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HAWKPALLE HABJINXKEHHS B _I_HTEFPAJ'IbHII7I
METPULI NIHINHOI KOMBIHALII NEPIOAWYHNX
®YHKUIX PI3HOI MAPHOCTI

VY 6araTpox po3ainax MaTeMaTHKH YacTO BUHUKAIOTH EKCTpeMa-
JIBHI 3a71a4i OB sI3aHi 13 alpOKCHMAIiHHUMU XapaKTepUCTHKAMU SIK
HaOJIOKaroUnX (QYHKIIH, Tak 1 BIACTHBOCTSIMH EIICMCHTIB, SKUMH
HaOJKaroTh. Hanpuknan, s MOMiHOMIB KiJIBKICTIO TOUOK CITiBIIa-
JTAHHS 3HAYeHb (QYHKIIT Ta 3HAYCHB MOJIIHOMA, SIKUM 3aMiHIOIOTb IO
¢yHKLI0 Ha OCHiKyBaHOMY NpoMibKKy. Ha mpakrumi 3amada Ha-
Ommxendst GyHkii f i3 Bu3HaYeHOT MHOKHHY R 3BOAUTHCS 10 3aMi-
HU ii 32 BU3HAUECHUM alNrOPUTMOM A0 ONU3BKOI O HEi, B IIEBHOMY
po3yMiHHI, GYHKIIT (MHOTOUICHA) ()iIKCOBAHOTO CTETICHS.

VY piBHOMIpHI#i Ta, BiIIOBIHO, IHTETPANIBHIN METPHUKAX 3amaya
3HAXO/PKEHHsI TOYHUX 3HA4YeHb HaWKpallux HaOJIMKeHb KiaciB I
pa3iB qu¢epeHiHoBHUX QYHKIIH, I — HaTypaibHe YHCIIO, OTPHMa-
7a cBO€ BHUCBITIEHHS B poborax JK. Pasapa [1], H. 1. Axiesepa,
M.T. Kpeitna [2], b. Hagsa, C. M. Hikonscpkoro [3], B. K. [I3saau-
ka [4], C. b. Creukina, Cyns KOH-11eHa Ta iH.

OcTatouHi pe3yibTaTd 1O PO3B’A3aHHIO 3a/adi HAWKpAIOro Ha-
OmmkeHHs Ha Kiacax Betnsa-Hazs mpy MOBUTBHIX 3HAUSHHS Mapame-
TpIB, 10 BU3HAYAIOTH IIi KJIacH, HAJIE)KaTh YKPaiHCHKOMY MaTEMaTHKY
B. K. JI3snuky [4]. Y iioro pobotax Ha kiacax (QYHKII, sKi OpO-
JDKEHI BIZIOMHMH sijipamu bepHyJiti, BCTAHOBJIEHO TOM (hakT, 1Mo Kilib-
KICTh TOYOK CIIIBIIAAHHSA S/pa Ta HaOMMKAI09YOro TOJIIHOMA CTETICHS
N — 1 He mepeBHUIIye 2N, BPaXOBYIOUYH X KPaTHICTb, IO 1 JO3BOJIMIIO
OTPHUMAaTH OCTaTO4Hi pe3yabTaTu. B poboti [5] HaBeneHi Bumaaku ta-
KUX JIHIHHUX KOMOIHAIi{ mapHUX abo X HEeMmapHUX saep, s SIKHX
KUTBKICTh PIBHOMIPHO PO3TAaIlIOBaHHX TOYOK IHTEPIONSMIl piBHA
2N + 2 mig moiiiHOMa crereHs N — 1, SKui HafiMeHIIe BIAXWICHUN B
MeTpHLi npoctopy L Bix mocrmimKyBaHol niHiiHOI kKoMOiHaLLi.

Inest mOCHDKEHHS CKIIaICHUX sJep, 10 3alHUCYIOThCS Y BHIIIS-
i aiHidHOT KoMOiHawLil cknanoBux noaaHkis, Hanexuts O. I. Cre-
naHio [6] i oTpuMalia BiANOBIJHE BTIJICHHS B 337a4aX CyMiCHOTO
HaOmmkeHHs QyHKUid Ta X nmoxigaux. Y 80-90-x pokax XX cro-
piuust O. I. Crenanuem GyB po3poOJieHHUI HOBHUIT MiAXix 10 Ki1acH-
¢ikanii nepiognuHux QyHKUIH, SKUil 103BOMMB 3IifCHIOBAaTH 10-
CUTH TOHKY KJIacH(iKaIlil0 Ha3BUYANHHO IUPOKIX MHOKHUH TIEpPio-
nuyHuX GyHKuii. [Ipu oMy oTpuMaHi pe3ysIbTaTH Ul BKa3aHUX
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KJIaciB 3 OJJHOTO OOKy MalOTh 3arajJbHHH XapakTep, a 3 IiHIIOTo —
JIal0Th Ty HU3KY HOBUX, HEBIIOMUX IO IBOTO Yacy, pe3yJbTarTiB,
SKi Ha BIIOMHUX paHille Kiacax OTpUMaTtd Oyio HeMoxuso. [Ipu-
TPUMYIOUYHCH HiIXOMIB 0 BUMOT Kinacudikamii GyHKIiH, MA MO-
JKEMO PO3TIIIATH JiHiIHy KOMOiHaNio KJIaciB QYHKIIN SK JAesIKUH
OJIUH KJIac — OUIBII CKIIagHIMIOro Xapakrepy. | Toai 3amaya 3Haxo-
JUKEHHS] TOYHUX 3HAu€Hb BEPXHIX IpaHel HalKpalux HaONIIKeHb
3BEAETHCS [0 3a7adi HaliKpamoro HaOIMKEHHS [bOTO CKJIAJCHOTO
KJIacy, IO BiIIOBia€ 3rOpTKaM 3 TBIPHUM CKIIaJCHUM SIPOM.

Y poGoTi TOCHIHKYIOTECS JiHIMHI KOMOIHAI TphOX Hemepep-
BHHUX 27-TIepiOANYHHX sIAEp Pi3HOI MapHOCTI i BCTAHOBJIEHO, IO
ICHYIOTh Taki CKJIaJeHi s1pa, OI0 X TPUTOHOMETPUYHUH MOTIHOM
HalKpamoro HabIKeHHS MOpSAAKY N — 1 B iHTerpaibHii MeTpHLi
IHTEPIOIIOE AAPO B 2N + 2 pIBHOMIPHO PO3TalIOBAHUX TOYKaX.

KiouoBi cioBa: natikpawje Habnudcenns, inmezpanvha mem-
puKa, aiHitiHa KoMOiHayis s0ep Pi3HoT napHocmi.

Beryn. Haiikpamie HaOMIDKeHHS Kiacy (YHKINH, IO € 3TOPTKaMH SiI-

o0
pa Wj,(t) = Zy/(k) cos(kt —%) 3 eJeMEHTaMH OJJMHHYHOI KyJli IIPOCTO-
k=1
Py CYMOBHUX 277 -IIEPIOJMYHNX CYTTEBO OOMEXEHHX (YHKILII TPHUTOHOME-
TPUYHUMH MHOTOYJICHAMH MOPSIKY HE BuIle N—1 B piBHOMIpHI MeTpuIli,
T0OTO Benmuumua  sup inf ”(\P sP)t) —Tn_l(t)” MOke OyTH OTpHUMaHa,
lo], <L 11 To c

SKIO 3HANICHO HaWKpalle HAOMMKCHHS B IHTETPAIbHIA METPHIN sjpa
W4(t) TPUrOHOMETPHYHMMH MHOTO-WICHaMH MOPsAKY He Buile N—1. B
Teopii HaOMIKEHHS IF0 3aJady Ha3uBaroTh 3amadcio Dapapa. Bimomi mo
[BOTO Yacy pe3ysibTaTd no 3aaadi daapa Oynu OTpH-MaHi LUIIXOM JOBe-
JeHHs TOTO (akTy, wo s1po ‘¥ 4(t) iHTEPIOMOETHCS JEAKUM TPUTOHOMET-
PUYHUM MHOTOYJICEHOM MOPSAKy N—1 He Oinblie ik B 2N PiBHOMIPHO Po3-
TalIOBaHUX TOYKAX HA TEPIOJ 1 JIMIIe B HUX, IPUYOMY TOYKH IHTEPIIOJSLIIT
HE € KpaTHUMH (Iled MHOTOYJICH HA3MBAIOTh MHOTOWIEHOM HaWKpalioro
Habmwkenns sapa ‘W 4(t) B interpanbhiit Metpuui). B nanomy nosizom-
JIEHHI BCTaHOBJICHO, IO ICHYIOTh J€SKI JiHIHHI KoMOiHawil GyHKIiN pi3HOT
MapHOCTI, ISl SKHX MHOTOYWICH HaiKpamoro HaOnmkeHHs mopsiiky n—1
IHTEPITOJIFOE ITF0 KOMOIHAIII0 B 2N+ 2 TOYKaX Ha MEePioJii.

IocranoBka 3amaui. Hexaii K, (t),K,(t),K;(t) — HenepepsHi 27 -
nepionndHi QYHKIIT MapHi Ta HEMapHi, aine 000B’I3K0BO cepes HUX € ¢y-
HKUii pi3Hoi mapHocti. Yepes K(t,«) Oyaemo mo3HayaTd HACTYIHY Jii-

Hifiny komOinanito K(t,a) = oK (t) + oK, (1) + oK (1) o,y 3 € R.

PosrisHemo 3aauy BifllyKaHHs Haikparioro HabmmwkeHHs sapa K(t, )
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B IHTETpabHI{ METPHII TPUTOHOMETPUIHUMHI MHOTOUYJICHAMH TTOPSAKY HE
BHUOIe 32 N—1, a Toynime Oyxemo mrykatu cepen spep K(t,a) Ttaxi, mo
HE BIJIMIOBIIAIOTh PAHIIIC OJCPKYBAHUM YMOBaM.

Jonomixui TBepmxenns. Cxmanemo i sapa K(t,«) dyskuiro
2n+1
Kpeiina nopsnky n+1: G(t,a) = D (- 1)k K(t +k—1 a). Crpasennmse
= n+
TaKe TBEPKCHHS.

Jlema 1. /[na 6yov-saxozo éexmopa o = (0{1, az,a3) @ynxyis Kpetina

. T
Ha npomixcky | 0;—— | mMae Hynb.
( n+ 1}

JoBenennst. 3ayBaxxumo, 1110 i3 HenepepBHocTi GyHkuii K;(t),i = 1,3,

BUIDIMBae HemepepBHicTh (yHKmii Kpeitra. OOuncimMo 3HaYeHHS (QyHKIIT
Kpetiina B mpaBoMy KiHIII IPOMIKKY

2n+1 T kﬂ'
(Omj G( j Z( 1) K(nq-l n+l j:
_2nz+:2( o 1K( Ko j zil( " K(% aJ:_G(O,a)-

1 k=0

OTxe, iCHY€E YHCIIO 96[0;—J , opu sikomy G(6,) =0. Jlemy
n+

JAOBEIEHO.

Skmo BekTopu ¢ Ta [ KOJiHEapHi, TO, SIK BUIUIMBAE i3 IOBEACHHS
aemu 1, G(6,a) =G(0, 5).

Jlema 2. /[ns1 6y0b-5K020 MPUSOHOMEMPUYHO20 MHOLOUIEHA NOPSOKY

ne suwje N gynxyis Kpetina nopsoky N+1 momooicno pisna nymo.
JoBenennsi. Hexaii m<n, tomi

2n+1 (mtJrkaJ
G(sinmt)=1Im| > (-Dke' ™
k=0
k ®
2n+1 imz m 1—g2imz
Imt Z en+l = Im e —lmzr = 0
1+ent
AHaJIOTIYHO
2n41 i(mHkaJ 1 g2im
G(cosmt) = Re Z (ke )= Re| e —|=0- (2)
k=0 1+4+en+l
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Bynp-sikmii TpUHOTOMETPUYHHUIT MHOTOWICH HOPSAKY HE BUIIE N € Ji-
HifiHOIO KOMOiHamiero ¢yHkuiit sinmt ta cosmt, me M<n; ¢yHKuis
Kpeiina Takox niniiiHa, T00T0 G(arF (1) + SH (1)) = 2G(F (1)) + SG(H (1)) .
Touni i3 piBrocTeii (1) Ta (2) BUIIIMBAE CIIPaBEAIMBICTD JIEMH.

Jlema 3. /s 6y0b-ﬂ1<02096(0;il) ICHYE HEHYIbOBULL GeK-
n+

* k, ok, ® o *
mopo =(0y;0,,Q3) ma mpueconomempuunuii mHozounern T, 4(t) no-
pAOKy ne euwe 3a N—1, axuii inmepnomioe ynxyio K(t,a*) 6 mouxax

_O+krx
n+1

t, k=0;2n.

JoBenenns. Yepes TO (t),T(z) (t),T(3) (t) mo3HaumMoO TpPHUrOHOMET-
PUYHI MMONIHO-MU MOPAAKY N—1, sKi iHTEpHONIOI0Th (QYHKIIT BiAIOBITHO
K (1), K, (t),K5(t) B Toukax ft, ,k =0,2n—2, (TaKi MHOTOWICHH iCHY-
10Th, TUB., Hamp., [7, ¢. 505]). Toai s Oyab-sikOro HAbOPy YKCEN

a=(oy,0,03)

iai (Kit)-TOt)) = K(tk,a)—iaiT(i)(tk) -0,k=0,2n-2 .(3)
i=1 i=1

3Haiinemo 3na4enHs pisaup K; (t) -T® (t) BTOUKAX ty, 4,b,:

Cion1 = Ki(tzn 1) _T(I)(t2n—1)vci,2n = Ki(trn) TV (1), =13.
BexTopu
1 . 2 . 3 .
c® = (Cl,Zn—l'Cl,Zn)!C( )= (C2,2n—l’C2,2n)!C( ) = (C320-1:C3.2n)
JMHIHHO 3alie)kHI, TOMY ICHYe HeTpHBialbHa ix KOMOiHamis, IO piBHA
HYJIb-BEKTOPY, TOOTO

* * * _ 0
O CongtQoCon 1 T A3C3 001 =

dof 0,03 €R: { 4)

* * *
1 C g +@pCp 9 +03C3 57 =0
PosrnsHeMo Takuii TPUrOHOMETPUUHUM MHOTOUJIEH:
) = o TD (2 *(3)
T ®)=q TV Q) +aT ) +agT (1) .
Sk nmiHiffHa KOMOiHAIliS TPUTOHOMETPUYHHUX MHOTOWIEHIB Mopsiaky N—1
BiH MaTHMe TaKkoX NOpsAIoK He Bumie N—1. Buxomsum 3micty umcen
Ci 2n-1+Ci 2n » CUCTEMY (4) MOXKEMO 3aMHCATH HACTYITHUM YMHOM

{K(tml,a*)—T*(tz“):o |

— ®)
K(tyn, o) =T (tz,) =0

143



MaTtemaTtunyHe Ta KOMI'I'}OTepHe MoAentoBaHHA

Bubepemo y criBsinnomenni (3) Bektop «, Bpaxyemo (4) i onep-
JKMMO, 10 BEKTOP ¢ Ta TPUTOHOMETpHYHHI MHorowieH T (t) urykai.
Jlema noseneHa.

3ayBakUMO, 110 KOJIM BEKTOP & 3a/I0BOJIBHSE JIEMy 2, TO KOJIiHea-

pHUIT 10 @ BEKTOp TakoXk OyJIe IO JIEMy 3a[0BOJIBHSTH.
BuxopucToByroun oniepxaHi JeMH, TOOYAYEMO TOCTIJOBHOCTI YHCEN

6, Ta TPUTOHOMETPUYHUX MHOTOUJIEHIB TO (t), sxi ogHOYACHO 3aI0BO-
JBHATUMYTH iX yMOBH.

. . T
Teopema 1. Icuyioms nocniooenocmi uucen 0, e(O;—lj, 6eKmo-
n+

(s)

pie ", mMpucoHOMEmMpuUUHUX MHO2OUIEHIE NOpPAOKY He euwye N—1
Tn(fi(t) MaKux, wo
G(K (@, D)) =0, (6)
k k —
k[ &tKz =76 Otk )\ _oan. @
n+1 n+1

Josenenns. /g Bekropa a® =(L1,1) 3a yemMoio 1 icHye 4ucio

o, G(O;ﬁj take, mo G(K(6,a®))=0, as uncna 6, 3a nemoro 2
+

@ ra TpuroHOMeTpHUHMI MHOrOWIEH Tn(f)l(t), TS

g K[ KT 0 _po (k) Gon
n+1 n+1

ICHYIOTb BEKTOp o

. . V4 .
Hami mns BekTopa a® 3a nemoro 1 icHye uucno 6, e(O;—lj 1
n+

CIpaBeInBa PiBHICTH G(K(Hz,a(l) )) =0; 3a nemoro 2 ms uncna @, mo-
J)KHa BKa3aTH BEKTOP a? i wmHorounen Tn(f) (t) i3 BuactuBicTiO

K [w,a(z)j = Tn(ﬂ [#j ,k=0,2n. ir.1. Teopemy n0BeaeHo.
n+ n+

Byznemo posriszatu Bektopn o = (g, ¢, 03) i3 KoopMHaTamu, abeo-

JIFOTHI BEJIMYHHM SIKUX HE HEPEBUIYIOTh 110 MOYIII0 OAMHHMI (K BUILIMBAE
i3 3ayBaX<CHP IIICIIA JIeM, Take OOMEKEHHS He BILTHBAE HA MOXJIUBOCTI 3aCTO-

. . . . . $) (s
COBHOCTI J1aHOT Teopemu). OTHKe, YHCIIOBI TIOCIIOBHOCTI 6 ,aq_(s) ,aé ) ,a3( )
e obmexennvu. Tpuronomerpuuni muorowtenn T (1), T@ (1), TO () in-
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TEPIIOJIFOIOTH HETIEPEPBHI HAa CETMEHTI (PYHKIIIT 10 PIBHOMIPHO PO3TAIIOBAHUX
By3/1aX, TOMY IOCIIJOBHOCTI KO€(illi€HTIB MHOTOWICHIB T(Sl (t) i3 Teopemu
1 € OOMEKCHIMH YHUCIIOBIUMH IOCITIIOBHOCTSIMHL.
Teopema 2. Hxuo Ky (t), K, (t), Ks(t) — nenepepeni 27 -nepioouuni
. . Y . . .o *
Gyuxyii, mo icnyromv maxi niniina xombinayias yux gynxyiv Kt,a") =

=g K () + oK, (t) + a5 K5 (t), mpuconomempuynuii mmozounen nopso-

* * T
xy Nn=1T_,(t), uucno 6" €| 0,—— |, wo
Y 17,0 (02 )

K[e +k”,a*]=Tn*_l(0 +kﬂj,k:0,2n+1. ®)
1 n+1

n+

JoBenennsi. Bimomo, 1mo 3 0OMeXeHOi MOCITiJOBHOCTI MOKHA BHIi-
JTUTA 30DKHY MiOIOCHIIOBHICTh. 3a/UId 3MEHIICHHS KINBKOCTI iHICKCIB

Oyaemo BBa)KaTH, IO MOCIAOBHOCTI &, ,al(s) ,aés) ,aés) Ta T(Sl(t) 13 Teo-
peMu 2 moyaTtkoBo Oyiu 301KHUMH, TOOTO ICHYIOTh HACTYIIHI TPaHUIIi:
lima® =a,i=13;limg, =6"; lim Tn“{(t) T, vte[0;27].

S—® S—0
3a ymoBoro dynkuii K (t), K, (t), K;(t) HemepepsHi, ToMy QyHKIis

K(t, ) =K(t, o, a0y, ;) HemepepBHa 3a BciMa 3MiHHEMH, 3BiIKH

lim K M,Q(S) M *1,k=0,2n .
s n+1 n+1

2n+1 K k7Z'
®yuxuis G(t,a) = Z (=D K(t+—1,a) =G(t,oq,a,,03) Takox
k=0 n+

HeTlepepBHA SIK Pe3yNbTAaT Iifl HaJ HemepepBHUMH (DYHKIIISIMH 3a BCiMa

sminmavy, Tomy lim G(K (6,,aC) = G(K (6", ") . Orxe, siximo B pis-
S—0

HocTAX (6) Ta (7) mepelTH 10 TpaHUIb IPH YMOBI S —> 00, TO OJIEPKUMO
HACTYIIHI PiBHOCTI

G(K(¢",a")) =0, ©)
K[e +k”,a*j=Tn*_1[9 +k7r],k:ml a0)
n+1 n+1

O6’ennaemo piBHictb (9), nmemy 2 ans muorounena T, (t) mpm

t=0" i onepxumo
2n+l1

G(K(0",a")-G(Ty4(8)) = Z( 1) (K(G + k+ ) =T (0" + fl)j:O

k=0
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I3 ocrannrpoi piBHOCTI Ta piBHOCTel (10) BHIUIMBae, MO TOYKa
2n+Y)x
., (@n+)

thna =6 n+l

€ Toukoro iHTepronsnii. Teopema noBenena.

OcHoBHHUIi pe3yJIbTaT.
Osznauennss 1. Kaocyms, wo cymosna 27 -nepioouuna @ynkyis

. *
K(t), sxa momoocno ne Oopisnioe wymo, 3adosonvhsic ymosy N,

neN (KeN;), sakwo icnyioms mpuconomempuunuti norinom T:fl (t)
cmenenss N—=1 i mouka & € [O;E[ maxi, wo pisnuys K(t) =Ty (t) sminioe
n

3HAK HA [0, 27[[ y mouxax 1, :§+k—”, k=0,1,...,2n-1, i e 6 nux.
n

3aBmsiku Qynkuii KpeitHa qOCUTH IPOCTO BAAETHCS MOOYIyBaTU TPH-
TOHOMETPUYHHUI MHOTOUIICH, siKuil iHTepmoioe simpo K(t) B 2n piBHO-

MIpHO pO3TalllOBaHMX Ha mepiofi Touykax. TpymaHOL BUHHKAIOThH MPU J10-
Be/ICHHI TOTO (haKTy, IO OiIbIIEe TOYOK CHIBIAAaHHs sapa Ta MHOTOWIEHa

* . . . .
T,_1(t) He icHye. Biacue, Bei po6OTH B LbOMY HAmpsiMi MPHUCBSYEH] MO~

JIOJIAHHIO TMi€l mpobieMu. Ase € Taki Aaapa, [UId SKUX MHOTOWICH Tn*—l (t)
CHIBMaJAE i3 s,IpoM Oinbllie aHbk B 2N Toykax Ha nepioni. Tomy aHasori-
YHO JI0 BUKOHAHHS YMOBH N; 3aIPONIOHY€EMO TaKe O3HAYCHHSI.
O3zHaveHHs 2. bydemo xasamu, wo cymMosHa 27t -nepioouuna QyHx-
yin. K(t), sxka momoowcno He Oopisnioc Hymo, 3d00801bHAE YMOBY

N:,p ,neN,p=01..(Ke N:’p) AKWO ICHYIOMb MPUSOHOMEMPUYHULL

. * . T . .
noninom T,_4 (t) cmenens N—=1 i mouxka & € O,m maxi, wo pisHuys

Kt)-T. () 3MIHIOE 3HAK Ha [0, 27[[ ¥ moukax
t =&+ kz ,k=0,1..,2n+2p-1, i muwe 6 nux.
n+p

Skmo smpo K(t,a) 3am0BONbHSE HACTYITHOMY OOMEKEHHIO: OyIb-
SIKUI TPUTOHOMETPUYHUI MHOTOYICH MOPAAKY He BHIe 32 N—1 inTepmo-
JIIOE 1€ SApo He Oumbine HiK B 2N+2 TOYKaxX Ha MEpiodi, TO SAPO
K(t,a") Ta Tpuronomerpnunuii Muorodnen T, ,(t) i3 Teopemu 2 cmiB-

kz

najarTh JUIIE B Toukax t, = 0" +—1, k =0,2n+1, Ha nepioxi i3 3mi-
n+
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HOIO 3HaKy B HuX. Oke, MHOrowter T, (t) Ta sapo K(t,a") 3amoBonb-
usots yMmoBy N, (Ke N ;). ToMy ueil MHOTOWIEH € MHOTOYIEHOM

Haiikpamoro Habamkenns supa K(t,a*) B inTerpanbHiii MeTpui.

Hexait agpa K, (t),K,(t),K;(t) mators Take po3BHHEHHS B PAnU

Dyp’e:
Ki(t) = > wi(k)cos(kt - 4), 4 6{0;%},i=1,_3, 11)
k=0
npudomy cepesl f; € pizHi uMcna. BUKOPHCTOBYIOUHM CXEMY JOBEJEHHS
TeopeMm 6.1, 7.1 [6], MO>kHA TTEpEKOHATHUCS B CIIPaBEIIMBOCTI HACTYITHOTO
TBEPIDKCHHSL.

Teopema 3. fkwo nenepepsui @pyuxyii Kq(t), K, (t), Ks(t) maroms
posgunenns (11), 6y0b-akuil mpueoHomempuyHUuilL MHO20YIeH NOPSOKY He
suwe 3a N—1 inmepnonioe a0po

K(t,a) =K, () + o, K, (1) + a5 Ks (1), o4 2y , 5 € R,
He Oinvuie Hixc ¢ 2N+2 mMouKax Ha nepioodi, mo iCHYIOmMb MaKi JiHiliHA

kombinayia yux ¢ynxyitt Kt,a") = o K (t) + oK, (t) + g Ky (t), wucno

6" e (O;Lj, wo
n+1

E, (K(t,o/‘))1 = inf T \K(t,a*)—Tn,l(t)\dt =

3 0

. l//i((2k+1)(n+l)) .

: sin((2k +1)8, - 8. )|,
> a3 PUEI Dein 2k 96, )
oe 6, — Kopiub pieHAHHA

Zslai*iy/i [(2k +1)(n+1)]cos((2k +1)6, - 5 ) =0.

i=1 k=0
ITepexonaemocs B Tomy, mo sapa K;(t) , ski 3a10BONBHAIOTE YMOBH

=4

TeopeMu 3, icHyIOTh. Sk mpukian posrisiHeMmo sipa bepryiuii mopsaky
r>1,reN,i=13.
Bingomo, o dyHKITisN
Ki® =B, ®)= Y k™ cos[kt-%”], FeN,
k=0
Ha npoMikky (0;27) e anre6paiuHUM MHOTOWIEHOM CTEIEHS I, KpiM

Toro, e pu I, =1 oxep:kumo pospusHy B 0 GyHKILIIO, NOXigAHA SKOI
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piBHa KoHcTaHTi, i BJ(t)=—B,_;(t). Tomy npu r, >1 Taki supa 3a10BOIb-
HAIOTH YMOBH Teopemu 2. Hexalt 2<1 <T, < ;. Ilpunyctumo, o npu ae-
AKX ¢, Ta MHOrouwneHi T, (t) pismmma A, (t) = K(t; ) —T, 1 (t) mae Ha
nepioni Oinpire 3a 2N+ 2 HyI, Toxi B cUiTy HenepepBHCTI A, (t) mux HymiB
Ha miepioni Oyzne He MeHme 2n + 4. 3a TeopemMoro Porus sKmio sKmio 1 =2, To
AL) =«a, B, )+ a3 B2 (t) —Tn(l)l (t) Oyme matu Ha mepiomi xoua ©

2n+2 Hymi, a Ko K, > 2, To NoXifHa nopsaky F Bupasy A, (t) marume
xoua 6 2n+2 myni. Jlani, axmo 1, =3, 1o Af(t) = -a3B, 5(t) -T2 (1)
Oyze Matu Ha mepioi 2n+1 Hyns, a AKmo r, >3, TO MOXiJHA HOPAIKY I,
upasy A, (t), a cave Al (t) = (-1)" 3B, _ (t) ~T@(t), Gyne maru na

nepioni 2n + 1 Hyms. [IpoTe Bimomo, mo Oyme-ske stapo BeprHysti He Moxe
CHIBNAJATH 13 TPUTOHOMETPHYHUM MHOTOWICHOM IOPSAKY He BHIle 3a N — 1
Oinbine aHix B 2N Toukax Ha mepiomi. Omke, muoxuna tux saep Ki(t), mo
3aJI0BOJIGHSIOTH YMOBH TEOPEMU 3, HEIOPOIKHS.

BucHoBku. MOXKINBO, CIIPOOH [0BECTH, LIO 3arajbHi sSApa BUMIISALY
¥ 4(t) mpn ymoBax MOHOTOHHOCTI NMOCHINOBHOCTI /(K) 3a/0BOIBHSIOTH

ymoBy N , /10 X mip He YBiHYANHCS YCIIXOM TOMY, IIO iCHYIOTb SIpa,
IpUIOMy TOOYAOBaHI MPUPOTHUM CIIOCOOOM, SIK OT JiHilfHa KOMOiHAaIis
BiJIOMHUX si/ep, ISl AKUX, 30KpeMa, BUKOHyeThcst ymoBa N

LixaBo Oyio 0 TOCHIANTH BUIAIOK OUIBIIOT KUTBKOCTI sep, o 0epyTh
y4acTb B (pOpMyBaHHi JIiHIHHOT KOMOIHAILii, 8 TAKO)K HABECTH TaKi HECTaHAAP-
THI TIPUKJIAIX JIHIHHNX KOMOiHAIIH 1HIIHNX sirep (ckaxiMo snaep [Tyaccona).
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BEST APPROXIMATION IN THE INTEGRAL METRIC
OF A LINEAR COMBINATION OF PERIODIC FUNCTIONS
OF DIFFERENT PARITY

In many areas of mathematics, extremal problems often arise related to
approximation characteristics of both the approximating functions and the
properties of the elements being approximated. For example, in the case of
polynomials, the problem can involve the number of points where the val-
ues of the function coincide with the values of the polynomial used to re-
place the function on the studied interval. In practice, the problem of ap-
proximating a function from a given set R is reduced to replacing it, ac-
cording to a defined algorithm, with a function (polynomial) of a fixed de-
gree that is close to it in a certain sense.

In uniform and integral metrics, the problem of finding the exact val-
ues of the best approximations for classes of r-times differentiable func-
tions, where r is a natural number, has been explored in the works of
J. Favard [1], N. I. Akhiezer, M. G. Krein [2], B. Nadi, S. M. Nikolsky [3],
V. K. Dzyadyk [4], S. B. Stechkin, Sun Yun-shen, and others.

The final results concerning the solution of the best approximation
problem on Weyl-Nagy classes for arbitrary values of the parameters de-
fining these classes belong to the Ukrainian mathematician V. K. Dzyadyk
[4]. In his works on function classes generated by the well-known Bernoul-
li kernels, it was established that the number of coincidence points between
the kernel and the approximating polynomial of degree n — 1, including
their multiplicities, does not exceed 2n, which allowed for obtaining final
results. The work [5] presents cases of such linear combinations of even or
odd kernels for which the number of uniformly distributed interpolation
points equals 2n + 2 for a polynomial of degree n — 1 that deviates the least
in the metric of the L — space from the studied linear combination.

The idea of studying composite kernels expressed as a linear combination
of component terms belongs to O. |. Stepanyets [6], and it was implemented in
problems of joint approximation of functions and their derivatives. In the 1980s
and 1990s, O. |. Stepanets developed a new approach to classifying periodic
functions, which allowed for a fine classification of extremely broad sets of pe-
riodic functions. The results obtained for these classes are, on one hand, of a
general nature, and on the other, they provide a whole series of new, previously
unknown results that could not be achieved with previously known classes.
Following the approaches to function classification, we can consider a linear
combination of function classes as a certain single class of a more complex na-
ture. Then, the problem of finding the exact values of the upper bounds of the
best approximations reduces to the problem of the best approximation for this
composite class, which corresponds to convolutions with the generating com-
posite kernel.

In this work, we investigate linear combinations of three continuous
2n-periodic kernels of different parity, and it is established that there exist
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such composite kernels that their trigonometric polynomial of the best ap-
proximation of order n — 1 in the integral metric interpolates the kernel at
2n + 2 uniformly distributed points.

Key words: best approximation, integral metric, linear combination of
kernels of different parity.
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A MODEL OF ALCOHOL CONSUMPTION WITH
SEMI-MARKOV VARIABLE COEFFICIENTS

This paper focuses on the in-depth study of a stochastic approxi-
mation methodology involving semi-Markov switches in an averaging
scheme with a minor parameter. We present a model where perceived
objects are impacted by noise variables dependent on the semi-Markov
process. The emphasis is on analyzing the convergence and stability of
the stochastic approximation process within this context. Theoretical
results are presented alongside numeric simulations, demonstrating the
practical applications in managing complex stochastic systems. This
work opens promising paths for the use of stochastic approximation
approaches in the wider field of semi-Markov processes. Recognizing
the mutable nature of alcohol consumption and its dependency on a va-
riety of factors, we propose encoding such dynamism within a semi-
Markov parameter structure. This model handles the patterns of indi-
vidual alcohol consumption as a semi-Markov process; the transition
probabilities between different states of alcohol consumption are di-
rected by sociodemographic variables that change over time. Our ap-
proach, thus, bridges the gap between the realities of ever-changing al-
cohol consumption trends and static traditional Markov-chain models.
By integrating real-world variables into our innovative model, we offer
a cutting-edge analytical tool that lays down new paths for understand-
ing and addressing the challenges with alcohol consumption patterns.
Further, our insights have the potential to significantly impact the for-
mulation of effective strategies and public health interventions aimed at
alcohol-related harm reduction.

Key words: semi-Markov processes, diffusion processes, Wie-
ner process, stochastic models, stochastic processes.
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