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METOJ OUIHKH JIOKAJIbBHUX EKCTPEMYMIB IU®POBUX CUI'HAJIIB, HA
OCHOBI IHTEPITIOJIAINIMHUX AHAJIOI'IB OITIEPATOPA ®EUEPA

B psgi 3a4a4 BUHUKAE HEOOXIAHICTb Y BUPILLIEHHI 3aAa4I BIALLYKAHHS JIOKa/IbHUX EKCTDEMYMIB @YHKLI, O OIUCYE TOU Y
IHLLIMY ipoyec ym SBULLE, HA MEBHOMY IPOMIKKY 3HA4YEHb apryMeHTy. OCco6/mBO LIKaBOK LSl 3a4a4a CTaE, Ko/ Lo 3a4a4vy Cig
BUPDILLYBATH B KOHTEKCTI 06pO6Ku curHanis. OfHAK, 5K HEPIAKO ByBac B 06POOLI CUIHasiB, AOCTMKYBaHWI CUrHaI Moxe Gyt
NPEACTaBNICHW y BUITISAI TOCTIBOBHOCTI BIZUTIKIB 360 y BUITISAI @YHKUIT, AY)KE CKIaAHOI A/15 aHA/IITUYHOIO BiALLYKaHHS i JIOKa/IbHUX
EKCTPEMYMIB, LUYO, SK IPABUIIO, YCKIIGAHIOE MPOLIEC BUPILLEHHS TOCTaB/IEHOI IPO6/IEMA.

LOCTimKyroun ICHyroqi METOAM ONTUMIBALIT Ta 06POBLII CUrHAIIIB, MOXHAE 3POGUTH IMOMITUTH, YO OLHUM 3 HAUTIOMY ISPHILLMX
METOLIB BUDILLIEHHST ONVCAHOI rpobriemn € TabysioBarHHs @yHKUI, O OMUCYE CUIHas, Ta aHasui3 OTPUMAHOI MOCIIA0BHOCTI BIAJTKIB.
SKILO XX CUrHa BXe MpeacTaBIeHmi B UNGBPOBOMY BUITISAL, TO MPOMOHYETLCS OOMEXUTUCS JIMLLIE APYIUM KDOKOM. OAHaK, Takuv
METO € HeHaAWIHUM [3-3@ BUCOKOI 3a/IEXHOCTI Bifl PO3IOAITY Ta KilbKOCTI Big/likiB. ToMy iHOZI NPOMOHYETLCS BUKOPUCTOBYBATH
HAG/MKEHHSI CUIHA/IB 3a AOMOMOIor0 THTEPONSALIVIHNX MOMIIHOMIB Jlarparxa. OaHaK, | AaHm Migxia € He HaATO HaAWIHUM, OCKIIbKM
IHTEPRONALIVIHI ITO/1IHOMY 110 TUITY IHTEDIONSLIMIHUX TO/IIHOMIB JlarpaHxa MaroTb psf 0CO6/IMBOCTEN MaTEMATUYHOIO XapakTeDpy, ki
MOXKYTb CIIPUYUHNTY [105IBY TaK 3BaHNX QIKTUBHNX EKCTPEMYMIB, LLO MOXE MPU3BECTU O HEKOPEKTHUX PE3Y/IbTATIB.

K anbTEPHATUBY KIIACHYHUX [HTEDPIONSLIVIHUX [T0/1IHOMIB B TaKUX BUIIaAKaxX iHOAI MPOIOHYETLCS BUKOPUCTOBYBATH MTIAX0AH,
OCHOBaHi Ha aHasiizi Qyp’e. OfHUM [3 HaUbI/IbLL A06GPE BUBYEHNX 3 TOYKU XOPY HAOIMKEHHS CUHA/IB € TaK 3BaHi IHTEPRONSLIVIHI
aHasor onepaTopis, MOPOLIKEHUX JIHIIHUMU METOLAMM ITIGCYMOBYBAHHS PaaiB @ypE. SK NOKasyroTs JOC/IKEHHS, AESKI 3 Takux
THTEPIONALIVIHNX [TO/TIHOMIB JO3BO/ISIOTE HAOIMKATYU AOC/IIXYBAaHI CUIHA/IN 3 JOCUTB BUCOKOK TOYHICTIO, OAHAK, JOCIIIKEHD 1040
IX BUKODHCTaHHS U151 BIALLYKAHHS] JIOKA/IbHUX eKCTPEMYMIB Q@YHKLIY, 1O OMUCYIOTH CUIHAS, MPOBEAEHO BIHOCHO MaJI0. TOMY L0
AaHOI poboTH € LOCHIKEHHS B AAHOMY PaKypci O4HOro 3 Haubifibly AaBHO BiOMUX [HTEPIONS[UNIHUX aHa/IorNB OnepaTopis,
TTOPOLIKEHUX TTIACYMOBYBAaHHSIM PsaiB QypE, a came IHTEDIoN[UIMHUX aHanoris onepatopa devepa.

Kito4oBi ¢/10Ba: IHTEPRoNALis, psan ®ypE, miacyMoByBaHHS pagiB @ypE, onepatopu, oneparop devepa, HA6/IMKEHHS,
UNPpoBa 06pobKa CUrHasis, ONTUMI3ALYIS, EKCTPEMYMY, BIALLIYKAHHS EKCTPEMYMIB.
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A METHOD FOR ESTIMATING LOCAL EXTREMA OF DIGITAL SIGNALS BASED
ON INTERPOLATION ANALOGS OF THE FEJER OPERATOR

In a number of problems, it becomes necessary to find local extrema of a function that describes a certain process or
phenomenon over a specific interval of its argument. This task becomes particularly relevant in the context of signal processing.
However, as is often the case in signal processing, the analyzed signal may be presented either as a sequence of discrete samples or
as a function that is too complex for analytical determination of its local extrema, which typically complicates solving the problem.

An overview of existing optimization and signal processing methods reveals that one of the most common approaches to
solving this problem is to tabulate the function that represents the signal and analyze the resulting sequence of samples. If the signal
/s already presented in digital form, the process is usually limited to the second step. However, this method is unreliable due to its
strong dependence on the sampling density and the number of samples. For this reason, signal approximation using Lagrange
Interpolation polynomials is sometimes suggested. Nevertheless, this approach also has limitations, as interpolation polynomials such
as those of Lagrange type possess certain mathematical properties that may lead to the appearance of so-called fictitious extrema,
potentially resulting in inaccurate conclusions.

As an alternative to classical interpolation polynomials in such cases, approaches based on Fourier analysis are sometimes
proposed. One of the most well-studied tools in the context of signal approximation is the class of interpolation analogs of operators
generated by linear summation methods of Fourier series. As shown by previous research, some of these interpolation polynomials
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allow for high-accuracy signal approximation. However, their use in locating the local extrema of functions describing signals has
received relatively little attention. Therefore, the aim of this work is to investigate this aspect using one of the oldest and most well-
known interpolation analogs of operators generated by summation of Fourier series — namely, the interpolation analogs of the Fejér
operator.

Keywords: interpolation, Fourier series, summation of Fourier series, operators, Fejér operator, approximation, digital signal
processing, optimization, extrema, extrema localization.
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MMOCTAHOBKA IMPOBJIEMMU Y 3ATAJIBHOMY BUI'JISIAIL
TA 1i 3B°S130K 13 BAXKJIMBUMUW HAYKOBUMU YU IPAKTUYHUMU 3ABJAHHSIMHU

OOpoOka curHaiiB 3aliMae JOCHTh BaXKJIMBY pOJb B 0aratbox cdepax JIIOACHKOI TisUIBHOCTI, TaKUX SIK
tenekoMyHikanii, [oT Tomo. B pe3ynpTaTi 1b0ro B JaHOMY HaIPSIMKY BHHUK DS 3824, SIKi BKE CTAJIM KIIACHYHIMH.
OpHi€I0 3 TaKHUX 3a7ad cTaja 3agada HaOIDKeHHS OJHOBUMIPHUX CHTHANIIB 32 JOMTOMOTOIO iX Ii(poBHUX BapiaHTIB.
Jany 3amady MOKHa BHPIIIyBaTH 3a JomoMororo inreprosrii [1-3]. OxHak, ocobnuBuii iHTEpec B TaHOMY paKypci
3apa3 BUKJIMKa€ BUKOPHCTAHHA IHTEPIIOJLITHUX aHAJIOTIB onepaTopiB [4-6], HOPOIKEHHX MiICYMOBYBAaHHSM PSIiB
®Dyp’e, Takux sk oneparop Hipixie [3]

. 2n+1
L 2ff(t)Sln 2 (t_X)dt (1)
S, (X)=S,(f,x)==— ;
2zn sin;(t—x)
onepatop Deiiepa [4]
2
1 T sin 2n2+1(t—x)
o,(x)=0,(f,x)==——1 f(t) dt, %)
2mn g sinl(t—x)
omeparop Abens-Ilyaccona [5, 6]
l 2z 1_,02

A(x)=A(f,x)==— f(t)

2rn

dt
1-2pcos(t—x)+ p* )

Ta i (mig pyskmiero f (x) po3ymieTbest QYHKIIS, sika onucye curhan). OnHaK, He MEHII 1iKaBOK €

3a7a4a OLIHKH JIOKAJbHUX EKCTPEMYMIB CHTHAJIy HISIXOM HOTO HMONEPEeJHHOTO HAONMKEHHS IHTepHONALiHIMH
aHasioramu oneparopi o tumy (1)-(3). Sk nmokasye npakTuka pa3om 3 psiIOM TEOPETHYHHUX AOCIIKEHb, OlIEpaToOpu
tuiy (1) Ta (3) i, 0co6nMBO, iX IHTEPIOJALINHI aHAJIOTH MAIOTh PsiZi 0OCOOJIIMBOCTEM, 10 SIKUX MOXKHA BIZIHECTH TaKi SIK
PIBHOMIPHICTh HaOJIMKEHHS Ta qudepeHiioBaHICTh MPY 3HAYHIN YaCTOTi AMCKpETH3aLil CUTHAY, KOTPl BUMAaraiTh
OKPEMOro JOCIipKeHHS. TOMy B paKkypci OI[IHKH JOKaJIbHUX EKCTPEMYMIB JOIMIUIBHO MOCTIJIUTH 3aCTOCYBaHHS
IHTEPIIOJIILIHHUX aHAJIOTiB caMe oneparopis (2), siKi MaIOTh BUIJISA]

2

sin 2n+1(x —X)
5,(x)=6,(.0) === £ (x,)| —2 . @
7(n+1)i5 sin (%, — )
2

SIK MOKa3yI0Th Pe3yNbTaTH CIIOCTEPEKEHD, KOJH 3IIHCHIOEThCS HAONMKEHHS CHTHAJIB 3a JOIOMOToo (4),
JIOCUTH [IKaBY IOBEIIHKY Ma€ BeTMYNHA

U(x)=U(f.B.x)=|f(x)=6,(f.x)| 5)
ne f (X) — (yHKLIS, SKa ONUCYE JOCTIDKYBaHUH CHUTHAJ, a caMe MOXKHa ITOMITHTH, 110 BeaudHHa (5)
3pocTae NpH HAGIIKEHHI 10 JTOKATbHUX ekcTpeMyMi dynkiii f (X) . ApyruMu ciioBamMu, JTIOKaJIbHI MaKCUMYyMH (5)

3HAXOJIATHCA B HEBEIMKOMY OKOJi exctpemymin | (X) , @ TIPU BEJIMKIH KiJBKOCTI BIMUIIKIB CHTHATY MOKYTh 3 HUIMH

criBnagaTt. B maHiit po60Ti Ha OCHOBI TaKOTO CITOCTEPEKEHHSA OyAe CPOPMYIIBOBAHHH aJITOPUTM OIIHKH JIOKATBHUX
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eKCTPEMYMiB CHTHAJy 32 YMOBH, KOJH Iieii CHTHal Moxe GyTH onmcaHuMm ¢ymkiiero | (X), JIBIUi HEMepepBHO

IU(EPEHIIIHOBHOI Ha POMIKKY [O, 27[] (to6ro f (X) eC? ([0, 272']) ).

AHAJII3 OCTAHHIX JJOCJIJI)KEHD TA ITYBJIKAIINA

3anmavi, MOB’s3aHI 3 HAONM)KCHHSAM CHUTHAIB Ta OLIHKOIO X XapaKTCpPUCTHK, BiIOMI Bxke JaBHO. Tak,
HampuKian, B [2, 3, 7, 8] onucaHo psia METOIB OOPOOKH CUTHAIIB, TAKUX SK HAOIMKEHHs (DYHKIIIH, 1[0 OMUCYIOThH
CUTHAJIH, aHAaJTi3 YaCTOTHOTO CIIEKTPY, PinbTpaltis Toino. OHaK, K BiIOMO, 11¢ JAJICKO HE BECh CIIEKT 3a/1a4, 3 SIKUMH
3apa3 JIOBOJUTHCSA TpaIoBaTH. Tak, Hanmpukian, B [9] po3misgaroThes e W 3aaadi MPOTHO3YBaHHS 3HAYCHB
JMUCKPETHUX CUTHAIB, OI[IHKA BTPAYCHUX 3HaUeHb Tomlo. B [10], g npukiamy, onmucane MOXKIMBE BUKOPUCTAHHS
CUTHAJIB ITPY aHANI31 €JIEMEHTIB arpoTexXHiku. B psiai poOiT, sik ot B [11], onuCYIOTHCS BUKIIIOYHO TEXHIYHI aCTIEKTH
00po0ku curHamiB I[lpu ORI MeTaTpPHOMY aHAI31 JIiTepaTypH MOKHA IOMITHTH, IO B JDKEpeNax IO aHaji3y Ta
00po0Ii CHrHANIB OMUCYIOTHCS SKpa3 3a1avi Mo THITy BHUIIE 3ragaHux. OIHAK, X04 Pi3SHOMaHITHHUX JOCIiIKEHb,
MPUCBAYCHUX W MaTeMaTHYHHM acleKTaM OOpoOKH CHTrHaliB, € JOBOJi umMaino [5, 6, 9, 12], 3amady omiHkH
EKCTpEMaNbHIX 3HAYCHb CUTHAIIB B MEBHOMY MPOMIXKY 4acy pO3IISAal0Th AOBOJI PiIKO, a SKIIO i PO3IJISIIAI0Th,
TO TIEPEBaXKHO B JDKEpENax, M0 CTOCYIOThCS BKe onTuMizaiii. ToMy JOriYHAM € MUTaHHS MPO Te, a K MOXKHA
BCTaHOBJIIOBATH TOYKH, OJM3bKI 0 €KCTPEMAaIbHUX, JUISl TOCHIPKYBaHUX CUTHAIIIB.

BUKJIAJI OCHOBHOT'O MATEPIAJIY

. . . . 0
SIk BiIOMO 3 MaTEMaTHYHOTO aHai3y, JIOKAJbHUI MaKCUMyM B To4lli X oneraropa (5) Oyzae mocsraTucs
TOJI1, KOJIA

Yo =0, Luw) <o ©
dx x=O dX2 %<0y
Ha ocHoBI (6) BBe1eMO HACTYITHI MHOXXHHH YHCEJ
2
Ho)={ ki goolx)| =0ngao(x) <onkeloz] 0
.. d 5
E(p)= x:&go(x) =0A%e[0.27]. ®)

Buxopuctoyroun (7)-(8), onmcane criocTepeskeHHs MOYKHA OITUCATH Y BUTJISII HACTYITHOTO TBEPKECHHS.
Teepmxenns 1. Mae Mmiciie TBepKeHHS

JAc y(U)Vaeé(f)Iped:|a-p|<e 9)

2
ne £ ] oo,
Jlane TBEpIKEHHS MM 3TOJOM IEPEBIPUMO Ha KOHKPETHOMY NPHKIAI. A 3apa3 BCTAHOBUMO YMOBH, IIPH
AKHMX 3HAYEHHA apTyMEHTY OyIyTh 3aI0BONBHATH (6). I HOYaTKy pO3MHUIIEMO HEPILY 3 YMOB (6).

d . d -
dXU(f,an(f,x),x)_dX‘f(x) &,(f.x),
d d . .
dXf(x) dXaﬂ(f,x) sgn( f (x)-6,(f,x))=0. (10)
HeBaxko nobaunty, o (10) BAKOHYETHCS JHUIIE Y BUTIAIKY, KOIU
9 tx)=Ls (f.x) 1
dx dx "
abo
f(x)=6,(f.x). (12)

[Ipoanamnizyemo orpumani piBHAHHS. PiBHAHHS (12),9K MOXKHA TOMITUTH EMIIIPUYHUM [IUIIXOM, IIBUIIE 32
BCE, SIKIIO i BUKOHYBaTUMEThCS, TO BUKOHYBaTHMETHCS JIMIIE Yy By3Jax iHTeproisnii (abo, IpyruMu clioBamMH, y
BiJuTIKax curHany). Tomy nociimumo smrre (11).
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2

sin 2n+1(x —X)
d 1 < d k
w0 Ty & g T 1 -
d (n+1)4 d smE(xk—x)
d sin(2n+1)(x- )+1=
)= X sin(x—x)+1
1 f(x )(2n+1)(sm(x—xk)+1)cos(2n+1)(x—xk)_
7Z'(n+1)k:0 ‘ (sin(x—x)+1)°
(sin(2n+1)(x—xk)+1)cos(x—xk)
z(n+1 Z;, (sin(x—xk)+1)2 '
3BiJCH MaTUMEMO, 110
deg__ 1 & . (2n+1)(sin(x—xk)+1)cos(2n+1)(x—xk)_
dx () z(n+1)= (%) (Sin(X—Xk)+1)2 -
1 f(x )(sin(2n+1)(x—xk)+1)cos(x—xk)l
r(n+1) & (sin(x—x)+1)’

OCKillbKH Hac I[iKaBUTh BHIANOK, KOJNM TOXiaHa posrismypasoi ¢ymkmii f (X) piBHa Hymro, To (13)

NepenrIICTbCA HACTYIITHUM YHHOM!
1 g (2n+1)(sin(x—x,)+1)cos(2n+1)(x—X,)

f (%)

7(n+1) & (sin(x—xk)+1)2
1 (sin(2n+1)(x—xk)+1)cos(x—xk):
z(n+1) & (sin(x—xk)+1)2

a0o0, 1110 Te caMe,
2n+1)(si - 1 2n+1)(x—
i f(x (2n+1)(sin(x - X, )+1)cos( 2n+ )(x=%)
0 (sin(x—x,)+1)
in(2n+1)(x— 1 -

Ry (Xk)(sm( n+ )(x X, )+ )c<2)s(x X, ) o
0 (sin(x—x,)+1)
Mu oTpuMaK piBHAHHS, KOPEHI AKUX OY1yTh 3HAYEHHAMHU apryMEHTy X , II03PLIMMH HA EKCTPEMYM.
Tenep po3nuiemo apyry ymoBy (6).

d? d(d
Su()-{ SU]-
:%% f (x)_%@(f,x))sgn( f(x)-6,(1.x)) =
[ 100 (10 Jsn(1 (-6, (1) <0 o

MosxnHa mo6aunTy, mo (15) BUKOHYETHCS JIHIIE TOMAI, KOJIU

(Cfxz f (%) ;' G.(f, x)j(f(x)—&n(f,x))<0. 19)

(14)
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3a pomomororo (16) Mu 3pasy X MOXeMO BiIKMHYTH piBHICTH (12). 3 nmpyroi CTOpOHH, PO3MHIIEMO
d2
d 2 (f X)
d2

e (10)-2 L5, (1.x))-

1 d[Q f(x )(2n+1)(sin(x—xk)+1)cos(2n+1)(x—xk)_
z(n+l)dx| & ° (s,in(x—xk)+l)2
B f(Xk)(sm(2n+1)-(x xk)+1)ci)s(x xk)]_
0 (sin(x—x)+1)
(2n+1) Q
_ﬂ(n—i-l

f(Xk)(cosz(njtl)( X )— sin(2n+1)(x—xk))_
= (sin(x=x,) +1)

o) )
I3 1() (

N—"

2n+1
n+1

(sin(x—x,)+1) cos(2n+1)(x—Xx,)cos(x—X,)

sin ( )

"t (x 2ncos(2n+1)(x—x, )cos(x—x,)—cos2(n+1)(x— k)—sin(x—xk)+

+1)kz—:?f( 2 (sin(x=x )+ )+1)

2 3oy (sin(2n+1)(x—x,)+1)cos? (x—x, )(sin(x—x,)+1)

7Z'(n+1)kz_0:f( ) (5|n(x—xk)+1)

TakuM 9rHOM, 32 ,I[OHOMOFOIO(16)-E17) MZO(>KH21 ;;T(aHOBHTI;, H.I(? (2 1)( ))

(2n+1) & o \052(n+1)(x % ) —sin(2n +1)(x X)) -
7Z'(n+1)kz_(;f( ) (sin(x- )+1)

(sin(x—xk)+1) cos(2n+1)(x—x)cos(x=x,)
(sin(x—xk)+1)4

0, " 2ncos(2n+1)(x—xk)cos(x—xk)—c052(2n+1)(x—xk)—sin(x—xk)+
+1)kz-(; (%) (sin(x—x)+1)
2 & (sin(2n+1)(x—xk)+1)cosz(x—xk)(sin(x—xk)+1)¢ 42

ﬁ(n+l)z F(%)

k=0 (sin(x—xk)Jrl)4 dx?

(17

2(2n+1) &

 z(n+1) kzz;‘ (%)

f(x). @8)

Tenep Mu oTpuMany criocid 3HAXOPKEHHS 3HAYeHb apTyMeHTY (DyHKIIIT f (X) eC? ([0, 2r ]) , 10 OIUCYE

CHUTHAJI, SIKI € JIOKaJIbHUMH €KCTpeMyMaMH i€l ¢pyHKIIT abo Onn3pkumu 10 HUX. Llei crocib MokHa chopmyroBaTi
Y BUTJISIII HACTYITHOTO TBEPKEHHSI.
Teepaxennsi 2. 3Ha4eHHSIMH, OJIM3BKUMHU JI0 JIOKAIBHOTO €KCTPEMYMY, TOOTO TAKHMH, IO 33/10BOJIGHSIOTH

yMOBY (9), € Ti 3HaUeHHS apryMeHTy QYyHKIIIi f (X) eC? ([0, 2r ]) , IO OTIMCY€ CUTHAJI, 10 € KOPEHSIMH PiBHSIHHS

(14) ta 3apoBonbHAIOTE yMOBH (16) Ta (18).
Po3risiHeMo BUKOpHCTaHHS TBEp/PKEHHS 2 Ha npukiai. Hexail € pyHKIis

f(x)=0(e")-e™*sin4x,x €[0,27]. (19)
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Jnst moyaTKy 3amuiieMoO YMOBH, MPU SKUX B TOYIi X OyayTh eKCcTpeMyMmHu. J[is MOYaTKy MH MOBHHHI
MPUPIBHATH MEPIIy MOXIAHY 10 HYJIS:
d d i .
d_ f(x) :d—(l“(es'“x)—e“’SBX sin 4x) =
X X

- 1“’(es"‘X )es"‘X COS X +3e°** sin 3xsin 4x — 4e

€0S3X

COS4xX =

cos3x ( (20)

:F’(eS‘”X)es‘”Xcosx+e 3sin 3xsin 4x—4c0s4x) =

i i 3 3
=I"(e")e™ cos x + e (Z COs X, COS7X—4C054x | = 0.
Jaini HeoOxinHO, 00 HEHYIHOBOIO OyJia Apyra NoxijaHa:
d? d

—f(x)=— 1“’(es"‘x)es"‘xcosx+e°°S3X §cosx—§0057x—4cos4x =
dx dx 4 4

_ I—w(esinx)eZSinx COSZ X+Fr(esinx)esinx COSZ X_Fr(esinx)esinx sin x —
—3e™**sin 3x(§cos x—gcos 7x—4cos4xj +e%% (—gsin X+ Esin 7x+16sin 4x) = (21)
4 4 4 4
= ¥ ((1“”(esmx)e“'"‘X +I7(e™ ))cos2 X—T" (e )sin x)—

g (sin 3X(% cosx—%cos 7x—120054xj+%sin x—%lsin 7x—16sin 4xj = 0.

Tenep 3Haiimemo exctpemymu ¢yHKIIi (19) 3a 9UCETBPHUX METOMIB 3 OJHIEI CTOPOHHU Ta 3a JOIIOMOTOIO
TBepUKeHHS 2 32 yMoBHU 100 By3:1iB iHTEpHOIAMIi, HAHOIMKIUX 10 EKCTPEMYyMiB, 3 Apyroi. i modaTky mooyyemMo
rpadik ¢pysakii (19) (puc. 1).

5 -
—— DyHKUiA (13)

Puc. 1. I'padix pynxuii (19)
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Sk 6aunmo, ¢pynkuis (13) mae 8 excrpemymiB. [lopiBHsIEMO 3Ha4U€HHS, SIKi MOYKHA OTPHMATH IIPU MOLIYKY
EKCTPEMYMIB KJIIACHYHUMH YHCEIBbHUMH METOJJaMH Ta [IUISIXOM IepeOopy KOpeHiB piBHAHHS (14).

Tabmums 1.
IopiBHAHHS 3HAYEHb eKcTPpeMyMiB pyHKii (19), oTpuMaHUX BiIOMHUMH YHCeJILHIMH METOAAMH Ta
TBePIKEHHS 2

Homep exkcTpemyma no 6.1M3bKOCTi 10 PeanbHe 3HaYeHHS apryMEHTY B 3HauyeHHs eKCTpeMyMma, 004K ciIeHe
MOYATKY KOOPAMHAT eKcTpeMyMi HLIIXOM BHpileHHs piBHsHHsA (12)
1 0,3219 0,3219
2 1,37 1,37
3 2,0053 2,0053
4 2,6476 2,6496
5 3,56526 3,75
6 4,287 4,287
7 5,1561 5,151
8 5.94 5,94

Sx BunHO 3 Tabnwmi 1, sxmo Mu nporadymoeMo ¢yrkmiro (19) i BigbepeMo it Taki KopeHi piBHAHHA (14),
sIKi 3aJJOBOJIBHAIOTH YMOBH (16) Ta (18), TO MH MOXEMO OTPHMATH 3HAYCHHS apryMEHTY, SKi TIHCHO TOCTaTHBO
OJIM3BKI 10 eKcTpeMyMiB. J[pyriumMu ciIoBaMu, MU AifICHO MOXeMO 0a4nTH BUKOHAHHS TBepkeHb 1 Ta 2. Lle o3Hayae,
110 JUTSl CUTHAJIIB, [II0 MOKHA onucaT GpyHKiismu f(x) € Cz([O,er]), HaBEJICHI TBEPKCHHS AIMCHO MPAIIOIOTh.

BUCHOBKHU 3 JAHOT'O JOCJIIAKEHHS
I IEPCIIEKTHUBHU NOJAJIBIIUX PO3BIAOK Y JAHOMY HAIIPSIMI
B po6oTi emMImiprgHIM IIIIXOM JOCIIIKEHO MOKIIMBOCTI OIIHKH €KCTPEeMYMIB (PYHKIII1, 10 OTIACY€e CUTHAT,
IUITXoM i1 HaOIIKEHHSI IHTEPIOJAIIHHNX aHaoTiB oreparopa Deiiepa (4). EMmipudHi criocTe pe)KeHHs TOKa3YIOTh,

IO SKIIO CHTHAJ MOXKHAa OMHcaTd (yHKII€0, NBiYl HENMEpepBHO AMU(EPEHIIHOBHOIO HA MPOMIKKY [O,Z/Z ], TO

IU(PPOBUI CUTHAT MOXKHA HE JIAIIC HAOIU3UTH 3a JOTOMOroo (4), a e i J0CTaTHhO TOYHO OILIHUTH €KCTpEeMabHi
HOro 3HaYeHHs MPH JOCTaTHIN Auckperu3auii curHany. lInsgxom MaremMaTHuyHUX NEPETBOPEHb OYIO MOKa3aHo, IO
Ile MOKHa 3pOOUTH 3a JOIOMOrow piBHAHHA (14), a came aHami3yroun HOTo KopeHi. SIK MOKa3aB eKCIIEPHMEHT,
aHaII3yI09H KOpeHi piBHIHHA (14), MOXHa IiHICHO 3HAWTH 3HAYCHHS apTyYMEHTY, SKi JJOCTATHBO OJH3HKO 3HAXOATHCS
JI0 eKCTPEMYMIB CHUTHAITY.

OtpuMaHi pe3yJIbTaTH JI03BOJISIOTh BUPIIIMTH Psil NPAKTHYHO LIHHMX 3aJa4, TaKUX SIK aHaJIi3 CUTHAJIB [2-
7], 3abe3neueHns GYHKIIOHATBHOI CTiHKOCTI OaraToMamuHHuX cuctem [13-14] Ta Oararo inmwx [8, 10, 15, 16].
OxkpiM 33724 MPAKTUIHOTO XapaKTepy OTPUMaHI pe3yabTaTH CIIOHYKAIOTh i Ha O1IbII (pyHIaMEHTANbHI TOCIIIKCHHS
B KOHTEKCTI 0OOPOOKHM CHUTHAJIIB, 30KpEeMa JIOCII/PKEHHSI CKJIQJHOCTI ainroputmiB [17], po3poOKka HOBHUX YHMCEIIBHUX
anroput™iB [18] Toro.
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