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Perynapusanusa o6001meHHBIX (PYHKIMIT B ajredpe
CBEPTOYHBIX OIIEPATOPOB
© C. H. Haropawix !, 1. C. Cabxykos?

Annoranuga. PaccMmorperna BeroMorarenbHas 3a0a4a BBIUUCICHN WHTErpaaa Ko ¢ moMoIsio
N-KPaTHOTO WHTErPAJIa B OMEPATOPAX MEJIOUNCIEHHBIX TTOPSIKOB. JTO n-KparHoe nuddepeHupo-
BaHUE MPUBOIUT K HEOJHOPOJHON M OMHOPOAHOH cucTreMaMm OOBIKHOBEHHBIX I QepPeHITnaTbHBIX
ypaBHeHUH n-mopsigka. Perenne meppoii CuCTeMbl PABHO CBEPTKE PEITeHNs] BTOPOH CHCTEMbI C TPO-
U3BOJILHOM (QyHKIHEN, 00pa3yoIeil HeOJHOPOAHOCTD TEPBOM CUCTEMBI. JTO SIBISETCS HEOOXOIH-
MBIM yCJIOBHEM DeIlleHns JAHHON 3aja4uu. CBepTKa sBIAETCS NOCTATOYHBIM yCJIOBUEM BBEICHUS
aarebpbl OMEePaTOPOB APOOHOTO TMOPSIKA W IKBHBAJIEHTHOCTH 3TOH anrebpbl aaredpe omepaTopoB
ceepTku. Kpome 3T0ro cymecTBeHHO Hamm4dne OOBIKHOBEHHOrO audhepeHImaabHOro ypaBHeHnd,
OTIPENIEITSIIONIErO YCTONINBOCTL BpeMenu. [lomanrebpoii apobHOro mopsinka Menee 1 ompereseHsb
OTIepaTOPhI CBEPTKU KAK MapaMeTpudeckre 0000meHHbIe (DYHKINN, UX ACHMITOTUYECKIE 3SHAUSHW ST
U eIUHUYHBIE OMeparopbl. AirebpaMu OIpeIesieHa TOXKIECTBEHHOCTh OOBIKHOBEHHBIX YPABHEHMI
[P TOACTAHOBKE B HUX OMEPATOPOB N-KPATHBIX WHTErpaioB. Perynspusamnus mo B.C. Baagnmu-
pOBy ¢ mpuBsederreM TeopeMbl Xoperxemke-CandeBa coorserctByer perynspusanun H.H. Boro-
J11000Ba 110 CBEPXTEKYYECTU. ¥YCTONIMBOCTD CBEPXTEKYYECTH 110 BDEMEHU OIIUCHIBAETCS yPABHEHUEM
Herorona u ero kBanToBbiM anamorom. [lapamerpuueckue 0600IeHHBIE (DYHKITUU U UX CHMMETDUS
YCTOWYUBHL.

Kurrouesbie ciioBa: 00001eHHbIe (DYHKINMY, PErY/IspU3aIinsd, aJredpa CBEPTOYHBIX OMEPATOPOB,
nHTerpas Komm.

1. Bsenenwue

Perynsipusanus o6o6mennsrx dyuknuii (OP) npuBogurest B paborax [1, 2|, omHaKO B HUX He
yurena ycroitausocts O®, koropyio e H. H. Boroawb6os B padore 1947 roga mo cBepxTeKy-
gecrn [3|. Perynspusanuio 6ymem paccmMarpuBarh B CBsA3H ¢ Teopemoil Xopcrxemke-Candepa
(TXC) [4] mo CrparanoBudy, KOTOpas COCTOUT B CJICAYIONIEM: JJis CYIIECTBOBAHUS U COB-
MECTHOCTH pellieHuii cranuonapuoro ypasaenust Qokkepa-Ilianka (YPII) no CrparanoBuay
B OKpecTHOCTH TOUKM T = () cO cTalMOHApHBIM pellieHueM ypaBHeHust PepXiobcTa B TOY-
ke Oudypkamun v = 0, = 0 (A-mapamerp) HEOOXOIUMO U JOCTATOYHO, YTOOBI OHU HMEJH
Bun 6(x) wam d(x — b(t)) B crarmmoHAPHOM W HECTAIIMOHAPHOM ciydasix. Touka Gudypkammm
x = 0, \ = 0 moHEmMAaeTcs Kak IepecedeHne yCTOHInBOro © = A u HeycroiiuuBoro x = () perire-
Huit PepxroabcTa B MapaMeTpudecKoM npocTpancTBe X . B 9Toit Touke pacxoanTces MJIOTHOCTH
BeposgTHocTH — perenne YOI, Ho cxonuTest K §(x) Tpu mapaMerpe o = i—é — 0+ mo TXC.
Pazbuenne miroTHocTH BeposTHOCTH Ha npoussegerne OP u ocHOBHON (DYHKINH JIMHEHHOTO
dyHKIMOHAIA MOZXKET OBITH PAaCHpPOCTPAHEHA HA CBEPTKMU.
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um. P. E. Asiekceesa, (603950, Poccus, r. Huxuuit Horopon, yi. Mununa, 24), ORCID: http://orcid.org/0000-
0001-7771-8924, denis-sablukov@mail.ru
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2. (OObwikHOBeHHBIE nMudPepeHNNAJIbHBIE YPaBHEHNd B ajiredbpax orme-
paTopoB

Cuauasa 0603HaYMM U BbIYUCIUM uHTerpaa Komm or dyukinun &(t) € C

! )l/o(l—s)”_lg(s)ds (2.1)

Ing(t) - (TL 1

C TIOMOITIBIO N-KpaTHOrO HHTerpaia or &(t)

Ie(t) = /0 o /0 " by /0 T ), (2.2)

rae I™ — cuMBOJI OIEepaTopa N-KPATHOTO MHTEIPUPOBAHUA, Il — MOJOKUTEJIBHOE 1IEI0e YUCJIO,
n > 1. Beemem dynkmuo z(t) coBmagaioniyo ¢ upasoii qactbio (2.2)

I"€(t) = a(t). (2.3)

Hudbdepennupyst obe yactu papencrsa (2.3) n pas noaydaem x(t) — perrenne 0ObIKHOBEH-
Horo nuddepennnanpaoro ypasaenus (O1Y)

d"x(t)
) _ e, (2.4)
e
£(t) =0,vt < 0. (2.5)

Torga pemenue ypasnenst (2.4) umeer Bu/

() = /0 Ko(s)E(t — 8)ds, (2.6)

rae siipo K, (t) — pemenne OJIY

d"K,(t)
—F— =0 2.7
¢ HavasipubiMu yesopusmu K, (0) = K/ (0) = ... = K2 = 0, K& =1,
Pemerne (2.7) umeer Bu,
Kn(t) = ——— "1y (1) (2.8)
R CRE TA '

rae x(t) — dyuxius Xepucaiiga. Perenne (2.6) B cHMBOIHYECKOM BUJIE

2(t) = Kn(t) % £(1), (2.9)

rie K, (t)* — cnvBoa oneparopa cBeptku. Takum obpasom (2.9) ¢ smpom Buga (2.8) HeoOXoanMo
Jutst Bhraucaenust (2.1) ¢ nomomnipio (2.2).

Hocrarouno npussth (2.9). Beegem un 0603Ha4nM omepaTop HHTEIPUPOBAHUS IPOOHOTO T10-
psjika «, Kak oneparop I%. Bamenum nenoe n B sjpe K,(t) (2.8) mpou3BOJbHBIM HEOTPH-
HaTeJbHBIM YHCJIOM (v, a (paKTOpHaJ Yucjaa 3aMeHuM ramma-pynximeir ['(«)

(n—1)!=T(n) =T (o), (2.10)

rae ['(a) mpogoskaer ['(n) na mpoussosbHOe 3HaveHue «. fapo K, (t) mpumer Bux
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Ko (t) = ﬁto‘_lx(t). (2.11)

MuTerpaJ cBepTKM Ha30BEM HHTETI'PAJIbHBIM OTIEPATOPOM JIPOOHOIO MOPSIIKA

I°¢(t) = Ka(t) *£(1). (2.12)
Bamumrem (2.12) B siBHOM BH/IE
o(t) = ﬁ /Ot(t ) e(s)ds, s > 0. (2.13)
Paccmorpum
178 = %P, (2.14)

[Tokazkem, uro (2.14) 3KBUBAJIEHTHO

Ko % K5 = Kop. (2.15)
Nmeem [1]
_ 1 ! a—1 . B—1
Kot K= 5oy /0 O1(t — 5)P1¢(5)ds. (2.16)
Cuesaem 3ameny 7 = s/t B (2.16). ITouayunm
tat6-1
K, * Kﬁ = WB(Q7 5)7 (217)
e
B(a, p) = /t 771 — 1) dr (2.18)
0
— bera-pyHKIHS.
I3BecTHO paBeHCTBO [1]
['o)I’
Bla.d) = f (2.19)

[Mogcrasum (2.19) B (2.17) 1 ybenumces, aro (2.14) sksusanenrno (2.15). Berpazkenue (2.15)
OIMCHIBAELT anredpanvecKne CBOHCTBA OMEPATOPOB CBEPTOK — peleHuii ypasuenuii (2.4, 2.7).

Pacemorpum apobubie mopsiaku Y < 1. CooTBercTByOIIHe omnepaTopbl obo3Haunm 17,
[Iycte n — [a] — HamboJsbliee Ieoe YUCJI0, MEHbIEe « Ha 7 — JPOGHYIO YacTh «. AHa-
aoruanoe (2.14) anrebpandeckoe BeIpaXKeHue Oyaer

o= (2.20)
rie
a=7y+n. (2.21)
[Toncrasum (2.21) B (2.20), moxyunm
[o = [onm = (o, (2.22)

C. H. Haropmnrix, /I. C. Cabiykos. Peryviasipuzamnust 06001eHHBIX (DYHKIIHH B ajareope. ..



56 Kypuaax CBMO. 2017. Tom 19, Ne 3

[Monmoxum [~"I™" = 1. Oupenenum [~" Kak omeparop n-KpaTHOTO AudHepeHnupoBaHus,
KOTOpOe paHee siBHO BBejieHo B (2.4, 2.7) mo onpeenennto OJLY. Torma (2.20) ectb nopaarebpa
anreOper (2.14).

dnpo K, (t) ssisiercst cunryssipuoit uapamerpudeckoit O® K. (t) € D', rax kak no TXC
¢ MOMOIIBIO JIMHEHHOrO (PYHKIMOHAIA

K () = 8(t),7 — 0+ (2.23)

B okpectHocTu t = 0. [lapamerp v = (27—2‘ , 0% — WHTeHCHBHOCTDL 06eJ10ro myMa. II0cKOMbKy u3

(2.20) mmeem

K, (t) x K, (t) = Kqul(t), (2.24)
TO CJIEyeT MOJIOKATH CBePTOUHLI onepaTop K. ()% = Ko(t)* = 1. Torma momyaum

Ko(t) = Ko(t),0 <~ < 1. (2.25)

Amnajiornuno onpegeum npu v = 0,17 = I° = 1 u3 (2.20). MMeem TakzKe aCUMITOTHYECKOE
yesore anre6psr (2.20) kak mogaare6pot (2.14)

lim 1°¢(6) = £(0). (2.26)

O6patno, B cury sksuBagentaocru (2.14) u (2.15), MOXKHO HepEHECTH ACHMITOTHICCKHE
ceoiictBa K (1) ¢ (2.20) ma (2.15). [deitctBurensho, nveem

[(a) ~a ! a—0. (2.27)

OmpenennM mapamerp A Kak KPHTHYECKYIO TOUKY (Touky Oudypramun) t = 0,\ =
nesmueiinoro OJIY (2.28) u3 (2.16) npn a = # u Kak aCHMITOTHYECKOe YCJIOBHE o = 23 —
npu K, (t) = 0(t), o — 0+ B okpecrnocru t =0 OY

0
0

t=M—1t% (2.28)

rie © — TpOM3BOHAS TEKYIEero BPeMeHH 10 BpeMeHN CABHTa (CKAHNPOBAHNH) B CBEPTKE, \ = S

— MOJIOXKUTEIbHBIN JHO0 oTpuriaTe bHblii mapamerp. t = 0 — HeycroitunBoe pemienue (2.28),

t = A — ycrofiauBoe pemtenne (2.28). Pemenne x(t) uimeM ¢ mMOMOMIBIO KPATHOIO MHTErpPAJa

Yepe3 OMepaTopsl APOGHOrO mopsiika « anareGpsl (2.14) u yeToifiauBoro t, ymIoBIeTBODSIIIETro
(2.5).

x(t) = I“€(t). (2.29)

OY (2.4) 6yner umersb Bu depe3 " aareGpsr (2.20)

Iz (t) = £(1). (2.30)
[Toacrasum (2.29) B (2.30). Iloayuaum

[MIPE(t) = £(t). (2.31)

Cormacuo (2.21) mveem

I7g(t) = &(1). (2.32)
I[To ompenenennto I7 = 1 pasencTBo (2.32) BBINONHSETCS TOXKAECTBEHHO. B mTore mocra-
Toqro (2.9) u anrebpandeckux cpoiicTs pemenuit OJLY (2.4, 2.7) mia BHINOJTHEHNS TOXKIECTBA
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(2.32) npwu mozcTanoBKe B (2.4) B 0OmepaTOpHOM BHJE BhipazkeHus (2.29) ¢ TOMOIIBIO DABEHCTB
(2.1, 2.2). Toraa anrebpa cBeprouHbIX omeparopos (2.15) cosmamaer ¢ D', [1]. Anre6pa D',
onnomepubix O® K, (t) cnpasemiupa Jjisi CHHTYJISPHBIX O(1) W sl CXOIUMOCTH OCHOBHOI
dbyuxuuu x 0(t) [1]. Chopmysupyem Teopemy.

Teopema 2.1. /s evuucaenus unmezpanra Kowu om E(t) € C™ ¢ nomowwro one-
PAMOPa N-KPammoz0 uHmMezpuposarus Heobrodumo pewerue cucmemv, OV n-nopadka npeod-
cmasums 6 eude ceepmru (2.9) u docmamouno (2.9) npedcmasume unmMeZPAALHULM ONEPATNO-
pom dpobrozo nopadka, Adpo komopozo asasemca napamempuueckott OP us anzebpw D' ¢
neyemotmusvm t =0 u yemotnwusom 0 <t pewenuem OJY (2.28).

3. Perynapuzamma o0600mieHHBIX (YyHKIMIT B ajredpe CBEPTOYHBIX
ONEpPATOPOB

CaenmcrBue 3.1. Qyuryua x,(t) € C°(R") coenacno |1 nHasweaemes peeyaapu-
sayuett OP K(s)

za(t) = K+ & = (K(s),&(t — 5)), (3.1)
ede £(t — s) € D(R™) — ocnosnaa dyrkyus. Brewmnue y2ao6ue ckobku 03nauaom aunetnon
pynryuonan 6 (3.1). Hockorvky E,(t) — 0(t) npu a — 0+ 6 D', us nenpepwisnocmu ceepmri,
K x&, omnocumenvro &, noayuaem To(t) — K(t),a — 04+ 6 D'. Ouesudno, peeyarapusauus
00 K(t) ¢ D'(R") ecmv crodumocmsv napamempuuecrot dynxuyuu T,(t) € C°(RY) x OD
K(t).

Cozaacro TXC mooicro noayuumo, duddepernvupya Eo(t — s) 6 okpecmmocmu mouky pac-
xodumocmu A0KaAvHO unmezpupyemot gynxyuy K(t) (obpwsas pad Tedaopa we anarumuse-
crotll o (t—38) 6 okpecmmocmu 3moti MouKy Ha AUHETHOM YACHE 6 CUNY COB8U080T CUMMEMPUY
£a(t) ), pasencmeo meotcdy Pynruuamu, ocyuecmsisouumy pezyiapusayuio O

Ta(t) = 5(t) + Falt). (3.2)

ILaomuocms eepoamuocmu 6 |3] natidena 6 npubausicenuu caaboszaumodeticmsyrou,e2o
bose-2a3a u3 ypasuenus Llpedurzepa 6 HENPEPLIBHOM CNEKMPE UMNYADCOE D

174 —_
Ta(p) = (nh)? > " brby, (3.3)
p#0
2de by, b, — dunamumeckue onepamopul posicdenus u eubeau p; v, h — nocmoanmuie, snax
— Komnaekcroe conpastcenue. epma nad npasotds wacmuvio (3.3) ecmv yepednenue. Kpome mozo
(3.3) npedcmasaeno 6 sude:

_ Voo oo T | Ly (g 4 1)
:L“a(p) - O(S(p) + (27Th)3ma(p)’xa(p> - 1 . |Lp|2 )

komopwiti cognadaem ¢ Hopmuposantvim (3.2). Ilosowce (8.4) onybaurosaro 6 pabomax [6] 8]
Kak pezysapusayus Pyrnkuyun To(p) . Pasnosecnoe cpednee wucen sanosnerus 6 |3

(3.4)

Elp) —(pu) 14
—e - 1}

popmarvro npu p — 0 pacrodumca, umo coomeemcmseyem HenodsUMNCHOMY KOHOEHCAMY

Kea3u"acmuly, omHocumerbHo deusicernusn bose-2a3a ¢ NOCMOAHHOU cKopcmsio Uu. o =

Cse—u
a,Cy6,C, 0 — nocmoannwve, L, — dynryua om p, E(p) = Cup.

77 = {exp

(3.5)
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CnencrBue 3.2. B[3] Hesasucumvim apeymenmom eubpa umMnyibe p, 4mo npu-
daem (2.28) cmoica ypasnenus Horomona (dunamuyeckan wunemamuka postcdenua-zubest, |p|
NpU KAGCCUNECKUT 3HAMEHUAT N )

Bl = Alpl = [pl*, (3.6)

2de |p| — modyav umnyavea ompascaem CuMMEMPUIO NOMEHUUAAG 83AUMOIETCNEUL YACTIUY,
bose-zasa. Hpuwem p =0 3mo Heycmotinusvil nokot KOHIEHCANA KEA3UMACTIUY, OTHOCUINEND-
Ho 603€e-2a3a, d8UNCYULL20CA C NOCMOANHOT ckopocmvlo u; A < 0 amo npeobaadaem yemotiuu-
6a4 2ubeAd KBA3UUACTUY, 8 JSUNCYWEMCA KOHIEHCame OMHOCUMEALHO D03€e-2a3a ¢ NOCTOAHHOT
CKOPOCTBIO U .

Canemcrsue 3.3. Heycmotuusocmo 6(t) npu a — 0 u yemotinusocms napamem-
puneckur OD 6(t—95) no (2.28) eaewem yemotinueocmy He ocoberHux npeobpadosanut cum-
mempuu To(t) cosuea, epauserus, nodobus [1].

CanepngcrBue 3.4. Uz [3] ussecmua neycmotiuugocms caabogo30ysicoennvis Koa-
AEKMUSHOLT  HOHORHBT cocmoanull crabo Heudeanvhozo Bose-zaza, ewpasicaeman Hepacer-
emeom v(p=0) <0, 20e v(p=0) = [ (|g])dg — amnaumyda 6oproscroti seposmmocmu nap-
Ho20 coydapenus ¢ nomenyuarvnot gynruyuetd P(|q|). Yemotivueoe cocmoanue v(p = 0) > 0
IKBUBAACHMHO Yemoluusocmu 2a3a npu Hyasesol memnepamype |3]. s p — nesasucumo-
20 apzymenma modeau |3| noayueno ypasnenue (3.6), komopoe 6 K8AHMOBOM NPUOAUICEHUL
umeem Yemotiuusoe pewenue

mqFE

p| = 5 (3.7)

2de q — KOOPAUHAMA U HEYCMOTNUBOE PEWEHUE
lp| = 0. (3.8)

IIpu E = C,elp| [3] umeem sascnetiwuis kpumeputi k6anmogots meopuu — cOOMHOWEHUE
HeonpedeseHHoCmU

laps] = A, (3.9)
ede Ps = mcss . HPU E = % UMeem
2h
v(0) = — 3.10
) qlpl (3:10)
U
v(0) > 0 npu g > 0,v(0) <0 npu q <0, (3.11)

coomeemcemeyrousue yemotuusocmu u Heycmotuusocmu no Bozoawbosy.
Hs n? >0 (3.5) caedyem

E(p)
p|

Buipaosrcenue (3.12) coznacno (3.8) xapaxmepusyem kak neycmolinusoe 06udiCenue 2a3a o
ckopocmoto |u| = Cye donoanumenvro x (3.11).
ITo meopeme TXC [4] umeem naomuocmo sepoamuocmu

= |u| = Cs > 0 npu |p| = 0. (3.12)
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2)  —2[p|

‘p’oﬁe o . pE [0,00) (313)

Hpupasnusas (3.13) u sxcnonenmuyuasviod muosicumens (3.5), umeem

2
o T
—_— = — (3.14)
2
Hemounukom 6enoeo wyma cozaacno (3.14) asasemes memnepamypa KOHOEHCAMaE U CKO-
POCL DBUNCEHUA 2030 OMHOCUMEALHO Kondencama |u] .

Ipu i—é‘ — 0 umeem

T 1 T T
p1,2:—fi§\/(c )2—0—40 , (3.15)
npu \ = o2
1
p = 1 _ 036’ (316)
T
npu A = %02
036 ]‘ 038
P2 = 55 + B ( T )2+ 4. (3.17)

Bupaostcenuro (3.15) ¢ ompuyamenvrol memnepamypot KoHIEHCama 0meenaem uneepc-
HOCMB 3acesenusn pacnada kKowdencama npu p = 0.

CaneagcrtBue 3.5. Kunemuka @emmomoros cmumysuposarHoti AeKmporHot
amuccuu (COI) okucaennozo kamoda pacemampuesanace 6 pabome [5] ¢ nomouyvro OAY das N
— KOHUEHMPAUUY SAEKMPOHOE NPOBOJUMOCTNU, V — KOHUEHMPAUUA 3GNONHERHHLET SINEKTNPOHHIT
AOBYULEK 6 3ANPEULEHHOT 30HE OKUCAA

N:BV—Al(Vl—V)N—A2N+f1(t), (318)
vr=—Br— Al(yl — I/))N — AdN + fg(t), (319)
2de
Y =Yor+ Yess(t), Yess(t) = L(A2N + Asv), (3.20)
U1
Ay = —D(E), (3.21)

ede A1, As, A3, B, L,v1 — nocmosamnnvie, Y = Yor — cmMayuoHapHas sAeKmponnas amuccus, L
— MOAWUHA OKUCAG, V] — CKOPOCT® aaekmpora, a — wupuna amo, D(Ey) — xoadduyuenm
NPO3PAYHOCTNY 6 3ABUCUMOCTU OM NPUAOAHCEHH020 Iaekmpuneckozo noaa Ey. IIpeobpasyem
cucmemy (3.18-3.19) ¢ nomowvio (3.22, 3.23), noayuum ypasnenue (3.6) dan v

f1:07N207A2 >> Al(yl_y)q (322)

A B

2

)\0 =V — AQ/A1<A3/B + 1), dl?: dt, (323)

C. H. Haropmnrix, /I. C. Cabiykos. Peryviasipuzamnust 06001eHHBIX (DYHKIIHH B ajareope. ..



60 Kypuaax CBMO. 2017. Tom 19, Ne 3

2de 1y — KOHUEHMPAUUA 3aNONHEHHBIT U NYCMBLT A0BYULEK, ﬁ—j ~ BEPOAMHOCTL YL00a INekK-
MPOHOS U3 30HBL NPOBOJUMOCTNU, % — 8EPOAMHOCTNG YT00a IAEKMPOHOE ¢ aosywek, A1B —

COBMECTNHAA BEPOAMHOCND POHCIeHUA-2ubeAU Aosywek. Feau nomok dusakarcuti us memania
8 OKUCEN NOAOKHCUMDY fo = &1, MO umeem ycaosue addumueHocmu 6ea020 wWyma x cpeoHemy

Ao

v —— (= +1)+0o&. (3.24)

ra3/nnasma, OKWcen , MeTann

b
a / T3,

A3~/

Pucynoxk 3.1

Iuepzemuneckan duazpamma neperodos asexmponos Ay, As, As, B 6 s3agucumocmu om xoopdunamol
C 2NEKMPOHHBLMU AOSYULKAMU 6 3ANPEULEHHOT, 30HE OKUCAG. fo - NOMOK 8AKAHCUOHHBLY deexmos u3
MEMANNG.

Iepexodvr cmayuoHaPHO20 INEKMPOHHO20 CNEKMPA OKUCAG U300pascens, wa puc. 3.1. Ilpu
Ay = Ay, A3 = B, Ao = 0 obnapyorcusaemes boaee caaboe nepasencmeo Ay > Aj(vy — v).
Hepaserncmeo Ey; >> E noseoasem omrasamovcea 6 (3.6) u (3.18, 3.19) om epaduenmmmix
YAeH08 daa nomenuuanra npu F = 1‘3—?(% +1)/eS, 2de S — naowads saexmpoda, € — dusnek-
mpuueckas nponuyaemocmy okucaa ( £~ 10° B/em ).

B axcnepumenmax na paspaonurax [5| 6vaa yemanosaena ceasv mencdy Yons u cpednum
CTMATMUCTIUNECKUM 6PEMEHEM 3aNa30u6aHUA NPob0A Tcpz NPU NPUAOHCEHUL CTRYNEHU HATPA-

HCEHUA.

2e
Yony = = , <325)
tops

ede e — 3apad arexmpona. Ilpupasnaem (3.25) u (3.20) das Yeoon = LAsv, noayuwum v =

2e -1
[{O 3LA3 . 97€cnepUMeHma,/LbH0 YcmarosAeHa NAOMHOCMD 8EPOAMHOCNU tCBg, UMENULAA sud
5f

2\ _ 1 —2topa

Ayl =tep, e o0 . (3.26)

ITrommuocms eepoamuocmu (3.26) no TXC coomeememsyem (2.28) u sxcnepumenmanvro
nodmeeporcdaem ypasrenue. B xsanmosot unmepnpemavuu (3.26) umeem 6ud

ho2xa_; —o2n

Azl = ()7 emt, (3.27)
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ede E — anepeus anexmpornol sosywru. Tarxum obpazom, (3.27) onucweaem siexmpontoli
CNeKmp A0BYWEK 6 3anpeweHnoti 3one okucaa. Ipumep makxozo cnexmpa umeemces 6 pabome
no MOMEHUCUEHUUL NOAYNPOBOOHUKOS ¢ HEOCHOSHUMY Hocumenramu |T|. Ypaenenue (3.6) dan
vV, noayueno 6 modeau demmomoros CII ¢ okuciennoz2o kamoda u nodmeepacdeno skcnepu-
MEHRMANDHBLMU HAKMAMU.
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Regularization of generalized functions in convolution
operator algebra.
© S. N. Nagornykh 3, D. S. Sablukov*

Abstract. A problem of Cauchy integral calculation with the aid of n-fold multiple integral
by integer-order operators is investigated. This n-fold multiple differentiation results in n-order
uniform and non-uniform systems of ordinary differential equations. The solution of the first
system is equal to the convolution of the second system’s solution with arbitrary function
forming heterogeneity of the first system. This is the necessary condition of existence of the
given problem’s solution. The convolution is a sufficient condition for establishing of the fraction
order operator algebra that is equivalent to convolution operator algebra. Besides that, existence
of the ordinary differential equation defining stability of time, is important, too. Subalgebra of
fractional order less than 1 defines convolution operators as parametric generalized functions, their
asymptotic values and unity operators. Both algebras determine identity of ordinary differential
equations after substituting n-fold multiple operator integral in these equations. Vladimirov’s
regularization according to Horsthemke-Saichev theorem corresponds to Bogolubov’s regularization
for superfluidity. Time stability of superfluidity is described by the Newton equation. Parametric
generalized functions and their symmetry are stable.

Key Words: generalized functions, regularization, convolution operator algebra, Cauchy integral.

REFERENCES

. Vladimirov V.S., Uravneniya matematicheskoy fiziki [Equations of mathematical hysics],

Nauka Publ, Moscow, 1981 (In Russ.), 512 p.

. Yu. N. Drozhzhinov, B. 1. Zav'yalov, Vwedenie v teoriyu obobshchennykh funktsiy

[Introduction to the theory of generalized functions.], Lektsionnye kursy NOTs, 5, MIAN]
Moscow, 2006 (In Russ.), 164 p.

. Bogolubov N.N., “K teorii sverkhtekuchesti [On the Theory of Superfluidity]|”, Izvestiya

AN SSSR seriya fizicheskaya, 11:1 (1947), 77-90 (In Russ.).

. Nagornykh S.N., “Kriticheskie parametry plotnosti veroyatnosti v indutsirovannykh

shumom perekhodakh [Critical Parameters of Probability Density in Noise-Induced
Transitions]”, Jour. SVMO, 16:4 (2014), 50-52 (In Russ.).

. Nagornykch S.N.; “On exoelectron emission kinetics under strain excitation of metals”,

Proc. 4 Intern. Symp. Fxoelectron Emission Dosimetry. Czech. Acad. Sci.@Atom FEnergy
Com., Liblice, 1973, 178-193.

. Lifshic, E.M., Pitaevsky, L.P., Statisticheskaya fizika. Chast 2. Teoriya

kondensirovannogo sostoyaniya, M. Nauka, 1978 (In Russ.), 448 p.

3 Sergey N. Nagornykh, Associate Professor of the applied mathematics chair, Nizhniy Novgorod State

Technical University after R.E. Alekseev (24 Minina Str., Nizhny Novgorod 603950, Russia), Ph. D. (Physics
and Mathematics), ORCID: http://orcid.org/0000-0001-5552-8521, algoritm@sandy.ru

4Denis S. Sablukov, Bachelor, Nizhniy Novgorod State Technical University after R.E. Alekseev

(24 Minina Str., Nizhny Novgorod 603950, Russia), ORCID: http://orcid.org/0000-0001-7771-8924, denis-
sablukov@mail.ru

S. N. Nagornykh, D. S. Sablukov. Regularization of generalized functions in. ..



Zhurnal SVMO. 2017. Vol. 19, No. 3 63

7. A. P. Levanyuk, V. V. Osipov, “Kraevaya lyuminiscenciya pryamozonnykh
poluprovodnikov[Edge luminescence of direct-gap semiconductors|”, Uspekhi Fizicheskikh
Nauk, 133:3 (1981) (In Russ.).

8. Gelfand, IM., Shilov, G.E., Obobschennye funkcii i deystviya nad nimi, M. FIZMAT
GIZ, 1959 (In Russ.), 472 p.

Submitted 15.09.2017

S. N. Nagornykh, D. S. Sablukov. Regularization of generalized functions in. ..



