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ABTOPCKA CIIPABKA

3a Hay4YHUTE IIPUHOCH Ha

Bupxknausa CroiineBa Kupskosa

0 KOHKYPC 3a mpodecop mo HaydHaTta crueruaanoct 01.01.04. MaremaTuuecku aHaIns

(nrrerpasnu TpancdopMalyu U crenua in QyHKInK),
obsiserr or UMUW-BAH B /IB 6poit 58 / 29 roau 2011 r.

e IIo 4n1.29, 7. 3 or BPACPB, cwotrB. 4. 60, . 3 or IISBPCAPB

HAYYHUN IIYBJINKAILIN:

Ob61mugaT 6poii Ha HaydHuTe Mu nyoaunkanun € 104, or kouTo: 1 mouorpadusd,
2 apropedepara (3a o.u.c. “a-p” [K16| u v.c. “amu” [K98|), 3 npenpuura (BKJI. e1HO yIe6HO
nocobne [K103]) m 98 mayunm crarum m o630pu. [IbaHUAT UM COHCHK € JaJeH B
Ipunoorcernue “10_ Pylen_ spisyk_ publikacii VKiryakova.pdf”. Ot Tax 20 6pos ca ¢ o011
N®=12.394, murupanu ca o6mo okoao 600 nbru (¢ D ua murupanusgra > 100), 1 Bb3
OCHOBa Ha MHJIeKcupaHuTe oT TaxX B Google Scholar n Scopus, 1Ba He3aBUCUMHU U3TOUYHUKA
nasar H-ungekc (Hirsh index) = 11, G-ungexc (Egghe index) = 22.

3a yuacrtue B KOHKypca ca upeacrasenu 40 mayunu tpyaa (Bxk. [Ipusooscenue
“11_Trudove za_ Konkursa_ VKiryakova.pdf”). Ot tax: monorpadusra [K]|, aBropede-
parbr [K98| u 6 6pos or craruutre (¢ mHomepa [K52|, [K54], [K64], [K67], [K68], [K86]) ca
H3I0JI3yBAHU U 33 1OJIy4aBane Ha H. crener “a.M.u.” (2010 1.), a ocranaaure 32 6post He
ca npujiaraHu 3a HUKOs HpejuiiHa nporeaypa. Or upejcrasenure craruun u 063opu, 11
Opos ca B ciucanusi ¢ uMmakT-axkTop, ¢ ooy UD = 9.427.

[IpejcraBenuTe TPy/0BE MOIMAIAT OCHOBHO B CJIEHUTE TEMATUYHUN HANIPABJIECHUSA
Mo TeMaTa Ha KOHKYypca:

A. O6obmenn apobuu cmaranusg; b. O600ImeHns Ha KJIaCHIeCKH MHTEIPAJHHA TPAH-
chopmarun; B. O600menn xumnepreoMeTpudnn (pyHKIMH, HOBH KJIACH CIeNuaIHu (pyH-
Kiuu Ha JApodHoTo cmsarane; [ Murerpajnu tpancdopmanuu B reoMeTpuyHaTa T€OPUSs
na gpyuknuure; [I. Xunepreomerpuyunu (pyHKIUMA, PaJIMATUOHHN UHTEI'PAJIM U PE3YJITATH,
CBBP3aHU C BH3MOKHOCTHU 33 YHUCAEHOTO UM npecvsitane; E. arterpano-rpancdopma-
IMOHHU METO/IM 33 HaMHUpaHe eKCILIUIUTHU pelleHus Ha JudepeHIuaJ il 1 HHTeIPaJTHH
ypaBHEHHUs OT IIPOU3BOJIEH I Wi Jipoden pe; 2K. Cratum u 0630pH, MOMYISTPU3UPATILH
ABTOPCKU M O'BITAPCKY TOCTHZKEHUSI U /WIN ChBPEMEHHOTO ChCTOSIHIE Ha TPOGIeMATHKATA
0 KOHKYPCA.

Karo cBoit jonmbHuTe/IeH NPUHOC K'bM PAa3BUTUETO HA Ta3u MpobJ/ieMaTHKa, CIUTAM
VCUTHSTA [0 Ch3/aBaHe HAa MEXK/yHAPOIHOTO crenuau3upano cnucanue [FCAA], koero
Oe mpueTo 3a uHjeKcupane or Scopus u Thomson Reuters, opranu3amusra Ha MOpeIua
MeZKTYHAPOTHU KOH(MDEPEHIIHH, pbKOBOJICTBOTO B YIACTHETO CH B HAY YHO-M3C/Ie10BATEICKI
[POEKTH 10 TemaTa (B T.4. ¢ 9yzKIeCTPAHHHU YYACTHUIH), U JD. JeHHOCTH B Ta3u 00JsacT,
OTpa3eHy MO-HATATHK B CIPABKATA M B IPUJIOXKEHHUTE 34 yIaCTHEe B KOHKYpCa JOKYMEHTH.



A. OGo6ienu apobuu cmsitanust (APOGEH aHAIU3, WJIN:
00600111eHN onlepaTopu 3a UHTErpupaHe u gudepeHnupane or ApoGeH pen)
[Ty6mmkannu: [K|, |[K98] // [K40|, |K45], [K88|, [K89| // [K100]

Tepmunsr “dpobro cmamane” wmm “dpoben anaaus” (Fractional Calculus) ce uzmnosnsy-

Ba 3a PA3MINPEHUETO HA KJIACHIECKOTO AudepeHIuaano u uarerpatno cmsarane (Calculus),

KOI'aTO MHTErpUPaHeTo u judepeHiupaeTo Morar jga obJar orT Npou3BoJieH (B T.9. Jpo-

OeH, MpaIMOHAIeH, KOMIUIEKCeH W YMCTO NMArWHEPeH) pell, T.e. — He HelPeMEeHHO I1eJI0-

qucien. Haii-usBecTaure nednHUINN Ha KJIACHIECKUATE OTIEPATOPH 3a WHTErpUpaHe W -

dbepennupane ot xpoben pex 6 > 0 ca T.Hap. ApobHU uHTerpaau Ha Puman-JInysun (P-JT)
x

R f(z) =D f(z) = ﬁ /(a: — )7 f()dt, 6 >0, mm R(5) > 0. (1)

0
1 ChOTBETHUTE UM JApoOHU Tpo3Boauu Ha P-JI, neduHnpann KaTo KOMIO3HUIINA HA, TPOU3-
BOJIHU OT Ts1JI PeJi U WHTETIPau OT MOJIOKHUTEJIEH PeJl:

D'f(e) = D'y = () B 2)

T

- (%)n {ﬁ O/(x — )l f(t)dt} , n:=[0] +1>0, [§] = ustnara vacr Ha J.

Momndunupan u 1mo-o6mr BapuanT (¢ gormbaauTe HE Tapamerpn v € R u § > 0)
ca onepamopume (dpobrume urwmeepasu ) na Epdeti-Kobep (E-K), kouro usmnoasysame

OCHOBHO BbB BHa 1

1) = 757 [ (1= 07 ylac?) do. (3)

0
Or nauasnoro na 707¢ rogunu, pexunn asropn (Kana, Cakcena, Caiiro, JIbs, Jlaynsc,
U JP.) BbBeJIOXa HAKOM ODOOIIEHUs] HA OIEPATOPUTE HA KJIACHYECKOTO JAPOOHO CMsTAHE -
T.Hap. 0bobweHu onepamopu 3a dpobHo unmezpupare OT BHIA
T 1

Rf(z) =& / oLy f(t)dt = / (o) o7 f(z0)do, (@)
0 ! 0

KaTo 3aMecTuxa eeMeHTapHaTa (pyHKIuS B sapaTta Ha oneparopute Ha P-JI n E-K ¢ ng-
kou cneyuarru Pynryuu P(o) - karo Gynkunure na Becen, Tayc, Xopu, u naii-obuure
G- u H-pyuknun na Maitep u @okc. Ho ¢ uzkiouenne Ha mo HIKOJIKO (DOPMATHU TBHP-
JIeHUsI, IMUTHPAIIHA aKCHOMHUTE HA KJIACHIECKOTO JPOOHO CMsITaHe, aBTOPUTE TOTaBa HE
NPEONONCUTA HAKAKEA UAAOCTIVHO PA3pabomena meopus, Humo csomeemmuu wa (4) onepa-
mopu 3a 0600wero dpobno dudepenyupane, uAL HAKAKSU NPUsodHceHus (OCBEH 3a Olle-
paropure na Caiiro, npujaranu npu pelaBaHe HA FPAHUYHE 33/a9U 38 YPABHEHUETO HA
Oiinep-Jap0y). [puwurnume cienBa ja ce ThbpCAT B TBbPJE YACTHHS, UM HAIPOTUB -
npexaseHo obimus u36op Ha crenuannuTe GYHKIME B sijparta Ha omeparopure (4).

B monoepaguama K| e paspabomenama yasocmmua meopus na 0606werno opobHo cms-
mane (OIIC), Koemo HamMupa Wupoky NPUAOHCEHUA KoM PAAUNHY 00AGCTIU HE MATNEMA-
MUMECKUA GHAAUS, KATO THTEIPAJTHATE TPAHC(HOPMAIINH, CIeIHATHATE (DYHKIIUH, TeOMEeT-
pudHaTa Teopus HA (PYHKIUUATE, OMEPANUOHHOTO CMATaHe, MupePEHIIMATHI 1 HHTETPAJTHI
ypaBHEHUsT OT MPOU3BOJIEH TSI WK JPOOEH pejl, ! JIip.



Obobuwserume onepamopu 3a urmezpupare u dudepenyupare om npoussoser (He Hen-
peMeEHHO Yeaouucaen) myasmu-ped reduHIpaMe ¢ TOMOIITA Ha HHTEIPATHU (CHOTB. aude-
PEHIUATTHO-UHTEIDAJIHH ) onepaTopI/I or Bua (4), 4UUTO s/pa ca MOJAXOMASIN0 H30PAHUTE
0006menn xunepreomerpuanu G, - 1 Hmo -pyukiun va Maitep u @okc. Tyk npuBex-
JamMe caMo CAEOHAMA OCHOGHA, 6egﬁunuuu,ﬂ.

Heka m > 1 e nsio u mexka § = (61 > 0,92 > 0,...,0,, > 0), v = (V1,---,Ym) H
B=(/>0,...,0n>0)cam-Topku oT peajgHu napamMerpu (BeKTOPHHU UHJEKCH ), KOUTO
pasriezkjaMe ChbOTBETHO KaTO My/ITH-pes 0 Ha APOOHOTO MHTEIPUPAHE, MYJITU-TEJIO 7Y U
JIOI'bJIHATEIeH MyJiTu-iapamerbp (3. arerpainure onepaTopH OT BUJA:

1 (Yot 1=, Ly
m,0 ' B
1520 a0 gy | 478 [ T
,m T (Br),m xT). 0 ﬂk
f(.fL')’ aKoO 51:52::5771:

flzo)do, 36,0,
k=1

(5)

HapUYaMe MHOTOKPATHU (M-KpaTHH) WIn 0000weny onepamopu 3a 0poOHo uHMe2pupaHe
na Epdeti-Kobep (E-K). I1o-061110, BCceKn omepaTop oT BUIA

If(x) =% [((g:))r(sk)f(x) , € OpOH3BOJIHO &y > 0,
HapUJaMe HAKPATKO 06obwer (m-kpamen) opober unmezpan.

Ba TdX ca U3BEJEHH MOPE/UIA OT ONEPAIMOHHN CBOWCTBA, AHAJIO3U HA AKCHOMUTE Ha
kjaacuaeckoro J[C, KonTo HauCTuHA I XapaKTepu3upaT KaTo 0000IIEeHNsT HA OTIePATOPUTE
wa P-JT u E-K (¢ m = 1). Bb3 ocHOBa Ha T.Hap. MOJYTPYMOBO CBONCTBO M TPOM3THYAIIA-
Ta OT Hero cuMBosHIHA dopmyrta 3a obpbmane (Bx. (14), [K98|), kakro n Ha uU3BeICHH
ot aBropa jaudepennuaann dopmynu 3a H- (B wactHoct G-) dyHKIMHTE B sijpaTa Ha
oneparopute (5), YCHEIIHO € TPUAAJIeH KOPEKTeH CMHUCHI Ha ONEPATOPHUTE 3a OOPbIaHe
BMECTO CUMBOJIM, 3a/1 KOUTO C& KPUST pa3xosiiyu uarerpain. Tosa ca jaudepeHnnaino-
MHTEerpaJHU onepaTopu, feUHIPAHN O AHAJIOTHS ¢ (2) KaTO KOMIO3UIMA Ha TudepeH-
IUATHE OMEPATOPH OT BUJA HA MOJUHOMHI HA T d/x OT crened ) = N1+ ...+, Mk = [0]+1,
u obobO1eHn apooHu uHTerpaau. Hapudame ru o6obwenu dpobru npouseodny, m TH O3Ha-
qaBame ¢ (Buxk Jed. (15)-(16), [K98|):

oy . (&), (Sk) 3y
Dg, D( Gom o KaTo obpaTHH, CHOTBETHO Ha HHTerpamure Ig

[MapaMerbpbr m Hapudame KpaTHocT Ha omneparopute Ha OJIC, Tbhil KaTo OCBeH C
nedurnnmsTa (5), Te MOraT aJITePHATUBHO ja ce JedUHIPAT KATO KOMIO3UIMN Ha KPaeH
Gpoii m komyTupamu (Kiacuuecku) omeparopu Ha E-K or Buma (3), 6e3 namecara Ha
cnenmaann pynknuu. Vmame Takaba 0enomn03uuuonna meopema:

m

1 0rp—1 1 1
IJ:Z@ (x)= HI%’(S’“ / / Uk()ék) o' flxar .. .ofm)doy ... do,.
k=1

(6)

'ZLeKOMHOSI/H_[I/Iﬂ OT TO3UW THUII € Bb3MOXKHa IOopadu yIaYHUA I/1360p Ha CIeIuaJIHUuA THUII
G- u H-dyukuuu B aapara Ha (5), a umenHo ¢ pemose (m, 0, m, m). IlpenumcTBOTO Ha
HAIINS MOJXOJ €, Y OT €JJHA CTPAHA — BMECTO C'bC CJIOKHH IIOBTOPHU MHTErpupanud (u
muadepeHIIpanus ), MOKEM Ja ONMepupaMe JIECHO U YAOOHO ¢ eTHOKPATHU WHTETPATHH W
mudepeHaIHO-MHTErPATHN OIlepaTopu. Xybasume U KOMNAKMHO 3AaNUCEAULL CE CEOTiC-
M6a HA USNOA3YSAHUA KAAC CNEYUAAHU PYHKUUL, KOUTO OOXBAINAT BCUYKH CHENUATHA



(bDYHKIUT B €JIMHHA CXeMa, IT03BO/IIBAT €(peKTUBHO M3BEK/IaHe HA II'bJIHA CUCTEMa OT Olle-
PAIMOHHY IpaBUJIa, TPaHCHOPMAIIMOHHE CBOICTBA, KOHBOTIOIHUOHHA CTPYKTYpa U 00pa3u
3a 0000meHuTe JApobHN uHTEpan u 0000menu aApodHu npoussoauu. OT jpyra crpana,
M3KJIOUYATENHO YecTara ynorpeba Ha KJIaCHIeCKUTe OlepaTopu Ha JAPOOHOTO cMsTaHe (Ha
Epzeii-Ko6ep n Puvan-JTnyBin) n Ha TeXHH KOMIO3UIMH TIPU PelliaBaHe Ha pa3HOoOpas-
HU 33J1a4d KaKTO OT aHaJIM3a, TaKa U OT IPUJIOKHU JUCIUIIMHA BbH OT MaTeMaTHKaTa,
JlaBa KA0UG KEM 20AeMUA OPoti npusodcenus 1 Ha pa3paboTeHaTa TYK TeOpus, U Ha Heii-
HUTE CJIeJICTBUS 3a PEJIUIA 110-4ACTHU JIPOOHU CMATAHUN WJIA JIPYI'U KJIACH OlLIEPATOpH,
paszpaborBanu npes nocsegante 40 ToJUHU OT MHOI'O aBTOPH.

Mozke j1a ce IpuBe/ie IbJIbL CRUCEK HA ONEPAmOopy He CaMo Ha IPOOHOTO cMsTaHe (K/ia-
CHYIECKO U OOOBINEHO), HO W HAa MHOTO JIDYTH MHTErpaJHu U JudepeHuaia onepaTopu,
U3I0I3YBAHU B aHAJIN3a U U3YyYaBaHU OT JIPYTH aBTOPH, KOUTO Ce MOJyYaBaT OT OllepaTo-
pure Ha 000OLIEHOTO JPOOHO CMsATAHE ¢ KOHKpPETeH u300p Ha mapaMerpure m, O, Vi, Ok
Takusa ca nanpumep: oneparopure na Puman-/Inysun n Epueii-Kobep, Tpancdopmariu-
dara Ha YcrneHcku (u3moasysBana or II. PyceB mpu mpeincraBsiHus Ha aHAJIUTHIHE (DYH-
KIMK ¢ peJioBe 1Mo mojuHomuTe Ha Jlarep), omeparopbr L, usnonsysan or JI. Vlnues B
TeopugaTa Ha nenute (pyuknuu Ha Jlarep, omeparopute Ha [endona-J/leonTues remepu-
paHu oT ekcrnoHennua/jnara u Murar-JlediiepoBara dpyuknus, npousBojguure Ha Pyiie-
Baiix, IMHEHHUTE HHTErPAJTHY U [u(DePEHIINATHI ONEPATOPU B TEOPUSITA HA €THOJMCTHUTE
dbyuknun (na Beprapau, Komary, JIn6epa, Kapicon-ITTadep, Oa n Cpusacrasa, u ap.
(Bk. 7. I'), Becmukure ¢ m=1; xunepreomerpuanute omeparopu Ha JIbB, Cakcena, Kaina,
MTnpuakxyuzen-Kyunep, Caiiro, XoxsioB (m=2); npu m=3 — oneparopure Ha Mapunues
u Caiiro cbabpkamu Fi-dynryusma na Xopr(napudana ome Gynknus sa Anes. 3a npo-
U3BOJTHO M > 2, Hali-XapaKTepHUTE OIePaTOPH OT BUIA Dg’;% ca zunepbecesosume onepa-
mopu na Jumoscku, cebp3ann ¢ Tpancdopmarusita nHa O6pernkos (BuzK getaiian B 1. B),
KOWTO ce OKa3BaT 00001eHn “1pobun” npousBognn B = x’ﬁDé%)Tﬁglml) OT IEJIOYHCIICH
myatu-pes. [Ipuvepn Ha onepartopu, B kKouto H-dyukimsaTa ot (5) He MOXKe Jia e 3aMeHn
¢ G-byukuus Ha Maiiep (kakTo e npu XunpebecesoBUTEe ONEPATOPH), ¢a T.HAP. MHOIOK-
parnu oneparopu Ha /Lxpoamsu-Lendon-/leonTres, renepupanu OT MyJITH-UHIEKCHUTE
dbyukmun va Murar-Jleduep (1. B), u apyru apobHo-nHIeKcHN aHano3u Ha audepuHTer-
pajin oT Kjiacuueckus anaau3 (Hampumep omeparopure Ha /[3uok-Cpusacrasa ot [K99),
1. I'); Muorokparuure oneparopu Ha Paiir-Epueii-Kobep ot [K89]|; u ap.

JIpyr THI IEKOMIIO3UIUOHHY TeopeMu 3a 0600mennTe apobHu nuarerpatu (5), mocpe-
crBoM TpaHncdopManusTa Ha Jlamsiac u HeliHaTa oOparTHa TpaHcdOpMallus, Ca U3BE/IEHU
B crarusta [K45|. Heitaure pesyiararu ca KOMEHTHDAHH 10 C'HIIECTBO B T. B.

CrbiecTBeHO HoBUMeE pesyamamu 6 npedcmasenume nyobaurayuy [K88|, [K89|, B cpas-
Henve ¢ te3n B [masu 1 u 5 wa mucepramusita |[K98|, ca cebp3anu ¢ pasriexanero Ha
omepaTopu 3a 0000IIEeHO APOOHO CMATaHe, ¢ OINe 1M AOILJIHUTETHA mapaMeTpu Ay > 0, u
cJIeIOBaTe/IHO HOBU CTeIleH: Ha OOIIHOCT. B onurutre cu 1a 0000IILAT TEOPUITA OT MOHOT-
padusara [K|, Kamnna, Tanxye u CpuBacrtasa eseescdam onepamopu wa 0600ueromo dpobro
CMAMAHE CBC CMPYKMYPA Co6cem NodobHa Ha maau Ha 0bobwerume dpodHu uHME2PaIU
(5), Ho ¢ pasauunu napamempu 6 nepeus U 6mopus ped Ha siapeHara H-byHkipmst:



1 1 \m m
T 7w (%) m,0 (e + 0k +1—= 5,31 .
Lf(@) =155 ) md /H [ (e +1 — )\_Ik’ %)fl f(zo)do, if 25k > 0.
k=1
B (7)
B cayuast korato Vo, = 0 u VA, = Ok, k = 1,...,m, toBa e unenturersr: [ f(z) = f(z).

JIBere craTun Ha T€3U ABTOPU 10 Ta3u TeMa 0dade Ca U3I'bJIHEHU C HEKOPEKTHH Jiepu-
HUIMHA W MHOYKECTBO TeXHH4YecKH (HaBspHO) rpemkn. OCTaHATIOTO € MOBTOPEHHe Ha TeX-
HUKaTa W3MOJI3yBaHa B MPEUITHI TPY/I0Be Ha aBropa. [1o chimecTBo, omeparopute (7) ca
KOMIIO3UIIMH Ha I0-001IuTe “onepamopu 3a dpobro unmezpupane na Patim-Epdet-Kobep”
(BMecTo onepartopu Ha Epneii-KoGep), KOUTO ¢bIbpzKaT B siIPOTO U U (DYHKIUATA HA
Becea-Maiitiens (Paitr-Becen), kato § > A > 0,0 > 0,7 € R:

o

ng (z) := ﬂilf( )=A /‘7A - J;:S\//i 7+1)/5( o) f(zo)do. (8)
0

B crarugara [K89| npemmaram kopekTHuTe jJebUHUIIE U PE3YITATH 32 T€3H HOBHU OIle-
paropu (7). 1o ¢bIecTBO, T€3U ONMEPATOPH U TEXHUTE CBONCTBA CA MPUIOXKEHH M0-HATATHK
B |K89| kbM Teopusita Ha T.HAp. cruenuasHu QYHKIUA HA IPOOHOTO cMmsTaHe (0600IeHN-
Te xunepreoMerpudnu byHKImN Ha PaiiT), Karo ca npeyiokenn TaxXHa KaacuduKanus u
HOBM MHTErpasnn u AudepennnaJnn mpeJcTaBaaus. 3a Jaeraian, BuxK T. B.

JIpyr Tun o6G00IIEHN OIepaTopy 3a APOOHO MHTErpHpaHe Ca BbBEJICHU U U3C/ICIBAHK
B crarugra [K40|. Te ca or tuna ua oneparopure ua Epueii-Kobep (¢boTBeTHO J9BO- U
JIFICHO-CTPAHHN ), HO ChbPKAT B JOJHHS CU WHIEKC N-BEKTOPEH mapaMerbp (A1, ..., Ap),
CcBBbp3aH ¢ PYHKIUATA-SA/IPO, KOATO B TO3U caydait e H-dyukius wa n npomeninsu. CbIno
KaKTO BbB (popMaTHaTa Teopust Ha 0606ImennTe 1pobau cmsatanus (Hamp. Kama, 1979-1980
I, 38 pa3iuka or tasu B MoHorpadugara [K|), ce usBexkmar HIKOM OCHOBHHU CBOHCTBA Ha
te3u oneparopn (nedbunupanu ¢ (2.1)-(2.2), [K40]), ocHoBann HA TeXHUKHTE HA TPAHC-
dbopmvarusra va Mennn (T.1, T.2), dopmyna “3a narerpupane mo gactu’, dpopmysin 3a
oOpbIIaHe, HAKOU ONEPAMOHHN CBOHCTBA M YaCTHH TPUMEPH.

B o63opuara cratus [K100] e nanpasen omur ja ce HOLYJIsIpPU3UPA HEPA3PUSHANA
epsara mexncdy “‘mpume kuma’ 6 memamurama “UMmezpasti, MpPanchopmMatul U cne-
yuaany Gyrkyus” Ha QUCYUAURAMA MATMEMAMUYECKY, AHAAU3 (KATO TeMa Ha HACTOSTIINST
KOHKYDC). OT e/lHa cTpaHa, omeparopuTe 3a 0600IIEHO IPOOHO CMsATaHe He ¢a HUIIO JAPYTO
OCBEeH eJINH OT TpHUTEe THUla 0O0OIIEeHN MHTEerpajHu TpaHchOpMAIMH OT KOHBOJIIOIUOHEH
THIl, U CbIbpKAT B giapara cu cuenuasun byuknun (G-byuknusra na Maiiep - KaTo
chbuparesien o0pa3 Ha Ha Kjacudeckute takuba, u H-dynknusita na Qokc - kaTo 00X-
BAIAIA JOPU HOBUTE KJacoBe “crienmaann dbyHKIMN Ha aApobHOTO cMsitane”). Ot apyra
CcTpaHa, CbBpeMeHHATa TeOpus Ha cIeruajHuTe pYHKIUU ce 001aroeTe/ICTBa OT MPHJIO-
JKEHUATA HA KJIACHIECKOTO 1 0606IIEeHOTO IpoOHO cMgaTane (BHK T. B), KouTo 10Be10Xa 10
C'BINECTBEHO HOB IMOIJIE K'bM TIX KATO KbM TPH OCHOBHH KJaca (GDYHKIIUU, TBHPE CXOIHH
C TPUTOHOMETPHYHHATE, eKcloHeHmuaanuTe u dynkmuure or suga r%(1 — z)? ([K98| u
crarun [K88|, [K89]). Taka ce m3Bexkaar u MHOTO HOBH WHTErpajHu W J0(QepeHIHaTHI



IpeCTAaBAHNSA 32 CIENUAJHITe (DYHKINH, aHAJOIMIHE Ha mHTerpaJa Ha Iloacon, nnrer-
pasia Ha Oitnep u dopmymure Ha Pogpur. Ob6001IeHITe HHTETPpATHE TPaHCHOPMAIINHT, OT
Tpera cTpaHa, ce jgeduHUpAT ¢ noMolTa Ha cuenuajnure gpyukuun G- u H-; a ¢biio karo
TpaHCMyTalnK Ha KJaacudeckure Tpancdopmanuu (Hanpumep JlamiacoBara) mosayvenn ¢
oriepaTopuTe Ha JPOOHOTO CMSITAHE.

B. O6006mieHnsa Ha KJacu4YeCcKH MHTETrpaJHu TpaucdopMannm

[Tybmmkannu: [K|, |K98| // [K34|, |K44], [K45], [K65|, |[K66], |K67]|, [K80] // [K101]

[Ipe3 1966 r. u B nocseasaiiy iyoaukanuu, JuMOBCKU BbBEXK/Ia JHEC HAPUYAHUTE
runepbeceaosume Jupeperyuarriy onepamopy, OT IPOU3BOJIEH peJ m > 1, or Buga

d d d

([ d
B = QO%xOﬂ%'..xam—laxam :—x5H($%+ﬁ’yk>, 0<zr<oo, (9)
k=1

¢ peanun napaverpu {ag, k = 0,...,m}, wm {f > 0, v,k = 1,...,m}. BoBenenara u
n3ydyaBana 3a japyru neiu ot Hukona O6peniko (1958 r.) unTerpanna rpancdopmMaims
e npeorkputa or JIMMOBCKE KaTO MOIXO/ISIN aHaI0r Ha Tpancdopmanusta na Jlamaac 3a
HeJIUTe Ha, ONEePAMOHHO CMATaHe 3a omeparopute B u TexXHUTe JIMHEeWHN JeCHr 00paTHH,
xurepbeceioBUTe UHTErpaiHu orneparopu L. MHOTO 4yKIecTpaHHH MaTeMaTUIH, TTPEIN
U TOJIMHU CJIeJT TOBA, HE3aIlO3HATHU ¢ obImara mparchopmavyua na Obpeurkos U ¢ TeOpUITa
Ha JIIMOBCKH, ca HOBTapsId OTKBLCICYHH PEe3YJITATH 33 TEeXHH ChbBCEM YaCTHU CJIydan
(Bx. |K|, I'1. 3, §3.10; c¢buo [K80]). Bnaunmocrra na ouneparoputre or 6ecesnos tum (9),
Ha TpancdopmanuaTa Ha OOPEmKOB 1 Ha Pa3spabOTKHUTE 3a TAX, ¢ BeUe MENCOYHAPOOHO
npusnam 6sA2apCKU NPUOPUIMEM, ce OTpeieist OT (pakTa, 9e Te ca CBbP3aHU C OCHOBHUTE
CHHTYJISIPHU JudepeHITHATHE OIePATOPU OT MPOU3BOJIEH (UA4) Pe/l, Bb3HUKBAIIY B 331491
Ha MaTeMaTHYecKara (pU3UKA.

B o630pnara crarust [K80| ca npejacraBenn pesysnrarure BbpXy HHTErDaJHATA TPAHC-
dopmanns Ha OOpenKoB, MOJIYYeHH OT TJIeJHA TOYKa Ha 0000MIEHOTO APOOHO CMsITaHe U
¢ momorra Ha G-dyuknunre Ha Maiiep: KoHBoOJIOINHT, ArudepeHInaJ Il CBoiicTBa, abee-
BH U TayOepoBu Teopemu, (OpMy/Iu 3a oOpbIaHe, 00pa3u Ha OCHOBHH (DYHKITUU, BPb3Ka
¢ nammacoBaTta TpaHcdopmanus. [lokazaHo e, 4e BCHYKHM M3BECTHH Pe3yJTaTH Ha JIPY-
'l aBTOPH, CBbP3aHU C YACTHHU CJIydad HAa TAKUBA TPAHCHOPMAIUU OT JIAILIACOB THII, C€
BKJIIOYBAT B MPE/JIOZKEHATA, cxema. [[puHOCHT Ha aBTOpa 3a pPa3BUTHE HA Ta3W TEOPUs €
B “oceranero’, ue siapoTo

x e S
K(z) :/.../exp (—u1 — = U] — m) H“Zm *Lduy - duy, s, (10)
0 0 k=1
Ha TpancdopmamusaTa Ha OOPEIrKoB:
O{f(x);s} = ﬁ/K [(z5)"] 2POm D=1 £ () d, (11)
0

MOdHCE 00, ce NPEIcmasy, Kamo u3eecmma Cneyuasna GyHryuL, a umerno xamo G-pynrkuyus
na Madtep. Hosara nedununus na tpancgopmarnusra, BbB BHIA
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u u3no/3yBanero Ha G-pyHKunTe npu xunepobecesOBUTE ONEePaTOPU U yPABHEHUST TO3BO-
JIIBA C'BIIMECTBEHO ONPOCTsBaHE HA BCUUYKHU PA3L/ICK/IaHUsd, IPECMATAHAA U JOKa3aTeICT-
Ba. Bebimnoct, xunpebeceosute oneparopu B, L ce oka3BaT 0000IIeHn ApOOHT IPOU3BO/I-
HU U UHTErpaan (B CMUCHJIA HA T. A), 4UUTO A7Ipa ca G%:?n—(byﬂxuuu, HO C TEJTOYHCTEHI
KOMIOHEHTH HA MyJITH-Peaa, (01, ...,0n,) := (1,1,...,1).

B [K44|, o6uure Teopernvnu pesynratu Bbpxy JudepeHIuagiHiuTe OepaTopu OT TUIIA
Ha Becen (xunepbecesioBu, 0T mMpou3BOJIeH pej m > 2) ca KOHKPeTU3UPAHU U Pa3pabo-
TEeHW 3a CJIydauTe Ha OMepaTopu OoT 3-Tu u 4-TW pej, 3a ja Ce M3THhKHE ChIIeCTBeHATA
posig Ha dyuknuure Ha Maiiep u Ha TpancdopmanuuTe or THNA Ha lloacon-/[uMmoBcKm
(TpaHCMYTAIIMOHHU OMEPATOPH, KOUTO MpeJCTaBsMe KaTo 0000IeH: APOOHH WHTerpaJiu)
Jiopu B T€3u “110-0003pumu’ ciaydau. 3ydasar ce T.Hap. oneparopu Ha becen-Kummdop/a
u cebp3anute ¢ Tax pynknun na becesn-Kiudop/ or 3-tu u 4-tu peji u ce HAMUPAT ABHO
pelennsiTa Ha ChoTBeTHHTE ArdepeHnna nn (XOMOTeHHH W HEXOMOTeHHW) W HWHTErPATHI
(or Tuna Ha Bousrepa, 2-pu poj) ypaBHEHUSI.

OkasBa ce, 4e KakTo xunepbecesmoure GpyHKIuun Ha Jlemepio ca cobcTtBeHu (yHK-
K Ha OIlepaToOpH, CBbp3aHu ¢ TpanchopmanusaTa Ha OOPeIIKoB, Taka TeXHUTE “/IpOOHO-
HHJEKCHE aHAIO3U: Myamu-undekcrume dynryuu na Mumaz-Jlegaep (BxK. 1. B),2enepupam
108 KAaC 0000WeHy onepamopy 36 unmezpupare u dugepenyupane wa Ieagonod-Jleonmues,
KOUTO Ca XapaKTepHH MPHMepPH 3a ofepaTropu Ha 0606IeHoTo ApobHO cmsTane (5) (B
T. A), U ¢bbPKAT KATO Apa MO-00IIUTE H;L”ﬁl—(byHKuHH na Poxkc. 3a Te3u onepaTropu, B
[K67| e m3cieasana no-moapobuo pbBeenara ot Kupskosa (manp. B [K51]) ”mnozoxpam-
Ha unmezpaara mparchopmavyua wa Bopea-/locpbawan”, oT THIA Ha TpaHChOpMAAATA

na Jlamnac:
B(s) = By, (u) 1f(2); s}

:/Hgﬁf [sx (s __1 1) 1 f(z)dz = é /HQ?,;S [sx (/M_l) } @dz. (13)
9 pPi’ Py 9 T pi

N3ydenn ca ocHoBHHTE CBOiicTBa Ha Tas3u H-rpaHcdopmalus: onepanioHHN 3aBUCUMOC-
TH, KOHBOJIIOIUU, 00pa3u Ha OCHOBHH (DYHKIUU, (DOPMYJIH 3a OOPbIIAHE - BKJI. B KOMII-
JekcHa 06JacT, n B peasHa ob6aacT (¢ TeXHWKaTa HAa XHUPIIMaH-YHIJIep, BMECTO ¢ Ta3n
u3noasysana or O6pemkos). Tpancdopmanugara or [K51|, [K67| BriouBa ecTBeCcTBEHO
KakTo Tpancopmanuuute Ha Bopen u [Ixpbamsn (3a m = 1), Taka u Tasun Ha O6per-
koB (11)-9120 (3a upoussosna kparnoct m > 1). Tosu “dpobro-undercen” ananoe wa
mparnchopmayusma na Obpewkos, cebp3an ¢ oneparopu 3a judepeHnupane oT JpobdeH

mysaru-pes (01, ..., 6y ) ¢ OPMATHOTO TIPEICTABSIHE
D= .zto“’(i)‘slxo‘l(i)‘52 . .xam‘l(i)émxam , 0<z<oo, (14)

dz dx dx

e 3acera Hal-00uama uHmMe2paInaG mpanchopmayua om muna Ha MpaHcHOPMAUUAMA Ha
Jlanaac, cebp3ana ¢ KOHKPeTHH AndepeHnnaJH ONePATOPU KATO TAXHA OIePAlMOHHA
ocnoBa, suxk [K101].



Tosu dakrt e ocBersien B o63opuara crarust [K101|, B KosiTo npaBum momysisiper napa-
JIeJT Ha T06pe TO3HATUTE CBOWCTBA U 3aBUCHMOCTH MeKTy {KJIacuuecKoTo jaudepeHupane
— exnonennuannara gpynknus — rpancopmanuara a Jlamac}, n B Hamus 00001eH C1y-
qaii, Mmexx1y: {xunepbecenosure oneparopu, no-oomo oneparopure ua Lexdona-/leontnes
3a AudepeHImpane OT MPOU3BOJIEH IPOOEH MYITH-pes — XunepdeceoBuTe (hyHKINU, TO-
00II0 BbBeJEHUTE OT aBTOpa MyJTU-UHAeKCHU (byuknuu Ha Murar-Jledep — Tpancdop-
manusara Ha OGPEIIKoB, ChOTBETHO APOOHO-UHIEKCHUS it anasor }. [Toka3aHa e u MeTo/Iu-
kara Ha “renepupane”’ (T. 4) na 0600menns Ha rpancopmanusra ua Jlamiac, nocpec-
TBOM HefiHH “TpaHcMyTalun’ MOPOJAEHH OT OllepaTopu 3a 00001eHo Apo6HO cMmsTaHe (T.
A) B possita Ha Tpancdopmaryn ot Tuna Connn-/IuMOBCKH.

Jlobpe n3BecTHaTa Bpb3Ka MEXK/Ly HHTEI'PAJHUTE TPAHCHOPMAIUA U JIPOOHOTO CMSITa-
He e 3acerHaTta u B cratusTta [K34|. Pasrinexna ce npymepna H-unterpaina tpancdop-
MaIus OT BUIa

> o0
o —1 7y M,N k| (ap, Ap)
o) = [ [y o] g
e - (v, Cp
a3 @ | §pm | Fepdady. 9
3a rakaBa TpaHchopMalus, 1 aHAJOIHIHATA i, mpu Koaro uHaekcure M, N, P, () ca yBe-
JudeHn ¢ 1, e moka3aHa Bpb3Ka IOCPEJICTBOM JAByMepHHTe omeparopu Ha Epmeii-KobGep
(or Tuma ma Baiin), or npexuma nyGiukamus [K7|. Kato wroctparust ca mpuBeeHu
HJKOM YaCTHU CJlydau, HallpUMep 3a JiByMepHaTa TpaHcdopMmanus Ha YUTTbKep, JBY-
MepHaTa TpaHchopmanus Ha Jlamiac, 3a mo-nmpoctu TpaHchoOpManuu OT ChIUs THI C
sapa G-pyaknuute na Maitep, u ap.
Jlpyra Bpb3Ka — MexK1y TpaHncdopmanuaTa Ha Jlamnac, obparHata TpaHcdopMalusg
wa Jlamiac u oneparopure 3a 06061eH0 ApooHO cMmgaTane or [K| u . A, e pasriegana B
crarusra |[K45]. ITokazano e (T.1), e 0bobuenuTe oneparopu 3a ApoOGHO HHTErPUPAHE Ce

IpecTaBsT KaTo KOMIIO3UIINH, TTOC/Ie0BaTe THO Ha obpaTHu TpaHcdopmanuu Ha Jlamiac
L' n tpanchopmarym na Jlamtac £, or Buga

Ié753§“,(6k){"f(x1/ﬂ) — p(nté) p-1 {x71—72—62£—1 (16)
R Y o e R R U (CE 1A S

To3u pe3ynrar e B CTUIa Ha JEKOMIIO3UIMOHHHUTE TEOPEMH 33 ODOOIIEeHH WHTEerpaHu
tpancdopmanun Ha ['tecke-Caiiro u ap. aBTOpH, ¢ U3MOTyBaHe TeXHUKaTa Ha TpaHCGOp-
MalHudTa HA MGIII/IH. I/IJHOCTpI/IpaHI/I 3a YaCTHHU CJIydau C JEKIIOMIIO3UIUU Ha OIlEpaTOPpUTE
na Epgeit-Kobep, Caiiro u ap.

B craruure |K65|, [K66] e pemen orkpurust nupobiaem or monorpadusita na Kupsikosa
|K] 3a namupane na anarosu na kaacuweckama mpancgopmayua na Xankea, csomeems-
Hu Ha Tunepbecesosume JUPEPERUUAAHY U UHME2PAAHYU ONEPATOPU OM NPOU3BOAEH Ped
m > 1, Taka KakTo Tpancdopmarusra Ha OOpenIKoB € ChbOTBETHOTO 0000IEeHNE Ha TPAHC-
dopmanugara Ha Jlammac. Hamepenun ca takuBa 06001IeHE HHTEI'PAJTHE TPAHCHOPMAIUTT OT
XaHKeJ 0B TUI — B OOIIUS CIydail Te ca HeCUMETPUIHU WHTErpPaJTHU TpaHchOopMaInd, Ch-
JUbpKaly B sijpara cu oTHoBO G-yukimu Ha Maitep, HO oT T Ggfé(;n—, pas/imyueH OT TO-
3u ipu TpanchopmanusTa vHa O6perkoB. Tyk ce MpokpaiBa aHAJIOTHATA C KJIACHIECKUTE



HHTerpaJiHu Tpancdopmanuu: npu cos-Pypue TpancdopmaiusaTa sapoTo e KOCyHycoBaTa
dyukImd, npu XaHken - aapoTo e ¢pyuknuara Ha Becen J,, mokaro npu Jlamnac amapo-
TO € eKCIoHeHInaaHaTa DyHKIWs, a npu Tpancdopmanusra va Maiiep (karo chorBeTHA
na Jlamiacoara) siporo e dynknusta na Maxgonany K. [lpu cnennasina 3aBucumMoct
MezKJly mapaMeTpuTe Ha Xurepbeceaonust audepeHIuaieH onepaTop oT YeTeH pel 2m (3a
KJIACHYeCKHs omepaTop Ha Becer: m = 1), a IMEHHO aKO Y + Vjiym = % —1,7=1,...,m,
moJiydaBaMe W CHMeTpHYHA TpaHcdopMalusg oT Tuna Ha XaHkesna. /lokazaHu ca OCHOBHH
OlIEPAIMOHHN CBOficTBA Ha HOBUTE TpaHcdopmanuu (Hecumerpudna u cumerpudna). Cb-
MIECTBEHO Ce W3I0JI3yBa TEXHUKATA HA TPpaHcOpMaIusTa U My ITAIInKaTopute Ha Menn
u #Ha G-yHKIUUTE.

B. O606mienn xunepreomeTpudan QyHKIINN,
HOBU KJIaCU CHenuaJiHu (DYHKIIUU HA APOOHOTO CMATAHE

[My6mukannu: [K|, [K98] // [K64], [K69], [K88|, [K89], [K90], [K94], [K96]
// [K100], [K103]

Karo npenxoann pesyararu mo temara, chiabprKaiiu ce B Monorpadmusra [K| u B
[K58| (exma or Haii-gecTo muTHpaHuTe MyOJUKAIMHA), IIE CIOMEHEM MPeJJIOKeHus edu-
Hen nodrod Kem cneyuasrume GYHKGUU Ha mamemamuseckama @gusuka (B CMECHIT HA
oF-bynkuuure), na 6azara Ha 00001eHOTO APOOHO cMsiTane. Beumuku resu yHKnuu
ce pasryiekarT Karo 006001eHn ApOOHE HHTErpaIu UM NPOU3BOAHN (dunuTo sijapa ca G-
dbyukun va Maitep) or 3 ocHoBHE esleMeHTapHu (DYHKIMU (B 3aBUCHMOCT OT TOBA JAJIN
p < q,p=qump=q+1). Hamepenure HoBU uHTErpagHu i JudepeHIuaTHI IPeICTaBs-
HUd HA Te3W 3 KJIACH clienuaJ I PYHKIUN [pe/jiarar YicJaeH: aJTOPUTMHU U IIPOIIELy PH
3a MpecMATaHeTo UM (BK. HSKOW mpumepu B T. [1).

[To-roBHUTE pe3ynTaTh ca cBbp3anu ¢ Bbeenenute or apropa ([K51|, [K62|) ananosu na
dbyukmuure va Murar-JIedaep (M-JI) ¢ BeKTOpHI UHIEKCH (MYJITH-UHIEKCH, M-UHIEKCH ),
HapedeHu “myamu-undexchu dynrxyuu wa Mumae-Jleparep™

0 k
z
EN™(2) = E1 ., \(2):= , 17
)= B0 )= 2 S T ) o
KBJETO P1, - .+, P > O W U, . . ., fby, CA TIPOU3BOJTHU M-TOPKH PEATHE (KOMILIEKCHH ) YUCIA.

Tesn dynkuuu ca geraiino nscsieaBann B nybsmkanusra |[K64| karo nesan dynknnm
OT COTBETEH PeJi ¥ THII, olpejeieHn upe3 ropuute napamerpu (T.2.2, [K64]).

Hamocieabk mma 3acujieH MHTEpPeC KbM CPAaBHHTETHO HOBOTO IOHSATUE CNEUUAAHU
Pynryuu wa dpobrnomo cmamane (CP na JIC). Te urpast BayKHA POJIS KATO PEIICHUS
Ha JudepeHIualHi 1 HHTEIPAJHA YDABHEHUSI U CHCTeME OT Jpoben pej (1 Mysru-pen),
KOUTO MOJE/JMPAT T0-3I€KBATHO CJIOYKHU YIPABICHCKH, UHXKEHEPHU, (PU3NIECKU, XUMU-
YeCKHM, NKOHOMUYIECKHU, OMOJIOTHIHY U Jp. Tporecu. ToBa ca crenuajan GHyHKIIUHA, KOUTO
B CJaydasd HA UCTMUHCKY HEUAN PEJl He MO02am Jia ce BKJIIOYAT B JIOCEra pasrjezKIaHara
cxema Ha G-dynkmunrte Ha Maitep 1 Ha 0000IIeHNTe XUIepreoMeTpUYHHE QYHKIHA , 7.
Bewuku te3u GyHKIUHU, CBBP3aHU C JAPOOHOTO CMsTaHe, MOMAJAT B IO-IIHPOKHS KJIac
na H-dpyuknuure na Pokc, U 1MO-KOHKPETHO - Ha T.HAP. 0000UEHU TUNEP2EOMEMPULHU
dynxyuu ¥, na Patm (@okc-Patim):
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i |: (abAl)a'--a(apaAp)
P (bl?Bl)u"‘7(bQJBq)

- i P(ai +kAy) ... T(a, + kA,) 2
4~ T(by+kBy)...T'(b, +kB,) k!

k=0
_ glp . (1_a1aA1)a"'7(1_apaAp>
—HMH[ 2 0,1), (1= by, By, (1= by, By) | (18)

OkasBa ce, ue myaru-ujgekcunre dbyukmun #va M-JI (17) ca xapakTepHu npuMepu
Ha ,V,- dyskmunre Ha Paiit n Ha -dynkmunte Ha Qoke, a cbIMO U “ApodHE aHATO3H’
ua xunepbecesosure Gynkmun. B [K64|, |[K88| ca uscsiensann rexman 0CHOBHE CBOHCTBA,
BKJI. HHTET'PAJTHU [TPECTABSHUS, aCAMITOTHIHN OIEHKHU, BPbh3Ka ¢ 0000IIEeHUTE OTIepaTopn
Ha JpOOHOTO cMsTane (5), U OTTaM - Ce MOKa3Ba, Ye Te ca pelieHus Ha JudepeHuaTHl
YPABHEHHUS OT APOOEH MYJITH-PE] (%, ey pi) or tuna Dy(Az) = Ay(Az), ¢ oneparopu D
or tuna (14).

B ny6smkanusita [K69| ca upojbizkenn pasriexganusra or [K64|, karo ce nabusira
Ha Bpb3KaTa Ha crenuasnure dbyskiun (17) ¢ omeparopure Ha KJIACHIECKOTO JIPOOHO
cMsiTane (JIsIBO- M JISICHO-CTPAaHHW WHTerpaan u nponssoaan Ha P-JI u E-K).

Muorobpoiinu ca npumepuTe Ha MyITH-HHAeKCHU (yHKnun Ha M-JI, mpuraranu 3a
peraBaHe Ha 3aJa49d OT PAa3JUdeH XapaKTep, YUUTO MATEeMATHIECKH MOJETN ChIbpPiKaT
ollepaTopu Ha JAPOOHOTO cMATaHe. Te BKIIOUBAT KAKTO KaacumdeckaTa (byuxmusa Ha M-JI
(“kpasnna Ha 1po6HOTO cMsATaHe”), DYHKIUATA HA TPENTKATE, HeIUTbHATA raMa-dyHKIIUST;
Taka u 2 X 2-mapamerpuanure Gynkuun Ha Kpbamsia (0T myGaMKamnms caMo Ha PYCKH
e3uk or 1960 r), dyukuunre na Becen, Jlomen, Crpyse, Eiipu, Paborros, Maitnapu,
xurnep-6ecesopute GyHKINU, d T.H. CIUCHIN ¢ TAKABA MPUMEPH U TEXHUTE MPUIOKEHHS
B MeXaHHKaTa, (DU3WKATa, TEOPUITAa HA YIPABICHUETO, KAKTO U Pe3i0Me Ha CBOHCTBATA
uM, ca jgagenn B oozopure [K90| u [K94|. B mocseguust ce orgesnst BHUMaHUe HA IPUHOCHTE
Ha chaBTOpuTe, KNPSIKOBA - 32 TEOPETUIHOTO UM HU3CJaeABaHe, n JIydko — 3a pa3BuTue Ha
CbOTBETHH OIEPAIMOHHN CMATAHUS W 33 pelllaBaHe Ha TPAHUIHU 3a7a4dd orT Tuna (26) B
[K94].

Crarusita |[K88| npemiara HOB pe3ysrar, cBbp3aH ¢ 0000IIeHIe HA NPeICMasAHEMO
na ynryuama na Becea upes unmeepana wa Iloacon, or kocurycoBarta dyukius. B mpe-
muman Tpyaose (karo [K13|,[K18], [K]), mpemmokuxme TakoBa 06o0IIeHne 3a Xumepoe-
cesopuTe (bYHKIMU CBbp3aHu ¢ omeparopure (9) oT m-TH pej, ¢ MOMOIITa HA TPAHC-
dbopmanus wa Iloacon-dumosckn (I1-/1) or kocunycosure dynkuuu or pex m. Tosa ca
pemenusita y(x) = cos,,(r) ma mavammara samaqda: y ™ (r) = —y(x), y(0) = 1,y (0) =

.= y™1(0) = 0. Tasu Tpanchopmamus (T1-1I) 6e npeacrasena Karo orneparop 3a
00001IeHO APOOHO HHTErpupane chabp:kan] G-pyHKnuaTra Ha Maitep. B tasu pabora ce
M3BeXK1a MOJ00eH pe3yarar 3a Myaru-udjgekcuute dyukmuu wa M-JI (17) kaTo apobHo-
HH/IEKCHU aHaJIo3u Ha xumpedeciaopure dyHKiuu. Karo “rpancmyrarus’ MexXay TIX H
0000I1IeHNTe KOCUHYCH OT M-THU PeJI, ce U3M0/3yBa 00o0IeHne Ha TpancgopManusaTa Ha
[Toacon-/InvoBcku, npejcraBiuMa KaTo 06001ieH apoben naTerpas or Hosus sug (7), a
nvenno (T.8, [K88|):

1

E(%i),(ui)(_z) — / Hgﬁz |:(T (/’Lk - 1/10167 1/I0k)1 COS,p, (m(ZU)l/m)dO‘. (19)
0

(k/m - 17 1)7171
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AnasornvdHo, HO 1MO-00MIO TpecTaBgHe OT Tuia Ha [loacoH e HamepeHO B cTaTHATA

K89| u 3a coryuas na npousBosina 0bobmena xumnepreomerpuana Gynrmnug (0.X.d.) ,V, (2
p¥q

or “BecestoBo-rpuronomerpuder tun” (¢ p < @), KAKTO ¥ HOBH UHTEIDAIHU U JubepeH-
unasHu npejcrassinus Ha 0.X.¢. ,V,(2) or “uspogen tun” u or “Taycos tun” (c p = ¢
np=q+1). Te ca mpeaver Ha mopeauna Teopemu u Jjemu, npeacrapenn B [K89| u ca
pesoMupaHu B caednomo eastcno mespdenue (T. 14, [K89]), xapakrepusupariio u Kiacu-
dbunuparo (o rope-coMeHaTHsl HAUNH) crernuagaauTe GYHKINH HA JPOGHOTO CMsITAHE:

Benuku o6obmenn xunepreomerpuanu ¢yuknun na Paiir ,¥, (r.e. cnennanuure yn-
KIIMK HA JPOOHOTO CMsITAHE) MOrAT Jia Ce MPeJCTaBAT KaTo 0600menn (¢-KpaTHu) 1poOHT
mudepunrerpanu or tuna #Ha P-E-K (or Buga (7), win cworBeTHUTE IpOOHO-IUbDEDEH-
[UAJHA U3DA3H), OT €J[HA OT CJIeJHUTE 3 OCHOBHU (DYHKIUH :

cosq—p+1(2) (38 p<q), z%expz (3a p=¢q), 1Vo(2;(5,B)) 3a p=¢q+1). (20)

B cBerimnaTa Ha croMeHaTHS MO-paHO MOJXOJ 3a JedUHUpaHe Ha ClenuaJ HuTe (pyH-
KIIMKA ¢ TIOMOINTa Ha (opmynu Ha Poapur, mogob6HO Ha KIACHIECKUTe OPTOTOHATHHU II0-
JMHOMH, HO ¢ 1pobuu judepeniupanus, e nybaukanusara [K96]. B wes ce bBekpar n
u3cjeBaT crenuaj i pYHKIUH OT Tuna Ha JIboKaHIbp, HApeYeHu H3MecTeHu (PyHK-
UK OT THUIa Ha JIboXKaH/Ibp, mocpeacTBOM dopmyaa Ha Poapur ¢ apobnara mpousBoiHa
D¢ ua Kanyro (Mmopudukanus ua npouspojnara Ha P-JI, B qusato gedbuHUIms perbT Ha
nudepeHnupaHeTo U HHTEIrPUPAHETO € pa3MeHeH, ¢ Ie/T MO-YI00HH MPAKTUIeCKH MPHIO-
JKEeHUs ):

P () = D (2°(1 — z)") | 1)
I(a+1)
Koraro a = f = v = n € Ny, 1azu QyHKIMd ce pejynupa 0 U3MECTeHUTE I1OJIUHOME
ua JIvoxkanaup Ly, (z;0,1), kouro ca oproronannn sbpxy uarepsania (0, 1). Mzsenenn ca
HSKOM PEKYPEHTHU 3aBUCUMOCTH, JnepeHIInaaIni CBOMCTRA, MPEeJCTaBsTHE Ype3 PeIoBe M0
xunepreomerpudnara byHKIM Ha [ayc, u B euH dacred caydail (0 =y =n+rv,a =n)
- oproroHasHOCT Ha Te3u dyukiuu Bbpxy (0, 1).

Bpb3kara mMexay Teopusita Ha pasriIeKIaHUTE CHENUATHE (DYHKIUU U TEMHUTE OT T.
A u 1. B, e komenTupana B o63opa [K100|. Hapsurnuxsm [K103|, nusgazen 3acera ka-
to Gpomrypa-penpunt (74 ctp.) na UMU, e uspas na dunocodusta Ha aBropa, de Ha
crenuasnuTe GYHKIMN (KJIACKICCKH U HOBH TAKHBA, CBbP3aHU € JPOOHOTO CMSITAHE) € 110-
JIECHO W BB3IMHUTATE/HO JIa Ce IJIe/ia KaTo Ha npesacrasurenn nHa G-dyukimuure vHa Maiiep
n H-dpynknunre na Pokc. locrarbuno e ga ce mo3uasar JeUHUIUATE ¥ KOMIAKTHO-
3aMUCBAIIUTE Ce OCHOBHU CBOWCTBa (Ha elHa-/Be CTPAHUIM) HA Te3u 00OOIIEHN XUIepre-
oMeTpuuHE (DYHKIUU, U Ja ce UMa 10/ pbKa crnucbka or Yacrra C, [K103], 3a ma moxke
JIOPHM HauMHAeI jia OOpaBu C'bC crenuanuTe (PYHKIME, BMECTO JIa POBU U3 MHOIOOPOitHI
CIPABOYHUIU UJIU J1a OOPEMEeHsIBA Ch3HAHUETO CH C BCEBb3MOXKHUTE (hakTu 3a T.HAP. PyH-
kuuu ¢ umena: becen, layc, Epmut, Jlarep, Tpukomu, JIvoxkanabp, Hebuires, Yurtbkep,
Makpounana, Ctpyse, Jlomes, u T.H., u T.H. KaTo ce 1o6aBu u moaxoabT OT myOJUKAIIHATE
[K], [K58], [K61|, curresupan u o6o6men B [K89]|, T.e. TBbpaenuero (20), 3a eauH MHKe-
HEep WIN TPeJICTABUTEN HA NMPUIOKHA HAYKa OM OWJIO TMO-TI0E3HO Ja y3Hae, de HaIpuMep
dyHKIUATA, OT KOIATO ce Hy’KJae Ipuinyia Ha Kocunyc uian dpyHkinus na beces, wian na
ekcrionenTa, Harnpumvep. C TOYHOCT JI0... OmepaTop 3a 000OIIEeHO TPOOHO WHTErPUPAHE.
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I'. Narerpanuu tpancdopmaliuu B reOMeTpuYIHATA Teopud HA PYHKIINNTE

[Ty6aukannu: [K98| // [K73|, [K77], [K78|, [K93], [K99]

MHoro ca HAOCIeIbK MyOIUKAINETE B TeOMeTpudHaTa Teopus Ha dynknunre (I'TD),
B KOUTO C€ M3y4YaBa JeHCTBUETO HA JIMHEITHH MHTErpPaJTHU WA HHTErpo-audepeHIna o
orepaTopu, CBbP3aHu C JIPOOHO CMSTaHE U CHEIUAJHA (DYHKIMH, BbPXY OT KJIACh €JHO-
jguctan pyskiun. Te3u craHajm Bede KJIACHIECKH W3CJIEIBAHUS HA JIPYTUH aBTOPU UMAT
obavye TBBPJE YaCTeH XapaKTep, KATO MOBTAPAT €JHAa U ChINa METOJANKA CIIPIAMO JIEKO
Moaudunupanu o6eKTH Ha U3CJIeIBaHe.

Hwue mamMupame TOCTATHIHE YCIOBUS 3a €IHOTUCTHOCT M M3IBKHAIOCT Ha HM300pazKe-
Hust (MHTErpasiHu TpaHcOpMAaIUK), HOPOJEHH OT OIepaTopuTe Ha 000OIEHOTO JAPOOHO
CMsITaHe, 8 MMEHHO eKCILTUIUTHA YCJIOBUSI 32 TTapaMeTpPUTe Ha Te3W OIePaTOPH, MPeCTa-
BUMH 4pe3 00001IeHn xumnepreoMerpudnn pynkmuu. Taka ce 00001aBaT pe3yaTaTure Ha
XOXJIOB 3a ¢jiydasl Ha XUIEpreoMeTpudHu omneparopu (¢ dbyunusara va [ayc) u Ha mpej-
XOIHHU aBTOPH, 3a oneparopure Ha bepuamkn, JIubepa, Anexkcannbp, bepuapan, Komary,
Pymeaiix, KapJicon-IITacdep, Caiiro, CpuBacrasa-OBa, u jip. 3a BbBejeHHsI OT aBTOPaA
00111, KJIaC OTepaTopH Ca HaAMEPEeHH CbHINO U jAedopManuoHHu U KoepUIMEeHTHH HEePABEH-
CTBa, KAKTO ¥ JIPYTH XapaKTePU3alMOHHE TeOpeMH, 0000IIaBaly pe3y/ITaTuTe Ha MHOTO
JIPYTH aBTOPU U JABAIIK OOII MOJIX0/T K'bM TO3HU KJIac MpoOIeMH.

Hosume pesyamamu B npeicrapennte nyoankamuu |[K73|, [K77], [K78|, |[K93|, [K99],
B cpaBHeHue ¢ Te3u B [ytaBa 8 na aucepranmonnus tpys [K98|, ca B nsnosnsysanero Ha 11o-
o0Ius Kjaac Ha H;ln:gl—(l)yHKLH/H/ITe na @okc (Bmecto G-dyukuunre Ha Maiiep) karo siapa
Ha uHTerpagHuTe (1 qudepeHualHo-nHTerpATHITE) onepaTopu. B To3u mo-o61i ciryJai,
pasriexaanure B Kiaaca A (cbotB. Ay, p > 1) Ha dyHKIUATE X0T0MOPhHE B € THHIYHUS
KPbI' OT BUJIA: ~
Ay: f) =2+ ) wz, U={z:|z| <1}, (22)

k=p+1
OIepaToOpy Ca MPeJACTABUME KaTO IIPOU3Be/ieHus Ha Ajiamap ¢ 00600IeHr XuepreomMer-
puunn byukmun Ha Paiit 11V, B7Mecto ¢ dyakuuure ,,.1F, (or [K98|). Hamepenu ca
JIOCTATHIHU YCJIOBUS 32 MapaMeTPUTe Ha OMePATOPHUTE, TPU KOUTO Te N300Pa3sIBAT KIACO-
BeTe A, U Te3n Ha eJHOUCTHHTE (DYHKIUH B cebe CH, WU B IIOJK/IACOBETEe HA 3BE3THUTE
1 U3I'bKHAJIUTE (DYHKIUH, KAKTO U JIehOPMAIMOHHN HEpaBeHCTBA U XapaKTepU3aIlHOHHH
TEOPEMH.

B emamusama |K99| ce omusa no-dasew: wznnsa ce or Kjaca Ha omneparopuTe Ha
JIPOOHOTO CMsATaHe, KaTO Ce pa3IyiekKJIaT HHTeIPAJHH TpaHCHOpMAIUH IPEJICTABUMHU C
KOHBOJTIONNH Ha Ajamap ¢ 06o0mmennTe xumnepreomerpuanu GbyHkmua ,F, (onepamopu na
svor-Cpusacmasa) u ,¥, (onepamopu na Cpusacmasa-Patim) ¢ TPpOU3BOTHI WHIEKCH

p<a+tuwwi= [1[T0)/ [ N@)

Woaf () =h) () e B =)= | ot o]

Ouneparopure (23) Tpancdopmupar Kiaca A B cebe cu n obpasure Ha GYHKIUH OT BHIA
(22) ce mpexacraBsar KaTo
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Woaf(2) =2+ Z (k) ap2*, ¢
k=2

C T(a o+ Ak - 1) Tay + Ay(k — 1)
VM) = S B = 1)) Ty + By = D) (—1)1 (24)

Te3u oneparopu ca HaIoCIeIbK 00EKT Ha MHTeH3uBHHU u3cjenBanusd B ['OT, mydiu-
KyBaHU B NPECTIKHU crucanng (Bx. mut. jut. B [K99]). EcrecTBeno e, 4e B 4acTHOCT
CJIeIBAT M3BECTHU WJIM HOBU PE3YJITATH 3a CIOMEHATUTE KJIACUYECKU OHEPATOPH.

B Teopemu 2 u 3 na [K99| ce uzBexkaar qocraTbaHu yCJIOBUS, TPEJICTABEHU YPE3 CUCTE-
MU OT HepaBeHCTBa 3a mapamerpure B (23), mpu Kouto oneparopure Ha /I3p0k-CpuBacrana
TpanchOpMUpAT €THOJTUCTHU (DYHKIIUNA B €THOJIUCTHU, CHOTB. U3I'bKHAIN (DYHKIUU B €/I-
HostucTHH. CbIIECTBEHN B TEXHUKATA, KOATO U3I0JJI3yBaMe, OCBEH CBOicTBaTa Ha 06001IIe-
HUTE XUIepreoMeTpuIHn (PYHKIUA U Ha OIEepaTopuTe Ha 0OOOIIEHOTO JPOOHO CMsTaHe,
ca KoeUIMEeHTHAUTE ONEHKN 3a eJAHOIUCTHUTe (DYHKINKN (M3BECTHH KATO XHUIIOTe3a HA JIe
Bpank) u 3a usmbkHanTe QYHKINHA, KAKTO W JAPYIH Kjaacudeckn pesyaratu ot [ TO.

. Xunepreomerpuunu QyHKINNA, PAIUAIMOHHN UHTErPAJINA U Pe3yJITaTu,
CBbP3aHU C Bb3MOXKHOCTHU 34 YMCJIEHOTO UM IPECMATAHE
[My6aukannu: [K33|, [K41], [K48], [K61]

PesyararuTe 110 Tazu TeMaTKa W MPEACTABEHATE TPYAOBE HE €O U3NOA3YEAHU OT KaH-
JUIATa [0 HUKOSI OT TPEIUIIHATE TPOIELYPH (32 J-p, JOIL, JIMH).

Crarunre |[K33| n [K41] ca nocBerenn na npuiozkeHus Ha XumnepreomMerpudnure QyH-
KM B €KOJIOTMYHATE HAYKU U MPeAIIa3BaHeTo OT apapuiina paguanus. 3secTauar kato
“unrerpas Ha Xyben” (amepukancku ¢husnk, HomuHupa# npe3 90-re rogunu 3a Hobesosa
HArpajia)

b
f(a,b):/arctg (\/13—952) VldixZ’ 0<a<b< oo, (25)

e BbBeJIeH 3a IpecMdaTaHe Ha PaIuaIlioOHHO [0JIe Bb3HUKBAIIO OT IIPABObI'bJIEH N30TPOIIEH
u3To4YHuK. BriocjiescrBue, HeroBu 00001eHNs 1TO3BOJISIBAIIK J1a C€ OCBOOOMM OT OIPDaHU-
YeHUsTa 3a BUJA HA M3TOYHUKA, Dapuepara U JEeTeKTOpa B MOJIETO, Ca U3CJEJBAHU OT
MaTeMaTHuIM B objacTTa Ha crenuaanute gpynknun. Takbs, cpaBHUTETHO Hai-00I TPU-
Mep e T.Hap. “obobuier paduayuonern unmezpan’, ¢ T00ABEHN HAKOJIKO JPOOHU IMapaMeTpH
(karo > —1 u ap.) u ¢ xunepreomerpudnara GbyHkius Ha [ayc B sSapoTo:

b
a,b,p, \ Ar. 2 _ 2\ " a®
I.=1| """ =a [ 2 (x"+p)“(1——= Fla By, —— | do. 26
{a,ﬁ,v } / ( p) 12 20’1 By Z+p (26)
a

Babesig3Ba ce, 4e TO3U MHTErpPaJ BCBITHOCT € onepamop 3a dpobHo UHme2pupaHe Ha
Epodeti-Kobep (ot pex p+ 1 > 0) or dyuknusara na Taye. 3a = 1 u yacTHu croifnocTH
HA OCTAHAJIUTE MAPAMETPH, Ce MOJIy9aBaT MHTErPAIbT HA XyOes u APy paIuaiiOHHU
unrerpaJiu, npecmsaranu ot Lacep, Eitnapioc, Kasta, Konye u ap. Hamure pesyararu ca
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CBbP3aHH C IPEJICTABIHAA HA TO3W HHTErpas upe3 Xulepreomerpudanara Fo-pyHKnusa ma
Anen u orTaM, moJy9aBaHeTO HA PA3BUTHUS B CTEICHHU pPeloBe, CBbP3aHH ¢ Bb3MOKHUATE
Pa3JIMUYHU IPE/IIOI0KEHU 33 HOBOBbeHuTe napamerpu. Okaspa ce, 4e 1pU OLPeJIEIeHN
YCJIOBHUS, € Bb3MOXKHO TO3M MHTErpaJ Ja Ce NMPeJACTaBH KaTo Cyma OT JiBa 4/IeHa: eH-
HUST e Kjacudecka crenuaina Gynkuus (Fo-byHKnns), a ApyrusT — CXOJIL CTeleHeH
pea, onpeenen or Hanoxenure yeaosus (T.1, [K33|). Tosu pesyarar moze ja ce Impe-
U3Kpa, KaTo ce CTHTa JI0 ImpeacTaBaHe ¢ (pyHKIuATa Ha Layc o F, mpeacTaBeHa OT CBOd
crpana upe3 pex (T. 2), uuuro wienose ce n3zduc/sBar eEKTUBHO 110 PEKYDEHTHA 3a-
BucuMocT. IIpeacraBena e cxemara Ha aJrOpUTbM 33 YUCJICHO NpecMsTaHe. B crarusra
|[K41] Te3u pesysraru ca mMpoIbJIKeHH, KATO Ca MW3BEIEHN HOBU PEKYDPEHTHH 3aBHCHMOC-
TH MexKy 0000IIeHUTe paIualOHHN HHTErPAIU U TEeXHU AJTEPHATHBHU IPEICTABIHUSL.
AnropurbMmbr o1 [K33| TYK € miocTpupan ¢ HAKOJIKO TaOJUIU Ha YAUCIeHH CTOHOCTH Ha
pasTIekKIAHATe HHTETPAIN, IPU pa3audeH n360p HA HapaMeTpHTe.

3a BaxKHOCTTA Ha CIIOMEHATHTE M3CJeJABAaHUS TOBOPH (pakTa, 9e Te3W JBe CTaTHH Ca
M3MezK ly Hali-uecTo nuTupanuTe mybaukanun xHa Kangauaara ([K41] - mag 15 obru ¢ 1O
> 7, [K33|- max 10 wbru, ¢ IF > 6), koero 6u MOIIO Ja ce OOSCHH ¢ WHTEpeca Cpej
dbuznnuTe KHM MaTEMATHUYECKHS AAPAT 3a ATAKYBaHE HA TAKWBa MPOOJeMHU (M BUCOKHS
N® na npecruzkau cnucanus 1m0 GU3NKa 1 XUMUsT, K'bJIETO Ca IIUTUPAHUITA).

Crarusita [K48| e 0630p BbpXyY pe3y/araTu 3a MpeCTaBsiHUsT ¢ HHTErPAJIN W PeJIoBe, Ja-
BAIIN Bb3MOKHOCT 33 MPAKTUIECKH TPIJIOKUME AMPOKCUMAIUH (C €JIHOUWICHN ) Ha KJIACH
0000IIeHN XUIIePreOMeTpIIHN (DYHKIUH, YeCTO BL3HUKBAIU B 3329l HA MATeMATHUIEC-
kara ¢usuka. [IpejacraBenure pesyjararu ca CJEJACTBUE OT HOBU LPEJACTABSIHMS HA TE3U
dbyHKIMK ¢ peoBe, WHTErpal WK MPOU3BOAHK (B TOBA YHCJIO - U OT JPOOEH pej), 1o-
JIV9eH! OT aBTOpa KaTo WHTePIpeTalus HAa TeopusTa Ha 000DIIEeHOTO APOOHO CMsITaHe U
IPUIOKEHUATA MY 3a HOB HOJIXO U Kiaacudukanusa Ha cuenuaaaure pynkuun. OcBeH 3a
pajnanuonautTe narerpaiu or [K33|, [K41], ca npemnoxkenu eTHOUIEHHE ATIPOKCHMAIHN
3a apyru GyHKIUH, 1ehpUHIPAHN ¢ HHTETPAJHA ONePATOPH OT CHeNuAJHA (DYHKIUH KATO
to3u na Caiiro u Cpusacrasa (|[K48|,(18)); 3a r. nap. (Kupsxosa [K|) obobuienn xumep-
reomerprann yuxmun or [aycos tun (,41F),); na dbynknunre na Anenx Fy u F,. Te ca
CJIEJICTBHS OT MHTEerpajnu npejcrapsuns Ha Kupskosa or K|, [K20], kouto caen ToBa ca
npoxbakenn or asropa B [K58|, [K61], [K89] u ap. (Bx. 1.B).

B |K61|, cieq kparbk 0630p Ha obmure Teoperndnu nocranosku ot |[K| u [K58| 3a
KiacuduKanysTa Ha crenuaaanTe GyHKIuN Ha MaTeMarndeckarta dusnka (0600meHnTe
xunepreomerpudnn GbyHknun ,F,) cmopex curyaruara gagun p < ¢, p = ¢ WIH p =
¢ + 1, or HaMepeHHTE OT aBTOpa HOBU HHTEIPAJIHH, AU(epeHINaTHO-UHTerPATHA I
nudepeHIuaIHT IPeJICTABAHAS Ce M3BEXKIAT HAKON HOJIEe3HN CIeacTBud. Te Im03BOIsaBAT,
B KOHKDETHHU CUTyalnuu (KAKBUTO Ca HOBUTE HOHSTHs 32 “chepHuHEM XUIEPreOMeTPHIHI
dbyukun”, anano3n Ha nUIMHAPHIHUTE DYHKIUA ¢ “TONY-Ts1” WHIEKC) Ja ce U3BeIaT
dopmynu 3a MpecMATAHETO MM Ype3 WrTepanun Ha AudepeHIupaHus, CBeKIANIM TH 10
TPUTOHOMETPUYHH U eKCIOHenua Hu byHKIUN u reoMerpudnau pejgose. Hanpumep ([K61],

(32)):

d
pEp(bing, . by+ny by, . by ) = Qp(a:%){exp x}, ni € Ni, Q,—IOJHHOM OT CTemeH p.
(27)
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B wacrtHOCT, 3a nesn by, “cdepuuanure” bynknun ,F,(x), p = 1,2, 3, ... ce upecmaTar pexy-
PEHTHO KaTO IIPOU3BEICHUS OT IMOJHHOMHI U eKCIIOHeHINATHATA, (DYHKIH, 0 (DOPMYJIa OT
Buga ,F,(x) = D,(x) exp x. Tasu, u anasoruana dopmysna 3a p = ¢+ 1 obobiasar pesy.-
TaTH OT KJacudecKust cnpaBounuk Ha [Ipyaaukos-Bpudakos-Mapudes, a (38) yrounsia
BepHOCTTa Ha pe3yirarn Ha Mucpa (Mar. Baakanunka 3, 1973) camo 3a p = q.

E. nrerpanso-rpancdopMainoOHHu METOIu
3a HAMUpPaHe eKCIJIUIUTHU peNieHus Ha AudepeHnnaTHn

¥ MHTErpajiHi yPaBHEHUs OT MPOU3BOJIEH I WU APOOEH pejt
[My6mmkannu: [K|, [K98] // [K52], [K54], [K68], [K86], [K102]

Toit HapedeHUSIT MPAHCMYMALUOHEH MEMOJ € TIOPOJIEH OT eCTECTBEHUsI CTPEMEXK 1A
HAMEPUM DeIlleHnsT Ha HOBU M CJIOXKHU 3aJadu, Ype3 TIXHOTO CBexKaaHe (mpeobpasyBaHe)
JIO TIO-IIPOCTU U CTApPH 3a/1a9H, YUUTO PEIIeHus ca Bede M3BECTHU. 10Ba cTaBa MOCPEICT-
BOM TIOJXOJISIIN “TpaHcaaTop”’, TpancdopMaInoHeH WX HapudaH OIle “TpaHCMyTaluoHeH
oneparop (B pyckara Jureparypa: “omneparop upeobpazosanus’). B recnust cu cMucbi,
TOBa MOHSATHE MPOU3X0kKaa oT TpyaoBere Ha descapr u JInonc (1956-1959 r.) karo moj-
X0/ 3a pemraBaHe Ha andepeHInaIHn ypaBaenns. AKo B:X —XuB: X — Xca
JBa omeparopa, JeficTBaliy B IpOCTpaHCTBO X', Torasa 3a m3oMopdusma 1" : X — X
KazBame, e “‘mpancmymupa”’ (mpanchopmupa) B 6 B, ako e u3IIbJIHEHA peTANUATA Ha
mogobue: TB = BT s X. Taxusa olepaTopH Ca U3MOJA3YBAHUH UECTO B aHAIN3a, Haii-
Beue 3a pelraBaHe Ha juepeHIraj i U WHTEIPAJHA yPABHEHHS HA MaTeMaTHIecKaTa
dbusuka, kakTo U B Teopusita Ha crnenuasnnute dbyukmun (Jeacapr, Jlnone, Xwpur, Bper,
Kappou, u ap.). [lpnioxkenusi Ha “TpaHCMYyTaIMOHHATE OlepaTopu’ B OMEPAIMOHHOTO
KOHBOJTIOIIMOHHOTO CMsTaHe Hamupame B padboru Ha IloB3mep, Jlesun, Mapuenko, JleBu-
taH, [IpxkeBopcka-Ponesud, Mennep, dumoBcku, Boxkunos, XadaTpsaH u Ap. 3a TaKuBa
e/, JJTMMOBCKI BbBeZXK/Ia €/[HA [O-NIHPOKA TPAKTOBKA HA MOHATHETO “TpaHcMyTaius’ (B
tpyaosere cu ot 70-80T€ rogmam m monorpaduara 1. Dimovski, Convolutional Calculus,
Kluwer, Dordrecht, 1990). menno Ts1 ce uznoasysa B [K]| (Hded. 3.5.1.- Jlema 3.5.3; T'.
3) U ApyTHU HAIIH TPY/IOBE.

B npencraBenute TpyaoBe, 3a TPAHCMYTAIIMOHHHE OIEPATOPH Ce U3IMOI3YBAT OIlepaTO-
pu Ha 000011eHOTO JIPOOHO cMsTaHe, BKJ. 00001enuns Ha Tpanchopmanuuta na [loacon-
Hwumoscku n Connn-/IumoBcku. Te ce npurarar 3a eKCIIMIUTHO PeNIaBaHe HA WHTETPAJI-
uu (Ha Bosrrepa ot BrOpH poa) u 06MKHOBeHN [uePEHIINATHI YDABHEHUST OT IIPON3BOJIEH
s pest (Xxunep6GecsioBu ypaBHeHHs ), KAKTO W OT ApOOeH pej U JApobeH Myaru-pes (Cb-
nbpzkanm oneparopn Ha E-K nin rakupa 3a 060611eH0 1pOGHO HHTErpO-TudepeHInpaHe).
[Ile orbestexkum, e U3MOJI3YBAHUST HOJXOM, € KOHCMPYKMUSHUAM: 34 JIaJIeH KJIaC ypaB-
HEHUsI WU 32 KOHKPETHU TEXHU IPUMEPH, C MOMOIITA HA PA3IUIHU €BPUCTUIHN TEXHUKU
(ocHOBHO - anapara Ha JIPOOHOTO CMsiTaHe, creruagauTe (DYHKIMN 1 HHTErPATHUTE TPAH-
cdhopmanum) HaMEpaMe DelleHus B sBeH BHJI. BeHbK HAMEDEHH, 3a TsIX JIECHO Ce MpPo-
BepsiBa, Ue Te YAOBJIETBOPABAT YCJIOBUATA Ha 3ajaunTe. Haxouw pesynraru gaBar oOIIOTO
pemenne (byHIAMEHTATHATA CUCTEMA DENIeHUsl ), JPYTH - YACTHU TAKHUBA.

B pa6orure [K52|, [K102|, ¢ nomorra na rexHukara Ha JAPOOHOTO CMsATAHE Ca HAMe-
pPeHU eKCIUINIUTHA PelieHns] Ha WHTerpaJHu ypaBHenus Ha BoJsirepa ot BTOpu poj, u Ha
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mubepeHIua i 1 HHTerpo-audepeHIualHl YPABHEHUS ChIbPKAIIH JIPOOHN HHTErpan
u npoussoauu Ha Epueii-KobGep. 3a menTa e u31o/13yBan TpaHCMYTAIMOHHAST METOJI, KATO
HOBUTE PEIeHUsI C€ HAMHUPAT Karo TpaHcopMaldu OT M3BECTHU Beve pelleHus Ha I10-
IPOCTH YpaBHEHUS OT C'bIINs BH/: CbI'bPzKallld HAIPUMep oneparopu Ha Puman-JInysui.
HameperuTe penrenus, KaKTO € €CTECTBEHO J1a ce 09KaBa, Ce n3pa3apar upes (pyHKIunTe
Ha Murar-Jledep.

Taka naupumep, B [K52|, T.1, exuncrsenoro peutenne y(z) € Cg,, pp > max{0, —y} —1
Ha WHTErPaJIHOTO yPaBHEHHe OT BTOPH POJ| U JApoben pej (¢ omeparop Ha E-K)

(28 _ $8)0-1
o) = xa [ ey d) = f1o), (29)

0

3a f € Cgy, p> max{0,—y} — 1, uMa eCKCIIMIUTHO NPECTABsIHE YPe3 KOHBOJIIIIHOH-

HUd HHTEIrpaJI: -

y(x) = flx) + M’_ﬁ”/(ﬂfﬁ — 7)Y Egs[Ma” —7)°] 77 f(t) d(t”). (29)

0

Usnosnsysa ce TpancmyTtanumonen omneparop or Buga (3): T = I V7 ¢hueran ¢ m0X0-
ngama cybcrurynusi. Toit Tpancdopmupa 3ajadara, a Cjej0BaTeJTHO U pelieHueTo i, J10
TI0-1TPOCTa TakKaBa: 3a WHTeTrPaIHO ypaBHEeHHe OT C'hIMHsl THII, HO C TI0-TTPOCT BHI, € Ollepa-
top Ha P-JI (1): §(x) — AR’y(z) = f(x). Herosoto pemrenne §(x) e u3secTHO (HampmMep
B cpaBounuka Ha Camko-Kuibac-Mapudes).

[To cbimust HaUMH ce aTakyBar JPOOHO-/IMMEPEHIINAIHNA YPABHEHUS C IPOU3BOIHU Ha
Epzeii-Ko6ep, wanpumep or suga (T.2, [K52]): xﬂ%Dg’(sy(z) — \y(z) = f(z), karo perre-
HUSATA UM

y(x) = bx" D By aya5 (M)
j=1

+ gBla+d) /(935 — tﬁ)‘s_ltﬁ(aM)E&,é[)\(a?B - tﬁ)g] f(t)d(tﬁ)’ (30)
0

C NIPOM3BOJIHM KOHCTAHTHU b;,j = 1,...,n 3aBHCeIIN OT HaJaJHUTe yCIOBHUA Ha 3aJadaTa,
ce HaMUpAT KaTo TpancMmyTanmonnu obpasu y(z) = Ty(z) ¢ T = 17, na nssecrnure
pelenus Ha 3ajauara sa Dj(x) — Aj(z) = f(x).

B nmy6mukarmusara [K102] ¢bmuar moaxon ce pasmmpsiBa 10 dpobho-dudeperyuani
ypasHenus, coldspotcawy, ednospemeno dpobra npoussodra na E-K u dpoben unmeezpan
na E-K, c pa3IuuHu nmapaMeTpu:

e DG y(e) — MM 15y () = f(2), (31)
KaKTO ¥ JIO T.HAD. TUNEP2EOMEMPUIHY UHMELPAAHY YPAGHEHUA
y(x) — A <m5‘5 IE‘+5’5> (:Eﬁ”]g_”’”) y(x) = f(z), §>0,v>0, (32)
or suza (T.3, [K102]):
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ottt re [

o Fy (—v—106,0; 6+ 1—5) y(t)dt=F(x).

(33)
[Tpuraranure 3a 1mesITa TPAHCMYTAIMOHHH OMEPATOPH, 33 CBEXKJIAHE JI0 C'HIIATE HPOCTH
3a/a49u ¢ 110 eanH oneparop Ha P-JI, To3m mbT 3a oneparopu 3a 0000IeHO JIPOOHO WHTET-
pupate (6) ¢ KpaTHOCT M = 2, T.e XUMEPreOMETPUIHI HHTETPAJHI OIePATOPH.

B [K54| namupame eKCILTUIUTHE PellleHusl Ha XuepheceJOBU HHTErPAIHI YPABHEHU ST
U CLOTBETHO, Ha zunepbecesosu 0burHoseny oudeperyuaint, YpasHenus, om npoussoicH
ped, ¢ oneparopu ot Buga (9):

By(x) — My(z) = f(z),0 < z < o0. (34)
Hawmepenure pernenns ca uspasenn upe3 G-byukmunre na Maiiep (T.2, [K54|): wactHOo
Taxosa npu mysesu nadannu ycaosus y(0) = y/(0) = ... = y™~D(0) = 0:
1
- (Axﬂ)’“ (i + k)™
Yo(z) = — — G x,chz/Gﬁ’?n{a‘ ' m11] zo%)do,
0( ) 3m kX; 3m k+1( ) k( ) / , (%)i:l f( )
(35)

cxogsio 3a 0 < z < 00, u pyHIaAMEHTAJIHATA CUCTEMa PEIeHns] B OKOJTHOCT Ha HAYAJIOTO,
C'bCTOLAIIA Cce OT Xuiepbece0BUTe (DYHKIIUH:

Az’
7) = QLo [__ }
yk( ) 0.m ﬁm “Yks V15 V=1 —Vk+15-+ 5 —Vm
AP\ T Az
= by (5_7”) 0Fm—1 ((1 + ) = Vi) ks ﬁ_m) , k=1,...,m. (36)

Coimure ca mpenu3upaHd ¢ UHTEPECHH IpUMEpH OpHu peaoBe m = 2,3,4, u ¢ dact-
HU CJIyau, TP KOUTO HAMHUpaMe pelieHusTa KaTo xumepbecenoBu ¢GpyHKIuU Ha lenepro,
dyukiun Ha Becen-Knudopa, Jlomen, Crpyse, u ap.

3a ciydast Ha ypaBHeHeus oT Buja (33) U3H0/I3YBAHUAT TPAHCMYTAIIMOHEH OIEPATOD,
KOITO CBeXK1Ia 3aadara 10 ypasaenmero §™(z) — A\y(x) = ]7(3:), e TpancdoOpManuAaTa
ua [Toacon-/IuMoBCKH, TIpeicTaBeHa KaTo 06obimen apoben uaterpai (6). Chinara TpaH-
cdopmanust, Ho B Mojudunupan audepennaien Bapuant usnoiasysave B [K86|. C neiina
nomor, pemenusaTta Ha O/LY cbabpxkamm “cepuann’ xunepdbeces OBl ypaBHEHUS, KATO:

2y () = 3(p+ @)zy’ (x) + 3p(3q + 1)y (z) — 2°y(z) = 0, 0 < & < o0,
1 JIp. Ce CBeXKJIAT JI0 U3BeCTHHU pelenns Ha mo-mpoctu OJLY, or B cmpaBoununka Ha Kamke.
B crarusra [K68|, ¢ nomomnra Ha ;pobHo-uHACKCHO 000011eHre Ha TpanchopMalust or
tuna Ha [loacon-/IumoBcku, ce Hamupar MyaTu-uHAeKcHUTe (byHKimn Ha Mutar-Jledsep

KaTo pelieHusl Ha WHTerpajHu u audepeHIuajin ypaBHeHus: OT ApoOeH MyJITHPe]I, Hall-
pumep, Ha Dy(z) — Ay(x) = f(x) ¢ oneparop D ot Buga (14).
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2K. Cratuu u 0630pu, MOMyJagpU3UPAIIN aBTOPCKA U ObJrapCKu IMOCTUKEHUA
U / WIn ChbBPEMEHHOTO ChCTOAHME HA mpobJjieMaTukarTa

[Ty6mukannu: [K56|, |[K70], |[K83|, [K92|, [K95]|, |K97]|, [K100|// cnucanuero |[FCAA]

|K56] ¢babpka 3anucku or JUCKYCHsl Ha KPbIVia Maca (ChCTOsIA Ce NPAKTHIECKU B
roJisiMa 3ajia W MPOIbJKUIA TIOBeYe OT JBa 9aca), Moj TpeceIaTe]CTBOTO Ha aBTOpa
10 BpeMe Ha BTopaTa MezkayHnapojna cperia “Transform Methods and Special Functions”,
Bapna’ 1996. Temata Ha quckycugara Oe: “OuU3nveH ¥ reOMeTPUIEH CMUCHJ U TPUJIOKEHHS
Ha OTepaTopuTe Ha JAPOOHOTO cMsTane”, a 3armaBuero Ha Gemexkkara [K56| mojckassa, e
TOBa Oe e/IHA OT MOC/IEHUTE TPOSIBU, K'bIETO Ce 0OCHIKIAIIE CPE/] CIeNUATUCTUTE HA MEZK-
JYHAPOJHO HUBO MECHMHCTHYHATA XHUIIOTe3a (ToraBa), 4e ToBa e J00pa MareMaTHdecKa
TEOpUs, HO ... HABSPHO JIMTIIEHA OT (PU3NYECKH U reOMeTpUIHN nHTeprperanuu. Oie Tora-
Ba Ce CIIOMEHA 33 HEBb3MOKHOCTTA JIa C& MOJEJTHPAT MPOIECH C IPEIUCTOPHS, HJIH B CPEIN
C HACJEJCTBeHH KadecTBa W (ppakTaiHa (TBbPIe HOPecTa) CTPYKTYpa, KAKTO U MPOIECH
HA TPAHUIATA MEXKJ/Y OCIUJIAIUATE U Jy3y3usrTa, 0e3 oneparopure Ha JPOOHOTO CMSITa-
we (/1C), 3a Bpb3kara um ¢ dppakrasHaTa reOMeTpUsi 1 IPOCTPpaHCTBaTa HA Xaycaopad ¢
npobHa pazmepHocT, BpaynoBoto aBmKkenue u ap. Tasu quckycusi, OCBeH de DeIeKu Kpast
Ha KoJebGaHusaTa OTHOCHO Tpuiokumocrra Ha JIC (BujHA MOHACTOAIIEM OT PA3BUTHETO
HA TaKWBa MPHUIOKEHHUs, MIyOJIUKYBaHETO Ha MHOTOOpOitHN MOHOrpadun u 0030pH, Cb3/1a-
BaH€ Ha €KCIIEepUMEHTaJ/JIHU yCTOHOBKHU, YUCJICHU U KOMHIOT'prO—aJIFe6pI/ILIHI/I AJIFOPUTMU
(Bk. nHanpumep o63opa [K92| u crmcannero [FCAA|), umamre u miomorBopen edekr 3a
nosisata Ha paspaborkara Ha Wrop [Momny6nu, karo nybaukanns B [FCAA|, monacros-
IeM eJiHa OT Haiji-uecro Hail-turupanute cratun (#an 200 owbru): 1. Podlubny, Geometric
and physical interpretation of fractional integration and fractional differentiation, Fract.
Calc. Appl. Anal., 5, No 4 (2002).

B |[K70| e nanpasen e 0630p 3a possita Ha G-byukuusra sa Maiiep B ¢CbBPeMEHHOTO
pa3BUTHE HA TEOPUATA HA ClIeNUAJTHUTE (DYHKIIUK, UHTEI'PAJTHUTE TpaHchOpMaluu u Jpod-
HOTO CMdATaHE, U MO-CIIEeI[UaJIHO BPb3KaTa inc n3CJjIeIBaHUATA HaA 6'bJ'IFapCKI/I MaTeMaTHUuI
(karo Ob6pemntkos, /TumoBckn, KupsikoBa) B Te3u Hamnpasienus. Toil e HHCIUPUPAH OT BH-
3UTa ¥ JIOKJIAJI [0 TIOKaHa B yHUBepcuTeTa B ['prorunren (Xomanaus ), KbIeTo € paboTHI
Majiep u OT cpellia ¢ OCTaHAIUTE KUBH HETOBHU MOCIEIOBATEN, KAKTO U OT HAPACTHAJIOTO
BHUMaHHE€ Ha APYI'U 49yzKACCTPaHHU MaT€MaTUIU KbM HU3T'bKBaHE€ Ha HPUOPUTETUTE HA
TE€XHU HaIlMOHAJIHU INMKOJIM B HaJlalraHETO W PAa3BUTUETO Ha Ta3uW TeMaTHKa (HaHp. O630p
ua Maiinapau u [Tarauuu, 2003, 3a possita Ha Casnsarope Iluukepiie). Te3u 06o6imenn xu-
mepreoMeTpudHN (DYHKINH, AeduHupann KaTo wHTerpaan Ha Memun-BbpHe, mpeaiarat
pellleHnsl Ha IIHPOKH KJIACOBE CHHTYISPHU AupepeHINaJIHl U UHTerPAJTHH YpPaBHEHUSI,
sJipa Ha peJ/IMIa BayKHU JIUHEHHU UHTEIPAJIHU U MHTErpo-JudepeHiinaj i olnepaTropu B
NPUJIOKHUS aHaan3 (KaTo Te3nm Ha 060OIIEeHOTO JAPOOHO CMsiTaHe W Ha TpaHchopMalli-
ure or tuna Ha OOPENIKOB), KAKTO U cXeMa 3a YHHMUKAIHs HA U3BECTHATE CIIEIUATHU
dyHKIHUN.

Ta3u wmpges, 3a mpejcTaBgHe W H3IOJ3yBaHe Ha CIEMUAJTHHTE (PYHKIHH KATO YaCT-
uu caydan Ha G-dynknusara na Maiiep (kaacudeckure cruenuaanu byHKIMN, HAPUIAHUT
ome crnenuaianu GyHKIuE Ha Maremarudeckara dbusnka) u vHa H-bynkuusra na Dokc
(ksracose crenmasaan (bYHKIMA CBbP3aHU ¢ JAPOOHOTO CMsITaHe, HIKOU BbLBEIEHN ChBCEM
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HACKODO), € 3ajlerHaja B B Opomrypara-cipaBounuk [K103|. Ts moxke ga 6bae u3mossy-
BAHA KATO HAPBIHUK HA MaTeMaTHKa/ WH:KeHepa,/ (pU3MKa U T.H., KOMYTO Ca HEOOXOIUMHU
CBEJIEHUSI 33 M3MOJI3yBaHUTE ClenuaJ i (PyHKIUU, CbOPAHU HA €/IHO MSICTO U C HOB HOT-
JIeJl BypXY MaTepusiTa, a ChII0 KaTo yIedHO Mocodue 3a JOKTOPAHTH, U JAPYTH HAYNHACIIN
B npobsiemarnkara. [loBeve komenrapu 3a mesmre Ha [K103] ca magenn B kpas Ha 1. B.

B [K83| ce pasmiexia posnsrta Ha dyaknuure va Murar-/ledsep (M-JI) u Ha ana-
paTta Ha JPOOHOTO CMsATaHe IPU TPEeTHUpaHe HAa CUCTEMH 3a YIpaBJIeHHe OT JPOoOeH pe.
TakuBa cucremMu Bb3HUKBAT KATO 10-00P0O U PEAHO OTPAKEHHe HA IIPOIECH OT MPAKTU-
KaTa, CBbP3aHU ¢ OTYNTAHE HACJIEJICTBEHUTE CBONCTBA U MTAMET HA MAaTEePUAJIUTE, TPOIECH
HA WMITYJICHO BIP'bCKBaHe W An(y3NOHHO MPOHWKBAHE, W T.H. U C& MOJEJUPAT ¢ JAPOOHU
mudepennuaninn ypapaenus. Kiracnueckara TeXHIKA HA OMEPANMOHHOTO CMsATaHe (TpaH-
cdhopmanug wa Jlammac) Boau 10 HEOOXOJMMOCTTa OT WHTEPIPETAIUs, B TEDMUHHUTE Ha
CBHOTBETHH CIIeNUATHE (DYHKINH, Ha (DYHKIIUUTE-OPUTUHATN - KATO M3XO0/I Ha CHCTeMAaTa,
peaKknuuTe Ha €JIMHUYHO MMILYJICHO U CKOKOOOpa3HO Bb3jeiicTBue u T.H. OkasBa ce, 1e
3a TOIIbJIBAHE HA CHIIECTBYBAINATA /10 CKOPO MPA3HWHA B CHPABOYHUINTE W TADIUITUTE
¢ Tpancdopmanuu Ha Jlamnac, e neobxomuma dynknuara na M-JI. Pasrienana e u Bb3-
MOKHOCTTA 3a BKJIIOYBAHE Ha KOHTPOJIEPH OT JPOOHO MHTErpasHO-IudepeHnuaieH THII.

B o63oprute mybaukannu [K92|, [K95|, [K97| ce npemiara mperies Ha HCTOPHIECKOTO
U CbBPEMEHHOTO C'hCTOSIHHE HA PA3BUTHETO HA JAPOOHOTO CMSTAHE U HEIOBUTE IIPUIOKE-
HHUsI, 0OCODEHO CJIeJl eTara JI0 KoiTo mmarie mybankyBanu takusa o63opu, [K92|, [K95].
Co6pann ca 0OHOBEHM CIHUCHIM Ha My6OJIKyBaHuTe B obaacTTa MoHOorpadun (ramg 70, or
Hali-CKOPO BpeMe), CIUCAHUS, YUCIeHH aJITOPUTMU, HATEHTH (3a YCTPOICTBA MOIETUPAIIT
IIPOIECH ONMUCBAHY C JPOOHU MHTErPO-AudepeHIupansi ), MHOTOOPORHU Cliennan3upaHu
koHndepennun u cecun, u jap. O63opbr |[K92|, nopaau nybiukyBaneTro My B HPUIIOK-
HO opueHTHpaHO crucanue Karo “ Communications in Nonlinear Sciences and Nonlinear
Simulations” wabpa 3a OKO0JIO TOJAWHA MHOTOOPOIHW IuTHUpaHus. KbMm ocraHaanTe IBe
ny6aukanuu, [K95|, [K97|, ca moarorsenn u myGJIuKyBaHHU JiBa BETHU TTOCTEPa ¢ (bopMaT
A3, momyagapucHpaliy pa3sBUTHETO HA JUCIHUILTHHATA.

B o63opuara crarug [K100] e nHanpaBen omuT ja ce MOMYJSPU3UPa HEpa3pUBHATA
Bpb3Ka MexK 1y Hampasjenusita 1o . A, b u B or remarukara “narerpasau tpancdop-
Maluu U creruagnn QyHKIun” Ha TUCIUJINHATA MaTeMaTHIecKn aHaan3 (Karo TemMa Ha
HacTogmus KOHKYpC). Komenrapuure ca gajienu B T. A.

KbM MoKyMeHTHTE 110 KOHKYpCa € MpeJiCTaBeHa CbINO JOKYMEHTAIUA 110 OCHOBAHOTO
n u3nasano or B. Kupgakosa maremarudecko crnucanue [FCAA], tsacHO crieruansnpano
[0 TeMATUKATa HA KOHKYpPCA W JOMPHUHSCSIIINO 33 PA3BUTHETO I B MEXKIyHAPOIEH Marial.

Penkosierusita Ha CHECAHMETO, M3JIM3AII0 TOHsICTOsmeM ¢ ToMm 14 (2011), un ungek-
CHpaHO B MHOXKECTBO CBeTOBHH 0asu mauHHu Karto: “Fract. Calc. Appl. Anal”, BkaouBa
BeenpusHaT (HaJ 40) cHenuagncT B Ta3u 00JaCT OT IS CBAT, MEZK/y KOUTO ITHOHEPUTE
Ha CHBPEMEHHOTO JPOOHO CMsTaHe W aBTOPUTE Ha MOHOIpadumn-6ecTcerbpu Mo TeMara.
Ot 2011 r. crimcanmreTo e HHIEKCUPAHO U B Scopus, u e npuero 3a BrJaouBane B JCR (J. of
Citation Reports) na Thomson Reuters, 3a ungekcupane ¢ umnakr-daxrop. CKOPOITHO
MpoydYBaHe HA €KW Ha PeJKOJIernsTa mokaspa, de ako npe3 2010 [FCAA| Gere wxaekcu-
pano B JCR, To 6u umao P okoso 1.00 u 6u 6m10 HA 0KOJ10 H0-TO MsicTo oT Totr 250-Te
MaTeMaTHIeCKN CIIUCAHUSA TaM.
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e Ilo 4.3 or IIpaBumauka na MU 3a npunoxenune Ha 3PACPB:
(MOIbJIHUTETH TIOKA3ATEH, KOUTO Ce B3eMAT MPEJBH/] OT HAYUYHOTO YKIOPH)

[Tbaam getaiim o Te3m nmokasaresn ca jgajaenu B [Ipuioxkenusra ¢ Homepa ot 13 10
20, 1 B mpuaozKeHaTa npodecuonaana aBroouorpadus.
Tyk naBaMe HAKOW KpPaTKU XapaKTePUCTHKU:

PbvkoBozCcTBO 1 yuacTue B Me>KIYHApPOJAHN U HAIMOHAJIHUI
HAYYHOU3CJIEAOBATEJICKU ITPOEKTM!: (IIpuioxenue 16)

e PbKoBOIUTE HA 3 HAYYHO M3CJIE/IOBATEJICKH IIPOEKTa 110 JioroBopu ¢ Pou “Hayunu
m3caensanus’ - MOH: # MM 708 (1997 - 2002); # MM 1305 (2003 - 2007); # I 1T
02/25 (2009 - 2012).

e Prrosoauren na HUIT kbm UMU-BAH (ceknus KA / AT'T): “Cunennasnnn dynkum,
JipobHY cMmsTanus u uaTerpajsau Tpancgopmanuu’, or 2001 - jocera.

e YuactHuk B: 4 MexkjayHapojuu nayduu npoekra (¢ [TAH, CAHY, fnoncka n Ky-
BeiiTcka ouganum).

e Yuactauk B norosopu ¢ @ouy "Hayuuu uscneasanus MOH (6 6pos).

o Yuactuuk B HUIT na UMI-BAH (3 6post).

Yyacrue B
ITPOTPAMHU N1 OPTAHNU3AIIMOHHNN KOMUTETIN

Ha HayuyHu MmeponpusTus: ([Ipuroxenue 17)

e B Boarapus, yien Ha oprkomureTu Ha: - “Complex Analysis and Applications”
(Varna’1985, 1987); “Complex Analysis and Generalized Functions” (Varna,1991), “Transform
Methods & Special Functions” (Bulgaria, 1994, 1996, 1999, 2003 - cekperap), “Internat.
MASSEE Congress” (Bulgaria, 2003), Second Internat. Conf. Appl. Math. (Plovdiv, 2005
- Vice Chair); Cekperap ua [Tposneran koudepennuu ua CMB (2003 - Ci. Bpar, 2004 - Bo-
poser); Opranusarop (IIpeacemaren na Opr. u [Iporp. komurern): - “Geometric Function
Theory and Applications’ 2010”; “Transform Methods & Special Functions’ 2011”.

e B uyxkOwmnua, 4jileH HA MeXXIyHApPOJHHU IIPOrpaMHN KOMHUTETH HA IIOBEYe
ot 20 xoudepennuu 3a nociaeauure 10 roguau (2001-2011): - Belarus (AMADE,
2001, 2003, 2009, 2011), Lebanon (RTST, 2002, 2004), France (FDA’ 2004), Holland
(ENOC’2005), Portugal (FDA’2006), Turkey (FDA’2008), Russia - Abkh. Rep. (Intern.
Russian - Abkhazian and Russian-Bulgarian Symposia, 2009, 2010), Portugal (Symp.
Fract. Signals Systems’ 2009, 2011), Spain (FDA’2010), Brazil (2010), India (ICMS, 2011),
USA (FDTA’2011), China (FDA’2012), u ap.

YjieHCTBO B TBOPYECKU U /nUju MPOMECHOHATHN OPraHu3anuu
B ChbOTBETHATA Hay4YHa 00JIaCT:

e Crienmaimanpan HayJeH ¢bBeT o Maremarunka npn BAK (2004 2007, 2007 — 2010)
e Edinburgh Mathematical Society (EMS, UK)
e American Mathematical Society (AMS, USA)
e CUbio3 Ha yuenure B Boirapus (CYB), Cbio3 na 6barapekure maremaruiu (CMB)
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Vaacrns ¢ JOKJIAJN B ME2KTYHAPOIHU
1N HAIIMOHAJIH HAYYHU ®OPYMMU,
N3nacane va JIEKIINU B YY2KJIECTPAHHN YHUBEPCUTETMN:
(ITpunoxenue 18):

T'ocT-npodecop u NOKaHEH JIEKTOP B YHUBEPCUTETU U HAYYHU WHCTUTYIUN B
qy>KOMHA, 1 HA MEXX/IyHapOoAHU KOH(MepeHInn B 4y>KOuHa (cse Xxabuanramnusita
npe3 1989 r.):

O6mmo okoso 50 6pos (3a 1989-2011), B: Amonusa (9), Beaukobpuranus (5), Kyseiit
(5), Cbpbus (5), Ucnanus (4), Jlusau (4), Ionma (2), Topryramusa (2), Crosakus (2),
Tynuc (2), Xomannus (2), Benapyc (1), Uramus (1), Kurait (1), Makegonus (1), OAE
(1), CAII (1), Typrums (1), Yarapus (1), u ap.

B Tlpusoxkenne 18 e najieH hjieH CIUCHK € MMeHATa HA WHCTHTYIUUTe/ KOH(MepeH-
[IIKTe U 3arJaBUITa HA N3HECEHUTE MOKAHEHU JTOKJIA/IN.

Vuactua 8 PEJIKOJIETUIN HA HAVUYHU N3JAHUA: ([Tpuaoxenue 15)

N3naBanu / pesakTupanm 3 MeXXQyHapOJH! HAYYHU CIUCAHUS:

e "Fractional Calculus & Applied Analysis"(FCAA, ISSNp 1311-0454, ISSNe 1314-
2224), IMI-BAS, Sofia / Springer & Versita ; Managing Editor (1998 -mocera)
www.math.bas.bg/ fcaa, www.diogenes.bg/fcaa ,
http://www.springerlink.com/content /1311-0454, http://versita.com/fcaa/
Nnnekcupano B Scopus (or 2011) u npuero 3a ungekcupane (11®) or Thomson Reuters
(ot 2011).

e "Mathematica Balkanica"(MB, ISSN 0205-3217), National Committee for Math. -
Bulg. Acad..Sci. & MASSEE; Editor (1995 - nocera);
http://www.mathbalkanica.info/board.htm

e "International J. Appl. Mathematics" (ILJAM, ISSN 1311-1728), Acad. Publ., Sofia:
Ed. in Chief (1999 - nocera), www.diogenes.bg/ijam

YieH Ha peakoserunuTe HA 10 MeXIyHAPOJHN MATEMAaTUYECKU CIUCAHUSA B
qy>KOmHAa:

e "International Journal of Mathematics and Mathematical Sciences"(IJMMS, ISSN
0161-1712), Hindawi Publ. Co. NY - USA (2003 - 2008)

e "Mathematical Science Research Journal"(MSR.J, ISSN 1087-9919, ISSN 1537-5978),
Global Publishing Co., MN - USA, http://themsrj.com/editors (1999 - mocera)

e "Journal of Concrete and Applied Mathematics"(ISSN 1548-5390, 1559-176X),
Eudoxus Press, TN - USA, http://www.eudoxuspress.com/ ,
http://www.eudoxuspress.com/welcome.html -> Associate Editors (2003 - gocera)

e "Advances in Applied Mathematical Analysis"(AAMA, ISSN 0973-5313), Research
India Publications, http://www.ripublication.com/aama.htm ,
http://www.ripublication.com/editorial _board _of AAMA htm (2006 - gocera)

e "Journal of Approximation Theory and Applications "(JATA, ISSN: 0973-287X),
Serials Publications - New Delhi (2005 - gocera)
http://www.serialspublications.com /journalsl.asp?jid=308&jtype—1
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http: //www.serialspublications.com /journalsl.asp?jid=308&dtype=2&jtype=1

e "Jordan Journal of Mathematics and Statistics" (JJMS, ISSN 2075-7905), Ministry
of Higher Educ. and Sci. Res.- Jordan, http://jjms.yu.edu.jo/,
http://journals.yu.edu.jo/jjms/AdvisoryBoard.html (2008 - mocera)

e "Mathematics in Engineering, Science and Aerospace"(MESA, ISSN 2041-3165,
3173), Cambridge Scientific Publishers - UK (I&S Publ. - USA),
http://nonlinearstudies.com/index.php/mesa/about/editorial Team (2010 - gocera)

e "Fractional Differential Equations" (FDE), Ele-Math (Element Ltd., Croatia),
http://fds.ele-math.com/editorial , http://ele-math.com/ (2010 - mocera)

e "Alexandria Journal of Mathematics"(ISSN 2090-4320), Alex Journals, OA Acad.
J.- Egypt, http://www.alexjournal.org/math/ (2010 - gocera)

e "Pan-American Mathematical Journal"(PAMJ), International Publications - USA,
http://www.internationalpubls.com/PanAmerican.htm (ot 2011)

Pepakrtupanu u u3ganesu cOOpHUNU TPyAOBe HA KOH(pEpeHuu:
7 6post (IIpuitoxkenue 15)

ABTOPUTETHU OT3NBU,
Cb3IABAHE HOBO HAIIPABJIEHVE B HAVKATA:

e B Ilpunoxenune 13 e mameH cnucbk: Ha HaA 600 muTupaHmsa, OCHOBHO OT
JyKIECTPAHHU YUYeHHW B ABTOPUTEHU MEXKIYHAPOIHU m3ganusd. OT Tgax:

- B Hax 23 moHorpadun (na uznarescrsara Springer, World Sci., Kluwer, Imperial
College Press, Acad. Press, Taylor & Francis, North Holland, Pitman, CRC Press, u ap.),

- 7 pucepranuu (5 B uyx6uHa), 3 yuebHu mocobus

- B MexKyHapoHu crucanus ¢ Bucok 1P (cymapuuar VI® ua crarunre nurupa-
wm Tpysose Ha BK e mazn 100).

Tyk npuBezkame caMo M00paH CIUCHK Ha MOHOTpadUH, JTUCEPTAIMIT YIeOHH TOCO-
Ousi, B KOUTO ca MUTUPAHU W U3MOJI3YBAHU Pe3yaTaTH Ha aBTopa (KbM Mait 2010):

e B knuru (mouorpacdun):

- C.I. Camko, A.A. Kuibac, O.11. Mapuues, Unumeeparsu u npouzsodnse dpobrozo
nopadka u Hexomopse ur npumenenus, Hayka u rexauka, Munck, 1987.

- M.K. ®@are, H. 1. Haruu6buna, IIpobaema exsusareHmuocmu 00UKHOBEHBT NUHETHBE
dugpgpepervyuarvrsr onepamopos, Hayka, HoBocubupcek, 1987.

- H.M. Srivastava, R.G. Bushman, Theory and Applications of Convolution Integral
Equations, Kluwer, Dordrecht-Boston-London, 1992.

- Nguyen Thanh Hai, S.B. Yakubovich, The Double Mellin-Barnes Type Integals and
Their Applications to Convolution Theory, World Sci. Singapore, 1992.

- S.B. Yakubovich, Yu. F. Luchko, Hypergeometric Approach to Integral Transforms
and Convolutions, Kluwer, Dordrecht, 1994.

- B. Rubin, Fractional Integrals and Potentials, Pitman Monographs and Surveys, 82,
CRC Press, 1996, 409 p., ISBN 0582253411, 9780582253414
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- D. Przeworska-Rolewicz, Logarithms and Antilogarithms: An Algebraic Analysis
Approach, with Appendix by Z. Binderman (Mathematics and Its Applications), Springer,
1998, 360 pp., ISBN-10: 0792349741, ISBN-13: 978-0792349747

- Saber N. Elaydi, I. Gyori, G. Ladas (Eds), Advances in Difference Equations: Proc.
of the Second International Conference on Difference Equations, CRC Press, 1998, 704
pp.; ISBN-10: 9056995219, ISBN-13: 978-9056995218;

- I. Podlubny, Fractional Differential Equations, Acad. Press, San Diego-Boston et al.,
1999.

- R. Hilfer (Ed.), Applications of Fractional Calculus in Physics, World Sci., Singapore,
2000.

- N. Virchenko, I. Fedotova, Generalized Associated Legendre Functions and Their
Applications, World Sci., Singapore , 2001., 220 pp.; ISBN-10: 9810243537 , ISBN-13:
978-9810243531

- A. Guran, A. Bostrom, O. Leroy, Gerard Maze, Herbert Uberall (Eds), Acoustic
Interactions with Submerged Elastic Structures, Part 4, World Sci., Singapore, 2002, 400
pp., ISBN-10: 9810242719, ISBN-13: 978-9810242718

- A.M. Haxymes, /[pobroe ucuucaenue u ezo npumenenue, Puzmariut, Mocksa, 2003.

- A A. Kilbas, M. Saigo, H-Transforms (Theory and Applications), Taylor & Francis
and CRC Press, 2004.

- H. Brunner, Collocation Methods for Volterra Integral and Related Functional Differen-
tial Equations (Cambridge Monographs on Applied and Computational Mathematics),
Cambr. Univ. Press, 2004, 597 pp.; ISBN-10: 0521806151 , ISBN-13: 978-0521806152

- B. Bonilla, A. Kilbas, J. Trujillo, Calculo Fraccionario y Ecuaciones Diferenciales
Fraccionarios (in Spanish), Serv. Publ. UNED, Madrid, 2003, 198 p, ISBN: 84-362-4893-7

- A.A. Kilbas, H.M. Srivastava, J. Trujillo, Theory and Applications of Fractional
Differential Equations, North Holland Math. Studies 204, Elsevier, 2006.

- H.O. Bupuenko, B.4. Pubak, Ocrosu dpobrosozo unmeepo-dugepevuposarus, TOB
“Bagpyra”, Kues, 2007, 361 c. (Ha YKpauHcKn).

- P. Rajkovic, S. Marinkovic, M. Stankovic, Diferencijalno-Integralni Racun Baicnih
Hipergeometrijskih Funkcija (In Serbian), Mas. Fak. Univ. u Nisu, Nis, 2008.

- B.B. Vuaiikun, Memod dpobnvix npoussoduviz, Aprumok, YabsaoBck, 2008.

- F. Mainardi, Fractional Calculus and Waves in Linear Viscoelasticity (An Introduction
to Mathematical Models), World Sci. - Singapore & Imperial College Press - UK, 2010.

- AM Mathai, RK Saxena, HJ Haubold, The H-Function (Theory and Applications),
Springer, 2010.

- K. Diethelm, The Analysis Of Fractional Differential Fquations: An Application-
Oriented Exposition Using Differential Operators Of Caputo Type, Springer,L.N.M.#-2004,
2010.

e B nucepramumn:

- Ph.D. Thesis, Univ. of Melbourne, Australia: Paul Williams, Fractional Calculus of
Schwartz Distributions, 2007.

- Jlucc. Ha comcKaHWHU yd. cTenmeHn “Kama. Mar. Hayk', BI'YV-Muuck: FOpmnii Jlyuxko,

Hexomopse onepavyuonnue ceasu drs H-npeobpasosarus u ux xonsosouuu, BI'Y, Munck,
1993.
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- Jlucce. Ha coMcKaHUM yd. cTeneHn “Kami. Mar. HayK’, BI'Y-Muuck: BukTop A mam4nk,
Cuneysapnse cayuau GyHryuax u oudPepenHyuaroHss YPasHEHUAT 2UNEP2EOMEMPUEC-
K020 muna u ux npumernenus, BIY, Munck, 1986.

- PhD Thesis: E. Bazhlekova, Fractional Evolution Equations in Banach Spaces, Univ.
of Eindhoven, Holland, 2000.

- M.Sc. Thesis, Univ. Karlsruhe, Germany (Univ. Karlsruhe): Stefan Mirevski, The
Riemann-Liouville Fractional Calculus Fractional Jacobi Functions, 2005.

- Huc. 3a pokrop Ha mart. nayku, JI.U.Bosmpkues: Opmozonanny nosuromu 6 komn-
Aexcna obaacm u npusoscenus, Codpust, 2011.

- JIucepramus 3a o.1.c. “1-p”, fAuka Hukonosa, TV Codus: Hnmezparro-mparchopma-
YUOHHU MEMOOU 30 PEWABAHE HA HAKOU KAACU JuBepenyuaity ypasrerus om dpober ped,
Codms, 2011.

e B y4yebGuu nmocobus:

- E.K. Hukonos, @paxmanrru arzopummu u pesxcexmopru pezyaamopu (yuaebHo moco-
oue), Texunuecku yuus., Codusi, 2004.

- E.K. Hukomno, Cneyuainu mamemamuuecky Gynkyuu u @paxmarnu onepamopu
(yuebno mocobue), Texuuuecku yuus., Cobus, 2004.

- E.K. Hukonos, Pobacmno dpaxmanro ynpasaenue (Ilpeduxkmusnu u anrzebpurnu
memodu; cucmemu ¢ pagnpedeseru napamempu), Texunaeckn yuus., Codust, 2010.

e Tpynosete ot [Ipumroxkenne 10, Bk1. u Te3u oT [Ipmroxkenne 11, ca moaydnim Bede
MHOTOOPOIiHY OT3UBH B IMIyOJINKAIINYA HA APYTH aBTOPU, KATO Ca U3MOJI3YBaHH O
C'BIIECTBO U BKJIOYEHN B TEKCTOBETE UM PEANIIA PE3yITaTH HA aBTOpA (HaJIMYHA
JIOKYMEHTAITHS )

e Chb3aBaHe U pa3BUTHE HA MeXKaAyHapoaHuo cnucauue “Fractional Calculus and
Applied Analysis” (1998 — 2011), kaTo crnucanue ¢ yTBbPAEH MEXK/IyHAPOIEH UMUK,
MH/EKCHPAHO B MHOXKECTBO CBeTOBHH 0a3um jnamuu, BkJI. Ckomyc (or 2011), mpuero 3a
unekcupane ot Tomcon Poiirepe (o1 2011), wbpBOTO GBIATAPCKO CHUCAHEE H3JABAHO MO
cbBMectHaTa nporpava lnpuurep-Bepenra (ot 2011)

EKCIIEPTHA JENHOCT

B MEXK/IYHAPOOHW 1 HANWOHAJJIHU OPraHU3aNNu:

Excneprra (perensnonna) peiinoct: (IIpumoxenue 19)

e Yren na excreprau chBern n komucnu y Hac: CHC nmo maremarnka - BAK (2004-
2007, 2007-2010); Arecr. Komucus npu HC na IMU (2002-10cera), u B ayKOuHa

e Pernensun 3a xabunnranuu, npodecypu U JOKTOPCKH Te3u y Hac (3 6posi) U B dyiK-
necrpaniu yausepcurer (11 6pos)

e Penensun wa HUII no HUC b BY30Be (PMU na CY, XTMY, PV u ap.)

e PereH3nun Ha TPOEKTH 3a W3/aBaHe HA MOHOTpaGhUN U CIHUCHAUS, 32 MeZK/Ty HAPOTHH
u3garencrsa (Springer, World Sci., Imperial College Press, Gordon & Breach, u ap.)

e AHOHMMEH DEleH3eHT 3a PeJUIa MeXKJIyHAPOJAHU MaTeMaTHIecKn crucanus (B T.49.
na Elsevier, Springer, Birkhauser, Oxford Univ. Press, J. Wiley I dr. u uzmanus na ayx-
nmecTpaHHn yHHBepcuTeTn - Kyseitr, ABcrpanus, ITomma, CroBakus, Pymbans, CAILL
Benenyena, Nnust, u jap.)
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CB'bP3AHUN C YUHEBHO-ITPEITIOJIABATEJICKA PABOTA
(3aHgTN" BBB BUCIIN YyYHUJIUINA, PAa3paboTBaHe HA MPOTPAMH HA JEKIIMOHHU
KYypCOBe, MpPeNoaaBaHe HA 4y>K/[ €3UK, U3JaJeHu y4eOHu mocobus u ap.):

e [IpenomaBaresicka jeffHOCT y HAC:

1976-1981, 1993: acucrent (karo cayxkuren Ha EIIMM, u xoHopyBaH) 110 Teopust Ha
anamurnannre dbynknun (anamu3 111) n mo maremarndecku ananus (I u II gacr) B CV
"Cs. K. Oxpuacku -1 mo maremarnka n Mexanuka u Puzndecku P-1

1986-1992: xonopysan acucrent mo maremarniecku ananu3 (I u IT wacr), Texauueckn
Yuusepcurer - Codusi, -1 110 TPUIOKHA MATEMATHKA U HH(OOPMATHKA

e lI3roTBeHn mporpaMu Ha JIEKIIMOHHU KyPCOBE HA AHTJIMIICKH, KOHCIIEKTH 33 JOKTO-
pantu u ap. (Buzxk [Ipunoxenue 14)

e Kypcose u cemunapu B uyxk6una: (IIpunoxkenue 14)

1993: Cmenmanmmsupan gokTopanTcku Kypc "OO600mmeno apobHO cMmaTaHe, Xumepoe-
CeJIOBH OIIEPATOPHU, U CBbP3aHU C TAX CHENUAJIHE (DYHKIMH ¥ WHTErpajIHn TpaHchopma-
nun" (Ha anrniicku, 2 kpeaura), maii - orn 1993 r. B cnanuns: Department of Mathematics
- University Las Palmas de Gran Canaria (mpuiozkena J0KyMeHTAIHs)

2007: YyacTue B OATOTOBKATA U MPOBEKIAHETO HA HHTEH3UBEH KYPC 110 JIMHUS Ha €B-
pomeiicku mpoekT mo DAAD na tema: "Fractional Calculus with Applications in Mechanics B
Yuusepcurera. B Hosu Cas, Copbust, 16-24 cenremBpu 2007, 1 MUK'bJI JIEKIIUU HA TEMA:
"The special functions of fractional calculus"

1992-2011: Toctr-ipod. Ha creruaJM3upany KOJOKBUYMHU, YIeOHU U U3CAET0BATEICKA
ceMUHApPH, KOH(MEPEHIUN U JIp. B YHUBEPCUTETH B 4y:KOuHa, Karo Vcnanus (Jlac [Tammac
u Jla Jlaryna), Beruko6puranus (Inasroy, Kuitn), Slnomna (®Oykyoxa, Toxuo, lokoxama,
Ocaka, Cenpait), Kyseiir, JIusan, Tynuc, Xosanaus, Copbus, [oymma, Pycus, Besapyc
u Ap. (npuiozkeHa JOKyMeHTalus Hanp. 3a Besmkobpuranus, 1992 1.).

Jleraitinre ca majeHu OT/IEJIHO, B CIUCHKA HA YHUBEPCUTETH B 4yKOWHA, K'HJIETO ChM
6una rocr-upodecop ([Ipunoxenue 18).

Codus, 28 centemppu 2011 r. [Toammuc:
(B. Kupsikosa)



