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E®EKTUBHICTb OAUHUYHOI'O KOJAYBAHHA JAHUX

BinanMIBKWIT HAITIOHATHHIN TEXHIYHUHA YHIBEpCUTET, BiHHUTISA

AwnoTtaniss. B poGoti npoBeneHo aHaii3 peajizaliifHUX BIACTHBOCTEH OIMHUYHUX KOMIB SK albTEPHATHBHUX 10 KIACHYHHX [BIHKOBHX.
IMoka3aHa MOXJIMBICTH (POPMYBAHHS JIOTIKO-4aCOBOTO KOAY, SIKHIl € CUMOi1030M /IBOX BIJIOMUX OJMHMUYHHUX KOAIB: OMHHYHOIO HOPMAJIBHOTO
Ta OJMHHYHOTO MO3MIIHHOrO (MapKyBajgbHOro) Koxy. Lle 103Boisie 3a0e3MmednTH NPUCKOPEHHIl IPUHINUI 3amucy iHpopMamii Ta MEHILy
eHeproeMHicTh TpH ii 30epexenHi. HaBeeHo aHamiTHYHI BUPa3H 1/ pO3PAXyHKY anapaTHUX Ta YaCOBHX BHTPAT PH KOHKPETHIN peasizamii
OJIMHUYHOTO KOJYBAaHHS JaHUX Ha 3CYBHOMY PEriCTpi Ta ABIMKOBOMY JIUMIBHUKY 3 AemmdparopoM. Came BicyTHicTh gemudpanii cop-
MOBAHHX JaHUX T0TpeOye 30iIbIIeHHs KiIbKOCTI 38 s3KiB y cxemax B N / ]|Og2 N [ pasiB. Illupoke 3acTOCyBaHHS MPOrPaMOBAHHX JIOTi-
gHux IC no3Bomsie ycyHyTH mi0 mpo06ieMy IPH KOMIAKTHOMY PO3MIIEHHI IPUCTPOIB 3 OAMHUYHUM KoxyBaHHAM y Mikpocxemi IUIIC. Lle
J1a€ MOKJIMBICTh BUKOPUCTOBYBATH OJMHHUYHI KOJH SIK AIbTEPHATHBY ABIMKOBHM KOZaM IPH Iepefadi TaHUX, a TAKOXK y ASSIKUX THIAX [PH-
CTpOIB KepyBaHHs MY KOIyBaHHI iX CTaHIB i y 3amaM’sTOBYIOYHX MPUCTPOSIX MPH ajapecauii X BMicTy. Sk mpukiaj, moka3aHo e(eKTHB-
HICTh BUKOPHCTaHHS OAMHUYHUX KOJIB [UI1 KOZYBAaHHS CTaHIB MIKPOIIPOrPAaMHMX aBTOMATIB, IO AOCSTAETHCS BiJHOCHO IPOCTOTOK KOM-
OiHALiHUX CXeM Ta BiJICYTHICTIO HEOOXiTHOCTI AEeKOXyBaHHS KOXOBUX KOMOIHAIH CTaHIB aBTOMATA.

Knio4osi c1oBa: oquHIYHHI Ko/, epeKTHBHICTb KOAYBAHHS, KOAYBAHHS CTaHiB, MIKpONIPOrpaMHHUii aBTOMAT.

Aunotanusi. B paGore npoBesieH aHAIM3 pealM3alMOHHBIX CBOWCTB €IMHUYHBIX KOJOB KaK aJbTEPHATUBHBIX KIACCHYCCKHM JBOUYHBIM.
TlokaszaHa BO3MOXHOCTH ()OPMHPOBAHHS JIOTHKO-BPEMEHHOTO KOJIa, KOTOPBIH SABJISETCS CHMOMO30M JIBYX M3BECTHBIX €IHHHYHBIX KOJIOB!
€/IMHUYHOTO HOPMAJIbHOTO M E€JUHUYHOIO IMO3UIIMOHHOTO (MapKHUPOBOYHOIO) KOZAA. DTO IMO3BOJISET O00ECHEYUTh YCKOPEHHbIH MPUHILIMUII
3anucy HHQOPMALUK M MEHBIIYI0 SHEPrOEMKOCTb IIPU €€ COXpaHeHHH. [IpHBeICHBI aHAIMTHYECKIE BBIPAXKCHHS [T pacyeTa alapaTHbIX 1
BPEMEHHBIX 3aTpaT MPH KOHKPETHOM pealn3aliy eHHAYHOr0 KOJAUPOBAaHMUs JaHHBIX Ha CABHTOBOM PETHCTPE M IBOMYHOM CUCTUHKE C JIe-
mupparopoM. MMeHHo oTcyrcTBue aemudpaiyy cHOPMHUPOBAHHBIX JAHHBIX BBI3BIBACT YBEIMYCHHE KOJIMYECTBA CBA3CH B CXeMaxX B

N / ]|ng N[ pa3. Illupokoe npumMeHeHne nporpaMMupyeMbix Jiorndeckux VC mo3BoisieT yCTpaHuTh 3Ty HpoOJieMy NpH KOMIIAKTHOM

pa3MEIIEeHUH YCTPOUCTB ¢ eUHUYHBIM KoxupoBaHueM B Mukpocxeme [IJIMC. D1o naer BO3MOXKHOCTh MCIOJIB30BATh €AMHUYHBIC KOJBI B
Ka4yecTBE aJbTEPHATHUBBI JBOMYHBIM KOJIAM IIPH NEpe/laue AaHHBIX, a TAK)Ke B HEKOTOPBIX TUIAX YCTPOWCTB YIPABICHUS IPU KOAUPOBAHUU
HUX COCTOSIHUI M B 3alIOMHUHAKOIINX yCTpOﬁCTBaX IIpu agpecaliiu UX COACpKaHUs. B kauectBe npuMepa ImokasaHa 3(13(1:)6KTI/IBHOCTI> HCIIOJIb-
30BaHUA €AMHUYHBIX KOIOB IA KOAUPOBAHUA COCTOSIHUI MHUKPOIIPOIrPaMMHBIX aBTOMAaTOB, YTO JOCTUIACTCA OTHOCHUTEIBHOMI HpOCTOTOPI
KOMOMHALIMOHHBIX CXEM U OTCYTCTBUEM HEOOXOAMMOCTHU JICKOAMPOBAHUS KOJOBBIX KOMOMHALIMI COCTOSIHUI aBTOMATA.

KarwoueBsble ci1oBa: e}ll/ll{l/l'ﬂ{blﬁ Ko, 3q)(l)eKTl/lBHOCTl> KOJUpPOBaHHuA, KOAUPOBaHue COCTOﬂHﬂﬁ, MHKPOI’[pOl’paMMHLIﬁ aBTOMaAT.
Abstract. The paper analyzes the implementation properties of unit codes as alternatives to classical binary ones. The possibility of forming
a logical-temporal code, which is a symbiosis of two known unit codes: a unit normal and a unit positional (marking) code, is shown. This
allows you to provide accelerated principle of recording information and less energy-intensive while storing it. Analytical expressions for
calculation of hardware and time expenses at concrete realization of unit data encoding on the shift register and the binary counter with the
decoder are resulted. It is the lack of decryption of the generated data that requires increasing the number of connections in the schemes in

N/]Iog2 N [ times. The widespread use of FPGAs eliminates this problem with the compact placement of unit-coded devices in the FPGA

chip. This makes it possible to use unit codes as an alternative to binary codes in data transmission, as well as in some types of control devic-
es when encoding their states and in storage devices when addressing their contents. As an example, the efficiency of using unit codes for
encoding the states of microprogram automata is shown, which is achieved by the low complexity of combinational circuits and the absence
of the need to decode the code combinations of automaton states.
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Beryn

TpuHIUIIM MAIIMHHOTO KOTyBaHHS YHCI0BOT iH(QOpMAITii BiAIrpatoTh 3HAUHY POJIb Y 3a0€3MEUYCHHI BaXKIIHU-
BUX XapaKTEPUCTHK KOMII'IOTEPHUX 3ac00iB, a came, MIBUIKOJII0, HAaAIWHICTh, KOHTPOJIE3aTHICTh, BapTICTh,
tomo [1-3]. EdexTuBHiCTS Oyab-sKOi CUCTEMH YHCIIEHHS MOKHA OI[IHUTH, BPaxXxOBYIOUHM TaKi MOKA3HHKH, K
CKJIaHICTD aNTOPUTMIB IIEPETBOPECHHS MPH MPHUHOMI JaHUX Ta BUAAYl Pe3yJIbTaTiB, CKIAHICTD ITOJAHHS YHCEI,
CKJIaHICTP Ta MIBUAKOIS MPUCTPOIB JJIs BAKOHAHHS apr(pMETUIHUX Ta IHITUX THUIIOBUX OIMEpaliil HaJl YUCIaMU
[4, 5]

Mertoro naHoi poOOTH € BH3HAYCHHS €(DEKTUBHOCTI OJHOTO 3 BAPIaHTIB aJbTEPHATUBHOIO KOJIYBAHHS YHC-
J0BO1 iH(OpMaIlii, a caMe OJJUHIIHOTO KOJYBaHHS 3 BpaXyBaHHSM allapaTHUX Ta YaCOBUX BHTpAT.

IMocranoBka 3axaui

VY po6orax [6, 7] neTansHO PO3MIIAHYTO JABa PI3HOBHAM OJMHHYHOTO KOJYBaHHS JUIS JIOTIKO-4acoBOi 00po-
OKH JecATKOBOI iHpoOpMaIlii: OMUHUYHANA HOPMAILHUN Ta OJMWHUYHHUNA MO3UIIHHUEN (MapKyBaJbHUHN) Ko, B pe-
3yJbTATi AOCHTIKEHHS 000X KOJIIB M0 0a30BUM KPHUTEPIisM, a caMme 3a MIBUAKOIEI0, EHEPTOEMHICTIO Ta 3aBaJ0C-
TIWKICTIO OyJIO 3alpONOHOBAHO HOBWM KOJ, IO € iX cuMOio30oM. BiH oTprMaB Ha3By JIOTiKO-4aCOBOTO KOy
(JTYK), ockinbku OyB TpU3HAYCHHIA JJIs BAKOPUCTAHHS y crieruivHOMY OfHOpiaHOMY cepenoBuiti [6-8]. Bpa-
XOBYIOYH, IO MIPHUHITUII 3aIUCY JAHUX 3 BUKOPUCTAHHAM OJJMHIYHOTO HOPMAaJIBHOTO KOJY € OLTBIN MIBUAKICHUM,
a 3 BUKOPHCTAHHSM IMO3UIIITHOrO KOy — HaliMeHII eHeproeMHnM, To JIUK BUABHBCS 30pi€eHTOBaHMM Ha MAKCH-
MaJIbHO MOXIIMBY CXEMOTEXHIUHY LIBHIKOIIO NpH 3amuci iHdopMmanii Ta MiHIMaJIbHO MOXIIMBY IOTYXHICTH
npu 1i 30epesxenHi. [TopiBHAHHS 3a IMMH MMOKa3HUKaMU BUKOHYBAJIOCh CEPEl IBOX HABEAECHUX OAMHUYHMX KOJIIB
[6-8].
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Oco0MHBICTh ABOX PI3HOBHAIB OJUHUYHUX KOAIB TAKOXK JETAIBHO PO3MIAHYTO ¥ pobotax [9, 10] ix dyHk-
I[IOHATBHI MOXIIMBOCTI Ta Kiacu(ikailito 3a 6azoBumu o3Hakami [11] HaBeneHo y poboTax [12, 13].
OCKiNbKY ONMHIYHI KOIH 0YJ10 3alIpOTIOHOBAHO IS IIOAAaHHS IECATKOBOI iHpopmaii [6—9], To qopeuHo mi

KOJIM IPEACTABUTH Y BUTJIAII MATPHII KOJTYBaHHS DP po3mipHicTio ' XN, 1€ I — OCHOBa CHCTEMH YUCICHHS, a

N — KUIBKICTh JABIMKOBUX pO3psTiB. Y Mid MaTpUIl PSOKKA MPEACTABISIOTh KOMU JAECATKOBUX HUD

g € {0, e 9} , a CTOBOII Bi/NOBIAIOTH JIBiIKOBUM po3psamaM | € {0, . .,9} KOXKHOTO Koxy uudpu 8 [14].
TakuM YHHOM, MATPHUISI KOYBaHHS JJIsI OJUHUYHOTO HOPMAIBHOTO KOJY Ma€ BUTJISII:

100000000O00O
010000000O00D
0110000000
0111000000

0 |01 11100000

DL - , )
0111110000
0111111000
0111111100
0111111110
011111111 1]

a U OMMHUYHOTO MO3HMIIHHOTO KOy BUTIIS:

10000000 0 O]
010000000O0TQD
0010000000
000100000O00D
0 |0000100000
DL - , @)
0000010000
0000001000
0000000100
000000O0O0O0T10Q0
0000O0O0O0O OO0 1]

10 . . N
Sk BuAHO 3 HaBeaeHuX Matpuub koxysanus Djg (1) i(2), w1s npeacTaBneHHs KOXKHOT AeCSTKOBOT Ludpy
8; BUKOPHCTOBYETHCS MaKCUMAaJbHA KiIBKICTh ABiKOBUX po3pazis N = 10.

Oco0auBocTi peanizanii oIMHUYHUX KOAIB

AmnaparHa peainizauis OyJab-IK0i HEJBIIIKOBOI CHCTEMH YHCIICHHS, 30KpeMa JECSTKOBOi, BUKOHYETHCS 3a
YMOBH BUKOPUCTaHHS CXeM 3 OaraTo3Ha4HUM ToJaHHsAM iHhopmaii [15].

OxHUM 3 IPUKITAJiB TaKUX Oararo3HaYHUX (YHKIIOHATBHUX €IEMEHTIB, 30PIEHTOBAHNX Ha OJWHUYHE KO-
JyBaHHS YHMCIOBOI iHpopmarii, € 6baraTodyHKIiOHATRHI MOAyMTi [6—8, 16], ki HEe 3aMiHIOIOTH JBIHKOBI eleMeH-
TH, a PO3IMIHPIOIOTH 00JIaCTh amapaTHoi peasizarlii crernudigHOro OMMHIIHOTO KOyBaHHS YHCIIOBOI iHpOopMaii.

Pa3zom 3 TiM, 3a cBOiMH (DYHKIIOHAJBHAMH MOKJIMBOCTSMH Ta HMPUHIUIIAMH CXEMOTEXHIYHOI MOOYI0BH
OaraToyHKITIOHAIBHI ONTOEIEKTPOHHI MOyl [6—8, 16] cX0Xi 3 peBepCUBHUMU 3CYBHUMHU pericTpamu [5]. Ase
JUISL KUTBKICHOTO OLIHIOBAHHS JIOLUIBHOCTI BHOOPY OAMHMYHOI CHCTEMH KOJYBaHHS PO3IJSIHEMO arapaTHi BH-
TpaTH Ha NPHUKIAAI JIYWIGHHUKIB 3 BpaxyBaHHIM HeoOXisHOCTI pAemmndpanii qBifikoBo-ko10BaHOI iHpOpMaii Ha
1X BUXO0JIaX.
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Jis miduibHUKA 3 JBIKOBHM KOJYBaHHSIM Ta TOBHUM ACIH(PATOPOM anmapaTHi BUTPATH, IO CKBiBaJICH-
THI KUTBKOCTI BXOJ[IB BEHTHIIIB, BU3HAYAIOTHCS TaKUM YHHOM [17]:

P ~S]log, N[+q]log, N[-N =(S+q-N)]log, N[, 3)

ne N — kinbkicTh cTaHiB MivMIbHUKA; ]|Og2 N[ — KiIBKICTh PO3PA/IB JIUMIbHUKA, S — YMOBHA KiJIbKIiCTh

€JIEMEHTIB Ha OJMH pO3ps[ JIUMIbHUKA, SKUH MICTUTh TPUI€pPHUH KacKaj 3 BXOJOM JIiubu; ( — xoedimieHT

MPOTIOPLIHHOCTI MIX KIBKICTIO PO3PSAIIB JTIUMIBHHUKA Ta CEpelHIMH amapaTHHUMH BHUTpPAaTaMHU Ha OJWH BHXIJ
JIemudpaTopa 3 ypaxyBaHHIM KiJIbKOCTI JIOTIYHHX Ta TOJATKOBHX CXEM.
JLJist 3CyBHOTO pericTpa 3 OAMHUYIHIUM KOIYBaHHIM amapaTHi BUTPATH TOPIBHIOIOTH:

P'~p-N, (4)

Je P —amapaTHi BUTPaTH Ha OJUH PO3PSAM PETiCTpa, AKUM MICTUTh TPUI'€PHUH KacKak 3 PO3ALIbHUMH BXOJAMH.
AHai3 HaBeICHUX CHIBBIIHOIICHb CBiTYUTh, IO 32 YMOBH

N >N,, ~2°/9, ©)

BUKOPHCTOBYBaTH OJIMHUYHE KOJYBaHHS BUTIHIIIE, HK JBIHKOBE, IPHYOMY 31 3pOCTal040I0 €PEeKTUBHICTH MPH
nozanbimomy 36imsmenni N [1, 3 -5, 17].
[Tpu ananmizi yacoBHX XapaKTEPUCTHK HEOOXIJHO BpaxyBaTH, IO 4Yac MEPEMHUKaHHS 3CYBHOTO pericrpa 3

OJIMHUYHHUM KOJIyBaHHSIM JOPIBHIOE 4Yacy NEPEMHUKaHHS TPUTEPHOTO KacKaay 3 pO3IUIbHUMHU BXOJaMU tp , TOO-

TO
T =t,. (6)

CymapHuii yac IepeMHUKaHHs JBIMKOBOTO JIIYMJIbHUKA 3 TPYNOBHM IEPEHECEHHSIM Ta BUXIIHUM JiHIHUM
JenmdpaTopoM MOXKHA BU3HAYMTH TakuM uuHoMm [1, 4, 5, 17]:

TZ == tﬂ + tg ' (7)
a TIpu OaraToKacKaJHii peani3alii sKk:

Ty =t, +(2k +1)t,, (8)

. . i
ne t, — gac mepemukanHs TpUrepHOro Kackaay 3 Bxogom miudu; ty, t

¢ — Jac CIpalbOBYBaHHs BEHTHIIS BiJIIIO-

BiJTHO 3 MIiJCHJICHHSM BHXIiJHOTO CHUTHANY 1 3 ypaXyBaHHIM MIKKACKaJIHOTO IiJICHICHHS CUTHAIIB; K — xinb-
KiCTh KacKaJliB JJIs pealtizallii KOH IOHKIIIH N 3MiHHHX.

Otxe, IWBUIKO/IS 3CYBHOTO PETicTpa 3 OAMHHUYHMM KOJYBAaHHSM BHIIE, HUK Yy JIYMIbHUKA 3 JBIHKOBHM
KOJYBaHHSAM Ta BUXigHUM nermmdparopom [17]. Ilicas Toro, sk 3°sSCyBajIoCh, MO 3CYBHI PETICTPH 3 OAMHUIHUM
KOJIyBaHHSAM iH(OpMAIlil MalOTh IepeBaru rnepes ABIHKOBUMU JIYMIBHUKAMHM 3a allapaTHUMU Ta YaCOBHMH BH-
TpaTaMy, BHHHMKA€ IHUTaHHSA MIONO 3ajay, € BUKOPUCTaHHS OJMHUYHOTO KOJYBaHHS € €(DEeKTHBHIIINM, HIX
IIBiiiKOBE.

BpaxoBytouwn, 1o aHaiiz OJUHAYHUX KOJIIB IMOKa3aB iX 3aBaJOCTIHKICTh Ta KOHTpose3aaTHicTh [12, 13], To
X MO’XHa BUKOPUCTOBYBATH SIK JIbTEPHATHBY JBIHKOBUM KOJaM IpH Hepeadl JaHUX 3 ypaxyBaHHSIM CXeMOTe-
XHIYHUX MOXXJIMBOCTEH, a TaKOXX Yy JEIKUX THIIAX NPHUCTPOIiB KEPyBaHHSA NPH KOAYBaHHI iX CTaHIiB i y 3a-
JICHUX MPUKJIa/ax OB s3aHa, B MEPIIy Yepry, 3 BiICYTHICTIO HEOOXiTHOCTI 3aCTOCYBaHHS AemmdpaTopis. Ae,
pa3oM 3 THMM, BUHHKA€ HEOOXiNHICTh y 36iIbIIeHH] KibKOCTi KoMyTaiiuux 38°a3kiB y N / ]|092 N[ pasis.

[upoke 3acrocyBanHs Ha nporpamoBanux jorigaux IC (IIJIIC) m1o3Boiisie YCYHYTH 110 TIPOOIEMY MIPH KOMITAK-
THOMY PO3MIIIIEHH] HE TUTBKM KOHKPETHHX TIPUCTPOIB, aje it cucteM i komrmiekcis [18].

MokIHBOCTi OIMHUYHOI0 KOJYBAHHS CTaHiB MiKpOIIPOIPAMHHX anapariB

PosrnsHeMO BIUIMB crioco0y KOIyBaHHS CTaHIB MikpomporpaMmHoro aromara (MIIA) i, 30kpema oxuHMY-
HOTO KOAYBaHHS, Ha CKJIATHICTH pearizariii ioro KoMOiHaIiIfHOI CXeMH, a TAaKOXK Ha 3aJIeXKHICTS ii BiJ Koedirie-
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HTa kp posranyxeHHs1 Mikporporpamu, 1o inreprnperyetbes [19, 20]. [IponoHyeThCsl 3aCTOCYBaHHS OJUHIY-

HOTO KOJYBaHHS Ui albTepHATHBHUX R-aBroMatiB [21], B SKHMX SK €JIEMEHTH HaM’sTi BUKOPHCTOBYIOTBHCS
JBiiiKOBi 3cyBHI perictpu Ha Bigminy Big CT- i T-aBromariB, 3amaM’sTOByBaJlbHa 4acTHHA SKHUX PEali3yeThCs
BIJITIOBIZTHO HAa JABIMKOBUX JIYMILHUKAX 1 TapalieIbHUX pericTpax [22].

Bigomo, 1o Bix obpaHoro crioco0y konyBaHHs craHiB MITA 3anexuTh 00°eM nam’sti, CTiiiKicTh aBTOMaTa
Ta Horo mBuakonis [19, 20]. Etan konyBaHHS BIUTMBA€E HA CKJIAHICTB JIOT1YHOTO nepeTBoproBada MIIA, a Bubip
KOJy IIsl PO3MIILIeHHs BHYTpilIHIX cTaHiB MITA no3BoJsie 301ap1IMTH HaAilHICTh aBTOMaTta [19, 20].

SIKmo BUKOpHUCTATH ISl KOAYBaHHS BHYTpIlmHIX cTaHiB MIIA oamHWYHWN NO3WUMIHHINA (MapKyBaJIbHUHN)
KOJI 3 METOI0 YCYHEHHsI HacTymHoi aemmudpanii KogoBux KoMOiHAIi, To 1le puBee A0 30UTBIICHHS KiTBKOCTI
eneMenTiB mam’ati MITA 3 oJHOYAaCHNM CHPOINEHHSM HOTO JIOTIYHOTO TiepeTBopioBada [23, 24]. Pa3om 3 Tum,

3HauHe 30inbuenns y N / ]|092 N[ pasiB KUIBKOCTI po3psiB R-aBToMaTa 3 OJMHIYHUM KOJYBaHHSM Y MOPIB-

HsHHI 3 R-aBTOMaToM 3 OyIb-SKMM HCOTUHWYHHM KOJYBaHHSIM CTaHIB JOCSATAETHCS MUITXOM «HAPOIIYBaHHS
PO3PAIHOCTI 3CYBHOTO pericTpa. A 1e He CKJIagae TPYTHOIIIB IpH pearizallii Takoro 3CyBHOTO pericTpa 3 Horo
3B’ s13kamu Ha TTJTIC [18].

Kpim toro, omuandHHN crioci® koxyBaHHSA BHYTpImIHiX crtaHiB MITA mo3Boisie MiHIMI3yBaTH KiJbKiCTh
eneMeHTapHUX KOH'IOHKHOINH B JJH® mma ¢yskuiin mepexoxy MITA [24, 25], mo mpuBOAWUTH IO 3MCHIICHHS
CKJIAJHOCTI cuHTe3y KoMOiHaiiHux cxeM [23]. Tak, BenuuuHu 77 1 O, AKi BU3HAYAIOTh KiJIbKICTh eleMeHTap-
HUX KOH IOHKUI# (1o MiHimi3auii) y 3anucy JH® ¢ynkuiit nepexoay mis R- ta T-aBroMaTa BiANOBiTHO, MalOTh
Takuii BUrisia [26]:

r= L+ u(@)-K@), 9

j=1 ieG
p=7> o(&) K@), (10)
ieH

ne L j — ZIOBXKHHA j-ro miHiiiHOTrO NaHmIOra; I — KiIBKICTh JiHIHHKUX JIAHIIOTIB; G - MHOXWHA HOMEpIB BXOJIB
JIHIAHAX JaHIIOTIB; K(ai) — KUTBKiCTh OJMHMIB y KOAL CTaHy & ; ,u(ai) — KUIBKICTb TIEPEXOMiB y CTaH &,
110 He BXOAATH 10 JNiHiiHMX nanmporie; H — muoxuHa HOMEpIB CTaHIB aBTOMaTa, O (ai) — KIUTBKICTh TIEpeXo-
JiB y cTaH &;.

3HaveHHs MEePIIOro JOAAHKY Y GpopMyii (9) He 3MIHIOETBCS, OCKUTBKH BOHO ()OPMY€EThCS Ha eTari abcrpa-
KTHOTO CHHTE3Y, TOMY 3MEHIIUTH MOXHA TUIbKH 3HAUEHHS APYrOro J0/IaHKY 33 paXyHOK MiHIMaJIbHOI KiJbKOCTI
omuHUIb y Kojax craniB MITA. Came me J0CAraeThcsl 32 PaXyHOK BUKOPHUCTAHHS OJMHHYHOTO MO3UIIIHOTO

(MapkyBaIbHOTO) KOAY BUIIIALY (2).
JoBeneHo, o cyMapHa CKJIaIHICTh KOMOiHaIiHNX cxeM MITA B mboMy BHTIAIKy MaiiKe yIBi4i MEHIIIA B

MOPIBHIHHI 3 BiIoMHUMH R-aBTOMaTamMul MpH peayibHIil CKJIAHOCTI MiKpOTIPOrpam ( N > 5) , & TAKOXK Yepes Bij-
CYTHICTh Oy/b-sIKUX 0OMEXEHb 3a TUIIAMHU aBTOMATHHX rpadiB crocoBHO R-aBromaris [23-25].
BucHoBku

1. IcHyBaHHS Takux crienu(iYHIX KOMIB, IK OJUHHYHI KOIH, SKi € aTbTePHATHBHUMH JI0 KIIACUYHUX JBIH-
KOBHX KOJIIB, MIATBEPPKYETHCA X €PEeKTUBHAM 3aCTOCYBAHHSAM JJIs BUPIIIEHHS KOHKPETHUX IPAKTUYHUX 3a/1a4.
Le crocyeTtbces, HarpuKiIag, 0cOONMMBOCTEH KOAYBaHHS CTaHiB KEPYIOUHX aBTOMATIB.

2. JIo OCHOBHHX TepeBar BUKOPHCTAHHSI OJUHWYHOTO KOJYBAHHSA CTaHIB MIKpPONPOTpPaMHUX aBTOMATIiB
MO>KHa BiTHECTH MPOCTOTY CHHTE3y KOMOIHAIIHHUX CXeM, X HU3bKY CKIIQJHICTh Ta BiJICYTHICTH HEOOXiTHOCTI
JIEKOTyBaHHS (TIepeTBOPEHH) KOJOBUX KOMOiHaMii cTaHiB aBToMara. Lle moB’s3aHo, B mepury 4epry, 3 yCyHEH-
HSAM HEeoOXigHOCTI aemmudparii npyu BUKOPUCTaHHI OAMHUYHMAX KOJIB IS JTiYOM Ta KOAYBaHHSA Kepyrodoi iH(o-
pmartii.

3. Po3paxyHOK amapaTHHX Ta YaCOBHX BHTpAT IpHU peaii3amii OAMHUYIHOTO KOIAYBAaHHS HMU(POBUX JTAHUX
MIOKa3aB IX BUTPALI IPH BUKOPHCTaHHI 3CYBHHUX PETiCTPiB y MOPIBHAHHI 3 JIBIHKOBUMHM JIUMILHUKAMH 3 JICIIU]-
paTtopom.
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