan HeKoTopol PyHKIIMKN ABYX NEPEMEHHBIX Z = Z(X,Y);
- ypaBuenwue Buga M (x,y)dx + N(x,y)dy = 0;
- ypaBHeHue Buna dy = f(x,y)dx, re npaBas 4acThb ypaBHEHHS €CTh IMOJIHBIN
muddepennnan HekoTopoit GyHKIUU dZ.

15. KakoB kputepuii Toro, uro ypaBuenue Buma M(x,y)dx + N(x,y)dy =0

SBJISIETCS YPaBHEHHUEM B MOJHBIX Iuddepenunanax?

9°M __ 9°N
dxdy  9xdy’
oM _ N,

ax  ay’

oM _ oN,

dy  ox’
9°M _ 92N,
dy2  9x2’
9°M _ 0%N
9x2  9y2’

16. Kakas dynaknus 4 = p(x, y) Ha3pIBa€TCS HHTETPUPYEMBIM MHOXKHUTEIEM ISt
ypasuenust M (x,y)dx + N(x,y)dy = 0?

- TaKasd, 9TO JICBasd 9aCTb YPABHCHUA CCTh d[i,



+ Takasi, 4TO Mociie JIOMHOXXEHHsSI Ha [ JieBas 4acThb YPABHEHUS CTAHET IMOJHBIM
muddepennranom;
- Takas, YTO TIOCJIe JOMHOXKEHHs Ha p(x,y)MONyduTCs ypaBHEHUE BHJIA
uM (x,y)dx + uN(x,y)dy = 0;
- Takas, uto uM (x, y)dx = —uN(x, y)dy.
17. Kaxoe ypaBuenwue F(x,y,y') = 0 Ha3piBaeTcs ypaBHeHHEeM Jlarpamka?
- IMHEHHOE, OTHOCUTEIIBHO ¥, Y', ¢ KO3 UIIMCHTaMH, 3aBUCSIIIMMU OT Y,
- IMHEHHOE, OTHOCHUTENBHO X, Y', ¢ K03 dUIeHTaMu, 3aBUCAIIUME OT Y
+ JIMHEHOE, OTHOCUTENBHO X, Y, ¢ K03 pUuimeHTaMu, 3aBUCSIIUMH OT V' ;
- IMHEHHOE, OTHOCUTENBHO V', ¢ KO3 HUIMeHTaM1, 3aBUCSIIIMMH OT X, .
18. Kaxkoe ypaBuenue F(x,y,y') = 0 Ha3biBaeTcs ypaBHeHHEeM Kitepo?
- IMHEHHOE, OTHOCHUTENBHO ¥, Y', ¢ K03 dUIMeHTaMu, 3aBUCAIIUMHE OT Y,
- IMHEHHOE, OTHOCUTEIBHO X, V', ¢ KO3 (HUIIHEHTAMH, 3aBUCSIIMHU OT Y,
+ JNIMHEHOe, OTHOCUTEIBHO X, Y. Y = xy' + @ (y');
- IMHEHHOE, OTHOCUTEILHO V', ¢ KO3 (UIIHEHTAMH, 3aBUCSIIUMH OT X,y ' .

19. Kak Beirsaut ob1iee perenue ypasaenus Kiepo?

-y =2x +c;
-y =2¢+g(o);
-y = 9(o);

+y =xc+ ¢(c);
-y =x+ @(c).

YpaBHeHHs BbICIIUX IMOPSAJAKOB
20. B uwem cwmbicn TeopeMbl Kommm o cylmecTBOBaHWM M E€AMHCTBEHHOCTH
pemenus 3agaun Ko ypaBHeHUs: nepBOro nopsaka?

1) Ilycth maHO ypaBHEHHE % = f(x,y) ¥ JaHbl HaA4YAJIbHBIC 3HAYCHUA (X,,Y,) .
X

[Ipeamnonoxum, 9To f(x,y) €CTh HEMPEpbIBHAS (QYHKIHS ABYX MEPEMEHHBIX

B 3aMKHyTOM obOmactu R: Xx,-a<x<x,+a, y,-b<y<y,+b), Torma



CYILIECTBYET €QUHCTBEHHOE PEILIEHUE DTOT0 YPAaBHEHUS, YAOBJIETBOPSIOLIEE
y(xo) =Y

2) + Ilycth 1aHO ypaBHCHHE % = f(X,y) 4 JAaHbl HAYaJIbHBIE YCIOBHS (X, Y,) -
X

[Tpenmonoxxkum, yto f(x,y) €CTh HEMpPEepbIBHAS (PYHKIIHS ABYX MEPEMEHHBIX
B 3aMKHyTOM oOmactm R: x,-a<x<x,+a, y,-b<y<y,+b) m B cumy
HETPEPBIBHOCTH |f(X, y)|£ M. Kpome TOro f(x,y) yIOBIETBOPSET yCIOBUIO
JIunmuna: AN>0 1V X [x=X|<a, V Y,y |y =y <b|y"—y,|<b
BBITIOJIHEHO |f(x, y')— (X, y")|£ N|y'—y"|. Torma cymecTByeT €IMHCTBEHHOE
pELIEHUE YPAaBHEHMUs, ONPEACIICHHOE U HEIPEPBIBHOE I 3HAYECHUHU X, Y
MHTEpBana X,—h<x<x,+h, rme h=min(a, %) , IPUHUMAIOIIIEE IIPU X = X,
3HA4YECHUE Y,

3) IlycTh 1aHO ypaBHEHHUE % = f(x,y) U AaHbBl HaYalbHbIE 3HAUYCHUA (X,,Y,)-
X

[Tpenmnonoxum, yto f(x,y) €CTh HENpPEpbIBHASA (PYHKLMS ABYX [EPEMEHHBIX
B 3aMKHyTOM obOmactu R: Xx,-a<x<x,+a, y,-b<y<y,+b), Torma

cymectByer perieane  Y(X), ONpeNeIeHHOE W HEMpPEepbIBHOE IS

h h . b
X e [x0 -h,x, + ], rae h=min(a, ﬁ) , IPUHUMaAIOIIEE IIPU X = X, 3HAYECHUE Y,

4) IlycTth ypaBHEHHE % = f (X, y) yIOBIETBOpSET yCaoBurO Jlunmmmna:
X

AN>0 1V X [x=X5|<a, V Y,y":|y =y <b|y”"—y,|<b BBIIIOJIHEHO

|f(x, y')— (X, y”)| < N|y’— y”|. Tormga CymecTByeT €IMHCTBEHHOE pEIICHUE

YpaBHCHUS, ONPEICICHHOC W HENPEPBHIBHOE JJIsA 3HAYCHHWM X, Y WHTEpBaja

Xo —h<x<x,+h, tae h=min(a, %) , IPUHUMAIOIIEE IPU X = X, 3HAUECHHUE Y,
21. Knaccuduxkaius 0COObIX TOUEK.

1 xopHu 4, 4, - AEHCTBUTENIbHBIE U OJHOTO 3HAKA — CEJIJIOBUHA

KOpHH 4, A, - KOMILJIEKCHbIE — OKYC



KOpHH 4, A, - YUCTO MHHUMBIE — LIEHTP
KOpHHU /;, A, - NEUCTBUTEIBHBIE U PA3HBIX 3HAKOB - Y3€Il
2 KOpHHU A;, A, - NEUCTBUTEIIbHbBIE U OJTHOTO 3HaKa — POKyC
KOpHH A, A, - KOMIUIEKCHBIE — LICHTP
KOpHH /,, A, - YUCTO MHUMBIE — (DOKYC
KOpHU A, A, - IEUCTBUTEJBHBIC U PA3HBIX 3HAKOB — y3€J
+3 KOopHHU A, A, - NIEUCTBUTEIBHBIE U OJTHOTO 3HAKA — Y3€I
KOpHH /,, A, - KOMIUIEKCHBIE — (DOKYC
KOpHH A,, A, - YUCTO MHHUMBIE — LIEHTP
KOpHU A,, A, - JEHCTBUTEIIBHBIC U PA3HBIX 3HAKOB - CEJIOBUHA
4 xopHH A, A, - IEUCTBUTENIbHBIE U OJTHOTO 3HAKa — POKYC
KOpHH 4;, A, - KOMIUIEKCHBIE — LIEHTP
KOpHU A;, A, - YUCTO MHUMBIE — CEJIOBUHA
KOpHHU /;, A, - NIEHCTBUTEIBHBIE U PA3HBIX 3HAKOB - Y3€I
22. YpaBHeHus N-TO MOPsAIKa, HHTETPUPYEMBIE B KBaIpaTypax
1) F(xy,y™)=0, F(y,y")=0, F(y,y"?)=0,
+2) yU =10, F(y"?,y")=0 F(y™,y"?)=0,
3) F(xy™)=0, F(y,y™)=0, F(y,y"?)=0,
4) F(y,y™)=0, F(xy"y")=0, F(y,y"?)=0,
23. YpaBHEHUS, JOMYCKAIOIINE TTOHUKEHUS TIOPsIKa
+1 B ypaBHEHUSAX HET SBHO X, T.€. OHU UMeIOT BUux F(y,Y',..,y™) =0,
+2 B ypaBHEHHUSAX HET sABHO Y W ero “K-1” mpou3BOIHOMN, T.e. OHH HUMEIOT BH]
Foy®,..y™) =0,
+3 51eBast 4acTh yPaBHEHHS — OMHOPOIHAs (PYHKIMS OTHOCUTENILHO Y, Y ..., Y,

+4 jeBast YacThb ypaBHCHHS — OJHOPOIHASA (PYHKIIHAS OTHOCUTENBHO X, X, Y, dy, ...

24. OnpeneneHue JUHEMHOM 3aBUCUMOCTH (DYHKITUH @, (X),..., @, (X)



1) ¢.(X),...,p,(X) JTUHEHHO 3aBUCHMBI B WHTepBajie ( a, B), €CIH CYIICCTBYIOT
MOCTOSIHHBIE ¢ ,...,&, HE BCE PABHBIE HYJIIO OJJHOBPEMEHHO, TAKUE, YTO BBIMOJIHEHO
a0, (X)+...+a,0,(X)=0

+2) ¢,(X),...,9,(X) JTUHEHHO 3aBUCUMBI, €CIIA CYIICCTBYIOT IIOCTOSHHBIC «,...,, HE

BCE paBHbIE HYJIIO OJIHOBPEMEHHO, TakKWe, 4YTO IS BCEX 3HAYEHUU X B

paccMaTpuBaeMOM  MHTEpPBAJEC  BBIIOJHAECTCA  TOXKIACSCTBEHHOE  OTHOILICHUE
0 (X) +...+ 2,0, () =0
3) ¢(X),...,,(X) THHEWHO 3aBHCHMBI, €CIIM CYMIECTBYIOT TOCTOSHHBIC ..., &, ,
TaKWe, 4YTO BBIMIOJIHEHO o, @, (X)+...+ @, (X)=0
4) ¢, (X),...,p,(X) JTHHEHHO 3aBUCHMBI, €CIIU CYIICCTBYIOT MMOCTOSHHBIC ,...,, BCE
PaBHBIE HYJIIO OJTHOBPEMEHHO, TAKUE, YTO BBITIOJIHEHO o, @, (X)+...+a,¢,(X) =0

25. Kakoi#l ompenenuTens Ha3bIBaCTCsS OINpeAeanTesieM BpoHckoro mis N

GyHKIMA OTHOCUTENBHO X: VY,...,Y,, AMEIOIIMX HEMPEPHIBHBIC MPOU3BOIHbBIC

1o N-1 mopsaka?

! !/

i o % Y,
1Wly,,...y,]= yl'('nll) yz'(ln'*l) yn'{nll)
oo Yo Y
i Y2 e Y
+2 Wy ey, ]= Y Yo o e Y
TR
Vi Yo e Y,
SWy,.y]=| B Y2 Y
yll(.n'—l) yz.('n.-l) yn.(l“.‘”
v "y, oy
4 W[yl,...,yn]:yl(n_z) y, " .02
R

26. OyHKIUU @ (X),..., 9, (X) HA3BIBAIOTCS JTUHEWMHO HE3aBUCUMBIMU, €CITU



+1 a0, (X) +...+ 2,9, (X) =0 TorAa u ToJabKO TOrAA, Koraa «; =0
2 a,p,(X)+...+a,¢,(X) =0 TorIa ¥ TOABKO TOTAA, KOTAa «; # 0
3 ap,(X)+..+a,¢,(x)=0, ecan o, =0

4 op,(X)+..+a,0,(X)=0, eciu o; #0

27. Kaxas cuctema penieHnit Ha3bIBaeTcs PyHIaMEHTATBHOM?
1 cuctema He3aBUCHUMBIX YACTHBIX PEIICHHM
2 cucTeMa 3aBUCUMBIX YaCTHBIX PEIICHUM
+3 cucrtemMa N JIMHEMHO HE3aBUCHMBIX YAaCTHBIX PELICHWHA JIMHEMHOTO
OJTHOPOJIHOTO YpaBHEHHUSI
4 cuctema N OJIMHAKOBBIX PEIICHUM TMHEHHOTO OJTHOPOTHOTO YPABHEHHUSI

28. Teopema o cTpyKType 00IIEro pereHus OJHOPOTHOTO YPaBHCHHUS
1 ob1iee perieHre — ATo TUHEHHAsE KOMOWHAIIMS YACTHBIX PEIICHUN
2 o011ee pelieHrne — 3TO JUHEHAs KOMOMHAIUS YaCTHBIX PEIICHHI MOCPEICTBOM
MIPOU3BOJIBHBIX TIOCTOSTHHBIX
+3 obmiee pelieHue — 3TO JMHEHas KoMOuHanus (yHIAMEHTAIbHOW CHCTEMBbI
YACTHBIX PEIICHUH MTOCPEICTBOM MTPOU3BOIBHBIX TTOCTOSHHBIX
4 oOmiee pemieHre — ATO JIMHEWHas KOMOWHAIus (pyHIaMEHTaTIbHOM CHCTEMBI
peLIeHUI

29. Teopema o cTpyKType 00IIIeTo penieHus] HEOTHOPOIHOTO YPaBHCHHS
1 ol1iee pemeHne — 3To CyMMa €ro YaCTHOTO M 00IIero peiieHus
+2 of0miee pemeHue — OSTO CyMMa €ro 4YacTHOr0 U OOIIEro pemeHus
COOTBETCTBYIOILLETO OJTHOPOJHOTO YPaBHEHUS
3 ob1iee pelieHue — 3TO JMHEWHas KOMOWHaIUS ero pyHIaMeHTaIbHOM CUCTEMBbI
pelIeHu
4 ob1ee peleHre — 3T0 CyMMa €ro YaCTHBIX PEeLIeHU

30. Kakoil moacTaHoOBKOW MOHMXAETCSI MOPSAIOK JTUHEWMHOTO OJIHOPOIHOIO

ypaBHEHUS?



+2U =Ly
2
3U=yU
4y =y
y

31. B kakom Buje yacTHoe pemieHue TuddepeHIMaTbHOTO ypaBHEHUS 2

MOPSTIKA C TOCTOSTHHBIMU KO3 PUIIeHTaMu?

— okx.
+y=e",
-y = xe”,

L 2,%.
-y =x“e”;

-y =xcosx + sinx.
32. Kaxkoit oOmmii BUI WMeeT JHHEHHOE Au(depeHInaIbHOe ypaBHCHHE
BTOPOIO Nopsiaka?
-xy'" =0;
-(x+ 1y ' —y=0;
+x" +a(t)x" + b(t)x = f(t);
-xx' =2x —t;
-x"? =x' +x.
33. B kakom cinyvae nuHelHOoe muddepeHnraibHoe YpaBHEHHE BTOPOTO
TIOPSIIKA HA3bIBACTCS HEOTHOPOIHBIM?
- ecnu JieBas yacth ypaBHenus y'' + a(x)y' + b(x)y = f(x) HeomHOpoIHa;
- €CJIM B YPaBHCHHH €CTh TIPOU3BOIHAS BTOPOTO TIOPSIKA;
- €CJIM B YPaBHCHHH HET (DYHKITUH;
+ ecnu npaBasi yacth ypaBuenus Yy + a(x)y’ + b(x)y = f(x) HeogHOpoaHA,;
- eciiu oHO mmeeT Bua: Y + a(x)y’ + b(x)y = 0.
34.B kakoMm ciyyae JuHeWHoe muddepeHImaibHoe YpaBHEHHE BTOPOTO
TIOPSIIKA HAa3bIBACTCS OAHOPOTHBIM?
- ecii oHo mmeeT BuA: ' + a(x)y’ + b(x)y = 0;
- ecnu JieBast 9acth ypaBuenus y'' + a(x)y’' + b(x)y = f(x) omHopoHa;

- €CJIM B YPABHEHUU €CTh IPOU3BOAHAS BTOPOTO MOPSAKA;



- eciii oHO mMmeeT Bua: Yy +y' +y = 0.
35. O01iee perieHne JMHEWHOTO HEOJHOPOIHOTO YPAaBHEHHS €CTh
- TUHEWHAs PYHKIHS TPOU3BOJIBHBIX TIOCTOSIHHBIX;
- KOMOHMHAIIVSI €70 YaCTHBIX PEIICHMIA;
+cymMma 0O0Iero pemieHus OJHOPOJHOTO YpPaBHEHHS W YACTHOTO PEIICHUS
HEOTHOPOTHOTO
- CyMMa JIBYX HE3aBHCUMBIX YaCTHBIX PEIICHUN HEOTHOPOIHOTO YPaBHEHHUS.

36. Uto HazpiBaeTcs 3amadet Komm s guddepeHuanbHOro ypaBHEHUS

BTOPOrO nopsiaka’?
- 3a/1a4a OTBICKAHMsI PEIICHUS, TOJYMHEHHOTO 3aJJaHHOMY YPaBHEHHIO;
- 3a/7a4a OTBHICKAHUS PEUICHHUS, YIOBIETBOPSIOMICTO HAYaIbHOMY YCIOBHIO
x(to) = Xo;
+ 3a7aya OTBICKAHHUS pPEIICHUs, YIOBIETBOPSIONIETO HAYalbHOMY YCJIOBHUIO
x(to) = x0,x"(to) = vo;
- 3a/1a4a HaXOXKJCHHsI OOIIEro PemeHUs] ypaBHEHUS;

37.Uto Ha3bIBaeTCid XapaKTEPUCTHUYECKUM ypaBHEHHEM AuQQepeHIInaIbHOro
yYpaBHEHUS BTOPOTO MOPSIJIKA C MOCTOSIHHBIMU Ko durmentamu x'' + ax’ +
bx = f(t)?

- ypaBuenue X'’ + ax’ + bx = 0;
+ ypaBHenue A2 + al + b = 0;

- ypaBHenue t% + at + b = f(t);
- ypaBHeHue A? = b.

38. Kak BeITTIAIUT 00I1Iee penieHue JIMHEHHOTO OJHOPOIHOTO Mu(). ypaBHEHUS 2
nopsiika B Cllydae, KOTJa XapaKTepHCTUYECKOe YpaBHEHHWE HWMEeT [Ba
pa3IMYHbBIX JCHCTBUTEILHBIX KOPHSI?

- x(t) = cieMt + c,tett;
- x(t) = t(cieM?t + cpetat);
- x(t) = ¢y sinA;t + ¢, cos A,t;

+x(t) = cie™Mt + c et



-x(t) = c;tM + c,th2;

39. Kak BoITTIAIUT 00I1Iee pelieHue JIMHEHHOTO OJHOPOTHOTO u(. ypaBHEHUS 2
NopsiIKa B Cilydae, KOT/Ia XapaKTEPUCTUYECKOE YpaBHCHHE HMEET OJUH
JICUCTBUTEIBHBIA KPATHBIA KOPEHB?

+x(t) = c,e? + cyte’;
-x(t) = (c1 + cp)te™;
-x(t) = ce’;

- x(t) = c¢; sin At + ¢, cos At;

40. Kak BBIMIAIUT O0I1Iee pelIeHre JMHEHHOTO OJHOPOIHOTO Au(. ypaBHEHHUS 2
nopsiika B Ciydae, KOTJa XapaKTepUCTUYECKOE YpaBHEHHE HMEET JIiBa
KOMIUIEKCHO-COTIPSIKEHHBIX KOPHS?

- x(t) = c e + c,teft;

- x(t) = t(cre® + c,ePH);

+ x(t) = ¢, e*sin St + c,e* cos ft;
- x(t) = c,e® + c,ePt;

-x(t) = ¢y sinat + ¢, cos Bt

41. B xakoM BHJE€ HCKaTh YacTHOE pEIICHHE JUHEWHOTO0 HEOJHOPOIHOTO
muQQepeHIManTbHOr0  yYpaBHEHHsT 2 TOpsAAKa C  MOCTOSIHHBIMH
kodddureHTaMu, eciau TpaBas 4YacTh 3TOTO YpPaBHEHUS €CTh (DYHKITUS
P, (t)et, rne B, (t) - MOJMMHOM CTENEHU M, a ¥ HE COBNAAAET HU C OJHUM M3

KOpPHEHN XapaKTEPUCTUUECKOTO YPABHEHUSA?

-y = ce't;

- y= Qn(), rme Q,(t) — mOIMHOM CTENEHH M C HEUIBECTHBIMH
ko3 dunreHTaMu;

+ y=0,®)e", rne Q,,(t) — NOIMHOM CTENEHH ™M C HEU3BECTHBIMU
kod(pdunreHTamu;

- y= Qn()t, tne Q,(t) — TOIMHOM CTENEHHM M C HEU3BECTHBEIMU

ko3 purmenTamu;



- y= Qm(t)te”t, rie Q,,(t) — mIOAMHOM CTENEeHW M C HEU3BECTHBIMHU
koddpurmenTamu;

42. B kakoM BHJC HCKaTh YaCTHOE pPEIICHUE JUHEHHOTO HEOIHOPOIHOTO
mupGepeHIIMATLHOTO  YpaBHEHHS 2 TOpsSJKa € ITOCTOSTHHBIMH
ko3 uIMeHTaMH, €CJIM TIpaBas YacTh 3TOTO YPAaBHEHHUS €CTh (QYHKIIUSA
P,(t)e?t, tne P,(t) - MONMHOM CTENEHH M, a ¥ COBHANAET C OXHHUM H3
KOPHEH XapaKTePUCTHUSCKOTO YpaBHEHUS?

-y = cte'?;

- y= Qu), roe Q,,(t) — mNOIMHOM CTENMEHH M C HEU3BECTHBIMHU
koadurmeHTamu;

- y=Q,®)e", tme Q(t) — NOIMHOM CTENMEHM M ¢ HEU3BECTHHIMU
Kod(pduLreHTaMu;

- y= Qn)t, tne Q,(t) — TOTMHOM CTENEHH M C HEU3BECTHBIMU
Kod(pduLreHTaMu;

+ y=0Q,,(®)te?, rne Q,,(t) — NOIMHOM CTENEHHM MM C HEU3BECTHBHIMU
koahpureHTamu.

43. B kakoM BHJE€ HCKAaTh YacCTHOE pEIICHHWE JIUHEHHOTO HEOIHOPOIHOTO
i GepeHIIMATBFHOTO  YpaBHEHHS 2 TOpSJIKa € IOCTOSTHHBIMH
KO3 GUITMESHTAMH, €CIIH IpaBas 4acTh 3TOT0 YPaBHEHUS €CTh (DYHKIIHS
P,(t)e?t, rne P,(t) - MONMHOM CTENEHM M, a Y COBIAJAET C KPATHBIM

KOPHEM XapaKTePUCTUYECKOTO YPaBHEHUS?

-y = ctlel?;

- y= Qn(), tone Q,,(t) — TmNOIMHOM CTEIEHW M C HEU3BECTHBIMU
kod(pdunreHTamu;

+ vy =Qnp®)t*e?’, tne Q,,(t) — NONMHOM CTEMEHM M C HEU3BECTHBIMH
kod(pdunreHTamu;

- y= Qn()t, tne Q,(t) — TOIMHOM CTENEHHM M C HEU3BECTHBEIMU
kod(pdunreHTamu;

-y =Qn®te?, tne Q,,(t) — TNONMHOM CTENEHHM M ¢ HEU3BECTHBIMU

koddpureHTamu.



44. KakuM criocoOOM MOHMXKAETCs MOPSIOK B AuddepeHInaIbHOM YpaBHEHUH
BBICILIETO MOpsIKa?
+ 3amMeHOM Mulaauiell MpPOM3BOJHOM 3a HOBYIO (DYHKIIMIO M MHOTOKPATHBIM
UHTETPUPOBAHUEM;
- 3aMEHOM cTapiieid TPOU3BOJAHONM 3a HOBYHO (PYHKIHIO U MHOTOKPaTHBIM
WHTETPUPOBAHUEM;
- BBIHECEHHEM CTapIleil MPOU3BOAHOMN 3a CKOOKY;
- pa3lioKeHUEM Ha 2 ypaBHEHHS] MEHBIIETO OPS/IKa;
- CBEJICHHEM K YPAaBHEHUIO Djiepa.
45. Kakoii oOuuii B UMEET ypaBHeHUE Ditiepa?
-y +alx)y" + b(x) = c(x);
Sy ™t ay_ gy 4t agxy’ + agy = £(0);
+ (ax + b)"y™ + A, (ax + D)1y 4o+ A (ax + D)y’ + A,y = f(x);
-y +ay™Y + et an gy + apy = f(X);
46. Kakoit 3aMeHOM UHTErpUpyeTcsa ypaBHeHUE Diepa

xPyM™ 4 g x"ly@=D 44 g xy' +agy = 0?

-y = VX
+y = xK;
-y = x%;
Ly = ekx:
-y=xekx.

47. Kakum metogom cuctema auddepeHluranbHbIX YpaBHEHUN MPUBOAUTCS K
OJTHOMY YpaBHEHHIO OoJieeé BBICOKOTO TMOpsiIKa C OJHOW HEU3BECTHOU
byHKUMEH?

- METOJIOM 3aMEHbI IEPEMEHHBIX;

- METOJ IOHMKEHHUSI TTOPSAIKA;

-METO/]l UCKITFOUEHHUS HEU3BECTHBIX;

- METOJ] BapHalliy NPOU3BOJIbHBIX IOCTOSIHHBIX.

48. Kakoii Bug umeet ypaBHenue beccens?



1 xy"+y +(x*-v? =0

2 xy"+(x*-v)y=0

3 xy"+xy' + (x> =v?)y=0
4 xy"+y' +(x*-v?)y=0



