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BBEJAEHHUE

Pemienrie 0OBIKHOBEHHBIX AU (PEpeHITUATBLHBIX YPaBHCHUHN  SIBISETCS
pazzmenoMm Kypca «MaremaTuka», MPEIyCMOTPEHHBIM TOCYJapCTBEHHBIMU
o0pa3oBaTeNbHBIMH CTaHIAPTAMH TOATOTOBKH CIEIHAIMCTOB U OaKajlaBpOB.
BaxxnocTh 3TOrO pasnena oObACHAETCS TEM, YTO C MOMOIIBIO TAKUX YpaBHEHUH
MOJICJIMPYIOTCSI MHOTHE IMPOLIECCHl B 3a/ladyaX €CTECTBEHHBIX HAyK M TEXHUKE.
Jlst mpumnokeHnii HanboJiee UHTEPECHBI 3a/1a4i ¢ HAYAJIBHBIMU WJIM KPACBBIMHU
yclIoBUSIMHU. B Takux 3a7jauax Hapsay ¢ TOUHBIMU aHATUTHYECKUMU PEIICHUSIMU
[1,2] wucnone3yroTcs Takke MNPHONMIKCHHbIC AHAJIMTUYCCKUE pEIICHUS W
YHCIIEHHBIEC pellieHus. B HacToslee BpeMs MUPOKO UCHOIb3YIOTCS pa3inyHble
NaKeThl TMPHUKJIAIHBIX TpOTrpaMM, Takux, Hampumep, kak Mathcad, Maple,
MatLAB. Vcnosib3oBaHHe 3THX IMAKETOB B YYEOHBIX Kypcax OOCyKaaeTcs,
Hampumep, B y4eOHBIX mocoOmsx [3,4]. YcmemmHoe HCHOIb30BaHUE TAKETOB
NPUKJIATHBIX TPOrpaMM BO3MOXKHO TOJBKO TPAMOTHBIMH TIOJH30BATEIISIMHU,
KOTOpBIE TMOHUMAIOT MOCTAHOBKY 33/Jaud U BIAJCIOT PA3IMYHBIMH METOJaMU
pemienusa. Hacrosmme MeToauueckwe — yKa3zaHUS —MpEAHA3HAYCHBl IS
MPOBEJCHUS MPAKTUYECKUX 3aHATHI U OPTaHHU3AI[MN CAMOCTOATEIHHOU PabOThHI
CTYJEHTOB C LIETIbIO BEIPAOOTKHU y CTY/I€HTOB HABBIKOB PEILEHUS THUIOBBIX 33134
¢ OOBIKHOBEHHBIMU A DepeHITnaTbHBIMI YPaBHEHUSAMH.



1. HAYAJIBHBIE ITOHATHUA O JTUOPPEPEHIIUAJBHBIX
YPABHEHUAX

Jlugppepenyuanvroe ypasnenue — 310 COOTHOIICHUE BUIA

F(x,V,Y,...,y™)=0. (1)

3nechk: X - HE3aBUCUMas IIepeMeHHas (apryMeHT), Y — UCKoMasi PYHKIIHSI 3TOTO
aprymenra, VY',...,y" - mnpomsBomHble ucKOMO# (QyHkmuu. JleBas uacTh

paBeHctBa (1) sBusercs 3amaHHOM (yHKUMEH CBOMX aprymeHToB. B
OONBIIMHCTBE 3a7a4, KOTOPhIE BO3HHUKAIOT B €CTECTBEHHBIX HAayKaX W
TEXHUYECKUX MPUIIOKECHUSIX, 3Ta QYHKIIUS SIBJISICTCS HETPEPHIBHOM.

[Topsimok cTapiieil mpou3BOAHOW, BXOAsIIEeH B ypaBHeHue (1), Ha3bIBaIOT
nopsiokom ouggepenyuanvHo2o ypasHenus. B €CTECTBEHHBIX HayKax W
TEXHUYECKUX MPUIIOKECHUSIX Yallle BCTPEUAIOTCS YPaBHEHUS MTEPBOTO MOPSIKA

F(x.y,y)=0
¥ YpaBHEHHS BTOPOTO MOPSIKA
F(x.y,y,y")=0.
Pemnth ypaBHenue (1) — 3HAYUT HAWTH (QYHKIHMIO, KOTOpas IpU

MOJICTaHOBKE B nudepeHnranibHoe ypaBHEHHE O0O0paiaer TmocleaHee B
TOXJIECTBO TIPU BCEX JOMYCTUMBIX 3HAYEHUAX apryMeHTa. Takux QyHKIui
OKa3bIBaC€TCSI HE OfHA, a Ieloe cemeicTBo. [Ipu »TOM MBI HaxoguM obOusee
peuterue nuddEepeHITMaTLHOTO YPaBHEHH. JTO PEIIeHNe MOXHO MPEJCTaBUTh
B BUJIC

y=y(x,C,...,C). (2)
3nece C,,...,C — npoussonrvuvie nocmosnHvle UHMESPUPOBAHUS, YHUCIIO

KOTOPBIX COBIAJAeT C MOPSAKOM ypaBHeHHUs. Vckomoe cemelcTBO (yHKIUI
MOJKET OBITh TaK)KE HAlJICHO B HESIBHOM BH/IE:
@(x,y,C,,...,C )=0. (3)
PaBenctBo (3) onpenenser odwuti unmezpan Ou@d@epenyuaibHo2o ypasHeHusl.
YucnoBble 3HAYEHUS KOHCTAHT HMHTETPUPOBAHUS OIPENCTSIOTCS, €CIU
HapsAy ¢ ypaBHeHUeM (1) 3amaHbl HauanvHble yciosus
Y)=Yor Y'(X)=Yo o o YT(X) =Y (4)
Uucno HavalbHBIX YCJIOBHM JIOJDKHO PpaBHATHCA NOPANKY ypaBHeHHs. B
HAaYyaJIbHBIX YCJIOBUAX MOTYT OBITh 3a/laHbl 3HAYEHHMsS] UCKOMON (yHKIMH, a
Takke €€  MPOM3BOJHBIX, MOPSAJOK  KOTOPBIX  MEHbIIE  MOpsJKa
nuddepeHnMansHOr0 ypaBHeHHs. YpaBHeHue (1) BmecTe ¢ HadadbHBIMHU
yCIOBUSIMH (4) MPEACTaBISIIOT CO00M 3adauy Kowwu (3adauy ¢ HauanbHbiMu
yenosusimu). TIpy pellieHur Tako# 3a7aun CHavalla Imojly4aeTcs o0iee peieHme
(2), 3areM Ha OCHOBaHWUHM YCIOBUH (4) COCTaBIAETCS CHCTEMa YpaBHEHUM
oTHOCUTENBHO HemsBecTHBIX C,,...,C . Pemenme osrtoii cucremnr C/,...,C°
nojcTaBisieTcss B obmiee pemenue (2). B pesymbrate momydaercs uacmuoe



peuwenue ypaBHenus (1), yIoBIETBOpsIOIIEe HadYaldbHBIM YCIOBUIM (4).
YacTHOE pelieHne MpeAcTaBsieT co00i OMpeeieHHYI0 (YHKIUIO apryMEeHTa
X. Dta (yHKIMS MOXET OBITh 3a/laHa HesIBHO. B 3TOM ciydae moirydaercs
yacmuwlil uHme2pal oughghepeHyuanbHo20 YpasHeHusl.

Bompocel cymiecTBOBaHUST W €IUHCTBEHHOCTH pEUICHHS 3aJaddl  C
HaYaJIbHBIMH YCJIOBHSIMH PacCMOTpPEHBI B yueOHO# nutepatype [1,2]. B pamkax
JTAHHBIX METOJMYECKUX yKa3aHWi 3aMETUM TOJIBKO, YTO B OOJILIITMHCTBE 3aj1ad,
CBSI3aHHBIX C WH)KCHEPHBIMHU TPWIOKCHHUSIMH, CYIIECTBYIOT PEIICHUS, TPUIEM
CIMHCTBEHHBIE.

PaccmoTpum manee pernieHnsi HEKOTOPBIX TUTIOBBIX 3a]1ad.

2. JUHEWHBIE YPABHEHMS IEPBOT'O MOPSIIKA. METO/I
BAPUALIMU TPOU3BOJILHOM MOCTOSIHHOM

[TycTs Tpebyetcs nns auddepeHunansHOro ypaBHEHHs BUAa

y'+ p(x)y = f(x) (5)
HAWTH PELICHUE, YAOBIETBOPAIOIIEE HAYAIBHOMY YCIOBHIO
Y(X,) = Y, (6)

VYpaBHenue (5) comepKUT UCKOMYIO (DYHKITUIO Y W NMPOU3BOAHYIO Y' B MEPBOii
crerienn. Takum o0pa3oM, ypaBHeHUE (5) — JIMHEMHOE ypaBHEHHE MEPBOIO
nopsiika. Haimume cBOOOJHOTO Cl1araeMoro AesnaeT ypaBHEHUE HEOTHOPOIHBIM.

OpHUM U3 METOAOB OTBHICKaHUS OOIIEro pPEIIeHMs ypaBHEHUS (5) sBIAETCS
Memoo eapuayuu npou3eobHOU nocmosnHou. IlpuMeHene 3Toro MeToja Jyist
petenus 3agaun Buaa (5),(6) MOSICHUM CJIEIYIOIIMM ITPUMEPOM

Ilpumep 1.
Tpebyercs peminTh ypaBHEHUE
, N 2
y+oy=— (7)
X" X
IIp1 HA4YaJIbHOM YCJIOBUH
y@®) =0. (8)
1. PaccMOTpHM COOTBETCTBYIOIIIEE OJTHOPOIHOE YPAaBHEHHUE
y' + n y=0.
X
OTO ypaBHEHHE MOXKHO MPOUHTETPUPOBATH, PA3/IETIUB IEPEMEHHBIE:
ﬂ+ﬂy=0 - Yo Ny o jd—y:—jﬂdx = Iny|=-nIn|x+In A
dx X y X y X



B pesynbraTe nomyuum
A
y= X
2. Ucnons3yem mosiydeHHOE 00lliee pelieHne OAHOPOIHOIO ypaBHeHUs. bynem
UCKaTh 0011Iee pelieHre JaHHOTO0 HEOAHOPOJAHOIO YPABHEHUS B BUJIE
A(X)
y=—" ©)
X
llpumeuanue: Iloocmanoska na mecmo nocmoannou A Heuzgecmuou QyHKyuu
A(X) nazvieaemcs sapuayueli npou3B0aIbHOU NOCMOSHHOLL.

[Toncrapnsis Beipaxenue (9) B ypaBHeHue (7), MOIyIUM:

(@j DA 2 AGOX AT A2
X" x x" X x*" X" X
A AN A2 ag =2,

n+1 n+1 n
X

X X X

n

HuTerpupyem nojlyueHHOE ypaBHEHHUE, Pa3/IeUB IEPEMEHHBIE:

dAX) _
dx

2 = dA(X)=2dx = [dA(X)=[2dx = A(X)=2x+C.

[ToacTaBiisist mociieIHEE BRIPAXKEHUE B PaBEHCTBO (9), OTyduM:
_2x+C _C 2
T T e
B ¢opmyne (10) obiiee perieHue HEOJAHOPOAHOTO YpPaBHEHHUS NPEACTABICHO
KaKk CyMMa JBYX CJlaraéMbIX: TIEpBO€ COBIAAAaeT C OONIMM peIIeHuEM
OIHOPOJHOTO  ypaBHEHHS, BTOpPOE  SIBISETCS  YACTHBIM  PEIICHUEM
HEOTHOPOJHOTO YpaBHEHUSI.

(10)

3. Onpeenum 9UCIIOBOE 3HaUYCHUE TIOCTOSTHHONW C W3 HA4aJIbHOTO YCIIoBHS (8):

21tC 5 5 -2

1
Torz[a HNCKOMOC PCIICHUC 3ala4r C HA4YaJIbHBIM YCJIIOBUCM!
2(x-1)
yx) ===

JInst BBIpaOOTKH HABBIKOB PELICHUS JIMHEMHBIX YpPAaBHEHUN MEPBOro MOpsJKa
PEKOMEHAYETCS] CAMOCTOSITEIILHO BBIITOIHUTD CIEAYIOLIEE 3aJaHUE.



3aoanue 1.
HaiiTu pemrenne 3a1auu ¢ Ha4aJIbHBIM YCIIOBHEM

1) xy'-2y=x’¢", y() =e.
2)  (x+1y' -2y=(x+1)* y(0)=0.
3)  X’y'+2Xy=CosX, y(7)=1.
4  xy'+y=x+1 y(2) =0.

5)  y'cosx—ysinx=4x’, y(0)=1.
6) Yy —ycosx=2xexp(sinx), y(0)=r.

7 Xy +2xy =1, y()=1.
8) Yy +2xy=2xexp(—x?), y(0)=1.
9) 2xy'—y=2x"?cosx, y(z)=0.
10) y'+ ytgx=2XxCcosX, y(0) =4.

3. JUHEHHBIE YPABHEHUS BTOPOI'O IOPAJKA
C IIOCTOAHHBIMHU KOPPUIIMEHTAMUA

Pemenne muuelinoro nuddepeHnansHOr0 ypaBHEHUs BTOPOTO TIOPSAKA C
MOCTOSTHHBIMU KO3 (PUILIUEHTAMU
y'+py'+q=f(x), p,q=const

MOKET OBITh MOJIyUEeHO KaK CyMMa OOIIEro pEelIeHUs COOTBETCTBYIOIIETO
OJIHOPOJIHOTO YpaBHEHUS

y'+py'+q=0
M YacTHOTO pEIleHHs JaHHOTO HEOJHOPOTHOTO ypaBHeHHUS. UToObI HaiiTu
olmiee peleHHe OJHOPOJHOIO ypaBHEHMs, ompeaenuM KopHu K, K,
XapaKTePUCTHUECKOTO YpaBHEHUS

k?+pk+q=0

Y IPUMEHUM OJIHY U3 CTAaHJAPTHBIX (POPMYII:

Y, =Cie™ +Ce%, ecim k,#k,, k., k,eR,
yodu - ekx(Cl +CZX)1 €CJIn kl - k2 = k, k (S R ,
Yo = €7(C, cOSPx+C, sin Bx), ecim k,=axif, a,feR

YacTHOE pelieHne peKOMEHAYETCsl TIOCTPOUTh METOJIOM HEONpeIeIeHHbIX
K03 PHUIIMEeHTOB, OpHEHTHPYsICch To Buay (ynkuuu f(X) B mpaBoit wactu
ypaBHeHUs. Hamboiiee pacmpocTpaHEHHBIC CIlydad pPacCMOTPEHBI B y4eOHOM
nocoouu [2]. PaccmoTpum najee mpumep.



Ilpumep 2.
Tpebyercs HaliTu ob1Iee pemeHne auddepeHIIMaTbHOTO YPaBHEHUS

y"'—4y' +5=2e* (11)
N 4aCTHOC pCHICHI/IC, y,ZLOBJ'ICTBOP}II-OH_ICC HadYaJIbHbBIM YCJIOBI/IHM
y(0)=2, y'(0)=-3/4. (12)

1. CocTaBuM M PENINM XapaKTEPUCTHUECKOE YPaBHEHHE:
k?—4k +5=0 = (k-2)?+1=0 = k,=2%+i.
Torna
y,,, =€”(C cosx+C,sinx)
— 00111ee peleHne OQHOPOIHOTO YPaBHEHHSI, COOTBETCTBYIOIIETO JaHHOMY.

2. Ucxons w3 Buaa mpaBoil yacTu ypaBHeHus (11), OyaeMm HCKaTh 4acTHOE
perienue >Toro ypasaenus B popme Y = Ae™. Torpa:

(Ae™) —4(Ae™) +5Ae™ = 2™ = 9Ae™ —12Ae™ +5Ae™ = 2™ = 2A=2.
[Monyunmu A=1, cnenosarensho, Y = e,

3. Ob1ee pemieHre JaHHOTO HEOJHOPOAHOTO YPAaBHEHHUS IPE/ICTABUM B BUJIE

y=y, +Y.
B pesynbrate monydnM obliiee perieHue:
y =e”(C,cosx +C,sin x)+e*. (13)

Huddepenunpys Boipaxkenue (13), Haxoaum:

y' = 2e”(C, cos x +C, sin x)+e* (- C, sin x+ C, cos x)+ 3e™".
YuuteiBaeM HadajabHbIC yeaoBus (12):

2=¢°(C,cos0+C,sin0)+e’,

—% =2e°(C, cos0+C,sin0)+e’(—C,sin0+C, cos0)+3e°.

Torpa
Cl + 1 = 2, C]_ = 11
f—
2Cl+C2+3=—3/4 C2=—23/4.
[Tosyunnum yacTHOE pelieHre, YAOBIECTBOPSIONIEE HAYAIbHBIM YCIOBUSIM:

y(x) = ezx(cos X —?sin xj +e*,

JI1st BbIpaOOTKM HABBIKOB PEIICHMS JIMHEHMHBIX YpaBHEHUN BTOPOTO MOPSJKA C
NOCTOSIHHBIMUA KO3((ULIUEHTAMH PEKOMEHAYETCS CaMOCTOATEIbHO BBITIOJIHUTD
cienyroliee 3ajiaHue.



3aoanue 2.

Haittn peIICHUC 3aJa91 C HAYAJIbHBIMHU YCJIOBUAM

1) y"-9y=e”,

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

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

4)  y"+3y' +2y=1+x+X°,
5  y"+2y' +5y=13e*,
6) y"-2y'-8y=16x+4
7)  y"+4y'-12y =8sin2x,
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.
y(0)=0, y'(0)=1.

y(0)=1 y'(0)=4.
y(0)=2, y'(0)=6.
y(0)=0, Yy'(0)=0.
y(0)=1, y'(0)=0.
y(z12)=4, y'(zl2)=1.
y(0)=3, y'(0)=09.

4. CACTEMBbI JUPDPEPEHIIUAJIBHBIX YPABHEHUI

Paccmorpum  nanee

3amaqy

00 oOmeM  pemeHuH  CHUCTEMbI

muddepeHIManbHBIX YpaBHEeHUH. OrpaHuYuMcsl ClIydaeM, KOT/ia BBIMOJHSIOTCS

CJIEIYIOIUE YCIOBUSA:

1) cucremMa COJOCPXKUT ypaBHEHUS TMEPBOTO TMOPSIKA, pa3pellCHHbIC
OTHOCHUTEJIBHO MPOU3BOIHBIX;
2) He3aBHCHMas NIEpEeMEHHasl HE BXOJUT SIBHO B YPABHEHMS;
y ;
3) ypaBHCHHS JIMHEHHBIC C MOCTOSHHBIMH KOA(PPUITMCHTAMH, OJTHOPOTHBIC.
CucremMa MpuHUMAET BUJT
dx,
E = allxl +...a1an,
ax,
dt—%&+m%JW

3n1ech uepes X,

I =1,...n 0003HaYCHBI HICKOMBIC (DYHKITHH.

Bo3moxHa Taxke MaTpuyHasi opMa 3arucu CUCTEMBI

3nech

X _ ax. (14)
dt
all a‘ln
, A=
a a



O6miee pemenue cucremsl (14) monmyckaer npecTaBieHue
X=CX,+...C X . (15)
B ¢opmyne (15) C,,...,C_ — mpou3BOJbHBIE MOCTOSHHBIE HHTETPUPOBAHWS,

Xl, ceey Xn — JIMHEWHO HE3aBHUCHMBIC 4YacCTHBIC pEeICHUA CHUCTCMBI. YacTHbIC
peICHUs MOKHO HalTH B BUC
Py
X, =exp(4t)| @ |=exp(AD)P, i=1...n.
P

3necb A,...A, — cOOCTBEHHbIE 3HAUEHUS MaTpulbl A, KOTOpbIE MOJIY4YarOTCs
KaK KOPHU XapaKTEPUCTUIECKOTO YPaBHEHUS

det(A-AE) =0. (16)
Bektop-cronbery P, sBHsfeTCS HEHYJEBBIM PELIEHHEM HEOIPEIEICHHON
CUCTEMBI JINHEWHBIX alreOpandeckux ypaBHEHUH.

(A-A1E)P=0. (17)

PaccmoTpum npumeps! mipu N = 2. Toraa xapakTepuCcTHUECKOE ypaBHEHUE

(16) — xBampatHOoe. B 3aBucMMoOCTH OT BHIA KOpHEH A, A, clieiyer pa3nuyarb
TPH CIIydasi, KaXIbli U3 KOTOPHIX OyeT nanee pazoOpaH.

Ilpumep 3.
Tpebyercs Haiitu oOmiee pemeHHe CcUCTEMbl Aud@epeHnanbHbIX
YpaBHECHUU

% =2X, +2X,,
% = X, +3X,.
Xapakrepuctudeckoe ypaBaenue (16) mpuHumaeT Bu:
2—-4 2
‘ 1 3 /1:0 = X-51+4=0 = i=4=1 ww Ai=1 =4

HOJIy‘-II/IJ'II/I JABa Pa3JIMIHbIX I[eﬁCTBHTeHBHBIX COOCTBEHHBIX 3HAUYCHHUS.

Ilpu A, =1 cucrema (17) ans paccMaTpuBaeMoii 3a1a4 IPUHUMAET BU/T;

(2-1)p, +2p, =0
2p, =0 —-2p,.
{pl+(3—1)p2=0 p,+2p, =0 & p,=-2p,

[Tonaras p, =1, nonyuum P, = —2. Bo3HMKAET YaCTHOE PELLIEHUE CUCTEMBI
| =2
X, =e :
1

10



ITpu A, =4 cucrema (17) ans paccMarpuBaeMoi 3ajauy IPUHUMAET BU:

{(2—4)p1 +2p, =0
pl +(3_4) pz =0
[Tonmaras p, =1, monmyunm P, =1. Bo3HUKAET 4aCTHOE PELIEHUE CUCTEMBI

1
X, = e‘“{ }
1

Hcnoneiys Beipakenue (15), moctpoum oOiiee penieHnue cHavajaa B MATPUYHOM

BHUIC
1 2 4t 1
X=ce'| “|+ce*”|
1 1

a 3aTeM — B CKaJsIpHOM opme

pl_p2:O < P, =P,

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

Ilpumep 4.
Tpebyercs Haiftu oOmiee pemeHHe CcUCTeMbl Aud@epeHnanbHbIX
YpaBHEHUU

%:xl—ZXZ,
dx,
szl—xz.

CocTaBUB U pelINB XapaKTEPUCTUUECKOE YPABHEHUE, TOTYUHM:
-4 =2
1 -1-2

HOJIy‘-II/IJ'II/I KOMIIJICKCHO COIIPS’KCHHBIC COOCTBEHHBIE 3HAUCHMS.

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

[Mpu A =i cucrema (17) 1 paccMaTpuBaeMoOM 3a/1a4ll MPUHUMACT BHI:

[oRT ol < naein

p1+(_1_i)p2 =0

[onaras p, =1, nomyaum p, = (1+1). Bo3HnKaeT yacTHOE pemIeHHE CHCTEMBI

EREEN o 1+1 cost+isint+icost—sint
X, = exp(it) = (cost +isint) = . :
1 1 cost+1sint

11



BI:I,Z[CJI}I}I I[CﬁCTBI/IT CJIBHy}O nu MHI/IMYIO qgaCcTu pCIIIGHI/I}I, HOJIy‘H/IM
cost—sint| |sint+ cost
X, = +1 i :
cost sint

. cost—sint sint +cost
HeitctBurensHas yacth U = 1 MHHUMas 4acth V = .
cost sint

CaMM SIBJISIFOTCS JIMHEMHO HE3aBUCUMBIMU YAaCTHBIMU PELICHUSIMU JTaHHOU
cucteMbl AuddepeHnanbHbIX ypaBHeHU. VIcnonp3ys 3TU YacTHBIE pElIeHMUS,
MPEICTaBUM OOLIEE PEIICHNE CUCTEMBI B BUJIE

X=CU+C,V.
Torna
cost —sint sint + cost
X:Cl +C2 - .
cost sint

HaiinenHoe pelieHre MOKHO Tak)Xe MPEJACTaBUTh B CKAJIAPHON hopMme
X, =C,(cost—sint) +C,(sint+cost), x,=C, cost+C,sint,
a 3aTCM CIpYIIIKMPOBATh B KOMIIOHCHTAX PCIICHUA HOI[O6HI>IC cJlara€MabI€:
X, =(C,+C,)cost+(C,-C,)sint, x,=C, cost+C,sint.
Ilpumep 3.

Tpebyercs Haiitu oO0miee pemeHHe CcUCTEMBbl Aud@epeHnanbHbIX
YpaBHEHUM

dx
d_tl =5X, — X,,
ddxtz = X, + 3X,

CocTaBUB U pEIIMB XAPAKTEPUCTUYECKOE YPABHEHHE, ITOTYYUM

F—i ~1

1 3 JZO = X-(6+34+(6-3-(-))=0 = Fr-81+16=0 =

= (A1-4°=0 = 1,=4

HOHy‘-II/IJ'II/I ABa PaBHBIX I[eﬁCTBHTeHBHBIX COOCTBEHHBIX 3HAYCHHUS.
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C ydeToM COOCTBEHHOIo 3Ha4YeHUss A =4 mnpeacTaBUM HCKOMOE oOIiee

pELIeHNE CUCTEMBI B BUE
at+a
X=e" 1 7| (18)
bt+Db,
3necsy a,,a,,b,,b, - Heonpenenenusle KOHCTaHTHI. [loncTaBuM BhipaxkeHue (18)
B MaTpuuHyto Gopmy 3anucu cuctemsl (14). [Tomyunm:

A A@t+a)+a 5 -1| ,lat+a,
e = e =
4(bt+b,)+Db 1 3 b,t +b,
dat+(4a,+a,) | |(5a —b)t+(5a, b))
4bt+(4b, +b) | | (a,+30)t+(a, +3b,) |
Torna
{4@t+Mao+a)=(&y—bgt+6aw—mx 19)

4bt+(4b, +b) =(a, +3b)t +(a, +3b,).

Cucrema (19) no3BosisieT yCTaHOBUTH MEXKIY HEOIPEAECICHHBIMA KOHCTAHTAMM
a,,a,,b,,b, Takme 3aBucUMOCTH, HpU KOTOPHIX BbIpakeHue (18) Oyzmer
IPEJICTaBIISTH 001Iee pelieHNe TaHHOW CHCTEMBI.

[ToTpebyem, uTOOBI MepBoe ypaBHeHUE cuctembl (19) ymoBIeTBOPSIIOCH
Ipu BceX 3HadeHWsX aprymenta t. [lis sToro HEOOXOAMMO M JOCTaTOYHO,
qT00BI ObUIM paBHBI KOA((UIIMEHTHI TPU OJUHAKOBBIX CTEMEHSIX apryMeHTa B
JIEBOM U mpaBoM yactax. [lomyunm cucremy ypaBHEHUN

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

4a,+a, =5a, —b,.

Cucrema (20) — HeonpezneneHHas. BeipasuM ¢ e€ moMoIipi0 KOHCTaHTH b, b,

{Q:%’ (21)

b, =—a, +a,.

b =

yepes a,, a,. [Homyyum:

Ilpumeuanue: Ecnu paccmompems eémopoe ypaguenue cucmemol (19), mo moi

ROIYYUM Ol c8A3ell Mexcoy KoHcmauwmamu my e cucmemy (21). Ilposepxy

9MO20 YMEEPIHCOCHUS. PEKOMEHOYEMCs BbINOTHUMb CAMOCMOSIMENbHO.
ITonaraem nanee, urto a, =C,, a, =C,. Besmuunsl C,, C, BbICTynaroT B

PO HEONIPEACIICHHBIX KOHCTAHT MHTCIPUPOBAHUS B 06H_ICM PELICHUU
CHCTCMBI.
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Torna Beipaxkenue s oo1iero pemenus (18) npuHuUMaeT BUI

4t Clt+C2
X =e .
{CIHCZ—CJ

B ckanspuoit hopme ob11iee pelieHre JTaHHOW CUCTEMBI TIPEACTABISAETCS B BUJIC
x, =e"(Ct+C,), x,=e"(Ct+C,-C).

J151s BEIpaOOTKHM HABBIKOB PEIIEHUSI CUCTEM JTUHEHHBIX MU hepeHInanibHbIX
YpaBHEHHI PEKOMEHIYeTCsS CaMOCTOSTEIbHO BBHITIOIHHUTD CIEAYIOIIee 3a1aHue.

3aoanue 3.
Haiitu o01iee pernenue cuctemsl quddhepeHInaIbHbIX YPaBHEHUM

%Z—Xl-i-:sxz, %:4)(1—")(2’
D1 g 2 o

—2 =2X —2 = -2X, +5X,.

dt ' dt o

o _ X, — 2X o, _ 5X, —4x

- M 2 . T YN T 21

3) dt 2) dt

dx dx

2 = -3, +6X,. 2 =-2X, —3X,.

dt dt

dx, dx

—L =6X,_+3X,, —L =3x, - 2X,,

i=—8xl—5x2 i=2x1+8x2.

dt dt

dx dx,

e =58, gr = 2%
L dx 2 dx

dt2 = -3x, —3X, dt2 = X, +3X,.

dx, dx

—L =—AX +X,, —L =-X,,
9) O‘I“ 10) O‘ljt

dxtz =-2X, — X, X, _ 2X, + 2X,.
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S. YPABHEHMUA, JOITY CKAIOINME ITOHUKEHUE ITOPAIKA

1.  OOmee pemenue ypaBHenus Buga Y = f(X) MOXHO IOIydHTH IyTEM
IIOBTOPHOT'O MHTEIPUPOBAHUS IIPABOM YaCTH.

Ilpumep 6.
Haiitu o6miee pemenue ypasHenus y© =sin 2X.
[Tosyunm:

y? =sin2x = y(z’:_710032x+c1 = y':_Tlsin2x+C1x+C2 =

2

= y=%cost+Clx7+C2x+C3.

(k)

2. O6mee pemenne ypasaenus suga F(x,y",...y™) =0 moxHO0 nomyuunrs

IyTEM BBEJICHUS HOBOW HEM3BECTHOU (DYHKITHH

y© =12(x). (22)
Jlig 5ol (hyHKLMU NOJy4YaeTCsl BCIOMOIaTeIbHOE YPABHEHUE

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

HOPSAZOK KOTOPOTO MEHbINE, YeM MOPSAJOK HCXOMHOro ypaBHeHHs. [lomyuus
oOmiee penieHrue BCIOMOIaTeIbHOTO YpaBHEHHs, MOJCTABISIEM €r0o B IMPaBYIO
4acTh paBeHCTBA (22). 3aTeM BOCCTaHABIMBAEM HCKOMYIO (yHKIUIO. [ 3TOTO
UHTErprpyeM ypaBHeHHe (22) Tak, Kak ObUIO MMOKa3aHO paHee B JaHHOM
pazzaene.

Ipumep 7.
Haiitu oGmiee penienue ypaBaenus Xy' + Y + X =0.

[Tomyunm:
Xy"+y' +x=0 (noracasy'=z(x)) =

1 .
= 72'+=2=-1 (suneiinoe ypasnenue nepeoco nopsoka) =
X

C, X C, X X’
= I=—"-—- = y="*-— = y=ClInhx——+C,.
X 2 T2 Y= 4 7
3.  VYpasmenue Buma F(y,y',...y")=0 He comepXuT sABHBIM 00Opa3OM

HE3aBUCUMYIO TepeMeHHYI0 X. [lopsmok Takoro ypaBHEHUS TOHW)KaeTcs Ha
eIMHUILY, €CIi MPpUHTh, 4To Y' = p(y). B KadecTBe mpumepa Haiinem obiee

pelieHue ypaBHEeHHUS
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Ilpumep 8.
Haiinem o6mee penrenne ypapaenus 1+ (y')" = yy”.
[Tomyunm:

, , dp dy 1;2pdp
1 2: 1 2: —_— - =
+(y) =y = 1l+p ydyp = Iy 215 p?

- 3|n(1+ p?)=Iny+InC, = 1+p’=(Cy) = y=#/Cyf-1 =

—+Idx = iIn

:>J'\/7 C

[Monyuniu 061K UHTErpall JAHHOTO YPAaBHEHUS.

C,y ++/(Cy) —1‘ =+x+C,.

Jlns  BbIpaOOTKM  HABBIKOB  TOHIDKEHHMSI  TOpsAJKAa  MOpU  pPEUICHUU
mudepeHnanbHbIX YpaBHEHUNH PEKOMEHIYETCS] CaMOCTOSATEIbHO BBIMOJIHUTH
CIEAYIOUIEE 3aTaHUE.

3aoanue 4.
Haiitu 06Luee pemenue nudepeHITMaIbHOTO YPaBHEHUS.
1) y”yB : 2) ym — (y")B.
3) (x-1)y" —y’:x(x—l)z. 4) (1+x*)y"+(y)*+1=0.
) yy'+(y) =0 6) wy =y L)
X
7) (1_ X2)yu — Xy,. 8) XY"+ yl — X2.
9) xy"+y"=1+x 10) y”:—l,.
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