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CNociBs NTEHEPYBAHHS MNCEBAOBUNAAKOBUX YMACEN TA NMPUCTPIA ANA MOro 3AINCHEHHSA

(57) ®opmyna suHaxopy:

1. Cnoci6 reHepyBaHHs NCeBAOBMNAAKOBMX MMCEN, 3MIAHO 3 SIKUM NOYATKOBE 3HAYEHHs GIHAPHOTO KOAY 3aHOCATL A0
KONa UMKNIYHOO 3CyBY, Hajl BMICTOM PO3PSAIB KOAY, MICLA sikX B (hOPMATI KOAY MaCKYIOTb | BU3HAYAKOTL BEKTOPOM
3BOPOTHUX 3B'A3KIB, 3AiACHIOITL MiACYMOBYBaHHA 32 MOAYNEM ABA, Pe3yrnbTaT SIKOro iHBepTyIoTh Ta NoAaloTh Ha BXiA,
CXEMV LIMKNIYHOTO 3CYBY, NICIA YOTO 3AINCHIOTL LMKNIYHWA 3CyB GIHapHOTo KOAly Ha OZMH TaKT, SKvii BIAPI3HACTLCA
TUM, WO IHBEPTYBAHHS Pe3ymbTaTy NOTIYHOTO NACYMOBYBAHHS 3a MOAYNEM ABa B KOMi JIONYHOTO 3B0POTHOTO 36'A3Ky
Kona LMKNIYHOro 3CyBY 3AIHCHIOIOTH NOCTIHHO B (hyHKUIT Yacy.

2. MNpucTpiit reHepyBaHHs NCEBOBUNAAKOBMX YNCEN, WO B KON 3BOPOTHOTO 3B'A3KY MICTUTL reHepaTop TakTOBWUX
iMNynbCiB, BUXIA SKOTO NIAKMIOYEHO [0 BXOAY TaKTyBaHHA NOCMIAOBHOTO pericTpa 3cysy, 3 NapanenbHuX BUXOAiB
SIKOro POPMYETLCS BUXIAHA WKHA AAHUX NCEBAOBUNAAKOBMX YMCEN, TaKOX MICTUTL CyMaTop 3a MOAyneMm ABa, Skui
BiAPI3HAETLCA TUM, LLIO B KOO 3BOPOTHOTO 3B'SI3KY I04aTKOBO BBEAEHO NOTiYHWI iHBEPTOP Ta NPUCTPIi MacKyBaHHs
BEKTOpPa 3BOPOTHUX 3B'A3KIB, SIKWIA CBOIMM BXOAAMM NIAKMIOHEHWA 40 BUXIAHOT WWHU AAHUX MCEBAOBMUNAAKOBUX
uKcen, a BUXOAAMM - 10 CYMaTopa 3a MoJyniem /18a, BUXi SIKOTO MAKMIOYEHO Ha BXiA NOTIYHOrO iHBEpTOpa, BUXIA
AKOTO MiAKMIOYEHUH A0 iHOPMALAHOTO BXOAY pericTpa 3cysy.
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(57) 1. Cnoci6 reHepyBaHHA NCEBAOBUNAAKOBUX YM-
Cen, 3riAHO 3 AKMM NOYaTKOBE 3HaueHHs GiHapHoro
KOAlY 3aHOCATbL A0 KOMa UMKNIMHOrO 3CYBY, Hag BMic-
TOM pO3pARIB koay, Micus skux B chopmarti koay mac-
KYIOTb | BU3HAYAIOTb BEKTOPOM 3BOPOTHWX 3B'A3KIB,

2

3AIACHIOIOTL NiACYMOBYBAHHA 3a MoOAyneMm Aga, pe-
3YNLTaT AKOO iHBEPTYIOTL Ta NOAAIOTb Ha BXiA CXeMM
LMKNIYHOTO 3CYBY, NiCNA 4YOro 3AIACHIOIOTL LMKNIYHNIA
3cys GiHapHOTO KOAY Ha OAWH TakT, fikui BiApi3HA-
€TLCA TUM, WO iHBEPTYBAHHA Pe3ynbTaTy NOMYHOro
NiACYMOBYBaHHA 3a MoAyneMm Asa B Kofi FOMYHOro
3BOPOTHOTO 3B'A3KY KOMa LMKMIHHOTO 3CyBY 3AIHCHIO-
10Tb MOCTIHO B PYHKUIT yacy.

2. MNpucTpilt reHepyBaHHs NCEBAOBUNAAKOBUX Yucen,
WO B KONi 3BOPOTHOTO 3B'A3KY MICTUTL reHepaTop
TaKTOBUX iMNYNLCIB, BUXIA AKOTO MIAKNIONEHO A0 BXO-
Ay TaKTyBaHHA NOCNIZOBHOIO pericTpa 3cyBy, 3 napa-
nenbHUX BUXOAIB AKOTO (POPMYETBCA BUXIAHA LWMHA
[AaHUX NCEBAOBUNAAKOBMX YUCEN, TaKOX MICTUTD Cy-
MaTop 3a MOAyneMm /ABa, AKWA BiAPIBHAETLCA TUM,
WO B KONO 3BOPOTHOTO 3B'A3KY ACAATKOBO BBEAEHO
TIOTi4HKIA iHBEPTOP Ta NPUCTPI MacKyBaHHA BeKkTopa
3BOPOTHUX 3B'A3KIB, AKWA CBOTMU BXOAAMM NiAKIIOYE-
HWA 00 BUXIAHOT LUMHM AaHWX NCEBAOBUNAAKOBMX
uucen, a BUXOAaMMU - 10 CyMaTopa 3a MoAynem Asa,
BUXiA AKOrO NiAKNIOYEeHo Ha Bxia noriyHoro iHBepTopa,
BUXIA AIKOFO NiaKMIoueHui A0 iHopmaLliiiHoro Bxoay
pericTpa 3cysy.

BuHaxin crocyeTbcA ranysi  o6uvcnioBanbHoOI
TexHiku, po3poBneHuit Ans 3acToCyBaHHA B CUCTEMaX
nepeTsopeHHn dopmu iHcopmaLil | moxe 6yTn Buko-
pucTanmit B meToaax aocnigkenb MownTe-Kapro, ans
UMKNIYHOTO KOAYBAaHHS, TECTYBaHHSsI, iIMOBIpHICHOTO
MOJEMIOBaHHA, KPUNTOrpacii, CTBOPEHHS LUTYYHMX
saeap,

Binomuii cnocib reHepyBaHHA NCEBAOBUNAAKOBUX
nocnifoBHocTel anya, Wo xapaKrepusyeTbCa npoc-
TOTOI0 anapaTtHol peanisauii, MakCUManbHOIO LWBUA-
KOAIEI0, XOPOWMMM CTaTUCTUYHUMM BRACTMBOCTAMM
popmoBaHMX MOCNIOBHOCTEN, AKWKA peanisoBaHni
Ha OCHOBI NPOLieAYP LUMKNIYHOrO NepeTBOPeHHs nova-
TKOBOFO 3HAYEHHA KOAy 3riAHO TBIPHOrO nNoniHOMY
3BOPOTHUMX 3B'A3KiB. [MBaHoe M.A., Myrynkos W.B.
Teopwsi, NPUMEHEHWE M OLISHKA Ka4ecTsa reHepaTo-
POB NceBAOCHyYaiHbIX NOCNeaoBaTeNnbHOCTEH. - M.
KYAWL-OBPA3, 2003. - ee. 39, 42.].

Bigomui Takox cCnoci6 reHepyeaHHA NCeBaoBU-
NajKOBUX YMCen, 3rAHO AKOTO B KOMi LIMKNIYHOTO 3Cy-
BY MO4ATKOBOrO 3Ha4eHHA GiHapHOTO Koay 3AIACHI-
€TbCA  CyMyBaHHA 3a Mogynem fBa  BMICTY

BW3HAYEHUX BEKTOPOM 3BOPOTHMX 3B'A3KIB PO3pAAIB
KOQY, @ PesynbTaT CyMyBaHHA 3aNUCYETLCH Ha BXIA
Kona uukniyHoro 3cysy. Takui cnoci6 xapaktepusy-
10TBCS 3HAYHOIO SOBXKWHOIO MOPOKEHNX NOCITIAOBHO-
CTel 3a He3Ha4HUX anapaThux saTpar. [Mlutukos W.M.
KonbLesoe TecTupoBaHMe LMGPOBLIX YCTPOWCTB. -
M.: SHeproaTomuapar, 1990. - ee. 12, 13, 16, 20.].
‘OCHOBHWUM HEAONIKOM BKa3aHUX COCOGIB € HU3b-
Ka HapifHICTb, 3yMOBMEHa HEMOXIUBICTIO 3anycky
TAKOro feHepaTopa B MOYATKOBUA MOMEHT uacy 3
komBiHauil BCix HyniB, 3HaYeHHs KOAy SKOT B Ginbluo-
CTi BUNAAKIB € NOYATKOBMM, a TakoX npu 3605, BU-
MyleHUX nepesanyckax, ki CHPUUMHAIOTL OBHyne-
HuA pericTpy. Lle 3ymoBneHo Tim, Wwo komGiHaLys Beix
HyniB € NOFIYHO BUKIIOYEHOI0 B NOBHOMY HaGopi re-
HepoBaHux uucen [fiutukos W.MN. Konbuesoe Tectu-
posanue undpoBbix ycTporcTe. -M.: SHeproaTomus-
Aar, 1990. - ee. 13, 16]. B psai Bunaakis BiacyTHicTL
BKA3aHOr0 3HAUYEHHA KOAY CNPUYMHAE TPYAHOCTI iHi-
LiloBaHHI HyNbLOBOTO BiANiKY NpU NepeTBOpeHHi dop-
MU iHdpopmauii. Bkasani cnocobu N03BONSIOTL reHe-
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pysaty uucna pjanasony Big 1 Ao N, ae N=2", n- pos-
PAAHICTL KOAY NCEBAOBUNA/AKOBOTO YUCHA.

B skocTi npoToTuny o6pauii Haibinbw Gnnsbkui
3a CyKYMHICTIO O3HaK Cnoci6 reHepyBaHHsA BuNaaKo-
BUX YMCEN, «B AKOMY ABINKOBUIA KOA LIMKNIYHO 3CYyBa-
10Tb | B NTAHLIOTY 3BOPOTHOTO 3B'A3KY BUKOHYIOTb NOFi-
4Hy onepauiio «BUKIKOYHE ABO» Haa octaHHiM Ta
NPOMDKHUMM GiTaMu KOAY ... NOFiUHMI CUTHaN Y NaH-
LI03i 3BOPOTHOTO 38'A3KY IHBEPTYIOTL Y PIBHOAMOBIDHI
BUNaaKoBi MOMEHTU yacy» [Onuc ao Aekn. nat. UA
36108 sig 16.04.2001 GO6F7/58, GO7C15/00].

Heponik uboro cnocoby nonsrae B TOMy, LWO
npoueaypa iHBEpTYBaHHA y PIBHOUMOBIPHI NPOMIKKK
4acy CPUYMHSAE A0 CNIOTBOPEHHS! NOMYHOT pekypcuB-
HOT B32EMO3aneXHOCTi KOZJOBUX EMIEMEHTIB Y reHepo-
BaHil NOCNIAOBHOCTI, BHACNIAOK YOro Ha nepioai re-
HepyBaHHA MCEeBAOBUNAAKOBOI NOCMIAOBHOCTI NeBHi
3HAYEHHA KOAiB AyONIOIOTLCS, a AesKi BTPajaloThCs,
WO 3HaYHO nopylye PIiBHOMIPHICTL posnoainy 3Ha-
UeHb KOAIB Ha nepiogi Ta YHEMOXIUBIIOE BMKOPUC-
TaHHA BKasaHoro cnocoBy npu nepeteopeHHi opmu
iHchopmaulii, 30kpeMa Npu KoAyBaHHi Ta IMOBIpHICHUX
‘AocnigpkexHsx MoHTe-Kapno.

MerToio BuHaxody € pospobka cnocoby Ta npu-
CTPOIO reHepyBaHHs NCEBAOBUNAAKOBUX YUCEN 3 pig-
HOMIPHUM DO3MOAINOM Ta BUKIIOUEHHSM MOBTOPEHHA
4W BTPATH NEBHWX 3HaYEHb KOAIB Ha NOBHOMY nepioai
X reHepyBaHHs, BKMIOYEHHAM koay dopmaty BCix
Hynis A0 AianasoHy reHepyBaHHsl, O YMOXIMBIIOE
aBTOMaTU4HWI pecTapT npu o6HyneHHi Kona umkniy-
HOTO 3CyBYy, 33 YMOBM NPOCTO Ta Aelwiesol peanisauii.

Mocrasnena MeTa ROCArAETLCA BHACAIAOK Toro,
wo B cnocoGi reHepyBaHHs BMNAKOBUX uucen, B
SIKOMY ABIKOBWI KOA 3CYBAIOTb i B NaHLIOry 3BOpOT-
HOro 38'Ai3Ky BUKOHYIOTb NoriuHy onepauilo "BUKITO-
YHE ABO" Hag OCTaHHIM Ta npomikHumu Gitamu, a
FIOTYHWIA CUrHaN y NaHLIOTy 3BOPOTHOO 3B'SI3KY iH-
BEPTYIOTb B PIBHOWMOBIPHI BUNAAKOBI MOMEHTH yacy,
Ha BiAMiHY BiA NpoTOTUNY onepaLis iHBEpPTYBaHHA
BUKOHYETLCA NOCTIAHO B Yaci 3riAHO 38AaHOr0 3Ha-
YeHHs! KOAly BeKTOpa 3BOPOTHMUX 3B'A3KIB.

Ana  Bigomux cnocoGie  ¢OpMyBaHHA  n-
PO3PAAHKX NCEBAOBUNAAKOBUX YKCeN (Dins ... biz by
bi) aniiicHiETbCA pekypcuBHE (DOPMYBAHHS KOXHOTO
HacTynkoro 6iTy b nocnigoBHocTi 3rigHo aHanituy-
Hoi 3anexHocTi

i-n+t
b= ;a,h(modz)

(O]
Ae a; - koedilieHTH BeKTopa 3BOPOTHUX 3B'A3KIB.

5k MOXHa 3ayBaXHTV, KOAOBA KOMGIHALIA (Dins1
... biz b1 bj) i3 n HyniB AnA reHepyBsaHHA € BUKNIOYe-
HOIO, OCKIMbKA CNPUYMHAE (DOPMYBAHHA 3HAYEHHA
bii+1 Ta HaCTynHUX sik Hynie [[iutukos W.M. Konbuesoe
TectupoBaHue LmcpoBbix ycTpoicTs. -M.: OHeproa-
Tomusaar, 1990. - ee. 13, 16].

IHBEpTYBaHHA NOMYHOTO CUrHany y naHuiory 380-
POTHOTO 3B'A3KY B PIBHOAMOBIPHI BUNAAKOBI MOMEHTH
yacy [03BOMNSE YHUKHYTM HEMOXIMBOCTI pecTapty i3
opmarty koay Beix Hynie, ane notpebye A0AaTKOBO-
TO Yacy OuiKyBaHHSi BWUKOHaHHA JeproBoi onepauii
iHBepTyBaHHsa, HeoOxigHoi ANs 3amiHu oBHyneHoro
CTaHy pericTpy 3CyBy. IHLIMM iCTOTHUM HeZoNiKoM €
TNIOBTOPEHHS! AEAKUX KOAOBUX N-PO3PAAHUX (parMeH-
TiB, aBo BTPaTa AEAKMX iHLLINX BHACNIAOK iHBEPTYBaH-
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HA JIOMYHOTO CUFHanNYy y NaHuiory 3B0POTHOTO 3B'A3KY
B piBHOAMOBIPHI BUNAAKOBI MOMEHTU Yacy, Wo cno-
TBOPIOE PIBHOMIPHICTL PO3NOZINY NCEBAOBUMAAKOBUX
ymcen i, Ak HacniAoK, YHEMOXIIMBIIIOE 3aCTOCYBaHHS
BK@3aHOro crocoby B METOAaX CTATUCTUYHUX AOCHI-
AxeHb MonTe-Kapno.

CyTs 3anponoHoBaHoro cnocoGy nonsrae B Tomy,
14O BUKOHaHHS NPOLIGAYPH AOAATKOBOrO iHBEPTYBAH-
Hsl pesynbTaTy Cymu (1) y naHLory 380pOTHOrO 38'513-
Ky NOCTiiHO B hyHKUII Yacy [O3BONAE YHUKHYTU BKa-
3aHUX HEAONIKIB, ANA KOO 3rigHO BUpasy

i=n+1
bur = Yab(mod2)

OTPMMaHO MOXIMBICTb 3AIACHIOBATY TeHepyBaHHA
KoAlB NCEBAO0 BUNAAKOBOI NOCNIAOBHOCTI i3 3HAYEHHS
no4aTKoBOro kody opMmaty n Hynie, a Takox 3aiiHc-
HIOBATH SBTOMATUMHUA PECTApT NPW BUHMKHEHHI He-
wraTHuXx cuTyauiir. Mpoueaypa nocriiHoro iHBepTy-
BaHHA (@ He y PIBHOWMOBIDHI BUNAAKOBI MOMEHTH
yacy) A03BOMAE YHUKHYTW AyGnioBaHHA Ta BTpath
ReAKUX 3HaYeHb KOAIB, a TaKoX reHepyBaTV BCi 3Ha-
YeHHs koaiB AianasoHy Bia 0 Ao N-1, Brniovaioum koA
chopmary BCix Hynis.

3anponoHoBaHui cnoci6 Ao3sonse peanisysatn
MPUCTPIN, CTPYKTYPHY CXeMy fKOTO HaBefeHo Ha
@ir.1.

MpuCTpilt MICTUTL reHepaTop TaKTOBUX IMNYNLCIB
G, Buxia AKOTO MIAKNIOYEHO A0 BXOAIB TaKTyBaHHS
perictpa 3cysy RG, nobynosaHoro Ha nocninosHo
BKIOUEHUX TPUrepax, BUXOAN RKUX CTAHOBNNTL BUXi-
AHy wuHy aanux DB i nig'egnano Ao Apyrux exogie
NiHIAKN NOTYHMX E€NEMEHTIB & NPUCTPOIO MACKyBaHHs
3a BEKTOPOM 3BOPOTHUX 3B'A3KIB, KOA AKOTO MO WMHI
VB 3aaaeThecs Ha nNeplui BXoAW NiHIAKK NOTivHUX ene-
MEHTIB &, BUXOAN KUX BKITKOYEHO HA BXOAM NOriYHOrO
enemeHTy cymyBaHHA 3a moaynem asa XOR, euxig
FAKOFO MigknioyeHo Ha Bxia iHBeptopa NOT, suxia
SIKOTO BKITIOYEHO Ha BXiA pericTpa acysy RG.

MpUCTPif PYHKUIOHYE B LMKNIYHOMY Pexumi, B
KOXHOMY i3 TaKTiB SIKOTO CUHXPOIMNYNbCH 3 BUXOAY
reHepaTopa TakToBUX iMNynbCiB G 3AIACHIOOTL Tak-
TYBaHHA Ta UMKNIYHWIA 3CYB BMICTY NOCNIA0BHO KOMY-
TOBaHUX TpUrepie pericTpy acysy RG, BUXOAM KOXHO-
ro i3 AKMX CTAHOBNATL NapanenbHy BUXIAHY LUMHY
KopiB ncesgoBunaakoBux Yucen DB, 3anaHux Ha Apy-
ri BXOAM NiHIAKN NOTYHMX eneMmeHTiB & npucTpoio
MacKyBaHHA 3a KOAOM BEKTOpa 3BOPOTHMX 3B'A3KB,
3aAaHoro Ha nepili BXOAN NiHIAKK NOMYHNX enemeH-
TiB & no WuHi VB, CyMyIOTbCA NOMYHUM eneMeHToM
cymyBaHHs 3a Mogynem asa XOR Ta iHBepTylOTbCS 3
vioro euxoay insepTopom NOT i 3anucyioThes Ha BXif
perictpy 3cysy RG. Ha ®ir.2 so6paxeHo ocuunorpa-
My PO3MOAINY 3Ha4eHb NCEBAOBANAAKOBUX YMCen Ha
nepioai ix reHepyBaHHA B dhyHKUIT yacy.

MpoBeaeHo AOCNIMKEHHA reHepoBaHMX uucen
ANA BU3HAYEHHA TUNY PO3NOAINY NCERA0BUNAAKOBUX
4NCen i3 3aCTOCYBAHHAM CTATUCTUYHUX METOAIB 3Ha-
XOMKEHHS 3aKOHy POSMOAINY BMNAAKOBMX uucen -
meToa x° Ta meTos Konmoroposa-CwmipHoBa, ariHo
AKMX Ha ocHoei BuGIpKM OTpUMaHuX 3HaueHb 6yno
BU3HAYEHO TMN eMNIPUMHOTO PO3NOAINY SIK PIBHOMIP-
HUiA,

PesynbTati  eKCriepuMeHTanbHuX  AOCHIKeHb
NIATBEPAUNM PIBHOMMOBIPHWI Po3noain ncesgosuna-
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AKOBMX uncen AianasoHy eig 0 Ao N-1 Ges nponyckis aBTOMaTU4HUIA PecTapT reHepaTopa, a TakoX npocTy
Ta AyGioBaHHA AEAKMX 3HAYEHb KOAIS, BKIIOYAIYN peanisal(iio 3aNpONOHOBAHOTO CMOCOBY Ta HM3bKMM
KomGiHaLjiio i3 N Hynis, WO AO3BOMMNO 3AiNCHIOBATH KOLUT NPUCTPOIO reHePYBaHHS.

Komn'ioTepha sepcrka A. KpikaHiscokui Mianucre Tupax 28 npum.

MiicTepcTBo ocaiTH | Haykn YkpaiHu
JllepxaBHuil genapTameHT iHTeneKTyansHol BacHoCTi, Byn. YpuusKkoro, 45, M. Kuis, MCI, 03680, Ykpaika

AN “Ypaixcekuit iHCTUTYT npoMucnoeol BnacHocTi”, Byn. MasyHosa, 1, M. Kuie — 42, 01601




