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TOMCKOTI'O OPJEHA TPYJOBOI'0O KPACHOTO 3HAMEHHU HOJII/ITEXHI/I‘IECKOI‘O
HMHCTHUTYTA um. C. M. KHPOBA

Tom 155 1968

K UCMOJIb30BAHHIO HMNYJIbCHBIX BYJEBBIX NMEPEMEHHbDIX
NMPA CHHTE3E MHOTOTAKTHbBIX NMOTEHUHAJIbHO-
HUMINYJbCHBIX PEJJERHBIX YCTPOUCTB

E. JI. COBAKUH

(ITpeacraBnena HayuHbiM CeMHHAPOM KadeLphl aBTOMATHKU H TeleMeXaHHKH)

Beeaenue UMOYJbCHBIX NEepPeMEHHBIX, CAYKAIIUX A8 00603HAUeHHsT UM-
NyJbCHBIX CHrHAJOB [1], ecTeCTBEHHO, YBEJHUHBART YHCJ/JIO BO3MOXKHBIX KOM-
GuUHAaLHH ~JOrH4ecKux InepeMeHHnIX. Tak Kak Kaxjada OyJeBa NepeMeHHas
B 3TOM CJydae IpeAcTaBAseTCS B BHAe IBYX MepeMeHHBIX (CTaTHYeCKOH
M HMOYJbCHOW), TO YHCA0 BO3MOMKHBEIX KOMOHHauUuil yBequuntcss B 7 pas.
[TosTomy

N = 22n = 4n,

rae N —ofuiee yMc/jg0 KOMOHHAIWH JOTHUYECKHX IMEepPeMEeHHBIX® (HM-
NyJbCHBIX U CTATHYECKHUX);
n— YUCJO CTATHUYECKHUX NEpPEeMEHHBIX.
Onnako 3 uyeThlpex KOMOMHAUMH HMIYJIbCHOH H CTATHYECKOH. NlepeMeHHbIX,

COOTBETCTBYIOIINX OAHOH OyJeBOH NepPeMEHHOM, KOMOHHALHUSA Qd . TOXKMIE-
CTBEHHO paBHA HYMIO (CM. CJeACTBHE 2 [1])" u, crenoBaTensHo,

N'=(4—1)"=3", (1)

O61ee uncio JorHUeCKUX (DYHKIMH, OMHCLIBAIOIIHMX MOTEHHHAJbHO-HM-
MyJbCHOE pesielfHoe YCTPOHTCBO, NPH 3TOM BbIpasuTcs ¢opmyJoi

M=2" 2)

B Tta6n. 1 npuBeneHsl Hazpanusd, 0603HAYEHHA U HOpMaJibHbie GOPMLI
[OTEHIHAJbHO-UMOYJABCHBIX = JIOTHYECKHX (YHKUHH OJHOH OyneBoH nepe-
MEHHOH.

dakruuecku 3TH (OYHKIUM ABJAAITCH (PYHKUHAMH JABYX IleDEMEHHBIX,
OJIHAKO YHMCJIO 3THX (QYHKUHH BJBOE MEHbIIE YHC/IA OOBLIYHEIX OYJIEBBIX PYHK-
IMA ABYX mepeMeHHnix [2]

CpaBHHBASl MOJiVUCHHBIE NOTEHUMAJbHO-UMIYAbCHHE (QYHKLUHK ¢ OOBIY-
HBIMH JOTHUECKHMH (DYHKIHAMH [BYX NepeMeHHBbIX, MOXKHO cJeJaTh cieayio-
LlHe BBIBOAL!: (MYHEKIUA Up aHAJOrHYHa (PYHKUHH «3a0peTr a», v;— Joruue-
CKOMY MPOH3BEJEHHIO, U — (PYHKUUHM HEepaBHO3HAYHOCTH H (PYHKIHH <«3a-
nper a.», U3 — Jornueckoli cymme, v, — pyukuuu ITupca (pynxkuun HU..
HU..), zm——dwnxuun PaBHO3HAYHOCTH H GYHKIHUHM <«HMIUIMKALUA Qc
ve— bysknun Lleddepa H v; — GyHruan «uMnankdAa a».

Yuejio noTeHnHa bHO-EMIVJIBCHBIX JIOTHYeCKUX GYHKUHUHA ABYX OyJIeBHIX
nepeMeHHBIX, KaXA0H M3 KOTOPBIX COCTBETCTBYET OTJeNbHOe peJeiHoe yc-
CTPOACTBO, MOXKHO OTIPEAEHTb 0o dhopmyJe (2).

Haubonee ynobHbIM #3 CYHIECTBYIOMHX €mocoboB (MeTofoOB) 3a-
MaHus JOrHueckuX (DYHKUHHA SBASETCA MaTpPUUHbIA, ITPH KOTOpoM GYHKUHH
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sajaorcs B Buge matpul (kapt) Kapho {2], {3], zuarpamm Befiya {4]. Yucao
KBaJipaTOB MATPHUILI 3aBHCUT OT YUC/a OyJeBblX (CTAaTHUECKHX) MepPEeMEHHBIX
1 onpenensercd no ¢popmyte N =2" nia oObl4HBIX U [0 popMmyJse (1) masa
MOTEHIIHaJbHO-UMNYAbCHBIX QYHKOHA. ClexoBarespHO, MaTPHUBI [MOTeH-

Ta6awupga 1

Komb6uHauud BX.
NePEMEHHBIX
— Hasganue ' 060s-| HopmanbHas HopmaibHas
):m 0 1 | Haye- | AUIBIOHKTHBHAsA| KOHBIOHKTHBHAA
t byHKUuHH a| HHe dopma - dopma
10| 0 1
Up Hyaesas 0| 0 0 0 Za (a+az) (a+ax)
K (a+ax)
Uy [Mosropenne a_ 07 0 l a, " aa, (ataz) (a+a)
Usg 3anepxka Ha _ -
BKJAOUEHUE 0 1 0 a® aa -~ (a-tax) (ataz)
vs | Tosropenue a 0] 1 1 a aa +aa, ata:
v, | VmBepcus a I 0 a aa- (a+a-) (a-+az)
Us 3anepkka Ha T o
OTKJIIOUeHHe 110 1 a* aa_taa, a-+ta-
U; WMusepcusa a_ )1 0 a- aa_-‘aa_ at+a
U7 | Exndnunas 11 1 1 aas+aa-1-aax a-ta-

LLHAJBHO-UMIYJIbCHBIX JIOTHUECKUX (QYHKIHUH B OTJIHUHE OT MATPHIl OObIYHBLIX
OyaeBbiX GYHKIHE OYAYT UMeTE YHCIO KBAApPaTOB KpaTHoe 3 ™.

B xauecTBe npuMepoB Ha puc. 1, @, 6 U 8 NpUBeACHB MATPHILI MOTEH-
IHAJbHO-HMIYJIBCEBIX (PYHKIHHA OJHOH, ABYX H Tpex OY/AeBbiX MepeMEHHDIX.
Marpuueit puc. |,a 3agana Jjoruyeckad (QyHKIHA «3aleprKKa Ha OTKJ/IOYe-
yge a», MarTpunamu puc. 1, 6 u 1, 8, COOTBETCTBEHHO, JOrHUeCKad CyMMa
a - -+ b: 1 Joruueckoe nNpousBeleHne - b. C-.

U3z puc. 1 caenyer, uto MatpHila A/ DOTEHIHAAbHO-UMIYAbCHBIX (DYHK-
UWH ABYX NepeMeHHbIX (pHC. 1, 6) COCTOHT H3 Tpex MAaTpHL [MOTEHIHAJbHO-

a7 — M—:7;
4 [ed ’ o o
it clolys ’ Sc &7
rlotz g
o ! 0 o
-1
[éz’ /1717 ‘ 4 o
A
. [‘2 0lotelololofjolo]t
f=a-‘az' = az-*é’[ F= 0{ g?- Cr
Q'/ - - 4 éy 5/

Puc, 1

JIOTHYECKHX (PYHKIIHH OLHOH NepeMeHHOH, MATpPHIla NOTeEUHAIHbO-HMITY.IbC-
HbIX (DYHKUHE TPeX NEpeMeHHBIX (pHc. 1, 8) — U3 Tpex MaTpHll MOTeHIHA/b-
HO-UMIYJAbCHBIX (YHKUUH ABYX nepeMeHHbIX U T. A. [Ipasuaa pacnpepede-
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"HHUS eIMHHYHBIX M HYJeBHIX ofaacTell He3aBUCHMBIX, T. €. BXOJHBIX U [pOMe-
JKYTOUHBIX, IeDEMEHHbIX OCTAIOTCSI TEMH 2Ke, YTO H B MaTpHIlax /sl OOBIYHLIX
Gynesbix ynkmui [2] u [7].

MaTpHuHBI# MeTon 3ajaHHA JOTHYeCKHX (QYHKIHUE obnajpaer, Kak H3-
BECTHO, PSJOM AOCTOUHCTB, K YHCAY KOTOPHIX B LIePBYIO QUepeib CAEAYeT OT-
HECTH BO3MOMKHOCTH HCHOJB30OBAHHA MATPHL AJMA MHHUMH3AUUH QYHKIHH
U CHHTE3a pesIeHHBbIX YCTPOHCTB M0 HENOJIHOCTBIO 3aAaHHbIM NepBOHAYAAbHBIM
yciaosusaM. BmecTe ¢ TeM, KAK M B ciayudae OOBIUHBIX JIOIMUYeCKUX (yHKUHA,
3ajlaHie MHOTOTAKTHBIX MOTEHIIHAJbHO-UMIYJIbCHEIX JOTHUECKHX (GYHKIHH
'Cc MOMOLILIO MATPHI| OCAOXKHSAETCH HeOOXOAWMOCTBIO U TPYAHOCTBIO OMpefe-
JeHHS YKCIa NPOMEeXKYTOUHBIX MEPeMEeHHbIX [0 chOpMYJUPOBAHHBIM yeio-
BHSIM Ha MPOEKTHPOBAHHE YCTPOUCTBA.

CoBepUIEHHO OYEBHIAHO, YTCG HCMNOAb30BaHHe HMIYJLCHBIX IepeMeHHBIX
npHUBeseT K YMEeHbIIeHHIO He0GX0AMMOro YUC/Ia NPOMEeXYTOUHBIX ePEMEHHbIX,
TaK KaK Ka)AYI0 UMAYJbCHYIO NEPEeMEHHYI0O MOXKHO PaCCMaTpHBaTh Kak
3JeMEeHTapHYI0 MHOTOTAKTHYIO (YHKIHIO, KOTOpas I[epexofHT H3 OJHOTO
OfpeeleHHOr0 COCTOAHUA B IPYTO€ aBTCMATHYECKH 6e3 U3MEHEeHHs 3HAYeHHS
He3aBHCHMOH NepeMeyHOH.

B nacrosiiee Bpems HanGosee pacnpocTpaHEHHBIMH ABJAIOTCH 1Ba Me-
TON4 CHHTE3a MHOrOTaKTHBIX pe/siedHbIX YCTPOHCTB: OJMH HCTONb3YET AMs
onyCcaHHs YCJOBUH paboTH yCTpOPICTB SI3BIK TAOJUIL BKAOuenuni [5), {6), npy-
rofi—saA3blK TAOJHUIl COCTOSHUM, TaGJaKL fepexonoBw MaTpul ¢yaxuxn {2}, (3].

Hcnons3yst BTOPoil MeTOZ, PAaCCMOTPHM HPHMep CHHT€3a MHOIOTAKTHOTO
peﬂeﬁﬂoro yc'TpoﬁCTBa ycaoBusi paGOThl KOTOPOTO MOXKHO CPOPMYJNHPOBATD
caeyolwnM o6pasom: «B HCXOQHOM COCTOSIHMH (DU OTCYTCTBHH BXOAHOTO
curHasia) asneMenT X BKJAOUeH, a sieMeHT Y Bbikiawoued, IIpd noaBieHHA
BXOMHOIO cHraJsa sjaeMenT X BBIKJIOUAETCs, a 3jeMeHT Y Bx/amouaercs. Ye-
pes BpeMs v; Y OTK/IIOUAeTCs H BKJAIOYaercst X, KOTODLIH uYepes BpeMs T2
BBIK/IOUAETCS H-BKjouaeT Y, u T. A. LIMK/ABI NOBTOPAIOTCA A0 TeX MOP, MOKA
Ha BXoJe YCTpoficTBa uMeeTcs cHrHajd, paBHbd 1. Ecam BXoaHO# curuan
npuHkmaeT 3HaueHne 0, TO YCTPOHCTBO MEPEXOIUT B MCXOAHOE COCTOSTHHE.
Heo06xoaumMo, uToObl seMentsl X # Y B j060f MOMEHT BPeMeHH He HaXOMu-
JINCH B OJIMHAKOBOM COCTOSHUHY.

I3 3/eKTPOHHKM H3BECTHO, HTO no;Lo6Hb[M yCJIO‘BHﬂ‘VI YZ0BJIETBODSLT
3JIEKTPOHHBIH PeJakCAIlHOHHBIA TeHepaTop—MYyJAbTHBUOPATOP, KOTOPBi# HOP-
MaJIbHO 3aTOPMOXKEH I BK/IOUARTCS B aBTOKOJe0aTe/bHbIH PeKUM BXOIHBIM
CHIHAJIOM,

HeTpyaHO YCT2HOBUTB, YTO MHOTOTaKTHas JOrHyeckas QYHKIHA, ONU-
chiBalomlas paboTy TakKoro MyAbTHBHOpaTtopa, OyneT HMeTb OAHY BXOMHYIO«
nepeMenHylo (0603HAYHM ee Yepes @) U jJBe IPOMEXKYTOUHBIX X H Y, SABJAIO-
IIMXCST ONHOEPEMEHHO BEIXOAHLIMH IlepeMeHHbIMH.

Ilast HarAsaHOTo naob’pamepnﬂ TpebyeMOl MOCAe0BaTeAbHOCTH PaboThi

TIPOEKTHPYEMOro YCTPOHCTBA yC/IOBHSA €ro paGoTHl MOKHO IIpeJCTABHTb B Bil-
Je YCJIOBHOH 3alHCH:

T, =, ",
1‘{1()1'_>)(1()—> Yo1 Yo —”>X01, XlO‘%yOh Y10->...A10—~9X01 —>Y10~

3aech uxaexcom Ol obosnavaercs BKIIOUEHHE, & HHAEKCOM 10 — BHIKJIO-
yeHHEe COOTBETCTBYIOIIErO 3JeMeHTa. AH&JIHSprH YCJIOBHYIO 3aIUCh Hepexo-
JIOB, MOYKHO YCT3HOBHTB, YTO BXOJAHOH CHIHAJ @ OYAeT CTaTHYECKHM, a CBS3b
Mexay saemMentaMu X u Y OCyLIeCTBJASAETCS HMOYABCHBIMH CHIHAAAMH X-o
U Y. Takum ob6pazoM, MHOroTakTHasd (YHKIHSA, ONHChIBAalOIas PacoTy
MyJbTHBHODATOPA, OYIeT MOTeHIHAJbHO-UMIYJIbCHOM.

. TTo ycioBHAM 32444l COCTaBUM Ta6m1uy COCTOSIHUH 3TOH MHOTDTAKTHOHN
MOTEHIHAJBHO-UMIYAbCHO! Joruuecko#l dyakuuu (1ada. 2).

Sta Tabaulia CTPOUTCT U3BECTHHIM crnocobem (cM. [2]), Ho B oT/iudue OT
HONOGHBIX TaOGJHIl A OOBIUHBIX MHOIOTAKTHBIX OyJeBhX (YHKIUH, KaxAoM
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NPOMEXKYTOUYHOH MEepeMEeHHOH COOTBETCTBYIOT ABA CTOJOLA «C» H «H», Cay-
JKallie AJ5 ONKECAHHS CTAaTHYECKOH M HMNYJbCHOH NepeMeHHOH.

Hna naxoxmaenuss MaTpHitbl 0611ed MHOTOTAKTHOH (YHKIHH HEOOXOAHMO
IOCTAaBUTh B COOTBETCTBHE KaXKAOMY COCTOAHHIO (YHKIHH ONPEALJCHHYIO
KOMOHHALMIO CTATHUECKUX, HMIYJ/BCHBIX NEPEMEHHBIX U NMOCTPOMTH MaTPHILY

HepeXO,U,OB. .
Tabaunpga 2
a X y
S

0 1 c U C H
1 1 2 1 0 0 0
2 ~ 3 0 0 ] 1
3 ~ s 0 0 1 0
4 1 1 1 1 0 0

Ha puc. 2, a ans maHHOTO NpHMepa TNpHBeAEHA COBMEIUEHHAS MaTpHIla
cooTBeTcTBUH U NepexonoB. [lepexoanl ykazaHnbn cTpefkaMH. 3aMeHSist CO-
CTOHHH‘H B MaTpHUIE PHC. 2,a COOTBETCTBYIOIIUMH KOMOHHAUMSIMH CTATHUSCKUX
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- X ? f o —— (I e
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[" ek 27 [0 104 or orl 7
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Puc. 2

nepeMeHHbIX, B3ATbIX H3 TalJunLl COCTOAHUH, NOJYYUM MaTPHIy MHOFOTAKT-
von dynkuun XY puc. 2, 6, U3 KOTOPOH HETPYJHO NOJYUYHTH MaTPHUB NPO-
MexXyTouHblXx Gyukuuit X u Y (puc. 2,8 u 2).

[To maTtpuuaMm 3Tux ¢GYHKUHH, COCTABJAS COOTBETCTBYIONIIHE KOHTYDHI
(prc. 2, 8 u &), MOKHO Ha#iTH aareGpanuecKHe BbIPAXKEHHSI NPOMEKYTOUHBIX
¢yukuuit X u Y;

X =3y, + 2y +a=a+y, (x4 x), (3)

Y =(x+ y) (%, + y) a=a(y- + xx2,). (4)
18 . ’
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M3 3THX BBIpAXKEHHI, a TaKXKe HENOCPeACTBEHHO M3 MaTpHIL
pynkuuit X u ¥ caenyer, 4To NPOMEXKYTOUYHBIE TIEPEMEHHHIE CBS3aHH
Mex1y co6oil CAeLYIONIHMH COOTHOUIEHHSIMHU:

X=y u y=x.

3aMeHss B BLIpaXEHHH (3) nepeMeHHHE X H X., Yepes COOTBETCTBYIO"
I{HE 3HAYEHH§ NEPEeMEHHOH y, a B BHIPAXEHHH (4) — NEPEeMEHHYIO Y.

yepe3 COOTBETCTBYWOINEE 3HAYEHHE X, NMOJYYHM IPH T, < T5:
C X=aty, (v +y) =a+y., = ay, (5)
Y =da (;—‘-1 + x}fz) =a (;‘tl + x) (;"51 _|_ ;Tz) = a_Jc':‘J' (6)

B npuHuune nojayueHHHIM CTPYKTYPHHIM (POpMyJaM MHOrOTAKTHOM IO-
TeHLHAJbHO-HMIOYJBCHOH (DYHKIHH MOXKET COOTBETCTBOBATH peJeHiloe Y-
TPOHCTBO KaK Ha KOHTAKTHDBIX, TAK U HA GECKOHTAKTHBIX 3JEMEHTaX.

OnpeneseHHblii HHTepeC BHI3BIBAET peasU3alUs MOJYYEHHBIX TIPOMEKY-
TOUHBIX (YHKUHH Ha 3JeKTPOHHBIX HJH TNOJYNPOBOJHHKOBHIX HpHGOpax
(c HeNbl0 CpaBHEHHS MOJMyYaeMBIX M CYUIECTBYIOIIUX NPHHIHMIAJABHBIX CXEM
MyJabTHBHOpaTopa). [To3ToMy B KadecTBe NpuMepa pacCMOTPHM PEaH3alHIO
¢yuknui (5) n (6) Ha MOJMYNPOBOAHUKOBHIX mpuGopax. ILias MyabTHBHODa-
Topa Ha GeCKOHTAKTHBIX 3JeMeHTax corjacHo gopmymaam (d) u (6) cooi-
BeTCTBYyeT ¢yHKUUOHAJMbHAA (CTPYKTypHas) cxeMma, H300paxkeHHas Ha
puc. 3, a. :

Hcnonpsys cxemy asiemenra 1 — HE, npusegennywo B [1], u uuBepropa
Ha TPHOJAX, HAXOISALIHXCS B HOPMa/lbHO 3aKPHITOM COCTOSIHHH, MOXKHO MO-

* lem

Puc. 3

JYUYHTh QPUHIUOHAJABHYIO CXeMy MyabTUBUOpaTopa, H300pameHHYI Ha
puc. 3, 6.

3necy Ha TpHone IIT, peanusyerca ¢yuxuus X =ay-,  , tpuoa IIT,
H Koujencarop C, o6pasylor aaeMedT T— HE, cxema cosnagenus Il na or-
pHllaTesabHble NOTEHIHAIb 06pasyeTcs conpoTueaenteM R, puoaamu I u d,,
uepe3 KOTOpbie NOJalTCA CHTHAJB X -3 H a. C BBIX0Ad cXeMpl copnagenus 11
obpasyercsl PyHKIHA ¥ = ax ...

Herpyano 3ameTturs, uro cxeMa puc. 3, 6 HCHoJAb3yeT MPUHNUOD PaBoThl
MYJbTHBHOPATOPA C «MOJ0XKHUTEAbHEIMU Ga3aMHy.

Ecau B kauectse uaBepropos B aneMenrax / u t— HE (puc. 3, a) B3s1b
TPAH3HCTOPHl B HOPMAaJIbHO OTKPHITOM COCTOSHHH, TO MOXKHO MOJYYHTb HPHH-

2+ 19:



IHIHaNbHYIO CXeMYy MyJbTHBHOpaTopa B Goaee mpocToM BHAe (puc. 3, 8j,
TaK Kak cxeMy coBnajieHus Il B 3ToM cjydae MOXKHO ONYCTHTD.
HeTpynHo y6eauThest, YTO H 3Ta CXeMa MOJHOCTBbIO OMHCHIBAETCA CTPYK-
TypHOH ¢XeMOH puc. 3, a. '
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