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BBEJAEHUE

Pemenne OOBIKHOBEHHBIX U dEpPEHINATBPHBIX YPaBHEHUN SBIACTCA
pa3genom kypca «Martemartuka», MNpPEAYyCMOTPEHHBIM TOCY/IapCTBEHHBIMU
00pa30BaTEeNbHBIMU CTAHJAPTAMU IOATOTOBKH CHEIHMATUCTOB M OaKalaBpOB.
BaxkHocTb 3TOrO pasnaena oObsACHAETCS TEM, YTO C MOMOIIBIO TAKUX YPaBHEHUIl
MOJIETUPYIOTCS MHOTHE IPOLIECCHl B 3a/ladyaX €CTECTBEHHBIX HAYK M TEXHHKE.
Jlia npuiioskeHni HanboJsiee MHTEPECHBI 33J1a4l ¢ HA4aJbHbIMU WJIM KPAeBbIMU
yclIoBUSIMHU. B Takux 3a1adax Hapsy ¢ TOYHBIMU aHAIUTUYECKUMU PELLIECHUSIMU
[1,2] wucmome3yroTcs Takke MPUONMKEHHBIC AaHAIUTHYCCKHE PEIICHUsS |
YHCJICHHbIE pelleHus. B HacTosiee BpeMsl HIMPOKO MCIIONB3YIOTCS pa3InvHbIe
NaKeThl TMPHUKIATHBIX TPOTpaMM, TakuWxX, Hampumep, kak Mathcad, Maple,
MatLAB. Vcnosib3oBaHWe 3THX MMAKETOB B YUYEOHBIX Kypcax o0OCyKaaercs,
Hampumep, B y4eOHBIX mocoOmsx [3,4]. YcmemHoe HCHOIh30BaHUE IAKETOB
IPUKIATHBIX TPOTPaMM BO3MOXKHO TOJBKO TPAMOTHBIMH IOJIb30BATEIISIMH,
KOTOpbI€ TMOHUMAIOT MOCTAHOBKY 33/Ja4d W BIAACIOT Pa3IMYHBIMH METOIaMH
pemienusi. Hacrosimue MeTroaMuyeckue  yKasaHHs — MpEeIHA3HAYEHBI IS
MIPOBEJICHUS MPAKTUYSCKUX 3aHITHIA U OPraHU3aIMH CaMOCTOSTEIHHON PabOThI
CTYZEHTOB C LIEJIbI0 BEIPAOOTKH Yy CTYJICHTOB HABBIKOB PEIICHUS TUIIOBBIX 3a]a4
C 0OBIKHOBEHHBIMH JU((HepeHIIMATBHBIMUA YPaBHEHUSIMHU.



1. HAYAJIBHBIE ITOHATHUA O AUPPEPEHIUAJIBHBIX
YPABHEHUAX

Jugpepenyuanvioe ypagnenie — 3To COOTHOMICHHUE BHA
F(Xy,Y,...y™)=0. (1)
3mech: X - He3aBUCUMAs TIepeMeHHas (apryMeHT), Y — uckomas (PYHKIMS STOro
aprymenta, Y',...,y" — mnpoussomuele uckomoii (yHkuuu. Jlepas dyacThb

paBeHctBa (1) sBisieTrcs 3agaHHOM (YHKIMEH CBOMX apryMmMeHToB. B
OONBIIMHCTBE 3a7a4, KOTOPhIE BO3HMKAIOT B €CTECTBEHHBIX HayKaX H
TEXHUYECKUX MPUIIOKEHUSIX, 3Ta PYHKIUS SBIISIETCS HEPEPHIBHOM.

[Topsimok cTapiiei MpOU3BOJHON, BXoAsIIe B ypaBHeHue (1), Ha3pIBaIOT
nopsoxom ougpgepenyuanbHoco ypasHeHus. B €CTECTBEHHBIX HayKax H
TEXHUYECKUX MPHUIIOKEHHUSIX Yallle BCTPEUAIOTCS YPABHEHUS IEPBOTO MOPSIIKA

F(xy,y)=0
Y YpaBHEHHS BTOPOTO MOpsIKa
F(xy.y,y")=0.
Pemmte ypaBHenwe (1) — 3HauumT HalTH (QYHKIHIO, KOTOpas TIpU

MOJICTAaHOBKE B Ju(ddepeHnraibHoe ypaBHEHHE oOOpamaeT IMOCJeIHEee B
TOXJIECTBO MPU BCEX JOIMYCTUMBIX 3HAYEHUSAX aprymeHnta. Takux (yHKIHii
OKa3bIBaeTCAd HE OJIHA, a Iiejoe ceMercTBo. [Ipu 3TOoM MBI Haxomum obujee
peuwerue nuddepeHInaIbHOr0 YPaBHEHHsI. JTO PEUICHUE MOXKHO MPEACTaBUTh
B BUJIC

y=Yy(xC,...,C). (2)

3I[€CB Cl,...,C — HNpPOU3B0JIbHbIE HNOCMOAHHbIE UHMezpuposarus, YUCI0

n
KOTOPBIX COBIAJAET C TMOPSAKOM ypaBHeHUs. Mckomoe cemeicTBO (yHKIIMIA
MOJKET OBbITh TaK)KE HAalJICHO B HESIBHOM BU/IE:
d(x,y,C,,...,C, )=0. (3)
PaBencTBo (3) onpeaenser oowuii unmezpan ouphpepeHyuanbHo20 YpasHeHusl.
UucnoBble 3HAaY€HUsT KOHCTAHT WHTEIPUPOBAHUS ONPEINEISAIOTCS, €CIU
Hapsy ¢ ypaBHeHueM (1) 3agaHbl HauanbHble YC08Us
Y)=Yor Y (X)=Ye - o Y=Y (4)
Yucno HayvambHBIX YCIOBHM JIOJDKHO PpAaBHATHCS TNOPANKY YypaBHEHus. B
HaYyaJIbHBIX YCIIOBUAX MOTYT OBITh 3aJlaHbl 3HAYEHUA HCKOMOW (yHKUUHU, a
Takke €€  MPOM3BOJAHBIX, MOPSAJOK  KOTOPBIX  MEHbIIE  MOpsJIKa
muddepeHranbHOro ypaBHeHus. YpaBHeHue (1) BmecTe ¢ HaydaJgbHBIMU
yciaoBusIMH (4) MPEACTaBISIIOT c000M 3adauy Kowwu (3adauy ¢ HauanbHuiMu
yenosusmu). [lpu pelieHny Takod 3aJjaun CHavaja MmojyvaeTcs: o0Iiee pereHe
(2), 3areM Ha OCHOBaHWUHM YCJIOBUH (4) COCTaBIAETCS CHCTEMa YpaBHEHUI
otHocuTenbHo HewsBecTHbIX C,,...,C . Pemenue stoit cucremnr C/,...,C°

NoJCTaBIsAeTCS B obriee pemienue (2). B pesymbrate mojydaercss wacmuoe



pewenue ypaBHeHus (1), ymomieTBopsioniee HAYAIBHBIM YCIOBUSM (4).
YacTHoe pelieHue MpeAcTaBiIsaeT coO0N OmpenesieHHYI0 (DYHKIUIO apryMeHTa
X. DOta ¢yHKUMsS MOXET OBbITh 3a/laHa HesiBHO. B 3ToM ciiydae moirydaercs
yacmublll unmezpan oupgepenyuarbHo20 ypasHeHusl.

Bomnpocsl cymiecTBOBaHMST M €JMHCTBEHHOCTH pPEIICHHUSA 3aJaud  C
HavaJIbHBIMH YCJIOBUSIMHA PacCMOTpPEHBI B y4eOHOI nmteparype [1,2]. B pamkax
JAHHBIX METOJWYECKHX YKa3aHUH 3aMETHUM TOJIbKO, YTO B OOJIBIIMHCTBE 3a/1a4,
CBSI3aHHBIX C MHXCHEPHBIMHU IMPHUIOKEHHUSIMHU, CYIIECTBYIOT PEUICHUS, MPUIEM
eIMHCTBECHHBIE.

PaccmoTpuM asee peneHust HEKOTOPBIX THITOBBIX 3a/1a4.

2. JUHEVHBIE YPABHEHUS ITEPBOT'O MMOPSIIKA. METO/I
BAPUAILIUU ITPOU3BOJIBHOM MOCTOAHHOU

[TycTh Tpebyertcs nns auddepeHunansHOro ypaBHeHUs BUaa

y'+ p(x)y=f(x) (5)
HaP'ITH pemeHHe, y,Z[OBJIeTBOpHIOIHee Ha‘laﬂBHOMy YCJIOBHIO
Y(X,) =Y, (6)

VYpaBuenue (5) COACPKUT UCKOMYIO (QYHKIMIO Y U IMPOM3BOAHYIO Y' B IEpPBOM
creneHu. Takum oOpa3zoMm, ypaBHeHUE (5) — JHMHEWHOE ypaBHEHHE IMEPBOTO
nopsiika. Hanuuue cBOOOHOTO cllaraeMoro JAejiaeT ypaBHEHUE HEOTHOPOIHBIM.

OaHUM U3 METOAOB OTHICKAHUS OOIIEro pelieHus ypaBHEHUs (5) sSBIsAETCS
Memoo sapuayuu nPou3soIbHOU nocmosiHHotl. [IpuMeHeHne 3Toro MeToaa s
perenus 3ana4uu Buaa (5),(6) NOsICHUM CIIEYIONIUM TPUMEPOM

Ilpumep 1.
TpeOyeTcs pemnTh ypaBHEHUE
Y4y =3n (7)
X X
P Ha4aJIbHOM YCJIOBUU
y@®) =0. (8)

1. PaccMOTpUM COOTBETCTBYIOIEE OJHOPOTHOE YPABHEHUE
n
y'+—y=0.
X
DTO ypaBHEHHE MOKHO IPOUHTErPUPOBATH, PA3ECIUB ITIEPEMEHHBIE:
dy n

—~4+-y=0 = ﬂ:—ﬂdx = jﬂ:—jﬂdx = Inly|=-nh|x/+In A
dx x y X y X



B pesynberare nonyunm
A
D
2. Ucnonp3yeM MOJIydeHHOE OOIIee pelleHrne OJHOPOIHOTO ypaBHeHHs. bynem
UCKaTh 00IIIee PEIICHUE TaHHOTO HEOJHOPOIHOTO YPAaBHEHHUS B BUIE
Ax)
y= (9)
X"
Ipumeuanue: Iloocmanoska na mecmo nocmoaurou A Heuzgecmuou QyHKyuu
A(X) Hazvleaemcs eapuayueti NPoU3E0IbHOU ROCMOSHHOU.

[Toncrainss Beipakenue (9) B ypaBHeHue (7), OITYUHM:

X Xn Xn X2n Xn+1
A (A (A2 s
X X X

n+1 n
X

n

(A(x)j'+ NAK) 2 A AT AK) 2
X" X

n+1

WHuTerpupyem nojgydeHHOE YpaBHEHHE, Pa3/IeInB IIE€PEMEHHBIE:

dAdE(X) —2 = dAK)=2dx = [dA()=[20x = A(X)=2x+C.
[Toxcrarmsis mocneaHee BIpaXeHUE B paBEHCTBO (9), OTydnMm:
_zxat _C, 2 (10)
X X X

B dopmyne (10) obmiee pemeHne HEOTHOPOTHOTO YpaBHEHHUS TMPEICTABICHO
KaKk CyMMa JBYX CJaraeMbiX: TIE€pBOE COBIAJAaeT C OOMIMM pEIICHHEM
OTHOPOJHOTO  ypaBHEHUS, BTOPOE  SBIACTCS  YAaCTHBIM  pEIICHUEM
HEOJTHOPOJIHOTO YpaBHEHHUS.

3. Onpenenum YKCI0BOE 3HaUEHHE MOCTOSIHHON C M3 Ha4aabHOTO yciaoBus (8):

2:-1+C
=0 = C=-2.
ET
Torz[a HNCKOMOC pemeHHe 3a1a4U1 C Ha4aJIbHbBIM yCJ'IOBI/IeMZ
2(x 1)

y(x) =

Jlst BeIpaOOTKHM HABBIKOB DEIICHUS JIMHEWHBIX YpaBHEHUW TEPBOTO MOPSJIKA
PEKOMEHIYETCSl CAMOCTOSITENIBHO BBINIOJIHUTD CIICAYIOLIEE 3aJaHHUE.



3aoanue 1.
Haittu pemenue 3a1aum ¢ Ha4alIbHBIM yCIOBUEM

1)  xy'—-2y=x¢", y@) =e.
2)  (x+1y -2y=(x+1)*, y(0)=0.
3)  X’Y'+2Xy=CoSX, y(z) =1.
4 Xy +y=x+1, y(2) =0.

5)  y'CosX—ysinx=4x°, y(0)=1.
6) Yy —ycosx=2xexp(sin x), y(0)=r.

7 Xy +2xy =1, y(@)=1.
8) Y +2xy=2xexp(—x?), y(0)=1.
9) 2xy' —y=2x¥?cosx, y(7)=0.
10) Yy'+ ytgXx=2XCO0SX, y(0) =4.

3. JUHEWHBIE YPABHEHUS BTOPOI'O IMOPSIKA
C HOCTOAHHBIMU KOPPUITUEHTAMHU

Pemrenue nuHeliHOTO MU((EpeHIIMAIBHOTO YPaBHEHUS BTOPOTO MOPSIKA C

MOCTOSIHHBIMU KO3 puIiieHTaMmu
y'+py'+q=f(x), p,q=const
MOXET OBITh MONYYEHO KaK CyMMa OOINEro pemeHus COOTBETCTBYIOIIETO
OJTHOPOJHOTO YpaBHEHUS
y'+py'+q=0

¥ YaCTHOTO PEIIEHHs JaHHOTO HEOJHOPOTHOrO ypaBHeHHs. YUTOObl HaiTh
obmiee pemieHHe OJHOPOJHOTO YpaBHEHHWS, ompeaenuM KopHH K, K,

XapaKTEPUCTUUECKOTO YPABHECHUS
k+pk+q=0

Y IPUMEHUM OJIHY U3 CTaHAAPTHBIX POpPMYIL:

yodu = Cleklx + Czekzx’ cCln kl # k2! k]_, k2 € R !
yaou = ekX(Cl + sz)i CCJlIn kl = k2 = k, keR ,
y.,, =e”(C, cospx+C,sinpx), CCIH k,=azxif, a,feR

YacTHOE pelIeHHEe PEKOMEHIYETCsl TIOCTPOUTh METOJAOM HEONPEIeICHHBIX
K03 (HHUIMEHTOB, OpUeHTUPYsiCh 1o Buay (yHkmuu f(X) B mpaBoii yactu

ypaBHeHusi. Haunbomnee pacnpocTpaHEHHbIE CIydaW PacCMOTPEHBI B y4eOHOM
nocobuu [2]. PaccmoTpum nanee npumep.



Ilpumep 2.
TpeGyetcs HaiiTu obiiee pemeHue 1updepeHIHaTbHOTO YpaBHEHHS

y"—4y'+5=2e* (11)
N 94aCTHOC pemeHHe, YI[OBJ'ICTBOPHIOIHGG HadaJIbHbBIM YCJ'IOBI/IHM
y(0)=2, y'(0)=-3/4. (12)

1. CocTaBuUM U pelINM XapaKTEPUCTUUECKOE YPaBHEHUE:
k?—-4k+5=0 = (k-2)*+1=0 = k,=2=i.
Torna
y,,, =€”(C,cosx+C,sin x)
— o011ee peleHne OJHOPOIHOIO YPABHEHMSI, COOTBETCTBYIOLIETO TAHHOMY.

2. Ucxons u3 Bujga mpaBoil yactu ypaBHeHus (11), Oyaem uckath yacTHOe
pemenune >toro ypasHenus B popme Y = Ae*. Torna:

(Re™) —4(Ae™) +5Ae™ = 26™ = 9e™ ~12Ae™ +5Ae™ = 26% = 2A=2.
[Monyunmu A=1, cnenosarensro, Y =e>.

3. O6iee penieHue JAHHOTO HEOJHOPOAHOTO YPAaBHEHUS IPEICTABUM B BUJIE

y=y, +Y.
B pesyibrare momyunm obIiee perieHue:
y =e”(C, cosx+C,sin x)+e™, (13)

Hudbdepennupys Beipaxkenue (13), Haxoaum:

y' = 2e%(C, cos x+C, sin x)+e* (- C, sin x+C, cos x)+3e*.
YuutsiBaeM HauanbHbIie ycioBus (12):

2=¢°(C,cos0+C,sin0)+e’,

—% =2e°(C, cos0+C,sin 0)+e°(—~C,sin 0+C, cos0)+3e°.

Torma
C,+1=2, C, =1
=
2C1+C2+3:—3/4 C2=—23/4.
[Tostyunsin yacTHOE pELICHUE, YIOBIECTBOPSIOIIECE HAYAIBHBIM YCIOBHSIM:

y(X) = e“(cos X —?sin xj +e¥,

JInst BbIpaOOTKMA HABBIKOB PEIICHMS JTMHEHMHBIX ypaBHEHUN BTOPOTO MOPSIKA C
MOCTOSIHHBIMU KO3((ULIUEHTaMH PEKOMEHAYETCS CaMOCTOSATEIbHO BBINOJIHUTD
CJIEYIOIIIEE 3aJaHUE.



3aoanue 2.

Haittu pemenue 3a1auu ¢ Ha4alIbHBIMU yCIOBUSIM

1) y'-9y=e™,

2) y'-4dy=x-1,

3) y"+2y'+y=cosx,

4)  y'+3y' +2y=1+Xx+X
5 y"+2y' +5y=13e*,

6) y'—2y'-8y=16x+4,
7)  y"+4y'—12y =8sin 2x,
8) y'—4y'+13y=26x+5,
9) y"+y=cos3X,

10) y"—4y' +3y=e>,

y(0)=0, y'(0)=0.
y(0)=0, y'(0)=0.
y(0)=0, y'(0)=0.
, ¥(0)=0, y'(0)=1.

y(0) =1 y'(0)=4.
y(0)=2, y'(0)=6.
y(0)=0, y'(0)=0.
y(0)=1 y'(0)=0.
y(z12)=4, y'(xl2)=1.
y(0)=3, y'(0)=09.

4. CACTEMBI JU®PEPEHIIMAJIBHBIX YPABHEHUI

PaccmoTrpum  nmanmee  3amauy 00 oOmEeM — pEIICHUH  CUCTEMBI
muddepeHnnanbHbIX ypaBHeHU. OrpaHUYMMCs CllydaeM, KOTJa BBIMOJHSIIOTCS
CJIEAYIOIIUE YCIOBUS:

1) cucrema COICPKUT ypaBHEHUS TMEPBOTO TOPSIKA, pPa3pelICHHBIC
OTHOCHUTEJIBHO IPOU3BOHBIX;
2) He3aBHCHMAas IEPEMEHHAS HE BXOJIUT SIBHO B yPaBHEHUS;
y ;
3) ypaBHECHHS JIMHEHHBIE C MOCTOSHHBIME KOA(PPUIIMSHTAMH, OTHOPOTHBIC.
CucremMa MpuHUMAET BUJ
dx,
o Akt AX,
ax,
i a X +...a X.

3nech uepe3 X, 1=1...n 0003HauCHBI NCKOMBIE (DYHKITHH.

Bo3MokHa Takke MaTpudHasi popma 3arvcH CUCTEMBI
X _ Ax (14)
dt

3nech



Oobee pemenne cuctemsl (14) nomyckaer nmpencTaBieHe
X=CX +...C X . (15)

B ¢opmyne (15) C,,...,C. — npousBoibHBIE IOCTOSIHHBIE HWHTETPHPOBAHMS,

n

Xl,...,Xn — JIMHEWHO HE3aBUCHUMbBIE YACTHBIE PEIICHUA CHCTEMBI. YacTHbIE
PCIICHUA MOKHO HaMlTHU B BUJEC
Pui
X, =exp(At)] : |=exp(At)P, i=1...n
Pui

3necb A,...A — COOCTBEHHBbIE 3HAUEHMs MATPULBl A, KOTOpBIE MOIY4arOTCS
KaK KOPHH XapaKTePUCTHUECKOTO YPaBHEHHS

det(A—-AE) =0. (16)
BekTop-cronbenr P, sBmfeTcs HEHYNEBBIM pELICHHEM HEOIPEAEICHHON
CHCTEMBI JINHEHHBIX alNreOpandeckux ypaBHEHHUH.

(A-AE)P =0. (17)

PaccmoTpum npumepst ipu N = 2. Toraa xapakTepuCTUIECKOE ypaBHEHHE

(16) — xBagpatHoe. B 3aBucuMocTH OT Buja KopHel A, A, ciexyer pasznuuaTb
TPH CiTydast, KKIbIH U3 KOTOPBIX Oy/IeT Jajiee pa3oOpaH.

Ilpumep 3.
TpeOyercss HaiiTu oOmiee pemieHre cuctembl auddepeHITnaTbHBIX
YpaBHEHUI

%:2x1+2x2,
%:xl+3x2

Xapakrepuctudyeckoe ypaBuenue (16) mpuHumaeT BUI:

2-4 2 2
| g =0 = £-5144=0 = i=A=1 ww i=},=4

HOHy‘{I/IHH ABa pa3JIMIHbIX HCI;'ICTBHTCHBHBIX COOCTBEHHBIX 3HAUCHMS.

[Ipu A, =1 cucrema (17) s paccMaTpuBaeMoid 3a/1a4i MPUHUMAET BHUI:

(2=p, +2p, =0 & p+2p,=0 & =-2
p1+(3_1) p2 =0 p1 pz - pl - pz'

[Monaras p, =1, nonydum p, =—2. Bo3HUKaeT 4aCTHOE PELIEHUE CUCTEMBI
| =2
X, =e :
1

10



ITIpu A, =4 cucrema (17) nia paccmMaTpuBaeMon 3a1a4 IPUHUMAET BHJL:

(2-4)p,+2p, =0
p1+(3_4)p2 =0

[Tonaras p2 = 1, IMOJIy4YHUM pl =1. Bo3Hukaer yacTHOE PCHICHUC CUCTCMBI

1
X, = e‘“{ }
1

Hcnonb3ys Beipakenue (15), moctpoum oodliiee penieHue cHayana B MaTpUYHOM

BUJIC
t -2 at 1
X=Ce +C.e ,
1 1

a 3aTeM — B CKaJIApHOH (hopMme

pl_p2:O = p1:p2'

t 4t t 4t
X, =—2Ce +C,e", X,=Ce +C.e".

Ilpumep 4.
TpeOyercss HaiiTu oOliee pemieHre CcucTeMbl IudQepeHIraIbHbIX
YpaBHEHUI

% =X, —2X,,
dx,
e

CocTaBuUB U pEIIUB XapaKTEPUCTUUECKOE YPABHEHUE, TOTYyYHM:
1-4 -2
1 -1-4

HOJ’Iy‘iHJ’IH KOMIIJICKCHO COIIPsAKCHHBIC COOCTBEHHBIC 3HAYCHUS.

0 = -(1-2)+2=0 = AF+1=0 = A=4,=+H.

ITpu A =1 cucrema (17) mist paccMaTpuBaeMoi 3a1aui PUHUMAET BHUI:

PR ST T

pl +(_1_i) pz =0

[Momaras p, =1, momyunm p, = (1+1). Bo3HuKaer yacTHOE penIeHUE CHCTEMBI

e L 1+i cost+isint+icost—sint
X, =exp(it) = (cost +isint) = . :
1 1 cost+1sint

11



Boinenss 1eUCTBUTEIBHYIO U MHUMYIO YaCTH PELLIEHUs, I0JTyYUM

cost—sint| _|sint+cost
X, = +1 ) :
cost sint

cost sint

caMHU SBJIIFOTCSA JIMHEHHO HE3aBUCUMBIMM YaCTHBIMM PEIICHUSMH JAHHOU
cuctembl AudepeHInanbHbIX ypaBHeHUH. Vcnonp3yst 3TH 4acTHbBIE pelIeHHUs,
IIPEICTaBUM OOLIEE PELIEHUE CUCTEMBI B BUZE

. cost—sint sint +cost
JleiicTBuTenpHas 4Jacth U = U MHHMas 49acth V =

X=CU+C,V.
Torma
cost—sint sint +cost
x:c{ }c{ | }
cost sint

HaiinenHoe pelieHre MOKHO Tak)Ke MPEICTaBUTh B CKAJIAPHOU hopMme
X, =C,(cost—sint)+C,(sint+cost), x, =C cost+C,sint,
a 3aTe€M CrpylIUpoBaTh B KOMIIOHEHTaX PEIICHUs MOJJOOHBIE ClaraeMble:
x, =(C,+C,)cost+(C,—-C))sint, x,=C, cost+C,sint.
Ilpumep 3.

TpeOyercss HaiiTH oOlIee pemieHre CcucTeMbl audQepeHIraIbHbIX
YpaBHEHUU

dx
d—tl:5x1—x2,
%:xl+3x2

CocTaBuB U pEUINB XapaKTEPUCTUUYECKOE YPABHEHHE, TOTyYHM

‘5—2, -1

- /1‘:0 = 2-G(+3)1+6-3-(-1)-)=0 = P -81+16=0 =

= (A-4°=0 = 4,=4

HOJ'Iy‘—II/IJ'II/I JABa paBHBIX I[ef/'ICTBI/ITeJ'IBHBIX COOCTBEHHBIX 3HAYCHHSI.
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C yuetoM coOCTBEeHHOTo 3HaueHHs A =4 mpencTtaBuM HCKOMOE obIee

peIlIeHHe CUCTEMBI B BUJIC
t+a
X =gt &% | (18)
b,t+b,
3necws a,,8,,b,,b, - Heonmpenenennsle koHcTaHTHL. [loacTaBum Beipaxkenue (18)
B MaTpuuHy10 ¢opmy 3anucu cuctemsl (14). Ilomydum:

e4t{4(alt +a,)+ al} _ {5 —1} . e4t{alt + ao}
4(bt+Db,)+Db, 1 3 bt+Db,
dat+(4a, +a,) (5a, —b)t+(5a, —Db,)
{4b1t +(4b, +b,) } B {(al +3b)t+(a, + 3b0)}
Torma
{4a1t +(4a,+a,) = (53, —b)t+(5a, —b,), (19)
4Abt+(4b, +b) = (a, +3b)t+(a, +3b,).

Cucrema (19) no3Bossier yCTaHOBUTh MEXAY HEONpPEAEIEHHbIMU KOHCTaHTaMU
a,,a,,b,b, Takme 3aBuUcuMOCTH, TpH KOTOpHIX BhIpaxkeHue (18) Oymer
IIPEJCTaBIIATh 00Iee peIIEHUE JAHHOW CUCTEMBI.

[ToTpebyem, uTOoOBI mepBoe ypaBHeHUE cucTeMbl (19) yaoBieTBOPSIOCH
Ipy BceX 3HaueHUsX aprymeHta t. Jlis 3Toro HeoOXOAUMMO M JIOCTATOYHO,
yTOOBI OBUIM paBHBI KOA((UIMEHTHI MPU OJIMHAKOBBIX CTEIECHSIX apryMEHTa B
JIEBOM M MpaBoy yactax. [loayunm cucreMy ypaBHEHHN

4a, =5a, b,
{al al 1 (20)

4a,+a, =5a, —b,.

Cucrema (20) — HeonpenenenHas. BeipasuM ¢ e€ moMoIbl0 KOHCTaHTH D, D,

{bl ~& (21)

b, =—a, +a,.

h = —

yepes a,, a,. [Tomyunm:

Ilpumeuanue: Ecnu paccmompems emopoe ypasnenue cucmemst (19), mo mol

ROYYUM OISl C8A3ell Medcoy KoOHcmawmamu my owce cucmemy (21). I[lposepky

9MO20 YMBEPIAHCOCHUSL PEKOMEHOYEMC sl GbINOTHUMb CAMOCMOAMENbHO.
[Tonaraem nanee, uto a, =C,, a, =C,. Bennuunel C, C, BbIcTynator B

PO HEONIPEACIICHHBIX KOHCTAHT MHTCTPUPOBAHUS B O6H_IGM PEIICHUN
CHCTCMBHI.
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Torna BeIpaxkenue yist oomiero pemenus (18) mpuHUMAaET BUA
X — e4t |:Clt + C2 :|
Ct+C,-C,
B ckamsipHO#t hopme ob11Iee perieHne TaHHONH CUCTEMBI MPEACTABIISICTCS B BUJIE

=e"(Ct+C,)), x,=e"(Ct+C,-C).
Xl 1 2 2 1 2 1

J171s1 BBIpaOOTKU HaBBIKOB PEIICHUSI CUCTEM JIMHEHUHBIX MU PepeHInanbHbIX
YPaBHEHUN PEKOMEHIYETCS CAMOCTOSITENIEHO BBINIOJHUTD CIEAYIOLIEE 3a/IaHuE.

3aoanue 3.
Haiitu oOmee pemenue cuctemsl AUQdepeHInaIbHbIX YpaBHEHUI

%z—xl+3x2, %:4xl+x2,
dt dt
1) 2)
% = 2X % = —2X, +5X
dt i a
%— X, —2X ax, _ 5X, —4x
— M T ey T V™M T T A
dx dx
——2 =-3X, +6X,. —2 =-2X, —3X,.
L dt ol
(d [dx
d—t1:6x1+3x2, d_t1:3Xl_2X2’
5) 6)
dx, dx,
E:—Bxl—sz. E:2xl+8x2.
[ dx dx,
M By — =X, +2X,,
o 5x, —8X,, dt 1 2
7) 8)
ax, _ 3x, —3X dx, _ X, + 3X
| dt - 1 2" dt 1 2"
dx, dx
—L=—4X +X,, —L=—X,,
dt P dt ’
9) ; 10) g
P - ox —x, P _ox +2x,
dt dt
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5. YPABHEHUA, JOIIYCKAIOIIUE HOHUKEHUE ITOPSA KA

1.  O6mee pemenue ypaBHenus Buga Y™ = f(X) MOkHO moy4nTH IyTEM
HIOBTOPHOT'O MHTEIPHUPOBAHHUS PABOM YaCTH.

Ilpumep 6.
Haiitu o6mee pemenue ypasaenus y© = sin 2x.
[Tomyunm:

y? =sin2x = y(2’=_710052x+C1 = y’=_713in2x+C1x+C2 =
1 X?
= y:§0052x+C1?+C2x+C3.

(k)

2. O6mee pemenue ypapuenus suga F(X,y“,...y™) =0 MoxHO moIy4nTs

MyTeM BBEJICHUSI HOBOM HEM3BECTHON (DYHKIIMU

y© =12(x). (22)
Jlnst 3T0¥ (DYHKLIMHU MOTYYaeTCsl BCIIOMOTaTeIbHOE YpaBHEHUE

F(x,z,...2") =0,

MOPSIJIOK KOTOPOTO MEHbIIIE, YeM MOPSA0K HCXOAHOTOo ypaBHeHus. [lomyuus
oOliee perieHre BCIIOMOTaTeIbHOTO YpaBHEHUS, MOJCTABIsIEM €ro B IMPaBYIO
4acTh paBeHCTBA (22). 3aTeM BOCCTaHABIMBaEM UCKOMYIO (pyHKIHIO. [1s1 aTOTO
UHTErpupyeM ypaBHeHHE (22) Tak, Kak OBUIO IOKa3aHO paHee B JaHHOM
paszfene.

Ilpumep 7.
Haiitu obiee perrenue ypasaenus: Xy + Yy + X =0.

[Tomyunm:
Xy"+y' +x=0 (nonacasy' =2(x)) =

1 .
= 7'+=2=-1 (1uneiinoe ypasHnenue nepeoco nopsoka) =

X
2
= z:&—5 = y’:&—i = y:C1Inx—X—+C2.
X 2 X 2 4
3.  Vpasuenue Buma F(Yy,y',...y""”)=0 He comepkuT SABHBIM 00pa3oM

HE3aBUCUMYIO TepeMeHHYI0 X. TIopsiiok Takoro ypaBHEHHS MOHM)KACTCS Ha
CIMHUILY, €CITU MPUHTH, uTo Y = P(Y). B kadecTBe mpumepa Haiiaem oOiiee

pelIEeHNE YPAaBHEHMUS:
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Ilpumep 8.
Haiinem obmee pemrenue ypapuenus 1+ (y')" = yy”.
[Tosyunm:

' " dp dy 1 Zpdp
1 2: 1 2: —_— 2 =
+(y') =yy" = 1+p Yy P = Iy 21 o

= %In(1+ pz):lny+InC1 = 1+p*=(Cy) = y=%/Cyf-1 =

dy 2
- [ C.y++(Cy —1‘:iX+C.
,[ /7(C1y)2 1 1 ( 1 ) 2

[Tomyuynnu 001K HHTErpall JAHHOTO YPAaBHEHHUS.

:ijdx = iIn
Cl

Jlns  BbIpaOOTKM  HABBIKOB  TMOHIKEHHUS  MOpSAAKAa [pPU  PEIICHHH
U pepeHInaNbHbIX YPaBHEHUNH PEKOMEHIYETCS CAMOCTOSITENBHO BBIOIHUTH
CJIEAYIOIIEE 3aJaHUE.

3aoanue 4.
Haiitu obiiee pemenue nuddepeHnnantbHOro ypaBHeHUS.
1) yllyS — 1. 2) ym — (y!!)S.
3) (x=Dy"—y" =x(x-1)°. 4) @+x3)y"+(y) +1=0.
5) vy +(y)? =0. 6) xy"= y'|n(lj.
X
7) A-x)y"=xy" 8) xy"+y =x
9) xy"+y"=1+x 10) y”=—§.
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