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METO/U NEPEHECEHHS 1 3AIIO3UYEHHA Y
HIBUAKOATIOYUX PIBOHAYYIEBUX JITYNJIBHUKAX

'BiHHMIBKHUI HAIIIOHAIBLHUA TEXHIYHHUIHI YHIBEpCUTET

AnoTanis. YV fgaHii CTaTTi OmMcaHO MiAXiA 10 opraHizamii IMepeHeceHHs HpH 1iubi y MomucikoBaHiil (GiOoHaUUieBi CHCTEMI YHCIEHHS.
JlanHuii nigxij nojsrae y ToMy, 0 Ha KOXXHOMY TaKTi JIi40M HapsiLy 3 JOJaBaHHSIM OAMHHMII Y MOJIOAIINI PO3PS B 3aJISKHOCTI Bijl HAIIPSM-
Ky Ji4OM BHKOHYETbCS OAMH i3 BuAIB (iboHaudieBoro mneperBopeHHs (F-meperBopeHHs) Komy JiumibHHKa. Bukopmcramns FL- ta
FR-nepeTBopeHL J03BOJISIE BUKOHYBATH IIEPEHECCHHS 1 3aIo3uYEHHS 1€ OO0 TOro, ik BUHUKHE NEPEIIOBHEHHS Y MOJIOAIINX YH SaFyGJ'[eHHH
SHAUCHHS y CTapIINX po3psaaax. I_Ie JAO03BOJISIE YHUKATHU CHTyaHiﬁ, 1P SIKUX 32 OJUH TAKT IIEPEHECCCHHS a00 3armo3uyeHHs PO3MOBCIOIKYOTh-
csl manmi HDK 4epe3 Tpu po3psau. Y crarTi omucaHo MoaudikoBany (iOOHAYUiEBY CHCTEMy YHCICHHS, HABEACHO aHATITHYHI BHPA3H IS
onucy Oaszucy i andaBiTy Ta MOKa3aHO, SK IPEICTABISIOTBCS Yy HiM uwcina. HaBeaeHO aHamiTHUHI BHpasu, o onucyroTh FL- ta
FR-meperBopenns. ChopMynb0BaHO TBEPPKEHHS IIPO Te, IO IPHM BUKOHAHHI BCIX MOXIHMBHUX (piOOHAUUi€BHX NEPETBOPEHb HA KOXKHOMY
TaKTi Ji40K OTpHMaHuii Koj Oyzae MaTu He Ginblie ABOX CycigHix omuuuip. Lle 103Bosse OpraHi3yBaTd MIBHAKY Ji40y 3a paXyHOK Maioro
4acy pO3IIOBCIOKCHHS [IEPEHECCHHSI 1 3aI103HICHHSI.

Kuarouosi ciioBa: jiuda, moaudikoBana pidoHayyieBa cucrema yncieHHs, GpiboHayyieBe nepeTBOPeHHs, epPeHECEHHs, 3aN103UYEeHHS.
AHHOTanus. B 1aHHOI cTaThe onmcaH MoaxoJ K OpraHu3alyy IepeHoca Mmpu cuere B MoauduimpoBanHoit @uboHauyyneBa CUCTEME CUHC-
JICHUA. I[aHHBIﬁ oAXO0A 3aKJIFOYACTCA B TOM, UYTO Ha KAXKJIOM TaKTE CUETa HapAay C [IO6aBHeHI/[€M CAUMHUILIBI B MHaZ[IHI/Iﬁ paspsaa B 3aBUCUMO-
CTHU OT HAIIPaBJICHHS CYeTa BHINONHIETCS OXUH U3 BUnoB dubonaquneBoro npeodpasosanus (F-mpeobpasoBanue) kona cuerdnka. Mcmomns-
3oBanue FL- u FR mpeoOpazoBaHuii MO3BOJIAET BBINOJIHATH MEPEHOC M 3aUMCTBOBAHUE €€ O TOrO, KaK BO3SHUKHET IEPEIOJIHEHUE B
MIIaAIINX WA YTEPS 3HAYCHUS B CTApLIUX paspsaax. D10 1MO3BOJAET U3berarh CI/ITyélI_II/II\/'I7 IIpA KOTOPBIX 3a OAWH TAKT NEPEHOC UIIN 3aUM-
CTBOBAHHUE PACIPOCTPAHSIOTCS Jalbllle YeM depe3 TpH paspsiaa. B cratse ommcano moaudunuposanHyro PuOoHaUUNeBa CHCTEMY CUHCIIE-
HUA, NPUBEACHBI aHAJIUTHYCCKUE BBIPAXKCHUA 1A OITMCAHUA Oasuca u an(baBuTa 1 MOKa3aHO, KaK NPEACTaBJIAOTCA B Hel 4ymciia. HPHBC,HGHI)I
aHaJIUTHYECKHe BeIpakeHus, onucsiBatomue FL- u FR npeo6pazosanns. CHopMyIHpOBaHO YTBEPHKIEHHE O TOM, YTO IIPH BBIIOITHEHHU BCEX
BO3MOXKHBIX PUOOHAYYHEBBIX HpeO6pa30BaHHI>’I Ha Ka)XJIOM TaKTEC cUCTa HOHy‘IeHHLIﬁ KO 6yzle'r HMeEThL He Oolree JABYX COCE€IHUX €IWHUILL.
DT0 MO3BOJISIET OPraHU30BaTh OBICTPBIH cUeT GIarofapst MaJoMy BPEMEHH PAacIpPOCTPAHEHHs HEPEHOCA U 3aMMCTBOBAHHS.

KioueBble ciioBa: cyeT, MoauduuupoBanHas ¢puOoHaY4YHeBasi CHCTEMa CHUCIeHUs, PpuGoHauyuneBoe npeoGpasoBaHue, NMepeHOC,
3aMMCTBOBaHHe.

Abstract. This article describes the approach to the organization of carry-over with the account in the modified Fibonacci numerical system.
This approach is based on the fact that on each count cycle, along with the addition of a unit to the low order depending on the direction of
the account, one of the Fibonacci transformation types (F-transformation ) of the counter code is executed. Using FL- and FR-transformation
allows you to carry out the carrying and borrowing even before there is an overflow in the lower or loss in the higher order bits. This makes
it possible to avoid situations in which the carrying or borrowing is extended more than three orders in a single clock cycle. The article de-
scribes the modified Fibonacci numerical system, provides analytical expressions for describing the basis and the alphabet, and shows how
the numbers are represented in it. Analytical expressions describing FL and FR transformations are given. An assertion is made that when all
possible Fibonacci transformations are performed on each circle of count, the resulting code will have no more than two neighboring units.
This allows you to organize a quick count due to the short transfer and borrowing time.
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Beryn

JIJIs. IIpoKoro BIPOBaKEHHS MUPPOBHUX 3ac00iB, AKi y CBOIM CTPYKTYpl MICTATH JIIYMIBHHUKH, TOTPIOHO
1100 1l JITYMIBHUKY HE JIMIIE MaJjld BUCOKY IIBHUJIKOJIIIO, ajle TaKoX 3a0e3MeuyBalii i iHIII TapaMeTpy B 3aJIe K-
HOCTI BiJl XapakTepy BUpillyBaHHX 3aaa4. OcTaHHIM 4acoM IpH NoOy10Bi 3aco0iB aBTOMAaTH3alii 1 yIpaBIiHHS
3pOCTae MOMyYJSAPHICT BUKOPHCTAHHS cHUcTeM mpsimoro mmgposoro cuutesy (direct digital synthesis — DDS)
AQHAJIOTOBHUX CHTHAJIIB 3a IOTIOMOroI0 nu¢po-anainorosux nepersoprosadi (LIAIT). 3okpema, HUPOKO BUKOPHC-
TOBYIOThCSI DDS-cructemu 11t hOpMyBaHHS CUTHAITIB, IO CKJIAAAOTHCS 3 MOCIIOBHOCTI JIIHIHHO 3POCTAI0YHX,
TOPM30HTAIBHUX, a TAKOXK JIHIHHO CIaJal0unX BiIpi3KiB. Y TakuxX cucTeMax Juisi (opMyBaHHS IU(POBHUX KOIIB
Ha BxoJi [TAIT BUKOpPHUCTOBYIOTh MIBUIKOIIOY1 JTIUMILHUKN. ICHYIOTh Pi3HI CXEMOTEXHIUHI CITIOCOOH i IBUIIICH-
HSI IIBUJIKOJIT JITYMIIbHUKIB HA OCHOBI CTPYKTYPHUX pitieHb. [Ipote, Bukopucranus y DDS-cucremax Tpaaumiii-
HOI JIBIFIKOBOi CHCTEMH YMCIICHHS MTOPOKYe IpodsieMy "TiiTuiB" — 3aBaj, sKi BUHUKaOTh Ha Buxoxi LIAII mix
yac epeMuKaHHs po3psaiB. [Ipudomy, ammuriTya nux "riniTdiB" HanpsiMy 3aJ€XHUTh BiJl KUIBKOCTI pO3psiiB, AKi
MEPEMUKAIOTHCS IPOTATOM OJHOTO TakTy. Bimomo, mo Bukopucranss ¢idoHaquieBux L{AIl no3Boisie 3MeHIIN-
TH BIUIUB TakuX 3aBaj [1]. OqanMm 3 BaxkiuBux eneMeHTiB DDS-cucremu 3 ¢ibonaugieum L{AII € mBuakomiro-
YM{ JTIYUIBHUK, SIKUH TOBUHEH MATH HEBEJIMKY KUIBbKICTh PO3PS/IB, 110 MEPEMHUKAIOTHCS MPOTATOM OJHOTO TaK-
Ty. Po3po0ka Takoro Ji4niIbHUKA € aKTyaJIbHOIO 33/1a4€lO.

l'onoBHMM 3aBRaHHSM Ha LUIAXY BUPILICHHS AaHOI 3aJadi € 3MEHINEHHS JOBXHHH PO3IOBCIOKCHHS Iepe-
HECEHHSI, 110 BUHWKA€ Ha KOXXHOMY TaKTi JIi4OM i oOMexye 11 mBHUAKICT. [[p0T0 MOXKHA JOCATTH 3a PaxyHOK
BUKOPHUCTAHHS TaKUX HA/UTMIIKOBUX CHCTEM YHCIICHHS, SIKI MAlOTh aAWTHBHE CIIIBBIJHOIICHHS MK BaraMu po3-
panis [2]. o mux cHCTEM YMCIEHHS HAJEXaTh Takox (hiOOHaudieBa CHCTEMa YHMCIIEHHs Ta CHCTEMa YHCIEHHS
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30JI0TOI IPOMOPIii. Y MaHUX CHCTEMax YHCJICHHS TPH J0aBaHHI MOXXKHA BUKOHYBATH [IEPSHECCHHS PaHIIIe, HiX
BUHHKHE nepernoBHenHst [3-10].

VY craTTi 3anpOIIOHOBAHO MPUHIIMITK OpTaHi3alii MepeHeceHHs 1 3al03WYeHHs MpH JIi40i y Moan(ikoBaHii
(hibonauuieBiit cuctemi uncieHHs (M®-cucTemi 9UCIEHHS) 3 METOIO0 3MEHIIICHHS TOBKHHH iX PO3IIOBCIOIKCH-
HsL, 1[0 JACTh MOXKJIMBICTD K IIABUIIUTH IIBUAKICTH JIIYOH, TaK 1 3SMCHIIUTH 3aBaau Ha Buxomi LIAII.

®ioonavyieBi neperpopenns B M@-cucreMi YncIeHHs

MopundikoBaHa ¢piboHauvieBa cucTeMa YUCICHHS MOXe OyTH omucaHa 3a Jonomororo 6asucy @ i andasity
D:

@ :{po =Ly =2, _Vl((Pi = Qi1+ 9i-2)} )
i> ,

D: {0}

Je @ — MHOXKHHA Bar po3psiB @i, Taka, mio @o = 1, ¢1=2, a s KoxkHOro i > 1 @i = i1 + @i-2;

D — muOxWMHa 3 aBOX tndp 01 1.

B M®-cucremi ancineHHs Oynb-sKe mijie 9ucio X Moxe OyTH MpeacTaBlIeHe N-PO3PSIHAM IBIHKOBUM KOIOM
Xn-1Xn-2...-Xi...X1Xo, A€ Xi€ D BiamoBimHO 10 BHpa3y (1), a N BH3HAYAETHCS 3a CIIBBITHOMECHHAM Pn-1<X<@n.2. [103-

HAYeMO N-PO3PSIIHUI IBIHKOBHIA KOI Xn-1Xn-2...Xi..X1Xo 5K XS , @ HOro YacTUHY JOBXUHOIO B K po3psiB, modu-

HAIOYH 3 i-TO 5K Xik . B M®-cucremi YnciieHHs 3HAYCHHS KOy XB BU3HAYAETHCS BUPA3OM:
n n-1
Xo = 2X; Wi . (2
i=0

B M®-cucremi 9nciieHHS MiXK BaraMu po3psiB icHye piboHauvieBe criBBigHOMEHHS (F-CIiBBiTHOIICHH):

FIV (0 =0j1 +0i-2) - (3)

i>1
st i-ro po3psiay icHye i-Te F-cIiBBiqHOMICHHS:
Ko =i +0i_2- 4)

®iboHaydieBe CITiBBiTHOIICHHS I03BOJIsIE BHKOHYBaTH (piOOoHaUUieBi IepeTBOpeHHs KoiB (F-epeTBOpeHHs).
F-mepeTBOpeHHsT OyBalOTh TBOX THIIIB: 3 MIEpEeHECEHHIM y crapiri po3psau (FL-meperBopenHs) i 3 mepeHeceH-
HSM y Moo po3psiau pospsnu (FR-meperBopenHs).

FL-neperBopenns koay X( € yMOBHOI apH()METHUHOK OIEpAIi€I0, O BUKOHYEThCA Hal BCiMa HOro po3-
psiamMH, KpiM HYJIBOBOTO i mepioro. /laHe mepeTBOPEHHs HOJISITae y TOMY, 10 A Oynb-sikoro i>1 y Bumazky,
akmo Xi=0, Xi-1=1, Xi2>=1, BUKOHY€TbCA JOJaBaHHS OJWHUII B PO3PSI X; 1 BITHIMAHHS OJAWHUIG y PO3PAIaX Xi.1
Ta Xj-2.

FL(Xp) = v/ (X0 + i —Pi_1 —Pj_2) -

Xj=0AXj_1=1AXj_2=1
BiamosigHo 1o (4) i-te FL-iepeTBOpeHHs KOy 3aIHUCYEThCSI BUPA3OM

Xn-',- = Qi1 — Qi HI’IX':O/\X-7 :1/\X'7 :1,
FLI(XS): (r: Pi —@j—1 — Pj_2 Ip i i—1 i—2
Xompu X; #0v Xj_g #1vXj_o#L

FR-nepeTBOpeHHs Koy X( Takok € yMOBHOK apH(METHUHO OIEpAIli€l0, 0 BUKOHYEThCS HAJl BCiMa #0-

TO po3psaaMu, KpiM HYJIBOBOTO i rmepmoro. /laHe mepeTBOPEHHS MOJsArae y TOMY, o Uit Oynb-skoro i>1 y Bu-
najKy, SKmo Xi=1, X;.1=0, Xi->=0, BUKOHY€EThCS BiHIMAHHS OJUHHMIII B PO3PAAL Xi 1 JOJABaHHS OJIUHUIG Y PO3psi-
U Xj-1 Ta Xj-2:
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FR(X() = v/ (X0 = ®i + Qi1 +Pj_2) -

Xj=0AXj_1=1AXj_2=1

BiamnoginHo, i-te FR-niepeTBOpeHHs KOAy BUKOHYETHCS HaA i-M, (i-1)-m Ta (i-2)-M po3psaamu [bOTO KOAy i 3a-
MHICY€ETHCS. BUPa30M

X0 = @i +Pi_1 +Pj_p P Xj =LA Xj_1 =0 A Xj_p =0;
FR;(X]) = : @i + Qi1+ @j_2 1IpA X i-1 i-2
Xo mpu Xj #1v Xj_1 #0v Xj_p #0;

FL- i FR-repeTBOpeHHs momiOHI 1O BiZOMUX OIEparliif 3TOPTKU i pO3TOPTKH, IO MOJATAIOTH Y 3aMiHi OTHOTO
KOy Ha iHIMA. AJe, Ha BiIMIiHY Bij omepamiif 3rOPTKH i pO3TOPTKH, IO € JOTiyHNMH orepamismu, FL- 1 FR-
NEPETBOPEHHS € YMOBHUMH apU(METHYHIMH OIEPaLisiMHi JOAABAHHSA 1 BiTHIMAHHS, [0 BUKOHYIOTBCS HaJl Yac-
THHaMH Koxy. [Ipy IboMy 3Ha4YeHHS BCHOTO KOy HE 3MiHIOETHCS, TOMY JaHi onepanii MO)KHa BUKOPHCTOBYBATH
B SIKOCTI MTEPEHECEeHHS 1 3aM03WYCHHS Y Iporieci npsmoi abo obepHeHoi niudbu. B M®-cucremi uncneHHs mepe-
HECCHHS 1 3aI03UYCHHS MOXKYTh BUKOHYBATHCh PaHillle, HDK BUHUKHE NIEPETIOBHEHHS YU 3aryOJICHHs 3HAUCHHS Y
pospsaax. Lle no3Bosisie BiTOKPEMHTH NMEPEHECEHHS 1 3alI03MYCHHS BiJl JOJaBaHHS YW BiHIMaHHS OJUHHLI NPH
74061, 3aBASKH YOMY BOHH MarOTh 0OMEKEHY JOBXHHY PO3MOBCIOJUKEHHS. OOMEXEHICTh JOBKHHH HepEHECCHHS
1 3aII03WYCHHS NOKJIAICHO B OCHOBY ITOOYIOBH IIBUAKOMIFOUNX JTIYIIIEHUKIB B M®D-cricTeMi YnCIICHHS.

Ilepenecennst npu npsimiii 1iudi B M®-cucremi YucjieHHs

ITix gac mpsMoi niudm y maHiit cHCTEeMi YUCIICHHS Ha KOYKHOMY TaKTi HaJ KOJOM JIIYMIIFHUKA, OTPUMAaHUM Ha
HOIEPeIHbOMY TaKTi, BUKOHY€EThCS FL-TiepeTBOpeHHS 1 10 HHOTO JOAAETHCS OJXUHULIS:

Xg (i) = FL(XQ (i —1)) +1. 5)

V Bumazaky, axmo (FL(XQ (i —1)))8 =011, rake nopaBaHHs MPHU3BEJE A0 NEPEHECEHHS 3 HYJIbOBOIO Y MEPIINI

pospan, Hanpukia, 1001+1=1010. Sxmo s Ha nonepexusomy Takti (X (i —l))% =011, o BigmoBiaHo 10 (4)
n 3 _ n 3 _
(FL(Xg (i-1)) = (FL2(Xp (i —1)))o =100.

ToMy B 1bOMY BUIAKy micisi FL-miepeTBOPeHHS MONEPEIHHOr0 KOMY MOJaBAHHS OJUHUIN Y HOro MOJIOIIINA
PO3psI HE MpU3BEE A0 NEPEHECEHHS Y APYTUN PO3Psi], HAIPUKIAL:

X4 (i—1)=1011,
FL(1011)=FL,(1011)=1100,
1100+1=1101.

SIK BHJTHO 3 1aHOTO NPHKJIALy, Iicist BAKOHAHHA i-To FL-1iepeTBOpeHHs po3psau X1 Ta Xi-2 MalOTh HYJIbOBI 3Ha-
yeHHs1. Lle 103BoJIsIE BUKOHYBATH MEPEHECEHHS Y JJaHi po3psiau 0e3 Horo NoaajiblIoro pO3MOBCIOKEHHS y CTa-
pii po3psinu, TO0TO:

FLi (X (i —1)+1=(XB G -))7 ™+ X5 () .

30ubIIeHHS Oy B-SIKOTO PO3PSILY KOJY JIYMIbHUKA, IOYNHAIOUYH 3 APYTOTO, BiAOYBAETHCS JIMIIIE 32 PaX yHOK
FL-niepeTBOpeHHs, TOOTO, IIEpEeHECEHHS 3 MOJIOAMINX po3psiAiB. OUEBUIHO, IO NPH [[LOMY Bara Takux IepeHe-
CEeHb 3aBXJM OLIbIIa BarW MOJIOALIOrO PO3psiay, Ha SIKy 30LIbIIYEThCS 3HAYEHHS Y JIYMIBHUKY Ha KOXKHOMY
takTi. ToMy naHuit Meros J1iuOM He MpU3BeAe 0 NMEPENoBHEHHS Y po3psaaax Koy JuMIbHUKA. binki Toro, Ki-
JBKICTh CYCITHIX OJMHUIb KOAY, Yepe3 SIKi MOXKJIMBE NEPEHECEHHsS! Ha KOKHOMY TakKTi, CTAHOBHUTH HE Oiiblle
nBoX. L{e oOrpyHTOBY€ETBHCSI HABEJCHUM JaJi TBEPIXKEHHSIM.

Teepmxenus 1. fkumo Ha KoKHOMY TakTi po6oTn GpiOOHAUHIEBOTO JIUMWIBHUKA JOJAETHCS OJUHULS 10 MO-
JIOJIIIOTO PO3PSAY Ta BUKOHYIOTBCS BCI MOXJIHBI FL-miepeTBOpeHHs, TO B HOTO KO1 HE MOXKe OYTH OibIlie ABOX
CYCiHIX OJMHHIb, Yepe3 sKi BiAOyBa€eThCs nepeHeceHHs. JJoBeACHHS JaHOTO TBEPKSHHS HaBeaeHo B [11].
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3 TBep/UKeHHS | ciiaye, 10 BUKOHAHHS BCiX MOXIMBUX FL-TiepeTBOpeHs Ha KOKHOMY TakTi IpPsMOi JIi4ou
NPUBOAMTH JI0 TOTO, L0 NEPEHECEHHSI Y CTapIIi PO3psiIu He OyJie pO3MOBCIOKYBATHCh Aalli HIK 4epe3 Ba po3-
psio. ToMy BpaxyBaHHS HOTO sIK ITapajielbHe epeHEeCeHHs MoTpeOye He3HAYHUX anapaTHUX BUTpat. Lle mo3Bo-
nsie OymyBat B M@-cucTeMi YUCTICHHS MIBUAKOIIIOUI JIYUIFHUKY 3 IOMIPHAMH amlapaTHAMU BuUTpatamu. Ciix
3a3HAYMTH, IO CIIPABEIUIMBICTh TBEPPKEHHs 1 Oyiia OBeleHA, BUXOASYM 3 ABOX MPUITYLICHb: MO-HepLIe, 0
MOYATKOBUH KOJ, 3 AKOTO IIOYWHAETHCS JIi40a, HE MICTUTH OLNBIIE JBOX CYCIIHIX OTUHHIG; HO-ApYyTe, MO0 IpH

JIOCATHEHHI KOJY, Y SIKOMY (Xg_l)iz =11 (to6To, ABa cTapIIUX PO3PAAU TOPIBHIOIOTH OJUHUIN), MOJAIbINA

npsiMa J1iuda MPUIHHIETHCS a00 JTIYMIEHUK BCTAHOBIIOETHCS Y MMOYATKOBUU CTaH. Y BHIAIKY, SKIIO BUKOHYETh-
csl TIepIie IPUIYIICHHS, ale He BUKOHYETHCS APYre, TOOTO, SIKIIO MpH HocarHeHHI Koxy 110Xn.4...Xo Jidba mpo-
JIOBXKYETHCS, TO TpsiMa J1id0a OyJe BUKOHYBATUCh KOPEKTHO, ajie TIPH bOMY KiJbKICTh CYCiTHIX OJUHHIB y KOI1
JMYMIBHUKA 3 YacoM cTaHe Oumbimoro aBoX. Lle BimOyBaeThes yepes Te, IO HpU AOCSATHEHHI Koxy 110Xn-a...Xo
OmokyeThcs BUKOHaHHA FLj.o-TIepeTBOpeHHS, OCKINBKH Yy BCIX HACTYIMHUX TaKTax MpsAMoi JTiudm xn»#0. Ha ne-
SIKOMY HaCTYITHOMY TaKTi JI'YOH e PU3BE/IE 10 NOSBH OJUHUYHOTO 3HAYCHHS Y PO3PSl Xn-3, 110, Y CBOIO YEpry,
3a00Kkye BUKOHAHHsS FLns-miepeTBopenns, i Tak mami. OTke, IPOJOBKEHHS MPSIMOI JIUOH MICIs JTOCSITHEHHS
(iboHauyieBUM JTIYUIBHUKOM KOAY 110Xp-4...Xo Oylie MPU3BOJUTH A0 MOCTYIOBOTO 30UIBIIEHHS KITBKOCTI CyCi-
JIHIX OIMHUILG Y KOJIi, TOYMHAIOYH 31 CTaplIMX po3psiaiB. ToMy Ha nesikomy k-y TakTi npsiMoi jiubu Bci po3psian
KOJly JTIYMJIbHUKA MATUMYTh OJIMHUYHE 3HAYCHHS:

v ((K)=1).

0<i<n-1

Bianosinzo 10 (3.2) i (3.1) 3Hadenus ganoro koay X(k)=¢n+1-1, ne on+1 — (N+2)-¢ yncio Pibonaqui. Jane
YHCII0 BH3HAYa€ MaKCHMAaJbHY KibKICTh OJUHHIb, SIKY MOXKHA KOPEKTHO MiAPaxyBaTH 3a JOIOMOIOIO N-
pospsiHoro JmiunnbHuKa. To0T0, k=@n+1-1. [lomanbina npsiMa niuba y JaHOMY JIYMIBHUKY OPU3BEJE 10 CHOTBO-
pennst iHdopmaii y Horo koai. ToMy B n-po3psAHOMY JIHUMIBHUKY ICIS Qn+1-1 TakTiB MpsMy Jiu0y noTpiOHO
NPHUITMHATH, 200 IPUMYCOBO CKUHYTH TaKUi JTIYMIBHUK Y TOYaTKOBHI CTaH.

VY BHNaAKy, SKIIO HE BHUKOHYETHCS MeEpIIe MPUITYLICHHS, HA SIKOMY 0a3yeThbcsl JTOBEACHHS CIPABEIIMBOCTI
TBEPIDKEHHS 1, TO 1le Ha OyIb-IKOMY TaKTi MOXXE MPU3BECTH J0 HENMPaBUIBHOI POOOTH JIYMIbHUAKA Yepe3 BUHH-
KHEHHS| Y MOJIOJLIMX PO3PsAax NEepPEeroBHEHHs, CIPUYMHEHOTO HEBUKOHAHHSIM yMOBH FL-mepeTBopeHHs y nux

pospsinax. Hanpukiaa, BCTaHOBIEGHHS JIYMIBHUKA Y TOYaTKOBUH KOJ ngl(O) =Xj_1.--X3111 Bxe Ha nepmo-

My TaKTi MpsAMOI JIiYOM HpHU3BEAE A0 MEPENOBHEHHS JIYMIBHUKA i CIIOTBOPEHHS PE3YNbTaTy Yepe3 HEMOKIIH-
BicTh BHKOHaHHS FLo-meperBopenns. Jlana ocobauBicTh npsmoi jiudou B M®-cucteMi YuCIeHHs Hakiajae 00-
MEXeHHS! Ha (OpMy MMOYATKOBOTO KOJAY Y JIYMJIBHUKY, SIKE CTOCYETHCS KIIBKOCTI CYCIJHIX OJMHHIL Y KOZI.
OueBHHO, IO i OOMEXEHHs y MepUly 4Yepry CTOCYIOTHCS MOJOALIMX PO3PSIIB, OCKUIBKH NEPEHECEHHS Bil
JIOZIaBaHHsI OJIMHUII Y HYJIBOBHH PO3pS]] CIIOYATKy J0csArHe iX. ToMy BU3HAYMMO OOMEXKEHHs, 110 HAKIaAal0Th-
Csl Ha TPYIy CYCI/IHIX OJIMHUIIb Y HAHMOJIOIIINX PO3psiaax.

Hexaii y noyarkoBomy Kkoni jiuribHrKa Mojoaun (k+1) po3psiiB JOpiBHIOOTH HYIO, d po3psiiiB, NOYHHA-
touu 3 (k+1)-ro, nopiBHIOOTH omuHuUIl, a (k+d+1)-i po3psin TakoX JOPIBHIOE HYIIIO, SK 11€ 300paKeHO Ha PUCY-
HKY 1.

v
k+1

Pucynox 1 — Po3ranryBanHs cycinHiX oquHALE y d HAMONOAIINX po3paaax JiduIbHUKA

Tob6ro:

Xkran =0~ vV (X =DA Vv (X;=0).
k<i<k+d 0<i<k

BuzHaunMo KiIBKICTh TakTiB, HEOOXIAHY MUIsl TOTO, MO0 MEPEHECEHHS, IKe BUHUKAE B PEKUMI MPSAMOT JIiIOou
3a BHUPazoM (5), po3moBCIOAMIOCH Y k-1 po3psia. O4ueBUIHO, IO JaHE TIEPEHECEHHS HE MOYKE BUHUKHYTH PaHille,
HDK IICIIS (k TakTiB. Y NiHCHOCTI, BOHO BUHMKAE ITi3HINIE HA AEsAKYy BeaHuuHy Ax. OTXKe, y pexxuMi npsMmoi J1id-
6w, opranizoBaHoi 3a BHpa3oM (3.5), nepeHeceHHs y Aesakuil k-i po3psa Koy HaaxoquTh yepes (Pk+Ak) TakTiB.
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3naiizemo 3Ha4deHHA Ak. OcobmmBicTio M®-cricTeMu YHCICHHS € Te, MO I OyIb-sIKOTo MapHOTo K 3Ha4eHHS
(@k-1) OOUHCITIOETHCS 32 BUPA30M:

ki2
Vo (e-1= Zlcpzi) ;
i=

I(modzz0
a ajA 6yHL'HKOFO HCTIapHOT'O k 1€ 3HAYCHHS OG‘{HCJ’HOGTLC?I 3a BUpa3oM:

(k+1)/2
v (o —1= 'ZO(PZi)'
1=

Kmod2=1

ToMy Taki 3HaYCHHS MPEICTABIAIOTHCA KOIAMH, IO Y MOJIOIIMIAX po3psaax MaroTh (k+kmoed2)/2 oquHUIE, po3mi-
JEHUX MiXK cOOOI0 HYJISIMHU, HATIPUKIIA]:

(p7-1233(10)201010101(1\4@),
(p10-1=143(10)201010101010(1\4@).

Cunig TakoX BKa3aTy, 110 AaHa GopMa € €IUHOI0 Ul MPEACTABICHHS KOIIB TaKHX 3HaueHb B MD-cuctemi
YHCIICHHs. BHACTIIOK IHOTO 3HAUYEHHS (k, L0 y PEKUMI MPSAMOT JIIYOH YTBOPIOETHCS I0/AaBaHHSAM OJMHUIII MO-
JIOJIIIIOTO PO3PsiAY 110 Koxy (Qk-1), 00YHCITIOETHCS 3a BUPa30oM

k/2
Vo (0 =0+ 203),
I(mod2:0 i=1
(k=1)/2
V (e =01+ 205),
kmodzz:L i=2

OTxe, Mics Qk TaKTiB MPSIMOT JIiY0H, IOYWHAIOYHN 3 HYJIS, KOJ Y JIYMIBHUKY OyZe MaTH Y MOJOIIINX PO3pPsi-
nax (k-Kmod2)/2 oiuHHUIb, PO3ALIEHUX MiX COOOI0 HYJISIMHU, MICIIS SIKMX CIIJYE I11€ OHA OJJHHUIIS, HAPUKIIA/IL:

@7:34(10):01010110(1\4@),
(P10=144(10)=01010101011(M<D)-

Ha nactynuux (k-Kmod2)/2 Taktax mpsiMoi 1iubu OyJie BUKOHYBATHCh PO3IIOBCIO/KCHHS MMEpEHeCeHHs y k-
pO3psim 3a paXyHOK BUKOHaHHs FL- mepeTBopeHHs, K 11e 300pakeHO Ha pUCYHKY 2 i mpukiaxy k=10. To6to,
Ak = (k'kmodz)/z.

144-i1 TakT
145-ii TakT
146-ii TakT
147-i#1 TakT
148-ii TakT
149-ii TakT

[l [ (e} (v} [en]) (@]

(@) (e} (e} (] (@]

(o) (e} i (e} (o] (@]

okl
ook ||k~
ololok|~|-
ololo|o|lo
olololo|-
~—lolol-|lo
Plok|k|lo-
oflklo|-

Pucynok 2 — Ilepenecenns B 10-ii po3psi y pexxuMi npsiMot aiuou

SIK BUZTHO 3 PHCYHKY, IOYMHAIOYN 3 JIECATOTO TAKTy, HA KOXHOMY HAaCTYITHOMY TakTi 3a gormomoror FL-
MIEpETBOPEHHS BiIOYBa€ThCS PO3MOBCIOJDKEHHS IEPEHECEHHS 3 JIBOX CYCIHIX po3psiniB. ToOTO, po3NOBCIOIKEH-
HSl TIEPECHECEHHS Yepe3 JeCATh PO3ps/IiB BUKOHAETHCS 3a II'SITh TaKTiB. Take rmepeHeceHHs MOBHICTIO OOHYIINTD
MOJIO/ILII IECATh PO3PSIiB KOy, OTPUMAHOTO Ha JIeCsITOMy TakTi. [IpoTe, IpoTAroM JaHOTO NepeHeceHHs napa-
JensHO OyJie TaKoX BiOYBaTHCH 30UIBIIEHHS KOAY Y MOJIOJIIIAX PO3psIax B pe3ysIbTaTi MPOIOBKEHHS MPSIMO1
niy6u. [le He BIUTMHE HA PO3MOBCIOKEHHS TIEPEHECEHHs, OCKUTBKHU Take 301IbIIeHHS BiI0yBa€ThCS MOBIIBHIIIIE.
MiiicHo, Ha (k+i)-y Takti B pe3ynprari FL-niepeTBOpeHHs KOMy, OTPUMAHOro Ha K-y TakTi, mepeHeceHHs BinOy-
Ba€ThCS Y 2i-U po3psia, a MepeHECeHHs, OTPUMaHe 32 PaxyHOK IMOJAIBIIOI JIiYOU PO3MOBCIOIKYETHCS B PO3PS 3
HalMEHIIOK Barolo, o Oulblia 4n fopiBHIOE @i OTXKE, Yy PSKUMI NPAMOI JIiYOH, HOYNHAIOYH 3 HYJIA, Teplie
nepeHeceHHs B k-1 po3psia BUHUKHE dyepe3 N1k TakTiB, ge 3HaueHHsS N1k 009HCITIOETHCS 328 (OPMYIIOI0
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N1y = okt (k - kmodz) /2.

HactynHe nepeHeceHHs y 1€l po3ps BUHUKHE yepe3 N2k TakTiB, 1e N2k OOUUCIIOETCS 32 CITIBBITHOIICH-
HSIM

N2k = 2(pk+ (k - kmodz) /2.

OueBHIHO, 10 KUIBKICTh cyciaHiX oaumHuLb d y po3psnax, nmounHatouu 3 (k+1)-ro moBuHHa OyTH Takorlo,
mo6 3a 10 KUTBKICTh TaKTiB B HUX BHUKOHAIWCH BCi MEpeHECeHHS. BpaxoByroun, Mo npu KOKHOMY BHKOHaHHI
FL-epeTBOpeHHSI TIEpEHECEHHS PO3IMOBCIOUKYETHCS Uepe3 JIBa PO3psiau, 3HadeHHsA d MOBHHHO BiOIOBiZaTH
cmiBBiguomeHHo d < 2N2y-1, To6T0

d < 4(Pk+ k - kmodz -1. (6)

Ha pucynky 3 300pa)keHO NpHKJa] MakCUMajbHOI KUIBKOCTI d CyCiHIX OJMHMIL Yy MOJOALIMX PO3psaax
MOYaTKOBOTO Koay mpu k = 1.

ofoj1)12f(1)12f12j12f{0jo 0-i1 TakT
oj1|(o0jOof2]1f1]|]1]0f1 1-# TakT
of1j012f({0jo0f2j12f21]o0 2-i TaKkT
of1(012({0)2f(0j0f21]1 3-i1 TakT
oj1(o0j1fo0|1f{0|1]|]0f1 4-ii TakT

Pucynox 3 — MakcuMaibHa KiJBKICTE CYCIHIX OAMHUIG ¥ MOJIOAIINX PO3pAaax MOYaTKOBOTO Koay mpu k = 1

VY tabmumi 1 ayst pexxuMy mpsiMoi 0y MoAaHo 3HAYCHHS MaKCUMAIbHOT KITBKOCTI d CYCIZHIX OJIHMHHUIIb T10-
YaTKOBOTO KONy JIUMIIbHUKA, TIOUYMHAIOYHN 3 K-r0 po3psiay MpH YMOBI, IO MOJIOJII K po3psiiB TOPIBHIOIOTH HY-
JHO.

Tabmus 1 — MakcuManbHa KiTbKicTh d CYCIIHIX OJWHHIIB TIOYaTKOBOTO KOy, MOYHHAIOYH 3 k-TO po3psmy

mpu (X(0)§ s =0

k Ok d

0 1 3

1 2 6

2 3 9

3 5 21
4 8 35
5 13 55
6 21 89
7 34 141

3HauenHs d, HaBeaeHi y Tabmmii 3.1, BKa3ylOTh HA MAKCUMAIBHO JIOMYCTUMY KUIBKICTh CYCIJTHIX OJMHHIIb,
Bix K-ro 1o (k+d-1)-ro po3psaiB moyaTkoBOro KOAy JiYMIbHHKA OPH YMOBI, IO 3HAYECHHS MOJOIIIKNX K po3ps-
JIB JIOPIBHIOIOTH HYIIO. SIKIIO X y Kk MoJoAmmx po3psiiax 3HaXOJMThCS sKech modaTkoBe 3HadeHHs N(0), To
BpaxoByw0uH (6), d BU3HAYAETHCS 33 BUPA3OM:

d< 4ok + K - Kmodz2 -1- Z(N(O) + N(O)modz)- (7)

e no3Bouste y pesxxumi IpsAMOi J1i90H MepeBipsATH Ha JOMYyCTUMICTh MOYATKOBHH KO JTIYMIbHUKA, TIOYHHATO-
YU 3 MOJIOAMUX po3psaiB. Hampuknan, skmio BctaHOBJIeHO ToyaTkoBuit kox 01111111110110, To BigmoBigHO
10 Bupasy (7) uei Koz € A0mycTUMHUM, OCKUTBKH 171t K = 0 BukoHyeTbhest d =2 < 3, a 171 k = 3 BUKOHY€ETBCS @3 =
5 N(0)=5d=9<4-5+3-1-1-2-(5+1). Ha pucynky 4 300paxxeH0 mpouec IpsMoi JIiuOu, MOYNHAIOYH 3
JAHOTO KOZY.

60



ISSN 1999-9941, “TH®OPMALIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA IH)XKEHEPIA”, 2018, Ne 2

0-it TakT
1-ii TakT
2-# TaKT
3-# TaKkT
4-i1 TakT
5-# TakT
6-i1 TaKT

PRk |r|(|o
NI
o|o|o|o|r|r
o|lo|lo|r| |+
N
ook |||+
ol
===l
S =1 =

Pkl |r|olk|-

I

Ro|lkr|rk|r|r|lo

Ro|lk|r|lolr|o

oO|Oo|o|o|o|o|k

1 1]0 0]1f0 0 010

Pucynox 4 — Po3noBcro/KeHHsI IEPEHECeHHS Y PeXKUMI IPsMOT J1iuou, moyrHarouu 3 koay 01111111110110

3ano3uyeHHs Npu odepHeHii Jiudi B MP-cucremi ynucaeHHs

Pobota y pexumi obepHEHOT 140N MOTpeOye BUKOHAHHS BiJHIMAaHHS OJWHUIN y HAHMOIOAIIOMY pO3pAMI i
3armo3udeHHs 3i crapmux po3psanis. [1ix gac odepreHoi miudbn y M®D-cucteMi ynciieHHs Ha KO)KHOMY TaKTi HaJl
KOJIOM JIIYMIIbHUKA, OTPUMaHKM Ha MONePEeIHbOMY TaKTi, BAKOHYETHCS FR-IiepeTBOpeHHs 1 B HROTO BinHiMa-
€ThCS OAWHHMIS HAHMOJIOAIIOTO PO3PSAY:

X57H(i) = FROXGH(i-1) -1 8

V Bunajxy, sxkmo (FR (XS‘l(i —1)))(23 =100, Take BinHIMaHHS NpHU3BejE N0 3ANO3UYEHHS 3 APYTOro y Hy-

mboBHit po3psi, Hanpuiiax, 1100-1=1010. TIpote, sikiio Ha monepearsomy takti (X (i —l))g =100, To Bin-
noBiaHO 10 (3)

(FROXG (i-1)))5 = (FR, (X3 (i-1)§ =011,

ToMmy B 1[bOMY BUIAJKy Micisi BUKOHaHHS FR-1iepeTBOpeHHs Ha/l KOJOM, OTPUMAHKM Ha MMONEPEAHROMY TaKTI,
BiJTHIMAHHS OJMHUIN BiJl 3HAUCHHs HAMMOJIOAIIOrO PO3PSIY HE MPU3BEIC 0 3al03MYCHHS 3 IPYrOro po3psiy,
HATPHUKIIA],

X3 (i—1) =1100 ,
FL(1100)=FL(1100)=1011,
1011-1=1010.

SIK BUJIHO 3 HABEJCHOTO MPUKIIANY, Michsi BUKOHaHHS K-ro FR-nepeTBOpeHHs Haja KOJOM, OTPHMAaHUM Ha T0-
HEePeAHbOMY TaKTi, HOTO PO3PSAAN Xk-1 T Xk-2 MAIOTh OJIMHHYHI 3HaueHHs. L{e 103BOJIsEe BUKOHYBATH 3aII03HYCH-
Hsl 3 3a3HAYCHHUX PO3PsAIB 0e3 Horo moJasbIIoro po3MoOBCIOLKEHHS Y CTapIli po3psan KOIy, TOOTO, BUKOHYETh-
s pIBHSHHS

FR, (X3 -1) —1= (X (i —D)ps 2 +X§ ().

[Tpn oGepHeHiit 40l 3MEHIICHHS OYAb-SIKOTO PO3psLy KOAY JIIYHIbHUKA, IOYHHAIOYHN 3 JAPYToro, BinOyBa-
€TBCS JIMIIE 332 PaXyHOK BUKOHaHHS FR-TmiepeTBOpeHHs, TOOTO, 3al03MUYeHHS 31 cTapmmx po3psaiB. OueBHaHO,
IO TPH I[bOMY Bara TakMX 3al03W4eHb 3aBXKAM OUIbIA BarW HAMOJOIIIOrO PO3psy, Ha SKY 3MEHIIYEThHCS
3HAYEHHS y JIYMJIbHUKY Ha KO)KHOMY TakTi. TOMy NMpH HasiBHOCTI OJIMHHMIb Y CTapIINX PO3psaax KOAy NaHWUiH
METOJI JIiYO0M He MpU3Be/e M0 NMEPEXOoy y BiJl’eMHE 3HAYSHHS Y MOJOAIMX po3psaax. [Ipore, maHuil BHCHOBOK
MOJKHA 3pOOWTH JINIIIE BiTHOCHO THUX (POPM IMOYATKOBHMX KOJIB JIUMIBHUKA, IO MAIOTh Y CBOIX pPO3psiiax JocTa-
THIO KUTBbKICTh OOUHMIG, Hanpukiam, 0111111111, IcaytoTs Taki ¢hopMH MOYATKOBUX KOMIB, JJIS SIKHMX HEMOX-
JIMBEe KOPEKTHE BUKOHAHHA oOepHeHoi niubu, Hanpukiax, 10000000. OueBuaHO, M0 y I[bOMY BUIAAKY BXKE Ha
MepIIOMY TaKTi 00epHEHOI JIiYOH BiAmoBiHO /10 (8) Mostoqmnid po3psia nepeiize y Bia’eMHe 3HadeHHs. Tomy, K
1 1 IpsAMOi J1i9OH, AJIs1 TAaHOTO BHUITAAKY IIOCTAaE 3a7ada 3HAXOJPKEHHS JOMYyCTUMHUX (OPM MOYATKOBUX KOJIB
JmiuniIbHUKA. J[JIs [bOTO CIIOYATKY BH3HAYMMO OOMEXKEHHS, IO HAKIANAIOThCS Ha KUTBKICTh CYCITHIX HYIIB Y
TaKoMy KOJIi.
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Hexaii y mouatkoBoMy koji JiumibHuka X y Monoauux (k+1) pospsaax mictutees peskuii ko (X 8 -1 ) g ,

d po3psaiB, nounHatoun 3 (k+1)-ro, mopiBHIOIOT HYIIO, a (k+d+1)-if po3psin TakoX DOPIBHIOE OIMHHII, SK II€
300pakeHO Ha PUCYHKY 5.
k+d k+1 Kk 0

[1Jo]. . JoJ1]. [x]

N A )
Y
k+1

a<

Pucynox 5 — Po3ramryBanus cycimHix Hy B y d po3psimax JTiguIsHIKA

TobTo:

K
X=Qyrger + _Zéxi “P; -
i=

Buznaunmo d. OueBuaHO, 110 Uil KOPEKTHOT 00EpHEHOT JIiYOM MoTpiOHO, 00 32 X-(k+d+1 TAKTIB 3aM03HU-
yeHHs 3 (k+d+1)-To po3psmy HOCATIO TPHOX HAUMOIONIIUX PO3psmiB Koxy. Ockimeku 3amo3mueHHI B MO®-
CHCTEMI YHCIICHHS pealli3yeThes 3a 1onoMororw FR-mepeTBOpeHHs, TO Ha KO)KHOMY OKPEMOMY TaKTi JIiYOU BOHO
PO3IOBCIOMIKYETHCS Ha JIBa PO3PSIH, K 11 300pakeHO Ha PUCYHKY 6.

0-i1 TakT
1-if TakT
2-1 TaKT
3-i1 TakT
4-1i TaKkT
5-1i TakT
6-if TakT
7-#1 TakT

NG

Rl |k|k|o|o

N R R = =)=

[l Lol Ll o [ (@]l [ ] [ e)

o|o|o|Rr|Oo|o|o|o

[l |l (o] (o] [e) {a] (o)

OOk |Oo|o|0|O|F

Ol |O|r|Oo|0o|r|o

RO |O|O(F O]

olo|o|o|o|o|r|o
olo|o|o|o|r|o|o
olo|o|o|r|o|o|o
N == R =)

OO0 |0|0|O|F

Pucynox 6 — Po3noBcrokeHHS ITEpEeHECeHHS y PexXiMi 00epHEHO1 J1iuou, mounHaroun 3 koxy 10000000001001

SIK BUZIHO 3 PUCYHKY, JJISL JAHOTO MIPUKJIAAy MMOYAaTKOBOTO KOy Ha IIOCTOMY TaKTi 3aro3u4eHHs 3 13-ro po3-
Py JAOCsrae HalMOJIOMUIO! Tpiagu PO3PSAIiB. A B MOJIOIIIUX PO3PsAAaX MOYaTKOBOro Koy 3 0-ro mo 3-if 3amu-
cano uucio 6. Tomy 3a 6 TakTiB 00EpHEHOI 110U BOHO cTaHe JOpiBHIOBATH Hymo. [IpoTe, 3aBIsIKU 3aro3uye H-
HIO IT0JjaJibIla J1iu0ba Oyje BUKOHYBaTHCh KOPEKTHO, L0 ITOKa3aHO Ha PUCYHKY Y 7-y TaKTi.

OTxe, 1715l KOPEKTHOTO BUKOHAHHSI 0OEPHEHOT JIIu0M NOTPiOHO, 11100 Y MOYaTKOBOMY KO/ KUIBKICTh CYCIIHIX
HymiB d 3 (k+1)-ro (k+d)-i po3psiau Bianosiganza HepiBHOCTI

K
—k+2- 3 (Xj i) mpu (K+d) mog2 =0,

k
1—k+2-_20(xi -@;) mpu (K+d) 042 =1.
i=

Tak camo, sIK 1 B peXXuMi IpsAMOT J1i4OM, BUMOTH 10 MOYATKOBOTO KOJY y PEKHMi 00€pHEHOT 140N MOXKYTh
OyTH JIeTKO BUKOHaHI 3a JIOIIOMOTO BiANOBiAHOTO F-11epeTBOpeHH .
[IpoBeneHi TeOpeTHYHI TOCHTIPKEHHS [IEPEHECEHHS y PeKUMaXx MpsiMoi Ta 00epHEHOI JIUOH J103BOJISIIOTH PO-
3pOOUTH CTPYKTYPHY OpraHi3alilo MBHIKOIFOYUX JIYWIEHUKIB y M®-cucTeMi yucIeHHs.
BucHoBknu
1. [JocriimkeHo BIacTHBOCTI Moau(ikoBaHOi (piGOHAUUIEBOI CHCTEMH YHCIICHHS 1 omucaHo (piboHaudieBi
MEPEeTBOPEHHS KOMIB, [0 MOXYTh BUKOPHUCTOBYBATUCH IPH JiU0i SK MEPEHECEHHS 1 3aTI03MYESHHS 3 MAJIOIO JI0B-
JKHHOIO PO3TOBCIO/KEHHS.
2. BusHaueHO 0OMEXEHHSI, 110 HAKJIAMAIOThCA Ha (POPMHU ITOYATKOBHX KOIB Y PEKUMax IMpsMOi Ta obe-
PHEHOT J1iu0H.
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3. OOrpyHTroBaHO, 110 NPU JAOTPUMaHHI 0OOMEXeHb Ha (JOPMH MOYATKOBHUX KOJIB BUKOpHCTaHHS (ibo-
HaYy4i€BUX MEPETBOPEHb Ul BUKOHAHHS MEPEHECCHHs 1 3al0o3MYeHHs J103BoJIsie OyyBaTH IIBUAKOJIIOYI JiYH-
JBHUKH, B SIKHX Ha KO)KHOMY TaKTi IEPEHECEHHs PO3NOBCIOKYEThCS HE Nall, HiXK Ha TPH PO3PSIIH.

4. BukopucraHHS Takux JiumwibHUKIB y DDS-crcTemMax 103BOTUTH 3MEHIINUTH BIUIHB "TIITUIB".

Cnucok airepatypu

[1] Olexiy D. Azarov; Olexander G. Murashchenko, Olexander I. Chernyak, Andrzej Smolarz and Gulzhan
Kashaganova "Method of glitch reduction in DAC with weight redundancy ", Proc. SPIE 9816, Optical Fibers
and  Their  Applications 2015, 98161T  (December 18, 2015);  doi:10.1117/12.2229045;
http://dx.doi.org/10.1117/12.2229045.

[2] O. A. Azapos, O. L. Uepnsk, “Meton moOymoBH IMBHAKOAIOUKX (iOOHAYUIEBUX JTiYUIBHUKIB” [Ipo-
bnemu ingpopmamuszayii ma ynpaeninns Ne2(46), c. 5-8, 2014.

[3] O. [. Azapos, Ta O. L. UepHsik, «Bu3HaueHHs TOBKUHU NEPESHECCHHs MIPU 0JaBaHHI B CHCTEMaX YHC-
JICHHSI 3 QJINTHBHUMH Ta MYJIBTHIUIIKATUBHUMH CIIIBBIIHOIIEHHSIMH MK Baramu pospsiuiB» Haykosi npayi J{o-
HeybKo20 HAYIOHANbHO20 MmexHiuHo20 YHieepcumemy. Cepia: Obyucio8anvbHa mexHika ma asmomamu3sayis,
Bumryck 74, c. 401-407, 2004.

[4] O. A. Azapos, ta O. 1. Uepnsik, «CTpyKTypHa OopraHizaiis moGiTOBOro MHOKEHHS 1 JIICHHS KOJIB 30-
noroi mponopuii» IIpobremu inpopmamusayii ma ynpasninna, Bun. 3(21), c¢. 5-13, 2007.

[5] O. [. Azapos, ta O. 1. Uepnsik, «Po3psiHICTs MPUCTPOIB MOPO3PSAHOTO JoAaBaHHsS B AM-cucremax
yucieHHs,» Haykosi npayi Binnuybko2co HayionanbHozo mexniuno2o yHieepcumemy, |EnextpoHHuil pecypc]
Ne 4, 2010. Pexxum noctymy : http://praci.vntu.edu.ua/index.php/praci/article/view/233.

[6] O. M. Azapos, ta O. I. YUepnsk, «CTpyKkTypHa oprauizaiiis moGiTOBOro A0JaBaHHS 1 BiIHIMAaHHS KOIiB
30510701 1-TIporopiii 3 ypaxyBaHHAM 3HaKiB,» [Hopmayitini mexnonozii ma komn iomepua indgcenepis, Ne 3(22),
c. 13-16, 2011.

[7] O. . Azapos, ta O. L. YUepHsik, «AHani3 BUTpaT 00JIaJHAHHS IPUCTPOIB MOGITOBOT apru)METHKU y CH-
CTEeMI YHUCIICHHS 30J10T01 1-mpornopitil,» Ilpobaemu ingpopmamuszayii ma ynpaeninus, Kuis: HAY, Ne 2(38), ¢. 5-
9, 2012.

[8] O. A. Azapos, O. 1. Uepusik, l[losnoghyurxyionanvua nobimosa nomoxkoga apupmemura 3i 3MeHUEHUMU
sumpamamu obraonanns, Binannsg Ykpaina: BHTY, 2013, 200c.

[9] O. [. Azapos, Ta O. 1. Uepusik «OOMe)eHHS aIMTUBHUX CITiBBIJHOIICHD [TPU MOPO3PSAHIN MOTOKOBIM
06po611i B AM-cucteMax ducieHHs,» Ihghopmayiini mexnonozii ma xomn'tomepna inocenepis. Ne 3(31), c. 67-
71, 2014.

[10] O. . Aszapos, O. 1. Yepnsik, ta O. I'. Mypaienko, «ITopo3psane noaaBanas B AM-cucremax 4mc-
JIEHHS. Ha OCHOBI QJUTHBHUX MEPETBOPEHD,» [Ipobnemu ingopmamuzayii ma ynpaeninus. Ne 1(45), c. 14-21,
2014.

[11] O. [. Azapos, O. 1. Uepnsik, ta O. I'. Mypamieuko, «[Hhopmariiini aciekTr 1i46u y MoandikoBaHii
(hiboHauuieBii cucTeMi YnCIeHHs,» [Hpopmayitni mexnono2ii ma komn'tomepna indcenepin. Ne 1(38). - c. 48-
52, 2017.

Crarra Haaiima: 28.08.2018.

Binomocri npo aBTOpiB

AzapoB Ouexkciii JmuTpoBud, xa.T.H., npodecop, AekaH ¢akynbTeTy iHQOPMAIIHAX TEXHOJOTIH Ta
KOMIT'FOTepHOi iHkeHepii BiHHHIIPKOTO HAMiOHANBFHOTO TEXHIYHOTO YHIBEPCHTETY, 3aCIy)KCHHI NpaIliBHUK
OCBiTH YKpaiHu.

Yepusak Onexcanap IBaHoBHY, K.T.H., TOICHT KadeaApH 00UUCITIOBATBHOI TEXHIKH BiHHHAIIBKOTO HAI[iOHANBHO-
TO TEXHIYHOTO YHIBEPCHUTETY.

Mypamenko Onexcanap I'ennaaiiioBuy, imxenep TOB "Bin-Intepaktus"; anpeca: 21021 m. Binnuts.

0. D. Azarov?, O. I. Chernyak?!, O. G. Muraschenko*

THE TRANSFER AND BORROWING METHODS IN FAST
FIBONACCI COUNTERS

Vinnitsa National Technical University

63



ISSN 1999-9941, “IHOOPMAL[IIHI TEXHOJIOI'Ll TA KOMIT'HOTEPHA IHXEHEPIS”, 2018, Ne 2

10 BITIOMA ABTOPIB

Haitnosimi npaBuia odopMIiIeHHS i1 TOAaHHS cTaTel 3HAXOJAThCS Ha CalTi )KypHaTy
http://itce.vntu.edu.ua/

64



