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BCTYII

HaBuanbHe BHIaHHS NpU3HAYEHE JMJIS CTYJEHTIB, SIKI BUBYAIOTh JPYTUN
KPEAUTHUNH MOJYJIb HAaBYAIbHOI AMCHMIUIIHU «JlUCKpeTHa MaTeMaTHKay, KU €
OJIHIEI0 3 YaCTUH IUCHUIUIIHU «JluckpeTHa MmaTeMaTuka» 3 LUKIY 3arajbHol
MIArOTOBKHM HaBYAIBHOTO TUTaHy crerianbHocTi 113 «IIpukinanna maremaTikay 1 €
0a30BMM TpW HaBYaHHI 3a OCBITHBOIO Tporpamoro «Hayka mnpo nani Ta
MaTeMaTUYHE MOJEIIOBAHHS», IO CIOpsIMOBaHA Ha PO3POOJICHHS 1 BUKOPUCTAHHS
HOBHUX 1H(OpPMALIHHUX TEXHOJOTIH, MOJEIIOBAHHS CKJIAJHUX CHUCTEM, CHUCTEM
MITYYHOTO 1HTENIEKTY, 1 JUIsl BUPINICHHS 1HIIUX 3a1a4 mpodeciifHOi AisUTbHOCTI.
JlexmiiHUi Kypc 3 KpeautHoro moayno «JluckperHa maremaruka (Hactuna 2)»
po3paxoBaHO Ha 36 akaJAeMIYHUX TOJWH ayJUTOPHHUX 3aHATh, BUBYAETHCS HA
bakyabTeTI TPUKIIATHOI MATEMATUKHU Y 2 CEMECTPI.

MeTor0  BHKITaJaHHS KPEAUTHOTO MOJYJIO € OBOJIOJIHHS OCHOBHHUMU
HNOHATTSAMU 1 METOJAaMH, IO JIa€ 3MOry C(OPMYBATH y CTYACHTIB KOMIIETEHIIII,
NOTPiOHI JUIsi BUBYEHHS HACTYMHUX JUCHUIUIIH  CHEIalbHOCTI, (HOPMYBaHHS
CBITOTJISIIY HAa JUCKPETHY MAaTeMaTWKy SK Ha (yHIaMEHTaJIbHY HAyKy, IO
npu3zHaueHa Ui (Gopmamizaiii 3HaHb, PO3POOKM 1 BUKOPUCTAHHS HOBHX
1H(OpMAaIIHHUX TEXHOJIOT1H, MOJICTIOBAaHHS CKJIAJHUX CUCTEM, CUCTEM IITYYHOTO
1HTEJIEKTY.

[Ticnst 3aCBOEHHS KPEOUTHOIO MOJIYJIS CTYJE€HTU MalOTh 3HAHHS: OCHOBHHX
NOHATH OyJeBO1 aireOpu; MPUHLMIIB J11i adCTpakTUX aBTOMaTIB Ta Mepex llerpi;
MaTeMaTUYHUX METO/IIB IUCKPETHOTO aHaJi3y B MPUKIATHUX HAyKaX 1 pO3B’sA3aHH1
MPaKTUYHUX 3a]a4y; Ta YMIHHS: JOCHIKYBaTH CUCTeMU OyieBuX (YHKIN Ha
MOBHOTY, 3aMKHYTICTh, HECYNEPEYHICTh, 3HAXOJIUTHU JIOCKOHAI 1 MIiHIMaJIbHI
CTaHaapTHI (OpMU; CHHTE3yBaTH Ta aHaNI3yBaTH MOJENi, MoOymoBaHi Ha 0asi
abCTpakTHUX aBTOMAaTiB Ta Mepex [leTpi.

HapuasiibHe BHIaHHS Ma€ CTaTH B HAro/l IijJ 4ac OMpalfoBaHHS MaTepiaiiB

JeKI1H, MATOTOBKU JI0 €K3aMEHY, 10 IPAaKTUYHUX 3aHSTh.



1. BYJIEBA AJITEBPA
3acnosnukom opmanvHoi n02iKku 66axcacmuvcsa Apicmomens, xoua OCHOBHY

yeazy 6iH npuoiiue posensdy cunoeizmis. llpomseom 060x mucsa4onime 102iKU 8
OCHOBHOMY 3AUMANUCS BUBHEHHAM CUN02i3Mis, i we 6 1797 p. Immanyin Kaum nucas
NPO JIOCIKY 5K NPO «3AMKHYMY [ 306€pUuieHy meopirox.

Ilosopomnuii nynkm 6 icmopii nociku nacmas 6 1847p., koau [copoac By
(1815-1864), euenuii-camoyuka, cun 6i0H020 wesys, ONYONIKY8A8 CMAMMIO
«Mamemamuunuti ananiz nocikuy. L{a ma Oeaxi inwi cmammi npunecau byno
NONYAAPHICM®S, [ 8iH, He MAO4YU HAYKOBO20 CIYNEHS, OMPUMAB NPONO3UYII0 3aUHAMU
nocaoy npoghecopa mamemamuxu 6 Kyinz-Konedoc ipranocekoco micma Kopka.
Tam 6in nanucag csiu 3uameHumui mpaxkmam «/ocniodcenHs 3aKOHI8 MUCTIEHHY,
wo utiuios opykom y 1854p. 6 Jlonooni. Ocrosrna ides npayi - 3amina 8cix ci8, ujo
BAHCUBAIOMBCS 8 POPMATBbHIU 1021Yl, cUMBOIAMU - 8UCTOBTI08ANaAcs § 00 Byns, ane
8iH 0Y8 nepuium, KOMY 80alOCs pO3POOUMU NPAKMUYHO NPUOAMHY CUCEM).
Heooniku nosnauenv Byns Oynu oOymosneni npacheHHAM iX asmopa 3pooumu
cucmemy sIKOMOo2a Oilbuie CX0AHCO0 HA Mpaouyitny areedpy. B oanutl yac, kasxcydu
npo 6ynegy ancebpy, MamemMamux Mae Ha Y8aszi abcmpakmmuy cucmemy CUMBOIIS,

81acmueocmi siKoi ONnUCyromscC: aAKCIOMAMu4HO.

1.1. Abocmpaxkmnua dyneea anzeopa
3eadaiimo, wo aneebporo Hazu8aemvcs 0Y0b-aKa MHOMCUHA 00 'cekmis A (ducer,

dyuKkyit, mampuys, ceomempuyHux o00'ckmie ma iH.), Ha AKil 3a0aHa OesKa
cucmema KiHyego-micyesux onepayii, moomo QyHKyiu, 3MIHHI AKUX NPUUMAOMb
3HauenHs 3 A, i cami QpyHKyii nputimaromo 3HaueHus 6 A.

bynesy aneebpy, max camo sk i eci iHwi abcmpakmui aneedOpu MONCHA
inmepnpemysamu 6Oes3niuyio pizHux cnocobis. Cam bBynv inmepnpemysas ce0w0
cucmemy 6 Oyci Apicmomens sk aneebpy kaacieé i ix i0HocuH. OCKinlbKu
mMamemamuxyu OAagHO BIOMOBUNUCA B6I0 NOYAMKOBUX NO3HAYEHb, NPULUHAMUX 8
pobomi byns, 6ynegy aneebpy 6 0aHuli Yac NPUtHAMO 3anUCy8amu 8 NO3HAYEHHSX

meopii MHOMCUH.



Busnauennsi OyneBoi anrebpu Oyno mano y Temi «Pemritku» B mepriomy
ceMecTpi:

!

bynesorw anceoporo B = <L, v, A, ', 0, | > Ha3uBaeThcs anrebpa 3 ABoMa
O1HApHUMHU OTIEPAIliSIMHU V 1 A, OJHIEI0 YHAPHOIO OIEparIli€ro ' 1 ABOMa HyJIIPHUMHU
onepartisimu 0 1 1, 1m0 3a10BONBHSIOTH TBepIKeHHsIM L1 — L9. Hynapni oneparii

euoinsaroms eixeMenTH 0, | MHOXMHU L, Il 3JIEMEHTH Ha3UBAIOTHCI GUOLIEHUMU

esleMeHmamu.
XAX=X, XVX=X (ioemnomenmuicmv) L1
XVY=YVX, XAY=YAX L2

(komymamuenicmv)

XAWYAZ)=(XAY) AL (acoyiamusnicmy) L3
Xv(yvz)=(xXvy)vz
XAXVY)=X, XV (XAY)=X (noenunamnns) L4
AKIO X< Z, TOXV (YAZ) = (XVY)AZ (MoOyrapHicmp) L5
AKIO Z< X, TOXA(YVZ)=(XAY) VvZ
XAYVZ)=(XAY)V(XAZ) (Oucmpubymuenicms) L6
Xviyaz)=xXvy) A(Xvz)
XAX =0, XvXx=1I; (npomupiuus ma L7

BUKIOUCHHS MPEmMb020)
(x)'=x (insonroyis) L8

XAY) =X'VY,  (XVvY)=x'AY (3axonu de Mopeana) L9

OckuIbkH OyIb-SIKy PEIITKY MOXKHa pO3IJsigaTd sk anredpy 3 ABoma
omeparlisiMi, OyJeBy PEIIITKy, B sIKI KOXKEH €JIEeMEHT Ma€ €JWHE JOIOBHEHHS,
MOKHA PO3TJISIIATH SIK OyJieBy anre0py 3 TpboMa omepaiisiMu. Mu po3risHeEMO B
JESIKOMY CEHCl «MIHIMaJIbHY» OyJeBy anreOpy, ska OyIyeTbCs Ha PEUITI|, L0
CKJIQJIAETHCS 3 IBOX €JIeMEHTIB. JIBINKOBI 3MiHHI MOXKYTh MaTH Pi3HI IHTEpIIpETAIlii,
HAIpPUKIIAJ, TOJOKEHHS BUMHUKaua «PO3IMKHYTO»-«3aMKHYTO» B TEOpii pesierHo-

KOHTAaKTHHX CXEM, «Tak»-«H1», a00 «ICTHHHO»-«XUOHO». OCTaHHA 1HTeprpeTais
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BUKOPDHCTOBYETbCA B anreOpi BHUCIOBIIOBaHb 1 ainreOpli mMpeaukaTiB, B
anroputMmiuaux moBax (Ilackans, [Iposor), ne noriuH1 3MiHHI MOXYTh TPUAMATH
OJIHE 3 MOXJIMBUX 3HaueHb: true (icTuHHO) abo false (xubHO). YV Oynesiit anredpi
npuitHaTo BukopuctoByBatu 0 - true (ictuaHO) abo 1 - false (xu6HO).

VY abcrpakTHOi OyieBoi anredpu npupoaa MHOKUHU {0, 1} He po3risiIaeThes.
PemriTkoBi onepairii 06'ennanns (V), mepeTuny (A) i JOTIOBHEHHS (—) MarOTh 1HIII
HaliMEHYBaHHS 1 PO3MISAAAIOTRECS K orepaliii aaredpu. Bei BracTuBocTi OysneBux
PEIITOK, 3p03yMijio, BUKOHYIOThCS B OyJeBiil anreOpi 1 BU3HAYAIOTHCSI B HIN SIK
aKCIOMH 1 TEOpEMHU.

Bzarami, Oyap-sfika MHOXHHA €JIEMEHTIB 13 3aJaHUMH Ha HBOMY JIBOMa
JIBOMICHUMHU OIEpalisiMi, OJHIEI0 OJHOMICHOI 1 BHKOHYBAaHUMH aKcioMaMu
KOMYTAaTHUBHOCTI,  aCOI[IaTUBHOCTI,  JUCTPHOYTHBHOCTI,  1AEMIIOTEHTHOCTI,
MOTJIMHAHHS, 1HBOJIIOLI11, 3aKOHIB JIe MopraHna Ha3uBa€ThCS 0)1€8010 AnNCeOPOI0.

bynesa anreGpa Ha3zuBaeTbcsl BUpPOKeHOO, sikmo | Tta O cmiBmmaroTs. B
TaKOMY BUTIQJKY 3 OTJIALy Ha piBHOCTI X =xA I=Xx A0 =0 BoHa HE MICTUTb HISIKUX
IHITUX €JIEMEHTIB, a 3HAYUTh CKIIAJA€ThCS PIBHO 3 OJHOTO ejleMeHTa. bynb-sika
HEBHUPOKeHa OyreBa anredpa (a TUIbKY Takl MU 1 O0yJIeMO pO3TJIAIaTh) MICTUTh J1Ba
HEUTpaJIbHUX €JIeMEHTH - HynboBui 0 1 omuHuYHMA |,

XapakTepHOIO PHCOI0 KOMI'IOTEPIB € 3BEJICHHS BCIX OOUYMCIIIOBAJIBLHUX
CTPYKTyp (4uces, CUMBOJIIB, MacHBiB 1 T.Il.) JO JBIHKOBUX CIIIB 1 aJICOPUTMIB
o0poOku. 3 MaTeMaTHYHOI TOYKH 30py MH OyJIeMO MaTH CIpPaBy 3 OKPEMHUM
BUITAJIKOM OyJIeBUX anreop.

Buznauennss 1.1. Bynp-ky 3MiHHYy, fKa MOK€ NpUIMaTH OJIHE 3 JBOX
MOJIMBHX 3HaueHb 0 260 1, Ha3BeMOo OyIeBOIO 3MIHHOIO.

Buznavenns 1.2. ®yHkuii, ki BU3HaUeH1 Ha MHOXUH1 {0, 1} 1 npuiiMaroTh
3HAYEHHA 3 I[1€] MHOKWHU, HA3UBAIOThCS OyJIeBUMHU (DYHKIIISIMU.

ByneBa pyHKIIisl HA3UBAETHCS N-MICHOIO, AKIIIO YUCIIO i 3MIHHUX JOPIBHIOE N,
3anymepyemo 3MiHHI OyneBoi (yHkiii. CyKynHICTh 3Ha4€Hb 3MIHHHUX OYJeBOT
dbyHK11ii Ha3BeMo HabopoMm (abo kopTexxkem). Habip moBxkruHM n OyemMo Ha3WUBATH N-

HabopoM. Toxi oGmacTio BU3HAUYEHHA N-MICHOI OyneBoi (PyHKIIi € CyKYIHICTb
8



BCUISIKUX YMOPSAIKOBAaHUX N-HAOOpiB, KOMIIOHEHTAMHU SIKUX € 3HAUY€HHS OyJIeBHX
smiaHUX 0 260 1.

Koxxen n-Habip MOXKHa PO3MVIBAATH SIK 3alKC JICSIKOTO 4YHCia B JBIMKOBIHM
cuctemi unciieHHs. Hexait n-nabip mae BUrisia: ai, az, ..., an, Ae ai=0 ado 1.Tomi
4hcyI0, BU3HAUEHE K a3*2"14+a,*2"2+ . +a,, Ha3BEeMO HOMEpPOM JAHOrO Habopa.
3po3yMiio, 10 HOMEPOM n-Habopa Moke OyTH Oyb-fiKe HaTypallbHE YHUCIO
O<=K<=2"1,

Hanpuxnan, mis Oynesoi ¢pyukmii f(X, ¥, z) MmHOXHHa 3HaueHb X=1, y=0, z=1
3anucyetbes sk Habop 101. Bynesa ¢ynkuis moxxe OyTH 3amaHa 3a JTOMOMOTOIO
TaONMIl — TepepaxyBaHHS ii 3HaYeHb Ha BciXx Habopax. MHOXuHY HaOOpIB
MPUIHATO 3aMUCyBaTH B JIEKCUKOTpadiyHOMY MOPSIAKY, TOMY KOXEH Halip sBIIsL€
co00I0 KOJA ABIMKOBOro uwucia. BignmoBigHe HOMY JAECSATKOBE YHCIO OylIeMo
Ha3uBaTu HoMepoM Habopy. Hampuknan, Homep Habopy 101 nopiBHIOE 5, HOMEp
Habopy 110 - 6.

Teep:kaennsn 1.1. Kinpkicte HaOOpiB OyieBoi ¢ynkmii f(X1, ..., xn) Big N

. . . . e - . } on
3MiHHUX J0piBHIOE 2". KibKicTh OyneBUX (YHKIIIH Bi n 3MIHHUX JOPIBHIOE 2° .
Josedenns 1BHOTO TBEPHKEHHS O€3MOCepeHhO BHUIUIMBAE 3 OCHOBHHX
CHIBBIIHOIIIEHb KapAMHAIBbHOI apudmetuku. JlilicHO, MHOXXHMHA BCiX HaAOOPIB
OyneBoi (yHKIIT Big n 3MIHHMX yTBOpeHa jckaproBuM pooytkom {0, 1}"

MOTYXHICTb KOTO NOopiBHIOE 2". MHOXWHA BCixX OyneBUX (YHKIIIHN BiJ n 3MIHHUX €

n
MHOXHHA Bioopaxensb {0, 1}" — {0, 1), mOTyXHICTb SKOT TOPIBHIOE 22",

Jlosedenns makooc necko npoBOOUMUC MEMOOOM MAMEMAMUYHOL IHOYKYIT
(no n). Ilpu n = 1 meopema ouesuona. Ilpunycmumo, éona cnpageonuea npu n = k,
mobmo 2% onsa K-nabopis. Bizbmemo 006inoHo 00un 3 Hux. Hpunucyouu 0o Hb020
cnpasa 0 abo 1, ompumyemo (k + 1) - nabip. Ouesuorno, wo maxKum YUHOM KOHCEH
(k + 1) - nabip suxooums 3 desxoeo k-nabopy i, wo, ko 08a k-nabopy pisui, mo i
éci ompumani 3 Hux (k + 1) - nabopu meoic pizui. T.u. icnye (2¥)*2=2*1 ona (k+1)-

Habopy, wo 1 mpeba 6y10 0o8ecmu.



bynea ¢yHkIis Moxe OyTH BU3HAUCHA HE Ha BCiX Habopax. B npomy Bunaaxy
BOHA Ha3MBAETHCS YACTKOBO BU3HAUEHOIO. Bynb-sKy 4acTKOBO BH3HA4YeHY OyJeBY
GYHKIII0 MOXKHA JOBU3HAUMTH (B3arajl KaKydd, IOBUIBHUM YHHOM) Ha THX
Habopax, Ha SIKMX BOHA paHiile He Oyina Bu3HayeHa. Hagami GyneMo roBopuTH mpo
YCIOJI BU3HAYCHUX OyIeBUX (DYHKITISX.

Icnye 4 GyneBi ¢yHKINT BiJl 0J1HIET 3MIHHOI Ta 16 OyneBUX (QyHKIIHN Big JBOX
3MIHHUX, TPUMICHUX - BXKe 256, a 4-X-MICHUX - OJIU3BKO 65 THCSY.

Bci Habopu po3TanryeMo B TOPSIKY 3pOCTaHHS iX HOMEPIB, a MOPYY 3 KOKHUM
HAaOOpPOM pO3MICTUMO 3HaueHHs OyneBoi (yHKIII Ha nbomMy Habopi. OTpuMaHy
TaKMM YHHOM TaOJIMII0 Ha3BEMO TAOIHWIICIO 3HA4YCHb, a00 TAOJIHICIO 1CTUHHOCTI
OyneBoi Qynkiii. ¥ Tabmumi 1.1 HaBegeHo yotupu OyneBl QyHKINT BiJ OAHIET
3MIHHOI:

fo— xoncraura 0,

f1— ToToxHa dynkiis f(x) = X,

f,— 3anepedenns f(x) = —x,

fs— koHcraunra 1.

Tabnuys 1.1.
X fo fa fa fs
0 0 0 1 1
1 0 1 0 1
B tabn. 1.2 npuBeneHi GyHKIIi BiJ ABOX 3MIHHUX.
Tabnuya.l.2.

fo| fo| fo|fo | fa|fs | fo| f7 | fa | fo|fo|fue |fro|fia]|fra|fis

R k| o o x
| O] | O <
o| o ol o
Rl o ol o
o| »r| o o
Rl | o o
Rl o r| O
o| | R, O
=)
= O O] =
R | o -
o k| ,r| k,
A e

1
1
0
1

ol O | O
ol O] O
ol k| Of -
ol O | k-
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i dysKmii:

fo—
fi—
f,—
fa—
fi—
fs—
fo—
f—
fg—

fo—

fio—
f1—
f1o—
fi3—

f14 -

fi5—

Posrnsanaroun  Tabmuiro OyneBux GYHKIIH Bl JBOX 3MIHHUX, MOHa
MOMITHUTH, IO Neski 3 GYHKIIN He 3aiexaTh BiJ OAHIET 3 3MIHHMX, HaIPHUKIA,

f3(X,y)="X He 3anexuts Big 3MmiHHOI y, QpyHKuia fio(X,y)=""Y He 3anexuts Big X,

koHctanta (

X A'Y (a00 X & Y) — KOH'IOHKIIis

3amepedeHHs iMITTIKAIIi X > Y f(x,y) == (X—>VY)

Toroxkna dynkiis f(x,y) = X

3anepeycHHs IMIUTIKaMii y —x f(xy) = = (y = x)

Toroxxna QyHKIA f(X,Y) =Y

X @y — cyma 3a mod 2 (omneparis XerankiHa)

X VY — 13 I0HKIs !

3amepedeHHs au3 IoHKIi f{xy) = - (Xvy)=(x ¥ y) — crpiixa
[Tipca (iHOA1 MOXHA 3ycTpiTH Ha3By PyHKIig Jlarrepa abo GyHKIis
Be66a)

X =Y (abo X ~ Y) — eKBIBaJICHTHICTh (€KBIBAJICHIIis)

3anepeueHHs f(y) = -y

y —x (a00 y Dx) — IMILTIKaIis

3arepeueHns f(X) = —x

X — Y (abo X DY) — IMILTIKALis

3amepedyeHHss KOH IOHKIIT f(xy) = = (XA Y ) = (x | y) — MITPHX

[Teddepa

KoHcTaHTa 1

f15(X,y)=1 He 3a)IeKUTh BiT X 1.

L 06'conanns xnacie Bynv 3anucyeas ax x + y i po3ymie 6 «GUHAMKOSOMY» CEHCI, WO 6I0N06I0AE CydacHitl onepayii
X@ - oodasanus 3a mod 2 (onepayis Keeankina). O6'cOnanus «y 6KMOUHOMY» CeHCi abo Ou3'tOHKYII 66i6
aueniticokull 102ix i exonomicm [Jcesonc. Inmepnpemayisn Jocesonca usABUNIAC 3PYUHIUON MA CMAAA 32000M
3A2aNbHONPULHAMOL.
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BusnauenHsi. 3minHa Xi QyHKIii F(X1,...,Xi,...,Xn) HA3UBAETHCSI HECYTTEBOIO
(pikTHBHOIO), AKIIO X; B OyAb-IKOMY HA0Op1 3MIHHUX X4,...,Xi-1,Xi,. .., Xn HE 3MIHIOE
3HaueHHs QyHKuii F, T00TO, SKIO BUKOHYEThCS PiBHICTH F(X1,..., Xi-1,Xi,Xi+1,- .,
Xn)= F(X1,..., Xi-1, ™Xi,Xis1,..., Xn) JUISI OyJIb-IKHX 3HAYCHD 3MIHHHX X1,. .., Xi-1,Xi+1,- -,
Xn. B 1HIIIOMY BUTNIaJIKy 3MIHHA Ha3UBAETHCS CYTTEBOIO.

ko gesika 6ynesa pynkiis f(X,. .., Xi,. ..,Xn) MICTUTh (PIKTUBHY 3MIHHY Xi, TO
0 CyTi BOHA 3aJeKUTh Bif (n-1)-1 3miHHOI. DyHKIIA g(X1,..., Xi-1,Xit1,.-., Xn)
orpuMmaHa 3 ¢yHKmii f nusixoM BuaneHHs (PIKTHMBHOI 3MIHHOi, €KBIBaJICHTHA
BUXITHIN (yHKIIIT f.

Beenenns k ¢ikTtuBHUX 3MIHHHX B OyneBy ¢QyHkuio f(Xi,...,Xn ) poOUTH ii
dbopMaIbHO 3aiexkHO0 Bif (n + k) 3MIHHHX 1 Ja€ QYHKINIO g(X1,...,Xn,Xn+1,. - - Xn+k),
CKBIBAJICHTHY BUX1IHIH.

Teepakenns 1.2. MuHoXHHa, IO CKJIAAETHCS 3 ABOX 3HaueHb 0 1 1, Ha sIKOMy
BU3HAUCHI YHApHa omepallis 3arnepeueHHs — 3riqHo 1abdn. 1.1 1 OiHapHi omeparri
JW3'TOHKII Vv 1 KOH'TOHKIIIT A BIAMOBIIHO A0 Tabma. 1.2, € OyneBoro airedporo.

[ctunHicT, TBepmkeHHs 1.2 BuUIUIMBaE 3 Teopii PEHIITOK: oreparis
3ariepedeHHsT OyJeBOi anreOpu BHU3HAYAETHCS SK JOMOBHEGHHS B PEIIITII-2,
JW3'TOHKII Vv 1 KOH'TOHKIIIT A — sIK 00'€THaHHS 1 IEPETUH BIAMOBIIHO.

Omnepartist 3anepedeHHsI MPU PYKOIMTUCHOMY HAIMCaHHI 3a3BUYail 3aITUCY€EThCS

K TITPUX HAJ CUMBOJIOM 3MIHHOI, HAmpUKIaA: X,(xvy), IOpoTe, MU OyaeMo
BUKOPHCTOBYBaTH CHUMBOJI —, HANPHUKIAA: —X, —(X Vv Yy). Omneparisi KOH'TOHKIIII B
OyJeBiil anreOpi 3a3BUYAN MTO3HAYAETHCS CUMBOJIOM A, B ajireOpi BUCTIOBIIOBAHb —

CUMBOJIOM &, a X A Y 3alUCY€ETHCS IPOCTO SIK XY.

1.2 Ocnoeni akciomu it meopemu 0yneeoi anzeopu
Akciomn 1 Teopemu OyneBoi anreOpu Oe3mocepelHhO BUIUIMBAIOTH 3
BJIACTUBOCTEHN OyJieBUX pelniTok. HaBenemMo cnucOK akcioM 1 OCHOBHHMX TE€OpeM

OyneBoi anredpu.
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Axciomu OyJieBoi anreopu:

(1.1) xomymamueni 3axomnu:
avb=bva;
anb=bnaag;

(1.2) oucmpubymueni 3axonu:
avbac)=(@vb)a(avc)
anbvec)=(@nab)v(anc),

(1.3) acoyiamueni 3axomnu:
av(bvc) = (avb)vc;
an(bac) = (anb)ac;

(1.4) eracmueocmi 0 1 1:
av0=a,anl=a;

(1.5) zaxon euknrouenns mpemvo2o:

a v —a =1, ta 3axon npomupiyus: a A —a = 0.

Teopemnu:

(1.6) sxmo mugaBcixa avb=a tob=0;

AKINO I Bcixa aAb=a,tob=1;

(1.7) skmoavb=1ianb=0,10b=-1a;

(1.8) =——a=a;

(1.9)-0=1,-1=0;

(1.10) 3akon ioemnomenmmuocmi:

ava-=a,

ana=a,

(1.11)avi=1, an0=0;

(1.12) 3axonu noenunanus:

av(@anb)=a;

an(avb)=a;

(1.13) 3axonu oe Mopeana:
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—|(a. N b) =—a \/—lb,

(1.14) 3axonu cknerosanms:
(@avb)a(av-b)=a;

(@A b)v(an-b)=a;

(1.15) 3axonu noerunanns donosHenHs:
av(-aab)=avb;
an(—-avb)y=anah.

Ile HaitO1IBII TIpOCTa MOJENb OyJIeBOi anreOpu, pa3oM 3 TUM HaWOUIbII
BAYKJIMBA JIJIs1 KOMIT'TOTEPHUX HayK. [HIIa mommpeHa Moenb - MOAeNb OOUUCICHHS
BHCJIOBJIIOBaHb.

SIKIIO B3SITH AESKY HEMOPOXKHIO MHOKUHY A, TO il MHOKHHA-CTYNiHb P(A)
Oyzae mojnemno OyneBoi anredpu, sKIIO JOMOBUTHUCS MPO HACTYNHE (BCTAHOBUTH
130MOpP(P13M MiK MOHATTSAM Ta BU3HAUECHHSIM ):

® cJIEMEHTH IIi€l OyIeBOl anredpu — pi3Hi MIAMHOKUHI MHOKUHU A

e ormepallisl KOH IOHKLII BHU3HAYA€ThCSA SK NEPETUH MHOXKHH, U3 FOHKIIT —
00’€THaHHSI MHOXKUH, ONIEpallisd 3alepeuyeHHs — aDCOIIOTHE JOTIOBHEHHS;

® MHOXHHA U (YHIBEPCYM) 1 @ — BIANOBIAHO OAUHUIIA i HYJIb alIreOpH.

HeBaxxko mepexkoHaTHCs, IO BCl aKCIOMHM, HaBEJEHI BHUIIE, OyAyTh

BHKOHYBATHCA.

1.3 Byneei hopmynu
Buznavenns 1.3.
e Kosxna 3miHHa € (HOPMYJIIOHO.
e Slkio x, y — opmynu, To popmyiaamu € (—X), (X v y), (X & Y).

e [Hmmx popmyn HeMma.

VY 300pakeHH] ¢GopMys MPUNHATI HACTYMHI JOMYIICHHS: 30BHILIHI Ty>KKH
OIyCKAaOTh; BCTAHOBJIOIOTH MPIOPUTETH BUKOHAHHS OTMeEpallii B HACTYMHOMY
HOPSIKY:
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— — 3alepeyueHHsl (HalBHIIIM MPIOPUTET),

A — KOH TOHKIIIf,

V — TU3'TOHKIIIA,

—, = — IMIUTIKaIIis ¥ eKBIBaJICHIIIS (MalOTh OJTHAKOBUH MPIOPUTET, TUM T1a4e, 1110
BOHH HE € aNreOpaiYHUMHU OTIePaIlisIMHU, a CIYTYIOTh JIJIsl CKOPOUCHHS 3aIHCY ).

3 ypaxyBaHHSM IIUX MPIOPUTETIB HAIUIUIIKOBI JYKKH TAKOXK OMYCKAIOTHCSI.

Jnst koxxHOT OyneBoi dopMyan Mo)kHa MOOyAyBaTH ii TaOJWIIO ICTUHHOCTI,
o0uMCIIOYM 11 3HAYEHHS HAa KOXXHOMY HAOOpi 3MIHHUX. 3BIJCH BHUIUIMBAE, IO
KOXHiM OyneBiil ¢dopMyi BiAmoBiiae aesika OyneBa GyHKiisg, a popmyny OyieBoi
areOpu MOXXKHA PO3MVIAJATH K NPEJCTaBICHHS OyneBOi (PYHKIIT Bl JEAKHX
3MIHHHX.

Koxna OyneBa hopmyra €JMHUM YHHOM BU3HA4ae OyneBy QyHKIi0. €UHICTD
BUILUIMBAE 3 TOTO, IO JIJIsl KOXKHO1 (hopmysin OyJieBOi ajireOpu MOKHA MO0y TyBaTH
€IMHY TaOJIMIIO0 ICTUHHOCTI. TOMy B MOAanbIIOMYy MOHSTTS «OyneBa popmymnay i
«OyneBa QyHKIIIsH OyJIeMO BXKUBATH K PIBHO3HAYHI.

[IpoTuniexxHne TBEPAKEHHS PO BIJIMOBIIHICT OyJeBUX (opmyi 1 QyHKIIIH, HE
CIpaBeIJIMBO, TOOTO KOXHIM OyneBid (QPyHKIIT MOXKHA IMOCTABUTH y BIJIMOBIIHICT
0e3m114 OyneBux (Gopmyi.

Bbynesi ¢popmynu Ha3MBaIOTHCS €KBIBAJICHTHUMH, a00 PIBHOCUIILHUMH, SKIIO 1X
TabnuIll 301raroThCs. SKIO MBI PIBHOCHIBHI (HOPMYIH 3'€THATH 32 JIOMOMOTOIO
oreparii eKBIBAJICHTHOCTI, TO OTpUMaHa (opmyna OyAe TOTOXKHO JOPIBHIOBATU
onuuuill. Taki TOTOXHO 1CTUHHI (OPMYJIM HA3MBAIOTHCS TaBTOJOTISIMU ab0
3arajgbHO3HAYYIIMMUA. DOPMYJIH, TOTOXKHO PIBHI HYJIO, TOOTO TOTOXHO XHOHI,
HA3UBAIOTHCS CYMEPEWIMBUMU a00 CyMepeyHOCTAMU. AKCIOMH 1 TeopeMu OyieBoi

anreOpu 3a71a10Th PIBHOCUIIBHI (OPMYJTH.

PosristHemMo aesiki piBHOCHIBHI opmynu (auB. Taou. 1.3).
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Tabnuys 1.3.

XY | Xy | —xvy yoX | X=Y)(y—=X) | x=y | x®y | =(xDy)
0(0] 1 1 1 1 1 0 1
01| 1 1 0 0 0 1 0
110 O 0 1 0 0 1 0
111 1 1 1 1 1 0 1

Mu Gaunmo, 1110 Tabyuill 3Ha4eHHs GopMynn X — Y i —X v Y 30iratoThcs. OTxe,
111 GopMyiIu €KBIBAJICHTHI:

(1.16) X > ¥y = =X v y= =(X&—Y).

ExBiBaJICHTH1 TaKOK HACTYITHI POPMYJIH:

(117)x=y==(xDY),

(1.18) x=y=XX->Yy)(y—X).

B (1.18) mu mokemMo0 3aMIHMTH IMIUTIKAI[II0 HAa PIBHOCWIIBHY iU (dopmyiy
(1.16). B pe3ynbTati oTpuMaEMo:

(119 x=y =X > Y)Y > X) = (=X vV Y)(-¥ v X) 200 (—X&=Y)V(X&Y).

(1.20) Toxui, X ® y==(X =y )=(—-X&Y)V(X&—y)=(xVvy)&(=XVv-Y).

[{i paBHOCWJIBHOCTI MOSCHIOIOTH, YOMY TPU BU3HAa4YEHHI OysneBoi Gopmynu
BUKOPHCTOBYIOTHCS TIILKH OTIepariii —, Vv, A — oneparii iMIuTikaii, eKBiBaJICHIT1 1
CKJIaJaHHs MO MOJYJII0 2 MOXYTh OyTH BBEIEHI 3a JIOMOMOTOI PIBHOCHUIIBHUX
dopmy (1.16) - (1.20).

3a J0MOMOTOI0 PIBHOCWJIBHUX (OPMYJ MOKHA TPOBOJUTH EKBIBAJICHTHI

nepeTBopeHHs OyneBux ¢opmyn. Hampukian, neperBopumMo OyieBy dopmyiy

Xy—(—y®z).
Xy—=>(y®z)= X—>Yy==XVY
==(xy)v(my-zvyz)= X® y=(=xy)v(x—=y) , ~=y =y
= XVayVv—y—-Zvyz= 3axoH 0e Mopeana
=—XVaYVYZ=—XV—yVZ 3aKOH NO2IUHAHHA

30AKOH NO2TAUHAHHS OONOGHEHHS
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[ToOynyemo Takox [yisl BHUXIAHOT (QOPMYIM 1 TMEPETBOPEHOI TaOIHIIO

ictuaHOCTI (uB. Ta6m.1.4) 1 mepexoHaeMocs B iX paBHOCHJIBHOCTI.

Tabnuys 1.4.
XY [ Z|XY |y | ydz | xy—=>(—yDz) —X | =XVvaYy | =XVv-ayvzZ
0j]0|0]| O 1 1 1 1 1 1
0j0|1] 0 1 0 1 1 1 1
0|1]0] 0 0 0 1 1 1 1
o(1(1] 0 0 1 1 1 1 1
1(0(0( O 1 1 1 0 1 1
11012120 1 0 1 0 1 1
1{1|]0| 1 0 0 0 0 0 0
1{1|1|1 0 1 1 0 0 1

BaxxnuBo BMITH BU3HAauYaTd, 4d € (popMyia TaBToJIOTi€r0. J[Jid 1IbOro MOKHA
CKOPHUCTATHCS OJHUM 3 METOMAIB: MOoOyayBaTh TaONUII0 1CTUHHOCTI (dhopmyna
MOBMHHA TOTOXXHO JIOPIBHIOBAaTH 1), BUKOHATH EKBIBAJICHTHI NEpPeTBOpeHHS (1
orpuMatu 1) abo 3actocyBaTH METOA pEayKUli (3BEAEHHS OO MNPOTUPIUYS —
nepeadavaeThes, Mo icHye Hallip, Ha sikoMy ¢GopMyiia mpuiiMae 3HadueHHs 0, mani

HaMararThCs MiAIOpaTH BIAMOBIIHI 3HAYEHHS 3MIHHUX a00 CIIPOCTYBaTH TE3Y).

1.4. /Tu3’tonkmueni ma Kon’1OHKmMUGHI HOPMAIbHI (hopmu

Ockinbku ogHAa 1 Ta camMa OyneBa QYHKIIS MOXe OYyTH TMpelcTaBicHa
pPI3HOMaHITHUMH (POPMYJIaMH, BUHUKAE TMHUTAHHS MPO E€JIUHICTH MPEICTABICHHS
OyneBux GyHKIIIH, TOOTO 3HAXOKEHHS TaKoi yHIBepcaiabHOI GopMu, MO0 KOXKHA
OyneBa ¢yHKIlis Oyna npeAcTaBieHa B Hid. Takumu hopmamu B OyJieBii anredpi €
00CKOHAT OU3 TOHKMUBHA MA KOH TOHKMUBHA HOPMATbHI (hopmu.

Busznauennsi 1.4. bynp-sxa OysneBa dopmyia, moOyqoBaHa 3a JOIMOMOTOIO

OJHIET TUIBKU omepamii AU3’IOHKUII Haja OyJeBUMHU 3MIHHUMH YU I1XHIMH
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3alepeUYCHHSIMU, HA3UBAETHCS ENeMEeHMAPHOI0 OU3 TOHKYIEID YU  Ou3 TOHKMOM.
Hampukinag, X1vXov—X3VvXs— eleMeHTapHa J13 IOHKITIS.

Busznauennsi 1.5. bynp-sxa OyneBa ¢dopmyna, moOygoBaHa 3a JOMOMOTOIO
OJHIET TIIBKK oOmepalli KOH’IOHKIII Haj OyJIeBUMHM 3MIHHUMH 4YH iXHIMH
3aMepeyeHHsIMU, HA3UBAETHCS e1eMeHMApPHO0 KOH IOHKYIE, YU KOH TOHKMOM.
Hampukinaz, XiXo—X3—Xs— €IeMEeHTapHa KOH FOHKIIIS.

Teopema 1.1. Jlna Toro, moO eneMeHTapHAa JU3 IOHKIS TOTOXHO
JIOP1BHIOBAJIAa OJIMHUII, HEOOX1THO Ta JOCTaTHRO, 00 /10 HET BXOAuIa JesKa 3MIHHA
pasoM i3 ii 3arepeyeHHsIM.

Teopema 1.2. Jlns TOoro, mo0O eJeMEeHTapHa KOH IOHKIIS TOTOXHO
JIOPIBHIOBAJIa HYJIIO, HEOOX1JHO Ta JIOCTaTHBO, 1100 Y Hel BXOJuia JesKa 3MiHHA
pa3oM 13 ii 3anepedyeHHSIM.

CnpasemuBicth TeopeM 1.1, 1.2 BurmnmBae 3 akciomu (1.4) 1 Bu3Ha4YeHHS
oreparii 113 FOHKIIIT Ta KOH FOHKIIII.

Busnauennsi 1.6. byneBa (QyHKIlISI HA3UBAETHCS KOHCMUMYEHMOW OOUHUYIL
(MiHTEpMOM), SKIIO BOHA JOPIBHIOE OJWHMIN TUIBKM Ha OJHOMY Ha0oOpi CBOIX
apryMEHTIB.

Busznauennss 1.7. ByneBa (yHKIISI HA3UBAETHCS KOHCMUMYEHMON HYJA
(MakcTepMOM), SIKIIO BOHA JOPIBHIOE HYJIO TUIBKA Ha OJHOMY Ha0OOpi CBOiX
apryMeHTIB.

Ipukaaa. Cepen OyneBux QyHKIIIH ABOX apryMEHTIB KOH FOHKIIIS Ta CTPLIKa
[Tipca € KOHCTUTYEHTaMHU OJWHUIII, a U3 FOHKIIISA, iMIutikais, mTpux [eddepa €
KOHCTUTYCHTaMH HYJIS.

Teopema 1.3. He ToTOXHO XHMOHA elleMEHTapHa KOH IOHKIIIS BiJl N-3MiHHHX €
KOHCTUTYEHTOI OJIMHUII BiJl N-3MIHHUX.

losedenns. Beenemo nosHaueHus: X0 = —X, X! = X. [oznaunmo napametp 0 um

1 gepes a. Tomi x* = 1, sxmio X = a, 1 X* =0, axmo X # o.. OxkpiM Toro, 1°=a, 0*=—a.
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PO3riIssHEMO e1eMEHTapHy KOH IOHKIIIO BULY X1%'X2%2. . . Xa®", TIpo SIKy BiZOMO,
110 BOHA HE JIOPIBHIOE HYJIIO TOTOXHO. I3 Teopemu 1.2 BUIIIIMBAE, 1110 BC1 3MiHHI, 1110
BXOJISTH JI0 HEl, pi3Hi 1 IM MOKHA HaJlaBaTH HE3aJIC)KHI 3HAUCHHS.

Hanmamo 3MiHHIN X1 3HAYEHHS Ol1, X2 = Ol2 1 T.JI. IO Xn = Olp. TOJI1 eIeMeHTapHa
KOH IOHKIISA X1%X2%%Xn™ 1OpIiBHIOE OJMHUIIL 10 CAMOMY BHOOPY 3HauYeHb X1, X2, ...,
Xn. Bubilp 1ux 3Ha4YeHb Takuid, IO SKIIO 3MiIHHA X, BXOJUTh B €JIEMEHTapHY
KOH TOHKITi1O 13 3amepedyeHas M, To o, = 0, 1 3MiHHIN X, TaKOX HAJTa€EMO 3HAYCHHH,
piBHe Hymo. Tozi, 3a BU3HAYCHHAM, 3HaYeHHS X =—X =—0 = 1. Ko * 3MiHHa X,
BXOJUTH B eJIEMEHTapHy KOH FOHKIIII0 6€3 3anepedeHns, To o, = 1 1 X! =x = 1. Takxum
YUHOM, OyJie 3HaljeHuil Halip, HA SIKOMY JaHa KOH IOHKIlisA Oy/e MOpiBHIOBATH
OJUHMIN. €IUHICTh TAKOTO HAOOpa BUILIMBAE 13 BU3HAUCHHS OIepallii KOH IOHKIIII.

I3 Teopemu 1.3 BumimBae, mo Oyab-sIKy KOHCTHTYEHTY OJMHHUII MOKHA
MPEJACTABUTH y BUTJISI €JIeMEHTapHO1 KOH FOHKIII1. [[71s1 IbOoro HeoOX1THO YTBOPUTH
KOH FOHKIIIIO BCIX i1 apryMEHTIB Ta PO3CTAaBUTH 3allepPEUCHHS HaJl TAMHU 3MIHHUMH,
K1 Pi1BHI HYJIIO Ha HAOOP1, 110 EPETBOPIOE (DYHKIIIIO B OJUHUIIIO.

AHaJIOTIYHY T€OpeMy MOXHa JTOBECTH JIJIsl €JIEMEHTAPHOI JTU3 FOHKITII.

Teopema 1.4. He TOTOXHO iCTHHHA €IeMEHTapHA 113 FOHKIIIS BiJ N-3MIHHHUX €
KOHCTUTYEHTOO HYJISI B1Jl N-3MIHHUX.

Jlosedenns Hala€ThCS YNTAYCBI.

I3 miei TeopemMu BUIUIMBAE, MO OyAb-IKy KOHCTHTYSHTY HYJS MOJXKHA
MPEACTaBUTH y BUTJISIIL €JIEeMEHTApHOI 13 FOHKIII. J1J1 IIboT0 He0OX1THO YTBOPUTH
JTM3 FOHKITII0 BCIX 3MIHHUX Ta PO3CTABUTH 3all€pPEUYCHHS HAJ THUMH 3MIHHUMHU, SIKi
PiBH1 OJIMHUII HA HA0OPI, 1110 IEPETBOPIOE (PYHKIIIIO B HYIIb.

IMpukaan. Hexait pyukuis (X, Y, z, V) 10piBHIOE OJMHHUII HA €MHOMY HaOOpi
0110. Toxi BoHa € KOHCTUTYCHTOIO OJMHHIII 1 T1 MOKHA 3amucatu y Burisi: (X, Y,
Z, V) = —=Xyz—V.

Busznavenns 1.8. JIuz’roHKIs €leMEHTApHUX KOH IOHKIIIM, 110 HE MICTUTH

JIBOX OJTHAKOBUX KOH FOHKIIIH, HA3UBAETHCS OU3 TOHKIMUBHOI HOPMATbHOIO POPMOIO
(IH®D).
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Busnauennst 1.9. /luz’toHKTHBHA HOpMaiibHA (opMa, BCl KOH FOHKIIT SKOi €
KOHCTUTYCHTH OJWHMII, HA3UBAETHCA OOCKOHANOW OU3TOHKMUBHOK HOPMANTbHOIO
gopmoro (J{THD).

Busznauennsi 1.10. KoH'toHKITIS €TeMEHTapHUX JH3 TOHKI[IH, 110 HE MICTHTH
JIBOX OJTHAKOBHX JIU3 FOHKIIIH, HA3UBAETHCS KOH TOHKIMUBHOI0 HOPMANbHOIO POPMOIO
(KH®D).

Busnauennst 1.11. Kon’ 1oHKTHBHA HOpMabHa opMa, BCl U3 IOHKIIIT SKO1 €
KOHCTUTYEHTH HYJIS, HA3UBAETHCS OOCKOHANOW KOH'IOHKMUBHOK HOPMAIbHOIO
gopmoro ([KHD).

Teopema 1.5. byap-sky OyneBy (YHKIIIO MOKHA TMPEACTABUTH Yy BUIJISAL
JJAH® 1 JKHO.

Hoseodenns. PosrissHeMo noBUIbHY OyieBy dyHkmiro f(X1, X2, ..., Xn), IO HE €
KoHcTaHToro. Hexail a, o, ..., 0k — HA0OpH, Ha SIKUX (QYHKIIS PUAMA€E 3HAUYEHHH,
piBHE OIMHHUII, @ O, O, ..., Ol — HAOOPH, Ha AKUX (QYHKIIIA JopiBHIOE HYyO (I=2"-
k). [ToOyayemo enementapHi KoH'toHKIIT Koy (X1, ..., Xn), Kota(X1, ...y Xn), ..., Ko(Xa,
..sy Xn), KOXKHA 3 SIKHX MICTUTB BCi N 3MIHHHUX 1 HE € TOTOXXHO XHUOHOI0. [T00y1yeMo
Il eJIEMEHTAPHI KOHTOHKIIT TaKuM 4rWHOM, 1100 Koy mpuiiMana 3Ha4eHHS, piBHE
oJIMHUIIl, Ha HaOop1 o1, Koy — Ha Habopi a1 T. 1. 3rigHo Teopemi 1.3, KokHA 3 IIHX
KOH IOHKII € KOHCTUTYEHTOIO OJMHUIII 1 HAa pelTi HaOOpIB MpHUiiMae 3HAYEHHH,
piBHe Hymto. Ilo cBOili MOOYIOBI CYKYyHHICTh BCIX LHMX KOHCTUTYEHT OJIMHUIIL
ormucye Bcl oAuHMIN AaHoi (GyHKIil. ToMy iXHS IU3’IOHKINS PIBHOCWIbHA JIaHIN
byukiii: f(Xq,..., Xn) = Koua(X1, ..., Xn) v Koo(X1, ..., Xn) V..v Kow(X1, ..., Xn). 3a
Bu3HaueHHsM 1.9 orpuMana ¢opmMyiia € JOCKOHAIO0 U3 FOHKTUBHOIO HOPMAITbHOIO
dbopmoro 1aHoi HyHKIIII.

AHaJIOT1YHO MO>KHa nokasaT, 1m0 Gopmyna A = Koy & Kop& ... & Kay, 1o €
KOH TOHKITI€I0 BCIX KOHCTHUTYCHT HyJs Ha Habopax, Je (YHKIlisl JOPIBHIOE HYIIO,
piBHOCWIIBHA naHii GyHkIii, 1 € JKH® dynkmii.

IMpuxnan. Hexait 6ynesa pyukmis f(X, y, z) 3agana Tadaurero 1.5. [Tooyayemo
JJAH® 1 IKH® nanoi ¢hyHKIii.
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Tabnuys 1.5.

X 0 0 0 0 1 1 1 1
y 0 0 1 1 0 0 1 1
z 0 1 0 1 0 1 0 1
f(x,y, 2) 1 0 1 0 1 1 0 0

Jlst mo6ynosu JIJIH® 6yneBoi GpyHKITIT HEOOX1THO pO3TIISIHYTH BCi HAOOpH, HA
AKUX (QYHKIS JOPIBHIOE OJWHUIN, 1 yTBOPUTH KOHCTUTYSCHTH OJWHUIN, IO
BIAMOBIAAIOTh LMM Habopam. OTpruMaHi KOHCTUTYeHTH OO ’€IHATH 3HAKaMU
nu3’roHKIIT. Otpumaemo JJJIH®: f(X, Y, 2) = —X=y—Z v —Xy—Z Vv X—y—Z Vv X—YZ.
JBoicte npasuio icuye ming nodyaosu JIKH®. Posrasinemo Bci HabopH, Ha SIKUX
OyneBa (QyHKIIS JOPIBHIOE HYJIO. YTBOPUMO BCl KOHCTUTYEHTH HYJISA SK
eJIeMEHTapHI AU3'IOHKIII, B IKMX KO>XKHA 3MiHHA OepeThcs 0e3 3anepedeHHsl, K0
BOHA JIOPIBHIOE HYJIIO, Ta 3 3alE€pPEUEHHSAM, SKIIO BOHA JOPIBHIOE OJMHUIII Ha
naHoMy HaOopi. 3’€HA€EMO BCl KOHCTUTYEHTH HYJI CHMBOJIAMHM KOH IOHKIIII,
orpumaemo JIKH®:

fX,y,2)=(Xvyv=a2)(Xv-ayvaz)(—=Xv-ayv)(=Xv-ayv-=z).

[Hmmit crioci6 mossirae B ToMy, 10 Oyab-aKy OyieBy ¢GopMylly MOXHa
npuBectu g0 Burisiny JH® (KH®) ta AJHD (JIKH®D) 3a momomororo
CKBIBAJICHTHUX MEPETBOPCHB, BUKOPUCTOBYI0OUM criBBigHOmeHHs (1.1) — (1.20).

Mpukaan. [puseaemo no JJIH® popmyny (X @ y)—xz. Orpumaemo:

(XByY)>XZ = =(XBY)vXZ = (X=Y) v XZ=—X—yVvXYyVv XZ. Otpumana popmyia
npexacrasiena B JJH®, 1 anga toro, mo6 orpumaru ii npeactasienHs B JIJHD,
HEOOXIZTHO B KOXXHOMY <JIOJAHKY» JW3’IOHKIII (B KOXXHOMY KOH IOHKTI)
MPUCYTHICTh BCIX TPHOX 3MIHHHX, BiJ] SIKUX 3aleKUTh QyHKIsA. OTKe, HEOOX1THO
«TIOMHOKHUTH» KOXKHUN «JIOJAaHOK» Ha |, yTBOpEHY SIK U3 FOHKIIIO 3MIHHOI, SIKO1
HE BHUCTA4Ya€ B JAHOMY KOH IOHKTI, 1 ii 3amepedyeHHs. TakuM 4uHOM, —X—y Ta Xy
«IIOMHOXyeMO» Ha 1=zv—z, Ta XZ — Ha 1=yv—y. Toxmi orpumaemo:

—X=Y(Z Vv =Z) v Xy(Z v =Z) v XZ(Yy v 1Y) = XYZ vV XY—Z NV —X—YZ VvV —X—Y—Z Vv
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XYZ v X—YyZ. B cuny 11eMIOTEeHTHOCTI XYZ Vv XyZ = Xyz, Tomy JJIHD € Xyz v Xy—z

V —X—YZ V. —X—Y—Z v X—YZ. AHanmorigHo MokHa otpuMatu JIKHO.

1.5. Anceopa /Kecankina

Buznavenns 1.12. Cucrema enementiB {0,1}, Ha sikiii BU3HAYEH1 onepariii A
(xoH'toHk1is) 1 D (cyma 3a mod 2), i AKX BUKOHYIOTBCS CITIBBIHOIICHHS:

(1.21) x®y=y@X,

(1.22) x(y®1z)=xy D xz,

(1.23) x®x=0,

(1.24) x® 0=x,

a TaKoXK CHiBBITHOIIEHHs OyneBoi anreopu (1.3, 1.6, 1.10, 1.11 - X A 1=,
XA0=0, XA(YAZ)=(XAY) AZ,XAY=Y AXI1IiH. ), IO BITHOCATHCS JI0 KOH FOHKIII{
1 KOHCTaHT, Ha3UBA€EThCS aneeoporo Kezanxina.

3 TabJmIIl ICTHHHOCTI orepariii cymu 3a mod 2 ciijye, o

(1.24) —x=x@ 1.

Omnepartito Tu3'FOHKIIIT MOYKHA BUPA3UTH yepe3 @ 1 A Tak:

(1.25) xvy==(-x—y)=x2)(yelel=xydxdYy.

Buznauennst 1.13. bynp-sxa popmyna anreOpu XKerankina, 110 Mae BUTIISA
cymu (32 mod 2) KOH'IOHKII OyJeBUX 3MIHHHX, HA3WBA€THCS MNOJAIHOMOM
Keeankina.

Ski1o B KoXkeH uiieH nosiHoma JKerajgkiHa KO)KHa 3MIHHA BXOJUTh OJIMH pa3 1
IIOJIIHOM HE MICTUTh OJHAKOBUX WIEHIB, TO Takuii mnomiHoM JKeraakuHa
HA3UBAETHCSI KAHOHIYHUM.

Teopema 1.6. bynp-sika OyneBa (QyHKIisS Moxxe OyTH €IUHUM CHOCiOOM
npeJcTalleHa y BUIIISIII KaHOHIYHOTO noJiiHoMy JKerankiHa.

Jloseoennsn. bynb-siky OyneBy GopMyny MoOKHA TPEACTABUTH y BUIJISII
noniHoma JKerankina, BukopucroByroun criBBigHomieHHs (1.24), (1.25). 3 (1.25)
BUILIMBAE, 0 AKIIOo aB1 Gyukmii f1 1 2 taki, mo fiAf, = 0, To fivl, = f1®f,. 3 poro

CIIJye TPaBWIO JUIs MpeAcTaBleHHS OyleBoi (YHKIII y BUIJSAL IMOJIHOMA
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XKerankina: B OyneBoi gopmyi, mo 3amana y surisal JJJH®, nocute 3amiHUTH
3HaK V Ha 3HAaK @, MpPeNCTaBUTU 3all€pPEUueHHs 3MIHHUX K —X = X®1, po3kputu
TYXKKH 3TiTHO 13 3akoHOM aucTpuOyTtuBHOCTI (1.22) 1 mpuBecTn moAiOHI 4ieHU
srigHo (1.23, 1.24).0

IMpukaaa. 3BeaemMo 10 KaHOHIYHOTO MoiHOMY JKerankina OyineBy (yHKIIIIO:
f(x, ¥, 2) = X=yz v X=y—Z v XyzZ. Ockinbku QyHKIisS 3Haxoautbes B JIJIHD,
3aMiHUMO CUMBOJIH Vv Ha @, orpumaemo: f(X, Yy, z2) = X—yz @ X—y—z @ Xyz =
X(Y@P1)z®D xX(YDPL) (2D L) D Xyz=Xyz DXZDXYyZD XZ D Xy ® X ® Xyz =
Xyz @ Xy @ X.

[TpuBectu Pynkiito 10 kaHoHiyHOro noJiHomy JKerankina (KITK) moxHa 1
yepe3 CyNepIo3ulIiio BIAMOBIIHUX MOJIHOMIB (DYHKIIIH, SIKI CKJIaJal0Th BUX1/IHY.

Ha nmpuxnaz, nnsg x—y JJH® € —x—y v —xy Vv xy . [licig nepeTBopeHHs MU
orpumaeMo KIDK xy @ x @1.

3 IHIIOT CTOPOHH, X > Y = —XVY=xD@ 1) yD (XD 1) D y= xy D x ®1. Abo
X—>Y==(X=y)==1® x (1 Dy)=xy® x ®1.

Toni nyis Gywukuii 3 monepenuporo npukiany (X @ y)— xz no JAHD xyz v
XY—Z vV —X—YZ v —X—Y—Z v X—yZ nooynyemo KIDK Xyz@xz@x@y ® 1. Aodo,
3aMIiHUBIIM IMIUTIKaMio Ha BianoBigHuid KIDK (@ 1 & pomyctumi omepauii B
anreopi XKerankina), otpuMaeMo (XD Y)HIXZ = (XD YXZD (X DY) D 1 =xyz D
XZO®XDYyD 1.

IcayroTh 1 1HII cniocobu moOyaosu KIDK: meTon TpukyTHHKA (TPUKYTHHK

[Tackanst), nepeTBopeHHst MeOiyca.

1.6. Bracmueocmi oynesux gpynkuyii

Busnauenns 9.14. @ynkuis, ska BupakeHa nojiHoMoM JKerajikiHa BUTIIALY
20X, DY, me a, vy e 0 abo 1, nasuBaerscs ainitnoro (L).

Bcei ynkiii oguiei 3MiHHOT MiHINHI. JIIHIHHUME QYHKIUSMUA JBOX 3MIHHUX €

XY iX=y:X=y=—X-yvXxy=XDL)(y PL)® Xy =xy ®x®y 1D xy =x® y ®1.
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Busznauennss 1.15. Hexait nana nmeska OyneBa dopmyma A. @opmyna A*
HA3WBAETHCS 08oicmoro HOopMysi A, SKIIO BOHA BUXOIUTH 3 A NUISXOM 3aMiHU
oreparlii KOH'FOHKIIIT Ha AU3'FOHKINI0, TU3'TOHKIII Ha KOH'toHKIO, 1 Ha 0, 0 Ha 1
YCIOJIH, 1€ BOHU BXOJISTh.

Hanpuximan: A = Xy v —xy; A* = (X v y)(—=x v y).

Teopema 1.7. dxmio A(Xi,...,Xn) 1 A*(X1,...,Xn) — 1B B3aEMHOABOICTI POpMYJIH,
10 —A(X1, ..., Xn) = A*(—X1, ..., =Xn).

Jloseodenns BUILIMBAE 3 3aKOHIB Ji¢ MopraHa.

Busnauennsi 1.16. ®ynkiis HasuBaeTbes camoosoicmoro (S), KO BOHA
naBoicta cama co0i, To0To A(X1, X2, ..., Xn) = —A(—X1, —X2, ..., —Xn), abo —A(Xy,
X2, +.uy Xn) = A(—X1, —X2, ..., —Xn).

Jnst camonBoicToi (DyHKIT 3amepedeHHs ii apryMeHTIB MPU3BOJIUTH O
3amepeyeHHsT caMoi (YyHKIli, OTKe, camojBoicTa (YHKIIS Ha MPOTUICKHUX
HaOopax TMpuiiMae MNPOTWIECKHI 3HaueHHsA. Hanmpuxmnan, dyHKis Xy v XZ VvyzZ
camozBoicTta. I1{06 mokasatu 11e, BI3bMEMO 3arepeueHHs B1J KOKHOT 3MIHHOI 1 BiJT
BCi€l PyHKIII::

—(—X=y v =X—Z v—y—z) = (Xvy)(Xvz)(yvz) = (X v Xy v X2 v yz)(yvz) =

= XYV XY V XYZ V YZV XZ V XYZV XZ v YZ = XY V XZ VYZ.

BinHomeHHs: mopsaky Ha Habopax OyJIeBUX 3MIHHUX BU3HAYa€ThCS Tak.
PosrissHemo nBa Habopu: A = (au,..., i, ..., on) 1 B = (B1,..., Bis-.y Bn). K10 17151 BCiX
1(i=1,..,n)a;i<Pi 1icHye X0ua 6 OJTHE TaKe |, IpH sTKOMY 0 < fj, HaOip A mepeaye
(menmie) Habopy B. Ile no3nauaerscs: A < B. Skmio ams meskux 1 o < Bi 1 icHye
Take J, mo o > Bj, To Habopu A i B nenopisurosani. Hanpuxman: nabopu (0101) i
(0010) nenopiBHtoBaHi, a HaGip (0101) mepeaye Hadopy (0111).

Toni OyneBy yHKIIIIO MOYKHA 3a]1aTH Ha L1 PEIiTII, sIK ToKa3aHo Ha puc. 1.1.
[Tpudyomy cepen OyneBux (QPYyHKIIH MOXKHA BUAUIMTU TaKl, sIKI HE 3MEHIIIYIOThCS 31
3pOCTaHHSIM 3HA4Y€Hb MOPIBHAHHUX HAOOpPIB Ha OyineBoi peunitui. Taki QyHKIIT
HA3WBAIOThCSI MOHOTOHHMUMH. Hampuknan, ma puc. 1.1. mokazaHa MOHOTOHHA
dbynxkis (00001111).
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Busnauenns 1.17. byneBa ¢ynkuis f Ha3uBaeThCs
monomonnor (M), skio st OyIb-sSKUX IBOX HaOOpiB A
i B 311 o0nacTi Bu3HayeHHs Takux, mo A < B, f(A) < f(B).
Sxmo xoua 6 mist oxHiel mapu HaboOpiB TakuX, mo A < B,

f(A) > f(B), To pyHKIIiST HEMOHOTOHHA.

000 Buznavennsi 1.18. bynea ¢yHKIisS Ha3UBa€THCA
Puc. 1.1. Monomonna  ghynxyicto, wo 36epizac nyao (To), KO HA HYJILOBOMY
pynryis. HaOopi BoHA J0piBHIOE HYII0, ToOTO f(0,...,0) = 0.
Busznauenns 1.19. byneBa (yHKIS Ha3uBaeTbes Gyuxyicro, wo 36epicae
oounuyio (T1), KO HA OJUHUYHOMY HAOOpI BOHA JOPIBHIOE OJUHHIN, TOOTO
f(1,...,1) =1

BnactuBocTi ocHOBHUX (DYHKI[IH HaBeeHO B Ta01.1.6.

1.7. 3amxHuymi knacu oynesux (pynkuyii

Hexait ¢ynkuis f(x) mnpeacraBnena ¢opmynow F(x), a ¢yHkuia g
npenacrasiena popmynoro G. Toai popmyna F(G), gxka BUXOIUTH IUIIXOM 3aMIHU
KOXXHOTO BXOJDKEHHs 3MiHHOI X B (opmyni F(x) Ha dopmyny G, mpencraiise

cyrnepro3uiito oyineBux pyHkuin f (g).

®opmyna F=(XVY)Z ppencrapnse cymeprosuuiro GpyHKIit (R (F(xy).2))
Ie R -KOH " TOHKII1s, F -nu3'toHKis, Fs-3anepeuenns. Cyneprno3uiiro  (yHKIN

TYT Fs ckiazanug mod 2, Fia . IMILTIKAIIS.

Busnauenns 1.20. Kimac QyHKI1i#i Ha3UBa€ThCS PYHKYIOHANLHO 3AMKHYMUM,
SKILIO CYNEPIO3ULIIA HUX (PYHKIIM HAJIEKUTh JAHOMY KIIacy.

Teopema 1.8. Cynepnio3uiist JiHIMHUX QYHKIIN € (yHKIIIS JTiHIHHA.

Jlogeoenns. Sxuo B niHIAHMM TomiHOM JKerajikiHa Ha Micue Oyab-sKoi
3MIHHOI MIACTaBUTU JiHIMHY (QYHKIIO, TO OTPUMAHUIl MOJIHOM Oyle TaKoX
niHIMHIM. BizbMeMo moiiHOM: aiX1 @ ... @ aiXi @ ... D onXn @ y. IligcTaBuMoO

3aMICTh X1 JIHIHHUHN nomHOM XPiYiDE.
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OTtpumaemMo  JiHIAHUN

A1PmymPoED. .. BanXn®y. OTxke,

3aMKHYTHUH. O

fi—

f3—

fo—

f7—

fg—

f12 -

f13 -

f14 -

fi5—

KoHcTaHTa ()
X A'Y — KOH TOHKIIIS
toroxkHa QyHkis f(x,y) = X

X @y —cyma 3a mod 2

(omeparris JKerankina)
X V'Y — 113 IOHKIIISA
x {y — crpinka Iipca

X=Yy (abo X ~Yy) —

€KBIBAJICHTHICTH

3anepeycHHs f(X) = —x

X — Y — IMILTIKaITis

X | y —mrpux [eddepa

KoHcTaHTa 1

[TOJITHOM:

KJac JHIMHMX (QyHKIINA

KIDK

Xy

XDy

Xy®xoey

Xy @ X @ ydl

X @ ydl

X®1

Xy ® x @1

Xy @1
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Teopema 1.9. Cynepno3uilisi MOHOTOHHUX (DyHKLINA € (YHKI[I MOHOTOHHA.
OTxe, KJ1ac MOHOTOHHUX (DYHKIIIH € (PYHKIIOHAIBHO 3aMKHYTHM.

Hoseoenns. Hexann dynkuii f(Xy,..., xn), 01y, ..oy YK)s v On(Y1, --r Vi)

MoHOTOHHI. CKitaziemo cynepro3uiiro GyHkiii ¢ = f(gy, ..., gn). Hexait a i  — aBa
HaOOpH 3HaYCHb 3MIHHUX Y1, ..., Yk, IpUUIOMY o < [3. B crily MOHOTOHHOCTI (DyHKIIIH
g]_, ooy gn

91() < 91(B), ---, () < gn(P),

TOMY Ha0OpH 3HAYCHb (PYHKI[IH BIOPSAKOBAHI:

(91(a), ..., Gn (1)) < (91(B), ---, Gn (B)),

a B CHJTy MOHOTOHHOCTI (yHKITii f

f(g1(a), ..., n()) < F(9(B), ..., Gn(B)).

3Bincu otpuMyeMo ¢(a) < @(B). ©

Teopema 1.10. Kmac ¢ynkmiii, mo 30epiratoTe HYIb, € @OVHKYIOHATILHO
3AMKHYMUM.

Hoseoenns. Hexann dynkmii f(Xy,..., xn), 91(Y1, --os YK --or On(Y1, ..oy Vi)
30epiraroTh HyJb. CKiageMo cymeprnosuiito pyukuii ¢ = f(gy, ..., gn). Tomi

¢(0,...,0) =1(g1(0,...,0), ..., gn(0,...,0)) =1(0,...,0) = 0. ¢

Teopema 1.11. Knac ¢yHnkiii, mo 306epiratloTb OJUHUINO, € (DYHKIIIOHAIBHO
3aMKHYTHM.

JloBonuthes ananoriyno teopemi 1.10.

Teopema 1.12. Knac camoaBoicTux QpyHKIIIH € GyHKIIIOHATEHO 3aMKHYTHM.

Hoseoenns. Hexant ¢ynkuii f(Xi,..., xn), 91(Yi, --or Y&)» -oes On(Y1, --.r YK)

camojBoicTi. Ckiamemo cyneprosuitito Gyukuid ¢ = f(gy, ..., gn). Toxmi

(P* = f*(gl*a (RRE gn*) = f(gla (RS gn) = (P <>

1.8. @yukuyionanvna noenoma cucmem Oyneeux Qynkuyii
Buznavenns 1.21. Cucrema OyneBux (hyHKLIM Ha3UBAETHCS (YHKYIOHANLHO
nosnoio, SKIMO Oynb-sika OyneBa (QyHKISA Moke OyTH TmpejicTaBieHa sIK

CYTepIo3ullisi PYHKITIN 3 11€1 CHCTEMH.
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[Toznaunmo: Ty — kmac ¢ynkmii, mo 36epiratots 0; T1 — KiIac QyHKITIH, 110
30epiratoth 1; S — kac camoaBoicTux GyHK1iH; M — ki1ac MOHOTOHHUX (pyHKIIIN; L
— KJIac JIIHIMHUX QYHKITIH.

Teopema 1.13 (ITocta). Jlns Toro, mob6 cucrema ¢yHKIiiH Oyna TOBHA,
HEO0OX1THO 1 JOCTaTHBO, 11100 BOHA MiCTHJIA X04a O 0JJHY HEMOHOTOHHY, X04a O OJTHY
HeJIHIMHY, X04a 0 0JHy HECaMOBOICTY, X04a O OJIHY, 110 HE 30epirae Hyjb, 1 Xoua
0 omHy, HEe 30epirarody OJWHHUINO, QYHKIIIIO.

Jloseoennsn. Heobxiowicmb YMOBU TEOPEMH BHUXOJIUTHh 3 (PYHKIIIOHAIBHOL
3aMKHYTOCTI 1 HEMOBHOTH KJaciB MOHOTOHHHUX, JiHIHHUNX, 30epiratounx 0,
30epiratounx 1 i camonBoictux ¢(ynkuid. Josemeno (teopemu 1.9 — 1.12), mo
GbyHKIIIS, 10 HE HAJIECKUTh bOMY (DYHKIIIOHAJIBHO 3aMKHYTOMY KJIacy, HE MOXE
OyTu nmoOyaoBaHa NUISIXOM CYNEPIO3UIi (PYHKIIIH ILOTO KJIacy.

Jlnst noBeieHHST docmamHocmi TIOKaXXeMo, 1110 3a JOTIOMOT0I0 (DYHKITIH, 10 HE
Hajexarb kmacaM To, T1, S, M, L moxxHa moOyayBaTu JeSKy IOBHY CHCTEMY
¢byukiii. Takoro (TOBHOI) CUCTEMOIO €, HANPUKIIAA, 3allepEeYeHHs 1 KOH' FOHKIIIS.
Hiticno, Oynb-sika OyneBa (yHkiis npeactaBieHa y urisial JJH®, tobTo sk
Cymepro3uiisi —, A, V. OTxke, cuctema {—, A, vV} QyHKIIIOHAIIbHO MOBHA. MOKHa
BUKJTFOYMTH 3 Hei Vv, TaK BOHA MPEACTABJICHA K CYMEPHO3UIlT — 1 A X VY =
=—(—=X A —y). JloBeieHHSI HOCUTh KOHCTPYKTHBHHI XapakTep.

CrniouaTky mooOyayemMo KoHCTaHTH. Skio ¢yHkiis f(Xy, ..., xn) HecaMoaBOICTA,
TO T1JICTAHOBKOIO B HEl X 1 —X MOXHa OTpUMaTH KOHCTaHTYy. JlificHO, 3BaXkatoun Ha
HecamMoaBoicTicTh f(Xy,..., xn) icHye Takui HaOip (o,..., o), mo f(oy,..., an) =
f(—a1,..., —0tn). Tomi gpyrkuia @(x) = f(x*,..., X,*") € koncranTorw, Tak sk @(0) =
f(0%,..., 0°") = f((—ouy, ..., —on) = f(au, ..., an) = F(1%,..., 19" = (1).

KoHncranty 1 MokHa nmoOyryBaTu 3a 10MOMOroro QyHKIii, mo He 30epirae 0 1
30epirae 1, Todto HecamonaBoictoi. Jlificno, Hexait f He 30epirae 0. Tomi ¢@(0) =
f(0,...,0) = 1, a sxmo npu pomy f 30epirae 1, To @(1) = f(1,...,1) = 1, T00TO

KoHcTaHTa | moOyaoBaHa.
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JIBoicro, Hexaii f; He 30epirae 1. Toai w(X) = f1(p(X), ..., (X)) =f1(1,...,1)) =0,
T00TO Y(X) icHye KoHCTaHTa 0.

Axmo x f(1, ...,1) =0, To (X)=—X, Tak gk ¢(0)=1 3a Buznauenusm f, a ¢(1)=0.
Toni, AKIIO B3ATH HecaMoABoicTy (yHKIi0 f,, TO migcTaBisioun B HEl X 1 —X, Tak
caMO MOXHa OTPUMAaTH KOHCTAHTY, a 3a JOIOMOTOI0 M€ OJHOTO 3allepeueHHS,
MOJIYYUTH 1HITY KOHCTAHTY. TakuM 4YMHOM, 3a JOMOMOTOI0 (YHKIIINA, THX, K1 HE
30epiraroTh 0, He 30epiraroTh 1 1 HECaMOABOICTUX, MOYKEMO MO0y 1yBaTH KOHCTAHTH
Oral.

3a 0MOMOT0I0 HEMOHOTOHHOT (DYHKIIIT MTIJICTAHOBKOIO B HET KOHCTAHT MOKEMO
oTpuMaTH 3anepedeHHHs. [ificHo, Hexait f HemoHoTOHHA. TO1 ICHYIOTH HA0OPH O
i B, taki, mo o < B, f(a) = 1, f(B) = 0. Ockinmbku o < B, TO B 0L € ISKIJIbKA, HAITPUKIIA],
k-enemenTiB, ski piBHi 0, B TOH Yac sk B 3 i %k eneMeHTH piBHi 1. Bubepemo Habip
0L Ta 3aMIHEMO Y HbOMY IEPIINI TAKUM HYJILOBUM €JIEMEHT Ha 1, oTprumaemMo HalIp
o < ol, gkuif BifpI3HACTECA Bil O TUIBKM OJNHMM €JIE€MEHTOM (Taki Habopu
Ha3WBalOTh cycimHiMu). IloBToprotoun 1t0 ormepariro K pasiB, oTpuMaemo
TOCIiJ0BHICTh HaOopiB o < ol <...< af 1 < B, B sKkiii Gyab-aki aBa cycigHi Habopu
BIJIPI3HSAIOTHCS OJIUH BiJl OJHOTO TUIBKU OJHUM €JIEMEHTOM. B LIbOMY JIaHIFOKKY
3HaliayThes ABa Taki HaGopu o, ol mo f(a') = 1, f(a'*) = 0. Hexaii i HaGopu
BIZIPI3HAIOTHCS I-M €JIEMEHTOM (3HAYCHHSIM 3MIHHOT X;), 1HIII €JIEMEHTH OJIHAKOBI.
ITincraBumo B f i 3Hauenns. Toxi orpumaemo pyukito f(a'y, ..., Xi, o, ..., olp) =
g(xi), sixa 3anexuTs Tinbku Bix Xi. Toxi g(0) = g(ah) = f(a') = 1, g(1) = g(a'*h) =
f(a'*?) = 0. 3Bigcu caigye, mo g(X) = —Xi.

3a 10nmoMOroro MiJICTAaHOBKH B HENIHINHY (YHKI[1}0 KOHCTAHT 1 BUKOPUCTAHHS
3alepedyeHHs] MOXKeMO NOOyTyBaTH KOH IOHKIIIO 1 Ju3'FOHKII0. JlificHO, SKIIO
¢yukuis f HeminiliHa, To 11 momiHOM JKerajkiHa MICTHTh KOH'FOHKIIIFO 3MIHHHX,
Hanpukiag, K = XiXo...xx. Hexal X3 = ... =Xc= 1, a 17151 BCIX X;, TUX, 1110 HE MICTATHCSA
B K, Xj = 0. Toai xon’roHKIIA K = XiXo, 1HIIII KOH IOHKIIII mepeTBopsThcs B 0, a
nojiHoM JKerankina ctane BHIY @(X1, X2) = X1X2 @ Xy @ owXe @ vy, Ae ou, o, ¥ —

koedimienTn, paBui 0 ado 1. Ilpu migcTaHOBIN PI3HUX KOHCTAHT 3aMICTh Ol1, O, Y
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Oyayth oTpumani pi3Hi (yHKIii. Po3rmsaemo ¢ynkmito (X1, X2), OTpUMaHy 3
¢@(X1, X2) HACTYITHUM YHHOM:
W(X1, X2) = (X1 D az, X2@ ot1) @ oo @y = (X1 D a2) (X2® at1) @ o1 (X1 D@ o) D aa(Xo
@ o) @y D ajon Dy = XiXe.

TaxkuM 9MHOM, KOH FOHKIIiS OTpUMAaHa.

Jns oTpuMaHHs JU3'TOHKINT 1O 3akoHaM Je MopraHa mHoTpiOHO TUIBKU
3amepedeHHs. ¢

IMpuxnan. Cucremu pynkmii {v, A, =}, {®, A, 0, 1}, {—, —} sBisroTscs
GbyHKI10HATBFHO TOBHUMU. JIJIsl IpUKJIaay MEepeBipUMO MOBHOTY CUCTEMHU (PYHKITIH
{—, —>}. dns nochimxyBanoi cucremMu ckianeMo tadmuio [locta — KpuTepidHy
Tabnuiro (Tabn.1.7). ko GyHKIisS BXOAUTHh Y (PYHKIIOHAIBHO 3aMKHYTHI KJac,
T0 B Tabsuu1 [locTa y BiANOBIIHIN YapyHILIl CTABUTHCS 3HAK ‘+’, IHAKIIE — 3HAK ‘— .

Oynkiis —X He 30epirae 0 1 1, Tak sk HA HyJILOBOMY HaOOpi BOHa HaOyBae
3HaueHHs 1, a Ha oguHU4HOMY - 0. O4eBUIHO, 1O 1 (PYHKIISI HEMOHOTOHHA.
@OyHKIS camMoJBOIiCTa, TaK SK Ha TMPOTHIEKHUX Ha0opax BOHA HaOyBae
NPOTUJICKHUX 3HAdeHb. DyHKINS JiHIAHA — i1 momiHoMm JKerankina: —x = x@1.
®yukuis x—y He 30epirae 0 1 30epirae 1. Lls ¢pyHKIIIT HEMOHOTOHHA, TaK SIK HAaOIp
(0,0) nepenye nadopy (1,0), Ho0 > 0=1,a 1 — 0= 0. Ha npotunexuux Habopax
(0,0)1(1, 1) pynkuis HaOyBae OJTHAKOBUX 3HAYCHB 1, OTKE, BOHA HECaMO/IBOiCTa.

Jl1st mepeBipKH JHIKHOCTI X—>y NO0yAyeEMO KaHOHIYHMIA roniHoM JKerankiHa:

X2y ==X V-auxyvxy=x®DNre )DLy dxy=xy®x ® 1.

@DyHKIIIS HETTIHIWHA, TaK K MICTUTh €JIEMEHT X).

Tabnuys 1.7
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Cucrema QyHKIIN {—, —} MOBHA, TaK K B KO)KHOMY CTOBIIIII Tabauii [locta
€ X0Y OM OUH 3HAK ‘— .

Po3pi3HsAI0Th MOBHOTY B cllabKoMy 1 cuibHOMY ceHci. [loBHOTa B ciaOkomy
CEHC1 MPUIYCKa€ BUKOPUCTAHHS (PYHKIIOHAIBHO MOBHUX KOHCTaHT 0 1 1. Sxmio x
YHEMOKJIMBUTH BUKOPUCTaHHS KOHCTAHT, TO cUcTeMa ()YHKIIIM MOBHA B CUJILHOMY
CEHCI.

[ToBHY cucTeMy Ha3UBaIOTh HEMPUBOIUMOIO 200 0a3UCOM, SKIIO 3 HET HE MOKHA
BUKJTFOYUTH >KOAHOI (PyHKIi Oe3 Toro, mo0 cucTtemMa HE BTpaTHIa BJIACTUBOCTI
MOBHOTH.

Teopema 1.14. byap-sika HempuBoAuMa (QYyHKI[IOHAJIbHA cHCTeMa OyJIeBUX
GyHKLIA CKIaJaeTbess 3 HE OUTbII HDK YOTHpboX (yHKUIA. Hanm moBeneHHAM
IPOINOHYETHCS MMOAYMATH CaMOCTIHHO.

OyHKIIOHATHHO TIOBHA CHCTEMa HA3MBAETHCS HE3aNEKHOIO, SKIIO KOAHA 3
(GyHKLIA CUCTEMH HE MOXKE OyTHM CYyNEpHO3MIIEI0 IHIIUX (DYHKIIN I[IE] CUCTEMHU.
basuc — mesanexumid. Hanpukian cuctema {®, A, 0, 1} € moBHo, aie He €

He3alexHo10. basucom Oyne cuctema {@, A, 1}, Tak sk 0=1&1 (Tabdmn.1.8).

Tabnuys 1.8
To Ty S M L
@ | + — — — +
A+ + — + —
- + — + +
0| + — — + +

Te3y mpo MOBHOTY MOXHa y3araJbHUTH. Ko yci QyHKIIT (GyHKIIOHATIBHO
MOBHOT CUCTEMHU MOKHA BUPA3UTH Y€pe3 CYMPENO3uIlii0 GyHKITIH 1HIIOI CUCTEMH, TO
BOHA Tak caMo Oyae (yHKIIOHAIbHO MOBHOIO. Llell MeToa Ha3MBa€ThCS METOAOM
3BeneHHsA. Hampuknan, cucrema anreOpu XKerankina {®, A, 1} € ¢yHKIIOHAIBLHO

noBHO10. Cucrema {=, v, 0} Takox Oyzae pyHKIiOHAIBEHO TOBHOW. [[i#iCHO, MOXKHO
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Bupasutd X@& = (X =) =0, x Ay = (Xvy) =(X =y), 1= 0 =0. Ta nepekoHaTucs,

o0y TyBaBIIIM KpUTEpiaibHy Ta0bauIto (Tadi.1.9):

Tabnuys 1.9
To Th S M L
= | — + — — +
v | o+ + — + —
+ — — + +
1.9. Minimizauin oynesux gpynkuii
Busnauennsi 1.22. [unnixanmoio 6yneBoi ¢ynkmii f(Xi, ..., Xn) Ha3uBaeThCs

taka OyneBa QyHkiist g(Xi, ..., Xn), IKa JOPIBHIOE OJIMHMIII HA ISTKUX 3 TUX HAOOPIB,
Ha SKUX JOPIBHIOE OJMHMUII JaHa (QYHKIIis, 1 JOPIBHIOE HYJIO Ha 1HIIMX Habopax (13
BU3HAUCHUS BUILTUBAE, 10 QyHKIs § — ivnaikanma f, sxkmo g — f=1.) ['oBoputkcs,
1110 IMILTIKaHTa ( IOKPHUBA€E CBOTMH OJUHHUIISIMH ACSKI OJUHHMII AaHOT PyHKIii f,
Axmo ¢dyukuis 3agana y Burisaal JH®, Ttob6Tto y BUrisal Au3'tOHKINI
€JIEMEHTAPHUX KOH'FOHKIIINA, TO KOKHUN KOH'IOHKT SIBJISIETHCSl IMIUTIKAHTOIO JaHOT
bynkuii. JloBkrMHA NESIKUX eJIeMEHTApHUX KOH'FOHKINH MOXe OyTH 3MEHIIIeHa 3a

JIOIOMOTOI0  €KBIBAJIGHTHUX TME€peTBOpPeHb. s I[bOTO 3aCTOCOBYIOTHCS TaKi

CIIBBITHOIIICHHS:

(1.26) 3axon nHeno6Hnoeo cKkie8aHHs. Jloeeoenns 3axonie
Xy Vv =Xy =V; HOBHO20 CK1CI08AHHA:
(xvy)(=xvy) =vy; Xy vV =Xz v yz=

(1.27) 3axomn no6no2o ckiero8anHsI. =Xy v —XZ vyZ (Xv —X)=
XY V —XZ = XY V —XZ V YZ; =Xy v —XZ VXYZV —XyZ=
(xvy)(—xvz) = (xvy)(—=xvz)(yvz); Xy VXYZV —XZ v —XYZ =

(1.28) szaxonu nocnunamnms: =Xy v —XZ.
XV Xy =X;
X(XVvYy)=X;
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(1.29) Xv=Xy=XVvYy; Xy vV —XZ=
X (=X vy) =Xxy. =(xv —=X)(xvz)(yv —x)(yvz)
= 1(XyvX—XvZyvZI—X)=
=xyvO0vzyvz—x=
XYy V —XZ V YZ.

Busnavennsi 1.23. EnemenTapHa KOH'IOHKIIIS, SIKA € IMIDTIKaHTOO (QyHKII f,
aJie )KoJIHa 11 BIacHA YaCcTHHA IMIUTIKAHTOIO 1i€i QyHKIIIT HE SBISETHCS, HA3UBAETCS
npocmoro iMnIiKanmoro NaHoi PyHKIII.

JloBKMHA MPOCTOi IMIUTIKAHTH BXE€ HE MOXKE OYTHM 3MEHIIEHA ILISIXOM
CKJICFOBAHHS 1i 3 IHIMMMH IMIUTIKAHTAMH JaHO1 (QyHKIIII.

Busznavennss 1.24. J[u3'toHKIis BCIX MPOCTHX IMIUIIKAHT OyieBO1 (PyHKITIT
HA3UBAETCSI CKOPOUEHON OU3 TOHKMUBHOIO HOPMAIbHOIO (hopmoro OyneBoi (PyHKITII.

Mpuxnang. Ckoporumo dopmyny: F(X, Y, 2) = XyzZ v X=YyZ v Xy—Z v —Xy—Z.
CKIIEIMO KOHCTUTYEHTH: XYZ VV X—YZ = XZ, Xy—Z V —XYy—Z = Yy—Z, XyZv Xy—Z = Xy.
Otpumaemo ckopoueny hopmy: F(X, Y, 2) =Xz v y—zZ v Xy.

MHOXHHA YCIX MPOCTUX IMIUTIKAHT MOKPHUBAE YCI OAMHUII OyieBol (yHKIII.
Ane npencrasneHHs OyneBoi GyHKIiT y Burisaai ckopoueHoi JJH® mie He siBnseTbes
HalOUIbII eKOHOMHHUM. Cepell MHOKMHU MPOCTUX IMIUTIKAHT MOXKYTh OMUHUTHUCH
3aiiBl, TOOTO Taki, IO MOKPUBAIOTh OAMHMIN (PYHKIi, BXKE€ MOKPUTI IHIIUMU
IMIUTIKaHTaMu. Bupansroun 3aiiBi  IMIUTIKAHTH, MOXKHA OTPUMATHU MYNUKOBY
I3 IOHKTUBHY HOpMaiibHy (opmy. TymnukoBa JH®, ska MICTUTH HaiimMeHIIy
KIJTBKICTh IMIUTIKAHT Ta 3MIHHUX, Ha3uBaeTcs minimarvroro JJTHD.

3a I0MOMOTOI0 €JIMEHTIB MOYKHA MOOYTyBaTH JIOTIUHY CXEMY 3 N BXOJaMHU

Ta OJJHAM BUXOJIOM, peani3ytouy Oynb-aKy OyJneBy (pyHKIIIIO N 3MIHHUX. SIKIIO Ha
yCl BXOJU IIi€1 CXEeMU MOJATH CUTHAJIH, PiBHI HYJIO a00 OAMHUII, TO Ha BUXOI
3’SIBUTHCSI CUTHAJI, BIIOBIIHU# /10 3HaYeHHs QYyHKIIIT Ha 1aHoMy Habopi (0 abo 1).
Cunte3 Oyab-AKOi JIOTIYHOI CXEMM IMIOBHICTIO AHAJIOTIYHUN TMOOYI0BI

dbopMyiu, 110 BU3HAYA€ OyJeBy QyHKLIIO.
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Hexaii OyneBa QyHKIIs F 0%, %) 3a/1aHa CBOEIO TAOJHUIICH0 ICTUHHOCTI :

Xr/0 |0 |O |O |1 |1 |1 |1
X2 {0 (O |1 |1 |0 |O |1 |1
X3{0 (1 |0 (1 |0 |1 (0 |1

f |0 |2 |2 (0O |1 (O (1 |O

[ToTpi6HO MOOYAYyBaTH JIOTIYHY CXEMY, ONKCAHy JAHOIO (PYHKIIIEIO.

[IpencraBumMo PyHKIIIIO P04 %, %) y Burasal JJJAHO:

F=XuXeXs VXX X VXX XV XXX TTorinpa exeMa, peartizyioua aaHy hopMyiy,

MOXe OyTHM MoOyJoBaHa Ha JIOTIYHUX €JIEMEHTAaX «aboy», «1» Ta IHBEpTOpax.

[Tobyayemo Taky cxemy.

& |
L o

: 1
—
)
I B

= U

el

[{s1 cxema MICTUTH 3 IHBEPTOPH, 4 €IEMEHTA «1» 3 TphOMa BXOJaMHu, | elIeMeHT
TUITY «a00» 3 YOTHPMA BXOJIaAMH.
BuHukae muTaHHs, 91 HE MOYKHA TTEPETBOPUTH (POPMYITY TAKUM YHHOM, 11100
3MEHIINTA KUIBKICTh JIOTIYHHUX €JIEMEHTIB B CXEMl 1 KUIBKICTH BXOIIB IHX
enemeHTiB. OUeBUIHO, TOJA1 CXeMa CTaHe MPOCTIIIE 1, PH 11 TEXHIUHIN peaizalili,

nemesiie. CnpoOyemo 1ie 3pooutu. B ocrannix aBox uineHax JJAH® dyukmii £

BHUHECEMO 3a NYXKKY %X,
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OTpI/IMaCMO fl = Z)_(ZXS Vv ZXZg Vv X1X_3()_(2 Vv XZ) = Z)_(ZXS Vv ZXZX_S vV X1X_3 . TaK SIK
szxzzl, o fi=f

Jns peanizamii opmynu i 3HaA0OUThCS 3 1HBEPTOPH, 3 €JIEeMEHTa «i» 13
CIJILHOIO KIJIBKICTIO BXO/IIB, PIBHOIO 8, 1 OJIMH €JIEMEHT «abo» 3 3 BXoJaMHu.
B 3anexxHOCTI Bii mocTaBieHOI METH MiHiMizallii, BuOip miHiManeHoi JJHD
MOJKJIMBHUH 32 IBOMa KPUTEPIsSIMU:
®  BMICT HallMEHIIOI KIJIBKOCTI BXOJKCHHsSI OYKB - 3arajibHa KiJIbKICTh
OyKB y BCIX €JI€MEHTapHHMX KOH'IOHKIISIX, TaK 3BaHa IliHa mokputts C* (0r4
HAW020 NPuKIady 6 nowamkosii hopmyni oyaa 12, cmano 8);
®  CyMa KUIBKOCTI BXO/IK€Hb OYKB Ta KUIBKOCTI €JI€MEHTapHHUX JTI00YTKIB
ABISAEThC HaliMeHmoro (wiHa nokpurts CP (0ns mawozo npuxnady 6yna 20,
cmano 12).
B nux HaBeneHuX MpuUKIIagax mpy MiHiMi3allli 3acTocoByBaBcs MeTo] breiika,

OCHOBAHHUM Ha 3aKOHAX CKJICIOBAHUS Ta MOTJIMHAHHS.

1.9.1. Memoo Keaitna ompumanus cxkopoueHoi Ou3'rOHKMuGHOi HOPMATbHOT
dopmu

Teopema 1.15 (KBaiina). SIkmo B JocKoHaJiW AU3'FOHKTUBHIM HOpMaJbHIM
dbopmi OyneBoi (yHKIII 3poOMTH BCl omepanii HemoBHOro ckieroBaHHda (1.26), a
noTiM Bcl omeparlii nmormmuannas (1.27, 1.28), To B pe3ynbrari Oyae oTpuMaHa
ckopoueHa JIH® nanoi ¢hyHkiii.

s neperBopenns noBiabHOI JIH® no Buny J/IH® HeoOXxiaHO 3acTOoCyBaTH
JI0 €JIEMEHTAPHUX KOH'FOHKI[IH, 1[0 MICTSITh HE BC1 3MiHHI, ONEpaIlii0 pO3ropTaHHs,
Hanpukiaam: XY(Z v —Z) = XyZ v Xy—Z, ie Z — HeI0OCTaTHsI 3MiHHa.

IMpukaan. byneBy ¢yHkiito 3anano y Burisii: f(X,y, z) = =Xyz v X—y—z v —yz.
[Tpusenemo Gpopmymny go JAHD:

f(X, Y, 2) = —XyzZ v X—y—Z v—yZ(X v—X) = =XYZ vV X—yY—Z V X—YZ V—X—YZ.
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Bunumemo BCi KOHCTUTYEHTH OAMHUII 1 3p0OMMO BCl omepailii HEmOBHOTO

CKJICIOBAHHA:
* —Xyz —yz
* X—yz X—Yy
* X—y—zZ —XZ
* —X—yz

BigsHaunMo Bcl KOH'IOHKINI, IO CKJICIOIOTHCSI CHMBOJIOM «*». BoHm
MOTJIMHAIOTHCST  IMIUTIKAHTAMHU, OTPUMAaHUMH B  PE3yJbTaTi  CKICIOBAHHS.
HeigMiueHi KOH'TOHKIIIT HIYMM HE MOTJIMHAIOTHCS 1 € MPOCTUMH IMILTIKAHTAMH.

Ckopouena JIH® nanoi dpynkii: f(X,y,2)= —yz v X—y v —=Xz. [1J11 3HaX0KCHHS
MmiHiMasibHOI JIH® cknagemo iMrutikaHTHy Matpuiro (tabmuus 1.10), y skiit mo
psAIKaM 3aMUCYyEMO IMIUTIKAHTH, MO CTOBMIISIM — KOHCTUTYEHTH OJIMHMIII.

Tabnuys 1.10

—XyZ X—yY— | X—=YyZ | —X—yzZ
—yz X X
X—y * X X
—XZ * | X X
* * + +

VY xiitiHax TaOauIll XpeCcTUKaMH BIJ3HAYAEMO IMIUTIKAHTH, 110 TOKPUBAIOTh
OJUHMIN JaHoi (yHKIIi1. BHU3Y Tabnuill cuMBOJIOM «*)» BiJI3HAYa€MO Ti CTOBIIIL, B
SAKUX CTOITh TUIBKH OJUH XPECTHUK, BIAMOBIAHI IM IMIUIIKAHTH TaKOX B1A3HAYAEMO
CHUMBOJIOM «*» — BOHHM € OOOB'SI3KOBHMH. Bia3HauaeMO TaKOX CHMBOJIOM «+» Tl
CTOBIIII, SIKI TIOKPUBAIOTHCS OOOB'SI3KOBUMHM IMIUTIKAHTaMH. SIKIO BCI CTOBIYHMKHU
BiJI3HAYEHI, TO OTPUMAaHHUK HAOIp 0OOB'SI3KOBUX IMIUTIKAHT CTAHOBUTH MIHIMAJIbHY
JIH®. Skmo yacTuHa CTOBMIIB 3aJMIIAETHCA HETMOKPUTOIO, 3 PEIITH IMIUIIKAHT
BUOWPAETHCS HAMMEHIIIE YHUCJIO HAWOUIBII KOPOTKHX IMIUTIKAHT Tak, 100 BCl
CTOBIMII OYJIM OKPHUTI.

VY Hamomy npukiiani MiniManeaa JJTH®: f(X, y, z) = x—y v —Xz.
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Posrisaemo ¢ynmiro ( 01111110). ImmunikatuBHa MaTputls 0yie HaCTYITHOIO:

Xyz Xyz Xyz Xyz Xyz Xyz

X2 >

y >

M om g O W >
N

Xz >

OO6oB'ss3koBUX IMIUTIKAaHT HeMae. Cepen HEOOOB'SI3KOBUX MOXKHA BHOpaTH
TynukoBi JIH®: v= y_z Vi(yv_x ’

©=XIVYZV Xy

L1 bopmu Mar0Th OHAKOBY LIIHY MOKPUTTS; OTKE, OOUJIBI € MIHIMAJIbHUMH.

JInst 3HaxXoMKEeHHs BCIX TYNMUKOBUX (opM (yHKIII MOXHa 3acTOCYyBaTu
HacTynHuil npuitoM. [lo3HaunMo koXHY iMIUTikaHty OykBoio: A, B, C
[TocTaBuMO y BIAMOBIHICTh IMIUTIKAHTE 3HAUYCHHS 1, SKIIO IMIUTIKAHTa BXOJIUTH B
MOKPUTTS, 1 0, K110 Hi. JIJ1st TOKPUTTS KOXKHOI OJTMHUILI HEOOX1AHO, 1100 B TOKPUTTS
BXOAMIa Xoua 0 ofHa IMIUTIKAHTA, BIJAMOBIIHA IMO3HAYIl B JAHOMY CTOBIII. TakK,
JUISl TIOKPUTTS MEPIIOro CTOBIMYMKAa HE0OX1aHO, o0 B TynukoBy JH® dynkmii
yBiiiia abo immiikanTa yz, abo xy, T0OTO moBMHHO Oyt Bv E =1. Ile ymoBa
MOKPUTTS MIEPIIOTO CTOBIIISI MATPHII. Y MOBA TOKPUTTS BCIX OAMHUITH PYHKINT Oy e

BUIJIAOATH TaK:

(BVE)EVF)CvD)(CvVvF)AvB)AvD)=1,

a0o0, mmiciisg nepeTBopeHb: ACE v BDF v ABCF v ADEF =1.
st mokpuTTs HeoOXigHO BUOpaTu cuctemy 3 iMrutikanT A, C1 E; abo B, D 1
F. lle piBHO3HaA4HI BapiaHTH, Tak SK IiHA TOKPUTTS y HUX oxHakoBa. llle nBa

BaplaHTU MAIOTh LIHY MOKPUTTS OLJIbIIY.
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[leii Merom MOXHA BHUKOPHUCTOBYBAaTHM [UIsl 3HAXOIDKEHHS  Oasucy
(GYHKIIIOHaTBFHO MOBHOI MpUBOAMMOI cuctemu ¢QyHKIINA. Hexail y Hac € TaOnuis

[Tocra myst cuctemu 3 YoTupbox (yHKIN {A, B, C, D}.

To | Tt S M L
A |+ — — + —
B |+ + — + —
C |- — + — +
D |- + — — +

Toni yMOBM MOBHOTH MOKHA 3alldCaTd HACTYITHUM YHUHOM (IO «MIHYyCax» B
KOXXHOMY CTOBIILII):
(CvD)(AvD)(AvBvD)(CvD)(AvB)=(AvD)(AvBvD)(CvD)(AvB)=
=(AvD)(AvBvD)(CvD)(AvB)=(AvD)(AvB)(CvD)=(AvBD)(CvD)=ACvADv
vBCDvBDD= ACvADvBCDvBD =ACvADVBC.

dyHKIIOHATBHO MOBHUMHU HemnpuBeaeHuMu cucteMamu € {A,C} abo {A,D}
abo {B,C}.

Meton KBaitHa MICTUTh HE3PYYHOCTI, MOB'S3aH1 3 HEOOXITHICTIO MOMAPHOTO
MOPIBHSHHS IMIUTIKAHT HA €Tall BU3HAYEHHS MPOCTHX IMIUTIKAHT. I3 3pocTaHHsIM
kubkocTi MiHTepM B CJ/IH® 3011blIyeThCs KIUIBKICTH LUX MOPIBHSAHB, IO
XapaKTEPHU3yEThCs (PaKTOPIATHHOIO (PYHKIIIEIO.

Y 1956 poui Makknackyd 3ampolOHYBaB MOJEPHI3ALI0 MEPIIOro eTamy
merony KsaiiHa. [ges monsrae B ToMy, 110, SIKIIO 3alMCATH MIHTEPMH Y BUTJISAIL
JBIMKOBUX YMCEN 1 pO30UTH iX Ha HETIEPECIuH1 TPYIH 3a KUIbKICTIO 1 B IBIMKOBOMY
YHUCIl, TO MONApHO MOPIBHIOBATH MOTPIOHO TUIBKM €JIEMEHTH CYCIIHIX rpyn. Js
nonepeaHboro npukiianxy mu orpumaemo 001, 010, 011, 100, 101, 110 1 po3id'emo
Harpynu (001,010,100)1(011, 101, 110). B pe3ynbpTaTi MOpiBHIHHS MU OTPUMAEMO
0-1, -01, 01-, -10, 10, 1-0, o 1 BiAMOBINAE —XZ, —YZ, —XY, Y—Z, X—Y, X—Z.

Ha niacraBi oTpuMaHoro OyayeThesl IMITIKAHTHA MaTPHULISL.
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1.9.2. Minimizauia oyneeux ¢pynxuiii 3a 0onomozoro oiazpam Beiiua

byneBi ¢yHKiii MOXyTh OyTH NpeAcTaBieH! rpadiuHO y BHUIISIAL Alarpam
Beitua a6o kapt Kapno (iHKOIM 3yCTpi4aeThCs 1HINA TPAHCKPHIIIS BUMOBH —
Kapnay) — BOHU BiAPI3HSIOTHCS JIUIIE TO3HAYCHHSIMH KIITHHOK TaOIHUII.

Hiarpama Beiiua npesncraisie coO000 NPSIMOKYTHHK, JJIi OJHI€ET 3MIHHOI —
noiJICHUH HaBIILI (01HA TTOJIOBUHA BIATIOBIE 3MIHHIH, ApyTa - i1 3anepedenH:o). [Ipu
BBEJICH1 KO>KHOT HOBO1 3MIHHOT BiI0YBa€THCs MOBTOPHE A1JICHHS JlarpamMy HaBIILI.

Posrnsnemo miarpamu Beiiua st yHKINN Bi TPpbOX 1 YOTUPHOX 3MIHHUX

(puc. 1.2).

—I{ 0 |1 |3

—x

Puc. 1.2. Jliaepamu Betiua

KoxHa KiiTHHKa giarpamMu BIJNOBia€ OJHOMY HAOOpy 3MIHHHUX, HOMED
KJIITUHKY — 11e IB1iiKOBUiA Ko Habopy. [1pu 3aganni OyneBoi PyHKINT y BIAMOBIIHY
0 HOMepa HA0OpYy KIITHHKY 3alUCYEThCS OJIWHUIA, 1, TAKAM YWHOM, KOXKHA
KJIITUHKA Jiarpamu 3 1 mpeacrasisie cOO00 OJIHY KOHCTUTYCHTY OJIMHMIII.

Mpuxnan. Hexait ynkmis f(X, y, z, t) = 1 Ha Habdopax 0, 1, 2, 3, 6, 7, 8, 15.
Hiarpama Beitua qis 3aganoit pyHkiii 3o0paxkena Ha puc. 1.3. Ogunuii QyHKIii,
3amucafi B CYCITHIX KJIITUHKAX, BIPI3HAIOTHCS 3HAYCHHSIM TIJIbKU OJTHIET 3MIHHOI,
BHACIIJIOK, BOHU CKJICIOIOTHCS IO I[1{ 3MIHHIN 1 yTBOPIOIOTH IMIUTIKAHTY. Y LIbOMY

BUIAJIKY KaXyTh, IO IMITIKAHTA NOKPUBAE BITIOBITHI OJUHUII OyIeBOT QPYyHKITII.
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Hanpuknan, aBi oguHuil Ha Habopax 7 1 15, mokpuBaroThCs IMIUTIKAHTOIO YZt,
JOTHPU OJIMHMII Ha Habopax 2,3,7,6 — iMmItikanToro —XZ. [Ipu mpomy cyciaHiMuU
BBAKAIOTHCS TAKOX KITITUHKH, 3alMCaHi B3I0BXK JIIBOTO Ta MPABOT0 KPAro JiarpaMu
(BIAPI3HAIOTBCS 3HAYEHHSM Y) 1 B3JI0BXK BEPXHBOIO 1 HWKHBOTO Kparo
(B1Ipi3HAIOTHCS 3HAUEHHSIM X). ToOTO, AiarpaMy MOXKHO BBaXkaTH HIOM 3TOPHYTOIO

B TOp (@ JUIA TPHOX 3MIHHUX — Y IIMITIHID).

—XZ

—Z

=X y 1) /
C UM )[~
x |1 ] }—;z vzt

—
—1 T — 1

—YZ t.

Puc. 1.3. Minimanona J[H®

[Tpu miniMizanii OyneBoi (yHKIii Ha miarpami Beitua crnodatky 3HaxXoJsTh
MOKPUTTSI, SKI MICTATh MaKCUMAJIbHE YMCIIO OAUHULD (8, 4, 2), a TOTIM MOKPUTTS,
SKE€ TIOKPUBAE PEITY OJUHUTH TAKUM YMHOM, 1100 BOHHM TaKOXK OyJIM MaKCUMaJbHI
10 BEJIMYMHI, 1 IPU BHJAJIEHHI I[OTO MOKPHUTTS Xouya O OJHA OJMHHULA (DYHKIIT
3anuimiacs Henmokputor. [Ipu 1boMy Aesiki OJMHHUII MOXKYTh OyTH TOKPHUTI
HeoaHopa3zoBo. Jlns ¢yHkiii, 300paxkenoi Ha puc. 1.3, minimansHa JIH®:
—X—Y V —XZ Vv Yzt v —y—z—t.

Minimaniena KH® Oynyerbcst nBoicto 3a aiarpamoro Beitua, 3amoBHEHOi
HYJISIMH B TOPOXHIX KITHHKaX (s 30epexkeHHss HOMepiB HaOOpiB mpu
MiMTUCYBAaHHI YaCTHH JiarpaMu 3MiHHI Ta 3alepeueHHs] MIHSIOTHCS MICISIMU, TOMY
o npu nodyaosi JIKH® 3anepedennst craButbest Haj 1 B 3HaYeHHSAX HaOoOpy, a B
JIH® — wam 0). Jna  mamoi  ¢yskmii  minimaneHa  KHO:

(=yvz) (—xv—zvit) (—xvyv—t).
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He noBHicTIO 3amana (QyHKIIS HAHOCUTHCS Ha Jiarpamy Beitua Takum camum
YUHOM, SK 1 TIOBHICTIO 3aJlaHa, ajie KIITHHKH, JA¢ (YHKIS HE BH3HAYCHA,
BIJIPI3HSAIOTHCS CUMBOJIOM *,

Minimizamiss HemoBHOI (YHKIII BiAOYBAa€TbCsl HACTYMHUM YWHOM. JIis
OTPUMAaHHA IPOCTUX IMIUTIKAHT B1I0YBAa€ThCS CKIICIOBAaHHS TaK, K SKOM B KJIITUHKAX,
BIAMIUEHUX *, cTOSIM O OOMHMIN. SIKIO K JesIKI KIIITHHKH, BIAMIYE€HI CUMBOJIOM *,
HE TIOTaIaf0Th Hi B OJTHE TOKPUTTS, BBAKAEMO, 110 B HUX CTOSTH HYJII.

Kaptu Kapho Ttakox ciyxkath uisi rpadidyHOTO NpPEJICTAaBICHHS OyleBUX
¢byHKIIN 1 BiApI3HAIOTBCS Bin Aiarpam Beitua Tinbku (Qopmoro mpencTaBiICHHS
3MiHHUX. Psaku 1 croBmui kaptu KapHo BiaMiueHi HaOopaMu 3MIHHHX, BIAIOBITHUX
JTAHOMY PSZIKY a00 CTOBIHITIO.

Kapra Kapno nnst tprox 3miHHuX. Ha Hilt BimMiueHa GyHKIIS —X —YZvX Y—Z.

yz |00 01 11 10
X
0 1
1 1

Kapra Kapno 1t yotupbox 3MiHHUX. MiHIManbHa (opMa BiIMIYEHOT PYHKIIIT

—|y—|t Vv —XZ—t v Xth.

yz | 00 01 11 10
xt

00 \1\_/% 1

01

11 @

10 1 10

Ilumanna ona camokormponio 00 po3oiny 1

1. Buznauenns OyneBoi anreopu, Qynkuii. @ynkuii Big 1 Ta 2-x 3MiHHX, 1X
KUTBKICTb.

2. Teoperuuni 3acHoBu nooyaosu JJJIHD ta JIKHO.

3. Kanoniunuii noninom KerankiHa.
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4. [lepeniuyuTH Ta aTU BU3HAUEHHS BIACTUBOCTSAM OyNeBHUX (DYHKIIIH.

5. OyHKITIOHATBLHO 3aMKHEHI Kj1acu OyJieBUX (YHKIIIH.

6. dyHKIIOHATBHA TTOBHOTA OyneBux ¢yHkiii. Teopema IlocTa.

7. Teopema 0 MakCHUMaIbHIA KIJILKOCTI OyJieBUX (YHKIH B (YyHKI[IOHAIBHO
MOBHIN CHUCTEMI.

8. JloBecTH (yHKIIIOHAIBHY IMOBHOTY CHCTEMH, IO CKJIAJA€ThCS 3 OJHIEL
byukii — mrpux Lleddepa/ctpinka Ilipca.

9. llepeniuntu MeToM MiHIMIZanii OyneBux ¢pyHkiiil. [{lena mokputrs.

10. B womy cyTh MiHiIMi3aIlii 3a Aiarpamoro Beitua.

2. AJITEBPA BUCJIOBJIIOBAHb
2.1. Memooonoziuni npunyunu gopmanvHoi 102iKu

Jlorika - HayKa Mpo MHCJIEHHS, IPO MPaBWJIbHI MIPKYBaHHS, PO IPUHOMH Ta
METO/AM Mi3HAHHA 3a JOMOMOroK MipKyBaHb. B kiHmi 19-ro — mouatky 20-ro
CTOJITTS 3 OSIBOIO OyJIeBOi anreOpu nmovancsi OypXIUBUIl pO3BUTOK MaTeMaTHYHOT
(popmanbHo1) noriku. Ha nanuii yac po3pi3HAIOTh TPAJULIAHY JOTIKY SIK YaCTUHY

¢1nocopii, 1 popMalibHy, MATEMATHYHY JIOTIKY, CIIIBBIJHOILICHHS IKUX MTOKa3aHO Ha

puc. 2.1.
Tpamuuiiina jorika MaremaTu4Ha JIorika
<+—P
Jocnimpkye 3aKoHA Hocnimkye hopmanbHi
HPaBHIEHOTO CTPYKTYpH MipKyBaHb
MHUCIICHHSI

Puc.2 1. Cmpyxkmypa nocixu.

Jlorika, BUBYalOUM MPaBWIbHI MIPKYBaHHS, ONEPY€E MOHATTSIMHU ICTUHHOCTI 1
xubHoCTI. [IpaBuibHE MipKyBaHHS a00 BUCIIOBIIIOBAHHS MOKJIATAETHCS ICTUHHUM,
HEIpaBUIbHE — XUOHUM.

Xoua B 3BHYAHHOMY >KUTTI MU KOPUCTYEMOCS BEJIMKUM YHUCIIOM BiJITIHKIB
(MomasibHOCTEM), A (GOpMaIbHOIO amapary MpeACTaBICHHS 3HAaHb HaM JIOCHUTh
JIBO3HAYHOT JIOTIKH.

Metonomnoridai  ocHOBM (OPMAaJIbHOI JIOTIKA TIOJIATAIOTh Yy BUKOHAHHI

JEK1TbKOX TTPUHIIUITIB.
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I[puHuun TOTOXKHOCTI. [cTMHHICTH (hakTiB, MmO JEXaTh B OCHOBI
BUCJIOBJIIOBaHh 1 MIpKyBaHb, BCTAHOBIIIOETHCS HA MIJACTaBi BIJIOMHUX 3aKOHIB,
CIIOCTEpPEXKEHb. SIKIO ICTUHHICTh OyIb-SIKOTO (PaKTy BCTAHOBIIEHO, TO BOHA HE
MiJ1a€THCS CYMHIBY 1 HE 3MIHIOEThCSL B Tpolieci MipkyBaHHA. Lle o3Havae Takox,
10 OJIVH 1 TOM 7K€ TEPMIH BUKOPUCTOBYETHCS 3aBK/IM B OJHOMY 1 TOMY * CEHCI.

I[IpuHOMn Hecynmepe4yHOCTi O3HAYa€, 110, CTBEP/KYIOUM WI0-HEOY/Ab, HE
MOKHA 3amepedyBaTd Te X came. OauH 1 Toi ke ¢akT (BUCTIB) HE MOXKe OyTH
OJIHOYACHO ICTUHHUM 1 XMOHUM.

Hampuknan, BucnoBmoBanHs Cokparta «f 3Hai, wo s HIiU020 He 3HAIO
CYINEpEWINBO, OCKUIBKM OJHOYACHO CTBEPIKYE 1 CIPOCTOBYE OJIMH 1 TOM K€ (haKT:
akmo CokpaT 3Hae, M0 BIH HIYONO HE 3Ha€, TO BIH HE 3HAE€ TaKOX 1
11boro. BiMOBIIHO A0 MPUHLUITY HECYTIEPEUHOCTI, 3 PO3IJISAY BUKIIOUAIOTHCS TaKl
BUCIIOBJIIOBAHHSI, ICTUHHICTh 200 XHOHICTh SKUX HE MOKe OyTH BCTAHOBJIICHA,
HAIPUKJIAJ, BUCIOBIIOBAHHA MPO LUPYJIbHUKA, KN MOBHHEH (200 HE MOBUHEH)
TOJIMTU CaMoro cede, BUCIOBIIOBAHHA KpPITSHHWHA MNP0 TE€, IO BCE KPITAHU —
OpexyHHU, 1 1HIIII CEMaHTHUYH1 TTapaOKCH.

HpuHumn BHKJIIOYEHHS TPEeThOro. He MOYKHA OJIHOYACHO
BIJIKM/IATH BUCIJIOBJIIOBAHHS 1 MOTO 3arnepedeHHs. by/ib-sKe BUCIOBIIOBAaHHS MOXKE
Oytu ab0 iICTUHHUM, 200 XUOHUM, — TPETHOTO HE JIaHO.

IlpuHuun [gocTatHbOi  miACTaBU. bynb-fKke  BHCIOBIIOBaHHS  Mae
OyTH OOTpyHTOBaHO, TOOTO ICTUHHICTh TBEP/UKCHHS HE MOXHA IPUHAMATH Ha
Bipy. SIKIIO TBEpIKEHHS BUBOJAUTHCA 3 OyIb-SIKUX CYIUKEHb, AHUX, (PAKTIB —
niocmas, TO iX TOBUHHO OyTH JIOCUTH JJISI BCTAHOBJICHHS ICTUHHOCTI TBEP/PKCHHS.

MoskHa 11e BKa3aTH Ha OJIHY JYXE€ BaXKJIWBY BIACTHUBICTh - MOHOTOHHOCTIb
JOCTOBIPHUX MipKyBaHb. SIKIIO ICTUHHICTH JESKOTO BUCIOBIIOBaHHS (A) Bxke

BCTAHOBJICHA, TO JI0/IaBaHHS HOBUX (DakTiB (B) HE 3MIHIOE ICTUHHOCTI 4.
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2.2. OcnogHi nonamms

CymxeHHs1, a00 BUCIOBIIOBAHHS — I1€ TYMKA, B IKiil CTBEPIXKY€THCS HASIBHICTh
a00 BIJICYTHICTh SIKUXOCh (hakTiB abo 3B’s3KiB MiX (aktamu. BuciorneHHs
BHUPAXAIOTHCS PO3IMOBITHUMHU PECUCHHSIMHU.

Busznauenns 2.1. I[lpocme sucnosniosanms — 11€ MpOCTE PO3MOBIAHE PEUCHHS,
BIJIHOCHO SIKOTO MOKHA OJHO3HAYHO CKa3aTH, ICTUHHE BOHO YU XHOHE.

[TuTanbHi @00 OKIMYHI peUEHHS BUCIOBIIOBAHHSIMU HE €.

Jloriuni 3HaueHHS Icmunno (True) um Xubno (False) Oymemo mo3Havatu
BiamoBigao T u F.

Hpuxnaau.

«KuiB — cTonmuug YkpaiHum» — iICTUHHE BUCJIOBIIIOBAHHS, BOHO Ma€ 3HAYCHHS
True («ictuHHO»). «5> 10» — XxuOHE BHUCIIOBIIOBaHHS, BOHO Mae 3HadcHHs False
(«xubHO»). «Bce moau CMEpTHI» — ICTUHHE BUCIOBIIOBAHHS. «Jledki Jromu—
IOPUCTU» — ICTUHHE BUCIIOBJIIOBAHHS.

KoxHe mpocTe BHCIOBIIOBAHHS TI03HAYAIOTh CHMBOJIAMH JIATHHCHKOTO
andasity (3 iHAeKcaMu abo 0e3 1HAEKCIB), SIKI Ha3UBAIOTh MPOHO3UYIOHATbHUMU
cumeonamu: A, B,C,Aq, A, ...

CxiaziHi  BUCJIOBIIIOBaHHS CKJIQJIAalOThCS 3 TPOCTUX 32  JIOTIOMOTOIO
CIIOJTYYHHUKIB «HI1», «1», «ab0», «IKIIO..., TO...», «TOAl 1 TUIBKH TOmi». Llum
CIIOJIyYHHKAM BIMOBIAAIOTH JIOT1UHI OIepallii: yHapHa orepallis 3arnepedeHHsT —
(«Hi»), O1HApHI oneparlii KOH FOHKIIT & («1»), T3 FOHKIA Vv («a00»), IMIUTIKaIis —
(«IKII0. .., TO...»), EKBIBAICHTHICTh = («TOM1 1 TUIBKK TO1»). CHMBOJIM omepariii
HA3UBAIOTBCS NPONO3UYIOHATLHUMU 38 SI3KAMU.

Ipuxknagm:

«JlornoH — cromuirst Aurmiiy < A. «JIoHgoH He € cTonuIero AR < — A.
«Haitb6inpbme micto Anarmii, JIonmon (A), € ii cronurero (B)» < A&B. «Hacenenns
Kananu roBoputs anriniicbkoro (A) ado ¢paniry3skoro MoBoro (B)» < A v B,
«Skmo ropo6enb — nraxa (A), To y Hei € kpuna (B)» < A — B. «TBapuna €

nTaxor (A) Tonl 1 TUIBKH TOA1, Koyu y Hel € kpuia (B)» < A= B.
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IctuHHICTE 200 XMOHICTH CKJIAJIHUX BUCJIOBIIOBAHb 3aJIEKUTH B/l ICTHHHOCTI
a00 XMOHOCTI MPOCTHX BUCIIOBIIOBAaHb, SIKI BXOASAThH 10 CKJIQJHUX, a TAKOX TUM
CIIOCOOOM, SIKUMU BOHH KOMOIHYIOTBCSI, TOOTO 3B’S3K0I0, IKY BUKOPHCTOBYIOTh IS
noOyZI0OBH CKJIQJHOTO BHCIIOBIIOBaHHSA. Ko)kHa JOoTiuHA 3B’S3Ka BU3HAYAETHCS

CBO€I0 mabnuyero icmunnocmi (Tadm. 2.1, 2.2).

Tabnuys 2.1 Tabnuys 2.2
A | —A A/B|lA&B | AvB |A—>B| A=B
T F|F F F T T
FI|T F T T F
T|F F T F F
T|T T T T T

3a 10NOMOro0 3B’SI3KH 3allepedeHHs] — 13 CTBEP/KYBAIIbHUX YTBOPIOKOTHCS
3arepeyHi BUCJIOBIIOBaHHA. Hanmpukiaz, Ko BUCIOBIIOBaHHSI A — «ropoOerh —
nTaxa» ICTUHHO, TO BUCJIOBIIOBaHHA —A — «ropoOellb He TTaxa» - XUOHO, a
BUCIIOBTIOBaHHSI ——A — «HenpasuivbHo, MO TOPOOCIh He MTaxa» EKBIBAJICHTHO
BUCIIOBJIIOBAHHSI «TOPOOEIIh — MITaxay.

Kon’ronkuis A&B, 110 BianoBigae CiodydyHUKaM «1», «a», ICTHHHA B TOMY 1
TUIBKK B TOMY BUIIAJIKY, SKIIO ICTUHHI 000€ 3 BUCJIOBIIOBaHb, 10 BXOJSATh B HEI.
Hampuknaza, BUCIOBIIOBaHHS «Ha Bynuill uae nonl (4) 13 cuibHUM BITpoM (B)»
BUpaxaetbcs popmynoro A&B. KoH’roHKIIIS KOMyTaTUBHA, TOMY BUCJIOBIIIOBAaHHS
«Ha BYJHII culibHUH BiTep (B) 1 o1 (4)», ike MOXKHa BUCIOBUTH (hopmyTioro B&A,
ekBiBajieHTHe mepmomy. [IpoTe, B 3BHMYaiiHINi MOBI MOIIOHI BUCJIOBIIOBAHHS HE
3aBXU €KBIBAJICHTHI, HANIPUKJIAJ, BUCIOBIIOBaHHS «J[keitH Buitnuia 3aMixk (A4) 1
Hapoauna nutuHy (B)» 1 «JlxeitH Hapoawna qutuHy (B) 1 Buiinuia 3amik (A4)»,
CKBIBAJICHTHI B CHUJIy KOMYTaTMBHOCTI KOH IOHKIIIi, OMUCYIOTh, OUYEBUIHO, 30BCIM
pi3Hi cutyarlii B )uTTi. B popmanbHiii JIOTiIi 3 UM JOBOJUTHCS MUPUTHUCH.

3a J0MOMOTOI0 KOH IOHKIT (hopMami3yeThCcsi MPUHITUIT HECYNEPEWIUBOCTI:

A&—A = F — 3axon npoTupivusi.
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Ju3’roHkuisg A v B, 1o BiANoBigae CodydHUKY «a00», € ICTHHHOIO B OY/Ib-
SKOMY BUIAJKY, KOJU ICTUHHE X04Ya O OJ{HE BUCIJIOBIIOBaHHS, 10 BXOJUThH B HEl, 1
XMOHa TUIBKK Yy BHUMAAKY, KOJM OOHIBAa MPOCTUX BHCIOBIIOBAHHS XHUOHI.
Hamnpuknan, BUCTOBIIOBaHHS «JIB1Yl IBa — YOTUPH (4) a00 11’ ATk (B)» BUpaKAETHCA
dopmynoro A v B Ta € ictuaauM. [{u3’10HKIIS GopMatizye 3aKOH BUKJIIOYEHHS
TpeThoro: Av —A=T.

Immiikanis A — B Bupaxkae moriyauii (4acTo — MPUYMHHO-HACIIIKOBHIA)
3B 30K M1 BUCJIOBIIOBaHHAMH A 1 B Ta popmarnizye 3BuuaiiHuii yMOBHBIJ, B IKOMY
3 TOCWIKHM (aHTeleleHTa) A BUIUIMBAaE BUCHOBOK (KOHCEkBeHT) B. Tabmuis
ICTUHHOCTI IMILTIKalli B1100pakae MpaBUiIbHI (JIOCTOBIPHI) YMOBUBO/IU.

dopMasbHe BUCIOBIIOBAHHS MPUHUMILY TOTOKHOCTI MOXXHA 3allMCaTU TaK:
A - A (A ¢ A). DopmanbHe BUCIOBIIOBAHHSA MPUHIUIY MOHOTOHHOCTI
JIOCTOBIpHUX MipKyBaHb. A — (B — A).

3a3Buyail immikanisi A — B BHCIIOBIIOE fesike MpaBUiIO, SIKE O3Hayae
HEOOXIJTHICTh ICTUHHOCTI MOCWIKU A JUIsl TOTO, 00 BHUKOHYBAJACh ICTUHHICTH
BUCHOBKY B, HampuKiIaJ: «sKio Boay Harpité no 100 rpanyciB (4), To BoHa
3aKUNUTH (B)»; «11100 oTpuMaT TUIUIOM (B), MOTPiOHO 3aKIHYUTHU THCTUTYT (A)»;
«SIKIIO KiIlIKa MepeOilKUTh 10pory (4), TO TpanuThCs HEMPUEMHICTD (B)»; «SIKII0 Ha
HeO1 xmapu (A), Moxe miTi aoul (B)».

ExBiBanentHicth A = B cTBepaxye pIBHO3HAYHICTh (PIBHOCHIIBHICTD,
TOTOXXHICTb) JBOX TBEpPIKeHb A 1 B; BOHA ICTMHHA TOAl 1 TIIBKU TOJ1, KOJIH
ICTUHHOCTHI 3HaueHHs 4 1 B criBNaaoTh.

ExBiBaneHTHICTh A = B cTBepKye HE TIIIbKH HEOOXITHICTh YMOBH A JIJIsl TOTO,
mo6 Oyno icTUHHO B, aje 1  JOCTaTHICTh Ili€l  YMOBH, TOOTO
A=B=(A4 > B) & (B > A), tne A — B Bupaxae neobxionicmoe A, a B —> A —
docmamuicmos A. Hanpukiaa, CTBEPKEHHS: «IITaX! JITAIOTh HAJl MOPEM — 3€MJIS
0JIN3bKOY, — BUPAXXa€ OJTHOYACHO JIBA CTBEP/KCHHS: HEOOX1THICTh YMOBHU — «SIKIIIO
NTaxyd JITAOTh HAJ MOPEM, TO OJHM3BKO 3eMIISD», 1 JOCTaTHICTB: «SKIIO 3eMIIS

OJIM3bKO, TO TITAXH JITAIOTh HAJ MOPEM).
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3a MOMOMOT0¥0 JTOTIYHUX 3B'S30K CKJIAJHI BUCIOBIIOBAHHS MOXKHA 3aIMHCATH Y
BUTJISIAL POPMYITH, SIKY Ha3UBAIOTh NPONO3UYIOHATILHOK (OPMYIOI0.

Buznavenns 2.2.

- Kosxna npono3urionansaa OykBa € hopmyra.
- Skmo 4 i B — dopmynu, To hopmynamu €: (—A), (A & B), (A v B).
- Iamumx popmyn Hemae.

[Tpu 3anuci popmMyI1 IPUHRHATO HACTYITHE: 30BHIIIHI JY>KKH MOKHA OIyCKaTH;
BCTAHOBJICHO TMIPIOPUTET omepariii: —, &, v, —», =. JIoriuHi 3B'I3KU I IMITTIKAI]
— Ta €KBIBAJICHTHOCTI = BBOJIATHCS ISl CKOPOUEHHS 3amucy GopMy:

A—>B=—-AvB=—=(A& —B),A=B=(4—> B) & (B — A).

[To6GynyBaBmu Gopmyny anredpu BUCIOBIOBaHb, MU BIABOJIIKAEMOCS BiJ il
3MICTOBHOT'O CEHCY 1 OIEPYEMO TUTbKHU MOHATTSIMHU ICTUHHOCTI Ta XMOHOCTI.

[IpunucyBaHHsT NPONO3ULIOHATBHUM JITEPAM iX ICTUHHOCTHUX 3HAY€Hb
HA3UBAEThCS IHmepnpemayicto oopmyau. MHOXKMHA BCIX IHTEpIpeTalliii popmynu
YTBOPIOE ii TAOJIUIIIO ICTUHHOCTI. SIKI110 BUKOHATH BijoOpaxeHHs 0 << F, 1 < T, To
KOXH1M MPOMO3UIIOHANIbHIN 3B'S13111 Oy/1e BIAMOBIAATH OyJieBa orepartis, a KOxXHIN
dbopmyii anreOpu BUCIOBIIOBaHL — OysieBa popmyJia, 3 HOro BUTUIUBAE, 10 anredpa
BUCIIOBJIIOBAHb € IHTEpIpeTalliero OyneBoi anredpu. B 3B'sI3ky 3 muMm B Hi
30epiratoTbcs BCl aKCIOMU 1 TeopeMu OyJieBoi anreOpu, 30Kpema il 300paKyBaHICTh
dbopmyn anredbpu BucioratoBanb y Burisgl JJIHD 1 JKHO.

Busznauennss 2.3. ToroxxHO icTUHHA (DopMyJsia HA3UBAETHCS MABMOJIOLIE.
ToTtoxxHO XxuOHaA (Qopmyna Ha3UBAETbCS npomupivusm. Dopmyna, sika MpuiMae
1CTUHHE 3HAYeHHS X04a O Ha OH1M CBOIl IHTEpHpeTallii, HA3UBAETHCS 30iUCHEHHOTO.
dopmyiia, sKa npuitMae Ha OJHUX HA0Opax ICTUHHI 3HAYEHHS, 8 Ha SKUXO0Ch — XHUOHI,
HA3MBAETHCS Hellmpaivhol. TakuM 9uHOM, GOPMYITH PO3MaaaloThCs Ha TPH KIIACH.

JIBi GopMynu Ha3WBAIOTHCS €KBIBAJICHTHUMH, SKIINO iX TAOJWINl 1CTUHHHOCTI
CIIBIIAAI0Th.

3anuc |= A o3Hayae: «hopmyna 4 — TaBTOJOT1S.
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3A2A/IbHO3HAYYW Hef)’aZaJleOS’HClllyM/;i

A A
a N - N
- HENTPAJIbHI
TABTOJIOI'TI Ha siesiux HaGopax — icTumi, HPOTUPIYYA
Ictuna Ha Bcix Habopax Ha JIeAKHX - XUOHi XubHi Ha Bcix Habopax
— NG /
V Y
301liCHeHH] He30iticHe ]

TaBTomorii € sudinennumu HopMyIamMu JIOTIKM BHUCJIOBIIOBaHb; CaMe€ BOHU
NPEACTABIAIOT, HaWOIbIIMI 1HTEepec. TaBTosioriss ICTUHHA NOpU  OyAb-SKUX
3HAUEHHAX MPOCTUX BUCIOBJIIOBAHb, 10 BXOJAATh B HEi; TaOJMUI 1CTUHHOCTI
TaBTOJIOTIT B KOKHOMY PSIZIKY MICTUTh 3HAUCHHS «ICTUHHEY». B 3BUYallHOMY >KUTTI
MU TaKOX BHUKOPHUCTOBYEMO IOHSTTS TaBTOJIOTIi: II€ TBEP/IKEHHS, SKE HE Hece
HiAKO1 1H(pOpMallii, OCKUTbKH IMOCUJIKA 1 HOTO BUCHOBOK CTBEP/IXKYIOTh OJIHE U TE
came, Hanpukiaa: «CHIr OuUHii, ToMy, O BiH OuUMil», «Macno — macistHe». Taki
BUCIIOBJIIOBAHHS BUPAXKAIOTHCS (HOpMysor: A — A, TOTOXKHIO ICTUHHICTD SIKOi HE
ckianuo nepesiputh: ko |[A| = F, o F> F =T, skmo |[4| =T, 70 T > T =T.
TBepmxenns: «XBopuid abo nmomMpe, abo BUXKKBE», cakpaMeHTalnbHa (paza «bytu
Yy He OyTH» — TaKOX TaBTOJIOTiS, TAK SIK BOHH MOXYTbh OyTH BHUPaX€H1 TOTOXHO
1ICTUHHOIO opmyioro: Av—A.

B ¢opmanbHiii 5oTiIi TOHSTTS TaBTOJOTIi BKJIOYa€E B ceOe BCl TOTOXHO
ICTUHHI TBep/DKeHHsA. BoHM ¢dopmaizyloTh MpaBWIIbHI CXEMH MIpPKyBaHb.
Hanpuknan, 3akonn ne Moprana — e taBrojorii: = —(4 v B) = (-4 & —B)
(HampuKIan, «HenpasuibHo, wo yeu 3104uH ckoinu A [ B» €KBIBAJIEHTHO
BUCJIOBIIIOBAHHIO: «Hi A, Hi B He ckoweanu yvoeo 3nouunyy);, |= —(4 & B) =
(=4 v —B) (nanpuknan, «Henpasuivho, wjo A i B pazom npuiimanu yuacmo 6
nozpabysanti» €KBIBAICHTHO «abo A, abo B, abo oboe 6onu 6 noepabysanui He

opanu yuacmoy).
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IIpobaeMa MOKIUBOCTI PO3B'SI3aHHSA B anreOpi BUCIIOBIIOBAaHb MOJISTA€E B
TOMY, 100 BIAITYKaTH €PEKTUBHY IPOLETYPY (aITOPUTM), 32 TOTIOMOTOIO SIKOT JIJIst
KOXHO1 (OpPMYJM JIOTIKM BHCIOBJIIOBAHb MOXXHA BCTAaHOBUTHU, YU € BOHA
TaBTOJIOTIEIO, UM HI.

OdeBuHO, 110 Taka Mmpoleaypa s (GopMyJ JOTIKH BUCIOBIIOBaHb ICHYE: 1€

1mo0y/10Ba TabJIUIb ICTUHHOCTI.

Hpuxaagm.

1. SIk mpuKIIaq PO3IIISTHEMO 3aKOH CTBEPKEHHS KOHCEeKBeHTa: [= A — (B — A).
(npunuyun monomonnocmi oocmogipnux mipkyeans). OCKIIBKH KOXKEH PSIOK
Tabnumi icTuHHOCTI (Tadm. 2.3) 1miei dopMmynu MIiCcTUTh 3HadeHHA T, ¢opmyna €

taBTooriero. Takox, A —> (B > A)= —Av—-BvA=Tv—-B=T.

Tabnuys 2.3
A B B—>A A—(B—A)
F F T T
F T F T
T F T T
T T T T

2. MeTtoa peaykuii (3BeJeHHSI 10 MPOTHPiYYsl) — I CMOCIO CKOPOYCHHS
nepedopiB MpH CKJIaJaHH1 TabJUIll ICTUHHOCTI. B sSIKOCTI npukiana qoBeaeMo, 1o
dopmyna (A - (B —» C)) - ((A > B) > (A — C)) — TaBToOJIOTIS.

[Ipunyctumo, mo 1e He Tak, TOOTO ICHye Taka IHTeprpeTallis, Ha sKid

dbopmyia npuitmae XuOHE 3HAYCHHS:

T F

~
[(A—>B—>C) >(A—>B) > (A—>QC)|=F.
%F_J

T

Maemo cuctemy piBHSHB :
1) A—> (B —>C)|=T,

49



2) IA—B|=T,

3) IA— C|=F.

3 3) BumwmuBae: |A| = T, |C| = F. IlincrtaBumo mi 3HaveHHs B 2): [T — B[ =T,
3igku |B| = T. IlimcraBumo 3HaiifeHi 3uauenns Al =T, |C|=F,|B|=Ts 1): [T —>
(T — F)| = |T— F| = F. Orpumane 3HaueHHs CylIepeyuTh YMOBI 1), a 0TXKe, HE ICHYE
Takol 1HTepHpeTalii, Ha AKiid popmyna nmpuiiMae XxubOHE 3HAYCHHS, TOOTO BOHA €

TaBTOJIOTIEIO.

3. I[lepeBipumo, uu € Taka popmyia tasrosoriero: (A— (B—C)) — (AvB—C).

[Tpumyctumo, 1o (A - (B> C)) > (Av B — C)| =F. Toxui

1) A—> (B ->C0)|=T,

2) JAvB|=T,

3) IC|=F.

I3 2) BurmBae: a) |A| =T, |B|=T;0) |A| =T, |B|=F;c) |A|=F, |B| =T.
[MincraBmstroun 3nadenns |A| =T, |B| = T B 1), orpumaemo npotupivus: [T — (T —
F)| = F. Ane 1ie me He DO0BOAMTSH, 110 GOpMyJia € TaBTOJIOTI€. Po3riasHemo i1
sHauenns: 0) |A| = T, |B| = F. IliacraBnstoun 11i 3Havenns B 1), maemo: |T — (F —
F)| = T. Takum unnoM, nipu inTepnperarii |A| =T, |B| = F, |C| = F ¢opmyina npuiimae

XHOHE 3HAUYEHHS, a OTKE, BOHA HE € TaBTOJIOTIEIO.

2.3. Jlociunuii nacnioox

Busnauenns 2.4. SIxkmio 4 1 B — popMynu, TO KaXyTh, 0 B 102iuno suniusac
3 A, un A nociyHo npuzeodums B, SKIIO Ha BCIX 1HTEpIpeTalisx, ae A npuiimae
ICTHHHE 3HAYEHHS, B TaKOX MpHUMae iCTUHHE 3HaYeHHs. [le mo3HauyaroTh sk 4 |= B
yn 4 = B.

Teopema 2.1. Jloriunuit HacaigoK A |= B BUKOHaH TOJI 1 TUIBKU TOM1, KOJIU
dbopmyna A — B — TaBTOJIOTIA.

Jloseoenns. Hexait nmoriunuit Hachigok A |= B Bukonan. Ile o3Hauvae, 1110 Ha

BCIX IHTEpIpeTalisnx, Ha skux ¢popmyna |A| =T, dopmyna [B| =T, Toni, |[A—B| =T.
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Sxmo dopmyna |A| = F, to | A — B | = T HesanexHo Bia 3HaueHus B, to A > B —
TaBTOJIOTI4.

[Ipunyctumo, mo ¢opmyra A — B — taBtosoris. Toal He 1CHye Takoi
iHTeprperanii, Ha ki | A — B | =F. Orxe, skumo popmyna | A |[=T, 01| B|=T,
IO BIJNOBi/Ia€ BUZHAYEHHIO JIOTTYHOTO HACTIAKY, TOOTO A |=B. ¢

Buznauenns 2.5. ®opmyina B noriuno BuruBae 3 hopmyn 417, A2, ..., An, axmio
Ha BCIX THX IHTepHperauisx, Ha sxkux Al, ..., An NpUAMarOTh ICTUHHI 3HAYCHHS
oJlHOYacHO, (hopMmyia B TakoX mpuiiMae iCTHHHE 3HaueHHs. [le mo3HavyaeThcs Tak:
Al, .. An|=B.

Teopema 22. AI, A2, .., An |= B Tomi 1 TUIBKH TOI,
ko |= A1 & Ay & ... & An — B.

JloBecTr caMOCTIMHO.

Busnauennss 2.5. A = B i1 B |= A, To popmyna A JOTIYHO €KBIBaJCHTHA
dbopmyni B. Ile nmo3HavaeThes ik 4 <> B, un A = B.

Axo popmyna A J0rivHo ekBiBasieHTHA popMmyiil B, To A = B — TaBTonoris.

Hpuxnan. [lepeBipumo soriynuil Hachiok: 4 — B, A - —B = —4 (mpaBuiIO
JOBEJICHHS J10 abcypay) i TaBTodiorito: |= (A — B) & (4 — —B) — —A. [1o3Haunmo

taBTOJjI0TII0 Uepe3 E. [ToOymayemo Tabmuitto icTHHHOCTI (Tab. 2.4).

Tabmuus 2.4
A B |[A—>B A—->-B |[(A>B)&A—>-B) |—-4 E
F F T T T T T
F T T T T T T
T F F T F F T
T T T F F F T

Ak 6aunMo, Ha TUX HAOOpax, HA AKUX MOCWIKU A — B, A — —B npuiiMarTh
ICTUHHE 3HAYEHHSI OJIHOYACHO, opMysia —A TaKOX MPUHAMAE ICTUHHE 3HAYEHHS.

OTxe, JOTIYHUM  HACMIJOK BHUKOHaHMW. 3  iHmoOro ©Ooky, Qopmyna
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(4 > B) & (A > —B) > —A € TaBTOJOrI€0, 0 TAKOX € JIOKa30M MIHCHOCTI
JIOT1YHOTO HACHIAKY.

JloriuHi HACTIAKU BCTAHOBIIOIOTh NPABUId 6U8edeHHs: ICTAHHINX BUCHOBKIB 3
ICTUHHMX Tocuiiok. KaxyTh, 110 JoridyHe ciigyBaHHs (IIpaBWJIO BUBEIACHHS)
30epicac icmunHicme. llpaBuna BUBEAEHHsA, 10 30€piraroTh I1CTUHHICTD,

HA3UBAIOTHCS 00CMOBIPHUMU (0e0YKMUBHUM) MIDKYBAHHAMU.

2.4. Memameopemu npo maemonozii

Teopema 2.3 (npasuno modus ponens). SIkimo A — taBtojorisiiA — B —
TaBTOJIOTIs, To B — TaBTosoris, To0To sikmio |= 4 i |= A — B, 10 |= B.

Josedenna. Ilpunyctumo, mo Ha Aeskiil iHTepnperauii | B | = F. Toni
| A —>B | =| A—F| =T Ha Tii camiii inTeprperailii (3a yMOBO10 TeopeMu). OTxe,
| A | = F, 110 HEMOKJIUBO, TaK 5IK A - TAaBTOJIOT1s1. O

[TpaBmo modus ponens (ckopodeHo MP) BCTaHOBITIOE JIOTIYHE CITITyBaHHS A,
A — B |= B i Ha3uBa€eThCA 1€ TPABUIIOM 8I00LICHHSL.

[TpaBmio MP BucnoBmoe enemenTapHuii akT aeaykiii. Immrikarmii A — B, sika
32 BUBHAUEHHSIM Ma€ CeHC «iKIo A, To By, MOXHa IHTEpIpeTyBaTH SIK MPaBUIIO, B
AKOMY A € «puuuHOO», a B - «Hacnigkom». Toai npasuino MP roBoputs npo Te,
10 HacHiok B HacTae mpu BUKOHAHH1 yMOBH A, TOOTO TP ICTUHHOCTI MTOCHJIKH.

Hampuknazn, dopmyna A — B Moxke BUCIOBIIOBATH TaKe MPABWIIO: «AKWO HA
c8imaogopi copumo 3enene Ceimio, Mo MONCHA nepexooumu 0opo2y». Mu uekaemo
Ha 3€JIEHE CBITJIO Ha CBITIO(Opl, 100 MEeperTH Jopory, TOOTO MU HESIBHO
KOPUCTYEMOCS MpaBmiioM MP: KoM MOCUITKA CTAa€ CIIPaBKHBOIO (3€JICHE CBITIIO), TO
ICTUHHO 1 BHCHOBOK (MO’KHa MEpPEXOJIUTH O0pory). TuM caMUM MU BHUKOHYEMO
CJIEMEHTApHUN aKT ACAYKIl: 3 ICTUHHOCTI TMOCWJIKH MH OJEPXKYEMO IIHCHUN
BHUCHOBOK.

Teopema 2.4 (npasuno niocmanosxku). SIKIo A — TaBTOJIOTIA, SIKA MICTHTh
MPOTO3iMiitHI 3MiHHI @1, 8y, ..., 8n, TO hopmyrna B, oTpuMana 3 A 3aMiHOIO KOKHOTO

BXOJIP)KEHHS @i Ha JIesIKy popMyiy Aj, Takok Oy/ie TaBTOJIOTIELO.
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Jlosedenns. Hexait 3a7aH0 ICTUHHICHUN PO3TOIIN IS MIPOTO3IMIHHUX JITEP,
110 BXoJsTh B B. ®opmynu A; A bOro po3noaily NpUiMyTh €Kl 3HAYSHHS O,
R, ..., On, A€ O € T 200 F. Skmio Takuii ke po3noAin HaaaTu hopMmyiaMu Ay, ... , An,
TO 3Ha4YeHHs GopMynu B cmiBmaje 31 3HaueHHsIM dopmynn A. Ane Tak K 4 —
TaBTOJIOTIsA, TO 3HA4YeHHS Oyne T mpu Oyab-SIKOMY ICTHHHOCHOMY PO3TOILII JITEP,
1110 BXOATh B B. OTxke, B — TaBTonoris. ¢

Mpukaan. ®opmyna A — (B — A) - taBromoris. 3amianmo A Ha A v B.
Otpumaemo HoOBY TaBTojiorito: | = A vB — (B — A v B). TakuM 4nHOM, KOXHY
TaBTOJIOTII0 MOXXHA PO3TIBIIATH SK CXEMY, 3 SKOI 3a JIOMOMOTOIO IiJCTaHOBKHU
MO>KHa OTpUMAaTH 0€3J114 TaBTOJIOT1H.

Teopema 2.5 (npasuno exsisanenmmnoi 3aminu). Slkio B MmoxxHa otpumaTh 3 A
M1JCTaHOBKOIO (hopMyJu B1 3aMiCTh OJJHOTO a00 JEKIIbKOX BXOMKEHb M1APOpMyIIn
A1 B A, T0 (A1 =B1) - (A =B)) € taBrosoris, i, oTke, KO A; i B JOTIYHO
eKBiBaJICHTHI, TO A 1 B Tako J10riYHO €KBIBaJCHTHI.

[HIIIMIMU ciToBaMu, SKIIO € TaBTOJIOTIS A, 1 B HiM € miadopmyna Ai, 1, AKIIO
3aMIHUTH A1 Ha €KBIBAJIEHTHY i (opmyiny Bi, To orpuMana gopmyna B Oyne
eKBiBaJeHTHA A.

Jloseoenns. Po3riasiHeMO AOBIUIbHUM ICTUHHOCHUW PO3MOALN 3MIHHHMX, IO
BXOJSTh B A, B, A1, B1. SIxuo npu upomy po3nofin A; i B1 MaroTh pi3Hi 3HAYEHHS,
To | A1 =B1 | = F 1, omxe, (A1 =B1) — (A =B)) nopisntoe 7. SIk1mio xx A1 i B1 MaloTh
OJIHAKOB1 3HAYEHHS, TO OJHAKOBI ICTUHHOCHI 3Ha4eHHs OynyTh y A i B, Tak sik B
BIJIPI3HSAETHCS Bi A TUIBKH THM, IO ACSAKI BXO/HKEHHS MiadopMyu A1 3aMiHEHI B
Hiii Ha B, fiKa Ma€ Te )X came ICTUHHOCHE 3HaueHHs. OTXe, B IbOMY BUIIAJIKY, SKIIIO
|A1=B1|=T,101|A=B|=T,i((A1 =B1) - (A =B)) € TaBTo0ris1. ¢

Mpuxnan. Y taBrosnorii A — (B — A) 3aminumo niadopmyny B — A Ha
eKBIBaJICHTHY il popmyny —B v A, orpumaemo HOBY TaBToJOTiI0O A — —B v A.
Tasrosnorieto Takox 0yae popmyna: A — — (B & —A), Tak sk B — A eKkBiBaJIeHTHA
— (B & —A). PosrissHyTi MeTareopeMH Jar0Th MOMKJIHMBICTh OTPUMYBATH HOBI
TaBTOJIOTIi 1 HOBI TIpaBUJIa BUBEJCHHS 3 YK€ HasBHUX.
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2.5. @opmanizauin i piwienns n02iuHux 3a0au

MoBa anrebpu BHUCIOBIIOBaHb BUKOPUCTOBYEThCA NSl (hopmarizaiii pedeHb
OPUPOAHOI MOBHM 1 JIOKa3iB JIOTIYHUX CIHiAyBaHb. [l 1BOro KOXHE MpOCTe
BUCJIOBJIIOBAHHSI  IMO3HAYAETHCA  MPOIO3IMIOHATEHOI0  JITEPO;  CKIIaJIHE
BUCIIOBJIIOBAHHS 3aIIUCYEThCS SIK (QopMyia, B sIKId 3B'A3KA 3 MPUPOJHOI MOBHU
3aMIHIOIOTBCS IPOIMO3iI[IOHATLHIMH 3B'I3KaMU (K 3a3HaYCHO B 2.2).

JIBo3HaYHA KJIACHYHA JIOTiKa KOPUCHA B TIOBCSAKICHHOMY KUTTi, HABITh, SKIIIO
JIOBOJIUTHCSI BU3HATH, 110 B MPUNYIIEHHSX, HAMPHUKIAI, MPO JABO3HAYHOCTb, €
eJIeMeHT cBaBULIA. J{Jisi BUpIIEHHS OyAb-sIKOT 1HTENEKTYalIbHOI MPOOJIEMH HE CIIiJ
HEXTYBATH JIOTiKOI0. Hampukiaz, SKIo po3riasgacThCs sKach KMOBIpHICHA 3a7a4a,
TO TEpII 32 BCe MOXKHA 3HAWTH HACJIJIKH, [0 BUIUIUBAIOTH 3 HA0Opy rimores, 6e3
pO3MIIsAY iX UMOBIPHICHOTO (3MICTOBHOIO) ceHcy. [locunanHa Ha MoaaibHy abo
IHTYIIIMOHICTCHKY JIOTIKY JJal0Th 3p03yMITH, 110 B JICSIKUX CUTYaIlIsIX TOTPiOHA 1HIIIA,
HE KJIACHYHa JIOT1Ka

3B'I3KOI0 «EKBIBAJEHTHICTH» 3aMIHIOIOTHCSI PEYEHHS MPUPOJHOI MOBH
HACTYMHOI PUPOJU: AKWO - | - MINbKU - AKWO, MOOi I MiNbKU MOOi, PIBHOCUILHO.
«IMrmutikaiisy 3aMiHIOE: sKwo - mo, 8 paszi A mae micye B, A — minoku, axwo B, B -
axuwo A, A msaene B, ons B 0ocums A, 0151 A neobxiono B. 3amiHa Ha «KOH'FOHKITIIO»
-AiB,neminokuAd-auB, B-xouaiA, B-nezeagncarouu na A, sk A - maxi B, A
paszom 3 B, A - 6 moui sce uac six B.

[lepexnan A & B HaitOubI1 mpoCcTHi, KO B HHOMY HEe Oepe y4acTh IpUUKHA
yacy (Tpo 1o Wmmiocst Buile). barato cMHUCIIOBUX BIJATIHKIB (HE3BaXKarouu, X04a,
asie 1) 3HUKaTh Nnpu (opmaizanii.

«/uz'tonxyis» - A un B, A - axmo He B, A uu B a6o o6uaBa. Tpynnomt
nepeKsIaly «ou3'toukyii» TMOJATaloTh B JBO3HAYHOCTI MEBHUX TEPMiHIB. SKiIo B
MEHIO PECTOpaHy BKa3aHO «uai abo Kasa - Oe3KoulmosHo», TO MU HE 3IUBYEMOCH,
SKIIO, 3XKaTaBIIH, 1 T€ U 1HIIE, OTPUMAEMO 30UTBIIICHUN PaXyHOK. Y TOM ke yac,
KOJIM OTOJIOLIEHHSI TOBOPUTD, 110 «HONHCEPMBYBAHHI NPUUMAIOMbCSL 8 YepKei abo
WKOJi», TO MA HE TyMaeMoO, [0 IPUHECEHE B LIEPKBY BIIKUHYTH Y€Pe3 Te, 10 MU

BKE€ MOKEPTBYBAJIU B IIKOJII.
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K10 X04yTh BHCIOBUTH BUHSATKOBE «a60», TO TIOBUHHI JOMATH JO «aboy,
Hanpukian, Gppasy «aie ve me i inute pazomy - hopmanizyerbes — (4 & B) & (A vB).

Bupazam «4, skwo ne B», «A, kpim 6unaoky, koau B)» HaAa€ThCs CEHC TaKOTO,
[0 HAsBHICTh B 3BUIbHSE BiJ BIJANOBIIAIBHOCTI CTBEP/KYBATH ICTUHHICTH A.
ToO6To, K0 HE —B, TO A, a KO B, To PO A HIYOTO HE TOBOPHUTHCS (—B—>A4 =
—A—>B).

VYV 3BuUYaliHI MOBI HE BXXHMBAIOTHCA ITY>KKHU JIJI1 BKA31BKH CIOJYYyBaHOCTI
YaCTHUH CKJIQIHOTO peueHHS. «fAxwo Jiconc npucymuii abo sxwo Binvsamc
sucnosumscs 3a Hauty nponozuyito i Cmapk He cmawne 3anepeyyeamu, mo Hauid
npono3zuyis 6yoe nputinama» («CTPAaTUTU HE MOXHA TOMIITyBaTH» - Ha JIMCTI
HEOOXIJTHO PO3CTABIIATH MOTPIOHI aKUEHTU 3HAKaMU MyHKTyalli). PopmMaiizaiis
IIOTO PEUCHHS HACTYITHA!

Dv W& —S —>P — dopmymni BiicyTHI yXKH, 110 HE T03BOJISIE OTHO3HAYHO
cnpuiiMaTyl 1H(GOpPMAIlIIO0 BIAMOBIHO 3 BUXIAHUM TEKCTOM (CIiJ 3a3HAYMTH, IO 1
npaBuia No0y0BU (pOpMyYIT TEXK MOPYIIYIOTHCS).

Ipukaan 2.1. PosristHemMo JIoTidHEe ClTiyBaHHS: AKuo He 6yde oowsy, mo mu
noioemo Ha nikHiK. AKwo mu noioemo Ha nikHiK, mo mu 0obpe nposedemo uac.
Jowy nemae. Omoice, mu 006pe nposedemo uac.

[To3HaunMo TpoMO3iioHATEHUMI OYKBaMU MPOCTI BUCIOBIIOBaHHS: P - «He
byoe dowy»; S - «noidemo Ha nikuiky;, R - «0obpe nposedemo uacy». HeobxigHO
noBectH joriune caigyBanns : P -S5,S - R, P | =R.

Jloseoenns.

1 croci6. Josectu TaBrosorito: |= (P - S) £ (S - R) & P — R. Jlns uporo
JIOCUTH MOOYTyBaTH TaOJIMIIIO ICTUHHOCTI.

2 cnioci0. JloBeneHHs Bil MPOTHIICKHOTO (METO PEIYKITii).

[Tpunyctumo, 110 iCHY€ Taka IHTEpIIpeTAallis, Ha SIK1i BC1 MOCUJIKU PUIMAatOTh
ICTHHHE 3HAYEHHS, a HACII0K - XuoHe, 0010 |P -S| =T,|S >R |=T,|P| =

T. [punyckaemo | R | =F. Toxi3|S - R | =|S - F| =T Bumusae, mo | S | = F;
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3 |P—>S|=|P —>F|=TBummsae, wo | P | = F, 10 CyllepeunTh TPETHOI
nocuii | P | =T. Lle mpoTupiuus 10BOIUTH JOTIUHE CIIiTyBaHHS.

3 cmoci6. [ToGymoBa hopmManbHOTO JIOTIYHOTO BUCHOBKY.

[ToOynyeMo JOT1YHMH BHCHOBOK, BHKOPHCTOBYIOUM BIJIOMI TMpaBUja
BuBe/eHHS. JIOTiYHMII BHUCHOBOK 3allUCY€ThCs 3a3BHYall SIK TPOHYMEpOBaHA
MOCIIOBHICTh (POPMYJI, TIPABOPYY BiJ KOXKHOI (POPMYIHU 3aMUCYEThCSI KOMEHTAp,
KWW BKa3ye, Ha sIKiM mijacTaBl GopMyIia BKIIOYEHA B IO MOCTIA0BHICTh. [Tocuiku

BUBEJICHHS 3a3BUYAl MMO3HAYAIOTHCS JTiTeporo I (rimoTesa).

1.P >S Il
2.5 >R 2
3.P I3
4.5 npaswio MP (3,1)
5.R npasuio MP (4,2)

OcranHs ¢popmyJsia B IIbOMY BUCHOBKY € JIOTTYHUM HACIIIKOM nocwiiok /1, 172,
I3.

B cuny Toro, 1o npasuio MP 36epirae iCTUHHICTB, KOKHa (opmyJia, sika Oepe
y4acThb y BHUBEJEHHI, ICTUHHA MpHU 1IcTHHHOCTI nocuiok I'l, I'2, I'3. Tomy, sikiio
3'elHATH CUMBOJIOM — (OpMyJH, Tak, 100 MOCHJIKA IMIUIIKAIli mepenyBalia
BHUCHOBKY B IIbOMY BHUBEJICHHI, TO OTpuMaHa (opMmylia Takox Oyae ICTUHHOIO, 1,
OT’K€, BOHA € JIOTIYHUM HACJIIJKOM ITOCHJIOK.

Tomy 3 1aHOTO BUCHOBKY MU MOXEMO OTPHMAaTH JIOT1YHE BUBEIACHHS:

P—>S,S—>R|=P->R.

Ile moriuHe criigyBaHHS BIANOBIAA€ MPaBUIY BUBEICHHS, SKE Ha3UBAIOThH
MIPaBUIIOM CHUJIOTI3MY:
A—>B B—>C|=4—->C
Hpuxnan 2.2. Yepes cniconao (4) mawuna nompanumo 6 3amop (B): A—B.

YV samop mawuna ne nompanuna (—B). Omoice, chiconady ne 6yno (—A). /loeedemo
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[Mpunyctumo, mo |4 - B | =T, | -B|=Ti| -A|=F,om |A ->B|=|T
— F | = F. Orpumane npoTupivy4s J0BOJUTH JIOTIYHE CJTiTyBaHHSI.

Lle oriune ciigyBaHHs Biamosigae npasmity BuBeAacHHs modus tollens (MT):

A—>B, B|=-A

Hpuxnan 2.3. Pewimka € mooynsapHoio (B) 6 momy eunaoky, saxujo 6oHa
oucmpubymuenoio (A): A — B. Ane mu 3naemo, wo sxkuo pewimka HemooyIspHa
(=B), mo eéona i neoucmpubymuena (—A): =B — —A .
—B > —A|=F,toni | =B | =T,

[Mpunyctumo, mo | A -» B | =T, -A|=F

i|4A—>B|=|T—>F|=F. Orpumane npotupiudsi TOBOAMUTH JIOTIYHE CJIiTyBaHHS.

[le soriuHe ciilyBaHHs BIJAINOBIJA€ IMPaBUIY BUBEICHHS, SIKE HA3MBAaIOTh
MPaBUIIOM KOHTPAIO3MIIIi:

A—>B|=-B—>—-A4

Ipukaan 2.4. Axwo oonap pocme (B), mo yinu ne smenuyromocs (—A). Axugo
donap naoace (—B), mo yinu mesxc ne smenuwyromocs (—A): B - —A i =B — —A.
Tobmo, yinu He 3meHutygamucs 6 OYOb-KOMY 6uUnadky. 3TIIHO 13 3aKOHOM
KOHTpPano3ulli MU MO>KEMO OTpUMATH 3 YMOB 3aaaui: 4 — —=Bi A — B.

A—>-—-B, A —>B|=-A.

[le#t 3axoH BigoOpaskae MpaBUIIO MPUBEIECHHS 0 a0Ccypay. SIKIIO 3 MOCHIKU
CITiAy€ OAHOYACHO ICTHHO 1 XMOHO, TO cama IOCHJIKa — XHMOHa.

IMpuxnang 2.5. § He 3M0OXKy 3acHYTH (4) TUTBKU B TOMY BUIIAJKY, SIKIIIO BUIT'IO
kaBy (B). Sk hopmaizyBaru 1e peueHHs? 31a€ThCs, 10 «AKI0» 3HAXOIUTHCS MPH
BUCIIOBJIIOBaHHI B, To Mae 6ytu B — A. Ane ceHc ¢dpa3u MoJsrae B HACTYITHOMY:
«SIK110 5 HE 3aCHYB, TO 3 ILOT'O BUILIMBAE TUIHKH OJHE - 51 BUITUB KaBy». ToOTO, CIIijT
pOBOIUTH (opMalTi3aIlitfo TaKUM YUHOM: A — B. BXXUBaHHS «TIUIBKI», «KPIM»
TOIIO 3MIHIOE, HATTPSIMOK 1IMILTIKAIlii.

IIpuBenemo e pa3 npasuiia ppopMajibHOI0 BUCHOBKY:

A—>B,A=B modus ponens

A->B B—>Cl|=4->C npasulo cunNoizmy
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A->B|=-B—> -4 npasuo0 KOHMpPAno3uyii
A—->B,-B|=-A modus tollens

A—>B A—>—-BkE-4 npaseuo npueedeHHa 00 aocypoy

Hpuxknaxg 2.6. OTpuMaty MOXJIUBI JIOT1YHI HACHIAKKA 3 JaHOT MHOXXHHHU
MOCUJIOK: AKuo 8 2opoodi - o6y3una (A), mo 6 Kuesi - 0s0vko (B). Koni ioams ogec
(C) abo 6 copooi - 6y3una. Axwo Kowi iosme osec, mo Bonea enadae ¢ Kacniticoke
mope (E). Bonea ne énaoae 6 Kacniiicoke mope.

[ToOynyemo aenyktuBHUM (hOpMaIbHUIL BUCHOBOK:

1.4—B I'1
2.Cv4 2
3.C—E I3
4. —E 4
5. -E—>-C paBuUiIo KOHTpano3uilii (3)

(AIkwo Bonea ne enaoae 6 Kacniticoke mope, mo KoHi He i0simb 06ec)
6. - C—>4 exsisanenmua 3amina (2)

7. -E—>4 npaswiio cusorizmy (5, 6)

(Akwo Bonea ne snaoae 6 Kacniticoke mope, mo 6 20pooi - 6y3una)
8. -E—>B npasuiio cuiorizmy (1, 7)

(Axwo Bonea ne snaoace 6 Kacniticoke mope, mo 6 Kuesi 0506k0)
9.B MP (4,8)

(B Kuesi - 010vbk0)

Taxkum 4yuHOM, 3 TAaHOTO HAOOPY MOCHIIOK MH KPOK 3a KPOKOM OTPHMAaJIA BCi
MO>KJIB1 BUCHOBKH.

[ToHATTS TIPO NETYKTUBHUIA METOJI MU YEPITIAEMO, TISPIII 3a BCE, 3 ICTCKTUBHOI
miteparypu, 3okpema, Bim Illepmoka Xommca. Sk Bimomo, Ilepmoxk Xommc
KOPHUCTYBABCS MIPU PO3KPUTTI 3JIOYMHIB caMe JAETYKTHBHUM MeToaoM. OCh SIK BiH

ITOSICHIOE CyTHiCTB ACAYKTHBHOI'O MCTOAY:
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«Miii IpUHIUI PO3CIITyBaHHS MOJIATAE B TOMY, 100 BUKJIIOUUTU BCl SIBHO
HEMOJIMBI TpPUIYyIIeHHA. Toxl Te, IO 3aJUIIA€ThCA, € ICTHHOI, SAKOI O
HEIpaBoNoIiI0HOI0 BOHA HE 37aBajacs». L{e MipkyBaHHS MOXHa BUPA3UTH TaKOIO
cxemoro: A v B, - A |= B, mo ekBiBaientHo: —A — B, = A |= B, T00TO
3aCTOCYBaHHA npasuia MP.

B ognomy 3 onoBigans nipo Illepnoka XomMca ckimanacs Taka curyaritis: «Ham
B1JIOMO, 1110 3JIOYMHEIb HE MIT MOTPaNUTH B KIMHATY Hi uepe3 aBepi (A), Hi yepes
kamif (B). Mu 3HaemMo Takox, 1o BiH He Mir cxoBatucs B KiMHaTi (C), OCKITBKH B
Hill XoBaTHCS Hife. Sk ke Toai BiH mpoHUK ctoau? - Yepes nax (D)! - bes cymHiBy.
BiH Mir IpOHUKHYTH B 1[I0 KIMHATY TIIBKH Yepe3 Jax.»

[le mipkyBanHs1 MokHa opMmanizyBatu Tak: Av Bv Cv D, - A, = B,-C
|= D, mo piHocuiabHO: =A — (—B — (=C — D)), = A, = B, = C |= D. Tpupasose
3acTOCyBaHHs MpaBwia MP 1oBOAUTS 11ei JTOTTYHUIA BUCHOBOK.

3agaui (3a Teopemoto 2.2.) BianoBigae popmyra:

(AvBvCvD)& A& — B&—- C —> D, ska mae OyTH TaBTOJIOTIEIO Y
BUITAJIKY, KOJIM BUCHOBOK 3 I11€7 MHO>XMHH TIOCUJIOK € JTIHCHHM.

He cninx 3a0yBaTu, 1110 JTOT1YHHM HACTIAOK BUKOHYETHCS TUIBKU TOM1, KOJHU 3
ICTUHHMX BHCJIOBJIIOBaHb CIIJIy€ ICTUHHUUA BHCHOBOK. TOoMy MOBHMHHAa 1CHYBaTH
xoua 06 oaHa iHTEprpeTalis (TOOTO ICTUHHICHHM PO3MOJLI JITEep, IO BXOIATH B
KO)KHE BHCJIOBJIFOBAHHS), Ha SKIM BCl MOCHJIKHM ICTHHHI OJHOYACHO. SIKIIO Takoi
IHTEepHpeTalli He ICHY€E, TO CUCTEMAa TOCHIIOK CyTIepewinBa 1 3 Hel BUBOJIUTHCS OY/Ib-
KWW BUCHOBOK, TOOTO Pa3oM 3 JISIKOI0 GOpMYIIOr0 A BUBOJUTHCS 1 11 3amiepeueHHs
—A. 3 iHmoro 00Ky, JOTIYHHH HACTIAOK MOXXE BUSBUTUCS HEBHKOHAHHUM, SKIIIO
MOCWJIOK HEJTOCTAaTHBO JIJIsl BUBEJICHHS MOTPIOHMX BUCHOBKIB. Y TaKUX BUIIAJKAX, B
3QJICKHOCTI BiJ] 3MICTY 3aBJIaHHS, MHOXXHUHY TTOCUJIOK MOX€E OYTH IMOIOBHEHO.

Ilpuxnao 2.7. Yemesepo niocyonux A, B, C i D. Bcmanogéneno nacmyntue: aKkujo
A sunen, mo B 6ys cnigyuacuuxom,; skujo B eunen, mo abo C 6ye cnigyuacnuxom,
abo A ne eunen,; axuo D ne sunen, mo A eunen i C Hesurnuii; saxujo B eunen, mo A

sunen. Xmo 3 niocyoHux uren?
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Dopmanizyemo einomesu: A—B, B->Cv-A, -D—->A&-C, D—>A. Axwo
nepesipumu MHOICUHY NOCUNOK HA HeCynepediusicms, mo OmMpUMAEMO EOUHY
MOJCIUBICMb NepemeopeHts ix 6 icmuny — 6ci eunHi. Taky oic 8i0nosiob
(A&B&C&D) 6yoe ompumano 6 pe3yibmami aieebpaiunoco cnpoweHHs opmyiu

8ION0BIOHOI 3a0auli.

2.6. Memoo pe3onrouii

B ocHOBI MeTomy pe3ONdIoIiil JIeKHUTHh MPOILEAypa MOILIYKY CIPOCTYBaHHS,
TOOTO 3aMiCTh JIOBEJIEHHS TaBTOJIOTI, 1110 BIINOBIAA€ JIOTIYHIN 3a/1a41, TOBOJIUTHCS
T€, 10 3arnepedyeHHs (GopMysIH € NpoTUpiYUAM. MeToJ cipoCcTyBaHHS AJIs AOKa3y
JIOTIYHOTO CHIAYBAaHHS TOJIArae B HAacTynmHoMy. Hexail BHUKOHYETBhCS JIOT14HE
cmayBanas: Fl, F2 |= G. Tomi |- F1&F2 — G € TaBrosorieto, i, OTKe,

|-(F1&F2 — G)| = [F1&F2&—G| = F. Ockinbku 3a Bu3HaUeHHIM mocuiku F1, F2

ictunHi, popmyna F1&F2&—G mMoxke o6epHyTHCS B XHOHY TUTBKH, SIKIIO |[-G| = F,
T00TO sikIo |G| = T. Toxi Joriyde ciilyBaHHS BUKOHAHO. B mpuHIMII mporeaypa
CIpOCTyBaHHs (popmaizye METOJ peyKuli (Tak 3BaHUi He(hopMaIbHUI BUBIN).

BBenemo nekiyipka BU3HAYEHbD.

Busnauennsi 2.6. /[u3'toHKIS JiTep HA3MBAEThCA AM3'TOHKTOM, abo clause
(kmay3zoro, kimo3om). OAHOMITEPHUH  IU3'FOHKT  HA3WBAETHCS  OOUHUUHUM
ous'ronkmom (paxmom). Ko 1u3'TOHKT HE MICTUTB HISIKHX JIITEP, HOT0 Ha3UBAIOTh
nycmum IU3'TOHKTOM. Tak sk mycTHil [U3'FTOHKT HE MICTUTh JIITEP, K1 MOTJIH O OyTH
ICTHHHUMHU 3a OyAb-SIKMX IHTEPIpPETallii, TO MyCTUI TU3'TOHKT 3aBXKIU XUOHUU.
[Tyctuit qu3'TOHKT MO3HAYAETHCS CUMBOJIOM [ .

IIpaBuiio pe3oaruiii Podincona. Sxmio mist Oyab-sikux ABoX AU3'FOHKTIB Ci
i1 Cyicuye mitepa Ly € C; 1 konTpapHa iii mitepa L, € C, (L, = —L31), TO BUKpecIuBIIIH
L13 C11 L23 C7 1 noOyayBaBIId IU3'FOHKT 3 PEIITH JIITEP, OTPUMAEMO TaK 3BaHY
pesonveenmy C11 Cy: C'y v C'y, ne C'y = C4\Ly, C'2 = C)\Ly.

Teopema 2.6. Pesonvgenma C € noriuaum ciigyBaHHsM Cq 1 Co, 10 MICTATH

koHTpapHi mitepu Li—=L: Lv C1, —Liv C%2|=C'y v Cla.
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Hoseoenns. lpunyctumo, mo |Lv C4|=T,|-Lv C% =T, |C'1 v C'y| =F. Toxai
IC4|=F, |C'=F. dxmo [Lv C4| =T, o |L|=T, ane |-Lv C% =T, otxe, |L| =F.
OTpuMaHe NpoTHPIYYS JOBOJUTH TEOpeMy.<

[TpaBuiio pe3omroLiii € y3aralbHEeHHSIM 0araTbOX BIJOMUX HaM MTPaBUJI BUBOLY.
Hanpuknan, npasuiio cuwiorismy: A — B, B — C |= A — C moxe OyTu nepenucaHo
y Burisigi: —A v B, =B v C |= —A v C, mo BiANOBiIa€ MpaBHIy PE30JIFOLIM.
[TpaBmio MP: A, A — B |= B mosxe Oyt nepenucano y surisai: A —A v B |= B, mo
TaKOXX BIJMOBIAAE MpaBwily pe3oioliid. Hapemrri, 3akon npotupiuus A&—A = F
piBHO3HAYHMI TTpaBHY: A, —A |= [, 3riIHO SKOMY, Pe30JIbBCHTA JBOX KOHTPAPHUX
OJIHOJIITEPHUX JU3'FOHKTIB € TyCTUM JTU3'TOHKT.

Meton pe3osoniii CTOCOBHO BHPIIICHHS 3ajladl MOJsrae B TOMY, 100
NEPEBIPUTH, YU MICTUTh MHOKHHA JIU3'TOHKTIB S, 110 CKJIAIA€ThCA 3 IEPETBOPEHUX
B KH® nocwiiok 1 3anepedeHHs BACHOBKA, TOPOXKHIN TN3'TOHKT [, SKIo S MicTUTH
[], TO MHOXHMHA S HE3A1MCHEHHA, SIKIIO Hi, TO TpeOa MepeBIPUTH, YU MOKE BiH OyTH
OTPUMaHUN 3 JaHOT MHOKMHH JU3'FOHKTIB. [HIIMMH ClIOBaMH, HEOOX1HO 3HANUTH
MHO>KMHY OCHOBHHUX MPHUKJIAAIB, SIKI CIIPOCTOBYIOTh BUXI1JIHY MHOKUHY JIU3'FTOHKTIB.
[{s mpotienypa nossirae B MoOy 0Bl PE30JIFOTUBHOTO BUBEJICHHS 1 IPYHTYEThCS Ha
npaBuIl pesodroiiit PoGincona.

Busuauennna 2.7. Pezomomusnui 6ugio 3 MHOXHUHM OU3'TIOHKTIB S €
nocaigoBHicTe Cq, C,, ..., Cy, Taka, mo koxuHe C;j abo Hamexutb S, abo €
pe3onbBeHTOr0 Tonepenix Ci. Axkmo ocranniit au3'toHkT C¢ = [], TO MHOXHHA
JU3'TOHKTIB S € He31HCHEHHOI0, a BECh BUB1JI HA3MBAETHCS CIIPOCTYBAHHAM S. SIKIIIO
Cx He € mycTUM AW3'TOHKTOM 1 TOAAJBIIE 3aCTOCYBaHHS MpaBWiIa PE30JIOI
HEMOXKJIUBO, TO MHOKMHA S € 3/1HCHEHHOIO (ajie BUCHOBOK B IIbOMY pa3l HE €
HACJIIKOM 3 MHOXHHH TTOCUJIOK, TOOTO, 3a/1aua HE PO3B’SI3yETHCS).

Mpuxnanx 2.8. Po3rnsaeMo 3amgauy 3 npukiany 2.1. HeobxigHo nepeBipuTH
JIOTIYHE CIiAyBaHHS B JIOTiII BUCIOBIIOBaHb: P — S, S — R, P |= R. Ckmagemo
MHOXXHUHY AW3'FOHKTIB S, NJisi 4oro KoxHy (popmyny mpuseaemo g0 KH®, a Bifg

BHUCHBKA R Bi3bMeMo 3anepeuerts. OTpumaemo:
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—P v S

—-SVR

P

—R

—S pe3oibBeHTa 4, 2

—P pe3onbBeHTA J, 1

N o o~ w D oE

O pe3osibBeHTa 3, 6

Ipukaan 2.9.

Sxi BUCHOBKM MO>KHA 3pOOUTH 3 HACTYITHUX BUCIIOBIIOBAHb:

" [losepnysuuco 0ooomy, Meepe nodzeonus na nabepesicry Opgesp:

- € Hogunu?

- Tax, wegh. Haoitiwnu nogioomnenus 6io incnekmopis. Toppanc ecmanosus,
wo, ko @pancya 6yes n'anuti (F), mo abo Emven 6ousys (E), abo @pancya bpewe
(L). Kycce ssadcae, wo abo Emven sbusys, abo @parncya ne 6ys n'sanuii i 66uecmeo
cmanoca nicaa onisnoui (U). Incnekmop Jlioka npocus nepeoamu Bam, wo axujo
66uecmeo cmanocs nicis onisHoui, mo abo Emven 66usys, abo @pancya bpeute.
Ilomim 0360nuUNa ...

- Vce. Jlakyro. [[boco 0ocmamuvo. - Komicap noxnaeé mpyoky. Bin 3nae, wo
meepe3uti Dpancya nikoau He opewe. Tenep 6in 3nas ece. "

[TIpunyctumo, mo BOuBIA - EThen. Moxxna ¢opmanizyBatu 3amady 1

3aCTOCYBaTH METOJI PE30JIIOLIT ISl 3'1CYyBaHHA ICTUHHOCTI HAIOTO MPUITYIICHHS.

1. F—>EvL Ymoea 3a0aui - cnucox cinomes
2 Ev-F&U

3. U—>EvL

4 —F—> —L

IIpuseoemo cinomesu 6 KH®

1. —E 3aIepeyeHHs BUBOLY
2. —FvEvL rinoresa 1
3. Ev-F rinore3a 2 (BUJAJIECHHS KOH'FOHKIIIT)
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4. EvU rinore3a 2 (BUJATICHHS KOH'FOHKIIIT)

5. -Uv EvL rinoresa3

6. Fv =L rinoresa 4

7. —=F pe3osibBeHTa 1,3

8. U pe3onbBeHTa 1,4

9. -UvlL pe3osibBeHTa 1,5

10. —L pe3oJibBeHTa 6,7

11. U pe3osibBeHTa 9,10

12. [ pe3osibBeHTa 8,11

[IpaBuno pe3omronid — ayKe MNOTY)KHUU 1 3pydyHHAd 3acid JIOTTYHOTO

JIOBEICHHS.

Jnst moOyoBu GopMaIbHOTO BUBOY HEOOX1AHE 3HAHHS JACAKUX MPUHOMIB 1

teopeM. [IpuBeneMo ¢popmasibHUI BUBIJ AJ1s1 BUILIEBUKIIAACHOI 3a/1a4l:

1. F—->EvL rinoresa 1

2. Ev—-F&U rinoresa 2

3. U—>EvL rinoresa 3

4., —F—>—-L rinoresa 4

5. —-E—>-=F rinore3a 2 (BUJAJIECHHS KOH'FOHKIIIT)
6. —E—>U rinore3a 2 BUaJCHHs KOH'FOHKIIIT)
7. —E > EvL cwuioriam 3, 8

8. —E > L 3 7 €KBIB.IIEPETB. 1 1IEMIIOTEHTHICTh
Q. L>F KOHTPAro3uIlis Tinore3u 4

10. —-E—>F cuoriam 8, 11

11. E noBea.no abeypaa 5, 10

Mu 6auumo, 110 rirnote3a 1 € 3aiiBoro, BOHa He O€pe y4acThb Hi B 10Ka3i

JIOTIYHOTO CJIITyBaHHS METOJIOM PE30JIIOLii, Hi B TOOYI0B1 (HOPMAIILHOTO BHBOTY.
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SIKII0 MM BUKOPHUCTAEMO TimoTe3y 1, Hampukiaa, 3poOMMO CHJIOTI3M 3

KoHTpamno3uilieto runotesn 4 (L— FraF — Ev L), To otpumaemo L - Ev L ==—L

v Ev L=Tv E=T, mo € napeMHUM KPOKOM.

Ipuknan 2.10.

[ToOynyemMo pe30TIOTUBHUMN BHUBLA U 3ajadl 3 mpukiaany 2.6. Ane Tpoxu

3MIHEMO YMOBY, 100 pO3TJISHYTH MPUKJIIA] OTPUMaHHS 3allepeUYeHHs] BUCHOBKY JIJIS

1HI101 hOpMU, HI’K B TIOTIEPEIHIN 3a1a4l.

SAxio B ropoi - 6y3una (A), To B Kuesi - gsapko (B). Koni insats oBec (C) abo

B Topoji - O0y3uHa. SKio KoHi 11Tk oBec, To Bonra Bnagae B Kacmiiickke mope (E).

Besra e praaac B Kachiebke Mope. (OCMAHHIO NOCUTIKY BUKPECTIIOEMO). BucrHosok

ons nepesiprku: SIxkimo Boara ve Brnanae B Kacmiiicbke Mope, To B KHiBI — 81bKO

(chopmanvruii 86usio 3ynuHuscs ou Ha n.8 — oue euwye po38 30Kk npuxiady 2.6).

dopmanizauis:

1.4—>B
2.C v4
3.C—>E

—E— B

I'l (=4 vB)

| TaK BK€ 1 € JU3 FOHKT
I3 (-CvE)

BUCHOBOK

BizbMeMo 3anepeyeHHs BUCHOBKY:

Mu oTpuManu JBa OJHONITEPHUX HETAaTUBHUX U3 1OHKTA: — E ma — B.

3anmuinemMo

MHOXHHY  JU3’IOHKTIB, sKy OyIeMo  MepeBipsTH

necynepeuwnisicts: {—4 vB,C vA4A,—-CvE,—-E, =B}

1.
2.
3.
4.
S.

—E

—B

—A vB
Cv4
—CvE
-C

3anepeuenHs BUCHOBKY
3anepeuenHs BUCHOBKY
I'l

I

I3

pezonveenma 1,5

pesonveenma 4,6
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8. B pezonveenma 3,7
9. [J pe3oJibBeHTa 2,8

[Tyctuii 113’ TOHKT OTPUMAHO, CUCTEMA CyTepewInBa, BUCHOBOK — AIMCHUIA.

Iumannusa ona camokoHmpo.io 00 po3oiny 2

1. Haspatu mnpuHmunu ¢GopManbHOi JIOTIKM Ta 3amucatd ix (opmanbHe
BU3HAYCHHS.

2. [Ipocte Ta ckilagHe BUCIOBIIOBAHHS. 3MICT MPOMO3UIIOHATIBHIX 3B’ A30K.

3. Ilo o3Hayae — BBECTH JIOT14H1 omepariii?

4. MerateopemMu O TaBTOJIOTISX.

5. OCHOBHI JIOT1YH1 3aKOHH.

6. OcHOBHA 1]1es1 METOLY PE3OJTIOITIi.

7. Ilycturii 113’ 1OHKT Ta HOTO 3HAYEHHS.

8. IlpaBusio pezosnoniit PoGiHCOHA Ta BU3HAYEHHSI PE30JIbBEHTH.

9. Teopema 0 JIOTTYHOM CJT1TyBaHHI.

10. Meronu noka3y iCTUHOCTI BUCHOBKY 3 MHOKWHU TIOCUJIaHb.

3. ®OPMAJIbHI TEOPII

YucrieHHs - cucTeMa BUBYEHHS TUX a00 1HIIMX 00yacTeid 00'€eKTUBHOTO CBITY,
B AKIA TpeAMeTaM sKOi-HeOy/b TMEeBHOI 00JacTi CTaBIATHCA y BIAMOBIIHICTH
MatepianbHi 3Haku (mudpu, OyKBU 1 TOMYy MOJIOHE), 3 SKHUMH TOTIM YHCTO
dbopMaabHO 3a TPUUHATUMU B CHUCTEMI TOYHMMHU JIOTIYHMMH TpPaBHJIAMHU
BUKOHYIOThCS OTeparlii, HeoOX1H1 JJIsi BUPIIICHHS MOCTaBIECHOI METH.

MatemMaTtuka, 110 BUHUKJIA 6 TUCAY POKIB TOMY B CTapOJAaBHbOMY CTHUIITI Ta
Basumnoni OyayBanacek, Hacamnepen, Sk unciieHds. Tiapku y I cT. 1o H. e. EBkitin
ynepiiie ToOyayBaB MaTeMaTUKY Y BUTJISLII aKCIOMaTHYHO1 Teopii. AJie 1 B cy4acH1!
IIKOJII BHUBYEHHS MAaTEMaTUKH PO3MOYMHAETHCS 3 HyMeEpalii 1 4YOTHUPbOX M1
apu(MeTuKH, TOOTO 3 OTIEpyBaHHsI 31 3HaKaMU (TUdpamu).

AKcloMaTH4Ha Teopiss — Teopis, sfKka MoOyAoBaHa 3 CKIHYEHHOTO YHCIIa
MIOCTYJIATIB UM aKCIiOM, 3 SKHX 3a IOTIOMOTOI0 33JaHUX JIOTIYHUX MPaBUJI BUBEICHHS
JNEAYKTHUBHO MOXXYTh OyTH OTpHMaHl yCi 1HIII YHIBEpCaJbHO 3arajbHO3HAuYyIli,
TOOTO 3MICTOBHO-ICTUHHI pEYeHHS (TeopemMu), cpopMylIbOBaHI HA MOBI 1I1€1 TEOPii.

[HOml KaXyTh, HIO KOXKHA akcloMaTHYHa Teopid OyIyeTbcs Ha JIBOX

MOJIOKCHHAX:
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1) Ha MHOXMHI TTOYATKOBUX ITOCTYJATiB ab0 aKCiOM i MHOXXHHI JOKa30BHX

BUCJIOBJIIOBaHb, TOOTO TEOPEM, 1[0 BUBOATHCS JIOTTYHUM IIITXOM 3 aKCIOM;

2) Ha JIOTiIIIl, SIKa Ja€ MPaBHIIa, 0 AKHX 3 aKC1I0M BUBOAATHCS TEOPEMHU.

3BijicH BUTIKaE, IO MOTPIOHO 3HATH HE JIMILIE aKCIOMU aKCIOMAaTUYHOI Teopii,
aHaII30M SKUX 3a3BUYail 3aiiMarOThCS TOCUTH JOKJIAAHO, aje 1 popMabHy JIOTIKY,
K TpaJAMIIIAHY, TaK 1 MAaTEMaTUYHY.

[lepBuHHI TepMiHH, K1 BXOJATh y (POPMYJIIOBAHHS aKCiOM, MPUHMAIOTHCA B
akcloMaTU4HIA Teopii Oe3 BU3HAYCHHS. SIKIIO TEOpEeMH JIOTIYHO MPABUIBLHO
BUBOJIATHCS 3 aKCIOM, IO € ICTHHAMH, TO 1 TEOPEMH € ICTHHAMH, OCKIJIBKH 3
ICTUHHUX TIOJIO)KCHb 3a YMOBHU JOTPUMAHHS TPABWI JIOTIKM 3aBXKIW BHXOJISTH
1CTUHHI BUCHOBKH.

VY ¢dopmanizoBaHuX 1 3MICTOBHUX AKCIOMAaTHYHHX TEOPIsIX 3aCTOCOBYIOTHCS
creriaigbHi HayKoBi MOBH. [Ipu moOynoBi popmMarnizoBaHUX aKCIOMaTUYHUX TEOPIi
JIOT1KHM CIIUPAIOTHCSA HA MOBY CUCTEMH, SIKa BKJTIOUa€ ajiaBiT IOYaTKOBUX CUMBOJIIB,
a TaKoXX TMpaBWjia YTBOPEHHS NpPaBWIbHO MOOyAOBaHUX BHUpasziB (dopmyi). 3a
JIOTIOMOTOI0 111€1 MOBU 3a3BHUYaill 3amucyloTbes akciomu. s dopmyntoBaHHS
MIpaBWJI BUBEIICHHS 3BEPTAIOTHCS JI0 TaK 3BaHOI METaMOBH (MOBa, HA OCHOBI SKO1
MPOXOJAUTh JIOCTIPKEHHS 1HINOI MOBH, IO HA3WBA€ETHCS OO'€KTHOK; MOXKHA
MIPUBECTU aHAJIOTII0 — METAMOBOIO € PIJHA JIJII BUBYCHHS 1HO3EMHOT).

Omneparnii 3 CUMBOJAMM 3IIMCHIOIOTHCS 32 TaKUMH TMpaBWIAMH, SKi
MPUITYCKAIOTh BpaxyBaHHS JHile (HOPMaIbHUX BIACTUBOCTEH 3HAKOBUX BHUPA3iB,
110 (irypyroTh B CUCTEMI.

JloBEeIeHHSIM B aKCIOMAaTH4HIN TeOopli BBAXKAEThCS KIHIIEBA TOCIIJIOBHICTD
dbopmy 11i€i TEOPii, KOKHA 3 AKUX € 200 aKC10MOI0, a00 Oe3MocePeTHHO BUBOAUTHCS
3 TOMEPEeAHbOI MOCHIAOBHOCTI (OpMYN 3a 3arajibHONPUHHATUMHU IpaBUIaMHU
joriku. OCTaHHIM BUCJIOBIIIOBAHHSM B IT1H MTOCIJOBHOCTI (hOPMYJI, 1110 HA3UBAETHCSA

JIOBEJICHHSM, 1 BUCTYTIA€ TeOpeMa, Ky 1 MOTpiOHO OyJI0 T0BECTH.
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3.1. Busnauenmns ¢popmanvnoi meopii

Teopiss HA3UBAETBCSA 3MICMOBHOIO, SIKIIO ICHYE sKa-HEOyIb 1HTEpHpeTarlis
00'eKTiB, omeparliif, CUMBOJIB Teopii. Airedpa BHUCIOBIIOBAHb € 3MICTOBHOIO
TEOPI€I0, OCKIIBKM KOXXEH CHMBOJ B HIA I1HTEPOPETYEThCS SK MPOCTE
BUCJIOBJIFOBaHHS, ICTHHHE a00 XuOHe, GopMyJid TaKOK MOXYTb OYyTH 1CTUHHUMU
a00 XWOHWMH, 1, TONPH TE, IO MM BIJABOJIKAEMOCS BiJ 3MICTOBHOTO CEHCY
BHCJIOBIIIOBaHb, YC1 MIPKYBaHHS BEAYThCS B TEPMIHAX ICTUHHOCTI 1 XxuOHOCTI. Ha
BIIMIHY BiJ 3MICTOBHHUX Teopiil, opmaibHa Teopis € MHOXXHWHOI CHUMBOIIB 1
BIIHOIIEHb MIX HUMH, SKUM HE€ MPUIUCYETHCS HISKOTO 3MICTOBHOTO CEHCY.
3ragyroud Tpo 3aBJaHHS JIOTIKM, MOXKHAa CKa3zaTH, IO BuUpa3u 1 Gopmyiu
dbopmanbHOi Teopli MPEACTaBIAIOTh "4UCTI" CXEMU MIPKyBaHb, SKHM MOXHA
HaJ[aBaTH HAWPI3HOMAHITHIIIUN CEHC, TOOTO OyayBaTH pi3HI MOJENI TEOPii.

dopmaibHi Teopii OyayI0ThCs 32 HACTYITHUMH MPaBUIIAMH.

3ama€eThCsl 3YMCICHHA MHOXXHHA CHMBOJIB, IO HA3UBAETHCS aigasimom
Teopii. 3 1€l MHOXXMHU CHUMBOJIB OYIyIOTHCA 3UMCIEHHI TOCIHIIOBHOCTI, SIKI
Ha3UBAIOTHCA cllogamu abo gupazamu JaHO1 Teopii. 3 MHOKUHU BUPA3iB BUALISIOTH
npasuibHo nobyooeawni eupasu — ¢opmyau. 3 MHOXUHU (DOpMyn BUIUISAIOTH
MIIMHOXHUHY axkciom. Mix GopMyliaMmu Teopii BU3HAYAIOTh BITHOIICHHS — NPAasuild
sugeoenns Teopii. [IpaBua BUBEICHHS JO3BOJISIOTH 3 MHOKHUHHU aKCiOM BHBOJIUTH
meopemu. TakuMm 4nHOM, (hopMaJibHA TEOPIsl € AKCIOMATHYHOIO TEOPI€IO.

Busnauennst 3.1. /Jogedennsam TeopeMu Ha3UBAIOTh MOCTIAOBHICTH (HOpMyI
A, ..., A,, KOXKHa 3 sKux ab0 € akcioMOw, a00 OoTpUMaHa 3 TOMEpPEeIHIX 3a
IpaBUJIaMU BUBEACHHS 11i€i Teopii. OcTaHHS PopMyTa Ha3UBAETHCS MeopemMoro i€l
Teopii. [Hmmmu cnoBamu, meopema - 1e hopmysa, MO BUBOAUTHCS 3 MHOKHHH
aKCcioM 3a ITPaBUJIaMH BUBEICHHS, BU3HAYCHUMH B I1i# Teopii. 3amuc |—; A, 03Hayae,
o Gopmyna A, BUBOAUTHCS B TEOPIi |, TOOTO € TEOPEMOIO TEOpii J.

Busznauennss 3.2. Busedenmam ¢opmynu A, 3 MHOXHUHM rinote3 [

HA3UBAETHCS MOCHIIOBHICTh GopMyn Ay, ..., A,, KOXHA 3 SKUX € a00 aKCiIOMOIO,
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abo rimote30t0 3 MHOXMHH [, a00 OTPUMaHOK 3 TOMEPENHIX MO MNPABULAX
sugeoenns. Gopmyna B = A, Ha3uBaeTbCAd TaKOO, IO BUBOAMUTHCS 3 MHOKWHU
rinore3 I'. O3nauenns I' [—; A, o3Hagae, mo Gopmyia A,, BABOJUTHCS 3 MHOKHHH
rinote3 I B Teopii J.

JloBeeHHsT BIAPI3HAETHCA BiJl BHUBEACHHS THM, 1[0 B HbBOMY HE
BUKOPHCTOBYIOTHCS TIMOTE3H, TOMY TEOPEMY MOKHA BH3HAYUTH SK (hopmyiTy, M0
BUBOJIUTHCSA 3 TIOPOKHBOI MHOKMHHU TIITOTES3.

BiacTuBocTi BUBeIeHHS

. dkmoI’ FBiI' < A, To A }B.

[{s BIAcTHBICTH HA3WBAETHCS BIIACTHBICTIO MOHOMOHHOCMI BUBEACHHSI. BoHa
o3Hayvae, 1m0 Gopmyna B Oyne sik 1 paHiliie BUBOJIUTHUCS, SKIIO JO MHOXUHU TIMOTE3
I', 3 saxux BuUBOAUTHCA (Gopmyina B, momatu 1HII TiNOTE3H, TOOTO PO3MIUPUTH

MHOXHHY TinoTe3 ' 10 A.

2.T" + B Toni i Tipku Tox1, Koy icHye A < I, Take, mo A + B. Lle B1acTuBicTh

NO6HOMU MHOXWHU TINOTE3: JUIsl TOro, mobd ¢opmyna B BUBoaMIacs 3 MHOKHUHU

rinote3 I', HEOOX1HO 1 AOCTaTHRLO, 00 B I icHyBana migMHoxkuHa A C I, 3 sikoi
BUBOJUTHCA (popmyina B. [HIIMMH cioBaMu, HE yci TIIOTE3U 13 3aJaHOT MHOXKUHU
rinote3 I' 000B'I3K0BO MOBHHHI BUKOPHUCTOBYBATHUCS B IIPOIICCI BUBSACHHSI, — JICSKI
MOXYTh BUSBUTHUCS 3alBUMH, MIPOTE, 33J]aHUX TIMIOTE3 MOBUHHO OYTH JIOCUTbH JIJIS

BUBeAcHHS B.

3. Axkmo AFA, 1 nua xoxHoro B; e A, 'FB; To ' FA. Ile BracTuBicTh
mpau3umueHocmi BUBEACHHS. BOHO J03BOJIsIE BUKOPHCTATH paHIIIE JTOBEICHI
TEOpEeMH (BUBEIECHHS), HE MOBTOPIOIOYM YChOTO CHUCKY (hOpMYJI, IO CTAHOBIIATH
JOBeJIeHHs (BUBeNIEeHHs). ToMy paHilie JOBEJIEHI TEOPEMHU 1 BUBEJEHHS MOXYTh
BUKOPUCTOBYBATHUCS B 1HIIUX JOBEACHHSIX SK CXEMH, B SKMX KOXHE BXOJHKCHHS
3MIHHOI MOX€ 3aMIIaTUCS JTOBUIBLHOIO (hOPMYJIIOLO.

Axkciomatnuna Teopis (AT) Ha3WBaeThCS TaKOIO, IO BHPIINIYE TPOOIEMY
MO>KJIMBOCTI PO3B'S3aHHS, SKIO B HiM € edeKTHUBHA Tpoleaypa (aIroputm), 1o
BUpILIY€E Y paMKax I[i€l Teopii NeBHUU KPyr mpoOJeM, 1 TaKow, IO HE BUPILIYE,
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SKIIO0 HeMa€e Takoro ajroputMmy. I[Ipu 1mmpomy moTpiOHO 3BaxkaTtu Ha Te, mo AT
OyIy€eTbcsl 3 TAKHM PO3PaxXyHKOM, MO0 TEOPEMH, IO JOBOASATHCS, MPHU JIOTTUHINA
1HTeprpeTallii BUSBIISUIUCS ICTHHHUMH.

3micToBHI 1 (opManabHI aKCiOMaTH4YHI CHCTEMH MOXYTh 3aJ0BOJBHSATH
OJIHOYACHO PI3HUM CHUCTeMaM 00'€KTiB, K1 € JJIsI HUX MOJICIISIMHU.

AT mae OyTu HecylepewIirnBOw, TOOTO 1100 B HiM HE MOXKHa OyJI0 BUBECTHU
TEOpeMy 1 OJTHOYACHO ii 3amepedeHHs. Teopis, B SKid MOKHA OJHOYACHO BUBECTHU
A1 —A nHa miacTaBi NPUUHATUX B HIM TIPaBWI, HE MAa€ HISKOI MIHHOCTI, OCKUIBKH
BOHA HE B 3MO31 BIiOOpa3WTH BIAMIHHOCTI MDK ICTHHOIO 1 xuOHIicTIO. Cin
3ayBKWTH, M0 MUTAHHS MPO HECYNMEPEUHICTh (pOopMaIbHOI CUCTEMH HE MOXHA
BUPIIIUTH 3aco0aMu, siKi (OopMalli3ytoThCs B 1111 ke cuctemi. Sk nmokazas ['enens,
TYT MOTPIOHO 3BEPTATUCS 10 CHIIBHIIINX JIOTTYHHUX 3aCO01B.

[Hm1or0 BuMororo 10 AT € BUMOra He3aJIeKHOCT1 CUCTEMH ii akcioM. Akcioma
BBA)KAE€THCSI HE3AJICKHOIO, SAKIIO il He MOXKHA BHUBECTH 3 IHIIMX aKCIOM, 1 SKIIO il
BUKJIIOUCHHS 3 CHCTEMU AakcioM 3MeHIlye 3amac Teopem. Cucrema axkcioMm
HA3MBAETHCS HE3AJIEIKHOIO, AKIIIO KOKHA 3 aKC10M, 1110 BXOJIATh B HET, € HE3aJIEKHOIO.
Hemomikom 3aj1€3KHOT CHCTEMU € HAsBHICTh ""3alBHX' aKClOM, K1 HE ITOCHIIIOIOTH il
¢(hEKTUBHICTb.

MoskHa TpUBECTH 3araJIbHONMPUHHATHNA METOJA JIOBEJICHHS HE3aJeKHOCTI
CUCTEMHU aKCIOM: i JOBEICHHS TOTo, IO akcioma A € He3aJeXHOK 10
BIIHOILIICHHIO JI0 JIEIKOI CHUCTEMM aKCiOM S, J0 CUCTeMHU S NpueaHyoTh —A i
HaMararThCsd 3HAWTH OO0'€KTH, IO 3aJO0BOJBHSIIOTH S 1 —A. SIKImIo 1e Mo’KHa
3po0OUTH, TO CHCTEMa, IO CKIagaeTbes 3 S 1 —A, HecynepewinBa, Toal A €
HE3aJIC)KHOIO IO BITHOIIEHHIO JI0 CUCTeMH S, 1 cuctemMa S Moke OyTH MOTOBHEHA
aKcioMoro A .

AT € moBHOI0, TOAI 1 TUIBKHU TOJ1, KOJIU YC1 TEOPEMH MOXYTh OyTH OTpUMaHi 3
i€l cucteMu akcioM. CucremMa akCcioM € TakOIO, IO HEe MO’KHA ITOIIOBHUTH, SKIIO
pUETHAHHS 0 Hel sKoi-HeOyap GopMynH MPU3BOAUTH A0 Tpotupivus. [IpaBna
HEMOJXKJIUBICTh TIOTIOBHEHHS (K 1 TIOBHOTA) TEOpii HE BBAXKAETHCS TaKOK K

000B'A3KOBOIO SKICTIO TEOPIi, IK HECYNEPEUHICTb.
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Jloriune yucieHHsa OyIyeTbes 3a AOMOMOro GopmanbHoro anapary. Oxpemi
HanpsIMU JIOTIYHUX JOCIHIIPKEHb PO3BUBAIOTHCS HE3AIEKHO BiJ MOTPEO HAYKH.
[IpakTka pae OaraTo MPHUKIAIIB TOTO, SIK TOM abo0 I1HIIWK JIOTIK Oepe esKi
MOYaTKOBl TMPUNYIICHHS, (OpMaTbHUM YHHOM Oyaye JIOTi4HI YHCICHHS 1
BCTAHOBIIIOE HACTIIKH, K1 MO’KHA BUBECTHU 3 MPUUHITHX MMOYATKOBUX MPUITYIICHb.
CTBOpUBIIM TaKUM YMHOM CHUCTEMY JIOTIYHOTO YHUCJICHHS, JOCTIAHUK IMOYHHAE
BIJIIIYKYBaTH BiJMOBIAHI IHTEpIIpeTaLlii 1 MOXKJIHMBI 3aCTOCYBaHHS ii 10 3MICTOBHUX
teopii. Tak cramocss 3 anrebporo byms — cmouaTky 3'IBWIIOCS YHCIICHHS
BUCJIOBIIIOBAaHb,  TIOTIM BOHO OYJIO IHTEPIPETOBaHE HA PENCHHO-KOHTAKTHI CXEMHU.
[le BigHOCHTBCS 110 LIJIOTO psANy OaraTO3HAYHMX JIOTIK, sIKI TOOYJOBaHI YUCTO
(opMalIbHUM YMHOM, 1 5K 11I€ HE IHTEPIIPETOBAaHI, ajie 0araTo 3 AKUX 3HAAYyTh CBOT
«3aCTOCYBaHHSI.

YV MareMaTH4HIN JIOTIII € JEKIJIbKa B3a€MOIIOB'I3aHUX YHCIIEHb - YHUCJICHHS
BHCJIOBJIIOBaHb, YHMCJICHHS KJIAaciB, YHUCJICHHS MPEAUKATIB, YUCIEHHS B1JHOIICHbD.
Po3pobkoro 3aranbHoi Teopii uucieHs 3aiimanucs ['insoept, ['enens, [Toct, Kappi,
Koamoropos, Mapkos Ta 1H.

YwucrieHHs BUCIIOBIIIOBAHb — MEPIIMIA PO3/IiJT MATEMAaTHYHOT JIOTIKH, 1110 BUBYAE
JIOT1YHI omepallii 3 MPOCTUMHU BHUCJIOBJIIOBAHHSIMHU, IO TMO3HAYAIOThCA OyKBaMu
A, B, C ..., 110 00'€IHYIOTHCS B CKJIAJIHI 32 JIOMTIOMOTOI0 JIOTTYHUX 3B’ A30K. YHUCIICHHS
BHCJIOBJIIOBaHb OYAY€ThCS aKCIOMaTUYHO. 3aa€ThCSA CUCTEMAa aKCIOM 1 IIpaBuJa, Mo
AKX 3 aKCIOM 3M1MCHIOEThCA BUBEIEHHS Teopem. [Ipu iHTepmperairii akcioMu
BUSIBJISIOTHCSA TOTOKHO-1CTUHHUMHU (POPMYJIaMH, a TpaBuia BAOUPAIOTHCS TaKi, SIK1
3 TOTOKHO-1CTUHHUX (hOpMYJT 3a0€3MeUyI0Th OTPUMAaHHS TUIBKUA TOTOXXHO-1CTUHHUX
dbopmy.

Cnin mam'statv, MmO ICTUHHI a00 HEMpaBAWBI MOYATKOBI BUCIOBIIOBAHHS
3ac00aMM JIOTIKM BCTAHOBUTH HE MOXKHA. [[1s 1mboro moTpiOHO 3BepTaTuCs 0
MpaKTUKH. B3arami, KputepieM iCTHHHOCTI CUCTEMH aKCioM 1 Oy Ib-sIKOT 3MICTOBHOI

TEOopii € MPaKTUYHA 3aCTOCOBHICTh TEOPIi B LI1JIOMY.
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3.2. Dopmanizayii yucneHHs UCI06I06AHD

IcHYI0TB pi3HI CUCTEMHU YHUCIICHHS BUJIOBIIIOBaHb, SIK1 BIIPI3HSAIOTHCS OJTHA BiJ

OJIHO1, 30KpeMa THUM, II0 BOHH O€pyTh B SKOCTI BUXIAHUX JAaHUX Pi3HI HaboOpu

akciom. Tak, HiMenpbkuid mMaTeMatuk 1 jorik J[. ['ias0epT 3ampomnoHyBaB y posi

OCHOBHHX 3B’SI30K HACTyMIHI: V,—,—; npaBwio BuBoxy MP; meraBu3HaueHHS:

A - B = —A v B). Axciomu Teopii L, I'iib0epTa, AkepmaHna:

Al:

A2:

A3:

A4

AvA - A

A->AvVB

AvB->BvVvA

- AKWo ou3’tonKyis A cama i3 coboio icmunHa,
mo i cama A icmunna (npuHyuUn maemonozii);
- AKWO BUCIOBNIOBAHHA ICMUHHE, MO 1 U020
ou3 roHKYis 3 6y 0b-sKUM IHUWUM
BUCTIOBNIIOBAHHAM — MAKodC 0y0e  ICMUHHOI
(Paccen i VYaiimxeo wnazeanu uyrwo akciomy
“akciomoro 000anna’”);
- ou3 ToOHKYIs mae 811ACMUBICNb
KOMymamueHocmi (3aKOH nepecmasianHs);
- AKWO IMNIIKAYIA ICMUHHA, Mo il YleHU
MOJCHA OU3'TOHKMUBHO 38 'a3amu 3 0)0b-

AKUM BUCTIOBIIO6AHHAM (npulmun

(B->C)-(AvB - AvC()

niOCYMOBYGAHHA;  MA€E  aHAlo2 8
apughmemuyi:
sakuo A < B, moA+C<B+0C(C)

[3 nux akciom 3a JOMOMOIOI MPUHHATHUX TpaBmi [1150epT BUBOAMB HOBI

bopmynu.

Anrmiicekl MateMaTHKH 1 Joriku b. Pacen ta A. YaiTxen, 3Bakaroud Ha Iil

I’ SITh aKCcioM, OOy TyBaJIi CBOE YUCIICHHS BUCJIOBIIOBaHb. [lepiii yotupu akcioMu

30iraucs 3 TUIbOEPTOBUMH, a T1°siTa MaJia TAKUN BUTJISIL;

Av (BvC) - (Av B) v C (acoyiamusnuii 3axon).

Ane P. bepHaiic moka3aB, 10 ISl aKCioMa HE € HE3aJIe)KHOI0, TOOTO ii MOXKHA

BHUBECTH 13 MEPIIUX YOTUPHOX. BogHOUac BiH JIOBIB, IO CHCTEMA TiJILOEPTOBUX

AKCIOM € HEe3aJIE)KHOIO.
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Jlana axciomatnyHa cuctemMa He eauHa B Joriui. [lupoko mnomupena
dbopmanpHa cuctema KoriHI, 10 BUKOPUCTOBYE 5 JIOTIYHHMX 3B’SI30K: —1, =, &,V,
npaBuiio Busoay MP.

Teopia L4 (Knini). Cxemu akciom:

Al:A - (B - A)

A2:(A > (B -C)-> (A ->B)-> (4 ->0)
A3: (A& B) - A)

A4: (A& B) - B)

A5:A > (B - (A&B))

A6:A > AVvB

A7:B - AvB

AB8: (A - C)-»((B-=C)=(AvB - 0))
A9: (A - B)->((A- =B)—> =4

A10: =—=A - A

A Ttakox Teopist L, (Pocepa). OcHoBHi 3B’s13ku: &, —, —. MeTaBu3HauCHHS:
A - B = —(A & - B). Cxemu akciom:

Al: A - (A& A)
A2: (A&B) - A
A3: (A - B) = (~(B&C(C)—- =(C&A)

B cucremi uncieHHs BUCIOBIIOBaHb, 1110 po3podus L. Mepenit, MicTUThCS
BCHOT'O JIB1 3B’SI3KM —1, — 1 OJIHA CXEMa aKCIOM:

(((A=B)— (=€ » =D)) > E) > ((E—> A) » (D - 4))

[MumMu camumu aBoma 3B’s3kamu KopuctyBaBcs ['. ®@pere 1879 p. Bin
noOyyBaB CBOIO CUCTEMY 13 IIIECTH aKCIOM:
Al1:A - (B - A)

A2:(A > (B -C)->({(A->B)-> (4 ->0)
A3: (A > (B->0C)-> B ->A-0)
A4:(A - B) > (=B - A)

A5: 1A - A
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A6: A > A

Ane monbcbkuii mMatemaTtuk . JlykaceBuu MOBiB, IO L CHCTEMa HE €

HE3aJIe)KHOIO, OCKUTBKM TPETA aKcioMa BUBOJIUTHCS 13 KOH IOHKIIT Al 1 A2. Bin

3anumuB A1 1 A2, a 3aMiCTh YOTUPHOX HACTYMHHUX akcioM dpere BUBIB OJIHY CBOIO:

(=4 - =B) - (B - A).

IcHye 1 Taka cucrema uncieHHs, 3anponoHoana Jlx. Hiko B 1916 p., B sikii

BChOT0 O1Ha 3B’s13Ka — mTpux llleddepa («|») 1 omHa cxema akciom:

(A1BIOY) | (0 101D))| (E1B)| (AIED|(AIED)).

I[Mpasuiio BuBoay: 4, A| (B|C) + C.

MetaBusnauenus: A|B = —A v =B. ([us. Menoenvcon, cm. 48-52, 148-158)
Bizomi # 1HII CHCTEMHU YUCJIEHHS BUCJIOBIIOBAHb.

3a I[IpaBujia BHUBOAY B aKCIOMaTHYHUX CHUCTEMaxX 3a3BHYall 66pYTBC$I ABa:

npaBwio BiggiieHHs (MP) 1 mpaBuio TmiJICTAHOBKH, WO JO3BOJISIE 3aMICTh

MPOTO3UIIAIBHOT 3MIHHOT MiICTABIISITH Oy/Ib-SIKY (POPMYITY B aKCIOMH Ta TEOPEMH.

CTOCOBHO aKCIOMaTUYHHMX HO6YILOB YUCJICHHA BHCJIOBJIIOBAHD BI/IpiHIYIOTBCH

npoOJiIeMH MPO iX HECYNEPEWINBICTD, IOBHOTY Ta HE3AJICKHICTb.

Cucrema akcioMm He MOBUHHA OyTH CYNEPEWIUBOIO.

Cucrema akciom Mae OyTH HE3aJIeKHOIO (X04a MOPYLIEHHS LbOTO MMYHKTY HE
MPU3BOAUTH J10 O€33MICTOBHOCTI Teopli SK, HAMpHUKIaA, MOPYIICHHS
IPUHLINITY HECYNIEPEWINBOCTI)

Cucrema akcioM € CEMaHTHYHO MOBHOIO, AKIIO 13 HEi MOXXHA OTpUMATH
ICTUHHI Ha ycix Habopax (opmynu, 3amucani 3aco0aMu 1bOTO YUCIICHHS.
Cucrema akcioM € CEeMaHTUYHO MOBHOIO (TOBHOTA Y BY3bKOMY PO3yMiHHI),
AKIIO JOJAaHHS N0 Hel (QopMyiu, SKy HE MOXHAa BHUBECTH, POOUTH ii
CYIIEPEWINBOIO.

Cnipg  BII3HAUWUTH, WO 3B’S3KU, SAKI BHUKOPUCTOBYIOTHCA B OyIb-aKid

aKClOMaTH4HINA Teopii, YTBOPIOIOTh (DYHKIIOHAIBHO MOBHY CUCTEMY (QYHKIIN Yy

cenci [Tocra.
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3.3. Obuucnenns sucnoeniosanv. Popmanvna meopisa L

Buznauenns 3.3.

1. Cumsonamu angasimy teopii L € mpornosuiionansHi Jgitepu 4, B, C, ...
3 iHJAekcaMu abo 6e3 1HACKCIB, MPOMO3UIIIOHAIBHI 3B'S3KHM —,—, Ta JOMOMIXKHI
CUMBOJIM — AYXKKH: ( Ta ).

2. Busznauenns hopmymu.

Bynp-ska npono3uiioHanbHa JiTepa € popmya.

Axmo A ta B € popmynamu, To hopmyinamu € (—A), (A — B).

[Hmmx hopmysn Hemae.

3. VY dbopmanbHiil Teopii L BU3HaAU€HA HECKIHYEHHA KUTBKICTh aKC1OM, 1110
3aJJal0ThCS TPhOMA CXEMaMHU aKCioM:

Al: A - (B - A);

A2: (A~ (B~ ) > (A~ B) > (4 - O));

A3: (=B —» =A) - ((=-B - A) - B).

KoHkpeTHI  akcioMH  BHUXOMASTh  MIJICTAHOBKOIO  (OpPMYJIH  3aMiCTh
MPOTIO3UIIIOHAIIBHOT JIITEPH.

4. B Teopii L BU3HaYEHO €MHE NpaBuiio BuBoy MP:

A,A-> B + B.

Jlst ckopodyBaHHS 3anucy GopMysl BBOASTHCS METaBU3HAYCHHS:

MBI1: =(A - —=B) = A&B.

MB2: -A - B = AVB.

MB3: (A - B)&(B - A) = A = B.

3.4. Jloseoenns ma eusio y gpopmanvniii meopii L

Posrnsitnemo nmoBeneHHst Ta BuBiL B Teopii L. JloBegemo Teopemy A — A.
OCKUJIbKY €TMHUM TPaBUIOM BUBOAY € MP, Ham Tpeba B3STH TaKy akciomy, 00
dbopmyna, 1mo BUBOAUTHCS — A = A , onuHmwiIacs B KoHIl Gopmynu. BizbmeMo
cxeMmy akciomu A2, 3poOuBiiu 3aminy B Ha A — A ta C Ha A. OTprmaemo

(A->((A->4)->4))-> (4> (A-4) > (4-4).
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B cxemi akciomu Al takox 3aminumo B Ha A — A, oTpumaeMo

A-((A-A4)-A).

Tenep mo mmx nBox (opmyn 3acrocyemo mnpaBuio MP, B pesynbTaTi
OTPUMAEMO

(A->(A-4)-(4-A).

B cxemi akciomu Al 3aminumMo B Ha A, oTpuMaemo

A->(A-A).

3acTOCOBYIOUH /10 IBOX OCTaHHIX Gopmyi ripaBuiio MP, otpumaemo

A-A.

JloBeieHHS Ta BHBIJ MPUWHSTO 3alUCYBATH B CTOBITYMK, HyMEPYIOUU KOXKHY
dbopmyiTy BKa3yro4H MpaBopyd B SIKOCTI KOMEHTapsl, Ha sIKiil mijcTaBl Gpopmyna € B
11 MociIoBHOCTI. Hukue MpuBOATHCS JOBEACHHS TeopeM 1, 2.

Teopemal. - A —> A (3aKOH TOTOXHOCTI - BHCJIOBJIIOBAaHHS € JIOTTYHUM

HaCJIIJIKOM camMoro cebe)

1A= (A=A -A) (A= (A—-4A) > (A-4) A2

2.4- ((A-A4) - 4) Al
3.(A-(A-4) - (A-4) MP(1, 2)
4.4 - (A— A) Al
54— A MP(3, 4)

Teopema2. H(A—>A) - A

1.(A--4)-> (A= A4) - A) A3

2.0A - —A T1

3.(mA-A) - A MP(1, 2)

B noBenenHi TeopemMu 2 B MyHKTI 2 MU MOCWJIAIMCA HA JOBEACHY paHIIIE
teopeMy 1, mo ¢GakTUYHO BIAMOBIJAE€ BKJIIOYEHHIO B JOBEJEHHS YCIX ITYHKTIB
JIOBEJICHHS TeopeMH 1.

[ToOynyemo HACTYIIHI BUBOJIH.

B1. [IpaBuJjio cuiorizmy.

A->BB->CFHA-C
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1.A-B I'l

2.B->C 2
33A->B-C)-»A->B)-(A->0)) A2
4. (B-C)-(A-(B-0)) Al

5A-> (B-0C) MP(2, 4)
6.(A->B)—->(A—-C) MP(@3,5)

7.A-C MP(1, 6)

B2. IIpaBujio BuajieHHsI CePeAHbOI0 MOCUJIAHHS.
A->(B-C),B+-rA-C

1.A-B-C) Tl

2.B 2

33 A>(B—->C)>(A—>B)>A->0)) A2

4. (A—>B)—>(A—>C) MP(1,3)

5.B—>(A—B) Al
6.A—>B MP(2, 5)
71.A—>C MP(4, 6)

B3. [IpaBujio BuIa/IeHHSI KPAWHBOTO NMOCUJIAHHS.

(A— B)—>C + B-C.

1. A—>B)—>C I'l
2.B—> (A—B) Al
3.B—>C B1(1,2)

Taki npaBua BUBOY, IOBE/IECHI 3aco0amu (opMaIbHOI TEOpii, HA3UBAIOTHCS

HOXiI[HI/IMI/I I[IpaBHUJIaMH BUBOY.

3.5. Memameopema npo 0edyKkuiro
Metateopema npo aeaykuiro (MT/).
Axmo 3 mHOXkUHU dopmyn I' 1 dopmynun A BuBoauma (opmyna B, To 3

MHOxUHM [ BUBoauma gopmyna A = B, to6to sixkmo ' A = B,ToT' - A — B.
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JloBeneHHs 1€l MeTareopeMH MOXe OyTH TPUBEICHUM 32 METOIOM
MatemaTudHoi 1Haykiii. Hexait BuBig dopmymn B — 1€ TOCTIJOBHICTb
B4, B,, ..., B, = B. JloBeneMo HaCTyIHy METajaeMy.

Meranema. 3T, A + Bj cnigye, moI' - A - B;(i = 1, ...,n).

Jloseoenns memanemu.

bazuc inaykiii. Hexaii i = 1. Po3ristHeMo Tpu BUIIaIKH.

a) B, — akcioma.

+ B;

B =» (4A- B;) Al

FA—- By 3a npasuwiom MP

'FA—- B, 3a BJIACTUBICTIO BUBOJIUMOCTI 1.
0) B, = A, 0610 B; € camoro ¢opmynoro A

FA-A T1

OcCKiJIbKM TeopemMa BHUBOJMUTHCS 3 IMOPOKHBOI MHOXKHUHM TOCHJIOK, BOHA
BUBOJIUTHCA 3 OY/b-5IKOi MHOXXUHHU MOCHJIOK, 3T1JIHO BJIACTUBOCTI BUBOAUMOCTI 1.
Tomy ' v A — A, mo € piBHOCWIbHUM J10 [' - A = Bj.

B) B; €T, 10610 B; —rinote3a 3 I.

JloBeieHHsI HABOJUTHCS TaK CaMo, SIK 1 B BUMIAJKY a).

Kpok inoyxyii. Hexait metanema BUKOHY€eThCs a7isl Beix k < i. JloBenemo, 110
BOHAa BHUKOHYETbcS mnpu Kk = 1. MOoXIMBI 4YOTHPH BHUMNAAKH (IOBEICHHS

IIPOBOMTHCS TaK CaMo, sIK 1 JyIst 0a3uCy 1HIYKIIIT):

a) B; — akcioma;

0) Bi=A

B) B, €T

r) B; BuBoautbcest no MP 3 nonepennix ¢popmy, T.€. B MOCHIAOBHOCTI

B, By, ..., B, € popmymu: B,, 1 B, = B,,, = B;,(im <[ < Q).
Toai Mo MpUIMyIIEHHIO THIYKIIT CIIpaBe 7Bl BUBOIU:

FA4-B,
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'A- B, 06T0T' - A = (B,, = B;).

[To cxemi akciom A2

- (A > By~ B)) ~ (A4~ Bp) » (A~ BY).

3acTOCOBYIOUH JIBiYi /10 OCTaHHIX TPHOX BUpa3iB npasuiio MP, orpumaemo

['-A- B;.

[Ipu i = n orpuMaeMo GopMyITIOBaHHS METATEOPEMH PO ASAYKIIIIO. ¢

CrnpaBennBa MeTaTeopeMa, 00epHEHA IO METAaTEOPEMH PO JACAYKIIIIO.

OO0epHena MeTaTeopeMa Mpo JAeAyKIIil0.

Axuo icuye BuBig I' - A — B, To hopmyna B BuBoautses 3 I'1 A, T.€. KO
'rA->B,0ol'’A+B

Jloseoenns. Hexait BuBing dopmynu A — B mae Bun: By, ...,B,_1,A = B, ne
By, ..., B,_1 — dopmynu 3 maoxxunu ['. Toxai BuBig dopmynu B p I' 1 A Oyne matu
Bun: By, ...,B,_1,A = B, A, B, tak six B cninye 3 A = B 1 A no nipaBuity MP. O

3 MeTaTeopeMu Mpo EIYKIIiI0 BUBOJAATHCS HACTIIKHU:

Hacniook 1 (B1). IlpaBuio cuiorizsmy: A - B,B—->C +A - C.

Hacniook 2 (B2). IlpaBWjio BHIAJIeHHS CepeAHbOI MOCWIKH. A —
(B-C),Br-A-C.

Hacnioox 3 (B3). llpaBuiio BUAaJeHHsI KpaitHboi mocuiaku. (A - B) —
C -mB-C.

[IpaBmia cujoriaMy 1 BUJAJEHHS CEpPEIHbOI NMOCWIKA OYyJId JOBEACHUMH
panime, 0e3 BUKOPHUCTaHHS METaTeOpEeMHU Mpo MeAyKIiro. JIusi TOpiBHSHHS
HaBEJEMO JIOBEACHHS npaBwia B2 3 11 BUKOpUCTaHHSAM.

Kopucryrouncs 00epHEHOI0 METATEOPEMOIO TIPO JICAYKIIiI0, OyeMo OyayBaTh

BuBig: (A - B) - C,B - C.

1. B I'l
2. (A-B)-C 2
3. B—-(A-B) Al
4, A-B MP(1,3)
5. C MP(2,4)
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Tenep, Mo meTaTeopeMi Mpo AEAYKITit0, OTPUMAEMO BUBI:
(A-B)-»C+B-C.

(B3) MpaBuao Buaanenus kpaiinboi nocuiaku: (A - B) - C - B - C.
3acTOCOBYIOYH O0EPHEHY METATEOPEMY MPO ACTYKIIII0, OTPUMAEMO:

(A-B)-C,BFrC.

1 (A-B)->C I'l
2 B 2
3. B—-(A-B) Al
4 A-B MP(2,3)
5 C MP(1,4)

[To meTateopemi npo Aenykiiiro, orpumaemo BuBia: (A - B) = C - B - C.
3actocyBaHHs MeTtateopeMu mnpo Aeaykiito (MT]]) no3Bonse 3 mro0oro
IpaBwJia BUBOLy OTpUMaTH Teopemy. Hampukian, 3actocoByroun aBa pazu MT/I 1o

npaBuiia CUJIOT13MY, OTPUMAEMO TEOPEMY CUJIOTI3MY:

A->BB->CrHA-C MPaBUJIO CUJIOTI3MY
A->BrB-C)->A-0 MT/]
F(A->B)->((B->C)->(A-C()) MT]I

O6epnena merareopema mpo gexaykmiro (OMT/I) nmo3Bossie oTpuMyBaTH
npaBuiia BUBOy 3 TeopeM. Hanpukian, 3actocoByroun a8a pazu OMT/] 1o akciomu

A3, oTprMaEeMO IPaBUIIO BUBOJY:

B> —AF (=B > A4) > B) OMT]I
B = —A,—B— A+ B OMTI

3acToCcyBaHHS METaTeoOpeMU MpO JEAYKII0 1 HACHIAKIB 3 Hel J03BOJIsE
CIPOITYBaTH MOOYIOBY BUBOJIIB 1 JOBEACHb. PO3MIISTHEMO MPUKIAAN HACTYITHOTO
3actocyBaHHsA. (HeoOxigHO BIAMITHTH, 110 HaBEJEHI HI)KYE JIOBEJICHHS HE €

€IMHUMU, MOXYTh OYTH 3HaAJICHI 1 1HIII JOBEACHHS BIATOBITHUX TEOPEM. )
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Teopema 3 (3HATTHA MOABiHOrO 3anmepeyenHs). - —A — A

1. (-A- —A) - ((-4 - —-4) - A)
2. —=A--A

3. (-A->——A) A

4, ——A->A

A3
T1
B2(1,2)
B3(3)

Teopema 4 (BBeeHHsI MOABiifHOr0 3amepevyenHsn). - A - —A

A3

T3
MP(1,2)
B3(3)

Teopema 5 (mpoTupiuusi/cynepeunicts). - —-A = (A - B)

[ToO6ynyeMo BUCHOBOK: —A, A + B.
1. —A

A

(=B = —A) = ((—B —» 4) - B)
—A - (=B - —4A)

A - (—B-A4)

—B - —A

—-B - A

(-B—-A)—-B

B

© o N o o B~ DN

I'l
2
A3
Al
Al

MP(1,4)
MP(2,5)
MP(3,6)
MP(7,8)

Teopema 6 (konTpano3umii). - (—A - —B) = (B = A)

[ToOynyemo BUCHOBOK: —A - —B - B — A
1. -A—-> B

2. (-A->-B)=((—-A-B)—-A)

3. (—A—->B)—-4

4. B-A
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Teopema 7 (kouTpanosuuii). - (B - A) - (—A - —B)

[To6ynyemo BucHOBOK: B - A - —A —» —B

N o g bk~ w D Pe

B-A

——B — B
A->—--A
—B - A

Tl
T3
T4
B1(2,1)
B1(3,4)

MP(5,6)

Teopema 8. - A - (—B - —(A = B))

[ToOynyemo BucHOBOK: A + —B —» —(A — B)
((A->B) > B) - (-B—>—(A-B))

6.

1
2
3.
4
5

A

AJA->BFB
A-(A->B)—-B
(A-B)—-B
—B - —(A - B)

I'l

MP
MTJ(3)
3(2,4)
MP(1,5)

T7

VY noBeneHHi 11i€i TeopeMu (HAKTUUHO BUKOPHCTOBYBAIIUCH 3aCO0M METaMOBH

— 3 npaBujia MP 3acrocyBanHsiMm MT/[ Oyno oTpuMaHO HOBE MpPaBUJIO BUBOY:

A+ (A->B)—-B.

Teopema 9.+ (A - B) — ((-A - B) - B)

[Tobynyemo BucHoBok: A - B,—-A - B+ B

1.

2
3
4.
3)

A-B I'l
—A - B 2
(A—-B) = (=B - —-A) T7
(—-A - B) - (—B - ——A) T7
—B - —A MP(1,3)
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6. —B - ——A MP(2,4)
7. (-B—-—A) - ((—-B - —A) » B) A3
8 (-B—->-A)—-B MP(6,7)
9. B MP(5,8)

3.6. Ilpasuna 6éedenns i 6uOanNeHHA 36 °A30K
[Ipu noBenmenHi TeopeM 1 MOOYAOBI BHCHOBKIB MO>XHa BHUKOPHCTOBYBATH
MOX1H1 paBWJjIa BUBEACHHS, JOBEJACHHI paHille, B TOMY YHCII1 TpaBUJia BBEJACHHS 1

BUJAJICHHS 3B'I130K.

Tabnuys 3.1.
36'asxa | Beeoenns Buoanenns
- A +B=T+A->B |AA-B+BMP)
(MTH) Fl |_A,F2 I—A—)B=>F1,F2 - B
A—-A +B

A B, TVAF-B=
(cmabke BUAAQJICHHS 3allepEUYCHHS)

=TIF-A
| . _|_|A l_ A
(moBeneHHs BiJI _
(BUIaIeHHs MOJIBITHOTO
MPOTUIIEAKHOTO)
3anepevyeHHs)
2 AT, FB=T,T, |[THFA&B =TFA
+ A&B 'HA&B =T+ B
[HFA=THF+HAUB MFAUB;T,,A+-C;T3,B-C =
U
'WrB=TFHAUB =TI, T3 -C

A-BB—->A+A=B A=B+A->B;A=Br-B-A

JloBeneMo nesiki 3 IUX MpaBulL.
B4. — —BBenennss. A > BA—- —-BFA
1. A—-B I'l

2. A—-> —B 2
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3. (A-»B)—> (-B—-—-A) T7

4, (A-B) > (—B - -A) T7

5. —B - —A MP(1,3)
6. —B - —A MP(2,4)
7.(—-B->-A) > ((—B->-A)--A) T9
8. (—B—-—-A) - —A MP(5,7)
9. —A MP(6,8)

B5S. & — Buganenns 1. A&B + A.

Kopucrtyrounicr MeraBusHaueHHsM MBI, orpumaemo —(A — —B) F 4, i

3actocyemo MT/I:
F—-(A->—-B)—>A
1. -A- (A- —-B) T5
2. (A-»—-B)—>—-—(A->—-B) T4
3. -A - —(A - —B) B1(1,2)
4. (-A > ——(A > —B)) > (=(A > —B) - A) T6
5. -(A->—-B)—- A MP(3,4)

B6. & — Bunasenns 2. A&B + B

~(A—> —B) + B MB1

1. —(A - —B) I'l

2. (-B-> (A->-B)) > (~(A>—-B) »——B) T7
3. —-B->(A->-B) TS

4, —(A - —-B) > —B MP(2,3)

5. ——B MP(1,4)

6. ——B-B T3

7. B MP(5,6)
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B7. & — BBenenns. A,B - A&B
A,B + —(A - —B) MB1

1. A r'l

2. B 2

3. A->(—B—->—-(A->—-B)) T8

4, —B - —(A - —B) MP(1,3)
5. B—->—B T4

6. —B MP(2,5)
7. =(A - —B) MP(4,6)

le/IKJIaIIl/I 3aCTOCYBaHHA MPaBUJI Ta 10BE€ACHHA TECOPEM.

IMpuxnan 3.1.MeTaBU3HAYEHHS F(A-B)—>—-AUB
OMTHA2pasuiMB2 (-A—>B=AUB) A-B,—AHFrB

1. A—-B I'l

2 ——A 2

3. —A - A T3

4 A MP(2.3)

5 B MP(1,4)

IMpukaan 3.2. F—-(AUB) > -A&-B —3akon n1e Moprana

OMTI  —(AUB) - —A&-B

JloBeemMo JOTOMIKHY JIEMY

JEMA F(—-A > —-—B) » (A - B)
OMT/I (—A > ——B),A + B

1. —A - ——B I'l

2 —A I2

3 ——B MP(1,2)

4. ——B — B T3

5 B MP(3,4)
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HpOI[OB)KI/IMO JOBCACHHSA MMOYaTKOBO1 TCOpPCMHU

1.  —(-A-B) Il

2. (=4 » ——B) -» (-4 - B) Jlema

3. ((-4 » ——B) » (=4 > B)) - (—(—4 - B) > =(-4 » ——B))
T7

4, (=(=4 > B) » —=(—-4 > ——B)) MP(2,3)

5. —(=A > ——B) MP(1.4)

Ipuxnan 3.3. F AU (B&C) - (AUuB)&(AuC) -
JAucTpUOYyTUBHUI 3aKOH

JJEMA F (a—-b)&(a - c) = (a— b&c), 1e KOHCEKBEHT - cxema
TIOYaTKOBOI TEOPEMH

JI71s IOBHOTO JTOBEJICHHST HEOOX i THO

e JloBecTu nemy

e JloBectn okpemo mosioxkenHss (a = b) i (a = ¢) B TepMmiHaxX MOYATKOBOI
TEOpeMH, TOOTO

F AU (B&C)—->(AUB) i+ AU (B&C)=» (AU()
e3 JieMH i JIBOX JOBEJCHUX TEOPEM OTPUMATH JOKA3H MOYATKOBOI HIISXOM

3acTtocyBaHHs MP.

IMpuxnan 3.4. F((A-B)—> A) - A —3akon Ilipca
OMT]I (A>B) > A A

1. (A-B)-A I'l

2 F—-A—- (A- B) T5

3 A A B1 (1,2)

4. (FA->A)-A T2

5 A MP 3,4
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3acrocyBanHst 3ac00iB (popMaIbHOI Teopii L npu nepeBipui BUCHOBKIB y
JIOTIYHMX 3a/]a4aX MPUPOTHOI MOBH
Hpuxnanx 3.5. [licnsa dopmanizalili pedeHHs] TPUPOJIHHOI MOBU, HAIIPHUKJIIA],
KOTH a00 co0aky Ha MUK HE JIOMYCKArOThCs, OTPUMAEMO Takuil (popmanbHuit
3aInC:
KvC — B, oe K — komu, C — cobaxu, B — He donyckatomvcs Ha nisic.
[TepeTBOopuMO 3a ekBiBasieHTHIMHU Popmyrnamu Bupas: KvC - B= - (KvC) v B=
= (- K&-C)vB=(—=KvB) & (- C vB)=(K —B) & (C — B), mo Hagae
HaM MO>JIUBICTB p0o30uTH Tinote3y Ha 1aBi: K — B ma C — B.
Takuit ke pe3ynpTaT MH OTPUMAEMO, 3aCTOCOBYIOUM TPABHIO BHIAJICHHS
kpaitapoi nmocwiiku (B3): KvC —B= (- K—>C) - B. Ilicna B3 : C - B.
Sxkmio, Kv C — B= (- K— C) — B (1) Ta Bi3pbMeMO MPABUIO KOHTPATIO3MIIIi
y takomy Burisiai (— C - K) — (= K— C) (2), 3actocyemo cuiiorizm 1-2; (= C —
K) - B.
Jam Buxopuctanusa B3 nacts Ham K — B.
ToOTto B hopMaibHOMY BUBO/I1 MOKHA 3aIHCATH:
I. KvC 5B el
2.K—>B
3.C—>Bmm2 Tta 3 orpumaHHi 3a JOMOMOTOI0 €KBIBaJCHTHHX
NIEPETBOPIOBAHb Ta BUIAJICHHS &
Abo:
1. KvC —>B 2l
2.K—>B
3. C »>Bmnm2 Ta 3 oTpuMaHHI 3a JONOMOIOK BHUAQJICHHS KpallHBO1
MTOCHJIKU
IMpukaaa 3.6. B 3amauax, ne ayis OTprMaHHS BHUCHOBKY Ha IOBEPXHI
JISKUTh BUKOPHUCTAHHS MpaBuja JOBEIEHHS 10 adCypay, MOKHA 3aCTOCYBaTH

TaKui eneraHTHUM X, sk B1 (cumorizm)+T2 teopii L.
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1) Hexaii B mporieci moOynoBu (popManbHOT0 BUCHOBKY OTPUMAHO JB1 TIOTE3U
A— B ta A— —B. 3po3ymisio, 110 3a MPaBWIOM JIOBEACHHS 10 adCypay Mu
NOBUHHI OTpUMaTu —A. Po3riisHeMo 1HIINN HIIAX:

1.A—>B rl
2.A—> —B r2

3. (A— —B) > (B— —A) npasuilo KOHMpano3uyii

4. B—> —A MP 2,3
5.4—> —A BIl-14

6. —A—> A4 14

7. ——A—> —A B1-5,6

8.(—A—>—-4) > —-AT2
9. -4 MP 7,8
2) 3a yMOBOIO BUXIJIHUX Tinote3 B— 4 Ta —B— A npoBeaeMo BUBI/;
1.B> A rl
2.-B—> A r2

3. (=B - A) - (=4 = B) npasuno koumpanosuyii

4, -4 - B MP 2,3
5. —4A—>4 BI-14
6.(—4—>4) >4 12

7. A4 MP 5,6

[Ipu noBeneHHi TeopeM B Teopli L B aHAMOTIYHUX CUTYyallisX NMPU HASIBHOCTI
rinoTe3 TakuXx, K B 1.1 Ta 1.2, iAXOAUTH JUI 3aCTOCYBaHHS MTPABUIIO JOBEICHHS
10 abcypay, mo Gopmainizdyersest y Burisiai A3 abo T9. Ane BuilieHaBeIeHUM
X1 yepe3 cuiiorisM Ta T2 He 3MyIIye 3raayBaTy Pi3HUIO B 3aMUCY METOTY

abcypay uepes3 A3 abo T9.
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3.7. Bnacmueocmi ¢popmanvnoi meopii L

Jlnst mocipKeHHs BJACTUBOCTEM (hopMasibHOI Teopii, He0OX11HO MoOyyBaTH
il mMozenb (iHTepHpeTalliio), B AKi KOXHOMY peueHHI0O B (opmanbpHiN Teopii
MMOBUHHO BIJAMOBIATA PEUYEHHS MOJIECIII.

[TocTaBuMO y BiIMOBIAHICTH KOXHIH JIiTepl 00UKCICHHS L MPpOno3uiiioHaIbHY
JiTepy, KOxkHiM dopMyni — (Gopmyiy, KOXKHIA Teopemi — TaBTOJIOTII0 anreopu
BUCIIOBJIIOBaHb. TOJll, MU OTPUMAEMO B3aEMHO OJHO3HAYHY BiJAMOBIAHICTH, fAKa
JIOBOJIUTD, IO anreOpa BUCIIOBIIOBAHD ABJISETHCS MOJIEIUIIO Teopii L.

Busznauennss 3.4. @opmanbHa TEOpisi € HOBHOIW BIOHOCHO MOOei, SIKIIO0
KOXHI TeopeMi BIAMOBIA€ TOTOXKHO ICTUHHA ¢dopmyrna mojeni. Mooderv (abo
inmepnpemayis) aoexéamna (GOpPMaNBHIA Teopii, AKIO KOXXKHA (Gopmyiia MoJedi,
sKa € ICTHHHOIO, € TEOPEMOIO TEOPIi.

Teopema 3.1. Koxna Tteopema Teopii L € TaBTONOri€l0 anredbpu
BUCJIOBJTIOBAHb.

Jloseoennsn. Cxemam akcioM Al, A2, A3 BIANOBIIalOTh TaBTOJIOTI anredOpu
BUCJIOBJTIOBaHb. JIJIsl TepeBipKM IHOTO IOJIOXKEHHS JOCTaTHBO TMOOYAyBaTH iX
tabnauii ictuHHOCTI. [IpaBuno MP 30epirae BIACTUBICTh TaBTOJOTTYHOCTI
omuparodnch Ha Teopemy 2.1 mpo TaBTojorii. Tak, sk Oyap-ska Teopema
BUBOJIMTBLCS 13 aKCiOM 3a JIOIMOMOroro mpaBuiia MP, iii Takoxx Oyje BiANOBIIATH
TaBTOJIOT1s1 areOpy BUCIOBIIIOBAHb. O

3 mporo craigye, uo ¢opmanbHa Teopiss L € nogHow BiOHOCHO ancebpu
BUCTIOBTI08AHD.

Teopema 3.2 (MeraTteopema amexkBaTtHocTi). KokHa TaBTONOrIST ayreOpu
BUCIIOBJIIOBAHb € TEOPEMOI0 (popMasbHOi Teopii L.

JloBeneHHs 6a3yeThCsl HA HACTYIHIN MeTajeMi.

Meranema. Hexaii dopmyna A anreOpu BHCIOBIIOBAHb 3aJI€KHA BIJ
MIPOTIO3UITIOHANIEHUX OYKB By, By, ..., By.. Tomi, KOXXHOMY PsIKY TaOIUIll ICTHUHHOCTI

1i€i popMyH BiAMOBITae BUCHOBOK (hopManbHOi Teopii L Buay By, ..., B, F A’, ne
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B' = B, saxmo |B| =T,iB' = =B, sxuo |B| = F, 7A = A abo —A4, axumo |A| =
T abo F BIAIIOBIIHO.

CeHc nmaHoi 1emMu ToJisirae B HaCTymHOMY. SIKmIo naHa Gopmysa, HampuKia,
E=B - ((A—- B) - A), to, noOyayBaBIIH ii TaOIUIIO ICTUHHOCTI (Tabm. 3.2),
MOJKHA BU3HAYUTH, 3 SKUX MMOCHIOK BOHA BUBOIUTHCSI.

Tabnuys.11.2.

A B (A-B)—-A B—-((A-B)—-4A)
F F F T
F T F F
T F T T
T T T T

3a MeTtanemoro, Ui 1aHoi popMySu MOKHA NOOYIyBaTH YOTHPU BUCHOBKHU:
—A-BWE,-A B+--E,;A, -B+E,A B+ E.

osedenns memanemu.

JloBeieHHs! POBOAUTHCS 1HAYKIIEIO 110 YUCITY 3B 30K 11 B popMyi A.

1. bazuc inoyxyii. Hexait n = 0, toni A = B, T00T0 A TIpeacTaBiisie cob0r0
POCTO Mpono3uiioHanbHy 0ykBy B. Toxai popmyna A Moxe npuitmMaTu ofHe 3 ABOX
3HaueHb, T 200 F, KOXKHOMY 3 SIKUX BIJMOBIJA€ BUCHOBOK: B FB u =B + —B.

2. Kpok indykyii. Ilpunyctumo, 4uciio 3B°s130K B popmyiti A JOPIBHIOE M 1 IpH
IbOMY BUKOHYETBCS MeTajieMa. /[oBefiemMo, 1o MeTajgeMa BUKOHY€EThCS, SIKIIO N =
=m+ 1.

1 sunaoox. ®opmyna A oTpruMaHa 3a JOTOMOTOIO 3B’SI3KHU 3arepeyueHHs: A =

= =B, ne B MicTUTh M 3B’130K. MOXJIMBI HACTYITHI BUITAIKH:

a) |B| =T, toni |-~B| = F, 10610 |A| = F. HeobOxigHO M0BECTH, IO iCHYE
BHUCHOBOK:

Bi, ..., B, —A.

3rifiHo iHIYKTUBHOMY MPHITYIICHHIO, ICHYE BUCHOBOK: By, ..., By, F B. 3rigHo
teopemu 4, B + ——B, Toi 1o npasuiy cuiorismy By, ..., B; - =—=B. Ho 7—B =

—A, ockineku A = =B, oTke, By, ..., B, - —A.
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b) |[B| =F, |-B| =T, |A| =T. HeoOxinHO AOBECTH, IO ICHYE BHCHOBOK
B, ..., B, + A, abo, mo Te x came, By, ..., By, - —B.

Tak, ssx |B| =F, to =B = B'. BucuoBox Bj,..,B; B’ icHye 3rigHo
IHIYKTHBHOTO IPUIYIIEHHS, a 3HaYUTh, iCHy€ U By, ..., B, + —B.

2 eunadox. ®opmyna A chopMoBaHa 3a JOMOMOTOIO JIOTIYHOI 3B’SI3KH
imrmikanii: A = B = C, ae A u C MIicTATh He OUIbIlIe M 3B’A30K. 3a iIHIYKTUBHUM
MPUNYIIEHHAM 1CHYIOTh BUCHOBKH:

Bi,..,B, v B’,

B, ..,B,FC'.

Po3rissHeMo iICTUHHOCH1 PO3ITOILIH.

a)|C| =T, |Al =T.

Tpeba moBectH, 1110 iCHY€ BUCHOBOK By, ..., B, - A, 1.e. By, ..., B, - B = C.

3a iHIyKTUBHUM MPHITYIICHHSAM iICHY€ BUCHOBOK B, ..., By, - C. Toxi, 3 11p0ro
BUCHOBKY 1 akciomu A,: C — (B — C) no MP orpumyemo: By, ...,B, - B = C.

b) |[B| =F, |A| =T.

BucHOBOK Bj, ..., B, - =B icHye 3a iHIyKTUBHUM IIPHUITYIHEHHSAM. TOIi 3 IIbOrO
BUCHOBKY 1 Teopemu T5. - —B — (B — () 3a npaBuiom MP oTpuUMy€eEMO:
Bi,..,B, B —C.

c)|C|=F,|B| =T, |A| = F. JoBecru, 1m0 iCHy€ BUCHOBOK Bj, ..., B;, F —A,
TOOTO

B, ..., B =(B — (). IlobyayeMo 1ieii BACHOBOK.

1. B;, ..., By = =C (32 iHIyKTUBHUM MPHITYIIICHHSM )

2.Bi,...,B;, - B (3a iHAYKTHBHHUM IPHUITYILICHHIM)

3 FB->(=C->—=(B-C)) T8

4. By, ...,B), - 2C - —=(B - C)MP(2,3)

5.B{,A=--B,..,B, - =(B —» C) MP(1,4)

MeTtanema nosenaeHa.<

Jlogedenns memameopemu a0eK8amHoCmi.
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Hexaii A - TaBTOJIOTIs, 0 3aJIEXKHUTH BiJl IPOMO3UIIOHATIEHUX OYKB By, ..., B, .
3rigHo MeTajeMmi, JJIsl KOKHOTO ICTUHHOCHOTO PO3IMOJALTY MPOMO3HUIIOHATBHUX
OyKB iCHYIOTb BHCHOBKU Bj,...,B, F A (A' 30iraerbcs 3 A ICTHHHO B KOXXHOMY
pAAKY TaOIuUIll ICTUHHOCTI). Y TabNuIll ICTHHHOCTI € JIBA PSIKH, K1 PO3PI3HIIOTHCS
JMIIE 3HAaYEHHSIM 1CTUHHOCTI B,,. JI7ig uX psAAKiB ICHYIOTh BUCHOBKH:

Bi,..,.B, v A,o0e|B,|=TtaBy],.., 2B, A4 o0el|B,|=F

3acTocy€eMO 10 HUX METaTeopeMy Mpo AEAYKIII0. OTPUMAEMO:

Bi,..,Bp_1 F B, = A,

Bi,..,B,_1 F =B, = A.

Bizsmemo teopemy T9: - (B, = A) = ((—|Bn - A) - A).

3acTOCOBYIOUH JBivi paBuiio MP, oTpMaeMo, BUCHOBOK. By, ..., B,,_; - A

AHAJOTIYHUM YHUHOM MH MOXEMO BHUKJIIOYHUTH BCl 3MiHHI, 1 32 N KpPOKIB
OTpUMaEeMo 4. ¢

TeopeMa aieKBaTHOCTI BCTAHOBIIIOE€ B3a€EMHO OJHO3HAYHY BIATIOBIAHICTH MIXK
TeopeMamu Teopii L 1 TaBTosorismMu anreOpu BUCIOBIIIOBaHb. 3B1ICH BUILIUBAE, 10
anreOpa BUCIIOBIIOBaHb ajiekBaTHA (hopMabHii Teopii L.

Posrisitnemo BnactuBocTi popManbHOi Teopii L.

Busnauennst 3.5. @opmaibHa TEOpisi HECYTIEPEUITNBA, AKIIO HE ICHYIOTh TaKO1
dbopmynu A, 1106 A 1 —A oflHOYACHO OYyJIM T€OpEMaMH TEOPIi.

Teopema 3.3. Teopis L Hecynepeunuaa.

Jloseodenns. Koxxna Teopema Teopii L € TaBTOJIOTIEIO aNreOpH BUCIOBIIIOBAHbD.
3amepedeHHs (GOpMyIH, IO SIBISIETHCA TaBTOJOTIEI0, TaBToorielo He €. OTxe,
3arepeyeHHs TCOPEMHU TEOPEMOIO HE €.0

[ToBHOTa TEOP1i pO3YMIETHCS Y BY3bKOMY 1 HTUPOKOMY CEHCI.

Busnauennst 3.6. Teopis € MOBHOIO (Y BY3bKOMY CEHC1), SKIIO JOJAaBaHHS
OyIb-HEAOBIIHOI B I Teopli dopmynu pobuth ii cymepewinBoro. [loBHOTa B
IIMPOKOMY CEHC1 03HAYae, 10 KOXKHY (OpMYITy MOKHA JOBECTH ab0 CIIPOCTYBATH,

T00TO 200 A, abo - —A.
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Teopema 3.4. Teopis L HemoBHA B IMPOKOMY CEHCI.

Joseoenns. JliticHo, He kKokHa (opmyia abo ii 3amepedeHHs € TeOpeMaMH
teopii L. Skmio B3aTH HEHTpaibHy (GopMylsly aiareOpu BHUCIOBIIOBaHb, TO ii
3alepeueHHs] TaKOXXK € HEUTpalbHOIO (OopMyIoro, TOOTO Hi cama (opmyna, Hi 1i
3arepeyeHHsl He € TaBTOJIOTIE€I0 alreOpu BUCIIOBIIOBaHb. ToMmy 11 (GopMynu HE €
TeopemMamu oouucienHs L. ¢

Teopema 3.5. Teopis L moBHa y By3bKOMY CEHCI.

Jlnst  moBemeHHS TeopeMH TOTpIOHO Tmoka3zaTtd, 1o Teopis L crae
CYTIEpEWINBOIO TIPH OAaBaHHI 0 1 CUCTEMi akcioM Oyab-sSKOi HETOBITHOI B I
Teopii popMyIH.

Jlogeoenns. Teopis L mae Tpu cxemu akciom Al, A2, A3 1 npaBuIo BUBEACHHS
MP. [To6ynyemo HOBY Teopito L', nogaBim g0 cucremu akciom L dopmyny A, ska
HE € TaBTOJIOTI€10 anreOpu BUCIOBIIOBaHb. Toi ¢popmyna A nipuiimae xo4a O oJiHE
XUOHEe 3HAYEHHA Ha JAEsIKIM 1HTeprperaunli. 3HAaYuTh, SKIIO A MpeacTaBieHa
KOH'FOHKTUBHOIO HOpMaJIbHOIO (hOopMOI0, TO 111 (hopma MOBUHHA MICTUTU Xo4a O

OJIHYy €JEMEHTapHy AM3'FOHKI[I0 O, 110 HE MICTUTh HI OJIHY 3MIHHY pa3oMm 3 ii

3amepedeHHsaM: 6 = B’y \/B; L VBy, nie Blf = —B;, AKII0 |Bi| = T,iBL.' = B,

SIKIIIO |Bi

= F. B eneMeHTapHiil Ou3'TOHKII O 3aMIHMMO KOXKHE BXOJDKCHHS
IPOTO3KIioHaIbHOI OykBH B; Ha B, sixkmo |B;| = F, i Ha =B, sxmo |B;| = T.
Otpumaemo: 6" = Bv—=—B v .. vB v——B = B. 3pobumo iHIly 3aMiHy:
saminumMo B; wHa —B, skmo |B;|=F, i wa B, skmo |B;|= T.
Otpumaemo: 6 = =B v—=B v ... v—B = —B. Y HoBill Teopii L' popmyna A -
akcioMa, To0To + A. Ockinbku A npeacrasnena y surisal JJKH®, To 3a npasuinom
BUJIaJICHHST & Oy/b-sKa AU3'FOHKINS O KOH'FOHKTUBHOI HOPMAJIBHOI (POPMU TaKOK
JI0OKa30Ba, a OCKUIHKHY JU3'FOHKITIS O TIPEACTaBICHA y BUTIISAL O', TaK 1y BUTIISAL &',
TO Y L’ mae miciie - & u - &7, a e o3Hauae, mo - —B ta - B , T00TO Teopis L

cynepewiBa.o
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Buznauenns 3.7. ®opManbHa TEOpisi HA3UBAETHCS BUPILULYBAHOIO, SIKIIO ICHYE
edeKTHBHA TPOIeaypa, MO JO3BOJISIE 3a KIHIIEBE YHCIO KPOKIB BU3HAYUTH, €
JOBUIbHA (hopMyJia TEOPEMOIO UM HI.

Teopis L eupiwysana, Taxk sSIK KOXKHOI TEOpEM1 TeOPii BIAMOBITAE TABTOJIOTIS, a
J1s1 OYIb-SIKOT TaBTOJIOT11 MOXKHA OOy TyBaTH TaOJHUIIO ICTUHHOCTI.

Busnauenus 3.8. Cucmema axciom € He3anexcHoro, IKIO KOAHA 3 aKC10M HE
MOKe OyTH BUBEJICHA 3 1HIITHX.

Teopema 3.6. Cxemu akciom Al, A2, A3 B Teopii L He3anexHi.

Joseoenns. JloBenemo HezanexHicth Al. Jliist iboro HeoOXigHO OOYAyBaTH
TaKy HECyNEepeuuBY MOJEIb, B KOTPId BUKOHYIOTHCS BCl aKCIOMH, KPIM MEPIIOi.
[ToOGynyeMo Mojenb B TpU3HAYHIH JIOTIII, 1€ ICTUHHOCTI 3HAYeHHs oneparin — 1 —
BU3HAuYeHi B Ta0i. 3.3, 3.4.

®opmyiny A OyneMo BBaxaTH BHJUICHOIO, SIKIIIO BOHA 3aBXIU MpUKMae
3HaueHHa 0. HeBaxko mnokazaru, mo npaBwio MP 30epirae BIacTHBICTh
BUIJICHHOCTI. MoskHa moka3atu (1moOy/10BOIO TabJWIlb ICTUHHOCTI), 110 CXEMU
akcioM A2, A3 e BuAlIeCHUMH B J1aHiii Mmozieni. OTxke, BUJIICHOIO € 1 Bcaka (popmyia,
BUBeJieHa 3 A2, A3 3a nonomoroto npasuiia MP. Ognak ¢popmyna Al HeBUILJICHHA,
— JUIsl J10Ka3y IbOTO JIOCTAaTHBO 3HAWTU OAWH Habip, HA sSKOMY 3HaueHHS Al
BinMinHe Big 0, Hanpuknan: 1 - (2 -»1) = 1 -0 = 2.

AHaJOTIYHO MOXXHA JIOBECTH HE3AJISXKHICTh A2, mnoOyAyBaBIIM 1HIIY
TPU3HAYHY MOJIEJIb, JIe BUAUICHUMU OyAyTh akciomu Al, A3 (aeTanbHe JOBEICHHS
MOXHa 3HaiiTH B [MennenbcoH, 1976]). 1llo6 moka3atu He3anexkHICTh A3 TOCUTH
MEePEBU3HAUNTH 3aMEPEUCHHS TaK, M00 —X = X (ToTroxHa onepairis). Tomt Al 1 A2
K 1 paHille OyyTh TaBTOJIOT1sIMH, a A3 Bxke He Oy/ie TaBTOJIOTIELO.

MoxHa cripoOyBatu MoOyIyBaTH CBOK aKCIOMaTH4HY TEOPil0, BUOPABIIHU B
SKOCT1 aKC10M 3aKOHHU KJIACUYHOI JIOT1KU: 3aKOH TOTOXHOCTI, 3aKOH CYIIEPEYHOCTI,
3aKOH BUKIIIOYEHHSI TPEThOr0, AUCTPUOYTHBHI 3aKOHHM, 3aKOH MOHOTOHHOCTI

JIOCTOBIPHUX MIpPKyBaHb, 3aKOH CHJIOT13MY, 3aKOH KOHTPAIMO3HIIii TOIIIO.
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Tabnuya.3.3. Tabnuya.3.4.

A —A A B A—B
0 1 0 0 0
1 1 1 0 2
2 0 2 0 0
0 1 2
1 1 2
2 1 0
0 2 2
1 2 0
2 2 0

3 BUXIJIHUX aKCIOM 3a MEBHUMHU MPAaBIIAMHA MOYXXHA BUBOJUTH TEOPEMU — 1HIII
TOTOXXHO-1CTUHH1 (POpMYyIIH.

Xo4a O04YMCIICHHS BUCIOBJIIOBAHb MA€ BEIUKE 3HAUCHHS, 1€ TUIbKU Tepiia
CXOJIMHKAa MaTeMaTH4HOi Joriku. OOYHCIICHHS BUCJIOBIIOBaHb, IO OIEpPYyeE 3
BHCIIOBJIIOBAHHSIMM, SIKI HABITh HE PO3WICHOBYIOTHCA HA CY0'€KT 1 MpeAuKar, ToOTO
Ha MIAMET 1 TPHUCYIOK, Ma€ BKpall OOMEXEH1 pecypcu i JOCHIHKEHHS
HalleJIeMEHTapHIIINX CYJKEHb, 110 3YCTPIYAlOThCA B HAYKOBIM 1 MpPaKTUYHIN
istmbHOCTI. OOYHMCIICHHSI BHUCIIOBIIOBaHb JTOCTATHHO JIMINE JJI BUPAKEHHS THX
JIOTIYHMX 3B’S3KIB, B SKUX BHCJIOBJIIOBAHHS BHUCTYMAalOTh SIK HEPO3PHBHE IIiJIC.
MapHhoto Oyia cripo6a BiIIyKaTH GopMalibHE MOIaHHS JIS JIOTIYHOTO 3B'SI3KY, sKa
BUPAXKAETHCS HACTYIMHUM CUJIOTI3MOM: Bci noou cmepmui. Cokpam - aH00uHa.
Omowce, Coxpam - cmepmuuil. T10SICHIOETBCS 11€ TUM, 10 B MOJIOHMX BHUCHOBKAaX
MOBa HJe HEe TiIBKH MPO BUCIIOBIIOBAHHS SK MPO IIiJI€, a TIPO BHUCIOBIIOBAHHS, B
SKUX ICTOTHY pOJIb BIJITpAa€ BHYTPIIIHS JIOTIYHA CTPYKTYypa BHUCIIOBIIOBAHb, IO
BHUPAXAETHCS B TOMY, 110 B KO)KHOMY 3 TPhOX BHCIIOBJIIOBaHb, HASSBHUX B CHJIOTI3MI,
€ cy0'exT 1 mpeaukar. HacTymHOIO CXOMMHKOIO B JOCIIKEHH] JOTIYHUX 3B’S3KIB
MIDXK BUCJIOBJIFOBAaHHSIMU € OOUUCIICHHSI MPEIUKATIB, 0071aCTh MaTEeMAaTUYHOT JIOT1KH,

B SIK1i BUCJIOBJIIOBaHHS PO34YJICHOBYIOTHCS.
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AKCIOMaTUYHHA METOJ Ma€ HAWBAXKIIMBINIE 3HAYEHHS JII MaTEMaTUKH 1
MaTeMaTUYHOI JIOTIKM. AKCIOMAaTHYHHMA METOJM TIOJIETHIye OpTraHi3aiito 1
CUCTEMATHU3AallIl0 HAYKOBOTO 3HAHHS, JO3BOJISE IIBUIIIE BUSBUTH BHYTPIIIHIH
JOTIYHMNA 3B'SI30K MK OKPEMHMHM PO3JiJIaMH Teopii, YITKO BUOKPEMIIIOE€ BUXI1JHI
MOJIOKEHHS 1 TOJIOKEHHS, 10 OTPUMYIOTHCS 3 aKCIOM, MPUBYAE JO TOYHOCTI 1
CTPOTOCTI CY/J)K€Hb, SIBJIS€ HAWIIHHIMNAKA IHCTPYMEHT HAYKOBOTO JOCJIJIKCHHS,
MONITYKY HOBUX MaTEeMAaTHYHHUX 3aKOHOMIPHOCTEH.

AJe, 3aCTOCOBYIOYM aKCIOMAaTUYHUN MeTOJ OOYA0BH HAyKOBOi Teopii, Tpeda
MaTH Ha yBa3i, O[O0 BIH HE MOXXe abcomroTu3yBaTHcs. Tak, BCTAaHOBIEHHS (PakTy
HECYNEPEYHOCTI Ma€ BEJIMKE 3HAYEHHS B IMpoleci 3'sICyBaHHSA ICTUHHOCTI III€l
CUCTEMH, TOMY III0 HAsBHICTh MPOTHPIUYSl pyHHYE cUCTeMY. AJjie BCTaHOBJICHHS
HECYNEPEYHOCTI - 1€ TUIbKM OJIHA 3 BUMOT, 110 Ipe'aBISIIOThCA 10 Teopii. PoboTa
K. T'enmenss B 1poMy HamnpsMKy BHSIBUJIA HEMOKIIUBICTh IMOBHOI (opmaizalii
MHUCIICHHS, a, 0TXKE, 1 BIIOMY 00MEXEHICTh aKCIOMaTUYHOTO METOAY. Y TeopeMi IIpo
HEMOBHOTY (opmanbHUX cucteM ['enens AOBIB, 10 Oyabp-fKa JOCUTh Oarara
HecynepewinBa ¢popMalibHa CUCTEMa HEOJIMIHHO HEMOBHA, TOMY IO B Hili MOKHA
noOyayBatu 1edKy Gopmyity, siky Oye BaXKKO BUPIIIUTH B 11l CUCTEMI.

Skmo B KoHIEMIIi TiIbOSPTOHIBCHKOTO aKCIOMAaTHUYHOIO METOJIY 3aKOH
BUKJIFOYCHHS TPEThOTO BHUCTYMA€ B  AKOCTI JIOTIYHOI aKCIOMH, TO B
IHTYIIIMOHICTCHKINA JIOTIILl - 3alepedyeThCsl 3aCTOCOBHICTh MOTO B OMEpaLisX 3
HECKIHYEHHHMMH MHOXXMHAMH, a MeTOJ Mojeiel (iHTeprperalii), MHPOKO
BUKOPHCTOBYBAHUW B TIPOIIECI 3'ICYBaHHS HECYIEPEUYHOCTI, I KOHCTPYKTHBHOT
JIOTIKM HE MiAXOAUTh, TaK SK MOOyJ0oBaHa (opMajbHA CHUCTEMa BBAXKAETHCS
KOPEKTHOIO TUIBKH, SIKIIO 3a3HAYEHUN CIOCIO MOTEHINIHHO 3M1MCHEHHOT MO0y 10BU
00'ekTiB OpMaIBHOT CUCTEMH.

[cTuHHICTS PopManbHOI CHCTEMU HE MOKHA BU3HAUYWTH, SKIIO HE 3HalEeHA
BIIMOBIAHA T¥ 1HTEpIIpeTalis, ToO0To AKIIo 1151 popmanbHa cuctema (PC) 1 11 BuxigH1
MOJIOKEHHS! HE MOIIMPEHI Ha SIKYCh 3MICTOBHY cucteMy. Hampukian, o6uncieHHs
BUCIIOBJIIOBAaHb € icTUHHOIO DC, TOMY 1110 3HAMIILIA MT1ATBEPKCHHS B IHTEpIIpETAIii

peneitHO-KOHTaKTHUX cxeM. 3a3Buyail @C CTBOPIOETHCS K 1/1€ali30BaHMil 00pa3
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YOTOCh 1HIIIOTO, 1 I1€ 1HIIIE MOXHA HA3BaTH TEOPIEIO MO BiTHOIICHHI 10 9oro 111 OC
HaOyBae cency. @C e ¢dopmamizamiio Aedakoi Teopii, yTBOPIOIOUM CHHTAKCHC
OCTaHHBOI, a Teopid - iHTepnperanito gaHoi OC. [ificHo, npaBuiIbHO MOOYA0BaHI
cioBa @C oTpUMyIOTh CEHC B paMkax (opmainizoBaHoi Teopii, a Oyab-sIKOMY
BHCJIOBITIOBAHHIO, IKMI Ma€ CEHC Yy I1iii Teopii, BiAMOBIa€ MEBHUN KIIAC MPABUIBLHO
no6ynoBanux ciiB B OC.

Iumannsa ona camokoHmpo.iio 00 po3oiny 3
1. Buznauenns popmanibHOi Teopii. BuBenenns, 1oBeeHHS.
2. BmactuBOCTI BUBEACHHS.
3. Akciomu Ta npaBuiia popmanbHOi Teopii L.
4. Teopemu Teopii L.
5. IloxiaHi mpaBuiIa BUBOY.
6. MT]1
7. MeraTeopema aJieKBaTHOCTI.
8. BracTuBOCTI CHCTEMU aKCIOM.
9. SIxi hopmanbHi TEOPii YHCIICHHS BUCIOBIIOBAHb I11€ B1JIOMI.
10. IIpakTryHe 3acTocyBaHHs (OPMAILHUX TEOPIH.

4. TEOPISI ABCTPAKTHUX ABTOMATIB

Teopis aBTOMaTIB BIJIHOCUTHCSA [0 YHKCIA KIHOYOBHX PO3AUIIB Cy4YacHOi
kibepueTuku. Bona Ge3nocepeiHbO MOB’A3aHa 3 MATEMAaTUYHOIO JIOT1KOIO, TEOPIEI0
QITOPUTMIB 1 Teopiero (GOpPMAIbHUX TpaMaTUK. YHIBEPCAJIbHICTh 1 BIJIHOCHA
IPOCTOTa OOYMOBWIJIM PO3MOBCIOPKEHE BUKOPUCTAHHS aBTOMATHHX MOJENeH Ha
mpakTuili. Teopis aBTOMATIB, HAMPHUKIAJ, YCIIIIHO BUKOPUCTOBYETHCA MpHU
noOyA0B1 By3/iB HU(POBUX OOUYMCIIOBAJILHUX MAIlWH, IPU NOOYAOBI Mporpam, i,

30KpeMa, JEKCUYHUX aHa13aTOPIB B TPAHCIISITOPaX.

4.1. Tpugianvnui agmomamu

Bimomo, mo B sKOCTI iHTepmpeTariii OyneBux (YHKIIH 3aCTOCOBYIOTh
CJICKTPUYHI Ta KOMOIHaIIHI cxeMu. Y KOMOIHAIIMHINA cXeMi BUXITHUNA CUTHAI Y
OyJb-IKWi MOMEHT 4acy 3aJIeKUTh BiJ BX1JIHOTO CUTHAJy Y TOM K€ MOMEHT 4acy.
Kombinarmiina cxema mnpuiiMae Jume oauH craH. KomOiHamiiHI —cXxeMu

MPEACTABIIAIOTh COO0K0 aBTOMAT 0€3 IaM’sITi, TOOTO TpUBIaJbHUM aBTOMAT.
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Komb6iHariiftHi cXeMH MOBHICTIO OMHUCYIOTHCS OYJIeBUMHU (PYHKIIISIMU (OJHIEIO

abo cuctemoro). Hanpuknan:

0a —g
1b__—\—g
varg el ]
a—& —

1h — — J
— ld &L
1b e

1c | B

f(a,b,c,d)=—a—b—c Vv ab v bcd=0 npu a=0, b=1, c=1, d=1.

[Ipu cuHTE31 KOMOIHALIMHOT CXEMHU BUXIJHUN CTaH 3aa€ThCsl a00 Y BUTIISAIL
cucmemu Oynesux @yukyit, ado SIK mabauys IiCMUHHOCMI, SIKI BU3HAYAIOTh
MOBEIIHKY CHUCTEeMH. MeTa CHUHTE3y MOJsrae B MOOYIOBI CTPYKTYpPH CXEMHU Ha
OCHOBI JAaHOI CHCTEMHU JIOTTYHHX €JIEMEHTIB TaK, 100 i IMOBEIIHKA 3aJ0BOJIbHSIIA
JaH1i cucteMi OyneBUX (DyHKIIIi.

VY noaiOHUX KOHTAKTHUX 1 JIOTIYHUX CXEMax 3HA4YCHHS 3MIHHUX BHUXOMY
BU3HAYAIOTHCS TUILKA KOMOIHAIIIEIO 3HAYE€Hb 3MIHHHUX Ha BXOJaX B JaHUHA MOMEHT
yacy. ToMy iX 1 Ha3uBarOTh KOMOIHAIIMHUMHU cXeMaMu. Y OUIbLI IIUPOKOMY
BUMAJKY 3MIHHI BUXOJTy MOXKYTb 3aJIe)KaTH B1JI 3HAYCHb BX1JHUX 3MIHHHUX HE TiJIbKH
y JaHUW MOMEHT 4acy, aje i BiJ MonepeaHiX 3HaueHb. [HaKIIe KaKy4u, 3HAYEHHS
3MIHHUX BHMXOJY BH3HAYAIOTHCS TMOCIIJOBHICTIO 3HAYE€Hb BXIJHUX 3MIHHUX, Y
3B'SI3Ky 3 YUM CXEMH 3 TaKMMH BJIACTUBOCTSIMH HA3WBAIOTh ITOCIiIOBHOCHUMHU.
SAxo 3MiHHI BXOJYy Ta BUXOAY NPHUIMAarOTh 3HAYEHHS KIHLIEBUX anQasiTiB, TO
o0u/IBa TUIIK CXEM 00'€THYIOTHCSI B HA3BY CKIHUEHHUX ABMOMAMIS.

B peanbHHX yMOBax CUTHaJIM MPEACTaBIAIOTH COOOI0 HemepepBHI (QPYyHKIIT
yacy, TOMY IJis HQJIMHOTO PO3PI3HSHHS CUTHATIB TMOTPEOYEThCS, MO0 HOBI
3HAUEGHHA Ha BXOJaxX 3'SBISUIMCH IMCIS 3aBEPIIEHHS TNEPEXiTHUX MPOIIECIB,
3B'SI3aHMX 3 MOMEpPEAHIMU 3HAUYCHHSIMU. B mpolieci po3risiay JOridyHOi CTPYKTYpH
aBTOMATIB SIK MPABUJIO BIJBOJIIKAIOTHCS BiJ ICHYBAHHS IUX MPOIECIB 1 BBAXKAIOTH,

IO apryMEHTH 3MIHIOIOTHCS HE HEMEePEepBHO, a MUTTEBO Y JI€IKI MOMEHTH 4acy
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(maxmu). THTEpBaM MiX TaKTaMH MOXYTh OyTH BiIMiHHMMH, ane Oe3 BTpaTH
CHUIBHOCTI X MOKHA BBaXXaTH PiBHUMHU.

OkpiM 3MIHHMX BXOJly Ta BHUXOJly MOXHA BHWIUIUTA JESIKY MHOXUHY
IPOMIKHUX apryMEHTIB, sIKl MOB'SI3aH1 3 BHYTPIIIHBOIO CTPYKTYpOIO aBToMara. ¥
KOMOIHAIIIMHUX cXeMaX MPOMDKHI apryMEHTH He OEpyTh Yy4acTh B CIIBBITHOIIICHHI
BX1JI-BuX11. HaBmaku, (yHKIT BHUXOAY TMOCIIJIOBHOCHHX CXEM Y SKOCTI CBOiX
apTyMEHTB, OKpIM 3MIHHHMX BXOAY OOOB'SI3KOBO MICTATh JCSIKY MHOXHUHY
MPOMIKHUX apTyMEHTIB, 110 XapaKTePHU3yIOTh cTaH cxeMmu. Habip ycix MOXIHMBHUX
CTaHIB, SKi MAIOTh MICIIE B IIlf CXEeM1 HA3UBATLCS MHOMCUHOIO CIMAHIE.

TakuM 4MHOM, CTaH CKIHYEHHOTO aBTOMATy y OyAb-SIKHil TAKTOBUA MOMEHT
XapaKTepU3yThCsl 3HAUCHHSIMH TaKOi MHOKUHU 3MIHHHX, SKa Pa3oM 13 3aJaHUMHU
3HAYEHHSIMH 3MIHHHUX BXOJTy J103BOJISIE BU3HAYNTH 3MiHHI BUXOY B JAHUM TAKTOBUIA
MOMEHT 1 CTaH B HACTYITHUN TAaKTOBUI MOMEHT.

O4eBuHO, 1110 MOCIIIIOBHICHI CXeMH OBUHHI BOJIOJIITH 3[aTHICTIO 30€epiraTtu
MOTIEPE/IHIM CTaH 0 HACTYMHOTO TaKTy, y 3B'A3KY 3 UMM iX HA3WBalOTh TaKOXK

aBTOMAaTaMHu 3 MaM'sATTI0. Tpusianvui asmomamy MarOTh TIILKH OJIUH CTaH.

4.2. AbcmpaxmHi cKinueHHi asmomamu

VY TexHill 3 MOHATTAM aBTOMATy TMOB'SI3aHUM JCSIKUWA MPUCTPid, 3MaTHUN
BUKOHYBATH JI€sIK1 PYHKII1T O€3 BTpy4YaHHs JIFOAUHH a00 3 00MEKEHHAM HOro y4yacTi.
[Ipote Take po3ymiHHS aBTOMATy € 3aHAATO BY3bKHMM. Y 3arajlbHOMy pO3yMiHHI
CKIHYCHHUN aBTOMAT — II¢ MaTeMaTHU4YHa MOJeJb, 10 BigoOpaxkae ¢izuyHi abo
aOCTpaKTHI sIBUIA HAPI3HOMAHITHIIIOL PUPOIH.

Omoice, abcmpakmuumu agmomamamu mu 0yo0emo Ha3ueamu OUCKPEMHI
nepemeopiogaui iHpopmayii, wo euoarmv O0eaKull CUeHal 6uxoody (nimepy
anghasimy 6uxody) y 6ionogiob Ha Oesikuil 6xioHuil cuenan (nimepy 6xioH020
angasimy). BHyTpIlIHS CTPYKTypa aBTOMAaTy HE PO3TJISIIAE€ThCS.

TakuM 4MHOM, aOCTPAKTHHI aBTOMAT 3aa€THCS TPhOMa MHOYKHHAMM:

* BXiiHUH andait X (MHOKMHA BXiTHUX CUMBOJIIB)

* BUX1IHUM an¢aBiT ¥V (MHOKHMHA BUXITHUX CUMBOJIIB)
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* MHO>KMHA BHYTPIIIHIX CTaHiB A (MHOKMHA CTaHiB).

ABTOMAT MpaIfoe B JUCKPETHOMY Yaci, MOCTIJOBHCTh SKOTO YTOTOXKHIOIOTH 3
HaTypallbHUMHU unciamu: t=0,1,2... ...

Y K0’KeH MOMEHT Yacy t aBTomMaT 3HaXOUThCs B 0JlHOMY i3 cTaHiB a = a(t) i3
MHOKHHU A. Ctan B mMomeHT t = 0:a; a(0) Ha3uBaeThCs MOYATKOBHM CTAHOM.
[ToyaTkOBHI1 CTaH aBTOMATY 3aTUIIAETHCA HE3MIHHUM 32 OY/Ib-SIKUX €KCIIEPUMEHTIB
HaJl HUM. ABTOMATH 13 3aJJaHUM ITOYAaTKOBHM CTAHOM HA3UBAIOTHCS IHIYIAIbHUMU.

VYV kokxeH MOMEHT yacy t, mounHarouu 3 t = 1, Ha BXiJ aBTOMaTy B SIKOCTI
BX1JJHOTO CUTHAJTy HAJXOJHUTh ojHa 3 JiTep andapity X = X(t).

Kinnesi ynopsakoBaHi MOCIIIOBHOCTI BXigHuX curHamB X(1), X(2) .. X(k)
Ha3UBAIOTHCS GXIOHUMU CIOBAMU ABTOMATY.

Ha Bxim aBTOMaTy MO’K€ MOAABAaTUCS OYJb-IKE BXIJIHE CIIOBO 13 JIE€SIKO1
MHOKHWHH JIOITyCTUMHUX BXIJTHUX CJIiB.

bynp-sxe pomyctume BXigHE CIIOBO, IOJaHE Ha BXiJ, BHUKIHUKAE TIOSBY
BuxigHoro ciosa Y (1),Y(2)...Y(k).

Buxione cnoso — Takox JesKa BIOPSIKOBaHA ITOCHTIJOBHICTh BHUXITHHX
CUTHAJIIB, [0 MA€ Ty camy JOBXKHHY, 1110 1 BX1JIHE CIOBO. TakuM 4YMHOM, aBTOMAT
BioOpakae BXiHI CJI0BA B BUX1IHI.

[le BimoOpakeHHS TMO3HAYMMO ¢, TaKe, IO OJHO3HAYHO BHU3HAYAETHCS
3aJIaHHSM JBOX (DYHKIIIH 0 Ta A , 1110 HA3UBAIOTHCSA PYHKUISAMH EPEXOIB 1 PyHKIIN
BHXO/IIB.

@DyHKIIs NEepexo/iB o BU3HAYAE€ CTaH a(?) aBromMarta y Oynb-KUH MOMEHT
JUCKPETHOTo Yacy t mo BximHomy currainy X(t) i ctaHy y monepeaHiii MOMEHT 4acy
a(t-1): 6:AxX—A a(tt1l)=o(a(t),x(1)).

DyHKIS BUXOAIB BH3HAYA€ 3aJICKHICTh BUXIJIHOTO CUTHANTY BijJ 3MIHHUX:
A:AXX—=Y y)=A(a(t),x(t)).

3amaroun BXigHe cIoBo p = x(1), x(2), ..., x(k) 1 mouaTkoBuii cran aBromary a(0)
3a JIONOMOTOI0 0 Ta A MOYKHA BU3HAYUTH BUXiTAHE CI0BO ¢=y(1)y(2)...y(k): q=¢(p).

ABTOMAT HA3UBAETHCS HOBHICHMIO BU3HAYEHUM, SIKIIO BIH BUSHAYCHUM HA yCiX

napax (A4,X) 1 4aCTKOBUM B 1HILIOMY BUIAJKY.
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Takum 4MHOM CKIHYEHHUW aBTOMAT OJHO3HAYHO BU3HAYAETHCS MOYATKOBUM
craroM a(0) 1 GyHKIIAMHU TIEPEXO/IiB 1 BUXOIIB, 1 € I’ saTipkoro A={X, Y, A4, 4, c}.

AOcTpakTHa TeOpis aBTOMATIB BUILISE IBa OCHOBHI CIIOCOOM BUKOPHUCTaHHS
aBTOMATIB: MEPETBOPEHHS BXIJHOI MOCIIIOBHOCTI CHMBOJIB y BUXIJHY (CHHTE3
JUCKPETHUX TIPUCTPOIB) 1 TepeBipKa MPaBUIBLHOCTI BXIJHOI IOCIITOBHOCTI

CHUMBOJIIB (CHHTE3 MPOrPAaMHHUX aHaJI13aTOPIB).

4.3. Cnocoou 3aé0annsn asmomamis. Asmomamu Mini i Mypa
3akoHu (QYHKIIOHYBaHHS aBTOMATIB 33at0ThCS PIBHSHHIMH:
a) Il aBTOMATIB Iepuioro poay (aBromatiB Mii)
a(t)=o(a(r-1)x(1)),
y(t)=4(a(t-1),x(t));
0) JUIst aBTOMATIB APYTOTrO POy
a(t)=o(a(r-1),x(1)),
y(t)=4(@(t), x(t));
B) JUIsl IPaBUJIBHUX aBTOMATIB Jpyroro poay (aBromariB Mypa) BUXITHI
CUTHAJIM 3aJIe’KaTh TUIbKHU B1Jl CTAaHY aBTOMATY
a(t)=o(a(t-1),x(1)),
y(t)=4(a(1)).
Omnuc po6oTH aBTOMATIB MOKe OyTH 3aJ]aHO 32 JOTIOMOT0I0 TaOJIUIIb IEPEXO/I1B

u BuxoxiB. Hanpuknazn, aBromat Mii:

A=c(a,x) y=M(a,X)
A1 Ay |As | Ay A1 | Ay |As | Ay
X1 |As |Asz A2 | A1 X1 Y1 Y2 |Ys|Yy
Xy |A1 |As | Az | A Xo | Ya | Y1 |Y2]|Y3
X3 [Az |A1 | Ay | As X3 | Yz |Ys | Y1 ]Y>

Takum 9uHOM, SIKIIO Y KIHIIEBUI MOMEHT 4Yacy MOJaHui BX1IHUM curHan Xp a
aBTOMAaT HAXOAMTCS y CTaHl A4 TO BIH MEPEXOAUTh y cTaH Ap. Y craHi A mnpu

BX1JIHOMY CUTHaJII X2 Ha BUXO/I1 oTpuMyeMo Y. | Tak nai.
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Jlnig 3amannsa aBToMaty Mypa 3py4HO KOPUCTYBATUCS BIIMIYEHHOIO aOIUIIEIO

NEPEeX0/IiB, HAPUKIIA;

Y3 | Y2 | V1
d; | dy | A3
X1 (A3 | A2 | A1
X2 (dg | Az | A2
X3 (A2 | A1 | A3

ABTomMat MiJi:

X2/ Y4

<
o

SAxio nogaty Ha BXiJ X1, a aBTOMAT 3HaXOIUBCS
B CTaHl a3, TO BiH nepeiine B cta al, a Ha Buxoi Oyne
yl. CroBO1i TabmMIll BIAMIYAIOTHECS BUXOJIHUM
CITHAJIOM, 1110 € MPUJATHUN JAHOMY CTaHy.

ABTOMaTH TakOX NPEACTABISIOTh y BUIJISII
rpadis, e BEpIIMHU BiMOBIIalOTh CTaHAM aBTOMATY,
a 3a3HaueHl JIyrd — MepexojaM i3 CTaHy B CTaH IpHU
BIJINIOBITHOMY BXIJHOMY CHUTHaml (BIIMIYA€TbCA -

BX1JIHUM/BUX1THUM CUTHAI).

XalY> XilYs

Xaly2
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ABTomMar Mypa:

ABTOMAT HA3MBAETHCS YACMKOBUM, SKIO JEsIKl KOMOIHAIT “‘CTaH — BX1THHI
CUTHaI’ HE MOXXYTh BUHUKHYTH B peallbHuX yMoBax. [Ipu ibomy y rpadi aBromary
3'SIBIISIFOTHCA CTAHU, 3 IKMX BU3HAUEHI BUXOAU HE JUIS YCIX BX1AHUX CUTHAIIB (TOOTO
MPUCYTHI HE yCe CTPLIKU), a B TaOIMIX MepexojiB 1 BUXOAIB (1 B 3a3HaueHIN
TaOJUIll TEPEeXOJiB) MalTh MICIE IOPOXKHI KIITHHKHA. J[JI1 BUKOHAHHS
AKBIBAJICHTHUX TIEPETBOPEHb, K 1 JJIsI CTPYKTYpPHOTO CHHTE3y, HEOOXIJTHO
JIOBU3HAYUTH YacTKOBUM aBTomat. Ilepexin 1 BUXOJaW 3a3BHYail JOBHU3HAYAIOTH,

BUXOJISIYU 3 MIPKYBaHb 3pyYHOCTI MIHIMI3aIlli.

4.4. Ocobnueocmi meopii agmomamie

[lopsin 3 MOHATTAM KIHLIEBOIO AaBTOMATa pO3IMIIANAIOTHCS PI3HI  HOT0
y3arajibHeHHs 1 Mojiuikaliii, 1o Bi10OpaXkaroTh Ti Y 1HII 0COOJIMBOCTI PEATbHUX
npuCTpoiB. Jl7si KiHIIEBOrO aBTOMaTa icHyr4l Moaudikaiii MOXXHAa pO30MTH Ha
HACTYIMHI TPU OCHOBHI Tpynu. [{o mepioi rpynu HajlexaTb aBTOMATH, Y AKUX JIEAK]
3 andasiTiB BXigHUH, CTaHIB a00 BUXIJIHUIA HECKIHUYCHHI, B 3B'SI3Ky 3 YUM TaKl
aBTOMATH HA3WBAIOTHCSA HECKIHYCHHUMU. /[0 Apyroi rpynu HajexaTh aBTOMAaTH, Y
SKMX 3aMICTb BUXIIHMA 1 TeEpexigHow (yHKLIA JOMyCKaloThCA JOBUIbHI
BiHOIICHHST a0o BumankoBi (QyHkmii. Taki — 4YacTKOBi, HeEIETEPMIHOBaHI,
UMOBIpHICHI Ta 1HIII aBToMaTu. [[o TpeThoi Ipynmu BITHOCATHCS aBTOMATH 3i
cnenupiYyHUMH MHOXMHAMHM BX1JTHMX 00'ekTiB. Taki, Hampukiaa, aBTOMATH 31

3MIHHOIO CTPYKTYpOlO. ICHYIOTh aBTOMAaTH, IO HaJeXaTh OJHOYACHO PI3HUM
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rpynaM. [lopsim 3 1uM BeNWKY POJb BIAIrparOTh CIEMiaJIbHI MAKIACH KIHIIEBHX
aBTOMATIB, HANPUKJaa, aBToMaT O6e3 mam'sti. Kpim Toro, BUKOpUCTaHHS MOHATS 1
METO/IIB 3 THIITUX PO3A1IIB MaTEeMAaTHKH TaKOX MPU3BOIUTH JI0 MOSBH CHEIU(DITHUX
KJIaciB aBTOMATIB 1 MOB'A3aHMX 3 HUMHU 3ajad. Hampukman, mpu 3acTocyBaHHI
anreOpaiuHux 3aco0iB BMHUKAIOTH MOHSTTS aBTOMATIB HaJl TePMaMU; MHUTAHHS
TeOpii KOJYBaHHS TMOPOJKYIOTh MOHSTTS CaMOHAJIAro/KyBalbHUX, OOOPOTHHUX
aBTOMATIB Ta 1HIII.

Teopia asmomamig - 1ie PO3AUT TEOpii KEPYIOUHUX CHUCTEM, IO BUBYAE
MaTeMaTH4YH1 MOJIEJIi IePeTBOPIOBayiB IUCKPETHOI 1H(POpMaIlii, 3BaHI aBTOMAaTaMHU.
3 meBHOI TOYKH 30py TaKUMH TIEPETBOPIOBAYaMH € SIK pEalbHI IPHUCTPOI
(oOuncCHIOBaIbHI MAaIllMHU, ABTOMATH, XUB1 OpPra”Hi3Mu 1 T.J.), TaKk 1 aOCTpaKTHI
cucteMu (Hampukiaa, QopMagbHa CHUCTEMa, AaKCIOMaTU4HI Teopli 1 T.1.).
XapakTepHOI0 OCOOJMUBICTIO TaKOro OIUCY € JUCKPETHICTh BIAMOBIIHUX
MaTeMaTHIHUX MOJENIEeH 1 KIHIIEBICTh O0OJlacTe 3HAYeHb iX IapaMeTpiB, IO
MPUBOJUTH J0 MOHATTS KIHIIEBOrO aBTOMarta. HalOuIbIl TICHO TeOpis aBTOMAaTIB
MOB's3aHa 3 TEOPIEIO AJTOPUTMIB.

binvwicme 3a0au meopii aeémomamis - 3arajibH1 JJI1 OCHOBHHMX BU/IIB
Kepyrouux cucteM. [lo HuX BiIHOCATHCA 3a/1a4l aHaJi3y 1 CHHTE3y aBTOMATIB, 3a/1a4l
MOBHOTH, MiHIMI13aIli1, eKBIBAJICHTHUX NIEPETBOPEHb ABTOMATIB Ta 1HIIII.

3amava aHami3y MOJSATaE B TOMY, OO MO 3aJJaHOMYy aBTOMATy OIMCATH HOTO
MOBEIHKY a00 3a HEMOBHUMHM JaHMMH MPO aBTOMAT 1 HOro (yHKIIOHYBaHHS
BCTAHOBUTH T1 UM 1HIII HOTO BIACTUBOCTI.

3agava cCUHTE3y aBTOMATIB TOJISTae B MOOYA0B1 aBTOMaTa 3 Harepes 3aJaHuM
MOBEIHKOI0 a00 (PYHKI[IOHYBaHHSIM.

3agavya MOBHOTHU TOJISITA€ y 3'ICYBaHHI, Y BOJOJI€ MHOXXHHA aBTOMATIB
BJIACTHBICTIO TTOBHOTH, TOOTO 30ira€ThCcs MHOKHMHA BCIX aBTOMATIB, SIKI BUXOISTh
IIUIIXOM KIHIIEBOTO YHMCJIa 3aCTOCYBaHb JESKUX OIepalliii 10 aBTOMAaTIB, 13 3a1aHOi
MIMHOKHHHU aBTOMATIB.

3amaya eKBiBaJCHTHUX MEPETBOPECHH B 3araJIbHOMY BUTJIAIL TIOJIATAE B TOMY,

00 3HAWTHU CUCTEMY IMPaBUJI MEPETBOPEHB (TaK 3BaHY MOBHY CHUCTEMY IpPABHII)
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aBTOMATIB, SIKI 3aJOBOJBHSIOTH IMEBHUM YMOBaM 1 JO3BOJISIIOTH IEPETBOPUTH
JOBUTPHUN aBTOMAaT B Oyab-sIKMH €KBIBAJICHTHMM WOMy aBTOMar. /[Ba aBTOMara
€KBIBaJICHTHI, SKIIO BOHU MAalOTh OJHAKOBY IIOBEIIHKY aBTOMAaTa; IOBEJIHKA
aBTOMAaTa - MaTEMaTUYHE TOHATTS, SIKE OMHUCYE B3a€MOJIII0 aBTOMAaTa 3 30BHIIIHIM
CEpelIOBUIIEM; TPUKIAJOM 30BHIIIHBOTO CEpPEOBHUIA KIHIIEBOTO aBTOMAaTa €
MHOYKHMHA BX1JHHUX CJIIB, a ITOBEJICIIHKOIO - CJIOBHUKOBA (DYHKIIIS, III0 peali3yeThCs
aBTOMAaTOM, 200 TOJIisl, IO MPEACTABISIETHCSI ABTOMATOM.

Kpim nepepaxoBanux, B Teopii aBTOMATIB € crieudiuHi Ipo0IeMu, XapaKTepHi
JUIsl aBTOMAaTiB. Tak, B 3aJIeKHOCTI Bl YMOB 3ajiadi TIOBEAIHKY aBTOMAaTa 3py4HO
3a/1aBaTH PI3HUMHU MOBaMHU, B 3B'SI3KYy 3 UMM, BAXKIMBUMH 33/1adaMU € BUOIP TOCUTH
3pY4YHOI aJIeKBaTHOI MOBH 1 IEPEKIIAJl 3 OJJHIET MOBH Ha 1HIIY. Y TICHOMY 3B'A3KY 13
3aJlayaMy CHHTE3Y 1 €KBIBAJICHTHHUX MEPETBOPEHb 3HAXOAUTHCS 3a7a4a MIHIMI3aLli
qycja CTaHIB aBTOMAara, a TaKoK OTPUMAaHHS BIAMOBIAHUX OMiHOK. CremiaabHui
PO3/1111 Teopii aBTOMATIB MOB'sI3aHUM 3 TAK 3BAHUMHU €KCIIEPUMEHTAMU 3 aBTOMaTaMU
(ToOTO crtocobaMu OTpUMaHH4 1H(OpMaIli IPO BHYTPILIHIO CTPYKTYPY aBTOMATIB 3
ixHpo1 moBeniHku). OCHOBHA 3a/laya TYT MOJSAra€ B TOMY, II0OO OTpUMATH TEBHI
B1JIOMOCTI [IPO CTPYKTYPY aBTOMAaTa IUISIXOM CITIOCTEPEKEHHS HOTo peakilii Ha Ti uu
1HII1 30BHIMIHI BIUMBH. [Ipu 11bOMy BHHHMKa€ BETUKE KOJIO 3aj]lay, MOB'SI3aHUX 3
KJacu(ikaiiero eKCrIepuMEHTIB 1 3 MUTAHHSIMHU MOXJIMBOCTI PO3B'sI3aHHS 3a/1ad
MEeBHUMHU BUJAMU EKCIIEPUMEHTIB, a TaKOX 3 OLIHKAMH JOBXKUH MiHIMaIbHUX
CKCTIICPUMEHTIB, JOCTATHIX JUIS BHUPIMIEHHS THUX YHM 1HIUX 3a1ad. [loHSATTS
EKCIIEPUMEHTY 3 aBTOMaTaMU BHUKOPUCTOBYETHCS TAKOX B 3aJadyax HAIIAHOCTI 1
KOHTPOJII0O KEPYIOUHMX CHCTEM, 30KpeMa KOHTpOJIIO aBTomariB. barato 3
NepepaxoBaHUX BHINE 3a/1a4 MOXYTh PO3IIISANATUCS SK aJTOPUTMIYHI MPOOIEMHU.
J{7st KiHIIEBUX aBTOMATIB OLIBIIICTh 3 HUX MAlOTh MO3UTUBHE PIIlICHHS.

Teopiss aBTOMaTIB 3HAXOAWUTH IIMPOKE 3aCTOCYBaHHS, SK B 00JACTAX
MaTEeMaTHKH, TaK 1 y BUPIIIEHH] MPakKTUYHKUX 3a7a4. Hanpukiaz, 3acobamu Teopii
aBTOMATIB  JOBOJUTHCS  Pa3pelIMMOCTh  JIEIKUX  (POpMaabHUX  YHCJICHB.
3acTocyBaHHS METOJIIB 1 TOHATH TEOpii aBTOMATIB 0 BUBUYEHHS (POPMATBHUX 1 —

MaTeMaTUYHOI JTUCIUIUIIHU, TIPEAMETOM SIKOi € po3poOka (popMallbHOTO amaparty
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JUISL OTIMCY MTOOYAOBH MPUPOIHUX 1 ICAKUX IITYYHUX MOB. [IOHATTS aBTOMaTa MOXE
CIIyTYBaTH MOJEIHHUM 00'€KTOM B HAMpI3HOMAHITHIMIUX 3a]la4ax, 3aBASIKA YOMY
MOJKJIMBE 3aCTOCYBaHHS TEOpil aBTOMATIB B PIi3HUX HAYKOBUX 1 NPHUKIATHUX

JIOCITIKEHHSAX.

4.4.1. ExeisanenmHti nepemeopeHHs agnmomamie

JIBa aBTOMaTa HA3WBAIOTHCS CKBIBAJCHTHUMH, SIKIIO BOHU MalOTh OJHAKOBI
BXIJIHI 1 BUX17HI ai¢aBiTH 1 Ha OJTHAKOBI BX1JIHI CJIOBa BUAAIOTh OJHAKOBI BUX1IHI
CJIOBA.

Ilepexio 6i0 aemomama Mini do exsiearenmnoco asmomama Mypa:

3akoHu (yHKIIIOHYBaHHs aBTOMaTiB Mum 1 Mypa BIIpI3HAIOTHCS (PYHKITIEIO
BUXO/iB. OCKUIBKM KOXHIM mapi "cTaH - BXIIHMM curHan" aBTomata Miil Moxe
BIIMOBIATH CBIM BUXIHUN CUTHaJI, a B aBToMari Mypa BHUXIIHHH CHUTHAI
INPUIIUCYEThCS CTaHaMm, TO KOXHIM mapi (aj;Xj) aBromMata Minl cTaBUTbCA Y
BIJIIOBIAHICTh CTaH CHHTE30BAaHOro aBromara Mypa bjj. Takum 4MHOM, KOXKHIN
KIITHHII TaOJuIl MmepexoiiB aBToMara Mim Oyjae BiANOBIIATH HOBUM CTaH
aBToMara Mypa. KpimM Toro, oCKiIbKM NEpIINi BUXITHUM CUTHAJI aBTOMAT BUAACTh
TOM1, KOJIM 3 MOYaTKOBOTO CTaHy Mij BIUIMBOM TMEPIIOTO BXIJHOTO CUTHAIY BIH
niepeiisie B IKUNUCh CTaH, IKUH 1 BU3HAUYUTD NEPIINNA BUX1THUM CUTHAII, TO HEOOX1THO
JUIS aBToMata Mypa BBECTHM TaKOX IOYaTKOBHUU cTaH Dp, skoMy Moxke OyTH
npunucaHuil OyAb-sSKUM JOMYCTUMUM BUXITHUN CcUTHAN. OCKUIbKH (QYHKITT
nepexoAiB y aBroMariB Mun 1 Mypa oJlHaKoBi, KO)KHOMY CTaHy aBTomarta Mii
CTaBUTHCA y BIAMOBIIHICTD KJIAac 130MOp(PHUX cTaHIB aBToMaTta Mypa.

Takum 9MHOM, ICHY€ CTaHAAPTHUN TPUIOM, 32 JTOTIOMOTOIO SKOTO MOXHA
nepeTBOPUTH aBTOMAT M1Jli B €KBIBaJIEHTHUM oMy aBToMaT Mypa. [Ipudomy, sSKIio
B aBTOMati Mui OyJio N BHYTPIIIHIX CTaHIB 1 KUIbKICTh BXIIHUX CUTHAJIIB M, TO B
oTpuMaHoMy aBTomati Mypa Oyae (n * m) +1 cranis.

Ilepexio sio asmomama Mypa 0o exsisarenmnoco asmomama Muni:

3 anami3zy nepexoAiB aBroMartiB Mini 1 Mypa ciinye, o s nepexoay Bif

aBToMara Muti 10 aBTomata Mypa HE0OXiTHO SIK OW BIJTHECTH KOKEH BUXIJTHHUI
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CHUTHAJ JI0 MOTNEePEAHbOr0 CTaHy 1 BXITHOTO CUTHAITY, SIKUH MepeBiB aBTomaT Mypa
B JaHWi cTaH. [HIMMM croBamu, Ha Trpadi aBTOMaTa BHUXIJHI CHTHAIH, PaHillIe
MIPUIIMCaH] BepIlIMHAM, HEOOX1JHO BIIHECTH J0 BIAMOBIAHUX YT, 110 3aX0ISTh B ITO

BEPILUVHY.

4.4.2. Minimizauia asmomamie

MinimManbHMI aBTOMAT — 1€ aBTOMAT, KU Ma€ HAMEHIITy MOXJIUBY KUIBKICTh
CTaHIB, 1 IKUM pealizye 3a1aHy (QyHKIIIIO BUXO/IIB.

JIBa cTanm aBTOMAaTa HAa3WBAIOTHCS 1-egisanenmuumu, SIKIO, IepedyBaodn B
OyJb-IKOMY 13 IIUX CTaHIB, aBTOMAaT Ha OJIMH 1 TOM XK€ BXIJIHUM CUTHAJ (BXiJAHE
CJIOBO JIOBXKHMHOIO B 1) BHIa€ OJIMH 1 TOM ke BUX1AHUHN curHail. [[Ba cranu aBTomaTa
Ha3UBaIOThCs K-exgieanenmuumu, SKI0, MOYMHAIOYH 3 Oyb-IKOTO 13 IUX CTaHIB,
aBTOMAaT Ha Oy/b-sKi OJHAKOB1 CJIOBa JOBXHMHU K BHJA€ OJHAKOBI BUXIJTHI CIIOBa
(tTakox nmoBxkuHM K). Slkmio nBa cranm K-ekBiBalleHTI i Oyab-akux K, To ix
Ha3UBaIOTh (IIPOCTO) €KBIBAJICHTHUMU. MHOKMHA MOMAPHO €KBIBAJICHTHUX CTAHIB
dbopmye Kiac €KBIBAJICHTHOCTI.

3MiCcT MiHIMI3aIll MOJSATaE y BUSIBJICHHI KJIACIB €KBIBAJEHTHOCTI 1 3aMiHI
KOXKHOTO KJ1acy ogHuUM ctaHoM. [Iporieaypa MiHiMI3ZaIli MOJISITae y HACTYITHOMY:

1) 3a Tabnuiiero BUXoiB aBTomara Mini ( abo 3a nepioro cTpodoro BiIMi4€HOT
TaOJuUIll Tepexo/iB aBToMara Mypa) 3HAXOIATHCS CTaHHU, SIKI MalOTh OJIHAKOBI
CTOBITYMKHM BIJIMIYEH] OJHAKOBUMH BUXIJHHMH CHUTHajlaMH — Iie l-eKBIBaJIEHTHI
CTaHHU.

2) nani BUKOPHUCTOBYEThCS TaOMMIls mepexoiiB. Bci cTtanu, 1o BXOIATH 10
1-exBiBaJIE€HTHOTO KJACy, 1, IO i JIEI0 MEPIIOTO CUTHATY TIEPEUIITN B CTAHU, SKi
y CBOIO YEpry HaJleXaTh 10 |-eKBIBAJIEHTHOIO Kjiacy, GOPMYIOTh 2-€KBiBaJICHTHHM
KJIac.

3) mporieaypa po3noAiTy Ha KJIacu €KBIBaJICHTHOCTI MPOJOBKYETHCS IO TOTO
qacy, JIOKU MpH 4eproBoMy Kpoili K-ekBiBaneHTHI kiacu He cniBnanyts i3 (K-1) -

€KBIBaJICHTHUMHU, TOOTO MOKHU HE OTPUMAEMO €KBIBAJICHTHI KJIACH.
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4) BC1 CTaHHM, IO BXOJIATH B OJIMH KJIac €KBIBAJICHTHOCTI, 3aMIHIOIOTHCS OJJTHUM

CTaHOM.

4.4.3. Po3niznasanvhi agmomamu

PosmizHaBanbHUi aBTOMAT — 1€ aBToMar Mypa, B SKOMY (IKCYIOThCS
MMOYATKOBHM CTaH 1 MmMAMHOXHHA cTaHiB FXQ, ska Ha3WBAEThCA MHOKXHHOIO
KiHIeBUX cTaHiB. KaxyTh, 1m0 aBTOMAar gomyckae (MpuiiMae, po3Ii3HAE,
MPE/CTABIIAE) JaHE CJIOBO, SKIIO PEAKI€l0 Ha 1€ CIOBO MOXKe OyTH mepexif
aBTOMAaTa B OJIMH 13 KiHIIEBUX CTaHIB.

Ipukaaau. [ToOyayBaTn (CMHTE3yBaTH) aBTOMAT 3a 3MICTOBUM OITMCOM.

1. ABTomar (po3mi3HaBaJIbHMI) 3 TOYATKOBUM CTaHOM S(start) momyckae
CJIOBa, Y SIKUX € JIUIIE TapH1 BXO/UKEHHA JIiTep a1b, Hanpuknaa, aa,aaaaaa,b
baa iT. m O3Hakoro KiHIg cioBa € curiai R. ToOTo y BUnajiKy BXiJHOTO CJIOBa
aaaabbaaR BupaeThcs BHXIIHE cloBO aaaabbaaY (ToOTO Tak), a y BUNAAKY

aaaabaaR — aaaabaaN (To0To Hi).

a/a,
b/b

2. Ha Bxix aBToOMaTa MOXXyTh moctynaTtu curHanu R, S 1 T. Ha BXinHuii curaan
R aBromat Buaae Buxiguuii curaan 0, Ha S — Buxigauii curaai 1,1 Ha T — BUXITHUH
CUTHAJI, TPOTUJICKHUN TOTEPETHHOMY BUXIAHOMY cUTHamy. JlJisi BU3HAYEHOCTI
BBA)XA€EMO, 1[0 B TTIOYATKOBOMY CTaHI aBTOMAT IaM ATA€ «IOTEPEIHIN» BUXITHUN

curaaj 0.
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R/0

R/0

SN; TN

S/

3. OpnuMm 13 HaAWOUTBPII BUKOPUCTOBYBAHMX Ha TMPAKTUIl THUIIB
pO3MI3HABAILHUX aBTOMATIB € YAacTKOBUM  HENETEPMIHOBAaHUII  aBTOMAT.
HenerepmiHi3M POSBIISETHCS B TOMY, IO 13 OJIHOTO CTaHy 3a OJJHUM 13 TUM CaMUM
BXIJJHUM CHUTHAJIOM MOXJIHMBI MEPEXOAU B PI3HI CTaHU, TOOTO (PYHKIIA MEPEXOIIB
3aMIHSE€TbCS BIJHOIIEHHSAM mepexoniB. HenerepMmiHoBaHMiI aBTOMar mpuiiMae,
HanpuKIian, cioa ab, aa, bb, bba i T.n. Tyr moyarkoBwmii cran A, xiHueBwmii — F.

Tabnuis mepexo/1iB JaHOTO aBToMaTa Oye MaTH BUTIISL:

A B C F
a B,C - F -
b B CF - -

[TopokHi KIITUHKK CBiA4aTh MPO TE€, 110 aBTOMAT YAaCTKOBUM, a HAsBHICTh
ollpa3y JEKUIBKOX JITep B OJHIA KITHHII — Tpo Te, II0 aBTOMAT
HEeJIeTepPMIHOBaHUH.

Jis Takux aBTOMAaTIB 3a3BMYail HANAIOTh IepeBary He TaOJUYHOMY 1
rpadOMOBY TIPEJCTABJICHHIO, a 3alKCy Y BUIVISIAL, TaK 3BAHUX MNPOAYKIINA, YU

rpaMaTUYHUX MPABUIL, IO MPEACTABICHI Y ABOX CTOBITYMKAX BIIMOBIIHO:
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A — aB A::=aB/bB/aC

A —bb B::=bC/b
A —aC C:=a

B — bC

B—b

C—a

['paMaTvKu Takoro poay Ha3UBaIOTh PErYJSIPHUMU a00 aBTOMAaTHHMHM.
ABTOMAaTH TaKoro TUIYy OYIyTh PO3TJSAATHCS Y 3B’SI3KY 13 BUBYEHHSIM TeoOpii

dbopMaTbHUX MOB 1 TPaMaTHK.

IHumannsa ona camokoHmpoJi1o 00 po3oiny 4

1. AGCTpaKTH1 CKIHYEHHI aBTOMATH.

2. OyHKIIT mepexoy Ta BUXOy.

3. Cnoco6u 3aB/IaHHS aBTOMATIB.

4, ABTomatu Mimi.

5. ABTomatu Mypa.

6. OcobmmBOCTI TEOpii aBTOMATIB: CIHTE3, aHAJIi3; pi3HI BUAM aBTOMATIB.
7. ExBiBaneHTHI IEpETBOPEHHS aBTOMATIB.

8. OcobmMBOCTI IEPeTBOPIOBaHHS aBToMarta Miji B aBromaTt Mypa.

9. Minimi3zalis aBTomMariB. EKBIBAJIEHTHI CTaHU.

10. Po3mi3HaBaJibHl aBTOMATH.

5. MEPEXI IIETPI
5.1. Ocnoeni nonoyxcenns. /]o3ein i 3anyck nepexooie

Mepeoici Tlempi - maTeMaTUYHMA amapar JJjIs MOJCIIOBAHHS JTWHAMIYHUX
nuckpeTHux cuctem. Bnepimie onucani Kapnom [Tetpi B 1962 porti.

Mepexa Iletpi 1ne ABOAONBHMI Opi€eHTOBaHUM Tpad, IO CKIATAETHCA 3
BEPIIMH JBOX THITIB - TO3HUIIIH 1 TEPEXO1B, 3'€THAHUX MK COOOI0 TyraMu, BEPIINHA
OJIHOTO THUITy HE MOXYTh OyTH 3'eqHaH1 Oe3mocepeHbO. Y TMO3HUIIAX MOXKYTh
PO3MIILLYBAaTUCS MITKHM (MapKepH), 3aTHI IEPEMIIIIATUCS IO MEPEXKI.
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[Tomiero Ha3UBAIOTH CHPAILOBYBAHHS MIEPEXOMY, MPU TKOMY MITKHU 3 BXIJTHUX
MO3UIIIHA MHOTO TIEPEXOAY MEepPEeMIIarOThCs B BuXiani mo3uttii. [Tomii BinOyBaroThCs
MUTTEBO, PI3HOYACHO MPU BUKOHAHHI JIESIKUX YMOB.

Mepexi IleTpi - IHCTpyMEHT JOCTIIKEHHSI cUCTeM. PO3BUTOK Teopii Mepex
[letpi mpoBommiocs 3a nBoma HampsaMmkamu. PopmanbHa Teopis mepex Ilerpi
3aiiMa€eTbCsl Po3poOKOI0 OCHOBHUX 3aC001B, METOJIB 1 MOHSATh, HEOOXITHUX JJIs
3actocyBaHHsa Mepex [letpi. [Ipuknagna Teopis mepex [leTpi moB'si3aHa roJIOBHUM
YUHOM 13 3aCTOCYBaHHSM Mepex [leTpi 10 MoientoBaHHs CUCTEM, iX aHaTi3y.

MonentoBanuss B Mepexax Ilerpi 3miliCHIOETbCA Ha TIOJIEBOMY PiBHI.
BuszHavarotbcs, AK1 Ail BIIOYBAIOTHCA B CUCTEMI, SIKI CTAHU MEPEAYBAIN UM J15IM 1
SK1 CTaHW MPUKME CHUCTeMa IIicis BUKOHAHHS Jii. BUkoHaHHS moji€Boi Mojeli B
Mepexax [lerpi onrcye NoBeAIHKY CUCTEMU.

Mepexa Ilerpi, sk Bxke OyJIO CKa3aHO BHIIE, SBJISIE COOOI0 JICIKUM PI3HOBHU/I
Opl€EHTOBaHOTO Tpada 13 3aJaHUM T[OYATKOBUM CTaHOM, SIKMM Ha3MBAETHCSA
MOYaTKOBUM MapKyBaHHsAM (a0o po3Mmitkor) Moy. I'pad n mepexi Iletpi €
OpPIEHTOBAHUM 1 BKJIIOYA€E BY3/1H (200 BEPIIMHM) IBOX THUIIIB, 3BaH1 MO3UIIIMH (200
MICLSMH) 1 TIEpeXofamMu, YT B SKOMY BeayTh ab0 3 MO3HMIl B mepexin, ado 3
nepexoay B mo3ullito. Y rpadiyHOMY MOJaHH] TTO3UIIIT 300paKyIOThCS KPYKKaMHU, a
nepexoan KUPHUMH pHUCKaMH ab0 MpSAMOKyTHUKamMu. Jlyru MO3HA4arOThCs
BIJIOBITHUMH Barami (IIUTMMU IMO3UTUBHUMH YHCJIaMHM), 1 AyTY 3 Baroro K MokHa
BB@KATH €KBIBaJCHTHOI K mapajenbHuM ayr. BkaziBka OJUHHUYHHN Bard 3a3BHYai
olmyckaeTbcsl. MapkyBaHHS (CTaH) MPUIIKMCYE KOXHIA TMO3MIIT LUJIE HEBIA'€MHE
qucio. SIKIo MapKyBaHHS NPUIHCYE IMO3UIIT p Iie HeBia'eMHe uucio K, To
TOBOPATH, 10 p MapkoBaHO K ¢irmkamu; B rpadiuHoMy 300paskeHHI BCEpeauHi
MO3HIIIT-KPYXKKa B IIbOMY BHIIQJKy IOMIIIAl0OTh K YOpHUX TOUYOK ((iIIOK).
MapkyBaHHS TO3HAYA€THCSI BEKTOPOM M JOBXKHUHOIO M, 7€ M- 3arajbHE YUCIIO
no3utiii. KommoneHTa Bektopa M 3 HOMEpOM p, 110 MO3HAYAEThCS M (p), TOPIBHIOE
yucity GIIoK B MO3UIII p.

VY 3agauax MOZENIOBaHHS, 1€ 3aCTOCOBYIOThCS MOHSATTS YMOB (CTaHiB) 1 OJIH,

MO3UIIIT BIAMOBIIAIOTh YMOBaM, a mepexoau - noaisMm. Koxken mepexin (mojis)
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[IOB'I3aHUI 3 IEBHUM YHMCJIOM BXIIHHUX 1 BUXIJTHAX MO3UIIN - aHAJIOT1B BIAIOBIIHO
nepeayMoB Ta TMOCTyMOB 1i€i moxii. HasBHicTh (imku B JOeakid mO3UINi
IHTEPIPETYETHCS K ICTUHHICTh YMOBH, 1110 BIAMOBIAA€E AaHil mo3uilli. B iHmomy
TPaKTYBaHHI IMO3HIIIS MO3HAYAEThCS K (irkamu, 3 TUM, 1100 BKa3aTH HA HAsSBHICTh
k enemenTiB maHux abo BIANOBIIHOI KIIBKOCTI pecypciB. Y Ta0ma.5.1 nmpeacraBieHo
KUTbKa TUIIOBMX BapiaHTIB 1HTEpIIpeTallii MepexoaiB 1 BIAMOBIAHUX iM BXIJHHUX 1

BUXITHUX MO3UIIH.

Tabnuys 5.1.
Bxiani mo3umii Iepexix Buxigni mo3umii
IlepenymoBa [onis IToctymoBa
Bxiani mani OOGuucroBaibpHa onepallis | BuximHi naxi
Bxigni curanu IIpouecop curnany Bxoaui curaanu
3aTpeOyBaH1 pecypcu 3angava BusuibHeH1 pecypcu
YmMoBa JlornuHi BucioBu (kj103b1) | BUCHOBKH
Bbydepu IIporecop bydepu

dopmananne Bu3HauyeHHst Mmepesxi [Terpu (Pn)
Mepexa Iletpi — ne m’sripka Pr= (P, T, F, W, My), ne
P = (p1, p2 ..., pm) — KiHIICBa MHOXKHHA ITO3HIIIH;
T =(t1, t, ..., tn) — KyiHIIEBa MHO>KHHA TIEPEXO/IIB;
F < (pxt) (txp) — MHOXWHA YT
W:f—>(1, 2, 3,...) — BaroBa GyHKIIis;
Mo:p —(0,1,2,3,..) — mouyaTkoBa MapKipoBKa,
Pnt=0.
Crpyktypa wmepexi Ilerpi N=(P,T,F,W) 6e3 3amaHoro mo4aTKOBOTO
MapKyBaHHS MMO3HAYa€Thcs ojHiero Jtiteporo N, ¢ 3amanum — qeoma (N, Mp).
[Tpu MozaenroBaHHI TMHAMIKYA CUCTEMH CTaH, abo MapkyBaHHs Mepexi [lerpi,

3MIHIOETHCS BIITOBITHO /IO TIpaBuJIa (3amycKy) Mepexoy:

111



1. Ilepexim m03BOJIEHO, SKIIO BCE BXITHI MO3UIlI P MEPEXOay MOMIYECHI HE
mentre Hix W (P, t) dimkamu, ne w (p, t) - Bara gyrwm, mo Beae 3 P B t;

2. 3amycKk JO3BOJICHOTO TIEPEeXOqy HOCHTHb BHUIIAQJAKOBUH Xxapaktep (B
3aJICKHOCTI BiJl HAcCTaHHS 200 HEHACTaHHS BiATOBIIHOI IOIT);

3. 3anymenuit mepexiz t Bumydae w(p, t) ¢irnmok 3 KosxHOT CBOET BX1IHOT MO3HUITIT
i momae W (t, p) ¢imrok B KOXKHY CBOIO BHXIIHY Mo3uiiio; TyT W (i, p) - Bara ayru,

o Bene 3t B p.

H,0

(a)

(b)

Puc. 5.1. [losicHeHHs 710 paBuiia 3alycKy nepexoay: (a) MapKyBaHHS Mepe
CTIpaIlbOBYBaHHIM JI03BOJICHOTO mepexoay t; (D) mapkyBanHs mics
CIIPAIlbOBYBAHHS I[LOTO TIEPEXO0]TY, IMICIISI YOTO BiH CTA€ 3a00pPOHEHUM TIEPEXOOM.

[Tepexin, SKWil HE Ma€ >KOTHOI BXITHOI IO3MINI, HA3MBAETHCS BUTOKOM, a

nepexig, SKuid He Ma€ >KOJIHOI BUXIAHOI MO3MINi — cTOKOM. Bim3Haummo, 110
nepexig-BUTIK €, 0€3yMOBHO, JI03BOJICHUM IEPEXOA0M, a 3allyCK MepexXoay-CTOKY
NPU3BOAMTD J0 BHITyUEHHS (IIIOK, [0 HE MOPOKYIOYH HOBUX. (puc.5.1)

[Tapa, 10 ckIagaeThes 3 MO3UIT p 1 mepexoay t, Ha3UBAEThHCS METIEI0, KO P
CILY’KMTh OJJHOYACHO BXIJHMM 1 BUXIAHMI no3uiiero nepexony t. Mepexa Ilerpi

HA3WBAETHCS OMHOPITHOIO, SKIIO Taki mapu B HiM BiacytHi. Mepexa Ilerpi
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5.2. Haitnpocmiwi npukiaou mooeibosanux 06'ckmie
5.2.1. Kinuegi asmomamu

KinneBuit aBTomMaT ab0 BIAMOBIIHY HOMY Jlarpamy CTaHIB MOKHa aJIeKBaTHO
MIPEACTaBUTH JCSIKUM MTOAKIaccoM Mepex [lerpi. Sk mpukimam KiHIIEBOro aBTOMara
PO3TJISTHEMO TOPTOBUM aBTOMAT, SIKMM MpUMae MOHETH T1IHICTIO B 5 1 10 KOMHOK 1
npojae mykepku BapTicTio 15 1 20 xomiiiok. Jjist cripoiiieHHs 0y/1eMO BBaXKaTH, 1110
€EMHICTb MOHETO-TIpHiiMaua oOmexxeHa 20 komifikamu. Toxi aiarpama CTaHiB

aBTOMarTa Moke OyTHu IpejcTaBiieHa Mepexero [lerpi, moka3aHoi Ha puc.5.2.

OTtpumaru 1ykepku Ha 15 xomiiok

[ e
OITyCTUTH L OITYCTUTH
S KOmidoOK 5 Komiiiok 10 xomiiiok 15 xomiiiok
> :D >
0 xomiiok OITyCTUTH OITyCTUTH
() 5 Komiliok 5 komiiiok
P1 % OIyCTHUTH
5 komiok
M 20 komiiok
DITYCTHT "/ gl >
10 xomiiiok 10 xomiiiok OITYCTHUTH
10 xomiiiok

Otpumaru 1iykepku Ha 20 Komiiiok

Puc. 5.2. Mepexa Iletpi (aBTOMaTHA Mepexa), 10 MOJICIIIOE JliarpaMy CTaHiB
ToproBoro aBromara. Ilepexoau, 1mo BiAMOBIAaIOTh TOBEPHEHHIO MOHET,
MIPONYIICHH JIJIS CITPOIIEHHS.

Ha maaroHKy IT'STH cTaHaM BiANOBIIAIOTH IT'SITh MO3UIIIHA, TO3HAYEHUX MITKaAMHU
0, 5, 10, 15, 20 komiiiok, a MepexoJaMH 3 OJHOTO CTaHy B IHIIIKA - MEPEXOIH,
MO3HAYEH1 BXIJHUMH yMOBaMHU THUIy «ONYCTUTH 5 Komiiok». [TodyarkoBuii ctan
BIJI3HAYECHO MPUMIMIEHHSAM (DIMIKK B MO3UILI0 P1, TO3HAaUEHY B JaHOMY MPUKIIA]I
MITKOIO «0 KOMiOK». 3ayBa’KMMO, 110 B LI MEPEXI KOXKEH MEepexi] Ma€ TUIbKU
OJIHY BXiJHY 1 TUIbKM onHY BuxonHy nyru. [limkmac mepex Iletpi, mo Bomosie
TaKOIO BJIACTUBICTIO, HA3UBAETHCS aBTOMATHUM. by nb-sikuii KiH1leBUui aBTOMAT (200

Horo niarpamy CTaHIB) MOKHAa MPEJICTaBUTU JESIKOI0 aBTOMATHOI MEpEXKElO.
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®parMeHT 3 o3uIiero Py, sika mepeaye nBom (abo O1IbIINe) BUXITHUM Tiepexoaam 1y
1t (puc.5.3), HA3WBAETHCS, B 3aJICKHOCTI BiJl KOHIIETTA, KOHMIIKTOM a00 BY3JIOM
NPUAHATTS PIillICHHS.

ty

pl /
t2
Puc. 5.3. ®parment mepexi [letpi, 3Banuii KOHPIIKTOM, BUOOPOM 200 BY310M
OPUNHATTS pimieHHs. L{g cTpykTypa Mae BIaCTUBICTh HEJIETEPMIHOBAHOCTH.

ABTOMaTHI MeEpexi J03BOJIAIOTh BiIOOpaKaTW NPUHUHATTA PIllIeHb, alie

BOHHU HE MPUJIATHI JJI1 MOJICTIFOBAHHS CHHXPOHI3allli MapanedbHUX MPOIIECIB.

5.2.2. Ilapanensni npoyecu

3a monomororw Mepex Ilerpi 3pydHo BiioOpakaTu mapaineiabHi IpoiecH, ado
napaienizm. Hanpukman, B Mepexi Ha puc.5.4 mnapajeibHl MPOIECH, SIKUM
BIIMOBIAAIOTh mepexoau tp 1 13, MOYMHAIOTBCA TPU 3amycKy mnepexoay 1i i
3aBEPIIYIOTHCA MPH 3aIMyCKy mepexomy ta.

VY 3aranbHOMY BUTIAJIKY /1B IEPEXOM BBAKAIOTHCS MApAICIbHUMH, SKIIO MIXK
HUMHU BIJICYTHIA TNPUYUHHO-HACIIIKOBUMA 3B'A30K, TOOTO OJIMH MEpexXiJ MOXkKe
CIIpaItOBaTH PaHIIIe 1HIIIOTO, ITICIA HbOro a0 OJHOYACHO 3 HUM, SIK, HAIIPUKJIAJ, B
pasi nepexois ty 1 t3 Ha puc.5.4.

p1 t D3
1 \ ta
HD\@_ﬂ]_’
P2 t3 pa

ps .,
(L

Puc. 5.4. Mepexa Iletpi (MmapkoBanuii rpad), 1o MoAeIIOE AeTEPMIHOBaHI
napaJieJibH1 IPOLIECH.
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[TapanenizsMm MoOXHa pO3TIAAATH SK OlHapHE BITHOIMIECHHS (ITO3HAYAETHCS
CHMBOJIOM X 1 Jlie Ha MHOXHHI 4 = {e3, €2, ... }), AKe € pedIeKCHBHUM, TOOTO ¢ X €i,
1 CHMETPUYHUM, TOOTO 3 €1 X ez CIIIYE ez X e1, alle He BOJIOJIE TPAaH3UTUBHICTIO,
TOOTO 3 e1 X €2 1 €2 X e3 HE 00OB'SI3KOBO CIIYE e1 X e3. Hampukiaa, MoKHa BECTH
MaIluHy (1Mo1is e1) a00 UTH MIMIKH (TTO1S e3) 1 IPH LIbOMY CIIBaTH (OIS €2), TPOTe
HE MOXJIMBO OJIHOYACHO (TIapasiesIbHO) BECTH MAIIUHY 1 WTH TIIIKH.

3ayBaxxuMo, 110 KOKHA TMO3HIIIsI B MEPEXi, MOKa3aHoi Ha pUC.5.4 Ma€ TUIbKH
OJIHY BXIJIHY 1 oAHYy BuXimHy nyru. Iligkmac mepex IleTpi, 1m0 BOJOAIIOTh TaKOIO
BIIACTUBICTIO, HA3WBA€ThCA MapKOBaHMMH rpadamMu. BoHU  103BOJIAIOTH
MPEACTABIIATH TapajieibHI TPOIeCH, ajieé He TMPUIATHI I  MOJCITIOBaHHS
OPUIHATTS pillieHb (KOH)IIKTIB).

[Toxii e1 1 e2 € KOHMIIKTYIOYUMH, SIKIIIO BOHW OOMJIBa MOKJIMBI, aJIe HE MOXKYTh
HACTYNUTH oJIHOYAcHO. [loail e; 1 e; mapanenbHi, SIKIO0 BOHU MOXKYTh HACTYIUTH B
OyIb-sIKiM TIOCIITOBHOCTI, HE MPUBOIYU 10 KOHGIIKTIB. [loeqHaHHS KOHPIIKTHOT
CUTYyallli 3 mapajiesii3MOM Ha3UBAETHCS 3MIIIIAHHSM.

Ha puc.5.5 noka3ano iBa TUIH 3MiITyBaHHSI.

[Tpu cumeTpuuHoMy 3MmimryBaHH1 (puc.5.5.a) monii t; 1t mapanenbHi, 1 oOuaBa
3HAXOJATHCS B KOHQIIIKTI 3 mojiero t3. [Ipu acumerpuunomy 3minryBaHHi (puc.5.5.0)

nois 1y mapanenbHo tp, 1 BCTYNUTh B KOHQUIIKT 3 3, sikio t crpaiitoe paHire.

P1 2 P2
j\ / to
L1 p1 3

O ps

€] to t3
a) t1 t3
6)
Puc.5.5. J/IBa Tumny 3minnyBaHHS: a) CAHMETpUYHE 3MIITYBaHHS, 0) aCUMETPHUYHE

3MIIIyBaHHS.
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5.2.3. Obuucnenns, wio ynpagiaromovcsa nOMoKamu 0aHux

Mepexi Iletpi npuaatHi s MOJENIOBAHHS MOTOKY YIPABIIHHA, a i MOTOKY
nannx. Ha pwmc.5.6 mokazana mepexa Ilerpi, mo Mopaemoe OOYHCITIOBAIBHY
oreparlifo, kepoBany moTokoMm panux. ¥ EOM, kepoBaHOi TOTOKOM aHWX,
BUKOHAHHS omepalii 1HIIIOEThCS HAIXO/DKEHHSIM 11 omepaHaiB 1 MOXe
3MIIACHIOBATUCA TapaienbHo. Y Mepexi [lerpi, mo molenioe Taky opraHizaiiiro
OOYHMCITIOBAILHOTO TIporiecy, (IMKK TMOKa3ylOTh 3HAYEHHS MOTOYHHMX JaHUX, a
TaKOXX HasBHICTb JJaHUX. Y Mepexl Ha puc.5.6 orepailiii BiAMOBIAHI epexoaam f i
t;, MOKYTh BUKOHYBATHCS IMapajeibHO, a iX pe3yapTaT, ToOTO (a+8) 1 (a—s),
BIJIIA€THECSA B BIAIIOBIAHI BUX1HI MO3HUIII.

a

KOITIFOBaHH

JOJlaBaHHSA a + 6 JIIEeHHS x =(a+e)/(a-8)
O o —O

SAKIo a-¢ Z0

KOITIFOBaHHS 6 BIOHIMAHHS a-6

SKIIO a'6‘:0, TO X HC BUSHAUYCHO

Puc.5.6. Mepexa Iletpi, 1m0 Mozentoe 00UMCIIOBAIbHY OTEPallito
X = (atB) / (a—B), KepOBaHy MOTOKOM JaHUX.

5.2.4. Cucmema eupooHUKuU-cnodcugayi 3 npiopumemamu

Mepeika, mokazaHa Ha puc. 5.7, MOACIIOE CUCTEMY BUPOOHUKHU-CIIOKUBAY1
3 MPIOPUTETAMH, B SKIA CIIOXUBAY @ MA€ BUILIUN MPIOPUTETaM B MOPIBHAHHI 31
CIOKMBAYEM 6 B TOMY CEHCI, 110 TIOKH Oydep a MICTUTH esKl 00'ekTu ((pimkn),

CTIO’KHUBAY @ MOKE X O€3MEPEIIKOIHO OTPUMYBATH .
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BH[!{}GI—HIK A CIIOKITBAY A

BHpoGHIK B

Puc. 5.7. Po3mupena mepexa I[letpi, 1110 MoeNII0€ CUCTEMY BUPOOHUKH -
CIIOKMBAYl 3 MPIOPUTETAMH.

5.3. llogedinkogi énacmueocmi

Benukoro nepeBaroro mepex IleTpi € MOXKIIMBICTh aHaMI3y 3 iX JOMOMOTOIO
0araTb0X BJIACTHBOCTEW 1 3aBAaHb, MOB'S3aHWX 3 TMApPaJICIbHUMH CHCTEMaMHU.
Mopgeni Ha ocHOBI Mepex Ilerpl M03BONSIOTH JOCHIDKYBAaTH JBa BUIU
BJIACTUBOCTEM: TIi, IO BHU3HAYAIOTHCSA IMOYATKOBUM MapKyBaHHSAM, 1 Ti, IO HE
3ayexaTh BiJ Hel. BJacTUBOCTI, 110 BIAHOCSTHCS JO MEPIIOi TPy, HA3UBAIOTHCS
MOBEIHKOBUMH, a BIIACTUBOCTI APYTOi IPYIH - CTPYKTYPHUMHU.
- locsascnicmo

JlocskHICTh € (yHIAMEHTAIBHUM IIOHATTSM, HEOOXITHUX JJIsI BUBYCHHS
JMHAMIYHUX BJIACTUBOCTEH OYy/b-SKOI CUCTEMH. 3ayCK MEePEeXOy, 110 J03BOJIEHO,
MPU3BOUTH JI0 3MIHHU PO3MOALTY (IIIOK B MEepexki (3MIHI MapKyBaHHsI ) 3a MPABUIIOM
nepexony. IlocaimoBHOCTI 3amyCKiB BIJIMOBIJAE TOCHIIOBHICTh MapKyBaHb.
MapkyBanHg M, HOCSKHO BiJ MapKyBaHHS My, SKIIO ICHY€ MOCIIIOBHICTb
3aIyCKiB, M0 NPU3BOAATH Bix Mo mo M,. IlochigoBHICTh 3amyckiB (TIOmii)
MO3HAYAETHCS K O = Mol M1ty Ma...tamn, 200 mpocTo o = t1 to...1,,. [Ipu oMY
rOBOPSATh, O My HOCSIKHO Bin Mo B pe3ynbTaTi MOCHIIOBHOCTI O, 1 L€l (akT
3aMUCYETHCS Y BUTIISIAL HACTYITHOTO BUpasy: Mo/o> M, . MHOXWHA BCIX MapKyBaHb,

JOCSKHHX B Mepexi (1, M) Bin Mo, mo3HadaeThbes uepes I (0, M), abo ipocto r(Mp).
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MHoOXHWHa BCIX IMOCHIOBHOCTEH 3ammyckiB B Mepexi (N, M), 10 MOYMHAOTHCS 3
MapkyBaHHs Mo, mo3HadaeTwes uepes | (N, Mp), abo pocto [ (Mp).
Takum yrHOM, TpobIIEeMa JOCSHKHOCTI B Mepexax [lerpi monsirae B Tomy,

100 JUIs 33 JaHOTO MapKyBaHHsS M, B Mepexi (1, Mp) BCTAHOBUTH TTPHHAJIC)KHICTD
Mner(Mp). YV neskux 1g01aTKax MOXKEe BHHHKHYTH HEOOXIIHICTH JIOCIITUTH
MapKyBaHHs TIIbKUA AESIKOI MiJIMHOKHWHU MO3MIIN Mepexi. [Ipu npomy BuUHUKaAE
npobjieMa  JOCSDKHOCTI  MOAMApKIPOBKI, sKa TMOJAra€e y  BCTaHOBJICHHI
npHHAISKHOCTI M'ner(My), ne M'y — Oynb-ske MapKyBaHHs, IO 30ira€rbes i3
3aJlaHUM MapKyBaHHSM Mp 3 TOYHICTIO O MapKyBaHHs TO3UIIiH, 1[0 BXOASTH B
3a/lany miAMHOXUHY. [IpoOiema JOCSHKHOCTI BHpIIyBaHa, ajie B 3arajlbHOMY
BUIAJIKY BUTpaTH mam'sTi (1 vacy) Ha ii pIIIEHHS 3pOCTalOTh IPUHANMHI
ekcroHeHuianbHo. OnHak npoOieMa piBHOCTI € HEpPO3B'sI3HOIO, TOOTO, HE ICHYE
aNTrOpUTMY, SIKUH JJ1s OyAb-skuX Mepex IleTpi N i N' Mo)ke BCTAaHOBUTH BUKOHAHHS
pisaocti I(n, M) = I(n", M').
- Obmeosrcennicmp

Cetb Iletpu HaswiBaeTcs K-ocpanuuennoil, WM MPOCTO OSPAHUYEHHOU, €CITH
JUTst JTIF000M MapKUPOBKH, JTOCTHKUMOW OT MAPKHUPOBKH Mo, KOJIMYECTBO (UIIIEK B
JF000# MO3MIIMK HE MPEBBIIIACT HEKOTOPOro KoHeYHoro uucia K,r.e. M(p)< K mist
J1r000r0 p U 000 MapKUpPOBKH M € I (Mo ). Ceth metpu ( N, Mo ), Ha3bIBACTCS
bezonacHotl, ecnv oHa 1-orpanudeHHa. [lo3unuu cetu meTpu 4acTo MOACIUPYIOT
Oydepbl WM PETUCTPBI, CAYXKAITUE I XPAHCHHS POMEKYTOYHBIX PE3yIbTaTOB.
[IpoBepka OrpaHUYEHHOCTH WU OE30MACHOCTU CETH TapaHTUPYET OTCYTCTBHE
nepenoiaHeHus  OydepoB WM PETUCTPOB  Mpu  J000M  (hakTUUYECKOM
MOCJIEIOBATEILHOCTH 3aITyCKOB TIEPEXO/IOB.

Mepexa Iletpi HazuBaeThcst k-oOMekeHOI0, a00 MPOCTO 0OMedNHCeHO0, SKITIO
JUIs OyJIb-IKOTO MapKyBaHHS, IO € JOCSHKHUM BiJi MapKyBaHHS My, KUIBKICTh
¢imok B Oyab-sAKid MO3MIi HE MEPEBUIIYE NSIKOro KiHIIEBOro uucia K, To0To,
M(p)< k nns 6yab-skoro p i Oynb-sike MapkyBanus M e r (My ). Mepexa Iletpi

(n, My), Ha3uBaeThCs He3neunolo, KO BOHA l-obmedicena. Tlo3uiissMu Mepexi
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[letpi wacto momemo0Th Oydepu abo pericTpu, MO CIyXaTb g 30epiranHs
IpOMIXKHHUX pe3ynbTaTiB. IlepeBipka oOMexeHOCTI a00 Oe3neKn Mepeki rapaHTye
BIJICYTHICTh TiepenoBHEHHs OydepiB abo pericTpiB mpu Oyab-sKik (pakTHIHOI
MOCITIZIOBHOCTI 3aITyCKiB IIEPEXO/IiB.
- Akmuenicmep

[ToHATTSI akmusrHocmi TICHO TIOB'sI3aHE 3 BIICYTHICTIO MOKJIUBOCT1 B3aEMHOTO
OnmoxyBaHHsS (TYNMKOBHUX CHUTyaliil) B omepauiiHid cucremi. Mepexa Ilerpi
AKmMuGHa, sIKIOo, HE3aJIEKHO BiJl JOCSTHYTOTO BiJl Mo MapKyBaHHs, JIJ1s1 OY/b-KOTO
NEPEeXOo/ly 1ICHY€E MOCIHIIOBHICTh MOJAIBIINX 3aIyCKiB, fKa BEAE O MOTO 3aIyCKy.
Ile o3Hawae, mo 1y akTUBHOI Mepexi Ilerpi mpu Oyab-sKiil MOCTIAOBHOCTI
3aITyCKiB MTOBHICTIO BUKJIIOYEHA MOKIIUBICTh B3A€EMHOTO OJIOKYBaHHS.
- 36opomHuicms i 0a306uil cmau

Mepexa Iletpi 3BOopoTHa, KO Aasi Oyab-sikoi MapkyBaHHs M 3 r(Mp)
MapKyBaHHS My DOCSOKHO Bl M. IHIIMMM clioBaMu, B 3BOPOTHIM MEpPEXi 3aBXKIH
MO>KHA ITOBEPHYTHCS JI0 IOYATKOBOTO MapKyBaHHS (CTaHy). Y 6aratbox 3ajadax He
00OB'A3KOBO TMOBEPTATHCS B TOYATKOBHM CTaH, aj€ JOCUTh MaTH MOXIIMBICTb
MOBEPHYTHUCA B IKMICh 0a30BUM cTaH. ToMy yMOBY 3BOPOTHOCTI MOKHA IOCIa0UTH
1 BU3HAYMTH TOHATTS 0a30Boro crany. MapkyBauHHs M' Ha3MBaeThCs 0a30BUM
CTaHOM, SIKIIIO BOHA JOCSHKHA BiJl Oy/1b-sIKOT0 MapKyBaHHs M u3 r(Mp).
- Cmiiikicmo

Mepexy Ilerpi (N, Mp) Ha3UBA€THCS CTIHKOIO, SKINO UIS JBOX OYIb-SKHX
JI03BOJICHUX TMEPEXOMiB 3alMyCK OJHOTO 3 HHUX HE MPU3BOAUTH 10 JJO3BOJIY
CIPALFOBaHHS 1HIIOTO. B cTiiikoi Mepexi Oy 1b-sKUil epexiJ, O CTaB 103BOJIECHUM,
30epirae mei craH J0 THX Hip, TOKHA He crpamroe. [IoHITTS CTIMKOCTI BUSBISIETHCS
KOPUCHUM MpU BUBUYEHHI NapaJielbHUX CXEM OOYHMCIIEHb 1 ACHHXPOHHUX CXEM.
CTiMKICTh TICHO TMOB'SI3aHa 3 TOHATTAM 0€3KOH(IIIKTHIX MEPEX, a OE3MEeUHO CTiiKa
Mepeka Moke OyTH TIepeTBOpEeHa B MapKOBaHUM rpad 3a JOMOMOTO0 KOMIIOBaHHS
JNEAKUX TEePEeXOiB 1 TMO3UIlH. 3ayBakMMoO, IO XO04a BCl MapkoBaHi Tpadu €

CTiﬁKHMH, 3BOPOTHC TBCPAKCHHS B 3araJIbHOMY BHUIIAAKY HC CIIPABCIJINBO.
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5.4. Memoou ananizy mepeosic Illempi

Metoau anamnizy mepex [leTpi MoxkHa po30MTH Ha HACTYIHI TPU TPYTIH:

1) MeTO/IM Ha OCHOBI JIepeBa MOKPUBAEMOCTI (JIepeBa JIOCSKHOCTI);
2) meTou anreOpu Ha OCHOBI MAaTPUUHUX PIBHSHB;
3) MeTo i1 TepeTBOpPEeHHs a00 JEKOMITO3HIII.

Metonu mepiioi Tpynu, Mo CyTI CIpaBH, 3BOASATHCA JI0 NEpepaxyBaHHs BCIX
JOCSKHUX MapKyBaHb a00 BIAMOBIAHMX iM MapKyBaHb, IIO MOKPUBAIOTHCA, 1,
B3araji Kaxxydu, MOXyTh OYTH 3aCTOCOBaHI 10 Oy/Ib-SKHX KJIaciB MEpeX, OJIHAK Ha
IPAaKTHI 1X BUKOPHUCTAHHS OOMEXKEHE «HEBEIMKUMI» MepexamMH dYepe3 pi3Ke
3pOCTaHHS CKJIAJIHOCTI 1 MOTYXHOCTI MPOCTOPY CTaHIB MpHU 30UIbIIEHH] PO3MIpPIB
Mepexi. Y Toi ke yac MaTpuyHi piBHSHHS 1 METO/IU TIEPETBOPEHHS MEPEXK, Oyaydn
MOTYTHIM 3aco00M aHali3y, BUSBISAIOTHCA MPUAATHUMH TUIBKK JUISI OKPEMHX

nijgkiaciB Mepex [letpi abo nuie B OKpeMuX BUMAIKaX.

5.4.1. /lepeso nokpueaemocmi

Jns nmanoi mepexi Ilerpi 3 moyaTKOBUM MapKyBaHHSIM My YHCIO HOBHX
MO>KJIMBUX MApKyBaHb JIOPIBHIOE UYHKCIY JI03BOJIEHUX MEpexoiiB. Bil KOXKHOTO
HACTYITHOTO MapKyBaHHs MOXKHA 3HOBY IEPEUTHM 0 HOBUX MapKyBaHb. |axkuii
poLec 3MiHH MapKyBaHb MOXKHA NPEACTABUTH Y BHLILIAI gepeBa. Moro Bysin
BIJINOBIJIAI0OTh MApKyBaHHSM, II0 MOPOIKYEThCS MapKyBaHHSIM My (KOopeHeM) 1
HAaCTYITHUMH BY3JIaMH, a AYTH - CIIPAIlbOBYBAHHIO MEPEXO/IB, [0 MPHU3BOIATH 10
3MiHU MapKyBaHb.

Opnnak, B pa3i HEOOMEXEHOT MEpeXi Take MOJAHHS y BUTJISAAL JepeBa Oyje
po3pocTaTucsa 10 HecKiHdeHHoCTi. J[ms Toro, mo0® YHUKHYTH I[hOTO, BBEIEMO
CHeIiabHUN €IEMEHT @, 10 BOJIOJI€ HACTYIMHUMH BIIACTUBOCTSAMHU: I OYIIb-
SIKOTO IIIJIOTO N Mae MicIie o> N, ®t N=®1 ® > ®, TOOTO ¢ HECKIHYCHHO BEIIUKE
YUCJIO.

Posrnsaemo npukiaa mo HactymnHii mepexi [lerpi (puc.5.8):
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Puc.5.8. Tlepexin to
IMACUBHUH, t1 1t — aKTUBHI.

[Ipyn HauanbHOMY MapKyBaHHI
My = (1 0 0) maemMo 1Ba JO3BOJICHHX
nepexoan: t; 1 tz. 3amyck mepexona tj
smintoe My, Ha M; = (0 O 1), mo
IIPECTaBIsIE COO0I0 «TYMIKOBUI» BY301,
TOMY IO MPU MapKyBaHHI M; HE iCHyeE
JI03BOJICHUX TIEPEXO/IiB. 3aIyCK Mmepexoaa

t3; mpu MapkyBaHHI Mo TPU3BOJUTH K

nosiBi MapkyBanus Ms = (1 1 0), mo nokpusae

My =(100). Tak sx HoBUM cTac MapKyBauHsi M3 = (1 ® 0 ), mpu sxomy nmepexonu

t11 t3 3HOBY BUSBISIIOTHCA JI03BOJICHUMU. 3anycK nepexonay t; 3miHtoe Mz Ha My =

=(0 ® 1 ), mpu ILOMy MOJKE CIIpaIfOBaTH Mepexona t, MPU3BOAS IO «CTapOrox»

MapKyBaHHs Ms= M,. 3anyck nepexony t3 mpu MapkyBaHHI M3 BeJe O «CTaporo»

By3na Ms= M3. TakuMm 4MHOM, JAEpEeBO MOKPUBAEMOCTI, 110 MTOKa3aHe Ha puc.5.9,

o0y/I0BaHO.
My=(100)
M;=(001) M;=(l®0)

(TymiKoBe) /\

My=(0 1) Ms=(1m0)
(cTape)

Ms=(0 @ 1) (cTape)

A

(8)

Puc.5.9. JlepeBo nmokpuBaemocTi Ta rpad

JIOCSHKHOCTI Mepexi 3 puc.5.8.

3a momomoror AepeBa MOKpuBaeMocTi 7 MOKHA, HANPUKIIAJ, TOCTIKYBaTH

Taki BiactuBocTi Mepexi [letpi (n, My):

1. Mepe:xa (N, My) oOMekeHa i, 0T:Ke, MHOXKHHA 7 (M) 3BUYAHO TOAI 1 TUTBKH

TOJ1, KOJIU @ HE BXOJUTH HE B OJIHY MITKY By3Ja 7,

2. Mepexa (n, M) 6e3nieuna Toi i TIIBKH TOJI1, KOJIM B MITKU BY3JiB T BXOJATh

TUbKA 11 2;
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3. [lepexin t macuBHMI TOA1 1 TUTBKHU TO/I1, KOJH BiH HE € MITKOIO TyTH JIepEBa
T;

4. Slkmo MapkyBaHHS M IOCSHKHO BiJ MapKyBaHHS My, TO ICHye BY301 3
MiTKO10 M, Takmii mo My < M’

VYV pa3i obmexeHoro mepexi IleTpi mepeBO MOKPUBAEMOCTI HA3WBAEThCS
JIEPEBOM JIOCSKHOCTI, OCKIJIBKA BOHO MICTHTh BC1 JIOCS)KHI MapKyBaHHSI MEPEKI.

Henomik omucaHoro miaxomy TMOJSTaE B TOMY, IO II€ METOJ ITOBHOTO
nepebopy. OfgHak B 3arajbHOMY BHUMAJKy MPOOJIEMU aKTUBHOCTI 1 JOCSHKHOCTI HE
MOXXYTh OyTH BHUPIIICHI 32 JIOMOMOTOI0 OJHOTO TUIBKH METOAY MOKPUBAEMOCTI,
OCKIJIbKM YacTHWHA 1H(QOpMAIlll BTPA4Ya€ThCsl P MIACTAHOBII CUMBOJNY @ (SAKUN
MO>K€ BIJIMOBIJIATH MApHUM a00 HEMapHUM, 3pOCTal0uuM ab0 CHaJHUM YHUCIIaM 1

T.IL.).

5.4.2. Mampuuys inyuoenmuocmi ma piHAHHA CHAHY

JuHamiky 0araTbOX CHUCTEM, IO PO3TJSIAIOTHCSA B TEXHIII, MOXKHA OMUCATH
nudepeHIiaTbHUMUA 200 anreOpaiyHUMU PIBHSHHSAMU. PO3TIsTHEMO MOKJIMBICTH
OTPUMAaHHS PIBHSIHB, 110 JO3BOJISIOTH MOBHICTIO OMMCATH 1 JAOCIIIUTA TUHAMIKY
mepex [etpi. Huxde npencraBieni MaTpuyHi piBHSIHHS, 110 BUBHAYAIOTH JUHAMIKY
napajielbHUX MPOIECIB, M0 MOACIIOIThCA Mepexamu [leTpi. OmHak 11 piBHSIHHS
HE 3aBXIM MOXHA pO3B'A3aTH, 10 TMOB'SI3aHO, 3 OJHOro OOKy, 3
HEJICTEPMIHIPOBAHHOCTHIO MoOjieNiell Ha OCHOBI Mepex Iletpi, a 3 iHIIOro OOKY, -
O0OMEXXEHHSIM, 1110 BUMAraroTh PIIlICHHS B BUTJISA1 HEB1I'€EMHUX IIJTUX YKCEIL.

Mampuys inyuoenmnocmi. ns mepexi Ilerpi N, mo mae N mepexomiB 1 M
HO3HUIlif, MaTpUICI0 IHIUACHTHOCTI a=[aij] Ha3zuBaeThcs (N * m) - wmarpwus,
eJIEMEHTaMH SIKOi € 111 YUCJIa, 10 BU3HAYAIOThCS BUPA30M

Aij=ai"- aif,

ne aijt = o(1,]), Bara 1yry, Mo Bee BiJ Mepexoay | 10 BUXiAHUH MO3MIIII |,

a aij = o(1,J), Bara nyrw, 10 Bee Bif epexoay | 0 BXIAHUX MO3HIIIT j.

Pignaunns cmany. Y mMaTpudHUX PIBHSHHSIX MAapKyBaHHS My 3alUCYETHCS Y

Bursal (M * 1) - Bekropa-cToBii. EjxeMeHT j BeKTOpa Mk JOPIBHIOE YUCTY (HIllIOK
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B TO3WIII | Bimpa3y Micis 3amycKy K-ro mepexomy B JAEsSKid MOCIiZOBHOCTI i
3amyckiB. K-if 3amyck, abo BekTop ympaBiiHHS Uk, sBisie coboro (N * 1) - BexTop -

CTOBIICLIb, BCI €JIEMEHTH SIKOT0, KpiM eJieMeHTa |, piBHi 0.

5.4.3. Ananiz 3a 00noM02010 nPOCMUX NPAGUJI NEPEMEOPIOBAHHI MEPEIHC

Jlnist cIpollieHHsT aHalli3y CKJIQJAHOT CHUCTEeMH YacTO MPU3BOASTH A0 OiIbII
MIPOCTOT MOJIET, 110 30epirae BIaCTUBOCTI JOCIIHKYBaHOI cucTeMu. | HaBmaku, s
3a7lady CHHTE3Y MOXHAa BHUKOPHCTOBYBAaTH METOJHU TOCHIJIOBHOTO TEPETBOPECHHS
abcTpakTHOI Mojeni B OUThIN AeTanbHY. ICHye MM psl MEpEeTBOPEHb MEPExX

[Tetpi.

N

a) omepallis 3JIUTTS MOCTIIOBHO 3'€THAHUX MO3HUIIIH;

Cf - N

L1

/ \

0) omepairist 3TUTTS MOCIIIIOBHO 3'€ THAHKMX TIIEPEXO/IiB;
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N \
AN 2
OO (= O
\ Y/ Ny

L1

B) OIEpallisl 3JIUTTS apaeIbHUX TO3MIIIH;

N N

/O\ =
/N

/ \ |

L1

N

N \?/

O O

N / N\

I') orepallis 3UTTS NapaieIbHUX MePEXOIiB;

-

o |/

O

<:> L1
T\ N

) omepallis BUK/IFOUCHHS TO3MIIIH 3 METISAMH;
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Y
— -
N \

¢) orepailisi BUKJIFOYCHHS TIEPEXOIIB 3 METISIMH

Puc. 5.10. [licTh onepatiiii mepeTBOpeHHsI, 110 30epiraloTh BIACTUBOCTI

AKTUBHOCTI, O0€3MeKH 1 00MEKEHOCTI

5.5. Cmpykmypni eracmueocmi

CTpyKTypHHUMH BIACTUBOCTSIMU Mepex [leTpi Ha3uBalOThCS BJIACTUBOCTI, 1110
3ajekaTh Bifg ix Tmmosorii. Ll BmacTMBOCTI HE 3alekaTh BIJ IMOYATKOBOTO
MapKyBaHHS Mo B TOMY CEHCI, IO BOHHU 30epiraroTbCsi IPU OyaAb-IKOMY
MOYaTKOBOMY MapKyBaHH1 a00, IHIIIMMH CJIIOBAMH, MOB'sI3aH1 3 ICHYBaHHSIM MEBHUX
MOCIJOBHOCTEHN 3amycKy (CIpallbOBYBaHHs) MEPEXO/IIB, 1HIIIHOBAHUX 3 JEAKOTO
MOYaTKOBOTO MapKyBaHHsS. ToMmy 1Ii BIIACTUBOCTI MOJHA, SK TPaBUIIO,
OXapaKTEPU3yBaTH 3a JJOIOMOTOI0 MATPUIIl IHIIUACHTHOCTI @ 1 acOIiiiOBaHUX 3 HEIO
OJIHOPITHUX PIBHSHb 200 HEPIBHOCTEH.

Cmpyxkmypna axmuenicmo. Mepexa IleTpi N Ha3UBa€ThCA CTPYKTYPHO
aKTUBHOI, SIKIIIO JJI Hel ICHy€E JIesika akTUBHA TI0OYaTKOBA PO3MITKa.

Keposanicme. SIkiio mepexa [etpi N 3 M no3uiisMu kepoBana, To Rank a=m.

CmpyxkmypHna obmedxcenicmos. Mepexa IleTpi N Ha3uUBAaETHCS CTPYKTYPHO
OOMEKEHOI0, SIKIIO BOHA € OOMEXEHOW Mg Oyab-sIKOi KIHIIEBOI MOYaTKOBOT
PO3MITKH M.

Koncepsamuenicmo. Mepexka Iletpi N Ha3UBA€ThCS KOHCEPBATHUBHOI
(4acTKOBO KOHCEPBATHBHO1), SKIIO JUIsi KOXHOI (JESKOK) TMO3WIli p ICHYE
MIO3MTUBHE IIIJIC YHUCIIO Y (p), TAKE IO JJIs Oy Ib-sIKOT MapKyBaHHI M € I (Mg) 10y/Ib-
aKii  (ikcoBaHIM TOYATKOBIM MapKyBaHHA Mo 3BakeHa cyma (DilIoK

M"y = m™gy = const.
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Koncucmenmmuicms. Mepexa [leTpi N Ha3uBa€ThCI KOHCUCTEHTHOIO (YACTKOBO
KOHCUCTEHTHOIO), SIKIIIO 1CHY€ MapKyBaHHS Mo 1 IIOCIIIOBHICTh 3aIlyCKy MEPEX0/IiB
L 3 Mg Ha3ad B Mo, Take M0 OyAb-aKUil (neskuil) mepexin xoda O OIWH pa3

CIPaLbOBYE B L.

5.6. 3acmocysannsa mepexnc Ilempi

Mepexi Iletpi mIMPOKO 3aCTOCOBYIOTBCS B CHUCTEMax  MacoBOTO
oOCIyroByBaHHs Ta  IMITaliifHOMY  MojemtoBaHHi. (CucreMa  MacoBOro
oOciyroByBaHHsS — 00'€KT (IIANMPUEMCTBO, OpTaHi3allis Ta iH.), AISJIBHICTh SIKOTO
MOB'sI3aHa 3 OaraTopa3oBOIO peali3alli€l0 BUKOHAHHS IKMXOCh OJTHOTUITHUX 3aBJaHb
1 omepaitii.

ImiTamiitne MoOJAENIOBaHHS — 1€ OKPEeMHH BHUIAJ0K MAaTeMaTUYHOTO
MozetoBaHHsA. IcHye Kitac 00'€KTIB, JUIsl SIKUX 3 PI3HMX NMPUYMH HE PO3pOOJIEHI
aHAMITUYHI MOJieNi, a00 He po3poOJieHI METOAM PIIIEHHS OTpUMaHOi Mojeni. Y
bOMY BHIAJIKy MaT€MaTU4YHa MOJIEIb 3aMIHIOETHCS IMITATOPOM a0 IMITALIITHOIO
MOJIEIIIIO.

Jlo IMITaIITHOTO MOJICTFOBAaHHS BIAIOTHCS, KOJIHU:

* Jloporo abo HEMOKJIUBO €KCIIEPUMEHTYBATH Ha peaqbHOMY 00'€KTI;

* HemoxMBO moOyyBaTH aHaIITUYHY MOJIETb: B CUCTEMI € 4ac, MPUYMHHI
3B'SI3KM, HACIIIJIOK, HEJIIHIMHOCTI, CTOXaCTUYHI1 (BUIIaJIKOB1) 3MIiHHI;

* Heo0xiHO 31MITyBaTH MOBEIIHKY CUCTEMH B 4acl.

Meta iMITaIlifHOTO MOJICIOBAHHA TIOJISATA€ Y BIATBOPEHHI TOBEHAIHKU
JOCIIIJIKYBAHOT CHUCTEMH Ha OCHOBI pe3yJbTaTIB aHalll3y HAWOUIbII CYTTEBHX
B3a€EMO3B'S3KIB MK 11 eleMeHTamMu a00 IHIMMH clIoBaMU. IMiTaiiiiHy Mojienb
MO>KHA PO3IJISIAATH SIK MHOXKUHY MpaBuil (AudepeHIialbHUX PIBHIHB, KapT CTaHIB,
aBTOMATiB, MEpPEX 1 T.M.), sIKI BU3HAYaAlOTh, B SIKUM CTaH CHCTEMa IMepeijie B
MaiOyTHHOMY 3 33JIaHOTO ITOTOYHOTO CTaHy.

AHaji3 pe3ysbTaTiB BUKOHAHHS MOXE CKa3aTH NPO T€, B SKUX CTaHaX
nepedyBaina abo He mpoOyBaja cucTeMa, Ikl CTaH!u B IPUHIIMII He ocsoKHI. OIHaK,

TaKU{ aHaNi3 HE JJa€ YUCIOBUX XapaKTEPUCTHUK, 1110 BUBHAYAIOTh CTaH CUCTEMH.
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[Tincymyemo, 1110 OCHOBHUMHU BJIaCTUBOCTSIMH Mepexi [letpi €:
* OOMEXEHICTh - YHMCIO MITOK B OyIb-fKii MO3WIII Mepexi He MOKe
TICPEBUIUTH JICSIKOTO 3HAUCHHS K.

* besnieka - okpemuii Bumnamok ooMexenocri, K = 1.

* 30epeXKEHICTH - CTATICTh 3aBaHTAXECHHS PECypCIB, Z AiNi nocriitna. He n;
- YUCJIO MapKepiB B -Tiil Mo3ullii, 8 - BarOBUN KOEQIIIEHT.

* JIOCSIKHICTD - MOKJIMBICTD MIEPEXOAY MEPEXKi 3 OJIHOTO 33JaHOT0 CTaHy (10
XapaKTepU3y€EThCA PO3MOIITIOM MITOK) B 1HIIIE.

* JXBaBiCTh - MOXJIMBICTIO CIpallbOBYBaHHS Oy/Ab-sIKOTO MEpPEeXoay IMpHu
GyHKI10HYBaHHI 00'€KTA, 1110 MOJICTIOETHCA.

B oCHOBI JOCHI)KEHHSI TepepaxOBaHUX BJIACTUBOCTEH JISKUTH aHaII3
JOCSKHOCTI.

Po3BuTOK Teopii mepex lleTpi mpu3Beno 10 NosBH, TaK 3BaHUX, ""KOJIbOPOBUX"
Mepex [letpi. [TOHATTS KOJIBOPOBOCTI B HUX TICHO MOB'SI3aHO 3 TOHATTSIMU 3MIHHUX,
TUIIB JIaHUX, YMOB Ta IHIIUX KOHCTPYKIHM, OLIbII HAOIMKEHHX J0 MOB
nporpamyBaHHs. He3Baxkaroum Ha AESIKY CXOXICTh MK KOJBOPOBUMH MEpEKaMu
[lerpi Ta mnporpamamui, BOHM II[€ HE 3aCTOCOBYBAIHMCS B SKOCTI MOBH
porpaMmyBaHHSI.

He nuBnsuuch Ha omnMcaHi Buulie mnepeBarn mepex llerpi, He3pydHOCTI
3actocyBaHHs Mepex [leTpi B SIKOCTI MOBH IIPOTpaMyBaHHS YKJIaJ€HI B MPOIIEC] iX
BUKOHAHHS B OOUYMCIIOBaJIbHIN cuctemi. Y Mepexax lleTpi Hemae cTporo moHsATTS
mpoiiecy, KU MokHa Oyso © BMKOHYBaTH Ha 3a3HadeHoMy mpoiiecopi. Hemae
TaKOX OJTHO3HAYHOI TMOCIIZIOBHOCTI BUKOHaHHS Mepexi [leTpi, Tak sk BuXigHA
TEOopis MPEICTaBIIsIE HAM MOBY JJIsI OTIHCY TapajieIbHUX MPOIIECiB.

IHumannsa ona camokoHmpo.io 00 po3oiny S5

1. Buznauennst mepexi [lerpi.

2. J103B1J1 1 3aIyCK MEPEXOIIB.

3. MoaentoBaHHsI KOH(IIIKTY Ta mapajelbHUX MPOLECIB.
4. [ToBeq1HKOBI1 BJIaCTHBOCTI.

5. CTpyKTypHI BJIaCTUBOCTI.

6. Meroau ananizy mepex llerpi.

7. epeBa moKprUBaeMOCTi.
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8. MarpuuHuii METO]| aHaII3Yy.
9. IlpocTi mepeTBOPIOBAHHS MEPEIK.
10. ImiTamiitne MoAeIOBaHHS — 3aCTOCYBaHHS Mepex [lerpi.
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