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JlummomHast paboTa COIepKUT:

— 44 ctpaHullbl,

— 3 wumocTpaluu (pUCyHKa),

— | npunoxenue,

— 18 ucnoap30BaHHBIX HCTOYHHUKOB,

KmioueBsie cioBa: JIPOBHOE HWHTEI'PUPOBAHUME, JIPOBHOE
JANDODOEPEHIIMIPOBAHMUE, YPABHEHUE ABEJIA, 3AJJAYA 0)
TAYTOXPOHE, YPABHEHUE TEIIJIOIIPOBOJAHOCTMU.

B numiomHOl paboTe paccMaTpUBAarOTCS pa3iWYHbIE aIIapaThl APOOHOTO
UHTErpo-auQdhepeHIupOBaHUS.

[enbto  numIOMHONW  pabOThI  SBISETCA  BBISICHEHUE  MPUIIOKEHUS
KOHCTPYKIMH APOOHOr0 HMHTErpo-AudPepeHIpoBaHrs B PA3IMYHBIX 00IACTIX
HaYyKHU.

B nunnomHo#i paboTe moJIy4eHbl CIAEAYIOINE PE3YIbTaThI:

1) onucanbl onpezaeneHuss APoOHON MPOU3BOJHON M JAPOOHOrO HMHTErpalia
Pumana-JInyBums,

2) onucaHo omnpeaeaeHue JpoOHoi nmpousBoaHou ['proHBanbaa-JIeTHUKOBA,

3) paccMOTpeH ciy4ail SKBHUBAJCHTHOCTH OIpeIecHH [ proHBasibaa-
JletHukoBa u Pumana-JInyBumisa 1ist ApOOHBIX MPOU3BOIHBIX,

4) paccMoTpeHbl 3amaur AOeis, 0O TayTOXpPOHE, IMOCTAaHOBKA HayajIbHO-
KpaeBoOM 3aJlayu Ha MPUMEPE YPAaBHEHUS TETIONPOBOIHOCTH.

HoBu3Ha pe3ynbTaToB COCTOUT B BBISIBJICHHM HaumOoJiee MPOCTOro st
U3Y4YEHUS! U BBEIEHHUS METOJl IpOOHOTO MHTETpO-audPpepeHnpoBaHus, KOTOPbIA
MMEET BBIPAKEHHBIE CXOJCTBA C OOBIYHBIM TU(DPEpEeHIIMPOBAHUEM U TMOHSATHEM
OOBIYHOM MTPOU3BOJIHOM.

JunoMHass paboTa HOCUT pedepaTUBHO-aHAIUTHUYECKH Xapaktep. Ee
pe3yibTaThl MOTYT OBbITh HCIHOJIB30BaHbl [IJISl PACIIUPEHUs M YIIIyOJIeHUs
COllep)KaHUsl ~ MATEMaTUYECKOM  MOJATOTOBKM  CTYJIEHTOB-MAaT€MaTUKOB B
MarucTparype B KauyeCTBE BBEICHHUS HOBOM JTUCHUIUIMHBI WJIM CHEUUATIbHBIX
KYPCOB.

Bce pesynbTaThl AUIUIOMHOM paOOThI CTPOro JOKa3aHbl B COOTBETCTBUH C
OPUHATBIMU B MareMaTtuke mnpaBwiaMd. OOOCHOBAHHOCTb U JIOCTOBEPHOCTH
MOJIYyYEHHBIX  pEe3yJbTaTOB  OOYCJOBJIEHA  CTPOTMMH  MaTeMaTHYEeCKUMU
JI0Ka3aTesIbCTBaMHU CPOPMYJIMPOBAHHBIX B pa0OTE JIEMM U TEOPEM.

JlunioMHast paboTa BBITIOJIHEHA aBTOPOM CAMOCTOSITEIBHO.



PE®EPAT

JlutinomHas paboTa COJIePHKUT:

— 44 ctpaHullbl,

— 3 wumocTpaluu (pUCyHKa),

— | npunoxenue,

— 18 ucnoap30BaHHBIX HCTOYHHUKOB,

KimroueBsie cnosa: JIPOBHOE HWHTEI'PUPOBAHUE, JIPOBHOE
JANODOEPEHIITMPOBAHUE, YPABHEHUE ABEJIA, 3AJAYA O
TAYTOXPOHE, YPABHEHUE TEIIJIOITPOBO/JHOCTH.

B numiomHOI paboTe paccMaTpUBAIOTCS pa3iWYHbIE aIIMapaThl APOOHOTO
UHTErpo-1u(dhepeHIupOBaHUS.

Lenpto  AUIUIOMHOW  paOOThI  SIBJISIETCS  BBISBIICHHUE  MPUIIOKEHUS
KOHCTPYKIMH APOOHOT0 HHTErpo-Iu(PpepeHIpoBaHns B PA3IMUYHBIX 00IACTIX
HayKU.

B nunnomHo# paboTe MOIy4eHbI CIAEAYIOIINE PE3YIbTAThI:

1) onucanbl onpeneneHuss APOOHONW MPOU3BOAHOM M JPOOHOrO HMHTErpalia
Pumana-JInyBumns,

2) onucaHo ornpezaesieHne pooHoM mpon3BogHOM I'pronBanbaa-JleTHUKOBA,

3) paccMOTpeH ciy4yaid 5SKBHMBAJECHTHOCTH oOIlpeaeiaeHuid ['proHBabaa-
JletHukoBa u Pumana-JInyBuniisa 1j1st ApOOHBIX MPOU3BOIHBIX,

4) paccmoTpeHbl 3amauu AOens, O TayTOXpPOHE, MOCTAaHOBKA HAadaJIbHO-
KpaeBoOM 3aJlayu Ha MPUMEPE YPAaBHEHUS TETIOPOBOIHOCTH.

HoBu3Ha pe3ynbTaToB COCTOUT B BBIABICHMH HamOOJee MPOCTOro st
U3YYEHUS! U BBEIEHUS METOJ ApPOOHOr0o MHTErpo-auddepeHunpoBanusi, KOTOPbIN
MMEET BBIPAXKEHHBIE CXOJCTBA C OOBIYHBIM JTU(DPEpEeHIIMPOBAHUEM U TMOHSATHEM
OOBIYHOM MTPOU3BOJIHOM.

JumoMHass paboTta HOCUT pedepaTUBHO-aHAIUTUYECKHUM Xapaktep. Ee
pe3yibTaThl MOTYT OBITh HCIHOJIB30BaHbl [JIsl PACIIMPEHUS M YIIIyOJICHHS
COllep)KaHUsl ~ MATEMaTUYECKOM  MOJATOTOBKM  CTYJEHTOB-MAaT€MAaTUKOB B
MarucTparype B KaueCTBE BBEICHHUS HOBOM JTUCHUIUIMHBI WJIM CHEHUATbHBIX
KYPCOB.

Bce pesynbTaThl AUIUIOMHOM pabOThI CTPOro JOKa3aHbl B COOTBETCTBUH C
OPUHATBIMM B MareMaTtuke mnpaBuiaMd. OOOCHOBAHHOCTh M JOCTOBEPHOCTh
IOJyYEHHBIX  PE3yJbTaTOB  OOYyCIIOBJIEHA  CTPOTMMH  MaTeMaTHYECKUMHU
JI0Ka3aTeNnbCTBAMU C(HOPMYIHPOBAHHBIX B paOOTE JIEMM U TEOPEM.

JuniomHast paboTa BBIIOJIHEHAa aBTOPOM CaMOCTOSATEIBHO.



PODEPAT

JIpIruioMHas mpana 3msiyae:
- 44 cTapoHki,

- 3 imrocTparpli (MaIrOHKA),

- 1 magarak,

- 18 BbIKapBICTAHBIX KPBIHILI,

Kmouaseis  cnosei:  JIPOGABAE IHTAI'PABAHHE, JIPOBABAE
JAbIOEPOHIILISIBAHHE, YPAVHEHHE ADBEJIA, 3AZIAYA Ab
TAYTOXPOHE, YPAYHEHHE LIETJIATIPABOJHACII].

VY npimiioMHal npansl pasrisgarolla po3HbIs anapaTsl apo0OaBara iHTArpa-
bl EPIHLIBIIBAHHS.

Mpraii  gplluIOMHAM  mpamsl  3'Syisernua  BBUAYJIEHHE  IPBIKIaJaHHS
KaHCTPYKLBIN ApoOaBara IHTIrpa-abl(hepaHLbIIBAaHHS ¥ PO3HBIX pa3a3esax HaBYKI.

VY AplmoMHal npanbl aTpbIMaHbl HACTYIHBIS BBIHIKI:

1) amicanbl BBI3HAY3HHS JpoOaBail BBHITBOpPHal 1 ApoOaBara IHTArpaa
Poimana-JInyBumns,

2) amicaHa BbI3HAUYdHHE Jpo0aBaii BITBOpHal I'pyHBanbay-JleTHikaBa,

3) pa3rmiemkaHbl BbINAJAK HKBIBAJICHTHACI]l a3HAuYdHHSY ['pyHBabIy-
JletnikaBa 1 Peimana-JInyBusis 171st ApoOaBbIX BEITBOPHBIX,

4) pasraemkaHbl 3amaubl Abens, ab TayTOXpoHE, MacTaHOYKa MavyaTKkoBa-
KpaéBall 3a/1aubl Ha MIPBIKIAA3€ YpayHEHH1 LIeTUIanpaBoIHACIII.

HagizHa BbIHIKAY CKJIafaelua ¥y BbIAYJIEHHI HAWOOJbII mpocTara s
BBIBYUSHHS 1 YBSII3€HHS MeTaj JApoOaBara iHTArpa-Ablep3HIbISABAHHS, K1 Mae
BBISIYJICHBISL 1Ma/a0€HCTBA 3 3BbIYAWHBIM  JIbIQEPIHIIBIABAHHS 1 MaHSIEM
3BbIYATHAN BBITBOPHAM.

JpiyioMHasi mpaia Hocillb pedepaTuBHO-aHATITBIYHBI XapakTap. Sle BbIHIKI
MOTYIb OBbIllb BBIKAPBHICTAHBI JJI MAIIBIPIHHSA 1 MarybIONICHHS YTPhIMAHHS
MaTAIMaThlYHAM MAJIPBIXTOYKI CTYyAIHTAY-MaTAIMaThIKay ¥ MarictpaTyphl ¥ sKacill
VBsII3€HHSI HOBal JBICIBIIUIIHBI a00 CHEIBISIILHBIX Kypcay.

Yce BBIHIKI JBIIJIOMHAW Mpaibl CTpora JakazaHbl Yy ajraBegHacIl 3
OPBIHATBIMI Y  MaTAMaThILbBl MpaBiiami. AOrpyHTaBaHaclb 1 JlaKJIaJHACUb
aTpbIMaHbIX  BBbIHIKAY aOyMOYyJieHa CTpOTiMi  MaT3MaThIYHBIMI  JIOKa3ami
capMyJIsIBaHbIX Y IIPALIbI JIEM 1 T2APIM.

JplIsIoMHas Ipana BelIKaHaHa ayTapaM caMacTOMHa.



ABSTRACT

The thesis contains:

— 44 pages,

— 3 illustrations (figures),
— 1 Annex,

— 18 sources used,

Keywords: FRACTIONAL INTEGRATION, FRACTIONAL
DIFFERENTIATION, ABEL's EQUATION, PROBLEM OF TAUTOCHRON,
HEAT CONDUCTION EQUATION.

The thesis deals with various devices of fractional integro-differentiation.

The aim of the thesis is to identify the application of fractional integro-
differentiation structures in various fields of science.

The thesis obtained the following results:

1) definitions of the fractional derivative and the fractional Riemann-
Liouville integral are described,

2) the definition of the Grunwald-Letnikov fractional derivative is described,

3) the case of equivalence of definitions of Grunwald-Letnikov and
Riemann-Liouville for fractional derivatives is considered,

4) the objectives of Abel on tautochrone curve, setting the initial-boundary
value problem on the example of the heat equation.

The novelty of the results is to identify the most simple to study and
introduce the method of fractional integro-differentiation, which has pronounced
similarities with the usual differentiation and the concept of the usual derivative.

Thesis is abstract and analytical in nature. Its results can be used to expand
and deepen the content of mathematical training of students-mathematicians in the
magistracy as the introduction of a new discipline or special courses.

All the results of the thesis are strictly proved in accordance with the rules
adopted in mathematics. The validity and reliability of the results is due to strict
mathematical proofs formulated in the lemmas and theorems.

The thesis is made by the author himself.



