MUHUCTEPCTBO HAVKHU U BBICIIETO OBPA3OBAHUS Y POCCUICKOM ®EJIEPALIMN
DenepanbHOE rOCYAApPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPESIKICHNE BEICIIEro 00pa3oBaHus

«/laIbHEeBOCTOYHBIN (eepabHbII YHUBEPCUTET)
(ABDY)

HIKOJIA ECTECTBEHHbBIX HAYK

«COI''TACOBAHO»
Pykosoaurens OI1

.?j;;l'fb

i Iax T.B.
MOAIIHUCH dUO

\
Eg I
B

«11» uronsa 2019 r.

PABOYAS NPOI'PAMMA JUCHUIIJINHBI
HduddepernunanbHpie ypaBHEHUS
Hanpasaenue noarorosku 02.03.01 «MaTemMaTHKa H KOMIbIOTEPHbIE HAYKH»
CKBO3HBIE I_lI/I(i)pOBBIe TEXHOJOTHH
®opmMa NOATOTOBKU 0OYHAS

Kypc 2 cemecTp 4

neknun 36 yac.

npakTrdeckue 3ausaTus 0 gac.

nabopatopHsie paboThI 72 Jac.

B TOM 4mcie ¢ ucnoibzoBanueM MAO nek. 0 /mip. 0 /na6. 0 gac.

BCETO YacoB ayIUTOpHOH Harpy3ku 108 uac.

B TOM ymcie ¢ ucnoiabzoBanreM MAO 0 dac.

camocTosTelbHas padoTa 36 yac.

B TOM YHCJIE Ha MOATOTOBKY K 3K3aMeHy 54 gac.

KOHTPOJIbHBIE Pa0OTHI (KOJIMYECTBO) 3

KypcoBasi paboTta / KypCcOBOH MPOEKT HE MPEyCMOTPEHBI

JK3aMeH 4 ceMecTp

Pabouas mporpamMma cocTaBieHa B COOTBETCTBUU C TpeOoBaHusIMH (DeneparibHOro rocyJapcTBEHHOTO
00pa3zoBaTenpHOTO CcTaHAapTa 1o HampasieHuio moaroToBku 02.03.01 Marematnka U KOMIBIOTEPHBIC
HaYKH, yTBEPKAEHHOTO MpHKa3oM MUHHCTEpCTBa 00pa3oBaHus U Hayku Poccuiickoit denepanmu ot 23
asrycra 2017 Ne 807

Pabouast yueOHas mporpamma oOCykKAeHa Ha 3acefaHuu Kadeapbl HHPOPMATUKH, MATEMaTHYECKOTO U
KOMITBIOTEPHOT0 MOAENUPOBaHus, MpoTokod Ne 18 ot «09» mromns 2019 r.

3aBenyromuid kKadenpoii HHOOPMATHKH, MATEMATUIECKOT0 U KOMITBIOTEPHOTO MOJIETUPOBAHUS TIPOTOKOJ
Yeboraper A.I1O.
CocraButens: K.¢.-M.H, npodeccop P.II. lllenenera

BnanuBocTok
2019



OobopoTHasi cTOPpOHA TUTYJBHOTO Jucta PIIJ{

I1. PaGouas nporpaMma nepecMOTpeHa Ha 3acelaHuu Kadeapbl:

[IpoTokom oT «  » 202 1. Neo

3aBenyrommii kKageapoit

(moxmuck) (1.0. Gamunmst)

II1. PaGouyas nmporpaMma nepecMOTpeHa Ha 3acejaHuu Kadeapbl:

IIpoTokom oT «_ » 202 1. Ne

3aBenyromuii kadeapoit

(moamucsk) (N.0. ®amumms)

IV. PaGouast nporpaMmMa nepecMoTpeHa Ha 3acelaHUM Kadeapsbl:

IIpoToKOI OT «_ » 202 1. Ne

3aBenyromnuii kageapoit

(ommrck) (N.0. ®damumms)



AHHOTAIUS JUCHTUTNITIHHBI
[Iporpamma auctumuinnsl «Juddepenimaibabie ypaBHeHHs» pa3paboTana

JUIs CTyJIeHTOB OakajaBpuara 2 Kypca mo HampapieHuto mnojarotoBku 02.03.01
MatemMaTtuka U KOMINbIOTEpHBIE HayKH, TPOoP1ib «CKBO3HBIE TU(DPOBBIE
TEXHOJIOTUWY.

Hucrumaa «Jluddepennnansabie ypaBHEHHs» BXOJNUT B 0a30BYIO 4aCTh
onoka b1 yue6noro miana (b1.0.07.05).

OO6mr1ast TpyTI0€MKOCTh OCBOSHUS JUCITUTUTHHBI COCTABIISET 4 3a4€THBIX
eaunuil, 144 yaca. YueOHBIM IJIAHOM MPEyCMOTPEHBI JIEKIHH (36 4acoB),
naboparopHblie paboThl (72 yaca), camocTosITebHas padoTa (36 Jaca).
JucuuninHa peanusyeTcst Ha 2 Kypce B 4 cemecTpe.

Hean:

e B pesynbrare OCBOCHUS JaHHOW JUCHUIUIUHBI OaKaiaBp NpruoOpeTaeT
3HAHUS, YMEHUS U HABbIKK, 00ECIIeUNBAIOIINE IOCTUKEHUE 11€JIe OCHOBHOM
oOpa3oBaTenbHOI MporpaMMbl «MaTtemMaTiKa U KOMITbIOTEPHBIE HAYKWY.
3amaun:

® OCBOCHHME METOJIOB PEIICHUS NPUKIATHBIX 3aJa4 COBPEMEHHOMU
BBEIYHCIIUTEIILHON MAaTeMAaTHKH W MaTEMaTHYCCKON (PU3WKH: YHUCICHHBIC
METO/IBl PEIICHUS WHTETPAIBHBIX YpaBHECHWW, BapHAIMOHHBIC U
MPOCKIIMOHHBIE METOJIbI PEIICHMsS 3a]ad MaTeMaTH4ecKod (DU3UKH,
METO/Ibl PACIICTIIICHUS;

e (yHIaAMEHTaIbHOE HM3YyYEHHUE BOIPOCOB MOCTPOCHUS, MCCIECIOBAHUS U
MPUMEHEHUSI YHMCJICHHBIX METOJOB PEIICHUS 3a]ady MaTeMaTH4eCKOU
(bU3UKHM, COCTABIISIONIUX TEOPETHUUECKUU (DYHIAMEHT Ji OMUCAHUS U
pa3paboTka  MaTeMaTUYeCKUX  Mojieled  OOBEeKTOB  pa3IM4HOU
(bu3MYECKON MPUPOIBI;

® Hay4dHO-UCCJeNoBaTenbckas pabota B obOmact WHGOPMAIIMOHHBIX
TEXHOJIOTMM M MAaTeMaTHYeCKOW (PHU3MKH, CBSI3aHHOW C BBHIOOPOM
HEOOXOJMMBIX METOJIOB M aJTOPUTMOB, HCIOJB3YEMBIX B Pa3IMYHBIX
TEXHUYECKUX CHCTEMaX;

® U3y4YCHHWE HOBBIX HAy4YHBIX pE3YyJbTAaTOB, HAYYHOH JUTEPATYPHl H
HEIPEPHIBHOMY MPO(heCcCHOHATHFHOMY CaMOCOBEPIIIEHCTBOBAHHUIO.



ObenpodeccnoHanbHbIe KOMIIETEHIIMH BHIITYCKHUKOB M MHIUKATOPbI UX

JOCTHKCHUA:

HaumeHnoBanue kaTeropuu
(rpynmnsi)
o0menpogdeccHOHAIBHBIX
KOMIeTeH Uit

Kon n HanmmeHOBaHHe
o0menpogeccuoOHAILHOM
KOMITeTeHI[HH

Koa n HauMeHOBaHMe HHAMKATOPA
JoCTHAKeHUs 00menpogeccHOHATBHOM
KOMIIeTeHII U

Teoperuueckue u
MIPAKTHYCCKHE OCHOBBI
npodeccuoHaTbHON
NESATCIIBHOCTH

OIIK-1 Cnocoben
KOHCYJIbTUPOBATh U
MCII0JIb30BaTh
dyHIaMeHTalIbHbIE
3HaHUA B 00JaCTU
MaTeMaTUYECKOTO
aHam3a, KOMILJIEKCHOTO U
(YHKIIMOHATIBHOTO
aHaM3a areophl,
AHATUTHYECKOMN
reoOMETPUH,

b epeHnanTbHON
F€OMETPUU U TOMOJIOTHH,
muddepeHnanbHbIX
YPaBHEHHUM, TUCKPETHOMN
MaTEMaTHKH U
MaTEMaTUYECKOM JIOTUKH,
TEOPUU BEPOSTHOCTEN,
MaTEeMaTHYECKON
CTATUCTUKU U CITyYalHBIX
MPOIIECCOB, YUCICHHBIX
METO0B, TEOPETUYECKOMN
MEXaHHUKH B
npodecCHOHATbHON
NEeATEeIIbBHOCTH.

OIIK-1.1 3HaeT OCHOBBI B
00J1aCTH MaTEMATHYECKUX U
(WJIM) €CTECTBEHHBIX HaYK.

OIIK-1.2 ymeer
MCTIOJTB30BaTh UX B
npodeccruoHanbHON
NesITeTbHOCTH.

OIIK-1.3 BiageeT HaBBIKAMH
BBEIOOpPA METOJIOB PEIICHUS
3aja4 MpodecCuOHAITBHOM
NeATEILHOCTH Ha OCHOBE
TEOPETUYECKUX 3HAHUU.




|. CTPYKTYPA U COAEPX KAHUE TEOPETUYECKOM YACTH KYPCA

IV cemectp

MOJAYJIb 1. YpaBHenne nepsoro nopsaka (16 / 0 yac.)
Paznen 1. Meroabl MHTErpUPOBaHMS YpaBHeHUil mepsBoro mopsinka (10 / 0
qyac.)
Tema 1. Iloustue nuddepeHunaibHbIX ypaBHeHuid 1 mopsiazka, oOurero,
YACTHOIO0 pelleHuid, HX TreoOMeTPUYECKOr0 CMbICJIA. YPaBHEHUSI C
pa3aeJsomuMy nepeMmeHabiMu (2 / 0 gac.)
ITepeyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. OCHOBHEBIC ITOHSTHS;

2. 3ajauu, npuBoasImuecs K 1uddepeHIuanbHbIM YPABHEHUSIM;

3. MEeTOJ pa3aesieHus TepEMEHHBIX.
Tema 2. Ognopoanbie ypaBHenus 1 nopsigka (2 / 0 gac.)
ITepeyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. omHOPOJHBIE YpaBHEHUS;

2. ypaBHEHUs, IPUBOASILINECS K OTHOPOJHBIM;

3. 0000IIEHHO-OAHOPOAHBIC  ypaBHEHWS,  3aJadd, MPUBOAAIIHMECT K

OJTHOPOJHBIM YPaBHEHUSIM.

Tema 3. JIuneiinbie ypaBHeHus 1 mopsiaka (2 / 0 gac.)
Ilepeuyenb paccMaTpuBaeMbIX BOIPOCOB:

1. meron Jlarpanxa,

2. Merop bepnymm;

3. CBOICTBa pemnIeHnii JMHEHHOTO U] PepeHITnaTbHOTO yPaBHEHUS;

4. ypaBuenus bepnymm u PukarTu.
Tema 4. YpaBHeHus B noJHbIX auddepeHnUANIaAX, HHTETPUPYIOIIMA
MHOKUTENBb (2 / 0 yac.)
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. xputepuii Komu;

2. TIOHSATHE WHTETPUPYIOIINX MHOXKHUTENEH, UX CBOMCTBA,;



3. MpaKTHYECKOE HaXOXKJIECHUE MHTETPUPYIOIIETO MHOKUTEIS.
Tema 5. YpaBHeHusi, He pa3pellieHHbIe OTHOCUTEJIbHO NPOU3BOAHON (2 / 0
qac.)
Ilepeyennb paccMaTpuBaeMbIX BOIPOCOB:

1. ypaBuenus Buaa F(y)=0;

2. ypaBHeHus Buna F(X, y)=0;

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

4. ypasuenus Buna F(X, Y, y)=0, ciydait oOmieit mapamerpusanmvm;

5. ypasHenue Jlarpanxa u Knepo.
Paznen 2. Teopema 0 CylmiecTBOBAHUM M €IMHCTBEHHOCTH PeLICHUN 3aJa4u
Kommu (6 / 0 gac.)
Tema 1. Teopembl Komm 0 cymecTBOBAaHMM M €IMHCTBEHHOCTH pellIeHHS
3agayu Kommu (2 / 0 yac.)
Ilepeyennb paccMaTpuBaeMbIX BOIIPOCOB:

1. BcoMorarenbHbIC TPEITIOKEHUS;

2. J0Ka3aTesIbCTBO CYIIECTBOBAHUS PEILICHUS;

3. JI0Ka3aTeNbCTBO €IMHCTBEHHOCTH,

4. mpoaoKEeHUE pelieHu

ax + by

———= (2/0y4ac.)
cX +dy

Tema 2. OcoOble TOYKHM YPABHEHHS Y’ =

Ilepedyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. xiaccudukanusi 0coObIX TOUEK, B cllydae Korjaa 4, # 4, ;

2. KiaccuduKkamnus 0ocoObIX TOUCK, B CiTydae Korma A, = 4, ;
Tema 3. /IBa cnoco6a HaxoxkaeHUs1 0coObIX pemenuii (2 / 0 yac.)
Ilepedyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. meron P-muckpUMHHAHTHOW KPUBOW;

2. meton C-aUCKpUMHHAHTHON KPHUBOM;

3. 3aJa4u Ha HAXOXKJICHUE OCOOBIX PEIICHUM.

MO YJIb 2. YpaBHenusi Bbiciux nopsiikos (20 / 0 gac.)

Paznea 1. Knnaccudgukanusi ypaBHeHuil BbIcIIUX NOpsaxkoB (4 / 0 gac.)



Tema 1. YpaBHeHus1 BBICIIMX NOPSIAKOB, HHTErpupyeMble B KBajgparypax (2 /
0 gac.)
Ilepedyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. ypaBuenus Buma F(x, y ™)=0;

2. ypaBuenus Buga F(...y "2,y ™)=0;

3. ypaBuenus Buga F(y "2,y ™)=0;

4. 3a7a4M HAa HaXOXKJEHUE OCOOBIX PEIICHH.
Tema 2. YpaBHeHHUs1 BBICHIUX MOPAJIKOB, I0IYyCKAKIINE MOHUKECHUE MOPAAKA
(2 /0 4ac.)
Ilepeyens paccMaTpuBaeMbIX BOIIPOCOB:

1. ypaBHEHUS, B KOTOPBIX HET apIryMEHTa;

2. ypaBHEHUs, B KOTOPBIX HET (QYHKIIUY;

3. OJIHOPOJHBIE YpaBHEHMS,

4. 00001IEHHO - OTHOPOJIHbIE YPABHEHHS,;

5. YpaBHEHHUS C TOYHOU MPOU3BOHOM.
Pa3znen 2. J/Inuneiinbie ypaBHeHnus n-ro nopsiaka (8 / 0 gac.)
Tema 1. JluHeiliHble ypaBHeHHMs N-ro mnopsiaika. TeopemMbl 0 JIMHEHHOM
3aBHCHMOCTH U He3aBUCUMOCTH pernenui (2 / 0 gac.)
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. moHsTME  JIMHEWHOM  3aBUCUMOCTH U  HE3aBUCUMOCTH  pELICHUH,

onpenenuresb BpoHckoro;

2. Teopema O 3aBHCUMOCTH (DYHKIIHIA;

3. Teopema O JIMHEWHOI He3aBUCUMOCTH PELICHHH;

4. ¢pynnameHTarmbHas CHUCTEMa pEUIEHMH U TeopeMa O CYIIEeCTBOBAaHUU

(byHIaMEHTAIbHON CUCTEMBI pElICHUH.

Tema 2. IlocTpoeHne  JHMHEHOr0  OJHOPOJAHOIO YPABHEHHSA IO
pynapamenTanbHOU cucTteme pemieHuil. @opmyJia JInyBuuiaa-OcTporpaackoro
(2 /0 4ac.)
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:

1. Teopema 0 3aBHCHUMOCTHU «n+1)» pelieHus;



2. TeopeMa O COOTBETCTBMU OJHOPOJHOTO YypaBHEHHUS M (yHIaMEHTaIbHON
CUCTEMBI PELICHUM;
3. MOCTPOEHUE YpaBHEHUS MO0 PYHIAMEHTAILHOM CUCTEME pelIeHUH.
Tema 3. TeopeMbl 0 CTpyKType 001ero pemeHus JUHEHHOI0 OJHOPOJHOIO,
HEOJHOPOAHOTO0 pemeHus (2 / 0 yac.)
Ilepedyens paccMaTpuBaeMbIX BOIIPOCOB:
1. Teopema O CTPyKType OOIIEr0 peHIeHus JUHEHHOTO OJHOPOIHOTO
YpaBHEHMUS.
Tema 4. Ilonm:keHne MOPAAKA B JIMHEHHOM OJHOPOJAHOM H HEOAHOPOAHOM
ypaBHenuu (2 / 0 yac.)
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:
1. moHMXEeHHE MOPSAKA, €CIIM U3BECTHO YaCTHOE PELICHUE;
2. METOJ BapHalliy MPOU3BOJIBHBIX MOCTOSIHHBIX.
Pa3nen 3. YpaBHeHnus ¢ nocTosiHHbIMU K03 dunuentamu (8 / 0 yac.)
Tema 1. IlocTpoenne o01ero pemeHusi TUHHEHHOI0 OAHOPOAHOIO YPABHEHMS
N-ro mopsiika ¢ NOCTOsIHHbIMHA K03 uuuentamu (2 / 0 gac.)
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:
1. ciyd4ail pa3nMYHBIX XapaKTEPUCTUUECKUX KOPHEH;
2. cimydad KpaTHBIX XapaKTEPUCTHUYECKUX KOPHEH.
Tema 2. Iloxdop yacTHOrO peLieHUs JJUHEHHOI0 HEOJTHOPOAHOI0 YPABHEHUS €
NMOCTOAHHBIMHU KO3(duumneHTamMu no Buay npapoii yacrtu (4 / 0 yac.)
Ilepeyenb paccMaTpuBaeMbIX BOIIPOCOB:
1. B ciyuae, Korna npaBasi YaCTh €CTh MHOTOUJIEH;
2. B ciyyae, Korja TMpaBas 4YacTh €CThb OJKCIIOHEHTa, YMHOXXCHHas Ha
MHOTOYJICH;
3. B ciydae, KOT/ia B MPaBOM YacTH €CTh €XP, MHOTOUJICH C SINX U COSX.
Tema 3. YpaBHenue Jiisiepa. IuddepeHunaibubie ypapHeHus: 2 nopsiaka (2 /
0 yac.)
Hcnonb3yst case-TeXHOJOTUH, PACCMOTPUM METOJAbl HHTErPUPOBAHUS

ypaBHeHuU# 2 nopsiaka (ogHopoaHbie). OHU AENATCS 10 TUITY:



o ok WD

HET apryMeHTa—» METOJl y-HOBBIH arg, y-HOBask (QyHKIIHS;

HET (PYHKIIMH — MJIAIIIYI0 TPOU3BOAHYI0 0003HaYaeM 3a HOBYIO;
0000IIICHHO - OAHOPOIHBIE —3aMeHa X=¢€ ', y=u(t) e ";
OJHOPOHBIC — 3aMeHa y=uy, U-HOBas (PYHKIIUS;

C TOYHOM IPOU3BOIHOM — OHIKEHUE MTOPSIIKa,;

HN3BCCTHO OJHO 4aCTHOC — 110 (b}’HI[&MGHT&JII)HOﬁ CHCTCMC.



Il. CTPYKTYPA U COJEP)KAHUE NPAKTUYECKOM YACTH KYPCA
U CAMOCTOSATEJBHOM PABOTBHI
JlaGopaTopHbie padoThI

IV cemectp

1. Yro takoe auddepeHnnanbHoe ypaBHeHue. [IporpaMmbl KOMIBIOTEPHON
anreOpsl Maxima, Mathematica, Maple u ux mpuMeHeHue K perieHuo U
UCCIeIOBaHMIO T (epeHIINATLHBIX YpaBHEHUI. (8 9acoB)

2. BexTopHBIE TIOJIS ¥ TIOJIS] HAMIPABJICHHIA, UX MTOCTPOCHHUE C TIOMOIIIBIO
nporpaMM KOMIBIOTEPHOH anreOpsl. ['eomeTprudeckas HHTepIpeTanus
g hepeHIIMaTFHOTO YPaBHEHUS KaK OIS H30KIMH WM BEKTOPHOTO TOJIS Ha
mwiockoctu. [Ipeacrasnenue o pemenun qudPepeHnanbHOT0 YPaBHEHUS IO UX
BEKTOPHBIM TOJIsIM. (8 "acoB)

3. OGuee pemenue aAuddepeHuaILHOr0 ypaBHeHUs 1-ro mopsiika.
HaxoxaeHue Takux pemeHnid ¢ TOMOILBIO MPOrpaMM KOMITbIOTEPHOU anreOphl B
"aHanuTHyeckoM Bujie". (8 yacoB)

4. IlpubnmxeHHoe YHCIIeHHOE petieHue 3anauu Komm st
nuddepeHIMaTbHBIX YPaBHEHUH MIEPBOTO MOPSIAKA C MTOMOIIBI0 TPOrpaMM
KOMITBIOTEPHOM anreOpsl. (8 4acoB)

5. Crenenue 3amaun Komm mist nuddepeHImanbHOro ypaBHEHUS K
WHTETPAIbHOMY YpaBHEHUIO. TOUHOE U IPUOJIMKEHHOE PEIICHNE TaKUX
UHTETPajbHBIX YPABHEHUI C MIOMOIIBIO MMPOrPaMM KOMITBIOTEPHO#M aiareopsl. (8
4acoB)

6. Ocobbie Touku nuddepeHIanbHbpIX ypaBHeHnd. Ux kmaccudukarms.
Omnpenenenue TUNa 0cO00M TOYKHU MO BUIY BEKTOPHBIX MOJIeH BOJIU3U TaKOU
ToukH. [ [ppMeHeHNE MporpaMM KOMITBIOTEPHOM alnreOphI 71 TAaKUX
uccienoBanuii. (8 4acos)

7. VpaBuenus $n$-ro nopsaka. Mx reomerpudeckas MHTEPIPETALIUS.
[Tonmkenue nopsaka. Perenue ¢ moMoupio nporpaMM KOMITbIOTEPHOU areOphl.
Caegnenue k cucreme auddepeHInalbHbIX ypaBHEeHUH. (8 yacoB)

8. Jluneiinbie ypaBHeHHs $n$-ro mopsijaka v UX peUIeHUE C MOMOIIIBEO

porpamMM KOMIIbIOTEpHOH anreOphl. (8 yacos)



9. Marpuna iuneitHoro muddepeHnnanbHoro ypaBHeHUs. J[elicTBus C
MaTpUIIAMHU U UX UHBAPUAHTHI. BhIUKCIIEHUS C MOMOILBIO TPOTrpaMm
KOMIIBIOTEPHOM areOpsl. (8 yacos)

KonTposbHbIe padoThI
IIpuMepsbl KOHTPOIBLHOI padoThl Nel mo Teme «/IuddepenuunanbHbie
ypaBHeHusi 1 mopsiaka»
Bapuanr 1

OnpenenuTs TUN YPABHEHUS U PELIUTH €T0: yy' = xy +1
OnpenenuTs TUI YPABHEHUS U PEUIUTH €T0: Y =2X+y+1

OmnpenenuTh THI YPaBHECHUS U PELIUTH €ro: Xy' =X +2y

> w o

OnpenenuTp TUII ypaBHEHHS U PEIINUTh €T0: (x2 + ey)dx+(xey + Zy)dy =0

5. OnpenenuTh THIT YPaBHEHUS U PEIIUTH €ro: Xdy — ydx = Xy/x* + y*dx

Bapuanr 2

1. Omnpenenuts THIT ypaBHEHHS U PEIIUTH €T0: Xy = X° +Y*

2. OnpenenuTh TN YPaBHEHUS U PEIIUTH €ro: Xy’ =e* +Xy

3. OnpenenuTh TN ypaBHEHUS U PELIUTH €rO: (2xy—4x3)dx+(x2 + yz)dy =0
4. OnpenenuTb TUI yPaBHEHUS U PELINTb €T0: (XCosy+sin2y)y' =1

5. OmnpenenuTs TUI YPaBHEHUS U PEIIUTh €T0: (x —yCos X) dx+xcos Y dy=0
X

X

Bapuant 3

1. Ompenenuts TUN ypaBHEHHS U PEIIUTH €ro: (X—1)y' +xy=0
2. OmnpenenuTb TUI yPAaBHEHUS U PEIIUTD €r0: (X+Y)y =y—X
3. OmpenenuTs TUI YPaBHEHUS M PEIIHTH ero: (x—1)dy = (x2 - y)dx

4. OnpenenuTs TUN YpaBHEHUS U PEIIUThH €T0: Y- xy' =2
X+ Yy

5. OmnpenenuTs TUN YpaBHEHUS U PEIIUTh €T0: (2xy2 - y)dx+ xdy =0

Bapuanr 4



OnpenenuTs TUN YPAaBHEHMS U PELIUTH €T0:
OnpenenuTs TUN YPAaBHEHHS U PELIUTH €r0:

OnpenenuTs TUI YPAaBHEHHS U PELIUTH €r0:

OnpenenuTs TUN YPAaBHEHHS U PELIUTH €r0:

OnpenenuTs TUN YPAaBHEHMS U PELIUTH €r0:

Bapuanrt 5

OnpenenuTs TUN YPAaBHEHMS U PELIUTH €r0:

OnpenenuTp TUII ypaBHEHHS U PEIINTH €T0:

OnpenenuTp TUII ypaBHEHUS U PEIINUTH €T0:
OnpenenuTs TUIl YPAaBHEHMS U PELIUTH €T0:

OnpenenuTp TUII ypaBHEHUS U PEIINTH €T0:

y'tgx—y=3
2nyr — X2 + y2
(cosy—xtgy)y'=1

(x— ycoszjdx+xcosldy =0
X X

y'+2xy" =2xy
(x+y)y' =4y-2x+6

Xy +xy =(x+1)y’

%:(i—ijdy
XY

xy' = ZW cos—2y

IIpuMepbI KOHTPOILHOM padoThl Ne2 o TemMe «YpaBHEHUs1, HE

PAa3pPECIICHHBLIC OTHOCUTECIBHO I[pOPBBOIlHOﬁ»

BapuanTt 1

Pemnth ypaBHEHUE U yKa3aTh €ro 0COObIE PEIICHUS, €CIIM OHU UMEIOTCS:

y' +2xy° = 2xy

Pemnth ypaBHEHUE U yKa3aTh €ro 0COObIE PEIICHUS, €CIIM OHU UMEIOTCS:

’

y12_|_ex =yy

Pemmnth ypaBHEHUE U yKa3aTh €ro 0COObIE PEIICHUS, €CITM OHU UMEIOTCS:

(xy’+ y)Z _ Xzy,

Pemmth ypaBHEHHE U yKa3aTh €ro 0COObIE PEIICHUS, €CJTU OHU UMEIOTCSI:

2xy'—y=siny’

Pemmnth ypaBHEHHE U yKa3aTh €ro 0COObIE PEIICHUS, €CITM OHU UMEIOTCS:

y =YL+ y?

Bapuanr 2



Pemute ypaBHEHME 1 yKa3aTh €T0 0COOBIE PEIICHUS, €CJIM OHU UMEIOTCS .
9y”? —4y°* =0
PemuTe ypaBHEHHE 1 yKa3aTh €T0 0COOBIC PEIICHUS, €CIIM OHU UMEIOTCS .
xy'+y=Iny’
Pemmnth ypaBHEHHE U yKa3aTh €ro 0COObIE PEIICHUS, €CIIM OHH UMEIOTCS
y13 _ y/ez>< -0
Pemnth ypaBHEHHE U yKa3aTh €ro 0COObIE PEIICHUS, €CIIM OHH UMEIOTCS
2y'=x+Iny’

Pemmnts ypaBHEHHE M YKa3aTh €r0 0COOBIE PEIIECHHS, €CIIM OHU MMEIOTCS:
Xy’ =2y + 1+ y¥

Bapuanr 3
Pemuth YPaBHCHHUC U YKA3aThb €TI0 0COOKBIE pC1ICHUs, €CJIM OHHM UMCHOTCAL.
y13 _ yleZX -0
Pemuth YPaBHCHHUC U YKA3aThb €TI0 0COOKBIE pe1IcHUs, €CJIM OHU NMCHOTCA.
y=2xy'—y"
Pemuts YPaBHCHHUC U YKA3aThb €TI0 0COOKBIE pe1IcHUs, €CJIM OHU NMCHOTCA.
y=(xy'+2y)
Pemmth ypaBHEHHE 1 yKa3aTh €ro 0COOBIC PEIICHUS, €CITM OHH UMEIOTCS
Y (y-xy')=xy
Pemnth ypaBHEHUE U yKa3aTh €ro 0COObIE PEIICHUS, €CJTU OHU UMEIOTCSI:

X2 (y_ Xyr) = yy®2

Bapuanr 4
Pemnte ypaBHEeHUE U yKa3aTh €r0 0COObIE PEILIEHUS, €CJIM OHU UMEIOTCA:
xy® =y +1
Pemnte ypaBHEeHUE U yKa3aTh €r0 0COObIE PEILIEHUs, €CJIM OHU UMEIOTCA:
y=xy'—3y”

Pemute ypaBHEHHE 1 yKa3aTh €T0 0COOBIC PEIICHUS, €CJIM OHU UMEIOTCS .

y=(xy'+2y)’



4. Pemuth YPAaBHCHHC U YKA3aThb €TI0 OCO6BI€ pemcHus, CCJIn OHA UMEKOTCA.
yz + X2y15 _ Xy(y;z + y13)

5. Pemmth ypaBHEHUE U YKa3aTh €ro 0COOBIE PEIICHNUs, €CITH OHU UMEIOTCSL:

13

(y- 2xy’)2 =4yy

Bapuanrt 5

1. Pemmth ypaBHEHHE U yKa3aTh €r0 0COObIE PEIICHUS, €CIIM OHU UMEIOTCS
xy”? =2yy’ —x

2. Pemmth ypaBHEHUE U YKa3aTh €ro 0COObIE PEIICHNUs, €CIT OHU UMEIOTCS:
y? +4y =2xy’ + x°

3. Pemmth ypaBHEHUE U YKa3aTh €ro 0COOBIE PEIICHNUs, €CITM OHU UMEIOTCS:
X2y2 4 y? = (2_ yy,)

4, PemuTh ypaBHEHHE U yKa3aTh €ro 0COObIC PEIICHUs], €CJIM OHU UMEIOTCS .
ye+(y? -2y )x=3y' -y

5. Pemutn YPaBHCHHUC U YKA3aTb €TI0 0COOEBIe pe1IcHus, €CJIM OHU NMCHOTCA.

12

(xy'— y)2 Y
X
IIpumepsnl KOHTPOJILHOM padoThl Ne3 o TeMe «YpaBHeHHS BbICIIMX
MOPSAKOB»
Bapuanr 1

1) y"—3y"+3y'—y=0.

" ' 1
2) Yy =—r".
SIn X

3) y' -4y +5y=1+8cosx+e’*.

4) y" -2y’ +2y=(x+e*)sinx.

5) A=ly=ly, A=l =i, k=2 =-i.

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

Bapuanr 2

1) y" —5y"+4y=0.



2) yﬂ_ y! —

e*+1’

3) y"+4y=¢*+4sin2x+2cos’ X.

4) y"+y' =sinx xcosX .

5) A=4=1, =4, =4=1+i, =4, =4, =1-i.

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

Bapuanr 3

1) y"—3y' +2y=0.

2) y'+y= :
) YTy cos® x

3) y' -2y -3y =2x+e* —2¢e*,

4) y"—-2y"+4y -8y =e"*sin2x+2x".

5) h=4=4=2, =4 =1+2i, A=1,=1-2i.
6) A, =4, =-11, A, =11+12i, 4, =11-12i, y:%+sin3x.

Bapuanr 4
1) y"—8y=0.
1

2) Y"“‘y:m-

3) y+y =x*—e*+e*.

4) y" +y"=7x —3c0SX.

8) h=A=A=-1, A=A =2, dy=72=-2i.

6) 4 =4, =11, 4, =11+11i, 4, =11-11i, y:—%+e4x.

Bapuaur 5

1) ymu _ 6y1 + 9ym =0.

X

2) y'-2y+y=

x> +1
3) y'+Yy =cos’x+e*+e”.

4) y"—y"—y +y=3e"+5xsinx.



B) A=dy=2, Ay=Ai=ls =31, A=l =Ay=-3.

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



I1l. YYEBHO-METOANYECKOE OBECIIEYHEHHUE
CAMOCTOSATEJBHOMN PABOTHI OBYUAIOIIUXCS

V4yeOHO-METOTUUECKOE

oOydJarommxcss 10

YPaBHCHU IIPCACTABICHO B pa3aciic «CDOHI[ OICHOYHLBIX CPCACTB» U BKIIIOYACT B

JUCHUITIINHE

obecrieyeHue

«OOBIKHOBEHHBIE

CaMOCTOSITCJIBHOM

g depeHnanbHbIe

ceost:

e 1aH-Tpa@uWK  BBINIOJHEHUS  CAMOCTOSITEIBHOM  paboThI
AUCHUILIMHC, B TOM YHCIIC IIPHUMCPHBIC HOPMBI BPCMCHH Ha
BBIIIOJIHCHHUC I10 KAXKIAOMY 3adHUTIO,

® XapaKTepUCTHUKA  3aJaHud IS CaMOCTOATENIbHOM  pabOThI
O6yanOH_II/IXC$I U METOANYCCKHUEC PCKOMCHAAIWH 10 UX BBIIIOJIHCHUIO,

L4 TpC6OBaHI/ISI K IMOpCaACTABJICHUIO U O(i)OpMJICHI/IIO PE3YJIbTAaTOB
CaMOCTOSITEJIbHON pabOThI;

® KPUTEPUU OLICHKHU BBINOJHEHUS CAMOCTOSITEIbHON PabOTHI.

IV. KOHTPOJIb JOCTUXEHUS LHHEJIEU KYPCA
Ne KonTpoaupyemsie Ko u HaumeHoBanue OueHovHbIE CpeacTBA
n/n pasaensl / TeMbl HHIMKATOPA I0CTHAEHUS [ oy iyii KONTPOIL | POMEKYTOUHAS
AMCHMILTAHBI aTrecTanus

1. | uddepennmansa | ONK-1.1 3HaeT [Tposepka [MoxroroBka k
bIe ypaBHEHHUS | JOMAITHUX KOJUIOKBUYMY
opsiiKa ¢ OIK1.2 Veer 3amanuil Ne 1 Ne 1
pa3AemsAIoIUMUCS
NepEeMEHHBIMH.

OnHopoaHBIE OIIK-1.3 Braneer
YpaBHEHHUS.

2. | JIuneitHble OINK-1.1 3HaeT ITpoBepka IMoxroroska k
ypaBHeHus 1 JOMAIITHUX KOJIJIOKBHYMY
nopsiJiKa OITK-1.2 VMeer 3aanmii Ne 2 No 1
YpaBHeHue
bepuymu. OIK-1.3 Braneer

3. | YpaBHeHnue B OINK-1.1 3HaeT [IpoBepka [Tonroroska k
TTOJTHBIX JIOMAIITHUX KOJIJIOKBHYMY
muddepennuanax. | OMK-1.2 VMeer 3amannii Ne 3 Ne 1
WNHuTterpupyrommuit

paboThI




MHOXKHUTEb. OIIK-1.3 Brnaneer
4. | Teopema Komu. OINK-1.1 3HaeT [IpoBepka [MonroroBka k
3amgaun Komm. JOMAITHUX KOJUIOKBUYMY
OIIK-1.2 VYmeer 3aganuid Ne 4 Ne 1
OIIK-1.3 Bianeer
5. | KonrponbHas OINK-1.1 3Haet ITposepka k/p Ne 1
paborta Ne 1
OIIK-1.2 VMmeeT
OIIK-1.3 Bianeer
6. | dudpdepenmmanpa | ONK-1.1 3HaeT [IpoBepka [MonroroBka k
bI€ YPaBHEHHUS JOMAITHUX KOJUIOKBUYMY
Hepa3pelieHHbIC OIIK-1.2 VMeeT 3aganuii Ne 5 Ne 1l
OTHOCHTEJBEHO
MIPOU3BOAHOM. OIIK-1.3 Brazeer
7. | JIBa cnocoba OIK-1.1 3HaeT ITpoBepka [MoxroroBka k
HaXOK/ICHHS JOMAITHUX KOJUIOKBUYMY
0co0bIX pemreHuid. | OIK-1.2 VYMmeer 3amannii Ne 6 Ne 1
OIIK-1.3 Bianeer
8. | KonrponbHas OINK-1.1 3HaeT ITposepka k/p Ne 2
pabota Ne 2
OIIK-1.2 VMmeerT
OIIK-1.3 Bianeer
9. | KommokBuym Ne 1 | OIK-1.1 3HaeT [MpoBepka
kosutokBryma Ne 1
OIIK-1.2 VMmeerT
OIIK-1.3 Bianeer
10. | JIuneiinbie OINK-1.1 3HaeT [TpoBepka [MoxroroBka k
ypaBHEHHsI N-0r0 JOMAITHUX KOJUIOKBUYMY
MopsiIKa. OLIK-12 Vicer 3agaguii Ne 7 Ne 2
3aBUCHMOCTb,
HE3aBHCUMOCTb
pEILIECHUN. OIIK-1.3 Brnaneer
11. | IlonmxeHue OINK-1.1 3HaeT IIpoBepka [Tonroroska k
MOPSIIKa B JIOMAITHUX KOJUTOKBUYMY
JIMHEHHOM OTK-12 Vieer 3amannii Ne 8 Ne 2
OJTHOPOJTHOM
ypaBHEHHH N-0T0
nopsaka OIIK-1.3 Brnageer




12. | duddepenmmansu | OHIK-1.1 3HaeT ITpoBepka [Toaroroska
bIC YPaBHCHUS 2- JIOMAIITHUX KOJIJIOKBHYMY
Oro MOpsJKa, OIIK-1.2 YMeer 3aganuii Ne 9 Ne 2
pa3HbIC METOJIbI
WHTETPUPOBAHMUSL. OIlK-1.3 Buageer
13. | duddepenmmansu | ONIK-1.1 3HaeT [IpoBepka [ToaroToBka k
bIC YpaBHCHHUS 2- JOMAITHUX KOJUTOKBUYMY
OTr0 TIOPs/IKA. OIIK-1.2 YmMmeer samannii Ne 10 Ne 2
OIIK-1.3 Bnaneer
14. | UnTerpupoBanue OIK-1.1 3HaeT [IpoBepka [ToaroToBka k
OJTHOPOTHBIX JOMAITHUX KOJUTOKBUYMY
ypaBHEHHUM N-0T0 ONK-12 Vireor 3agagmii Ne 11 Ne 2
TIOPSIIKA C
MTOCTOSTHHBIM
K03 pHIreHTOM OIIK-1.3 Brnaneer
15. | UnTerpupoBanue OINK-1.1 3HaeT [IpoBepka [MoxroroBka k
OJTHOPOIHBIX JIOMAIITHUX KOJJIOKBHYMY
ypaBHEHUI N-0r0 OIK-12 Vareor 3amanmii Ne 12 Ne 2
nopsijiKa ¢
MTOCTOSTHHBIM
kod(purmenTomMm OIIK-1.3 Bianeer
16. | UaTterpupoBanue OINK-1.1 3HaeT [IpoBepka [MonroroBka k
HEOTHOPOIHBIX JIOMAIITHUX KOJJIOKBHYMY
ypaBHEHHI N-0T0 OIlK-1.2 Ymeer 3amaamii Ne 13 Ne 2
nopsiiKa
OIIK-1.3 Bnaneer
17. | KouTponbHas OINK-1.1 3Haer ITpoBepka k/p Ne 3
paborta Ne 3
OIIK-1.2 VMmeer
OIIK-1.3 Bnaneer
18. | KomnokBuym Ne 2 | OIIK-1.1 3HaeT ITpoBepka
KoJutokBuyma Ne 2
OIIK-1.2 VMmeer
OIIK-1.3 Bnaneer




V. CIHCOK YYEBHOM JIUTEPATYPbI U TH®OPMAIMOHHO-
METOIUYECKOE OBECIIEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTEeparypa
1. HM. MarseeB Meroasl mnrerpupoBanuss OJ[Y. M.: Beicmias mkoda,

2012, 545c.

2. B.B. CrenanoB Kypc nuddepennmansapix ypaBHenuil. M.: T'oc. u3a-Bo
¢buz.-mat. mureparypsl, 2013, 465¢.

3. JI.C. Tloutpsirun OObIkHOBeHHBIE AuddepeHnnanbabie ypaBHeHUsA. M.:
Hayxka, 2012, 328c.

4. A.®. OununmoB COoopHUK 3a1a4 10 U PepeHInaIbHBIM YPaBHEHUSIM.
M.: Hayka, 2014 128c.

5. P.II. [lleneneBa OObikHOBeHHbIE AU depeHInanbabie ypaBHeHus. M3n-Bo
JIBT'Y, 2012, 210c.

JlonoiHUTeIbHAS JJUTepaTypa

1. JI.3. Dnbcronbu. duddepennmansusie ypasaenus. //M.: U3n-Bo Tex.-
Teop. muTeparypsl, 2012,

2. FO.H. bubukoB. OOmuii kypc oObIkH. aud-x ypaBHeHui. // U3na.
Jlenunrpasackoro yauBepcuteta, 2014, 231c.

3. P.I1. lleneneBa MeTouueckue ykazaHusi K CaMOCTOATENIbHOU paboTe
no teme «l'onomopdHbe (QYHKIIMHU OT MATpPUI] U UX NPUIOKEHHSI» B Kypce
«OObikHOBeHHbIE  AuddepeHuunansupie  ypaBHeHus»  WUMuKH.  U3n-Bo
JlanpHEBOCTOUHOTO YHHBEpcuTeTa, 2012r.

4, P.II. IleneneBa OObIkHOBeHHBIE au((epeHInanbHble ypaBHEHUS.
Wzn-so /IBI'Y, 2012, 210c.

d. I'.T". IypuoB CoopHuk 3aganuii mo auddepeHmaibHbIM YPaBHECHUSIM
Jluneitasie cuctemsl, JIBI'Y 2013.

6. E.B. Koctiouenko, E. I'. Ilpunenkuna Ilocobue 1o pelieHuto
OOBIKHOBEHHBIX U (PepeHInanbHbIX ypaBHEHUH, u3-BO JlaabHEBOCTOUYHOTO

yHuBepcureTa, 2014 r.



7. ['.I'. AypHoB MeTonuyeckue yka3aHusi K KOHTPOJIbHBIM paboTaM, U3-
BO JlambHEBOCTOUYHOTO yHUBEpcuTeTa, 2014.

8. [llenenena P.I1. MeTtoauueckue ykazaHHus K CaMOCTOSATEIIBHOU paboTe
u 3amganusg (tembl 1 u 2) mo kypcy «duddepenuunansusie ypaBHeHus». WU3-Bo
AB®Y, 2014 r.

Q. [llenenesa P.I1. Metoauueckue yka3zaHHsl K CaMOCTOSITENIbHON padoTe
u 3amganus (Tembl 3 u 4) mo Kypcy «auddepeHunaibible ypaBHeHuUs». M3-Bo
AB®Y, 2014 r.

10. IHemenea P.I1. MeTtoanueckue yka3aHus K CaMOCTOATEILHON paboTe
U 3anaHug (TeMbl 5 m 6) mo kypcy «auddepeHuuanbabie ypaBHeHUs». M3-Bo
JAB®VY, 2104 r.

11. IllemeneBa P.Il. YuyebHOo — MeTomuueckoe nocooue «OnepanuoHHOE

ncuucienue». M3narenscto [ABDY, 2013.



VI.METOOANYECKHUE YKA3AHUSA 10O OCBOEHUIO JTUCHUITJINHBI

Jisi  yCIemHoro JOCTHKEHHsI Y4YeOHbIX mejield 3aHATHH T0JKHbI
BBINIOJIHATHLCS CJIeAYIOIHE OCHOBHBbIE TPEOOBAHUS:

- COOTBETCTBUE JEHUCTBUI 00YyYaIOIUXCSl paHEEe N3yUYEHHBIM Ha JIEKIMOHHBIX
Y CEMHHAPCKUX 3aHATUAX METOJUKAM U METOIaM.

- MAaKCUMaJlbHOE€ TNPUOJMKEHUE JEUCTBUU CTYIEHTOB K pEabHBIM,
COOTBETCTBYIOIIUM OyIyHIUM (GYHKIIMOHATBHBIM O0SI3aHHOCTSIM.

-mosTanHoe (OpMHUPOBAHNE YMEHUN U HABBIKOB, T.€. IBIKEHUE OT 3HAHUHA K
YMEHHUSIM U HaBbIKaM, OT MPOCTOTO K CIOKHOMY U T.J.

- UCIOJIb30BaHUE IMPHU pabdoTe Ha TPEHA)Kepax WM JIEUCTBYIOIICH TEXHHUKE
(hakTUYECKUX IOKYMEHTOB, TEXHOJOTUUECKUX KapT, OJIAHKOB U T.II.

- BBIpa0OTKa MHIUBUIYATbHBIX U KOJUIEKTUBHBIX YMEHUN U HABBIKOB.

- pacrpeneneHue BpeMEHH, OTBEJICHHOTO HA 3aHSTHE, HA PELICHUE KaxKI0i
3a7a4u;

- moAdOp WILTIOCTPATUBHOTO Marepuaia (rpadukoB, TaOIUIl, CXEM),
HEOOXOJIMMOr0 JIJIsl PEIICHUs 3a7ay, MPOJAYMbIBAaHUE PACTIOJIONKEHUS PUCYHKOB U
3aIMcei Ha JOCKeE.

CTyaeHT 10JIKeH:

- HAy4YUThCS pabOTaTh C KHUTOM, IOKYMEHTAIlMEeH U CXEMaMH, TI0JIb30BaThCS
CIIPAaBOYHOU U HAYYHOM JIUTEPATYPOM.

- (dopMUpOBaTh yMEHHUE YUYUTHCS CAMOCTOSITEIBHO, T.€. OBJIaJeBaTh
MeTOJaMU, CIocodaMu U TNpuUeMaMu caMOOOy4eHHUs, CaMOpa3BUTUS U
CaMOKOHTPOJISI.

Ha nexnusx npenojaBatenb OOBSICHSET TEOpETUYECKU MaTepuan. BBoaut
OCHOBHBIE TIOHSITHSI, OIpeNeNeHus, cBoiicTBa. DOpMyIUpPyeT U JOKa3bIBAET
teopembl. [lpuBogutr mnpumepsl. HeoOxoammo momnepKuBaTh HENPEPHIBHBIN
KOHTAaKT C ayJUTOpUEN, OTBEUaTh HAa BO3HUKAIOIIME y CTYACHTOB BONpockl. Ha
MPAKTUYECKUX 3aHATUSAX TMPENojaaBaTelib pa30oupaeT NMPUMEPHI MO MPOHJICHHOU

TeMe. Bo BTOpoil wacTM 3aHATUS CTyJEHTaM Mpejjaraercs padoTrarh



CaMOCTOSITEJILHO, BBIIOJHSS 33qaHus 1Mo Teme. IIpermomaBaTenb KOHTPOJIUPYET
paboTy CTYJCHTOB, OTBEUAET HAa BO3HHKAIOIIME BOIIPOCHI, TOJCKA3bIBACT XOJ U
MeTOA pemieHus. Ecniu  3HAHWH, TONYYEHHBIX B ayJUTOPUH, OKa3ajloCh
HEJOCTAaTOYHO, CTYJICHT MOYKET CaMOCTOSTEIBHO IMOBTOPHO IPOYUTATH JICKITHIO,
IPOCMOTPETh TMPAKTHKYM C Pa300paHHBIMH IMPUMEpPaMH, KOTOpbIE COOpaHbI B
nzydaeMoMm Kkypce B cucteme blackboard dvfu. ITocnme BeimonHeHuUst 3amgaHusd,
CTYJACHT OTIPABJIICT €ro Ha IPOBEPKY IPEIOJaBaTeIi0 B COOTBETCTBYIOIIEM
«Haznauenun». PabGora nomkHa ObITh oTocimaHa B ¢dopmare PDF omgaum
JTIOKYMEHTOM. [To maHHOMY Kypcy pa3paboTaHbl METOJIWYCCKUE YyKa3aHW,
KOTOpBIe BEUTIOKEHBI B crcteMe blackboard dvfu B cootBeTcTBYyIOIIIEM paserne.

ITo naHHOMY KypcCy pa3padoTaHbl clIeaylollee MeTOANYeCKHe MOCOOHSI

3,68, 9,10, 11]



VIl. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE

JANCHUITJINHBI

Jlektuu no aucuurimHe «OOBIKHOBEHHBIE TH(QepeHIInanbHbe YPaBHECHUS

IIPOBOJATCA B My.TII)TI/IMGIII/IﬁHLIX AyauToOprsX, OCHAIICHHBIX COOTBCTCTBYIOIIHUM

COBpPEMEHHBIM 00OpyAoBaHHEM. JIjii OpraHu3alil CaMOCTOSITENbHOW paboThI

CTYACHTBI TaAKKC IIOJIB3YIOTCA COOCTBEHHBIMU IICPCOHAJIBHBIMU KOMIIBOTCpAMU U

YUTAIBHBIMU 3aJIaMH Hay4HOU Oubnmoteku /[BOY.

HauMeHoBaHHne
000py/10BAHHBIX
NOMelIeHUH U MoMeIleHUu i
JJISl CAMOCTOSTEIbHOM
padoThl

Ilepeyenb 0CHOBHOTO 000pPYyAOBaHMS

MynsTuMenuiHas
ayIUTOpHUSs

OkpaH c anekTpornpuBogom 236*147 cm Trim Screen Line;
ITpoextop DLP, 3000 ANSI Lm, WXGA 1280x800, 2000:1
EW330U Mitsubishi; IToacucrema crieruaain3npoBaHHbIX
kperieHnii o6opynosanuss CORSA-2007 Tuarex; [Toncucrema
BUJICO KOMMYyTaluu; [lojcucremMa ayJiuo KOMMYTAIUU |
3BYKOYCHJICHUS; aKyCTHUYECKasi CUCTEMA JUISI [IOTOJIOYHOTO
monTaxka S| 3CT LP Extron; mudposoit ayauno mporueccop
DMP 44 LC Extron; 6ecipoBoansie JIBC anst o0yqarommxcs
obecrieueHbl cucTeMoii Ha 6a3e Touek jgoctymna 802.11a/b/g/n
2x2 MIMO(2SS).

UuransHsele 3a51b1 Hayunon
oubnuorexku [IBDY ¢
OTKPBITBIM JOCTYIIOM K
dbouay (kopnyc A - ypOBEHb
10)

Momno60x HP ProOme 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

Ckopoctb noctyna B Matepuer 500 M6ut/cek.

Paboune mecra ju1s Mroel ¢ OrpaHUYEHHBIMH BO3MOKHOCTAMU
3JI0POBbsI OCHAIIIEHBI JUCIIIESIMU U PUHTEpaMu bpaiins;
000pyI0BaHBI: MOPTATUBHBIMU YCTPONUCTBAMU JJIS1 UTCHUS
IUIOCKOTIEYATHBIX TEKCTOB, CKAHUPYIOLUUMH U YUTAIOIIUMHU
MalllMHaMH BUJIEO YBEIMUYUTEIEM C BO3MOKHOCTBIO PETYIISIIUU
I[BETOBBIX CIIEKTPOB; YBEIUUYHUBAIOLUIMMHU 3JIEKTPOHHBIMU
JTYTIaMH | yJIbTPa3BYKOBBIMA MapKHUPOBIIHKAMU




Vill. ®OHAbI OHEHOYHBIX CPEACTB

IIkana oneHUBaHUSA YPOBHS C(POPMHUPOBAHHOCTH KOMIIETCHI[MA 110

aucurIiuie «O0bIKHOBeHHbIE TU(depeHIHATbHbIe YPABHECHUSD)

Koa u dranbl popMUPOBAHUS Kpurepun IMoka3arenu banabi
¢opmysanpos KOMIeTeHIUH
Ka
KOMIETEeHIHH
OIIK-1 3HAET [Topsimok 1 CyIIHOCTD 3HaHUe CrocoOHOCTh 1aTh 61-75
(moporoB | (GOpMYITHPOBKH OIIPENIEIICHUN, OIpeleICHUS
bIf MOHSATHUH, ONPE/ICICHUIT | OCHOBHBIX MOHSATUM | OCHOBHBIX IMOHSITHI
YPOBEHB) | U TEOPEM, aKTYaJIbHOCTh | MU depeHanbibl | JudQepeHIraTbHbIX
TEOPETUYECKON U X YpaBHEHHIA; yYpaBHEHHUH.
[IPaKTUYECKON OCHOBHBIX 3aKOHOB | CriocOOHOCTH
3HAYUMOCTHU UX €CTECTBEHHOHAYYH | MEPEUUCITHUTH
MIPUMCHCHUS B BIX UCTOYHUKHU
HCCIICIOBAHUX. (MaTemMaTHYEeCKUX) | MH(POPMAIIHH.
OO0 OCHOBHBIX MOHATHAX | JUCIUIUIMH U UX Cnoco6HOCTh
nuddepeHIaTbHBIX poJiu B paboTHI C
ypaBHEHU U MPOPECCHOHAIBHON | KOMIIBIOTEPOM, KaK B
JESITEIIbHOCTH. couuanbHOM cdepe,
TaK U B 00JacTu
MO3HABATEJILHOMN U
pohecCuOHATLHOM
JIESITEIbHOCTH.
ymeer | [IpoBoauts YMmenue CnocoGHOCTh 76-85
(mponaBH | CClEeOBaHUE B MPUMEHSITh CaMOCTOSITENTEHO
HYTBIH) | COOTBETCTBHUH C MOJTyYEHHBIC U3YYUTh
MOCTABIICHHOM LIEJIbIO M | 3HAHUS JUJIS JI0Ka3aTeNbCTBO
3aJla4aMH, OTIPEACISATh | PEIICHUS HEKOTOPBIX TOHATHH
JIOTUKY MPOBEACHUS MaTeMaTHYeCKHUX MaTeMaTHUKH.
HUCCJIEIOBAHUS 3ajad, Croco0HOCTD
OTHOCHUTEIIBHO OIEHKH | UCIOJIb30BaTh MPUMEHSITh
3¢ (HEeKTHBHOCTH MaTeMaTHYECKUAN W3YYCHHBIC METOJIbI

OU3HEC-TIPOEKTOB.

A3BIK U CHMBOJIUKY
IIPU IOCTPOCHUU
MOJICIICH;
00pabaThIBaTh
HMIIUPHYECKUE U
AKCTIEPUMEHTATBHBI
€ JTaHHbIe,
MPUMEHSITh METOIBI
g depeHIaIbHbI
X YPaBHEHUH U
MOJIETTUPOBAHUS,
TEOPETUYECKOIO U
AKCIIEPUMEHTAIBHO
IO UCCIIEJJOBAHHUS.

peleHus s
HECTaHAaPTHOTO
peleHus
TIOCTaBJIEHHBIX
3ajau.
CrnocoGHOCTh
000CHOBAThH
BbIOpaHHBINA METOJ
pereHus.




BJIa/IeET
(BBICOKH

i)

Nuctpymentamu u
METOJIaMU TIPOBEACHHUS
HCCIICIOBAaHUM,
METOJIaMU aHAIN3a U
000CcHOBaHUS

3¢ (HeKTHBHOCTH
OM3HEC-TIPOCKTOB,
KOMITBIOTEPHBIMU
porpaMMaMu.

Bnanenue
MaTeMaTHYECKIMHU,
CTaTUCTHYECKUMHU U
KOJIMYECTBEHHBIMU
METOJaMH PeIICHUS
TUIIOBBIX
OpraHU3aIMOHHO-
YIpaBICHUYECKUX U
Hay4HBIX 3ajady,
BIIQJICHUC
HaBBIKAMH pabOTHI
C KOMITBIOTEPOM,
KaK B COLIMAIbHOHU
cdepe, Tak U B
obnactu
IM03HABATCILHOM 1
po¢eCCHOHATBHON
JIeSITCIIEHOCTH.

CriocoOHOCTh
YBEPEHHO BJIAJIETh
MaTeMaTHYEeCKHMHU,
CTaTUCTUYCCKUMU U
KOJIMYECTBEHHBLIMU
METOJIaMU PEIICHHS
THIIOBBIX
OpTraHU3aI[IOHHO-
YIPABICHUYECKUX U
HAy4YHBIX 3a7a4.
CriocoOHOCTE Oeryio
¥ TOYHO MIPUMECHSATH
TEPMHUHOJIOTHICCKUI
anmnapar IpeIMEeTHOU
obnactu
HCCIICIOBAHUS B
YCTHBIX OTBETaxX Ha
BOTIPOCHI U B
MMUCHbMEHHBIX
paborax.

86-100

IIkaJsia u3mMepennsi ypoBHs ¢hopMHUPOBAHHOCTH KOMIIETEHIIU I

Hroroserii Oamn

1-60

61-75

76-85

86-100

Orenka (sITHOaIbHAS 1K)

2 (He3auTeHO)

3 (3auteHo0)

4 (3auTeHO)

5 (3auTeHo)

YpoBeHb c(hOpMUPOBAHHOCTH
KOMIIETEHIIUHA

OTCYTCTBYET

MIOPOTOBBI
(6a3oBbIit)

IIPOJBUHYTHII

BBICOKHIA
(KpeaTHBHBII)




MeToauveckue peKOMEHAALMH, ONpeae/ALue NPoueaypPbl OLeHUBAHUS
pe3yJIbTaTOB OCBOCHUS JUCUUIIJINHbBI
OueHouHbIe CPeACTBA I IPOMEKYTOYHOM ATTECTANMHU

[TpomexxyTouHast aTTecTauusi CTYJCHTOB MO JUCHUILUIMHE «OOBIKHOBEHHbBIC
muddepeHnranbuble  ypaBHEHUS» MPOBOJUTCA B COOTBETCTBUU C JIOKAJIbHBIMU
HOpMAaTUBHBIMU akTamMu JIBDVY u sBnsiercss 00s13aTeIbHOM.

[IpomexxyTounass arrectanuss ©W TEKYIIHMM KOHTPOJb MO JAUCHHUIUIMHE
OCYUIIECTBJISIETCS C UCIIOJIb30BAaHUEM OATbHO-PEUTUHTOBOI CHCTEMBI.

[To mucnummuae «OOBIKHOBEHHBIC aU(GEpeHITHATBHBIC  YPABHCHHS
y4€OHBIM IIAHOM MPEIYCMOTPEH PK3aMEH B IIEPBOM U BTOPOM CEMECTpax.

Dk3aMeH no aucuurinie « OObIKHOBEHHBIE AU(depeHIInaIbHbIe YPaBHEHUS
MPOBOAUTCS B MUCBMEHHOM BHUJI€ B (hOpME BBINOJHEHUS] MUCHMEHHBIX 3aJaHUM.
[Ipn HEOOXOAMMOCTH, CTYJEHT YCTHO TMOSICHSIET BBITIOJIHEHHbIE HE IMOJHOCTBHIO

OTBCTHI.

IlepeyeHb BONIPOCOB K 3K3aMEHY M KOJLJIOKBHYMaM
KosnoxkBuym Nel (YpaBHeHHe nepBOro nopsjaKa)
Bonpocsi:
1. MeTobl THTETPUPOBAHUS YPABHEHHM ITEPBOTO MOPSIIKA
2. Tlonstue muddepeHManbHBIX ypaBHEHUH | OpsiaKa, 00I11Iero, 9acTHOTO
PELICHMI, UX TEOMETPUYECKOTO CMBICIIA. Y PABHEHUS C Pa3ieIOIINMHU
NIEPEMEHHBIMU
3. OpHOopoaHbIe ypaBHEHUs | mopsaka
d. ypaBHEHUs, IPUBOASIINECS K OJHOPOIHBIM
b. 0000IICHHO-0THOPOIHBIC YPABHCHHMSI, 3aIa4H, TPUBOIAIIHECS K
OJIHOPOJHBIM YpaBHEHUSIM
4. Jluneiinple ypaBHeHUd | mopsiaka
a. Meron Jlarpanxa
b. meron bepryiu

C. CBOWCTBa peuieHuM JMHEUHOro TudPepeHInaTbHOTO YpaBHEHUS



d. ypaBuenus bepnymm u Pukartu
. YpaBHEHHU B MOJHBIX Au(depenunanax, kpurepuit Ko
a. TOHSTUE MHTETPUPYIOIINX MHOXKHUTENEH, NX CBOMCTBA
b. mpakTudeckoe HaX0XKIIEHHE HHTETPUPYIOMIETO MHOKHUTEIIS
. YpaBHEHUS, HE Pa3pEUICHHbIE OTHOCUTEIBHO TPOU3BOTHON
a. ypaBuenus Buaa F(y)=0
. ypaBHenus Buaa F(X, y)=0
ypaBuenus Buna F(y, y’)=0
. ypaBHenus Buaa F(X, Y, y)=0, ciydaii oOmieii mapamerpu3amuu
. ypasHeHnue Jlarpanxka u Knepo
Teopema O CyIIECTBOBAaHMHU M €IUHCTBEHHOCTH pemieHui 3amadn Kommwu:

Qoo

BCIIOMOI'aTCJIIBHBIC NpCaJIOKCHUA, JO0Ka3aTCIbCTBO CyIICCTBOBAHUA

pelIeHNs, J0Ka3aTeIbLCTBO €IMHCTBEHHOCTH, IIPOIOJDKEHUE PEIIEHUH
, _ax+by

OcoOble TOYKH YpaBHCHUS Cx+dy . KJ1accuduKaIs 0coObIX TOUCK, B
cilydae Korja A, # A,, Kiiaccupukanus ocoObIX TOUEK, B CIy4yae Korjaa
=4

. JIBa cmoco0a Hax0ACHUS 0COOBIX PEIICHUM:

a. MeTon P-nucKpMMHHAHTHON KpHUBOM

b. meton C-AMCKPUMHUHAHTHOM KPUBOM

C. 3aJa4u Ha HAXOXKJICHUE OCOOBIX PEIICHUM

KosunokBuym Ne2 (YpaBHeHHUsI BHICIIMX MOPSIIKOB)

Knaccudukanus ypaBHEHUH BBICIIMX MOPSIKOB
. YpaBHEHUS BBICIIMX NOPSAAKOB, UHTETPUPYEMBIE B KBaJIpaTypax:
a. ypaBHenus Buga F(X, y™)=0
b. ypaBuenus Buma F(..,y" ™, y™)=0
C. ypaBHeHus Buga F(y ™2, y™)=0
d. 3a7gauu Ha HAXOXKJCHHUE OCOOBIX PEIICHUI
. YpaBHEHUS BBICIIMX NOPSAAKOB, JONYCKAOIINE TOHMKEHUE MTOPSIKA:
a. YpaBHEHUS, B KOTOPBIX HET apTyMEHTA
b. ypaBHEHHs, B KOTOPBIX HET (PYHKIIUN
C. OJHOPOJHBIC YPABHCHU:A
d. 000OIIEHHO - OHOPOIHBIC YPABHCHUS
€. YpaBHEHUS C TOYHOW MPOU3BOJIHOMN
. JInHenHble ypaBHEHMs N-TO NMOpsAAKa. TeopeMbl O JIMHEMHON 3aBUCUMOCTH U
HE3aBUCUMOCTH PELICHUI:
d. TOHATHUE JUHEWMHOMN 3aBUCUMOCTH U HE3aBUCUMOCTH PEIIEHUN,
onpeaenurTesb BpoHcKkoro
b. Teopema 0 3aBUCUMOCTH (DYyHKITHIT



C. Teopema O JIMHEWHON HE3aBUCUMOCTH PEIIEHUMN
d. dyHIameHTanbHas cHCTEMa PEIICHUI U TEOpeMa O CyIECTBOBAHUM
(yHIaMEHTaJIbHON CUCTEMBI PEIICHUIN
5. IloctpoeHne TMHEHHOTO OJHOPOTHOTO YPaBHEHHS 10 (PyHIaMEHTAIBHOM
cucreme pemeHuii. opmyina JInyBumia-OcTporpaackoro:
a. Teopema O 3aBUCHUMOCTH «n+1» pemeHus
b. Teopema 0 COOTBETCTBUU OJAHOPOJIHOTO YPAaBHEHUS U
(yHIaMEHTaJIbHON CUCTEMBI PEIICHUI
C. MOCTPOCHHE ypaBHEHUS MO (PyHTAMEHTAIbHON CUCTEME PEIICHUI
6. Teopema o CTpyKType OOIIEero penieHus TMHEHHOTO 0THOPOJTHOTO
ypaBHEHUS
7. Teopema 0 CTpyKType OOIIero perieHnus JMHEMHOTO HEOJHOPOTHOTO
ypaBHEHHUS
8. IloHmxkeHnune mopsaka B JMHEWHOM OJTHOPOJHOM M HEOTHOPOTHOM
ypaBHEHUHU:
a. MOHMIKEHUE MOPsIKa, €CIU U3BECTHO YACTHOE PELICHHE
b. Meron Bapualuu nMpou3BOIBHBIX TOCTOSTHHBIX
9. IloctpoeHnue oOLIETO pelIeHHs] TUHEHHOTO OTHOPOAHOIO YPaBHEHUS N-TO
HOpSJKA C OCTOSIHHBIMU KO3 PUIIMEHTaMU:
a. CiIy4ail pa3IMYHbIX XapaKTePUCTHUECKUX KOpHEH
b. ciydail KpaTHBIX XapaKTEPUCTUICCKUX KOPHEH
10.IToa6op 9yacTHOTO pemIeHus TMHEHHOTO HEOAHOPOJHOTO YPABHEHUS C
HNOCTOSTHHBIMU KO3 (UIIMEHTAMHU 10 BUY MPaBOil YacTu:
a. B CiIydae, KOrja Ipasasi 4aCTh €CTh MHOTOUJICH
b. B cimywae, korja npasasi 4aCTh €CTh SKCIIOHCHTA, YMHOKCHHAS Ha
MHOTOYJIEH
C. B Ciyyae, Korja B IPaBOW YaCTU €CTh €XP, MHOTOUJIEH C SINX U COSX
11.YpaBuenue Diinepa. Juddepenunanbupie ypaBHeHHs 2 TOpsIKa

Kpurepuu BbicTaB/IeHHsI OLEHKHU CTYIEHTY HA 3K3aMeHe 10 TUCHUILTHHE
«O0bIKkHOBeHHbBIE TU(depeHINATbHbIE YPABHEHUSD)

Bbanabt Ouenka 3auera/ TpedoBanus K c)OPpMHUPOBAHHBIM KOMIIETEHIMAM
(peditiHIOB | 3K3aMeHa
oif oreHKH) (cranmapTHas)
100-86 «3aUMeHO»/«OMAUUHO » OrneHka «OTIIMYHO» BBICTABJISAECTCS CTYACHTY, €CJIH OH TIYyOOKO U

NPOYHO YCBOWJI IPOTPaMMHBIH MaTepHal, HCUYEpIbIBAIOIIE,
MOCTEJ0BATENBHO, Y€TKO U JIOTHUECKU CTPOIHO €ro H3Jaraer,
yYMEeT TECHO YBS3BIBaTh TEOPHIO C TIPAKTUKOH, CBOOOIHO
CIpaBIISETCS € 3a/1a9aMH, BOIPOCAMH

W JIpyTUMH BUJAMHM TPUMEHEHHS 3HAHUHM, TIpUYeM He
3aTpyAHSETCS C OTBETOM TP BUAOU3IMEHEHHH 3aJaHWH,
HCTIONB3YeT B OTBETE MaTepHal MOHOTpapHIECKON JTUTEPaTypHI,
MPaBUIbHO OOOCHOBBIBACT MPUHATOE  pEIICHHWE, BIaIeeT
Pa3sHOCTOPOHHMMH  HAaBBIKAMH M I[PHEMaMH  BBITIOJTHEHUS




IIPaKTUYCCKUX 3a1a4d.

76-85 «3aUMeHON/«XOpouto» OLeHKa «XOpOILIO» BBICTABISIETCS CTYIEHTY, €CJM OH TBEPAO
3HaeT MaTepuall, TPaMOTHO M MO CYIIECTBY H3JIaraer ero, He
JIOTyCKasi CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIMPOC,
MIPaBWJIbHO MPUMEHSET TEOPETUYECKUE MOJI0KEHUS IPU PEIICHUN
MPaKTUYECKUX BOMPOCOB M 3ajad, BIameeT HEOOXOTUMBIMHU
HaBBIKAMU W IIPHEMaMH WX BBITTOTHEHHS.

61-75 «3aumenoy/ O1eHKa «yJOBIETBOPUTEIHHOY» BBICTABIACTCS CTYACHTY, €CJIH OH
«VO0671eMEOPUMETLHO» MMeeT 3HaHMS TOJIBKO OCHOBHOI'O MaTepHuaia, HO He
YCBOWJI €0 JeTajiell, 0MycKaeT HETOYHOCTH, HEJOCTaTOYHO
NpaBWIbHEIE  (QOPMYJIHMPOBKH,  HApPYIICHHUS  JIOTHYECKOM

MOCE0BATENBHOCTU B HM3JI0KEHUM IPOrPaMMHOIO MaTepuaa,
WCTIBITBIBACT 3aTPYAHEHHS TIPH BHIITOJTHEHUH
NPaKTHYECKUX padorT.

60 u MeHee «He3aumenoy/ OlLieHKa «HEYIOBJIECTBOPUTEIHLHOY BBICTABIISETCSA CTYIEHTY,
«HEYO08IeMBOPUMENLHO Y KOTOpBII HE 3HaeT 3HAYUTENBbHOM YacTH MPOrPaMMHOIO
MaTepuaia, JOMyCKAaeT CYIICCTBCHHBIC OIIMOKH, HEYBEPEHHO, C
OOJBIIMMH 3aTPYJHCHUSMHU BBIMOJIHICT MPAKTHYCCKUE PAOOTHI.
Kak mpaBmino, OIGHKa «HEYIOBICTBOPHUTEIBHO» CTABUTCS
CTyICHTaM, KOTOPEIE HE

MOTYT TIPOJOIDKUTH 00ydeHNe 0e3 MOMOTHUTEIBHBIX 3aHITHH 110
COOTBETCTBYIOIICH TUCIUTUIAHE.

OueHoyHbIe cpeACTBA A TEKYILIEH aTTecTallul

Tekymass arrecrauus CTYJEHTOB 1O AUCHUIUIMHE «OOBIKHOBEHHBIE
muddepeHnranbable ypaBHEHUS» MPOBOJUTCS B COOTBETCTBUM C JIOKAJIHHBIMH
HOpMAaTUBHBIMU akTamu JIBDVY u sBnsercs 00s13aTeabHOM.

Texymas aTTeCTalus o JUCLUUILIAHE «OOBIKHOBEHHbIE
muddepeHnranbaple  ypaBHEHUs»  MPOBOAMTCS B (GOpME  KOHTPOJBHBIX
MepOTpUsATHIA (KOHTPOJIBHON pabOTHI, IKCIPECC KOHTPOJILHOU, HHIUBUAYATEHOTO
JIOMAITHETO 3aJaHHs) O OIEHMBAHHIO (PAKTUUYECKUX pPE3yJbTaTOB OOYUYECHMS
CTYJIEHTOB M OCYLIECTBIISIETCS BEAYLIUM IPENIOAABATEIIEM.

OObeKTaMu OIICHUBAHUS BBICTYIIAIOT:

- yueOHasi TUCUUIUTMHA (AKTUBHOCTH Ha 3aHSATUSAX, CBOEBPEMEHHOCTD BBITIOJHEHUS
PA3JIUYHBIX BUJIOB 33JIaHUH, MTOCEIIAEMOCTh BCEX BHJOB 3aHSATHUM MO aTTECTyEeMOM
JTUCITUTIINHE);

- CTETIEHb YCBOEHUS TEOPETUYECKUX 3HAHM;

- YPOBEHb OBJAJCHUS MPAKTUYECKUMH YMEHUSIMU U HAaBBIKAMHU [0 BCEM BHJaM
y4eOHOM padOoTHI;

- pe3yabTaThl CAMOCTOSITENILHON PabOTHI.




KonnokBuym  sBisiercss  (QoOpMOW  KOHTpOJIE  YCBOEHHUS  CTyJEHTaMU
TEOpeTHYeCKor 4YacTh Kypca. Craercss CTyAeHTaMu IpEenojaBaTelll0 B YCTHOU
¢opMe B BHJIe coOeceoBaHUS BO BPEMsl JIEKIMOHHBIX 3aHATUI 0 3aBEPLICHUIO
U3YYEHUS TEOPETUYECKOM YacTH pa3/elioB Kypca U OIEeHHBaeTca B ¢opme
nddepeHIInpoBaHHOTO 3a4eTa.

KomnokBuymM cuMTaeTcss CHAHHBIM YCIEUIHO IMPU MOJIYYEHHUH OLEHOK
«OTJIIMYHO», «XOPOLIO» WM «yAOBJIETBOPUTENBbHO». IIpu MONMydeHUH OLEHKH
«HEYJIOBJIETBOPUTEIIEHO» OH CUUTAETCS HE CAAHHBIM, @ COOTBETCTBYIOIUN pa3ien
TEOPETUYECKON YaCTH HEYCBOCHHBIM.

CryaeHTy npeaocTaBisieTCsl BO3MOKHOCTD MepecaaTh KOJUIOKBUYM OAWH pa3
BO BpeMs KOHCYJbTAlMil MO JUCUUIUVIMHE C MOJYYEHHEM OLEHKM Ha OAMH Oan
Hke. Jlig CTylneHTa, YCHEIIHO CHAaBIIEro KOJUIOKBUYM, BBIHOCMMBIE Ha
KOJUIOKBUYM BOIPOCHI MCKJIIOYAIOTCS M3 CIIMCKa BOIPOCOB, BBIHOCHMBIX Ha
DK3aMEH.

KontpoabHasi padora siBisiercs (pOpMON KOHTPOJISL YCBOEHUS! CTYIEHTAMH
IIPaKTUYECKOM 4YacTu Kypca. BBINMOIHAETCS CTyAeHTaMu BO BPEMs NMPAKTHUYECKHUX
3aHATHI 10 3aBEpIICHUI0 M3YyYEHUsS NPAKTUYECKOM 4YacTU paslesioB Kypca.
KonTponbHas paboTa coaeTcst mpenojaBaTeNi0 HAa MPOBEPKY M OLEHUBACTCS B
dbopme nudPpepeHIMpoBaHHOTO 3aUeTa.

KonTtposibHast paboTa cyuTaeTCsl BBINOJHEHHOM YCHEHIHO MpU MOJYyYEHUHU
OLICHOK «OTJIMYHO», «XOPOILIO» WM «YyIOBIETBOPHUTEIbHO». IIpu mnomydeHun
OLICHKU «HEYJIOBJIETBOPUTEIIHO» KOHTPOJbHAsA padoTa CUMTAETCA HE CAAHHOM, a
COOTBETCTBYIOIIUN pa3jie] NPAaKTUKyMa HEYCBOCHHBIM.

CryneHTy npenocTaBiseTcs BO3MOKHOCTb MEpecaTh KOHTPOJIbHYIO paboTy

OIWH pa3 BO BpEM KOHCyJ'IBTaI_II/Iﬁ Mo AMCHUITNIIMHE C IMMOJYYCHHUEM OLICHKN Ha OJWH

0aJ1 HUXe.
KonTponupyemsie paznenst / Kozp! u 3Tamnsl popmupoBaHus OneHouHbIE CpencTBa —
TEMBbI JUCLUIUIMHBI KOMIIETEHIIU I HaVMEHOBAHUE
TEeKYIIUN IIPOMEXKYTOYHAs
KOHTPOJIb aTTecTanus

Juddepenunansabie OI1K-1 ’ 1 [IpoBepka [Togroroska k




ypaBHeHHU | mopsiaka ¢ HeZens | TOMallHUuX KOJUTOKBUYMY Ne
Ppa3aeNSOMUMUCA 3aganuii Ne 1 1
nepeMeHHbIMH. OJJHOPOIHbIE
YpaBHEHHUS.
JIuneitnpie ypaBHeHus 1 OIIK-1 2 [IpoBepka [ToaroroBka k
HopsiiKa Y paBHEHUE Helelsd | JOMAallHUX KOJUIOKBUYMY Ne
bepnysnu. 3agaHuid No 2 1
YpaBHEHHE B ITOJIHBIX OIlK-1 3 IIpoBepka [Togroroska k
muddepeHmanax. HeleNsl | JOMAalIHUX KOJUTOKBUYMY Ne
WHurerpupyromuit 3anaHui Ne 3 1
MHO>KUTEb.
Teopema Komm. 3agaun OIlK-1 4 IIpoBepka [Togroroska k
Komm. He/leNsl | JOMAalIHUX KOJUTOKBUYMY Ne
3amaHui Ne 4 1
KonTtponbnas padora Ne 1 OIIK-1 5 [Iposepka k/p
Hepenst | Nel
Huddepenunansabie OIlK-1 6 [IpoBepka [ToaroroBka k
YpaBHEHUS HEpa3peLICHHbIE Helens | JOMAaIIHUX KOJIIOKBUYMY Ne
OTHOCUTEIJILHO MPOU3BOJIHOM. 3ananuit Ne 5 1
JIBa cioco0a HaX0XIEHUS OIlK-1 7 [IpoBepka [Togroroska k
0COOBIX PEIICHHIA. Helensl | JOMAaIIHUX KOJUTOKBUYMY Ne
3aaHui Ne 6 1
KonTpomapHas padorta Ne 2 OIlK-1 8 ITpoBepka k/p
Hemens | Ne2
Komnoxsuym Ne 1 OIIK-1 8 [TpoBepka
Helensl | KOJUIOKBHYMa
Ne1
Jluneitnbie ypaBHenus n-oro | OIIK-1 9 [Iposepka [Toxroroska k
nopsiika. 3aBUCUMOCTb, HeleNs | JOMAaIIHUX KOJJIOKBUYMY Ne
HE3aBHCUMOCTb PELICHUI. 3aganuii No 7 2
ITonmxenue nopsiaka B OIIK-1 10 ITpoBepka ITonroroBka k
JIMHEVHOM OJJTHOPOJHOM Helens | JOMAIIHUX KOJIJIOKBHYMY Ne
YpPaBHEHHUH N-0T0 NOPSJIKA 3agannii Ne 8 2
Huddepenunanbuble OIIK-1 11 IIposepka [TonroroBka k
ypaBHEHHUS 2-0r0 MOpsjKa, HeZens | JOMalllHUuX KOJITOKBUYMY Ne
pa3HbIE METOBI 3amanuii Ne 9 2
MHTETPUPOBAHUSI.
Huddepenunanbuble OIIK-1 12 IIposepka [TonroroBka k
ypaBHEHHUS 2-0r0 NOpsIKa. HeZens | JOMalllHUuX KOJUTOKBUYMY Ne
3agaHuii Ne 10 2
WHuTterpupoBanue OIlK-1 13 [IpoBepka [Togroroska k
OJIHOPOJHBIX YpPaBHEHHH N- Henens | TOMaIIHUX KOJIJIOKBHYMY Ne
Or0 MOPSIZIKA C TOCTOSTHHBIM samaaui Ne 11 2
KodduUIeHTOM
WHTerpuposanue OIIK-1 14 IIpoBepka [ToaroroBka k
OJIHOPOJHBIX YpaBHEHUH N- HeZens | TOMalllHUuX KOJUIOKBHYMY Ne
OO MOpsJKa C TOCTOSTHHBIM 3amanuit Ne 12 | 2
K03 UIIEHTOM
WHTerpuposanue OIIK-1 15 IIpoBepka [ToaroroBka k
HEOJIHOPO/IHBIX YpaBHEHUH N- HeZlens | TOMalllHUuX KOJUIOKBHYMY Ne
Oro nopsiaka 3aganuii No 13 2
Kountponbnas padora No 3 OI1K-1 16 [Tposepka k/p




Henenss | Ne 3

Komnoksuym Ne 2 OIlK-1 17 IIpoBepka

Helens | KOJUIOKBHyMa
Ne 2

Kpurepuu oueHku (MMCbMEHHbINA 0TBET)

100-86 GamtoB - eciaM OTBET MOKAa3bIBACT TIIYOOKOE W CHCTEMaTHUYECKOe
3HaHUE BCEr0 MPOTrpaMMHOr0 MaTepuaia M CTPYKTYpbl KOHKPETHOTO BOIPOCA, a
TaK)K€ OCHOBHOI'O COJEpPKaHHUS M HOBALMU JIEKIIMOHHOI'O Kypca 10 CPAaBHEHHIO C
yueOHOM sutepaTypod. CTyIeHT JEMOHCTPUPYET OTYETIMBOE U CBOOOJHOE
BJIAJICHHE KOHUENTYaJIbHO-TIOHATUWHBIM anmnapaToM, HAYYHBIM SA3BIKOM U
TEPMUHOJIOTUEN
COOTBETCTBYIOIIEH HaydyHOH oOnacth. 3HAHWE OCHOBHOM JIMTEpaTypbl H
3HAKOMCTBO C JOINOJIHUTEJIBHO PEKOMEHJOBAHHOM JuTepaTypou. Jlormueckn
KOPPEKTHOE U yOeTUTENIbHOE U3JI0KEHUE OTBETA.

85-76 - OayyioB - 3HAHWE Y3JIOBBIX MPOOJEM MPOTPAaMMBI U OCHOBHOTO
COJIepKaHMUsl JIEKIIMOHHOT'O Kypca; YMEHHE TI0JIb30BaThCSl KOHIENTYaJbHO
MOHSATUUHBIM alapaToM B MPOIECCE aHallu3a OCHOBHBIX NPOOJIEM B paMKax
JAHHOM TEeMbl; 3HAHWE BaXHEHUIMMX pabdOT M3 CIUCKAa PEKOMEHJAOBAHHOU
auTepatypsl. B 1enoM JIOTMYECKHM KOPPEKTHOE, HO HE BCerja TOYHOE U
apryMEHTUPOBAHHOE U3JI0)KEHUE OTBETA.

75-61 - Oamnm - ¢parMeHTapHbBIE, MMOBEPXHOCTHBIC 3HAHUS BaXKHEHIIHX
pa3zenoB MpOrpaMMbl M COJAEpXKAHUSA JIEKUMOHHOIO Kypca; 3aTpyJHEHHS C
UCIOJIb30BaHUEM HAyYHO-TIOHATUHHOTO anmnapaTta W TEPMHUHOJOTUM yueOHOU
JTUACIUIUIAHBI, HEMOJHOE 3HAaKOMCTBO C PEKOMEHIOBAHHOM JIUTEPATypOU;
YaCTUYHBIE 3aTPYJAHEHUS C BBIIOJHEHHEM MPEIyCMOTPEHHBIX IMPOrPaMMOM
3aJlaHul; CTPEMJICHUE JIOTMYECKU OMNPENEJIEHHO M TOCIEI0BATEIbHO H3JI0KUTH
OTBET.

60-50 GammoB - HE3HaHHWE, JTUOO OTPHIBOYHOE MPEJCTABICHUE O JaHHOU
npo0iemMe B paMKax y4eOHO-POrpaMMHOTO MaTepHuaia; HEyMEHUE HUCIOIb30BaTh

NOHATUWHBIN anmnapar; OTCYTCTBUE JIOTUYECKOU CBSA3U B OTBETE.




Oto cootBerctByeT: 100-86 OamwmoB — «oTauyHO», 85-76 OamwmoB —

«xoporo», 75-61 OalmoB — «yIOBIETBOPHUTEIBbHO», HEe Oonee 60 OamwioB —

«HCYOOBJICTBOPUTCIIBHO).

HJIaH-I‘pa(l)HK BBINOJIHEHUSI CAMOCTOATEJILHOH paﬁoTbI o IMCIOMIIJIMHE

IV cemectp
Ne Jara/cpoxn Bun IIpumepHbIe
I /;1 - CaMOCTOATEILHO HOpPMBI BpeMeHu | @opMa KOHTPOJS
padoThI Ha BbINOJIHEHUE
1 1 4 nenens JomamrHss pabora 1 Henens Ha [IpoBepka Ha
Nel—-4 KaXXJ10€ 3aIaHue 3QHATUIX
Kourponsnas OreHka 1o
2 5 Henens P 4 genenu 1
paborta Ne 1 3aJaHUIO
3 6_ 7 Heneis Homarnsis pabota 1 Henens Ha IIpoBepka Ha
& Ne5-7 Ka)KJ10€ 3aJjaHie 3aHATHAX
Kourponsnas OreHka 1o
4 8 Henens P 3 Henenu 1
pabota No 2 3aJaHUIO
5 8 Hemens KomnokBuym Ne 1 7 HeeNnb O1eHka oTBeTa
6 9 11 Henens Homarnsis pabota 1 Henens Ha IIpoBepka Ha
Ne 8 -10 KaXJI0€ 3aJaHue 3aHATUAX
omartHss padbota IIpoBepka Ha
7 12 — 15 nenens A 4 gHenenu
2 Nell-15 A 3aHATHAX
Kourponsnas Orenka 1o
8 16 uwenens P 15 wenens 1
paborta Ne 3 3aJaHUIO
9 17 Henensa Komnoksuym Ne 2 OreHka oTBeTa
yM

I[OMa]_[IHI/Ie H KJIACCHBIC 3aJaHUA

IV cemectp

3austue 1 3amaun Ha cocTaBieHue ypaBHeHuit 1 mopsnka B kimacce Ne 31-33, 71-

75 (meuetnbie), nomoit Ne 30-34, 72-76 (ueTHBIC)

VYpaBHEHUsI ¢ pa3lensolUMUC NepeMeHHbIMU B kiacce Ne 51-65 (HeueTHble),

nomoii Ne 52-64 (ueTHbIe)

3ansatue 2 OpHoponnble ypaBHeHus 1 mopsiaka B kiacce Ne 101-111

(neuetHsie), toMoi Ne 102-112 (ueTHbIC)

O06001IeHHO-0 THOPOTHBIE

YpaBHCHU:A u

YpaBHEHH],

MIPUBOJISIITAECS

K

oaHOpoAHBIM B KJtacce Ne 113-127 (neuetHbie), nomoid No 114-126 (ueTHbIe)

3ansatue 3 JluHeiinble ypaBHeHMsT | TmoOpsAaKa, METOA BapUalUu

MPOU3BOJILHOTO MocTOosiHHOTO Jlarpanka B kiacce Ne 137-153 (HedeTHbIE), JOMOM

Ne 136-148 (ueTHbIe)



JInnelinble ypaBHeHMs | mopsiaka, METOJ MOJICTAHOBKH, ypaBHEHMs bepHyiun B
kiacce Ne 155-165 (neuetnsie), gomoit Ne 150-166 (uetHbie)
VpaBuenus Pukartu B kiacce No 167-171 (nedernnie), aomon Ne 168-174
(ueTHbIE)

3ansaTue 4 YpaBHeHus B nosHbIX Auddepennuanax B kinacce Ne 187-193
(neuetHble), romoit Ne 186-194 (yeTHbIC)
HNHuTterpupyronmii MHOXKATENb. HaxoXaeHne HMHTErpUPYIOIIEr0 MHOXKHUTENS B
kiacce Ne 195-207 (weuernnie), 1omoit No 196-208 (ueTHbIe)

3ansTue 5 B xnacce Ne 209-219 (Heuetnsie), nomoit Ne 210-220 (dueTHBbIC)
TpeHHHTr Ha oOmpenelicHWE TUIIA U METOJA PEUIEHWW ypaBHEHUW | mnopsaka,
pa3pelieHHbIX OTHOCHUTENIbHO Mpou3BojgHOM B kiacce Ne 301-410 (HederHbie),
nomoid Ne 302-420 (yeTHbIe)

3ansaTue 6 KoutposnpHas pabora «YpaBHeHHs 1 mopsika, pa3pelieHHbIC
OTHOCHUTEJIBHO MPOU3BOAHOM». [IpruMepHbIi BapraHT IpeaJiaracTcsl.
VYkazarh TN U METOJ U POUHTETPUPOBATH:

x-Y _2

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

xdy — ydx = xm

(v = xJY)0 =) = xy

3ansaTne 7 VYpaBHeHus | mnopsaka, HeE paspelIeHHbIE OTHOCHUTEIIBHO
npomsBogHor Tuma F(y)=0, F(x,y)=0, F(y,y)=0. B xmacce Ne 241-261
(nedetHsble), momoit Ne 242-262 (yeTHbIC)
VYpaBHenus | mopsiaka, He pa3pelIeHHbIE OTHOCHUTENIBHO MPOU3BOJHOM. Metoj
oO1ielt mapaMmeTpusanuu st ypaBHeHus tuna F(x,y,y’) =0. B xmacce Ne 267-285
(neueTHsbIe), ToMOM Ne 268-286 (ueTHBIC)

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

3ansaTue 9 KontponpHas padota «YpaBHeHus | mopsiika, Hepa3peleHHbIe

OTHOCHUTEIIBHO TTPOM3BOAHOM». [[pMepHBIN BapraHT Npeaiaracres.



(xy'=y)* =y”-1
3y =y'+y
4y = x> +y"?
X(y'”* +e”) =-2y’

YpaBHeHus BbICIIMX NOPSAKOB

3anatue 10 IloHwkeHue mTOpsaKa B YpPaBHEHMSIX, HE COAEpKaLIUX
GYHKIIUIO, apryMEeHT, OTHOPOJHBIX OTHOCHUTEIHRHO Yy M €ro IPOU3BOIHBIX,
000011I€HHO-0THOPOHBIX OTHOCUTENBHO X U y. B kitacce Ne 421-435 (HeueTHbIe),
nomoit Ne 422-434 (yeTHbIC)
B xmacce Ne 437-449 (neuetnsie), nomoit Ne 436-450 (ueTHbIe)
CBenieHMEe MHOTOKPATHOTO HHTErpaja K OJHOKPATHOMY, MHTETPUPOBAHUE UYEPE3
BBIJICJICHUE MOJIHBIX MPOU3BOAHBIX. B kimacce Ne 451-461 (HeuetHbie), oMol No
452-462 (yeTHBIC)

3auarue 11 IloHmwkenue moOpsAaKa, WCHONB3YyS OAHOPOAHOCTH U
unrerpupoBanue. B kinacce Ne 463-475 (neuetHbie), nomoid Ne 464-474 (yeTHbIe)
Ceenenue k ypaBHeHusM |1 mopsiaka. B knacce Ne 481-499 (neuetnsbie), nomoit No
482-500 (ueTHBIC)

3ansaTue 12 KonrtposbHas paboTa «YpaBHEHHS BBICHIUX TOPSIKOB C

nepeMeHHbIMH Ko dutinentaMmuy. [IpuMepHbIil BapraHT mpe/iaraeTcs.

yyu +1= y!2
zxyryﬂ — yrZ _1
xy"” =y'+xsin b4
X
yOy" +Y) =xy"* (1-x)
yxyu+ Xy/2 — Zyy/
JIuHeliHbIe YpaBHEHMS ¢ MOCTOSAHHBIMU K03 duunenramu
3ansatue 13 Haxoxnaenue oOmero pemenus. B wmacce No 511-531
(neuetHsble), nomoit Ne 512-532 (yeTHbIie)

Haxoxnenue ob6mero pemenns. B kimacce Ne 533-547 (meuernbie), qomoit Ne 537-

548 (ueTHbIC)



3ansatue 14 HaxoxaeHWe 4YacTHOTO pELIEHHS C HEONpeIeIeHHBIMU
koadpummentamu. B xkimacce Ne 549-569 (neuernsie), momoit Ne 537-548 (deTHbIC)

3ansaTue 15 Meton Bapuanuu NMpOU3BOJILHBIX MOCTOSHHBIX. B kiacce No
575-581 (neuetHsnie), moMoit Ne 576-580 (ueTHBIC)

3ansaTue 16 KontponsHas pabora «JIuHeliHble ypaBHEHUSI C TOCTOSIHHBIMU
koadurmentamuy. [IpuMepHsbIil BapuaHT mpeasiaracTcsl.

y"V +y"=7x-3cosx

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

y" +4y = 2tgx

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

K, =421, Ky, =20, Ko =1%2i, k,, =1

Haiimu obwee pewenue ¢ neonpedenenuvimu Ko3pduyuenmamu



MeToanuyeckue yKa3aHus K Kypcy
JIuneiinbie U@ pepeHunaNbHbIe YPABHCHUA
1. Cnenyromme TeOpeMbl SBISIOTCS OCHOBHBIMHM B TEOPHUH JIMHEHHBIX
muddepeHIaTbHBIX YPaBHEHUI.

O6HICC PCUICHUC JIMHEHHOTO OIHOPOJHOTO YpaBHCHHA N — IO MOPsIAKa UMECT BU]
y=¢Y,+..+C.Y,,

romc Y.y, - JIMHEWMHO — HE3aBHCHUMBIC p€meHud, C,,...,C, - IIPOHU3BOJIBHBIC

n
MTOCTOSTHHBIE.
OO6miee penieHue JMHEWMHOTO HEOJHOPOIHOTO YPAaBHEHUS PaBHO CYMME €ro
YaCTHOTO PEIICHUS U OOIIETO PEIICHUs TUHEHHOTO OJTHOPOJHOTO YPaBHEHHUS.
AHaJIOTUYHBIC TEOPEMBI CITPABETMBEI JIJIS1 IMHEHHBIX CHCTEM.

2. YtoObl pemuTh JJUHEHHOE OJJTHOPOJHOE YPABHEHUE C IOCTOSIHHBIMU
ko3 unreHTamu
3,y +ay" +a,,y'+a,y=0, (1)
HaJI0 HAWTH BCE KOPHU A XapaKTEPUCTUUECKOTO YPABHEHHUS
a, A" +a, A" +...+a, ,A+a, =0. (2)
O6miee pemenue ypapHeHus (1) ecTh cymMMa, COCTOSIIAS U3 CIaraéMbIX
BUJIA ¢ jeﬂ’X I KaXKJJOTO IIPOCTOTO KOPHA A, ypaBHEHMS (2) U CllaraeMbIX BHJa
(Cpuy +Cpup X+t C X (3)
JUTSL KaXKJI0TO KPaTHOTO KOPHS A ypaBHEHHs (2), e k - KpaTHOCTh 3TOTO KOPHS.
Bce ¢, - npousBonbHble nocTosiHEbIe. Koodduuments! ypapnenus (1) u kopuu A
3]1eCh MOT'YT OBITh BEIIECTBEHHBIMU MJIH KOMIIJICKCHBIMHU.
Ecnu xe Bce koadduinenTs! B (1) BEIIECTBEHHBIE, TO PEIICHUE MOXHO HAMUCATh
B BEIIIECTBEHHOU (DOopMe U B Cilydae KOMIUIEKCHBIX KOpHEH A. st Kaxaoi mapsbl
KOMILJIEKCHBIX CONPSDKEHHBIX KOpHEH A=a+fi B (opmyny oOILIEro peueHus
BKJIIOUYAIOTCS CllaraeMble
C,,,1€7 C0s X +cC,,,,e™ sin B,
€CJIM BCE 3TU KOPHU MPOCTHIE, U ClIaraeMble

P, (X)e™ cos Sx + Q, , (X)e™ sin X,



€CIM KaXKIbIM W3 3TUX JIBYX KOpHEW umeeT KparHocTthk. 3mech P, U Q,, -
MHOTOWICHBI CTETICHN K —1, aHaJIOTUYHBIE MHOTOWICHY B (3), uX K03 PHUIMEHTHI -
MIPOU3BOJIbHBIC TOCTOSTHHBIE.
[pumep 1. Pemmts ypaBaenue y' —2y" —16y’'+32y =0.
[Tuiiem XapakTepUCTUIECKOE YPABHEHUE
A —22"-1624+32=0.
Haxomum ero KopHu: A, =1, =2, A, =-2, 4, =2i, A, =-2i.
[1o U3105KEHHBIM BBIIIIE MMPAaBUIIaM MTUIIIEM OOIIIee pelieHue
y = (C, +C,X)e* +c,e > +, C0S 2X + C; Sin 2X
(cTeneHb MHOTOWIEHA C, +C,X Ha | MEHBIIIE KPATHOCTH KOPHsI, @ WICHBI COS U SiN
COOTBETCTBYIOT KOPHSIM = 2i).
3. JIns "MHENHOr0 HEOTHOPOAHOTO YPABHEHUS C ITOCTOSSHHBIMH
Kod(pduleHTaMd U C MPaBOM YACTHIO, COCTOSIIEH U3 CyMM U MPOU3BEACHUMN

ax

byHKIUH b, +bx+...+b,x", €%, cospX, sinfX, 4aCTHOE pELICHHUE MOKHO HCKATh

METOJIOM HEOMPEACICHHBIX KO3(PhUIIMEHTOB.

Jlns ypaBHeHUH C mpaBou yacteio P, (x)e”, rme P,(X)=b, +bXx+...+b x", 4acTHOE
pelieHrne UMeET BU/T

Y = X°Q, (x)e”, (4)

rae Q,(X) - MHOrowieH TouW xe€ creneHu m. Yuciao £=0, €cliu y—HE KOPEHb
XapaKTepUCTUUECKOTO ypaBHEHUS (2), a €ClIU y — KOPEHb, TO ¢ PABHO KPAaTHOCTH

ATOTO KOPHSI.

JInst ypaBHEHUI ¢ BEIIECTBEHHBIMU KOA(DPUIIMEHTaMU U MPABOM YaCThIO BUIA

e” (P(x) cos Ax +Q(x)sin AX) 5)
MO’KHO UCKaTh YaCTHOE PEIICHHE B BUJIE
y, = x°e” (R, (x)cos Sx+T_(x)sin ), (6)

rane £=0, ecIn o+ fi HE KOPEHb XapaKTCPUCTHYECKOTO ypaBHEHHUS U ¢ PaBHO

KPaTHOCTH KOpPHS « + i B IPOTUBHOM cCiy4dae, a R, u T, - MHOTOWIECHBI CTENICHH



m, paBHOW HaWOOJIbIIEH U3 CTENeHEeH MHOTOWIEHOB P u Q B (5). UTOOBI HailTH
KO3 GUITUEHTH MHOTO4YWICHOB B (4) wiu (6), Hago MOJACTAaBUTH PEIICHHE Y, B
ypaBHEHHE U TMPHUPABHATH KOIPPHUIMEHTHI NpU MOAOOHBIX WIEHAX B JICBOU U
IIPaBOM YacCTAX YPAaBHEHHS.

YacTHoe perieHre JIMHEHHOTO YPAaBHEHUsI ¢ IPAaBOW 4acThio f,(X)+...+ f (X) paBHO

CyMME€ YaCTHBIX pEHICHWI YpaBHEHMH C TOM K€ JIEBOM 4YacThl0 M TPABBIMU

qacTamu f (x)+...+ f (x).

IIpumep 2. Pemuth ypaBHEHHE
y" —6y" +9y' =xe* +e* cos2x. (7)
XapakTepucTuieckoe ypaBHeHHe A°—61°+91=0 mMeeT KOpHU A =4, =3, 4, =0.
[ToaTomy oO11iee perieHre 0AHOPOAHOIO YPaBHEHUSI UMEET BUJL
Y, = (¢, +¢,x)e* +c,.
[IpaBas wacth (7) cOCTOUT M3 JABYX claraeMbiXx. MIiiem OTAENbHO YacTHbBIE
pelIeHUs] YpaBHEHUN
y"' —6y" +9y’ = xe¥, (8)
y" —6y" +9y' =e* cos 2x. 9)
Uucno y=3 ecTb KOpEHb KPATHOCTU 2, MO3TOMY Uil ypaBHEHHUs (8) dacTHOE
pelienue, cornacHo (4), uMeer Bux Y, = X*(ax+b)e*. Ioacrasus ero B (8), Halingem

azi,bz—i.
18 18

Uucno a+ fi=3+2i He ABISETCS KOPHEM, MOATOMY I ypaBHeHHS (9) yacTHOE
pelienue, coraacHo (6), umeer Bux Y, =e>(ccos2x +dsin 2x). [oacraBus ero B (9),

o 3 1
HaugeM c=——,d =——.
52 26

Oo6mee pemenne ypaBHeHus (7) paBHO Y, + Y, + Y,.
4. [pyroii MeTod OTBICKAHHUS YACTHOTO PEIIEHUS YpPaBHEHUS C
BEILIECTBEHHBIMU

kod(dduimenTamMmu U npaBod yacteio P(x)e™ cos fx (mim  P(x)e™ sin fX) cOCTOUT B

caenymomeM . Pemaror ypaaenue ¢ npasoii yacteio P(x)e, Tak kak



el*MX = ™ cos A +ie”™ sin X, TO BELIECTBEHHAS YaCTh IOJYYEHHOTO PEIIeHUs OyaeT
pelIeHneM ypaBHEHHUsI ¢ NpaBOM yacThio P(X)e”™ cos /X, a MHUMas — peuieHUEeM
ypaBHEHUS C TTpaBOM 4yacThio P(X)e™ sin £X).

IIpumep 3. Pemnth ypaBHEHUE
y" +4y =8sin 2x. (10)
Tak kak sin 2x = Ime”*(T.e. MHIMas 9acTh OT e**), TO CHaJaja perracM ypaBHCHHE
y"+4y =8 (11)
YpaBHeHHE A° +4=0UMeeT KOpHH A=+2i. B mpaBoii 4acTH y =2i COBIAJacT ¢
KOPHEM KPAaTHOCTH |, IO3TOMY pelleHue uineM B Bume Y, =axe”™. IloxcraBnss B
(11), mocne ympolieHu# mojrydaem
diae™ =8e”*;a =-2i.
3Ha4uT, YacTHoOe pelieHue ypaBuenus (11) ects
y, = —2ixe®™ = —2ix(cos 2x +isin 2x).
B3siB MHHMYIO 4acTh OT Yy, , I0Jy4aeM YacTHoe penieHue ypaBHenus (10):
y, =Imy, =-2xcos 2x.
[IpubaBnsst oOmiee pemeHue Y, =C,C0S2X+C,SiN2X  ypaBHEHHUS Yy +4y =0,
noy4yaeM ob1ee pemeHue ypapaenus (10).

5. JluneliHO€  ypaBHEHME C  TIOCTOSSHHBIMU U NEPEMEHHBIMHU
kodpdunreHTaMu U ¢ JOO0W MpaBOM 4YacThio f(X) MOXXHO PEIIUTh METOJIOM
BapHallMi IMOCTOSHHBIX, €CJIM HW3BECTHO oO0Ilee pemeHue Y, =Y, +..C,Y,

JIMHEMHOTO0 OJHOPOJHOIO YPaBHEHHUsI C TOW XK€ JIEBOM 4acThro. Torma pemieHue

JIMHEMHOTO HEOJHOPOJIHOTO YpaBHEHMSI HIIETCA B BUAE Y =C (X)Y,+...+C,(X)Y,.
DOyukuuK C (X) ONPENeNsroTcs M3 cucTeMbl (rae a, - koddduuument npu y" B
YpaBHEHUN)

(XY, +...+¢c (X)y, =0;

Oy +-+c, ()Y, =0;

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



2 (c[ ()Y, "+t e ()Y, ") = F(%).
IIpumep 4. Pemnth ypaBHEHUE
y'=2y' +y=e"/x (13)
XapakTepucTUIeckoe ypaBHeHHE A°—21+1=0 UMEeT KOpeHb A =1 KpaTHOCTH 2.
OO11ee perieHre OJHOPOJAHOIO YPABHEHUS
Y, = (¢, +C,X)e* =ce” +c,xe”.
Niem pemenue ypaBuenus (13) B Buje
y =c,(x)e* +c,(x)xe*. (14)
®dyHKIUU C,(X),C,(X) ONMpenenstoTcs U3 cucTeMbl Buaa (12)
c (x)e* +c,(x)xe* =0;
c/(X)y, +Cy(xe* +e*)=e*/x.
N3 3TOM cHCTEMBI ITOTydaeM
¢, =1/x,c =-1 c,(X)=In|x|+c,, ¢, (X)=-x+c,.
[MoacraBmsist ¢ (x) u c,(x) B (14), Haxoaum ol1iiee pereHue
y =C,(X) = (c, — x)e* +(In| x| +c,)xe*.
6. YpaBHeHue Ditnepa
X"y +ax" Py 4 ra xy'+ay=f(x) (15)
CBOJMTCS K JIMHEMHOMY YPaBHEHUIO C TIOCTOSIHHBIMU KO3 (UIIMEHTaMU 3aMEHOMN

HE3aBUCUMOTO MEPEMEHHOr0 X =¢' mpu X >0 (i x=-€' npu x<0). UtoOsI cpazy
HamucaTh XapaKTEPUCTUUECKOE ypaBHEHHUE, HAlo Kaxmoe npoussenenue Xy B
(15) 3amenuts Ha mpou3BeneHMe k  yObBaromux Ha 1 yucem:
22 -D(A=2)..(A—k +1).

IIpumep 5. Pewmnts ypaBHEHUE
Xy —x2y" + 2xy’ — 2y =8x°. (16)
Cpa3sy nuIieM XxapakTepucTHICCKOS YPaBHCHHE
AA-D(A-2)-AU(A-1)+24-2=0. (17)

Ero xopau 4 =4, =1, A, =2. [loaToMy oO11iee perieHue JIMHEWHOTO OJTHOPOIHOTO

ypaBHEHUS C IOCTOSIHHBIMU KO3 purpieHTaMmu



Y, = (c, +c,t)e' +c.e’.

YtoO0b! pemnTh HeOAHOPOAHOE YpaBHEeHUE (16), cHauana packpoem ckoOku B (17):
A —42+51-2=0.

[Io »>TOMy XapakTEpUCTUYECKOMY YpPABHEHHIO COCTAaBJSIEM JIEBYIO 4YacTh
mudpepeHInaTbHOTO YpaBHEHHUS, a MPaBYK0 YacTh MOJydaeM W3 MPaBOW YacTH
(16) 3ameHO# x=¢€'!y/"~4y/'+5y —2y =8, (18)

Uucno 3 — He KOpPEHb XapaKTEPHUCTHUYECKOIO YpPaBHEHHS, IMMOITOMY YacTHOE
pelienue uieM B Buae Yy, =ae™. [oacrasmss B (18), Haxonum a=2. HUrak, obree
pelIeHne UMEeEeT BUT

Y=Y, +Y, =(c +ct)e' +c.e” +2e* =(c, +c, In| X)X +c,x* +2x°.

7. OOwmero Meroja pelIeHUs JMHEWHBIX YPAaBHEHUW C MEPEMEHHBIMU
ko3 dunmeHTaMu He CYIIECTBYET. B HEKOTOPBIX ClTydyasx 4aCTHOE PEIICHUE
yAaeTcs HaWTH MyTeM Tmojdopa, HampuMep, B  BUJE  MHOIOYJICHA
y=x"+ax""+..+d wm B BUge y=e* uT.IL
Ecnu W3BECTHO YAaCTHOE PEIICHUE Y, JIMHEHHOTO OJHOPOJIHOIO ypaBHEHHUSA N — TO
MopsiAKa, TO TIOPSJIOK YpPaBHEHUS MOXHO IIOHHU3UTh, COXPaHSS JIMHEHHOCTH
ypaBHeHHUs. JIJisl TOrO B ypaBHEHUE HAJO MOJICTaBUTh Yy =Y,z W 3aT€M MOHU3UTH
MOPSAJIOK 3aMEHOM Z' = u.

[Ipumep 6. Pemuth ypaBHEHHE
xy" —(x+1)y +y=0. (19)

WieM yacTHOE pelenue B Buae MHorouwnrena y=x" +ax™ " +....

CHauana Haiimem ero crenenb. [loacraBmsem y=x"+.. B (19) u BbImucChIBaeM
TOJIBKO YJICHBI CTapIIel CTECTICHHU:

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

[TpupaBauBaeM Hy 10 KOAGOUIIMEHT MPU CTapIeH CTENEHU X

-m+1=0,m=1

CrnenoBaTesibHO, MHOTOWIEH MOXET OBITh TOJIbKO TiepBoi ctemenu. [loacrapisis

y, =x+a B (19), Haxonum a=1. 3HauuT, y, = X+1 - HACTHOE PEUICHUE.



YroOwr HaiiTu oOmiee pemienne, nemaeM B (19) 3ameny y=(x+1)z. [lomygaem
MOCJIE YIPOLICHUM
X(x+1)z" —(x* +1)z' =0.

[MoumxaeM IMOPANOK 3aMEHOM z'=u M pelmaeM ypaBHeHHE X(X+1)U'=(x*+1)u;

du x*+1 cxe” .
—=——0X U=—=. Tak kak z'=u, a
u xX(x+1) (x+1)
x (xe™)’ e’
_[ dx——fxe d( J' dx = +C, TO
(x+1)° x+1 Cx+1 X+1 X+1

ce”
X+1

z= +C,, Yy=(X+Dz=ce*+c,(x+1).

8. YupaxueHus.

Pemmnts ypaBHEHUA:
1. y'—3y' +2y=0. 2. y"+5y'+y=0. 3. y’'—4y +8y=0.
4, y"+9y =0. 5. y'+4y' +4y=0. 6. y"-2y"+y' =0.
7. y¥ —y=0. 8. yV +2y"+y=0. 9. y'-4y=¢*.
10. y"+2y'+5y=e". 11. y"+y=xe*. 12. y"—y=sinx
13. y'—y' =2y =e*. 14, y"—y=xe*. 15. y"+y=sinx
16.y"+2y' +2y ="+ x. 17. y'+y' =xe” -

JIJist KaK0T0 U3 CIAEAYIOMUX YPaBHEHUN HAMKUCaTh €ro YaCTHOE PEIICHUE C
HeonpeaeneHHbIMU Kod(pdunnenTamu. YnciioBbIXx 3HaYeHUN KOA(PHUIIMEHTOB HE
HAXOJIUTh:

18. y"+2y'+2y =€ +xsinx
19. y" -4y +4y =xe® +.e™ cosx.
20. y"—2y"+5y =¢"cos 2x.

21. y"+y —6y = xe*sin3x.

22. y" -6y’ +10y = x’e¥ + xsin x.

23. y"' —y' =xe*cos® x.



24. y" +4y" =xsin®*x.

Pemnts ypaBHEHUSA:

25. y"+3y'+2y=——.
e +1

26. x°y"+xy'—y=0.
27. Xy —xy'+y=x.
28. y"+y=1gx.
29. xX*y"" +xy' -y =0.
30. X*y"+xy' +4y=x*-2x.
ITogoOpaB 4YacTHOE peENICHHE B BHIE MHOIOWIEHA WIM ITOKAa3aTeIbHOM
(YHKIUH, PELINTH YPABHEHHUS:
31, x(x-1y"—xy'+y=0.

32. xy" —(x+Vy)y —2(x-1)y=0.

Meroanyeckue yKa3aHusi K CAMOCTOATE/IbHON padoTe CTYICHTOB M 3a/1aHUs
(rembl 1 u 2) mo kypey «O0bIKHOBeHHbIEe U PepeHIHATbHbIC YPABHCHUD)
|I.  YpaBHenus 1 - ro nopsigka, pa3peuieHHble OTHOCUTEIbHO
NPOU3BOTHOM.

Pemnts nuddepeHnuansHble ypaBHeHUs y'= f (X, y) - 3HAYNT HAWTH BCE TaKHe
(GyHKIMH y=y(X), KOTOpBIE €MY YJOBJIETBOPAIOT, 00pa3sylOT €ro B TOXKIECTBO
y'(x)=f(x y(x)). Kaxpmas Takas pyHKIMsS Ha3pIBAaeTCA PeIIEHUEM, a ee rpaduk —

VHTETPAIBHON KPUBOMU.
1. TlepBblil NpOCTEHIIMI TUIT — YPABHEHHUSI C PA3AEISIOIIUMH TEPEMEHHBIMHU.
DTO ypaBHEHHE BUA
y'(x)=f(x)g(x) @)
WIM BUAA
M (X)N(y)dx+P(x)Q(y)dy =0 (2)
JUist pelieHusi Takoro ypaBHEHHsI Hajno o0€ €ero 4acTd YMHOXHUTh WU

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



X, B IPYI'YIO — TOJBKO Yy, ¥ 3aT€EM IPOUHTErPUPOBATHL 00€ YacTu (Hago CIEIUTh,
4T00BI OX ¥ dy CTOSUIM B YUCIMTEIIE, & IPU HUX COOTBETCTBYIOIIUE (PYHKIIUU OT X
UOT y).

Ilpu nenenuy o0EMX dYacTel YpaBHEHMs Ha BHIPAXKEHHE, COIEpIKALIEE
HEM3BECTHBIE X M Yy, MOLYT OBITh IOTEPSHBLI PpEIICHHs, OOpAIAIOIIUE 3TO
BBIP@)KEHHE B HYJIb.

Pemmts ypaBHeHue Xy —xy’ =y’.

Pa3perraeM ypaBHEeHUE OTHOCUTEIHHO MPOU3BOTHOM Y’

2(1+x
X' =yt ey, y =2 (X )

[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
byHKIUU z =ax+by (WU z=ax+by+c, C - TH000€).

[Ipumep. Pemmmm ypaBHeHHE (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+vy’, y’ onpenensercs us (5). [lomyqaem:

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

Paznennm nepeMeHHBIE:

2’dz

dx .
22 +1

Ternepb MOKHO UHTETPUPOBATH:

“d 2+1-1 d
J.zzzjuzlzjzzzll dz:'[dz_'[zz—zkl

=Zz-arctgz=x+c, u BO3BpaIasCh K X U y .

(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=c+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 C€=0.

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

IIOCTOsIHHAA.

YpaBHeHue BUA

, ax+by+c a
0) y=f|————| npuBOAMTCA B CiIydyae, Korjaa #0 K OOZHOPOJHOMY C

ax+by+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

HH)(I-1) =0, T(t-D)t =0, (-1 S =1, (t-Dat=-dx, & 1=xsc,

(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, ypaBuenue 2x'yy'+y*=4x". D10 ypaBHEHHE

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
oXZI2.2 V2 gl g8 gy

3
3aMEHHTH Y =2"* IPUBECTU K OJHOPOJHOMY y' == 57
2x*2%7' +2° = 4x° - OMHOPOJHOE.

.z
3aMeHONM —=t MpPHUJEM K YPAaBHECHHIO C Pa3AC/SIIOIIUMUCS MEPEMEHHBIMU: Z =1X,
X

7' =tx+t
2
2x* 7 (X 1) +1°%° = 4x°, _Atde _ dx
t°—2t3+4 x
—f LG d(t-1) L
2t3+4 X' 3 (t3 _1)2+(ﬁ)2 X
2 -1 z y* 2 y =
arct =In{xc|, t=—= , arct In(xc
33 ] NE) pxe X X 33 g N% (xc)

3. JIMHEWHBIM Ha3bIBAIOT YPaBHEHUE

A(x)y'+B(x)y=Q(x)(HenpuBeeHHOE, HEOAHOPOAHOE)



U y+P(x)y=R(X) (mpuBeneHHOE HEOAHOPOAHOE) (10)
Ero y3HaTe cpeam Apyrux ypaBHEHUHM lmopsaka MOXHO 1O BHIY — JIMHEHHOE
OTHOCHUTENIFHO Yy U y', ¢ KO3 (ULIMEHTAMH, 3aBUCSIIIUMUA 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 ypaBHEHUE C Pa3Ie/IsSIOIMMU [IEPEMEHHBIMU
dx ay
—=-P(x)y, —=-P(x)dx
b plr)y, b
Yoo = ce "™ rne ¢ - IPOU3BOJIbHAS KOHCTAHTA (12)

[ar 2. ®opmyna (12) HABOAUT Ha MBICJIb: UCKATh y OO0IIEe HEOJHOPOIHOTO

B TOYHO TaKOM ke Buje, uTo U (12), TOTBKO ¢ BO3bMEM Kak (QYHKIIHIO OT X.
Vi =e(x)e " (13)
Ocranoce HalTH c(X) M3 Tex coobpaxeHui, 4ro (13) ecTh pemeHne ypaBHEHHsS
(10). IToacrasum (13) B (10).
c'(x)e_Jp(X)dx +c(x)e_JP(x)dX -(—P(x))+c(x)e_IP(X)dx P(x)=R(x).
Cnaraemele ¢, c(x) IOJ00HBI M Pa3HOTO 3HAKA.
Ocraercst c’(x)e_j " _R(x), ¢(x)= el PP R(x)+¢, ¢ - IPOM3BOJBHAS
KOHCTaHTa
IIMar 3. [ToacraBum c(x) B y,,, MOJTYy4UM vy, :(ej P(X)dX-R(x)+C)e_j o
[Ipumep y’ = yctgx+cosx, Yy’ — yctgx =cosX.

PemuM cooTBeTCTBYIOIIEE OAHOPOJAHOE YPAaBHEHHE

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

3aMeHUM C Ha c(X) M IOACTaBUM Y, =c(X)sinx B 3aJJaHHOE ypaBHEHHUE.



¢’(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) B v(X), OJHY U3 KOTOPBIX MBI BEIOMpaeM KakK HaM y100HO, a BTOpas
HaXOJUTCH MX T€X COOOPaKEHMH, YTO BMECTE 3TO NPOU3BEICHUE 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 uv'——Y —0, Y _ Y  Jnu=In(y-1)+Inc, u=(y-1)c
T1=% Ty (y-1) (y-1)

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

OcraBmiasics 4acTh YpPaBHCHUA JACT CICAYIOIICC

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

I Iy dy Iy —2y+2y+1 1 I(y— jy IZy 1- 1+ldy y+ ZJ‘ J'

(y-1) y-1)

=y+2|n|y—1|—yi_l+c

v=y+2|n|y—]4—yi_1+c.



OtgBer. x =(y—1)[y+2|n(y—1)—i1+c], y =1 (pU J€TIEHUHU TOTEPSHO).
y_

K nuHeitHbIM ypaBHEHHSIM MPUBOAATCS ypaBHEHUs bepHymum u B psje

CIy4aeB ypaBHEHHE PUKKaTu.

Vpasuenue Bepuymmu umeer Bug: Y +P(x)y=Q(x)y”
Ecmum a =1, TO 3TO ypaBHEHHE C pa3ACISIIOIIUMUCS EpeMEHHbIMU. Eciin o =0, TO
9TO JINHEMHOE YpaBHEHUE.

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¢ claraéMoe IOKa3bIBAET, YTO 3a HOBYI (DYHKIHMIO HaJO
y y

1

B3ATh 7 =—

, a mpoauddepeHIupoBaB ee, MOJIyIuM 7' =(1—a)ia y’, T.€. YMHOXKUB
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 L
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 =¢"

1 B e ) e . 1 et
c'(x)=e¥*, c(x)==e"+¢, z,=¢" +C ==+, Z="-+C™.

4 4 4 4

y
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. PUKKaTH CBOIUTCS K ypaBHEHUIO BepHyum u

TaKuM 00pa3oM MOKET OBITh PEIICHO B KBajaparypax. Hampumep, st ypaBHEHUS



y'+y>=x*—-2Xx B JIeBOM 4acTu OYyayT WiIEHBI, OJ00HBIE YICHAM B IPABOW YaCTH,

€CJI1 B3AThb y=ax+b.

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

HalileM a M b(ecnM 4acTHOE pelIeHHE YKa3aHHOrO BUJA CYIIECTBYET, UYTO HE
9 ' 2 2

Bcerna ObiBaer). /[lpyroil mpumep I ypaBHeHHMS 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 HAUJCM 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
Pemaem wmetomom Jlarpamka: u'—-—-u=0, U,=X-C, TAE C - HPOM3BOJBHASA
X
KOHCTAHTA.
Umem U, =X°-¢(X). [TogcTaBum B ypaBHEHHE:
7 7 A 8 ’ 2 X
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 Tuddepenimanax

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—5x4)' y=3y?, (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)
Hurerpupyem no x mepBoe u3 ypaBHeHu# (16), cuuras y mocTosHHbIM. 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)=Yy*+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.
VHTErpupyIONMM MHOXKHUTENEM I yPABHEHUS]
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 ypaBHeHUH (17) UMEIOT HETIPEPHIBHBIC YACTHBIE TTPOU3BOIHBIE



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 (GYHKIHUS OT X U Y .

M _oN
oy, w
H NZ_mE
OX oy
Yaie BCero B poiaM U MPOOYIOT U=X, u=y, u=x%, U=y’, u=xy, u=xy’, u=xy,
X
u==—...
y
Hanpumep y*dx—(xy+x°)dy (19)
oM oN
ooy, Soy3y¢
Y y o y
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+x
VYMHoxkuM ypaBHenue (19) Ha = Zdx—-=——dy=0.
XX X
2y ON 2y

oM
M nocnennero ycnosus Komm: —=—, —=—-.
oy X oX X

w

T.e. 3T0 ypaBHEHHE €CTh ypaBHEHUE B TIOJHBIX TUDPepenimanax

oF y°
X i yzd 2

, oTcrofa F =|=dx=—=—=+
oy 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—):( =(£—2xjdy

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 pemieHus ypaBHeHus BUga F(x,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 OTHOCHTEIIBHO 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 ypaBaenue 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 = f kdx+ f pdp, 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 . [loaTomy
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 =Inp+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 — eX*C
(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
OTHOCHTEJIBHO X, pa3periaeM ero (y’ 0003HauuM p): x = yvirE
y P
Huddepenunpyem obe yacTu 1o y, cuutas p (QpyHKIUEH y U 3aMeHss j—y yepes
X
p.
2
[Tomyuum: _[i—z—ZJd—E—p—ZJr
p \2y p°)p° 4y p
2 2 3 2
[TpeoOpazyem: dpp -4y’ _p -4y

dy 2yp’ 4y*p

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

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

9TO BBIPAXEHUE B JAHHBIEC 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 pemeHueM ypaBHEHHsI F(X,y,y')=0 Ha3bIBaeTCAd DEIICHHME,

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 HaiTH 0CO0O€E penienne ypaBHeHus F(x,y,y')=0 (npexnomaraercs, 4To F
, OF 19y, OF /8y’ HENPEPHIBHEI), HAJ0 UCKIIIOYNTH y' M3 ypaBHEHUN 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) ABJISETCS M OHA PEUICHUEM JTaHHOTO ypaBHEeHUs F (X, Y, y')=0 (II0ICTaBUB €€ 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)
VY Hac y, = x+1, a Apyrue pemenus uMeroT Bun (4), t.e. y, =e*°+c. [loacrasinss
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
MPUMEHEHUU K KOTOPBIM MeTo MU dpepeHrpoBanus BCeria MPUBOIUM
YpaBHEHUIO, UHTETPUPYEMOMY B KBajipatypax. ITo — 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 BHIPAXKEHBI B (DYHKITUIO MMapaMeTpa 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 JOITyCKAET PEIICHNE 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? . AuddepenumpyemM o 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
MMOCTOSTHHOTO C , MBI TIOJIY9HM OOITIee pellieHue B mapameTpudeckon hopme.
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, IoJIy4acM:

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. Pemuth cnemyroniue ypaBHEHUS U yKa3aTh UX 0COOBIC PEIICHUS, €CIIN

OHH UMCIOTCHI.

1) y2+xy=(x+y)y'. 2) 9y —4y° =0.



3) y13 _ yleZX -0. 4) xy13 _ yr+1_

5) xy? =2yy'—x. 6) y=y'Iny’.

7) y2+e*=yy'. 8) xy'+y=Iny".

9) y=2xy'—y"~. 10) y=xy'—3y"~.

11) y2 +4y=2xy'+x2. 12) y*+(3x—6)y =3y.

13) (xy'+y) =x%y'. 14) y* —ye® =0.
15) y=(xy'+2y)". 16) y*+(3x—6)y =3y.

17) X*y? +y*=(2-yy'). 18) 3y® —xy+1=0.

19) 2xy’'—y=siny’. 20) 2y’ =x+Iny’.

21) y*(y-xy)=x". 22) y*+x°y* =xy(y?+y").
23) yP+(y?-2y')x=3y'-y. 24) x2y? —2(xy—2)y'+y* =0.
25) y=y\L+y2 . 26) xy'=2y+1+y2.

27) X’ (y—xy')=yy". 28) (y—2xy')2 =4yy".

12

29) (xy'—y)2=y7+1. 30) X(y'2+ezy)=—2y.



MeToanueckue YKa3aHUsl K  CaMOCTOSITeILHOW  padore
cryaeHToB U 3amanusi (tembl 3 u 4) mo kypcy «OObIKHOBEHHBbIE
g epeHIrAIbHbIC YPABHEHUSD)
YpaBHeHMe BbICIIUX IOPSAAKOB
Bblnenum OCHOBHBIE YT MHTETPUPOBAHUS YPABHEHUI BBICIIMX MTOPSIIKOB.
A. YpaBHeHUs, HE cOAEprKaIMe HE3aBUCUMOM IEPEMEHHONW. 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' =w Z,—,...,? .
dy dy

[ToaTOMY HCKOMO€E YpaBHEHUE ITPUMET BUJT

dz dz d"'z
Fly,z,—z,..0| z,—,....—— | |. 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 :¢’(y! Cl""’cn—l) . (4)
[IpounrterpupoBas ero, HaiiieMm 001K UHTErpasl ypaBHeHUs (1).
OcoOble pemieHus ypaBHEHHUS (3) MOTyT MPUBECTH K OCOOBIM PEIICHUAM
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 IPUMET 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, npujaeM K o0IieMy HHTETpaly 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 cojaepkaiiee HUCKOMOM (YHKIIMH, M ypaBHCHHE, HE
coJieprKailiee MCKOMOW (DYHKIIMM M TOCJIEIOBATEIbHBIX MEPBBIX MPOU3BOJIHBIX,
UMEIOT CIEAYIONIUN 00Imuid BU:

F(x, VARSR VAR y(”)):O, (k<n)=0 (5)

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

BBEJICHUS HOBOW MCKOMOM (DYyHKITMU 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, ¢, Cpr,Cyy ) (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
[TonoxuMm y'=z. Torna 4z+z° =4xz' WIn z=xz'—

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, VoY y(”)) =0, ©)
B KOTODOM JieBas 4YacTh SBJAETCS OJHOPOJHON (DYHKIMEH OTHOCHTEIHHO
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

V' =yz+yz = y(z2 +z’) ;

y"=y(2*+322'+7");

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



[losTomy, BbIONHSAA B YypaBHeHun (9) mnoacraHoBky (10) u  monb3yschk

IPEUI0KEHHON OJHOPOAHOCTHIO (PYHKIMK F , MosTydum

y"F (x,l, z,2% + z’,...,a)(z, Z,..., z(”‘l))) =0 (11)
Cokpamas Ha y", HAXOAUM ypaBHEHHE (n—1) - IO MOpsAIKa
F(x,l, z, 22 +z’,...,a)(z, Z,..., z(”‘1>))=0 (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

!

OJTHOPOJHOE 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 Z=c,, 3aMEHss Z Ha y7', OyneM uMeTh %:cl.
UHuTerpupyst eie pas, moayduM Y = e C,. YpaBHCHHE UMEET €Ille 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'.

" __ ﬂe—t

dy . dz .
—C =—+42Z,;y"=
"

Torma y=4r¢ =&

= (d—22+%Je“, TaK 4YTO IIOCJI€ MOJCTAaHOBKHU
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, mojydaeM u'+1-u=0, OoTKyAa U=Ce’+1l, HO u=2" MO3TOMY

Z'=ce’ +1.

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).

CryneHTaM npeajiaraeTcs CaMOCTOSITENIbHO PEIINTh IATh 3ajaHuil. B 4-M u 5-m
3aJJaHUSX TIPEAJIaraeTcs HCIOJIb30BaTh HACH COCTaBieHHA MU depeHIInanIbHbIX
yYpaBHEHUH B (PU3MUECKUX M T€OMETPUYECKHX 3aJayax, Kakue NPHUBOJWINCH B
teme «/ludpdepeHunanpHple ypaBHEHUs MEPBOro IMOpsAKa», C TEM JHILIb
JOTIOJTHEHUEM, YTO YCKOPEHHE 3aMEHSETCSl Ha BTOPYK MPOM3BOJHYIO B
¢uznyeckux 3ajayax, B TEOMETPUUYECKUX 3a/adax BTOpas MMPOU3BOJHAS BXOJUT B
(bopMyy KpUBU3HBI KPUBOM.
Hanpumep, npeqnaraercs Takas 3ajgaya:

.Hy‘-l CBCTa M3 BO3yXa IIOKA3aTCJIb IPCIOMIICHUA M, IHaAacT oA YIJIIOM «, C

BEPTHUKAJIbIO B ’KHUJIKOCTh C IEPEMEHHBIM ITOKa3zatesaeM mnpenomiienus. [locnennuit
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 jiayya B KUAKOCTU NOKAa3aTesb MPETOMIICHUS CPEIbl
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 TIIyOUHE X, a o - YyroJa

sin(d+da)  m

MEXK]Iy BEpPTUKAJIBIO U KacaTeIbHOM K CBETOBOMY Jiyuy. OUeBHUIHO, tga PaBHSIETCS
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 TeOopeMbl SBISIIOTCS OCHOBHBIMH B TEOPUU JIMHEHHBIX

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 x+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)
XapakTEepUCTUYECKOE ypaBHEHHE A°—64°+91=0 HUMEET 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) == =2 =1, Lg=A =,

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

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( nd =

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 3akirodaercsi CyTh METO/Ia BapUaIldU 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 Ha3pIBa€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 ¢pynxuus yu = p(x,y) Ha3bIBa€TCsI HHTETPUPYEMbBIM MHOXHUTEJIEM IS
ypasuenust M (x,y)dx + N(x,y)dy = 0?
- Takasl, 4TO JIeBasi YaCTh YPaBHEHHUsI €CTh d|U;
+ Takasi, 4TO TOCJe AOMHOXXCHUS Ha [ JieBas 4acTh YPaBHEHUS CTaHET TOJHBIM

nuddepeHumanom;



- Takas, YTO TOCiIe JAOMHOKEeHHs Ha p(x,y)MONyduTCs ypaBHEHHE BHIA
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 ypaBHeHHEM Jlarpamka?
- IMHEHHOE, OTHOCUTEILHO ¥, V', ¢ KO3 HUIIMEHTaMH, 3aBUCSIIMMU OT Y,
- IMHEHHOE, OTHOCUTEIILHO X, Y', ¢ KO3 UIIMCHTaMH, 3aBUCSIIMMHU OT Y,
+ IMHEWHOE, OTHOCHUTEIIBHO X, Y, C KOA(PPHUIMECHTAMH, 3aBUCSIIIAMU OT V' ;
- IMHEHHOE, OTHOCUTENBHO V', ¢ KO3 HUIIMeHTaMHU, 3aBUCSIIIUMH OT X, .
18. Kaxkoe ypaBuenue F(x,y,y') = 0 Ha3siBaeTcs ypaBHeHueM Kirepo?
- IMHEHHOE, OTHOCHUTENBHO ¥, Y', ¢ K03 dUIMeHTaMu, 3aBUCAIIUMHE OT Y,
- INHEHHOE, OTHOCHUTENBHO X, Y', ¢ K03 duIreHTaMu, 3aBUCAIIUME OT Y
+ IMHEWHOE, OTHOCHTEIILHO X, Y.y = xy' + @ (y");
- INHEHHOE, OTHOCUTENBHO V', ¢ KO3 dUIMeHTaMu, 3aBUCSAIIMMH OT X, Y.

19. Kak Beirsaut ob1iee perenue ypasaenus Kiepo?

-y =2x +c;
-y =2c+ (o)
-y =¢(0);

+y =xc + ¢(c);
-y =x+ @(c).

YpaBHeHHs BbICIIUX IMOPSAAKOB
20. B uem cwmbica TeopeMbl Komm o cyliecTBOBaHMM M €IMHCTBEHHOCTH
pemenns 3agaun Ko ypaBHeHHUS IEpBOTo nopsiaka?

1) Ilyctb maHO ypaBHEHHE % = f(x,y) ¥ maHbl Ha4YaJIbHBIC 3HAYCHUA (X,,Y,) .
X

[Ipeamnonoxum, 9To f(x,y) €CTh HEMPEpbIBHAS (YHKIHS ABYX MEPEMEHHBIX
B 3aMKHyTOM oOmactu R: x,—-a<x<x,+a, y,-b<y<y,+b), Torma
CYLIECTBYET €AMHCTBCHHOC PEIICHHE dTOr0 YpaBHEHUS, YAOBJICTBOPSIOIICE

y(xo) =Y



2) + Ilyctb maHo ypaBHEHHE % = f(x,y) 4 JaHbl Ha4aJIbHbIE yCIOBUA (X,,Y,) -
X

[Tpenmonoxum, 4To f(x,y) €CTh HEMpPEepbIBHASA (PYHKIIHS ABYX MEPEMEHHBIX
B 3aMKHYTOM oOmactu R: x,-a<x<x,+a, y,—b<y<y,+b) u B cumy
menpepbiBHOCTH |f (X, Y)| <M. Kpome Toro f(x,y) YIOBIETBOPSET YCIOBHIO

Jlummwna: AN>0 1V x: |[x=X|<a, ¥y y"

Y' = Yo| SBJY" = y,|<b
BBIITOJIHEHO |f(X, y') - f(X, y”)| < N|y’—y”|. Torma cymecTByeT €IWHCTBEHHOE
pellleHue YpaBHECHHS, OINPEICICHHOE M HEMPEPBIBHOC I 3HAYCHHUU X, Y
MHTEpBana X,—h<x<x,+h, rme h=min(a, %) , IpUHUMAIOIIIEE TIPU X = X,

3HA4YCHHUEC Y,

3) IlycTh 1aHO ypaBHEHHUE % = f(x,y) W AaHbBl Ha4YalbHbIE 3HAUYCHUA (X;,Y,)-
X

[Ipeanonoxum, 4to f(x,y) €CThb HENpepbIBHAS (HYHKLHS ABYX MEPEMEHHBIX
B 3aMKHyTOll oOmactu R: x,—-as<x<x,+a, y,-b<y<y,+b), Torma

cymiectByeT pemeHue Y(X), OmpeneIeHHOEC M HEMPEpPhIBHOE IS

x €[X, —h,x, +h], Tie h=min(a, %) , IPUHUMAIOIIEE TIPH X = X, 3HAUECHHE Y,

4) IlycTts ypaBHEHUE % = f (X, y) yaoBieTBopseT ycioButo Jlummuna:
X

AN>0 1V X: |[x=X|<a VY y"

Y = Yo <b, |y =Y,/ <b BBIIIOJIHEHO
|f(x, y)—f(x, y")| < N|y'— y”|. Tormga cCyliecTByeT €IMHCTBEHHOE pEIICHUE
ypaBHEHUS, ONpPENCICHHOS W HENPEPBHIBHOE MJIs 3HAYCHWM X, Y WHTEpBaja

h<x<x,+h, rae h=min(a, - _
Xo —h<X<X,+h, rome h=min(a, ﬁ) , IPUHUMaAIOIIIEE IIPU X = X, 3HAYECHUE Y,
21. Knaccuduxkaius 0COObIX TOYECK.

1 xopau 4, A, - IEUCTBUTEIbHBIE U OAHOTO 3HAKA — CEJIOBUHA

KOpHU 4, A, - KOMIUIEKCHBIE — POKYC

KOpHH 4, A, - YACTO MHUMBIE — LIEHTP

KOpHU A;, A, - IEUCTBUTEIbHBIC U PA3HBIX 3HAKOB - y3€



2 KOpHH A, A, - NIEHCTBUTENbHBIE U OJTHOTO 3HaKa — POKYC
KOpHH 4;, A, - KOMILUIEKCHBIE — LIEHTP
KOpHU A, A, - YUCTO MHUMBIE — (POKYC
KOpHU A, A, - IEUCTBUTEJBHBIC U PA3HBIX 3HAKOB — Yy3€J
+3 KopHU A, A, - NEUCTBUTEIBHBIE U OJTHOTO 3HAKA — y3€ll
KOpHU A, A, - KOMIUIEKCHbIE — ()OKYC
KOpHHU A, A, - YACTO MHUMBIE — [IEHTP
KOpHHU A,, A, - IEUCTBUTEIbHBIC U PA3HBIX 3HAKOB - CEJJIOBUHA
4 xopHH A, A, - IEUCTBUTENIbHBIE U OJTHOTO 3HaKa — (POKYC
KOpHU A, A, - KOMIUIEKCHBIE — LICHTP
KOpHH 4,, A, - YUCTO MHUMBIE — CEJIOBUHA
KOpHHU /;, A, - NEHCTBUTEIBHBIE U PA3HBIX 3HAKOB - Y3€I
22. YpaBHeHus N-ro Nopsijka, MHTETPUPYEMbIE B KBapaTypax
1) F(xy,y™)=0, F(y,y")=0, F(y,y"?)=0,
+2) y" =10, F(y"?,y")=0 F(y™,y"?)=0,
3) F(x,y™)=0, F(y.,y™)=0, F(y,y"?)=0,
4) F(y,y™)=0, F(x,y"y™)=0, F(y,y"?)=0,
23. YpaBHEeHUs, TOMYCKAIOIINE MOHIKEHUS TOPSAIKA
+1 B ypaBHEHUSX HET ABHO X, T.€. OHM UMEIOT Bua F(y,Y',...,y™) =0,
+2 B ypaBHEHHUSAX HET sBHO Y W ero “K-1” mpou3BOIHOM, T.e. OHM UMEIOT BH]
Foy®,..y™) =0,
+3 JieBast 4acTh YPABHEHUS — OJHOPOAHAS (PYHKIHMA OTHOCUTENBHO Y, Y ..., Y,

+4 jeBast YacTh ypaBHCHHS — OJTHOPOIHAS (PYHKIIMSI OTHOCUTENBHO X, X, Y, dy, ...

24. OnpeneneHue JUHEMHOM 3aBUCUMOCTH (QYHKIUH ¢, (X),..., @, (X)
1) ¢.(X),..,9,(X) JTUMHEHHO 3aBUCHMBI B WHTepBaje ( a, B), €CIH CYIICCTBYIOT

IOCTOSHHBIC &,...,¢, HC BCC PABHLIC HYJIIO OJHOBPCMCHHO, TAKHUEC, YTO BBIIIOJIHCHO

a0, (X)+...+a,0,(X)=0



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

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

paccMaTpMBaeMOM  HHTEpPBAJIC  BBINOJHIETCS  TOXIECTBEHHOE  OTHOLICHUE
ap,(X)+...+a,0,(X)=0

3) ¢(X),...,,(X) NHHEWHO 3aBHCHMBI, €CIIM CYMIECTBYIOT TOCTOSHHBIC ..., &, ,
TaKUE, 4YTO BBIMIOJIHEHO o, @, (X)+...+ @, (X)=0

4) ¢, (X),...,p,(X) JTHHEHHO 3aBUCHMBI, €CIIU CYIICCTBYIOT MTOCTOSHHBIC ..., &, BCE
PaBHBIE HYJIIO OJTHOBPEMEHHO, TAKUE, YTO BBITIOJIHEHO @, (X)+...+a,¢,(X) =0

25. Kakoit ompenenuTens Ha3bIBaeTCs oOmpeneianTeneM BpoHckoro mist N

(GYHKUMA OTHOCUTENBHO X: VY,,...,Y,, AMEIOIIMX HENPEPbIBHBIE POU3BOIHbBIE

1o N-1 mopsanka?

!

Y1 Yo Y,
LWy Y, )= yll‘.“'*) yz-(-n-_l) yn_(,n__l)
/R VR A
7B PR A
+2 W[y, ¥, 1= Yi Yy e Y
R
Vi Yo, e Y,
3Wyyen Vo= Yi Yy e Y
yl'('nll> y2'<'n'—1> yn'{nll)
yl(n—l) yz(n_l) yn(n_l)
A R A
oo Y2 W

26. OyHKIUU @ (X),...,9, (X) HA3BIBAIOTCS JTUHEWMHO HE3aBUCUMBIMU, €CITU
+1 o0, (X) +...+ 2,9,(X) =0 Toraa u ToJBKO TOTAA, Koraa «; =0
2 a0, (X)+...+a,¢,(x) =0 TOTIa U TOIBKO TOT/A, Koraa «; # 0

3 ap(X)+..+a,0,(X)=0, ecu a; =0



4 ap(X)+..+a,0,(X)=0, ecnu a, #0

27. Kaxas cuctema penieHnit Ha3bIBaeTCs PyHIaMEHTATBLHOM?
1 cucTema HE3aBUCUMBIX YaCTHBIX PELICHHM
2 cucTeMa 3aBUCUMBIX YaCTHBIX PEIICHUM
+3 cucrtemMa N JIMHEMHO HE3aBUCHMBIX YAaCTHBIX PELICHUW JIMHEMHOTO
OJIHOPOJTHOTO YPaBHEHHUSI
4 cuctema N OJIMHAKOBBIX PEIICHUM TMHEHHOTO OJTHOPOTHOTO YPABHEHHUS

28. Teopema o cTpyKType 00IIEro pereHus OJHOPOIHOTO YPaBHCHUS
1 ob1iee perieHre — ATo TUHEHHAss KOMOWHAIIMS YACTHBIX PEIIeHUN
2 oO11ee pelieHrne — 3TO JUHEHAs KOMOMHAIUS YaCTHBIX PEIICHHUI MOCPEICTBOM
MPOU3BOJIBHBIX MTOCTOSTHHBIX
+3 oOuiee pemieHre — 3TO JIMHEWHAas KOMOMHAIMs (yHIaMEHTalIbHOM CHUCTEMBI
YaCTHBIX PEIICHUH TTOCPEICTBOM MPON3BOIBHBIX MMOCTOSHHBIX
4 obmiee pemieHue — 3TO JIMHEHHAs KOMOMHauus (pyHAAMEHTaJIbHOW CHUCTEMBI
pemeHuin

29. Teopema o cTpyKType 00IIeTo perieHus] HEOTHOPOTHOTO YPAaBHCHHS
1 oG1ee pemeHne — 3To CyMMa €ro YaCTHOTO M 00IIEero peiieHus
+2 of0miee pemeHue — OSTO CyMMa €ro 4YacTHOrO U OOIIEro pemeHus
COOTBETCTBYIOILLETO OJTHOPOJHOTO YPaBHEHUS
3 ob1iee pelieHue — 3TO JMHEWHas KOMOWHaIUS ero GpyHIaMeHTaIbHOM CUCTEMBbI
pelIeHu
4 ob1ee peleHre — 3T0 CyMMa €ro YaCTHBIX PEeLIeHUH

30. Kakoli mojicTaHOBKOW MOHMXKAETCSl MOPSAIOK JIMHEHHOTO OJHOPOHOTO

ypaBHEHUS?

22U =y
Y1
3U=yU

4y =y
y



31. B kakom Buje yacTHOe pelieHue audQepeHuanbHOro ypaBHEeHUs 2

MOPSATIKA C TTOCTOSTHHBIMU KO3 PUIIeHTaMu?

_ kx.
+y_ex,
-y =xe”;

2%
-y =x“e”;

-y =xcosx + sinx.

32. Kaxoit oOmmii BUI WMeeT JWHEHHOE Au(depeHInaIbHOe ypaBHCHHE

BTOPOTO TOpsiiKa?

-xy'" = 0;
-(x+ 1Dy -y =0
+x" +a(t)x" + b(t)x = f(t);
-xx' =2x —t;
-x"? =x' +x.

33. B kakom ciyvae nuHelHOe nuddepeHnraibHoe YpaBHEHHE BTOPOTO

NOPSI/IKAa HA3bIBACTCS HEOIHOPOIHBIM?
- ecni JieBast yacth ypaBHenus y'' + a(x)y’' + b(x)y = f(x) HeonHOpOIHA;
- €CJIM B YPaBHEHUU €CTh IPOU3BOJIHAS BTOPOTO MOPSIIKA;
- €CJIM B YPaBHCHHUH HET (QYHKITUH;
+ ecnu npaBasi yacth ypaBuenus y'' + a(x)y’ + b(x)y = f(x) HeogHOpoaHA,;
- ecyii oHo uMmeeT Bu: Yy + a(x)y’ + b(x)y = 0.
34.B kakoMm ciydae JnMHEWHOe udQepeHInaTbHOe YpaBHEHHE BTOPOTO
HOPSI/IKA HA3bIBACTCS OJTHOPOTHBIM?
- ecynii oHo mmeeT BuI: Yy + a(x)y' + b(x)y = 0;
- ecnu JieBast yacth ypaBHenus y'' + a(x)y’' + b(x)y = f(x) omHOpoaHa;
- €CJIM B YPaBHCHUU €CTh TIPOM3BOJIHAS BTOPOTO MOPSI/IKA;
- ecim ono umeet Bux: y'' +y' +y = 0.
35. Obuiee penieHUe JIMHEMHOTO HEOAHOPOIHOTO YPABHEHUS €CTh

- TUHEWHAS (PYHKIIHUS TPOU3BOJIBHBIX TIOCTOSTHHBIX;

- KOMOMHAIIHSI €TO YaCTHBIX PEICHUM;



+cymMMma 0OILEro pemeHus OAHOPOJHOTO YpPaBHEHHS U YAcCTHOTO pELICHUs
HEOJTHOPOHOTO
- CyMMa JIByX HE3aBUCHMBIX YACTHBIX PEIICHUI HEOTHOPOJIHOTO YpaBHEHUSI.

36. Uto HasbiBaercs 3amadedt Komm s muddepeHIHansHOr0 ypaBHEHHS

BTOPOTO TOpsiaKa?
- 3aJ1a4a OTBICKAHWsI PEIICHUS, IOTYMHCHHOTO 3aJJaHHOMY YPaBHECHHIO;
- 3a7laua OTBICKAHMUSA PEUICHHs], YIOBJIETBOPAIOIIETO HAYAIbHOMY YCJIOBHIO
x(to) = Xo;
+ 3amaya OTBICKAHUS PEIICHUs, YIOBJICTBOPAIOIIETO HAYAIBHOMY YCIOBHIO
x(to) = x0,x"(to) = vo;
- 3aJ1a4a HaXOXKJCHHSI OOIIEro PEIICHUs] YpaBHEHUS;

37. Yto Ha3bIBaeTCS XapaKTEPUCTUUYECKUM ypaBHEHHEM UG (depeHIInaTbHOTO
ypaBHCHHsI BTOPOTO MOPSIKA ¢ TMOCTOSHHBIMU Kodbdurmentamu x'' + ax’ +
bx = f(t)?

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

- ypaBHenue t% + at + b = f(t);
- ypaBHenue A* = b,

38. Kak BeITTIAIUT 00111ee perieHne JMHEHHOTO OJTHOPOIHOTO Aud). ypaBHEHUS 2
NopsiIka B Ciydae, KOTJa XapaKTEepUCTUYECKOE YpaBHEHHE WMEET JBa
PAa3IUYHBIX AEHCTBUTEIBHBIX KOPHS?

- x(t) = cieMt + c,te’t;

- x(t) = t(c,eMt + c,et2t);
-x(t) = ¢y sinA4t + ¢, cos A, t;
+x(t) = c;ett + c etet;
-x(t) = ¢y th + c,the;

39. Kak BeITIIAUT 00111ee perieHne JNHEHHOTO OTHOPOTHOTO Aud). ypaBHEHUS 2
MopsiIKa B Cilydae, KOT/Ia XapaKTePUCTUYECKOE YpaBHEHHE HMEET OIUH

JEWCTBUTEIbHBIN KPATHBIA KOPEHb?



+x(t) = ce™ + ¢ te;
-x(t) = (1 + cy)te?t:

- x(t) = ce’t;

- x(t) = c¢; sin At + ¢, cos At;

40. Kak BeINJISIUT 00IIee pEIICHUE TUHSHHOTO OJHOPOIHOTO TU(. YpaBHECHUS 2
HopsiIKa B CiIy4ae, KOTIJa XapaKTEePHCTUYCCKOE YpaBHCHHE HWMEET JiBa
KOMILJIEKCHO-COTPSDKEHHBIX KOPHSI?

- x(t) = ;e + ¢, teft;

- x(t) = t(cre® + c,ePH);

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

-x(t) = ¢y sinat + c, cos Bt

41. B kakoM BHJE HCKaTh YaCTHOE PEIICHUE JIMHEHHOTO HEOIHOPOIHOIO
mupdepeHIMaTbHOTO  YpaBHEHHS 2 TOpSJIKa € IOCTOSSHHBIMH
KO3 GUITMESHTAMH, €CITH IpaBas dYacTh 3TOT0 YPaBHCHHUS €CTh (DYHKIIHS
P, (t)et, rne B, (t) - MOJIMHOM CTENEHU M, a ¥ HE COBNAAAET HU C OJHUM M3
KOpPHEHN XapaKTEPUCTUUECKOTO YPABHEHUSA?

-y = ce't;

- y= Qn(t), tne Q,,(t) — TOTUHOM CTEIEHHW M C HEU3BECTHBIMU
kod(pdunreHTamu;

+ y=Q,®e", tne Q,(t) — NOIMHOM CTENEHW M C HEU3BECTHHIMU
kod(pdunreHTamu;

- y=0Q,)t, tne Q,,(t) — TNOIUHOM CTENEHH M C HEU3BECTHBIMU
ko3 dunreHTamMu;

- y=Q,,()te?, rme Q,,(t) — NONMHOM CTENEHU M C HEU3BECTHBHIMU
ko3 dunreHTaMu;

42. B kakoM BHJE HCKaTh YaCTHOE PEIICHUE JIMHEHHOTO HEOIHOPOIHOIO
nuGGepeHIIMaIbHOT0  YpaBHEHHS 2 MOpsSjaKa € MOCTOSHHBIMH

kod(ddurnmenTamu, eciau mpaBas 4YacTh 3TOTO YpPaBHEHUS €CTh (DYHKITUS



B,(t)e?t, rne B,(t) - MOIMHOM CTENEHH M, a Y COBHNANAET C OJHHUM H3
KOPHEH XapaKTepUCTHUSCKOTO YpaBHEHUS?
-y = cte'?;
- y= Qu(), rone Q,,(t) — mNOIMHOM CTENMEHH M C HEHU3BECTHBIMHU
ko3 dunreHTamu;
- y=0,)e", rme Q,,(t) — NOIMHOM CTENEHM M ¢ HEU3BECTHBHIMU
koddpurmenTamu;
- y=0Q,)t, toe Q,,(t) — TOIUHOM CTENEHH M C HEU3BECTHBIMU
koddpurmenTamu;
+ y=0Q,,(®)te?, rne Q,,(t) — NOIMHOM CTENEHHM MM C HEU3BECTHBHIMU
ko3 pureHTamu.

43. B kakoM BHJE€ HCKaTh YacTHOE pEIICHWE JTUHEHHOTO HEOTHOPOIHOTO
mupGepeHIMaTbHOTO  YpaBHEHHsT 2 TOpsSJIKa €  IOCTOSHHBIMH
KO3 GUITUCHTAMH, €CIIM TpaBas YacTh 3TOT0 YpPaBHEHHS €CTh (PYHKIIHS
P,(t)e?t, rne P,(t) - MONMHOM CTENEHM M, a Y COBIAJAET C KPATHBIM
KOPHEM XapaKTePUCTHUECKOTO ypaBHEHUS?

-y = ct?e?;

- y= Qn(), rtone Q,,(t) — TmNOIMHOM CTEIIEHW M C HEU3BECTHBIMU
kod(ppunreHTamu;

+ y=0Q,®)t%e", tne Q,,(t) — NOIMHOM CTeEeHM M C HEU3BECTHBIMU
kod(pdunreHTamu;

- y=0Q,)t, toe Q,,(t) — TOIMHOM CTENEHH M C HEU3BECTHBIMU
kod(pdunreHTamu;

- y=Q,,(®)te?, rme Q,,(t) — NONMHOM CTENEHM M C HEU3BECTHBIMU
koddpurmeHTamu.

44. KakuM criocoOoM MOHUXKAETCS MOPsIoK B AU epeHInaIbHOM YPaBHEHUH
BBICIIIETO MOpsiIKa?

+ 3amMeHOM MulaauIeil MpPOM3BOJHOM 3a HOBYIO (DYHKIIMIO M MHOTOKPATHBIM

VHTETPUPOBAHUEM;



- 3aMEHOH cTapieil MPOU3BOJHOM 3a HOBYIO (YHKIIMIO U MHOTOKPAaTHBIM
UHTETPUPOBAHUEM;
- BBIHECCHHEM CTapIleil IPOU3BOIHOMN 3a CKOOKY;
- pa3JoKEHUEM Ha 2 YpaBHEHHsI MEHBILIETO TOPSAKA;
- CBEJICHUEM K YpaBHEHHIO Diiepa.

45. Kaxoit oOumii Bug UMeeT ypaBHeHue Ditniepa?
-y +a()y’ +b(x) = c(x);
My g x™ Ty ot agxy’ + aey = £(0;
+ (ax + b)"y™ + A (ax + D)Ly D o+ 4, 1 (ax + D)y + Ay = f(x);
-y +ay® Y+t an gy + agy = f(X);

46. Kakoit 3aMeHOI MHTETpUPYyETCS ypaBHEHHE Dhepa

xMy® 4+ g, x2y@™=D ... 4 a,xy’ +ayy = 0?

-y =Vx;

+y=xk;
-y = x?;
_y:ekx;
-y = xeX¥,

47. Kakum metogom cuctema auddepeHnaibHbIX YpaBHEHUNW MPUBOAUTCS K
OJIHOMY YypaBHEHHMIO 00Jie€ BBICOKOTO TOpSIKA C OJHOW HEU3BECTHOU
byHKUMEH?

- METOJIOM 3aMEHBI TIEPEMEHHBIX;

- METOJ] IOHKCHHUS TIOPSIIKA;

-METO/]I UCKITFOUCHHUS HEU3BECTHBIX;

- METOJ] BapHaIlii MPOU3BOJILHBIX MIOCTOSHHBIX.

48. Kakoii Bug umeeT ypaBHeHue beccens?

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

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



