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INEPEJIMOBA

JIMCKpeTHHU aHai3 Ta WOTO CKJIAaI0Ba — TEOPis aBTOMATIB €
BAJIMBOIO JIAHKOIO ()YHJAAMEHTAIbHOI MiATOTOBKU CTYACHTIB
BUIUX HABYAJIBHUX 3aKIQdiB, SKI HABYAIOTHCS 32 HAIPSIMOM
050201 — CuctemHa iHX)eHEpis.

VY cyuacHOMY pO3yMiHHI JMCKPETHUH aHalli3 SBJISE COOOIO
“CHiBIPYKHICTh B3a€EMHO MPOHUKHEHUX MAaTEeMaTHYHHX TEOPIH,
TaKuX K TEOpisi MHOXXWMH, MaTeMaTU4HA JIOTiKa, Teopis rpadis,
TeOpiss aBTOMATIB Ta 1H., TPEAMETOM JOCTIDKCHHS SKHX €
00’€KTH, SBUIIA Ta MPOIECH TUCKPETHOTO (CKIHUCHHOTO) Xapak-
tepy. Ilin yac BuOOpy po3AlNiB HABYAILHOTO MOCIOHHMKA aBTOPU
KepyBaJIUCS:

— METOI0 HaJaHHS CTYJIEHTaM 3HaHb 13 MPUKIATHOI Teopii 1u-
(GpoBHX 1 KEPYIOYMX aBTOMATIB SIK TEOPETUYHOI 0a3u JJIsl yCITiI-
HOTO OBOJIOJIIHHS MaTepialaMyd HaBYaJIbHUX AUCHUIUIIH mpode-
CIHHO{ IMiJITOTOBKH, IOB’SI3aHUX 13 TTOOYIOBOKO MPHUCTPOIB 00pOO-
KM 1 mepenavi iHdopmarii, MIKpOIPOIECOPHUX TMPUCTPOIB Ta
KOMIT FOT€pPU30BaHUX CHUCTEM YIPABIIHHS TEXHIYHUMH 1 TEXHOJIO-
TIYHUMH 00’ €KTaMu;

— MIePelyMOBOIO, IO CTYJCHTH, SIKi BUBYAIOTh OJJHOTMEHHY Ha-
BUQIBbHY TUCIUILIIHY (a00 moaiOHy 3a Ha3BOKO Ta 3MICTOM), Ma-
FOTh HEOOXIJIHI 3HAHHS 3 BUIIOI MATEMAaTHUKH, METOJIIB O0UYHCIICHD,
Teopii iHpopmallii Ta KOAyBaHHS;

— JOCTYIHICTIO HaBYaJbHOIO Marepianly, BUKIAJAECHOTO Yy
[[bOMY HaBYAJILHOMY IMOCIOHMKY, AJIsl YCIIIIHOTO 3aCBOEHHS CTY-
JIEHTaMH SIK IEHHOI, TaK 1 3a04HOI (30KpeMa JIUCTaHIIIHOT) popm
HaBYaHHS;

— 0COOMCTHUM JIOCBIIOM BUKJIAJaHHSI OJHOMMEHHOI Ta CIIOPIiJ-
HEHHMX AMCUUIUIIH y BiHHMIIBKOMY HaI[iOHAIbHOMY TEXHIYHOMY
ta CyMCHKOMY JICpKaBHOMY YHIBEPCHUTETaX.

Y KOXHOMY 3 pPO3JIUTIB BIANOBIJHY MaTeMaTHUYHy TEOPito
BUKJIAJCHO JMIIE B 1i OCHOBAaX, 3a 3MICTOM 1 00CSITOM JOCTaTHIX
JUIS 3aCBOEHHS CTyIEHTaMHu. BuiieHHSM y Ha3Bi Teopii aBTO-



MaTiB (XO0ua BOHAa € CKJIAJOBOIO AWCKPETHOTO aHami3y) Tif-
KPECIIIOEThCA 1JIbOBA CIIPSIMOBAHICTh HABYAJIBLHOTO MOCIOHUKA HA
CTBOPEHHSI TEOPETUYHOI 0a3u mpodeciiiHoi MmiAroToBKH (axiBLiB
13 KOMIT IOTEPU30BAHHUX CHCTEM YIPABIIHHS Ta aBTOMAaTH3aLli.

[Tin gac ykmamaHHs HaBYAJIHLHOTO MOCIOHWKAa BUKOPHCTOBYBa-
Jaucs Matepiani 0araThOX BIJOMHUX Ha IIEW 4Yac JITepaTypHHUX
JOKEpeNn 3 aBTOPCHKOI CHCTEMAaTH3alli€l0 Ta MepepoOSIeHHIM
BIJIMOBITHO /10 BU3HA4YEHOI METH. 30KpeMa, BUKOPUCTaHI JEsKI 3
BIZIOMHUX, Ha AYMKY aBTOpiB BAaJi MPaKTHYHI MPHUKJIAAN Ta BIIpa-
BU.

ABTOpH CIOJIIBAIOTHCS, IO HAaBYAIBHUHM MOCIOHMK Oyne Ko-
PUCHHUM SIK CTYACHTaM BMIIUX HAaBUAIbHHUX 3aKIaJIiB, TaK 1 1HXKe-
HEPHO-TCXHIYHMM TMpAI[iBHUKAM, HaBUYaJbHa a00 MpaKTUYHA
TUSUTBHICTh SIKUX MOTpe0ye 3HaHb 1 HABHUYOK 13 JHCKPETHOTO
aHaJi3y i Teopii aBTOMATIB.

VY HaByalbHOMY MOCIOHUKY BCTyM, po3ainu 1, 2, 3, mpenmer-
HUH TTOKAXKYHUK 1 JOJATOK A CKJIaJieH! KaHIUJATOM TeXHIYHHUX Ha-
yk, gouentoMm B. [I. Ueps’saxoBum, po3aim 4 1 5 — KaHAUIATOM
TEXHIYHUX HayK, mpodecopom M. M. bukosum, nepeaMona i j1o0-
naTok b ckiazeHi aBTopamMu CHIBHO. 3araibHa peAaKilisi BUKOHA-
Ha B. /. Yeps’saxoBuM.

ABTOpHU BJISIYHI 32 3ayBa)KEHHSI CTOCOBHO 3MICTy HAaBUAJIbHOTO
nocioHuKa perenzentam: Bonogumupy BacunboBuuy MapacaHo-
By — JIOKTOPY TEXHIUHUX HaykK, podecopy, 3aBiayBaueBi kaden-
pU TEXHIYHOI KIOEpHETUKH XEpPCOHCHKOI0 HAlllOHAIBHOIO TEXHi-
YHOTO yHiBepcuTeTy, AHaTomito CepriiioBuay OmnaHacioKy — JI0K-
TOopy (hi3UKO-MAaTEMaTUYHHUX HAYK, Mpodecopy, 3aBiayBaueBl Ka-
denpu eneKTpoHIKM Ta KOMII IOTepHOI TexHiku CyMCBhKOTO niep-
*aBHOro yHiBepcurery, Koctautuny ['puroposuuy I'punienky —
KaHIUAATy TeXHIYHUX HAyK, JOIEHTY Kadeapu eKOHOMIYHOI Ki-
OepHeTHKH YKpalHChKOI akaaeMii 0aHKiBCbKOi cripaBu (M.Cymn).



INEPEJIIK YMOBHUX CKOPOYEHb TA [IO3HAYEHD

CxopodeHHs
JID — JioriyHa QyHKIs
KC — KoMmOiHaIliliHa cxeMa
JIE — JIOTIYHUH eIEMEHT
JIHD — 13’ FOHKTUBHA HOpMaJibHA (hopma
KH® — KOH IOHKTUBHA HOpMasibHa hopMa
JAHD — JIOCKOHAJIa 113’ IOHKTHBHA HOpMasibHA (hopma
JAKH® — IOCKOHAJIa KOH IOHKTHBHA HOpMasibHa Ghopma
CAH® — CKOpOY€Ha 113’ IOHKTMBHA HOpMaslbHa (hopma
CKH® — CKOpOUY€eHa KOH IOHKTMBHA HOpMasibHA (hopma
MJIHO — MiHIMaJIbHA /W3 FOHKTUBHA HOpMajbHa (hopma
MKH® — MiHIMaJIbHa KOH IOHKTHBHA HOpMaJIbHA
dbopma
EOM — CJICKTPOHHA O0YHCIIIOBAIbHA MaIlIHA
I'CA — rpad-cxemMa alropuTMy
I1K — [IEpCOHAJILHUN KOMII FOTEP
ITA — nudpoBuil aBTOMAT
Ilo3HayeHHst
% — MIOPOXKHSI MHOXKHHA
aeA — HaJIGXKHICTh eIEMEHTa 8 MHOXKUHI A
A={x| P(x)} | —3amanus maoxuHu A ortcom P(x)
abo XapaKTePUCTUYHUX BIIACTUBOCTEH €JIEMEHTIB X
A={x: P(x)}
AcB — CTpore BKIIOUSHHS MHOXUHU A B MHOXKUHY B
AcB — HeCTpOre BKIIOYCHHS] MHOXXHHHA A B MHOXKUHY B
AxB — neKapTiB 100yTOK MHOXWH A i B

X 260 —X

— 1HBepCisl 3HAUEHHS JIOTTYHOT 3MIHHOT X




BCTYII

JluckpeTHuii aHami3 — e MIMPOKa Tady3b 3HAHb 13 YUCICHHUX
pPO3ALIIB MaTeMaTHKH, sSIKI HaIal0Th CIIOKUBAuYeBi WX 3HAHb (iH-
JKEHEepy, AOCIITHUKY, CTYIEHTY) METOAXd TMOOYJOBH Ta aHAI3y
MaTeMaTHYHUX MOJEJEH MpOLECiB Ta ABUI OyAb-KOI MPUPOIH,
110 MAalOTh JUCKPETHHUM XapaKTep, y CEHCl 4acoBOi 3MIHHM CHUTYa-
I[i{l 9M CTaHIB JOCIIKYBAaHOTO 00’ €KTA.

BypxnuBHil PO3BUTOK €NEKTPOHIKH, OOUMCIIOBATBHOI TEXHIKU
Ta iH()OPMALIITHUX TEXHOJIOTIH, 1[0 CIIOCTEPIracThCs HA CHOTOJTHI,
NPUBIB 10 BUHUKHEHHS Cy4acHOI KOHIEMI[il KepyBaHHs pi3HOMa-
HITHUMH  00’€KTaMH  3a  JOIIOMOIOK0  aBTOMAaTU30BaHUX
KOMIT IOTEPHO-IHTETPOBAaHUX CHCTEM yrpaBiiHHA (iHopmaliiHo-
YIIPaBIIAIOYUX cUCTEM). BoHM OynyroThCs SIK i€papXidHi CHCTEMH,
B SIKMX amapaTHi pecypcH Ta iHopMalliiiHi TOTOKU Pi3HUX PiBHIB
00’ € THYIOThCS 1H(POPMAIIHHO-00YUCTIOBATBHIMH Mepexamu. bi-
JIbIIIE TOTO, B CY4aCHUX YMOBaX Ha0yBalOTh BEIMKOTO MOIMIMPEHHS
IHTENEKTyalbHI CUCTEMH YIPaBIiHHS, 3/1aTHI aganTyBaTHCS JO
3MiH 30BHIIIHBOTO CEPEeNOBUIIA MiJ] Yac peaizalii 3a1anux QpyH-
KA A TOCSTHEHHS METH yINpaBiiHHS. AnapaTHoro 0a3oro Ta-
KHX CHCTEM € Cy4acHI KOMI FOTE€PH, MIKPOIPOLIECOPH, TPOrpamMo-
BaH1 JIOT14YHI KOHTpPOJIEpH, CIIELialli30BaHl aBTOMAaTH Ha Mporpa-
MOBAaHUX IHTETpaJIbHUX CX€MaX, CEHCOPH, PETYyISATOPH Ta BHKO-
HaBYl MPUCTPOI AUCKPETHOrO0 MPHUHLMIY [ii, MepexeBe 00Jaj-
HAHHS Ta KaHAJ| 3B SI3KY.

Enextponni oGuucitoOBagbHI MaluHU (KOMIT IOTEpPH) TpU3HA-
YeHi g 00poOku iH(popMallii, 0 MoAaeTbes Y HUPPOBii Gopmi.
Bonu € Hali0L1bI TOMUPEHUM BUAOM LU(PpOBUX aBTOMATIB. J[ist
BUBYCHHS 3arajlbHUX NMPHHLHUIIB 00poOKM 1udpoBoi iHopmarii
JOIUTPHO PO3TISAATH OYyIb-IKHUH OOYMCITIOBAIBHUN TPHUCTPIM
(koMI’1OTEp, KOHTpOJIEP) SIK aOCTpakTHUH LU(POBUII aBTOMAT
JUCKPETHOI Ail (CKIHUeHHUH aBTOMAT), HEe3aJIeXHO BiJl Horo ama-
patHoi peanizariii. Takum camMuM criocoOoM, TOOTO MOIaHHSAM Ma-
TEMaTUYHOIO (CTPYKTYPHO-JIOTIYHOIO, (QYHKI[IOHAJIBHOIO) MOJEJ-
710, JIOIIBHO BUBYATH MPUHIUIN (YHKI[IOHYBAHHS KEPYHOUHX



aBTOMATIB JIMCKPETHOI i (aBTOMATIB yNpPAaBIiHHA), IO BUKOHY-
I0Th omeparlii ¢GopMyBaHHS JMCKPETHUX (TUNy “Tak — HI” abo
“BMHKHYTH — BUMKHYTH) CHUTHaJliB KEepyBaHHS TEXHIYHUMHU
00’exktamu. Takum 4MHOM, i CKIHYEHHUM aBTOMaTtoM (mudpo-
BUM, KEPYIOUYMM) B MaTeMaTHIll pO3yMilOTh HE TEXHIUYHHUI NpH-
CTpii IEBHOTO NMPU3HAYCHHS], @ HOr0 MaTeMaTUYHy MOJEIb.
CTBOpEHHsI HOBUX KOMII IOTEPH30BAHUX CHUCTEM YIIPaBIIHHS
00’€KTaMH OpraHi3aliifHOro, TEXHIYHOTO ¥ TEXHOJOTIYHOTO MpPH-
3HA4YEHHs, 10 € BU3HAYAIBHOIO PHCOI0 00’ €KTa podeciiinoi mis-
JBHOCTI (haxiBIIB 13 CHCTEMHOI 1HXKEHepli, moTpedye BHKOPHC-
TaHHS MaTEeMaTHYHUX MOJENEH — aOCTpaKIlii, sKi BiZOOpaKarTh
ICTOTHI BJIACTMBOCTI JOCIHIKYBAaHOTO 00’€KTa (HampuKIaJ, TeX-
HIYHOTO IPUCTPOI0) ab0 mporecy (TeXHOIOTIYHOTO, CO[IaIbHOTO,
OpraHizariifHo-eKOHOMIYHOT'0), IO IIKaBJATh JOCTIAHUKA (pO3-
pOOHMKa, TPOEKTYBAIbHUKA). MeToan IUCKPETHOTO aHaji3y €
caMme TaKMMHU, 10 CKJIAJal0Th Y CYKYIMHOCTI MaTeMaTHUYHUI ama-
part A BUpIIIEHHS 03HAYSHHX MPoOIieM, TOOTO moOyI0BH Moe-
neil oO0YMCIIOBATIbHUX 1 KEPYIOUHX MPHUCTPOIB IUCKPETHOI il
(CKiHUEHHHMX aBTOMATiB), MOTPIOHUX MJIsl TEXHIYHOI peamizarii
KOMIT'I0T€pPU30BaHUX cHCTeM 00poOKuM iH(opmarii Ta ynpasiiH-
Ha. Teopiss CKIHUEHHUX aBTOMATIB HAJa€ 3HAHHS, HEOOXI1IHI s
noOyJOBH NPUCTPOIB Ta alNropuTMiB oOpoOkH iHpopMarii, pop-
MYBaHHS JIUCKPETHUX KOMAaH] YIpPaBJIiHHsI, TPAMOTHOI €KCIuTya-
Talil TEXHIYHUX 3aC00IB KOMII IOTEPU30BAHUX CUCTEM OOPOOKH i
nepeaadi iHpopMallii Ta aBTOMaTH30BAHOTO YIPABIIIHHS.
AKTyaJbHOIO MPOOJIEMOIO CHOTOJIEHHS Y CYy4aCHOMY JKUTTI CY-
CHUIBCTBA € 33JJ0OBOJBHEHHS 3pOCTal0uoi MOTpedu y (axiBIsaX 13
CHCTEMHOI 1H)KeHepii, sIKi MOXYTb TJIMOOKO W BceOGiYHO JoCii-
JDKYBaTH KEpOBaHI OpraHizaliiHO-eKOHOMIYHI, TeXHIYHI Ta TeX-
HOJIOT14YHI CHUCTEMH, POOUTH IpPaBUIbHI BHUCHOBKM 1 MPOTHO3H,
MpUiiMaTi ONTUMAaJIbHI PIIEHHS 010 MOJEpHI3alliil ICHYIOUUX Ta
CTBOPEHHSI HOBUX KOMIT IOTEPU30BAaHMX CHCTEM aBTOMATHKH Ta
ynpaiiHHs. BupimenHo 1iei npodiemMu crupuse BHECEHHS 10 Ha-
BYAJILHOTO IUIaHY MiATOTOBKM OakajaBpa i3 CUCTEMHOI iH)XeHepii



Takoi HaBYAIBHOI AUCIUILIIHY, K “JIMCKpeTHHMI aHai3 1 Teopis
aBTOMariB”’. MeTor AUCHMIUIIHU € BUBYCHHS] MAaTEeMaTUYHHUX OC-
HOB TeOpii aBTOMATIB Ta iX CTPYKTypHUX Mojeiel. [ucuumina €
CKJIa/I0BOI0 (hyHIAMEHTAJIbHOT MiATOTOBKU CTYJCHTIB, 110 HAJA€
0a30Bi 3HAHHS Ta YMiHHS JUIs YCIIIIHOTO BUBYEHHS MarepiajiB
JUCIUTIIIH MpodeciifHOl MiArOTOBKM 1 BUKOHAHHS KBautidikariii-
HO1 pobOTH GakanaBpa i3 CUCTEMHO]T 1HXKeHepii.

[Ticnss 3acBOEHHS HaBYAJIBLHOTO MaTepiany Ii€i AUCIUIUTIHU
CTY/CHT MOBUHEH 3HATU HA MPOAYKTUBHO-CHHTETHYHOMY PiBHi:

— OCHOBHI €JIEMEHTH MaTeMaTHYHOTO 0a3ucy Teopii aBTOMATiB
Ta METOAM 1X BUKOPHUCTAHHA MiJ 4Yac MoOyJOBU MOJENEH CTPYyK-
Typ, aJITOPUTMIB 1 mporpam oOpoOku iHpopMallii B KOMI IOTepH-
30BaHUX CHCTEMax yIpaBIliHHS,

— MPUHIMIU MOOYAOBH HMU(PPOBUX aBTOMATIB JJIs 3A1HCHEHHS
00YHCITIOBAIEHUX OTIEPaLliid;

— MPUHIIUIU TOOY0BU CKIHYEHHUX aBTOMATIB JIJIsl 3[1HCHEHHS
JOTiYHUX (YHKIIH yIpaBlliHHSA B 00’ €KTaX CHCTEMOTEXHIKH.

Ha eBpuctuyHOMy piBHI JaHOIO AMCHUHUIUIIHOIO (HOPMYIOTHCS
TaKi yMiHHS:

— BU3HAYaTH CKJIad (QyHKIIH ynpaBiiHHS, 110 HMOBHUHHI OyTH
peai3oBaHi aBTOMAaToOM Yy KE€pPOBaHIM CUCTEMIi, KOMIUIEKCIB 3ajad,
K1 peai3yloTbcs B KOKHIM MiJCHCTeM] aBTOMara 3a JI0IIOMOI0k0
rpagigHOro i TAOJUYHOTO YSBIICHD,

— BUKOPHUCTOBYIOUM BHU3HAUEHHS KJIAaciB, MOBEIIHKH 00’ €KTIB,
CTPYKTYp JIaHUX Ta iX B3a€MO3B’3KH, BUKOHYBAaTU (HYHKIIIOHAJb-
HYy JICKOMITO3UIIII0 aBTOMaTa; OyJqyBaTH €(QEeKTHBHI OOUYMCIIIOBaA-
JBHI aJTOPUTMH TSI PO3PaXyHKOBHX 3a71ad;

— OyayBatu e(eKTUBHI alTOPUTMH 3/1MCHEHHS JIOTTYHUX OIle-
paitliif KepyBaHHs B 00’ €KTaX CHCTEMOTEXHIKH.

OCHOBHUMM CKJIQJIOBUMH 1IbOTO HaBYAJILHOTO MOCIOHMKA, IKUH
€ OCHOBHOKO CKIIQJIOBOKO TUJIAKTUYHOTO 3a0€3Me4eHHs] HaBUAIb-
HOTO TpOIleCy 3 JUCUUIUTIHU “J[MCKpeTHUH aHami3 1 Teopis aBTo-
MaTiB” (abo 1HIIOI 32 Ha3BOIO Ta MOJIOHOI 3a 3MICTOM), € Teopis
MHOXHH, MaTeMaTU4Ha JIOTiKa, Teopid rpadis, Teopis aBTOMATIB



TOIIO. YC€ 1€ € TEOPETUYHOK OCHOBOI HU3KH CHEIIabHUX 1H-
KEHEPHUX TUCIUILIIH, 10 BUBYAIOTHCS 3a MPOTrPamor0 MiJIroTOB-
KM (axiBIiB 13 KOMIT IOTEPU30BAHUX CHUCTEM YIPABIIHHS Ta aBTO-
Maruzanii. Jlo mpodeciiiHO OpiEHTOBAaHHMX IWUCLHUILUIIH BIIHOCATH
taki, Ak “Enextponika i mikpocxemorexHika”, “Indopmariiiini
MpoIiecu B cucTemax yrnpasiinus’, “Komm orepHi mepexi”, “Mi-
KporipouecopHi npuctpoi i cuctemu”, “IIpoekTyBaHHs IPUCTPOIB
1 cucteM aBToMaTtu3allii’, “IHTeneKkTyanbHi CHCTEMH YIPaBIiHHS
Ta 1HIIHK, 10 TOTPEOYIOTh BiJl CTYJCHTA BUXIIHUX 3HAHb T4 BMiHb
13 IMCKPETHOT'O aHaJIi3y 1 Teopii CKIHYEHHUX aBTOMATIB.

Teopernunuii MaTepial HABYAILHOTO MOCIOHUKA CYTTPOBOIKY-
€ThCSI MPAKTUYHUMH TPUKIIAIaMH, TIepeTikaMyd KOHTPOJIbHUX TH-
TaHb JUIA CaMOIIEPEBIPKH 3HaHb, NPAKTUYHUMHU 3aBJaHHIMH
(BmpaBamu) JIsl caMOCTiHOT poboTH cTyneHTa. [IpeqmeTHuii mo-
KQXYUK J[a€ YATAUYEBI MOXIIUBICTh 3BEPHYTHUCS IO MOMEPEIHBOTO
TEKCTY Ui HaraJyBaHHs O3HAYEHHS TOTO YU 1HILIOTO MaTeMaTH4-
HOTro 00’ekTa. Y J0JaTKax PO3MIIICHI JOBIAKOBI MaTepiaiu 3 Me-
TOZIB OOYKCIICHD 1 TPOIIOHOBAHUM BapiaHT KOHTPOJILHOI poOOTH 3
JUCUUIUTIHA B 1ioMy. CHUCOK PEKOMEHJOBAaHHX JITEPATypHHUX
JDKepell, HaBeIeHU! y KiHIll MOCiOHMKA, TTOBHICTIO OXOILTIOE TIPO-
rpaMHUI MaTepiai HaBYaJIbHOI JUCIMILIIHY.



Po3min 1
EJEMEHTH TEOPIi MHOKHUH

Teopist MHOXKHH € PO3/iIOM MaTeMaTUKH, B SIKOMY BHBYAIOTh-
Csl BIACTUBOCTI MHOKMH HE3QJICKHO BiJl TOTO, 3 SIKMX E€JICMEHTIB
BOHM CKJIQAIOThCS. Teopisi MHOXKHMH CHPABEIJIMBO BBAXKAETHCS
OCHOBOIO CydacHOI MareMaTuku. [IoHATTS, akciomMH, TeopeMH Ta
3aKOHU TeOpii MHOXHH € TaKUMH, 110 BUKOPUCTOBYIOThCS K Oa-
30Bi B IHIIMX MaTeMaTHYHHUX TEOPisX, 30KpeMa y TUCKPETHOMY
anani3i. HapuaneHuil MaTepian ycix po3iiiB I[bOro HaBYAIBHOTO
MOCiOHMKA TI€I0 YW 1HIIOK Mipoi0 6a3yeThCs HA OCHOBHUX IOJIO-
KEHHSIX TeOpii MHOXKHH. 3MICT JJAHOTO PO3AUTY TEPECITiIyE METY
HA/JAaHHS YUTAaueBl MOJIMBOCTI OJIEp>KaHHS 3HaHb, HEOOXiTHUX
JUI YCHIIIHOTO BUBYEHHS MarepiajliB TEOPETHYHOTO 1 MPHUKIIA]I-
HOTO XapakTepy, BUKJIAaCHUX Y HACTYITHUX PO3JiIax.

1.1 INousarra Mmuo:xkuHU. Crioco0M 3a1aHHA
i CTPYKTYPHI XapaKTepUCTUKHA MHOKHH

IMouaTTd “MHOXHMHA” Ta “elIeMEHT MHOXWHHK € BUXIJTHUMU
MOHSTTAMU B MaTeMaTHIIl, iM He aeThcs (HhOpMaTizoBaHOTO O3HA-
YyeHHs. MHOOJICUHOIO HA3WBAIOTh CYKYIHICTh BHU3HAUEHUX IOMIT-
HHUX MDK c00010 00'ekTiB, 00’€¢JHAHMX 3a IIEBHOI O3HAKOIO.
OG’exTH, 10 YTBOPIOIOTH MHOXUHY, Ha3UBAIOTH i1 eremenmamu.
Sx mpukiIamM, MOXXHAa Ha3BaTH MHOXKMHU HATypaJbHUX YHCEl,
TOYOK Ha ILIOIIKMHI TOIIO.

XapakTepUCTUYHOIO 03HAKOI MHOXKHHHU € Te, 1110 BOHA HE Mic-
TUTh OJHAKOBHUX €JIEMEHTIB. HanekHICTh eneMeHTa a MHOXKHHI 4
MO3HAYAIOTh CUMBOJIOM €. a€A, a TON (akKT, 10 eIEeMEHT a He €
€JICMEHTOM MHOXKHHU A, T03HA4Yal0Th aZA.

3ajIerkHO BiJ KIJBKOCTI €JI€MEHTIB MHOXXHUHHU IOOUISIOTHECS Ha
CKIHUEHHI Ta HECKIHYEHHi. SIKIII0 MHOXXMHAa MICTUTh CKiHUECHHY
KUIBKICTh €JIEMEHTIB, 11 Ha3UBalOTh CKiHYeHHolo. |HaKIIe KaxyyH,
ICHy€ HaTypaJbHE YUCIO, IKUM BH3HAYAETHCS KITBKICTH €IEeMEH-
TiB CKIHUYEHHOI MHOXXWHHU. Harpukiaa, MHOXHHA BEPIIUH TPUKY-



THHUKA, MHOXXHHA CTYJIEHTIB y rpymi Touio. CKiH4UeHHY MHOXHHY,
SIKa HE MICTHTB JKOJTHOTO €JIEMEHTa, Ha3UBAIOTh NOPONCHLOIO 1 TIO-

3HAYAOTh CAMBOJIOM .

Heckinuennoto Ha3UBAa€TbCS MHOXKHMHA, SKa MICTHTh HECKIH-
YEHHY KIJIBKICTh €JIEMEHTIB, TOOTO HE ICHYE HaTypaIbHOTO YHUCIIA,
10 JTIOPIBHIOE KIJTbKOCTI €JIEMEHTIB JaHOT MHOKMHU. HeckiHdeHHi
MHOWHU TOIUISIOTECI HA 31iueHHI Ta HesalyeHHi. EnemenTH 3i1i-
YEHHOI MHOKMHHM MOJKHA ITOCTABUTH Y BIAIMOBIIHICTH pSAAY HATY-
panbHux ymcen. [Ipuknanamu 3Mi4eHHUX € MHOKUHU MMapHUX, He-
MapHUX, PAMIOHATBHUX YHCEN TOMmO. EJEeMEHTH He3II4eHHOT
MHOXKMHU HE MOJKHA MigpaxyBaTH 3a JIOMIOMOTOI0 HATYypajJbHOTO
psany. Hanpuknan, He3miYeHHUMH € MHOKWHH JIMCHUX Ta ippari-
OHAJIbHUX YHCeJl, MHOXKHHA TOYOK Ha MPSIMiii TOIIIO.

3arabHONPUHHITHMHA € TIO3HAYCHHS OCHOBHUX HYUCTIOBUX
mHoxcun: N — HaTypanpHuX uncen, Z — inux yucen, R — niicHux
gucen, Q — panioHabHUX yncen, C — KOMIUIGKCHUX YHCEI.

MOXIHBI Taki cnocoou 3a0anHsA MHONCUH:

— CHHCKOM eJeMEHTIB y ¢irypHux myxkax. Hampuxman,
A={x,y, 2}, B={2, 4, 6, 8, 10};

— TPOLEAYpPOI0 BHU3HAUEHHS IIOBHOTO HabOpy €JEMEHTIB.
Hampuxnan, M ={2", neN} — MHOXUHa Yyncen BUJlY 2" neN;

— OIMKCOM XapaKTEPUCTUYHHUX BIACTUBOCTEH eneMeHTiB. MHO-
’KMHA €JIEMEHTIB X, SIKi MalOTh BJIACTUBICTh P(x), 3a3BUYaii Mo3Ha-
gaetbes {x| P(x)} abo {x: P(x)}. Hampukmiaa, MHOXWHA HaTypa-
JBHUX YHCEN, O € CTENCHIMH YHUClia 2, MOXe OyTH 3amucaHa sk

A={x| x=2", neN}.

Ilpuknao 1.1. Hexait A={1, 2, 3, 4, 5}. Ilo3nauumo uepe3 B
MHOXHHY, €JIeMEHTaMH SKOi € KBaJIpaTH €JIEeMEHTIB MHOXXUHU A.
Onuc MHOXHUHHU B MOkeMo 3poOHUTH JBOMA CIIOCOOaMHU:

B:{x2| xed={1, 2, 3,4,5,6}}a6o B={1, 4,9, 16, 25}.

Ilpuknao 1.2. 3po6UMO ONMC MHOKUH TOYOK IUIOIIMHU, KOOP-
JMHATH X | Y SIKHX 33I0BOJIbHSIFOTh TaKi YMOBH:
a) A={(x,y)] y=x, xeR}. MHuoxuHa A HeckiHYeHHa, 300paxca-



€Tbcs BCciMa ToukamHu (X,y) IpsMoi Y = X Ha IUIOLIMHI B JIEKapTO-
BUX KOOpJAMHATAX X, V;

0) A={(x,y)| y>X, xeR}}. MHuoxuHa A HeckiHYeHHa, 300paxa-
€ThCSI TOYKaMU (X,Y) TUIOIIMHU HaJ IPSIMOIO Y = X B JEKapTOBUX
KOOpAMHATax X, Y (6e3 TOUOK Ha MpsiMiii);

B) A={(X,y)| y<X, XeR}}. MuoxwuHa A HeckiHUEHHA, 300paXka-
€ThCS TOYKAMH (X,Y) IUIOMIMHHU HIKYE TPAMOI Y = X Y JeKapTOBHX
KOOpJAMHATax X, Y (6e3 TOUOK Ha MpsiMiii);

r) A={(x,y)| y>x+1, xeR}}. Muoxuna A HeckiH4eHHa, 300pa-
YKAETHCS TOUKaMU (X,Y) TUIOLIMHU HAJl IpsiMoto Y = X+1 y nekapro-
BHUX KOOpJIMHATAX X, Y (0€3 TOYOK Ha MpsMmiii);

1) A={(x,y)| y<4-x, xeR}}. Muoxwuna 4 HeckiHueHHa, 300pa-
KAETbCSI TOUKAMHU (X,Y) IUIOIIMHU HIDKYE MpsAMoi Y=4-X y nekap-
TOBUX KOOpJMHATAX X, Y 1 TOYKaMHU Ha 1K MPsAMIii;

e) A={(xy)| [y|<1-|x|, xeR, [x|<1}. MHoxuHa 4 HECKIHUCHHA,
300pakaeTbCcsi TOYKaMH (X,Y) TUIONIMHU KBajapara, 0OMEKEHOTO
npsMuaME JiHiAME Y=1-X, y=X-1, y=X+1, y=—x-1 y nexaproBux
KOOpAMHATAaX X, Y, 3 BKIIOYEHHSIM TOYOK CTOPIH KBaJIpara;

x) A={(x.y)] X*+y*>1, xeR}. Muoxuna A HecKiHYeHHa, 30-
OpaxaeTbcs BCIMa TOYKaMH (X,Y) IUIOIIMHH, 32 BUHSTKOM BHYT-
pIIHBOT YaCTUHM Kpyra pajiycoMm 1, y neKkapTOBHX KOOpJMHATaX
X, Y 13 BKJIIOYEHHSIM TOYOK KOJja.

Ipuxnao 1.3. Sxi 3 HaBeneHuX BU3HaveHb MHOXHH A={1, 3,
5}, B={4, 7, 7, 11}, F={x| xeA}, D ={A, B} € kopextaumu? Yu
HaJIS)KUTh YUCIIO 5 MHOXUHI D?

Bionosiow:

a) BU3HAUEHHS MHOXHMHU A IepepaxyBaHHSIM €JIEMEHTIB KO-
PEKTHE;

0) 3riIHO 3 O3HAYEHHSM MHOXHHH i1 €IEeMEHTH MOBUHHI OyTH
pI3HI, TOMY B CHHCKY €JIEMEHTIB HE MOKHA 3a3Ha4yaTu TOH caMuit
€JIEMEeHT KijbKa pa3iB. KopekTHe BU3HAYeHHS MHOXHUHU B Oyne
takum: B={4, 7, 11},

B) BU3HAYECHHSI MHOXKMHU F IUIIXOM Ommcy XapaKTepuCTHYHOT



BIIACTHBOCTI ii €JIEMEHTIB KOPEKTHE;

') BU3HAUYCHHS MHOKMHHM D xopekTHe. EneMeHTaMy MHOKUHH
D e maoxunu A i B, Tooto D={{1, 3, 5}, {4, 7, 11}}. Onnax
5¢D, ToMy 1110 11€ii eJleMEeHT He NepeiueHU y CIIUCKY.

MuoxuHa A € niOMHONCUHOIO MHOXXHHH B, SKIIO KOXHUN
€JIEMEHT X MHOXUHA A HAJIEKUTH 1 MHOKHUHI B; 1[0 [I03HAYAETHCS
Tak: AC B (abo B2 A). Take BiAHOIICHHS] MK MHOKMHAMU Ha3H-
BaIOTh Hecmpocum éxknouerusm. O4eBUAHO, Oy/Ib-IKa MHOKHHA A

MICTUTh MOPOXKHIO MAMHOKUHY: O C A.

S0 MHOXXKHMHA B MiCTUTh, KPIM IIMHOKHWHU A, 1HITY HETO-
POKHIO MIIMHOXKHHY, TO Ma€ Miclie cmpoee gxkniouenHss A B B, 110
no3Havaerbesl Tak: A B (abo BDA). byab-ka HENOpoXKHS MHO-

uHa A Mae npuHaiiMHi 1Bi miaMHO)uHK: ACA 1 D A.

Pi3HUIIIO MTOHATH HAJEKHOCTI €JIEMEHTIB 10 MHOXUHH 1 BKIIIO-
YEHHS MOYKHA IMOSCHUTH TaKUM YuHOM. SIkmo 4={2, 4, 6, 8}, 10
2€A4, 4€A, ane {2, 4}¢A, y Toii yac Ak {2, 4}cA. Skmo x
A={{2, 4}, 6, 8}, T0 2¢A, 4¢A, ane {2,4}e A iy Toil xe yac
{2, 4}cA.

Ilpuknao 1.4. SIxi 3 HaBeleHUX TBEPAKEHb MTPABUIIbHI?
a) siko Ac B 1 BcD, to AcD;

0) sxo Ac B 1 Bc A, To A=B,

B) sikimo AcB 1 BcD, to AcD.

Bionogiow: yci TBepKEHHS TPaBUIIBHI.

Ipuxnao 1.5. Tana muoxuna D={7, 13, 25, 34, 101, 112}.
SIK1 3 HaBEEHNX HIKYE MHOXKHH € MIAMHOXHHAMU MHOKUHH D:
a) {1,7,13}; 0) {0, 1, 12}; B) {25, 112, 34}; 1) {a, b, c, n};

n) {7, 13, 25,34, 101, 112}; e) &?

Bionosiow: B) {25, 112, 34}; n) {7, 13, 25, 34, 101, 112}; e) &.

Muoxwuny P(A) BCiX MIJIMHOKHWH, IO CKJIAJAIOTHCS 3 CIIEMCH-



TiB CKIHYEHHOI MHOXHHHU A, BPaxoBYIOUH BKIIIOYEHHI JCA i
AcC A, HazuBawTh Oyrearom MHOXUHH A. Hampukiman, Oynean
muoxunn 4={a, b, ¢, d} mae Takuii Burnsa: P(4)={J, {a}, {b},
{c}. {d}. {a, b}, {a, c}, {a, d}, {b, c}, {b, d}, {c, d}, {a, b, c}, {&,
b, d}, {a ¢ d}, {b, ¢, d}, {a, b, ¢, d}}. Bynecan Oyab-sxoi
N-eJeMEHTHOT MHOYHHHU MICTHTh 2" eJIeMEHTIB (T IMHOKHH).

Tlomyoichicms MHOdCUHU BU3HAYAETHCS K KIIBKICTH 11 eleMe-
utiB. Hanpuknan, noryxuicts Mmuokunu A ={a, b, ¢, d} nopisuroe
4. HaBenenuii Buiie O0yinean P(4) MicTHTD 2*=16 enemenris (-
MHOXHH). OTXxe, Horo notyxHicts |P(4)|=16.

Muoxunu A 1 B BBakaroThCs pigHumu, KO Oyab-SKUM ele-
MEHT MHOXXUHU A € eleMeHTOM MHOXUHH B 1 HaBmaku. PiBHICTB
MHOXHH A 1 B mo3nauarots 4 =B, a iX HepiBHICTh — A #B.

3 HaBEJCHOIO O3HAYCHHS PIBHOCTI MHOXHWH BHIUIMBAE, IO
MHOKMHA TTOBHICTIO BU3HAYAETHCSA i1 €IEMEHTaMH, 1 TIPH 3aJlaHHi
CKIHYEHHOI HEBITOPSIKOBAHOT MHOXHHH NOPs00K, B IKOMY Iepe-
JI4veHi il eJJeMeHTH, HE Ma€ 3HaUYEeHHS.

s 6yab-sikux MHOXUH 4, B, D BukonyroTbcs ymoBu: 4=4,
B=B, D=D; sxmo 4 =B, To B=A, (3 BUKOPHUCTaHHSIM CHMBOJIIB

Uiy A=B=>B=4 i A=B<B=4); sxmo A=B i B=D, To
A=D.
I3 pIBHOCTI MHOXHH BHIUIMBAE PIBHICTh iX MOTYXHOCTEMH:

skiuo A=B, to |A|=|B| (A=B=|4|=|B|), omHak TBepIKEHHS

|4|=|B| =4 =B y 3araisHOMy BUTIa Ky HETPaBUIbHE.

CkiHYeHHI MHOKMHH 3 OJHAKOBOIO KUIBKICTIO €JIEMEHTIB, TOO-
TO 3 OJIHAKOBOIO TMOTYXKHICTIO, HA3UBAIOTh pi6HOUUCEIbHUMU, A00
PDIBHONOMYHCHUMU.

OcCKUIbKH BC1 37114€HHI MHOKMHU MalOTh OJTHAKOBY MOTYKHICTb,
10 JIOPIBHIOE TIOTYKHOCTI Ny (UUTAETHCS “aned-Hyab ') MHOXHHH
N HaTypaJabHHX YHCEN, TO BCl BOHM € piBHOUHMCENbHUMU. [ToTyX-
HICTh OyJieaHy MHOXKMHHU HaTypaJbHUX YHUCENl Ha3UBAIOTb HOMY-
orcHicmio konmunyyma. 0Ty KHICTh KOHTUHYYMa BBa)KalOTh KOH-



CTaHTOIO (3 MO3HAYEHHSIM ) Ta BUKOPHUCTOBYIOTH JUISI TIOPIBHSH-
HsI 32 TIOTY)KHICTIO HECKIHUCHHUX 3JIIYEHHUX MHOXHH.

Ipuknao 1.6. Muoxuna {J} nenopoxss, Tomy mo {J}#J.
BoHa € OZHOEIEMEHTHOI, €IMHUM il €JIEMEHTOM € IIOPOXKHS
MHOXHUHA .

Ilpuknao 1.7. BuzHauuTy, sKi 3 HaBEJCHUX TBEP/KCHb CIIpa-
semsi: a) [{G}=1; 6) {{G}}e{{{D}}}; B [{{J}}H=2;
r) xe{x}, x) {x}<={x}, e) {x}e{x}, x) {x}e{{x}}.

Bionosiows.

CropaBemuBi: a) |[{J}=1 — NOTYXHICTh OJHOEIEMEHTHOI
muoxuuu {J}; 0) {{D}e{{{T}}}, {{J}} — enement oanoe-
nementnol MHOXuHH {{{D}}}; 1) xe{x}; n) {xF{x};

x) {X}e{{x}}, MHOXUHa {X} € eleMeHTOM MHOXUHH {{X}}.

Hecnpasennusi: B) |{{D}} =2, {{D}}| — noTyxnicTs onHoe-
nemenTHol MHOXUHEH {{T}}; ) {Xx}e{X}, MHOXMHA {X}HE Mic-
TUTH eJeMenTa {X}.

Ilpuxnao 1.8. BuzHaure, CKIJIBKHA E€JIEMEHTIB MICTITh TaKi
muoxunnn: (X}, {{x}}; {x, {3} O x {{x {33

Bionosiob: MuHOxuHN {X} Ta {{X}} MicTaTh 1o | ememeHTy,
mHoxuHa {X, {X}} — 2 enementn, maoxkuna {{x}, X, {{x, {x}}}} -
3 eJeMeHTH.

Ilpuknao 1.9. BuzHaunty, siki 3 HaBEJACHUX MHOXUH JOpPIB-
HIOIOTh oaHa oaHid: a) A ={X| x=2y, yeN}; 06) C={1, 2, 3};
B) D={0, 2,-2,3,-3,4,-4, ...}; r)E={2x|xeZ}.

Bionosiov. D=E.
Ilpuxnao 1.10. TlobynyBaru Oynean st MEOxuH 4, B, C, D,

akmo: a) A={{}}; 0) B={1, 2, 3, 4}; B) C={ueusn, Hiu},
r) D={1, {2, 3}, 4}.



Bionosiow.

P(A)={{<}}=A.

PB)={{<} {1}, {2}, {3}, {4}, {1, 2}, {1, 3}, {1, 4}, {2, 3},
{2,4}, {3,4}, {1, 2,3}, {1, 2,4}, {2, 3,4}, {1, 2, 3, 4}}.

P(O)={{D}, {neun}, {uiu}, {neHp, Hiu}}.

P(D)={{<}. {1}, {2, 3}, {4}, {1.{2, 3}}, {1, 4}, {{2, 3} 4}},
{1.{2, 3}, 4}}.

[TOHATTS MHOKUHH TIOBUHHE OYTH TIOB’SI3aHE 3 TICBHUMU CITiB-
BiJTHOIIEHHSIMU MIX 1i €JIeMEeHTaMu, TOOTO MHOKHMHA MOXe OyTH
MEBHUM YHMHOM CTPYKTypoBaHOw. OJHUM i3 BUIIB CTPYKTypOBa-
HOCTI MHOXUH € YIOPSIIKOBaHICTh. MHOXHMHY M HA3UBAIOTh yHO-
PAOKOBAHON, KO B HIA YCTAHOBJICHO BIOHOUIEHHA NOPAOK)Y =,
10 Ma€ TaKi BIACTUBOCTI:

—Va,beM ab6o a<b (a nepenye b), adbo b<a (b nepenye a);

—Va,beM, sxmo a<bib=<c, To a<c.

Bulip BiIHOIIEHHS TOPAAKY HA3UBAIOTh VHOPAOKYBAHHAM
MHOXUHHU. J[71 BHOPSAIKYBaHHS CKIHYCHHOI MHOXHHHU JIOCHTH
NPUBJIACHUTH 11 eJleMeHTaM HoMmepH 1, ..., N, abo mpocTo 3amucaru
ix y meBHOMY Topsaky. [IpocTuit nmpukiamx BUKOPUCTAHHS YIIOPSI-
JTKOBAaHUX MHOXXHH Ja€ JiHiiHa anredpa: eneMeHTH PAIKIB 1 CTO-
BIII[IB N X N — MaTpHIll y MEBHI MOCIIIOBHOCTI CTBOPIOIOTH N —
BUMIpPHI BIOPSAKOBaHI MHOXHHHU (KOPTEXi, BEKTOpH). [HIII mpu-
KJIQJIM YTIOPSIKOBAaHMX MHOXKHUH:

A={x_| xe{45, 1, 76, 4; < — 3pocTaHHs 3HaueHHs uncaa}={1,
4, 45, 76},

A={x_| xe {maiictep, poOITHUK, HAYAILHUK LIEXY; < — CIykK00-
Ba iepapxisi} = {poOITHUK, MalicTep, HAYALHUK 1IEXY};

A={x_| Xe {renepan, mMaiiop, MOJIKOBHUK; < — i€epapXis BIlCh-
KOBHUX 3BaHb} ={Mailop, OJKOBHUK, T€HEPaI}.

Bynp-sika BHopsimikoBaHa CKiHYEeHHAa MHOKMHA Ma€ eKCTpeMa-
JbHI €IEMEHTU: Ma)KOPAHTY, MIHOPAHTY, MaKCUMaJIbHUI Ta MiHi-
MaJIbHUN €JIEMEHTH, BEPXHIO Ta HWKHIO rpaHi. Maoswcopanma (mi-



HOpauma) AesKol MIMHOXHHU X YIOpsSAKOBaHOT MHOXHHA M — 118
eneMeHT YeM Ttakuid, mo a1 Oyap-sKOro XeX CHpaBemuBe Y > X

(Y= x). Sxmo maxopanrta (MiHOpaHTa) Y€M HaNeKUTh MiJAMHO-
XHHI X yIIOpSAAKOBaHOT MHOKMHU M, TO1 BOHA HAa3UBAETHCS MAK-
cumanvrum (Minimanvrum) enemenmom MHOXUHH X < M. Skuo
MHOXXHHA MaKOpaHT (MIHOpaHT) MHOXUHU XC M Mae MiHIMaJIbHI
(MakcUMaibHi) €IEMEHTH, TO MHOXKHHY IIMX €JIEMEHTIB Ha3HBaIOTh
8epxHbo10 (HUJICHBOIO) 2paHHI0 MHOXUHU XC M, i3 YMOBHHM I103-
HaueHusiv SUPX (infX). OueBuaHo, AKIo0 MHOXHHA M € cmpo2o
gnopsiokoeanoro (0ynb-sKi Yj, Yj€M 1oB’s13aHi BIJHOIIEHHIM I10-
PAAKY Yi<Yj abo Yj<Vi), To Oyap-sika MHOXHHA XC M Mae OJuH Mi-
HIMaJbHUHA Ta OJJMH MaKCUMAaJIbHUI €IeMEHTH, 1110 OHOYACHO € Bi-
JIITOB1JTHO 11 BEPXHBOIO Ta HKHBOKO TPAHIMHU.

Jlexapmosum (npsimum) 006ymrxom MHOXKHUH A 1 B Ha3UBa€eThCSA
tpetst MHOKUHA A x B ={(a,b)| acA, beB}, enemenramu sikoi € Bci
MOXIIUBI ynopsikoBaHi mapu (a,b) enemMeHTiB nux MHOXUH. Y 3a-
raJlbHOMY BHIAJIKY JeKapTiB JOOYTOK 4 X A X...x A N OJHaKOBHUX
MiAMHOKHUKIB Ma€ Ha3BY “MHOJCUHA-CMeENiHb” 1 TIO3HAYAETHCS
A". EnementamMu MHOXHMHH A" € BIIOPAAKOBaHi N-BUMIpPHi KOPTEXi
Buny (aa,,...,a,), ne a, i =1, ..., N — CIEMEHTH MHOXUHHU A,
CKJIaJIeH] 3 BUKOPUCTAHHAM IpaBuiia (OpPMyBaHHS €JIEMEHTIB J0-
OyTKy 1BOX MHOXKHUH: (...((A x A) x A) X...x A). I3 nporo npasuia,
30KpeMa, BMILIMBAE, IO MOTYXKHICTh MHOXMHHU-cTeneHs |4"| =
J4]".

Enementu ai, ay,..., a, N-BUMIpHOTO BEKTOpa (KOpTeka) Ha3u-
BAalOTh HOT0 Koopounamamu (B N-BUMipHOMY IipocTtopi). [Tpukia-
JIOM BUKOPHUCTaHHS 100yTKY MHOKHH € MHOXKMHA R x R = R% neR
— MHOXHHA JiiicHux yucen. MuHoxwuHa {(X,y)| XeR, yeR} ysBnse
cO000I0 MHOXKHMHY BCIX TOYOK TUIOIMKHU (200 TBOBUMIPHUX BEKTO-
piB) y A€KapTOBUX KOOpJAUHATAX X, Y.

Ilpuknao 1.11. Busnauutu n00yTok MHOXHH X={X;, X},
Y={y1 Y2 Ya}.



Bionosioo: XxY=Z={(X,Y1), (X1,Y2), (Xi,¥z), (X2,¥1), (X2,¥2),
(X2,Y3)}-

Ilpuknao 1.12. SIxuii reoMeTpUYHUN 00’ €KT ONMUCY€E MHOXKHUHA
A={(x,y)| Y’+x*=1, xeR, yeR}?

Bionogiob: MHOXWHA A ysBiIsie cCOO0I0 MHOXHHY BCiX TOYOK
xy)e R? kona paniycom 1 3 IEHTPOM y OYAaTKy KOOpIUHAT.

Konumponvni numanns

[TosicHITH Taki MOHATTS: MHOXHHA, €ICMEHT MHOXKHUHH, ITiJIM-
HO’KHMHA, CKIHUCHHA 1 HCCKIHUYCHHA MHOXKHMHH, 3JI1IYCHHA Ta HE3Ji-
YeHHA MHOXHWHH, TTOPOKHS MHOXKHHA, HEBIIOPSIKOBAaHA Ta BIIO-
pSAKOBaHA MHOXKHMHU, OyJieaH MHOXKUHU, JEKapTiB J00YTOK MHO-
JKHH.

3anumIiTh 3a JOIMOMOTO0 TT03HAYEHb HAJICKHOCT1 TBEPIKCHHS,
110 CJIEMEHT @ HAJIEKUTh, a €JIEMEHT D He HAaJIC)KUTh MHOKHHI A.

Uu MOke MHOKHMHA MICTHTH JIBa Ta OLIbIIE OJHAKOBUX €lIeMe-
HTIB?

UM € MHOXKMHU HaTypaJIbHUX, IUIUX, TIHCHUX Ta KOMITJIEKCHUX
qycell CKIHYEHHUMU?

HageniTh npukiaau cKiHU€HHUX 1 HECKIHUEHHUX MHOHH.

Sxkumu cnoco6amu MOXKHA 3a7aTH MHOKHUHY?

[TosICHITh TIOHATTS CTPOTOTO 1 HECTPOTrOro BKIIOYEHb OHIE]
MHO’KUHU B 1HILY.

Yu Mo’ke MOPOXKHS MHOXKHHA OyTH MiJIMHOXXHHOIO HETOPOK-
HbOT MHOXKHHU?

HaBeniTh npukiag MHOXKHHH, €IEMEHTAMU SIKUX € MHOKUHHU.

Hagenith nmpuxiaau 3/1i4€HHUX 1 HE3MYEHHUX YMCIOBUX MHO-
JKHH.

SAxuit 00’€KT TEOpil MHOKUH SIBJISIE COOOI0 MHOKHHY BCIX IiJI-
MHOHH JICSIKOT MHOKHHH?

Ski 06’ekTH € eneMeHTaMu OynaeaHy MHOKMHHU? UM € TOpOoxKHS
MHO’KMHA 1 caMa MHOKHHA (B IJIOMY) elleMeHTaMH 11 Oyneany?

Ha npuknazai S-eneMeHTHOI MHOKUHU MOSCHIThH “‘TEXHOJIOT1I0”
noOy/0BH ii Oyneany.



CKIJTbKY €JIEMEHTIB MICTHTD OylieaH N-eleMeHTHOI MHOKUHH?

SIKMM YMHOM BU3HAYa€ThCS MOTYKHICTh MHOKUHU?

3a IKUX YMOB JIBI MHOKUHU BBa)KaIOTHCSI pIBHUMH?

Uwu € piBHICTh MOTYKHOCTEH MHOYKHWH HACIIIKOM iX piBHOCTI?

SIKUM YMHOM 3IIHCHIOETHCS TIPOLIEAYpa BIOPSIKYBAHHS MHO-
xuHu? HaBeniTe mpHKIaa ymopsaIKOBaHOI MHOXKHHH 13 JIHIMHOT
anreopu.

[TosICHITh MOHSATTS €KCTPEMaJIbHUX E€JIEMEHTIB YHMOPSAIKOBAHOI
CKIHYEHHOI MHOXHHH: Ma)KOPaHTH, MIHOPAaHTH, MaKCHMAaJIbHOTO
Ta MiHIMaJIBHOTO €JIEMEHTIB, BEPXHBOI Ta HIKHBOT I'PaHEH.

[TosICHITH TOHATTS JIEKAPTOBOTO JOOYTKY MHOKHH.

Hexaii 4 1 B pi3ni MHOUHU. [TosicHITh, YoMy A X B#B x A?

SIxuit 00’ €T Teopii MHOXKMH Ma€ Ha3By “MHOXXHHA-CTEIiHb ?

SIki 00’ €KTH € elleMEHTaMK MHOYKUHH-CTENeHs A'?

B sikomy CITiBBiAHOIICHHI 3HAXOASATHCS OTYKHOCTI MHOKHUHU -
crenens A" i camoi MHOKHHU A?

1.2 Omepauii HaJx MHOKUHAMH

VY GaraThox po3[iIax MaTeMaTUKHU 1, 30KpeMa, B Teopii HMOBI-
pHOCTEH PO3MIISAIAIOTHCS JIMIE MHOXHUHH, IO € MiIMHOKUHAMU
onHi€l ¥ Tiei camMoi MHOXWHHU, Ky Ha3UBAIOTh VHIBEPCAIbHOIO
MHOJCUHOIO (VHigepcymom). J{nst yHiBepcyMy OyaeMO BUKOPHCTO-
ByBatu no3HaueHHs U. Hang MHOXHMHaMu, SIKi € eleMeHTaMu Je-
sKoro yHiBepcymy U, MokHa 3111iCHIOBaTH MEBHI omneparlii, yrBo-
PIOIOYM 3 KUIBKOX MHOXHH 1HITY. OCHOBHUMHM OTEpaIlisiMu HaJ
MHOKUHAaMU € OiHapui (KOJU 3 IBOX MHOXHUH YTBOPIOETHCS Tpe-
T4).

Osnavenns 1.1. O6’eonannam AUB muooxwcun A 1 B Ha3u-
BAa€THCSl MHOKMHA BCIX €JIEMEHTIB, IO Hajie)aTh MPUHANMHI OfI-
Hilf 13 MHOXXUH A4 260 B (“a00” HEeBUKIIIOUHE):

AUB ={X| xeA abo xeB}.

Osuauenns 1.2. Ilepemunom ANB mnoxcun A 1 B Ha3u-

BA€ThCS MHOXKMHA BCIX €JIEMEHTIB, SIKI HAJIe)KaTh SIK A, Tak 1 B:



AN B={x|xeAixeB}.

Osnauennsn 1.3. Pisuuyero A\B mmnoocun A i B Ha3uBaeThCs

MHOJKHMHA BCIX €JIEMEHTIB, SIKi Halle)KaTh A 1 He HaJIeXKaTh B
A\B={X| xeAix¢B}.

Muoxuny A\ B Ha3MBaIOTh TAKOK 00nosHeHHAM B 110 A.

O3unauvenns 1.4. Hexait A c U, ne U — yniBepcym. JlonoBHeH-
HsIM A 710 YHIBEpCYMY Ha3UBA€ETHhCSI MHOKHHA

U\A={x| xeUixgd}=4
(BepXHe MigKpeclIeHHS O3Hayae 3amepedenHs). Omneparis 10-
MIOBHEHHS 10 YHIBEpCYMY € yHaphoio (3 OIHI€l MHOXXUHH yTBO-
PIOETHCS 1HIIIA).

Osnauenns 1.5. Cumempuunoro piznuyero A—B MHOXUH A 1 B
HAa3UBAEThC MHOKHMHA BCIX €JIEMEHTIB, sIK1 HaynexaTh A abo B 1 He
HaJe)XaTh MHOKWHI AN B:

A-B ={X| (xeA abo xeB), ane xg AN B}.

Ilpuknao 1.13. Hexait U={1, 2, 3, 4,5,6,7,8,9, 10}, 4 -
MHOKHHA apHHUX 4ucel i3 U, B — MHOXHHA THX CaMMX YHCEI i3
U, mo kparui 3. Tomi 4={2, 4, 6, 8, 10}, B={3, 6, 9}, AUB={2, 3,
4,6,8,9, 10}, A\nB={6}, A\B={2, 4, 8, 10}.

CxemaruuHe 300paK€HHsS YHIBEPCAJIbHOI MHOXHHM Ta i
MIIMHOXHH MOXHA POOHUTH 3a JOTIOMOToI Oiacpam Benna (Eii-
nepa — Benna). Ha nux niarpamax yHiBepcajlbHa MHOXKHMHA 30-
OpaxxaeTbcsi MHOKHHOIO TOYOK MPSIMOKYTHHKA, a i1 HMIAMHOXHHH
— Y BUIJIAAL KpYTiB @00 1HIIUMH 00JacTAMHU y IIbOMY MPSIMOKYT-
HUKY. 3acTOCyBaHHs JiarpaM BeHHa Haj MHOXXKMHAMHU 1IIOCTPYE
puc.1.1, ne 3amTpUXOBaHUMHU JUITHKaMU NpsiMokyTHHKa U Bigo-
OpakeHl1 pe3ybTaTH BUKOHAHHSI OTepartii.
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Pucynok 1.1 — [liarpamu BenHa orepartiii HaJi MHOKUHAMHU

3a gonomororo miarpamM BeHHa HEBa)XKKO MEPEKOHATHUCS TAKOX
y MPaBUJIBHOCTI TAKUX TBEP/XKEHb:

AN(B\C)=(ANB\ANC); A\B=4ANB;

A-B=B-A4; A-B=(AUB)NANB); (4-B)-C=A4—(B-C);

AN(B-C)=(ANB)—(ANC); A-U=A; A-B=A.

[ToeqnaHHsS MHOXKMHU 13 3aJlaHUMU Ha Hil OomepauisMu Ha3u-
BaIOTh aeeOporo. MHOXKHMHY B anreOpi Ha3MBAIOThb HOCIEM, a CY-
KYMHICTb ONepaliil — cuenamyporo.

Anre6py Kanropa < P(U), U, N, >, HocieM sKoi € Gynean
P(U) yuiBepcanbHoi MHOXkuHM U, curraryporo — omneparnii
00’€eIHAHHS U, IEPEeTHHY M Ta IOTOBHEHHS , HA3UBAIOTh ai2eb-
poio muoxcun. Muoxuan U 1 & y 1iit anreOpi € BiAMOBITHO OaU-
HUYHUM Ta HYJILOBHM €JIeMEHTaMHU. 3a JOTOMOTror0 fiarpam Ben-
Ha MOXHA MEPEeKOHATUCs, 110 omeparii HaJl MHOXKMHAMHU BOJIOJIi-
I0Th BJIACTHBOCTSIMH, SIKi HA3UBAIOTh 3AKOHAMU ANI2eOpU MHONMCUH
(Tabm. 1.1).

B anrebpi MHOXMH iCHYe npunyun oeoicmocmi: sl Oyib-
SKOTO TBEpPPKEHHS 3 BUKOPUCTAHHSAM MOPOXKHBOI Ta yHIBEpCasb-
HO1 MHOXHH 1 oTIepalliii U Ta M MO>KHA CKJIACTH JABOICTE 10 HbOTO

TBEpKeHHs IsixoM 3aminn @ Ha U, U Ha @, U Ha N, N Ha U,
SKe TakoX OyJe TMpaBWIbHUM. Hampukiaa, NBOICTUMHU € TBEp-



mwxeHHst AN(BUC)=(ANB)U(ANC) i AV(BNC)=(4uB)N(ALC).
Cepen HaBeneHUX y Tabauill 1.1 map TOTOKHOCTEH MOYKHA 3HAUTH
1HIII, 110 ITOB’sI3aH1 BIAHOIIEHHAM ABOICTOCTI.

Ta6mmms 1.1 — 3akoHu anredpy MHOKHUH

Hassu 3akoHIB ToToxHOCTI

3aKOHHU 1IEMIIOTEHTHOCTI AUA =4; ANA4 =A4;
AUA=U; ANA=T;
AulU =U; AnY = I,

ANU =A; AuD =A

3aKOHHU KOMYTaTUBHOCTI AUB=BUA; ANB=BNA

AU(BUC) = (4uB)uC =4AUBUC,

3aKOHM acOI[IaTUBHOCTI
AN(BNC) = (4N B)NC=4ANBNC

AN(BUC) = (AN B)U(ANO);

3aKOHU JUCTPUOYTUBHOCTI
AU(BNC) = (4uB)N(4UC)

3aKOHY MOTJIMHAHHS AU(AN B) =4; AN(AUB) =4

(ANB)U( AN B)=B;

3aKOHHU CKJICIOBAHHS Al
(AUB)N(AUB) =B

AUB =ANB;

3akonu e Moprana B
AnNB=AUB

3axonu ITopenskoro AU(ANB)=AUB,;

AN(AUB)=4ANB
3aKoH NOABIMHOrO 3amepe- =
YCHHS

>

=4

V3araabHeHHS onepauiﬁ Haa MHOKHMHAMM:

n
00’emHaHHA N MHOXKUH A1 UA>\U ... UA, :U’Aﬁ :
i=1

NEPETHH MHOKUH A1NAz2N ... NAR= A

3akoHu ne Moprana | A = mz\i v MA= UZi .

i=1 i=1 i=1 i=1




ba3zyrouncek Ha IOHATTAX BHINE3a3HAUYCHUX OTEpaIliii HaJ MHO-
YKUHAMH, PO3TIITHEMO TTOHATTS PO3OUMNIS MHONCUHU.

Osnauvenns 1.6. Cucrema MHOXHH {Xi, X2, ..., X} Ha3u-
BAa€THCSI PO3OUTTSAM MHOKHUHHM M, SIKIIO BOHA 3aJIOBOJIBHSIE Taki
YMOBH:

— Oyab-sika MHOXHHA Xj, i=1n € migAMHOXHHOW M, TOOTO
XicM;

— Oynp-sKi B MHOXHHHU X; Ta Xj, 1#], HE MEPETHHAIOTHCA,
T00TO XiNXj=J;

— o0’eHaHHS BCIX MHOXHUH, IIO BXOJATH y PO3OUTTS, Ja€

n
MHOXHHY M = U X; ;
i=1

— s Oyb-AKOro I, i=1,Nn, MHOXHHA X; € HEIOPOXKHBOIO, TOO-
1O X; 2.

OTxe, po30UTTSI MHOXKUHHA M — 1€ Taka CHCTEMa HEMOPOXKHIX
Ta pI3HUX 11 MIIMHOXHWH, KOJIM KOXCH €JIEMEHT MHOXHHH M O1-

HOYACHO € €JIEMEHTOM TIJIbKM OJHI€T 3 UX MigMHOXHUH. Hampu-
kiman, {{1,2},{3},{4,5}} € po3outTsam muoxunu {1,2,3,4,5}.

Ipuknao 1.14. 3anani: yuisepcanpua muokuna U={0, 1, 2, 3,
4,5, ..}, il migmaoxkuan 4 ={3x| xeU}, B ={bx| xeU}. 3naiitu
ANB.

Bionosios:

A={0, 3, 6,9, 12, 15, 18, 21, 24, 27, 30, ...}={3x| xe U},

B={0, 5, 10, 15, 20, 30, ...}={bx| xeU};

AN B={0, 15, 30, 45, ...}={15x| xeU}.

Ilpuknao 1.15. Hexait yHiBepcanbHa MHOXKHHA U CKITaiaeThes
3 uucen 1, 2, 3,...,9 1 33 OykB ykpaincekoro andasity a, 0, §,...,1.
Sxmo A={1, 3,5, a, 6 0} 1B={1,2,3,4,5, a, 6, 2, 0, e}, 3HaUTH:
a) B, 6) ANB, B) AUB,T) ANB .

Bionosiow: a) B={6,7, 8,9, 6 ac, 3,..., a}; 6) AnB={1, 3, 5,
a, 0};B)AUB={1,2,3,4,5 4,6 6 2 0, e}; 1) AnB ={6}.



Ilpuxnao 1.16. Hexait U € MHOXHHOIO BCiX TOYOK (X,Y) KOOp-
munaTHOT iomuan, A={(X,y)| y = X[}, B={(X,y)| y > x|},
L={(x,y)| x+y=2}, M={(X,y)| Xx+y<2}. Bkazaru Ha IIOIMHI TaKi
MHOXHHH: a) 4, 6) B, B) AUB, 1) B, n)L, ) AnL, x) BNM,
3) M, K) L.

Bionogios.

a) A={(x,y)| y=|X|} — muoxkxuna touok (X,y) Ha rpadiky GyHK-

{ Xnpu X >0,
mii y =
—Xnpu X <0.

6) B={(x, y)| y > x|} — MHOXWHAa ToYOK TUTONIMHK BHIIE Tpadi-
Xnpu X =0,

0e3 TOYOK Ha caMoMy I'padiky.
—Xnpu x<0 y rpagixy

Ka QyHKIIi Y = {

B) AUB — MHOXXMHa TOYOK IUIOIIMHU BHIIE Tpadika QyHKIT
Xnpux>0, )
y= 1 TOUOK Ha camoMy rpadiky.
—Xnpu X<0

r) B — MHOXHMHAa TOYOK IUIOIIMHHU HIDKYE rpadika QyHKIi

_| Xnpux>0, . .
= {_ X npu X <0 1 TOYOK Ha caMoMy rpadiky.
o) L={(x, y)| x+y=2} — MHOXHHa TOYOK rpadika QyHKIII
y=2—X.
e) ANL — Touka (1, 1) meperuny rpadikiB QyHKIiH Y =2 — X Ta
_ | xnpux=0,
- {— Xnpu X <0

) BNM — MHOXXHHA TOYOK TUIOLTMHU, OOMEXeHOT rpadikamMu
byHKIiH
_{ Xnpu X =0,

—Xnpux<0 Ta y=2-X mpu x<1,

0e3 TOUOK Ha IUX rpadikax.

3) M — MHOXMHa TOYOK IUIOUIMHM BHIIE rpadika (QyHKIii
Yy =2-X 1TOYOK Ha caMOMy rpagiky.



K) L — MHOXmMHa BCiX TOUoK (X,Y) KOOPMHATHOI IUIONIMHH, 32
BUHSTKOM TOYOK rpadika GyHKii y = 2—X.

Ilpuknao 1.17. Hexait A i B — NiAMHOXMHU CKIHYEHHOI yHI-
BepcaiabHOT MHOXUHU U. KiIbKiCTh €1eMEHTIB JIeSIKUX MigMHO-
*uH yHiBepcymy U Bkaszana B cToBmipix 2 — 5 tabnuni. IlocraBu-
MO 3aBJIaHHS: BU3HAYUTH KUIBKICTh €JIEMEHTIB Yy MIIMHOXHHAX,
BKa3aHUX y CTOBIIX 6 — 10 apyroro psiika Talnmili, 3alIOBHUTH
OTPUMAaHHMMH JJAHUMH CTOBIIII 6 — 10 TpeThoro psiaka.

1 2 | 3| 4 5 6 7 8 9 [ 10
Mmuoxmuna | U A B ANB | AnB | An § AUB| A | AUB
Kinbkicts | 95| 7 | g 3 5 4 12 | 10 | 13

€JIEMEHTIB

Po3ze’azysanns

[MoOynyemo niarpamu BeHHa Ui MIIMHOXHH Yy CTOBIIISX
6 — 10 (emeMeHTH MHOXHH Ha Jiarpamax IO3HA4YEHI TOYKAMH).
[TigpaxyBaBIM 4Kcia €IEMEHTIB B KOXKHIM 13 IUX MHOXHH, OT-
pruMaemo (1uB. Tab1.): |ANB|=5, |AN B |24, |AUB|=12, | A|=13,
| AUB|=13.




AUB=AU(B\(ANB)) A=U\4 AUB=AU(ANB)
Pucynox 1.2 — Jliarpamu Benna o npukiany 1.17

Ilpuknao 1.18. Po3B’sbkeMo CUCTEMY PIBHSHB

A\ X =B,
AuX =C,

/ ne A, B, C — 3azani MHO-
*uau ta BcAcC.
’/’ Bionosiow.
B=A\X X=C\B=(C\A)u(CnA),
SK TOKa3aHO Ha Jiarpami

Benna (puc. 1.3).
Pucynok 1.3 — Jlo npuknany 1.18

[Tpu cTBOpeHH] 200 CIPOLICHHI CKIAAHUX aITreOpaidHuX BUpa-
31B CNiJI KEpyBaTUCh MPIOPUTETOM orepaliii. B anredpi MHOXUH
iCHye HacTymHuWil mpioputer omepauii: A, ANB, AUB, A\B,
A-B. TlosicHeHHSIM NIPHOPUTETY OMNEpalliii € HaCTyIHUI TPUKJIA,
B SIKOMY IapaMy AY>KOK BHU3HAUYE€HO MOCIIJOBHICTb BHUKOHAHHS
oTiepalliil Jisi CIIPOIIEHHS CKJIATHOTO BUPA3Yy:

Q=E\DUANBUO\F=E\DU((A)NB)UO))\F.

Konmpononi numannsn

Slxa MHOKMHA Ha3UBAETHCS YHIBEPCAIBHOIO?

3anumIiTh BIAHOIIEHHS BKJIIOUEHHS MK YHIBEPCAIHHOK MHO-
YKUHOIO, 11 TOBUIBHOIO MiAMHOKHHOIO Ta TOPOKHBEOI0 MHOKHUHOIO.

HageniTe nepenik OCHOBHUX omepaniil HaJ MHOXUHamH. [1po-
UTIOCTpYHTE iX 3a 10MOMOrolo aiarpam Benna.

SIki BmacTUBOCTI omepairiii HaJ MHOKMHAMH BiI0OpaxaroTh 3a-
KOHU KOMYTaTHBHOCTI, aCOI[iaTUBHOCTi, JAUCTPUOYTUBHOCTI, 1€
Moprana, TOTIWHAHHA, 1JAEMIOTEHTHOCTI, TMOJBIMHOTO JOMOB-
HeHHs. BupasiThk 11l BIaCTUBOCTI BiAMOBITHUMHU TOTOXKHOCTSIMU Ta
IPOLTIOCTPYITE 3a TonoMororo Aiarpam Benna.



[TosicHITh MOHATTS Po30UTTS MHOXUHH. [IpoimocTpyiiTe po3-
OWUTTS MHOXKHMHHU 32 JIOTIOMOTOIO JiarpaMu BenHa.

VY yoMmy nosiira€ NPUHIUI JBOICTOCTI?

3anumIiTe NapamMu TOTOXKHOCTI anreOpyu MHOXKHH, sIK1 OB’ sI3aH1
BITHOIIIEHHSM JIBOICTOCTI.

Banuirite hopmysty omneparii 00’ eqHaHHS N MHOKHUH (N>2).

3anuiiTh GopMyIty orepalii mepeTuHy N MHOKUH (N>2).

3anmumnite Gopmyiu, 3a STKUMU BUKOPUCTOBYIOTBCS 3aKOHU JIE
Moprana st N MHOKHH (N>2).

[TosicHITH MPIOPUTET omepaliid anredpu MHOKUH MTPH T0OYI0B1
a0o CIIpOIIEeHH] CKJIAJHUX BHPA3iB.

1.3 BigHomeHnHs

[ToHATTS BiAHOMIEHHS 3aCTOCOBYIOTBHCS Y MaT€MaTHIIl JUIs Xa-
PaKTEpUCTHUKH 3B’SA3KIB MK 00’€kTamMu. 3 JCIKMMH BHJIAMH BiJI-
HOIIGHh MH B)X€ 3yCTpIYalIUCs, 1€ BIJHOIICHHS HAJICKHOCTI,
BKJIFOUEHHS, PIBHOCTI, MOPSAKY, ABOICTOCTI.

Vuapui (0gHOMICHI) BIJHOIICHHS BiIJ3EPKATIOIOTH MEBHY
O3HAKY (BJIACTUBICTh) €IEMEHTIB MHOXHHHU: BC1 €IEMEHTH X MHO-
KHHU X, 110 MalOTh 03HaKy P(X), yTBOPIOIOTh MiaAMHOXHHY 4 C X,
SIKY HA3UBAIOTh BIOHOWEHHAM HA MHOMCUHT X.

BigHomeHnHs MiX mapaMu 00'€KTIB Ha3WUBAIOTBhCS OIHApHUMU
(nBoMicHUMM). Po3rasiHemMo 1Bl MHOXKUHHU X Ta Y, €J1E€MEHTHU SIKUX
CKJIQ/Ial0Th YIMOpsAKOBaHI mapu (X,Y). Skmio cmocid ckiajaaHHs
YIOPSAAKOBAaHUX Map BU3HAYEHUH, TO MK MHOKHHAMU X 1Y icHye
OiHapHe BifHOLIEHHs. EneMeHT X Ha3uBarOTh MEPILOI0, a EIEMEHT
Yy — Ipyrow KOOpJWHATaMH BIOPSAKOBAHOI mapu, abo ABOBUMIp-
HOTO KopTexa (X,Y).

BinHomenHns moxe OyTH N-apHum, SKUM TIOB’A3YyIOTbCA €Jie-
MEHTH N MHOKHH (IIpUKIaj — MHO)HMHA-cTeninb A"). Sk GinapHe
BIJIHOILIEHHS MIOPOJDKYE JTBOBUMIPHI KOPTEXKH, TaK 1 N-apHEe MOpo-
JDKY€E N-BUMIipHI KopTexu (Bektopu). Hampukiaz, nexapris 100y-
Tok R*=RxRxR Bu3Hauae 3-apHe BIJHOIIEHHS, IO TMOPOIKYE
MHOKHHY TPUBUMIPHUX KOpTEXel BUay (X,Y,Z), A€ X, Y, Z — miicHi



4HClia, B TPUBUMIPHOMY JIIHIHHOMY (I€KapTOBOMY) MPOCTOPI.

OcHOBHY yBary Mu OyJaeMoO IPHAUIATH OIHAPHUM BiJIHOIIEH-
HSIM SIK TAaKUM, 110 € MIPEIMETOM TUCKPETHOTO aHAIi3Yy.

Osnauenns 1.7. Bionowennsm Q MHOXUH A 1 B Ha3UBa€ThCS
JOBUTbHA MiIMHOXHWHA Q CAXB NeKapToBOTO AOOYTKY IIUX MHO-
KHH.

B inmmiii Tepminonorii Q € BiiHOIEHHSIM Ha 100yTKYy AXB.

Skmio BropsiakoBaHa mnapa (@,0)eQ, To roBopsaTh, mo a i b
3HAXOAATHCA Y sioHouwenni Q, 3 mo3HauHuM 3amucoM bQa.

Axmo QcAxA, To BigHOmEeHHS Q HA3WUBAIOTH OIHAPHUM BI0-
Howennam na muoxcuni A a6o Ha 106yTKy A°. B momambmomy
3aMicTh TepMiHa “OiHapHE BiAHOMIEHHS OYyIeMO 3aCTOCOBYBAaTH
TEPMiH “‘BiIHOIICHHS .

Ilpuknao 1.19. Hexait A={1,2,3}, B={a,b}. Toxi nexapriB 10-
oyrok AxB={(1,a), (1,b), (2,a), (2,b), (3,a), (3,b)}. MHox)uHa
QcAxB, nanpuxnan, Q={(1,a), (2,b), (3,a)} € BigHOmIECHHSIM Ha
AXB.

Ilpuxnao 1.20. Slxkmo R — MHOXWHA MIWCHUX YHCEN, TO MHO-
xuna Q={(x,y) eR?% x*+y? =16} ¢ GiHapHUM BinHOLICHHSIM Ha R®,

Osnauennss 1.8. Ob6nacmio 6ionpasnenHs  BiIHOIICHHS
Qc AxB Ha3uBaeThCI MHOXKHUHA A, JIEMEHTH K01 OEpyTh y4acTh
y BigHomeHHI Q sK mepmi eJIeMeHTH YHOPSAKOBAaHUX TMap
(a,b)eq.

Osnauenns 1.9. Obaacmio npubymms BinHOMECHHS QC AXB
HA3MBAETHCS MHOXHHA B, €IeMEHTH SIKOi OepyTh y4acTh y BiJTHO-
meHHi Q sIK Ipyri eJeMeHTH BropsakoBaHux map (,b)eQ.

Osnavenns 1.10. BigHomeHHaM, obepHenum 10 BITHOIICHHS
QcAxB, HasuBaeThcs Take BigHomeHHs QlcBxd, wpo
Q*={(b.a): (a.b)eQ}.

[amrmu cinosamy, (b,a)eQ™ nmme toxi, xomu (a,b)eQ abo,
10 PiIBHOCUJIBHO, aQ b nuwe Toxi, ko bQa.



IIpuxnao 1.21. Hexait Q={(a;,b,), (a1,bs), (a2,bs), (as,bs)}. Toxi
Q1 ={(bnay), (bsas), (bsay), (bs,23)}.

3a/iaHHs BIJIHOIICHHS MOXe OYTH 3/IiliCHEHE HACTYITHUMH CITO-
cobamu.

1. IlepepaxyBaHHSAM YIOPSIKOBAaHUX TMap, SK Yy NPHUKIAAaX
1.19-1.21.

2. Mampuyero 6ionoutenHs, KOKEH €IEMEHT ajj IKOi JOPIBHIOE
oauHuLl, Ko YjQxj, 1 HyII0 y nmpoTuiexHoMy Bunazaky. Hampu-
knan, Bignomenns Q={(a.b,), (a,bs), (a,b,), (asbs), (a,,bs)} na
T00YTKY AXB T0J1a€ThCs TAKOK MATPHUIIEIO:

(4, B,Q) by by bs b bs
a 0 1 1 0 0
2 0 0 0 1 0
a3 0 0 0 0 1
a 0 0 1 0 0

3. Cmpinxosoio diacpamoro (rpadom). EnemenTu X, y MHOKUH
X, Y 300paxaroThcs TOUKaMU Ha miouuHi. SAxmo YjQxi, ToUkH x; 1
Yj 3’ €IHYIOTBCS JIHISIMU (HE 000B’I3KOBO MPSIMUMM) 31 CTPLIKAMH,
CIIPSIMOBAHMUMH B1[ Xj 10 Y.

3poOuBIIM TaKy ONEpalliio AJs BCIX Mmap, 10 HaJleXXaTh BiIHO-
IICHHIO, OJIEP)KUMO HOTO CTPIJIKOBY Jiarpamy.

Sk mpukian, Bignomenns Q={(a,1), (a,2), (b,1), (¢,2), (¢,4),
(¢,9), (¢,16)} Ha 10OyTKY XXY y BHUIJISIII CTPIIKOBOI AiarpaMu mo-
JaHo Ha puc. 1.4.

Sxmo My MaeMo J1Ba 3aJaHWX BIIHOIICHHS, TO 3 HUX MOXHA
noOyyBaTu TpeTe, Ha mifcTaBi o3HaueHHs 1.11.

Osnavenns 1.11. Hexait QC AxB — BigHoIICHHS Ha AXB, a
T BxD — Bignomennst Ha BxD. Komnosuyiero BigHOmeHs Q i T
HA3WBa€Thes BifHOMIEHHS MCAxD, BU3HAueHE TaKUM YHHOM:
M={(a, d): icnye takuii enement b i3 B, mo (a,b)eQ i (b,

d)eT}. Oneparnito kKomMIo3uIlii Mo3Ha4arOTh Tak: M=ToQ.




Ilpuknao 1.22. He-

Y xai A={1, 2, 3},

a 1 B={a, b}, D={s1, mu,
2 6IH, 60HA}, BiTHOIICH-

b 4 H1 QcAxB 1 TcBxD
3aall 'y  BUIJIAML

‘ "6 Q={(La), (Lb), (3.b)},
d. 9 T={(a,n), (a,mu),

(b,6in), (b,60na)}. Toni

: \: 12 TOQ:{(l,}i), (l,mu),

(1,6in), (1,60na),
(3,6in), (3,60na)}.

Omneparist  KoMII0-
3WII] BiHOIIEHb Yy 3a-

Pucynok 1.4 — IToganHst BiTHOIIICHHS
HanpsiIMIIEHUM Tpadom

raJlbHOMY BHIaJIKy HekomyTaTuBHa: [0Q#QoT, omHak Bomojie
BJIACTUBICTIO ACOIIATHBHOCTI, SIK 1€ BHILIMBAE 3 HACTYIHOI TEO-
peMu.

Teopema 1.1. Kommno3uliiss BIAHOIIEHb acoIlaTUBHA, TOOTO
ko 4, B, D, E — muoxunu, Qc AxB, T BxD 1 Mc DxE — Bin-
NOBiHI BifgHOMICHHS, TO Mo (ToQ)=(MoT)0Q.

JloBenenHs. Pipicth MHOXHH Mo (ToQ)=(MoT)oQ mae Mic-
e, ko Mo(ToQ)c (MoT)eQ i (MoT)oQcMo(ToQ). JoBene-
MO Tieplie 3 IUX HECTPOrMX BKJIKOYEHb. [lokaxemo, 0
Mo(ToQ)c (MoT)oQ. Hexaii (a, €)e Mo(ToQ). Toxi icHye Takuit
enement d i3 D, mo (8,d)eToQ i (d,e)eM. Ockinbku (2,d)eToQ,
icaye Take beB, mo (a,b)eQ i (b,d)eT. Ockinbku (b,d)eT i
(d,e)eM, 10 (b,e)eMoT. Ockinbku (b,e)eMoT i (a,b)eQ, To
(a,e)e(MoT)oQ. Takum umHOM, Mo(ToQ)c(MoT)oQ. Bkiro-

geHHsT (MoT)oQc Mo(ToQ) moBoauThes anaioridyao. Hamamo
TaKy MOXUIUBICTh YUTAUEBI.



Bionowenns na muoorcuni, To0TO BUAY QgAZ, MO’K€E BOJIOHITH
CIIEIiaIbHUMH BJIACTUBOCTSAMH, SKI BHMIUIMBAIOTH 13 HaBEACHUX
HI)KYE 03HAUYCHb.

Osuavenns 1.12. BigHomenus QgA2 Ha MHOXUWHI A Ha3uBa-
€Tbes pegnexcusnum, ko (a,a)€Q g Bcix a€d, mo OepyTh
y4acTh y BigHomeHHI Q.

Ile o3Haudae, MO KOXHHUH eleMeHT a€A mepedyBae y BigHO-
IICHHI J10 camoro cebe (i, MOXKIIMBO, JIO 1HIIMX CJICMECHTIB MHO-
®UHU A). MaTpuisi Takoro BiJHOUICHHsS OyAe MaTH JiaroHalb,
3al0BHEHY OJIMHHULISAMHU, a Ha CTPIIKOBIN AiarpaMi KOXHa TOYKa
aeA Oyne maru netiio (a,a).

Osnavenns 1.13. Bignomenns Qc 4% HasuBaeThes anmupeq-
JlekcusHuM, Ko it Beix (a,0)eQ mae micie HepiBHicTs aZb
(mpu oMy, oueBHIHO, a=b = (a,b) Q).

Matpuiiss TaKoro BiTHOIICHHS Ma€ JiaroHajib, 3allOBHCHY HY-
JISIMU, 1 5)KOJIHA TOYKA CTPUIKOBOT JiarpaMu He Oyzie MaTu MeTIIi.

Osnavenns 1.14. Bigsomenus Qc A° HasuBaeThes cumempu-
yHuMm, SIKIMO Js Beix map (a,0)eQ mpu a # b icHyroTh napu
(b,a)eq.

O3nauvenns 1.15. BignomreHus QgA2 Ha3UBAETLCI AHMUCU-
mempuyHuMm, Ko 17 Beix a€A i bed i3 (a,b)eQ i (b,a)eQ Bu-
XomuTh a=b.

O3nauvenns 1.16. BignorreHus QgA2 Ha3UBAETHCS MPAH3U-
muenum, KO TSt BCiX a€d, bed i ced npu a#b#cC 3 Toro, 110
(a,b)eQ i (b,c)eQ, Buxoauts (a,c) Q.

Ipuxnao 1.23. Hexait A={1, 2, 3, 4, 5, 6}, Q={(1,1), (2,2),
(3.3), (4,4), (5,5), (6,6), (1,2), (1,4), (2,1), (2,4), (3,5), (5.3), (4.1),
(4,2)}. BigHommenHs QgA2 pedIieKCUBHE, OCKUIBKH AJIsE KOKHOTO
(6e3 BuHATKY) ae€Ad icHye mapa (a,a)eQ. Jlns KoxHOI mapu
(a,b)eQ, ne a #b, icaye mapa (b,a)eQ, a e o3nayae, MO BigHO-
mends Q < A° cumerpuune. IIpocTM mepeGOpOM MOKEM TIEpe-
KOHATHCA, 110 [T KOXHOTOo criostyueHHs map (8,0)eQ 1 (b,c)eQ y



MHOXHHI Q icHye mapa (a,c)€Q, a e o3Hayae, M0 BiTHOUICHHS
Q c A4? tpansutuBHe. Bignomenus QC A® He € aHTUCHMETPHYHKM,
OCKIJIbKU HE JUIs BCIX crojiydeHb aBox map (a,0)eQ i (b,a)eQ mae
micie a=b. 3okpema, (1,2)eQi(2,1)eQ, ane 1#2.

O3nauenns 1.17. BigHomeHnus QgA2 HA3UBAEMBCA BIOHO-
WeHHAM eK8li8aleHMHOCHI, K10 BOHO € pe(IeKCUBHUM, CUMET-
PUYHHM i TPAH3UTHBHHM.

Binsowenust Q Ha MHOXUHI 4, T06T0 QC A, dbopmyeThes 3a
JNESKUM 3a3HAYeHMM MpUHIUOOM (MIpaBwioM). BigHomeHHS
QcA4? 3 mpuxnagy 1.23 € BiJHOUICHHSIM EKBiBAJICHTHOCTI Ha
MHOHHI A, OCKIJIBKM BOHO BiamoBimae o3HaueHHro 1.17. Kiacu
€KBIBAJICHTHOCTI y BigHOIIeHHI Q BU3HAYEHI JJIsI KOXKHOTO acA
sagannam BigHomens Q={{X: xQa;, x4, ajcAd}: i=16}. Jlusa
eneMeHTa &,=1 Maemo Kjac eKkBiBaJeHTHOCTI [a;]={1, 2, 4}. AHa-
JOTiYHO IS €NEMEHTIB @, — ag [a]={2, 1, 4}, [as]={3, 5},
[a.]={4, 1, 2}, [as]={5, 3}, [as]={6}. KimbkicTh pi3HUX KIaciB
€KBIBaJICHTHOCTI JOpiBHIOE 3, 11e Kiacu {1, 2, 4}, {3, 5}, {6}.

TakuM 4MHOM, 3aJaHHSIM BiJHOIIEHHS eKBiBajgeHTHOCTI QC A4°
HA MHOXWHI A 3[IIHCHIOETBCS po30umms 1i€1 MHOKUHU Ha T1IM-
HOXXWHH, CJICMEHTH SKHUX €KBIBAJICHTHI OJWH OJHOMY 32 IIEBHOIO
03HAKOK 1 HE €KBIBAJICHTHI €JIEMEHTAM I1HIIMX ITiJIMHOKUH (ITUB.
n.1.2). Po30UTTS MHOXXUH Ha KJIaCH €KBIBaJIGHTHOCTI BUKOPHUCTO-
BYETHCA B 33/1a4aX yMpaBIiHHS peNAIiiHUMEU 0a3aMu JaHUX.

Mo>xnuBI TpU OKpeMi BUIAJKU OIHApPHUX BIAHOLIEHb Ha MHO-
JKUHI: TOTOXKHE, TTOBHE 1 MOPOXKHE. SIKIIO BiIHOIICHHS QgA2 Mic-
TUTH JHiie mapu (a,a¢)€Q 1 HISKUX iHIMX, BOHO HA3UBAETHCS MO-
moorcnum. SIxmo Q=A% To BimHOUICHHS Q HA3UBAETHCS NMOGHUM.
Sxmo Q=(J, Take BiJHOIICHHS HA3UBAEThCS nopodicHim. Hamaemo
YUTAYEBl MOKJIMBICTh CAMOCTIHHO BHSIBUTH OCOOIHBOCTI MAaTPHIIh
1 CTPIIIKOBUX JllarpaM TaKuX BiJHOIIEHb.

[ToHATTS BiAHOIIEHHS 1 JEKApTOBOro MOOYTKY CKIHUEHHUX
YIOPSAKOBAaHUX MHOKHH BIJITPalOTh BEJUKY POJIb B T€OPii MHO-
KUH 1 MaTeMaTUYHHUX TEOPiAX MPHUKIAJHOTO Xapaktepy. Posris-



HYTI TYT BIIHONICHHS HA MHOKMHAX MAlOTh y3araJbHECHHH Xapak-
T€p y TOMY CEHCi, IO B NMPAKTHYHHX 3aCTOCYBAHHIX 3a3BHYail
00’€KTaMu JOCII/HKEHHS € crienianbHi (opMHU BiTHOIIECHb, TaKi SK
BIJIMOBITHOCTI Ta BiTOOpaKEHHS.

Konmponvni numannsn

SIki maremarnuHi 00’€KTM HA3UBAKOTHL BigHolIeHHAMHU? SIKi
BUJM BiJHOIIEHb € YHApPHUMHU (OZHOMICHMMH), OiHApHUMU (ZIBO-
MICHHMH ), N-apHUMH (N-MiCHUMH)?

SxuMu cnocobamMu MOKHA 3IIHCHIOBATH 3aJIaHHS BiTHOIICHB
IBOX MHOXMH? OMNUIITH TEXHOJOTIl 3aJaHHS BIAHOLICHb UMH
CIIOCO0aMH.

[TosICHITH TOHATTS KOMIIO3UIIIT BiIHOIIEHB. 3aaiiTe KOMITO3HU-
I[iF0 ABOX OIHAPHHMX BIJHOIICHH 3a JIOTIOMOTOIO0 CTPLIKOBOI Jiar-
pamu.

Uwu BoJIO/I€ omeparrisi KOMIO3UIT BiIHOIICHb BJIACTUBOCTSIMH
KOMYTaTHBHOCTI Ta acOLIaTUBHOCTI?

CdopmysnroiiTe 03HAYCHHS BJIACTHBOCTEH BiIHOIICHB: pediek-
CUBHOCTI, aHTUPE(ICKCUBHOCTI, CAMETPUYHOCTI, AHTUCUMETPHY-
HOCTI, TPAaH3UTHUBHOCTI.

SIki 0coOMMBOCTI MalOTh MaTPUIll Ta CTPIIKOBI Aiarpamu ped-
JIEKCUBHOTO, aHTUPE(PIIEKCUBHOTO Ta CHMETPUYHOTO BiJHOIIECHbH?

SIkuM YMHOM TOB’SI3aHI MOHSTTS KJIAaciB €KBIBaJIEHTHOCTI .Ta
PO30UTTSI MHOKUHU?

SIKuMH 0COOIMBOCTSAMH BiJIPI3HAIOTHCS MATPHIll Ta CTPUIKOBI
JiarpaM# TOTOKHOTO, TIOBHOTO Ta MTOPOKHBOTO BITHOIICHB?

1.4 BianmoigHocTi Ta BinoOpaxkeHHsI

OpHMM 13 BHJIIB B1JIHOILIEHB, 1y’K€ BaXXJIMBUM B acHeKTI Mpak-
TUYHOTO 3aCTOCYBaHHS, € Bi/IMIOBITHICTb.

Osnauenns 1.18. Bionogiomicmio (¢ Ha3UBaeTbcs TpUKa
MHOXHUH (X, Y, Q), B siKiit X — obnacme ionpaesieHus BiIMOBIIHO-
cti, Y — obnacme npubymms BimnoBigHOCTI, Q — MHOXHHA, SKY
HA3UBAIOTh 2paghikom 8ionogioHoCmi.



Cepen enementiB MHOKHUH X 1 Y MOXyTh OyTH Taki, IO HE
BXOJISITh Hi JI0 ’OJHO1 3 map (X,Y) BiamoBigHOCTI (. Tomy 3 KOX-
HOIO BIAIIOBIAHICTIO IIOB’sI3aHI 1€ OBl MHOKHHK: 00JIaCTh BH3HA-
YyeHHs Ta 00J1aCTh 3HAYEHb.

Osunauenns 1.19. Ob6racme 6uznauenus BIANOBIIHOCTI — L€
enemerTH MHOXHHU X (mo3nadenus [Ipl1Q), ski 6epyTh y4acTsb y
BignosigHocTi (X, Y, Q).

Osuauenns 1.20. O6racme 3naueHb BIAIIOBIAHOCTI — 1€ €Jie-
MeHTH MHOXUHH Y (mo3HadeHHs [1p2Q), sixi 6epyTh ydyacTh y Bi-
anosigaocTi (X, Y, Q).

[To3nauenns [Ip1Q ta [Ip2Q obnacreii BU3HAYCHHS Ta 3HAYCHD
BIJIMOBITHOCTI MAarOTh CEHC MPOEKIIi MHOXUHU Q HA MHOXUHU X
ta Y BiamoBigHO. TOMy O4eBHIHO, IO 00JACTh BU3HAYCHHS € ITi-
JMHOXHMHOIO 00JIacTi BiANpaBIeHHs, a 00J1aCTh 3HAYEHBb € IIiM-
HOXHUHOIO oOmacti mpudytTs: [Ip1Qc X, [Mp2QcY.

Sxkmio (X,y)€Q, To rOBOPSTH, IO €JIEMEHT Y BIAMOBIAa€ eIeMe-

HTY X (TIO3HAYCHHS xi)y abo yQx). I'padiuny imocTpariiro
BIJIHOIIICHHS BIJITOBITHOCT1 HaBEJEHO HA puc. 1.5.

Ocxkinbku rpadikom Q BiIMOBIIHOCTI (| BU3HAYAIOTHCS YIOPS-
JKOBaHi mapu (X,Y), To OYEBHIHO, 1[0 OCTaHHI € eIeMEHTaMH Jie-
KapToBOro A00yTKYy MHOXKHUH XxY, T00T0 QC (XXY). Tomy vacto
rpadik Q BIAMOBIAHOCTI ( TaKOXX HA3WUBAIOTh BiJMOBIIHICTIO.
[Tpuxmamom BiMOBIAHOCTI € AeKapTiB JOOYTOK AXB MHOXHH A 1
B, KO BiAMOBITHICTIO OXOIUICHI BCi MOiauBi mapu (a, b):
Q=4AxB={(a, b)|acA, beB}.

Ipuxnao 1.24. Hexait X={1, 2}, Y={10, 20}. JIoOyToK KX
muoxuH XxY ={(1, 10), (1, 20), (2, 10), (2, 20)}.

Maemo MOXJIHBICTH oTpuMaru Taki BimmosimHocti: Q1={(1,
10)}, TiplQ1={1}cX, Mp2Q1={10}cY; Q2={(1, 10), (L, 20)},
[Mp1Q2={1}cX, Ip2Q2={10, 20}=Y.



Pucynok 1.5 — Intoctpartis BiamosigHocti g=(X, Y, Q)

Ilpuknao 1.25. 3naiitn o0nacti BU3HAYCHHS 1 3HAYCHB BIiJIIO-
Bigaocti Q={(a, 1), (a, 2), (b, 1), (¢, 2), (¢, 4), (¢, 9), (d, 16)}.

Bionosios. Obnacts Bu3HaueHHs Bianmosiguocti [Ipl1Q={a, b,
¢, d}, a obmacts 3navens [1p2Q ={1, 2, 4, 9, 16}.

Jlnst 3aaHHs BiAMOBITHOCTI MOXKYTh OyTH BUKOPHCTaHI Oyab-
SK1 cOcOOU 3aJaHHsI BIIHOIICHD: MEPENTYCHHSIM YIOPSAKOBAHUX
nap, MOB’sI3aHUX BIJHOIIEHHSM BIAMOBIAHOCTI, K y MPUKIAAaxX
1.24, 1.25; rpadikom Q BigmosimuocTi (X, Y, Q) y Burmsai mar-
pHIl, KOXKEH eJleMeHT ajj sikoi popiBHIOE 1, skmo YjQxi, 1 0 — y
MIPOTUJICKHOMY Pasi.

Hamnpuknan, rpadik BiamosigHocti Q={(a, 1), (a, 2), (b, 1), (c,
2), (¢, 4), (¢, 9), (e, 16)} momaeThCs MOKA3aHOKO HUKYE MATPHIICIO
Ta CTPUIKOBOIO Jiarpamoro (puc. 1.6).

(X, Y, Q) 1 2 4 9 16
a 1 1 0 0 0
b 1 0 0 0 0
c 0 1 1 1 0
e 0 0 0 0 1

BinMiHHICTB CTPUIKOBOI JiarpamMu BiNmoBiAHOCTI (puc. 1.6) Big
CTPITKOBOI Jiarpamu BigHomeHHs (puc. 1.4) momnsrae y BiCyTHO-




Ip1Q Ip2Q

2 1 CTi TMO3Ha4eHb (TOY-
KaMH) €JIEMEHTIB Xj€ X
Ta YjeY, mo He Oe-
b 2 PyTh yd4acTti y Biamo-
BIJIHOCTI (.
4
c SIkmo o6Gnacti BU-
9 3HA4YCHHS Ta 3HAYCHb
BIJIMOBIHOCTI € Tij-
€ —» 16 MHOXHHAMH  OJHi€l

MHOKHHHM, TO Ma€ Mi-
cle BIQIIOBIAHICTHL Ha
MHOkHUHI. O4eBHIHO,
Pucynok 1.6— Iloganns BianoBigHocti 110 Y TakOMy pasi Bi-
CTpilKOBOIO iarpamoro  AoBimHicTE QC A’ €
MiIMHOXHHOIO (B 3a-
rajbHOMY BHITAJKy HECTPOI0I0) IeKapTOBOTO 100yTKy A%,
Ilpuxknao 1.26. Ilobynyemo MaTpull0  BIANOBITHOCTI
Q={(1,2), (3,1)} na muoxuni 4={1, 2, 3}.
Maemo okpemuii BUNAJIOK BiAMOBITHOCTI BHUILY QgAz, o0mac-
TSIMH BU3HAYEHHS 1 3HaYeHb K01 € MHOKuHK [Tp1 Q ={1, 3} 4 Ta
Mp2Q ={1, 2} A. Matpuns BiaMOBITHOCTI Ma€ TAaKUI BUTIISIII

(4,4,Q) 1 2
1 0 1
3 1 0

BiamosimHOCTI HA MHOKHMHAX BOJIOMIIOTH TAKUMU K BIIACTHUBO-
CTSIMHU, sIK 1 OiHapHI BIAHOIIEHHS, TOOTO BiAMOBIAHICTH Q gAz €:

pegrexcusnoro, sxkmo (a,a)eQ (abo aQa) mist Beix aeAd, 1o
0epyTh y4acTb y BiJIIIOBIHOCTI;

anmupedghrexcusHoro, KO Uit Beix (a,0)eQ mae miciie Hepi-
BHICTb a#£Db;

cumempuuHo, SKIo s Beix map (a,0)eQ npu a#b icHyroTs
napu (b,a)eQ);



anmucumempuunoio, ko i Bcix a€d i bed i3 (a,b)eQ i
(b,a) eQ BurunBac a=b;

MpaH3umueHoto, SIKIo i BCcix a€d, bed i ceA4 3 Toro 1o

(a,b)eQ i (b,c)eQ BummBac (a,c) Q.

YurayeBi HANA€THCA MOYKJIUBICTH CAMOCTIHHO BUSBHUTHA OCOO-
JUBOCTI CTPUTKOBUX Jiarpam, SIKHMH 3aJaf0ThCSl BiAIMOBITHOCTI,
110 BOJIOIFOTH TAKUMH BIACTUBOCTIMHU.

Jns xkokHoi BignosigHocTi =(X, Y, Q), QcXxY icHye obep-
HeHa 8i0N0GIOHICMb, SIKY OJICPKYIOTh, SKIIO BiIMOBIAHICTD ( pO3-
TISA0Th Y 3BOPOTHOMY HAIPSIMKY, TOOTO BU3HAYAIOTh €IIEMEHTH
XeX, Mo BiAMoOBia0Th eneMeHTam yeY. BianoBiaHicTh, 0OepHe-
Ha JI0 BIJMOBIJHOCTI (|, TO3HAYAETHCS TaK: q71=(Y, X, Qfl), ne
Q lcYxX, npuaomy (Q =0 3po3ymino, 1o nepexin Big Q mno
Q ! 3JIifiCHIOETHCS B3a€MHOIO TIEPECTAHOBKOIO KOOPIAMHAT KOXKHOI
BHOp}I,I[KOBaHOI napu. HeoOXiqHO 3a3HAYMTH, IO MPH MEPEXOIi
Bix Q mo Q' oGnacts BU3HAUCHHS CTae 06JIaCTIO 3HAYCHb 1
HaBraku. Matpuis rpadika BiJImOBIIHOCTI Q — I TPaHCIIOHO-
BaHa MaTpuLs rpadika Q.

O3navenns 1.21. SIkmo MaTtpuns rpadika Q mpsMoi BimoOBi-
arocTi (X, Y, Q) 30iraerbes 31 CBOEO TPAHCIIOHOBAHOKO BiTHOCHO
TOJIOBHOT JiaroHasi Matpuiieto, To Biamosianicts (X, Y, Q) Ha3u-
BAETBCS 63AEMHO 00HO3HAYHOI0. [Ipy IbOMY TpaHCTIOHOBaHA MaT-
puIls € MaTpuIero rpagika Qf1 BiamosignocTi (Y, X, Qfl), obep-
HEeHOT /10 npsAMoi BianmosigHocTi (X, Y, Q).

Osnauenns 1.22. Komnosuyieto gionogionocmeti (K 1 0yab-
SIKUX BIJIHOILIEHb) HA3MBAETHCS IOCIIJOBHE 3aCTOCYBAHHS IBOX
BI/IMOBITHOCTEH, TOOTO KOMITO3HIlis PO( BIAMOBITHOCTEH ( i P —
11e omepallis HaJl TpboMa MHOXUHaMH X, Y, Z, Ha SIKUX BU3HAYECHI
aei BigmosigaocTi: =(X, Y, Q), QcXxY; p=(Y, Z, P), PcYxZ,
npuyoMy 00JacTh 3Ha4eHb NepIIoi BiAMOBIAHOCTI () 30iraeTbes 3
o0acTio BU3HaUeHHs pyroi BixnmosigHocti (P): [Ip2Q =TIIplP.

Ipuknao 1.27. Muoxuau X={X;, ..., Xs}, Y={Y1, ..., Ya} 1



Z2={z,, 7,, Z;} now’s3ani BignoBigHOCTAMHU A ={(X;, Y1), (X2, Y1), (Xz,
¥2), (X2 Vo), (Xs Va), (Xa, Ya)y (Kay Ya)y (Xsy ¥2)y (Xs, Ya), (Xs, Ya)} i
B={(Y1, z,), (Y2, 71), (Y2, Z,), (Y3, Z3), (Y4, Z5)}. Kommo3uitisi BiamoBij-
HocTi A 3 BignosignicTio B mae Burisan: C=BoA={(X,, Z,), (X, Z2),
(X2, 21), (%o, Z3), (Xa, Z3), (X4, Z3), (Xs, Z1). (X5, Z2), (Xs, Z5) }-

Jlis omucy BIiAMOBIIHOCTEH MiXK MHOXHHAMH BHKOPHCTOBY-
I0Th TIOHATTA 8i000padicenHs OHIET MHOKUHY B 1HIITY SIK OKPEMHIA
BUITAJIOK BiAmoBigHOCTI. JIyisi 3amaHHs BiOOpa)KeHHS MOTPIOHO
BKa3aTU: MHOXHHY, sIKa BiIOOpakaeTbcs, TOOTO oOracmsb 6u3Ha-
yeHHs B1IOOpaKEHHs; MHOXKHUHY, B SIKy BiIOOpa)kaeTbcsi 001acTh
BU3HAYEHHS, TOOTO 0b61acms 3HaueHb BiIOOpaKEHHS; 3aKOH Bif-
MOBITHOCTI, 32 SIKAM I €JIEMEHTIB IMepIIoi MHOXUHHU BHOUpa-
IOTHCS €JICMEHTH 13 IPYroi MHOKHHHU.

Osnauenns 1.23. Biooopasicennsim MHOXUHU A 6 MHOMCUHY B
HA3WBAETHCS BIAMOBITHICTE ¢ A—B (3a IHIIOW TO3HAYCHHSIM

A—2 B ), 3T1JIHO 3 KO0 KOXXHOMY €JI€MEHTY MHOXXUHU A4 CTa-

BUTHCSl y BIAMOBIAHICT ONWH 1 HE OLIBIIE HIX OJUH EIIEMEHT
muoxuHK B. Enement beB HazuBaerscs oopazom eneMenTa a€A,
a OCTaHHI{, Yy CBOIO Yepry, HA3WBAETHCS NPOoOpA30M €IeMEHTa
beB.

3anuc ¢:A—B o3Hauae, 10 MHOXKUHA B MICTUTh 00pa3u BCiX
3JIEMEHTIB MHOXHMHU A (TMo3HaveHHs o0Opasy bga), Todro Bimo-
OpaxeHHS € nogHuM. 3T1THO 3 O3HAYEHHAM 1.23 KOKHOMY eneme-
HTy beB (00pa3y BiAmoBiHUX eJIeMeHTIB a€A4) MOXe BiIIOBIAa-
TH OJIMH abo OunblIe eneMeHTiB a€A (mpoobpa3iB BiAMOBIIHOTO
enemenTa heB), a KOKHOMY eleMEeHTY a€A4 MOXKe BiIOBIiIaTH HE
OisTbIIIe HIXK OJIMH €JIEMEHT De B, ToOTO BiI0OpaskeHHS € 00HO3HA-
yuum. 1{um kmac BimoOpaxxeHb BUAUISETHCS 13 3araIbHOTO KJIacy
BIJITIOBIJTHOCTEH SIK OKpeMui BUMa oK. Big3zHaunmo, 1o Tak camo,
SK 1 BIMOBITHICTh 3arajJbHOTO BUIY, BIIOOpaKEHHS HE Tepeada-

yae 000B’SI3KOBOT y4acTl Yy B1JIIOBIHOCTI A—2 5B Bcix eneme-

HTIB DeB, a 0HO3HAYHICTh BIIOOPaKEHHS HE O3HAYa€E, IO IS



Oynb-skux map (a;,b;)e @ Ta (a,u,) € @ 13 8, = a, BurmBae b,=b,.

KinpkicTh MOXIIMBUX BiI0Opa)keHb MHOKHUHU A B MHOXUHY B
BU3HAUUTHU HECKIaAHO. [IpumycTumMo, 1o MOTY>KHOCTI MHOXKHH A
1 B popiBHOIOTH N 1 M BiamosigHo. [loOymyBaBmu MaTpHIO
BinoOpaxenus (4, B, F) po3mipHicTio NxM, aieMo 10 BUCHOB-
KY, IO KUTBKICTh MOKJIMBHX BiIOOpakeHb JOPIBHIOE m".

Osnavenns 1.24. BinoOpaxxeHHsI MHOXKUHU A B MHOXHHY B
Ha3UBAETHCA ClOP €KYi€r0, SIKIIO U KOKHOTO he B icHye enemeHT
aeA takuii, o Ma€e MicIie BiamoBiaHICTh bya.

SAxmo BimoOpakeHHs ¢: A—B € Crop’€eKIli€r0, TO Ha HOTO CTPi-
JIKOBI# siarpaMi B KOKHY TOYKY, IO TO3Ha4yae eileMeHT beB,
BXOJIUTh NPUHAWMHI OJfHa cTpijKa i Bci beB GepyTh ydacts y Bi-
noopaxkeHHi. O4YEeBUIHO, 10 CIOP €KIIisI MHOXUHH A B MHOXKHUHY
B MoxHBa TUTBKU B TOMY BHUIIAJKY, SIKIIO IMOTY>KHOCTI ITUX MHO-
KHUH TIepeOyBaroTh y CriBBigHOIICHHI |4]|>|B|.

O3navenns 1.25. BigoOpaxeHHSI MHOXXUHU 4 B MHOXHUHY B
Ha3UBAETLCS IH €KYi€l0, SKIIO PI3HUM elieMeHTaM ac€A BiANoBi-
JaIoTh Pi3Hi eneMeHTH DeB, T00TO A &), 8j€A, 8j#aj MAIOTh Mi-
cie BinoBigHOCTI bipa; Ta bjpa; Taki, mo bi#b;.

Sxmo BimoOpaxkeHHs ¢: A—B € iH €K1li€l0, TO Ha HOro CTpii-
KOBI# Jiarpami B KOXKHY TOYKY, 1[0 MO3HAYa€e ejleMeHT beB, mo
Oepe y4yacTh y BiJoOpa’keHH1, BXOJUTh B TOYHOCTI OJTHA CTPLIKa, a
13 KO’)KHOT TOYKH, 1[0 ITO3HAYAE €JICMEHT aE€A4, BUXOUTh B TOYHO-
CTi ofHa cTpuika. O4YeBUIHO, IO 1H €KI[iST MHOKUHUA 4 B MHOXH-
HY B MOXIIMBa TUIBKH B TOMY BHIMAJIKY, SKIIO MOTYXHOCTI ITUX
MHOYKHH 3HaXOAAThCS y CHiBBinHOICHH] |4|<|B].

O3navenns 1.26. Skuo BinoOpaxeHHs ¢. A—B € 0gHOYacHO
CIOp’€KTUBHHMM Ta 1H €KTHUBHUM, TO BOHO Ha3UBAETHCS 63dEMHO-
00HO3HAYHUM B1IOOPAKEHHAM MHOXWUHU A Ha mHodcuny B, abo
biekyiero A na B.

JIns Giekiii NOBUHHA BUKOHYBATHCS PIBHICTB |A|=|B].

O3navennsi 1.27. [ToBHe ogHO3HAuHE BimoOpaxenHs f: X—Y

(abo X Ty ) Ha3UBA€ETHCS QYHKITIOHATBHUM, a00 (hyHKYIEH.



Hdns  QyHKmii  MoXKHa  3amMcaTH  Take  BHU3HAYCHHS:
f={(x,y)eXxY| y=f(x)}, Tobr0 DyHKIli€0O € MHOKHHA, €JIeMEHTa-
MU KOi € mapu (X,Y), siki 0epyTb y4acTb y (yHKIIOHAIBHOMY Bi-
noopaxenni. 3uauenus y=f(X) g Oyap-sxoi mapu (X,y)ef Hasu-
BaeTbcs (pyHKITi€o Bix x. EnemMeHT XeX Ha3uBaOTh apeymeHmom
dynkuii y=f(X). CumBoniyHe no3HauYeHHs (QYHKIIOHAIBHOI 3aie-

JKHOCTI Y BIJ] X MOXKe OyTH 1 OJTHUM 3 TaKuX: x—1 y, X—Y, yix.

Skmo o6aacte Bu3HAaYCHHS GyHKIID f MICTHTH TIIBKH OOUMH
€JIIEMEHT, TO 11 HA3UBAKOTh (YYHKYIEIO-KOHCIMAHMOIO.

s 3ananns GyHKIT BUKOPUCTOBYIOTHCS TaKi CIIOCOOU:

— MepeiyeHHsAM BCiX map (X,Y) eneMeHTiB MHOKUH X 1Y,

— hopmyoro Y=1(x), xeX, yeY, skmo X ta Y — MHOXHHH YH-
cell (HaTypalbHUX, IUTHX, TIHCHUX, KOMIUIEKCHUX TOIIO);

— y Bunai rpadika (x,y)ef, xeX, yeY, sakmo X ta Y — MHO-
KUHH JIHCHUX YHCEI.

KinbkicTs aprymeHTiB QyHKII1 (iX HA3UBAIOTH 1€ HE3AICKHU-
MU 3MIHHHUMH) MOke OyTu Oinplnoro Bin onuHulil. Hampukman,
¢ynxuis aBox 3minuux f =f(X, y), 1e xeX, yeY, mae obnactio Bu-
3HaueHHs JeKapTiB n00yTok XxY. dopManbHO Taky (YHKIIIO
moxkHa o3Haunth Tak: f ={(X,y,z) eXxYxZ| z=f(X, y)}. Ananoriuao
03Ha4yaroThCs QYHKIIT OUTBIIOTO Yucia 3MiHHMX. Jlo/laBaHHs, Bi-
THIMaHHS, MHOKEHHS 1 IUIEHHS € IBOMICHUMU (OiHapHUMH) QyH-
KIisiMi Ha R (MHOXUHI IIHCHUX 4ucen), TOOTO QYyHKIISIMU BUITY
f: R°5R, a6o z=f(x,y), ze X, y, zeR.

Ockinbkn (yHKIIT Hamexarb A0 KJIacy BiAOOpakeHb, TO IM
IpUTaMaHHI BC1 BIACTUBOCTI OCTaHHIX. 30KpeMa, QyHKIIIT MOXKYTh
OyTH CIOp’€KTUBHHUMHU, 1H €KTUBHUMHU Ta OIEKTUBHHUMH, a B OCTaH-
HbOMY BUNAJKY (QYHKIIOHAJIbHA 3aJIKHICTh € 83AEMHO OOHO3HA-
unotw, 10610 dynxuis £ Y—X, obeprena 1o dynkuii f: X—Y,
Oy/ie TaKOX OJTHO3HAYHOIO.

Komnosuyis ¢ynxyin f: X—Y 1 g Y—Z BU3HaYa€ MHOXHUHY
3Ha4YeHb Z€Z, M0 BIAMOBIZAIOTH 3a MOCIIAOBHO 3aCTOCOBAHUMHU

3akoHamu f 1 g enementram xeX: z=(gof)x=g(f(x)). @ynkuito f,



oTpuMany 3 ¢yHKUI# g, (, ..., U MICTAHOBKOIO iX OJHE B OJHE 3
nepeMEeHYBaHHIM apryMEHTIB, Ha3UBAIOTh CYNEPHOZUYIEID (DYH-
kyii g, q, ..., U. Hanpukmnan, cyneprnosuiieio € ¢pyukiis p =f(z),
ne 2=g(y), y=q(x), rooro p=f(g(q(x))). Bupas, mo omucye cymep-
MO3UI[II0 3 BUKOPUCTAHHS CUMBOJIIB apPTYMEHTIB Ta 3HAKUB MaTe-
MaTHYHUX OIEpPalliii, HA3UBAETHCS POPMYI0I0.

binbin 3aranbHUM BUOM BiToOpaskeHHs, HIXK QYHKIIiS, € ¢pyH-
KYIOHA, SIKUA BCTAHOBJIIOE 3AJICKHICTh MIXK MHOXKHHOIO YHCEN Ta
MHOKHHOIO (YHKIII (IHIIMMH CIIOBAMHU — YHCIIOBI OI[IHKHA ()YHK-
uiih). [puknan ¢pyHKIioHana:

3a momoMoror (YHKIIOHAIB BH3HAYAIOTh, 30KpeMa, IIJTHOBI
¢byHkuii (MiHiMizawii, MakcuMizalii ¢yHKI[IOHaNa) B 3a/1a4ax OI-
TUMAJIHHOTO YIIPABIiHHS JUHAMIYHUMU CHCTEMaMHU.

[Ile 6iybII 3araJIBHUM BHJIOM BiOOpaXEHHS € onepamop, HAM
BCTaHOBJIIOETHCS TaKa BIAMOBIIHICTD MIXK ABOMAa MHOXHHaMU (Y-
HKIIH, 010 KOXHIM QYHKIIT 3 OJHIET MHOXXUHH BIAMOBIa€ TIEBHA
¢yskuis 3 iHmoi. Hanpuknaz, interpan Jlamnaca

TH(t)e” Pldt = F(p)
0

€ orepaTopoMm (3 ymoBHMM mo3HaueHHsM f(t) = F(p), skuit 3miiic-
HIOE IHTerpajbHe MepeTBOpPeHHs MHOXUHHM QyHkiin f(t) milicHoi
nepeminHoi t, 0 <t<oo, y MHOKHHY (yHKIIH F(p) KoMIIeKcHOT
3MIHHOI p. [HTerpanbpHi neperBopeHHs Jlamnaca MMPOKO BUKOPHU-
CTOBYIOTBCS B T€OPil aBBTOMAaTHYHOTO KEPYBaHHSI.

Koumponvni numannsa

IToscHITE HOHATTS BIAMOBIMHOCTI MHOXHH. SIK1 ITIAMHOXHWHU
BHU3HAUYAIOThCA MOHATTAMU oOjacTed BiANpaBleHHS, MPUOYTTS,
BU3HAYEHH Ta 3HAYEHDb BIAMOBIIHOCTI?

SlkuM 4MHOM MOB’s3aHI MIX CcO0O0: 00JacTl 3HAY€Hb 1 MpU-



OyTTs BIANOBIAHOCTI; yHopsiaKoBaHi mapu (X, Y) i eIeMEeHTH JeKa-
pToBOro mo0yTky XxY; ymopsiakoBani napu (X, Y) 1 rpadik Bigmo-
BiJTHOCTi?

Y 4oMy moJisirae BIAMIHHICTh MOHATH “‘BiAHOMICHHS 1 “BiAIO-
BiHICTE?

Slkumu cnocob0aMy MOKHA 3I1HMCHIOBATH 3aIaHHSA BiAIIOBIIHO-
CT1 MHOXUH?

VY 4yomy mosArae BiIMiHHICTh CTPIJIKOBHX JliarpaM BiJlITOBITHO-
CT1 Ta BiIHOIICHHS?

3a SIKUX YMOB Ma€ MiCII€ BIJIOBIHICT HA MHOKHHI1?

SIKUMM BIIACTHBOCTSAMM BOJIOJIIOTH BiJAIIOBIHOCTI HA MHOMH-
Hax?

Hagenite npuknan pediekcuBHOI (aHTHPEIIEKCUBHOI, CHMET-
PUYHOI, aHTUCUMETPHUYHO1, TPAH3UTUBHOI) BiJITOBITHOCTI, 3p00ITh
il 3amaHHS OMHCOM CKJIaJly €JIEMEHTIB, MATPHUIICI0, CTPLIKOBOIO
Jliarpamoro.

SIKy BiONOBITHICTh HA3UBAIOTh 00epHEHOI0? SIK ii OTPUMYIOTH
13 mpsIMOi BiAMOBIAHOCTI?

3a SIKUX YMOB BiJIIOBIJHICT € B3AEMHO OJIHO3HAYHOO?

[TosICHITE MOHATTA KOMITO3UIT BiAITOBIIHOCTEM.

[TosicHITh MOHATTS “BiAOOpaKE€HHSI MHOXUHHU B MHOXKHUHY .

3a AKX YMOB BiJIIOBIAHICTH € BiTOOpaskeHHIM?

[TosicHITh MOHATTS 00pa3y 1 MpooOpas3y Bi1OOpaKEHHS.

B sikomy cniBBiTHOCATBCS KiAbKOCTI 00pa3iB 1 mpooOpa3iB Bi-
no00pakeHHs?

Yomy BioOpakeHHsI HA MHOKHHI € OJJHO3HAUYHUM?

3a SKMX YMOB BiJOOpakK€HHS Ha MHOXXHHI €: CIOp’ €KIII€l0,
1H’ €KIIi€r0, Ol€KII€r0?

3a SIKUX YyMOB B1100paK€HHS Ha MHOXKHMHI € B3a€MHO OJTHO3Ha-
YHUM?

Slke BimoOpakeHHS HA3UBAETHCS (PYHKITIEIO?

SAxumu cnocobamu MO>KHA 3/TIHCHIOBATH 3aJIaHHS (QYHKIIIT?

3a skuX yMOB (DYHKIIiS € B3aEMHO OJHO3HAYHOIO?

[TosicuiTh mpouieypu (popMyBaHHS KOMIO3UIIT Ta CyNepro3u-



il QyHKITIH.
Uwu € GpyHKIIOHATH Ta ONepaTOpy BUIAAMHU BiAOOpaKCHHS MHO-
KMHU Ha MHOKMHY? HaBeniTh iX mpukiamy.

1.5 Bnpasu

1. HaBeniTe npukiaau MHOKHH, €IEMEHTAMU SIKUX €: a) JIFO/IH,
0) mitepu andagiTy, B) yncia, r) TECOMETPUIHI QIrypH.

2. OnumiTe 1 300pa3iTh HA PUCYHKY MHOXKMHHU TOYOK, KOOPIH-
HaTH X | Y SIKMX 3aJOBOJILHSIOTH Taki yMOBH: a) Y=X; 0) Y>X;
B) y<X; 1) x+y<10; m) X2 +y?>1.

3. Hexait 4={1, 2, 3, 4, 5}. Ilo3dHauumo yepe3 B MHOXUHY,
€JIEMEHTAaMU SIKO1 € KBaJ[paTH €JIEeMEHTIB A. 3ajaiite MHOXHUHY B
BciMa BizomuMu Bam criocobamu.

4. Onumite MHOXHHY A ={4, 8, 12, 16, 20, 24, 28} 3a nonomo-
T'OI0 XapaKTePUCTUYHOI BIACTHBOCTI 11 €JIEMECHTIB.

5. HaBeniTh AekiiibKka MpUKIAAIB YHIBEPCATBHUX MHOXKHH Ta 1X
MiIMHOXKWUH, BUKOPUCTOBYIOUH JUIS I[LOTO MHOXXHUHU OO €KTIB 1
MTOHSTh.

6. BusHaure, siKi 3 HaBEJCHUX TBEPKECHb CIIPABEIJIUBI:

a) {T}=1; 6) {{T}}e{{{}}}; B) [{{T}}H=2; 1) xe{x},
m) 3{x} o) {(X}e{x}, %) {(x}e{{x}}.

7. BusHauTte, CKiIbKH €JIEMEHTIB MICTATh Taki MHOXHUHH: {X},
{3} 6031 {03 x {x X313}

8. Uu mpaswmibHo, o {1, 2}e{{1, 2, 3}, {1, 3}, 1, 2}?

9. Yu cnipaBeyiuBa pisnicts {{1, 2}, {2, 3}}={1, 2, 3}?

10 HaBeniTh MHOKHHY pO3B’s3KiB HepiBHOCTI (X—2/(8—X)>0.

11. SIki 3 HaBeleHUX TBEPAKEHb MIPABHUIIbH1?

a) sikuo AcBi1BcC,to AcC;

0) sxkmo AcBi1BcA, 10 A=B;

B) sikimo ACB1BcC, o AcC.

12. SIki 3 HaBeOeHMX MHOKHMH € MIIMHOXHHAMH MHOKHUHH
D={7, 13, 25, 34, 101,112}?

a) {1, 7, 13}; ©) {0, 1, 12}; B) {25, 112, 34}; 1) {a, b, X, n};



n) {7, 13,25,34,101, 112}; e) <.

13. JloBenith, 10 BI MHOKHHH PIBHI TOJII 1 JIUIIE TOi, KOJIH
pe3yNIbTATH 1X MEePETHHY Ta 00’ € HAHHS 301raloThCS.

14. BuzHaute, sIKi 3 HaBEJECHUX MHOXHH JIOPIBHIOIOTH OJIHA
onwiii: a) A={x| x=2y, yeN}; 0) C={1, 2, 3},

B) D={0, 2,-2, 3,-3,4, -4, ...}, r) E={2x| xeZ}.

15. TToOynyiite Oyiean st MHOKHHH A, SIKIIO:

a) A={{}}; 6)4={1,2,3, 4},

B) A={kir, cobaka}; r) 4={1, {2, 3}, 4}.

16. Hexaii yniBepcym U ckitamaerbes 3 uucen 1, 2, 3, ..., 91 33
JiTep yKpaiHchKoro andasity a, 6, s, ..., 1. SIkmo 4={1, 3, 5, a, s,
0} iB={1,2 3,4,5 a 6, 2 0, e}, 3Haiinits: a) B, 6) ANB, B)
AUB,T) ANB .

17. Jdano: U={0, 1, 2, 3, 4, 5, ..}, 4={3x|] xeU}, B={5x|
xeU}. Busnaure AN B.

18. Hexait U € MHOXXHHOIO BCiX TOYOK (X, Y) KOOpAHMHATHOL

wiommam, A={(y)| y=[x[}, B={(xYy)l y>x[}, L={(xy)| x+y=2},

M={(x,y)| x+y<2}. 300pa3iTh TOYKaMH Ha IUIOLIMHI TaKi MHOH-
HU: a) 4, 0) B, B) AUB, 1) B, n) L, e) AnL, x) BNM, 3) M, K)
L.

19. Ha yniBepcymi U={0, 1, 2, 3, 4, 5, 6} 3amaHi MHOXUHU
A={1, 2, 3}, B={3, 4, 5}. Busnaure Muoxxuuu AUB, ANB, A\B,
A-B, A, B.

20. JToBemiTh 3a JOMOMOTOFO JTiarpaM BeHHA Taki TOTOXKHOCTI:

(A\B)n(B\A)=(;

AN(B\A)=0;

AU (BN C)=(4uB)N 4V C);

(ANBNC)U(AnC)uU(BNC)=C,

(ANBNC)U(ANBNC)=BNC.

21. Yu BurumBace 3 A=BU C te, mo A\B=C?
22. )Ywu BuruuBae 3 A\B=C te, mo A=Bu C?



23. 300pa3iTh Ha maiarpami Benna muoxunu A4, B, 1 C Taki, 1o
AcB 1 BcC. Yu npaBwiIbHO y TaKOMY BHITQJIKy BKIIFOUCHHS
AcC?

AN X =B,
AuX=C"

25. 3apaiite rpadik Bignosignocti A={(a,1), (a,3), (b,1), (b,2),
(¢,2), (¢,4), (¢, 7), (d,15)} maTpuIerO Ta CTPIIKOBOIO Jliarpamoro.

26. MuokuHU X={X4, ..., Xo}, Y={Y1, ..., Yo} Ta Z={21, 25, Z5}
noB’si3ani  BiAMoBiAHOCTAMUA A ={(X1,Y1), (X2,Y1), (X2,Y2), (X2,Ya),

(Xa,Y3), (Xa,Ya), (Xa,Ya)y (XaYs), (XaYe)} 1@ B={(Y1, Z2), (Y2, Z1), (Y2, Z2),
(Y3, Z3), (Y4, Z5)}. BuzHauTe kommnosuiiito C=40B.

24. POo3B’sIKITh CUCTEMY { sakmo BcAcC, B£J.

27. 3HaiiTi 001aCcTl BUSHAYEHHS Ta 3HAYEHD B1AIIOBIIHOCTEM:

{@1). (@2, (c.1), (¢.2), (c4), (d.3), (d.5)}; {(xy)eR* y=x};
{(a1), (@2), (a3), (a4), (@5}

28. Hexait A={1, 2, 3, 4}, B={5, 6, 7, 8}, C={11, 22, 33}.
Bignosinnocti RcAxB 1| Sc BxC 3anadi TaKUM YHHOM:
R={(1,6), (1,8), (2,5), (3,6)},
S={(5,11), (6,11), (7,22), (8,23)}.
Yu € BoHU pedIeKCUBHUMH, aHTHPEICKCUBHUMH, CHMETPHUYHH-
MU, aHTUCUMETPUYHUMHU?
Busnaute BiAIIOBIIHOCTI:

R*iS% SoR, SoS"iS?eS, Res™,

Uu € BoHUM pedIeKCUBHUMU, aHTHPE(DICKCUBHUMHU, CHMETPUYHH-
MU, aHTHCUMETPUIHUMH, TPAH3UTHUBHUMU?

29. 3agano mMHOoxuHy A={1, 2, 3}. JlocnmiaiTh BiAMOBIAHOCTI
R={(1,1), (1,4), (2,2), (2,5), (3,1), (3,3), (3. 4)}c4? i S={(1,2),
(1,3), (2,2), (2,2), (3,1)}=A* na pediekciBHiCTb, aHTUPEPIEKCIB-
HICTb, CUMETPIUHICTh, AaHTHCUMETPIYHICTh, TPAH3UTHUBHICTh. Y
y0auaroThCs MepeiyeHi BIACTUBOCTI B MaTPULIAX Ta CTPUIKOBUX
Jiarpamax [uX BiAMOBiTHOCTEN?



30. fxi 3 HactynHux ¢yHkuid f: X—Y Ha MHOXHHI NIHCHUX
YHUCeNl € CIOp €KTUBHUMH, iH €KTUBHHMH, OI€EKTUBHHMH, SIKIIO
xe[-2, 4], ye[-1, 15]?

a) f(x,y)=sinx; 6) f(x,y)=2"-1; B) f(x,y)=15-x% 1) f(x,y)=1.



Pozmin 2
EJEMEHTH MATEMATHYHOI JIOTIKA

MarematuyHa Jiorika — L€ HayKa, MPEAMETOM JOCIHiKEHHS
SIKO1 € METOJIH JIOT1YHOTO BUBEEHHS. [Ipu 1IbOMY pO3TIISIaIOTHCS
dbopmu, a He ceHe cymkeHb. Dopmatizallis IpoIeayp JOTIYHOTO
BHUBEJICHHS 0a3yeThbCs HA MOHSATTSAX ICTUHHOCTI Ta XMOHOCTI TIOCH-
JIaHb 1 BUCHOBKIB, MpuuoMy (opMasri3oBaHe OI[IHIOBAHHS iCTHH-
HOCTI Ta XMOHOCTI 3/IIMCHIOETHCS 32 TIOTIOMOTOI0 CHMBOJIB 1 Ta 0
BI/IMOB1THO, TOOTO B ayipaBiTi anredpu joriku (anredpu byms). ¥V
IBOMY PO3JiJIi PO3IIISAAI0THECS OCHOBHI MOHSATTS 00’ €KTIB anreo-
pu JOriKH, i1 3aKOHM Ta METOJIU MPHUBEACHHS JIOTTYHUX (YHKIIII
710 BUIY, PUIATHOTO JIJIsi pO3B’s3yBaHHS 33a7a4 MOOYIOBU MOJIe-
neil 00UUCTIOBATIbHUX 1 KEPYBAJIBHUX MPUCTPOIB AUCKPETHOT ii.

2.1 IIpocrTi Ta ckJIaaHi BUCTOBJIECHHS

3HaHHA PO SBUILA B HaBKOJHUIIHBOMY CBIT1 BiJOOpa)katoThCs
HaMU B KaTEropisix 00 ‘€kmie MucienHs, TAKAX K TIPEIMETH, TOII1
Ta BIJIHONIICHHA M HUMHU. Byab-skuit 3 mux 00’€KTiB BOJOJi€
KOMIIIEKCOM IEBHUX O3HAK, TOOTO 0COOJMBOCTEH, BJIACTHUBHX JIa-
HOMY 00’ekTy. JI7s KOXKHOT 3 KOHKPETHUX HayK JIesKi O3HaKH
00’ekTa MHCIIEHHSI OyayTh CYTTEBHMHM, a IHIIU — HECYTTEBHMH.
KoxHOoMy 00’€KTy MHUCIEHHS JIOJIMHA CTaBUTh Yy BIAMOBITHICTh
MOHATTS (T€PMiH, CJIOBO), M0 € XapaKTEPUCTHYHOI PHCOIO
00’€eKTa, siKa BiApi3HAE Horo BiA iHIMX 00’ €kTiB. OTKE, noHamms
— e ¢opma MHUCIIEHHS, IO BigoOpa)kae 00’€KTH MHUCICHHS B iX
CYTTEBUX O3HaKax. MiXK MOHATTSAMHU TaKOXK MOXYTh ICHyBaTH Ie-
BHI BifHOMIEeHHs. CyKYITHOCTI MOHATH 1 BIAHOIIEHb MK HUMH SIK
00’€KTH MUCIICHHS HA3UBAIOTh CYONCEHHAMU.

Mopennio Cy/pKeHHST B MaTeMaTHYHIN JIOTIII € GUCN08IeHHS,
SKUM BHM3HAUAIOTHCA CYTTEBI O3HAKM O0’€KTa MUCIEHHS, TPYIU
00’€KTiB Ta 3B’A3KIB Mk 00’€KTaMu. 3p0o3yMilIo, 10 TEPMiH “‘BU-
CIIOBJICHHSI” TaKOX € TMOHSATTSAM, TOMY B MaTeMaTU4Hil jorimi io-
My Ja€ThbCsi popMali3oBaHe O3HAYCHHSI.



O3nauenns 2.1. Bucnognennsm Ha3UBAETHCSA Oyab-sIKE PO3IIO-
BiJHE pEUeHHA (TBEp/UKEHHSI, CY/UKEHHs), MPO SKEe B JaHUH MO-
MEHT MO’KHa CKa3aTH, ICTHHHE BOHO YU XHUOHE.

3riHo 13 UM O3HAYCHHSIM €JMHOI0 O3HAKOIO BUCIIOBJICHHS SIK
00’€KTa MaTEeMaTUYHO] JIOTIKU € HOT0 XapaKTepUCTUKA ICTHHHOCTI
— XUOHOCTI. SIKIIO pedyeHHs HE € PO3MOBIIHUM, HOT0 ICTUHHICTH
BU3HAYUTH HEMOXKIUBO. ToMy pedeHHs, Hanpukian, “Ypa!” abo
“Hapimo BMBYaTH MaTeMaTHYHY JIOTiKY?” HE € BUCJIOBJICHHSIMH.
Po3noBigHI pedeHHsT TakoXK HE 3aBXAM € BUCIOBICHHSAMH. Ha-
npukiaj, pedeHHs “Hezabapom Oyne Tero” abo “MaremarnyHa
JIoTiKa — 3aXOIUIMBA HayKa’ HE € BUCJIOBIICHHSIMH, 00 HEMOXKIINBO
BCTAaHOBHUTH iX ICTHHHICTh a00 XHMOHICTh. Y TOH camMuii 4ac pe-
yeHHs A = “YkpaiHa po3miimieHa y miBIeHHii miBkyii 3emiti” abo
B = “3nanHsa MaTeMaTH4YHOI JIOTiKU HeoOXiaHe (axiBiio 3 iHPOP-
MAaIIMHUX TEXHOJIOTIN € BUCIOBIECHHSAMH, OCKIIBKI OYEBUIHOIO €
XUOHICTh MEPUIOro 3 HUX Ta ICTHUHHICTh — Apyroro. binkiie Toro,
XapaKTEPUCTHKA XUOHOCTI — ICTUHHOCTI IIMX BHCJIOBJICHb HE 3a-
JIEKUTH Hi BiJ IKUX oOcTaBuH. Taki BUCIIOBIIEHHS HA3MBAarOTh Bi-
JIIOBITHO MOMONCHO XUOHUM 1 MOMONCHO ICIUHHUM, TM TIPHCBO-
IOIOTHCSI CUMBOJTIYHI “3HaueHHs” 4 =0 1 B=1. XapakTepucTHka ic-
TUHHOCTI (XMOHOCTI) BUCJIOBJICHHS MOXKE OYyTH 3aJIe)KHOIO Bij Ie-
BHUX oOctaBuH. [IpukmagoM MoXXe CIYXUTH BHUCIOBJICHHS
C="3nHauyeHHs MepIoro i APyroro KOpeHiB KBaJIpaTHOTO PiBHIH-
Hs nopisHiooTh 0,005 1 0,15 Bignmosigno”. Ictunnicth (C=1) abo
xuOHIcTh (C =0) bOT0 BHUCIOBJICHHS 3aJIEKHUThH BiJl 3HAYCHH KOe-
¢itieHTiB piBHSIHHS. BHCIOBIEHD, SKi OTHOYACHO € ICTUHHUMH i
XUOHUMHU, HE ICHYE.

Y MareMaTHYHHUX MOJENSX €NEeKTPOHHUX MPUCTPOIB JAUCKPET-
HOT 11T cumBoin 1 1 0 BIAMOBIAAIOTH IBOM (HAMPHUKIIA]l, BHCOKOMY
Ta HU3bKOMY) PIBHSM EJEKTPUYHUX CHUTHAIIIB HAa BXOJaX 1 BUXO-
Jlax TPUCTPOIO.

BucnoBieHHs pi3HOTO 3MICTY HE MOXKHA BBOKaTH OJHAKOBUMU
(piBHMMHK). OJIHAK JBa BUCIOBICHHS HA3UBAIOMb €K8I6AIeHMHU-
Mu, SIKIIIO BOHM OJHOYACHO ICTHMHHI a00o xuOHI. EXBiBageHTHICTH



BHCJIOBIICHb TTO3HAYAETHCS 3HAKOM ~ abo =. Hampukinan, 3amuc
A~B (abo A=B) o3Hauae, mo A Ta B icTuHHI a00 XMOH1 OJHOYAC-
HO.

VY HaBeJneHUX BHILE MPHUKJIAJaX BUCIOBIEHHS € MPOCMUMU,
OCKIUJTbKM BOHH HE MOXYTh OyTH TOAIICHI HAa YaCTHUHH, SIKi TAaKOX
MOKHa BBa)KaTW BUCJIOBIEHHSMU. [3 mpocTux (aromapHuX) BHUC-
JIOBJICHb 32 JIOTIOMOTOIO JIOTIYHUX 3B’SI3KIB MOKHA CTBOPIOBATH
cKk1aoHi (MOJIEKYJISIPHI) BUCIIOBIICHHS, K1 110 CYTi € hopmyaamu.
3a3BUuail €IEMEHTH CKJIAJJHOTO BUCIOBJIEHHS, TOOTO MPOCTI BUC-
JIOBJICHHS, TTO3HAYAIOTHCSI MMM JTiTepamu (X, Y, Z, ...), a CKJIaJ-
Hi BUCJIOBJIEHHS — BelukumH Jitepamu (X, Y, Z, ...). IctuHHICTD
CKJIQJIHOTO BHCJIOBIICHHS 3aJIC)KUTh BiJ ICTHHHOCTI HOro CKiIao-
Bux. Hampuknan, ckmagaum Oyne BucnoBinenHs C=“Y Tecrti 3
Teopii iHdopmaIllii mpaBUILHOIO € BiAmoBias 32 Ne3 (mpocrte BuHcC-
JIOBJICHHS C1), 1 cTyaeHT [leTpeHko 1ie 3Ha€e (MPOCTe BUCIOBICHHS
¢;)”. lctunnicts cknaaHoro BucioBieHHs C, 6e3ymMOBHO, 3ane-
KUTh BiJl ICTHHHOCTI IPOCTHX BUCIIOBJICHB C; 1 C,. OTKe, CKIIaaHe
BUCJIOBIICHHSI € JI02IYHOW (DYyHKYi€l0 TIPOCTUX BHCIOBICHb —
Jo2iunux 3minHux (aprymeHtiB JioriuyHoi ¢yHkmii). CeMaHTHYHI
3B’s3ku (i, abo, He, OTke), 0 3 €AHYIOTH JOTIYHI 3MIHHI Yy
CKJIaJIHUX BHUCJIOBJIEHHSAX, € 3HAKaMH JIOTTYHHUX [1i, TOOTO J102iu-
HUX onepayii.

Konmponvni numannsa

o po3ymieTbes i MOHATTAM “00°€KT MUCIEHHS?

SxuM 9MHOM Bi1J10Opakar0ThCsl 00’ €KTU MUCJIEHHS B iX CyTT€-
BUX O3HaKax?

SIKy OT14HY KOHCTPYKIIIO SIBJIIE COOOI0 CY/PKEHHS?

SIki 03HaKM 00’€KTa MHUCIEHHS B1JOOpPaXatOTbCs BUCIIOBJICH-
HSM IIPO HBOTO?

SIki MateMaTU4Hi 00’ €KTH € MPEeIMETOM JIOCTIIKEeHHS B MaTe-
MaTUYHIN JOTiIi?

HaBeniTh KOpeKkTHE 03HAUYEHHS TePMiHa “BUCIIOBICHHS .

Uu € xapakTepUCTHKa ICTUHHOCTI/XUOHOCTI €MHOI0 O3HAKOIO
BUCJIOBJIEHHS SIK 00’ €KTa MaTeMaTU4YHOI JIOTiKH?



Sxi BUMOTH MOBUHHE 33JJOBOJIBHSTH BUCIOBIEHHS, 00 OyIo
MO>KJIMBUM BU3HAYEHHS MO0 1ICTUHHOCTI?

Slxe BUCIOBIIEHHS HA3UBAIOTh TOTOXXKHO ICTHHHUM?

Slke BUCJIOBIIEHHS! HA3UBAIOTh TOTOXHO XHOHUM?

SxuMH CHUMBOJIaMU TMO3HAYAIOTHh ICTHHHICTH Ta XHOHICTh BHU-
ciioBiieHb? Yy € 111 cMMBOJIM YnUcCiIaMu?

Uu Mo>Ke BHCTIOBIICHHS OYTH OJIHOYACHO ICTHHHUM 1 XUOHUM?

3a SIKMX yMOB JIBa BHCIJIOBJIEHHS OyayTh ekBiBajgeHTHUMH? [0

o3Hauae 3anuc A~B?

SIki BUCTIOBIIEHHSI HA3UBAIOTh TPOCTUMU?

SIKi BUCITOBIIEHHS HA3UBAIOThH CKJIATHAMMU?

Yu 3aJIeKUTh ICTUHHICTH CKJIAIHOIO BUCJIOBJIEHHS BiI 1CTUH-
HOCTI TIPOCTHX BHCIIOBJIICHb, 3 SIKHX BOHO cKkianeHe? Hasemith
MPUKIIA]TIH.

U MOXKHa BBaKaTW CKJIAJHE BUCIIOBJICHHS JIOTIYHOKO (PyHK-
€0 IPOCTUX BUCIOBICHB?

Uu MO’KHA BBaXKaTH MPOCTI BUCIIOBJICHHS apryMEHTAMH JIOT14-
HOT PyHKIII{?

HageniTe mpuKIIagM CEeMaHTUYHUX 3B’S3KiB, IO BHUKOPHCTO-
BYIOTbCS SIK JIOTIYHI omeparii Juist noOyJOBU CKJIaJHUX BHUCIOB-
JICHb.

SIKi MOBHI KOHCTpYKLIi € apryMeHTaMu JIOTi4HOi (yHKIii —
CKJIa/IHOTO BUCJIOBJICHHS?

2.2 JloriuHi onepauii

[ToOynoBa CkIaAHUX BHUCIOBIEHBb 3 MPOCTUX 3JIHCHIOETHCS 3a
JIOTIOMOT 010 JIo2iuHUX onepayiti. PO3risiHeMO BC1 MOKJIMBI JIOT14HI
orieparii Ha/l BUCIIOBJICHHSIMH, IO TO3BOJUTHh BU3HAYUTH 3aKOHH
areOpH JIOTIKM 1 1aTH (hopMalli3oBaHEe O3HAUEHHS JIOT14HOI (yH-
KITi.

1. Jloriuna omnepauis “Kowcmanma uyns”. Pe3ynbraroMm mi€i
orieparii Haj| BUCIOBIICHHSIM A € BUCIIOBJICHHS, SIKE Ma€ 3HAYCHHS
f(A) =0 He3anekHO BiJ ICTHHHOCTI 200 XUOHOCTI BUCIIOBJICHHS A.

2. Jloriuna omeparmist “Korcmanma oounuys . PesyabTaTom



1i€l omneparrii HaJ BUCIOBIECHHSAM A € BHUCIIOBJICHHS, SIKE Ma€ 3Ha-
yenns f(A)=1 He3anexHO BiJ ICTHHHOCTI Yd XMOHOCTI BHCIIOB-
neHHs A.

3. Jloriuna onepanis “He” (ineepcis, 3anepeuenns). Pesynbra-
TOM I1i€1 omepaitii Hajx BUcoOBIeHHsAM A € BuciosieHHs f(A)=A
a6o f(A)=—=A (“ 71 “—" — cUMBOJIH 3allepEeUYEHHs), IKE ICTHHHE

numie Toai, ko A xubHe, 1 XuOHe, Ko A icTUHHE (YMTAEThCS
“He A”).

4. Jloriuna omepauisa “3minna A”. Pe3ynbratom wi€i oneparii
HaJl BUCIIOBICHHIM A € BucioBieHHs f(A)=A, ske icTuHHE nuIIe
Toxi, Ko A icTuHHE, 1 XuOHe, Koiau A xuOHe. (uutaerbes “30e-
pexxennsa A”, “Iloropenns A”, “IlepenaBanns A”).

[Tepenivyeni 4oTUpH JIOTIYHI OMEpallii € TAKUMH, 110 31IHCHIOIOTh-
Csl HaJ OJTHUM BHCIIOBJIEHHSAM (HEOOOB’SI3KOBO MpOocTUM). IHIIMX
oreparliii Takoro poay B ajareopi JOTiKH HE ICHYE.

Po3rnsiHeMO TOBHUWE mepertik JOTIYHUX Omeparii Haj JBOMa
BHCIIOBJICHHSMH.

1. Jloriuna omepaunis “I” (xow roukyis, 000ymok, nociuHe
MHOdcenHs). Pe3ynbTaToM 1ii€i omepariii HaJ BUCIOBIEHHAMHU A i
B e cknagne Buciosnenus f(A,B)=AAB (B iHImUX MO3HAYCHHSX
A-B, AB, A&B), sxe ictuanHe numie Tosi, koau A 1 B ogHOUYacHO
ICTHHHI, 1 XMOHE, KoM Xo4ya 0 ojHe 3 HUX XUOHEe (uyuTaeTbes “A i
B”).

2. Jloriuna omeparttis “A060” (0u3 toukyis, cyma, 102iune 000a-
8aHHS, HeGUKIIOYHe a60). Pe3ynbTaToM IIi€l omneparlii HaJl BUCIIOB-
nenusmu A i B e cknanne Bucnosnenns f(A,B)=AvB (B iHmomy
no3HaueHHi A+B), sike € XxuOHUM Jutie Toi, komu A 1 B omHOoYac-
HO XWOHI, 1 ICTUHHE, KOJHM X04a 0 OJHE 3 HUX ICTUHHE (YUTAETHCS
“A abo B”).

3. Jloriuna onepartist “Axwo — mo” (imnrixayis). PesynbTaTom
1i€i omneparrii Haj BUCIOBICHHIMH A 1 B € ckiagHe BUCIOBIEHHS
f(A,B)=A— B, sike € XuOHUM Jwmiie TOAi, Koau A icTuHHe, a B
XUOHE, 1 ICTHHHE B 1HIIMX BHMaakax (yutaetves “Sxmio A, To B”).



4. Jloriuna onepauis “3abopona B” (3anepeuenns imniixayii
A—B). Pesynbrarom 1iei omnepartii Hag BuciaoBiaeHHAMH A 1 B €

cxianne BucnosieHHs f(AB)=A— B (s iHmomMy mo3HaYeHHi
AAB), sike € ICTUHHHUM JHIIE TOJ1, Koiu A icTuHHe, a B xubHe, 1
XxuOHEe B IHIIUX BUMaAkax (uutaethcs “HeBipHO, MmO Akmo A, TO
B”).

5. Jloriuna omepartis “3abopona A’ (3anepeuenns imnuikayii
B — A). Pesynprarom miei oneparii Haa BuciaoBieHHIMU A 1 B €

ckinagae BucioBieHHs f(A,B)=B —> A=BAA, sike € iCTHHHUM
auiie Toni, ko B ictunne, a A xuOHe, 1 XUOHUM Yy BCIX 1HIIMX
Bumaakax (yuraerscs “HeripHo, mo skiio B, To A”).

6. Jloriuna omepamis “Pisnosnaunicms” (exsigaienmuicms).
Pesynbrarom 1iei oneparii Han BucioBieHHsSIMHU A 1 B € BuCIOB-
neuns f(A,B) =A~B (B inmomy no3uauenni A=B), ske € icTHHHUM
auiie Toji, ko A 1 B ogaouacHo icTuHHI a00 XHUOHI, 1 XHOHUM B
IHIIUX BUTNIAJKaxX (YuTaeTbes “A piBHO3HauHE B”).

7. Jloriuna omepanis “Hepisnosnaunicms” (cyma 3a mooynem
08a, eukntoune abo). PesyapTaToM Iii€l omnepailii HaJ BUCIOBJICH-
Hsimu A i B e Bucnosnenns f(A,B)=A®B (B iHmIOMy Mo3Ha4YeHHI
A#B), sike € ICTHHHUM JIMIIIE TOJ1, KOJIM OJTHE 3 BUCIOBJICHb A 1 B
ICTUHHE, a iHIIe — XUOHe, 1 XMOHUM B 1HIIUX BHIMAJaKaX (YUTAETH-
cs “A nepiBno3naune B”, “A6o A, abo B”).

8. Jloriuna omnepais “Cmpinka Ilipca” (onepayia Ilipca, ¢yu-
kyis Beb6ba). Pe3ynbraTtoM 1€l onepariii Hajl BUCIOBICHHIMU A 1
B € cknagne Bucnosnenns f(A, B) =AlB=Av B, sike € icTuHHIM
nuiie toai, koiu A 1 B ogHodacHo xuOHI, 1 XMOHUM B 1HIIUX BH-
naakax (unraetscs “He A 1 He B”).

9. Jloriuna omepanisi “Impux Lllepgepa” (onepayis Llleg-
Gepa, ynxyia llepgepa). PesynpTaToM 1€l omepariii Hax BU-
cnopnennsamu A i B e cxnanne Bucnosnenns f(A,B) =A[B=AA B,
sIKe € XUOHMM JInIIe ToAl, Koiu A 1 B ogHOYacHO iCTHHHI, Ta ic-

TUHHUM, KOJM Xo4ya O ofHe 3 HuUX XuOHe (uuTaerbes “HemipHoO,
mo A1 B”).



Jloriuni omepariii B KOMIT'IOT€pax BUKOHYIOTHCS HaJl ABIHKO-
BHMH YHCIIaMH, ITOPO3psAaHO. HaBeneMo mpukiiaa BUKOHAHHS JIO-
TIYHUX OIEepalliii HaJ IBOMa JIBIMKOBUMH YHCIAMH.

Ilpuknao 2.1. Jloriyni oneparttii HaJl ABINKOBUMU YHCIIAMH

I A6o  HepiBHO3HAYHICTD He
01011010 0101010 0101010 X=01011010
& + S

11110000 1111000 1111000

01010000 1111010 1010010 X =10100101

Koumponvni numannsa

Sxuii MaTeMaTHYHUH amapaT 3acTOCOBYIOTH JJIsi TOOYIOBU
CKJIaTHUX BUCIIOBJICHb?

HageniTe mepeik JOTi4HUX OTepaii.

SIxi MaTtemaTHuHi 00’€KTHU OJEPXKYIOTHCSA B PE3yNbTaTi BUKO-
HaHHS JIOT1YHUX onepauiil “Koncmanma nynws” ta “Koncmanma
00uHuYs” HAJl BUCIIOBIICHHSM A?

Sxi MaTtemaTHuHl 00’€KTHU OJEPXKYIOTHCS B PE3yJbTaTli BUKO-
HaHHS JIOTIYHUX omepauiil “3minna A” Ta “He” Haj BUCIIOBIIEH-
HM A?

SIki MateMaTH4yHi 00 €KTH OJEPXKYIOThCS B pe3yJbTaTi BHKO-
HaHHS JIOTIYHUX omepaiiit “I” ta “460” Hax BUCIOBIEHHAMH A i
B? SIxi 11111 Ha3BM MAIOTH 111 omepartii?

Sxi MaTtemaTHuH1 00’€KTU OJIEP)KYIOTHCS B PE3YyJbTaTlI BUKO-
HaHHS JIOT1YHUX omnepatiil “Axwo — To” 1 “3abopona B” Han Bu-
cnoBneHHsMu A 1 B? SIki iHI11 Ha3BU MaroTh 111 oneparii?

SIki MateMaTH4yHi 00 €KTH OJEpKYIOThCS B pe3yibTaTi BUKO-
HaHHS JIOTIYHUX onepauil “Pignosnaunicms” 1 “Hepienoznauy-
Hicmy” Hapn BUCHOBIEHHSIMH A 1 B? Ski iHmi Ha3BU MaroTh I
omeparii?

SIki MateMaTH4yHi 00 €KTH OJEpXKYIOThCS B pe3yibTaTi BUKO-
HaHHS Joriyaux onepamiit “Cmpinka ITipca” 1 “Llmpux [legge-



pa” Haja BucnoBneHHsAMH A 1 B? SIki iHI Ha3BW MaroTh 1Ii orepa-
mii?

VY yomy monsrae BiaMmiHHICTD onepauii “Cmpinka Ilipca” Bin
onepaii “IlImpux llleppepa” nan sucnosnenusmu A i B?

2.3 Auare0pa soriku

Anrebpa JIOTIKY € OJIHIEI0 3 0araTbox ajureOpaiuHuX CTPYKTYP.
[i masuBatoTh aneebporo Hyna (3a aBTopcTBOM) a60 OyNeBOIO aj-
redporo, xoua anredpa byns He equHa y kimaci OyneBuX anreop.
AnreOpy JIOTIKH HA3UBAIOTh TAKOXK AI2eOPOI0 BUCL08NEHb, OCKi-
JBKHM olepaHaaMu (JIOTIYHHUMH 3MIHHUMH, HaJ SKUMH 3IiHCHIO-
I0ThCS anreOpaidHi oneparii) B il anredpi € BUCIOBICHHS.

3 omucy JOTIYHUX Omepaliidi HEBaXKKO MOMITUTH, 10 airedpa

JIOTIKH MOJAEThCS CTPYKTYpoto <M, A, v, >, ne M={0, 1} — Ho-
ciii anreOpu (IBOXEIEMEHTHA MHOXKMHA), eneMeHTH 0 ta 1 sikoro

BUKOPHCTOBYIOTHCS BiJIOBIAHO SIK 3HaYCHHS (YMCIIOBI €KBIBaJICH-
TH) XHOHOCTI Ta ICTUHHOCTI BUCJIOBJICHBb (JIOTIYHHX 3MIHHHUX), a
6azoBuii HaOIp (A, Vv, ) omeparniid anreOpu AOCTATHIW JJIs TO-
nauHs GopMyiamu Oyab-SKUX JOTTYHUX OTEpallii HaJl JOTTYHUMHU
3MIHHUMH.

[IpaBuna jOriYHOTO BUBENCHHS B anreOpi JIOTIKK 0a3yroThCs
Ha 11 3axonax (Tabmn. 2.1). 3akoHu anredpu JIOTIKHU SIBISIFOTH COOO0I0
TOTOXH1 PIBHOCTI MDK aHAJITUYHUMH (HOpMYJIaMH, SIKUMHU B1JO-
OpakaroThCs JIOT1YHI 3B 3KH MK JIOTIYHUMH 3MIHHUMH (OTIepaH-
JTlaMH ), 3 BAKOPUCTAHHSM CUMBOJIIB JIOTITYHUX OIEpaliid Ta TyKOK.
ToTOXHICTh IUX PIBHOCTEH O3HAYa€, M0 BOHU CHPABEJIMBI MPU
Oynb-aKuX KoMOiHaIisx 3Ha4eHb 0 1 1 iICTHHHOCTI JIOT1YHUX 3MiH-
HUX.

Ta6muist 2.1 — 3akoHu anredpu JIOTIKK
HasBu 3axoHiB ToToXHOCTI
3aKOHM  1OEMIIOTEHT- A+A=A4; A-A=A

HOCTI




3aKOHH KOMYTAaTHBHO-
cri

A+B=B+4; A-B=B-A

3aKOHHA aCOLIaTUBHOC-
Ti

A+(B+C) =(A+B)+C =4+
B+C;
A-(B-C)=(4-B)-C=A4-B-C

3aKOHH JTUCTPUOYTHB-
HOCTI

A-(B+C) =(4-B)+(4-C);
A+(B-C) = (4+B)-(4+C)

3aKOHU MOTJIMHAHHSA

A+(A-B)=A; A-(A+B)=A4

3aKkoHHU ITOBHOT'O (4-B)+( A -B) =B;
CKJICIOBAHHS (A4+B)-( A+ B)=B
3akoHU HEIIOBHOTO AB+AB =A+AB+AB :
CKJICIOBAHHS (A+B)(A+§):A(A+B)(A+§)
3akonu ae Moprana A+B=A-B;
A-B=A+B
3aKOH MOABIMHOTO 3a- =
HepeYCHHS A=4
3aKOHHU CYNEPEYHOCT1 AA =1
A+A=0

BractuBocti oguHuAI

A+1=1 A+A=1; A-1=A

BrnacTtuBocti Hyns

A-0=0; 4-A=0; A+0=A

B anre6pi noriku (tabu. 2.1) Tak camo, [k 1 B aaredpi MHOXHUH
(m. 1.2, Tabn. 1.1), icuye npunyun ogoicmocmi. CyTHICTb HOTO
MOJISITa€ B TOMY, IO Uil Oy/ib-SIKOTO TBEP/UKEHHS 3 BUKOPHCTaH-
HaM cuMBouIiB 1 1 0 Ta onepariif 113 IOHKIIT i KOH IOHKIIIT MOYKHa
CKJIACTH JABOICTE J0 HBHOTO TBEPXKEeHHA HuIsixoM 3aminu 0 Ha 1, 1
Ha 0, + Ha - , - Ha +, sKe TakoX Oyne BipHuM. Hampuknan, nBoic-
TUMH € TBep/pKeHHs1 anreopu joriku  A-(B+C)=(4-B)+(4-C) i
A+ (B-C)=(A+B)-(4+C). Y tabnumi 2.1 MoXXHa 3HAWTH iHIII MMa-
pHY TOTOXKHOCTEH, 110 TIOB’SI3aH1 BITHOIIIEHHSM JIBOICTOCTI.




VY BipHOCTI opMyn OYyIb-SIKOTO 13 3aKOHIB aireOpu JIOTIKU
MOYKHA TICPEKOHATHUCS 33 JOTOMOTOow mabauyi icmunnocmi. Ko-
JIOHKHW TaONUIl iICTUHHOCTI MOJUISIFOTHCS HA JBI TPYIH, Iepiia 3
SKUX MICTUTh BCl MOXJIUBI Habopu (KOMOIHaIli1) 3HaYeHb ICTHH-
HOCTI JIOT1YHUX 3MIHHUX, a IpyTra — 3HAYCHHS ICTUHHOCTI Pe3yIb-
TaTiB JIOTIYHUX omepariii ta dopmyn. Ak mpukian modoymyemo
TaOJIMIIIO0 ICTUHHOCTI OJTHOTO 13 3aKOHIB Jie¢ MopraHa (Tadi. 2.2).

Ta6mmist 2.2 — Tabuuist icTHHHOCTI 3aKkoHY A- B = A+B

Ne| A B A B A+B A-B A-B
0 0 0 1 1 1 0 1
1 0 1 1 0 1 0 1
2 1 0 0 1 1 0 1
3 1 1 0 0 0 1 0

Konmpononi numannsn

Hamumiite cTpykTypHe nojaHHs anreopu MHoxuH. Illo sBis-
I0Th COOOT0 €JIEMEHTH IIi€T CTPYKTYpH?

HageniTe nepenik onepaii anredpu JOriKM Ta iX YMOBHI M03-
HayeHHs (0a30B1 Ta BapiaTHUBHI).

HanuuriTe TOTOXHI piBHOCTI, 10 BiAOOpakarOTh 3aKOHM ajre-
OpH JIOTIKH: 1IEMIIOTEHTHOCT1, KOMYTaTUBHOCTI, aCOIIaTUBHOCTI,
JUCTPUOYTUBHOCTI, MOTJIMHAHHS, MOBHOTO 1 HEMOBHOI'O CKJIIEHO-
BaHHs, e Moprasa, CyrnepedHoCTi, OABIITHOTO 3arepeyeHHs.

Kepytounck mpaBunamu 1noOynoBH TaOJIUIb ICTUHHOCTI Ta il
npukiagom (tabda. 2.2), modyayiTe TabnMIll ICTUHHOCTI 3aKOHIB
anreOpu JOTIKH: 1AEMIIOTEHTHOCTI, KOMYTaTUBHOCTI, acOI[iaTHB-
HOCT1, JUCTPUOYTHUBHOCTI, TOTJIMHAHHS, TOBHOTO 1 HEMOBHOTO
CKJICIOBaHHA, Je MopraHa, CyHnepe4yHOCTi, MOJBIHHOrO 3armepe-
YEeHHS, BIIACTUBOCTEH OJMHUIII Ta HYJIS.

2.4 Jloriuni pynkuii




Posrnsnaroun dopmynu anredpu soriku (tadmn. 2.1) ta mpuk-
naj Tabnauil icTHHHOCTI (Tadir. 2.2), HEBaKKO IMOMITHTH, IO JIiBl
Ta IpaBl YaCTUHHU TOTOXKHOCTEH IO CYTI SABJSAIOTH COO0K0 (PYHKITIT
JIOTIYHUX 3MIHHUX, SIKHMH € TPOCTI BHUCIOBJICHHS, MPUYIOMY IIi
¢dbynkiii HaOyBaroTh 3HaYeHHS 0 200 1 y (yHKIIOHATBHIN 3aJ1eK-
HOCTI BiJl 3HaUY€Hb ICTUHHOCTI apryMEHTIB. Y MOJAJbIIOMY 3Ha-
YEHHS ICTUHHOCTI JIOTIYHUX 3MIHHHX 1 (PYHKIIIH MX 3MIHHUX OY-
JIEMO Ha3MBATH IPOCTO iX 3HAYEHHAMHU. TOMY MOXKEMO BBECTHU
dhopmaitizoBane o3HaueHHs JoriyHoi yHKIi (JID).

Osunavenns 2.2. @ynxyia f(X;, Xz, ..., Xn) Ha3bIBAETBCA 10204~

Howo (nepemukanvrolo, OVIE010), KO BOHA, TaK caMo sK 1 ap-

TYMEHTH (JIOTi4Hi 3MiHHI) Xj, 1=1,N, MoXXe¢ HaOyBaTu TiLIbKU B
3HaueHHs: 0 Tta 1.

OsnauenHs 2.3. YropskoBaHa MHOXHHA 3HaY€Hb apryMeH-
TiB JIOT1YHOI (DYHKIIIi HA3UBAETHCA HAOOPOM 1 TIO3HAYAETHCSA KOP-
TEXEM (a,, dy, ..., Qjy ..., an), ;€{0, 1}, 1=1,n.

Obnacmio euznauenHs JOTIYHOI QYHKIIT N 3MIHHUX € CYKYII-
HICTh yCIX MOXJIMBHUX yHOpsiakoBaHUX HaOopiB. Halip sBisie co-
000 YHCIO y ABIWKOBIA CHCTEMI YHCIEHHS, SKOMY BiJIOBiAa€
IIEBHE YHCJIO B JIECATKOBIN cucTeMi uucieHHA. 11 dncia MoxkHa
PO3IIISILIATH K HoMep Habopy y BIANOBIHIN cucTeMl YUCICHHS. Y
TakKMil Croci0 yCTaHOBIIOETHCS MOPSAKOBAa HyMepallisi HabopiB
s Oynap-skoi JIO, sk e mokazano B Tabmuii 2.2. Takum 4nHOM,
Oynb-ikuM HabopoM (a,,dy,...,di,...,an) 33JA€ThCS HOTr0O BIACHMUI
MOPSAIKOBUN HOMEp y JBIMKOBIM Ta JECSATKOBIN CUCTEMax YuC-
JIeHHs, 1 B TOM camuii yac B Horo i-my pospsimi (i=1, 2, ..., n)
3HaXOAUTKCs 3HaUYeHHs 0 a60 1 3MiHHOT Xj TaHOTO HAOOPYy.

bepyun no yBaru moHsTTS HaOOpy, JOTi4HIA (YHKIII MOXXKHA
JIaTH TaKOX HACTYITHE O3HAYCHHS.

O3navenns 2.4. Jloziunor ¢ynxyicro (pynkuiero anredpu Jo-
riku) HasuBaeThest GyHKIsA f(Xy, Xo, ..., Xpn), 10 HAOyBa€ 3HAYCHHS
0 a6o 1 Ha HaboOpax JOTIYHUX 3MIHHUX Xi, Xz, ..., Xp.



OCKUTbKM KOXKHUH 13 N apryMeHTIB JIOT1YHOI (PYHKIT MOXe
HaOyBaTU BOX MOJIMBHUX 3HAYEHHS, TO OUYEBHUJIHO, 1110 001aCmI0
6usHayenHs JOTIYHOT (YHKIi N 3MIHHMX € cyKynHicTh M=2" Mo-
JKIITMBUX HAOOPIB.

Ockinbky JoriuHa GyHKIS N apryMeHTiB MoXe HaOyBaTH JIH-
e JIBOX 3 MOXUIMBHUX 3Ha4yeHb (0 1 1) Ha KokHOMY 3 M HAOOPIB,
TO KIJIBKICTh YCiX Pi3HHX JIOT1YHUX (YHKIIH N apryMeHTiB JOpiB-
Hroe k=2". 3nauenns BenmuuuH M i kK 06UMCIIOOTHCS 32 OPMY-
JamM# KOMOIHATOPUKH (I0ATOK A).

O3navenns 2.5. SIkmio jgoriyHa GyHKIis N 3MIHHUX BU3HAYCHA
Ha Bcix 2" HabGopax, il HA3UBAIOTh NOGHICMIO 6USHAYEHOIO, B TIPO-
TUJICKHOMY Pa3i — HeNnOGHICMIO BUHAYEHOIO.

st HabopiB, Ha skux JI® He BH3HAuUEHA, 11 3HAYCHHS MOXKHA
B3STH OyIb-sKUM 13 MHOXKUHU {0, 1} 1 TaKMM YMHOM NPUBECTH il
JI0 IOBHICTIO BU3HAYEHO].

Jloriuny ¢yHKIII0 MOXHa 3agaTH i BepOaJbHUM OIKCOM.
Hanpuknan: “@yHKiis TpboX apryMeHTiB HaOyBae 3Ha4YeHHA 1,
AKIIIO JIBa apryMeHTH abo BCi TpH JOPIBHIOIOTH 1, a B 1HIIHUX
BUITaJIKaX BOHA HaOyBae 3HaueHHs 0.

Jlnst 3aaHHs JIOTIYHOT (YHKIIT MOXHa 3acTOoCyBaTH TaOiaMy-
HUM croci0, komu (QyHKIIISI MMOA€EThCS CBOEK mabauyero icmun-
nHocmi. IIpuknanoM Moxe CIy>KUTH Tabiauus 2.2 icTuHHOCTI (QyH-

kuii F=A-B=A+B. Ilpu Gunbmiii HIX 2 KUIBKOCTI apryMEHTIB
TaOIMYHUI crocid He3py4yHHil Yepe3 BeJMKHHA po3Mip TaOIHIIi.
Jloriuna ¢yHKIis Moke OyTH 3a/laHa TaKOX y BUIIISAAL pOpMyIH,
Hanpukian: f(Xq, X2, X3) =XV X, VXs.

JloriuHi ¢yHKLI{ OAHOTO 1 IBOX apryMEHTIB Ha3UBalOTh efeme-
nmapnumu. 1X MOXHa 3a1aTh K (HOpMyJIaMH, Tak i TaOIMIAMU
ICTUHHOCTI.

Jlia noriyHoi QyHKIII OJHOrO apryMeHTa ICHYIOTh JBa Habo-
PH, KUIBKICTh TaKUX (DYHKIIH — YOTHPH, 3T1IHO 3 MEPETIKOM:

f(x) =0, mae Ha3By “KoHcranra Hyb”;

f(xX) =x, mae Ha3By “3miHHa X” (MOBTOPEHHS X);

f(x)= X, mae Ha3By “IuBepcis (3amepeuenns) X;



f(x)=1, mae na3By “Koncranra omquHuIs’”.

Leii nepenik mo cyTi 30Ira€ThCsl 3 MEPETiKOM JIOTTYHHUX OIepa-
il HaJl IPOCTHM BUCJIOBIICHHSM, HaBeJAeHUM Y 1. 2.2. Onwuc 1ux
¢dbyHK1IM mogano Tabnuuero 2.3.

Tabmuus 2.3 — Tabnuns ictuHHOCTI JoriyHuX QyHKiH f(X)

Howmep _ _ _T —
HaGopy X f(x)=0 f(x) =x f(x) = x f(x) =1
0 0 0 0 1 1
1 1 0 1 0 1

st JI® nBox apryMeHTIiB iCHYIOTh YOTHPU HAO0OPH, KUIBKICTh

Takux (YHKIIH — MIICTHAAUATh. BiqnoBiAHICTh LUX (QYHKIIIH me-
pEeITiKy omnepalliid anreOpu JIOTiKU, HABEICHOMY B I1. 2.2, 3py4HIIIe
Oyze MOsSICHUTH Ha OCHOBI Tabuuili 2.4.

Tabmuus 2.4 — Tabnu ictuaHOCTI NoTiyHEX QyHKIiN f(X1,X2)

Ne|x, [X|0]1]2[3|14 1|5 16 |7 |8 |9 |10]|11]12|13]14 |15
0/0|{0]0f0O|0O]O]OJO]O]Of2]1 |22 ]1]|1|1]1
1/0/1/0|0|0|0OJ1 |21 j21]|0j0]|0O]0OJ2|2 )11
2/1,0/0/0|2}1|0]|0O]1|1|0]|0f2]|1|0j0O]1]1
3|1j1joj1j0j1j0j1]0j1j0[1/0]1]0]1]0]1
VY 16 kIiTHHKAxX NepIoro psaka tabauui 2.4 po3MilieHi HoMe-

pu i=0, ..., 15 dpynkuiit f;(X,,X,), a B THX caMuX 32 HOMEpaMH KJTi-

TUHKaX IHIIMX PAAKIB — BUAUICHI KUPHUM IIPU(TOM 3HAYCHHS
bynukmin f;(Xy,X;) Wi BiamoBigHux HaObOpiB. HeBaXKKko MOMITHTH,
0 HEMae€ >KOAHOI mapu (QYyHKIIH 3 0JIHAKOBUMHU 3HAYCHHSIMH Ha
BCIX Habopax, To0TO Bl QpyHKii pi3Hi. HaBenemo Ha3Bu nux ¢y-
HKII{ y BiIMOBIAHOCTI 0 JIOTIYHUX OMeparlliii, ki BOHU peai3y-
FOTh:

fo(X1,X2) =0, mae Ha3By “KoHcTaHTa HYIB”;

f1(X1,X2) =X1AX,, Mae Ha3By “Kon’ronkmis” (Gynkis “17);

f2(X1,X2) = X, = X, , Mae Ha3By “3a00poHa X"
f3(X1,X,) =X1, Ma€ Ha3By “3MiHHA X1”’;

f4(X1,X2) = X, — X, , Mae Ha3By “3a00poHa X;”;




f5(X1,X,) =X,, Ma€ Ha3By “3MiHHA X,”;

fs(X1,X2) =X, ®DX,, Mae Ha3By “Cyma 3a Moayiem 2” (JloriuyHa He-
PIBHO3HAYHICTD, BUKITIOUHE “A00” );

f,(X1,X2) =X VX,, Ma€e Ha3By “Jlu3’toukmis” (GyHKIisa “A60”);

fo(X1,X2) =X X,, Mae Ha3By “@Dymkuist (crpinka) ITipca” (hyHK-
s “A6o-He”);

fo(X1,X2) =X ~X,, Ma€ Ha3By “PiBHO3HAYHICTH”;

fo(X1,X2) = X_2 , Mae Ha3By “TuBepcis Xo” (pynkuis “He”);

f11(X1,X2) =X;—>Xy, Ma€e Ha3By “IMrutikaris Big X, 10 X, (GyHKItisA
“SIkao—10”);

(X1, X2) = Z , Mae Ha3By “TuBepcis X,” (dpynkuis “He”);

f13(X1,X2) =X;—>X,, Ma€ Ha3By “IMrurikartis Big X; 10 X, (GyHKItisA
“Sxo0—T10");

fla(X1,X2) =X4[X;, Mae mazBy “@ymkuis (mrpux) [eddepa”
(pyukuis “I-He”).

fi5(X1,X,) =1, mae Ha3By “KoHcTanrta oquHuIs”.

3 yucna JI® geox 3minuuX fy — fis (Tabn. 2.4) MokHa BUITATH
Oa3ucwui, 3a OTIOMOTOI0 SIKUX MOXXHa OJIep)KaTH Oyab-sKi iHIII
JI®. V Toit camuit yac 6azucHi JI® HEMOXKIHUBO OJEpKaTH 3a J0-
noMororo iHmux. Jlo 6a3ucHuX HajiekaTh Taki eneMeHntapHi JID:
fO! fl; f31 f5l f7, flO; f121 f15-

3a ponomororo eneMeHtapHux JI® moxHa OyAayBaTH CKIalHI
JI® Big MOBUIBHOI CKIHUEHHOI KITBKOCTI apryMmeHTiB. byab-ska
ckinagHa JI® moxke Oyt mojaHow y BUDISLAL (opmyinu, MO 3a-
3HayYa€ MOCIIJOBHICTh €IEMEHTAPHUX JIOTIYHUX OIMepalliii Haj Jo-
riyHuMU 3MiHHUMU. [IpiopuTeT BUKOHAHHSA omepartliil y popmMynax
TaKWii: CIIOYaTKy BUKOHYIOTBCS OMepallii BCepeIuHi y»XKOK, MicIs
Yoro — oOmepaiii 3amepeyeHHs, MOTIM KOH IOHKLIi, a gam —
JIM3’IOHKIIT Ta BCl iHIII ornepalii B MOPSAIKY 3alucy 3I1iBa Harpa-
BO.

Jloriuni BHpa3u, TOOTO QOpPMYIH, MO MICTATH oOmepanii
T3 IOHKIIT Ta KOH IOHKIII1, MOXHA TIEpEeTBOPIOBATH (PO3KPHUBATH
JY)KKH, BUHOCHTH 3araJIlbHAA MHOXKHUK, TIEPECTaBISATH MiCIISIMH



YJIEHH 1 T.11.) 32 IPaBUJIIAMHU aIreOpHu 4ncell, BBaKa4du GpopMalb-
HO J13 FOHKIIIIO OTIEPAIli€l0 JI0aBaHHs, a KOH IOHKIIO — orepa-
II€I0 MHOXEHHS. AJie MOTpiOHO YITKO Tam’siTaTd, o B anredpi
JIOTIKM Ha BiAMIHY BiJ anreOpu 4Yuces 3HAKH JIOJAaBaHHS 1 MHO-
»KEHHS 03HAYaIOTh JIOT14HI 3B’ s13ku “A00” Ta “I”.

®opmyny Oyab-skoi JI® MokHA, BUKOPHUCTOBYIOYM OTEpaIlii
anreOpy JIOTIKM Ta OMKC EIEMEHTApHHUX (YHKLIN, MEPEeTBOPUTH
JI0 TaKOTO BHUAY, 0O yCi JIOT14HI 3B’SI3KM MDK JIOTIYHUMH 3MiH-
HUMH BU3HAYAIKCS ONepalisiMK 13 FOHKIIIi, KOH FOHKIII] Ta 1HBe-
pcii. ITokaxemo 1ie as JID f,, 1y, s, T, T, f1a, fis, fis ABOX 3MiHHKX
(Tabmn. 2.4), sxi He € OA3UCHUMH:

(X1, X2) =X = X, =X VX, SXAX, ;

fa(X1, X2) =X, = X =X, V X TXoAX

fo(X1, Xo) = Xa®Xe = Xy ~ X, = (X V %) (4 V X;) = (an X )V (X AX2);
fa(Xe, Xo) =X b X = X V X, X A Xy

fo(X1, Xo) = Xs~Xo = XgA Ko\ X A Xy |

f11(Xe, X2) =Xo>X1 = X, VX,

f1a(Xe, X2) = XX = X, VXo;

f1a(X1, Xo) = X1 Xo =X A Xy =X VX, .

PosrnsineMo 0cOOIMBI BHIIAJAKH, KOJA MAlOTh MICIIE TaKi CIIiB-
BITHOIIEHHs MUK aprymeHtu JI®D: onuH 13 JIBOX apryMeEHTIB €
KoHcTaHTol 1 abo 0; oOuaBa apryMeHTH JOPIBHIOIOTH OJUH OJI-
HOMY (X1=X2=X); OIMH 3 apryMEHTIB € 1HBepci€ro 1HIOro (X;=X,
X,=X). ¥V Takux BHIagKaX MAlOTh MiCIIE€ TaKi TOTOXKHOCTI:

Xv1=1, xAl=X, Xx~1=X, x®1=Xx,

x—1=1, 1->x=x, x|1=x, x41=0;

Xxv0=X, XxA0=0, x~0=x, x®0=X,

x—0=x, 0—»x=1, x]0=1, xJ0=x;

X VX=X, XAX=X, X~X=1, X®x =0, x—>X=1, X|x=X, xdx=x;



XvX=1, XA X=0, Xx~x=0, x® x =1,
X— X=X, X>X=X, X|x =1, x{ x =0.

JloBenieHHsI MTPaBUILHOCTI HaBEJIEHUX BHUIIE MEPETBOPEHB (Ho-
pPMyJl JIOTIYHUX (YHKIIA JIETKO 3AIMCHIOETHCS 3a JIOMOMOTOIO
TabJIUIb ICTUHHOCTI (aHajoriuHo Tabim. 2.2), 3a 301KHICTIO 3HAa-
YEHB JIIBOT Ta MPABOi YACTHUH PIBHOCTI, 1110 JOBOJIUTHCA.

Po3rnsiHyTy Tak camo JoriuHi (yHKIII TPbOX apryMeHTIiB He-
MOYIIMBO, OCKLIBKH iX KLUIBKiCTb cTaHOBUTB 2°= 256. [Ipote 1e He
Ma€ TPUHIMIIOBOTO 3HaueHHs, 00 aprymeHTH Oyab-skoi JID Ta-
KO MOXYTh OyTH joriyHumH (yHKIisMuU. Lle o3Hauae, mo cTBo-
proBatu ckiaaHi JI® MoxHa TUISIXOM MiACTaHOBKH iHINX JID sk
apryMEHTIB.

Oznavenns 2.6. Oyukuis F(f,,..., fy), mo ogepxyerbes i3 dy-
HKIT F(Xy,..., Xn) nuisixoM migctanoBku GyHkmin fy(Xy,..., Xn),...,
fa(X4,..., Xn) 3aMiCTh apPTyMEHTIB Xj,..., X, HA3UBAETHCS CYNEPNO-
suyiero pynkuii fi,. .., f,.

Ilpuknao 2.2. 3amana ¢yskiis F(Xq, X;) =X;vX,, apryMeHTH X,
Ta X, AKOi SIBISIIOTH CO000, BIAMOBIAHO, GYHKIIT fi=X;AX,,
f,=X,vX,. [ToTpiOHO oeprkatu cyneprnosuiito GyHkiiii f;, f,.

Po3zs’s3anns
[MinctaBumo y popmyny dyukiti F(X;, X,) 3aMiCTh apryMeHTIiB
X1, X, GyHKii f;, f, Ta oxepxuMo cynepnosuiriro
F(fy, f2) =fiv F,=G (X1, X2, X3, Xa) =XaA X5 VXV Xy,

TakuMm 4YMHOM, 3HAIOYM BJIACTUBOCTI JIOTIYHMX (YHKIIH Ta
NPUHIAIT CYTIEPIIO3HUIIil, MOYKHA 3 TTPOCTHX JIOTIYHUX BUCIIOBICHB
yTBOpIOBaTH ckiagHi. HeoOXiMHO Biq3HAYUTH, 10 MPU BUKOHAHHI
omepartiii migcranoBku ¢QyHkiii f,..., f, 3amicte aprymenriB y
dopmyny pyHkuii F(X,,..., Xn) HE BUKIIIOYAETHCS MOXKIHMBICTH 3a-
MIHU HE BCiX apryMmeHTiB. Kpim Toro, cepen apryMeHTiB QyHKIIii
fi,..., fa MOXyYTh OyTH BIACYTHIMH JESIKi 31 3MIHHUX Xy, ..., Xn. TO/II,



micisg TepeiMeHyBaHHS apryMeHTiB, Oynae oaep)kaHa (QyHKIis
G(Ys,..., Ym) 3 unciom aprymentiB m<n. Came Taki BUIAJKH Bif-
J3EpKAIIIOE HACTYITHUN [TPUKJIIAL.

Ilpuknao 2.3. 3anana ¢GyHKIIsA F(Xl,xz,x3,x4):(lexz)/\x_3 VX4,
apTyMEHTH X, Xp, X3, X4 SKOI SBJSIFOTH COOOIO BIiANOBIMHO (PyHKIIIT
fL=XA Xy, =X @ X, =X, Fa =X,

[TotpibHo omepskaTH cyneprnosuiiito Gyukiii fy, f,, f;, f,.

Po3ze’azysanns.

[MixcraBumo y dopmyny dyskmii F(Xi, Xy, X3, X4) 3aMicTh apry-
MEHTIB Xy, Xp, X3, X4 GyHKiI f;, T, f3, f, Ta omepxumo cynepmosu-
L0

F(f, T2, fs, 1) = (Fov ) A=)V E = (A X, VGBX))A X, v X3 =
=X A X_2 A ;1 V(X DX )A Z V X,
BpaxoByrouu, 110
XD %= (67Xe) == (% VXA X, ) == (% VX V= (Xav X, ) =
= (A X V(X AXe),
OJIEP’)KUMO CYEPIIO3HUIII0
G (X1, X2y X3) =X; A X_2 A X_1 v((X A X_2 v( X_1 AX2)) A X_1 V Xg=
=X A Xy A X V(XA Xy JA X V(X AXD)A X, VXK=
=X_1/\(X1/\X_2VX1/\X_2VX_1 AX) V X3 =
=% ALA X, IV X AX) VX =0 A X, VX AXoV X,
OcTaTo4HO OJIEPKUMO:
F(fy, fa, fa, f2) = G (X1, X2, X8) = X, A XV Xa.

Pesynbratu HaBeneHux Buile neperBopeHb (opmyn JID Ta
BUKOPHUCTAHHS CYMEPIO3UIlii € TAKUMH, IO BCI JIOTIYHI 3B’SI3KH
MPOMDK JIOTIYHMMH 3MIHHMMHM BH3HAQYalOTHhCS  OMNEPALisIMU
113 I0HKIIT, KOH 1oHKIIT Ta iHBepcii. Lle o3Havae, 1m0 BiamOBiAHI
UM omeparisM eixeMeHTapHi GyHkmii (X, Xo) = XA X, (byHKIisA



“T7), fae(Xe, X2) =XvX, (byHKIiS “A607), fu(X)=X (byHKItis
“He”) cTBOPIOIOTH CHCTEMY JIOTIYHHUX (YHKIIIH, sIKa BOJIOIIE BIla-
cTuBicTIO (yHKIIOHANBHOI MOBHOTH. HaBememo ¢dopmabHe
O3HAYCHHS [[LOTO MOHSTTSI.

O3nauvenns 2.7. Habip enemenrapuux JI®, 3a 10momMororo
SKOTO MOXXHa 1Moaatu Oyib-siKy JID, BUKOPHCTOBYIOYM 3aKOHH
anreOpy JIOTIKM, CYNEPHO3MIl Ta IMiJCTAHOBKH, HAa3MBAETHCS
@DYHKYIOHAILHO NOBHUM.

Cucrema BCiX pO3MIIAHYTHX BHIIE eneMeHTapHuX JID € ¢pyHk-
[[IOHAJIBHO MOBHOIO, OJIHAK HAJUIMIIKOBOK. MEHIIIO 3a CKIIAJI0M
€ cucrema Oasucuux ¢ukuii Ty, i, f5, fs, f;, Ty, fip, fi5 (TaOn. 2.4),
aJie ¥ 15 cucTeMa € HaUIMIIKOBOK. HaliMeHIIow HaTHIIKOBiC-
TIO BOJIOJIE€ 3rajiaHa BUIIEC (YHKI[IOHATLHO TIOBHA CHCTEMa
“I-A6o—He":

fl(xl’ X2)= X A Xy,
fAGo(X:L’XZ):X_lVXZ’ (2.1)
f(X)=x.

Cucrema (2.1) HaJUIMIIKOBA, OCKIJIBKU 3 HE1 MOYKHA BUIYYUTH
a00 M3 IOHKIIIIO, 200 KOH IOHKIII0 0€3 BTpaTu MOBHOTH. Buiy-
YeHy (YHKIII0 MOXHa JICTaTH 3 1HIIMX JIBOX, IO 3aJUIIMIINCA.
Hanpuknan, BukmrouunBnid i3 (2.1) kon’ oK1 fi(X;,X,), OcTaHHIO
OJIEP’KYIOTh, 3aCTOCYBABIM 3amlepedeHHs y (pyHKuii fA60(X17X2)

JI0 OKpEMUX JOJaHKIB 1 0O BCbOTO BUPA3y y MpaBiii YaCTHHI:

fI(X11X2): XHX =X X =% "X
OTxe, uepe3 BuryueHHs i3 cuctemu (2.1) kou roHKIT f; (X4, X,)
HaOip ¢ynkuiit f AGO(XI, Xz) Ta fy. (X) HE BTpayae QpyHKIIOHATBHOT
nossoTH. OfHaK, SKIIO i3 HAGOpY f,.(X,X,) Ta fie(X) BHITy9HTH

OJIHY 3 IIMX (YHKIIH, TO oAepkaHuil HaOlp y ckiaji onHieT HyHK-
1ii Bxke He 0y/Je PyHKI[IOHATBHO TOBHUM.



O3navenHs 2.8. SIkmo 3 (yHKIIOHAIBHO HMOBHOTO Habopy
enemeHTapHuXx JI® HE MOXHA BWIYYHUTH >KOAHOI (yHKIII 0e3
BTPATH HOT0 MOBHOTH, TO TAaKUi HAOIp HA3UBAETHCS OA3UCOM.

bazucamu noriuHux QyHKIIIH €:

{A, 7} — KOH 1OHKTUBHHUI1 Oa3uC;
{v, ~} — mu3’1oHKTHBHUI1 6a3uc;

{—} — iMmmtikaTuBHUI 6a3uc, ae X1—> X2 = fi5(x1,x,) = X_l VXo!
{»L} — 6asuc Beo6a (ITipca), e Xvx,= fo(on2) =% v X, ;
{|} — 6azuc Uleddepa, me x| x,=Fu(x1,x2)= X A X, .

Jnia koxHOi cknaanoi JI® MoxHa ofepkKaTh €KBIBAJICHTHY J0

Hel ¢yHKII0 B OyIb-IKOoMy 3 mepenideHux OasuciB. Hampuxian,
XiVX AX3=x1—> (X, = X, ).

Bigsnaunmo, mo ¢QyHKImioHaTpHO TOBHa cucrema (2.1)
“I-A60-He” popmanibHo He € 6a3ucoM. IIpoTe BoHa mmpoxo 3a-
CTOCOBYETBHCS IIPU aHANITUYHOMY HOJAHHI W MEepPEeTBOPEHHSX JIO-
rivHuX (QyHKIIH Ta mpU TEXHIUHINA peamizalii OCTaHHIX y IMpH-
CTPOSIX AMCKpPETHOI Aii (JUCKpeTHHX mnpuctposix). Tomy Habip
¢yHK1iH (2.1) yMOBHO BIIHOCSITH /10 Uncia 0a3uCiB.

3aBepIyroun pO3IJIA]] BIACTUBOCTEH JIOTTYHUX (QYHKIINA Ta iX
MePETBOPEHB, YBEEMO III€ TPU CHel(iuH] TOHATTS.

O3navenHs 2.9. JloriuHa (yHKIIisI HA3UBAETHCS IHBEPCHONO TIO
BIIHOIIEHHIO JI0 1HIIOI, SKIIO BOHA OJEPKYETHCS 13 OCTAHHBOL

Koxna 3 ¢yukuiit f, — fis mae inBepcuHy (Tadn. 2.4). Hanpu-
knan, fo=—"fs, fi=—f, == 1.

Osnauenns 2.10. [IBi joriundi QyHKIII 3 0JHAKOBOIO KiJIbKIC-
TIO apTYMEHTIB pi6HOCUIbHI OJHA OIHIH, SIKIIO BOHU Ha0yBalOTh
Ha BCiX Ha0opax OJHAKOB1 3HAUEHHS.

O3nauenns 2.11. Jloriuna 3MiHHA Xj € OiticHO0, SKIIIO 3HAYEH-
Hs1 jorignol QyHKIT f(Xy, Xo, ..., X,) 3MIHIOETBCS MPH 3MiHI 3HAa-
YeHHS Xi. Y MPOTUJIKHOMY pasi Il 3MiHHA 1 1aHoi PyHKIIT €



@ixmusHo, TOOTO HE € 11 APryMEHTOM.

[TonstTs piBHOCHIBHOCTI JID, mificHOCTI Ta PIKTUBHOCTI X ap-
TYMEHTIB HEOOXiZHi IJIsl pO3yMiHHS TOTO, IIO B MPAKTUYHUX 3a-
CTOCYBaHHSX MOXKe OyTHM HEOOXiIHUM 3iilicHeHHs aHami3zy JID 3
HEBU3HAUYECHUM YHCJIOM apryMEHTIB, Ui SIKOi MOTPiOHO CKIIACTH
aQHATITUYHUN BHUpa3, MAlOYM Ha yBa3i, IO JACSIKI 3 apryMEHTIB,
BKIIIOUEHUX 3 HAJIMIIKOBICTIO JIO CHHUCKY apryMeHTiB JID, mo-
KyTh HIMCHO OyTm aprymeHTamu naHoi ¢yskmii. Lleir dakt
3’SCOBYETHCSA y MiJACYMKY MTPOBEACHOr0 aHamizy JID.

Konmponvni numanns

Hagenite 03HaueHHS JT0T1YHOT (DYHKIII].

Hagenith o3HaueHHst Habopy 0riyHOT PyHKIII].

Hagenite o3HaueHHs 00nacTi Bu3Hayeuus J1D.

Yu € Habip noriunoi GpyHK1ii kKopTexem?

Uu € Habip norivyHOi GyHKIIT yrcaom?

B skiif cucteMi 4MCIEHHS IMOJAEThCA YMCIO, SIKUM IO3Haya-
€THCS TIOPSIKOBUI HOMEp Habopy?

[TosicuiTh anrebpaidHuii 3B’ 130K Mixk HAOOPOM JIOTIYHOI (PyHK-
1ii Ta HOro NOopsAAKOBUM HOMEPOM.

CKiJIbKH pI3HUX HaOOpPiB Mae JIoriyHa (GYHKIIS N 3MIHHUX?

YoMy MOpPIBHIOE KUIBKICTh YCIX PI3HUX JIOTIYHUX (DYHKLIA N
3MIHHUX?

[TosICHITH NOHSTTS MOBHICTIO Ta HEMOBHICTIO BU3HAYEHUX JIO-
riuHuX (QyHKIiH. SIKUM YMHOM HEMOBHICTIO BU3HAY€Ha JIOTIYHA
(GyHKIIIS IPUBOIUTHCS 10 MTOBHICTIO BU3HAYEHOT?

Sxumu crocobaMu MoxHa 3anaTu Joriuny ¢ynkuiro? Ilosc-
HiTh, B SIKHX BHII3JKaX MEPEBAKXHO 3aCTOCOBYETHCS TOW UM 1HIINH
croci0.

Sxi noriuni QyHKIIT Ha3UBAIOTh eIEMEHTapHUMU?

CKilbKM Pi3HMX HaOOpPiB MAlOTh JIOTi4HI (YHKLIi N 3MIHHHX,
sakmo h=1, 2, 3, 4, 5?

Hagenite nepenik joriunux (yHKLIA oJHIET 3MIHHOT Ta MOOY-
JyWTe NIl HUX TaOJIuUIll ICTHHHOCTI.

Hagenite mepenik joriuHux (QyHKIiH 1BOX 3MIHHUX Ta M0OY-



TyWTE JJIs1 HUX TAOJUITIO ICTUHHOCTI.

3a KO 03HAKOIO JIOT1YHI (PYHKIIIi CTBOPIOIOTH KJIac 0a3UCHUX
noriunux QyHKIii? Ski 3 moriyHUX QYHKLINA JBOX 3MIHHUX CKJIa-
JAI0Th CUCTEMY 0a3uCHHUX (DYHKITIH?

Uu MO’KHA CTBOPIOBATH CKJIAJHI JIOT1YHI (QYHKILIT NUIIXOM ITiJI-
CTAHOBKH OLITBII MPOCTUX (PYHKIIIN K apTryMEHTIB?

SIKy QyHKIII0 Ha3UBAIOTh CYNEPHO3MIIEI0 JIOTIYHUX (DYHKIIIH
f1,..., fn?

Yu € 000B’SI3KOBOIO 3aMiHa BCIX apryMEHTIB JIOT14HOI (yHKIiT
F(Xy,..., Xn) yukmismu fi,..., fy mig yac BuKoHaHHS omeparii mia-
CTaHOBKH 3 METOIO OZICP)KaHHS CYIEPIO3HIIii?

Uu € [0omycTUMOIO 3aMiHAa apryMEHTIB JIOTiYHOi (yHKIIIT
F(Xy,..., Xn) T 4ac BUKOHAHHS OMEpallil MiJICTAHOBKU 3 METOO
OJICpIKaHHS CyNepro3uilii Takumu GyHkiismu fi,.. ., f,, sKi He mic-
TATH CEepell CBOiX apTyMEHTIB ACAKHX 31 3MIHHUX Xy,.. ., Xn?

JlaiiTe o3HaueHHs (PYHKIIOHAJIbHO ITOBHOI CUCTEMH €JIeMEHTa-
PHUX JIOTIYHUX (PYHKITIH.

HaBeniTe npukiagy HaAIUIIKOBUX (YHKLIOHAJIBHO MOBHUX
CHCTEM.

SIka 3 HaJUIMIIKOBUX (PYHKI[IOHAIBHO MOBHUX CHCTEM JIOTTYHUX
GbyHKIIA Mae MiHIMaITbHY HaJJTHIIKIBICTH?

Yu € cucrema ejgeMeHTapHUX JIOTTYHMX (PyHKIIN (yHKIIOHa-
JbHO IIOBHOO?

Uu moctaTHRO omepamiid Ju3’IOHKII, KOH IOHKII Ta iHBepcii
U1 ToAaHHS (HOpMYyNH OyIb-SKO1 JIOTT4YHOT PYHKIIIT?

JaiiTe o3HayeHHs Oa3ucy joriuHux QyHkuii. HaBenits mepe-
JK 0a3uCIB.

VY 3B’s13Ky 3 uuM HaOip joriunux ¢yHkuin [-A6o—He ymoBHO
BIIHOCATE 10 0a3ucis?

JlaiiTe 0O3HaYEeHHs iHBEPCHOI JOT14HOT (PyHKIIII.

HaBeniTe nepenik nap B3a€EMHO 1HBEPCHHUX €JIEMEHTapHHX JIO-
rYHUX (QYHKIIH OJHOTO 1 IBOX apTyMEHTIB.

JlaiiTe o3HauY€HHS PIBHOCWUJIBHOCTI JOTIYHHUX (QYHKLIH. Yu €
Taki GyHKIIT cepesi eleMEHTapHUX JOTTYHUX (PYHKIINA?



JaiiTe o3Ha4eHHs AIKCHOCTI Ta (DIKTUBHOCTI apryMEHTIB JIOTi-
YHOT QYHKITIT.

2.5 Cnoco0m TexHiuHoI peanizanii JoriYHUX PyHKIIH

VY mpakTUYHUX 3aCTOCYBaHHSX JIOT14YHI (YHKIIIT SIBJISIFOTH CO-
0010 MaTeMaTU4HI MOJIENI TUCKPETHUX 1H()OPMAIIITHUX TPOIIECiB.
B TexHIYHMX, TEXHOJIOTIYHUX Ta OpPTaHi3alliiHUX CHCTEMax 3a J0-
MIOMOTOI0 JIOTTYHUX (DYHKIIHA PO3B’SYIOTHCS 3a/1a4l CUTYaIiitHOTO
aHaiizy ta (GopMyBaHHA KOMaHJ yrpaBiiHHI. DYHKI[IOHYBaHHS
O0YHCITIOBAIEHUX TPUCTPOIB (KOMIT IOTEpiB, MIKPOKOHTPOJIEPIB)
3MIMCHIOETBCS 3a AJITOPUTMaMH, IO MICTAThH JIOTIYHI Ormeparrii.
TexHiuHMMU 3ac00aMu peatizamii JOriYHUX (YHKILINA € MPUCTPOi
JTUCcKpeTHoi nii (muckpeTHi mpuctpoi). [IpukinagaMu TUCKPETHUX
NPUCTPOIB, AKi MU pO3TIIsTHEMO, € KoMmOiHatiiHi cxemu (KC).

Kombinayitinumu cxemamu MIPUWHATO HA3WBATH TaKi JUCKPETHI
NPHUCTPOi, BUXIJIHI CHTHAIM SKUX BH3HAYAIOTHCS JIMINE KOMOiHa-
II€I0 BXIHUX CUTHAIIB Y MOTOYHUNA MOMEHT Yacy 1 He 3aliexkarb
BiJl CUTHAJIIB, IO HAAIWIUIA HA BXOAM TPUCTPOIO B TOMEPEIHI
MOMEHTH 4acy. [CHyrIOTh 1Ba BUAU KOMOIHAIIIHHUX CXeM: KOHTaK-
THI, 110 HOCSTh Ha3By “KoHTakTHa cxema”, Ta 0€3KOHTAKTHI i
Ha3Boto “Jloriuna cxema’.

Konmaxkmunumu cxemamu HA3UBAIOTh IISHKH EJIEKTPUUYHUX
KiJI, SIKI MICTSITh KepOBaHi KIto4i (KOHTakTH). byab-axy JI® mox-
Ha peali3yBaTH KOHTAaKTHOK CXEMOI0, a KOXKHIM Takiii cxemi Mo-
’KHa TIOCTaBUTU Y BIANOBIIHICTH (OpMyNy JOriuHoi ¢GyHKIii —
(GyHKIIT MPOBIAHOCTI IIISTHKY €NEeKTPUYHOro KoJjia. Y Takuil cro-
ci0 po3B’SA3YIOTHCS 3a7adi aHaNi3y KOHTAKTHUX CXEM (BHSBJICHHS
MO>XJIUBOCTEH CHPOIICHHS) Ta iX CHHTE3y (IMOOYTOBH CXEMHU 3a
JOTIOMOT 00 onucy ii ¢yHKIi# nmpoBigHocTi). Lo crenudiuny ra-
Jy3b 3aCTOCYBaHHS anreOpH JIOTIKH Ha3UBAIOTh AleeOpoio KOHmMA-
Kmisg.

Enementamu anreOpu KOHTAKTIB € MPOCTI BHUCIOBIIEHHS:
X =“3aMHKaIbHUNA KOHTAKT X 3aMKHEHUU Ta X=‘“Po3MukanbHUI

99

KOHTaKT X pO3IMKHEHHI . SIKIIIO BUCIOBJICHHS X ICTUHHE (Crpa-



IIOBAJIO pesie a00 KOHTAKTOp, SIKOMY HAJICKUTh 1Ied KOHTAKT), TO
3HA4YEeHHs ICTHHHOCTI Oro BUCHOBICHHA X=1 1 X=0. Y mpotu-

JICKHOMY pasi (BUXiJHHN cTaH KOHTakTy) X=01 X =1.

[Momanpmni MipKyBaHHSI 3BOIATHCS 0 HACTYIHOTO. SIKIO ins-
HKa €JIEKTPUYHOI0 KoJia (KOHTaKTHA CXEMa) IPOBOAUTH CTPYM, TO
BB@)XAEThCSI, M0 BOHA icHye, TOOTO i1 (yHKIIS NIPOBIAHOCTI
F(Xi, ...,X,) =1, B IpOTHIIC)KHOMY pa3i 1Sl TUISHKA HE ICHY€E, TOOTO
F(X, ....%)=0. AprymMeHTaMHu Xi, ...,X, QYHKIIi IPOBIAHOCTI €
CTaHU KOHTAKTIB, 1110 MICTATHCA Y KOHTAKTHIN CXEMi.

Jlnia 3py4yHOCTI cKjianaHHsa (YHKIIH MPOBIAHOCTI MO3HAYEHHS
KOHTAaKTy Xj B KOHTAKTHII cxemi Ta BiJIIOBIAHOI HOMy JIOTT9HOL
3MiHHO1 POOJISITH OJTHAKOBHMH , SIKIIO KOHTAKT 3aMUKAIbHHUHA. Y
MPOTHJICKHOMY pa3i, SKIIO KOHTAKT PO3MHUKAIBHUI, HOTO MO3HA-

YalTh X; , TOOTO BIANOBIJHOK 3MIHHOIO 13 3all€pEUEHHAM (pHC.

2.1, 2.2). [IpuitHABIIH 1}0 JOMOBJIEHICTb, MOXEMO OyayBatu Qy-
HKIIi MTPOBIAHOCTI KOHTAKTHUX CXEM 3a 3aKOHAMHU aJreOpH JIoTi-
KM, @ CaMe: CTaH JUISHKU 3 MOCJIIOBHUM 3’ €JHaHHSIM KOHTAKTIiB
BU3HAYAETHCS KOH IOHKIIEI0 3MIHHHMX CTaHy LHMX KOHTAaKTiB, a
CTaH JUISHKU 3 TapaJIe]IbHUM 3’ €IHaHHSIM HEpPO3Taly)KeHUX T'lJI0K
(3 ogHUM ab0 AEKIILKOMH KOHTAKTaMH) — JIW3 FOHKIIEI 3MIHHUX
ctany (QyHKmii mpoBigHOCTI) nux Timok. [lokaxkemo 1e Ha Ha-
CTYITHOMY IIPHUKJIAJIL.

Ilpuknao 2.4. Jlinaaka enekTpuyHoro kona (puc. 2.1) MicTUTh
y CBOIX T'UIKaX KOHTAKTU (KEpoBaH1 KJIt0Yl) Xy, ..., Xs, @ Ha 11 BXif
nonaethbes Hanpyra Uyy.

Hanpyra Ha BUxo/1 i€ AUISHKY €1eKTPUYHOT0 Koja

UBI/IX:UBX F(X11 X21 X31 X41 X5)1
e
F (X1, X2, X3, Xay X5) = (X0V Xy AXg)AXa AXs = XgAXg AXsV Xy AXgAXaAXs —

¢GyHKI1IIA TPOBIAHOCTI, JoriuHe 3Ha4eHHs skoi (1 abo 0) 6eperbes
SIK HaTypaJIbHE YUCIIO.



X1
UBX . X UBI/IX
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Pucynok 2.1 — Cxema JUISHKH €IeKTPHYHOTO KOJia

3uadyeHHs F(Xy, Xo, X3, X4, X5) =1, SKIIO JUISHKA EIEKTPHYHOTO
KOJIa TIPOBOAMTH CTPYM, Ma€ MicCIle JIMIIEe NPH TaKux Habopax
3HAa4YEeHb apPTYMEHTIB:

1) x;=1, X, =1, Xs=1 He3a1exkKHO BiJ| CTaHy KOHTAKTIB X 1 X;

2) X;=0 (x,=1, BUXiZHUI CcTaH KOHTAKTY), X;=1, X4=1, Xs=1
HE3aJICKHO BiJ] CTaHy KOHTaKTa X1,

3) X1 =1, %, =0, X3 =1, X4, =1, Xs =1 (yci KOHTaKTH 3aMKHEHi).

[Tpuxnan 2.4 iMrocTpye mpoUeAypy aHallizy yMOB poOOTH 3a-
JTaHO1 KOHTAKTHO1 CXeMH. SIKIII0 MU MaeMo 3aaHy JIOTi9HY (yHK-
1[I0, TO PO3MIIAIAI0YH ii AK (QYHKIIIO POBIAHOCTI, MOXKEMO BUKO-
HATH CHUHTE3 BIAMNOBIIHOI 70 HEl KOHTAKTHOI CXEMH, K II€ MOKa-
3aHO y HACTYITHOMY TIPHUKJIA/II.

Ilpuknao 2.5. 11oOynyeMO KOHTakTHY CXEeMY, sKa TEXHIYHO
peati3ye JIOriuHy (PYyHKIIIO
F (X1, X2, Xa Xay X5) = X1 A(Xa V Xg )A Xa A X,

Amnani3z cTpyktypu 3amanoi JI® mokasye, 1m0 BOHa MICTUTh TPH
JIOTi4H] CIIBMHOXHUKH: X1, XV X; Ta Xa AXs. Tomy KOHTaKTHa

cxema Oyae MICTHUTH TPH TOCIITOBHO 3’ €JHAHI JJAHKH 3 TaKUMU
caMUMH (QYHKIISIMU TPOBiTHOCTI (puc. 2.2).



Ux X Xz Y4 Xs Usux
X3
Pucynok 2.2 — KonrakTHa cxema 70 mpukiany 2.5

VYV BIAMOBIAHOCTI CHHTE30BAaHOI KOHTAKTHOI CXEMH IO 3aJaHOI
JI® mMokHA MepeKOHATHCS, CKJIABIIU JIJI Hei (QYHKIIIIO MPOBIAHO-
CTi Ta MepeBipuBLIN 301KHICTh IUX (PYHKIIIH.

Takum 9rHOM, 3aCTOCYBaHHS aIreOpH JIOTIKH € 3pyYHUM iH-
CTPYMEHTOM JJIi MOJEJIIOBAHHS Ta NPOEKTYBAHHS KOHTAKTHHX
CXEM 3a 3aIaHUMH aITOPUTMaMHU (PYHKIIOHYBaHHS.

Bbyab-sxa noriuna GyHKIIS N 3MIHHKX, K € 3a3HAYEHO BHUIIIE,
MoOyKe OyTH peasizoBaHa JIOTIYHOIO CXeMOI0. JloeiuHa cxema SIBIISE
co00r0 OE3KOHTAKTHUM NUCKPETHUH NpuUCTpii (KOoMOiHAIIHY
CXEMY) Y BUTJISI ICBHUM YHHOM 3’ €THAHUX MIXK COOOFO JIOTTYHUX
enemeHTiB. Jloeiunuii enemenm (JIE) siBisie coO00K0 eNeKTpOHHUI
MPUCTPIH, MO (Gi3UYHO peanizye neBHy enemeHtapay JID — 3ame-
peueHHs (1HBepcCit0), KOH IOHKIII0, 113 0HKLI0, mTpux Hledde-
pa, crpuiky Ilipca ta iHmi. Curnanm Ha BuxOoAi Ta Bxonax JIE
(moTeHwUianbHI 200 IMITYJIbCHI) € PI3UYHUMH HOCISIMU 3Ha4YeHb JID
Ta ii apryMeHTiB. 3HaueHHs curHany Ha Buxojl JIE onHo3HauHO
BHU3HAYA€THCSl CUTHAJAMU Ha WOro BXOJaX y MOTOYHUII MOMEHT
yacy, TOOTO JIOT14HI €JIEMEHTH € TUCKPETHUMH MPUCTPOsSMHU Oe3
mnam’siTi.

Ockinpku Oyab-sky JI® MoxkHa peanizyBaTh 3a JIOIIOMOTIOIO
BiIMOBiAHOI KoMOiHalii enemMeHTapHux JI®, To 1 Oyab-gKy Joriv-
HY CXEMYy MOXHa MO0y IyBaTH 3a IOMOMOTOI0 BIMOBITHOT KOMOi-
Harlii JoriyHux eixeMeHTiB. CydyacHa eeMeHTHa 0a3a eleKTpOHHOT
TEXHIKU JOCUTh PO3BHHEHA, ICHYIOTh pi3HOMaHITHI Buau JIE mns
BUKOHAHHS SIK €JIeMEHTapHUX, TaK 1 CKJIaJHUX JIOTTYHUX (YHKIIN
BiX 3, 4 1 OUIbIlIe apTyMEHTIB.

J1is moOyI0BY JIOTTYHHUX CXEM JOBUIBHOT CKIIAHOCTI HEOOX1/I-
HO MaTH cykynHicTh JIE, noctatHio muist peanizanii BCix GyHKIIIH,



110 BXOASTH 10 OJHI€T 3 ()YHKI[IOHATLHO TOBHHUX CHCTEM JIOTiY-
Hux ¢yHkiid. CykynHicts JIE, 3a 1OMOMOTo0 SIKUX 31HCHIOETh-
csl TEeXHIYHA peaiizallisi BUOpaHOTO (yHKIIOHAIHHO MOBHOTO Ha-
Oopy JOTiYHUX (DYHKIIHM, HA3UBAKOTh PYHKYIOHAILHO NOBHUM HA-
bopom (a00 bazucom) 102IUHUX eleMenmis.

Koxna enementapna JI® peamnizyeTbcs JOTIYHUM €JIEMEHTOM
NEBHOTO TUIy, Ha3Ba AKOro 30iraerbes 3 Ha3Bowo JID. Haiibinb-
IIOT0 TIOIIMPEHHSI, 3 TOYKH 30pYy TEXHIYHOI peani3aiii, HaOyau
¢dyHKIiOHaTBHO MOBHI HaObopu JIE, 10 CKIIaAaroThCs: 3 €JICMEHTIB
I Ta HE; 3 enementiB A0o ta He; 3 omHoro enemenrta A0o-He
(ctpinka Ilipca); enementa I-He (murpux Illeddepa); 3 enementin
I, AGo ta He. Ocranniii 6asuc JIE He € MiHIMaIbHUM, ajieé Y4acTo
HaAMOLIBII 3pYYHUM JUTS TOJIAaHHS CKJIQJIHUX JIOTTYHUX ()YHKIIIM.

Posrnsnemo peanmizarito enementapuux JI® tumosumu JIE
(moBTOpIOBaY, iHBepTop, I, AGo, I-He, AGo-He) 3 omnum BuxO-
noM. I1ig goriyaum 3HaueHHsIM “0” curHaiiB Ha BXOJaX 1 BUXOI
JIE G6ynemo po3ymiTu Hampyry (CTpyM) HHU3BKOTO PiBHS, (i3u4HE
3HAUEHHS AKOro OMU3bKE J0 HYJA, a Mij 3Ha4eHHAM 17 — Hampy-
ry (CTpyM) BHCOKOTO piBHA, JOAATHOTO 3a 3HaKOM. BimzHaummo,
110 BC1 BX1QHI CUTHAIM HOBUHHI HaaxoanTu Ha JIE omHouacHo.

YmoBHe rpadiune no3HaueHHs JIE mokasye ¢yHKIIiO, Ky pe-
ani3ye eIeMEeHT, YMCJIO BXOMIB 1 BUXOJIB. YMOBHE MO3HAYCHHS
JIE mae Qopmy NpsSIMOKYTHHMKA, B SIKOMY PO3MIIILYIOTh CHMBOJI
¢ynkuii. Bxoau JIE po3MimtytoTs 3 maiBoro 00Ky MpsIMOKYTHHKA,
BUXOIHU — 3 mpaBoro (puc. 2.3). KinbkicTh BX0iB enemMeHta A6o
JIOPIBHIOE KUTBKOCTI AOAAHKIB Y JU3 IOHKTUBHOMY 3anwuci JID, a
JIOTIYHMI eJIeMeHT I Moske MaTH CTIJIBKH BXOJIB, CKIIbKH MHOX-
HHUKIB € B KOH'TOHKIIII.

Haseneni Ha puc. 2.3 cxemu JIE Ha3uBaioTh [101aTHOIO
JIOTiK010, 00 BOHHU peasi3yloTh CBOi (PYHKIIT I MPAMUX 3HAYCHD
CUTHANIB, SIKIIO HUMH BBa)XaTH CHUTHAIH BHCOKOTO DIiBHSL.
Hactynuuii npukian imoctpye no0yaoBy KOMOiIHALIHHOI JIOTi4-
HOI cXeMH, sKa peanizye ckiaany JI® y 6a3uci JOTiYHUX eleMeH-
TiB [-A6o—He.



[ToBTOprOBaY IuBeprop (He) Ju3’rorkTop (A60)

_ X1
X l X X 1 X 1 1 Xl \4 X2
_ X I
Kown’ronkrop (1) A6o-He I-He
X1 X X
_ 1 X, A X | |
% & 17N 2 % 1] X VX, ) & | XxAX

Pucynok 2.3 — Jloriyni enemMeHTH J01aTHOI JIOTiKH

Ilpuknao 2.6. I1o6ynyeMo cxeMHy peaiizallito JOoriyHoi QyHK-
i f =X AX, AX VX AX, AX Yy 0azuci [-FAGo—He.

3amana JI® aBiasge coOor0 M3 IOHKINO ABOX KOH FOHKIINA. Jlo-
riuny cxemy ii TeXHIYHOI pearizalii mogaHo Ha puc. 2.4.

X

. 1 — |_ & | X XX,
2

CJ —_ —_
Ln X, X X5 + XX, Xg

x
N

| Xl X2 X3

Pucynok 2.4 — Kom6iHariiina cxema peaiizalii JoriaHoi GyHKIii
f(X00 %50 X3) = X X Xg + X, X, Xg

Ha niacrasi npasun ne Moprana



X+ X =% X%, (2.2)
Ta

X X =X +X, (2.3)
6aunmo, mo omepauii I Ta AG0 MOXHA BUKOHATH BIATOBIIHO 32
JIOITOMOT0F0 JIOTiYHKX eaeMenTiB A6o-He Ta I-He (puc. 2.5).

i & X+ X i 1 X X
X, o— X, 5
X1+X2=ﬂ~Y2 Xl-X2=E+Y2

Pucynok 2.5 — Jloriuni enementu [-He ta A6o-He
BiJ1’€MHOT JIOTIKH

Toroxnocri (2.2), (2.3) i puc. 2.5 cBig4yars npo Te, 10 JOriuHi
esemeHTd [-He Ta AGo-He s 3amepeueHb BXiAHHUX CUTHAIIIB —
ne enmementu A6o Ta | BiamoigHo. Il emeMeHTH HaA3UBAaKOTH
BiJI’€MHOIO JIOTIKOIO (4Yepe3 iHBEpTYBaHHS BXIJHMX CHUTHAJIB) 3a
YMOBH, 1110 3a JIOT1YHY OJMHHUIIIO B3SITO BUCOKHI PIBEHb CUTHAIY.
KosxeH 3 HUX yTBOpIO€ (PyHKIIIOHAJIbHO MOBHUIA Habip (6a3uc) jo-
TIYHUX E€JIEMEHTIB, OCKUIBKH Ja€ MOXKJIMBICTh peayi3yBaTu Oy/ib-
SKY CKJIQJHY JIOTIYHY (PYHKIIIIO.

[Tin yac MpPOEKTyBaHHS IHTETPAJIbHUX CXEM, SIKI pealli3yloTh
cknagai JID, 3 TOYKM 30py TEXHOJOTIYHOCTI iX BUTOTOBJIEHHS
Jy’K€ BaXJHMBO 3a0€3MEYUTH OJHOTUIIHICTh BUKOPHUCTOBYBAHUX
JIE. [1na uporo mparHyTh 3actocoByBatu JIE ognoro 6asucy. To-
My MOTPIOHO HABYMTHCS 3BOJUTH JIOTIYHI BUpaA3U BiJ OJHOro Oa-
3ucy JI® no inmoro. Hampuknaza, mo6 3Bectu no Oasucy I-He
cxeMmy puc. 2.4, moTpiOHO JIOTIYHY (YHKIIIIO, fIKa onucye i poOo-
Ty, 3 JIOIOMOT'00 3aKOHIB aure0pHu JIOTIKH (B IIbOMY BHUIIAJKy 3a-
CTOCOBYIOTh 3aKOH TOJIBITHOTO 3arepedyeHHs 1 mpaBuia ae Mop-



raHa) MepPeTBOPUTH O MOTPIOHOTO BUIIILY, SK LI€ MOKA3aHO Y
npukiami 2.7.

Ilpuknao 2.7. IlobynyeMo cxeMHy peatizallito JOoridyHoi hyHK-

mi f =X AX AX VX AX, /\X_3 3 npukiagy 2.6 y 6asuci I-He.
JI1st 11bOTO 3/11MCHEMO TIepeTBOPEHHS i€l QYHKIIIT 10 BUTIISATY 3a-
NepevyeHHs KOH FOHKIIT Ha mifacTasi (2.2):

f= X XX + X X Xg =X XoXg - X Xy X

Le#t BUpa3 MICTUTH JIUIIE KOH IOHKIII Ta iX 3alepedyeHHs], CXeMy
fioro peamizaii y 6a3uci [-He mogano Ha puc. 2.6.

X

» —_—
2 &l — |_& X; X, Xq

X,
C )—‘ __ __
( ’7 H & Xy X5 X3+ X X, Xg
p S —

L =— [ ] X, X, X

Pucynox 2.6 — Ananor cxemu puc. 2.4 y 6asuci [-He

JloriuHuii eneMeHT MOKe€ MaTH JIBa BMXOJM, Ha INEPIIOMY 3
AKUX (POPMYETHCSI BUXIIHUN CUTHAJ 13 MPSMUM 3HAUYEHHSIM, a Ha
apyromy — i3 3anepedenHsM. [Ipo taki JIE roBopsTh, 110 BOHHU
MaloTh napagasnuti BUXija. SIKII0 B JOT1YHIN cXeMi BUKOPUCTOBY-
€ThCsI JHIIe oauH 13 BuxoiB JIE, To iHmMIA 3a3BHuail He MOKa3y-
10Th, SIK Ha puc. 2.4 1 2.6.

Ha 3aBepiieHHs1 3a3Ha4UMO, 110 PO3TJISIHYTI TYT CIOCOOM TeX-
HIYHOI peani3alii JoriyHuX GyHKIIH MalOTh MPAaKTUYHE 3HAUECHHS



B 33/1a4aX KOHCTPYIOBAHHS JUCKPETHUX MPHUCTPOIB y alrapaTHOMY
BUKOHaHHI. Y TPOrpaMHO-TEXHIYHUX KomIuiekcax JID peamizy-
I0ThCSL 3aC00aMM MTPOTpaMyBaHHS CIICIIAIi30BaHUX 1HTErPaTbHIX
cxeM (IporpaMOBaHMX JIOTTYHUX MATPHIIh) Ta MIKPOIIPOIIECOPHUX
00YHCTIOBAIBHUX MPUCTPOIB (MIKPOKOHTPOJIEPIB).

Konmponvni numannsa

SAxumu 3acobamMu 3IHCHIOIOTh TEXHIYHY peai3alliio JOTIYHHX
byHKIH?

JlaliTe o3HaucHHS KOMOIHAMIMHOI cxemu. SIKi BUIW KOMOiHa-
miHuX cxeM Bawm Bimomi?

JaiiTe 03HaueHHS KOHTAKTHOI cXeMU Ta ii (PyHKIiT mpoBigHOC-
Ti. Ui MOKHa peanizyBaTh KOHTAKTHOIO CXEMOIO OyAb-iKY JIOTiu-
HY QyHKIi0?

SIki 00’€KTH € eleMEeHTaMH aJireOpu KOHTAKTIB?

SxuM 9MHOM TIOB’s13aH1 MiXk COOO0 CTaH JUISTHKH €JIEKTPUIHO-
ro KoJla Ta 3Ha4eHHs 11 PyHKIii mpoBigHOCTI?

Sxi 00’extH € aprymeHTamMH (QYHKIIT TPOBITHOCTI MITISTHKA
EJIEKTPUYHOrO Koja (KOHTaKTHOI cXeMu)?

SxUM YMHOM MOB’sI3aH1 MO3HAYEHHS KOHTAKTIB y KOHTAKTHIN
CXeMi Ta JIOTIYHUX 3MIHHMX, 3HAQUYEHHSMHU SKHUX Bi0Opa)kacTbes
CTaH KOHTAaKTiB?

Uu MOXHA MOJENIOBATH AMCKPETHI MPOLIECH B KOHTAKTHUX
cXemax 3a JIOTIOMOT OO JIOTTYHUX (YHKITIH?

Uu MOXHa MPOEKTYBATH KOHTAKTHI CXEMH 3a JOMOMOTOI0 JIO-
TYHUX QYHKIIN?

Yu BipHO, IO TOKa3aHa TYT KOHTaKTHA cxeMa Mae (DyHKIIiO

MIPOBIAHOCTI

Xy —
f=x-%X+X"?

UBX . UBI/IX . o
o o ¢ o JSxmo Hi, To MOOyaylTe KOH-

X, Xs TaKTHY CXeMY, SiIKa BIJIOBiJa€e
Al/],_/ i€l QyHKITI.

I[aﬁTC O3HAYEHHS JIOTIYHOr'O CJIEMEHTA.




JlaiiTe 03Ha4YeHHS JOTi4HOi cXxeMu. Yu € JIOTi4HI CXeMH pi3HO-
BHOM KOMOIHAIIMHUX cXeMm?

Haiite Bu3HaueHHs (QyHKIiOHANBHO ToBHOTO Habopy JIE. Ile-
peniviTh 111 Habopu. Ski 3 HUX € MiHIMATBHUMU?

300pa3iTh HAa PUCYHKY CXEMU JIOTIYHHX €JICMEHTIB, SIKi BUKO-
nytoth QyHkiii I, A6o, He, I-He, A6o-He. Ha3BpiTh oneparii ai-
re0pH JIOTIKH, IO Peali3yIoTh Ll IPUCTPOI.

[Ilo o3nauae BucnoieHns Enement A6o-He mae napadazauit
Buxin”? HaBeniTh yMOBHE MO3HAUYEHHS IIbOTO €JIEMEHTA.

Uwu BipHO, 10 111 KOMOIHAIIfHA cXeMa pealti3ye Joriyny (yH-

X

|| &

O
LT o)

X, 1

Kilo =X X +X X +X-X,-X? Skmo Hi, To noOymyiite
KOMOiHaliiHy cxemy, 1o BianoBigae GyHkii f y Tomy x camomy
0a3ucl JIOTTYHUX €JIEMEHTIB.

UYu BipHO, 110 JOTIYHY (PYHKIIIIO

f:X1'X2+X1'X3+X1'X2'X_3

TEXHIYHO peai3ye HaBeJeHa HIK4e KoMOiHalliitHa cxema ? SIKio
Hi, TO MOOy/Ay#iTe KOMOIHALIHHY cXeMy, 10 BifmnoBigae GpyHKiil f
y TOMY % caMOMYy 0a3Hci JOTIYHHX €JIEMEHTIB.

2.6 Ilonanus Jorivaux pyHKniii HOpMaJbLHUMH (pOPpMaMu



[Tpuknan 2.7 3acBiguye, mo onHy i Ty camy JI® onucyrooTts pi-
3Hi JoriuHi Bupasu (popmynu). ¥V 3aranbHOMY BHUIIAIKY, 3pOOHB-
M HU3KY €KBIBAJEHTHUX IepeTBopeHb Aesdkoi JID 3rigHo 13 3a-
KOHaMHU ajreOpH JIOTIKH, MOXKHA OJEp)KaTH DPi3HI NOJaHHA IIi€i
JI®, nanpuknan,

f(Xsz’Xs): X1(X3 +X—2)+ Xz(xs +Z)=
= Xy Xg X Xp  XpXg XX = X5 (X + X, )+ XX, XX,

Tomy, posrisnatoun HU3KY JID, HEOOXiTHO MEpPEeKOHATHCS B
TOMY, II0 BOHHU BIAPI3HAIOTHCS OJIHA BiJl OAHOI, HI00 HE BHKO-
HYBaTH 3aiiBOi poOOTH. Y 3B’SI3KYy 3 IIUM BUHUKaE morpeda BUOU-
patu Taky (GopMmy 300pa)K€HHS JIOTTUHUX (PYHKIIIHM, KOTU KOXKHIH
GyHKIIT BiAMOBIJaTUME OJIHA 1 Jinie oaHa (OpMyJia Ta HABIIAKH,
KOXkHIM (hopmyni noBuHHa Bignosigatu enuna JIO. Taki Gpopmu
300pakeHHs JIOTIYHUX (PYHKIIH Ha3HUBAIOTh KaHoHiunumu (cman-
oapmuumu).

Y maremarwuHill JIOTIIi 3aCTOCOBYIOThCS (DOPMH  JIOTIUHHX
GyHKIIN, SKI HA3UBAIOTHCS W3 FOHKTUBHOIO Ta KOH IOHKTHBHOIO
HopmanvHumu gopmamu. O3HaAHOMUMOCS JTOKJIATHINIE 13 3aIpo-
Ba/DKEHUMU TEepMiHaMU Ta CHOCOOaMM OJIEep>KaHHSA 300pa)KeHb
JoriyHuX (QyHKUIA Takumu GopmaMu. I3 1i€l0 METOI0 HaBeneMo
CIIOYATKY JIesIKi O3HAYEHHSI.

O3nauenns 2.12. Jloriunuii 100yTOK OYy/b-SIKOTO CKIHYEHHOT'O
YHclia 3MIHHUX, B3STHX 13 3allepeueHHsIM 4i 6e3 HhOro He Oinblie
HIK OJIMH Pa3, HA3UBAETHCS eleMeHmapHolo KOH toukyicto (emne-
MEHTapHUM J100YTKOM).

Hanpuxnazn, morigdi JD0OyTKH X - X, X, - X5, X - Xy, X5, X5 €

€JIEMEHTapHUMH KOH IOHKIISAMH, a X, - X+ X, , X - X, — HI.

O3navennss 2.13. JloriuHa (QyHKIis, IO MOJAETHCA
T3’ FOHKIII €0 €JIEMEHTAPHHUX KOH TOHKIIIH, Ha3UBacTLCA
O0U3 TOHKMUBHOI HOpmanbHow Gopmoro (JITHD).



Hampuknan, QyHkmis f =X X, X3+ X X, X, +X X, +X; €
113’ IOHKTHBHOIO HOPMaJIbHOI (OPMOIO.

O3nauvenHs 2.14. JloriyHa cyma Oy/b-sIKOTO CKIHYEHHOTO YH-
Clla 3MIHHUX, B3STUX 13 3allepeueHHSM 4Yu 0€3 HbOro He Oiblie
HDK OJIMH pa3, HA3UBAETHCS eleMeHmAapHol ou3 1oHKyiew (erne-
MEHTapHOIO CYMOIO).

Hanpuknazn, JoriuHi cymu X, +Xg, X, + X5, X +X,, Xy, X3 €
€JIEMEHTAPHUMU U3 FOHKLIAMH, @ X, + X, + X, , X3 + X, — HL
Osnauvennss 2.15. Jloriuna ¢yHKIIS, 0 MOJAEThCA

KOH IOHKIII€}0  CJIEMEHTapHUX  JU3’IOHKIH,  Ha3WBAEThCA
KOH TOHKmMU6Ho10 Hopmanvhoio popmoro (KHD).

Hanpuxnan, dyakuis = (X +X, + %) - (X, + X, +X,) - X, €
KOH FOHKTHBHOIO HOPMAJIbHOIO (POPMOIO.

Osnauenns 2.16. Poss’s13y6anoio Ha3uBaeTbes Qopmyia, siKa
HE € TOTOXHO XHOHOI0 200 TOTOKHO 1CTUHHOIO.

EnemenTtapni KOH IOHKIIT (13 IOHKIIIT) 3aBXAM PO3B’s3yBaHi.
Ile 3a0e3neuyeTbcs THUM, 10 B HUX KOXHA 3MIHHA 3yCTPIYa€ThCs
JUIIE OAWH pa3 13 3arnepedeHHs M abo 0e3 HbOro (HeMae BUIIAJIKIB
OJTHOYACHOI HAsBHOCTI 3MiHHOI Ta i1 iHBepcii). YHACIIIOK IOTO
KOJIHA eleMeHTapHa KoH toHKU1A (au3’toHkuisA) y JHD (KH®) ne
MOe OyTH TOTOXXKHO XHMOHOI (ICTUHHOIO) 1 TOMY HE MOXke OyTH
BHUKJTIOUEHOIO 13 YKclia T0JaHKIB (CIIBMHOKHHKIB) 0€3 MOpyIIeH-
HSl YMOBH piBHOCHIBHOCTI BUX1AHOT JI® Ta neperBopenoi y THD
(KH®D).

Sk BimMivanocs padille, MOKHA OyJb-sKy JIOTIYHY (Gopmyiy
MEPETBOPUTH Ha 1HINI, PIBHOCUIIBHI (hOpMyNIH. AHAJIOTIYHO, OY/b-
aky JI® MoxkHa mojatu pizHuMH, piBHOcwiIbHUME JJH® 1 KHO.
Ie o3nauae, mo nmoganasam JI® y surisai JJHD a6o KH® onnos-
HAYHOCTI HOPMaJbHUX (GOpM I1e He pocsararoTb. Criocodom Bupi-
meHHs 1€l npoodnemu € 3BeneHHs JH® (KH®) no cranmapthoi
(xaHoHi14HOT) popmu. Taki crangapTi popmu noxanus JIO Hazu-
BalOTb 0OCKOHAMUMU.



Osnauenns 2.17. YnopsakoBaHa MHOXHHA (KOPTEX) apryme-
HTIB JIOT14HO1 ()YHKIIIi HAa3UBA€THCA 11 6a3070.

O3navenns 2.18. Pawneom eneMeHTapHO! KOH FOHKIII a0o
M3’ FOHKILII Ha3UBaIOTh KiIbKICTh 3MIHHHUX, IKI BOHA MICTHUTb.

OueBUIHO, MaKCHMAJbHE 3HAUEHHS paHTy eJIeMEHTapHOI
KOH FOHKITIT (13 FOHKIIIT) JOPIBHIOE KIJTLKOCTI apryMeHTiB JID.

O3navenns 2.19. Slkmo B eneMeHTapHY KOH IOHKIIIIO
(M3’ FOHKINII0) BXOIUTH KOXKHA 3MIHHA 13 0a3u JIOTI4HOI (DYHKIIIT,
NPUYOMY JIMIIE OJWH pa3, TO BOHA HA3UBAETHCS KOHCHMUMYEHMOKO
oounuyi (nyns).

[HImMMU coBaMU, €JIEMEHTapHAa KOH FOHKIIIS (JIM3 FOHKIIIS) €
KoHCmumyeHmoro oounuyi (HyJs), SIKIO BOHA MA€ MaKCUMAaIbHUN
pasr, TOOTO MICTHTB Bci 3MiHHI 3 6a3u JID i3 3amepedeHHsIM 4H
0e3 HpOr0, MPUUOMY He OLIbIIIe HIXK OJUH pa3.

KoHcTuTyeHTa OnuHUII ¢ HaOyBa€ 3HA4YCHHS | JUIIe y TOMY
pasi, KOJIM B Hii BCi 3MiHHI 0€3 3amepedeHHsI Ta 13 3anepeueHHsIM
MaloTh 3HaueHHs Bixnosigno 1 ta 0. Cepen 2" HaGopiB noOriuHOI
GyHKIIT N 3MIHHUX HEMae OJIHAKOBUX, TOMY MOXEMO CTBEPIXKY-
BaTH, 110 JIMIIE Ha OJHOMY i3 nuX HabopiB ¢ =1. Ha Bcix iHmuX
Habopax Oyne @ =0, OCKUTbKH cepejl CITIBMHOKHHKIB KOH FOHKITIT
@ OyJlle He MEeHIlIe OJHOT0 31 3HaueHH:M 0.

3 iHmoro 00Ky, KOXHHH 13 HAOOPIB OJTHO3HAYHO 3aJa€ BiJMoO-
BIJTHY /10 HbOI'O KOHCTUTYEHTY OJMHHUIII ¢, sIKa Ma€ 3HA4eHHA | Ha
JTaHoMy Habopi 3a ymoBH, 110 3HaueHH0 1 (0) 3miHHOT X; , i€{1,
..., N}, y manomy Habopi BiAmoBigae 3MiHHA X; (X; ) Y KOH IOHKII{

@. IloOynoBaHa 3a TakMM MPaBUIIOM KOH FOHKIIIS @ € €IMHOI0, 1110
Mae 3HayeHHS | Ha gaHoMy Habopi. Bcel iHII KOHIOHKIIL, SKi
MOXXHa CKJIACTH 3 N 3MIHHUX, BIAPI3HSAIOTHCS BiJl KOH FOHKII ¢
HasIBHICTIO 3MIHHOI Xj 3aMIiCTh X; a00 X, 3aMiCTh Xj IpUHANMHI
it ogHoro ie{l, ..., N}. YHACHiOK IbOr0 KOHCTUTYEHTA OIH-
HUI @', BiIMIHHA Bl KOHCTUTYEHTH ¢, Ha JaHOMY HaOopi Oyne
MaTH 3HaueHHS 0, OCKIJIbKM BOHA MICTUTh MPUHAWMHI OJIMH CIIiB-
MHOKHHUK 31 3HaueHHAM 0.



[TpoBenemMo aHanoOriyHi MipKyBaHHS IIOJ0 BIACTUBOCTEH KOH-
crutyeHT Hyis. KoncturyenTa Hyns y HaOyBae 3HaueHHs 0 Juiine
y TOMY BHUIIaJKy, KOJM B Hill yci 3MiHHI 0e3 3amepedeHHs Ta 3 3a-
MePEeYCHHSIM MaloTh 3HaueHHs BiqnosigHo 0 ta 1. Tomy nuire Ha
oxHoMy 3 2" HaGOpiB NOriYHOi QyHKIIT N 3MIHHUX BUKOHYIOThCS
ymoBH piBHOCTI =0. Ha Bcix iHmux Habopax Oyne w=I, ocki-
JBKU CepeJl JOJaHKIB N3 FOHKII  Oyae HE MEHIIE OJHOro 3i
3auenHsM 1. Koxnuii 3 2" Habopis 0HO3HAYHO 3a1a€ BiamoBij-
HY 0 HhOTO KOHCTHTYCHTY HYJIA Y/, sika Mae 3HayeHHsa (0 Ha na-
HOMY Habopi 3a yMOBH, 1110 3HaueHHto 0 (1) 3miHHOI X , i€ {1, ...,
N} y nanomy Habopi BiAMNOBiJa€e 3MiHHA Z (%) y mu3’1oHKIIT .
[ToOynoBaHa 3a TakMM TPAaBUIIOM KOHCTHTYCHTA HYJS Y € €lU-
HOIO, M0 Mae 3HayeHHs O Ha maHomy HaOopi. Bcei iHmn
T3 TOHKIIIT, 1[0 MOKHA CKJIACTH 3 N 3MIHHUX, BIAPI3HAIOTHCS Bif
[3’FOHKIIT Y HASBHICTIO 3MIHHOT X; 3aMicTh X, a60 X, 3aMicTb X;

npuHaiMi it ogHoro i€{l, ..., N}. YHACIi0K IIbOr0 KOHCTHTY-
€HTa HyNs ', BIIMIHHA BiJl KOHCTUTYEHTH ¥/, HAa JaHOMY HaOopi
Oyze MaTu 3Ha4eHHs |, OCKUIbKU BOHA MICTUTh MPUHANMHI OJUH
JOJTAaHOK 31 3HaYeHHsM 1.

ITpuxnao 2.8. Habopy (X; X, X3) =(010) dynkiii f(Xy, Xz, X3) Bij-
HOBIJAIOTh €IMHI KOHCTUTYEHTH OJUHHUII X, - X, X; Ta HyIA
X +X_2+ X3, [0 HA0YBalOTh BIANOBIAHO 3HaueHb 1 1 0 Ha LBOMY

Habopi. [HII KOHCTUTYEHTH OJMHULI Ta HYJSl Ha JJaHOMY Habopi
MaroTh 3HaueHHs Biamosiguo 0 ta 1.

Ilpuknao 2.9. KoucturyeHtu X, - X, X_3 Ta Z+X_2+ X, HaOy-
BalOTh BIANOBiAHO 3HayeHHa | Ta O Jsmme Ha Habopi
(X1X2X3)=(110). Ha Oymp-sikoMy iHIIOMY HaOOpi TPHOX 3MIHHHX
BOHU OyIyTh MaTH MPOTUIICKHI 3HaYeHHs (BiamoBigHo 0 Ta 1).

I3 HaBegeHux HpI/IKJ'IaI[iB JICTKO HOMiTI/ITI/I, MO KOHCTUTYCHTU



OJIMHUIII Ta HYJISA, TIOB’sS3aHI BIJHOIICHHSIM B3a€MHOI OJHO3HAY-
HOCTI1 3 OJTHUM HaOOPOM, 83aEMHO iHBepcHi (ANTAYECB] PEKOMEHTY-
€ThCS JOBECTH 1IeH (paKT 3a JOMOMOTor0 3aKoHiB e MopraHa).
Orxe, KoxxHOMY 13 2" HaGOPiIB NOriYHOT PyHKILIT N 3MiHHUX Bi-
JINOBI/Ia€ €IMHA KOHCTUTYEHTA OJUHUII (HYJIsI), IO Ma€ 3HAYCHHS
1 (0) Ha manoMmy HaOopi, 1 HaBMAKH, OyJb-IKid 3 KOHCTHTYEHT
omuHuLi (Hyns) Biamosinae enunmii i3 2" Habopis, HA AKOMYy L
koHcTUTyeHTa Mae 3HaueHHs 1 (0). Lle o3Hauae, 1m0 icHye B3aeM-
HO OJIHO3HAYHA BIAIMOBIIHICT MK KOXHUM HAOOpOM JIOTiYHOI
GyHKIIT 1 KOHCTUTYEHTOI0 OAMHUIN (HYJS), IO MAa€e Ha JTaHOMY
Habopi 3HaueHHs | (0). BigHomieHHsS B3a€MHOI OJHO3HAYHOCTI
MK KOHCTUTYEHTOIO OJMHHULI (HyJds) Ta €IMHUM HabopoM
(X1...Xn) Joriunoi yHKIIT N 3MIHHUX 3a0€3MeUy€eThCsS THM, IO B
I[ii KOHCTUTYEHTI BCi 3MiHHI 0e3 3amepeyeHHs Ta 13 3amepeycH-
HSIM TIOB’5I3aH1 3 JJAHUM HA0OpOM TaKUM MPABUIIOM: Y KOHCTHUTYE-
HTI OMHUIN (Hys1) 3HaYeHHI0 | 3MiHHOT Xj, i€{], ..., N} maHOrO

Habopy BiamoBizae 3miHHA X (X; ), @ 3HaueHHI0 0 3MIiHHOI Xi —
3MiHHa X; (Xi).

Ockinbku po3B’si3yBaHa JID He € TOTOXKHO XMOHOIO a00 ICTHH-
HOIO (SK 1I€ BIJJ3HAYAJIOCs BUIIE), TO OUYEBHIHO, 110 BOHA HaOyBae
KOXKHE 31 3Ha4yeHb 1 1 0 He MeHIIe HiK Ha 0JJHOMY 3 HaOopiB ii ap-
ryMeHTiB. Lle o3Havae, BpaxoBylOUM B3a€MHO OJHO3HA4YHY BIATO-
BiHICTh Mk Habopamu JID i KOHCTUTYEHTaMH OJUHUII (HYJS),
K1 MalOTh Ha IuX Habopax 3HadeHHs 1 (0), M0 KUIbKICTh KOHCTH-
TYEeHT OJMHMILI (HyNs) CTPOro MOPIBHIOE KUIBKOCTI HAOOpiB, Ha
akux JI® nabysae 3HaueHHsa 1 (0). Lls oOGctaBuHa HaBOAMTH Ha
OYMKY Tpo Te, L0 3rajlaHy BHIIE cTaHAapTu3auito Buay JTHD
(KH®) 6yne mocsirHeHO, SIKIO 1[0 HOPMalIbHY (OpMYy MOAATH y
BUTJISIAL JIOTIYHOI CyMH (JIOT14HOTO 00YTKY) BCiX 1i KOHCTUTYEHT
OJIMHUII (HYIIS).

O3navennss 2.20. JloriuHa (QyHKIiS, IO MOJAETHCA
T3 FOHKINEI0 BCIX i1 KOHCTUTYEHT OJMHUIl, HA3UBAETHCSI OOCKO-
HA1010 0U3 TOHKMUBHOI0 HopmanbHow gopmoro (JAHD).



Hampuknan, o&yHkmis =X X, - X+ X - X, - X, + X - X, X,
TPHOX apryMeHTiB, sika HaOyBae 3HaueHHs | nuie Ha Habopax
(100), (001) ta (111), € nockonanoro JHD.

®dopmyma norignoi Gpyukmii y Burasaa JJJAH®D mictuts Bei Ti #
JMIIE Ti J0JaHKH, SIKI € KOHCTUTYEHTaMU OJMHUII i€l (yHKIIi],
HAJUIMIIKOBUX JOJIaHKIB HeMae. L{luM rapaHTyeThCsS MOXKIMBICTD
noganust y JJAH® Oyap-axoi JID, kpim ¢yskuii “Koncranrta
Hysnb” (auB. 1. 2.4), TOMy 1O OCTaHHsA Mae 3HadeHHs 0 Ha BCiX
Habopax.

Sxmo npu noxanui JI® y Burnanl JJAH®D 3agatu Oynb-sxuit
Habip i3 umcna 2" Habopis wiei QyHKILII, TO il 3HAYEHHS TOPiBHIO-
BaTMME BU3HAYEHOMY JUIs 1IbOoro Habopy. [IpaBuiibHE BiaATBOpEH-
Hs 3Ha4eHb JID 11t KO)KHOTO 3 HAOOPiB 320€3MeUy€eThCs THM, IO
Ha Ha0opi, IKOMY BIAMOBi/Ia€ 3a/aHe 3HAYeHHs | JOri4HOI (yHK-
uii, JJJIH® 000B’A3K0BO MICTUTh OJMH 3 JOJAHKIB 31 3HAYCHHSIM
1, a Ha Habopi, sIKOMY BiANoOBiAae 3amaHe 3HaueHHA ( JMOriyHOL
¢byHK1ii, BC1 101aHKK MarOTh 3Ha4eHHs 0.

Osnauvennss 2.21. Jloriuna ¢yHKIIS, 0 TOJAETHCS
KOH FOHKIII€I0 BCiX i1 KOHCTHTYEHT HYJIS, Ha3HBAETHCS OOCKOHA-
JIOI0 KOH TOHKMUBHOW HopManvHotw ¢gopmoro (JKHD).

Hanpuxnan, nockonanoro KH® e pyHk1is TphOX apryMeHTIiB

F = (x40 ) (% 43 45 ) (% + %+ %),

sika HaOyBae 3HadeHHs 0 nume Ha Habopax (011), (110) Ta (000).

®opmyna noriunoi ¢pynkuii y Burnsaai JAKH® mictuts Bei Ti #
JIUIIE Tl CHIBMHOKHUKH, SIKI € KOHCTUTYEHTaMH HyJs i€l QyHK-
1ii, Ha/UIMIIKOBUX CHIBMHOXHMKIB HeMmae. LluM rapaHTyeThcs
MoxJuBicTh noganHs y JKH® Oyap-axoi JID, kpiM ¢yHKMil
“Koncranra onunui” (auB. M. 2.4), TOMY 110 OCTaHHSI Ma€ 3Ha-
yeHHs | Ha BCiX Habopax.

[IpaBusnbHe BiATBOpeHHS 3HaueHb JID 111 KOXKHOTO 3 HAabOpiB
3a0e3neuyeTbcsl TUM, 110 Ha Habopi, SKOMY BIJINOBIAA€ 3a7aHe
3HavyeHHs 0 noriyHoi pynkuii, JKH® 000B’43k0BO MiCTUTh OAUH
13 CIIIBMHOKHUKIB 31 3HaUeHHsM 0, a Ha HAOOp1, IKOMY BiJIITOBIIa€



3agaHe 3HayeHHs | joriunoi (yHKIil, BCi CIBMHOKHUKH MalOTh
3Ha4YeHHS 1.

Came JI/IH® i AKH® BBaxaroThCsl CTaHAAPTHUMH (HOpMaMu
AQHAJTITUIHOTO MOJAHHS JoriyHuX ¢GyHKIii. [TigkpecanMo oCHOB-
Hi Bractusocti JJ/IH® (AKHD):

— y Hifl HEMa€ JIBOX OJIHAKOBHX JIOJAHKIB (CITIBMHOYKHHKIB);
JKOJTHUW JTONaHOK (CIIBMHOXHHK) HE MICTUTh JIBOX OJIHAKOBHUX
CIIIBMHO>KHHUKIB (JJ0JIaHKIB);

— YKOJIHUH JT0aHOK (CIIBMHOXKHUK) HE MICTHTD JIESIKO1 3MIHHOT
pa3oM 3 il 3arepeyeHHIM;

— KOXKHHUH JTOJTAHOK (CITIBMHOXKHUK) MICTHTB SIK CITIBMHOXHHKH
(momanku) Bci aprymenTtu JID, nesiki abo Bel 3 IKUX MOXKYTh OyTH 13
3anepeYeHHsIM.

3apmsaxu BinactuBocTsM JIJIH® 1 JIKH® po3B’szyeTbes 3amaya
NOPIBHSHHS JIOTIYHUX (YHKIH, a came: 1Bl JI® piBHOCWIIBHI B TO-
My pas3i, KoJH 30iratoThes X TOCKOHAJ1 HOpMallbHI (hOpPMH.

Posristremo meromu oxepxkamns JJIH® 1 JIKH® noriuyamx
byHKIIHN, 3a1aHUX PI3HUME criocobamu (T1. 2.4), OCHOBHUMHU 3 SIKUX
€ 3a/1aHHs TabIUIEer0 ICTUHHOCTI Ta dopmyroro. [lpu BepbanbHOMY
croco6i HeoOXiHO, 0a3yrounch Ha TekcToBoMy omwci JID, mobymy-
BaTH ii TaOJIMIIFO ICTUHHOCTI YM aHAJITUYHY (opMyIly abo BU3HAUU-
1 6a3y JID Ta necaTkoBi HOMepH HAOOpiB, Ha SKUX BOHA HaOyBae
3HaueHHs 1. [lyig yeminHoro 3acBoeHHs MetoiB oaepkanus JIJIHD
1 IKH® noctaTHbo IpouLTIOCTpYBaTH iX Ha MPHUKIIaIax.

Ilpuknao 2.10. Tlomamo y JJIH® 1 IKH® noriuny QyHkIio
f(Xy, X2, X5) Ha mizcTaBi TAOIMII ICTHHHOCTI (Tab. 2.5).

Tabmuis 2.5 — Tabmwns ictuaHOCT! QyHKIUT (X4, Xo, X3)
Ne baza 3HayeHHSA
X, f
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1 1 1

JIJIH® cknagaroTh BIAMOBIIHO A0 TAKOTO IMpaBUja: JUIS KOXK-
HOro Habopy 3MiHHUX, Ha skoMy JID HaOyBae 3HaueHHs 1, 3anu-
CYIOTh KOHCTHUTYCHTY OJWHHUII 1 BCl Il KOHCTUTYCHTH OJMHMII
00’ €THYIOTh T3’ FOHKTUBHO.

3amana ¢ynkiisa (tabdmn. 2.5) HabyBae 3HadyeHHs 1 Ha 0, 1, 6 Ta
7-my Habopax, a Ha pemrti HabopiB — 3HaueHHs (. KoHCcTHTYCeHTH
onuHMII 11 HabopiB 0, 1, 6 Ta 7 MalOTh BUTIIALL

XXy Xgy X o Xy o Xgy X o Xy o Xgy X X5 X5

[Ilo60 HaBencHI IOBHI KOH FOHKI[I Mald 3HadeHHS 1 Ha
BIJIMOBIAHMX HAOOpax, 3MiHHI, SIKI MAlOTh HYJbOBE 3HAUCHHS HA
nux Habopax, B3ATiI 13 3amepedeHHsM. JJJIH® 3amanoi JI® mae
BT

f:Z'X_z'X_a"‘Xl'Xz'X3+X1'X2'X_3+X1'X2'X3- (2-4)

IlepeBipka wi€i ¢popmynu 3a BciMa Habopamu 3 Tabua. 2.5 M0BO-
JIMTb, 1110 BOHA MTPaBUJILHO BigoOpaxae 3aaany JID.

JKH® 3ananoi JI® moxxkHa onepkatu 3 TaOJMIN ICTUHHOCTI
3TrIHO 3 TaKuUM MPABUJIOM: JJI KOXKHOTO HaOOpy 3MIHHHMX, Ha
AKUX (QYHKLIAX HaOyBae 3HadeHHs 0, 3aMHMCYIOTb KOHCTUTYEHTY
HYJIS 1 BCl 111 KOHCTUTYEHTH HYJS 00’ €AHYIOTh KOH IOHKTHBHO. T1
3MiHHI, Kl B Ha0Opax MarOTh 3HAYEHHA |, 3aMHUCYIOTH 13 3amepe-
YECHHSIM.

3anana ¢yHkuig (tabn. 2.5) nHabyBae 3HauenHs 0 Ha 2, 3, 4 1
5-my Habopax, a Ha pemTi HabopiB — 3HaueHHs 1. Koncturyentu
HyJs A HabopiB 2, 3, 4 1 5 MarOTh BUTTIS!

X +X+X, X+X+X, X+X+X, X +X+X.

JAKH® 3aganoi JIO mae Burisan



F=(X + X + X)X+ X, + Xg ) (X + X, + X )-(X, + X, +%;). (2.5)

ITepeBipka 1iei hopmynu 3a Bcima Habopamu 3 Tab. 2.5 Mokasye,
10 BOHA NMPaBWIIBHO BigoOpakae 3anany JID.
®Dopmyny JI® y purnsaai JKHD nerko oxepxaru 3 ii JJJIHD.

Jlst boro crodatky mobymyemo JJIHD dyskmii f :

?:Z'X_Z'X_3+X1’X2'X3+X1’X2'X_3+X1'X2'X3-

Kopucryrouncs npasuinom ae Moprana Ta npaBuiaMu Iiepe-

TBOPEHHSI JIOTTYHUX (PopMyJ1, ojep>kuMo Bupas QyHkii f , 3Bene-
auii go AJIHD :

F=X Xy Xy X Xy o X+ X - Xy Xy + X Xy Xy

Tenep onep:xumMo 3anepeueHHs GyHKIIIT f:

=X X Xy X Xy - Xg X Xy - Xy + X - Xy - Xy

BukopucraBmm npasuio ne Moprana, 3BeemMo ¢yHKiipo f
1o IKH®:

F=F = (0 4% + X )- (X + X+ )- (X + X, + % )-(X + %+ ).

Sk 6auumo, onepxana JJKH® ¢ynkuii f 36iraeteest 3 (2.5).

Takum ynHOM, 11 onepkanHs JIKH® noriunoi ¢yskuii f mo-
TpIOHO BUKOHATU OIEpaIlil0 TOJBIMHOTO 3amepedyeHHs BHpPa3y
JJIH® wiei ¢pyHkuii.

Ilpuknao 2.11. Tlogamo y JJJAH® noriuny QyHKIIO I'ITH ap-
rymeHTiB f =f(Xy, X,, X3, X4, X5), TIPO SAIKY BiIOMO, 1110 BOHa HaOyBa€
3HaueHHs | Ha HalOopax 3 JecsaTkoBUMHU HoMepamu 14, 161 31, a
Ha perTi HabopiB — 3HaueHHs 0.

CxrnagemMo au3 IOHKITII0 TPhOX MOBHUX KOH FOHKITIHM Ta T KO-
MHOIO 3 HUX 3alMILIEMO OJIMH i3 TpbOX HAOOpIB K ABIMKOBUI €K-
BIBJICHT MOTO JIECATKOBOTO HOMEpA!



X1 Xo-X3- Xg= X5+ X1+ Xp* Xg X X5+ Xp- Xo* X3 Xg* Xs.
01110 10000 11111
Po3craBuBIM 3anepedeHHs HAJ 3MIHHUMU, K1 Y IIUX Ha0opax
MaroTh 3HaUeHHs 0, OIEPIKUMO Pe3yIIbTAT:

F= X0 Xy Xy Xy o X F X1 Xy X+ X+ Xg FX10 Xy + Xg * X, X

Ilpuknao 2.12. Tlongamo y JIKH® noriuny ¢yHKIiIO 1’ ITH ap-
rymeHTiB f = f(Xy, Xo, X3, X4, X5), PO SKY BiJOMO, 1[0 BOHA HaOyBae
3HaueHHs (0 Ha Habopax 3 JecATKOBUMHU HoMepamu 14, 161 31, a
Ha pemti HabopiB — 3Ha4YeHHS 1.

CxitaieMo KOH'FOHKIIIFO TPhOX MOBHUX JH3 FOHKIIIN Ta Mij KO-
JKHOIO 3 HUX 3alMIIIEMO OJUH 13 TPhOX HAOOPIB SIK JABIHKOBHH €K-
BIBQJICHT MOT0O JICCITKOBOTO HOMEpaA:

(X Xot Xat Xat Xs)- (X Xot Xat Xat Xs)- (Xo+ Xo+ Xat Xt X).
01 11 0100O0O01 1111

Po3cTaBuBIIM 3aniepedeHHs HaJl 3MIHHUMH, 10 y IIUX Habopax

MAaloTh 3HAYEHHS |, OJIEPKUMO PE3yJIbTAT:

F= X0 X, Xg - Xy X5+ X+ Xy Xg o Xy X5+ Xy - Xy - Xg Xy Xs

Buxinna JI® ne 3aBxau nogaerses y JJHD a6o KHD. V Takux
Bumnajkax ii nepersoprorots y JIH® ado KH®, BuxkopuctoByrouu
3aKOHHU anreOpH JIOTIKM, IO HE BHUKIJIMKae ckiagHouliB. Hactyn-
HUM KPOKOM € BUKOHAHHSI OIlepalli posecopmanHs OJepKaHOi
JH® (KH®), pesynbratom sikoi Oyae oxepxkanus JJJAHD
(AKH®) Buxinnoi JI®. Omepaiist po3ropTaHHs e€JIE€MEHTapHOI
KOH'IOHKII  (IM3’IOHKIIT) JO3BOJIIE  TEpPeTBOPUTH 11 Y
I3 IOHKIII0 (KOH IOHKIIII0) MOBHUX KOH FOHKIIT (M3 OHKIIIT),
AKI € KOHCTUTYEHTaMU OJWHUIN (HyJs), SKIO0 TEPEeTBOPEHHIO
mignaetbess JHO (KH®). Po3rnssHemo cyTHICTB omepaliiii po3ro-
PTaHHS €JIeMEHTApHUX KOH IOHKIII Ta JW3 IOHKIII Ha HACTYMHUX
MpUKIaaX.



Hpuknad 2.13. Hexaii X-y — eneMeHTapHa KOH IOHKILiS DyHK-
uii f(X,y,z,u). 3acTocoByroun [Bidi Omepario po3ropTaHHs, Ofc-
PIKHMO:

X-§=X~§(Z+E) :X~9-Z+X-§-E:
:x.y.z.(u+a)+x.y.z.(u+a):
XY ZUEX-Y 2K Y ZUEX-Y 21,

Hpuknad 2.14. Hexaii X+y — eneMeHTapHa 113’ OHKIS (yH-
kuii f(X,Y,z,U). 3acTocoBytoun ABivi ONEpariito po3ropTaHHs, oje-
PIKUMO:

R N T
= (X+y+z+u-u)-(X+y+z+u-u)=
= (X+y +Z+U)-(X+y +Z+U)-(X+y +Z+U)-(x+y +Z +U).

[Tpu po3ropraHHi pi3Hi €JIeMEHTapHI KOH IOHKIT (113’ FOHKIIIT)
MOXYTh YTBOPIOBATH OJHY W Ty CaMy KOHCTHTYEHTY OJWHUII
(Hy”ns1), OJIHY 3 SKHMX MOTPIOHO BUJAIUTH SIK 1yONIor04y, Ha Mijic-
TaBl TOTOXKHOCTEHN X +X = X, X-X = X (3aKOHIB 1JIEMIOTEHTHOCT1).

Ilpuknao 2.15. Tlonamo y JJIH® noriuny ¢yHKIIIO, 3a7aHy
bopmyoro f(Xy, Xz, X3) = XiA(Xo V X3) Vv x_3 .

MoskHa noOyayBaTH TaOIUIIO0 ICTUHHOCTH i€l (YHKIII 1 Ha 11
OCHOBI pO3B’s3aTH MOCTaBJIEHY 3aj1auy, sk y npukiaaai 2.10. Ox-
HaK MU CKOPHUCTAEMOCH 1HIIMM METOJIOM.

Cniouatky 3BeeMo GopMyiy X; A (X2 Xs) Vv X, 10 JJHD:
f=X A XV Xg) vX_3 = Xl/\szxl/\ngX_3 .
[IpoBenemo onepariito po3ropranns 1iei JJHD:
F=XAXo A XV Xy ) VXIA (Ko V Xy Y AXsY (XaV X JA (X2 Vv X, ) A X =

=Xy AXp AXaV Xg AXg A Xg V Xy AXg AXaV Xg A Xy AXgV



VXIAXo A Xg VXA X, AXg VX AXo AXg VX AXy A X
[Ticnsa BuaasieHHs: AyOIIOI0YMX TOJAAHKIB (13 IMap OJHAKOBUX) OJIe-
pxumo JJ/THO:

=X AXy AXy VX AXA Xy VA Xy AXg V
VXIA Xy AXZV XLAX2 A Xy V X1 AX2 A X (2.6)
VY uiit popMyni KOHCTUTYEHTH OJMHHII PO3MIMICHI 3a JECATKO-
BHMH HOMEpaMHM BiIIOBIIHUX IM HaOOpiB, Ha sSkux (yHKIis f Ha-

OyBae 3HaueHHs 1, y mocmigoBHocti 0, 2, 4, 5, 6, 7.
YuraueBi MOXKE 31aTUCS 3PYYHINIUMHUM TaKUH METOH. 3aru-

memo Bupasz JJHD Xl/\XzVXl/\Xg\/X_S y BUIJISIAI
F = (IAIA-)Vv(AA-AL)v(=A—A0),

KEepYIOUHCh IPAaBWIOM: Y KOXHii KoH toHKII B JIH® 3minHa 6e3
3alepeyueHHs 3aMIHIOETHCS YUCIIOM 1, a 3MiHHA i3 3aNepeueHHIM —
guciaoM 0, Ha MicUAX BIACYTHIX 3MIHHUX CTaBJIATBCSA JedicH.
OnepxaHuil BUpa3 MiJIA€THCSl PO3TOPTAHHIO HUISXOM ITiJICTaHOB-
ku cyM Buay (1+0) 3amicte nediciB Ta pO3KPUTTS BHYTPIITHHX
IY’KOK, YHACIIIZIOK 9OTO OJIeP>KUMO:

F = (AAIA(IVO))v(IA(LVO)AL)V((1VO)A((1VO)AD))=
= (IAIAL)V(AALIAO)V(AAIAL)V(IAOAL)V(IALIAO)V
v(1A0A0)v(0AL1AQ0)v(0AOAD).

BunanuBmm nyOmroroui TOJAaHKH Ta CHUMBOIW KOH FOHKIIII,
OJICPIKUMO:

F = (000)0v(010):v(100)4v/(101)sv(110)ev(111)7.

Koxxnnii 3 nogankiB ¢popmynu F sBisie coboro Habip, HA TKOMY
3anana QyHkiis f Mae 3HaueHHs 1, a MIPSAKOBIUMH 1HICKCAMH T10-
3Ha4YeH1 JIeCATKOBI HOMEPHU LIUX HaOOPIB.

3aminuBIIM Y ¢opmyai F Hymi 3MIHHMMH 13 3allepeueHHsIM, a
OJIMHMII — 3MIHHUMH 0€3 3amepeueHHs, OJePKUMO TOJaHHS 3a-
nanoi noriynoi ynkuii y Burasai JJIHD (2.6).



Ilpuxnao 2.16. Ilogamo y IKH® noriuny ¢yHKIII0, 3a7aHy
hopmyoro f(Xq, Xz, Xs) = X1-(Xa + %) + X, .
BukopucraBmm 3akOHM AUCTPUOYTHUBHOCTI Ta TMOTJIHMHAHHS

(tabm. 2.1), onepxumo KH®, mo MicTUTPH JuIle OHY eJIeMeHTa-
pHY 13 IOHKIIIO:

F= X0+ X)X = (X + X0)-( X +XotXs) = (Xat X )-(Ks+ X ) +
+(x1+x_3)-x2 = (x1+x_3)+(x1+x_3)-x2 = x1+x_3.

[TpoBenemo orepariirto po3rOpTaHHS Ta OJEPKUMO, SK i1 pe-
3ynbTat, nofaHHs 3aganoi pyakuii y JKHO:

F= Xk Xg = X0k Xy X0 X, = (Xt X+ Xg )- (X X, + X ).
© 0 1,0 1 1)

[Tig K0’)XKHOIO T3 FOHKITIEIO 3amicano Halip (i3 HOro JeCATKOBUM
HOMEpOM), 1110 BiATOBI/Ia€ IaHii KOHCTUTYEHT1 HYJIS.

JJH® i IKH® € HaiOLIblI 3aCTOCOBHMMHU aHATITUYHUMH
dopmamu noganus JIO. OgHak, BOHU MICTATh HAHOUTBIIT MOXKITHU-
B€ YMCJIO CUMBOMIB y iX 3anucy. Posrmsnysmu JJIH® 1 JKHD
onniei JI®, moTpiOHO 3’sicyBaTH, siKa 13 IUX (opM MIpocTimia (Mae
MEHILIE CUMBOJIIB Y ¢opmyni). MoXHa NPUITYCTUTH, L0 KOJIU
TaONIMLS ICTUHHOCTI MICTUTH Olnbllleé HYJIbOBUX 3HA4Y€Hb, HIXK
onuHn4HuX, T0 JJ/IH® npocrimia, i HaBmaku.

[TpakTuka peanizamii JIOTIYHUX (QYHKIIH CTaBUTH HpodIEeMy
CKOPOYEHHSI YMCJIa CHUMBOJIB y HOpMaJbHMX (opmax. IleBHOIO
MIpOIO 115 IpobJieMa BUPIIIY€EThCs HIIsIXoM neperBopenHst JIHO
1 IKH® B Tak 3BaHi ckopoueni Hopmanohi hopmu.

Osnauenns 2.22. Skmo ¢yHkuis ¢ mae 3HayeHHs 0 (1) npu-
HaliMH1 Ha TUX HaOopax, Ha skuX Mae 3HaueHHs 0 (1) 1Hma QyHk-
is f, To BoHa Ha3UBa€eThCs imnikanmoro (imniiyenmoro) GyHKIii
f.

Lle o3nauenHs norpedye mosicheHb. [lo-nepmie, pyHkuii @ i f
MaloTh OJIHY ¥ Ty camy 0a3y abo 0a3a (yHKII ¢ MICTUTH JIMIIIE



nesiki 3 aprymentiB ¢yHkuii f. [To-npyre, QyHKiis ¢, Ko BoHa €
iMmrutikanToro (iMrurinentorw) ¢yHkiii f, Moxe maru 3HaucHHS 0
(1) He Tinpku Ha TUX HaOopax, Ha sSKUX QyHKIIs f Mae 3HadeHHs O
(1), ane # Ha Habopax, Ha skux QyHkiisa f mae 3navenns 1 (0).

[TocTaBuMO TUTaHHS: YM € KOHCTUTYCHTH OJMHHUII (HYJS) iM-
wrikaatamu ¢yukuii f, momanoi y JIJIH® (IKH®)? Haramgaemo,
10 KO’KHA 3 KOHCTUTYEHT OAMHHII (HYJSI) € JIOTI9HOI0 (PYHKIII€FO
3 TaKo camor 0a3oro, mo i cama JI®. KoncruryeHnra oguHuUI
(myns1) mae 3nadenHs 1 (0) TUTbku Ha OJHOMY 3 HAOOPIB, HA AKHX
JI® Takox mae 3HaueHHs 1 (0), a Ha BCiX iHIMX HAOOpax BOHA
mae 3HadeHHs 0 (1). Tomy Moxemo cTBepKyBaTH, 0 Oy/b-siKa
KOHCTUTYEHTa OAMHMII (HYNs) JoriuHoi QyHkuii, momaHoi y
JNJH® (AKH®), € immutikanToro (iMrutineHToro) 1iei JIO. binpre
toro, Bci ponanku JJ/IH® (KOHCTUTYEHTH OAMHMIN) € IMILTiKaH-
TamH, a Bci crniBMHOXKHUKY JJKH® (KOHCTUTYeHTH HYJIS) € IMILTi-
neHTaMu BuxinHoi JIO.

Buxigny JI® moxna nmogatu sk [JH® (KH®D), nonanku (crmiB-
MHOKHHUKH) SIKOT € JIOTTYUHUMU (QYHKI[ISIMHU, IO HOCSITh Ha3BY eje-
MEHTapHOI KOH tOoHKMIIi (am3’toHKMii). Skmo 6a3a emxemeHTapHOI
KOH FOHKIIIT (13 FOHKIIT) MICTUTh HE BCi 3MiHHI 13 623U BUXiJTHOI
JI®, To 1t KOH FOHKIISA (JIM3 IOHKI[iS1) HE € KOHCTUTYEHTOI0 OJU-
Hutl (Hyns1). HesanexxHo BiJ TOTo, 4 € eleMeHTapHa KOH FOHKIIIS
(113 FOHKIIS) KOHCTUTYEHTOK OJWHUII (HYNs), 3aBXAU 3Hall-
J€TbCsl Takuil HaOip (MOXIIMBO, HE e€AMHUI) aprymeHTiB JI®D, Ha
SKOMY 1Sl €JIeMEHTapHa KOH FOHKI[S (U3 IOHKIIISI) OJTHOYACHO 3
camoro JI® naOyBae 3HauenHs 0 (1). OTxke, Bci eneMeHTapHi
KOH FOHKIIT (M3 FOHKIIT) SK AojgaHku (cmiBMHOXHUKH) JIH®
(KH®) € immuikanTamu (imrutineHTamu) Buxignoi JI®, noganoi y
JH® (KH®). Ilpu upomy cmin nam’araty, mo JJHD 1 JKHD e
gacTkoBuMH Bunaakamu noganus JI® y JIH® i KHO. Ile mono-
KEHHSI UTFOCTPYIOTh HACTYITHI MTPUKIAIH.

Ilpuxnao 2.17. Jloriuny ¢ynkuito f(X, X,, Xs) mogano y JTH®:
f = ototes, 16 gi=Xe X, X5, @;=X Xs; @»3=X, - %;. Cxiagemo



TaOHUI0 ICTUHHOCTI QPYHKIIT f Ta KOH IOHKIIN @1, @), @s.



Tabnwus 2.6 — Tabawuis ictuaHOCTI QyHKIN T, 01, @, @

No X1 X2 X3 o @2 3 f
0 0 0 0 0 0 0 0
1 0 0 1 0 1 0 1
2 0 1 0 0 0 1 1
3 0 1 1 0 1 0 1
4 1 0 0 0 0 0 0
5 1 0 1 1 0 0 1
6 1 1 0 0 0 1 1
7 1 1 1 0 0 0 0

Jani 1€l Tabmuii MoKasyoTh, 10 eleMeHTapHa KOH IOHKIIiS
@ € KOHCTUTYCHTOIO OJIMHUIII Ta IMILTIKaHTOI QyHKii f, 10piB-
HIO€ oauHuIl jume Ha Habopi Ne5, nme f=1. Enemenrapni
KOHIOHKIIT ¢, 1 ¢, € immutikantamu QyHkuii f, OCKUTbKH BOHH
MaroTh 3Ha4eHHs () He MEHIIe, a y TaHOMY IPUKJIaai OUTbIIe HiX
Ha oxHOMY Habopi, ae f=0.

Ipuknao 2.18. Jloriuny ¢yukiito f(Xy, X;, Xs) mogano y KHD:
f= @@, e =X+ X, X5, @ =X + X5, 3= X, + Xs .
CxiagemMo TaOJUIO ICTUHHOCTI QYHKINT f Ta U3’ IOHKIINA ¢,
@, @5 (Tabm. 2.7).

Tabnus 2.7 — Tabnuus ictuaHOCTI QyHKIN f, @1, @,
Ne
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Jani i€l Tabnuii mokasyoTh, 0 eJIeMEeHTapHa A3 IOHKIIA ¢
€ KOHCTUTYCHTOIO HYJIs Ta imMIuIineHTor GyHkii f, topiBHIOE HY-
aro nume Ha HaOopi Ne2, ne f =0. EnemenTapHi au3 1oHKIIT ¢, 1
@, € immutineaTamMu GyHKIii f, OCKIIBKH BOHM MarOTh 3HAYCHHS |
HE MEHIIIC, a y JaHOMY INPHUKJIaJi OuIbIe, HK Ha OJTHOMY Ha0opi,
ne f=1.

Osnavennsi 2.23. EnemenTtapHa KOH FOHKIIS (U3 FOHKIIISN),
oJIepKaHa MUIIXOM BHUITY4YEHHS OJHi€l a00 KUIbKOX 3MIHHUX 13 BU-
X17THOT KOH IOHKIIT (713 FOHKIIIT), HA3UBAETHCS BIACHOW HaACMU-
HOM OCTAHHBOI.

Hanpuknan, BmacCHUMH 4acTHHAMHU €JIEMEHTapHOI KOH FOHKIIIT
X1* X, X3 OyIyTh KOH IOHKIIT Xi- X, , X1-X3, X, ‘X3, X1, X, , X3, @ BJIAC-
HUMU YacCTHHAMH €JIEMEHTApHOI U3 IOHKIUT X+ X, +X; OynyTh
T3 FOHKIUT Xi+ X, , X1+ X3, X, X3, X1, X, , X.

O3nauenns 2.24. EnemenTapHi KOH IOHKUIT (A13’FOHKIIIT), SIK1
€ nmonankamu (crmiBMHOKHUKamu) JJTHO (KH®D) 3a ymoBw, 1m0 Hi-
K1 X BJIACHI YaCTHMHHU HE € CAMOCTIHHUMU J0JaHKaMH (CITIBMHO-
wHukamn) 1iei JJH® (KH®), nazuBarotbes npocmumu imniikam-
mamu (imniaiyenmamu).

Hanpukan, eneMeHTapHi KOH FOHKITIT Xl-x_z-xa Ta Xl-x_2 € Jo-
nankamu jaeskoi JIH®, a 3minHI X; Ta X_2 CaMOCTIHHO J0 CKJIany
JAH® nHe BXOaATH K eleMeHTapH! KOH TOHKINT. To/l KOH IOHKITIs
X1-X_2 Oyzne mpocroro imrutikanToro 1iei JJH®D. Pa3zom i3 num ene-
MEHTapHa KOH FOHKIiS Xl-x_z-x3 He Oyzae MpOoCTOI0 IMIUTIKAHTOIO,
OCKUIbKM BOHA MICTUTH KOH’ FOHKIIIO Xl-x_2 SIK BJIACHY YaCTHHY.
AHAJIOT14HO, SKIIO eIeMEHTapH1 13’ FOHKIIIT X1+X_2 +X; Ta X+ x_2 €

cniBMHOXkHHUKamu Aeskoi KH®D, a 3MiHHI X Ta X, caMOCTIHHO 10
ckrany KH® He BXomiTh sK eneMeHTapHI I3 IOHKII, TO
I3 FOHKIIA X+ X, Oyne npocroro iMmineHToro niei KH®. Pazom



3 LIUM €JIEMEHTapHAa U3 IOHKIIA X;+ X, +X; He Oy/e MPOoCTOIO iMII-

JILEHTOI0, OCKIJIBKY BOHA MICTUTh JM3 IOHKIIIO X;+ X, SIK BIAcCHY

YaCTHHY.

[Ipocra imMIutikaHnTa (IMILTIIIEHTA) HE CKICIOETHCS (32 3aKOHOM
HEIMOBHOTO CKJICIOBaHHsA, Ta0i. 2.1) i3 KOAHOIO 1HIIOK iMILIiKaH-
Toro (imrutienroro) y cknani JJH® (KH®), ockinibku BOHA HE €
BJIACHOIO YaCTHHOK IMX IMIUTIKaHT (iMrutineHT). L{e o3Havae, mo
ckopouyeHHs KinbkocTi cumBoniB y JITH® (KH®) nuisxom 3acro-
CyBaHHs OIlepallii CKJICIOBaHHS IMILUTIKAHT (IMIUTIIIEHT) HEMOXX-
JIUBE, SIKIIIO BOHH BC1 € IPOCTUMU.

Osnauvenns 2.25. fIxmo Bci immiikadatu (imrotinedTtu) JJHO
(KH®) € npoctumu, to 111 JH® (KH®) Ha3zuBaeTscs ckopoue-
HOI0.

Bynp-sika noriuna QyHKIis Moxke OyTH MmojiaHa y BUTIISL CKO-
pouenoi JIH® (CAH®D) ab6o ckopouenoi KH® (CKH®). Ileii
(bakT yTBEpKYETHCS HACTYITHOKO TEOPEMOIO.

Teopema 2.1 (Teopema Kgsaiina). Axumo B JJIH® (AKH®) no-
ri4HO1 QYHKINT 3IHCHUTH BC1 OMepailii HeTIOBHOTO CKJICIOBAHHS, a
MOTIM BCl1 omepartii MOrJIMHAaHHS Ta BUIYYEHHS TyOJIOIYHX YJle-
HiB, To Oyne onepxaHa ckopoueHa JH® (KH®) wiei ¢ynkuii,
TOOTO M3’ TOHKIIIS (KOH FOHKIIIS) BCIX 11 MPOCTUX IMIUTIKAHT (IMII-
JIIICHT).

Hoseoenns. Hexait dynkiisn f(xy,...,X,) mogana y JAH®D (ue
3aBXKAM MOXKJIMBO). [IpunycTumo, 1o micis 371iCHeHHs BCiX ome-
pariii HeMOBHOI'O CKJICIOBaHHSI, a TIOTIM YCIX orepariiii HoriIuHaH-
Hs onepxaHa JIH®D, sika MICTUTh eleMEHTapHY KOH IOHKIUIO ¢,
10 HE € MPOCTOIO iMIUTIKaHTO. Lle o3Hauae, mo (3rigHO 3 O3HA-
yeHHsM 2.25 npocTtoi immiikanTt) JJH® MicTuTh, KpiM IMIUTIKaH-
TH @, IesKy ii YaCTUHY V, SIKa € MPOCTOIO IMILTIKAaHTOr QyHKIIIT f,
10070 JIH® MiCcTUTH AU3’IOHKLIIO @+V, a IMIUIIKaHTa ¢ Ma€ BU-
TN @=V- 4, 1€ [ — JlesKa KOH FoHKIA. Toal IMIITiKaHTa ¢ 3riiHO
3 PiBHICTIO @+ V=V-+ V=V NOTIMHATUMETHCS MPOCTOIO IMILTIKA-



HTOIO V. Takum umHOoM, JJH® cknagatumeTsCs JIMIIE 3 MPOCTUX
IMILTIKaHT, TOOTO BOHA Oyne ckopoueHoro J[HD.

Tenep posrnsHemo Bumaaok nomanHs ¢yHkmii f y JKHO.
[IpunyctrimMo, 110 MiChs 3MIMCHEHHS BCIX OIepalliii HEeIOBHOIO
CKJICIOBaHHA, a TMOTIM YCIX OIepauiidi MOTIMHAHHS OJepXKaHa
KH®, mo MicTUTh eleMEeHTapHy U3 IOHKIII @, SKa HE € MPOoC-
toro imrutineHToro. Ile o3navae, mo KH® mictuth, KpiMm iMIuTiIe-
HTH @, IeSKY 11 YaCTUHY V, sIKa € IPOCTOI0 IMILUTILIEHTOIO (PYHKIIIT
f, To6T0 KH® MicTUTh KOH IOHKIIIO ¢V, a IMILTIIIEHTa ¢ Ma€ BU-
I @=V+u, ne y— Aeska au3 oK. Toal IMIUTineHTa @, 3riji-
HO 3 PIBHICTIO @-v=(V+L4)- V=V, NOTIUHATUMEThCS MPOCTOIO IMII-
mineHtoro v. Takum ynnom, KH® cknagatumerbes nuiie 3 mpoc-
TUX IMIUTIIEHT, ToOTO BoHa Oyne ckopoueHoro KH®. Teopemy
JOBEJICHO.

Hns onepxxanus CJIH® (CKH®) noriunoi ¢yHKIii, mogaHoi B
nosinbpHIM JTH® (KH®), ciouatky ciin nepersoputi ii B JJJHD
(AKH®) mmsxom posropranHs BuxigHoi JI® ta Buganenus ay6-
JIOIOYUX WICHIB, SIK y npukiamax 2.15 i 2.16. Ilicas mporo HeoO-
Xi7HO, 3rigHOo 3 MeTonoM KBaifHa, MOCHiIOBHO BUKOHATH IEpeT-
BopeHHs JI® HaCTYynHUMH KpOKamH.

1.V JAH® (JKH®) noriunoi ¢yskmii f(X,,..., X,) BAKOHYIOTh
yci omepailii HEMOBHOTO CKIICIOBaHHS KOHCTUTYEHT OJMHUII (HY-
ns1). Ilpu mmpomy ciijy MaTd Ha yBasl, MO KOXKHAa KOHCTHTYEHTA
ONMHUII (HYJsI) MOXKE CKIICIOBATHCS 3 KiTbKOMa 1HIIUMU (32 Pi3-
HUMU 3MIHHUMH), TOMY TICJIS TEPUIOro CKJICIOBAHHS ii HE MOTJIu-
HalOTh, & BUKOPUCTOBYIOTh JUISI UEPrOBUX OMeEpalliil CKJIeIOBaHHS
(y upboMy € CyTh omepaillii HEMOBHOTO CKJICIOBaHHA). B pe3ynbTaTi
onepxkana TakuM unHoM JIH® (KH®) mictuth 30epekeHi KOH-
CTUTYEHTH OAMHMII (HYJs) Ta IMIUIIKAHTU (IMIUTINEHTH) PaHTy
N—1, mpuyoMy ceper OCTaHHIX MOXKYT OYTH 1 MPOCTI IMIUTIKaHTH
(IMIUTILIEHTH).

2. BUKOHYIOTH MOTTIMHAHHS IMIUTIKAHTaMHU (IMILTIIEHTaMH )
BCIX KOHCTUTYEHT OAMHMII (HYJsI), 10 Opajiu y4acTh y HETIOBHO-



My ckiietoBaHHI. [[i KOHCTUTYEHTH MOTIMHAIOTHCS OOOB’SI3KOBO,
OCKIIBbKY KOKHA 3 HUX MICTUTbH Y CBOEMY CKJIa/li BIIACHY YaCTUHY,
110 JIOPIBHIOE OJHIH 3 O/Iep’KaHUX Ha MEPIIOMY KpOIli IMIUTIKaHT
(immurinenT). KoHnctutyeHT onunumi (HyIs), Kl HE Opaiu y4acTh
B OIEpallisix HEMOBHOTO CKJICIOBAHHS, HE MOXKYTh MOTJIMHATHCS,
BOHHU € TMIPOCTUMH IMIUTIKaHTaMu (iMrutinienTamMu) panry N. Ilicis
I[LOTO TPOBOJIATH BUIYYCHHS TyOIIOI0UNX YJICHIB.

3. BukoHyoTh omepaliii HEMOBHOTO CKJICIOBAHHS IMILTIKAHT
(imruminenTt) panry N—1 i HACTYMHOTO iX MOTJIMHAHHS IMIUTIKaH-
Tamu (IMILTIIIEHTaMH) paHTy N—2 3a aHAJIOTIEI0 3 OMepalisiMu 3a
kpokamu | i 2. Ll mpoueaypa mOBTOPIOETHCS 3 OACPIKAHHAM 1M-
IUTiKaHT (IMIUTIEHT) HHKYUX PAHTIB JOTH, TIOKU Oomeparlii HeToB-
HOTO CKJICIOBAHHS 3aJIUIIAIOTHCS MOYKJIMBUMH, a MICIIS MPOBEICH-
Hs omepaliii nornuHaHHsg y Gopmyni JH® (KH®) 3anumarbcs
JUIIe TPOCTI IMIUTIKAHTH (IMIUTIEHTH), TOOTO Oynme oJep:KaHo
CAH® (CKHD).

Ilpuknao 2.19. lleperBopumo y CH® nopmany B AIH®
JOT1YHY (QYHKIIIIO

f(X1, Xo, Xg) = Xu-XoXa+ Xi-Xor Xg + X XoXgF X - Xy X+ Xp X, - X
CriouaTKy BUKOHA€MO HETIOBHE CKJICIOBaHHs KOH IOHKIIN 3-ro
panry. CkieloBaHHIO MiJIAraloTh KOHCTUTYEeHTH 1 1 3 (3a nopsia-
KoM po3MmimeHHs y dopmyni JJ/ITH®D) 3a 3mMiHHOIO X;, 3 O€pKaH-
HSM IMIUTIKQHTH X,-X3; KOHCTUTYEHTH 1 1 2 32 3MIHHOIO X3, 3 OJIep-
KAHHSAM IMIUTIKAHTH X;-X,; KOHCTHTYCHTH 2 1 5 3a 3MIHHOIO Xp, 3

OZIEP’KAHHAM IMILTIKAHTH X Xy ; KOHCTHUTYEHTH 3 1 4 3a 3MIHHOIO

Xo, 3 OJEpXKAHHAM IMIUIIKAHTU X, -X;. KoOXXHa 3 KOHCTUTYEHT

JJIH® mae BmacHy YacTHHY, IO JOPIBHIOE OJIHIM 3 OJIEpPKAHUX
IMIUTIKaHT 2-TO PaHTy 1 TOMY IMOTJIMHAETHCA II€I0 IMIUTIKAHTOIO.
Ak pesynbTat ogepxxumo JIP

f(X1, X2y X3) = XoXa+ Xi-Xo + Xg+ Xg + X, Xa.



B oxepxkaniii Gopmyrmi 3alMIIMIIMCS JIHIIE KOH FOHKIIT 2-TO
paHry, siKi IOJAJIBIIOMY CKJICIOBAHHIO HE ITiUISATat0Th, TOOTO BO-
HU € MPOCTHMH iMIUTIKaHTamu. Takum guHOM, onepxkano CIIHD
BuxigHoi JI® y Burmsmi

f(Xg, X, Xs) = XuXo+ Xg Xg + X, Xa+ Xo'Xa.

Ilpuknao 2.20. IleperBopumo y CKH® nomany B JAKH®
J0TiuHy (QYHKIIIO
f(X1, Xo, Xa, Xa) = (XoV XaV XaV X)A( X, VXV Xa V X, )A(X, V Xy V XaV X, )A
AV Xy V X VXA X2V Xg VX A(X VX, V Xy VX ).
BukoHaeMo HEMOBHE CKIICIOBaHHS JW3 FOHKIIH 4-TO paHry.
Koncturyenra 1 (3a mopsiakom posmimenus y popmyni IKHO)

HE CKJICIOETHCS 3 JKOTHOIO 13 1HIIMX 5 KOHCTUTYEHT, TOMY BOHA €
IPOCTOI0 IMILTIEHTO0. CKIICIOBAHHIO MIJUIATal0Th KOHCTUTYEHTH

2 1 5 3a 3MIHHOIO X, 3 OJIEPKAHHAM IMIUTILEHTH X,V X3V X, ; KOH-
CTUTYEeHTH 2 1 3 3a 3MIHHOI Xp, 3 OJICPXAHHSAM IMIUTIIEHTH
X, VX3V X, ; KOHCTUTYeHTH 3 1 6 3a 3MIHHOIO X3, 3 OJEp KaHHAM

IMILTILEHTH X, V' X, V X, ; KOHCTUTYeHTH 4 1 6 3a 3MIHHOIO X, 3

OJIEp’KaHHAM IMIUIIKAHTH X; V X, V X; . KokHa 3 KOHCTUTYeHT 26

Ma€ BJIACHY YacCTHHY, L0 JIOPIBHIOE OJHIA 3 OJEpKaHUX IM-
IUTIIEHT 3-TO PaHTy i TOMY MOTJIMHAETHCA MI€I0 IMIUTIEHTO0. B
pe3ysbTaTi OJepKUMO JIoTiuHY QyHKUI0 y Burisai KHO:

F(Xe, Xy Xa Xa) = (X0V %o VXa V X)A (K V Xa v X, )A
A VXV X A VX VX ).

[TepeBipka MOXIJIMBOCTI TOMAPHOTO CKJICIOBAHHS IMILTIIIEHT 2,
3 1 4 mokasye, 1o 11e HeMOXIuBo. Lle 03Hauae, MO BOHU € TIPOC-
TUMH IMIUTIIIEHTaMH, a ojep:kaHa KH® e ckopoueHoro.

SAxuro Buxiany JI® 3amano nmoBHOO (3a BciMa Habopamu) Tab-
JUTEI0 ICTUHHOCTI a00 (OopMyIIOt0, 110 T03BOJIsIE TTOOYyBaTH T10-



BHY TaOiHI0 iCTUHHOCTI, TO 1st JID € nosnicmio eusnavenor. Y
TaKMX BHIAJKax 3aaany JI® MoxHa NUIIXOM BIAMOBIIHUX MEPET-
Bopenb nogatu y JJIH® a6o JKH® i nam onepxatu CAHD abo
CKH®.

[Tpu BepGanpHOMY omuci BuxigHa JI® moxke OyTu 3amaHa sk
HEMOBHICTIO BU3HAuUeHa (JIMB. O3HaUeHHs 2.5). 3BeeHHs 11 10 Io-
BHICTIO BU3HAYCHOI 3IMCHIOETHCS TPUCBOEHHSIM 1H JOBUIBHUX
3Ha4YeHb 13 MHOXUHU {0, 1} Ha TUX HAOOpax, HAa IKUX BOHA HE BH-
3Ha4yeHa. 3okpema, noBu3HadeHHA JID moxe OyTH 31ilicHEHe
MPUCBOEHHAM T 3HaueHb (0 200 1 Ha BCIX IIUX HaOOpax, KO0 MH
MaeMO HaMip TOJATH MOBHICTIO BH3HaueHy JID BiamoBigHO Yy
JNJAH® a6o JKH®. Ilicms mporo mns oxepxkanHs CJ/IH® abGo
CKH® 3 MeHImo KINBKICTIO CUMBOJIB MOYHA 3MIHHUTH IEIKi
sgaueHHs JI® 3 yncia goxaHux Ui 30UIBIIEHHS KIJIBKOCTI CKIIE-
IOBaHMX KOHCTHTYCHT, SIK 1€ TIOKA3aHO Y HACTYITHOMY TPUKIIAII.

Ipuxnao 2.21. Onucom noriunoi ¢yHkitii f(Xy, X,, Xs, X4) 3a1aHO,
[0 BOHA Ma€ 3HaueHHs | Ha Habopax 3 JECATKOBUMHU HOMEpPaMH
1, 10 1 14, 3nauenns 0 Ha Habopax 3 Homepamu 0, 91 13, a Ha iH-
X Habopax He BU3HAueHa (Ha MPaKTHUIll Taka CUTYyallis Mae Mic-
e, Ko HabOpU BXIJHUX CHTHATIB JUCKPETHOTO MPHUCTPOIO TO-
JUISTIOTHCSL HA JT03BOJIEH] Ta 3a00poHeH1). Ha Habopax 3 Homepamu
2—-38, 11, 12, 15 1 16 npucBoimo JI® 3navuenns 0 i mogamo 1o GpyH-
kuiro y JJTH®:

F(Xa, Xa Xay Xa) = (X, - Xy« Xg Xa) + (Xa- Xy Xa= Xy )+ (X Xor X5+ %, ).
HenoBHOMYy CKJI€IOBaHHIO MIJUISITAlOTh JIMILIE€ KOHCTUTYEHTH
4-ro panry 3a Homepamiu 2 i 3 (B nopsaaky po3mimieHss B JI/IH®D)
3a 3MIHHOIO Xp, 3 OJIEPKAHHAM IMIUTIKAHTH X;-Xs- X, . Ko’kHa 3 KOH-
CTUTYEHT 2 1 3 Ma€ BJIaCHY YacTHHY, SKa JIOPIBHIOE IMILUIIKAHTI

3-TO PaHTy X;'X3' X, 1 TOMY IMOITHMHAETHCS LIEH0 IMILUIIKAHTOMO. SIK
pe3yabTat oaepxumo CJIHD

F(Xe, Ko Xa, Xe) = (X + Xy + Xy Xe) + (KaXer X, ) (2.7)



31 30epekeHHsIM 3aJaHux 3HaueHb 1 Ta 0 BuxigHoi JI® na Habo-
pax 1, 10, 14 ta 0, 9 1 13 BignmoBigHO.

3nilicHuMo 3aminy 3HaueHb BuxigHoi JI® 3 0 Ha 1 Ha Habopi 3a
HoMepoM 3 1 moxamo 1o ¢yskIio y JJ/ITHD:

F(Kay Xor Xay Xa) = (X Xy + Xg Xa) + (X - Xy XaXe) +
+(Xar X, X3 X, )+ (X X X5+ %, ).

CKJICIOBaHHIO MIJISATAI0Th KOHCTUTYEHTH 1 1 2 32 3MIHHOIO X3,
3 OJEp)KaHHAM IMIITIKAHTH X, - X, -X4;"KOHCTUTYeHTH 3 1 4 3a

3MIHHOIO X,, 3 OJEp>KaHHAM IMIUIIKAHTU X;-Xg X, . KoxkHa 3 KOH-

CTUTYEHT Ma€ BJIACHY YAaCTUHY, 1110 JOPIBHIOE OJHIN 3 OZlepKaHUX
IMIUTIKaHT 3-TO paHTy i TOMY IMOTJIMHAETHCS III€I0 IMIUTIKAaHTOIO.
Sk pesynbrat ogepxkumo CIHD

(X0 Xor Xa) = X, - Xy Ko+ XX Xy - (2.8)

31 30epekeHHAM 3a/aHuX 3HadYeHb 1 Ta 0 BuxigHoi JI® Ha Habo-
pax 1,10, 14 ta 0, 9 1 13 BignoBigHO.

[Topiustaast CAH® (2.7) 1 (2.8) moka3zye, 110 OCTaHHS Ma€ Me-
HIIIE CUMBOJIIB, 3aBJISIKH “BJAJIOMY” JOBHU3HAUEHHIO HEMOBHICTIO
BH3Ha4YeHOI BuXigHoi JID.

CkopoueHi HopMalibHI (POpMH HE 3aBXKIU € MIHIMAIbHUMH 32
KUIBKICTIO CUMBOJIIB, SIK 11€ 0a4UMO 3 HACTYITHOTO TIPUKJIIATY.

Ilpuknao 2.22. Hexain nesky JI® nonano y JJJTHD:
f(Xl, Xo, Xa, X4) = ;1 X_2 . X_3 ~X4+X_1 . X_2 .)(3.)(4+;1 Xy X_3 X+
+ x_l Ko Xa+ Xy + Xy X X x_4 + Xy-Xo X Xa. (2.9)
3a merogom KBaiina onepxumo CJITHD

(X1, Xy Xy Xa) = X, Karb Xy X Xs + Xor X X, (2.10)



Jesiki 3 mpocTux iMIUTIKaHT y ckopoderiit JJH®D (2.10) moxyTh
3’s1BUTHCS 3aiBUMU. [lokakeMo, 10 TaKOK € IMIIIKAHTA Xp Xz Xa.
st uporo mposenemo “BunpoOyBanHs” QyHkuii (2.10) npu Bu-
KJIFOYEHHI 3 Hel JaHOi IMIUTIKaHTH, Y PE3y/IbTaTi 4oro OyaeMo ma-
TH QYHKIIIO

f(Xe, X, Xay Xa) = Xy Kot Xy XX, (2.11)

[Momana Hrx4de tabaums 2.8 ictunnocti Gyukmii (2.9) — (2.11)
nokasye, o (GpopMmyaaMu X (YHKIIH BU3HAYAETHCS O/1HA 1 Ta ca-
Ma yHkiis (XX, X3,X,). Omuak dopmyna (2.11) MICTUTH 3HAYHO
MEHIIIe CUMBOJIIB, HK Gopmyna (2.10), ToOTO iMIITIKaHTa Xp:X3:Xs Y
CKH® (2.10) € 3aiiBoto.

Tabmuus 2.8 — Tabnuus icruaaoCcTi QyHKii (2.9) — (2.11

Ne | Xi | X | Xs | Xa (D(nggﬂa (D?g_“fgfa X, X | XoXoXg (D?Z? IH)H a
0]o0|0]o0]0O 0 0 0 0 0
1](0lo0]o0]1 1 1 1 0 1
20010 0 0 0 0 0
3]0 0|11 1 1 1 0 1
4]o0]1]0]o0 0 0 0 0 0
5 0|1]0]1 1 1 1 0 1
6 |0|1]|1]0 0 0 0 0 0
70111 1 1 1 0 1
8 1/0]/0]0 0 0 0 0 0
9 [1]0]0]1 0 0 0 0 0
10]1]0]1]0 0 0 0 0 0
11011 0 0 0 0 0
2[1]1]0]0 0 0 0 0 0
B[1]1]0]1 0 0 0 0 0
“[1[1]1]0 1 1 0 1 1
151111 1 1 0 1 1

JlockoHana Ta cKopo4yeHa HOpMaibHI (POPMU MOJAHHS JIOTTYHUX
GyHKIINA HEe € eAMHUMMH HOpMalbHUMU (popmamu. JlomoBHUMO Iie-
pEITiK OCTaHHIX III€ IBOMA TX BHJIaMHU.

OsnauveHHs 2.26. JIu3’toHKIIS (KOH FOHKIISA) MPOCTUX IMILII-




KaHT (IMIDTILIEHT), )KOJHA 3 SIKUX HE € 3aiBOI0, HA3UBAETHCS MYNUKO-
soro JIH® (KH®D) noriunoi pyHkiii.

Hanpuxnan, JI® (2.11) 3 npuknany 2.22 € tynukosowo JIH®D
BuxigHoi Qynkuii (2.9). Y upoMy umtay MOXKE MEPEKOHATUCS
NUIXOM TIPOBEACHHS BUIIPoOyBanb (GyHKIT (2.11) mpu BuyueH-
Hi 3 HET IMIUTIKAHT X; -Xs TA X1-Xp X3,

KinbkicTs MoxuBuX TynukoBux JIH® Buximnoi ¢pynkuii (2.9)
JIOPIBHIOE OJUHMIN, Y YOMY MOXHa NEPEKOHATUCh, BUKOHABIIN
BuripoOyBannst C/IH® (2.10) npu BumydeHHI 3 HEl MO 4ep3i BCiX
IPOCTUX IMIUTIKAHT X, -Xg, X1-Xo'Xs T Xp-Xg'Xs. Y 3arajbHOMY XK BH-
najKy JoriyHa (pyHKIisI MOXe MaTh JEeKiJIbKa Pi3HUX TYMHKOBUX
HopMmanbHUX GopM (AHD i KH®), mo Biapi3HAIOTHCS KUTBKICTIO
cuMBOIiB (y M. 2.7 MU 3ycTpiHEMoOcs 3 TaKUMH Bumnaakamu). Lle
O3Hauvae, 110 iCHye TynuKkoBa HopMaibHa popma (JJHD ad6o KHD)
JoriyHoi QyHKIIT 3 MiHIMATBHOIO KUIBKICTIO CUMBOIIB Y 1i ¢op-
MY,

O3nauenns 2.27. TynukoBa HopMasibHa popma J1oriuHOI GyH-
KIIii, 1[0 Ma€ MiHIMaJIbHY KUTbKICTh CHMBOJIIB, HA3UBAETHCS MIHi-
manvroro (MJIIH®, MKHO).

[Tin yac mocTaHOBKH 3aja4i MiHIMi3allii KIJTbKOCTI CUMBOJIB Y
dopmymni JIO 3 meroro cnpoiieHHs 11 TexHIYHOI abo MporpamMHoi
peanizailii HeOOX1IHO MPOBECTH MpoleAypy MiHimizamii JID, Oa-
3ytouuch Ha 11 noaanHi y urisai CJH® a6o CKH®. Meron Bu-
npoOyBaHb, 3aCTOCOBAHUMN y MpUKIaAl 2.22, HE3pYUHHI uepes Ho-
ro TPYJOMICTKICTb, OCOOJMBO MNpPU BEJIUKIM KIJIBKOCTI MPOCTUX
iMrutikaHT (immutinedt) y ckiaal CAH® (CKH®). Bitbm 3py4ni
METOAM MiHiIMi3alil JOriuHuX (YHKIIH, SIKI IIUPOKO 3aCTOCOBY-
I0ThCS Ha MPAKTHUIIl, pO3MIIsiiaoThes y 1. 2.7, 2.8.

Konmpononi numanusn

Sxy Mery mepeciigye NOJaHHS JIOT1YHUX (QYHKIIA Ka-
HOHIYHMMHU (CTaHAApTHUMU) hopmamu?

JlaliTe o3HaYeHHS eIeMEHTApHOI U3 FOHKIIIT Ta eJIEMEHTapHO1
KOHFOHKIII].



JlaiiTe o3HaueHHs U3’ IOHKTUBHOI Ta KOH IOHKTUBHOI HOp-
MaJbHUX (OPM MOJAHHS JOTTYHUX (PYHKITIH.

SIki noriuHi GopMyNu € po3B’sI3yBaHUMHU? SIKUMH CTPYKTYp-
HUMHU OCOOJMBOCTSAMH 3a0€3MeUyeThCSI PO3B’SI3YBaHICTh €lleMEH-
TapHUX KOH FOHKIIN Ta JU3’ FOHKIH?

JlaiiTe o3HaueHHs 0a3u JOrivyHOT QYHKIIIT.

JlaliTe ~ O3HA4YEHHS  PaHTy  EJIIEMEHTApHOI  KOH FOHKIIi
(mm3’roHKIIT). YoMy TOpIBHIOE MaKCHMaJIbHE 3HAUYEHS PaHTy elie-
MEHTApHOT KOH FOHKIIi1 (I13 FOHKIIIT)?

JlaiiTe 03HAYeHHS! KOHCTUTYCHTH OJUHUIIL (HYJIA).

JloBeiTh BIACTHBICTh KOHCTUTYSHTH OAMHULI (HYIS), sKa MO-
Jsira€ B TOMY, 1110 BOHA Mae 3HaueHHs 1 (0) Ha OHOMY 1 TIJIBKU Ha
OJTHOMY HA0Opi apryMeHTIB JIOTIYHOT PYHKIIII.

bazyrounce Ha 3akoHax e MopraHa, TOBeiTh, 110 KOHCTUTY-
SHTH OJIMHUII Ta HYJIS, K1 TTOB’s[3aH1 BiIHOIICHHSM B3aEMHOI O/I-
HO3HAYHOCTI 3 OJTHUM HAOOPOM, B3aEMHO 1HBEPCHI.

JloBeniTh, MO KUIBKICTh KOHCTUTYCHT OIWHMII (HYJIS) CTPOTO
JIOPIBHIOE KUIBKOCTI HAOOPiB, HA AKUX JoriyHa (PyHKIis HaOyBae
3HadeHHs 1 (0).

JlaiiTe oO3Ha4YeHHS JOCKOHANOl W3 FOHKTUBHOI (KOH IOH-
KTUBHOI) HOPMaJIbHOT (JOPMU MOJAHHS JIOTTYHUX (QYHKIIIH.

[lepenivyiTh OCHOBHI BJIACTUBOCTI JOCKOHATUX HOPMAlIbHUX
(hopM no/1aHHs JOTTYHUX PYHKIIIH.

3a K01 YMOBH JIOT1YHI (QYHKIIi1, MOAaH1 PI3HUMHU aHATITUYHU-
MU (HopMyJiaMu, € PIBHOCHIIBHUMU?

HaBeniTh mocnioBHICTh JOTIYHHUX OMEpaIiiili i OJep KaHHS
JKH® 13 3ananoi AJIH® 1 nasnaku, AJIHD i3 JKHO.

HaBeniTh mocniioBHICTh JIOTIYHHUX OMEpaIiiii AJis OJep KaHHS
JJAH® a6o JKH® noriunoi ¢pyHKIII, Ky 3a/1aHO TOBLIEHOIO (o-
PMYJIOIO0, HE BIAMOBIHOIO 332 CBOEIO CTPYKTYPOIO U3’ FOHKTHBHIM
a00 KOH IOHKTUBHIN HOpMaNbHIH Gopmi.

JlaliTe 03HAYCHHS IMILIIKAHTU Ta iMIUTIEeHTH JID,

Hagenite n1oka3u TOro0, 110 KOHCTUTYEHTA OJAWHHIN (HYJS) JIO-
riunoi ¢pynkuii, noganoi y JJAH® (AKH®), € immaikanToro (iMm-



JIIEHTO0) €T PYHKIIII.

HaBenitpb goka3u TOro, IO BCi €JIE€MEHTapHI KOH FOHKIIIT
(mu3’ronkii) nmoxanoi y JIH® (KH®) noriynoi ¢pyHKuii € imMrti-
KaHTaMH (IMIUTILEHTaMM) i€l QyHKITIi.

JlaliTe 03HAYCHHS BJIACHOT YaCTMHM KOH FOHKIIIT (113’ FOHKIIIT).

JlaliTe 03HaUEHHS MPOCTOI IMIUTIKAHTH (IMILIIIIEHTH) JIOTIYHOT
¢ynkuii, noganoi y JJH® (KHD).

Yomy ckopoueHHs KinbkocTi cuMBodiB y JJH® (KH®) muis-
XOM 3aCTOCYBaHHsI OTepalliii CKICIOBaHHS IMIUTIKaHT (IMIUTILIEHT)
HEMOKJIMBE, SKIIO BOHU BC1 € IPOCTUMU?

Maiite o3nauenns ckopouenoi JJH® (KHD).

Hagenith gokasu Toro, mo O0yas-ska JI® moxe Oyt mogaHa y
Ui ckopoueHux JJH®D ta KHD.

Hagenits onuc npouenypu onepxkanus CAH® (CKH®) nori-
4yHO1 PyHKLIi, 3a1aH01 y Buriaai goBinbeHoi JIHD® (KHD).

SxUM YMHOM 3MIMCHIOETHCS TPHUBEICHHS HEMOBHICTIO BU3HA-
yeHoi JI® no mosHicTio BuzHaueHoi JJIH® (JIKH®D) 3 momainb-
M nieperBopeHHsM y C/IHO (CKH®)?

Uw 3aBXKIM CKOpPOYEHI HOpMaNbHI (OPMH JIOTIYHUX (DYHKIIIH €
MiHIMaJIbHUMH 32 KiTBKICTIO CHMBOJIIB?

VY yomy mossirae mpouenypa unpoOyBans CJIH® (CKH®)
joriuHoi QyHKIIT 3 METOI MiHiMi3allii OCTaHHBOI 3a KUIBKICTIO
CHUMBOJIIB?

Jaiite o3navyenns tynukoBoi JJH® (KH®) noriynoi ¢yHkii.

Uu MOXMB1 BUIIAIKU ICHYBAaHHS JEKUJIBKOX PI3HUX TYMHUKOBHUX
HOpMalIbHUX (opM oaHieT JID?

Jaiite o3nauenns midimansHoi JJH® (KHD).

HageniTe MoBHMI Nepesik HOpMaJIbHUX (OPM JIOTIYHUX (YHK-
1A, SIK1 3 HUX € KAaHOHIYHUMHU (CTaHIapTHUMHU)?

2.7 Meton KBaiina MiHiMizanii JIOTiYHUX (PyHKIIH
Minimizanist 3a memooom Keatina nependayae mogaHHs BUXIJI-

Hoi joriunoi ¢yskuii y JJH® (AKH®). Tomy saxmo (yHKIis
3a/laHa JOBUIBHOIO (POPMYJIO0, CIIIJ CIIOYATKY MEPETBOPUTH 11 B



JOCKOHATYy HOpPMalibHY ()OpMY HUISXOM PO3TOpPTaHHS (TPUKIAIH
2.15, 2.16). ITicns uporo nporeaypa miniMizaiii JI® BUKOHYyeThCS
32 HACTYITHUM a/120pUMMOM.

Kpox 1. Tleperoprorots JJIH® (JIKH®) noriunoi ¢yHKIii y
CAH® (CKH®), 6a3yrounck Ha Teopemi KmaitHa (Teopema 2.1,
npukiamu 2.19, 2.20).

Kpox 2. Bynywots imniixkanmuy (imniiyenmuy) mabauyio i Bu-
3HAYAITh A0po npocmux imniikanm (imnniyenm). Ilouarrs saep-
HO1, TOOTO HaJEKHOI O AApa, MPOCTOI IMIUIIKAHTH (IMIUTILIEHTH)
MOSICHIOETHCSI MT1]T Yac PO3TJIISAY MPUKIIAIIB.

Kpox 3. BusHauaioTh mepenik KOHCTUTYEHT OAMHHUII (HYJs),
10 HE MOKPUBAIOTHCS SICPHUMHU IMIUTIKAHTAMHU (IMILTILIEHTaMHU ).
[lousatTsa “noxpumms’™ MOSICHIOETHCA MMiJ 4Yac PO3TIISALY MpPUKIa-
JiB. SIKII0 TaKMX KOHCTUTYEHT HeMae a00 HAMUyeThCS JUIIE OJI-
Ha HesijiepHa iMIUTiKaHTa (iMrutineHTa), To Tynukosa JJHD (KHD)
€ €MHOI0 1 MIHIMQJIbHOIO. Y TEpIIOMY BUIAJAKY CKJIaJIOBUMHU Mi-
HimManpHoi JIH® (KH®) € nume Bei saepHi iMIutikaaTy (iMrutine-
HTH), a y IpyrOMY BUIIaJKy — BCI siIEpHI Ta JIMILE OJHA HesAepHa
IMIUTIKQHTH (IMILTIIEHTH).

SIkuo mepesik KOHCTUTYeHT OJUHUII (HYIs1), 0 HE TOKpUBa-
I0TbCS SJICPHUMH IMIUTIKAaHTaMM (IMIUTILIEHTaMH), HaJlluye HE Me-
1€ O/IHi€T KOHCTUTYEHTH 3a HasSBHOCTI JBOX abo0 Oiiblle Hesep-
HUX IMIUTIKQHT (IMIUTILIEHT), TO BU3HAYAIOTh yCl1 MOJIMBI BapiaH-
TH TIOKPUTTS IIMX KOHCTUTYEHT HESJEPHUMHU IMIUTIKAHTaMH (1MII-
minentamu). Kinpkicts TynukoBux JJH® (KH®) nopiBHio€E Kijb-
KOCTI ITUX BapiaHTiB.

Kpok 4. Cxnanatots popmynn Bcix Tynukosux JH® (KHOD) 1
BUOMPAIOTH 13 HUX MIHIMAJIbHY 32 KIJIbKICTIO CUMBOJIB.

Posrnsinemo nponenypu MminiMizanii JI® Ha npuknanax, okpe-
Mo s BuxigHix IJIH® i IKHD.

Ilpuknao 2.23. Jloriuny ¢yukuito noxaxo y JJ/IHD:
(X1, Xo, X3y Xg) = ZAX_Z/\X_3 /\X4v;1 /\X_ZAX3/\X4\/

VX AXo A Xy AXaV X AXa AXGAXGV X AKX A Xg A X, V



vX1/\X2/\X3/\X_4vX1/\X2/\X3/\X4. (2.12)
Kpox 1. 3a metonom Ksaitna ogepxxumo CJIHD
(X1, X2, X3y Xg) = Z /\x4vx1/\x2/\x3vx1/\x2/\x_4vxz/\x3/\x4. (2.13)

Kpox 2. ns Bunydenns i3 (2.13) HamMImKoBuX (3aiBHUX) Mpo-
CTUX IMIUTIKAHT MOOYAyeEMO IMIUTIKaHTHY Tabnuipo (tadm. 2.9).
YoTtupu paaku TaGnuili BigNOBIJAIOTh MPOCTUM IMILUTIKAaHTaM i3
(2.13), a ciM CTOBHIIIB — KOHCTUTYCHTaM OJMHHMIII — JOJaHKaM
bynkuii (2.12).

Taomuus 2.9 — ImutikanTHa Tabaus Keaitna

KoHCTUTYeHTH OMHMII
IMIti- | %A% | x Ax. | o _ XL AXp A
S T X AXANIAX, A KIAKA Xy AXo A

KaHTHUu A A _ 3

Y AXg AXg [AXgAXg | AXZA Xy [AXZAXg

A X3 AXg [AXIA Xy X4

X A Xy X X X X
XaA Xo A X3 X X
Xl/\ X2/\ X4 X X
Xo A X3 A Xy X ~

SIKIo iMIUTIKaHTa € BJACHOK YaCTHMHOIO KOHCTUTYEHTH, TO
KJIITUHKA HA TIEPETHHI BUAMOBIIHUX PSJIKA 1 CTOBMIIS BiAMIYA€Th-
cs xpectukoM. Ilo cyTi, XpecTukoM ¢ikcyeThest TOH (akT, 0 Mij
yac neperBopenns JJIH® y CIIH® imrutikanta “noxpusac’ Bij-
HOBIJIHY /10 HEi KOHCTUTYeHTY. CyTHICTh OKPUTTS OJTHOIO IpOC-
TOIO0 IMIUTIKAHTOIO €JIMHOI 400 JEKUTbKOX KOHCTUTYCHT OIWHUII
HOJIsITa€e B TOMY, 1110 B pe3ynbraTi nepersopenns JJIHD y CAHD
pOCTa IMIUTIKAHTA MOTJIMHAE 1[I KOHCTUTYEHTH (IIpOCcTa IMILIIKa-
HTa HaOyBae 3HayeHHs | Ha BCIX TUX 1 TUIBKM TUX HaOopax, Ha
AKX HaOyBalOTh 3HA4YeHHS 1 BCl KOHCTUTYEHTU OJMHUII, Bllac-
HOI0 YAaCTUHOIO SKMX € I iMIuTikaHTa). OCKUIBKK y Tporenypi
nepetBopenns [JJIH® y CJIH® 3ailicHIOIOTbCS omepallii HermoB-




HOTO CKJICIOBaHHS, TO OJHAa KOHCTUTYECHTa MOXE MOKPHBATHCS
JEKUIbKOMa MPOCTUMH IMITJTIKAaHTaMHU.

Jlist KO)KHOT KOHCTUTYEHTH TIEPEBIPAETHCS, YM € BOHA TaKOIO,
10 TIOKPHUBAETHCS JIUIIE OJHOIO IMIUTIKaHTOI0. 3 Tabm. 2.9 Gayu-

MO, IO TAKUMH € KOHCTUTYEHTH X; A Xy AXg AXay X A Xy AXgAXa,
X, AXoAXg AXy  Ta X AXpAXg AX,. IMIuikaHTH X AX, Ta

Xi AXp A X, , IO TOKPUBAIOTH Ii KOHCTUTYEHTHU, Ha3UBAIOTh SIEP-

HUMU, BOHU CTAHOBIIATH “0p0”° IMILTIKAHT.

Kpoxk 3. Y HamioMy npuKiaji siAepHi IMIUTIKAHTH TOKPUBAIOTh
yCi KOHCTHTYEHTH OJMHHMIIL, KPIM X; A X A X3 A X, LT KOHCTHTYEHTa
Ma€ TIOKPHBAaTHUCh OJHIEI0 13 JBOX HEAJICPHUX IMILUIIKAHT:
XiAXaAXz 200 X AXaA X, Lle o3HAwae, Mo KiTbKICTh TYMUKOBUX
JH® nopiBHoE 2.

VY 3arajibHOMY BUIAKY, KOJU KIJIBKOCTI HESIAEPHUX IMILTIKAHT
1 KOHCTHTYEHT, 110 HE MOKPUBAIOTHCS SACPHUMH IMIUTIKAHTaAMH,
OLNbIIIe OAWHUIN, JJIS BHSABJICHHS BapiaHTIB MOKPUTTS LIUX KOH-
CTUTYEHT 3pyYHO CKOPHUCTATHUCS CKOpoueHoio (CIPOILICHO) iM-
NAKaumuorw maobauyero.

CknamaHHs  CKOpPOYEHOI
IMIITIKQHTHOT TabIuIl
(tabn. 2.10) 3mificHIOETHCA
[IIXOM BUITyYEHHS 13 TOB-
HOT IMIUIIKAaHTHOI TaOIuIil
(Tabm. 2.9) psankis, mo Bia-

Tabmuus 2.10 — Ckopouena
IMILTIKQHTHA Ta0IULSA

Hesnepni Konctutyentn
IMIUTIKQHTH | OJAMHUIII

XINXo N X3 N X4 [MOBIJAIOTH IMILTIKAHTAM $I/I-
X1 X2- X3 a pa, i CTOBIIIB, IO BiANOBI-
X2+ X3+ X4 X Jal0Th KOHCTUTYEHTaM OJIH-

HUIIi, SIKI TOKPUBAIOTHCS 1M-
TUTIKAaHTaM| S7pa.

VY upomy npukiaai modyaoBa CKOPOYEHOI IMILIIKAHTHOI Tal-
JIMII He € HeoOX1mHoK. Mu Hasenn tadnuiro 2.10 e mis 11r0-
CTpallii NPUHLMUIIB CKJIaJaHHs TaKuX TaOIHIIb.

Kpox 4. OueBuaHO, 10 JIOT1YHA CyMa BCIX SACPHUX IMIUTIKAHT



Mae OyTH CKJIaJJOBOIO YaCTHHOIO Oyib-skoi TynukoBoi JJH®. [lo-
JAl0Yd 10 Hel BapiaTUBHO KOXKHY 3 IMIUTIKAHT Xi-Xo:Xz 1 Xo-Xz-Xa,
oJiepkuUMo popmynu Tynukosux JJHO:

f(Xe, X0, Xa, Xe) = X AXaVXIAXo AXgV g AXp A X, | (2.14)
f(Xe, X0, Xas Xs) = X AXaVXIAK2 A Xy VKo AXa V X, (2.15)

O6ungi Tynukosi ¢pyHkuii (2.14) 1 (2.15) MaloTh OAHAKOBY Ki-
JBKICTH CUMBOJIIB (OYKB, 3HAKIB JM3 TOHKII1, KOH FOHKIIIT Ta 3are-
peueHHs1), ToMmy Oynb-sKy 3 HUX MOXHA OyTH B3TH 3a MiHIMallb-
Hy (111€ 0/1Ha 0COOJIMBICTH LILOTO MPUKIIATY).

®opmanizanito merony KpaiiHa, opieHTOBaHYy Ha MOXIIMBICTb
IporpaMHOi peartizalii mpoueayp MiHimizamii JoridyHuX (QyHKIIIH,
3anpononyBaB Mak-Knacki. dopmarnizaiiist moisira€ B TOMy, 1110 Y
dopmyi enemMeHTapHOI KOH FOHKIIIT (13 OHKIIT) 3MiHHa 0e3 3a-
nepedeHHs (13 3amepedeHHsM) 3aMiHpeThes yucioM 1 (0), a
3MiHHA i3 3amepeueHHsM (0e3 3anepedenns) — yuciaom 0 (1), Ha
MICISIX BIJCYTHIX 3MIHHUX CTaBIsAThCA nedicu (Taky dopmaniza-
I[I}0 MU BXXE€ 3aCTOCOBYBaiu y mpukiazl 2.14). Taki nmo3HaueHHs
€JIeMEHTApPHUX KOH FOHKIIIN (13 FOHKI[IN) Ha3UBAIOTHCS V3aeailb-
Henumu kodamu. Y nipukiani 2.23 tabmn. 2.9 i3 popmanizoBaHUMH
3a Mak-Knacki mo3Ha4yeHHsIMH KOHCTUTYEHT OJUHUII Ta MPOCTUX
IMIUTIKQaHT Matume Bursia Tabmumi 2.11. Tlo cyti, mo3nayeHHs
KOHCTUTYEHT OJMHMII 3aMIHSIOThCS JBINKOBUMH HOMEpamH Ha-
0opiB, Ha SKUX IIi KOHCTUTYEHTH MalOTh 3HA4YeHHA 1, a B MO3Ha-
YEHHSX NPOCTHX IMIUTIKAHT JedicaMu MO3HAYAKOThCS BUIIYYEHI
po3psiau HaOoOpiB, BIAMOBIIHUX KOHCTUTYEHTaM, IO IOKpHUBa-
I0OThCS IIUMHU IMIDTIKaHTamMu. [lomiTEMO, 110 Hamuc QYHKINN
(2.12) i (2.13) Takox MOXHa MOAATH B y3arajJbHEHHX KOAax (4Yu-
Ta4 MOXKE 3pPOOUTH I1€ CaMOCTIHHO, 3a aHAJOTIEI0 3 MPHUKIAIOM

2.14).

Tabmuis 2.11 — ImmmikaaTaa Tabani Kesaitna—Maxk-Kitacki

| Ivmi- | KoHcTHTYeHTH OMHULT




KaHTH | (0001 0011 | 0101 | 0111 | 1100 | 1110|1112
0--1 X X x X
111- X X
11-0 X
-111 X X

Ha mincrasi Tabmumi 2.11 ogepxkxyemo Tynukosi JIHD B y3a-
TaJIbHEHUX KOJIaX:

f(Xq, X2, X3, X5) = 0--1v111-v11-0; (2.16)
f(Xy, X2, X3, Xg) = 0--1v11-0v-111. (2.17)

[InsxoM Mepexoay BiJ y3araJlbHEHHWX KOJIB JI0 TO3HAYCHB
3MiHHMX OykBamu 13 (2.16) 1 (2.17) omepXyrThCs BIAMOBITHO
byskmii (2.14) 1 (2.15).

Ilpuknao 2.24. Jloriuny ¢yukuito nonano y JKH®:

(%o, Xr Xa Xa) = (X0 V XV Xa W XAV Xy v Xs VXA KDY X, V Xy VXA
/\(Xl\/xzvx_3 vX4)/\(X_l V XV XgV X4)/\(X_1 VX2VX3\/X_4)/\
/\(X_lvxzvx_svx_4). (2.18)

Kpok 1. 3a meronom Ksaiina onepxxumo CKH®:
F(Xy, X, Xay Xa) = (KW XaV X)A(X, VXV Xa)A(X, V XoV X, YAV X). (2.19)

Kpox 2. Ins BuityuenHs i3 (2.19) 3aliBUX NpoCTUX IMIUTILIEHT
noOynyeMO IMIUTIEHTHY Taonuiio (tadn. 2.12). Yorupu psaku
Ta0NuIll BIAMOBITAIOTH MPOCTUM IMIUTieHTaM 13 (2.19), a cim
CTOBIIIIB — KOHCTUTYEHTaM HYJs — CHIBMHOKHHUKaM (yHKII{
(2.18). Xpectukamu BiMiu€HI MOKPUTTS MPOCTUMH IMIUTILIEHTA-
MU TIEBHUX KOHCTHTYEHT HYJIS.



Taomuus 2.12 — Imrutinedraa tadbnung Keatina

KoHcTuTyeHTH HyIs
Irui- — X = X X,
LEHTH X1V XV XV X, V XV X, Vv XV X, VXV X vV X vy
V X3V X4 V X3V X4 \/X3\/X4 VX3VX4 V X3V Xg \/X3\/X4 \/X3\/X4
XoV XaV Xq X X X
Xl VX2V X3 X x
X VXV X, X X
X1V Xa X X X X

SnepHUMU IMIUTIIICHTAMU € X_1 V XV X_4 Ta XV X

Kpox 3. SlnepHi IMIUTIIEHTH MOKPUBAIOTH yCl KOHCTUTYEHTHU
HYJS, KpiM ;1 VXV X3V Xg. LIS KOHCTHTYCHTa Ma€e TOKPHBATHCS
OJTHI€IO 13 IBOX HESACPHUX IMILTIIICHT: X,V X3V X4 200 x_l Vv XoV Xs. e
O3Hauae, mo KinbkicTh Tynukosux KH® nopisHioe 2.

Kpok 4. Jlopatoun 10 cyMH SACpHUX IMIUTIIEHT BapiaTUBHO
KOXKHY 3 IMIUTIEHT XpV X3V X, 1 ;1 V XpV X3, OLEPHKUMO (HopMyn
nBox TynukoBux KHO:

(X, Xar X, Xo) = (X, VXov X, YAV X)ADRY Xav X, (2.20)
(X1, X2y X3, Xa) = (X, VXV X AV X)A(X VXV X3).  (21)

O6unBi tynukoBi ¢yHkuii (2.20) 1 (2.21) mMaoTh OJHAKOBY
“noBxkuny”’, ogHak QyHkiis (2.20) Mae Ha OJUHUIIIO MEHIIE OTe-
pariii 3anepeyeHHs, TOMy caMe ii CJIiJ] B3SITH 3a MIHIMAJIbHY.

PexomeH1yeMO unTaueBi CaMOCTIMHO pO3B’s3aTH 337a4yy MiHi-
Mizanii QyHkuii (2.18) 3 BUKOpUCTaHHSAM y3arajJbHEHUX KOJIB 3a
Mak-Kunacki.

Konmponvni numanns

V kit popmi Mae 6ytn nopana JI® g ii miHiMizalii 3a Me-
tonoMm KBarina?
Buxnanite anroputm minimizanii JI® 3a merogom Kpaiina.




Hagenite ¢opmy iMITikaHTHOT (IMILTINEHTHOT) Tabnwii KBaii-
Ha, TIOSICHITh TIpaBuWJia 3alIOBHEHHS i KIIITHHOK.

[TosICHITh TOHATTSA MOKPUTTSA NPOCTUMH IMILTIKAHTaMH (IMILTi-
[IEHTaMH ) KOHCTUTYCHT OuHuUIIl (HyJs1) BuxigHoi JID.

Uu Moke 0JTHa KOHCTUTYEHTa TIOKPUBATUCS JCKIIBKOMA TIPOC-
TUMH IMIUTIKAHTaM#?

[TosicHITh MOHATTS sAApa IMIUTIKAHT (IMIUTIIEHT). SKi iMITTiKaH-
TH (IMIUTIIEHTH) € HESACPHUMHU?

[TosicHITH 3B’A30K MiX KUIBKICTIO HESJEPHUX IMIUTIKaHT (iMIm-
JIIEHT) 1 KutbKicTio TynukoBux JIH® (KHD).

V skux unaakax rynukosa JJH® (KH®D) € exunO0?

Hagenite Qopmy ckopoudeHoi IMILTIKaHTHOI (IMILTILIEHTHOT)
tabymni KBaifHa, TOSCHITH TpaBHiia 3alIOBHEHHS 11 KJIITUHOK. Y
YOMY MOJISIrae KOPUCHICTh TOOYIOBH 1 aHami3y 1iei Tadbnuii?

3a SKMMH TIpaBWIAMH CKJIAJAIOTBCS (OPMYIIH TYITHKOBHUX
JIH® (KH®) nHa migcTaBi iMIUTIKaHTHOT (IMIUTIIIEHTHOT) TaOIuUIli
Kgaitna?

Y domy momnsrae Qopmanizamiss merony Ksaiina wmiHimizamii
noriunux (yHKIiH, 3ampornoHoBana Mak-Kacki?

[TosicHITP TPUHLUIK TOJAHHS EJIEMEHTAapPHUX KOH IOHKIIIH
(113 FOHKI1H), 30KpeMa KOHCTUTYEHT OJMHHULI (HYJA) 1 MPOCTUX
IMIUTIKAHT (IMILTIIEHT) y3araaibHEHUMHU KOJIaMHU.

3a SKMMU TIpaBWIAMH CKJIATAIOTBCS (OPMYIIH TYITHKOBUX
JIH® (KH®) na miacraBi iMIutikaHTHOI (iMIUTieHTHOT) TaOmuii
KBaitna—Mak-Knacki?

3a SKMMU TpaBWJIaMHU 3JIHCHIOETHCS TEpexin BiJ y3arajabHe-
HUX KOJIB O HaTYpPHMX IO3HAa4Y€Hb 3MIHHMUX y Tynukosiil JTH®D
(KH®)?

2.8 Meton Beiiua — Kapuo
MiHiMi3anii JorivHnx pyHKuin

Posrnsnytuit y n. 2.7 meron KpaiiHa mpugatHuil s MiHIMI-
3amii JoriyHux QyHKIINA Oyab-aKOi KUIBKOCTI apryMEHTIB, 3 MOX-
JMBICTIO MpoOrpaMHoOi pearnizamii. Y TOH ke 4ac MmpHu po3B’s3aHHI



3aB/IaHb PO3POOJICHHS JAUCKPETHUX IMPHUCTPOIB OOPOOKH HAHHMX,
ABTOMATHKH Ta yMPaBIiHHI CTaBUThCA 3a7a4a MiHiMizalli JID He-
BEIMKOro yucia 3MiHHuX. Komu 6aza JI® mictuTh He Ounbine 6
3MIHHUX, 3pYYHHM 1HCTPYMEHTOM MiHiMi3alii € MeTo, mo 0a3y-
€THCS HA 3acTocyBaHHI xapm Kapmno (miarpam abo tabnuinn Beii-
ya-KapHo).

Ha kapti Kapno noriuna ¢yHKmist N 3MIiHHEX 3aJIa€ThCS CIICITi-
aTbHOIO (POPMOIO TAOIUIl ICTHHHOCTI — Y BUTJISA PO3KPECICHOTO
NPAMOKYTHHKA, B IKOMY KiIBKICTh KIITHHOK JOpiBHIOE 2" MOX-
TuBHUX HaOopiB y 6a3i JID. Skmio KiUIbKICTh 3MIHHMX N MapHa, TO
KIJIBKOCTI PSIIKIB Ta CTOBIMIIB Yy TaOJMIlI JOPIBHIOIOTh 2"2 sxmo
HelapHa, TO KUIbKICTh PSJIKiB JTOPIBHIOE 207D 4 kinbkicTs cTOB-
T

[TpaBuna cknaganus kapt KapHo nependaudaroTh MOJaHHS BU-
xigaoi JI® 3BWUYaliHOIO TAONMIICI0 ICTHHHOCTI a00 y BHIJISII
JJAH® (AKH®), mo piBHOCHIBHO B CEHCI MOXKJIMBOCTI BUSIBJICH-
HSI TIOBHOTO TIEPEITiKy KOHCTUTYSHT OJMHUII (HYJIS).

3amanas JI® Tabmunero kaptu KapHO 3MIMCHIOETBCS TaKUM
YHHOM: SKIIO BuXigHa ¢yHKUA nogaetses y JAHD (JAKH®), To
CNiJl 3amucaTH OJWHUIN (HYyNi) B KIITUHKax, IO BiANOBIIAIOThH
HabopaMm, Ha AKX BoHa HaOyBae 3HaueHHs 1 (0), a pemTy KIiTH-
HOK 3aJMIIUTH MOpOXHIMU. Iy Toro mo6 BUOIp KIITHHOK OYyB
OJIHO3HAYHHM, MOTPIOHO HUISIXOM po3mimku maobauyi 3a0e3nedn-
TH B3a€EMHO-OJIHO3HAYHY BiJMOBIIHICTH MiXk 2" kniTMHKAaMH Ta0-
st Ta 2" MOKJITUBAMHE N-eJIEMEHTHUMH Habopamu B 0a3i JID.

Psaaxu Ta croBmui tabmuui B kapTi KapHo po3miuvaroThes 3a
rpaHsMyd TaOiuIl (371iBa HANpaBO Ta 3BEPXy BHU3) CHUMBOJAMU
3MIHHHX 13 3allepeueHHsIM Ta 0€3 HbOr0, HabopaMH 3MIHHUX KiJlb-
kicTio BiAg 1 1o n—1. Habopu 3MiHHUX Ha rpaHsAX TaOJUll Po3Mi-
YarThCS TakK, 00 JBa CyCiHI HAOOPH B CTOBMII 200 PSAIKY Bif-
PI3HSUTHCS 3HAYCHHSIM OJHI€T 3MIHHOI: B OJTHOMY HaOoOpl BOHA 13
3armepeveHHsM, a B CyciHboMy — 0e3 Hporo. I[lpu 1pomy BBaxKa-
€THCS, 110 KOXKHA KIIITHHKA TaOJuIll, 0 TPUMHKAE 10 TpaHi Tab-
JUI, € CYCIAHBOIO 1O KIITKH, SKAa MPUIIATAE TO MPOTHUICKHIN



rpaHi i po3MillleHa Ha Tii ke caMiii TOPU30HTATI a00 BEPTUKAII.
BukoHaHHAM IMX yMOB 3a0€3MEUYEThCS BXODKCHHS KOXXHOL
3MIHHOI B TMOJIOBUHY KIIITUHOK TaOJUIl i3 3amepedeHHsM, a B iH-
11y TMOJIOBHHY — 03 3amepedeHHs. 3a TaKOK PO3MITKOI KOXKHA
KIIITUHKA TIOB’SI3y€THCS BITHOIIEHHSIM B3a€MHO-OJHO3HAYHOI BiJl-
MOBIJTHOCTI 3 €IMHUM HabopoM 13 6a3u JID, axuii € 00’ €THaHHIM
B KOPTEXK JOBKUHOIO N HAOOPiB 3MIHHUX, SIKUMH TIOMi4€H1 PSI0K
1 CTOBHEIb, HA MEPETHHI SAKUX 3HAXOIUTHCA LA KiIiTHHKA. Lliero
BIJIMOBIAHICTIO 3a0€3MEeYYETHCS OJTHO3HAYHICTh BUOOPY KIIITHHKH,
y sSkuii Moxe OyTu 3anucane 3HaueHHS JID Ha Oyab-gIKoMy 3 Ha-
OopiB i3 6a3u JID.

Lmroctpariero po3miTku Tabnuii Ha KapTi KapHo Moxe ciyxu-
™M puc. 2.6, A¢ B KIITUHKAX TaOJUWIll 3amucaHi Qopmyan
KOH IOHKIIi# 11 8 HabopiB ¢yHKIil f(Xy, X,, Xs), moganoi B JJJAHD,
a BEpXHIMU 1HJICKCAMH BiJIMiueHi IeCATKOBI HOMEPH ITUX HAOOPIB.

X2 X2
vy (6 (7) v (5) vy .y ¥
X1 XXy 0 X X Xp o Xg X Xy 0 X X Xp 0 X
v v vy @ v (3) Y .v @) v .v .y 0
X X Xy 0 Xy XXy 0 X X Xy 0 X X Xy 0 Xy
Xq X3 Xg

Pucynok 2.6 — Po3miTka Tabnuni Ha kapTi KapHo
st JIJTH® noriunoi pyHKIIT 3 3MIHHUX

[Tin gac 3apanHs koHKpeTHO! JI® y JI/TH® neBHi KOH IOHKIIIT
MaloTh CTaTyC KOHCTUTYEHT OAMHHMIN M 3aMICTh HUX Yy BIJAINOBIJI-
HUX KITITHHKaX Tabnuii (puc. 2.6) 3aMuCyrOTh OJUHUIN, a periTa
KJIITHHOK 3QJIMINAIOTHCS MOpokHIMEU (1-#1 Ta 4-if cToBMIl TabIUII
BBKAIOTHCA CYCITHIMU). SIKIIO X Y KIITHHKaX, 10 HE BiAIMOBI-
JAI0Th KOHCTUTYEHTaM OJMHHIII, TIPOCTABUTH HYII, TO MH OJIep-
KHUMO TabuuIto icTuHHOCTI JI® y KOH IOHKTUBHIN (Qopmi, B AKil
JTOTPUMYETHCSI B3aEMHO OJIHO3HAYHA BIJMOBIIHICTh MK Habopa-
Mu 3MmiHHUX JI®, 3HaueHHsmu JI® wHa 1mx Habopax Ta




KOH FOHKTUBHUMH fojankamu JIJIH®, Bxiaroyarouu KOHCTUTYEH-
TH OQWHUI] Ta HAJUIMIIKOBI KOH FOHKIIII.

[Tix yac 3aganns JI® y JIKH® y xmiTuHkax TaObauIl 3 TaKoO
CaMOI0 PO3MITKOIO PSJIKIB 1 CTOBMIIIB, SIK HAa pUC. 2.6, OyayTh 3a-
MUCaHi 113 FOHKIT THX caMHX 3MIHHHX (puc. 2.7).

X2 X,

Xp | X A% A% O (X %+ % P x 4%+ % P x X, X, @

XX % @+ DX % 1% O XX O

X3 X3 Xq

Pucynok 2.7 — Po3mitka Tabnuui Ha kapTi KapHo
it JAKH® noriuHoi ¢yHkmii 3 3MiHHEX

s xonkpetHoi JI® neBHI 113 IOHKIIIT MalOTh CTaTyC KOHCTHU-
TYEHT HyJA 1 3aMICTh HUX Y BIANOBIIHUX KIITHHKAX TaOJMI 3a-
MUCYIOThCS HYINi, a pelliTa KIITUHOK 3aJUIIAI0ThCS MOPOKHIMHU.
Skm10 X y KIITHHKAX, IO HE BiJNOBIIal0Th KOHCTUTYEHTaM HYJIA,
IPOCTABUTH OJMHMUII, TO MU OJIEP’KUMO TaOJIHUIO ICTUHHOCTI JID
y JOu3’IOHKTUBHIA QopMmi, B SKId JOTPUMYETHCS B3a€EMHO-
OJTHO3HAYHA BiJNOBIHICTh MIX Habopamu 3MiHHUX JID, 3HaueH-
Hamu JI® Ha mux Habopax Ta Iu3’FOHKTUBHUMU CITIBMHOXHUKA-
vu JIKH®, BKiIfO4aroud KOHCTUTYEHTH HYJS Ta HAaJJIUIIKOBI
T3’ FOHKIM].

I3 mopiBHSAHHS puc. 2.6 1 2.7 MOKHA IOMITUTH HEOJTHAKOBE PO-
3MIIIEHHS HOMEPIB HA0OpiB, a OTXke, 1 3HaueHb JID mo KIiTHHKAX
tabnuupk. Lleit Hemonik kaptu Kapuo ans AKH® (puc. 2.7) moxHa
YCYHYTH, TIOMIHSIBIIA MICISIMH JIA3 FOHKIII, 11O BiJMOBIIAI0Th
Habopam 3a Homepamu 017,116,512, 314, B pe3yabTari 4oro
pO3MITKa KIITUHOK Yy Tabnuii kaptu KapHo craHe Takoro, sk Ha
puc. 2.8. Tyr KokHa TU3’IOHKIIS € 1HBEPCIEI0 KOH FOHKII 3 Ti€l




camoi KIIITHHKH Ta0JIHnII puc. 2.6, HaIIPUKJIIA],

S — —®
X+ X +% @=X-X-X, (3akoH je Mopraua).

X2 X,

(6)

X1 | X+ X, +X, X A+ X+ Xy DX X 4% @] X 4%, 4% @

@)

X X+ X X X X DX X % O] X Xy % ©

Xq X3 X3

Pucynok 2.8 — Po3miTka Tabnuui Ha kapTi Kapno
st JJKH® norignoi ¢pynkumii 3 3MiHHAX

[IpaBoMipHICT, 3amOBHEHHS KIITHHOK TaOmuii 3a (Hopmoro
puc. 2.8 BUIUIMBAE 3 TOTO, IO 3a MPABWIAMH CKJIaJaHHS KOHCTH-
TYEHT OIMHUIN Ta Hyms (auB. npukian 2.10, m. 2.6) myist ogHOTO i
TOTO X camMoro HaboOpy BOHHM € B3aeMHO iHBepcHuMHU. OTxe, 3a
YMOBH 3aIHCY KOHCTHTYCHT OJIMHUII Ta HYJA 32 Gpopmyrnamu, Ha-
BeJCHUMHU y Tabm. 2.6 i1 2.8, MOXHa CKJIACTH 1 BUKOPUCTATH B
npouenypi minimizamii JI® yniBepcansny kapty Kapho, B sikiif
KJIITUHKY TaOJHIll, 110 BIANOBIJIAIOTH KOHCTUTYEHTaM OJIMHUII Y
cknanai JJJIH®, 3anoBHIOIOTHCS OJUHUIISIME, a PEIITa KIITHHOK —
HyJSMHA (BOHHM BIANOBIJAIOTh KOHCTUTYEHTaM HYJSl y CKJaji
JIKHO®).

Kapra Kapno, moOygoBana 3a onmMcaHUMH TpaBUJIaMH 3all0B-
HEHHS KJIITUHOK TaONIuUIll OAMHULIAMH 200 (Ta) HYJISIMH, Ta€ HA0U-
HE YSIBJIIEHHS PO HAsABHICTb CE€pell KOHCTUTYEHT OJMHUII (HyIs)
TaKMX, 1[0 MalOTh OJIHAKOBI BIACHI YaCTHUHH, TOMY J103BOJIsIE (hO-
pMaTbHO BUKOHYBATH HETIOBHE CKJICIOBAHHS i TOTJIMHAHHS KOH-
CTUTYEHT OJMHHII (HYJS) MPOCTUMHU IMIUTIKaHTaMH (IMILTIIIEHTa-
Mu) 0Oe3 HaJUIMIIKOBUX, TOOTO ojepxyBaTu TynukoBy JIHO
(KHD).

[Tponenypa minimizarii JI®, nmomanoi y JAHD (JIKH®D) a6o
TaOMUIEI0 ICTUHHOCTI (110 PIBHOCHIJIBHO), 32 JIOTIOMOTOI0 MOO0Y-




JOoBaHOI KapTu KapHO 311IICHIOETHCSI TAKUM YHHOM.

Eman 1. BukonyioTh moOyIOBY KOHTYpIB, IO OXOILIIOIOTH
KIIITUHKY 3 OJIMHULISIMU (HYJISIMH), TOTPUMYIOUUCH TTPABHLIL:

1) koHTYp Mae OyTH 3aMKHEHHM (OBAJbHHUM, MPSIMOKYTHHUM
a00 KBaJpaTHUM);

2) KOHTYp MOBUHEH OXOIUIIOBATH JIUIIE KIITUHKU 3 OAUHUIISIMU
(HynsMHu);

3) KUIBKICTh KJIITHHOK YCEpeIWHI KOHTypa IOBHHHA OyTH
LIUTUM cTeleHeM 4ducia 2, tooro 1, 2, 4, 8, ...;

4) KOXKHHI KOHTYp MOBUHEH OXOMUTH MAaKCUMAaJIbHO MOKJIUBY
KUTBKICTh OJMHUIL (HYJIIB), OCKUIBKH YUM OLIbIIEC OJAUHUIL (HY-
JiB) Y KOHTYpi, THM KOpOTIIIA iMILTiKaHTa (IMILUTIIIEHTa), 0 MOK-
pUBa€ KOHCTUTYCHTH, BIJIIMOBIAHI KIITHHKAM, OXOIUICHUM IIUM
KOHTYPOM;

5) yci oguuuii (Hyni) HOBUHHI OyTH OXOIUICHI KOHTypamu (y
3B'SI3Ky 3 HEMOBHUM CKJICIOBAHHSIM KOHCTUTYEHT JOIMYCKAETHCS
NEepEeTHHAHHS KOHTYPIB);

6) mig yac moOymoBH KOHTYPIB HIDKHIM 1 BEPXHIM PSIIKU Ta
JIBUH 1 IpaBUi CTOBMII TAOIHII BBOKAIOTHCS CYCITHIMU (3MHUKa-
IOTBCS TIPH 3TOPTaHHI MOJOTHA TaOJIUI Y IUIITH/AD).

Eman 2. OnepxyoTh aHaMITUYHHN Bupa3z TynukoBoi JJH®D
(KH®), 3Baxkatouu Ha Take:

a) CIUIPHOIO BJIACHOIO YAaCTHHOIO BCIX KOHCTUTYEHT OJIMHUII
(Hy”ns), IO BIAMOBIAAIOTH KIITHHKAM, OXOIUIEHUM KOHTYPOM, BH-
3HAUYAETHCSl MPOCTa IMIUTIKAHTa (IMILIILEHTA), SKa MOTJIMHAE Il
koHCTUTYeHTH. [llo Oinblie onuWHUIL (HYTIB) OXOILTIOE KOHTYD,
TO KOpOTILA IMILJIIKAHTA, SIKa MMOKPUBA€ KOHCTUTYEHTH OJUHHII
(Hy”nst), BIAMOBIAHI KJIITUHKAM, OXOIUIGHUM KOHTYpOM. SIKIIO KO-
HTYp OXOIUIIOE JINIIE OJIHY OJMHULIO (HYJIb), TOOTO OJHY KIITHH-
Ky, TO TPOCTOI IMIUTIKaHTOW (IMIUTIIEHTO0) OyAe BiIMOBiAHA
KOHCTUTYEHTa OAMHHUIIL (HYJI);

0) 3araibHa KUTHKICTh IMIUTIKAHT (IMIUTIEHT) B TYHUKOBIiH
JIH® (KH®) Oyne nopiBHIOBAaTH 4HCIy MOOYIOBAaHUX KOHTYPIB,
NpUYOMy 3aiiBUX IMILTIKAHT (IMIUTILEHT) He Oyzae. SIKIo BapiaHT



noOyJOBH CUCTEMH KOHTYPIB € €IMHUM, TO OJIEp’KaHa TYIHKOBa
JIH® (KH®) 6yne MiHIMaIbHOW. Y MPOTHICKHOMY pasi 3 4ucia
OJICpXKAaHUX y PI3HUX BapiaHTax MOOYJOBH KOHTYPIB TYIHMKOBUX
JIH® (KH®) BubOuparoTh MiHIMAJIbHY 3a KUIBKICTIO CHMBOJIB B il
dhopmyui.

Otxe, Bupas JI® y purmsani tynukooi JJIHO (KH®) 3anucy-
I0Th 32 TAKHUMH [TPABUIIAMH

1) KUIBKICTh MPOCTUX IMILUTIKAHT (IMIUTIIICHT) JOPIBHIOE KiJb-
KOCTI KOHTYpiB Ha KapTi KapHo;

2) y KOXHINA IMIUTIKaHT1 (IMIUTIIEHTI) 3aJIMIIAIOTHCS JIUIIE Ti
3MiHHI OXOIUICHUX BIAMOBITHUM KOHTYPOM KOHCTHTYCHT OJIUHUII
(Hynst), Kl € iX CHINBHOI0 BIACHOIO YAaCTHMHONO, a Ti 3MiHHI, 3a
SIKUMU IIi KOHCTUTYEHTH CKJICIOIOTHCS, JO IMIUTIKAHT (IMILTIIICHT)
HE BXOJISTh.

[TomiTiMO, IO MeTO MiHIMI3aIii 3a Jonomoror kapt KapHo
MOJK€ 3aCTOCOBYBATHCSA TaKOX JJi HEMOBHICTIO (4aCTKOBO) BH-
3HadeHux JI®, nomannx y JH® (KH®), i minimizyBaTH iX muis-
XOM “BJIaJioro” NOBU3HAYCHHs. Y I[bOMY pa3l OyIyIOThCS TaKOXK
KOHTYPH, IO MICTATh X04a O OJHY OJUHUINO (HYJb) 1 A0 SKHX
BXOJIATh, IIIJITXOM JOBU3HAUEHHS, T0AATKOB1 OAMHMII (HY1).

Ockinbpku 3acTocyBaHHA KapT KapHO po3risgaeTscs Moo 3a-
nad miniMizarii JI®, 6a3za KX MiCTUTh HEBENUKY (HE OiIbIe Hixk
6) 3MIHHUX, TO HallKpallUM CIIOCOOOM 3aCBOEHHS ‘‘TEXHOJIOTi”
nobynoBu kapT KapHo Ta po3B’si3anHs 3agad MiHimizanii JIO mum
METOJIOM € PO3IJIsi]] 3pa3KOBUX MpUKIaiB. [ OU1b1I0l HAOUHOC-
Ti aprymenTu JI® 6yaeMo no3HavaTH npornucHUMHU OykBamu A, B,
C, D, G, V. Tloyremo i3 TpOCTINIOTO BUMAJKY, KOJIU CTaBHTHCS
3aJlaya MiHiMi3aIlii JJoriuHoi PyHKIII{ TBOX 3MiHHUX.

Ilpuknao 2.25. TloctaBuMo 3aBmaHHs MiHiMizamli JI® aBox
3MIHHUX, SIKY 33JIaHO TaOJIHIIet0 iICTHHHOCTI (Tadu. 2.13).

Ta6muus 2.13 — Tabauus ictuarocTi GyHKIiT F(A, B)

Ne A B F(A,B)

0 0 0 1




1 0 1 1
2 1 0 1
3 1 1 0
I3 Tabu. 2.13 punnuBae noganns ¢pynkuii y JJAH® ra JKHO:
FZ[L[H(D(AaB):R'E'l'R'B'l'A'E, (2.22)
Fruuo(A, B) = (K +B ). (2.23)

Kapry Kapno s ¢ynkuii (2.22) nogano Ha puc. 2.9. Sk 6a-
YHMO, Ha KapTi MOOyAOBaHiI ABa KOHTYPH, SKMMH OXOIUICHI BCI Ti
KJIITHHKH, B SKUX 3amucadi 3HadeHHs | ¢yHknii (2.22) Ha HabO-
pax NeQ, 1, 2.

{00 3HAWTH MPOCTY IMILTIKAHTY, IO TIOKPHBAE€ KOHCTUTYCHTH
OJIMHUIIl, OXOIUIEHI KOHTYpPOM, HEOOXITHO 3’sICyBaTH, 3a SIKOIO
3MIHHOIO IIi KOHCTHTYCHTH CKJICIOIOThCA. OCKITbKHA BEPTHUKAIIb-

HUN KOHTYpP OXOILTIOE PSIKU 3

A ta A, To 3miHHa A He BXO-
JTUTHh JI0 TMPOCTOI IMIUTIKAHTY,
0 TIOKPUBAE KOHCTHTYCHTH

B B

A g

A-B ta A-B manoro KOHTYypa

A (1 1 (3a HEI CKIICIOIOTHCS IIi KOHC-
TUTEHTH).
Mipkyrouu AQHAJIOT14HO,

3’}ICOBy€MO, mo 10 HpOCTOI

Pucynok 2.9 — Kapra Kapno - ;
IMITII1IKaHTH, sKa IMOKpHUBae

bynxuii Fypo(A, B) - e

koHcTUTyeHTH A-B Ta A-B

TOPU30HTAILHOTO KOHTYpa,

3MiHHa B Bxonutn He Oyzme. OTxe, miHiManbHa JIH® noriuHoi

¢yHKkHil, mo 3anaHa Tabmuuer icTMHHOCTI (Tabm. 2.13) abo
JJH® (2.22), mae BUTIIA

EMn (A,B)=A+B. (2.24)

I3 mpakTu4HOiI TOYKM 30py pO3B’sA3yBaTu 3ajauyy MiHiMizamii
¢ynxuii F(A, B) B KH® y nupomy npukiaa HeMae CEHCY, OCKLIb-




K BoHa Mae 3HadeHHs ( nume Ha ogHOMy Habopi (Ne3,
T1aba. 2.13). Tomy 1i anamitnuna dopmyna (2.23) MICTUTH JIHIIIE

OJIHY KOHCTUTYEHTY Hynst A+ B, sika 3 O4eBHIHICTIO € IPOCTOIO
imrutinienToro. Omxke, miniMansHa KH® noriunoi ¢ynkmii, mo 3a-
naHa Tabmunero ictuHHOCTI (Tadm. 2.13) ado JKH® (2.23), mae
BUTJISI

FMn(A,B)=A+B. (2.25)

[Tpu dpopmanbHOMY MiAXO1 7O PO3B’sI3aHHA 3a/1a4i MiHIMi3amii
¢byukuii F(A,B) y KH® mu oxgepxumo kapty Kapro, momany Ha
puc. 2.10. Ha miit kapti 3nauenns 0 ¢pynkumii (2.23) 3anucane nu-
e B OAHIM KIITHHII Ha MEPETHHI PAJKA 1 CTOBMISA, PO3MIYCHHUX

3MiHHUMH A 1 B . €quHMiI KOHTYp OXOIUTIOE caMe II0 KIITHHKY,

TOOTO €IMHY KOHCTHTYEHTY Hynsi A+ B, sika i3 KOJHOIO 1HIIOO

KOHCTUTYEHTOIO0 HE CKJICIO€ThCS (y JAaHOMY BUIAJKY IHIIUX KOH-
CTUTYEHT HYJISI HE ICHYE).

B B OTtxe, piroun (opmaib-

HO 3a MertogoM Beii-

A ya—KapHo, Mu oxepxkuMo

pe3yiabTar y Burisai (2.25).

> |

@ VY piBHOCWIBHOCTI (yH-
K (2.22) — (2.25) uurau
MOX€e NEepeKOHATUCh, MO0Y-
TYBaBIIM JIJISl HUX CIIUJIBHY
TaOJIMIIIO0 ICTUHHOCTI.

Pucynok 2.10 — Kapra Kapno
byHkuii Fyo(A, B)

Ilpuknao 2.26. 3naiinemo midimansHy JIH® noriunoi ¢yHkmii
TPHOX 3MIHHUX, 3a7aH0i B JIJITH®D:

F(A,B,C)=AB-C +A-B-C+A-B-C+A-B-C+A-B-C (2.26)

Kapra Kapno ¢ynxmii (2.26) momaerbcs y ABOX BapiaHTax
(puc. 2.11a, 6).
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Pucynok 2.11 — Kaptu Kapuo ¢ynxuii (2.26)

3rigHo 31 cXeMaMH PO3MIIEHHST KOHTYpiB Ha kaprax KaphHo
puc. 2.11a12.116 onepxxyemo nBi Tynukosi JJHD:
3a tabsmieto puc. 2.11a

FoI(A B,C)=A-B+A-C+A-B; (2.27)
3a Tabmuneto puc. 2.116
F> (A,B,C)=AB+B -C+A-B. (2.28)

OueBuaHo, 3a MiHiManbHy JJH® cnig B3stu Qynkuiro (2.27) i3
MEHIIIOI0 KUIbKICTIO CUMBOJIIB, HiXK (2.28).

Ilpuknao 2.27. 3naiinemo minimansny KH® ¢ynknii 3 npu-
kiany 2.26. Jlna uporo nogamo i y IKH®:

F(A,B,C)=(A+B+C)-(A+B+C)-(A+B+C).  (2.29)

Ile mMoxxHa 3pOOUTH, B3SBIIU IO-

B B NBiliHE 3amepeueHHs QopMynu

(2.26) 3a aHanori€ero 3 MPUKIAIOM

A QD 2.10 abo 3 Tabmuii ICTUHHOCTI

A 0 JI®, nobGynoBaHoi 3a i1 3a1aHOIO
JJIHD (2.26).

c C c Kapry Kapno ¢ynkuii (2.29)

Pucynok 2.12 — Kapra Kapuo OAGHO Ha puC. 2.12. KoHctuty-

bynkii (2.29)



entd Hyna A+B+C 1 A+B+C, axkuM BiANOBIAaIOTH OXOIUIEHI
KOHTYPOM JIBI KIIITHHKH 3 HYJISIMH, CKJICIOIOTHCS 32 3MiHHOIO C i
MOKPUBAIOTHCS MPOCTOI0 iMIuTineHTor0 A+B, a KoHCTUTyeHTa
Hyns A+B+C cama € mpocToro IMILUTIIEHTOO (BiMOBIIA€ KITITH-
HII 3 HyJIEM Y HIDKHBOMY PSAKY TaOJHIi).

Takum uymnoMm, miHiMansHa KH® 3amganoi joriuynoi ¢yHKITIT
Mae€ BUTJIS

Fon (A, B,C)=(A+B)-(A+B+C).
Ilpuknao 2.28. TloctaBumo 3a1ady MiHiMi3alii JIOT1yHOT QyH-
KIIi1 TPhOX 3MiHHUX, 3a1aH01 B JJJIHD:
F(A,B,C)=A-B-C+A-B-C+A-B-C+A-BC. (2.30)

[Tobynyemo kapry Kapuo s miei GpyHKIii 3 po3MITKOIO BCiX
KJIITHHOK ii 3HaYCHHSMH Ha BIANMOBiIHUX Habopax (puc. 2.13).
YoTUphOM KOHCTHUTYSHTAM OJIH-

B B Huni i3 (2.30) BigmoimaroTh 4

A ( o lo ] ( 111 ] KJIITUHKY (TOMIY€H1 OJIMHULISIMH ),
A LO 0 J L 1 1J IO OXOMITIOIOTHCS OIHMM KOHTY-
— c — poM. IX CHUIBHOIO BIIACHOKO Yac-

C C THHOIO € 3MiHHa B . Bona ¢ im-

Pucynok 2.13 — Kapra Kapno MiikaHToo (paHry 1), o nokpu-
¢ynxkuii (2.30) Ba€ 11l KOHCTUTYEHTH.
TakuM YMHOM, MiHIMaJIbHA
JAH® Mae Burmsa

Fmn(A,B,C)=B.

KniTuaku TaOauIl, HE MOMIYEHI OAMHHUISIMHU, BIAMOBIIAIOTH
KOHCTUTYEHTaM HYJIs A+B +C, A+B +6, A+B+C i A+B+C
(iHBepcisiM KOH’ FOHKIIIN A-B-E, A-B-C, A-B-C i K-B-C). Bonu
MOMIY€HI HYJISIMHM I OXOIUIEHI OJHUM KOHTYpoM. CHUIBHOIO BJlac-

HOIO YaCTHHOIO IIMX KOHCTHTYEHT HYJs € 3MiHHa B, mo nokpu-
Bae 11 KOHCTUTYeHTH. Tomy MiHiManbHa KH® mae Burmsg



Fmn (A,B,C)=B.

36ir ¢popmyn minimansaux JJH® i KH® y 3aransHomy Bumai-
Ky HE € O0OOB’SI3KOBUM. Y IbOMY MpPHUKIAIl 30ir 00yMOBIEHUMN
TUM, 110 111 (OPMYIH OJHOEIEMEHTHI P X PIBHOCHIIBHOCTI.

Ilpuxnao 2.29. 3uaiinemo minimaneai JJH® 1 KH® norivuaoi
byHK1IT TphOX 3MIHHUX, 3a7aH01 B JIJITHD:

F(A,B,C)=A-B-C+A-B-C+A-B-C+A-B-C+

+A-B-C+A-B-C. (2.31)

. Kapry Kapuo mns ¢yskmii

B B (2.31) momgano Ha puc. 2.14. Ho-
PYERIE 1] TUPU KOHCTHUTYCHTH OIMHHUII,
SIKAM BIJIIOBIZArOTh 4 KJIITUHKHA

)_A 1 ﬂ 0 ||z l-roi 4-ro CTOBIIIIB, OXOILIE-
—] Hi OJTHUM KOHTYPOM, TIOKpHUBa-

C C Cc I0ThCS. 3MIHHOIO (TIPOCTOIO M-

Pucynok 2.14 — Kapra Kapno  mikanToro) C. Ille 2 kiniTuHKH
¢Gyukuii (2.31) y 2-my Ta 3-My CTOBHISIX, IO

MOMIY€eH1 OIWHHUIAMH, OXOII-

JIOIOTBCS KOHTYpaMU 3 TOMIYCHHMH OJUHHIISIME KITITHHKAMU
HUKHBOTO Ta BEPXHBHOTO PsiiKiB. KOHCTUTYEHTH OJNMHUII, 11O Bi-
JMOBIAIOTh KIITHHKAM 1-r0 1 2-TO CTOBIIIIB HWXKHBOTO PsJIKa,

MOKPHUBAIOTHCS MPOCTOro iMIUTiKaHTo0 A -B. KoHcTuTyentn onu-
HUIIl, IO BIAMOBIIAOTH KJIITKaM 3-TO 1 4-TO CTOBIIIIIB BEPXHHOTO

psiziKa, MOKPUBAIOTHCS MPOCTOIO iMILIiKaHTOIO A- B . V pesynbrati
oepxyemo MiHiMasibHy JIHO

Fmn(A,B,C)=C+A-B+A-B.

[Tomivyeni HynsiMu KoHCTHTYeHTH Hynst A+B+C 1a A+B+C
€ MPOCTUMH IMIUTIIIeHTamMu MiHiMansHOT KHO:

F" (A,B,C)=(A+B+C)-(A+B +C).



Sk 6aunmo, minimansHa JJH® mae meHme cumMBoIiB y Gpopmy-
i, Hixk MiHiMansHa KHO.

Ilpuknao 2.30. 3naiinemo miHiManbHy JIH® dacTKkoBO BU3HA-
YeHol JIOTIYHOI (PyHKIIT TphOX 3MIHHHUX, 3aJlaHOi TabJUIEI0 ic-
TUHHOCTI Ha KkapTti Kapuo (puc. 2.15). ledicamu momiueH1 KIiTH-
HKH, 110 BiAMOBIAarOTh HabOpaMm, Ha skux 3HaueHHs JID He BU-
3HAYCHI.

SAxmo 3pobutu noBusHaueHHs JIO HyTLOBUMHU 3HAYCHHSIMH Ha
BCiX nux Habopax, To JJIH®D miei pyHkIrii MaTuMe BUTIIS

F(A,B,C)=A-B-C+A-B-C,
a 3 TAaKUM JIOBU3HAYCHHSM, SIK TTOKa3aHo Ha puc. 2.16, JAHD ma-
THME BUTJISA

F(A,B,C)=A-B-C+A-B-C+A-B-C. (2.32)

B B OxonmBImIM TApU  CYCITHIX

OJIMHUIb KOHTYPAaMH, SIK TMOKa-

Al _lo | - |1 3aHO Ha puc. 2.16, omepKumo

— MmiHiManbpHy JJHD:
Ao |- |1 ]0 : —
Fue (A,B,C)=A-B+B-C.
C C C Hamamo MoXJjmMBICTH 4YHTa-

Pucynok 2.15 — Kapra KapHo  4eBi camoCTiiiHO ofepkaTu Mi-
4acTKOBO BU3Ha4ueHOl pyHkuii  HimMansHy KH® ¢ynkmii (2.32),

B B JIOBU3HAYEHOI 11 HYJIbOBUMH
3HAYEHHSIMU 3T1HO 3 puc. 2.16.
[l oD
Ilpuknao 2.31. 3Haiinemo
Alo |0 w 0 MiHiManbHy JIH® noriunoi ¢y-
HKII1 YOTUPHOX 3MIHHUX

cl C Ic F(A,B,C,D)=A-B-C-D+
Pucynok 2.16 — Kapra Kaphro +A-B-C-D+A-B-C-D+
noBHU3HA4YCHOT QyHKIii (2.32) +A.B-CD+A-B-C-D +
+A-B-C:D. (2.33)



Kapry Kapno ¢ynxkuii (2.33) nmonano wa puc. 2.17. Sk Buruim-

B B
[T\ 0|0 |o [c
ST o o [T 1
Al o Ao
ol 0|0 |0 |c

D D D
Pucynox 2.17 — Kapra Kapno
¢dyukuii (2.33)

Ba€ 3 PO3MITKH KOHTYpiB, MiHi-
MasibHa JIH® mae Burisig

Fmn(A,B,C,D)=C-D +

+AB-D+A-B-C. (2.34)

Croci0 po3MITKH pSIIKIB 1
CTOBIIIIB TaOJMIII Ha KapTax
KapHo, 1110 MU BUKOpUCTOBYBa-
M y npukianax 2.25 — 2.31, e
€ €IUHUM 13 MOXJIMBUX. 3pyd-
HIIIUM, OCOOJIMBO B 3ajadax
MiHImMi3anii ¢yHkmii 4 — 6
3MIHHHUX, € CIIOCIO, IO Tepe.-
0ayae po3MiTKy psAkiB i (abo)

CTOBIIIIB TaOJHIII HabopaMH 3 ABOX (MOKJIMBO ¥ OlijIbIlE) 3MiH-
Hux. Hanmpukmnan, xapra Kapno ¢ynkuii (2.33) i3 Takoro po3miT-
KO Matume Bursia puc.2. 18a.

cD
apey 00 | 01 11 10

00| 0 |o |1 ]]al

01 0|0 |0 |1

CD| CD|CD|CD

AB| 0|0 |[T Y

ABl 0| 0|0 |1

Aé dl o | o [

AB| o | 0| o0 |1
a)

10/ o] 0| 0|2

0)

Pucynoxk 2.18 — Kaprtu Kapuo ¢pynkii (2.33)

I3 xapTu Kapno puc.2.18a Hecki1aqHO TOMITHTH, IO OXOIUJICH]
KOHTYpam# KJIITHHKH BU3HAYaIOTh Ti caMi KOH FOHKTUBHI JOJaH-



KH, 10 cKianatTh MiHiManeHy JJH® (2.34). Moaudikaris Takoi
pPO3MITKH, 10 MOKa3aHa Ha puc. 2.186, BiAPIZHAETBCA THUM, IO
Ha0OpH 3MIHHUX MMO3HAYCHI iX IBIHKOBUMH KOJIAMHU.

Pesynbrarom po3B’s3anHs 3amadi MiHimizamii JI® y pasi 3acto-
cyBaHHS KapTu KapHO 3 KOJIOBOIO pO3MiTKOO TabmiwuIli Oyzae 1 mo-
JaHHS B y3araJlbHEHUX Kojax. Y mpukiani 2.31, 3aCToCOByrOUH
KOJIOBY PO3MITKY Tabnuui B kapti KapHo, Oyne onepxaHo BUpas
MiHiManbHOI JTH®:

FMn(A,B,C,D)=(--10) + (11-0) + (001-), (2.35)
IO MpH iHTepIpeTamii B OYKBEHUX MMO3HAYCHHSIX 3MIHHHX 30ira-
€Thes 3 (2.34).

3acrocyBaHHS po3MiTKH Tabnmmi B kapti KapHo HabGopamum
3MIHHHX OCOOJIMBO 3py4yHE MiJ 4ac po3B’sA3yBaHHS 33734 MiHIMi-
3anii yHKIiH 5 1 6 3MiHHUX, SK 1€ TIOKa3aHO Y HACTYITHUX MPHK-
nanax.

Ilpuknao 2.32. 3unaiinemo midimansHy JIH® noriynoi ¢yHkmii
5 3MIHHUX

F(A,B,C,D,G)=AB-C-D-G +AB-C-D-G+AB-C -D-G+
+AB.C-D-G+AB-C-D-G +A B-C-D-G+A B-C -D-G+
+AB-C-D-G+AB-C-D-G + A B-C-D-G +A-B-C-D-G . (2.36)
Kapry Kapno ¢ynxmii (2.36) nogano Ha puc. 2.19.

CD| CD| CDh |CD [CD|Ch | CD]|CD
AB
AB] 1 1 1 1| 1
AR 1 1] 1 1 1
AB 1

G G
Pucynok 2.19 — Kapra Kapno ¢ynxrii (2.36)



I3 pO3MITKM KOHTYpIB BHUIUIMBAE, IIO IMEpIIi 8§ KOHCTHTYEHT
onunMIi 3 (2.36) ckierorotbes 3a 3MiHEEME A, C, D, G 1 nokpu-

BalOThCA MPOCTOI0 iMIuTiKaHTo B. Koncturyentu AB-CD-G i
A B-C-D-G CKICIOIOTBCS 3a 3MIHHOIO A (HeTOBHE CKJICIOBaHHS) 1
MOKPHUBAIOTHCS MPOCTOIO IMITIIKAHTOIO B-C:D-G. Koncturyentu
AB-C:D-G i A-B-C:D-G ckieoroThest 3a 3MiHHOW0 B i mokpu-
BalOTHCS MPOCTOI0 IMIUTIKAHTOIO ACD-G.B pe3ynbTaTi ojaep-
)Kyemo MiHiManbpHYy JIHD:
EMn(A,B,C,D)=B+B-C:D-G +AC-D-G .
Ilpuknao 2.33. 3naiinemo minimaneny JJH® noriunoi GyHkmii
6 3MIHHHX
F(A,B,C,D,G,V)=A-B-C-D-G-V+A-B-C-D-G -V+
+AB-C-D-GV+AB-CD-G-V+AB.C-DGV +
+AB.C-D-G-V+A-B-C-D-G-V +A-B-C-D-G -V +
+ABC-D-G-V +AB-C-D-G -V . (2.37)
Kapty Kapno ¢ynkuii (2.37) no6yayeMo 3 po3MITKOIO PSIIKIB 1
cToBnuiB Tabmuui (puc. 2.20) HabopamMu 3MIHHUX Yy JIBIMKOBHX

KozAax (3MiHHI 0e3 3anepeueHs 13 (2.37) 3aMiHSIOTHCS OJTUHUIISIMH,
a 3MIHHI 13 3allepeYeHHIMU — HYJISIMU).

G
BC 00 01 11 10 10 11 01 00
00 | L1
01 1 1
11 1 1

1 Gl [
¥ 1]

11
01

00 1|

Pucynoxk 2.20 — Kapra Kapno ¢ynkuii (2.37)
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I3 po3miTKH KOHTYpiB BUILUIMBAE, 1m0 MiHiManpHa JJHD B y3a-
raJbHEHHUX KOJAaX MA€ BUTIIS

E™" (A, B, C, D, G, V) =(00000-) + (0101-0) + (11011-) + (1-10-0),

a Py 3aCTOCYBaHHI NTO3HAYEHb 3MIHHUX OyKBaMu

FM"(A,B,C,D,G,V)=(A-B-C-D-G)+(A-B-C-D-V)+
+(A-B-C -D-G)+(A-C:D-V ).

Omxe, kapty KapHo MokHa 0(OpMITIOBATH 3 OY/b-SIKOK PO3-
MITKOIO PSIJIKIB 1 CTOBIIIIB TaOJIUIl, IPOTE JIUIIIE TaK, N[00 KOXKHA
KJIITUHKA BiIIOBi/ajia neBHOMY (i eAnHOMY) Habopy 3 6a3u JID i
mo6 cycijHi HabopH, KaK 1O TOPH30HTAJIl TakK 1 IO BEPTUKAI, Bi-
JPI3HSIIMCS MK COOOIO TIJIbKHM 3HAYEHHSIM OJHI€T 3MIHHOI: B OJI-
Hill KIJIITHHII BOHA i3 3allepeyeHHsM, a B CyCiqHi — 0e3 HbOTO.
[Tpu npoMy citi MaTH Ha yBas3i, M0 KIITUHKU, PO3MIILIEH]I Ha MPO-
TUJISKHUX TPaHIX TaOJHIll Y KOXKHOMY PSAIKY 200 CTOBIIIII, TAKOXK
€ CYCIAHIMH.

Konmponvni numannsn

CKIJTbKH PSAIKIB 1 CTOBMIIIB MICTUTh TaOJIHIIS ICTUHHOCTI JIOT1-
yHO1 (yHKIIT N 3MiHHUX Ha KapTi KapHo, sKImo 4uciao N mapHe
(nemapue)?

Hasgite popmu noganns JID, mo miansrae miHiMizalii 3a 10-
noMororo kaptu Kapno.

SIkuM 4MHOM 3AIMCHIOETBCA 3aaHHs JIOT1yHOi (DyHKIIIT Tabmu-
neto Ha kapti Kapuo?

SIkuM 4MHOM 3a0e3MevyeThCcsl OJJHO3HAYHICTh BUOOpPY KIIITH-
HOK B Tabmuui kaptu KapHo, 110 momivaroTbes OAUHUISIMU (HY-
nsmMu)?

Buxnanite nmpaBuiia po3MITKH PSJIKIB 1 CTOBIILIB TaOJIUI Ha
kapTi KapHo.

[ToOynyiiTe madnon kaptu Kapuo mis JI® nBox (Tppox) 3MiH-
HuX, noaanoi B JI/IH®, 3 po3miTKOIO PSJIKIB 1 CTOBMIIB TAOIHIII.



VY KIiTHHKaX TaOMUIl 3alUIIITh JIOTIYHI BHPa3d BCIX MOXIIMBUX
KOHCTUTYEHT OJIMHHMIN. SIkMM 4MHOM Ha 0a3i 1poro mabioHa 3a-
JaTH TaOJIMIIO ICTHHHOCTI KOHKpeTHOT JID?

SlkuM YMHOM TIOMIYarOThCS KIITHHKHM Tabmuil kaptu Kapho,
st JIO, moganoi y JI/IH® abo 3BuuaitHOIO TaONHIICI0 ICTHHHOCTI
Ta MiHiMi3oBaHO1 B [JH®D?

[TobynyiiTe madnon kaptu Kapuao mist JI® nBox (Tphox) 3MiH-
Hux, noganoi B JJKH®, 3 po3miTKOO psAAKIB 1 CTOBMIIIB TaOJIHIII.
VY KIiTHHKaX TAOMUIl 3alUIIITh JIOTIYHI BHpa3d BCIX MOXIMBUX
KOHCTUTYEHT HyJIs. Yu BIAPI3HAETHCS PO3MITKA PSAIKIB 1 CTOBIIIIB
BiJ Takoi gk g JI®, moganoi B JIJIHD?

SxuMU CUMBOJIAMHU Ta 3a SIKUMU MPaBUJIAMU ITOMI4alOThCS KJli-
TuHKY Tabimui kaptu Kapuo mns JI®, moganoi 3Bu4aiiHorO Tald-
JIMLEK ICTUHHOCTHU Ta MiHiMi30BaHOI B KH®D?

Buknaznite mpaBmia moOymoBu yHiBepcanbHOi Kaptu KapHo,
npuaaTHOL sl po3B’sa3aHHs 3aaa4 MiHimizauii JIO sk y JIHD, tak
1 KH®.

Buxnanite nponeaypy wmiHimizanii JI®, momanoi y JAHD
(AKH®) abo 3BHuaiiHOIO TaOIMIICI0 ICTUHHOCTI 3a JOIIOMOTOIO
kaptu KapHo.

Buxnanite mpaBmwia nmoOyloBH KOHTYpiB, IO OXOIUIIOIOTh
KIITUHKA 3 OJUHUIIMHU (HymsiMH) B Tabmumi kaptu Kapho. 3
AKOI0 MeTor0 e pobutbca? UYum moxuinBa OaraToBapiaHTHICTh
MHO>KHWHU KOHTYPiB?

Buxnanite npaBuia onepxxanss ¢popmynu JI® y BUrisal MiHi-
manpHoi JIH® (KH®) na miacrasi kaptu KapHo 3 BuOpaHorO
MHOXHHOIO KOHTYPIB, SIKUMHU OXOIUTIOIOTHCSA KJIITHHKH TaOJIHIII,
10 TTOMiY€H1 OJTUHUISIMU (HYJISIMH).

Uu Mmoxe MeTo MiHIMI3aIli 3a gJormoMoror kapt KapHo 3acto-
COBYBATHUCS JJI HEMOBHICTIO Bu3HaueHux JID?

basyrounce Ha anani3i npuknanis 2.25 — 2.31, BiATBOPITH 1ia-
6nonu kapt KapHo ans ¢pyHKIIN ABOX, TPHOX 1 HOTHPHOX 3MIHHHUX
3 PO3MITKOIO PSKIB 1 CTOBIIIIB TaOJIUIlh 3MIHHUMH 3 6a3u JID.

Bbazytounchk Ha ananizi npuxiaais 2.31 — 2.33, BiATBOPITH I1a-



omonu xapt Kapuo s ynkuiid 4, 5 1 6 3MIHHHX 13 PO3MITKOIO
PAIKIB 1 cTOBMINIB Habopamu 3MiHHHX 13 0aszu JID 3 mo3HadeHHS-
MU 3MiHHUX OyKBaMH Ta JIBINKOBUMH KOJaMH.

2.9 Bnpasu

1. Bu3sHaute, sIKi 3 HABEICHUX PEUYCHD € BUCIIOBICHHIMH:
a)2>3;06)10>5>3;B8)5<6;1) 13 <137, 1) x = 10.
Uw € 111 BUCIIOBIICHHS MPOCTUMH?

2. Bu3zHaure iCTUHHICTb TAKUX BUCJIOBJIEHD:

a) 28 nimutbes Ha 3 Ta 4; 6) 100 mimurbes Ha 3 a6o 100 qimuThHCS
Ha 4 (“ab0” He BHKIIOYHE). UM € I BUCJIOBJICHHS MPOCTUMHU
(cxknagHuMM)?

3. 3Haﬁ,[[in cepea 3a3HAUYCHHUX HHIXKYC PCUCHbL BHUCJIOBJICHHA,

BKAXITbh 3HAUYEHHS 1X ICTUHHOCTI.

a) Slka roguHa?

0) Llize yuciio 1 € moHaMEeHIIe TOAaTHUM IIJTUM YUCIIOM.

B) Skmo x = 3, T0 ¥° = 6.

r) bepexwucst aBromo06is1!

4. 3HaliTh cepell 3a3HAYCHHMX HIDKYEC PEUCHb BUCIIOBIICHHS,

BKaXITh 3HAYEHHS 1X ICTUHHOCTI.

qi,

a) Yci mapHi yucia JuiaTbes Ha 2.

0) 3aBaHTaXXTe MAKETH B MALIUHY.

B) Lle TBepKeHHS HEe MOXKe OyTH ICTUHHUM.

r) FOnitep — nHaitOmkya 1o CoHus maHeTa.

1) He BapTo 30epiratu KOMIakT-AMCKU B MIKPOXBHJIBOBIH me-

5. SIKi 3 BUCIIOBJIEHb € iICTHHHUMHU?

a) Skmo 2° =4, 10 32 = 9.

6) SIkmo 2° = 5, To 3P =9,

B) Skio 22 = 5, TO 3% = 10.

r) SKmo 22=4,103*=10.

6. Hexait x=“100 ninutecs Ha 4”. ChopmyitoiiTe MOBHI BU-

CIIOBJICHHS Y, 1110 € pe3yJbTaTaMu JoriuHuXx omnepariiii y=f(x) Han



BUCJIOBJICHHSIM X, Ta BU3HAYTE 3HAYCHHS iICTUHHOCTI BHCJIOBJICHb
y, sikmio: a) f(x) =0; 6) f(x)=1; B) f(x) =x; r) f(x) =x. Ski 3HaUCHHS
ICTHHHOCTI MaTUMYTh 1li BUCJIOBJICHS Y SIK PE3YJIbTATH THX CaMHUX
omeparii, sikmo x = “100 nimurbes Ha 377

7. Hexaii A 1 B — nesikut icTUHHI BHCIIOBJIEHHS (JIOT1YHI 3MiHHI).
BusHaure 3HAYCHHS ICTHHHOCTI CKJIQHUX BHUCIIOBJICHH Y, SIKIIO:
a)Y=AAB; 6)Y=AAB; B)Y=AAB;1) Y=AAB.

8. Hexaii A 1 B — gesiku icTHHHI BUCTIOBJICHHS (JIOT1YHI 3MiHHI).
BusHauTe 3HaYeHHS ICTHHHOCTI CKJIQJIHUX BHUCIIOBICHH Y, SKIIO:
a)Y=AVB; 6)Y=AvVvB; B)Y=AVB; 1) Y=AVB.

9. Hexaii A i B — icTiHHI BHCIOBJIEHHS (JIOTi4HI 3MiHHI). Bu-
3HAYTE 3HAYCHHS ICTUHHOCTI CKJIAJJHMX BHCJIOBJICHb Y, SKIIO:
a)Y=A—B; 6)Y=A—>B; B)Y=A—B; r) Y=A>B.

10. Hexaii A 1 B — icTuHHI BucioBJIeHHs (JIOori4H1 3MiHHI). Bu-
3HAUTe 3HAYCHHS ICTHHHOCTI CKJIATHUX BHUCJIOBICHb Y, SKIIO:

a)Y=A—>B; 6)Y=A—>B; B)Y=A—>B; ) Y=A—>B.

11. Hexaii A 1 B — ictuHH1 BucioBJIeHHs (JIorivH1 3MiHHI). Bu-
3HAUTe 3HAYCHHS ICTUHHOCTI CKJIAJHUX BHCJIOBIEHL Y, SKIIO:
a) Y=BAA; 6)Y=BAA; B)Y=BAA; 1) Y=BAA.

12. Hexait A 1 B — icTuHH1 BHCIOBIIEHHS (JIOT14HI 3MiHHI). Bu-
3HAuTe 3HAYEHHS ICTUHHOCTI CKJIATHUX BHUCJIOBIEHb Y, SKIIO:
a)Y=A~B; 6)Y=A~B,; B)Y=A-~B; 1) Y=A~B.

13. Hexait A 1 B — icTuHH1 BUCIOBIIEHHS (JIOT14HI 3MiHHI). Bu-
3HAuTe 3HAYEHHS ICTUHHOCTI CKJIAJHUX BHUCJIOBIEHb Y, SKIIO:
a) Y=A®B; 6)Y=A®B,; B)Y=A®B; 1) Y=A®B.

14. Hexait A i B — icTuHHI BUCTOBIIeHHS (JOT14HI 3MiHHI). Bu-
3HAYTE 3HAYECHHS ICTUHHOCTI CKJIAJIHUX BHUCJIOBJICHb Y, SIKIIO:
a) Y=AIB; 6) Y=A!B; B)Y=A!B; r)Y=AlB.

15. Hexait A i B — icTuHHI BUCTOBIIeHHS (JOTi4HI 3MiHHI). Bu-
3HAYTE 3HAYECHHS ICTUHHOCTI CKJIAJIHUX BHUCJIOBJIICHBb Y, SIKIIO:

a) Y=AB; 6)Y=A|B; B)Y=A|B; r) Y=A|B.



16. BukoHatu omepartii XvY, XAY, X®Yy 1 X Haa ABIHKOBUMH
gucnamu X=1101001 Ta y=100110.

17. 3a momomororw TabJIWIb ICTUHHOCTI MEPEBIPUTH TaKl PiB-
HOCTI (TOTOXXHOCT1):

(X®Y)Dz=XD(YyD2); (XDY)AZ=(XAZ)D(YA2);

X @9 =X®y; x®0=x; XP1=x .

18. 3uaiiti X Ta Y i3 piBHAHE: a) (1>X)—>Yy=0; 0) Xvy=X (MOX-
Ha CKOpHCTaTHCA TaOIULSIMU ICTUHHOCTI).

19. Jloriuni ¢yukmii f; i f, 3agani BekTopamu ix 3HaYCHD:

f,=(0,0,1,1,0,0,1,1)); f,=(0,0,1,1,1,1,0,0).

ITosicenns: BexTop 3HaueHb JID —11e KopTex 3HAYCHDb, YHOPSI-
JIKOBAaHUH 3a 3pOCTaHHSIM HOMepa (JIBIMKOBOIro abo J1eCATKOBOIO)
HaOOpy 3HaYEHb ApPrYMEHTIB (DyHKIIIT.

CKUTBKY 3MIHHUX MICTATh 023U MUX QYHKITIH?

[ToOyayiiTe TaOnHII ICTUHHOCTI UX (PYHKIIIH.

UYu € cepen apryMeHTiB X QyHKIIH (HiKTUBHI?

20. Yu € 3MiHHA X IHCHOIO 3MIHHOIO (YHKIIIH, TOJJAHUX TaKu-
MU Gopmynamu?

f=(X>Y) V) A(YOX)AZAX;

fF=(XvY)AKXVZ)>(XDYAZ))AY.

21. Jloriuny dynkmito f=XA X,V X, A(XsV X,) HogaT B 6azucax
{/\1 _‘}1 {V1 _‘}1 {_>}’ {‘L}’ {l}

22. Cknactu (pyHKIIiFO IPOBIAHOCTI KOHTAaKTHOI CXEMHU Ta BH-
3HAYUTH YMOBH ii poOOTH.

Xl X2 X3
Xl X3
XZ
X, X,

POSpI/IBI/I B T'JIKAX CXEMH O3HAYaIOTh HAsBHICTH KOHTAaKTy, 3a-



MUKaJIbHI KOHTAKTH MMO3HAYAOTHCS 3MIHHIUMH 0€3 3arepeucHHs, a
PO3MHUKaIBHI — 3MIHHUMHU 13 3alIEpEUCHHSM; I1iJ] yMOBaMH poOOTH
CXEMHU CIIiJI pO3YMITH Tepelik HabopiB, Ha AKUX (DYHKIIiSI TPOBi-
HOCTI npuiimMae 3Ha4eHHs 1 Ta 0.

23. Cknactu (YHKIIIFO MPOBIAHOCTI KOHTAKTHOI CXEMHU Ta BH-
3HAYUTH YMOBH 1i poOOTH (BBIMKHEHHS JIaMIIM 3a JOMOMOIOIO
KHOIIOK).

ilig

o—¢ <
X2 X3
U T - u,

(o2

24. CkiacTv KOHTaKTHI CXEMHU, SIKi TEXHIYHO pealli3yloTh 3aja-
Hi JIOT14H1 QYHKII:

f=(XV Y)A@ZAYV)VU;

f=(XVY)AZVXAZVY;

f=x-(y-z+y-z2)+x-(y-z+y-z).

25. Cxnactu xoHTakTHI cxemu Pf 3amanuvb ymoBavb poGotu
(ymMoBH po0OTH 3a3HaueHi HaOopamMH 3HAa4Y€Hb 3MIHHUX, Ha SKHX
JorivH1 QyHKII MalOTh 3HaueHHs 1):

f(1,0,1)=1(0,1,0) =f(1,1,1) =1;

f(1,0,1) =1(1,1,0) =1;

f(0,0,1) =1(0,0,0) =f(0,1,1) =1.

26. KoxHuit 13 3 WieHiB 1 TOJOBa KOMITETY TOJOCYIOTh 3a”,
HATUCKYIOUM CBOIO KHOIIKY. PIiIIEHHS BBaXaeTbCs YXBaJICHHUM,
SIKIIO 3aTOPSIETHCSI CUTHAJIbHA JTaMIia (TTiCIIsl HATUCKAHHS Ta YTPH-
MaHHS He MEHIIIE HiXK TPhOX KHOMOK). ['otoBa komicii Mae mie oi-
HY KHOTIKY, 3@ JJOTIOMOTOI0 SIKOi BiH BIAKPHBA€E Ta 3aKpUBA€E roJ0-
cyBanHs. CkiacTu (yHKIIIIO TOJIOCYBaHHS Ta €IEeKTPUUHY (KOHTa-
KTHY) CXEeMY, 1[0 peani3ye 110 QyHKLIO .

27. B ymoBax BmpaBH 26 3aMiHUTH KOHTakTHY CXeMy KOMOi-



HAI[IIfHOIO CXEMOI0 Ha JIOTIYHUX eneMeHTax y 6aszuci [-A6o—He.

28. Cknactv KOMOIHAIIMHI CXEMM Ha JIOTYHHX eJIeMEHTaX, AKi
peanizytoth ¢yHnkuito f=x-(y-z+y-z)+x-(y-z+y-z) B 6a3ucax
I-He ta AGo—He.

29. s ¢ysxmii f(1,1,0,0,1,1,0,0), mo 3agana BEKTOpOM 3Ha-
4yeHb (KOpTekeM 3HaueHb (QyHKIIT 3 3MIHHUX Ha BCiX Habopax y
MOCJIIOBHOCTI iX JECATKOBUX HOMepiB Bia 0 10 7), moOymyBatu
Talbimmmro ictmHHOCTI. Ha mimcrasi TaOmuIi iCTUHHOCTI CKJIACTH
JJH® i JKH® miei ¢pynkiii. BukopucToByrodn 3akoHU anreopu
noriku, neperBoputu JAJJH® y JKH® i naBmaku, JKHO y
JJIHD.

30. BUKOpPHUCTOBYIOYH 3aKOHU airedpu JOTiKW, moaatu (pyHK-
mito f=x-(y-z+y-z)+x-(y-z+ty-z) y AJJH® i AKHD.

31. BUKOpPUCTOBYIOUHM 3aKOHH anreOpu JOTIKH, MOJaTH (yHK-
uiro f=(x +y+2)-(xty+z)-(x+y +z) y JUIH®.

32. 3uaiitu ckopoyeny Ta MiHiMUIbHY JIH® QyHKuii

f=Xy+X-z+X-y+X-Z+X-y-z 3a Meromom Kpaiina.

33. 3a meromom KgaifHa 3HaliTHM CKOpOuYEHY Ta MIHIMaJbHY
KH® ¢ynkuii f=(x+y)-(x+2)-(x+y)(x+z)(x+y+z).

34. Jloriuna ¢yukmist f=(Xy, X,, X5, X4;) BU3HaUeHa yacTKOBO. Ha
Habopax 3 pecaTkoBUMU Homepamu 0, 2, 5 BoHa Mae 3HaueHHS 1,
Ha Habopax Nel, 6, 8 — 3navenHs 0, a Ha pemTi HAOOPIB 3HAYCHHS
¢bynkuii He 3a1aH1. 3a MetooM KBaitHa 3Haiitu ckopoueny JJTH®D
uiei ¢pyHkmii. CopoOyiTe HUISXOM JAOBU3HAUYEHHS 3HAWTH TYNHU-
koBy JIH® i3 MeHIIOI KUIBKICTIO CUMBOJIIB, HIK Y CKOpPOYEHIH
JTHO.

35. Hakpecnith mabaonn kapt KapHo as noriyHux ¢GyHKIini
2, ..., 6 3MIHHUX 13 PO3MITKOIO PSJIKIB 1 CTOBIIIIB TaOJIUIll HAOO-
paMu 3MIHHHX 13 TO3HAYCHHSIMHU OCTaHHIX OyKBaMH Ta JBIHKOBU-
MU KOJITaMH.

36. Meronom Beiiua — Kapno 3Haiitu minimansai JJTH® Tta

KH® bysritii fump( X, X, ) =X, - Xp+ X, - X+ X, X, .



37. Meronom Beiiua — Kapno 3naiitn minimManbhi JJH® Ta
KH® ¢ynkiii

Framg(X0s Xo s X3 ) = X0 Xy Xg X Xy Xy + X Xy Xy + X, - Xy - Xy

38. Metonom Betiua — Kapno 3nHaiitu minimansHi JIH® Ta
KH® ¢ynxuii (1,0,0,1,1,0,0,0,1,1,1,0,0,0,1,0), 3aganoi BekTopom
il 3HayeHb Ha BcixX (16) Habopax.

39. Meronom Beiiua — Kapno 3naiitu minimManbhi JJH® Ta
KH® ¢ynknii 5 3miHHUX, 1m0 Mae 3Ha4YeHHsS | Ha Habopax
NeO, 1, 4, 5, 6,9, 10, 22, 23, 24, 25, 26, 30, a Ha pemri HaOOPiB
BOHA Mae 3Ha4yeHHs 0.

40. Metonom Beiiua — Kapno 3naiitu minimansai JJH® Tta
KH® ¢ynkmii 6 3MiHHEX, 0 Mae 3HadyeHHs | Ha Habopax
NeQ,1,4,5,9-12, 24 — 26, 40 — 44, 56 —60, a Ha pemti HAOOPIB
BOHA Mae 3Ha4yeHHs 0.

41. Metonowm Beitua — KapHo cnpoOyiite minimizyBytu B JIHD
ta KH® yactkoBo Bu3HaueHy (pyHKIIiIO 4 3MIHHUX, 110 Ma€ 3Ha-
yeHHs 1 Ha Habopax NeO, 1, 5, 6, 12, 13, 3Hauenns 0 Ha Habopax
Ne 15, 16, a Ha peti HaOopiB 3HAUCHHA (DYHKIIIT HE BU3HAYCHI.



Posznin 3
EJIJEMEHTHU TEOPIi TPA®IB

Teopis rpadiB € ogHUM 3 pO3/IiTiB MaTeMaTUKU. EneMenTu te-
opii rpadis Oyau BiZIoMi Ta BUKOPUCTOBYBAJIMCS B MaTEMATHUIII I11e
y XVIII cromitti, 30kpema y mpangix JI. Eitnepa. [Ipote craHoB-
JIeHHA Teopii rpadiB sSIK OKPEMOTo pO3/iy MaTeMaTHKH Bi0yIO-
cs nuie B cepeauni XX cromitrs. I3 mporo yacy rpag crae on-
HI€IO 13 HAUNOMYJSAPHINIMX MaTEeMaTUYHUX MOJENed y Oaratbox
chepax HayKu 1 TexHIKH. MeTonu Teopii rpadiB HIUPOKO 3aCTOCO-
BYIOTBCS TIiJ1 YaC BUPIIMICHHS MPAKTUYHUX 3aBAAaHb MPOEKTYBAHHS
W JTOCHIJDKEHHS €JIGKTPOHHUX 3ac0o0iB 00poOkm iH(popmariii Ta
MIPOMHUCIIOBOI aBTOMATUKH, 1H()pOPMAIiitHO-YIPaBISIOYUX CHUCTEM
ToII0. Bennkoro Miporo 11e moB’si3aHO 3 OYpXJIMBUM PO3BUTKOM Ta
MOIIMPEHHSIM CepH 3aCTOCYBaHHS 3ac00iB KOMIT IOTEPHOI TeX-
HIKM B CHCTEMaxX aBTOMAaTHUKHU Ta YIPaBIIHHA 1, SK HACIiJOK,
3HaYHUM 3POCTaHHSM POJI 3a/a4 JUCKPETHOro Xapakrtepy. Me-
TOIO L[BOTO PO3JILTY € O3HAHOMIICHHS 4yMTaya 3 Oa30BUMH IOHAT-
TAMU Teopii rpadiB, HEOOXITHUMHU IJI1 PO3B’A3aHHS MPAKTUIHUX
3aJa4 CHUCTEMHOI 1H)KeHepii, 30KpemMa aHali3y 1 CHHTe3y IpH-
CTPOIB TUCKPETHOI JIii Ta JOCIIKEHHS OTIEpaIliil.

3.1 OCHOBHIi MOHATTHA Ta 03HAYEHHSA

[Iupoka ramyss 3aBlaHb HaAyKH 1 TEXHIKH, a caMe — 3ajaul CH-
CTEMHOI 1HXeHepii, A0 SKUX Halle)KaTh, 30KpeMa, aHalli3 1 CHHTE3
JTUCKPETHUX MPUCTPOIB OOpOOKM Ta MepeTBOpEeHHs 1HpopMalii y
ckiani iHpopMaliifHUX Ta KepYHOUUX CHUCTEM, 3a/1aui JTOCIHiIKEeH-
HS omepalii, Takl K ONTHMi3alis TPAHCIOPTHUX MOTOKIB (piau-
HU, Ta3y, BAaHTaXIB) Y Mepexax TpyOONpoBOIIB 1 IOpir, po3podka
e(eKTUBHUX OIEepalifHUX CXeM TEXHOJIOTTYHUX IMPOIIECIB y Mpo-
MHCIIOBOMY BUPOOHHMLTBI Ta 0araro IHIIMX 3aJad MOTPeOYIOTh
MOJICJTFOBaHHS CHCTEM (TEXHIYHHMX, O1OJIOTIYHHUX, €KOHOMIYHHX,
COLIAIbHUX ) 1 TPOLIECiB X (DYHKIIIOHYBaHHS.



3py4HHM METOJOM MOJICIIOBAHHS TUCKPETHUX IMPOIIECIB 1 CHC-
TeM € 3actocyBaHHs rpadis. Hanpukinaz, onepariiina cxema ai-
TOPUTMY OOYHMCIIOBAIIBHOTO MPOIeCcy — e Tpad, SKUM 331a€THCS
npoueaypa MOCTIJOBHOIO BUKOHAHHS OOYHUCIIOBAJIBHUX OIle-
pamiif. Sk iHIII TpUKIagu MOJAETIOBAaHHSA TpadaMu MOXKHA Ha3Ba-
TH €JEKTPUYHI KOJja, CXEeMH JIOPIT, MiANPUEMCTBA 13 JBOOTYHHUMH
3B’A3KaMH M)XK HUMH, TPYIU JIIOJCH I3 3a3HAYCHHSIM MCHXOJIOT-
YHOT CYMICHOCTI MK 0c00aMH, CTPYKTYpPH YIpPABIIHHS 3 Tepe-
JikoM 00’€KTIB Ta iX B3a€EMOIIIIOPSIKOBAHOCTI Ta iH. B iH(pOp-
MaI[iiHO-KepYIOUUX CHCTEMaX 3aCTOCOBYIOTHCS CKJIa/IHI MEPETBO-
proBaui iH(oOpMalii, CTPYKTYpHO CKJaJeHI 3 MPOCTUX IEPETBO-
pIOBaviB, MK SIKUMH 3JIHCHIOETHCS OOMIH CUTHAIAMH Pi3HHX BH-
JIiB 32 MIEBHUMHU TpaBHJIaMH. B Teopii Kepyrouux cucTeM po3rJisi-
JAIOTHCS TEOPETUKO-TPadoBi MOJIEII TAKKX MTEPETBOPIOBAYIB.

CykymnHicTh 00’€KTiB 1 BiTHOLIEHb MK HUMH MOXeE OYyTH 30-
OpakeHa Ha IUIOMIMHI MHOXHHOIO TOYOK (00pa3oM MHOMKHHU
00’€KTIB), 1 MHOXKHUHH JIiHIM, 1110 3’ €IHYIOTh Mapu TOY0K (0O0pa3om
BigHOIIEHB). ['padiunnii oOpa3 CyKymHOCTI 00’ €KTiB 1 BIAHOUICHb
SBIISIE COO0I0 Oiacpamy epagpa, Ky 3a3BU4ail HA3UBAIOTh rpadom
(K10 HE BIACTYNATH BiJ CTPOrOCTI O3HAa4YeHb, TO HE rpadiyHUN
o0pa3, a cama CYKYIHICTh O0’€KTiB 1 BIiJIHOWICHb € Tpadom).
MHOXHMHY TOYOK Ha3MBaIOTh BEpIIMHAMU Tpada, a MHOXHUHY
JiHIEH — peOpamu (abo ayramm) rpada. Take HedopmaibHE TMO-
JaHHA rpada MU ByKe BUKOPUCTOBYBAJIM JUIsl 3aJJaHHS BIIHOILICHHS
MDK MHOXXMHaMH (po3a. 1, m. 1.3). Ba3zyrounck Ha HedopmaibHO-
My YsBJIEHHI Ipo rpadu, BBereMO HeoOXinHI (opMalibHI O3Ha-
YCHHS.

Hexaii V — [iesika HEMOPOXKHS MHOXKHHE, a V2 =VxV — MHOXH-
Ha BCiX JIBOCJIEMEHTHHUX ITIIMHOXWH MHOXHUHU V (11eKapTiB 100y-
TOK MHOXUHH V).

Oszunavenns 3.1. Ipagpom G=(V,E) Ha3uBaeTbcs mapa MHO-
xuH (V,E), ne EgV2 — MIAMHOXAHA MHOKHUHHA V&



SIKIIO KUIBKICTL €IEMEHTIB MHOXKHMHKM V € CKIHYEHHOIO, TO
rpad Ha3WBaIOTh cKiHuenHum. Hanmami OynemMo po3risiiaTH JIIIe
CKIHYEHHI Tpadu.

Osnavenns 3.2. EneMeHTH MHOXUHU V HA3UBAIOTHCS 6epuiii-
namu rpada G=(V,E).

Bepuunu rpada G=(V,E) Oynemo mo3HadyaTtd CMMBOJIAMH Vi,
Vy,...,Vn. Y TakoMy pasi eneMeHTamMu MHOXHUHH E OynyTts mapu
(Vj,Vk) eneMeHTiB MHOKHHH V.

Osnauvenns 3.3. flkmo ememeHTamMmu MHOXHHH E rpada
G=(V,E) e neBnopsiaxosani mapu (Vi, Vk) €IEMEHTIB MHOXHHHU V,
TO BOHH Ha3HWBarOThCs peopamu rpada G, a cam rpad G HazuBa-
€TBCSL HEOPIEHMOBAHUM.

Osnauenns 3.4. Slkmo eneMeHTamMu MHOXWHH E rpada
G=(V,E) € Bnopsakosani mapu (Vj, Vk) eJIeMEHTIB MHOXHHHU V, TO
BOHU Ha3uBaroTbes dyeamu rpada G, a cam rpad G Ha3uBaeThCS
opienmosanum (opepagpom).

Osnauenns 3.5. fxmo cepen eneMeHTiB MHOXHUHU E rpada
G=(V,E) € BnopsaxoBani Ta HeBropsakoBai mapu (Vi, Vi) eaeme-
HTIB MHOXHUHU V, TO Tpad G Ha3UBAETHCS 3MilUAHUM.

Pebpa (ayru) rpada G=(V,E) Oynemo no3Hayaté CHMBOJIaMH
e, 1=1, ..., m, a B po3ropuyromy BHUIJIsa €= (Vi,Vk), YUM BiJI0-
OpakaeTbcs MaTeMaTH4YHa CYTHICTb peOpa (Jyru) SK eleMeHTa
MHOXHHH V2 (mapu eneMeHTiB MHOXHHU V).

Bepuunu ta peGpa (ayru) rpada Ha3uBarOThCs HOTO enemer-
mamu. KutbkicTh N BepmuH rpada G HA3MBAETHCS HOTO nopsio-
kom 1 mo3Ha4yaethes depes |V|. Skmio [V| = n, a xinbkicts pebep
(myr) |E| = m, To G Ha3uBaroTh N, M-2paghom. Kinpkocti N i m Be-
piuH 1 pedep (ayr) rpada Ta Horo mopsA0K Hajiexarb 70 Horo
YUCTOBUX XAPAKMEPUCTUK.

O3navenHs 3.6. BepimuHu Vi 1 Vx Ha3UBAIOThCS KiHYyesUMU Ge-
pwunamu pedpa (myru) e; = (Vi, V) rpada (oprpada) G=(V,E).

Bepuunu Vj 1 Vi oprpada, 1mo 3’eanani gyroto ei=(V;, Vi), Ha3u-
BalOTh TAKOX MOYAMKOB010 1 KiHYego! BINIMOBIAHO, a caMy JIyTy



Ha3UBAIOTh TAKOIO, 10 BUXOJUTh 13 BEPUIMHHU Vi 1 3aXOAHUThH Yy Be-
PIIUHY V.

Bepmmnamu rpada MoXyTh OyTH BY3JIH TpaHCHOpTHOI abo
€JIEKTPUYHOI MEPEXKi, ONepaTopu MporpaMu, KOMaHIU OIepalliii-
HOI CHCTEeMH, MOJIii B TEXHOJIOT1UHIN a00 Kepyrodiil cucremi, a pe-
Opamu (yramu) — JiHIT 3B'I3Ky B TPAHCIIOPTHIM a00 €IeKTpUYHIN
Mepexi, Mepexoau B TEXHOJIOTIYHIM cxemi BUpOOHHUITBa ab0 B
nporenypi oduucieHHs Ha komm'rotepi. IIporpama abo enext-
poHHa cxema, BUpOOHHUYMI ab0 1HPOPMALIHHUI MPOLEC MOXKYTh
OyTu mojaHuMu oprpadom, cxema eIeKTPUIHOI MEpexi — Heopie-
HTOBaHUM Trpadom, cxema TPaHCIOPTHOI MEpexi — HEOpPiEHTOBA-
HUM a00 3MilIaHuM rpadom.

Osznavenns 3.7. ['padp G=(V, ), mo He MICTUTH KOJTHOTO pe-
Opa (myru), Ha3UBAETHCS nOpocHim (TIOPOXKHIH Tpad 3 N BepiIH-
Hamu no3HavaeThest Op).

Osnavennsi 3.8. I'pad, mo ckmamaerbes 3 OJHIET BEPIIMHH,
HA3UBAETHCS MPUBIATILHUM.

Osnauenns 3.9. ['pad, 110 HEe MICTUTH KOAHOI BEpIIMHU, Ha-
3UBAETHCS HyMb-epaghom:. G = (D, D).

O3nauvenns 3.10. fxmio BepmmHE V; 1 Vi 3’ €1HaHI peOpom (Iy-
rOl0), TO BOHM HAa3UBAIOTHCS Cymidchumu, a pedpo (xyra)
ei=(Vi,Vk) Ha3uBaeThCs iHyuoenmuum (IHIUIECHTHOIO) O CBOIX
KIHIIEBUX BEPIIUH Vi 1 Vi.

Oszunavenns 3.11. Bepuuna v; rpada (oprpada) G=(V,E) Ha-
3UBAETHCS i3071b06AHOI0, SKIIO BOHA HE MA€ OJHOTO IHIUACHT-
HOTO 710 Hei pebpa (ayrn).

Osnauenns 3.12. Bepumuna V; rpada (oprpada) G=(V,E) Ha-
3UBAETHCS GUCAUOI0, SAKIIO BOHA MA€ JIMIIE OJHY CYMDKHY 10 Hel
BEPLINHY.

O3nauenns 3.13. JIBa peOpa (IBi AYTH) HA3UBAOTHCS CYMIdHC-
HUMU, SIKIII0 BOHU MAOTh CIUIbHY BEPIINHY.

I'pad (oprpad) Moxke MICTUTH Mapu BEPIIUH, 110 3’ €IHAHI
KibkoMa peOpamu (nmyramum). Taki peOpa B HEOPIEHTOBAaHOMY
rpadi Ha3uBalOTh napanerbHumu. B oprpadi Taki 1yru Ha3UBarOTh



napaebHAMH, SIKIIIO BOHU OJHOTO HAMPSMY, a B MPOTUIICKHOMY
pasi — kokmpnapanenvrumu (3yCTPIYHO-TIAPAICITLHUMH ).

Enementamu MHOxuHU E MOXyTh OyTu mapu Buny (Vi, Vi), 110
o3Hayae 30ir KiHIIEBUX BEPIIUH BiAMOBITHOTO pebpa (mayru). Peo-
pa (nyrun) Buay €;=(Vj,V;) Ha3uBarOTh nemasmu. OUEBUIHO, CIIPs-
MOBaHICTh I€TJII HE Ma€ MPAKTHYHOTO CEHCY, TOMYy B oprpadi
MO’KHA BBa)KaTH 11 HEOPIEHTOBAHOIO.

Jlesiki ocoOnuBl BacTUBOCTI rpadiB BigoOpakaroThCs IXHUMHU
CHeIiaIbHUMU Ha3BaMH.

O3unauenns 3.14. Cmenenem deg (Vi) BepIIMHH Vi HA3UBAETHCS
KUTBKICTh pedep (ayr), IHIMACHTHUX i BEPUIMHI, IPHYOMY HET-
71l BPaXOBY€THCS ABIYI.

st oprpada KiabKiCTh YT, IO BUXOJATH 13 BEPIIUHBI Vi, Ha-
3UBAETHCS Hanigcmenenem 6uxody i mosHadaetscst deg” (vi), a Ki-
JBKICTB JYT, 110 3aXOJATh y BEPUIMHY Vi, — HAnigcmeneHem 3axo-
0y 1 TIO3HAYAETCSI deg*(vi). OueBuHO, 110

deg (v;)) =deg (v;) + deg™(v;). (3.1)

Osnauenns 3.15. Bepmuna oprpada 3 Hanigcmenenem 3axo0y
deg’(vi) =0 HasuBaeTBCA GuMOKOM, A BEPIIMHA 3 HANIGCHMENeHeM
suxody deg” (vi) =0 — cmoxom.

Jlema 3.1 (npo pykoctuckanns). Hexait Gy m=(V, E) — noBinb-
Huit rpad. Toxi

n
Zdeg (v;)=2m. (3.2)
i=1
Hogedenns. Tlpu minpaxyBaHHI CyMHU CTEIEHIB KOXXHE peOpo
(myra) e = (Vi, V) BHOCUTD CBiil BKJIaJI, 1110 JOPIBHIOE 1, OTHOYACHO
B deg(vi) i deg(vy), mpudomy meTisi Oyae BpaxOBYBATHCS JIBiYi.
Jlemy noBeneHo.
Hacniook: noBuibHUl Tpad MICTUTH MapHE YUCIIO BEPUIMH He-
napHoro crenens. JliiicHo, skuo Vo 1 Vi — MHOXKHHH BEpIINH Bi-
JITOBITHO TMTAPHOTO Ta HEMAPHOTO CTETEHIB, TO



> deg(v;) + > deg(v;)=2m.

Vi EVO Vi EVl

OueBuHO, IO MEPIIUK T0JaHOK NapHuil. Tomy 1 Apyruit goma-
HOK TapHHiA, OcKibkH cyMa (3.2) mapHa. OCKUIBKH y APYTiii cyMmi
BCl JIOJaHKHM HEMapHi, X KUIbKICTh mapHa. Omke, MHOXKHHA Vi
MICTUTb TTApHE YMCIIO BEPIIUH.

Osnavenns 3.16. I'pad (oprpad), y sikoro Oyab-siki 181 Bep-
IIMHU CYMDKHI, HA3UBAETHCS HOGHUM.

[ToBHuii Tpad 13 N BepmmHamMu no3HavyaeTbes K. OueBHUIHO,
CTeMiHb KOKHOI BepmuHM B rpadi K, nopisuioe n—1. Tomy 3 me-
MU 3.1 mpo PpyKOCTUCKAHHS BUIUIMBAE, IO KUIBKICTH pedep (ayr)
y K, nopiaroe n(n—-1)/2.

O3nauenns 3.17. fkuio y rpadi 6e3 nerens xouya 6 oHa mapa
BEPIIMH CIIOy4YeHA OibIe HiXK OJHUM peOpoM (Iyroro), TO Ta-
Kuii rpad HazuBaeTbea Myrbmuepagom (HEOPIEHTOBAHUM, OPI€H-
TOBaHUM).

[Tig cromyueHHSM Mapu BEPIIMH OUTBII HIXK OJHUM pedpom
(yroro) B 03HaUYEHHI MyJIbTUTpada po3yMi€ThCs HASBHICTh Y HE-
opieHTOBaHOMY rpadi napaieabHux pedep, a B oprpadi — mapaie-
JHHHUX 200 KOHTpHAapaIEIbHHUX JIYT.

O3navenns 3.18. I'pad, mo He MICTUTH Map BEPIIUH, CIONY-
YeHUX OUTBII HIK OJHUM PeOpoM (Iyror), Ta BEPUIMH 3 OULIBII
HIXK OJTHOIO NETJICI0, Ha3UBA€ThCs epagom beporca.

O3nauenns 3.19. I'pad (oprpad), mo MicTUTH MeTIi, Ha3MBa-
€ThCsl ncegooepaghom (rpad)oM i3 MeTIsIMu).

[TeTni y nceBnorpadi MoxxyTh OyTu kpaTtHuMmu. IlceBmorpad
MOYK€e MICTUTH MapajeibHi Ta KOHTpHapalenbHi pedpa (IyrH).

O3nauvenns 3.20. I'padp (oprpad), mo He MiCTUTH meTii i
KpaTHi pedpa (JIyru), Ha3UBA€ThCS NPOCHUM.

OueBuHO, IO B POCTOMY rpadi CTENiHb BEPUINHH Vi TOPIB-
HIOE KUTBKOCTI CYMIP)KHUX 3 HEIO BEpILIHH.

Osunavenns 3.21. I'pad G=(V,E) Ha3uBaeTbcs 38adceHum
(HaBaHTaXEHUM), SKIIO Horo pedpa (ayru) abo BEpIIMHH MAIOTh



XapaKTepUCTHYHI O3HAKH, SIKI HA3UBAIOTHCS 8a2amu.

Baroro pe6pa (xyru) abo BEpIIMHE MOXKYTh OYTH TPUBAIICTh Y
qaci, IPOTSDKHICTh Y MPOCTOPi, HAAIWHICTh (YHKIIOHYBAaHHS Ta
iH. Hanpuknaza, yac BUKOHaHHS KOMaHAM OINEpaliiHOi cucTeMu
abo omeparopa mporpamu, WMOBIPHICTH MOAIl a00 HaMIMHICTH
eKCIUTyaTalii By3Ja i T. I1. 3a3HAa4al0ThCs 5K Bara BepILIUHU rpada,
a MPOTSDKHICTH JIIHINA TPAHCIIOPTHHUX a00 EIEKTPHUYHUX MEpEXK, iX
IIPOIYCKHA 3JATHICTh 3a AKIMOCh IapaMeTpoM — sIK Bara pebpa
abo ayru.

[Tapanenbni pebpa (ayru) Ta meTim He3BakeHoro rpada (op-
rpada) Ha3UBaIOTh TaKOXK Kpamuumy. O4eBUIHO, IO Y 3BAKEHO-
My rpadi (oprpadi) mapanensHi pedpa (Iyru) Ta neTi € KpaTHU-
MU JIAIIE TOJI, KOJIM BOHM MAalOTh OJHAKOBY Bary. SIKIIo KOHTp-
napaiesbHi Iyrd y 3BaXXKeHOMY oprpadi MaroTh OJJHAKOBY Bary, TO
iX MO’XHA €KBIBaJICHTHO 3aMIHUTH HEOPIEHTOBAaHUM pedpoM i3 Ta-
KOIO CaMOI0 Baroro.

Amnanizyroun Ha3BH BUAIB rpadiB 3a ozHaueHHsMH 3.3 —3.5,
3.11 -3.12, 3.16 —3.21, HeBa)KKO IMOMITHTH, 1110 OJUH 1 TOH caMHi
rpad Moxxe OyTu BigHeceHU# 10 rpadiB pi3HUX BUAIB. ToMy BHI
rpada BU3HAYAIOTh 32 HAOLIbII ICTOTHOIO 03HAKOI0, 3aJIEKHO Bij
METHU HOTO 3aCTOCYBaHHS Y KOHKPETHIN 3a/1a4i.

[TomiTuMO, 10 B JiTEpaTypHHUX JKEpenax NepeBaKHO BUKOPH-
CTOBYEThCSI Ha3Ba “Tpad” ans rpada Oyab-axoro Buay. Konkpe-
TU3alis Buay rpaga ioro crnenudikoBaHOI HA3BOK POOUTHCS
JIIE B TUX BUMAJKAX, KOJIH XapaKTEPUCTUYHI O3HAKU BHIY Tpa-
¢da He BUIUIMBAIOTH 13 KOHTEKCTY 3 oueBHAHICTIO. Hamani mu Oy-
JIEMO JOTPUMYBATHUCS L1€T TPaIUIII.

HaBenenuil TyT KOpOTKUI oINS MOHATH Teopii rpadiB He €
BuuepnHuM. Hagani, mij yac BUBUEHHS crioco0iB 3a/1aHHs rpadis,
iX BIAacTMBOCTEH Ta omepalliii HaJ HUMH MM 3yCTPiHEMOCH i3 Oa-
raTbMa IHIIMMH BHJIaMU rpadiB, “apXiTekTypa” SKUX Ma€ CIeLHu-
¢biuHi pHcH.

Konumponvni numannsa



CkJaiTh MepertiK CUCTEM 1 MPOIIECiB, MOJIEISAMHU IKHX MOXKYTh
Oytu rpadmu.

Hagenite mpukiaauM 3acTocyBaHHs jgiarpam rpadiB y Teopii
MHOXHH.

BusHauTe mepenik eneMeHTiB MHOXHHH V2, skmo V —
I’ ITUEJIEMEHTHA CKIHYEHHA MHOXKHHA.

Sxuit maTeMaTHUHUIl 00’€KT Ha3uBaeThCs rpadoM? 3a SKUX
yMOB Tpad Oyne cKiHdeHHUM?

SIki maremaTu4Hi O00’€KTH Ha3MBAIOTHCA: HEOPIEHTOBAHUM
rpadom, oprpadom, 3MimanumM rpadom, pedpom, 1yroro, MneTieo,
napaje’IbHIMHU Ta KpaTHUMHU pedpamu (ayramu)?

SIKuM YMHOM BU3HAYAETHCS NOPAAOK rpada?

Skuit MmaTemMaTH4YHUI 00’ €KT HA3UBAETHCA N, M-rpadom?

SIki BepIIMHM HA3WBAIOTh KIHIICBUMU BEepIIMHAMU pedpa rpada
G=(V,E)?

[TosICHITh MOHATTS CTENEHs BEpLIMHU Tpada.

[TosICHITh TOHSATTS HAIMIBCTETICHIB BUXOAY 1 3aX0Jy BEPUIMHU
oprpada.

SIki BepmmHM oprpada Ha3UBAIOTh BUTOKOM 1 CTOKOM?

HageniTe npuKiIagy NporpaMHUX, TEXHIYHUX 1 TEXHOJIOTTYHUX
00’€KTIB, 10 MOXKYTh OyTH MOJaHI1 BeplIMHAMU, pedpaMu (qyra-
MH) TpadiB, HeopieHTOBaHUM rpadom, oprpadom, 3MilIaHUM
rpagom.

BinTBOpiTh 03HaUEHHS MOPOKHBOTO 1 TPUBIAIILHOTO TpadiB Ta
HyJb-Tpada.

[TosICHITh MOHATTA CyMIXHOCTI BEpILUH rpada.

[TosicHITh TIOHATTS IHIMACHTHOCTI pedpa (myru) rpada ioro
(1) KIHIIEBUM BEpIITHAM.

Sxi BepmmHU Tpada HA3UBAIOTH 130JbOBAHOI0 Ta BHUCSUOIO?
Yomy HOpiBHIOIOTH iX cTEneHi?

[TosicHITh MOHATTS CyMiX)HOCTI pebep (myT) rpada.

[TosicHiTh TOHATTS MOBHOTO Trpada. Uu € BiH mpoctum? Yomy
JIOPIBHIOE CTEMIHb KOXKHOI 3 Horo BepmuH? CKUIbKH pedep (ayr)
MICTHUTB Takui rpag?



BinrBopith 03HaueHHS MyibTUTpada, ncepaorpada, mpocToro
rpada, rpada bepxa.

3a sIKUX YMOB OJIMH 1 TOW camuii rpad € ogHOYacHO rpadom
bepxka i nceBnorpadom?

Yomy H0piBHIOE cyMa cTeneHiB BepumnH rpada? UYu € BoHa
MapHO0?

Uu € mapHOIO KUJIbKICTh BEPIIMH MApHOTO (HETApHOTO) CTere-
HS B IOBUTbHOMY rpadi?

3a sikux ymoB rpad G =(V, E) Ha3uBaeThCs 3BaKEHUM?

HaBenith npukiiagm TEXHIYHUX 1 TEXHOJIOTIYHUX IapameTpiB,
KUIBKICHI OIIIHKM SKHX MOXYTh OyTH Baramu pebep (ayr) i Bep-
IIUH 3BaKCHUX rpadib.

[TosicHITP TOHATTSI KpaTHOCTI AJsi pedep 1 Iyr BiAIOBITHO B
HEOpiEHTOBaHUX rpadax i oprpadax, HE3BAKCHHUX 1 3BAKCHUX.

Yu mMoxe onuH U TOH camuii rpad Oyru rpadom pi3HHUX BUIIB
(3a o3nauennsmu 3.3 —3.5, 3.11 -3.12, 3.16 —3.21)?

3.2 Cnocodou 3aganns rpadis

IcHytOTH pi3HI criocobu 3agaHHs rpadi, cepes] IKUX HalOLIbII
3pyYHUMHU Ta MIHUPOKO 3aCTOCOBHUMH € TaKi: aHAJITUYHUMN, TeoMe-
TPUYHUM, CIUCKOBUIA Ta MaTpu4Hui. Bubip Ta 3pydHICTh TOTO YH
IHIIOTO 3 LUX CHOCO0IB 3ajeXaTh BiJ 0COOIMBOCTEH 3ajadi, 110
PO3B’A3YEThCA 3 BUKOPUCTaHHAM Ipada.

[lepen TuM sIK pO3rasAATH 111 CIOCOOH, BBEIEMO HacTymHe ¢o-
pMaiibHe O3HAueHHS (ke MM He(hOopMallbHO BXKE 3aCTOCOBYBAIH
BHIIIE).

Osnauenns 3.22. ['pad Ha3UBA€THCA nOMiueHUM, SKIIO HOTO
BEPIIMHHU BiAPI3HIIOTHCS OJHA BiJl 1HIIOI JESIKUMHU IMO3HAYKaMH, Ha-
OpuKIaj Vi, Vo, ..., Vapabo 1,2, ..., N.

VYci nepeniueHi cnocoOu 3acTOCOBYIOTHCS Ul 3aJaHHS MOMi-
yeHuX rpadiB, a TEOMETPUUHUNA CIOCIO 3aCTOCOBYETHCS TAKOXK 1
JUIs 3a7aHHs HeromiueHux rpadis. Ilepeiinemo 10 po3risiay nux
CIoco0iB.

1. Awanimuunuii cnoci6 3adanusa epaghie. JIns n,m-rpacda



Gnm=(V,E) 3 BepmuHamu Vy,V,,...,Vh€V 1 pebpamu €i,6,,...,.encE
3a1aeThes (PYHKITiS BIIOOPaKEHHS (. V°5E, HaIpUKJIAJ Teperti-
KoM 1ap €j=(Vj, V), ymopsiiKoBaHuX y pasi, akmo Gnm — oprpad.
[{poro mocTaTHRO IJIsi BU3HAYECHHS BCIX BITHOIICHb CYMIKHOCTI
Ta IHIUJIGHTHOCTI y 3a1aHOMY Tpadi.

Hpuxnao 3.1. G,=(Vy, Ey), Vi={Vvy, V;, V3, Va}, E1 ={(V1, Vo), (V1, V3),
(V1, Va),(V2, V4),(V3, V4) } — 11e Tpad i3 yoTHpma BepiIMHaMH i 1’ STbMa
pebpamu, a rpad G,=(V,, Ey), Vo ={Vy, V,, V3, V4, Vs },

E2 :{(Vl’ V2)1(V21 V3)’(V3’ V4),(V4, Vl)a(vla VS)I(VZ! VS),(VS, VS)} - Opl“pa(l) 13
1’ ITbMa BepIIMHAMMY 1 CIMOMa JTyTaMHu.

2. 'eomempuunuii cnocio 3adanus epagis. I'padu HA0UHO 300-
pa’karoThCsl 3a JOIMIOMOI'OK0 PUCYHKIB Ha IJIOLIMHI, K1 HA3UBAIOTh
diacpamamu  tpadiB. Bepmmaam rpada  cTaBIATBCI Y
BiJIOBIAHICTh TOYKH IUIOMIMHUA. TOYKH, 1110 BIMIOBIIAIOTH CYyMiXK-
HUM BEpIIIMHAM, 3’ €IHYIOThCS JIiHIEK (Bigpi3koM abo KPUBOIO, B
oprpadi — 3i CTpiIKOI0), siKa rpadivHo BimoOpaxae pedpo (ayry).
Hiarpamu rpadiB yacTo CKOPOYEHO HA3UBAIOTH Tpadamu, SKIIO Iie
HE BUKJINKA€E HETIOPO3YMiHb.

Ha puc. 3.1 300paxeni miarpamu rpadis Gi i G, 3 npukiamy
3.1. Miarpamamu puc. 3.1a 1 3.16 3agaetses rpad Gi, sxuii € mo-
MIYE€HUM, HEOPIEHTOBAHUM, MTPOCTUM, HE3BaXKEHUM. SIK 6aunmo 3
NOpiBHAHHA Aiarpam Ha puc. 3.1a 1 3.16, aiarpama rpacga 3miHIO€
CBIM BUIJISIT 3aJIE’KHO BiJl PO3MIIIEHHS TOYOK (BEPIIHUH) HA TUIO-
[IUHI.

Hiarpamoro puc. 3.1B 3amaetscs oprpad G, i3 mpukiamy 3.1,
SKMH € moMideHuM 1 npoctuM. Ha puc. 3.2 nojgaHo iHII mpuKIIa-
I fiiarpam rpagis.

Jnist Ginboi HaouHOCTI AlarpaMu rpadiB Ha puc. 3.2 moka3aHi
HenoMiueHUMH. be3yMoBHO, UMM 3pa3kaMu rpadiB HE OXOILTIO-
€TbcA 1X pi3HOMaHITHICTh. HajlaeMo ynTadyeBi MOXKIUBICTH CaMOC-
TiHHO BH3HAaYMTH BUaM TpadiB (3a o3HaueHHsmMu 3.3 —3.5,
3.11-3.12, 3.16 —3.20), 3agaHux aiarpaMamMu Ha [[bOMY PUCYHKY.
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Pucynox 3.1 — Jliarpamu rpadis 3 npukiany 3.1
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Pucynok 3.2 — I'eomerpuune 3agaHHs rpadis

3. Cnuckosuii cnoci6 3adanna ecpagis. lle cnocid 3amaHHs
rpadiB cnMcKkaMH CYMDKHOCTEW, 1HIUACHIIM Ta Bar. 3py4HOIO
(dhopMoOI0 MOJJaHHS IMX CIHCKIB € TabnuIll BigHOIIEHb. Po3risHe-
MO 1€ crioci0 Ha HACTYITHOMY MPHUKJIIAI].

Ilpuknao 3.2. BuxitHAMU yMOBaMH 3a3HaueHoO, 10 Tpad Mic-
TUTh BEPIIUHU Vi, V, Ta V3 3 BarOBUMH IapaMeTpaMM BiJIOBITHO
hla h2 Ta h3 i Ayru efl) = (Vl1 Vz), e:EZ) = (Vla Vz), eZ = (Vz, V3), e?El) = (V3, V3),

eéz) =(V3, V1) 3 BaroBUMH TMapamMeTpaMH BIAMOBIIHO pl(l), 1(2) y P2

W ta p?. (YMOBHMMHU MO3HAYEHHSIMU BEPIIHH Ta iX Bar Bio-



OpaxaroThCsl, HAMPUKIIAA, CTAHU CUCTEMH, IO MOAAETHCS Tpado-

BOIO MOJIEIUTIO, 200 JesK1 TEXHIYHI XapaKTepUCTUKH ITUX CTaHIB, a

MO3HAYCHHSMH JYT Ta iX Bar BiI0OPaKarOTHCS MIEPEXOIU 3 OJTHOTO

CTaHy J0 I1HIIOrO 1 TPUBAJICTh IUX MepexoxiB). Takoro omwmcy

oprpada Gzs=(V,E) nocratHpo aisi moOyaoBH HOTO Jiarpamw,
MoKa3aHoi Ha puc. 3.3.

[ToTpiOHO: ckjacTH  3agaHHS
3BaKEHOTo oprpada CHUCKaMHu Cy-
MIDKHOCTEH, IHI[MACHIIIM Ta Bar Ha

eél) [MiICTaBl HABEIECHOI'O BHILE MHOr0
BUXIJIHOTO OITHCY.

Crincok CyMIXKHOCTEH Ta Bar Be-
pua oprpada Gzs=(V,E) nogano
Tabiuuero 3.1.

ViO<"ef?
Pucynok 3.3 — [liarpama
oprpada a0 npuxmnaay 3.2

Tabmus 3.1 — Criucok CyMiXKHOCTEH Ta Bar BepmiuH oprpada

Vi Vi vy V3
S(vi)={...}: Vy, V3 Vi, V3 V1,V
hi: h]_ hz h3

Crucok iHaeHmin ta Bar ayr oprpada Gss=(V,E) momano
tabnuuero 3.2.

Tabmuusg 3.2 — Cnycok iHIMeHLIN Ta Bar ayr oprpada

TN el(l) el(z) €2 eél) e§2’
(i, Vi) (V1,Vv2) (V,V2) (Vo,V3) (V3,V3) (V3,v1)
pi: 1(l) l(2) P2 él) §2)

Ha nincrasi Tabmaump 3.1 1 3.2 MOXKHA yCIIITHO HAKPECIUTH [i-
arpamy oprpada Gss=(V, E). YMOBHI n03HauYeHHS Bar BEpIIMH i
Iyr MOKHa HE po3MiIllaTu Ha Jiarpami rpada, Ko e Hajaro il
YCKJIATHIOE.

Mpu He OyneMo OKpeMO PO3IIISJATH TEXHOJOTIIO CIIHCKOBOTO
3a/laHHsl HEOPIEHTOBAaHMX Ta HE3Ba)KEHUX TpadiB, OCKIIBKHA BOHA




oueBHHA 3 TpukiIany 3.2. Jlumie moMiTUMO, 110 I HE3BAKEHUX
rpadis B Tabaumsax 3.1 1 3.2 BiACyTHI pSAKYM Bar, a AKIio rpad He-
OpIEHTOBAHMM, TO CIiJI MaTH HA yBa3i, MO mapu (V;, V) € HEBIOPS-
JIKOBaHUMH.

3ananHs rpada TaOMUISAME BiTHOMICHD (TAOTMYHUMHU CIUCKA-
MH) 3pYYHO JJis 30epiranas Ta 00poOKu iHpopMaIlii po Bar pe-
Oep (myr) i BeplWH, MOIIYKY BEPIIMH, IHIHICHTHIX pedpam (1y-
ram), MOMyKy CyMDKHUX BEPIIHH.

4. Mampuunuii cnoci6 3aoanus epaghie. MaTpUdHUA OIMUC
rpada 3py4Hui 111 OOYMCICHHS YUCIOBUX XapaKTEPUCTUK rpada
1 BUKOHAHHS Pi3HUX alNreOpaldyHuX ornepamiid, OCKUTBKHA CIIUPAETh-
csl Ha ITMOOKO pO3pO0IIEHY TEOPiI0 MATPUILb.

Jis 3amanHs rpada 3a JOMOMOTO MaTpHIlb MOTPIOHO BCl HO-
r'O BEPIIMHM 3aHYMEPYBAaTH HATypaJIbHUMH YUCIaMH Bijg 1 g0 N, a
Bci pebpa (myru) — yncnamu Big 1 mo m. Came Tak Mu poOuin
Buie, T00TO enementamu rpadpa Gpn=(V,E) e Bepmmnu V;
i=1, ..., n1ipedpa (ayrn) €, i=1, ..., m.

OCHOBHUMH BHJIAMH MAaTpPHIIb, SIKUMHU OIUCYIOThCS Tpadu, €
MaTpHIli CyMIKHOCTEH, IHIUACHIIIN Ta Bar.

Mampuys cymiscnocmeti A tpada (oprpada) Gnm=(V,E) 6e3
neTelb ABJIA€ cO00I0 KBaJpaTHy NXN-MaTPHLIO, B SKill e1eMeHT a;j
I-TO pAAKa i J-TO CTOBIA OPIBHIOE 1, SIKIIO BEPIIMHHU Vi Ta Vj, 1 #]
cyMixHi, 1 fopiBHIoe O mipu i=]. B Marpuiii cyMi>KHOCTEH MyJib-
turpada eNeMeHT ajj, 1#] DOpIBHIOE KiTbKOCTI pedep (myr), Imio
3'€IHYIOTh BEPILUHH Vj Ta V.

Ilpuknao 3.3. Cknagemo MaTpuIli cymixkHocTe A; 1 Ay Biamo-
BiJIHO I HeopieHTOBaHOTO Tpada G; Ta oprpada G, 3 mpukiamxy
3.1. Bepumnu i peGpa (Iyru) 3aHyMepyeMO B TOMY MOPSAIKY, B
SIKOMY BOHM BUIIMCaH1 y [IbOMY IpUKIIai (Aiarpamu rpagis noga-
Hi Ha puc. 3.2, yUTa4yeBl PEKOMEHIYETbCS CAMOCTIHHO 3pOOHTH
no3HavyeHHs pebdep 1 ayr). Marpuui cymikaocteit A 1 Ay rpadis
G1 i G, MaroTh BUIIIAL;
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[TomiTMO, 110 B MaTpHIli CyMibKHOCTEH Tpada 6e3 merens ro-
J0BHA jiaroHanb (1=]) 3amOoBHEHA HYJIIMHU. 3a HAsBHOCTI TETEIb
YMOBHO BBa)KalOTh, 1[0 BEPIIMHA 8 3 TETICI0 (MOXKINBO, HE €U~
HOI0) cyMixkHa 10 cebe. OTke, B MaTpuili cymMikHOCTeH rpada 3
neriero (rmcesmorpada) exeMeHT @i TOJIOBHOI JAiaroHaix Mae 3Ha-
yeHHs 1.

Mampuys inyudenyiii A npocmoeo HeopicHmosanoco epagpa
Gnm=(V, E) sB1s€ coO010 NXM-MaTpUIIO, B sSIKili €l1eMEeHT ajj I-ro
psIIKa 1 J-rO CTOBIILA JOPIBHIOE 1, SIKIIO BEPIIHHI Vi 3 HOMEPOM |
IHIMEHTHE peOpo €j 3 HOMEPOM |, 1 JopiBHIOE 0 y IPOTHIICKHOMY
pasi.

Ilpuknao 3.4. Cknanemo maTpuilo iHnuaeHmin B, rpada G 3
npuxnany 3.1:

B,=

OORr Bk
OPFrOoOPRr
RPOOR
RPORFrO
|l i = N )

KoxHwuii cToBMeIs MaTpulli 1HIMIEHII MTPOCTOr0 HEOPIEHTO-
BaHOro rpada mictuth AB1 oauHuui. Ile oOymMoBIeHO TUM, 11O
KokHe pebpo (myra) mae ABi KiHIEBiI BepmMHUA. KiabKicTh O1u-
HHIIb Y KOXXHOMY PSKY JOpiBHIOE cteneHto deg(Vi) BiAmoBimHOi
BEpILIMHM rpada.

VY 3araqpHOMY BHIAAKY B PSAAKY 32 HOMEPOM | MaTpHIli iHIIU-
JIeHIi# Oyb-sIKOro HeopieHTOBaHOro rpada B cyma 3HaueHs ene-
MeHTIB bjj Mae Oytu piBHOO crenento deg(vi) BepmmHH Vi, 3 ypa-
XYBaHHSIM HAasBHOCTI IeTeNb 1 KpaTHUX pedep. IHIMAEHTHICTH
KpaTHUX pedep 1 meTesb BepilnHi Vi Tpada BpaXxoBYEThCS TOBHUM
CIIUCKOM #oro pebep i meTemnb 3 BiIMOBITHUMH JI0 HIX CTOBIMIISIMH
MaTpHIll THIUACHIINA. [HIMIEHTHICTh KOKHOI TIETJII BEpIINHI Tpa-



¢da BpaxoByeThCs nBiui (nuB. o3HaueHHs 3.14), OCKIIbKH BOHA
OB ’s13aHa 3 BEPUIMHOIO JBOMa CBOIMH KiHIsIMU. HasiBHICTB meTii
BiJOOpaXaeThCsl B MATPUIll 1HIMJCHIIH TaKUM YMHOM: SIKIIO Be-
pLIMHI Vi IHIUJICHTHA NeTIIA €}, To bjj=2.

Mampuys  inyudenyiti. npocmozo opepaga OynyeTbes TIO-
iHIIOMY, a came: exeMeHT bjj Mmatpuui B nopisHroe: —1, sikio ayra
€j BUXOJUTD 13 BEPIIMHY V;; 1, AKIIO Iyra €j 3aX0AUTh Yy BEPLIUHY
vi; 0, Ko oyra €j He iHIUAEHTHA BepwuHi V. ToMy B MaTpuui
IHIMIIEHIIIH TpocToro oprpada KOXKHHM CTOBMEIb MICTHTH J[Ba
gucna: —1 1 1 (moyaTok 1 KiHEelb BIAMOBIAHOI IyrH). Y KOXHOMY
PAAKY KUTBKIiCTh Ymcen “1” HOpiBHIOE HAIIBCTETICHIO 3aXO0Iy
deg’(v;) BepmmHY Vi, a KinbKicTh uncen “—1” — HaIiBCTEIEHIO BH-
xomy deg” (V).

Ilpuknao 3.5. CknagemMo Marpuiio iHOMACHin B, mis rpada
G, 3 mpuknany 3.1:

-1 0 0 1 -1 0 O
1 -1 0 0 0 -1 O
B=|l0 1 -1 0 0 0 -
o 0 1 -1 0 0 O
0o 0 0o 0 1 1 1

HasiBHicTh B oprpadi napajienbHuX 1 KOHTpIapajleabHUX AYT 1
MeTEeNIb BPAXOBYETHCS BIJIMOBIAHUMH CTOBIISIMUA MAaTPHIN 1HIU-
NeHIii. Y BUMAAKYy, KOJM BEpIIMHA Vi Ma€ IHIMICHTHY N0 Hel
HETII0 €), CiJ BPaXOBYBaTH, IO HETIsl OJHOYACHO 3aXOIUThH Y
BEPIIMHY 1 BUXOJUTH 13 HEi, 110 €KBIBAJIEHTHO HAasBHOCTI JIBOX
KOHTpHapayieiabHuX 1yr. ToMy B MaTpulll IHUUAEHIIN MaloTh Oy-
TH JIBa CTOBIILI JUIS TIETJ € 32 HOMepaMH | Ta j+1, a eneMeHTH
marputi bjj Ta bjj+1 MaTuMyTh 3HaYeHHA BignosigHo —1 Ta 1. Toxi
Yy KOKHOMY PSIIKY KUTBKICTh uncen “1” Oyne mopiBHIOBATH HAITiB-
CTETICHIO 3aXO01y deg*(vi) BEpIINUHU V;, a KUIbKICTh uncen 17 —
HarmiBcTeneHto Buxoay deg” (vi).



Ilpuknao 3.6. Ha puc. 3.4 no-
JaHO Jiarpamy 3Ba)KEHOTO Oprpa-
¢a. Baru ayr nOpiBHIOIOTBH: p,=2,
p2=ps=1, ps=5, ps=3, ps=8, p;=6,
ps=7 (iHAeKcalis Bar CmiBHaaae 3
IHJEKCAIIEr0 AYT 1 METIi).

CxitlameMo MaTpuIli CyMiKHOC-
Pucysok 3.4 — Jliarpama Tei (A) ta iHumaeHuii (B) mporo
oprpada 1o npukmagy 3.6  Oprpada:

0110 -1 0 00 0 -1 0 O

1111 1 -11-10 0 -1 -
A= ; B=

1101 0 00 1 -1 1 0 0

0110 0 00 0 1 0 1 1

VY upomy oprpadi BepmmHa V; € BUTOKOM, a BEpUIMHA V; — CTO-
koM. Ileii (hakT Takox MokHa GauntH 3 Marpuii B: deg’(vy) =0,

deg " (v,)=0.

[I1o6 cximacTu MaTpULIO IHIUACHIIN 3MimaHoro rpada, norpi-
OHO 3aMIHUTH HOro eKkBiBaJleHTHUM oprpadom. s nporo Heopi-
€HTOBaHE peOpo 3MilaHoro rpada 3aMiHAETHCS ABOMA KOHTpIa-
paJieIbBHUMU JTyTaMH.

Mampuya eae. Matpunamu Bar 3a3HadaroTh Baru peodep (ayr)
rpadis (oprpadis). [ns npoctoro rpada (oprpacda) MaTpuIlo Bar
pebep (Iyr) MOXKHA CKJIACTH TaKOK CaMOIO 3a CTPYKTYPOIO, SIK
Matpuls cyMikHocTei. Enementu Cj; matpuui Bar C BH3Ha4a-
I0TBCS TaKUM YUHOM: Cjj=P(€e), TOOTO eneMeHT Cjj Ha IepeTuHi
I-To psaKa Ta J-ro CTOBIIS MaTpHIll JgopiBHIOE Basi p(e) pedpa
(myrm), mo 3’eHy€e CyMiXKHI BEpIINHH Vi Ta Vj, 1#]; Ci=0; ;;=0
abo Cjj=oo, SIKIIO BEPIIUHU V; Ta Vj, 1#] He cyMikHi. Bubip 3Ha-
yeHHsI 0 a00 oo eyleMeHTa Cjj B OCTAHHbOMY BUIAJIKY 3aJIEKUTh B1J|
NpPakTUYHOTO CeHcy Bar pebep (ayr). Hampuknan, sikmio mijx Ba-



rOI0 PO3YMIETHCS BIJCTaHb MK IYHKTaMM (BEpLIMHAMHU) Vi Ta Vj
Ha KapTi JOpir, TO y pa3i iX HECYMIKHOCTI IOTPIOHO B3ATH Cjj= o0,
a SIKIIO TiJ] Barol pOo3yMI€ThCS MPOMYCKHA 3/IaTHICTh TPyOOmpo-
BOJLy, TO JUIl HECYMDKHUX Vj Ta Vj ciiif npuitHsty Cjj= 0.
Hesanexno Bix Toro, npoctuii rpad (oprpad) 4m Hi, MaTPHIIO
Bar pebep (Iyr) MOJKHA CKJIACTH 3a CTPYKTYPOIO MATPHIl 1HIIHIE-
HI[IH, B AKIF OOMHUILI 3aMIHAIOTHCA 3HAYCHHSAMH Bar BiAIOBIOHHUX

pebep (ayr).

Ilpuknao 3.7. Matpunisa Bar oprpacda 3 npukiany 3.6, ckiajue-
Ha 33 ONMCAHUMH NPaBUJIAMU, MaTHME TaKUH BUTJIS:
-2 00 0 0 -8 0 O
c=|2 -11-5 0 0 -6 -7
0 0 05 -3 8 0 O0f°
0o 00 0 3 0 6 7
JInst BepIIMHHO 3Ba)KEHOTO Tpada MOKHA 3a/1aTH Bard BEPIIUH
MaTpUIICIO Bar, sika 3 OYEBHIHICTIO Oyne SBIATH cO0OK0 N-ere-
MEHTHY MaTpHIIO-CTOBIeNb. Hanpukiaza, TpaHCIOHOBaHA MaTpH-
1151 Bar TPUBEPIIMHHOTO rpada (oprpada) MaTHMe BUTIIS

T —
H™=[ry hy hgl,
ne hy, h,, h; — Baru BepiuH 3 nmopsinkoBoro Hymepaiiero 1, 2, 3.

Konmponvni numannsa

IepeniuiTh BioMi BaM clocoOH 3a1aHHs rpadis.

Ski rpadu HA3UBAIOTH MOMIYEHUMU?

Y 4omy mnondrae mpouenypa 3aAaHHsA rpadiB aHaTITUYHUM
crocoboM? Yu ICHYIOTH fIKICh OCOOJMBOCTI 3ajaHHs oprpadis
IIUM CII0OCOO0M?

Axuii TeoMeTpudyHUI 00’€KT HA3WBAIOTH Jaiarpamoro rpada?
SIki enemeHTH MICTUTH Aiarpama rpada? 300paxKeHHAMHU SKUX
€JIEMEHTIB BIAPI3HIEThCA JlarpaMa oprpada Bi Alarpamu Heopie-
HTOBaHOTO rpada?

Uu HakIagaroThes SIKICh OOMEKEHHS Ha PO3MIIIEHHS BEPIITUH B
niarpami rpaga? Uu MOXKHa HaMmaraTuch YCYHYTH NE€pETHHAHHS



pebep (myr) B miarpami rpada NUIIXOM 3MiHH PO3MIIICHHS Bep-
muH rpada Ha TI0MmKHI?

Uu moxkHa 300pa’kaTH METII0 B Jiarpami oprpada y BUTIISAL
3aMKHEHOI JIiH1T 0e3 cTpiiku? SIKIIo Tak, TO OOIpyHTYHITE.

Sxum unHOM (B sIKiK (hopMi) pealizyeTbess CHUCKOBHMA CIIOCiO
3amaHHs rpadis?

3a K010 POpPMOIO OYIy€eThCS TAONHIISI BiTHOIICHB, KOO 33]a-
€TBCS CITUCOK CYMIXKHOCTEH 1 Bar BepiiuH rpada?

3a K010 POpPMOIO OYIy€eThCS TaONHIISI BiTHOIICHB, KOO 3a7a-
€ThCS CITMCOK IHIMJICHIIIH Ta Bar pebdep (ayr) rpada?

[TosicHITH CTPYKTYpY MaTpulli cymixkHocTell rpada (oprpada)
0e3 merenb. SIKUM YMHOM BU3HAYaIOTHCS 3HAYECHHS i1 €JIEMEHTIB?
SIKi 0COOIMBOCTI B CTPYKTYpi MAaTpHIll CYMi>KHOCTEH BHHUKAIOTh
3a HassBHOCTI METeNb B ACIKUX BeplunHax rpada?

[TosiCHITH CTPYKTYpY MaTpHIll IHIMIEHIIH MPOCTOrO HEOpi€H-
ToBaHOro rpada. SIKuM YMHOM BU3HAYAIOTHCS 3HAYCHHS ii eneme-
HTIB? SIKuii 3B’SI30K ICHY€E MK KUTbKICTIO OAMHHIb y PSIIKY MaT-
pHIll Ta CTeNeHeM BiANoBiAHOI BepmuHU rpada? Yomy KOKHHIMA
CTOBIICIIb MATPHIIl IHIIMJICHIII MPOCTOTO HEOPIEHTOBAHOTO rpada
MICTUTBH AB1 OJUHULI?

SAxuii 3B’A30K ICHYe MK CyMOIO 3HAQU€Hb €JIEMEHTIB Y PAIKY
MaTpHIll iHIMICHIIH HEOpIEHTOBAHOIO Ipada Ta CTENEHEM BiaIO-
BITHOI I[bOMY DSIIKY BeplIMHHU Tpada? SIKuM YMHOM HAasBHICTb
KpaTHUX pedep Ta MeTeNb YpaxoBYEThCS B CTPYKTYpl MaTpHIli iH-
[IUIEHIIN Ta 3HAYEHHSX 11 eJIEMEHTIB?

Buknanite npaBuia moOyJoBM MaTpHULll IHIUAEHIIH MPOCTOro
oprpada.

SlkUM YMHOM MOXXHA Ji3HATHUCS MPO 3HAYCHHS HAIIBCTETICHIB
3ax0/1y Ta BUXOAY OyAb-sIKO1 3 BEPILKH IPOCTOro oprpada Ha mij-
CTaBi 1Oro MaTpHIIl IHIUACHITI?

YoMy KOXHHI CTOBIMEIh MATPHIll 1HIMCHIIIH MPOCTOTO OpT-
pada MicTuTh aBa yucna: —1 i 1, a iHIII eTeMeHTH CTOBMIIS Mojia-
10TbCs ynciom 07

Buxknanite npaBuia noOyqoBH MaTpHIli iHIIUACHIINA oprpada 3



ypaxyBaHHSM HasBHOCTI MapaJieIbHUAX 1 KOHTpHApaleIbHUX YT 1
MeTEeIb.

SxuM YMHOM 3IMCHIOETBCS 3aMiHa 3MIIIaHOTO Tpada eKBiBaje-
HTHUM oprpadom?

Baru sixux enemenriB rpada (oprpada) MokHa 3a7aTH 3a AOIO-
MOTO0 MaTpuIli Bar?

Buknaznite nmpaBuia nody1oBu MaTpuili Bar pedep (Iyr) mpocTo-
ro rpada (oprpada) 3a CTpyKTypOIO MaTPHIli CYMI>KHOCTEH.

3a CTPYKTYpOIO SIKOi MATPUIll — CYMIKHOCTEH a00 THIMICHIIINH —
MOXXHa MOOYIyBaTH MaTpHIlO Bar pedep (ayr) Oynb-sikoro rpada
(HE3aJIeXKHO BiJT TOTO, TPOCTHUH 11e# rpad uu Hi)?

Buxunanite npaBmia modyaoBu matpuili Bar pedep (ayr) rpada
(oprpada) 3a CTpyKTyporo MaTpwili iHOuAeHIid. HaBemiTh mpuk-
naau moOymoBu MaTpulli Bar pedep (xayr) rpada (oprpada), 1mo
MICTUTh TIapajelibHI Ta KOHTPHapajelbHi pedpa (Jyru) Ta meTi.

SIkuit BUIIISIT Ma€ MaTPHIIS Bar BEPIIMHHO 3BaXKEHOTO rpada?

3.3 Izomopdizm rpadis

VY teopii rpadiB Ta ii 3aCTOCYBaHHAX YacTO CYTTEBUM € JIMIIE
icHyBaHHs 00'eKTIB (BepilnH rpada) 1 3B'sI3KiB MK HUMHU (pedep).
Toxi onuH rpad MoOXHa YTBOPUTH 3 BIZJOMOTO 1HIIOTO HUISAXOM
3MIHM MO3HA4Y€Hb BEPIIMH Ta KOHQIrypamii niarpamu rpada. L
MipKyBaHHS MPUBOJIATH J10 MOHATTS 130Mop(di3my rpadis.

Osnavenns 3.23. Hexait G1=(V1,E1), 1 G,=(V2,E2) — nBa
rpadu. biektuBHe BinoOpaxenus . Vi—V, Ha3uBaeThCs i30MOp-
@izmom G1Ha Gy, AKII0 YnCI0 pedep, Mo 3 €AHYIOTh BEPIIHHHA U 1
v B Gi, IOpiBHIOE Ynciy pedep, 1o 3 €IHYIOTh BepiuuHu  (u) i
w (V) B G, (3p0o3yMisIio, 110 YHCIIO METENb Y BEPIINHI U TOPIBHIOE
YHCITy TIeTeNb Yy BepiuHi y(u)).

Osnauenns 3.24. TIpapu Gi1=(V1,E1)) 1 Go=(Vo, E?)
HA3UBAIOThCS i30MopdHumu, AKIO icHye 13oMopdizm Gi Ha Gy
(mo3Hauenns G;=Gy).

CcdopmynboBaHne 03HaYeHHS 130MOpQi3My MpHUIaTHE 1 A Op-



rpa¢iB, HEOOXiqHO iHIe pedpa BBaKaTH OPIEHTOBAHUMH (TOOTO
JyraMu), a Mapyu BEpIIWH, 3’€IHAHI TyraMH, BBa)KaTH YIOPSIKO-
BaHHMH.

Ha puc. 3.5 HaBeneHi piarpamu 180X i3o0MopdHUX rpadis.

Vi Vs,
U, U, Uj
U, Us Us Vs Vs
Gl GZ

Pucynoxk 3.5 — liarpamu i3omopduux rpadis

IBomopdism G; Ha G, € B3aEMHO OJHO3HAYHUM BiTOOpaXKEH-
HSIM MHOXXHHH BepIIMH V1 HA MHOXXHMHY BepIIHH Vo, 110 30epirae
BIJTHOILIEHHSI CYMDKHOCTI BepUIMH. [HIIMMU cioBamHu, 130Mopdizm
W XapaKTepU3YETbCS BJIACTHBICTIO! JOBIJIbHI BEPUIMHU U 1 V Cy-
MixHI B rpadi Gp Toxi # mumie Toai, ko BepiuHn w(U) 1 w(V)
cyMixHi B rpagi Go.

[3omopdizm — 116 GiHapHE B3aEMHO OJHO3HAYHE BITHOIICHHS
Ha MHOUHI rpagiB, TOOTO BiH € BIJTHOIIEHHSM E€KBIBAJIEHTHOCTI.
[3omMopdHI rpadu BiIPI3HAIOTHCA JUIIE 1IeHTH(IKaTOpaMu Bep-
muH. s BIIMIHHICTE HE € CYTTEBOIO, TOMY 3BHYaHO 130MOp(HI
rpadgu OTOTOKHIOIOTh, 300paXkarouu iX Jiarpamu 0e3 Mo3HaYeHHs
BEpLIMH, a00 3 HyMepalli€l0 BEpIIMH HATypaJbHUMH YHCIAMU.
OTtxe, giarpama 3ajaae rpad 3 TOUHICTIO 710 130MOp(di3my.

s noBeneHHs i30MopdHOCTI BOX rpadis moTpiOHO MOKa3aTH
BIJIMOBIIHY Oi€KITif0. Y 3arajJlbHOMYy BUIIAJKY JOBEACHHS 130MOp-
¢izMy rpadiB MoXke BUSBUTHUCS CKJIAJHOIO 3aj1adero. Skmo ¢op-
MaJbHO BUXOIUTH 3 O3HAYEHHS 130MOp(]i3My, TO MOTPIOHO 3IiHC-



HiIoBaTH TiepeOip Oiekiiii MHOKMHM BEpIIMH OJHOTO Tpada Ha
MHOKHHY BEPLIMH 1HIIOTO 1 JAJI1 KOXHOI 3 HUX MEpPEBIPATH, YU €
BOoHa 13oMop¢izmMom. [IpakTruHO Takuii mepebip Oiexuiil 37iiic-
HIOETHCSl HA OCHOBI HACTYITHOI TEOPEMHU.

Teopema 3.1. I'padu G; ta G, i3oMopdHI TOMI ¥ JMIE TOMI,
KOJIM MaTpHII0 CYMDKHOCTEH OJHOro 3 1ux rpadiB MoxxHa onep-
KaTW 3 MAaTPHIl CyMDKHOCTEH iHIIOro rpada 3a 10momMoror Bif-
MOBIJHUX EPECTAHOBOK PAIKIB Ta CTOBIIIIIB.

Hogedennsa. Ockinbku i3oMop¢Hi rpadu G; 1 G, mopsinky n Bi-
JPI3HAIOTHCSA MK COOOIO JIMIIIE HyMepalli€ro (MI03HAYCHHSIMH) Be-
pIINH, TO iCHye Oi€KTHBHE BiJIOOpa)K€HHS ¢ MHOXHHHU HOMEPiB
(mo3HaueHb) BEPIIUH NepiIoro rpada Ha MHOKUHY HOMEpIB (1103~
HayeHb) BepUIMH Apyroro. OTxe, KOXKEH eJIeMeHT @jj MaTpulli cy-
mixHocTell A rpada G; 36iraeTbes 3 eneMeHToM D) ) , [0 3Ha-
XOAUTHCS B PAAKY 3 HOMepoM ¢ (i) i cTOBII 3 HOMepoM @ (j) Mat-
puti cymikaocteir B rpada G,. Skmo BigoOpakeHHS ¢ Bifome,
TO HUISXOM ITOCIIJIOBHOT NIEPECTAaHOBKU PSJKIB 3 HOMEpaMH | Ta
@(i), a MOTIM i CTOBIII[IB 3 THMHA CAMUMH HOMEpaMu s BCix 1=1,
..., N MaTpHIIO CyMDKHOCTEH A MOYKHA MEPETBOPUTH Y MATPHIIIO
cyMikHOCTeH B 1 HaBmakwu.

S0 noTpiOHO MEPEeBIPUTH 32 JIOIIOMOTOI0 MAaTpPULb CYMIXK-
HocTell 130Mop(HICTh 1BOX TpadiB MOPsIKY N, HEOOXiHO 31iic-
HUTH Pi3Hi (32 CIIOTYYCHHSIMH HOMEPIB | Ta |) TIEPECTAHOBKH Psi/I-
KiB 1 CTOBIIIIB OJIHI€T 3 IUX MAaTPHUIlb. SIKIIO MICIs 4eproBoi nepe-
CTAaHOBKH OJICP>KMMO MATPHIIIO, 1110 301rae€ThCs 3 1HIION, TO JIii-
JIEMO JI0 BUCHOBKY, 1110 LI Tpadu 130MOpQHi.

KinpkicTh yciX MOXJIMBUX NEPECTAHOBOK PSAIKIB 1 CTOBIILIB
KBaJIpaTHOI MaTpHIli MOPAAKY N AopiBHIoe N!. SIKiIo micis BUKO-
HaHHS BciX N! mepecTaHOBOK 30iry MaTpullb CyMiXHOCTEH 000X
rpadiB HE OJEPKUMO, TO JIHJAEMO BHUCHOBKY, IO IIi Tpadgu He
13oMopdHi. Teopemy dosedeHo.

Ilpuknao 3.8. Matpuui A 1 B cymiKHOCTEH BepIIuH
rpadiB i G; 1 Gy, HaBepeHUX Ha puc. 3.5, MAIOTh BUTIIA;



000111 010101
000111 101010
A=|0 00 1 1 1. 5010101
111000 10101 0
111000 010101
111000 101010

Martpuiist A oxepxyeTbecsi 3 MaTpulli B OAHOYACHOIO IepecTa-
HOBKOIO JIPYroro Ta TPEThOTrO, a MOTIM TPETHOTO Ta I’ ITOTO PSI-
KiB 1 croBnuiB. OTxe, 1i rpadu i3omopdHi. [3omopdism A Ha B
MO>KHA MOJIaTH B TaOJIMYHIA PopMi:

uieU Uy V7] Us Uy Us Us
vieV V1 V3 Vs \ Vo Ve

Jlns N BepIIMH YMCII0O MOXIMBUX Oiekiiii mopiBHioe N!. 11106
3’4CyBaTH PO3TISIHYTHM CIIOCOOOM, 49U € rpadu i3omopdHUMHU,
MOXKE CTaTH MOTPIOHMM BHUKOHATH BCi N! MEpPeCTaHOBOK PAIKIB 1
CTOBIIIIB MaTpPHULl CyMDKHOCTEH OJHOTO 3 HHUX. YK€ JUIA TOpiB-
HSHO HEBEJIMKHUX 3HA4YeHb N 3MIMCHUTH Takud mepelip Oiekiin
OPAKTUYHO HEMOXJIMBO (Hampukiaa, npu N=20 Maemo
n!>2.10%).

VY npuknaaHii Teopii aaropuTMiB po3poOISIOTECS PI3HOMAHIT-
Hi aJIrOPUTMU TEepeBipKU 130MopdizMy rpadis, siKi 11 OLIBIIOCTI
rpadis (abo okpeMux TuIiB rpagiB) A03BOJISAIOTh CYTTEBO CKOPO-
TUTH 00CST HEOOX1THHUX TIEPEBIPOK.

Onepxxkannil (IUIIXOM BIAMOBIIHMX TEPECTAHOBOK PSIKIB 1
CTOBIILIB) 30ir MaTpuIlb CYMDKHOCTEH € JIOCTaTHBOIO YMOBOIO
130MophHOCTI HeopieHTOBaHMX rpadiB 0e3 mapaienbHUX peodep,
TOMY IO MPH LbOMY 30iratoThCsl TAKOX IX MATPUIU 1HIUAEHIH.
VY 3aranbHOMY K BUIAAKY JUIs Oyab-sakux rpadis (oprpadis) goc-
TaTHHOIO YMOBOIO 130MOP(HOCTI € 30ir MaTpULb IHIMACHIIIH, 110
rapaHTye 30ir MaTpUllb CyMbKHOCTEH 1IuX rpadiB. 3a aHaJOTIEO 3
Teopemoro 3.1 HaBeJeMO HACTYIHY TEOpeMy, Ha TMijAcTaBi SKOi
MO’KHA 3[[IHCHIOBATH NEPEBIPKY 130MOphHOCTI Oy 1b-IKHUX Ipadis.

Teopema 3.2. I'padu (oprpacdu) Gi 1 G, i3omMopdHi TOAl U JU-



1€ TOJli, KOJIU MATPUIIIO IHIIMICHIIA OJHOTO 13 IuX rpadiB MOXK-
Ha OJICp>KaTH 3 MaTPUIll IHITUACHIIIN 1HIIIOTO 3a JOIIOMOTOI0 TIepe-
CTaHOBOK PSJIKiB Ta CTOBIILIIB.

Jlnst matpunp iHmEAeHIH rpadiB G; 1 G, 3 N BepmmHamMu i M
peOpamu (xyramu) crpaBeUIMBI aHANOTIYHI MIpKyBaHHS ILOJO
MEePECTAaHOBOK PSAKIB 1 CTOBIIIIB, SIK 1 JIJI1 MaTPHUIh CYMIKHOCTEH.
BinMinHicTh y Tomy, mo komu Gi i Gy i3omopdHi, Tomi s ix
MHOXHWH BEpIIUH ICHYye Ol€KIisl @, a JUIsi MHOXKHH pebdep — i1HIIa
Oiekuig . ToMy epecTaHOBKHU PSIKIB 1 CTOBIIIIB 31HCHIOIOTHCS
B Oy/Ib-gKOi TIOCIIIOBHOCTI SIK B3a€EMHO HE3aJIe)KHI KPOKH. 3ara-
JIbHA KUIBKICTh TAKUX KPOKIB JJIS MEpPEBIpKU 130MopdizMy rpadis
G1 1 G, He mepesutrye n!-m!.

Ilpuknao 3.9. Tlepesipumo i3oMopdHicTh rpadiB G; 1 Gy, mia-
rpamMu SKHX HaBeJeHi Ha puc. 3.6.

U V, o, V3
O O
(27
(04]
u Us %
1 3
G, Vy G, V,

Pucynox 3.6 — Jliarpamu rpadis go npukiany 3.9

Marputi 4 i B innunenmii rpagiB Gi i G, MaroTh BUTIIS:

A= ; B=

OO Rr K-
OoOrFrOo
O O
P OOR
RPORFrO
PP, OO
OOr K
OoOrrFrOo
PP, OO
OO
OPr O
POPFr O

Martpuiiss A ofepKyeThCcsi 3 MaTpuIll B TOCIIIOBHUMH TIepe-
craHoBKaMH 3-T0 1 5-ro, a motiM 5-ro 1 6-ro crosmmuis. OTxke, 11



rpadu i3omopdHi. [3omopdizm G; i G, mogaeTbes OGiekIisMu @

Ui(—)Vi‘ |:1,_4 Ta l// C1>, 6036 O > Oy, 5> O, B> .

[Mpuknaau 3.8 i 3.9 iMIOCTPYIOTH BUIAIKH, KOJTU HEBAXKKO 3/10-
raJlaTucs, SKMMHU IepeCTaHOBKAMU MOXKHA JIOBECTH 130MOPQHICTH
rpagis. Yacrime x JOBEJCHHS 130MOP(GHOCTI BUSBISIETHCS AYXKE
TPYAOMICTKHM, TOTpeOye BETMKUX BUTpaT 4acy. OnHak y Oara-
THOX BHUIIaJIKaX MOKHA JIOCUTB JIETKO Ji3HATHCA, 1110 J1Ba Tpadu HEe
130MopHi.

JlocTaTHROIO YMOBOIO i30MOpPQHOCTI TrpadiB € 30ir mMarpuib
IHOUACHIIIM Ta CYMDKHOCTEH, a HEOOXITHUMHU YMOBAaMHU €: OJIHA-
KOBI KUTBKOCTI BEpIIWH, pedep (Iyr) i merenb; OAHAKOBI HAbOpH
CTereHiB (HamiBCTENEHIB BUXOAY Ta 3aXOAy) BEpIIMH; 1HIII YuC-
JIOBI Ta CTPYKTYpPHI XapakTepucTuku rpagis. Lli xapakTepucTuku
HA3WBAIOTh iHBapiaHmamu, OCKUIBKA BOHH 30epiraroThbCsi IpH 130-
MopdizMmi. SIKIIO BIAE€THCS BUSBUTH, IO JJS JBOX TrpadiB aesKi
IHBapiaHTH He 30iraroThes, TO mi rpadu He i3o0MopdHi. Y Teopii
rpa¢iB IOBHY CUCTEMY iHBapiaHTIB e HE BU3HAUCHO.

Ilpuxnao 3.10. IlepeBipumo Ha i3omopdHicTh Tpadu Gi, Ga,
G3, G4, miarpaMu SIKUX HaBeJleH1 Ha puc. 3.7.

Koxen 13 mux
@ @ @ rpagiB Mae 6 BepLIUH.
I'pad G, Bimpi3HSAETHCS Big

Gy G, Gs G4 yCiX IHIIMX KUIBKICTIO pe-
oep. I'pad G3 BiapizHAETH-
csa Big rpadiB G; ta Gy
THM, IO Ha BIAMIHY BIJ
HUX MICTUTH BEpUIMHY, CTEMiHb AK0i fopiBHIOE 4. ['pad G4 Binpi-
3Hs€ThCs Bix rpada Gi THM, MIO MICTHTH JIBa ITUKIN (3aMKHEHI
KOHTYpH) AOBXHHOIO 3 (i3 TppoX pedep). OTxe, cepen po3risHy-
TUX rpadiB HEMae KOIHOI Mapu 130MOPHHUX.

Pucynoxk 3.7 — liarpamu rpagis
1o npuknany 3.10

Konmpononi numannsn



SIxa BacTUBICTH rpadiB 103BOJISIE YTBOPUTH HOBUIL Tpad i3 Bi-
JIOMOTO IIIJIIXOM 3MiHHM TO3HA4YeHb BEPIIMH Ta KOHQIryparii mia-
rpamu rpaga?

Hagenite monsrts i3omopdizmy rpada G; Ha rpad Go.

3a sikux ymoB rpadu G; ta Gy i3oMopdHi?

Bxaxite Ha ocoOmmBOCTI MOHATTS 13oMopdizmy rpada G; Ha
rpad G, sIKII0 BOHM € oprpadamu.

SAxum ynHOM BigHOIIEHHS 130Mopdizmy rpada G; Ha rpad G,
OB’ sI3aHe 13 CYMDKHICTIO BEPIIUH y WX rpadax?

Uu icuye i3omopdizm rpada G, Ha rpad G; npu i3omopdizmi
GiHa rpad G,? Skmio tak, To 3aBISIKU 4OMY?

Uu e i3omopdizm rpadiB BiITHOIICHHSIM iX €KBIBAJIGHTHOCTI?
SIKIIO TaK, TO 3aBISIKK YOMY?

SAxumu criocobaMu MOXKHA BHUSBUTH 130MOP(MHICTh IPOCTHUX
rpadis (oprpadis)?

SAxumu cnocobaMy MOYKHA BUSIBUTH HE130MOP(]HICTH MPOCTHX
rpadis (oprpadis)?

Slxumu criocobamMu MOKHA BUSIBUTH HE130MOP(HICTH MYJIBTUT-
padis?

Buknanite npouenypy nepeBipku i30MOpQHOCTI ABOX rpadis
IUIAXOM TEPECTAHOBOK PSAKIB 1 CTOBILIB MaTpHUILll CyMDbKHOCTEN
OJTHOTO 3 HUX.

Buxnanite nponenypy nepeBipku i30MopdHOCTI JBOX rpadis
IIIIXOM N€PECTAaHOBOK PAAKIB 1 CTOBIILIB MAaTpHIll 1HIMIEHTHOC-
TEeH OHOTO 3 HUX.

SIKi XapakTepuCTUKHU TpadiB HA3UBAIOTh iHBapiaHTaMH?

SIki yMOBHM € TOCTaTHIMH YMOBaMH 130Mop(dHOCTI rpadis, a iK1
— HEOOX1gHUMH?

3.4 Omepauii Hax rpagpamu

Jlnst onepkaHHs HOBUX IpadiB MOXKHA 3/11HCHIOBATH Pi3HI OIe-
partii Hax rpadamu. Po3ristHemMo aBa BUIM omiepallii — areeopaiu-
Hi, KON HOBUHM rpad OyayeTbcs 3a BU3HAUEHUMH IpaBUIAMH 3
iHIUX rpadis, Ta ynapui (JIOKaJbHI), 32 AKUX BHJIYYAIOThCS 200



JOJIAI0THCS OKpeMi eneMeHTH rpada.

Hns rpadiB, Sk 1 JuIsi MHOKHMH, MOXKHa O3HAUUTH oOmeparii
00’€THaHHSA, TIEPETUHY, PI3HMIII, JOTIOBHEHHS 1 CHMETPUYHOI Pi3-
auii (posa. 1, o3nauenns 1.1 — 1.5).

Osnauennss 3.25. O6’conannsm rtpadpis G;=(Vy,Ep) 1
G, =(Va, E2) HasuBaerbes rpad G =Gy G, =(V1UVL,E1UE)).

O0’eqnanns G=G;U G, Ha3uBaeThCs Ou3 10OHKMUEHOIO (200
npsmoro) cymoro rpadiB Gi i Gy, sxmo VinVy =, To6To rpadhu
G1 1 Gy HE MarOTh CHIJTBHUX BEPIIHH.

O3unauenns 3.26. [lepemunom epagpie G1=(V,E1) 1 G,=(V, E)
HasuBaetbesa rpad G =GN G, =(VinVy, E1NEy).

Sxmo ViV, =, to G=(J, D).

Oszunauenns 3.27. Pisnuyero epagie G1=(V,E1) 1 G,=(V,E) 3
OJIHAKOBHUMH MHOXXMHamMu V  BEpIIMH HA3WBA€ThCA rpad
G= Gl\Gz = (V, E]_\Ez).

Osuavenns 3.28. /Jonosnennsm epagpa G=(V, E) HasuBaeTbcs

rpad G = (V, V2\E).
I'pap G mae Ty camy MHOxuHY BepmuH V, 1m0 i rpad G, a

sepumad rpada G cymikmi Tomi # nmMIme TOAi, KOJAM BOHH
HecyMikHI B G. [Ina rpaga G i3 N BepumIMHaMU BUKOHYETHCS

pisnicte G =K,\G (nuB. o3nauenns 3.16).

Osnauenns 3.29. Cumempuunoro piznuyero rpadis G1=(V, Ep)
I G2=(V,E,) 3 omHakoBMMH MHOXHHAMHU V BEPIIUH HA3MBAETHCS
rpa(b G= Gl—Gz = (V, (El\ E2) |\ (E2 \ El))

Po3rnsHyTi oneparttii Hajx rpadamMu CTaHOBIATH IPYILY aeebpa-
iuHux onepayiti, OCKiIbKM BOHH BUKOHYIOTHCS 33 3aKOHAMH aJire-
Opu rpadis < I, U, N, ~ >, HOCIEM KO € MHOXKHHA [ ycix rpadis,
a CUTHATYpOIO — omepairii 00’ eTHaHHS U, IEPETHHY M Ta JOTMOB-
HEHHS .

Ilpuknao 3.11. Ha puc. 3.8 HaBeneHi aiarpamu mncesnorpadis
Gl i Gz Ta G:G;LUC52.



Pucynoxk 3.8 — liarpamu rpadis no npuxmnagy 3.11

Ilpuknao 3.12. Ha puc. 3.9 nHaBemeHi pgiarpamu TpadiB
G1=(V,E1) i G2=(V, Ey) Ta ix 06’eqnanns H; =G U G,, nepetun
H,=G11" Gy, pizauns H3=G;\G,, momosuenns Hy=K,\Gy, cu-
MeTpuyHa pizHul Hs=G1—Go.

Hi H» Hs H, Hs
Pucynok 3.9 — Jliarpamu rpa¢is 1o npukiany 3.12

[Hmy rpyny onepauiii Haa rpadaMy CTaHOBIIATH YHapHI (JOKa-
TBH1) omepartii, o 3A1HCHIOITHC Haa enquHuM rpadom. [IpocTi-
IIMMH 3 HUX € omepallii BIJIy4eHHS BepIIMHU abo pedpa (ayru) i
J0JIaBaHHS TAKMX CAMUX €JIEeMEHTIB.

[Ipu sunyuenni pebpa (myrum) y rpadi 30epiraroTbcs BCi HOTO
eJIEMEHTH, KpIM BUIy4eHOro pedpa (ayru). Onepauis dodasanms
pebpa (1yTH) € 3BOPOTHOIO JI0 OTepallii BUJIYICHHS, TIPH IbOMY B



rpadi MOXYTh 3 ABIATHCS MapaneibHi pedpa (Iyry) i HaBiTh MeT-
Ti.

[lpu sunyyenni éepuwuwiu 3 rpada BUITYHalOTHCS TAKOXK 1 BCI
pebpa (nyru), mo IHIUACHTHI 11 BepimHi. Onepartis 000asanHs.
éepuiuHy TIOJSATa€ B TOMY, IO JO €JIeMEHTIB rpada J0JaeTbes
130JIbOBaHa BEPIINHA.

Jlo ymciia mpOCTIMX MOKHA BiTHECTH TAKOX OIEPAII0 CHMisi-
eyeanHs eepuiur Tpada, KoM 3aaHy MHOXXHHY BEpIIHH (3a3BU-
Yaii B1) 3’€HYIOTh B €JUHY BEPIIUHY, a OTpUMaHi 3 pedep (ayr)
HETI BUIYYarOThCS.

Bynp-ski iHmI yHapHi oneparii Hax rpadom, o MaloTh 3a Me-
Ty 3MiHY HOTO €JIEMEHTHOTO CKJIay, 3BOJSATHCS 10 MOCIiOBHOTO
BUKOHAHHSI HU3KU OIeparliii BUIyYCHHs Ta JOJaBaHHS BEPIIHH i
pebep (Iyr) Ta CTATYBaHHS BEPIIHH.

Konmpononi numannsn

Ha3BiTh nBa BuaM onepariiii Haa rpadamu.

HageniTe nepenik anredpaidHux omeparii Hax rpadamu.

HaBenith o3HaduenHss o0’enHaHHsa TpadiB. 3a SKUX YMOB
0o0’enHaHHs TpadiB HA3UBAETHCHA IX JU3 FOHKTUBHOIO (MPSMOIO)
cymoro? Hagenith rpadiuHuii npukias.

Hagenite o3HaueHHs nepeTuHy rpadis 3 0JJHAKOBUMHU MHOXHU-
Hamu BepiuH. HaBeniTe rpadiunuil npuxiias.

Hagenite o3HaueHHs pizHuULl rpadiB 3 OJHAKOBUMH MHOKHHA-
MU BepiinH. HaBeniTh rpadiuHuii npukiaz.

Hagenite o3HaueHHs nonoBHeHHs rpada. Haseaits rpadiunuit
HPUKIIAI.

Hagenite o3HaueHHs cuMeTpuuHOi pi3HUL rpadis. Hasenite
rpadiuHuil TpuUKIa.

Ha3BiTh nepenik yHapHUX omepariiii HaJ rpadamu.

[TosicHITH CyTHICTBH Omepallii oJaep»aHHd HOBOro rpada muis-
XOM BUIIydeHHs pebpa (ayru) 3 Biomoro rpada. Haseaits rpadi-
YHUU NPUKIA.

[TosicHiTh CyTHICTH omepalii oAepKaHHS HOBOTo rpada muis-
XOM JI07laBaHHs peOpa (ayru) y Bimomomy rpadi. Hasenits rpadi-



YHUU IPUKIIAA.

[TosicHITh CyTHICTH omeparlii ojJepaHHs HOBOro rpada muis-
XOM BWJIYYEHHSI BEpIIMHH 3 Bimomoro rpada. Hasexits rpadiu-
HUM TPUKJIIA.

[TosicHITH CyTHICTBH Omepalii oJep» aHHA HOBOTO rpada muis-
XOM JIoflaBaHHs BEpIIMHU Yy Bimomomy rpadi. Hasenite rpadiu-
HUW NIPUKIIAL.

[TosicHITh CyTHICTH omeparlii ojepaHHs HOBOro rpada muis-
XOM CTATYBaHHs BepLIMH BigoMoro rpada. Hasenite rpadiunmii
MPUKIAI.

3.5 I'padu Ta ninrpadpu

ITix yac BUKopucTaHHS TpadOBUX MOJIEICH CHUCTEM 1 MPOIECiB
9acTO BHHUKA€ HEOOXIAHICTH BHUAUIATH y Tpadi OUTbII CKIaaHI
CIIEMEHTH, HDK pedpa Ta BEpIIWHH, 30KpeMa CKJIaJIOBI YaCTUHU
rpada, mo cami € rpadpamu. TakuMHU CKIIAJOBUMH YaCTUHAMH €
niozpagu.

Osuauennst 3.30. I'pad G =(V,E) Hasuaerbes nidepagpom
rpaga (oprpada) G=(V,E), sxkmo V'cV i EcE, npuuomy
ei=(v;,weE ' ume 3a YMOBH, IO V;, VeV :

Skmo E'cE un V' V, To rpad G Ha3MBaIOTh €1ACHUM TIJIT-
padom rpada G.

Osuauenns 3.31. Sxmo V=V, t06T0 BCi BepmmHH rpada
(oprpada) G=(V, E) HasiBHi B rpadi G =(V ,E ), E' cE, npuuomy
G e mepesoM (muB. m. 3.7.4), To rpad G HA3MBa€THCA Kicmako-
sum (kapkacHuM) miarpadom rpada (oprpada) G.



Ilpuxnao 3.13. Ha puc. 3.10 moka3ani Bnacauii G; Ta KiCTsIKO-
Buii G, miarpagu oprpada G .

Vs ) Va V; Vs, V3
/ [ ]
€5 € €5 €s
€3
€; € €
€4 €4 €,
V, G Vy V, G 1 Vs, V3 G ) V,

Pucynok 3.10 — Oprpad ta iioro miarpadu

OueBuaHO, 01MH 1 ToW camuii rpad (oprpad) moxke maru aeki-
JbKa BIACHHUX 1 KICTSIKOBUX miarpadis, sKi OAEPXKYIOTh HUIIXOM
BUJTYYCHHSI BEPILIKH Ta pedep (ayr).

Konmponvni numanns

Sxuit MaTemaTHYHUA 00’ €KT HOCUTH Ha3By miarpada? Hasenite
O3HAYEeHHS bOTO 00’ €KTA.

3a siknx ymoB miarpad G e BmacuuM miarpadom rpada G?

3a sxux ymoB miarpad G e kicraxoum migrpadom rpada G?
Uu e xicTskouit miarpad G 0HOYACHO BIACHEM Miarpadom
rpada G?

3a 10TIOMOr o0 SKHX Orepaliii HaJ rpag)oM MOKHA BUIUIATH 3
HBOTO Pi3HI miarpadpu?

3.6 CTpyKTYpHi XapakTepucTHKHu rpagis

I3 nesKuMH CTPYKTYpHUMH XapaKTEPUCTHKAMH rpadiB MU BiKe
3yCTpiuanucs Mpu BBEACHHI OCHOBHUX MOHATH (1. 3.1). Lli xapak-
TEPUCTHUKH BHUILTMBAIOTH 3 03Ha4YeHb 3.3 —3.5, 3.11 -3.12, 3.16 —
3.21 BuaiB rpadiB. OnHak 3acTocyBaHHs rpadiB MiJx 4ac MPOEK-
TyBaHHS W JAOCHTIKEHHS 00'€KTIB 1 cucTeM MoTpedye TaKkoX ysIB-



JIeHb 1 PO OULIBLI CKJIAIHI CTPYKTYPHI XapaKTePHCTUKU Tpadis,
30KpemMa Mpo pi3HOMaHITHI BUIM MApUIPYTiB. Y SIBJICHHS PO BUIU
MapIIpyTiB HEOOXITHI AT PO3B’SI3aHHS MPOOJIEMH TOCSIKHOCTI,
TOOTO MOXJIMBOCTI Mepexoay 1o pedpax (ayrax) rpada (oprpada)
3 OfIHi€T BepIIMHM B iHIIY. 3a/1a4i aHaJi3y TOCSHKHOCTI Ha Tpadax
€ CKJIAJOBHUMM KOMIUIEKCHUX 3aBJlaHb NPOEKTYBaHHS 1 JOCIHi-
JDKCHHS TaKUX CKIIQJHUX TEXHOJIOTIYHUX CHUCTEM, SIK TPAHCTIOPTHI
MepexKi, MEPEXKi eIEeKTPO-, Fa30-, BOJOMOCTAYaHHSI Ta 1H.

O3navenns 3.32. Mapwpymom y tpadi Ha3UBAETHCS CKiH-
YeHHAa TMOCIIIIOBHICTh BEpIIUH 1 pedep Vi, €, Vi, €k, ..., Vi, €, Vm,
0 TIOYMHAETHCS 1 3aKIHUYYETHCS BEPIIMHAMH, MPUUIOMY KOXKHE
pedpo B Il TOCIITOBHOCTI IHIIMJICHTHE BEPIIWHAM, IO IMPUMH-
KaroTh JI0 HBOTO 3J1iBa 1 CIIpaBa.

Miporo MapuipyTy Ha3UBAa€EThCS HOTO 008JICUHA, SIKA TOPIBHIOE
qucily pedep, 110 BXOATh Y LIed MapIipyT.

[ToHATTS MapmIpyTy 3TiAHO 3 IIUM O3HAUEHHSM BiTHOCHUTBHCSA 1
1o oprpadis, P IILOMY OPI€HTAIliS IyT HE Ma€e 3HAYCHHS, TOOTO
Jyra po3risJaeThes K HEOpiEHTOBaHE pedpo.

Osnauenns 3.33. MapuipyT Ha3UBAETHCS 3AMKHEHUM, SIKIIO
HOro movyaTtkoBa Ta KiHIIEBa BEPIIUHU 301ratoThCS.

O3navenns 3.34. MapuipyT Ha3HBAETHCA BIOKPUMUM, SIKILO
HOro moyaTKoBa Ta KiHIIEBA BEPIIMHHU Pi3HI.

\Z

Ilpuknao 3.14. B oprpadi Ha
puc. 3.11 mocnigoBHOCTI

Vo, €3, Vg, €6, Vs, €9, V3, €10, Vs, €7,
Vi; Vi, €1 Vo, €3 €6, €10, V3, €3, Va, €y
€6; Vs, €3, V2, €5, V5, €9, V3
€ MapuipyTaMu, MPUYOMY JIBa Tie-
pIINX € BIAKPUTHUMHM, & OCTaHHIN 3
V, HUX € 3aMKHCHHM.

Yacrinie BUKOPUCTOBYIOTh-
Csl OKpeMi BUIM MapLIpyTiB, SKUM
Pucynok 3.11 — Oprpad BIIACTHBI MIEBHI OCOOIUBOCTI.

€

Vy
V3

€4

Vs

1o npuknany 3.14



O3unavenns 3.35. [llnaxom (Opi€HTOBaHUM MapIIPyTOM) B
oprpadi Ha3MBAETHCS MOCIIIOBHICTh JIYT, B sKiH KiHIICBA BEPIIIH-
Ha OyAb-AKO1 Iyr'H, KpiM OCTAaHHBOI B TOPSIIKY CJIiTyBaHHS, € I10-
YaTKOBOIO BEPIIMHOIO HACTYIHOI AYTH.

Hanpuknan, y rpagi puc. 3.11 MapupyT Vs, €, Vs, €3 € HUIIXOM.
OueBuHO, B HEOpi€EHTOBaHOMY rpadi Oyab-SKH MapuipyT €
nuIsixoM. OCKUIBKM IIISIX € MapuIpyToM, TO O3HAYEHHS 3aMKHe-
HO20 I GIOKpUMO20 winsxieé OynyTb TAKUMU CaMHUMH, SIK 3aMKHEHO-
ro i BiakpuToro MapupytiB. Hanpuknan, y rpadi puc. 3.11 ousax
Vs, €5, V4, €4, V3, €3, V5, €5, V5 € 3aMKHECHHUM, a IJIIX Vs, €5, V4, €4, V3, €3,
V, — BLIKPHTHM.

Osnauennsi 3.36. /Jogoicunoro (a00 TMOTYKHICTIO) LUISIXY Ha-
3MBAETHCS YHUCII0 pedep (JIyr), 10 B HHOTO BXOASTH (MI03HAYAETH-
ci d(Vi, Vj).

Osnauenns 3.37. JloBkHHA HAMKOpPOTIIOrO HUIAXY MDK Ia-
pOIO BEpUIMH Vj 1 Vj HA3UBAETBCS 6i0CMAHHIO MK LUMU BEPILIU-
HaMH.

nsx Vs, €s, Vi, €4, V3, €, Vo y Tpadi puc. 3.11 mae noBKuUHY
d(Vs,V,) =3, a HaAHKOPOTHINM ILISAXOM MiXkK BEPIIMHAMHU Vs 1 V, € Vs,
€o, V3, €3, Vo TOBKUHOIO d(Vs,V,) =2, TOOTO BiICTaHb MiXX BEpIIIH-
HaMH JOPiBHIOE 2.

[ToHATTS NOBXKUHM LUISIXY J103BOJISIE BBECTH HACTYIHI JB1 Yuc-
J108I Xxapakxmepucmuxu rpagis.

O3navenHs 3.38. MakcumanbHHMIA 3a JTOBXXHUHOIO IUISIX 13 Be-
pumHu Vi rpada (oprpada) G 10 BCiX iHIIMX BEPIINH HA3HBAETHCS
excyenmpucumemom 1i€i Bepiuau (mo3HadeHus £(Vi)).

O3navenns 3.39. MakcuManbHUN EKCHEHTPUCUTET BEPIINH
rpada (oprpada) Ha3UBa€eThCs HOTO diamempom.

O3navennss 3.40. MiHIMaTbHUI EKCICHTPUCUTET BEPIINH
rpada (oprpada) Ha3UBAETbCA HOTO padiycom.

[TpooBKKUMO OTJIs1] PI3HOBHUIIB MApIIPYTIB.

O3navenns 3.41. Illnsax y rpadi (oprpadi) Ha3UBa€THCS JaH-
yroeom (opienmosanum nanyioeom), SIKIIO Bcl #oro pedpa (yru)
pi3Hi.



O3navenns 3.42. I1lnsx, B sKOMY KOKHa BepIIMHA (KpiM, MO-
JKJIMBO, TEPIIOi Ta OCTAHHBOI B MOPSAKY CIITyBaHHS) 3yCTpiva-
€ThCSI HE OLIBIIE OJHOTO pa3zy, HA3MBAETHCS HPOCHUM ULISAXOM
(npocmum 1aHyI020M).

OCKIJIbKY JIAHILIOTH € NIISXaMH, TO O3HAYCHHS 3dMKHEHO020 I
BIOKpUMO20 NaHYi02ié OyIyTh TAKUMH CAMHUMH, SIK 3aMKHEHOTO 1
BigkpuToro nuisixy. Hanpuknan, y rpadi puc. 3.11 manior Vs, €s,
Va, €4, V3, €3, Vy, €g, V5 € IPOCTUM 3aMKHEHHUM, a MUISAX Vs, €5, Vs, €4,
V3, €3, V, — IPOCTUM BiJIKPUTHUM.

Osnavennsi 3.43. [lpocTuii 3MKHEHU JAHIIOT HA3WBAETHCS
YUKTIOM.

Hanpuxknan, y rpadi puc. 3.11 maHIior Vs, €s, Vi, €4, Va, €3, Va, €,
Vs € LIUKJIOM.

Hnsxu (JaHIioru, MUKIN) y rpadi MOXKHA 300paxaTH TaKOX
MOCHITOBHICTIO BepunH abo pedep (ayr). Take iX mogaHHS KOpU-
CHE, KOJIM 31MCHIOEThCS MOIIYK IPOCTUX IUIAX1B 200 JIaHIIIOTIB.

SIxmo rpa¢ (oprpad) € 3BakeHUM, TO OyIb-SKUH OUIAX W, IO
MO/Ia€THCS TIOCHIIOBHICTIO pebep (Iyr), Mae Bary

P(w) = Z p(ei’ej) '
(i ej)ew
ne p(e;, ej) Ta P(w) — BimnosigHO Baru pedpa (IyrH) Ta IUIXY.
ba3yrounck Ha MOHATTAX MapIIPYTY 1 LIISAXY, PO3IIISIHEMO LIe
OJIHy CTPYKTYpHY XapakTepUCTUKY TIpadiB, IO Mae Ha3By
“36 a3nicmy’’.

Osznayvenns 3.44. Bepmunu V; i Vj y rpadi (oprpadi) G Hazu-
BAIOTBCS 36's13anuMu, SIKIIO 1CHY€E MapIIPYT 13 BEPLIUHH Vi Y Bep-
HIUHY Vj.

O3navenns 3.45. I'pad (oprpad) G Ha3zuBaeTbes 38 A3HUM,
SKIIO Y HbOMY OY/Ib-sIK1 Bl BEPILIUHU € 3B’ I3aHUMHU.

3 OYEBUAHICTIO CIPaBEAINBa HACTYITHA TEOpEMa.

Teopema 3.3. Ilns 3B’s13H0CTI Tpada (oprpada) HEOOXITHO 1
JOCTaTHBO, 100 Y HbOMY iICHYBaB MapILIpyT i3 sIKOi-HeOyab (ik-
COBAHOI BEPIIMHY V; Y KOXKHY 1HIIY BEPIIUHY Vj.



O3unavenns 3.46. Sxmo ans aeskoi napu BepmuH rpada (opr-
pada) He iCHye MapuIpyTy, 1o iX 3’€aHye, TO Takui rpad (opr-
pad) HA3UBAETHCS He36 AZHUM.

Osnavenns 3.47. Oprpad Ha3UBAETHCS CUTLHO 36 SAZHUM, SIK-
110 U1 Oy[Ib-AKOi Mapyu Pi3HUX BEPILIMH Vi Ta Vj iCHye pUHaiMH1
OJMH LIJISX 13 Vi B V.

Lle 03HaYeHHS CTOCYETHCS 1 HEOPIEHTOBAHUX IpadiB, OCKIIBKU
MapILIPyTH B IUX Ipadax 0JHOYACHO € HUISIXaMHU.

OdeBuaHO, CHUIBHO 3B’si3HI oprpadu (rpadu) ogHOYACHO €
3B’SI3HUMH, a 3B’ SI3HUK oprpad He 3aBXKIH € CUIIBLHO 3B’ I3HUM.

Osznauenns 3.48. Bepmuna Vj rpada (oprpada) G Ha3uBaeTh-
Csl 00CA*CHOIO 3 BEPUINHH Vi, SKIO ICHYE MPUHANMHI OJUH IUIAX,
110 3 €IHYE Vi 3 V.

Oznauenns 3.47 o3Hauvae, 1m0 OyAb-AKi IBI BEPIIMHU CHUIIBHO
3B'sI3HOTO Tpada (oprpada) e3aemHo 00csdiCcHi, TOOTO ICHYIOTH
IIJISIXM 3 BEPUIMHY Vi Y BEPIIMHY Vj Ta Y 3BOPOTHOMY HAMpPSAMKY —
3 BEPILUHU Vj y BEPLIUHY V.

Ilpuknao 3.15. Oprpad, moxanuii Ha puc. 3.12, 38’s13Hui, ane
HE CWIBHO 3B’SI3HUH, TOMY IO
HEMae€ NUIAXIB 13 BEPIIUHU V3 Y Be-
pPIIMHU Vi Ta V,. SIKImIO y LbOMY
rpadi 3aMiHUTH AYTH pedpamu, TO

e,

Vs,

Vi

£s OJICP)KUMO  CHIIbHO 3B si3Hui (i

Vs 3B’SI3HUI) HEOPIEHTOBaHUM rpad.
Pucynoxk 3.12 — Oprpad HoHATTS MapuipyTiB, MUIXIB,
70 mpuknany 3.15 JAHITIOTIB, UKIIB, 3B’SI3HOCTI, PO-

3rsHYTI o0 rpadis (oprpadis),

BiTHOCSAThCS 0e3 3MiH 1 70 miarpadis. 3B’s3HI miarpadu Ha3uBa-
I0Th KOMNOHeHmamu 36 sznocmi TpadiB (oprpadis).

[TpakTu4Hi 3aBAAaHHSA, IO PO3B’SA3YIOTHCS 3a JOINOMOTOIO Tpa-

¢1B, yacTo MoTpeOyIOTh MPOBEACHHS aHAJI3Y JOCSIKHOCTI OJTHUX

BepunH rpada (oprpada) 3 iHmux. Lle 3pydHO BUKOHYBaTH 3a



JIOTIOMOTOI0 MaTPHIIb JOCSKHOCTEH.
Mampuys oocsoxcnocmeti tpada (oprpada) G, sBise cobOoro

NXN MaTPHULIO RZHI’ij

, CJICMCHTH SIKOI BU3HAYAIOTHCS TaKUM YH-

HOM: ljj=1, SKIIO iCHye MpUHAWMHI OJIWH IUISAX 13 BEpPIIMHU Vi y
BEpUIMHY Vj, 1 Ij =0, SIKIIO NUISAXY 3 BEPIIMHMU Vi 10 BEPIINHH Vj HE
icHye. Bci nmiaroHanpHi eneMeHTH Fij B MaTpulli R 1opiBHIOIOTH 1,
OCKIJIbKM KO>KHA BEPIIMHA 3aBXIM JTOCSHKHA 13 cebe.

Ilpuknao 3.16. Matpuns nocstkHOcTel rpada puc. 3.12 mae
TaKUU BUTJIA:

11

R=1 1

00
MHuoxuHa BepmiuH rpada G, TOCSHKHUX 13 BEPIIMHM Vi, CKIIa-
JAa€ThCS 3 BEPIIUH Vj, JUI SIKHX Ij=1 B I-My psiIKy MaTpuili 10Cs-

J)KHOCTelN R= Hrij H , TOOYTIOBaHOT 32 ONMUCAaHUMHU MPABUIAMH.

Martpuis nocsixHocTei R :Hrij H MOJKE MaTH JIesiki Moaugikarii.

30Kpema, eIeMEeHTH [jj MOXKHA BU3HAUUTH K Taki, IO JIOPiBHIO-
I0Th KUTBKOCTI NUISIXIB 3a1aHoi noBxuuu d(Vi, Vj) 13 Vi B V.

[ToOym0BOI0 MaTpHIlh OCSKHOCTEH sl 3aJaHUX 3HA4YCHb
d(vi,vj))=1, 2, ... MOXXHa 3HAWTH HANKOPOTIIHUI NUISX i3 BEPIINHU
Vi y BepIIUHY Vj (BlACTaHb MIK BEpLUIMHAMH V; 1 Vj), IO MOKE OyTH
HEOOXITHUM [yl PO3B’A3aHHA JesIKOi MPAKTUYHOI 3aayi 3 BUKO-
pUCTaHHSM rpadoBOi MOJENI.

VY MaTpulll 10oCsHKHOCTEH 3BaxkeHoro rpada (oprpada) enemeH-
TH [jj MO)KHa BU3HAUUTH K Taki, 10 JOPIBHIOIOTh CyMapHii Basi
HUIAXY 13 Vi y Vj B J€SIKOMY Jiana3oHi. Take MoJaHHs MaTpULb J0-
CSDKHOCTEH 3Ba)KEHOTO rpada KOPUCHE ITiJ1 Yyac po3B’sI3yBaHHS 3a-
Jla4 ONTHMI3allii Mepexony 3 OJIHI€l BEPIIMHU B 1HIIY 3a KPUTEpI-
€M MiHiMi3aii (200 MakcuMi3allii) Baru nepexoay (BapTocTi, BH-
TpaTH 4yacy, MpOMYyCKHOI 3JaTHOCTI Ta 1H.).

Konmponvni numannsn



Sxuit cTpykrypHuil enemeHt rpada (oprpada) Ha3HBAETHCA
MapupyTom?

SIKuM YMHOM BH3HAYA€THCS JOBXKHHA MapuipyTa B rpadi (opr-
padi)?

Sxuit mapuipyT y rpadi (oprpadi) Ha3UBaETbCS 3aMKHEHUM?

Sxuit mapmipyT y rpadi (oprpadi) Ha3HBAETHCS BIIKPUTUM?

Sxuit mapupyT y rpadi (oprpadi) HazuBaeThCs MUIIXOM?

SlkMM YMHOM BU3HAYa€THCS JOBXKMHA LUIAXY B rpadi (oprpa-
¢i)?

[TosicHITh MOHATTSA BiACTaHI MiX BepirHamu rpada (oprpada).
SIKuM YUHOM BOHA BU3HAUYAETHCS?

[TosicHITh IOHATTS €KCIIEHTPUCUTETY BepIIMHU Tpada (oprpa-
ba).

[TosicHiTh MOHATTS AlaMeTpa 1 pajaiyca rpada (oprpada).

Sxuit msx y rpadi (oprpadi) Ha3MBA€THCS JTAHIIOTOM (Opi€H-
TOBaHUM JIAHIIFOTOM)?

Sxuit nanmror y rpadi (oprpadi) Ha3UBAETHCS MPOCTHM?

Sxuit nanmror y rpadi (oprpadi) Ha3uBaeThCA HUKIOM?

SxuM 9MHOM BU3HAYA€EThCA Bara nuisxy B rpadi (oprpadi)?

SIki BepmnHU B Tpadi (oprpadi) Ha3UBAIOTHCS 3B’ I3HUMU?

3a sxux ymoB rpad (oprpad) Ha3UBAETHCS 3B’ I3HUM?

Slka ymoBa € HEOOX1THOIO 1 IOCTaTHHOIO JIJIS 3B’ SI3HOCTI Tpada
(oprpada)?

Sxuit rpad (oprpad) Ha3UBa€eTHCS HE3B I3HUM?

Sxwuit rpad (oprpad) Ha3MBaETHCS CHIIBHO 3B’ s3HUM? UH € cu-
JbHO 3B’s13HUI rpad (oprpad) ogHOYACHO 3B’ A3HUM?

Uu 3aBxau 3B s3HUM Tpad (oprpad) € OJHOYACHO CHIIBHO
3B A3HUM?

3a skux ymoB BepmnHa Vj rpada (oprpada) G € nocspkHOIO 3
BEpPILUHU V;?

Sxi cTpyktypHi enementu Tpada (oprpada) Ha3UBAIOTHCS
KOMITOHEHTaMH 3B’ SI3HOCTI?

3a AKUMU TpaBUiaMu OyIyeThCS MaTpULs JOCSKHOCTEN rpada
(oprpaga)? B sxux Monudikamisx MOXyTh OyTH NOJaHI MaTpUIl



JOCSHKHOCTEH HE3BaKEHUX Ta 3BakeHUX rpadis (oprpadis) ams
PO3B’SI3aHHA NPAKTHYHHX 3a]1a4 JOCIIDKEHHS Omepaiid, Takux sK
MOIITYK HAHKOPOTIIOrO MUIAXY Ta ONTUMI3allisl EPEeXOIiB 3a KpH-
TepieM MiHIMIi3alii (MaKcuMizarllii) Baru mepexomy?

3.7 CneuianbHi Buau rpagis

I'padu crnemianbHUX BHUIIB XapaKTEPU3YIOThCS THM, IO BOHU
MAaloTh MEBHI CTPYKTYpHI ocobmuBocti. Takux rpadis 6arato, Mu
OOMEKUMOCST PO3TIISIOM JIMIIE THX, IO YacTO 3YCTPIYarOThCs B
3aJ1a4ax MPOEKTYBaHHS 1 TOCIIHPKCHHS 00’ €KTIB CHCTEMOTEXHIKH.

3.7.1 Jleouacmxosi epagu. BimMiTHOIO 03HAKOIO TpadiB MHOTO
BUJY € T€, 1110 BEepUIMHU rpada MmojaiieHi Ha IBi MiAMHOXKUHHU Ta-
KM YHMHOM, IO KOXKHE peOpo (Iyra) 3’€QHye BEPIIMHU PI3HUX
MiIMHOXKUH. [3 Takumu rpadaMu MU 3ycTpiyanucs Mija 4yac BU-
BUCHHS BIJHOIICHh Ha MHOXKMHAX (1. 1.3).

Osznavenns 3.49. I'pad (oprpad) G=(V,E) HasuBaerscs d6o-
yacmrosum, ko V=ViUV,, ViNVy,=, 1 koxHe pedbpo (mayra)
13 E 3’ennye oqHy BepiuHy 3 MiAMHOXKUHI V1 3 0JHI€I0 200 AeKi-
JTHbKOMA BEPIIUHAMH B MIAMHOXHHI V.

[Mapa migmaoxuH (V1, V) € IBOYACTKOBUM PO3OHTTSIM MHOKH-
Hu V.

O3navenns 3.50. /[BouactkoBwmii rpad (oprpad) G=(V,E) 3
po3outTsam (Vi,Vy) MHOXKHMHN V Ha3UBAETHCSA NOBHUM 08OUACKO-
eum epagom (oprpadom), SKIIO KOKHA BepirHa Vi €Vq 3’€qHaHa
3 KO’KHOIO BEPIIUHOIO Vi€V, 0HUM peOpoM (1yroro).

IToBHuit nBOYacTKOBH rpad (oprpad) 3 I i S BEpUIMHAMU I10-
3HavaeThes Kys. [lpu r=s moBHuil n1BovactkoBuii rpad (oprpad)
HA3UBAETHCS 30A1AHCOBAHUM.

Ha puc. 3.13 HaBenmeHi mNpuKIanud JiarpaM JIBOYACTKOBUX
rpadis: a) HenmoBHOTO, 6) MoBHOTO K3 5, B) 30amancoBanoro Ky .

3.7.2 Posoinvui epagu. CTpyKTypHa OCOOIUBICTH TaKUX Tpa-
¢iB (oprpa¢iB) mossirae B TOMY, 11O B pe3yJibTaTl BUKOHAHHS



orepauii BuIy4eHHs pedep abo BepmnHu rpad crae (abo 3anumia-
€TBCS) HE3B’SI3HUM, HAOWPAIOYM BUTIBITY ABOX BiTOKPEMIICHHX
niarpadis, MiXk SKUMU HEMAE€ >KOJTHOTO 3B S3KY.

a) 0) B)
Pucynoxk 3.13 — Ilpukianu 1Bo4acTKoBHX rpadis

O3nauenns 3.51. MuoxwuHa pebep (ayr), BUIY4EHHS SKUX PO-
3ninsie rpad) Ha Ba HE3B’s3aHUX MiX co0Ooro miarpadu, Ha3uBa-
€TBCS PO3PI3HOI0 MHONCUHOI0, 400 po3pizom (TIEpepi3oM).

Hacnigxom Bumyuenns i3 rpaga G pebep po3pizarodoi MHOXKH-
HU € cTBOpeHHs HoBoro rpadga H=G;U Gy, skuil ckiamaeTses 3
rpa(biB Glz (Vl, El), V1CV, E1CE i GZZ(Vz, Ez), V2CV, EzC E,
ki € migrpagamu rpada G 3 pi3HUMH MHOKMHAMHU BEPIIMH 1 pe-
6ep: VlﬁVZ = @, Elﬁ E2 =,

OueBupHo, B Oaratopedepnomy rpadi G=(V,E) OyBae mox-
JIMBUM BUAUINTH JEKUIbKA PO3PI3HUX MHOXKHH.

O3nauenns 3.52. PeGpo (ayra), uio siBisie co000 OgHOEIEeMe-
HTHUI po3pi3 rpada, He HaJEeKHUN KOJHOMY 3 MOro IUKIIB, Ha-
3UBA€THCSI MOCMOM, A BEPIINHY, IHIIMJIEHTHI IIbOMY pedpy, Ha3u-
BAIOTBCS MOYKAMU 34NEHYBAHHS.

Osnauenns 3.53. I'pad, ogne 3 pedep (Ayr) SIKOTO € MOCTOM,
HA3UBAETHCS PO3OLILHUM.

[TomiTuMO, 110 Tpad MOKE MATH €JUHY TOUKY 3UICHYBaHHS,
BIJTYYCHHS SIKO1 (3 1HIIMACHTHUMU /10 Hei pedbpamu) poouth rpad
HE3B’SI3HUM, 1110 CKJIAJA€Thcs 3 JIBOX Miarpadis, sKi He MepeTH-
HalThCA. ['padu 3 €AMHOIO TOYKOIO 3UJICHYBaHHS TaKOX BIIHO-
CATH 10 PO3JUIbHUX. bepyuu 1ie 10 yBaru, Mo>keMo J1aTH HacTyI-
HE O3HAYCHHSI.



O3nauvenns 3.54. I'pad (oprpad), o He MICTUTH KOAHOT TOU-
KU 34JICHYBAaHHS, HA3UBAETHCS HEPO3OLIbHUM.

Ha puc. 3.14 noka3zani npukiagy: a) rpada 3 BUIUICHUM po3pi-
30M, 0) rpacda 3 MocTom, 10 3’€AHY€E BepmuHH V 1 W, B) Tpada
puc.3.14,6 6e3 BUIYy4EHOI0 MOCTA.

GO0

Pucynok 3.14 — Jliarpamu rpadis 3 po3pizom (a),
MocToM (0) Ta po3/iJIeHOT0 BUITYYEHHSIM MOCTa

Po3ginpHi rpadm mMpPOKO 3aCTOCOBYIOTHCS B 3aJadax IPOEK-
TYBaHHS CKJIAJHUX CHCTEM 1 MPOLIECB, 110 MiJJal0ThCSI JEKOMIIO-
3unii Ha migcucTeMu (mignpornecn). B3aeMHO He3anexHe MpOeK-
TYBaHHS 1 JOCHIUKEHHS OCTAHHIX 3 MOJAJbIIMM arperyBaHHSIM
CIIPOIIIYE MPOIETYPY CTBOPSHHS CHCTEMU (TIPOIIECy) B Hijiomy. Sk
MpHUKIa] MOXHA Ha3BaTH 3aBAAaHHS JOCHIIKEHHS HaAiHHOCTI
CKJIAJTHOTO TEXHIYHOTO MPUCTPOIO, IO PO3B’SI3yEThCsl HA Tpado-
Biif MoJieNi, MiAMOESAMH K01 € miarpadu, SKUMHA MOJETIOEThCS
HaJIHICTh OKPEMHX CKJIAJIOBUX MPUCTPOIO.

3.7.3 Mepeoici. BaxxiuBe 3Ha4eHHs B IPAKTHYHOMY 3aCTOCYBaHHI
Teopii rpadiB Mae OHATTS MEPEXKI.
O3navenns 3.55. Pebepro 3Baxenwuii oprpad Gnm=(V, E) na-
3UBAETHCS Mepedicero, SKIIO BiH:
a) MICTUTb JIBi i JIMIIE JIBI BEPIIUHHM V; 1V, TiepIia 3 sKux (mova-
+ — .
tkoBa) € BuUTOKOM (deg (v;)=0), a mpyra (kiHieBa) — CTOKOM

(deg”(v») =0);



0) Bara KO>XHOI 3 JYT 3a3HAYAETHCS HEBIJI'EMHUM YHCIIOM, SKE
HA3MBAETBHCSA MPONYCKHOIO 30amuicmio nyru (TMo3HaueHHs c(e;),

eicE, i=1,m).
Ha puc. 3.15 HaBeneHuii mpuKIiIam giarpaMu MEpexi.

BUTIK CTIK

Pucynok 3.15 — Jliarpama mMepesxi

OCHOBHHMM MOHSATTSIM Teopii Mepex € nomix. MHOXUHY AT,
10 BXOJSATh y MPOMDKHY BepiIuHy Vi, K=2, ..., N—1, mo3naunmo
E, , @ MHOXMHY IyT, 110 BUXOAATH 3 Ili€] BEpPUIMHY, IT03HAYUMO

E, . Ha mMHOXuHI nyr E, 10 CTaHOBJISATb MEPEXY, BU3HAUYUMO

¢yukuito f(ej), mo BigoOpakae MHOXHHY £ y MHOXHHY ILITHX
HEBiJl’€EMHUX YHUCEI, IO BiJMOBIIal0OTh TAKMM YMOBaM:

a) f(e)) <c(ej), ToO6TO uncna f(e) He MEPEBUITYIOTH IPOIYCKHOT
3MaTHOCTI ¢(ej) AyT Mepexi;

0) A7s1 KOXKHOT BEpIIMHH, 32 BUHSATKOM BUTOKY Ta CTOKY, BH-
KOHYETbCS PIBHICTB!

> f(g)- > f(g)=0.
& eEf g ek

YMoBa 0) o3Hayae, 10 A IPOMDKHHUX BEPIIMH MEpExXi cyma
HOTOKIB JYT, III0 BUXOJSATH 3 BEPLIMHHU Vi, TIOPIBHIOE CyMi TOTOKIB
JIyT, TI0 BXOJATH Y 110 BEPIIMHY. YMOBa 0) o3HAyae, 1o B Mpo-
MDKHHUX BEPIIMHAX MEpPEeXi MOTOKU HE CTBOPIOIOTHCS 1 HE 3HHKA-
IOTb.

O3navenns 3.56. ®ynkuis f(ej), mo BU3HaYaeThCI yMOBaMH
a) 1 0), HA3UBAETHCS NOMOKOM 8 O)3i.



O3nauenns 3.57. OyHKIiA

FR= Y f(e)= X f(e) k=2,...n1
& cEy gk

HA3UBAETHCS HOMOKOM V BEPULUHI.
[Totokm y BepumImHax Vi i Vy, IO € BUTOKOM Ta CTOKOM, Bi-
JIIOBITHO IOPiBHIOIOT:
Fi= X f(e); F= X flg).
g GE]__ € cEqf

Mepeska 3aBxau Ma€ MPUHAWMHI OJJMH PO3pi3. MHOXUHY YT
po3pi3y MO3HAYUMO sIK E;.

O3nauenns 3.58. Oynkuis

Fe= 2 f(ei)
& eEt

HA3UBAETHCS HOMOKOM ) MEPEICI.

OueBUIHO, Ma€ Miclle PiBHICTh

Fi=F1=Fn. (3.3)

[Tpuknanamu peaabHUX MEPEXK € TPAHCHOPTHI, MIIbHULI SKUX
(yru oprpada) MarTh pi3HY HPOMYCKHY 3AATHICTH IIOA0 MOX-
JIUBOCTI NEPEBE3EHHS MEBHOI KUIBKOCTI BaHTaXYy, MPOIYCKaHHS
BO/M a0o raszy, rnepejadi eIeKTPOCHEPrii 3a OJUHUI0 yacy. Bax-
JIMBUM 3aBJaHHAM JUIsl pEaJIbHUX MEPEK € MaKCUMI3allisl BeJTu4H-
HU MOTOKY.

Bynb-axuil po3pi3 Mepexi MepeTHHae BCl LHUIIXH, 10 IPOXO-
ISITh BiJl BUTOKY /10 CTOKY. 3 YCiX po3pi3iB, SIKi MO>KHA BUSBUTHU B
MepexKi, € TaKUi, 0 HOro MpomyckHa 37aTHICTh (CyMa MPOITYCK-
HUX 3/1aTHOCTEeH yCiX Iyr, 10 BiH BKJIIOYae) HaliMeHma. Tomy
NPONYCKHA 30amHiCmb Mepexci TOPIBHIOE MIHIMAIBHINA MPOITYCK-
Hill 3aTHOCT1 PO3pi3iB, a 6eIUYUHA NOMOKY 6 Mepexci HE MOXKe
MEePEeBUILYBAaTH MPOMYCKHY 3JaTHICTh MEPEXI.

Mepexa puc. 3.15 mMae nuie oauH BUTIK Ta 0JIuH cTik. Le
MPOCTIIHNHA BUMAIOK. PeanbHi Mepeki MOXKYTh MICTUTH JI€KUIbKa
BUTOKIB Ta CTOKIB. Y TakuX BHIAJKax NOTOKU F;1 Ta F B piBHSIHHI



(3.3) aBAOTH COOOIO CyMapHI MOTOKH BIAMOBITHO BCiX BUTOKIB
Ta CTOKIB MEPEXKI.

3.7.4. Jlepesa. JlepeBa € HalOUIBII MPOCTHM 1 HMOUIMPEHUM
kiacoM rpagi. CTPyKTYPHOIO OCOOJIMBICTIO JIEPEB € BIICYTHICTh
[UKJIiB. BUX1THUM TOHSTTSM LBOTO KJacy rpadis € Jic.

Osnavenns 3.59. byn-skuii 3B 30Ul rpad, M0 HE MICTUTH
LUKIIIB, HA3UBAETHCS ayukiiunum, adbo aicom.

Kommonentamu 3B’ s13H0cTI (Tiarpadamm) Jiicy € nepena.

O3nauenns 3.60. /Jepesom Ha3UBAETHCS CKIHUCHHHN 3B’ I3HUN
rpad 6e3 UKIIB, 1[0 MICTUTh HE MEHIIIE IBOX BEPIIIHH.

[Tpuxnanu nepeB nokas3aHi Ha puc. 3.16.

BEE RSN

Pucynoxk 3.16 — IIpuknanu nepes

Sk peanbHMH DNpUKIaA epeBa MOKHA HA3BaTU CTPYKTYpYy
JIMCKIB, MarokK 1 (aiii1iB nepcoHaIbHOr0 KOMIT I0Tepa.

Hnst Oyaw-sikoro nepeBa Mae Miciie piBHICTH M=n-—1. JliiicHo,
s PpIBHICTH cCHpaBeAsiuBa JUid  OAHOpeOepHOro  JepeBa
(puc. 3.16,a). [lonaBanus pebpa a0 BepLIMHU 30UIbIIYE M 1 N Ha
OJIMHMIIIO 31 30epekeHHsIM piBHOCTI M =Nn—1. Hapouryroun uncio
pebep mpuemHAHHIM X 10 OyIb-SKHX BEPIIWH 3 MOSIBOIO HOBUX
BUCSIYMX BEpPIIMH, MU OyJIeMO Oep>KyBaTH HOBI JiepeBa 31 30epe-
YKEHHSM piBHOCTI M=n-1.

Kpim BnactuBoCTel 3B'A3HOCTI, AlMKJIIYHOCTI Ta CIIBBIJIHO-
mieHHs: M=n-1, nepeBam BIACTHBI I1I€ TaKi OYEBHUIHI BIIACTUBOC-
Ti: KOXKHE pedpo € pedpoM po3pizy (MocToMm); Oyab-sKi IBI Bep-
IIMHU 3’€/THaHI OJTHUAM 1 JIUIIE OJHUM TPOCTUM BIIKPUTHUM JIaH-
IIIOrOM; NIPH JI0J]aBaHHI pedpa MK JBOMa HECYMIXHUMHU BEpIIH-
Hamu rpad nepectae OyTH IEPEBOM Y 3B’SI3KY 13 MOSBOIO B HBOMY
OJTHOTO IMKJIY; MICJsI BUIy4eHHs Oynb-sSKoro pedpa rpad nepec-



Tae OyTH JepeBOM Y 3B’S3KYy i3 BTPATOIO 3B’SI3HOCTI; JIEPEBO €
naanapuum rpadom, OCKIIBKH HOro JiarpaMmy MOXHa 300pa3uTv
Ha TUIOIIMHI 0e3 epeTuny pebep.

Opienmosane Oepeso (OpIEPEBO) BH3HAYAETHCS AHAIOTTYHO
HeopieHTOBaHOMY. BoHO sBnsie coboro oprpad Oe3 LUKIIB, B
SIKOMY HAITiBCTEIiHb 3aX0Jy €IMHOI BEPIINHH, SIKa HA3UBAETHCS
KOopeHeM, TOPIBHIOE HYIIO, a HAIIBCTEIIHb 3aX0ly KOXKHOI BHCS-
40i BEPIIMHU, KPIM KOPEHS, TOPIBHIOE OJTMHMIII.

O3nauvenHns 3.61. Bepmuna opaepeBa Ha3UBA€THCS KOpeHEM,
SIKITO 1CHY€ OPIEHTOBAHMM IIISAX 13 i€l BEPIIMHHU Y KOXKHY 3 1H-
IITMX BEPIIIHH.

Osnauenns 3.62. BepumuHu opaepeBa, HaIiBCTENEHI BUXOIY
SKUX JOPIBHIOIOTH HYIIO (BUCSYl BEPUIMHH), HA3UBAIOTHCS HOTO
JUCTSIM.

OpnepeBa BIAPI3HIIOTHCS BiJ] HCOPIEHTOBAHUX JIEPEB THM, IO
HE BCi BIIOPSI/IKOBAHI Mapy BEPIIMH OB’ 3aHi OPILISIXaMHU.

Ockinbku jnepeBa (opaepeBa) € rpadamu (oprpadamu), TO 10
HUX DPIBHOIO MIpOI0 HAaJeXaTh yCi TEOPETHYHI IOJOXKEHHS 3a
nm. 3.1 — 3.6. 3okpema, KOMIIOHEHTaMH 3B’ SI3HOCTI (mmiarpadamm)
JiepeBa € MmiaepeBa.

Ha puc. 3.17 moka3ano miarpamy oprpada, sKuii € opaepe-
BoM. KopeHeMm 1poro ngepeBa € BepHIMHA Vo, a JTUCTAMU €
BCpIIMHU V2, V3, Vg, V7, V.

Jlns OuiblIoi HAOYHOCTI CTPYKTYpY JiarpamMH OpJAepeBa 30-
OpaxxaroTh K paudcoeany 3a piBHIMHU BepwuH (puc.3.17).

O3nayenHs 3.63. fIkiio B opJepeBi iCHY€e HUIAX 3 BEPIIMHU Vj
y BEpUINHY Vi, TO BEPIINHA Vi HA3UBAETHCS NPeOKOM BEPIIMHH Vi,
a BepIlNHA Vi — HAuWaoKoM BEPUINHH V.

B opnepesi puc. 3.17 V, — mpenok BepmuH Vi, Vi, ..., Vg, a
OTaHHI € HalllaIKaMU BEPUIMHHU Vo.

O3unauvenHs 3.64. fxmo B opiepeBi BepIInHY V; Ta Vi CYMiXKHI,
MPUYOMY Jyra BUXOJIUTH 3 BEPIIMHU Vi, TO BEpIINHA Vi HA3UBA€Th-
CSL NPAMUM NPeOKOM BEPIINHU Vi, a BEPIINHA Vi — NPAMUM HAWA-
OKOM BEPIIHHH V;.
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Pucynok 3.17 — Jliarpama opieHTOBaHOTO JiepeBa

B opnepesi puc. 3.17 V, — npsaMuii peaok BEpUIMH Vi 1 V,, a
BEpLIMHM V; 1 V, — MIpsAMI Haajgku BepiuHU V. Hampukman,
AKIIO0 JnepeBo puc. 3.17 € reHealorivHUM JIEPEBOM POy,
TO BEpLINHA V, — L€ 3aCHOBHUK POAY, BEPUIMHU V; 1 V,— H0-
ro IiTH, Vy, V3, Vs, Vo — OHYKH, V;, Vg — IPABHYKH.

Bepumna opaepeBa, sika He Ma€e NPSAMUX HAILAAKIB, € JTUCTKOM.
B opaepesi puc. 3.17 Bepmmau V,,V3,Ve,V7,Vg € JTUCTSM.

I'padu Buay “nepeBo” MIMPOKO BUKOPUCTOBYIOThCS B 3ajayax
po3po0JIeHHs Ta JOCIIHKEHHSI CUCTEM OOpOOJIEHHS aHUX, CKJa-
JaHHS PO3KJIAJIIB, YIPaBIIHHS NMPOEKTaMHM, IJaHyBaHHS poOIT 1
0araThbOX 1HIIMX 3aCTOCYBAHHSX.

3.7.5. Typuipu. Taka Ha3Ba opr-
padiB rpyHTY€EThCS HA TOMY, IO iX
MOKHa MOKHA 3aCTOCOBYBATH IS
3alUCy  PE3YJbTaTiB  OyIb-IKUX
3Maranb (TypHIpiB), B SKHX HE JO-
3BOJICHI HIYHI.

O3unavenns 3.65. Typripom Ha-
3UBA€THCsL Oprpad, y sAkomy Oyab- Pucynok 3.18 — TypHip
SKi JIBl BEpINMHM 3'€JHaHI PIBHO
OJTHIEIO AYTOI0.




[Tpuknax TypHipy noka3anuii Ha puc. 3.18. Moro MoxHa iHTe-
prpeTyBaTH, NMPUILYCTUMO, TaK: KOMaH/a Z 3aBjaja IOpa3Ku KO-
MaHji W, aje nporpaia KOMaHmi V, 1 T. 1.

Koumponvni numannsa

Sxuit rpad Ha3MBa€eThCS ABOYACTKOBUM? OXapakTepusyiTe Bi-
JIMITHY O3HaKy rpadiB mporo Buay. [IpoimtocTpyiiTe JBOYACTKO-
BUH rpad MpHUKIAAOM HOTO Jiarpamu.

Sxuil 1BoYacTKOBUH rpad HAa3UBAEThCA: IOBHUM, 30ajaHCOBA-
HUM?

OxapakTepu3yiiTe BiIMITHY 03HaKY PO3JIIJIbHUX IpadiB.

SIky MHOXUHY pebep (Iyr) Ha3uBarOThb po3pizoMm rpada? Yu
MOe rpad MaTu JeKiJibKa po3pi3iB?

Sxuit rpad HazuBaeTbesa po3niibHUM? IlpoimocTpyiite po3mi-
JbHUN rpad NPUKIAJOM HOro aiarpamm.

SIxe pedpo rpada Ha3UBAETHCI MOCTOM?

SIki BepIMHU Tpada HA3UBAIOTHCS TOUKAMU 34JICHYBaHH?

SIki rpadm € po3AiTbHUMU (HEPO3IUTBHUMHU )?

Sxuii rpad Ha3zuBaeThCs Mepexero? OxapaKTepusyuTe BiaMiT-
Hi 03HaKku TpadiB 1poro BUay. [IpointocTpyiiTe Mepexy MpuKiIa-
JIoM ii giarpamu.

[TosicHITH IOHATTS MOTOKY B Y31 MEPEXKI.

ITosICHITE CYTHICTh 3aKOHY 30epekeHHs 00’ €My Uil BEpLUIMHU
MeEpexKl.

ITosICHITh MOHATTS NOTOKY y BEPIIUHI MEPEXKI.

[TosicHITH MOHATTSI MOTOKY B Mepexi. B skoMy criBBiAHOLIEH-
Hi IepeOyBaroTh MOTOKU B MEPEXi, 1l BUTOLII Ta CTOL?

[TosICHITH MOHATTS MPOIMYCKHOI 3JaTHOCTI MEPEXKI.

Sxuit rpad Ha3UBaAE€THCS ALUKIITYHUM?

Sxuit rpad Ha3UBAETHCS J1iCOM?

3 AKMX KOMIIOHEHTIB CKJIaJa€ThCs Jic?

Hagenith o3HauenHs nepeBa. HaBenith rpadiuHi MpUKIaIn.

Slke CHiBBIIHOIIEHHS MiX KUIBKOCTSMH BEpIIMH Ta pedep
(nyr) icHye y nepesi?

Hagenite nepenik cnenudiuHuX BIaCTUBOCTEH IepeB.



Sxuit rpad) Ha3UBa€eTHCS MIIAHAPHUM?

[TosicHITh OHATTS OPIEHTOBAHOTO AepeBa. SIKi 3 HOro BepIIvH
HOCSTh Ha3BH KOPEHS Ta JIUCTA?

Yu MoxyTh OyTH BCl BHOPSIKOBaHI Mapu BEpILIMH OpiepeBa
[IOB’SI3aHUMU OpLLIAXamMu?

Ha3BiTh KOMIIOHEHTH 3B’ SI3HOCTI JIepeBa.

Hagenite rpadiunmii mpukiaa opaepeBa 3 paHXyBaHHSIM 3a
PiBHSIMU.

SIKi BepIIMHU OpJepeBa € MpeIKaMu Ta HalaaKkaMu (IpsIMUMHU
MpeaKaMy Ta HaIllaJKaMH) OJIHa 0 BIHOIICHHIO JI0 1HIIO0i?

Uu € y muCTiB opaepeBa npsiMi Hamaaku?

HaBeniTh 03HaueHHs TypHIpY Ta Horo rpadiuHui MPUKIAI.

3.8 Uucaosi xapakrepucrtuku rpadis

Jis ko)kHOTO Tpada MOKHA BU3HAYUTHU PsJ] KUIBKICHUX Xapa-
KTEPUCTHK, MOB’A3aHUX 3 HOTO CTPYKTYpOIO, BIACTUBOCTSIMHU Ta
HEOOXITHUX ISl PI3HUX PO3pPaxyHKIB, 30KpeMa BH3HAYEHHs 130-
Mopdizmy rpadis.

HaiinpocTimmmu KibKiCHUMU MOKa3HuKaMu rpaga G € KimbKoc-
ti N(G) Bepumn Ta M(G) pebep, HaObOpH CTENEHIB (HAIMIBCTEICHIB)
BeplIMH. 3B’s13HICTh Tpada XxapakTepusyeTbes KinbkicTio ((G) ioro
3B’SI3HUX KOMITOHEHT (3B’s13HUX miarpadis). Tpu 31 3razaHux mokas-
HHKIB BU3HAYAIOTh YUKIOXPOMAamuiHe yucio rpagpa

A(G)=m(C)-n(G)+q(G).

[{uknoxpoMaTHUHE YHCIO TICHO MOB’s3aHE 3 KUIBKICTIO LUK-
JiB, sIKI MOKHa noOyayBaTu Ha rpadi. B teopii rpadis pozpodien
Metoau Bu3HaueHHs napamerpa ((G). st 38’s13H0r0 rpada Oe3 k-
niB q(G) =1, A(G)=0.

PosrisiHeMo XapakTepucTuky rpada, mo Ha3HBAEThCS XpOMa-
TUYHUM YHUCIIOM. YSBIMO, 110 rpad BepmMHHO po3dapOoBaHUit
pisHUMH KOJbopaMu. Xpomamuune yucio y(G) mopiBHIOE MiHIMa-
JBbHIN KUJIBKOCTI KOJIBOPIB, SKUMH MOXKHA po3(hapOyBaTy BEpLIIMHU



rpada TakuM YMHOM, IO HisIKI 1Bl CYMDKHI BEpUIMHU HE OyIyTh
3adapOoBaHi OJHAKOBUM KOJILOpOM (puc. 3.19).

Y Teopii rpadiB moBemeHo, IO

A B Oynb-sSkui TulaHapHuil rpad Mo)kHA

po3dapOyBaTu ’siTbMa KOJILOPAMH

Tak, MO0 HIAKI JIBI CyMiXHI Bep-

c D MIMHA HEe OyIu OJHOrO KOJBOPY
(XpoMaTU4YHE YHCIIO HE MEPEBUIILYE

D A 5). Take po3dapOyBanHs rpada Ha-

c B 3usaroms npasuivbHum. IcHye Tirno-

Te3a (10 ILOTO Yacy He JOBECHA),
mo Oyne-skuil nianapruti tpad,
300paXCHHUI JlarpaMoi0 Ha IUIO-
HMHI, MOXHa po3dapOyBatu mpa-
BWJIBHO YOTHpPMa KOJIbOpamu (IIpo-
0JeMa YOTHPHOX KOJILOPIB).

Ist  pebepro po3zdapboBaHUX
rpadiB BH3HAYAIOTh XPOMATHYHUN
kiac (ingekc) rpada. Xpomamuunuii knac y(G) 10piBHIOE MiHIMAa-
JBHIM KUTBKOCTI KOJBOPIB, SKMMHU MOKHA NPaBUIBHO po3dapOy-
Batu pedpa rpada.

Skiio rpa¢ MicTHTh 6araTo BepiMH Ta pedep, To miadip MiHIMa-
JIbHOI KUIBKOCTI KOJIbOPIB BAXKKO 3/IMCHUTU. Y TakoMy pasi Ui BU-
3HAYEHHs1 XPOMATUYHOIO 4Hcia abo KIacy 3aCTOCOBYIOTHCS CIeLia-
JIbHI alITOPUTMH, SIK1 € B “‘apceHaii” IUJI0YMCIOBOTO JIHIHHOIO IMpo-
rpaMyBaHHS.

PizHemaniTHI 3amayi, 110 BUHUKAIOTh MPH TUIAaHYBaHHI BUPOO-
HUITBA, CKJIaJaHHI rpadikiB peMOHTY oOJyiafHaHHs abo mepese-
3€Hb TOBApIB 1 T. J1., 4aCTO MOXKYTh OyTH MoAaHi K 3ama4l po3da-
pOyBaHHs rpadis.

Tyt Mu pO3TIISTHYIH JIMIIIE TOJIOBHI YHCIIOBI XapaKTEPHCTHUKH Tpa-
¢iB. Y teopii rpadiB po3po0OieHo 1ie 6araTo iHIIMX YUCIOBUX XapakK-
TEPHUCTHUK, MMPUIOMY TTOBHOTO iX MEPENiKy ITOKM He BU3HAUeHO. Bax-
JMBUMH 33/1a4aMU Teopii rpadiB € BUpaKEHHS CKJIAIHUX Ui 00-

Pucynok 3.19 — [Ipukian
po3dapboBanoro rpada.
Konbopu: A— dyepBonuii,
B- xoBtuii, C— 3encHui,
D— cuniii.



YHCJICHHS YUCIIOBUX XapaKTEPUCTHK (XPOMATHYHOTO YHCIIA, XPO-
MaTUYHOTO KJacy Ta iH.) 4epe3 TaKi, IO JIETKO BU3HAYAIOTHCS
(KiIBKOCTI BEpIIMH Ta pedep, MUKIOXPOMATUYHE YUCIIO, CTEHCHI
Ta HaIIBCTETICH] BEPIIIHH TOIIIO).

Konmpononi numanns

[TepemidiTh yci BiIoMi BaM YHCJIOBI XapaKTEPUCTHKHU Tpadis.
HageniTh 03HaYeHHS HUKIOXPOMATHYHOTO YHCia rpada.
HagBeniTe 03HaYCHHS XpOMATHYHOTO YHcia rpada.

HageniTh 03HaYeHHS XpOMAaTHYHOTO Kiacy rpada.

Sky MiHIMaNbHY KUTBKICTh GapO pi3HOTO KOJIBOPY HEOOXiTHO
BUKOpHUCTATH, 00 po3dapOyBaTu MpaBUIIBHO (BEPIIMHHO, pede-
pHO) raHapHuit rpad (oprpad)?

Hagenite rpadiuni npukiaam npaBuibHO po3dapOoBaHux (Be-
pHIMHHO Ta pedbepHo) rpadis (oprpadis, 1epeB).

3.9 BnpaBu

1. T'padp (meopienroBanmit) G(V,E) 3amanuii MHOXHHAMHU:
V={1,2,3,4,56}; E={e,e,es¢e,es}, €=(1,2), e=(1,5),
e:=(2,5), e,=(3,4), es={5, 6}, e;={6,6}. PeOpa rpada marTh Ba-
rosi mapametpu: p(es), p(€,), p(es), p(e.), p(es), p(es).

3aBnaHHs: a) moOyayBaTu Aiarpamy rpada; 6) ckiactu Tab-
JIMYHI CIUCKU CYMDKHOCTEW BEpILMH Ta IHLIMJEHIIH 1 Bar pedep;
B) CKJACTH MATpHUIll CyMDKHOCTEW, IHIMIEHIN Ta Bar pebep;
') BU3HAUUTH CTETICHI BCiX BepinuH; 1) BBaxatoun rpadp G(V,E)
OpIEHTOBAaHMM 13 3a3HAYEHOIO YNOPSAIKOBAHICTIO TMap BEpLIMH,
IHIIUJIGHTHUX JyraMm €; — €;, BUKOHATH 3aBJlaHHA 3a Mil. a), 0), B)
Ta BU3HAUUTH HAMIBCTEINEH] 3aX0/1y 1 BUXOAY BCIX BEPIIMH.

2. 3a 3amanoro marpuieio A cymixuaoctel rpadpa G(V,E) mo-
OyayBaTH HOTO Jiarpamy.

A=

o~ o
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3. 3a 3amanor0 marpuieto B inuuzaeHiin oprpada G(V, E) mo-
OyayBaTH HOTO Aiarpamy.

1 -1 0 0 O
-1 0 -1 0 O
B= o 1 o 1 -

0O 0 1 -1 1
4. Nosectu i3oMopdHicTh rpadiB Gy 1 Gy,

52

5. loBecty, mo rpadu Gy i G, Hei3oMopdHI,

RN

6. IloGynyBatu apiarpamy JOMOBHEHHS G =(V,VAE) rpada
G=(V,E).

7. ns 3aganux rpadigro rpadis Gi1=(V,E1) i G2,=(V, E2) mo-
oynyBatu miarpamu rpadi: G=G1u Gy, G=G1iN Gy, G=G;1\Gy,
G= G1 — Gz.



Vl V2 V5

V4 V3 V3

Gy G,

8. IloOynyBatu BiacHWi Ta KapkacHui minrpadgu rpada G
(mexinpKa BapiaHTIB KOXKHOTO).

a bc ;
PN

9.V nanomy rpacdi BUSHAUUTHU: BCl MapUIPYTH MK BEpIIMHAMU
V, 1 Vg; BCI MPOCTI MUISIXH V;—>Vg 1 JOBKHU-
HY KOXXHOTO 3 HHUX; IPOCTI JAHLIOTH 3
BU3HAYCHUX  IUIXIB; HAWKOPOTIIHUMA
X Vi;—Ve (METOAOM MPOCTOro Tepe-
60py); BCl LIUKIIH.

Jlati BIATIOBiAb HA 3aIUTAHHS. YU €
el rpad 3B’SI3HUM (CHIBHO 3B’SI3HUM)?
CKJ1acTH MaTPUINO TOCSIKHOCTI.

10. Y nanomy oprpadi
BHU3HAUUTHU: BCl MapuIpyTH €, ’
MK BEpIIUHAMH V, 1 V,; BCi
OPIUISXH 13 Vo Y Vg (V2 —> Vy)

i IOBXKHHY KOXKHOTO 3 HUX;  °t
OpJIAaHITIOTH 3 YHWClIa BH-
3HAUEHUX Op-IILJISIXiB;
HalKOPOTIIHM LJIAX

f




V,—V, (METOI0M IpPOCTOTO Mepedopy); BCl OPUMKIN (KOHTYPH).
JlaTu BIANOBIAL HA MUTAHHS. YU € LEeW rpad 3B SI3HUM (CHIBHO
3B s13HUM)? CKIJIACTH MaTPUITIO JOCSHKHOCTI.

11. dna manoro rpada BU3HAUUTH YHUCIIOBI XapaKTEPUCTUKU:
KUTBKOCTI BEPIIUH 1 AYT; KUIBKOCTI BEpIIWH, CTEMiHb, HAIIBCTE-
TIeHI 3aX0Jy 1 BUXOJY SKHUX MarOTh 3Ha4YCHHs BiamosigHo 0, 1, 2,
3; KUIBKICTh OPLHMKJIB; KUIBKOCTI BEpPIIMH — BUTOKIB Ta CTOKIB;
LUKJIOXPOMAaTHYHE Ta XpOMaTHYHE YUCIIa; XPOMaTUYHUIH KJlac.

D



Poznmin 4
CKIHYEHHI ABTOMATH
(TeopeTuyHi OCHOBH)

Aeémomam (Bill TPEIBKOTO CIOBA QUTOUATOS — CAMOIIIOUHIA) —
11e MPUCTPIH, 1110 BUKOHYE CBOI1 PyHKINT O0e3 ydacTi roauHu. Teo-
pisi aBTOMATIB K HayKOBa TUCIMILIIHA BHHUKIA B MEXax Teopii
KEpYIOUUX CHCTEM Yy cepearHi XX CTOJITTS, B mepio OypXJIuBOro
PO3BHUTKY 3aC00iB €NEKTPOHHOI O0UMCIIIOBATIbHOI TEXHIKU Ta Bif-
IOBIJITHUX Tally3ell MaTeMaTH4HOro 3HaHHsA. Ha cporonHi us teo-
pist € OTHUM 13 PO3/LTIIB IUCKPETHOTO aHAII3Y.

Po3Butok iHdopmamiifiHUX TEXHOJIOTi BHUBIB cepy 3acTocy-
BaHH: TEOpii aBTOMATIB JAJIEKO 32 MEX1 MOJETIOBAaHHS arapaTHUX
3ac001B HU(POBOI €NEKTPOHIKH, POLIUPUBIIH ii 10 HyHIaMEHTa-
JHHUX OCHOB Cy4yacHOi TeopeTudHoi iHdopmatuku. Ha meit gac
abctpakuii 1 Mmozeni, po3po0ieHi B Teopii aBTOMAaTiB, 3aTpedyBaHi
TaKUMHU HaAYKOBUMH JHUCIUIUTIHAMH, K T€OPis alTOPUTMIB, TEOPis
dbopMallbHUX TpaMaTHUK, MaTeMAaTHYHA JIIHTBICTHUKA, TEOPIs JIOT14-
HUX MOJIEJIEH, TEOPist KOIyBaHHS, TEOPist OOUMCITIOBAIILHOI CKIIA-
HOCTI Ta IHIINMH.

Teopito aBTOMATIB SIK TEOPETUKO-TIPUKIAIHY HAYKy YMOB-
HO MOJUISIIOTh HA meopilo abCcmpakmuux agmomamis i meopiio
CMPYKMYPHUX asmomamie, Tieplia 3 IKUX € TEOPETHYHOI 0a3010
npyroi. MarematuyHi Mojieni B Teopii aOCTpaKTHUX aBTOMATiB
PO3IIIAAAI0Th IPUCTPOI JUCKPETHOI All 3 TOUKU 30pY aJrOPUTMIB
iX (yHKLIOHYBaHHS, TOOTO MOCTIIOBHOCTEH [iil 3 MepeTBOPEHHS
muckpeTHoi 1Hdopmaii. I1ix yac abcTpakTHOrO aHaNi3y Ta CUHTE-
3y aBTOMaTa roJIOBHY pOJIb BiAirpae He crnocid noOynoBu aBToMa-
Ta, a T1 IEPeX0/H 31 CTaHy B CTaH, sIKI pOOUTH aBTOMAT M1/ BIUIH-
BOM BXIJIHUX CHTHANTIB, 1 Ti BHXIiJHI CHUTHaJH, SKi aBTOMAaT MpH
upomMy ¢opmye. I[Ipenmerom TOCHIIKEHHS TeOpli CTPYKTYPHUX
aBTOMATIB € CTPYKTYypHO-()YHKI[IOHAIbHA OpraHi3allisi aBTOMaTiB
K TEXHIYHUX 3aCO0IB peamizallii iXHIX MaTeMaTUYHUX MOJIEJICH.
ITig cTpyKTYpHHM aHali30M 1 CHHTE30M aBTOMAaTa PO3yMIETHCS



PO3TIISA CTPYKTYPH CaMOTO aBTOMATa, BX1IHUX 1 BUXIJHUX CUTHA-
JiB, a TaKOX JOCIIDKEHHS CIOCO0IB Horo moOymoBH i3 Habopy
JIOTIYHUX EJIEMEHTIB Ta €JeMEHTapHUX aBTOMATiB, CIOCO0iB KO-
JyBaHHS BHYTPIIIHIX CTaHIB 1 T. iH.

3HaHHS 3 TEOpii aBTOMATIB € HEOOX1THUMU ISl YCIIITHOTO PO-
3pOOJICHHS] TTPUHITUIIIB MMOOYIOBU TUCKPETHUX MPUCTPOIB 00p00-
Ku iH(popMaIllii, yIOCKOHAJIEHHS BiJJOMUX alTrOPUTMIB O0OpOOKH
iH(dopmarrii, rpaMOTHOTO 3aCTOCYBaHHS OOUYHCITIOBAIBHOI TEXHIKH
B CHCTEMax YIpPaBJIiHHs i aBTOMAaTUKH Ta PO3POOJICHHS MPOrpam-
HOTO 3a0e3MeYeHHs] TaKuX CUCTeM. Y JaHOMY pO3JiIl po3riisjia-
I0TBCS BUXI1JIHI TEOPETUYHI MTOJIOKEHHS TeOpPii aOCTPaKTHUX aBTO-
MaTiB. Jlo 4Kcia OCHOBHUX HaJeXaTh 3ajadi aHaji3y, CUHTE3Y,
€KBIBaJICHTHUX NEPETBOPEHD 1 MiHIMI3aIlil aBTOMATIB.

3aoaua ananizy nondrae B ToMy, 00 3a 3aJJaHUM aBTOMAaTOM
OIMCATH WOTr0 MOBEIIHKY a00 3a HEMOBHUMH JAAHHUMH IPO ajro-
pUTM QYHKIIIOHYBaHHSI aBTOMAaTa BCTAHOBUTU HOTO BIIACTUBOCTI.

3aoaua cunme3sy nonsirae B moOyI0Bi aBTOMara 3 Harepen 3a-
JaHUM aNroOpuTMOM (YHKIIOHYBaHHS. 3a/1ayy CUHTE3y MPUNHHATO
PO3TISIIATH ABOSKO: a0CTPaKTHUN CHHTE3 SK MOOyJ0Ba Marema-
TUYHOI MOJIETIi aBTOMATa i CTPYKTYpHUN CHHTE3 SIK PO3pOOIICHHS
MOro (yHKIIIOHAJIBHOT JOT1YHOT CXEMHU.

3aoaua exeieanenmuux nepemeopers (POPMYITIOETHCS TaK: BU-
3HAYUTH TIOBHY CHUCTEMY IPaBWJI, IO JO3BOJIIE TIEPETBOPIOBATH
JOBUIHUN aBTOMAT B €KBIBaJEHTHHH oMy aBToMaT. OxpeMum
BHUIIQJIKOM I1I€1 3a7a4l € TepexiJ BiJ OJHIET MOJENl aBToMara Jo
1HIIIOI.

3aoaua minimizayii monsirae B MOOYAYB1 MiHIMAIbHO2O aBTO-
MaTa, E€KBIBAIGHTHOTO 3aJaHoMy. MiHIMaTbHUN aBTOMAaT Mae
HalMEHIIIEC YHCII0 KOMIIOHEHTIB MOJIeNi (30KpemMa MiHIMaIbHY TI0-
TYXHICTb MHOXMHHU CTaHIB) 1 IPHU IIbOMY (PYHKIIIOHAJIBHO €KBiBa-
JIEHTHUH 3aIaHOMY aBTOMaTy.



4.1 Iousarra aBToMaTa. Buau aBromariB

VY TeXHIYHHX CHUCTEMaxX aBTOMaTaMH Ha3HBalOTh MPHUCTPOI, 3a
JIOTIOMOTOI0  SIKAX 3/1MCHIOIOTHCS Omepanii mpuiioMmy, MeperBo-
pEeHHs 1 mepenayul MarepiadbHUX 00’€KTiB abo iHdopmarlii y Bij-
MOBIJTHOCTI 13 TEBHOIO IpOrpamoro, 6e3 Oe3rnocepenHboi ydacTi
JIOJIMHU. 3a/adi CHHTE3y Ta aHaji3y TEeXHOJIOT1YHHMX aBTOMATIB,
TOOTO TaKMX, IO 3/iMCHIOIOTH orepamii mpuioMy, NepeTBOPEHHS
1 mepeayi MatepiaJbHUX 00’ €KTIB, HAIEKATH J0 Tally3i MaIIMHO-
Oy yBaHHSL.

3a (yHKIIOHAILHUM MPU3HAYEHHSIM aBTOMATH, IO 3aCTOCO-
BYIOTBCSI B CUCTEMax KEpyBaHHs, MOAUISIOTHCS HA TPH BUIMW: iH-
dopmarriiini, kepyroui Ta oounciaroBaibHi. Jlo iHpopMaliiHuX aB-
TOMATIB HAJCKaTh PI3HOMAHITHI JTOBIAKOBI TaOJIMIlI, HAPUKIIA,
Ha BOK3ajax, iHdopmarlliiini Tabjao Ha cTajioHax, pi3HI MPUCTPOI
aBapiiiHoi curHanm3anii. Jlo Kepyro4ynx aBTOMaTiB MPUHHATO Bif-
HOCHUTHU MIPUCTPOT JIJIsI KEPYBAHHS TEXHIYHUMH 00’ €KTaMU [UIIXOM
dbopMyBaHHS KOMaH[ KepyBaHHs B AUCKpeTHiN (opmi. [lo oOumc-
JIOBaJbHUX aBTOMaTIB BigHOcAT EOM, mikpokoHTposiepu. On-
HaK ycl Il aBTOMaTH, MO CYTi, € OJJHOYACHO OOYHMCIIIOBAILHUMH,
KEepYIOUMMHU Ta iHQOpMaLiiHUMHU 3a CYKYIIHICTIO MPOLECIB, 110 B
HUX Bi0yBalThbcs. Taki aBTOMaTH € OCHOBOIO CydacHOi oOuuc-
JIOBAJIBHOI TEXHIKU Ta CUCTEM aBTOMATUYHOI'O KOHTPOIIIO 1 Kepy-
BaHHS.

ITix TepmiHOM “aémomam’ y NTUCKPETHOMY aHalli3l pPO3yMilOTh
aOCTpaKTHY MOJENb MPHUCTPOIO (abcmpakmuuti agmomant), 1O
(GYHKLIOHYE y TUCKPETHOMY 4Yaci, IepepoOssitoud MOTOKH BXif-
HUX CUTHAJIIB B TTOTOKHM BHXIJIHUX cUTHaiiB. Ha MOB1 Teopii MHO-
KHH 11 O3HaYae, 1110 a0CTpaKTHUH aBTOMAT Bi0Opaka€ MHOXKHUHY
BXIJJHMX CHUTHAIIB Y MHOXHHY BUXIJIHUX cuUTHaliB. B abcrpaxr-
HOMY aBTOMAaTi BXiJHI Ta BUXIiJHI CUTHAIX MalOTh BUJ MOCIiIOB-
HOCTEH CHMBOJIIB, TOOTO CJIB y BIAMOBIMHHUX (BXITHOMY, BUXIiJ-
HOMY) angpasimax. B mporeci poOOTH aBTOMara 3A1HCHIOETHCS
MOCIIJIOBHA 3MiHA HOro CTaHiB y JHUCKPETHI MOMEHTH dYacy HiA
BILJTMBOM BXIJTHUX CHUTHAJIIB.



Jluckperusariisi pealbHOTO 4acy 0a3yeThCsi Ha TIOHSATTI aAmo-
mamuoeo yacy. lllkana nuckperHoro yacy 300paxxeHa Ha puc. 4.1.
Ha oci vacy minumu uncinamu 0, 1, 2, ..., | TO3HAYeHI MOMEHTH Ya-
cy t, SKMMH BHIUIIOTbCA JUCKPETHI IHTEpBAIM dYacy

At,ynIpoJIOBX SKUX BXIJHI 1 BUXIAHI CHTHaJId aBTOMAaTra MOXYTb
3MIHIOBATH CBOE 3HaueHHs. [HTepBanyu yacy Alj Ha3MBAIOThCS Mma-

Kmamu, IPOHYMEPOBAaHUMH B MOPAIKY cligyBaHHs ynciaamu 0, 1,
2, .

o 1 2 i
L1 1 | 1 1 L5 f
t, t, t, t

Pucynok 4.1 — [lIkana TUCKPETHOTO Yacy: | — HOMEp TaKTa

3a ¢ikcoBanuii inTepBan yacy Atj=t.;—t; (puc. 4.1) 3aificHio-
€TbCS TEPETBOPEHHS OJHOTO CHMBOJA BXiZHOTO andasiTy
Z2={z,,...,2,...,Zc} B OOWH CHMBOJI BHUXIJHOTO andasiTy
W={w,,...,W,,...,Ws} Ta mepexia abCTpakTHOI'O aBTOMATa 31 CTaHy
q(t) B cran q(ti+1). [ToHATTS aBTOMATHOTrO Yacy BUILIMBAE 3 OIH-
CaHOTO MPHUHLHUITY AMCKPETH3allii peasbHOro dacy. ABTOMAaTHUI
qac € 0e3p03MiIpHOI0 BEIMYMHOIO Ta MA€ IUIOUMCIIOBE 3HAUCHHS,
Mipolo SKOTO € KUIbKICTh TakTiB. JloBUIbHOMY 1HTepBaily At
(Oynp-sikoi TPHBAJIOCTI) pealbHOTO Yacy CTaBUTHCS y BiJINOBIJ-
HICTh MOMEHT t{ aBTOMAaTHOTro 4acy, AKui Mae 613po3MipHE ILIO0-
YHCIIOBE 3HAUEHHS.

Bynab-sxuit quckpeTHuii npucTpii 06podku 1Hdopmarii B 3ara-
JHHOMY BHJII SIBJIsiE COOOIO MEPETBOPIOBAY, L0 3/A1MCHIOE MepeT-
BOPCHHSI KOPTEXKY BXIMHUX CHTHATIB X=(Xy, Xy,...,Xn) Y KOPTEK
BuXigHuX curHaiiB Y =(Yy,VYs,...,Ym). Ha puc. 4.2 takuii npuctpiii
MIPEJICTABJICHO y BUIIISI/IL ““HOPHOTO” SAIIUKA.

AndagiTu, B SKUX Bi0OpakalOThCcs MOKIJIMBI 3HAUEHHS BXiJl-
HUX Ta BUXIJTHUX CUTHAJIB JAUCKPETHOrO MEpPEeTBOPIOBava, € CKiH-
YEeHHUMHU, BX1/IHI Ta BUXiJHI CUTHAJIU € JUCKPETHUMH, 1 IEPETBO-
PEHHS CUTHAJIIB 3/IIHCHIOETHCS B JUCKPETHI MOMEHTHU 4Yacy. Tomy
Taki MepeTBOproBayi iH(popMallii Ha3UBAIOTHCS CKIHUEHHUMU.



X1 Y1
T i .
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Pucynok 4.2 — Ipuctpiit 00poOku nuckpetHoi iHdopMmariii

AOCTpakTHHIA aBTOMAT 3a CYTHICTIO IpOIecy HOro QyHKIIOHY-
BaHHS € CKIHYCHHHM MEPeTBOPIOBAYEM IHCKPETHOI iH(opMariii.
CumBomn  Zx 1 W, andasitriB Z={z,,...,Z,...,Z¢} 1
W={w,,...,W,,...,Ws} BXOIy i BUXOIy B 3araJlbHOMY BUIIAJKY SIB-
JSIFOTH CO000 CKiHYEHHI KOPTEXi (X1, Xz,...,Xn) 1 (Y1, Yas. .., Ym) BXi-
JTHUX 1 BUXIJHHX CUTHaNiB aBromara (puc. 4.2), He0OOOB’I3KOBO
oxHopospsaani (N>1, m>1).

V Bcix mpuctposix 30ipanHs, 00poOku Ta nepenadi iHpopmartii,
10 3aCTOCOBYIOTBCS B CHUCTEMax YIIPaBJIiHHA Ta aBTOMATHKH,
BXIJIHI 1 BUX1JTHI CUTHAJIU MOJAIOTHCS B IUGPOBiH PopMi, TOOTO y
npoleypax nepeTBopeHHs iHpopmMarlii 06’ekToM 00poOKH € Iu-
GpoBi curHaiIM, HAJ SKUMU 3A1HMCHIOIOTHCS OOYHCIIIOBAIBHI OIle-
pauii abo joriuHi neperBopeHHs. JIOriuHi CUTHAIM BiJHECEHI 110
nu(poBHUX Ha TIH MIJCTaBl, 110 BOHU € KBAaHTOBAHHWMH 3a JABOMA
piBHAMM 1 HaOyBalOTh YMCIOBUX 3Ha4deHb 0 Ta 1 (andasit noriv-
HUX 3MiHHUX). ba3a (ynopsiagkoBaHuil cicok N apryMeHTIB) JIOTi-
4yHOI (yHKUI{ TakoX € HU(pPOBUM CUTHAJIOM (N-po3psaHuM). Y
MOJAJIBIIOMY SIK aN(aBiTH BXIJHUX Ta BUXIJHUX CHUTHAIIB CKiH-
YEHHUX aBTOMATIB MM OyJeMO BUKOPUCTOBYBATH MHOXHHY CHM-
BOJIIB, 110 B IIU(POBUX aBTOMaTax HaOyBarOTh 3HAYCHHS 13 MHO-
xunan {0,1}.

BimzHauumo, 1o B JiTepaTypHUX JDKeperaax 3 JUCKPETHOIO
aHaJi3y 3yCTpi4aloThCsl HAa3BHM “AMCKPETHUN aBTOMAT’, “AMCKpET-
HUN NPUCTPIA”, “HNpUCTpiil JUCKPETHOI nii”, M0 pIBHO3HAYHI 3a



CEHCOM Yy3arajbHEHil Ha3Bl “‘CKIHYCHHUH aBTOMAT’ 1 BUKOPHCTO-
BYIOTHCSl B OKPEMHX BHIIaJKaX 3 METOIO BiJJ3EPKAJIICHHS MMEBHUX
XapaKTepUCTHYHUX O3HAK peaJbHUX aBTOMATiB. SIKII0 MoBa Hie
PO AMCKPETHI MPUCTPOi 0OOUYUCIIIOBAIBHOT TEXHIKA Ta aBTOMaTH-
KW, BXIIHUW Ta BUXITHUA andaBiTH SKUX SBISIOTH COOOK MHO-
KUHU UGp, TO TaKl NPUCTPOi HA3UBAIOTH YUPDPOBUMU ABMOMA-
mamu. Hwxde mu gamo (opmainizoBaHi 03HaUYEHHS! CKIHUEHHOTO
Ta nU(pPOBOro aBTOMATIB.

OCKIbKH MPeIMETOM BUBYEHHS y LIbOMY PO3ILI € eleMEeHTH
Teopii aOCTpaKTHUX aBTOMATIB, Hajallli OyJeMO KOPHUCTYBaTHCS
TepMiHaMH “‘CKiHUYEHHUH aBTOMaT’, abo mpocrto “aBromart’. IIpo-
JIOBKVMIMO OTJISAJI BUIIB aBTOMATIB.

3aje’XHo BiJ TOr0, OQHOYACHO YH IIOCIIJZOBHO aBTOMAT 3ific-
HIOE TIPUAOM BXIJTHOTO CUTHANy Ta 3MiHY CBOTO CTaHy, aBTOMaTH
MOJUISIFOTECS HA CHHXPOHHI Ta aCHHXPOHHI.

VY cunxponnux aBTOMaTax TPUBAJIOCTI BXIJHHX CHUTHAJIB 1 yac
MEepexoy 3 OJJHOTO CTaHy B iHIIWI Moro/pkeHi. MoMeHTH 4acy, B
K1 (DIKCYIOThCS 3MIHHM CTaHy aBTOMAaTa, 3aJal0ThCsl CIELialbHUM
MPUCTPOEM — T€HEPATOPOM CHHXPOCHTHaIIIB. BiH BHmae iMmyib-
CH, SKUMH 33/Ial0ThCsl TAaKTH aBTOMATHOTO uacy. Taki aBTOMAaTH
3aCTOCOBYIOTHCSI B OOYHCITIOBAIBHUX KOMIUIEKCAX, aBTOMATH30-
BaHUX CHCTEMax KepyBaHHS TEXHIYHUMH 00’ €KTaMH Ta iH.

B acunxponnux apromaTtax TpUBAJICTh BXIHMX CHUTHAJIB 1 yac
nepexoAiB He norojpkeHi. Lli mapamerpu 3anexarh BiJ 30BHIIIHIX
JDKepen — PI3HUX MOJiHM, a 1HTepBall JUCKPETHOCTI At € 3MIHHUM
(Hampuknaa, y KOAOBHX 3aMKax). B acHHXpOHHHX aBTOMaTrax
4yeprosa 3MiHa 3HaY€Hb BXIJHUX CUTHAIIB MOXE B1IOyTHUCS JIMIIE
3a YMOBH, IO 3aKIHYMBCS MEPEeXiJHUHN Mpollec, BUKIUKAHUNA TO-
MepeAHBOI0 3MIHOIO X CUTHAIB.

Sxmio npuHIMIOM Kiacudikaiii € MexaHi3M BUIIAJKOBOTO BHU-
00py, TO PO3PI3HIIOTh OemepMIiHOBaHI Ta UMOGIPHICHI (CTOXACTH-
4Hi) aBToMaTu. [loBeAiHKa IETEpPMIHOBAHOTO aBTOMATa B KOXHUI
MOMEHT JMCKPETHOTO Yacy BU3HAYAETHCS MOTOYHOK BXIJIHOIO iH-
dbopMalliero Ta cTaHOM aBTOMAaTa y TOIEpenHid MOMEHT 4Jacy. Y



JNETCPMIHOBAHUX aBTOMATaX BUKOHYETHCS YMOBA OJHO3HAYHOCTI
MEPEeXO/IiB: AKIIO aBTOMAaT 3HAXOAMUTHCA B AesKOMY cTaHi (i€Q,
ne Q — MHOXXKMHA CTaHIB, TO ITiJi BILIMBOM JIOBLJILHOI'O BXiJHOTO
CUTHAJy Zy€Z aBTOMAT MOKE MEePEHTH B OJIMH 1 TUIBKHU OJJUH CTaH
0jeQ, mpudyomy cutyauis Q; = (j 30BCIM HE BUKIIIOYAETbCA. Y HMO-
BIpHICHUX aBTOMAaTax I 3aJICKHICTh TOB’s3aHA IE 1 3 JCIKUM
BUIIAIKOBUM BHGOpoM. MMOBipHiCHMII aBTOMAaT — Iie JMCKpeT-
HUIl mepeTBOproBad iH(opmarii, PyHKI[IOHYBaHHS SIKOTO B KOX-
HUW MOMEHT 4acy 3aJeKUTh JIMIIE BiJl CTaHy MaM’ STl Ta OMHCY-
€THCSI CTATUCTUYHUMH 3aKOHAMHU. Y WMOBIPHICHHX aBTOMATax IiJ
BIUTMBOM OJHOTO M TOTO CaMOTr0 BXiJHOTO CHUTHAaTy MOJIHBI Ie-
pexoau 31 ctany (i B pi3Hi cTaHu 3 MHOXUHH Q 13 3a7aHO0 HiMO-
BIPHICTIO.

SAxmo npuHOMIIOM Kiacudikaiii aBTomMariB € 00’€M mam’siTi,
TO PI3HHULIA MOJIATAE B TOMY, 1[0 aBTOMAaT Ma€ CKiHUeHHE a0o He-
CKIHYEHHE YHCJIO BHYTPIIIHUX CTaHiB. 32 UM HNPUHIUIIOM PO3pi-
3HSIOTh HACTYIHI TUIH CKIHYEHHUX aBTOMATIB.

ABtomatamu 1-ro Tuny, abo xombinayiinumu cxemamu (KC),
NPUIHATO HAa3UBATH TaKi aBTOMAaTH, CYKYIHICTh BUX1JHUX CUTHA-
JIB SIKMX BU3HAUYAETHCS JUIIE KOMOIHAII€I0 BXIAHUX CUTHAIIB Y
MOTOYHMI MOMEHT 4acy 1j 1 He 3aJIeXUTh BiJl CUTHAJIB, III0 HAJXO0-
JIWJTA Ha BXOJIM aBTOMATa y MOMepeIHi MOMEHTH Jacy. Taki aBTo-
MaTH Ha3MUBAIOTh TAKOXK asmomamamu b6es3 nam'smi, abo ckinuen-
HUMU QDYHKYIOHATbHUMU Nepemeopro8aydamuy. 3 aBTOMaTaMH 1bO-
ro TUIY MU 3yCTpiyasIucs, pO3IJIAAaoun TeXHI4HI 3aco0u peai-
3amii JoriyHuX QyHKUiN (po3a. 2, m. 2.4).

B aBTOMarax 2-ro TUIy BUXIHUN CUTHAI, IO BUPOOISIETHCS B
MOTOYHHI MOMEHT Yacy, 3aJICKUTh HE JIMIIE Bij BXiIHUX CHTHA-
JIiB, 110 HAAIWIUIM B I caMHUil MOMEHT, aj€ i BiJ CHUTHAIIB, IO
HaAIMIUIN y nonepeaHi MOMeHTH vacy. [lonepeani BXiqHI curHa-
a1 (PIKCYIOTBCSI B aBTOMATI HUISXOM 3MiHM HOTO BHYTPIIIHBOTO
craHy. Taki aBTOMaTH Ha3UBAIOTh ABMOMAMAMU 3 NAM 'SMMIO.



Ilpuknao 4.1. TlocraBuMO Take 3aBAAaHHS: IPOAHATI3yBaTH
poOOTy eNeKTpUYHUX CcXeM, IokazaHux Ha pwuc. 4.3a,0, Ta
3pOOUTH BUCHOBOK IIOJI0 THIIB aBTOMAaTa, SIKHM BiJIIOBIJAIOTh
MPUHIUIKA POOOTH TAaHUX CXeM. BBaxkaTu mpu 1bOMY, IO BXIiJIHI
Hanpyru X HaJIXOJSTh HA BXOJU CXEM Y JUCKPETHI MOMEHTH 4acy

t, 1t,,aBuxigni Hanpyru Y1 ta Y2 B MomeHT t, nopisHioBanu 0.

R1 R
X Y1 X Y2

R2 LI

L
a) 0)

Pucynok 4.3 — Enextpuuni cxemu 10 npukiany 4.1

Po3zs’sa3ysanns
Jlnst aHamizy MOBENIHKMA CXEM BHU3HAYMMO HANpYrH Ha IXHIX
Buxozax. Ha Buxoni cxemu puc. 4.3,a BUXiJiHa Halpyra B MOMEHT

qacy {
Y1=Y1(t,)+Y1(t, )=0+X-R1/(R1+R2)=X-R1/(R1+R2).

OcCKinbKHM B CX€Mi HEMa€ PEaKTUBHUX €JIEMEHTIB, €HEpris He
HAKOIMUYYEThCS, 1 MICHS 3HATTA BX1AHOI HAIPYI'W Y MOMEHT t, Bu-

xigHa Hampyra gopiBHioBatuMe 0. OTXe, B MOMEHT t4 rnojayvi Ha-

npyru X Ha BXiJ cxeMH ii BUXiJJHa Hallpyra 3HOBY CTaHE JOpiB-
HIOBaTH

Y1=X-R1/(R1+R2).

OTmxe, poOMMO BHCHOBOK, IO BHXITHUH CHUTHal CXEMH
puc. 4.3a y MOTOYHUI MOMEHT Yacy 3aJIC)KUTh JIUIIE BiJl BXOTHOTO
CUTHAJy y IIell camMHii MOMEHT Yacy, TOMY Ii TOBelliHKa MOoi0Ha
JI0 TIOBEIIHKU aBTOMAaTa 1-ro TUIry, TOOTO KOMOIHAIIITHOT CXeMH.



Hampyra na Buxoni cxemu puc. 4.30 micis mojaadi BXOMHOT
Hanpyru X y MOMEHT 4acy t, 13HATTA ii y MOMEHT dacy t, cTaHe
TaKOI0, 1110 JIOPIBHIOE

Y2(t,)=X-(1-e %),
ne t=t,—t, — TpUBAIICTb OJHOrO TAKTY Yacy.
[Ticnst 3HATTA BX1AHOI HAmpyrd OO MOMEHTYy t, BHXinHA

HAIPyTa 3MEHIIUTHCS 10 BEIMYUHU
Y2(t4 ) :X'(]— e—r/RC), e—2r/RC )
Otxe, miciis moJgaul HaIIpyry Ha BX1J L1€1 CXeMHU B MOMEHT t, 1

3HATTA ii y MOMeHT . BHXiJHa Hampyra CTaHe TaKol, IO
JIOPIBHIOE
Y2(t5 ) :Yz(t4 ) +Y2(t4 ) (1- p7/RC )=X-(1- p-7/RC )(1+ p2t/RC ).

OTxe, yepe3 HAasBHICTh PEAKTHUBHOIO €JIEMEHTa B CXeMi
puc. 4.30, AKHii 3amacae eHeprito MoMepeHiX CTaHiB, MU OAYNMO,
110 11 BUXO/JHUI CUTHAJI 3aJIEKUTh HE JIMIIE B/l BXIIHOTO CUTHATTY
B IIOTOYHUH MOMEHT Yacy, aje W BiJ BXIJIHUX CHUTHAIIB Yy
nornepeaHi MOMEHTH 4acy. Lle poOuTh i MOBEIIHKY CXO0XKOI Ha
MOBE/IHKY aBTOMATIB 2-TO THUILY, TOOTO aBTOMATIB 3 aM ATTIO.

HaBegenuii mpukiaax HE ONUCYe TOBEOIHKY pealbHHX
aBTOMATIB, a JIMIIE MOKA3ye Ha MPUKJIAAl aHAJOTOBUX CXEM, IO
BUXIJIHI CUTHATT MOXYTh 3aJIeKaTH, a MOKYTh 1 HE 3alie)aTh Bif
3Hau€Hb BXIAHMX CUTHAJIB y MOIMEPEIHI MOMEHTH 4Yacy 3aJIeKHO
BiJl TOTO, SIKI €JIEMEHTH BXOASATh O JAaHUX CXEM, UM € Cepe HUX
HAKOIHM4yBaydl €HEeprii.

CyKynHICTh BUXIJHHX CHUTHAIIIB aBTOMara 3 TaM’ STTIO 3alie-
JKUTh HE JIUIIE BiJl BX1JHOTO BIUIMBY, aji€¢ ¥ BiJl CTaHy aBTOMarTa B
MOTOYHMI Ta momnepeaHiii MoMmeHTH 4acy. [lumu camumu ¢akrto-
paMu BU3HAYAETHCS 1 TOW CTaH, JI0 IKOTO aBTOMAT IEPEXOUTh.

SK1o cKiHYeHHHUN aBTOMAT 3a0e3Me4YnTH (TEOPETUYHO) HEe0O-
MEXEHOIO ITaM’SITTI0, TO OTPUMAEMO aBTOMAT 3-TO TUIY — HECKIH-



YyeHHUUl aemomam, SIKUA HA3UBAEThCS Mawunolo Toiopunea. 3a
JIOTIOMOT010 MalIuHU ThIOpUHTa MOXKHA peasizyBaTH Oyab-saKuil
IITOPUTM TIepeTBOpPeHHs iHpopMarltii. HeckiHueHHUI aBTOMAT SIB-
Jisi€ co0O0I0 TIEBHY MAaTEMATHYHY iJealli3alilo CKIHYeHHOTO aBTO-
MaTa, KU Ma€ HECKIHYCHHE YUCIIO CTaHiB. AOCTpaKTHHI aBTO-
Mar — MamuHa TeropuHTra € HeckiHueHHuM, aie EOM abo ii
OKpeMi YaCTHHH € CKIHYCHHIMH aBTOMAaTaMH.

Koumponvni numannsa

JlaiiTe HalOLIBIN 3arajibHE BUSHAYCHHS aBTOMATA.

3 SKMX JIBOX YAaCTHH CKaJlaJaeThCs TEOpis aBTOMATIB?

1o € mpemMeToM Teopii aOCTPaKTHUX aBTOMATIB?

SIki 3aa4i po3B’A3YIOTHCS y TEOPii CTPYKTYPHUX aBTOMATiB?

OnuuriTe cyTh 3a7a4i aHaJi3y aBTOMAaTa.

OnuuIiTh cyTh 3a7jaui CUHTE3y aBTOMATa.

Y 4oMmy momnsfrae 3ajaya EKBIBaJCHTHUX IIEPETBOPEHB
aBromara’?

Sk popmymoeThes 3a1a4a MiHiMizalii aBTomara’?

Ha3zBiTh Buan aBTOMATIB 32 PYHKIIOHATHHUM IPU3HAYCHHSIM.

SAxuit 00’€KT pO3YMIETBCA TMiJ TEPMIHOM “‘agmomam” 'y
JMCKPETHOMY aHai31?

[TosicuiTh moHATTS aBTOMaTHOTO Yacy. Lo € fioro miporo?

SIky @yHKLII0 BHUKOHYE JUCKPETHUH mpHCTpiii 00poOKu
iH(popMmalii y 3araibHoMy BUA1? UM € 1ei mpucTpiii CKIHYEHHUM
aBTOMaToOM?

VY KoMy BUIAaJKy CKIHUEHHUI aBTOMAT € IIUppOBUM?

VY yoMmy mnonsrae pi3HHULSA (QYHKLUIOHAJBHUX BIIACTMBOCTEH
CHHXPOHHHX Ta aCHHXPOHHUX aBTOMATiB?

3a KO0 03HAKOIO aBTOMAT € JIeTePMiHOBAHUM?

[TosicHITh MOHATTS aBTOMaTa 0e3 1mam’sTi.

[TosICHITH OHATTS aBTOMATA 13 aM’SITTIO.

3a SKMMU O3HAKaMHU aBTOMAT KJIACU(DIKYEThCSA SK TaKWi, 110
HAJIeKUTh 0 aBTOMATIB 1-r0 THITY?



3a SKMMH O3HAKaMM aBTOMAT KJIACU(IKYEThCS SK TaKWH, 110
HaJICKHUTh JI0 aBTOMATIB 2-TO TUITY?

Ha3BiTh xapakTepucTHYHY O3HaKy, 3a SKOIO aBTOMAT
KJIacu(PiKyeThCS IK HECKIHUECHHUM.

Uu 3parHa wmamumHa TeropuHra peanizyBatu —Oyab-sKUH
anropuT™M 00poOKH iHhOopMaIii?

4.2 AGCTpakTHi aBTOMATH

MaremaTHuHy MOJAEIb JUCKPETHOIO IPHCTPOI0 HA3HBAIOThH
abCcmpakmuum aemomamom 3riiHo 3 HACTYITHUM O3HAYCHHSIM.

Osnavenns 4.1. Aocmpaxmuuii agmomam — 11e MECTUKOMIIO-
HeHTHUH koptex A=(Z,W, Q,d, 4,Qo), ne:

2={2,,2,,...,Z;,...,Zr} — MHOXXHHA CUMBOJIIB BXIJHOTO aj(aBiTy
(BX1IHUX CHT'HANIB);

W ={wy, W,,...,W,,...,Ws} — MHO)KHHA CHMBOJIiB BUXIJHOTO aj-
¢aBiTy (BUXiJIHUX CHTHAJIB);

Q={q,....q,, .0y } — MHOXHHA CTaHiB (aJ(aBiT CTaHIB);

0. QxZ—Q — dyHKIig MepexoiB, Mo AesIKUM mapam (Qm, Zr)
“cTaH — BXIJIHUM CUTHAT CTaBUTH y BIJIMOBIIHICTh MEBHI CTaHU
aBromara 4s=o(Qm, zr), 0 € Q;

A: QXZ—W — dyHKIIsE BUXO/iB, M0 mapaM (Om, Zf) CTaBUTh Y
BIJITIOBITHICTh BUXI1IHI CUTHAIH aBTOMata Ws =A(Qm, Zr), WseW;

g, € Q — moyaTKOBMIA CTaH aBTOMATA.

AOCTpakTHMII aBTOMAT Ma€ OJIMH BXIAHUN 1 OJWH BUXITHHUI
KaHamu (puc. 4.4). AOcCTpakTHHIl aBTOMaT, B SKOMY BUILUIEHO
OJIUH 13 CTaHIB (o, Ha3UBAEThCA iHiyianvHum. Lle craH, 13 sKOTO
aBTOMAaT MOYHMHA€E POOOTY 1 B AKMH BiH NEPEeXOAUTH IO ii 3aKiH-
yeHHi. Y JesAKHX 3a7avaxX TaKWH MMOYaTKOBHUI CTaH HE € HEOOXi-
HUM, TOI abcTpakTHUI aBTOMAT OTHUCYETHCS
I’ ITUKOMIIOHEHTHUM KopTeskeM A=(Z, W, Q, J, A).



Z:{Zlyzz, ceny ZF} Q:{ql q2 qM} W:{Wla W2,. ooy W(;}

Pucynox 4.4 — AGcTpakTHUI aBTOMAT

O3navenns 4.2. Asromat A=(Z,W,Q,d,4,0,) Ha3UBaETHCA
ckinuennum, sikio andasita Z 1 W BXoay 1 BUX0y Ta MHOXKHHA Q
HOT0 CTaHIB CKIHYCHHI.

Hanani mu OymemMo Matu cripaBy JuIe 31 CKIHUEHHUMH aBTO-
MaTamH.

O3navenns 4.3. SIKI0 CUMBOJIM BXiJTHOTO 1 BUXITHOTO anda-
BiTiB Z i W aBTOMaTa KOAyroThCcs nupamMu, TO TAaKU aBTOMAT Ha-
3UBAETHCA YUPDPOBUM.

OyHKIIIOHYBaHHS aBTOMAaTa PO3TIIAIAETHCS B JUCKPETHI MO-
MEHTH aBTOMATHOTO 4acy 1, t,, ..., tj, IKi HA3UBAIOTHCS TAKTOBUMU
MoMeHTaMu. [IpuimyckaeThcsi, O TOBEIIHKA aBTOMaTa HE 3alie-
KUTH BiJl iHTepBally 4acy Mix {1 tjz1. TakuM uyuHOM, PaKTHUHO
3MIHHOIO € HE CaM 4ac, a MOPSIKOBI HOMEPH TaKTOBHX MOMEHTIB
t=0,1,2, ..., 1,... . PeajbHa % TPUBATICTh TAKTiB MOKE OYTH J10-
BUIbHOIO. bepeTbcst TakoXk MpUITYILIEHHS, 110 Tepexi] aBToMara i3
OJIHOTO CTaHy B HACTYMHHU Ta OpMyBaHHS HOBOTO (2 MOKIJIHBO,
1 TOTO ) CamMoro) CUMBOJIY Ha BUXO/1 3/11MCHIOETHCS CTPUOKOIIO-
ni6HO, TOOTO MUTTEBO B MOMEHT  aBTOMaTHOTO yacy. B peanbHux
Ke aBTOMaTax 3aBXIM Ma€ MICIe KiHIIeBa TPUBANICTD MEPEXiTHUX
nporeciB, TOOTO PYyHKIII 0 1 A mepexo/1iB 1 BUXOIB TEXHIYHO pea-
J30BYIOTECS YIPOAOBXK IHTEpPBATY peajbHOro yacy, IO BiANOBi-
Jla€ TaHOMY MOMEHTY t aBTOMaTHOTO Jacy.

Ilpoyec @ynxyionysanns aOCTPAKTHOIO aBTOMATa MOKHA
ySIBUTH HACTYIHUM YMHOM. Ha KokHOMY TakTi t aBTOmar mepe-
OyBae B geskomy crani ((t)=0q, €Q, a Ha TOYaTKOBOMY TaKTi

(t=0) — y mouyarkoBomy ctani ((0) =q,. Cropuiimatoun B Mo-

MeHT 1 aBTOMaTHOrO Yacy HesKuil CHMBOJI BXiAHOTO ai(aBiTy
z(t) = zye Z na BXiTHOMY KaHaJli, aBTOMAT BHJIA€ HAa BUXIJTHOMY Ka-



HaJi B [ed caMUii MOMEHT CHMBOJI BHUXIJHOTO aidaBiTy
w(t) =wge W i nepexmovaerbess Ha HOBHM craH ((t+1) =0, €Q,

KN 30epiraTUMEThCsl IPOTATOM HACTYITHOTO TakTy yacy. Buxin-
HUI CUTHaJl 1 HACTYMHUU CTaH BH3HAYAIOTh (YHKIII BUXOIIB A 1
MIEPEXOJIiB 0.

w(t) = 2(q(t), 2(1)) , (4.1)
q(t+1)=(a(t) z(t)). (4.2)

TakuM 4yuHOM, (DYHKIIOHYBaHHS aBTOMAara MOXKE pO3IJIsija-
TUCh Ha PiBHI aOCTpakTHOI Teopii SIK MPOIEC NEePETBOPIOBAHHS
BXIHUX CIiB (IOCTIAOBHOCTEH BXIJHHX CHMBOJIB) Yy BHUXIiIHI
CJI0BA.

3anexHo Bijg ciocoOy o/ep)kaHHS 3HaYeHb BUXIJIHUX CUTHAIIIB
€ JIBa THIIM aBTOMATiB — aBToMatu Mimi Ta Mypa. Bupasawm (4.1)
Ta (4.2) BiaNOBi/Ia€ aBTOMAT, BUXIITHUM CHUTHAJ SKOTO 3JICKUTh
BiJl HOTO TIOTOYHOTO CTaHy 1 Bijf cHTHAIY Ha Horo Bxoxi. Lle as-
momam Mini.

Amtomar, Buxigauii curaan W(t) skoro y takti t hopmyeThcs
HE3aJIeKHO Bia BXigHOrO curHany Z(t), a juiie 3ai1exHo BiJ HOro
MOTOYHOTO BHYTPIIIHBOTO CTaHY, HA3UBAIOTh agmomamom Mypa.
OYHKIIIOHYBaHHS TAKOTO aBTOMaTa OMUCYIOTh BUPA3U:

w(t) = A(a(t), (4.3)
q(t +1)=5(a(t) z(t)). (4.4)

bynp-akuil peanpHUl aBTOMAaT MOXHA CIHPOEKTYBaTH 3a MO-
nemto Mini abo Mypa, 110 1oBeaeHo y 1. 4.5.

Konmpononi numannsn

HageniTh 03HaueHHs abCTpakTHOrO aBTOMATAa.

3a IKUX YMOB aOCTPaKTHUI aBTOMAT BBAXKAETHCS 1HILIAIBHUM?

HaBeniTe o03HaYeHHS CKIHYEHHOIO aBTOMara. YmM BOHO
BiJIpI3HSIE€THCS BiJl O3HAYEHHS a0CTPAKTHOTO aBTOMaTa?



Hapenite anamiTHuHUil BUpa3 (QyHKIIT mepexoniB aBTOMAaTa.
Sxwmii mporec BoHa BijgoOpaxae?

Hagsenite ananituuHi BUpa3u (yHKLII BUXOIIB JUIS aBTOMATIB
Mini i Mypa. B gyomy nossirae pizHuis mporeciB GopMyBaHHS
BUXOJHUX CUTHAJIB Y IUX aBTOMAarTax?

Jaiite onuc mporecy pyHKIIIOHYBaHHS aBTOMATa.

Hagenite MaremaTnyHi Mozeni mporeciB (yHKIIIOHYBaHHS aB-
ToMatiB Mim ta Mypa.

HaBenite o3HaueHHs 1udpoBoro aBromara. Yu € mudpoBuii
aBTOMAT CKIHUEHHUM?

4.3 Croco0u 3aJJaHHS ABTOMATIB

Bin 3amaui moOymoBu pealibHOrO aBTOMara a0 (opMaabHOI
MOJIETI TIePEeXOiTh, OMUCYIOUN HAacaMIIepell allTOPUTM HOro po-
6otu. [lotiM ogHuM 13 crmocobiB 3agaHHS aBTOMara (GOpMYIOThH
iioro maremaTuuHy mozenb. 11106 3amatu abcTpakTHUM aBTOMAT
A, 3 yMoBM 3ajmadi Tpeba OMUCaTH BCi EIEMEHTH KOPTeXY
A=(Z,W,Q,0,1,0q,), T00TO andapiTi BXiTHHIA, BUXIAHUNA Ta CTa-
HiB, a TakoX (yHKIII mepexoliB 1 BUXOIB. 3alal0Th aBTOMAT
Halyacriie TabiIuyHuM, rpadiuHuM Ta aHATITHYHUM (3 JOMOMO-
OO JIOTIYHHUX BUPA3iB, AUB. 1. 2.4) cnoco0amH.

4.3.1 TadauuHuii cnocio 3aganusa apromara Miji

V pasi tabnuuHoro crnoco0y ¢yHkiii Buxomis 4 (4.1) ta nepe-
XoiB 0 (4.2), siki onuCcyoOTh poOOTY aBTomara Mili, 3a/1al0Th y
BUTJISITI TaOnHIb BUXOMiB (Tabmn. 4.1) 1 mepexoniB (tabmn. 4.2). Ps-
KM [AX TaOJMIlb IIO3HAYAIOTh CHUMBOJIAMH BXIJTHHUX CHUTHAJIB 3
MHOXHMHH Z, a CTOBIILI — CMMBOJIAMH CTaHIB 3 MHOXUHU Q. Y
KIITHHIN Ha niepetuHi croBmus ((t) =Qm 1 psaka z; y Tabnuii me-
pexoniB (Tabiu. 4.2) nmocrasieno crad ((t+1) =(s, B skuii nmepexo-
JTUTh aBTOMAT 13 CTaHy (y MIJ JI€I0 CUTHATY Zr. Y BIJMOBIIHINA
KJIITHHII TaOnuIl BUXoAiB (Tab. 4.1) mocraBieHO BUXIJIHHMA CHUT-



Han W(t) =Wy, copMoBaHmMii Iij yac mepexoay aBToMaTa i3 CTaHy
Om y cTaH (s.

Y MOBHICTIO BH3HAYEHOTO aBTOMara (pyHKIi A 1  BU3HAYECHO
Ha BCiii MHOKUHI 11ap (Om, Z) €Q XZ, TOOTO yCi KIITHHKH TaOJIHIIb
3amoBHEHO. Taou. 4.1 Ta 4.2 MOBHICTIO 33/1al0Th 3aKOH (PYHKIIIO-
HYBaHHs aBTOMara MIiJli, OCKUIBKM 33 HUMH MOJKHA JIOBIJATHCS
npo KWOro MOBENiHKY B OyIb-SIKHH MOMEHT JUCKPETHOTO 4acy.
Hampuknan, y moment t Ha aBTOMmaT, 3agaHuii Tabmn. 4.1 Ta 4.2,
SAKHUI iepeOyBae y cTaHi (;, HAAXOIUTH BXiTHUHA curHan Z,. Tpeba
3’sCyBaTH, SIK MOBOAMTUMEThCS Ield aBromar. Jlis 1poro 3a
Tabm. 4.2 3HAXOAMMO, 110 aBTOMAT Tepeiiie B HOBUI CTaH (p 1 HA
Horo Buxoi 3 aBUThCS cUrHaT WseW (nuB. Taou. 4.1). Kmituaku
B Tabm. 4.1 ta 4.2, AKi BIAMOBIIAIOTH I[LOMY, OOBEACHI paMKaMHU.

Ta6muus 4.1
il G, 0 G, q,
71 W, W, W A
2, W, M W, W,
Z3 W, W, W, W,
Ta6muus 4.2
Z(t)q(t) Qo Os a4z Qs
7 0; op Jo ds
2 A 1G] do do
Z3 0, O 0, 0;




Tabauus 4.3

t
” M g, % %, 0s

, 0; d, do s
! W3 W2 W1 W1

, 0s dz do Jo
’ Wy W W, W,

, 0, 0; dz s
: Wy W, Wy W,

Jlerko Gaumth, mo Tabm. 4.1 Ta 4.2 MOXHa 3’€IHATH B OJHY
cymineny Tabnuiro (tabdm. 4.3), y KITHHKaX K01 Oy/e 3amucaHo

3Ha4eHHs QYHKIIH 0 1 A.
O3Havenns 4.4. ABToMaT HA3UBAIOTh YACIMKOBO BUIHAYEHUM

K110 B Tabm. 4.1 1 4.2 3aM0BHEHO HE BC1 KIIITHHKH, TOOTO (QYHKIIIT
2=(Om, Zr) T2 0=(Qw, Zr) 3a7aHi He ais Beix map (Q,,Z;)€QxZ.

HpI/IKJIaI[ TaKOI'0 aBTOMAarTra HaBCACHO B Ta6JH/IIl$IX:

01 J2 |03 g1 g2 O]
Z1 Wy W1 Z1 of1
Z W1 W» Z2 | Q2 Js
Z3 W3 Z3 (0K}

4.3.2 I'pagiunmii cnocid 3aganns asromara Mini

I'padiunuit cnoci6 3amaHHs aBToMata Miumi mepenbayae mo-
JaHHS MOTo y BUTJISAI OPIEHTOBAHOrO rpada, BEpIINHU SKOTO Bi-
IMOBIAIOTh CTaHAM aBTOMAaTa, a AYTH — Tepexo/laM MiK HUMH
(puc. 4.5).



Pucynok 4.5 — I'pad aBromara Mini, 3aganoro tabmn. 4.1 14.2

JIBi BepmnHM rpada aBromMaTa (, Ta (s (CTaHM NOYATKOBUI Ta
nepexoay) 3’ €AHYITh 1yTo0, CIPSIMOBAHOIO BiJ (|, 110 (s, KOJIH B
aBTOMATI € mepexin 3 g, y 0s, TO0TO KoiH Qs =0 (Cm, Zf) IUIs1 IESIKO-

r'0 BX1JIHOTO CUTHaIYy Zf € Z.

[Mowartok xyru (Om, Js) rpada aBToMaTa MOMIYarOTh BXIIHAM Zy,
a KiHeIlb — BUXITHUM cUTHAIOM Wy =4 (Om, Zf) (abo puckoro, Koau
W, He BU3HAYEHO Y YaCTKOBO BU3HAYCHOMY aBTOMATI).

4.3.3 Tabanmunmii cnocié 3axanus apromata Mypa

Sk 1 nnsg apromata Mimi, ans aBTomara Mypa BUKOPHCTOBY-
10Th TaOMMYHUN Ta rpadiuyHuil criocodu 3ananHsa. ABTroMaT Mypa
3aJ1al0Th TaK 3BaHOKO MO3HAYEHOK TaOIHUIEr0 mepexoniB  (Tadd.
4.4), B sAKill KOKEH CTOBITEIb MO3HaYeHO cTaHoM ((t) = Oy 1 BUXif-
HUM curHajiom W(t) = Wy = A(,,) » 1110 BiMOBIIa€ ILOMY CTaHY.



Taonuus 4.4

W(t) Wl W2 W3 WS ’ W4 WS W3 1 W4
W Jo O[] g2 0s 04 Os
2(t)
21 01 Jo 03 01 Js Jo
V4 02 Qs 03 01 Js Jo

Tabnums 4.4 ommcye ogHOYACHO 1 (PYHKIIO MEepexoiiB o, i
(GYHKIIIIO BUXOIB A.

4.3.4 T'pagiunuii cnocid 3axanHsa apromata Mypa

Tak camo, sik 1 4yt aBToMata Miii, Tpadiunuii crioci0 3agaHHas
aBTomMara Mypa nepeabayae mogaHHs HOTro y BUIIIAII Opi€HTOBA-
HOro Tpada, BEepIIMHU SKOTO BiJIMOBINAIOTh CTAaHAM aBTOMATa, a
Iyru — mepexojiaM M HUMHU. B rpadi aBTomara Mypa ioro Be-
PIIMHYU TaKOX OTOTOXHIOIOTH 13 CTAHAMH, ajie 3HAUYCHHSI BUX1THUX
CUTHAJIIB 3alHUCYIOTh OuIf BepmIMH rpada, a Jyrd Mo3HayaroTh
JUIIE BXIAHUMU CUTHaJIaMu (puc. 4.6).

[To3nauenns ayr rpada cumBoioMm “1” Ha puc. 4.6 BiNOBI-
Jla€ TOMY, L0 MEepexiJ MiX MEeBHUMHU CTaHaMHU HasBHUU 3aBXKIH,
HE3aJIe)KHO B1J] 3HAYE€Hb BX1JHUX CUTHAIB.

4.3.5 3aganHs aBTOMATIB rpag-cxeMaMu aJropuTMiB

Jlst 3amanHs aBToMara 3a rpad-cxemoro anroputmy (puc. 4.7)
HEOOXITHO BHMKOHATH pO3MITKY TIpad-cXxeMu BiIMOBIIHO 10
oOpanoro tumy aBTomara. Jjis aBromata Mis po3miTka TOBUHHA
3MIIACHIOBAaTHUCS HACTYITHUM YHHOM.

1. Vci omeparopHi BepIIMHU MOBHHHI OyTH MO3HAY€HI CHM-
BOJIAaMH BUX1JTHOTO andaBiTy Wi, Wy, ..., We. OZIHaKOBI onepaTopHi
BEPILIUHHU IT03HA4YAI0Th OJHAKOBUMHU CHUMBOJIAMU Wy.



W,

W5 W,

Pucynok 4.6 — I'pad aBromara Mypa, 3aganoro tadu. 4.4

2. Yci yMOBHI BEpIIMHH MMO3HAYAIOTH CUMBOJIAMH Z1, Z7, ..., ZF.
OpnakoBi  yMOBHI  BEpIIMHU  [O3HAYalOTh  OJAHAKOBUMH
CHMBOJIAMH Z.

3. Buxonu omepaTOpHUX BEpIIMH TMO3HAYAIOTHCS CHUMBOJIAMHU
BHYTPIIIIHIX CTaHIB aBTOMata Qo, Jy, ..., Qu-

Jns aBromara Mypa po3MiTKa BUKOHYETbCS aHAJIOTIYHO, 3a
BUHATKOM CTaHIB, $KI THPOCTaBJIAIOTHCS OIS ONEepaTOPHUX
BepmmH. Ha puc. 4.7 cranm aBtomata Mypa mno3HaueHi
cumBosiamu by, by, ..., by (1106 BimpizuuTH 1X Big cTraHiB do, Oy, ...,
Qwm , K1 BXKe OyJIM BUKOPUCTaHI [l pO3MITKH aBToMaTa Mii).

[lepexoau aBTOMaTa 31 CTaHy B CTaH 3IMCHIOIOTHCS i
BIUIMBOM BXIJHMX CHUTHAJIIB, IO BIAIOBIZAIOTH BUKOHAHHIO a00
HE- BUKOHAHHIO YMOBH Z;. HeBUKOHaHHIO YMOBHU BIJIIIOBiJIa€
IHBEpCHE 3HAYEHHS 3MIHHOI Zf, BUKOHAHHIO YMOBH — TIpsIMe
3HAYEHHS 3MIHHOI.
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Pucynok 4.7 — I'pacd-cxeMa anropurmy poOOTH aBTOMaTa




[Ipu BukOHaHHI a00 HEBHKOHAHHI KiIJIbKOX YMOB OJHOYacCHO
nepexia 3AiHCHIOETbCSA MiJ BIUIMBOM CHTHANY, IO IOJAIOTHCS
KOH'IOHKITI€IO BIJNOBITHUX MNpsAMUX a00 IHBEPCHUX 3HAYEHb
3MIHHHX.

[Ticnss 3akiHYeHHS BHUKOHAHHS aJIrOPUTMY aBTOMaTtu 000X
THITIB TOBUHHI TOBEPTATHCS /10 TOYATKOBOTO CTaHY.

I'pad-cxemn anropuTmiB poOOTH aBTOMATIB JyXKe YacTO
BUKOPHCTOBYIOTBCSL /ISl 3aJaHHA  KEpyHOUYHMX  aBTOMATIB
MPOIECOPiB, B SKUX POOOTa OMEPAliifHOTO OJOKa 3 BUKOHAHHS
JIeSKO1 omeparii OIUCY€eThCsl HacaMIepe ] alrOPUTMOM.

['pad-cxema anropurmy, 110 NOKa3aHa Ha puc. 4.7, po3miueHa
JUIsL 3a7aHHs K aBToMara Mimi, Tak i aBromata Mypa 3 ypaxy-
BaHHJIM 3a3HA4YEHOI BUIIE PI3HUII MO3HAYEHb ONEPATOPHUX BEp-
IIMH A7 OUX aBTOMAariB. BiAmoBigHI oMYy anroputmy rpadu
aBToMaTiB Mini i Mypa noaani Ha puc. 4.8a 1 4.8 0 BiAMOBIAHO.

[TopiBHIOIOYM MK cO0OFO IIi Tpadu, TOMIYaEMO, 1110 B 3arajib-
HOMY BHUIIQJIKy KUTBKICTh CTaHIB B aBToMari Mypa Ounbiia, HiX B
aBToMari Miji, Mo MpU3BOAUTH 10 BHUIIMX 3aTpaTr almapTHUX pe-
CypCiB Ha TIaM’ATh aBTOMaTa.

4.3.6 Ilepexia Bix BepOabLHOIO /10 (POPMATBLHOIO
onucy aBToMaTa

OnHUM 13 HAWIPOCTIIIUX € aBTOMAT PEryJIIOBaHHS JAOPOXKHBO-
ro pyXy Ha mepexpecti (aBTroMaT Kepye cBiTiodopom, puc. 4.9).

Bxinnuit curnan X; asromara YA (puc. 4.9 a) — e 4eprosui

I-if iMITyJIbC TaKTOBOT TIOCITIIOBHOCTI, SIKUii TIOJIJISE Yac Ha iHTep-
BaJIM 3 OJIHAKOBOIO TpUBaNicTIO, Hanpukiasa 1 xB. Lleit curnan go-
3BOJIsIE pyX Bynunero /[, sikiio B (i—1)-it iHTepBan yacy 0yio Bijik-
pUTO pyX ByJIHIE B, 1 HaBmaku. [Hakmie kaxyuu, 3aJeKHO BiJl
TOTO, B SIKOMY CTaHi nepe0yBaB aBTOMAT Y IMOMEpPEAHiIH MOMEHT
4yacy, BIH BUJA€ BUXIHUA CUTHAI /[ 4u CUTHAJI B micis HaaXo-
JOKEHHS BXITHOT'O CHTHAITY X;.



Pucynok 4.8 — I'papu aBTOMaTa Mimni (a) i aBToMata Mypa
(0), 1o BiAMoOBigaOTh rpad-cxeMi anroputMy puc. 4.7

X

Pucynok 4.9 — CtpykTypHa cxema JOpOXKHBOT0 aBTOMaTa (a),
fioro ckian (0) 1 yacoBa fiarpama po6oTH (B)
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OTmxe, aBTOMAT TIOBHHEH MaTd ©am’sTh, fAka O 3a-
nam’sITOByBaja Moro mornepeaHii ctaH (j, 1 KOMOIHAIIHHY CXeMy
KC, mo ¢dopmyBana 6 BuximHuii curHan (W;,W,) 3a CHUTHAJIOM
(Xi, Qi) (puc. 4.9 6).

o6 kpaiue 3po3yMiTu mporec GopMyBaHHS MaTeMaTUYHOI
MOJIeIIi aBTOMaTa, PO3TJITHEMO BXKE 3raJlyBaHUN JOPOXKHIH aBTO-
MaT, TPOXHU YCKJIaIHUBIIY Horo. [Ipunmyctumo, 1110 aBTOMat Kepye
HE JIHIIE CBITIO(OPOM, IO PETYIIOE PyX TPAHCIOPTY HA Tepex-
pecTi, a i pyXxoM MIIIOXO/iB. 3 €0 METOK KHOIMKOK BUKIIUKY
MO’KHA HaJicJIaTH aBTOMATOBI CUTHAJ 3aluTy Z;, 100 pyX TpaHC-
MOPTY MPHUIMHMBCS. L[5 KHOIKA Mae MaM STh i IOBEPTAETHCS 10
OYaTKOBOTO cTaHy 3a curHanom C “Ckupn’. Sk yxe Oyno 3a3Ha-
YEeHO, aBTOMAT 3aBISIKM T€HEPATOPOBI TAKTOBUX IMITYJIBCIB Tpa-
IIO€ B JUCKpEeTHOMY 4aci. Bin Bupobnse curnamu /{, B, 11, C —
JIO3BOJIM PyXaTHCs TPAHCHOPTY BYIUIIMH /[, B, mepexoauTtu mi-
moxonam /7 (Bynuismu /{ 1 B) ta ckun 3anuty C (3a0opoHa nepe-
XOIiB).

Asromar mpamtoe Tak (puc. 4.10 a). Konm nHemae 3anwuriB ;=1
Ha TIPUMUHCHHS PYXY TPAHCIOPTY, BiH IIOXBHJIMHU IEPEMHUKAE
curHanu /[ i B. 13 HaaXomKeHHIM 3anuTy Z; =1 micns 3aKiHYeHHS
MOTOYHOTI'O BiJIpi3Ka yacy 1 XB aBTOMaT NepepuBae MOCIiJOBHICTb
curHamiB /[, B Ha 2 XB, yIIPOJIOBX I[LOTO Yacy CUTHaNIOM /] 3acBi-
TIIFOE€ TPAHCHAPAHT, IO JIO3BOJISIE MIMIOXO0AaM MEPEXOAuTH, Pop-
Mye cur"ai ckugy C, micis 4oro MOHOBIIOE MepepBaHy MOCIiI0-
BHICTb BUa4l cuTHaMIIB /[, B.

Tenep 3poOuMo GopmanbHUI OMKC aBTOMAaTa, 3a/aBiu anda-
BITHM BXIIHHUX, BUX1JHUX CUTHAJIB Ta HOr0 CTaHIB, a TAKOXK OIHMCa-
BIITM PEaKIlif0 aBTOMaTa Ha BXiJH1 CUTHAJIH.

Ha mincraBi yacoBoi giarpamu Ta rpag-cxeMu aaroputMmy
poboTH aBTOMaTa JAOPOXKHBOTO pyxy (puc. 4.10) moxxHa noBina-
THUCS, IO BIH MA€ IIICTh pi3HUX cTaHiB. [lepiii 4oTUpH 3 HUX BiJ-
PI3HAIOTHCSI OJIMH BiJl OJJHOTO BUXIAHUMHU CUTHamamu: 1 1 2 — J0-
3BOJIM MPOTK/KATA BYJIMIIMU BiAmoBiaHo /{1 B; I1 — no3Bia me-
PEXOAMTH MIMIOX0AaM; 4 — JO3BLT MEPEXOIUTH i BUIYUYCHHS 3a-



nuty mimoxoxuis (I, C).
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Pucynox 4.10 — ABTOMAaT IOPOXKHBOTO PYXY: a) YacoBa
niarpama po6otH; 0) rpad-cxemMa anropuTMy

Kpim toro, 3 puc. 4.10 6 6aunmo, mo 10 ctaHy 3 MOXKHa Tie-
peiitu i3 crany 1 abo 2, a i3 crany 4 — 1o ctany 1 a6o 2. Tomy €
ie aBa cTaHu — 5 1 6. Takum unHOM, anaBiT CTaHIB CKJIAJAETHCS
3 HIECTU CUMBOJIIB:

Qu = {0 %9, 05,0, 0

SAxio 3a moyaTKOBHUM B3SITH CTaH // (xoua 1€ NIl JaHOTO aB-
TOMATa He MPUHIIUIIOBO), TO CUMBOJIU al(aBiTy CTaHiB MOXHA 3a-
KpinuTH 32 KOHKpeTHUMHU ctaHamu (puc. 4.10 6). Andasit Buxis-

Hux curnanis W, = Wl,Wz,WS,W4} MOJXHa O3HAUUTH Takx:
w = iw,= Biw,= Ilw, = C.

CurHaii 30BHIITHBOTO CEPEAOBHINA CTOCOBHO JIOPOXKHBOTO
aBTOMara — I¢ 3aIUTH MIIIOX0/IiB, TOMY an(aBiT BXiIHUX CHUTHa-
nis mae urmsin Z,, = {2, }.



TakuM YWHOM, BUKOHAHO TIEPIIYy YACTHHY NPOLEAYPH
dbopMyBaHHS MaTEMATHYHOI MOJCNI JOPOXKHHOTO aBTOMATa —
3aaHo an(aBiTH BXITHUX, BUXITHUX CUTHaMB 1 cradiB Z,W Ta

Q, TakoX BU3HAYEHO MOYATKOBUH CTaH (.

Konmponvni numannsn

HazsBithk BigoMi BaM cItocoOH 3a1aHHS aBTOMATIB.

Hagsenite npukiaa TabauMyHOTO 334aHHs aBToMara Mii.

Ski eneMeHTH KOpTexy A aOCTPaKTHOrO aBTOMara OIHCY-
I0Th TaOJIUIIA TIEPEXO0IiB 1 TAOIUIIS BUXOAiB aBTOMaTa Mimi?

Hagenite npuxnan rpadgivaoro 3agaHHs aBromarta Mii.

HaBeniTe nmpukiag TabMaHOrO 3a/1aHHs aBTOMaTa Mypa.

Sk BiOpI3HAETHCS MO3HAYEHA TAOIMIII MEPEXO/IiB aBTOMaTa
Mypa Bin Tabmuni nepexoniB aBToMata Mimi 1 siki (GyHKIIT BOHA
onucye?

Hagenite npukian rpadiuHoro 3aganas aBToMata Mypa.

Sk 3nificHroeTbest po3mitka I'CA st aBTomariB Mini 1 My-
pa?

4.4 Anaji3z abCTpaKTHUX aBTOMATIB

Sk Oyno BU3HAUEHO Ha MOYATKy LIBHOTO PO3JILTY, 3a0aua aua-
JIi3y TIOJISITAa€ B TOMY, 1100 32 3aJIaHMM aBTOMAaTOM OIKCAaTHU HOTO
NOBEJIHKY a00 3a HEMOBHUMH JaHHMHU IIPO AITOPUTM (YHKIIIO-
HYBaHHsS aBTOMaTa BCTAHOBUTH HOTO BJIACTHUBOCTI. Po3risiHeMo
NPUKJIAJ] PO3B’A3aHHS J1aHOT 3a/1aui.

Ilpuxnao 4.2 PosrnsHeMo MNOBeIHKY aBTOoMata Mypa A;
(po3B’sKEMO 3a/1ady aHajii3y AJs LbOTO0 aBTOMAaTa), 3a/1aHoro Cy-
MIIIEHOI0 TaOJHIICI0 TIepexodiB 1 BuxomiB (tabdn. 4.5). ABromar
BCTAHOBJICHUH y MOYAaTKOBUU cTaH (|, 1 HA HOro BXiJl MOJAETHCA
CIIOBO P=1212,2, 21 Z5Z5.



Taomug 4.5
W, W, W; W,

Jo (Oa of; 0s
Z; 0: |92 |9 | Qs
Z; s | Go | o | Qo

Po3zs’sa3yeanns

Ockinbku 11 aBToMaTa Mypa BUXiTHHN CHTHAI Wg= A(¢m), TO
MOCJTIIOBHICTh BUPOOJIFOBAHUX HUM BUXIJHUX CUTHAIIB (peaKxiiis
aBTOMaTa W = (¢, P)) BU3HAYAETHCS JIMIIIEC TIOCTIJOBHICTIO CTaHIB,
SK1 aBTOMAT A; MPOXOAUTH, CIIpHIIMarouu BXigHe cioBo P. [loyat-
KOBO aBTOMAT IepedyBae B CTaHi (, TOMY Ha BUXO/1 BUPOOIISIETh-
cst cumBOIT Wy (Tabi. 4.5); moaava Ha BXix CMMBOJIA Z; TIEPEBOANUTH
fioro B ctaH (; (BiH CTOITh y KIiTHHII Tabxa. 4.5 Ha mepetuHi ( i
Z;), B IKOMYy BiH BHUPOOJIsiE CUMBOI W, (BiH CTOITh Y BEPXHHOMY
PAIKY HAJl CTAaHOM (;); ITOJada CHMBOJIA Z, B CTaHi (; MEPEBOJIUTH
fioro B ctaH (, (BiH CTOITh y KIITUHII Taba. 4.5 Ha mepeTuHi (; 1
Z,), B IbOMY CTaH1 aBTOMAT BUPOOJISIE BUXITHUN CHMBOJ W;; TI0/1a-
4ya CUMBOJA Z, B CTaHi (, MepeBOAUTH MOTO B CTaH (3 (BiH CTOITh B
KIITHHIN Tabu. 4.5 Ha mepexpecTi (o 1 Z,), B IbOMY CTaH1 aBTOMAt
BUPOOJIsiE BUXIAHUI CUMBON Wp; MOJaya CUMBOJA Z; B CTaHi (s
MEpPEeBOJUTH MOTO B CTaH (3 (BIH CTOITh B KJITHUHII Tabu. 4.5 Ha
MepeTHHi Qz 1 Z;), B IIbOMY CTaHi aBTOMAT BUPOOJIA€ BUXITHUN CH-
MBOJ W,; TI0J]Jaya CUMBOJIa Z, B CTaHi (; MEPEeBOAMTH HOTO B CTaH
Jo (BIH CTOITh B KJIITHHLI Tabj. 4.5 Ha MepeTHi Uz 1 Z), B IbOMY
CTaHl aBTOMAaT BUPOOIs€ BUXIAHUNA CHUMBOJI W;; MOJa4ya CHMBOJA
Z, B cTaHl (, NEpeBOAUTH MOro B cTaH (; (BIH CTOITh y KJIITHHII
Tabn. 4.6 Ha mepeTuHi Qo 1 Z;), B I[bOMY CTaHi aBTOMAaT BUPOOIIsie
BHXIJTHUHA CUMBOJ W,. TakKuM 4YWHOM, MMPOBEJCHUI aHaIIi3 MOBEIi-
HKH aBToMata Mypa, 3amaHoro tabmuiero 4.5, mokaszas, o y
BI/IMOBI/Ib HA BXIJIHE CJIOBO P =Z,Z,2,2,Z,Z, AOBKUHH N BiH MPOiiIe
MOCIIJTOBHICTD CTaHiB (¢(;00030:0o0s AOBXHHU N+1 1 BUIacTs BU-
X1IHE CIIOBO W=W,;W,W,;W,W,W;W, Ti€i camoi mosxuau N+1. Taka
MOBE/IIHKA aBTOMATa OMUCY€EThes Tabnuiiero 4.6.




Tabmums 4. 6
Bxinne caoBo p 71 Z7 4} 71 Z7 V&)

IMocmimoBHicTh cTaiB | Qo | O1 | Co | O3 | O3 | Co | G5

Buxigge cioBo W Wi | Wo | Wy | Wo | Wo | Wy | Wy

Koumponvni numannsa

Y yomy mosiArae 3aja4a aHaiizy abCTpakTHOTO aBTomMaTa?

SIKUM YMHOM 37IHICHIOETHCSI aHAII3 MOBEAIHKHA aBToMaTa Mypa,
3aJ1aHOTO Ta0JIMYHUM CTIIOCOOOM, MPH 33JAHOMY BXiTHOMY CJIOBi?

Sk nmoTpiGHO aHaNi3yBaTH MOBEAIHKY aBToMaTta Miii, 3a1aHoro
rpadom, mpu 3aJaHOMY BX1THOMY CJIOBi?

4.5 ExBiBaJIeHTHi mepeTBOPeHHs Mojiejiell aBTOMATIB

VY Teopii aBTOMAaTiB JOBEACHO, IO KOXXKHOMY aBTOMaTy Miii
MO>KHA MTOCTaBUTH y BIMOBIIHICTh €KBIBaJICHTHHI aBTOMAT Mypa
1 HaBIaKH.

O3nauenns 4.5. /[Ba aBToMarH, 110 MalOTh OJHAKOBI BXIAHI 1
BUXTHI andaBiTH, HA3WUBAIOTHCS eKGIBAICHMHUMU, SIKIIO BOHH,
MOYMHAIOYM 3 TOTO CaMOro IOYAaTKOBOTO CTaHy, Ha Oyab-sKi
OHAKOB1 BXiAHI IOCIIAOBHOCTI BIAMOBIZAIOTE OJHAKOBUMU
BUX1THUMH NOCIIAOBHOCTAMU. [IpH 1IbOMY 4MCIIO iX BHYTPIIIHIX
CTaHIB MOXe OyTH PI3HUM.

[HmmMu cioBaMH, IBa aBTOMATH € €KBIBAJIEHTHHMH, SKILIO
HICJIsl YCTAaHOBKM B IOYAaTKOBHM CTaH iX peakuii Ha Oynb-ike
BXIJIHE CJIOBO 301raroThCs.

[TonanHs peanbHOro aBTOMara abCTPaKTHOIO MoJAeII0 Mypa
g1 Misli € CyTO YMOBHMM 1 3aJISKUTh BiJl HOro (pyHKIIOHAIBHOTO
npusHaueHHs. Hanpuknaza, qopoxHii aBTOMaT 3pydHimie 300pa-
KyBaTH MoJIeJIl0 Mypa, OCKUIBKM CUTHaJl aBTOMara, KUK Kepye
cBITII0OPOM, TOBHHHHK 30€piraTCh BECh Yac, MOKH OCTaHHIN
“roputh” NMEBHUM KOJBOPOM (3a/a€ HampsAM pyxy). Y IIbOMY BU-
naJKy KepyBaJibHUN (BUXIJHHUI) CUTHAJ aBTOMaTa 3py4yHO OTOTO-
KHIOBaTH 3 MOTO CTAaHOM, IO W omucye Mojens Mypa. B iHmmx



aBTOMAaTax, HAIPUKJIA/, KOJH Mepioj X CTIMKOCTI BiIMOBiIaE 4a-
Cy il BXIIHMX CUTHAIIB, a BUXIIHUH CHUTHAI 3’ SIBISETHCS JIUILEC
KOPOTKOYACHO 1 MiJ Yac MepexoAy MK IHMMHU CTaHaMH (Hampu-
KJIaJ, SIK Y CXeMi JeCATKOBOIO JIYMIbHUKA), 3py4HO KOPHUCTYBa-
TUCS MOJICJUTIO Y BUTIIsAAI aBTomara Mimi. Otxke, mig “cranom”
PO3YMIIOTh HE AESKY ICTOTHY BJIACTUBICTH aBTOMATa, a JIUIIE CII0-
ci0 u1si omucy MUHYJIOTO (IepeicTopii) aBToMara, 1o J1a€ MOXK-
JIMBICTh YCYHYTH Yac SIK SIBHY 3MIiHHY.

VY 3B’s3Ky 3 BUKJIQJIGHUM IIOCTA€ MOTpeda MmepexoauTH BiJl aB-
TOMAaTa OJIHOTO THUILY 0 €KBIBAJIGHTHOTO aBTOMATa 1HILOTO THUITY.

Komwm 3amano rpad aBromara Mypa, TO 32 HUM MOYKHA ITEpEHTH
10 rpada eKBIBAJICHTHOrO aBTOMara Mijli TaKMM YHWHOM: BHUXIiJ-
HUH CUTHAl Wy, 3aIIMCAaHUI IIOPYY 3 BEPUIMHOIO (s, IEPEHOCATH HA
BCI yTH, 110 BXOAATH A0 1€l BepuHu (puc. 4.11). [Tig yac tako-
ro mepeTBopeHHs GpyHKIi mepexoniB B aBromari 4 Mypa i aBTo-
mati 4’ Mini 3aIHIarThECI OTHAKOBUMU:

5A(qm’zf) =0 i 5A' (qm’zf) =0
dynkuii BuxoaiB: 11 apromara Mypa A,(0;) =W, , a Ui aB-

Tomara Mimi ﬂ,A. (O, Z¢) =W

Pucynoxk 4.11 — Imoctpauist nepexofy Bia Mozeni Mypa
n0 moaeini Mini

I3 camoi moGynoBu rpada aBTomara Mimi MOXHA MOOAYUTH,
0 BiH eKBiBaJIeHTHUH aBTomMary Mypa. CnpaB/i, KO JCSIKHA
BXIJTHUW cUTHaM X €X HaAli[e Ha BXiJl aBTOMaTa A, 1o mnepedy-
Ba€ y cTaHi (m, TO BiH nepeiie B ctad O, (0, 2Z¢) =0 1 BUAACTD



BUXinHUA curHan Aa(0s) =W, . Asne Bianosignuii aromar Mimi

A' 13 craHy (yn TaKoX Tmepeine B CTaH (s, OCKUIBKH
84 (Om, 21) =0, (Om, Zr) =Qs, 1 BUAACTH TOW CaMHUil BUXIIHUI CHTHAI
3riIHO 31 COCOO0M MOOYI0BU (PYHKIIIT Ay.

TakuMm 4uHOM, 1)1 BXIJHOI IMOCIIAOBHOCTI IEBHOI JOBXKH-
HU TOBEJIHKA aBTOMATIB A Ta A  MOBHICTIO 30iraeThcs. 3a 1HIYK-
I1€10 HEBAXKKO MOIIMPUTH 1€ BUCHOBOK Ha OyJib-sIK€ BXiJIHE CJIO-
BO P CKIHYCHHOI JIOBXXHMHU 1 3aBJSKH IIbOMY JIOBECTH, III0 aBTOMa-
™ A Ta A’ eKBiBaJICHTHI.

Ilpuxnao 4.3. lleperBopumo aBTomMar Mypa A;, 3amaHuii
tabn. 4.5 13 npuknany 4.2, 710 €KBIBaJCHTHOrO HOMY aBTOMaTa
Mini A,.

Po36’azysanns

[TepeTBOpeHHS 3IHCHIOETHCS TPUBIAIBHO NP BHUKOPUCTAHHI
rpagigHoro crocoOy 3amaHHsi aBToMaTa. CKOPUCTABIINCH BijlO-
MocTamu 3 11. 4.3.3, 300pa3umo aBToMat A; Mypa y BUTTIsiAL opie-
HTOBaHOTO Tpada (puc. 4.12).

Pucynok 4.12 — Asromar Mypa Pucynok 4.13 — ABromat Miji

Jns orpumanns rpaga aBTomata Mini (puc. 4.13) HeoOxinHO
BUXIJHUN CHTHaN Wy, 3alIMCaHUH MOPYY 3 BEPIIUHOIO (s aBTOMATa
Mypa (puc. 4.12), nepeHecTd Ha BCi OyTH, IO BXOIATh 10 IIi€l
BEPIINHH.

Peakiris Ha BXigHE CIOBO P aBTOMara Mili, OTPUMAaHOTO B pe-
3y/bTaTi epeTBOpPeHHs rpada, Oyne 30iraTucs 3 peakiie€ro aBTo-



Mata Mypa. [Ipu iboMy HEOOXiTHO 3a3HAYUTH, 11O B CKBIBAJICHT-
HOMY aBTOMaTi Mijli KUIBKICTh CTaHIB 3JIMIIUTHCS TAKOK CaMOl0,
SK B aBTOMati Mypa.

Ilpuknao 4.4. IleperBopumo aBromar Mini A, 3amaHuii Tad-
nuuero 4.7 nepexonis 1 Tabymiero 4.8 BUXOAIB, 10 €KBIBAJICHTHO-
ro omy aBTomara Mypa A,.

Tabmanus 4.7 Taomuus 4.8
Qo| Q| Qo Qo | Q:i| Q2
Zi) Q| Q2| Qo Zi W, | W, W,
Z; . Qo Jo Zy | Wy |[Wy [W,

Po3zs’sa3ysanns
[epeiinemo no rpadivyHOro crocoOy 3amaHHs aBTOMAaTa, 30-
OpaszuBiy oprpad aBromara Mim A4,, HaBeeHU Ha puc. 4.14.

Pucynok 4.14 - Asromar Mini  PucyHok 4.15 — ABromar Mypa

Koxen cran (; BuxigHoro apromara Mimi (puc. 4.14) mopo-
JDKY€E CTUIBKM CTaHiB aBToMata Mypa (puc. 4.15), ckiIbKkM pi3HUX
BUXIJHUX CUTHAJIIB BUPOOJISETHCS y BUX1IHOMY aBTOMATI IIpU MO-
TPAIUISIHHI y CTaH (.

Sx BunnuBae 3 puc. 4.14, npu TparisiHHI aBTOMaTa y cTaH (o
BUPOOJISIOTHCS BUX1/IHI CUTHAIIM W;, TIPU TPaIUITHHI aBTOMATa B (,
— CUTHAN W,, B (3 — cUTHaJIA W, 1 W3, KoHI1# mapi “ctaH (; — BUXI-
JTHUNA CUTHAT W,;”, sIKUIl BUPOOJISEThCS MPH TPAIUIIHHI aBTOMaTa y
el cTaH, NOCTaBUMO Yy BIJMOBIAHICTh CTaH (s €KBIBAJIEHTHOTO



aBTOMara Mypa 3 THM CaMUM BHXIJTHUM CHTHAJIOM W;: O = (Clo, W),
0:= (1, W2), 92=(02,Ws), 93=(02, W,). Takum duHOM, CTaH (,; aBTO-
mata Misti mopoJiKye 1Ba cTanu (0, 1 0z ) €KBIBAJIGHTHOTO aBTOMa-
ta Mypa. Ockinbku B aBTOMaTi MiJi € miepexina 3 4, y Qo I JIi€r0
Z, 1 mepexin 3 Q; y O, Iif Ji€0 Z;, TO 3 CTaHiB (, 1 (3, HOPOKYBa-
HUX CTaHOM (], aBTomMaTa Muii, B aBTomMari Mypa moBuUHHI OyTH
Hepexoan B CTaH (p MiJ JI€I0 CUTHAIY Z,, @ TAaKOX MEpPexXoau J;
—(3 1 J3 —(3 MiJ1 JI€I0 CUTHATY Z;.

Konmponvni numannsn

SIKi aBTOMaTH Ha3UBAIOTHCSI €KBIBAJICHTHUMU?

1o po3yMmiroTh MmiJ TEpMiHOM “‘cTaH’ aBTOMaTa?

Bin saxux yMoB 3anexuTh BUOIp mozeni aBromarta (Mimi uum
Mypa) 17151 oro aieKBaTHOTO MPEACTaBICHHS?

I3 yuM noB’s13aHa AOLUIBHICTh NEPEXOAY BiJl aBTOMAaTa OJJHOIO
THUITY 10 aBTOMATa 1HIIOTO TUITY?

Yu MOXKHa KOKHOMY aBTOMaTy Miuil MOCTaBUTH Yy BiAINOBII-
HICTh €KBIBaJICHTHUH oMY aBTOMaT Mypa i HaBHaku?

SlkuM 9YMHOM 3MTIMCHIOETHCS Tepexij Bix aBTomMaTta Miji 10 aB-
tomaTta Mypa?

Yy MicTUTH OJIep>KaHUH y pe3yibTaTi MepeTBOPEHHS eKBiBasie-
HTHUI aBTomMar Mypa O/JHaKOBY KUIBKICTh CTaHIB 3 €KBIBaJE€HT-
HUM KoMy aBTomMatoMm Mini? fkimo Hi, TO Yomy?

Onuniits 3a J0o1oMoroo rpadis, sIK 311HCHIOETHCS MEPEXi] Bl
aBTomara Mypa 1o aBTomara Mini.



4.6 Mi”iMizalisi TOBHICTIO BU3HAYEHUX
a0CTpaKTHMX aBTOMATIB

ExBiBasieHTHI aBTOMAaTH MOXXYTh MaTH PI3HE YHCIO CTaHIB. Y
3B'SI3KY 3 [IMM BUHHKAE 3a]]a4a 3HAXOKEHHS MIHIMAJILHOTO aBTO-
Mara (3 MiHIMaJbHUM YHCJIOM CTaHIB) y KJIacl €KBIBAJICHTHHX MIXK
CO0O0 aBTOMATIB.

O3navenns 4.6. /[pa ctanu (1 (s aBTOMaTa Ha3UBAIOThLCS K-
siganrenmuumu  (Qm=0s), AKmo W ((m, pP)=W(Qs, P) a1  BCix
MOXJIMBUX BXITHUX CJIiB, TOOTO peakilii aBToMara B IIMX CTaHaX
Ha BCi MOXJIMBI BXigHI cioBa P 30irarmotbes. SAKmo Qm 1 (s He
€KBIBaJICHTHI, TO BOHU pPO3PIi3HIOBAHI.

Binbir ¢1abkor0 eKBIBaJICHTHICTIO € K-CKBIBaJICHTHICTb.

O3znavenns 4.7. Ctanu (n 1 Qs K-exsieanenmmni (Qm=0s), SKIIO
(GyHKIIT BUXOIY A BiJl CTaHIB O 1 (s OJTHAKOBI JUTSI BCIX MOKITUBUX
BXiZHUX CIiB P goBxuHHM K. SIKII0 5k craHu He K-eKBiBaJleHTHI, TO
BOHHM K — pospisniosani.

IToHATTS eKBiBaJ€HTHOCTI 1 K-eKBIBAJIEHTHOCTI BHKOpHC-
TOBYETHCS JJII PO3OUTTS MHOKHHU CTaHIB aBTOMAaTa Ha IOMApHO
PO3pi3HIOBAHI KJIACH €KBIBaJIEHTHOCTI.

Posrnsinemo anroput™m MiHIMi3alii aOCTpakTHOTO aBTOMaTa,
3anpornoHoBaHuil Aydenkammnom i XoHoMm. OCHOBHa ies anro-
pUTMY MoJIAra€ B po30UTTI BCIX CTaHIB BUX1JHOTO abCTPaKTHOTO
aBTOMaTa Ha KIAcH eKBIBaJCHTHMX CTaHIB, IO TOMapHO He
nepetuHaroTbed. Ilicns po30UTTS BiAOYBa€eThCs 3aMiHa KOXKHOTO
KJIaCy €KBIBaJIEHTHOCTI OJHUM cTaHoM. Opep:kaHuil y pe3ynbTaTi
MIHIMaJbHUI aOCTpPaKTHMM aBTOMAaT Ma€ CTUIBKM CTaHIB, Ha
CKIJTbKUA KJIaciB €KBIBaJICHTHOCTI PO30MBAETHCS CTaH BUXITHOTO
a0CTpaKTHOTO aBTOMATa.

[IpuiitMeMo 1O3HAaYEHHS:

T — €KBIBAJICHTHICTD,

7k — K-eKBIBaJIEHTHICTB.

Po30urTs cTaHiB aBTOMara Ha KJIACH EKBIBAJIEHTHOCTI [103-
BOJISIE BU3HAYHMTH HAJITUIIKOBI €JIECMEHTH B MHOXKHHI cTaHiB Q.



Hexaii cranu (n 1 (s ekBiBajeHTHI. Lle o3Ha4ae, MO 3 TOYKHU
30py peakilii aBTOMAaTiB Ha BC1 MOJKJIMBI BXIiJIHI CJIOBa HE BaKJIH-
BO, B IKOMY CTaHI 3HaXOJUThCS aBTOMAT: Oy 4 (s. Tomy oauH 3
[IUX CTaHIB MOKHA BHUJIYYUTH 3 al(aBiTy CTaHIB, HAPUKIIAT (s.

SIkmo Kilac  eKBIBAJEHTHOCTI MICTATH OUIBIIE  OJHOIO
eJIeMEeHTa, TO BCi €IIEMEHTH, KpIM OJHOr0, MOXYTh OyTH
BUKJIIOYEHI 3 I[BOTO KJIACy EKBIBAJIEHTHOCTI. SIKIIO KOXKEH Kiac
€KBIBAJICHTHOCTI MICTUTh JIMIIE OJMH CTaH, TO MHOXHHA Q
HECKOPOTJINBA.

Y pe3ynbTari po30OUTTS MHOXMHHU CTaHIB aBTOMara Ha
MOMMAPHO PO3PI3HIOBAHI KJIACH CKBIBAJIEHTHOCTI OTPUMYEMO
aBTOMAT 3 MiHIMaJIbHUM YHCIIOM CTaHIB.

Aneopumm  minimizayii  uucia cmauie asmomama
A=(Z,W,Q,d,1,Qp) CKIamaETHCS 3 HACTYITHUX KPOKIiB.

1. 3HaxXomsAThCsl TOCHIAOBHI PO3OHUTTS 7y 7o, ... , T, Mi+l
MHOKHMHH cTaHiB Q Ha KJ1acu OIHO-, IBO-, ..., k+1-eKBiBalleHTHUX
MK co0oro cTaHiB. PO3OMTTS Ha KjlacH IPOBOJIUTHLCS 10 THX ITip,
IOKA Ha SIKOMYCh 10 k+1 Kpolli He BHSIBHUTBHCS, IO 7is =Ty
MoykHa TMOKa3aTH, IO TOAI PO3OUTTA m=7m, TOOTO K-ekBiBa-
JIGHTHI CTaHU € EKBIBAJCHTHUMH 1 4YHMCIIO KPOKiB K, mpu sikomy
my=m, He mnepesuinye M—1, ne M — 4ucino CTaHIB y MHOXHUHI

Q=A{d,, Gy, U }-

2. YV KOXXHOMY KJaci €KBIBaJIEHTHOCTI pO30OUTTS 7 BHUOMpa-
€ThCSA 32 OJHMM €JIEMEHTOM, IO yYTBOPIOE MHOXMHY Q' craHiB
midimMansHoro asromara A'=(Z,W,Q", 5", \, (o' ), €KBIBaJIEHTHOTO
BUX1JTHOMY aBTOMaTy A.

3. OyHKIIi1 Iepexo/iB 1 BUXO/IB aBTOMaTa S' BU3HAYAIOTHCS Ha
oe3miui Q' xZ, To0t0 0" Q'XZ—Q", 1"- Q'XZ—W. Jlng uporo B
TaOJMUISIX MEpPeXOiB 1 BHUXOMIB BHUKPECIIOIOTH CTOBIII, IO
BiJITOBITAFOTh THM CTaHaM, sIKi He yBIANUM 10 MHOXMHU Q', a B
TUX CTOBMISIX TAaONHII MEPEeXOoJiB, IO 3AIUIIWINCA, BCl CTaHU
3aMIHIOIOTHCS Ha €KBIBAJICHTHI 3 MHOXKUHU Q'.

4. 5k q,' BHOMpAEThCs OJIMH 31 CTaHIB, €KBIBAJIEHTHUX (.



Ilpuknao 4.5. 3ananwnii Tabnuuero 4.9 asromar Mypa mae Tpu
Bximuux curHamun Z={2,,Z,,Z;}, [ABa BHXIIHUX CHTHAJIH
W={w,,w,} Ta cim crauniB asromara Q={Q:,q,,...,0s, 07}
MiHiMi3yeMO aBTOMAaT, BHUKOPHUCTOBYIOUM OIMCAHWUN  BUIIE
QJITOPUTM.

Tabmanis 4.9

A W1 W1 Wo Wo W1 W W1

o 01 02 O3 Q4 s Os a7
21 g2 of] 03 ont gz a1 Os
&) 04 03 0a o[ g3 02 Q4
Z3 Qe s 02 Qv 02 Q6 Qe

Po3zs’a3ysanns

Busnayaemo kimacu K-ekBiBasieHTHHX cTaHiB. Ha mepriomy
Kpori 1ie  l-ekBiBaJieHTHI CcTaHW. 3HaxoAuMo Kiacu 1-
CKBIBAJICHTHUX CTaHIB (3a BUX0JaMu W, Tadsuii 4.9):

B:={01,02, 05, 0 };

B, ={0s, 44,06}

m.={B,, B.}.

bynyemo tabmuiro po3outts m (Ha K-my kpori  w),
3aMIHIOIOYM CTaHM B TaOJMIN TEpeXoJ[iB HA BIAMOBITHI KIAch
€KBIBAJICHTHOCTI.

B, B
0x op) 0s g- Os 04 Js
Z; B, B, B, B, B, B, B,
Z, B, B, B, B, B, B, B,
Z, B, B, B, B, B, B, B,




[TpoBogrMO TmepeBipKy. SKINO 7, =7+1, TO TEPEXOTUMO [0
nyHKTy 4. SKmo 7w, 1 71 HE 30IMIHCs, TO MOBEPTAEMOCS JIO
NYHKTY 2 1 3HaXOAMMO BIiJMOBIJHI KJIaCH €KBIBaJEHTHOCTI, IOKH
nepeBipka He Oyie BUKOHAHA.

C.={a.q:};

C,={9. qs};

Cs={a:};

C4:{a4};

Cs={as};

n,={C,,C,,C;C,,Cs}.

[lepeBipka miciist Ipyroro KPpoKy MoKasye, 1o 7 ; # 7 ,. Bu-
KOHYEMO 3HOBY ITYHKTH 2 1 3 aqropuTmy.

C1 C Cs o Cs
Q1 g7 gz 0s 0s Qs Je
Z; C, C, C C Cs Cq C
Z; Cq4 Cq Cs Cs Cy Cq C,
Z3 Cs Cs C, C, C, C Cs

D.={q. q:};

D,={0 0s};

D.={a:};

D.={q.};

Ds={0:};

n;={D1, D, D3, Dy Ds}; mo=ms;
0:=0y;

02=0s.

TakuM unHOM, TaOMUIS MEpPEXOAiB MiHIMI30BaHOIO aBTOMAaTa
Mypa mMaTHMe BUIJISIA:



y) W1 W1 Wo W W»
0 01 02 03 U4 Os
Z; g2 O[] ds Qa Q1
Z3 Qa ds (a O[] Q2
Z3 Os 02 02 01 U6

Ilpuxknao 4.6. MinimizyBat aBTomMar Mimi  (3HAWTH
€KBIBAJICHTHUH aBTOMAT 13 MIHIMQJIBHOI KUIBKICTIO CTaHiB),
3aganuii Tabnmumamu nepexonis 4.10 1 Buxonis 4.11.

Tabmums 4.10 — 0.QxZ—->Q
o | Q1 |92 [Us | Qs | Qs
Zi |92 O3 [C92 |G | Qs | Os
Z; {Qs QG5 |[CGa | Os [ Co | Gk

Tabmums 4.11 - A:QxZ—>W

Qo |G |G | Qs [Qs [ Qs
Zl Wl Wl Wl Wl Wl Wl
Z; Wy Wy [W, | W, [W; [ W,

Po3ze’azyeanns

3 Tabuuiil BUXOJIB OTPUMYEMO PO3OUTTS Ha Kilacu l-ekBiBa-
JEHTHOCTI m;, O0'€IHYIOYM B €KBiBaJeHTHI kiacu B; cranu 3
OJTHAKOBUMH CTOBIIIISIMH:

7, ={By, B2}, Bi={0o, 41, 04, Us}; B={02, G}

Jlnst oxepkaHHS 2-€KBIBAJICHTHHX CTaHIB OyayeMO TaOJHUIIO
po3outTs m; (Tabdmn. 4.12), 3amiHior04M B TaOIHII TIEPEXO/IiB CTaHU
i BIATIOBITHUMH KJIacaMu €KBiBajieHTHOCTI B; abo B,.



Tabmuns 4.12

B1 B2
Jo o} o Os o) 0
Z, B> B> B: B B, B>
Z B, B, B, B, B, B;

3 oTpuMaHoi TabIUIIl OJIEP>KUMO Kilacu 2-ekBiBajaeHTHOCTI C; 1
posoutrts 7w, ={C;,C,Cs}, me Ci={0u0: } C,={q.0s},
C;={Q,, 0s}. TlopiBHIOMOUN 7, i 7;, 3a3HAYAEMO, L0 I[i PO3OUTTS
BIJIPI3HSAIOTBCS OJHE Bil OJIHOTO, m,#7;. 1OMY aHAJIOTIYHO
OyayeMo TabmuIo po3ouTTa 7, (Tadin. 4.13), 3HOBY 3aMiHIOIOUYH B
TabnMUIi  mepexomiB  CTaHM (;  BIANOBITHUMH  KJIacaMH
ekBiBasieHTHOCTI C;.

Tabmuus 4.13

C, C, C,

Qo |92 |G+ [CGs [Q2 | Qs

Z; C |C |C, |C, |Gy | Cy
Z; C, |C |C |C |C |G

[TopiBHIOIOYM 7, 1 73, MOMiIYaeMo, mo D,=C,, D,=C,, D;=C;,
OTXE 7, =73 TakuM YMHOM, MU OTpHUManu po3ouTTs Q Ha 3-
eKBiBaJIeHTHI Kiacu. OCKUIBKM TakuX KJIaciB yCbOTO TPH, TO
MIHIMQJIBHUI aBTOMAaT Oyje MaTH JUIIe TpU cTaHu. Bubupaemo 3
KokHOro kiacy Di mo ogHOMy cTaHy i1 OTpUMYEMO MHOKHUHY
craniB Q' wMiHiManpHOrO aBTOMara. Hexaif, HampuKIa,
Q'={00,095,04s}. s oTpuMaHHS MiHIMaIBHOTO aBTOMAaTa i3
BUXIIHUX TaOauIb mnepexomiB i BuxomiB (tadi. 4.10 i 4.11)
BUKPECITFOEMO CTOBIIIII, IO BiJMOBIAAIOTH ‘3aiiBUM cTaHaM” (, U,
OJs- Y pe3yabTari OJEpPKUMO MiHIMaIbHUNW aBTOMaT Mimi,
€KBIBaJICHTHUI BUX1JIHOMY aBTOMary (ta0:. 4.14, 4.15).



Tabmuig 4.14 Tabmuig 4.15

Qo |95 | Qs Jo | Qs | Q4
Zi 103 1 Qs | Q4 Zy | Wy [W [ W
Z; [Js | Qs | Yo Z; |Wy | W, | W

MiHnimizaliero  4yucia ~ BHYTPIIHIX ~ CTaHIB  aBTOMaTa
3aKiHIYETHCS €Tan abCTPAKTHOTO CUHTE3Y.

Konmpononi numannsn

SIki 1Ba CTaHW aBTOMaTa Ha3MBAIOTHCS €KBIBAJCHTHUMU?

SIki cTaHW aBTOMaTa Ha3UBAIOTHCS PO3PI3HIOBAHUMHU?

Jlaiire Bu3HaueHHs K-eKBIBaJICHTHOCTI CTaHIB aBTOMATA.
OnumriTe anropuT™M MiHiMi3aIii.

o € yMOBOIO IPUITMHEHHS AITOPUTMY MiHIMi3aIlii?

SIKi cTaHu 3aJIMIIAI0TH B MiHIMAJIbHOMY aBTOMATI 1 CKUTBKH 1X?

4.7 Bnpasu

1. Ha pucynky 300paxkeHo rpad aBromarta. Buznaute tum aB-
tomata (Mypa un Mini) 1 3aiaiiTe Horo TabJIMUYHUM CIIOCOOOM.

Z,/w, /
Z,/W,

[Ipoanani3yiiTe MOBEAIHKY aBTOMaTa IPH HAJAXO/IKEHH1 Ha Ho-
T'O BX1JT CJIOBA P = Z12,Z,21Z,Z5.



2. ABToMar 3amaHuii Tabnunero. SIk Ha3UBa€TLCS sl TaOIULA,
aBTOMAT SIKOTO TUIy BoHA omnucye? [ToOymyiite rpad nporo aBTo-
Mara.

w W, W, W, W, W5
z\q Qs Q92 s Qs Os
Z; o Os 04 J: of!
Z; 02 04 0s 04 02
Z3 04 0z 0. Os of!

3. ABromar Mimi 3agaHuil CyMillIEHOI TaOJIMIICI0 MEepexo-
JIiB/BHXOJIIB. 3alMIIITh MATEMATUYHY MOJICTh aBTOMATa, a TaKOXK
oA Te MOoro rpadiyHUM METOJIOM.

qO Q1 qz q3
Z g/ W, AA 0o/ W, a/w,
Z; Qs/ Ws 0o/ W3 Qs/ W, Q! Ws

4. Bigomo, mo CKiHYEHHUI aBTOMAT Ma€ BXIiTHWHN andaBiT
Z2={2,,2,}, Buximumii anpasit W={w;,W,} i MHOXHHY CTaHIiB
Q={0ov, 01, 0>} 3amaiiTe aBTOMAT TAOIUYHUM 1 rpaiuHUM CHOCO-
6amu.

5. Bantaxunuii mdt, mo o0CIyroBye TpUOBEpXOBHIl MarasuH,
Ma€e KHONKY BMKJIMKY Ha KOXXHOMY MOBEpCi 1 HpaIloe 3a TAKUMHU
NpaBUJIAMU: SKIO HATHCHYTA OJTHA KHOIKA, TO Ji(T pyXxaeThcs Ha
MOBEPX, HA AKOMY pO3MillleHa Il KHOIKA; SKIO HATUCHYTI OJIHO-
YacHO /1Bl @00 TPU KHOIIKH, TO JII(T pyXa€eThCsl HA HUXKYUH 3 yCIX
MOBEPXIB, Ha SIKUX HATHUCHYTI KHOMKH. JKOJHa KHOIKAa HE MOXeE
OyTH HaTHCHyTa Mia Yac pyxy Jjidra (Hampukiaa, nepeadaueHo
MexaHiuHe OJIOKYBaHH).

Ha mincraBi HaBeneHOTo BepOaibHOIO OMUCY aBTOMara rnepeii-
JITh 10 WOr0 MaTeMaTUYHOI MOJIEl Y BUIJISAII aOCTPAKTHOTO aB-
TOMarTa.

6. 3amaiiTe aBTOMAT, OMMCAaHUH y BOpasi 5, TaOIUYHUM 1 rpa-
¢b1yHMM criocobamu.



7. Ilpoanaini3yiiTe MOBEAIHKY aBTOMATa, 3aJaHOTO TAOJIUIICIO B
3a/a4i 2, MPY HAIXOKEHH] HA HOTO BXiJ CIIOBA P = Z3Z12,21Z,Z,Z5.

8. 3pobiTh po3MiTKy rpad-cxemu anrpurMmy, 300pakeHOi Ha
pPUCYHKY, aisi apromara Mypa. [lonaiite aBToMar y BUIIISAII Opr-
pada 1 TabIMYHUM CTIOCOOOM.

f

W1, W2,W3

i

W1, Wy

1S

W2, Wy, W5

<

A 4

KiHeUb

!

3pobiTh po3MITKY IIi€l rpad-cxeMu TaKoX JjIsl aBToMaTta Mii i
nojaiTe oro y BUrsial oprpada 1 TabJIUYHUM CIIOCOOOM.

9. ABromar Mypa 3amano tabiuyHo. Ilepeiitn 10 aBTOMara
Mini.

wy | wy [ ws [ w, [ ws
A9 |G |2 [Os [ Qs | s
Zy 1021095 |05 [ Q3 | O3
Z, [Osa (92 [G2 [ | O




10. ABromar 3aznaHo oprpadom Ha pucyHKY. Buznauntu, sikuit
TUI I[LOT'O aBTOMATa, 1 SKIIO 1€ aBToMar Mypa, TO MepeuTH 10
aBTomara Mimi, a sikio Mini — To nepeitu 1o aBromara Mypa.

Zo/W

- /Wl

11. Jua asromata U={Z,W,Q,0,1}, ne Z={z,,2,,2:},
W={w,,W,}, 3aana aBTOMaTHa TaOMIIsA. SHAUTH MiHIMAJIbHUN 3a
KIJIBKOCTIO CTaHiB aBTOMAT.

Q Z Z; Z, Z3
0 G2, Wy Qa, W2 0, W2
02 01, W2 01, W1 0s, W1
s 01, W2 e, W1 QOs, W,
Qs s, W1 Qu, W2 0z, W2
Os Qs W2 Qs W2 s, W1
s s, W1 Qo W2 Qe, W2
y Qs W2 01, W2 s, W1
Os Qa, W Qa, Wy 07,W1
Qo Q7, W1 o, W2 47, W2




Poznin 5
CTPYKTYPHUM CUHTE3 ABTOMATIB

Y posaini 4 Oyno mokaszaHo, 1o iH(opmallio, MoaaHy
JTUCKPETHUMHU (PiI3UYHUMH CUTHAJIaMH, OOpOOJISIFOTh Kepyrodi aB-
TOMAaTH, SIKI MOJUIAIOTHECS Ha OBa KJAacH — KOMOIHAIlIMHI CXEMHU
(aBTOMaTu 0e3 maMm’sTi) Ta CKIHYEHHI aBTOMATH 3 MaM STTIO. Y
crcTeMax YIpPaBJIiHHS Ta aBTOMATHKHU 3a JOINOMOTOK) aBTOMATiB
3IACHIOIOTBCS MpOLecH 00poOKM iH(OpMalii, M0 MOJA€ThCS B
nudposiii popmi, ToOTO curHaINI, 10 Hece iHhOopMaIlito, TUCKpe-
THU30BaHMH SIK 332 4aCOM, TaK i 3a piBHeM. OCKIJIbKM CHMBOJIU BXi-
nHOTo ¥ BuXigHOro andaritiB X 1 Y aBTOMaTa B I[bOMY BUIIAJKY
KoxytoTbes udpamu 0 ta 1, mo BiMOBIAAIOTF HU3PKOMY YU BU-
COKOMY PIBHIO CHTHAIIy B JISIKOMY TaKTi aBTOMAaTHOTO 4acy, TO
TaKWii aBTOMAT HA3WBAETHCS MUPPOBUM. Y IBOMY PO3JIiIi PO3T-
JSIAK0THCS TIPAKTUYHI TUTAHHS, 0 CTOCYIOTHCS JIO PO3B’sI3aHHS
3a/1a4 CTPYKTYPHOTO aHANI3y ¥ CHHTE3y KOMOIHAIIMHUX CXeM i
nu(ppoBHUX aBTOMATIB.

5.1 Metoau cuHTe3y i aHaJi3y KoMOiHaniiiHUX cXeM

Haranmaemo, mo noriyHy cxeMy Ha3MBalOTh KOMOIHAIliIHOIO,
KOJIM CYKYITHICTh BUXIJHUX CUTHANIIB y OyAb-SIKHH MOMEHT 4acy
OJTHO3HAYHO BU3HAYAIOTh CHUTHAIH, [0 HAAXOAATh Ha 11 BXOIH.

KomoOinamiitny cxemy (KC) MoxHa 3agaT aOCTpakTHOIO YU
CTPYKTYypHOIO Mozaeuto. AbcrpaktHoro Mozemno KC e a6o Tab-
JUIS ICTUHHOCTI, 200 JIOT14H1 BUpPa3H ((HopMynH JOTTYHUX QYHK-
Iiif), sIKI TOB’SA3YIOTh IMEBHOIO 3aJIEKHICTIO BHUXIJHI CHTHAIH 3
BxigHUMH. CTpykTypHY Mozaenb KC BUKOPHCTOBYIOTH /sl OOY-
JOBH i 3 KOHKpeTHUX Joriyaux eneMeHTiB (JIE).

Y xomi po3poOsieHHS KOMOIHAIIMHUX CXEM JIOBOJAHUTHCS
pO3B’sI3yBaTH 3a/1aui aHANi3y ¥ CHHTE3y. 3a/Jaua aHami3y MoJsrae
y BU3HAUEHHI CTaTMYHUX 1 AMHAMIYHUX BJIACTHBOCTEH KOMOIiHa-
iHHOT cXxemu. Y cTaTulll BH3HA4aeThes JioriyHa QyHkiis (JID),



peaizoBaHa KOMOIHAIIHHOT CXEMOKO 3a BIJOMOIO ii CTPYKTYPOIO.
VY nuHaMilll po3TIsgacThCs 3aTHICTh HAAIMHOTO (YHKIIIOHYBaH-
a1 KC y nmepexigHux mporecax mpu 3MiHI 3HaYeHb 3MIHHUX Ha ii
BXO0JIaX, TOOTO BHU3HAYAE€ThCs HasBHICTh Ha Buxoaax KC moxiu-
BUX HEOaKaHUX IMITYJbCHHX CHUTHAJIB, II0 HE BUIUIMBAIOTH Oe€3-
nocepeinbo 3 popmynu JID, peanizoBaHoi i€ CXEMOIO.

3agaua cuHTE3y mosdrae B 1moOynoBi KOMOIHAIIHOI cXemH,
o peanizye 3amany JI®. 3a3Buuaii Ha eTari MPOEKTyBaHHS 3aKOH
¢ynkuionyBanast KC cnowarky 3amaioTh y BUMIIAAI TaOnwuii ic-
truHHOCTI JID. 3a HEero MOTIM CKIIaIaoTh JIOTTYHUHA BUpa3 ((popmy-
ay JI®), 3rigHo 3 siKUM OyIyIOTh CTPYKTYpY KOMOIHAIiHOI cxe-
MU B 33JJaHOMY 0a3Hci JJOTIYHUX €JIEMEHTIB.

5.1.1 KaHoHiuHMii MeTO] CHHTE3y KOMOIHALIHHIX cXeM

KowmOiHamiitHa cxema MOXe MaTu Kijdbka BuXogiB. [Ipu xaHo-
HIYHOMY METO/1 Tiepe0adaeThesl, Mo KOKHA (PYHKIIISI BUXOTY pe-
aNi3y€eThCsl CBOEID CXEMOI0, CYKYITHICTh SIKUX 1 Aae HeoOxiany KC.
Tomy cunte3 ckinaanoi KC 3 N BUX0IaMH 3aMiHIOETBCS CHHTE30M
N cXeM 3 OHUM BUXOJ/IOM.

3riIH0 3 KaHOHIYHUM MeToAoM mporeaypa cuntesy KC wmic-
TUTb HACTYIHI €TaIHu.

1. Bepbanphuii onuc ¢pynkuionyBanHs KC neperBoproerbes B
ii abCcTpakTHY MOJielb, OJaHy CIOYaTKy TaOIMIIEl0 ICTUHHOCTI, a
HOTIM JIOT1YHOIO (QyHK1i€0 (abo cuctemoro JID). Jloriuni ¢pyHK-
Iii, M0 NiAIATaloTh CXEMHINW peanizallii, MOJAIThCS y BHUIIII
JIOCKOHAJIO1 TU3 IOHKTUBHOI HOpManbHOI popmu (JJJHD).

2. I3 BUKOpHUCTaHHSM METOIB MiHIMi3allil BU3HAYAIOTHCS Mi-
HIMaJlbHI JW3’IOHKTHUBHA 1 KOH IOHKTUBHA HOpPMaslbHI (QopMHU
(MJIH® i MKH®). 3 orpumaHux ABOX MiHiMadbHUX (popm BHOU-
paeThest OLIBII MTPOCTa 32 KPUTEPIEM CKIAIHOCTI.

3. Jloriuny ¢yHk1ito B MiHIMaibHIN (opMi MOAAIOTH B 3aja-
HOMY (200 00paHOMy pO3pOOHUKOM ) Oa3uCi.

4. 3a noganHaM ¢yHKuUii y 3anaHomy 6aszuci 6yayrors KC.



Po3rnsiHeMO MeTonuKy CHHTE3y KOMOIHAIITHUX CXeM Ha Mpu-
KJIaJi Ma)XOPUTAPHOI CXEMHU.

Ilpuknao 5.1. IlocraBumo 3aBnanHs: cripoektyBatu KC Ha Tpu
BXOJH 1 OJTMH BUXIJI, 10 BUPOOJISI€ BUXITHUN CUTHAI JIUIIIE B TOMY
BUIIAJKY, KOJIW CUTHAN “1” 3’saBisieTbes OLMBII HIXK HA OJHOMY
BXOJll, TOOTO cXeMa MOBMHHA BUJAaBaTH CUTHAJ Ha BUXOII MpH
MOSIBl CUTHANIB Ha OyAb-SKHX JIBOX BXOJax abo Ha BCIX TPhOX. Y
IIbOMY 1 TIPOSIBIISIETBCS ‘‘MaskopuTapHicTh . Hampukman, mns 4-
BXOJIOBOT 1 5-BXOJOBOT Ma)KOPUTApHUX CXEM BUXITHHHA CHTHAI
MMOBUHEH 3 SBJIATHCS IMPHU KIJIBKOCTI CUTHAMIB “1” OLIbII HIK Ha
JIBOX BXOJaX, UIs 6-BXOJ0BOT — OUTBII HIJK HA TPHOX 1 T. 1.

Po3zs’sa3yeanns

Eman 1. Tlepexin Big BepOaJIbHOTO OMUCY CHOYATKY 10 TaOJIH-
11 ICTUHHOCTI, a MOTiM 710 popmynu JID. Tabnuis icTUHHOCTI [
MaXOPUTAPHOT CXEMU Ha TP BXOJHM Ma€e BUTIIsA Ta0mwi 5.1.

Tabmuus 5.1 — Tabmung icTUHHOCTI
JUISL MXKOPUTAPHOI CXEMHU

No Bxomu Buxin
Habopy | X, X, X3 F
0 0 0 0 0
1 0 0 1 0
2 0 1 0 0
3 0 1 1 1
4 1 0 0 0
5 1 0 1 1
6 1 1 0 1
7 1 1 1 1

Ha mincraBi Tabnuii icTiHHOCTI mogamo QyHKiio F mockoHa-
JUMU HOpMaJIbHUMU (opMaMu (IUB. po31. 2, 1. 2.6):

F o™= X, “Xo*Xa+ X1° X, “Xa+X1-Xp X3 + X1 X" X3, (5.1)

F o= (XX HXs) - (X HXot X_3 ) (Xt X_z +X3)-( ;1 +X+X3). (5.2)



31e01uIbIIoro JIOTiuyHy (DYHKIIIO i 9ac CMHTE3y KOMOiHAIiH-
HO1 cxemu noaaroTh y Burisiai JJJH® (sxuro JJKH® He € cyrTeBO
npocrimoro). Jani mu Oynemo po3B’sizyBaTH 3amady cunresy KC
st pyskii (5.1).

Eman 2. Minimizauis noriunoi ¢yskuii (5.1). Byap-sky JIO,
300pakeHy (OpMYJIO0, MOXKHA peali3yBaTH y BUIJISAIL JIOT1YHOI
cxemu (OuB. po3nd. 2, m. 2.5). Hanpuknan, mist peanizaiii Bupasy
Y =X X +X X, +X X, Tpeba Maru Tpu eleMeHTH |
(koH’rTOHKTOpH), aBa eaeMeHTd He (iHBepTOpH) i OJMH €JIEMEHT
AGo (113 10HKTOP) 3 TphOMa BXojamHu (puc. 5.1a).

X1 1 X1

X, Xz& |

& || X2

a) 6)
Pucynok 5.1 — CTpyKTypHi cXeMH JIOT1UHUX CXEM peastizaiii
Gynkuii: a) Yy =X X +X X+ X0 X556) Y, =X+ X
VY Toii camuil yac micias MPOBEACHHS MPOLENypU MiHIMizamii
aoriuHoi GyHKUIi Y; (AMB. po3a. 2, m. 2.8) OTPUMY€EMO PiBHOCHIIb-
Hy 70 Hei QyHKIir0 Y, =X +X,. Cxema, mo peanizye QyHKIIO
Y, =X, +X,, CKJIafla€ThCs 3 OAHOro enementa Abo (puc. 5.10).

Takum YWHOM, OJTMH 1 TOW CaMUU TPOIIEC MEPETBOPECHHS (-
POBUX CHUTHAJIiB MOKYTh BUKOHYBATH JIOT1YHI CXE€MH, 1[0 MalOTh
pi3Hy ckianHicTh. CKIaIHICTh JIOTTYHOI CXEMU 3aJIeKUTh BiJl CY-
MapHO{ KIJIKOCTI BXOJIiB JIOTIYHUX €JIEMEHTIB.



BuszHaunMo ckIIagHICTh cXeM, mojanux Ha puc. 5.1a,6. 3 ypa-
XyBaHHSAM TOTO, IO CXeMa Ha puc.5.la MICTUTH 2 OJTHOBXOJIOBI
joriuni enemenTd He, 3 ABOBXOMOBI JOTIYHI e€IeMeHTH | Ta oguH
TPUBXOJIOBHH JIOTIYHUMN eJ1eMeHT AOO, BUPaXOBYEMO:

Cy,=2:1+32+1-:3=2+6+3=11.
AHasnoriuHo asa cxemu Ha puc.5.16 maemo: Cy,=1-2=2.
Orxe, cknaguicte KC MoKHA 3MEHIINTH IIIIXOM MIHIMI3amii
JI®, mig K00 pO3yMIIOTh MPOLEIYPY 3HAXOJKCHHS HAWIPOCTI-
II0T0 BUpa3y JUIsl Hel, eKBIBAJICHTHOTO MTOYaTKOBOMY.
Otpumyemo MTH® snoriunoi ¢ynkii (5.1):

Frmo= X172 + X Xst Xp'Xs. (5.3)

[Ticns toro sik B mporeci cuHTedy oTpuMano MJH® (um
MKH®) noriunoi ¢yHKIii, BAKOHYIOTh Iepexia 10 oopanoro ¢y-
HKIIIOHATBHOTO 0Oa3ucy.

Eman 3. Tlin yac mpoeKTyBaHHS JIOTIYHHX CXEM, L0 peaji3y-
10Th CKiagHl JID, 3 morisay TEeXHOJOTIYHOCTI iX BUTOTOBJIEHHS
Oaxxano BukopucroByBatu JIE ogHOro (pyHKIIOHAIBHOTO Oa3uUCy.
Tomy Tpeba HaBUUTHCS 3BOJIUTH JIOT1UHI BUPA3U Bl OJJHOTO Oa3u-
cy no iHmoro. Hanpukinaz, o0 3Bectu 1o 6asucy I-He orpumany
aoriuny GyHkito (5.3), moTpiOHO 3a TOMOMOTOK 3aKOHIB airedpu
JIOT1KM MEPETBOPUTH i 10 MOTPIOHOTO BUTIISIY:

Fuimo=Xi Xot X1 Xa+ Xo Xe= Xy X5 + Xy X5 4 XpXg = Xy Xy - ¥ X5 - Xo X5 . (5.4)

Eman 4. Ha ocHoBi oTrpumanoro Bupady JI® ckiagawoors ii
(YHKIIOHATIBHY CXEMY 3 JIOTIYHUX €JIEMEHTIB 3aJaHoro 6asucy. B
HAIllIOMY BUNAJIKy TakuMH € enemeHnTu [-He. 3rigHo 3 otpumanum
BHUPA30M CXE€Ma CKJIAJJAEThCS 3 TPhOX JIBOBXOJOBHX 1 OJJHOTO TpHU-
BX0J10BOTO enemeHTiB I-He (puc.5.2).
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Pucynok 5.2 — @yHkuioHanpHa cxema cuHTe30BaHoi KC
g npukiany 5.1 (3rigao hopmynu (5.4))

5.1.2 AHaJji3 KOMOIHALIHUAX CXeM

3amaui aHamizy KOMOIHAIIIHUX CXE€M € 3BOPOTHHUMH ILIOJO 3a-
nau cunaresy. s ananizy KC y crartumi HeoOXiqHO omHcaTH cxe-
My aHamiTHYHUMU (popmamu QyHKUIH, siki peanizye KC, y 3ana-
HOMY (YHKI[IOHAJIbHOMY Oa3uci.

Ha nepmomy erami aHamizy HEOOXIJHO BHIJIYUYHTH 31 CXeMHU
€JIEMEHTH, K1 HE HEeCYTh (YHKIIIOHAJIbHOTO HaBaHTakeHHs. [Ipu-
KJIaJIOM TaKHMX €JIEMEHTIB € IOBTOPIOBaYi, 1[0 BUKOPHCTOBYIOTHCS
K I1ICUIIIOBa4l CUTHAIB.

Ha npyromy erami ckiIajaloTh aHaIITHYHY (GopMy (YHKIT,
aKy peanizye 3agana KC. JIjis 1p0ro BUXOIU JIOTIYHUX €JIEMEHTIB
NO3HAYal0Th PI3HUMHU CHMBOJIAaMH 1 3alUCYIOTh (OPMYILY y BH-
U111 TOETAIHOI CYNEePIIO3HULIli 3T1JHO 3 TOMOJOTIEI0 CXEMHU.

Ilpuxnao 5.2. Hasenemo mpukian anamzy KC 6e3 mam'sti
(puc. 5.3). Bona mictuth 2 enementu He, 2 enementu I, enement
A0o0, enement A6o-He.
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Pucynok 5.3 — @ynkuionansHa cxema KC,
IO MiAJIATae aHai3y

Po3ze’azysanns

1. Ha ¢yHkiioHanpHiil cxeMi MpOMiXKHI BUXOJIH JIOTTUHUX eJie-
MEHTIB IT03HAYa€EMO CHMBOJIAMH IMPOMIKHUX 3MIHHUX Z;, Zy, Z3, Zs.

2. Buznauaemo ¢yHkIii 6e3nocepeHix 3B'A3KiB, 110 BCTAHOB-
JIOIOTH 3aJICKHOCTI BUXoAy KoxkHoro JIE Bix #oro BxoJiB Ha oc-
HOBI €JIeMEHTapHUX JIOTTYHUX (YHKIIIH:

L=X, L, = X, 3= XX 2, = XX,

V1= 23t 25 Y, = 0t 2,

3. I1Insx0M MiJICTAHOBOK BUKJIFOYAEMO BC1 BHYTPIILIHI 3MiHHI:

y1: X1X2+ Y2)(3’ yZ = Zl+ 24: ¥1+ )_(ZXS

OTpUMYy€EMO 3aJI€KHOCTI BUXOIB Y1 | Y, KOMOIHAIIHHOI CXEMH
B1J1 i BXOJIB X1, X2 1 X3 y Burisaal JJJIHD:

Yi = XX + XX = XX, 141 5X = XX, (X + X;) +

+ (X + X)X Xg = KXo Xg + X Ko Xg + X XXy + X X, X

Yo =X+ XoXg =X - XoXg = X (%o + Xg) = X %o (X5 + X3) +
+ X X3 (Xo + X5) = X Xp Xg + Xy X5 Xg + X X X3,
4. CxnaiaeMo TabIUIII0 ICTUHHOCTI DYHKIIIH Y; Ta Ys!



Howmep Bxonu Buxomu
Habopy
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5. 3 po3risay TaONHIll ICTHHHOCTI BCTAHOBIIOETHCS BiIIOBI -
HICTh MK Ha0OpaMM BXIJTHUX 3MIHHHMX Xi, X, X3 1 CATHaJJaMU BH-
XOIIIB Y1, Ya.

[Tig gac ananizy KC y nuHamini HEOOXiJHO BH3HAYUTH, YU HE
dbopMye BOHa B MEpexiJHUX MpollecaX BUXiJAHI CUTHAIU, HE Te-
penbaueni tabmunero ictuHHOCTI. 1le 00yMOBIIEHO HAsSBHICTIO B
CXeMi IUIAXIB 3 PI3HOK TPUBAIICTIO MPOXOJKEHHS CUTHAJIIB BiJl
BXOJIB cxeMHu 10 BuxoiB. Hampuknan, y cxemi Ha puc. 5.3 Bix
BXOJIIB /10 BUXO/IIB CUTHAJ X; MOKE MPOXOJUTH 2 a0 3 eleMEHTH.
st mpobiiema BigoMa sk mpobiema “2oHok”, 0 00YMOBITIOE TaK
3BaHUHU “pU3UK 30010 B KOMOIHAIIMHUX CXeMax.

Jlns ycyHeHHs 30010 BHKOPUCTOBYIOTHCS JI€KUJIbKA METOJIB.
Tlepwuii memoO — 11e CHHXPOHI3allisl Iepejadi CUTHATIB BiJl OJHi-
€1 soriyHoi cxemu B iHUIy. Ilpu npomy iHpopMamiiHui cUrHan
TaKTYeTbCSI CUHXPOCHUTHAJIOM, SIKUHM 3abe3neuye mpuiioM iHdop-
MAaIiHOrO0 CUTHANy B MOJAIBIINX MPUCTPOSX MICHS 3aKIHYEHHS
HepexiIHUX MpoLeciB y cxeMmi, mo Gopmye 1ei curnan. Henomik
TaKOT0 METOy — 3MeHIeHHs mBuakoaii KC.

Jpyauti memoo TOB’S3aHUI 13 BCTAHOBJIEHHAM (IIBTPIB JUIA
BUXIJJHMX CHUTHAJIB HAa THX BHUXO0JaX KOMOIHAI[IMHOI CXEeMH, e
MOXYTh BUHHKATH TIOMWJIKOBI CUTHaH (puc. 5.4).
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Pucynok 5.4 — Metoa yCcyHeHHS “TOHOK” 13 BUKOPUCTaHHSAM
“(piTbTpiB” — BBEJICHHSM JIOAATKOBUX €JIEMEHTIB 3aTPUMKH

KopoTkoyacHi curHanu 3aTpUMYIOTECS Ha €JIEMEHT1 3aTPUMKH
repe MOJaHHAM Ha OJIMH 3 BXOJIB BUXIJIHOTO eJIeMeHTa (iabTpa,
HaIpUKIJIaJ, Ha TOBTOPIOBAadl. 32 PaXyHOK TAaKOT'O PO3HECEHHS B
yaci KOPOTKOYACHUX CHUTHAJIB MOMUJIKOBI CHUTHAId Ha BHXO/I
¢inpTpa BigcytHi. Lleit croci® Moxe 3acTOCOBYBATHCS JUIIE /IS
OKPEMHX, 3a3BUYall €eKCTIEPUMEHTAIbHUX CXEM.

Tpemiti memoo (mMeton XaddmeHa) — BBEACHHS CTPYKTYPHOT
HaJUIMIIKOBOCTi. OCHOBHA i7ies METOAY: AJIi OTPUMAHHSI CXEMH,
BUTLHOT Bijl 3Maranb, HEOOXIJIHO 1 JIOCTaTHBO JJIsi KOXKHOI MapH
CYMDKHHUX (TOOTO TakuX, IO BIAPI3HSAIOTHCA HA OIMH PO3PSI)
CTaHIB BXOJIIB, /ISl IKMX BUX1JHA (DYHKIII CXEMHU Ma€ OJIHONMEH-
Hi 3HaueHHs (HynpoBi mist JJKH® abo omunmuni mis JJIHD),
3HAWTH MpUHANUMHI OAMH TepM (YHKIIII, KU MOKpUBAa€E 0OUABa
ctanu. lllono niarpam Beiiua - KapHo 11e 03Hauae, 1110 K0okHa mnapa
CYCIHIX OJHAKOBO 3a3HAY€HMX KJITHH JlarpaMu MOBHHHA OyTH
BKJIFOUCHA B 3arajibHUil KOHTYD (puc.5.5).
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Pucynok 5.5 —Bki1toueHHs B HOKPUTTS HAAJIUIIKOBOTO KOHTYPY



MiniManbHe MOKpUTTs aiarpamu Beiiua - Kapuo (puc. 5.5) Bu-
3Hauae QYHKIIIO Y, = X X; + X X, , 10 BiANOBila€ HaWOLIbLI

npoctiit KC. BBegeHHs HAUTMIIKOBOTO KOHTYPY (Ha PHCYHKY I
KOHTYP 3aJMTHI CipUM) IPU3BOIUTD A0 (YHKII

y2: X1X3+ X1X2+ XZ X3’
10 OITUCYE O1IBIN CKJIAAHY, aJe 1 OLIbII HAAIHHY CXeMy.

5.2 CuHTe3 THIOBUX KOMOiHAIHHUX MPUCTPOIB
CHCTEM aBTOMATHKHU

Jlo 4ncna TUOBMX KOMOIHAIIHHUX MPUCTPOIB MOXKHA BiJHEC-
TH CyMaTOpH, MEepeTBOPIOBayl KOJIB PI3HOTO POAY, Y TOMY YHCII
mmdparopu i npemmdparopu, npuctpoi mopiBHsSHHSA Ta iH. Ll
NPUCTPOT JJOCUTHh IIMPOKO 3aCTOCOBYIOTHCS B CXEMaX aBTOMATH-
3ar1ii, TOMy 3aCIyrOBYIOTh Ha OKPEMHA PO3TIISI.

5.2.1 CunTe3 cymaTopiB

JIBIIIKOBUM cymamopom Ha3UBalOTh CXEMY, 110 BUKOHYE OIle-
patiro aoaaBaHHs MUQPPOBUX KOJIB NBOX unces. CymaTopu € siji-
poM apu(MeTHKO-JIOTTUHUX MPHUCTPOIB, 10 BUKOHYIOTH apudme-
TUYHI ¥ JIOT14YH1 oneparii 3 YUCIaMHu.

Kombinayitinumu Ha3uBaroTh CyMaTOpH, peajli3oBaHi y BUTIIAIL
KoMOiHaIiiHoi cxemu. OKpiM KOMOIHAIIWHUX, ICHYIOTh 1€ HAKO-
nNUYY8aNbHI CyMaTOpH, 10 MICTATH 11I€ i pEericTpoBy mam’siTh. Pe-
TICTp aKyMYJIIO€ Pe3yJIbTaTH MiJICYMOBYBaHHS TaK, 1110 HACTYITHUM
JOJJAaHOK JTOJA€ThCs 0 30€pekyBaHOIO B HbOMY PE3yibTaTy Io-
NepeIHBOro JoaaBaHHs. Taki cymaTopu 4acTo Ha3UBAIOTh AKYMY-
JAMOpamu.

3a KIJIBKICTIO BXOIB PO3PI3HAIOTH MIBCYMaTOPH, MOBHI OJIHO-
pO3psiAHI Ta 6araTopo3psaHi CyMaToOpH.

Y 6acamopo3psaonux cymaropax mapaienbHOi dii Yucia-
JOJJAaHKM HAJAXOJATh HA BXOJM CyMaropa B HapajieilbHOMy KO,



pe3yNIbTaT BUIAETHCS TAKOXK MApAICTLHUM KOJOM Ha MOro BUXO-
nax. Takum YnHOM, OaraTOpO3psIHUI CyMaTop J10ja€e N-po3psiaHi
JBIAKOBI 4Mcna i Mae 2N BXOAiB 1 N BuxoaiB. bararopo3psaauit
cymatop OyayeTbes 3 OTPIOHOT KITBKOCTI OJTHOPO3PSIHUX CyMa-
TOPIB, KOXKEH 3 SIKUX (POpMye 3HAUCHHS OJTHOTO 3 PO3PSIIB CyMH.

O0HOpo3ps0Hi CyMaTOPU MOKHA KTacH(iKyBaTH 3a KUTbKICTIO
BXOJIIB Ha TaKi THUIIH:

— JIBOBXOJIOBUH, SIKHIi HA3UBAETHCS TIIBCYMATOPOM;

— TPUBXOJIOBUH, SIKUI HA3UBAETHCSI IOBHUM OJTHOPO3PSITHUM
CyMaTOpOM.

Iliscymamopom Ha3WBAIOTh MPHUCTPIN, IO BUKOHYE OIEPAII0
JOJIaBaHHSI OJHOPO3PSIIHUX JIBIMKOBUX YHUCENl 0e3 ypaxyBaHHS
MIEPEHECEHHS 3 MOMEePEAHBOr0 (MOJOIIIOr0) po3psaay. Tadmuiro
ICTUHHOCTI Ju1st HOTO (Tabi1. 5.2) MOYKHA CKJIAaCTH Ha 0a3i TaOauIl
JOJIaBaHHS 3a3HAYCHUX YHUCEIL.

Tabmuis 5.2 — TaGnuist iCTHHHOCTI MIBCyMaTopa

JIBiikOBI YmMCIa-10JaHKH Cyma Ilepenecenns
ao bo So P1
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

3 Tabauui 5.2 BUAHO, 10 MIBCYyMAaTOp MOBUHEH MaTH JIBa BXO-
TIM 1 1B BUXOJIH, OJIMH 3 SIKAX — BUXIJI CYMH Sp, & IPYTHIA — BUXIT
nepenecenus Pp. Binnmosigno mo tabmumi JJIH® ana Sp ta P
MAaroTh TaKUH BUTIISAI;

So = by + &, (5.5)
R = ah. (5.6)
I3 mux BUpa3iB BUIHO, IO BOHW HE MICTITh KOH IOHKIIIH, IO
CKJICIOIOTHCS MK CO0010, TOMY €Tar MiHiMi3allii He BUKOHY€EMO.
[ToOynyBaBmu 11 GyHKIIT B 3ajaHOMY 0a3uci, oTpuMaemo ¢y-
HKI[IOHAJIBHY cXeMy miBcymaropa (puc. 5.6).
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Pucynok 5.6— Jloriuna cxema miBcymaropa (a)
Ta WOro Nmo3Ha4YeHHs Ha QYHKIIOHATBHUX cxemax (0)

KiTbKIiCTh JIOTIYHUX €JIEMEHTIB y CXEMi MBCyMaTropa MOXHA
ckopotuTH. s uporo Bupasumo ¢yskiiro So B KH® i mposene-
MO ITePETBOPEHHS:

So = q(ay + b))+ 6o(ao +by)= (8, + by)(& + 60) =
:(ao+bo)'aobo :(ao+bo)' P.
OyHKIlIOHaTbHA CXeMa TaKoro IMiBcyMaTopa MpeJICTaBiIeHa Ha
puc. 5.7 (B 6a3uci I, A6o, He).
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Pucynok 5.7 — MoaudikoBana joriuysa
cxeMa ImBcyMaropa

VY BuINaIKy JOAaBaHHs 0araTopo3psIHUX YHUCEN IBCYyMaTop
MO’KHa BUKOPHCTOBYBATH JIWIIE Y HAWUIPABIIIOMY, MOJOJIIIOMY
po3psial 6araTopo3psIHOTO CymMaropa, OCKUIBKH B HbOMY HE Tie-
pendadeHo MOKIIMBE MIEPEHECCHHS 3 TIONIEPEIHBOTO PO3PSAY.

IpucTpiii, ssKKii 3a 3HAUYCHHAMH ¢; Ta bj momankiB 4 i B Ta 3a
3HAYEHHSM MEPCHECEHHS P; 3 MOMEPEIHHOT0 MOJIOJIIONO PO3PSITY
(dbopMye 3HAYCHHS PO3PSAIHOT CyMHU Sj Ta MEepeHeceHHs P y cTa-
PIIHIA PO3PSIJI, HA3UBAIOTH HOBHUM OOHOPO3PAOHUM CYMAMOPOM.

YMOBH poOOTH OZHOPO3PSTHOTO CyMaTopa BHU3HAYAIOTHCS KO-
ro Tabnuiero ictuaHocTi (Tads. 5.3).

Tabmuis 5.3 — Tabnuis iCTHHHOCTI OAHOPO3PSATHOTO CyMaTopa

Bxomu Buxoau 3HaueHHs CyMU

pi | a | bi | Si| Pii

0,0]0]O0 0 0
OO0 |11 0 1
0O|1]0]1 0 1
0| 1]1]0 1 0
11001 0 0
11010 1 1
111700 1 1
11111 1 0




Ha mincraBi tabi. 5.3 MOXeMO 3amucaTd JIOTiYHI BUpa3u IS
cymH S;Ta nnepeHecents Py y Bursimi JJJIHO:

S = aiﬁlpi +abp + §|6| p, + abp; (5.7)
P.. =ab P, +ab p; +ai6i p; +ab; p;, (5.8)

Bupaz (5.8) MoxHa 3BeCTH TMOMAPHUM CKJICIOBAHHSIM TEPIIUX
TPbOX KOH FOHKIIIH 3 OCTAaHHBOIO:

R =ab vbp vanp- (5.9)
[To3HayeHHS OIHOPO3PSAIHOrO KOMOIHAIIHOTO cymaropa 30-
OpaxxeHo Ha puc. 5.8, a Oro JOriYHy CXeMy, 10 peaji3ye CIHiB-

BigHomeHHs (5.7) Ta (5.9), mokazano Ha puc. 5.9.

1 & SM S
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Pucynok 5.8 — @yHKITIOHATEHE TTO3HAYCHHS
OJTHOPO3PSIAHOIO CyMaTopa
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Pucynok 5.9 — JloriyHa cxema 0JJTHOPO3pSAAHOTO cymMaropa



Jliis peanizaiiii cxeMu IOBHOTO CyMaTopa Ha MiBCyMaTopax Ie-
peTBopuMO JoriuHi GyHKIIT S 1 P Tak:
S= aiBiﬁi +abp; + g‘iﬁipi +abp = ai(Biﬁi +bp)+ g‘i(Bipi +bp) =
= ai(Ei p+bp)+ 5-.(5. p+bp) = ai%‘* &Sps; =Spsa-
P= aibi +bi Pi +&p; :bi p; +ai(6ipi +bif3i) =
=b P, +8S,5; = P + Psa-
[Mepmmii miscymarop (HS1) mae Bxomau bj i Pi, npyruii (HS;) —

BXOJU 8; 1 Spg;. BiamoBinmHa nuM QyHKLISIM CTPYKTypHa cXema
IIOBHOTO cymaropa 300paxena Ha puc. 5.10.
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Pucynok 5.10 — Jloriuaa cxema OJHOPO3PSTHOTO cymMaTopa
Ha MIBCyMaTopax

3a 0MOMOroI0 OJIHO3apsAAHMX CyMaTOpiB MOXHaA MO0y yBaTu
HiJICYMOBYIOUI HPUCTPOI MOCIIIOBHOT a00 mapaienbHol Iii JUIs
CKJIaJJlaHHsI 0araTopo3psAHNX JBIHKOBUX YHCEIL.

Tapanenvnuii bacamopo3paonuii cymamop N-po3psIHUX YHCEIT
ABJIsIE COO0I0 B HAWIIPOCTIIOMY BUMAJKy 00’ €JTHAHHSA N OJHOPO3-
PAOHUX CyMaTopiB, 3’€IHAHUX KOJAMHU NEPEHECEHHS MOCIII0BHO
BiI MOJIOAIIMX JI0 CTapmux po3psaiB (puc. 5.11).

Cxema mapaliellbHOTO cymaropa 13 MOCIiJOBHUM IE€pEHECEH-
HSM Ma€ MOPIBHSHO HEBEIHMKY IIBUIKOJIIO, TOMY IO CUTHAIU
CyMH S Ta TiepeHeceHHs! P y KO)KHOMY i-My po3psii (opMyrOThCs
JIMIIE TICIIS TOTO, SIK Ha/lilie cCurHai nepeHeceHHs 3 (i-1)-ro pos-
psany.
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Pucynok 5.11 - CtpykTypHa cxema napajieiabHOro 4-po3psaHoro
cyMaTopa 3 MOCIiI0BHUM [1€PEHECCHHSIM

I3 cxemu puc. 5.11 6aunmo, 10 MakcUMaiabHa 3aTpuMKa (Gop-
MyBaHHS CyMH Ha BHXOJIl CTapIlOTO PO3psay B HAUTipmIoMy BU-
MaJKy CKJIAIATUMETHCS 13 CYMHU 3aTPUMKH BCIX IMOTEPEAHIX PO3-
PSAIB 1 BIacHOT 3aTPUMKH (POPMYBAHHS CYMH:

Tmax = (n'l) Tpn + 17,

1€ Tpn 1 Ts — 3aTPUMKHU (OPMYBAHHS BIAINOBIAHO IEPEHECEHHS I
CYMH B OTHOPO3PSITHOMY CyMaTopi.

HIBuAKICTh NMEpEeHECeHHs MiJBUILYIOTh PI3HUMHUM CIIOCOOAMHU:
MIHIMI3aIl€0 JOBXUHYU 3’ €HAHb 1 MIKIJIUBUX €MHOCTEH y MOH-
Ta)ki, BUKOPUCTAHHAM LIBHJIKOAIMHUX €JIEMEHTIB y KOJi MepeHe-
CEHHs 1 CIlelialbHUX CTPYKTYPHUX METOJIB IPUCKOPEHHS OCTaH-
HBOT0, 30KpeMa 3aCTOCYBAaHHM KiJl HapaeabHOIro MepeHeCceHHs.

KpiM xomOiHalIfHUX MiACYMOBYIOUUX MPHUCTPOIB, 3aCTOCOBY-
IOTBCSl HAKOMMYYBaJbHI CyMaTOpH (cymaropu 3 mam’sTTio, abo
aKyMYJISITOPH), SIK1 HE TUIBKM MIJCYMOBYIOTh JOJAaHKH, a i 3ama-
M'SITOBYIOTH OJIEP)KaHy CyMY.

Haxonuuysanbnum Ha3uBarOTh CyMaTop, SIKHI peai3ye onepa-
IO MiCYMOBYBaHHS 3TigHO 3 Qopmynoro S=S+A. Ileit 3anuc
O3Hayae, 10 0 BMICTY CymaTopa, SIKHi 30epiraeTbCs B HOTO
nam’ATi, JOJA€ThCs YeproBUi JOJAHOK, 1 Pe3yJIbTaT JIMIIAETHCS B
rmaM’sITi, 3aMiHIOIOYH cO00r0 cTapuii BMicT. OpraHi3allisi HaKOMH-
YyBaJIbHUX CyMaTopiB Ha 06a31 KOMOIHAIIIHUX cXeM MoTpedye BU-
KOPHCTaHHS 3a1aM’ ITOBYBaJIbHUX PETICTPIB.



VY cxemi Ha puc. 5.12 perictpu 4 1 B — 11e perictpu BiANOBIIHO
nojaHka ¥ cymu. Ilepen movyarkoM ImiJICyMOBYBaHHsS perictp B
CTaBJISATh y HyNbOBUW cTaH. Ilicasi BUKOHAHHS MEPIIOTO IUKITY
JIOJTaBaHHS PE3YJIBTAT IM1ICYMOBYBAHHS 3 BUXOIy KOMOIHAIIHHOTO
cymaTopa uepe3 cxemu AOO mepenucyerbes B perictp B. Pesynb-
TaT MiJCYMOBYBAHHS TaKUM YHHOM MOXHA 3HOBY IIOJaBaTH Ha
JOJIaBaHHS 3 HOBHM 3HAUEHHSM JIOJaHKa A. 3p03yMijio, MO pe-
ricTp B TpeOa BUTOTOBJIATH HAa JBOTAKTHHUX TPUTEpaXx.

d ... ana & &
l l v
Perictp A Perictp B
— | — |
v v

KombGinamiitauii cymaTtop

Pucynok 5.12 - CtpykTypHa cxemMa HaKOIUIyBaIBHOTO
cymaTopa

5.2.2 CunTte3 nemmdpparopis i mmpparopis

Hewugpamopom HazuBaOTh KOMOIHAILIMHY CXeMy 3 KiJIbKOMa
BXOJaMH ¥ BUXOJaMH, 110 MEPETBOPIOE KO, MOJaHUI Ha BXOIH,
Ha CUTHAJ OJHOTO 3 BUXO/IIB.

JIBiiikoBi AemundpaTopu MepeTBOPIOIOTH ABIMKOBUI KOJI Yy KOA
“1 13 N”. SIkmio Ha N BXOJIB Takoro AemudpaTopa MoJaHo ABiii-
KOBi 3MiHHi, TO Ha ojHOMY 3 2" BUXO/IiB BUPOONISEThCSA CUTHAT 1, a
Ha pemrTi 36epiractbes curnan 0. Jemmparop, sxuii mae N=2"



BUXOIB, Ha3MBA€THCSA MOBHUM. KoM YacTHHM BXIOHUX KOLIB HE
Bukopucrano, To N <2" i nemudparop HenosHuii.

CuHHTEe3yeEMO CXeMy MOBHOTO JBIHKOBOTO jaemudparopa Ha IBa
Bxojau. Taka cxema NMOBHHHA MaTH YOTHPH BUXOJH, a i1 (yHK-
I[IOHYBaHHS MOYKHA OTKMCATH TaOJIUICIO ICTUHHOCTI (Ta0:. 5.4).

3rigHo 3 Tabu. 5.4 norivyHi BUpasu QyHKIIII BUXOJIB MOYKHA 30-
Opasutn y Burssai JJAHO:

D, = &a, D, = a3,
D, = &a,, D; = a,a,.

Tabmuus 5.4 — Tabiuist icTHHHOCTI emudpaTopa

Bxomu OyHK1Ii{ BUXO/IIB
ai do Do D, D, D;
0 0 1 0 0 0
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 1

VY zaranpHOMY BUnNaaky BuxigHi GpyHkuii Dj(a, ai, ...) gemmu-
¢dbparopa Ha N BXOJIB ONUCYE CUCTEMa JIOTIYHUX BHpa3iB, 300pa-
xenux 3a JIJIH® koHcTuTyeHTaMu OMHUIT

I3 cucremu piBHSHBb BHUIUIMBA€, L0 AJS MOOYAOBU MOBHOTO
nemmmdpartopa Tpeda matu N soriuamnx enemeHTiB “I” 3 N Bxomamu
y KoxkHOMY (puc. 5.13).

JemmdpaTopu 1IbOro TUIY HA3UBAIOTh JiHilinuMu. BoHu Ma-
I0Th HaiOLIbIy mBHUAKOAII0. [IpoTe Kou BXiAHUI KO/ Ma€ Benu-
KY pO3pSAHICTh, PEeai3oByBaTH iX BaXKKO, OCKUIbKU Tpeba 3acTo-
CyBaTH KOH IOHKTOPH 3 BEJHMKOIO KUIBKICTIO BXOMIB, TOMY Oyne



BEJIMKE HABAHTA)KEHHS Ha JpKepena BXiTHUX curHaiiB. CymapHy

CKyIaHiCTB JTiHifHOrO Kemmdparopa BusHadae Bupas G =n-2' .

dy
1} & >
[ DC
He gt
1 11—
D
& |2 5 —
iz —
& | D: 3
dy Gy a; a
a) 0)

Pucynok 5.13 — Jloriuna cxema aemmudpaTtopa Ha 2 BXoH (a)
Ta HOTro MO3HAYCHHS Ha QYHKI[IOHATBLHIX cxeMax (0)

Hsitikosum wugpamopom Ha3MBAIOTh KOMOIHAIINHY CcXeMy,
mo neperBoproe kox “1 3 N” y nsiiikosuil. Illudparop Bukonye
HEepeTBOPEHHS, 3BOPOTHE el dpaTopy.

Konu 30ymxeHo ofHe 3 BXITHUX Kil mudparopa, Ha ioro Bu-
xoJax (popmyeThCcs ABIMKOBUI KOJA HOMepa 30yIKEHOro KoJja.
[ToBHMIT ABiliKOBHI mHM(paTOop Mae 2" BxomiB i N BuxomiB. OHe 3
OCHOBHHX NpPHU3HAYCHb MIH(paTOpa — MEePETBOPEHHS IAECATKOBUX
yucell, BBEJCHHUX 3 KJIaBlaTypHu, y IBIMKOBHI KOX (TeTpaau IBiii-
KOBO-IECATKOBOTO Koy 8-4-2-1). Y nbomy BUNAAKY MOTPi1OHMIMA
HermoBHUI mudpaTtop “1 3 10” B nBilikoBuit xox 8-4-2-1. Posr-
JSTHEMO Ha Moro npuKiaai MPUHIMIIM CUHTE3Y CXeMU I dparopa.

3akoH (yHKIIOHYBaHHS mmdparopa 300pa3umMo oro Tabiau-
1iero ictiHHOCTI (Tabu. 5.5). Ha mizcraBi TabuuIli JOTiYHI BUpa3n
BUX1IHUX curHaiiB y ¢popmi IJIHO® 3anumemo Tak:



a, = Dy + D5 + Dg + Dy; ag = Dg + Dy.
Tabmuns 5.5 — Tabnuis ictTuHHOCTI mUdpaTopa
30ymKyr0uHii Buxomu
BXI1] as dy a agp
Do 0 0 0 0
D; 0 0 0 1
D, 0 0 1 0
Ds 0 0 1 1
Dy 0 1 0 0
Ds 0 1 0 1
Ds 0 1 1 0
D 0 1 1 1
Dg 1 0 0 0
Do 1 0 0 1

CxeMHO peani3oByBaTd MH(pPaTOp 3pYYHO HA E€JIEMEHTaX
I-HE, ToMy 3po0OMMO eKBiBaJICHTHE I€PETBOPEHHS OJEep)KaHHX
CIBBIHOIIICHD:

a2=D4D5D6D7; a.3=D8D9.
Cxemy mudpaTtopa 300paxxeHo Ha puc. 5.14.
5.2.3 CuHTe3 MyIbTHILICKCOPIB i 1eMyJIbTHILICKCOPIB
Mynvmuniexcopom Ha3UBAIOTh OMEPALIMHUNA €IeMEHT KOMOi-

HaIIfHOTO THITY, IO MepeJae CUrHaau 3 ofHiel 13 N BXimHHUX Ji-
Hill y BUXIJTHY.



Dy Dg D; Dg Ds Dy D3 D, D,

of | L
&l&  — ofcD
—1 1 1
DI I
—1 4
&\ a — 5 3
—1 6
—1 7 4
&\ a; —1 8
— 9
a) 6)

Pucynok 5.14 — Cxema mudpatopa (a) Ta Horo yMoBHe
rmo3HaueHHus (0)

BiH sBisie coboro mporpamMoBaHuil KOMYTaTOp KaHAJIB, 110 Ma€e
OJIMH BUXIJ 1 KiJIbKa BXOJIB, a TAKOXK Kepyroui BXOJU (BXOAU af-
pecyBaHHs), IO 3a7al0Th HOMEP BXONY, SIKMM TIIKIIOYAETHCS 10
BUXOJly MyJbTHUIUIEKCOpa. BXiaHy miHit0, 3 K01 mepeaaroThes Ja-
H1, BUOMPAE KO/, 1[0 HAAXOAUTh Ha KEPYIOUl BXOIU MYIbTHUILICK-
copa. MynbTUIUIEKCOp 3 N KEPYIOUUMHU BXOAAMH Xp.1, ...,X1, Xg MO-
)K€ KepyBaTu 2" iHpopmariiaumu miHisMUA Dy,D,, ..., D,"; (puc.
5.15).

I3 cxemu puc. 5.15 G6aunmo, 110 3a7IeKHO BiJl BXITHOTO KOy X
Ha OJIHOMY 3 BUXOJiB JAemudparopa 3’ IBISEThCS JOTTYHA OJJUHU-
1151, TII0 JTO3BOJISIE TIEpEIaBaTH BiAMOBIAHY 3MiHHY Dj Ha BUXIif ).

Otxe, QYHKIII0O MyIbTUIUIEKCOpPAa HAa YOTHPU BXOIU MOXKHA
3aIMCcaTH TaK:

y= Do)_(1)_(0 + Dl)_<1X0 + D2X1)_(o + D3X1Xo : (5-10)



V3aranbHIOKYH 1€l BUpa3 Ha MyJbTUILIEKCOp i3 2" BXoxamu i
N-pO3PSAHUM KEPYIOUUM CIIOBOM, HOTO (YHKIIIFO MOYKHA 3amuca-
TH Y BUTJISAI

Y = DXy 1 X oo Xo + DX X e Xo o0 Dzn,lxnflxnfz---xo , (5.11)

ae X, ;X ,...X, ... 1 T. 1. — KOHCTUTYEHTH OJMHUILI.

Do
—‘[ Fep = T (X1 %0000 X,)

D
ﬁl:.‘\'i Do B

_____ - &
Dy a)
D1 & —| 1 y

] gf MUX D, & [

I 5 j

— b, - ’ &

1 %1 1fcp| of-

—x 1 B)

i g
0) ]

Pucynoxk 5.15 — [Ipunuun po6oTn MyabTHILIIEKCOpa (),
1oro ymoBHe 1o3Ha4yeHHs (0) Ta cxeMHa peasizaiis (B)

Bupas (5.11) qyig Buxoay MyJabTUIUIEKCOpA BIANOBIIAE BUPa3y
TEOpeMHU PO3KJIafaHHs Oynb-sakoi JID 3a il oAMHUYHUMU 3HAUEH-
HaMu. Lle mae MOXIHMBICTH peali3yBaTd 3 JAONOMOIOI0 MYJIbTHII-
nekcopa Oyab-aky JID, 1o crpolrye KOHCTPYIOBaHHs HU(POBUX
cxeM. PosrisHemo e Ha mpukiani soriddoi ¢yukmii (5.1) mis
Ma)XOpUTapHOI cxemu 3 npukiany 5.1 (puc. 5.16):

y= Xl ’Xz'X3+ Xl. XZ ’X3+X1'X2' X3 + Xl'Xz'Xg.



o e D T T S IV —
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Pucynok 5.16 — Peaunizartist soriunoi ¢pyHkiii (5.1)
3a JOMOMOTO0 MYJIBTHILIEKCOpa

I3 puc. 5.16 BuminBae, 1m0 KoM Ha iH(GOpMaILiiHI BXOIU MY-
JBTUIUIEKCOPA MoAaHo Jjoriuni 0 1 1 3riiHO 13 CTOBIIEM 3HAYECHb
JI® y Tabnuii iCTUHHOCTI, TO B pa3i MOJaBaHHS Ha HOTr0 Kepyrodi
BXOJIM PI3HUX KOMOiHAIIH JIOTIYHUX 3MIHHHX X, Xi, Xo HA BUXO1
3 SBIATUMYTbCS 3HAU€HHs QYHKIT y 1ux 3MiHHUX. Hanpuknan, y
BUNAJIKY MojiaBaHHs koay 111 10 BUXOIy MyJIbTUIUIEKCOpA MijIK-
Jro4aeTbes 1HGopMaliiHUM BXi 7 1 epeiae Ha BUXIJ JOT14YHY 1,
10 BiJnoBigae 3HaueHHI0 ¢yHkuii (5.1) Ha oMy Habopi 3MiH-
HuX. TakuM 4MHOM, 3aMICTh 4 IHTErpaJbHUX CXEM Ha JAPYKOBaHIi
riati OyJe BUKOPUCTAHO JIMIIE OJHY, IO 3HAYHO CIIPOIIYE KOHC-
TPYKILIIO HUPPOBOTO MPUCTPOIO.

Hemynomuniexcop — 1e onepaniiHuil eneMeHT KOMOIHAIIHO-
ro TUITy, SKUW Tiepenae aafi i3 BXigHoi miHii Ha oxHy 13 N BuXiI-
Hux (puc. 5.17).
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o— Y0 y &
F/cep = f(X)g/ilz Dl [ DO
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Pucynok 5.17 — I[Ipunuun aii qemynsTUILIeKcopa (a),
ioro ymoBHe mo3HaueHHs (0) 1 3pa3ok
CXEMHOI peaizalli Ha 0a3i nemudparopa (B)

Bxinna 3miHHa y Ha iH(popmMauiiiHomMy Bxoal (puc.5.17 B) me-
pelaeTbes Ha OJIMH 3 YOTUPHOX BUXOJIIB, III0 HOTO BU3HAYA€E BX1JI-
HAW Ko X = (X, X;)

Do = Y% X%: Dy =YyXX: D, =YX X D;=yXX.
o6 onepxatu AEMYJIBTUIUIEKCOP N-PO3PSAHOTO  CIOBA
v=h1s-),) Ha N BUXOIIB, MmapaneabHO BMHKAIOTH N 1e-

MYJIBTHILUIEKCOPIB, 110 MalOTh OfuH BXia 1 N BUX0iB.

5.2.4 Cunre3 KOMOIHAINHHAX CXeM HA OCHOBI
NMPOrpaMoOBaHMX JIOTIYHMX MATPUIb



JIoriYHUM €JeMEHTOM, OCUTh 3pYYHUM JJIsi BUKOPUCTAH-
Hi y CXeMax AaBTOMAaTiB, € MpOorpaMoOBaHa JIOTiYHA MAaTpPHUL
(ITJIM), sika B JmiTepaTypi HA3UBAETHCS MTPOTPAMOBAHOIO JIOT1YHOIO
inTerpanbaoto cxemaro (IIJIIC). CtpykrypHa cxema I[TJIM moxa-
3aHa Ha puc. 5.18.
[TJIM cknanaeTscs 3 ABOX Marpwuilb. Marpuiss M1 dopmye k
KOH FOHKIIIM BXIJTHUX 3MIHHHX, a MaTpuill M2 — n U3’ FOHKIINA
Big xoH’roHKIiE M1. Yuciao BXOOIB MOXKE HOCSTAaTH NECSATKIB, a

S A SO S
YHCJI0 JAHIIOTIB — OinblIe cra.
X Z, [ Y
Matpuus
s X, Martpuus Z, JTU3'FOHKTOPI | Y, g
g KOH'FOKTOPIB B (M2) A
& (M) =
: =
_ Xm | z, A

Pucynok 5.18 — CrpykrypHa cxema [1IJIM

dynukiionanbHa cxema [1JIM (puc. 5.19) nomyckae 6e3miu Ba-
piaHTiB 00poOKM BXiHUX curHamiB. Bxinni enementu [1IJIM (puc.
5.19) no3BoNIAIOTE MaTH yCi BXiZHI 3MiHHI SIK Y TIPsIMiii, TaK i B iH-
BepcHil ¢opmi. Ha Bxomau Oynp-skoro enemenrta “I” momani yci
BXiZHI 3MiHHI Ta ixHi iHBepcii. Jl0 BXOAIB KOKHOTO eleMeHTa
ABO migkirodeHi BUxoau Bcix enemeHTiB “I”. Hapemrri, BuximHi
€JIEMEHTH JIO3BOJISIOTH OJIEPKATU KOXKHY 3 BUXITHUX (DYHKIIH y
npsiMOMY a00 1HBEpCHOMY BUJII.
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Pucynok 5.19 — ®ynknionansna cxema [1JIM

Enextpuuna mnpunuunoBa cxema [IJIM 3o00paxkena Ha
puc. 5.20. IIpu mobynosi marpuis M1 1 M2 Ha nepeTuHi ropuso-
HTaJIbHUX 1 BEPTUKAJIbHUX JIIHIA BKJIIOYAIOTHCS HAMIBIPOBIIHU-
koBi Oinonsipui a6o MOII-Tpan3uctopu. BxiaHi curHanu Xi, X,
..., Xp @00 X 1HBepCii 3’€IHYIOThCS Yepe3 TPaH3UCTOPH 3 1HPOP-
MalifHUMU [IMHAMH, YTBOPIOIOYM KOH FOHKIII Z, THX BXIJHUX
3MIHHUX, 3’ €/THAHHA 13 IIMHAMU SIKUX OyJu 3po0JieHi:

Z, = XXX, = [ [ % (5.12)
k=1

Jie X, MOJKe HaOMpaTH 3HAYEHHA X, , X, a00 1 (oaunuus Oyme 'y
BUIAJIKY BIJICYTHOCTI 3B'SI3KY 31 3MIiHHOIO X, ).
Kinpkicte ¢yHKUiM 2z, Oyne 3anekaTH BiJ 4YUCla JOTTYHUX

€JIEMEHTIB, 110 (OpMYIOTh BepTUKaibHI muHU. ChopMoBaHi aHa-
JIOT1YHO KOH IOHKIIAM 7, BUXIJHI CHTHAIM Y, BIANOBIJAIOTH pi-

BHSAHHIO Y, =2, VZ,V..VZ.
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Pucynok 5.20 — IIpunnumnosa cxema I1JIM

[Tpunimn peanizarnii oneparii Au3’IOHKIII B cxemi puc. 5.20
noka3aHuii Ha puc. 5.21, a KoH 1OHKIIT — Ha puc. 5.22.

+E R

1 |

| | ElES...Ek 1 Y, =L VL V..V
z, z, T

Pucynok 5.21 — IIpunnmn peamizamii oneparii 1u3’ FOHKITT




X1 — 0
A=y
e

L‘ l Z3 =% X;X3

Pucynok 5.22 — Ilpunuun peamnizauii oneparii KOH FOHKIIT

+E

[IporpamyBanus [1JIM 3anexHO Bif ii TUIY MOKE MPOBOIM-
tucs abo BupobHmkoM I1JIM, abo y cnokuBada. € TakoX Taki
[1JIM, mo pomyckaroTh MOBTOpHE IporpamyBaHHs. Hexaii motpi-
ono 3anporpamyBaru [1JIM mis cuatesy ¢ynkuii F i Q, 3amanux
y JAH® (abo Tabnuiiero icTHHHHOCTI):

F= )_(1)_(2 )_(3X4 + Xi)_(Z )_(3X4 + Xi)_(Z XS)_(4 + Xl)_(2 X3X4 + X1X2X3)_(4;
Q = XX, XX + XX Xs Xy + X, X5 XXy + X X, X5 X,y
Posrnsuemo nepmmit unen JJH® dynkuii F: X X, X;X,. VY
HbOMY 3HA4€HHS BXIJHHUX 3MIHHUX X;,X,,X;,X, JOpIBHIOIOTbH
0001. e o3znauae, mo B I1IJIM, B matpuiti “I” HeoOxigHO mepiry
BEPTHKAIBHY IIUHY Z, 3’€HATH 3 MPSAMOIO IINHOI0 X, Ta iHBepc-
HUMH IIMHAMU X, X, | X;. AHaJoOTi4HO (OPMYIOTHCS 1 pemTa
eneMeHTapHuX KoH'ToHKIIN (wienn JJAH®) s dynkmiii F 1 Q.
Ha matpuni AGo nmoTpiOHi Ut BUXOLY KOXKHOT (yHKIIIT BEpTH-
KaJlbHl IIMHA OO ’€IHYIOThCS TMEepeMUYKaMU-TPAH3UCTOpaMHU 1
YTBOPIOIOTh JM3'FOHKITIT
F=z,+z,+2,+7,+2,
Q=2z,+72.+2,+1,.



Jis  3py4HOCTI BHKOPHCTOBYIOTH CIPOIICHE HAKPECICHHS
cxem [IJIM y Burnsaai tabnuie, 1€ NEPEeMUYKU-TPAH3UCTOPH IS
NpsSMUX LIMH 3aMiHeHi Ha 17, a ans iHBepcHuX muH — Ha “0”.

Hogsuii immynsc po3putky [IJIIC HamaB po3BUTOK KOMYHI-
KaliiHuX TexHoiorii. Came TyT, Ha BEIMKUX MOTOKax i rpaHny-
HUX MIBUIKOCTAX 00poOku iHpopmariii [IJIIC mo3Bosse peanizy-
BaTH CIELiali30BaHy CTPYKTYPY, TOMY IpPHU OJHAKOBIA TaKTOBii
YacTOTI peasli3oBaHUM MPUCTPIN Ma€ iICTOTHI MepeBaru y MBHIKO-
Iii TOpPIBHAHO 3 MiKpompouecopaMu. 3 Mi€0 0COOIMBICTIO
noB’s13aHa ¥ iHmma obaacte 3actocyBanns [1JIIC, mo mBuako pos-
BUBAETBCS — peaiizamis (yHKmii mudpoBoi 0OpoOKH CHTHAIIB.
Ha cpboromni Benuki iHTerpaibHi CXeMH MPOrpaMyBaIbHOI JIOTIKU
MaroTh CTYIIHb IHTETpamii A0 JEKITBKOX MITBHOHIB E€KBIBaJICHT-
HUX BEHTWIIB, IIBUAKOMIS (BBEICHHS/BUBCICHHS) OlIbIIEC
400 MTI'm. Sk 3aco0u omumcy MPOEKTIB 3aCTOCOBYIOTHCS MOBH BH-
cokoro pieus Ty HDL (Hardware Description Language), Ha-
npukian, Altera HDL, VNDL, Veriolog HDL.

Koumponvni numanns

SxuMu MOJIETIIMU MOYKHA OTTMCATH KOMOIHAIIHHY cXemy?

3 sKMX eTamniB ckiajgaeTses cunre3 KC?

Sk BU3HAUYAETHCS CKIIAHICTh KOMOIHAIIHOT cXeMu?

B yomy nossirae ananiz koMOiHaniiHOT cxeMu?

Ha3BiTh MeTOAM yCyHEHHS “TOHOK” B KOMOIHAIIMHUX CXeMax.

SIKi TUTIOB1 BY3JIM Y BUIUIAJI KOMOIHALIHHUX CXeM BUKOPHUCTO-
BYIOTBCS B IIU(PPOBUX aBTOMATax?

Ha3BiTh BiioMi BaM THIHM CyMaTOPiB.

Sxuit npucTpiii HA3UBAETHCS CyMaTOpOM?

HageniTe cxemy miBcymaTopa.

HageniTe cxeMy OBHOTO OJHOPO3PSITHOTO CyMaTopa.

Haxkpecnite cxemy 4-po3psaHOro cymaTtopa 3 MNapajielbHUM
TIEpEHECEHHSIM.

o Take gemmdpaTop i sIK BiH BUKOPUCTOBYETHCS B IH(PO-
BOMY aBTOMarti?



SIki mepeBaru i HEOJIIKM MOKHA TIOMITHTH Y JIIHIHHHUX, KacKa-
JTHUX 1 MPSAMOKYTHUX Aemudparopax?

Jaiite BU3HaUeHHs mudparTopa.

Jle BUKOPUCTOBYIOThCS muppaTopu?

YuM BiZIpi3HAIOTHCS MYJIBTUIUIEKCOP 1 JAEMYJIBTHILICKCOD 1 e
BOHM BUKOPUCTOBYIOTbCS?

Haxpecnite ¢pynkuionansay cxemy [1JIM i1 mosicHiTh mpUHIUTT
ii aii.

SIxi mepeBaru Hagae Bukopuctanus [1JIM B cxemax aBromaris?

5. 3 CTpykrypHuii cuHTe3 HUGPOBUX ABTOMATIB

KinneBa mera mnpoekTyBaHHS OyIb-SKOT0 HU(POBOTO MpH-
CTpOIO — 1100Yy10Ba HOro CTPYKTYPHOT CXEMHU, 1110 BU3HAYAE CKIIA[]
JIOTIYHUX EJIEMEHTIB Ta eJEeKTPHUHI 3B’s3kM MK HUMHU. [Iporec
OJIepXaHHA TaKoi CXEMH Ha3MBaIOTh CTPYKTYPHHUM CHHTE30M
(puc.5.25).

Ha erani moyatkoBoro onucy 1ugpoBOro mNpUcTpor 3a4at0Th
3aKOH HOro (yHKIIOHYBaHHS Y BUTJISAI TaOIHIN iICTUHHOCTI, KOJIH
e KC, abo 6510k-cxemMu anroputmy, Ko 1e 1udpoBuii apromar
(LTA). Ha apyromy erarmi po3noYMHAIOTh (OpMali30oBaHUN OIMKUC
uudposoro npuctporo. s KC ioro 3amarTh y BUIIISAAL JIOT1Y-
HUX BUpa3iB, a musi [[A — TabmuusiMu mepexojiiB—BUXOIB abo
rpag-cxemMol0 aIrOpUTMY pOOOTH aOCTPAKTHOTO aBTOMATA.

3araqbHONPUNHATANA KAHOHIYHI METOJ] CTPYKTYPHOTO CHHTE3Y
LIA no3BoJsie 3BecTH 3a/1auy 1MoOyIOBH aBTOMATa 3 MaM’ SITTIO J10
3aja4l cuHTe3y KoMmOiHaliiHuX cxeMm. [IpaBa rijika aaropurMmy
puc. 5.25 BinOuBae eramu, BUKOHYBATH sIKI HEOOXITHO MiJl 4yac
ctpykrypHoro cuHTedy L[A. I[lo6 kpamie 3po3ymiTH iX CYTb,
YTOUHUMO TOHSTTS CTPYKTYpHOI'O aBTOMATa, SIKMH € KiHIIEBOIO
MeToro cuHTe3y (puc. 5.26).

Ha BiamiHy Bijg aOCTpakTHOTO aBTOMaTta, 110 Ma€ OJWH BXi[-
HUH Ta OJWH BUXITHUHA KaHAIIM, HA SIKI HAIXOAATh CHTHAIU B ajl-
¢daBitax X = {Xi,...,xf ,...,XF} Ta W = {Wl,...,wg,...,WG} BIAITOBII-



HO, cmpykmypuuii aeémomam Mae L BXITHUX KaHAJIB
Xiyeor Xy X, 1 N BUXITHHX Y,..., Y, e Yy, HA SKUX 3’SBIIS-

I0THhCSl CUTHAJIM Y CTPYKTYPHOMY aidaBiTi aBTOMATa.

MouaTkoBwin onuc
KC abo LIA

dopmanisoBaHe
3aBaaHHsA KC abo LA

Minimizauia Minimizauis
NorivHOT pyHKUT aBTomaris

MepeTBOpEHHS [0
3apaHoro 6asucy
enemeHTiB

Po3pobka Tabnuui
nepexoais
aBTomaTa

CuHTE3 yHKUIN
BUXOAIB | (DYHKLIN
30ymKeHHs Tpurepis

Pucynok 5.25- Eranu crpykrypHoro cuatesy LIA

Po3spobka cxemu
cTaHiB

Mo6ynosa
CTPYKTYPHOI cXxemu

CknagaHHs i
HanarogkeHHs

KoxeH BXiTHHMH CUTHaN Zf aOCTPaKTHOrO aBTOMaTra MOXKHa 3a-
KOJYBaTH BEKTOPOM BXIJIHUX CHUTHAJIB CTPYKTYpPHOI'O aBTOMara

3aBJOBXKKH L: Z; =(Xf1,...,xfI ,...,XfL), f =1,_F, X, e{0,1}.



KoxeH BuXifHMHA cHrHanl Yy aOCTpPaKTHOTO aBTOMAaTa MOXKHA
3aKO/lyBaTH BEKTOPOM BHXIJIHUX CHUTHAJIIB CTPYKTYPHOT'O aBTOMa-
Ta 3aBIOBXKH N:

Wy = (Yg; s Yoy o Yoy )» 9 =16, ¥g, €{01.
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Pucynok 5.26 - @yHkIlioHaJIbHa cXeMa CTPYKTYPHOTO
aBTOMaTa

CraHM y CTpYKTYpHOMY aBTOMATi (ikcye mam’sThb, 10 MICTUTh
R enemeHTapHuX 3amaMm’sITOBYBalbHMX eneMeHTiB T1,,T,,..,Tg.
KoxeHn craH ( aOCTpakTHOro aBTOMaTa 3aKOJOBAaHO Yy CTPYK-
TYpHOMY aBTOMAaTi BEKTOPOM JOBXMHU R BHUXIJHMX CHUTHaIIB
€JIEMEHTIB IaM ATi:

O = (g rvoes By 1@ M =1 M, a, {01},

[TonanHsa aBTOMaTa cXeMOIO pHUC. 5.26 M03BOJIs€ 3BECTH 3a/1aUy
MoOy0BM aBTOMATa 3 mam’ sTTIO JI0 3a7a4l CHHTE3y KOMOiHaIii-
Hux cxeM KC; i KC; ta mpuctporo nam’sti Ha eeMeHTax mam’ siTi
T1, To, ..., Tr. Sk enemMeHTH mam’sTi BUKOPUCTOBYIOTHCSI TPUTEPHU
PI3HUX TUMIB, CYKYMHOCTI JBIMKOBHUX 3Hau€Hb BUXOJIB SIKUX (Ha
puc. 5.26 e Ay - 8m e 8mg ) YTBOPIOIOTH JBIMKOBI BEKTOPH,



110 KOJYIOTh CTaHU (n aBTOMara. ToMy MpoeKkTyBaHHA 1 TOOya0Ba
nu(ppoBUX aBTOMATIB BUMara€ 3HaHHS MPUHIMITIB TOOYIOBH i
po0OTH TpHTEpiB, SKi PO3MISAIAIOTHCS B HACTYITHOMY T IPO3 L.

5.3.1 Tpurepu

ba30BOI0 CTPYKTYpHOIO JaHKOK sl 1oOynoBH KomOiHa-
[IfHUX CXEeM € JIOTIYHMI eneMeHT. Y CKIHYeHHHMX aBTOMaTax
(mocnmigoBHICHMX cxemax) 0a3oBa JlaHKa — Tpurep. 3’€IHYIOUU
TPUTEPU OJWH 3 OJHHMM, MOKHA MOOYAYBAaTH TakKi HAHIPOCTIMIi
€JIEMEHTH IU(PPOBUX aBTOMATIB, K JIYMWIBHUKH, PETICTPH, 3a-
nam’SITOBYBaJIbHI IIPUCTPO].

Tpurep sBisie co00K0 MPHUCTPi 3 IBOMA CTIHKUMH CTaHAMH,
OJTHOMY 3 SKHX TPHUIIUCYEThCS 3Ha4eHHs 1, a inmomy 0. B i cra-
HU TPHUTEp TNEPEXOAUTH MiJ i€l BXiTHUX CHUTHAJIB, SKI HaIXO-
JSITh Ha OJTMH 200 JeKiIbKa HOro BXOMIB. Y3arajlbHEeHa CTPYKTYp-
Ha CXeMa TPUTEPHOTO MPUCTPOIO HaBeJeHa Ha puc. 5.27.

[
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Pucynok 5.27 - Y3aranbHeHa CTpyKTypHa cXema Tpurepa

Ha cxewmi puc. 5.27 3actocoBaHi Taki mo3Ha4yeHHs: 7 — BIacHe
tpurep, IIK — mpuctpiii kepyBaHHd, X;, ..., Xn — 1HpOpMaIiiiHI
BXOJIU TPUTEPHOTO MPUCTPOIO, Cj, ..., Cn — TAKTOBI BXOIH, S — BXiJ
BCTaHOBJICHHS TpHUrepa B cTaH |, R — BXix BCTaHOBIEHHS TpUTEpa
B ctaH 0, Q — nmpsimuii Buxin tpurepa, Q — iHBepCHUM BUXiJ TpH-
repa.



IcHye Benmuka pI3HOMAHITHICTH TPUTepiB, SIKI BiIPI3HAIOTHCS
OJIUH BiJl OHOTO BUKOHYBaHOIO ()YHKIIIE€I0, CXEMOTEXHIYHOKO pe-
aJtizaiiero, crocobom 3amnucy iHdopmariii Ta iIHIIUMHI 03HAKaMHU.

3a cnocobom 3ammcy iHdopmarii Tpurepu KiacudpikyoTh Ha
ACHMHXPOHHI Ta CHHXPOHI30BaHi. B aCHHXpOHHUX TpUTEpax 3aruc
iHdopmartii 3aiiicHIOETbCS 0€3M0CcepeIHRO 3 HAIXOKEHHSIM CHT-
HaJly Ha BXiA Tpurepa. Y CHHXPOHI30BaHMX TpHUTEpax 3aIucC
3IIACHIOETHCS JIUIIIE 3a TMOJAAHHSAM JIO3BOJISIIOYOTO TaKTYBAJILHOTO
IMITyJbCY.

3a crnoco0oM CHHXPOHI3AIlli pO3PI3HIIOTh OJHOTAKTHI Ta JIBO-
TaKTHI Tpurepu. 3a crocoOOM oprasizamii JOTIYHUX 3B'SI3KIB PO-
3pI3HSAIOTH TPUTEPH 3 PO3IUIBHUM BCTaHOBJICHHSM cTaHiB 0 Ta 1
(RS-Tpurepu), tpurepu 3 miumibHEM BXx0g0M (T-Tpurepn),
YHIBEpCAJIbHI TPUTEPH 3 OKPEMHM YCTaHOBIJICHHSIM cTaHiB 1 Ta 0
(JK-Tpurepu), Tpurepu i3 NpuUHHATTAM iHPOpMAIT OJTHUM BXO-
noMm (D - tpurepu) Toio.

Ha neranpHmii posrisn 3acnyroBye tpurep RS—tumry, ockiib-
KM Ha MOro OCHOBI CTBOPIOIOTHCS TPUTEPU BCIX IHINHUX THIIIB.
Tpurepom RS-Tumy Ha3uBarOTh eIEMEHTApHUN aBTOMAT 3 JBOMa
CTIIKMMHU CTaHaMu, SIKUK Mae ABa iHopmariiiaux Bxoau R Ta S,
taki, mo npu S=1 ta R=0 Tpurep HabyBac OIMHUYHOTO CTAHY
Q=1, a npu R=1 Ta S=0 Tpurep HaOyBae HYJIHOBOTO CTaHY
Q=0. Bxix S Ha3uBaeThCs BXOJOM BCTAHOBJICHHS, BXiJq R — BXO-
JIOM CKHJIaHHS.

Tabmuis 5.6 — Tabnwms ictuaHOCTI RS-TpUTepa

th the1
Rn Sn Qn+1
0 0 Qn
0 1 1
1 0 0
1 1 X

I3 TabGumi 5.6 BUAHO, IO TPU OAHOYACHOMY HAJXO/KCHHI Ha
Bxoau R 1 S moriyHMX curHaiiB, sIKi MalOTh 3Ha4eHHs 1, Tpurep



HaOyBa€e HEBU3HAYCHOTO CcTaHy (MMO3HAYeHO sK “X”). Tomy noriuxi
NpUCTpoi Ha OCHOBI RS-TpurepiB moBuMHHI OyayBaTucs 3
ypaxyBaHHSM BHKJIIOUeHHs KoMmOiHamii curHamB R-S=1. Ilpwu
IIbOMY JIOT14HE PiBHSAHHSA RS-Tpurepa 3anucyeTbesi y BUTIISAL

Qn+1=Sn +Rp-Qpn, Ry - Sy =0,
a JIOTIYHMI BUpa3 I iIHBEPCHOIO BUXO/Y OyJi€ MaTH BUIJIS]L

Qni=Sn +Ry-Qp. (5.15)

[InssxoM eKBiBaJeHTHOrO mepeTBopenHs npuseaemo (5.15) 1o

BUTTISIAY, SKHA 3pydyHHA Juia peaiisamii Ha IHTerpaJbHUX
noriyaux eneMmentax Abo-He:

Qua=5n(Qy Ry =Sn-(Q, +R,) =
=5, -(Q_n+ R,)=S, +(6n +R,).

Cxema RS-tpurepa Ha noriunux enementax A6o-He, sika pe-

amizye (5.16), nokaszana Ha puc. 5.28a, a 1l QpyHKI[IOHATBHE ITO-
3HAUEHHS HaBEACHO Ha puc. 5.280.

(5.16)

|
T

0)

Pucynok 5.28 - Cxema acunxponnoro RS-rpurepa

VY cuHXpoHi30BaHOMY RS-TpHrepi Ha BXOII KOXKHOTO IUIeYa €
JIOJJATKOBI CXeMH 30iry, mepiii BXOJH SKHUX 3'€JHaHI 1 € BXOJaMH
cuHXpoimMmynbciB. [HQopmartis, mo HaxxoauTh Ha Bxomu R 1 S,
MOXe TepeaBaTucs JIMIIE 3a HasiBHOCTI Ha BXoAl C CHHXPOHI3Y-



BaJIBHOTO IMIy/BCY. BxXinHa inpopmariist noBuHHA OyTH 1MojaHa B
napacdazHomy kozi, To6to S=0 ta R=1 a6o S=1 Ta R=0. Cxema
cuHXpoHHOTO RS-TpHurepa na enementax A6o—He Tta iioro
YMOBHE IIO3HAUEHHs ToOKa3aHi Ha puc. 5.29a Tta puc. 5296
BIJIMTOBIHO, @ YacoBa Jiarpama iforo po6otu — Ha puc.5.29 .
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Pucynok 5.29 — Cxema cuaxponsnoro RS-tpurepa (a)
Ha enemeHnTax [-He, iioro ymoBHe nmo3naueHHs (0)
Ta 4acoBi aiarpam# (B)

VY pericTpoBUX MPHUCTPOSX Ta JIYMIbHUKAX 1H(POPMALlilO B TPH-
rep MOKHA 3aHOCUTH TUIBKH MICIIS TOTO, SIK 3aBEpIIECHO Tepeaa-



BaHH: iH(opMaIlil npo Nonepeanii Horo cTaH B HACTYIHUH TpH-
rep. L[poro mocsraroTh, BAKOPHUCTOBYIOUH JBOCTYIICHEBI TPUTEPH,
SIKI MO’KHA MOOYAyBaTH 3 JOMOMOTOK 3’€IHAHHS JBOX OJHOCTY-
NICHEBUX TPHUIEPiB 1 BUKOPUCTAHHS MPOTH()A3ZHUX TaKTyBaJIbHHX
CHTHAJIIB, TIOJJABAHUX HAa CHHXPOBXO/H 1MX cTyreHiB (puc. 5.30).
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Pucynok 5.30— Cxema nBoctyneneBoro RS - Tpurepa (a)
Ta 1oro yMoBHE IMo3Ha4YeHHs (0)

®ponT cunxpoimmynbcy C onutye Bxoau R ta S, 1 inpopmarris
3aram’sITOBY€EThCS B mepiioMy Tpurepi. Jlaimi BoHa nepeaaeTses B
Jpyruil Tpurep, BXOAM SIKOTO 1 € BUXOAAMHU JBOCTYIIEHEBOIO TPH-
repa. YacoBa niarpama 10ro Tpurepa 300paxkeHa Ha puc. 5.31.

Tpurep D-tumy BimomMuii mix Ha3BOIO “‘TpUrep 3aTpUMKH.
Tpurepom D-Tuny Ha3uBaeThCs JIOTTYHUN €IEMEHT 3 JIBOMA CTiH-
KAMU CTaHaMU Ta 3 OJHUM I1H(QOpPMALIHHUM BXOJOM, 3aKOH
(GYHKIIIOHYBaHHS SIKOIO MOYKHA ONUCATH JIOTIYHUM PIBHAHHAM

Qn+l = Dn (517)

Pigusiaas (5.17) mokasye, mo B (N+1)-i TakTOBHIi MOMEHT
yacy BUXIAHUI CTaH 30ira€ThCs 13 CUTHAJIOM, 1110 Ji€ Ha BxoAl D y
nornepeaHiit (N - i) MoMmeHT yacy. CTpyKTypHa cXxeMa CUHXPOHI30-
BaHoro D-TpHrepa nokaszana Ha puc. 5.32 a, a Ha puc. 5.32 6 moka-
3aHe oro yMOBHE MO3HAYCHHS.

Tpurepom T-tumny (puc. 5.33), abo JAIYUIBHUM TPUTEPOM, Ha-
3UBAIOTh €JIEMEHTApHHI aBTOMAT i3 [BOMa CTIMKUMHU Ta OJHUM



iHhopManiiHUM BXogoM 7, HAAXOJDKCHHS CHUTHAIY Ha SIKHMA
3MiHIO€ cTaH T-Tpurepa Ha IpOTHICKHUH (Tabdm. 5.7).
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Pucynok 5.31 — YacoBi aiarpaMu CUTHAJIB
JUTSL CHHXPOHI30BaHOTO JIBOCTYIIEHEBOTO RS-Tpurepa
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Pucynok 5.32 - CtpykTypHa cxema D-Tpurepa (a)
Ta HOTO YMOBHE 1Mo3Ha4YeHHS (0)

HOFi‘-IHC piBHfIHHﬂ T-TpHrepa IIoJaHO BI/IpaBOM
Qn+l =Qn 'Tn +Qn 'Tn : (518)
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Pucynok 5.33 - HecunxponizoBanuii T-Tpurep i yacoBa
Jiarpama ioro poooTu

Tabmurs 5.7 - Tabmuis nepexoxiB T-Tpurepa

Pexxum pobotu | Bxin | Buxin
Tn | Qn+l Gn "

[Tepemukanns | 1 0 Q,
n
30epiraHHs 0 Q, Q,

JK- TpUrep —
HaWNOIIMPEHIIIUI yHIBEpCaIbHUM TpUTep, SIKUH Mae XapakTepu-
CTHKM BCiX iHIIEX THTIB TpHTepiB. Moro 3akoH (yHKIiOHyBaHHS
MO>KHA 3a/1aT! Tabuuiero 5.8.

Tpurepom JK-THny Ha3uBaloTh €JIeMEHTapHUI aBTOMAT 3 JIBO-
Ma CTIKMMH CTaHaMH Ta JiBoMa iH(popMaiiHuMu Bxonamu J 1 K,
akui 32 yMoBH J-K'=1 poOuTH iHBEpCiI0 MONEPEAHBOTO CTaHY

Q,.,=Q,, a B iHuMX BunagKax GYHKLIOHYe 3TiAHO 3 TabIMLER

ictuHHOCTI RS-TpHrepa, koiam BXix J ekBiBaJeHTHUH BXoay S, a
Bxin K — Bxoxay R (tab:. 5.6). Jloriune piBusuHs JK-Tpurepa

Qn+l = ‘]nén + lann (519)

Tabmurs 5.8 — Tabnums nmepexoxis JK-tpurepa.



Pexxumu pobotu Bxonu Buxoan

J R Q (jnﬂ
30epiraHus 0 0 Q Q,
YcTaHOBJICHHS 1 0 0 1
YcTaHOBJICHHS 1 0 1 0
[TepemukaHHs 1 1 Q| Qn

Cxema cuaxponnoro JK-tpurepa, mo0ysmoBaHOTO Ha OCHOBI
CHHXpOHI30BaHOTO RS-TpHrepa, mokazana na puc. 5.34 a, a iioro
yacoBa Jiiarpama po0oTH — Ha puc. 5.34 0.
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Pucynok 5.34 — CtpykTypHa i pyHKIIOHATIBHA CXEMHU
JK-Tpurepa (a) 1 yacoBi aiarpamu ioro po6otu (6)

I3 pucynka 5.346 Gaunmo, 10 TaKTOBHM iMmynbe 1 He 3Mi-HIOE
CTaHy Tpurepa 3a HYJIbOBHX DIBHIB CHTHaliB Ha Bxojax J Ta K



(pexxum 30epiraHHs), TAKTOBUN IMITYJIbC 2 CTaBUTh TPUTEP B OAH-
HUYHUK CcTaH 3a 3Ha4YeHb curHaiiB J=1 1 K=0 (pexum ycra-
HOBJICHHS B 1), a TaKTOBHI IMITyJIbC 3 — B HYJbOBHIA 32 3HaYCHb
J=01 K=1 (pexxum yctanosjieHHs B (), TakTOBI iMIyibcu 4 Ta 5
I0pa3y MEePEeMUKAIOTh TPUTEP Y MPOTHICKHUN /10 MOTEPETHBOTO
CTaH 3a 3Ha4YeHb BXigHUX curHamiB J=1 1 K=I (pexuM nepemu-
KaHHS 200 JIYUIBLHUI).

[Tix gac cuHTe3y cxeM HU(POBUX ABTOMATIB 3PYYHHUMHU IS
BUKOPHUCTAHHSA € Xapakmepucmuyni maoauyi mpueepis (tadm. 5.9
—5.12). Bonu BH3HA4YarOTh 3HAYEHHS BXIJHHX CHTHAJIB B 3aJI€K-
HOCTI BiJI 33JJaHUX TIEPEMUKAHb TPUTEPIB

Tabmuus 5.9 — RS-tpurep Tabmuus 5.10 — JK-tpurep
Qt | Q1 | S R Q Qt+1 J K
0 0| O * 0[O 0 *
0 11 0 0 |1 *
1 0| O 1 110 * 1
1 1| * 0 1 1 * 0

Tabmuusg 5.11 — T-tpurep Tabmuus 5.12 — D-tpurep
Qt | Qu T Qt Q1 D
0 0 0* 0 |0 0*

0 1 10 0 |1 1*
1 0 1 110 0
1 1 0 1 1

5.3.2 Cunre3 cxemu apTomata Mypa 3a 3aganum rpagom



Posrnsinemo npuknan (po3paxoBaHUN Ha y3arajdbHEHHs) CHH-
Te3y cxemu aBTomara Mypa Ha Tpurepax JK-tumy B 0a3ucax
I-He ta I-A60—He 3a 3aganum rpadom (puc. 5.35).

Pucynok 5.35 - I'pa¢ aBromara Mypa

Jlnist ynpaBJiHHS IepexojaMu aBTOMaTa TYT BUKOPUCTOBYETHCS
OIuH [BiKOBU# BXigumid curHan xe{0,1} (BimmoBimuo X i x).
CumBon “1” Ha ny3i rpada mo3Havae Oyab-sKe 3HAUCHHS BXiIHO-
ro curHainy (0 abo 1), mpu oMy mHepexil 10 HOBOTO CTaHy
B1JI0YBA€THCS 32 CHHXPOCUTHAJIOM.

CuHTE3 BUKOHAEMO, TOTPUMYIOUUCH AITOPUTMY Ha puc. 5.25,
pealti3yBaBIlI HACTYIHI KPOKH.

1. BuzHayeHHsl KiJIbKOCTI €IEMEHTIB IaM’sTi (TpHUrepiB).

VY upoMy nmpuKiIani KiabKicTh cTaHiB aBToMata M =5, Tomy Ki-
JIBKICTh TPUTEPIB

n=[log,5|=[232]=3,
JIe KyTOB1 Y’)KKH O3HA4alOTh B3STTS HAWMEHIIOrO IJIOTO, O1j1b-
II0T'0 BiJl BUPA3y B y/KKax.

2. BusnaueHHs Tuiy TpurepiB. Tun TpurepiB 3aJie)KHO Bif IMO-
CTaHOBKH 33/1a4l MOXKe 3a7iaBaTucsi abo BUOMpPATHUCS, BUXOSIUHU 3
MIpPKYBaHb JOLUIBHOCTI. 3a 3aBJIaHHSAM MPHUKIATy MOBUHHI BUKO-
pucroByBatucs JK-tpurepu.



3. KogyBanus craHiB aBTOMarta. 3aKoJyeMO CTaHU aBTOMAaTa
TPUPO3PAIHUMH ABIMKOBHMHU YHCIAMH B 1X HATypaJlbHOMY IIO-
paaky (tadu. 5.13).

Ta6mmis 5.13 - KogyBaHHs cTaHIB aBTOMATa

Cran Kon crany
i T3 T2 T1
Jo 0 0 0
o 0 0 1
02 0 1 0
0 0 1 1
Ja 1 0 0

4. CxnaganHs Tabmuii nepexoaiB. CTpiuku TaONMIN BiIIOBI-
naroTh nepexonam LA 13 cTany 1o ctaHy, BiI3HAUYEHHUX JAyraMu Ha
rpadi puc. 5.35, a B CTOBIMUMKAX 3a3HAYAEMO MapaMETPH LUX Tie-
pexXo/iB: KO MOMEPEeTHBOTO (i; 1 HACTYIMHOTO (iy CTaHIB, MMoja-
HUX JIOTITYHUMHU 3HAYCHHSAMH Ha BUXOJIaX TPHUrepiB mam’sTi (Bij-
noBiTHO T3y, Ton, Tin 1 T3, Ton, Tiw); BXiOHI CUTHANH, SIKI OOYMOB-
JIOIOTH 111 TIEPEXO/H, 1 BUXIJIHI CUTHAIIM aBTOMATa, SIKi LIUMU Tie-
pexo/ilaMH TOPOJKYIOTHCS; JIOT1YHI 3HAYEHHSI CUTHAJIB 30y KeH-
Hs TpurepiB Ji, K, HeoOXiaH1 11 iX nepeBeieHHs 10 NOTPiOHOro
CTaHy.

Tabmuusg 5.14 — TaGnuis nepexoaiB aBToMaTa

Hou. | Koxmouar- | Hacr. 3HaueHHs QyHKUIN 30y1KEeHHs
CTaH | KOBOTO CTaHy CTaH Cursanu TpHUTepiB
qin qu

T3 T2 Tl Bx Bux J3 K3 Jz Kz 'Jl Kl
% (000 g |1 ]|y O] *]0|* |1 |*
9. |00 1] g [1 |y, [o]* 1 |* [~ |1
9 |01 ]0| g | x| VY, |O]|* |* |0 |1 |*
% |0 2[00 g | x|y |21|* |* [1]0 |*
G |0 1|21 q [1 ]y [2]* [* |1 [* |1
9 |[1/0]0] @ |1]Y |*]|21]0]|* |0 |*




5. OneprxaHHs MiHIMI30BaHMX (QYHKIIH 30y/IKEHHS, 110 Tepe-
KJIFOYAIOTh TPUTEPH y HOBHUI CTaH:

Ji = Ji (Tlm T2n1 Tgn,X); Ki = Ki (T1n1 T2n1 T3n1X); (I = 1, 2, 3)

JI1st IIbOTO MOXKHA CKOpHUCTYBaTHCs Kapramu Kapro (puc. 5.36).

\]1 QZ Kl QZ
* 0 1 *
Q1 Q,
* >< 1 1 >< *
X X
* o1 1 x| *
* 0 1 1 * *
Qs Qs
J, Q2 Ky Q
1 * 1 1
Q1 >< Q:
* * 1 0
X X
1 0 0 0 * | *
Qs Qs
J3 Q2 KS QZ
1 1 * *
Ql Q1
! >< 0 * *
X X
0 x| 0 * 1 *
0 * 0 * 1 *
Q3 Q3

Pucynok 5.36 — Jliarpamu Beitua - KapHo 11 MiHiMi3arii
¢byHKLIH 30yPKEHHS TPUTepiB



Ha kaprax Kapno (puc. 5.36) XpecTUKOM MMO3HAYCHI KIITHHKH,
10 BiJIMOBIIal0OTh KOJIaM CTaHIB, sIKIi HE BUKOPHCTOBYIOTHCS. 3pO-
3yM1JI0, IIT0 BOHH MOXKYTh BKJIFOUATHCS B KOHTYPH MOPsAT 13 31poy-
KaMHU, 10 TI03HAYa0Th HEBU3HAYCH] 3HAUYCHHS CUTHAJIIB.

PesynbraTu MiHiMi3allii TOJaHi BUpa3aMH.:

=X, +T,T;, Ki=1;
=Ty, K, =X, +TT,;
J3:K2; K3:1.

6. [lepexin no 6asucy [-HE, ckopuctaBmmch 3aKOHOM TMO/IBiii-
HOTO 3arepeyeHHs 1 mpaBuiioM e MopraHna:

J, =XT5-T,T;, Ky =1 J,=T;, K,=XT, -TT,;
J;=K,, K;=1

7. OTpuMaHHs MiHIMi30BaHUX (DYHKIIIH, 110 OMUCYIOTh BHXIHI
curHanu: yi = yj (T1, T2, Ta); (i=1, 2, 3).

BuximgHi curnanm Bupasumo B 6asuci [-A6o-He.

Ockinpku B aBTOMaTi Mypa BHUXIJHI CUTHAIIM 3aJIekKaTh SBHO
JMILE B1Jl CTaHy, TO BXIJHUM CUTHAN x OyJe BIJICYTHIM y BHpa3ax,
10 OMUCYIOTH yj. [nst 1mporo B TabnuIll MEpexojiB 3HAXOIUMO
CTPIYKH, B AKUX 3aMUCAHUNA BUXIJTHUM CUTHAT Y 1 3aITUCYEMO HOTO
JIOTIYHHUI BUpa3 3TiHO 13 3HAYCHHSIMH BUXOJIB TPUTEPIB T1,, T2,
Ts,. Hanpuxman, BUXiIHUIM CUTHAN Y; 3HAXOAMUTHCS B MEPIii abo
JPYTii cTpiukax, M0 BiAMOBIIaI0Th cTaHaM ( 1 (;, TOMY JIOTIYHUHN
BHpa3 JUlsl HbOI'O 3alMILEThCS Yepe3 3HAUEHHS BUXOJIB TPUTEPIB
TaKUM YHHOM:

Y, = TLT + TTT, = T,T;,
Jie 11 OTPUMAaHHS KiHIIEBOTO BHpa3y JI0 MEPIIOro i APYroro ao-
JaHKIB OyJO 3acTOCOBAHO 3aKOH CKJICIOBaHHS JUIsl U3 IOH-
KTUBHOI (hopMmu.
AHajoriyao

Y, =0, +0q,= TT,T, + TT,T,.



Jns MiHiMi3anii Bupasy BHKOpHUCTaeMoO Jiarpamy Beifua
Kapno m1s Tppox 3minuux (puc. 5.37).

I3 miarpamu Beitua—KapHo 3HaxoquMo MiHIMI30BaHMN BHpa3
IUISL CUTHAITY V!

Y, :-Fsz +T;.

Ty

.| ~ =1 1]

Pucynok 5.37 — Jliarpama Beitua - KapHo uis MiHiMizanii
BUpA3y JIOTIYHOTO CUTHAITY Y,

I3 Tabnuii nepexo/iB 3amUCyeEMO JIOTTUHUN BUpa3 AJs BUXiJ-
HOro curHany Y; (5-ta crpivka, cTaH (s):
y; = TT,T5.
MiniMizyemo ioro 3a momomororo niarpamu Beiiua —Kapno

(puc. 5.38). I3 niarpamMu OTpUMY€EMO:
Ys=T.T,.

Ty

Tz, 1 *l *

*

Ts

Pucynok 5.38 — Jliarpama Beitua - KapHo 1711 MiHIMIzaLii Y,

8. [ToOyayeMo JIOTIYHY CXeMy aBTOMaTa, BUKOPUCTABIIH J103-
BOJICHI JIOTIYHI €JIEMEHTH Ta TPUTEPH 3aAaHOr0 TUIY (puc. 5.39).
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Pucynok 5.39 — Jloriuna cxema CHHTE30BaHOTO aBTOMAaTa

5.3.3 CunTe3 cxemu aBromaTa Miii, 3a1aHOr0 aJITOPUTMOM

Posrnsinemo cunTe3 aBTOMata Mijl Ha MpUKIaAl JE€IKOro Ke-
PYIOYOro aBTOMara BipTyaJbHOI'O Mpolecopa A peajizalii omne-
partii, 3agaHoi cxemoro anroputMy puc. 5.40. Ha HboMy B yMOB-
HUX BEpIIMHAX CTOSTHh BXiAHI curHanu aBromata X1, X2, X3, X4,
XS5 (curHanmm ymoOB omepaliifHoro 0yioka mpoiiecopa), a B Olle-
pariiiHiX BepIIMHAX — CUTHAIIM KepyBaHHs ONepariiiHuM OJI0KOM
npouecopa Y1, ..., Y11.

Cunte3 LA mpoBoauMoO, KepyIOUHCh MOCTIJIOBHICTIO €TalliB 3a
CXeMOI0 puc. 5.25.

1. IlpoBOOMMO PO3MITKY CXEMH aIropuTMy (IuB. po3a 4,

m. 4.3).
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Pucynok 5.40 — Cxema anroputmy QyHKIIOHYBaHHSI aBTOMaTa

ITix yac po3aMidyBaHHS rpad-cxeMH aaropuTMy aBromara Mimi
(puc. 5.40) Buxou orepaTOPHUX BEPIIUH BIJ3HAYAIOTHCS CHMBO-
JaMH BHYTPIIIHIX CTaHiB aBTOMata (o, Js, ..., Qn. 718 iHIIIIATBHOTO
aBTOMAaTa MOYaTKOBA 1 KIHIIEBA BEPIIMHHU MO3HAYAIOTHCSA OJHUM 1
THM CaMHUM CTaHOM (.

[Tepexonu aBTOMAaTa 31 CTaHy B CTaH 3A1MCHIOIOTHCS T BILIH-
BOM BXIJHUX CHTHAIiB, BIANOBIIHUX BUKOHAHHIO a00 HEBUKOHAH-
HIO YMOBH X;. HeBHKOHAHHS yMOBHU BiJIIOBi/Ia€ i1HBEPCHE 3HAYCH-
Hs1 0 3MiHHOI X;, BAKOHAHHIO YMOBH — IIpsiMe 3Ha4eHHS 1.



[Tpy BUKOHAHHI YM HEBUKOHAHHI KiIJIbBKOX YMOB OJJHOYACHO Iie-
pexin 3IIHCHIOETBCS TMMiJ BIUIMBOM CHTHAITy, IO ITOJA€THCS
KOH IOHKIII€}0 BIJMOBIIHUX MpsAMUX a00 IHBEpCHUX 3HAYCHD
3MIHHHUX.

2. Bukonaemo ¢opmainizoBanuii onuc L{A y BUTIIsAIl OpieHTO-
BaHoro rpada (puc. 5.41). Bepmmunamu rpada € cranu aBTomara,
a oro AyTru OMHUCYIOTh BC1 MOXKJIMBI IIEPEXOIU 3 OAHOTO CTaHy 110
IHIIIOTO Y TIOCJIITOBHOCTI BUKOHAHHS €TalliB aJITOPUTMY POOOTH
aBromara. [To4aTok Myru MO3HAYAETHCS BXITHUM CUTHAJIOM, SIKHIA
IHIIIIOE TIepeXia 3 MONEPEIHBOr0 CTaHy JI0 HACTYIHOTO, & BHXIJ
YT — BUXIJHAM KEPYBAIBHUM CHUTHAJIOM, SIKHI BHPOOJISiE aBTO-
MaT y IbOMY TepPEXO/ii.

Xs

Pucynok 5.41 — ®opmansuuit onuc LA y Burmsiai oprpaga

3. Ha erami minimizanii [{A BuOuparoTh aOCTpakTHUI aBTOMAT 3
MiHIMaJIbHOIO KUJIBKICTIO CTaHIB Cepejl YCiX €KBIBaJEHTHUX aBTO-



MariB. JJI1 IbOr0O B MHOXHHI CTaHIB 3HAXOMISTh CKBIBAaJCHTHI
KJIacH Ta 00’ € THYIOTh 1X Y HOBI cTaHu (AuB. po3a. 4, 1. 4.7).

4. Ha erami po3poOJeHHS CXeMU CTaHIB aBTOMaTa CIIOYaTKy
BH3HAYAIOTh KUIBKICTh €JIEMEHTIB ITaM ATi 3a (OPMYIIOI0

n=[log, M ].
VY namomy Bunaaky M = 5. Otxe, n :!_Iog25—|:(2.32—|:3. 3a

€JIEMEHTHU TaM’ ST BUOMpaeMO CHHXPOHI30BaHi Tpurepu D-tumy i
3aJ1a€MO TaOJIUII0 KO/iB cTaHiB (Tadu. 5.15).

Tabmuus 5.15 - KonyBanHs cTaHiB aBTOMaTa

Cran Kon crany
di T3 Tz T1
Jo 0 0 0
ot 0 0 1
02 0 1 0
0 0 1 1
0 1 0 0

SIKIO BUXOAM TpPUTepiB MOJATH Ha BXOAM Jemudparopa 3
M Buxonamu, TO OJMHHUYHMN CUTHAJT HA OJHOMY 3 BHUXOJIB Jie-
mudparopa mokaxe crad apromara. Cxemy cTaHiB po3poOiroBa-
HoOro aBToMaTa Mini mojaHo Ha puc. 5.42.

5. et eranm CTPYKTYpHOTO CHHTE3y — pPO3pOOJEHHS TaOIHIl
NepexoiB aBToMaTa, Ky OyAyIOTh BIAMOBIIHO 10 rpada ocTaH-
HborO (puc. 5.41). KinbkicTh psAakiB y TaOmHIl niepexodiB (Talir.
5.16) nopiBHIOE KIIBKOCTI AYT Ha rpadi (KUIBKOCTI Pi3HUX MHepe-
XOZIB 13 cTaHy A0 cTaHy). /[ KOXHOro nepexoay 3amucyloTh
MMOYaTKOBUU CTaH, WOTO JBIMKOBUW KOJ (CTaHU TPHUTEPIB), CTaH
icJIs mepexo/ly Ta Horo IBIMKOBUI KO/, KOH IOHKII{ BXiTHUX CHU-
THAJIB, IO SIBJISIOTH COO0I0 YMOBY Tepexoy (3amucaHi Ha moyva-
TKY 1yT OpieHTOBaHOrO rpaga puc. 5.41), a Takox BuxizaHi (kepy-
BaJIbHI) CUTHAJIM, 10 BUPOOJSIOTHCS aBTOMATOM ITi/T Yac JTaHOTO
nepexoay (HUMH MMo3HaueHi KiHIi 1yr rpada).
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Tabmuus 5.16 — Tabnuisg nepexoiB aBToMaTa

Tloua- Kopn crany Ha- Kopx crany Curnanu OyHKIiT
TKO- CTym- 30y/KeHHS TPH-
BUiA HHI repis
CTaH cTaH

T3n Ton Tn T3y Tou Ty | Bx Bux D3 D2 D1
Jo 0 0 0 (o1 0 0 1 X1 Vi 0 0 1
Jo 0 0 0 o ]} 0 1 0 X1 X3 Y, 0 1 0
Jo 0 0 0 o) 1 0 0 X1 X3 Y, 1 0 0
(o1 0 0 1 Jo 0 0 0 X, Vs 0 0 0
o 0 |0 |1 g; [0 |1 0 X, — |0 |1 o
(o} 0 |1 |o0 g; |0 |1 1 1 Ye¢ |0 |1 |1
0s 0 1 1 Jo 0 0 0 Xy Yio 0 0 0
0s 0 1 1 Jo 0 0 0 X 4 — 0 0 0
04 1 0 0 Jo 0 0 0 Xg Vi1 0 0 0

Qs |1 [0 [0 | g [0 [0 [ o] X5 | — |0 |0 |oO




Jns TpurepiB IHIIMX THUIIB 3HaYeHHS (QYHKUIA 30yIKEHHS
OJICP)KYIOTh 32 TAOJIHMILISIMH IIEPEX01y JaHUX TPHUTEPiB.

6. Ha erani cunTe3y QpyHKIIN Mepexo/iB i BUXO/IB 3aIIUCYEMO
JIOT14YHI BI/IpaSI/I nux GyHKIi# 3rigHo 13 Tad. 5.16 y Burisai moc-
KOHAJIMX /M3 IOHKTUBHUX HOpMaJIbHUX (POpM, MpH mbOMY iX ap-
TYMEHTaMU BBaKAIOTHCS MOYATKOBUH CTaH JAHOTO MEpexony i
BX1/IHUH CUTHAT:

Dy = 0oX, + 0y,
D, = QX X; + X, + 0y, (5.20)
D, = 0%, X;.
Y1 = QoXy,
2 = QX X,
Y5 = U Xz,
Y6 = U (5.21)
= QpX, X5,
Y10 = U5y,
Y1 = 0y Xs

Habip ¢ynxuiit (5.20) BUKOpHUCTOBY€ETbCS /17151 TOOYI0BH JIOTi-
YHOT CXEMH IMepexo/iiB aBToMara, a (5.21) — cxemu BHXO/IiB aBTO-
Mara.

7. Eran minimizanii morivanx ¢yskmin (5.20) 1 (5.21) 3pyunHo
3MIHCHUTH 3a MeTojoM Beitua - KapHo, ockinbku 4yucio ix apry-
MeHTIB MeH1Ie /. OgHaK y IbOMY BUIIQJIKy MiHIMIi3allis HE IPOBO-
JUTHCS, OCKUIBKU Bi3yaJIbHO MOXHA OauMTH, 110 Hi AJI OJHOTO
BHpa3y HE MOXHA 3aCTOCYBATH 3aKOH CKJICFOBAHHS YU IMOTJIMHAH-
Hs1. KiNbKiCTh JOTIYHHUX €1eMEHTIB MOKHA 3MEHIIUTH 32 PaXyHOK
TOTO, MO JAESKI BUX1JHI CUTHAJIU OJIEPKYIOTHCS HA BUXO/II JIOT14-
HUX €JIEMEHTIB, SIKi BJ)K€ BUKOPUCTOBYIOThCA Y (DYHKIIISIX TIEpeXo-

niB (nopieusiite, Hanpukiay Dy i y;).



8. Eran mepexony 10 3aaHoro 0a3ucy 3MIMCHIOETBCS TaK, SIK
MOSICHEHO B TIOTIEPEIHBOMY TTPUKIIAI].

9. Ha erami moOyzoBu cxeMH aBTOMaTa 3a JIOTIYHUMH BUpa3a-
MU (QYHKITIH, TPUBEICHUMH JI0 3aJaHOTO JIOTIYHOTO 0a3ucy, BCTa-
HOBJIIOIOTh CKJIAJ] HEOOX1THUX JIOTIYHUX €IEMEHTIB 1 BY3JiB, MOC-
JJOBHICTB iX 3’€qHAHHS B OJHY CXEeMYy, 1 KpecisiTh ii 3 JAOTpH-
MaHHSIM CTaHJIAPTiB.

5.4 EneMeHTapHi aBTOMATH

[Topsizx i3 TpurepaMu 110 eIEMEHTapHUX aBTOMATiB MOXKHA Bif-
HECTH DPETICTPU Ta JIYWIbHUKHU. EneMeHTapHUMHU iX MO>XKHA BBa-
ATl TOMY, IO BOHH Peaji3yloTh HAUMIPOCTIIIl aJrOpUTMH 00pO-
OKU IU(PPOBUX CUTHAIIB 1 BUKOPUCTOBYIOThCA SIK 0a30Bi eJeMeH-
TH T 9ac OO0y0BH OOYHCITIOBAILHUX aBTOMATIB (MiKPOIPOIle-
COpIB), Ta aBTOMATIB (MIKpPOKOHTPOJIEPIB Ta CIEliali30BaHUX aB-
TOMATIB JKOPCTKOTO THUIy), OPIEHTOBAaHWX HAa aBTOMATH30BAHE
yIpaBIiHHS TEXHIYHUMH Ta TEXHOJIOTTYHUMHU 00’ EKTaMHU.

5.4.1 PericTpu

JIBiiikOBI UKcia Ta iHIIA JBIHKOBO-KOAOBaHa iH(oOpMallis y 3a-
raJIbHOMY BUIIaJKy MICTSATH N OIT. 3a mpHUCTpoi, 110 3a0e3MeuyroTh
iX 30epeXeHHs, BUKOPUCTOBYIOTh PETICTPH, SIKI 00'€AHYIOTH N
TPUrepiB B OJUH MPUCTPIH.

PerictpamMu Ha3uBalOThCS MPUCTPOi, 110 BUKOHYIOTH (YHKIIIT
npuiioMy, 30epexeHHsl Ta nepeaadi ABiKkoBuX ciiB. Okpemi Tpu-
repH, 10 BXOJATh /10 CKJIQAY pericrpa, Ha3uBaIOTHCS PO3pPsIaMU
perictpa. Slk mpaBuio, B perictpax BUKOPUCTOBYIOTH TPUTE€pPHU
RS-, D-, JK-tuny. Kpim HuX, 10 CKJIaqy pericTpa BXOIUTH P
cXeMm, 10 3a0e3Meuyr0Th YIPaBIiHHA HOro PoOOTO0. 3a TI0TTOMO-
TOI0 LIUX CXEM MO)KHa CKUHYTH perictp y crad “0”, B34TH CJIOBO 3
IHIIOTO pericTpa, nepeaaTH CJIOBO B IHIIUM PETICTp, MEPETBOPUTH
HOCIIOBHUIA KOJI CJIOBa B MapaJielbHUN Ta HaBIAKH, 3JIHCHUTH
3CYB CJIOBa BIPABO YM BJIIBO Ha 3ajJjaHy KUIbKICTh PO3PSAIIB, BUKO-



HATH MOPO3PsIIHi JOTiuHi onepauii Haj cioBaMu. OCHOBHOIO KJila-
cu(iKaIifHOI O3HAKOK, 3a SKOK PO3PIZHSAIOTH PETICTPHU, €
crnioci0 3amucy iHdopmarii B perictp. 3a IMi€l0 03HAKOK MOXKHA
BHJIUTUTH TaKi TUITH PETICTPIB:

- apajenbHi;

- MOCTiI0BHI (3CYBY);

- apajaeabHO-TIOCTIIOBHI.

VY napanenvuux perictpax NMpuiioOM Ta BUaya CIIiB BUKOHYETh-
cs 32 BCIMa po3psiIaMy OJJHOYACHO, X OCHOBHA (DyHKITisl — 30epe-
KCHHSI CIIOBAa. B HUX TakoX MOXXYTh BUKOHYBATHCh TOPO3PSIHI
orepariii HaJi CJIOBaMH.

IlocnioosHi PericTpu XapaKTepPU3YIOThCS MOCIITOBHUM 3allH-
COM KOy 4YHCIIa, TOYHHAIOYH 3 MOJIOAUIOTO YK CTApIIOTO pO3psi-
1y, IIJISIXOM TTOCITIJJOBHOTO 3CYBY KOJIy YMCJIa TAKTOBHUMH IMITYJTh-
camu. Yepe3 me ix Ime HaA3WUBAIOTh 3Cy@HuUMuU perictpamu. Po-
3pI3HSIOTh PEBEPCUBHI (MOXKIUBUN 3CYB SIK BIIIBO, TaK 1 BIPABO)
Ta HEPEBEPCHBHI (3CYB MOXJIMBHUU JIHMIIE B OAHOMY HAIPSMKY)
pericTpu.

IlapanenvHo-nocnioosni PericTpu MarOTh OJHOYACHO BXOIU
napajieabHOro Ta MOCHiJOBHOTO MpHUiioMy (BUAAyi) CIiB, @ TAKOX
MOXYTh BHKOHYBAaTH TICPETBOPEHHS MapajelbHUX KOMIB Ha
IMOC/IITOBHI Ta HABITAKH.

3a KUIBKICTIO KaHAIIB Iepeaayl JaHUX po3pi3HAI0TH napadasHi
Ta ofHo(a3Hi perictpu. Y napadazHux KOXKHUN po3psiz CIiB Ie-
penaeTbes Mo JBOX JIAHIIOTaX — Y BUTJSAL MPSMOTO 3HAYEHHS,

Hanpukial, Q; — OTHUM JIaHIIOrOM Ta iHBepcHoro Q, — iHmmM. B
OJIHO(A3HUX PETICTpax KOXKHHUU pO3psi MEepelaeThes JUIIE Of-
HUM JIQHIIIOTOM.

CxeMy HaWMPOCTIIIOTO N-PO3PSTHOTO napaneibHo2o oTHODA3-
HOTO pericTpa MOKHa CKJIacTH, 00’enHaBImM N RS-Tpurepis

(puc. 5.43). Bxoau a_n, oy a_0 TAaKOro pericTpa mpu3Ha4yeH1 s

rapajeabHOro BBEJCHHS pPO3psAiB ABIMKOBOrO ClioBa B 1HBEpC-
HOoMy Koai. Ockinbku Ha Bxoau S 1 R TpurepiB moBuHHI
3aBX/IM HAAXOIUTH MPOTHIICKHI CHUTHAIM, TO Ha BXOMI S KOX-



HOTO TpHUrepa BHKOPUCTAHO JAOMOMDKHI IHBEPTOpPHU. 3ammc
NBIHKOBOIO CJIOBA @ ...a, A03BOJIA€ TaKTOBMH iMmyibe C, 1m0

OJIHOYACHO HAJIXOJHUTh Ha CHHXPOBXOJHM BCIX TpPHUIEpiB
perictpa. Ilicns 3akiHYeHHS I[LOTO IMITYJLCY 3HAYCHHS Y, ...,
Yo PO3pAMiB JBIHKOBOTO CJIOBa 3 SABJATBCS Ha BHXOJaX
pericTpa.

3cyeni pecicmpu (puc. 5.44) 6ynyroTh Ha CHHXPOHI30BaHUX
TpUrepax, 3'€JHaHUX MOCIIIOBHO TaK, 110 BUXITHUN CHTHAJ
OJITHOTO 3 HUX HAJAXOJUTh Ha iH(GOpPMAIIWHUN BXiJ HACTYITHOTO.
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Pucynox 5.44 — Cxema 40TUPUPO3PSATHOTO 3CYBHOTO
perictpa (a) 1 vacoBi giarpamu iioro podotu (0)



TakToBi Bxomu Bcix TpurepiB o0’ennani. [lns moOynoBu
3CYBHUX pEricTpiB BHKOPUCTOBYIOTH JBOTAKTHI TpPUTEpH,
BHUXIJIHI CUTHAIHU SIKUX 3MIHIOIOTHCS JIMINE ITICIS 3aKIHYEHHS
CIUIBHOT'O TAKTOBOTO CHUTHAIY CMHXPOHI3aIlii.

Curnanom ckuny “Yer. 0” Bei po3psiiu pericTpa CKUIAAI0ThCS
70 HYJIbOBOTO CTaHy, MicIisl YOT0 3 JOMOMOTOI CHHXPOHI3YIO-
YOTO CHTHAIIy PO3MOYNHAETHCS MPUHMAaHHS KOy Ha BXiJ peric-
Tpa, akuM € Bxigx D tpurepa T4. I3 KOXKHUM TakTOM CHH-
XPOHI3YIOUOTO CHTHAIY Ha e BXiJl HAAXOAWTh 3HAYCHHS Yep-
TOBOT'O PO3psAY, TOMY HOro Ha3WBaIOTh IOCHIJIOBHUM BXOJOM
perictpa. Y KOKHOMY TaKkTi CHHXPOHI3YIOUOTO IMITYJIbCY KOXKEH
HACTYIHUU TpUTEp MEPEXOIAUTh Yy CTaH, B SKOMY paHillie nepe-
OyBaB MOTIEPEIHINM, a KOJ 3CYBA€ThCA HA OJUH PO3PSJ IMPaBO-
py4.

YacoBa niarpama 3amucy B perictp koxy 1101 mmsxom
MOCIIOBHOTO 3CYyBY MOKa3aHa Ha puc. 5.44, 0.

{06 3cyHyTH KOJ 4YHCIlIa HE JHIIE MPaBopyd, a i JiBOpyY,
HEOOX1JHO BBECTH B KOXKEH PO3PS PericTpa J0JaTKOBI CXEMH
(puc. 5.45).
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Pucynok 5.45 — CTpyKTypa peBepCUBHOTO 3CyBHOTO
pericTpa



Jnst 3cyBy Koy Cl0Ba MPaBOPyY OJHOYACHO 3 TAKTOBHUM CH-
rHaJoOM Ha ImuHI “3cyB” MOTPIOHO MONATH OJUHUYHUN CUTHAII HA
mmny “TlpaBopyd”, sSKuil BiAKpHE HMXKHIO cxeMy | cxemu
21-A60 1 migiMkHe BUXia Qi KOXKHOTO JIIBOT'O TPUTEpa 0 BXOIY
Di.1 KOXHOro mpaBoro.

5.4.2 JliynJabHUKHA

JiYMITEHUKOM HA3WBA€ETHCS OMEPAIIHHUI €JIeMEHT, 0 3a0e3-
nevye 30epiranns cjaoBa iHGoOpMarlii Ta BUKOHAHHS HaJl HUM MiK-
poornepariii aiu6u. Mikpoormepariiis Jiuou moysrae B 3MiHi (30i-
JbIICHHI 200 3MEHIIEHH1) BMICTY JIIYMIbHHUKA HA OAMHULIIO. Kpim
TOTO, B JIYMJIBHUKY BUKOHYIOTHCS TaKi JONOMDXKHI MiKpoorepa-
1ii, IK OUMIIeHHs], 30epiraHHs BMICTy, BUJla4ya CJIOBa.

VY LA niYnIbHUKA BUKOPUCTOBYIOTBCS JIUISl YTBOPEHHS TTOCITi-
JIOBHOCTI a/ipec KOMaH/I, JJIs JTi4OH KiJIbKOCTI ITUKJIIB BUKOHAHHS
oriepartii, TiJCHHS YaCTOTH IMITYJIbCIB Ta 1HIINX IIUICH.

JliunnpHUKHA MOXKHA KITacU(iKyBaTH Ha OCHOBI TaKUX O3HAK, K
crnocid KoTyBaHHs, MOYJIb JIIYOH, HAIPSMOK Ji40H, criocid opra-
Hi3alil MDKpPO3PSAAHUX 3B'SI3KIB, CMIOCIO oprasizamuii Ji40H.

3a crmocoboM KOyBaHHSI PO3PI3HAIOTH JIYUIBHUKH 3 TTO3HININ-
HUM Ta HEMO3ULIWHUM KOJTYyBaHHSIM. Y JIYMIbHUKAX 3 MO3UIIN-
HUM KOJyBaHHSM YHCIIOBHI BHpa3 i-ro MOTOYHOTO CTaHy BH3HA-
4yaeTbes 3a GopMysioro

S = Zakyk |
k=1

1ie N — KUTBKICTh PO3PSIIiB TiYHIbHHIKA; 8 — Bara K-ro po3psiay;
Yk — Jioriune 3Ha4eHHs K-ro po3psny (0 um 1).

3pa3KoM TaKoro JIUUIbHHUKA € TIYUIBbHUK I 190U B JABiH-
KOBI/ CUCTEMI1 YUCIICHHS.

VY JiYnIbHUKAX 13 HEMO3MLIMHUM KOAYBaHHSAM pO3PSAIN HE
MaroTh CTAJIMX Bar, i YUCIIOBOTO BUpA3y CTaHy JIIYMIbHUKA Haja-
HO KO’KHOMY HaOopy po3psai. Llel Tum Ji4nIbHUKIB 3aCTOCOBY-
I0Th P1JIKO.



Mooyns nivbu M,;,, — 1€ KUTbKICTh PI3HUX CTIMKUX CTaHIB
JIYUIbHUKA, B SIKI BIH NEPEXOAUTh Y MPOIECI OJHOTO IHKITY
niu6u. [Hakme kaxy4u, 1ie TpaHUYHA KUIBKICTh IMITYJIBCIB, IO iX
MOJKE MEepeNYuTH JYIbHUK. Hanpuknasn, TiYUIbHUK, 1110 MOXE
miguru Big 000 go 111 (y ABifikoBil crcTeMi), TOBUHEH MaTH
BICIM pI3HMX BUXIJHUX CTaHIB — JIYWIBHHK 3a MoaylieM 8. 3a
3HAUEHHSM MOMYJSl JTIYOM PO3PI3HSIOTH 08ilik0gi JIUNIHHUKU
(M
niyOu He OPIBHIOE HiJIOMY cTerneHto yucna 2. OcTaHHI KOQyIOTh
TaKOXX JBIMKOBUMHU Kojamu. Hampukian, miduiabHUKH 3 M, =4,
16 unm 32-—pgBifikoBi, a 3 My,=5, 10 un 12—-3 [DOBIILHUM
koedimienTom niubu (nBiiKokoaoBaHi). JliunneHuk 3 M,;, =10 va-
CTO HA3WBAKOTh JICKATHUM, 200 JIECATKOBUM.

3a HampsMOM Ji4OM JYMJIBHUKU TOIUISIOTBCS Ha nidcymo-
8Y8aIbHI, BIOHIMANLHI Wi pesepcueni. Y TEPIINX HAIXOKECHHS Ha
BX1J] OIHOTO IMITYJIbCY 301IBIIYE BMICT JIIYMJIbHUKA HA OMHUIIIO,
y IPYTHX — 3MEHIIY€E Ha OJMHHUIIIO, @ B TPETIX MOXHA peallizyBaTu
00uIB1 MiKpooIiepartii.

3a cnocoOoM opraizamii Ji90M PO3PI3HAIOTH ACUHXPOHHI H
CUMXPOHHI TYWIBHUKUA. B acHHXpOHHOMY JYMIBHHUKY JIYWIbHI
IMITYJIbCH HAAXOMASATH JIMIIE Ha BXIJ HEPIIOro TpUrepa i KOxkKeH
HACTYITHUN TPHUTep MEPEMUKAETHCS JIMINE MICIs 3MIHUA CTaHy IO-
nepenHboro. Yepes mociiJoBHe NEPEMUKAHHS TPUTEPIB Yac ycTa-
HOBJICHHS B aCHHXPOHHHUX JIIYMJIBbHUKAX MA€ 3HAUHY BETUUHHY:

t,=t+nz,

yem

=2") 1a 3 dosinbHum Koepiyicnmom niubu, B AKX MOIYIIb

iy

ae t,— TpUBAIICTh CHHXPOIMIIYNBCY; N — KUIBKICTb PO3PsIIB
JTIYWIBHUKA; 77 — 4aC NEPEMHUKAHHS OJHOIO TPUIrepa.

Y CHHXPOHHOMY JIIYMJIBHUKY JIYMJIBHI IMITYJbCH HaIXOZISTh
OJIHOYACHO Ha BXOJHM BCIX TPUTEPIB, 1 BOHU NMEPEMHUKAIOTHCS CHH-
XPOHHO 3 TAKTOBHM IMITYJIbCOM.

CtpykTypH IBIHKOBUX JIIYMJIBHUKIB MOXHa CHHTE3yBaTH (op-
MaJIBHUMH METOAAMHU a00 O/Iep)KaTH €BPUCTHYHUM HUISXOM, TOO-



TO BU3HAYEHHSIM 3aKOHOMIPHOCTEW 3MiH JBIMKOBHX 4YHCEN MpPU
[MOCJIIAOBHIM J1140i.

PosrisiHemMo 3pocrarody Ta CHajHy MOCTITOBHOCTI JBIHKOBHUX
YOTUPUPO3PSTHUX YHCEI.

[Tix yac mpsiMoi miubu (IiACYMOBYBaHHS) CYCIAHINA cTapIiui
PO3psi 3MIHIOE CTaH Ha MPOTHIICKHUH 13 TIEPEXOOM CYCITHBOTO
mosoamioro po3psaay 3 1 Ha 0. Orxe, MiICyMOBYBaTbHUHN JTYHITb-
HUK MOXKe OyTH 0Oy/IOBaHMH 13 IBOTAKTHUX JIIYMIBHUX TPUTEPiB
13 yIpaBIiHHAM 3a PiBHEM, NPH LBOMY NPSMHIA BUXiJl KOKHOTO
TpUrepa MOBUHEH OyTH 3’ €THAHUH 13 BXOJIOM KEpYBaHHS KOKHOTO
HACTYIHOTO Tpurepa (puc. 5.46 a).
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Pucynok 5.46 — CTpyKTypH MiJICyMOBYBaJIbHUX JIIYUIbHUKIB
SIKII0 BUKOPUCTOBYBATU OJHOTAKTHI TPUTEPH 3 MPSAMHUM JIH-
HaMIYHUM KEpYBaHHSAM, TO HEOOX1JMO 1HBEPCHHUM BUXIJl Tpurepa



KO>)KHOTO MOJIOAIIOTO PO3psAy 3’€qHATH 3 JIYUIBHUM BXOJOM
TpUTEpa CYCIAHBOTO CTapIIOro po3psay (puc. 5.46 0).

BukopucToBYyrOUM OJHOTaKTHI TPUrepH 3 IHBEPCHUM TUHAMIY-
HUM KEPYBaHHSM, MPSIMUNA BUX1JI KOXXHOTO TPUTEpa IMiIKII0YA0Th
710 BXOAY KepyBaHHsI HacTymHoro Tpurepa (puc. 5.46B). Ilix gyac
3BOPOTHOT J114OM (BiHIMAHHSI) HACTYITHI PO3PSAIN 3MIHIOIOThH CBIiH
cran 3 0 Ha 1. Tomy cxema BiIHIMAIBHOTO JIUMJIbHUKA SBIISIE CO-
OO0 JIAHITFOKOK 13 TPUTEPIB 3 MPSAMUM JTHHAMIYHUM KEPYBaHHSIM
(puc. 5.476). Inmi BapianT cxemu (puc. 5.47 a, B) OAEpPKYIOTh Ha
IiJICTaBl aHai3y, aHAJOTIYHOTO 3pO0JEHOMY paHilIe I MiACY-
MOBYBAJIBHOTO JIIYMIIbHHKA.
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Pucynok 5.47 - CTpyKTypH BiAHIMAJIbHUX MOCIIJOBHUX
JTYUITBHUKIB

OCKiTbKM B OJICpKAHMX CTPYKTypax JIYMIBHUKIB KOXKEH
HACTYMHMUHA TpUrep MEPEMHUKAETbCS BHUXIJHUM CHTHAJIOM TIOIe-



pPeAHBOTrO, TO X HA3WBAIOTh MOCTIIOBHUMHU. Taki JIIYHUIBHUKA
MaroTh MPOCTY CXEMY, ajie i HU3bKY MIBUAKOIII0. Y MOCIiIOBHO-
My JHUMIIBHUKY Yac YCTAHOBJICHHS OyJe MakCHMMaJbHHM Ha Iepe-
X0JIax, sIKi CYMpPOBOJDKYE IMEPEMUKaHHS BCIX pPO3psiIiB, Halpu-
kian, Big 1111 go 0000 y 9oTHpUpO3psSAHOMY MTiACYMOBYBAJIbHO-
MY JIIYHUJIBHUKY.

Cxemu IBIHKOBHX TMOCIIJOBHUX JIIYMIBHUKIB OyIyrOTh Ha 0a3i
RS-, D- a6o JK-TpurepiB, YBIMKHEHHX 3a CXEMOI JIIYUIBHOTO
tpurepa (puc. 5.48).

3’eHaHHS 1HBEPCHOTO BUXOAY KOxXHOTO D—Tpurepa 3 miunib-
HUM BXOJIOM HACTYITHOTO TpHUTepa Yy 3a3HAYCHOMY JIYMIBHHUKY
Jla€ MOKJIMBICTD IEPETBOPUTH MOTO HA JIIYMILHUIA TpUrep. 3aBIsi-
KM BXO/IaM TIE€PETyCTAaHOBICHHS dy — d3 MOYKHA 3a3JIAJIeTi/lb 3aHe-
CTH B JIYWJIBHUK MOTPIOHE YMCIIO, HATIPUKIIAJ aJpeCy 4YeproBoi
KOMaH/IH.
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Pucynok 5.48 — JIBiiikoBU JIIYWIBHHK 32 MOTYyJIeM 16

Ilpuxnao 5.3. BU3HauuTH, KU KOJI YCTAHOBUTHCS Ha BUXO/I1
S5-pO3psATHOTO  JIBIMKOBOTO BIJHIMAIBHOTO JIYMUJIBHUKA MICIS
HiipaXyHKy HUM 25 iMIYJIbCIB.

Po3zes’sa3yeanns

OCKiUTBKM TOYAaTKOBHM CTaH JIYMJIBHUKA BIJIMOBIAAE€ KOy
11111 (makcuManbHE YHCIIO, IO BITOOPAXKAETHCA B IOMY
JTYMWIBHUKY), TOOTO yMcay 31, TO micis BiIHIMaHHS BiJl HBOTO



yrcia 25 B HbOMY 3anuIueThest yucio 31 —25=6, To0To y nBiiko-
BoMy Bursiai 00110.
Bionosios: ycranoButbes kog 00110.

Ha npaktuiii yacto moTpiOHI JIYMIBHUKH, KOSQIMIEHT JIUYOH
SIKHX BIJPI3HAETHCS Bifl LIIOTO CTEMeHs ABiiiku, Tooto K #2".
[IIo6 onepkatu Takuii KOe]illi€HT, 3aCTOCOBYIOTh BWIYYCHHS
3aliBUX CTaHiB y JBINKOBOMY JIYWJIBHUKY 3 MOJIYJeM Ji40u
M ,, =2". PO3psiHiCTh N 1bOTO JiYMIBHUKA TOTPIOHO BHOUpATH
TakK, o0 BUKOHYBAJIACs YMOBa

M, =2">K >2"" (5.22)

aiy

I3 (5.22) BumnnuBae, 110 KoM 3a7aHo Koe(illieHT NepepaxyHKy,
KUTBKICTh TPUTEPIB JUMIHHUKA

n=[log, K. |- (5.23)

A%

Hanpuknag, [ 4,2]=[4,53]=[ 4,97 |=5.

Ilpuknao 5.4. BusHauuTH HEOOX1AHY KUIBKICTh PO3PAIIB B Jie-
CSITKOBOMY JIIYMIIBHUKY.

Po3ze’azyeanns
3rigHo 3 BUpazoMm (5.23) 3anmcyemo:

n=[log,10]=[33]=4.

Bionogiov: nns moOynoBu NEeCATKOBOTO JIYMJIBHUKA MOTPIOHO
B3STH 4 PO3PSIHUX TPUTEPH.

[Ilo6 BumyuynTH 3aliBi CTaHW JHYWIBHUKA 3 JIOBUTBHUM
KoeillieHTOM Ji40M, B aCMHXPOHHUX JIYMJIBHUKAX BUKOPHUCTO-
BYIOTh HaiyacTiiie crnocid Moro MpuMycOBOTO CKHIY Y MOYATKO-
BUH CTaH 1 croci0 3aHECEeHHs KIJIbKOCTI 3aiiBUX CTaHIB Y JIIUMIIb-
HUK Ha TI0YaTKy KOXXHOTO LIUKITY JIYOu.



PosrnsinemMo 3acTocyBaHHS MEPIIOTO CIIOCOOY Ha MPUKJIIA/I MO-
OyI0BH aCHHXPOHHOTO JECATKOBOTO JiunIbHUKA (puc. 5.49).

Qo 0 | 1 Q1 0 ol
3T a] T 3T il
c c c c [ |
K ] K K
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Pucynok 5.49 - CxemMa aCHHXpOHHOTO JIYNJIbHUKA
3 npuMycoBuM ckuom g K - =10

JlecsATKOBHI JIIUMIILHUK MOBUHEH BigoOpaxaTtu 1udpu Bix 0 1o
9 (y neilikoBomy Burisiai Big 0000 mo 1001), a necsaruit imiynsc
(xox 1010, abo mounHaKOYU 3 MOJOJALIOTO PO3PSAY JTIUMIBHUKA,
sK 11€ 300pakeHo Ha puc. 5.49 — 0101) moBUHEH cKUOATH HOTO 10
Hy1s1. Cxema I-He Ha puc. 5.49 npu nosiBi Ha BXoJii 1BoxX | 3 po3-
pAdIB aj 1 a3 JIYWIbHUKA BUPOOJIse HAa cBoeMmy Buxonl 0, skuit
CKUJA€ BCl PO3PSIHI TPUTepH JIUMIBHUKA Yy HYJIbOBMH CTaH, i
[UKJI 190U MTOYMHAETHCS 3HOBY.

Ilpuxnao 5.5. CuHTE3yBaTH CXEMY CHHXPOHHOIO JI€CATKOBOTO
miymibHUKA Ha D-Tpurepax 3a 1omoMoror GpopMaibHOTO METOLY
cuntedy L{A, onucanoro B po3fini 4, m. 7.2.

Po3zeé’sa3zyeanns

CTOCOBHO CHHTE3Y JIIYMJIBHUKA 13 3a/JaHUM KOe(]illieHTOM JIiY-
Ou K . =10CyTh ILOrO METOMY Oyje MONAraTd B CHHTE31 [UIs
KOXKHOTO TpHUrepa JIUMIbHUKA OKPEMO] JIOTTYHOI CXEMH, sIKa aHa-
J13y€ B KO)KHOMY TaKTI1 JIIYOM CTaH BUXOJIIB YCIX TPUTEPIB 1 MOJa€E
Ha iH(pOpMaliifHUI BXiJ TpUrepa TakKUi CUTHaJ, IKUK MepeMuKae



JaHUW PO3PSAHUN TpUrep y CTaH, MOTPIOHWH AN BIATBOPEHHS
HACTYIHOTO 4ucia. Tomy mij 4ac cuHTEe3y Oy/IeMO BUKOPUCTOBY-
BaTH 3a BUXIiJHI JaHi, KpiM 3aaHoro koedimienra niudu, me u
TaOJIUITIO TIEPEXO/IiB JIYMIIBHUKA - XapaKTepUCTUIHY TabuIo D-
tpurepa (tabm. 5.12). XapakrepuctuuHa Tabnuus Tpurepa CBif-
YUTH MPO T€, SKE 3HAUYCHHS MOBUHEH MaTH 1HGOpMAIiHHUN BXiJ
Tpurepa, o6 3a0e3rneunTy 3a3HaueHUH mepexis.

Ha nepmiomy kpoiii BU3Ha4MMO HEOOX1JIHY KIJTbKICTh TPUTEPIB
nivuneauka: n=[log, K, |=[log,10]=4.

Ha npyromy kporii ckiiajeMo TaOJIMII0 Tepexo/IiB AECATKOBO-
ro JiyuibHuKa (Tabi. 5.17), KOpUCTYIOYHCH TaOIUIICI0 TPSIMOT JTi-
40U 7151 YOTUPHUPO3PSATHOTO IBIHKOBOTO YHCTIA.

CywmicHuii aHami3 1€l TaObmUIll 1 XapaKTepUCTHIHOT TaOJIHIlL
D-tpurepa (tabm. 5.11) cBigumTh, MO CHUTHAI Ha BXOoXi D; Bin-
TNOBIIATUME 3HAYEHHIO BUXO/y TpUrepa Q, vy HAaCTYIHOMY TaKTi:
D, =Q;, , Ic | — HOMep po3psAy JIUUIbHHKA.

Lleit dakt Bimburo B Tabn. 5.18 mepexonis tpurepa T, (crap-
II0TO PO3PSAY AECATKOBOTO JIIYMIIBHUKA) ] Yac MiIpaxyHKy Je-
CSITKOBMX YHCEll.

Taxi cami TabauIl MOKHA CKIJIACTH JJ1s 1HQOPMAaLIMHUX BXO/IIB
D,,D;, D, pewmTu Tpurepis diuniabHUKa. Lle nae mijncraBy po3ris-
natv Taba. 5.17 sk TabIULO0 ICTUHHOCTI Ui JIOTIYHUX (QYHKIIN
D,,D,,D,,D,, mo KepywTb IHQPOPMAIIHHAMH BXOJaMH
BIJIMOBIAHUX TPHUrepiB: y JiBiM i1 4YacTUHI 3amMCcaHO JIOTI4HI
3MiHHL Q,. Q,; Q; Q,; A€ j=0,10 — HOMEp psiIKa, a B CTOBII-
X MPaBoi YaCTUHU — 3HAYECHHS JIOTTYHUX (PYHKIIIN, 1110 BiAMOBI-
JAar0Th UM 3HAYEeHHSM 3MIHHHX. ba3yrounch Ha IUX MipKyBaH-
HSX, MOXXKeMO ckiactu (opmynu (5.24) noriuHux QyHKUINR 11
aoriynux Gyskuii D,, D,, D,, D, .



Tabmuus 5.17 — Tabnuisg nepexoaiB JeCITKOBOTO JiUMIbHUAKA

JlecsiTkoBe [TouatkoBuii cTan Hacrtynnuii cran
ucio Q3H QZH QlH QOH Q3H QZH QlH QOH
0 0 0 0 0 0 0 0 1
1 0 0 0 1 0 0 1 0
2 0 0 1 0 0 0 1 1
3 0 0 1 1 0 1 0 0
4 0 1 0 0 0 1 0 1
5 0 1 0 1 0 1 1 0
6 0 1 1 0 0 1 1 1
7 0 1 1 1 1 0 0 0
8 1 0 0 0 1 0 0 1
9 1 0 0 1 1 0 1 0
10 1 0 1 0 0 0 0 0
Tabauus 5.18 — Ilepexomu Tpurepa T,
Hecsatkose Cran 3nauenns D-Bxony
Hucao Qsan Qsu Ds
0 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
&) 0 0 0
6 0 0 0
7 0 1 1
8 1 1 1
9 1 1 1
10 1 0 0
D3j = f3(Q3j 1Q2j ’Qlj ’on'),
D2j: f2(Q3j’Q2in1j!Q0j)! (5.24)
Dlj = f1(Q3j 1Q2j ’Qj_j 1on):
DOj = fO(QBj ’sz ’Qlj ’on')-




Ha tperhoMy Kpolli BUKOHAEMO MiHIMI3aIlil0 JIOTTYHUX (YHK-
i, 0 ONKMCYIOTh 3aKOH KEPYBaHHS JIOTIYHUMHU BXOJIAMH PO3psi-
IHUX TpurepiB miunibHuKa. [1{06 oxepxatn MiHIMI30BaHI BUpa3H
¢dbynakmii D;3a Tabn. 5.17, 1 KOXKHOT 3 HUX 3alIOBHUMO JiarpaMu

Beiiua — Kapno (puc. 5.50).
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Pucynok 5.50 - liarpamu Beitua — KapHo mis JorigHux
¢ynkuiii: a) — D3 ; 6) — Dy; B) — D15 1) — Do

3HaveHHs QYHKIIH y 3aiiBux craHax (ToOro cranax 11-15)
300pa)k€HO 3HAKOM HeBU3HaueHocTi “X”. [l cuHTe30BaHOl
CXEMH JIOTIYHOTO KePyBaHHS 11l CTAaHU € OalTyKUMHU, OCKIJIBKY Ha
il BXO/1 BOHM HIKOJM HE 3 SBIATHCA. 3 OJIepXKaHMUX JllarpamM MOX-
Ha 3alucaTH CUCTEMY JIOTIYHHUX PIBHSHB :

D, =Q,QQ, + Qs(jo,

D, =Q,Q,Q, + Q,QQ, +Q,Q, (5.25)
D, =Q,QQ, + QQy.

D, =Q,.



Ha uverBepromy Kkpoui, 3HatouM (yHKLIi KepyBaHHS iHGOp-
MalifHIMHU BXOJaMH TPUTEPiB, MOKHA TMTOOYyBaTH CXEMY JeCAT-
KOBOT'O CHHXPOHHOTO JITYMJIbHUKA Ha D-Tpurepax.

Konmpononi numanns

SlkumMu MoIeTIIMHM MOYKHA OTMCATH KOMOIHAIIHHY cxeMy?

3 sIKMX eTamiB ckiagaerses cunre3 KC?

SIk BU3HAYAETHCS CKIIAAHICTH, KOMOIHAIIIHOI cxemMu?

Y yomy mosisrae aHaiiz KoMOiHaIiiHOT cxemu?

Ha3BiTh MeTOIM yCYHEHHS “TOHOK™ B KOMOIHALIHHUX CXeMaX.

SIKi TUTIOB1 BY3JIM Y BHUIJIAI KOMOIHAIHHUX CXEM BUKOPUCTO-
ByIOoTbCs B LIA?

1o Take cymarop i siki THIIM CyMaTopiB BaM Bijomi?

Hagenits cxemy miBcymaTopa.

HageniTh cxeMy MOBHOTO OZHO PO3PSTHOTO CyMaTopa.

Haxkpecnite cxemy 4-po3psgHOro cymaropa 3 MapajelbHUM
NIEpPEHECEHHSIM.

o Take nemmudparop i A€ BiH BUKOPUCTOBYETHCS B LIA?

SIKi mepeBaru i HEOMIKHU JTIHIHHUX, KACKaTHHUX 1 MPSIMOKYTHUX
nemudpatopin?

aiiTe BU3HAUeHHS K (paTopa.

Jle BUKOpPHUCTOBYIOThCS M (ppaTopu?

Uum BiJIpI3HAIOTBCS MYJIBTUIUIEKCODP 1 AeMynbTuriekcop? /e
BOHU BUKOPUCTOBYIOTHCS?

[Ilo Ha3uBaOTh CTPYKTYpHUM cuHTEe30M L[A?

Ha3BiTh etanu cTpykTypHOro cuuresy LIA.

Ska pi3HULA MK CTPYKTYPHUM 1 aOCTpaKTHUM aBTOMAaTaMu?

Haxkpecnits y3aranbHeHy (yHKIIOHaNBHY cxemy L{A.

OnuiriTe TOCHIOBHICTD AN MMiJ 9ac CHHTE3Y CXEMH CTaHIB
HA.

Ha3BiTh BiioMi BaM eJleMEHTapHI aBTOMATH.

JlaliTe BUBHAUEHHs TpUrepa.

Sk Mo’kHa KJacu(piKyBaTH TPUTEPH.



3anumiiTh JOriYHe PIBHSAHHA 1 TaOuuIo icTHHHOCTI RS-Tpm-
repa.

Haxpecnits cxemy cuHxpoHizoBaHoro RS-Tpurepa Ha
enemenTax [-He.

Haxpecnits cxemy nBoctyneneBoro RS-tpurepa i yacoBy
Jiarpamy Horo poOoTH.

3anumniTe JoriuHe piBHAHHSA D-Tpurepa i HaBeniTh TaOIHIIO
ICTUHHOCTI 1OT0 pOOOTH.

3anumniTe JoriuHe piBHSAHHA T-Tpurepa i HaBeIiTh TaOIMIIO
ICTUHHOCTI 10T0 pOOOTH.

Haitte BuzHauenns JK-tpurepa.

HaBenith XapakTepucTUyHi TaOJIUII TPUTEPIB.

1o Ha3uBaroTh pericrpom?

Sxi Tunm pericTpiB BaM Bigomi?

Haxpecnits cxemy 3-po3psiHOTO MapalielbHOTO PeTicTpa.

HaBenith mpukiaa cXeMu MOCIIIIOBHOTO PETicTpa.

JlaiiTe BU3HAUCHHS JTIYMIIHHHKA.

Ski THIH TTYUIBHUKIB PO3PI3HAIOTH?

3amumnite (GopMynay BH3HAYCHHS KUIBKOCTI TpUTEpIB Yy
TYUITEHUKY.

Hakpecnitb cxeMy 3-po3psiAHOTO IBIIKOBOTO JIYHIIBHHUKA.

HasBiTh MeTOAM MOOYAOBH JTIUUIBHUKIB 13 TOBITBHUM
KOoe(il1€EHTOM JI4OH.

5.5 BnpaBu

1. CunresyBatu cxemy B 6azuci “l-He” nmns takoi moriunoi
GbyHKILIT:

F(X) =X + X + %) (Xo + X + X) + X XX -

2. MiHimi3yBaTH JIOTiYHY (QYHKIII0, 3a7aHy aiarpamoro Beitua -

Kapno, 1 cunresyBatu ayis Hei KOMOiHaliiHYy cxeMy B 0a3suci
“Abo-He”.




X2

X1
X4

X3

3. CunresyBatu B 6asuci “I-He” xomOiHamiiiHy cxemy ais
noriuyHoi GyHKII, 3a1aH0i aiarpamoro Beiiua—Kapho:

X2

X1

X4

X3

4. CuHTe3yBaTu CXEMY ITIOBHOT'O OJIHOPO3PSAIHOIO CyMaTopa Ha
noriyaux enementax [- Ao -He.

5. Po3poOutu cxemMy TpUpPO3PSIHOTO ACHMHXPOHHOTO Mij-
CYMOBYBaJIbHOTO JiymibHUKa Ha JK-Tpurepax 1 HakpeciauTH
4acoBy AiarpaMmy Horo poooTu.

6. Ckiacth cxeMmMy TPUPO3PSIIHOTO ACHHXPOHHOTO Bij-
HIMaJIbHOTO JBIMKOBOrO JiUMiIbHUKA HAa D-Tpurepax i HakKpecIuTu
4yacoBy Jiarpamy ioro poOoTH.

7. CuHTe3yBaTH aCUHXPOHHHUHN JIHUYMIIBHUK 13 KOE(II[IEHTOM Ji-
qou Ky = 12 332 CXEMOI0 3 MPUMYCOBUM CKHJIAHHSIM.

8. CuHTe3yBaTH CHUHXPOHHHMH JUMIBHMK Ha D-Tpurepax i3
koedimieaTom miuom Ky, = 11.

9. Ckrnactu cxeMy  YOTUPHPO3PSAIHOIO  IMapajesbHO-
MOCJTIIOBHOTO PETiCTpa 1 HAKPECIUTH YacOBY Jliarpamy Horo po-
00TH MiJ yac 3cyBy nmpuiinsaToro koay 1101.



10. CunTte3syBatu TPUPO3PSAIHUI perictp 3CyBY 3TiIHO 3 LIHK-
nom 0-1-3-5-2-4-0.

11. Cunte3yBaTu cxeMmy IE€peTBOpIOBaya JIBIHKOBO-JECST-
koBoro koay 8-4-2-1 B xop 13 Baramu 6-3-1-1.

12. CunresyBaru cxemy mugparopa koxy “1 3 8 B kox 4-2-1.

13. CunresyBatu aemudparop koay 4-2-1 B kox “1 3 8”.

14. PeanizyBaTy Ha MYJIBTUIUIEKCOPI JOTTYHY (YHKIIIFO

F(X) = XXX + XXX + XXX + XXX, .
15. Cunresysatu LA, 3aganoro TabimyuHoO.

Ta6nmm BI/IXOZIiB aBToMara

W)~ | % | & | % | % g,

Xq Ya | Yo | Y5 | Ye | Y2

Xy T Yal Ye | Yo Y3
X3 Yol ~ | Ys | Va | ~
Xy Yol = | Ya| Y3 ]| Y5

Tabnuns nepexoiB aBToMara

qlt)

X(t) Qo | G | G2 | O3 | Q4

X O3 [ Qs | G0 | Qo | Q2
X7 o | 02 | Q2
X3 Qs | O1 | G4 | G2 | G4
Xy o Qo | 92 | 92 | U




NPEIMETHHI MTOKAKYNK

A

ABTOMAT

- abCTpaKkTHUN

- ACUHXPOHHUH

- IETepMiHOBaHU I

- 3 IaM’SITTIO

- IHIAIBHAR

- IMOBIpHICHUH

- Mim

- Mypa

- CKIHYCHHHUH

- CTPYKTYpHHI

- uupoBuit
ABTOMAaTHMI Yac
Anrebpa

- bynsa

- BUCJIOBJICHB

- KOHTaKTiB

- JIOT1KH

- MHOXXHH
AnasiT MOCI1TOBHOCTI CHMBOJIIB
AHTHpeIEeKCUBHICTh BIIHOIICHHS

- BIJIIIOBIHOCTI
AHTHUCUMETPUYHICTh
BITHOIIIEHHS
- BIAMMOBIAHOCTI
AprymeHT
- pynkmii

- IOT1YHOI QyHKIIT
b
baza aprymeHTiB s1oriuHO1 QpyHKIIIT
baszuc

100, 192
192, 199, 201
193

193

194 - 196
198

193 — 194
203, 279
204 — 205
191

259

193

191

56

56

70 72
56 -58
21-25
192

33

39

33
39

42
59

52



- - TOT1YHUX (YHKIIN 67
- JIOTIYHUX €JIEMEHTIB 74
Biekmis 41
Bbynean MHOXMHU 16
B

BepxHst rpaHb miIMHOKUHA 19
BinHolIeHHS BKIIIOYEHHS 15
- OiHapHe 29, 30
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Jomatox A
(OBiIKOBHIA)
®opmy./in KOMOIHATOPUKH

Al. IlepecranoBku

VYnopsiikoBana BUOipka 00CsSToM N i3 N eJIEMEHTIB, B SIKii BCl
€JIEMEHTH Pi3Hi, HA3UBAETHCS EPECTAHOBKOIO 13 N EIIEMEHTIB.
Yucmo BCix MOKIMBUX MEPECTAHOBOK 13 N €JIEMEHTIB

P=12---n=n!

A2. PosmiuieHus

YnopsiikoBaHa BUOBIpKa 00CATOM M 13 N €JIEMEHTIB, B SKii BCI
€JIEMEHTH Pi3Hi, HA3UBAETHCS PO3MIIICHHSIM. YHCII0 PO3MIIIEHb 13
N eJIeMeHTIB 3a M

m n!
4 (n—m)!’

VYnopsakoBaHa BuOipka 006caroM M i3 N eIEMEHTIB, B sKiil Je-
SIK1 €JIEeMEHTH MOXKYTh ITOBTOPIOBATHCS, HA3UBAETHCS PO3MIIIEH-
HSIM 13 TOBTOPEHHAMU. UHCI0 po3MillleHb i3 N el1eMeHTIB 3a M 13
TIOBTOPEHHSIMH

A" (n)y=n"

A3. CnomyueHHs

HeynopsinkoBana BuOipka o06csarom m i3 N exeMeHTiB, M < N, B
AK1H BC1 €IEeMEHTH pi3Hi, Ha3UBA€EThCA CHONyuyeHHsAM. Yuco crno-
JTY4eHb 13 N eJIeMEHTIB 10 M

et =(R)= g myr



m __ n—m
cl'=Cc ™.
Yucna C,' Ha3uBalOThCAd OMHOMIHAILHUMHU KoedilieHTaMu.

HeynopsinkoBana BuOipka od6csirom M i3 N eneMeHTiB, M < N, B
AKIHM esIKl €lIEMEHTH MOXYTh IIOBTOPIOBATHCh, HA3UBAETHCS CIIO-
JY4EHHSIM 13 HOBTOPEHHAMHU. UHCIIO CrOTy4eHb i3 N eJIeMEHTIB /10
M i3 MOBTOPEHHSAMHU

Cy ()= Cy

n+m-1-



Jonatok b
(000B’s13KOBHIT)
KouTtposabHa po6ora

HaBomuThcst 3pa3koBuii BapiaHT HaOOPY THUITOBHX 33134 KOHT-
POJIBHOI poOOTH 3a MaTepiajlaMd HaBYAJIBHOTO IMOCIOHMKA 3 eTa-
JIOHAMH BUKJIA/ICHHS PO3B’S3yBaHb.

3amaua 1
3a giarpamoro Benna Bupasutu 4epe3 omeparii anreOpu MHO-
KHH 3aIITPUXOBAHY MHOXKUHY.

%/;e‘ Bionogiow: Siﬂj}\)g{(ﬁgﬁl MHOXHHA

3agaua 2
JloBecTu 3a J0moMoOroro aiarpaM BeHHa TOTOXHICTD

(ANBNC)U(CNANB)=4NB.

Po3zé’azyeanns

C N AN B =D —3amrpuxoBaHa MHOXXHHA HA PHC. a);
AN BN C=E —3amTpuxoBaHa MHOXXWHA Ha puc. 0);
D U E — 3amtpuxoBaHa MHOYKHHA Ha PUC. B).



OueBupgno, DU E=4NB.
Totoxuicts (AN B N C) U (CNANB)=AN B 10BeseHo.

3agaua 3

Hexait 4 ={1, 2, 3, 4}, B={5, 6, 7, 8}, C ={11, 22, 33}. Biamo-
BinHocti Fc AxB i GeBx(C 3amaHi Tak:

F={(1,6), (1,8), (2,5), (3,6)}, G={(5,11), (6, 112), (7, 22),
(8,23)}.

1. 3agaru BinnosinHocti F 1 G MarpuusiMu Ta CTpUIKOBUMU Ji-
arpaMamu.

2. Jlocmimutu BimnoBigHocTi F i G Ha peduiekCiBHICTh, aHTH-
pedIeKCUBHICTh, CHUMETPUYHICTh, AHTUCUMETPUYHICTh, TPaH3H-
THBHICTb.

3. BusHayuTy BiAIIOBIAHOCTI:

F1iG? GoF, GoG?, G1oG, FloG ™

Po3ze’azysanns.
1. 3aganus BignosigHocti Fc 4 x B:

MaTpPHIIEIO CTPLIKOBOIO JiarpaMoro
(4BF) | 5| 6|8 1 2 3

1 011

2 110]0 o

3 0|10 5 6 8

3amaunns BignosigHocti G B x C.
MaTpHULEIO CTPLUIKOBOIO Jiarpamoro

BCG|1[2]2

) 11213 11 22 23

5 1{o]o /\\\
6 1/0]/0

7 0o[1]0 5 6 7 8




2. Muoxunu A ={1, 2, 3, 4}, B={5, 6, 7, 8} i C={11, 22, 33} €
niIMHO)KMHAMH MHOKMHHM N HartypanbHUX yucen. ToMy MHOXH-
wu F={(1,6), (1,8), (2,5), (3,6)} i G={(5, 11), (6, 11), (7, 22),
(8,23)} € BimnosiguocTamu Ha MuoxuHI N: FC N?, G N? a ue
O3Hayae, 110 BOHU MOXKYTb BOJIOJITH BIACTHBOCTSIMH pehICKCHB-
HOCTI, aHTUPEPICKCUBHOCTI, CHMETPUYHOCTI, aHTUCUMETPUIHOC-
Ti, TpaH3UTUBHOCTI. [lepeBipuMO HasIBHICTH MEpeNiYeHNX BIACTHU-
BocTel y BiamoBigHocTsX F 1 G.

Bignomenns F i G He pedrnexcuBHi, TOMy 110 BOHH HE Mic-
TATh, BiAMOBiaHO, map Buay (a, b), @, beN, ae b =a, nna Bcix a4
i map Buay (b, ¢), b, ceN, ne ¢ =b, nns Bcix beB.

BigmosigHocti F i G anTHpediekcuBHI, OCKUTBKU BOHU HE Mi-
CTATH JKOJHOI mapu BUy (@, a), a€N 0IHaAKOBUX CIIEMEHTIB.

YMOBOIO CHUMETPHYHOCTI BiAnoBigHOCTI Q HAa MHOXUHI (y Ha-
oMy BHIAJKy Ha MHOXHUHI N) € HasBHICTh B Hil CIIOJTy4eHb Tap
(b,a)eQ, ne a#b, obepHeHHX 3a BIOPSAKYBAHHSIM JIO KOXHOI
napu (a,0)eQ. Ockinbku y KoxHiii i3 BignoBigHocTer F i G He-
Ma€ JIBOX Iap Pi3HHUX EJIEMEHTIB 3 0OCPHEHUM YIOPSAIKYBAHHSIM
(manpukinan, ((1,6) 1 (6,1), (5,11) i (11,5)), To BOHM HE € CUMET-
PUYHUMH.

YMOBOIO aHTHCHMETPUYHOCTI BiINOBITHOCTI Q HA MHOXXHHI €
BIJICYTHICTB y Hii croyydeHb aBox map (a,0b)eQ i (b, a)eQ, ne
a+#b, 3 MoXxIIMBOIO HasBHICTIO map BUy (@, b)€Q, e a=b. Bix-
noBijiHOCTI F 1 G 33/10BOJIBHSAIOTH 1[I0 YMOBY, TOMY BOHH € aHTH-
CUMETPHYHUMH.

BinnmoBigHicth F He TpaH3WTHUBHA, OCKUIBKH MHOXHHA
F={(1, 6), (1,8), (2,5), (3, 6)} He MicTUTh CIIOTY4YCHb TPIHOK Map
(a,b), (b,c) i (a,cC), ne a=b=c, nnus Beix @, b i ¢, mo GepyTh
yyacTh y BimHomIeHHI F. Takux TpifoK ymopsiAKOBaHUX MHap He
mictutsb 1 BignosigHicte G ={(5, 11), (6, 11), (7, 22), (8, 23)}, To-
My BOHA TaKOXX He € TpaH3uTHBHOK. HerpansutueHicth F i G sk
BiZHOIIEHb Ha N 1TIOCTPYIOTH iX rpadu:



Fomay oy
% .\_J
1 2 3 5 6 8 5 6 7 8 1122 23

Sk Oaunmo, Ha WX rpadax HEMae CHOIYYEHb JBOX CTPUIOK
OJIHOTO CHPSIMYBAHHS 3 NMPUMHUKAHHSAM KIiHIA OJHI€] J0 MMOYATKY
1HIIIOT, YMM MIATBEPIKYETHCS HETpAaH3UTHBHICTD F 1 G.

3) BignosigHOoCTI F1iG '1, obepHeHi 1o BiamoBimHocTen F i
G, MaroTh BUTJISI:

F1={(6,1), (8 1), (5,2), (6,3)},
G*={(11,5), (11, 6), (22, 7), (23, 8)}.

Kommoszumii GoF, GoG 'l, G 'lOG, F oG marors BUTJIST:
GoF ={(1, 11), (1, 23), (2, 11)};

GoG 1 ={(11,11), (22,22), (23,23)};

GG ={(5,5), (5,6), (6,5), (6,6), (7, 7). (8 8)}:
FloG1={(11,2), (11, 1), (11, 3), (23, 1)}.

3anava 4
SIki 3 pynkuii f: X—Y Ha MHOXMHI R gilicHuX yucen €
CIOp’€KTUBHMMH, 1H €KTUBHUMHU, O1€KTUBHUMH, B3aEMHO OJTHO3-
HauyHUMHU, ko Xe[-3, 3], ye[-27, 27]:
a) fi(x, y) =x% 06) fi(x, y) =[sinx|; B) fy(X, y) =35 1) fi(x, y) =10?

Po3ze’azysanns

Oynkuii f,—f, € noBHUMEU Ta 0THO3HAYHMMHU, TOOTO PYHKITIO-
HabHUMHU BinmoOpaxenHsM MHoxkuHH X ={X: X€[-3, 3]cR} y
muoxuny Y ={y: ye[-27, 27]c R}, Tomy 110 Oynb-sikomy X€X Bi-
noBinae eauHe 3HaueHHs YeY. Muoxkuan X 1Y € BiAMOBIAHO 00-
JACTSIMHM BU3HAYCHHS Ta 3HAYCHb WX (PYHKIIIH.

Oynxis f,(x, y) =X e:

- CIOpP’€KTHUBHOIO, TOMY IO Ui KOXHOro Yye[-27, 27] icHye
eneMenT X =y *[-3, 3] rakuii, mo mae micue y = X ;



- in’exkTuBHOIO, TOMy 10 QyHKIs fi(X, Y) =X° MoHOTOHHA, Y
3B’SI3KYy 3 YUM PI3HUM ejeMeHTaM YeY, siki OepyTh y4acTh y Bijo-
OpaxenHi (y IaHOMy BUNAAKy BCiM Y€Y) BiINOBIAalOTH pi3HI
elleMeHTu XeX;

- OIEKTHBHOIO, TOMY III0O BOHA OJIHOYACHO € CIOp’€KTUBHOKO Ta
1H’ EKTUBHOIO;

- B3aEMHO OJIHO3HAYHOK, TOMY IO BOHA € Oi€EKTHBHOIO, BHa-
CIIi 0K Yoro odepHena QyHKIis X = y** Takok € 0JHO3HAYHOIO.

Oyukiris f,(x, y) = [sinx|:

- HE CIOp’€KTHBHA, TOMY III0 YaCTHHA €JIEMEHTIB 00JIacTi 3Ha-
4eHsb , a came — ye[-27, 0) ta ye(1, 27] e 6epyth y4acti y pyH-
KII10HAJIBHOMY BiJI0OpakeHHI,

- HE 1H €KTHBHA, TOMY 110 KO>kHOMY 00pa3y Ye(0, 1] Biamosi-
JAI0Th HE OJIMH, a JBa IMPOooOpa3u i3 mijobnacTeid BUBHAYCHHS, a
came — Xe[-3, 0) Ta xe(0, 3];

- He Oi€KTHBHA, TOMY 1[0 BOHA HE € OJIHOYACHO CIOP €KTUBHOIO
Ta 1H €KTUBHOIO;

- HE € B3aEMHO OJIHO3HAYHOIO, TOMY IIIO BOHA HE O1€KTHBHA.

Dynkuis fy(X, y) =3

- HE CIOp’€KTHMBHA, TOMY IO YaCTHHA €JIEMEHTIB 00JacTi 3Ha-
4eHb, a came — ye[-27, 1/27) He OepyTth yuacti y QyHKIIOHATB-
HOMY BimobpaxerHi (37 = 1/27);

- iH’€KTHBHA, TOMY 1110 KOXXHOMY 00pa3y Y€ [1/27, 27] Biamnosi-
Jae €qUHUN TPoobpa3 i3 obmacti BusHaueHHs Xe€[-3, 3], BHaCIT-
JTOK MOHOTOHHOCTI Li€i (YHKIIIT;

- He Oi€KTHBHA, TOMY III0 BOHA HE € OJIHOYACHO CIOP €KTUBHOIO
Ta 1H’ €KTUBHOIO;

- HE € B3a€MHO OJIHO3HAYHOIO, TOMY III0 BOHA HE O1€KTHBHA.

Oyukis f,(X, y) =10 — e QpyHKIis-KOHCTaHTa. Y4acTh y Bifo-
Opaxenni Oepe nume oauH obpa3 Yy =10, 10€Y HeckiHUYeHHOT
MHOXXMHH TpooOpaziB  XeX. Tomy ¢ynkuis f,(X,y) ani
CIOp’€KTHBHA, aHi 1H ekTuBHA. OTXKe, BOHA He OlEKTHBHA 1 HE B3a-
€MHO OJIHO3HAYHA.



3amaua 5
1. Cknactu TabmuUIIO ICTHHHOCTI I JIOTIYHOI (pyHKITiT

f(X, y) = (X y +XY) X+ xy.

Bionoeiov.

X y Xy Xy | xy+xyx| XY fx.¥)
0 0 0 0 0 0 0

0 1 0 1 0 0 0

1 0 1 0 1 0 1

1 1 0 0 0 1 1

2. Ha migcraBi Ta0bnwii iCTHHHOCTI 3amHMCaTH JIOTIYHY
GbyHKIIITO.

X y f(x, y)
0 0 0
0 1 0
1 0 1
1 1 1

Bionosiow: f(x, y) =Xy + xy = x(y +y) = X.

3anauya 6
1. CkriacTu KOHTAaKTHY CXEMY, fKa TEXHIYHO peaji3ye 3ajaHy

noriuny ¢yskiiro f = ()_(\/ Y)A(XVZAY) VU

2. 3aMiHITH KOHTAKTHY cXeMy KOMOIHAIIITHOIO CXEMOIO Ha JIO-
riuHuX enemeHTtax y 6asuci [-A6o-He.

Po3ze’azysanns
1. KontakTHa cxema:

u
Usx —
AR Ugux

[ X ;
X
L F




2. Jloriyna cxema:

u
y _
1 XVy
1
— )_
1 |f(x,y,zu)
1 & —
— T &
— 1 _ _
— (xvy)axvzay)
XVZIAY
X
3amaua 7

1. CxmacT KOHTaKTHY CXeMY 3a 33laHIMH yMOBaMHu ii poboTu
(ymMOBH poOOTH 3a3HauyeHi HAOOpaMu, Ha SKHUX JOTiYHA (YHKIIiS,
Ky peaJli3ye KOHTaKTHa CXeMa, Ma€ 3HaueHH 1):

f(111) = f (110) = f (001) =1.

2. 3aMIHUTH KOHTaKTHY CXeMy KOMOIHaLlIHHOIO CXeMOIO Ha JIo-
riuHuX eneMeHTax B 0aszuci A6o —He abo I - He.

Po3zé’azyeanns
1. Ha mincraBi 3agaHuX yMOB poOOTH KOMOIHAIIMHOI CXeMH
CKJaieMO (YHKIIIO TPOBITHOCTI:

F =X X0 Xg+ Xp"Xom X5 + X, X, *Xa. Q)

@ynkuis nposigHocTi (1) peanizyeTbess KOHTAKTHOIO CXEMOIO,
sKa SIBJIE COOOI0 TapasenbHe 3’ €IHaHHS TPhOX T1IOK:



X1 Xz X

X, X, X3

OCKIIbKY 3aBXIHM 3aMKHEHUH OJIUH 3 KOHTAKTIB X3 1 X, y JABOX

BEPXHIX T1JIKaX, TO CXEMY MO>KEMO CIIPOCTUTH, 3aMiHHMBILH I T'i-
JIKH OJTHI€10 3 YMOBOIO ii poboT f5(11) =1:

X1 X2

X, _X3

%
L+ L+

CrporieHiii KOHTaKTHiM cxemi BinmoBinae QpyHKIisS TPOBiIHO-
CcTi

F :Xl'X2+X_1 'X_Z'Xg. (2)

3a3Haunmo, mo ¢yHKHioo (2) MokHA Takox onepxartu i3 (1)
HUIAXOM 3iHCHEHHs omnepallii MOBHOIO CKJICIOBAaHHS JBOX Iep-
KX JOJAaHKIB 32 3MIHHOIO Xs.

2. JloriuHi enemeHnTu B 6azucax I —He ta A6o — He BUKOHYIOTH
JIOT14HI1 omeparlii 3a 3akoHamu ¢ Moprana. Ha Buxoni joriusnoi
CXeMH NMOoBUHHE (hopMyBaTUCs 3HaueHHs (QyHKIIT (2) 3a 3aKOHOM
ne Moprana:

XiXo X, X, X3 = (X% ) (% X, Xs ) - 3

dopmyna mpaBoi 4acTUHU (3) CBIIYUTH MPO T€, 0 KOHTAKTHY
cXemy, sKa peanizye GyHKII0 MpoBiTHOCTI (2), TOMUIBHO 3aMiHU-
TH JIOT1YHOIO cxeMoro B 6a3uci [ — He:



X1

- X
X2 &\X1 2 & F
& T
| Hre e T
IR
Xs ] XXX
3axaua 8

3a 3alaHUMU yMOBaMHU pOOOTH KOMOIHAIIHHOT CXeMHU
f(000) = (010) =f(011) =f(100) =f (101) =1

BU3HAYMUTHU JIOTIYHY (YHKIIIO, sIKy BOHa peamizye, B JIJIHD Ta
JAKH®.

Po3zeé’azyseanns
3a ymoBamu pobotu KC

f (000)o = f (010), = f (011)s = f (100)4 = f (101)s =1,

JIe 3HAYCHHS HIDKHIX 1HJIEKCIB IOPIBHIOIOTH JECSITKOBUM HOMEpaM
HaOOpiB, Ha SKUX JoriyHa (yHKIis HaOyBae 3HaueHHS 1, ckiaje-

Mo ii popmyny B JJAHD:
oK Xer X5) = (X, X " Xy ) + (X X7 Xy ) + (X, XorXe) +
(X X, X )+ (X X, Xa).

[ToBHa kinbkicTe HaOopiB ¢GyHKuIi f mopiBHIOE 2°=8. BusHa-
YMMO YMOBH poOOTH Ha Habopax 1, 6, 7:

f (001);=f (110)6=F (111); =1.

3a UMM yMOBaMHM pPOOOTH CKJIaJeMO JIOTIYHY (YHKLIIO B
JAKHO:

frtio (X Xay Xa) = (Xa+ Xo + X5 ) (X, + X, + Xa)- (X Xo + Xa).



3agaua 9
Jloriuny dyskmiro f(X,y,z) = (X+ Y z)-(X+Yy 'Z) +X-Z moxaru
B JUTH® i IKH®.

Po3zs’sa3yeanns
®opmyny Oyap-sK0i JOTi4HOT (YHKIIIT MOXKHA TIEPETBOPUTH B
JAH®, xopucTyrounch npaBuiaMH MEPETBOPEHHS (GOpPMYI Ta 3a-
KOHaMH anreOpu Joriku, a motiM neperBoputy ii B JJJIH® muis-
XOM PO3TOPTaHHS €JIEMEHTAPHUX KOH FOHKIIN Ta BUJAJICHHS Ty0-
JIOIOYHX YJICHIB.
[TepetBopumo Gopmyay byukiii f B JTHD:
f=(X+Yy2)(X+Y 2)+XUSXX+X Y Z+XYZ+Yy Yy ZZ+X 2=
XY ZHXYZHXZEX Y ZHXT(YH) =Xy 2+ XL,
Otpumany JIH® neperBopumo y 1 THD:
fumo=X Y ZH+XZ=X Y Z+XZ(Y+Y)=X Yy Z+XyZ+X Y Z

Homepu HabopiB, Ha skux fue=1: (001);; (101)s; (111);.

[ToBHa KinbkicTh HaOOPiB (yHKLIT f qOpiBHIOE 23=8. Ha na6o-
pax 3a mHomepamu (000), (010)2, (011)s, (100)4, (110)s maemo
f=0. Omxe, AKH® 3ananoi JIOri4yHOT GYHKITIT Ma€ BUTIIS

funo™ (X+Y +2)-(x+y +2):(X+Y +2) (X +Y+2)(x+y +2).
3agaua 10
MinimizyBaru B JIH® noriuny QyHKIi0
f(X0, Xa X5) =X, Xy Xy X1 Xy X +X1 X Xat X, Xo Xg %1 Xp Xa.
Po3zs’azyeanns

Oyukis 3agana B JIJIH®. [Tobynyemo kapty KapHo.



X2 X,
J oD
x[1|- |- |2
X3 X3 X

OtpumaHo 3 KOHTYpH 3 2 KIITHHOK (B Habopax KOHTYpiB
BUJIUICHI CITIJIbHI 3HAYCHHS 3MIHHHX ):
1)111 2)101 3)010
101 100 000
[luM KOHTypaM BIANOBIJAIOTH KOHCTUTYCHTH OJMHMIII,
JIM3’FIOHKTUBHE CTIOJYYEHHS SIKUX SIBJIsI€ c0O0t0 TynukoBy JIHD:
£ (Xa, Xo, X3) = Xo-Xa+Xgs X, + X, * Xs Q)

TIH®D

Bapiant 2

X2 X,

o] T
S - @

X3 X3 X3

OTtpumaHo 3 KOHTYpH 3 2 KIITHHOK :
1)111  2) 100 3) 010
101 000 000
[lum KOHTypaM BIANOBIMAIOTH KOHCTHUTYCHTH  OJMHMIII,
JT13 IOHKTUBHE CIIOJIYYEHHS SKHUX SBJsie c000t0 TynukoBy JJHD:



fa’ﬁﬁf (X1, X2, Xa) = Xu-Xat Xy * Xg X " X5 . 2)
3a mi"imManeHy JAH® cnin npuiinsta Gyskmito (1) 3 KigbKic-
TIO CUMBOJIIB Ha | MeHIe, HiX y QyHKITii (2).

3amaua 11
MinimizyBaru B KH® noriuny ¢yHkiio
f (X1, Xa Xy Xa) =X, X, Xg Xa + X1 X, Xg Xg + Xy X Xg X, + Xg X, X3 X

+X1 X2 X3 X4 +Zx2 X3 X, -
Po3zs’sa3ysanns
Oyukmis 3axana B JIJIHD. [To6ynyemo kapty KapHo.

Bapianr 1

X
X ot 00 | 01, 11, 10

A\ N A
N 7N

00 (Lol 1 ||0 [lO

\4

01 lo [[o]l o

1
110 ol]1]1

10| |0 1 1 (|{0
= VW

OtpumaHo 2 KOHTYpH 3 4 KIITHHOK 1 2 KOHTypH 3 2
KIITUHOK (y HaOopax KOHTYpIB BHJUIEHI CHUIbHI 3HAYEHHS
3MIHHUX):

1) 0000 2) 0011 3) 0101  4) 1100
0010 0010 0111 1101
1000 0111
1010 0110



[luM  KOHTypaM  BIAMOBIJAIOTH  KOHCTUTYCHTH  HYIIA,
KOH FOHKTUBHE CIIOJIyYEHHS SKUX sIBJsi€ 00010 TynmukoBy KH®D:

2 (X, X, Xay Xa) = (o + Xa)- (Xat Xg ) (X X, + %, ) (% + X, +%a). (1)

BapianTt 2
xSt 00 | 01, 11, 10
o0 [[ofl| 1 || o |l
01| 1 |fof|lo]o
1ol ol 1|1
10]fo]| 1 | 1 |[fo]]

OTtpumano 2 KOHTYpH 3 4 KIITHHOK 1 2 KOHTYPH 3 2 KIIITHHOK
(y HaOopax KOHTYpIB BUALIEHI CIUIbHI 3HAUEHHS 3MIHHHX ):

1) 0000 2)0011 3)1100 4) 0101
0010 0010 1000 1101
1000 0111
1010 0110

[luM  KOHTypaM  BIANOBIJAIOTH  KOHCTUTYEHTH  HYJI,
KOH IOHKTHBHE CIIOJIyY€HHS SIKUX SBJIs€ co0oto TynukoBy KH®:

2 (Xa, X, Xay Xa) = (Kot Xa) - (X Xg ) (X +Xs* Xa)- (X, +Xa+ X, ). (2)



Bapianr 3

X1X2 00 01 11 10

11 (o [lolll 1 |1

10110 1 | 1 |[[0
v

Otpumani 2 KOHTYpH 3 4 KIITHHOK 1 2 KOHTYpH 3 2X

KIITUHOK (y Habopax KOHTYpIB BH[UICHI CHUIbHI 3HAYEHHS
3MIHHHX):

1)0000 2)0011 3)1100  4)0101
0010 0010 1101 1101
1000 0111
1010 0110

[luM  KOHTypaM  BIAMOBiAIOTH  KOHCTUTYEHTH  HYIIS,
KOH IOHKTHBHE CIIOJYYEHHS SIKUX sIBJIsie 00010 TynukoBy KH®:

o (X, Xor Xay Xa) = (XoFXe) (Kot Xg ) (X + X, %) (X, +Xa* X, ). (3)

3a miniMainbHy KH® cip npuitasatu ¢yHKIi0 (2) 3 KUIbKIC-
TIO CUMBOJIB Ha 1 MeHIe Hix y popmynax Gynkuii (1) 1 (3).

3agaua 12
I'pad (meopientoBanmii) G(V,E) 3amaHuii MHOXXMHAMHU Bep-
e V ={Vy, Vy, V3, V4, Vs } Ta pebep E ={ey;, €1, €13, €14, €23, €24,€34, €35,
€}, 1€ €;=(V; V) — pebpo, 110 3’€Hye BEPUIMHHU Vi Ta Vj, i=15,
j=15. Pe6pa rpada MaroTh Barosi mapamerpi: p(ey), p(ew), p(ew),



p(Bw), p(€2s), p(€), p(€ss), p(€ss), p(€s), p(Ess), MO HaBeneHi B

TaOJIMILI:

€ij €11 €1, €13 €14 €23 €24 €34 €35 €45

p(ei) | 2 5 7 3 8 4 7 9 11
[ToTpibHO:

1) noOynyBaTu niarpamy rpada;

2) CKJIACTH MaTpHIIi CYMIXKHOCTEH, IHITUACHIIIN Ta Bar pedep;
3) BU3HAYMTH: BCI MPOCTI IUISIXU V;—>Vs MIDK BEPIIHHAMU V; 1 Vs,
Bary KOKHOTO 3 HHMX, HAMKOPOTIIMHN HUISIX V;—>Vs, LUIAX HAWMEHUION

Baru.
Po36’azysanns

1. Hiarpama rpada:

2. Marpuus cyMiXXHOCTeH

11110
4= 0110
11011
111 0 1
0 01 10

Martpunis iHIUACHIIIH

€11 €12 €13 €14 €3 €34 €34 €35 €45

211100000
o1 0011000
B=lo 0 1 01 0110
0001011601
000O0OOTGOT11




Ockinbku Tpad HE € MPOCTHM (MICTHTBH IMETII0), TO MATPHUIIO
Bar CKJIaJeMO 3a CTPYKTYPOIO MaTPHILl 1HITUICHITIN:
€11 €2 €13 €14 €33 € €3 €35 €45

2 5 7 3 o o o o o
P_oo 5 oo o 8 4 o o o
“lloo 0o 8 o 4 oo 7 9 oo

o oo oo 3 oo 4 7 0 1

© o o o o o o 9 1

Bubip 3HaueHp co Bar HeicHyrOUMX pebOep MOB’sS3aHUM 13 THUM,
10 HaJaJIl BUPINTYEThCS 3aBJAaHHS MOIIYKY IIIAXY 3 HAHMEHIIIOI0
Baroio.

3. [IpocTi nuiaxu V;—>Vs Ta X Baru:

Vi—>V,—Vs, P=3+11=14;

ViV, V>V Vs P =3+4+8+9 =24;
Vi —V,—V,— Vs, P=3+7+9=19;
Vi—Vo—V,— Vs, P=5+4+11 =20;
Vi—V,—V— Vs, P=5+8+9=22;

V=V V—V,— Vs, P=5+8+7 =20;

Vi —V3—Vs, P=7+9 =16;
V>V V,— Vs, P=7+7+11=25;

Vi VsV, V,— Vs, P=7+8+4+11=30.

HaiikopoTmmmu € 2 nuisaxu: Vi—V,—Vs, Vi—>V3—>Vs, K1 MICTATh
o 2 pebpa. Jlopkuna 1ux nutsaxis d(Vs, Vs)=2/

Hatimennry Bary mae nuisix V,—V,—Vs, oro Bara P =3+11=14.

3agaua 13
Jlna 3BaxkeHoro oprpada, HaBeIeHOTO Ha PUCYHKY, CKJIACTH
MaTpuIll CyMDKHOCTEH, IHIUIEHIIA Ta Bar. 3HAUTH MPOCTHUM
OpIUIAX 3 HAMMEHIIOI Barow BiJ BepmIMHU 1 10 BepumivHU 5.
CknacTi MaTpPHUIIIO JOCSHKHOCTL. Baru ayr 3amani B TaOIuII:

Ayra €1, €21 €3 €14 €42 €43 €34 €25 €35

Howep \ 9 1 5 1 3 | 4 | 5 | 6| 7| 81 9
JIyru

Bara 5 )yl 2l 6| 3] 5| 3|8 7
Jyru




L L \ 2

5
4
3
Po3zeé’azyseanns
Matpuiis cyMmib>KHOCTEH
0O 1 01 0
A= 1 01 1 1
-0 1 0 1 1
1 1 1 0 O
01 1 0O
Martpuiis IHIUISHIIIA
-1 1 0 -1 O 0 0 0 0
1T -1 1 1 0 0 -1 O
B=lop 0o 21 0 0 1 -1 0 -
0 0 0 1 -1 -1 1 0 0
0 0 0 0 0 0 0 1 1

3amanuii oprpad HE € MPOCTUM, TOMY MATPHUIIIO Bar CIIiJ 3aja-
TH 32 CTPYKTYPOIO MaTpHIll 1HIMIEHI[IH, 3aMiHIBIIA OJAMHMIII 3HA-
YCHHsJMU Bar BlI[HOBlI[HI/IX AyT:

-2 4 0O -6 O 0 0 0 0
C= 2 -4 2 0 3 0 0O -4 O
“0 0O -2 O 0 5 -3 0 -3
0 0 0 6 -3 -5 3 0 0

0 0 0 0 0 0 0 4 3

I3 BepuinHu 1 y BepuinHy 5 iCHYIOTh 4 IPOCT1 OPIUIAXH:
1, Lis, 2, Ly, 5 Baroro P,=2+8=10;
11 L141 4, |—43, 3, L35, 5 Baroro P,= 6 +5+7 :19;
1, L14, 4, L43, 3, L32, 2, L25, 5 Baroro P3:6 +5 +2 +8 = 21;
1, L, 4, Ly, 2, Lys, 5 saroro P,=6+5+2+8 =21.

HatikopoTmmm € oprusx 1, Ly, 2, Lys, 5 saroro P;=10.



Matpuiist TOCS>KHOCTI

R=

ORRRE
ORRRR
ORRRR
ORRRR

I3 MaTpwIIi TOCSKHOCTI BUILIIMBAE, 10 BEpIUHU | — 4 HOCSKHI
OJIHA 3 1HIIIOI, a BEPIIMHA 5 € CTOKOM, TOMY BepiuHH 1 — 4 13 Heil
HE JIOCSIKHI.

3agauya 14
ABtomar Mini 3aaHuii TaOIUIISIMU TIEPEXO/IIB 1 BUXOIIB.
[Tonatu aBTOMAT aGCTPAKTHOO MOJIEILTIO, CYMIIIEHOIO TaOIHIICIO
Ta rpadom.

Tabmuus nepexonis 6 TaGuuIst BUXO/iB A
O: 192 | O3 | Ga O: |92 | O3 [ D4

Zi 192 101 1Q2 | Q3 Zy | Wy | W, [ W | W,

Z; 103 104 | Q1 | Qs Z | Wy | Ws | W, | Ws

Po3zs’sa3ysanns
I3 Tabnuup aBTOMara 6auMmo, 110 angaBiT BXIJIHUX CUTHAJIB
Z=(2,,2,), muoxkuna craiB Q =(qy, 0z, U3, s), andaBiT BHXIiTHUX
curHaitiB. W = (Wi, Wy, Wi, W,, Ws). DyHKINSE TIepexofiB J 3aaaHa
TabIUIer0 MepexoiB, GPyHKIIS BUXOMAIB A 3ajjaHa TaOIUIIEI0 BU-
xomdiB. [[ns iHIIIABHOTO aBTOMAaTa TMOYAaTKOBHMM CTAaHOM MOJKHA
BBaXKaTH (;, TOJ1 aOCTPaKTHOIO MOJIEITIO aBTOMATa € KOPTEexK

A=(Z, W, Q, 9, 2, ).

[Tomamo aBTOMaT Mini OfHI€IO CyMIIIEHOIO TaOIHIICIO Tepe-
XOJIIB 1 BUXO/IIB, B SIKI HA MEPETHUHI CTOBMIA (y 1 psAKa Zf 3amu-
IIEMO €JEeMEHT (s /Wy, KM BU3HAYA€ThCS TAKUM YHHOM:

0s=3(0m, Z1);  Wg=A(CAm, Zs)-

CywminieHa TabmuIs nepexo/1iB-BUXO/IiB:



Q. Q2 0s Q4
Z; /Wi | Ou/W, | /Wy | Qsfw,
Z; Qo/Wo | Qa/Ws | Qi/W, | Qufws

I'padiunuii croci6 3amanHs aBTOMaTa Mini mependadae foro

I'pad aBTOMAaTa

MoJaHHs y BUTJIsAI oprpada. Be-
pmwuHN  rpada  BiANOBITAIOTH
CTaHaM aBTOMara (y i HUMH 103~
HAYaIOTHCS, a IyTu rpada Bimo-
BIJIaIOTh yCIM MOJKJIMBUM IIepe-
XoJlaM aBToMaTra (m—(s 13 of-
HOTO CTaHy B I1HIIMH, BigoOpa-
keHl B Tabnmmi mepexonis. Ilo-
YaTOK JIyTY NO3HAYAEMO BXiTHUM
CUTHAJIOM Z;, KiHEIb IyTH — BH-
XiJJTHUM CHTHAIOM Wy

3agava 15
ABtomaT Mypa 3a1aHuil T03HAUYE€HOIO TaOIUIIEI0 EPEXO/IiB.
W, W, WS W,
0u 02 s 04
Z 0. Q2 0. Os
Z; 02 0s 04 0z

[Topatu aBTOMAT rpaiyHUM CIIOCOOOM.

Po3z6’azysanns

I'padiunuii croci6 3amanHs aBTomata Mypa nojae iforo y Bu-
raal oprpada. Y BepmmHax rpada mpoCTaBISIOTHCS CHMBOJH

cTaHiB (1, Oz, ..

., Qw, @ OUISI HUX — CUMBOJIM BHUXIJHUX CUTHAIIB

Wg, IO BIANOBIAAIOTH iM y NMO3HAYeHii Tabmuni nepexonis. yru
rpada BIAMOBIAIOTH YCIM MOXJIMBHM IEpeXoJaM aBTOMara
Om—(s 3 OJHOTO CTaHy B 1HIIWH, Bi10OpakeHUM y TaOIuIll repe-



xoxiB. [lyrm mo3Hadaemo
BXIJIHUM  CHUTHaJIOM  Z.
Onepxxanuit  ajis  AaHoi
Tabmuii  rpad aBTOMarTa
300pakeHuil Ha PUCYHKY.

I'pad aBTOMara
3amaua 16
ABtomat Mypa 3aanuii rpadiuHo, sIK ITOKa3aHO HA PUCYHKY.

[TepeTBopuTH aBTOMAT JI0 €KBIBaJICHTHOTO HOMY aBTOMara Mi-
71, 1 oiep KaHU# aBTOMAT MOIaTH TaOJIMYHUM CIIOCOOOM.

Po3ze’azysanns



Kounu 3agano rpad aBromara Mypa, TO 32 HUIM MOKHA TIEperTH
10 rpada eKBIBaJICHTHOro aBToMara Muli TaKMM YHWHOM: BHXIJI-
HUM CHUTHaln Wy, 3aluca-
HUH MOpPYY 13 BEPIIMHOIO
Qs, HEpeHOoCATh Ha BCl
JIyTH, IO BXOIATh Y LIO
BEPILUHY.

[Tig yac Takoro mepe-
TBOpeHHs (yHKIIi nepe-
XoJiB B aBTOMati A My-
pa Ta aBromati 4’ Mim
3aNUIIAIOTHCS  OJJHAKO-
Bumu. Opepxumo rpad
aBromata Mim, 300pa-
JKEHUI Ha PUCYHKY.

[Tomamo aBTomMar Mimi TaGNWYHO 3a JOMOMOTOI0 CyMiIIEHOT
tabnuii. KinbkicTh cToBMIiB M Tabiuil JOPiBHIOE KUJIBKOCTI CTa-
HIB M =4; KUIBKICTh CTPiYOK F— KUIBKOCTI BXITHUX CHTHAIIB
F=2. BcepeaunHi KITHHOK TaOIHI[ CTAaBUMO CHMBOJHU (s/Wg, 110
BIJINOBIJIAIOTH y31, fIKa OmMHCye mepexia (m—0s. Hampukian, B
oJiepxkaHoMy rpagi apromara Mini 3 Ayru, sika onMcye nepexif i3
CTaHy (i1 y cTaH (2, MM 0auMMoO, IO LeH Mepexil IHIIIETHCS
BX1/IHUM CUTHAJIOM Z, 1 CYIIPOBOKY€ETHCSI BUPOOJICHHAM BUX1/IHO-
ro CUrHaixy Wp, TOMY B KJIITHHII Ha MEPETHHI PSAIKA Z, 1 CTOBIIISA
Qs 3aIUCYEMO CUMBOJIH (,/W,. Y pe3ysbTati OfepKUMO CyMillleHy
TabauIr0 aBToMaTa Mii:

0 02 Js s
Zi | Gwi | QufW, | Qo/W, | Qafws

Z; 0o/W, | Os/ws | QufWs | QoW




3amaua 17

[TepeTBopuTH aBTOMaT MiJi, 3a1anuii rpadivyHO, Ha EKBiBaJIe-
HTHHUI aBTOMAaT Mypa.
Po3zs’sa3yeanns

I3 3amanoro rpacda 3Ha-
XOJMMO, IO B aBTOMATi
Mini A andapit BXigHHX
curHamiB  Z,={Z,2,}, ai-
($aBiT BUXITHHX CHUTHAJIB
W, ={wy, W,}, MHO>KHHA

I'pad aBromMaTa Mini cTaHiB QA-:{qO’ G, G2}
B ekBiBaJeHTHOMY aB-

tomari Mypa andaBiTd BXiJHUX 1 BUXIJHUX CHTHATIB MOBUHHI
OyTH TaKUMHU CAMHUMH, SIK Y 3a1aHOMY aBToMarti Mini:

2,=25={21,2,}, Wx=Wp={W;, W,}.

[Tobynyemo MHOXuHY cTaHiB Qg aBTOMaTa Mypa Takum 4u-
HOM, 1100 BiH OyB €KBIBaJICHTHMM 3a/laHOMY aBTomary Miimi. [{ns
L[bOT'O 3HANJAEMO MHOXKMHH Iap, MOPOAKYBAHUX KOXKHHUM CTaHOM
Jn aBTOMaTa A:

Cran [MopoKyBani napu
0. {(9z, W), (02, w2) }={b., bs}
Q. {(9,, wy) }={bs}
Jo {(Go, W), (Go, W2)}={by, b}

3BiicM ONEpP)KYyeEMO MHOXHMHY CTaHiB aBTomara Mypa:
Qs ={by, b,, by, by, bs}. s 3HaxomkeHHs (QyHKINI BHXOMIB Ag 13
KOJKHUM CTaHOM, 10 SBJI€ CO000 mapy BUAY (Cm, Wg), OTOTOXK-
HUMO BHXIJHUM CUTHAJ, IKUI € IPYyruM €JIeMEeHTOM i€l napu. Y
pe3yabTati MaeMo: Ag(D;) = Ag(Ds) = As(0s) = wy; As(b,) = 2s(bs) = W,.

[To6ynyemo dyHKIi0 iepexomiB dg. OCKUIBKK B aBTOMATI A 31
CTaHy (o € mepexiJ MiJ €0 CUTHAY Z; Y CTaH (; 3 BUAa4Yer0 Wi,
TO 3 MiAMHOXHHU cTaHiB {b,, b,}, mopomxyBanux gy, B aBTOMati B
MOBMHEH 3JIIHCHUTUCH TiepeXin y cTaH (Qz, W) =b, mix niero cur-
HAITY Z;.



Amnasoriuno, 3 {b;, b,} mix niero z, moBuHEH 3MiIHCHUTHCH Tie-
pexia y (Qo,W:)=by, 3 (Qy, W) =bs; mig miero z; — mepexim y
(o, W) =by, a mig miero z, — e (0, W,) =bs. Hapemrri, 3i craniB
{(92, W1), (02, Wo)} ={by, bs} mim miero z, — y (Qo, W,) = b,, a mig miero
Z, —y (91, W) =bs. V pesynbTati oepxyeMo TaOIUIO TIEPEXOIIB 1
rpa¢ ekBiBaJeHTHOrO aBTOMaTa Mypa.

[To3nauena Tabmuis nepexoiB aBromara Mypa

Wy W, W, W, W, W,
zjby |by |b, |bs [by |Dbs
Z; b, b, b, b, b,
Z bl bl b5 b3 b3

W,

I'pad aBTOMaTa Mypa, €KBIBaJICHTHOT'O 3aIaHOMY aBTOMATY

3anava 18
[TigiloMHUK MepeMIIIyeThCS 3 OAHOIO PIBHS Ha 1HIIMKA peBep-
CHUBHHMM IPUBOJOM, III0 BMUKAETHCS BUKOHABUUMH €JIEMEHTAMU —
koHTakTopamu KM1 1 KM2. Ilyck migiioMHuKa 3/1iCHIOETbCS 32
KOMaH/I0t0 Bija moBepxoBux kHomok SB1, SB2, SB3, SB4. 3ynu-
HEHHS MiIHOMHHUKA 3a0€3MeUy0Th HIKHIN 1 BEpXHINA KIHIEBI BH-
mukaui SQ1 1 SQ2. ABapiiiHuM cHTyallisM 3ano0irae€ KOHTPOJIb



3aKpUTTS JIBEPEH MIAXTH HA MEPIIOMY i IPYroMy MOBEpXax BUMU-
kadamu SQ3, SQ4. Po3pobutn abcTpakTHHIT aBTOMAT KepyBaHHS
MiTHOMHUKOM y BHTJISIL Tpada.

Po3zs’sa3yeanns

I3 ¢iznuynoro npuHIMIY POOOTH MiAMOMHHMKA 3pO3yMLIO, IO
BIH MOXK€ IepedyBaTH B TPbOX CTaHaX — CTaH HEPYXOMOCTI (s
(3ynuHeHHs Ha 1-My abo Ha 2-mMy moBepci), CTaH pyxy Bropy Ji,
CTaH pPyXy BHM3 (,. ToMy 3pyyHO BBa)kaT, II0 aBTOMAT, SIKUH
HUM Kepye, Mae Tex Tpu ctanu: Q ={q,, 4,, 0s}. ABTOMAT HE € iHi-
1iaJbHUM, OCKIIBKM Ha IMOYaTKy KEpyBaHHS BiH Moxke OyTH B
Oynbp-sikomy cTaHi. Pyx yropy 3abe3nedyeTbcs yBIMKHEHHSIM KOH-
taktopa KM1 peBepcuBHOro npuBoja, A 4Oro Ha 1€l KOHTaK-
TOp MOTPIOHO MOJABaTH BUXIMHUH (KepYIOUMid) CUTHAJl aBTOMATa
Wi, JJI pyxXy BHU3 HOTpiOHO MoJaBaTH KepyrouHuicurHaiz W, Ha
koHTakTop KM2, st 3a0e3neueHHs ClOKOI0 MOTPIOHO BUMUKHY-
TH 00MJIBa CUTHAJIM, JJIsl LIbOTO BUKOPUCTOBYEMO KEPYKOUUI CHUT-

Hall Wy =W, +W, , SIKMi i€ TOAL, KOJIM He YBIMKHEHUH Xo4a 6 oauH

13 curHaJiB Wy, W,. TakuM ynHOM, andaBiT BUX1THUX CUTHAIIB aB-
tomara W ={w;, W,, Ws}. ABTOMAaT KepyBaHHS IiTHOMHHKOM € aB-
TomMatoM Mypa, ToMy 110 Oro BUXiJIHI CUTHAIUA W3, W;, W, TIIOTh
BIJIMOBIAHO M1 Yac 3ylUHEHHS, pyXy Bropy 1 pyXy BHHU3.

VYci komauaHi 3MiHHI (BXIJHI CHTHAJIH aBTOMAaTa) 3BEIEMO 0
qoTHpbhoX: Iyck Bropy (I1B) z, — Hatucheni knonku “Bropy” SB1
a0o SB3 Ha nepiiomy abo apyromy mosepci, Z;= (SB1+SB3)-SQ3,
Jie 3HaK “+” € CMMBOJIOM JIOT1YHOTO JOJaBaHHs (3 IOHKIIISA), a
3HaK ““” € CUMBOJIOM JIOTTYHOTO MHOKEHHS (KOH IOHKIIIS); MyCK
BHU3 (ITH) z, — HatucHyTi kHOMKM “BHU3” SB2 abo SB4 Ha nep-
momy abo apyromy mosepci, Z,=(SB2+SB4)-SQ4; 3ynuHeHHs
PYXY Bropy Z; - 3aMKHEHO KiHLeBUi BuUMHKau SQ2, Z,= SQ2; 3y-
MUHEHHS pyXy BHU3 Z, - KiHUEeBUN Bumukad SQI1 3aMKHEHO,
2,=SQ1l. Takum uymHOM, andaBiT BXIJHHUX  CHUTHAJIB
Z ={2,, 25,25, 2,}. [lo3nauena tabmui aBTomara Mypa i fioro rpag
300paXkeHi HIKYE.



Wy | Wy | W,
O | 92 | Qs
Z | O | Q2 | Qo
L | O | Q2 | Q2
Z3 Os - Qs
Z, - Os | Qs

Tabnuus aBromara

¢ Jo
Wi, W, W3

0.
Wll W4

g X1
Wy, Wy, Ws

do X
Kinens

)

I'pad xepyrouoro aBromara

3agauya 19
I'pad aBromaTa Mini nmogaHo rpag-
CXEMOI0 aJIrOpUTMy HOro podoTu.
[Tonatu aBTOMAT y BUIIIsiAL rpada.

Po3zeé’azysanns

CriouaTKy BHMKOHA€EMO PO3MITKY
ctaHiB ans aBromara Mini. CumMBona-
MU BHYTPILIHIX CTaHIB aBTOMara (0,
Qi, -, Qu TTO3HAYAIOTHCS BUXOJAU OTIE-
paTopHUX BEpLIMH rpag-cXeMH ajiro-
putMy. Y BUNAIKY, KOJH ICIS OTe-
paTopHOi BEPIIMHU CTOITh YMOBHA Be-
pIIMHA, TO CHMBOJI CTaHy MPOCTABIIS-
€TbCS MICHS TaKOi YMOBHOI BEpIIMHU.
3 ozep:kaHOI pO3MITKH Oynyemo rpag
aBromara Mimi, A7 9Oro KpPEecIuMo
TpU BepIIMHU (o, (1, J,, TO3HAYCHI HA
rpag-cxemi, miclisg 40ro KpeciuMo BCi
IyTH, K1 B1I0OpaxyrloTh yci IMepexo-
I B rpag-cxemMi MK CTaHaMH.



IToyatok nyru mo3Ha4aeMO CUTHAJIOM Zf YMOBHOI BEPILIWHH,

SIKAW 1HILIIOE JTaHWKA Tepe-
XiJ, a BHUXiJ Oyrd — CUTHa-
JamMH Wi, IO CTOSITh B OIIe-
paropHiii BepumunHi. Pe3ynb-
TaTh PO3MITKH 1 Tpad aBTO-
MaTa MpEeJACTaBICHI Ha PH-

CYHKY.

¢ do
W11 W21 W3

d:

Wll W4

g2 1

W21 W41 W5

al-d

Go

Kiuers

)

Wi, Wy

3agaua 20
I'pa¢p aBromara Mpypa noxaHO
rpag-cxeMor0 aaroputrMmy ioro pobo-
tu. [logatu aBToMar y Burisiai rpada.

Po3ze’azyeanns

Cnoyatky BHKOHAaEMO DPO3MITKY
CTaHiB Juisi aBToMara Mypa. 3rigHO
. 4.3.5, cuMBOJIaMU BHYTPIIIIHIX CTa-
HIB aBTOMaTa (o, i, ..., Qu MO3Haya-
I0TbCS ONEpPaTOpHI BEpIIMHU TIpad-
CXEMH QJITOPUTMY. 3 OJEp>KaHOI pO3-
MITKH Oynyemo rpa¢ aBromata Mypa,
JUIS 90r0 KpeCIMMO TPH BEPIIUHU Jp,
i, 02, TO3HauUEH1 Ha rpad-cxemi xpec-
TUKaMH, 1 OUIf HHUX MPOCTABISIEMO
BUXIJHI CHTHanu aBTomara Wy Ilicis
IbOTO KPECIMMO IYTH, L0 BigoOpa-
KYIOTb BCl Tlepexoau B rpad-cxemi
MK cTaHaMmu. /[yru mozHadaemo cur-



HaJlaMl YMOBHHX BEPIIUH Zf, SIKI BUKJIUKAIOTh BiIOBITHUIA Tepe-
xi1. Pe3ynbrate po3miTku 1 rpad aBTOMaTa 1mojjaHi Ha PUCYHKY.

o

i

Wl, Wz, W3 Q1

i

Wy, W, 0z

W5, Wy, Ws 0s

\
A

AV

Kineus Jo

3anaua 21
ABTromMat Miji 3a1aHuil CyMIlIIEHOIO TaOIULIEI0 TIEPEeXOIiB 1
BUXO/JI1B. Bu3HaunTH loro peakiito Ha BXi/IHE CJIOBO
Sex=1212,2,2,2;. BBaxary, 1110 aBTOMAaT yCTaHOBJIEHUHN y IOYATKO-
BHU CTaH (.

Zi\Qm | do 0 0z s
Z q./w, oWz | Qa/W, | Qo/Wy
Z 0o/ W> QoW | Qafwy 0o/ Ws

Po3zeé’sa3zyeanns



Jns aBromara Mini BUXiTHUN CHUTHAI Wy=A(Zf, Om), TOMY peak-
1ist aBToMata Sy =A(qo, Ss) BU3HAYAETHCS MOCIIIOBHICTIO CTaHIB,
K1 aBTOMAT A; IPOXOJIUTh, CIIPUHMAIOYH BXiJHE CIOBO S, 1 BH-
X1IHUM CHT'HajaM Wg, SIKI BIAIOBIJAIOTh LIUM NIEPEXOAaM y CyMi-
mieHii TabnuIli Iepexo/iB i BUXOIIB aBTOMATA.

OTxe, B TIOYATKOBOMY CTaHi (o MPU HAIXOKEHHI BXIIHOTO
CUTHAITY Z; CIIOBA Sy, 3 CyMIIIEHOT TaOIUII TIEPEXO/IiB 3HAXOIUMO,
10 aBTOMAT BUPOOUTH BUXITHUN CUTHAI W, 1 TIepeiae y cTaH (.
Tenep y crani (; Ha BXiJl aBTOMaTa HAIXOIUTh BXIHHUIA CUTHAI Z,
cloBa Sy, 13 CyMilIeHOI TaOIHIl aBTOMaTa 0a4MMo, IO aBTOMAT
BUPOOWTH BUXITHUI CUTHAN W, 1 mepelae y crad (o AHAJIOTIYHO
3HAXOJIMMO PEakKilil0 aBTOMaTa Ha HACTYIHI CUMBOJIM CJIOBa Sy, 1
3aHOCHMO iX Yy TaOJIMITIO peakKilii aBToMara:

Zt Z; Z; Z; Z; Z;
Wq=0(Z,0m) Wy W (W, |[W, | W,

0s=0(Z+,0m) Qo 0. o To To d:

TakuMm 9MHOM, peakilis aBToMata Sg,= W; Wy W, W, Wi.

3amaua 22
AstomMar Mini 3aganuii TaOJIUYHO. 3HAUTH €KBIBaJIECHTHUI HO-
My MiHIMaJIbHUN aBTOMaT.

Tabnuis nepexois (o)

0 02 0s Q4 Os Js g Os

Z o] 02 Qs 02 ot Os Js Q4

Z, Os 04 dz Us s Os oF! J:

Tabnuns Buxomis ()

0. 0. Js Q4 Js Qs g- Qs

Z W,y — W, W, W, W, — W,

Z, W, W, — W, — W, W, W,

Po3zs’azyeanns




1. 3HaX0IMMO po30UTTS ) MHOXUHU CTaHIB
Q ={q1, 92, 93, O, Us, Us, U7, Js} Ha l-exBiBajeHTHI Kiaacu. 3a Tabim-
1ICI0 BUXO/IIB 3HAXOIUMO, 110 TAKUX KJIACiB JIBa:

Bi={01, 02, 9}, B={04, Gs, Us, Q7, s }; m:={B1, B2}.

[TincTaBUMO y MOYAaTKOBY TaOJUITIO TIEPEXOJIiB 3aMiCTh CTaHIB
0:+(s 3HA4YCHHS BIANMOBITHUX KiaciB Bi, By. Ilicnsa miacTraHoBku
OJICP’)KUMO TAOJIHITIO PO30UTTS Ha |-eKBiBaJICHTHI KIIACH.

B, B
s 07 Os Os | G5 | O | 07 | Os
Z,|B1 |B:1 |B2 |B:1 |B1 |B2|B2| B2
Z,| B2 |B2 |B:1 |B2 |B2 |B1|B1]|B:

2. 3HaxoIuMO PO30OUTTS 7, MHOXKHMHM cTaHiB Q Ha 2-ekBiBa-
JeHTHI Kiach (2-eKBIBaJIGHTHI KJIAcH 3HAXOMAATHCS BCEPEIUHI
1-exBiBaJIeHTHUX KiaciB). BuainsiooTh iX 3a HACTYMHHUM 3aralib-
HUM MpaBWIOM. SIKIIO B TaOJIMII TEPEXO/iB aBTOMAaTa, B SIKOMY
CTaHU TO3HAYCHI HAaliMEHYBaHHSIMHU K-€KBiBaJIEHTHHX KJACIB, Jie-
KUTbKa CTOBIIIIIB, [0 HAJEKATh JIO OJHOTO W TOTO CaMOro KJacy,
OJIHAaKOBi, TO CTaHU aBTOMATa, 1[0 MO3HAYAIOTh Il CTOBIIII, YTBO-
protoTh K+1- exBiBalleHTHI cTaHH. BilmoBigHO 0 BOTO TpaBHiIa
3a Tabnuiero po30UTTS Ha l-eKkBiBaleHTHI KJiacH, 3HAXOJUMO 2-
exkBiBaientni  kmacu:  C={Q;, 0.}, C,={q:}, Cs={04, s},
C,={0s, 97, 9s}, ©.={C,, C,, C5, C,}. Bukonasmm nepesipky, Oaumn-
MO, IO 7T, # 1, TOMY IIPOJOBKYEMO.

[TincTaBUMO B MOYATKOBY TaOJHIIO MEPEXO/IIB 3aMICTh CTaHIB
0:+~ Qs BiamoBimni 3HaueHHs C;, C,, C;, C,. Ilicmsa miacTaHOBKH
OTPUMAEMO TAOIUII0 PO3OUTTS Ha 2-eKBiBaJIEHTHI KJIACH.

G G, Cs C,
0z op) Oz | 94 | Os | Qs | U7 | Os
Z,/B1 |B1 |B2 |B1 |B1 |B2 | B2 | B2
Z,|B2 |B2 |B:1 |B2 |B2 |B:1 |B:1 | B




3. 3HaxouMO po30HTTA T3 MHOXUHHU CTaHIB
Q={a1, 92, 9, 9, Os, Gs, O, s} Ha 3-€KBiBaJCHTHI KJIacH 3 OJcprKa-
HOi TabmuIi po30UTTS Ha 2-€KBIBAIEHTHI KJIACH AHAJIOTIYHO JI0
TOTO, K OyJu 3HANJIEH] 2-€KBIBAJICHTHI KJacH 3 TaOJauIll po30UT-
T Ha l-ekBiBanentHi kimacu: D,;={Q;, 0.}, D,={Qs}, Ds={Q4, Os},
D.={0s}, Ds={0+}, Ds={Qs); 75={D;, D,, D3, Dy, Ds, D¢}. Bukony-
€MO TIEPEBIPKY, 0aUNMO, IO 73 # T, TOMY IPOJAOBKYEMO.

[limcTaBUMO B TIOYATKOBY TAOJIHMITIO MEPEXO/IIB 3aMiCTh CTaHIB
0:+ (g BignosiaHi 3HaueHds D,, D,, Ds;, D,, Ds, Dg. ITicnst mincra-
HOBKH OTPUMAEMO:.

Dl D2 D3 D4 D5 D6

Q. 0P Oz | 4 | Os | Qs | O7 | Us
Z Dl Dl D6 Dl Dl D3 D4 D3
Z D3 D3 Dl D4 D4 D2 Dl D]_

4, 3HaxouMO po30uTTS A MHOKHHHU CTaHIB
Q={q1, 92, 93, 94, Gs, 9, U7, Qs } Ha 4-eKBiBAJIEHTHI CTaHU:
E={a, 0.}, E~{a}, Es~{a,a}, E~{ae}, Es={a:}, Ec={0s);

w={E, E;, Es, E4 Es, Ec}. Bukonyemo mepeBipky Ha piBHICTb 7 i
3. baurmo, 1o MOTYXHICTh X OJIHAKOBAa, a TAKOXK PiBHI BI/IIOBI-
aai  migvaOokmuHu  (kmacw):  E.=D.={q.,q0.}, E.=D.={Qs},
E:=D:={0.,0s}, E.=D.={qs}, Es=Ds={q}, Ec=Ds={Qs)). Po306urts
77, 30Ira€ThCs 3 PO3OUTTSIM 73, OTKE, PO3OUTTS 73 TpaHUyYHE. Tomy
MOIIYK €KBIBAJICHTHUX KJIACIB MPUITHHSIEMO.

5. 3naxoaumo MHOXHMHY Q' cTaHiB MiHIManbHOTO aBTOMaTa A',
JUTSl 9OTO B Kitacax Dy, 110 MICTATH OLIbINE OJJHOTO CTaHy, 3aJIH-
MIAEMO JIMIIE OJIMH CTaH (s.

Q'={01, 92 s, A4, Gs, Je, G, s}

6. I3 moyaTtkoBoi TabiMIll NEepexoiaiB aBTOMaTa BUKPECIIOEMO
CTaHW, IO HE YBIMIUIM A0 MHOXHHH Q', a B TUX CTOBIIIX, IO
3aJIUIIMINCS, BCl CTAHU 3aMIHIOEMO Ha €KBIBAJIEHTHI 3 MHOXKHHHU
Q" 0, Ha O3, a Qs HA (4. [IprUOMy, SKIIO B TAONWIII BUXO/IB BH-
KPECIIOEThCS CTOBIICIIb, 10 MA€ Ha TMEPETHHI 3 I-M PSJIKOM TICB-



HMI CUTHAI Wj, a B 3aJIUIIEHOMY CTOBIILI 3 CTAaHOM, €KBIBaJIEHT-
HUM BHKPECJICHOMY, Ha IMEPETHHI 3 I-M PSJAKOM IPOCTAaBICHUMN
IPOYEPK, TO B HBOMY 3aMICTh MPOYEPKY HEOOXIAHO 3arucaTH CH-
THaJI Wj.

Y pe3ynbTaTi 0Iep)KUMO TaKi TaONHIN TMEPEeXOIiB i BUXOMIB Mi-
HIMaJILHOTO aBTOMATa, EKBIBaJICHTHOTO 3aJIaHOMY.

0: [ 93 (G4 [ Qs | Q7 | Os O: [ 92| 94 | Q6 | Q7 | Os

Z | Qi | Os |01 [Oa | O6 | Qe Zy | Wy | Wy | Wy [Wo | — | W,

Z3|0s | Qu| Qs | Qs | Qs | O Z, | Wy | — | Wy | Wy Wy | W,
3agaua 23

CunTtesyBatu B 6a3uci “I-He” noriuny QyHKIit0, 3aaHOI0 dia-
rpamoto Beliua - KapHo.
X, Pose azyeanns
CuHTe3 JIOT1YHOI CXeMU IPOBOJUMO
Xy 11r |1 J JIBOMa eTamamMHu — CIOYaTKy MiHiMi3y-
1 X, €MO JIOT1YHY (YHKIIO 332 JOTOMOTOIO
1 niarpamu Beiiua - Kapno, a motim 3Bo-
1 MO OJIep)KaHUil BUpa3 A0 3a/laHOTO
JIOT1YHOTO Oa3ucy.
Ha niarpami Beitua—Kapno mposo-
MO JIBa KOHTYPH, y TIEPIINHA i3 HUX
BXOJISITh BEPXHIN Ta HUXKHIA psAAKY TabNuIll, a y Ipyruil — npaBuid
KpaitHiil croBrnens. [Ipu n1boMy MU BpaxyBaJid, 1110 CUMBOJI “*” B
KIIITUHKAX JiarpaMu O3Ha4yae OailTy>kuil cTaH, TOOTO B HUX MOXK-
Ha CTaBUTH 1, SKIIO KUIbKICTh OJUHHIIL B 1[bOMY KOHTYp1 30171b-
HIyeThes (11€ MPUBOAUTH A0 CIPOIIeHH ToriuyHoi GyHkii), abo 0,
AKII0 11 He Tak. KpiM Toro, BepXHs 1 HWKHS CTPIUKH JiarpaMu
BBAXXAIOTHCS CYCIIHIMHU, TOMY iX MOXHa 00’ €HYBaTH B OJMH KO-
HTYD.
3riiHO 3 OJIepKAHUMHU KOHTYPaMU 3allMCyeEMO BUPAa3 MiHIMI30-
BaHOI JIOT1YHOI (YHKIII, KOPUCTYIOUHCh MPaBUIOM: KUIBKICTb
KOH IOHKIII B MiHIMaNbHINA 113’ t0HKTUBHINA Qopmi (MIHD) no-

AEE

X3



riunoi ¢yHKuii TOpiBHIOE KUIBKOCTI KOHTYpIB, a B KOH FOHKIIISIX
3QIMIIAIOTHCS TUIBKKA Ti 3MiHHI, SKI TIEPETHHAIOTHCS KOHTYPOM
TUIBKH OJTUH pa3 13 3amepedyeHHsM abo Oe3 3anepedeHHs. OCKiiab-

KU IIEPIIMM KOHTYPOM 3MiHHI X;, X, 1 X3 IEPETHUHAIOTHCA IBIvi
— OJIVH pa3 3 3alepeueHHsM 1 OJIUH pa3 0€3 HbOTr0, TO BOHH BUITY-
YaroThCs 3 KOH FOHKIIL, 1 B Hilf 3aIMIIaeThCs JuIIe 3MiHHA X, . 3

AQHAJIOTIYHUX MIpKyBaHb B KOH IOHKIIi, 110 BIJIOBIJA€ APYrOMY
KOHTYpY, 3QJIMIIAIOThCS 3MIHHI X, - X3. OTxe, MiHIMI30BaHa JIOTi-

9Ha (DYHKIIISI Ma€e BUTIIST
fMﬂH‘I’ :X4 +)_(2')_(3

[TepeTrBoproemo oxepskany Jioriuny (ynkmiro 1o 6azucy [-HE:

fome =X + X + X3 =X, X, Xg.
JloriuHy cxemy, IO peani3ye qaHy (QYHKIIIIO, TOJaHO Ha PHUCY-

HKY.

o | & &
as 2 | fume
Xs &
X4
3agaua 24

CunTte3yBaTH JI0TiuHy cxeMmy B 6a3uci |-He s takoi noriunoi
dynxuii: F(X) = X%, + XX, + XXX, .
Po3ze’azyseanns

®ynukuiro F(X) nepeTBoproeMo 10 TaKOro BUIISAILY, 00 BOHA
MICTHIIA JIUIIIE OTepallii KOH FOHKIIIT Ta 3arepedeHHs



F(X)= X%+ X+ XXX = XX, XX, XXX .

[lepeTBOpeHHS BUKOHAHO HA OCHOBI BUKOPUCTAHHS 3aKOHY

nojsiiiHoro 3anepeueHus: F(X)= F(X) Ta npaBuia ae Mopra-
Ha. X+ Yy+2=X Y Z.

Jloriuyaa cxema Moke OyTH peali3oBaHa 3a JIOTIOMOTOIO JIBOX
Mmikpocxem: K555JIA3 ta K555J1A4
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Ha pucynky 300pakeHO y3arajJbHEHHMI BapiaHT aJTOPUTMY
(GYHKILIOHYBaHHS KEPYIOUOro aBTomMara mporecopa Juis peaizamii
nesikoi omepariii. Ha HboMy B YMOBHUX BEpIIMHAX CTOSATH BXI1JHI
curHainu aBromata X1, X2, X3, X4, X5, a B onepaniiiHux Bepuu-
HaX — CUTHAaJM KepyBaHHS ornepaiiiiHuM OjokoM mpouecopa Y1,
..., Y10. 3a igauBiTyadbHUM BapiaHTOM aJTOPUTMY CHHTE3yBaTH
CXeMy KepyIYOro aBTOMara »OPCTKOTO THIy, BUKOHYIOUH ITOC-
J1I0BHO HACTYIIHI €TaIu NPOLeIypHU CUHTE3Y.



MOIATOR

Pucynok 1 — Y3aranpHeHH# BapiaHT aarOpuTMy
(GyHKII0HYBaHHS KEpyHOUOro aBToMaTa Iporecopa

1. BuOpatu iHAMBiAYyaJlbHUH BapiaHT aJrOPUTMY pPOOOTH aB-
TOMara, JUId 4Oro 3amucaTd HOMep BapiaHTa (3aJlaHOro BUKJIaJa-
4eM) I’ ATUPO3PSATHUM JIBITKOBUM YHMCIIOM Y MOPSAJKY 3MEHIICHHS
Bar po3psiiB Ha JIBMX BHMXOJaXx YMOBHUX BepmuH X1, X2, X3,
X4, X5 BiAnoBigHO. 3HAYE€HHS MPAaBUX BUXO/IB YMOBHHUX BEpIINH
BUOMpPAIOTh IHBEPCHUMH BiIHOCHO 3anucanux. Hapucysatu 6510k-
CXEMy 1H/AMBIAYyaJIbHOTO BapiaHTa ajrOpUTMy, 3aJIMLIMBIIM B
HBOMY O0OB’SI3KOBO omepailiiiai BepmuHu Y6, Y7, Y10, a 3 iH-
X — Ti OMepaliiiHi BEpIIUHU, SIKI CTOATh B TUIKaX YMOBHHUX
BEPIIHH.

2. Po3po0uTy anropuT™ CHHTE3Y aBTOMATA.

3. O6rpyHTyBatH BHOIp THITy aBromara (Mini un Mypa).

4. TlpoBecTy CTPYKTYpHHI CUHTE3 aBTOMATA.

5. OOrpyHTyBaTu BUOIp METOLY MiHIMI3allii JIOTYHUX (YHKIIN



JUISL TIPOLIEYPH CTPYKTYPHOIO CUHTE3Y.
6. HakpecnuTtu ¢pyHKIIIOHATIbHY CXEMY KEPYIOUOro aBTOMATa.

7. 3anucatv BHpasW Uil BUXIIHUX CUTHANIB 1 (QyHKIIT 30y-
JDKEHHS eJIEMEHTIB IIaMm sITi.
8. IlpoBecTu cymicHY MiHiIMi3alii0 IUX (QyHKIIIH.
9. ®yHK1ii 3BeCTH J10 3a7aHOTO Oa3uCy.
10. [ToOynyBatu (yHKIIOHATEHY CXEMY aBTOMATA.

Po3zé’azyseanns

Cunrte3yemo aBToMat Mijti 3 BUKOpucTaHHsM D-tpurepiB B Oa-
3uci [-HE.

Bapiant 55, = 00101,.

3amany BapiaTHBHO Tpad-cxemy anroputMma (pyHKIIOHYBaHHS
KEpYIYOro aBToMara moJIaHo Ha pHC. 2 3 PO3MITKOIO CTaHiB ;.

3riiHO 3 WITOPUTMOM CHHTE3y IH(PPOBOIO aBTOMAaTa BHKO-
Haemo (opmarizoBanuil onuc LIA y BUrnsai opieHToBaHOTO rpa-
da (puc. 3). Bepmmnaamu rpada € craHu aBTOoMaTa, a WOro JIyru
OMKCYIOTh BCl MOXJIMBI MEPEXOJH 13 OAHOTO CTaHy JI0 1HIIOTO B
MOCITIIOBHOCTI BUKOHAHHSI €TaIliB arOpuTMy poOOTH aBTOMATa.
[TouaTok AYrW MO3HAYAETHCS BXIAHUM CUTHAIIOM, SIKAW IHILIIOE
nepexij 13 MOoNnepeIHbOro CTaHy B HACTYMHMM, a BUXIJI Oyrd —
BUXIJIHUM KEpYBAJIbHUM CUTHAIIOM, SKUH BUPOOJIs€ aBTOMAT Yy
IOMY TEPEXO/Ii.

Ha erani po3poOneHHsI cXeMH CTaHIB aBTOMAara CIIOYaTKy BH-
3HQYMMO  KUIBKICTh  €JIEMEHTIB TMaM sATi 3a  (opmyioro
n= !_Iog2 M—|, ne M- KUIbKICTh CTaHiB aBTOMaTa (y HalloMy BH-

nagky M=5). Orxke, N= ‘ |0g2 5 ‘= !_2.32—‘ =3. 3a eneMeHTH

nam’sTi BUOMpaeMO CHHXpPOHI30BaHI Tpurepu D-tumy 1 3amaemo
TaOJIMITIO KOJIIB cTaHiB (Tadm. 1).

Sxmo BUXOAM TpUTepiB MOAATH Ha BXOAM Jemudparopa 3
M Buxomamu, TO ONMHWYHHUK CHTHAI HAa OJHOMY 3 BUXOJIB JIE-
mdparopa rnokaxe cran aBromara. OTxe, cxema CTaHiB aBTOMa-
Ta Mae Takuil BUTIA (puc. 4).
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Pucynok 2 — I'pad-cxema anropurmy 1uppoBoro aBTomMara

Po3pobumMo TabnuIio mepexodiB aBToMmaTa, SKy MOOymyeEMO
BIAMOBIAHO 10 rpada. KilbKICTh pAaKiB y TaOJIULI MEPEXO/iB
(Tabin. 2) nopiBHIOE KITBKOCTI AYT HA rpadi (KUIbKOCTI pi3HUX I1e-
PEXOIB 13 CTaHy B CTaH).

Jlis KO)KHOTO Tepexoay 3alHCyloTh MOYAaTKOBUI CTaH, Horo
NBIMKOBUN KOJ (CTaHU TPUrepiB), CTaH MIC/A MEepexoay Ta Horo
IBIMKOBHI KOJ, KOH IOHKIII BXIIHUX CHTHAJIIB, IO SBISIOTH CO-
0010 YMOBY MeEpexo/ly, a TaKOX BHUXIiJIHI (KepyBaJibH1) CUTHaIH,



10 BHPOOJSIOTHECS aBTOMATOM ITiJl 4ac IbOTO Mepexony (HUMH
MO3HaueH1 KiHIli ayr rpada).

Tabmuus 1 — KomxyBanus
CTaHIB aBTOMATa

Cran Kopx crany
T3 | T, | Tq
Jo 0 0 0
of1 0 0 1
02 0 1 0
(o 0 1 1
Qa 1 0 0

Pucynok 3 — I'pag aBTomata
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Pucynok 4 — Cxema cTaHiB po3po0II0BaHOTO aBTOMAaTa



Tabmuis 2 — Tabmaurs nepexo/iB aBToMarTa

Io- Koa crany Hacty Kona crany YmoBa | Buxigni dynxnii
4aTKo- MHHI nepe- | CHTHaJIM | 30ymKeHHs
BHIi CTaH xony Tpurepis
CcTaH Tsu | Ton | Tin aB- Tsu | Tow | Tin D; | D | D
aBTo- TOMaTa 2
Mara
Qo 0 0 0 o[ 0 0 1 X1 Y3 0|01
Jdo 0|01 O0 0z 0] 1 0 X X, Y, 0|10
Jdo 0|01 O0 Jo 0] 0 0 X X, 0(0|O0
01 0|01 (o) 0| 2 0 Xq Y4 0(2]0
J: 0|01 04 110 0 X, Y, 1100
% 0|10 g |O| 1] 1 1 Yo |0 ]1]1
% |01 | 1] q [O0]|0O] 0| x v, | 0]0]0
% [0]|1]|1] @ (0|0 0| X Yo | 0]0]0
@ [1]0|0] g [O0]|O0] O X Y, 0|00
4 1100 do 0] 0 0 X5 At 0(0|0

B ocranniii kojoHuI Tabi. 2 HaBeAEHO 3HaueHHS (QyHKLIN
30ymkeHHs (QyHKIiH nepexoaiB) BXoaiB TpurepiB D1, Dy, D3, saxi
noTpiOHO moaatu Ha D-BXoaM BIAMOBIIHUX TPUTEPIB, OO CHIpH-
YMHUTH 33/1aHuil nepexia. I3 3akony ¢yHkuioHyBaHHs D-Tpurepis
BUIUIMBAE, 110 IX 3HAYEHHS BIAIMOBIJAIOTHL 3HAYEHHSIM BHUXOIB
TpUrepiB micis nepexony, T00to D3 = T3y Do = Toy, D1 =Ty Jdns
TPUTepPIB IHIIMX TUIIB 3HAaYeHHS (QYHKLINA 30yKEHHS OJEPKYIOTh
3a TaOIMLSAMU TIepeXoly JaHUX TPUTEPIB.

Ha erani cunTe3y ¢QyHKIIN nepexoiB 1 BUXOJIIB 3alHCyEMO
JIOT14HI BUpPa3H LUX (PYHKIIHN 3rigHO 3 Tabm. 2 y BUIJISALI JOCKO-
HAJIMX JW3 IOHKTUBHUX HOPMaJIbHHUX (HOpM, IIPU MBOMY iX apry-
MEHTaMH BBaXAIOThCSl MOYATKOBUH CTaH JaHOTO Nepexoay 1
BXI1JJHUI CHUTHAJL

B ocranHiii komoHui Tabn. 2 HaBeAEGHO 3HAYeHHS (QYHKIIN
30ymxeHHs (QyHKIiN nepexoaiB) BXoaiB TpurepiB D1, Dy, D3, sxi
notpibHo nmojxatu Ha D-BXoaM BIAMOBIAHMX TpUTepiB, 00 CIIPH-




YHHUTH 33aHuil nepexin. I3 3akony ¢yHkuionyBanus D-tpurepis
3pO3yMijI0, IO iX 3HAYCHHS BiJNOBIJAIOTH 3HAYEHHSM BHXOJIiB
TpurepiB micis nepexoxny, T00To D3= T3y D= Toy, D1= Thy. Hns
TPUTEPIB 1HIIKMX TUITIB 3HAYCHHS (DYHKIIIH 30yKEHHS OJCPKYIOTh
3a TaOJIUIISIMH TIEPEXO1Y IaHUX TPUTEPIB.

Ha erami cuHTe3y (QyHKIIH MEpexomiB 1 BUXOJIB 3aIMHCYEMO
JOTiYHI BUpa3Hu nuX (QyHKIH 3rigHo 3 Talm. 2 y BUIISAAL JOCKO-
HAJIUX JIU3 IOHKTUBHUX HOPMalbHUX (OpM, TIPU LBOMY iX apry-
MEHTaMH BBKAIOThCS TOYATKOBUH CTaH JAaHOTO IEpexoay i
BXI1JIHHUI CUTHAII.

Jnist BXOAIB TpHUTepiB cCUCTEMA PiBHSAHB OyJie MaTh BUTJIISIL

D, :_QOxi +0,,
D, =0y X,X, +21X3 X 1
D, =qx,.
Jns dyHKIINH BUXO/IB CUCTEMA PIBHSAHB Oy/ie MaTy BUTIISI:
Yo = q0;1x2’
Yz = QoX,
Yo = OiXss
Ys = 0y,
Y7 = q1X_3’ )
Ys = UsXys
Yo = UaXs,
Y10 = Qs %s
At =0Q,Xs.

Habip ¢ynkmiii (1) BUKOPHCTOBYEThCS JUIsl TOOYAOBHU JIOTTUHOL
CXEMH Iepexo0/IiB aBTOMAaTa, a (2) — cXxeMH BUXO/I1B aBTOMaTa.

Minimizarito jorivaux ¢yskiii (1) 1 (2) 3py4Ho 31iiCHUTH 32
MeToqoM niarpaM Beiliua - KapHo, OCKUTBKM YHCIIO X apryMEHTIB
meHme 7. OfHaK B IbOMY BUIIAAKy MiHiIMi3allisl HE TPOBOIUTHCA,
OCKLJTBKH Bi3yaJIbHO MOKHA 0a4uTH, 110 Hi JUIsl OTHOTO BHUpa3y He



MOJKHa 3aCTOCYBATH 3aKOH CKJICIOBAaHHS 4M MOTJuHAaHHS. Kib-
KICTh JIOTIYHHMX €JIEMEHTIB MOXKHA 3MEHIIUTH 32 PaXyHOK TOTO,
IO JIesiKi BUXIJHI CUTHAJIM OACPXKYIOTHCS Ha BHUXOJI JIOT1YHUX
€JIEMEHTIB, SIKI BXK€ BHUKOPHCTOBYIOTHCSA y (YHKIISAX MEPEXOiB
(mopiBHsiiTe, Hanpuknag, Dz i Y-).

[TepeBeneMo ckiajieHi cucreMu piBHsAHB y 6a3uc I-He:

D= 84, _
D, = QOZ@ q_z
D= 8%y
Y, = qﬁ(z’
Ya = GoX,
Vo= TXS’
Yo =0y,
y; =Ds,
Yo = GX,
Yo = ﬁv
Yio = G Xe»
AT =(QXs.

Ha erani noOynoBu cxemu aBTOMaTa 3a JIOTIYHMMH BHpPa3aMU
GyHKLIN, 3BEICHUMH [0 3aJlaHOTO JIOTi4HOro 0a3ucy, BCTAaHOB-
JIFOIOTH CKJIAJl HEOOX1THUX JIOTIYHUX €JIEMEHTIB 1 BY3JIiB, MOCIII0-
BHICTb iX 3 €/IHaHHS B OJHY CXEMY, 1 KpeclsiTh ii 3 JOTpUMaHHIM

BIIMOBIAHUX cTaHAapTiB. (DyHKIIOHAaJbHA CXE€Ma aBTOMaTa 30-
OpakeHa Ha puc. 5.
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Pucynok 5 — @yHKIIOHaTIbHA CXEMa aBTOMAaTa



Hapuansne Buganns

buxoB Mukojga MakcuMoBHY,
Yepr’sakoB Bomogumup IMutpoBuy

JTUCKPETHUHA AHAJII3
I TEOPISI ABTOMATIB
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