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KOMITOTEPHE IIPOEKTYBAHHSA APUOMETUYHUX
HAHOIIPUCTPOIB

KBaHTOBI KOMiIPKOBi aBTOMAaTH — HAHOTEXHOJIOTisI, 110 BUHUKJIA BiJIHOCHO HEIOJABHO, B SIKill 3HAYCHHS
JIOTIYHMX CTaHIB BIIIOBINAIOTH He PIBHAM HAIPYTH, SIK B MiKPOIIPUCTPOSX, a IO3UIISIM OKPEMHX €JICKT-
poHiB. KBaHTOBI KOMipKH BHKOPHCTOBYIOTBCS TSI KOHCTPYIOBAHHS YCiX (pparMeHTIB HAHOCXEM JIOTid-
HuX Ta apudmeTuyHux. PoboTa npucBAUEHA KOMII IOTEPHOMY MO/ICIIOBAHHIO ABOPO3PAJHOIO yHIKaIb-
HOTO apHU(METUKO-JIOTi{THOTO IIPHCTPOI0 Ha KBAHTOBHX KOMIPKOBHX aBTOMATax, [0 CKJIay SIKOTO BXO-
IATh BHKITIOYHO Ma)XOPHTAPHI JOTidHI CyMAaTOpH Ta iHBepTOpU. B poOOTi BUKOHY€ETHCS MOJECTIOBAHHA
KBaHTOBHX KOMIPKOBHMX aBTOMATiB 3 BHKOPHCTAHHSIM aBTOMAaTH30BAHOT CHCTEMH TPOCKTYBaHHS
QCADesiner.

KirouoBi c;10Ba: KBaHTOBUI KOMIPKOBUII aBTOMAT, MA)KOPUTAPHUN €JICMEHT, KBAHTOBUI CyMa-

TOp, KBAaHTOBHII IOMHO:KyBad, 30Ha CHHXPOHi3allii, KOMIIaHApHHII IepeTHH HAaHOMPOBiTHUKIB.

Beryn. KBantoBi komipkoBi aBTomatu (KA) — e oGuncimoBanpHa mapaanr-
Ma, 3TiTHO 3 SIKOI0 iH(opMaIlisl IpeACTaBIAE€TEC IEBHOI KOH(DIrypamielo eneKT-
poHiB B koMmipii KA, 1o cknaaeTbes 3 O/THI€T YU IBOX OKpEeMHX MoJeky [1].

OpiexTalis napy KBaHTOBUX KOMIPOK Taka, 110 iXHE B3a€MOPO3MILLEHHS BH-
3Ha4ya€ B3a€MHHUI BIUIMB. ENCKTpOHEraTHBHA B3a€MOIiS 3apsiliB MDX CYCiZHIMHU
KOMipKaMH J1a€ 3MOTy oOpoOIIATH i epenaBaTH iHpopmaiiro. Takuil MeTox € py-
HKI[IOHAJIbHO aHAJOTIYHUM, ajJe CTPYKTYPHO BIJIPI3HAETHCS Bil crnocoOy, B KUK
KOMOIHYIOTHCSI OKpEMI BEHTHJI y BEJIMKHUX 1HTErpajbHUX MIKpocxemax JJisi 3a0e3-
[IEYCHHs] BHKOHAHHSA apH(PMETHKO-JIOTIYHMX OIIepallii Ta CTBOPEHHS CXeM 3
mam’ATTIO.

OcHoBH Teopii KBAaHTOBHX KOMipkoBHMX aBroMmaTtiB. IIpwmanu nHa KA
CKJIQJIAIOThCS 3 HAHOPO3MIPHUX KOMIPOK-JIIEJIEKTPUKIB, sKI MAlOTh YOTUPU KBaH-
TOBi HaTBIPOBIJHWKOBI TOYKH, PO3TAINOBAaHI y KyTKaX, i Ba PyXOMi €NeKTPOHHU.
[Nopsimok iX po3MiMIEHHS 3aJeKUTh JIMIIE BiJ CKIHYEHHOTO HabdOpy MOMKIMBHX
3HaUeHb B MEXax IMeBHOI KoMipkd. OKkpeMa KoMipka 3a0e3ledye TyHeIbHUH mepe-
X1/l €l1eKTPOHIB Kpi3b NoTeHuianbHi 0ap’epu. Ilepexoan KOHTPOIIOIOTHCS JI0Kallb-
HUM EJICKTPUYHHUM TI0JIEM, BEJIMHYMHA STKOTO 30UIBIIYETHCS JUTS TIEPEITKOKAHHS
PYXY €IEKTPOHIB, 200 3MEHIIYETHCS Ul HOTO COHYKaHHS. TakuM YHHOM, OKpeMa
KOMipKa Mo)ke nepe0yBaTH B OJIHOMY 3 TPhOX CTaHiB. Hynwosuil cman abo cTan
HEBM3HAYEHOCT] HACTYNAE, KOJAM MOTEHLianbHui Gap’ep 3MEHLIeHUH, 1 pyXoMuld
EJICKTPOH MOXE 3aiHATH Oyb-SKy 3 HOTHPbOX BakaHcii. [HIIi JiBa crann — cmanu
noaapu3sayii, BAHUKAIOTh, KOJIM BEJIMIMHA TOTEHIIaIbHOTO O6ap’epy 3pocTae i 30e-
pirae cBiif piBeHb, 1100 MiHIMI3yBaTH €HEpreTHYHUI piBeHb KoMipku. Habip cra-
uis Q ckinuennnii i tunosuiti: O = {0,1} . mogipuicts nepeGysauns komipku B
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OJIHOMY 13 CTaHiB noJssipu3anii Moxe OyTH CIiBBiJJHECEHA 3 I'YCTHHOIO 3apsily KO-
YKHOI OKpeMoi KBaHTOBOI TOUKH, i BU3HAYAETHCS 32 POPMYIIOIO:

p- (o1 +p3)=(py +py)
(o +03)+(py +p4)

==1

)

Ie p; — T'yCTHHA €JIEKTPUYHOIO 3apsily KOXKHOI KBAHTOBOI TOUYKH KOMIPKH.

Ha puc. 1 300paxena 6a3oBa xomipka KA, nBa crnocoOu i1 po3milieHHs B
npocTopi 1 nosisipu3aii enexkTpoHis.

Kovipka 90-Tpaaycne  43-rpagycie
Eaextpon Po3MiIeHHA posMileHNs
- JBIKOBHIL( ' v .
& 9 P=-1)
Keamrosa 104Ka - KpanToBa TouKa
‘e y IBIIEOBA 1 o .
1 (P—+1) ™
Enexrpon
a 6

Puc. 1 — Okpema KoMipka KBAHTOBOIO aBTOMATa 4, ii ABa CII0cOOH PO3MILLUEHHS B
mpocTopi 6 i nomsipusamnii (P ==x1).

HaHoe/IeKTPOHHHI MAaKOPUTAHUH

Dxia ejleMeHT Ta iHBepTop. Po3mimytoun Ko-
E:H Buxio 1 MIpKH B TIOCNIJJOBHOCTI OJTHA 32 JPYTOIO i
i R L BUKJIMKAIOUM iX B3aEMOJII0 MIiK CO0010,
T R MOXJIHMBO 3abe3rnedyntn mepenady iHdop-
Buxia 2 Mamii 1Mo TakoMy NpOBITHUKY. Teoperud-

. - HO iCHy€ N1Ba METOJU TOOYJIOBU TpPOBiI-
bogeslecloeje oo HUKIB B 3aJ€XHOCTI Bin 45-rpaaycHoi uu

90-rpamycHOi oOpieHTaIii KOMipoK, aie
TEXHOJIOTIYHO CKJIAJHO BHI'OTOBHTH HAHO-

Puc. 2 — HaHONpOBITHAUK OTHOYACHOL KOMIPKH 3 PISHOIO OPIEHTALIIETO.

niepeadi 3 BXOLy MoYaTkoBoro lpueananns 90-rpaaycHo opiexro-
(Buxix 1) i KoMIIIEeMeHTapHOTO BaHOI KOMIPKM MiX JBOMa 45-rpagycHo
(Buxiza 2) curnanis. OpIEHTOBAHMMU A€ MOKIIMBICTh OTPUMATH

Ha BHXOJI SK moyaTtkoBuii curHan (Buxin 1), Tak i KOMIDIEMEHTapHHUHA 10 HHOTO
(Buxijg 2). HanonpoBianuku noaibHOT KOHCTPYKIIIT IpeCTaBleH] Ha puc. 2.

3a nonomororo KA mMoxyTh OyTH CKOHCTPYHOBaHI Pi3HI €JIEMEHTH JUISI BUKO-
HaHHI apu(METHIHHX i JOTiYHHX omepariil. ba3oBuMu JIOTIYHUMEU €JIeMEHTaMH B
Teopii KA e TpuBxooBuii Mmaxxoputapuuii enement (ME) ta inBepTop (puc. 3).

Buxinua xkomipka ME Oysne matu nossipusanito Ol1b1I0OCTI BXIIHUX KOMIPOK.
Byneswnit Bupa3 juist MmaxkopurtapHoi pynkuii [2] mae Burisin:

maj(x,,x,,%) =X, % V X% V X1 X,

ae X,, % 1 X, —Bxoau. Pikcanig nomspusauii oqaoro 3 Bxozis ME sk noriunuii 0
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uu joriuna 1, pgae 3mory orpumaru enemeHtu | uyum ABO, BianosinHO
maj(x,, x,,0)=x, - x, au maj(x,, x,,1) =x, V x, . Taki KOMipK# MOXKyTb OyTU CTBO-
PEHi B TEXHOJOTIYHOMY IIPOIIeci, [0 yCyBa€ HEOOXiNHICTD MiATPUMYBATH MOCTIi-
HMH CTPYM 4epes3 CXeMy.

a o
Puc. 3 — MaxxoputapHuii eJ1eMeHT ¢ Ta iHBepTOp 6 Ha 0a3i KBAHTOBHX aBTOMATIB.

Cunxpounizania. CuHXpOHI3aLis Bifirpae BaKJIUBY pOJIb B KEpyBaHHI pobo-
TOK KBaHTOBO-KOMIPKOBOI JIOTiKH. Takuif KOHTPOJIb peaiisyeTbCsl B pe3yibTari
TIpYETHAHAS KOMIPOK 710 TaKTOBUX 30H TaKUM YMHOM, 1[0 BOHU 3aMHUKAlOTHCS B
MOCJIIIOBHICTb /U151 02)KaHOTO HarpsiMKy nepenaui curnaiy. Konm norenuian cun-
XpO30HU 3MEHIIYETHCS, €JICKTPOHU BTPAYAIOTh CTaOLIbHICTH, B PE3yNBTATI YOTO
MOJIIPU3aLlis KOMIPKH HE BU3HAUAETHCA. 3pOCTaHH MOTEHIIATBHOTO 6ap’epy 3Me-
HIIIy€e KOe(illieHT TYHETIOBAHHS, B PE3yIbTaTi YOTO €JIEKTPOH IOYUHAE JOKANi3Yy-
Batucs [3]. SIKUIO eneKkTpoH 3aiiMae oJiHe Micle, TO KOMipKa HAO0yBae BU3HAUYEHOT
nmossipu3anii. Komu moteHmiansHuii 6ap’ep mocsrae MaKCHUMyMy, TOBOPSTH, IIO
KOMipKa 3aKkpuTa. 3aKpHTi KOMIPKH TPaOIOTh K YMOBHUI BXiJd, IpHYOMY Hiic-
HUH BXia Moke HabyBaTH HOBOTo 3HaueHHs. CaMe TOMy, iCHye IICBHA 3aTpUMKa B
NOLIMPEHH] CUrHAly Yepe3 KBaHTOBI KOMipku. 3 MeTolo 3a0e3rneueHHst 00uncieHb
CUTHAJI TIPOXOJNTH HYepe3 TAKTOBI 30HU, IO TIPEACTABINIOTH cOO0T0 00JacTi, e Bi-
nOyBaroThcs 0OUYHMCICHHA. TakToBi 30HH (DI3HYHO YIOPSIKOBaHI; 1€ O3HA4ae, Mo
OOUHUCIICHHS TIOBHHHI NPOBOJUTHUCS B MOCIIZIOBHOMY TMOPAAKY. CHUIHaIM HMOBHHHI
HAJIXO/IUTH /10 CXeMU 00paxyHKy 03 3aTpUMOK.

IlenTpansHi kBanToBi KoMipkit ME roBuHHI OyTH B TakTOBIW 30HI BiJytiIeH #
BiJl TAKTOBHX 30H BXIJHHX 1 BUX1ZHOI KOMipOK, TOMY MaKOpPUTapHHUH €EMEHT po-
3TaIIOBYETHCS Ha KPasX 1HIIUX TAKTOBUX 30H.

IMoBHuii cymaTtop. HaykoBiii XapKiBCbKOTO YHIBEPCHTETY palioeIeKTPOHIKH
[2] i YniBepcurery Hotp Jlam [1] nepirumu 3arpornoHyBaiii HAaHOCXEMY TTOBHOTO
cymaropa. OanoOiTHui noBuuii cymarop Ha KA moxe OyTu CKIajeHHi 3 TPbOX
ME i gBox inBepTopiB (puc. 4). Bupasu a1 cymu S 1 nepeHocy Iboro cymaTopa

C,,; HacTynHI:

S= maj(EOut,xo ,maj(x] »X0> Cin )); C

out — ma.](x()?x] ’Cin)’

ae x, Xy, C;,, —Bxomy; C i C,,, — BUXOAU CyMaTOpA.
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Puc. 4 — Cxema 0JHOPO3PAHOTO CyMaTOpa Ha Ma)KOPUTAPHHUX €IEMEHTaX.
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Puc. 5 — Hanocxema CyMaropa Ha KBaHTOBUX KOMipKOBI/IX aBToMartax.

Ha puc. 5 maBenena manocxema Ha KA omHOpO3psAIHOTO cymMaTopa Ha IDIaH-
metHoMmy 1ol mpoekryBaHHA cucteMu QCADesiner [5]. [ns KoHCTpyrOoBaHHS
BX1/IHMX NPOBIIHUKIB BUKOPUCTAHI KOMIPKU 3 45-rpajycHolo opienrauieo. Buko-
PUCTAHHAM TaKOTO CIIOCO0Y PO3MINICHHST KOMIpOK CTBOPEHO IHBEPTYIOUMH JIaH-
LIOT, B SKOMY KO)KHa KOMipKa IPOTHIICKHO MOJIApU30BaHA IO CycCimHiX. Skmo
MIPOBITHUK 3 OJTHAKOBO MOJIAPU30BAHUX KOMIPOK MEPETHHAE 1HBEPTYIOUHH TIPOBiI-
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HUK, OPOBIHUKUA HE B3aEMOIIOTh MK CODOI, TOMY MOXYTh NPAI[OBATH HE3alic-
JKHO Ha ogHOMY piBHi. Takuii nepeTHH Mae Ha3By Komnaanaprui [3]. Ilpodiaemoro
KOMIUIAaHApHOTO IIEPETHHY € Te, 10 Majla BIICTaHb MK KOMIpPKaMH OKPEMOro
TIPOBITHUKA IPU3BOIUTE JI0 3HMKCHHSA HMOBIPHOCTI IPOXOPKEHHS CUTHAITY.

3aTpuMKa TaKoro cymaropa — OJIMH TaKTOBUH LIMKII, 1110 CKJIaJIa€ThCs 3 YOTH-
PBOX TAKTOBHUX 30H, IPEICTABICHUX HA PHUC. 5 Pi3HUMU CTYIECHSIMH I'pajariil cipo-
ro.

IomHoskyBa4. [IpoexTyBaHHSA IBOPO3PAIHOTO IOMHOXYBaya € CKJIaIHIIIHM
B TIOPIBHAHHI 3 NONEPETHIMU BY3J1aMH, 1[0 TTOB’S3aHE HE JIUIIE 3 BUKOPUCTAHHAM
O1NbIIOT KIJILKOCTI JIOTTYHHMX €JIEMEHTIB, alle TAKOXK 3 MOJIS/IIOBAHHSIM MOMHOXY-
Baya Ha JCKUIBPKOX (Di3MYHHX piBHAX. 3 I[I€F0 METOI0 BUKOPHUCTOBYETBCS Oararto-
IIApOBHUH TEpeTHH NPOBIAHUKIB. TpamuuiiiHuii OaraTomapoBUil MEpEeTHH MOKe
OyTH CTBOpEHMH 3 KOMIPOK Oy/b-IKOTO THUILY, BEPTUKAIbHA BiJICTaHb IPHU IILOMY
MK KOMIpKamMu MOBHHHA OyTH J0OCTaTHBOK, LI00 3ano0irtu B3aeMojii CUrHAIB
Ha pi3HMX piBHsAX. OCKIIBKHU ICHY€ 3aTpHMKA B IIOIIUPEHHI CUTHAIY Bil KOMipOK
0 KOMipOK, TIOBUHHE iICHYBaTH OOMEKEHHS MaKCHUMaJbHOI KUTBKOCTI KOMIPOK B
TakTOBii 30Hi. [{e 3a0e3neuye HanexKHE NOMHUPEHHS 1 lepeady curuary. Minima-
JIbHE PO3/IIJIEHHs MIX JIBOMA MPOBIAHNKAMH CUTHAlY — IIMPUHA JBOX KOMipok. Lle
MIPABHJIO TAKOXX MMOBUHHO OYTHU 3aCTOCOBAHE IS IIPOBIAHUKIB, IO MIEPETHHAIOTHCS
Ha PI3HUX PiBHIX, BAKOPHCTOBYIOYH OLTBIIEC HIXK OJUH IIap KOMIpPOK K MICT.

JBOpO3psaHUI TOMHOXYBAY peani3ye MoMHOxeHHs My, M,, M|, M, nBopo-

3psIIHUX OIHAPHUX YUCENT XX, Ta J|V, , AKe 0a3yeThCs HAa apu(pMETHIHOMY 101a-
BaHHI YaCOBHX OOYTKIB PO3PSIiB CIIIBMHOXKHIUKIB.

Jloriuni piBHsiHHs B OyJIeBOMY Ta Ma)KOpUTapHOMY 0a3ucax Jyisi ABOPO3psii-

HOTO TOMHOKyBada MajI0 BUTIISIA:
My=xy0,
M = (xoy)(xy0) V (5o ¥ )(x0¥0) = (Xo11) © (%%p) »
My = )y (% Y0) V (X Y1) Xy 30) = (x5 31) © (%3 (6100)) 5
My = (2 )((xo¥)(xX1Y0))
MO = m”j(xo, Yo» 0) ’
M| =maj(maj((x,y,), (xo)1), 0), maj((x;30), (x,3,),0),1) ,
M, = maj(maj((xo»), ((xg,)(x, ¥¢), 0), maj((x, y,), ((x931)(%35), 0), 1) ,
My = maj((x3)), (Xe01)(x19)), 0) ,

Ie x.X,, »), — BXiOHI CHTHalM CIIBMHOXHWKIB 1 M4, M,, M|, M, — BinmoBinHi
61T BUXiTHOTO TOOYTKY.

11 KOMIOHYBaHHS HAaHOCXEMH IIOMHOXKYBada i MOJETIOBAHHA HOTO (QyHK-
[IOHATBHUX MOXKIIUBOCTCH BUKOPUCTOBYETHCS CHCTEMa aBTOMAaTH30BAaHOTO MPOCK-
tyBanus QCADesiner [4].

JIBOpO3psiHUI TOMHOXYBa4, CIPOCKTOBAHMN Ha BUIIE3ralaHUX MPUHIMIIAX,
CKJIaJAeThCS 3 YOTHPHOX MAKOPUTAPHUX €JIEMEHTIB 3 (PiKCOBAaHUMHU BXOIAMHU ABOX
OTHOPO3PAIHUX cyMaTopiB. HaHOCXEMa TBOPO3PSIHOTO IIOMHOXKYBada Mpe/ICTaB-
JieHa Ha puc. 6.
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Puc. 6 — Hanocxema qBOpo3psHOro IOMHOXKYBayda.

Komm’torepna monens niei Hanocxemu Ha KA nokasauna na puc. 7. Ocodausa
yBara Mae OyTH NPUJIIJICHA PO3/UICHHIO HAHOCXEMH Ha TaKTOBI 30HH, 11100 3a0e3-
HEYUTH CHHXPOHHY HOCIIJOBHICT POOOTH KOMIPOK 3 METOK OJHOYACHOTO JOCAT-
HEHHSI CUTHAJIAMH BiIIOBIMHUX eleMeHTiB. IcHye HeoOXifHICTh PO3MIIEHHS KO-
MIPOK, 110 3HAXO/AThCS OJIHA HAJ OJIHOIO, B OJIHIM TAKTOBIN 30Hi, TaK SIK €J1€KTPO-
HETaTHBHHUU CTaH KBAHTOBUX TOYOK KOMIPOK KEPYETECS JIOKAJILHUM EICKTPHYHUM
nosieM. HIBUIKOIISI TAKOTO TIOMHOKYBa4a — TPH TaKTOBI LIMKIIM, IO CKJIAJAIOTHCS
3 YOTHPHOX TAKTOBUX 30H.

Hanocxema ckoHcTpyiioBaHa Ha 1ECTH KOMIPKOBUX PIBHSX 33Ul yHUKHEH-
HS IPOOIIEM KOMIUTaHAPHOTO MEPETHHY, 110 MOB’s3aH1 3 HU3LKUM piBHEM Tepeaul
CHTHAITy MDXK TBOMA IIPOBITHUKAMU.

CripoekToBaHa TaKMM YMHOM HaHOCXEMa JIBOPO3PSIHOIO MOMHOXYyBada Oa-
3yerbest Ha 235 KBAaHTOBUX KOMIpKax, po3mip sikux 18x18 HM, 3 4oTUpMa KBaHTO-
BUMH TOYKAaMH, KOKHA 3 SIKMX Ma€ AlaMeTp 5 HM, BIJICTaHb MK IIEHTPaMH CyCiJ-
Hix KoMipok — 20 HM. Po3mipu Bciel koHCTpYKIii ckianaoTe 504 x 522 awm. IcHye
6 BX0iB criBMHOXKHUKIB, 10 BXOmiB 3 Bij’ eMHOW0 Tosstpu3ariiero —P =0 i 2 Bxo-
JY 3 IO3UTUBHOIO nosisipu3anicio +P =1 ta yoTupu BUXojau 100yTKY.
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Puc. 7 — Monens HaHOCXEMU ABOPO3PSIHOIO NOMHOKYBaya.
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Puc. 8 — MoaemnioBanHs (GOpMH CHUTHAIB ABOPO3PSTHOTO TOMHOXKYBaYA.

Pe3yabTaTn KOMII'IOTEPHOI0 MOAeI0BaHHA. B cepenoBuIni npoekTyBaHHS
QCADesiner MOXXyTb BUKOPHCTOBYBATHUCS JIBA METO/IM MOJICIIOBAHHS: Oicmabin,-
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HUll mMemoo 1 memood KocepeHmHuux gexmopis [4]. Jlasi MoaentoBaHHs 1BOPO3Psi-
HOTO IIOMHO)KyBa4a BUKOPHUCTAHUI MIEPIIIii MeTo. B HbOMy KOKHA KOMipKa 3MO-
JeTbOBaHa K CUCTEMa 3 JIBOMa cTaHaMu. B TaHOMY MeTo/1i 3aCTOCOBYETBCS alpo-
KCUMaIlisi, 10 0a3yeThcs Ha €NEKTPOHETAaTUBHIA B3aeMOIii MIXK KOMipkamH, a ca-
Me, cujia B3aEMOJIl MK JBOMa KOMipkamu MociabiareTbes 00epHEHO BijacTaHi
MiX KOMIpKaMH# B II’ITOMY CTYTICHi.

Tabaung 1 — Ta0mui ICTHHHOCTIL

Ne X X0 byl Yo M; M, M, M,
0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 0
2 0 0 1 0 0 0 0 0
3 0 0 1 1 0 0 0 0
4 0 1 0 0 0 0 0 0
5 0 1 0 1 0 0 0 1
6 0 1 1 0 0 0 1 0
7 0 1 1 1 0 0 1 1
8 1 0 0 0 0 0 0 0
9 1 0 0 1 0 0 1 0
10 1 0 1 0 0 1 0 0
11 1 0 1 1 0 1 1 0
12 1 1 0 0 0 0 0 0
13 1 1 0 1 0 0 1 1
14 1 1 1 0 0 1 1 0
15 1 1 1 1 1 0 0 1

OTKe, BUKOPUCTOBYIOUH Il MeXaHi3M, HE BCl KOMIpPKOBiI €(eKTH BpaxoBy-
10ThCs. TIbKKM ePeKTH KOMIPOK, 1110 3HAXO/AThCS B TAK 3BAHOMY paoiyci 63dEMo-
0if R, po3mIAgaroThes K TaKi, 10 BIUIMBAIOTh HA OKpeMy KoMipky. bepydu me 1o
yBaru, OyJio BHpIIIEHO BIKOPHUCTOBYBAaTH OaraTopiBHEBUI IEPETUH IPOBITHUKIB,
TOMY IO pajiiyc B3aeMoAii HeJOCTaTHIH, 100 3a0e3MeYdTH Hepenavyy CHUTHATY
KOMILIAHAPHUM IIEpETUHAHHSM. ICHy€e neBHa 3aTpUMKa MK BXIJHMUM CUIHAIOM 1
MOSTBOIO peaKIii Ha BUXOAl. Pe3ysipTaTn KOMIT IOTEPHOTO MOJACIIOBAHHS poboTH
JIBOPO3PSIHOTO NOMHOXKYBa4a HaBeJIeHI Ha puc. 8.

Hampuknan, sxmo x =0, x, =1, » =1, y, =0, Ha YacOBOMY IIPOMIXKKY
Mk 5000 nc 1 5300 nic, To MOXKHa BIAMITHTH, 110 3TLAHO 3 rpadikaMu peaxiiii mo-
MHOXYyBaua M;=0, M,=0, M, =1, M,=0 BIANOBiAa€ IMIOCTOMY BapiaHTy Ta0-
Jdui icTiHHOCTI (Tabn. 1).

BucHoBKH. BrikoHaHe KOMIT'IOTEpHE TTPOEKTYBAaHHS JIBOPO3PSAHOTO TIOMHO-
KyBaya, IKMH CKJIANAEThCS 3 YOTHPHOX TPHBXOIOBUX Ma)KOPUTAPHHUX EIIEMEHTIB 1
JIBOX TOBHUX CyMmaropiB. BukopucTanHs OaraTopiBHEBOTO NMEPETHHAHHS TPOBIJ-
HUKIB JI03BOJIAE YHUKHYTHU [IPOOJIEM KOMIUIAHAPHOIO neperuHanHs. MojenoBau-
HSl BUKOHAHE B TaKWi CIIOCi0, 110 BUXOAM TepeOyBaloTh B OCTAHHIN YeTBEPTiH Ta-
KTOBill 30Hi, a e BigmoBimae ¢azi CHokoro micis (a3m, B AKi IPOBOIUIUCS
ocTaHHi oOuncnenHs. BuznaueHo, mo HEoOXiTHO TPU MOBHHX TAKTOBHUX LMKIN
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JUIsl 3aBEPUICHHS onepatiii nepeMHOKeHHs. J{ocsarHyTa Mera npoeKkTyBaHHs Haaiii-
HOTO pO3IIApyBaHHSI HAHOCXEMH ABOPO3PSIHOTO TIOMHOXKYBAYa i ITi ABUIIEHHS HO-
ro eKcIUTyaTalliifHol HaIiifHOCTI, ajie HasBHICTh HEJOMIKIB 1 Ae(EeKTiB, OB’ I3aHIX
3 MOJICKYJISIPHOIO TEXHOJIOTIEI0 BUTOTOBIICHHS KBAaHTOBHX KOMIPKOBHX aBTOMATIB,
norpedye nojaibiioi po6oTH B LIbOMY HAINpPIMKY.
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MATEMATHUYHE MOJAEJIIOBAHHA INEPEPO3IIOALTY
PEAKLIA HA OCSIX 11 YAC EKCTPEHOI'O I'AJIbMYBAHHS
HA JOPO3I 3 HAXNJIOM

3anpornoHOBaHO MAaTCMATUYHY MOJIC/Ib 3MIHM OCbOBHUX BCPTHKAIbHMX PCAKLIH IiJ 4ac CKCTPCHUX ra-
IbMYBaHb JIETKOBHX aBTOMOOLNIB, He 00JaJHAHUX €JeKTPOHHHMH CHCTEMaMH KOHTPOIIO IPOIeCy Ia-
JIEMYBaHHS, Ha PiBHIN J0po3i 3 TTOJOBKHIM HAXHIIOM Ta BpaXyBaHHSIM aepOAMHAMIUHHX 30ypIOBaTbHHUX
daktopis. J[1% KOHKPETHUX JIEFKOBUX aBTOMOOGIIB PO3risiHYTO POOOTY CTBOPEHOIrO ANrOPUTMY, HaBe-
ICHO PC3Y/IbTaTU POOOTH MPOrPaMH Ta aHAJI3 PC3Y/IbTATiB IPOBCICHOIO OOYUCIIOBAIBHOIO CKCICPU-
MeHTy. TakoX po3riSHyTO MEepCleKTHBU MOJANbIINX TOCHI/PKEHD 1T 3a0e3MedeH s Oe3IeKu TOPOXK-

HBOTO PyXY.
KurouoBi ciioBa: jierkoBuii aBTOM001Tb, YMOBH €KCILTyaTallil, 30yproBalIbHUI (aKTOp, EKCTPEHE
rajibMyBaHHs1, BEPTHKAIbHA peaKLis.

Beryn. Benmka gacTiuHa JIETKOBUX aBTOMOOLTIB, SIKi €KCIDTYaTYIOTECS Ha J0-
porax Ykpainu, MaroTh TaJbMiBHI CHCTEMH, He OOMaHaHi €IEKTPOHHUMM CHCTE-
MaMM KOHTPOJIIO [IPOLECY rabMyBaHHs (aHTHOIOKYBalbHUMU CUCTEMAMM).

Ha peskux Mojensx JErKOBMX aBTOMOOWUTIB Oyii BCTAaHOBJICHI 3aBOOM-
BUTOTiBHUKOM PETYJIATOPH TaJbMIBHUX CHJI, IO MAIOTh MEXaHIYHUI 3B 30K 3 IIi-
JIBICKOIO, aje 3a MEBHMH Mepio]] eKCIUTyaTallii BOHH 4epe3 3HOC, K MpaBuiIo, abo
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