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3arajibHi  eKCIulyaTauiiHi BHUTpaTH Ha IEPEBE3CHH:I
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AHAJII3 NIXOAIB 10 ONMTUMI3ALIT
3ABAJIOCTIMKHAX KOJIIB

Y cydacHUX TEJICKOMYHIKAalliIHHUX CUCTEMax
iHpopMallisl, SK TPAaBHUIO, MEPEHAETHCI B LUPPOBOMY
BuAi U 00pobnserhes 1mdpoBuMHu Meromamu. llpm
IIbOMY Ba)KJIMBY POJb BilirparoTh METOOW KONYBaHHS
indopMarii. ['oMOBHOIO METOI KOAYBaHHS € mepenada
JIOCTOBIPHOT iH(pOpMAaTIIii. Ipu nepenaBaHHi
NOBiTOMIICHHS ~ OCHOBHa  3ajada,  IepelaBaHHS
iHpopMamii i3 3aJaHUMM BIPHICTIO I IIBHIKICTIO
NepelaBaHHs, alieé B  pEalbHHX  IOBiTOMIICHHSX
TMiIBUINCHHS IOBUAKOCTI TepeAaBaHHs iH(opMarrii
TIPUBOIUTE 10 3HIKCHHS 3aBaJIOCTIKOCTI ¥ BipHOCTL
nepenasasHs [1,2].

Bukonano amamis HAsBHUX  METOMIB
3aBajiocTiiikoro komyBaHHs. [IpoBeeHO monryk MeToaiB
OIITUMI3aLi1 3aBaJOCTIHKUX KOJiB it &1

TENEKOMYHIKAIIHHIX CHUCTeM. BHUKOpHUCTaHHSA METOIIB
onTUMi3amii 3aBaOCTIMKMX KOMIB JNAIOTh 3MOTY
po3mIMpeHHsT 0e3MpOBONOBHX 3acO0iB  IepenaBaHHS
inpopmaii. [Ifo B cBow Yepry H03BOJISIE TEpeaaBaTH
O1ITBII TOCTOBIPHY 1H(QOPMAIIIFO.
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CHUHTE3 YACOBUX ABTOMATIB 3
ONPELIITHUM NEPETBOPEHHSIM
KOJY CTAH

AxTyanpHa HayKoBa TIipo0ieMa po3poOKU
METO/IIB, CIIPSIMOBAHMX HA 3HW)KCHHS arapaTHUX BUTPAT
y JIOTiYHIA CXeMi KIiHIIEBOTO aBTOMAaTa, BHPIIIYETHCS
ODIAXOM — ajanTaiii CXeMH KIiHIEBOrO  aBTOMAaTa
(KIHIICBOTO aBTOMATA) JIO XaPaKTEPHUCTHK PEai30BaHOTO
anroputMy KepyBaHHs. O0'€KTOM JOCIIKEHHS TIPOIEC
onTUMi3aiii CXeM KIHICBUX aBTOMATiB. [Ipemmerom
JIOCIIJDKEHHSI € MOJIeJIi Ta METOAM CHHTE3y KiHIIEBHX
aBTOMATIB, CIIPSIMOBAHI Ha 3HW)KEHHS arapaTHUX BUTPAT
y cxemi MamuHu. JIOCHUKEHHS 3acHOBaHE Ha
CHCTEeMaTHYHOMY  aHali3l  pe3ylbTaTiB  Cy4acHHX
TEOPETHYHMX Ta MPUKIATHAX PO3POOOK BITUN3HIHUX Ta
3apyODKHHUX BYEHUX Yy Tajy3l HU(POBHX MPHUCTPOIB
yrpapniHHsa. TeopeTnvyHa HOBU3HA BiPI3HAETHCA THM,
10 3alpoIOHOBAaHMA METON BHOOPY KOHCTAaHT B
omeparisx MepexofiB poOOYMX CTaHIB Ha OCHOBI
BU3HAYHKMKA MaTpuil [1].

TlpakTiuHa HOBH3HA TOMNSIra€ B peamizallii B
Quartus TOBEHIHKOBUM METOJOM, 13 3aMIiHOIO JIOTIKH
HACTYITHOTO CTaHy Ta JIOTIKM BHXOAY MPOIECOM, IO
pealizye YMOBHI TIEpEXOI 3TiHO 3 PO3paXxOBaHUMHU
paHime apugMETHIHUME OIEPAIlisIMH, SKi TOB'S3YIOTh
MDK CcO0OI CYCiHI CTaHH-BEPIIMHU Tpad-cxeMu
ANTOPUTMY.

v 3B'SI3KY 3 IHTeNeKTYyai3ali€ero
BUMIipIOBAILHOT TEXHIKH 3MIHIOETHCS €leMeHTHa 0a3a Ta
PO3IIMPIOIOTECS MEXi 3HaHb 1H)XKEHEePiB-METpOJIOTiB.
Hampuknan, npu  TpOeKTYBaHHI — MUIOTQXHHUX — Ta
HaBiraiiHuX cucreM iH(opMamiifHO-BUMIipIOBANbHI
CHCTEMH BHMAaraloTh BEJIHKOr0 00csAry OOYMCIIEHb Ta
npoxyktuBHOCTi. CydacHa eJeMeHTHa Oasa Jyxe
pi3HOMaHITHa. e MiKpOKOHTpOJIEepH Ta
MIKpOKOMIT'IOTEPH,  TPOMHUCIOBI  KOHTpOJEpPH  Ta
nporpamoBani Joriuni Matpumi (ITJIIC). Ls momosiap
npucBsigeHa po3BUTKy Teopii [LJIIC.

Panime mo mosBu IUIIC Bxe icHyBasn
MPUCTPOI YIPaBIiHHA SK KiHIIEBUX aBTOMATiB. Teopis
KIHIIEBOI'O aBTOMAaTra IOJNATaE B TaONMUI[ NepexoiB,
Jiarpami CTaHiB 3 BEpIIMHAMU CTaHIB, JUIS MiHiMi3amii
JoriyHnX (YHKIiH BUKOPUCTOBYIOTHCS KapTu KapHo. 3
nosisoto [1JIIC npuctpoi ynpasiiHHS 30eperiii Teopito,
iX mnpocTo TmoyaNM peasli3oByBaTH MOBaMH  OIUCY
anaparypuy VHDL na IUIIC numu TeopeTHYHUMU
Merogamu. OueBWIHO, 1[0 3MEHIIEHHS KUIBKOCTI
CJIEMCHTIB CIPSMOBAHEC HA MiJBUIICHHS HAJIHHOCTI Ta
3HIKEHHSI BUTPAT HAa NMPOJYKIiI0. 3MEHIIUTH KUIBKICTh
JIOTIYHUX  €JIEMCHTIB MOXKHA 32  JIOIIOMOTOIO
KOMITO3MIIIMHNX ~ MIKPONPOrpaMHKUX IpUCTPOiB  [2].
[puctpiit KOMITO3HIIITHOTO MIKpOIPOrpaMHOTO
YIpaBIiHHSA MO0YI0BAHO 3 BAKOPUCTAHHAM CTPYKTYPHOL
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KOMIIO3HIIiT KIHIIEBOrO aBTOMATa Ta MiKPOITPOrPaMHOr0
yrpaBiiHHs. BiiMIHHICTb B1JI MIKPOIIPOIPaMHOI'O OJIOKY
YIpaBJIiHHA Ha Kpalle 33 PaXyHOK BiJICYyTHOCTI YMOBHHX
i Oe3yMOBHHX T[EPEXOiB, ajie € W HEIOIKH.
Kommosumiiinuit MikponporpaMHuii OJOK KepyBaHHS
e(heKTUBHHUN IS JiHIHHOI Tpad-CXEeMH aITOPUTMY, IO
MICTUTh He MeHme 75% onepaTopHHX BEpIIUH Bif
3aralbHOi KUTBKOCTI BEpIIHH.

[Migxin mo noOymoBu GYyHKIII TEepexoiiB
MiKpOMPOrpaMHOro aBTOMAaTa 3yMOBHB TaKi MPUHIUITH
[3]: 1. CTpykTypHi KOAM CTaHiB Ta BXIJAHUX CHUTHAIIB
OTPUMYIOTh JICIKY IHTEpIpeTaliio CcKalsipHy abo
BCKTOPHY, Ha OCHOBI $KOI JUIsi CTAaHIB Ta BXIJHHX
CUTHAJIB (QOPMYIOTHCS CIICIiaiibHI MPOMIXHI KOAM. 2.
ITpn BUKOpHCTaHHI KOJIIB IPOMIXKHOTO CTaHy Ta BX1THUX
CUTHAJIB  aBTOMATH4YHWI  mepexif (MepeTBOpPEHH:
MOTOYHOTO KOAY CTaHy Ha KOJ HACTYIHOTO CTaHY)
PO3IJIANAETECA K BHMKOHAHHA  JEsKOl  omeparis
(omeparrist IepexoiB) HaJ KOAOM TOTOYHOTO CTaHy Ta
KOIOM BXifgHOro curHamy. 3. Ha Oe3mniui mepexopmiB
aBToMaTra BHIIUIAETHCS MIAMHOKMHA, KOTPid  BCi
MePEexX O/l PEali3yloThCs 3 TOMOMOroK OMHIET omeparrii
MepexoliB, BU3HAYCHOI HAOOpPax KOMIB IMPOMIXKHOTO
cTaHy 1 BXimHUX cHrHaNiB. 4. CTpyKTypHa peamizaiis
oreparii mepexoy € JIOTIYHOI CXEMOIO, SIKa TO3BOJISIE
BHUKOHYBAaTH IIEPETBOPEHHS CTPYKTYPHHUX KOJIIB CTaHIB i
BXIHUX  CHTHAJIB, CKBIBaJCHTHE TIEPETBOPCHHA
BIIMIOBITHAX KOIIB TPOMDKHOTO CTaHy 1 BXIiTHHX
CUTHAJIIB 3 BUKOPHCTAHHAM ITi€l omepariii mepexomny. 5.
V 3aranpHOMY BHIAJKY iCHYE KilTbKa HAOOPiB IepexomiB
MiZIMHOKMH aBTOMATiB, Y KO)KHOMY 3 SIKUX: CTPYKTYpHIi
KOIU CTaHIB Ta BXiJHI CHIHAIM IHTEPIPETYIOTHCA
He3aJIeKHO BiJ| IHIINX MIIMHOXHH TTIePEX0/1iB; IPOMIXKHI
KOJIU CTaHIB Ta BXiIHI CUTHAIN ()OPMYIOThCS HE3aIEKHO
Bil IHIIMX MIAMHOXWH TIEPEXOMiB; BCi IEPEXOIH
peai3yloTbcsl 'y BHIJINI OJHI€l omepamii Mmepexomis,
BU3HAYEHNX Ha0opaxX KOAIB NPOMDKHUX CTaHIB i
BXI/IHUX CUT'Ha/ax IMUX ITiIMHOXWH [IEPEX0IiB; allapaTHi
BUTPAaTH B JIOTIYHIN CXeMi, IO peasizye Omepariro
Mepexo/IiB, He 3aexarh (a00 He3HAYHO 3aJekKaTh) BiJl
KUTBKOCTI TepexoiiB y [pOMY MiAMHOXHHI. 6.
Ilepexonu, 1O HE HAJKATh JKOIHOMY 3 YTBOPEHHX
TTiIMHOXKHH, Peali3yl0ThCsl KAHOHIYHUM YHHOM 3TiHO 3
cucreMoro OyneBux piBHAHB. 7. CTpYKTypHHU CHHTE3
aBTOMaTa MOXJIMBHH JIMINE y pa3i YHIKAJILHOCTI KOJIB
CTPYKTYPHOI'O CTaHY Ta BXiJIHUX CHI'HAJIIB.

i nmpuHIMIM GopMyIOIOTBCS 32 JIONIOMOT 00
MaTEeMaTH4HOr'0 anapary Teopii yHiBepcalbHUX anreop,
3TiIHO 3 SKAM MeXaHi3M pealtizalii aBTOMaTHYHHX
Nepexo/liB IPYHTYEThCSl Ha CIIElialbHId 1HTeprperali
Ta 00poOLi CTPYKTYpHHMX KOJIB CTaHIB Ta BXIJIHHX
CUTHAJIIB, NPEACTABJICHUX IMPOMDKHOI  ajiredporo
nepexoziB. OCKUIbKM B TPOMDKHIA anredpi posb
MepeTBOpIOBaYa KOIy CTaHy BHUKOHYE OJIHA OIlepais,
e MAXi Ha3BEeMO MPUHIMIOM  OMEpaliifHOro
MepeTBOPEeHHS Koy cTaHy. Llei mpuHIKI BiApi3HAETHCS

BiJl KJIACHYHOT'O IMIXOAY, Y SIKOMY BUKOPHCTOBYIOTHCS
NpaBwiIa IEPETBOPSHHS KOMIB CTaHIB 1 BXIJHHX
CHTHAJIB, SIKI 3aJIOKHUTh BiJl 1X KOHKPETHUX 3HAYCHb.
Peamizamiro mepexiguoi  ¢yHKuii  MikpomporpaMu
BIATMOBITHO JI0 IPHHIMITY OIIEPALiifHOr0 MepeTBOPCHHS
KOMIB CTaHIB HAa3UBAIOTh OIEPAIlifHOI0 peai3amieio
nepexigHoi GyHKii [4].

TeoperuyHa  HOBH3HA  3alPOIIOHOBAHOT'O
MiIXOMY BIAPI3HAETBCS THM, IO 3alPOIMIOHOBAHWHA
croci6 BUOOpY B orepartisx mepexoAiB podbodoro cTany
KOHCTaHT, KPaTHHX BW3HAYHUKY MaTpuii. [IpakTudna
HOBH3HA TIOJsIrae B pearnizaiii B Quartus noBeIiHKOBUM
METOJIOM, 13 3aMIiHOI0 JIOTIKM HACTYITHOTO CTaHy Ta
JIOTIKM BUXOAY TPOIIECY, 110 peali3ye YMOBHI MEPeXou
3TiIHO 3 PO3paxOBaHUMM paHilie apuOMETHIHUMHU
omnepaLisiMy, AKi OB'A3yI0Th MiX COOO0I0 CyCiAHI CTaHU-
BepIINHN rpad-cxeMu anroputMmy. llepcnexTrBoro
JOCII/DKEHHST € CTPYKTYpHHHM Miaxix y peainizamil
NporpamMHO-aliapaTHUX THMYAacOBUX aBTOMATIB 13
OmepaIiifHIM MEPETBOPEHHIM KOJIIB CTaHIB.
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METOAN JIATHOCTHUKH
PEKOH®IT'YPOBAHUX IIU®POBUX
CUCTEM
AxTyanpHiCTh JOCHiKEeHHA. B manmii wac

HIAPOKO BUKOPUCTOBYIOTHCS JOCUTH €(heKTUBHI METO.IH,
MOJEII Ta CHOCOOM OIIHKM SKOCTI IIPOrPamMHOro
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