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(TexH. yH-T)

[IpenmararoTcss METOABI HETIOCPEACTBEHHOTO ITOCTPOEHHS MPOrpaMM Ha sI3bIKE€ (DYHKIHMOHAIBHBIX OJOKOB IO
rpadam mepexooB. I'pad), ONMCHIBAIOMINIT aNTOPUTM JIOTHYECKOTO YIPaBICHHS, IPEAIaracTcs UCIOIb30BaTh B
Ka4yecTBE CEepPTH(HUKAIMOHHOTO TecTa Uil MOATBEPKACHUS TOTO, YTO IOCTpoeHHas "cxema' (mporpamma)
peanmuzyert 3ToT rpad.

1. IlocranoBKa 3a1a4u

OpnHUM U3 A3BIKOB IPOrPAMMHUPOBAHUS IPOIPAMMUPYEMBIX JIOTMUECKUX KOoHTposuiepos (I1JIK)
no crangapty IEC 1131-3 [1] sBusiercs s3Ik GyHKIHOHATBHBIX 0510KOB (Function Block Diagram).
DTOT SI3BIK B BXOJUT B COCTaB MPOTPAMMHOI0 0OecredeHusl psifa MPOrpaMMHUPYEMbIX YIIPABIISIONINX
cucreM [2] u muorux IIJIK [3,4], BblmyckaeMbIX BeAyIIMMH B OOJIACTH aBTOMaTHU3aluu (pUpMaMu
MUpa.

DOTOT S3bIK BXOJUT TakKe B PIA MPOTPAMMHBIX TMPOAYKTOB, NPETHA3HAYCHHBIX IS
nporpamMmmupoBanus Ha HeM IBM PC coBMecTHMBIX KOMIIBIOTEPOB [5,6].

[Tonxon, wucmonb3yemblii B 3THUX pa3paboTkax, o0JiagaeT, Mo MHEHHUIO aBTOpa, OJHUM
HEJOCTAaTKOM — $I3bIK (DYHKIIMOHAIBHBIX OJOKOB MPUMEHSETCS B HUX KaK HCIONHSIEMBIN S3BIK
cnenudukanuii [7]. [Ipu 3TOM HcmonHAEMON SBiIsIETCS (YHKIMOHAIBHAS CXEeMa, MOCTPOCHHAs U3
OUOIMOTEYHBIX OJIOKOB.

OmHako TpW TaKOM IMOAXOJE OTKPHITBIMH OCTAIOTCS OTBETHI HA BOMPOCHI: OTKyaa "Oepyrtcs"
(GyHKIIMOHATIBHBIE CXEMbI M TECTHI JIIsl X POBEPKU?

Tak kak W3BECTHbIE MOAXOAbl HE OTBEYAIOT HA 3TU BOIPOCHI, TO TOBOPUTH O MOCTPOECHUU
IIPOrpaMM Ha 3TOM fA3bIKE C TapAHTUPOBAHHBIM Ka4yeCTBOM IIPH NIPUMEHEHUHU YKa3aHHBIX MOAXO0/0B HE
MPUXOJAUTCA.

[lepeuncnennple BblllE HEOOCTaTKM MOTYT OBITb YCTpaHEHbl IMpPH  HCIOJIb30BAaHUU
SWITCH-texnonorum [8,9], B pamMkax KOTOpOH Mpeiiaraercs HCIOIb30BaTh [1BA YPOBHS S3BIKOB:
aNTOpUTMU3AIMH (CTieUUKAIIIN) U IIPOrPaMMHUPOBAHHS.

B kauectBe si3pika cneruuKanuii B ’TOW TEXHOJIOTUH MPEAIaraeTcsi IpUMEHTh A3bIK IpadoB
MEPEX0/I0B, MO3BOJISIIOIIMI ONMKUCHIBATH MOBEAEHHE, a HE pean3alliio yrpasisiouero apromara. [lpu
TOM pelllaeMasi 3ajadya OMHUChIBaeTCs IrpadoM MEepexo]l0B, COOTBETCTBYIOUIMM BBIOPAHHOMY THUITY
aBToMara (Hampumep, aBToMaty Mypa), MO KOTOpOMY HCKOMas (yHKIIMOHAJbHAs CXeMa W3
OMOIMOTEYHBIX JJIEMEHTOB CTpOUTCS (popMasibHO. Takoil MOAXOA MO3BOJSET MPUMEHATH TIpad
MEPEXO0/I0B B KayecTBe CEpTU(UKALMOHHOTO TecTa AJI MOATBEPKACHHS TOT0, YTO MOCTPOCHHAS
"cxema'" (mporpamma) peaausyer 3TOT rpad.

B [8] wu3nmokeHBl pa3iIMyYHbIE METOABI TOCTPOCHUS (PYHKIMOHAIBHBIX CXeM 10 rpady
MEPEX0/I0B, KOTOPble OCHOBAaHbI Ha (OPMAIbHOM MOJIYYEHHH MO 3TOMY rpady cuctembl OyleBbIX
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dopmyn (CbD), mo koTopoil Takxke (HOpPMaNbHO CTPOUTCA HCKOMas (YHKLIMOHAJIbHAs CXeMa B
BbIOpaHHOM Oa3uce OMOIMOTEUHBIX 3JIEMEHTOB.

Opnako W Takoil moaxoa oOnamaeT HENOCTaTKOM, TaK Kak sIBISETCS ABYXAdTamHbIM. Ho B
paMKax MpeJIoKEHHON TEXHOJIOTHMH MOXET OBITh YCTPaHEH, el (PYHKIMOHAIBHYIO CXEMY CTPOHTH
(dopManbHO HEMOCPEICTBEHHO MO rpady mepexonoB. DTO MOXKHO OCYIIECTBUTb, HCIIOJIb3Ys
CTaHJapTHBIE ISl IOTUUECKOTO CUHTE3a AJIEMEHTHI aMsITH — TpUITepsl [§]. COOTBETCTBYIOIMINIA METOT
cuHTe3a QYHKIMOHATIBHBIX CXEM U3JIOKEH B pas3a.2.

Onnako Oosiee "moOHSATHBIE" CXeMbI (MPOTPaMMBbI) CTPOSATCS OJHOATATHO TNPU HE TOJBKO
dbopManbHOM, HO U M30MOp¢HOM Mepexojae oT rpada nepexoloB K (yHKIHOHAIbHOU cxeme. [lpu
ATOM CXeMa JI0JDKHA OBITh TIOCTPOEHA TaK, YTOOBI OHA ObllIa BHENTHE IMOX0Ka HA MCIOJIb3yeMbIi rpad
NEPEX0/I0B, UTO, HAIPUMEP, YIIPOUIAeT ee MOIU(DUKALIMIO P HEOOXOAUMOCTH.

OT0 MOXET ObITh 00€CIEeUYeHO, €ClAM OTKa3aThCs OT TPUITEPOB U HAPSAAY C TPAIAULIUOHHBIMU
jgorudeckumu snnementamu (Hanpumep, U, MJIW, HE) npumensaTs Takxke jorndeckue U nuppoBbie
MYJIbTUILIEKCOPBI, OXBauy€HHBbIE OOpPaTHOW CBsA3BIO, a TaKXKe MpeoOpa3oBaTenu "MEeCITHYHBIA KOJ —
JIBOUYHBINA KOx'".

Yka3aHHBIC THIIBI DJIEMEHTOB pa3pelieHbl cTaHAapToM [1] U BXOAAT B cocTaB OMOIMOTEKH [2],
HO, K COXaJICHUIO, OTCYTCTBYIOT B JpPYTUX, HU3BECTHBIX aBTOpYy, OuOIMoTrekax. B OTKpbITHIC
OMOIMOTEKH Takue SJEMEHTHI Bceraa MOryT ObITh BBeleHbl. COOTBETCTBYIOIIUN METOJ CHHTE3a
(YHKIMOHAJIBHBIX CXEM U3JI0KEH B pasa.3. Maes storo metoza Brepsbie onucana B [10].

2. ITocTpoeHue PyHKUMOHAJIBbHOM cXeMbI HEMOCPEACTBEHHO MO rpady nepexoaon

Jlis orpenieNIeHHOCTH BBIOEPEM B KaueCTBE AJIEMEHTOB MaMATH R-Tpurrepsl, A KaxI0ro us3
KOTOPBIX XapaKTEpHO, YTO €CJIM OJHOBPEMEHHO Ha Bxoj cOpoca (Bxon "R") m Ha BXOA yCTaHOBKHU
(Bxox "S") mojaHbl €IMHUYHBIE 3HAUEHUS YIPABISAIOUIMX [EPEMEHHBIX, TO OH YCTAHABIMBAETCS B
cocrosHue "0".

[Ipennaraemblii METO OCHOBaH Ha (PUKCAIIMH B TPUITEPaxX U3MeHEHMil 3HaUeHUH BBIXOIHBIX U
BHYTPEHHUX TIEPEMEHHBIX, NPOMCXOIAIIMX IpPH Iepexoaax B Tpade MepexoaoB aBTomara 0Oe3
BBIXOJTHOT'O IIpeoOpa3oBaTelis, BEPUIMHBI KOTOPOTO 3aKOAMPOBAHBI TOJHBIMU IBOMYHBIMU KoJamH [8].

Ha puc.1 B xauecTBe npumepa npuBeeH rpad nepexoioB CUETHOTO TPUITEPa, MO KOTOPOMY
¢dyHkuMOHaNbHAA cxema (pUC.2) MOCTpOEHAa HemocpeACcTBeHHO. OTMETHM, 4YTO B 3TOM rpade
IIPOTUBOTOHOYHBIM KOJI HE IPUMEHSIETCA, TaK KaK IIPOrpaMMHasl peajn3alysl sBISIETCS CUHXPOHHOM,
4TO 00€CIeUYnBACTCS pACCTAHOBKONH HOMEPOB PSAJIOM C 3JIEMEHTaMH CXEMbI, OTNPEACIISIOIINMY TOPSII0K
uX cpabaTbIiBaHMA (BBIIOJHEHHUS COOTBETCTBYIOIUX (PparMEeHTOB NPOrpaMMBl) [2].
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Ota cxema CTpouTcs cienyromumM oopasom. M3 paccmoTpenus rpada nepexoaoB CleayeT, YTo
s cocrosinua "z=1, y=0" mpu x=1 ¢dopmupoBaHuEe 3HAYCHUW TEPEMEHHBIX, OMPEACIISIOIINX
caenyroniee coctosinue "z=0, y=1" cBSI3aHO C U3BMEHEHUEM 3HAUEHUN KaXJO0H W3 ITUX MEPEMEHHBIX:
nepBas qoikHa copaceiBatbes (R) =1), a Bropas ycranaBiauBathes (S,=1).

ITpu nepexoae u3 cocrosinus "z=0, y=0" B cocrosiuue "z=1, y=1", Takxe NpoUCcXosIleM MpH
x=1, TOHKHBI U3MEHUTHCS 3HAYCHHUS 00€UX NIEPEMEHHBIX, ONPEIEIAIOMUX cocTosHre — S1=1, S)=1.

ITpu nepexone u3 cocrosanusa "z=1, y=1" B cocrostaue "z=1, y=0", npoucxondmem npu x=0,
JIOJKHO U3MEHUTHCS 3HAUEHHUE TOJIBKO OJIHOM U3 MEPEMEHHBIX, ONPEACIISIIOIUX cocTosiHue — Ry=1.

ITpu nepexone u3 cocrostuus "z=0, y=1" B cocrosinue "z=0, y=0" , Tarxxe NpoucxXoasieM MIpu
x=0, JIOHKHO U3MEHUTHCS 3HAYEHUE TOJIbKO OJHOM U3 MEPEMEHHBIX, ONPEIECISIOIUX COCTOSHUE —
Rzzl.

Ceprudukanus morydeHHOW (QYHKIIMOHATBHOW CXEMbI (TPOTpamMMbl) MOXET BBIMIOIHATHCS C
MOMOIIIBIO Tpada Mepexo/0B, 0 KOTOPOMY OHA IIOCTPOECHA.

3. U3omopdHoe nocTpoeHHe PYHKIMOHAJIBHOM CXeMbl HEMOCPEACTBEHHO
1o rpady nepexoaon
[Tpu ucmonb30BaHUM MPEATIAraeMOro METOoJa MpUMEHsIeTCs rpad mepexooB aBTomMara Mypa,
BEPIIUHBI KOTOPOTO KOJUPYIOTCS MHOTO3HayHO [8]. DTOT rpad mepexomoB HEMOCPEACTBEHHO U
U30MOp(HO peann3yeTcsi OTHON U3 CTAHIAPTHBIX CXEM, PACCMOTPEHHBIX HUXKE, KOTOPBIE CTPOATCS U3
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TPAIUIMOHHBIX JIOTHYECKUX 3JeMeHToB, joruyeckux (JI) m mudpossix (L) mynpTumiekcopos, a
TaKxe rpeodpazoBarenel "necITHYHBIN Ko — ABOMYHBIH Koa" ([1/B).

Jloru4eckuil MyJbTHIUIEKCOP MMEET M JIOTHYECKUX YIPABJISIOMMX BXOA0B, 2™ HU(PPOBBIX
WH()OPMAITMOHHBIX BXOJI0B U OJHWH MU(GPOBOM BBIXO, a IUPPOBON MYJIBTHIUIEKCOP — OANH ITU(POBOi
yIpaBisiiomid 1 S nuppoBeIX WHPOPMAIIMOHHBIX BXOAOB (S — YHCIO BEpUIMH B rpade MepexoioB
(4uCIIo COCTOSTHUIN B aBTOMATE)), a TAKXKE OJIMH ITU(DPOBOIT BBIXO/.

Ha normyeckue BXOAbl ATHUX 3JEMEHTOB MOAar0TCs KoHCTaHThl 0 m 1, a Ha 1mUdpoBBIE —
koHcTtauTthl 0,1,2,...,S-1. Ilpu sToM Ha UU(POBBIX BBIXOJAX TaKXke (HOPMUPYIOTCS KOHCTAHTHI
0,1,2,...,S-1.

OOpaTyM BHUMaHHE Ha OTIMYHUE 3TUX 3JEMEHTOB OT 3JIEMEHTOB, TPAJUIIMOHHO HA3bIBAEMbIX
MYJIbTUIUIEKCOPAMHU, BCE BXOJIBI M BBIXOJIbI KOTOPBIX SBJISIOTCS JIOTHUECKUMU (ABOWYHBIMU) [11].

[IpenyaraeTcst MCHONB30BaTh TPU BapUaHTa CTAaHJAPTHBIX CXEM, IEPBBIH U3 KOTOPBIX
IpernoiaraeT HaIMYhe JOTMYECKUX MYJIbTHIICKCOPOB MPH m; = 1, BTOPOH — MpH m; = n;, a TPETHH —
pu m=K; , TJI€ n; — YKCIIO IEPEMEHHBIX B OyJIEeBBIX (OpMyJIax, TOMEYAOIINX IyTH, UCXOASIINE U3 1-i
BEpLIMHBI rpada nepexonos; ki — yucino ayr, MCXOAAIINX U3 1-i BEPUIMHEI.

B nmepBom ciiyyae CTaHIAapTHYIO CXE€My MOXHO ONHCAaTh CIEAYIOUIMM  00pa3oM.
KoM0OuHanuonHas cxema CTpOUTCS U3 TPAJAULIMOHHBIX JIOTHUECKHUX AJIEMEHTOB U peaian3yeT (GopMyIibl,
yKa3aHHble Ha BcexX Jyrax rpada mnepexoioB, 3a HCKIIOYEHUEM TIeTelb. BBIXOAbI 3TOH CXEMbI
MOJKIIIOUEHBl K YIPaBJSIOMIMM BXOJaM JIOTUYECKUX MYJIBTUIUIEKCOPOB, a BBIXOJABI IOJCXEMBI,
COCTOSIIEH W3 3TUX MYJIbTUILNIEKCOPOB, — K HHGOPMAIMOHHBIM BXOJaM IMepBOro 1uppoBoOro
MYJIBTUIUIEKCOPA, BBIXOJ KOTOPOTO OOPATHOMH CBS3bI0 COCAMHEH (AN pealu3alud NeTelb B
BEpIIMHAX TIpada MepexoJ0B) CO CBOUM YIPABISIOMIMM BXOJOM M IEPBBIMH, IOMEYEHHBIMHU
cumBosioM "0", nH(GOPMAIIMOHHBIMU BXOJAaMM JIOTHYECKUX MYJIBTUIIEKCOPAMHU (BXOJbl YKa3aHHOMN
MIOJICXEMBI), @ MPSIMOM CBSI3bI0 — C YIPABJIAIOIIMM BXOJIOM BTOPOTrO HU(POBOTO MYJIBTUILIEKCOPA, HA
MH(OPMAaLIMOHHBIE BXOJIbl KOTOPOrO IOAAIOTCS JAECATUYHBbIE SKBUBAJICHTHI HAOOPOB JBOMYHBIX
3HAYEHUI BBIXOJHBIX IIEPEMEHHBIX B COOTBETCTBYIOUIMX BepIIMHaxX rpada mnepexonoB. Beixon
BTOPOTo IIU(GPOBOro MyJbTHUILUIEKCOpa MOJIKIIOYEH KO BXOJaM MpeoOpa3oBaTesi, OCYLIECTBIISIONIErO
npeoOpazoBaHre JECITUYHOTO KOJa B 3HAYEHMS ABOUYHBIX BBIXOAHBIX IepeMeHHbIX. Ha octanmbHbIe
MH(OPMALIMOHHBIE BXOJbl JIOTUYECKUX MYJIbTUILNIEKCOPOB IMOAAIOTCS JECATUYHbIE HKBUBAJICHTHI
HOMEPOB BEPLINH, B KOTOPbIE OCYLIECTBIIAIOTCS COOTBETCTBYIOIIME MIEPEXO0/IbI B rpade nepexoaoB.

OueHuM 4UCIIO0 3JIEMEHTOB B Takoil cxeMe. Eciu 4nciao pa3iauyHbIX BXOJHBIX NEPEMEHHBIX B
MOMETKax Iyr rpada mepexogoB paBHO N, TO YKMCIO MHBEPTOPOB B cxeme He mpeBbicHT N. Ecim
ob1ree ynciio OykB BO BceX OyieBbIX (hopMysax Ha ayrax (3a HCKIFOYSHHEM TeTeNb) rpada nepexo10B
paBHO H, TO 4ncio TIOrMYecKux 3JIEMEHTOB, peaau3yronmx 3T ¢Gopmyibl, He npeBbimaetr H - L, rae L
—yucno ayr (0e3 ydera nerens) B rpade nmepexonoB. ITo 00BACHICTCS TEM, UTO I peaau3amuu i-i (i
= 1,..,L) ¢opmynsr u3 h; 6ykB TpeOyercst He Gonee h; — 1 ABYXBXOIOBBIX 3JIEMEHTOB 0e3 yuera
MHBEPCHil, peau3yeMbIX B IEPBOM CJI0€ CXEeMbl. Tak Kak KaXIbli mepexo/ (ayra) B rpade nepexoaon
peanu3yeTcst OJIHUM JIOTHUECKUM MYJIbTHILIEKCOPOM, TO MX obiee yucio paBHo L. Tak kak B cxemy
BXOJIST JIBa LU(POBBIX MYJIbTHILIEKCOpPa M OJUH IpeoOpa3oBarelib, 00IIee YUCIO 3JIEMEHTOB B HEl
OIPEAEIIAETCS COOTHOLIEHUEM:

91<N+H-L)+L+3=N+H+3.

Hcnonb30BaHrEe H3JI0KEHHOTO TOIXOJa IMO3BOJISIET peann3oBaTh rpad mnepexomoB (puc.3)

byHkunonanbHOM cxemoi (puc.4) u3 11 snementoB (3; <3+ 6 +3 =12).
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YacTh cXxembl 3TOrO THUIIA, MOCTPOEHHAS U3 TPAJULMOHHBIX JIOTUYECKUX 3JIEMEHTOB, MOXET
OBITh YIPOLIEHA, €CIH MPOTUBOPEUYUBOCTH B rpade nepexooB yCTpaHsATh HE OPTOTOHAIM3AlUEN KaK B
PacCMOTPEHHOM MpPUMEpPE, a paccTaHOBKOW npuoputeToB [8]. [Ipyu 3TOM 4YeM BbIlIE TPUOPUTET IAYTH,
UCXONAIIed W3 J-W BepmIMHBI rpada NepexoaoB, TEeM OJIKE JOTHYECKUH MYJIBTHILUIEKCOP,
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COOTBETCTBYIOLIMH 3TOM Jyre, pacroiaraercs K j-Mmy WHGOpPMAIMOHHOMY BXOAY MEpBOro mugpoBoro
MYJIBTHILIIEKCOPA.

BTtopas pa3HOBHIHOCTh CTAaHAAPTHBIX CXEM OTJIMYAETCS OT IEPBOM TEM, YTO KOMOMHAIIMOHHAS
cXeMa M3 TPAJAULMOHHBIX JIOTUYECKHX JJIEMEHTOB HE CTpoHTCs, a j-biii (j = 1,...,S) mormueckuit
MYJIBTUIUIEKCOP pean3yeT Bce OyneBbl (POPMYIIbl, TOMEYAIOLINE JAYyTH, UCXOASIINE U3 J-0il BEpPIIUHBI
rpada nepexosoB. ITO yIaeTcs OCYIIECTBUTh B TOM Cllydae, KOTJa Bce yKa3zaHHbIC ()OPMYIIbI B3aUMHO
opToroHanbHbl. TakuM 00pa3oM, YKCIIO JIOTHUECKUX MYJIBTUIUIEKCOPOB B CXeMe paBHO S, a oliiee
YHCII0 3JIEMEHTOB B CXEME B 3TOM Cllyyae

9,=S +3.

Ha puc.5 mnpuBeneHa cxema M3 IIECTH 3JEMEHTOB, peaju3yiomias rpad mnepexonos,

IIPUBEICHHBIN Ha puc.3.
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Tperuii BapHaHT CTaHJAPTHBIX CXEM SBJISETCS MPOMEXKYTOUHBIM MEXKAY PacCMOTPEHHBIMHU.
OH cONepXHT, KaK U BTOPAst pa3HOBUIHOCTh CXEM, S JIOTHYECKUX MYJIbTHUILUIEKCOPOB, HO B CHITy TOTO
YTO B 3TOM CIIy4ae YUCIIO MHPOPMAIMOHHBIX BXOJIOB i-T0 JIOTHYECKOTO MYJIBTHILIEKCOPA OTPaHUUEHO
u pasgo M = 2* | roe a = Jlog; ki [, TO IPUXOIUTCA CTPOMTH KOMOMHAIIMOHHYIO CXEMy W3
TPaTUIIMOHHBIX JIOTHYECKUX JIEMEHTOB TaK ke, Kak B mepBoM cirydae. CBOOOJHbIE HH(POPMAIIMOHHBIC
BXOJbl  JIOTHYECKUX  MYJBTHIUICKCOPOB  TOAKIIOYAIOTCS K  BBIXOAY TepBoro 1mudpoBoro
MYJIBTHTUIEKCOPA, YTO OOECIIEYMBACT COXPAaHEHHE COCTOSHUI aBTOMara. YWCIIO AIIEMEHTOB B ATOM
CJIydae OIEHHBAETCSI COOTHOIICHUEM:

93<N+H-L+S+3.
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['pad mepexo0B, MpeACTaBICHHBIN Ha pUC.6, pean3yeTcsi CXeMOU TpeThero Tuma (puc.7) u3

10 smemenToB (D3 <4+7-4+3+3=13).
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CpaBHUBas pPaCCMOTPEHHBIE TUIIBI CXEM, MOXHO YTBEP)KJaTh, YTO BTOPOI THUII CXEM SIBJIIETCS
HanOoJiee OJJHOPOAHBIM, a MEPBBIH — HanboJee MPOCTO MOACTUPYETCs MporpaMMoii Ha a3bike Cu npu
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UCIIOJIb30BAHUM AIITOPUTMUYECKOM KOHCTPYKIIMHU, COOTBETCTBYIOLIEH aBTOMaTy Mypa BTOpOro poaa u
MOCTPOCHHOHN € MOMOIIBI0 ABYX KoHCTpykumii switch [8]. Ilpu 3ToM Kaxmoit KOHCTpyKIuH switch
COOTBETCTBYET LU(POBOI MYJIBTHUILIEKCOP B CXEME, a KaX10i KOHCTPYKIHMH if — COOTBETCTBYIOILUI
JIOTUYECKUI MYJIbTUILIEKCOP. DTO IMO3BOJISIET MOJEJIHUPOBATHh MPOTrpamMMy, HAMHCAHHYIO Ha fA3bIKE
(GYHKIMOHATBHBIX  OJIOKOB, HW30MOpPGHOM  MporpaMMON Ha  IIHPOKO  PACIPOCTPAHCHHOM
AITOPUTMHUYECKOM SI3bIKE BHICOKOT'O YPOBHSI.

W3noxeHHbI MeTo MOCTPOEHUS (DYHKIMOHAIBHBIX CXEM IO3BOJISIET IMPEAJIOKUTH HOBBIM
MOAX0J K UX CePTUPHUKAIMOHHOMY TECTHPOBAHUIO, KOTOPOE IMpeAiaraeTcs MpoBOJUThH B JBa dTara.
Ha nepBom srtame HaOmonas 3a 3HAYEHUSIMU OJHOM BHYTpeHHEHl mnepeMeHHO Y, Koaupyrolen
COCTOSIHUSI aBTOMAaTa, B JAMHAMHKE IO rpady MHepexoJ0B IMPOBEPSETCS MPAaBUILHOCTb peau3aluu
IpOrpaMMOil Ka)/I0ro U3 MepexoJoB B rpade, a Ha BTOPOM - B CTaTHKe MO rpady MepexoaoB
aHAIM3UPYETCS NPABWIBHOCTh (POPMHUPOBAHUS MPOrpaMMON 3HAYEHHH BBIXOIHBIX IEPEMEHHBIX,
yKa3aHHbIX B K&KJ0W BepIlInHe rpada.

4. Peanu3aums cucreMbl rpag)oB nepexonaon

Paccmotpum Bomnpoc o peanuszai alropuTMOB, 33JaHHBIX HECKOJBKUMH B3aUMOCBS3aHHBIMU
rpadgamMu mepexooB, Hampumep IByMs. B 3ToMm ciydae A YOpPOIIEHHS CXEMbl OOMEH MEexay
rpadamMu mpeasiaraeTcs OCYIIECTBISATH HE C IOMOIIBI0 3HAYEHWH MHOTO3HAYHBIX IEPEMEHHBIX,
KaKJasi U3 KOTOPbIX KOAMPYET BEPILIMHBI COOTBETCTBYIOLIETO rpada MepexoaoB, Kak 3TO ObLIO
MPEJI0KEHO B [8] Ul MPOrpaMMHOM pealiu3alii Ha aJITOPUTMUYECKUX SA3bIKaX, a IMyTEM BBEICHHS
JOTIOTHUTENbHBIX JABOMYHBIX BBIXOJHBIX IEPEMEHHBIX.

Yucno TakuX MEepeMEHHbIX PAaBHO YHCIY COCTOSHUN (BEPILHH), UCIOJIb3YEMbIX BO B3aMMHBIX
onmoxkupoBkax. Kaxkmas w3 ATUX NEPEeMEHHBIX NpUHUMAET 3HadeHue "1" B OJAHOM COCTOSIHUH,
pUMeHsIeMOM JTsi OJ10KUpOBKH, U "0" BO BCEX OCTaIbHBIX COCTOSTHUSX.

Ha puc.8 mpuBeneHsl 1Ba B3aUMOCBSI3aHHBIX Trpada NEpexo/I0B, PeaU3yIOUIUe aJIrOpUTM
COBMECTHOT'O YIIPaBJICHUS JBYMs KJIallaHaMU C MaMsIThIO, C JTIONOJHUTEIBHO BBEICHHBIMU BBIXOJHBIMU
MEPEMEHHBIMU Zs U Zg (11 TEepBOro W BTOpOro rpad)oB IEPEX0J0B COOTBETCTBEHHO). OTH
nepeMeHHbIe 00eCIIeYrBalOT B3auMOJieicTBUE (IO JTaHHBIM) MexAy rpadamu nepexomo. Ha puc.9
npuBesieHa QyHKIMOHATIbHAS CXeMa, pealin3yIolas ykazaHHble Tpadbl.
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Jis  TecTUpOBaHMS TNPOrPaMMbl, pEATU3YIOUIe CHCTEMY B3aHMMOCBS3aHHBIX TIpadoB

Nepexo0B, i MOCIeAHEN epBOHAYAIBHO JODKEH OBITh OCTPOCH Ipad JOCTHKUMBIX MapKUPOBOK
[8], KOTOpBI B AaJbHEUIIEM MIPEUIaraeTcs HCI0JIb30BaTh B KAUECTBE CEPTUDUKAIIMOHHOTO TECTA.

5. 3akinoueHue

B 3aBepuienue paboThl OTMETHM, 4YTO IOAXOJ, PACCMOTpPEHHBIH B pasn.3,4 obecrieyuBaer
NOCTpOeHHE 0o0Jiee KOMITAKTHBIX CXEM I10 CPAaBHEHHMIO CO CXEMaMH, MOCTPOSHHBIMH M3 MPOrpPaMMHO
pEaIN30BaHHBIX JBOMYHBIX MYJIBTUIUIEKCOPOB, IPU HCIOJB30BAHMM KOTOPBIX MHOI'O3HAYHOE
KOJMPOBAaHUE HE MOXKET OBITh IPUMEHEHO.

OTOT OAXOJ CIELyeT UCIOIb30BaTh BO BCEX CIYyYasX, KOTJa IapaMeTpbl TPAHCIUPYEMBIX 10
3TUM CTaHAAPTHBIM CXEMaM IPOrpaMM HE MPEBOCXOAAT OTPAHUUYEHUI (€CIIM OHHM MMEIOTCS) Ha 3TU
napaMerpsl. B IpOTMBHOM cilydae JOJIKHBI IPUMEHATHCS CTAHJAPTHBIE CXEMBI, ITOCTPOEHHBIE C
MOMOILIBIO METOJa, H3JIoKeHHOro B paszn.2. Ilpu emie Oosiee KECTKUX OrPAaHUYEHUSX CIEAYET
OTKa3aTbCs OT HCIIOJIB30BAHMSI CTAHJAPTHBIX CXEM M MEPEHTH K IIOCTPOCHMIO HEPETYISIPHBIX
(YHKIIMOHATBHBIX CXEM C TIOMOIIIBIO IPYTUX METOIOB, H3JI0KEHHBIX B [§].

C maTepuanoM, U3J10KEHHBIM B HACTOSIIEH paboTe, MOKHO O3HAKOMUTHLCS TakkKe B riase 17
pabotsi [12].

[Toaxox, M3M0XKEHHBIM B HacTosield pabore, ObLT BIEpBBIE HCIOJB30BaH B 1991 rony npu
CO3JIaHUM CUCTEMBI yrpaBieHus nusenb-reaeparopom [AI'P-2A 500*500 cynna npoekra 15640 Ha Gaze
anmaparypsl "Selma-2" [2,13].

"Yenoseueckue" METOJbl MPOrpaMMHUPOBAHUS Ha JIpYyrux ss3plkax no cranpapry [EC 1131-3,
OTJIMYAIOIINECS OT MpeJlaraéMbIX B JOKYMEHTAIUAX BeIyIMX (GUpM Mupa, Hanpumep [3], u3noxeHsl
B [8].

[Io mnHamemy MHeHHUIO, Hauboziee Ieecoo0pasHO MNPOrpaMMHUPOBAHUE  JIOTHUECKUX
KOHTPOJUIEPOB BBINONMHATh Ha si3bike "CtpykTypupoBanHbli TekcT" (ST), KoTOpblil 00s3aTenbHO
JIOJDKEH COJIepXKaTh KOHCTPYKIMIO, aHAJOTMYHYI0 KOHCTpyKIHMM switch s3pika Cu, a He Ha s3bIKE
(YHKUIMOHATIBHBIX OJOKOB, KOTOPBIH pacCMOTpPeH B HacTosuedl paboTe M KOTOPBIM IIMPOKO
ucnoiap3yercs npu nporpammuposanuu 11JIK [5,6].
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