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I'eneparopu BHINaAKOBUX Ta IiceBaoBHNanAKoBUX uncen (I'BU) cnouatky BUKOPHUCTOBYBAIM Wi 33134
yucioBoro iHrerpyBanns (Meron Monte-Kapno). Huni ocHoBHUME cdepamu 3acrocyBanus [BU e
imiTamiiiHe MozenmtoBaHHs Ta Kpunrorpadis. J{ms mepmioi cdepu xapaxrepHe BukopuctanHs [ BY,
OCHOBAaHMX HA BMKOPHMCTAHHI KOMII FOTEPHHMX aJIrOPHTMIB i mporpam. Y CTarTi po3rJIIHYTO METOIUKY
TECTYBaHHS HE3AJISKHOCTI TOCTioBHOCTeH Bumaikopux uucen (IIBU). Meromuka ocHOBaHAa Ha
BJIACTHBOCTSIX CYM HE3aJI©KHHMX BHIIAJIKOBUX BEJIMYUH. AJITOPUTMH 3a LIE€I0 METOMHMKOIO BiJIOBIIAIOTH
YMOBI BENMKOI MIBUIKOCTI. [IpoaHaii3oBaHO HE JIMIIIE MOMEHTHI CTATHCTUKH THUITy KOe(ilieHTiB
KOPEJIALIT, a i BIACTHBOCTI eMITipUIHKX (QYHKINH po3noiaeHns cym [IBU. ¥V crarTi aHani3 oOMeXeHui
JIMIIIE BUIAIKOM PiBHOMIpHO posnoaitenux [1BY. BrkoHaHi po3paxyHKH JOBOSITH BUCOKY CEIEKTUBHY
€(DeKTUBHICT 3alpOIIOHOBAHUX KPHUTEPIiB, sIKi Jal0Th 3MOTY BIIEBHEHO DO3PI3HATH 3aJIOKHI Ta
HezanexxHi [1BY. 3aBsiky IIBUIKOCTI 3aIpOITOHOBAHI aJITOPUTMH Ta KPUTEPii MOYKHA BUKOPUCTOBYBATH
qutst TecryBanss [1BY HanBesmkoi nosxunu (y 3aiadax tuiy Big Data).

KirouoBi cioBa: ICeBIOBMITAIKOBI YHUCIIA; HE3AICKHICTh, CYMH HE3aJISKHHUX IOCHIIOBHOCTEH;
HerapaMeTpH4Hi KpUTepil; pIBHOMiIpHE PO3IIOIICHHSI.
YK 004.94

1. Beryn

Cdepa 3acrocyBanHs mochijoBHoctedl Bunaakosux uncen ([IBU) mocTiiiHO po3MIUpPIOETHCA.
ChoroziHi Jmiie y HadzaraipHINIOMY BHTIIsLAI oOnacti 3acrocyBanHs [IBU BusHauaroThes sk [1]: imita-
HiiHEe MOJENIOBaHHs, KpunTorpadis, reHepallis 3aXMIleH!X KII4iB Ta iIrpoBi 3aadi. 3aJeKHO BiJ THUITY
3aja4i BHKOPHUCTOBYIOTh I'€HEPATOPH BUMAJKOBHX Ta IICEBIIOBHIAIKOBUX uncen (BimmoBimno, ['BY Tta
I'TIBY). I'BY edekTuBHO 3aCTOCOBYIOTH y KpUNTOrpadidHUX 3a/1a4ax, /¢ 3a3BHYail BHKOPHUCTOBYIOTH Ti U1
i ¢izuyni seuma. [likapo, 10 HaBITH MICHs BIAMOBIAHOI 00pOOKM eHIledasorpamM JIOAMHH MOXKHA
orpumatu [1BY [2]. KinbkicTe HaykoBuX poOiT, mo crocyroTbes peamizanii ['BU ta T'TIBY, koHKpeTHHX
3a1a4 i3 BukopuctanHsMm [IBY, a Takok TecTyBaHHS BiIIOBIJHHX pillleHb MOCTIHHO 3pocTae. € HaBITh
MPHHITUIIOBA MOXUIUBICTh oTprMaT [1BY 3 BUKOpHCTaHHIM XMapHUX TEXHOIOTIH [3].

Meronuka, po3risiHyTa y Iiii poOoTi, mpu3HadeHa mepemyciM Juisi TectyBanHs [IBY, ski
3aCTOCOBYIOTH y 3ajjauax imiramiiiHoro monemoBanHs [4]. Ha Ham mornsa, ans nporo Kiacy 3agad
Halleh eKTHBHIMINM BBaXkatoTh BukopucTanHs came [ TIBY, ockinbkn orpumani [I1BY MokHA BIITBOPUTH Y
MOBTOPHHUX 4YHCIOBHX ekcrnepumenTax. ['TIBY moxyTth OyTu peanizoBaHi sk amapaTHHMHU [5], Tak i

© . N . . .
2023 HauioHanbHul yHiBepcuTeT “JIbBIBChKA MOJITEXHIKA”



Memoouxa kpumepiig cym y 3a0auax mecmyBaHHsl He3ANeHCHOCHI] NOCIIO0BHOCEL BUNAOKOBUX YUCE 21

nporpamuumu [4] 3acobamu. B ocTaHHROMY BUTIQ/IKy 3aCTOCOBYIOTH Pi3HI PEKYpEHTHI alroputmu [6, 7],
ayie HAUTOMIMPEHIIUMH 3aJMINAIOThCS aJrOPUTMH, OCHOBaHI Ha KOHTPYEHTHHX METOJlaX TEpIIoro Ta
BHIIUX TOPSAKIB [4, 8].

Cepen 3amad IMITAIIMHOrO MOJEIIOBAHHS THIIOBOKO 3aJaucid € CHHTE3 MOJENeH BHITAIKOBHX
MPOIIECIB 13 3aJaHUMM XapaKTePUCTHKAMM, HANpHUKIal, MOJICIIOBAHHS ‘‘KOJLOPOBOro” (He “Oimoro”)
mymy [9]. Brim, Ha Ham mormsin, 3agada cuaTe3y [IBY i3 3a7aHO0l0 KOPENAIIHHOI (YHKIIED € MEHII
CKJIAJIHOIO, HDK 3aJja4ya CHHTE3y HEKOpEIhOBAHMX TOCIIJIOBHOCTEH: 3 JIPYTUX JIETKO OTPHMATH Tepii 3a
JIOIIOMOT'OI0 €JIEMEHTapHUX reperBopeHb. 1le cknaanimor € 3amadya cuaTesy HesanexHux [1BY.

VY 10BONI MPOCTUX TECTax, OKPIM JIIHIHHUX 3aJIeKHOCTEH (KOpenAlliil), aHami3yloTh 1 MOMEHTHI
craructukn [1BY Bummx mnopsuakis [10, 11]. Haituactrime tecryBanns [1BY po3ymitoTh 3rigHO i3
MapajurMor  “mocrtaTHhOi BumagkoBocTi” [12], Hanpukiag, 3a JOMOMOIOK CHCTEMU TECTIB
amepukancbkoro cragaapry NIST 800-22, 1a [13]. Le#t cranmapt MictuTh 15 TecTiB, cepea SKUX TECT
BIJICYTHOCTI (MaJIOCTi) IPUXOBAHMX TMepioguuHoCcTed. Y poOoTi [14] 3a3HaueHO, IO I CUCTEMa MICTHTh
3aJIeKHI TECTH, a TaKOXK HENOCTaTHhO OOIPYHTOBaHA TEOpeTHYHO. Y Mid poOOTi KiIBKICTh TECTiB
3MEHIIIEHA JI0 IECTH i MOJAHO JIOriuHe i mociixoBHe o0rpyHTyBanus miei cucremu (SixTestsSuite). dani
PO3IIISIATUMEMO JIMIIIE OJMH TecT — HesayekHocti [1BY.

Memoro uiei po6omu € oOTpyHTYBaHHS METOIMKU TE€CTyBaHHs HezanexHocTi [IBU, ocHoBaHOI Ha
BIIACTUBOCTSIX CYM HE3aJIKHUX BUIAJKOBHX BEMYMH Ta HA BUKOPHUCTaHHI HElapaMeTPUYHUX KPHUTEPiiB

. . . I 2
tumty Konamoroposa, CwmipHoBa Ta Kpamepa — Mizeca — CMipHOBa (KpuTepid ®” ).
2. TeopeTu4Hi OCHOBH 3aNIPONOHOBAHOI METOAMKHU

Y poborti gocmimxkyBaruMemo came HezanekHicTh [IBU. Ockinbku [1BY y 3amauax iMitaliiHOro
MOJIETTIOBAHHS BIITBOPIOIOTH (3 MEBHOIO TOYHICTIO) TEOPETHYHI PO3MOAUICHHS, TO i TEOPETHYHUI aHami3
CIIOYaTKy BHKOHA€EMO JUIs Mojeied Teopii WMoBipHocTed [15, 16]. 3a KIacHYHMMU BHU3HAYEHHSIMH
BuMaKoBi Benmnunan (BB) € He3anexxHUMHU TOJI i TINBKH TOJ, KOJH:

P(X,Y) = P(X)* P(Y), (1)
ne P #imoBipHoCTi KOHKpeTHUX 3HaueHb BB X Ta Y, ab0 3a exBiBalleHTHUM BH3HAYCHHSM:
G(x,y) = G(x)* Gy (»), )

ne G — ¢yukuii posnoginenss (OP) iiMmoBipHOCTEH BinmosinHux BB.

3posymino, 1o it [IBY, ski MOAEIIOIOTh AUCKPETHI PO3MOAUICHHS 13 MOPIBHIHO HEBEIUKOIO
KUIBKICTIO JUCKpeT, Bu3HadyeHHS (1) moxe Oyt mnpoaykTuBHHM. Brim, ams OesmepeppHux BB
31e0LTBIIIOr0 BOHO HAATO CKIaHE JUisi Oe3rmocepenHboro Bukopucranus. Crpasni, okpeMi 3HaueHHs BB
Oesnepepuux 3HaueHb X Ta Y (y IIBY) iHomi B3arami He 36iratob0cs, a B pe3y/aIbTaTi MOKHA OTPUMATH
matpuio 3HaueHb P(X,Y)=P(X)*P(Y), B skiii KOKHHH €IEeMEHT IPOCTO IOPIBHIOE Hymro. Tomy
Tpeba BUKOPHCTOBYBATH OIIHKK 4acTOT moTrparuistHHs eneMeHTiB [1BY y skick kiacTepu, HampuKia,
KBaHTHJIbHI. A TyT BUHHKAIOTb 1HIII TPOOIIEMH:

— IMHUPUHY KJIACTepiB JOCTITHUK 33/1a€ MPAKTHYHO HABMAHHS, MO Y MEBHUX BHUIIAJKaX OOMEXKYE
3aCTOCYBaHHS aBTOMATHYHHX allTOPUTMIB;

— KUIBKICTh OIlepalliii Jyis po3B’sA3aHHS 3ajJa4i MaTHUME Hopsaok N 2, ne N — tunoBa JOBXXHHA
(xipkicTh 3Hauenb) [1BY, ski moxentororh BB X Ta V.

TunoBi 3HauyeHHs NOBXMHM HemoBToproBanux IIBY, siki remepye I'TIBY, nopismroe 2°> ta 2%
3aJIeXHO Bij| 010J1i0TeKH cTaHmapTHUX (PYHKIIN Ti€l UM iHIIOT MOBHM MpOrpaMyBaHHs. BTiMm, 3HaueHHS HX
MOPAJKIB MOXYTh OyTH 1 3Ha4YHO OumbliMMH. Y 3agavax iMitaiiiiHoro wmojemoBanHs 1 [1BY
BHKOPHCTOBYIOTh MOBHICTIO a00 4acTKOBO. BiAMoOBigHO, 00CAT TECTyBaHb MOKE OyTH 3HAYHUM (THIIOBA
3ajmava kimacy BigData). [Hoai mij yac po3B’si3aHHS 3a/1a4y TaKOTO THUITY JOBOAMTHCS KEPTBYBATH SKICTIO
pillieHb 3aMiCTh MOXJIMBOCTI OTPUMATH I1i pillieHHs y NpUHHITHUI yac [17].
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PosrisiHemo nuiie BUManok cyliibHO Oe3znepepBHuX BB, mis sikoro ymoBu HeszanexHocTi (1, 2)
MOXHa (popmaltizyBaTH B €KBiBaJCHTHOMY BUTJISIIL:

g(x,¥) =g (0)* g, (), 3)
Jie g — NTBbHOCTI PO3MOIiieHHs BiqnoBigHux BB.
st poro BHIAJAKY i3 YMOBH He3aleXHOCTi (3) BUILTMBAE BilloMa PIBHICTh ISl CYMU Z = X + Y

Hezanexuux BB [16]:

g(2) = [ (x)* g (z—x)dx | @

—00
TOOTO HIUIBHICTh CYyMHU BHPAXKA€EThCS K 3ropTKa miipHocTeit BB X ta ¥ (g(z) =g, %g, ) Baxnuso, 1mo

aHaJli3 HE3aJIOKHOCTI y [bOMY BHUMAJAKY BJBIYi CKOPOYYE PO3MIPHICTH MPOCTOpPY pIllIeHb: 3aMiCcTh
JOCITI/DKEHHS BIacTUBOCTeN ABOX 3MiHHHX (1)—(3) mocmimkyroThes (yHKIIT uine oquiei 3MiHHO1. Burparn
y KUTBKOCTI OTepariii oueBuIHUIH.

[Momanpin AOCTIPKEHHS IPYHTYIOThCS camMe Ha 3ajekHocti (4). Ha skanb, He BOasioch 3HAWTH
3BOPOTHUX TEOPEM: 3a SKUX YMOB i3 3alexHOCTi (4) BurumBae 3anexHicth (3). [Ipore He 3HAWIIIOCH i
MPHUKITAIIB, KOJU 3BOPOTHA IMIUIIKALsS HEmpaBuibHA. MOJACIIOBAHHS Ha PI3HUX NpHKIazax (3a yMOBH

g, = g, ) nokasano, mo TBepukeHHs (3) Ta (4) ToToxkHI. BTiM, 3apaan MaTeMaTH4YHOI CTPOrOCTi Hajai

BBaXaTUMEMO, MIO CIIIBBiTHOMICHHs (4) € nume HeoOXiIHOK YMOBOIO HesalexHocti BB, ane y 3a-
raJbHOMY BHIIaJKy HEIOCTAaTHBhOI. [lepeBarn Ta HEMONIKM MPONOHOBAHOI METOJIUKH, OCHOBaHOI Ha
3aJIOKHOCTI (4), pO3TJITHEMO Ha KOHKPETHHUX IPHUKIIAIax.

3. AaroputM aHanizy He3anexHocTi piBHomipHo po3noaiienux I[IBY (PP I1BY)

s Oarathox meromiB rerepyBanHs [IBU matumku PP [IBU e GazoBumu [4], ToMy came mei
BUIIQJIOK 3aciayroBye Ha yBary. Hamami @®P piBHOMipHO posmoninenHs BB wna intepsani [0, 1] Oymemo
no3Havyaty U (uniform), a miiieHICTh po3moaiicHHS, BianoBimHo . Tomi ymMoBy (4) misd OIHAKOBUX

. . . . * *
HE3aJIeKHUX PIBHOMIPHO po3mozinennx BB moxHa 3amucat y Burmsiai: ¥ (x+y)=u (z) =u(x)*u(y).

Jnist iboro BUMaAKY (PYHKIIS 3rOPTKYA Ma€ TPUBIATBHUN BUTIIS:

0,z<0
z,0<z<1
2-z1<z<2’
0,z>2

a rpadiku MIEHOCTI U Ta ii aBTO3ropTK ” g(z) momaHo Ha pwuc. 1.

u'(z)= (5)
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Puc. 1. PisnomipHa winbricms po3nooinenHs
Ha inmepsani [0, 1] ma it “asmoseopmra”
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Besnocepenne BukopucranHs Mojened TUMy (5) y BHIUISAII IIUTLHOCTEH PO3MOMUICHHS CYyM Mae
MEeBHUH HEMTONIK: eMITIPHYHIM aHAJIOTOM IILUTBHOCTI € TicTorpama. Buiie 3a3Hadeno, mo y oMY BHUITAJIKY
pe3yNbTaT 3aJeXHUTh Bijl IHTYIMIT JTIOQUHHA-T0CTIIHUKA. ToMy Hajai onepyBaTUMEMO TOHATTAM (PYHKITIH
posnonuienHss BB Ta, BiamopimHo, emmipuuynux ¢yHknid posnoninenHst (EDP). OcranHi BH3HAYAIOTH
BIZIOMUM CIIOCOOOM:

1 N
Gy ()= TH(x=Xy), ©)

ne H — omuanuna dynkuis Xepicaiina; X, — BubipkoBi 3HaueHHs BB.
InTerpyBanusaM 3anexsocreit (5) orpumaemo ®P cymu Hesanexuux BB, piBHOMIPHO PO3MOALICHHX
Ha iHTepBani [0, 1]:
0,z<0
0.5%2°,0<z<1
~14+2z-05z*1<2<2’
0,z>2

U'(z)= (7

rpadik sKoi TOKa3aHo Ha pHC. 2.
Toni y 3araibHOMY BUTJIISIII IPOTIOHOBAHHI aJITOPUTM CKJIAZIATUMETHCS 3 TAKUX OTepalliii:

1. Orpumyemo macus PP IIBY X, X,,.. X, 3arambHOO JTOBXKHHOIO 2-N.

2. BusHayaemo MacuB mapHux cym Z, =X, +X,,,, Z,=X,+X,,,, 1 T.I 3araipHOIO
JIOBXHHOIO N .

3. Busnauaemo E®P G, (z) 3a mpaBunom (6), mopiBHIOIOUM 1i 3 TeopeTHyHOW (QyHKIi€ro

posnonineHHs (7).

Puc. 2. OP pisnomipnozo posnoodinenns na inmepesani [0, 1]
ma PP cymu nesanesxcnux BB

[Mpuknaan EOP cym PP PBY mns nosxunu nocnigosrocreit N =20 ta N = 50 nmonaHo Ha puc. 3.

1 1
05+ 0.8+

06 04

Puc. 3. Ilpuxnaou peanizayii EQP cym ona N = 20 (a) ma N = 50 (6)

Information and communication technologies, electronic engineering, Vol. 3, No. 2, pp. 20-32 (2023)
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Alle TIpUHIIMIIOBE 1 BXKE 30BCIM HETPHBIaJbHE 3alHWTAaHHS: SIKI TOKAa3HUKH PO30DKHOCTI abo

. . .. cee *
nozionocti EOP G (z) ta reopernunoi ¢pynkuii U (z) Bubpatu? Po3riasHeMo Ie NUTaHHS JOKIaIHO.

4. O0rpyHTyBaHHA BUOOPY MOKA3HMKIB Ta KpuTepiiB He3ane:kHocti PP IIBY

Jnst 3a7a4 aHANI30BaHOTO KJIACY JIOIUILHO BUKOPUCTOBYBATH HEMapaMeTPHyHi KpUTepii, OCHOBaHI
HA CTaTHCTHKAax BifgcraHed Mik Tteopernynoro ®P ta EDP. V it pobori posrisHeMo JUIIe TpH
HermapaMmeTpuuHi cratuctuku: Konmoroposa, “ogHobiuny BuOipkoBy” cratuctuky (OBC) CwmipHoBa Ta
2 . .
cratuctuky ®° (Kpamepa — Mizeca — CmipHOBA).
Cratuctrka Konmmoroposa [15] rpyHTyeThCs Ha 3BakeHi Merpuii Yebuiesa:

Rie(N) =N sup,[Gy (x) - G(x)]. ®)

Bigomo [15], mo 3a N — o iimoBipHicTs HepiBHOCTI Ry (N) <A pIBHOMIPHO CXOXHUTBCS [0
GyHKIIT:

=

KM =3 (-1 exp(-2422). ©)
k=-o0

[lepeBaroro cratucTvku (8) I BUKOPUCTAHHS Y EKCIPEC-METOAAX € caMe MOMKJIMBICTB IyKe
IIBHJIKO OTPUMATH 11 3HAYEHHS: MOTPiOHO JIKIIe BUBHAYNTH MACHB Pi3HUIIb HA MEBHIH CITIII MOJIEIOBAHHS,
OOYMCIIMTH MOMYJII ITUX PI3HUIIL 1 3HANTH HAKOLIBIIY 3-TTOMIXK HHX.

[leBHI HEMOMIKK MOJATAIOTH Y TOMY, 110 BU3HAYCHHS KOHKPETHUX 3HAauYeHb 3a QyHKIiE0 (9) Moxe
TPHUBATH JIOBTO. TakoK 3ayBaKMMO, 10 QYHKIIS (9) OUTbII-MEHII mpUaTHa JJs PO3B’SI3aHHS 3a1ad Ha
BEJIMKUX BUOIpKax (BIAMOBIAHO 10 criocoOy 11 BU3HAUEHHS), ae i Majiux BUOIpOK BUIIISL QYHKINT TiIe
CKIAIHIIINA.

OBC CwmipHoBa BupaxaeThcs 3ajexHicTio| 18], sKy mojamo B ekBiBaJIeHTHil GopMi:

Rg(N)=+/N sup (G (x) - G(x)). (10)

Cratuctuka (10) me Oumbln mpujatHa ajisi oOpoOneHHs naHux tumy BigData (me moBoguTthes

paxyBaTh KOXKHY MIKPOCEKYH/IY B IUKIIYHHUX OINEpallisx): MOPiBHSIHO 3 BUpa3oM (8), He MOTPiOHO HaBITh

3MIHIOBATH 3HAYCHHS 3HAKOBHX OiTiB. BTiM, 3ayBaxkumo, mo noioHicTh Bu3HadeHb (8) ta (10) naneka Bin

MaTeMaTHYHOI CYTi: y IPYyroMy BUTIAJIKY aHATI3YIOTh JIHIIE MepeBuleHHs 3HauyeHs EDOP Haj TeopeTrnuHo0
@P (3Bigku i TepMiH “oqHOOIYHA”).

3posymino, mo BHacuinok BnactuBocted ®P 3amkm Rg(N)=>0 Ha inTepBami [— oo,oo]. A mo

poOHTH, SIKIIO y KOHKPETHOMY OOYMCIIIOBaIbHOMY GKCIIEPUMEHTI OoTpuMaHO 3HaueHHA: Rg(N)=0?

Teopernuno moxuBi nBa Bunaaku: EDP imeanbHo 30iraerbes 3 TeopernyHoro OP Ta anbrepHaTHBHUMN
BHMaI0K, koiin EDP npaktuyHo BClOAM 3HAYHO MEHINA, HiX TeopeTruHa DP. BimokpemieHHS HUX ABOX

BHIIAJIKIB PO3IVIAHEMO HIDKYE, a IOKH 3a3HA4MMO, WO iiMoBipHicTh HepiBHOCTI Ry (N) <A, sximo
N — oo, piBHOMIpHO cxoauThest 10 GyHKii [18]:

SO = PRg(N) <A =1—exp(-2#22)} 220 (11)
3BIJIKM MIUTBHICTH pO3MoALIeHHs (Tricis goaaTtkoBoro BusHaueHHs S(A) =0, A <0)
ds() _ [4nexp(-222)1>0

d 0,A<0 '
I'padixu pynxmiii (11) Ta (12) mokazano Ha puc. 4.

S(A) = (12)

[HdoxomyHiKaMilHI TeXHONIOTIT Ta eeKTpoHHa imxkeHepis, Bum. 3, Ne 2, C. 20-32 (2023)
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Puc. 4. @ynxyia posnoodinennsa (11) ma winoricms pos3nodinenns (12)

[Ipocrora, Tak OM MOBHTH, ‘‘MaTeMaTH4Ha ejeraHTHiCTh” BupasiB (11) Ta (12) mae 3Mmory

€lIeMEHTapHO BU3HAYNTU MaTeMaTHuHe odikyBaHHs (M ), mucnepcito ( Dg ) Ta cTaHZapTHE BiIXHICHHS

(O ) ans uux QyHKILiH:

1 1
M :E\E ~0.626657; Dy :5(1 —gj ~0.107301; o4 =+/Dg ~0.327568,  (13)

a TaKOX JIOBOJIi MPOCTO BUPA3UTH KBAHTUII TOPSIKY g Ha citii ) KBAaHTWIIB, PO3B’A3yIOUH PIBHSIHHS,

sIKe BUTLTUBAE 3 Bupasy (11):

L1249, (14)
2 Q
sIKe, HAlIPUKIa, Uit memianu mMae npoctuit Burisia: A(0.5) = 4/—0.5In(0.5) = 0.588705.

KsanTuni nopsuky % (mermmi) HaBeneHO y Tabn. 1, e TakoX MOJAHO KPUTHUYHI 3HAYCHHS JUIS

BuOipku 06’emy N = 100.

Tabnuys 1
KBantuai ¢pynkuii posnoginenus craructuku Cmipuona (11)
3HaueHHs 4 S (i] S (‘]] 3HaueHHs 4 S (i] S (‘]]
0 0 o 0 0 oy
0,1 0,229522 0,022952 0,6 0,676864 0,067686
0,2 0,334024 0,033402 0,7 0,775878 0,077588
0,3 0,422300 0,042230 0,8 0,897061 0,089706
0,4 0,505384 0,050538 0,9 1,072983 0,107298
0,5 0,588705 0,058875 0,994372 1,609362 0,160936

Y 1abn. 1 e okpeme 3HayeHHs “‘kBaHTWIL® 0,994372. BoHO momaHO 3aMicTh 3HAYCHHS i:1,

q

OCKiTbkH uist — —> 1 S(i] —> 00 BriM, e 3Ha4YeHHA y TaKOMy KOHTEKCTI He € BUNaAKoBUM. Jlns

eKCIIpec-aHalli3y 4acTo JONUIbHO BUKOPHCTOBYBATH HepiBHicTh UeOuWIineBa y BUIJISIII NpaBuia “TPbOX
curm”. 3 ypaxyBaHHSIM acUMETpii MITbHOCTI po3nofineHHs (puc. 4) Tta “omHobiuHocTi” cratuctuku (10)

KpUTUYHI 3HaYeHHsA Rg(/N) 3a MM MpaBHIOM MOXKHA BHPa3UTH:
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RS(N)zL(MS +3os)z1.609362L~ﬁ (15)

JN JN N
110 1 BigoOpaxeHo y Tadm. 1.

Omxe, y HMBHIKUX alroputMax ananizy HesanexHocti PP IIBU mokHa BHUKOPHCTOBYBATH JBa
KPUTHYHI 3Ha4YeHHs: KBaHTUIb 90 % (MpuOIU3HO %/ﬁ) Ta “orinky YeOuiepa”, sika y TaKOMy pasi Ja€e
HMOBIPHICTh BUXO/Y 32 KPUTHYHE 3HAYEHHS He OlbIie HiX micTh pasiB Ha 1000 Bunaakis.

BpaxoByroun oTpriMaHi YHCIOBI 3HAYEHHS, MOKHA COPMYITIOBATH IOCIIIOBHICTh KPUTEPiadbHUX
MPaBHIT:

— xpurepiii 0,1: sximo %/N<RS(N) TO rinore3a He3zanexkHocTi [IBY Bigkumaerbes 3

HWMOBIPHICTIO TIOMHJIKH pillleHHs mpuonusHo 0,1;

— kputepiii 0,006: SKIIO 1%<RS (N) Tto rinore3a HeszanexHocti [TBY BigkumaeThest 3

HMOBIPHICTIO TOMHJIIKH pitieHHs mpuoim3Ho 0,006 (WicTh THCAYHUX);

— Bunagok 0: axmo Rg(N)=0 To pobumo BHCHOBOK, 10 “onHOOIYHa cratuctuka” (10) He nae
a/IGKBATHOTO PE3yNbTaTy 1 MOTPiIOHO BUKOPUCTOBYBATH SKICh 1HII KpUTEPil.

OnuH 13 TakuX MOXIIMBUX “IHIMMX’ KPUTEPiiB MOXHA MOOYAYyBaTH Ha CTaTHUCTHIII o’ [19], axa

BU3HAYAETBCS y METPUILli IpocTopy L, :
T 2
R,(N)= [[Gy(x) - G(x)] dG(x). (16)
®yHKIis po3nofineHHs 3HaueHb R (N) 3anexuts Bix 06’eMy BuOipkm N, ToMy 3a3maieriib

BH3HAUUTH SKICh KBaHTHJII CKJIAIHO. SIKIIO CKOPHCTATUCh TPAHUYHUMM 3HAYCHHSIMHM i€l (QYyHKIIT 3a
yMoBH N —> 00, TO BTPAyYa€ThCsl MOKIUBICTh KOPEKTHOTO BHUKOPUCTAHHS I[I€]l CTATUCTHKHU JI MajHuX
BHOIpOK. BTiM, BigoMi 3HauYeHHs MaTEMAaTHYHOI'O OYIKyBaHHS Ta JMCIEPCIi Ii€] CTATUCTHKH IS
KOHKpeTHOro 00’emy Bubipku N [19], a came:

1 1 _4N-3
M (N)=———; Dy =% "2 17)
) 6NN~ Y JN 180N?

Toni HaBiTh AN MaIHX BHOIPOK MOXKHA 3aCTOCOBYBATH KpUTEpii HA OCHOBI HepiBHOCTI YeOuriena.
BTiM, y 1[bOMY BHIaJKy CKOPHCTAEMOCH y3aralbHeHHM mpaBuiioM “M curm”. KputuuHi 3HaYCHHS 1S

NPUHHATTS PILICHb IPO MOPYIUCHHS YMOB HE3QJICKHOCTI 3 HMOBIPHICTIO NMOMMJIKA NPUOIHM3HO ——
M

MOJKHA IPUHMATH 3a CIIpoIneHor Gopmysoro (skmo N >10):

KM, Ny=——|[ L ML} (18)
JNI6N 3 V5N

BukopucroBytoun Gpopmyiy (18), 00MeKHUMOCH JIMIIE I1BOMA MPAaBHIAMH: “TPhOX CUTM” Ta “HISCTH
curM”. 3ayBaKMMO, IO HAaBiTh 3a TOpIBHAHO HEBENHKHX 00’eMiB BuOipok N 3Hauenns K (6,N)
npubnu3Ho BBivi Oinbine, Hik 3HadenHs K (3, V). Toxi kpurepianbHi npaBuia MoxHa cOPMYIIIOBATH
TaK:

— xpurepiii 3c: sxkmo K (N)>K_ (3,N), 1o rinoresa Hesanexuocti IIBU BinkupaeTbes 3

HMOBIPHICTIO TIOMHJIKH pilleHHs npuoiusHo 0,1;
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— kpurepiit 66 : sxkmo K (N)>K_ (6,N), to rimoresa Hesanexuocti ITBY Binkumaerses 3

HMOBIPHICTIO IIOMHJIKY pitieHHs nmpuonuzHo 0,03.

3BepHeMO yBary, mo Yy (opMyitoBaHHI KpUTEpiaIbHUX TPaBHJI MH JyXKe OO0CpESKHO
BUKOPUCTOBYBaJHM TOHATTS HMOBIPHOCTI, a TaKOX KOPHCTYBAIMCh TPHHIUIIOM, TaKk OW MOBHTH,
“mpe3yMmiii 3anexHocTi”. Ha Hamie mepekoHaHHs, MOHSATTA “JOBIpYOi HMOBIPHOCTI” HE 3aBXKIH
3aCTOCOBHE 1O KOHKPETHOI CTATUCTHYHOI 3a/ayi: MOKHA 3HAWTH TaKUd PiBEHb I[LOI'0 IMOKA3HUKA, IO
Oy/b-sIKe eMITipHYHE PO3MOJIUICHH MOXKHA OyJlie BBAXKAaTH, HAPUKJIIA]l, HOpMaJIbHIM. TOMY B IPaKTHYHUX
JOCITIDKEHHSX MPHHIUIIOBO BAXKIMBUM € KOHTPOJIb OTPUMAHUX BUCHOBKIB Ha JOJNATKOBUX (HE3aJICKHHX )
MacHBax eKCIIepUMEHTaIbHUX JaHuX. CKUIbKM TakUX KOHTPOJLHUX BHOIpOK Tpeba orpumaru? Yum
OuTbIlle, THM Kpaile, ane riobanbHUH MiHiIMyM — xoda 0 oaHy. Ha mactsa, 'BU narore mpakTudHO
HEOOMEXKEHY MOXIIUBICTh KOHTPOJIO OJICPKAHUX PIlllCHb.

5. [lepeBipka ne3anexuocti PP I[IBY y cepenoBumi Scilab 3a nomomoroio kpurtepiiB cym

Bci rpadikm i po3paxyHkH Bullle OTpuMaHO y cepenosuii Scilab. Hagani gocmimkyBaTumeMo
xapakrepuctuku 3anexHocti PP [1BY came y npomy cepemoBuii. s 1poro 0yneMo BUKOPHCTOBYBATH
crangaptauii [ TIBY Scilab i3 mapamerpom HanamryBanHs “uniform”.

JInst 0OumCITIOBANBHNX eKCIIepuMeHTiB reHepytotbes a8i PP IIBU: X, ,n=1, N ta ¥, ,n=1,N, 3

AKMX JUI TIOZaJIbIIOro aHanisy ¢opmyerbcs MacuB cym: Z, =X, +Y, ,n=1,N. Posrnagarore Tpn

BHIIQ/IKH:
— “ymoBHa HezanexHicTs”: [IBU X Ta Y (opMyroThes sIK OCITIIOBHI MACHBH BHITAJIKOBUX YHCEI,
SIK1 HE TTePETHHAIOTHCS;

— “noBHa 3anexHicts”: X, =Y =7 =2X,,n=1,N;

— “gamiB3anexHicts”: nonosuHa IIBY Y 3anoBHroerhes 3HayeHHsamu 3 I[IBUY X, a me oxHa

noJIoBMHA — He3anexkHoto I1BY V' 3aBoBkKH ]\7 , 10010 X5, | =2X,, 1,25, =X, +V,,n=1, ]% .

I'padiku cyMm ans IUX TPHOX BUIAJKIB MTOAHO HA pHC. 5.
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Puc. 5. I'pagpixu cym PP IIBY 015t mpuox Gunaokie 3aneicHocmi
ma ons dosxcunu IIBY N = 1000 ma N = 10000

3ayBa)KMMO, 1110 JUIS BHITQJKIB “TIOBHOI 3aJI&KHOCTI” Ta ‘‘HammiB3aJIOKHOCTI” KOPHCHE Take MaTe-
MAaTHYHE MO0 EHHS.

Jlema. Hexait mamo nBi mexopensoBani BB X 1a Y (r(X, Y) = 0) 13 onHakoBorw DP. CkoHCT-
pyroemo tpetio BB sik 3Baxeny cymy: V =oX + (1 — OL)Y,O <o<l.Tom r(V,X)=qa.

Jloka3 1i€i JeMy He HaBOAMMO, 3BaXKarouu Ha 11 elIeMEeHTapHICTb.

Pe3ynbTaTi 00YMCIIOBANBHOTO EKCIIEPUMEHTY /ISl BUTIAJIKY “YMOBHOI HE3aJISKHOCTI” Ta TIOPIBHSIHO
Hesenukoi qosxuan [1BY (N = 100) HaBeneno y tabin. 2. V miil TaOnuIi, SK i B yCiX HACTYITHUAX TAOIHUIIIX,
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MOJJAHO PE3yIbTATH JICCATH HE3aJISKHUX SKCIIEPUMEHTIB (TecTiB). Takoxk y TaOIUISIX JOBIIKOBO HABEICHO
3Ha4eHHsI Koediuienta xopemsuii 7#(V, X') 6azoBux nmocminosuocreit X ta Y .

VY Tabn. 3 mogaHo pe3yabTaTH aHAJIOTTYHOrO OOYHCITIOBAILHOTO EKCIIEPUMEHTY, aie JJIsl TOPIBHSIHO
Benukol gosxuuau [1BY N= 10000.

Tabruys 2
Pe3yabTaTi 004NCII0BAIBLHOTO EKCIEPUMEHTY
AJISl BUNIAAKY “YMOBHOI He3anexxHocTi” (V = 100)
Ne OBC Cwiprosa CraTuctuka (1)2 . (X Y)
TCTY | Kpur. 0,1 | Kpur. 0,006 | Ry (N) | Ku,(3,N) | Ku(6,N) | R,(N) ’

1 0,1 0,16 0,0678365 0,0021667 0,0043333 0,0006823 0,039205
2 0,1 0,16 0,0910911 0,0021667 0,0043333 0,0027850 —0,136566

3 0,1 0,16 0,0217520 0,0021667 0,0043333 0,0031126 0,107362

4 0,1 0,16 0,0267011 0,0021667 0,0043333 0,0007893 0,064931
5 0,1 0,16 0,0377856 0,0021667 0,0043333 0,0024807 —0,008505

6 0,1 0,16 0,0303478 0,0021667 0,0043333 0,0004274 0,069523
7 0,1 0,16 0,0341514 0,0021667 0,0043333 0,0014580 —0,144585

8 0,1 0,16 0,0348938 0,0021667 0,0043333 0,0005420 0,011181

9 0,1 0,16 0,0508711 0,0021667 0,0043333 0,0005627 0,105078
10 0,1 0,16 0,1073036 0,0021667 0,0043333 0,0029783 —-0,075195
Cp. 3Hau. 0,1 0,16 0,0502734 0,0021667 0,0043333 0,0015818 0,003242

Tabnuys 3
Pe3yabTaTi 004N CIIOBAIILHOTO EKCIIEPUMEHTY
AJISl BUNIAAKY “yMoBHOI He3anexxHocTi” (N=10000)
Ne OBC Cwiprosa CraTuctuka (1)2 . (X Y)
ety | Kpur. 0,1 | Kpur. 0,006 | R((N) | Ko(3.N) | Ko(6,N) | R, (N) ’

1 0,01 0,016 0,0043159 0,0000202 0,0000403 0,0000058 -0,002522

2 0,01 0,016 0,0077291 0,0000202 0,0000403 0,0000139 0,000422

3 0,01 0,016 0,0077928 0,0000202 0,0000403 0,0000242 0,002253

4 0,01 0,016 0,0066080 0,0000202 0,0000403 0,0000116 0,004661

5 0,01 0,016 0,0105816 0,0000202 0,0000403 0,0000179 -0,003972

6 0,01 0,016 0,0082445 0,0000202 0,0000403 0,0000134 -0,000291

7 0,01 0,016 0,0055198 0,0000202 0,0000403 0,0000135 0,001396

8 0,01 0,016 0,0049011 0,0000202 0,0000403 0,0000072 -0,005238

9 0,01 0,016 0,0064132 0,0000202 0,0000403 0,0000118 -0,001651
10 0,01 0,016 0,0057517 0,0000202 0,0000403 0,0000071 -0,011419
Cp. 3Hau. 0,01 0,016 0,0067858 0,0000202 0,0000403 0,0000126 -0,001636

Tyt 1 mani BUAUIEHO KIIITHHH, J¢ 3HAYCHHS IMOKA3HUKIB € MPOMDKHHUMH MK JIBOMa KPHUTEPIIMU:
%/ﬁ <Rg(N)< l%ﬁ mst OBC CwuipnoBa ta K (3, N)< R, (N)< K (6, N) s craTucTHKH o’

[HIMM KONMBOPOM BHIIUIEHO MPOTHIICKHI 3HAYEHHS 3aJIGKHO BiJl TOTO, MIO JOBOAATH: 3aJISKHICTH a0o
HezanexHicts [1BY.
AHAJOTIYHI pe3yNbTaTH JJIs BUIMAIKY TOBHOI 3aJIGKHOCTI HaBeneHo y Tab. 4 Ta Tabn. 5. BoueBuap,

y JaHOMY BHMAJAKy KoedirieHt kopemsmii 3apxmu: 7(X,Y) =1, To6T0 3rigno Jlemu, o =1.

VY Tabn. 6 Ta Tabn. 7 HABENEHO PE3yNbTATH JUIs BUNIAJKY “HamiB3asiexkHocTi”. TyT, 3riIHO 13 J1eMoro,

o =0,5 1oviKkyBaHe 3HaYCHHS KOoeillieHTa KOpEIsIlii Ma€ CTAHOBUTH MPHUOIN3HO r(X Y ) =0,5.
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Tabruys 4
Pe3ynbTaTi 004MCIIOBAILHOTO eKCIIEPUMEHTY VI BUNIAAKY “noBHOI 3ajexHocTi” (N= 100)
Ne OBC Cwiprosa CraTucruka (1)2 . (X Y)
ety | Kpur. 0,1 | Kpur. 0,006 | Ry (N) | Ku(3N) | Ko(6,N) | R, (N) ’
1 0,1 0,16 0,1116782 0,0021667 0,0043333 0,0243284 1,0
2 0,1 0,16 0,1856628 0,0021667 0,0043333 0,0230020 1,0
3 0,1 0,16 0,1474957 0,0021667 0,0043333 0,0146878 1,0
4 0,1 0,16 0,2149174 0,0021667 0,0043333 0,0252370 1,0
5 0,1 0,16 0,1543380 0,0021667 0,0043333 0,0256452 1,0
6 0,1 0,16 0,1758654 0,0021667 0,0043333 0,0245380 1,0
7 0,1 0,16 0,1016281 0,0021667 0,0043333 0,0098269 1,0
8 0,1 0,16 0,1707647 0,0021667 0,0043333 0,0347024 1,0
9 0,1 0,16 0,2135089 0,0021667 0,0043333 0,0370261 1,0
10 0,1 0,16 0,1379820 0,0021667 0,0043333 0,0127843 1,0
Cp. 3Hau. 0,1 0,16 0,1613841 0,0021667 0,0043333 0,0231778 1,0
Tabnuys 5
Pe3yabTaTi 004HCII0BAILHOTO EKCIIEPUMEHTY
JJIS1 BUAAKY “moBHOI 3aiuexxnocti” (VN =10000)
Ne OBC Cwiprosa CraTuctuka (1)2 . (X Y)
TeCTY | Kpur. 0,1 | Kpur. 0,006 | Ry(N) | Ko(3,N) | K,(6,N) | R,(N) ’
1 0,01 0,016 0,1270820 0,0000202 0,0000403 0,0175547 1,0
2 0,01 0,016 0,1256242 0,0000202 0,0000403 0,0175356 1,0
3 0,01 0,016 0,1353969 0,0000202 0,0000403 0,0171425 1,0
4 0,01 0,016 0,1330270 0,0000202 0,0000403 0,0168206 1,0
5 0,01 0,016 0,1217417 0,0000202 0,0000403 0,0160211 1,0
6 0,01 0,016 0,1280348 0,0000202 0,0000403 0,0177882 1,0
7 0,01 0,016 0,1247589 0,0000202 0,0000403 0,0164111 1,0
8 0,01 0,016 0,1311875 0,0000202 0,0000403 0,0170850 1,0
9 0,01 0,016 0,1254439 0,0000202 0,0000403 0,0158164 1,0
10 0,01 0,016 0,1243558 0,0000202 0,0000403 0,0166027 1,0
Cp. 3Hau. 0,01 0,016 0,1276653 0,0000202 0,0000403 0,0168778 1,0
Tabauys 6
Pe3yabTaTi 004N CIIOBAILHOTO EKCIIEPUMEHTY
JJIS1 BUIAAKY “HamiB3anexnocti” (V= 100)
Ne OBC Cwiprosa CraTuctuka (1)2 . (X Y)
ety | Kpur. 0,1 | Kpur. 0,006 | Ry (N) | Ko(3,N) | Ko(6,N) | R,(N) ’
1 0,1 0,16 0,1166655 0,0021667 0,0043333 0,0077644 0,509980
2 0,1 0,16 0,1052469 0,0021667 0,0043333 0,0129689 0,649185
3 0,1 0,16 0,0826922 0,0021667 0,0043333 0,0043945 0,578532
4 0,1 0,16 0,1562606 0,0021667 0,0043333 0,0079536 0,513632
5 0,1 0,16 0,1081355 0,0021667 0,0043333 0,0056331 0,468169
6 0,1 0,16 0,1068974 0,0021667 0,0043333 0,0092427 0,576968
7 0,1 0,16 0,0705134 0,0021667 0,0043333 0,0037395 0,558580
8 0,1 0,16 0,1404395 0,0021667 0,0043333 0,0093844 0,564223
9 0,1 0,16 0,1033443 0,0021667 0,0043333 0,0065026 0,586933
10 0,1 0,16 0,1577742 0,0021667 0,0043333 0,0108485 0,568619
Cp. 3Hau. 0,1 0,16 0,1147970 0,0021667 0,0043333 0,0078432 0,557482
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Tabauys 7
Pe3ynbTaTi 004MCIIOBAILHOTO €KCIIEPUMEHTY
JJIs1 BUNaaAKy “namib3anexuocti” (N=10000)
Ne OBC Cwiprosa CraTucryka (1)2 . (X Y)
TCTY | Kpur. 0,1 | Kpur. 0,006 | Ry (N) | Ku,(3,N) | Ku(6,N) | R, (N) ’

1 0,01 0,016 0,0708602 0,0000202 0,0000403 0,0040883 0,500519

2 0,01 0,016 0,0641486 0,0000202 0,0000403 0,0041190 0,497059

3 0,01 0,016 0,0643166 0,0000202 0,0000403 0,0042779 0,507732

4 0,01 0,016 0,0660466 0,0000202 0,0000403 0,0040336 0,501539

5 0,01 0,016 0,0616841 0,0000202 0,0000403 0,0040181 0,500895

6 0,01 0,016 0,0641358 0,0000202 0,0000403 0,0041727 0,497858

7 0,01 0,016 0,0651654 0,0000202 0,0000403 0,0041838 0,501629

8 0,01 0,016 0,0609638 0,0000202 0,0000403 0,0037021 0,486865

9 0,01 0,016 0,0690960 0,0000202 0,0000403 0,0041380 0,493544
10 0,01 0,016 0,0537496 0,0000202 0,0000403 0,0038930 0,489873
Cp. 3Hau. 0,01 0,016 0,0640167 0,0000202 0,0000403 0,0040627 0,497751

[Ipoanamnizyemo oTpuMaHi pe3yabTaTH.

Jlyis BUMagKy “yMOBHOI 3aJIKHOCTI” Cepe/iHI 3HaUCHHS BKa3ylOTh, IO 32 000Ma KPUTEPIIMH CyM
PP IIBY Scilab mMoxHa BBa)kaTh He3aJCKHUMH, HaBITh JJI1 BIIHOCHO HeBenukoi gosxkuuu (N = 100,
Tabm. 2). Brim, nms Mamux BHOIpOK OTPUMYIOTBCS 1 CyMHIBHI 3HadeHHs. Tak, y tectax 2, 3, 5 ta 10

KpUTepiii > Mae npoMikHi 3HaueHHs K w3 N)<R, (N)<K_,(6,N). Tobro, rinoresa He3aleKHOCTI

BIIXHJIAETHCS 3 HMOBIPHICTIO mOMHIIKKOLIbIe 0,1, ajie He BIIKUIAETHCS 3 HMOBIPHICTIO TTOMMJIKHA MEHIIIE
0,006. Sk 6aunmo, Ha 10 TecTiB Takux BUnaakiB 4, ToOTO iX vacrora 0,4. BriM, 3a HepiBHicTIO Yebuiera
YMOBHa HMOBIPHICTh TakuX BHUMajKiB Mae ckinagatu 0,1. B womy npuumnna? [IpuunHa mpocra: HEPiBHICTb
UYeOuieBa jgae Juiine NpUONHM3HI, TPAHUYHI OIIHKM, SKI HE 3aBXIU CIIBIAIAlOTh 3 KBaHTWIIMH DP.
BucHoBOK: iisi BHpillIeHHs 3aja4 TecTyBaHHs HesanexHocti [IBU 3a jmormoMoror Kpurtepis cyMm Juis

2 .
CTaTUCTHKH (®~ Tpeba opieHTyBaTHCh Ha BepxHe 3HaueHHsa K (6, N).

VY Tiii camiii Tabm. 2 3a kpurepiem OBC CwmipHoBa Bce rapasi: € piBHO oxHe 3HaueHHs (TecT Nel0),
10 BUXOJIUTh 33 MEXi %/ﬁ <Rg(N).

Pesynbratu s BuUnaiky “yMOBHOI He3ajnexHocTi” y Tabm 3 (N = 10000) moka3yroTh B3araii
imeanbHe criBmaaiHHsA 3 Teopiero: mapu I1BY BBakaroThes He3adekHMMU y 9 Bumazakax i3 10, 1o
BianoBizae piBHAM 000x kputepiiB 0,1. Takoxk 3ayBa)xumo, IO y CEpEAHBOMY OOMIBAa KPHUTEPIS CyMm
BIIEBHEHO BKa3ylOTh Ha He3anexHicTs [1BY.

30BCiM iHIII BUCHOBKHY MOTPiOHI y BHIAJKax sSBHOI 3anexHocTi [I1BY, sika MoXke P OSBISITHCH TaKOXK
Y BiIHOCHO BHCOKOMY piBHI iX JiHIHHOI 3anexHOCTi— Kopensnii. TyT 6axkaHo, 11100 3HaUYEHHS CTaTHCTHK

R¢(N) ta R, (N) cyTTeBO NepeBUIIyBaIN 3HAYCHHS! KPHTUYHHX IPAHHI[b HE3aJICKHOCTI.

s Bunaaky “moBHOI 3ajiexHocTi” y Tad. 4 (N = 100) kputepii ®” 3aBKIM Ja€ afeKBaTHAIL pe-
3yIbTaT HaBiTh 3a BepxXHiM 3HaueHHam: R (N)>K (6,N). Ilpore, kpurepiit OBC CwmipnoBa y 50 %

BHUIIQ/IKIB JIa€ JTUIIIE BAKOHAHHS YMOBH BUXOJy 32 MEXKY HE3aJISKHOCTI TUTBKH JIJIsl HIDKHBOTO PiBHS. BTiMm,
Yy CepeIHbOMY 1 TaHUU KpUTEPii Jae BrieBHeHUH pe3ynbrat: [IBY 3anexHi.

J1J1s TOrO 5K BUIAJKY “TIOBHOT 3aJISKHOCTI” 3TiHO NaHUX Yy Ta0i. 5 muis Benukoi gosxunu [1BY (N =
10000) obuaBa KpuTEpis BIIEBHEHO AalOTh pe3yiabTatr: [1BU 3amexHi.

Haii6inpm nikaBuii y KOHTEKCTi JaHOi poOOTH BapiaHT “HammiB3aJIeKHOCTI”. AHaji3 JaHWX HEBe-
mkoi noxuHu [IBY y tabn. 6 (N = 100) nokasye, mo kpurepiii OBC CmipHOBa MPaKTUYHO 3aBXKIN
BIIPI3HSIE “3aNEKHICTD” 1 “HE3aJSKHICT” JIMIIE 3a BEPXHIM PIBHEM KPHUTEPIilO, ajie IOMyCcKae i rpy0y
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Memoouxa kpumepiig cym y 3a0auax mecmyBaHHsl He3ANeHCHOCHI] NOCIIO0BHOCEL BUNAOKOBUX YUCE 31

noMunky (tectm Ne3 Ta No7). BriMm, y cepemHbOMy, i MM KpUTEpPiEM MOXKHA KOPHCTYBAaTHUCH 3

BUKOPHUCTAHHSIM BEPXHBOTO PiBHS 1 %ﬁ <R4(N).

2 . .
Kputepiii ®” nae y nanomy BUNIQAKy OLTBII aJIeKBATHI pe3yIbTaTH: JIUIIC B OMHOMY BHITAIKY (TECT

Ne7) Bukonyersbest HepiBHicth K (3, N) <R, (N)<K_ (6,N). B ycix iHIIMX BUIAJKaX 3HAYCHHS
R,(N) nepeBuiye BepxHiii piBeHb, 0 y JaHOMY BHIIAAKY i MOTpi6HO. BTiM, sk i y monepennix Bumaz-

Kax, uist Benukoi nosxuau [1BY (Tabn. 7) oOuaBa Kputepis 1aroTh OHAKOBO ajeKkBaTHI pe3ynbraTi: [I1BY
3aJIeXKHI.
B 1imoMy, aHami3 pe3yibTaTiB, 10 HaBEIEHI BHIIE, a TAKOXK 0araTboX aHAJOrYHHUX IOKa3yIOTh, IO

st BimHOCHO Majoi noxuuu [1BY (mopsimky N = 100) Oinbll TOMIIBHO KOPUCTYBATHCH KPUTEPiEM o,
st cepenaboi (N = 1000) i Benmukoi (N = 10000) nosxunu [1BY Ginbin ponineHuM € kputepiiit OBC
CwmipHoBa. OcTaHHIN Jae HAMOLIBII IIBUIKAN alrOPUTM aHai3y HE3aIeKHOCTI.

BucHoBku Ta pekoMeHanii

Buknanene 103Bosie 3p00OUTH HACTYITHI BUCHOBKH.

1. 3anpornoHOBaHUH MiIXil TECTYBAHHS HE3aJICKHOCTI IMOCIIOBHOCTEH BHIIAIKOBHX YHCEI, 3aCHO-
BaHUI Ha KPHUTEPIAX CyM Ta HeMapaMeTPUYHUX CTATHCTUKAX Mae TepeBary HaJi METOJWKaMH, 10 Bpa-
XOBYIOTb JIUIIIE MOMEHTHI CTATUCTHUKH, OCKLIBKH OIIEPYE CaMe PO3IOIIICHHSIMHU.

2. JIpyroro mepeBaroro 3anpornoHOBaHOrO MiAX0MY € HaJABHCOKA MIBUIKICTh OOUNCITIOBATIBHHUX aJIro-
PHUTMIB, IO J03BOJISIE BUKOPUCTOBYBATH X JUIS BUPINICHHS 3a/1a4 00pOOKM HaJBEIWKUX IOCITIJOBHOCTEH
BHITAKOBUX uMcen (3amadi kiacy BigData). Came mjis maHOro Kjiacy 3ajad JOCTIDKCHHS y HaNpsAMKY
CHHTE3y HIBHJKUX AJITOPUTMIB € JIOCUTh aKTyaJbHOIO.

3. TeopeTHyHUM HEIOJIIKOM 3aMPOITOHOBAHOI METOJMKH € T, IO JOCTIIKYIOTHCS HEOOXITHI YMOBH
HE3AJIeKHOCTI, alie, y 3arallbHOMY BHITaJKy, HE JOCTaTHI.

4. BukoHaHiI OOYHMCIIOBaJbHI EKCIEPUMEHTH IOKa3yloTh, 10 HaBiTh MPH BITHOCHO HEBEITHKHX
JIOBKMHAX TOCHTIIOBHOCTEH BHMankoBux uucen (mopsaky 100) BukopucraHi KpuTepii MalOTh O3HAKH
BHCOKOI CEJICKTUBHOCTI: HaIIITHO BiJPI3HSIIOTH 3aJICKHI Ta HE3aJISKHI ITOCII0BHOCTI.

5. Y naHiit po60Ti MU OOMEKWIINCH JIMIIE BUIAJIKOM PIBHOMIPHO PO3MOIUIEHUX IOCTITOBHOCTEH.
BriM, 3HauHa KUIbKICTh METOJIIB FeHEepallii BUMAJAKOBUX YHCET 3 IHIIUMH PO3MOAUICHHSIMH T'€HEPYEThCS
came 3 pIBHOMIPHOI'O PO3IIOALICHHS.

6. I'eneparop BHIagKOBUX 4Hcen ScilabBreBHEHO MOXXHA BHKOPHUCTOBYBATH JUISL MOJICITIOBAHHS
BHITQ/IKOBHX IPOIECIB TUITYy OLIOr0 IyMy, a TaKOXK JUTIS MOJCTIOBAHHS PI3HUX SIBHII 3 KOHTPOIHOBAHUMHU
XapaKTePUCTUKAMHK 3aJICKHOCTI BUTIAIKOBHX BEITMYWH.
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SUM CRITERIA FOR THE TASK OF TESTING THE INDEPENDENCE
OF RANDOM NUMBERS SEQUENCES

Nick Odegov, Yurii Babich, Denys Bahachuk, Maryna Kochetkova, Janna Petrovych

State university of intellectual technologies and communication, 1, Kuznechna str., Odesa, 65000, Ukraine

Random and pseudo-random number generators (RNGs) were initially used to solve numerical integration
problems (the Monte Carlo method). Currently, the RNGs are used in cryptography and simulation modeling.
The latter one typically uses RNGs based on computer algorithms and programs. This article presents a method
aimed at testing the independence of random numbers sequences (RNSs). The method is based on the sums
properties of independent random variables. Algorithms based on this method operate fast. Here not only the
instant statistics including correlation coefficients are analyzed, but also the properties of empirical functions of
RNSs distributed sums. In this article, the analysis is limited only to the case of uniformly distributed RNSs.
The calculations performed prove the high selective efficiency of the proposed criteria, which allows to reliably
distinguish between dependent and independent RNSs. Due to the high operation speed, the proposed
algorithms and criteria can be used for testing very long RNSs (especially in Big Data tasks).

Key words: pseudorandom numbers; independence; sums of independent sequences; non-parametric criteria;
uniform distribution.
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