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NCCIEAOBAHUNE CTATUCTUYECKUX
XAPAKTEPUCTUK 'EHEPATOPOB
ITYACCOHOBCKHUX UMITYJIbCHBIX
TIOCJIEJIOBATEJIbBHOCTEMH, IIOCTPOEHHBIX
PA3JINMYHBIMU CITOCOBAMU

BBenenue

I'eHepaTops! MyacCOHOBCKUX MMIYJIBCHBIX mocienosarenbHocTelt (I'TIWIT) ncmo-
JIB3YIOTCA IMMPU UMUTATUOHHOM MOJICJIMPOBAHNU, B I/ISMepHTeHbHOﬂ TEXHHUKE, CPpEACTBAX
CBSI3H, PaIUOJTIOKAIINH, CHCTEMaX 3alluThl nHpopManuu u ap. [1-4]. B 3aBucumocta ot
uenu u oonactu npuMeHerns [ TIVIT orn MoryT OBITE peai30BaHbI KaK aIapaTHRIMH,
TaK ¥ NPOTPaMMHBIMH CPEACTBAMHU.

B pabotax [5-7] npemnoxena HoBas crpykrypa ['TIMII (puc. 1) u ycoBepieHcT-
BOBaHHAasi METOIMKA OLIEHKH KayeCcTBa MMITYJIbCHOH ITOCIIEI0BATENLHOCTH Ha COOTBETC-
TBUE ITyaCCOHOBCKHM 3aKOHOM PacIIpeAeIeHHs.

B cocraB reneparopa BXOJAAT: reHepa-

Iy Top ncesnociayuaiinsix yucen (I'TIY), cxema
cpasHerus (CC) u mormdeckuii anement U.
_H_X BXxo/HbIE TaKTOBBIE UMITYJIbCHI POXOJAT Ha
cc X<G BBIXOJ] YCTPOUCTBA NPU YCIOBHH, YTO YUCIIO
T 7 f A BBIXOZE I'TIY (X) MeHbIIe yIpaBIISIOMIEro
fr G j?—* koma G. CpenHss 9acToTa BBIXOTHBIX HMITY-
— JIBCOB OIIPEEIIAETCs ypaBHEHHEM
Puc. 1 G
Senx =_me > (D
2

re fr — 4acToTa IMOBTOPEHUS TAKTOBBIX UMITYJILCOB, 711 — KOJIMYECTBO JIBOMYHBIX

paspsinos I'TIY u CC.

B npennoxxennoit metoauke oueHku kadectBa ['TIMII [8, 9] moTok BXOIHBIX UMITY-
JIbCOB pa3JeisieTCs Ha 1 OJMHAKOBBIX IPYI, KaXKIas U3 KOTOPBIX COCTOUT U3 ip,, HM-
IMyJIbCOB. MaKCUMabHOE KOJIWYECTBO TPYHI — M., . [ pyNIaM BXOAHBIX HMITYJIbCOB

COOTBETCTBYIOT IPYIIIbl BBIXOJHBIX UMITYJIBCOB C UMCIIOM UMILYJIbCOB ky, Ky, ..., k, .
max

Meroiika OCHOBaHAa Ha KJIACCHMYECKOW METOIUKE IPOBEPKU TMIOTE3BI O pacipe-
JIeNICHNU TeHEePAIbHOM COBOKYITHOCTH 10 3akoHy IlyaccoHa ¢ MCIIONb30BaHHEM KpHTe-

pus [Tupcona (kpurepus xz ) [10]. IIpu >ToM ¢ yaerom cnennduku noctpoerus ['TINTT
TIPEAJIOKEHBI CIIEAYIOINE TOTOTHEHHMS:
e (puxcupyercs HOMUHAIBHOE (TEOPETUUYECKOE) CpeiHee 3HauUeHue uncel ki, ko, ...,

; — k, HE3aBUCHMO OT 3HAYCHUS yNpasisironero kojga G;
max

® 3HAUEHHUE i, NEPEMEHHOE, 3aBUCUT OT 3HaueHUs G U ONPENIEIIAeTCs yPaBHEHHEM

m

Imax = ?kc . 2

B Pe3yabTAaTE UCIOJB30BAHUA HpeI[HO)KeHHOfI MCTOAMUKH IJIA Ka)XJI0Ir0 3Ha4c-

Huga G omnpezenseTcs 3HAYCHHE xg Janee mo tabauamM KpUTHYECKHX TOYEK pac-
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TIpeNIEEeHUs xz [10] u u36paHHBIMK YPOBHEM 3HAYUMOCTH O (OOBIYHO OL MPEAOCTABIIIOT
onHo u3 Tpex 3HadeHuid: 0,1; 0,05; 0,01) u yncnom creneHel cBOOOABI 7 HAXOAAT KPUTHYE-

CKOE 3HaYCHHE xgq . Ecm xg < ng , HET OCHOBaHWI HE TIPHHIMATh THUIIOTE3Y O COOTBETCT-
BUH UMITYJIECHOTO ITOTOKA ITyaCCOHOBCKOMY 3aKOHY PaCIIpeIeICHHS.

Pa3paboranHas ymydmieHHas METOAWKA WCIONb30Banachk st oneHkn [ TIMTI
PAa3JIMYHbIX TUIIOB, YTO a0 BO3MOXHOCTL B onpeneﬂeﬁﬂoﬁ CTCIICHU ONITUMU3UPO-
BaTh UX CTPYKTYPY W aiIropuTMmsl paboTsl. OfHAKO OOJIbIIOE KOJUYECTBO BO3MOXK-
HbIX BapuaHToB peanuzanuu ['TIY, koTopsle aBistoTcs ocHoBoil I'TIMII, no3BossieT
MPOIOJDKATH IOUCK JIYYIINX PEIIeHHHA C YYETOM OCHOBHBIX IapaMeTpPOB TeHepaTo-
POB: CTaTUCTUYECKHUX XapaKTEPUCTHK UMITYJIbCHON MOCIENI0BATEIbHOCTH, AUAINA30-
Ha €€ CPEeIHUX YaCTOT, OBICTPOACHCTBUS, CIOKHOCTH (TEXHOIOTHIYHOCTH) ITOCTPOE-
HUSA TP alllapaTHOW peaTn3alni.

Llens naHHOW PabOTHl — aHAJIM3 CTATUCTUYECKMX XapaKTEPHCTHK HMITYJIbCHBIX
MIOCIIEI0BaTEILHOCTEH TpH Tpex BapuaHTax peanusauuu [TIYU: Ha ocHoBe ¢GyHKIMH
random mporpammuoii cpensl Delphi (mpu mporpammuoit peanmmszanuu ['TINIT), Ha oc-
HoBe R—Omoka [11-13]; Ha ocHOBe MOAM(DHUIIMPOBAHHOTO AIUTHBHOIO T€HEpaTopa
®dubonayun (MAI'®) [12-14].

IIpu sTOM OCOOOE BHUMAaHWE YIEISIOCH WCCICHOBAHHWIO JMANa30HA 3HAYCHUH
ynpasisiromero koga G, mpu KOTOPOM 00eCIeunBacTCS COOTBETCTBUE BBIXOTHOTO MM-
ITyJIECHOTO MIOTOKA ITyaCCOHOBCKOMY 3aKOHY paclpeleNeHus], 1 ONTHMU3ALNN CTPYKTY-
pbt MAT'®, BrITIOUast HAYaIbHBIE COCTOSHUSI PETUCTPOB TeHEpaTopa.

Pesynbrartel ananm3a cratuctudeckux xapakrepuctuk [TIMIT va ocHoBe (yHKuuM
random, TMOJIYYEHHBIC C TTIOMOIIbIO MMUTAITMOHHOI'O MOACIIMPOBAHMA, IIPUBEACHBI HA PUC. 2.
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31ech Mpe/CTaBIeHbl 3aBUCHMOCTH CICAYIOIMX BEIUYUH OT 3HAYCHHS YIIPABISIO-
mero kona G:
a) cpeJiHell BenuuMHbl 3HaueHun ki, ky, ..., k, — k, (x_v);

max

0) 3HaYCHUS X? (SS_n);
B) YCPEIHEHHUS BEIMIHUHBI IISTH MOCTSTHIX 3HAUYCHUH Xf — chep (SS_n_pot);

o2 2
I) KOJINYCCTBA 3HAYCHUH Y () » UTO HPEBBICHIN Yy — Kjeyep (level).

Pesynbrarsl nonyuyens! npu Takux napamerpax I'TIMIL:
m=16, npgy =1000, k. =10, 77, =25. 3)

W3 3aBucumMocty kj,,,; 0T G (puc. 2, 2) ciefyer, 4To B Auana3oHe 3HayeHuit 0-+6500

yrpasisiromero kojga G BbIXOIHAsS UMITYJbCHas nocienoBarenbHocTsh [ TIUIT cooTBeTcTBY-
€T IyaCCOHOBCKOMY 3aKOHY pacIipesiefieHus. 371ech U Jajee Auana3oHbl 3HaueHuil G ompe-
JCIIOTCA IIPUMEPHO U ITPU HCO6X0£[I/IMOCTI/I MOTYT YTOUHATBHCH.

Ha puc. 3 npuBenena cxema I'TIY, peann3oBaHHass ¢ HMCIIOJIb30BaHHEM R-0J0Ka
[11-13]. B ero coctaB BxoasaT peructpsl Pr 1-Pr3 u R-610K.

I'TIY paboTaeT B COOTBETCTBHH C allTOPUTMOM:

O1t+1) =Ry [0,(0), O5(1), H],
O+ =00, “4)
O3(t+1)=0x(0),

rae Qi(t), O,(t), Os(t) u Qi(t+1), Op(t+1), O5(t+1) — 3HayeHHA 4uCEd B pETHC-

tpax Pr1-Pr3 B Tekymiem u ciienyroomieM Taktax paboThl yCTpOICTBa COOTBETCTBEHHO;
Ry — dyHkius npeodpazoBaHus, 4TO peanu3yercs R—OIOKOM ¢ HOMOIIBIO €r0 BHYT-

peHHel Tabnuis! H.

Hexoropsle pe3ynbrarsl aHanu3a craTuctTudeckux xapakrepuctuk ['TIMII npu takom
noctpoennn ['TIY mpencraBiensl Ha puc. 4. OHH TOMy4eHBI HPH TEX XK€ IMapameTpax
I'TIUII, gto u B ipensiayteM ciydae (3).

3aBUCUMOCTD Koo OT G (pHUC. 4, 6) I03BOJSIET CAENATh BBIBOJ, YTO B JMaNa30He
3HageHunit 0-+6500 ympasnsiomero koaa G BBIXOJIHAs MMITyJIbCHAsl MOCJIEA0BATENb-
Hoctb I'TIWII cooTBETCTBYET MyaCCOHOBCKOMY 3aKOHY pacIpeaeieH s,

Craructraeckue xapakrepuctuku [ TIWII momydeHs! Ipu HCHONE30BaHUN METOIUKU

3amoHEHNA Tabur R—OI0Ka, TIPEeTOKEHHOM

fr B [11, 12], u cneayromux HayaJbHBIX COCTOSI-
J—E-: J—f-: Husx peructpos: Pr1-0, Pr2—0, Pr3—1. Ilpen-

#> P3 Pr2 BapUTENbHbBIE UCCIEA0BaHMS MOKa3alld, YTO

B JJAaHHOM CJIy4ae XapaKTepUCTUKU BBIXOTHOM

HMHyHbCHOﬁ II0CJICA0OBATCIIBHOCTU HE3HA4YU-
TEJIFHO 3aBHUCST OT 3THX HAYaIbHBIX YCJIOBHH.
OpHako 310 TpeOyeT NOMOTHUTEIBHBIX UCCITe-
JIOBaHMI.

I'TINII Ha ocHoBe ¢yHkumu random
> Prl MpeqHa3HAuYeH WCKIIOYUTEIBHO [UIA TIPO-

I — rpammHoi peanuzauuu. I'TIUIT Ha ocHOBe

R-010Ka MOKeT OBITH peain30BaH Kak IIpo-

Puc. 3
I'paMMHO, TaK MW amliapaTHo. OZ[HaKO npu
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anmapaTHOM peaqn3aliy BOSHUKAIOT CIOXKHOCTH C TIOCTpoeHneM R-011o0ka u ¢popMupo-
BaHUEM €T0 BHYTPEHHHX MacCHBOB [11-13]. DTO mpHBOAMT K YCIOKHEHUIO U MOTEPE
opicTponeiicTBus. B cBs3u ¢ aTuM menecoodpaszno mocrpoerne ['TIWII Ha ocHOBE Opy-
rux I'TTY, nomyckaromux mpocTyro anmnaparHyio peanusanuio. OJUH U3 TaKUX BapHaH-
ToB — ['TIY Ha ocHoBe MAI'® [12, 14], cxema koToporo npusenieHa Ha puc. 5. B ero
coctaB BXousT peructpsl Pr1-Pr3, xomOunaumonusiii cymmarop (KC) u normueckas
cxema (JIC).
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200,0
g i
100,0 |
0! I I I ] 1 0 T T T T T T T T T 1
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G G
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Puc. 4
MAT'® pabGoTaeT B COOTBETCTBHH
fr C aJITOPUTMOM:
= = ) .
N - 01t +1) = [0 (1) + 03(¢) + almod 2",
O (1+1) =0, (), (5)
1 T ] O3t +1)=0,(0),
JC —>| KC a=a)®a;®a; ®---®a,, (6)
i < rae Oi(t) - Os(t) n Qi(t+1) — Os(r+1) —
Prl gucna B peructpax Pri-Pr3 B Tekymem
J1 U CIEAYIOIEM TakTax paboTel;, a;
4;: (i=0,1,...,z;z<m— 1) — 3HaueHUA
Pre 3 JBOWYHBIX paspsmoB uucia ) B pe-
ructpe Prl.

B mporecce paboThl BRIACHIIIOCH, UYTO cTaTHCcTHYecKue Xapakrepuctuku [ TIATL
Ha ocHOBe MAT'® CyIIecTBeHHO 3aBUCST OT HAYAIBHBIX YCTaHOBOK peructpoB Prl1-Pr3
U OT KOJIMYECTBA YJICHOB ypaBHEHHUs (6), T.. OT KOJINYECTBA JIBOMYHBIX paspsnoB Prl,
noaKJIroUeHHbBIX K JIC.

Ha puc. 6 u 7 npuBeneHbl OTAEIbHBIE PE3YJILTATHI MPU PA3NUYHBIX HadyaJbHBIX
cocTosHUAX peructpoB Pr1-Pr3 mpu cobmoaenun ycinoBus (3) 1 0MIHHAKOBOM CIIOCO0E
nogxmogenus JIC — Q0;(0)=0, 0,(0)=0, 0;(0)=1, a=ay®a; D---a5.

CpaBHuB rpaduku puc. 6, 6 U puc. 7, 6, MOKHO CIelIaTh BBIBOJ, YTO 3alHUCh
B peructp Prl B HauansHOM cocrosaun yncna Q;(0) = G Bmecro Q;(0) =0 mo3Bomnser
CYILIECTBEHHO PACIINPUTH JUANA30H 3HAYEHUH yNPABIIOLIEr0 KOJa, IPU KOTOPOM BbI-
XOJIHAsI UMITYJIbCHAsl TIOCJIEIOBATEIbHOCTh COOTBETCTBYET ITyaCCOHOBCKOMY 3aKOHY Pacll-

penesnenust. Jluana3oH mpuOIU3UTEILHO YBEIMYMBACTCS B JIBa pa3a — OT 3HAYCHHS
0+2000 (cm. puc. 6, 6) 1o — 0+4000 (cMm. puc. 7, 6).
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Ha puc. 8 mpeacraBieHbl 3aBUCHMOCTH BEJIMYHHBI kj,,,; OT G IPH pa3HbIX CIIOCO-
6ax moxxmouenus JIC x KC u npu oanHakoBeIX HawanbHbIX ycnosusax: Q(0) =G,

0,(0)=0, O3(0)=1. Jlna ay4iiero BoCUpUATH OTIMYMI IpaduKU NIPUBEIEHBI B JIO-

rapudMuuecKkoM Macuraoe.
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IIpooondxcenue puc. 8
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Takum 00pa3om, ¢ yBeTHYCHHEM 3aJIcHCTBOBAHHBIX WICHOB YpaBHEHUS (6) BRIXO-
Hble UMIyJbCcHbIE NocnenosarenbHocTu ['TIMIT Ha ocHoBe MAI'® cOOTBETCTBYIOT Iya-
CCOHOBCKOMY 3aKOHY pacIlpefelieHust B 0ojee IMPOKOM JHana3oHe 3HAYCHUH ympas-
nsroriero koga. Oxguaxo BapuanTsl moctpoeHus [TINII ¢ HeGonpmum (Wil gaxe Hye-
BBIM) KOJIMYECTBOM pa3psiioB perucrpa Prl, noakmouennsix k JIC (puc. 8, a, 6 , rae
a=0, a=ay®Da; D -a; COOTBETCTBEHHO), MOTYT UCIOJb30BATHCS B O0jee y3KHX

JMara3oHax 3HAYCHUH ynpasisioniero koja. [Ipu 3ToM He MOTYT HCIIOJIB30BaThCs pe-
JKUMBI pabOThI reHeparopa Hpy MajbiX 3HadeHWsX G, HaumHast ¢ G = 1 (puc 8 6, 2
a=ay®@a;®---a; n a=ay®a; ®@---a;5 COOTBETCTBEHHO).

3akjouenue

B Hactosmelt pabdore mokaszano, yro I'TIWII na ocHoBe (yHKINH random mpo-
rpamMHO# cpensl Delphi 1 Ha ocHOBe R-010Ka 00eCTIeYUBAIOT CTATUCTHYECKIE XapaK-
TEPUCTUKU BBIXOAHOW MMITYJICHOM IOCIENOBAaTEIBHOCTH, COOTBETCTBYIOIINE MTyacco-
HOBCKOMY 3aKOHY DPAacIpeeNCHUs, B IIUPOKOM [HAaNa30He 3HAYCHUI yNpPaBISIOLIETO
kxona o cpapaennto ¢ ['TIWIT ma ocHoBe MAT'®. Hanpumep, npu KOIWYECTBE TBOUY-
HBIX paspsaoB m =16 1uamasoH JOMYCTHMBIX 3HAY€HWI YIPaBISIOUIEr0 KOAa JUls
MepBBIX ABYX crioco6oB octasiser 0-+6500, a mist yctpoicTBa Ha ocHOBe MAT'® —
0+2000 mmu 0+4000 B 3aBUCHMOCTH OT HayajbHbIX YCTAHOBOK CTPYKTYPHBIX
anemenToB. Onnako I'TIMII Ha ocHoBe (yHKuMHM random npenHa3HaYEeHbI TOJIBKO TS
MIPOrpaMMHON peanu3aliy, a TeHepaTopbl Ha OCHOBE R-0JI0Ka YpEe3MEPHO CIOKHBIE
U UMEIOT HU3KOe ObICTpOoAeiicTBHE.

I'TINII Ha ocroBe MAT'® cymiecTBeHHO HPOILIe ITPY annapaTHON peanu3alyi U MOTYT
obecrieunTh ropaszio dosbiee ObicTposeiicTBre. [lapaMeTpsl MX BBIXOIHOI Mocien0Ba-
TEIHHOCTH CYLIECTBEHHO 3aBHCST OT HadaJbHBIX YCTAaHOBOK e€ro perucrpos Prl1—Pr3
u crioco6a nojkimodenus yoruueckoit cxemsl JIC. [Tokasano, 4To 1pH yBeJIMUEHHE KO-
JMYecTBa JBOMYHBIX pa3psanoB Prl, mogkmouennsix k JIC, auamasoH JOMyCTHMBIX
3HAYEHUH yIpaBIIIOLIEro KoJa CyLIECTBEHHO paciupserca. Kpome Toro, HaleHbI
Ha4aJIbHbIE YCTAHOBKH PETHCTPOB, KOTOPBIE 3aBUCAT OT YNPABIIIONIETO KOJA U T03BO-
JISIFOT PACIIMPHUTH 3TOT UANa3oH MPUMEPHO B J[Ba pasa.

Maxcumosuy B.M., Manopona M.M., Kocmig FO.M., I'apacumyyx O.1.

JOCIIJPDKEHHA CTATUCTUYHNX XAPAKTEPUCTHUK
I'EHEPATOPIB ITY ACCOHIBCBKUX IMITYJIbCHUX
ITIOCJIIJOBHOCTEWN, TIOBY IOBAHUX PI3HUMM
CIIOCOBAMUA

JocnipkeHo  crocodu MoOyJIOBH T€HEepaTopiB  IyacCOHIBCBKUX — IMITYJICHUX
HOCiTOBHOCTEH Ha ocHOBI (yHKii random nporpamuoro cepexosuma Delphi, R-
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10.
11.

Oyoka Ta Moau(iKoBaHOTO aAUTHBHOTO reHeparopa dibonawui. JlocmimkeHo ix
CTaTHCTUYHI XapaKTePUCTHUKH Ta Jiarna3oHH 3HAYCHb KEPYIOUOro KOy, MPH SKOMY
3a0€3MeYyEThCS BIAMOBIAHICTh BUXIAHOTO IMITYJIbCHOTO MOTOKY IMyacCOHIBCHKOMY
3aKOHY PO3IOJIITY.

Maksymovych V.M., Mandrona M.M., Kostiv Yu.M., Harasymchuk O.1.

INVESTIGATION OF THE STATISTICAL
CHARACTERISTICS OF PULSE SEQUENCES
POISSON GENERATORS, WHICH ARE
CONSTRUCTED IN DIFFERENT WAYS

The ways of building pulse sequences Poisson generators based on random functions
of programming environment Delphi, on the basis of R—block and based on the modi-
fied Fibonacci additive generator are investigated. There are analysed their statistical
characteristics and control code ranges, at which output pulse flow correspond to
Poisson’s law of distribution.
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