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1. MACIHHOPT ®OHJIA OHEHOYHbLIX CPEJACTB
no gucuumuinHe «/JAnddepennuanbubie ypaBHeHHS».

OHCHO‘IHHG cpeacrtBa COCTaBJIAKOTCA B COOTBCTCTBHU C

pabouell mporpamMMon

JUCIUIUIMHBL U MPEACTaBISAIOT CO00M COBOKYIHOCTh KOHTPOJIBHO-U3MEPHUTEIBHBIX MaTepUaioB
(TumoBbie 3amauM (3aaHMs), KOHTPOJBHBIC PAOOTHI, TECTHI W [Ip.), MPEAHA3HAYCHHBIX JIJIS
U3MEPEHUS YPOBHS JOCTHKEHUS 00y4YarOUIMMHUCS YCTAaHOBJICHHBIX Pe3y/IbTaTOB O0yUEHUSI.

OLEeHOYHBIE

cpencTaa

HUCIIOJIB3YIOTCA  IIpU  HOPOBCACHHU  TCKYLICTO KOHTPOJIA

yCIIEBAEMOCTH M IPOMEKYTOYHOM aTTECTALlUU.
Tabmuua 1 - [lepeyenb KoMneTeHIHA, (POPMUPYEMBIX B IPOILIECCE OCBOSHUS TUCIUILIIHBI

Koa u conepxanue

IInanupyemsie pe3ybTaThl 00y4eHHs 10 JUCHHUILINHE

KOMIIeTeHIM U (MoyJ110), XapaKTepu3ylouue 3Tanbl (GOpMUPOBAHUS
KOMIIeTeHIIii
OIIK-1. Cnoco6en | OIIK-1.1. 3HaeT 0oCHOBBI MaTeMaTUKH, (PU3UKH, BHIYUCIUTEIbHON
MPUMEHSATD TEXHUKU U IPOTPAMMHUPOBAHUSI.

(GyHIaMeHTaIbHBIC 3HAHUS,
NOJy4eHHble B  o0nactu

OIIK-1.2. VYmeer pemarh CcTaHIapTHbIE MNpodecCHOHATbHBIC
3a/1a4u c MpUMEHEHUEM €CTECTBEHHOHAYYHBIX u

MaTeMAaTUYeCKUX M  (WIM) | OOIIEHHKCHEPHBIX 3HAHHM, METOI0OB MAaTEMaTHYECKOTO aHAIH3a
€CTECTBEHHBIX  HAyK, ¥ | M MOJCIHUPOBAHHUSI.

HCIIOJIb30BaTh ux B | OIIK-1.3. Bnaneer HaBBbIKAMH TEOPETUYECKOTO u
npodeccHoHanbHON AKCIEPUMEHTATIHHOTO UCCIICTIOBAHMSI 00BEKTOB
JESITEIbHOCTH npodeccHoHaNBbHOM e TENbHOCTH.

OIIK-3. Cnoco6en | OIIK-3.1. 3HaeT OCHOBBI TEOPUU CUCTEM U CHCTEMHOI'O aHAJIMN3a,
MPUMEHSITh U | AUCKPETHOM  MaTeMaTHKH, TEOpUU  BEPOSITHOCTEH U
MOAU(PUIIUPOBATH MaTeMaTUYeCKOW CTAaTUCTUKH, METOJOB  ONTHMM3AIUU U
MaTeMaTHYeCKUe  MOJENU | UCCeIOBaHUS orepanmuii, HEYETKHX BBIUMCIICHUI,
JUIs  pelieHus 3aJad B | MATEMAaTHMYECKOTO0 M MMUTAIMOHHOTO MOJICIMPOBAHMS.

obnactu OIIK-3.2. VYmeer mNpUMEHATb METOJbl TEOPUU CHUCTEM U
npoeccuoHaIbHOM CHUCTEMHOTO aHaJlu3a, MAaTeMaTHYeCKOro, CTAaTUCTUYECKOTO U
JEeSITEIbHOCTH MMUTAIIMOHHOTO MOJICIMPOBAHMs Il aBTOMATH3allUM 3a/1a4y

OpUHATUS ~ pemeHuit B oOiactu  mpodeccHoHaIbHOM
NesITeIbHOCTH.
OIIK-3.3. Brnageer HaBblKaMM NPOBEICHUS HHKEHEPHBIX

pacyeToB OCHOBHBIX ITOKA3aTeNIeH pe3yJbTaTUBHOCTU CO3IaHUS U
MIPUMEHEHUSI HH()OPMAIIMOHHBIX CUCTEM U TEXHOJIOTHH.

IIK-2. CnocoOeH MOHUMATh,
COBEPIICHCTBOBATH u
NPUMEHATh  COBPEMEHHBII
MaTeMaTUYECKUH armnapar

IK-2.1. 3HaeT OCHOBHBIE  TEOPEMBI u hopmyIsl
MaTeMaTH4eCKOIro aHau3a, T€OMETPHH, JTUCKPETHON
MaTeMaTHKH, AudQepeHnanbHbIX ypaBHEHUN, TEOPETUUYECKUX
OCHOB HMH(OPMATHUKH, YUCICHHBIX METOJOB, (YHKIIMOHAIHLHOTO
aHaIMn3a.

[1K-2.2. YMeeT NpUMEHATh OCHOBHBIE TEOPEMBI U (POPMYIIBI
MaTeMaTH4ECKOro aHau3a, reOMETpPHUH, JTUCKPETHON
MaTeMaTHKH, TUGQEepeHNaTbHbIX YPaBHEHUN, TEOPEeTHUECKUX
OCHOB MH(OPMATUKH, YUCICHHBIX METO/IOB.

[IK-2.3. Bnameer wmeroaamu, MpUEMaMu, airopuTMamMu |
coco0aMy  MPUMEHEHHS COBPEMEHHOTO MaTeMaTH4YeCKOTO
anmnapara TS pelieHus 3a1a4 npohecCuOHATBLHOM
JEeITEITLHOCTH.

Koneunpimu pe3yiibTaTaMu OCBOCHUSA NUCHHUIIIMHBI ABJIAKOTCA C(bOpMI/IpOBaHHBIC KOI'HUTHBHBIC

JACCKPUIITOPBI «3HATb», «YMCTb»,

«BJIaACTb», PAaCIIMCAHHBIC IO OTACJIBbHBIM KOMIICTCHIHAM.

DopMHUpPOBAaHUE JECKPUIITOPOB IIPOUCXOAUT B TEUEHHE BCErO CEMECTpa IO dTalaM B paMKax
KOHTaKTHOW paboThl, BKIIOYAIOIIEH pa3InyHbIe BHUJIbI 3aHATUNH U CAMOCTOSITEILHOU paboThI, C

MMPUMCHCHUCM

PAa3IMIHBIX

bopm u METO/IOB oOyueHnusi(Tabm. 2).




Tabnumna 2 - @opMupoBaHHE KOMIIETEHITUH B ITPOLIECCE M3YUCHUS TUCIIUILIUHBL:

Kon YpoBeHb WNHpukaTopsl JIocTikeHus | Bun  yqeOHBIX 3aHSATHIA, KonTponupyemsie paszznensl u TeMbl | OLIEeHOYHBIE CPEACTBA,
KOMIIETCHIIUY | OCBOCHUS KOMIIETEHIINI paboThl, GOPMBI U METOBI | TUCIUILINHBI HUCTIIOIB3YyEMBIE  TUIA
KOMIIETCHIIU I 00yueHwusl, OLIEHKH YPOBHS
CIOCOOCTBYIOLIHE c(hOpMUPOBAHHOCTH
(hOopMUPOBAHUIO 51 KOMIIETEHIUU
pa3BUTHUIO KOMITCTCHIIHi
OlIK-1 3Haer
OIlIK -3 Henocrarounsiii | OIIK-1.1. Cryaentr He cnocoOeH | JIeknuoHHbIE u | Pasgen 1. OcHOBHBIE TOHSTHS. Texymuid KOHTPOJIb —
IIK -2 YPOBEHb MPUMEHSTh (yHIaMeHTaNIbHBIE | IPAKTUYECKUE samsTsl, | Pasgen 2. OCHOBHBIC — NOHATHS. | OIIpoC, KOHTPOJIbHAS
3HAHWSA, TIONy9eHHBIE B O0JIACTH | CAMOCTOSTEIbHAS pabota | duddepennnansHbie YPaBHEHHS | paGoTa.
MaTeMaTHUECKUX U (umm) | o0ydJaroUMXcsl, MOJTOTOBKA U | MIEPBOTO MOPSAKA.
€CTECTBEHHBIX HaYK. claya IIPOMEKYTOUHOU | Paznen 3. Juddepenunansasie
He 3Haer oOcHOB MaremaTuky, | aTTeCTallMd, HOATOTOBKA U | YpaBHEHHs N-TO MOPSIKA.
G hepeHITMATEHBIX YPaBHEHHN. clava dK3aMeHa. Pazgen 4. Heonnoponneie
mudQepeHInanbHble  ypaBHEHUST N-TO
OIIK-3.1. CtymeHT He  3HaeT nopsiaka
OCHOBHBIX TEOpUHU JIUCKPETHOM Paszpen 5. KpaeBble 3agaun.
MaTeMAaTUKH, TEOPUU BEPOSITHOCTEH Paznen 6. Cucremsl

1 MaTEeMaTHYCCKOM CTaTUCTHUKH.

IIK-2.1. Crynenr He cnocobeH
MOHUMAaTh, COBEPUICHCTBOBATh W
NPUMEHSTh COBPEMEHHBII
MareMaTuueckuil ammapar. He 3naer
OCHOBHBIX TeopeM H©  (opMyI
reOMETPUH, JIMCKPETHOU
MaTeMaTHKH, JauddepeHInaIbHBIX

T PepeHInATBEHBIX YPaBHEHUH.
Paznen 7 Teopus ycToiunBOCTH.
Pazmen 8. VYpaBHeHHUS B YaCTHBIX
MIPOM3BOAHBIX MEPBOTO MOPSIIKA.
Pazpen 9. BapuannoHnHoe ucuuciaeHue.

! JlekuroHHBIC 3aHSTHS, IPAKTHYCCKUE 3aHATHS, Ta00pPATOPHBIC 3aHSTHS, CaMOCTOSTENbHAS paboTa. ..
% Heo6X0MMO yKa3aTh aKTHBHBIC H HHTEPAKTHBHBIC METOMIBI 00YUCHHs (HATIPHUMEp, HHTEPAKTHBHAS JIKIIHs, pab0Ta B MAJBIX IPYIITAX, METOABI MO3TOBOTO IITYPMa 1 T.J1.),
CMOCOOCTBYIOIINE PA3BUTHIO Y 00yUalONMINXCsl HABBIKOB KOMaHIHOHM pa0b0oThl, MEXIIMIHOCTHOW KOMMYHHUKAITUH, PUHSITHSI PEIIe HUH, TUAEPCKUX KAYeCTB.
® HamveHoBaHue TeMbI (paznmena) Gepercst u3 paboue mporpaMMBbl TUCITUTLTAHBL.
* OLEHOYHOE CPEICTBO TOIKHO BHIGHPATHCS C YIETOM 3aIIAHHPOBAHHBIX PE3Y/IbTATOB OCBOCHNS JUCLIUILTHHBI, HAIPUMEP:
«3HaTh» — cobecenoBaHNE, KOJUIOKBHYM, TECT. ..
«YMeTh», «BraneTs» — MHIUBUAYATBHBIN HIIN IPYIIIOBON IPOEKT, Keiic-3a1a4a, esioBast (poieBas) urpa, mopTQoIIro.




YpaBHEHU.

bazoBbIii OIIK-1.1. CryneHr ycBoua | JlekiuoHHbIe u | Paznen 1. OcHOBHBIC TOHATHS. Tekymnii KOHTPOIb —
YPOBEHb OCHOBHEBIE COACpKaHHUA MaT€puala, | IPaKTHYCCKHUE 3aHATHA, Paznen 2. OCHOBHBIE IIOHATHA. OIIpOC, KOHTPOJIbHAA

HO WMMeEeT HECHCTEeMaTH3MPOBAaHHBIE | CAMOCTOSITEIbHAS pabora | Juddepenunansasie YPaBHEHHS | paGota.

3HaHUsI 00 OCHOBax MaTeMaTWK M | 00y4aroIuxcs, TOATOTOBKA M | TIEPBOTO MOPSIIKA.

¢ hepeHInATbHBIX yPaBHEHHSX. crmava nmpoMexxyTouHoit | Pazmen 3. Jnddepennmanpabie

aTTeCcTalliy, IOArOTOBKA M | ypaBHEHHs N-TO HOPSIKA.

OIIK-3.1. CryneHt YCBOMIJI | cllaya dK3aMeHa. Pazgen 4, Heonnoponusie

OCHOBHBIE COJEp)KaHUsI MaTepHana, muddepeHuInaNbHble  ypaBHEHUsT N-TO

HO HMMEET HECHUCTEMaTH3UPOBaHHBIC nopsiiKa

3HaHUsI 00 OCHOBHBIX TEOPHUSX Paznen 5. Kpaesbie 3aaun.

JTUCKPETHOW MaTeMaTUKU, TEOPUSX Paznen 6. Cucremsl

BEPOSITHOCTE W MaTeMaTHYECKOU g hepeHInanbHBIX yPaBHEHMH.

CTaTUCTUKH. Pasnen 7 Teopust yCTOMYHUBOCTH.

Pazmen 8. VYpaBHeHUS B YaCTHBIX

[IK-2.1. Cty#eHT yCBOWI OCHOBHBIE MIPOU3BOJHBIX IEPBOTO MOPSAIKA.

colep:KaHusl MaTepuaia, HO HUMEET Pazpen 9. BapuanunonHoe ucuuciaeHue.

HECUCTCMATU3NPOBAHHBIC 3HAHUA 06

OCHOBHBIX TeopeMax Hu Qopmynax

TreOMETPHH, JMCKPETHOM

MaTeMaTHKH, JIu(depeHINATEHBIX

YpaBHEHMUSIX.
Cpennuit CryneHT criocobeH caMocToATeNbHO | JIeKInoHHBIE u | Paznmen 1. OcHOBHBIE OHATHS. Texkymnii KOHTPOIb —
YPOBEHb BBIJICJIATE TJIaBHBIE TOJOXKEHUS B | MPAaKTUYECKHUE samsTist, | Pasgen 2. OCHOBHBIC — NOHATHS. | OIIPOC, KOHTPOJIbHAS

W3y4EeHHOM MaTepuaie. CaMOCTOSITeNTbHAs pabora | Juddepennnansasie YPaBHEHUS | paGoTa.

oOyyaromuxcs, TOATOTOBKA U | IEPBOTO HOPSIIKA.

OIIK-1.1. CryzeHT 3HaeT OCHOBHI | chada nmpoMexxyTouHolt | Paznen 3. Huddepennmanpabie

MaT€MaTHKH, JII/I(I)(I)epeHHI/IEUILHBIX arrecralyy, IMOATOTOBKAa MW | YPaBHCHUA Nn-ro nopsiaka.

YpaBHEHUH. clla4ya dK3aMeHa. Paspen 4. Heonnoponnsie

OIIK-3.1. CtymeHT 3HaeT OCHOBHBIC
TEOPUH  JMCKPETHOW MaTEMAaTHKH,
TeOpuHn BEPOSATHOCTEH a
MaTEMATUYECKON CTaTUCTHKH.

[1K-2.1. CtyneHT 3HaeT OCHOBHBIE

muddepeHInaNbHBe  ypaBHEHUsT N-TO
nopsijika

Paznen 5. KpaeBble 3a1auu.

Pa3znen 6. Cucremsl
IudepeHInaNbHBIX yPaBHEHUH.
Paznen 7 Teopust ycTOMYMBOCTH.
Pazmen 8. VYpaBHEHHWS B YaCTHBIX




TeopeMbl M (OPMYIbI TCOMETPHH,
JIUCKPETHOM MaTeMaTHKH,
TG depeHInaATbHBIX YPaBHEHHN.

MIPOU3BOIHBIX IIEPBOTO MOPSIKA.
Paznen 9. BapnannonHoe ucYuciICHUE.

Bricokuit OIIK-1.1. CryzneHT 3HaeT, MOHUMAET, | JICKITMOHHBIC u | Pasgen 1. OcHOBHBIE MOHSTHSL. Tekymuit KOHTPOJIb —
YPOBEHb BBIICTISICT TJIaBHBIE TIOJOXKEHUSI B | MPaKTUYECKHE samsitus, | Pasmen 2. OCHOBHBIC — MOHATHS. | OmpoC, KOHTPOJIbLHAS
U3YYEHHOM MaTepHajie M CIOCOOEH | CaMOCTOSTENbHAs pabora | Jluddepennmansueie YPaBHEHUS | paGoTa.
JaTh  KpaTKyl  XapaKTepUCTUKY | 00y4aroIuxcs, HOATOTOBKA M | IIEPBOTO HOPSIKA.
OCHOBHBIM HJEsIM TPOPa0OTaHHOTO | clava npoMexxyTouHoit | Paznen 3. duddepenunansasie
MaTepHaia JUCLUIUTUHBIL. aTTeCcTalldy, MOATrOTOBKA M | ypaBHEHHs N-ro HOPSIKA.
clava dK3aMeHa. Pazgen 4. Heonnoponneie
OIIK-1.1. CryaeHT 3HaeT OCHOBBI mudQepeHnInanbHble  ypaBHEHUsI N-TO
MaTeMaTHKH, Iu(pepeHINATEHBIX nopsiaKa
YpaBHEHUH. Paszpen 5. KpaeBble 3agaun.
Paznen 6. Cucremsl
OIIK-3.1. CTyneHT 3HaeT OCHOBHBIE T pepeHInATBEHBIX YPaBHEHUH.
TEOPUM  JAUCKPETHOM MaTEeMaTUKH, Pazpen 7 Teopus ycToiunBOCTH.
TEOPUU BEPOSITHOCTEU u Pazgen 8. VYpaBHeHHUs B YaCTHBIX
MaTeMaTHYeCKOM CTaTUCTUKU. MIPOM3BOAHBIX MEPBOT0 MOPSIIKA.
Paznen 9. BapuannonHoe ucuuciaeHue.
[IK-2.1. CTyneHT 3HAeT OCHOBHbIE
TeopeMbl ¥ (POpPMyIBl T€OMETPHH,
JIUCKPETHOMN MaTE€MaTHKH,
TG hepeHITMATEHBIX YPaBHEHH.
YMmeer
bazosrIit OIIK-1.2. CrynmeHT wucneIThiBaeT | JIeKIMOHHBIE u | Pasmgen 1. OcCHOBHBIE TOHITHS. Tekyumii KOHTpOIb —
YPOBEHb 3aTpyIHEHHS npu PELICHUN | IPAKTUIECKHE samsiTist, | Pasgen 2. OCHOBHBIC — NOHSTHS. | orIpoc, KOHTPOJIbHAS
CTaHAAPTHBIX  NPOQECCUOHANBHBIX | CAMOCTOSTEIbHAS pabora | JuddepenunansHsie YPaBHEHHS | paGoTa.
3a/a4 c MPUMEHEHUEM | 00YYalOIIMXCs, MMOATOTOBKA U | TIEPBOTO TMOPSIKA.
€CTECTBEHHOHAYYHBIX 3HAHUI. crada npoMexxyTouHoit | Paznen 3. duddepenunansasie
OIIK-3.2. CrymeHT WHCHBITHIBACT | aTTECTallMM, IOArOTOBKA H | ypaBHEHMs N-TO MOPSIKA.
3aTPyJIHEHUs] TIpM  T[PUMEHEHHUH | cJlaya SK3aMeHa. Paznen 4, Heonnopoansie

MaT€MaTU4YCCKOTIO arapara.

T pepeHnualbHble  ypaBHEHUSI N-TO
nopsizKa

[IK-2.2.  CTygeHT  HUCHBITHIBAeT Paspnen 5. Kpaesble 3anaun.
3aTPYAHCHUSI TPU  TPUMCHCHHH Pazgen 6. Cucremsl
OCHOBHBIX TeopeM H  (opmyn JudepeHInATBHBIX YPaBHEHUH.




TFCOMETPUH, JTIUCKPETHOM
MaTeMaTHKH ¥ Au(hepeHIHATbHBIX
YpaBHCHHSL.

Pasnen 7 Teopust yCTOMYHUBOCTH.
Pazmen 8. VYpaBHeHHS B YaCTHBIX
MTPOM3BOAHBIX MIEPBOTO TOPSIIKA.
Paznen 9. Bapuannonnoe nucuuciaeHue.

Cpennuit OIIK-1.2. Cryment ymeer pemiath | JIeKIIMOHHBIC u | Pazgen 1. OCHOBHBIE IOHSITHS. Tekymuii KOHTPOIb —
YPOBEHb CTaHAApPTHbIE  HPO(ecCHOHANbHBIE | TPAKTUYECKUE samsTHst, | Pasgen 2. OCHOBHBIC — NOHATHS. | oIIpoC, KOHTPOJIbHAS
3a/1a4M c NPUMEHEHHEM | CAMOCTOSTENbHAS pabora | Jluddepennmansueie YPaBHEHUS | paGoTa.
€CTECTBEHHOHAYYHBIX 3HAHUM. o0yyaromuxcs, TOATOTOBKA M | TIEPBOTO MOPSIIKA.
chada nmpoMexxyTouHoit | Pazmen 3. Huddepennmanpabie
OIIK-3.2. CryaeHnt yYMEET | aTTecTallud, M[OArOTOBKAa U | YPaBHEHUS N-To MOpsAKa.
NPUMEHSTh MaTeMaTHYEeCKUi | caaya dK3aMeHa. Pa3nen 4. Heonnoponansie
amnmapar. mudQepeHnInanbHble  ypaBHEHUsI N-TO
nopsiiKa
[IK-2.2. CtyaeHT yMmeeT NpUMEHSTh Paznen 5. Kpaesbie 3aaun.
OCHOBHBIC TEOpEeMbl U  (OPMYJIBI Paznen 6. Cucrembl
TeOMETpHH, JUCKPETHOM g dhepeHInaNbHBIX yPaBHEHMH.
MaTeMaTHKu U AuQQepeHITnaTbHBIX Pazpen 7 Teopus ycToiunBoCTH.
YpaBHEHUI. Pazgen 8. VYpaBHeHHS B YaCTHBIX
MPOM3BOJHBIX IEPBOIO HOPSAIKA.
Ho nomyckaer He3HauuTeIbHbIE Paznen 9. BapuannonHoe ucUHCIICHUE.
OMOKHY TIPU PEIIeHUH 3a/1aY.
Bricokuit OIIK-1.2. Cryment ymeeT pemath | JIeKIMOHHBIE u | Pazgen 1. OCHOBHBIE TIOHSTHS. Tekyumii KOHTpOJb —
YPOBEHb CTaHAAapTHBIE  NpodeccCHOHaNbHbIE | MPAKTUYECKUE samsTist, | Pasgen 2. OCHOBHBIC — NOHATHS. | orIpoc, KOHTPOJIbHAS
3aauu c NPUMEHEHHEM | CAMOCTOSITEIbHAS pabora | JuddepenunansHsie YPaBHEHHS | paGoTa.
€CTECTBEHHOHAYYHBIX 3HAHHM. o0yyaromuxcsi, TOATOTOBKA H | TIEPBOTO MOPSIIIKA.
caada npoMmexxyTouHout | Paznen 3. Huddepennmanpabie
OIIK-3.2. CryneHt yMeEeT | aTTeCTaliud, IOArOTOBKA H | YPaBHEHUSA N-ro MOpPsIKa.
MPUMEHSTH MaTeMaTHYEeCKUH | caaya dK3aMeHa. Paznen 4. Heonnopoansie
amnmapar. T pepeHInalbHBIE  ypaBHEHUSI N-TO
[IK-2.2. CtyaeHT yMeeT NpUMEHSTh nopsiika
OCHOBHBIE TEOpPEMBI U  (OPMYIIBI Paspnen 5. Kpaesble 3agaun.
TEOMETPHUH, JIACKPETHOM Pazgen 6. Cucremsl

MaTeMaTHKH W IuddepeHInaIbHBIX
yYPaBHEHUI.

IudepeHInaNbHBIX yPaBHEHUH.
Pa3nen 7 Teopust ycToMuuBOCTH.
Pazmen 8. VYpaBHEeHHS B YaCTHBIX
MIPOM3BOJIHBIX TIEPBOT'O TOPSIKA.




Paznen 9. BapuannonHoe nucuuciaeHue.

Biageer
bazoBbIii OIIK-1.3. CryaeHtr Ha 0a3oBoM | JlekimoHHbBIE u | Paznen 1. OcHOBHBIC TOHATHS. Tekymuii KOHTPOIb —
YpOBEHb ypOBHE BJajeeT HaBBIKAMH | IPAKTUYECKHUE samsTysl, | Pasgen 2. OCHOBHBIC — NOHATHS. | orrpoc, KOHTPOJIbHAS
TEOPETHICCKOTO " | caMOCTOSITeIIbHAS pabora | uddepeHnnanpabie YPaBHEHHS | haGota.
9KCIEPUMEHTAILHOTO HCCIENOBaHuUs | 00yJaroImuxcs, HOATOTOBKA U | IIEPBOTO HOPSIIIKA.
00BEKTOB npodeccuoHabHON | caada IIpOMeEKyTOuHOU | Paznen 3. Juddepenunansasie
JeSITeIbHOCTH. aTTecTallid, MOJATOTOBKAa H | ypaBHEHUs N-TO HOPSIKA.
clava dK3aMeHa. Pazgen 4. Heonnoponneie
OIIK-3.3. Crymenr Ha 0a30BOM muddepeHnranbHbple  ypaBHEHUS N-TO
YPOBHE BJ1aaceT HaBbIKaMH nopsaaka
MPOBEACHUSI WHXEHEPHBIX PAacueToOB Paszpen 5. KpaeBble 3agaun.
OCHOBHBIX MoKaszaTenei Pasznen 6. Cucremsl
pE3yIbTaTUBHOCTH  CO3JaHUA U T pepeHInATBEHBIX YPaBHEHUH.
NIPUMEHEHUS WHQOPMAIIMOHHBIX Pasnen 7 Teopust yCTOMYNBOCTH.
CHUCTEM U TEXHOJIOTHH. Pazgen 8. VYpaBHEeHHUs B YaCTHBIX
MPOM3BOJIHBIX TIEPBOTO TOPSIKA.
[IK-2.3. Crynentr Ha 0a30BOM Pa3nen 9. BapuanuonHoe UcUnCiIeHUe.
ypoBHE BJIaJeeT METO/aMH,
pUeMamH, IropuTMaMu u
criocobaMu MIPUMEHEHUS
COBPEMEHHOT'0 MaTeMaTHYECKOTO
anmapara UL pelIeHusl  3ajaad
poecCHOHANBEHON e TENEHOCTH.
Cpennuii OIIK-1.3. Crymenr Ha cpenHeM | JIeKImOHHbBIE u | Pasmgen 1. OcCHOBHBIE TOHITHS. Texymuii KOHTPOJIb —
YPOBEHb ypOoBHE BJaJeeT HaBBIKAMH | IPAKTUYECKHUE samsiTist, | Pasgen 2. OCHOBHBIC — NOHSTHS. | orIpoc, KOHTPOJIbHAS
TEOPETUIECKOTO U | caMOCTOsTENbHAS pabora | JuddepenunansHsie YPaBHEHHS | paGoTa.
OKCIICPUMECHTAJIBHOTO HCCIICI0BAaHUA 06yqa10u11/1xcs{, IMOAroTOBKa U | IMEPBOI0 MOpsaKa.
00BEKTOB npodeccuoHaIbHON | caaya npoMexxyTouHoit | Paznen 3. duddepenunansasie
NesITeIbHOCTH. aTTecTalliy, MOJATrOTOBKAa H | ypaBHEHUs N-TO HOPSIKA.
clla4ya dK3aMeHa. Paspen 4. Heonnoponneie
OIIK-3.3. CrymeHT Ha cpegHeMm T pepeHnualbHble  ypaBHEHUSI N-TO
ypOBHE BJajeeT HaBBIKAMHU nopsizKa
[IPOBEJICHMSI WHXEHEPHBIX PacuyeToB Paspnen 5. Kpaesble 3anaun.
OCHOBHBIX nokazaTenei Paznen 6. Cucremsl

PE3YJIbTAaTUBHOCTHU cOo3aaHuA u

JuQepeHInATBEHBIX YPaBHEHHUH.




MIPUMEHEHUS UHGPOPMAITMOHHBIX
CHUCTEM M TEXHOJIOTHH.

I1K-2.3.
ypOBHE
MIpHEMaMH,
criocobamu

CryneHT Ha cCpegHeM
BIazneeT METOoJIaMH,
IropuTMaMu u
MIPUMEHEHUS
COBPEMEHHOI'0 MaTeMaTH4eCcKOro
anmapara UL peleHus  3a4ad
po¢ecCHOHANBHON AEATEILHOCTH.

Pasnen 7 Teopust yCTOMYHUBOCTH.
Pazmen 8. VYpaBHeHHS B YaCTHBIX
MTPOM3BOAHBIX MIEPBOTO TOPSIIKA.
Paznen 9. BapuannonHoe ucuuciacHue.

Bricokuit
YPOBEHb

OIIK-1.3. CryneHT Ha BBICOKOM
YpOBHE BIIaJIceT HaBbIKAMHU
TEOPETHYECKOTO u
IKCTIEPUMEHTAIBHOTO HCCIICTIOBAHUS
00BEKTOB npodeccHoHANBHON
JEATeITLHOCTH.

OIIK-3.3. CryneHT Ha BBICOKOM
YPOBHE BJIAJIEET HaBBIKAMH
MPOBEACHUSI MHXEHEPHBIX PAacueToB
OCHOBHBIX IMOKa3aTese
pe3yIbTATUBHOCTH  CO3JaHUS |
MPUMEHEHUS WHGPOPMAITMOHHBIX
CUCTEM M TEXHOJIOTHH.

I1K-2.3.
YpOBHE
IpUeMaMHu,
crocobamu

CTyaeHT Ha BBICOKOM
BIIajIeeT METOJIaMH,
anropuTMamMu u
MPUMEHEHUS
COBPEMEHHOTO  MaTeMaTHYeCKOTro
ammapara Ui pelieHHs  3a1ad
po(eCCHOHATIBHOMN IEeSTEIbHOCTH.

Jlex1imoHHEBIE u
MPAKTHYECKUE 3aHSITHS,
CaMOCTOSITENTbHAS pabota
oOyJaronuxcs, MOArOTOBKa U
claya IIPOMEKYTOUHOMN
aTTecTalii, IOATOTOBKA |
cJaJa dK3aMeHa.

Pasnen 1. OcHOBHBIE HOHATHA.

Pasnen 2. OCHOBHBIE  ITOHATHSL.
Huddepennnanbabie ypaBHEHUS
MEPBOTO MOPSIKA.

Paznen 3. HuddepeHnnanbHbie
ypaBHEHUS N-TO TOPSAKA.

Pazgen 4. Heonnoponneie
mudQepeHInanbHble  ypaBHEHUsI N-TO
MopsIIKa

Paszpnen 5. KpaeBble 3agaun.

Paznen 6. Cucremsl

T PepeHInATBEHBIX YPaBHEHUH.
Paznen 7 Teopus ycToiunBOCTH.
Pazmen 8. VYpaBHeHHS B YaCTHBIX
MIPOM3BOAHBIX MEPBOTO MOPSIIKA.
Pazpen 9. BapuannoHnHoe ucuuciaeHue.

Texkymmii KOHTpOJIb —
ONpoC, KOHTPOJIbHAA
pabora.




2. IEPEYEHb OHEHOYHBIX CPEJACTB

Taomuna 3
No | HaumenoBanue XapakTepruCTHKA OLIEHOYHOTO CPEACTBA [IpencraBnenue onenounoro cpeacrea B POC
OLICHOYHOT'O
CpelcTBa
1 | Ompoc CpencTtBo KOHTpOJIL YCBOGHHUs y4yeOHOro MmaTepuaia TeMbl, | Bompocsl mo Temam/pa3aenam AUCHUTIITUHBI
paszena Wiy pPas3AesioB AWCHUIUIMHBI, OPTaHW30BAHHOE KaK
yuyeOHOe 3aHsATHE B BHJE coOecelOBaHUs MpPEroAaBaTels C
00yJarOIUMUCs.
2 | KonTponbHas CpencTBo NpoBEpKH YMEHUM IPUMEHSTh MOJy4YeHHbIE 3HaHUs | KOMIUIEKT KOHTPOJIBHBIX 33/IaHU 110 BapUaHTaM
pabora JUTS pEeIEHUs] 3a1a4 OIPEACIICHHOTO THUIIA 110 TEME WIIU

pasacity




3. OIMMCAHUE IMOKA3ATEJIEA U KPUTEPUEB OLIEHUBAHUA KOMIIETEHIIUA

OneHMBaHUE PE3YyJIbTATOB OOYUYEHMS IO JUCHUIUIMHE AJredpa W TIeOMETpPHUs OCYIIECCTBISETCS B COOTBETCTBUHU C
[TooxxeHneM 0 TeKyIeM KOHTPOJIC YCIICBAEMOCTH U MPOMEXKYTOYHOM aTTECTAllMN 00YJarOIIUXC .

[TpenycMOTpeHBI CIEAYIOIINE BUILI KOHTPOJISA: TEKYIIUA KOHTPOJIb (OCYIIECTBICHHE KOHTPOJIS BCEX BUAOB ayIUTOPHOU H
BHEAYJIUTOPHON JEATEIHPHOCTH OOYYAIOIIETOCS C IICJBbI0 TMOJMYYEHUS MEPBUYHON WH(OpPMAIMKM O XOJ€ YCBOSHHUS OTIACITHHBIX
AJIEMEHTOB COJICP)KaHWS AWCIIUIUIMHBI) M MPOMEKYTOUHAsI arTecTanus (OIEHUBACTCS yPOBEHb M KAa4eCTBO TOJTOTOBKH TIO
TUCIUILIAHE B IISJIOM).

[TokazaTenn W KpUTEpUH OICHWBAHHWS KOMIICTCHIIUH, (POPMUPYEMBIX B MPOIECCEe OCBOCHHS JTAHHOW TUCIUTIINHBI,
oIMcaHbI B Ta01. 4.

Ta0mnumna 4.



Kon YpoBeHb OCBOEHUA Muaaukaropel Kpurepuu onieHuBaHuS pe3ynbTaTOB 00yUCHUS
KOMIIETEHIIUM | KOMIIETCHIIUU JOCTHKECHUS
KOMIIETCHIIUU
OIIK-1 3Haer
OIIK-3 HenocraTounsrit ypoBeHb OIIK-1.1. He 3naem 3nauumensHoii uacmu mamepuana Kypca, He CHOCOOEH CAMOCHOAMENbHO 8blOeNiMb
[K-2 Oruenka OIlK-3.1. 2/1ABHbLE NOJIONCEHUS 8 UZYHUEHHOM MAMepUaie OUCYUNIUHb
«HEYJIOBIETBOPUTEIHHOY IIK-2.1.
ba30Bblil ypoBEHb OIlIK-1.1. 3Haem He menee 50 % ocHO8HO20 Mamepuana Kypcd, 0OHAKO UCHbIMbI8Aem 3aMpPYOHEHUs 8 €20
Orenka OIIK-3.1. npuMeHeHuu
«YOBJIETBOPUTEIHHOY IIK-2.1.
Cpennuii ypoBeHb OIIK-1.1. 3naem ocHo8HYIO uacmb mamepuana Kypcd, Cnocoben npumMeHums UyueHHull Mamepuan Ha
Orenka OIlIK-3.1. npakmuke, UCNbIMbIEAem He3HAYUmelbHble 3ampyOHeHUs 8 peuleHul 3a0ay
«XOpOIO» 1IK-2.1.
Bricokuii ypoBeHb OIlIK-1.1. THoxkasvieaem 2nyboxoe 3HaHUe U NOHUMAHUE MAMEPUAnd, CnoCOOeH NPUMEHUMb U3VUEeHHbII
Orenka OIlIK-3.1. Mamepuan Ha nPaKmuKe
COTIIMIHOY 1IK-2.1.
YMeer
BazoBelii ypoBeHb OIlK-1.2. Ymeem eocnpoussecmu ne menee 50 % ocnosnozo mamepuana Kypca, 0OHAKO UCTIbIMbIBAEM
OIIK-3.2. 3ampyOHeHUs NPU peuleHuu NPAKmu4eckux 3a0a4
1IK-2.2.
Cpennuii ypoBeHb OIIK-1.2. Ymeem pewamv cmanoapmuvie npogeccuonarvhvie 3a0auu ¢ APUMEHEHUEM HNOTYYEHHbIX
OIIK-3.2. SHAHUL, UCTILIMbIBAC HE3HAYUMENbHbIE 3aMPYOHEHUsL 8 peleHUU 3a0ay
1IK-2.2.
Bericokwmii ypoBeHB OIIK-1.2. Ymeem pewamv cmanoapmuvie npogeccuonanvhvie 3a0auu ¢ APUMEHEHUEM HNOTYYEHHBIX
OIIK-3.2. 3HAHUL, NOKA3bleaem 21yOoKoe 3HAHUEe U NOHUMAHUe Mamepuand, CnocodeH pewums 3a0ayy
1IK-2.2. npU UBMEHEHUU POPMYTUPOSKU
Bnaneer
basoBbIil ypoBeHb OIIK-1.3. Bradeem mnagvikamu meopemuueckoco U IKCHEPUMEHMANLHOZO UCCIe008aHUS 00BEKMO8
OI1K-3.3. npoGeccuoHaIbHOU 0esIMeNbHOCIU, YCEOUL OCHOBHOE COOEPIHCAHUE MAMEPUANA OUCYUNTIUHDL
1IK-2.3. HO umeem npobenvl 8 YcgoeHuu mamepuaid. Hmeem HecucmemamusupogaHuvie 3HAHUSA
OCHOBHBIX PA30e108 OUCYUNTIUHDL.
Cpennuii ypoBeHb OIlK-1.3. Braoeem magvlkamu meopemuueckoco U SKCNEPUMEHMANbHO20 UCCAe008aAHUS 00bEeKmos
OIlK-3.3. npoGeccUOHanbHOl  OesiMeNbHOCMU,  CROCOOEH — CAMOCMOSMENbHO — 8blOCAMb  2AGHLLE
1IK-2.3. NONoJICEHUsT 8 U3YUeHHOM Mmamepuane. Mcnvimvigaem He3HAUUMENbHbIE 3AMPYOHEHUs 8
peutenuu 3a0au.
Bricokwii ypoBeHb OIlK-1.3. C60000HO 6na0eem HABLIKAMU MEOPemu4eckKo20 U IKCNEePUMEHMATbHO20 UCCAe008AHU,
OIIK-3.3. nokasvléaem 2y1yb0Koe 3HaHue U NOHUMAaHUe U3Y4eHHO20 Mamepuaid

1IK-2.3.




4. MeTroau4yeckue MaTepUaJibl, ONpeaeJaolue Npoueaypbl
OLIECHUBAHUS Pe3yJabTaTOB 00y4eHUsI

3ananus B popme ompoca:

OHpOC HCIIOJIB3YCTCA AJId TCKYILICTO KOHTPOJIA YCIIEBACMOCTHU o6yqa}01unxc>1 110
JUCHUIINIMHE B KAUYCCTBEC ITPOBEPKU PE3YIbTATOB OCBOCHUS TCPMHUHOJIOTHH. Ka}K,I[OMy CTYACHTY
BBIZIACTCS CBOM COOCTBEHHBIN, Y3KO C(HhOpMYIMpPOBaHHBIN Bompoc. OTBET AOHKEH OBITh YETKUM
H KpaTKuM, COACPKAIIUM BCE€ OCHOBHBIC XapaKTECPHUCTHUKU OIIMCBIBACMOI'0 ITIOHATHUA, MHCTUTYTA,
KaTErOpHUU.

KonTpoJsbhas pabora
CpencTBo NpoBEpKH YMEHUM MPUMEHSITh MOJy4YE€HHbIE 3HAHUS JIJIs1 PEIICHUs 3a1a4
OIMpCACIICHHOI'O TUIIA I10 TEME WJIN pasaciy

5. MarepuaJbl JJil NPOBeJAeHNUs] TEKYIIero KOHTPOJIS U MPOMEKYTOYHOM

aTrecrainmmu

Pa3nes 1. OcHOBHBIE IOHATHS.

1) Omnpenenenne 0ObIKHOBEHHOTO MU (HEepeHIIMATEHOTO YPAaBHEHHUS.

2) Omnpeznenenne 4acTHOTO M OOIIETO PENICHHS, CBSI3b MEXKIY HUMHU.

3) OO0bikHOBeHHBIE MU hepeHIaTbHbIe YPaBHEHUS [IEPBOTO MOPSIKA.

4) [Tonsitue 3amaun Komu.

5) Teopema CylIecTBOBaHHS W CIUHCTBEHHOCTH pEIICHUS OOBIKHOBEHHOTO
Qg depeHIaIbLHOr0 YpaBHEHUS IepBOro nopsiaka (0e3 J0Ka3aTenbeTBa).

6) ['eomerpuueckasi ~ MHTEpIpETalUs  OOBIKHOBEHHOTO  TU(HEPEHIIUATBEHOTO
YpaBHEHHS [IEPBOTO TOPSIKA.

7) YpaBHEeHHE paiMOAKTUBHOTO pacmaja.

Paznea 2. {nddepenunanbHbie ypaBHEHHS NMEPBOTo MOPsiAKA.

1) OObikHOBeHHBIE  AuddepeHIManbHble  ypaBHEHHs C  pa3/ielieHHBIMH U
pa3aeAIOINUMUCS IEPEMEHHBIMH.

2) OnHOpOHBIE ypaBHEHUS IEPBOTO MOPSIKA.

3) [ToHsiTHE OPTOTOHAIBHBIX TPAEKTOPHIA.

4) Jluneiinbie nuddepeHManbHbIe ypaBHEHUS TEPBOTO TOpSAJKA - OCHOBHBIE
CBOICTBA pEIICHNs OJHOPOAHBIX U HEOJIHOPOAHBIX YPABHEHHUH.

5) Meroz Baprany npoU3BOJIBHON TOCTOSHHOM.

6) YpasHenue bepuymin.

7) YpaBHenue Pukarr.

8) Juddepennunanbable ypaBHEHHS B MOJIHBIX T depeHIranax.

9) VYcnosue nonHoro nuddepennmana.

10)  UuTerpupyrommii MHOKHUTEb.

11)  OObikHOBeHHbIe aup(depeHInaNIbHble YpaBHCHHS IEPBOrO  IMOpSAAKAa  HE
paspelIeHHble OTHOCUTEIBHO TPOU3BOIHOM.

12)  Peurenue nuddepeHnaNbHBIX YPaBHEHUI METOIOM BBEICHHUS ITapaMeTpa.

13)  VYpaBuenue Jlarpanxka. YpaBaenue Kuepo.

14) [TonsTHE OCOOOTO perIeHusl.

15) Meronsl NPHONMKEHHBIX PEUICHUH OOBIKHOBEHHBIX A depeHIIHanbHbIX
YPaBHEHUH MTEPBOTO MOPsIJIKA.

16) MeTto mocne10BaTeNbHBIX MPUOTNKEHHH.



17)  Merox Diinepa. Metoa HeonpeaeieHHBIX KO PHUIIMESHTOB.

Paznea 3. lu¢pdepennuanbHbie ypaBHeHHs N-T0 MOPSIAKA.

1) Jlunelinas 3aBUCHUMOCTD U HE3aBUCUMOCTh (DYHKITHH.

2) [TonsiTHe TMHEWHON 3aBUCUMOCTH U HE3aBUCUMOCTH (DYHKIIUH.

3) Onpenenurens Bponckoro. CoiicTsa.

4) OO6b1kHOBEHHBIE AU PepeHnnanbHbIe ypaBHEHUS N-TO TOPSIIKA.

5) OO6mue nousitus. [loHsTHE YaCTHOTO M OOIIETro PEIICHHMS.

6) 3amaua Komu.

7) Teopema cCyliecTBOBaHHS M €IUHCTBEHHOCTH pELICHUS OOBIKHOBEHHOIO
Qg depeHIaIbLHOro ypaBHeHUs N-To nmopsaka (0e3 10Ka3aTeNbCTBa).

8) Huddepenunansupie ypaBHEHHUS N-TO TMOPsSAKa, JOMYCKAIOIIME MOHMKEHUE
nopsaka. Pemenue nuddepeHnanbHpIX ypaBHEHUN N-TO METOIOM BBEJCHHS ITapaMeTpa.

9) Jlunetinbie nuddepeHmanbHbie ypaBHEHUS N-TO OPSIIKa.

10)  OOGmiue mousitus. CBOMCTBA.

11)  OpnopoaHble NuHEiHBIC TUuddepeHaIbHbIe YpaBHEHUS N-TO MOPSIKA.

12)  CrpykTypa 00LIero peieHusl.

13)  TlousaTtHe GyHAaMEHTAILHONU CUCTEMbI PEIIICHHI.

14)  HeoanoposHbie juHeiHbIC U HepeHInAIbHBIC YPAaBHEHUS N-TO TOPSIKA.

15)  Crpykrypa obmiero perrenus. @opmysna JInysuiist - OcTporpaackoro.

16) Opsoponnbie nuHEHHbIC auddepeHratbHbIe ypaBHEHHS N-TO MOPsSAKa C
MOCTOSTHHBIMH KO3 (UIIUCHTAMH.

17)  Meron Ditnepa. [TousTre XapakTepucTUIECKOTO ypaBHEHHSL.

Pasnen 4. Heonnopoaubie nugdepennuaibible ypaBHeHHs: N-TO MOPSAIKA.

1) Heonnopoansie nuneiinbie AuddepeHnnaibabple ypaBHEHUS N-T0 TOPsIKa.

2) Meroa Bapranyy Npou3BOJIbHON IIOCTOSHHOM.

3) Heonnopoanrsie nuHeinHble muddepeHranbuble ypaBHEHUsS N-TO  HOPSAIKa C
NOCTOSTHHBIMU K03 punimeHramu.

4) MeTtoa HeolnpeAeIeHHBIX KO3 ()UIIMEHTOB.

Paspnen 5. Kpaesble 3agaun.
1) [TonsiTHE KpaeBoii 3a1a4u.
2) Pemenue kpaeBoii 3a7jauu ¢ noMoIkto GyHkuuu I'puna.

Pa3nea 6. Cucremsl nuddepeHnnanbHbIX ypaBHEHHI.

1) Cucremsl qud depeHIanbHbIX ypaBHEHUI.

2) WuterpupoBanue cuctembl TudepeHnaTbHbIX YPaBHEHUH MyTeM CBEICHHS K
OJIHOMY YpaBHEHHIO 00JIee BEICOKOTO MOPSIKA.

3) HaxosxneHne MHTErpupyeMbIX KOMOWHAIMHA.

4) CucreMmsbl TUHEHHBIX U depeHIINATBHBIX YPaBHEHUH.

5) TeopeMsl 0 peleHUsIX CUCTEMBI JIMHEHHBIX AU((epeHnanbHbIX YpaBHEHUI.

6) Cucrembl JnuHEHHBIX JOud@epeHIUaNbHbIX YpaBHEHUH C  TOCTOSHHBIMU
KO3 pHULIHEHTaMHU.

Paspnen 7. Teopust ycToi4YMBOCTH.

1) Teopust yCcTOWYHBOCTH.

2) OcHoBHble noHATHSA. [IpocTeiimme TUIBI TOYEK TOKOS.

3) Bropoii metox A. M. JlsmyHoBa.

4) HccnenoBanue Ha yCTOMYHMBOCTD O MEPBOMY HPUOINKEHUIO.

5) [Ipu3HaKy OTPHULIATEFHOCTH IEUCTBUTENBHBIX YACTEW BCEX KOPHEN MHOTOWICHA.

6) Crnyyaii Mmanoro ko3 puimeHTa Npu MpoU3BOIHON BRICIIETO MOPSIKA.



7)
8)

Y CTONYUBOCTB IIPU ITIOCTOSTHHO JE€UCTBYIOIIUX BO3MYILECHUSX.
Teopema Mankuaa 00 yCTOMYMBOCTH TPU  TOCTOSTHHO  JICHCTBYFOIIMX

BO3MYIICHUAX.

Pa3nen 8. YpaBHeHuUs1 B 4aCTHBIX NPOU3BOIHBIX.

VYpaBHEeHHsI B YaCTHBIX MPOU3BOAHBIX MEPBOro nopsiaka. OcHOBHbIE MOHATHS. JIuHeliHbIe
Y KBa3WJIMHEWHbIC YPABHEHHS B YACTHBIX MPOU3BOIHBIX MIEPBOTO MOPSIKA.

CBsi3b C BEKTOPHBIM I0JIEM. XapakTepucTUKU. Teopema 00 001IeM perieHn ypaBHEHUS
B YaCTHBIX MTPOU3BOAHBIX TIEPBOTO MOPSIKA.

Pa3nes 9. BapnanuonHoe ucumcienme.

1)
2)
3)
4)
5)
6)
7)
8)
9)

Bapuanuonnsle 3a/1a4il ¢ HEMOABU>KHBIMU IPAHULIAMHU.

Bapuanus u ee cBoiicTBa.

VYpaBaenue Diinepa.

Cucrema ypaBHeHUi Dilniepa.

VYpaBuenue Ditnepa—Ilyaccona.

OyHKIUOHAIBI, 3aBUCSIINE OT (DYHKIMI HECKOJIBKUX HE3aBUCHUMBIX TIEPEMEHHBIX.
Meton Bapuanuii B 3aJja4ax C MOABMKHBIMU TPaHHUIIAMH.

[Ipocreiimas 3anaya ¢ NOABUKHBIMU T'PaHHULIAMU.

3anava ¢ MOJABMKHBIMH IPAHUIIAMHU.

KonTtpomupyemsie kommerennuu: OITK-1, OITK-3, T1K-2

Oyenka KomMnemeHYyull OCyuecmesiemcs 8 COomeemcmeuu ¢ maoauyet 4.

KonTpoJbHbIe 3a1aHuA:

1. TectoBslii Bompoc 1:
a) BapUaHT OTBeTa 1;
0) BapuaHT OTBETA 2;
B) BapHUaHT OTBeTA 3;
') BApHAHT OTBETA 4;

2. TecToBBI# Bompoc 2:
a) BapUaHT OTBeTa 1;
0) BapuaHT OTBeTA 2;
B) BapHUaHT OTBeTA 3;
I') BapUaHT OTBeTa 4;

3. TectoBslii Bomnpoc 3:
a) BapUaHT OTBeTa 1;
0) BapuaHT OTBeTA 2;
B) BapHUaHT OTBeTA 3;
I') BapUaHT OTBeTa 4;

KomnuiekT 3aganuii UIsi KOHTPOJILHOI padoTsl 1o auctuiuinHe «/lnddepeHnnanbaele

YPaBHCHUA»

KonTtpoabnas pa6ora Ne 1

Bapuant Nel

VpaBHEHUS C pa3ICIAIOIIUMUCS IEPEMEHHBIMH:
1. xydx + (x + 1)dy = 0.



2. xE =1

dt

TeoMeTpuyecKkre U GU3MIECKHUE 3aIAUH:

3. Haiitu KpuBble, U1t KOTOPBIX IUIOIIAL TPEYrOJBLHUKA, 00Pa30BAaHHOIO
KacaTeJIbHOU, OPIMHATON TOUKM KAaCaHHsA U OChIO aOCIUCC, ECTh BEIMYMHA MIOCTOSIHHAS, PABHAS
a??

OIHOPO/HbIE YPABHEHHUS:

4. (x + 2y)dx — xdy = 0.

5. (y + /xydx = xdy.

KonTtpouabnas pa6ora Ne 1

Bapuant Ne2

YpaBHEHUS € PA3IEIAIOMUMUICS IEPEMEHHBIMH:

1. VYy?+ ldx = xydy.

2. y' = cos(y — x).

I'eomerpuueckue u GU3NIECKHUE 3a0aUH:

3. HaiiTu xpuBble, 11 KOTOPBIX CyMMa KaTETOB TPEYroJbHUKA, 00pPa30BAHHOIO
KacaTeJIbHOH, OpAMHATON TOYKH KaCaHUs M OChIO a0CIIMCC, €CTh BEIMYMHA IOCTOSIHHAS, PaBHAs
b?

OnHOpOAHBIE YPaBHEHUS:

4. (x —y)dx — (x+y)dy = 0.

5. xy' = {Jx2—y2+y.

Kounrpoabsnas padora Ne 1

Bapuant Ne3

VYpaBHEHUS ¢ pa3ICISIOIUMHUCS IEPEMCHHBIMU:

1. (x2 = 1)y’ + 2xy? = 0.y(0) = 1.

2. y'—y=2x—-3.

I'eomeTprueckue u GU3NIECKUE 3aTaUn:

3. Haiiti kpuBbIe, 00J1a/1at0MINe CIACTYIOMINM CBOMCTBOM: OTPE30K OCH alCIHCC,
OTCEeKaeMBbIi KacaTeIbHOI N HOPMAJIbIO, TPOBEICHHBIMU M3 MTPOM3BOJIBHON TOUYKH KPUBOMW, paBeH
2a?

OnHOpOHBIE ypaBHEHUS:

4. (y? — 2xy)dx + x%*dy = 0.

5. 2x—4y +6)dx+ (x+y—3)dy =0.

KonTtpouabHnas padora Ne 1

Bapuant Ne4

VYpaBHEHUS ¢ pa3IeNsSIOIUMHUCS TIEPEMEHHBIMU:

1. y'ctgx +y =2,y(x) » 1upux - 0.

2. (x+2y)y'=1,y(0) = —-1.

I'eomeTpuueckue 1 GU3NIECKUE 3aTaUH:

3. Haiitu kpuBBIe, y KOTOPBIX TOYKA MEPECCUCHUE TF000H KacaTelIbHOU C OChIO
a0crec uMeeT abCIHCCy, BIBOE MEHBIIYIO a0CIUCCHI TOYKH KacaHue?

OpHOpOHBIE ypaBHEHUS:

4, 2x3y" = y(2x% — y?).



5. 2x+y+ 1dx + (4x + 2y — 3)dy = 0.

KonTpoabHas padora Ne 1

Bapuant Ne5

VYpaBHeHHUs ¢ pa3AeAIOIIUMUCS IEPEMEHHBIMHU:

1.y =3yLy@=0.

2. y' =4x+2y—1.

I'eomeTpuueckue u pu3nyecKue 3a1a4u:

3. HaiiTu xpusble, o0siagaroniye ciaeIyronM CBOHCTBOM: €CIIU Yepe3 JTI00YI0 TOUKY
KPUBOH MPOBECTH MPSIMbBIC, TApAUICTbHBIC OCSIM KOOPJIUHAT, IO BCTPEUU C 3TUM OCSIMH, TO
JIOIA/Ih TTOJIYYEHHOTO MPAMOYTOJIbHUKA JIETTUTCS KpUBOU B OTHOIIEHHE 1:27

OnHopoaHbIe ypaBHEHUS:

4, y2 4+ x%y' = xyy'.

5. x—y—-1+@y—-x+2)y' =0.

KontpoabHnas paGora Ne 1

Bapuant Ne6

YpaBHEHUS € Pa3IEIAIOMUMUICS IEPEMEHHBIMH:

1. xy'+y=1v?%y(1) =0,5.

2. 3y%y’ + 16x = 2xy3, y(X) orpaHM4eHO IpU X — 0,

I'eomerpuueckue u GU3NIECKUE 3a0a4UM:

3. 3a 30 gueit pacnanoch 50% nepBOHAYAILHOTO KOJMYECTBA PAJMOAKTUBHOTO
BemecTBa. Yepes CKoIbKo BpeMeHu ocTanercs 1% oT mepBOHAYaIbHOTO KOJINYECTBO?

OpHOpOoHBIE ypaBHEHUS:

4, (x? +y?)y' = 2xy.

5. (x+4y)y' =2x+ 3y —5.

KonTtpouabnas padora Ne 1

Bapwuant Ne7

VYpaBHEHUS ¢ pa3IeISIOIUMHUCS TEPEMEHHBIMU:

1. 2x%yy’ +y% =2,

2. xydx + (x + 1)dy = 0.

['eomeTprueckue u GU3NIECKUE 3aa4H:

3. CornacHo onbITaM. B TeueHne roga u3 Kaxaoro rpamma paaus pacmagaercs 0,44
Mr. Uepes CKOIBKO JIET pacraieTcs NOJTOBHHA NMMEIOIIEroCs KOJIMYECTBA PajIns’?

OnHOpOHBIE ypaBHEHUS:

4. xy' —y =xtg %
5. (y+2)dx = 2x+y—4)dy.

KonTtpoabHnas padora Ne 1

BapuanT Ne8

VYpaBHEHHS C Pa3IeIAOIUMUCS TepEMEHHBIMMU:
1. y' —xy? = 2xy.

2. x%y' — cos 2a = 1; y(+o0) = 97 /4.



I'eomerprueckue u GU3NIECKHUE 3a0a4H:

3.

Haiitu kpuBbIe, kacaTelbHbIE K KOTOPBIM B JIF000# TOUKe 00pa3yIOT paBHBIC YIIIbI

C MOJISIPHBIM PaUyCcOM U MOJISIPHOM OCBhIO?

OnHopoaHbie ypaBHEHUS:

4.
5.

xy' =y —xe¥/*
, +2
y =277

x+y—-1

KonTpoabHas padora Ne 1
Bapuant Ne9
VYpaBHeHUs ¢ pa3AeAIOIIUMUCS TIEPEMEHHBIMHU:

1.
2.

e(1+2) =1
xy'+y=1v?%y(1) =0,5.

I'eomerpuueckue U GU3NIECKUE 3a0a4H:

3.

Teno oxmaaunock 3a 10 mun ot 100° go 60°. Temreparypa OKpyKaroLero

BO3/yXa noyiepkuBaercs pasaoi 20°. Koria teno octeinet 10 25°?
OnHopoaHbIE ypaBHEHUS:

x+y

4, xy'—y=((x+ ])lnT.
' yrx _ yitx
5. '+ l)lnm =

KounrpoabsHnas padora Ne 1

Bapuant Nel0

VYpaBHeHUs ¢ pa3IESIOMIUMUCS TEPEMEHHBIMU:
1. z' = 10%*%,

2. y' = BW,y(Z) =5.

I'eomerpuueckue u pusznyeckue 3aaauu:

3.

B cocyne, comepaxkammuii 1 kr Bogs! mpu Temneparypsl 20°, onyineH

AIFOMUHMEBBIN ITpeaMET ¢ Maccoit 0,5 Kr, yaenbHas TemnoeMkocts 0,2 1 Temneparypa 75°.
Yepes MuHyTy Boja Harpenach Ha 2°. Korga Temmeparypa Bobl M IpeaMeTa OyIeT OTInYaThCs
ozHa ot apyroi Ha 1°? IToTepsMu Tella Ha HArpEBaHUE COCYIA M IIPOUUMHU.

OnHOpoaHbIE YpABHEHUS:

4, xy' = ycosln %
5 r_ y+2 y—2x
) y x+1 x+1°

KontponsHas padora Ne2

Bapuant Nel

JIuHeiiHble ypaBHEHUS MIEPBOTO MOPSIIKA:
1. xy' — 2y = 2x*.

2. (2e¥Y —x)y' = 1.

3. xy' —2x2\[y = 4y.

VYpaBHeHU B MOJIHBIX TUdepeHIanax:
4, 2xydx + (x* —y?)dy = 0.



KonTtpoabnas pabora Ne2

Bapuant Ne2

JInHelHbIe ypaBHEHHUs I1IEPBOIO MOPSAAKA

1. 2x + 1y’ = 4x + 2y.

2. (sin®y + xctgy)y' = 1.

3. xy' — 2y + x°y3e* = 0.

VYpaBHeHus B MONHBIX JuddepeHnnanax

4, (2 — 9xy?)xdx + (4y? — 6x3)ydy = 0.

KonTpoabHnasi padora Ne2

Bapuant Ne3

JIuneliHble ypaBHEHUs [1EPBOIO MOPSIIKA:
1. y' + ytgx = secx.

2. (2x + y)dy = ydx + 4lnydy.

3. 2y’ — 5 = %

YpaBHEHUS B MOJIHBIX TU(depeHranax:

4, e Ydx — 2y +xe™Y)dy = 0.

KonTpoabHnas padora Ne2

Bapuant Ne4

JluneliHbIe ypaBHEHHUS IEPBOTO MOPSIIKA
1. (xy + e*)dx — xdy = 0.

2. y =2

3x-y?'

3. y'x3siny = xy' — 2y.
VYpaBHeHUs B ONHBIX JuddepeHnmanax:
4. %dx + (y3 + Inx)dy = 0.

KonTtpoabHnas padora Ne2

Bapuant Ne5

JIuHeliHbie ypaBHEHUS MIEPBOTO MOPSIKA:
1. x%y' +xy+1=0.

2. (A-2xy)y'=y@y-1.

3. 2x%ylny — x)y' = y.
VYpaBHeHus B MOMHBIX TuddepeHmnanax:

3x2+4+y? 2x3+5y
4. 2 dx — >3 dy = 0.

KonTtpoabHas pa6ora Ne2

Bapwnant Ne6

JIunelHple ypaBHEHUS [IEPBOTO MOPSIIKA:
1. y = x(y' — xcosx).

2. y' + 2y = y?e*.



3. x%y' + xy + x*y? = 4.
VYpaBHeHus B noJHbIX quddepeHnnanax:

4. 2x(1 +/x? —y)dx —/x?> —ydy = 0.

KonTpoabHnasi padora Ne2

Bapuant No7

JIuHeliHbIe ypaBHEHUS IIEPBOTO TOPSIIKA:

1. 2x(x% + y)dx = dy.

2. (x+DO +yH)=-y.

3. 3y’+y2+x£2=0.

YpaBHeHU B MONHBIX U epeHranax:

4, (1 + y2sin2x)dx — 2ycos?xdy = 0.

KonTtpoabnas pabora Ne2

Bapuant Ne8

JluneiiHple ypaBHEHHUS [IEPBOTO MOPSIIKA:
1. (xy" = Dlinx = 2y.

2. y' = y*cosx + ytgx.

3. xy' — (2x + 1)y + y? = —x2.
VpaBHeHHs B OMHBIX AuddepeHimanax:

4, 3x2(1 + Iny)dx = (Zy — ’;—3) dy.

KontpoJsbHnas padora Ne2

Bapuant Ne9

JIuHeliHble ypaBHEHUS MIEPBOTO MOPSIKA:
1. xy' + (x + 1)y = 3x%e™*.

2. xy?y' = x? +y?

3. y' —2xy +y%=5—x2
VYpaBHeHus B ONHBIX JuddepeHnmanax:

4. (Z42)dx+ oy, g

siny cos2y—1

KonTtpoabHnas paora Ne2

Bapuant NelO

Jlunelinble ypaBHEHHS IEPBOTO TIOPAIKA:
1. (x + y?)dy = ydx.

2. xydy = (y? + x)dx

3. y' +2ye* —y? =e?* + e*.
VYpaBHEHHS B HOJHBIX audpepeHimanax:
4. (x2 +y? + x)dx + ydy = 0.

KonTtpoabsnas pabora Ne3
Bapuant Nel



VYpaBHeHuUe, He pa3pelIeHHbIE OTHOCUTEIBLHO TPOU3BOTHOM:

1. y'? —y2=0.

2. yi+xy=y*+xy'

3. x=y3+y

4, y=xy —y"?

Pa3Hble ypaBHEHHs MEePBOro MOPAIKa:
5. xy'+x%2+xy—y=0.

KonTtpoabnas padora Ne3

Bapuant Ne2

YpaBHeHHE, HE Pa3pEIICHHBIE OTHOCUTEIBHO IIPOU3BOIHOM:
1. 8y'3 = 27y.

2. xy'(xy' +y) = 2y2.

3. x(y'?—1) =2y

4, y+xy' = 4\/7.

Pa3Hble ypaBHEHHUS [IEPBOTO TOPSIKA:
5. 2xy' +y2 =1.

KonrtpoJabHas padora Ne3

BapuanT Ne3

YpaBHeHHE, HE Pa3pEIICHHBIE OTHOCUTEIBHO IIPOU3BOIHOM:
1. ' +1)3=27(x + y)%

2. xy'? = 2yy' +x =0.

3. x=yy?+1.

4, y = 2xy' —4y'3,

Pa3Hble ypaBHEHUS IEPBOTO MOPSIIKA!

5. (ny’z — y)dx + xdy = 0.

KonTtpoabnas pabora Ne3

BapuanT Ne4

VpaBHeHHUE, HE pa3pelIeHHbIC OTHOCHTEIHHO MPOU3BOHOM:
1. Y2 +1)=1.

2. xy?=y@y' -1

3. y(x—-Iny)=1.

4. y=xy'—2+y").

PasHble ypaBHEHHs IEPBOTO MOPSIKA:

5. (xy' +y)? =x?y.

KonTtpoabnas pabora Ne3

Bapuant Ne5

VYpaBHeHHeE, HE pa3pelIeHHbIE OTHOCUTEJIBHO TPOU3BOIHOM:
1. y'2 —4y3 = 0.

2. y'2+x=2y

3. y=y'?+2y".



4. Y3 +y%=xyy
Pa3Hble ypaBHEHHs TIEPBOTO TIOPSIKA:

5. y—y' =y +xy.

KonTtpoabnas padora Ne3

Bapuant Ne6

VYpaBHEHHUE, HE Pa3peLICHHBIC OTHOCUTEIBLHO IPOU3BOTHOM
1L y?=4*1-y).

2. Y3+ (x+2)e¥ =0

3. y' =1In(1 +y").

4. y = xy'? —2y'3.

PasHble ypaBHEHHs IIEPBOTO MOPSIKA

5. (x+2y3)y =y.

Konrtpoabnas pabora Ne3

Bapuant Ne7/

VpaBHeH#He, He pa3pelieHHbIC OTHOCUTEIBHO TPOU3BOIHOM:
1. xy'? =y.

2. y'? — 2xy' = 8x?

3. +DP=0"—-»>

4. xy'—y=1Iny'.

PasHble ypaBHEHHS IEPBOTO TOPSIIKA:

5. y'3 — gy =,

Konrtpoabnas pabora Ne3

BapuanT Ne8

VpaBHeHHE, HE pa3pelIeHHbIC OTHOCHTEIHHO MPOU3BOHOM:
1. yy'3 +x = 1.

2. (xy' +3y)% = 7x

3. y= (" —1e.

4, xy'(y'+2)=y.

PasHble ypaBHEHHS TIEPBOTO TTOPSIKA:

5. x%y = y(x +y).

KonTtpoabnas pabora Ne3

BapuanT Ne9

VpaBHeH#e, He pa3pelieHHbIC OTHOCHTEBHO MPOM3BOTHON
L Y3 +y?=yy (' +1).

2. y*P=2yy =y*(e*-1)

3 Yt — ' = 2.

4. 2y"%(y —xy') = 1.

Pa3Hble ypaBHEHHUS [IEPBOTO MOPSIIKA

5. (1 +x2)dy + xydx = 0.

KonTtpoabsnas pabora Ne3



BapuanTt Nel0

YpaBHeHHE, HE Pa3pEIICHHBIE OTHOCUTEIBHO IIPOU3BOIHOM:
1. 41-y)=@y-2%"

2. y'(2y —y') = y3sin?x

3. y'2—y'3 =y2,

4, 2xy' —y=1Iny'".

Pa3Hble ypaBHEHMS IEPBOTO MOPSAKA!

5. y?+2(x—1)y' =2y =0.

KonTpoabHas padora Ne4
Bapuant Nel

ypaBHeHI/IC, I[OHYCKaIOIHI/Ie IIOHMKXCHUEC nmopsAaaka
2.1

1. x2y" = y'?,

2. 2yy"=yt+yn

3. xyV =1.

4. yy"=2xy"% y(2)=2,y'(2) = 05.

JIuneiiHple ypaBHEHHE C OCTOSHHBIMU KO3 QHIMEHTaMu
5. y'+y' =2y =0.

KountpoabsHnas padora Ned
Bapuant Ne2
VYpaBHeHuUe, JOMyCKaOUMe TOHMKEHHUE MOPSAIKa

1.

1. 2xy'y" = y'* — 1.

2. y'3 +xy" =2y

3. y'"' = 2xy".

4, 2y'" — 3y'2 =0, y(0) =-3,y'(0) =1,y"(0) = —1.
JIunHeliHble ypaBHEHHE C IOCTOSTHHBIMU KOA(UIIMEHTaMU

5. y'+4y'+3y =0.

KonTtpouabnas pabora Neq4
Bapuant Ne3

VYpaBHeHuUe, JOMyCKarOIINe TOHKEHUE MOPSAKa

1. y3y'" = 1.
2. y'2+y =xy".
3. xyV + 9" = e*.
r ! 6 2 !
4. x%y" —3xy' = xL— 4y, y(1) =1,y'(1) = 4.

2
JluHeiiHble ypaBHEHHE C NOCTOSIHHBIMU KO3 duimentaMmu
5. y'" —2y"'=0.

KonTtpoubnas paGora Ned

Bapunant Ne4

VYpaBHeHHe, JONYCKAIOIIIe MOHWKEHNE TTOPsIJIKa
1. y'2+2yy" =0.

2. y'+y'?=2e7V.



3. yylll + 3ylyll — O.

4, y"" =3yy', y(0) =-2,y'(0) =0,y"(0) = 4,5.
JIuHeiinble ypaBHEHUE C OCTOAHHBIME KO3()PHIMEHTAMH
5. 2y" =5y"+ 2y =0.

KonTtpouabnas padora Neq4

Bapuant No5

VYpaBHeHHe, OIYCKAIOLINE NOHUKEHUE OPsIKa

1. y'" = 2yy'.

2. xy"' =y" —xy".

3. y'y" =2y

4, y" cosy +y'?siny =y', y(—1) =%,y’(—1) = 2.
JIuHeliHbIE ypaBHEHHUE C IOCTOSHHBIMU KO3 purmenTamu
5. y" —4y'+ 5y = 0.

Kounrpoabsnas padora Ned

Bapuant Ne6

YpaBHeHHE, JONYCKAIONIHE TOHWKCHUE TTOPSIKa

1. yy" +1=y"

2. y'"? =92 41,

3. w'=y (+D.

4. yy" = 2xy'?, y(2) =2,y'(2) = 0,5.

JIuHelHbIe ypaBHEHHE C TIOCTOSHHBIMU K03 duiineHTaMmu
5. y" +2y"+ 10y = 0.

KonTtpouabnas padora Neq4

Bapuant Ne7

VYpaBHeHHE, JONMYCKAIOIIE TOHWKESHUE TIOPSIIKa

1. y'"(e*+1)+y =0.

2. y' =e”.

3. 5y""? — 3y"yV = 0.

4. 2y —3y'? =0, y(0) = =3,y'(0) = 1,y"(0) = —1.
JIuHeliHbIe ypaBHEHHUE C IOCTOSTHHBIMU K03 puiimenramu

5. y"+4y=0.

KonTtpouabnas pabora Neq4

BapuanTt Ne8

VpaBHEHHE, JTOMYCKAIOINIME TIOHMKEHHE MTOPSIIKA

1. y'"' = y'"2

2. y" —xy" +y""3 =0.

3. yy" +y'% = 1.

4. x%y" —3xy' = %2 -4y, y(1) =1,y'(1) = 4.
JIuneiiHbIe ypaBHEHHE C OCTOSHHBIMU KO3 duImenTaMu
5. y"" —8y =0.



KonTtpouabnas paGora Ned

Bapuant Ne9

VpaBHeHHUE, TOMYCKAONIHE TTOHMKEHHUE MTOPSIIKA

L oy =y*—y"

2. 2y'(y" +2) = xy'".

3. y'=xy'+y+1

4. y" =3yy', y(0) ==2,5'(0) = 0,y"(0) = 45.
JIuneiiHble ypaBHEHHUE C IOCTOSHHBIMU K03 punmenramu

5. yV —y =0.

KonTtpouabnas pabora Ne4

Bapuant Nel0

VYpaBHeHue, AOMyCKalOUIe MOHIKEHNE opsIKa

1. y'" =2@" = Dctgx.

2. yt—y3y" =0,

3. xy'" =2yy' —vy'.

4, y" cosy +y'?siny =y', y(—1) =%,y’(—1) =2.
JluneiHble ypaBHEHHE C TOCTOSTHHBIMU KOX(UITUEHTaAMH
5. yV + 4y = 0.

KonTtposabnas pa6ora NeS

BapuanT Nel

JIuHeliHbIe ypaBHEHUS C TOCTOSTHHBIMU K03 punmenramMu
y + 64y = 0.

y"" =3y"+ 2y =0.

y'+3y —4y =e 4+ xe V.

y'" — 8y’ + 20y = 5xe** sin 2x.
y'+2y"+y=0,y2)=1,y'(2) = -2.

ok wnE

KonTtpouabnas padora NeS

Bapuant Ne2

JIuHeiHbIe YpaBHEHHUS C TOCTOSHHBIMH KO3 QUIIMEHTaMH
y"'=2y"+y=0.

y +4y" + 3y = 0.

y" + 2y’ — 3y = x%e”.

y" —7y' + 10y = xe~?* cos 5x.
y'+y=4e*y(0)=4,y'(0) =-3.

o wbh e

KonTtpouabnas pabora NeS

Bapuant Ne3

JIuHeiHbIe YpaBHEHHUS C MOCTOSHHBIME KO DUIIMECHTAMH
1. 4y" +4y"'+y=0.

2. y'" =2y — 3y =e**,

3. y" — 4y’ + 8y = e?* + sin 2x.



4. y'" —2y"+ 5y = 2xe* + e* sin 2x.
5. y" —2y"'=2e*,y(1) =-1,y'(1) = 0.

KonTpoabHnas padora NeS

Bapuant Ne4

JIuHeiiHbIe ypaBHEHUS ¢ TOCTOSTHHBIMU K03 punmenramu
yV — 6y +9y"" = 0.

y"' +y=4xe*.

y"" — 9y = e3* cos x.

y' —2y'+y=2xe* + e*sin 2x.

y"' +2y"+ 2y =xe %, y(0) =y'(0) =0.

ok~ wn e

KonTpoabHnas padora NeS

Bapuant No5

JIuHeiHbIe YpaBHEHHUS C MOCTOSHHBIME KO3 DUIIECHTAMH
1. yV —10y"" +9y' = 0.

y" —y =2e* —x?

y' —=2y"'+y = 6xe*.

y" —8y' + 17y = e*(x? — 3x sinx.

y"' =y =0,y(0)=3y'(0)=-1y"(0)=1

gk~ wb

KonTpouabnas padora NeS

Bapuant Ne6

JIuHeliHbIe ypaBHEHUS ¢ TOCTOSTHHBIMU K03 punmenramu

yV +2y" +y=0.

y" +y' — 2y =3xe*.

y"' +y = xsinx.

y"" +y' =sinx + xcosx.

y"" =3y =2y =9e**,y(0) = 0,y'(0) = —=3,y"(0) = 3.

o wh e

KonTtpouabnas padora NeS

Bapuant Ne7

JIuHelHble ypaBHEHMSI C TOCTOSSHHBIMU KO3 hULineHTaMu

ylll _ 3yu 4+ 3yl —y= 0.

y" —3y"+ 2y = sinx.

y" 4+ 4y' + 4y = xe?*.

y"" —2y" + 4y’ — 8y = e?* sin 2x + 2x2.

y" +y" = 2cosx,y(0) = =2,y'(0) = 1,y"(0) = y"'(0) = 0.

SANESNE A .

KonTtposbHnas paGora NeS

BapwnanTt Ne8

JIuHeliHble ypaBHEHUS C MOCTOSHHBIME KO3 PUIIMEHTAMA
1. y"—=y"—y'"+y=0.

2. y" +y = 4sinx.

3. y" — 5y’ = 3x?% + sin5x.



4, y" — 6y’ + 8y = 5xe?* + 2e**sinx.
5. y'+2y"+y=0,y2)=1,y'(2) = -2.

KonTtpouabnas pabora NeS

Bapuant Ne9

JIuHeiHbIe YpaBHEHHUS C MOCTOSHHBIME KO DHUIIMECHTAMH
yV —5y" + 4y = 0.
y" =5y’ + 4y = 4x%e
y"' —=2y"+ 2y =e* + xcosx.

y'+ 2y +y=x(e™ — cosx).

y" +y=4e*,y(0) =4,y'(0) =-3.

2x

ok~ wn e

KonTtpouabnas pabora NeS

Bapuant NelO

JIuHeliHble ypaBHEHHS C TOCTOSIHHBIME KO3 duimentaMmu
yV + 8y’ + 16y’ = 0.

y" —=3y"+ 2y = xcosx.

y" + 6y’ + 10y = 3xe™3* — 2e3*cosx.

y" —y" —y"+y=3e* + 5xsinx.

y'" —=2y"'=2e*,y(1)=-1,y'(1) = 0.

ok wn e

KountpoabsHnas padora Ne6
Bapuant Nel
JIuHeHbIe CUCTEMBI C TOCTOSTHHBIMU KO3 UIIMEHTaMH
1 { X=2x+y
' y =3x+4y
X=x+z-—-y
2 {y=x+y—z; A =1L1=21;=-1)

Z=2x—2z

3 {x=y+29t

' y =x+t?
2 -1 -1
4, x=Ax,A=1 0 -1
3 -1 -2

KonTtposabHnas paGora Ne6

Bapuant Ne2
JIuHeltHbIe CUCTEMBI C TOCTOSIHHBIMM KOA(Q(PHUIIMEHTaMU
X=x-—Yy
{y=y—4x

y=y—x+z; A =041,=21=-1)
ZI=x—2z
3 {Xzy—Scost
' y=2x+y

X=x—2y—z
2 {



1 -2 2
4. x=Ax,A=1 4 =2
1 5 =3

KonTpoabHas padora Ne6

Bapuant Ne3

JIuHelHbIe CUCTEMBI C TOCTOSTHHBIMU KO3 dUILIMEeHTaMH
1 {x +x—-8y=0

y—x—y=0
X=2x—y+z
2. {y=x+2y—z; A, =12, =2,13=3)
z=x—-y+2z
3 {fc=3x+2y+4e5t
' y=x+2y
-1 -2 2
4, x=Ax,A=-2 -1 2
-3 -2 3

KonTpoabnas padora Ne6

Bapuant Ne4

JIuHeHbIE CUCTEMBI C TOCTOSTHHBIMU KO3 UIIMEHTaMH
XxX=x+Yy

L {y=3y—2x

{ x=3x—y+z

N

y=x+ty+z ;A =1L1,=21;=5)
Z=4x—y+4z
3 {J'C=2x—4y+4e_2t

y=2x—2y
-3 2 2
4 x=Ax,A=-3 -1 1
-1 2 0

KonTtpouabHnas pabora Ne6

Bapuant Ne5

JIuHeltHbIe CUCTEMBI C TOCTOSIHHBIMU KO3 PHULIMEeHTaMU
{55 =x-—3y

1. .
y=3x+y

{a'c =4y —2z—3x

N

}7=Z+x ;(/’{1:1,12:2,13:_1)
Z=6x—6y+5z
3 {55=4x+y—92t

y=y—2x
3 -3 1
4, XxX=Ax, A= 3 =2 2
-1 2 0

KonTtpoubHnas paGora Ne6
Bapuant Ne6
JIuHeltHbIe CUCTEMBI C TOCTOSIHHBIMH KOA(PPHUIIMEHTaMU



1 {x+x+5y—0
. oy

x—x— —Z
2 { —X+y (11—1123—14'21)

Z—3x+z

3 x=2y—x+1

' { y =3y — 2y
2 1 -1
4, x=A4Ax,A=-1 0 1
1 1 0

KonTpoabHnas padora Ne6
Bapuant No7
JIuHelHbIe CUCTEMBI C TOCTOSTHHBIMU KO3 dUIIMEeHTaMH
X=2x+y
{5/ =4y —x
X=2x+y
|

1.

y=x+3y—2z; (A =2,1,3=3%1i)
z=2y+3z—x

3 {X=5x—3y+2€3t

' y=x+y+5et

0 1 1
4. x=Ax,A=1 0 1
2 21

KonTtpouabnas padora Ne6

Bapuant Ne8

JIuHeltHbIe CUCTEMBI C TOCTOSIHHBIMM KO3 (PHUIIHEHTaMU
{55 =3x—y

1. .
y=4x—-y

{x =2x+2z—y

N

y=X+ZZ ; (/11 :1,/12,321_1.)
Z=y—2x—12z
3 {x=2x+y+et

y=-2x+2t
0 1 1
4. x=Ax,A=1 1 0
-1 0 1

KonTtpoubnas padora Ne6
Bapuant Ne9
JIuHeltHbIe CUCTEMBI C TOCTOSIHHBIMH KOA(PPHUIIMEHTaMU
X =2y—3x
T
y=y—2x
X=4x—-y—z
2 {y=x+2y—z; A =2,1,=2;3=13)
Zz=x—-y+2z
X=x+2y
3. {y =x —5sint



KonTpoabHas padora Ne6
Bapuant Nel0
JIuHelHbIe CUCTEMBI C TOCTOSTHHBIMU KO3 dUIIMEeHTaMH

1 {fc—Sx—By:O
' y+3x+y=0
X=2x—y—2z
2. y=3x—2y—3z; (1, =0,1, =43 =1)
z=2z—x+y
3 X =2x—4y
' {3’/=x—3t+36t
0 1 -1
4. x=Ax,A=1 0 -1
2 2 -3

Koutponupyemsie kommnerenuuu: OITK-1, OITK-3, I1K-2

Oyenka KomMnemeHYyull OCyuecmeisiemcs 8 COOmeemcmauu ¢ maoauyeu 4.

Bompocs! k 3a4ery:

VYpaBHEeHUs IEPBOTO MOPSI/IKA, pa3pelIEHHbIE OTHOCUTEIBHO POU3BOAHOM.
VpaBHEHUs ¢ pa3eNsAOIIUMUCS IEPEMEHHBIMU U MIPUBOISALINECS K HUM.
JInneliHble ypaBHEHHs IEPBOIO NMOpsAKa. MeTon Bapuanuy OCTOSHHOM.
YpaBuenue bepnyiun. YpaBHenue Pukarru.

YpaBHeHus B MOJHBIX auddepennumanax. Heodxonumoe u J0CTaTOYHOE YCIOBHE
Oitnepa. HTErpupyrommii MHOKUTEb.

agkrownE

6. [TpuHIMI CKATBHIX OTOOPAKEHUH.
dy
7. Teopema cyI1ecTBOBaHUS U €IMHCTBEHHOCTH PELLIEHUS yPaBHEHUS i =f (X, y).
X
8. Teopema 0 HENPEPHIBHOM 3aBUCUMOCTH PEIICHUS OT IapaMeTpa U OT HadadbHBIX
YCIOBUH.
dy
9. Oco06ble Touku. OcoOble perieHus ypaBHEHHS i =f (X, y).
X
10.  JuddepeHuunanbHbie ypaBHEHUS, HE pa3pelIeHHbIE OTHOCUTEIHHO MPOU3BOIHOM.

Merton BBeieHHS TapaMeTpa Il YpaBHEHUN BUIA F(x, Y, y') =0.
11. VYpaBnenue Jlarpanxa, ypaBaenue Kiepo.

12. TeopeMa cyl1eCTBOBaHUS U €JUHCTBEHHOCTHU PEILICHHS YPaBHEHUS F(x, Y, y') =0.
13.  OcoOblie TOuKH U 0COOBIE pelIeHUs] YpaBHEHUS F(X, Y, y') =0.
14.  Caegenue ypaBHEHHUH N-ro mopsizika K cucreMe N nuddepeHanbHbIX ypaBHEHUN

1-ro nopsaJkKa. TeopeMa CymIeCTBOBaHHUA U  CAMHCTBCHHOCTU  PCHICHUA  YpAaBHCHUA

y™ = f(x, VoY e y(”*l)).

15.  Ilpocreiimue ciyyan MOHWKEHUS MOPSAKA.

16.  Jluneitaple nquddepeHnmatbaple ypaBHeHHS N-ro Topsiaka. CBoicTBa TMHEHHOTO
oreparopa.

17.  Teopembl 0 pelIeHHUAX JTUHEHHOrO OJHOPOJHOTO YPaBHEHMsI N-TO MOPSJIKA.

@dyH1aMeHTaIbHAas CUCTEMA PEIIeHUH.
18.  ®opmyna Octporpaackoro—JInyBuis.



19.  JluueiiHble OXHOPOJHBIE YypPAaBHEHHS C TMOCTOSHHBIMU KO3((UIIMEHTaMHU.
Paznuuneble ciiydyan KOpHER XapaKTepUCTUYECKOTO YPAaBHEHUS.

20.  VYpaBuenus Diinepa. IIpeoOpazoBanme ypaBHEHUs ODiijiepa B YpaBHEHHE C
MOCTOSTHHBIMH KO3 (UIIUCHTAMH.

21. JIuHeliHbIE HEONHOPOJHBIE ypaBHEHUSA N-TO MOpsAKa. TeopeMbl O pEelIeHUsAX
JMHEHHOr0 HEOTHOPOJAHOTO YpaBHEHUS.

22.  Merox BapHaluy MOCTOSHHBIX.

23.  JluneliHble HEOJHOPOJHBIC YpPAaBHEHUS C TIOCTOSHHBIMH KO3 dUIIMEHTaMHU.
Merto HeonpeaeneHHBIX KO3 PUITECHTOB.

24.  UnarerpupoBanue auddepeHuaIbHbIX YpaBHCHHM TIPU TIOMOIIU  PSIOB.
[Tepuonuueckue pemenus 1udHepeHInaIbHBIX YpaBHEHUH.

25. Merox Mmasioro mapaMerpa M €ro MNpUMEHEHHE B TEOPUM KBa3WJIMHEHHBIX
KOJICOaHUH.

26. KpaeBas 3agaua.

27.  Pemenue kpaeBbIX 3a1a4 MetonoM (ynkiun ['puna. CoiictBa ¢pynkuuu ['puna.
[Toctpoenue pynkmuu I'puna.

28.  Cucremsl g hepeHIATBEHBIX YpaBHEHUH. OcHoBHBIE MTOHSITHUSL.
['eomeTrpuyeckass u (u3nyUeckas HWHTEPIPETAlUS peleHuss cucteMbl AuddepeHInaIbHbIX
YpaBHEHUM.

29, HHTerpupoBaHue CHCTEMBI ITyTEM CBEACHUS K OJHOMY YpaBHEHHUIO Ooliee
BBICOKOT'O TIOPSI/TKA.
30. HaxoxeHrne uHTerpupyeMbix KOMOWHAIUH.

KonTtpomupyemsie kommerennuu: OITK-1, OITK-3, T1K-2

Oyenka KomMnemeHYyull OCyuecmeaisiemcs 8 COomeemcmeuu ¢ maoauyet 4.

Bonpocsl k 3k3ameny:

YpaBHEHMS IEPBOTO MOPS/IKA, Pa3PEIIEHHBIE OTHOCUTEIBHO IIPOM3BOAHOM.
VYpaBHeHUs ¢ pa3feaoIUMUCS IEPEMEHHBIMU U IPUBOALIUECS K HUM.
JIuneiinble ypaBHEHMsI IEPBOTO NMopsiika. MeTox Bapraliiy MOCTOSHHOM.
VYpaBuenue bepnyu. YpaBHenue Pukarru.

VYpaBHeHus B noaHbx Auddepennnanax. Heobxonumoe u J0CTaTOUHOE YCIOBUE
Oiinepa. aTerpupyrommii MHOXHUTEb.

orwdPE

6. [TpuHIMI CKATBIX OTOOPaXKEHUH.
dy
7. Teopema cymiecTBOBaHHUS M €MHCTBEHHOCTH PEIICHUS YpaBHEHHSI i = f (X, y).
X
8. Teopema o HENMpPepHIBHOW 3aBUCHMOCTH PELICHHUS OT MapaMeTpa U OT HadallbHBIX
YCIIOBUH.
dy
9. OcoOsbie Touku. OcoOble penieHns ypaBHEHUS x = f (X, y).
X
10.  uddepeHunanbHble ypaBHEHUS, HE pa3pelleHHble OTHOCUTEIBHO MPOU3BOAHOM.

Merton BBeZieHUs apameTpa Uisl ypaBHEHUM BUA F(x, Y, y') =0.
11.  Vpasuenue Jlarpanxa, ypaBuenue Kiepo.

12. Teopema cymecTBOBaHUS M €AMHCTBEHHOCTH PEIICHHUS YPAaBHEHHUS F(X, Y, y') =0.
13.  OcoOble TOYKH U 0COObIE peIICHHs YPABHEHUS F(x, Y, y') =0.
14.  CaezneHue ypaBHEHU# N-TO mopsaka K cucreme N auddepeHnnanbHbIX ypaBHEHUH

1-ro nmnopsaka. Teopema CymiecTBOBaHMSI Y €QMHCTBEHHOCTH pEIICHHUS YpaBHEHUS

y™ = f(x, VoV, y(”‘l)).

15.  Ilpocreiitme cayyan MOHUKEHUS MOPSIIKA.



16.  Jluneiinble nuddepeHnmanbabe ypaBHeHHS N-ro nopsiaka. CBoicTBa TMHEHHOTO
orepaTopa.

17.  Teopembl O pemIEHUSX JIUHEHHOTO OJHOPOJHOTO YpaBHEHHsS N-TO TOPSIKA.
DyHIaMeHTaJIbHAs CUCTEMA PEIICHUMN.

18.  ®opmyna Octporpaackoro—JInyBumis.

19.  JluneliHble OJHOPOJHBIC YpPAaBHEHUS C TOCTOSIHHBIMH KO3 (UIIMCHTAMH.
Paznuunble ciiyyan KOPHEN XapaKTepUCTUYECKOIO YPaBHEHUS.

20. VYpaBuenus DOiinepa. I[IpeoOpa3oBanue ypaBHEHHS Dijepa B ypaBHEHHE C
MOCTOSTHHBIMU K03 (punimeHramu.

21.  JluHeliHble HEOIHOPOJHBIE YpaBHEHUA N-r0 MopsAaka. Teopembl O pelIeHUSIX
JMHEWHOTO HEOJHOPOAHOTO YPAaBHEHHS.

22. Metoa Bapuanuy MOCTOSHHBIX.

23.  JluHeiliHbIE HEOJHOPOAHBIC YPAaBHEHUS C TIOCTOSHHBIMH KOX(PQPHUIMEHTAMU.

Merton HeompeaeaeHHbIX KO3 HUIIMEHTOB.
24.  WuterpupoBanue auddepeHInaIbHBIX ypaBHEHUH TpU  TOMOIIM  PSIOB.
[lepropndeckue penienus TudQepeHaIbHbIX YpaBHEHUI.

25. Merox Manoro mapamerpa M €ro NPUMEHEHHE B TEOPUU KBAa3HIMHEHHBIX
KoJIeOaHUH.

26.  KpaeBas 3agaua.

27.  Pemenue kpaeBbIX 3aj1a4 MetoaoM (pyHkuun ['puna. CoiictBa ¢pynkuuu ['puna.
[Toctpoenne ¢pynkuuu I'puna.

28.  Cucremsl b hepeHIaTbHBIX ypaBHEHUH. OcHoOBHbIE MOHSATHSL.
['eomerpuueckass W (u3uyeckass WHTEpHpETanus pelmeHus cucreMsl auddepeHnnanbHbIX
YpPaBHEHUU.

29.  HuterpupoBaHWE CHCTEMBI IIyT€M CBEJCHHA K OJHOMY YypaBHEHHIO Ooiee
BBICOKOT'O IOpSIKA.

30.  HaxoxaeHune MHTETpUPYEMbBIX KOMOWHAIHIA.

31.  Cucrembl JuHEHHbIX JU(QepeHIMaIbHbIX ypaBHEHUH. TeopeMbl O peLIeHUsX
CHCTEMBI JIMHEHHBIX TU(PepeHIINaTbHBIX YPAaBHEHUH.

32. MeTtoa BapUalfy MOCTOSHHBIX.

33. Cucrempl JnUHEWHBIX JIU((EPEHINATBHBIX YpaBHEHHH C  IOCTOSHHBIMHU
ko3 uurenTamu. Paznuunele cirydan KOpHEH XapaKTepUCTHYECKOTO ypaBHEHHUS.

34.  OmnpexneneHne yCTOMYUBOCTH PEUICHUS CUCTEMBI MU (HEepEeHITNATBEHBIX YPaBHEHUIH
1o JIAmyHoBy.

35.  OmnpeneneHne aCUMITOTUYECKON YCTOHYMBOCTH. ToOYKa MOKOS.

36.  IIpocreiimme TUIIBI TOUEK TOKOSI.

37.  Bropoii meron JlsmyHoBa. Teopema JlsmyHoBa 00 ycroitunmBoctH. Teopema
JIsamyHoBa 00 aCHMOTOTHYECKOW YCTOWYMBOCTH.

38.  Teopema YeraeBa 0 HEYCTOWYHBOCTH.

39.  MHccnenoBaHue Ha YCTOHYHMBOCTH IO MEPBOMY IPUOINKEHUIO.

40.  Teopema JIsmyHOBa 00 MCCIIEIOBAHHH I10 IIEPBOMY TTPHOTMKECHHUTO.

41.  Ilpu3HaKM OTPHULATEILHOCTH JEHCTBUTENBHBIX YaCTeH BCeX KOpHEH MHOroOdJeHa.
Teopema I'ypBuna.

42.  Cnyyaiif Manoro ko3¢ ¢uienTa npu Nporu3BOAHOM BBICIIETO MOPSIKA.

43.  OmpeneneHue YCTOWYMBOCTH TPH TIOCTOSHHO JCHCTBYIOIIUX BO3MYIIECHHSIX.
Teopema MainkuHa.

44.  Teopema KoBaneBckoil O CyIIECTBOBaHMM M €IMHCTBEHHOCTH pEIICHUS
YPaBHEHMS B YACTHBIX ITPOU3BOIHBIX.

45.  JluHelHbIe OJHOPOIHBIC W KBAa3WIMHEHHBIEC YpaBHEHUS B YaCTHBIX MPOU3BOIHBIX
HEPBOTO MOPsIKA. XapaKTePUCTUKU YPABHEHUI.

: 674
46. Teopema 006 00111eM pelieHNN YpaBHEHHUS Z X; (Xl, ) S Xn) =0.



47. OnHOpOIHBIE U HEOTHOPOIHBIE YPAaBHEHHS B YACTHBIX MPOU3BOIHBIX OT (PYHKIUU
N IEPEMEHHBIX.

48. Bapuanmonnoe uicuncinenue. Bapuanus pyHKIIMOHaNA U €€ CBOICTBA.

49.  OcHoBHas TeopeMa BapHallMOHHOTO UCYUCIICHUS.

50.  OcHoBHas leMMa BapHALlMOHHOTO HCYHCIICHHUS.

51.  Ilpocreiimas 3a1aya BapuaMOHHOTO UCYUCIICHUS C HEMOIBUKHBIMU TPaHUIIAMH.
VYpaBuenue Ditnepa.

52. [Ipocretilue ciiydyan HHTETPUPYEMOCTH YpaBHEHUS Ditiepa.

X
53. DyHKIIMOHATIBI  BUJA J.F(X, yl,yz,...,yn,y'l,...,y'n)dx. Cucrema ypaBHEHUU
Xo
Diinepa.
54, OYHKIMOHAIBI, 3aBUCAIINE OT MPOM3BOJHBIX 00JEe BBICOKOTO MOPSIKA —

X
I F(X, VoY e y® )dx. Vpasuenue Ditnepa—Ilyaccona.
X
55.  OyHKUMOHANBI, 3aBUCAIINE OT (YHKINUH HECKOJIBKUX HE3aBUCHMBIX MEPEMEHHBIX

— J.J. F(X, Y, z,%,ngXdy . YpaBaenune OcTporpajackoro.
D Xy

56. IIpocreiimas 3a7a4a c [IOJABUKHBIMU rpaHULIAMU. VYcnosue
TPaHCBEPCAIBHOCTH. Y CJIOBHE TPAaHCBEPCAIBHOCTH.
5/.  BapuauuonHas  3ajaya Ha  YCJIOBHbIM  dkctpemyM.  CBszu  BHja

@(X, Y11 V1o ¥a)=0.

X

58. Teopema 00 »5kcTpeMyMe (YHKIHOHANA IF(X, yl,yz,...,yn,yi,...,y;])dx npu

Xo
Hamuaun yenoBuit @, (X, Yy, Yyoe ¥,)=0 (1=12,...,m; m<n).
59.  M3onepumerpuyeckas 3ajava.

Kontponupyemsie kommnerenuuu: OITK-1, OITK-3, T1K-2

Oyenka KoMnemeHYyull 0Cyuecmeisiemcs 8 COOmeemcmeauu ¢ maoauyeu 4.

Metoauyeckue mMarepuaibl K Kypey «luddepeHunanbibie ypaBHEeHU»

JAudppepennnaibabie ypaBHEeHH NEPBOro MOpPsAKa.
1. ITonsiTne 1 depeHHATBLHOIO0 YPABHECHHS.
Onpedenenue. JluddepeHnmanbHBIM — ypaBHEHHEM N-TO  TOpSAAKAa  HA3bIBAETCS
COOTHOILIEHUE BU/IA

Ficyys...;y™)=0 (1.1)

MEX/1y HE3aBUCUMBIM [IEPEMEHHBIM X, €0 (QYHKLHEN y U IPOU3BOIHBIMU y', y”, ceny y(”).
OyHK1Ug Y = go(X) Ha3bIBaeTcs pemeHueM nuddepennumansaoro ypasenus (1.1), ecnu
MOCJIE 3aMCHBI y Ha (D(X), y' Ha (p'(X), cees y(”) Ha (0(”)(X) — YPaBHCHHE MPEBPAIACTCS B

CIPaBEAJIUBOE TOXKIECTBO.
JuddepenunanbHoe ypaBHeHue |-ro nmopsaka uMeeT BUI:

F(xy;y)=0 (1.2)



Huddepenunansuoe ypaBuenue |-ro mopsiaka (1.2), pasperieHHOE OTHOCHTENBHO Y’

3aIlIMChIBACTCA B BUJIC:

y'=1t(xy) (13)
u HaspiBaeTcs auddepeHIMANBHBIM - ypaBHeHHEeM | mopsaka, pa3pelieHHbIM
OTHOCHUTEJIbHO MPOU3BOJIHOM.
I'padux  pemenus guddepeHnnanTbHOrO  ypaBHEeHUs OyaeM  Has3bIBaTh
WHTErPAIbHON KPUBOM.

2. IuddepeHunaibHoe ypaBHeHHE PAANOAKTHBHOIO pacnaja.

3aodaua. 3a 30 nueit pacnanocs 50 % nepBOHAYAIBHOTO KOJIMYECTBA PaJMOAKTUBHOTO
BellecTBa. Yepes ckoibko AHEN octanercs 1 % BellecTBa OT NEPBOHAYAIBLHOTO KOJIUYECTBA?

Pewenue. 3akoH PaguOAaKTHUBHOTO pacrajia: KOJIHMYECTBO PaMOAKTHBHOIO BEIIECTBA,
pacmajalolerocss 3a €IUWHUIly BPEMEHM, MPOMOPIHUOHATIBHO KOJMWYECTBY 3TOTrO BEILECTBa,
MMEIOIIET0oCs B pacCMaTPUBAEMbIii MOMEHT.

O6o03naunM vepes Q(t) KomMuecTBO pajnOaKTUBHOTO BEHICCTBA B MOMEHT BpeMeHH t.

3a mpoMexxyToK BpeMeHu Ot t 1o t + At pacmamaeTcsi KOTUYECTBO BEIIECTBA PAaBHOE, C
onHo# croponsl — Q(t + At) — Q(t), ¢ apyroii CTOPOHBI, COIrJIACHO 3aKOHY PaJdOAKTHBHOTO
pacmama — KkQ(t')At, rme t'e (t;t + At), k — ko3dduimeHT nponopurOHATEHOCTH.
CnepnoBarenbHO, IMEEM PABEHCTBO:

Q(t +At) - Q(t) = — kQ(t')At,

N

QUt+AD-Q) _ |
* ~ -kQ(t").

Cunrast pyukimoo Q(t) muddepennupyemoii u mepexomas K mpedeny npu At — 0,
noJay4YuM JudQepeHIraIbHOe YpaBHEHHE

dQ(t)
ST —kQ(t)
NIIn
Q'(t) =—kQ(t)
Pemenuem nonyueHHoro nu¢depeHInanIbHOr0 ypaBHEHUs SABISIETCS (PYHKLUS:
Q(t)=C-e™.

Hpu t = 0 umeem: Q(0) =C = Q, — neproHauansHOE KOTMYECTBO BEIIECTRA.

CHGHOB&TGHBHO, paciana paanoaKTUBHOTO BEHICCTBA OITMCHIBACT (I)YHKI_II/ISIZ

QM) =Q, e
IIo YCJIOBHUIO 3a1a4Y UMCCM:
1
QM) |t:30 = EQO
HIIH
1 _ “kt . _30K
EQO =Q.e ‘t=30 =Q,-e
HIIN

T.C.



30k =1n 2.

CrnenoBaTenbHO:
k = 1 In2;
30
Taxum 0Opa3oM, MOTYUNIH:
In2
—=t
Q) = Qe *° ;
Ocranoch HaiiTh Takoi MoMeHT BpeMeru t korma Q(t) = ﬁ Q.-
Nwmeewm:
1 —%t In2
—Q, = —In100=——t =
100 % =R T = 30
~30In100 60In10 60-2,303 ~199
In2 In2 0,693 '

Takum ob6pazom, 1 % oT mepBOHAYATLHOT'O BELIECTBA OCTAHETCS MpUMEpHO depe3 199
THEH.

Omeem: 199 nueit.

W3 paccmarpuBaeMoro npumepa BUIHO, YTO AU PepeHInaTbHOMY YPaBHEHHUIO BUIA

y'=—ky

yIIOBJIETBOPSIIOT OYEHb MHOTO (DYHKIIMH, @ UMEHHO (PYHKIIUU BUA

y=ce™,

B Teopun auddepennnaibHbIX ypaBHEHUN BEUHBIM TEOPETUUYECKUM BOMPOCOM SIBIISIETCS
BOIPOC O TOM, HACKOJBKO MHOTO peuieHuid umeer nudpdepeHanipHoe ypaBHEHUE.
OkasbiBaeTcsi, 4T0 Kaxjaoe nuddepeHnanibHOe ypaBHEHHE HMeeT OECKOHEYHOE MHOXKECTBO
peleHui, W TO03TOMY IPUXOAUTCS CTaBUTh BONPOC HE O YHUCIE PEUICHUH JaHHOIO
mudepeHIMaTbHOTO ypaBHEHUS, a O TOM, KaK MOXXHO ONHUCaThb COBOKYIHOCTb BCEX pEIICHUN
nanHoro auddepeHnnansHoro ypaBHeHus. OTBET Ha 3TOT BOIIPOC JIA€T TEOpeMa CyIIeCTBOBaHUS
Y €IMHCTBEHHOCTHU pellieHus: AMPPepeHnanbHOro ypaBHEHUSI.

3. Teopema cymecTBOBAHMA M €JUHCTBCHHOCTH pemieHus AuddepeHnnanbHOro
YPABHEHHA MepBoro nopsaaka. 3agaya Komm.

Teopema (0 cywecmeoseanuu u eOUHCHMEEHHOCMU peuwleHus OudpgepenyuanvbHozo
YPAGHEHUA NEPB020 NOPAOKa).

IIycts

y'=1f(xy) (13)
g depeHInaTbHOe YpaBHEHNE IEPBOTO MOPSIKA.

ycts pynxims f = (X;y) 3anaHa Ha HEKOTOPOM OTKpPHITOM MHOXkecTBe D Tmockoctn R?.
of
[ycts pyuakmun f(X;y) u 8y(X; y) e C(D)..

Torpa:
1) V(Xp:Yo)eD cymectByer peuienue y = @(x)ypaBHenus (1.3), ymoBneTsopsiomiee
YCIIOBUIO:
P(%) = Yo



2) ecnu ABa peuieHus Y = go(X) uy= l//(X) ypaBHeHus (1.3) coBmamaer XOTsl ObI IS
OJHOT0 3Ha4YeHUus1 X = X, T.C. €CJIK @(XO)Z l,//(XO), TO 3TH PEIICHUS TOXACCTBECHHO PAaBHBI I

BCEX TEX 3HAYCHUH MEPEMEHHOTO X, /ISl KOTOPhIX OHU 00a OIpeIeTICHBI.
I'eomeTpuueckoe cojep:kaHUE TEOPEMBbI 3aKJII0YAETCA B TOM, YTO Yepe3 KakAyl TOUKY

(XO; Yo ) € D mpoxoaut oHa u TOJILKO OJIHA HHTErpalibHast KpuBas ypasHenus (1.3).

WNHuTterpanbHas kpuBas — rpaduk peuieHus y = (D(X) ypaBHeHwus (1.3).

3aoaua Kowu. Ilycts nano nuddepenuumansHoe ypaBHenue | mopsaka y' = f(x;y).
Iycts Gynkuus f (x;y) ompenenena B obmactu D € R?, (XO; yo)e D;

Pemmts 3amauy Kowmm st ypaBHenus (1.3), 3HauuT HalTH QYHKUMIO Y = @(X) TaKylo,
9TO:

a) y=¢@(x) — pewenue ypasHenus (1.3);

6) ¢(X5) =Yo-

Vcenosue Y, = @(X,) — OyaeM Ha3bIBaTh HAYAIBHBIM YCIOBUEM.

Onpeodenenue (oouee peurenue ougpepenyuanvhozo ypasuenusn | nopaoka).
Ilycts

y'=f(xy) - (1.3)
muddeperumansHoe ypapHenue, e ¢ynkmms f(X;y) onpenmenena B obmactu D e R?;

byHKIMIO Y = q)(X; C) OyzeM HasbIBaTh OOIIMM penieHueM ypaBHenus (1.3), ecnu:

a)Vc ¢yukius Y = (D(X; C) pemienue ypaBueHus (1.3);

6)V(X,;Y,)e D 3e, : (/)(XO;CO)= Yo, T.€. Ui Kaxa0i Touku ( X,;Y,) € D 3¢,: rpaduk
byHKIIMH Y = (p(X; CO) HOPOXOAUT 4epe3 TOUKy ( X,; Yo );

Onpeoenenue (wacmnozo peuwtenusn ougpgpepenyuanvnozo ypasuenus | nopsaoka).
Pemenue ypaBuenus (1.3)

y = plx:c,)

npoxosiee uepe3 Touky ( X,; Y,) € D Ha3bIBaeTCs €ro YaCTHBIM PELICHHEM.

4. Teomerpuueckasi uHTepnperanus aAuddepeHUHATHLHOTO YPaBHEHHs TEPBOro
nopsiAKAa.
PaccmoTpum nuddepenumansioe ypaBHeHue | mopsiika
y'=f(xy), (1.3)
rae ¢yukius f(x;y) onpenenena B obmactu D e R?. Dro ypaBHEHHUE 33/1a€T B KaXKJOU

Touke (X;y) obmactu D 3Hauenue yrioBoro kodduimenta kacareabHONU K MPOXOAAIIEMY Yepe3
3Ty TOUKy rpaduky pemieHus ypaBuenus (1.3). T.e. ansa kaxmoit Touku (X;y) MOKHO BBIYUCIHUTD

d .
IIPOU3BOJHYIO d—y CrnenoBarenbHo, nuddepennuansHoe ypaBHeHue (1.3) B kaxaoil Touke
X

obnactu D 3agaer HanpaBiieHHe KacaTenbHOM, onpeenseMoe 3HaueHneM f(X;y).
MHOXecTBO TakuxX HampaBlIeHHIl 00pa3yloT Imosie HarpaBlieHUH auddQepeHnnaibHoro
ypaBHeHus (1.3).



CrnenoBaTtenbHO, HaxoxacHUe perieHuss auddepennuansHoro ypaBHeHus (1.3)
3aKJIIOYAETCs B HAXOXKJICHUHM KPUBOM, Ha3bIBAEMOM MHTEIPajIbHOM KpPUBOW, HAIPABIICHUS
KacaTeJIbHOM K KOTOPOU B Ka)KJI0M TOYKE COBHAJAET C HAIIPABICHUEM ITOJIS.

Ilpumep 4.1. y' = Y
X

d . . .
Nwmeewm: d—y = X. B kaxmo# Touke, omimunoi ot Touku (0;0), yrioBoit koddduimeHt
X X
KAacaTeJIbHOM K HCKOMOW HHTErPAJIbHOM KPUBOM pPABEH OTHOULICHUIO X; T.€. COBIAAACT C
X

YIJIOBBIM KO3 (DUITMEHTOM MPSIMOiA, HAITPABJICHHON U3 Hayalla KOOPAMWHAT B Ty Xke TOUKY (X,Y).
O4eBHIHO, YTO UHTETPAIIbHBIMU KPUBBIMU B JJaHHOM ciy4yae OyayT HpsiMble Y=CX,T.K.
HAIpPaBJIEHUE 3TUX MPSAMBIX BCIOJIy COBIAAAET C HAPABICHUEM I10JIA.

5. Juddepenuunaibubie ypaBHeHust Buaa Yy’ = f(x).
Paccmotpum nuddepennmanbHoe ypaBHEHHE
y' = f(x) (5.1)
B atom mpocreiiiem ciiydae, Kak cieayeT U3 Kypca UHTErpajibHOr0 UCUMCIICHU, 00Iee
petieHue ypaBHeHus (5.1) 3anuceIBaeTcs B BUJIE:

y =f f(x)dx +C, (5.2)
KOTOPOE COAEPIKUT IIPOU3BOIILHYIO OCTOsHHYIO C. ECII N3BECTHO HAaYaIbHOE YCIIOBUE
¥(%)= Yo,
TO COOTBCTCTBYIOIICC YaCTHOC PCIICHNUEC UMCCT BU!
X
Y=Y, + LO f(x)ax. (5.3)

6. luddepeHunanbHbie yPABHEHHS C pa3/ieIeCHHbIMH NepeMeHHbIMH.
Onpeodenenue. lnddepeHnuansHoe ypaBHeHE BUA!

fo(y)dy = f,(x)ax (6.1)
Ha3bIBaeTcs MU epeHIualIbHBIM YPaBHEHUEM C Pa3/IeIeHHbIMU TIEPEMEHHBIMU.
[Mycte ¢yukiuu (X) u f, (y) — HenpepbiBHble (QyHKuMu. llpennonoxum, yTo
bynkims Y(X) sBisercs penienueM ypaBaenus (6.1). Torna npu moactanoBke GyHknuu Y(X) B
ypaBHeHHe (6.1), MOTyYrM TOXKIECTBO, UHTETPUPYS KOTOPOE MOTYyUHM:

[ f.(y)dy = [ f.(x)dx+C, (6.2)
rae C - mpou3BOIbHAs TOCTOSHHASL.
Ilpumep 6.1. Perinm ypaBHeHue: xdx + ydy =0.

Nmeewm:
2 2

Xy 2, \,2
= —+—=C=>x"+y" =2C,
fxdx+_[ydy C= 5 5 y

— CEMENCTBO OKPY>KHOCTEH € IEHTPOM B Hadajie KOOPANHAT.



7. InddepeHnuaibHbie ypaBHEHHS ¢ Pa3IesIlOIMMMHUCS epeMeHHbIMU.
Juddepenunanbupie ypaBHEHUS BUAA:
y'=f,(x)- f,(y) (7.)
HazbIBalOTCs MU depeHIINaTbHBIMU YPABHEHUSIMHU C Pa3AeSIOUIMMUIC EPEMEHHBIMH.
VYpaBuenus (7.1) MOKHO NMPUBECTH K YPABHEHHIO C Pa3AeCHHBIMU NIEPEMEHHBIMH, & UMEHHO K
BUY:
Y - £.(9)
dX 1 2
Wi
1
O

3aMeTHM, 4TO MpH JEICHUU Ha (YHKIIHIO fz(y) MOXHO MOTEPATh YACTHOE pElIEHuE, a

= f,(x)- dx

UMEHHO pemicHue Y = Y(X) mpu KOTOPOM (DYHKIIHS fz(y) oOparaercsi B HyJIb, a €Clu QyHKIUS
f, (y) pa3pbIBHAS, TO BO3MOYKHO TOSIBJICHUE JIMIITHUX PEIICHUH.

Ilpumep 7.1. Penium ypaBHEHHE: X(l+ y? )dX — y(1+ x° by =0.
ydy xdx

1+y? 14X

Nmeem: x(1+ yz)dx = y(1+ xz)dy = = In(1+ y2)= In(1+ x2)+C =

2

(1+ yz): C(l+ xz).

8. IlonsiTHE OPTOrOHAJIBHBIX TPACKTOPHIA.
Onpeodenenue. OpTOTOHATBHBIMU TPACKTOPUSIMU 3aJaHHOTO CEMEMCTBA KPHUBBIX
HA3bIBAIOTCS JIMHUHU, TIEPECeKaloIUe JIMHUU JAaHHOTO CEMEMCTBA MO/ MPSMBIM YTIIOM.

o v 2
Ilpumep 8.1. Haitnem opToroHaibHbIE TPACKTOPHH CEMEMCTBa mapadon Yy = ax” .
VrinoBeie koopuunentst — K, u K, , KacareipHbIX K KPHUBBIM JTaHHOTO CEMEHCTBa U K

HCKOMBIM OPTOrOHAJIBHBIM TPACKTOPHUAM IOOJIKHBI B Ka)KJIOﬁ TOYKE YIAOBJICTBOPATH YCJIIOBHIO
OpPTOrOHAJIbHOCTH:

1
K, =——.
2 kl
Y
X2

o 2
Z[J'ISI CEMCUCTBA napa60n y=axX" ,T.K. a= , HAXOOHUM:

2
K, =2ax=2-l2-x=—y.
X X
CJIG,I[OB&TGHBHO, I[I/ICI)(I)epeHLII/IaJILHOG YpaBHCHHEC HUCKOMBIX OPTOTOHAJIBHBIX TpaeKTOpI/Iﬁ

HUMECT BUA:

' X

y __Z_y’
501058

dy X

dx 2y

HIJIIN



2ydy + xdx =0.
HHTerpupys nojry4eHHOE ypaBHEHHUE, ITOJIYYUM:

X2

24 2:C2
> y

— CEMEICTBO DJIJIUIICOB.

9. luddepennnannbunie ypapuenus uaa y’ = f (ax +hy).

PaccmoTpum nugdepennuansHoe ypaBHEHNE BUA:

Y _ f(ax+by), (9.1)
dx
rae a u b — nocrosiHubie BenmuuuHbl. YpaBHeHue (9.1) 3aMeHO# nepeMeHHOM
z=ax+ by
npeoOpas3yeTcsi B ypaBHEHHE C pa3aeIIONIIMHUCS TIEPEMEHHBIMU.
JleliCTBUTEIIBHO:
gz =a+ bﬂ
dx dx
I
gz =a+b- f(x)
dx
I
dz
——— =dXx
a+b-f(z2)

— ypaBHEHHUE C pa3/IeICHHBIMU MIEPEMEHHBIMU.
Ilpumep 9.1. Pemium ypaBHEeHHE: Y = 2X + Y.
Crnenaem 3aMeHy MTepEMEHHOM:
Z=2x+y
Torna nomyuunm:
2'=2+y = E:2+z:> i:dx: In2+z2)=x+C=> 2+z=¢e""=
dx 2+12
z=e"°-2.
VYuuTtbIBas 3aMeHy, MOJIYYHM:

y=e""°-2x-2.

10. 3agaya 0 KOHUEHTPALUH.

3aoaua. B cocyn, copepxamuii 10 JUTpPOB 4YMCTOM BOABI, HENPEPHIBHO IOCTYMAET
pacTBOp CO CKOPOCTHIO 2 JIUTPA B MUHYTY, B KaXKIOM JIMTpe KoToporo coaepxxurcs 0,3 xr comnu.
[TocTynarommii B cocyl pacTBOp MEePEMELINBAETCS ¢ BOJOH, U CMECh BBITEKAET U3 COCYZAa C TOM
e CKOpocThio. CKOJIBKO coM OYJeT B cocyie uepes3 S MUHYT?

Pewenue. Tlycts y(t) KOIMYECTBO CONM B COCy/Ae€ B MOMEHT BpemeHH t. PaccMoTpum

BPEMEHHON MHTEPBAJ (t; t+ Atj :



y(t')

3a Bpems At B cocyn mocrymaer 0,3-2- At KI COJIH, @ BBITEKACT — 10 2- At xr. conu,

rae t' e (tt+At).
CJIGI[OB&TGJIBHO, MOKHO HalmucaTtb, 4TO
y(t + At) — y(t) = 0,6At — 0,2y(t")At,

nimn

YEXAD =Y L o6 02y(t).
At
I[Tepexons K mpeneiy B nocieanem paserctse npu At — 0, momyunm:
y'(©) = 0,6-0.2y(1)..
HOqueHHoe YpaBHCHHUE ABIACTCA YpPaBHCHHEM C pPasACIAIOIIMUMHUCA IICPEMCHHBIMU.
Pasnenss nepeMeHHbBIE M MHTEIPUPYS MTOJTy4EHHOE YPABHEHHUE, TOTYUHM:

dy dy 0,2t
——~___ —dt= — =-0,2dt = In(y—3) =—0,2t =3+Ce .
06-02y = y_3 = In(y -3) =Y

VYuuTeiBas HaYaJIbHOE YCIOBUE

y(0) =0,
TTOJTY9HM:
c=-3.
CnenoBartenbHO,
y=3-3"%,

IIpu t = 5 monmyyaem:
y(5) =3-3e" ~19«r.

Omeem. Yepes 5 munyt B cocyze Oyzaet 1,9 xr comnu.

11. Ognopoansie AuddepeHIHATbHbIC YPABHEHHUS IEPBOr0 NOPSAAKA.

Onpeoenenue. Oynxuns f (X; y) Ha3bIBACTCSl OJTHOPOJHOMN (PYHKITHEH MEPBOTO MOPSIKA,
ecmn f(bty)= f(xy).

X+Yy
Ipumep 11.1. Oyuxiys f(X; y)=

OJIHOPOJIHAs (PYHKITUS TIEPBOTO TOPSJIKA.

[ t(Xx X

+y ( +Y): +y:f(x;y).
-ty tx-y) x-y
XZ_Xy+y2
X +xy +y?
2,2 2 2,,2 2 2 2

t2X2 —tzxy+t2y2 :tz(xz —xy+y2): f(x; y).
X" +t°xy +t°y t(x +xy+y)

Teiicreutensro: f(tX;ty)=
Ipumep 11.2. Oynxuus f (x; y) =

OJIHOPOJIHAs (PYHKITUSI BTOPOTO MOPSIKA.

JevictButensHo: f (tX; ty) =

3ameuanue. Ecn f (X; y) OHOPOIHAS (PYHKIUS MEPBOTO MOpsaKa, To | (X; y)= f(l; XJ
X

X+Yy
Hpumep 11.3. Paccmorpum Qynkuuio | (X; y) = x—y .



X(l-i—y} 1+X
x+y_ U x)_ x:f(l.yj
1-Y

X=y x(l—yj .
X

X
Onpeoenenue. luddepeHnmanpHoe ypaBHEHHE IEPBOTO TOPSIKA

y'=f(xy) (1.3)

HA3bIBAETCS OJHOPOAHBIM Au(depeHlnaIbHbIM YpaBHEHUEM IE€PBOTO MOpPSAIKa, €Cld

Hmeem — (X y)=

Gynkuus f (X, y) SIBJIICTCSL OJTHOPOHOM (DYHKITHEH MepBOTO MOPSIIKA.
YuureiBas 3aMedyanue, ypasueHue (1.3) MoxHO 3anucarh B BUIE
y' = f(l; yj (1.3)
X

Jiis pemeHus: oqHOPOIHOTO MU hepeHITMAEHOTO YpaBHEHHSI IEPBOTO MOPSIKA BBEIIEM
HOBYIO ()YHKIIHIO:

=Y
X

WIH

y = ZX
Tornma

y'=2'x+12
[Toncrasnss B ypaBHenue (1.3"), moayuum:
2x+2="f(L2)
W
2'x=f(Lz)-z (11.1)

[TonmyyeHHOe ypaBHEHHE SBISETCS YpaBHEHHEM IEPBOIO MOPAIKA C pa3lesioUMMUC
NIEPEMEHHBIMH.

Paznensiss  mepeMeHHble,  y4YMThIBas ~ OCOOEGHHOCTH  pEIICHUS  ypaBHEHHUA  C
pa3essAoIUMUCS MepeMeHHbIMU, HaiaeMm peuieHue ypaBHeHus (11.1). CaenaB obOpaTHyro
3aMeHy, HaliieM penieHue ypaBHeHus (1.3).

y
v
Tak xak ypaBHEHHE ABISETCS OAHOPOAHBIM TU(EpeHIINATbHBIM YPAaBHEHHEM [IEPBOTO

ITpumep 11.4. Pemum ypaBHeHue: Yy’ = y +1g
X

NOpsJKa, C/IEeTaB 3aMEHY Y Z,unu Y = ZXTIOTyYnM:
X

, Y y \ \ dz sin z cosz dx
V==+lg= = zZXx+z=2z+1tgz = z'xX=tgz > — X= = —dz=—w
X X dx cosz sinz X
sinz=0 = Injsinz=INX+C u z=m = sinz=Cxn z=m = sind=cx u L=
X X

= sinl=Cx
X

U y=xx. Tak Kak peuieHue Y = 7zxx MOJy9IaeTCs U3 PeIICHHs sin = Cx npu C=0

y

TO 00IIlee penIeHue 3aJaHHOTO YpaBHEHHUS sABIsieTcss PyHKIms Sin— = CX.
X



Omeem. Sin y =Cx.

X
Paccmorpum ypaBHEHME

i f(mj 11.2)
a,Xx+b,y+c,
1) Ecmm ax+by+e k 10 Y =1 (K) PenieHueM TONY4EHHOTO ypaBHEHHS
a,X+b,y+c,

sasteTcss pyukius Y = f (K) X+C.
2) Eciu npsimbie 3, X+b,y+¢, =0 u a,X+b,y+C, =0 nepecekatorcst, To ypaBHeHUe
(11.2) mpuBOmUTCSI K OJHOPOIHOMY MyTEM IMEPEHOCA Havalla KOOPAMHAT B TOYKY MEPECEUCHHUs
npsmeix & X+by+c, =0wu a,x+h,y+c, =0.
Ilpumep 11.5. Pemium ypaBHEHUE:
, X=y+1
CX+y-3

Haiinem touky nepeceuenus npsamoix X-y+1=0 u x+y—3=0.

HNmeem:
X—-y+1=0 X—y=-1 x=1
= =
X+y—-3=0 X+y=3 y=2

Cz[enaeM 3aMCHY IICPEMCHHbIX !

X =X+1,
y=Y+2.
Torna
dYy X+1-Y-2+1
dX X +1+Y+2-3
NIIn
¥ _X=Y (11.3)
dX X +Y

[TonydyeHHoe ypaBHEHHUE SBISETCS OAHOPOIHBIM AU(QEpeHIInaTbHBIM YpaBHEHUEM
MEPBOTO MOPSIKA.

Cnenaem 3ameny Y=zX. Torma Y'=2z+ Xz'u nocne noacraHoBku B ypaBHeHue (11.3),
MOy YHIM:

X=Xz
2+ XZ2'= .
X + Xz
Hrak:
_ _ 1-7 1-z-2-2°
z+XZ' = A Y LI . kit
X + Xz 1+z 1+7z 1+z
dz ,,  7°+2z-1
dXx z+1
Zz;ldz=—d—>< u 2°+2z-1=0 = lIn‘zz+22—]4=—ln|x|+C "
z2°+2z-1 X 2

z=—1i\/§ =



Y? Y C
Zz+22—l:% u Z=—1i\/§ = W-FZY—:L:? u %Z—li\/i =

Y2+2YX —X?=C n

Y = (-1++/2)- X = (y-2f +2(x-1(y-2)-(x-1f =C u
(Y-2) = (-1£42)-(x-1) =

y24+2xy = X2 —2X—6y+7=C u (y-2) = (-1+/2) - (x-1).

Omeem. Yy +2xy — X2 —2X—6y+7=Cu (y—2) = (-1£+/2) - (x-1).

3) Ecau npsimbie & X+by+c, =0 u a,x+b,y+c, =0 mapamnensusi, To a,X+b,y=
k(a,x+by), re.

fa1x+bly+c1 g ax+by+c, .
a,x+b,y+c, k(a,x+by)+c,

[Tonyuunu ypaBHEeHHE BHIA:
y' = f(ax+by),
KOTOPOE SIBJIIETCS YPABHEHUEM C Pa3eIIAIOIUMUCS IEPEMEHHBIMH.
Ilpumep 11.6. Peuium ypaBHEeHUE:
, 2X+y+1
= 4x+2y -3
Tak kak
2x+y+1  (2x+y)+1
4x+2y -3 - 2(2x+y)-3

CnenaeM 3aMeHy
2X+Yy=2z WK Yy =2 —2X.

Torpa y' =2z'—2 u ypaBHEeHUE IPUMET BUJ:

o z+1_
2z2-3
Nmeewm:
7' -2 = Zle:>z’= z+1 +2:>z'=5z_5 = %=5(2_1)322_3d2=5dx u
2z-3 2z2-3 2z-3 dx 2z-3 z-1
z=1=
3
2 40 _ _ _ 1l — _
2—1dz_5jdx w z=1 = 2z-Infz-1§=5x+C u z=1 =
Z_

2(2x+y)—In[2x+y -1 =5x+C
u2x+y=1= (2y-x)—In2x+y-1=C n 2x+y-1=0.
Omeem. (2y—X)—|n|2X+ y—ZIJ:C u2x+y-1=0.

12. JIuneiinbie 1udpepeHnnaibHbIe YypABHEHHUS NIEPBOI0 NMOPSAKA.
Onpeoenenue. JluddepennmanbHoe ypaBHEHHE TTEPBOTO MOPSIIKA BUA!

y'+ p(x)y =q(x), (12.1)



rae p(X) u g(X) HekoTophle (GYHKIHMH MEPEeMEHHOW X, OyaeM Ha3bIBaTh JTHHEHHBIM
Qg depeHIaIbHbBIM YpaBHEHHEM IEPBOTO MOPSIKA.
Ecnu q(X)=0, To ypaBaenue (12.1) Ha3bIBaeTCS JIMHEHHBIM OJHOPOIHBIM ypaBHEHUEM
y'+p(x)y =0, (12.2)
KoTopoe  sBhsieTca  AuddepeHInaNbHBIM  YpaBHEHHEM € pa3AeisIOIMMUCS
MEePEMEHHBIMH.
PaznenuB nepemennsie, pemum ypaBHenue (12.2). Mmeem:

d—yz—p(x)y = OI—yz—p(x)dx:> Injy| :—_[ p(x)dx+C =
dx y

—J. p(x)dx

y =Ce (12.3)

OyHKIWA, 3a1aHHas paBeHCTBOM (12.3), siBisieTcs pemenneM ypaBaenus (12.2).
Jnst  pemenuss ypaBHeHuss (12.1) npuMeHMM METOX BapHalldd  ITPOU3BOJIBHOTO
nocTostHHOTO. Pemenne ypasuenus (12.1) Oyaem uckatb B BUAC:

y =C(xe 7 (12.3)

Haiinem y':
y=ce 1" e 1" )
(12.4)

st onpenenenus pyaknuu C(x), GyHKIUIO y(X), 3a1aHHyI0 paBeHCTBOM (12.3), u
¢ynkuuio y'(X), 3ananHyro paBeHcTBoM (12.4), moacraBum B ypaBuenue (12.1). Umeem:

c'(e 1" e TP Cp) + pece " = g =
C’(x)efI PO _ (%) = C'(x) = q(x)eI Peas

Takum oOpazom, umeem:

c(x) =] q(e ¥ dx + C (12.5)
[ToncraBnsas nonyuenHoe 3Hauenue C(x) B (12.3), momyunm:
~[ p(x)x [ PO
y=e (C+ jq(x)e dx) (12.6)

Takum o6paszom, perenue ypaBaenus (12.1) 3amaercsa popmymnoit (12.6).

ITpumep 12.1. Peuum ypaBHeHue: y' — 1 y=x%.
X

3necy p(X) = 1 u ((X) = x*. CrenoBaTeNbHO:
X

_J‘_de 2 j_idx In|x] 2 4-In|x| » 1 x° x®
y=e" X (C+jxe x dx)=e (C+jxe dx):x(C+.[x -—dx) =x(C+—) =Cx+—.
X 2 2

X3
Omeem. Y = CX+ >

13. YpaBHenue bepnyJiu.
Onpeoenenue. YpaBHeHHUE BUIA



y'+ p(x)y =q(x)y" (13.1)
Ha3bIBaeTCsl ypaBHeHHeM bepHyium.
Ecmu N =0, 10 310 NMUHEIHOE MU depeHIIMATBEHOE YPaBHEHHUE TIEPBOTO MOPSIKA.
Ecin N =1, 510 ypaBHEHHUE ¢ pa3aeIsSONMMUCS TIEPEMEHHBIMU.

Ipu N #0u n#1 pasnenum 06e yactu ypapuenus (13.1) na y". Tomyunm:

' 1

L4 p() 5 =a(9 (13.2)

y y
BBeneM HOBYIO TIEPEMEHHYIO:

1
ynfl =1
Torna:
=7y "=z (") == U-ny" Y= Ln =——7.
y' 1-n

[ToncraBnsiem B ypaBHeHue (13.2), momyuum:
1 .,
—— 7'+ p(X)z=0q(x)
1-n

W
z’+(@1-n)p(x)z = (1-n)q(x)

[lonydyeHHoe ypaBHEHUE SBIsIETCS JHMHEWHBIM JuddepeHINalIbHbBIM  YpaBHEHUEM

HepBOro Mopsjaka. PaspeniuB ypaBHEHHE OTHOCHUTEIbHO (DYHKIMH Z(X) ¥ yIUTHIBAS 3aMEHY,

Haxo UM QYHKIHIO Y(X).
2

Ilpumep 13.1. Petium ypaBHeHue: y' — Yy _Xx .
2X 2y
Nmeem:
2
y’_iyzx_.l’ n= —1’
2X 2y
I
2yyl__ y2 — XZ
CnenaB 3amMeHy
z=y?
Torna
Z'=2y-y
[Tonyunm:
7'-=z=x.

N3 npumepa 12.1 nosydaem oTBeT:
2
X
z=y* = x(C+?).

2
Omeem. y* = x(C +X7).



14. YpaBHenue Puxkkaru.
Onpeoenenue. YpaBHeHHUE BUIA

y'+ p()y+a(x)y* = f(x) (14.1)
Oy/ieM Ha3bIBaTh YpaBHEHHUEM PHUKKaTH.
[Tpu f(x) = 0 — umeem ypaBHeHue bepHyiu.
B oOmem Bunme ypaBHeHUe PukaTTH He perraercs, HO MOXHO 3aMEHOH IMepeMEHHON

npeobpa3oBath B ypaBHeHHe BepHYILTH, €M U3BECTHO OJIHO YacTHOE peienne Y =Y, (X).
Paccmotpum dynkimo Z = Y(X) — Y, (X), rae y(X) petenue ypaBuenus (14.1).
Torna
y=z+Y,my' =7"+(y,)
[Toacrasnss B ypaBHenue (14.1) cinenyer:
2'+(Y,) + POz +Y,) +a()(z +Y,)* = F(x)
WK
2'+(y,) + P(X)Z+ p(X)Y, +d(X)2* +20(X)zy, +A(X)(y,)* = f (x)

VuureiBast, uto Gynkuus Y, (X) sensercs pemenneM ypasuenus (14.1), nonyunm

z'+(p(x) +2q(x)y,)z = —q(x)z’ (14.2)

[MosnyueHHOE ypaBHEHHUE SIBISIETCS ypaBHeHHEM bepHyum oTHOCHTENbHO (yHKIHH Z(X) C

IIpumep 14.1. Penum ypapuenue: y' —y> = —%.
X

HNmeewm:

pX) =0, q(x) = -1, f(x)= Xi

1
Jlerko mpoBepuTh, uTo GyHKIHA Y, (X) = — SBISETCS PEIICHUEM 33laHHOTO YPaBHEHHUS.
X

JlelicTBUTENBHO,

1 1 2 2 2

1 , 1
Y2(X):;:>(y2) :_7:_7_7:_7:—7:—7

Breaem HOBYIO QyHKIIHIO!
1
2(x) =y(x) -~
X
W
1
y(x) = z(x) + e

IloacraBnss B YpaBHCHHE, ITOJIYUNM:

z'—iz—(z+1)2=—£2:>z'—i2—22—22~1—i2=—£2:>z'—3-z=22.
X X X X X X X X
Pa3nenum Ha 7%
%_E.lzl
72 X z

HonyquHoe YpaBHCHHUEC SABJIICTCA YPABHCHUCM ECpHyJ'IJ'II/I, KOTOpOC pemacTtcsa C
IIOMOIIBIO 3aMCHBI:



u(x) = 1
z
Tornma:

1 - - 1 - 1 ' 1
S=u=zt=u= () =us -t =us =l
z z

[ToxcraBnsis B ypaBHEHUE

IOJIyYHUM:

_[Zax 24 3
u-2u-1su+lu-—1>u-e e (C—IeIXd dx) :efz'”X(C—J'ez'”de) :%(C—X—).
X X X 3

Takum o6pazom:

B E X ac-x®
x> 3 3
T.x.
1
7 ==
u
TO UMCCM..
3x°
z= .
3C-x°
CnenoBarenbHO,
y- 3x? L1
3C-x* x
0 y 3x° 1
meem. = -
3Cc-x°

15. Iu¢ppepennnaibabie ypaBHeHHs B MOJHBIX AU depeHumnaniax.
Onpeoenenue. 1lycts nano auddepeHnuaisHoe ypaBHEHHE
M (x, y)dx + N(x, y)dy =0 (15.1)
Ecnmu neBas wacte nauddepeHumansHoro ypaBHeHus (15.1) sBisercss MOJHBIM
muddepenmaioM Hekotopot pynkuuu U (X, Y), T.e.
dU = M (X, y)dx + N(x, y)dy
To ypaBHeHHe (15.1) Has3biBaeTcs IUQQepeHIHaTbHBIM YpaBHEHHEM B TOJHBIX
nuddepenimanax.
B sTom cnyuae nuddepennmansaoe ypapaenue (15.1) MoxkHo 3anucarh B BUJE:
du(x,y) =0.
Ecmu dynkims y = y(X) siBisercs pemenneM ypasuerus (15.1), To
du(x,y(x)) =0
U, cJIe10BaTeNbHO, (PYHKIUS
U y(x)=C,
rae C — mocTostHHAs, SBISETCS 00IUM pemieHueM ypaBHeHus (15.1).
Ilpumep 15.1. Petinm ypaBHenue: ydx + xdy =0.



VYpaBHeHue B moaHbIX quddepennnanax, T.K.
ydx + xdy = d(xy) .

CrnenoarenbHo, pyHkiust Xy=C sBnsieTcs 0OIIMM pelIeHreM 33/1aHHOTO ypaBHEHHUS.

Teopema. ]Jlns Ttoro uToOBl neBas 4yacTh ypaBHeHHs (15.1) sBismace MONHBIM
HEOOXOOMMO U JOCTaTOYHO, 4YTOOBI

mubdepennranom Hekotopod Qynkuuu U (X,y),

BBIIIOJIHAJINCH YCJIOBHA:

oM oN

y x

Hokazamenvcmeo. Heooxonumocts. Ilycts Gpynxuus U (X, y) Takosa, 4To
dU = M (X, y)dx+ N(x, y)dy .

C nmpyroit croponsl, 1o ompeneneHuto nupepenHuana QyHKIUN IBYX MEPEeMEHHBIX

HMEeM:
du = aq dx + ) dy
OX OX
CnenoBartenbHO,
oU

M(x,y)=%;N<x,y):W

C npyroii cTOpoHbI
o°'U oM 2°U _oN

ooy oy | oyx ox

B cuiy HE3aBHCMMOCTM CMEIIAHHOM IIPOM3BOAHOM BTOPOrO MOpsAAKAa OT HOpsIKa

nuddepeHIMPOBaHMS, HMEEM:

U 9%
oxoy  oyox’
T.C.
oM 0N
oy o

oM ON .
[MokaxeM, 4uro MOXHO HauTH QyHKIHIO U(XY)

Hocraroynocts. IlycTs E o
X

Takyro, 4To dU = M (X, y)dx+ N(x, y)dy .
Bri6epem dynkimo U(X,y) Tak, 4ToObI

P _Mxy)

OX

T.€.
U(x,y) = [M(x y)dx+g(y)
rae ¢(y)npou3BoJbHas QYHKIHS IEPEMEHHOH .
Omnpenennm QyHKIMIO ¢(Y)Tak, YTOOBI BBIIIOJIHSIIOCH YCIOBHE

%J:N(x,y).

Nmeewm:



a;yJ 8ij(x y)dx+¢'(y) jg(x y)dx+¢'(y) j—(x y)dx+¢'(y) =
=N y) =N, y)+@'(y) = N(x, y),
T.C.
9'(y) =N(Xp,Y).

CnenoBartenbHO,

y
o(y) = [N(x,, y)dy +C.
Yo
Taxum 0Opa3oM, MOTYdNIH:

U(x,y):I.M(x,y)dx+.y[N(x0,y)dy+C

Xo Yo
Teopema ooka3zana.
Ilpumep 15.2. Peuium ypaBHEHHE:

(3x? +6xy?)dx + (6x*y +4y*)dy = 0.
B 3TOM ypaBHEHUH
M (X, y) = 3x? +6xy?,
N(X,y) = 6x%y+4y°.
Tak kak

oM
—=12xy un N =12xy
OX

oy

TO ypaBHEHHE SIBJSIETCS YPABHEHUEM B MOJIHBIX UG depeHranax.
Nmeem:

a—U:3x2 +6xy?,
OX
—U:6x2y+4y3.

NHTerpupys nepBoe ypaBHEHHE ITOJTYYEHHON CUCTEMBI 110 IEPEMEHHOM X, MOTyUNM:

U(x,y) =x*+3x"y* + o(y)

s omnpenenenust GyHKUUU ¢(Yy) BOCHOJB3YeMCS BTOPBIM YPAaBHEHHEM CHCTEMBI.

[Tonyunm:

Y ey +gi(y) = 6xy+4y°,

oy
1501071

P'(y) =4y°,
OTKy/a
o(y)=y"

CruenmoBaTennsHO,

U(x,y)=x>+3x°y* +y*.
Taxum o6pa3om, oOliee perieHre 3aJaHHOTO YPaBHEHUS UMEET BUJL:

x* +3x*y* +y* =C.



16. JAnddepennuanbubie YPaBHEHUs B MOJIHBIX auddepenunanax.
HHTerpupyromuii MHOKUTE/Ib.

B HEKOTOpBIX CiTydasix, KOr/Ja JieBas 4acTh YpaBHCHUS

M (%, y)dx + N(x, y)dy =0 (15.1)

HE SIBJISICTCS TONHBIM AWQQPEpeHIIaTIoM HEKOTOPOW (YHKIMH, JIETKO IOoA00paTh
byakuuo W(X,Y), mocie yMHOKEHHUSI Ha KOTOPYIO, JieBast 4acTh ypaBHeHus (15.1) nmpeBparaercs
B NOJTHBIN qudepennmart:

dU= u Mdx + p Ndy.

Takass ¢yHkums p(X,y) Ha3bIBaeTCSI WHTETPUPYIOIIMM MHOXXHTEIEM. 3aMETHM, YTO
YMHOXEHUE Ha WHTETPUPYIOIIUNA MHOXKHUTEND W(X,y) MOXKEM MPUBECTH K TOSBICHUIO JIUITHUX
YACTHBIX PEIICHUH, 0OpAIIAfOIIUX 3TOT MHOXKHUTEIb B HYJIb.

B o6mem citydae 11 HaXOKICHUSI MHTETPUPYIOIIETO MHOXKHUTENS HAI0 MO00paTh XOTs
OBI OJTHO HE PABHOE TOXKJCCTBCHHO HYJIIO PEIICHUE YPABHEHHSI B YACTHBIX MPOU3BO/IHBIX:

E/JM :iﬂ'N,
oy OX
T.K.
N M _
oX oy
To nmeem:
glny-M—glny-N:@—@ (16.1)
oy X ox oy

B ofmem cny4yae perieHne 3TOr0 ypaBHEHHS B YACTHBIX IPOU3BOIHBIX SIBIISETCS
3ajjaueil He OoJyiee MPOCTOi, yeM perieHue camoro ypaBHeHHs. OJHAKO B HEKOTOPBIX CIydasx
noa00p 4acTHOTO penieHus ypaBHeHus (16.1) He nmpencTaBiseT 3aTpyTHEHHNA.

Cuutasi, 4TO UHTETPUPYIOLIMM MHOXUTENb SBiseTcd (QYHKIUEH TOJIBKO OJHOTO
aprymeHTa, Harnpumep, ABJIsSeTCsl (PyHKIHUEH TOIbKO OT X WJIM TOJIBKO OT ), UJIU TOJIBKO OT X+,
I TONBKO X~ + Y, MOKHO yxe Ge3 Tpyaa peumnts ypapuenue (16.1) u ykasath yciioBus, Ipy

KOTOPOM HWHTEIPUPYIOIIUN MHOMKHTEIb CYHIIECTBYET. T€M CaMbIM BBIIEISAIOTCS KJIACCHI
YpaBHEHUH, JJI1 KOTOPBIX MHTETPUPYIOIINN MHOKHUTEIb JIETKO MOKET ObITh HalJIEH.

Ilpumep 16.1. Haiinem ycioBusi, Ipu KOTOPBIX YPaBHEHHE
Mdx + Ndy =0

UMEET HWHTETPUPYIOUIMI MHOMKHUTENb, 3aBUCALIMM TOJBKO OT IIEPEMEHHOM X, T.e.
= p(x).
VYpasuenue (16.1) npumer Bua:

CnenoBatenbHO,

nim



5%
u()=Cexp [ %dx | (16.2)

MosxHo cuutats C = 1.
oM oN . .
Ecin E—a— N 3aBHCUT TOJBKO OT IEPEMEHHON X, TO HHTETPUPYIOIIUNI
X

MHOHUTENb, 3aBUCAIIMNA TOJBKO OT IEPEMEHHOW X, CyIecTByeT M paBeH (16.2), uHaue
MHTErPUPYIOLIETO0 MHOXKUTENS BUAA £ = (X) HE CYLIECTBYET.

Ilpumep 16.2. PaccmorpuMm nuHeiiHOe nudQepeHanTbHoe ypaBHEHHE IIEpBOTO
nopsiaka. [Iokaxkem, 4TO y 3TOr0 ypaBHEHMs €CTb MHTEIPUPYIOLIUNA MHOKHUTEIb, 3aBUCSIIUN OT
nepemeHHoi X. Mrak, umeem:

Y L Py =Q()
dx
NJIn
[Py —Q(x)Jdx +dy =0.
3nece M(x,y) =P(x)y—Q(x) 1 N(x,y)=1.

Nmeewm:
oM ©ON

oy OX
=P,
CJIeIOBATENbHO, UHTEIPUPYIOLINI MHOXKHUTEIb UMEET BH/I:
#(x) =ep [ P(x)dx.
YMHOXkasi Ha UHTETPUPYIOLIUN MHOKHUTEIb YPABHEHUE
[P(x)y ~Q(x)ldx-+dy =0,
HOJTYyYHM:
{P(X)y—Q(x)}- e/ P g ejp(x)dxdy =0.
[TonyyeHHOoe ypaBHEHHE SIBISICTCS YpaBHEHHEM B MONHBIX auddepeHnmanax. s
HaxoxaeHus pyakiuu U(X,Y), uMeeM:

Q_ B ' [Pe)ax
o~ POY-Q(0j-e
%Zejp(x)dx.

oy

13 BTOpOro ypaBHEHHS MOTYYEHHON CHCTEMBI HMEEM:
P(x)dx P(x)dx
U y) = [e!™ "y =™y 4 o).
[Moacraeiss monydeHHoe 3HaueHwe GyHKIHM U(X,Y) B TEpBOE YpaBHEHHUE CHCTEMBI,
HOJTYYUM:
oU P(x)dx , P(x)dx P(x)dx
& ="y 4000 = Pel "y - Qe ",

nin



/(%) =—Q(x)e!

NI

000 = —[Q00e! " ox.

CrnenoBartensHO,

(x P(x)dx
U y) =™y~ [Qeoe!
Hcxonst u3 Buga o0OIIero peneHus
U(x,y)=C

nojiy4aeM o01ee pereHue JHHEHHOro qudGepeHInaIbHOr0 YpaBHEHHS IEPBOr0O MOpsaAKa

IP(x)dx(C+IQ( X)e J‘P(x)dx i)

17. [dud¢epeHuunaibHble YypaBHEHMSl IepPBOro TMOPSAJAKA He Ppa3pelieHHbIe
OTHOCUTEJIbHO MPOU3BOIHOI.
Juddepennnanbiable ypaBHEHUs MEPBOrO MOpPsIKAa HE pa3pelieHHble OTHOCHUTEIHHO
MIPOU3BOJHON, UMEIOT BUJ:
F(x,y,y)=0 (1.2)

Ilpumep 17.1.

(y)" = (x+y)y'+xy =0.
Pazpemas 3aganHOe ypaBHEHHE KaK KBapaTHOE OTHOCUTEIBHO y', MOTYYHM:

y'=xumy =y.
[Tony4yeHHble ypaBHEHUsI UMEIOT PEILICHUS

2

y:X?JrC u y=Ce",

KOTOPBIC SIBIISIFOTCS PEUICHHUSIMU 331aHHOTO YPAaBHEHHSI.

Vpapuenue (1.2) MOXKeT ObITh PELICHO ITYTEM pa3pelieHis yPaBHEHUS! OTHOCUTENIBHO Y’
¥ pelIeHns] MoNyYeHHbIX Tpu oToM ypasHenuit Y = f,(X,Y),(i=12...), yxke pasperueHHbIX
OTHOCHUTENBHO Tpon3BoaHON. OmHAKO Janexo He Bcerga ypaBHeHue (1.2) merko paspemaercs
OTHOCHTENBHO Y’ , €lé pexe MoydeHHble npu 3ToM ypaBHenus suma Y = f.(X,y),(i=12..)
JIETKO PELIAIOTCs, MOATOMY YacTO HMPHUXOJMUTCS HHTErpUpOBaTh ypaBHeHus Buna (1.2) MHbIME
METOaMH.

PaccMoTprM HEKOTOpBIE CITyYaH.

1. Vpasuenwue (1.2) umeer BUn:
F(y)=0, (17.1)

IpUYEM CYIIECTBYET, IO KpaiiHel Mepe, OJIH AeHCTBUTEIbHBIN KOpeHb Yy’ =h 3Toro ypaBHeHus.

T.x. ypaBuenue (17.1) He comepkuT x U y, To b = const. CnenoBatenbHo, y’' = b.

WuTerpupys nociaennee ypaBHeHuUE, MOIydaeM

y-C
.
T.x. b sBsiercs pemennem ypaBuenus F(b) =0, momydaem

y=bx+C=b=



obmee pemenue ypasuenus (17.1).
Ilpumep 17.2. Pemium ypaBHEHUE:

y'? +3y'+2=0.

W3 BbIIIE CKa3aHHOTO CIEAYET, YTO
2
(Hj +3(y_cj+2=o
X X
2. Ypasuenwue (1.2) umeer BUa:

F(x,y)=0 (17.2)
PaccMOTpHMM YacTHBIN Ciydail 5TOr0 ypaBHEHHUs, a MMEHHO CIIydaii, KOrja ypaBHEHHE

oO11iee pelieHue.

(17.2) MOXHO pa3peuInTb OTHOCUTENBHO X, T.€. 3aIUCaTh B BUJIE:

x=f(y).
Bsenem napamerp
y'=t
Torna
x= f(t).
CrenoBarensHO,

dy = y'dx =t - f'(t)dt

WIn
y = [t- f't)dt.
Taxum o6pazom, GyHKIUSA
x=f(t),
y=[t-f @dt
SBIISIETCS PEUICHUEM 3a/IaHHOTO ypaBHEHUS.
Ilpumep 17.3. PeruMm ypaBHEHHUE:
x=(y) -y -1
Brenem mapametp
y' =t
Tornma
x=t"-t-1.
CrnengoBartenbHO,

dy =t- f'(t)dt = t(3t* —1)dt
NI

gt t?
== - _C.
y 4 2

Taxum 00pa3oM, MONYUMIIM pelIeHre 33JaHHOT0 YPaBHEHHS B TapaMeTpruuecKoit hopme



nJIn

x=t>—-t-1

y=§t4—1t2+c.
4 2

Ilpumep 17.4. Pemium ypaBHEHUE:
X1+ Yy =Yy

T
=tot,te| ——;—|.
y-tte(-3:)

xy/1+1g%t =tgt = x_| 12t =gt = x =sint.
CcoSs

CrnenmoBartensHO,

Brenem nmapametp

Torna

dy = y'dx =tgt - costdt = sintdt

y= Jsin tdt = —cost +C.

Takum 0Opa3om, OTYUHITH PEIICHUE 33JaHHOTO YPAaBHECHHUS B MTapaMeTpUIecKoi (opMme:

X =sint,
y =—cost +C.

W3 nocnenneit cucTeMsl JIETKO MOJIYYNUTh
x2 +(y-C)’ =1.
3. VYpauenwue (1.2) umeer BUx:
F(y,y)=0 (17.3)
PaccMoTpuM 4acTHBIN Ciiydall 3TOTO ypaBHEHMS, a UMEHHO CIIy4aill KOI/la YpaBHECHHE

(17.3) MOXHO pa3pelINTh OTHOCUTENBHO Y, T.€. 3aIUcaTh B BUJIE:

nin

y="f(y).
Beenem mapametp
y' =t
Torna
y=f(t).
CnenoBartenbHO,

ax=Y -8

y
f'(0)
X=|——=dt.
I
Ilpumep 17.5. Pemum ypaBHEHHE:
Y
1+y"



Beenem nmapametp

T
=tot,te| ——;—|.
y-ante(-2:7 )

Torna
2 1 T
y= m = E’t € (—EEJ
CnenoBarenbHO,
ax = (— 12 -(—sint)}-idt R
y cos“t tgt cost
WIn
X = idt +C.
cost
Taxum 00pa3oM, MONTYYMIIH PEeLIeHHE 33JaHHOTO YPAaBHEHHS B TapaMeTpHUecKoi hopme:
X= idt +C,
cost
1
y= cost
4. PaccMoTpuM OOIIMIA CITydaid.
F(x,y,y)=0. (1.2)
a) Ilyctb ypaBHeHue (1.2) pa3peminMo OTHOCUTENBHO ), T.€. UMEET BHUL:
y="f(xy) (17.4)
Beenem napamerpsl
X=xy'=p.
Torpa
y="Tf(xp).
CnenoBartenbHO,
dy _of  of dp
dx ox op dx
WIn
j o, b
ox op dx
OTKyJa
»(x,p,C)=0.
Taxum 0Opa3oM, MOTYUNIH:
{co(x, p.C)=0,
y="f(xp).
0) Ilycte ypaBHeHue (1.2) pa3pemiiMo OTHOCUTENBHO ), T.€. UMEET BUJ:
x="1(y.y) (175)
BBenem napameTpsl
y=v:y'=p

Torma



x= f(y, p).

CnenoBatenbHO,
of
dx=—dy+—dp
oy 0
WIn
ok _df o dp
dy dy dp dy
WIn
1_o o dp
p o opdy’
OTKyJa
() (y! P, C) =0
Taxum 0Opa3oM, MOTydnITH:
{qo(y, p.C)=0,
x=1(y,p).
18. YpaBHenmue Jlarpan:xa.
VYpasuenue Jlarpanxa siBIsieTCsl YaCTHBIM ciiy4aeM ypaBHenus (17.4) u umeer BUL:
y =xp(y) +w(y’).
Bsenem napamerpsl
X=xXy'=p.
Torna
y =X@(p) +y(p).
Hanee
dy = @(p)dx + x@'(p)dp +y'(p)dp
WIn
d ., . d ., . d
= p(p)+x0(P) 2+ (p) D
dx dx dx
13RIV

p—0(p) = (x¢'(p) +w'(p))%-

I/I3 IIOCJICOHET O paBeHCTBa nonyqaeM:
dX / !
(p—co(p))d—p= x@'(p)+v'(p)

[TonyueHHoe ypaBHEHHE SIBJIIETCS JIMHEHMHBIM yPAaBHEHHEM IIEPBOTO IMOPSAKA, PEIICHUE
KOTOPOr'0 UMEET BUA:

o(x,p,.C)=0.

Taxum oOpazom, MOTYyUNIH:

{(p(xy p.C)=0,
y = X@(p) +w(p).



Cnyuyail, xorma p-—¢(p)=0 mnpencrasiaser coboil ypaBHenue Kiepo u Oyner

pPaccMOTpPEH HUXKE.

Ilpumep 18.1. Pemium ypaBHEHUE:

y=2xy'-y"”.
Bsenem napamerpsl

X=Xy =p.
Torna

y=2xp-p’.

Huddepenunpys, momrydum:
dy = 2 pdx + 2xdp —3p>dp

NN
ﬂ:2p+2x%—3p2%
dx dx dx
HNIn
2, dp
p=2p+(2x-3p°)—
dx
HNIn
—p=@x-3p) P,
dx
Takum O6p8.30M, l'IOJ'Iy‘lI/IJ'II/I ABa ypaBHeHHe
- p% =2x—3p?
dp
HNIn
p =0.
HepBoe ypaBHCHI/Ie, nepeHHcaB B BUJC
ox + 2i -X=3p
dp p

HMECT PCUHICHUC

|ni 2

2 2 1 3 C 3p
x=e P (C+|[3p-e"dp)=—(C+=p*)=—+
(C+[3p-e""dp) B Cr )=y

Taxum o6pazom, HoTydUIH

N3 paBeHcTBa

moJryqacM 4aCTHOC pCHICHUC



19. YpaBuenue Kiepo.
VYpaaenue Kiiepo sBiIseTCsl 4aCTHBIM Cily4aeM ypaBHEHHUs JlarpaH)ka u ©MeeT BUI:

y=xy'+w(y).
Bsenem napamerpsl
X=Xy =p.
Torna
y=xp+y(p).
Hamee

dy = pdx + xdp + '(p)dp

NN
dy .9 \dp
dx_p+xdx+W(p)dx

NN
, dp
p=p+(><+w(p))d—
X

NnIn

L xrp(pn =0,
X

OTKYJa, HJIn

_y
dx
501040
x+y'(p)=0.
B nepsomM ciyudae nosyyaem
p=C
TOraa
y=xC+y/(C)

— CEMEMCTBO MHTETPAIBHBIX IPSIMBIX.
Bo BTOpOM ciiydae penieHue onpeaenseTcss ypaBHEHUAMU:

{y=><p+t//(p),
x+y'(p) =0.

Ilpumep 19.1. Periim ypaBHEHHUE:
3

y=xy'-y".
BBenem mapameTpsi:

X=Xy =p.
Torna

y=px-p®.
Hanee

dy = pdx + xdp —3pdp

nJIn



NI

NI

OTKyaad, WA

dp _
ol
501041
x—3p? =0
B nepBoMm cirydae monyvyaem
p=C
TorAa
y=xC-C?

— CEMEHCTBO HHTCTPAJIbHBIX IIPSAMBbIX.
Bo BTOPOM ClIydac pCHICHUC OIIPCACIACTCA YPABHCHUSAMMU!

x=3p?,
y=xp—p°>=3p°-p°=2p’

Taxum 0Opa3oM, MOTydnITH:

y=xC-C?
W
x=3p?,
y=2p°.
Ilpumep 19.2. Peuium ypaBHEHUE:
y — Xy! _ y/2.
Beeaem napamertpbl
X=Xy =p
Tornma
y=px—p°
Hamnee
dy dp dp
—=p+X—-2p—
dx P dx P dx
WIH
dp dp
=p+X—-2p—
P=Pp dx P dx
WIH
(x-2p) P -0,
dx
OTKyJa

nin



dx
W
x—2p=0.
B nepBoM cinydae nosryyaem
p=C
TOrAa
y=xC-C?

— CEMENCTBO MHTErPaIbHBIX MPSAMBIX.
Bo BTOpOM ciyuae penieHue onpeaensiercs ypaBHEHUIMU

X=2p,
y=xp-p®=2p*-p’=p?
Otcrona nony4yaem

YZT-

Takum 06pa3om, MOTYUUIIH:
y=XxC-C?

NI

y-X
=

20. MeToa nmocieoBaTeIbHbIX PUOIUIKEHU .
Paccmotpum 3anauy Komu:
y'=f(xy), (1.3)
Y ey = Yo- (20.1)

WnTerpupys ypasuenue (1.3) nony4um:
jy'dx = _X[ f(x, y)dx,
WITN ) )
y(x) = y(%,) = j f(x, y)dx,
WIH, YYUThIBas paBeHCTBO (20.1), )
y(x) =y, + j. f(x, y)dx.

[TocnenoBarenbHble TPUOIMKEHUS CTPOUM CIIEAYIOLIUM 00pa3oM:



Yo(X) = Yo,

Vi (X) = Yo + [ £ Yo ())elx,

Xo

Yo () = Yo + [ (X ¥, ()

Xo

Yo (X) = Yo + [ F(X Yo 0 ()l

Xo

Takum 00pa3oM, MbI HOJYYMM TMOCIen0BaTeNbHOCTh GyHKIuU Yi1(X), Ya2(X), Y3(X),

Yn(X), ... .

Teopema. Tycts dyukiums f(X,y) HenmpepbiBHA B HEKOTOPOI OKPECTHOCTH TOYKHU (X, Y,) -

Torma 3 1im yp(X) = y(X) npu n—+oo, tae Gynkius y(X) Takosa, 4o,
y'(x) = f(x, y(x)),
Y e, =Y

Ilpumep 20.1. MeTo0oM MOC/I€0BATEIbHBIX NPUOIMKEHUHN pelInM 3a/1auy

y'=Y,
ylx:Ozl'
HNwmeewm:
yo(x) =1
yl(x):1+_|.f(x, yo(x))dx:1+Iy0(x)dx:1+fdx:1+ X,
0 0 0
X X X XZ
Y, () =1+ [ £ (% y,(9)dx =1+ [y, (dx =1+ [ 1+ X)dX =Lx+
0 0 0 :
X X X X2 X2 3
Y5 (X) :1+.(|; f(x,y,(x))dx :1+_(|).y2(x)dx :1+£[1+x+7)dx —1+X+E+§
X2 XS n n
1 [ T
Y. (X) =1+ X+ SRR Z(;

Taxum o6pazom, HoTydUIH
0 Xk .

lim (y, (x)) = Ilmz TP

Takum 06pa30M, MBI MOJIYYHJIN TOCJICAOBATCIBHOCTD HpH6J’IH)KCHHfI, npeaci KOTOpOf/'I

ects Qynkmua Y(X) =e”.

21. Metoa Jitaepa.
Paccmotpum nuddepenimanbHoe ypaBHEHHE IEPBOTO MOPSIIKA



y'=f(xy)
C Ha4YaJIbHBIM YCJIOBUEM
y |x:><O = yO '
Paccmotpum otpesok [a,b]. Tycts a=X.
Tornma

Y'(XO) = 1:(Xo; YO)
PaccMoTpuM mpsiMyro, TPOXOSIIYI0 Yepe3 TOUYKy C KOoOopauHatamu My (XO; yo), C
yrioBbIM Koddduumentom pasusiM Y'(X,) = T(X,;Y,) . YpaBHenue umeer Buj:
YYo= fF (X Yo)(X—%).
[Tycth (X1; Y1) HEKOTOpast TOYKA HA ATOM MPSIMOM, T.€.
Y = Yo + F (%05 Yo) (X = Xo)-
Ceituac pacCMOTPUM MPSIMYIO MPOXOASIIYIO Yepe3 TOYKY C KOOpAMHATAMHU M (Xl; yl) c
yrioBeiM kK0d(dunmentom pasabim Y'(X) = T(X;Y,). VpaBuenue umeer Bus:
Y=Y = T y)(x=x).
ITycTtb (X2; Y2) HEKOTOpPAs TOUKA HA ATOM IPSIMOM, T.€.
Yo = Yo+ £ 06 )06 —%).
[anee, paccMOTpUM MPSAMYIO MPOXOMSIIYIO YEPE3 TOUKY ¢ KOOpaAuHaTaMu Mo (Xz; yz) c
yrioBbIM K09 dunrentom pasabiM Y'(X,) = f(X,;Y,). YpaBuenue umeer Bus:
Y=Y, = f (Xz; yz)(x_ Xz) :
[Tycth (X3; Y3) HEKOTOpasi TOUKA Ha ATON IMPSIMOM, T.€.
Yo=Y, + T (X ¥.) (% = %,)
UT. I
TakuM 06pa3oM, Mbl TIOCTPOMM JIOMaHHYIO ¢ BepuinHamu B Toukax M, = (X;;Y,),
My =0 Y0) My =(%3Y,), My =(X3), ...
Jlomannyro MyM;M, M, ...0ynem Ha3bIBaTh TIoMaHHOW Dilsepa.
JIisi mocTpoeHusl JToMaHo# Diliepa Ha OTpe3ke [a, b] , OTPE30K JEeNAT Ha N PaBHBIX

Jacren.
b-a
Torga h = —— — miar pa3ouenus oTpe3Ka [a, b].
n

Ilycts
X, = &,
X, =X +h=a+h,
X, =X +h=a+2h,

X, =X_,+h=a+nh=Db

n

IMTocrpoum toukn My, M, M,,M,...M . Tlocrpoennyto somanyro Diinepa, 0003HaYMM

uepe3 Y, (X) .



Teopema. limy_ (x)=y(x), Tae Y(X) — pemleHHe 3aJaHHOTO YpPAaBHEHHS C 3aJaHHBIM
n—oo

Ha4YaJIbHBIM YCJIOBHUECM.

Ilpumep 21.1. Metonom Diinepa peninm 3aaavy:
y'=1,
y],o=0, xe[01]=[a,b].

[Tycts N =10. Umeem f(X,y)=1%,=0,y,=0,h= % Torna:

x——lx——2 x—gx—l
1007 1007770 107 T
CrnenmoBarensHO,

Y, =Y, +hf(X,, Y )_0+i'1_i

v 070 10 © 10’

1 1 2

=y, +hf(x,y,)=—+—-1=—,

Y, =Y +hf(x, ;) TRETIEET

2 1 3

=y, +hf(x,, =—4+—.1=—,

Ys =Y, +hf(X,,y,) TRETEET
9 1

=V, + hf (X, =—+—.1=1.
le y9 (9 yg) 10 10

Jlerko 3aMCTUTD, UTO ITOJYUCHHAs JIOMaHasA NpCACTABIISICT coboit OTPE30K HpHMOfI y=X.

22. MeToa HeomnpeaeaeHHbIX K03 PUIIHEHTOB.
PaccmoTrpum ypaBHEHME

a ()Y +a,(x)y = f(x).
[Tycts dyukmun a,(X),a,(X), f(X) MOXKHO pasnoxuTh B CTENEHHOW Psili B OKPECTHOCTH

TOYKH X, . Torma pemenue ypaBHEHHSI MOXKHO IIPEICTAaBUTh B BULEC

Y0 = C,(x-%,)".

Ilpumep 22.1. MetoaoM HEOIPeACICHHBIX KOY(POUIIUEHTOB PEIINM 3a7aqy
y'+2y=2-3X,
y(0) =0.

Peinenue 3a1aun 6y1eM UCKaTh B BUJIE CTENEHHOTO psijia
y(X) =C, +C,X+C,x* +...= iCnxn :
n=0
U3 nauansHoro yenosus Y(0)=0=C, =0.
y'(X) =C, +2C, X +3C,X* +...+ inCnx“’l = i(n +1)C, X"
n=1 n=0

IloacraBiss B YpaBHCHHE, ITOJIYUYNUM:



D ((n+1)C,,, +2C)x" =2-3x=2x" -3x" +0x* +...+0x" .

n=0
HpI/IpaBHI/IBaSI KOB(i)(bI/II_[I/IeHTLI IIpHU OIMHAKOBLIX CTCIICHAX, IMOJTYUUM:
n=0;C,+2C,=2=C, =2,

n=12C,+2C, =-3=0C, z—%,
2
n=23C,+2C,=0=C, :—ECZ,

n=34C,+2C,=0=C, :—%Cs,

nC,+2C, =0=C, ——2C

n n-1

n
T.€. IpH

Hrak:

T Ll 6 BT e e
n n n-1 n n-1 4 3 n-(n-1)-..-4-3

_ (_1)n2n—1 ‘CZ _ (_1)n2n & _ (_l)nzn (_Zj’

n! nt 2 n! 4
npu n>3.
Taxum oOpazom, nmeem:
C, < (-2 7., T&(29)" 7., 7 4x°
X) =C, +Cx+C,x* +—2 X"=0+2X—=X"—= ) +—" =2X—— X" ——(1-2Xx+—+
y(x) oty 2 5 nZ:; nl nZ:; n! 2 4( 2
+Z(_2X) )+Z—Zx+zx2 I 3y T
= n 4 2 2 4 2 4

Jlerko mpoBEpPUTH, UTO TOT KE PE3YJIbTAT MOTYIUM, €CJIU IPUMEHUM (POPMYITY IS
petieHus TuHeHHOTO AU(dHEepeHIINaTFHOTO YPaBHEHUS TIEPBOTO MOPSIIKA.
JleCTBUTENbHO, UMEEM:

3 3 7 3
=e*(C+ [ (2-3x)eZdx) =e P (C+e* —Zxe®* + =) =Ce > +——=x
y=e(C+[(2-3x)e™dx) =& ( : 7&%) 15

T.x. npu X=O:>y:O:>C:—£,TO

7 3 T 5
y=——=Xx—-—¢
4 2 4

JAu¢ppepenunaibHbie ypaBHeHHs N-r0 NOPSAAKA.
23. IudPepenunabubie ypaBHeHUs N-1o nopsiaka. Teopema CyliecTBOBaHUA U
eIMHCTBEHHOCTH peuienus. 3agaua Komu. [lonsitue 061ero pemexus.



Onpeodenenue. JluddepeHnuaabHbIM - ypaBHEHHEM N — TO TIOpsJAKa Ha3bIBAeTCA
ypaBHEHHUE BUJA:

FOGYVYL Y.,y y™) =0, (1.1)
rae Y =Y(X),y' =Y (X),...y* =y ().
Paccmotpum ypaBHenue (1), paspelieHHOE OTHOCUTENIBHO y(“) ,T.€. ypaBHEHHUE BUJA!

yO = f(xy,Y,....y" ), (23.1)
rae f—aro pynkmus (N+1)-ro nepeMeHHOTO.
[Tycth byHKIUSA f OIpesielieHa B HEKOTOPOU OKPECTHOCTH TOYKH
(n-1) m+1
(X0, Yo: Yor-- Yo )ER™.
Teopema (o cywiecmeosanuu u eOUHCMBEHHOCMU peuieHus oughghepenyuaIbHo20

ypasHnenusn N-20 nopaoka).
[Tycts nano auddepeHunansHoe ypaBHeHHE N-To MopsIKa

yO = f(xy,Y,....y" ), (23.1)
rae Y=Y,y =Y (¥),...y* =y (x).

IMyctb Touka M ; = (Xy, Yo, Vor---» yO(H)) e R™", a ynkius f HenpepblBHA B HEKOTOPO#
okpectHocTH Touku M, . ITycTs %,% ,%
Torna cymectByet pemenue ypaBHenus (23.1) y = y(x) takoe, 4to

Y lheer = Yor Y heex, = Yore - Y Lo = Yo

N TaKOC PCIICHNEC CANHCTBCHHO.

, e C{o(M,)}.

(n-1)

3aoaua Kowu.
Haiitu pemenue ypaBHeHHUs

yO =f(xyYy,....y" "), (23.1)
y = y(X), yIOBIETBOPSIOLIEE HAYAIBHBIM YCIIOBHSIM:
Yl = Yor ¥ by = Yore oo Y L = Yo' (23.2)

Onpeoenenue (06ue2o peuwienus oughgpepenyuanvhozo ypagnenus N-20 nOpAoOKa).
®Oyuxiio - @ =@(X,C,,C,,...,C,) OymeMm Ha3bBaTh OOIIMM pEIICHHUEM YypaBHEHHS
(23.1), ecnu:
1) npu kaxaom ¢pukcuposaniom C ,C,,...,C. dbyHkuus
p=¢(x,C,,C,,...,C.)
€CTh pelieHue ypaBHenus (23.1).
2) VX0 Yor Yor-- e yo(”_l) 3C,,,Cyp»- -, C,, Takue, uro:
?(X5,Ci0,C0,---,Cr0) = Yo,
?'(X6:C10:Cr0,--+:Cr0) = Yo,

" (X5,C10,Crps--,Cro) = Y.
Onpeoenenue. Pemenne @ =¢(X,C,,,C,y,...,C,) OymeMm Ha3bBaTh YACTHBIM

PEIICHUEM.



3ameuanue. OOmee pemieHrue — OOIMMNM MHTETpal, a YaCTHOE PEIICHHE — YaCTHBIN
uHTerpait. ['paduk pemieHus: — MHTErpaibHas KpUBasl.
Ilpumep 23.1. PaccMoTpuM ypaBHEHHE
yW — O
Oyukuus Yy =C, +C,X+C,X* sBisieTcst 06IMM PEIIEHUEM 3aJaHHOTO YPABHEHHS.
Haiinem pemenue, yaoBIETBOPSIOIIECE HAYAIbHBIM YCIOBUSIM:
’ 14
Xo=0,Yo =1y, =1y, =1.
Nmeewm:
X =0=C,+C,-0+C,-0=1,

y'=C, +2C;x,

X =0=>C,+2C,-0=1,
y"=2C,,

X, =0=2C, =1,

C,=1C, =1C, :%

1
CrnenoBarenbHo, GyHKIHS Y =1+ X+ 2 x? — 4acTHOE pelIeHue.

24. u¢depeHunaibHbIie YPABHEHUS, NONYCKAKIIHAE NOHUKEHHE OPSAIKA.
1. PaccmoTpum ypaBHEHHE BHJIA

y™ = f(x). (24.1)
HHH 3aaHHOT'0 YPAaBHCHUA JICTKO MOXKHO HalTH 06mee PCUICHUC, ITIOCIICAOBATCIIBHO
IMMOHMIKas NOPAAOK YPAaBHCHUS HA CAUHUILY. Nmeewm:

y® = f(x),
y™ = [ f(xdx+C,,

y? :j{[ f(x)dx}dx+Clx+C2,

Yoo =I{[{|'f(x)dx}dx}dx+clx—22+czx+c3,

Xn—2

Xn—l
y= J'{[{[ f (x)dx}...dx}dx+Clm+C2 m+...+cn.
Ilpumep 24.1. Perinm ypaBHEHHUE:
y"=0.
Nmeewm:
y”’ :J'de+Cl =C,;
y' =_|‘Cldx+C2 =C,x+C,;

2

y=C1%+C2x+C3.



2. PaccMoTpum ypaBHEHHE BUAA

f(X, y(k)’y(k+1)’.“1y(n)) :O (242)
BBeaeM HOBYIO HEM3BECTHYIO (DYHKIIHIO
y =z,
Tornma
y(k+1) —7
y(n) — Z(n_k),

" YpaBHCHHC IIPUMCT BHUI
f(x,22,...,2") =0
MMOPAA0K, KOTOPOT'O HHUIKC IMOpAAKA 3aIJaHHOTO YPABHCHUA.
Ilpumep. 24.2. PemiuM ypaBHEHUE:
A+x*)y"+y?+1=0.
BeneM HOBYIO QyHKIIHIO
y' =z
Torna
y'=1z
" YpaBHCHHC IPUMCT BUI
(L+x*)z'+2*+1=0.
[TonydyeHHOE ypaBHEHHE pELIACTCS METOAOM pa3eiieHHs NepeMeHHbIX. Tak, umMeem
dz ;== o > = arctg(z) +arctg(x) =arctgC, = z = €, —X .
1+z 1+ X 1+C,x

Taxum oOpa3oM, MOTy4HIH

, Ci—X
1+Cx’

Otcrona

C,—x C X C 1 1 1
= dx = L_dx— dx = L dx+| ————dx— | —dx=1+— [In(l+C,x
y -[1+Clx -[1+Clx J‘1+Clx J'1+Clx J.Cl(1+C1x) J‘Cl ( Czj (1+Cx)

1

—ix+C2.
1

3. PaccmoTpuMm ypaBHEHUE BHIA

f(y,y', y"’._.,y("))zo

PaCCMOTpI/IM YaCTHBIN cnyqaﬁ TAaKOr'o YypaBHCHUSA, a UMCHHO YPaBHCHUC

f(y,y,y")=0.
Brenem HOBYIO HEM3BECTHYIO ()YHKIIUIO
y'=p.

Torma



o d dy _dp
y—dx() ()Xdyp

Y ypaBHEHUE IIPUMET BUJL

f(y,p,p) =0,
,_dp
rae p=—.
p dy
Ilpumep 24.3. PemiuMm ypaBHEHUE:
yy/r+ yIZ —
BBeneM HOBYIO HEU3BECTHYIO (DYHKILIHIO
y'=p.
Tornma

v_dn_9d ydy_dp
y—dx(y) dy(p)dx dy

" YpaBHCHHC IPUMCT BUI

d
ypd—p+ p*=1.
y
Pasiensist mepeMeHHbIE, OTYYHM
ipz:ﬂ wm 1- p® =0.
1-p
Wrak:
P _ Y L p?)=iny+C, = Ind-pt) =S 1 p2 =S
1-p y 2 y
2 f—
Takum o6paszom, y* = y’ _2C1 wm Yy =+ Y -G, dy =+ y 2C1 :
y* y

WHTerpupys noiydeHHble ypaBHEHUS, 10JTy4aeM

i%:dx:idyz—q =x+C,.
y _Cl

C npyroii CTOpOHBI U3 paBeHCTBA 1— p2 =0 umeem y'=+1=y==+x+C.
Takum 006pa3om, MOTYYMITH PEIICHHsS 3aJaHHOTO YPaBHEHUS

+,y?-C, =x+C, u y=£x+C.
Ilpumep 24.4. Pemium ypaBHEHHE:

y'?+2yy' =0.
BBezeM HOBYIO HEM3BECTHYIO (DYHKIIHIO
y'=p
Torga
V=m0 =g (Y=

Y ypaBHEHHE NPUMET BU/JL



p2+2py3—p:0
y

Paspgenss nepeMeHHble, IOJIy4UM
dp
+2y—=0 wm p=0.
p+ey dy p

Hraxk:
2dp dy
-p y

Taxum oOpazom, MOTYyUNIIH:

ﬂ:i\/izh/_dy tdx = = (Cy)/ tx+C,

C nmpyroii ctopoHsl U3 paBeHcTBa p =0 umeeMm y'=0=y =_C.

= 2Inp= Iny+C:>Ini2:InCy:>i2:Cy:> p==+ /i
p Y Cy

Takxum 00pa3om, OTYUMITH PEIICHUS 3aIaHHOTO YPaBHCHHUS

%(Cy)% =+x+C,my=C.

25. JIuHeliHasi 3aBUCHMOCTb M He3aBUCUMOCTh (DyHKUMIA.
Onpeoenenue. Iycts Gynxuun Y, (X),Y,(X),...,Y,(X) ompenenenst ua orpeske [a,b].
CkaxxeM, 4T0 (YHKIMHU JTHMHEHHO 3aBUCHMBI Ha oTpe3ke [a,b], ecmu cymiecTByIOT MOCTOSIHHBIC

a,,Q,,...,Q, — HE BCC PaBHBIC HYIIIO, TAKHE, YTO BBIIIOIHSIETCS PABCHCTBO
oY, (X)+a,y,(X)+...+a,Y,(X) =0,Vx €[a,b] (25.1)
Ecnu paBercTBo (7) BBIMONHACTCS TOMBKO TPH Q) =, =...=&, =0, T0 QyHKIUH
Y. (X), ¥, (X),..., ¥, (X) HasbiBaroTcs nMHENHO HE3aBUCUMBIME Ha OTpe3Ke [a, b].
3ameuanue. Boipaxenue .Y, (X)+a,Y,(X)+...+a,Y,(X) Oynem HaspiBaTh JIMHEHHON
xombuHarmen pyukiuii Y, (X), Y, (X),..., Y, (X).
Hpumep 25.1. Oyuxnun 1, X, X?,..., X" qHHEiHO He3aBHCHMBI Ha oTpeske [a,0] = R.

JIeiCTBUTENBHO, IyCTh ()YHKIIMH JIMHEHHO 3aBUCUMBI. DTO 3HAYUT, UTO Iy, Ay, ..., O, —

HE BCE PaBHbIC HYJIIO TAKHE, YTO BBIMOJHACTCS PABEHCTBO
ayl+aXx+o,X* +...+a,x" =0,Vx e[a,b].

[TocnemHee paBeHCTBO MPOTHBOPEYHT OCHOBHOW Teopeme anreOpel. ClemnoBaTesbHO,
(GYHKIMY JIMHEWHO HE3aBUCUMBI.

Hpumep 25.2. Oyuxuun e,e, ... e k =k ,i

;1 J=12,...,n 1MHEHHO HE3aBUCHMBI HA

Jar000M oTpeske [a,b].

JleWicTBUTENBHO, yCTh (YHKIWW JHHEWHO 3aBucuMble. Torma Joy,a,,...,0, — HE Bce

n
PaBHBIC HYJIIO, TAKHUE, YTO HMECT MCCTO PAaBCHCTBO
e + e+ +a, e =0,vxe[a,b].

Ilycts «, # 0 PaSI[eJ'II/IB IIOCJIICAHEC PaBCHCTBO HaA ek1x IIOJIYyYHUM:
n B

—k;)x —kp)x

a, +a,e e p g et o |y g eleTWX =0,



[TpomuddepenimpoBaB MOIyIeHHOE PABEHCTBO, OJIYIHM:
a,(k, —k)e® ™ Lo (k, —k)e“™ ™+ +a, (k, —k )" * =0,vx e[a,b].
Pa3nenuB noaydennoe papeHcTBo Ha €2 momyunm:
a,(k, k) + o, (k, —k)e® ™+ +a, (k, —k)e" ™ =0,vx e[a,b].
[Mocne auddepeHIMpoOBaHus MOCIEIHETO PABEHCTBA, TOTYIHM:
ay (K, —k (K, —k,)e" ™ + o (k, —k)(Kk, —k,)e® ™ =0,vx e[a,b].
I[TpooKkas TOT MPOLECC, MOTYUHM:
a, (k. —k)(Kk, —k,)...(k, —k )" * =0,vx e[a,b]
T.x.
k,—k, #0,k, —k, #0,...,k, =k, #0,e%™* 20, vx e[a,b]

TO U3 MOCJICIHETIO PAaBCHCTBA CJIICAYCT, YTO

n H

4qTo IIPpOTUBOPCUYUT MMpCAITOJIOKCHUTO a, #0. CJ'Ie,ZLOBaTeJ'ILHO, (bYHKI_II/II/I JIMHEHHO

HC3aBUCHUMBIC.

26. Onpenenurenb Bponckoro.
Onpeodenenue. Iycts Gynximu Y, (X),Y,(X),...,Y,(X) onpenenens Ha otpeske [a,b].

Onpenenurenem Bpouckoro Gpynxuuii Y, (X), Y, (X),..., Y, (X) HassBaercs onpeneautens

Y1 Y -+ Y
ZA CONP
W () =WIyy, Yoo Yol =| ’
AR AR A
Hpumep 26.1. Tycts 3anansl Gynkiuu Y, (X) =1y, (X) =x,x €[a,b]. Torma
1 X
W(x)=‘ =1+ 0Vx e[a,b].
01
IIpumep 26.2. Tycts 3amansl ynximu Y, (X) =1, Y, (X) = X, Y5 (X) = x*,x €[a,b]. Torna
1 x x°
W(x)=|0 1 2x=2=0Vxela,b].
0 0 2

Hpumep 26.3. Tycrs 3amansl pyaxuun Y, (X) = X, Y, (X) = x*,x e[a,b] =[-11]. Toraa
X X
1 2x

2

W(x) = =X".

3amerum, uro W (x) =0 npu X = 0.

Teopema. Tlyctb pynxuuu Y, (X),Y,(X),...,Y,(X) nuneiino 3aBucuMbl Ha oTpeske [a,b].

Torma wux OIIPECACIIUTCIIb BpOHCKOI‘O TOXIACCTBCHHO PABCH HYJIKO Ha OTPC3KE [a,b], T.C

W(x) =W[y,,¥,,...,¥,]=0Vx e[a,b].



Hokazamenvcmeo. T.K. QyHKUUU JUHEHHO 3aBUCHUMBI, TO Jay,Q,,...,0, — HE BCE

n
paBHBIE HYJIIO TaKWeE, YTO

oY, (X)+a,y,(X)+...+a,Y,(X) =0,Vx e[a,b].

IIycts a, #0. Torma

a a, 2
Vo) ==y, 00 =2y, (X) —...——= Y, (X).
an an an
CrenmoBarensHO,
Y1 Y, Yn
’ 1 1
weo=| e o Nl
(n-1) (n-1) (n-1)
Y1 Y, Yn
a, a, a,,
y1 yz (__Y1__Y2_---_Lyn1]
an aﬂ aﬂ
a4y a, ]
iV SV Y Yy ~0
a, a, a, =Y,
(n-1) (n-1) a oy % () Ay (n-1)
Y1 yz __yl __yz _"‘_Lyn—l
aﬂ n aﬂ

T.K. IOCTICIHUN CTONOEI] €CTh JIMHEeHHAss KOMOMHALINS MTPEIbIAYIINX.
Teopema ookaszana.

27. JIuneiinblie 1udepeHnuaibHbIe ypaBHeHus: N — ro nopsaka. Teopema
CyLIECTBOBAHUSA M €IMHCTBEHHOCTH pPeLIeHHUs.
Onpeodenenue. YpaBHEHHE BUIA

a,(¥)y™ +a,(x)y"? +...+a,(X)y = f(x), (27.1)
rae Yy = Y(X), OymeM Ha3bIBaTh TMHEHHBIM TU(GEpEeHIIMATBHBIM YpaBHEHHEM N—T0 TOPSIIKA.
Onpeoenenue. YpaBHEHHE BUIA

a,(x)y™ +a,(x)y"? +...+a,(x)y =0, (27.2)
OyeM Ha3bIBaTh OJHOPOAHBIM JTMHEHHBIM AU (EPEHIMATLHBIM YPABHEHUEM N-TO MOPSIKA.
Bymem npenmonarath, uro &,(X)#0,Vxe[a,b]. Torma ypasuenue (27.2) MOKHO
HiepenucaTh B BUIE
vy +a, (x)y" P +...+a,(x)y=0 (27.3)

Teopema (cywiecmeosanua u eOUHCHIEEHHOCHMU DPEUWEHUs JTUHEUHO20 00HOPOOHO20
oughghepenyuanvnozo ypasnenus N — 20 NOpsaoKa).
[TycTts nano ogHOpOAHOE MHHEHHOE MU depeHITnaIbHOE YpaBHEHHE N-TO MOPsIKA

y® +a, (x)y" P +...+a,(x)y=0 (27.3)
[Tycts pyakuun &, (X),a,(X),...,a,(X) Henpepsieusl Ha oTpeske [a,b].

Torma VX, €[a,b] u Vy,, Y., yO(H) 3 pemienune ypaBHenus y = y(X) Takoe, 4To:



Y(Xo) =Y

! X — !
y'(Xo) = Yo (27.4)
y(nil) (Xo) = yo(n_l)

U TaKoe pellieHUe eMHCTBEHHO.
VYcnosus (27.4) Oynem Ha3blBaTh HauyalbHBIMU YCIOBUSIMMU.
3ameuanue. Oynxuus y(x)=0 SABISETCA PELUICHUEM OJHOPOJHOIO JIMHEHMHOTO

QG epeHIaIbHOr0 YpaBHEHUS, YIOBIETBOPSIONIAs HYJIEBbIM HAUYaIbHBIM YCIOBHSM.

28. OxHopoaHble JinHelHbIe TU(PepeHInATIbHbIE YPABHEHUS N — 0 MOPAIAKA.
CsoiicTBa.

Oéosnauenus: L[y]=y® +a,(x)y"™" +...+a, (X)y
Ceoiicmea:

1. L[Cy]=CL[y]

Cneocmeue. Eciiu L[y]=0= L[Cy]=0

2. LIy; + ¥,1= LIy 1+ LIy, 1.

Cneocmeue. Ecnn L[y, ]1=0,L[y,]=0= L[y, +V,]=0

s U3 ey, |- Se )

Cneocmeue. Ilycts L[y, ]=0,i =12,...,n. Toraa L{Z“Ci yi} =0.
i=1

4. Ilyetp LIU(X)+iV(X)]=0, toe U(x) u V(X) AeHCTBUTENbHbIE (QYHKLHUU
IIEPEMEHHOM X.

Torna L[U(X)]=0 1 L[V (x)]=0.

JlercTBUTENbHO,

LU +iV]=L[U]+IiL[V]=0= L[U]=0u L[V]=0.

5.Teopema. Tlycts Gyukimu Y, (X), Y, (X),..., Y, (X) sBisrorcs JUHENHO HE3aBUCHMBIMU
PEIEHUSMH  OJHOPOAHOIO JIMHENHOro aud(hepeHInanbHOro ypaBHEHHs N-TO TOpAIKa Ha
orpeske [a,b]. Torna onpenenurens Bporckoro ¢pyukuuii Y, (X), Y, (X),..., ¥, (X) He paBeH Hyir0
HH B OJTHO# TOUKe oTpe3ka [a,b].

Jokazamenscmeo. Ilycts onpenenurens Bpouckoro dyakuumit Y, (X),Y,(X),...,Y,(X)

paBeH HYJI0 B HEKOTOPOU TOUKE X, , T.€.

¥1(%o) Yo(%) oo Ya(Xo)

yi(%) Yo%) o YalXo)

W(x,) = =0.

V%) V() e Vel (%)

PaccMoTpuM OTHOPOJIHYIO CHCTEMY JINHEWHBIX YPABHEHH:



oY, (X)) +a, Y, (X)) +...+a, Y, (%) =0
a Y, (X)) +a,y, (X)) +...+a Yy (X,) =0
1J71\0 22\ nJn\"™0 (281)
(n-1) (n-1) (n-1)
ay, (%)Y, (X)) +..+a Y, (X,)=0
T.€. OAHOPOJHYIO CHCTEMY OJHOPOIHBIX JIMHEHMHBIX YPAaBHEHUN OTHOCUTEIBHO HEU3BECTHBIX

oy, Q,,...,a,. Onpeaenurenb 3TOM cUCTeMBbl sBIseTCs ompenenuTeneM BpoHckoro ¢yHkuui

Y, (X), ¥, (X),..., ¥, (X) B TOUKE X0, T.€. ONpPEENTUTEND

Yi(%o) Vo) o Ya(%)
H(x 5 (X L (x
i) Y2 (%) Ya (%) W (x,)=0.

(n-1) (n-1) (n-1)
Yoo (%) Yo (%) o Ve (%)

CrnenmoBarenbHO, pPACCMOTPEHHAsh CHCTEMa HWMEET HEHYJIEBOE  peIleHHe, T.C.
da,,a,,...,a, He Bce paBHbBIE HYIIO, SIBIIAIONIMECS pelieHneM cuctems (28.1).

PaccmoTpum dyHKIHIO

y(X) = Y1 (X) + @, Y, (X) +...+ a, Y, (X).

C oxmoii cropoHbl, GyHKIms Y(X) pemeHue ypaBHenus (27.3), a ¢ apyroil CTOPOHBI
byHkims Y(X) yaoBieTBOpsieT B CHIy cuUCTeMbl (28.1) Hy/leBbIM HaYaabHBIM YCIOBHSM H
CIIE/IOBATENILHO B CHITY TEOPEMbBI eIMHCTBEHHOCTH yHKIHs Y(X) =0 Ha oTpeske [a,b] T.e.

oY, (X)+a,Y,(X)+...+a,Y,(X)=0,Vx e[a,b].
T.x. He Bce &y, Q,,...,&, PaBHBI HYJIO, TO MIOCIEAHEE PABEHCTBO O3HAYAET, YTO (PYHKIHH

Y, (X), Y, (X),..., ¥, (X) nuHelHO 3aBUCUMBI, 4TO TIPOTUBOPEYHUT YCIOBHIO TEOPEMBL.

Teopema ooka3zana.

29. CTpykTypa 001mero pemeHus 0AHOPOIHOIO JIHHEHOro ¢ depeHnnaJIbLHOro
YPaBHeHHS N-TO0 MOPAIKA.
Teopema. Ilyctb naHO OAHOPOJAHOE JIMHEHHOE nuddepeHaNIbHOE ypaBHEHUE N-TO
nopsiKa
y® +a,(x)y"P +...+a,(X)y=0 (27.3)

[Mycte pyukuuu a, (X),a,(X),...,a,(x) € C[a,b].
[Mycte pynkmuu Y, (X),Y,(X),...,Y,(X) — nuHeliHo He3aBHCHMBIE pEIICHUS YPABHEHUS
(27.3). Torga @yHkuus
y(x) =Cy, () +Coy,(x) +...+ Cy, (X) (29.1)
sBIseTcss OOWMM pelieHneM ypaeHemus (27.3), T.e. VX, €[a,b] u Wy, y.,....y," > €R"

1C,,.Cy,...,C,,  Takme, uTO dyuakmmst  Y(X) =C, ¥, (X) +Cyoy, (X) +...+C oY, (X)

YAOBJICTBOPACT HAYAJIbHBIM YCJIOBHUAM:
_ ’ ' (n-1) —
ylx:xo_yO’y |x=x0_y07"'7y |x=x0_y0

Joxazamenvcmeo. Tx. oyuxkumu Y, (X),Y,(X),...,¥,(X) - nuseliHO He3aBUCHMBIE

(n-1)

petieHus ypaBHeHus (27.3), To uX TUHEHass KOMOWHAIMS TOXe pelieHne ypaBuenus (27.3), 1.e.
byHKIIAS



y(X) =C.y:(X) +C,y,(X) +...+C,y, (X)
pemienue ypaBaenus (27.3).

Ocranocs mokasate, uto VX, €[a,b] u Wy, yi,....y," > €R" 3C,,Ch...,Cpo.
nocrosiuble, Takue, 4ro ¢ynkmus Y(X) =C, Y, (X)+C,,y,(X) +...+C oy, (X) ynosaerBopsier
YCIIOBUSIM

Cloyl(xo) + Czoyz (Xo) +...t CnO Yn (Xo) =Y

Cio¥1(Xe) +Coo¥2(Xo) +...+Cro Y (%) = Yo (29.2)

(n-1)

(n-1) (n-1) (n-1)
CiuoYr (X)) +Chy, (X)) +---+Co¥y (%) = Yo
Onpenenuresb 3TOW CUCTEMBI

Yi(Xe) Yo(Xo) oo Ya(Xo)
Vi(Xo) Yi(Xo) .. yn(Xo)
vy, YT (%)

ABJISICTCS  ONpenenuresieM  BpOHCKOro i JIMHEMHO ~ HE3aBUCHMBIX  PELICHUI
Y. (X), ¥, (X),..., ¥, (X) ypaBuenus (27.3). T.k. onpeznenuresb BpOHCKOro HUIZE HE PaBEH HYIIIO,
To cucrema (29.2) umeer equncteenHoe pemienue C,y,C,q,...,C ;.

Teopema ooka3zana.

Onpedenenue. Jluueiino uesapucumpie pemenust Y, (X),Y,(X),..., Y, (X) Oyaem HaspiBath

dbyHIaMEHTAIbHOW CUCTEMOM pelieHnit ypaBHeHus (27.3).
Cneocmeue. Y ypaBHeHus (27.3) MakcUMalbHOE YHCIO JIMHEHHO HE3aBUCHUMBIX
peleHui paBHo N.

Teopema. ITycts nano nuueitHoe nuddepeHnaibHoe ypaBHEHHEe N-T0 MopsIKa

y® +a,(x)y" P +...+a, (x)y =0, (27.3)
rae a,(x),a,(x),...,a,(x) e C[a,b].
IlycTs
vy +b,(xX)y"P +...+b (X)y =0, (29.3)

nuHelHoe muddepermanpHoe ypasHenue N-ro nopsaka, rae b, (x),b, (x),...,b, (x) € C[a,b].
[Mycte pyuxuuu Y, (X),Y,(X),...,Y,(X) obpasytor pyHmaMeHTaIbHYIO CHCTEMY pELIEHHI
Jutst ypaBHeHui (27.3) u (29.3).
Torma & (X) =b,(x),a,(X) =b,(x),...,a,(x) =b,(X)Vx [a,b]
Jlokazamenvscmeo. BorureMm u3 ypaBHenus (27.3) ypasaenue (29.3). Iomyuum:
(8,00 B, (Y™ + (8, () b, ()Y +...+(8,(0-b, )y =0 (294)
T.x. dyakimu Y, (X),Y,(X),..., Y, (X) sBastoTcs NMHENHO HE3aBUCUMBIMU PEIIECHUSIMH

ypaBHeHMi (27.3) 1 (29.3) To OHU SABIAIOTCS JIMHEHHO HE3aBUCUMbBIMH PELICHUSIMUA U ypaBHEHUS
(29.4).

Iycts  3X, &, (X,) #b,(X,), Te.a,(X,)—b(X,)#0. Tak kak ¢ynkuuu a(x) u b(x)
HENPEPBIBHBL, TO  CYHNIECTBYET  OKPECTHOCTh  Toukd X, —  O(X,)rakas, uto0

a,(x) —b,(x) = 0Vx € O(X,).



CnenoBatenbHo, ypaBHeHHEe (29.4) mopsaka N—1 umeeT N JIMHEHHO HE3aBUCHUMBIX
pELIEHU, UTO TPOTUBOPEUYUT CieACTBUIO0. Clie10BaTENbHO,

&, (X) =D, (x), 8, (x) =b,(x),....a,(x) =b, ().

Teopema ooka3zana.

30. ®opmyaa JIuroBuiisa — OcTporpaackoro.
ITycTh JaHo ypaBHEHHUE

y® +a,(x)y"P +...+a,(X)y=0 (27.3)
Iycts Y, (X),Y,(X),...,¥,(X) — dynnamenranbhas cucrema pemenuid. Ilycts Y(X)

poM3BOJIbHOE perieHne ypasaenus (27.3). Torma ¢ynkmmu  Y(X), Y, (X),Y,(X),...,y¥,(X) —
JMHEWHO 3aBUCUMBI. DTO 3HAUUT, YTO ONpPEACTUTENs BpoHCKOTro 3THX (PyHKIIHIA

Yi Yo o Vi y
Yi Yo - Y y'
WY, Yoreen Yo YI=1 - =0. (30.1)
yl(n—l) yz(n—l) yn(n—l) y(n—l)
A A " y®

Y1 Y, Yn
Y1 Yo o oo Vi
" =Wy, Y,,..., Y, ]1# 0Vx e[a,b],
(n-1) (n-1) (n-1)
Y'Y, Yo
T.x.
Y Yo oo Ya 78N R A
yo /A R £ o i Y Yoo, 1o
28NS PR A AR AL A
TO TIOCJICOHEC PAaBCHCTBO
MOXXHO 3aIIiucaTh B BUJIC:
Y1 Y, Yn
Y1 Y - Yn
(n-2) (n-2) (n-2)
Yoo Yo e Y
(n) (n-1) (n)
y® — 2 Y e yO D 4 =0
WLY;, Yareeen Yal

®yuxiyn Y, (X), Y, (X),..., ¥, (X) sBasiorcs pemenusmMu ypasHeHuii (27.3) TO cOriacHo
IpebIIYILENd TEOPEME CIIEMYET, YTO



= a'l(X)

yl y2 yn
Yi Y2 Yo
yl.(;li2) yz(n—Z) yn(n—Z)
yl(n) yz(n—l) yn(n)
WIY; Youeens Yal
T.k.
Y1 Yo
Yi Y2
Wy, Yoo Yol =] o
yl(n*2) yZ(YFZ)
A
TO paBeHCTBO (30.2) mpUHUMAET BUT
- VL’ =a (X)
W
WA
aw _ —a, (x)dx.
WuTerpupys moxy4eHHOe ypaBHEHHUE, TOJITyYUM
InW =—[a,(x)dx+C
WIn

[TonydyenHnoe paBeHCTBO Ha3bIBaeTCs hopmMynoil JIntoBuiis — OcTporpaickoro.

W :W(xo)efjal(x)dx.

Y

(n-2)

Yn
Yn

Yn

!

(30.2)

3ameuanue. Ecnu nana ¢pyHaaMeHTalbHasi CUCTEMa PEILICHUH OAHOPOAHOrO JTMHEHHOTO
muddepeHIManbHOr0 ypaBHEHUs N-To mopsanaka, To paBeHCTBO (30.1) maer BO3MOXKHOCTH

BOCCTAHOBUTH 3TO YPABHCHUC.

Hpumep 30.1. Tlycte N=2,y,(X) =€, y,(X) =e”. Torna umeem

—X

e
—e*
g

NI

X

€
e
€

X

X

y

y'|=y"-2-y"-0+y-(-2)=0,

"

y

y!!_

y=0

ypaBHeHue, s kortoporo ¢ymkuuum Y,(X)=e,y,(X) =" o0pasyloT (yHIaMEHTaIbHYIO

CUCTEMY.

C nomompio ¢opmynsl JluroBumis — OcCTporpajackoro MOXHO TOHU3UTH TMOPSI0K

G depeHIMaTBEHOTO YPaBHEHHUSI, €CJIM U3BECTHO €T0 pelIeHHUE.
Ilpumep 30.2. IlycTb 3a1aHO ypaBHEHHE

y"+a,(x)y' +a,(x)y =0.

[TycTh u3BeCTHO, YTO PyHKIHUSA Y = Y1(X) pelIeHue 3aJaHHOTO YPaBHEHHUSI.
Torna, ecnu Gpyukuus Y = y(X) — penieHre 3aaHHOTO YPaBHEHHSI, TO



ay (x)dx

W = Cze_I :

T.x.
Yo Y b
W(X): l, ,‘:yly -Yiy,
Y. Y
TO
, , —| a (x)dx
Y.y _yly:CZe '[ )
nJIn

!

VY =Yy C, fawex [y S ECLI o fawe
RV Rd b :Czizjfzcﬁ'czjizdx
yl yl yl y1 yl yl
OTKYZIa IIOJy4aeM, 4TO

—_[al(x)dx
€
y:C1y1+C2 I‘zdx Vi

1

o0lIee penieHue 3aJaHHOT0 YPaBHEHHUS.
Ilpumep 30.3. I1yctb 3a1aHO ypaBHEHUE
y"—3y'+2y=0.
Jlerko npoBeputh, uto GyHKuUs Y, (X) =€ ABIsSeTCs peleHneM 3aJaHHOTO YPABHEHHS.

[Tycts pynkuus y = y(X) peleHue 3aJaHHOTO ypaBHEHUs. Toraa, T.K.

y

X !

X

W(><)=e =e'y' —e’y,

TO, coraacHo ¢opmyite JlnroBuimiss — OcTporpaackoro
—| -3dx
e'y'—e*y=C,e J

niIn

!

ey’ —e*y e y . Y » »
T:CZ = :{e—xj =C,e :>e—X:C1+Czje dx=C, +C,e".

Taxum oOpa3oM, nmonydniu oOlee perieHne 3a1aHHOr0 YpaBHEHUs
y=Ce* +Ce”.
Ilpumep 30.4. ITyctb 3a1aHO ypaBHEHHE
y"+y=0.
Jlerko mposeputh, uto (yHkimsa Y,(X) =COSX sBuseTcs pENIEHHEM 3aJaHHOIO
YPaBHEHHS.
ITycts pyHKIus y = y(X) pelieHue 3aJaHHOTrO ypaBHeHus. Toraa, T.K.

COS X
W (x) = y, =y'CoS X+ ysinx,

—sin x

TO, coryiacHO popmyie JInroBuiuist — OcTporpaackoro
y'cosx—y(-sinx) C,
cos’ x cos’ x

nin



cosx,) cos®X  cOSX
Takum 006pa3om, MoOTydnsIN o0IIee pelIeHrne 3aIaHHOTO YpaBHEHUS
y=C,cosx+C,sinx

[ y j_ C, = y =C,+C,tgx = y=C, cosx+C, sinx.

31. JIuHeiiHbIe OTHOPOJAHbIE YPABHEHUS N — 0 MOPSAAKA ¢ MOCTOSIHHBIMH
K03 puumeHTamn.
PaccmoTpuM oiHOpOIHOE JIMHEMHOE ypaBHEHUE N—TO MOPSAKA:

y® +ay® +a,y"? +...+a,y=0, (27.3)
e a,;,a,,...,a, —const
bynem uckartp pemenue ypaBaeHus (27.3) B Buze:
y=e",
Torma Yy =ke®,y" =k%e™, ...,y =k e y™ = k",
Hoxncrasmsis GyHKImO Y = €% ¥ ee mpou3BoHbIe B ypaBHEHHE (27.3), HOMYIHM:
k"e® +ak"e™ +a,k"%e +...+a,e* =0.
Tak kak e = 0 m1g mo6oro 3HaYeHUs X, TO, COKpallas MOCJIeJHee PaBEeHCTBO Ha e,
MOJTYYUM:
k" +ak" +a,k"*+...+a, =0 (31.1)
VYpauenne (31.1) OymeM Ha3bIBaTh XapaKTEPUCTUYECKUM YpPAaBHEHHUEM YpPaBHEHHUS
(27.3). KopHu XapakTepuCTHYECKOTO YypaBHEHHsS OyleM Ha3blBaThb XapaKTePUCTUUYECCKHUMHU
yuciaamu ypaBHenus (27.3).

[Ipu pemiennu xapakrepucTuueckoro ypaBHeHus (31.1) BO3MOXKHBI Cllydau:

1. Bce kOpHUM XapaKTEpUCTUUYECKOTO YPaBHEHUS JCHCTBUTENbHBI U PA3TUYHBIL.

2. Cpemu JACWCTBUTENBHBIX KOPHEH XapaKTePUCTHUYECKOTO YpaBHEHHS HEKOTOPHIE
KOPHHU KpaTHBIE.

3. Cpenu KopHEH XapaKTePUCTHYECKOTO YPAaBHEHHSI €CTh KOMIUICKCHBIC KOPHH.

PaccMoTpuM Kakablil U3 3TUX CIy4aeB B OTAEIBHOCTH.

1. Bce kopHM XapaKTepuCTUYECKOTO YPAaBHEHUS ACHMCTBUTEIbHBI U PA3JINYHBL.

Nmeem, yTo KOpHH
K Kyyoon Ky € Rk 2k i j=12,...n.
Torna pynkuuu
y1 — eklx, yz _ ekzx,”" yn _ eknx
SBIISIIOTCS JINHEHHO HE3aBUCHUMBIMH pelIeHUsIMU ypaBHeHud (27.3). CienoBarenbHO, COrJIaCHO

TEOpeMe O CTPYKType peIIeHUs OJHOPOIHOrO JIMHEHHOro au¢@depeHIuarIbHOr0 ypaBHEHHUS,
uMeeM, 4yTo QyHKIuUs

y=C.e" +C,e"* +.. . +C "
rae C,C,,...,C npou3BobHbIE NOCTOSHHBIE, OOIIEE PENIEHNE ypaBHEeHus (27.3).

Hpumep 31.1. Petiim ypaBHEHUE
y"—=3y'+2y=0.



XapaKkTeprucTUIeCKOe ypaBHEHUE 3aJaHHOTO YPAaBHEHUSI UMEET BU/
k? -3k +2=0,
KOPHHM KOTOPOT'O COOTBETCTBEHHO PaBHbI
k =Lk, =2.
CrenoBarenbHO, 00IIee pelICHNE 331aHHOTO YPaBHEHUS UMEET BUJL
y=C,e* +C,e*
Ilpumep 31.2. Pemium ypaBHEHUE

L4 ’
y"—-y =0.
XapakTepucTUIeCKOe ypaBHEHUE 33/IAaHHOTO YPaBHEHUSI UMEET BU/T
k®-k=0,

KOpHH KOTOPOI'0 COOTBECTCTBCHHO PAaBHLIL
k,=-Lk =0,k =1.
CJIeI[OBaTeJIBHO, 06mee PEIICHUC 3aJaHHOT'O YPABHCHHUA UMCCT BUJ
y=Ce " +C,+C,e"

2. Cpenu AeMCTBUTENBHBIX KOPHEH XapaKTepUCTHMUYECKOTO YPaBHEHHUS HEKOTOpHIE
KOPHH KpaTHBIE.

[Tycth KOpeHb K; MMeeT KpaTHOCTh ;.
Eciu k=0, To XapakTepuctiuieckoe ypaBHEHHE MOXKHO 3aIIKCaTh B BUJIE:
a; n—g; n-1-¢; _
K (k™ +ak +...+a,,)=0
T.€. ypaBHeHue (27.3) umeer BUI:

y® +a,y" P+ +a,, ¥y =0

;-1

2
Jlerko mpoBeputh, uto ¢GyHkmum 1, X, X°,...,X SABISIFOTCST  PCHICHUSIMM  DTOI'O
YpaBHCHUS.

CnenoBarenbHo, npd KopHe K, =0 ¢ KparHOCTBIO ¢, WMeeM, YTO (YHKIUH

1L X, X%,... X% _1pemeHH;{ ypaBHeHus (27.3).

Ilpumep 31.3. Pemium ypaBHEHUE
v "
y  —y"=0
XapakTeprucTUIeCKOe ypaBHEHUE 3aJJaAHHOTO YPAaBHEHUS UMEET BH/T
k*-k?=0,
KOPHH KOTOPOTO COOTBETCTBEHHO PaBHBI
k, =-1k, =0,k; =0,k, =1
CrnenoBatenbHO, 0011I€€ PEIICHHE 3aJaHHOTO YPaBHEHUSI HIMEET BUJ]
y=Ce " +C,+C,x+C,e"
B ciyuae, korga k #0 — 1o ¢ momomisro 3aMeHbI
y — ekix 7
MPHUXOJIUM TOJIBKO YTO PACCMOTPEHHOMY CITyYaro.
Ilpumep 31.4. Pemum ypaBHEHHE
y”"—-3y"+3y'—y=0.

XapakTeprucTUYECKOE YPaBHEHHUE 3aJaHHOTO YPAaBHEHUS UMEET BU/T

"



k®—-3k*+3k-1=0

N
(k-1)°=0,
KOpHH KOTOPOI'0 COOTBECTCTBCHHO PAaBHLIL
k, =k, =k, =1.
BBC,I[CM HOBYIO (1)}7HKHI/II-O Z C IOMOIIIBIO IMOACTAaHOBKH
y=e"z.

Tornma
y'=ez+e"2' =e"(z+72),
y'=e*(z+27'+17"),
y
HOI[CTaBJDISI B YpaBHCHUC, TOJTYYUM
e*(z+32'+32"+27"-32-62'-32"+32+32'-2) =0

m

=e*(z+37'+32"+2").

WA
2" =0.
XapakTepucTUYecKoe ypaBHEHNE 3aJJaHHOI'O YPABHEHUSI UMEET BU/]L
I°=0
KOPHH KOTOPOTO COOTBETCTBEHHO PaBHbI
lL=1,=1,=0

CrnenoBarenbHO, QyHKIINH
2, =1,2, = X,2, = X°
SIBJISIFOTCS INHEIHO HE3aBUCUMBIMU PELICHUSIMHU YPaBHEHHUS
2" =0.
Torna pynkuun
Yy =€y, =xe",y; = x’e”
SIBJIISTIOTCS JIMHEHHO HE3aBUCHUMBIMH PEIICHUAMA YPABHCHUA
y"—-3y"+3y'—y=0
¥ o0I1iee pereHne 3aJaHHOT0 YPaBHEHHSI UIMEET BH
y=C.e* +C,xe* +C,x%e",

Takum o6pasoMm, ecau K, sBIsSe€TcSs KOPHEM XapaKTEPUCTHYECKOTO YpPaBHEHHs

KpPaTHOCTU &, TO GYHKLIUHU

a; 1. k;x

eh* xehi* ... x4 e

SBIISIIOTCSI TIMHEWHO HE3aBUCHMBIMH pelleHUsIMU ypaBHeHus (27.3).



Ilpumep 31.5. Pemium ypaBHEHUE
y" —3y"+3y" -y =0.
XapaKkTepuCcTUIECKOe YpaBHEHHE 33 JaHHOTO YPaBHEHUS UMEET BU
k*—-3k®+3k?’-k=0
WIH
k(k-1)° =0,
KOPHHU KOTOPOTO COOTBETCTBEHHO PABHBI
k, =0k, =k; =k, =1.
CrnenoBarenbHO, QYHKIHS
y=C, +C,e* +C,xe* +C, x’e*
SBIISIETCS PEUICHHEM 3a/IaHHOTO YPaBHEHHS.

3. Cpe,Z[I/I KOpHeﬁ XAPAKTCPUCTHYCCKOT'O YPABHCHUS €CTh KOMIIJICKCHBIC KOPHH.
Tak kak KOPpHHU - KOS(l)(bI/IHI/IeHTH XAPAKTCPUCTHYICCKOI'0 YPAaBHCHUS ITPCAIIOIATratOTCA

JENCTBUTENBHBIMH, TO KOMITJIEKCHBIE KOPHH XapaKTEPUCTUUYECKOTO YPABHEHHUS MOTYT MOSBUTHCS
TOJIBKO CONpsDKEHHbIMM mapamu. T.e. ecimm kK=« +if - KOpeHb XapaKTEpUCTHYECKOIO

ypaBHeHHs, TO K = o — i3 - TOXEe KOPEHb XapaKTEPUCTHUECKOTO YPaBHEHHUSI.

ITape xommiekcHbBIX KOopHeH K =a+iff U K=a—if COOTBETCTBYIOT KOMIUIEKCHBIE

peueHus

el A% = ™ cos A + ie™ sin X

el % — g™ cos A —ie™ sin X .

Takum o00pazom, mape KOMIUIEKCHBIX CONPSKEHHBIX KOPHSIM COOTBETCTBYIOT JBa
JICHCTBUTEIIBHBIC PEIICHUS e” cos PX n e”sin X, KOTOpbIE SBIISFOTCS IMHEHHO HE3aBUCHMBIMU

pelieHusMu ypaBHeHus (27.3).

Ecnu xommuiekcHble KOpHH K = +if U K =a —if XapakTepucTU4eCKOro ypaBHEHHUs

KpaTHbIE, KPATHOCTH M, TO QYHKIIUH
e cos A, xe™ cos fx, x°e™ cos /X,..., X" e™ cos X,
e”sin A, xe™sin fx, x*e™sin A ,..., x"'e* sin fAx

00pa3yroT CUCTEMY JTMHEHHO HE3aBUCUMBIX PEIICHUN U3 2 M-perieHui.



Ilpumep 31.6. Petium ypaBHEHHE
y"+y=0.
XapaKkTeprucTUYECKOe ypaBHEHUE 3aJJaHHOTO YPABHEHUS UMEET BUJL
k?+1=0
KOPHHU KOTOPOTO COOTBETCTBEHHO PABHBI
k, =—i,k, =1.
T.X. 0=0 u f=1
CrnenoBartenbHO, (PyHKIHS
y=C,cosx+C,sinx
SIBIISICTCS PEUICHUEM 33/IaHHOTO YPaBHEHHUS.
Ilpumep 31.7. Peuium ypaBHEHUE
y'—4y'+8=0.
XapakTepucTUIeCcKoe ypaBHEHUE 33JaHHOTO YPAaBHEHUSI UMEET BU/
k? -4k +8=0,

KOpPHH KOTOPOI'0 COOTBETCTBCHHO PaBHLIL

T.K. 0=2 1 =2
CrnenoBarenbHO, QyHKIHS
y =C,e”* cos 2x + C,e** sin 2x

ABJIACTCA pCHICHUCM 3aIaHHOI'O YPABHCHUS.

32. HeonHopoaHble JTMHeliHbIe yPABHEHUsI N — IO MOPS/IKA.
Memoo sapuayuu npou3eonbH020 NOCMOAHHOZ0.

Paccmotpum ypaBHEHHE
YO +a, ()Y +a,()y" +.. 48, (X)y = f(X),

x € [a;b}

(32.1)



VYpaBuenue (32.1) OyneM Ha3bIBaTh HEOJAHOPOIHBIM JIMHEHHBIM ypaBHEHHEM N — TO
MOPSIKA.

3nech &,(X),a,(X),...,a,(X), f(X) Gynxuuu onpenenennsie na orpeske [a,b].
Benem o0o3HaueHue:

LIyl=y®™ +a,(x)y"™ +a,(x)y"? +...+a,(x)y.
Teopema 1. Tycts L[y,1=0 u L[y ]= f(X). Torna L[y, +y']= f(X).
Teopema 2. Nycrts L[y, ]= f,(X),L[y,]= f,(X). Torma L[y, +Yy,]= f,(X)+ f,(X).
Teopema 3. Ilycte L[u]=U,L[v]=V. Torma L[lu+v]=U +V .

Teopema (0 cmpykmype o6uiezo peuienus HeOOHOPOOHO20 TUHEHHO20 YPAGHEeHUA N-20
nopsoka).

[IycTh 1aHO HEOTHOPOAHOE JINHEHHOE YpaBHEHUE N-TO MOpsJIKa

vy +a,(x)y" P +a,(x)y"? +...+a, (x)y = f(X). (32.1)
[Tycts pynkuun &, (X),a,(X),...,a,(x) € C[a,b].

[Mycts Gpyukiun Y, (X), Y, (X),..., Y, (X) — muHeliHO He3aBUCHMBIE PEIIECHUS OJIHOPOIHOTO

ypaBuenust L[y]=0, a dyukumst Y (X) HekoTopoe wacTHoe pernenme ypasrenmsi L[y] = f(X).
Toraa oOmiee pemenue ypaBHenus (27.3) umeer BUa

y(¥) =C,y1 () +C, ¥, (¥) +...+Coy, () + Y (X).

Ota TeopeMa JoKa3bIBAETCs AaHATIOTUYHO TEOPEMBI O CTPYKTYpe OOIIEeTo pereHHs
OJIHOpOAHOTO Au(depeHIInaTbLHOTO YpaBHEHUS N-TO MOPSIKa.

Z[J'ISI HaxXOXJACHUS YaCTHOTO PCIICHHA HCOAHOPOIAHOTO JIMHEMHOT O YpaBHECHHSA N-TO
nopsaaKa UCIOJb3YHOT MCTOA BapHUall IPOU3BOJIBHOI'O ITOCTOSHHOTO.

[TycTh nano ypaBHeHuE

vy +a, (x)y" P +a,(xX)y"? +...+a, (X)y = f(X). (32.1)
Iycte  Y,(X),Y,(X),...,Y¥,(X) — 5uHeliHO He3aBUCHMBIE pEIIEHUS OJHOPOIHOTO
ypaBHEHUS
vy +a, (x)y" P +a,(x)y"? +...+a,(x)y =0. (27.3)
Torna dbyHkIUs

y(¥) =Cy, +Coy, +...+Cyy,



— obmiee pernieHue ypaBHeHus (27.3)

Pemenue ypaBaenus (32.1) Oyzmem uckaTh B BUJIE

Y(¥) = C, ()Y, + Co(X)Y, +...+Cy (Y, = > C (XY,

i=1

Torna
Y00 = Y CI09Y,+ 3G, 00!

[ToTpebyem, 4TOOBI

Zci’(x)yi =0,
i=1
Toraa
y'(x)=2.C;(Ny;
i=1
Hanee
y'(x) =2 CI)Y + 2 .G
i=1 i=1
[TorpeGyem, uTOOBI
2. Cl(x)y =0,
i-1
Toraa

EOR OIS

n
[TpoosKast BRIYUCIATH TPOM3BOAHBIE QyHKIMK Y(X) = ZCi (X)y; mo mopsika n—1
i1

n
BKJIIOUUTENBHO, U TPeOys KaX/Iblil pa3 oOpallieHus B HyJb CyMMBbI ZC{(X) y®

i .
i=1l

> Ciy® =0 (k=0,1,2,...,n-2),

i=1

MOJIyYUM



Y0 = 3,09,
V(=2 C.09y,"

V(0= X.C00y."

y" P (x) = z C,(0y "7,
i=1

y? ) =D Cl)y" Y +>-Ci(x)y™.
= =
Hoxncrassst 3nagerns Y(X), Y'(X),..., Y™ (), y™(X) B ypaBrenue (32.1), moxyunm:

>0y + XY (T MY ¢ 3, ()Y C (Y, = T

nJIn

> Ci0y," = ().

Takum o6pazom, mst onpenenenust Gyukiuit C1(X), Co(X),..., Cp(X), MOTYIHIH CUHCTEMY

ici,(x) y; =0,
>0y, =0,

3CI0y, " = (%)

T.k. OIIPEACIIUTCIIb HOJ'Iy‘-IGHHOfI CHUCTCMBI ABJIACTCA OIIPEACIIUTEIICM BpOHCKOFO o N
JIMHEHHO HE3aBHCHUMBIX peIJ_IeHI/Iﬁ OIHOPOAHOTO JINHENHOTO YpaBHCHHA N — TO IOpsAKa, TO

cucrema pasperuma otHocutenbio C(X),C5(X),...,C/ (X) . UnTerpupys nojaydeHHbIe 3HAUECHHS

MMPOU3BOJAHBIX, HAXOAUM:

C.(¥) =0, (X)+Cy,
C,(X) =, (x)+C,,

.C;n(x)=¢n(x)+Cn,

WK ITOCJIC TOACTAaHOBKHU



Y00 = Y0, 009, 00+ XCY (M =Y +¥o.

Ilpumep 32.1. Petiim ypaBHEHUE
y"+y=CosX.

JIuHelHO HE3aBUCUMBIE PEIICHHUS COOTBETCTBYIOIIETO OJTHOPOIHOTO YPABHEHHS UMEIOT
BUI:

Y, (X) =cos X, Y, (x) =sinX.

Pemenne HCOAHOPOAHOI'O YpaBHCHHA UIIEM B BUJIC
y(x) =C,(x)cos x+C, (x)sinx.
Torna
y'(x) =C, cos x+C, sin x—C, sin X+ C, C0S X.
TpebyeM, uToObI
C/cosx+C,sinx=0.

Torna

y'(x) =-C,sinx+C, cosx.
CnenoBatenbHO

y"(x) =—C,sinx+C, cos x—C, cosx —C, sin x.
[TonacraBnsist B ypaBHEHUH, TOTY4YUM
—C,sinx+C, cosx—C, cosx—C,sinx+C, cosx+C, Sin X = Cos X,
5010%0

—C/sinx+C,cosX=CoSX.

Takum o6pazom, otHocuTeabHO C1(X) 1 Co(X) UMEeM CHCTEMY:

C/cosx+C,sinx =0,
—C/sinx+C, cos X = COS X.

W3 cuctemsl noJjryqyacm

C} =cos’ X,
C, =—sin xcos x,

WA UHTETPUPYS MOJTyYeHHbIE YPaBHEHUS



cos? X 1 1
C,(x)=C,+ o =C, + Zcos 2X + 7

C,(x) =C2+;x+smzx

Taxum o6pa30M, PEIICHUE 3aJTaHHOT'O YPaBHCHUSA UMECT BU:

. 1 1 1 . 1. .
y =C,cosx+C,sin X+Zcosx+10032xcosx+§xsm X+ =sin2xsin X.

33. JIuneiiHble HEOJHOPOJHbIE YPAaBHEHMS N — I0 MOPSAKA C
NOCTOSAHHBIMHU KO3 PUIHEHTAMU.

PaccmoTpuMm nuHEIHBIE HEOJMHOPOIHBIC YPABHEHHSI N — TO MOPSJIKA C MOCTOSHHBIMU
KO3 UITMEeHTAMH

yO +ay" . ray=f(x). (32.1)
Ilpumep 33.1. Peuium ypaBHEeHUE
y"—y' =X.
Nmeem
Yoouy = Yoou T Yuaem -

Pemmm cooTBeTcTBYIOIIEE OAHOPOIHOE YPaBHEHNE

XapakTepuCcTUUECKOe YPaBHEHHE 3aJJaHHOTO YPaBHEHUS UMEET BUJ
k®-k=0,
KOPHHU KOTOPOT'0 COOTBETCTBEHHO PaBHBI
k, =-1k, =0,k; =1.
CrnenoBarenbHO, QyHKIMS
Yoor =Cie7+C, +Cge”

SBJISIETCS PEUICHUEM OJHOPOJAHOTO YpaBHEHHUS.

Perienue HeoTHOPOTHOTO YpaBHEHUs OylieM HCKATh B BUJIE

y =C,(X)e™* +C,(x) + C,(x)e*.



Torna
y'=Cle"+C,+Cle*—Ce " +C,e".
[TorpeGyem, uTOOBI
Ce*+C,+Ce*=0

Torga

y'=—Ce ™ +Cge”.
CnenoBaTeabHO

y'=-Cle " +Cie* +Cie " +C,e*

[TotpebyeM, 4TOOBI

—Cle " +C,e* =0.
Torga

y"=Ce ™ +C,e"

Hanee
y"=Cle " +Cpe*—Ce " +Ce* =x+VY

Takum o0pazom, otHocuTeabHO C1(X) 1 Co(X) u C3(X) uMeeM cucremy:

C; 1y
Cle*+C,+Cle* =0 2
-Ce"+Ce*=0 = Cl’:%xeX
Cle™+Cle" =x Cl = —x

WNHTerpupys nosry4eHHble ypaBHEHUS, TOIYIUM
1 1
C,(X)==xe*-=e"+C,,
(%) > > 1
X2
C,(x)=——-+C,,
2
1 1
C.(X)=—Zxe*+Ze+C..
5(X) 5 > 3

[MoncraBnss nonydennbie 3HaueHust GyHKIud Ci(X) u C2(X) u C3(X) B BBIpOXCHHUU IS
dyHkumn y(X)
y=C,(x)e ™ +C,(x) +C,(x)e*

MOoJIy4YuM



2
yz(lxex—lex+clje‘x+ —X—+C2 +(—1xe‘X+C3+1e‘XjeX=
2 2 2 2 2

2 2
= ;X—;+CleX —X2+C2—;X+C36X+;=C16X +C, +C.e” —X2_

Takum 06pa3om, MOTyINIIH:
—X X
Y., =Ce +C,+C,e",

X2

yltac = _?

[Ipu pemeHUN TUHEHHBIX OAHOPOIHBIX YPaBHEHHUU C MOCTOSHHBIMH KO3()(dUIIMEeHTaMuU
BO MHOTHX Cily4dasx 0e3 Tpyjaa yaaeTcs 1Moao0parh YacTHBIC PEIIEHUS W TEM CaMbIM CBECTH
3a[a4y K pelIeHHIO COOTBETCTBYIOIINX OAHOPOIHBIX YPAaBHEHUI.
1. PaccMoTpuM ypaBHEHHE
yW +ay"P 4. +ay=P (X)), (33.1)

rae P (X) - MHOrOuNIEH cTEEHU M, T.€.
P.(X)=AX"+AX" " +..+A.
0-
3ameuanue. P, (X)=¢€""-P, (X)

[Tycte k = 0 sBisieTcs: KOPHEM XapaKTEPUCTHYECKOTO YPaBHEHMs KpaTHOCTH o. Torna

cymtectByeT muorowier Q. (X), takoi, uro pyHKIHsA
Yuae =X Qu(X)
ABIISIETCS YACTHBIM pentenueM ypasenus (33.1), rae Q, (X) — MHorounen crenenu m.

Ilpumep 33.2. Peuium ypaBHEHUE

Nmeem

yoﬁm = yodH + yltacm '

PemmMm COOTBETCTBYROIICC OJHOPOAHOC YPABHCHUC

n ’
y"—y" =0.
XapaKTepI/ICTI/IIIeCKOC ypaBHeHI/Ie 3aJaHHOI'O ypaBHeHI/IH HNMECT BU
k®—k=0,

KOPHHM KOTOPOTO COOTBETCTBEHHO PaBHbI
k, =-1k, =0,k; =1.
CnenoBartenbHO, QYHKIIHUS
Yoo =Cie" +C, +C,e"

SBJISIETCS PELICHUEM OHOPOAHOTO YpaBHEHHUS.

YacTHoe perieHne 3aJaHHOTO ypaBHEHUs OyJ1eM UCKaTh B BUJE

V... = X(ax+b) =ax® +bx.
Tornma
y .=2ax+b,y! =2awuny! =0.
[ToncraBnsisi B ypaBHEHUE, TOTYyUUM
0—(2ax+b) =x.

[IpupaBHuBast K03(hPUIHEHTHI IPU OJUHAKOBBIX CTEMEHSX, MOJIYUNM:



—2a=1],
b=0,

1581051 a=—1,b=0.
2

CrnenoBatenbHO, YaCTHOE PELLIEHUE

1.
=-=x",
yuac 2

CrnenoBarenbHO, 001Iee pelIeHre 331aHHOTO YPaBHEHUS €CTh (DYHKIIHS

y=Ce*+C, +C,e* —%xz.

2. PaccmoTpuMm ypaBHEHUE

-1
y" +ay"P+. +ay=e”"P,(x), (33.2)
rae P, (X)- mHOrOuNeH cremnenu m.
[Tycts K = p KOpeHb XapaKTePUCTUICCKOTO YPAaBHEHUSI KPATHOCTH 0. Tora CymecTByeT
muorowten Q. (X), Takoi, uTo QyHKIUS
X
Yire = X€Qp(X),
SABJISIETCS YACTHBIM perenneM ypasaenus (33.2), tae Q. (X) - MHOrOUNIEH CcTenenn m.
Ilpumep 33.3. Peuium ypaBHeHUE
y!ﬂ _ yl — XeX
Nmeem

y06u4 = yodu + yuacm .

Pemmm cooTBeTcTBYIOIIEE OAHOPOJHOE YPAaBHEHNE

n ’
y"—y' =0.
XapaKTepI/ICTI/I‘IeCKOC ypaBHeHI/Ie 3aJaHHOI'O ypaBHeHI/ISI HNMECT BU
k®—k=0,

KOpHH KOTOPOIr'0o COOTBETCTBECHHO PaBHLBI
k, =-1k, =0,k, =1.
CrnenoBarenbHO, QyHKIMS
Yo =Cie " +C, +C.e”
ABJIACTCA pCHICHUECM OJHOPOAHOI'O YPABHCHUA.
YacTtHOE PECHICHUC 3aITAHHOTO YPAaBHCHUSA 6y,Z[CM HCKaThb B BU/JC
V... =Xe*(ax+b) = (ax* +bx)e*.
Torna
y... = (ax® +2ax+bx+b)e*,
y" = (ax® +4ax+bx +2a+ 2b)e*,
y" = (ax’ +6ax+bx+6a+3b)e*.
[ToncraBnss B ypaBHEHUE, MOTY4YUM
y" —y' = (4ax+6a+2b)e* = xe*
501051
dax+6a+2b=x.



[TpupaBHuBas K03GHUIHEHTHI TPH OJTUHAKOBBIX CTETICHSX, TIOTYUHM:
da =1,
{Ga +2b=0.
Pemras nonyyeHHyI0 CUCTEMY JIBYX JIMHEUHBIX YPABHEHUH C ABYMS IEPEMEHHBIMU,

[IOJIy4YUM a—l b——E
7 47 g

CJ'IG,I[OBaTeJ'IBHO, YaCTHOC PCUHICHUEC

y —(lxz —§xjeX
yac 4 4 "

CrenoBarenbHO, 001Iee pelIeHNE 331aHHOTO YPaBHEHUS €CTh (DYHKIIHA
_ 1 3
y=Ce*+C,+C.e* +| =x* - x |e*.
4 4
3. PaccmoTpum ypaBHeHHE

y® +ay" ™ +. . +ay=e™(P,(x)cosgx +Q (x)singx),
(33.3)
rae P, (X) - muorounen crenenn m, Q, (X) Mmuorounen crenenw .
[Tycte p+IiQ — KOpPEHb XapaKTEPUCTHUYECKOTO YPaBHEHHUsSI KPaTHOCTH o. Torjaa yacTHOe
pelieHre ypaBHeHus (4) MOXKHO UCKAaTh B BUJE
Yoo = X% (E(X) COS X + (z(x) sin gx),
e S = max{m,l}.
Ilpumep 33.4. Peuium ypaBHeHUE
y"+4y'+4y =cos 2X.
Nmeem
Yoour = Yoou T Yuacm -
Pemmm cooTBeTCTBYIOMIEE OMHOPOTHOE YPABHEHHE
y'+4y'+4y =0
XapakTeprucTUIeCKOe ypaBHEHUE 3aJaHHOTO YPAaBHEHUS UMEET BH/T
k®+4k+4=0,,

KOpPHH KOTOPOI'0 COOTBETCTBECHHO PaBHLBI

CrnenoBarenbHO, QyHKIMS
Yoou = (Cy +Cox)e7".

SBIISIETCS PELICHHUEM OJHOPOHOTO YPABHEHHS.

Nmeem

cos2x = e™ -1-c0s 2X, .
[ToaToMy YacTHOE pelIeHre 3aIaHHOTO YpaBHEHHsI Oy/1eM UCKaTh B BUC
Y.ue = ACOS2X + Bsin2x.

Torna

| =—2Asin 2x + 2B cos 2X,

yvac
y! =-4Acos2x—4Bsin 2x.

wac



[Tonacrapnsist B ypaBHEHUE, TOTYYUM
—8Asin2x +8Bcos 2x = cos 2X .

Hcnonp3ys TMHENHYIO HE3aBUCUMOCTh QyHKIME SIN2X 1 COS 2X , OJIy4uM CHCTEMY
-8A =0,
8B =1.
Pemras nmony4yeHHyro cCucTEMy JIBYX JIMHEMHBIX YPABHEHUH C IBYMs IEPEMEHHBIMU,
1
nonyuum A=0,B = g
CrnenoBaTenbHO, YaCTHOE pELICHUE
1.
Ve = gsm 2X..
CrnenoBatenbHO, 00I1Iee pelleHUE 3aJaHHOTO yPaBHEHUS €CTh (PYHKLIUS

y =(C, +C,x)e” +%sin 2X.

Cucrembl 1 pepeHInAIBHBIX YPABHEHHI.

34. Cucrembl aupdepenuuagbabix ypaBHenunil. OOmme mnonstusa. Teopema
CyLIECTBOBAHUSA M €[IMHCTBEHHOCTH.

Onpeoenenue. Cuctemoil nuddepeHnaIbHbIX YpaBHEHUH OyJeM Ha3bIBaTh CHCTEMY

BUJIA:
Yi=f.06 Y, Yo Yn)
Yo=Y, Y50 Y0) (34.1)
Yo = fa (Y10 Yoreen Vi)
rne
Y1 = Y1), Yo = ¥a (%),
ot
dx dx
Teopema (cywiecmeoganus u eOUHCHEEHHOCMU PEUIeHUA).
[TycTth nana cucrema auddepeHumanbHbX ypaBHenuit (34.1) x €[a,b].
Ilycte ¢yukiun  f, f,,...,f.  — HempepbiBHBIE (QYHKIMH B OKPECTHOCTH TOYKH

(X01 Y10) Ya0s:+s ynO)’ rae X, €[a,b].
df, . .
ITycts  dynxuun d—',l, J=12,...,n  HempepblBHBI B  OKPECTHOCTU  TOYKHU
i
(Xo» Y10+ Y201+ Yo )» Tiie X, € [a,b].
Torma VYo, Ys0:-- -1 Yo CYLIECTBYET pELIEHUE CUCTEMBI
y(x) = (¥2(3), 2 (%), Yo (X))
Takoe, 4To

Y1(Xo) = y101y2(xo) =Yo0r-- yn(XO) = Yno-



35. Cucrembl  JauHeliHbIX Ju(pdepeHIUAIBHBIX  ypaBHenuil. Teopema
CYLIECTBOBAHUSA M €[IMHCTBEHHOCTH.
Paccmorpum cucremy
Vi =2, ()Y, +a, (XY, +...+a,(X)y, + f,(X)
YZ = a21(x) yl + a22 (X) y2 +..t aZn (X) yn + f2 (X) (351)

YI’I = anl(x)yl +an2(x)y2 +"‘+ann(x)yn + fn(X)

Ilycts
a,;(x) a,(x) ... a,(x)
A= 2, (X) a,(X) ... a,(x)
anl(x) anz (X) ann(x)
¥1(X) f,(X)
v | 0| o ]
Ya (X) f.(X)
Toraa cuctemy (35.1) MoXxHO 3anucath B BUJE:
Y=AY +F.
[Iyctb
L[Y]=Y — AY,
torna cucrema (35.1) umeer Bua
L[Y]=F.

Teopema (cywjecmeogéanuna u eOUHCHEEHHOCMU DPEUWCHUA JUHEHUHOU CUCMeMbl
ougepenyuanvrvix ypasnenui).
Ilycth nana cucrema JIMHENHBIX AU depeHInanbHbIX ypaBHeHu# (35.1).

Hyets f;(X), (X) — HemnpepbIBHbIE DYHKIMU B OKPECTHOCTH TOYKU X, , e X, €[a,b].
Toraa VY, 4, Ys0:---» Yo € R" CyllecTBYeET pemenue
y(x) = (¥2(%), ¥ (%), ¥, (X))
cuctemsl (35.1) Takoe, 4TO
y1(Xo) = Y100 Y2 (Xo) =Y20r--1 Yn (Xo) = Yno-
Ilpumep 35.1. PaccMOTpUM cUCTEMY
Yi==Y;
Y2=W%
Nmeem
Y==Y., =¥ ==Y, =Y.
17001
Y+, =0.
OO11ee pelieHne NOJIY4eHHOTO ypaBHEHUS UMEET BUJL
y, =C, cosx+C,sinx.



CrnenmoBareabrHO
y, ==y, =C,sinx—C, cosx.
Taxum O6p330M, pEIICHUC BaﬂaHHOﬁ CHUCTEMBI UMECT BU
y, =C, cosx+C, sin x,
y, =C,sin x—C, cosX.

36. CBoiicTBa cucTeMbl JHUHENHBIX 1H( epeHInaIbHBIX YPABHEHUI.
1.L[CY]=CL][Y].

2. L[Y, +Y,] = L[Y,]+L[Y,], 1.e. L — nuneiinsiit oneparop.
3. L[iCiYi] = ici LLY;].
4.L[U +iV] = L[U]+iL[V].

DTU CBOWCTBA SIBJISIIOTCA CIAEACTBUSMU COOTBETCTBYIOIINX CBOMCTB MIPOU3BOIHOM.
Teopema 1. llycts L[Y]=0. Torma L[CY]=0.

Hoxazamenvcmeo. L[CY]=CL[Y]=C-0=0,rme 0=

0
Teopema 2. Nycts L[Y,]=0,L[Y,]=0.Torma L[Y, +Y,]=0.
Jokazamenscmeo. L[Y, +Y,] = L[Y,]+ L[Y,]=0+0=0.
Teopema 3. Tycts L[Y,]=0, rne i =1,2...m. Torma L[ZCiYi] =0.

i=1
Joxazamenscmso. L[Y_CY,1=> C/L[Y,]=>C,;-0=0.
i=1 i=1 i=1

Teopema 4. Ilycts L[U +iV]=0.Torma L[U]=0,L[V]=0.
Hokazamenvscmeo. L[U +iV]=L[U]+IiL[V]=0= L[U]=0AL[V]=0.

37. JluneiiHasi 3aBUCHMOCTH M He3aBHCHUMOCTb cucTeMbl pyHkuuii. Onpeneanresb
Bponckoro.
Onpeoenenue. I1yctb nanel GyHKIUN

Y11(X) Y12(X) Yin (X)
Y,(x) = Ya1(X) Y, (x) = Y22 (X) Y0 = Yan () |
ynl(x) ynZ(X) ynn(X)

Cxaxem, uto ¢pyukuuu Y, (X),Y,(X),...,Y,(X) nmuneiino 3aBucumsl Ha orpeske [a,b], eciu
cymiectBytot nocrosituasie C;,C,,...,C, He Bce paBHbIE HYIIO TaKKeE, YTO

CY,(X)+GCY,(X)+...+C.Y,(x)=0,Vx €[a,b]. (37.1)



T.€. QYHKUINU JTUHEHHO 3aBUCHMBI, €CIM CYIIECTBYET HEHYJIeBas JIMHEWHAas KOMOMHALINS
3TUX (PYHKIUI TOKIAECTBEHHO paBHAs HYIIIO.

CkaxeM, uro ¢yukiun Y;(X),Y,(X),...,Y,(X) nuHeiiHO He3aBUCHUMBI, €CIIM PABEHCTBO
(37.1) Bemomnusiercs toneko ipu C; =C, =...=C, =0,

PaBencTBo (37.1) MOXHO TIepenucaTh B BHJIE.
CrY (X)) +C, Y () +...+CLy, () =0
CYa(X) +Cy Yo (X) +...+C Y, (X) =0

Cym(¥)+CyY, (X)) +...+CLy,,(x) =0
Onpedenenue. Nycts naust pyukiuu Y, (X),Y,(X),...,Y, (X) . Onpenenurenem Bporckoro

OyZeM Ha3bIBaTh ONPEICIUTD

yll y12 e yln
W (x) = Yoo Yoo oo Yon
ynl yn2 cee ynn

Teopema 1. Eciu dyuxuuun Y, (X),Y,(X),...,Y, (X) nuneiino 3aBucumsl Ha orpeske [a,b]

TO UX ONpeAeTUTeIh BPOHCKOT0O TOX/ISCTBEHHO PaBeH HYIIO Ha [a,b].

Jokaszamenvcmeo. T.x. QyHKIMH JIMHEWHO 3aBUCHMBI, TO XOTS Obl OJMH M3 HUX €CTh
JTUHEHHAsT KOMOWHAIMS OCTAIBbHBIX. B ompenenurene BpoHCKOro cOOTBETCTBYIOIIHI CTOJIOCI]
€CTb JIMHEHHAast KOMOMHAIUS OCTaIbHBIX. CIIe10BaTENbHO, OTPEICIUTENb PABEH HYIIIO.

Teopema ooxazana.

3ameuanue. Ilycts L[Y] = 0 — omHOpoaHas cucTeMa JIMHEWHBIX AuddepeHInaTbHBIX
ypaBHeHuid. Torma ¢ysknus Y(x) = 0 sBiISeTCS pEIICHHEM STOW CHCTEMbI C HYJIEBBIMH
HAYaIbHBIMH YCJIOBUSMHU.

Teopema 2. Tlyctb ¢yukimun Y, (X),Y,(X),...,Y, (X) sABIstoTCS pemieHUsIMU OXHOPOIHON
CHCTEeMbI TMHEHHBIX AuddepenimansHbix ypaBuenuii L[Y] =0, x e[a,b].

[ycte 3, €[a,b] :W(X,) =0.Torna  dyuxmun  Y,(X),Y,(X),...,Y,(X)  nuneiino
3aBUCHMBI Ha OTpe3ke [a,b].

Hokazamenvcmeo. meeMm

yll(XO) ylZ(XO) yln(XO)

yzl(xo) yzz(xo) yzn(xo):

W(x,)=0= 0

ynl(xo) ynZ(XO) ynn(xo)
PaccMmoTpuM cuctemMy JIMHEWHBIX YPaBHEHUU

Clyll(XO) +C2y12(x0) +"'+Cn Yin (Xo) =0

Cly21(X0)+C2y22(XO)+"'+Cny2n(xo)=O (37.2)

ClYnl(Xo) +C2Yn2(xo) +"'+Cn ynn(XO) =0



T.K. ompesenuTeb TOH CUCTEMBI PABEH HYJIO, TO Y CHCTEMbI €CTh HEHYJIEBOE PELICHHUE,
t.e. cymectByior C;,C,,...,C, He Bce paBHbIC HYNIO, yaoBieTBopsitoumme cucreme (37.1).
PaccMoTprM (pyHKIHIO

Y(X)=CY,(X)+CY,(X)+...+C,Y, (X).

C oaHoii cropoHbl ¢QyHKIMS Y (X) SABIAETCS pEUIEHHEM CHUCTEMBI JIMHEHHBIX
OJIHOPOJIHBIX YPaBHEHHUIA, a ¢ APyroit croponsl Tak Kak Y (X,) =0, 1o Y (x) =0 na orpeske [a,b].

CnenoBaTeibHO

CY,(X)+CY,(X)+...+C.Y,(x) =0,Vx €[a,b].

T.e. dyuxuuu Y, (X),Y,(X),...,Y, (X) nuneiino 3aBUCUMBIL.

Teopema ooxazana.

Cneocmeue. Ecin dyuxuun Y, (X),Y,(X),...,Y,(X) nuHeiiHO He3aBHCHMBIE pelCHHs

OJIHOPOJHON CHCTEMBl JIMHCWHBIX TU((GEpPCHIMATBHBIX ypaBHEHUH, TO WX ONPEICITUTETh
Bponckoro otnudeH ot vy VX € [a,b].

38. Teopema 0 cTpyKType 00111€r0 pelieHnsi OAHOPOIHOI CHCTEeMbI JIMHEHHbIX
Au(ppepeHuInaTbHbIX YPABHECHUI.
[Tycth nana ogHOpOHAS cHCTEMa JIMHEUHBIX quddepeHIInaTIbHbIX YPaBHEHHMA
V1 =a,(X)Y; +a,(X)Y, +...+a, ()Y,
Y, =a,,(X)y; +a,,(X)y, +...+a,,(X)y
2 21 1 22 2 2n n (381)

Yn = anl(X)yl + anz(X)Y2 +...+a,, (X)Yn

[Iyctb
all(x) alZ (X) ce aln (X) yl(x)
A: aZl(X) aZZ(X) a‘2n (X) " Y — y2 (X)
anl(x) anz(x) ann (X) yn (X)
Ilycts
L[Y]=Y - AY,

torna cucrema (38.1) umeer Bua
L[Y]=0.
Teopema. Ilycth naHa oIHOpOAHAs cucTeMa nuHEHHBIX ypaBHeHHi (38.1). Ilycth
bynxmun a;(x) ,1i, j =12,...,n — HenpepbiBHbIe QyHKIMK Ha oTpeske [a,b].Ilycte pynkuun

Y11(X) Y12(X) Y1n (X)
Y,(x) = Ya1(X) Y, (x) = Y22 (X) (0= Yon (X)
ynl(x) ynZ(X) ynn(X)

JIMHEWHO HE3aBHCHMbI ¥ ABISFOTCS pemeHusMu  cucremsl (38.1). Torma VX, €[a,b] wu

WYi01 Ya0s- -1 Yno cymectBytoT Cio,Cyy, ..., C,y Takue, 9To GyHKIUS



Y (X) = CypY1 (X) + CoY, (X) +... 4+ Crp Y, (X)

OyIeT yAOBIETBOPATH YCIOBUIO:

Y(X,)=Y,,
rae
Y10
Y, - y;20
ynO

T.e. obmiee permenue cuctemsr (38.1) umeer BUA:
Y(X)=CY,(X)+C,Y,(X)+...+C.Y,(X)
Joxazamenscmeo. B CUITY JUHEHHOCTH CHCTEMBI (38.1) byHKIIUS

Y(X)=CY,(X)+C,Y,(X)+...+C.Y,(X) sBasercss pemienuem cucrembl (38.1). Boimonnenue

ycaosus Y (X,) =Y, 03Hauaer, yTo cucTeMa

Clyll(XO) +C, Y12(X0) +...+Coyy, (Xo) = Y10

C1y21(x0) +C, Y2 (Xo) +...+C, Yy, (Xo) =Y (38.1)
Clynl(xo) +C2yn2 (XO) +... +Cn ynn(XO) = ynO

UMeeT eAMHCTBeHHoe peweHue. Omnpenenurens cuctembl (38.1) sABisercs omnpenenuTeneM

BpoHckoro g JMHEMHO HE3aBUCUMBIX PEIIEHUNH OJHOPOJHOM CHUCTEMBI JIMHEHMHBIX
middepeHaIbHbIX ypaBHeHUi. CriemoBarenbHO, OH oTimdyeH oT Hyis. Cucrema (38.1)

coBMeCTUMA M MMeeT eauHcTBeHHoe perenue. T.e. cymectByor Cpy, Cy,...,C,, MOCTOSHHBIE,
TaKue, 4To, (PyHKIHS
Y (X) =CpY, (X) + CppY, (X) +...+ Cp Y, (X)
YIOBIIETBOPSET YCIIOBUIO
Y (X,) =Y,.
Teopema ooxa3zana.
Onpeoenenue. ®Oyuxiyn Y, (X),Y,(X),...,Y,(X) Oymem HasbBaTh (QyHIAMEHTAILHON

CUCTEMOH PELLICHUN.
Ilpumep 38.1. Peuium cucremy

Y1 =Y,
yz ==Y

A=[ 0 1J,Y1(x) =(sin leYz(X) =(— ?os x}
-1 0 COS X sin X

CrnenoBatenbHO, 00IIee pelieHue UMEeT BU/I:

(le (sin xj (— oS xj
=C, +C,| .
A oS X sin x

HNMmeem

nin



y,(x) =C,sinx—-C, cos X
y,(X)=C,cos x+C,sinx’

3ameuanue.

{¥1=y2 =>N=Y=-%=>%+ty=0=

Yo=—%

k?+1=0,k = =i

y, =C, cos x+C, sin x

y, =C,sinx—C, cos x

39. HeogHopoaHblie cucTeMbl JHHENHBIX 1M (¢ epeHuaIbHbIX YPABHEHUI.
[TycTh maHa HEOAHOPOJHAS CHCTEMA JIMHEWHBIX TU((EepeHIINATBHBIX YPABHEHHM.

LIYI=F,
Vi =a,()Y; +a,(X)Y, +...+a,(X)y, + f,(X)
Yo = 8,1 (X)Y: +85, ()Y, +...+8,, ()Y, + F,(X)
WM
yn = anl(x)yl + anZ(X)yZ +...t ann(x)yn + fn (X)
(35.1)
Teopema 1. Tlycts nana L[Y]=F.Iycrs L[Y,, ]1=0,L[Y]=F.
Torma L[Y,, +Y ]=F.

Jokazamenscmeo. L[Y,, +Y ]=L[Y

O()H]+ L[Y*]=O+ F = F '
Teopema ooka3zana.

Teopema 2 (o cmpykmype oduiezo peuwienus HeOOHOPOOHOU CUCHEMbl JTUHEHUHbIX
ypaeHneHnuii).

[TycTh maHa HEOAHOPOHAS CHCTEMa JHMHEHHBIX TU(QepeHInaTbHbIX ypaBHeHui (35.1).
[Mycts GpyHKIINN {aij (X)}:j:l, f,(x) e C[a,b].

Ilycts
Y1.(%) Y12(X) Yin (X)
Y,(x) = Ya1(X) Y, (x) = Y22 (X) (0= Yan (X)
ynl(x) ynZ(X) ynn(X)

00pa3yloT (QyHIaMEHTAJbHYI0 CHCTEMY peIIeHUH OJHOPOJHOW CHUCTEMBbl JIMHEWHBIX
muddepeHManbHbIX ypaBHeHu L[Y]=0.

Y, (X)

. "(x .
[ycte dynkius Y (X) = Y2 '() SBIISIETCS  PELICHUEM HEOJHOPOTHONU CHCTEMBI

Yo (%)
muHeiRHBX auddepenmmansusx ypasuennit L[Y ] = F . Torma obiee pemenue HeoXHOPOIHOIM

CHCTEMbI JIMHEHHBIX AU PepeHIINATbHBIX YPABHCHUH HMEET BUJI:
Y(X) = CY,(X) + C,Y,(X) +...+ C.Y (X)) +Y ().



Hokazamenvscmeo. 1. L[Y]=F.
2. VX, €[a,b] u VY4, Ys0,--+s Yoo CymectByior Cyo,C,yg,...,C,, MOCTOSHHBIE, TAKHE, YTO
byHKIUS
Y (X) = CoYy (X) + CoYy (X) + ...+ CogY, (X) +Y 7 (X)
OyJIEeT Y/IOBJIETBOPATH YCIOBHIO:
Y10
Y (%) =Y,,Y, = yf° .

Yo
JleicTBUTEIIBHO,
LIY]=L[CY #+C.Y, +...+C.Y, +Y 1=C.L[Y,]+ C,L[Y,]+...+ C L[Y,]+ L[Y]
=0+0+...+0+F =F.
Y (%) =Y, = CY, (X)) + C,Y, (X)) +.. .+ C. Y, (%) +Y (X)) =Y, =
CiYi1(X) +C, Vi (Xo) +... +Cyp, (%) + yl*(XO) = Y10
CYa(X) +Co ¥ (Xo) +.-.+C Lo (X)) + yz*(xo) = Y2 (39.1)

Ci¥Vm(X) +Co ¥ (Xo) +.. .+ C Y, (%) + Yn*(xo) = Yno

T.k. onpenenuTenb CUCTEMBI €CTh ONPEaEIUTENh BPOHCKOTO UIsl IMHEHHO HE3aBUCUMBIX
pelieHruit OAHOPOJHON CHUCTEMBI JIMHEWHBIX NUddepeHIINalbHbIX YPaBHEHHM, TO OH OTIUYEH OT
Hyns. CnenoBarenbHo, cuctema (39.1) coBMecTuMa UM UMEET €IMHCTBEHHOE pelIeHHe. IJTO
3HAYHT, 9TO (DYHKITHS

Y(X) = CppY, (X) + CooY, (X) +...+ C.oY, (X) +Y 7 (X)
ynosierBopsiet yenouio Y (X,) =Y.

Teopema ooxazana.
Teopema 3. Ilyctb

L[y]:iFiaL[Yi]: Fi'

Torna

m m
L[Z;Yi] = zl F .
Teopema 4. Ilyctb
LU +iV]=U +iV .
Torma
LU]=U,L[V]=V.
Memoo esapuauyuu npou36ojlbH0o20 ROCMOAHRHROZ20.

[Tycte mana cucrema L[Y]=F . Iycts Y;(X),Y,(X),...,Y,(X) dynnamenranbuas cucrema
peleHuii 0THOpOJHOM cucTeMbl T dhepeHInaIbHbIX ypaBHeHHH L[Y]=0.

Pemenue HCOHHOpOI[HOﬁ CHUCTCMBI 6y,£[CM HNCKaThb B BUJC:

Y00 = Y€, 0% ()



IMoacrasiisis B cucTeMy, OyIeM UMETh:
LIY1= LY, 00,091 = 32 COLEY 001+ CIO0Y, 09} = F X = -1, () = F 9

[Monyuum cucremy st onpenenerust C, (X),C,(X),...,C,(X).

Ilpumep 39.1. Peuium cucremy

OI[HOpO,I[HaH CUCTEMA UMCCT PCIICHUC
Yy, (x) =C,sinx—C, cos x
y,(X) =C,cosx+C,sinx’
Perrenne HEOIHOPOIHON CHCTEMBI OyIeM HCKAaTh B BUIE
Yy, (X) =C,(x)sin x —C, (x) cos X
Y, (X) =C,(x)cos x+C,(x)sinx
[ToncraBmnsisi B cUCTEMY, TTOIYIUM
C, sinx+C,cosx—C, cos x +C,sinx = C,cos x + C, sin x

- . - : 1 -
C, cosx—C,;sinx+C, sinx+C,cosx =-C,sinx+C,cos X+ ——
COS X

NJIIn
C, sinx—C, cosx=0

- - 1 -
C, cosx+C, sinx=——
COS X

W3 nnocnenueii cucteMbl UMEEM

C =1
- sinx
C, =——
COS X
170011
C,(x)=x+C,
C,(x)=—Inlcosx+C,’
CrnenoBaTenbHO, 0011I€€ PEIICHHE 3aJaHHON CHCTEMBI UMEET BU/T
¥, (X) = (C, +x)sin x— (C, —In|cos x|) cos x
¥, (X) = (C, +x)cos x +(C, —Incos X)) sin x
40. Cucrembl JuHeiHBIX AU( PepeHINATBHBIX YPABHEHHI C IOCTOSIHHBIMH
K03 Ppunuenramu.

Onpeoenenue. CuicteMy JINHEHHBIX ypaBHEHUI



Y1 =a,Y, tagy, +...+a, Yy, + fl(x)
yz =ay Y taY, +...ta, Y, t+ fz(x)

: (35.1)
Yo =auYs +a5,Y, +...+a,Y, + f,(X)
rae {aij }In 4> — HEKOTOpbe  IOCTOSHHBIE, OyneM Ha3bpIBaTh CHUCTEMOH  JIMHCHHBIX
Qg depeHInaIbHbIX YPAaBHEHUH C MOCTOSHHBIME KOA(P(PHUIIMEHTaMH.
Ilycts
Y f,
_ n _ y2 _ 1:2
A_{aij}i'jzl’ Y=""1] F=].
Yo o
Torna cucremy (35.1) MOKHO niepenucaTh B BUJIE
Y =AY +F.
Eciu F =0, o umeem Y = AY wim
Yi=ay,y; +a,Y, +...+a,Y,
y, =a, Y, +a +...+a
y2 21yl 22y2 2n yn ) (381)

Yo =anYr +agY, ...+ a,Y,
CorylacHO TeopeMe O CTIPYKType OOINero pemeHus JMHEWHOTO OJZHOPOJHOTO
g epeHnaIbHOr0 ypaBHEHHsI, 9ToOBI HailTh obmiee permrenue cuctemsl (38.1) Hamo HaifTh
byHAaMEHTATBHYIO CUCTEMY perieHui. st 3Toro pemenne OyaeM UCKaTh B BUJE:

Y, = alekx
_ kx
Yo = @20 (40.1)
kx
Y, =a,e

[ToncraBnss pemenus (40.1) B cuctemy (38.1), momyunm:
kx kx kx kx
ake”™ =aa,.6” +a,a,," +...+a,a,,e

a,ke* = aa," +a,a,,™ +... +a a, e

ake® =a,a e +a,a,e* +...+a,a, e
[Tocne cokparnenus Ha GyHKIMIO e momydnm:

ak=aa,,+a,a,+...+a,a,

oK =a,a, +a,a, +...+a,a,,

ak=aa,+a,a,+...+a,a,,

nin



a,(a,-K)+a,a,+...+a,a, =0
a,d, +a,(@,, —K)+...+a,a8,, =0 (402)
a,a, +a,a,+...+a,(@,—k)=0

Mpbl nmody4YusId OAHOPOAHYIO JHHEHHYI0 cucreMy. UToObl OHa uMeNna HEHYJIEBOE
pelleHue, ee onpeaeuTeNb T0JKEH ObITh paBEeH HYIIO.

all -k a12 aln
a a,, —k a
21 22 2n — 0 (40.3)
Ay a, ... a,-k

VYpaBuenue (40.3) sBiseTcs ypaBHCHHEM N — Oif CTENEHH OTHOCUTEILHO K. YpaBHEeHHE
(40.3) Oynmem  Ha3pIBaThb  XapaKTEPUCTHUUYECKUM  ypaBHEHUEM  CHCTEMbl  JIMHEHHBIX
nuddepeHIATBHBIX YPAaBHEHHUH C MTOCTOSTHHBIMH KO3 (QUIIMEHTAMH.

[Ipu pemennn ypaBHeHus (40.3) BO3MOXHBI TpU Ciaydasi:

1. Bce KOpHU XapakTEpUCTUYECKOTO ypaBHEHHUs ACHCTBUTEIbHBI U  Pa3IUYHBI
K Kyyoonky € Rk =k i i, j=12,...,n.

2. Cpenu KOpHEW XapaKTePHUCTUIECKOTO YPAaBHEHUS €CTh KOMILJICKCHBIE KOPHH.
3. Bce kOpHU XapaKTepUCTHUECKOTO YpaBHEHMS JCUCTBUTEIbHBI, HO CpPEeld HUX €CTh
KpaTHBIE.
1. Bce KOpHM XapaKTEpUCTHUYECKOTO ypaBHEHUS JIGUCTBUTENBbHBI U  Pa3JIUYHBI
K Kyyoon Ky € Rk =k i 0, j=12,...,n,

Torna, noncrasiss K, K,,...,K, B (40.2), Haxogum perenus

@ Q5 ay,

(225 Qs a,

k= Lk, > .k > T
anl anz ann

CrnenoBarenbHoO, QyHKIIMH

@ Q) ay,

a (94

21 22 2

Yl — ele,Yz — : ekzx,' ,Yn — .n ean

anl anZ ann

00pa3yloT pyHAaMeHTalbHYI0 cucTeMy pemieHui. Torna GyHkus

@y Q) a,

27 (27! a,
Y=C| e +C,| Fl ... +C |

anl anz ann

ecTh ob1ee pemieHue cucreMs (38.1).
Ilpumep 40.1. Pemium cuctemy
X=2X-y+12
y=X+2y-12
I=X-Yy+2z



nJIn

nJIn

NMECM

NMECM

Nmeem:
2 -1 1
A=11 2 -1
1 -1 2
XapaKkTepucTUueCKOe ypaBHEHUE UMEET BU/T
|A—KE|=0

1 -1 2-k
PackpsiBas ornpenenuTens, NOIydIUM
2-k -1
-1 2-k

(2-k) +1 -1 +
1 2-k

(2-K)(k* -4k +3) =0.
[TonydyeHHOE ypaBHEHHE UMEET KOPHU
k, =1k, =2,k, =3.
a) Iycrs k, =1.
Torna u3 ypaBHenus: (A—KE)a =0 umm

1 -1 1Yea) (0O
1 1 -1]a,|=|0
1 -1 1)\a,) |0

o, —a,+o,=0
a,+a,—a,=0
o, —a,+o,=0
HenyneBoe penreHne nociueHe CHCTEMbI HIMEET BHJT
a,=0,a,=La, =1.

Takum o6pazom

0
k,=1-]1
1
b) Tycrs k, =2.
Torna u3 ypaBHenus (A—KE)a =0 umm
0 -1 1\ 0
1 0 -1ja,|=|0
1 -1 0 \a, 0



-a,+a,=0
o, —a;=0
a,—a,=0
HenyneBoe penieHne nociueHeH CUCTEMbl IMEET B
o =la,=La,=1.

Takum o6pazom

k,=1—>]1

C) Ilycts k, =3.
Torna u3 ypaBHenus: (A—KE)a =0 nmm

-1 -1 1Ya) (0
1 -1 -1|a,|=|0
1 -1 -1)a,) (0

nMeeM
-a—a,+a,;=0
a,—a,—a,=0
o —a,—a,=0
HenyneBoe penienue nociuegHeil CHCTEMbI IMEET BH
o, =la,=0,a,=1.

Takum o6pazom

1
k,=1—]0].
1
CHCHOBaTeHBHO, 06].]_[66 peUIiCHue 3aZ[aHHOI\/’I CHUCTEMBI UMCCT BUJL
X 0 1 1
y|=C,|1'+C,|1]e* +C,| 0e*
z 1 1 1

1
x=C,e* +C.e™
t 2t
y=Ce +C,e
z=Ce' +Ce” +C,e*

Ilpumep 40.2. Pemuum cucremy

X=3X—-y+12
y=-X+95y-z.
2=X-y+3z

Nmeewm:



3 -1 1

A=|-1 5 -1|,
1 -1 3
XapakTeprucTUIECKOE YPAaBHEHUE UMEET BU
|A—KkE|=0
nin
3-k -1 1
-1 5-k -1|=0,
1 -1 3-k
PackpebiBast onpenenurenb, NOJIy4uM
(3_k)5—k N S
-1 3-k |1 3-k
nJin

(3—k)(k? —8k +12) = 0.

[TomyyenHoe ypaBHEHHE UMEET KOPHU

a) Iycrs k, =2.
Torna u3 ypaBHenus (A—KE)a =0 nmm

1 -1 1Yo
-1 3 -1lfa,|=
1 -1 1)\,

HMeeM
{al —a,+a,=0

-, +30, -0, =0

Henynesoe perienue nocienHe CUCTEeMbl UMEET BU/T

o, =lLa,=0a;, =

Takum o6pazom

1
k,=2—>| 0 [.
-1
b) Ilycrs k, =3.
Torna u3 ypasuenus (A—KkE)a =0 umm
0 -1 1\
1 2 -1)aq
1 -1 0 \ay

nin

-1.




—a,+a,=0
-y +20,—0,=0
a,—a,=0
MeeM
o =la,=La,=1.

Takum o6pazom

1
k,=3—>|1].
1
c) Ilycrs k; =6.
Torna u3 ypaBHeHus (A—KE)a =0 umm
-3 -1 1\ 0
-1 -1 -1ja,|=|0
1 -1 -3/ 0
WIn
-3a, —a,+a,=0
—a,—a,—o,=0
o, —a,—30,=0
uMeeM
o =la,=-2a;,=1.
Takum o6pazom
1
k,=6—>|-2].
1
CrnenoBaTenbHO, 0011I€€ PEIICHNE 3aJaHHON CUCTEMBbl UMEET BU/T
X 1 1 1
y|=C,| 0 [e*+C,|1]e* +C,| -2 [*
z -1 1 1
17001

x=Ce* +C,e* +C,e™
3t 6t

y=C,e” —-2C.e

z=-Ce* +Ce* +C,e™

2. Cpeau KOpHEH XapaKTepUCTHUECKOT0 YPaBHEHHSI €CTh KOMIUIEKCHBIE KOPHHU.
ITycts Kk =a +if — KOpeHb XapakTepucTUueckoro ypasHenus. Torma K = a—iff —

TOK€ KOPEHb XapaKTepUCTUUECKOTO ypaBHEHUS
[Tyctb cobcTBeHHOMY 3HaUeHUIO K = o + i3 COOTBETCTBYET pelleHHE



o, +if,
) o, +if
o+ |ﬁ N 21 ] 21
ay +ipy
cucrtemsl (40.2)
Tornma
o, +if),

Oy +1f3; o (@)

A +15y
— PpeIlIeHUE CUCTEMbI OHOPOIHBIX JIMHEHHBIX AuddepeHInanbHbIX ypaBHeHuil. Torma
byHKIIUN

o, +1p;, o, +1py,
o, +ip . o, +ip :

21 : 21 e(aﬂﬂ): y, uIm 21 : 21 e(a+|ﬂ): Y,
Ay 1By Ay 1By

SIBIISTFOTCS TIMHEHHO HE3aBUCUMBIMH PEIICHUSIMH.
Ilpumep 40.3. Peuium cucremy

;<=x—3y
;1:3x+y

i)

XapaKTepI/ICTI/I‘ICCKOC YpaBHCHHUEC UMCCT BUJ

Nmeewm:

IA—kE| =0
WIn
1-k -3
3 1-k ‘ -
PackpeiBas onpenenuTens, NOIydYuM
k? -2k +10=0.
[TosnyueHHOE ypaBHEHHE NMEET KOPHU
k,=1+3iu k,=1-3i.
a) [lycrs  k,=1+3i.
Torna u3 ypaBHenus (A—KE)a =0 nmm
-3 -3 \( ) (0
" Sl
UMEEM

—-3ia; —3a, =0
3a, —3ia, =0



TN
o, +a,=0
{al —ia, =0’
HenyseBoe pelieHne mocieiHel CHCTEMbI HIMEET BUJT
a, =1, a,=1

[
k,=1+3i > [J
6) Iycts k,=1-3i.

Torna u3 ypasuenusa (A—KE)a =0 unn
3i -3\(a)_ (O
3 3i J\a, 0

3ia; —3a, =0
3a, +3ia, =0

Takum o6pazom

HUMEEM

NI
{i o—a,=0
o +ia,=0
HeHyneBOG PCUICHHUC HOCJ’IG,Z[HCIZ CHUCTEMBI UMCCT BU

a,=-, a, =1.

k,=1-3i > [_ IJ
1

[ o (1 —sin3t +icos3t
(Je(m')‘ :Klj(cosﬁ +isin3t)e' :( ) e'.

Takum o6pazom

Nmeem

cos3t +isin3t

I[efICTBHTeHBHBIG 1 MHHUMBIC YaCTH COOTBCTCTBCHHO PABHbI

Re -sin3t) | - cos 3t o
= e' ulm= )
cos 3t sin3t
—sin 3te'

X =
cos 3te'
cos 3te'
y=1| . .
sin 3te

Taxum o6paszom, oOliee perieHrne 3aJaHHOW CUCTEMbl UMEET BU/L:
x = (—c,sin3t +c, cos3t)e',

CnenoBareabHO

y = (c, cos3t+c, sin3t)e".
Ilpumep 40.4. Pemum cucremy



>O<=-2y+22

y=t-y+z
2= y—z
Nmeewm:
0 -2 2
A=11 -1 1
0 1 -1
XapakTepuCcTUUECKOE YpaBHEHHE UMEET BUJ
IA—KE|=0
WIn
-k =2 2
1 -1-k 1 |=0.
0 1 -1-k
PackpbiBas onpenenuTens, NoJIydum
—k(k*+2k+1-1)+2(-1-k)+2=0
WIn
—k®-2k*-2-2k+2=0
170071
—k(k®+2k+2)=0.
[Tonmy4yeHHOE ypaBHEHHE UMEET KOPHU:
k, =0, k, =-1+i, k; =—1—-1.
a) IIycts k, =0.
Torna u3 ypaBHenus (A—KE)a =0 nmm
0 -2 2)\( 0
1 -1 1||e,|=0
0 1 -1)le, 0
uMeeM

—2a, +2a,=0

o, —a,+a;=0.

a,—a,=0
HenyneBoe penienne mocieHel CHCTEMbI HIMEET BUJL

1 1
al:]" aZ:E’ a3:§'

Takum o6pazom



k,=0—>

(= N P

6) Iycts K, =—1+i.

Torna u3 ypasuenusa (A—KE)a =0 unn

1-i -2 2\(e) (O
1 -i 1||ea,|=0
0 1 —ijle,) \0

MeeM
a,(1-i)-2a, + 20, =0
a,—la,+a; =0
a,—la; =0

HGHYJ'IGBOG PCUICHHUC nocjieHEH CUCTEMbI UMEET BU]T

a,=-2,0,=1, a,=1.
Takum o6pazom
-2
K, ==1+1—|Ii
1
HNmeewm:
-2 -2 —2cost —i2sint
i el = (cost+isintle™"= |—sint +icost |e™
1 1 cost +isint
—2cost —2sint 1
y,= Re=|-sint |e™, y,=Im=|cost |e*, y, =|1/2]e".
cost sint 1/2
Taxum o6paszom, oOliee perieHre 3aJaHHOW CUCTEMbI UMEET BU/L:
X 1 —2cost —2sint
y|=C|1/2 |+C,| —sint e +C,| cost |e™.
z 1/2 cost sint

3. Cpenu KOpHEHN XapaKTepUCTUIECKOTO YPAaBHEHUS €CTh KPaTHBIE KOPHHU.
Ilpumep 40.5. Pemium cuctemy

;:4x—y—z
§:x+2y—z

I=X—-Yy+2z2
Nmeewm:



4 -1 -1

A=|1 2 -1].
1 -1 2
XapaKkTepuCcTUIEeCKOe YpaBHEHHE UMEET BUJ
IA—kE| =0
WIn
4-k -1 -1
1 2-k -1|=0
1 -1 2-k
PacckpbIBast onpeieTuTeNb, MOTYIHM:
—k®+8k*—-21k +18=0
KopHu XxapakTeprucTH4ecKoro ypaBHEHHsI COOTBETCTBEHHO PaBHbI
k, =2, k, =k; =3.
a) [ycts Kk, =2.
Torna u3 ypaBHenus: (A—KE)a =0 numm
2 -1 -1\(o 0
1 0 -1{|e,|=|0
1 -1 0)\e, 0
uMeeM
20, —0a,—a; =0
o, —a;=0
a,—a,=0
HenyneBoe pemenue nocneaHeil CHCTEMBI HIMEET BHT
o, =1 a,=1 a,=1.
Takum o6pazom
1
k,=2—>|1].
1
0) Iycts Kk, =k; =3,
Torna u3 ypaBuenus (A—KE)a =0 win
1 -1 -1\ (e 0
1 -1 -1||e,|=|0
1 -1 -1)\e, 0
uMeeM

o, —a,—a;=0
o, —a,—o;=0.

o, —a,—a;=0



B monyuennoit cucteme N=3, r=1 u (N-r)=2 u ciie10BaTEIHHO Y MOJIYICHHON CHCTEMBI
JIBa IMHEHHO HE3aBUCUMBIX HEHYJIEBBIX PEIICHUN

a,=1a,=1 a,=0ua =1, a,=0, o, =1.

Takum o6pazom:

1 1 1
k, >|1],k, > (1|, k;—>]|0].
1 0 1
Taxum oOpa3omM, ob1iee pereHre 3aJaHHOH CUCTEMbI UMEET BU/I:
X 1 1 1
y|=C/|1le* +C,| 1" +C, 0le*.
z 1 0 1
Ilpumep 40.6. Pemium cucremy
>O( =X—-2y
§/ =—-X-y-22
2:y+z
Nmeem:
1 -2 0
A=|-1 -1 -2
0o 1 1
XapakTepuCTUIECKOE YPaBHEHHE UMEET BUJ
|A—KE|=0
170011
1-k -2 0
-1 -1-k -2|=—(k-1)2(k+1).
0 1 1-k
KopHu XapakTeprucTH4eckoro ypaBHEHHSI COOTBETCTBEHHO PaBHBI
k, =-1, k, =k, =1.
a) IMycts  k, =-1.
Torna u3 ypaBHenus (A—KE)a =0 nmm
2 -2 0\
-1 0 -2||a,|=0
0 1 2)la;
uMeeM
20, —2a, =0
—a,—20,=0
a,+20,=0

Henynesoe pemnienne nocienHen CHCTEMbl UMEET BU/T



a,=2,a,=2, a;=-1.

Takum o6pazom

0) [ycts Kk, =k, =1.
Torna u3 ypasuenusa (A—KE)a =0 unn
0 -2 0)\ 0
-1 -2 -2||a, |=|0
0 1 0 )la 0
uMeeEM
-2a, =0
—a, — 20, —2a, =0.
a,=0
B nmonyaenHnoit cucreme N=3, r=2 u (N-r)=1 u ciieqoBaTeabHO Y MOTYYCHHON CHCTEMBI
OJIHO JINHENHO HE3aBHCUMOE HEHYJIEBOE PELIEHUE
a,=2,0,=0, a;=-1.

Takum o6pazom

2
k,=k, >h, =0 |.
-1
2
Haiinem BekTOp, IpUCOEAMHERHBIN K BekTopy N, =0
-1

JL71s 5TOro Hal0 PEIIUTh CUCTEMY
(A—k,E) hy= h,.
HNmeem
0 -2 0)\(y 2
-1 -2 -2||a,|=|0
0 1 0)le, -1
VM
—20,=2
—-a,—20,—-20,=0.
a,=-1
HenyneBoe penieHne nocineHel CUCTEMbl UIMEET BU]
a,=2,a,=-1, a; =0.

Taxum o6pazom



h,=-1
0
Taxum oOpa3omM, ob1iee pereHre 3aJaHHOH CUCTEMbI UMEET BU/T:
X 2 2 2

y|=C,| 2 " +C,| 0 |g'+C,| -1e'.
z -1 -1 0



	ФОНД ОЦЕНОЧНЫХ СРЕДСТВ
	Определение. Дифференциальным уравнением n-го порядка называется соотношение вида
	(1.1)
	между независимым переменным x, его функцией у и производными .
	Функция  называется решением дифференциального уравнения (1.1), если после замены у на , на , …,  на  − уравнение превращается в справедливое тождество.
	Дифференциальное уравнение I-го порядка имеет вид:
	(1.2)
	Дифференциальное уравнение I-го порядка (1.2), разрешенное относительно , записывается в виде:
	(1.3)
	и называется дифференциальным уравнением I порядка, разрешенным относительно производной.
	График решения дифференциального уравнения будем называть интегральной кривой.
	2. Дифференциальное уравнение радиоактивного распада.
	Задача. За 30 дней распалось 50 % первоначального количества радиоактивного вещества. Через сколько дней останется 1 % вещества от первоначального количества?
	Решение. Закон радиоактивного распада: количество радиоактивного вещества, распадающегося за единицу времени, пропорционально количеству этого вещества, имеющегося в рассматриваемый момент.
	Обозначим через Q(t) количество радиоактивного вещества в момент времени t.
	За промежуток времени от t до t + ∆t распадается количество вещества равное, с одной стороны − Q(t + ∆t) – Q(t), с другой стороны, согласно закону радиоактивного распада − kQ()∆t, где , k − коэффициент пропорциональности. Следовательно, имеем равенство:
	Q(t + ∆t) – Q(t) ≈ – kQ()∆t,
	Или
	≈ -kQ().
	Считая функцию Q(t) дифференцируемой и переходя к пределу при ∆t → 0, получим дифференциальное уравнение
	или
	При t = 0 имеем:  − первоначальное количество вещества.
	Следовательно, распад радиоактивного вещества описывает функция:
	.
	По условию задачи имеем:
	или
	или
	т.е.
	30k = ln 2.
	Следовательно:
	Таким образом, получили:
	;
	Осталось найти такой момент времени t когда .
	Имеем:
	Таким образом, 1 % от первоначального вещества останется примерно через 199 дней.
	Ответ: 199 дней.
	Из рассматриваемого примера видно, что дифференциальному уравнению вида
	удовлетворяют очень много функций, а именно функции вида
	.
	В теории дифференциальных уравнений вечным теоретическим вопросом является вопрос о том, насколько много решений имеет дифференциальное уравнение. Оказывается, что каждое дифференциальное уравнение имеет бесконечное множество решений, и поэтому приход...
	3. Теорема существования и единственности решения дифференциального уравнения первого порядка. Задача Коши.
	Теорема (о существовании и единственности решения дифференциального уравнения первого порядка).
	Пусть
	(1.3)
	дифференциальное уравнение первого порядка.
	Пусть функция f = (x;y) задана на некотором открытом множестве D плоскости .
	Пусть функции f(x;y) и .
	Тогда:
	1) () существует решение уравнения (1.3), удовлетворяющее условию:
	2) если два решения  и  уравнения (1.3) совпадает хотя бы для одного значения , т.е. если , то эти решения тождественно равны для всех тех значений переменного x, для которых они оба определены.
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