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1. MACHHOPT ®OHIA OOEHOYHbIX CPEACTB
1o aucuuiuinee «JIugdepeHnnaabibie ypaBHEHHA».

OI_[GHOLIHBIe cpeactBa COCTABIIIIOTCA B COOTBCTCTBHU C

paboueil TmporpaMMon

JUCHUTUTMHBL U TIPEACTABISIIOT cO00 COBOKYIMHOCTh KOHTPOJIBHO-M3MEPUTEIBHBIX MaTepHAIOB
(TumoBble 3amauM (3aaHMsI), KOHTPOJBHBIE PAOOTHI, TECTHl M Jp.), MpeIHAa3HAYCHHBIX IS
U3MEPEHUs YPOBHS TOCTHKEHUS 00yJarOIIMMUCS YCTaHOBIICHHBIX PE3yIbTaTOB 00yUEHUSI.

O1LieHOYHBIE

cpeacrBa

HUCIIOJIB3YIOTCA  IIpU  MPOBEACHHHN  TCKYLICroO  KOHTPOJIA

YCIIEBAEMOCTHU U MTPOMEKYTOUHOM aTTeCTaI1H.
Tabmuna 1 - [lepedyenp komneTeH1Mi, HOPMUPYEMBIX B TPOLIECCE OCBOCHHUS! TUCIUTIIMHBI

Koxa u conepxkanue

I[Inanupyemble pe3ybTaThl 00y4eHHS M0 JUCHHUILINHE

KOMIIETEHIHMH (Moay.110), XapaKkTepusywiye 3Tanbl ((OpMHUPOBAHUS
KOMIIeTeHI[H i
OIIK-1. Crnoco6en | OIIK-1.1. 3HaeT OCHOBBI MaTeMaTUKH, (PU3UKH, BEIYHCIUTEIIEHON
MPUMCHSITh TEXHHUKHU M TPOrPAMMHUPOBAHHS.

(¢yHIaMEHTalIbHbIE 3HAHUS,
HOJy4YeHHble B  o01actu

OIIK-1.2. VYmeer pemarh CcTaHAApPTHbIE MNPOPECCHOHATHHBIE
3aJjauu c IPUMEHEHUEM €CTECTBEHHOHAYUHBIX U

MaTeMaTHYeCKuX U (WIH) | OOUICHMH)KCHEPHBIX 3HAHMN, METOJIOB MaTeMaTHYECKOrO aHaJIN3a
€CTECTBEHHBIX  HAyK, U | U MOJCIMPOBAHHMS.

HCII0JIb30BATh 170:¢ B | OIIK-1.3. Bnaneer HaBBIKAMU TEOPETHUECKOTO u
npodeccuoHanbHOM AKCTIICPUMEHTAIBHOTO WCCJICTOBAHMUS 00BEKTOB
JeSITEIbHOCTH poheCCHOHATTLHON JIeATEIIbHOCTH.

OIIK-3. Cnoco6en | OINIK-3.1. 3HaeT OCHOBBI TEOPUU CHCTEM M CHCTEMHOTO aHAIIN3a,
MIPUMEHSATD U | TUCKPETHOM  MaTeMaTHKH, TEOpUU  BEPOSATHOCTEU U
MoIU(pUIIUPOBATH MaTEeMaTHYeCKONM  CTAaTUCTUKHU, METOJOB ONTHUMHU3AIUU |
MaTeMaTUYeCKUe  MOJENHU | UCCIIEI0BaHUs orepanuii, HEYETKHUX BBIYHCIICHHH,
JUISL  pelieHus 3aJady B | MAaTEeMaTHYECKOr0 U MMUTAIIMOHHOTO MOJICIIMPOBAHHS.

obnactu OIIK-3.2. VYmMeer mnpuMeHATh METOAbl TEOPUM CUCTEM U
npodeccuoHaIbHON CUCTEMHOI'O aHaJlu3a, MaTeMaTH4YeCKOro, CTaTUCTUYECKOrOo U
JeSITeIbBHOCTH MMUTAlMOHHOTO MOJICIUPOBAHMs Il aBTOMAaTH3allUM 3a/ady

NPUHATUS ~ pelmleHudt B oOnactu  mpodeccHoHaNbHOM
JESITeIbHOCTH.
OIIK-3.3. Bmageer HaBblKaMM IPOBEIECHUS HHKXEHEPHBIX

Pacu€TOB OCHOBHBIX MOKa3aTeseH PE3YIBTATUBHOCTU CO3JaHUA U
IIPUMCHCHUS I/IH(I)OpMaI_II/IOHHBIX CHCTEM U TEXHOJIOTHH.

IIK-2. CnocobeH MOHUMATh,
COBEpIIIEHCTBOBATH u
MPUMCHSTh  COBPEMEHHBIH
MaTeMaTUYeCKU anmapar

[K-2.1. 3HaeT  OCHOBHBIE  TEOpeMbl U (OPMYIIBI
MaTeMaTH4eCKOIro aHaJIN3a, TEOMETPHH, JVCKPETHON
MaTeMaTHKH, AU(QepeHInanbHbIX YpPaBHEHUH, TEOPETHUECKUX
OCHOB MH(OPMATHUKH, YUCIEHHBIX METO/0B, (YHKIMOHAIBLHOI'O
aHaIu3a.

[IK-2.2. YMeeT NpuUMEHSTh OCHOBHBIE TEOpEeMBI U (HOPMYIIBI
MaTeMaTU4eCcKoro aHanu3a, T€OMETPUH, JUCKPETHON
MaTeMaTuku, AuddepeHnnanbHbIX YpaBHEHUN, TEOPETUUECKHUX
OCHOB WH(OPMATUKH, YUCICHHBIX METOJIOB.

[IK-2.3. Bnageer wmeromamMu, mpueMaMu, ajlroputMaMud U
crocobamMu MPUMEHEHHUS COBPEMEHHOTO MaTeMaTHYeCKOTO
ammapara JUIS pereHus 3a7a4 npodeccuoHaTbHON
JIeSITENILHOCTH.

KoneuHnbIMU pe3ynbTaTaMyu OCBOCHHUS TUCIUIUIMHBI SBISIIOTCS COPMUPOBAHHbIE KOTHUTHUBHBIE
JECKPUNITOPBl «3HATh», «YMETb», «BIAJETh», PACHHCAHHBIE IO OTAECIbHBIM KOMIIETEHIHSM.
®opmMupoBaHue JECKPUIITOPOB MPOUCXOAUT B TEUEHHE BCETO CEMEeCTpa IO ATalaM B paMKax
KOHTAKTHOM pabOThI, BKIIOYAOLIEH pa3IMyuHble BUJbI 3aHATUH U CaMOCTOSTEIbHON paloThl, ¢

MMPUMCHCHUEM

Pa3IMYHBIX

bopm u METOJIOB oOyueHnusi(Tab. 2).




Tabnuna 2 - @opmMupoBaHUe KOMIETEHIIUN B TPOLIECCE U3YUEHUS IUCHUUIIINHBL:

1

Kon YpoBeHb Nuaukatopel noctkeHus | Bun yueOHpIx 3aHsaTmii', | KoHTponupyembie pa3gensl u Tembl | OlieHOYHBIE CPECTRA,
KOMIIETEHLIUN | OCBOCHUS KOMIIETCHIIU I paGoTHI, (OPMBI ¥ METOMBI | TUCIHILIUHEL HUCTIOIB3yEMBIE  TUIA
KOMIIETEHIIN I oOydeHus, OLICHKH YPOBHA
CIIOCOOCTBYIOLIME c(OpMHUPOBAHHOCTH
(dbopMUpPOBaHHUIO u KoMIeTeHuu"
pa3BUTHIO KOMTIETCHIHIA
OlIK -1 3HaeT
OIIK -3 Henocratounsrii | OIIK-1.1. Cryment He crnocobeH | JIeKIMOHHBIE u | Paznen 1. OcHOBHBIE NOHATH. Texymuii KOHTPOJIb —
[IK -2 YPOBEHb MPpUMCHATH (I)YHI[aMCHTaJII)HLIe IMPAKTHUYCCKHUEC 3aHsATHA, Pa3;[en 2. OCHOBHEBIE IIOHATHA. ornpoc, KOHTpPOJIbHAs
3HAHWSA, TIONy9eHHBIE B O0JIACTH | CAMOCTOSTEIbHAS pabota | duddepennnansHbie YPaBHEHHS | haGota.
MaTeMaTUYECKUX u (umm) | o0ydJaroUIMXCsl, MOJrOTOBKA U | MIEPBOTO MOPSAKA.
€CTECTBEHHBIX HaYK. claya IIPOMEKYTOUHOU | Paznen 3. Juddepenunansasie
He 3Haer OCHOB MaTeMaTWKH, | aTTECTallMH, IIOJrOTOBKA W | YPaBHEHUS N-TO MOPSIKA.
G hepeHITMATEHBIX YPaBHEHHN. clava dK3aMeHa. Pazgen 4. Heoanoponneie
IudQepeHnnanbHble  ypaBHEHUSI N-TO
OIIK-3.1. CtymeHT He  3HaeT nopsiaka
OCHOBHBIX TEOpUHU JIUCKPETHOM Paszpen 5. KpaeBble 3agaun.
MaTeMAaTUKH, TEOPUU BEPOSITHOCTEH Paznen 6. Cucremsl

1 MaTEeMaTHYCCKOM CTaTUCTHKH.

[K-2.1. Crynenr He cnocobeH
MOHUMAaTh, COBEPUICHCTBOBATh W
NPUMEHSTh COBPEMEHHBII
MareMaTHueckuil 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.

! JIeKIMOHHBIE 3aHATHS, IPAKTUYECKHE 3aHATHS, JIaOOPATOPHBIE 3aHATHS, CAMOCTOATENbHAS paboTa. ..
2 HeoOX01MMO yKa3aTh aKTUBHBIE ¥ HHTEPAKTHBHBIE METOIBI 00yUeHHs (HAPUMED, MHTEPAKTUBHAS JIEKIIUS, pab0Ta B MAIbIX IPYMIaX, METObI MO3rOBOTO INTYPMa M T.J1.),
CHOCOOCTBYIOIINE PA3BUTHIO y 00YYaIOMINXCSl HABBIKOB KOMAHAHON pabOThl, MEXXIMYHOCTHON KOMMYHHUKALMU, IPUHSTHUS PELICeHUH, TUIEPCKUX KaueCTB.
3 HaumenoBanue TeMel (pasjena) Gepercs u3 paboueii IporpamMmMbl JUCIUTUIMHEL.
4 O1IEHOYHOE CPEJICTBO JIOJKHO BHIOMPATBCS ¢ YIETOM 3aIUIAHUPOBAHHBIX PE3YJIBTATOR OCBOEHHUS IUCIUILTMHBI, HATTPUMED:
«3HaTh» — cobeceloBaHNE, KOJUIOKBHYM, TECT. ..
«YMeTb», «Bnanetb» — MHIMBHUTyaIbHBIA W TPYIIIIOBOM MMPOEKT, Kelc-3a1a4a, Aesiosas (poesas) urpa, noprdomo.




YPaBHEHMUIA.

BazoBbsrii OIIK-1.1. CryneHt ycBown | JleknnoHHbBIE u | Pazmen 1. OcHOBHBIE TOHATHSL. Texymuid KOHTPOJIb —
YPOBEHb OCHOBHBIE COJEp)KaHUs MaTepHaja, | IPaKTHYECKHe samsTHst, | Pasgen 2. OCHOBHBIC — NOHATHS. | oIIpoC, KOHTPOJILHAS

HO WMMeEeT HECHCTEeMaTH3MPOBAaHHBIE | CAMOCTOSITEIbHAS pabora | Juddepenunansasie YPaBHEHHS | haGota,

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

¢ hepeHInaATbHBIX yPaBHEHHSIX. crmava nmpoMexxyTouHoit | Pazmen 3. Jnddepennmanpabie

aTTeCTalliy, IOArOTOBKAa M | yPaBHEHHs N-IO HOPSIKA.

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

OCHOBHBIE COJEp)KaHUsI MaTepHana, muddepeHuInaNbHbIe  YPaBHEHUSI N-TO

HO HMMEET HECHUCTEMaTH3UPOBaHHBIC nopsiiKa

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

JTUCKPETHOM MaTEeMaTUKU, TEOPHIX Paznen 6. Cucremsl

BEPOSITHOCTE W MaTeMaTHYECKOU g hepeHInanbHBIX yPaBHEHMH.

CTaTUCTUKH. Pasnen 7 Teopust yCTOMYHUBOCTH.

Pazmen 8. VYpaBHeHUS B YaCTHBIX

[IK-2.1. CrygeHT yCBOWJI 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

YPaBHEHMUSAX.
Cpenunuii CryneHT criocobeH caMocToATeNbHO | JIeKInoHHBIE u | Paznmen 1. OcHOBHBIE OHATHS. Texymuii KOHTPOJIb —
YPOBEHb BBIJICJIATE TJIaBHBIE TOJOXKEHUS B | MPAaKTUYECKHUE samsTist, | Pasgen 2. OCHOBHBIC — NOHATHS. | orIpoc, KOHTPOJIbHAS

W3y4EeHHOM MaTepuaie. CaMOCTOSITeNTbHAs pabora | Juddepennnansasie YPaBHEHHS | haGoTa.

oOyyaromuxcs, TOATOTOBKA U | IEPBOTO HOPSIIKA.

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

MaTC€MaTHKH, ,ZII/I(i)(i)epeHHI/IaHLHBIX arrécraluyvy, IOATOTOBKAa MW | YPaBHCHUA N-T'0 MMOPAAKa.

YpaBHEHUH. clla4ya dK3aMeHa. Paspen 4. Heonnoponneie

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

[1K-2.1. CtyneHT 3HaeT OCHOBHBIE

muddepeHnranbHble  ypaBHEHUS N-TO
nopsijika

Paznen 5. KpaeBble 3a1auu.

Pazgen 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.

Bricokuii OIIK-1.1. CryneHT 3HaeT, mOHUMAET, | JIEKIMOHHbBIE u | Pazgen 1. OcHOBHBIC TOHATHSL. Tekywmuii KOHTPOJIb —
yYpPOBEHb BBIJICJISIET TJABHBIC IIOJIOXKEHUS B | MPAKTUYECKUE samsitus, | Paspen 2. OCHOBHBIC — MOHATHSA. | ompoc, KOHTPOJIbHAS
M3y4eHHOM MaTepuajlie M CIIOCOO€H | CaMOCTOSTENIbHAS pabora | uddepennnanpapie YPaBHEHHS | haGota.
JaTh  KPaTKyl0  XapaKTEePHCTUKY | OOyJaroIIUXCs, MOATOTOBKA U | IEPBOTO MOPSAKA.
OCHOBHBIM HJEsIM TPOPa0OTaHHOTO | clava npoMexxyTouHoit | Paznen 3. duddepenunansasie
MaTepuaa JUCIUILTHHBI. aTTecTallid, TIOATOTOBKA U | YPaBHEHHS N-TO MOPSAIKA.
claya dK3aMeHa. Pazgen 4. Heoanoponneie
OIIK-1.1. CryaeHT 3HaeT OCHOBBHI IudQepeHInanbHble  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 MEPBOTO MOPSIIKA.
Paznen 9. BapuannonHoe ucuuciaeHue.
[IK-2.1. CTyneHT 3HA€T OCHOBHBIE
TeopeMbl ¥ (POpPMyIBl T€OMETPHH,
JIUCKPETHOMN MaTEMaTHUKU,
TG hepeHITMATEHBIX YPaBHEHH.
YmMmeer
bazoBrIit OIIK-1.2. CryaeHT wucnbIThBaeT | JIEKIIMOHHBIE u | Pasnen 1. OcHOBHBIE OHATHS. Texkymuii KOHTPOJIb —
YpOBEHb 3aTpyJHEHHS npu pEIIeHUH | PaKTUIECKHe sapsThs, | Pasgen 2. OCHOBHBIC — NOHATHA. | ompoc, KOHTPOIbHAS
CTaHNIAPTHBIX  NPOQPECCHOHANBHBIX | CAMOCTOSTEIbHAS pabota | duddepenunanbHabe YPaBHEHHS | haGoTa,
3a/aq c MpUMEHEHUEM | 00ydJaromuxcs, MOATOTOBKA U | TIEPBOTO MOPSIIKA.
€CTECTBEHHOHAYYHBIX 3HAHUI. crada npoMexxyTouHoit | Paznen 3. duddepenunansasie
OIIK-3.2. CTymeHT UCHBITHIBAET | aTTECTallMM, IOATOTOBKA U | YPaBHEHHUS N-TO HNOPSAKA.
3aTPyJIHEHUs] TIpM  T[PUMEHEHHUH | cJlaya SK3aMeHa. Paznen 4, Heonnopoansie

MaT€MaTU4YCCKOTIO arapara.

T pepeHnnalbHble  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. Crynent ymeeT pemath | JIeKnnoHHBIE u | Pazgen 1. OCHOBHBIE IOHSITHS. Tekywmuii KOHTPOJIb —
ypOBeHB CTaHIapTHBIC HpO(bCCCI/IOHaJ'ILHBIC IIPAKTHYECKHUE 3aHATHA, Pa3z[en 2. OcCHOBHEBIE IIOHATHS. orpoc, KOHTpPOJIbHAA
3a1a9u c TIPUMEHEHUEM | CAaMOCTOSTEIbHAS pabora | uddepennnanpapie YPaBHEHHS | haGota.
€CTECTBEHHOHAYYHBIX 3HAHUM. o0yyaromuxcs, TOATOTOBKA M | TIEPBOTO MOPSIIKA.
chada nmpoMexxyTouHoit | Pazmen 3. Huddepennmanpabie
OIIK-3.2. CryaeHnt yMEET | aTTeCTallud, M[OArOTOBKAa H | YPaBHEHUS N-TO MOPSAKA.
NPUMEHSTh MaTeMaTHYEeCKUi | caaya dK3aMeHa. Pa3nen 4. Heonnopoansie
amnmapar. IudQepeHInanbHble  ypaBHEHUSI N-TO
nopsiiKa
[IK-2.2. CtyaeHT ymeeT NpUMEHSTh Paznen 5. Kpaesbie 3aaun.
OCHOBHBIC TEOpEeMbl U  (OPMYJIBI Paznen 6. Cucremsl
TeOMETpHH, JUCKPETHOM g dhepeHInaNbHBIX yPaBHEHMH.
MaTeMaTHKu U AuQQepeHITnaTbHBIX Pazpen 7 Teopus ycToiunBoCTH.
YpaBHEHMUIA. Pasmen 8. VYpaBHeHHMS B YaCTHBIX
MPOM3BOJHBIX IEPBOIO HOPSAIKA.
Ho nomyckaer He3HauuTeIbHbIE Paznen 9. BapuannonHoe ucUHCIICHUE.
OMOKHY TIPU PEIIeHUH 3a/1aY.
Bricokuit OIIK-1.2. Cryment ymeeT pemath | JIeKIIMOHHBIE u | Pasgen 1. OCHOBHBIE TIOHSITHS. Texkymuii KOHTPOJIb —
YpOBEHb CTaHAAapTHBIE  NpodeccCHOHaNbHbIE | MPAKTUYECKUE sapsThs, | Pasgen 2. OCHOBHBIC — NOHATHA. | ompoc, KOHTPOIbHAS
3aauu c NPUMEHEHHEM | CAMOCTOSITEIbHAS pabora | JuddepenunansHsie YPaBHEHHS | haGoTa.
€CTECTBEHHOHAYYHBIX 3HAHHM. o0yyaromuxcsi, TOATOTOBKA H | TIEPBOTO MOPSIIIKA.
caada npoMmexxyTouHout | Paznen 3. Huddepennmanpabie
OIIK-3.2. CryneHt yMeEeT | aTTeCTaliuy, IOArOTOBKA H | YPABHEHUS N-TO MOPsIKA.
MPUMEHSTh MaTeMaTHYECKUH | caaya dK3aMeHa. Pa3nen 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 nucuuciaceHue.

Bnaneer
BazoBbsrii OIIK-1.3. Crymenr Ha 0a3zoBoM | JlekimoHHBIE u | Pazgen 1. OcHOBHBIE TOHATHSL. Texymuid KOHTPOJIb —
YpOBEHb ypOBHE BJajeeT HaBBIKAMH | IPAKTUYECKHUE sapsitws, | Pasgen 2. OCHOBHBIC — NOHATHA. | ompoc, KOHTPOJIbHAS
TEOPETHICCKOTO U | caMOCTOSATEIbHAS pabora | uddepeHnnanpabie YPaBHEHHS | haGota,
9KCIEPUMEHTAILHOTO HCCIEN0BaHuUs | 00yJaromuxcs, IOATOTOBKA U | IIEPBOTO HOPSIIKA.
00BEKTOB npodeccuoHabHON | caada IIpOMeEKyTOuHOU | Paznen 3. Juddepenunansasie
JACATCIBbHOCTU. arreéCralyy, IOATOTOBKAa MW | YPaBHCHHUA N-T'O MMOPAOAKaA.
clava dK3aMeHa. Pazgen 4. Heoanoponneie
OIIK-3.3. Crynmenr 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.
[K-2.3. Crynentr Ha 0a30BOM Paznen 9. BapuanuonHoe UcUnCIIeHE.
ypoBHE BJIaJeeT METO/aMH,
pUeMamH, IropuTMaMu u
criocobaMu MIPUMEHEHUS
COBPEMEHHOT'0 MaTeMaTHYECKOTO
anmapara UL pelIeHusl  3ajaad
poecCHOHANBEHON e TENEHOCTH.
Cpenauii OIIK-1.3. Crymenr Ha cpenHeM | JIeKImoHHbBIE u | Pazgen 1. OCHOBHBIE TTOHSITHS. Texkymuii KOHTPOJIb —
YpOBEHb ypOoBHE BJaJeeT HaBBIKAMH | IPAKTUYECKHUE sapsThs, | Pasgen 2. OCHOBHBIC — NOHATHA. | ompoc, KOHTPOIbHAS
TEOPETUIECKOTO U | caMOCTOsTEeNbHAS pabora | JuddepenunansHsie YPaBHEHHS | haGoTa,
9KCIIEPUMEHTAIIFHOTO HCCIIeJOBaHUs | 00yJaroIuxcsi, TOATOTOBKA H | TIEPBOTO MOPSIIIKA.
00BEKTOB npodeccuoHaIbHON | caaya npoMexxyTouHoit | Paznen 3. duddepenunansasie
NesITeIbHOCTH. aTTecTalliy, MOJATrOTOBKA H | ypaBHEHUs N-ro HOPSIKA.
clla4ya dK3aMeHa. Paspen 4. Heonnoponnsie
OIIK-3.3. CrynmeHT Ha cpegHeMm T pepeHnnalbHble  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¢ecCUOHANBHON AEATEIBHOCTH.

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 "
IKCTIEPUMEHTAIBHOTO HCCIICTOBAHUS
00BEKTOB npodeccHoHANBHON
JEATeITLHOCTH.

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

I1K-2.3.
YpOBHE
IIpUEMaMHu,
crocobamu

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

Jlex1imoHHEBIE u
MPAKTHYECKUE 3aHATHS,
CaMOCTOSITeNTbHAS pabota
oOyJaronuxcs, MOArOTOBKa U
claya IIPOMEKYTOUHOMN
aTTeCTalldd, IIOATOTOBKA U
cllada DK3aMeHa.

Pasnen 1. OcHOBHBIE HOHATHA.

Pasnen 2. OCHOBHBIE  ITOHATHUS.
Huddepennnanbabie ypaBHEHUS
MEPBOTO MOPSIKA.

Paznen 3. HuddepeHnnanbHbie
YpaBHEHUS N-TO TOPSKA.

Pazgen 4. Heoanoponneie
T QepeHnnaNbHble  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.
Paznen 9. BapuannoHnHoe ucuucieHue.

Texkymuii KOHTpOIb —
OIIpOC, KOHTPOJIbHAA
paborta.




2. IIEPEYEHb OHEHOYHbBIX CPEJICTB

Tabmuua 3
No | HaumenoBanue XapakTepruCTHKA OLIEHOYHOTO CPEACTBA [IpencraBnenue onenounoro cpeacrea B POC
OLIEHOYHOTO
CpelcTBa
1 | Ompoc CpencTBo KOHTPOJISI YCBOCHHUS y4eOHOro MaTepwalia TeMbl, | Bompocsl mo Temam/pa3aenaM JUCIUATLTAHBI
paszena uiav pasferoB JUCLUIUIMHBI, OPraHU30BAHHOE Kak
ydaeOHOe 3aHATHE B BHUAC cOOeceOBaHHS MMPETOJaBaTels C
00yUaroIUMUCS.
2 | KonrpomnbHas CpencTBo NpoBEpKH YMEHUM MPUMEHSTh MOJydeHHbIe 3HaHus | KOMIUIEKT KOHTPOJIBHBIX 3a/IaHUM 110 BapUaHTaM
paboTta JUISL pELIEHUs 3a1a4 ONPENEIICHHOTO TUIIA I10 TEME WU

pazzuerny




3. OMMUCAHUE MOKA3ATEJIEA U KPUTEPUEB OLIEHUBAHUA KOMIIETEHIIA

OrneHMBaHUE PE3YJIbTATOB OOYUYEHMS IO JUCHUIUIMHE AJredpa W TeOMETpPHUs OCYIICCTBISECTCS B COOTBETCTBUU C
[TooxxeHneM 0 TEKyIleM KOHTPOJIC YCTICBAEMOCTH M IPOMEKYTOYHOM aTTECTAIIN 00YIAFOIITXCS.

[TpeaycMOTpeHBI CIEAYIOIINE BUILI KOHTPOJISA: TEKYIIU KOHTPOJIb (OCYIIECTBIICHHE KOHTPOJIS BCEX BUIOB ayJIUTOPHON U
BHEAYJIUTOPHON JEATEIHHOCTH OOYYAIOIIETOCS C IENbI0 MOJTY4YEHHUs TMEPBHUYHON MH(POpPMAIMKA O XOJ€ YCBOCHHUS OTICIHHBIX
AIIEMEHTOB COJICP)KaHMS AWCIUIUIMHBI) M TPOMEKYTOYHAs aTTecTanys (OIEHWBACTCS YPOBEHb W KAadeCTBO IOATOTOBKH ITO
TUCIUILIAHE B IISJIOM).

[TokazaTenn W KpUTEpHH OICHUBAHHUS KOMIICTCHIIMHA, (OPMHUPYEMBIX B TIPOIECCE OCBOSHHUS JAaHHOW IUCITUILIMHEI,
oIMcaHbI B Ta01. 4.

Ta0mnumna 4.



Kon YpoBeHb OCBOEHUSA Nunukaropsl Kpurepuu onieHuBaHuS pe3yiabTaTOB 00yUCHUS
KOMIIETEHIIUM | KOMIIETCHIIUU JOCTHKEHHUS
KOMIIETEHIIUU
OIIK-1 3Haer
OIIK-3 HenocraTounsrit ypoBeHb OIIK-1.1. He 3naem 3nauumensHoii uacmu mamepuana Kypca, He cCHOCOOeH camoCmOosmenbHO 8blOelsiMb
[IK-2 Oruenka OIIK-3.1. 2/1ABHbLE NOJIONCEHUS 8 UZYHUEHHOM MAMepUaie OUCYUNIUHb
«HEYJOBJIETBOPUTEIILHOY 1IK-2.1.
ba30Bblil ypoBEHb OIIK-1.1. 3Haem He menee 50 % ocHO8HO20 Mamepuana Kypcd, 0OHAKO UCHbIMbI8Aem 3aMpPYOHEHUs 8 €20
Orieuka OIIK-3.1. npumeneHuu
«YAOBJIETBOPUTEIBLHO 1IK-2.1.
Cpenuuit ypoBeHb OIlIK-1.1. 3Haem oCHOBHYIO uacmb mamepuana Kypcd, CnocoOeH NPUMEHUMb U3YYEHHbIL Mamepuanl Ha
OueHnka OIlIK-3.1. npakmuke, UCNbIMbIEAem He3HAYUmelbHble 3ampyOHeHUs 8 peuleHul 3a0ay
«XOPOUIO» 1IK-2.1.
Bricokuii ypoBeHb OIlIK-1.1. THoxkasvieaem 2nyboxoe 3HaHUe U NOHUMAHUE MAMEPUAnd, CnoCOOeH NPUMEHUMb U3VUEeHHbII
OueHnka OIlIK-3.1. Mamepuan Ha npakmuxe
«OTJIUYHO 1IK-2.1.
YMeer
ba3oBeIif ypoBEeHb OIIK-1.2. Ymeem socnpouszeecmu ne menee 50 % ocHO6HO20 Mamepuana Kypcd, 0OHAKO UCHLIMbIGAE
OIIK-3.2. 3ampyOHeHUs NPU peuleHuu NPAKmu4eckux 3a0a4
1IK-2.2.
Cpennuii ypoBeHb OIlIK-1.2. Ymeem pewamv cmanoapmuvie npogeccuonanvuvie 3a0auu ¢ npumMeHeHueM NOTYYEHHBIX
OIIK-3.2. SHAHULL, UCTbIMbLEAEI He3HAYUMETbHbLE 3aMPYOHEeHUs. 8 PeuleHulU 3a0ay
1IK-2.2.
Bericokwmii ypoBeHB OIIK-1.2. Ymeem pewamv cmanoapmuvie npogeccuonanvhvie 3a0auu ¢ APUMEHEHUEM HNOTYYEHHBIX
OIlIK-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 UCCIe008aHUSL 00BEKMO8
OIIK-3.3. npoGeccuoHaIbHOU 0esiMmeNbHOCIU, YC8OUL OCHOBHOE COOEPIHCAHUEe MAMEPUANA OUCYUNTIUHDL
1IK-2.3. HO umeem npobenvl 8 YcgoeHuu mamepuaid. Hmeem HecucmemamusupogaHuvie 3HAHUSA
OCHOBHBIX PA30€108 OUCYUNTIUHDL.
Cpenuuit ypoBeHb OIIK-1.3. Braoeem mnasvixamu meopemuueckoeo u IKCHEPUMEHMATbLHO2O UCCIeO08aHUsL 00bEKMO8
OIIK-3.3. npoGeccUOHanbHOl  OesiMeNbHOCMU,  CROCOOEH — CAMOCMOSMENbHO — 8blOCAMb  2AGHLLE
1IK-2.3. nonoJICeHUsT 8 U3YueHHOM Mmamepuane. Mcnvimvleaem He3HauumenbHble 3amMpYOHeHUs 8
peutenuu 3a0au.
Bricokwii ypoBeHb OIIK-1.3. C60000HO 6na0eem HABLIKAMU MEOPemu4eckKo20 U IKCNEePUMEHMATbHO20 UCCAe008AHU,
OIIK-3.3. noxasvigaem 21yooKoe 3Hanue u NOHUMAaHue U3y4eHHo20 Mamepuaia

1IK-2.3.




4. MeToauyeckne MaTepUaJibl, ONpeAe/siioIne Mpouexypbl
OLICHMBAHMS Pe3y/IbTATOB 00y4YeHHUs

3ananus B popme ompoca:

OHpOC HCIIOJIB3YCTCA AJId TEKYILICTO KOHTPOJIA YCIIEBACMOCTH 06yqa101111/1x051 110
JUCHUIINIMHE B KAUYCCTBEC IIPOBCPKU PE3YIbTATOB OCBOCHUS TCPMHUHOJIOTHH. Ka>1<z[0My CTYACHTY
BBIZIACTCS CBOM COOCTBEHHBIN, Y3KO C(HhOPMYIUPOBaHHBIN Bompoc. OTBET AOHKEH OBITh YETKUM
H KpaTKuM, COACPKAIMHUM BCE OCHOBHBIC XapaKTECPHUCTUKHN OIIMCBIBACMOI'0 IIOHATHA, MHCTHUTYTA,
KaTETrOpHUH.

KonTpoJsbhas pabora

CpGI[CTBO IIPOBCPKU YMGHI/Iﬁ MMPUMCHATDH IMOJYUCHHBIC 3HAHUA JIA pCIICHUA 3aaYq
OMPCACIICHHOI'O TUIIA I10 TCME WJIN Pa3aCTy

5. MarepuaJbl A/ NPOBeACHUS TEKYIIEer0o KOHTPOJIA U IPOMEKYTOYHOM

aTrecrainmmu

Pasznea 1. OcHoBHBIE MOHATHS.

1) Onpenenenne 0OBIKHOBEHHOTO U (HepeHIINaIEHOTO yPaBHEHHUS.

2) Omnpenenenre 4aCTHOTO U OOILEro PelIeHus], CBSI3b MEXI1y HUMH.

3) OO0bIkHOBEHHBIE AU PepeHInanbHbIe ypaBHEHUS IEPBOTO MOPSIIKA.

4) IMousgrue 3amaun Koim.

5) Teopema CyIIeCTBOBaHHMS W €IWHCTBEHHOCTH pEUICHUS OOBIKHOBEHHOI'O
muddepeHIaTFHOT0 YpaBHEHHSI IEPBOTO Mopsiika (0e3 10Ka3aTenbCTBA).

6) ['eomeTpuyeckas  wHTEpHpeTanusi  OOBIKHOBEHHOTO  MU(PEpeHIIHATBHOTO
ypaBHEHUS MIEPBOTO MOPSIKA.

7) YpaBHEHHE palOaKTUBHOIO pacnaja.

Paznen 2. uddepennuaibable ypaBHeHHs NEPBOro MOPsiAKAa.

1) OObikHOBEeHHBIE UG (epeHIaTbHble  YpaBHEHHs C  pa3ieJeHHbBIMH U
pa3eNsIIoIUMHCS IEPEMEHHBIMHU.

2) OnHOpOoHBIE ypaBHEHUS NIEPBOIO MOPSAIKA.

3) IToHsATHE OPTOrOHAIIBHBIX TPAEKTOPHIA.

4) Jlunelinsle nudQepeHaIbHble YpaBHEHHMsS IepBOrO0 MOpsiika - OCHOBHBIE
CBOICTBa pelIeHNs OJHOPOAHBIX U HEOJTHOPOAHBIX YPAaBHEHUH.

5) Meron Bapuanyuy NpoU3BOJIbHON ITOCTOSHHOM.

6) VYpaBuenue bepnymim.

7) YpaBHenue Pukarru.

8) Juddepenunansaple ypaBHEHUS B OJHBIX AU epeHuanax.

9) VYcnosue nonHoro auddepenuana.

10)  HWnTerpupyromuii MHOXXHUTEb.

11)  OObikHOBeHHble JudQepeHIaTbHble  ypaBHEHUs MEPBOTO  TMOpsJIKa He
pa3pemnIeHHbIe OTHOCUTEIBHO MTPOU3BOIHOM.

12)  Pemenue nuddepeHnanbHbIX YpaBHEHHH METOAOM BBEICHUS MTapaMeTpa.

13)  VYpaBuenwue Jlarpamxka. Ypasuenue Kiepo.

14) [TonsiTHE OCOOOTO pElICHUS.

15) Meroasl NOpUONMIKEHHBIX peHIeHHH OOBIKHOBEHHBIX U depeHIInaTIbHbIX
yYpaBHEHHI NIEPBOTO MOPSAIKA.

16)  Meroa nocnenoBaTeabHbIX TPUOIHKEHUH.



17)  Meron Diinepa. Meroa HeonpeAeIeHHBIX KOA(D(UITMEHTOB.

Pasznen 3. AudPepennuaibubie ypaBHeHUs N-I'0 MOPSAKA.

1) JluneliHas 3aBUCUMOCTb M HE3aBUCUMOCTh (DYHKITHIA.

2) [TonsiTHe TMHEHHOW 3aBUCUMOCTH U HE3aBUCUMOCTH () YHKIIUM.

3) Onpenenurens Bpouckoro. CBoiicTBa.

4) OObikHOBeHHBIE AU depeHITnaIbHbIC YPAaBHEHUS N-TO TOPsIKa.

5) O61ue nonsarusd. [ToHsTre 4acTHOTO U OOILEro peleHus.

6) 3agaua Komm.

7) Teopema CyIIeCTBOBAaHMS W  €IWHCTBEHHOCTH pEUICHUS OOBIKHOBEHHOI'O
nuddepeHIaIbHOTO YpaBHEHHUS N-TO Topsika (0e3 T0Ka3aTesIbCTBA).

8) JuddepeHumanbaple  ypaBHEHHs N-TO MOPSAAKA, IOMYCKAIONIUE IOHWKCHHE
nopsiaka. Pemenue auddepeHunanbHbIX YpaBHEHUH N-ro METO0M BBEJCHUS MapaMeTpa.

9) Jluneiinpie nuddepeHnnanbupie ypaBHEHUS N-T'0 TOPSIIKA.

10)  OOmme monstusi. CBOMCTBA.

11)  Opnaopoxanble nuHEHHBIE MU HepeHInaIbHBIC YPABHEHUS N-TO TMOPSIKA.

12)  CtpykTypa oOIIero penieHus.

13)  Tlonarue GpyHIaMEHTATBHON CHCTEMBI PEIICHUH.

14)  Heomnopoausie auHeiHbIe TudepeHnanbHble YpaBHEHHS N-I0 MOPsaKa.

15)  Crpykrypa obmero pemenusi. Dopmyna JimyBmiis - OcTporpaickoro.

16)  OpHoponHble nHMHEWHHBIE AUQQepeHIranbHble YPaBHEHUS N-TO MOpsAIKa C
NOCTOSTHHBIMU K03 purimenramu.

17)  Meron Diinepa. [Tonstue XapakTepuCTUIECKOTO YPaBHEHHUS.

Pasnen 4. Heonnopoaubie nuddepennuaibiable ypaBHEHHs N-I'0 MOPSAIKA.

1) Heomnopoansie nuneiinsie nuddepeHnnanbapie ypaBHEHUS N-TO  TTOPSIKA.

2) Mertoa Bapualiuy NPOU3BOJIBHOM MOCTOSIHHOM.

3) Heonnoponusie nuHeiiHble nud@epeHnuanbHble ypaBHEHHS N-TO  MOpsIKa C
HOCTOSIHHBIMU K03 purimenTamu.

4) Merton HeomnpeaeaeHHbIX K03()PUIIMEHTOB.

Pasznen S. KpaeBble 3a1a4u.
1) ITonsTHE KpaeBoOM 3a1aun.
2) Pemenue kpaeBoii 3agaun ¢ nmomoinbio GyHakuun ['puna.

Pa3nea 6. Cucremsbl nuddepeHunanbHbIX ypaBHEHHUI.

1) Cuctemsl tudpepeHnaTbHbIX YPaBHEHUH.

2) WuTerpupoBanue cucreMbl AU(@epeHnanbHbIX YpaBHEHUNH MyTeM CBEJIEHUS K
OJTHOMY YpaBHEHHIO 00Jiee BEICOKOTO MOPsIKa.

3) Haxoxaenue naterpupyemMbix KOMOUHAIUH.

4) Cuctembl TUHEHHBIX AU (DHepeHInATBHBIX YpaBHEHU.

5) Teopembl 0 pelIeHnsIX CUCTEMBbI IMHEHHBIX AU PepeHInanbHbIX YpaBHEHUH.

6) Cucrempl JUHEWHBIX JUGQGEpEeHINATBHBIX YpaBHEHUH C  [OCTOSHHBIMH
KO3 UIIMEHTaMH.

Paspnen 7. Teopusi ycToi4MBOCTH.

1) Teopus yCTOMYUBOCTH.

2) OcHoBHbIe OHATHSA. [IpocTelimme THIIBI TOYEK MTOKOSI.

3) Bropoii meton A. M. JlanyHoBa.

4) HccnenoBanme Ha yCTOMYHBOCTH MO TIEPBOMY MPUOTHHKSHHIO.

5) IIpr3HaKku OTPULIATENBHOCTH IEUCTBUTEIBHBIX YACTEW BCEX KOPHEH MHOTOWICHA.

6) Crny4aii Mmanoro ko3dduimenTa mpu mMpoU3BOTHON BRICIIIETO MOPSAKA.



7) Y CTOMYMBOCTD MPHU MOCTOSHHO JIEUCTBYIOIINUX BO3MYIICHUSIX.
8) Teopema Mankuaa 00 yCTOHYUMBOCTH TPU TOCTOSHHO  JIEHCTBYIOIIMX
BO3MYILICHUSX.

Pa3znes 8. YpaBHeHHsi B YACTHBIX NPOU3BOIHbBIX.

VYpaBHEHMSI B YACTHBIX POU3BOAHBIX NEPBOro nopsaaka. OCHOBHbIE NOHATHSL. JIuHElHbIE
Y KBa3WIMHEHHbIE YPaBHEHUS B YACTHBIX MPOU3BOAHBIX IIEPBOTO MOPSAIKA.

CBs13b C BEKTOPHBIM I10JIEM. XapakTepUCTUKU. Teopema 00 001eM pelieHUuH ypaBHEHUS
B YAaCTHBIX [TPOU3BOJIHBIX I1EPBOIO MOPSIIKA.

Pa3znen 9. BapuannonHoe ucqyucieHue.

1) Bapuanuonnslie 3a/1auu ¢ HEMOABM>KHBIMU TPAHUIIAMHU.

2) Bapuanus u ee cBoiicTsa.

3) VYpaBuenue Ditnepa.

4) Cucrema ypaBHeHU Disepa.

5) VpaBuenue Ditnepa—Ilyaccona.

6) OYHKIMOHAJbI, 3aBUCALINE OT PYHKIMI HECKOIbKUX HE3aBUCHUMbIX IIE€PEMEHHBIX.
7) Merton Bapuanuii B 3a/1a4ax ¢ NOABUKHBIMHU I'PaHULIAMU.

8) [Tpocreiimas 3a1a4ya ¢ MOJABM>KHBIMH IPAHULIAMHU.

9) 3aaya ¢ NOJABUKHBIMH IPAHULIAMHU.

KonTtpompyemsbie komnereniuu: OIIK-1, OITK-3, T1K-2

Oyenka KomMnemeHYyull OCyuecmesiemcs 8 COomeemcmeuu ¢ maoauyet 4.

KOHTpOJ’IbeIe 3adaHuA:

1. TecroBsrit Bonpoc 1:
a) BapuaHT oTBeTa 1;
0) BapuaHT OTBeTA 2;
B) BapHUaHT OoTBeTA 3;
') BApUAHT OTBeETa 4;

2. TecroBerit Bonpoc 2:
a) BapuaHT oTBeTa 1;
0) BapuaHT OTBeTA 2;
B) BapHUaHT OTBeTA 3;
') BApUAHT OTBeETa 4;

3. TecroBsrit Bompoc 3:
a) BapuaHT OTBeTa 1;
0) BapHaHT OTBeTa 2;
B) BapHaHT OTBETA 3;
') BApUAHT OTBeTa 4;

KoMmiuiekT 3apanuii 1Jisi KOHTPOJIbHOM padoTsl 110 gucturumie «JuddepeHnnansabie
YPaBHEHUS

KonTtpoabnas pa6ora Ne 1

Bapuant Nel

VYpaBHEHUS € pa3/IENAIONUMUICS IEPEMEHHBIMHU:
1. xydx + (x + 1)dy = 0.



dx
2. x—+t=1.
dt
FGOMeTqueCKHe u (I)I/ISI/I‘ICCKI/IG 3aJa4u:

3. Haiitu kpuBbIe, U1 KOTOPBIX IUIOIIAh TPEYTOIbHUKA, 0OPa30BAaHHOTO
KacaTesIbHOU, OPIMHATON TOYKH KaCaHHs U OChIO aOCIUCC, €CTh BEMMYNHA TIOCTOSIHHAS, PABHASI
a%?

OIHOPOIHBIC YPaBHECHHS:

4. (x + 2y)dx — xdy = 0.

5. (y+ \/x_ydx = xdy.

KonTtpouabnas pa6ora Ne 1

Bapuant Ne2
VpaBHEHUS ¢ pa3IeISIOMIUMHUCS TIEPEMCHHBIMHU:
1. y? + 1dx = xydy.

2. y' = cos(y — x).

I'eomerpuueckue u GU3NIECKHUE 3a0a4M:

3. HaiiTu xpuBble, 11 KOTOPBIX CyMMa KaTETOB TPEYroJbHUKA, 00pPa30BAHHOTO
KacaTeJIbHOM, OPIMHATOM TOUKU KacaHUs U OCbIO aOCIHCC, €CTh BEJIMUMHA MIOCTOSHHAS, PaBHas
b?

OpHOpOHBIE ypaBHEHUS:

4. (x —y)dx — (x +y)dy = 0.

5. xy'= Jx?2—y%2+y.

Kounrpoabsnas padora Ne 1

Bapuant Ne3

YpaBHEHUS C pa3IENAIONUMUICS TEPEMEHHBIMH:

1. (x2—=1)y' +2xy? =0.y(0) = 1.

2. y' —y=2x-3.

I'eomerpuueckue U pu3NIECKUE 3a0a4u:

3. Haiitu xpuBble, 00naatonme cieayoyuM CBOUCTBOM: OTPE30K OCH abclucc,
OTCEKaeMbli KacaTelbHON U HOPMaJIblo, IPOBEJCHHBIMU U3 IPOU3BOJIBHON TOUKH KPUBOM, paBeH
2a?

OnHOpOHBIE ypaBHEHUS:

4. (y? — 2xy)dx + x%dy = 0.

5. (2x —4y+6)dx+ (x+y—3)dy = 0.

KonTtpoabHnas pa6ora Ne 1

Bapuant Ne4

VYpaBHEHUS € pa3IeNAIONUMUICS IEPEMEHHBIMHU:

1. y'ctgx+y=2,y(x) > 1upux - 0.

2. (x+2y)y'=1,y(0) = —1.

I'eomerpuueckue U pU3NIECKUE 3aTa4u:

3. Haiitu kpuBbIe, y KOTOPBIX TOUKa MEepeceueHue Jr000ii KacaTelbHOM ¢ 0ChI0
abcrucc nmeet abcuuccy, BABOE MEHBIIIYIO a0CIICChl TOUYKU KacaHue?

OpHOpOHBIE ypaBHEHUS:

4. 2x3y" = y(2x% — y?).



5. (2x+y+ 1)dx + (4x + 2y — 3)dy = 0.

KonTpoabHas padora Ne 1

Bapuant Ne5

VYpaBHeHUs ¢ pa3AeAIOIIUMUCS IEPEMEHHBIMHU:

1.y =3y3y@) =0

2. y'=4x+ 2y —1.

I'eomeTpuueckue u pu3nyecKue 3a1auu:

3. Haiitu kpuBbie, o0magaronue CIeayonuM CBOMCTBOM: €CITU Yepe3 JII00YI0 TOUKY
KPUBOM MTPOBECTH NPsIMbIE, NTapaJUICIbHBIE OCSIM KOOPAUHAT, 10 BCTPEUU C ITUM OCSIMU, TO
MJIOIA/Ih TTOJIYYEHHOTO MPAMOYTOJIbHUKA JIETUTCS KpUBOU B OTHOIIEHHE 1:27

OnHopoaHbIe ypaBHEHUS:

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

5. x—y—1+@y—-x+2)y' =0.

KonrpoabsHnas padora Ne 1

Bapuant Ne6

YpaBHEHUS € Pa3IEIAIOMUMUICS IEPEMEHHBIMH:

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

2. 3y2y’ + 16x = 2xy3, y(X) OrpaHUYEHO IIPU X —> 0O,

I'eomerpuueckue u GU3NIECKHE 3a0a4u:

3. 3a 30 gueit pacnanoch 50% nepBOHAYAILHOTO KOJMYECTBA PAJMOAKTUBHOTO
BellecTBa. Yepes CKoIbKo BpeMeHH ocTaHeTcst 1% oT nepBOHAYaIbHOTO KOJIMYECTBO?

OnHOpOHBIE ypaBHEHUS:

4. (x2 +y?)y' = 2xy.

5. (x +4y)y' = 2x + 3y — 5.

KonTtpouabnas padora Ne 1

Bapuant Ne7

VYpaBHeHUs ¢ pa3AeAIOIIUMUCS IEPEMEHHBIMHU:

1. 2x%yy’ + y? = 2.

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

I'eomerpuueckue U pu3NIECKUE 3a0a4u:

3. CornacHo onbiTaM. B Teuenue rona u3 kaxxaoro rpamMma panus pacrnagaercs 0,44
Mr. Yepes CKOJIBKO JIET pacnaieTcs IOJ0BHMHA UMEIOLIErocsl KOJIMUECTBA pafgus?

OnHOpOAHBIE YpABHEHUS:

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

KonTtpoabHnas padora Ne 1

BapwnanTt Ne8

VpaBHEHHS C Pa3AeNsIONIMUCS IEPEMEHHBIMH:
1. y' —xy? = 2xy.

2. x2y' — cos2a = 1; y(4+o0) = 91/4.



I'eomerpuueckue u GuU3NIECKHUE 3a0a4u:

3.

HaiiTu xpuBbIe, KacaTelbHBIE K KOTOPBIM B JIFOOOH TOYKE 00Pa3yloT paBHBIC yIIIbl

C MOJISIPHBIM PaUyCcOM U MOJISIPHOM OCBhIO?

OnHopoaHbie ypaBHEHUS:

4.
5.

xy' =y —xeV*
, +2
y' =255

x+y—1

KonTpoabHas padora Ne 1
Bapuant Ne9

ypaBHeHI/IH C pasacIdAromMMUMUCA IIEPEMCHHBIMU

1.
2.

-5 dsy _
e S(1+ dt) = 1.
xy'+y=y%y(1)=0,5.

I'eomerpuueckue u GuU3NIECKHUE 3a0a4H:

3.

Teno oxmagunocs 3a 10 mun ot 100° 1o 60°. TemnepaTypa OKpyKaroIiero

BO3/yxa nojjaepxkubaercs paBHoii 20°. Korga teno octeineT 10 25°7
OnHopoaHbIE ypaBHEHUS:

4.
5.

xy'—y=((x+ ])ln%.
' ytx _ yitx
(y + 1)lnm = 213

KounrpoabsHnas padora Ne 1
Bapuant Nel0

VYpaBHEHUs C pa3aeisAOIMMUC IEPEMEHHBIMH:

1.
2.

7z =10%*Z,

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

I'eomerpuueckue u pusnyeckue 3aaauu:

3.

B cocyne, conepskamuii 1 kr Boabl pu Temneparypsl 20°, omyiieH

ATIOMUHMEBBIN npeaMeT ¢ maccoit 0,5 kr, yaenbHas TemioeMkocTts 0,2 u Temmeparypa 75°.

Uepes munyTy Boja Harpesnach Ha 2°. Korja temneparypa BoJIbI ¥ peaMeTa Oy1eT OTIMYaThCs

oJlHa OT Ipyroi Ha 1°? [ToTepsimMu Terula Ha HarpeBaHUe COCy1a U IPOUYHMHU.
OnHOpOHBIE ypaBHEHUS:

4.
3.

xy' = ycosln %
; __y+2 y-—2x

y =2i+tg

x+1 x+1°

Konrtponsnas padora Ne2
Bapuant Nel

JIuHelHbIE YpaBHEHMSI IEPBOTO MOPSIIKA:

1.
2.

3.

xy' — 2y = 2x*.
(2e¥Y —x)y' =1.
xy' —2x2\[y = 4y.

VYpaBHeHU B MOJIHBIX TUdepeHIanax:

4.

2xydx + (x? —y?)dy = 0.



KonTtpouabnas pabora Ne2

Bapuant Ne2

JInHelHbIe ypaBHEHHUs I1IEPBOIO MOPSAAKA

L. (2x + 1)y’ = 4x + 2y.

2. (sin®y + xctgy)y' = 1.

3. xy' — 2y + x°y3e* = 0.

VYpaBHeHU B ITOJIHBIX TU(epeHmranax

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

KonTpoabHnasi padora Ne2

Bapuant Ne3

JIuHeliHble ypaBHEHUS MIEPBOrO MOPSIKA:
1. y' + ytgx = secx.

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

3. 2y’ — § = %

YpaBHEHHS B MOTHBIX TU(hepeHIIranax:

4. e Ydx — 2y +xe™Y)dy = 0.

KonrtpoJsbHnas padora Ne2

Bapuant Ne4

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

r_ y
2. A

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

KonTtpoabHnas padora Ne2

Bapwnant Ne5

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

2. (A-2xy)y =yly-D.

3. 2x%ylny — x)y' = y.
VYpaBHeHU B MOJIHBIX TUddepeHIanax:

3x2%+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 noiHbIX TuddepeHmnanax:

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 +y?) =—y.

3. 3y +yP+o =0

YpaBHeHU B MONHBIX U epeHranax:

4. (1 + y2sin2x)dx — 2ycos?xdy = 0.

KonTtpoabnas pabora Ne2

Bapuant Ne8

JluHeliHble ypaBHEHHS TIEPBOTO MOPSIKA:
1. (xy" —1)Inx = 2y.

2. y' = y*cosx + ytgx.

3. xy' — (2x + 1)y + y? = —x2.
VpaBHEHHUs B NOJNHBIX AuddepeHnnanax:

2 x
4. 3x°(1 + Iny)dx = (Zy - ?) dy.

KonTtpoabnas pabora 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:

2
4 (Zr2)ax s Eowg,

siny cos2y—1

KonTtpoabHnas paora Ne2

Bapuant NelO

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

2. xydy = (y? + x)dx

3. y' +2ye* —y? = e?* + e*.
VpaBHEHHS B HOJHBIX Ju(PepeHIranax:
4. (x?2 +y? + x)dx + ydy = 0.

KonTtpoabsnas pabora Ne3
Bapuant Nel



VYpaBHeHuUe, HEe pa3pelIeHHbIE OTHOCUTEIBLHO TPOU3BOTHOM:

1. y'?—y%2=0.

2. y?+xy=y*+xy.

3. x=y3+y

4. y=xy' —y2

Pa3Hble ypaBHEHHs MEePBOro MOPAIKa:
5. xy' +x*+xy—vy=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 ypaBHEHHs MEePBOro MOPAIKa:
5. 2xy' +y? =1.

KonrtpoJabHas padora Ne3

Bapuant Ne3

VpaBHEHNE, HE Pa3PEIIEHHBIE OTHOCUTENBHO TPOU3BOIHOM:
1. ' +1)3=27(x + y)2

2. xy'? —2yy' +x = 0.

3. x=yy?+1

4. y = 2xy' —4y'3.

Pa3Hble ypaBHEHHUS TIEPBOTO TOPSIKA:

5. (2xy’2 — y)dx + xdy = 0.

KonTtpoabnas pabora Ne3

Bapuant Ne4

VpaBHeHue, He pa3pelieHHbIC OTHOCUTEIHHO TIPOU3BOHOM:
1. y2(y'* +1) = 1.

2. xy'?=yQ2y' —1)

3. y'(x—Iny") =1.

4, y=xy' —2+y").

PasHble ypaBHEHHUS IEPBOTO TOPSIIKA:

5. (xy' +v)? =x2y'.

KonTtpoabnas pabora Ne3

Bapuant Ne5

VYpaBHeHMe, HE pa3penIeHHbIe OTHOCUTEIEHO MTPON3BOTHOM:
1. y'? —4y3 = 0.

2. y2+x=2y

3. y=y'2+2y'3.



4, y'3 +y% =xyy'.
Pa3Hble ypaBHEHHs IEPBOTO TIOPS/IKA:

5. y—y' =y +xy.

KonTtpoabnas padora Ne3

Bapuant Ne6

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

2. Y3+ (x+2)eY=0

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

4. y =xy'? —2y'3.

Pa3Hble ypaBHEHUS IEPBOro MOPSIKA

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

Konrtpoabnas pabora Ne3

Bapuant Ne7

VpaBHeHME, HE pa3pelIeHHBIE OTHOCUTEIBHO IIPOM3BOIHOM:
1. xy'? =y.

2. y'? — 2xy' = 8x2

3. O'+D)=0" -y

4. xy' —y=1Iny'"

PasHbie ypaBHEHHS IEPBOTO MOPSIKA!

5. y'3 — gy =0,

KonTtpoabHnas padora Ne3

Bapuant Ne8

VpaBHeHHUE, HE pa3pelIeHHbIE OTHOCHTEILHO MPOU3BOTHOM:
1. yy'3 +x=1.

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

3. y=@ —1eY.

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

PasHble ypaBHEHHS TIEPBOTO TTOPSIKA:

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

KonTtpoabnas pabora Ne3

Bapuant Ne9

VpaBHeHue, He pa3pelieHHbIC OTHOCHTEBHO TIPOM3BOTHON
L y3+y2=yy'(y' + D).

2. yP-2yy'=y*e*-1)

3 Yt — % = y2.

4, 2y % (y —xy') = 1.

Pa3Hble ypaBHEHHUS [IEPBOTO MOPSIIKA

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

KonTtpoabsnas pabora Ne3



Bapuant Nel0

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

2. y'(2y —y") = y3sin’x

3 Y2 — g3 =y2,

4. 2xy' —y =Iny'".

Pa3Hble ypaBHEHMS IEPBOTO MOPSAKA!

5. y?+2(x—1)y' —2y =0.

KonTpoabHas padora Ne4
Bapuant Neol

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

1. x2y" = y'?,

2. 2yy" =yt 4y

3. xylV = 1.

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

JIunelnbpIe YpaBHCHHE C ITOCTOAHHBIMU KOS(I)(I)I/IHI/IGHTEIMI/I
5. y'+y' =2y =0.

KountpoabsHnas padora Ned
Bapuant Ne2
VYpaBHeHuUe, JOMyCKaOUMe TOHMKEHHUE MOPSAIKa

..

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.
JIunelHble ypaBHEHHE C TOCTOSSHHBIMU KO3 hULineHTaMu

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

KonTtpouabnas pabora Neq4
Bapuant Ne3

VYpaBHeHuUe, JOMyCKarOIINe TOHKEHUE MOPSAKa

1. y3y'" = 1.
2. y'2+y =xy".
3. xyV +y" = e*.
143 1A 6 2 1A
4. x%y" —3xy' = xLZ —4y, y(1) =1,y'(1) = 4.
JIuneiiHble ypaBHEHHUE C TOCTOSHHBIMU KO3 (PULIEHTAMU

5. y'—2y'=0.

KonTtpoubnas paGora Ned

Bapunant Ne4

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

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



3. yylll + 3ylyll — O.

4, y"" =3yy', y(0) =-2,y'(0) =0,y"(0) = 4,5.
JIuueiiHble ypaBHEHHE C OCTOSIHHBIMU KO3 dHUIImEeHTaMU
5. 2y" = 5y'+ 2y =0.

KonTtpouabnas padora Neq4

Bapuant Ne5

VYpaBHeHue, AOMyCKaIOIIe MOHIKEHNE TopsIKa
1. y'"' = 2yy'.

2. xy'"' =y" —xy".
3. y'y'" = 2y"2

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

Kountpoabsnas padora Ned

Bapuant Ne6

YpaBHeHHE, JONYCKAIONIHE TOHWKCHUE TTOPSIKa

1. yy" +1 =y

2. y'"? =92 41,

3.y =y + D).

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

JIuHeliHbIe ypaBHEHHUE C IOCTOSHHBIMU K03 punmenramu
5. y"'+2y"+ 10y = 0.

KonTtpouabnas padora Neq4

Bapuant Ne7

VYpaBHeHHE, JOMYCKAIOIIIE TOHMKEHNE TIOPSIIKa

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

2. y"' =ev.

3. 5y = 3y"yV = 0.

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

5. y"' +4y =0.

KonTtpouabnas pabora Neq4
Bapuant Ne8
VYpaBHEHHE, TOMYCKAOIINE TTOHMKEHUE MOPSI/IKa
1. ylll — y”2.
2 yll _ xylll + ylll3 — 0
3. yy" +y'? =1,
2
4. x%y'-3xy' =2 —4y, y1) = 1,y'(1) = 4
JIunHelHble ypaBHEHHE C TOCTOSTHHBIMU KOA(pUIIMEHTaMU

5. y" —8y=0.



KonTtpouabnas padora Ned4

Bapuant Ne9

YpaBHeHHe, JONYCKAIOUINE TOHWKEHUE TTIOPSIJIKa

L oy =y?-y"

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

3. y'=xy'+y+1.

4. y" =3yy’, y(0) ==2,y'(0) = 0,y"(0) = 4,5.
JIuHeiiHbIe ypaBHEHUE C TIOCTOSHHBIMU KO3 (PHUIIUCHTAMH
5. yV —y=0.

KonTtpouabnas pabora Ne4

BapuanT Nel0

YpaBHeHuHe, AOMyCKaIOIe MOHIKEHNE TOoPsIKa

1. y" =2@" —1)ctgx.

2. y*—y3y" =0.

3. xy'" =2yy' —y'.

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

KonTtposabnas pa6ora NeS

Bapuant Nel

JIunelHble ypaBHEHHMSI C TOCTOSIHHBIMU KO3 puiineHTaMu
1. yV + 64y = 0.

y'"—=3y"+2y=0.

y'+3y —4y =e 4+ xe V.

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

e

KonTtpouabnas padora NeS

Bapuant Ne2

JluHelHbIE ypaBHEHHS C TOCTOSHHBIMHA KOd()PUIMEHTAMH
1. y'=2y'+y=0.

yV +4y" + 3y = 0.

y" +2y' — 3y = x%e”.

y" = 7y" + 10y = xe~%* cos 5x.

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

el

KonTtpouabnas pabora NeS

Bapuant Ne3

JIuneiiHble ypaBHEHHMsI C MOCTOSSHHBIMU KO3 puiinenTamu
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.

KonTpoabHas padora NeS

Bapuant Ne4

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

y" +y = 4xe*.

y" — 9y = e3* cos x.

y" =2y"+y = 2xe* + e*sin2x.

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

e

KonTpoabHnas padora NeS

Bapuant Ne5

JIuHeliHbIe YpaBHEHUS C TOCTOSTHHBIMHA KO3 PHUIIMEHTaAMU
1. yV —10y"" + 9y = 0.

y" —y =2e* —x2.

y" =2y"+y = 6xe*.

y" —8y' + 17y = e**(x? — 3x sinx.

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

nokh WD

KonTtpouabnas pabora NeS

Bapuant Ne6

JIuHeliHbIe ypaBHEHUS ¢ TOCTOSTHHBIMU K03 punmenramu

1. 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.

A

Kountpoabsnas padora Ne5

Bapuant Ne7

JIunHelHble ypaBHEHHMSI C TOCTOSSHHBIMU KO3 puiineHTaMmu

1. y" =3y" +3y'—y=0.

y" —3y'+ 2y = sinx.

y" + 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.

e

KonTtposbHnas paGora NeS

Bapwnant Ne8

JIuneiHble ypaBHEHHMSI C MOCTOSSHHBIMU KO3 punineHTamu
1. y"—y"—y'+y=0.

2. y" +y = 4sinx.

3. y" — 5y’ = 3x? + sin5x.



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

KonTtpouabnas pabora NeS

Bapuant Ne9

JIuHeiHbIe YpaBHEHHUS C MOCTOSHHBIME KO3 DUIIMECHTAMH
1. 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.

R

KonTtpouabnas pabora NeS

Bapuant NelO

JIuHeliHbIe ypaBHEHUS ¢ TOCTOSTHHBIMU K03 punmenramu
1. yV +8y"" + 16y = 0.

y" —3y" + 2y = xcosx.

y" + 6y’ + 10y = 3xe™3* — 2e3*cosx.

y" —y" —y'"+y=3e* + Sxsinx.

y"' =2y =2e*y(1)=-1,y'(1) =0.

e

KountpoabsHnas padora Ne6
Bapuant Nel
JIuHeHbIe CUCTEMBI C TOCTOSTHHBIMU KO3 (UIIMEHTaMH
XxX=2x+y
{y =3x + 4y
X=x+z-—-y
>

1.

y=x+y—z, 4L =1L, =21;=-1)

Z=2x—2z

i {x=y+29t

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

KonTtposabHnas paGora Ne6

Bapuant Ne2

JIuHetHbIe CUCTEMBI C TOCTOSIHHBIMH KOA(PPHUIIMEHTaMU
X=x—Yy

; {5/ =y —4x
X=x—2y—z

2 {yzy—x+z;(/11=0,AZ=2,A3=—1)

zZ=x—12z
{9’5 =y —>5cost

3. y=2x+y



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

KonTpoabHas padora Ne6

Bapuant Ne3
JIuHelHbIe cCUCTEMBI C TOCTOSTHHBIMU KO3 dULIMEeHTaMU
| {x +x—8y=0

' y—x—y=0

y=x+2y—2z (44 =11, =213 =3)
Z=x—-y+2z
3 {J'c=3x+2y+465t

X=2x—y+z
2 {

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

KonTtpoubnas pabora Ne6

Bapuant Ne4

JIuHeHbIe CUCTEMBI C TOCTOSTHHBIMU KO3 (UIIMEHTaMH

1 { X=x+Yy

' y =3y —2x

XxX=3x—-y+z

2 {y=x+y+z;(11:1,12=2,13=5)
Z=4x—y+4z

3 {x =2x — 4y + 4e™?
’ y=2x—2y
-3 2 2
4. XxX=Ax,A=-3 -1 1
-1 2 0

KonTtpouabHnas pabora Ne6

Bapuant Ne5

JIuHeitHbIe CUCTEMBI C TOCTOSIHHBIMH KO3 PHUIIMEHTaMU

| {x =x—3y

' y=3x+y

x =4y —2z—3x

2 { y=z+x ;AL =1L2A=21;=-1)
Z=6x—6y+5z

3 {x =4x +y—e?

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

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



| {x+x+5y—0
. o

x—x— —Z
2 { —X+y (11—1123—14'21)

Z—3x+z

x—2y x+1

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

KonTpoabHnas padora Ne6
Bapuant No7
JIuHelHbIe CUCTEMBI C TOCTOSTHHBIMU KO3 dUIIMEHTaMU
XxX=2x+y
b=4y—x
XxX=2x+y
- |

1.

y=x+3y—z; (4 =2,1,3=3=%1)
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 TOCTOSIHHBIMU KO3 pULInEeHTaMU

| {x =3x—y

' y=4x—-y

XxX=2x+2z-Yy

2 { y=x+2z ;A =12;3==%i)
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

KonTtpouabnas pabora Ne6
Bapuant Ne9
JIuHeltHbIe CUCTEMBI C TOCTOSIHHBIMH KOA(PPHUIIMEHTaMU
X =2y —3x
1. {._
y=y—2x
X=4x—-y—z
2 {3’/=x+2y—z; (A =2, =43 =3)
z=x—-y+2z
X=x+2y
3 {y =x —5sint



-2 1 2
4. x=Ax,A=-1 0 2
-2 0 3

KonTpoabHas padora Ne6

Bapuant Nel0

JIuHelHbIe cCUCTEMBI C TOCTOSTHHBIMU KO3 dULIMEeHTaMU
| {x —5x—-3y=0

y+3x+y=0
X=2x—y—z
2. y=3x—2y—3z; (1, =0,1, =13 =1)
z=2z—x+y
X =2x—4y
3 {yzx—3t+36t
0 1 -1
4. x=Ax,A=1 0 -1
2 2 -3

Kontponupyemsie komnerenuuu: OITK-1, OIIK-3, T1K-2

Oyenka KomMnemeHYyull OCyuecmeisiemcs 8 COomeemcmeuu ¢ maoauyet 4.

Bomnpocsl k 3a4ery:

1 YpaBHEHMS IEPBOTO MOPsIIKA, Pa3pEILIEHHBIE OTHOCUTENIBHO IIPOM3BOIHOM.

2 VYpaBHEHUs C pa3IeIAOIUMUCS IEPEMEHHBIMU U IPUBOJSALIMECS K HUM.

3. JIuneiinble ypaBHEHMsI IEPBOTO Nopsiaka. MeTo Bapualy MOCTOSHHOM.

4 VYpaBuenue bepnyu. YpaBHenue Pukarru.

3. VYpaBHeHus B noaHbIXx Auddepennunanax. Heobxonumoe 1 JOCTaTOUHOE YCIOBUE
Olinepa. aTerpupyomumii MHOXXUTEb.

6. [TpuHIMI cXKATBIX OTOOPAXKEHUH.
dy
7. Teopema cyI1ecTBOBaHUS U €IMHCTBEHHOCTH PELLIEHUS yPaBHEHUS i =f (x, y).
x
8. TeopeMa 0 HENPEpBIBHOW 3aBUCHMOCTH PELIECHUs OT MapaMeTpa U OT HadalbHBIX
YCIIOBUH.
dy
0. Oco06pie Touku. OcoOble peleHus ypaBHEHUS o =f (x, y).
10.  duddepenumanbable ypaBHEHN, HE pa3pellieHHbIe OTHOCUTEIBHO MTPOU3BOIHOM.
Meron BBeeHUS TapameTpa sl ypaBHEHUN BUIA F(x, ¥, y‘) =0.
11.  VYpasuenue Jlarpanxka, ypaBHenue Kiepo.
12. TeopeMma CyIeCTBOBAHHS U €IMHCTBEHHOCTH pellleHns ypaBHenus F(x, y, y') =0.
13. Ocobble ToukH U 0COObIE penienns ypasHerus F(x,y,1')=0.
14.  Cpenenue ypaBHEHH n-TO OpsAAKa K cUucTeMe 7 AU pepeHInanbHbIX YpaBHEHUN

1 -ro nopsaJaKa. TeopeMa CyHICCTBOBAaHUA n CANHCTBCHHOCTH peiCHUA YpaBHCHHUA
(n) _ (n=1)
y" _f(xzyay':"-ayn )

15.  Ilpocreimme cirydan IOHUKEHHUS MOPSAIKA.

16.  Jluneiinsle muddepeHnuanbHble ypaBHEeHUs n-ro nopsaka. CBOHCTBa IHHEHHOTO
oreparopa.

17. Teopembl O peHIEHMSIX JHUHEHHOTO OAHOPOAHOIO YpPaBHEHHUS H-TO TOpPsSAKa.

dyHIaMeHTallbHasl CUCTEMa PEIIeHUH.
18. ®opmyna Ocrtporpanckoro—JInysuis.



19. JluneliHble OMHOPOJHBIE YpaBHEHUS C TOCTOSHHBIMH  KOdhdUIHEeHTaMHU.
Paznuunble ciyyan KOPHEN XapaKTepUCTUYECKOIO YPaBHEHUS.

20. VYpaBuenus DOiinepa. I[IpeoOpa3oBanue ypaBHEHHS Dijepa B ypaBHCHHE C
NOCTOSIHHBIMU K03 punimenramu.

21. JIvuHeiiHble HEOAHOPOJHBIE YpaBHEHUS n-TO TOpsAKa. TeopeMbl O PpEelICHUsX
JIMHENHOI0 HEOTHOPOAHOIO YpaBHEHUS.

22. Mertoj Bapualuy MOCTOSHHBIX.

23.  JluHeliHble HEOIHOPOJHBIC YpPaBHEHUS C TOCTOSHHBIMH KOX((UIIUCHTAMH.
Meton HeomnpeneaeHHbIX Ko (pUIIHEeHTOB.

24.  HurerpupoBanue audQepeHIMaNbHBIX YPaBHCHHWA IPU TIOMOIIH  PSIOB.
[Tepuoanueckue peueHus: AU QPepeHInanbHbIX YpaBHEHUH.

25. Merog Manoro mnapamerpa M €ro INPUMEHEHHE B TEOPUU KBa3WIMHEHHBIX
KoJie0aHui.

26.  Kpaesas 3anaua.

27. Pemenue kpaeBbix 3agau MerogoMm ¢ynkiuu ['puna. CpoiictBa ¢pyHkiuu I'puna.
[Toctpoenne ¢pynkuuu I'puna.

28. Cucremsl b hepeHIaTbHBIX YpaBHEHUH. OcHoOBHbIE ITOHATHUS.

['eomerpuueckass U (u3uuecKass WHTEPHpPETAMS PEHICHUs CUCTeMbl AudQepeHIratbHbIX
YpPaBHEHUU.

29.  HHTerpupoBaHuE CHUCTEMBbI IIYTEM CBEIEHUS K OJHOMY YypaBHEHHUIO Ooiee
BBICOKOT'O IOpSIKA.
30.  HaxoxIeHue UHTErpupyeMbIX KOMOUHAIIHIA.

KonTtpompyemsbie komnereniuu: OIIK-1, OITK-3, T1K-2

Oyenka KomMnemeHYyull OCyuecmesiemcs 8 COomeemcmeauu ¢ maoauye 4.

Bomnpocs! k 3xk3amMeny:

1. VYpaBHEHHs IEPBOTO MOPAAKA, PA3PEIICHHBIE OTHOCUTEIBHO IIPOU3BOAHOM.

2. VYpaBHEHUS € pa3feNAIOIUMUCSA IEPEMEHHBIMH U TPUBOISALINECS K HUM.

3. JInneliHble ypaBHEHHUs IEPBOTO NMopsaka. MeTon Bapranuy oCTOSTHHOM.

4. VYpasuenue bepuymum. Ypasaenue Pukarru.

5. VYpaBHenus B noiHbeix Auddepenimanax. Heodxoammoe u 1ocTatouyHOE yCIOBHE
Olinepa. UHTErpupyromumii MHOKUTEb.

6. [TpuHIMI CXKATBIX OTOOPAKEHUH.

dy

7. Teopema cyniecTBOBaHUS U €IMHCTBEHHOCTH PEIIEHUS YPAaBHEHUS i =f (x, y).

8. TeopeMa 0 HENPEPBIBHOW 3aBUCHUMOCTHU PEILICHUs OT IapaMeTpa U OT HadalbHbIX
YCIOBUH.

dy
9. Oco0bie Touku. OcoOble peleHNs] ypaBHEHUs o =f (x, y).
X

10. Huddepennmanbpapie ypaBHEHHS, HE pa3pelIeHHbIE OTHOCUTEIBLHO MPOU3BOTHOM.
Meron BBeeHUs ITapaMeTpa i ypaBHEHUN BUga F (x, ¥, y') =0.

1. VYpaBuenue Jlarpanxka, ypasaenue Kiepo.

12.  Teopema CylecTBOBaHHUs U €IMHCTBEHHOCTH pellieHus ypasHenus F(x,y,')=0.

13. OcoGble TouKM 1 0cOObIE pelieHus ypasHenus F(x,y,1')=0.

14.  CseneHue ypaBHEHHH n-ro HOpsiiKa K cUcTeMe 1 JudQepeHInanbHbIX ypaBHEHUI

l-ro mnopsaka. Teopema CylmiecTBOBaHMS W €IUHCTBEHHOCTH PEIICHUS  ypaBHEHUS

n) __ n-1)
y( ) = f(x,y,y',..., y( )
15. [pocreiitime ciyyan MOHMWKEHHS TOPSIKA.



16. Jlunetinbie muddepeHmanbHbie ypaBHEHU 1-TO Topsaka. CBONWCTBA TMHEHHOTO
oreparopa.

17. Teopembl O peHIEHUSIX JHUHEHHOTO OJHOPOIHOIO YypaBHEHHUS M-TO TMOpPsAKa.
dyHaaMeHTallbHAs CUCTEMa PEIICHUH.

18. ®opmyna Octporpaackoro—JInyBusis.

19.  JluHeliHbie OJHOPOAHBIE YPAaBHEHHSI C TIOCTOSIHHBIMU KO3 PHUIMCHTAMHU.
Pasnuynble ciiydan KOpHEH XapaKTepUCTHUECKOIO YpaBHEHUSI.

20.  VYpaBuenus Oinepa. [IpeoOpa3oBanume ypaBHEeHUs Diliepa B ypaBHEHHE C
MOCTOSTHHBIMH KO3 (HUIIIESHTaMH.

21. JIuHeliHbIE HEOJHOPOJHBIE YPABHEHUS 71-TO MOpsAAKA. TeopeMbl O pelIeHUsAX
JIMHENHOTO HEOJHOPOIHOTO YPaBHEHUSI.

22. Merton Bapranuu MOCTOSHHBIX.

23. JluneliHblE HEOTHOPOIHBIC YpPAaBHEHUS C IOCTOSHHBIMH KO3 (UIIMEHTaMHU.
Meto HeonpeaeneHHBIX KO3 PUITECHTOB.

24. WNurterpupoBanne auddepeHmaibHbIX YpPaBHEHUH MpPU  TOMOIIM  PSIOB.
[Tepuonuueckue pemenus udepeHInaIbHBIX YpaBHEHUH.

25. Meron mamoro mapaMerpa U €ro INPUMEHEHHE B TEOPUU KBa3WJIMHEWHBIX
KOJICOAHUH.

26. KpaeBas 3anaya.

217. Pemenne kpaeBbix 3amau MetogoMm ¢yHkuuu ['puna. CpoiictBa ¢pyHkumu I'puna.
[Toctpoenue dpynkiuu ['puna.

28. Cucremsl G hepeHIMATEHBIX YpaBHECHUH. OcHoOBHBIE MTOHATHS.
['eomerpuueckass U (usnyeckass HHTEpHpeTalys pelIeHuss CcUcTeMbl auddepeHnnanbHbIX
YpaBHEHUM.

29.  HuterpupoBaHuEe CHUCTEMBI IIyTEM CBEICHHMS K OJHOMY YypaBHEHMIO Ooiee
BBICOKOI'O IIOPS/IKA.

30.  HaxoxaeHHe HHTErpUpYyeMbIX KOMOMHAIMIA.

31.  Cucrtembl nuHEeHHBIX Aud@epeHnanbHbIX ypaBHEHHH. TeopeMbl O pelIeHusx
CHCTEMBI JIMHEHHBIX JU(PepeHInaIbHbIX YPaBHEHUH.

32.  Merox BapHaluu NOCTOSHHBIX.

33. Cucrembl JUHEHWHBIX JU(GQGEpPEeHIUATBHBIX YpPaBHEHUH C  MOCTOSHHBIMU
koa¢unmenTamu. Pa3nnynble ciiydan KOpHEH XapaKTepUCTUUYECKOTO YPaBHEHUS.

34.  OmnpexaeneHue yCTOMUUBOCTH peLIeHUs CUCTEMBbI MU (depeHInaTbHbIX YPaBHEHUI
o JIsmyHoBYy.

35. Omnpenenenne aCUMOTOTUYECKON yCTONYMBOCTH. ToUka MOKOS.

36.  Ilpocteiimme TUIBI TOYEK TTOKOSI.

37. Bropoii meron JlsmynoBa. Teopema JlsmyHoBa 00 ycroitumBoctu. Teopema
JlsnyHoBa 00 aCUMNTOTUYECKON YCTOMUMBOCTH.

38. Teopema UeraeBa 0 HEYCTOMYUBOCTH.

39.  HccnenoBaHue Ha yCTOMUMBOCTB 110 IEPBOMY MPUOIUKEHHIO.

40.  Teopema JlamyHoBa 00 UCCIIEOBAHUY 110 IEPBOMY MPUOIHKEHHUIO.

41. IIpu3HaKy OTpULATENBHOCTH AEHCTBUTEIBHBIX YaCTEW BCEX KOPHEW MHOTOYJICHA.
Teopema I'ypBuna.

42.  Cnyyail manoro ko3 duirienTa npyu Nporu3BOIHON BBICILIErO MOPSAIKA.

43.  OmnpeneneHue YCTOWYMBOCTH TPU IOCTOSHHO JACMCTBYIOUIMX BO3MYILEHUSX.
Teopema MasnkuHa.

44.  Teopema KoBajeBCKOW O CyIIECTBOBAaHMM M €IMHCTBEHHOCTH pEIICHHUS
YpaBHEHHUS B YACTHBIX ITPOU3BOJIHBIX.

45.  JIuHeliHble OAHOPOJHBIE U KBAa3WJIMHEIHBIE YPAaBHEHUS B YACTHBIX MPOM3BOIHBIX
MIEPBOTO NOpsIKa. XapaKTEPUCTUKN YPaBHEHUH.

< oz
46.  Teopema 00 0O1IeM pelIeHNN YpaBHEHUSI ZX : (xl S S o )— =0.

i=1 o,

1



47.  OaHOpOJHBIE U HEOTHOPOJHBIE YPAaBHEHHS B YACTHBIX MPOU3BOJIHBIX OT (PYHKUINU
1 TIEPEMEHHBIX.

48. Bapuannonnoe ucurciienne. Bapuanust pyHKIIMOHANA U €€ CBOMCTBA.

49.  OcHoBHas TeopeMa BapHallMOHHOTO UCYUCIICHUS.

50. OcHOBHas 1IeMMa BapUallMOHHOI'O UCYUCIICHMUS.

51. [Ipocreiimas 3agaya BapMallOHHOTO UCYUCIICHUS C HEMOABUKHBIMU TPAHULIAMH.
VYpaBHenue Diinepa.

52.  Ilpocreiiiue ciiyuan HHTETPUPYEMOCTH ypaBHEHUS Diepa.

53.  OyHKUMOHANBI BHUAA jF (x, VisVoseusVys y‘l,...,y'n)dx. Cucrema ypaBHEHUMH

X0
Ditnepa.
54.  OyHKUMOHANBI, 3aBHUCSIIME OT MPOU3BOJAHBIX Oo0Jiee BBICOKOIO TMOpSAKA —

I F (x, Yoy ey )dx. VYpaBuenue Ditnnepa—Ilyaccona.

55.  OyHKUMOHAJBI, 3aBUCAIINE OT ()YHKIMHA HECKOJBKHX HE3aBUCHUMBIX TIEPEMEHHBIX

— ”F X, V, z,@,% dxdy . Ypasaenue OcTporpaackoro.
s ox y

56.  Ilpocreiimas 3a1a4da c ITOJABUKHBIMHU IrPaHUILAMHU. Ycnosue
TPaHCBEPCAIBHOCTHU. Y CIOBHE TPAHCBEPCAIBHOCTH.
57. ~ BapuauumoHHas  3ajada Ha  YCJOBHbIM  JkctpemyM. CBsizu  Buja

¢(x9y1’yza~~-a yn):().

58. Teopema 00 »5KCTpeMyMe (yHKIHOHAIA IF (x, Vs VareeesVys y;,...,y;)dx npu

X
HAJIMYUU YCIIOBUN gol.(x, Vs Vyseers yn): 0(i=L2,....m; m<n).
59.  Hszonepumerpuueckas 3agaya.

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

Oyenka KomMnemeHYyull OCyuecmeasiemcs 8 COomeemcmauu ¢ maoauyet 4.

Meroauyeckune marepuajbl K Kypey «luddepeHunanbHbie ypaBHEHUD)

JAudppepennnaibubie ypaBHEeHH NEPBOro MOPsAKa.
1. ITonsitne 1 depeHHATBLHOIO0 YPABHECHHS.
Onpeoenenue. JluddepeHnmanbHBIM — ypaBHEHHEM N-TO  TOPSAAKAa  HA3bIBAETCS

COOTHOIIICHHUEC BUa
Flx ;05K ;y™)=0 (1.1)

MEKILy He3aBHCHMBIM IIEPEMEHHBIM X, ero GyHKuueil y u nponssogusivu ', y", K,y

OyHKIMA Y = (D(x) Ha3bpIBaeTcs peuieHreM nuddepenmansHoro ypasuenus (1.1), eciu

10CJI€ 3aMEHbl ) Ha Q)(x), y'Ha (o'(x), vy ") Ha (p(”)(x) — YpaBHEHHE IPEBPALACTCS B

CIIPaBEIMBOE TOKIECTBO.
HuddepenunanbHoe ypaBHeHHe [-ro mopsiaka uMeeT BUI:

F(x;y:3)=0 (1.2)



JuddepenunansHoe ypaBHeHue I-ro mopsaka (1.2), pa3pelmieHHOE OTHOCHTENBHO 3’
b

3aIlIMChIBACTCA B BUJIC:

y'= 1) (1.3)
u HaspiBaeTcs auddepeHIMANBHBIM  ypaBHeHHEeM | mopsaka, pa3pelieHHbIM
OTHOCHUTEJILHO MPOU3BOJIHOM.
I'pagpuk  pemenus auddepeHInanbHOr0  ypaBHEHUs  OyleM  Ha3bIBaTh
WHTErPAIILHON KPUBOM.

2. TuddepeHunaibHoe ypaBHeHHE PAANOAKTHBHOIO pacnaja.

3aodaua. 3a 30 nueit pacnaniocs 50 % nepBOHAYAIBHOTO KOJIMYECTBA PaJMOAKTUBHOTO
BelecTBa. Yepes ckosibko AHEN ocTtanercs 1 % BellecTBa OT NEPBOHAYAILHOTO KOJIUYECTBA?

Pewenue. 3akOH paguOaKTUBHOIO pacraja: KOJUYECTBO PAJIMOAKTHBHOTO BEIECTBA,
pacmajarolerocss 3a €IWHUIy BPEMEHM, MPOMOPIUOHATIBLHO KOJUYECTBY 3TOTO BEIIECTBA,
HMEIOIIIETOCs B pacCMaTPUBAEMbIF MOMEHT.

O603naunm yepe3 Q(t) KOTUYECTBO paIMOAKTUBHOTO BEIIECTBA B MOMEHT BPEMEHU t.

3a mpoMeXYTOK BpeMeHU OT t 10 t + At pacmagaeTcsi KOJUYECTBO BEIECTBA PAaBHOE, C
onHOW cTOpoHBI — Q(t + At) — Q(t), ¢ Ipyroil CTOPOHBI, COTJIACHO 3aKOHY pPaJHOaKTUBHOIO
pacnaga — kQO(t')At, rthne t'e€ (t;t+At), k — xo3hdHUIHEHT NPONOPIHOHATBLHOCTH.
CnenoBarenbHO, UMEEM PABEHCTBO:

Ot + At) — O(t) = - kQ(1')At,
NUmn

O +A)-Q(t) _
" ~kO(1).

Cuntas ¢dynkuuto Q(t) nuddepenuupyemMoil u mnepexoas k mpeneny npu At — 0,
noJydyuM AuQdepeHnnaibHoe ypaBHEHUE

do()
a0
WIN
Q'(1) = —kX1)
Pemennem nonydeHHoro AudepeHnanbHOro ypaBHEeHuUs ABISETCS PYHKIMS:
o@t)=C-e™.

Ipu t = 0 mmeem: O(0) = C = O, — neproHayabHOE KOJTHYECTBO BENIECTBA.

CrnenoBaTenbHO, pacnaj paJuoaKTHUBHOTO BEIIECTBA OMUCHIBAET (DYHKITHS:
—kt
0t)=0,-e"..
[To ycnoButo 3a1a4m UMeeM:
1
o |_,, = EQO

nim

_30k
30 =0, -e

1 K
EQO =0,e H

nim

T.C.



30k =1n 2.

CrnenoBaTenbHO:
k = 1 In 2;
30
Takum 00pa3oM, MOTyIHITH:
2,
O(1) = Qpe *°
OcTasioch HAWTH TaKOM MOMEHT BpeMeHHU ¢ korjaa Q(t) = ﬁ O, .
Nwmeewm:
1 —%t In2
— 0O, = —In100=——¢t =
100 = T = 30
. 30In100 60In10 _ 60 - 2,303 ~199
In2 In 2 0,693 '

Takum o6pazoMm, 1 % OT mepBOHAYATBLHOTO BEIIECTBA OCTAHETCS MPUMEPHO yepe3 199
JTHEN.

Omeem: 199 nHen.

W3 paccmarpuBaeMoro npumepa BUIHO, YTO AUQPepeHInaTIbHOMY YPaBHEHHIO BUAA

y'=—ky

YIOBJIETBOPSIIOT OYE€Hb MHOTO (PYHKIIHIA, 2 IMCHHO ()YHKITHH BHJIa

y=ce™.

B Teopun auddepeHnnanbHbIX YpaBHEHUH BEUHBIM TEOPETUICCKHM BOTIPOCOM SIBIISICTCS
BOIIPOC O TOM, HACKOJBKO MHOTO pemieHuid umeeT nuddepeHraibHoe ypaBHEHHUE.
OkaspiBaercs, 4To Kaxjaoe auddepeHnraribHOe ypaBHEHHE HUMEET OECKOHEYHOE MHO>KECTBO
peuieHui, W TOITOMY TMPUXOJUTCS CTaBUTh BOMPOC HE O YHUCIE pPEHIeHUH JTaHHOTO
muddepeHIMaTbsHOT0 ypaBHEHUS, a 0 TOM, KaK MOXHO OMHUCAaTh COBOKYITHOCTH BCEX pEIICHUN
naHHoro quddepeHnransHOro ypaBHeHus. OTBET Ha 3TOT BOIMPOC JaeT TeopeMa CyIIeCTBOBAHUS
¥ €IMHCTBEHHOCTH pelieHus: AU PepeHInanbHOro ypaBHEHUS.

3. Teopema cymecTBOBAHMS M €JUHCTBEHHOCTH pelieHus AuddepeHnnaIbHOIO
yYpPaBHeHMs nepBoro nopsaka. 3agaya Kommu.
Teopema (0 cywecmeoseanuu u eOUHCHMEEHHOCMU pewleHUus OudhgepenyuanvbHozo
YPagHeHUusA nepeo2o nopaoka).
Ilycts
v'=flxy) (1.3)
muddepeHranbHOe ypaBHEHHE [IEPBOTO MOPSIKA.

[yctb Qynkims £ = (x;) 3a1aHa Ha HEKOTOPOM OTKPBITOM MHOecTBe D miockoctu R’.
0
[Tycts ¢pynkuuu f(x,y) n af(x; y) e C(D)..
Y

Torpa:
1) V(xy;¥,)€D cywectByer pemenne y = ¢(x)ypaBHenus (1.3), ynosneropsiomiee
YCIIOBHIO:
(P(xo ) =Y



2) ecnu JABa peUIeHUs Y = (o(x) uy= !//(x) ypaBHeHus (1.3) coBmamaeT xoTst ObI AJist
OJTHOTO 3HAYEHUS X = X, T.C. €CIIU (p(xo): w(x,), TO 9TH pelICHHS TOXIECTBEHHO PABHbI JUIS

BCEX TEX 3HAYCHUH MEPEMEHHOTO X, JIJIsl KOTOPhIX OHU 00a OIpeIeNICHBI.
['eomeTpuueckoe copep:kaHue TEOPEMBI 3aKJIIOYACTCS B TOM, YTO 4epe3 KKy TOUKY

(xo 3 Vo ) € D npoxoauT oJHa U TOJBKO OJHA UHTETpalibHas KpuBas ypaBHeHus (1.3).

WuTerpanbHas kpuBas — rpaduk pemeHus y = (p(x) ypaBHeHwus (1.3).

3aoaua Kowu. Ilycts nano nuddepenunansHoe ypaBHeHue | mopsiaka y' = f(x;y).
[ycts QynKkuus f(x;y) onpeneneHa B obmactu D € R, (xO 5 Vo ) eD;

Pemmts 3amauy Komm st ypaBHenus (1.3), 3HauuT HaiiTH QYHKUUIO y = @(x) TaKylo,
YTO:

a) y = ¢(x) — pewenue ypapHenus (1.3);

6) ¢(x) =y -

Ycnosue y, = @(x,) — Oyaem Ha3bIBaTh HAYaJIbHBIM YCIOBHEM.

Onpeoenenue (0ouwiee peuienue ouggepenyuanvnozo ypasuenusn I nopaoka).

[Iycth

v'=r1lsy) - (1.3)
mupdepenunansHoe ypaBHeHue, Tae (GyHKIus f{x;y) ompejeneHa B obmactu D e R’;

byHKIMIO Y = go(x;c) OyaeM HasbIBaTh OOMIMM penreHueM ypaBHaenust (1.3), ecim:
a) Ve QyHkuus y = (o(x;c) pemienue ypaBueHus (1.3);
0) V(xo;yo)e D 3¢, : (p(xo;co)z Vo, T.€. U KaKIOU ToukH (Xx,;Y,) € D 3Jc,: rpadux

byHKIMH Y = (p(x; co) MIPOXOJUT Uepe3 TOUKY ( X,; V, );
Onpeoenenue (wacmnozo pewtenusn ougpgpepenyuanvrnozo ypasuenus I nopsaoxka).
Pemenue ypaBuenus (1.3)

y=0(xc,)

poxozsdiIee Yepe3 TOUKY ( X,; Y, ) € D Ha3bIBAETCS €0 YaCTHBIM PEIICHUEM.

4. Teomerpuueckasi uHTepnperanus AuddepeHUHATHHOTO YPaBHEHHs TEPBOro
nopsaKa.
Paccmotpum nuddepennunanbHoe ypaBHenue | mopsaka
4 .
y'=flxy), (1.3)
rie GyHKIuA f{x,y) ompeneneHa B obmactu D € R*>. DTo ypaBHEHHE 3a/aeT B KaXIOi

Touke (x;y) obmactu D 3HadyeHue yrioBoro kodpduimenta kacareabHONU K MPOXOAAIIEMY Yepe3
3Ty TOuKy rpaduky pemenus ypauenus (1.3). T.e. mis kaxmol TOUYKH (X,V) MOKHO BBIYUCIUTH

d .
MIPOU3BOAHYIO d_y CrnenoBatenpHo, muddepeHimanbHoe ypaBHeHue (1.3) B Kaxkmaod Touke
X
obnactu D 3aymaer HampaBieHUE KacaTeIbHOM, ONpeAe/IieMoe 3HAaUCHHEM f(X,V).
MHOXECTBO TaKWX HAMpPaBICHUH OO0pa3ylT Mojie HampaBieHU auddepeHInaIbHOro

ypaBHenus (1.3).



CrnenoBaTenpbHO, HaxoxAeHUE pemieHus auddepeHmaipHoro ypaBHenus (1.3)
3aKJIIOYAETCs B HAXOXKJICHUM KPUBOHM, HA3bIBAEMOM WHTETPAJIbHOM KpPUBOM, HaIpaBICHUS
KacaTeJIbHOM K KOTOPOU B Ka)KJIOM TOYKE COBIAJAET C HAIIPABICHUEM ITOJIS.

Ilpumep 4.1. y' = X
X

d . . .
Nmeewm: d_y -Y. B Kax10i Touke, oTnuuHoi oT Touku (0;0), yriaoBoit KodpuIHeHT
x X

KAacaTeJIbHOM K HCKOMOW HWHTErPAJIIbHOM KPUBOM pPAaBEH OTHOULICHUIO Z; T.€. COBIIANACT C

x
YIIJIOBBIM KO3 PHUIIMEHTOM MPSMOMA, HaIIPaBIECHHON M3 Hayajla KOOPAMHAT B Ty XK€ TOUKY (X,)).

OueBUAHO, YTO MHTErPAIbHBIMU KPUBBIMHU B JIaHHOM cillyyae OyAyT MpsiMble )=cX,T.K.
HaIIpaBJICHUE TUX MPAMBIX BCIOJY COBIIAJa€T ¢ HAIIPABICHUEM I10JIA.

5. duddepeHumnannHbie ypaBHeHus Buaa ' = f (x)
PaccmoTpum nugdepennmansHoe ypaBHeHHE
!
y'=1) (5.1
B stom npocreiiiem ciydae, Kak cienyeT U3 Kypca HHTErpalbHOIO MCUUCIIEHUS, o01ee
pewienue ypaBHeHus (5.1) 3anuceiBaeTcs B BUJE:

y=[fldax+C, (5.2)
KOTOPOC COACPIKUT NPOU3BOJIbBHYIO ITIOCTOAHHYIO C Ecau u3BecTHO HAYaJILHOE YCJIOBHUC
y (xo ) =DYo>
TO COOTBCTCTBYIOIICC YaCTHOC PCIICHNEC UMCCT BU !
X
y=yo+ [ fx)dx. (5.3)
0

6. {uddepeHunanbHbie ypaBHEHUS C pa3/ieIeHHbIMH NepeMEeHHbIMU.
Onpeoenenue. luddepennmaibHoe ypaBHEHNE BUIA:
1)y = £, (x)x 6.1)
Ha3biBaeTCs nUQdepeHIInaTIbHbIM YPaBHEHUEM C Pa3/IeJICHHBIMHU TIEPEMEHHBIMH.
[Iycte dynxuuu  f, (x) u f, (y) — wHenpepbiBHbIe (yHkumu. I[lpeamonoxkum, YTO

byHKIMA y(x) sBHAseTcs peuieHueM ypaBHeHus (6.1). Torga npu nmoacraHoBke QyHKIUHU Y(X) B
ypaBHeHue (6.1), HOTydrM TOXKAECTBO, UHTETPUPYS KOTOPOE MOIYUHUM:

[£:G)av = fi(x)ax+C, (6.2)

rae C - mpou3BoIbHAS TOCTOSIHHAS.
Ilpumep 6.1. Petinim ypaBHEHHE: xdx + ydy =0.

Nmeewm:
2 2

X
dex+jydy=C:7+y7=C:>x2+y2 =2C,

— CEMENCTBO OKPY>KHOCTEH € IEHTPOM B Hadajie KOOPINHAT.



7. InddepeHnuaibHbie ypaBHEHHS ¢ Pa3IesIlOIMMMHUCS epeMeHHbIMU.
Huddepenunanbupie ypaBHEHUS BUAA:
V= 4)£50) (7.1)
Ha3bIBAIOTCA JU(PPepeHINaIbHBIMU YPAaBHEHUSAMH C Pa3AessIOIIUMUCS EPEMEHHBIMU.
VYpaBHenus (7.1) MOKHO MPUBECTU K YPaBHEHUIO C pa3elICHHbIMU [IEPEMEHHBIMH, & UMEHHO K
BUY:
dy

FIENAL
1
fz(y)dy:fl(x).dx

3amMeTuM, YTO NPH JEIECHUH Ha QYHKIHIO f, (y) MOYKHO TIOTEPSITh YaCTHOE PElICHHUE, a
VMEHHO PEIeHUE y = y(X) IpH KOTOPOM (GyHKIHsA f, (y) oOpariiaercsi B Hylb, a eci (QyHKIUsS
/s ( y) pa3pbIBHAsL, TO BO3MOYKHO MOSIBIICHHE JIMITHUX PEIICHHH.

Ilpumep 7.1. Petium ypaBHEHUE: x(l +y? )dx — y(l +x° )dy =0.

vdy xdx

HNmeewm: x(1+y2)dx=y(1+x2)dy :>1+y2 :1+x2 :>1n(1+y2)=h1(1+x2)+C =

(1+y2)=cli+x?).

8. IloHsiTHE OPTOrOHAJILHBIX TPACKTOPHIA.
Onpeodenenue. OpPTOTOHAIBHBIMU TPAEKTOPHUSMHM 33JaHHOTO CEMEWCTBAa KPHUBBIX
Ha3bIBAIOTCS JIMHUH, TIEPECEKaloIe JINHUU JAHHOTO CEMENUCTBA MO/ MPSIMBIM YTJIOM.

v 9] 2
Ilpumep 8.1. Haiinem opToroHajgbHble TPAa€KTOPUU CEMENCTBaA mapabon y = ax” .
Vrioseie kodddumuentsl — k; u k,, KacaTelbHBIX K KPUBBIM JaHHOTO CEMEMCTBA U K

HCKOMBIM OPTOTIOHAJIBHBIM TPACKTOPHUAM IOOJIKHBI B KaXJ0l TOYKe YAOBJICTBOPATH YCJIIOBHUIO
OpPTOIrOHAJIBHOCTHU:

o 2
Jlst cemeiicTBa mapabon y =ax”, T.K. a =

k, :Zax=2‘lz‘x=2—y.
X X

CrnenoBatenbHo, qudpepeHnnanTbHoe YpaBHEHHE HCKOMBIX OPTOTOHAIBHBIX TPACKTOPUMA

UMeeT BUJI:
, X
y ——E,
W
dy  x
&2
WIN

2ydy +xdx=0.



WuTerpupys noayuyeHHOE ypaBHEHUE, MOTYYHM:
2

X 2 2
—+y° =C
) Yy

— CEMEICTBO DJIJIMIICOB.

9. luddepennuannbupie ypaBHenus Buga )y’ = f (ax + by) .
Paccmotpum muddepennmanbHOe ypaBHEHUE BUIA:

d
2 flax+by), 9.1)
dx
rzie a ¥ b — mocTosIHHBIC BeNWYHUHBL. Y paBHeHue (9.1) 3ameHoil nepeMeHHON
z=ax + by
npeoOpa3yeTcsi B ypaBHEHHE € pa3aeIIOLMMUCS IEPEMEHHBIMU.
JlefiCTBUTEIIBHO:
@ =a+b &
dx dx
WIN
L =a+b-f(x)
dx
I
d.
2z
a+b- f(z)

— YpaBHEHHUE C pa3/IeJICHHBIMU [IEPEMEHHBIMU.
Ilpumep 9.1. Peium ypaBHeHHE: y' =2x+ y.
Crnenaem 3aMeHY MTepEMEHHOM:

z=2x+ty
Torna nonyuunm:

Z'=2+y' = §=2+Z:> dz =dx=> hQR+z)=x+C=> 2+z=e""=

x 2+z
z=e""" =2,
Y4uThIBas 3aMEHY, TTOJTYIHUM:

e —2x-2.

<
Il

10. 3agaya 0 KOHIEHTPAIUU.

3aoaua. B cocyn, copepxanuii 10 JTUTPOB YHCTOW BOJIBI, HEMPEPHIBHO TOCTYIAET
pacTBOp CO CKOPOCTHIO 2 JINTPA B MUHYTY, B KOKJAOM JUTPE KOTOPOro coaepkutcs 0,3 Kr coJiu.
[TocTynaronuii B cocy1 pacTBOp MEPEMENIUBAETCS C BOJIOM, U CMECH BBITEKAET U3 COCY/a C TON
ke cKopocThio. CKOJIBKO colu Oy/IeT B cocyze uepe3 S MUHyT?

Pewenue. Ilyctb y(f) KOJIMYECTBO COJU B COCYZ€ B MOMEHT BpeMmeHHu f. Paccmorpum

BPEMEHHON MHTEPBaJ (t; t+ At] .



3a Bpemsi Af B cocyn mocrymaer 0,3-2- At KI COJIM, @ BHITEKACT — %t) -2 - At K. COIIH,

roe t' € (t;t + At).

CHCI[OBaTeHBHO, MOKHO HaItucaTtb, 4YTO

y(t+ At) — y(t) = 0,6Ar — 0,2 y(t"At
NN
YA =YD o6 02y(1").
At
[Mepexos K mpezety B mocieaneM pasercTse npu At — 0, moaydum:
V(1) = 0,6 — 0,2(7) .

HonyquHoe YpaBHCHHUE ABIACTCA YpPAaBHCHHCM C pPasACIAIOIIMUMHUCA IICPEMCHHBIMU.

Paznenss nepeMeHHbIE U MHHTETPUPYS [TOJYy4EHHOE YPAaBHEHHUE, MOy UM

dy dy

W =dt = —3 =-0,2dt = In(y-3)=-0,2t > y=3+ Ce™™*
,0—=U,2y Y=
VYuuThIBas Ha4aJIbHOE YCIOBUE

»(0)=0,
MOJIYYHM:

c=-3.
CnenoBarteibHO,

y=3-3e"".

[Ipu ¢ = 5 nonyyaem:
y(5)=3-3¢" =1 9kr.

Omeem. Yepes 5 MuHyT B cocyae O0yzaer 1,9 kr comnu.

11. Ognopoaunsie nuddepeHIHATbHbIC YPABHEHHUS IEPBOr0 NOPSAAKA.

Onpedenenue. Oynxuus f(x;y) HasblBaeTCs OXHOPOAHON (PYHKLMEH TEPBOTO TOPSIKA,
ecmn f(tr;ty)= f(x;3).
X+

Hpumep 11.1. Dyuxuus | (x; y): 4 OJIHOPO/IHAS (PYHKIIMS IEPBOTO MOPSAIKA.
X=y

ety te+y) x4y o
x—1ty t(x—y) xX—y f(x,y).

Teiicteurensro: f(tx;1v)=

x> —xy+y°

— OHOPOJIHAs (PYHKIHUS BTOPOTO MOPSIIKA.

Ilpumep 11.2. Oynxuus f(ny)= 2
Xotxy+y

1’x* —xy+1y? t2<x2 —xy+y2)
1Px° +xy+1°y° tz(xz +xy+y2)

= f(x).

JleWicTBUTENBHO: | (tx; ty) =

3ameuanue. Ecin f (x; y) ofHOpOAHAs (DYHKIIUS IEPBOTO MOPSAKA, TO f (x; y)= f (l; Xj
X

xX+y
x—y'

Ipumep 11.3. Paccmorpum QyHKIHO [ (x; y)=



X(I-FJ ]+X
I/IMeeM—f(x;y)zx+y= o X :f(l;y}

Xy x(l_yj EEAR
X X
Onpeodenenue. [lnddepeHnranrHOe ypaBHEHHE TIEPBOTO OPSIKA
y'=flxy) (13)

HA3bIBACTCS OJHOPOAHBIM AU depeHInaIbHBIM YPAaBHEHHEM IE€PBOTO MOPsAKA, €Cln
Gynkiusa f (x, y) SIBJIIETCS OJTHOPOAHOM (YHKIIMEH epBOro mopsiaka.

VYuureiBas 3aMedyanue, ypaBHeHue (1.3) MoxHO 3anucarh B BUJE
' y '
y =f(1;j (1.3
x

Jnst pemieHust ogHOpoaHOTO AU PepeHInanbHOTO YpaBHEHHS TIEPBOTO MOPSIKA BBEIEM
HOBYIO ()YHKIIHIO:

=2
X
WIH
y=z
Torna
y'=zx+z

[Toncrasnss B ypaBHenue (1.3'), monyuum:
Zx+z=f(l;2)
I
Z'x=f(l;z)—z (11.1)

[TonyueHHOE ypaBHEHHE SIBISIETCS YpPaBHEHHEM IE€PBOrO MOpsIKa C pa3lessomUMUC
NEPEMEHHBIMH.

Paznensss  mepemeHHble, yuuTHIBasi ~ OCOOEHHOCTH  pEUICHHS  yYpaBHEHUS  C
pa3essAoIUMUCS TepeMeHHbIMU, HaiaeMm peuieHue ypaBHeHus (11.1). CaenaB obOpaTHyro
3aMeHy, HaiiieM peuieHue ypaBHenus (1.3).

Ilpumep 11.4. Petium ypaBHeHue: )’ = R tgl.
X X

Tak kak YpaBHCHHE SABJISICTCSA OAHOPOAHBIM ):[I/I(l)(bepeHLII/IaJ'IBHBIM YpaBHECHHUEM IIEPBOTO

nopsjaka, CicjiaB 3aMCHY X =Z,WIN y = zx IOJYYUM:
X

, , dz sin z cosz dx
y':Z+th = zX+z=z+1lgz = zX=1gz = — X= = —dz=—rn1
by X dx cosz sin z X

sinz=0 = 1n|sinz|=1n|x|+C Hz=mk = sinz=Cxuz=mk = sin>=Cx u 2 = m
X X

= sinZ:Cx
X

n y=sxx. Tak Kak pemeHne ) = 7zx MOIydaeTcsi U3 PerIeHus sin2 = Cx npu C=0
x

TO 0o0lllee pelIeHNe 3aIaHHOT0 YpaBHEHUS sIBisieTc QyHKIHUS Sin Y= cx.
X



Omeem. sinZ =Cx.

X
Paccmorpum ypaBHEHHE

, ax+by+c
y' = f[ 1 1YV T 6 j (11.2)
a,x+b,y+c,
1) Ecmm M =x 10 YV =f (K) PemienueM mMoay4eHHOTO ypaBHEHUS
a,x+b,y+c,

spnsiercs Gpynxmmsa y = f(x)-x +c.
2) Ecou npsmeie a,x+b,y+c¢, =0 u a,x+b,y+c, =0 nepecekarorcs, To ypaBHEHHE
(11.2) nmpuBOmUTCSI K OJHOPOIHOMY MyTEM MEPEHOCa Havalla KOOPAUHAT B TOYKY HEPECEUCHHUS
npsameix a,x+b,y+c¢, =0 u a,x+b,y+c, =0.
Ilpumep 11.5. Periim ypaBHEHHUE:
, o x—y+l1
Cx+y-3

Haiinem Touky nepeceuenus npsambix x-y+1=0 n x+y—3=0.

x—y+1=0 x—y=-1 x=1
= =
x+y-3=0 x+y=3 y=2

Cz[enaeM 3aMCHY IICPEMCHHDIX !

HNmeewm:

x=X+1,
y=Y+2
Torna
dY X+1-Y-2+1
dX X +1+Y+2-3
NN
av _xX-r (11.3)
dX X+Y

[lonydyeHHOEe ypaBHEHHE SBISETCS OAHOPOJHBIM JH(pPepeHInanbHbBIM ypaBHEHUEM

IIEPBOTO TOPSIIKA.
Cnenaem 3ameny Y=zX. Torma Y'=z+ Xz'u nocne moncraHoBku B ypaBHeHue (11.3),

MMOJIyYrM:

Z+XZ':X_XZ.
X + Xz
Uraxk:
X - Xz 1-z , 11—z l—-z—z-22
z+Xz' = = X +4z= = XZ'= —z= =
X+ Xz 1+z 1+z 1+z

dz X _22+2Z—1

70,4 z+1
= ZZ;Idz:—d—X u z’+2z-1=0 = l]n‘zz+2z—1‘:—ln|)c|+C u
z°+2z-1 X 2

z=—1i\/§ =



Y? Y C
zz+2z—1:£ Hu Z=—1i\/§ = —2+2——1:—2 H zz—liﬁ -
x> X X X X
Y?+2YX—-X*’=Cu
Y=(-1%£2)- X = (y=2) +2(x—1)\y-2)-(x-1) =C "

(y=2)=(-1£2)-(x-1) =
y>+2xy—x>-2x-6y+7=C n (y—2)=(—1i\/§)~(x—l).
Omegem. y* +2xy—x" —2x—6y+7=Cnu (y—2):(—li\/§)-(x—1).

3) Ecau npsameie a,x+b,y+c, =0 u a,x+b,y+c, =0 napamnensusl, 10 a,Xx+b,y=

a,x+by+c a,x+by+c,
plAEEAEEA | .
a,x+b,y+c, k(a,x+by)+c,

HOJ'Iy‘lI/IJ'II/I YpaBHCHHUC BHUA:

x(a,x+by), re.

v'= flax+by),
KOTOpOE SBIIECTCS YPAaBHEHUEM C Pa3eIAIOIIUMUCS IEPEMEHHBIMH.
Ilpumep 11.6. Peuium ypaBHEeHUeE:
, 2x+y+1
Y T+ 2y-3
Tak xak
2x+y+1  2x+y)+1
4x+2y-3 2(2x+y)-3

CnenaeM 3aMeHy
2Xx+y=z WA y =z —2X.

Torpa y' =z'—2 ¥ ypaBHEeHUE IPUMET BUL!

S z+1 .
2z-3
Nmeem
z'=2= 2+l =z = 21 +23z':52_5 = %:5(2_1):22_3d2:5dx "
2z-3 2z-3 2z-3 dx 2z-3 z—1
z=1 =
3

2J. dz=5J.dx u z=1 = 2z—ln|z—1|=5x+C u z=1 =
z—1

2(2x+y)—InPx+y-1=5x+C
u2x+y=1= (2y—x)—ln|2x+y—1|=C u22x+y—1=0.
Omeem. (2y—x)—h1|2x+y—l|=C u2x+y—1=0.

12. JInneiinbie nuddepeHnnaIbHble YyPABHEHHS IIEPBOI0 MOPSAKA.
Onpeoenenue. luddepernnanbHoe ypaBHEHHE IEPBOTO MOPSIKA BUA!

v+ plx)y =q(x), 12.1)



riae p(x) u qg(x) HEeKoTopble (YHKIMH TMEPEeMEHHOW X, OyJeM Ha3bIBaTh JUHEHHBIM
Qg epeHIaIbHBIM YpaBHEHHEM MIEPBOTO MOPSIKA.
Ecnm g(x)=0, To ypaBuenue (12.1) Ha3pIBaeTCs JIMHEHHBIM OJHOPOAHBIM YPaBHEHUEM
y'+px)y=0, (12.2)
KoTopoe  sBiseTcs  AuPQEepeHIUanbHBIM  YpaBHEHHEM €  Pa3JeIOIUMUCS
MEePEMEHHBIMH.
PaznenuB nepemennsie, pemum ypaBHenue (12.2). Mmeem:

d d
d—y:—p(x)y: —y:—p(x)dx: hl‘y‘z—fp(x)dx+C:>
X y

—I p(x)dx

y==Ce (12.3)

OyHKUMs, 3a1aHHas paBeHCTBOM (12.3), siBnsieTcs peuienreM ypaBHeHust (12.2).
Jns  pemenuss ypaBHeHust (12.1) npumeHUM METOJA Bapualdd MPOU3BOJIHLHOTO
nocrosiHHoro. Pemmenne ypaBuenus (12.1) Oyaem uckatb B BUJIE:

= Clxye 17O (12.3)
Haiinem y':

y'=Ce I el py)
(12.4)
Jns onpenenenus pynkuuu C(x), GyHKUUIO y(X), 3a1aHHYI0 paBeHCTBOM (12.3), u
dyukuuio y'(x), 3amannyto paserctBoMm (12.4), moacraBum B ypaBuenue (12.1). Umeem:

(=p(x)+ p(x)C(x)e
[ P

~[ () - p)ax [ Py

C'(x)e +C(x)e =q(x)=>
Cwed ™ = gy = C'w) = (e
Taxum oOpa3oM, nuMeeM:
C)=[q(xe
[ToncraBnsas nonyuyenHoe 3Hauenue C(x) B (12.3), momyunm:
y= eijp(x)dx (C+ Iq(x)ejp(x)dxdx) (12.6)

Takum o6paszom, permenue ypasuenus (12.1) 3amaercsa popmymnoit (12.6).

Jrow v 0 (12.5)

IIpumep 12.1. Pemum ypaBHeHue: ' — ly =x’.
x

3nmech p(x) = Ly q(x) = x* . CleioBaTenbHo:
X

3
X

[t A 2
y=e I xdx(C+J‘xzeI "dxdx) = " (C+J.xze4n‘x‘dx) :x(C+Jx2 -ldx) = x(C+%) =Cx+
x

3
Omeem. y = Cx + %

13. YpaBHenue bepnyJin.
Onpeoenenue. YpaBHeHue BUIa

v+ plx)y =q(x)y" (13.1)



HazbIBaeTcCs ypaBHeHHeM bepHyiu.
Ecnmu  n =0, o 310 nuHeitHOe AuddhepeHnmantbHoe ypaBHECHHUE TIEPBOTO MOPSIIKA.
Ecnu n =1, 3T0 ypaBHEeHHE ¢ pa3AeSIFONIUMUCS TEPEMEHHBIMHU.

IMpu n#0u n #1 pasgenum obe yactu ypaBaenus (13.1) va y". Ioxyunm:

V' 1
—+ p(xX)— =q(x) (13.2)
Yy y
Brenem HOByIO IEpeMEHHYIO:
1 —
yn—l =z
Tornma:
1 _ l-n __ l-n\r _ 1 -n r_ y'_ 1 ’
—=z=>y '=z=>((y ") =z=>0-n)y -y—z:>—n—1 z.
y —-n

[Toacrasnsiem B ypaBHenue (13.2), monydum:

z'+ p(x)z = q(x)

58105
Z'+(1=n)p(x)z =(1-n)q(x)
[TonmyyeHHOoe ypaBHEHHE SBISETCA JIMHEHHBIM Au(QepeHInanbHbIM — ypaBHEHUEM
NepBOro mopsiaka. PazpemuB ypaBHEHHE OTHOCHUTENBHO (YHKUIMHU z(X) M yYUTHIBas 3aMEHY,

HaxoauM (pyHKIHIO y(X).
2

Ilpumep 13.1. Petium ypaBHeHue: y' — r_r
2x 2y
Nmeewm:
, 1 x* 1 I
y _2_xy BEE ; 1 >
WIu
23y —Sy? =,
X
Cnenas 3amMeHy
z=y"
Torna
z'=2y-y
[Tony4um:
Z——z=x
X

N3 npumepa 12.1 nomydaem oTBeT:
2

2=y’ =x(C+%),

2

Omeem. v = x(C + %) .

14. YpaBHenue Puxkkaru.



Onpeoenenue. YpaBHeHUE BUIA

V' p(x)y+q(x)y* = f(x) (14.1)
OyzeM Ha3bIBaTh ypaBHEHHEM Pukkatu.
IIpu f(x) = 0 — umeeMm ypaBHeHUE bepHym.
B oOmem Bunme ypaBHeHWEe PukaTTH He permaercs, HO MOXHO 3aMEHOH IMepeMEHHON

npeobpa3oBaTh B ypaBHEHHE BepHYIUIN, €CIM H3BECTHO OJIHO YACTHOE PEIIEHUE ) = ¥, (X).

PaccmotpuM dynkimio z = y(X)— y,(x), rae y(x) peurenne ypasaerus (14.1).
Torna

y=z+y,ny'=2'+(y,)
[Toacrasnss B ypaBHenue (14.1) cnenyer:

2"+ (1) + PNz +,) +q(x)z + ;)" = f(x)
Wi

2'+(1,) + p()z+ p(N)y, +q(0)z° +29(x) 2y, +q(x)(y,)" = [(x)

VuuteiBas, 4o QyHKIUS Y, (X) saBisercs penienrem ypasaerus (14.1), moixydum

2+ (p(x) +2q(x)y,)z = =q(x)z’ (14.2)
[Tonmy4yeHHOe ypaBHEHHE SBISETCS YpaBHEHHEM BepHYIIN OTHOCUTENHHO QYyHKINU Z(X) C

Hpumep 14.1. Penium ypasuenue: y' — y° = —i.

x2
HNmeewm:

Pe) =0, gx) =-1, £(x) =x%.

1
Jlerko npoBepuTh, 4T0 (PYHKIUS y,(X) = — SABISIETCS PELICHUEM 3a[aHHOTO YPaBHEHUSI.
X

JlercTBUTENbHO,
, 1 1 2 2 2
yz(x):;:()b) :—Tj—y—x—z:—xji—x—zz—x—z
BBenem HOBYIO pyHKIIHIO:
1
z(x) = y(x) ——
W
1
y(x)=z(x)+—.
X
[ToacraBnsist B ypaBHEHUE, TTOTYIHM:
1., 2 1 2 I 1 2 )
Z'——— ) ==z -2z - =——=z——z=z
( x 2 ? x x’ x° x

Paznenum Ha z°;

HonyquHoe YpaBHCHHUEC HABJIICTCA YPABHCHUCM EepHyJ'IJ'II/I, KOTOpOC pemacTtcsa C

IIOMOIIBIO 3aMCHBI:

u(x) =§.



Tornma:

!

_ _ _ z
—=uUu=7:z ! =u:>(z 1)'=u':>—z 2z':u':>—2:_u'_
z z
IToncrasnss B ypaBHEHUE
z 21
—-=.==1
z X Z

MIOJIYYHUM:

_[2 2 3
—u’—zu =1 :>u'+2u =-l=u=e dex(C_J.eJdedx) = e_sz(C_J‘edex) - iz(C_x_)'
X X X 3

Takum o6pazom:

C x 3C-x
u = —2—— = 2
x~ 3 3x
T.k.
1
z=—
u
TO UMEEM:
3x?
zZ = 3
3C-x
CnenoBarteibHO,
. 31
3C-x* «x
0 ’ 3x* 1
meem. )y = —.
3C-x* «x

15. In¢ppepennnaibabie ypaBHeHHs B MOJHBIX AU depeHumnanax.
Onpeodenenue. Ilyctb nano nuddepeHnmranbHoe ypaBHEHNE
M (x,y)dx+ N(x,y)dy =0 (15.1)
Ecnmu neBas wacte nuddepeHumansHoro ypaBHeHus (15.1) sBisercss MOJHBIM
muddepenimanoM Hekotopoi pynkuuu U(x, y), T.€.
dU =M (x, y)dx+ N(x,y)dy
To ypaBHeHue (15.1) HaspBaeTcs nud@epeHIUaNIbHBIM YpaBHEHHEM B IOJHBIX
nuddepenimanax.
B stom ciyuae nuddepennnansaoe ypaBaenue (15.1) MoxHO 3anucath B BUJC:
dU(x,y)=0.
Ecnu gynkius y = y(x) siBnsercs pemenueM ypasHenus (15.1), To
dU(x, y(x)) =0
1, CJIeI0BATEIbHO, PYHKITHS
U(x, (x)) = C,
rae C — mocTostHHAs, SBISIETCS 00IMUM perieHruemM ypaBaerus (15.1).
Ilpumep 15.1. Pemium ypaBHeHue: ydx + xdy =0.
VYpaBHeHHe B MOJTHBIX U QepeHnmanax, T.K.
ydx + xdy =d(xy) .



CnenoBarenbHo, GyHKIHs x)y=C ABISETCS OOIIUM pElIeHUEM 3aJaHHOTO YPaBHEHUSI.

Teopema. ]Jlns Ttoro uToOBl neBas 4yacTh ypaBHeHHs (15.1) sBismace MONHBIM
muddepeHaioM HeKoTopoil ¢yHkuumu U(x,y), HEOOXOAUMO | JIOCTaTOYHO, YTOOBI

BBITOJIHSUIUCH YCIIOBUSL:
oM  oN
 ox
Jlokazamenscmeo. HeoOxonumocts. [1ycts dynkuus U(x, y) TakoBa, 4To
dU =M (x,y)dx+ N(x,y)dy.
C npyroit cropoHbl, 1o omnpeneneHuto aupgepeHnuana QyHKIUN JBYX I[E€PEMEHHbIX

HUMECM.

CnenoBarteibHO,

C nmpyroii cTOpOHBI
O°U _oM U _oN
oxoy Oy oyox  Ox
B cuiy HE3aBHCMMOCTM CMEIIAHHOM IIPOM3BOAHOM BTOPOroO MOpsAAKAa OT THOpsIKa

QG epeHIMpPOBaHUs, IMEEM:

o’'U oU
oxdy  Oyox
T.C.
oM _ ON
o A
oM ON
Hocraroynocts. Ilycts g =a—x. [Tokaxkem, uro MOXHO HaiTH ¢yHkuuo U(x,y)

TaKyro, uto dU = M (x, y)dx+ N(x, y)dy .

Bribepem ¢ynkiuio U(x,y) Tak, 4ToObI

oU
—=M(x,y)
ox

T.C.

Ux,y) = [ M(x, p)dx+ ()

o

rae ¢(y) Ipou3BoJIbHAs PYHKIHS IEPEMEHHOH ).

Omnpenenum GyHKINIO ¢()) TaK, YTOOBI BHIMOIHSIIOCH YCIOBUE
oU
—=N (X, y ) .
oy

Nmeewm:



oU 0 } , oM , [ON von
5;=54}unww+¢wri;;uumh+¢wy15;uymHmww—
=N(x,y)= N(xy,»)+@'(y) = N(x, ),
T.C.
P'(y)=N(x,,y).
CrenmoBartenbsHO,

o) = [ N(xy,3)dy+C.

Yo

Taxum oOpazom, MOTYyUNIIH:

Ux,y)= IM(x,y)dx+ TN(xo,y)dy+ C

Teopema ooxazana.
Ilpumep 15.2. Peuium ypaBHEHHE:

(Bx? +6xy*)dx +(6x°y +4y°)dy =0.
B sTom ypaBHEHUHN
M(x,y)=3x" +6xy°,
N(x,y)=6x"y+4y°.

Tak xak
oM ON
—=12xy u — =12x
oy Ox 4
TO YpaBHEHHE SIBIISIETCS ypaBHEHUEM B MOJIHBIX Auddepeniunanax.
HNwmeem:
ou =3x” +6x)%,
ox
ou =6x’y+4y°.
oy

NHTerpupys nepBoe ypaBHEHHE IMOJTYYEHHON CUCTEMBI 110 IEPEMEHHOM X, MOJyUNM:

Ux,y)=x"+3x"y* + p(y)
Hnst onpenenenust QYHKIMH ¢(y) BOCIOJIB3YEeMCS BTOPBHIM YPaBHEHHEM CHCTEMBI.

[Tonyunm:

Y 6x’y+¢'(y)=6x"y +4y°,

oy
HNIN

9'(y)=4y°,
OTKy/1a
o(y) ="

CrnemoBartenansHO,

Ux,y)= x? +3xzy2 +y4.
Takum oOpazom, oOlriee perieHrne 3aJaHHOTO YPaBHEHUS UMEET BUI:

X' +3x*yr+yt =C.



16. JAnddepennuanbubie YPaBHEHUs B MOJIHBIX auddepenuunanax.
HHuTerpupyrommii MHOKHUTEIb.

B HEKOTOpBIX CiTydasx, KOT/Ja JieBas 4acTh YpaBHCHHUS

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

HE SIBJISICTCS TONHBIM AWQQPEpeHIINaTIoM HEKOTOPOW (YHKIMH, JIETKO MOA00paTh
dbyHKIHIO W(X,Y), TOCIEe YMHOXKEHHUS Ha KOTOPYIO, JIeBast 4acTh ypaBHeHus (15.1) mpeBparraercs
B NOJTHBIN qudepennmart:

dU=p Mdx + p Ndy.

Takas ¢ynkuus p(x,y) HaA3bIBACTCSI HWHTETPUPYIOLUIUM MHOXKHUTENIEM. 3aMEeTHM, 4YTO
YMHOXEHUE Ha WHTETPUPYIOIIUNA MHOXKHUTEND |U(X,))) MOKEM MPUBECTH K TOSBIICHUIO JIMITHUX
YACTHBIX PEIICHUH, 0OPAIAOIINX 3TOT MHOXHTEIb B HYJIb.

B o6mem citydae 11 HaXOKICHUSI MHTETPUPYIOIIETO MHOXKHUTENS HAI0 MO100paTh XOTs
OBl OJTHO HE PABHOE TOXKJCCTBCHHO HYJIIO PEIICHUE YPABHCHHS B YACTHBIX MPOW3BOIHBIX:

0 0
—u-M=—u-N,
8)/'” ax”
T.K.
N _oM _,
ox 0Oy
To umeem:
0 0 ON oM
—hyM-——mhy N=—-—— (16.1)
oy ox ox Oy

B of6mem cny4yae pelieHne 3TOrO0 ypaBHEHHS B YACTHBIX IPOU3BOIHBIX SIBIISETCS
3agaueil He Oosiee MPOCTOM, YeM pelleHrne camoro ypaBHeHHs. OJHAKO B HEKOTOPBIX CIydasx
noa00p 4acTHOTO peuleHus ypaBHeHus (16.1) He npencTaBiseT 3aTpyJHEHUH.

Cuynras, 4TO MHTETPUPYIOIIUN MHOXHUTENb SBISETCS (QYHKUUEH TONBKO OJHOTO
aprymeHTa, Harnpumep, sBIseTcsl PyHKIHMEH TOJIbKO OT X WM TOJIBKO OT y, UM TOJIBKO OT X+,
MM TOIBKO X~ + )°, MOKHO yKe 6€3 Tpyaa pemuts ypaBHenue (16.1) u ykasaTh ycioBus, npu

KOTOPOM HWHTEIPUPYIOLIUN MHOMUTEIb CYLIECTBYET. TeM CaMbIM BBIIEIAIOTCS KJIACChI
YpaBHEHUH, JJI1 KOTOPBIX MHTETPUPYIOIINN MHOKHUTEIb JIETKO MOKET ObITh HalJIEH.

Ilpumep 16.1. Haiinem ycinoBusi, Ipu KOTOPBIX YpaBHEHHE
Mdx+ Ndy =0

MMEET MHTErPUPYIOIIMI MHOXKUTEIb, 3aBUCALIMNA TOJBKO OT TNEPEMEHHOM X, T.€.
o= p(x).
VYpasuenue (16.1) npumer Bua:

oy N M
dx ox Oy
CrnemoBartenabsHO,
oM _ON
y
In i = dx+InC,
u=[—

nim



w(x) =Cexp x |. (16.2)

Moxno cuutath C = 1.
—j /N 3aBUCHT TOJIBKO OT MEPEMEHHOW X, TO WHTETPUPYIOLIUN

MHOXHUTENb, 3aBUCAIIMNA TOJBKO OT IEPEMEHHOW X, CyIecTByeT M paBeH (16.2), uHaue
MHTErPUPYIOLIET0 MHOXKUTENS BUAA £ = g(x) HE CYILECTBYET.

Ilpumep 16.2. Paccmorpum JnuHelHOe aud@depeHInaIbHOe YpaBHEHUE IEPBOTO
nopsiaka. [lokaxkeM, 4YTO y 3TOr0 ypaBHEHUSI €CTb MHTETPUPYIOIIMI MHOKUTENb, 3aBUCSILIUN OT
nepemeHHoi x. Mrak, umeem:

Dy Py =0w)
dx
NJIn
[P(x)y - O(x)dx +dy = 0.

3nece M(x,y)=P(x)y—0(x) u N(x,y)=1.
Nmeewm:

CJIEI0BATEIIbHO, UHTETPUPYIOIIUN MHOKUTEIb UMEET BUL:
H(x) =exp I P(x)dx.
YMHOXkasi Ha UHTETPUPYIOLIUI MHOKHUTEIb YPABHEHUE

[P(x)y = Q()dx+dy =0,
HOJTYyYHM:
{P(x)y - Q(x)}- ejp(x)dxdx + eIP(x)dxdy =0.
[TonmyyeHHOe ypaBHEHHME SBISIETCS YpaBHEHHWEM B NOJHBIX Auddepenumanax. s
HaxoxaeHus ¢pynkuun U(x,y), umeeM:

oU P(x)dx
Y Py —0@)}-el %,
ox

oU jP(x)dx

—=¢ )

oy

N3 BTOpOTO ypaBHEHHS MTOTYYEHHON CUCTEMBI UMEEM:

P(x)dx P(x)dx
Uy) = [ dy = eIy 1 o).

HO,Z[CTaBHHH MOJIYYCHHOC 3HAYCHHC (byHKI_[I/II/I U(X,y) B IICPBOC YPABHCHUC CUCTCEMBI,
MMOJIYyYHM:
8U IP(x)cbc
— =¢
ox

jp(x)dx jP(x)dx

P(X)y+¢'(x)=P(x)e’  y-Q0(x)e’

nin



P(x)d
)I xv’

9'(x) = -0(x)e
WIIN
P(r)dx
o(x) =~ 0" ax.
CnenoBarteibHO,
Ur.y) ="y - [omel " d
Hcxons u3 Buia 00IIero pereHus
U(x,y)=C
nojy4aeM o0Iee penieHne JIMHEHHOTo MU depeHINaTIbHOr0 YpaBHEHUS TIEPBOTO MOPsAKa
—| P(x)dx P(r)dr
e P e [ an).

17. /duddepennuaibHble YpaBHeHHsl TMEepPBOro TMOPSJAKAa He pa3pelleHHble
OTHOCUTEJIbHO NIPOU3BOJAHOI.
JuddepeHnnansabie ypaBHEHUS IEPBOTO TMOPSAKA HE pa3pelIeHHBIE OTHOCHUTEIHHO
MIPOU3BOTHOM, UMEIOT BUJL:
F(x,y,y)=0 (1.2)

Ilpumep 17.1.

()’ = (x+ )y +xy =0.
Paspelnast 3a1aHHOE YpaBHEHHE KaK KBAJPATHOE OTHOCUTENBLHO Y, HOTyUHM:

y'=xunmy =y.
[TonydeHHbIe ypaBHEHHS] UMEIOT PEIlIeHUs

2

y:%-i-C uy=_Ce",

KOTOPBIE SBJISIOTCS PEIICHUSIMH 33JaHHOTO YPaBHEHHUS.

VYpasaenue (1.2) MOXeT ObITh PELICHO MTyTEM pa3pelleHUs] YpaBHEHHUSI OTHOCUTENBHO )’
U pelieHus MOJyYeHHBIX TpPH 3ToM ypaBHeHu#d ' = f,(x,y),(i=12..), yXe paspelieHHbIX
OTHOCHUTEJIBHO NMpOoU3BOAHON. OfHaKko maneko He Bcerga ypaBHeHue (1.2) serko paspemaercs
OTHOCHUTEIIBHO ', €I pexe TMONyUeHHbIE IPH OTOM ypaBHeHus Buma V' = f,(x,y), (i =12..)
JIETKO PEIAIOTCsl, MOITOMY YacTO NMPHUXOAUTCS MHTETpHpOBaTh ypaBHeHus Bujaa (1.2) uHbIMU
METOJIaMH.

PaccmoTpuM HEKOTOpBIE Cllydan.

1. VYpauenue (1.2) umeer Bun:
F(y)=0, (17.1)

IIpUYEM CYIIECTBYET, 110 KpaiiHell Mepe, OAMH JeHCTBUTENbHBIN KOPeHb )’ =b 3TOr0 ypaBHEHHUS.

T.x. ypaBaenue (17.1) He conepkHuT x u y, To b = const. CnegosarenabHo, y' = b.

WuTerpupys nociennee ypaBHeHUE, MOIydaeM
y=C

-

y=bx+C=b=

T.k. b sBNsETCA pelieHneM ypaBHeHus: F(b) = 0, momyyaem



obmee pemenne ypasuenus (17.1).
Ilpumep 17.2. Pemium ypaBHEHHE:

Y2 +3y' +2=0.
W3 BreIIEe cka3zaHHOIO CJICOYyECT, UTO

2
(y—Cj +3(y_c)+2=o
X X
2. VYpasuenue (1.2) umeer Bua:
F(x,y)=0 (17.2)

PaccmoTpuM 4dacTHBIN ciy4ail 3TOro ypaBHEHHs, a UMEHHO ClydYail, KOrja ypaBHEHUE
(17.2) MOXHO pa3pelInTb OTHOCUTENBHO X, T.€. 3aIUCaTh B BUJIE:

oO11iee pelieHue.

x=f0".
Brenem napamerp
y' =t
Torma
x=f(1).
CnenoBarteibHO,

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

WIIN
y=t-f@at.
Taxum oOpazoMm, pyHKIUSA
X = f(t)a
y=[t-f @t

ABJIACTCA pCHIICHUCM 3aIaHHOI'O YPABHCHUH.

Ilpumep 17.3. PemiiMm ypaBHEHHUE:

x=() -y -1
Benem mapamertp
y'=t.
Torma
x=t—t—1.
CnenoBateibHO,

dy =t- f'(t)dt = t(3t> = 1)dt
NIn
3t 1
== ___cC
YT,

Takum 006pa3om, MOTYUUIIN PEIICHNUE 3aIaHHOTO YPaBHEHHUS B MTapaMeTPUIECKOi hopme



NI

x=t—t-1,

=2 -~ 4 C
YT

Ilpumep 17.4. Pemium ypaBHEHUE:

X1+ ="

V'=tgtt e —Z;z .
22

1 )
xy1+1gt =tgt = x| — =igi = x =sint.
cos t

Beenem nmapametp

Torna

CnenoBareibHO,
dy = y'dx = tgt - costdt = sin tdt

y= fsintdt =—cost+C.
Taxum 00pa3oM, MONyYnIIH pelIeHne 33JaHHOTO YPAaBHEHHS B TapaMeTpHIecKoi hopme:
X =sint,
{ y=—cost+C.
W3 nocneqHent CUCTEMBI JIETKO MOJyYHUTh
x° +(y—C')2 =1.
3. VYpasuenue (1.2) umeer Bux:

F(y,y)=0 (17.3)
PaCCMOTpI/IM I-IaCTH]bII\/'I cnyqaﬁ 3TOIro ypaBHeHI/IFI, a NUMCHHO cnyqaﬁ Koraga ypaBHCHI/Ie

(17.3) MOXHO pa3pemuTh OTHOCUTEIBHO ), T.€. 3aIUCATh B BUJIE:

nJIn

y=750".
Brenem mapametp
y' =t
Torma
y=75@).
CnenoBatenbHO,

dxzﬂzwdt

vt
o [L 0,
t
Ilpumep 17.5. Pemum ypaBHEHHE:
L -
1+ "

y=+l+y



nJIn

NI

OTKyJa

Brenem nmapametp

Torna

CnenoBarteibHO,

X = La’t +C.
cost

Takum 0Opa3om, OTYyUHITH PEIICHUE 33JaHHOTO YPAaBHEHHUS B MTapaMeTPUIeCKOi (opMme:

x= Ldt +C,
cost
1
=
4. PaccMoTpuM oOmuii cioyyaii.
F(x,y,y")=0. (1.2)
a) Ilyctb ypaBHeHue (1.2) pa3peminMo OTHOCUTENBHO ), T.€. UMEET BUL:
y=f(x)y) (17.4)
Beenem napameTpsl
x=x;y'=p.
Torpa
y=s(p).
CnenoBartenbHO,
& _d ., dp
dx Ox Op dx
_S A dp
ox Op dx’
9(x,p,C)=0.
Taxum oOpazom, MOTYyUNIH:
{co(x,p,c )=0,
y=f(xp).
0) Ilyctb ypaBHeHue (1.2) pa3penMo OTHOCUTENBHO ), T.€. UMEET BUJ:
x= /(.7 17.5)
BBenem mapameTpsl
y=yy'=p.

Torna



x=f(y,p)-

CnenoBarteibHO,
dx = 9 dy + g dp
o~ 0
WA
e _df o dp
dy dy Op dy
WA
g, dp
p o dp dy’
OTKyJa
7 ( v, p,C ) =0.
Taxum 0Opa3oM, MOTydnITH:
{(p(y, p.C)=0,
x=f(y.p).
18. YpaBHenmue Jlarpan:xa.
VYpasHenue Jlarpanka siBisieTCsl YaCTHBIM ciiydaeM ypaBHeHus (17.4) u umeer BUL:
y=xp(y)+y(y).
BBenem napameTpsr
x=x;y'=p.
Torna
y=xp(p)+y(p)-
Hanee
dy = @(p)dx +x¢'(p)dp+y'(p)dp
17001
dy o NAP L dp
— = + — 4+ it
o p(p)+x¢'(p) Y (r) -
17001

1 ! d
p—o(p)=xe'(p)+v (p))—di .
I/I3 ITIOCJICOHET O paBCHCTBa nonyqaeM:
dx , ,
(p—o(p)) @ =x¢'(p)+v'(p)

HonyquHoe YPaBHCHUC SABJIACTCA JIMHENHBIM YpaBHCHHUEM IICPBOTO MOPAAKA, PCIICHHUC
KOTOPOI'0O UMCCT BU:

0(x.p.C)=0.

Taxum 0Opa3oM, MOTYUNIH:

{(o(x,p,c )=0,
y=xp(p)+y(p).



Cnyuyail, xorma p—@(p)=0 mnpencraBiser coOoil ypaBHenue Kiepo u Oyner
pPaccMOTPEH HUKE.

Ilpumep 18.1. Pemuum ypaBHEHHE:

y=2x"-y".
Bsenem napamerpsl

x=x;y'=p.
Torga

y=2xp—p’.

Huddepenunpys, momryqum:
dy =2 pdx+2xdp —3p’dp

WIn
dy dp . »dp
2 ooproaxE_3pr L
dx P dx P dx
WIn
p=2p+@x-3p") L
dx
WIn
-p= (2x—3p2)d—p.
dx
Taxum oOpa3om, MOTYyUUIIH 1Ba ypaBHEHUE
d
—-p & ox-3 p’
dp
WIn
p=0.
[lepBoe ypaBHEHUE, IepenucaB B BUIC
d. 1
X2 x=3 )%
dp.p
UMEET pelICHne
1
In—3 2 1 3 Cc 3p’
x=e " (C+|3p-e""dp)=—(C+=p*)=—+ .
(C+[3p-e""dp) (Cr =y
Takum oOpazom, mOTydUIH
2
X = — + 3L ,
p 4
2 3
y=2xp-p’ = —+p—.
2
U3 paBeHcTBa
r=0

MmoJIrydya€M 4aCTHOC pCIICHUC



19. Ypasuenue Kiepo.
VYpasHeHnue Kiiepo sBiaseTcss 4aCTHBIM CilydaeM ypaBHeHUs JlarpaHika u uMeer BUL:

y=xy"+w(y".
Bsenem napamerpsl
x=xy'=p.
Torna
y=xp+y(p)-
Hamee

dy = pdx + xdp +y'(p)dp

NN
dy dp , .dp
—=p+x—+ —
dx P dx W(p)dx

HNJIn
. .d
p=p+(X+w(p))—p
dx

HNJIn

j—p(xw'(p)): 0,
X

OTKYyJa, Wi

P _y
dx
nJIn
x+y'(p)=0.
B nepBoM cnydae nosrygaem
p=C
TOrAa
y=xC+y(C)

— CEMENCTBO UHTErPaIbHBIX MPSMBIX.
Bo BTOpOM ciydae penieHue onpeensercsl ypaBHEHUSIMMU:

{y =xp+y(p),
x+y'(p)=0.
Ilpumep 19.1. Petiim ypaBHEHHUE:

y=x'=y".
Beenem napamerpsr:

x=x;y'=p.
Torga

y=px-p’.
Hamee

dy = pdx + xdp —3p’dp
WITH
dy dp dp

— =p+x—=-3p° =
dx P dx P dx



NI

NN

OTKYJa, UIn

d
;§=0
1581071
x=3p°=0
B nepBoM cinydae nosryyaem
p=C
TOorAa
y=xC-C’

— CEMEHCTBO HHTCTPAJIbHBIX IIPSAMBIX.
Bo BTOPOM ClIydac pCHICHUC OIIPCACIACTCA YPABHCHUAMMU:

x=3p°,
y=xp-p’=3p’-p’=2p°
Takum 06pa3om, MOTYUNIIH:

y=xC-C’
WA
x=3p?,
y=2p’.
Ilpumep 19.2. Perim ypaBHEHHUE:
y — xy! _ y!2.
Bsenem napamerpsl
x=x;y'=p.
Tornma
y=px-p°.
Hamnee
dy dp dp
—=p+x——-2p—
dx P dx P dx
WITH
dp dp
=p+x——-2p—
p=r dx P dx
WIH
dp
x=2p)— =0,
(x=2p)—-
OTKyJa

nin



dx
1581071
x—2p=0
B nepBoM cinyudae nosryyaem
p=C
TOrAa
y=xC-C*

— CEMENCTBO UHTErPaIbHBIX MPSMBIX.
Bo BTOpOM ciyuae perieHue onpeaenseTcs ypaBHeHUsIMU

x=2p,
{y=xz9—p2 =2p’-p*=p’;
Otcrona nony4yaem
X2
y= a4
Taxum 00pa3oM, MOTYIHITH:
y=xC-C?

NI

_x
y=r

20. MeToa nocieoBaTeIbHbIX PUOIUIKEHU .
Pacemorpum 3amauy Komm:

y' =f(xy),
y |x:x0 = yO .
Wnterpupys ypasuenue (1.3) nonyqum:

Iy'dx = Tf(x, y)dx,

X0

WIN
Y0 = y(x0) = [ £ (x,9)dx,
WM, y4uThIBast paBeHCTBO (20.1),

V) =y + [ f ).

[TocnenoBarenbHble TPUOIMKEHUS CTPOUM CIEAYIOIIUM 00pa3oM:

(1.3)
(20.1)



Yo (X) =y,

1) =2 + [ £ (5,2, (0))dx,

X0

P2(0) = yo + [ /(5 , (),

X0

K

V() =3y + [ £06,0,4(0)dx.

X0

Takum 00pa3om, MBI TOJYYHM IOCIEAOBATEIBHOCTE (QYHKIHME yi1(x), 2(x), 13(x), ...,

Yn(x), ... .
Teopema. Tlycth GyHKIHMS f(X,y) HENPEPbIBHA B HEKOTOPOW OKPECTHOCTH TOUKH (X, V) -

Torma 3lim yu(x) = y(x) npu n—-+oo, rae GyHKIUA y(X) TAKOBA, YTO,
y'(x) =[x, y(x)),
Y ‘x:xo = yO :

Ilpumep 20.1. MeToaoM mocneoBaTeIbHBIX MPUOIMKEHUH PEIIUM 3a/1a4y
V=,
Vlo=1.

Nmeem:
Yo(x) =1

yl(x):1+j|£f(x,y0(x))dx=1+]£y0(x)dx:1+jfdx:l+x,

2
X
_',

yz(x)=1+£f(x,yl(x))dx=1+£y1(x)dx=1+£(1+x)dx=1+x+ 5

2 3

i 0 i x? x° x
y3(x):1+.(|).f(x,y2(x))dx:1+_(|).y2(x)dx:1+.(|:(1+x+7}lx:1+x+?!+?!,

2 3 n n k
yn(x):1+x+x—+x—+K+—: —_—,
21 3 n! = k!

TaxuMm 06pa3oM, TOTYYHIH
n k S k
) . X X .
nhl_}wl(yn(x)) = n_mz k! = Z k! =€ .
k=0 - k=0 -

Takum 06p330M, MBI MOJIYYHJIN TOCJICAOBATCIBHOCTD HpH6J’IH)KCHHﬁ, npeaci KOTOpOﬁ

ecTh QyHKIHA y(x)=e".

21. Metoa Jitaepa.
Paccmotpum nuddepenimanbHoe ypaBHEHHE IEPBOTO MOPSIIKA



y'=f(xy)
C Ha4YaJIbHBIM YCIIOBUEM
y |x:x(, = yO :
Paccmotpum otpesok [a,b]. Ilyctb a=xo.
Torga

V'(x0) = f (%05 %0)
PaccMOTpPHM TIPAMYIO, TPOXOISIIYI0 depe3 TOuKy ¢ koopmumatamu Mo(x,;y,), c
YII0BBIM KO3 duireHToM paBHbIM V'(X,) = f(x,;),) . YpaBHEHHE UMEET BUI:
Y=Yy = f (x5 )(x—Xx) .
ITyctb (x1; y1) HEKOTOpPAst TOUKA HA ATOM IPSIMOM, T.€.
Y= Yo+ S (X3 7o) = Xp).
Ceityac paccMOTpHUM MPSIMYIO MPOXOASAIIYIO0 Yepe3 TOUKY C KOOpauHaTtamMu M (xl; yl) c
YII10BbIM K03(puurentom pasubiM V' (X,) = f(x;;),). YpaBHeHHEe UMEET BULL:
Y=n=f0s)(x—x).
ITyctb (x2; y2) HEKOTOpPAs TOUKA HA ATOM IPSIMOM, T.€.
Y2 =Y+ (), —x).
Jlanee, pacCMOTPHUM TIPSIMYIO MPOXOSIIYI0 Yepe3 TOUKY ¢ KoopauHatamu M> (xz; yz) C
YTII0BBIM K03(puurenToM pasubiM )'(X,) = f(X,;V,). YpaBHeHHE UMEET BHI:
Y=, =[x 3)x-x,).
[Tyctb (x3; y3) HEKOTOpast TOUYKA Ha ATOM MPSIMOH, T.e.
Vs =Yy + (030006 —x,),
UT. ]I
Taxum 00pa3oM, MBI IOCTPOUM JIOMAHHYIO C BEPIIMHAMU B TOUKax M = (X,;V,),
M, =(xs0), My =(x30,), My=(x505), ...
Jlomannytro M (M M ,M K 6ynem Ha3bpIBaTh JIOMaHHOM Diiiepa.

JUia moCcTpoeHMsI JIOMaHOM OWjepa Ha OTpeE3Ke [a,b], OTPE30K JeNIAT Ha N PaBHBIX

JacTeu.

a
Torna A = —— — mar pa3oueHus oTpeska [a,b] .
n
Ilycts
X, =a,
X, =Xxy+h=a+h,
X, =x,+h=a+2h,

ey

X, =x_,+h=a+nh=»>b
[Moctpoum touxku M, M,,M,,M K M ,. IloctpoeHHyt0 JoMaHyl0 Diinepa, 0003HAUUM

uepe3 y, (x).



Teopema. lim y, (x)= y(x), TA€ y(X) — PEILICHHE 3aJaHHOTO YPABHEHHUS C 3aJaHHBIM
n—>0

Ha4YaJIbHBIM YCJIOBUEM.

Ilpumep 21.1. Metonom Diinepa peninm 3aaavy:
y’ =1,
¥10=0, xe[01]=]ab].

ITycts n=10. Umeem f(x,y)=1x,=0,y,=0,h= % Torna:

1 2
X =—,x, =—,K,x, =2,x10 =1.

10 10 10
CrnenoBarteibHO,

1 1
i =y0+hf(x0,y0)=0+ﬁ-1:—,

10

1 1 2

=y +hf(x, =—+—-1=—,

Yo =y +hf(x;, ) 10" 10 10

2 1 3

=y, +hf(x,, =—+—1=—,

Vs =Y, Hhf(x,,,) 10 10 10
~

9 1
Yio =Y Thf(x9,y5) =—+—-1=1.
10 9 9 9 1 0 10
JIerko 3aMCTUTD, UTO IIOJYUCHHAA JIOMaHas NpCACTABIISICT co0oit OTPEC30K Hp}IMOﬁ y=X.

22. MeToa HeonpeaeaeHHbIX K03 PUIIHEHTOB.
PaccmoTrpum ypaBHEeHME

a,(x)y"+a,(x)y = f(x).
[Mycte ¢pynkuun a,(x),a,(x), f(x) MOXHO pa3iI0XHTh B CTENICHHOW PsZ B OKPECTHOCTH

TOYKH X . Torz[a PEIICHUE YPABHCHUA MOXHO IMPEACTABUTDL B BU/JIC

W0 =3 C -5,

Ilpumep 22.1. MeTo10M HeoOlpeaeIEHHBIX KOA(PPHUIIMEHTOB PELINM 3a1aqy
V' +2y=2-3x,
y(0)=0. '
Pemenue 3aaun OyzeM UCKaTh B BUJIE CTETIIEHHOTO Psijia
Y(x)=Cy+Cx+C,x* +K = ZCnx" .
n=0

W3 navaneroro ycnosus ¥(0)=0= C, =0.

y'(x)=C, +2C,x +3C,x* +K + ZnCnx"_1 = Z(n +DC,, x"
n=1 n=0

IloacraBiss B YpaBHCHHE, ITOJTYUNUM:



> ((n+DC,,, +2C,)x" =2-3x =2x"-3x" +0x’ +...+0x"
=0

[IpupaBHuBas kK03(h(PUIHEHTHI IPU OJUHAKOBBIX CTEIEHSX, TOJIYUHM:

n=0,C, +2C,=2=C, =2,

n=12C,+2C =-3=C, =—%,
2
n=23C;+2C, =0=C,;=-1C,,

n=34C, +2C,=0=C, =—%c3,

nC +2C _,=0=C, = —%Cm1
n
T.€. IpU
2
n=3=C, =—-——C,,
n
Hrak

2. ~(-2}{-2 e,k (22 {-2] Z)e.- .
n n n—1 n n—1 4 3 n-(n—1)-..-4-3

_ (_1)}’! 2]’[—1 .C _ (_l)n 2’1 & _ (_1)}’! 2}1 _z
n! ? n 2 n! ’

(_ l)n—Z 2n—2

npu n>3.
Taxum ob6pazom, umeem:
C, & (=1)"2" 7, T&(2x) 7, 7 4x*
X)=Cy+Cx+Cox" +—2) ~ L = x" =0+2x——x" — = =2x——x"——(1-2x+—+
y()("zz;n! 24;71! 24l 2
0 _2 n
+Z( x) )+Z—ZX+ZX2 =z—§x—ze_2x
= nl 4 2 2 4 2 4
Jlerko mpoBepUTb, YTO TOT K€ PE3YJIbTAT MOTYUUM, €CIIU IPUMEHUM POPMYITy JUIsS
pelieHus TMHEHHOTO AU epeHInanbHOro ypaBHEHUs IEPBOro MOPSIKa.
JlefiCTBUTEIIFHO, HMEEM:
y=e > (C+ I(2 —3x)e*dx)=e (C+e™ — Exezx + gez") =Ce™ + 7 ix
2 4 4 2
T.x. mpu x:0:>y:0:>C:—%,To
— z — E X — z e_zx
4 4 2 4
JAu¢ppepenunaibHbie YypAaBHEHHUS N-I0 NOPSAKA.
23. IudPepenunaibubie ypaBHeHUs N-1o nopsiaka. Teopema CyliecTBOBaHUA U
elMHCTBeHHOCTH pelienus. 3anaua Komm. [lonsiTue od1ero pemexus.
Onpeodenenue. JluddepeHnnaabHbIM  ypaBHEHHEM N — TO TIOpSJKa Ha3bIBAETCA

YpaBHCHHC BUAA:



F(x,y,y, )" K,y" ",y =0, (1.1)
rae y = y(x),y" = y'(x).K,p" = y"(x).
Paccmotpum ypasaenue (1), paspemenHoe oTHocuTensHo ' T.e. ypaBHEHUE BHAA:

n-1
Y= fp, y KLy, (23.1)
rae f—ato Gynkmus (n+1)-ro nmepeMeHHOro.
Ilyctb  ¢yukumss  f  ompedeneHa B HEKOTOPOM ~ OKPECTHOCTH  TOYKH
(n-1) 1
('x07y()ay(')aK7y() )ERm+'
Teopema (o cywiecmeosanuu u eOUHCMBEHHOCMU peuieHus oughghepenyuaIbHo20

YPAGHEHUA N-20 NOPAOKA).
[Tycts nano auddepeHnnansHoe ypaBHEHHE N-TO MOPSIKa

v = (x5, y KLy, (23.1)
rae y = y(x),y =y (x),K,y" =y (x).

ITycts Touka M, = (X,,Vy, Ve K , yo("fl)) € R™', a Gpynkuus f HempephIBHA B HEKOTOPOH

okpecTHOCTH Touku M . ITycTh %,%,K , Gya({ - € C{O(MO)}.

Torna cymectByet pemenue ypaBuenus (23.1) y = y(x) Takoe, 4To

(n—1) _ (n=1)
|x:x0 - yO

Ve = Yoo V' Loy = 0K 5 ¥
Y TAKOE PEILIECHUE €IUHCTBEHHO.
3aoaua Kowu.
Haiitu pemenue ypaBHeHus

=[xy y KLy, (23.1)
y = y(x), YIOBIETBOPSIOIEE HAYAJIbHBIM YCIOBUSIM:
Ve = ¥00d Loy = Y Ky | = 30" (232)
Onpeoenenue (06ue2o peuwienus oughgpepenuuanbnozo ypasgHenus n-20 nOpAOKa).
@Oyakuno @ =@(x,C,,C,,K ,C,) Oynem Ha3pBaTh OOIMIKMM pEIICHHEM YpaBHEHUS
(23.1), ecnu:
1) npu kaxaoMm puxcupoBannom C,,C, K ,C, ynkuus
¢=9xC,C,.K,C,)
€CTh perieHue ypaBuenus (23.1).
2) Vxy, Vo, Vo, K, " 3C,,,Chp K , C,, TaKHe, uTO:
P(xy,Ci5Cy0,K ,C o) = ¥y,
9'(x4,C19,Cr.K ,Cpi0) = 5
K
"™ (x0,C1p,Cy,K ,C,0) = yh
Onpeoenenue. Pemenne ¢=¢(x,C,,,C,,K,C, ) Oynem Ha3pBaTh YaCTHBIM

pelIeHrEM.
3ameuanue. OOmee pemieHue — OOMMUI MHTETpal, a YaCTHOE PEIICHHE — YaCTHBIN
uHTerpai. I'paduk pemieHuss — MHTETrpaibHas KpUBasl.
Ilpumep 23.1. PaccMoTpuM ypaBHEHHUE



»"=0.
Oyukuust y = C, +C,x+C,x> ABISETCs OOLUM PEIICHHEM 3aJaHHOTO YPABHCHUS.
Haiinem perienue, yaoBIETBOPSIONIEE HAYAIbHEIM YCIOBUSIM:
X =0,y =Ly, =Ly;=1.
Nmeem:
X, =0=C,+C, 0+C,-0=1;

y'=C, +2C;x,
x,=0=C,+2C,-0=1;
y”:2C3,

X, =0=2C, =1;
1
€, =1.C,=1,C =2

1
CnenoBarenbHo, QyHKIHA y =1+ x+ 3 x? — 4aCTHOE PEIIEHHE.

24. TudpepenunajibHble ypaBHEeHUs], JONYCKAIOIIMeE MOHMKEHHe MOPSIAKA.
1. PaccmoTpuM ypaBHEHHE BHJIA

(n) _
y= 1) (24.1)
I[JI?I 3aIaHHOI'O YPaBHCHUS JICTKO MOXKHO HaWUTH O6HI€€ peiCHueC, 1mocjaCca0BaTCIIbHO
IIOHMXKas OPAJIOK ypaBHEHUS Ha eauHuLy. MiMeem:

v = f(x),

Y = [ fdx+C,
y D = j{[ f(x)dx}dx +Cx+C,,

Y0 = j{’. {[f(x)dx}dx}dx +C, % +C,x+C,,
K

=K [ redxf dxjae+c,

Ilpumep 24.1. Peuium ypaBHEHHE:

n—1 n-2

x—+C2—+K +C,.
(n-1)! (n—=2)!

y”l — O.
Nwmeem:
y'= Ide+Cl =C,;

y'=[Cax+C, =Cx+Cy;

2

y=C1%+C2x+C3.

2. PaccmoTpuM ypaBHEHUE BHIA
fey®,y KL y™) =0 (24.2)

Brenem HOBYIO HEM3BECTHYIO ()YHKIIUIO



® =z,

y

Torna
(k+1) —

P = 00

U ypaBHEHHUE NPUMET BU]L
f(x,z,2 K,z")=0
MOPSAI0K, KOTOPOTO HIKE MOPSIKa 3aJaHHOTO YPaBHEHUSI.
Ilpumep. 24.2. PemiuM ypaBHEHHE:
1+x>)y"+y"7+1=0.
BeeneM HOBYIO (DyHKIIHIO

Torna

U ypaBHEHHUE [IPUMET BHU]T
(1+x*)z'+z° +1=0.
[ToydeHHOE ypaBHEHHE PEIIACTCS METOIOM pasjeeHus IepeMEHHbIX. Tak, nMeem

dz dx C, —x
3 = — 3 j— arctg(z) + Certg(x) = arctgcl = 7= ]
1+z 1+x I+Cx

Taxum 0Opa3oM, MOTyqInIH

r_Cl_x
YT li e
Orcrona
y:_[c'_xdx:J‘ G dx—I X a’x:j G dx+J-;dx—J‘idx:1+L2 In(1+ C\x)
1+Cx 1+Cx 1+Cx 1+Cx C,(1+Cx) G G
-—x+C,

3. PaccmoTpuMm ypaBHEHHE BHJIa

' " (n)\ _
f(yay’y :K’y )_0
PaCCMOTpI/IM qaCTHBIﬁ cnyqaﬁ TaKoro ypaBHeHI/IH, a UIMECHHO ypaBHCHI/IC

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

Torna
, d dv d
=)= ()y = p
dx

u ypaBHCHI/IC HpI/IMCT BU/
f(.p,p)=0,



dp

rae
ne p'= &

Ilpumep 24.3. PemiuMm ypaBHEHUE:

Wﬂ + yi2 — 1 ]
BBeneM HOBYIO HEU3BECTHYIO (DYHKIIHIO
y'=p.
Tornma
_d dy dp
V= (V)= ( ) "
U ypaBHEHHUE MPUMET BUJI
w2 =1
dy
Paspernss nepemMenHsle, TOIy4UM
_lpdpz :ﬂ wm 1—p° =0.
4 y

Urak:

pp W L py=mys :>]n(1—p2):h1%:>1—p2 =1

I-p~ ¥ 2 y
2 '-C d ‘-C
Takum o6pazom, y° :yizc1 wm )y =+ i 5 1,—y:i J —L.
y yooodx y

I/IHTeI‘pI/IpyTI IMMOJIYYCHHBIC YPABHCHUS, I10JTy4acM

iy—dy=dx:>i1/y2 -C, =x+C,.

\/J/Z -G

C apyroii cToponsl u3 paBeHcTBa 1 — p° =0 umeeM y'=+1=> y =+x+C.

Takum O6p330M, MOJIYYHJIN pCIICHUS 3aJaHHOT'O YPABHCHUA

+y’-C, =x+C, u y=1x+C.

Ilpumep 24.4. Peunm ypaBHEHUE:

y'2 +2yy'=0.
BBeneM HOBYIO HEM3BECTHYIO (PYHKITHIO
y'=p.

Torna
- d 3 d dy 3 dp
) (p) i d P
n ypaBHCHI/IC HpI/IMCT BU/
d
p*+2py =0,

dy

Pa3;[en${>1 HepeMeHHBIC, I'IOJ'Iy‘-II/IM

d
p+2y—p=0 wm p=0.
dy

HNrak:



@=@:>—2lnp=lny+C:>lnL2=h1Cy:>L2=Cy:>p=i L
-p Y p p Cy

Taxum 0Opa3oM, MOTYdnIH:

@ =+ € = ,/Cydy :ideE(Cy)% =+x+C,
dx Cy 3

C nmpyroii cTopoHbl U3 paBeHCTBa p =0 umMeeM y'=0= y =C.

Taxum oOpa3om, MOTYUNIH PEIICHUS 3alaHHOTO YPaBHEHUS

%(cy)%:mcz Hy=C.

25. JIuHeliHasi 3aBUCHMOCTb M He3aBUCUMOCTh (PyHKIMIA.
Onpeoenenue. Ilycte Gynkuuu y,(x),y,(x),K ,», (x) ompenenensl Ha oTpe3ke [a,b].
CkaxxeM, 4To (PYHKIUHU JMHEWHO 3aBUCHMBI Ha OTpe3Ke [a,b], €Cliu CyIIeCTBYIOT MOCTOSIHHBIC

a,,a,,K ,a, —He Bce paBHbIE HYIIO, TAKHE, YTO BBIMOIHIETCS PABEHCTBO
oy, (x)+a,y,(x)+K +a,y,(x) =0,Vx €[a,b] (25.1)

Ecnu paBenctBo (7) BhIONHsSETCA TOJbKO mpu «, =a, =K =a, =0, 10 dyHKINH
(%), y,(x),K ,»,(x) Ha3pIBatOTCs JIMHEHHO HE3aBUCUMBIMU Ha OTpe3Ke [a, b].

3ameuanue. Beipaxenune a,y,(x)+a,y,(x)+K +a,y, (x) Oyaem Ha3pIBaTh JTUHEWHOM
KoMOuHarmen pyHkuui y, (x), v, (x),K ,y (x).

Hpumep 25.1. dynaxmuu 1,x,x° K ,x" nmuHeiiHO He3aBUCHMBI Ha oTpeske [a,b]c R.

JleiicTBUTENBHO, MYCTh (DYHKIMHU JIMHEWHO 3aBUCUMBL. JTO 3HAUUT, yto o, o, .K ,a, —
HE BCE PaBHBIC HYJIIO TAKKE, YTO BBIMOITHICTCS PABEHCTBO

ayl+ax+a,x” +K +a,x" =0,Vx €[a,b].

[TocnemHee paBeHCTBO MPOTHBOPEYHT OCHOBHOW Teopeme anreOpsl. CremoBaTenbHO,
(GYHKIMY JIMHEWHO HE3aBUCHMBI.

Ipumep 25.2. Oynxumn €, e K ,ek"x,ki #k;,1,j =1,2K ,n nuneiino HezaBucuMbl Ha
mo0oM oTpeske [a,b].

JleiicTBuTensHO, MycTh (YHKIUU JHHEHHO 3aBucumble. Torma Ja,,a,,K ,a, — He Bce
paBHBIE HYJIIO, TAKUE, YTO HUMEET MECTO PABEHCTBO

a,e™ +a,e™” +K +a e =0,Vx €[a,b].

[Iycts «, # 0. Pasmenus mocneanee paBeHCTBO Ha e, momydnM:
+K +a, e =0.
[IponuddepenurpoBaB Noay4YeHHOE PABEHCTBO, MOIYUUM:

a, (k, —k)e"™™ v o, (ky — ke ™ +K +a, (k, —k)e"" ™ =0,Vx e[a,b].

(ky—ky)x (k3—ky)x

a, +a,e +a,e

Paszienue noay4eHHoe paBeHcTBo Ha e ™% | momydnm:

a, (k, — k) + ot (ks — ke ™ +K + e, (k, — k)" ™ =0,Vx e[a,b].
[Tocne nuddeperiupoBanms MOCIESTHETO PABEHCTBA, MOTYINM:
a, (ky, — k) (ky —k,)e™ ™ +K +a, (k, —k)(k, —k,)e" ™ =0,Vx €[a,b].



[Iponoikast 3TOT nponecc, MOaAyIUM:
a,(k, —k)k, —k,)K (k, —k, e "% =0,Vx e[a,b]
T.x.
k,—k #0,k, —k, #0,K ,k, —k, _, #0,e"“ % £0,vx e[a,b]
TO U3 MOCJICOHEr0 paBEHCTBA CIICAYECT, YTO
a,=0,
YTO TOpOTHUBOpeuyMT npenanonoxenuto «, # 0. CrnenoBarenbHo, (YHKIUU  JUHEIHHO

HC3aBUCHUMBIC.

26. Onpenenurens Bponckoro.
Onpeoenenue. Ilycts pynkumu y,(x), y,(x),K ,y (x) ompenenensl Ha oTpeske [a,b].

Onpenenurenem Bpouckoro gpynkiuit y, (x), v, (x),K , y, (x) Ha3piBaeTcs onpenenuTens

1 Y2 K Y
B | v, Kooy
W(x)_W[ylayZaKnyn]_ K

J’1(H) )’201_1) K yn(n_l)
IHpumep 26.1. Tycrs 3anansl pyakiuu Y, (x) =1, y,(x) = x,x €[a,b]. Torna

I
W(x)=‘0 ’lc —120Vxe[ab].

IIpumep 26.2. Tlycrs 3anansl pyakuun v, (x) =1,,(x) = x, y,(x) =x°,x €[a,b]. Torna
1 x x°
W(x)=0 1 2x|=2=#0Vxela,b].
0 0 2

Ipumep 26.3. Tycts 3amans Gyaxmmn ¥, (x) = x, v, (x) = x*,x €[a,b] =[-1;1]. Torna

2
X X 5
=x".

W=,

3ameTtum, 9to W (x) =0 mpux = 0.
Teopema. Ilycte pynkuuu y,(x), y,(x),K ,y, (x) nuHeiHO 3aBUCUMBI Ha OTpe3ke [a,b].
Torma wx ompenenuTeslb BpOHCKOTO TOXIECTBEHHO paBEH HYIIO Ha OTpe3ke [a,b], T.e

Wx)=W[y,,y,,K,y,]=0Vx e[a,b].
Hoxazamenvcmeo. T.x. QyHKIMM JIWHEHHO 3aBuUcUMBI, TO Ja,,a,,K ,a, — He Bce
paBHbIE HYJIO TaKHE, YTO
oay,(x)+a,y,(x)+K +a,y,(x) =0,Vx €[a,b].
[Mycts a, # 0. Toroa

o

a a .
Y,(X) ===y (x)-—2y,(x)-K -2y, (x).
(04 (04 (04

n n n

CnenoBartenbHO,



Y y, K

! ! K ’
W (x) = Vi ) Yn _
K
»'7op" Ky,
a o a,
N b4 K (__1)/1__2)}2 —K——lynlj
an an an
] ! a ! a ] aﬂ* !
N b4 K (__lyl__zyz —K——lynlJ —0
an arl a" - ?
K

1
n n n

(n-1) (n-1) o wn @ @ a, (n-1)
Y Y, K [__y —— 0N K ———

T.K. IOCTICIHUIN CTONOEI] €CTh JIMHEeWHAss KOMOMHALIUS MTPEAbIAYIINX.
Teopema ookaszana.

27. JIuneiinblie 1udepeHnuaibHbIe ypaBHeHUs n — ro nopsjaka. Teopema
CyLIECTBOBAHUSA M €IMHCTBEHHOCTH pPelIeHHU.
Onpeodenenue. YpaBHEHHE BUAA

a, ()" +a,(x)y"" +K +a,(x)y = f(x), (27.1)
rae y = y(x), OyneM Ha3bIBaTh JIMHEHHBIM JU(PepeHIINaTbHBIM YPaBHEHHEM N—T0 TOPSIIKA.
Onpeoenenue. YpaBHEHHE BUa
a,(x)y"” +a,(x)y" " +K +a,(x)y =0, (27.2)
OyzeM Ha3bIBaTh OJJHOPOAHBIM JTHHEWHBIM AU (PepeHIInanbHbIM ypaBHEHHEM N—TO MOPSIKA.
bynem mnpeamonarate, uro a,(x)#0,Vxe[a,b]. Torma ypaBHeHue (27.2) MOXKHO
nepenucarh B BUJIE
Yy +a,(x)y" " +K +a,(x)y=0 (27.3)
Teopema (cywecmeéosanusn u eOUHCMEEHHOCHMU peuieHUA TUHEIH020 00HOPOOHO020

oughghepenyuanvHozo ypasHenus n — 20 NOPAOKa).
[TycTh mano ogHOpoOAHOE NHHENHOE MU depeHITnaIbHOE YpaBHEHUE N—TO0 MOPSIKA

Yy +a,(x)y" " +K +a,(x)y=0 (27.3)

[Tycts pynkuum a,(x),a,(x),K ,a,(x) HenpepsIBHBI Ha OTpe3ke [a,b].

Torna Vx, €[a,b] u Vy,,y;,.K, yo("_l) 3 perienue ypaBHeHUs y = y(X) TaKOe, 4TO:

y(xo) =Y

Y'(xy) = ¥

« o (27.4)
YU () = v,

U TAKOE PEILIEHNUE €AUHCTBEHHO.
YcnoBus (27.4) 6ynem Ha3pIBaTh Ha4adIbHBIMU YCIOBUSMHU.
3ameuanue. DOyaxums y(x)=0 SABIJETCA PEIICHUEM OJHOPOIHOTO JIMHEWHOTO

b depeHIMaTBbHOTO YPaBHEHHUSI, YIOBIETBOPSIIONIAs HYJIEBBIM HA4aJbHBIM YCIOBUSIM.



28. Oxnopoanbie JuHeliHbie TU(depeHunAIbHbIE YPABHEHHS N — IO MOPSAIKA.
CsoiicTBa.

Oébosnauenusn: L[yl=y" +a,(x)y" ™" +K +a,(x)y

Ceoiicmea:

1. L[Cy]=CL[y]

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

2. Ly, +y,1=Ly 1+ Lly,].
Cneocmeue. Ecnu L[y,]=0,L[y,]=0= L[y, +»,]=0

3. L{iq y,} = iCiL[yi]

i=1
Cneocmeue. Ilycte L[y,]=0,i =1,2,..., n. Toraa L{i C,.y,} =0.
i=1

4. Ilycts L[U(x)+iV(x)]=0, tne U(x) U V(x) JICHCTBUTENbHBIE (QYHKIUH
TIEPEMEHHOM X.

Torma L[U(x)]=0u L[V (x)]=0.

JlefCTBUTEIBHO,

LU +iV]= LUl +il[V]=0= L[U]=0u L[V']=0.

5.Teopema. Tlycte dyakimm y,(x), y,(x),K ,y, (x) aBisrorcs JIMHEHHO HE3aBUCUMBIMU
pEIIeHUsIMA OJHOPOJIHOT0 JHHEHHOro aud@epeHuanbHOro ypaBHEHHS N-TO TOpsAIKa Ha
orpeske [a,b]. Torma onpenenurens Bporckoro ¢hynkumii y,(x), v, (x),K ,», (x) He paBeH HyItO
HU B OJTHOM TOUYKe OTpe3Ka [a,b].

Jlokazamenvcmeo. Ilycte omnpenenutens Bpouckoro ¢yHkmmii y,(x), vy, (x),K ,y, (x)

PaBEH HYJIO B HEKOTOPOU TOYKE X, , T.€.

1(xq) »(x) K Y, (%)
yi(x) (%) K Y, (x)
K
yl(nil) (o) yz(nil) (x) K yn(nil) (o)
PaCCMOTpI/IM OIHOPOJAHYIO CUCTCMY JIMHEUHBIX ypaBHeHHﬁ:
a,y, (X)) +a,y,(x)+K +a,y,(x,) =0
a1 (%) + 4,15 (x)) +K + @, p,(x,) =0
K

n— (n— n—1
alyl( 1)(x0)+a2y2 1)(x0)+K+anyn( )(xo)=0

W(xo) = =0.

(28.1)

T.€. OJHOPOJHYIO CHUCTEMY OJHOPOJHBIX JIMHEWHBIX YpPaBHEHHUU OTHOCHUTEIIBHO HEU3BECTHBIX
a,,a,,K ,a, . Onpenenurens 3TON CUCTEMBI SBJISETCS ONpeaenuTesieM BpoHCKOro ¢GyHKIHA

(%), y,(x),K ,», (x) B TOUKE X0, T.€. OTPEACTUTED



¥ (x,) ¥, (xy) K v, (x9)
yll(xo) y;(xo) K y:z(xo)
K

77 1) Ky, ()

CJ'Ie,I[OBaTeJ'IBHO, pacCMOTpCHHAA CHCTEMA nuMmeer HCHYJICBOC PELICHUC, T.C.

=W(x,)=0.

da,,a,,K ,a, He Bce paBHBIE HYJIIO, SIBISIOLIUECS pELIEHUEM cucTemsl (28.1).

Paccmotpum GyHKIHIIO

yx)=a,y,(x)+a,,(x)+K +a,y,(x).

C onuoii croponbl, pyHKIUsa y(x) pemeHue ypaBHeHus (27.3), a ¢ Apyroil CTOPOHBI
¢byukuus y(x) yIOBIETBOpSET B CHIy CHCTeMBI (28.1) HyJEBBIM HadaabHBIM YCIOBHSIM U
CJIEIOBATENLHO B CUITy TEOPEMBI SIMHCTBEHHOCTH QyHKIHs y(x) =0 Ha oTpe3ke [a,b] T.e.

oy, (x)+a,y,(x)+K +a,y,(x) =0,Vx €[a,b].

T.x. He Bce a,,a,,K ,a, paBHBI HYJIO, TO MTOCIEAHEE PABEHCTBO O3HAYAET, YTO (DYHKIIUU

Y, (%), y,(x),K ,y,(x) nuHEeitHO 3aBUCHMBI, YTO IIPOTUBOPEUHUT YCIOBHIO TEOPEMBI.

Teopema ooxazana.

29. CTpyKTypa 0011ero pemeHus 0AHOPOAHOIO JHHEHHOro 1u(pdepeHnaIbLHOro
YPaBHEHHS N—T0 MOPSIKA.
Teopema. Ilyctb naHO OAHOpPOIHOE JMHEWHOE Iu(epeHaIbHOe YpaBHEHHE N-—TO
nopsijika
Yy +a,(x)y" " +K +a,(x)y=0 (27.3)
[Mycte pynkuuu a,(x),a,(x),K ,a,(x) e Cla,b].
[ycte pynxmum y,(x), y,(x),K ,y,(x) — nuHEiHO He3aBUCUMBIE PEIICHHs ypaBHEHUS
(27.3). Torga pyskuus
y(x) =Cy(x) + Gy, (D) +K +C,y, (x) (29.1)
SBISIETCSL OOIMM perueHneM ypasHenust (27.3), t.e. Vx, €la,b] u Vy,,v,,K, yo("fl) eR”
iC,,C,.K,C,, Takme, dro dynakuus  y(x) =C,,y,(x) +Cyy,(x)+K +C vy, (x)
YIIOBJIETBOPSIET HAYAJIHHBIM YCIIOBHSIM:
Ve, = Y05 lier, = Y0, K5 ¥

Hoxazamenvcmeo. T.x. ¢ynkuun y,(x),y,(x),K,y (x) - nuHeliHO He3aBUCHMBIC

(n-1) | _ (n-1) .

X=X, 0

petienus ypaBHeHus (27.3), To ux TUHEHass KOMOWHAIUS TOXe pelieHne ypaBuenus (27.3), 1.e.
byHKIIUS
y(x)=Cy(0)+Cy,(x) +K +C,y, (x)
pemierue ypaBaenus (27.3).
Ocranoch fokasath, uto Vx, €[a,b] u Vy,,y),K,y," " €eR" 3C,,Ch0,K,C,q,
HOCTOAHHBbIE, Takue, 4ro GyHkuust y(x)=C, y,(x)+C,,»y,(x)+K +C, v, (x) ynosnerBopser
YCIIOBUSAM



Cioy1(x0) +Coyy,(x0) +K +C, v, (xy) = ¥,
Cloy{(xo) + Czoyé (x,) +K + CnoJ’; (xo) = J’(’)
K
ClOyl(nil) (x)+ Czo)’z(nil) (x,)+K + Cnoyn(nil) (x,) = J’O(IH)
Onpenenuresb 3TOW CUCTEMBI
(%)) y,(x,) K v, (xy)
YI(xo) y;(xo) K y;(xo)
K
Y1(n_l) yZ(n_l) K yn(n_l) (x0)

ABJISICTCS ~ ONpenenuresieM  BpoOHCKOro il JMHEMHO ~ HE3aBUCHMBIX  PELICHHM
Y (%), y,(x),K ,»,(x) ypaBuenus (27.3). T.x. onpeaenurens BpoHCKOro HUTIE HE paBeH HYIIO,

(29.2)

To cucrema (29.2) umeer equncteennoe pemenne C,,,C,,,.K ,C .

Teopema ooka3zana.

Onpeoenenue. JIuueitHo He3aBUCUMBIE pemieHus ), (x), v, (x),K ,y, (x) Oynem Ha3bIBaTh

dbyHIaMEHTAILHOW CUCTEMOM pelieHnit ypaBHeHus (27.3).
Cneocmeue. Y ypaBHeHus (27.3) MakcUMalbHOE YHCIO JIMHEHHO HE3aBUCHUMBIX
peleHui paBHoO n.

Teopema. I1yctb nano nuHeHOE MU depeHImaIbHOe YpaBHCHHE N—TO MOPsIIKa

Yy +a,(x)y" " +K +a,(x)y =0, (27.3)
rne a,(x),a,(x),K ,a,(x) e Cla,b].
IlycTs
Y +b,(x)y" " +K +b,(x)y =0, (29.3)

nuHeitHoe nuddepeHImatpHoe ypaBHeHHE n—To nopsiaka, rae b, (x),b, (x),K ,b, (x) € Cla,b].

[Tycts pynkuuu y,(x), y,(x),K ,y, (x) obpa3yroT QpyHIaMEHTAIBHYIO CUCTEMY PEIICHHIA
JUtst ypaBHeHut (27.3) u (29.3).

Torna a,(x) = b,(x),a,(x)=b,(x),K ,a,(x) =b,(x)Vx €[a,b]

Moxazamenscmeo. Borurem u3 ypaBaenus (27.3) ypaBaenue (29.3). [omyunm:

(a,(x) =5, ()Y +(a, (x) = b, ()" +K +(a,(x) = b,(x)y =0 (29.4)

T.x. ¢pyakouu y,(x), y,(x),K,y,(x) sABIAIOTCS IWHEHHO HE3aBUCHUMBIMH DPEUICHUSIMHU
ypaBHeHu# (27.3) u (29.3) TO OHM SIBISIFOTCS JIMHEHHO HE3aBUCUMBIMU PEIICHUSMU U ypaBHEHUS
(29.4).

[ycre 3x, :a,(x,) #b(x,), T.e.a,(x,)—b,(x,)#0. Tak xak ¢yHKIEH a(x) U b(x)
HETPEphIBHBI, TO  CYIIECTBYET OKPECTHOCTb TO4kH X, —  O(x,)Takas, 4YTO
a,(x)—b,(x) # 0Vx € O(x,).

CrnenoBatenpHO, ypaBHeHHE (29.4) mopsigka n—1 wMeeT n JUHEHHO HE3aBUCHMBIX
pELIeHUH, UTO MPOTUBOPEUHUT ciaeAcTBUI0. Clie10BaTENbHO,

a,(x) = by (x),a,(x) =b,(x).K ,a,(x) =b,(x).

Teopema ooxazana.

30. ®opmy.ia Jinosuiisa — OcTporpaackoro.



[Tycth nano ypaBHeHue
Yy +a,(x)y" " +K +a,(x)y=0 (27.3)

[ycts  p,(x),y,(x),K .,y (x) — dynnamenranpHas cucrema pemeHuit. Ilycts y(x)

NpoM3BOJIbHOE penieHne ypaBHeHus (27.3). Torma dyskmmm  y(x), y,(x), v, (x),K ,y (x) —
JMHEWHO 3aBUCUMBI. DTO 3HAUUT, YTO ONpPEAeTUTeNs BpoHCKOTro 3TUX (PyHKITHIA

) » K oy, y

» v, Kooy Y
Wiy,y,.K,y,.yl= K =0. (30.1)

l(nfl) yz(nfl) K yn(nfl) y(n—l)

» oy Ky

Vi V2 K Yn
' ! K !
M V2 I :W[yl,yz,K,yn];tOVxe[a,b],

K
(n-1) (n—1) (n-1)
Y Vs Ky,
T.k.
»i Y. K »y$w y. Ky,
NG » v, K oy o »w oy K oy “Kkloo
K K
1" " K M »" " Kop”
TO TIOCJICAHEC PAaBCHCTBO
MOXXHO 3aIIiucaTh B BUJIC:
W Vs K Va
» vy K oy
K
(n-2) (n-2) (n=2)
! V) K v,
(n) (n=1) (n)
o |y y K, .
y()_ 1 2 y( D 1K =0
Wiy,y,.K,»,]

Oynkmun y, (x), y,(x),K ,y,(x) sBustorcs pemenusmMu ypaBaeHuit (27.3) To coriacHo

IPEIbIAYILEN TEOPEME CIEAYET, UTO

Y1 y, K Y

wooo»no Kooy

K

1(”*2) yz(’l*z) K yn(”*Z)

(n) (n-1) (n)
K
_ yl y2 yl’l — al (x) (30'2)
W[ypyz:K ’yn]



Y ) K Y

» v, Ky
Wiy, y,.K,y,1=| K ,
DA DS ‘G

(n) (n) (n)
M Y K v,

TO paBeHCTBO (30.2) npuHUMAET BU

!

-——=q,(x
W ()
NI
aw
— =—a,(x)dx.
o 1 (x)
HNuTterpupys noaydeHHOE ypaBHEHHUE, TOTYIUM
InW =—[a,(x)dx+C
NI
W =W, )eiIa'(x)dx.

[TonyueHHOE paBeHCTBO Ha3biBaeTcs popMyiioil JIntoBuiis — OcTporpaickoro.

3ameuanue. Ecnu nana ¢pyHnaMeHTalbHasi CUCTEMa PELICHUH OJHOPOAHOrO JTMHEHHOTO
QG epeHnaIbHOr0 ypaBHEHH n-—To Topsiaka, To paBeHCTBO (30.1) maer BO3MOXKHOCTB
BOCCTaHOBHTH 3TO YpaBHEHHUE.

Ilpumep 30.1. Tlycte n=2,y,(x)=¢e ", y,(x) =e". Torma umeem

X X

e e y
—e " et Y|=y"-2-y"0+y-(-2)=0,
efx ex y”

niIn
y!!_y :0

X

ypaBHeHHe, s KoToporo ¢yHkimu Y, (x)=e *,y,(x)=e" 00pa3yioT ¢GyHIaMEHTATLHYIO

cUCTEMY.
C nomompbio ¢opmynsl JluroBumis — OcCTporpajgckoro MOXKHO TOHU3UTH TOPSA0K
muddepeHIaTFHOTO YPaBHEHHUSI, €CJIM U3BECTHO €T0 PEIIeHHUE.
Ilpumep 30.2. IlycTth 3a1aHO ypaBHEHHE
V'+a (x)y' +ay(x)y=0.
[TycTh u3BeCTHO, UTO PYHKIHMS Y = y1(X) pelIeHNe 3aJaHHOTO ypaBHEHUSI.
Torna, ecnu GyHKIMSA ¥ = Y(X) — pelieHne 3aJaHHOTO YpaBHEHUS, TO

W = Czefjal(x)dx.
T.k.
W(x)= y} =y =y,
TO
Wy = vy =Cye 110

nJIn



' .~ j @ (x)dx 7.[ @ (x)dx

—y! c, - a; (x)dx
Ny 2)/1)’:226[()":{)’) =C, S :>1=C1+C2J‘872dx

Vi Vi N i M Y1
OTKY/Ia IIOJy4aeM, 4To

—jal(x)dx
e
y = Clyl +C2 J.de .yl
1

o0Iee penieHue 3aJaHHOr0 YPaBHEHHUS.
Ilpumep 30.3. Ilyctb 3a1aHO ypaBHEHHE
y'=3y"+2y=0.
Jlerxo mpoBepuTh, 4T0 HyHKIUSA Y, (X) =e” ABISIEeTCS PelICHUEM 3aaHHOTO YPaBHEHUSI.

[lycts pyHKUMA y = y(x) peuieHue 3alaHHOro ypaBHeHus. Toraa, T.K.

pY

e
W(x): y’:exyl_exy’
e’y
TO, corytacHo popmyne Jlutomist — OCTporpaickoro
—| -3dx
e’y —e'y=C,e ]
WIIN
3 ’
X ! X X
e’y —e e . r x
#ZQTX: lx =C,e :%:C, +C2Ie dx=C +C,e" .
e e e e
Takum 06pa3om, moay4nim ooIee perieHne 3a1aHHOTO YpaBHEHUS
y=Ce" +Cre’.
Ilpumep 30.4. ITycTb 3a1aHO ypaBHEHUE
y'+y=0.
Jlerko mpoBepuTh, 4TO (GYHKIHUS V,(X) =COSX sABIAETCA PEIICHUEM 3aJaHHOTO
ypaBHEHHUSL.
[Tycts ¢pyHKIUS y = y(x) pelIeHne 3aJaHHOTO ypaBHeHHs. Toraa, T.K.
cosx y , _
Wx)=| . |=y'cosx+ysinx,
—sinx y

TO, coryiacHo gopmye JIntoBuiuist — OcTporpaickoro

y'cosx—y(-sinx)  C,

cos’ x cos’ x
NJIn

, c ‘
( Y j =—2-> 4 =C, +Cigx=>y=C,cosx+C,sinx.
cosx COS X  COSX

Takum 006pa3om, MOTydnIN O0IIee pelIeHrne 3aIaHHOTO YPaBHEHUS
y=C,cosx+C,sinx

31. /IuHeliHbIC OJHOPOJHBbIC YPABHEHHSA N — I'0 MOPSIAKA € MOCTOSTHHBIMH
K03 (ppuunenramu.
PaccMoTpuM OHOPOIHOE JIMHEWHOE YpaBHEHUE N—TO MOPSAKA:



YOy K a,y =0, @73

rae a,,a,,K ,a, —const
Bbynewm uckats pemienue ypaBHeHus (27.3) B Buze:
y=e".
TOFI[a yr — kekx y" — kzekx K y(n—l) — k(n—l)ekx y(n) — knekx
ToycTaBnss GyHKIMIO Y = e U ee IpoM3BOAHBIE B ypaBHEHHE (27.3), IOTyUHM:

k'e™ +ak"'e™ +a,k"?e™ +K +a,e” =0.

Tak Kak e* # 0 ia M0OOro 3HaYEHUs X, TO, COKpAIas IOCIEIHEE PABEHCTBO Ha e,

HOJTYyYHM:
K" +ak" +a,k"? +K +a, =0 (31.1)

VpaBuenune (31.1) Oymem Ha3pIBaTh XapaKTEPUCTHUYECKUM YPAaBHEHHEM YpaBHEHUS
(27.3). KopHu XapaKTepHCTUYECKOIO YypaBHEHUs OyJeM Ha3bIBaThb XapaKTepUCTUYECKUMHU
qrciamMu ypaBHeHus (27.3).

IIpu pemenun xapakrepucTuyeckoro ypasHeHus (31.1) BO3AMOXKHBI citydau:

1. Bce KOpHUM XapaKTEpPUCTHUECKOTO YPABHEHHS ICHCTBUTEIILHBI U PA3IHYHbI.

2. Cpenu JeHCTBUTENBHBIX KOPHEM XapaKTEpUCTHUUECKOIO YpPAaBHEHHUS HEKOTOphIE
KOPHU KpaTHBIC.

3. Cpenu KOpHEH XapaKTepUCTUYECKOTO YPAaBHEHUS €CTh KOMIUIEKCHBIE KOPHHU.

PaccMoTpuM KakIpIid U3 3TUX CITy4aeB B OTACIBHOCTH.

1 . Bce KOpHH XapaKTCPUCTHYICCKOI'0 YPABHCHUA JEUCTBUTEIILHBI U Pa3JIMYIHBI.

Nmeem, yTo KOpHH
k.k,,K.k, e Rk, #k i+ j=12Kn.
Torna pynkuun
yl — eklx,y2 — ek2x,K ,yn — eknx
SIBJISIFOTCSL JIMHEWHO HE3aBUCUMBIMH pelieHus My ypaBHeHus (27.3). CnegoBaTesibHO, COTJIACHO

TEOpEME O CTPYKTYpE PELICHHUs] OJHOPOJHOIO JMHEWHOTO AUQPQPEpEeHInanbHOIO YpaBHEHUS,
uMeeM, 4yTo QyHKIUs

y=Ce" +Ce™ +K +C e
rae C, C,,K ,C, npou3BoibHbIE OCTOSHHBIC, 00LIee pelueHne ypaBHenus (27.3).
Ilpumep 31.1. Petium ypaBHEHUE
y'=3y"+2y=0.
XapaKkTepuCTHUECKOE YPAaBHEHNE 3aJaAHHOTO YPAaBHEHHS NMEET BUJT
k*-3k+2=0,
KOPHH KOTOPOTO COOTBETCTBEHHO PABHBI
k, =1k, =2.
CnenoBatenbHO, 00IIIee pelIeHNe 3aJaHHOTO YPaBHEHNS IMEET BUJT
y=Ce* +Ce™
Ilpumep 31.2. Petinm ypaBHEHUE
y"'—y'=0.
XapakTepUCTUUECKOE YPAaBHEHUE 3alaHHOTO YPaBHEHUsI UMEET BUJ



K —k=0,
KOPHH KOTOPOTO COOTBETCTBEHHO PABHBI
k,=-1Lk=0,k=1.
CretoBaTesbpHO, 00IIIee pEIIeHHE 3aJaHHOTO yPaBHEHUS] HMEET BUJT
y=Ce ' +C,+Ce"

2. Cpeau AeCTBUTENBHBIX KOPHEH XapaKTepUCTHUECKOTO YPAaBHEHMSI HEKOTOpBIE
KOPHU KpaTHBIE.

[TycTb KOpeHb k;, UMEET KPaTHOCTh &, .
Ecnu k=0, TO XapakTepuCcTHYECKOE YPAaBHEHUE MOYKHO 3aIUCaTh B BHJIC:
a; n—a; n—l-a; _
k(K" +ak +K+a,,)=0
T.€. ypaBHeHue (27.3) umeer BUL:
Y +ay" ™ +K +a,_, y“ =0

2 -1
Jlerko mpoBeputh, uro GyHKmuH 1,x,x°,K ,x“"  SABIAIOTCS pENIEHUSIMH 3TOTO
YpaBHEHHUS.

CrnenoBarenbHo, mpu KopHe k,=0 ¢ KpaTHOCThIO «, HMEEM, 4YTO (HYHKIUHU

1,x,x* K ,x% ' pemenus ypauenus (27.3).

Ilpumep 31.3. Peium ypaBHEeHUE

v " __
y o =y'=0
XapaKTepUCTUUECKOE YPABHEHUE 3aJaHHOI0 YPaBHEHUS UMEET BUJ
k*—k*=0,

KOPHHU KOTOPOTO COOTBETCTBEHHO PABHEI
k,=-Lk, =0k, =0,k, =1
CrnenoarenbHO, o0lIee pelIeHne 3a1aHHOTO YpaBHEHUSI UMEET BUJL
y=Ce " +C,+Cx+C,e"
B cirydae, xorna k, # 0 — TO ¢ MOMOIIBIO 3aMEHBI
y= L
HOPUXOJUM TOJIBKO YTO PACCMOTPEHHOMY CIIY4alo.
Ilpumep 31.4. Perium ypaBHEHUE
y"=3y"+3y'—y=0.
XapakTepUCTHUECKOE YPAaBHEHHE 3aJaHHOTO YPAaBHEHHSI UMEET BH/T
k> =3k +3k—-1=0
WIIN
(k-1°=0,
KOPHHU KOTOPOT'O COOTBETCTBEHHO PAaBHBI
k,=k, =k, =1.
BBenem HOBYIO (DYHKIIHIO Z C TOMOIIBIO TIOJICTAHOBKHU
y=e'z.

Torma



’ 2
y=e'z+eZ =e (z+Z2'),
V'=e'(z+2z'+2"),
V'=e"(z+32'+32"+z

m

[TozcTaBisiss B ypaBHEHHUE, TOTYIHM
e (z+32'+3z"+2z"-32-6z"-32"+3z+3z'—-2)=0

WIH
z"=0.

XapakTepucTUYECKOE YpaBHEHHUE 3aJJaHHOTO YPABHEHUSI UMEET BUJY
=0

KOPHHU KOTOPOIo COOTBECTCTBCHHO pPAaBHBI

CrnenoBatenbHO, PYHKIIMH

z =1z, =x,2. =x°
1= L2, =X2; =X

SIBIISTIOTCS JIMHEHHO HE3aBUCHUMBIMH PCIICHUAMHA YPABHCHUA

ZI” — 0.

Torna pynkuun
X X 2 x
y=e,y,=xe",y, =x"e

SIBJIISTIOTCS IMHEHHO HE3aBUCUMBIMH PCIICHUAMUA YPABHCHUA

yll’_3y”+3yl_y=()

U oOliee peleHre 3aJaHHOTO yPaBHEHHsI UMEET BH]
y=Ce" +C,xe" +C;x’e",

Takum oOpa3oMm, ecam  k, SBISETCS KOPHEM XapaKTEPUCTUYECKOTO YpaBHEHUS

KpaTHOCTU &, TO PyHKLINU

k; k; -1 _k;
e xe K ,x% e

SIBJISIFOTCSI IMHEHHO HE3aBUCUMBIMU PEIICHUSIMU ypaBHEHU (27.3).

Ilpumep 31.5. PemuuM ypaBHEHUE

y[V _3ym+3yn_y!:0.

XapakTepucTUYECKOe YPaBHEHHUE 3aJJaHHOTO YPABHEHHS UMEET BUJ]

k* =3k +3k> -k =0

nJIn



k(k-1)° =0,
KOPHHU KOTOPOT'O COOTBETCTBEHHO PaBHBI
k,=0,k, =k, =k, =1.
CrnenoBaTenbHO, QyHKIUS
y=C, +C,e* +Cyxe* +C,x’e"
SBJISIETCS PELIEHUEM 331aHHOTO YPaBHEHUSI.

3. Cpenu KOpHEH XapaKTEPUCTHYECKOTO YPABHEHHUS €CTh KOMIUIEKCHBIE KOPHH.
Tak kaKk KOpHU - KOO(PPUIMEHTHl XapaKTEPUCTUUECKOI'O YpaBHEHHS IPEANOIaraioTcs

JENCTBUTENbHBIMH, TO KOMILJIEKCHBIE KOPHH XapaKTEPUCTUUECKOTO YPABHEHUS MOTYT MOSBUTHCS
TOJIBKO CONpPSDKEHHbIMM napaMu. T.e. ecnm kA =a+iff - KOpPEHb XapaKTEPUCTHYECKOIO

YPaBHEHUS, TO k = —iff - TOXKE KOPEHb XapaKTEPUCTUYECKOIO YPaBHEHUS.

ITape KOMIIIEKCHBIX KOpPHEH k=a+iff U k=a—iff COOTBEICTBYIOT KOMILIEKCHBIC

pPCUICHUA

Y = e™ cos fx + ie™ sin fx

e “ P = ¢™ cos fix —ie™ sin fx .

Takum 00pa3oMm, mape KOMILICKCHBIX CONPSHKCHHBIX KOPHSIM COOTBETCTBYIOT JIBa
JIEWCTBUTENLHBIE pEIICHHsT €™ cos fx U €™ sin fAx , KOTOpbIE ABJIAIOTCS JTMHEHHO HE3aBUCHMBIMHU

peleHus MU ypaBHeHus (27.3).

Eciu KOMIUIEKCHBIE KOPHM k =a +iff U k =a —iff XapaKTepUCTUYECKOTO ypaBHEHHUs
KpaTHbIe, KPAaTHOCTU M, TO (YHKIIUU
e™ cos fx , xe™ cos fx, x*e™ cos fx ..., x"'e™ cos fx,

e“sin fx, xe™ sin fx, x’e™ sin fx,...,x" '™ sin fr
00pa3yroT CUCTEMY JTMHEHHO HE3aBUCHMBIX PEIICHUM U3 2 m-perieHui.
Ilpumep 31.6. Petium ypaBHEHHE
y'+y=0.
XapakTepucTUYECKOE YPaBHEHHE 3aJAaHHOTO YPaBHEHHSI UIMEET BU]]

k> +1=0

KOPpHH KOTOPOT'0 COOTBETCTBCHHO PABHLI



ky=—i,k, =1.
T.K. 0=0 u =1
CnenoBarenbHO, QyHKIUSL
y=C, cosx+C,sinx
SBIISETCS pELUICHUEM 3a/IaHHOTO YpaBHEHHUSI.
Ilpumep 31.7. Pemium ypaBHEHUE
y'—4y"+8=0.
XapakTepucTUueCKoe ypaBHEHHUE 33a/IaHHOTO YPaBHEHUSI UMEET BU/T
k> —4k+8=0,

KOpPHH KOTOPOI'0 COOTBETCTBCHHO PaBHLI

T.K. =2 u =2
CrieloBaTebHO, QYHKIHS
y =C,e”* cos2x+ C,e”" sin 2x

ABJIACTCA pCIICHUCM 3aIaHHOI'O YPABHCHUH.

32. HeoaqHopoanbie JiMHelHbIE YPABHEHHS N — I'0 MOPSAKA.
Memoo sapuayuu npou3e01bH020 NOCMOAHHOZ0.

Paccmotpum ypaBHEeHHE
y(”) +a,(x) y(”'l) +a,(x) y("_z) +K +a,(x)y = f(x), (32.1)
xe [a;b}

VYpaBuenue (32.1) Oynem Ha3bIBaTh HEOJHOPOJHBIM JIMHEHHBIM YpaBHEHHEM N — IO
NopsAIKA.

3neck a,(x),a,(x),K ,a,(x), f(x) dyskuum onpenenennsie Ha oTpe3ke [a,b].
BBenem obOo3naueHue:

Lyl=y" +a,(x)y" ™" +a,(x)y"™? +K +a,(x)y.



Teopema 1. Tlycts L[y,]1=0 u L[y ]= f(x). Torna L[y, +y 1= f(x).

Teopema 2. Tlycts L[y, ] = f,(x), L[y,]= f,(x). Torma L[y, +y,]= f,(x)+ f,(x).
Teopema 3. Ilycte L{u]l=U,L[v]=V. Torna Llu+v]=U+V .

Teopema (0 cmpykmype oougeco pewienus HeOOHOPOOHO20 TUHEUHO20 YPABHEHUA N-20
nopaoka).

[TycTh 1aHO HEOTHOPOAHOE JIMHEHHOE YPaBHEHUE N-TO MOPSIKA
Y +a, )y +ay(x)y"? +K +a,(x)y = f(x). (32.1)
[lycts pynkumm a,(x),a,(x),K ,a,(x) e Cla,b].

[Mycts pynkuu y,(x), v, (x),K ,y, (x) —1uHeiiHO He3aBUCUMBIE PEIICHHS OJTHOPOTHOTO

ypaBHenus L[y]=0, a ¢ynkmus ) (X) HeKOTOpoe 4YacTHOe pemneHme ypaBHeHHs L[y] = flx).

Torma obiiee perenne ypaBHenus (27.3) umeer BUJI

y(x)=Cy(x)+Cy,(x)+K +Cnyn(x)+y*(x)'

Ota TeopemMa JJ0Ka3bIBACTCS aHAIOTUYHO TEOPEMBI O CTPYKTYpPE OOIIEro penieHus
OJTHOPOAHOTO AU(PEePEeHIINATHHOTO YPAaBHEHUS N-TO MOPSIKA.

I[JI?I HaxXOXJACHUS YaCTHOTO PCIICHHA HCOAHOPOAHOIO JIMHEHMHOT O YpaBHCHHA 1nN-T'O
nopsi/ika UCIOJb3YyHOT MCTOA BapHallu IPOU3BOJIBHOI'O ITOCTOSAHHOTO.

Ilycts naHo ypaBHEHue

Y +a, ()" +a,(x)y"? +K +a,(x)y = f(x). (32.1)
Iycts  y,(x),»,(x),K,»,(x) — nuHEHHO HE3aBUCHUMBIE pEHICHUS OJHOPOTHOTO
ypaBHEHUS
Yy +a,(x)y" " +a,(x)y"? +K +a,(x)y =0. (27.3)
Torna Gynkius

yx)=Cy +Cy, +K +C,y,

— obmiee pereHue ypaBHeHus (27.3)

Pemenne ypaBuenus (32.1) Oyaem uckath B BUIE

Y3) = Cy @)y, + Cr (1), +K +C, (0, =S C @)y,

i=1

Torma



Y'(x)= 2(7,-'(96))/,- +jZICZ.(x)y; .
[ToTpebyeM, 4TOOBI
i‘,@’ (x)y; =0,
TOrJa
ym=2qmﬂ
anee
fw=2@@%+2@®ﬁ-
[ToTpeGyeM, 4TOOBI
> i =0,
TOrJa

V()= XG0

n
[Tpomomkasi BRIMUACIATH TPOU3BOIHBIE GYHKIUU V(X) = ZC .(x)y, 1o nopsaka n—1
i=1

(k) .

i .

n
BKJIFOUUTENIBHO, U TPeOys KaXKIbIi pa3 00pallleHus B HyJIb CyMMBbI ZC '(x)y
i=1

> Cx)yP =0 (k=0,1,2,..,0-2),
i=1

MoJIy4YuM



) =Y.Cwy,
Y =6,

Y=Y G0

) =Y C) ",
i=1

Y (x) =D Clx)y" "+ i)y ™.

i=l i=1
Honcrapmss 3Hauenns y(x), '(x),K , 3" (x), v (x) B ypaHenue (32.1), nonyunm:
2G4 Gy + a0y, +K +a, (0G0, = f()
i=1 i=1 i=1

NI

> Gy = (o).

Taxum o6pazom, mis onpeaenenust GpyHkimit Ci(x), C2(x),..., Ca(x), MOXYIHIN CUCTEMY

Z Cll(x)yz = 07

i=1

> Cl(x)y! =0,

i=1

K

n . -1y

D Clx)y, " = f(x).
i=1

T.k. OIIPEACIIUTCIIb HOJ'Iy‘IGHHOfI CHUCTCMBI ABJIACTCA OIIPEACIIUTEIICM BpOHCKOFO I N
JIMHEHHO HE3aBHCHUMBIX peH_IeHI/Iﬁ OIHOPOAHOTO JINHENHOTO YpaBHCHUA N — TO IOpAAKa, TO

!
I

cucrema paspermma otHocutenabHo C(x), C,(x),K ,C! (x). UaTerpupys mojaydeHHbIE 3HAYECHUS

IMPONU3BOJHEBIX, HAXOJAUM:

C(¥)=p (x)+C,

C,(x) =9, (x)+C,,
K
C,(x)=9¢,x)+C,,

WK 1TOCJIC ITOACTAaHOBKHU



y(x) :i(pi(x)yi(x)"'iciyi(x) :y* +) -

Ilpumep 32.1. Petiim ypaBHEHUE
y'+y=cosx.

JInHEeNHO HE3aBUCUMBIE PELICHUS COOTBETCTBYIOIIETO OJHOPOJHOTO YPABHEHUS UMEIOT

BUJL:
¥, (x) =cosx,y,(x)=sinx.
Pemenue HCOAHOPOAHOI'O YpaBHCHHUA UIIIEM B BUJC
y(x)=C,(x)cosx+C,(x)sinx.
Torma
Y'(x)=C|cosx+C,sinx—C,sinx+C, cosx.
TpebyeM, 4ToObI
Cicosx+Cisinx=0.
Torma
y'(x)=-C,sinx+C, cosx.
CrnenoBarensHO
Y"(x)=—=C/sinx+C, cosx—C, cosx—C, sinx.
[ToscTaBsist B ypaBHEHNH, TIOJIYIHM
—C/sinx+C; cosx—C, cosx—C,sinx+C, cosx + C, sin x = cosx,
WIIH

—C/sinx+C)} cosx =cosx.
Taxum o6pazom, orHocuTenbHO Ci(x) 1 C2(x) IMEEM CUCTEMY:
C/cosx+C)sinx =0,
{— C/sinx+ C, cOSx = COSX.
W3 cucteMbl noaydaem

2
C, =cos” x,

C| =—sinxcosx,



WJIU UHTETPUPYS ITOJyYEHHbIEC YPABHEHUS

2
C(x)=C, L L8 X C +10052x+l,
2 4 4

sin2x

1
C,(x)=C,+ x+

2
Taxum O6p330M, PEIICHUE 3aJaHHOTI'O YPAaBHCHUSA UMECT BU:

. 1 1 1. 1 . .
y=C,cosx+C,smnx+ Zcosx+ Zcostcosx+ Exsmer Zsm 2xsinx.

33. JluHeiiHble HEOJHOPOJAHbLIE YPaBHEHHMS N — 0 MOPSiAKA C
MOCTOSHHBIMHU KO3 PUIIHEeHTAMMH.

PaccmoTpuMm nuHEIHBIE HEOJMHOPOIHBIC YPABHEHHSI N — TO MOPSJIKA C MOCTOSHHBIMU
kodpurmenTamu

Yy +a,y" P +K +a,y = f(x). (32.1)
Ilpumep 33.1. Peuium ypaBHEeHUE
Y=y =x.
Nmeem
Yooy = Yoou ¥ Vaaem*
PemnM cooTBeTCTBYIONIEE OJTHOPOJHOE YPAaBHEHHE
¥y =0.
XapakTepucTUUYECKOE YPAaBHEHHUE 3aJJaHHOTO YPABHEHHS UMEET BUJ]
K —k=0,
KOPHHU KOTOPOT'O COOTBETCTBEHHO PaBHBI
k,=-1k, =0,k; =1.
CrnenoBatenbHO, QYHKIIHUS
Voou =Cie " +C, +Cie”
SBJISIETCS] PEILIEHUEM OJHOPOJAHOTO YPaBHEHUS.

Pemennie HeOAHOPOAHOTO ypaBHEHUS OyZeM UCKaTh B BUJIE



y=C,(x)e" +C,(x)+C;(x)e”.
Torna
Y =Cle™ +C,+Cle" —Cie™™ +C,e’.
[ToTpebyeM, 4TOOBI
Cle"+C,+Cie" =0

Torna

CnenoBatenbHO
V'=—Cle"+Cie" +Ce " +C,e*
[ToTpeGyeM, 4TOOBI
—Cle " +Ce" =0.

Torna

Hanee
V'=Ce " +Ce" —Ce " +Ce" =x+)/

Taxum oOpaszoM, otHOcuTenbHO Ci(x) 1 Ca(x) u C3(x) UMeeM cucremy:

C; = lxe"‘
Cle™ +C,+Cle" =0 2
1
—Cle"+Cie" =0 = Cl'zzxe"
Cle"+Cie" =x C' = —_x
2

WHTerpupys noiny4eHHbIe ypaBHEHUS, TOIYYUM

C(x)= ;xe’r —;ex +C,

2

Cz(x)z—%wz,

Ci(x) = —;xex + ;ex +C,.

[ToncraBnss nmonydennsle 3HadeHust GyHkuil Ci(x) u C2(x) u C3(x) B BbIpa)KEHUU IS
yHKIHEH Y(xX)
y=C(x)e” +C,(x)+Cs(x)e’

MOJIyYUM



2

y= lxe’”—lexﬁLC1 e+ —X—JrC2 + —lxefx+C3+lefx e’ =
2 2 2 2 2

2 2
= ;x—;+Cle_x—xz+C2—;x+C3ex+;=Cle_"+C2+C3ex—xz_

Taxum 00pa3oM, MOTYdNIH:
_ -Xx X
Voo =Cie " +C, +Cie”,

2
X

yqac = _?

[Ipu pelieHUN IUMHEHHBIX OJHOPOJIHBIX YpPaBHEHUU C MOCTOSHHBIMU KO3(hdULIMEeHTaMU
BO MHOTHX CiIydasx 0e3 Tpyla yaaeTcsl MmofoO0paTh YacTHBIE PEIICHUS U TEM CaMbIM CBECTH
3aJa4y K PEeLICHUIO0 COOTBETCTBYIOIIUX OJHOPOIHBIX ypaBHEHUI.
1. PaccMoTpuM ypaBHEHHE
Y +ay" P +K +a,y =P, (x), (33.1)

rae P (x)- MHOTOWICH CTEIeHU m, T.€.

P(xX)=Ax" +Ax" " +..+ A4,
_ 0Ox

3ameuanue. P (x)=¢e" " - P, (x)

ITycts k = 0 sBIgETCS KOPHEM XapAKTEPUCTUYECKOTO YPAaBHEHUs KpaTHOCTH o. Toraa

cymectByeT MHorowieH Q, (x), Takoi, 4To GyHKIHS
(04
Viae = X0, (%) 5
SIBIISICTCS YaCTHBIM perrenneM ypasHeHus (33.1), rne O, (X) — MHOTOWIEH CTETIEHU m.
Ilpumep 33.2. Peium ypaBHEeHUE
y”l _yl — x
Nmeem

y06u4 = yodu + yuacm :

Pemm cooTBeTcTBYIOLIEE OJHOPOIHOE YPaBHEHHE

m ’
y'=y'=0.
XapaKTepI/ICTI/I‘ICCKOC YpaBHCHHE 3aIaHHOI'O0 YPABHCHUS UMECT BU/L
k*—k=0,

KOPHHM KOTOPOTO COOTBETCTBEHHO PaBHbI
k,=-1k, =0,k, =1.
CrnenoBartenbHO, QYHKIIUS
Voou =Cie ™ +C, +Cie”

ABJIIETCS PELIEHUEM OAHOPOIHOTO YPABHEHHS.

YacTHoe pelieHue 3a/1aHHOT0 ypaBHEHUs Oy/ieM HCKaTh B BUJIE

Voue = X(ax+b) =ax’ +bx.
Torga
Via =2ax+b, y, =2a u yy, =0.
[ToncraBnsisi B ypaBHEHUE, TOTYyYUM
0—QRax+b)=x.

HpI/IpaBHI/IBaﬂ KOB(I)(I)I/II_[I/IGHTLI IIprU OIMHAKOBLBIX CTCTICHAX, IOJTYUUM:



—-2a=1,
b=0,

1581071 a:—l,bzo.
2

CJ'IG,I[OB&TGJ'IBHO, YaCTHOC pCUHICHUEC

L
=——x".
ywac 2

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

2

y=Ce  +C,+C,e" —%x .

2. PaccmoTrpum ypaBHEHME

Y +ay" " +K +a,y=e"P (x), (33.2)
rae P (x)- MHOTOWIEH CTETIeH! m.

[Tycts k = p KOpeHb XapaKTEPUCTUICCKOTO YPABHCHUSI KPATHOCTH 0. TOr/Ia CymecTByeT
mHorowieH O, (x), Takoi, 4To GyHKIHS

Vuae = %7€ 0, (%)
SIBIISICTCS YaCTHBIM perieHneM ypaBHenus (33.2), rue O, (x) - MHOTOWIEH CCTENICHH M.
Ilpumep 33.3. Peium ypaBHeHUE
y"'—y'=xe".
Nmeem

yoﬁm = y()()n + yttacm °

Pemmm cooTBeTcTBYIOIIEE OAHOPOJHOE YPAaBHEHUE

n ’
y"—y"=0.
XapaKkTepUCTUUECKOE YPABHEHHE 33/JTAaHHOTO YPABHEHHS UMEET BUJ
kK*—k=0,

KOPHH KOTOPOTO COOTBETCTBEHHO PABHBI
k,=-1k, =0k, =1.
CrnenoBarenbHO, QyHKIMS
Voo =Cie " +C, +Cie”
SIBJISIETCS PELICHUEM OJTHOPOIHOTO YPaBHCHUSI.
YacTHoe pelrieHne 3aJaHHOTO YpaBHEHUs OyJ1eM UCKaTh B BUJIE
Voue = Xx€ (ax+b) = (ax’ +bx)e".
Torna
V.. = (ax’ +2ax+bx+b)e”,
V! =(ax’ +4ax+bx+2a+2b)e",
Y =(ax’ +6ax+bx+6a+3b)e".
[Moacrarisis B ypaBHEHHUE, TOTYIAM
y"—y' =(4ax+6a+2b)e" = xe*
WITH
4ax+6a+2b=x.



[IpupaBHuBast K03HPUIHUEHTHI TPU OJMHAKOBBIX CTETICHAX, MTOTYYHM:

4q =1,
6a+2b=0.
Pemras nony4deHHyto cucteMy JIByX JIMHEHHBIX YpaBHEHUH C IByMs [IEPEMEHHbBIMH,
MOJIYYUM a = %,b = —%.

CrnenoBatenbHO, YaCTHOE PELLIEHUE

= (lxz - Exje"
yqac 4 4 *

CrenoBarenbHO, 001Iee pelIeHre 33JaHHOTO YPaBHEHHS €CTh (PYHKITUS
-X X 1 2 3 X
y=Ce " +C,+Cie" +| —=x"—=x|e".
4 4
3. Paccmotpum ypaBHEHuE

Y7 +ay" " +K +a,y =e” (P, (x)cosgx+ Q,(x)singx),

(33.3)
rae P (x)- mHOTrOWIeH creneHd m, Q,(X) MHOTOYJICH CTETICHH /.
[yctb p +ig — KOpeHb XapaKTEPUCTUIECCKOTO YPaBHEHHS KPATHOCTH o. Torjga 4acTHOe
peleHre ypaBHeHuUs (4) MOXKHO UCKaTh B BUJIC
Vuaw = X“€" (P, (x)c0osgx + 0, (¥)sin gx),
e s = max {m, ],
Ilpumep 33.4. Peium ypaBHEeHUE
y'+4y"'+4y =cos2x.
HNmeem
Yooy = Yoou T Veaem -
Pemmm cooTBeTCTBYIOIIEE OAHOPOTHOE YPAaBHEHUE
y'+4y' +4y=0
XapakTeprucTUIeCcKoe ypaBHEHUE 3aJJaHHOTO YPAaBHEHUSI UMEET BU/
kK> +4k+4=0,,

KOpPHH KOTOPOI'0o COOTBETCTBECHHO PaBHLBI

CrnenoBatenbHO, QyHKIHUS
Yoo = (G +Cyx)e ™.
SIBIISIETCS PEICHUEM OJHOPOIHOTO YpaBHEHHUS.
Nmeem
cos2x =e" -1-cos2x,.
[TosTOMy yacTHOE pelIeHne 3aJaHHOT0 YpaBHEHHs OyZieM UCKaTh B BUJIE
Viee = Ac0s2x + Bsin2x .
Tornma
vy, . =-2Asin2x +2Bcos2x,

uac

vyl =-4A4cos2x—4Bsin2x.



[TonacraBnsist B ypaBHEHUE, TOTYYUM
—8A4sin2x+8Bcos2x =cos2x.

Hcnone3yst TMHERHYIO HE3aBUCUMOCTh (DYHKIMM SIN2X U COS2X , MONYyIUM CHCTEMY
-84 =0,
{83 =1.
Pemas nony4eHHyro cucTeMy ABYX JIMHEHHBIX YPAaBHEHUH C IBYMsI IEPEMEHHBIMU,

noinyyuM A4 =0,8B = ;

CrenoBarenbHO, YACTHOE PELICHUE
|
Viae = —SIN2X..
8
CrnenoBarenbHO, o0lIee pelIeHre 3a1aHHOTO YpaBHEHUS €CTh (DYHKIIHS

v=(C,+C,x)e" +ésin2x.

Cucrembl 1uddepeHIuAIBLHBIX YPABHEHMIA.

34. Cucrembl aupdepenuuaababix ypaBHenunil. OOmme mnonstusa. Teopema
CylIIeCTBOBAHUS U €INHCTBEHHOCTH.

Onpeodenenue. Cuctemoit nuddepeHnanbHbBIX ypaBHEHUH OyneM Ha3bIBaTh CHCTEMY
BUJIA!

&= f(x,,,.K,»,)
)85 :f2(x7.yl>y2’K ’yn)
K

& =f,0x,y,.K,»,)

(34.1)

rac
=K,y =y,(x),

dy, dy
= 79K ) = & .
% dx % dx

Teopema (cywecmeoganus u eOuncmeeHHOCMU Peuienus).
[Tycts nana cucrema auddepeHunanbabix ypaBaenuit (34.1) x € [a,b] .

Mycts Qynxuuu  f,, f,,K ,f, — HempepbiBHbIE (QYHKIMH B OKPECTHOCTH TOYKH
(xoayloayzoama yn())’ rae x, €[a,b].

af, . .
Ilycte  dyHKINM d—,z, j=12K,n HenmpepplBHBI B  OKPECTHOCTH TOYKH
J

(xmymaJ’zo’"-a yn())’ rae x, €[a,b].
Torma Yy, ,50-K ,¥,, CyIlIECTBYET pelIEHHE CUCTEMBI
y(x) =, (%), y,(x0),K , y,(x))
TaKoe, UTo

Y1(X) = Y105 Y2 (X0) = 120.K , 3, (x0) = ¥,



35. Cucrembl JguHeilHbIX JAu(pepeHUHATBLHBIX  ypaBHeHuil. Teopema
CyLIeCTBOBAHUSA M €[INHCTBEHHOCTH.
Paccmorpum cucremy
¥=a,(0)y +a,(x)y, +K +a,(x)y, + f,(x)
¥ =a, (X)y, +a,((X)y, +K +a,,(x)y, + f,(x)
K

ﬁ% = anl ('x)yl + an2 (x)yZ +K + ann (x)yn + f;1 (x)

(35.1)

[Tycth
a,(x) a,(x) K a,(x)
A= a, (x) ay(x) K a,,(x)
K K K K
anl (x) an2 (x) K ann (x)
1 (x) fi(x)
Yy = ¥, (x) F= f2(x) .
K K
Y, (x) £, (x)
Torna cucremy (35.1) MOKHO 3anucarh B BUJE:
e AY+F .
Ilycts
L[Y]=¥ 4y,
torna cucrema (35.1) umeer Bua
L[Y]=F.

Teopema (cywiecmeoganuna u eOUHCHIEBEHHOCMU DPEUIEHUA JUHEUHO CUCMeMbl
oughghepenyuanvuvix ypasnenuit).
[lycth nana cucrema JIMHENHBIX AU depeHnnanbHbIX ypaBHeHu# (35.1).

Iycrs f(x),a; (x) — HenpepbIBHbIC (YHKIIMH B OKPECTHOCTH TOYKH X, , TAE X, € [a,b].
Torma Vy,;,1,,,K,»,, € R" CylIECTBYET pelICHUE
y(x) = (), y,(x),K , y, (x)
cuctemsl (35.1) Takoe, 4TO
N1(X0) = Y105 12 (X)) = 120, K, 3, (X)) = ¥,
Ilpumep 35.1. PaccMOTpUM cUCTEMY
K==y,
X =y
Nmeem
K=-y, > &=-K=-y.
WIH
&+y =0.
Oob11iee penieHye MoJTy4eHHOI0 ypaBHEHUS! UMEET BU
¥, =C,cosx+C,smx.

CireqoBaTeIbHO



v, =—%&=C,sinx—C, cosx.
Taxum O6p330M, pEIICHUC 3aﬂaHHOﬁ CHCTEMBI UMCCT BHU ]
y, =C,cosx+C,smn x,

y, =C,;sm x—C, cos x.

36. CpoiicTBa cucTeMbl JIMHEHHBIX AU (PepeHIHaAIbLHBIX YPABHEHHUH.
1. L[CY]=CL[Y].
2. LY, +Y,]=L[Y, ]+ L[Y,], 1.e. L — nuHeiinbIii onieparop.

aud.cxi=Ycur.

4. LIU +iV]=LIU+il[V].
DTU CBOWCTBA SIBJISIIOTCA CIAEACTBUSMU COOTBETCTBYIOIIUX CBOMCTB MPOU3BOIHOM.
Teopema 1. llycts L[Y]=0. Torma L[CY]=0.

Hokazamenscmeo. L[CY]=CL[Y]=C-0=0,rne 0=

0
Teopema 2. Tlycts L[Y,]=0,L[Y,]=0.Torma L[}, +Y,]=0.
JMokazamenvcmeo. L[Y, +Y,]=L[Y, ]+ L[Y,]=0+0=0.
Teopema 3. Ilycty L[Y,]=0,rnei=1,2...m. Toraa L[ZCI.YI.] =0.

i=1

Joxkaszamenscmeo. L[ZCiYi] = ZCZ-L[YJ = ZCi -0=0.
i=1 i=1

i=1
Teopema 4. Ilycts L[U +iV]=0.Tormna L[U]=0,L[V]=0.
Hokazamenvcmeo. L[U +iV]=L[U]+il[V]=0= LIU]=0AL[V]=0.

37. JInneiiHasi 3aBUCUMOCTb U HE3aBHCHUMOCTb cucTeMbl GyHkuuii. Onpeneanresib

Bponckoro.
Onpeoenenue. I1yctb nanbl GyHKIUN
i (x) V(%) V1, (%)
V(%) Y (%) V2, (%)
Y (x)= Y, (x) = KLY (x) = .
=2 hw=| 2 K=

Y (%) Vr (X) Yo (X)
Ckaxewm, uro pynkuu Y, (x),Y,(x),K ,Y, (x) nuneitno 3aBucuMbI Ha oTpe3ke [a,b], ecnu
cymectByroT nocrostaabie C,,C,,K ,C, He Bce paBHBIE HYIIO TaKHe, YTO
CY(x)+CY,(x)+K +C,Y (x) =0,Vx €[a,b]. (37.1)

T.€. QYHKUINU JIUHEHHO 3aBUCHMBI, €CIM CYIIECTBYET HEHYJIeBas JIMHEWHAas KOMOMHALINS
3TUX (PYHKIUH TOXKIECTBEHHO paBHas HYJIO.



Ckaxem, uto ¢ynkuun Y,(x),Y,(x),K .Y (x) nuHeilHO He3aBUCUMBI, €CIIU PaBEHCTBO
(37.1) Bemomnusiercs Toasko pu C, =C, =K =C, =0.
PaBencTBo (37.1) MOKHO miepenucaTh B BUJIE.
Cy(0)+Cy,(0)+K +C,p,(x)=0
Cyy () +Cyy(x)+K +C,p,,(x) =0
K
Cyn(x)+Cy,(0)+K +C,y,,(x) =0
Onpeoenenue. Ilycts nanel yakun Y, (x),Y, (x),K ,Y, (x). Onpenenurenem BpoHckoro

6yz[eM Ha3bIBaTh OIPECACIINTD

Yu o yn Kooy,
K

ynl ynZ K ynn
Teopema 1. Eciu ¢pynkuun Y, (x),Y,(x),K ,Y, (x) nuneitHO 3aBucHMMBI Ha oTpe3ke [a,b]

TO WX OTpeAeIUTENs BPOHCKOTO TOKIECTBEHHO PaBEH HYIIO Ha [a,b].

Jlokazamenvscmeo. T.K. QyHKIIMU JIMHEWMHO 3aBUCUMBI, TO XOTs Obl OJMH U3 HUX €CTh
JTUHEeWHas KoMOMHAIMs ocTalbHBIX. B omnpenenurene BpoHCKOro cOOTBETCTBYIOLIUM CTOJIOEIT
€CTb JIMHEHHas KoMOMHaIus ocTaibHbIX. ClleJ0BaTEIbHO, ONPEACIUTEND PABEH HYIIIO.

Teopema ooxazana.

3ameuanue. Ilycts L[Y] = 0 — ogHOpoHasi cucTeMa JMHEWHBIX AU(depeHInaIbHbIX
ypaBHeHuid. Torma ¢ynkums Y(x) = O sBIseTcs pelIEHUEM JTOH CHUCTEMBbI C HYJIEBBIMU
HAYaJbHBIMU YCIIOBUSMHU.

Teopema 2. Tlycte pynkiun Y, (x),Y,(x),K ,Y (x) sSBASIOTCS pelICHUSIMH OJHOPOIHOM
CHCTEMBI JIMHEHHBIX U depeHranbHbix ypaBHeHui L[Y] =0, x €[a,b].
[Mycte 3x, €[a,b]: W(x,) =0.Torna pyukuu Y, (x),Y,(x),K ,Y, (x) nuHelHO 3aBUCUMBI
Ha oTpe3ke [a,b].
Hokazamenvcmeo. meeMm
Yii(x)  yip(x) Koy, (x)
Ya (%) yu(xg) Ko 3y, (%)) _
K K K K
V(X)) Ya(x) Koy, (x)
PaccmoTpum cuctemy IMHEWHBIX YpaBHEHHUN
Co i (x0) + Coypp () +K +C,p,,(x,) =0
Cyy (X)) + Gy (X)) +K +C,3,,(x,) =0
K
Cyu(x)+Cy,n(x)+K +C,y,,(x) =0

T.k. OIpECaAcCINTEIb 9TOM CHUCTEMEI PaB€H HYJIIO, TO Y CUCTEMBI €CTh HCHYJICBOC PCIICHUC,

W(x,)=0=> 0

(37.2)

T.e. cymectByor C,,C,,K,C, He Bce paBHble HyII0, yaoBieTBopswomue cucreme (37.1).

Paccmotpum dyHKIHIO
Y(x)=CY,(x)+C,Y,(x)+K +C,Y, (x).



C onHOM CcTOpPOHBI (PyHKITHS Y(x) sBIAETCA PELICHHEM CHUCTEMBI JIMHEHHBIX
OJTHOPOJHBIX YPaBHEHHMIA, a ¢ APYrol CTOPOHBI Tak kKak Y (x,)=0, 1o Y(x)=0 Ha oTpe3ke
[a,b].

CnenoBaTeibHO

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

T.e. dynkuuu Y, (x),Y,(x),K ,Y, (x) nMHEHHO 3aBUCUMBI.

Teopema ooxasana.

Cneocmeue. Eciu ¢ynkuun Y (x),Y,(x),K,Y (x) nuHEHHO HE3aBUCHMBIC PEIICHHS

OJTHOPOJHON CHCTEMBl JIMHEWHBIX TU((GEpPCHIMATBHBIX ypaBHEHUH, TO HUX ONPEICITUTEIh
Bposnckoro otnuueH ot vyl Vx €[a,b].

38. Teopema 0 cTpyKTYype 0011ero peueHnst 0THOPOJIHON CHCTEeMbI JIHHEHHbIX
AU pepeHInaTbHbIX YPABHEHUI.
[TycTh nana ogHOpOHAS CHCTEMa JIMHEWHBIX T depeHInaTIbHbIX YPaBHEHHIMA
¥=a,(0)y +a,(x)y, +K +a,,(x)y,
B =a, (X)y, +a,(x)y, +K +a,,(x)y,
K

.}g% = anl (x)yl + anZ (x)yz +K + ann (x)yn

(38.1)

[Iycth
a,(x) ap(x) K a,(x) Y1 (%)
a,(x) a,(x) K a, (x ,(x
e P
a,(x) a,(x) K a,i(x) v, (x)
Ilycts
L[Y]=¥ 4y,

torna cucrema (38.1) umeer Bua
L[Y]=0.
Teopema. llyctb naHa oJIHOpoAHas cucTteMa JuHEHHBIX ypaBHeHHil (38.1). Ilycts
$ynrunu a,(x),7, j =1,2,K ,n — HenpepsIBHbIC QyHKIMH HA OTpe3Ke [a,b].Ilycts dyHKIHN

(%) Y12 (%) V1, (%)
Y. (x) = y211<(x) Y, (x) = y212<(X) KLY, (x) = yz;{(x)

Y (%) V2 (X) Y (%)
JMHEWHO HE3aBUCUMBI H SBISIOTCA pemeHusimu  cuctembl (38.1). Torma Vx, €[a,b] wu
V10> V20K, ¥,o cymectBytor C,,,C,,,K ,C, , Takue, uto hyHKIUSA
Y(x)=C,)Y,(x)+C, )Y, (x)+K +C Y, (x)
OyzeT yIOBIETBOPSTH YCIOBHIO:
Y(xy) =Y,

e



ynO
T.e. obmiee permenue cuctemsr (38.1) umeet BUA:
Y(x)=C Y (x)+ GV () +K +C,Y, (%)
Jokazamenvcmeo. B CUILY JIMHENHOCTHU CHUCTEMBI (38.1) byHkuns

Y(x)=CY,(x)+C,Y,(x)+K +C,Y (x) sBusercs pemenueM cuctembl (38.1). Brimonnenue

ycnosus Y (x,) =Y, o3Hauaer, 4To cucrema

Ciy(xg)+Coyp(x) +K +Cy, (x) = vy

CiYy (x) +Coypn (x)+K +Cp,,(x,) = ¥y
K

Ciyu(x)+Cy,,(x))+K +C,y,,(x,) =y,

UMeeT eIMHCTBeHHOoe pemienue. Omnpeaenurens cuctemsl (38.1) sBisieTcss ompeaenuTenemM

(38.1)

Bponckoro i JMHEMHO HE3aBHCUMBIX pEHICHUH OJHOPOJHOW CHUCTEMBI JIMHEHHBIX
mubdepeHIManbHBIX ypaBHeHH. CremoBaTenbHO, OH oTiimdeH OT Hynsa. Cuctema (38.1)
COBMECTHMA M MMEET eqUHCTBeHHOoe pemienue. T.e. cymectsyor C,,,C,,, K ,C , mocrosHHbIe,
TaKue, 4To, PyHKIUI
Y(x)=C, i (x) + Cyo Y5 (x) +K + €0 ¥, (%)
YIIOBJIETBOPSIET YCIOBUIO
Y(x,)=7Y,.
Teopema ooxa3zana.
Onpeoenenue. Oynxuun Y, (x),Y,(x),K ,Y (x) Oymem Ha3biBath (yHIaMEHTAIBHOM

CUCTEMOH PELICHUN.
Ilpumep 38.1. Pemium cucremy

K=,
Jgfz_%.

(0 IJ (sinxj (—cosx}
A= ,Y(x)= JY,(x)=| . \
-1 0 COSX sin x

CrenoBarenbHO, 00IIee PEIICHUE UMEET BHI:
sin x —COSX
¢ oX
V, CcoSXx sin x

»(x)=C;sinx—C, cosx

HNmeem

501041

y,(x)=C,cosx+C,sinx’

3ameuanue.



{)&:yz = = K=y, = &+, =0=

& =-
kK> +1=0k=+i
y,=C cosx+C,sinx

v, =C;smx—C, cosx

39. HeonHopoaHble cMCTeMbl JIMHEHHBIX AU (epeHInaJIbHbIX YPABHEHUH.
ITycTh nana HEOTHOPOIHAS CUCTEMA JIMHEHHBIX JU(pepeHIHaTbHbIX YPABHEHUH.
LY]=F,
#*=a,(x)y +a,(x)y, +K +a,,(x)y, + f(x)
¥ =a, () +ay(x)y, +K +a,,(x)y, + f,(x)

WIH
K
}8% = anl (‘x)yl + an2 (‘x)y2 +K + ann (‘x)yn + .fn (x)
(35.1)
Teopema 1. Tlycts mana L[Y]=F.Iycrs L[Y,, ]=0,L[Y ]=F.
Torma L[Y,, +Y |=F.
Hokazamenvcmeo. LY, +Y =LY, ]+L[Y |=0+F=F.
Teopema ooxazana.
Teopema 2 (0 cmpykmype oduiezo peuwienus HeOOHOPOOHOU CUCHIEMbl JTUHEHUHbIX
YpasHeHuil).

[Tycte nana HEOMHOpPOAHAS CUCTeMa JTMHEHHBIX nuddepeHmanbabx ypasaeHuit (35.1).
ITyctb GhyHKIUH {al.j (x)}:izl, f,(x) e Cla,b].
Ilycts
yi(x) Y12 (%) Yin (%)
nw=|"2r =20 Lk oy <
Y (%) V2 (%) Vo (X)

0o0pa3yloT (QyHIaMEHTAJIbHYI0 CHCTEMY peIIeHUH OJHOPOJHOW CHUCTEMBbl JIMHEWHBIX
TuddepeHManbHbIX ypaBHeHUH L[Y]=0.

¥ (%)

. X .
Ilycte ¢ynkuusa Y (x)= Y2 (%) SBJISIETCSl PEIIEHHEM HEOJHOPOJHON CHUCTEMBI
M

v, ()
nuHeHHEIX uddepeHnmanbHbIX ypasaenuit L[Y | = F . Torna olnee peneHie HeoXHOPOIHOI
CHCTEMBI JIMHEHHBIX T PepeHIINaTbHBIX YPABHECHUN HMEET BH/I:
Y(x) = CY,(0)+C,Y, (x) +K +C,Y, () +Y" (x).
Hoxkazamenvcmeo. 1. L[Y]=F.

2. Vx, €la,b] u Vy,,,v,,,K ,»,, cymectBytor C,,,C,,,K ,C, , mocTosHHbIE, TAaKUE, UYTO

byHKIISA



Y(0) = CoY, () + Cog () +K +C,pY, () +7 ()
OyJIeT yIOBJIETBOPSITH YCIOBHUIO:

Yo

Y20
M .
ynO

Y(x,)=Y,.Y, =

JlecTBUTENBHO,

LYY= L[CYFC,Y, +K +CY, +Y 1=CL[Y, ]+ C,L[Y,]+K + C,L[Y, ]+ L[Y"]
=0+0+K +0+F =F.

Y(x) =Y, = CY,(x) + G Y, (x) +K +C,Y, (x) + Y (x)) =Y, =

Ciyn(xe) +Chy,(x,) +K +Cny1n(x0)+yl*(x0):y10

Ciyy (%)) +Coypn(x)+K +Cny2n(x0)+y2*(‘x0) =V (39.1)
K

Clynl(x0)+c2yn2(x0)+K +Cnynn('x0)+yn*(x0) =yn0

T.x. onpenenuTeab CUCTEMBI €CTh ONpeaeInuTeNs BpOHCKOTO 1M1 TIMHEWHO HE3aBUCHUMBIX

pelIeHn OJJHOPOIHOM CUCTEMBbI JTMHENHBIX NU(PPepeHInanbHbIX YpaBHEHUI, TO OH OTJIMYEH OT
Hyna. CrnenoBarenbHo, cucrteMa (39.1) coBMecTMMa M MMEET €IMHCTBEHHOE pelieHue. ITO
3HAUYUT, 4TO PyHKIHUSA
Y(x) = Cy Y, (%) + Cp Y, () +K +C, Y, () + Y (x)

yIOBIIETBOPSIET ycioButo Y (x,) =Y.

Teopema doxazana.

Teopema 3. Ilyctb

m
Lyl=Y F,LY]=F.

1

Torna

Teopema 4. I1ycts
LU +iV=U+iV.
Torpa
LU=U,LV]=V.
Memoo eapuayuu npou3eonvbHo20 NOCMOAHHOZ0.
[Tycth mana cucrema L[Y]= F . Ilycts Y (x),Y,(x),K ,Y (x) dyHmamenranbpHas cucrema
peleHnii 0THOPOJHOM cucTeMbl MU depeHInalbHbIX YpaBHEeHHH L[Y]=0.

Penrenne HCOHHOpOHHOﬁ CUCTCMBI 6yneM HCKAaThb B BUJC:
n
Y(@) =Y C()Y,(x)
i=1

IloacraBiss B CUCTCMY, 6yI[eM UMCTb:

n

LY]= ILY.C0Y, ()= Y€ Y, ()14 CLo, (= F) = Y Y, ()= Fi)

i=1 i=1



[Monmyunm cucremy s onpeanenenus C,(x),C,(x),K ,C, (x).

Ilpumep 39.1. Peium cucremy

%=y,

OnmHOpOIHAS CHCTEMA UMEET PEIICHUE
y,(x)=C,smx—C, cosx
¥,(x)=C, cosx+C,sinx

PerieHre HEOTHOPOAHON CUCTEMBI Oy/IEM UCKAaTh B BHJIE

y,(x)=C,(x)sinx —C,(x)cosx
y,(x) =C,(x)cosx+C,(x)sinx’
[Toacrariiss B CHCTEMY, TOTYYUM

C, sinx + C,cosx—C, cosx+ C,sinx =C,cosx +C, sinx

C, cosx—C;sinx +C, snx +C, cosx =—C,sinx + C, cosx +
cosx

nimn

C,smx—C, cosx=0

C, cosx+C, sinx =
cosXx

W3 nmocnenneit cuctreMbl UMEEM
=1

©sinx >

a0

2
COSX

NI
C,(x)=x+C,
C,(x) =—Infcosx|+ C,
CJ'IG,I[OBaTeJ'IBHO, 0611_[66 peuIeHuce BaﬂaHHOﬁ CUCTEMBbI UMCCT BUJ
y,(x) = (C, +x)sinx—(C, —In|cosx|) cosx

¥, (x) = (C, + x)cosx +(C, — In|cosx|)sinx

40. Cucrembl JuHeHBIX AU} PepeHINATBHBIX YPABHEHHI C NOCTOSIHHBIMH
K03 Ppunuenramu.
Onpeoenenue. CicteMy JINHENHBIX ypaBHEHUI
¥=a,y +a,y, +K +a,y, + f,(x)
¥’ =ayy +ayy, +K +a,,p, + f,(x)
K , (35.1)

}g% = anlyl +a)12y2 +K + annyn +j;z ('x)



rIe {aij }',’, > — HCKOTOpBIC IIOCTOSHHBIC, OyZneM Ha3bplBaTh CHCTEMOW  JIMHEWHBIX
L,]=

nuddepeHIMaTbHBIX YPABHEHHUH C MTOCTOSTHHBIMU KO3 DHUIIECHTaMHU.

[Tycth
Y1 fi
n _ y2 _ f2
A:{l_j}i’j:l, ul F= Tl
Y S
Torna cucremy (35.1) MOKHO niepenucaTh B BUJIE
=AY +F.

Ecmu F =0, To umeem ¥ AY wm
K=a,y +a,y, +K +a,y,
K =ayy +ayy, +K +a,,y,
K .

.ﬂ% = anlyl +an2y2 +K +annyn
CornmacHo TeopeMe O CTPYKType OOIIero pemieHus JHUHEHHOTO OJHOPOJHOTO
muddepeHIanTbHOT0 YpaBHEHU, YTOObI HalTH obiee perieHue cucrembl (38.1) Hamo HalTH
byHIaMeHTallbHYIO cUcTeMy petieHuit. [is aToro pemenue 6yaem UcKaTh B BUE:

(38.1)

Y= alekx
vy = e (40.1)
K .
yn — anekx
[ToxncraBnss pemenus (40.1) B cuctemy (38.1), momyunm:
ake" =a,a,,e” +a,a,e™ +K +a,a,,e”
a,ké™ = a,a,e™ +a,a,e” +K +a,a,,e™
K
a ke =aa,e™ +a,a,e™ +K +a,a, e"
[Tocine cokpaienus Ha GYHKIUIO e momydnm:
ok =aa, +a,a, +K +a,q,,
o,k=a,a, +a,a,, +K +a,a,,
K
ak=aa,+a,a,+K +a,a,
WIn
a(a,—k)+a,a,+K +a,a,, =0
a,a, +a,(a,, —k)+K +a,a,, =0
K

aa, +a,a,+K +a,(a

(40.2)

—k)=0
Mpbl TOMYyYMSIM OJHOPOAHYIO JIMHEHHYIO cucTeMy. UToObl OHa HMella HEHYJEBOe
peleHue, ee ONpeieIUTeNb JOKEH ObITh PaBEeH HYIIO.

nn



a a, -k K a

21 22 2n — 0 (40.3)
K
anl an2 K ann - k

VYpaBuenue (40.3) sBIAETCS ypaBHEHHEM N — O CTEMEHU OTHOCUTENIBHO k. YpaBHEHHE
(40.3) Oynmem  Ha3pIBaThb  XapaKTEPUCTHUUYECKUM  ypaBHEHUEM  CHCTEMbl  JIMHEHHBIX
nuddepeHIAIBHBIX YPAaBHEHHUH C MTOCTOSTHHBIMH KO3 QUIIUCHTAMH.

[Tpu pemennn ypaBaeHus (40.3) BO3MOXKHBI TPH CITydast:

1. Bce KOpHHM XapaKTEpUCTUYECKOTO YpaBHEHUs JEHUCTBUTENbHBI M  Pa3JIMYHbI
k.k,,K .k, e Rk, #k, i+ j,i,j=12K n.

2. Cpenu KopHEl XapaKTepUCTUYECKOTO YPaBHEHHUS €CTh KOMIUIEKCHBIE KOPHHU.

3. Bce KOpHUM XapaKTEpUCTHUECKOI'O YpaBHEHMsI JAEUCTBUTEIbHBI, HO CPEIU HUX €CTh
KpaTHBIE.

1. Bce KOpHM XapakTEpUCTUYECKOTO YpPAaBHEHHUS JECUCTBUTEIbHBI M  PA3IUYHBI
k.k,. K.k, e Rk, #k i+ ji,j=12K,n.

Torna, moacrasnsist k,,k,,K ,k, B (40.2), Haxonum pemieHus

a Q) a,

[04 a [04

21 2 2

k,—> Jk, —> Kk, —| ™
M M M

anl anZ ann

CrietoBaTesIbHO, QYHKIHH

ay, ap, a,

a a a

21 2 ’ 2

Yl — ek]x’Y2 — ekz).,K ,Yn — n ek x

M M M
anl anZ ann

ecTh ob1ee pemenne cuctemsl (38.1).
Ilpumep 40.1. Peuium cucremy

Nmeewm:

XapaKTepI/ICTI/I‘-ICCKOC YpaBHCHHUEC UMCCT BUJ

|[A—-kE =0



NI

2-k -1 1
1 2-k -1|=0
1 -1 2-k

PackpeiBast onpenenurens, NOJIy4uM

2-k -1 ‘ ‘1 -1 [ 2—k‘
(2-k) + + =0
-1 2-k 1 22—k 1 -1
WIIn
(2-k)k*—4k+3)=0.
[TosrydeHHOE ypaBHEHHE HMEET KOPHU
k, =Lk, =2k, =3.
a) Ilycrs k, =1.
Torna u3 ypaBHenus (A —kE)a =0 nunu
I -1 1\ ¢ 0
1 1 -1|ea,|=|0
I -1 1 \ay 0
uMeeM
o, —o,+a,=0
o +a,—a;,=0
o, —-a,+a;=0
Henynesoe pemienue nociegHen CUCTEMbl UMEET BUJL
a,=0,a,=la,=1.
Taxum oOpazom
0
k=1—>]|1
1
b) Iycrs k, =2.
Torna u3 ypaBHenus (4 —kE)a =0
0 -1 1\Ye 0
I 0 -1lfe,|=]|0
I -1 0 \e, 0
uMeeM
—a,+a,;=0
a,—a,=0
a,—a,=0

HenyneBoe penienue nocnenaneil CUCTEMbl UIMEET BHL
a =lLa,=La; =1.

Taxum o6pazom



k,=1->|1

c) Iycrs k, =3.
Torna u3 ypaBHeHus (A —kE)a =0 uu
-1 -1 1)
I -1 ~-1l|ea,|=
I -1 -1\e,

o o O

uMeeM
—a,—a,+a;=0
o —a,—a,=0
a—a,—a;=0
HenyneBoe pemenue nocneaneil CHCTEMBI HIMEET BHT
o, =La,=0,a, =1.
Takum o6pazom
1
ky=1—>01.
1

CretoBatenbHO, 00IIIee pelIeHre 3aJaHHON CHCTEMBI IMEET BUJT
X 0 1 1
y|=Cl 1l +C,|1|e" +C,|0e*
z 1 1 1

WITH

x=C,e* +C,e”
y=Ce' +C,e”
z=Ce' +C,e” +C,e”
Ilpumep 40.2. Peuium cucremy
&=3x-y+z
B=—x+5y—z.
&=x—y+3z

Nmeewm:

XapaKTepI/ICTI/I‘leCKOC YpaBHCHHUEC UMCCT BUJ
|[A—kE=0

nJIn



3-k -1 1

-1 5-k -1|=0.

1 -1 3-k
PackpebiBast onpenenurenb, NOJIy4uM
5-k -1 -1 -1
3-k) + +
-1 3-k |1 3-k

NI

(G-k) k> -8k +12)=0.

[ToryueHHOE ypaBHEHHE UMEET KOPHU

a) Ilycrs k, =2.
Torna u3 ypaBHenus (4 —kE)a =0 uu

I -1 1}Y¢

-1 3 -l|a,|=

I -1 1 \ey
uMeeM

o —-a,+oa,; =0

{—a1+3a2—a3=0

HeHy.TIeBOG PCUICHHUC MoclieAHEH CUCTEMbI UMEET BH]T

o =lLa,=0,a, =-1.

Taxum o6pazom

b) Ilycrs k, =3.
Torna u3 ypaBHenus (4 —kE)a =0 uu

0 -1 1)e

1 2 -l|a,|=

I -1 0 \e,
WITH

—-a,+a,=0

-, +20,-0a;=0

o —-a,=0
MeeM

a =lLa,=La, =1.

Takum o6pazom

ky=3—>]|1].




c) Ilycts k; =6.
Torna u3 ypaBHeHus (A —kE)a =0 uu

-3 -1 1 \¢e 0
-1 -1 -1}, |=|0
1 -1 -3)a, 0
WU
=30, -a,+a; =0
-, —a,—o;=0
o, —a,—=3a,=0
uMeeM
a =la,=-2,a,=1.
Takum o6pazom
1
ky=6—>|-2
1
CnenoBartenbHO, 00LLEE PELIEHUE 3aJaHHON CUCTEMBI UIMEET BUJL
X 1 1 1
y|=Cl 0 |e*+C,|1|e" +C;| -2 [
z -1 1 1
WIN

x=Ce” +C,e” +Ce”
. 3¢ 6t
y=Ce" -2C,e

z=-Ce” +C,e” +Ce”

2. Cpenu KOpHEHN XapaKTEpUCTUYECKOIO YPABHEHHUS €CTh KOMIUIEKCHBIE KOPHHU.
[ycts k = +iff — KOPEeHb XapaKTEPUCTUYECKOro ypaBHeHus. Torma k' = a —iff —
TOXE KOPEHb XapaKTEpUCTUYECKOIO YPaBHEHUS
ITycTb cOGCTBEHHOMY 3HAYEHUIO k = @ +if3 COOTBETCTBYET PELICHUE

a, +if,

) a,, +ify

a+iff —> M
anl + iﬂnl
cuctemsl (40.2)
Torna
a, +ip,
ay +if, o (@+if)
M
anl +l nl

— PpelIeHue CUCTEMBI OTHOPOIHBIX JIMHEHHBIX auddepeHInanbHbIX ypaBHeHuH. Torma
byHKIIUN



oy, +if, o, +if,
ay +ify, oy +ify, @ (a+ip)
M

a, +i

e (@if) = y, ulm =y,

Cxnl +1 nl

nl
ABJISIFOTCS JIMHEHHO HE3aBUCUMBIMU PELICHUSMU.
Ilpumep 40.3. Pemium cucremy

x=x—-3y
y=3x+y

)

XapaKTepI/ICTI/I‘leCKOC YpaBHCHHUEC UMCCT BU

Nwmeem:

|A—kE|=0
WIN
1-k -3
3 1-k ‘ B
PackpeIBast onpesenuTens, HoIyIuM
k* —2k+10=0.
[TonmyyeHHOE ypaBHEHHE UMEET KOPHU
k=1+3iu k,=1-3i.
a) [lycte k= 1+3i.
Torna u3 ypaBHenus (A —kE)a =0 un
-3i =3 \(ea ) (0
S
uMeeM
=3ia, —3a, =0
{30{1 -3ia, =0
WIN
ia,+a,=0
{al —ia, =0’

Henynesoe pemienne nmocienHel CHCTEMbl UMEET BU/T

a, =i, a,=1.

i
k=143 > [J
6) Iycts k,=1-3i.

Torna u3 ypaBHeHus (A —kE)a =0 unu

Taxum o6pazom



HUMCCM

NI

nin

3i =3\ (o) (0

3 3 )\« 0
Jia, —3a, =0
3a, +3ia, =0
o, +ia, =0

{ial ~a,=0

HCHYJ'ICBOC PCUICHHC HOCJ'IC,Z[HCfI CHUCTCMbI UMCCT BHU /]

a =-i,a,=1.

k2=1—3i—>(1_lj

j . ] —sin 3¢ +icos3t
Fletan=| ! (cos3t +isin3t)e’ = _l. e’
1 1 cos3t +isin 3t

JleicTBUTETLHBIC 1 MHUMBIC YaCTH COOTBETCTBECHHO PABHBI
—sin3¢ ) cos3t) |,
Re= e nlm=| e .
cos3t sin 3¢
—sin 3te’
X = t
cos3te

cos3te
y =
sin 3te'

Taxum o6paszom, oOliee perieHrne 3aJaHHOW CUCTEMbI UMEET BU/L:

Takum o6pazom

Nmeem

CiieqoBaTeIbHO

x = (—¢, sin3t +c, cos3t)e’,
y = (c, cos3t +c, sin 3t)e".

Ilpumep 40.4. Pemum cucremy

o

x=-2y+2z

o

y=t—y+z

HNmeewm:
0 -2 2
A=|1 -1 1
0 1 -1
XapaKkTepUCTUUECKOE YPABHEHUE UMEET BUJ]
|A—kE =0



0 1 -1-k

PaCKpBIBaH OIIpPEACINUTECIIb, ITOJIYYUM

—k(k> +2k+1-1)+2(-1-k)+2=0

WIn
—k’=2k>-2-2k+2=0
WIH
—k(k*> +2k+2)=0.
ITomyyeHHOE ypaBHEHHE UMEET KOPHU:
k, =0, k,=-1+i, k, =-1-1i.
a) Ilycte k, =0.
Torna u3 ypaBHenus (4 —kE)a =0 uu
0 -2 2\ (¢ 0
I -1 1 ||a,|=0
0 1 -1)le,
uMeeM
—2a, +2a,=0
o, —a,+a;=0,
a,-a;=0
Henynesoe pemienne nocieaHe CUCTEMbI UMEET BUJL
a, =1, a, :l’ a, :l.
2 2
Taxum o6pazom
1
1
k=02
1
2
0) Iyctes k, =—1+1.
Torna u3 ypaBHeHus (A —kE)a =0 wn
1-i -2 2)\(¢ 0
1 —-i 1]||a,|=|0
0 1 —-i)lea,
uMeeM

o,(1-i)- 20, + 20, =0
a,—ia,+a; =0
a, —iay; =0

Henynesoe pemnienne nocieHen CHCTEMbl UMEET BU/T



niIn

o, =-2,a,=i,a,=1.

Takum o6pazom

ky==1+i—>|i

Nmeewm:
-2 -2 —2cost —i2sint
i =i (cost+isint)e”’= |—sint +icost |e™
1 1 cost +isint
—2cost —2sint 1
y,= Re=|-smt |e’, y,=Im=|cost e,y =1/2e".
cost sint 1/2

Takum oOpaszom, o0lIee pelICHHE 3aJaHHOM CHCTEMBI UMEET BHL:
X 1 —2cost —2sint
y|=C|1/2|+C,| —sint |e"+C,| cost |e

—t

z 1/2 cost sin ¢

3. Cpenu KopHel XapaKTepUCTUYECKOTO YPaBHEHHUS €CTh KPaTHBIE KOPHHU.
Ilpumep 40.5. Peuium cucremy

x=4x—y—z
y=x+2y-—z

; =x—-y+2z
Nmeem:
4 -1 -1
A=|1 2 —-1/.
I -1 2
XapaKkTepUCTUYECKOE YPABHEHUE UMEET BUJ]
|A—kE|=0

PacckpbIBast OMpPEIEIUTENb, TIOTYYHM:
—k’ +8k* 21k +18=0
KopHu XapaKTepHCTHIECKOTO YPaBHEHHSI COOTBETCTBEHHO PABHBI
ki =2,k =k, =3.
a)[ycts k, =2.

Torna u3 ypaBHeHus (A —kE)a =0 unn



uMeeM
2a,-a,—-a,; =0
a,—a,=0
o, —a,=0
Henynesoe pemienne nocieaHed CUCTEMbI UMEET BUJL
a=1,a,=1,a,=1.
Takum o6pazom
1
k=2 —>|1].
1
0) Ilycte k, =k, =3.
Torna u3 ypaBHenus (4 —kE)a =0 uu
1 -1 -1Y(¢q 0
1 -1 -1||a, |=|0
1 -1 -1){a, 0
uMeeM
o, —a,—o; =0
o, —a,—oa; =0,
o, —a,—o,; =0
B nonydennoii cucreme n=3, r=1 u (n-r)=2 u cieg0oBaTeIbHO Y MOTYYCHHON CUCTEMBI
JIBa IMHEHHO HE3aBUCUMBIX HEHYJIEBBIX PEIICHUN
a=l,a,=1,a0,=0una,=1,a,=0, a; =1.
Takum ob6pazom:
1 1 1
ky, > 1|, ky, >|1|, ks —>|0].
1 0 1

Taxum o6pa3om, oOliee perieHrne 3aJaHHOW CUCTEMbI UMEET BU/L:
X 1 1 1
y|=C|lle* +Cl1]e* +C,| 0.
z 1 0 1

Ilpumep 40.6. Petium cuctemy

xX=x-2y
y=-x-y-2z

o

z=y+z



Nmeem:

I -2 0
A=-1 -1 =2
0 1 1
XapaKTepUCTUYECKOE YPABHEHUE UMEET BUT
|A—kE|=0
WIIn
1-k =2 0
-1 —1-k =2|==(k=1)2 (k+1).
0 1 1-k
KopHu xapakTepucTHUeCKOro ypaBHEHUsI COOTBETCTBEHHO PABHBI
ky=-1, k, =k, =1.
a) [lycres &k, =—1.
Torna u3 ypaBHenus (A —kE)a =0 unu
2 =2 0)(a
-1 0 =-2||a,|=
0 1 2 e,
uMeeM
2a,-2a, =0
-a,—2a,=0
a,+20,=0
HenyneBoe pemenune nocieqHen CUCTEMbl UMEET BUJT
a,=2,a,=2,a,=-1.
Takum o6pazom
2
ky==1—>h =2
-1
0) [lycte &k, =k, =1.
Torna u3 ypaBHenus (4 —kE)a =0 uu
0 -2 0)(¢
-1 -2 -2||la,|=|0
0 1 0 )\a,
nMeeM

-2a, =0
—-a,—2a, -2a,=0.
a,=0

B monyuennoit cucteme n=3, =2 u (n-r)=1 u ciien0BaTEIHHO Y MOJIYICHHON CUCTEMBI
OJIHO JIMHEHHO HE3aBUCUMOE HEHYJIEBOE pElIEHUE



Takum o6pazom

Haiinem BEKTOp, IPHCOETUHEHHBIH K BekTopy /1, =| 0
-1
J1J1s 5TOr0 HAJ|0 PEIIUTh CUCTEMY
(A-k,E) hy=h,.
Nmeem
0 -2 0« 2
-1 -2 =-2||la,|=|0
0 1 0 )le, -1
W
—2a,=2
-a, 20, -2a,=0.
o, =-1
HenyneBoe penienue nocineaHei CuCTEMbl UMEET BT
a=2,a,=-1,a,=0.

Taxum o6pazom

Takum 00pasom, o0lIiee pelieHne 3aJaHHON CUCTEMBI UMEET BHL:
X 2 2 2
yI=Cl 2 e"+C,| 0 " +C,|—1[te".

z -1 -1 0



	ФОНД ОЦЕНОЧНЫХ СРЕДСТВ
	Разработчик:
	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.
	Геометрическое содержание теоремы заключается в том, что через каждую точку  проходит одна и только одна интегральная кривая уравнения (1.3).
	Интегральная кривая − график решения y =  уравнения (1.3).
	Задача Коши. Пусть дано дифференциальное уравнение I порядка  Пусть функция  определена в области, ;
	Решить задачу Коши для уравнения (1.3), значит найти функцию такую, что:
	а)  − решение уравнения (1.3);
	б) .
	Условие  − будем называть начальным условием.
	Определение (общее решение дифференциального уравнения I порядка).
	Пусть
	-                                                          (1.3)
	дифференциальное уравнение, где функция f(x;y) определена в области ; функцию  будем  называть общим решением уравнения(1.3), если:
	а) функция  решение уравнения (1.3);
	б)  : , т.е. для каждой точки ()  : график функции  проходит через точку ();
	Определение (частного решения дифференциального уравнения I порядка).
	Решение уравнения (1.3)
	проходящее через точку () называется его частным решением.
	4. Геометрическая интерпретация дифференциального уравнения первого порядка.
	Рассмотрим дифференциальное уравнение  І порядка
	,                                                          (1.3)
	Пример 4.1.
	Имеем: . В каждой точке, отличной от точки (0;0), угловой коэффициент касательной к искомой интегральной кривой равен отношению ; т.е. совпадает с угловым коэффициентом прямой, направленной из начала координат в ту же точку (x,y).
	Очевидно, что интегральными кривыми в данном случае будут прямые y=cx,т.к. направление этих прямых всюду совпадает с направлением поля.
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