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BCTYN

B nanoMy 3amadHuKy 10 KOKHOI TEMH PO3TJISIIAIOTHCS METOAU 1 TPUKIIAIH
PO3B’sI3yBaHHS THIOBUX 3a7ad.

3aauHUK CKJIAJCHO 3 METOI0 HABUMTHU CTYACHTIB BOJOITH CKIIAJIAHHSAM 1 PO3-
B’SI3yBaHHSAM JU(EpeHIIaTbHUX PIBHSAHB, 10 BIANOBIIAIOTH YMOBAM 1H)KEHEPHO-
TEeXHIYHUX 3a/1a4, 1110 BUHUKAIOTH B MPOIIEC] BUPOOHHUIITBA.

3a 3MICTOM 33/1a4l OXOIUIIOIOTh HAYKOBO-TEXHIYHI AUCHUIUTIHY 1 pO3KPUBAIOThH
3B'SI30K AMQEpeHIiaIbHUX PIBHSIHb 3 CYMDKHUMU HAYKOBO-TEXHIYHUMHM JUCIIUILII-
Hamu. Ha mpuknagax 1mux 3agad CTyJACHTH HE TUIBKH OBOJIOJIBAIOTh METOIaMU
PO3B’s13yBaHHs qudepeHIliaIbHUX PIBHIHB, ajie 1 BIEBHIOIOTHCS B T1M BEJUKIN poJIi,
SKYy BiAIrpa€ BUIlAa MaTeMaTHKa B HayIll 1 TexHimi. L{i 3amadi, KpiM TOTO, MOJIETITy-
I0Th BUBYCHHS PAAY AYKE BOKIMBUX JUCIHIUIIH, IO CKJIAIAIOTh OCHOBY OCBITH
crietiaiicra Oyab-aKoi ramysi. PosrisgyBaHi 3agaui po30UTI 32 MaTeMAaTUYHOIO
O3HAKOIO Ha TPU TPYIU: 3a7adi Ha PO3B’sI3yBaHHS MU(EPEHIIATFHUX PIBHSIHB MEp-
IOTO TIOPSAKY, 3a7a4i Ha pO3B’s3yBaHHA AWQEpPEHIliaTbHUX PIiBHSIHBb BHUIIUX IO-
PAIKIB, 3a/1a4l Ha PO3B’ I3YBaHHA CUCTEM AU(EpEHIlaTbHUX PIBHIHb.
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TEMA 1. AVGEPEHUIAINBbHI PIBHAHHA NEPLUOIO
NOPALOKY

1.1. OcHOBHI NTOHsIMMS

VY 3araabHOMY BUNAIKY Ougepenyianbhe pieHAHHSA nepuioco nopsaoxy (3amu-
CaHe B Hes6Hil (POopMi) Ma€e BUTIISI:

4
F(x,y,y)=0. )
PiBusnns (1) Mo’ sa3ye He3aNeXHy 3MiHHY X, IIyKaHy (QYHKLIO y i ii noxigay y .
Sxmo piBasuas (1) MOXKHA PO3B’SI3aTH BIJHOCHO Y , TO OJEPKUMO Ougheper-
yianvHe PIGHAHHS Nepuioco NOpSOKY, po38’s3aHne 8iI0HOCHO NOXIOHOI (3alMcaHe B
s6Hit hopmi):

Y'=fxy). (2)

3azanvnum po3e’sazkom nudepenmianbHoro piBHSHHS (1) a00 (2) Ha3MBaeThCA
byHKITIS:

y=9(x,0), (3)
sIKa 3aJI€KUTH Bl OHIET 10BLIbHOI crasoi C, 1 Taka, I1o:
1) BoHa € po3B’si3koM nudepeHianbHoro piBHsAHHA (1) abo (2) npu AOBITEHUX
JOIYCTUMUX 3Ha4YCHHAX cTajiol C;
2) UId DOBUIBHOI IIOYAaTKOBOI YMOBH Y(X,)=Y,, IpU SKild audepeHIianbHe
pIBHSHHS Ma€ pPO3B’S30K, MOKHA Miaioparu Take 3HaueHHs C, cranoi C, w0
s _ [ ‘o .
po3B’s130K ¥y = @(x,C,,) Oyne 3a10BOJNBHATH JaHIN IIOYATKOBINA YMOBI.
PiBHicTB
¥(x,y,0)=0 abo P(x,y)=C, 4
AKa HesA6HO BUPAXa€ 3arallbHUN PO3B’SI30K, HA3UBAETBHCS 3A2ANbHUM [HMESPaiom
AU(EpeHLiaIbHOr0 PIBHSAHHS NEPIIOTO MOPSIKY.
3ayBaXxumo, 0 oughepenyianoHuM piGHAHHAM NEPpuLo20 NOPAOKY, 3ANUCAHUM
yepes oughepenyianu (6 cumempuyHilu ¢hopmi), HA3UBAETHCS PIBHSIHHS BUTIISTY:

M (x,y)dx+ N(x,y)dy=0. (5)

3aoaua Kowi (nouamkosa 3adaua) nisa nudepeniiaabaoro piBHsHHA (1) abo
(2) monsirae B 3HAXOJPKEHHI TaKOTO PO3B’SI3Ky y = y(X) LIbOTO PIBHSIHHSA, SIKUM 3a-

JOBOJIBHSE NOYAMKOBY YMOBY:
y(X0)= Yo (6)

ae (xy; ¥p) — 3a7aHa Touka (nouamxosea mouka) 3 oobnacti D .
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1.2. fJughepeHuianbHi pieHAHHSA 3 8i0OKpeMsIrv8aHUMU 3MiHHUMU ma
38i0HIi 00 HuXx

1. Haiinpoctimum audepeHniaTbHuM PIBHAHHAM MEPUIOr0 MOPSAKY € PiB-
HSTHHS BUTJISITY

M (x)dx+ N(y)dy=0.

B HhOMY OIMH J0/1aHOK 3aJICKHUTh TIJIBKH BiJl X, a Ipyruid — Bix y . [HOA1 Taki qu-

(depeHIianbHl PIBHIHHS HA3UBAIOTh PIGHAHHAMU 3 BIOOKPEMIACHUMU 3MIHHUMU.
[IpoiHTerpyBaBIIy MOWICHHO 1€ PIBHSIHHSI, OJCPKYEMO:

jM(x)dx+jN(y)dy=C

— MoT0 3araJIbHAN 1HTETpal.

Binbim 3aranpHUil BUIMAI0OK OMUCYIOTh OugheperyiaibHi piGHAHHS 3 8I00KpeM-
JIFOBAHUMU 3MIHHUMU, TOOTO IudepeHIlaabHl PIBHSIHHS IEPIIOro MOPSJIKY, SKi
MO>KHA 3alMCaTH Y BUTIISAI:

Y'=h(x)g(y) (7)
abo
M ()M, (y)dx + N (x)N,(y)dy=0. (8)
BBaxkaemo, mo h(x) 1 g(y) — 3amaHi 1 HemepepBHi HA AeSIKOMY 1HTepBail Qy-
HKITI.

Jlns Toro, mo6 po3B’s3aTu piBHSHHSA (7), Horo Tpeba 3BeCTH 10 BUTIALY (8).
JIs BiIOKpEMIICHHS 3MIHHUX Y PiBHSHHI (8) JOCUTH 00MABI MO0 YaCTUHU MOILIN-
T4 Ha QyHKLi0 M,(y)N,(x)# 0 1 NpoIHTErpyBaTu OTPUMaHy PIBHICTb, BHACIIIOK
YO0 OJIEP>KUMO CITiBBIAHOIIEHHS:
M, (x N
J‘ 1 ( )dx+'[ () dy=C,
Ny (x) M,(y)
SIK€ 1 BU3HAYA€E 3araJIbHUH 1HTerpasl BUX1HOTO PIBHSIHHS.
3ayBasxennsi. [Ipu ninenHi piBHsAHHA (8) Ha M,(y)N,(x) MOXHa BTpaTUTH
po3B’si3ku, npu AkUX M,(y)N;(x)=0. ToMy cail OKpeMO pO3B’s3aTU PIBHSHHS
M,(y)N,(x)=0 1 3HalTH TI PO3B’A3KH AU(PEPEHLIATBHOIO PIBHSAHHSA, Kl HE Ma-
KyTh OYTH OJIepKaH1 3 3arajIbHOTO PO3B’SI3KY, — 0COOIUBL PO38 A3KUL.
2. ludepenitianbHe piBHSIHHS BUTIISTY:

y = f(ax+by+c), 9)
ne a,b,c — crami, 3BOUTHCS 10 PIBHSHHS 3 BIJOKPEMIIIOBAHUMHU 3MIHHUMH 3aMi-
HOIO U = ax+ by + ¢ . JludepeHiitondu no x, oAepKy€eMO:

du d
L N

dx dx
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: du :
Jlane piBHSIHHSA HaOyBa€ BUTIISITY T =a+bf (u), 3B1JIKY BUILJIUBAE
X

du
—=dx
a+bf (u)
[nTerpyroun e piBHSHHS 1 3aMIHIOIOUU U Ha ax+by+c, OOEPKUMO 3arajbHUN

1HTerpaj BUX1THOTO PIBHSIHHS.

IIpuxaagu po3B’si3yBaHHA THIIOBHX 33124

Hpuxnan 1. Po3p’s3atu audepeHitianbHe piBHIHHS
y =2y/ycosx.
Po36’a3anns. 3BeneMo nane piBHSHHS 10 BATISY (8):
2\ ycosxdx—dy=0

abo

cosxdx—ﬂzQ

2y

3BiACH MiCIs IHTETPYyBaHHS OJIEPXKAaHOT PIBHOCTI OAEPKHMO 3arajibHHUI 1HTETpal
BUXI1JTHOT'O PIBHSHHSL:
sinx—+/y =C.

[Ipu mineHHi Ha 2./ y BTpayeHUM, OUEBHUJIHO, pO3B 30K y =0. O

Hpuxnan 2. Po3p’s3atu audepeHitianbHe piBHIHHS
y' =cos(y —x).
Posé’sazanns. e piBasauas tumy (9). 3podumo 3aminy u=y—x. Toni pis-
HSIHHS HaOy/1e BUTIISIY
u +1=cosu.
BinokpemintoemMo 3MiHHI:

dr— du _  du '
2 u

cosu—1 2sin2 4
2

3BIJICH OJIEPIKYEMO 3araJIbHUM pO3B’A30K
— X
ctgyT =x+C.

Kpim Toro, icHyioTh po3B’si3ku cosu—1=0 , T06TO 8 =27k , TOOTO
y=x+2xk (ke Z). i
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Ipuxnan 3. Po3s’s3atu 3amauy Kol
xIlnxdy+e’dx=0, y(ef)=—In2.

Po3s’s13anns. BinokpeMiiroeMo B PiBHSIHHI 3M1HHI 1 IHTETPYEMO:

~[edy=] D Cnlinxl+C.
xInx

[Tinbepemo Taky cramy C, njo0 BUKOHYBajJach MOYaTKOBA yMOBA, U YOTO
MMOYATKOBY YMOBY ITiICTaBJISIEMO B OJICP)KAHE PIBHSHHS:

2=1+C, C=l1.
Taxum unHOM, po3B’s13k0M 3a1aui Ko €

e’ =Inllnx|+1. O

Ipuxnan 4. Po3p’si3atu audepeHitianbHe piBHIHHS
Y =2+4yx—y* —4x*.
Po36’sa3anns. 3BenemMo piBHSHHS 10 BUTIISLY
y'=2-(y-2%)"
Opnep>xanu piBHsAHHA TUITY (9). 3poOUMO 3aMiHy U =y —2x:

(u+2x)=2-u?, u'=-u

Jlai BiIOKpEMITFOEMO 3MiHHI 1 IHTETPYEMO:

du 1

—— =dx, —=x+C.
u u

Ilpu mineHHi Ha u” BTpadaemMo po3s’s30k u = 0. [IoBepHYBIICH 10 BUXiAHOT 3MiH-
HO1, OJIEP)KYEMO

=x+C, y=2x. O
y—2x

Mpuxaan S. TpyOomnposia TemnoBoi marictpani (aiamerp 20 cvm) 3aXULIECHUMA

1305s11i€r0 ToBIMHOW 10 cvm; BemmunHa KoedilieHTa TEIUIONPOBITHOCTI (TEIIO-

npoBigHocTi) k =0,071 Bm/(m- K). Temneparypa tpyou 160°C ; TemmepaTtypa 30-

BHIIIHLOTO MOKPpUTTSA 30°C (puc. 1). 3HailTH pO3MOJIT TeMIepaTypu BCEpeauHi

130J141111, @ TAKOXX KUIbKICTh TEIUIOTH, IO BIIJAETHCS OJHUM TOTOHHUM METPOM
TpyOH MPOTATOM JOOH.
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Puc. 1

Po3zs’s3annsa. Sxkio Tijgo 3HAXOIUTHCS B CTAIllOHAPHOMY TEIUIOBOMY CTaHi 1
temnepaTtypa T B KOXHIM HOro TO4Ill € (PYHKIIE€ TUIBKKA OJHIET KOOPJIUHATH X,
3T1JIHO 3 3aKOHOM TEIIONpoBIAHOCTI Dyp’€ KUIBKICTh TEIJIOTH, IO BUAUISIETHCS 3a
CEKYH/Y:

0= —kF(x)d—T =const, (10)
dx

ne F(x) —moma nepepidy Tijia Ha BIJICTaHl X, kK — KOE€(IlIEHT TETUIONPOBITHOCTI.
Tyt

F(x)=27xxl,
ne | — nopxuHa TpyOu, X — pajiyc TpyOOIpOBOIY.

Takum ynHOM, TICTs BIIOKpPEMIICHHS 3MIHHUX nudepeHiiianbae piBHsHHS (10)
Haly/1e BUTIISITY

T=- O dx =— Q dx . (11)
kF (x) k-2xl x
InTerpyroun oOuBi yacTuHu piBHOCTI (11), 3HAX0AUMO
30 20
a) J dl =— o @,
160 k27l x
T X
6) [ ar=- Q &
150 k27l x

abo
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a)
20
71 =30-160=-—2 -2 m2
> (12)
0)
T-160=- 0 Inx] =- 0 InO,1x.

Pozpinusim nowienHo piBHsHHA 0) (12) Ha a) (12), ogepxumo
T-160 In0,1x 1g0,1x
130 2 1g2
3BIJIKM 3aKOH PO3MOJILTY TEMIIEpATypH BCEPEINHI 130JISI111T Ma€ BUTIISI:
T =(591,85-431,851gx) °C,

Ie X B CM.
3 piBHsiHHA a) (12) ipu [ =1 m Maemo

130-k-27z-1 27-130-0,071
In2 0,693

KinbKicTh TEMIOTH, 1110 BUILISETHCS OJTHUM MOTOHHUM METPOM TpyOU MpOTsi-
TOM J00H, OOYUCIIIOETLCS TaK:

24-60- 600 = 86400-83,696 = 7231334 (/c). O

0= ~ 83,696 (Ioic/c).

3agayi 151 CaMOCTIHHOTO PO3B’A3YBaHHA

I. Po3B’s13aTu nudepeHiiiaabHl piBHIHHS:

1. (Jxy +vx)y =y =0.

2. (x+1*dy—(y—2)*dx=0.

3. 2% 4372y =0.

4. sec? x sec ydx =—ctgx sin ydy.
I1. Po3®’s3atn 3amaqi Komri:

1. y'sinx=ylny, y(%) =1.

2. (1+x*)dy+ ydx=0, y(0)=1.

3. ydx+ctgxdy =0, y(%) =—1.
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III. 1. 3HaliT Taky KpHUBY, 110 TPOXOAUTH Yepe3 Touky (0;—2), mo0 TaHreHc
KyTa HaXWIy JIOTUYHOI B JIOBUIbHIH i1 TOYIIl JOPIBHIOBAB OPJAMHATI 11€1 TOYKH, 30i-
JIBIIEHIH HAa 3 OMUHWAIL.

2. llIBuakicTh po3maay pajiiro B KOXKHUNW MOMEHT 4acy MpsIMO MPOTOPIIiH-
Ha Woro macl. BusHaunTu, KU IPOLEHT MacH M, palailo posnanerscs depes 200
POKIB, SIKIIO BiOMO, IO TIEPIOJ HAMIBpO3Maay paiaito (mepioj, Mo 3aKiHYCHHIO
SKOTO PO3MAaJIeThCs MOJIOBHHA MacH pajito) gopiBHioe 1590 pokis.

3. loBectH, 110 JABa METaiyHl IIapUKU (pucC. 2), K1 MOYaad OJHOYACHO
CKOYYBATHCh IO K000y 3 JOBUTHHUX TOUOK M 1 N (B BepTUKAIBHIN TUIONIUHI KO-
7100y KpuBa — IUKJIOiAa), OyayTh B HaWHMXK4ii Toulll K B OJMH 1 TOW K€ MOMEHT
yacy. TepTs 1 omip MOBITPsI HE BpaXOBYBaTH.

Q,QEI MN g z

1.3. OOHOpPIiOHi QughepeHuyianbHi pieHSIHHSI ma 38i0HI 0 HUX

1. JIo piBHSHHS 3 BIIOKPEMIIIOBAHUMH 3MIHHUMHU 3BOJSITHCSI OJHOPIAHI Tue-
pEeHLIaIbH1 PIBHAHHS IEPLIOTO HOPSIKY.

Oyukiia f = f(x, y) HA3UBAETBCS 0OHOPIOHOIO (YyHKYiEI0 BUMIPY m BITHOC-
HO apryMEHTIB X Ta Y, SIKIIO BUKOHYETbCSI TOTOKHICTh

fx, ) =t"f(x, y).
HNudepeniianbue piBHSAHHSA (2) HA3UBAETHCS 0OHOPIOHUM BITHOCHO 3MIHHUX
x Ta y, akmo f = f(x,y) € ONHOPITHOIW (PYHKIIEI HYJIHOBOTO BUMIPY BIJHOCHO
CBOIX apIyMEHTIB.
Sxuio audepeHuianbHe piBHSIHHS BUTTISIY (2) OAHOpPiAHE, TO HOTO MOXKHA 3a-

MUACATH y BUTIISAII
y’=¢(1j. (13)
X

Onnopinne piBHsSHHS (13) 3BOAUTHCS 1O PIBHSHHS 3 BIJOKPEMIIOBAHUMU
3MIHHUMH 32 JIOIIOMOT'00 3aMiHH 3MIiHHOI (ITiJICTAHOBKH )

Y —u a6o, mo Te came, y = ux. (14)

X

Hudepenmiansae piBHsHHS (5) OyAe OTHOPIMHUM BiJHOCHO X Ta y TOMI 1
TUIbKU TOA1, koot M =M (x,y), N =N(x,y) — onHOpiaHI (yHKIIT OJHOTO 1 TOTO
K CaMOro BUMIpY .

10
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2. ludepenuianbHe piBHAHHS BUTITISIY
, ax+by+c
Y= f| AT (15)
ar)x+b,y+c,

: a b : L
ne ay, by, ¢, ar, by, c, — cram, npu —-#—L 3BomUTECA 0 OMHOPIAHOTO JHIHHOK

a, p)
3aMIHOKO 3MIHHUX
xX=u+h,
y=v+lI,

ne h,l — po3B’sI30K CHCTEMH PIBHSIHB
azh + bzl + C2 = O.

a, b : : .
Akmo —=— , TO piBHAHHA (15) 3BOOUTBCA OO pIBHSHHA 3 BIJOK-

a b
PEMIIIOBAaHUMM 3MIHHUMU 3aMIHOIO U = a;x+ by .

3. udepenmianpue piBHSHHS (2) a00 (5) HA3WBAETBCA )3A2ANbHEHO-
OOHOPIOHUM Di6HAHHAM, SKIIO ICHY€ Take ¢, O 3aMiHa y =u% 3BOJUTH PiBHAHHA
10 oaHopiaHoro. [lapamMeTp & Mo)kHA 3HAWTH 3 TAKOi YMOBH: SIKIIO 3MIHHIA X Ha-

dy

natd BUMIpY 1, 3MIHHIN y — BUMIPY & 1 TIOXiAHIN ol BUMIpY & —1, TO B piB-
X

HSIHH1 BC1 WIEHU OyAyTh OJJHAKOBOTO BUMIpY.

IIpukaaau po3B’A3yBaHHA THIIOBHUX 3a/1a4

Mpuxaan 1. Po3p’s3atu qudepennianbHe piBHSIHHS

Po3zs’sizanns. Jlane piBHsHHA € ogHopigHuM. (Lle MokHa BCTaHOBUTH, SKIIIO,
HANpHKJIAJ, PO3B’A3aTH HOro BiTHOCHO y i 3a3Ha4YMTH, IO HOTO IpaBa YacTHHA €

OJTHOPITHOIO (DYHKIIIEI0 HYJIHOBOIO BUMIPY BiJHOCHO CBOIX apryMEHTIB.) 3p0OUMO
3aMiHy y =ux, 3Bigku y =u'x+u, i IPUXOAMMO 10 PiBHAHHA 3 BiJIOKPEMIIOBAHH-
MU 3MIHHUMHU

wxln(u+~1+u?)=1.

Jam oxepxxyemo

ln(u+\/1+u2)du=@.
X

11
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[Ticns inTerpyBaHHs Oyze

wln(u+\V1+u2) =N1+u® =Inlx1+C.

[ToBepHYBIIUCH A0 BUX1AHOI 3MIHHO1, OJIEPKYEMO

2 2
lln(l+ 1+y—2j—,/1+y—2=1n|x|+c. 0
X X X X

Mpuxaan 2. Po3p’s3atu qudepeniuianbHe piBHIHHS
(4x+2y+3)dx—(2x+y+1)dy=0.

a4

: b :
Posz¢’azanns. lle piBHsHHA Tuny (15), ne =b—1. Tomy poOumo 3aminy

a D
u=2x+y.Tom

(4u+5)dx=u+1)du.
Binokpemutioroun 3MiHHI 1 IHTETPYIOYH, 3HAXOIUMO
4u+5=Ce* ™% (C #0)
abo

8x+4y+5=Ce 3 (C#0).

[Ipu BimokpemieHHI 3MIHHMX MOXHA BTPATUTU PO3B’SI30K U = 1 TOOTO
8x+4y+5=0, ane BiH BXoauTh y 3aranbHuii po3B’si30k npu C =0. O1xe,
8x+4y+5=Ce 3™ (=0 < C < ). O
Ipukaan 3. Po3p’s3atu 3amagy Komri
(x*+y*)dx+ yxdy=0, y(1)=0.

Pozé’azanns. lle onHopimHe pIBHAHHS, OCKUTbKH M (x,y)= X2+ y2 ,
N(x,y)=yx — ogHOpigH1 (YHKIIIi OJHOTO 1 TOTO X CaMOTO BUMIpy m =2 . 3pobu-
Mo 3aMiny y =ux. Toai dy = xdu + u dx . BinokpemiroeMo 3MiHHI 1 IHTETPYEMO:

2=—mC
1+2u~ 4

dx udu 1
~

abo
x*1+2u*) =C.
TakuM 4MHOM, 3araJIbHUN PO3B’ 30K MA€ BUTIIS]

x?(x*+2yH)=C,

12



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJauHuK

a TMicIlig BpaxyBaHHs 1Mo4aTkoBoi ymMmoBu Maemo C =1. Tomi po3B’s30k 3amaqi Komri
MAa€ BUTJIS

x2(x*+2y%)=1 abo y== %(%—xzj. O

X
Mpuxnaan 4. Po3p’s3atu qudepeniianbHe piBHIHHS
yw=2y—x-—1.

: a b
Po36’a3zanns. Ue piBagans tuny (15), ne —- # b_l Tomy nokmnagaeMo
d b

x=u-—1,
y=.

[Ticis mporo Tpeba 3poduTH e oxHy 3aMiny & =2 B sminmux u, & 3amane
u

piBHSIHHS HaOyBa€e BUTIISTY

N (Vi
4 F

3BiJCH, PO3B’A3YIOUYH PIBHSHHS 1 IEPEXOIAUU J0 MOIMEPEIHIX 3MIHHUX, OJIep-
KIMO

x+1

y—x—1=Ce”™ " (C20).

MoskiuBa BrpaTa po3B’sisky & =1, To6T0 y=x+1, ane meil po3s’s30K BXO-
IUTh B 3aranbHuid po3s’ 130k npu C =0. OcratoyHo:

x+1

Y (oo < C < o0). O

y—x—1=Ce
Mpuxaan S. Po3p’s3atu qudepenuianbHe piBHSIHHS
2x%y = y* + xy.
Pose’sazauns. le y3aransaeHo-oqaopiane piBasuud. [oxkmagemo y=u?. Toxi
PIBHSIHHS

2%’ =% + xu®
. 1 )
CTa€ OJAHOPITHUM, KO 2+ & —1=3a=a+1, To0TO O = 5 . OTxe, pobumo 3ami-
HY U = yz. Onepxxumo

X2I/t, = I/t2 + xu.

13



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJauHuK

u . , 2 .
IToxnamaeMo z=— i MaemMo zZx=z". 3Bigcu
X

1 X

- 2
x=Ce 2=Ce 7 (C#0).
Btpata po3B’s3ky z=0 npu BiJOKpeMJICHHI 3MIHHUX HNPUBOJUTH IO BTPATH
po3B’si3Ky y =0 BuxigHOTO piBHSHHS. P0O3B’s130Kk y =0 B 3araibHHUil PO3B’SI30K HE

BXOJUTH 1 Tpeba oro ponucaTu 101aTkoBo. OTXKe,

X

x=Ce 7 (C%0), y=0. .

Ipuxnan 6. 3HaliTH 130rOHANBHI TPAEKTOPIT MyUdKa MPSIMUX 3 HEHTPOM B IO-
YaTKy KOOpIUHAT.

Po36’a3anns. 130roHAIBHUMH TPAEKTOPISIMU € KPHBI, IO YTBOPIOIOTH B KOX-
HIA CBOTH TOYIN CTaIMi KYT ¢ 3 NMPSMOIO MydKa, [0 MPOXOJAUTH Yepe3 L0 TOUKY
(puc. 3).

y=yt0

.yl

[

Puc. 3

Hexaii piBHSHHS JaHOTO Mydka Mae BUTIsAn y =ax . [loknagemo tgar =k . [lo-

3HAYMMO KOOPJMHATH JOBUIBHOI TOUKH TPAEKTOPIl uepe3 (X, y); KyToBUU Koedilli-
. e : . dy
€HT JOTUYHOI IO TPAEKTOPii B Iiil TouI Oy1e Toi e
X

3a yMOBOIO MAa€EMO:

B noBunbHIM TouIl (X, y) 3 pIBHIHHSA ITy4YKa OJIEPKYEMO a = 2 Tomy
X

14



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJauHuK

dy y

dx x

k=tga=
1+ZQ
x dx
abo
dy _y+kx (16)
dx x—ky

PiBusiaHs (16) € ogHOpigHuM piBHsSHHAM. 1106 #oro po3s’sa3aTu, 3poOUMO 3a-
MIHY
y=ux, (17)
3BIIKHU
dy=udx+xdu. (18)
[TincraBnsroun Bupasu (17) i (18) B (16), ogepxyemo:

xdu —ku® dx —kxudu —kdx=0

abo
x(1—ku)du—k(1+u*)dx=0. (19)
BinokpemuBim 3miHHI B piBHsIHHI (19), onepxumo:
Lk, dv
k 1+u? X
[IpoinTerpyemo:
l J‘ __J‘d(l-i-u ) dx:()
1+u® 1+u® X
abo
%arctgu+lnC=1nx+%ln(1+u2)=lnx\/l+u2. (20)
BpaxoByrouu, mo u = l, HagaeMo piBHIHHIO (20) BUTIIALY:
X
%arctgl =In+/x* + y2 —InC
X
abo

iarctg—
X2 +y =Cek x,

15



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJauHuK

[lepexonsun B OCTAaHHROMY PIBHSHHI JI0 TTOJISIPHUX KOOPIAWHAT, TOOTO TOKIIA-
JAl0uu X = PCOSYP, y = PSin @, 3HAXOAUMO, IO NTYKAHUMHU 130TOHATHPHUMH TPAEK-

TOPISIMH € JTIOTapUPMIYHI CITIpaIi:

>

p=Ce

3anayi aj1s1 caMoCTiiiHOTO Po3B’sI3yBaHHA

I. Po3B’s3aTu nudepeHiiiaabHl piBHIHHS:

1. y—xy'zylnﬁ.

y

. (X*+yH)dx—2xydy=0.
c(x+y+2)dx+(2x+2y—-1)dy=0.
. (x*y? =1Ddy+2xy°dx=0.
c(x+y+Ddx=(1-2x-2y)dy.
c(x+y=2)dx+(x—y+4)dy=0.

At A W N

N

, +2 -2
SRRt
x+1 x+1
, 4 6 __ .4
g yy= 0
2x7y
II. Po3p’s3atu 3anauy Korri:
=y, y1)=1.
X
III. 1. 3’sicyBaTu, Ipu IKUX p 1 g PIBHSIHHSA
y =ax? +by?
€ y3araJbHEeHO-OJHOPITHUM. PO3B’s13aTH PIBHSHHS
Y ==2xP +y?,
SIKITIIO0 BOHO y3arajJbHEHO-OTHOPITHE.

2. 3HaliTU KpUBI, y SKUX BIAPi30K MT NOTHYHOI Bii TOYKH JOTUKY JI0
nepeTuny 3 Biccio Ox nopiBHIOE Biapizky OT oci Ox (puc. 4).

16



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJauHuK
y
m
o7 T
Puc. 4

1.4. flughepeHuianbHi pieHAHHSA y NOBHUX dudhepeHyianax.
IHmeapye8asibHUll MHOXXHUK

1. ludepeniianbre piBHIHHS BUTISAY

M (x,y)dx+ N(x,y)dy=0 (21)

HA3UBAEThCS PIGHAHHAM ) NOGHUX Ouepenyianax, KO WOTO JiiBa YaCTUHA € TI0-
BHUM audepeHiiaioM aeakoi GpyHkii @ = P(x, y), To6To

M (x,y)dx+ N(x,y)dy=dP(x,y) =a£dx +a£dy.
ox dy
3aranbpHU iHTErpaj piBHIHHA (21) Mae BUTIISIT
D(x,y)=C,

ne C — I0OBiIbHA CTajla 3 MHOXKUHU 3HaUeHb P .
Jlnis Toro, mo6 piBHsSHHS (21) Oyno piBHSHHSIM y MOBHUX AuQepeHIiianax, He-
00X1THO 1 IOCTAaTHRLO, 1100

M — 9N , (22)
dy  Ox
oM ON : .\ . :
akmo QyHkii M , N, = ox HENepepBHi B JeAKiil oAHO3B’ sA3HIN obmacti D .
y  ox
Oynkiito P 3HAX0AITH 32 (PopMyII0H0:
X y
d(x, y)= j M, yo)dz+j N(x,t)dt. (23)

X0 Yo

SIxmo ymoBa (22) He BUKOHYETHCS, TO B JICSIKUX BHUIAIKaX MOKHA 3BECTH PO3-
TJIsIIyBaHe PIBHSHHS J0 PIBHSHHS y TIOBHHUX Iu(EpeHIriagaXx JOMHOKEHHSIM HOTO
Ha TaK 3BAaHUU iHmezpy8anibHULl MHOJICHUK, SIKAW B 3aTalIbHOMY BUTAJKY € (YHKIIi-
€EOBIT X1 y: U=4(x,y), £u#0.

[I{o6 3HaiiTH IHTErpyBaJbHUN MHOXXHHK, TpeOa po3B’s3aTu AudepeHIiaibHe
PIBHSIHHS

17



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aga4yHuK
ouM) _ d(uN)
dy ox

Le 3pobuTH MOXHA HE 3aBXKIU. B HAalMpPOCTIINX BHUMAIKaxX MOXHA BBaXKaTH,

wo K= u(x) abo = pu(y).

IMpukaaau po3B’A3yBaHHA THNOBHUX 3a/1a4
Hpuxnan 1. Po3p’s3atu audepeHitianbHe piBHIHHS
(x° + 3xy2)dx+ (y3 + 3x2y)dy =0.

Pos3é’s3anns. TlepeBipumo, 110 JaHe PIBHAHHA € PIBHSHHSAM Yy MOBHUX Ju(e-
peHmiaiax. Maemo

dy dy ox oOx
oM ON ) 2 .
OTtxe, 8_ = 8_ B obmacti D=R", ToO6T0 BUKOHYEThCS ymoBa (22). Tomi
'y X

icHye Taka ¢pyHkiis ¢ =P(x,y), 1o
do(x,y)= (x3 + 3xy2)dx + (y3 + 3x2y) dy .

3anuiIaeThCsl 3HAUTHU 3araibHuM 1HTerpa piBHIHHSI dP(x,y)=0.
1-i1 cnioci0. [oxnanatoun y popmymni (23) x, =y, =0, aicraemo

T t A (3 ’
d(x, y) = jﬁ dt+j(r3 +3x%)dt=C & —| +| —+2x%* | =C o
0 0 4 4 2
0 0
4 4
<:>x—+y—+§xzy2 =C.
4 4 2
2-ii cmoci0. 3aranpHuil 1HTErpas AaHOTO PiBHSAHHSA Mae BUran P(x,y)=C.
CxkopucraBmuch Gopmynoo dP= aaﬁ dx + aagdy , IICTaHEeMO
X y
od

—=M(x,y)=x3+3xy2, a#{)=N(x,y)=y3+3xzy.
ox dy

Tomi

aq) 4 2
P(x.y) =[S dey () =[ (2 + 30 ek p() =" 43574y ().

18



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJauHuK

O
Jnst  BuszHauenHs QyHkmii w(y) o0uncaIuMo > 1 BHUKOPHUCTAEMO YMOBY

y
acI)—N(x y) . Maemo
dy
b , , 4
$=3x2y+w<y>=y3+3x2y = Y=y o w<y>=y7+const.

OT1xe, MOKHA B3ATH

3 y
d(x,y)=—+— w2y 4+
(x,y)= 275 y? 1

1 3araJibHUM 1HTErpal JAaHOTO PIBHSHHS Ma€ BUTIISI

4 4
x—+§x2y2+y—=C.
4 2 4

3-ii cmocid. /lane piBHSHHS HEBaXXKO 3BecTH 10 BUTIINY dP(x,y)=0 6e3ro-
CepeHIM TPpYyIyBaHHSIM HOTO YJICHIB:

x3dx+3xy(ydx+xdy)+ y3dy =0.

[TomiTuBIIH, 110

4
x> dx =d(%j, 3xy(ydx+ xdy)=3xyd(xy) = d(%xzyzj,

4
3 y
dy=d| — |,

3alUIIEeMO JJaHe PIBHAHHA y BUIJISAI

x* 3 09 y* 3,y
d| — |+d| =x"y" |+d| — |=d| —+=x"y " +— |=0,
4 2 4 4 2 4

3BIJIKM JICTAEMO WOTO 3arajbHUMN 1HTErpaj

3 y
—+— xy+ =C.
4 2 4

Hpuxnan 2. Po3p’s3atu audepeHitianbHe piBHIHHS
(x2 cos(x+y)+ y)dx+ (x2 cos(x+y)—x)dy=0.

Po3zs’si3anns. Ymona (22) He BUKOHYEThCSA. O0UnCIUMO

19
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I'yvoans I'M. EHMK “Bumia maremaruka (po3ain “JludepeHiiaibHi piBHAHHL)

3aJauHuK
M _IN
dy ox _ 2
N X
TakumM YHMHOM, MOXKHAa B3SITH IHTEIPYBAJbHUNW MHOXXHUK Yy BHIJISI
a1 L
M(x)y=e "* =— . Ilicia MHOXCHHS Ha HBOIO BUXIJIHE PIBHSHHS HaOyBa€e BUIIIs-
X
oy
1
@m“x+w+?%}k+(amu+00——}h=0. (24)
X X

Tenep ymoBa (22) 6yae BUKOHYBAaTHUCh, TOOTO MU OJEpKaJId PIBHSAHHS B IO-
BHUX AudepeHmianax, 1 noJanblie po3B’si3aHHS MOKHA 3IHCHUTH aHAJIOTIUHO JI0
npukiany 1. PiBHsHHIO (24) MOKHA TaK0X HaJaTH BUTIISTY

ydx—xdy _

cos(x+ y)(dx+dy)+ 5 0,
X

13 SIKOTO JIETKO 0aunTH, 110 JiBa YacTUHA PiBHAHHA (24) € qudepeniiaaoM QyHKIIIl
sin(x+ y) — 2
X

3ayBaXuMo IIIe, 1110 IPU MHOKEHH1 BHXIJHOTO PIBHSHHS Ha 1HTETPYBaJIbHHI
MHOYKHHK BTpa4yaeTbes po3B s30K x =0.
Taxkum 4yrHOM, PO3B’A30K BUXIIHOTO PIBHSIHHS

sin(x+y)—2=C, x=0. 0
X

Mpuxaan 3. Po3p’s3atu qudepennianbHe piBHIHHS
(tg(x+y)+x)dx+ xdy=0.

Po3zs’si3anns. Ymona (22) He BUKOHYEThCA. O0UnCIUMO

oM _av
%:—tg@"‘ )

Toni

—[tgrd
a(t) =ae Jie tzalcostl, r=x+y,

3BIAKU U =cos(x+ y). [IoOMHOXXHMBIIM Ha TIeHl IHTErpyBaJIbHUN MHOXXHUK BUXiTHE
PIBHSIHHS, PUXOAUMO JI0 PIBHOCWJIBHOTO PIBHSHHS B IMMOBHUX JU(epeHITianax

(sin(x + y)+ xcos(x+ y))dx+ xcos(x+ y)dy =0.

[Tonaneie po3B’s3aHHS 3A1HCHIOETHCS aHAJIOTTYHO J10 TIpuKIIany 1.
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3aJauHuK
TakuM YMHOM, 3arajJbHUHN p03B’$I30K piBH;IHH;I Ma€ BUTJIS
xsin(x+y)=C. O

Ipuxnan 4. Po3p’si3atu audepeHitianbHe piBHIHHS
(xy+ yHdx+ (x> —xy*)dy =0.
Po3zs’siz3annsa. YMoBa (22) He BUKOHYEThCA. [IpeacTaBuMo JIiBy 4acCTUHY PiB-
HSIHHS Y BUTJISLIL CYMU JIBOX JTOJIAHKIB
(xydx+ x* dy) + (y4 dx—xy3 dy)=A+B,
JUTSI KOSKHOTO 3 SIKMX JIETKO 3HAWTH 1HTErpyBaJbHUN MHOXHHUK (MOKIJIUBO, TTPOCTO

OesnocepenHbo modaunTh). B maHomy BUmaaky 1jis BUpazy A = xydx + x* dy iuTe-

1.1
IpyBaJIbHUM MHOKHHUKOM €, O4EBUMHO, L =— 1 —A=ydx+xdy =du,, ne u; =xy.
X

: |
Tt Bupasy B=y'dy—xy’dy inTerpyBagbHUM MHOKHHKOM € M, = F 1
1 dx — xd
Lo ey =X
Yy y

[1lo6 po3B’s3aTH 3ajaHe PIBHSAHHA, TpeOa 3HANTU OJHAKOBUI MHOMKHHK [L,,,

st A1 B. Jlng poro BUKOpUCTAEMO (HOpMyITy ,u* =uyU), ne ¥y — nedka au-
depentiioBHa ¢pynkiis Big U , 1 3aUIeMo piBHICTb

| | X
/u3a3 = _f(xy) = _5¢[_)
X y y
Bupaxaroun x 1 y uepes u; 1 u,, Ma€EMO 3BIACH
uf f () = w39(u,).

HC piBHHHH}I JICTKO 3a10BOJIbHUTH, ITOKJIaBIITN

1 1
fu)=—, ou,)=—.
u U
) 11 11 ) . ) )
Toni ., =——=——. IIpu MHOXEHH1 Ha 1€l MHOKHUK BUXIJIHE PIBHSH-
Xuj y u,
HsI TIepeli/ie B PIBHSHHS
1 1
—zdul + —3d1/t2 = 0

u U
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I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJ1a4HUK
1 11 . 1 1y? ,
Takum unHOM, —————=C; 1 TOMy —+—-— =C(. Po3B’s3kaMil € TaKOX
u  2u xy 2x
y=01 x=0, ski Oynu BTpaueHi Npu AUICHHI HA X 1 Y. O

3anayi aj1s1 caMoCTiiiHOTO Po3B’sI3yBaHHA

I. Po3B’s3aTu nudepeHiiiaabHl piBHIHHS:
1. (x+sin y)dx+ (xcos y+sin y)dy =0.
2. 2xy+ 3y2)dx+ (x* + 6xy — 3y2)dy =0.

3. (xchy+shx)?+ychx+shy=0.
X

(x* —-2y)dx—xdy=0.
y(1+xy)dx—xdy=0.
(x° —3y2)dx+2xydy =0.

Sk

7. (Wx* =y +2x)dx—dy =0, u=u(x*—y).

I1. Busznauutu popmy a3epkana, KoM BiOMO, III0 BOHO BiJIOMBA€E BCI MpoMe-
Hi, IKi BUXOJATh 13 JTaHOI TOYKH, MapajieIbHO JaHOMY HAIpsAMY.

1.5. JliHiGHi QughepeHyianbHi pieHIHHS1 ma 38i0Hi 00 HUX

1. Jlinitinum ougepenyianoHum pieHAHHAM Nepuioco NOpsiOK) Ha3UBAETHCS Pi-
BHSIHHSI BUTJISIITY

Y =a(x)y+b(x), (25)

ne a(x), b(x) — HenepepBHi (pyHKIIT Big x Ha AeskoMy npomixkky. [Ipu b(x)#0
piBHSHHSA (25) Ha3UBAETHCSA AiHIUHUM HeoOHOpiOHuM. SIko b(x) =0, TO piBHIHHS

(25) HA3UBAETHCS AIHIUHUM 0OHOPIOHUM. BOHO € PIBHSHHSIM 3 BIJOKPEMIIOBAHUMU
3MIHHUMU.

Jnis Toro, mo0 po3B’s3aTH HEOAHOPIAHE PIBHSAHHSA (25) MOXHA BUKOPUCTATH
Memoo eapiayii 008inbHOI cmanoi (memoo Jlaepanoica)

1) po3B’si3aTH BIANOBIAHE OJHOPITHE PIBHSHHS, TOOTO PIBHSIHHS

’
y =a(x)y
(MOro 3arajabHHUN PO3B’ 30K MA€ BUTIISL

y(x) = Cel Oy,

2) 3amucaTH 3arajbHUN po3B’ 30K PIBHAHHSA (25) y BUTIISAAIL

a(x)dx

¥ =Cwel 26)
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3aJauHuK

ne C(x) — HOBa HEBiTOMa (PYHKIIIS;

3) 3nHaiitu ¢yHkiio C(x), MJACTaBUBIIM JIJIs IOTO PO3B 30K (26) B piBHSH-
Hs (25).

JIiniitH1 1udepeHianbHi pIBHSHHS IEPUIOro MOPSIKY MOXKHA IHTETPpYyBaTH Ta-
KOX Memooom Bbepuynni, Ikl OJATAE B HACTYITHOMY.

1) 3anucartu po3B’ 30K piBHAHHA (25) y BUTIISAIL

y=uv, (27)

ne u=u(x), v=v(x) — HeBiAoM1 QYHKIIT, TPUUOMY OJIHA 3 ITUX (QYHKINN (HAMpHU-
KJIaJ, V) TOBLIbHA (A€ He JOPIBHIOE TOTOKHO HYJIEBI);

2) B SKOCTI v MPUNHATH AOBUIBHUN YAaCTHHHMUNA PO3B’SA30K BIAMOBIIHOTO OJ-
HOPIJTHOTO PIBHSHHS

V=a(x),
HANPHKIA,

y(x) = el 1O (28)

3) 3HalTH QYHKINIO U, MACTABUBIIM IS 1ILOTO PO3B’s30K (27) 3 ypaxyBaH-
HsM (28) B piBHAHHS (25);

4) 3anucaT po3B’ 30K PIBHIHHSA (25), TOMHOXUBIIKA U HA V.

2. JIudepenitiagibHe piBHSHHS BUTIISAY

Y'=a(x)y+b(x)y”, (29)
ne a(x) i b(x) — HenepepBHi1 QyHKLIT B x Ha ASIKOMY IPOMIXKKY, ¢ =conste R,
a+#0, a+#1, nazuBaerbcs piguannsam bepuynni. llpu =01 =1 ue piBHIHHA €
THIAHUM.
Jlns Toro, mo6 po3B’s3aTu piBHSIHHSA bepHysi, TpeGa 3BecTu WOro 110 JIiHIHN-
HOTO PiBHSHHS, IIOAUTHBIIK O0KABI yacTrry HA y¥ i 3poGuBImHM 3aminy z =y ©.
[Ipu a > 0 po3B’si3xoM piBHSAHHA (29) Oyae Takox QyHkiis y=0.

PiBustaHs (29), 5K 1 MiHIHE pIBHAHHA, MOXHA PO3B’s3yBaTH MeTonoM Jlarpa-
Hxa abo meroaoM bepHyi.
JudepenitiaabHe piBHAHHS BUTIISTY

Y =a(x)y+b(x)y* +r(x), (30)
ne a(x), b(x), r(x) — HenepepBHi (PyHKIIIi BiJ x HA JACIAKOMY MPOMIXKKY, Ha3UBa-
etbest pisHanuam Pixkami. Komu b(x) =0, piBasans (30) ctae nmiHiiiHUM, a y pasi
r(x)=0 — piBasaaasaM bepnaymni. ¥V 3aranpHoMy Bumajky piBHsHHS (30) He iHTeET-

. v V) ’ — 1
pYETbCA B KBaApaTypax. SKIo BIJOMUI YaCTUHHUN PO3B 30K y; = y;(X) PIBHSIHHSA
(30), To 3aMiHOIO y =y, + z piBHsAHHA PIKKaTi 3B0AUTbCA 0 pIBHAHHA bepHyi.
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3aJauHuK
IIpukjaaau po3B’A3yBaHHA THIIOBHX 3a/1a4

Mpuxaan 1. Po3p’s3atu qudepenuianbHe piBHSIHHS

Jx

e
2\/_ cos’x

Po36’s3anns. Po3B’spkeMo 1aHe piBHSHHS METOAOM Bapiallii TOBUIBHOI CTaNO1.
1) 3aranbpHuii po3B’ 130K BIAMOBIAHOTO OJHOPITHOTO PIBHSHHS

__ Y
2Jx
Ma€e BUTJISJ
jﬂ
y=Ce 2Vr = ce'*.

2) 3aranpHUN PO3B’SI30K BHUXITHOTO PIBHSHHS BIAMOBIMHO 10 Gopmynu (26)
3aMUIIETHCS Y BUTIISII

y=Cxe'™. G1)

3) [ligcTaBuBIIM 1IEH PO3B’A30K y BUX1JHE PIBHSIHHS, OJCPKUMO

Jx oV
C'(x)e Jx o C(x)e C(x)e P
2Jx 2Jx Cos” x

3BIAKHU

1

b
0082 X

C'(x)=

Cx)=tgx+C,.
[TincraBnsroun 3Haiiaeny ¢yskiiro C(x) B po3B’s30k (31), ocratrouno oxaep-
KYEMO 3arajbHUNA PO3B’ 30K BUX1THOTO PIBHIHHS
y=(tgx+C1)e&. O

Mpuxaan 2. Po3p’s3atu qudepeniuianbHe piBHSIHHS
xy +2y+x°ye” =0.
Pose’sizanns. 1le pisasuus bepryiui. 3po6umo 3aminy z =y 2. Toai piBHSH-
HS CTaHE JIHIHHUM:

—gz'+ 2z+x°¢* =0. (32)

3HaieMo Horo 3arajibHUi po3B’ 130K MeTO0M bepHyi.
1) 3anuiiemMo po3B’si30K piBHSAHHA (32) y BUTIIAAL Z =uv, 1¢ QyHKIISA v — J0-
BUJIbHA (aJie HE IOPIBHIOE TOTOXKHO HYJIEBI);
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2) B AKOCTI Vv MpUHAMEMO NOBIIbHUI YaCTUHHUI PO3B’SA30K BIAMOBITHOTO O-
HOPIJTHOTO PIBHSHHS

HAIPUKIIA],
Jras
v(ix)=e' ¥ =x; (33)
3) 3HaiineMo (QYHKIIO ¥ , IJCTABUBIIM AJIS ILOTO PO3B 30K Z =uV 3 ypaxy-
BaHHsIM (33) B piBHSHHS (32):

X
—E(ux4 4wy + 2ux* + X =0, u=2e"+C;

4) 3anuiieMo po3B’sI30K piBHAHHSA (32), TOMHOXKUBIIU U Ha V.

7=(2¢" +C)x*.

3Biacu y2 = . Tyt BTpauenuii po3p’si30k y =0 (tak six & =3>0), io-

(C +2e¢")x*
ro Tpeba JomucaTy J04aTKOBO.
OT1xe, po3B’A30K BUX1HOTO PIBHSIHHS Ma€ BUTJISA

5 1

=, =0. O
(C+2e")x* Y

Y

Hpuxnan 3. Po3p’s3aTu audepeHitianbHe piBHIHHS
v dx+(1—xy)dy=0.

Po36’sa3anns. Po3B’spkeMo JaHe piBHAHHSA METOIOM Bapiallii TOBIJIHOI CTaNOi.
Hagamo piBHSHHIO BUTIIATY

dx x 1
—_— —2 + —3 = O
dy y~ y
(mpu 11bOMY BTpayaeTbcs po3B’ 530Kk y =0). OxepKuMo JiHiIiHE PIBHAHHS BiIHOC-
HO HeBioMoi PyHKIIT x = x(y) . s BIAMOBIAHOTO OJTHOPITHOTO PIBHIHHS
dy 1
. 1
x=Ce ” =Ce .
1

P03B’ 5130k HEOTHOPIAHOTO PIBHIHHSA IIyKaeMo y BUrsdi x = C(y)e ¥ aHao-

riydo 1o npukiany 1. Ilicas migcTaHOBKH IbOTO BUPA3y B PIBHSHHS OJEPXKYEMO
1

C'(y)=—e”/y?, 3Bigku
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1
- 1
e’ (1
C(y)=—|—Fdy=¢"| ——1|+C,.
y y
OTxe, po3B 30K PIBHSHHS Ma€ BUTJISI
1 1
x=—=1+Ce 7, y=0. O
y

Ipuxnan 4. Po3p’s3atu audepeHitianbHe piBHIHHS
(2xy* — y)dx + xdy =0.
Po36’sa3annsa. SIkmo y BuOpatu B AKOCTI PyHKIIT, a X — B SIKOCTI HE3aJI€KHOI
3MIHHOI1, TO OJIEPKUMO PiBHSIHHS bepHysii
’_ 2
xy =y=2xy".
BBomsuM z =y |, IPUXOAUMO IO JiHIHHOTO PIBHSHHS, PO3B’SI3YIOUH SIKE OfIe-
PXKUMO

Z=£+x abo x=(x2+C)y.
X

Croau ciig gornucaTtu BTpadeHuii po3s’s30k y = 0. KpiMm Toro, mpuifHsBIIN
y y

3a (QYHKIIi}0, MH BTPAaTUIU Po3B’ 530K X =(), 1110 32/I0BOJIbHSE BUXiIHE PIBHSIHHS, B
SKOMY X 1 y piBHompaBHi. OTKe, 0CTaTOYHO MAEMO

x=(x2+C)y, y=0, x=0. O
Mpuxaan 5. Po3p’s3atu piBHsAHHSA PikkaTi
, 2 52
V2432 =22
X X

Po3zs’s3anns. Tlpu minbopi 4aCTUHHOTO PO3B’SI3KY CIIiJI OPIEHTYBATUCS HA BH-
TN BITRHOTO 4YieHa 1 KOeQIIMi€HTIB pPIBHSIHHS. SIKIO NIyKaTH YacTUHHUMN

s 1 —
PO3B A30K y BUITIIAL1 Y, = ; , TO OACPKUMO

kL 2k 352

——+ :
)C2 )C2 )C2 )C2

LIe IMPpUBOAUTL JJIA 3HAXO/PKCHHA 4YHCIIA k A0 KBaJpaTHOTO piBHHHHﬂ

3k? +k—-52=0, mo mae xopeHi k; =4 1 k, =—§. TakuM YUHOM, BHXIJIHE PiB-

. 4 13
HJIHHS Ma€ 4YaCTHHHI1 pOBB,HBKI/I VM=V =7"". 3aJII/IHIa€MO, HaIlpHUKJIad, IICp-
X

3x
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. . . : : 4
MK 13 ITUX YaCTHHHUX pOBB,HBKIB (,prrI/II/I BI,IIKI/I,IIaGIMO). ITicnsa 3amiHM y=—+2
X

BUXIJHE PIBHSHHS 3BOJUTHCS 10 piBHSIHHA beprymi
26z
7+=+372=0.
X
Po3B’s13y10un piBHAHHS bepHyIUT aHANIOTIYHO A0 MPUKIaLy 2, 0AepPKUMO
1 3x

—=—+Cx", z=0.
z 25

Pobnsiun 0ob6epHeHy 3aMiHy 7=y —— 1 HECKJIaJHI MEPETBOPEHHS, OJCPKUMO
X

PO3B’SI30K BUX1HOTO PIBHIHHS:

y_1mxk%+13_4qx%+13
25Cx* —3x C1x26 —3x’

4
.

IIpuxaan 6. KonaeHcaTop €MHICTIO ¢ BKJIKOYAETHCS B €JIEKTPUYHE KOJIO 3 Ha-
npyroro E 1 onmopoMm R . Bu3HauuTH 3apsn g KOHJAEHCAaTOpa B MOMEHT ! MICIs

BKJIIOYCHHA.

. d
Po36¢’sa3anns. B MOMEHT t 3apsa KOHIECHCATOPA ¢, CUJIA CTPYMY i =—q, B KO-

71 Jle eneKTpopyliiiHa cuia V, sika TOpIBHIOE PI3HUII MK Hampyroio E kona i

HaAINpYror KOHAeHcaTopa ﬁ, TOOTO
c

v=g-4,
C

3a 3akoHoM OMa cuna CTpymy i =% abo

q
E-1
49_" ¢

dt R

Toni mudepentianbHe piBHSAHHS MPOIIECY MA€ BUTIIS

RY _p_4 (34)
dt c

3BeneMo piBHsIHHSA (34) 10 BUTISALY (25), HOAUTMBIIKM OOMIB1 HOTO YaCTHHU Ha
R #0. licranemo:
dg _E ¢

— 35
dt R cR (39)
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1) 3aranbpHuii po3B’ 130K OTHOPITHOTO PiBHSHHS

d9__4q
dt cR
Ma€ BHTJIST
_t
g=Ce R

2) 3aranpHuil po3B’sA30K piBHAHHSA (35) BiAmoBigHO A0 Gopmynu (26) 3amu-
IIETHCS y BATTISIL

g=C(t)e . (36)

3) [liacTaBuBIM po3B’ 5130k (36) B piBHsAHHSA (35), onepxkumo dyHkiio C(f):
S
C(t)=cEeR - C;.
[TincraBnsroun 3Haneny ¢yskiiro C(t) B po3B’s30k (36), ocTaTOUYHO OfEp-

KY€EMO 3arajbHUM pO3B’SI30K BUXIITHOTO PIBHSHHS

t
g=cE—-Ce °k.
BpaxoByroun nmoyatkosi ymoBH, pu t =0, g =0, maemo
9
O0=cE—Cje°R
abo
TakuM YMHOM, 3aKOH JTAaHOTO MPOLIECY OMUCYETHCS PIBHICTIO

t
g=cE|1—e ¢k |, O

3anayi aj1s1 caMoCTiiiHOTO Po3B’sI3yBaHHA

I. Po3p’si3atu audepeniiaabHi pIBHIHHS:

1. y —2xy =3x% —2x*.

2. xy' —2y=2x".
3. X2 y2 Y +xy° =1.
dy

dy 3 .
4, —x’siny+2y=x——.
dx Y Y dx
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5.y -y 42 y=e" +e*, y(x)=e".
I1. Po3B’sa3atu 3amaui Komi:

1. ydx—(Bx+1+Iny)dy=0, y(—%jzl.

2. (x+D2yy' -1)=y*, y(0)=0.

ITII.1. KpuBa y = y(x) mpoxoauTb 4epe3 TOuky A(a,a) 1 Mae Taky BIAcTH-
BICTh: SIKIIO B Oyab-sikiii Touri M (x,y) KpuBoi 3 opaunHatoro | BM | (puc. 5) npo-
BECTU JOTUYHY [0 MEPeTUHY 3 Biccio opAauHarT y Touui C, TO IUIOIIA Tpamemii
OCMB ¢ cranoo i fopiBHioe a*. CKIaCTH PiBHSHHS ITi€l KPHBOI.

Puc. 5

2. 3HaiiTH PIBHSHHS PYXYy BaXXKOi MaTepiajibHOI TOYKH B CEPEAOBHII 3
OTIOPOM.

1.6. QuopepeHuyianbHi pieHsIHHS, He po36 ‘si3aHi 8IOHOCHO NMoxiOHoOI
HudepeHniianbHe piBHIHHS
F(x,,5)=0 37)
HA3UBAETHCS PIGHAHHAM, He PO38 A3AHUM 8IOHOCHO NOXIOHOI.

PiBusnns (37) GaxaHo po3B’s3aTé BigHOCHO Y . OJIEpKUMO CYKYIHICTh PiB-
HSHB BUTJISTY

Y = fi(x,y),

---------------

y, = fk (.X, y)’
ne k >1. Koxxne 3 ux piBHSHb TpeOa po3B’s3aTH.
IIpote piBHAHHA (37) He 3aBkKIU MOKHA PO3B’A3aTH BIJHOCHO Y B SBHOMY

BurisiAi. Ha mpaktuii #oro HaldacTiiie po3B’s3YIOTh MemoOoM 88e0eHHS napa-
Mempa.
[TpumycTtumo, mo piBHAHHS (37) MOXKHA PO3B’sI3aTH BIZHOCHO X abo y, TOOTO

3amucaTy WOro y BUTJISII

y=2g(x,y) (abo x=h(y,y)).
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Toni po3s’sa30k piBHsAHHS (37) HIyKaeMo B MapaMeTpUYHOMY BUTJISAL, J€ Ta-
pamMeTpoM € moxigHa y :

_dy _
P= dx v
Tomi
y=8(x,p) (ado x=h(y,p)). (38)

B3sBimu nmoBHuil audepeniian Big 000X 4acTUH piBHOCTI (38) 1 3aMIHUBIIM MpaBi
YaCTHHU OTPUMAHMX PIBHOCTEH BIMIOBIIHO 10 GOPMYIIH

dy = pdx (360 dxzﬂj,
p

. . . d d
OJEP>KUMO PIBHSHHS, SIKE MOYKHA PO3B’SI3aTH BIJHOCHO MOX1JHOT d_x (360 d—yj
p P
3aranbpHUM IHTErpaji IbOTO PIBHSIHHS Ma€ BUTIIS
P(x, p,C)=0 (abo ¥(y,p,C)=0).

Toni 3aranbHUN PO3B’SI30K PIBHAHHS (37) MaTUME BUTIISI

y=g(x, p), x=h(y,p),
abo .
D(x, p,C)=0 Y(y,p,C)=0
Po3B’s130k y = y(x) piBHSAHHS (37) HA3UBAETHCS 0COOIUBUM PO38 S3KOM, SIKIIIO
yepe3 KOKHY TOUKY Horo rpadika mpoxoauTh rpadik Ime OJHOTO po3B’s3KYy piB-
HstHHS (37), KU Mae B 1[Il TOYIl Ty caMy JOTHYHY, IO 1 pO3B’s30K y = y(X), ajie
He 30Ira€ThCs 3 HUM Y K 3aBT'OJIHO MaJOMY OKOJI ITi€T TOYKH, TOOTO SKIIO B KOXK-

HI{ TOYIl PO3B’A3KY MOPYIIYETHCS BIACTUBICTh €MHOCTI PO3B’ 3Ky 3aaa4i Korri.

F JoF : , :
Sxmo gynkuii F, —, 5 HEMepepBHi, TO PO3B’ 30K CUCTEMH PIBHIHB
Y

dy

F(x,y,y)=0,
oF (x,y,y) 0 (39)
dy’

MOke OYyTH 0COOTMBUM PO3B’sI3KOM PiBHIHHS (37).
Pisensnuam Jlacpanoca nazuBaeThesl AudepeHIiiaibie PIBHAHHS MEPIIOTo IMOo-
PSAKY, JTiHIIHE BIIHOCHO X Ta y:

y=xp(y)+ ¥ (),
ne @(¥), w(y") — 3anani nudepenniiosHi QyHKIi.
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Po3B’s13yeThes piBHSAHHS JlarpaH:ka METOAOM BBEIEHHS MapameTrpa. 3a UM
METOJIOM, TIOKJIaaloun y = p, 3BOJAUMO i€ PIBHAHHSA 0 JIHIHHOrO BiAHOCHO (yH-

KUii x=x(p). Skumo 3aranbHUN PO3B’SI30K LILOIO OCTAHHBOTO PIBHSHHSA Ma€ BH-
ran x = F(p,C), To 3aragpHUi po3B’sI30K BUXIAHOTO piBHAHHSA Jlarpanxa 3amnu-
IIEThCS Yy BUIJISAL

{x =F(p,C),
y=F(p,O)p(p)+y(p).
3a yMOBH, 110 pIBHAHHA @(p)— p =0 Mae I1HCHI KOpeHl p = p;, 10 PO3B’ 3Ky
CJI1JI IPUEAHATH 1€ PO3B’SI3KU BUTIISITY
y=xp(p)+y(p)  (i=1n).
Sk11o 11 po3B’sI3KM HE YTBOPIOIOTHCS 3 3arajibHOTO Hi 3a SKUX 3HAYEHb JIOBI-
JHHOT CTAJIOl, TO BOHU € OCOOJIMBIUMU PO3B’ SI3KAMHU.
Sxmo @(p)—p=0,10 @(Y)=y .Y uboMy BUNagKy MaeMo pisuanns Kiepo
y=xy"+y(y). (40)
BukopucroByroun MeTO1 BBEJICHHS MapaMeTpa, OJIEPKYEMO PIBHICTh
(x+y¥'(p))dp=0.
Axmo dp =0, 10 p=C 13aranbHuM po3B’sA3KoM piBHAHHS (40) €
y=Cx+y(0) (41
(T06TO 3aranbHUi po3B’ 130K PiBHAHHA Kilepo ofepKy€eMo 3aMiHOIO B HbOMY )  Ha
C).
Sxmo x+ ¥’ (p)=01 p=a(x) — po3B’I30K LHOr0 PiBHAHHSA, TO OAEPKUMO
1€ OJUH pO3B’ 130K piBHIHHS (40)

y =xa(x) +¥(a(x)), (42)

KU € 0COOTMBUM.

Oco0nuBuil po3B’sa30k piBHIHHS Kiepo € 00BigHOIO CiM’1 mpsAMHX, BU3HAYeE-
HUX 3arajJbHUM PO3B’SI3KOM (TOOTO 3arajJbHUM pPO3B’s3KOM piBHSAHHA Kiepo € cim’s
JTOTUYHUX JI0 OCOOJIMBOTO PO3B’SI3KY).

IIpukaaau po3B’A3yBaHHA THIIOBHUX 3a/1a4

Mpuxaan 1. Po3p’s3atu qudepennianbHe piBHIHHS
x=siny +cos Y.
Po36’a3anns. 3anumemMo piBHSHHS B TapaMETPUYHOMY BUTIISAI

Y'=p,
X =sin p+cos p.
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Jam oxepxumo
dy = y'dx = p(cos p —sin p)dp,
y= Jp(cosp—sinp)dp = p(sin p+cos p)+cos p—sin p+C.
OTtxe, 3arajibHUI PO3B’ 30K PIBHSIHHS Ma€ BUTJISA
i

X =sin p +cos p,
{yzp(sinp+cosp)+cosp—sinp+C.
Hpuxnan 2. Po3p’s13atu audepeHitianbHe piBHIHHS
ylny —xy"=0.
Po3zs’si3anns. Po3B’spkeMo piBHSAHHS BIIHOCHO X

1 /’
=2y

y

1 3aIMIIIEMO HOTo 3 AOIIOMOT OO0 ITapaMeTpa

Y =p,
]

X = y np.
p

Tomi
I-Inp
(Inp—-1)dy+ y——dp =0.
p

[Ticast ckopoueHHs Ha In p —1 (110 MPUBOAUTH A0 BTPATU PO3B’S3KY Y =ex )
OJIEP’KYEMO PIBHSHHS 3 BIJJOKPEMIIIOBAHUMHU 3MIHHUMHU

dy —ldp =0,
p

o Mae po3B’s30K y=Cp. TakuM 4MHOM, 3a JOMOMOIOK IapaMeTpa pPO3B’SI30K
BUXIJHOTO PIBHSHHS MOXe OyTH 3alMCaHuid y BUTIISL

yln p

b

y=Cp.

TyT MOXHA BUKJIIOUUTH ITAPAMETP P :
Y Y
==, x=Cln (—)
P C C

Takum 4YMHOM, PO3B’ 30K BUXITHOT'O PIBHSHHS Ma€ BUTJIS
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x=Cln(lj, y =ex. O
C

Hpuxnan 3. Po3p’s3atu audepeHitianbHe piBHIHHS
’ ’3
y=2xy =y~
Po3zé’azanns. 3anane piBHAHHS € piBHsAHHAM Jlarpanxka. Beegemo nmapametp
p=y,1oxi

y=2xp-p’. (43)
JudepeHIirondn, OTPUMY€EMO:
dp , 2dp
=2p+2x—-3p"—
p==p dx P dx
abo
d,
L (2x+3p>)=p (44)
dx
.. : dp . :
1 TTicyIs MUJIGHHS Ha . JICTaHEMO PiIBHSIHHS:
X
d
p & 2x+3 p*.
dp
[aTerpyroun 1ie iHiHE PIBHAHHS, MAEMO
_C 3,
X = —2 + Z pP -
OTxe, 3arajibHU PO3B’ 30K BUXIAHOTO piBHSAHHS Jlarpanxka Mae BUTIIS
27 4 p
_2C ., 15
Yy b 2 p
: : dp , : :
[Ipu ninenHi Ha — ryouMo po3B’si30K p =0 piBHSAHHS (44), SKOMY 3T1JIHO 3
X
piBHsAHHAM (43) BiamoBigae po3B’si30K y =0 BUXIAHOTO PiBHSIHHS. O

Ipuxnan 4. Po3p’s3atu audepeHitianbHe piBHIHHS
’ "N2
y=xy +(y)".
Po3é’sa3anns. 3anane piBHSHHA € piBHAHHAM Kiepo. 3aranbHUM po3B’A3KOM
JaHOTO PiBHSAHHSA 32 hopmyoro (41) €
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y=xC+C2.

X :
Axkmo x+2p=0, 10 p =—§. Toni 3a gopmynoro (42) oxepKuUMO 1€ OJUH
42
PO3B’s130K (0COOIMBUIN PO3B’SI30K) BUXIAHOTO PIBHSIHHS Y = e

OT1xe, po3B’A3KOM BUXITHOTO PIBHSIHHS €

2
X

=xC+C? y=-". O
y y="7

Mpuxaan S. Po3p’s3atu qudepennianbHe piBHIHHS

V2(x= )2 =) =2y +(x—y)> =1 =0.

Po3zé’saz3anns. Maemo

44 ptl

dp, T00TO
dp pr+1

3BIIKU pdx—dx =

1_
dx(p—)=t—L—dp,
(1+ p*)2
3BIIKHU

a)pzl,yzxi\/z, 0) dx=7F dp

T
1+ p*)?
KBanpatypy B 0) 3py4HO nmpoBecTH 3amiHo0 p =tgt. Toni
dx=Fcostdt, x—C =ZFsint,

tgr+1

J1+tg’t

TakuM 4MHOM, 3araJIbHUN PO3B’ 30K MA€ BUTIIS
(y—-C) +(x-C)* =1.

Onepxani B a) (PyHKIII TeX € PO3B’sI3KaMU, SIKI HE BXOJATh B 3arajbHHUI
PO3B’SA30K. O

y=CZFsint £ =C Fsint cost(tgt +1)=C tcost.

3anayi 151 CaMOCTIHHOTO PO3B’A3YBaHHA

I. Po3B’si3atu audepeniiaibHi piBHIHHS:
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1+y
e V3
oy +2x —y=0.

1. x

. y'3—y+x=0.

Y +y=x"
.y=2xy'+Iny’.

A Y +1+ 1 —y=0.
8. y'=In(xy" - y).

I1. 1. 3naiiTi KpUBY, B KOXKHII TOUI SKOi BIAPI30K TOTHUYHOI MIXK OCAMHU KO-
OpAMHAT, MAa€ CTaIy JOBKUHY, 10 JOPIBHIOE 4 .

2
3
4. y* + (sinx—2xy)y —2xysinx=0.
5
6
7

2. Cxnactu piBHSHHS CiM’'1 KPUBHX, SIKI IEPETUHAIOTH ENINCH
3x% + y2 =C

i Kyrom 45°.
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TEMA 2. AUOEPEHUIAIBbHI PIBHAHHA BULLIMX MOPAAKIB

2.1. OcCHOB8HI NTOHsIMMSA

Jlugpepenyianohum pigHAHHAM N -20 NOPSAOKY HA3UBAETHCS PIBHSIHHS BUTIISTY

F(x,y,5,y,....y"™)=0. (45)
Po3é’sa3kom piBHSHHA (45) HazuBaeTbes n pasiB audepeHiiiioBHa (QyHKITSA
y = @(x), sIKa IEpETBOPIOE TaHE PIBHSIHHS B TOTOXKHICTb.

3amada Kol s piBHsIHHS (45) nossirae B TOMY, 1100 3HAHUTH PO3B’ 30K IbO-
r'o PIBHSIHHS, 1110 33/I0BOJIbHSIE TOYATKOBI YMOBU

Y(x) =Yoo Y () =5 oo Y () = 387,

ne (xy, Yo ya,. e y(()”_l)) — 33J1aHa TO4YKa 3 obiacti D .

3azanvnum po3e’azkom nudepeHIiaabHOTO PiBHSIHHS (45) Ha3UBaeThCs (PyHK-
uis y=@(x,C;,C,,...,C,) , sKa IpU BIANOBIIHOMY BHOOp1 HOBIIBHHX CTaIMX
C,,C,,...,C, € po3B’s13koM J10BUIbHOI 3a1a4l Komni 1yt piBHsHHSA (45).

Yacmunnum po3e’szkom TudEpeHIiaTbHOTO pIBHIHHSA (45) HA3UBAETHCS
pPO3B’S30K, OJIEpKaHWM 13 3araJilbHOTO TPU KOHKPETHUX 3HAYCHHSIX CTAJIUX
C¢,.G,,....C,.

3acanvnum inmeepanom NUQPEpPEHIIATIBHOTO PIBHSHHS (45) HA3UBAETHCS PIB-
HICTh

P(x,y,C,C,,...,C,)=0,

SIKa Hes18HO 3aJ1a€ 3arajJbHUM O3B’ 30K JAu(epeHIIaIbHOTO PIBHAHHS (45).
Skmo piBHsAHHS (45) MOXHA pO3B’s3aTH BIAHOCHO 7 -Oi MOXIJHOI, TO BOHO

Moxe Oytu 3amucane y Burasagi y™ = f(x,v,y,y",...,y" ™).

2.2. JupeperyianbHi pieHsIHHSA, siKi Oaromb 3MO_2y 3HU3UMU iXHIl
nopsiook

Posrnsaemo nudepeniiiaibie pIBHSIHHS 71 -TO TOPSIAKY
F(x,3,5,Y . y")=0, n>2. (46)

{00 po3B’si3aTH Take PiBHSAHHS Tpeda MOTU 3HWKYBATH HOTO MOPSAOK, JOKU
HE OTPUMAEMO PIBHAHHS MEPIIOTO MOPAIKY, METOAM IHTETPYBaHHS SKOTO MU BXKE
PO3IIISIHYJIH.

Hapenemo aesiki 3 BUiB piBHSIHHS (46), IO TOMYCKAIOTh 3HUKEHHSI MOPAJIKY:

1) sixuno piBHSHHS (46) HE MICTUTD IIyKaHOi (PyHKIIT Ta KUTBKOX i MOCI1I0B-
HUX NOX1THHUX, TOOTO

F(x,y(k),y(k+1),...,y(”))=O, 1<k<n,
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TO HOTO MOPSAOK MOXKHA 3HU3UTH J10 (1 — k) 3aMiHOO y(k ) = u(x);
2) sK110 piBHAHHS (46) HE MICTUTh SIBHO HE3aJI€KHOT 3MIHHOT X, TOOTO

F(y,y(k),y(k”),...,y(”))=0, 1<k<n,

TO HOTO MOPSAIOK MOXKHA 3HU3UTH J10 (1 — k) 3aMiHOIO y(k ) = u(y).

3ayBaXUMO, W0 MpU Takiil 3aMiHI MOKHAa BTPATUTU PO3B A3KU THUILY
y=const;

3) skmo piBHsAHHA (46) OJHOpIAHE BIAHOCHO Yy 1 HOTro MOXIAHHUX
(F(x,ty,ty,..,ty")=1"F(x,v,Y’,...,y™)), To HOro mopsiIoK MOKHA 3HH3HUTH Ha
OJIMHUIIIO 3aM1HOIO y' = yu(x).

V3acanvneno-oonopionum ougepenyiarvHum piBHAHHAM N -20 NOPAOK) HA3H-

BAa€ThCA PIBHAHHA (46), AKIIO ICHY€ Take YHUCIO &, PU IKOMY BHUKOHYETHCS PiB-
HICTb

F(ox,t%y, 1%y %2y %y Y =" F (x, v, v, Yo y™). 47)

3aMIHOIO 3MIHHHX

pu x >0 a60 " mpux<0
y=u(t)e”

piBHSHHS (47) 3BOIUTHCS 10 PIBHSHHSA, SIKE SIBHO HE MICTHThH HE3aJCKHOI1 3MIHHOI
t . Ioro mopsaI0K MOKHA 3HU3UTH Ha OJUHULIO 3aMiHoI0 1’ = v(u) .

Jlinitinum 00HOPIOHUM OueperyianbHuM DIGHAHHAM N -20 NOPAOKY Ha3WBa-
€ThCA TudepeHItiagbHe pIBHIHHS

a,(x)y"™ +a, (x)y" 7+ +a (x)y +a,(x)y=0. (48)

Horo HOPANOK MOYKHA 3HU3UTH 3aMIHOIO Y(X) =y, (x)_[u(x) dx,ne y(x) -

SKUNU-HEOYIb HEHYJILOBUM YACTUHHUM PO3B’A30K PiBHSIHHA (48), AKUN 1HOAI MOXK-
Ha 3HANTH y BUTISAA1 QYHKIIIT 3aJaHOTO BUTIIS Y, HAIIPUKIIA],

y(x)=e™ abo y,(x)=x"+b, X" +---+bx+b,, (49)
ne a,m,b, _,,...,b, by —craii, sKi 3HaXOAATh BHACIIIOK MifcTaHOBKU (49) B (48).
IMpukaaau po3B’A3yBaHHA THIMOBHUX 3a/1a4
Hpuxnan 1. Po3p’s13aTu audepeHitianbHe piBHIHHS
Y=y

Poze’sazanus.
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1-ii cmoci6. Lle piBHAHHS He MICTUTBL y, TOMY 3aMiHOK Y =u, u =u(Xx) BOHO

3BOJUTBCS 10 PIBHSHHS u =u’, PIBHOCHIBHOTO 10 CYKYIHOCTI piBHSHB =0 i

du 1
— = dx . I3 ocTaHHBOTO 3HAXOIUMO U = )
u Cl - x
dy : ..
Tak 9K u :d—, TO, IHTETPYIOUM 3HaANJIEHI CIIBBIIHOIICHHS, OJEPKYEMO IS
X
y(x):
y=C, y=C,—In(C,-x). (50)

2-it cnoci0. Pipusuans y” = y'2 BIJIHOCUTBCSI TaKOX JIO THUITY, 110 HE MICTUTH

SBHO HE3QJICKHY 3MiHHY X. TOMY MOPSIIOK PIBHSHHS TIOHWXKYETHCS HA OJUHUIIIO
3amino Y = p, ne p= p(y) — HOBa HeBinoma Qynkuis. JilicHo,

, »_dp
y=p0 Yy =-"P
dy
1 1aHe pIBHSHHS 3BOJAUTHCS IO PIBHSAHHS NEPIIOTO MOPAIKY
dp 2
- P=pr,
dy
: . dp
PIBHOCUJIBHOTO CYKYNHOCTI piBHSHb p=0,—=dy . [3 ocTaHHBOrO 3HAXOIUMO
p

— Y
Cp=e’.

[ToBeprarounchk 10 GyHKIET y(x), ogepxyeMo y =0, a TaKOXK PiBHAHHSA 3 Bi-
JOKPEMJIIOBAaHUMHU 3MIHHUMHU

dx
[HTEerpyroun 11i piBHSIHHS, 3HAXOIUMO IS y(X):
y=C, y=InC,-In(C, —x). (51)

Pesynpratun (50) i (51) cmiBmagaroTh 3 TOYHICTIO JO TMO3HAYECHBb JOBLIHHHUX
CTaJINX. O

Mpuxaan 2. Po3p’s3atu qudepenuiaabHe piBHIHHS
” ’7”? ’ 2
W=yt +yte.
Po3zé’azanns. Tyt BignoBigHa GyHKITISA
’r ” ” ’ 2
Flx,y, Y,y ) =" =y =y -y
€ OJHOPIJHOK APYToro CTEMEHs BigHOCHO y,y,y . 3pobumo 3aminy y = yz, mpu

uboMmy y =yz+yz = y(Z2 +2):
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2,2 ’ 2 2 2 2 ’
y (22 +2)=yz"+yz+ye’, Z=z+e".
P03B’513y}0q1/1 oJIepKaHe JIHINHE piBH}IHH}I IIEPIIOr0 MOPSAAKY, OIEPIKYEMO

z=e"(x+C)). IloBepTarounch 10 BHUXIiIHOI 3MIHHOI, IPUXOJUMO 10 PIiBHSIHHS 3
X

BiTOKpEMITIOBAHMMH 3MiHHEME Y = ye* (x+ C)), 10 Mae po3s’si3ok y = C,e¢ ¢
(C=C,-1). m

Mpuxaan 3. Po3p’s3atu qudepenuianbHe piBHIHHS

v +3(y")?sin? ycos y =0.

Poseé’szannsa. Tligcrapnsioun y =z, y =77, ONEPKUMO IS 3HAXOKEHHS

byHKIiT z = z(y) PIBHSIHHS MEPIIOTO MOPSAKY:
7 +3z%sin” ycos y =0

(mpy HOMY CKOPOYEHHS Ha Z MPUBOJIUTH 0 BTpaTh po3B’si3KiB y = C ). Onepxane
PiBHSIHHS € HECKIIa/[He PiBHSHHS 3 BiIOKPEMIIIOBAHMMH 3MiHHUMH. Voro po3Bs3ok
naeTscsi OpMyIIOL0 . =sin’ y+ C,. IloBepratouncs 10 BuxinHoi yHKLIT 3a ¢op-

MyJIOK0 7=y , ONEPKHMMO 1€ OJHE HECKIAIHE PiBHAHHA 3 BiJOKPEMIIOBAHMMH

. dx .3
3MIHHMMH — =sin” y + (.
dy

OTxe, 3araIbHANA PO3B’A30K BUXIAHOTO PIBHSIHHS MA€ BUTIISI

cos’ y
X =

—cosy+Cy+C,, y=C. O

Mpuxaan 4. Kyns Bxoguts B fomky ToBmuHo0 10 cm 31 mBuakictio 200 m/c,
a BWJITA€E 3 JOIIKH, MpOOWBIIH i, 31 MBUAKICTIO 50 M/c. 3HANTH, CKITBKH Yacy
MPOJOBKYBABCA PyX Kyl 4epe3 JOILIKY, SKIIO OMip JOMIKH PyXy KyJi MpOMOpIin-
HUU KBaApary il MIBUAKOCTI.

Po3ze’siz3anna. Hexalh m — maca Ky, § — OUISIX, TPOMIEHUN HEIO 3a Yac ¢, 110
BIJIpaXOBY€THCS Bl MOMEHTY BXoay ii B IommIKy. Toi audepeHuiaabHe piBHIHHS
PYXy KyJll yepe3 JOILIKY Ma€ BUTJISIA

d2s ds ) d2s ds k
m—s-=—k| — abo ——=-a|—|,nea=—.
dt dt dt dt

Opnepxane nudepeHiiaibie PiBHAHHS APYroro MOPSAKY HE MICTUTh (QYHKIIT
s : :
§, TOMY TOKJIaIal04uH o Vv, OJIEpKUMO IudepeHIianbie piBHIHHS NEPUIOro Io-
t

PAAKY 3 BIIOKPEMITIOBAHUMHU 3MIHHUMU
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dv
—=—a?,
dt
IHTETPYIOUH SIKE, 3HAUIEMO
1
V= .
at+C

ITo nouarkoBiit ymoBi v =200 (m/c) mpu t =0 (c) Bu3Hauumo craiuy C;:

200 = L , C = L :
G 200
Takum 4rHOM, 3aJIeXKHICTh MIBUIKOCTI PyXYy KYJIl yepe3 JIOIIKY BiJ yacy Oy/e
1+200at

i ) ds . L
[Tokamarouu B OCTAHHBOMY PIBHSIHHI V :j’ BiJTOKPEMJTIOIOUH 3MiHHI 1 1HTE-
t

IPYIOYH, OJIEPKUMO
200dt

ds=———, 5 =lln(l +200at) + C,.
1+ 200at a

I3 ymoBu s =0 (m) npu t =0 (c) BummBae, mo C, =0.

Takum 4rHOM, 3aJI€KHICTh BIJICTaHI, Ky MPOXOJUTH KyJs B JOIIII, BIJ 4acy
Mae€ BUTIIS

s = lln(l +200at) . (53)
a
[Mokmanarouu v =50 (m/c) B piBHOCTI (52) 1 s =0,1 (M) B piBHOCTI (53), onep-
’KHUMO CUCTEMY PIBHSHB 3 HEBIJOMUMH 1 4 :

0= 200
14200at’

0.1=1n(1+ 200a1).
a

I3 cuctemu 3HAMIIEMO
a=10In4.

[lincTaBnsroun 3HaYEHHS g B TeEpIIe PIBHSIHHS PO3B’SI3yBaHOI CUCTEMH, BU-
3HAYa€MO 3 HbOTO IIYKaHUH Yac MOJbOTY KYJIl Yepe3 JOILIKY

3

t=————=0,001(c). O
2000In 4
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3anayi 151 CaMOCTIHHOTO pO3B’A3YBaHHA

I. Po3p’si3atu audepeniiaabHi piBHIHHS:
1. y?+3y"—x=0.

2. y(s) —ly(4) =0.
x
3.y (1+2Iny)=1.
4. y'+2y =e"y">.
5. y”+2y'+y=0.
X
6. xA1—x)Y'+(y—(ax+B+1)xy—afy=0, y={0}UZ_.

II. Po3B’sa3atu 3amaui Kommi:
1. x*y7+2x3y" =1, y() =%, Y (1) =%, y'(1)=-1.

2. 4y"\[y =1, y(0)=1, y'(0)=-1.

III.1. Tpy6a nast CTOKY BOJIM BUXOJUTH 13 CTIHU Ha JOBXKUHY [ (puc. 6). BHy-
TpimHii giametp Tpyou d =16 cm. ToBumwHa cTiHku qOpiBHIOE 2 cm. YoMy TOBH-
HHa JIOPiBHIOBATH JOBXHHA [, 100 mporuH Ha KiHil Tpyou h=0,5 cu? 'yctuHa

cTam y =7,8-10% ke/ m; MOJyJIb TIpYKHOCTI E =20-10"H/x* . ['yctuna Bonu
1,0-10° ke / .

Puc. 6

2. MarepiajgpHa TOYKa MacoOl m PYXa€eThCs B3JIOBXK OocCi Ox Mija JI€I0 Bij-
MITOBXYBAJIBHOI CHJIM, OOEPHEHO MPOMOPIIHHOT KyOy BiACTaH1 BiJ Ii€1 TOYKH 0
MOYaTKy KOOpAMHAT. 3HANTH 3aKOH X = X(f) pyXy TOUKH, SIKIIO k >0 — KoedilieHT
nponopuiiiHocti, x(0)=x,, x'(0)=0.

2.3. JliHiliHi 0OHOpPIiOHI dughepeHuianbHi Pi6HSAHHS auW,ux Nopsiokie 3i
cmanumu koegpiyieHmamu. OOHOPIOHI pieHsIHHS1 Elinepa

Jinitinum 0OHOpiOHUM OuepenyiaroHuM piGHAHHAM N -20 NOPAOKY 31 CIMAJuU-
Mu Koegiyienmamy Ha3UBAETbCA PIBHSIHHS BUTIISLY
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4 Dy vy +a,y=0 (54)
apy Ap-1Y aqy tagy=U,
ne a,,d, ..., a,,dy — crail. i1 oTpuMaHHsa YaCTHHHUX PO3B’A3KiB pIBHAHHA (54)

CKJIaJIal0Th Xapakmepucmuyune pieHsaHHs 15 (54)
a k" +a, k"' +--+ak+a,=0, (55)

SKe OJIEPKY€EThCS 3 PIBHSAHHS (54) 3aMIHOIO B HbOMY IMOXIJHUX IIYKaHOT (DYHKITI
BIIITOBITHUMH CTEIIEHAMH K .

Burnsin 3aransHOTO po3B’s3Ky piBHSHHS (54) BU3HAYAETHCSA BUTIISIOM KOpe-
HIB XapaKTEPUCTUIHOTO PIBHIHHSA (55) 1 X KpaTHICTIO.

DynoamenmanvHy cucmemy po3e’s3kie piBHIHHS (54) yTBOPIOIOTh 1 YaCTHUH-
HHUX PO3B’S3KIB Y (X), ¥,(X),..., ¥,(X), 110 BIANOBINAIOTh BCIM KOPEHSIM XapakKTe-
PUCTHYHOTO PIBHAHHA (55) 3 ypaXyBaHHSM iX KPaTHOCTI.
Hexaii koediuientw a,, a,_;, ..., a;, d, piBHAHHA (54) TIICHI.

Toni NifiCHOMY KOPCHIO XapakTEpUCTHYHOro piBHsHHS (55) k; KpaTHOCTI

m; >1 BIiAOOBIOAIOTH M i TIACHUX JITHIMHO HEe3aJIe)KHUX YACTUHHUX PO3B’SI3KiB

k.x k.x m;—1 k:x .
el ,xel, ..., x e, j=1L2,...,r

piBHsAHHA (54), a KOMIUIEKCHO-CIIPSDKEHIN Mapi KOPEHIB XapaKTEPUCTHUYHOTO PiB-
HsAHHA (55) kll,z =, i[5, 3 OIHAKOBOIO KpATHICTIO 4, =1 BiANMOBINAIOTH 24, niiic-

HUX JIHIAHO HE3aJeKHUX YaCTUHHUX PO3B’SI3KIB

1
e cos fx, xe®* cos fix, ..., X7 cos fix, 1=1,2,...,s,
ax - ax - -1 ax -
e sin f,x, xe™* sin fx, ..., X" sin B x, 1=1,2,....s
piBHSIHHSA (54).

3ayBaxumo, 110
r S
Zm it 22 M =n.
j=1 I=1

3aranpHUM po3B’ 130K piBHAHHS (54) 3aMUCY€ThCS y BUTIISAL
y(x)=Cy () + Gy (x) +---+ Gy, (X)),

ne C;,C,,...,C, — noBuIBHI cTam, y,(x), y,(x),..., y,(x) — pyHraMeHTanbHa CHC-

TeMa pO3B’A3KiB PiBHAHHA (54).
OoHopionum piguanuam Elinepa Ha3UBA€ThCS PIBHSHHS

anxny(n) n an_lxn—ly(n—l) +eeet alxy’ +a,y = 0, (56)

t

ae a,,a .., 4y, ap — cram. Sxkmo x>0, To 3poOuBIIN 3aMiHYy x=é (x=—e

n—1>*
npu x <0), piBHsHHS (56) 3BOJUMO A0 JIHIHHOTO OJHOPITHOTO PIBHSHHS 31 CTa-

JUMH Koe]illieHTaMu.
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Ha npaktuii yacTHHHI po3B’sI3KH PiBHAHHA (56) 3py4HillIe IIyKaTH y BUTIISI
y= e = (et)k =xr. [TincraBuBmM 10 QYHKIIIIO B piBHIHHSA (56) 1 MOA1ITUBIIN

k , OICPIKUMO XAPAKTCPUCTHYIHC piBHiIHHSI JJI1 BUSHAYCHHS k-

0OH/IB1 YaCTUHU HA X
ak(k—=1)x---x(k—=(n—=1)+a,_ k(k—-1)X---xX(k—(n—-2))+
++ak(k—1)+ak+ay,=0. (57)
Burnsin 3aransHOTO po3B’s3Ky piBHSHHS (56) BU3HAYAETHCS BUTIISIOM KOpe-
HIB XapaKTEPUCTUIHOTO PiBHIHHSA (57) 1 X KpaTHICTIO.
dyHAaMEHTaJIbHY CUCTEMY PO3B’sI3KiB PIBHAHHS (56) yTBOPIOIOTH 1 YaCTHH-
HUX PO3B’A3KIB Y;(X), ¥,(X),..., ¥,(x), IO BIANOBIOAIOTh BCIM KOPEHAM XapakTe-

PUCTHYHOTO PiBHAHHA (57) 3 ypaXyBaHHSM iX KPaTHOCTI.
Hexaii koediuientu a,, a,_i, ..., a,, d, piBHIHHA (56) IiCHI.
Toni ailicHOMY KOPEHIO XapaKTepUCTHYHOro piBHAHHS (57) k; KpaTHOCTI

m; >1 BIAOOBIOAIOTH M i TIACHUX JITHIMHO HEe3aJIe)KHUX YaCTUHHUX PO3B’SI3KiB

ki k; ki mi—1 .
x?' o x7Inx,..., x7/(nx) "’ , j=1,2,...,r

piBHsAHHA (56), a KOMIUIEKCHO-CIIPSDKEHIN Mapi KOPEHIB XapaKTEPUCTHUYHOTO PiB-
HsHHA (57) kll,z =, i[5, 3 OIHAKOBOIO KpATHICTIO 4, =1 BiAMOBINAIOTH 24, niiic-
HUX JIIHIHHO HE3aJIe)KHUX YaCTHHHUX PO3B’A3KIB
-1 P
x% cos(f Inx), x* Inxcos(f,Inx), ..., x* (Inx)"" cos(fInx), [=1,s,

x% sin( B, Inx), x* Inxsin(B,Inx), ..., x% (Inx)*"sin(fInx), [=1,s

piBHSHHSA (56).
3ayBaxuMoO, 1110

r S
ij "‘22:“1 =n.
j=1 =1

3aranbpHUM po3B’ 130K piBHAHHS (56) 3aMUCy€ThCS y BUTIISAL
y(x)=Cy () + Gy (x) +---+ Gy, (X)),

ne C,,C,,...,C, — noBuIbHI ctam, y,(x), y,(x),...,y,(x) — pyHrameHTanpHa cuc-
TeMa po3B’s3KiB piBHAHHS (56).

IIpukjaaau po3B’A3yBaHHA THIIOBHX 32124
Mpuxaan 1. Po3p’s3atu qudepennianbHe piBHIHHS
y” =3y +2y=0.

Po36’si3anns. XapaktepucTuuHe piBHSIHHS I JaHOTO AUepeHIiaIbHOTO Pi-
BHSIHHSI Ma€ BUTJIISI
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k> =3k +2=0,
=3k +2=k>—k—-2k+2=k(k*-1)=2(k-1)=
=(k—D(K*+k-2)=(k-1)*(k+2)=0, (k—1)*(k+2)=0,
3Binku ky =1,k =1, k3 =-2. Omxe, my, =2,my=1.

Takum KopeHsAM 13 BpaxyBaHHSM iX KpaTHOCTI BIAMOBIJAIOTh YAaCTHHHI
PO3B’ I3KU

@) =e*, yy(x)=xe*, y;(x) = e ",

3arajabHUAN pO3B’ 30K MA€ BUTIIS

y(x) = Ce* + Cyxe* + Cye ", O
Hpuxnan 2. Po3p’s3atu audepeHitianbHe piBHIHHS

y O +4y® +53y@ =0,
Po36’sa3anns. XapakTepuCTUYHOMY PIBHSHHIO
k® + 4k +53k* =0
HAJaMO BUTJISLY
k*(k+2=7i)(k +2+7i)=0.

Hiticanit kopiab 0 Mae kpaTHICTh 4, a mapa —2 + 7i KOMIUIEKCHO-CIPSHKEHUX
KOPEHIB Ma€ KpaTHICTh 1, TOMy QyHIaMEHTAJIbHY CUCTEMY PO3B’SI3KiB YTBOPIOIOTh
byHKIi

1, x, x2, x> e >  cosTx, e *¥sinTx.
3araibHUM Po3B’A30K MA€ BUTIISI]
y=C, +Cox+ Cyx* + Cyx° + e (C5cos Tx + Cy sin 7x). O

Mpuxaan 3. Po3p’s3atu qudepenniaabHe piBHIHHS
y© 43y 43974y =0,
Po36’si3anns. BinnoBijgHe XapaKTepUCTUYHE PIBHIHHS
kK +3k* +3k* +1=0
Moxe OyTH 3ammcaHe crodatky y surmsig (k>+1°=0, a morim y sursii

(k—i)’(k+i)>=0. Le o3nauae, mo ioro KOpeHsMH Oyje Mmapa KOMIUIEKCHO-

crpspKkeHuX uyucen ti kpatHocTi 3. dyHmaMeHTaabHa cucTeMa PO3B’s3KiB CKIIaja-
€ThCA 13 QYHKITIN

2 . . 2 .
COSX, XCOSX, X COSX;SImx, xSinx, x Sin x.
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3araibHUM PO3B’A30K MA€ BUTIISI]
. . . 2 .
y=C,cosx+C,sinx+x(Cscosx+Cysinx) + x~(Cscosx + Cg sin x). O

Ipuxnan 4. Po3p’si3aTu audepeHitianbHe piBHIHHS
xzy”—3xy'+ 3y=0.
Pos3é’sa3anns. Jlane piBasHHA € piBHsAHHAM Eitnepa. bynemo mrykaru ioro gac-

THHHI PO3B’SI3KM y BUDIISIAL y = x* . [[iACTABISIOYH IIYKAHWH BHIIISA y JAHE PiB-
HSTHHS, MAEMO

x*(k(k=1)=3k +3)=0.
Tak six x* #0, To 1151 BUSHAYCHHS k OJIEPKYEMO XapaKTEPUCTUYHE PIBHSIHHS
k* —4k +3=0, mo Mae npocti Kopeni k, =1, k, =3, KM BiNOBINAIOTH YaCTHHHI
PO3B’SI3KH Y| =X, Y, = x°.
3arajabHUN pO3B’ 30K MA€ BUTIIS
y=Cx+ C2x3. O
Ipuxnan 5. 3naiiTy po3B’ 130k 3aaa4i Ko
o7 +2y" =0, (58)
y() =1 Y(x)=2, ¥'(x5)=3.

Po3zs’si3anns. Piasuus (58) ctane piBHsHHSIM Elnepa, sSKino 3anucatu Horo y
BUTJISIIL

Xy +2x*y" =0.
[llykatoun yacTMHHI po3B’si3ku piBHsHHA Eiinepa y Burismi y=x*, mpuxo-
AMMO 10 XapaKTEpPUCTUYHOTO PIBHSAHHS
k(k—1)(k—2)+2k(k—1)=0 a6o k*(k—1)=0,
o mae koperi k; =0, k, =0, k3 =1. Orxe, my, =2, my =1. Kopensam k;, k, Bifmo-

BIJAIOTh JBa YACTUHHUX PO3B’A3KU Y, = =11 Yy = x°Inx =Inx, Koperto ky Bin-
MOBIZIa€ YaCTMHHHUK PO3B’S30K y; =X . TakuMm 4MHOM, 3arajlbHUH PO3B’A30K PiB-
HsHHS (58) Ma€e BUTIISIL

[TimcTaBnsroun B 3araJIbHAN PO3B’S30K MOYATKOBI YMOBH, OJCPKYEMO CHCTE-
My i BusHauenns C, C,, Cy:
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X0
1
-C,— =3,
2 xg
spimku C, =1-2x,+3x3(Inx, 1), C,=-3x], C;=2+3x, i
y(x)=1+(2+3x0)(x—x0)—3x§(lnx—1nx0). |

IMpuxaan 6. KomuBansHuii KOHTYP, IO MPEICTaBIsAE COOOI0 3aMKHYTE EICKT-
pUYHE KoJo, Ma€ eMHICTh C, IHAYKTUBHICTh L 1 akTuBHUM omip R . [Ipu nepexomi
SHeprii eJIEKTPUIHOTO TOJIsI KOHICHCATOpa B €HEPTil0 MarHiTHOTO MOJISI KOTYIIKH (i
HaBIIAKW) YaCTUHA CHEPTii KOHTYpY 3aTpadacTbcs HA aKTUBHUX OTOpax, B pe3yib-
TaTi YOTO BEJIMYMHA HAMPYTH HA KOHJACHCATOP1 MOCTYIIOBO 3MEHIIYETHCSA. 3HANUTH
3aKOHM 3MIHU 3apsIy KOHJIEHCATOpa ¢ 1 CTpyMy B KOHTYpI i, @ TAKOX HANpyTH Ha

KOHJIeHcaTopi u (puc. 7).

1 2
—{_ }—o
.31
-
R
he— (£ —
Puc. 7

Po3z6’a3anns. CTpym B KOHTYP1 BU3HAYAETHCS SIK YaCcTKa BiA JAUICHHS ITaIIHHS
HaIPYTH Ha OTOPi HA BEJIMYHHY I[HOTO OTIOPY:

Ur _HUc— UL
R R

TyT u, — Hampyra Ha KOHJEHCATOpI1, i; — HAIpyra Ha KOTYLILI IHAyKTUBHOC-
T1, TOOTO

di
dt

[IpoBiBmK eneMeHTapHi anreOpaiuHi MepeTBOPEHHs, OJACPKUMO BUXITHE TH-
bepeHuianbHe piBHSIHHS €IEKTPUYHOTO KOJIa:

u; =L

LﬂﬂR—uC:o.
dt
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.. dq
CtpyM B KOHTYpI i = _E’ 1e g — 3aps] KOHJEHCATopa,
di__dq _4q
d  d*  C
Toni piBHSHHS KOJa Ma€ TaKUil BUTIIS;
2
_ d_g _pd9_4q _
dt dt C
abo
d*q Rd
1,25, 9 . (59)
dt Ld LC

[TincraBnstoun B piBHsAHHS (59) BenmuuuHy g = Cu, 3HaX0AUMO IudepeHIiia-
JIbHE PIBHSHHA 3aKOHY 3MIHU HaIpyTHu Ha KOHAEHCATOPI:
d’v Rdu u
— et —=
dt Ld LC
PiBusuans (59) nudepenmiroemo 3a ¢ . Tak sk
d’q d* d’q di dq _,
dr*  dr*’  dt* dr’ dt
TO PIBHSHHS JUIsl BABHAYCHHS CTPYMY Ma€ BUTJISI:
d% Rdi i
— t——t—=
dt- Ldt LC

CkiazieMo XapaKTepUCTUYHE PIBHSHHSA

3BIIKHU

2
o=k (K] L
’ 2L 2L LC

BBenemo no3HaueHHs

TOI1
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ITo3nauuBmm \/a)i —a’ = @, , ONICPKUMO!
ky=—0+ jo,, ky=-a- jo,.
3apsi KOHJIEHCATOPA BUPAKAETHCS (HOPMYIIOI0
g=e “(Cicos@,t+Cysinw,r). (60)

3Ha4YCHHS Cl , C2 3HAXOIATHCA 3 TIOYATKOBHUX YMOB!

npu 1 =0, =05
npu t =0, i=0.
Takum ymnoM, npu =0 Ha KOHIEHCATOPI MAKCUMAIBLHMK 3apsan g =0, .. »
aine 1o piBHAHHIO (60) pu 1 =0, ¢ =C;.
TakuMm ynHOM,

g=e " (Qpax COS @, +C,sinm, ), (61)

. dq —at
=——= —e (w,Cy — Q. )OS, t —
dt ( P2 p (62)

—(@,0,,x +0C,)sin a)pt).
B noyatkoBuit MoMeHT 1ipH ¢ =0 po3psiay KOHACHCATOPAa HEMAE 1 CTPYM B KO-
71 BiacyTHIi# (i =0).
I3 npyroi moyaTkoBoi yMOBH 1 piBHAHHS (62) BUILIUBAE:

a)pC2 -0« =0,

3BIIKHU

[TincraBnstoun 3HaueHHs C, B piBHAHHA (61) 1 (62), oxepKumo:

_ a .
“| cosm,t+—sinw,t |, (63)

@Dp

q = Qmax €

o>
. —at -
=Onax | @, +w— e " simna,t.
P

2
o
w,+—|=1

@y

Unen Q

hax 2 € MAKCUMaJIbHUM 3HA4YEHHAM CTPYMY.

m

TaxkuM ynHOM,
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i=1,e“sinm,. (64)

BukopucroByroun 3ajieXHICTh U =% 1 piBHICTH (63), OACPKUMO HAIPYTy HA

KOHJICHCATOP1:

_ a .
u=U e | cosmt+—sinawy |. (65)

Dp

PiBHsHHS 3aryxarounx KoJimBaHb (63), (64) 1 (65) 300paxeHni rpadivyHo Ha
puc. 8.

q'aix~«aif
TS ¢
o
Sunn
e
Puc. 8

3anayi 151 CaMOCTIHHOTO PO3B’A3YBaHHA

I. Po3p’si3atu audepeniiaabHi piBHIHHS:
1. y"-5y"-6y=0.

2
2. 9549 4520,
dt dt
3. y"-6y"+13y"=0.
d4y
4. y—y=0.

5.y +13y? +36y=0.
6. y" +2y(5) + y(3) =0.
7. xzy”+3xy'+5y=0.

I1. /IBa ogHaKkoBUX BaHTaXIl MiJBIlIEH] 10 KiHI NPYKUHU. 3HAUTU PIBHSIHHS
PyXYy, SIKUH 3M1MCHIOBATUME OJIMH 13 ITUX BAaHTAXIB, SKIIO 1HIIUHA BiIPBETHCS.
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2.4. JliHitHi HeOOHOPIOHI QughepeHuyianbHi pieHSIHHS eUWUX NMOPSOKie:
mMemod eapiauii 0oginbHUX cmanux,
Memo0 HegU3Ha4YeHuUXx KoegpiyieHmie

Jinitinum HeoOHOPIOHUM OuepenyianrbHuM PiBHAHHAM N -20 NOPAOKY Ha3UBa-

€THCS PIBHSHHS BUTJISTY
a, ()" +a, ()" o+ a ()Y +ay(x)y = f(x), (66)
ne f(x)#0.

SAxmo y=y(x) — sxuili-HeOynb YaCTUHHUN pO3B’SA30K piBHAHHA (66), a
Vo(x)=Cyy;(x)+ Cyy,(x)+---+ C,y,(x) — 3aragbHUN PO3B’SA30K BIANOBIIHOIO 110
(66) MHIMHOTO OJHOPITHOTO PIBHAHHS

a, (0" +a, ()" + 4 (1)) + ag(x)y =0,
TO 3arajibHUM po3B’ 30K PIBHIHHSA (66) Mae BUTIIA
y(x) = yo(0) + y(x).

Posrnsaemo aBa MeToau po3B’si3aHHS JIIHIMHOTO HEOJAHOPITHOTO JU(EpeHIi-
QJBHOTO PIBHSIHHS 71 -TO TIOPSIKY.

1. Memoo esapiayii dosinbnux cmanux (memoo Jlacpaniica) nonsirae B TOMY,
10 3araJIbHUA PO3B’sI30K y(X) piBHSHHS (66) Cia MIyKaTH y BHUTJISII 3arajJbHOTO

po3B’s3Ky y,(x) =Cy,(x)+C,y,(x)+---+C,y,(x) IHIAHOTO OJHOPITHOIO piB-
HSTHHSI, BIOBIAHOTO 70 (66), 1e 3aMiCTh TOBUTRHUX CTaJMX CTOATH HEBigoMi (DyH-
KIii, ToOTO

y(x) =C(x) y(x) + C(0) y, (x) +---+ C (X)) y, (x),
ae ¢ynkuii C;(x), C,(x),..., C,(x) BU3Ha4alOThCs 3 JIIHINHOI cucTeMu anreOpaid-
HUX PIBHSHB BIJIHOCHO 7 HEBIJOMHX Cl-,(x)
Cl(x)y(x) + C3(X) y,(x) +-+-+ C, () y, (x) =0,
Cl(X)y](x) + C3(0) ¥y (x) + -+ C; (1) y, (x) =0,
ClO0) Y2 () + Co(0) Yy (1) + -+ Cr(0)yy 2 (1) =0,
JS(x)

Cl )y () + Co(x)yS" P (x) +-+ C(x) y" P (x) = .
a,(x)

n

JU1st pIBHSIHHSL APYTOrO MOPSIAKY
a,(X)y"+a,(x)y +ay(x)y = f(x)

BI/IITOBIJIHA CUCTEMA Ma€ BUTJIA
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C(x)y,(x) + C3(x) y,(x) =0,
Jf(x) (67)

C1(x) y{(x) + C5(x) y5(x) =

ay(x)

2. Memoo nesusnauenux koegiyicumis (Memoo niobopy eu2isidy UYacmuHHO-
20 p038’53Ky) 3aCTOCOBYETHCS J0 JIHIMHUX HEOTHOPITHUX PIBHSIHB 31 CTAJTUMU KO-
edimieHTaMi y TOMY BHUITIQJIKy, KOJIM HOTO MpaBa YaCTHHA — KBA31MOJIHOM.

1) Sxmo
f)=eU,,(x), (68)
TO YACTUHHHM PO3B’SI30K PIBHAHHSA (66) IIyKaeMoO y BUTIISAII
J0 ="V, (x), (69)

ne U, (x) 1V, (x) — NOJIHOMU CTENEHS /M 3 HEBU3HAYCHUMHU KOe(ILI€HTAMH, fKI

3HAXOAATKCS MiACTaHOBKOIO (69) B (66); k =0, IKIII0 0 HE € KOPEHEM XapaKTepuC-
TAYHOTO PIBHSHHS, IO BiAmoBigae (66); SKIO )X O — KOPiHb XapaKTEPUCTHIHOTO
PIBHSIHHS, IO BianoBinae (66), To kK — KpaTHICTh LIbOTO KopeHd. TyT ¢ — KomIuie-
KCHa (30Kpema JIIiCHa) cTaa.

2) Sxuio

f(x)=e*(P.(x)cos fx+ 0, (x)sin Bx) (70)
abo € cymoro (yHKIIil Takoro BUIIISAY, A ¢ 1 [ — miiicHi crani; P.(x) i Q,,(x) —
MOJIHOMHU CTEMNEHIB 7 1 W BIJMNOBIIHO, TO YaCTUHHUM PO3B 30K y PIBHSIHHA (60)
ITYKAETHCS Y BUTJISAI

y(x)= xke“x(Rl (x)cos Bx+ S,(x)sin Bx), (71)

ne [ =max{r,w}; R/(x) 1 §;,(x) — nonHoOMHU cTeneHs [ 13 HEBU3HAUCHUMHU KOe]i-
I[[ieHTaMH, SIKi 3HaXOAAThCs mmigcTaHoBkoro (71) B (66); k =0 skimo a+iff He € Ko-
pPEHEM XapaKTEPMCTUYHOTO PIBHSHHS, IO Biamosimae (66); AKIIO K & +iff — KO-

piHb XapaKTePUCTUYHOTO PIBHIHHS, 110 BiAmosinae (66), To k — KpaTHICTh LILOTO
KOPEHS.
SIkio npasa yacTHHA piBHAHHA (66) Mae Burnsan f = f;+ f,, TO 4YaCTUHHUI

PO3B’A30K IIbOIO PIBHSAHHS 3alUCYIOTh Y BUIVIAAL y =y, + ¥,, A€ y; 1 Y, — YaCTHH-
Hl PO3B’SI3KU JIHIMHUX HEOJHOPINIHUX PIBHAHB (60) 3 MpaBUMHU yacTUHAMHU f; 1 f,
BIIITOB1IHO.

IIpuxaagu po3B’si3yBaHHA THIIOBHX 33124

Mpuxaan 1. Po3p’s3atu qudepennianbHe piBHIHHS
Y =4y +dy= e
Jx
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Po3zé’azanns. OyngameHTanbHy CHCTEMY PO3B’SI3KiB BIAMOBIIHOTO OJXHOPIA-

2x

Horo piBusHHS Y —4y +4y=0 yrBoprowoTs QyHKIH y, =€ i y, = xe* . Barm-

meMo cuctemy Burisny (67):

C/(x)e** + Cy(x)xe** =0,

2x
Ci(x)2e™ + Cy(x)(e** +2xe™) = e
Jx
Ii PO3B’SI30K Cl’(x) = \/; , Cz,(x) = —%, 3BIJIKHA
X

C,(x) =§x x+C, Cy(x)=C,—2x.

OTxe, 3araJIbHUN PO3B’A30K MA€ BUTIIALL
4 2x
y= C1+C2x—§x\/x e, O

Mpuxaan 2. Po3p’s3atu qudepenuiaabHe piBHIHHS
v’ =y +120y" +122y =—610x—478.

Po3zs’s3annsa. XapakTepucTUYHE PIBHSHHS BIAMOBIIHOTO OJHOPIAHOTO PIB-
astHEs k° —k* +120k +122=0 Mae onHokpatHi kopeni —1, 1X11i. dyngamen-
TaJIbHY CUCTEMY PO3B’sI3KIB OJTHOPIAHOTO PIBHSIHHS YTBOPIOIOTH (DYHKITIT

yy=e ", y,=e coslly, y;=e"sinllx.

[IpaBa yacTiHa BUXiTHOTO PiBHAHHA Mae BUTIA (68), mpuyomy o =0. Tak sk
cepell KOpeHiB XapaKTepUCTUYHOTO PiBHSAHHA Hemae yucina o =0, To k=0, 1 yac-
TUHHUN PO3B’ 30K BUXITHOTO PIBHIHHS BU3ZHAYAETHCS (POPMYIIOIO

y=Ax+B.

~”

[Migcrapnsroun y, ¥, ¥, ¥ y BuxigHe piBHSAHHS, OXEPKHMO TOTOXHICTB.
JU1s 3pydHOCTi 00UYMCIIEHb OyIeMO BUIIMCYBATU BUPA3U A1 y, y , ¥, ¥ B OKpe-

M1 PSIIKH 1 3J1iBa BiJl BEPTHKAJIBHOT PUCKH MOMIMIATH KOEQIIIEHTH, IO CTOSThH Iie-
pen HUMH B piBHSAHHI. [lepeMHOXyI0UH 111 BUpa3u Ha KOe(Ili€eHTH, JOJAI0UYH 1 3BO-
ISTYU TIOM10HI YWIEHU, MAEMO:

122 | §=Ax+B,
120| ' = A,
~1|5"=0,
1]57=0,

¥ =3 41205 +1225y=0-0+120A+122Ax +122B =—-610x — 478.
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3 OCTaHHBOI PIBHOCTI MAEMO CUCTEMY
122A=-610,
{IZOA +122B =478,
3BIOKU A=-5,B=1;
y=1-5x.
3arajabHUM PO3B’ 130K BUXIAHOTO PIBHSIHHS Ma€ BUTIIS
y=Cie " +e"(Cycosllx+ Cysinllx)+1-5x. O
Hpuxnan 3. Po3s’s3atu 3amauy Kormri
Yy —6y +8y=3¢*", y(0)=1, y(0)=3. (72)

s . 2 .
Po3zé’azanns. Tak K XapakTepuUCTUYHE PIBHAHHA k~ —6k +8 =0 Mae xopeHi
k,=2, k, =4, To 3araJbHUM pPO3B’SA3KOM BIANIOBIAHOTO OJHOPIAHOTO PIBHSHHS

y' =6y +8y =0 ¢ pynkuis
Yo = Cie* + Cpe*™.

ITpaBa yactuna piBHAHHSA (72) Mae Burnsan (68), ne o0=2; Uy(x)=3. Tak gk

O € KOPEHEM XapaKTepUCTHYHOTO PIBHSHHS, TO kK =1 1 YaCTUHHUN PO3B’A30K piB-
HsHHS (72) BU3HAYAETHCS (POPMYIIOIO

y = Axe™™,
ne A=V,(x).
[ligcrasusroun y, ¥, y B piBHAHHA (72), OAEPKUMO TOTOKHICTB. Jliis 3py-
YHOCTI OOYHCIICHb OyleMO BUIIMCYBAaTH BHPA3d s y, y , y B OKpeMi PAAKH i

3711Ba BiJl BEPTHKAIBHOI PUCKM MOMIMIATH KOS(IIIEHTH, IO CTOSTH Mepe] HUMH B
piBHsHHI. [lepemMHOXKyI04H 111 BUpa3u HA KOS(IIIEHTH, TOJAI0UH 1 3BOISTYH MO I0H]
YJIEHU, MAEMO:

g| y= Axe>*,
—6| ¥ =e* (A+2Ax),
1] 7= e**(4A+4Ax),
7 —67 +8y =e* (8Ax—6A—12Ax +4A +4Ax) = 3™

Cxopouyrourd OOHABI YaCTUHU OCTAHHBOI TOTOXHOCTI Ha e #0, MaeMo

—2A =3, 3B1OKH Az—%;
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3arajabHUM pO3B’SI3KOM PiBHSAHHS (72) € PyHKIIsA

y=Ce™ +Cye* - %xezx :

Jlnst Toro o6 po3s’s3aru 3anady Ko, 3Haxoxumo y':
, 3
Y =2Ce* +4C,e™ —Eezx —3xe™.

BukopucTOBYyIOUM MOYATKOBI YMOBH, OAEPKYEMO JIHIAHHY CUCTEMY anreoOpai-
YHUX PIBHSAHB JUUIs BU3HAUEHHS 3Ha4eHb JOBUIbHUX cTamuXx C 1 C,:

y(0)=C, +C, =1, y'(0)=2C1+4C2—%=3,

) 1 5
3B1AKY 3Haxoaumo: C| = —Z, G, = Z .

Takum 94MHOM, YACTUHHUM PO3B’ 30K, IO 3aJ0BOJIBHAE JIaHI MOYATKOBI YMO-
BH, Ma€ BUTJIS

lezx+§e4x—éxeh. O
4 4 2

Ipuxnan 4. Po3p’s3aTu audepeHitianbHe piBHIHHS

y=-

YV +y —6y=2ex%
Po36’sa3anns. XapakTepucTUUHE PIBHSAHHA AJIS BIIMOBIIHOTO OJHOPIAHOTO pi-

BHSIHHS Ma€ OJHOKpaTHi KopeHi —3 1 2. ®yHaaMeHTalbHy CUCTEMY PO3B’s3KiB OI-

3x

HOPIJHOTO PIBHSHHS YTBOPIOKOTH PyHKIIT y, =€ ', ¥, = ¢?*. IIpaBa yacTHHA BH-

X1IHOTO pIBHSHHS Mae BUTIA (68), mpuduomMy o =—3. OCKUIbKH YUCIO —3 3HAXO-
TUTHCS cepe]] KOPEHIB XapaKTEPUCTUIHOTO PIBHSAHHSA, TO B JaHOMY BUMNAAKy k =1 1
YACTUHHUHN PO3B’A30K BUXITHOTO PIBHAHHS BU3HAYAETHCS (POPMYIIO0

¥ =xe " (Ax* + Bx+ C).
Jlns1 3Haxo0KeHHS KoediieHTiB A, B, C TiACTaBISIEMO BUpa3 I y Y BUXIJI-

He piBHsHHS. [licas ckopodeHHs Ha e g 3BEJCHHS TOMIOHUX JOJAHKIB OJICPIKH-
MO

—15Ax2 + (6A—10B)x+ 2B —5C = 2x".

[TpupiBHIOIOYM KOSDIIIEHTH TTPU OJJHAKOBUX CTEIICHSIX X MAEMO

-15A=2,
6A-10B=0,
2B-5C =0,
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3BIIKU A = —l, B= —i, C= —i.
15 25 125
3araibHUM Po3B’A30K MA€ BUTIISI]
y=Ce > +Cre™ —xe™* (z x* + ix + i) O
15 25 125

Hpuxnan S. Po3p’s13aTu audepeHitianbHe piBHIHHS

y” =3y +2y=cosx—3sinx+ cos3x.

Po3zs’si3anns. s BIANOBIAHOTO OJHOPIAHOTO PIBHSAHHS KOPEHSMH XapaKTe-
PUCTUYHOTO PiIBHSIHHS

k*—3k+2=0
€ yucna 1 1 —2, X KpaTHOCTI piBHI BiAmoBigHO 2 1 1, PyHIaMeHTaIbHy CUCTEMY
, . 2
PO3B’sI3KiB YTBOPIOIOTH QYHKIIT y, =€, y, =xe*, y; =¢ .
3Hax0JMMO CII0YATKy YaCTHHHUHI PO3B’ 30K y; PIBHAHHSA
y” =3y +2y=cosx—3sinx. (73)
BukopucroByroun MeTo1 HEBU3HAYCHUX KOS(DIIIEHTIB, MU MAEMO B3SITH
y; = Acosx+ Bsin x.
[TligcraBnsgemo Bupas mist y, B piBHAHHA (73), 3BOAMMO NOMIOHI JOJAHKHU 1 IPUPIB-
1

HIOEMO Koe(ilieHTH mpH (PyHKLISIX cosx 1 Sinx B JiBii 1 MpaBiii yacTUHAX piB-
HSTHHSL:

2A-4B =1,
4A+2B=-3,

3BIAKU A=B= —% , TOMY

1 :
y = —5(cosx + sin x).

Tenep 3HalineMo YaCTUHHUMN PO3B’SI30K Y, PIBHSIHHSA
y” =3y +2y=cos3x.
3r1JIHO 3 METOJIOM HEBU3HAYCHUX KOS(DIIIEHTIB
y, =Ccos3x+ Dsin3ux.

Koegiuientun C 1 D 3HaXoAaTbCs aHAJOTIYHO KoedilieHTaM A 1 B 1 JOpPIBHIOIOThH

CzL, Dz—i, TOMY
650 325
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3HaX0UMO YaCTUHHUN PO3B’ 30K BUXITHOTO PiBHIHHS 32 (HOPMYIIOI0
Y=yt ;.

Takum 4rHOM, 3arajJbHUM PO3B’SI30K BUX1HOTO PIBHSIHHS Ma€ BUTIISI

I. Po3B’s3aTu nudepeHiiiaabHl piBHIHHS:

IL.

1

- 9 .
=——Cco0s3x———sin3x.
Y2 325

650

3aJauHuK

_ 1 1 9
= e*(C, + C,x) + Cze " ——(cos x +sin x) + ——cos 3x — ——sin 3x. O
y=e (GHaN+G > ) 650 325

3anayi aj1s1 caMoCTiiiHOT0 Po3B’sI3yBaHHA

1. Yy +6y +5y=25x-2.

2.

Y +4y +4y=esec? x.

4. y" =2y +10y=37cos3x.

5.y"—6y +9y=3x—8e".

7
8
9

d3x d’x dx

e S, Jeudy PR P

dr’ dt*  dt
3
Y +5Y +6y=(e>+1) 2.

X

Y +y=xe"+2e7".
.y +4y =8e* +5¢"sinx.

Po3B’s3artu 3amaui Kom:

1. y —y=4e*, y(0)=0, y'(0)=1.

” ’ 1 V4
Y =Y = Y O=1 YO0 =2,

2

+e
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TEMA 3. CUICTEMU ONDPEPEHUIANIBHUX PIBHAHDb

3.1. JliHitiHIi 0OHOPIOHIi cucmemu 3i cmanumu KkoegiyieHmamu

ko koedirieHTn a;; IpH HEB1IOMMX (PYHKIIISIX CTalll, TO CUCTEMAa BUTJISITY

X
1 _
— all.xl + a12x2 + e +a1nxn,

d
dx
2 - a21)€1 + a22x2 +---+ azn.xn,

5 dt (74)

---------------------------------------

dx

n _
_dt =a X + a, X, +--+ a, . X,

HA3UBAETHCS CUCMEMOIO JIHIUHUX OOHOPIOHUX OUpepeHyiantbHUxX PiBHAHb 3i CMAU-
Mu Koeghiyienmamu.
VY MarpuuHoMy BUTJIS1 cucTema (74) 3auIneThCcsl Tak

X0 _ X0, (75)
dt
ne

g
jt a4y aiy X1

)
dX(t =2 a a e Gy, X
(t) _ g | A= P 2 | xy=|
dt : . . . . :
i, a, a, ... a, X,

dt

PiBHSHHS 1J1 3HAXO/KEHHS BJIACHUX 3HAYCHH MATPUIll A HA3WBAETHCS Xapda-
Kkmepucmudnum piensannsam 1 cucremu (75). Kpamuicmio BIacHOTO 3HA4YeHHS A
MaTpHUIli A HA3WBAETHCS YHCIO k — KPATHICTh A SIK KOPEHS XapaKTePUCTUIHOIO
PIBHSIHHS.

{06 3HaliTh po3B’s30k X(7) cuctemu (75), 3HaXOAUMO BIACHI 3HAYCHHS Ma-
TpHUIll A Ta BIJMOBIJIHI iM BJIACHI BEKTOPH.

1) Sxmo niiicHe 4Yucio lj € MPOCTUM BIIACHUM 3HAYECHHSIM MaTpuil A, TO

oMy BIJIITOBIIa€ PO3B’SI30K

P At
X;()=Cyyle”
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cuctemu (75), ne C i— IOBiJIbHA CcTana, Y’/ — BIACHHI BEKTOP MaTpHIi A, IO Bij-
TOBi/Ia€ BIACHOMY 3HAYEHHIO A, .
2) Slkmo A; =@; £iff; — KOMILIEKCHO-CIPSDKEH] BIIACH] 3HAYEHHS MaTpHI A

(BBa)KaeMoO, 110 IXHS KPATHICTh JOPIBHIOE OJUHHUIIL), TO IM BIAMOBIA€E PO3B’ A30K
i i (a;+if)t i i (a;+if)t
Xj(t)zCljRe(y’e I+ G Im (yle T

cuctemu (75), ne C{,Cy — noBinbHi crami, Y/ — 3araJoM KOMIUICKCHUH BIaCHUI
BEKTOP MATPHIIi A, IO Bi/IIOBI/IA€ BIACHOMY 3HAYEHHIO ; + B It

3) SIkmo A; — KOpiHb KPaTHOCTI k 22, TO BiANOBiHAN HOMY PO3B’A30K CHC-
TeMu (75) IIyKaeTbCs y BUTIISIII BEKTOPA:
boy + byt +--+by, 5| 4

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

bo+bt++b

Koediuientu b, (i=1,n, [ =0,k —1) BU3HA4aIOTbCS 13 CUCTEMU JIHIHHUX PIBHSHB,
SIKa OJICPKYETHCSI TPUPIBHIOBAHHIM KOS(IIIEHTIB MPU OJHAKOBUX CTEIICHSAX ! BHA-
CJIIOK TiACTaHOBKHU BekTopa (76) B cuctemy (75) (MeToa HEBU3HAYCHHUX KoediIie-
HTIB).

3HAMIIOBIIM 11 KOKHOTO BJIACHOTO 3HAYEHHS MaTpulll A po3B’A30K CHCTE-
MU (75), TICYMYBaBIIN OTPUMaHi PO3B’A3KH, OJICPKUMO 3arajibHUM PO3B’SI30K CH-
cremu (75).

Ipuxaaau po3B’si3yBaHHA TUIIOBHX 33124

Ipuxnan 1. Po3B’s13aTu cucreMmy piBHSIHB

dy, _

o 1= Y2

dy,

—==—4y +y,.

dx Nt

Po36’a3anns. XapaktepucTudHe PiBHSIHHS TaHOT CUCTEMU
1-1 -1
det(A —AE) = =
-4 1-1

Mae niiicHi BnacHi 3HaYeHHs A =—1, 4, =3. J{ns 3HaX0MKEHHS BIACHOTO BEKTOpa,
SKUH BIIIOBia€ BIACHOMY 3HaUeHHIO 4, =—1, OTpIMY€EMO CHCTEMY
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21—, =0, % =C,

=
4y +2% =0 ¥y =2C.

1
[oxmagemo C =1. Toxi BaacHuii BekTop y' = (2)

JI71st 3HAXO/KEHHST BIIACHOTO BEKTOPA, KU BiOBIAE BIACHOMY 3HAYECHHIO
A, =3, oTpuMyeMO cuCTEMY

20 -1=0, _ |n=C
4yt =27 =0 73 =-2C.
. . ) 1
IToxnanemo C =1. Toxal B1acHui BEKTOp ¥~ = .

3arajgbHuN pOBB’}IBOK CUCTEMHU MaA€ BUTIIAL
y(x)=Cie™ + Cye™,
y,(x)=2C,e™ —2C,e".

Ipuxnan 2. Po3p’s3atu diHINMHY OJHOPITHY CUCTEMY AMQEpeHIiaIbHUX PiB-

HSAHb

dx

—=x-15y,
dr d
dy

dr g

Po3zs’si3anns. XapaktepucTuuHe piBHSHHS
det(A—aE)=| *
c —_ = =
2 —-1-4

mae A =3i, A, =—3i — KOMIIEKCHO-CIIPSDKEH] BIAacHi 3Ha4eHHS. [l 3HAXOIKeH-
Hs BJIACHOTO BEKTOpa, KU BiMOBiZa€e BIACHOMY 3Ha4eHHIO A, =3i, oTpuMyeMO
CUCTEMY, y SIKii IBa pIBHSIHHS €KBIBaJCHTHI

(1-3i)y - 504 =0, n=C
—

1-3i)C
27 —(1+3)pA =0 7§=%.

5
[Toxnagemo C =5. Toxai BnacHUM BEKTOP yl = (1 3) .
—3i

3HangeMo
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3amadyHuK
5 3it S Qi
Re e [=Re |(cos3t+isin3t) | =
1-3i 1-3i
R 5cos 3t + Sisin 3t 5cos 3t
= RC = 5
(cos3t +3sin3¢) +i(sin 3t —3cos 3t) cos 3t + 3sin 3¢t
m 5 ) 5 5sin3t
e |= .
1-3i sin 3t —3cos 3¢
OTtxe, 3araqbHUN PO3B’SI30K CUCTEMH MA€ BUTIISIA:
x(t) =5C, cos3t +5C, sin3t,
O

y(t) = C(cos3t +3sin3¢t) + C,(sin 3¢t —3cos 3t).

Mpuxnan 3. Po3p’s3atu diHINHY OJHOPITHY CUCTEMY AH(EpeHIiaIbHUX PiB-

HSHb
%=)’1+}’2’
%z—}’1+)’2_)’3’
%=3y2+y3-

Po3zs’si3anns. Ckitamaemo 1 po3B’sI3ye€MO XapaKTePUCTUUHE PIBHSHHS
-1 1 0
-1 1-4 -1]|=0,
0 3 1-4
-1 -l -1 -1
1-4) -1
3 1-4
A=AD)A*=24+5)=0, A =1, A =1+2i, A, =1-2i

JIs1 3HaXOIKEHHS BJACHOTO BEKTOpPA, SKUM BIANOBIIA€ BIACHOMY 3HAYEHHIO
A =1, orpumyemo cucremy

0-%+7+0-73=0, 7 =C,
“N+0--1=0, = {pn=0,
0-% +37,+0-7% =0, 7 =—C.
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1
[Toxnmagemo C =1. Toxi BIacHUA BEKTOP yl = 0
-1
s A, =1+ 2i maemo
=iy} +9; =0, % =C,
R =2iY -1 =0, = {7 =2iC,
3y; —2iy; =0, ¥ =3C.
1
[Toxnmagemo C =1. Toxi BIacHUA BEKTOP 72 =|2i |.
3
3HalgeMo
1 1
Re|| 2i [e?9% |=Re| | 2i |*(cos2x +isin2x) |=
3 3
e’ cos2x+ie" sin2x e’ cos2x
=Re| —2¢" sin2x + 2ie* cos2x |=| —2¢” sin2x |,
3e* cos2x+ 3ie* sin2x 3e* cos2x
1 e*sin2x
Im| | 2i |e"?% |=| 2¢" cos2x |.
3 3e*sin2x

OTxe, 3araJIbHUI PO3B’ 30K CUCTEMU MA€ BUTIIAL:
y;(x) =Cie" + Cye* cos2x + Cye” sin 2x,
Y, (x)=C;-0-2C,e" sin2x +2Cye” cos 2x,

y3(x)=—=Cie" +3C,e" cos2x +3Cye” sin 2x.

3anayi a5t caMoCTiiiHOTO Po3B’sI3yBaHHA

I. Po3B’si3atu cuctemu nudepeHiaabHuX PiBHSAHb!
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3amadyHuK
%:le Xy, %=x1+x2, @=4x—5y,
1. d‘” 2. jt 3 d’
ﬁ—4x1+6x2 ﬁ=—2x1+3x2 Do
dt dt dt
x_ 2x+ x_ +z
dt Y a0
4-<Q=x+3y—z, 5.<Q=x+z,
dt dt
dz dz
—=—x+2y+3z. —=Xx+y.
d Y a7
I1. Po3p’s3atu 3agauy Komri 1iis cucremu audepeHiiaibHUX pPiBHSHb:
dx
—=2x-y+zg,
dr Y
dt
dz
—=y-3x-2z2
a

3 nouatkoBuMu ymoBamu x(0)=0, y(0)=0, z(0)=1.

3.2. JliHitiHi HeOOHOPIOHI cucmemu 3i cmanumu KoegpiyieHmamu

SAxmo xoedimieHTH a;; Ipu HEBIIOMUX (PYHKITISIX CTali, TO CUCTEMA BUTIISITY

dx,

E =ay X +apx, +--+a,x, + (),
dx,

dx

_dtn =a,X +a,,%x, +-+a,,x, + f, ()

HA3UBAETHCS CUCTNEMOIO NTHIUHUX HEOOHOPIOHUX OUuhepeHyiaibHUX PiGHAHb 31 Cma-
uUMU Koepiyichmamu, Ky 3alMIIeMo B MAaTpU4HIN hopMi

XD _ A1)+ F(0). 77)

Jac
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3amadyHuK
g
;f a, ap ... a X f1@®)
X
X)) | —2% Ay, Gy .. Gy, X (1)
O_ar | a=|™ | xw=| 2 | po=| 20,
dt . . . . . : :
dx Ay Qpy o oo Gy Xn fn (t)
dt
3arasibHUM po3B’A30K cuctemu (77) Mae BUTTIS
X(t) = X, (1) + X (1),
e
x11(7) X1 (1) X1, (1)
X, (2 Xoy (£ X, (f
Xy (=G, 21:() e R FOeN R (78)
xnl(t) an(t) xnn(t)

— 3araJibHUI PO3B 30K BiAMOBIAHOT 10 (77) OMHOPIAHOT CUCTEMH JIIHIMHUX Tude-
peHIiIbHUX PiBHSHB (75), X(t) — SIKUH-HEOYIb YaCTUHHUHN PO3B’ 30K HEOTHOPIA-
HOT CUCTEeMH JIIHINHUX AudepeHiaIbHIX piBHSIHD (77).

1. Memoo esapiayii dosinbnux cmanux (memoo Jlacpanoica) Tonsirac B TOMY,
10 3araJibHUM po3B’s130K X(7) cuctemu (77) Tpeba mykaTtu y Burisi (78), ae 3a-

MICTh TOBITLHUX CTAJIUX CTOATH HEBiIOMI (DYHKITIl:

xp,() X1, (1) Xy, (1)
xn =0 s e,0| 2 vre, 0] .
an(f) xn2(t) xnn(t)

C (1), Cy(1),...,C,(t) 3HaX0AAThCS 3 TIHIKHOI CHCTEMH areOpaidyHuX PiBHAHb

xp1(7) X2 (1) X1, (1) i@
(o) xz{(t) + () xzzz(f) et CL(0) Xz,:(f) _ fz:(f) |
xnl(t) an(t) xnn(t) fn(t)

2. Memoo nesusnauenux koegiyicumis (Memoo niobopy eu2isidy uYacmuHHO-
20 po38’s3Ky) 3acToCcOBYy€eThCs, koiid F(¢) cuctemu (77) € BEKTOPHUM KBa31MOJIIHO-

MOM.
1) Sxmio
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fy=e7U, ),  i=ln, (79)

le O — KOMIUIEKCHa (30Kpema niiicHa) ctana; U, (f) — TMOJIIHOM CTeneHs m;, TO
1

YAaCTUHHUN pO3B’ 430K cuctemu (77) Mae BUTIISA
v 1
X()=e""V . (1), (80)
ne m=maxm;; V, ,(f) — BEKTOP-TIIOIIHOM CTeneHs (m+k) i3 HEBU3HAYEHUMH
l

koe(dimieHTamu, sKi 3HaAXOAAThCA MiacTaHOBKOI (80) B (77) ¥ mpupiBHIOBAHHIM
Koe(irmieHTiB momiOHUX 4ieHiB; k =0, K0 O HE € BIACHUM 3HAYCHHSIM MaTpPHIIi
A'; IKIIO )X O — BJIacHE 3HaYeHHsS MaTpulll A, To kK — HOTO KPaTHICTb.

2) SIkmo

£i(1) =™ (Prf (t)cos Bt + val_ (t)sin B1), i=ln,
ne a, [ — miicHi crai; Prf(t) 1 vai (f) — IONIHOMM CTENEHIB 7; 1 W; BIAIOBITHO, TO
YAaCTUHHUN pO3B’ 430K cuctemu (77) Mae BUTIISA
X()=e”(R,,, (t)cos Bt +8S,,, (t)sin fr), (81)
ne [ =max{r, w;}; R () 1 S,,,(t) — BekTOp-momiHOMU CTeneHs [ +k 13 HEBHU-
l

3HAYCHUMH Koe(]ilieHTamMu, sKi 3HaXOASIThCs migacTanoBkoto (81) B (77) i mpupis-
HIOBAaHHSAM KOCQiIieHTIB MOAIOHMX wieHiB; k =0, AKmo &+ i3 He € BIaCHUM 3Ha-

YEHHSM MaTpHUIli A ; AKIIO K & +iff — BIacHe 3HA4YeHHs MaTpuili A, To k — Kpart-
HICTh yHclia & +if3 .
YacTuHHHN pO3B’ 130K CUCTEMH

dX(1)

= AX(")+F, () +F, (1)

Ma€ BUTISAI
X(@) =X (1) + X, (),
hi(S Xl(t), Xz(t) — YaCTHUHHI PO3B’SI3KH CUCTEM

dX(r) dX(r)
dt

=AX()+F (1), =AX()+F,(?)

BIAMOBIIHO.

Ipuxaagu po3s’si3yBaHHA THIIOBHX 33/1a4

Mpuxaag 1. Po3p’s3aTu niHIAHY HEOTHOPIAHY cHcTeMy audepeHIiaTbHuX
PIBHSIHB

64



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

3aJauHuK

Po3zs’s3anna. 3HaiineMo 3aradbHUM pO3B’S30K BIAMOBIIHOT OJHOPIIHOI CHC-

TCMHU

XapakTepucTUYHE PIBHSIHHS
6-1 1
5 2-4

det(A — AE) = ‘

Mae BilacHi 3HaueHHs A =7, A, =1.
Cuctema piBHSHB JUIsl BASHAUCHHS BIACHUX BEKTOPIB TaKa:

{(6—/1)7/1 +7,=0,
5+2—-A)y, =0.

Ilpu A, =7 maemo:

{—mé:o, . {a»f . {711:6,
5/ =51, =0 % =C % =C.

1
Hoxmagemo C =1. Toxi BaacHuii BekTop y' = (J
IIpu 4, =1 maemo:
51+, =0, =—ﬁ, L =—=,
{ g 7/22 = 7/12 5 = 7 5

S+ =0 yi=C 73 =C.

1
IToxmanemo C =-5. Toxi BnacHuil BEKTOp 72 =£ SJ'

OT1xe, 3arajibHUM PO3B’ 30K OJHOPITHOT CUCTEMHU Ma€ BUTJISL:

el
Xo()=¢ { e’ +C, 5 e

abo
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3a1aYHuK
X (t)=Ce’ +C,e',
xg (1) = Cle7t —5C,¢'.

3araapHU pO3B’SI30K HEOHOPITHOT CUCTEMH ITYKA€EMO METOOM Bapiallii 10-
BUIBHUX CTAJIMX Y BUTJISIL:

1 Tt 1 t
XO=C0)| | +C0| _|e"

Cknamaemo cucreMy i BusHadeHHsa C(t), C,(1):
col e eyl Ll ="

e e =
g > -5 1

C, (e +C, (1) =t,

C, (e =5C, (t)e' =1.

abo

3Biacu
6C, (e’ =t—1,

C, (1) = t—;le" .

[MTincraBnstoun C, (f) B mepiue piBHSIHHSA CUCTEMH, MAEMO:
’ r—1 _
o (t)e7’ +Te ‘e =t,

C ()= —5’6+ Lo,

Jlauni, npoiHTerpyBaBIIN Cl,(t), Cz,(t), OTPUMAEMO:

_ 5[+1 —7t _ 5 2 —7t
Cl(t)_jTe dt——(5t+4—9)e +C,,

C,(t)= Jt—;le‘t dr = —éte_t +C,.

OTxe, 3araJIbHUN PO3B’ 30K 3aJaHOT HEOJHOP1THOT CUCTEMU TAKHIA:
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3alauHuK
=7t 1 Tt t 1 t
X@O)=| | —<t+— +C,; e’ +|——te +C, e =
42 49 | -5
L [Ee2 L) (goce-din 2
:C{ je7t+C2( sjet 5 29 5 | g
- — - 4Zr| |G =5Ce + =t ——
42 49 6 49
abo
2 2
x()=Ce' +C e —=r——,
(=G +Coe 21—
5 m
x,(t)=Ce” =5C,e' +=1t——.
(=G 2 49
Hpuxknax 2. Po3p’s3aTu JiHIMHY HEOJHOPIAHY CHUCTeMY AudepeHIiaTbHuX
PIBHSIHB
aa _
7
@
dt sint

Po3zs’s3anns. 3HaiineMo 3aradbHUM pO3B’S30K BIAMOBIIHOT OJHOPIIHOI CHC-
TEMH

o _
a7
dt

XapakTepucTUIHE PIBHSIHHS
-4 1
det(A —1E) = { =0

Ma€ KOMIIEKCHO-CIPSDKEHI BIacHi 3HaueHHA A =i, A, =—i.
Hns A =i maemo:

{—i;fl'ﬂé:O, _ {7’11=—i7’§a . {7’1]=—ica
A-ih=0 " [n=c n=C

—i
[Toxmanemo C =1. Toxai BnacHuii BEKTOp yl =£ { J

3HangeMo

67



I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”

—i) . —i )
Re (( | je”} =Re (( | j(cost + is1nt)j =
sint —icost sint
= Re . = 5
cost+isint cost
—i) —Cost
Im e |=| . .
1 sint
OT1xe, 3arajibHUM PO3B’ 30K OJHOPITHOT CUCTEMHU Ma€ BUTJISL;

sint —cost
Xo(t)=C1( j+C2( ) j
cost sint

x{(t) = C;sint — C, cost,

3aJauHuK

abo

xg (t) =C,cost+ C,sint.

3araapHU pO3B’SI30K HEOIHOPITHOT CUCTEMH ITYKAEMO METOOM Bapiallii 10-
BUIBHUX CTAJIMX Y BUTJISIL:

sint —CoSt
A= Cl(t)(cost) TG (t)( sint j '

Cknamaemo cucreMy uig BusHadeHHsa C(t), C,(1):

, sint , —Ccost 0
C () +C, ()| . =l 1
cost sint

sint
abo
C, (t)sint — C, (t)cost =0,
C, (t)cost+C, ()sint = L
sint
3Biacu
’ COSst ’
C1 ()=——mor, Cz(f) =1.
Sint

Jlauni, npoiHTerpyBaBIIn Cl,(t), Cz,(t), OTPUMAEMO:
C,(t)=Inlsint1+C,
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OTxe, 3araJIbHUN PO3B’ 30K 3aJaHOT HEOJHOP1THOT CUCTEMU TAKHIA:
) sint —Cost
X(#)=(Inlsinz1+C,) +(t+G)| . |=
cost sint
sint —cost sint-Inlsint|—tcost
cost sint cost-Inlsint|+zsint
C;sint — C,cost +sint-Inlsint [—tcost
C,cost+C,sint +cost-Inlsint|+zsint
abo
x,(t)=C;sint — C,cost +sint -Inlsint |~ cost,
O

X,(t)=C,cost+C,sint +cost -In|sint | +zsint.

Ipukaan 3. 3HailTH YaCTUHHUANA PO3B’ 30K CUCTEMU

—=x; —4x, +3e”,
i M 2
&——x +Xx

dt 17 X2

s 3,

dt

Po36’a3anns. 3anuemMo xapakTepUCTUYHE PIBHSIHHS
-4 -4 0
dettA-AE)=| -1 1-4 0 (=0,
0 0 3-1

B-A)A*-24-3)=0, A=-1, A4 =3 A4=3.

[IpaBi yactuHu cucremu MaroTh BUrisn (79), B skomy m; =0, o =2 . 3Ha4yeH-
HS O =2 He CIBIafac Hi 3 OJHUM i3 XapakTepucTuyHux A . ToMy yYacTHHHUIA
PO3B’ 30K CUCTEMHU CJIIJT ITyKATH Y BUTJISAII
A

X()=| B |&*.
C

[TincraBnstoun X(t) y BUXIJTHY CUCTEMY, OJIEPIKYEMO
A+4B=3,
A+ B=0,
C =0,
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3aga4yHuK
3BiAKM A =—1, B=1 1 yacTUHHUII pO3B’A30K MA€ BUTJISAL
-1
X(1)=| 1 |e*. O
0

3anauyi ajs1 caMoCTiiiHOTO Po3B’siI3yBaHHA

I. Po3B’si3atu cuctemu nudepeHiaabHuX PiBHSAHb!

1 N ENFY X+ x=2,
vy =2y +4y, 420" —4x -7
"=2y— 7426,
2. 17 =W
Z :3y—2Z+4€x.
_x:x—y+4c032t,
4
3. p
%=3x—2y+800s2t+581n2t.
t

, e3x
Vi == +2y,—; +7’

3x
4. |y, =14y, =4y, +2y; + 267,

I1. Po3p’s3atu 3agauy Komri 11 cucremu audepeHiiaibHUX piBHSIHb:
y{ =—4y +2y, +6x—1,

yz’ =-3y,+3y, +6x—1,
y1(0) =2, )’2(0) =3.

3.3. HopmanbHi cucmemu dugpepeHuyianbHUX Pi6HSIHb

Cucrema nudepeHiiaTbHUX PIBHSHD
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3aJauHuK
dx
7;=f1(t,x1,x2,...,xn),
dx,
—= = (t, X1, X0y, X)),
dt Jalta Xy X Xa) (82)
dx
T:an(t,xl,xZ,...,xn)

HA3UBAETHCS HOpManvbHolo. OJHUM 3 METOAIB PO3B’A3aHHS JAHOI CUCTEMH € Memoo
iHme2posHUX KoMOIHayill: oJlep>KaHHs TuepeHiabHUX PIBHIHb, SIKI JIETKO 1HTET-
PYIOTbCS, 13 pIBHAHD cucTeMH (82) 3a AOMOMOT0I0 apu(METUIHUX OTEparliii.

Onna iHTErpoBHAa KOMOIHAIlIS JTa€ MOKJIUBICTh OJEpKAaTH OJHE KiHIIEBE PiB-
HSIHHS

D.(1,x,%5,...,%,) =C;, i=12,...,n,
SIK€ HA3UBAETHCA nepuium inmezpaiom cucmemu (82).

Sxio 3HaleHO 1 MEepIIMX 1HTErpaliB cucTeMu (82) 1 BC1 BOHM He3allexkHi (ix
CYKYITHICTh HA3UBAETHCS 3acaibHum inmezpaiom cucmemu (82)), T00TO sxobiaw

cucmemu @yukyiu Py, ..., P, BIIMIHHUN BiJ HYJIS:
ob, 0P, 0P,
0,
ob, 0JP, 0P,
ox; ox, ox,

TO 3aJ]a4a IHTeTpyBaHHs cucTeMu (82) po3B’sa3aHa (Tak SK 13 CUCTEMU
D, (t,x,%5,...,x,)=C,, i=12,...,n

BU3HAYAIOTHCS BCl HEB1IOMI QyHKIIT X, (1), X, (?), ..., x,(t) ).
Jlis 3HaXO/HKEHHS 1HTETPOBHUX KOMOIHALIN MpU pO3B’sI3aHHI CUCTEMH Aude-
peHLlaIbHUX PIBHSHB (82) OyBae 3py4yHO 3amucaTy ii y cumempuuniu ghopmi

dx, dx, dit ‘ (83)

f1@,x,%5,..,x,) [t x,%,..,x,) 1
Jlnst po3B’si3aHHs cuctemu (83) abo GepyTh Napu BIAHOIICHB, SIK1 JOMYCKAOTh
B1JIOKPEMJICHHS 3MIHHUX, a00 BUKOPHUCTOBYIOTh BJIACTHUBICTh PIBHHUX JIP00OiB
G _G_ a4 _Aathat+ha,
b b b, Ab+Ab,+---+AD,

n
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3aJauHuK

ne xoediuientn A, 4,,..., A, — NOBUIBbHI 1 iX BUOUPAIOTH TaK, HANPUKIAJ, 00 Y-
celbHUK OyB AudepeHiriaioM 3HaMeHHHUKA, a00 YUCeIbHUK OyB MMOBHUM JU(EpEH-
I1iaJioM, a 3HAMEHHHK JTIOPiBHIOBAB HYITIO.

IIpuxaagu po3B’si3yBaHHA TUIIOBHX 33/1a4

Hpuxnan 1. Po3s’s13atu cucremy audepeHiiiaaibHuX piBHIHb

ax_ +1
a0
ﬂ=x+1.
dt

Posé’szanns. JlogaMo NOYIEHHO fAaHi piBHAHHSL: X +y =x+y+2 abo
(x+y) =(x+y)+2. Iosmaunmo x+ y=z. Tomi maemo 7 =z+2. Po3s’a3yemo
oJiep>KaHe PiBHSIHHS:

dz z+2

——=dt, Inlz+21-InC, =¢, =e, z+2=Cle’, x+y=Clet—2.

Opeprkanu nepuInii IHTerpans CUCTEMHU. 3 HbOTO MOXHA BUPA3UTH OAHY 3 IIIy-
KaHUX (QyHKLINA yepe3 Apyry, THM CaMUM 3MEHIIUTH HAa OJUHUIII0 YUCIIO ITYKaHUX

dynkuiii. Hanpuknan, y=Cie’ —2— x. Toxi nepiue piBHAHHS CHCTEMU MA€ BUTIIS]L
X'=Ce' -2—x+1, X'+x=Ce -1.

3HAUIIOBIIM 3 HHOTO X (HANPUKIAA, 3a JOIMOMOTOI0 IMiJICTAHOBKH X =uV ),
3HAUJIEMO Y .

3ayBaxkeHHs1. [lana cucrteMa “103BoJjsie€” yTBOPUTH I1I€ OJIHY IHTETPOBHY KOM-
oimamico: x —y =y—-x, (x—y)=—(x—y). IlokmaBmu x—y=p, Ma€eMoO:

, d, - _
' =—p ado L =_ar, Inlpl-InCy,=—t, p=C,ye’ a6o x—y=C,e '. Marwoun
p
JIBa MIEPIIUX 1HTErpaja CUCTEMH, TOOTO
x+y=Ce -2, x—y=Cye’,

JIETKO 3HAWTH (IOJAI0YH 1 BITHIMAIOYH TIEPIITi IHTETPAIIH), 110

1., 1, 4 .., 1. 4

x=—Cie' +—C,e —1, =—Cie ——C,e  —1. O
5 72 Y 71 72
Ipuxnan 2. Po3s’s3atu cuctemy AudepeHiaJbHIX PiBHIHB
dt d d

2x —Int Int—2x

Po3z6’a3anns. Tlepma inTerpoBHa KOMOIHAIIISI MA€ BUTJISAT
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I'voans I'M. EHMK “Bumnia maremaruka (po3ain “IudepeHiuiansHi piBHaHHa”)”
3aJauHuK

dt  dx
2x  Int
Binokpemutioroun 3MiHHI 1 IHTETPYIOUH, 3HAWEMO MIEPIIUN 1HTEerpa
t(Int—1)+ x> =C,. (85)

BukopucToBy0oYM BIaCTUBICTH PIBHUX APOOIB, OACPKUMO IPYTY IHTEITPOBHY

KOMOIHALIIFO
ﬂ: dx _ dy _ dt +dx+dy
2x —Int Int-2x 0o
TyT 4 =4, =A;=1.3Bigcu dt +dx+dy=0 abo d(t+x+y)=01i
t+x+y=GC,. (86)
[Tepui inTerpanu (85) 1 (86) garoTh 3aranbHUM 1HTETpa cucteMu (84)
C+t(nr—-1)=C,, x+y+t=C,,
3 SIKOT'O 3HAXOJMMO 3arajibHUN PO3B’SI30K CUCTEMHU
O

x(O)=1C —t(Int=1), y(t)=C, =t F/C, —t(Int —1).

Ipuxnan 3. Po3s’s3atu cuctemy AudepeHuiaabHIX PiBHIHb

ax_,_1
dt y
dy _ 1
dt  x—t

Po36’a3anns. 3anuiemMo 1Mo CUCTeEMy B CUMETPHYIHIA PopMi:
dt  dx _ dy

3BIIKHU

1 y-1 1

Cxaarous mpomopITiio
y(dx—dt) (x—t)dy
-1 1

1 IepenUCyoUH 11 'y BUTJISII
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3ala4yHuK
dx—dt _dy
~(x=1) y~
OJIEP’)KYEMO 1HTETPOBHY KOMOIHAIIIFO
dx=n & _,
x—t y

[aTerpyroun ii, 3HaXOAMMO NEPIIUI IHTETPAI
(x=1t)y=C,.

BusHauuBIIm 3BiicK y 1 MIJCTAaBUBIIN PE3yIbTaT B MEPIIE PIBHAHHA BUX1IHOI CHC-
TEMH, MAaTUMEMO:

dx __x—t
dt C,
abo
dr=di-*"Lq, 47D A
o x—t G
3BIJIKH

t
t a
Inlx—tl+—=InC,, (x—t)e ' =C,.
2 2
G
BusnaunBmu C| 3 nepuioro iHTerpaia 1 mijAcTaBUBIIN 3HalCHUI BUPa3 B OCTaH-
HIO PIBHICTH, OACPKUMO I OJNH MEPIINNA iHTErpal
t
(x—1)e" Y = C,.

[lepmi iHTErpany 1al0Th 3araJiIbHUM 1HTErpall 3a/1aH0i CUCTEMU

t

(x=0y=Cp, (x=0e"™ =C,,

3 SAKOI'0 3HaXO0AHUMO 3arajabHUMN pOBB,HBOK 3a11aHo'1' CHUCTCMH

t t

x()=Cse G4y, y(t)= Qec1 . |
G,

3anayi 151 cCaMOCTIHHOTO PO3B’A3YBaHHA

I. Po3B’si3atu cuctemu nudepeHiaabHuX PiBHSAHB!
de _dy dz
2z-y ¥y oz

1.
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dx dy dz

2. = = .
y—2z 2z—-x Xx-—Yy
dt dx dy
3.——5=—=—.
(y=x° »y x
dx dy dz
4. == :
2xy y —-x"-—z 2yz
dx dy dz

5. = = .
x(y—z) y(z—x) z(x—y)

3aJauHuK

II. [lesika peyoBuHa A po3kiafaeTbcs Ha 1Bl pedoBuHU P 1 Q. IIBUAKICTH

YTBOPEHHS KOXHOI 13 I[UX PEYOBHH IMPOIMOPILIiHA KIIBKOCTI HEPO3KIAJAEHOT peyo-
BuHH. Hexail x 1 y — KUTbKOCTI pedoBUH P 1 Q, MO YTBOPWIKCS 10 MOMEHTY f .

Busnaunty 3akoH iX 3MiH, 3HaIOYH, 10 B o4aTKoBUM MoMeHT x =0, y=0, a 4de-

3 o
pe3 1 200. x = gc, y= gc, Jie ¢ — MOYaTKOBA KUIbKICTh pEYOBUHU A .
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3aJauHuK
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