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MAXKOPUTAPHOE PE3EPBUPOBAHUE YIIPABJIAIOIIUX ABTOMATOB
HOBOT'O THUITA

Annomayusn. J{ns NoBbIIEHUS ypOBHS O€30TKa3HOCTU CIJIOXKHBIX YIPABISIOIINX aBTOMATOB PE3E€PBHPYETCS
KOMOHMHAIIMOHHAs cXxeMa nepexo0oB. [IpeanokeH HOBBIH CIOCOO MaXOPUTAPHOTO PE3EPBHPOBAHMS C TEM K€ MPUHIIH-
TIOM « JIBa U3 TPEX», OJHAKO KaKAas U3 TPEX PE3EPBUPYEMBIX CXEM pasjelicHa IMPHOIN3UTEIBHO MOM0IaM ¢ Iepexoaa-
MH 10 €IUHUYHOMY M HYJICBOMY 3HA4YEHHSIM BBHIOPAHHOTO JIOTHYECKOTO ycinoBus. Takod crnoco® obecrednBaeT BO3-
MOHOCTb CO3aHHS JICBATH BAPHAHTOB paOOTOCHOCOOHBIX Map BMECTO TPeX MPH TPATUIHOHHOM CIIOCO0E MasKOpHUTap-
HOTO pe3epBUpoBaHMs. CXeMa yIpaBIISIOIIETO aBTOMATa OPUTHHAIBHA 1 3al[UIICHA TATEHTOM.

Kniouegoie cnosa: AnropuT™, aBTOMAaT, YIpaBlcHUE, PE3EPBUPOBAHNE, KOMOMHAIIMOHHAS CXEMa, IIPOTrPaMMHU-
pyeMBbIe JIOTHYECKHUE MATPULIBL.
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Abstract. To increase the level of reliability of complex control automata, a combinational scheme of
transitions is reserved. A new method of majority reservation with the same "two out of three" principle is proposed, but
each of the three reserved schemes is divided approximately in half with transitions for the single and zero values of the
selected logical condition. This method makes it possible to create nine variants of workable pairs instead of three with
the traditional method of majority reservation. The circuit of the control machine is original and protected by a patent.
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Beenenne. OcoOblil Kilacc CpeACTB aBTOMAaTHU3aLMKU MIPEJICTABIEH B BUJIE CIOXKHBIX TEXHUYE-
ckux cucteM (CTC) peanbHOTO BpeMEHH ¢ TaOJIUYHO-aJITOPUTMUYECKUMH TTpeoOpa3oBaTeIs MU MH-
¢dopmanuu Ha MUKpokoHTpoiepax [1-4]. B 6onbmmucTBe CTC ynpasistonias nojacucTemMa npea-
CTaBjeHAa B BHUJE HECKOJBKHX B3aUMOJCUCTBYIOIIMX YIpaBISONMX aBToMaroB (YA) Mypa
(YAMr) u Mumu (YAML) [5-11].

NHpopmaninoHHO-yIpaBIsIoNIie MOACUCTEMBI CIOKHBIX TEXHUUECKUX CUCTEM MEXaTPOHUKHU
U poOOTOTEXHUKH, TPAHCHOPTHBIX CPEACTB, CUCTEM YIIPABIECHUS TEXHOJIOTHYECKMMHU MPOIecCaMy U
cucTeM 0OOPOHHOI'0 KOMIUIEKCA AIKCILTYaTUPYIOTCS B SKCTPEMAJIbHBIX YCIOBHIX BO3IAEHCTBUS ya-
POB M TPSCKH, MEPENANOB TEMIIEPATYp, CHIBHBIX AJIEKTPOMATHUTHBIX IOJEW WM pagualvd |
JIOJKHBI UMETh BBICOKHMI ypOBeHb 0e30TkazHOCTH. HenpaBuibHO BbIJaHHAsi KOMaHJa MOXET MpH-
BECTH K KaTacTpo(UUYECKUM IMOCIeACTBUAM. JlocTaTOUHbIN ypoBeHb 0€30TKAa3HOCTH Ha CTPYKTYp-
HOM YPOBHE OpraHM3allK YIPaBISIOIIUX TOACUCTEM 00ECIIEUNBAETCS Yepe3 TP MOAX0Aa:

1. Beibop YA c Takoil CTpyKTypHOW oOpraHu3anuei, Kkoropas He TpedyeT OOoJbIINX
anmnapaTHBIX 3aTPaT Ha pealn3aliio KOMOWHAIMOHHBIX CXEM.

2. JInHaMHUYEeCKUI KOHTPOJIb MPABUIIBHOCTH MIEPEXO/I0B MEXKTY COCTOSTHHUSIMHU.

3. MaxxoputapHOe pe3epBHpOBaHNE KOMOMHAIIMOHHBIX cXeM Y A.

IlepBsIii MOAXOA ONpPENENIET OTKa3 OT TUIOBBIX YA CO CTpYKTYpHOU opranusauueii Mypa u
Mumu puc. 1.

CpaBHUTE/IbHBIN aHAJIU3 CTPYKTYPHOI OPraHM3anMy YIIPABJISIOIIUX ABTOMATOB

[enecoodpasen Boi0op YA HoBoro Tumna (HY AMx) puc.2 [12-15].

B YAMTr npu peanuzaruyn KOMOMHAIIMOHHON cXeMbI repexo1oB Ha [13V (mporpammuas Bep-
cust [16]) ero oobem (V) onpepensiercs kak V= mp2m+q , rae M -paspsAAHOCTh KO COCTOSTHUIM



a(t), mp - peanpuas paspannocts BUC I13Y, ( -KOJIMYECTBO JOIUYECKUX YCIOBUM O ... 0q. Ipn
armapaTHOM peanu3auu s ucnoap3yercss [IJIM wm [IJIMC ¢ konuuectBom BX0og0B K =

(m+q).
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Puc. 1. Crpykrypnas opranuzanusi asromata Mypa (YAMYr) u Munu (YAM))
NYHKTHPHbIE CBA3H OTHOCSITCH TOJIBKO K YAM

ITo knaccudukanun padotsl [17] YA paznenstorcs Ha cBepxnpoctsie (CIT), mpoctsie (ITA),
cpenueit cioxxknoctu (CA), cnoxusie (AC), Beicokoit cioxkHoctu (BC), ocobo cnoxusie (OC) u
yabTpacioxusie (YC). B tabnune 1 npusenens! xapaktepuctukn Y AMr (ctonOusl 1-6) ms Bcex
TUIOB YA.
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Puc. 2. CTpykTypHas cxeMa HOBOro asromMata Myxonaja

Taﬁ.lmua 1. XapaKTepl/[CTI/IKl/l YupaBJsAOIHUAX aBTOMATOB

Ne Tun m q m+q m+1 V W K mp Q

1 CIl 3 3 6 4 256 64 1,5 4 4

2 A 4 6 10 5 2k6 256 2,0 4 8

3 CA 5 9 14 6 1286 512 2,3 8 256

4 AC 6 12 18 7 2M6 16 2,6 8 2*10°

5 BC 7 15 22 8 32M6 2k6 2,7 8 16*10°

6 oC 8 18 26 9 0,5I'6 4x6 2,9 8 12*10°

7 yC 9 21 30 10 1216 12k6 3 12 1*10°
1 2 3 4 5 6 7 8 9 10

B HoBOM ympaBmsitoniem aBromate (HY AMX) ucnonb3yercs jgorndeckuii 610k JIB(7) u3 ( Q)
JBYXBXOJIOBBIX 3yieMeHTOB «M», omuoro anmementa «MJIN» m RS -tpurrepa s BeiOOpa OgHOTO
(emuHCTBeHHOTO) YycnoBus q; € {a} Ha xaxgom nepuose (T) dynkumonnposanus YA. Anpeca-
IUs NIEMEHTOB «I» OCyIIecTBIIsIeTCS TOJAMHOKECTBOM {a'} BbIX0J10B jemmudparopa DC(3),
HPUYEM DTO MOJAMHOXKECTBO HE IEpPECEKAaeTCs ¢ MOAMHOXKeCTBOM {A} BBIOOpa OmepaTopoB Jeii-
ctBus (komann) A;...Ax. Takas opranmuzaius YA cTana BO3MOXHOU IOCIIE Mepexoaa K MPUHIIUITH-
albHO HOBOMY OTpeeicHnto cocTosuuii  a(t) uepes Hadano (BXom) JOOOro omeparopa, T.€. Kak
a; € {a}, Tak u A; € {A} [18]. Ha puc. 3 mpuBenen npumep He crnoxuoit I'CA ¢ mycTsiMu omnepa-
TOpaMHU JIJIs1 JTUKBUJIALIMK TIETENh U C pa3MeTKOM coctosiHui mia cuHte3a HYAMx. [Ings HY AMx
oowvem I13Y  ompenensiercs: W = mp2m+1, a xonmuectBo Bx0s0B B [TJIM cHmxkaetrcs B K=(m+q) /
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(m+1) pa3. I'pad mepexomos anst HYAMx mno I'CA puc.3 npencraBnen Ha puc.4, a nepexo/isl BHE
CUETYMKA IPECTABJICHbI B TAOIUIIE 2.

Tadauua 2.
ITepexopl BHE cUETUMKA
Ne a(t) a(t+1) N(t+1)
1 5 2 00010
2 3 20 10100
3 20 8 01000
4 8 21 10101
5 21 10 01010
6 11 22 10110
7 22 1 00001
8 14 12 01100
9 16 19 10011
10 19 15 01111
11 18 0 00000

Kak u3BecTHO TpaIUIIMOHHBIE CLIOCOOBI yIpoIieHus Y A CBSI3aHbl C YMEHbILIEHUEM YHCIIa CO-
CTOSIHUM, JIEKOMITO3UIIMECH W MHHHMH3AIuer cuctem OyieBbix QyHknmii (Cb®D). 3a mourn 65-
JIETHUM CPOK Pa3BUTHUS aBTOMATOB yIaJOCh JOCTUYh CHUKEHUS YPOBHSA ciokHocTH B 1,2 - 1,5 paza
B 3aBUCUMOCTH OT cioxHocTd YA. Ilpuuem st Gosee mpocThiX aBTOMATOB JIOCTUraercst 6osiee
BBICOKHH KO3()(PUIIMEHT CHIKEHUS CII0XKHOCTH.

B coBpemennbix CTC ucnonb3yercs kak npasuio YA, otHocsmuecs k tTuny BC u OC. VA
kiacca YC npakTUUYECKH HE MCHOJB3YITCS, T.K. 3a cueT Aekomno3uuuu ['CA nepexoasT K peanu-
3allUM CUCTEMBI B3aUMOJCHCTBYIONIMX aBTOMATOB € 00JIe€€ HU3KUM YPOBHEM CIIOKHOCTH.

Ipumeyanue. OpUrHHATBFHOCTH CTPYKTYPHOM OpraHu3aiiui U BhICOKas 3 dekTuBHOCTE YA

HOBOTI'O THIIA MIO3BOJIMJIA IPUCBOUTH UM coOcTBeHHOE MM Myxonana ¢ abopeBuarypoit HY AMx no
ananoruu ¢ YA ['mymkoBa, MapkoBa, Maiixuiia. Munu, Mypa, Pabuna-Ckotra, Yunkca [9-11].
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Puc. 4. I'pa¢ nepexonos 11 HYAMx

Yupasasiomue aBTOMaThl ¢ pe3epBHPOBaHNEM KOMOMHALMOHHBIX CXeM

Jlia YA co crenensto ciokHOCTH Bbilie AC akTyalleH BOIPOC MEPEX0/ia K MaKOPUTAPHOMY
pe3epBUPOBAHUIO JJIs oOecrieueHusi TpedyeMoro ypoBHsI Oe30Tka3HOCTH. V3BecTHBIM MOIXOJ K
MaKOPUTAPHOMY PE3EPBUPOBAHUIO CBSI3aH C UCIIOJIB30BAHMEM TPEX OJUHAKOBBIX CXEM M C IIPOBEP-
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KOI TOX/IECTBEHHOCTH BBIXO/IOB B OJHOM M3 Tpex map. boiee Toro, mist 60pToBON KOCMHUYECKON
TEXHHUKH UCMOJIb3YeTCs Jake MATUKPATHOE PE3EPBUPOBAHHUE.

Jis HYAMX B otiimune ot YAMI MoxkeT ObITh TMpeiokeH 0osee dGGEeKTUBHBIN CcrIOco0
MaykopuTapHoro pesepupoBanus [15]. Tpagunuonno Bcs cxema Fi, Fp, F3 cumraercs Hemcripas-
HOM, XOTSl O/IHA U3 €€ MOJOBUH sBIsieTcs paboTocrocoOHOU. [Ipu pazneneHny Ha MOIyCXEMBbI B
3aBucUMOCTH OT ucrtpaBHocTH D1(0) mmm P(1) OTAEIBHBIX MOJYCXEM MOKET OBITh 00pa30BaHO
neBsTh (9) map uCIpaBHO PabOTAIOIIMX CXEM C MAXOPUTAPHBIM MPUHIUIOM 0TOOpa. [ToJIHOCThIO
HeucnpaBabiM HY AMx Oyzer B ToM ciyyae korja 3aduKCUpPYeTCsl BBIXOJ U3 CTPOS JBYX MOJTYCXEM
B oiHOM 13 noaMHoxkecTB @j(0) miu di(1) (i=1,2,3). Tak kak HYAMX peanu3yercst CO CHETUYHKOM,
to st I'CA puc.3 ¢ rpadom nepexonoB puc. 4 MOXKHO 3amucaTh TaOIUIIBI TepexonoB 3, 4 momy-
cxem D(0) u O(1).

Tadoauuna 3
[epexombl B F1(1) ¢ &
@(0) Ne 1 2 3 4 5 6
a(t) 3 5 8 11 14 16
Tadauna 4
Hepexonp B F1(1) ¢ ;
d(1) Ne 1 2 3 4 5
a(t) 18 19 20 21 22

[Ipu sToM ycnoBue Y peanusyercs no gopmyne :y = a(ag + -+ a47) eciu mpousBeneHa
3aMeHa X, =[,.

Ipumeuanue. [1y1g nosicienust Mmeroaa npuseaeHa mpocras ['CA s KOTopoi Bpsia U CTOUT
HCIO0JIb30BAaTh MaKOPUTAPHOE PE3EPBUPOBAHUE, HO XOPOLIO NOSICHAETCS IPEIaraeMblid criocoo.

Cxema 010Ka Ma)KOpPUTApHOI'O PE3EPBUPOBAHUS IPU IMPEACTABICHUM  Yepe3 IOJIYCXEMBbI
mpeJcTaBiIeHa Ha puc.5. Jlerko ompeaenuTs MoilycxeMbl s paccMaTpuBaeMoro mnpumepa ['CA.
Takol ympaBisIONMNA aBTOMAT ¢ OPUTHHAIBHBIM OJIOKOM Ma)KOPUTAPHOTO PE3EPBUPOBAHUS 3ape-
THCTPUPOBAH B KauecTBE MoJie3HOi Moaenu [15].

B Gnioke pesepBupoBanus ¢ kommytanuei pesynbratoB ot @ (0) u @ (1) B mapax (1,7),
(8,13) uepes Omoku kommytaruu (3,4,5) u (10,11,12) ocymecTBiusieTcs nepeaada pe3yiabTaToB ye-
pe3 6moku snementoB «UJIN» (2,9,15) 6moky cpaBHenus Ha ToxkaectBo BC(6). [Ipuyuem chauana
nporueaypa cpaBHeHus: cooTBeTcTByromux map (1,8), (1,14) u (8,14) peanusyercs ans nepBoi mo-
noBuHbl O(1) n @ ¢ nmomayent a;, a 3aTeM ¢ Takoi xe kommyraiuei @; (0), D2(0), P3(0) ¢ nomayen
Ha napsl (7,13), (7,16) u (13.16).
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Puc.5 Biok Bbioopa u cpaBHenusi nosycxem @i (0) u @i (1), i=1,2,3.

BapuaHTbhl cOCTaBJICHHS CPaBHHBAeMbIX IMap IMPEACTaBICHbI HAa PHUC.6 ¢ 0003HAUCHHUSIMH:
HIDKHUH psij — HoMepa map 1,2,..,9;

X — IpUHAIICKHOCT BRIOpaHHBIX mojycxeM @p u @1 k cxeme Fi (i=1,2,3);

0- HeucnpaBHOCTh Dg(i) mmm D4(i).

Kak BHIHO AEHCTBUTEIHHO BO3MOXHO 9 BapHaHTOB PabOTOCIIOCOOHBIX COYCTAHUN BMECTO
TpeX NPH TPAAMIIMOHHOM Ma)KOPUTApPHOM pe3epBHpoBaHMM MOIHBIX cxeM @D(1). Cremyer oTme-

TUTbh, YTO MPEJIOKEHHBIN CITOCO0 Ma)KOPUTAPHOTO PE3EPBUPOBAHUSI BO3MOXKEH TOJIBKO JJI aBTO-
MAaTOB HOBOI'O THIIA U HEBO3MOKEH I YAMrI i YAM,.

@o(1) @1(1) PDo(2) ®1(2) Po(3) ®1(3)

o T

(I)l } II /1 ll ‘1 Vi
|

@o X 4 y 3 ._. 7'\

F2 |

®1 7\ | ¥’ 0@ X’

®o 11 N ;’
F3 1 | ® T
(I)l ), | /, 11 v 37
1 2 3 4 5 6 7 8 9
Puc.6. Cioco6 BbiGopa mojaycxem st cpasuenus map @i (0) u @i (1), i=1,2,3.

3akuouenue. HoBbIl MoIxoa K OpraHu3aliid MaKOPUTApPHOTO PE3epBUPOBAHUS KOMOWHA-
IIUOHHBIX CXEM YIIPaBJISIOLINX aBTOMATOB 0a3UpyeTCs Ha UCIIOJIb30BAaHUH CIIEIYIOUINX MPUHIUIIOB:
1. Orxka3 ot npumenenus YA Mypa u Munu.
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2. Ilpumenenue YA HOBOToO THIIa, B KOTOPOM BBEJICH JIOTHYECKUI OJIOK BBIOOPA OHOTO JIO-
THYECKOTO YCIIOBHUSA B BUC () IBYXBXOJIOBBIX 37ieMeHTOB «I», omHOro 3nementa «JIN» u ogHOTO
RS-tpurrepa. Anpecarus 3meMeHTOB «l» OCYyIIECTBISIETCS Yepe3 MOAMHOMKECTBO BBIXOJIOB JI€-
mmdparopa cocTosiHuiA {a} , KOTOPOE HE MepeceKacTcst ¢ MoAMHOXKeCTBOM {A} BbIOOpa Omeparo-
pPOB JICHCTBUSA.

3. Kaxnas koMOWHAIIMOHHAS CXeMa B pe3epBUPYyeMOM OJIOKe pa3/iessieTCsl Ha JBE MOJIycXe-
MBI, OTIpalIiBaeMble curnanamu o € {o} um &~ € {a}.

4. CpaBHUBaeMbIC TIapbl JUISI MAKOPUTAPHOTO PE3CPBUPOBAHUS OIPEICIISAIOTCS [0 TPyIam
paboTOCTIOCOOHBIX MOTYCXEM.

5. TlomHOocThIO HeHMcIpaBHBIM YA OyzieT B CiIy4ae BBIXOJa JIBYX Iap B OJHOM TPYIIIIE.

Takoil cmoco® Ma)KOPUTAPHOTO PE3EPBUPOBAHHS OOECIIEUUBACT PabOTOCTIOCOOHOCTHL YA B
JICBSITH BapHaHTaX CPAaBHUBAEMBIX Iap BMECTO TPEX MPH TPAJUIIMOHHOM CIOCO0E pe3epBUPOBAHUS.
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