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2. METOOANYECKHUE YKA3AHUA

2.1. PA3JEJ 1. TU®®EPEHIUAJLHBIE YPABHEHHUS 1-TO
MOPSIJIKA

2.2. TEMA 1. JTU®GD®EPEHIIUAJIBHBIE YPABHEHMUS 1-1'0 HOPAAKA

OcHOBHBIE BONPOCHI:

1. OcnoBHble onpenenenus. UuTerpanbHbie KpuBble. 3anada Kommu. YactHoe u
oO11ee perieHus.

2. Metoasl pemieHus: mpocTedmmx audQepeHnanbHbpIX YpaBHEHH MEPBOTO
NOpsIZIKa.

3. Teopembl CyIIeCTBOBaHHMS W EIUHCTBEHHOCTH permieHus 3amadu  Kormm.
[lonHpie penieHus.

4. Iuddepenumanbuple ypaBHEHUsT TMEPBOrO TOpsAJKa, HE pa3peuieHHbIE
OTHOCHUTEJIBHO NMPOU3BOJIHOM.

PexoMeHIAIUM 110 U3YYEHHIO TEMbI:

Bonpoc 1 wmsnoxen B kuurax [1] ctp. 10-15, [3] ctp. 7-13, B yueOHO-
MeToanueckoM mocoduun [1] ctp. 11-13.

Bonpoc 2 wmsnoxen B kuurax[l] Ha c. 11-23, [3] ctp. 14-85, B yueOHO-
MeToanueckoM mocoduun [1] ctp. 14-25.

Bonpoc 3 u3noxen B kuurax [1] va c. 27-35, [3] ctp. 225-259, B yueOHO-
MeToaudeckoM rmocooun [1] ctp. 24-32.

Bompoc 4 wusznoxen B kuumre [1] Ha c. 44-52, B y4eOHO-METOIUYECCKOM
nocobuun [1] ctp. 39-42.

KoHTpoJibHBbIE€ BONIPOCHI IO Teme 1:
1. 3amumwure oOuwmii Bua auddepeHnnantbHOr0 ypaBHeHHS IEPBOTO
MOpsIZIKA.
2. 3anumuTte nuddepeHnnanbHoe ypaBHEHHE IEPBOTO MOPSAIKA B BUJIE,
pa3perIeHHOM OTHOCUTEIBHO MPOU3BOHOM.
3. Yro Ha3bIBaeTcs penieHneM AuddepeHnanbHOro ypaBHEeHHs IepBOro nopsiaka?
4. Yto Ha3bIBAECTCS UHTEIPAIBHON KPUBOM?
5. Kak noctpouts nose HanpapieHui A qudpepeHnnaabHOro ypaBHEHUS IEPBOTO
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nopsiika?

6. Uto Takoe M30KJIMHBI? 3anuiinuTe 00111ee ypaBHECHUE N30KIIHMH.

7. Kak mocTpouTh MpUOIIKEHHOE peleHne auddepeHIInaaIbHOro

ypaBHEHHUSI IEPBOTO MOPSIAKA C TOMOIIBIO U30KIUH?

8. 3anuiute 3anauy Ko g quddepeHnuanbHOro ypaBHEHUS

NEPBOTO MOPSIKA.

9. Uro HazbiBaeTcs pemenueM 3aaaun Komm nuddepennmansHoro

ypaBHEHUSI IEPBOTO MOpsaKa?

10. 3anuuTe BUI ypaBHEHUSI C pa3AeISIIOIIMMUCS IEPEMEHHBIMU.

JlailTe anroputM pereHus.

11. Yro Ha3wpiBaeTcs oOmmM pemeHneM qudepeHmaisHoro ypaBHEHNS IEPBOTO
nopsiaka?

12. Kakoe pemieHue Ha3pIBacTCs 0COOBIM?

13. Kakoe ypaBHeHUE HA3bIBACTCS OJJHOPOAHBIM?

14. MeTon petieHrs 0AHOPOIHOTO AU(dHepeHIINaTbHOTO YPaBHEHUS

MEPBOTO MOPSIKA.

15. Yto Ha3bpIBaeTCs 0OMMM HHTErpaioM IudGepeHITaTIbHOTO YPaBHEHHS TIEPBOTO
MopsiIKa.

16. 3anuiuTe BUJI JMHEHHOTO YPAaBHEHUS TIEPBOIO MOPSIIKA.

17. Meton bepuyinu OThICKaHUS 00IIETO PEIICHHS IMHEWHOTO YPAaBHEHUSI TIEPBOTO
MopsiIKa.

18. 3anuiuTe BU ypaBHEHUsI bepHyuM, 3aMeHy U1l €r0 PEeIICHHUS.

19. ChopmynupyiTe 10CTaTOUHBIE YCIOBUS YCTOMUMBOCTU AU HEPEHIINATBHOTO
ypaBHEHUS IEPBOTO MOPSIKA.

20. Yto Ha3pIBaeTCs MOCAE0BATEIbHBIMU IpUOIKeHus MU [Iukapa?

Jaiite oOuryto GpopMyIty Aiist UX HAXOXKIACHUSI.

21. Kak cBsi3aHbI mociieioBaTeIbHBIC TpUOMmKeHus [Inkapa ¢ penenreM 3a1adu
Komm Ha otpeske?

22. CchopmynupyiiTe 1OCTaTOYHBIE YCIOBUS €AMHCTBEHHOCTU AU PEpEeHIINATBHOTO
ypaBHEHUS TIEPBOTO MOPSIKA.

24. 3anumure BUJl ypaBHEHUSI B CUMMETPUUYHOM opMe.

25. Kakoe ypaBHEeHHE Ha3bIBACTCS YPaBHEHUEM B TOJHBIX AU depeHInanax?

26. ChopmynupyiiTe HEOOXOIUMOE U JOCTATOYHOE YCIOBUE TOTO, KOT/1a
ypaBHEHUE B CAMMETPUYHOMN (OpME ABIISIETCS YPAaBHEHUEM B TTOJIHBIX
muddepeHImanax.

27. YTo Takoe MHTErPUPYIOLINA MHOKUTEIb?

28. [lepeuncnute OCHOBHBIE METOIBI perieHus AU hepeHITHATBHOTO

ypaBHEHHSI IEPBOTO MOPSAKA, HE Pa3pEUIEHHOTO OTHOCUTENILHO MPOU3BOIHOM.
29. 3anumure BUA ypaBHenus Jlarpanxka, Kiepo.

30. Yto Ha3wpIBaeTCs OruOAOIICH ceMeicTBa peteHui AudhepeHIMaIbHOTO
ypaBHEHHUS], HE Pa3pEIIEHHOTO OTHOCUTENIbHO MPOU3BOIHOM.



TecThl 111 CAMOCTOATEILHON Pa0dOTHI:

Tect 1

3apanme 1. Onpenenure TUI KaKI0TO

U3 TAHHBIX YPABHECHUM!
r=Y 1 sinZ-

Ny = —+sin=;

)y +y—xy*=0;

3) x(y? —4)dx + y dy = 0;

X .
4)y' + 1_3;2 = arcsinx

BapI/IaHTbI O0TBETOB.

YPaBHEHHE C Pa3IeIISTIOITIMHUCS
NIEPEMEHHBIMH;

OJIHOPOJHOE YpaBHEHHUE TIEPBOTO
MOPSIKA;

JMHENHOE YpaBHEHHUE MTEPBOTO
MOPSIKA;

ypaBHEeHUE bepHyum

3ananue 2. Ykaxute QyHKIUIO,
SABJISIFOLYIOCS] PEILICHUEM YPaBHEHHUS
dx

Y = a1

BapnaHTm OTBCETOB.

oy=e"%
oy = 2
L.
© y_x+1'
o y=+In(x+1).

3aganme 3. Cpeau nepeyurCICHHBIX 3a1a4
3agauen Komm siBiisgercs. ..

BapuaHTBbI 0OTBETOB!:
o xyy' =1 — x?
o ydx + ctgxdy = 0,

Y3 = —1;
oy =3y—-1,
o )+y=1y(0)=1,
y(1) =2
Baganue 4. Oynkuusy = C(x + 1) Ykaxure orBer

SBJISICTCS pelicHreM ypaBHeHus y' + 2 = 0,
ecau C TPUHUMAET 3HAYCHHUE. . .

C=..

3amanue S. Pemnre 3agauy Komm

xy' — 6y =x,

1
y(1) =z

U B otBeTe yKakute 3HadeHue Y(0).

YKaxxure oTBeT

3apanue 6. Pemure nuddepennuanbioe
apHenne y' = 2+
yp y 2y

3anuumuTe NMOJIHOE pelIeHue

3apanue 7. Pemmre nuddepennnanbaoe

ypaBHenue y' + % = x%y*,

3anuuiuTe NMOJIHOE pPelIeHue

3ananue 8. fIBnsercs nmu ypaBHEHHE
ypaBHEHUEM B MOJHBIX AuddepeHiumanax

1) na
2) HeT

7




(2xy —5)dx + (3y? +x*)dy =0

3apanme 9. fABnsercs mm QyHKIUA
U(X,y) = X*y® + 2Xy 06LIIM HHTErPAIOM
nuddepeHnanTbHOr0 YpaBHEHUS

(2xy® + 2y)dx+ (3x*y? +2x)dy =0

1) na
2) HeT

3apanue 10. Pemure ypaBHEHHE B OJIHBIX
nuddepennmnanax
(2x 4+ 3x%y)dx + (x* —=3y)dy =0

3anummnTe NOJIHOE pelIeHne

Tect 2

3aganme 1. Onpenenure TUIM KaxKI0T0
W3 JaHHBIX YPAaBHCHUN !

y
1)y cosx = —;
)y Iny’

2)y' +§= x?;
3) x(y? — 4)dx + y dy = 0;
Ay’ + 2xy = 2y3ys5.

BapuaHThbI 0OTBETOB:

YPaBHCHUC C pasaCLAIOINMUCA
IICPCMCHHBIMH

OJIHOPOJHOE YpaBHEHHUE MIEPBOTO
MOPSIKA;

JMHEWHOE YPaBHEHUE NIEPBOTO
MOPAIKA;

ypaBHeHUE bepHyiuy;

3ananme 2. Ykaxure QyHKIINH,
SIBJISTIOIIMECS PEIICHUSIMH YPaBHEHUS

xy? =1y’

BapuaHTbI 0TBETOB!:

2
@ y=4—7;
—le
O y—?,
— 2!
@) y——;,
_2
@) y—;

3aganme 3. Cpeau nepeurcIeHHbIX 3a/1a4
3agauent Komm siBiisercs. ..

BapuaHThI 0TBETOB!:

o Vx+y+xy?=0

o ¥y =e #,y(0) =1,
y(2) =e™

o y=")?% y(0)=2;

o e Ydx+ (1—xe¥)dy =
= 0.

3amanue 4. YKaxute, Ipy KaKOM 3HAYCHHUU

YKaxure oTBeT
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C pynxuus y = x3 apngercs pelieHueM
ypasHeHus y' = Cx?2.

3aganme S. Pemure 3agauy Kouu YKaxxurte oTBeT

y' =2e7%,
(3)=¢
y 4 - )

e
U B OTBCTC YKAKUTC 3HAYCHUC y (Z)

3ananue 6.Pemmmre nuddepennmansHoe 3anumuTe MOJIHOE pelieHue
!
x e
YpaBHEHHUE Yy — tg Y,
X X
3ananme 7. Pemre nuddepennmanbHoe 3anumuTe MOJIHOE pelieHue

ypaBHEHHE COSX 'y +sinx-y = 1.

3ananme 8. fBnsercs nu ypaBHEHUE 1) na
yYpaBHEHUEM B MOJHBIX AU PepeHIanax 2) Het
(2—9xy?)xdx + (4y* —x*)ydy =0

3amanue 9. SBnsercs nu QyHKIUS 1) na

U(x,y) = xy° —3xy? o0umm uHTErpanom 2) Her
nudpepeHnanbHOTO YpaBHEHHUS

(y° —3y?)dx+ (5xy* —6xy)dy =0

3amanue 10. Pemure ypaBHEHHE B IOJIHBIX | 3aNMIIUTE MOJTHOE pellleHue
nuddepenumanax

(X* + y)dx+ (x—y)dy =0

Tecr 3
3apanue 1. Onpenenure TUI KaXa0ro BapuaHTbl 0TBETOB:
13 IHHBIX yPABHCHIH. YPaBHEHUE C Pa3ACIIAIOIIMMUCS
1) xy' —y?Inx +y = 0; IIEPEMEHHBIMUY;
2)\x2+y?=y—xy’; OZHOPOIHOE YPaBHEHUE MIEPBOIO
3)xy' —y = x?cosx; OpSIKa,;
r—
4y =tgxtgy. JIMHENHOE YPaBHEHUE MIEPBOTO
MOPSIZIKA;
ypaBHeHue bepHyiu
3ananue 2. Ykaxute QyHKIHUIO, BapuaHThbl 0TBETOB:




SBJISIFOILYIOCS] PEILICHUEM YPaBHEHUS

y' = —tg x.

1

°©y=- coszx;

o y = In(cosx);
sinx

o y= ;
COoSs X

o y = In(sinx).

3aganme 3. Cpeau epeyurCIICHHBIX 3a/1a4
3agauen Kommu siBiisgercs. ..

BapuaHTbl 0TBETOB:

/_ey.
oy —?,

o (y+1dx+ (x? —2)dy = 0;
oy + (x+5)y=xy?

y(0) = 2;
o 2yy' =4+ »")%y(0) =1,
y'(0) = 2.

3amanue 4. YKaxute, Ipy KaKOM 3HAYECHHUU

C pynxuus y = e?**3 gpnsercs pemennem
YpPaBHEHUS
y' —2y+C=2.

YKaxxure oTBeT

3amanue 5. Pemnre 3agauy Komm

{xy' -y = —2xy?
y(1) =1

U B OTBETE yKakuTe 3HaueHue y(2).

YKaxxure oTBeT

3apanue 6. Pemure nuddepeHunanbHoe
ypaBHEHUE

yiy' =y(x —y).

3anuiunTe MOJIHOE pelieHue

3apanue 7. Pemure nuddepeHumnanpHoe
ypaBHEHHE

y' =xy + x3y?.

3anuiunTe MOJIHOE pelieHue

3amanue 8. SIBnsiercs U ypaBHEHHE 1) na
ypaBHEHUEM B TOJHBIX auddepeHiumanax 2) HeT
Y ix + (y®+Inx)dy =0
X
3apanue 9. SBnsercs nu QyHKIUS 1) na
2) Her

U(x,y) =3xy’ —2xy*

o01muM uHTErpanoM aAudepeHImaITbHOro
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ypaBHEHUS

(3y® —2y?)dx — (9xy* —4xy)dy =0

3amanue 10. Pemure ypaBHEHHE B TIOJIHBIX
nuddepennnanax

(X+ y)dx+(x—y)dy =0

3anuumuTe MOJIHOE pelIeHue

TecT 4

3aganme 1. Onpeaenure TUM
Ka)KJI0TO M3 JTAaHHBIX YPaBHCHHIA:
1) y' + 2xy = x2e™";

2)y' +xy+ (2 —x)e*y? = 0;
3) (1 + x?)dy + ydx = 0;

" sinZ — vsin2
4) xy sin—+x =y sin=-.

BapuaHTtbl 0TBETOB:

YPaBHCHUC C pasaAC/AIOINMUCA
IICPCMCHHBIMH

OJIHOPOJTHOE YpaBHEHUE NIEPBOTO
MOPSIZIKA;

JMHEWHOE YPaBHEHUE NIEPBOTO
MOPSIKA;

ypaBHeHue bepuynu

3apanue 2. Ykaxute GyHKIHUIO,
SABJISIFOITYIOCS] PEIICHUEM YpaBHEHUS

dy — 3x%y dx = 0.

BapuaHThbI 0TBETOB:

3

o y=e*;

o y=e*+2;
o y= eX>-1.
o y= 2e*"

3aganme 3. Cpeau nepeunCICHHbIX 33/1a4
“samageit Komm™ gasisgercs. ..

BapuaHTbI 0TBETOB!:

o y'sin’x = 2y;

o 2(x+y)dy+ (Bx+3y—
—1dx =0, y(0) = 2;

y' oy
o THz=0yM=1

y(3) =3;
o ydx —xdy+Inxdx =0.

3ananme 4. Pemure 3anauy Komm
y'(x+5)% = 4y,

1
y(=4) =7

YKaxxure oTBeT
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U B OTBETE YKakHTe 3HaUeHUE y(—3).

3ananmue S. Pemure nuddepennmansaoe 3anumuTe MOJIHOE pelieHue
ypaBHEHUE

Y,y
‘= 44+ 4 (D)2
y o+ ()

3ananme 6. Pemure nuddepennuansHoe 3anuiunTe MOJIHOE pelieHue
ypaBHEHUE

xy' —y = xcosx.

3ananme 7. Pemure auddepennuansHoe 3anuuuTe MOJIHOE peleHue
ypaBHEHUE

xy'+y = y* Inx

3ananme 8. fBnsercs nu ypaBHEHUE 1) na

ypaBHEHHEM B MOJHBIX JuddepeHnanax 2) HeT

(2xy? —Ddx+ (2y* + x*)dy =0

3amanue 9. SBnsercs nu QyHKIUS 1) na
2
U(xy) =xy —5x"y et

oO1muM uHTErpanoM AudepeHImarTbHOro
ypaBHEHHUS

(y —20x°y)dx + (x =5x*)dy =0

3apanue 10. Pemure ypaBHEHHE B IOJIHBIX | 3aNMIIUTE MOJHOE pellleHue
nuddepenumanax

(x* +y)dx+(x—y)dy =0

23.  PA3JEJ 2. CHCTEMBbI JUHEMHBIX YPABHEHUH U
JIMHEUHBIE YPABHEHMUS N-T'O TIOPAIKA

2.4. TEMA 2. HOPMAJIBHBIE CUCTEMbI
ANPPEPEHIIUAJIb-HBIX YPABHEHHUUN

OcHOBHBIE BONPOCHI:
1. Cucrembl nuddepeHmanbHblx ypaBHeHUM. Hopmanbublii Bua. 3amaua
Komm.
2. TeopeMmbl CyllIECTBOBAHUS U €IMHCTBEHHOCTH PEIICHHUS.
12



3. CneactBus 11t ogHoro qudGepeHnnaIbHOro ypaBHEHUs N-T0 MOpsiKa.

PexomMeHIaI[UM 110 H3YYE€HHUIO TEMBbI:

Bompocsr 1,2 uznoxens! B kaure [1] Ha ¢. 52-58, B yueOHO-MeTOIUIECKOM
nocooun [1] ctp 48-53.

Bompoc 3 uznosxen B kuure [1] Ha ¢.81-85.

Bompocsr 1-3 npeacrasnens! B kaure [3] ctp. 180-216.

KoHTpoJibHBIE BONIPOCHI IO TEMe 2:

1. 3anumuTe 00muMi B cUCTEMBI AU (epeHINATBHBIX YPABHEHHUH N -TO MOPSIKA.
2. Yto Ha3bIBaeTCA PEIICHHEM CHCTeMbI AU(GepeHITUaANbHBIX YPAaBHEHUH N -TO
nopsijaka’?

3. Kakas cucrema nuddepeHmanbHpIX YpaBHEHUN HA3bIBACTCSI HOPMATbHOM?
4. Kak npuBectu cuctemy nuddepeHInanbHbIX YpaBHEHUH N — ro MOpsaKa K
HOpMaJbHOMY BUAY?

5. YUto Ha3bpIBaeTcs pemeHneM 3a1a4u Koy HopManbHOM CUCTEMBI

b depeHnaIbHbIX YpaBHEHHA?

6. ChopmynmupyiTe HEOOXOIUMBIC U JOCTATOYHBIE YCIOBHS CYIIECTBOBAHUS H
€IMHCTBEHHOCTHU pelieHus 3aaaun Ko 111 HopMallbHON CUCTEMBI

g depeHInaIbHbIX YPaBHEHU.

TecTbl AJIs1 CAaMOCTOATEJIbHOM PadOThI:
Tecm 1

3aganme 1. Cpeau nepeunciIeHHbIX Ilepeuncaure HOMepa cUCTEM
CHCTEM YKAXKUTE JIMHEHHBIE

OJHOPOIHBIC CUCTCMEI:

1 {X:5x—3y, 2.{ X =8X+Y,

y =3x—4y; y=2X—-Yy+t;
X =4x -3y -5 X =4x—3
3, [X=4x=8y=5, X x2 Y,
y=3x+7Yy, y=3x"+4y
3aganmue 2. Kopasimu Ykaxxure OTBeTbI:
XapaKTEPUCTUUECKOTO YPABHEHUS 1.4, =
CHUCTEMBI 2. A, =

X=Y,
X ABIISKOTCA. ..
y=-X

3apanme 3. [1o 3a1aHHBIM KOPHAM 3anuinTe MOJIHOE pelieHue
XapaKTEPUCTUUECKOTO YPaBHEHUS
HaiuTe o0IIee PEIIeHNE CUCTEMBI
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{)‘( = 4x -3y,

=14, =5
3'/:3x+4y;ﬂ1 2

3aganue 4. SBAroTcs u
MpeIJIOKEHHBIE PYHKIIUN PEILICHHEM

CUCTEMBI
X =X-3y, .
{_ yx:e‘COSBt,yzetsm?,t
y=3X+YV;

1) da
2) Hert

3aganme 5. Pemmte cucremy
nuddepeHIanbHbIX YPaBHEHUN

X=3x-2y,
y =5x+6y

3anumuTe MOJIHOE pelieHue
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Tecm 2

3aganme 1. Cpenu nepeynciIeHHBIX
CUCTEM YKaKUTE JTMHEHHbIC

OIHOPOJHBIC CUCTCMBbI:

1 X =5x° -3y, 5 X=2X+Y,
“ly=3x-4y;  |y=2x-y+2t

3 X =X+3y, 4 X=7x-3y,
Cly=3x+7y; O |y=2x*-4y

Hepeqnc.JmTe HOMEpa CUCTEM

3apanme 2. Kopusimu
XapaKTePUCTHUECKOTO YpaBHEHUS
CUCTEMBI

{

X=2X+Y,
y=X+2y

SABJIAIOTCA. . .

YKaKuTe OTBEThI:
1. 44
2. A,

3ananue 3. [1o 3axaHHBIM KOPHSAM
XapaKTEPUCTHYECKOTO YPABHEHUS
HaiiiuTe olliee peleHne CUCTEMbI

{

X=XV 14, =3
y=y—4ax; T

3anuiuTe MOJIHOE pelIeHue

3aganue 4. SIBngrorcs nu
MpeI0KEHHbIC PYHKIIUU PEIICHUEM

CHCTCMBI

{

X =—-X-5Y, .
) X =C0S2t,y =sin 2t
y=X+Y,

1) Jda
2) Her

3ananue S. Pemmre cucremy
nuddepeHManbHbIX YPaBHEHUN

{

X=T7x-3y,
y=X+5y

3anuuuTe NMOJIHOE pelIeHue

15




Tecm 3

3aganme 1. Cpenu nepeynciIeHHBIX
CHUCTEM YKaKUTE JTMHEHHbIC

OJTHOPOIHBIC CHCTEMBI:
1. X:X—y, 2. X=X+y,
y=3x+2y; y =3x—y+sint;

X =2X—-3y—-2t, X =4x -3y,
3..77 4. )
y =X+3y; y=5x" -4y

Hepeqnc.JmTe HOMEpa CUCTEM

3apanme 2. Kopasaimu
XapaKTePUCTHUECKOTO YPaBHEHUS

CHUCTEMBI
X=2X+Y,
) SIBIISTFOTCHL. . .
y=—X+2y

YKaPKI/ITe OTBEThI.
1. Al ==
2. Az =

3apanue 3. [1o 3a1aHHBIM KOPHIM
XapaKTePUCTUUECKOTO YPaBHEHUS
Haiiiute o01iee pereHue CUCTEMbI

X =—-X+8y,
A =31,=-3

y=Xx+Y;

3anuuuTe MOJIHOE pPelIeHue

3aganue 4. SBngrorcs u
MpeI0KEHHbIE PYHKIIUU PEIICHUEM

CUCTCMbI
{):(:2X+y;xzegt’y:e3t
y=4y-X

1) Jda
2) Her

3ananue S. Pemmre cucremy
nudepeHmanbHbIX YPaBHEHUN

X=X+Y,
y=2x-y

3anuuuTe NMOJIHOE pelIeHue
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Tecm 4

3apanme 1. Cpenu nepedncieHHbIX
CHCTEM YKaXUTE JTMHEHHBIC
OJTHOPOJHBIE CUCTEMBI

[
s e

X =5x—-3y,
y =3x%-2y;

X=X+Y,
y = 2X — Y +Cost;
X =4x-3y,
y=3x+7y,

X=4x-3y,
y =3x* +4y+2x

Iepeunciure HOMEpa cCUCTEM

3apanme 2. Kopasimu
XapaKTepUCTUYECKOTO YPaBHEHMUS
CUCTEMBI

|

X=Y,

. SIBJISIFOTCA. . .
y=2X+Yy

YKaxxkure OTBeThI:
1. 14
2. A,

3amanue 3. [1o 3a1aHHBIM KOPHAM
XapaKTEPUCTUYECKOIO YPABHEHUS
HaiiuTe olliee penieHne CUCTEMbI

{

XY oy, =2
y:3y—2x;ll_ e

3anuiunTe MOJIHOE pelieHue

3aganmue 4. SJBagroTcsa mu
MpeIOKEHHbIC PYHKIIUU PEIICHUEM

CHCTCMBI

{

X=3X-Y,

. x=te',y=2te'
y=4x-y,

1) da
2) Her

3ananue S. Pemnre cucremy
nuddepeHnanbHbIX YpaBHEHUN

{

X =2x+3y,
y=x-3y

3anuinTe MOJIHOE pelieHue
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2.5. TEMA 3. TUHEVMHBIE CUCTEMbI YPABHEHUM

OcHOBHBIE BONPOCHI:
1. OcHoBHbIE cBoiicTBa pemeHuil. Onpenenutens Bponckoro. [IpoctpancTo
peUIECHUM.
@dyHIaMeHTaJdbHbIe CUCTEMBI pelieHuid. [locTpoeHue o01ero pemenus.
JIuHeHbIE CUCTEMBI C TOCTOSTHHBIMUA KOA((UITUEHTaAMH.
Crpykrypa pyHaamMeHTaIbHOW MATPHULIBI.

oW

PexoMeHIAIIHM 10 H3YYE€HHIO TEMBbI:

Bompoc 1 nsnoxen B kaurax [1] Ha ¢. 98-106, [3] cTp. 472-489.

Bomnpoc 2 uznoxen B kxure [1] ma c. 107-109, B yueOHO-METOIUYECKOM
nocobuun [1] ctp. 48-63.

JIJIss caMOCTOSTENTFHOTO HM3ydeHHUs BOMPOCOB 3-4 ciemyeT oOpaTHThCS K
kauram [1] wa c. 109-113, [3] ctp. 494-504, yueOHO-METOINYECKOMY MOCOOHUIO
[1] ctp. 80-84.

KonTposabHbIe BOpPockI o Teme 3

1. 3anumure oOmIMiA BUJ JIMHEHHON cucTeMbl AU epeHnaibHbIX

YPaBHEHHU.

2. Kakas nuHeitHas cuctemMa Ha3bIBaeTCsl OJTHOPOIHOM, HEOTHOPOTHOM?

3. Ilepeuncnure CBOWCTBA OJTHOPOIHBIX CUCTEM.

4. Yto Takoe onpenenuteas BpoHckoro?

5. Kak ycTaHOBUTH TUHEIHYIO 3aBUCUMOCTD WJIM HE3aBUCUMOCTH TIPOU3BOJILHOM
CHCTEMBI BEKTOP-(PYHKIINNA, COBOKYITHOCTH N PEIICHUI OAHOPOIHON CUCTEMbI
muddepeHInaTbHbIX YpaBHCHHMA?

6. Uto Ha3biBaeTcs GyHAAMEHTAIBHON CUCTEMOU PEIICHUI OTHOPOHON CUCTEMBI
muddepeHnnaIbHbIX YpaBHEHHA?

7. KakoBa cTpyKTypa OOIIEeTo pemieHus: OJHOPOIHOM cUcTeMbl udPepeHnaIbHbIX
YpaBHEHHII?

8. 3armmmmute Gopmyny JInysumis-Octporpaackoro.

9. KakoBa cTpyKTypa 00IIero pemeHus: HEOAHOPOTHOW CUCTEMBI?

10. Kakue MeTobl MCMOJIB3YIOTCS AJI OTHICKAHUS YaCTHOTO PEIICHUS
HEOJTHOPOJIHOM CHUCTEMBI?
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TecTbl 1J151 CAMOCTOATEJIbHOH PA0OTHI:

Tecm 1
3apanme 1. Cpenu nepevnciIeHHbBIX BapuaHTbl 0TBETOB!:
muddepeHnnanbHbIX ypaBHEHUN (YKaxuTe HE MEHEE ABYX OTBETOB)
YpaBHEHUSMH TIEPBOTO MOPAIKA d2 d
2422 44y =0
SABJIAIOTCS. . . dx dx

0z
o ya+x=0

d’y dy
X—=+ Xy—+ X =
© dx? ydx y
2
r_ Y =X
O e —
y 2y(x+1)
3aganue 2. Cpeau nepeuncCIeHHbBIX BapuaHTbI 0TBETOB:

OOBIKHOBEHHBIX TU(PPepeHIINaIbHBIX | (YKaKHATE HE MEHEe JBYX OTBETOB)

YPaBHEHUH JIMHENHBIMU YPABHEHUSIMU 1Y Y
oy -==tg=
X X
N2 —
o (¥) =y

;) _ y+1
oy - .

o xy'+5y'+x=0

ABJISIOTCS. .. ,

3ananue 3. V3 nepednciieHHbIX CUCTEM | BapuaHTBhI 0TBETOB:
nuddepeHnanbHbIX YpaBHEHUM (ykakuTe HE MEHEE JIBYX OTBETOB)

OIHOPOJHBIMHU CUCTCMAMU SBJIAIOTCA. . . 1 { X=X-Y, 2 { X=Y,

y=X+y+e'; y=X+Y;
3 )i(: 2X +5y, 4. X%3x—2y+t,

y =4x-2y; y=3x—-4y
3aganue 4. ConocTaBbTe KaXxJI0My BapuaHTbI 0TBETOB:
middepeHIHaTEHOMY YPaBHEHHIO O Ppa3JIoKEHUE MTEPEMEHHBIX, 3aTEM
COOTBETCTBYIOIIUI CIIOCOO pEIICHHS: MHTErpUpPOBAHHUE
1) y' =xy O TIOJICTAaHOBKA % = t(x)
2) (x + 1) dy = y2dx o mojacTtaHoBka Y = U(X) V(X)
3)y' = 2xy + y? o mojcraHoBka y' = z(x)
4) xy" =y (y* +x*)
3aganme 5. [Janoy = C; + Cre ™ — YKaxuTe oTBeT

ob1ee penienue quddepeHnanTbHOro
ypaBueHust y' + 4y’ = 0. Ykaxwure
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sHauenue Cq, eciu C, = -1

3ananue 6. OyHkIUsA BapuaHTbl 0TBETOB:
y=C1COSX+CgSinX+%exﬂBJ]5{eTCH oy +y=e*
o6umMm pererne nuddepennuansaoro | © Y ty' =e”
YPaBHEHHS. .. oy"+y =0

oy"+ 2y +y=e”

Yy, = A cos 2x + B sin 2x
y.=Acos X +Bsinx
ypaBHEHUsI y.=AX+B

y" + 5y’ + 6y =sin 2x umeer BUA... | 0 Y, = Ax?

3aganme 7. YacTHOE penieHue

(@)

TUHEeHHOTo Au(depeHInaIbLHOro

o O

3aganue 8. Pemure 3anuiunTe MOJIHOE pelieHue
g depeHnranbHOEe ypaBHEHNE

y' +2xy = xe ™"

3apanue 9. Pemure 3anuumuTe MOJIHOE pelIeHue

muddepeHnransHOe ypaBHEHUE
2y" +y' —y=2e*

3apanne 10. Permure 3anuumuTe MOJIHOE pelIeHue
muddepeHnransHOe ypaBHEHNE
2xyy’ = x? — y?
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Tecm 2

3aganme 1. Cpeay nepeynciIeHHbIX
b depeHINATEHBIX YpaBHEHUH
ypaBHEHUSIMH [IEPBOTO TOPSAKA
SIBIISTIOTCSL. . .

BapuaHTbI 0TBETOB:
(YKaxuTe He MEHEe BYX OTBETOR)

o (x?+ y)dx —xdy =0

d?y | dy
02—y
dx? dx

;) _ 2x=y=5
@) = —_—
y 2x—y+4

oyy' =x’

3ananme 2. Cpeny nepevrciIeHHbIX
OOBIKHOBEHHBIX U (epeHITNATbHBIX
YPaBHEHUH JIMHENHBIMU YPABHEHUSIMU

ABJAIOTCA. . .

BapuaHTBI 0TBETOB:

(YKaXXHTe HE MEHEE JIBYX OTBETOB)
oyy'y"=0"*

o xy' = y?

o y’ — er _ eXy

oy"+ 6y +25y=5

3ananue 3. M3 nepedncieHHbIX
cucteM auddepeHmaIbHbIX
ypaBHEHUI OJTHOPOJHBIMHU CUCTEMaMH
SBJISIFOTCSL. . .

BapuaHThbI 0OTBETOB:
(YKaxuTe HE MEHEE ABYX OTBETOR)

o L 5
L [inn g oo
y =X+3y; y=Xx+e';
X=6X+Yy+t, X=X+ 3y,

3.9 4.
y=5X+2y+1; y=—-X+4y

3ananme 4. ConocTaBbTE KaXJI0My
muddepeHnranTbHOMy YpaBHEHHUIO
COOTBETCTBYIOIINIA CTIOCOO PEIICHHUS:

1)(1—x?)y' —y=1+x

2) y COS % dx = xdy

y'y=y

4) (x? —1dy + (y>* —4)dx =0

BapuaHTbl 0TBETOB:

O Pa3iIoKEHUE IIEPEMEHHBIX, 3aTEM
WHTETPUPOBAHUE

O TIOJICTAaHOBKA % =t(x)
o mojacraHoBka Y = U(X) V(X)
o mojacraHoBka y' = p(x)

3apanue 5. Jlano oO1ee permeHue

y = (; cos 3x + C, sin 3x

g depeHnanbHOTO ypaBHEHUS

y'" +9y" = 0. Ykaxute 3Haucaue C,,
ecimu Cp =2

YKakuTe oTBeT
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3amanue 6. OyHKIUA

y=(C; + x)sinx sBiseTcs oOIHM
pemienueM auddepeHnnaIbLHOro

YpaBHEHHUS. ..

BapuaHTbl 0TBETOB:
oy"+5y" +4y =sinx
oy"+5y +4y=0
oy =sinx

oy =yctgx +sinx

3amanue 7. YacTHoe pellieHue
JMHEHHOTO ypaBHEHUS

g epeHInaIbHOr0 YpaBHEHUS
y"+y —12y = (16x + 22)e**
MMEET BH]I. ..

BapuaHTbl 0TBETOB:

o y,=Ae?

o Y,= (Ax+B)e**
o Y, = Axe**

o Y, =Ax?%e?*

3aganmue 8. Pemnre

g depeHnranbHOEe ypaBHEHHE

/ y
Xy ——=X
y x+1

3anuiunTe MOJIHOE pelieHue

3ananue 9. Pemunre
muddepeHnransHOe ypaBHEHNE
y'=7y'+6y =6

3anuiunTe MOJIHOE pelieHue

3ananue 10. Pemnre
muddepeHnransHOe ypaBHEHNE
y"" =x+sinx

3anuiunTe MOJIHOE pelieHue
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2.6. TEMA 4. TUO®PEPEHIIUAJIBHBIE YPABHEHUSA N-T'O IIOPAIKA

OcHOBHBIE BONIPOCHI:

1. OnHOpoAHOE NMUHEHHOE ypaBHEHUE.

2. Ompenenurens BpoHCKOTo U €ro CBOKCTBA.

3. Heoanopoanoe nuHeiiHOe ypaBHEeHHE. MeToa BapHallMu MPOU3BOJIBHBIX
MOCTOSIHHBIX.

4. JluneliHoe ypaBHEHHE C MTOCTOSTHHBIMU KoahuUIIMeHTaMH.

XapakTtepuctudeckoe ypaBHenue. [loctpoenue o01iero pemeHus.
5. YpaBHEHHs B YaCTHBIX MPOU3BOJHBIX IEPBOrO MOPSAIKA.

PexoMeHIAIUH 110 U3YYEHHIO TEMbI:

Bomnpocs! 1,2 uznoxensl B kuurax [1] Ha c. 85-87, [3] ctp. 367-389.

JI1st caMOCTOSTEIBHOTO U3YUYCHHS BOIIpoca 3 cieIyeT 0OpaTUThCS K KHUram
[1] Ha c. 88-91, [3] ctp. 389-397, yueOHO-MeTOAMYECKOMY mTocoouio [1] cTp. 56-
59.

Bomnpoc 4 uznoxxen B kaurax [1] Ha c. 92-97, [3] c1p. 417-422, B yueOHO-
MmeToanueckoM ocoduu [1] ctp. 65-80.

Bomnpoc 5 uznosken B kaurax [1] va c. 116-136, [3] ctp. 539-554.

KonTposabHbIe BOPOCHI 10 TeMe 4:

1. 3anumure BUJ IMHEMHOTO HEOAHOPOIHOTO YPABHEHHUSI N - T'O MOPSIKA.

2. ChopmynmmpyiTe HEOOXOAMMOE U JOCTATOYHOE YCIOBHS CYIIECTBOBAHUS U
€IMHCTBEHHOCTH pelleHus 3aaaun Ko a1 AMHEtHOro HEOJHOPOAHOTO YPaBHEHUS
N -ro mopsKa.

3. Beinumute onpeaenuTens BpoHCKOTo 171 COBOKYITHOCTH PEIICHUN

JUHEHHOTO OJTHOPOJAHOTO YPaBHEHUS N-TO MOPSIAKA.

4. Kakue pelieHus TMHEHHOTO OJTHOPOAHOTO YPaBHEHUS N - TO MOPsI/IKa HA3bIBAIOTCS
JMHEWHO 3aBUCUMBIMH?

5. Kak ycTaHOBUTH TUHEIHYIO 3aBUCUMOCTh COBOKYITHOCTH N PEIICHUHN JIMHEWHOTO
OJIHOPOJHOTO YPaBHEHUS C IOMOIIBIO onpenenuTens Bpouckoro?

6. 3anummre Gopmyny JnyBumia-OcTporpaackoro Ajs AJisE COBOKYITHOCTH N
PELICHUI JTUHEUHOTO OJHOPOIHOTO YPABHEHUS N-TO MOPSAKA.

7. KakoBa cTpyKTypa O0IIero pemeHus JIMHEHHOT0 HeOTHOPOIHOTO

YpaBHEHHMSI N-T0 NopsIKa?

8. Maitte popmynupoBky Teopems [lTypma.

9. 3anummuTe BUJ JIMHEHHOTO OJTHOPOAHOTO YPaBHEHHSI C TOCTOSTHHBIMU
Kod(ppunmeHramu.

10. Kakoe ypaBHEHHE Ha3bIBACTCS XapaKTEPUCTUUECCKUM JJIs TUHEHHOTO
OJHOPOJHOTO YpaBHEHUS C TMTOCTOSTHHBIMU KO3 duiineHramu?

11. 3anummuTe BU 00I1IETO PEIICHHS JIMHEHHOTO OTHOPOJHOTO YPABHEHUS C
MOCTOSTHHBIMU KOA((DUIIMEHTaMHU B CITydasx: MPOCTHIX JEHCTBUTEIBHBIX, KPATHBIX U
KOMIIJIEKCHBIX KOPHEN XapaKTepUCTUUECKOTO YPaBHEHHUS.

12. Kakue crocoObl OTHICKAHUSI YaCTHOTO PEIICHUS JINHEHHOTO HEOTHOPOIHOTO
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YpaBHEHUS N -TO MOPSAJIKA CYIIECTBYIOT?

13. Kak onpenenuTs BUJ 4aCTHOTO PELICHUS TMHEHHOTr0 HEOJHOPOIHOTO YPaBHEHUS
10 BUy HEOJTHOPOAHOCTH?

14. Kakue npubamkeHHbIEe METO/bI PEIICHUs JTUHEUHBIX YpPaBHEHUH C
nepeMeHHbIMH KO3(pPUIIMEHTaMu BbI 3HAETE?

TecThl 1J151 CAMOCTOSATEIbHOM PadoThI:

Tecm 1
3apanme 1. Cpenu nepedncieHHbIX BapuaHTbl 0TBETOB!:
mudepeHnnanbHbIX ypaBHEHUN (YKaxuTe HE MEHEE ABYX OTBETOB)

ABHCHUSMMU IICPBOI'O IMOPAAKa 2
P P P o xdx=(x;—y3)dy

SBJISIIOTCS. . .
5 0%z 9%z _
dx%2  9y? B
d%y -
O —>=XSINnX
dx?
d x?
o 2+==0
dx y
3amanue 2. Cpeny nepednciIeHHbIX BapuaHThbI 0OTBETOB:

OOBIKHOBEHHBIX U PepeHInAIbHBIX | (YKaKUTE HE MEHEee JBYX OTBETOB)
YPaBHEHUH JINHEHHBIMA YPABHEHUAMHA | y'+y=e3*(x+ 1)

SIBJIIOTCA. . . o y'+ycosx =Sin X cos X

yl
o xy" = y’ln?
y2

- Yy
oy =ltite

3aganue 3. 13 nepeuncieHHbIx cucteM | BapuaHThbl 0TBETOB:

nuddepeHanbHbIX YpaBHEHUN (ykaxxuTe He MEHee JIByX OTBETOB)
OJTHOPOJTHBIMH CHCTEMaMH L [=2x-y+ +1)e’, , X =2x—Y,
SBJISIFOTCA. . . "] y=x+4y=2te®;  |y=4x+6y;

3 {)‘(=5x—4y+e2t, 4 {X:—2x+3y,

y=2Xx—-y+e'; y =X

3aganme 4. ConocTaBbTE KaXKIOMY BapuaHThbl 0OTBETOB:
auddepeHnnaIbHOMY YPaBHSHUIO O Pa3oKEHUE IePEMEHHBIX,
COOTBETCTBYIOIIUIA CITOCO0 PEIICHHUS: 3aTeM UHTEIPUPOBAHKE

1.2 2 2 Y _

— — = I TaHOBKa = = t(x

Dy'x*—xc—y =0 O IOJCTaHO . (x)
2)y" =x*+e** +2 o mojcTtaHoBka Y = U(X) V(X)

3) sinzxy’ =1 O MOCJICOA0OBATCIBHOC
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4)y' =3x%y + x°

UHTErpUpPOBaHUE

Baganme 5. Jlano y = C; + Coe 8% —
ob1ee pernienue auddepeHnaTbHOro
ypaBHeHust y'' + 8y’ = 0. Vkaxwure

3gauenue Cq, eciiu C, = -2

YKaxxure oTBeT

3aganme 6. OyHKIUA
y = C,Cos % + C,sin E SIBJISICTCS

O0IITUM pEIICHUEM

muddepeHInaTbHOTO YPaBHEHUS . . .

BapuaHTbl 0TBETOB:

o 16y"" +y=e”*
o y”'l'%:
o 16y’ +y=e*

oy'+ 16y =0

3aganue 7. YacTHoe pelieHue
JMHEHHOTO YpaBHEHUS
nudpepeHnanbHOTO YpaBHEHHUS
y" — 12y" + 36y =24 cos x
UMEET BH/I. ..

o Y, =XAcos X
o Y,=XACos X
o Y,=AcosXx+Bsinx
o Y,=Acos6x + B sinx

3apanme 8. Pemure
mugepeHranbHoe ypaBHEHHE

x2

y' '+ 2y =4xe”

3anuiunTe MOJIHOE pelieHue

3apanme 9. Pemmure
i depeHnranbHoe ypaBHEHHUE
y' =6y +9y =e¢e*

3anuiunTe MOJIHOE pelieHue

3aganme 10. Pemmre
nuddepeHnnanbHoe ypaBHEHHE

y
xy' =xex+y

3anuiunTe MOJIHOE pelieHue
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Tecm 2

3aganme 1. Cpeu nepeyrcICHHBIX
muddepeHINaTbHBIX YpaBHEHUH
YpaBHEHHUSIMH MEPBOTO MOPSIKA
SIBJISIFOTCSL. . .

BapuaHTbl 0TBETOB:
(YKaxuTe HE MEHEE ABYX OTBETOB)

d? d
ay + 4_3/
dx? dx

oyz—i+l=0

+y=0

oxy' +1=¢e”

. X
o y'" =sin? 5

3aganme 2. Cpeau epeyurCICHHBIX
OOBIKHOBEHHBIX TU((HepeHIINATBEHBIX
ypaBHEHUM JIMHEUHBIMU YPaBHEHUSIMU
SIBJISTFOTCS. . .

BapuaHTtbl 0TBETOB:
(YKaxuTe HE MEHEE ABYX OTBETOB)
o1+ (")?*=2yy"
oy=xy'+ (¥)?
oy'"+y -2y =0
r 2 !
oy’ +-y +y=0

3ampanue 3. 3 nepeuncieHHbIX
cucteM audhepeHuaIbHbIX
ypaBHEHUN OJTHOPOJHBIMH CHCTEMaMH

ABJIAKOTCA. . .

BapuaHTbl 0TBETOB:
(ykakuTe HE MEHEe JBYX OTBETOB)

X=2X, sz_yy

Cly=x+2y; “ly=y-2x;
3 >'<:1—x2—y2,4 X=TX+Yy+2,
' y = 2Xy; Cly=7x+y+e

3ananme 4. ConocTaBbTe KaXI0My
U pepeHInanTbHOMY YPaBHEHUIO
COOTBETCTBYIOIIUN CIIOCOO PEIICHHUS:

Dx+1)y —2y=e*
2) yy'sin x = cos x
3) y" =e?

R
Ay =-+=

X
y

BapuaHThbI 0TBETOB:

O pa3yIoKEHUE IIEPEMEHHBIX, 3aTEM
MHTETPUPOBAHUE

O TOJCTaHOBKa %z t(x)

o moacrtanoBka Y = U(X) V(X)

o moxacTaHoBka y' = z(x) win
y' =p)
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3apanme 6. OyHkuus
y=C + Cre™* + Cie™%*
SIBJIIETCSI OOIIMM peIieHUe

nuddepeHInanIbHOr0 YpaBHEHUS. . .

BapuaHTbl 0TBETOB:

Oyll:er
oy'—4y=0
Oy”,_4y,=0

oy —4y=e?*

3aganme 7. YacTuuHOE pellIeHUE
JIMHEWHOTO YPaBHEHUS

muddepeHINaTbEHOTO YPaBHEHUS

y" 4+ y'+ 2y=x? wumeer Bur...

BapuaHTbI 0TBETOB:
oYy, = Ax?

oY, = Ae”*
oY,=x(AX+ B)

oY, =Ax*+Bx+C

3ananue 8. Pemnre
muepeHranbHoe ypaBHEHHE

(14 x2)y" —2xy = (1 + x?)?

3anuiunTe MOJIHOE pelieHue

3apanme 9. Pemure
mu(epeHranbHoe ypaBHEHHE
y"+2y"+5y =10

3anuiunTe MOJIHOE pelieHue

3aganue 10. Pemure
nuddepeHnranbHoe ypaBHEHHE

1
nro__ _
y' = cos2x + "

3anuiunTe MOJIHOE pelieHue
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