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Po3po6iieHo MeToau JUIsi 3HAXOMKeHHs1 3HavyeHb nepiogumunux Ateb-¢pynknii. das
YHCJIOBOT0 MOJETIOBAHHS 3aCTOCOBaHO po3kjaamau Ateb-pyukuiii y psau Teiisopa Ta ®@yp’e.
PesynbraTtn o0uucieHHS NMpoillocTpoBaHo rpagikamu. PeanizoBano NOpiBHAJBLHY OLIHKY
o0uMc/IeHb 3a JI0MOMOro po3kjafiB y paau Teiinopa ta ®yp'e. Po3pobiaeni anropurvmu
NMPONOHYETHCS 3ACTOCYBATH AJH 3aXUCTy iHdopmanii.

KurouoBi ciioBa: mporpamue 3a6e3nedenns, Ateb-¢pyunkuii, 3axucr indopmanii.

Methods are built for finding of values periodic Ateb-functions. For the numerical
simulation the schedules of Ateb-functions are applied to the Taylor and Fourier rows. The
results of calculation are illustrated by the graphs. Compar ative estimation of calculations is
realized with series in the Taylor and Fourier rows. It is suggested to apply the developed
algorithms for defence of infor mation.

Keywords: software, Ateb-function, defence of infor mation.

Beryn

3axuct iH(OpMAILi Yy APYKOBAHOMY Ta CICKTPOHHOMY BHUIVI[I € aKTyaJbHOI IPOOJIEMOLO.
Po3BUTOK KOMIT FOTEPHOT TEXHIKH CIOHYKAa€ 10 TOCTIHHOTO OHOBJICHHS METOJIB Ta 3ac00iB 3aXHCTY
imdopmartii [1]. ¥V 1iii poOOTI MPOMOHYETHCSA 3aCTOCYBATH IS 3aXUCTy APYKOBAHOI Ta EIEKTPOHHOI
irdopmarrii reopiro Ateb-¢yukiriii. 3 1i€r0 METOI0 PO3pPOOIEHO METOIN OOYUCIIEHHS 3HAYEHD TIEPIOMUHIX
Ateb-¢dyHkiii, o0cHOBaHUX Ha po3kianax y psuu Teiinopa ta Oyp'e.

Ananitinuni Bupasu mis Ateb—dynkiiii orpumano y poborax [2,3]. TIpore aHamiTHYHHEN 3amuc
PO3B’SI3KIB HE € 3pYYHHM JUIsS YKCIOBOTO MOJICNIOBAHHS 332 IUMH (GopMmynamu. TpyaHOII OOYHCIICHb
OB’ fi3aH1 3 OCOONMBICTIO BUPA3iB, SIKi € OOEPHEHHSM IHTErpaliiB, MO BXOIATH y (HOPMYIH PO3B’S3KiB.
Omxe po3poOIieHi MPOCTi Ta 3py4Hi y KOPUCTYBAHHI AJITOPUTMH 00YHCIIEHHS nepiognaaux Ateb-dynkiriit
€ aKTyaJbHUMH JUTA 3aXUCTY iH(opMaIlii 3a1poroHOBaHIM METOJIOM.

MopaeaoBannsa Ateb-pynkuiii 3a monomoroio poskaany B psaa Teidjiopa
JIs1st po3B’ si3aHHS PI3HOMAHITHUX MPAKTHYHUX 33724 HEOOXITHO OTPUMATH YMCIIOBI 3HaueHHs Ateb-
byukuii. Ilepioguynicte AtED-QYHKIIH yMOXKIMBIIOE PO3B’ s3aHHS Mi€l 3aqadi JBOMAa METOIAMHU: 3a
JIONIOMOro0 po3kiany y psn Teitnmopa ta psag dyp’e. OuiHky epeKTHBHOCTI pO3pOOJECHHUX METOJIB
BHKOHYEMO JUTS 3HaUeHb mapameTpiB Ateb-¢pyukmii N =M =1, mo Biamosigae BUmaaky Torokuocti Ateb-
(GyHKIIIH 31 3BUMalfHUIMH TPUTOHOMETPHUYHUMHE (DYHKIISIMH.
Bigomo [4], m0 0OYHCIIOBATH OOCHTH TiTbKH OaHy 3 Ateb-¢yukmiii. Bymemo obumciaroBaTH

¢bynxkiiro Ateb-curyca Sa(n, m,w). 3a o3naueHuaM Ateb-crumyca BBemeMO y po3riisaa yHKITO

F(w):w-n+1(‘) av ; )

0 (1_ \—/n+1)m7+1
Y poborti [5] momano dopmynu poskinany Ateb-cumycy y psa Teitnopa, a y poGori [6]
3aIpPONOHOBAHO METOJI 00UMCIIEHHS 3HaYeHb Ateb-cunycy 3a nonomororo psaay Teiinopa.
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Jnst peanizaniii o04HCcIeHb BU3BHAYCHUX IHTErPATiB BUKOPUCTAHO METOIM MPSMOKYTHHKIB, Tpariemin

ta mapabon [7]. s nepeBipku eeKTHBHOCTI KOKHOIO METO/Y pealtioBaHo obuncieHHs Ateb-cunyca 3a

. . . . é, Pu

3HadeHs N =M =1, mo BiamoBizae 3BuyaiiHoMy cuHyCy. OOUMCIEHHS BUKOHAHO HA MTPOMIKKY gO, EH,
ne P —mnepion Ateb-cunyca, 1o 3a nux 3HaveHs napameTpis 36iraeTses 3 ynciom P = 3,1415926535.

IcHyIOTH pi3HI MeTOAM OOYHMCIEHHS HYIIB (YHKINI: METOA 30JI0TOro mepepizy, meron ®idOoHaui,

JMXOTOMIYHKE MeTox Ta i [7]. [ 3HaxomkerHs HyiiB ¢yHKii (1) BHKOPHCTOBYETHCSA METO ITOILTY

BIPI3KY HAIMOJIOBHHY. 3 II€I0 METOI0 3aJa€ThCs JOCTATHHO MaJIMi JOJATHHUH Mapamerp e? =10" 10 g.

[Iporec 0OUUCIIEHHS TPOAOBKYETHCS JOTH, JOKH S -i BiIPI30K HE CTAHE BEITMYUHOIO MTOPSAIKY € , TOOTO
Ws+1- wg|Ee, )
ne W, —HaOMKeHHs Ha S -My KpOLi.

Toni 3a Hynb QyHKIIT F (W) npuiiMaeMo BeNUYHHY

1
w ZE(WS.H_ +Wg) .

Otxe, peanizoBaHo 00UYKCICHHs 3HaueHHs1 Ateb-cuHyca, Ha OCHOBI BUKOPHCTaHHS PO3KIALy B PSiI
Teiinopa Ta MeTOJiB HAONMKEHOTO OOYMCICHHs iHTerpana Ta HymB ¢(yHkmil. OnwmcaHuii Meron
peaizoBaHO y BiJIIOBIIHOMY POrpaMHOMY 3a0e3eueHHi.

MonenroBanus Ateb-pynkuiii 3a monmomororo poskiany B psix @yp’e
Bynp-sxy mepiomuuny ¢yskmiro F(w) 3 mepiogom 2P :[- P, P] MOKHa PO3KJIACTH Ha I[bOMY
Binpi3Ky B psig Dyp’e 3a hpopmymamu

¥ "
Fw) =20+ § By cos W 4 py sin WO A3)
e L P o
Ockineku dynkiris Ateb-cumyca sa(n, m,w) € HemapHoto, To B poskiani (3) xoedimientn ag =0,
(k=0,...,0). Y pesyasrati po3knan B psg Oyp’ e g Ateb-cunyca mae BULIIST
¥

sa(n,mw) = é bksinM (4)
P
k=1
ae
P P -1£y£1

1. . _kpy n+l . kpy <
by == nmy)sin—-dy=—— ¢gin—- ——dy. 5
k=5 gRlnmy)sn—"Fdy=""° i ——dy (5)

-P -P 0 _ N+ 16m+1
&Y

V [8] noBeneno, 1o psaau (4) € 301KHIM.

Bukopucraemo ¢dopmyny (4) mis obumcnenus Ateb-cumyca. OcHOBHA CKIAAHICTH OOYMCICHHS
NoJISATae y po3paxyHKy koedimieHTiB poskiany B psaa Pyp’e, 3amanux Gpopmynamu (5). Sk BHIHO 3 BHBe-
JICHUX (POpPMYII, bk MOJIAHO Y BUTJIAII MOABIMHMUX IHTErpajiB. Y 3alMcaHOMY MPEACTaBICHHI BHYTPIIIHIN
iHTerpan e HenactuBuM, ajoke ipu Y ® 1 s b, nixinrerpanbhi Bupasu npsaMyoTh 10 HECKIHUCHHOCTI.

Onumiemo Meronx obumciaeHHs Ateb-¢ymkiiii 3a gomomororo poskiaamis y psagu dyp’e. Ha
MOYAaTKOBOMY €Talli BBOAMMO BXIiJHI JIaHi: Kpok ireparii Ta mapamerpu Ateb-gpynkmii N i M. Ilicns
BBEJICHHS MTapaMeTpiB N i M mepeBipseMo yMOBY TepiomuuHocTi. [licis mporo oduncioemo nepioa Ateb-

¢ynukuii P (m,n). OGUuClieHHS BUKOHYEMO Ha TPOMIXKKY §O’§P (m, n)é 3 IIEBHUM 3aJJaHuM KpokoM. Jlami

obuucmoemo ¢Gyukmito Ateb-cunyca 3rigmo 3 (4) 3a gomomororo psaay Pyp’e. OGUUCIIOEMO CyMY PAAY 0
3aJIaHOi TOYHOCTI.
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OO6uwcreni 3HaueHHsT QYHKIIT BUBOIUMO Y (aiin abo Ha IUCIUIeH Ta 30epiraeMo y MacuB 3 METOIO
moOymoBu rpadikiB (YHKII, IMIiCAS 4YOro BHOMPAEMO HACTYIHY TOUYKY. SIKIIO I TOYKA HAJICKHThH
MPOMIXKKY, TO TOBEPTAEMOCH J0 OOYHUCIICHb, SKIIO (QYHKIIS oO4HciIeHAa Ha BChOMY MPOMIKKY, TO
BHBOJMMO pe3yJabTaTH o0uncieHb. OKpeMUM OJIOKOM BHIUIMMO OOYHMCICHHS KoedillieHTiB bk,

(k=1,...,0), 1m0 € HeBiacTHBUMH iHTerpanamu. J[is iX OOYHMCICHHS BHKOPHUCTAHO HAOJMKEHI METOIH
00YHCIICHHS OABIHHKUX IHTErpaIiB Ta TUXOTOMIYHUN METO/ TOMIYKY HYTiB QYHKIIT [7].

V Takwii criocib peanizoBaHo MeToa obuncieHHs mepioaununnx Ateb-(yHKIii Ha OCHOBI PO3KIALy y
paau Dyp’e Ta METOMIB HAOJMKEHHUX OOYHMCIICHb. BIANOBIIHO 1O OMMCAHOIO METOAY PO3POOIICHO
KOMII' FOT€pHY IIporpamy.

IMopiBHsiHHS MeTOniB MoeoBaHHsI Ateb-cunyca psinamu Teiiiopa Ta dyp'e
Jlnst peamizaliii OomMcaHMX METOJIB BHKOHAHO oOumcieHHs Ateb-cuHyca npu pIi3HHX 3HAYCHHSX
mapamerpiB N 1 M. Ha ocHOBI po3po0JICHUX METOJIIB Peali3oBaHO KOMIT IOTEPHY MpOrpamy, iHTepdeiic
sikoi HaBeneHuit Ha puc. 1. [Iporpama BuKOHYe oOumcieHHs nepiogy P(m,n) Ta 3HadeH» Ateb-cunyca i3

3aJJaHUM KPOKOM Ha MPOMDKKY [ P (m,n);P(m, n)] 3a JBOMa METOJaMU, BUKOPUCTOBYIOUHM psaau Teiopa

ta ®@ype. OOUUCICH] 3HAUYCHHSI BUBOJATHCS Ha eKpaH Ta y ¢aiin. Ha ix ocHOBI OyayroThes rpadiku Ateb-
CHHyca Ta BHBOAATHCS Ha ekpaH. Ha puc. 1 HaBemeHo mpukiaa poOOTH TporpaMu JUis 3HAYCHHS

m:ang.
Y EEI&|
Macwrtae < > 100 N X Sam.nxl Sa,_Tailor(m,n.x) S&_Furie(m.nx] A
[ Sremepusari ] 3
Mepion = 4702553352900 Moh 21SEE4BOIIEI94  3MEVIBEDIISIN  0IIMVZECMZUE7Z ,3GE34171696E1
/21 =2, 3962766 281 543 L1 ,317021 29008239 0625507460685 DE2115S081321552  DEZ28B0117531195
17411 = 119E13830630774 N
- 1 G7TINIE2EEN064 05234170B3IT2IE 0S2M41TDTISEZNG 0832999263IMT
Ipadik nnaa:

-1.43776656756523 0,957 037293416665 -0,957037 366847013 -0,956550053155082
Sa[m,n,x]

Mouarok inTepsany -2,396276E1261 Sa_Teilor[m,n,x]

- - . -0,958510645046136 -0.957037293416665  -0,957037366847013 -0,956550053153082
KiHeus inTepeany 2396276612615 Sa_Furje[m,n,x]

-1,19813830630774 -0,333652825067674 1 -0,336E53693342708

RS

P/ e F X

Puc. 1. Inmepgheiic komn’ omeproi npoepamu

F/4 Pi2 P X

P F/2 P x

a 0

Puc. 2. I'pagix Ateb-cunyca ons a) m=1n :% ;0) n=1m :% nepioo P = 4,7925532252
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. _— . . 1
Ha puc. 2 naBemeno BianoBimHi rpadiku Ateb-cuHyca Ui 3HAYeHb MapaMerpiB m::Ln:§ Ta

1 . . .
n=1ms= 3 OOuuciieHHs BUKOHAHO Ha OCHOBI JJBOX METOJIB, OCHOBAaHUX Ha po3kianax y psuau Teiaopa

ta @yp'e. Ha puc. 3 nokazano rpadiku Ateb-cuHyca misi 3HaueHb mapamerpiB m=Ln=25 Ta
m=25n=1. fx BuaHO Ha puc. 2, 3, moOyaOBaHi 3a 0OoMa MeromamMu Tpadiky 30IraroThCs, OCKIIbKU

po3paxoBaHi 3HaueHHs BiapisHaooTECs madpamu micas 10° mopsaxy. [t BusHadeHHS edeKTHBHOCT
O0YUCIIEHb 33 JOMOMOT'O0 KOXHOT'O 3 IIMX METO/iB BUKOHAHO MOPIBHSHHS Pe3yJIbTaTiB MOJICITIOBAHHS.

P/ P2 PR

P4 Pi2 P X

o
Puc. 3. I'pagix Ateb-cunyca ons
a) m=Ln=25;6) m=25n=1 nepioo P =9,4550717143

Omninka pe3yJbTaTiB Moaea0BanHs Ateb-cunyca
BukoHaeMo TMOpIBHJIBHUIT aHai3 pe3ynbTariB MonemtoBanHs Ateb-dbynkmiin. s peamizamii
MOPIBHSHHS BUOMpPAaEMO o0YMCIIeHHs 3a psimamu Teiiopa ta @yp’e Ateb-cunyca i 3Ha4Y€Hb MapaMeTpiB
N=m=1, mo BiaNOBiga€ BHUMAaAKy TOTOKHOCTI AteD-GpyHKmii 31 3BHUAHHMM TPUTOHOMETPUIHHM
CHHYCOM. 3HaUeHHS 3BHYaHHOr0 CHHYca BHOPAHO 3a TOYHI Y GOpMyJiaX po3paxyHKy MOXHOKH OOYHCIIEHb.

VY Tabnuili HaBeleHO pe3ynbTaTH obuncieHs 3HaueHb Ateb-cuayca sa(LLw) Ha MPOMIKKY EO,%P (L1)§ 3

1 . . . , .
KPOKOM 2—OP(:L1) 3a nonoMororo psaiB Teitnopa 1 @yp’'e Ta MeToiB HAOIMIKEHUX OOYHCIIEHb, a TaKOXK

BIAIIOBIAHI BIAHOCHI IOXUOKHA OOYHCIIEHD.
Ha puc. 4 naBeneHo rpadiki BiIHOCHUX MOXHOOK oOumcieHb 3HaueHb Ateb-cunyca sa(l,1,0) Ha

MPOMIXKKY goé p (ll)g 3 KPOKOM 2_10 P (1,1) 3a nonomororo panis Teinopa i @yp'e. 3 nokazanux rpadikis

BHILUIMBAE, IO MOXUOKAa OOYHMCICHb 3a JOMOMOrow psmy Teinopa 3pocTae 3 HAOJIMKEHHSIM JI0 TOYOK

P 1
eKCcTpeMyMy + 5 a MoxuOKa 00YMCIICHb 3 BUKOPUCTAHHSM psiny Dyp’ € 3MEHIIYETHCS 3 HAOIMYKEHHSIM JI0

P .o .
TOUYOK TeperuHy + — . [Ipore mopsioKk MakCMMaJIbHOI BIIHOCHOT MOXHOKK 00YMCIICHh Y 000X BHUIIAJKaX
4
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JOPIBHIOE 10'3, IO CBIAYUTH IPO BHUCOKY CPEKTHBHICTH 000X 3alpOMOHOBAaHHMX MeETOmiB. OTXKe, It

NPAaKTHYHOTO BUKOPUCTAHHS y BHNAJAKY repioguyaux Ateb-dyHKIliii peKoMeHIy€eThCs BUKOPUCTOBYBATH

MOJIETTIOBAHHS K Ha OCHOBI psiniB Telinopa, Tak i Ha ocHOBI psaxiB Dyp’e.

Omninka pe3yJbTaTiB Mojea0BanHs Ateb-cunyca
3 BUKopHucTaHHsAM psany Teiijsopa ta pagy ®yp’e

i ITepauis,

Wi

CuHyc sin(w;)

a(1,1,wy), 3a psi

sa(l,1,wy), 3a p

nbka 3a psaom

BigHocHa
noxuobka 3a
psaom ®dyp'e,
(%)

0,0785398163

0,0784590957

0,0784590957

0,0784626165

0,0000000000

0,0044874224

0,1570736327

0,1564344650

0,1564344650

0,1564412237

0,0000000030

0,0043204134

0,2356194490

0,2334453639

0,2334453639

0,2334548105

0,0000000021

0,0040466298

0,3141592654

0,3090169944

0,3090169944

0,3090283440

0,0000000017

0,0036728181

0,3926990817

0,3826834324

0,3826834324

0,3826957095

0,0000000014

0,0032081828

0,4712386980

0,4539904997

0,4539904997

0,4540025948

0,0000000014

0,0026641649

0,5497787144

0,5224985647

0,5224985647

0,5225092977

0,0000000016

0,0020541599

0,6283185307

0,5877852523

0,5877852523

0,5877934412

0,0000000005

0,0013931870

OIOINIOJOBDIWINIE-

0,7068583471

0,6494480483

0,6494480483

0,6494525784

0,0000000043

0,0006975270

=
(@)

0,7353981634

0,7071067811

0,7071067812

0,7071066702

0,0000000089

0,0000156941

[EnY
[N

0,8539379797

0,7604059655

0,7604059656

0,7604004228

0,0000000198

0,0007289089

[EY
N

0,9424777961

0,8090169940

0,8090169944

0,8090054692

0,0000000470

0,0014245454

[EnY
(O8]

1,0210176124

0,8526401633

0,8526401644

0,8526223820

0,0000001207

0,0020854438

[EY
I

1,0995574288

0,8910065211

0,8910065242

0,8909825065

0,0000003432

0,0026952266

[EY
Ul

1,1780972451

0,9238795221

0,9238795325

0,9238496026

0,0000011299

0,0032384581

[EY
[e2]

1,2566370614

0,9510564723

0,9510565163

0,9510212870

0,0000046263

0,0036995971

[EY
\‘

1,3351766778

0,9723696611

0,9723699204

0,9723302668

0,0000266660

0,0040513701

[EnY
00

1,4137166941

0,9876857046

0,9876883406

0,9876453582

0,0002668909

0,0040849393

[EnY
O

1,4922565105

0,9968616740

0,9969073337

0,9969029228

0,0045803458

0,0041378685

0,0055

e BiJHOCHa NOXMOka 3a MeTooM Teiinopa, (%)

= BjgHOCHa Noxnbka 3a MeTogoM dyp'e, (%)

0,0045

0,0035

—

BigHOCHa Nnoxuoka, %

0,0025

0,0015

\

/

0,0005

\VA

1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19

-0,0005

iTepauis, i

Puc. 4. Bionocna noxubxa obuuciens Ateb-cunyca
3a memoodom Tevinopa ma @yp’ e
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BuchHoeku

Jnst meskuX MpakTHYHHUX 337149 3aXHCTy iH(pOopMallii MPONOHYEThCS BUKOPUCTOBYBATH TIEPIOINYHI
Ateb-¢dynkiii. 3 miero MeTor po3poldiIeHo MeToan MoaentoBanHss AleD-(yHKITH 3aIeKHO Bil MapaMerpiB
Ha ocHOBI psniB Teimopa i ®@yp’e. [linm yac MoaenOBaHHS BHKOPHCTOBYIOTHCS METOAM HAOIHKEHUX
oOuKcieHb iHTepBatiB. Peani3oBaHo TMOpiBHSAHHSA oOYMCleHb iHTerpaniB mis Ateb-dynkmiii Ha ocHOBI
pizaux meroxiB. HaBeneHo Meroau obunciens Ateb-¢yHkiiii Ha ocHoBi psaiB Teiinopa i @yp’e. Ha wiit
OCHOBI PO3pO0JICHO BiMOBiHE IporpaMHe 3abe3nedenHs. [lonaHo iHTepdeic yKUTKY, TpUKIaId poOOTH
MPOrpaMu MPOLTIOCTPOBAHO 3a JIOMTOMOT00 TpadikiB. BHACTIIOK MOPIBHAHHS MOICITIOBAHHSI MTEPi0TUIHUX
Ateb-pyukiiit Ha ocHoBi psaiB Teitmopa i Dyp’ € 3p00IEHO BUCHOBOK, 110 00MIBa METOIH € e)EeKTHBHUMH.
3nilficHeHO OIIHKY MOXMOKM OOYHMCIIeHb 32 000Ma METO/IaMH, 3TiHO 3 SIKOK BIHOCHA MOXHOKa oO4wHc-
nens — 6mmsbko 107 1st 060X BUMAKIB.
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