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BBEJAEHUE

AKTyanbHOCTh y4yeOHOW jauciuminHbl  «/luddepeHnuansaple W HHTErpalibHBIC
ypaBHEHMsI B GU3UKE» 00YCIIOBIEHA HEOOX0AUMOCTBIO (POpMUpPOBaHUS y Oy IyIIMX CHELIUATNCTOB
o0mienpodeccuoOHaNbHBIX KOMIIETEHLIUH, NPAaKTHUYECKUX YMEHHUH Ha KOTOpBbIX Oa3upyercs
npodeccuoHaIbHast AEATEIbHOCTD B (pu3HKe. B COBpeMEHHBIX yCIOBUSAX BAKHEUIIIMM 3JIEMEHTOM
MOJTrOTOBKM OaKaaBpoB B 00J1aCTH (PU3HKHU SBISIETCS (POPMHUPOBAHUE Y HUX CAMOCTOSITEIBHOCTH
U KyJIbTYypbl HAay4yHOIO MBIIIJIEHHS, CIOCOOHOCTH BECTM HAy4YHY0 M HPOPECCHOHATbHYIO
NeSITeIbHOCTh, HAaBBIKOB IIOCTAHOBKU 1IE€JIEH, 3ajau NP peIIeHUH TPOOIEMHBIX CUTYaLUH.

Leab0 npakTHYecKUX 3aHATHH sBisgercs GopMupoBaHue NPoQPecCHOHATBHBIX
KoMIeTeHIMi OakanaBpa 1o HampasieHuto 03.03.02 ®wusuka, CBA3aHHBIX C OCBOEHUEM
HE00X0/MMOr0 MaTeMaTUYEeCKOIro ammapara, € IOMOIIBIO KOTOPOro pa3padaThIBAIOTCS U
UCCIIEIYIOTCS TEOPETUYECKHE U SKCIIEPUMEHTAJIbHBIE MOJIEITN

OcHoOBHbIE 32/1a4H AUCHUIIUHBI:

Pa3BuTHe HaBBIKOB MATEMAaTUYECKOTO MBIIUICHHUS CTYIEHTOB.

— OByaieHue METOI0B UCCIICI0BAHUS U PELLICHHSI UCCIIEI0BATEIbCKUX 3a1au.

— BpIpaOoTka y CTy/I€HTOB YMEHHS CaMOCTOSATENIBHO PACIIUpPSTh CBOM MaTeMaTUYECKHE
3HAHUSI.

— Pa3BuTHe HAaBBIKOB WCIIOJNIb30BAaHUS MaTeMaTHYeCKHMX METOAOB W OCHOB
MaTeMaTHYeCKOT0 MOJICIMPOBAHUS B IPAKTHUECKON AEATEIbHOCTH.

B pesynbrare M3ydeHHs AMCLUMIUIMHBI y OOydarommxcs (GOpMUPYIOTCS Crenyromue
KOMITETEHIINH (B COOTBETCTBUU C 00pa30BaTEIIbHBIM CTAHIAPTOM):

N-lomk-1

WCTIOJB3YeT 3HAHUS (U3MUECKUX 3aKOHOB, IMPOIECCOB, SBICHHI, a TaKKe TOBEICHUE
¢u3nueckux OOBEKTOB NPHU PA3IUUHBIX BHEIIHMX YCJIOBUSAX, NPH PELIEHUH 3a7ady B CBOEH
npodecCHOHATBLHOMN 1EATEIbHOCTH.

NA-20mx-1

HCIIOJIB3YET MaTeMaTHYeCKHAI amnrmapar H METOAbI MaATEMATHUYCCKOT'O u YHUCIICHHOT'O
MOACIIUPOBAHUA [JI1 ONWCAHUA, aHalIn3a, TCOPETUYECKOIO M ISKCICPHUMCHTAJIBHOI'0 HUCCICAOBAHUA
(U3NYECKUX CHCTEM, SIBICHUI U MPOIECCOB B CBOCH MPO(ECCHOHATBHO JesITeNbHOCTH.

[enp maHHOTO MPAaKTHKyMa — OMUCAHUE TOCIIEA0BATEIbHOCTH, OCHOBHOTO COJEPIKAaHUS,
METOJMKH BBIMOJIHEHHS MPAKTUYECKUX 3aHATUH 10 y4eOHOMY Kypcy U (MJIM) CaMOCTOSITEIbHOM

NOATOTOBKHU K HUM. 3aHsaTusS IIpOBOAATCA B (I)OpMC MMPAaKTUYCCKUX.



PA3JIEJI 1. OBIHUE ITOHATUA JTUODPEPEHIIUAJ/BHBIX
YPABHEHUH. YPABHEHUSI IEPBOI'O MMOPSIJIKA.

Tema 1. O0mue cBenenns o nuddepeHINAIBLHBIX yPABHCHUAX. Y PABHEHHS €

PasaACIAOIIMMHACH TEPEMECHHBIMMA.

= ObvikHogenHbIM Oughepenyuanvhovim  ypaenenuem (O/]Y) nopsioxka N Ha3pIBaeTCs ypaBHEHUE,
CBA3BIBAIOIIEE HE3aBUCHMYIO IEPEMEHHYIO X, HCKOMYIO DyHKImI0 Y=Y(X) u ee npomssoausie Y,y ...,y
T.€. ypaBHEHHE BHJIA FX, v, Y.y ...y™)=0.
Mpumepnbr:  yy'=cos(x+y) —OHY 1-ro nopsuka;

y '+2y-y=e* — OV 2-ro nopsika.

[Mpu pemennn pa3mu4HBIX 33734 (U3UKH, XUMHH, OWOJIOTMH M JIPYTUX HAyK YacTO MOJb3YIOTCS
MaTeMaTHYeCKHMMHU MOJEIISIMU MPOLECCOB B Bue AuddepeHnaIbHbIX YpaBHEHUN. Tak, HanpuMmep, 3aK0H
pasMHOXKEHUsS OakTepuil (3aBUCHMOCTh Macchl M OakTepuil oT BpeMeHH t) OMUCHIBaeTCS ypaBHEHHEM
m =km (k >0).
= Pewenuem OJIY naswsiBactTcs muddepennupyemas GyHkmus Y=¢(X), Takas, 4TO MMOJCTAHOBKA 3TOM
(GbyHKLIUN BMeCTe C €€ MPOM3BOAHBIMU IO N-TO MOPSAKA BKJIIOYHMTENBHO B AaHHOe auddepeHnmanbHoe
ypaBHEHHE MpeBpaliaeT rnocjeaHee B BepHoe ToxkaAecTBo. [Iponecc oreickanus pemenust OJ]Y HazbiBaeTcs
ero unmezpuposanuem. I'padux pemenus: aupepeHInanbHOr0 ypaBHEHUS HA3bIBACTCS UHMESPANbHOU
KpU80Li 3TOT0 YpaBHEHHUS.

Ipumepsnr:

1) O®yukuust y = sin x sBisiercs peuieHueM ypaBaeHus ¥+ y = 0. OTMeTHM, 4TO 3TO pelIeHHe He
€JMHCTBEHHOE; TaK, QYHKIHMUA Y = COSX,y = 2sinx, y = 3c0SX — Sinx ¥ T.I. TaKKe SBISAIOTCS
pemenusamMu nanHoro OZY.

2) Pemennem mudhepeHIInaIbHOTO YPaBHEHHUS ) =X SIBJSIETCS IEPBOOOPa3Has PyHKIIUH X, TO €CTh JIF00as

2 X2
Gbynkuus Buga Y = 7 + C, rre C=const. ToBopsT, 4TO (pyHKIMS y= ? + C sBusercs obuum

peuterHuem TaHHOTO YPaBHEHUSL.
OOmwmii BUI 0OOBIKHOBEHHOTO TG GEepeHIINATEHOTO YPaBHEHHsI IEPBOTO MOPSIIKA:

F(x,y,y)=0.
3ameuanue. IlockonbKy yr:ﬂ, 3TO ypaBHEHHE MOXKET OBITh TaKXkKe 3alHCaHO B Juggepenyuanvhoi
dx
gopme: F(x, y, dx, dy)=0.

B aToM ciydae mepeMeHHbIE X M Y SBIISIOTCS PAaBHOMPABHBIMH, TaK YTO MPHU HEOOXOJMMOCTH MOXKHO
CUUTATh Y HE3aBUCUMOIl IIepeMeHHOM, a X=X(Y) — HICKOMOU (PyHKIIHCHH.

* Eciu 1aHHOE ypaBHEHHE YAAeTCsl pa3pelIiuTh OTHOCUTENHLHO ), TO MOJYYaeTcsi ypaBHEHHE IIEPBOTO
HOPSIJIKA, pA3PeUeHHoe OMHOCUMENbHO NPOU3BOOHON NI YPABHEHHE B HOPMAIbHOU opme:

y =f(xy). )
Hpumep. OJ1Y 1-ro nopsaka (X°+y?)-(x+y)y =0 moxkuo 3ammcats B Buge (X*+y?)dx-(x+y)dy=0, wm
, X4y’ Xty
=———,um X =———.
X+Yy X"+y

= [lycth TpeOyeTcs HaWTH Takoe pemicHue ypaBHEHHUS (1), KOTOpOoe YIOBIETBOPSUIO OBl HauanibHOMY
VCLOBUIO



y(xo)=yo (umm y‘x=xo = Yo, um y|Xo =Yo)

Takyto 3aga4y Ha3bIBAIOT 3a0ayeti Kowu.
I'eomerpuyeckn 3amava Komm o3Havyaer, 4TO WILNETCS MHTETpalbHAs KPHBas, MPOXOMAAIIAs depes3
3aJJaHHYI0 TOUKY (X0, o) Ha TuIocKoCTH XxOy.
Teopema. (cywecmsosanus u eOuncmeenHocmu peutenus 3aoaqu Kowu):
Ilycmo pynxyus f(X, y) onpedenena u nenpepuvisua 6 obracmu D, codeparcaweis mouxy (xo, yo) u,

Kpome mozo, umeem 6 Mot 001ACMU HEeNpepuleHyio YACMHYI0 npouzeoouylo — . Toeda

y'=f(xy),
y(X)=Yo

cywecmayem eourcmeaentoe peuierue 3aoauu Kowwu

Oty TeopeMy MBI IpUMeM 0e3 J0Ka3aTebCTBRA.

= Touku, yJOBIECTBOPSIONINE YCIOBHIO TEOPEMBI O CYIIECTBOBAHUM U €TMHCTBEHHOCTHU 3anaun Komwm,

HA3BIBAIOT npaguibibiMu. TOUYKH, HE YIOBICTBOPSIOIINE STOMY YCIOBHIO, HA3BIBAIOT 0COOBIMU.

Yepes 0co0yr0 TOUKY MOKET IPOXOJUTH JBE WIIK 00JIee HHTETPAIbHBIX KPUBBIX, MM HE MPOXOANUTH HH
0JTHOH (T.e. perreHue 3aaaur Ko MokeT ObITh HEe eTMHCTBEHHBIM WA HE CYNIECTBOBAThH BOBCE).

»  Obwum pewenuem ypauenus (1) naswiaercst pynkiws y=¢(X;C), 3aBHCAImAT OT MPOU3BOJIBHOM

nocTossHHOM C, Takasi, 4To:

1) oHa yIOBIETBOPSET JAHHOMY YPaBHEHHIO MIPH JTIOOBIX 3HAYEHHSIX TIOCTOSTHHOH C;

2) nyis mo00i# TouKH (Xo;)0) M3 OOJIACTH CYIIECTBOBAHUS W SAMHCTBEHHOCTH pelIeHus 3aaayn Komm mist
JTAHHOTO YPaBHEHHsI MOYKHO MOa00paTh Takoe 3HaueHHWe MocTosSHHOM Cp, uro ¢yHkiusa y=¢(X;Co)
Oy/eT yIOBIETBOPITh HAYAILHOMY YCIOBHIO J(X0) =Y.

Yacro obriee pemeHre AudpepeHIMaIbHOr0 ypaBHEHHS MOKHO MOJYYUTh HE B SBHOM BHJIC, & B BHJIC

TaK Ha3bIBAEMOTO 0Oujeco unmeepana ypasuenus: @(x, y)=C

=  Yacmuwim pewienuem ypaBHEHHS Ha3bIBACTCS PEILICHUE, TIOTY9aeMOe U3 OOIIETo pelIeH s IPU KaKoM-

60 3HaYeHNHU NOCTOSHHOM C.

IMpumep. Paccmorpum 3amaay Ko y'=1, 3(0)=0.

JIto6as neprooOpasHas GyHKIMU y=1 SBIISETCS PEIICHUEM JIAHHOTO YPAaBHEHUS:

N
yzjl-dx:x+C. y=x
Jlnst 1060T0 HAYAIBHOTO YCIOBHS 1(X0)=Vo MOYKEM HaWTH U3 paBeHCTBA y=x+C,
uyt0o C=y0-xo. [lofcTaBmsst 3T0 3HaUEHHUE MOCTOSTHHOW B HalICHHYIO (DYHKIIHIO, Mo ( X0, yo)

NOJy4aeM YacTHOE pELICHHWE AaHHOIO YpaBHEHUS, YIOBJIETBOPSIOLIEE
JAaHHOMY Ha4aJbHOMY YCJIOBHIO: y=x+)o-Xo. B wacTtHOCTH, monaras

<

x0=0, y0=0, moy4aem rckomoe pemenune 3aaaun Komm y=x.
I'paduuecku obriee penieHne JaHHOTO ypaBHeHUS y=x+C omnpenenser

B TUIOCKOCTH X0y CEMEHCTBO TMapaUIeIbHBIX MPSAMBIX. Uepe3 KakIyro
TOYKY TUIOCKOCTH MTPOXOANT €AMHCTBEHHAS MHTETpalbHAS TUHUS ) =X+)0-
Xo.

YacTHOE pelIeHne y=X OIpeNesieT OJHY U3 UHTETpabHbIX JIMHUN, KOTOpas
IIPOXOJHUT YEPE3 HAYAI0 KOOPAUHAT.

MeToa U30KJINH

VpaBuenue Buzpa Y =f(X;y) ycraHaBiMBaeT CBS3b MEXIY KOOpAMHATAMH TOYKH (X;Y) M YIJIOBBIM
ko duimeHToM Yy’ KacaTeIbHON K MHTETPAIBHOW KPHBOM, MPOXOJIAIICH Yepe3 3Ty TOUKy. To ecTh 310
ONY 3agaer B KaXJI0W TOYKe MIOCKOCTH x(Oy HaNpaBIEHHWE KacaTelIbHOM K HMHTETPaJIbHOM KPHUBOM,
IPOXOJAIIEH uepe3 3Ty TOUKY; TOBOPSIT, YTO 3a1aHO 1O HANPAasieHull.

Kpusasi, Bo Bcex Toukax KOTOPOH HalpapiieHHE T10JI1 OJJUHAKOBO, HA3bIBAETCS U30KAUHOU. Y PaBHEHUE

5



U30KJIMHBI MOKHO MOJYYUTb, €CIU MOJ0XKUTH Y '=C, T.¢. f(X;y)=c. 30KkarnHaAMHU MOYKHO TOJIH30BATHCS IS
MPHOIIKEHHOTO TTOCTPOEHHS HHTETPATbHBIX KPUBBIX.

X
IIpumep. Pemnts ypaBHEHUE y' =——

y

Vpasnenus usokius 3toro OY nmeror Bug: —— =C, uam Y = —— X, TO €CTh M30KIMHAMU SABJIAIOTCS

npsIMbIe, POXOJISIIIE Yepe3 HA4an0 KOOPAHHAT.
OtMernM uto B Touke (0;0) 3HaUEHNE ¢ HE ONpeaesieHo, T.€. 3TO 0co0as TOUKa.
[MocTpouM mosie HarpaBICHUH, IPOBESI B TOUKAX MPSIMBIX (32 UCKITIOYCHUEM Havajia KOOPAMHAT) OTPE3KH,
oOpazytomue ¢ ocbio OX OAMH M TOT K€ YTOJ 0L, TAHT€HC KOTOPOT'O PaBeH C. Y

3

B Toukax npsamoil y=x umeem c=-1, 1. . & = ——;

B TOYKax MpsAMoi y=-x umeeM c=1, 7.e. & = —;

B Toukax npsmoii x=0 umeeMm c¢=1, T.e. a=0;

npu Y — 0 mmeem C—> 00, 1. e. B TOUKAx npsimorr =0

T
uMeem o = —.

Jluaun, Kacaromruecs: MOJMYYEHHOTO TOJS HamlpaBiIeHWH, TO €CTh HWCKOMBbIE WHTETpalibHble JTUHUH —
KOHLIGHTPUYECKHE OKPY)KHOCTH C ILEHTPOM B Hadajge KOOpPAMHAT, HMX YPaBHEHHS HMEIOT BUJ

X2 + y2 =C (C>0).370 uecrs o6mee pemenne nanzoro OLY.

ypaBHeHI/IH C pa311enﬂmmnMnc51 HepeMEHHbIMI/I
= JludbdepenuunaiprHOe ypaBHEHNE BUAA
!
Yy =p(X)w(y)

wim, B 0osiee o0IeM ciydae,

@ (w1 (Y)dy = @, (X, (y)dx (2)

HA3bIBACTCS YPAGHEHUEM C PA30ETIOUWUMUCS NePeMEHHBIMU.
ITytem nenenuns Ha npousBeaenne ¢@1(X)y2(y) ypaBuenve (2) IPUBOIAT K YPAGHEHUIO € PA30ENeHHbIMU

nepeMeHHblMu:
l//l(y) dy — (DZ(X) dX,
wo(Y) @ (X)

MOCJIE Yero, MHTErPUpys 00€ YacTH ypaBHEHHUS, [TOJIyYaIOT €ro o0liee pelieHne B BUIE
X
Wl(y) dy_ ¢2( ) dX —C.
wo(Y) @ (X)

3ameuanue. Jlenenue Ha ng(X)l/lz(y) MOKET IPUBECTH K IOTEPE PEIICHHUH, OOpallaromuX 3TO

MIPOM3BEJICHHE B HOJIb. [I03TOMY CieyeT OTAEeNbHO PEMINTh YpaBHEHUE qﬂl(X)l/lz (y) =0 u ycranoButs

te pemtenust OJ[Y (2), KoTopble He MOTydYaroTCst U3 00IIero perieHus Hu pu KakoM 3Hauenuu C (ocobvie
pewenust).
IMpumep 1. Pemuts ypaBaenue: (X+1)sinydy+3cosydx=0
IMepenecem ciaraemoe, cozeprkaniee X, B IpaBylo 4acTh ypaBHECHHUS:
(x+1)sinydy = -3cosydx.
Pazenum 06e yacT ypaBHeHHS Ha (X+1)COSy:



Mdy:_idx_
Cosy X+1

HOJ'Iy‘II/IJ'H/I YpaBHCHUC C pa3ACJICHHBIMU IECPEMCHHBIMU. I/IHTCFpI/IpyH €ro, Haﬁ,[[eM
In|cos y| =3In|x+1|+C,.
Bo3pmem OKCIIOHCHTY OT 00eux yacten IMOJIYy4YCHHOT'O paBCHCTBA:

eln|cos yl _ eSIn|x+]1+C1

3
WU ‘COS y\ = eC1 X+ 1‘ , OTKyZla, CHUMasi MOZYJIb, TIOJIy4aeM:

C 3
cosy=+e(x+1)°.
C
O6o3nauas € = C, momydaem obiee penreHne JaHHOTO YPAaBHEHHS B BU/IE
3
cosy=C(x+1)".
[TpoBepum Tenepb, He ObUIN JIK MOTEPSIHBI PEIICHHUS TIPH JICTICHUN Ha pou3BeaeHue (X+1)Cosy.
Vpasuenne C€0Sy=0 wumeer pemerus y=n/2+nk (k=0, +1, +2,...). TToacTaHOBKOH B HCXOIHOE
muddepeHnmnanbHOe ypaBHeHHE yOekaaeMes, 4To y=m/2+7K SBISIOTCS PELICHUSIMH STOTO ypaBHEHHS
(manomuuM, 4to eciau y=const, ro dy=0). Ho 3tu pemenuss ¢popMaibHO MOTYT OBITH MOJYYEHBI U3
HaiiieHHoro o6uiero npu C=0, TO eCTh SIBJIAIOTCS YACTHBIMU PELICHUSMHU TAHHOTO YPABHEHHUSI.
VpaBuenue x+1=0 wumeer pemieHHe x=-1, KOTOpOE TaKKe SBISCTCS PEIICHHEM WCXOJIHOTO

i depeHnnanbHOro ypaBHeHus (eciu x=const, To dx=0). 1o perieHre HE MOXKET OBITh MOIYYCHO U3
o0rero.

HWrak, oxoHyaTenbHbli oTBeT: COS Y = C(X + 1)3; x=-1.

IIpumep 2. HaiiTu yacTHOE perieHne ypaBHEeHHS y’sin X=Yy In v,

T
YIOBJIETBOPSIIOLEE HAYAIBHOMY YCJIOBHIO y(E) =€.

dy  dx
ylny sinx

3aMeTI/IM, 4dTO, XOTd 1pHU pa3ACJICHUU MNEPEMCEHHBIX MOIJIHN OBITh MOTECPAHBI KAKHC-TO PCIICHUS

Vmeenm: SIN Xdy =Yy In Y . Paspmensiem nepeMeHHbIe:

. T
g hepeHINaNTbHOTO YPaBHEHUS, HY)KHOTO HaM PElIeHHs Cpeld HUX HET, T.K. € Ine#0usin==0

HHTCFppr;I MOJIYYCHHOC YpaBHCHUC C pa31CJICHHBIMU IICPEMCHHBIMU, HAXOAUM 06]].[66 peuicHuce:

X
X X Ctg_
In||n y| =In tg E + Cl’ WJIH, B35IB DKCIIOHCHTY, In Y= C -19 E, wm Y =€ 2
T Citg”
[Tonoxum Tenepp X = E, Y =€, rorna €=¢€ 4 , oTkyna C=1.

X
tg—
Takum 06pazom, uckomoe penienue 3aaaun Komm: Y =€ 2

3ameuanue. YpaBHEHHE BHJIA y’ = f(ax+by+c) MPUBOJUTCA K YPaBHEHHIO C Pa3ACISAIOIMMHUCA

TIEpPEMEHHBIMH TIPH TIOMOIIH 3aMEHBI HCKOMO# (yHKIHK Z=ax+hy+c.
Mpuvep 3. V' = (4X — y + 3)?

VMHOXHB 06€ YacTH ypaBHEHHS Ha X, TIOIyYnM ypaBHEHHE dy = (4X -Yy+ 3)2 dx



Honoxum  Z =4X— y+ 3 wm y= AX—17+3, orkyma dy =4dX —dz. Torma ypaBHEHUE

npuanmaer Bug 4dX —dz = ZZdX . Pazpensiem nepeMeHHsIe:

(4-2)dx=dz |:(4-7%);

dz
2=dx
4—7
WHTerpupys, nomnydyaem:
1, 12+2 2+12 4
—|n—=X+C1,HJ1H =Ce* .
4 (2-z2 2—12

Muosxurens (4-z%) oOpammaercs B HOJb NPy Z=+2,
Z=-2 SIBIIACTCS PEIICHUEM HMCXOJHOTO YPaBHEHHMSI, OHO MOXKET OBITh MOJYYSHO M3 OOIIEro pelieHus Npu
C=0.
7=2 aBasgeTcs PEHICHUEM UCXOJHOT'O YPAaBHCHHA, OHO HC MOXET 6I>ITB MOJIY4YCHO 13 06mer0 peuicHusA.
Bosgpamas crapyro GyHKIHIO, MoJydaeM o0Iee pelieHue HCXOAHOTO YPaBHEHUS:

4x—y+5€¢
y—4x-1

=C , a Taxke «moTepsHHORY penrenne y=1+4x.

3anaHus VISl CAMOCTOSITEIbHOTO PeleHust
Haiitu obmiee u yactHoe (MY HAJTMYUH HAYAJILHBIX YCIOBUH) pemleHue AuddepeHInanbHOro ypaBHeHUs

1. y'=x.

2.y /x=y%

3. (x+2y)y'=1y(0)=-1.
4. y' —y=2x-3.

Tema 2. OqHopoaHBbIC YPABHEHHS U IPUBOAUMbIE K HUM

JuddepeHnmansHoe ypaBHEHHE BHIA
/ y
y'=1() ©)
X
Ha3bIBACTCS 0OHOPOOHLIM YPABHEHUEM.
_y _
OIHOPO/IHOE yPaBHEHHUE peIaeTcst Ipx nomomy 3amensl Gyukuun I = = nmm Y =X npusoxutes
X

K YPaBHEHHMIO C pa3esiIOIUMUCS TepeMeHHbIMH. JlelicTBuTenbHO, Torga dy=tdx+xdt. YpaBuenue

dy=f (X)dX nocne samenst mpuanmaer eux tAX + XAt = f (1)dX wme xdt = (f (t) —t)dx .
X

IIpumep: y' = X In l
X X

Cuenaem 3ameny Y =1X, rorna dy =tdx+xdt. YpaBrenue npumer Buj

tdx + xdt =tIntdx, wm xdt = (tInt —t)dx.



dt dx
Paznensem nepemeHHple: —————— = —.

t(lnt-1) x
Wmrerpupys, momydaeM obmee pemenme |N \Int —l‘ =In ‘X‘ +C, wm Int-1=CX, orxyna
t — eCX+1.

INockonbky nuanu x=0 n t=0 He BXOIAT B 007aCTh CYLIECTBOBAHUS YPAaBHEHUS, CIEAYyeT IPOBEPUTH
TOJIbKO, HE OBLIO JIM TPU pa3/eiCHUH MEPEMEHHBIX MOTEPSHO peuieHue {=e, Ha KOTOpoM oOpariaeTcs B

romb Bepaxenne INt —1. IIpu moxacramoBke B ypaBHeHHe i B 00liee peureHue yOoexkIaeMcs uTo t=e
SBJISICTCSl YACTHBIM PELICHUEM ypaBHEHUsI, odyydatomemMcst u3 oobuiero npu C=0.

Cx+

1
Taxkum 06p330M, MOJIy4YWJI PCIICHUC B BUAC t =€ . Iloacrapuss BBIPpaXXCHUC IJIA t, nojry4acm

Cx+1
oflIlee peleHre UCXOJHOro ypaBHeHus:: Y = Xe .

3ameuanue. Vpasuenne wuza @(X, Y)Y +w(X,¥)=0 wuwm @(X, y)dy+y(X,y)dx=0
SIBJISICTCS OZJHOPOIHBIM, €CITi (QYHKIHH ((x,)) ¥ Y(X,)) SABISIOTCS 00HOPOOHbIMU (DYHKYUSMU OTHOM U TOM

xe crenern N, o ects P(EX,1y) =t"p(X,y), w(tx,ty) =t"w(X,y). dns toro, urode npusectn

3TO ypaBHEHHUE K BHAY (3), cileayeT pasaenuTh 00 9acT ypaBHEHHS Ha X'
Mpuvep. Xy’ =+X2 — Y2 +y

/ 2 2
Qynkuun X 1 Al X~ — Y~ + Y ABIsAroTCs OMHOPOAHBIMH CTENEHU 1. YMHOKXUM HCXOAHOE yPAaBHEHUE HA

dXx u pasgenaum Ha x (3aMETHM TIPH 3TOM, 4TO Xx=0 He ABJISIETCS PEIICHUEM HCXOIHOTO YPABHEHHS):

2

dy = ( 1- y_2 + X)dX - OJHOPOJIHOE YpaBHEHUE.
X X

Crenas sameny Y =X, no/yuaem ypasHeHHe ¢ pasfeNsIOLUMHICS TepeMEHHBIMY:
tdx + xdt = (V1—t2 +1)dx:
xdt =+/1—t?dx ‘:x\/l—j

dt _dx

Vi-t2 X

Wnterpupys, noixydaem olliee peieHne

arcsint=In|x|+C, wm arcsint=InCx (tne C=+€%), orkyma t =SinINCx.

[Ipu paspeneHun mepeMEHHBIX MBI MM 00 YacTH ypaBHEHHs Ha \ll—tz , CUHTasl, 4TO 3TO
BelpakeHre He paBHO (. HemocpencTBeHHOW IOJICTaHOBKOHW B ypaBHEHME W B OOlIee pEIICHHUE
yOexnaemcs, uTo GyHKIUH t=%1 SBISIOTCS OCOOBIMU PELLICHUSIMH YPAaBHEHHUS.

Bosgpamast crapyro ¢GyHKIu y=tX, moiyyaeM OKOHYATEIbHO:

o0l1ee peleHne NCXOTHOTO ypaBHeHusT Y = XSININCX u oco6uie pelIeHus y==X.

a4 X+ +
3ameuanue. Ypapnennssuma Y = T ( X +BY+G ) 1peoGpasyIoTCs B OIHOPOJIHBIE ITyTEM 3aMeHbI
a,xX+b,y+¢,
dy dv
mepevenneix  X=U+¢a@, Y=V+ [ (upusrom d_ = d—) , TIe a U [ NOAOHUPAIOTCS TAKUM
X u



au+byv

!
o6pa30M, YTOOBI IOCJE 3aMEHBI YpaBHCHUC TIPUHSAIIO BHUI vV = f( ), TO €CTh

au +b,v
ya+bp+c =0 a,a+b,f+c,=0.
, X+2y+1

IIpumep. Haiitn o6muii unTerpan ypasuenus Yy = ——.

2x+y-1
[Monoxum X=U+¢&, Y=V+ ,B , IoIy4aeM:
y'—ﬂ—ﬂ— U+2v+(a+26+1)

dx du 2u+v+Qa+p-1)
a+2p+1=0,
IMonbepeM a u [ Tak, 4TOOBI Haxomum: =1, f=-1.
200+ f—1=0.

dv. u+2v
Takum 00pa3zoM, Mojy4aeM OJJHOPOJHOE YPAaBHEHUE —— = .

du 2u+v
JUst ero pewenns nonoxkum V =tU, dv=tdu +udt:
tdu+udt 1+ 2t 1-t° 2+t . du

= ;udt = du; s dt=—;
du 2+t 2+t 1-t u
UHTETPUPYsI IOCIIEIHEE YPABHEHHUE, TIOJTyYaeM:
1+t
In|-———|=InCu® , wm 1+t =C(1-t)°u’.
d-1)
v v v
Bosspamaem t =—: 1+ —=C(1— —)3U2, otkyma U+V=C(u —V)S.
u u u

Bamensem U=X-1 V= y +1, nonyuaem oOmmMiI  MHTErpal  MCXOIHOTO  yPaBHEHHS:

X+y=C(x—y-2)°.

Tema 3. J/IuHeiiHbIe ypaBHEHUS NEPBOro NOpsiaAKa. YpaBHenue bepuysnm.

HuddepennnansHoe ypaBHeHHE BUAA
, —
y'=a(x)y +b(x) (4)
Ha3bIBACTCS JUHEUHBIM OUphepeHyuanbHbIM YPAGHEHUEM NEPEO2O NOPAOKA.

OcCOo0EHHOCTh 3TOT0 YPaBHEHHS B TOM, YTO OHO JIMHEWHO OTHOCHTEIBHO HEM3BECTHOM (QPYHKIMH U e
MIPOM3BOAHOM, T.€. ¥ M " BXOJAT B 3TO YpaBHEHUE B IIEPBOY CTENEHH (M HE TIEPEMHOXKAIOTCA MEXKAY CO00i).
= [lIpu b(X)=0 ypaBHeHue (4) mpuHUMaET BH]

!/
y'=a(x)y

®)

Y HA3BIBACTCS JUHEUHIM 0OHOPOOHBIM YPABHEHUEM NePB8020 NOPOKA.

OpHOpoAHOE IMHEHHOe YypaBHeHUE (5) SBISETCS TaKXKe YpaBHEHUEM C Pa3JeIsIOIIUMUCS
MIEPEMEHHBIMHA B MOKET OBITh PEIICHO CIEAYIONUM 00pa3oM:

y'=a(x)y -dx, y;
ﬂ:a(x)dx;
y

10



In|y|= ja(x)dx = A(X) +C;;
y=Ce ©)

Jnst perienust ypaBHeHUs (4) IPUMEHSIIOT Memoo eapuayuu npou3eonvhou nocmosnuoi. Ilpu stom
peurenue ypaBHenus (4) uyt B Buae (6), cuuras, yro C=C(x) — HekoTopas ¢yHkiwus. [loncrasisem 31o
BEIpaKeHHE B (4):

TaK Kax y' = C’(x)eA(X) + C(x)eA(X)A’(x) , IPHYEM A’(X) = a(x) , TO TIOJTy4aeM
C'(x)e”™ 1+ c(x)e”Ma(x) = a(x)Ce” ™ +b(x), nm
C'(x) =b(x)e"AM
otkynaa Haxoaum C(x):
C'(x) = Ib(x)e‘A(X)dx =B(x)+C, C =const.
Takum o6pa3zomM, ob1Iee penieHre ypaBHeHus (3) uMeeT BU
y = (B(x) +C)e ™,

Ipumep 1. y' = —X + X2
X

Nmeem nuHeliHOE ypaBHEHHE. PellinM COOTBETCTBYIOLIEE TMHEHHOE OTHOPOJHOE YPABHEHUE:

__ Y. dy__dx  dy pdx . C

y=-2. F__= J'—:— = Inly|=—In|x|+C;; y=—=.

X y X Yy X X
Bocmonszyemcst MeTogoM BapHWanny MPOW3BOJIBHOM IOCTOSHHOW: OyneM WCKaTh PemIeHHe HCXOTHOTO

C(x) y

ypaBHeHus B Buae Y = ———. IlogcraBuM 5TO BEIpa)keHHE UL y B YPaBHEHHE U HalIEM HEU3BECTHYIO
byuxmmo C(x):
Ckx)_CHx¥)_ CKX . .2

- 5 T T 5 + X7

X X X
3 x*
C'(x) = x°; C(x):J'x dx:7+C (C =const).
3

Takum o6pazom, obliee peleHne HICX0JHOTO ypaBHEHUs UMeeT Bua: Y = —+ —.

1
XCOSY +Sin2y

JlaHHOe ypaBHEHHE HE SIBJSICTCS JIMHEHHBIM OTHOCHUTEIBHO HEM3BeCTHOW (yHKimu y(x). OmHAKO MbI

1

!
MOXEM PacCMaTpHBaTh X Kak (yHKIUIO apryMeHTa y, IpH 3ToM X' = — U YPaBHCHHUC IPHHUMACT BHJ{

IIpumep 2. y’ =

, .
X'=Xcosy+sin2y,
TO €CTb SIBIIAETCS JIMHEHHBIM OTHOCHTEIBHO HEM3BeCTHOUW (QyHKIMH x(y). PemmM coOTBETCTBYyIOIIEE

JIMHENHOE OJJTHOPOJHOE YPaBHEHHUE:

X' =Xcosy; %zcosydy; j%:jcosydy; In|x|=siny+C;; x=Ce™"Y.
X X

Bocnonb3yeMcst MeTOI0M BapHaliiy MPOU3BOJIbHON MOCTOSHHOM:

11



x=C(y)e™";
C'(y)eY +C(y)e"Y cosy =C(y)eS"Y cosy +sin 2y ;

—siny.

C'(y) =sin2ye

: s t=-siny u=t du =dt
C(y)=|sin2ye " Ydy = =-2|te'dt =
(y) = [sin2ye™"Vdy {dt:_cosydy} J dv—eldt vt

=—2(te' - J.etdt) =—2te' + 26" + C =2sinye ™Y + 2¢ 78"V 1 C  (C =const).

CHCI{OB&TGJ’ILHO, O6HI€C peHICHUEC NCXOJHOI'O YPAaBHCHUA UMCCT BU/]

X =2siny+2+Ce"Y,

= JludbdepennuaipHOe ypaBHEHNE BUAA
y'=a()y+b()y* (a=01)
Has3bIBaeTCs ypasHeHnuem bepuyniu.

a
Jns peneHus 3TOro ypaBHEHUs ClIeAyeT pa3ieliuTh ero Ha Y~ u caenats 3aMeHy Z =Y

IIpu 3TOM 7' = (1 — 0() y—a y' , Tak 4To ypaBHeHue (7) IpuHUMAaeT BUJ:

L az+b().
l-a

1-a

(7)

IlocnenHee ypaBHEHHUE SIBISECTCS JTUHEHHBIM U PEIIAETCS METOJOM BapHUallMK MIPOU3BOJIBHON NOCTOSTHHOM.

IIpumep 3. y' = X + y3sin X
X

Nmeem ypaBuenue beprysum, o=3. Pasnenum ero Ha y°:
_ 1 _ i
y 3y ==y +sinx.
X

Cnenaem 3ameny: Z = y‘2, z'=-2 y‘3y' . VpaBHEHWe PUHUMAET BHIIL:

1 z . Z )
——Z'=—+sinX,wm 2'=-2—-2sInX
2 X X

[Monyunnu MMHEWHOE ypaBHEHHE OTHOCUTENBbHO GyHKIMH Z(X). Pemmm ero:

z':—2£; gz—zﬁ; %:—ZI%; In\z\:—ZIn\xHCl;z:%;

Xz X z X X
z=C(X)X%;
C'(X)X 2 =2x3C(x) = —Zi;) —2sinx; C'(X)x?=-2sinx;

X

C'(x) =—2x°sinx;
C(x) = —ijz sin xdx = —2(—x*cos X + ijcos xdx) =
= 2x2Ccos X — 4XSin X + 4jsin xdx = 2x2 cos X — 4XSin X —4c0s X + C (C =const)

12



2% COS X — 4Xsin X —4cosx +C

X2

Takum obpazom, Z = , OTKyJa

X

y= .
J2x2 cos X — 4Xsin X —4C0S X + C

Tema 4. YpaBHenus B moHbIX Ju(epenunanax. Uarerpupyrommi

MHOZKUTECJIb.

= VpasHnenuem 6 nonnvix ouppepenyuanax Ha3pIBaeTCs ypaBHCHUE BUIA

M (x,y)dx+ N(x,y)dy =0 (8)
MIPH yCIIOBHH, YTO TIpaBas 4acTh ypaBHEHUS IPEACTaBIsIET cOOOW MepBbIi muddepeHnran HeKOTopoi
byuxmuu F(X, y):

dF = % dx + ﬁ dy , TO €CTh (B HalIMX 0003HAYCHUSX)
OX oy
oF oF
M(X,y)=—, N(Xy)=—. 9
(xy) == NXVY) Y (9)

Teopema. /{ns moeo, umobwi ypasuenue (8), 20e ynxyuu M(x;y) u N(x;v) Henpepvieuvt u umeiom
HenpepuvlgHble Yacmuvlie HPOU38OOHvle 6 Hekomopol obracmu D, 6viio ypasnenuem 6
noJaHbIX Ouppepenyuanax, HeoOXOOUMO U OOCMAMOYHO, UMOObL ObLIO GLINOIHEHO YCI08UE

oM 6N

oy  ox
I[OKaSaTCJ'H:CTBO 3TOU TEOPEMbI IPUBOJAUTH HE 6yz[eM; OTMCTUM TOJIBKO, YTO 3TO YCJIIOBUC CJICAYCT U3
0°F  O°F
oxoy  oyox’

(10)

paBCHCTBA IMOBTOPHBIX MNPOU3BOIAHBIX KOTOpOC CHpaBCAJIMBO JId TTFO00H JABaXXbI

muddepernupyemoit hpynkimu F(X, ).

O6miee perienue ypaBHeHUs B MOMHBIX Auddepennpaiax (8) umeeT BU
F(x,y)=C,
npuueM ¢pyHkmo F(X, Y) HaxonsaT u3 ycnosuii (9).

oF

JeicTBUTENBHO, MOCKOIBKY 8_ =M (X, y), TO MPH KaXJI0M (UKCUPOBAHHOM 3HAYEHUM Y=CONSt
X

byHKIUS F(x,y) SIBIISIETCS nepBooOpasHoit byHKINU M(x,y), TO ecTb

F(xy) = [M(x y)dx=M,;(x,y) +o(y).

3nece Mi(X,y) — HekoTopas mepBooOpasHas (ynkuum M(XY), a @(y) urpaer poib NPOU3BOIBEHON
MOCTOSIHHOH B HEONpPENEIIEHHOM  HHTerpaie (Tak Kak IpH
nddepeHInpoBaHNY 110 X JIto0ast GYHKIIWS, 3aBHCSIIAs TOJIBKO OT ¥, oopamaercs B 0).

Hanee, wucnons3ys yciuoBHE % =N(X,y), 10 ects % + (0'()/) =N(X,Y), nonyuawor

npocTeiiliee ypaBHEHNE MIEPBOTO MOPSIIKa OTHOCUTENBHO ¢)) H, BEIOMpast KaKoe-TH00 YacTHOE PEIICHHUE

13



MOCJIETHETO, HAXO/ISIT OKOHYATEIIbHO HCKOMYIO yHKIuio F(X, Y).

pumep. (Sin Xy + Xy cos xy)dx + x> cos xydy =0
O6osramm M (X, Y) =sinxy + xycosxy, N(X,y)=X?cosxy.

[Iposepum, Beimonnserca mu ycnosue (10):

oM 2 . 2. e
~— = XCOSXY + XCOS Xy — X*ySin Xy = 2Xc0os Xy — X°ysinxy ,

oN > .
— =2XCOS Xy — X“ysinxy.

OX

Kak Bumum, —— =-——, cjeqoBaTeNbHO, AaHHOE YypaBHEHHE SBISACTCS YpPaBHEHHEM B IIOJNHBIX
OX

mud dhepeHnranax.

Bynem nckats perienne 3Toro ypaBHeHHS B BUC F (X, y) =C.

ITockonbky i =M (X, y) , AMEEM:
OX
F(x,y)= IM (x,y)dx = I(sin Xy + Xy cos xy)dx = —lcosxy + XSIN Xy — jsin Xydx =
y

1 : 1 .
=——COSXYy + XSIn Xy + —cosxy + @(y) = xsinxy + ¢(y).
y

[IponuddepeHmpyem noaydeHHbINH pe3yabTar 1o .

F F
a— = x*cos Xy + @'(Y) , cnenosarensHo, moCKOMbKY % =N(X,Y), umeem:

X2 COS Xy + @'(y) = x> COS XY ;
¢'(y)=0.

Bribepem wacTHOe penienue nociegaero ypasHenus ¢y)=0.
Taxum o6pazom, F(X,Y)=Xsinxy,

1 o0I1Iee penieHne NCXOHOTO YPaBHEHUS: Xsin Xy = C.

Ecnu ypaBHeHue (8) He sBIseTCS ypaBHEHHEM B IOJHBIX TU(depeHunanax, T0 MHOrIa MOXKHO
noao0path QYHKIMIO £(X,V), TOCIe YMHOKEHHSI Ha KOTOPYIO JieBas yacTh ypaBHeHus (1) mpeBpamiaercs B
nonHelil auddepeniman. Takas GyHKuust £(x,y) Ha3pIBACTCS urmepupylowum muoxcumenem. OTMETUM
YaCTHBIE CIy4au, KOT/a JIETKO HAHTH WHTETPUPYIOIINHA MHOKHUTEh:

N oM
(1) Ecm % = K(Y) (r.e. ne 3asucur or x) o 1(y) = eJK(y)dy .
N oM

(2) Ecmu w = K(X) (T.e. HE 3aBUCHT OT y) TO ,u(X) = e_IK(X)dX.

3ameTuM, 9TO B 000MX CIydasiX UMEET CMBICI OITYCTHTh MTPOU3BOJIIBHYIO TIOCTOSTHHYIO B HEOIIPEIETICHHOM
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MHTerpae, T.K. MOCTOSHHEI MHOXKHUTENb e He BIHSET Ha CBOWCTBO YpPaBHEHMS ObITh YpaBHEHHEM B
noJiHbIX nuddepeHImanax.
Tpumep. (X+ y?)dx —2xydy =0
oN oM
ox oy _2y-2y 2
N  —2xy X

3nece M =X+ y2, N =-2Xy. Hwmeem:

- 2dx In 1 1
-2Inx X2
Crnenosarensho, 41 = p(X)=€ =~ X =g =e X = 2z

YMHOXast 00€e YacTH UCXOJHOTO ypaBHEHsI Ha HalIEHHBIA HHTETPUPYIOMINH MHOKHTENb, TOTyJaeM:

1 2
(— + y—z)dX - ZX dy =0 — ypaBuenue B mosHbIX AUdQepeHIHanax.
X X X

Pemenne mnomyyeHHOro (a TakXke MCXOJHOTO) YPaBHEHHS HUMEET BHJ F (X, y) = Cl’ rae
2
y y
F(x,Y)=[-22dy == +p().
X X
2 2 2
oF 1
Hanee, —= y—2 + go'(X) ,  CIEIOBaTEIIbHO, y—2 + (p'(X) =—++ y—2 , OTKyJa IolydaeM
oX X X X X
@(x)=In|x].
Takum oOpazom, obliee pelieHne JaHHOTO YPaBHEHUSL:
2 y’
y

_7+|n‘X‘ICl,I/IHI/I XZCGT.

PA3JIEJI 2. YPABHEHMUSA N-I'0 TIOPAAKA.

Tema 5. IudpepenunaibHbie ypaBHEeHHS BbICIIUX MOPSAAKOB, 10IYCKAOIIHE

MMOHHUKCHHUEC MMOPAIKA

ObvikHOBeHHOE duppepenyuanvhoe ypasueHue N-20 NOpsOKa UMEET BUJL:

FOGY, Y, Y Y ™M) =0 (1)
WJIH, €CJTH OHO Pa3pelieHo OTHOCHTEIBHO CTapIie MPOU3BOTHOM:
Y = f (Y, Y,y YD) @)

Pewenuem O1Y (2) HazbiBaeTcs Mr00as GyHKus Y = (p(X) , KOTOpasi IIpU MOJCTAHOBKE B YPABHEHUE

oOparraeT ero B TOXACCTBO.
Kak u ans ypaBHeHHs mepBOro mopsaka, saoaveu Koww nns ypaBHeHUs (2) Ha3bpIBaeTcs 3aaada
HaXO>KACHUS peLeHNs] ypaBHEHUsI (2), YIOBIETBOPSIOLIETO HAUANbHbIM YCI08UAM

y(XO) = yO’ y,(XO) = yé)l vy y(n_l)(xo) = y(()n_l) . (3)
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Teopema (cywecmsosanus u eOuncmeenHocmu peuterust 3aoaqu Kowu):

Ecnu ¢ ypasnenuu (2)dpynxyuz T (X, y,Y,y", ..., y(n—l)) HenpepuvleHa emecme co

CBOUMU YACMHBIMU NPOU3BOOHBIMU 5, ay, ) aeey ay(n_l) 6 Hexomopoti oonacmu D
n—1 .
usmenenus  nepemennvix  X,Y, y', y",..., y( ), mo Ons1  6CAKOU  MOYKU

(XO, Yo y(’),..., yo(“‘l) ) € D cywecmeyem eouncmeennoe pewenue saoauu (2),(3).
Obwum pewenuem ypaBHeHUs (2) Ha3bIBaeTCs (PYHKIHUS yZ(D(X,Cl,...,Cn), rne Ci,...,Ch —

MIPOM3BOJIbHEIE TIOCTOSTHHBIE, YIOBIETBOPSIONIAS YCIOBHAM:

1) (D(X,Cl,...,Cn) spisiercst  pemeraneM  OJY (2) npm  mobOoMm HabOpe TMOCTOSHHBIX
C]_,...,Cn,

2) moboe pemenune 3amaun Komm  (2),(3) wumeer BuZI y=¢(X,C1,...,Cn) npu
HEKOTOPBIX 3HAYCHHSIX MOCTOSHHBIX C1,...,Ch.
YpaBHeHUe  BuUIA CD(X, y,Cl,...,Cn):O, KOTOpOE  ompeneisier  ollee  pelieHue

nmud dhepeHnnanbHOTO YpaBHEeHUS (2) B HESIBHOM BUJIE, HA3BIBAIOT 0OWUM UHME2PALIOM STOTO yPaBHEHMSL.
Pemenue ypaBuenus (2), monyyaromieecs u3 00IIEro Ipyu HEKOTOPOM Habope MOCTOSHHBIX Ci,...,Ch,
Ha3bIBACTCS YacmubIM peuleHueM. I'pa@rK YacTHOrO peIleHHs] HA3bIBACTCS UHMEZPANbHOU KpPUBOU
JTaHHOTO Au(QepeHITNATEHOTO YpaBHEHUS.
Omaum u3 MetonoB uHTerpupoBanuss OJ[Y BBICIIUX TMOPSIKOB, SIBISETCS METOJ TOHMKCHUS
nopsiika ypaBHeHHA. PaccMOTpuM HEKOTOpble BUIABI Iu(¢epeHINANBHBIX YPAaBHEHHH, JOIMYCKAIOIINX
MOHW)KEHUE MOPSIKA.

|. YpaBHenue Buia y(n) = f (X)
OO0mee penieHre TaKNX YPaBHEHUH I0JTy4aeTCs MOCIIEN0BATENbHBIM N-KPATHBIM HHTETPUPOBAHUEM.
Ipumep. ym =SIn X + COS X

HHTCFppr;I MocCJICA0BATCIIbHO JAHHOC YPAaBHCHUEC, UMCCM:

y”=I(sinx+cosx)dx:—cosx+sinx+C1;

y’:J'y"dx=J(—cosx+sinx+C1)dx=—sinx—cosx+C1x+C2;
2
y:Iy’dx:I(—sinx—cosx+Clx+C2)dx=cosx—sinx+C1X?+C2x+C3.

HOCKOJ’IBKy 3HAuYCHHE MHOCTOSHHOM (1 HHKAK HE CBSI3aHO CO 3HAUYCHUSMHU OCTAlbHBIX CIIaracMEBIX B

c-G
TOJIy4YEHHOM 00LIeM peleHnt, 00o3HaunM Uq = .

2
Takum o0Opazom, odmmee pemenue: Y = COS X — SiN X + C~1X2 + CZX + C3.

I1. YpaBuenue Buma F (X, y(k), y(k+1),..., y(”)) =0,
He cojieprkalee HCKoMoH (GyHKIMH u nepBble K-1 ee IpOU3BOIHBIX.

. . k
[opsimox Takoro ypaBHEHHS MOXKHO TIOHH3UTD 3aMEHOW HEM3BECTHON (PYHKIIUH y( ) = p(X) . Torna

ypaBHenue npuaumaer sun (X, P, p', ey y(n_k)) =0.
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HaXOI{I/IM, €CJIK1 BO3MOXKHO, PCHICHUC MOCICIHCTO YPAaBHCHHA B BUJC p = f (X, C].’ eey Cn—k) , a 3aTEM

MOCJIEe0BAaTENFHBIM  MHTETPUPOBAHUEM  YPaBHEHHS y(") = f(X,Cl,...,Cn_k) HaxoauM oO1ee

PECII€HUE NCXOAHOI'0 YpaBHCHUA.

Mpumep. " = \/1+ ( y")2

9 v "
JlaHHOE ypaBHEHUE HE COJEPKUT MCKOMOH (yHKuuM y M ee mpous3BoaHoi. Ilomaras Y = p(X),

NOJIy4aeM ypaBHeHHE 1 mopsiaka:

p'=+1+(p)°

Penraem nonyueHHoe ypaBHEHUE:
d
P__dx;

\/1+T I\/HT jdx

—X+Cp; p+l+p? =<
Bripaxxaem B SIBHOM BHUJE p:

/1+ p2 :ex+C1 —p; 1+ p2 :e2(x+C1) 4 p2 _Zpex+C1

e2(x+Cl) 1 e(x+Cl) _ e—(x+C1)

2eX+C1 - 2
BosBpaiuas cTapyo QyHKIHIO ), IMEEM:
y” e(x+C ) e—(x+C1) |
2 )
(x+C)) —(x+C,)
€ Y +e '
yr:.[yrrdxz > +C2;
(x+C) —(x+C,)
, e —€
Y= J. Yy dx = > + CZX + C3 - o011ee perieHre NCXOTHOTO YPaBHEHHS.

In‘p+ 1+ p?

p:

n
1. Ypasserne suna F (Y, Y, Y",..., y™M) =0,
HE COoACpIKaAIICC HE3AaBUCUMOT'O IICPEMCHHOTIO.

!’
Iopsimox ypaBHEHUS MOXKHO TIOHU3HUTE Ha €IMHUILY IIPH IIOMOIIIHN ITOJCTAHOBKH Y = p(y) . Beipazum

" (n) o 9 .
BC€ ITPOMU3BOJIHBIC y y ren y YEpe3 MpOMU3BOAHBIE OT HOBOU HEU3BECTHOU (l)yHKLII/II/I p(y) 110 y.

r_ " % dpdy
y="p Tdx dydx_pIO

Vﬂ 14 d ” 14 " 1
(pp)— y(|O|o)d—i=(|o p+p?)p=pp*+pPpurn

[oacraBnsisi 3TM BBIPOKGHUST B HCXOJHOE YpaBHEHHWE, IONy4aeM ypaBHeHue (N-1)-ro mopsaka
OTHOCHTENIbHO Heu3BecTHOH ¢yHKimu p(y). Ecau BO3MOXKHO, HAaxXoAuM ero ooOiiee perieHne

p= f(y,Cl,...,Cn_l). Hanee, pemas ypaBHEHHE C  pa3IESIOIMMUCA  IEPEMEHHBIMU

y’ =f (y, Cl, ""Cn—l) HaxoJIMM 00l1iee pellIeHHEe HCXOAHOIO yPaBHEHHMS.

Mpumep. Y + y'2 =2e7Y
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YpaBHEHHE HE COJEPKUT HEZABUCUMOU NMEPEMEHHOM X.
[Tonoxum y' =P, y” = p'p:
pp+p*>=2e"Y, um

' I, P /A |
p+p=2e’p-. *)
[Monyunnu ypasHeHue bepuymiu. OHO CBOIUTCS K IMHSHHOMY MOACTaHOBKOI
1 1

Z:p ) p:ZZa p’:EZ 22,:

T 1
EZ 27'+72 =2z 2.

Z'+2z=4e77. (**)

Peuraem cooTBETCTBYIOIIIEE OJJTHOPOIHOE TUHEWHOE YPABHEHHUE:
dz _

7'+22=0;, —=-2dy; z=Ce?.
Z

IIpumensieM MeTOA Bapualuy IPOU3BOJIBHOMN IIOCTOSHHOM:
z=C(y)e™®; Cle?-2Ce® +2Ce? =4eY; C'=4e¥; C=4eY+C;

TakiM 06pasoM, ofluee pemieHue ypasHenus (**) umeer pux Z =4e Y +C1e‘2y, Toraa obruee

peuieHue ypasHeHus (*): P = i\/ 47V + Cle‘zy .
3amenss P = y’ , IOJTy4aeM ypaBHEHHE C Pa3aeIIsIOIMMHUCS TIEPEMEHHBIMH OTHOCHTEITHLHO V(X):

y' =+deY +Ce

Paznensis nepeMeHHbIE ¥ HHTETPUPYS, TOJIydaeM:

e’dy .

=|d dx;

+'[\/4e Yice™ ‘[ . Jrjw/4ey+C1 ‘[ ’
i%\/4ey+C1:x+C2,

OTKYya nojiy4acm O6H_[e€ PEHICHUC UCXOJHOI'O YPABHCHHA B BUIC

e¥ = (x+C,)? +C, (3necs C; = —&)

3ameuanue. 1pu pemennn 3apaun Ko 11t ypaBHEHHH BBICIITUX ITOPSIIKOB IIETIECO00PA3HO ONPEISATh
3HAYCHMSI TTPOU3BOJILHBIX TTOCTOSIHHEIX B MPOIIECCE PENMICHHSI, @ HE TIOCTIE HaXOXKICHUS OOIIET0 PEeIICHUS
ypaBHEHHUS. DTO YCKOpPSET pelIeHHe 3afadd W, KPOME TOTrOo, WHTETPUPOBAHHE MPH MPOU3BOJIBHBIX

IMOCTOAHHBIX YaCTO 3aTPYAHUTEIIBHO WM TaKE HEBO3MOXKHO.
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Mpuvep. Y'=2y°, y(0)=1 y'(0)=1

YpaBHEHUE HE COAEPIKUT HE3ABUCUMOM NTEPEMEHHOM.

IMTonaraem y’ = p(Y), y” = p'p:
pp=2y% pdp=2y°dy; p’=y*+C; p=£|y*+C,.

[ 4
Takum 00pazowm, y'=i Yy +C1. OTO ypaBHEHHE C DPa3ACIAIONIMMUCA NEPEMEHHBIMH, OIHAKO

dy
UHTETpal J4— B 00IIIeM ciiy4yae He OepeTcsl.
VY +G

Hcnonp3yeM HayalbHBIE YCIIOBHS:

y'(0) =/ y4 (0)+C, ,toects 1==+,/1+ C, , orkyna C1=0, a 3HaK cieayeT BHOGPATH «+».

. ’ 2
CrenoBaTtensHo, TUIS TAHHOH 3amaun y =y, OTKyza HoJIyd4aeM

. Ucnonp3ys HadaipHOE yciioBue, HaxomauM (Cr=-1,

d 1
Iy—¥=jdx; —§=X+C2; y:_x+CZ

CIIeI0BATENBHO, HCKOMOE pelneHue 3aaaun Komm: Y = 1— .
—X

Tema 6. JIuHeiiHbIE OJHOPOAHBbIC YPABHEHHS C MNOCTOAHHBIMU

k03¢ puuueHTAaMuU

= Jlunetinoim ypagnenuem N-20 NOpPAOKA ¢ NOCMOSHHbIMU — KOIuyuenmamy  HA3BIBACTCS
muddepeHInanbHOe YpaBHEHUE BUIA

a,y™+a, vy D+ +ay +ay=f(x), L)
rae a,, d,_q,..., &, Ag - HOCTOsAHHBIE yncna (a,, # 0 ).
» Ecm f (X) =0, ypaBHeHue (1) mpuHUMaET BU
n n-1
a,y"™+a y" D+ . +ay+ay=0 )
Y Ha3bIBACTCS JIUHEUHBIM 0OHOPOOHBIM YPABHEHUEM C NOCMOAHHBIMU KO Duyuenmamu.

Ymeepacoenue. Eciu ¢hynxyuu yl(X), Yo (X), v Yn (X) AGNAIOMCA YACMHBIMU PEULEHUAMU YPAGHEHUS

(2), mo pewernuem 3mo20 ypagHeHus A6NIAemcs maxdice yHKyus

Yy =Cy1(X) +Co¥,(X) +...+ Cryn (%),

20e C1,(Cy,....,Ch — npoussonvible NOCMOHHbIE.

JlokaxeM 3TO yTBEPXKIACHUE VISl YpPaBHEHHsI BTOPOTO MOpsiaKa do y" + aly’ +ayy = O u aByx ero

YaCTHBIX PEIIEHUN yl(X), Yo (X) .

JlecTBUTENBHO,

R (Cry; +CoY,)" +a (Cry; +CyoY,) +ag(Cryy +CoY,) =
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=a,(Cy, +Co¥, ) +a(Cy, +Coy, ) + 3, (Cry, +Coy,) =

n ! " !
=Ci(ayr +ay, +agy1) +Co(ayy, +ay, +83y,)=C;,-0+C,-0=0,
TO ecThb QyHKIMA Y = C1Y1(X) + C2 Yo (X) SIBJISIETCS. PELLIEHUEM YPaBHEHUSI.
Jloka3aTenbCTBO YTBEPKICHHS B OOILEM CIIydae MOJIHOCTHEO aHAJIOTHYHO. O

=  QyHKIUU yl(X), Yo (X), o Yn (X) Ha3bIBAIOTCS IUHEHO He3asucumbiMu, Ha (a;0) eciu paBeHCTBO
oY, +arY, +...+a Y, = O BbImonHAETCS HA ATOM MPOMEXYTKE JIUIIb B TOM CIydae, KOrIa 4rucia
o =0H)=..=0,= O. B mporuBHOM cmydyae (ecnM CyIIECTBYIOT Takue Kod(D(HIMEHTHI

Qy, 0y, ...,y , HE paBHbIE () OTHOBPEMEHHO) QYHKIMH yl(x), Yo (x),..., Yn (X) maseiBaercs aunetino
3a6UCUMBIMU.
*  MHOKeCTBO yl(x), yZ(X),..., Yn (X) numeiino HezaBHCHMBIX HACTHBIX peleHHH ypapHeHus (2)
HAa3BIBACTCS (PYHOAMEHMANLHOU CUCTEMOU PeleH Tl STOTO yPaBHEHHS.

Teopema. Ecmu uacmwuvle pewenus ypasuenus (2) yl(X), Yo (X),..., Yn (X) obpaszyiom

@yHOamenmanbHyo cucmemy peweHul, mo oouee peuieHue ypaguerus (2) umeem
6U0

Yy =Cy1(X) +Co¥,(X) +...+ Cryn (%),

eoe C1,Cy,....,Ch — npou36onbHbie NOCMOSHHbIE
Joka3aTenbCcTBO 3TOM TEOPEMBI HE IPUBOAUM.
Hnmecpuposanue  auHeuHvIX OOHOPOOHBIX — YPAGHEHUUl  8MOPO20  NOPAOKA € NOCMOAHHbIMU

K03 puyuenmamu
PaccMoTpuM ypaBHEHHE:
ay”+by +cy=0 @)

Juis pemieHust 3TOro ypaBHEeHHUs! B 00IIEeM BHJIE HAM JOCTATOYHO HAWTH JBa €r0 JMHEHHO HE3aBUCHMBIX
YaCTHBIX PELICHUSI.
Bynem uckatp yacTHbIe pemieHus ypaBHeHus (3) B BUIeE

y = e/lx ,
rzae A - HEKOTOPOE YHUCIIO.
[Moncrapisist 5Ty QyHKIMIO B ypaBHEHHUE, TIOTy4aeM:
at’e™ +bie™ +ce™ =0, re.
e™(al® +bi+c)=0.

AX
Hockoneky €7 # 0, monmyuaem, uto A - KOpeHb ypaBHEHHUS

ai?+bi+c=0. )
= VYpaBHeHue (4) Ha3bIBACTCS Xapakmepucmuieckum ypasrenuem ypaBaenus (3).
[Ipu pemenun ypaBHeHus (4) BO3MOXKHBI CIEAYIOMINE CIyYau:
Cayuan 1. Kopun A1 u A2 XapakTepUCTHYECKOTO ypaBHEHHs (4) IeHCTBUTENbHBIE M pa3iH4HbIE (

D=b?—-4ac>0)
B 3TOM Cllyuae 4aCTHBIMM PEIICHHUSAMHU ypaBHeHHs (3) ABNAOTCA GyHKIME Y; = eﬂi", Yo = e’X.

HerpynHo mokasaTh, 4TO OHM JTMHEWHO HE3aBHCUMBI, CIIEJ0BATEIbHO, 00pa3yroT (yHIaMEHTAIbHYIO
cuctemy pemennid. Takum oOpa3om, oOree pemieHre ypaBHeHUs (3) UMeeT BHUI

y =Ce™™ +Ce™.

Cnyuan 2. KopHH XapaKTepHCTHYECKOTO ypaBHeHHs (4) neWcTBUTENbHbIE M paBHble: A41=Ay  (
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D= b2 —4ac =0, /11 = ﬂQ = —2£ ). FoBopsrt, uto ypaBuenue (4)
a

UMeeT OJMH eI CTBUTENIbHbIH KOPEHb A1 KPATHOCTH 2.
B arom ciy4yae uMeeM OJHO YacTHOC pelICHHE Y = eﬂlx. [okaxewm, uto Qpynkuus Y, = Xeﬂlx
TaKOKe ABJISIETCS YaCTHBIM pelIeHHeM ypaBHeHUs (3).
JelicTBUTENBHO, TOJCTAaBUM 3TY (QYHKIHIO B ypaBHEHUE!
ay,” +by, +cy, =a(xe™)" +b(xe™) +c(xe™*) =
= a(A°xe™ +24e™) + b(Axe™ + ™) + c(xe™) =

= e** (ad®x + 2ad, +bAx+b+cx) =e** (x(al? +bA +C¢) + 2a4 +h)

Ho a/llz + bﬂl +C=0 Tk A4 — xopenp ypaBHeHms (4) u 2aﬂ.1 +b=0 rx /'11 = —21.
a

CnenosarensHo, ay2" + byz' +CYy, = 0, uro u TpeGosanock nokasaTh.

X X .
Jlerko yoenuThes, uro GyHKuun Y; = eﬂ1 Y, = Xeﬂ1 JMHEHHO HE3aBUCUMBI, TO €CTh 00Pa3yroT

(yHIaMEHTAIBHYIO0 CUCTeMy pereHuil. Takum oOpa3om, oliiee perieHrue ypaBHeHus (3) B 3TOM ciydae
uMeeT BUJT

y =Ce** +C,xe™*.

. . . 2
Cnyuaii 3. YpaBuenne (4) He umeet neiicTBUTENBHBIX KopHeii (D = b“ —4ac <0)
B sTOoM cnyuae kopHH ypaBHEHHS (4), KOTOpble HaxomsTcs mo ¢opMmylie KOpHEH KBaapaTHOTrO
YpaBHEHUS1, KOMIUIEKCHBIE (TOYHEE 1aKe, KOMIUIEKCHO CONPSIKCHHBIE):

b+J/D b D
11,2:—: | |

—tit—=atif,
2a 2a 2a
rae | = '\/ —1 — TaK Ha3bIBacMass MHHUMasi CIUHUIIA.

Tora YaCTHBIMM PENIEHUAME ypaBHEHUS (3) ABIAIOTCA QyHKUMK Yq = e(‘”'ﬂ ) X, Yo = e(“"ﬁ )

Ucnonw3yst popmyny Diinepa i KOMIUIEKCHBIX YHCEIT: e'” =cos @+ Isin @, umMeeM
y, =e** . e =e® cos Bx +ie?*sin X,

y, =% .e"P* = e cos fx —ie* sin fx.
Orcrona HalizieM J1Ba IEUCTBUTENBHBIX pelIeHus ypaBHEHMS (3):

Yit Yo _ jax Yi— Yo
e 2 Y2 2i

Ot1n QpyHKIUU TUHEWHO HE3aBUCHMBI, CIIEIOBATEIbHO, 00pa3yoT (GyHIaMEHTAIbHYIO CUCTEMY PEIICHUH,
1 ob1ree penieHne ypaBHeHUs (3) B 3TOM cliydae UMeeT BU:

y =C,e* cos Bx + C,e*"sin BX.

=e*sin Bx.

3ameuanue. Jins xomruiexcHoro umcna A = 1 ,B yrciaa o W 3 Ha3bIBAIOTCS COOTBETCTBEHHO

JICHCTBUTEIBLHON M MHUMOU dacTsamu: a=ReAd, f=ImA. Kak Buaum, nelCTBUTEIbHBIC YaCTHBIC PEIICHUS

ypaBHEHUS B cirydae 3 Y= e“* cos ﬂ X, Yo = e“*sin ,B X ecTb He YTO MHOE, KaK JeHCTBUTEIbHAS
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Y MHUAMas1 YaCTH KOMIUIEKCHOTO YaCTHOTO peiieHus Y = e?* cos LX+ ie**sin LX.

4 !
Mpumep. Y’ +3y' —4y =0
Mmeem nuHEHHOE OXHOPOJHOE YPaBHEHHE BTOPOrO IIOPAAKA C IOCTOSHHBIMH KO3(QQUIUEHTaMH.
CocraBuM ¥ penIuM XapaKTEPUCTUYECKOE yPABHEHHE:!

2
A°+31-4=0;
A1=1, Ap=-4 — nBa pa3IUYHBIX NCHCTBUTEILHBIN KOPHS, CIICIOBATEIIBHO,
_ X _ a4x
yi(X)=e", y,(x)=e
X —4x

Humezpuposanue nuneliHblx 00HOPOOHBIX YpagHeHuti N-20 NOPsAOKA ¢ NOCMOSHHBIMU KO duyuenmamu

[lomyuenHble pe3yibTaThI ISl PENICHUS JTMHEHHOTO OJHOPOJHOTO YPaBHEHHUS BTOPOTO IMOPSIKA C
MOCTOSIHHBIME KO3 uitmentamu  06001Iat0TCS Ha ciay4yall ypaBHEHHsS N-TO TMOPSAKA CIEAYIOIIAM

o0Opa3om.
PaccMoTpum nuHEHOE OAHOPOAHOE YPaBHEHUE C MTOCTOSTHHBIMU K03 prmmenTamu (2):

a,y™+a,_y" P+ . . +ay+ay=0.

= Xapaxmepucmuueckum ypagHeHnuem Aisl ypaBHeHHS (2) Ha3pIBaeTCs anreOpanieckoe ypaBHEHUE N-To
TopsKa BUA:

a A" +a, A"+ +al+a,=0. (5)
VYpasHernne (5) uMeeT poBHO N KOpHEW (CUHTAs KpaTHBIE M KOMIUIEKCHO COMPSDKEHHBIE KOPHH). A

HUMEHHO, JIeBas YaCcTh YpaBHEHUs (5) pacKiIaIbIBaCTCs HA MHOKHTEIIH TIEPBOTO U BTOPOTO TIOPsiIKa, TaK YTO
YpPaBHEHHUE IPUHUMAET BUL!

a, (A=) (A=) (AP + p A+ @)% - (AP + P A+G)% =0
(puses P;° =405 <0 (j=1...,1).u k +...+ Ky + 25 +...+ 25 =n).

3nech A=4; — neiicTBuTeNnbHbIC KOPHH YpaBHEeHUs (3) kpatHOCTH K;

(j=1,..,m),
_p. /4 . _p.2
A= SJ + qu pJ i (rme |=\/——1 - MHHMas eIWHWIAa) — Taphl KOMIUIEKCHO

CONPSDKEHHBIX KOpHe kpatHocTH Sj (j=1,...,1).

Kaxmomy KOpHIO XapakTepUCTHYECKOTO ypaBHEHUS (5) COOTBETCTBYET JI€MEHT (yHIaMEHTAIbHOM
CHCTEMBI PEIICHNH IO CIIEAYIOMIEMY TIPaBUIY:

Kopens ypaBaenus (3) KpaTtHOocTb KOpHS (bYHg;;;z:izI};I;TI/I;I:TZJ;{?)T;:E;HHIZ
1 y, =™
A — 2 yp=e", y, =xe™
JEHCTBUTEIBHBIA KOPEHB 3 y, = ejix’ y Xej'lx, y X2e/11x
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1 y; =e**cos Bx, Yy, =e""sin Bx

Mo=otiff— ox o
' = e cos BX, Y, =e*sin X,

JIBa KOMILJICKCHO 2 Y1 ﬁ Yo ,B

CONPSKEHHBIX KOPHS Y3 = xe?* cos ,BX, Vs = xe?* sin ﬂX

O6mee pemienue ypaBHenus (2) umeet Bun Y = Clyl + C2 Yo +...+ Cn Yn-

Mpumep 1. Y +2y"+y' =0

XapakTepuCTHYECKOE YPaBHEHHUE:

A2 +22% +21=0;
AMA+1)%*=0
A1=0 — nefcTBUTENbHBIA KOPEHb KPAaTHOCTHU 1, CJIeJIOBATENBHO,
0x
y(x)=e" =1

Az=-1 — nelicTBUTENBHBIN KOPEHDb KPATHOCTH 2, CIIEAOBATENHHO,

—X —X
Yo(X)=e"", yi(x)=xe".
Takum 06pazom, o0Iee penieHre JaHHOTO YPaBHEHHS:

y=C, +C,e " +Cyxe™ ™.

Mpumep 2. Y +4y" +13y" =0
XapaKkTepuCTUIEeCKOe YpaBHEHHUE:
2% +42°% +134% =0;
A2(A%+42+13)=0
A1=0 — neficTBUTENbHBINA KOPEHb KPATHOCTH 2, CJIEJ0OBATEIILHO,
() =1 y,(x)=x
/?2’3 =—2+J4-13=-2+ 3\/—_ =—2+ 3] - 1Ba KOMIUIEKCHO COTPSDKEHHBIX KOPHS KPATHOCTH
1, cnegoBaTeNbHO,

ys =€ 2*cos3x, y,=e?*sin3x.
Takum 06pa3om, o0lIee peleHue:

y =C; +C,x+Cse ?* cos3x +C, e ?*sin3x.

Ipumep 3. ¥ +8Yy" +16y=0
XapaKkTepruCTUYECKOE YpaBHEHUE:
A +84%+16=0;

(A% +4)? =0;

/11 o =1 —4 = +2I - 1Ba KOMITEKCHO CONMPSKEHHBIX KOPHS KPATHOCTH 2, CIIeI0BATENBHO,

Y, =C0S2X, Y, =SIN2X, Y3=XC0S2X, Y,=XSin2X.

Takum 06pa3om, obmiee pereHue:
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y =C, c0s2x +C,sin2x+ C;xcos2x + C,xsin 2X..

Tema 7. HCOI[HOpO)IHl)Ie JIMHEHHbIe YpPaBHEHUSI C MOCTOAHHBIMHA

K03 punHeHTAMHU

Teopema. (o cmpyxmype obwe2o peuieHus):

Obwum pewtenuem y TUHEUHO20 YPABHEHUsL ¢ NOCMOAHHBIMU KO puyuenmamu
n n-1
a,y"™+a y" P+ +ay +ay=f(x) )

A

*
ABAEMCA CYyMMa €20 npou3BoJIbHO20 4AaCnHOoc0 peulerust Y u 0614/[620 peuterHus y

A *
coomeemcmayouje2o 00HopooHoz2o ypasuenus: Y=Y +Y .
Teopema. (o manosicenuu pewieHui):

Ecnu npasas uacmo ypasuenus (1) npeocmasnsiem coboil cymmy 08yxX (DYHKYUlL:
f(X) = fl(X)-i- fz(X), a yf u y; - Yacmuvle peuieHus YpPasHeHUu
n n-1
a,y"+a vV +ay +ay=f(x) u
n n-1
3,y +an gy + v agy Fagy = f(%),

* * *
0 Y =Y, + Y, - uacmnoe pewenue ypasnenus (1).
MeTon Bapuauuy Npou3BOJILHBIX NOCTOSTHHBIX

YactHoe pemienre ypaBHeHHs (1) MOXHO HaWTH IPH HNOMOIIM METOAA BapHalWU MPOU3BOJIBHBIX
MTOCTOSTHHBIX.

[TycTs HalineHo oOIee peneHne COOTBETCTBYIOIIETO OJTHOPOHOTO YpaBHEHHUS (2):

y=Cy +Coy, +...+Cpy,.

Torma dhyHKIUS
Y" =Ci00)Y1+Co (02 + -+ Cr(X) Vi,
rae GyHKIHu Cl(X), C2 (X), ey Cn (X) YIOBIIETBOPSAIOT CUCTEME yPAaBHEHUI

C1,y1 +C2,y2 +...+Cn,yn = 0,
JCIY +Cyy, +..+Cyly, =0,

C1' Y1(n_1) + C2'Y2(n_l) +..t CnIYn(n_l) = f(x),

Oyzer pemenueM ypasaeHus (1).

n 1
Hpumep. V' + Y =——

COS X
Haiinem obmee penieHne COOTBETCTBYIOMIETO OJHOPOAHOTO YPABHEHHS:
y"+y=0.
2
A°+1=0;
212 :i —1 :il - IBa KOMIIJIICKCHO COHpSDKeHHBIX KOpH}I KpaTHOCTI/I 1, CJICAOBATCIIBHO, 06]].[66
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pemenue: Y = C,cosx+C, sinXx.
TOFI[a YaCTHOC PCUHICHUEC UCXOAHOTO YpaBHCHUSA UMECT BU
y* =C(x)cosx+C,(x)sinx,

rae

C, cosx+C, sinx=0,

i 1
~C,'sinx+C, cosx = ——.
CoS X

Paspemmas cuctemy orHocutensHo C1' 1 (o', momydaem
C,/=-tgx, C, =1,
OTKY/la UHTETPUPOBAHUEM HaXOAUM
=In|cosx|, C,=x
CoryacHO TeopeMe O CTPYKType peIICHHS HEOJHOPOJHOTO JMHEHHOro ypaBHEHHS, IOJydaeM ooliee
pelIeHne TaHHOTO YPaBHEHUS:

=C, cosx +C,sinx +cosxIn|cos x|+ xsin .

IMon0op 4acTHOro pelieHUusl JMHEHHOr0 HEOJHOPOJAHOI0 YPABHEHHSl € MPaBOil 4YacTbIO
CNeUAJBLHOr0 BUIA

Jlns paBhIX YacTel CHENUAalIbHOTO BHJA YaCTHOE PEIICHHE MOXXHO HaWTH METOJOM Moa0dopa, 4To
OKa3bIBaeTCA TPOINE, YeEM HCIOIB30BaTh METOJ BapHAIMH IMPOU3BOJBHBIX MOCTOSHHBIX. OOmMUNA BHI
npaBoii gactH f(X), 115t KOTOPOH BO3MOXKHO MPUMEHHUTH METOJI TI0A00pPa, CIIE YOI

f (x) = (P, (x)cos Bx + Q, (x)sin Bx), (6)

rac Pm (X) nu Ql(X) - MHoOrowieHsl crernedd M u | coorBeTcTBeHHO. B 3TOM CJIydya€ 4aCTHOC

*
pemenne Y HIIETCA B BUIE

= x%™* (B, (x) cos Bx + Q, (X)sin Bx)., r
k =max{m,I1},
|Sk (X) u Q~k (X) — muOrOUNEHBI NOpsiKa K ¢ HEONPe/IeeHHBIMU KOS UIMEHTaMH,

s — kparHocTh KopHeir A =0 £ ﬂ XapaKTepPUCTHYECKOro ypaBHenus (ecin & T | ﬂ HE SIBJISIOTCS

KOPHSIMU XapaKTEPUCTUYECKOTO ypaBHeHHs, TO S=0).

Koaddunmentsr MHOTOUIEHOB Pk (X) u Qk(X) MOAOUPAIOTCA TaKUM 00pa3oM, 4TOOBI TpHU

*
HOJICTAaHOBKE (YHKIMK Y BMecTe ¢ ee MPOU3BOAHBIMHU B ypaBHeHHUE (1) morydanocs BepHOE TOXKAECTBO.

[IpuBenem amnst ynoOcTBa TGNy BUIOB YaCTHBIX PEIICHHUH AT Pa3IMUHBIX BUAOB MPABHIX YacTel (B
3aBUCHMOCTH OT 3Ha4eHHH o, [3):

IMpagsas gacts f(X) 1udd. Kopau XapaKTepUCTUIECKOTQ

*
Bup yactHoro pemenus Y
yYpaBHEHHS YPaBHEHUS

No 11/

1. Yucno 0 He sBIAETCA KOPHEM| X
| |Pu() P BL (%)

XapaxT. yp-a
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2. Yucno 0 — KOpeHb XapakT. yp-s
KPaTHOCTH S m (X)

1. Yucno a He sABIsSeTCs KOpHEM

ax
XapaxT. yp-s Pm (x)e
I | P, (x)e™
m
2. Unucino o — KOpeHb XapakT. yp-i| s ax
KPaTHOCTH S X"Fn (x)e

1. Yucna +if He ABIAIOTCSA KOPHIMH

P, (x)cos BX + XapaKT. yp- R (X)cos Bx +Q(X)sin Bx
m

+Q, (X)sin Bx 5

. Uucna * i — KOpHH XapaKT. yp-s

x® (P, (X)cos X + Q, (x)sin £x)

KpaTHOCTH S

. Yucnma ot iff He SBISIOTCA

oax 1D g .
X (p (X) cOS ﬂX n KOPHSMH XapaKT. yp-s € (Pk (X) COS BX + Qk (X)Sln ,BX)
m

+Q (X)sin Bx) 2. Yncna ot i — kopuu xapakt. yp-| X e (ISk (x)cos fBx + Q~k (x)sin Bx)
s KpaTHOCTH S

Ecmm mnpaBas wdacte (1) mnpencraBmser coboii cymMMmy HecKOdIbkuX GyHKmmiA Bupa (6):

K
f (X) = Z f j (X) , TO, COTJIACHO T€OpEME O HAJIOKEHHUU PElIeHHH, YACTHOE PEelIeHNe ITOT0 ypaBHEHUS
=
K
. * * * .
ABJsIeTCS cyMMoil Y = Z y jorae y j - YaCTHOE pelIeHHe YPABHEHHUS C NPABOH YacTbio f j (X) .
=

Mpuvep 1. Y' —3y' +2y =x*>—1
XapakTepHUCTHUECKOE ypaBHEHHE 22 —31+2=0 wumeer omHoKpaTHBIE KOpHH A=l A =2,

~ X 2X
MO3TOMY O0IIlee pemeHrne COOTBETCTBYIOMIETO OJJHOPOTHOTO YPaBHEHUS NMEET BUJ] y= Cle + C2e

2 o
HpaBasI 4YaCTb AAHHOI'0 YpaBHCHUA f (X) =X —1 MNpeaACTaBJIACT c000¥ MHOTOUIEH BTOpOro nopsajaka

(ciyqait ). Tak xak uncio 0 He sABISETCS KOPHEM XapaKTepUCTHUYeCKoro ypaBHeHHs (ciydait 1.1), To
YacTHOE pelieHue OyeM HCKaTh B BUJE

y" = Ax® + Bx+C,

rae A, B u C— HeusBecTHbie K03 duiinenTsl. Toraa

(Y) =2Ax+B, (y)"=2A.

TToncTammisist 3TH BRIpQXXCHHS B TAHHOE YPaBHEHUE, TIOTydacM:

2A—6AX—3B+2Ax? +2Bx+2C = x> —1.
[IpupaBHrBacM KO3 PHULIMEHTHI TPU COOTBETCTBYIOIINX CTENEHSAX X B JIEBOW U MIPaBOH YacTsAX PaBEHCTBA!
X% 24 =1,
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xi -64+2B =0,
X% 24-3B+2 C=-1.
1

3 5
Pemas MOJIYYCHHYIO CUCTEMY JIMHEMHBIX ypaBHCHHﬁ, HaxXoJuM: A = 2 y B = E, C = Z

* 1 2
Takum obOpazom, Y =—X +—X+Z,

2 2
¥ 00l1Iee pelIeHNEe JAHHOTO YPABHEHUS MMEET BH]L
1 3 5
y=Ce¥+Cre?* + Zx% + 2x+=.
2 2 4

2
Mpumep 2. Y —y" =12X° + 6X
3 2 _ _
Xapaxrepuctuaeckoe ypasnenne A° —A° =0 nmeer xoprm 41=0 kpatHocTn 2 u A,=1 KpatHOCTH 1,
HO3TOMYy  oOmiee  pelleHHe  COOTBETCTBYIOIIETO  OJHOPOAHOIO  ypPaBHEHHS ~ UMEeT  BHJ
o X
y=C, +C,x+Cse".
IIpaBas 4acTh JAHHOTO ypaBHEHMs MPEACTABIIET cOO0H MHOIOYJIEH BTOPOTO MOpsaKa, uncio O sBisercs

KOPHEM XapaKTEPUCTHUECKOTO YpaBHEHUsI KpaTHOCTH 2 (cityyaii |.2), mosToMy yacTHOe perieHue Oynem
UCKaTh B BUJIE

y* =x?(Ax? + Bx+C) = Ax* + Bx® + Cx?,
(y*) =4Ax% +3Bx? + 2Cx,

(y*)" =12Ax? + 6Bx + 2C,
(y")"=24Ax+6B.

IToxcTaBisist 3TH BBIPAKEHUs B JAHHOE YPaBHEHUE, IMEEM:
—12Ax% + (24A—6B)x + (6B —2C) =12x° + 6X,,
OTKyJa
-12A=12,
24A-6B =6,
6B -2C =0.
Ora cucrema umeer pemenne: 4=-1, B=-5, C=-15, cnexoBarensHo,
y* =—x*—5x3 —15x?,
1 o0l1ee pelIeHre JaHHOTO YPaBHEHUs UIMEET BUJI
y=C, +C,x+Cae* —x* —5x°> —15x°.
pumep 3. V" —y" + Y’ — y = 4xe* — cos x +16e** sin x
XapaKkTepuCTUYECKOE ypaBHEHHE A2=2242-1=0 umeer kopHu A1=1 m A23=ti kparHoctH 1,
CJIE/IOBATEIIBHO, obmee penieHue OZIHOPOJIHOTO YpaBHEHUs UMeeT BUJI
y=Ce" +C,cosx+Cssinx.
IpaBas yacTh JaHHOTO ypaBHEHHUS MPEACTABIIAET COO0M cCyMMy TpeX (QyHKIMIl CHIeI[HaIbHOTO BUAA!
fl(X) = 4X€X, f2 (X) = —CO0S X, f3(X) = 1662X sinXx. Halinem  4yacTHele  pelIEHHSA
COOTBETCTBYIOLIMX yPaBHEHUH.

1) nst ypaBHEHUS y”' — y" + y’ —y= 4xe*
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umeeM ciydait 1.2, rne m=1, a=I1, npuyem uucno 1 sBIsIETCS KOPHEM XapaKTEPUCTHYECKOTO YPaBHEHUS

kpaTHOCTH 1. Clie10BaTENbHO, UIIIEM YaCTHOE PEIICHNUE B BUIE yf = xe* (AX + B) = (AX2 + BX)eX
. Torma

(y7) = (Ax? + Bx + 2Ax + B)e*,
(y7)" = (AX® + Bx + 4Ax + 2B + 2A)e*,
(y;)" = (AX? + Bx+ 6AX +3B + 6A)e*.

HOI[CT&BJ'I)IGM B YpaBHCHHUC:

(4AX +4A+2B)e* = 4xe*,

toectb 4A= 4, 4A+2B=0 , oTkyna A=1, B=-2, cienoBarensHo,

yr = (x* —2x)e*.

2) Jins ypasuenus Y —Y" + Yy —y =—C0SX

umeem ciydai 111.2, toe Pm (X) =1 Q| (X) =0, m=I1=0, ,B =1, npuuem uncna +i sBusIOTCS

KOPHSIMH XapaKTePUCTUUECKOTO ypaBHEHUs KpaTHOCTH 1. CrienoBaTenbHO, YACTHOE PELICHUE UMEET BUA

Yy, = X(Acos X + Bsin x) = Axcos X + Bxsin x,
(y,) = Acos x + Bsinx — Axsin x + BXcos X,
(y5)" =—2Asinx + 2Bcos x — Axcos X — Bxsin x,
(y5)" =-3Acos X —3Bsin x + AXsin X — BXCOS X .

HOZ[CT&BJ'IH?I B YpaBHCHHUC, IIOJTyHaCM:
cosx(—2A—-2B) +sinx(—2B +2A) =—cos X,
toects —2A—2B =—1, -2B +2A=0, OTKYyJla A=B 23.

« 1 :
CnenosatensHo, Yy = Z X(COS X +SINX) .

3) Jins ypasmenns Y — Y +Yy —y = 16e*sin x
umeeM ciydait V.1, e
Pm (X) = O, Q| (X) =1 m= | = O, o= 2, ﬂ =1, npuueM  ducia  2+i HE SBIISIOTCS

KOPpHAMMU XapaKTCPUCTUICCKOI'O YPaBHCHUS.
CHC}IOBaTeHBHO, YaCTHOC PCUHICHUE UMECT BU/]

ya =e?*(Acosx + Bsinx),

(y5) =e®*(2Acos x + 2Bsin x — Asin x + Bcos x)
(y3)" =e®*(3Acosx +3Bsin x —4Asin x + 4B cos x),
(y5)" =e?*(2Acosx + 2Bsinx —11Asin x +11Bcos x) .

IloncraBmisist B ypaBHEHUE, MTOTyIaeM:

e?X(8Bcos x —8Asin x) =16e**sin x,

oTkyna A=-2, B=0, cmeqoBatenbHO, y§ = —2€2X COSX.

Takum O6p330M, 06]1{66 PCHICHUC UCXOOHOI'O YPAaBHCHUA UMCCT BU/L:
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. 1 i
y =C.e* +C,cos X+ Cysinx + (x? — 2x)e* + = x(cos x +sin x) — 2e** cos x
4

Tema 8. Cucrembl JuHeHBIX TP PepeHINATBLHBIX YPABHEHUI €

MOCTOSAHHBIMU KO3 Puuumenramu

=  Cucmemou OOBIKHOBEHHBIX aHu(pQepeHIanbHbIX YpaBHEHHWH Ha3bIBaeTCs COBOKymHOCTh OJ1Y,
KQXKI0€ M3 KOTOPBIX COJIEPIKUT HE3aBUCHMYIO TEPEMEHHYIO, MCKOMBIC (DYHKIIMM WX MPOU3BOJHBIC.
Cucrema O/]Y nepBoro mnopsijka, pa3peieHHbIX OTHOCUTEILHO TPOU3BOIHON:

d
d—))/(1= £ (X Y13 Y0

(1)
d
£= f (X Y1es Vi)

Ha3bIBaeTCs Hopmanvhou cucmemou OY. Ilpu 3ToM npeanonaraercs, 4To YUCI0 ypaBHEHUH paBHO YACTY
WCKOMBIX (DYHKITHIA.

Pewenuem cuctembl (1) Ha3zpIBaeTCs COBOKYMHOCTh M3 N (DYHKIMH Yi,...,Yn, YAOBIETBOPSIOLINX
KOKJIOMY U3 YPABHEHUI 3TON CUCTEMBI.

Hauanvuwie ycnosus nns cuctemsl (1) uMEIOT BUT:

V1(%0) = Y1 1o Yo (%) = ¥ @

3adaua Kowwu nist cuctemsl (1) COCTOMT B HAXOXKACHUHU pelieHus: cuctemsl (1), yI0BIETBOPSIONIETO
HaYaJbHBIM yCIOBHM (2).

PaccmoTpuM yacTHBIM ciayyall HOpMajlbHOM CUCTEMBl YPaBHEHHM, a UMEHHO CUCMeEM) JUHEUHbIX
0OHOPOOHBIX OUDDEPeHYUATbHBIX YPAGHEHUT ¢ NOCTOSHHBIMU KOI(DGuyueHmamu:

dy.
d
%Z An Y1+t a8 Yn-

"

JJis mpocTOTHl OrpaHUYMMCS PACCMOTPEHUEM CHCTEMBI JABYX YpPaBHEHUH € ABYMsSI HEW3BECTHBIMU
GYHKIMSIMH Y U Z:

Y 81y + &7,

dx
®)
: Ay, Y +ayZ
P! 225+
dx
OnHuM W3 METOJOB MHTETPUPOBAaHUS HOPMAIBHBIX CHCTEM BOOOIIE M CHCTEMBI (3) B 4aCTHOCTH
SIBIISIETCSI c8ederue cucmembvl K oonomy O/ evicuieco nopsaoxa.

Jlnst aToro mpomuddepeHmmpyem nepsoe ypaBHeHue cucremsl (3): Y =&Y +a,2'. TloacraBum

BTOPOE YPaBHEHUE CUCTEMBI B IIOJy4EHHOE PABEHCTBO: y” = ally' + a5 (&21y +3ay, Z), wm
14 !
Y —any —a5p8Y =382,
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[anee, BIpa3uB U3 IepBOTO YPaBHEHUS CHCTEMBI Z 4epe3 Yy U '

!

;Y ~any :

= , TOJICTAaBUM B ITOJyYCHHOE PaBEHCTBO:

a
12
!

4 ! y - ally o

Y —a1Y — 45851 =a10ay, =", OTKyZJa NOJy4acM JIMHEHHOE OJHOPOIHOE YPABHEHHE
12

BTOpPOro nopsaaka ¢ noOCTOAHHbIMHA KOS(I)q)I/IIII/ICHTaMI/I OTHOCHUTCIIBHO q)YHKHI/II/I y.

Y — (841 +85)Y — (8 —y8y;)y =0.
PemuB 370 ypaBHEHHe, MOACTaBUM HaliieHHOE OOIlee pelIeHrne B BBIPAKEHHE VIS Z; TAaKUM 00pa3oM,
cuctema OyJeT pelieHa.

Hnst cucteM NUHEHHBIX OJHOPOJHBIX YPAaBHEHHH C TOCTOSHHBIMH KOX(QQHUIMEHTAMH MOKHO
NPEUIOKUTD eIlle OJUH METO]] HHTETPHUPOBAHMS, OCHOBAHHBIH Ha 3HAHWU CTPYKTYPHI OOIIETO pEeIICHUS
TUHEHHBIX 0MHOPOIHBIX OJ1Y.

Bynewm nckatp wactHOe pemieHne cucteMsl (3) B BUE

y =ae™, 7= pe™
rae a, fu A - OCTOSHHBIE YUCIA.

IMozcTassist 5T QYHKIUHK B cHcTeMy (3) M COKPAaTHB ypaBHEHHS HA MHOKHTEb €% | MomyduM:

PA=aya+ayp,

nin
(a1 —A)a+a,pB=0,
a0 + (8 —4)=0.

[Monyunnu cucTeMy JByX JIMHEHHBIX alNreOpanyuecKux YpaBHEHHH OTHOCHUTENBHO ¢, f. s Toro,

(4)

YTOOBI 3Ta CUCTEMA UMEJIa HEHYJIEBOE PelIeHHEe, HEOOXO0IUMO U JOCTATOYHO, YTOOBI €€ ONPEICIIUTEIb ObLT

PaBEH HYJIO:
&, —A a
11 12 | _q. )
dy ap-4

= VpaBHeHue (5) Ha3bIBaeTCA Xapakmepucmuyeckum ypasHenuem cuctembl (3). Ywmcma A,

YIOBJIETBOPSIIOIINE 3TOMY YPaBHEHHIO, Ha3BIBAIOTCS COOCINEEHHbIMU 3HAYEHUAMY MATPHIIBI U G
d ax
PackpeiB onpenenutens B ypaBHeHHH (5), IOJy4aeM KBaJIpaTHOE YypPaBHEHHE OTHOCHTEIBHO A.
PaccMoTpuM BO3MOXKHBIE CTydaH.
Cnyuaii 1. KopHn XapakTepMCTHYECKOTO YPAaBHEHHMS JICHCTBUTENBHBIE M pasnuuHble: A = A,. s
Ka)XI0r0 KOPHS HaIuIIeM cucteMy (4) u onpenenuM Ko3QHUIMeHTsl o, i . [IocKobKy OnpeaeanTelb
9TOM cucTembl paBeH (, TO cucTeMa MMeeT OECKOHEYHO MHOIO PEUICHHM, KOTOPbIE MOXHO HaTH,
HanpuUMep, U3 IEPBOTO YpaBHEHUS (BTOPOE YPaBHEHHUE €CTh IIEPBOE, YMHOKEHHOE Ha KaKOE-TO YHCIIO, T.C.

«J'II/I].HHCC»). I[J'ISI OIPEACICHHOCTU MOXKHO, HAIIPUMED, CUUTATh 01 = =1. HOJ'Iy‘-II/IM:

Jlst KOpHs A1 4aCTHOE pelieHue cucTemsl (3): Y; = alejix, Z= ﬂleﬂix :

JUIS KOPHSA A2 4aCTHOE pelnenue cucremsl (3): Y, = azeﬂfx, Z= ,Bzeﬂ?" .

MoXHO TOKa3aTh, 9YTO 3TH QYHKIHH 00pa3yroT GyHIAMEHTAIBHYIO CHCTEMY PEIICHHA CHCTEMEI (3),
TO ecTh O0I1Iee ee perIeHue UMeeT B
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Cnyyaii 2. KopHE XapakTepuCTHYECKOTO YpaBHEHUS KOMIIEKCHO COMpPsDKEHHBIE! ﬂi 2 = axib. Bux

YaCTHOTO PEIICHHS JUUIsl KOPHS A1 ONpeiensieTcs TaK ke, kak B ciny4dae (1). [Ipumenus popmynsr Diinepa,
MOJKHO BBIJENIUTh JCUCTBUTENbHbIE W MHUMBIE YacTH B HAWJIEHHOM YaCTHOM pEIIEHUH IOIYYHB B
pe3yiabTaTe JABa JCHCTBUTENBHBIX JIMHEHHO HE3aBUCHMBIX PEIICHUS, COACPKAIIMX (YHKIMU BHIA

e cos bx, e sinbx. [Ipm 5TOM KOMIUIEKCHO CONpPSDKEHHBIH KOPEHb A2 HE JIaCT HOBBIX

JIEHCTBUTEIBHBIX YACTHBIX PELICHUI.
Cnyuyaii 3. XapaKTepuUCTHUECKOE YPaBHEHHE UMEET OJFH JEHCTBUTENbHBIN KOpEeHb A KpaTHOCTH 2. B aToM
ClIy4ae pelieHUe CUCTEMbI UILETCS B BUJIC

y=(A+Bx)e™, z=(C+Dx)e™.
[Mocrosinubie A,B,C,D Haxoast MeToioM HeonpeaeaeHHbIX koddduuuentos. Beipasus, nanpumep, C u D
uepe3 4 u B, nonararot cHavyana A=0, B=1, 3atrem 4=1, B=0 u mony4aroT IBa JHHEHHO HE3aBHUCHMBIX

YaCTHBIX PELICHUSI CUCTEMBHI (3).
Ipumep 1. Pemuts cucteMy ypaBHEHHN:

d
& 4y -3z,
dx
dz
—=2y-32
dx
CocTaBuUM U peIIuM XapaKTepUCTUIECKOe YPaBHEHUE CUCTEMBI:
-4 =3 0, A2-21+6=0; A4=-2, 1,=3
2 -3-A
[Tomyunnu aBa AEHCTBUTENBHBIX KOPHS. 7151 K&XKI0TO U3 HUX PEIIUM cuctemy (4):
6a—38=0,
Hns ﬂl = —2 umeeM [Monoxum, Hanpumep, a=1, f=2.
20— =0.
a—38=0,
Jns ﬂ/z =3 umeem Ionoxum =3, f=1.
20— 63 =0.
Takum 00pa3oM, MOIy4MIIN YaCTHBIE PEIIeHUs
—2X 3X
="  y,=3e

Zl - Ze_zx Zl - e3x

OO11ee pereHre JTaHHOW CUCTEMBI:
y =Ce ?* +3C,e%,
2=2Ce ¥ +Ce*.

IIpumep 2. Pemuts cucteMy ypaBHEHHMN:

dy

— =Yy -5z,
dx y

dz

— =4y +5z.
dx y

CocTaBuM u peHIUM XaPAKTCPUCTUYCCKOC YPABHCHUC CUCTCMBbI:
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1-1 -5 +J36-100
4 s 1‘:0; A?—61+25=0; /11,2=6— 326 10 5.4

HOJ'Iy‘II/IJ'II/I JABa KOMIIJIEKCHO COIIPSKE€HHBIX KOPHA. Haiimem wactHOE PEHICHUE CHUCTEMBI JId KOpPHA

ﬂl =3+4i: Y= 0593+4| , L= ,363+4' ,TAe oW [} yIOBIETBOPSIOT cucTeMe BHUa (4):

1-3-4i))a—-58=0,
{4a+(5—3—4i),8:0.
HaiineM 13 nepBoro ypaBHEHHsI CHCTEMBI OJTHO U3 €€ pELICHUI:
a=5 p=-2-4i.
Taxum 006pa3om, 4aCTHOE PELIEHUE, COOTBETCTBYIOIEE KOPHIO /4,

34 _ 5 cos4x +i-5e%sin4x,

y =5€
z =(=2—4i)e** = (=2 - 4i)(e** cos4x + ie* sin4x) =

= —2e¥ cos4x + 4e® sin 4x + i(—2e** sin 4x — 4e>* cos 4x)

(T.x. i?=-1).

B])I[ICHI/IB I[CI‘/’ICTBI/ITGJILHI)IG 1 MHUMBIC 4aCTHU, IMOJTYYUM JIBa YaCTHBIX PCIICHUA:

y; =5e** cos4x, y, =5e¥sin4x,

2, =—2e% cos4x + 4e>* sin 4x z, =—2e*sin4x — 4e¥ cos 4x.

Takum o6pa3oM, o01IIee penieHre CUCTEMbI UMEET BH/I:

y =5C,e°* cos4x +5C,e°*sin4x,

z =C,(-2e¥ cos4x + 4e** sin4x) + C,(—2e>*sin4x — 4e* cos 4x) .

IIpumep 3. HaiiTi yacTHOE perieHrne CUCTEMBI

dy

— =8y-5z,
dx y
dz
—=by-2z,
dx y

YAOBJICTBOPAIOUICEC HAYAJIbHOMY YCIIOBUIO
y()=e*, 2(1)=0.
CocTaBuM 1 peUIuM XapakKTCPUCTUICCKOC YPaBHCHUC CUCTCMBbI:

8-4 -5
5 2-2

HNmeem eMHCTBEHHBIX ACWCTBUTENBHBI KOPeHb A=3 KpaTHOCTH 2. by/neM HCKaTh pellleHHe CUCTEMBI B

=0; A°-61+9=0; (1-3)°=0.

BUC
y=(A+Bx)e®*, z=(C+Dx)e*.

HO,I[CTaBI/IM B CUCTCMY:

e¥*(3A+ B +3Bx) =e*(8A—5C +8Bx —5DXx),
e¥(3C + D +3Dx) =e**(5A— 2C +5Bx — 2Dx),

OTKyZa, COKpamias Ha e>* W npupaBHHMBas KOO(GQHIMEHTH NMPH OJMHAKOBBIX CTEMEHSIX X B 0OOMX

32



YpaBHEHUSIX, TTOTyYaeM:

3A+B=8A-5C, 5A-B-5C =0,
3B=8B-5D, 5B-5D =0,
OTKyJa
3C+D=5A-2C, 5A-5C-D =0,
3D =5B-2D; 5B-5D =0.
Tperbe u deTBepTOE YypaBHEHHS CHCTEMBI — <JIUIIHWE», CIEJ0BATEeIhHO, 3Ta CHUCTEMa WMEEeT

JIByXIapaMeTpuueckoe MHOKecTBO pemeHuit (Hampumep, C m D Beipaxkatorcs uepes 4 m B). Ho,
MOCKOJIBKY Ham TpeOyeTcsl HaiiTh He oOlee, a YacTHOE PElIeHNE CHCTEMBI, YAOBIETBOPSIONIEE JaHHBIM
HAYaIbHBIM YCIOBHSAM, NOMydaeM emle 2 ypasHenus: (A+B)e*=e%, 1.e A+B=1, u (C+D)e*=0, 1.e. C+D=0.
Ilonydyennas cucrema

5SA-B-5C =0,

5B-5D =0,

|A+B=1,

C+D=0

UMeeT eMHCTBeHHOe perienue A=-4, B=5, C=-5, D=5. Takum 00pa3oMm, HCKOMOE YaCTHOE pEIICHHUE:

y =(-4+5x)e®, z=(-5+5x)e*.

Tema 9. Teopusi ycTOMYHBOCTH

PaccmoTpum cucremy auddepeHnraIbHbIX ypaBHEHUH

d

M f.0% Y15 ¥o),

dx M
dy,

—< =f,(X:V;:V,).

dx > (X Y13 Y2)

= Pemenue ng(X), (DZ(X) cucremsl (1),  ynoBieTBopsifolIee — HAadadbHBIM  YCIOBHSM

gpl(XO) = (Df ,...,(Dn(XO) = (pr? Ha3bIBaeTCs ycmouuugslM no Jlanynosy, ecan ans mwoboro & >0

cymectsyer uucio O >0 Taxoe, 4to m1s BesKOrO pemenus yl(X), y2(X) cucremsl (1), HauanbHBIE

3HAYCHUA KOTOPOI'O YAOBJICTBOPAIOT YCIIOBUAM

()=t <8, |y2(0) - 03| <5, @

MMEIOT MECTO HEPABEHCTBA
‘Y1(X)—¢1(X)‘<<9’ ‘YZ(X)—¢’2(X)‘<3 3)
U BceX X > X

Hpome TOBOPs, pCIICHHUC ABJISICTCA yCTOfI‘{I/IBBIM 10 .HSIHyHOBy, €CJIM MaJIO€ OTKJIIOHCHHUE Ha4YaJIbHBIX
yCHOBI/Iﬁ IIPUBOAUT K MAJIOMY OTKJIOHCHHWIO PCIICHUSA.

= Ecmnu npu ckonb yrogHo magoM O >0 XoTs OBl Uil OHOTO PEIICHUS yl(X), Yo (X) HEPABEHCTBA

(3) He BBIOTHSAIOTCS, TO PEIICHUE (pl(X), 0 (X) Ha3BIBACTCS HEYCMOUYUBHIM.

=  Ecnm, KpoMe BBITIOTHEHUS HEPaBEeHCTB (3) mpu yciioBuH (2) BHIITOIHAETCS TAK)KE YCIOBHE

lim [y, ~@(0]=0, lim [y,() ~g,(0|=0, @
X—>+00 X—>+00
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TO pelICHHE gol(X), (0 (X) masbiBaetcs acumnmomuyecku yemouuueoM.

HccnenoBanre Ha yCTOWYMBOCTD PELICHUS gﬂl(X), @2(X) cuctemsbl (1) MOXKET OBITH MPH MOMOIIH
MOJCTAaHOBKHM CBEIEHO K MWCCIICOBAaHUIO HAa YCTOWYMBOCTH HYJIEBOTO (TPHUBHAJIBHOIO) PpEIICHUS

yl(x) =0,Y, (X) =0 nexoropoii cucremsl, ananoruunoi cucteme (1):

d

d—))/(lz 91 (X; Y13 ¥),

dy 1)
d_X2 =0,(X;y1; Y5)-

» Pewenne Y; =0, Y, =0 nassisacres mouxoii nokos cucremst (1°).
Cdopmynupyem onpeeneHus yCTOHYMBOCTH IPUMEHUTENIBLHO K TOUKE TTOKOS.

= Touka TOKOSA Vi = 0, Yo = O cucrems (17), Ha3weBaeTcss ycmouuusoi no Jlanynosy, ecinm s
mo6oro & > 0 cymectayer uncio & > 0 rtakoe, uto 17151 Besikoro pemenus yl(X), Yo (X) cucremmi (1),
HayalbHbIC 3HAUYCHHUS KOTOPOTO yIOBIETBOPSIOT YCIOBHSIM

Y106)| <8, |y2(%0)| <6,

29
UMEIOT MECTO HEpaBEHCTBA

hl<e |y,00]<e

(3 X
ans Beex X = Xg.

I'eomeTpuyeckn 3TO O3HAYAET, YTO KaKUM OBl Y3KHUM HU
ObUT HWIMHIP paguyca & ¢ ocklo Ox, HaWEeTCs: G-OKPECTHOCTD

toukn (0;0;x0) Takas, YTO BCE WHTEHTPAJbHBIC KpPHUBBIC, 1-L/E
< 7
BBIXOJISIIIAE M3 DTOM OKPECTHOCTH, JUIA BCEX X = Xy Oymyt == _;/(00 Xo)
o NTLTYCL

0OCTaBaTbCA BHyTpI/I 3TOI'0 HI/IHI/IH[[pa.
u ECJ'II/I, KpOMC BBITIOJIHCHHUS HCPABCHCTB (3 ’), BBITIOJIHACTCSH TAKIKE YCIIOBUC y2

lim |y,(x)[=0, lim |y,(x)|=0 @)

X—>400 X—>-+00 Y1

TO TOYKA ITOKOA HA3bIBACTCA acumnmomuiecKu yCl’l’lOblle/tGOﬁ.

=  EcIu npu CKOJIb yTOJAHO MaJIOM 0 > 0 xots 651 115 071HOTO pelIeHus yl(X), Yo (X) HEpPaBEHCTBA

(3") He BHIMONHSAIOTCS, TO PEIICHHUE gﬁl(X), (03 (X) Ha3bIBACTCS HEYCMOUYUUBOL.

Ecth mpocras ¢usndeckass aHANOTUsS U TOHSTHS YCTOWYMBOCTH. PaccMOTpUM OOBIYHBIN MIapHK.
Bo3MOXHBI TpH THNA MOJOKEHUH MOKOS s IIAapHKa: Ha IUIOCKOCTH, B HIDKHEH TOYKE BIAJMHBL, B
BEPXHEM TOYKE BBIITYKJIOCTH. JIETKO BUIETH, YTO IEPBOE IOJOXKEHUE IIOKOS YCTOMUYMBO, BTOPOE —
ACUMNTOTHYECKH YCTOMUNBO, TPEThE — HEYCTOMUHUBO.

IIpocreiimmne THIBI TOYEK TOKOS

PaccMmoTpuM crcteMy IBYX JIMHEHHBIX OJTHOPOJHBIX Au((HepeHIaabHbIX YPAaBHEHUH C TOCTOSTHHBIMU

ko pumenTamu:
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Y _a Y +ayyZ
dx 11 124

OIZ—a Y +a,,Z
dx 21 225

()

opudeM
p #0

&1 9

an 8y
Pemenue y=0, z=0 Ha3bIBaCTCS MOUKOU NOKOSL WA 0COO0U MOUKOU CUCTEMBI (5).
CocTaBUM XapakTePUCTHICCKOE YPaBHEHHE CUCTEMBI (5):

a -4 ap (6)
ay ap-4

=0

1 HalgeM ero KOpHH A1, Ao
Bo03MOXHBI clieTyroIue Cirydan:
I.  Kopuu xapakTepucTH4ieckoro ypaBHeHH (6) BEIIeCTBEHHBIE U pa3IHIHBIE:

a) 4, <0, 4, <0. 6) 4 >0,4,>0. B) 4, >0, 4, <0.

Touka NOKOSA aCUMITOTHYECKH Touka Mokos HeyCTOMYMBa Touka NoKos HEyCTOMYNBa
ycToiunBa (YCTOMYUBBIN y3ei). (HeyCTOWYHBEIH y3em). (cemno).

(Ha pucyHkax W300pakeH «BHJ CHH3Y» Ha HHTETPAJbHBIC KPHBBIC, CTPEIIKH YKAa3bIBAIOT HAMPABJICHUC
KPHBBIX [IPU BO3PACTAHHH X.)

Il. KopHu XapakTepucTHYeCKOro ypaBHeHHS (6) KOMIUIEKCHBIE:

Ar,=azip.

aa<0, f+0, oa>0,+0. pya=0,#0.
Touka MOKOS aCUMIITOTHYECKHU Touka Mokos HeyCTOMYnBa Touka nokos ycToiunBa
ycToiunBa (yCTONYNBBINA (meycToiumBbIi GHOKYC). (weHtp).
doxyc).

5 9

1. KopHu kpaTHbIE: ﬂl = ﬂxz

a) Ay =7, <0 6) 4 =2,>0

[TOKOS aCUMIITOTUYECKH YCTOMUMBA ['ouka mokost HeyCTOWYNBA (HEYCTONIMBRINA y3€7)
1UBBIH y3e)
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PA3IEJI 3. UHTEI'PAJIbHBIE YPABHEHUSA

Tema 10. OcHOBHBIE OnpeAe/ieHUs U NOHATHS HHTErPAJIbHBIX YPABHEHHU I

Humezepanvuvimu ypasneHusmMu Ha3bIBalOT YPaBHEHUS, B KOTOPBIX HEU3BeCTHAS (DYHKITHS,
KOTOPYIO 0003HAUUM y(x) , BXOJUT NOJ 3HAaK UHTETpaia:

b
G(x,y(x)):IF(x,f,y(f))df. (1.1)

B uactHOM ciyuae, koraa Gyukuus G B npasoii yactu ypaBHenus (1.1) He 3aBHCHT OT HCKOMOM
byHKUIUM y(x) , TOBOPAT 00 ummeepanvHom ypaswenuu [-co pooa, B 00ImEeM ciydae — 00

UHMESPANLHOM YPasHeHUuU 2-20 pood.

B otnuuune ot 00bIKHOBEHHBIX Au(depeHIMaNbHBIX YPAaBHCHUH JJIsl PEIICHUST YPaBHCHUS
(1.1) mHe TpeOyercs 3amaBaTh JOMOJHUTEIBHBIC YCIOBHUS, a UMEHHO, 3HAYCHUS HEWU3BECTHOM
GYHKIIMY W/UIH €€ TPOM3BOJHBIX B HEKOTOPBIX TOYKAX. JTO OOCTOSITENHCTBO MMEET OOJBIIOE
3Hau€Hue, 0COOEHHO B MPHUJIOKEHHUSX.

O6nacth u3MeHeHms mepemeHHsx a<X, <D B ypasmemmm 2-ro poma(l.1)
Ha3bIBAETCS] OCHOBHBIM KEAOPAMOM.

WNurtepBan [a, b] MOET OBITh U OECKOHEUHBIM, TAK YTO 3HAUCHMs A = —o0 i/ b = 00

He uckimoyatotcs. Ecu ke 06a uncna @, D xoneunsr, To 6e3 orpannyenus 0GUIHOCTH MOKHO
HOJIOKUTh A = 0, b=1.
B Takom ciyuae ypaBHenue (1.1) Ha3bIBalOT ypaguenuem Ypvicoua:

G(va(x))=IF(X,§,y(§))d§- (1.2)

YacTHbIM ciydaeM ypaBHEHHUs Y pPbICOHA SABIISIETCS ypasHeHue I ammepuimenna:

G(X’V(X)):J.K(X’eg)g(f,Y(é))dfl (1.3)

ipu 5ToM dynkims K masweiBaercs sopom ypaenenus.
Haubosee mpocTsIM M XOpPOIIO H3YYEHHBIM SBISETCS, €CTECTBEHHO, Cllydail JHMHEHHOU
sapucumocTu Qynkuuii §, G ot uckomoii GpyHkImy:

o(£9(6)=¥().  (uy(0)=3((0-1(0).  aa

Torga B obmeM ciaydyae, He 00s13aTEIFHO KOHEUHBIX 3HAYCHUH A , b,
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b

y(x) = 2[ K(x.£)y(£)e = 1 (). (L5)

a
VpaBuenue (1.5) Ha3bIBaeTCA JIUHELHbIM UHMESPATbHLIM ypasHeHuem 2-20 poda, A —

napamempom ypaeHeHus, a f(X) — HEOJHOpOoAHbIM wieHoM. Ilpu ycnoBum f(X)zO

ypaBHeHue (1.5) Ha3bIBAaETCS OJJHOPOIHBIM.
Kornma dpyukuus § onpenensercs tem ke ypasaenuem (1.4), a pynxuus G ne 3aBucut

or BrOporo aprymenta: G (X, y(x)) = f (X) , TPUXOIUM K JUHEUHOMY UHMESPATbHOM)

ypaeueruio 1-2o pooa.

b
=IK(X,§)y(§)d§. (1.6)

Ynpaxuenue. [lokaxure, dUYTo Haguyue CBOOOJHOTO wWieHa B  (YHKIHH

g («f, y(§)) = y(é‘) +Jp (f) MPUBOJIUT K TeM ke ypaBHeHUsM (1.5)-A.6) ¢ M3MEHEHHBIM
HEO/THOPOIHBIM YJICHOM.

G(xy(x))= I K (6£)(¥(£)+ 90 (£))é - j( £)Y(£)+ K (x,£) o (£))de =
b
= [K(x&)y §)d5+jr<x§ o (£)0¢ = jK V(£ + Ty (x),
: b
IK )90 (&)dE = f1(x),
ab

j y(E)E = f(x)+ Afy(x).

Omnpenesaenne. Eciin uncna a u D xomeunsI, sIpo U HeoHOPOTHEIH UTeH KBAAPATHIHO

I/IHTerI/IpyeMBII
11 V2
‘\K\\={H\K(X,§)2d§dx} <0, (1.7.1)
00

12

1
\\f\\={j\f(§)\2d§ <o, (1.72)
0

ypaBuenus (1.5) — (1.6) Ha3bIBatoTcs ypasuenuamu Ppedeonbma, COOTBETCTBEHHO, 2-T0 U 1-T0
pona.

YacTHbIl cilydail TMHEWHBIX YPABHEHUH, UMEIOLIUI BaXKHOE CAMOCTOSTEIIBHOE 3HAUYCHHUE,
BO3HHKAET IS SI/IEP, YAOBIETBOPSIONINX YCIOBHIO

K(x,£)=0, X>E. (1.8)

[Tony4aromuecs: ypaBHEHUs
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=fr<(x,s)y(§)ds, 4 K(x£)y(eHe=T(x). @9

Ha3bIBAIOT ypasHeHusmu Boavmeppa, COOTBETCTBEHHO, 1-ro U 2-10 poja.
Yupaxuenue. 3agaua Komm qyis nuneiinoro auddepeHnnanbHOoro ypaBHeHUS

Y™ () + 2 (x) YD (%) ..+ (x) y(x) = (%)

C HaYaJIbHBIMH YCIIOBHAMUA

y(0)=co. y'(0)=cy. ... YV (0)=c,.

CBOJIUTCS K ypaBHEeHUIO BonbTeppa 2-ro poaa (1 9) npu 3navenun A =—1n

Zam )m -1

f(X)=p(x)- cn_lal( ) (cn_lx+cn_2)a2(x)—...—

Xn—l
—(Cnl (n-1) +o X+ co}an (x).

JleiicTBUTENBHO, T0JIOKKUM (110 KHUTre BacunbeBa, THXOHOB. I/IHTeraJIBHLIe ypaBHEHUs)

G, %2 Ch-1 n-1 J'
Ch +t—X+—=X"+...+—— )
Y()=Co 3%+, CEVRE e A oz

rae l//( X)— HOBas HeusBecTHas pyHkuus. uddepenunpys 3o Beipakenue N pas, umeem

G N =T (LU

" n— n— 1 n-
y(x):cz+%x+...+c—1-x 3+( = )!Iw(f)(x—é) 2de,

(n—k-1)! (n—k-1) g
=Cy + +(nf”k—1_l)!x”‘k‘1 (n_i_l)!jl//(cf)( —)" Mg, 1<k<n-1
0

HpI/I 9TOM, OYCBHUIHO, BBIIIOJHCHBI YCJIOBUA
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y(0)=co. y'(0)=cy. ... YV (0)=c,.

. k
HOI[CT&BJ'IHH HauJCHHBIC BBIPAXKCHUA JIA IIPOU3BOJHBIX y( ) (X) B JICBYIO 4aCTb

auHeHOoro AudQepeHnnanbHOr0 YypaBHEHHS, TOTYIUM

Y (%) + a4 () Y "D (X) o+ 2 ()Y (X) + 2 () Y (X) = (%),

1//(x)+a1(x)[cn_1+jw(§)d§}+...+

0

o Q. C 2 Ch1 n-1
[co+1!x+2!x +..+ 1)!x jan(x).

O0o03HaYNM

f(x):go(x)—cn_lal(x)—...—{ck +...+(C”—‘1)!x”‘k_1]an_k (x)-
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IMMOJIYy4YHUM

IK y(EHE=1(x)

VYpaBHeHust 1-ro poja OTHOCATCS K TaK Ha3bIBAEMBIM HEKOPPEKMHbIM 3a0aiam, U OHU
OynyT paccmaTpuBaTbcs No3ke. BHauane m3ydyum ypaBHeHUs 2-ro popa. V3yuenue HauHeMm C
YpaBHEHUH, JONYCKAIOMINX aHAJIMTUYECKOE PELLICHUE.

IIpumep 1. BbluvcnuTh TpU MEPBBIX MOCIEAOBATENBbHBIX NPUOIUKEHHUS PEIICHUS
WHTErPAJIbHOTO YpaBHEHUS

y(X) + Jl'xty(t)dt = x*
Pemenue. Ilyctp pemieHue umeeT BUJ y(:() = Y5(X) = @y (X) + A, (X) + }LZ% (X)+ 13(/)3 (x), rme
P, (X)=y(X)=Xx*, @, (X)= j. K(x,t)g, _, (t)dt. Imeem
0
Po(X) =X,

1
_ [xt-t2dt= X
gol(x)—.([xt tdt=7,

Pt X

X) = xt~—dt:—,
?, () I T
X) = [ xt- —dt—

P3(X) = j %

Tak kak ﬂ,:—l, TO NEPBBLIC TPU IMOCICAOBATCIBHBIC HpI/I6J'II/I)KeHI/I$[ n C€CTb HpI/IGHI/I)I(eHHLIe
peHiCHUs UHTCTPAJIbHOTO YPABHCHUS:

Yo (X) =, (X) = x?,

y1<x):¢o(x)—<ol(x):x2—§,

Y, (0 = 25 ()~ 0,0 + 0,00 = X —x&—ﬁ]

Y3 (X) = (X) = (X) + 9, (X) — 3 (X) = x? _X(%_ﬁ 4132j

. 2
HaiiieM TOYHOE pellleHne JaHHOTO MHTErpajbHOro ypasHenus. Mmeem Y(X)=X"—-C,,

1
re C = I ty(t)dt= It(tz —c,t)dt :%—C—;. CnenoBaTenbHO, C, = 3 U TOYHOE pEIICHHE
0 0

16
3
aBHeHHUS: Y(X) = X° ——X.
yp y(x) 6

IMpumep 2. /{15 uHTErpaibHOrO YpaBHEHUS
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1
y(x) = A[e"y(t)dt+ f (x)
0
HAalTH pPE30JbBEHTY, OMNPEICIUB paaUyC CXOJUMOCTH psila. 3alucaTh pEIICHHE MpU
N 1 x
POU3BOJIBHOM cBOOOHOM unierne f (X), a Takxke HallTH pemieHue npu A = 5 u f(x)=e".
Pemenne. Haxonum ureparuu suapa:

K(x,t) =K, (x,t) =¢e*",

1 1
K, (X,t) = I K(x,s)K(s,t)ds = _[ex’ses"ds =e T,
0 0

K, (x,t) = .l[ K(x,5)K,(s,t)ds=e*".

Urak, K, (x,t)=¢" (n=12,.).

PesonpBenta sapa  R(X,t,A) = Zﬂ”‘lKn (x,t) =2 Z/I"‘l. [MomydeHHbIl pang  sABISETCS
=1

n=1

. . 1
reOMETPHUYECKOM Iporpeccuei, cxoaures npu |A| <1 u cymma ero paBaa ——. Takum o6paszom
ﬂ' b

x—t 1

R(x,t,A) = 1e T Pemenne ypaBuenus umeet Bua Y(X) = f(x) Jrnj-ex’t f (t)dt. B wactrocTH,
a o
1
— 1
_ 1 _ nX _ X 2 x=t 4t _ X
npu A= 5 umeeMm f(X)=e" u y(x)=¢e =7 je e'dt=2e".
1-=0
2

Tema 11. YpaBHeHus ¢ BbIPOKICHHBIM SIIPOM

Snpo WHTErpajabHOrO ypaBHEHUS K(X,f) Ha3bIBACTCS BbIPOINCOEHHBIM, €CIH OHO

MPEJICTAaBUMO B BHJIE€ KOHEUYHON CYyMMBI MPOU3BEACHUN (QYHKIMH, KaXK1as U3 KOTOPBIX 3aBUCUT
TOJBKO OT OAHOW MEPEMEHHOM:

K(X,é):i@(x)wi (&). (1.10)

be3 orpannuenys OOIIHOCTH MOXKHO CUUTaTh, YTO QYHKIUM () TMHEHHO HE3aBHUCHMEL
IToncraBum popmymy (1.10) B (1.5):

b n
V()= 2[ D0 (i () () = T (x).

3 i=1

n b
V() =20 (x) v (£)y(£pE =1 (%), (111)

HOCKOJ’IBKy OHpeJIeJ'IeHHI)II\/'I HUHTErpail 34ACCh ABIIACTCA YHCIOM, SACHO, YTO HCKOMasd

byHKIIUS y(x) AMeEET BUI:
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y()=2 an(x).  w(x)=f(x) a=1 @1
i=0
[ToxcraBnss sty dopmyny B (1.1 1) npnz[eM K YPaBHEHHUIO

xzqo jw. y(£)XE =1 (x).

b
Zai% (X)—ﬂZco. ()] wi(£)y(ENe =T (x)

1= a

n
Z d; —iZCijaj}(p,(X):O, (1.13)

b
Cij = [wi(£)j ()e.

Ho ¢ynkuum ¢ mnd BCEX MHAEKCOB 1<i1<N mo ycnoBuio NHHEHHO HE3aBHCHMBL.
CnenoBarenpHo, ypaBHeHHE (1.13) MOXKeT BBIONHATHCS AN BCEX Xe[a,b] TOJBKO TpH

YCIIOBHH, YTO PaBHBI HYIII0 KO3 (GUIUEHTHI IpU Kax ok pynkuuu @; .Takum 06pazom, nomydaem

CHCTEMY JIMHEWHBIX anreOpandecKuX ypaBHEHUM 11 Kod(PuIueHToB 8; u3 pasnoxenus (1.12):

chu =
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]=0
n
5ij _lzcij aj = ACipqg,
j=1
n
Sy =AY Cij [8j=4Cip,  i=1 .1, (1.14)
j=1

rae 5ij —cumeon Kpouexepa. PemuB 3Ty cucteMmy ypaBHEHUH, HaiiieM ko3dduimentsl a j

CJIEIOBATEIILHO, NCKOMYO (DYHKITHEO y(x) .

Kak Buaum, pernieHue JMHEHHOTO MHTETPATBHOTO YPABHEHMS C BBIPOXKICHHBIM SIIPOM
CBEJIOCH K PEIICHUIO CUCTEMbI JIMHEWHBIX anredpandeckux ypaBHeHUi. Janee Mbl yBUIUM, UTO B
Clly4ae MPOM3BOJIBHOIO sijipa JIMHEMHOE HHTErpajbHOE YPaBHEHHUE OKAXKETCs, B HEKOTOPOM
CMBICIE, TOJOOHBIM OECKOHEYHON CHCTeME IMHEHHBIX aireOpanvyeckux ypaBHEHUU. OTy
AQHAJIOTHIO TIOJIE3HO HMMETh B BHUJY, IMOCKOJBKY OHA IO3BOJSIET MOHSATH OCHOBHBIE CBOMCTBA
JUHENUHBIX WHTErpajbHbIX YpPaBHEHUW, CpaBHMBAs HMX CO CBOMCTBAMHU KOHEYHOU CHCTEMBI
anreOpanvdecKuX ypaBHEHUM, N3BECTHBIMU U3 JTMHCHHOHN alreOphl.

B wactHocth, eciu ypasuenue (1.11) oqnoponnoe,

n b
V()= 220 ()i (£)y(£z =0,

T.e. f (X) =0, o onHOpoaHEI M anrebpandeckue ypasHenus (1.14)

n
5ij —/’LZC” aj =/1Ci0,
j=1

b
nockonsky Cig :j‘//i (f)(po (f)dﬁ, HO (DO(X)z f (X)=0, 10 Cjp =0,

n
5”' —/’?,ZCU aj =0
j=1

s Beex | .

Torpaa, kak U3BECTHO, HETPUBUAIBHBIE PELIEHUS Y ITUX YPaBHEHHI CYIIECTBYIOT TOJIbKO
TOT/1a, KOT/Ia ONPEeUTeNh CUCTEMbI paBeH Hym0. OTCI0/1a MOKHO MOJIYYUTh HAOOp 3HAYCHUN
mapameTpa A, Ha3BIBAEMBIX XAPAKMEPUCIIUYECKUMU SHAYEHUAMU, 1JIS KOTOPBIX OIPEAEIUTENh
CUCTEMBbI OOpamaeTcsi B Hylb. Takux 3HaueHUN HMeeTcs pPOBHO [, YyYUTHIBas BO3MOXKHYIO
KpaTHOCTb KOPHEW XapaKTEPUCTUYECKOTO YPABHEHMUS.

Tak xak ypaBHEHMsI C BBIPOXJCHHBIM SJIPOM CBOJSTCS K JIETKO pEIIaeMbIM JMHEHHBIM
anreOpanyeckuM YpaBHEHHSM, CYLIECTBYET MPHOIMKEHHBIN METOJl PELICHUs HHTErpalbHbIX
YPAaBHEHUN C NPOU3BOJIBHBIM sSApoM. OH OCHOBAaH Ha aNNpPOKCHUMAIMU $]Ipa BBIPOKICHHBIM:
GyHKIMS ABYX NEpPEMEHHBIX MPUOIMKEHHO 3aMEHSeTCd KOHEUYHOW CYyMMOW NpOHM3BEACHUM
GyHKIMMA, KaXaas U3 KOTOPBIX 3aBUCHUT TOJBKO OT OJHOM mepeMeHHou. Kak dacto ObiBaer,
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JOoCTUTaeMasi TOYHOCTh 3TOTO MPHUOIMKEHHOTO METOJIa 3aBUCUT OT YJAYHOCTH BBIOOpa 3THX
GyHKIHA.

Tema 12. YpaBHenus tuna ®@ypbe-cBepTKH

Paccmotpum Teneps ypaBHeHUE

4 K (x—&)y(E)E = T (x), (L.15)

B KOTOPOM $JIpO 3aBUCUT OT OJTHOTO apryMeHTa, KOTOpBIi, B CBOIO OUEPE/Ib, SIBIISIETCS PA3HOCTHIO
NIBYX JIpyrux nepeMeHHbIX. YpaBHeHue (1.15) HaspiBaercs ypasnenuem ceepmru no @ypoe.

OTO ypaBHEHHE JIETKO PEIIAETCs, €CIM TMEpPeuTH K (yphe-u300paxKeHusM i spa,
MCKOMOM (DYHKIIMU ¥ HEOAHOPOJHOTO YJICHA!

gy L [ kg
K (x g)_zﬁje R (k)dk. (L.16.1)
y(x):i I e Mg (k)dk, (1.16.2)
_iw —ikx F
X)_27z' je f(k)dk. (1.16.3)

[ozacrapnss 5tu Gopmyisl B (1.15) u ucnonssys ussectHoe Dypbe-pasioxkenue O -QyHKIUN
Hwupaka:

k):i T e K% | (1.17)
yfwf(f k| L] esomhe- L e
%]ieikxy(k )k — 11[% Ze‘(kk'>‘fd§] %ieik"‘l{(k)y(k)dk dk’—%ie”‘xf(k)dk
%zeikxy(k)dkﬂié(kk’) i_]ie‘k’XK(k)y(k)kodk'—iie”‘Xf(k)dk
ZEZe"kX (k)dk z—z ‘”‘XK(k)y(k)dk—%ie"kxf(k)dk
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y(x):% | e"‘xy(k)dk:% | e”‘x%dk.

ITo BacunbeBoit 1 TuxoHOBY:
zj y(EME =T (x)

ikx
YMHOKaeM 3TO BhIpaKEHHE Ha e"y uHTerpupyem no X. Mmeem

_[ ey (x)dx — ;tj 'kX[J.K §)d§}d Te"‘xf(x)dx.

—00 —00

MoOHO IOMEHSATH NOPSAI0K I/IHTGFpI/IPOBaHI/ISI B IIPABOM YACTH ITOCJIETHETO PABEHCTBA

J' |kx X)dx — ﬂ,j' TeikXK(X—é‘)dx}dgﬁ: Teikxf(x)dx,

—00 —00 —00

I ey (x)dx - /1'[ Jelks Teik(xé)K(x—é)dx}déz Teikxf (x)dx.

—00

—00 —00

Ortcrona s Gypbe- I/I306pa>KeHI/II/I MOJIy4YUM

CnenaB obpatHoe npeobpazoBanue Pypbe, HAX0IUM

y(x):% J' eikXy(k)dk:% J' e‘kx%dk

—0 —o0
[TogoOHBIM ke 00pa3oM pemarTcsi U ypaBHEHUs, MPEACTABISAIONINE CO00 CBEPTKY IO
Jlamacy.
Ynpaxuenue. [Tokazats, yTo penieHue ypaBHeHus Bonbreppa, nmeroniee B CBEPTKHU 10
Jlammacy:
X

V(x) = 2[K(x=&)y(E)E =T (x). x20 (L.19)

0
€CThb
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y+ioo ~
1 ox__T(p)
_ T ") dp, 20
y(x) 27i Ie 1—/1K(p) P (1.20)

y—io
e f~( p) , K( p)— JaTIac-u300pakeHNs HEOJHOPOIHOTO uieHa U sapa ypasHenus (1.19), a

wHTErpan 6epercs BAONL mpsaMoii RE P =), mapamiensHoli MHUMOI OCH, M TOHMMAETCS B

cMmbIcie riaaBHoro 3HaueHus. dopmymna (1.20) — odpaTHOe mpeoOpazoBanue Jlamnaca.
IMpumep 1. Pemnths uHTErpaibHOE ypaBHEHHUE

plt)=t - [t shpls)as.

Pemenue. B nansom ciyuae f(t)=t u K(t,s)=t—s (s <t) HenpepsIBHEI 1, 3HAUHT,
ypaBHEHHE UMEET €IMHCTBEHHOE PELICHUE.

ByJIeM ero HCKaTh METOZIOM IOCITEI0BATENbHEIX o mmkermit. [omoxmm ¢, (t)=0.
Torna nomyunm

(/71(t):t
Hanee,
t t3
(Pz(t):t_J.(t_S)Sdsz R
0
t g3 3 5
¢3(t):t—£(t—s{s—§jds: 5ty
................ : 1t2n—1
t)=t- 1)
oat)=t- +..+(-1) 2
SIcHo, uTO

?D, (t)v)Slnt .

IIpumep 2. Pemuts ypaBHeHne ®@pearonbpma 2-ro poja:
1

x(t)—%jx(s)ds =sinzt .

0
Pemrenne. a=0, b=1, 1= —% : K(t,s) =1, orcrona M =1. 3agagum HyJIEeBbIM

npubmmxerneM X,(t)=sinzt .

1
x,(t) = sinat +%[sin;zsds =sinzat —i(com—coso) _sinat+ .
29 2 V2

1
xz(t)zsin7zt+lj‘(sin7zs+ljds=sin7zt+1+i.
29 V4 T 2r

1
x3(t):sin7zt+i_|'£sin7zs+£+ijds:sinzzt+£+i+i.
2 T 27 T 2 Arx

He TpynHo yBHzETH, UTO

Xn+1(t)=5inﬂt+£+i+i+...+ 1 =sin;zt+£(1+%+%+...+ij=

T 27 A4rx 2" Vs 2"
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OTcrona X(t) = Iim Xn+l(t)

. 2
=sinat+—.
T
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Y4eOHo-MeTOoAMYECKOE U HH(POPMALIMOHHOE 00ecTedeHue JUCIUIIMHBI
1. IlepeyeHb OCHOBHOW W JOTOJHUTEIBHOU JUTEPATYPHl, HEOOXOAMMOM ISl OCBOCHUS

NUCHUIIIINHEI

1.

2.

1.1. [lepeueHb OCHOBHOM JTUTEPATYPHI:
CepreeB, . H. [duddepenumansaple ypaBHeHHA: y4yeOHUK g BY30B. — Mocksa:
Axanemus, 2013. — 286 c.
BacunbeBa A.b., Mensenes ['.H., Tuxonos H.A., Ypasrunsauna T.A. luddepenunansubie
U UHTErpajbHbIC ypaBHEHUs, BAPUALIMOHHOE UCUKCIICHHE B IIpUMepax M 3a7adax. — 2-€ u3ll.,
ucnp. — M: ®U3MATIIUT, 2005. — 432 c.

1.2. [lepeueHb AOMOIHUTEILHOMN JINTEPATYPHI:

Ouwumnos A.®., COopHuk 3amgay no auddepeHunanbHbBIM ypaBHEHHsIM. — M31.-Bo:

Perynspnas u xaotuueckas nuaamuka, 2000. — 177 c.

Onsapac, [lennn "Auddepenunanbapie ypaBHEHUS U KpaeBble 3a1aund. MoenupoBaHue U

BBIUMCIICHHE ¢ TToMoIbio Mathematica, Maple". — U3n. - Bo: «Buiibsamey, 2008. — 1104 c.
1.3. Ilepeyenp yueOHO-METOJUYECKOTO OOECHEYEHUS CAMOCTOATEIbHOM pPabOThHI

00y4aromuxcs Mo AUCHUTIINHE

1.

2.

Meroauueckue PpEeKOMEHAAMH K  MPAKTHYECKUM  3aHATUSIM 1O  JIUCIHUIUIMHE
«duddepennmanbupie 1 UHTETPAIBHBIC YPAaBHEHUSI B (PU3UKE».
Meronudyeckue pEeKOMEHIAMK K  CaMOCTOSTENIbHOW paboTe 1O  JUCIHUILIAHE
«duddepennmanbupie 1 UHTETPAIBHBIC YPABHEHUSI B PU3UKEY.
3. Ilepedens pecypcoB HH(POPMAIMOHHO-TEIEKOMMYHUKAIIMOHHOW ceTn «HTepHETY,

H606XO,I[I/IMHX JJ11 OCBOCHUA AUCHUITIIMHBI
1. http://biblioclub.ru/index.php?page=book&id=477424.
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MUWHUCTEPCTBO HAVKH U BBEICIIIET'O OBPA3OBAHUS POCCUIICKOU
®EJIEPALTNN
®EJIEPAJILHOE TOCY IAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE
VYPEXX/IEHUE BBICIIET'O OBPA3OBAHMS
«CEBEPO-KABKA3CKUI ®EJIEPAJIGHBIN VHUBEPCUTET

JANODOEPEHIIUAJIBHBIE U UHTEI'PAJIBHBIE YPABHEHUSA B
OU3SUKE
MeToanyeckue yKazaHus A5 00yYAIOLIMXCH 10 OPraHU3ALMH U MPOBEJACHUIO
CaMOCTOAATE/IbHON PadOThI

Hanpagnenune noarorosku 03.03.02 dusuka
HanpasneHHocTh (Ipoduiib)
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CraBponoJjb
2026
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Conep:xkanue

[TosicHuTenpHas 3anucka

Bunsl u comepikaHue caMOCTOSITENbHON paboThl CTyeHTa; POpPMBI
KOHTPOJIS

KoHTposbHBIE TOUKH U BUABI OTYETHOCTH

Metoanyeckue peKOMEHAAINH 110 U3yYSHHUIO TEOPETHYECKOTO
MaTepuasa

Bompocs! mutst cobecenoBanms

MeTtoauueckue yka3aHus 10 MOArOTOBKE K AK3aMEHY

CnHcoK peKOMEHIyeMOM JIMTEPaTyphl

50



IHosicHuTe IbHAS 3aNIMCKA

Bce BuIbl caMOCTOSTENBbHOM  pabOThl  CTYAEHTOB MO  JUCIMILTAHE
«Iuddepennranbabie U MHTETpaIbHbIE YPABHEHUS B (DU3HUKE», IPETyCMOTPEHHBIC
y4eOHBIM IUTAHOM M pabodeld MporpaMMoii, HampaBjieHbl Ha OCYILECTBIICHUE
CJIEIYIOUIUX OCHOBHBIX LIEJICH:

o 08l1adeHue 3HaHUAMU: U3y4eHHEe UCTOUYHUKOB JIUTEPATYPHI MO TeMam
JTUCIUIUIMHBL, y4eOHO-MCCIIe0BAaTENbCKask paboTa; NCIOIB30BaHNE KOMITBIOTEPHON
TEXHUKH, IHTEepHET;

o 3aKpenienue u cucmemamuzayusi 3HaHuii. padoTa C KOHCIEKTOM
aekuu (oOpaboTKa TEKCTa); TMOBTOpHAs paboTa HaJ Y4eOHBIM MaTepHAIOM
(yuyeOHMKaA, TIEPBOMCTOYHUKA, JOMOJHUTEIBHOM JUTEpaTyphl, ayauo- U
BUJIC03aIIMCEN); COCTABIICHUE TJIaHA M TE3MCOB OTBETA; OTBETHI HA KOHTPOJIbHbBIE
BOIIPOCHI; aHaJUTHYecKass 00paboTka TekcTa (aHHOTHPOBAHUE, PEICH3UPOBAHUE,
pedepupoBaHre, KOHCIEKT, aHalW3 W Jp.); TMOJATOTOBKAa COOOIIEHUN K
BBICTYIUICHUIO HAa CEMUHAape, KOH(EepeHIUU; MOJAr0oTOBKa pedepaToB, TOKIAIO0B;
cocTaBlieHue Oubanorpaduu; TeCTUPOBAHUE U JIP.;

o Gdopmuposanue ymenuii: pelieHre 3a1ad U yIpaXKHEHU 1Mo o0pasiy;
COCTaBlicHUE M pelieHue auddepeHnanbHbIX ypaBHEHUM, a TakKe CHUCTEM
mu(dpepeHInaNbHbIX YPABHEHHI; MaTEMAaTHYECKOE MOAECIUPOBAHUE PA3HOTO poJia
(bu3MYeCcKuX MPOIIECCOB; MOATOTOBKA KYPCOBBIX U JUILIOMHBIX PabOT (IIPOEKTOB);
IKCIIEpUMEHTalIbHasl padoTa; peIeKCUBHBIN aHamu3 MPO(PECCHOHATIBHBIX YMEHUMN
C MCTIOJIb30BAaHUEM ayJIMO- U BUJICOTEXHUKH U JIP.

OcHoBHBIME (opMaMu padOThl U KOHTPOJISI CaMOCTOSITEILHON pPabOTHhI
CTYJICHTOB SIBJISIFOTCSL:

NupuBuayajibHoe pelleHne pPENpOAYKTHUBHBIX, PEKOHCTPYKTUBHBIX H
TBOPYECKUX 3aJaHMid, TO3BOJISIONIUX OIICHWBATh U JUArHOCTHUPOBATH YPOBEHBb
00y4EeHHOCTH, YPOBEHb YMEHUN W HABBIKOB CTYACHTOB IO AUCITUTLIINHE.

CobecenoBanue - (opMa ydeOHOUM JEATENBHOCTH, cCHeluaibHas Oecena
MPETOJIaBaTEeNd CO CTYJACHTOM Ha TE€Mbl, CBA3aHHBIE C MU3y4YaeMOW TUCIUILIMHOM,
paccuMTaHHas Ha BBIACHEHHE 00beMa 3HAHUM CTYJEHTa MO ONpPEACICHHOMY
pasneny, Teme, nmpoljemMe U T. M., MO3BOJSIONIAS OUEHUTh UX 3HAHUS MO TEME,
YMEHUE apryMEHTHUPOBAaThb COOCTBEHHYIO TOYKY 3pEHUs, MpPeanoJiararomas
BCECTOPOHHEE 00CYKEHUE KaKOTO-IM00 BOTPOCa, TPOOIEMBbI UITH COTIOCTABIICHUN
uH(pOpMaIuu, UIeH, MHCHU, TTPEITIOKCHHM.
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Buabl u cogep:kaHue caMOCTOSTEILHOM PadoThI CTyAeHTa; GOPMBI KOHTPOJIS

Kongsr CpenctBa u OO0BEM 4acoB, B TOM YHCIIE
peaIM3yemMbIX TEXHOJIOTUHU CPC KonTaktH Bcero
KOMIIETEHIIH Bun pesrenpHocTH OLICHKH ast pabora
Hu, CTYACHTOB c
uHAKaTOpa( npenoaana
OB) TEJIeM
_2 cemMmecTp
Eﬂéoml CamocTosTeIbHOE CobecenoBanue 2.60 0.40 3.00
Ai-Zomes M3y4EHHE JIUTEPATYPHBIX
MCTOYHHUKOB TI0 TEMaM
JIACIAILTHHBI
gﬂéoml CamocTosTeIbHOE CobecenoBanue 5.70 0.30 6.00
Ai-Zome, pEllIeHNEe THIOBBIX 337124
10 TEMaM JUCHUIIIIMHBI
Htoro3a 2 cemectp 8.30 0.70 9.00
_3 cemectp
ﬁﬂ'%omm CamocTosiTesTbHOE CobecenoBanme | 2.60 0.40 3.00
Ai-Zome., M3y4EHHE JIUTEPATyPHBIX
HCTOYHHUKOB TI0 TEMaM
JUCIIUIIIMHBI
ﬁﬂ'%omm CamocTosiTesTbHOE CobecenoBanme | 5.70 0.30 6.00
Ai-Zome., pEllIeHNEe THIIOBBIX 33124
10 TEMaM JUCHUIIIIMHBI
A-Lome, IToarotoBka K 3K3aMeHy 4.00 0.50 450
I/II['ZOHK-L
Nroro3a 3 cemectp | 12.30 1.20 13.50
Hroro | 20.60 1.90 22.50
KOHTpOJILHbIe TOYKHU U BUABI OTYCTHOCTHU
Cpoxu KonuyectBo
Ne i/ Bug nestenbHOCTH CTYJEHTOB
BBITIOJTHEHUS 0amioB
2 cemecTp
1 [[IpakTuueckoe 3aHATHE 5 5 15
2 |[Ipaktnyeckoe 3ansTue 11 11 20
3 |[Ipaktnueckoe 3ansTHe 17 17 20
Hroro 3a 2 cemecTp: 55
3 cemecTp
1|{[TpakTHueckoe 3aHsATHE S 5) 15
2|[TpakTnyeckoe 3anstue 11 11 20
3|[IpakTnyeckoe 3anstue 17 17 20
Hroro 3a 3 cemecTp: 55
Hroro: 110
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METOJUYECKHUE PEKOMEHIALIMHA 11O U3YYEHUIO
TEOPETHYECKOI'O MATEPHUAJIA, HIOAT'OTOBKE K
INPAKTUYECKUM 3AHATUAM

HpI/I MMOATOTOBKC K IIPAKTUYCCKUM 3aHATUSAM H€O6XOI[I/IMOI

® [IOBTOPUTH MATEpPUaJI COOTBETCTBYIOIIUX JICKLIUH;

® BHHMMATEJIBHO M3Y4YUTh ONMCAHUE INPAKTHYECKOTO 3aHATHS, U3JI0KEHHOE B
IIPAKTUKYME;

e PaccMoTpeTs NpUBEIECHHBIEC IPUMEPHI PEILIEHUI TUITOBBIX 3aJaHAN

e PemmTe TUIIOBBIE 3aJaHUS, TPEIJIOKEHHBIE ISl CAMOCTOSITEILHOTO PEILICHUS

B pe3ynbTaTe BBIOJIHEHUS 33JJaHUI IOCTHTAIOTCS CICTYIOIINE PE3yIbTaThI
OOy4eHHUS:
® pa3BUTHE MBIIUICHUS M TBOPUYECKUX CIIOCOOHOCTEH CTY/ICHTA,
® TPHOOpPETCHHUE U 3aKPEIJICHHE HaBBIKOB CAMOCTOSTSIIEHON paOOThI,
e TPHOOpPETECHHE W 3aKPEIUICHUE HABBHIKOB OQGOPMIJICHHS W COCTaBJICHHUS
MUCHMEHHBIX 3a/IaHUH.

[To pesynbraramM HM3y4eHHS TEOPETUUYECKOTO MaTepHalia IMpernojaaBaTeeM
OCYIIECTBJISICTCS. KOHTPOJIb MOJYYEHHBIX CTYJICHTOM 3HaHUM, (opMaMHu KOTOPOTO
ABJISIIOTCS coOeceioBaHue U oK pedepaTos.

CobecenoBanue - (opma ydeOHOUM JEATEIBHOCTH, cCHeluaibHas Oecena
MPEIOJIaBaTeld CO CTyJACHTOM Ha TE€Mbl, CBA3aHHBIE C U3y4aeMOW JTUCUUILUIMHOM,
paccuuMTaHHas Ha BBISICHEHHME OObEeMa 3HAHUM CTYJEHTa [0 OMNPEICICHHOMY
pazmeny, Teme, TmpobOjieMe W T.M., TO3BOJISIONIAS OICHUTh HX YyMEHHUE
apryMEHTHPOBaTh COOCTBEHHYIO TOYKY 3pEHHS, MPEAroJararoiias BCeCTOPOHHEE
00CYXJIeHHE KaKOT0-TM00 BOIpoca, MpoOJIeMbl UJIN COMOCTaBIEHNU WH(OpMAaITUH,
WJIe, MHEHHH, TIPEIIOKECHUM.

[Ipornemypa mpoBeneH s JAHHOTO OIEHOYHOTO MEPOIIPHUSATHS BKIIFOYAET B CEOS:

® OTIENBHOE COOECEIOBAHUE IO KKION M3 YKA3aHHBIX TEM;
® COCTaBJICHHBIE CTYJICHTOM KOHCIIEKThI HAyYHOU JINTEPATYPHI;
® aHAIM3 CTYJCHTOM IMyOJUIIUCTUYECKOTO MaTepuaa.

[TpuHIMNMUanbHble OTIMYMSA 33JaHuil  0a30BOTO YPOBHS OT TOBBIIIEHHOTO
3aKJIFOYAI0TCs B O0JIbITIeM 00BeMe (DAKTOB 1 COOBITH, B CPABHUTEIILHO-aHATTUTUIECKOM
XapaKTepe W3JIOKEHUS Marepualia, €ro TEOPETUYEeCKOW (METO0JIOTHYECKOM )
COCTaBJISIFOLLIEH.

JInsi MOATOTOBKM K KAXKIOW TEME CIENYyeT W3YYUTh M 3aKOHCHEKTUPOBATH
PEKOMEHIOBAaHHBIC HMCTOYHUKM W HAY4YHYIO JIATEpaTypy M Ha HMX OCHOBaHUH
MOJITOTOBUTECS K YKa3aHHBIM B METOAMYCCKHX MaTephajax BOMIpocaM JUIs
OOCYXICHUSI.

[Ipy MOArOTOBKE K OTBETY CTYIEHTY MPENOCTaBISACTCS IMPABO MOIb30BAHUS
yKa3aHHbIMUA KOHCIIEKTAMHU.
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[pu mpoBepKe 3a1aHvsI, OIICHUBAIOTCSL:
aKTHUBHOE y4yacTue B paboTe;
YBEpPEHOE BIIAJICHUE MaTCPHATIOM;
YMEHHE YETKO M JIOTUYHO M3J1araTh CBOW MBICITH:
YMEHHE TBOPUYCCKH MTOJIXOIUTH K PEIICHUIO OCHOBHBIX BOIIPOCOB TEMBI;
CaMOCTOSTEIIbHOCTh MBIIIICHUS,
MIOJTHOE COOTBETCTBHE KOHCIIEKTA YCTAHOBJICHHBIM TPCOOBAHHSIM;
J CaMOCTOSITeNIbHAS YCTHAas pPedb, IOJHOCTBIO pPACKpBIBAIOMIAs CYTh
poOIeMaTUKHA COOCETOBAHMS.

Kpurepuu oieHKH caMOCTOSATEILHON Pad0ThI CTYAEHTOB
Kputepun oueHuBaHus  pe3ysbTaTOB  CAMOCTOSITENILHOM — pabOThI

CTYAEHTOB pa3padboransl ¢ yuetoMm TpedoBanuii ®I'OC BO. 3ananusi, BBIHOCUMBIE
Ha CaMOCTOATEIbHYIO pabOTy CTYIAEHTOB, OLICHUBAIOTCS IO IIKAJE «OTIUYHO,
«XOpPOULIO», «YAOBIETBOPUTEIBHO» U «HEYIAOBIETBOPUTEIBHO.

OneHKa «OTJIMYHO0» BBICTABISICTCS P CIEYIOUIUX YCIOBUIX:

* JaHbl HCYEpHbIBaIONIME U OOOCHOBAaHHBIE OTBETHl Ha BOIPOCHI,
MOCTABJICHHBIE B 3a/IaHUH, BBIHOCUMOM Ha CAMOCTOSTEIbHYIO pa00Ty CTYy/ICHTOB;

* MOKa3aHO yMEHUE TPAMOTHO NPHUMEHSTH MOJYYEHHBIE TEOPETHUYECKUE
3HAHMS IPU aHAJIU3€ COOBITUM AEHCTBUTENBHOCTH;

* TIOKa3aHO Ir’Ty00KO€ U TBOPUYECKOE OBJIAJEHNE OCHOBHOM U JIOMOJTHUTEIBLHOMN
JUTEPaATypOu;

* MaTeprajl U3JaraeTcsl ApryMeHTUPOBAHO U JIOTUYECKH CTPOMHO.

OneHKa «X0po110» BBICTABISAETCS IIPH CIECAYIOIINX YCIOBHSIX:

* 1aHbI MIOJIHBIE, TOCTATOYHO ITyOOKHE U 0O0CHOBaHHBIE OTBETHI Ha BOIIPOCHI,
NIOCTaBJICHHbIE B 33JJaHUH, BBIHOCUMOM Ha CAMOCTOSITEIIbHYIO pabOTy CTY/I€HTOB,;

* [I0KAa3aHbl JIOCTATOYHO MPOYHBIE TPAKTUYECKUE HABBIKH;

* JaHbl IOJIHBIE, HO HEJOCTAaTOYHO OOOCHOBaHHBIE OTBETHl HA
JOTIOJTHUTENBHBIE BOIIPOCHI;

* MOKa3aHbl INIyOOKHE 3HAHUS OCHOBHOW M HEJIOCTATOYHOE 3HAKOMCTBO C
JTOTIOJIHUTENBHOM JINTEPATYPOU;

* T[I0OKa3aHO YMEHHE TEOPETHYECKHM OOOCHOBBIBATH BBICKA3bIBAEMBbIE
MOJIOKEHUS;

* OTBETHI B OCHOBHOM OBbUIM KPaTKUMH, HO B HUX HE BCET/a BbIIECPKUBAIAChH
JIOTUYECKas MOCIeI0BATENbHOCTb.

OneHKa «y10BJIETBOPHUTEIBbHO)» BBICTABISIECTCS NP CIEAYIOIIUX YCIOBUSIX.

*IaHbl B OCHOBHOM IIpaBUJIbHBIE OTBETHl HAa BCE BOIPOCHI 3aJaHUA,
BBIHOCHMOTO Ha CAMOCTOSTENIbHYIO pabOTy CTYAEHTOB, HO 0€3 JOKHOM ITyOUHBI U
000CHOBAHHS;

* I0Ka3aHbl HEJTOCTATOYHO MPOYHBIE MPAKTUYECKHE HABBIKY;

* HE JaHbl IOJOXXUTEIbHbIE OTBETHl HA HEKOTOPBIE JOMOJIHUTEIIbHBIE
BOIIPOCHI;

* [I0Ka3aHbl HEJTOCTATOYHBIE 3HAHUS OCHOBHOM JINTEPATYpHI;
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* OTBETHI OBLJTM MHOTOCJIOBHBIMH, MBICJTH M3JIarajuch HEJOCTATOYHO YETKO U
0€e3 JOHKHON JIOTUYECKON TOCIIeI0OBATEIHLHOCTH.

OneHka «HeyI0BJIETBOPUTEIBLHO» BBICTABIISIETCA B Ciy4asX, KOTJa He
BBITIOJIHEHBI YCIIOBHUS, MO3BOJISIONINE MOCTaBUTh OLICHKY «YJOBIIETBOPUTEIHHOY,
KOTJla aclUpaHT HE YCBOMWJI OCHOBHOIO COJIEp)KaHHUsI NpeaMmeTa U ci1ado 3HaeT
PEKOMEHIOBAaHHYIO JIUTEPATypy.

Bonpocsl 1151 codecenoBanust

1. Haiite onpezneneHre 00bIKHOBEHHOTO U hepeHInaIbHOTO ypaBHEHUs IEPBOro MopsiaKa

2. Jaiite onpezneneHre 0ObIKHOBEHHOTO AU pepeHnanbHOro ypaBHEHHS N -0T0 MOPSIKa

3. WHuTerpupoBanue — 310.. ..

4, WNHTterpanbHas kpuBas — 370. ..

S. O6miee pemeHue — 310. ...

6. VYpaBHeHHE pa3pelIeH0 OTHOCUTEIBHO IPOU3BOJHOM, €CIIH ...

7. HauanbHble ycnoBus — 370....

8. Cdhopmynupyiite TeopeMy 0 CyLIECTBOBAaHUH U €AMHCTBEHHOCTH pelleHus 3aaaun Komm

9. Kakue TOUKM Ha3bIBAIOT «IIPABUIIBHBIMUY, & KAKUE «OCOOEHHBIMU.

10. YacTHoe penieHue — 3To. ...

11. B uem 3akmtouaeTcst CyTh METOJ1a U30KJIMHA 7

12. Kakue ypaBHEHHUsI Ha3bIBAIOT YPABHEHUSIMH C PA3ICISIOMIUMUCS ITEPEMEHHBIME?

13. Kakue ypaBHEeHHUs Ha3bIBAIOT YPABHEHUSIMH C Pa3/IeICHHBIMU IEPEMEHHBIMU?

14, Oco0sie pemrenus AudhepeHnnalIbHOro ypaBHEHUS — 3TO. ..

15. OnnoponHoe nuddepeHnnanbHOe ypaBHEHHE — 3TO. ..

16. Kakue 3aMeHbI HCIIOIB3YIOT MPH PELIeHHE OTHOPOIHBIX AU hepeHInaIbHBIX ypaBHEHU?

17. Kakoit Bun muddepeHunanbHOro ypaBHEHHMsS [JOJDKEH TONYYUTCS TIOCHE 3aMEeHbl
NIEPEMEHHO?

18. Kaxue QpyHk1mMM Ha3bIBaIOT OJTHOPOAHBIMU?

19. JIuneitnoe nuddepeHnmanbHOe ypaBHEHHE [IEPBOTO MOPsiIKa — 3TO. ..

20. JluneltHOEe OJTHOPOHOE YpaBHEHHE TIEPBOTO MOPSAJIKA — ATO. ..

21. B uem 3akmrouaeTcst CyTh METO/1a Bapyalluy MPOU3BOIBHOM MOCTOSTHHOM ?

22. VYpasaenue bepnymnm — 370...

23. VYpaBHeHHEe B NOJIHBIX AU depeHnnanax — 31o...

24, Kakoe ycnoBue HeoOXOIUMO Ui TOTO, YTOOBI ypaBHEHHME SBISUIOCH YPAaBHEHUEM B
NoJHBIX AuddepeHnranax B 3alaHHON obnacTu?

25. 3anumuTe oOMMKA BUJ pelIeHHs] YpaBHEHUS B MOJHBIX U depeHnnanax

26. WNuTerpupyronmii MHOXHUTENb — 3TO. ..

27. OO6bikHOBeHHOE Tu(dhepeHIaTbHOE YpaBHEHNE N-0Tr0 HOpsaKa — 3TO. ..

28. Pemenne 06b1kHOBEHHOTO MU (DEpEeHIINATBHOTO YpaBHEHHSI N-0ro MopsiiKa — 3TO0. ..

29. Cohopmynupyiite 3agauy Komm mis 0ObIkHOBEHHOTO AU (PepeHIInanbHOro ypaBHEeHHs n-
Or0 MOpsAKa.

30. 3anumure HayalbHbIE YCIOBHSA, KOTOPBIM JOJDKHO YIOBIETBOPSTH OOBIKHOBEHHOE
TuddepeHIraIbHOe YpaBHEHHE N-0ro MOPsIKa.

31. 3anumuTe oO0ImIMiA BUT pelieHUs] OOBIKHOBEHHOTO AU(dEepeHIINaTIbHOTO YPaBHEHUS N-0r0
HOpsIZIKA.

32. JluneliHOEe ypaBHEHHE N-TO MOPSIKA C MOCTOSTHHBIMU KO3 pHuIpeHTaMu — 3T0. ..
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33. JIuneltHOe OJTHOPOHOE YPAaBHEHUE C TOCTOSTHHBIMUA KO3 HUIIMEHTaMH — 3TO. ..

34. Cdhopmynupyiite yTBEpKICHHE O pEIICHUH JUHEHHOTO OIHOPOJHOTO YpPaBHEHUS C
NOCTOSIHHBIMU K03 punmenramu

35. Kakue ¢pyHKIM# Ha3pIBAIOT THHEWHO 3aBUCUMBIMH?

36. Kakue ¢pyHKIMM HAa3BIBAIOT JIMHEWHO HE3aBUCUMBIMU?

37. OyHaaMeHTaIbHas CUCTEMa PelIeHul — 3To. ..

38. Chopmymupyiite Teopemy 00 oOIIeM peleHuH JTUHEHHOTO OJHOPOJIHOTO YPaBHEHHS C
MTOCTOSTHHBIMH KO3 UIIMCHTAMH

39. B yem 0c0oOE€HHOCTb MHTErPUPOBAHUS JUHEHHBIX OIHOPOJIHBIX YpPaBHEHHH BTOPOIO
HOps/IKa C TOCTOSSHHBIMU KO3 duienramu?

40. Kakoe ypaBHEHUE Ha3bIBalOT XapaKTEPUCTUUECKUM ?

41. B ueM 0cOOEHHOCTb MHTETPUPOBAHUS JIMHEHHBIX OJIHOPOAHBIX YPAaBHEHUI N-TO MOpsIKa
C TIOCTOSTHHBIMH KO3 UITEeHTaM#?

42. Kakoii Bum OyneT HMeThb XapakTEepPUCTUYECKOE YpaBHEHHE B Clydyae JIMHEWHBIX
OJIHOPOJHBIX YPAaBHEHUHU N-TO MOPAJIKA C TOCTOSTHHBIMU KO3 duImeHTamu?

43. Chopmynupyiite TeopeMy 0 CTPYKType OOIIETo PEeIIeHHUS.

44, Chopmynupyiite TeopeMy 0 HAJIOXKEHUU PElIeHUuN

45, B 4em 3akiogaercsi CyTh METOa BApUAIMK TIPOU3BOIBHBIX MTOCTOSIHHBIX ?

46. Kax npaBuibHO OCYIIECTBUTH MOAOOP YACTHOTO PELIEHMs JIUHEHHOTO0 HEOJIHOPOIAHOIO
YpaBHEHHS C TIPABOM YaCTHIO CIENNATBHOTO BHIA

471. Uto Ha3BIBAIOT CUCTEMOI OOBIKHOBEHHBIX UG GEpEeHINATBHBIX YPaBHECHHUN ?

48. Urto Ha3bIBaIOT HOPMAILHOM CUCTEMON OOBIKHOBEHHBIX MU (epeHIINATbHBIX YPaBHEHHH?

49, Kakoif Buag  WMeEOT HayajbHbIE  YCIOBUS Ui CHUCTEMbl  OOBIKHOBEHHBIX
Qg depeHIMaIbHbIX YpaBHEHUNA?

50. Uro Ha3bIBAlOT CUCTEMOM JHMHEWHBIX OJHOPOAHBIX AU((epeHIHaNbHbBIX yYpaBHEHUH ¢
HNOCTOSIHHBIMU K03 purimenramu?

ol. Kaxum 06pa3om perarorcsi Takue CUCTEMBbI?

52. Kakoii BuJ1 ©MeeT xapaKTepuCTHUECKOe YpaBHEHHE TaKOWH CUCTEMBbI?

53. CoOcTBeHHBIE 3HAYEHUS MATPHUIIBI — 3TO. ..

54, B kakom ciydae penieHre Ha3bIBaeTCsl YCTOHYMBEIM 110 JIsSmyHOBY?

55. B kakom ciyyae penieHre Ha3blBaeTCsl HEYCTOMYMBBIM?

56. B kakom ciyyae pelneHre Ha3bIBaeTCsl ACUMITOTHUECKH YCTOMYHUBBIM?

57. Yo Ha3bIBalOT TOYKOU MOKOS?

58. B kakoMm ciyuae To4ka MOKOsI CYMTAETCS yCTOMUNBOM 10 JIsmyHOBY?

59. B kakoM ciydae Touka MOKOSI CYATAETCS] HEYCTOMYMBOM?

60. B kakom ciydae Touka MOKOSI CHUTAETCS ACHMITOTHYECKH YCTOHYHNBOI?

61. Uro Ha3bIBatOT 0c000H TOUKOM?

62. UTto Ha3bIBalOT MHTETPATIBHBIM YpaBHEHUEM?

63. UYTo Ha3bIBAIOT HHTETPAJIBHBIM YpaBHEHHEM NIEPBOTO poja?

64. Uro Ha3bIBAIOT MHTETPAJIBHBIM YpaBHEHHEM BTOpPOro pozaa?

65. Urto Ha3bIBAIOT OCHOBHBIM KBaJpaToM?

66. 3anuuuTe ypaBHEHUE Y PBICOHA.

67. 3anumure YpaBHenue ['ammepiireiina. [laiite nosicHenne

68. Kakoii Bug uMeet TMHEHOE MHTETPaIbHOE YpaBHEHHE BTOPOTo pojia?

69. Kakoii Bug uMeeT TMHEITHOE MHTErpaibHOE YpaBHEHHUE MEPBOTO poaa?

70. Kaxoit Bung umeet ypaBaenne dpearoasma mepBoro poja’?
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71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

Kakoii Bug umeer ypaBaenue @pearosibma BTOporo pojaa?
Kaxoit Bun numeer ypasuenue Boinbrepa nepsoro poja?
Kaxoit Bug umeer ypaBuenue Bosbrepa BToporo poja?

UTo Ha3BIBAIOT SPOM UHTETPAIILHOTO YpaBHEHUs?

Kakoe s1po Ha3bIBaeTCs BBIPOXKACHHBIM?

CumBoa Kponekepa — 370. ..

XapakTepucTuyeckue 3HaueHus — 3T0. ..

Kakoe ypaBHeHUe Ha3bIBalOT ypaBHEHHEM CBepTKU 10 Dypre?
Sanummute Bug Oypoe-paznoxenus Gynkiuu Jupaka?

Kakum MeTogom permatorcs JaHHbIE YpaBHEHUS?

METOINYECKHUE YKA3ZAHUA 11O IIOATOTOBKE K DK3AMEHY

I[J'ISI IMOATOTOBKM K OTBCTAM Ha 3K3aMCHAIMOHHBIC BOIIPOCHI, O6y‘IaIOHII/ICC$I JOJIKHBI

HCIIOJIB30BaThb HEC TOJIBKO KYPC J'ICKI_II/Iﬁ U OCHOBHYKO JIMTEpPATYPY, HO U JOIIOJIHUTCIIBHYIO
JATCPATypy AJId BI)Ipa6OTKI/I YMCHHA AaBaThb Pa3BECPHYTHIC OTBCTHI HA ITOCTABJICHHBIC BOIIPOCHI.

OTBeTHl Ha TCOPCTUYCCKHUEC BOIIPOCHI JOJIKHBI OBITE JaHbl B COOTBCTCTBUHM C

(GhOopMyYITUPOBKOI BOMpPOCA M COAEPKATh HE TOJIBKO M3YUYECHHBIH TEOPETUUECKUM MaTepuai, HO U
CcOOCTBEHHOE MOHMMAaHKE MPOOIEMBI.

B orBerax xenarenbHO IPUBECTU IIPUMEPBI U3 MPAKTUKU.
[ToaroToBKy K 3K3aMeHy 0 AMCLUUIUIMHE HEOOXOJUMO HayaTh C IMPOPAOOTKH OCHOBHBIX

BOIIPOCOB, CIIUCOK KOTOPBIX NPUBEEH B paboyeil porpaMMe AUCIUILINHBL

I[J'IH 9TOro HeO6XOI[I/IMO NpoYCeCThb U YACHUTH COACPIKAHUC TCOPETHUICCKOI0 MaT€pHraia 1o

yueOHMKaM U y4yeOHBbIM MOcOoOMsAM Mo AucHuIuinHe. CHUCOK OCHOBHOW M JIOTIOJHUTEIHHOU
JUTEpaTyphl IPUBEIeH B paboueii mporpaMme AUCHUIUINHBI U MOKET OBbITh JIOTIOJIHEH U PACIIUPEH
CaMHUMHU CTY/I€HTaMHU.

Oco0oe BHUMaHHE IIpU MOATOTOBKE K DK3aMCHY HCO6XO,Z[I/IMO YACIUTb TCPMUHOJIOTHUH, T.K.

YCHENIHOE OBJAJCHUE JIFOOOW JUCIUIUIMHOM MpeAroiaraeT YCBOCHUE OCHOBHBIX TMOHSATHH, HUX
MPU3HAKOB M OCOOEHHOCTH.

TakxuMm oOpa3oMm, MOArOTOBKA K SK3aMEHY BKJIIOUAeT B ceOsl:

e [IPOpabOTKYy OCHOBHBIX BOIIPOCOB Kypca;
YTEHHE OCHOBHOM U JJOTIOJIHUTEIBHOMN JIUTEPATYPHI 110 TEMaM Kypca;
10100p MPUMEPOB U3 NMPAKTUKU, HWILTIOCTPUPYIOIIUX TEOPETUYECKUI
MaTepuai Kypca;
BBITNIOJTHEHHE MPOMEKYTOUHBIX U UTOTOBBIX TECTOB 10 AUCLHUIUINHE;
CUCTEMAaTH3aINI0 U KOHKPETU3ALMI0 OCHOBHBIX MOHITHH TUCIUILINHBI,
COCTaBJIEHHE MPUMEPHOTO TUIaHA OTBETA HA K3aMEHAI[MOHHBIE BOIIPOCHI.

Bonpocs k 3k3aMeny (3 cemecTp)

1.

arwN

Onpenenenne auddepeHunaIbHOr0 ypaBHEHUS M pemieHus aud@epeHuaibHOoro
ypaBHeHud. 3agadya Komm wu kpaeBas 3amada. ['eoMmeTrpuueckoe HCTOJIKOBAHUE
muddepeHIMaTbHOTO YpaBHEHHsI (BEKTOPHOE TI0JI€) U €T0 pelleHusl (MHTerpaibHasi KpuBasi).
VYpaBHEHM € pa3feNAOIUMUCA IEPEMEHHBIMU U OTHOPOHBIE YPaBHEHUS.

JIvHeitHbIe ypaBHEHNSI, METO/ BapUallui OCTOSIHHOM. Y paBHeHUs1 bepHyinu.

VYpaBHeHUs B MOJNHBIX Tuddepeniranax. HTErpupyonmi MHOKUTENb.

HekoTtopsie cBeeHust 0 MUHEHHBIX AU )epeHIInaTbHbIX YPaBHEHUSAX, CBOMCTBA PEIICHUM.
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10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.

23.
24.
25.
26.
217.
28.

JluHeiHbIe OAHOPOIHBIC YPaBHEHUSI ¢ MOCTOSHHBIMU KO3 UIMeHTaMu (cIydail mpoCThIX
kopHei). Teopema o Bue pernieHusl.

JluHeliHbIE OJHOPOJHBIC YPAaBHEHUS C MOCTOSHHBIMH KOd(pQHIUEeHTaMU (CIIydail MPOCTHIX
KOpHEH).

JluHeliHbIE OJHOPOJHBIC YPAaBHEHUS C IMOCTOSHHBIMH KOd(pQuuueHTaMu (Cirydail KpaTHBIX
kopHei). Teopema o Bujie penieHusl.

JluHeliHbIE HEOTHOPOJHBIE YPAaBHEHUS C MOCTOSHHBIMU Kod(¢uirentamu. Bua pemenus.
Ornpenenenne KBa3UMHOrowieHa. TeopeMa 0 BUJE YACTHOIO PEICHUSI.

.Hopmainbnas nuHeiHas 0fHOPOHAS CUCTEMA C TOCTOSIHHBIMH KO PHUIIUEHTAMHU.
HopwmaiibHasi cuctema JTMHEHHBIX YpaBHEHUH ¢ IepeMeHHbIME KoddunrenTamu. JInneiHas
3aBUCUMOCTb CUCTEMBbI pelleHuid. DyHIaMeHTalbHas CUCTEMa pELICHHH. [lerepMuHaHT
Bpouckoro. ®opmyna JInyBusis.

HopmanbHass HeonHOpoaHas cucTeMa JIMHEMHBIX  YPaBHEHMM C  [EpEMEHHBIMU
koadunmentamu. Bun pemenus. Meron Bapuaiuu nocTOSHHBIX.

JluHeliHbIE ypaBHEHHUS N-TO TOpsSAKAa C TMEepeMeHHBIMH Kodddurmentamu. CBemeHue K
HOPMAJIbHOW JINHEWHOW CHCTEME, 3KBHBAJICHTHOCTb DPEIICHUS YPAaBHEHUS M CUCTEMBI U
NEPEHOC OCHOBHBIX CBOWCTB M (hOpMYJI.

DxcrnoHeHTa MaTpullbl. CBONCTBA U CIIOCOOBI €€ HaX0XKICHUSI.

DopMyIUpOBKa TEOPEMBI CYILIECTBOBAHUS U €IUHCTBEHHOCTH pelieHus 3anauu Komm s
HOPMAJIbHOW CHCTEMBbI JUHEHHBIX ypaBHEHUWU. DOPMYIUPOBKA TEOPEMBbI CYLIECTBOBAHUS U
€MHCTBEHHOCTH pelieHus 3a1auu Koy ass IMHEeHHOro ypaBHEHMsI N-T0 MOPSAKa.
@opMyIMpOBKa TEOPEMBbI CYLIECTBOBAHMS M €IMHCTBEHHOCTU peleHusd 3anaun Komm s
oaHoro ypaBHeHus. Jlomansie Ditnepa.

[TonGop yacTHOro pemeHus JIUHEHHOTO HEOJHOPOJHOTO YPaBHEHMsI C MPaBOl YacThIO
CIEIMAJIbHOTO BUAA.

Cy1miecTBOBaHHE M CBONCTBAa COOCTBEHHBIX 3HAUEHUN M COOCTBEHHBIX BEKTOPOB BIIOJIHE
HENPEPBIBHOTO ollepaTopa.

Paznoxenue no cooctBeHHbIM pyHKIMAM. Teopema ['nnsbepra-1lImuara. Teopema Mepcepa.
DopMyIUpOBKa TEOPEMBI CYIIECTBOBAHUS U €IMHCTBEHHOCTH pelieHus 3aaaun Komm ais
HOpPMaJTbHOU CUCTEMBI AU PepeHITnaANTbHBIX YPAaBHEHUN.

3anucath ypaBHenne Opearonasma 2-ro poga. Kakoe ypaBHeHHE Ha3bIBa€TCA OAHOPOIHBIM?
UccnenoBanmne 3agaun Itypma—IJInyBuiis CBEIEHHMEM K HWHTErPAJIbHOMY YpPaBHEHUIO
®pearosibma BTOPOro poja.

3anucate ypaBHeHue Bosbreppa 2-ro pona. Kakoe ypaBHeHHE Ha3bIBA€TCSl OJHOPOIHBIM?
JIuHelHble ypaBHEHUS B YaCTHBIX IPOU3BOIHBIX EPBOrO nopsijika. OCHOBHBIE ONPEIETICHHUS.
OnHOpOaHBIE TUHEHHBIE YPABHEHHUSI B YaCTHBIX MPOU3BO/IHBIX [IEPBOTO MOPSIIKA.

3anucats ypaBHeHue ®pearonbma 1-ro pona. Kakoe ypaBHeHHe Ha3bIBae€TCsl OJTHOPOJIHBIM?
HccnenoBanue Ha yCTOMYUBOCTD C IIOMOILBIO TeopeMsl JIsamyHoBa.

3anucarb ypaBHeHue BonbTeppa 1-ro poga. Kakoe ypaBHeHNE HA3bIBAETCA OJJTHOPOIHBIM?

3agaum K 3x3ameny (3 cemecTp).
1. Haiitu oOmiee peuieHue ypaBHEHHs W pemuTh 3aaady Komm ¢ yka3aHHBIM HadajlbHbIM
YCIIOBUEM:

ou ou ou
X—+Xz+y)—+z—=0 U=1—-X o uX+Yy—2=0
OX ( y)ay oz P y

2. Haiitu oOmiee pemieHue ypaBHEHUsS M pelUTh 3amady Komu ¢ yka3aHHBIM HadallbHBIM
YCIIOBUEM:
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ou oau ou 2 2
Xy ——X"—+yz—=0 =X Z=X +
Y ox oy Yea ™ u P y

3. Haiitu of1ee pemeHne ypaBHEHHS:

oz oz
y——x—=0
oXx oy
4. HaiiTu o01iee pemieHue ypaBHEHUS:
X 0z 2 oz

X
et — -y —=ye
OX oy
5. HaiiTu moBepXHOCTh, YAOBIETBOPSIONIYIO JAHHOMY YPAaBHEHHIO M ITPOXOISIIYIO YEPE3 TaHHYIO
JIMHUIO:

0z

oz 2
VG ~3 7+1=0 pou X =1
X Y z°(x=3y) Yy pn X=1

6. Hailitu 0611_[66 pCHICHUC YpPABHCHUA U PCHIUTHL 3aaaqdy Komm ¢ YKa3aHHbIM Ha4YaJIbHbIM
YCIIOBUEM:

ou ou _ou

— X2 —+2—=0, U=1-Xqpu X+Yy—-2=0

OX oy 0z

7. Haiitu oOmiee peuieHHe ypaBHEHUS W pemnTh 3aaayy Kolmm ¢ yka3aHHBIM HadajabHbIM
YCIOBHEM:

y——X -I—Za:O, U=anH2=X2+y2

8. HaiiTu ob1iee penieHne ypaBHEHUS:
oz 0L
y——x—=0
oxX oy
9. Haiitu ob1iee penieHre ypaBHEHHUS:
oz y2 oz _ yex
ox oy
10. HaiiTh nOBEpXHOCTb, YAOBIETBOPSIOLIYIO aHHOMY YPaBHEHHIO M IPOXOIALIYIO 4Yepes3
JAHHYIO JIMHUIO:

oz 01
xzax—yay=2(x—3Y) YZ+1=0 pu x=1

1. Haiitu oOmee peluieHue ypaBHEHHMS M peluTh 3aaady Komm ¢ yka3aHHBIM HayalbHBIM
YCIIOBHEM:

X6u+(xz+y)(’9u+2(9u:0 u:l—xanX+y—Z=0
OX oy oz

12. Pemuth cuctemy nudepeHraibHbIX YpaBHECHUN:
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13.

14.

15.

16.

17.

18.

19.

20.

21.

X'=X+Yy
y'=4x+y+3t
Pemmte cucremy auddepeHnnanbHbIX ypaBHEHU]:
X'=X+Yy-—12
y=X—-y+12
2'=x-3y+3z
Pemuts cucremy nuddepeHnuanbHbIX ypaBHEHUI:

X'=-2X+Yy
y'=—4x+3y

Pemuth cucremy nuddepeHranbHbIX ypaBHEHU:

X'=X+5y-2z
y'=X+2y-12
Z'=3x+9y -4z

Haiitu o6mee pemenue nuddepeHanbHOr0 ypaBHEHHUS:
Xdy__l2x2y+3y3
dx  2y? 4+ 6x°

Haiitu o6miee pemenue auddepeHnnaisHOT0 ypaBHEHUS:

ey(1+ dyj:l
dx

Haiitu obmiee pemenue nuddepeHnanbHOro ypaBHEeHUS:
d
xy—x—fx2::2y2
dx

Haiitu oGmee pemenue nuddepeHaabsHOro ypaBHEHuU:

V34—y2dx——ydy:=x2ydy

Haiitu oOmiee perenune nugdepeHnuanrsHoro ypaBHeHus U pemuth 3aaavy Kommu:

dy 1 .
—~ 4+ ycos(x) = —sIn(2x N =
L TYeosK) = sin2x)  upu y(0)=0

Haiitu oOmiee perenune nugdepeHnuanrsHoro ypaBHeHus U pemnTh 3aaaqdy Komm:

dy _y 2Inx
dx X X e YQ) =1

60



22. Konu4ecTBO CBeTa, IMOIJIONIAEMOE CJIOEM BOABI MajoOW TOJIIHUHBI, MPOMOPIIMOHAIBEHO
KOJIMYECTBY MaJAIOIEr0 Ha HEro CBETa U TONIIMHE ci1os. C0i BOABI TONIIMHON 35 cm mOTomaeT
MOJIOBUHY MA/IAOIIEr0 Ha Hero cBeTa. Kakyro 4acTh CBETa MOTIOTUT CJION BOJBI TOJIITMHON 2 m?

23. ®Operar 3aMemIIsIeT CBOE ABIKEHHE IMOJ JCHCTBUEM CUJI BSI3KOTO TpeHHs BOoabl. HawyanmbHas
cKopocTh cyaHa 1,5 m/c, a uepes 4 cekyHibl CKOpocTbh paBHa 1 M/c. Uepes kakoe BpeMsi CKOPOCTb
yMeHbIIUTHCS 10 1 cM/c? Kakoil myTh MOKET IpOMTH KOpadiib 0 MOJHOM ocTaHOBKU? CUUTATh,
YTO CHUJIa TPEHUS PONOPLUOHATIbHA CKOPOCTU KOpaOJIsl.

24. Haiitu oOmiee penenue nuhepeHunanibHOro ypaBHeHHS:
d
2y + (x2y +1)x0|y =0
X

25. Haiitu obmee pemenue nudpepeHInaTbHOTO YpaBHEHUS:

xdx+5:y

26. BpluucnuTh TpU MEPBBIX IOCIEIOBATENbHBIX MPUOIMKEHUS PEIICHUS HHTErPaJIbHOTO
ypaBHEHUS

1
y(X) +Ixty(t)dt =X’
0
27. Pemuthb ypaBHenue @pearoabma 2-ro poja:
11 .
x(t)—EIx(shs =sinat |
0

28. Pemuth MHTErpabHOE YpaBHEHHE
t

¢(t):t—j(t —s)p(s)ds.

0
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