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Bceryn

<JluckpeTHa MareMaTHKas> — OJHA 3 OCHOBHUX (DyHIaMEHTAJbHHUX JIHC-
NMILIIH Y 3araJbHOHAYKOBIHl IIJITOTOBIl CTYAEHTIB 3a CIellaJbHOCTIMU
7.080203 «Cucremunii anaJjii3 i yupaiiaass, 7.080204 <«Comniaabaa indop-
MaTtuka> Ta 7.080404 <InTesekTyaabHi cHCTeMH NPUMHATTS pillieHb>. Kypc
JIMCKPETHOI MaTeMaTUKH € 0a30BUM I TaKUX JIHCIUILIH, 9K <Teopis
fiMOBIpHOCTEN Ta MaTeMaTH4HA CTaTUCTHKA>, <CuemiaaizoBaHi MOBHU IIPO-
rpaMyBaHHS>, <EKcrmeprai cucremms Ta immux. IIig gac BuBUYeHHA KypcCy
BUKOPHCTOBYIOTH OCHOBHI BU3HAUCHHA Ta TEOPEMHU AMCHIMILTIH <MaTtemarmd-
HUil aHasi3> Ta <JliHiiiHa aarebpas.

Y HaB4YaJbHOMY IIOCIOHHMKY IIOJaHO TEOPETHUYHHI Marepias 3a po3JiJia-
MH <YacTKOBO BIOPSIIKOBaHI MHOXKUHHM Ta PELIITKH>, <ByJ/eBi ajaredpus Ta,
<byiei dyukuii. Kpurepiit dyHKIioHa1bHOI HOBHOTH>. MarepiaJ, 3riaHo 3
pPoOOY0IO IPOrpaMoI0 JUCHUILIHA </lucKpeTHa MareMaTuKa>, PO3PAXOBAHO
Ha BUKJIAJAHHS POTSIIOM II'SITH JIEKITIH.

(O3HaveHHsI Ta TEOPEMH IIPOLIIOCTPOBAHO PHUKJIaaMu. IIpocTi TBep2KeH-
Hsl Ta TBEPJ2KEHHsI, 110 MOXKYTb OyTH J0BeJIeHi 3a aHAJIOTIEI0, 3alIPOIIOHOBAHO
sIK BIPABHU JJII CAMOCTIHHOI pOOOTH.

[TocaimoBHICTD 1 CTHIL MOAAHHA MaTepiajay HMOBHICTIO BiIIIOBIIaIOTH PO-
60uiit nporpaMi Ta 3a/I0BOJIbHSIIOTH IIOTPEOH CYMIXKHUX MaTeMaTUIHUX 1 IPH-

KJIaJHAX JTUCIIUILIIH.



Poznia 1

YacTKoBO BHOpPsAJIKOBaHI

MHO2KNHMN

1.1. OCHOBHI IIOHATTHA

91K oaun i3 0CHOBHUX 00’€KTIB PO3IVISTHEMO YaCTKOBO BIHOPAIKOBAHY MHO-
xkuny (UBM), to6ro napy (A, <), ae A — HENOPOXKHS MHOXKHHA, <<> —
BiTHOIIIEHHST YacTKOBOTO TOPsiKy Ha A [1].

[ToHATTS <BiHOIIEHHSI 9aCTKOBOTO MOPSIKY> (3a3BUYail BAKUBAIOTD Tep-
MiH <BiIHOIIIEHHSI TOPSIJIKY>> ) BBAXKAEMO MITKOM 3po3yMiaum. lasi y miit ria-
Bl po3rJissHeMO iHIIN pyHIAMEHTAJIbHI IOHATTS, gKi abo Bxke Bijowmi, abo €
Jly2Ke IPOCTUMHU 1 He HOTPeOYIOTH JI0JATKOBUX MOACHEHD.

ITosnauennsa a < b € Juire 3py4HUM CKOPOYEHHAM /I [IO3HAYCHHH
(a,b) € R, ne R C (A x A) — BiiHOIIEHHS TIOPSJKY, 3aaHe HA MHOKuUHI A.

Agmo a b (b = a) qng a,b € A, To rOBOpATH, MO €JEMEHT a nepedye
(necmpozo nepedye) enementy b, abo esemenT b caidye (necmpozo caidye) 3a
eJIeMEHTOM (.

[Topsi i3 HecTpormM IepeayBaHHAM (CJILyBAHHAM) HPUPOIHUM UH-

HOM BBOJSITH BIJIHONIEHHS <—<> CMP02020 NepedysarHs Ta BiIHOIIEHHS



Pozain 1. YacTkoBo BHOPSIKOBaHI MHOXKHHUI

<>=> cmpo2020 caidysarta. BiTHOIIEHHST <<> Ta <=<>> MOB gI3aHi OJHe 3 O-

HUM CITIBBITHOITIEHHIMUI

<y ((@zsyr@fy); (@sy)e((@<y)ViE=y).

Esementn a,b € A Ha3suBaOTh NopieHAHHUMU, SKIIO ¢ < b abo b X a.
Axmo 6yap-ski asa egnementn YBM (A, ) nopiBusuui, mHOXKUHY A Ha3u-
BAIOTh AIHITHO 8NOPAIKOBAHOI0 MHOHCUHOMN ADO AGHUIO20M.

Ozuauenns 1.1. ['oBoparh, mo exeMment a € A Ge3nocepesHbo mepeaye

eqementy b € A (b 6e3mocepenbo Crigye 3a @), AKIINO
Arec Aia<x<0b.

IMpuknax 1.1. 1. Y UBM (N, <) esement a € N Ge3nocepeiHbo mepe-
nye eaementy b € N Toxi i Tiabku Toai, Koau b = a + 1. Tak, exement 2
be3nocepeInbO Mepeaye eaeMenTy 3, aje He eJeMenTy 4.

2. ¥V UBM (R, <) Gesnocepe/iHe TepeyBaHHs HEMOXKJINBE, OCKIIBKH JIJIsI
KOYKHOI Tapu a < b 3Hajimerses x € R, makumit, mo a < = < b (mocraTHbo
B3atu T = (a + b)/2).

3. Ha muoxknui N po3riasHeMo BITHOIIEHHS TOMIJIBHOCTI:
(a2 b) < (bia),

T00TO a mepenye b Toai i TiAbKK TOAl, KOJKM b ILINTHCS Ha a.

BigHoteHHs MoaLIbHOCTI HA, MHOXKIUHI HATYPAJILHUX duce 1 pedieKCuBHE,
AHTHCUMEeTPHUYIHE 1 TPaH3UTHBHE, a OT2Ke, CIIPaB/l € BIIHOIIEHHIM YaCTKOBOI'O
nopsiiky. Jlerko 3posymiru, mo y UBM (N| i) enemenr a 6e3mnocepeHbo
nepeaye ejgeMenTy b Toml i TLIBKH TOAI, Kou b = pa, ge p — IpocTe TUCIo.

Baypa>kennsi 1.1. Jlyke 4acTo BiJIHOLIEHHS IMOPLAJIKY <=<> IPUPOHE JIIsI
MHOXKMHE A: «<> Ha YUCI0BUX MHOXKHHAX, BiAHOIIeHHS <C> Ha MHOXKH-
HAX MHOXKHH TOIIO. ¥ TaKHX BHIIQJIKaX, Hocuaaldnch Ha UBM, BiaHOmEeHHS
HOPSAIKY He BKA3YIOTh; TaK, I'OBOPATH <YaCTKOBO BIIOPSIKOBAHA MHOXKHHA

R> 3amicTh «9acTKOBO BHOpsiKOBaHa MHOKHHA (R, <)>.



1.1. OcHOBHI HOHSTTS

1.1.1. IIpuHnUND AyaJabHOCTI OJIA YaCTKOBO

BIIOPDAJKOBaAHUX MHO>KHWNH

CdopmynioemMo y BUTVIsII BOPaBU MPOCTHH pe3yabTaT, NOKIAJICHUNR B
OCHOBY IPHUHIIUIIY JyaJbHOCTI.
Bmpaga 1.1. dxmo R C (A x A) — BigHOIIEHHS TOPSIIKY, TO OOEpHEHE

Bignomenns R~ C (A x A) TakoxX € BiHOIMEHHAM HOPSAIKY.

Binnomenns caigyBaHHs <P=>, 33 BU3HAUCHHAM, oOepHEeHE 0 BiTHOIICH-
H TepeIyBaHHS <>, a 0TKe, 33 pe3yJbTaToM BIpaBu 1.1, € BiTHOIMEHHAM

nopsiiky. Orike, 3 Koxkuoww UBM (A, <) nos’s3ana dyassrna UBM (A, =):

Ouesuno, mo <apivi gyanpHas> UYBM (A, )™ (ayanbha 1o gyajbHOL)
36iraerbed 3 Buxignow YBM. Inakime kaxyuu, akmo YBM (A, )" ayaibua
10 (A, %), o (A, x) rakox nyanbna 1o (A, )" (1o srazannx YBM inomui

3aCTOCOBYBATHMEMO TE€PMiH <B3a€MO/IYAIbHICTH> ).

IMpukaamg 1.2. Jo UBM (N, <) ayaasnowo € (N, >). dxmo a < b, 10 a
nepenye by cenci (N, <), ane y nyanpuiit YBM enement b nepeaye a.

Y teopii UYBM wacTo BHKOPHUCTOBYIOTH NPUHUUN OYasbHOCML: SAKIITO
IIpABJIUBe JledKe TBep:KeHHsI, cPOpPMYy/IbOBaHEe Yy TepMiHaX, IIOB’SI3aHUX 3
BIJHOIIIEHHSIM <=>>, TO CIPaBIKYETbCs TAKOXK JIyaJbHe TBEPJIZKEHHs, SKe
OTPUMYIOTH 13 BUXIJHOI'O 3aMIHOIO BIIHOIIEHHS <=<> Ha BIIHOIIEHHS <=>.

KopekTHicTh NpUHIUNY AyaJbHOCTI OOIPYHTOBYETHCSI THM (PaKTOM, IO
JIOBEJICHHS TyaJTbHOTO TBEPIXKEHHSI MOYKHA, OTPUMATH 3 JIOBEICHHS BUX1THOTO
TBEPIKEHHS 3aMIHOIO <> Ha <P=>, TOOTO Mepexoadun 10 AyaabHol YBM.

3ayBazKUMO, 10 y CKJIAIHUX BHMAJIKAX CJIiJ IBHO BAIUCATH (DOPMYJIIO-
BaHHS Ta JIOBEJICHHS /1yaJbHOI'O TBEP/KEeHHS, 3aMIHUBIIN Y BUX1IHOMY TBep-

JIKeHHI Ta oro JOBeJeHHI <> Ha < =>.



Pozain 1. YacTkoBo BHOPSIKOBaHI MHOXKHHUI

[TpuanEN AyaJbHOCTI YacTO JOMOMara€ BCTAHOBHTH I0JATKOBI B3a€MO-
, : : :
3B’SI3KW MiXK TepMiHaMH, OCKLIBKHU AyzKe OaraTro moHdaTh y Teopii YUBM dop-
MYJIIOIOTBCS <JIVAJbHIMH TapaMus; I (POPMYJIIOBAHHA AyaJbHUX TBEp-
JI7KeHb JOCTATHHO 3aMIHUTH Takl TePMIHU Ha BIAMOBIIHI AyaJabHI.
KonkperHi npuk/iaan BAKOPUCTaAHHS IPUHIUITY JTYaJIbHOCTI 3yCTPIIaIOTb-
csg gaji y bopMyJIIOBaHHI O3HAaUYeHb Ta JOBEJIEHHI TBepIKEeHb PI3HOI'O PiBHSI

CKJIQIHOCTI.

1.1.2. /diarpamu I'ecce

Hexaii (A, <) — ckinyenna UYBM, to6ro A = {a1, a9, ...,a,}. Y 1mpomy
BHUIIQIKY JIJIs1 300pazKeHHd BIOPSIKYBaHHS YacTO BHKOPHUCTOBYIOTH Ipacu
CIeIlaJIbHOIO BUTJIALY:

e rpad MiCTUTb N BEPIINH, 9Ki BiAIIOBIAAIOTH €JIeMEHTAM A1, G2, ..., (]

® BCDUIMHHU ; Ta dj 3’€IHYIOTh peOPOM TO1 1 TUIBKH TO/I, KOJU eJIeMEeHT

a; Oe31ocepeJHLO Tepelye eJIeMeHTy a;;

® AKINO ; < (j, BEPUIMHY @ PO3TALIOBYIOTH Ha IJIONIUHI BUIIE 33 ;.

3po3yMiJIo, 110 OIUCaHI YMOBH OAHO3HAYHO 3a/1al0Th BiJIHOIIEHHS OPSI-
Ky. Takuii rpad Ha3uBaIOTL Jiarpamoio I ecce' 4acTKOBO BIIOPSIKOBAHOI MHO-

wuuu (A, X).

IMpukmanm 1.3. Hexait n € N, £, = {k € N: n:ik} (£, — mHOXKH-
Ha HATYpaJbHUX JIJIBHUKIB (ikcoBaHoro duciaa n). Muoxuna L, 9acTKOBO
BIIOPSIKOBaHA, 33 BiTHOIMEHHSIM MOILTLHOCTI < i>. iarpamu I'ecce MHOKUHH

(L, i) nyist pisHUX 3HAYEHb N 300parkeHo Ha puc. 1.1.

! Tronsur OrTo Tecce (1811-1874) — miMenpbKuil MaTeMaTHK, aBTOp DyHIaMEHTAIbHIX
pobiT y rasysi gudepeHiiaabHOl TeoMeTpii Ta BapialifHOro YUCIeHHs; Y IUX IPAIgX BH-
KOPHUCTOBYBAaB IHBapiaHTHWY BU3HAYHUK i3 JPYTUX MOXITHUX, AKWI HUHI HA3WBAIOTH TeCCi-

AHOM.
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@®:s

Puc. 1.1. Hiarpamu Tecce muoxkunu (Ly, i) ma n = 8; 12; 15; 30

ITpukman 1.4. Posrnaunemo YBM
{{1,2,3,4,5},{1,2,3,5},{1,2,4,5},{1,5},{2,5}, o},

ne (A B) < (ACB).

Enementamu 1miei MHO-

{1,2,3,4,5}

JKUHU € TIICTh MHOYKHH,
MI?K AKHMH BCTaHOBJIEHO {1,2,3,5} {1,2,4,5}
KJIaCHYHe 9aCTKOBE BIOPS -
KYBaHHS <OyTH M IMHOYXKH-
Horo>. Bigmosiany miarpa-

i\ AHY  J1arp {1,5} {2,5}
My lecce 3o00OpakeHO Ha

puc. 1.2.
)

Puc. 1.2. Hiarpama Tecce muoxunu {{1,2,3,4,5},
{1,2,3,5},{1,2,4,5},{1,5},{2,5}, @}

OueBujHo, 1o jgiarpama l'ecce jpyanbnoi YBM € <peprukaabHuUM BiI-

3epKaJloBaHHAM> Jiarpamu Buxijnoi YBM (puc. 1.3).
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a e f

a

Pwuc. 1.3. Ilpukmas giarpam 'ecce B3aemonyansanx YBM

1.1.3. MakcuMaJibHl 1 MIHIMaJIbHI eJIeMeHTU

Hexaii (A, <) — nosiibna UBM, B C A, B # @.
O3znauenudg 1.2. Ejgement M € B Ha3uBaioTh MAKCUMAJJIbHUM JIJIsT MHO-

KUHU B, 9KII10

Vee B:(x=M)= (x=M).

EjlemenT m € B Ha3uBawTh MiHIMAJIBHAM JJIsi MHOKUHE B, AKIIO
Ve € B: (z < m) = (x=m).

[ToraTTa MaKCHMAJILHOTO Ta MiHIMAJBHOTO €JIEMEHTA, B3aEMOIYaJIbHI: TK-
1[0 eJIEMEeHT MaKCUMaIbHUI (MiHIMaIbHIi) 1715 miaMHOKuHN B nesikol YBM
(A, <), To y Bigmosinniit ayaneuiiit YBM (A, =) neii esement Oyme mis B
MiHIMATBHAM (MAKCHMATBHIM ).

Bayparkenus 1.2. MakcumaJibHicTh eteMenTa M € B exBiBaJeHTHA YMOBI
Ve € B: (xr < M) abo (x ta M uenopiBHgAHH]).
Amnasoriuno, MiHIMaJIbHICTH eJleMeHTa m € B ekBiBaJeHTHa yMOBI

Vo € B: (z > m) abo (x Ta m HenopiBHSHHI).

10



1.1. OcHOBHI HOHSTTS

IMpukaam 1.5. 1. Posragremo UBM A = {a, b, ¢, d, e, f, g} 3 aiarpamoro
['ecce, 300pazkeHnoio Ha puc. 1.4.

[Tigmuoxuna By = {a,b, c} micrurb ogun Mak-

a CHMAJILHUN eJIeMeHT @ Ta JIBa MIHIMaJbHAX €JIeMeH-
™ bic.
b c . .
[Tigmuoxuna By = {b,d, e} micrurb 0auH Mak-
d cUMaJbHUI ejieMeHT b Ta oaWH MiHIMAJILHHUN eJie-
MEHT €.
e f VY migmuoxuni Bz = {e, f} obuasa enementu €
OAHOYACHO 1 MIHIMAJILHUMHA, 1 MAKCUMAJILHUMU.
g Cama muoxkuna A = {a,b,c,d e, f,g} (ax mia-
MHOXKHHA CaMoi cebe) MICTUTh OJHH MAKCUMAThHUN
Puc. 1.4

eJIEeMEeHT a Ta OJIMH MIHIMAJbHUN eJleMeHT (.

2. Posriisnemo UBM (Z, <). ITigmuaoxkuna N MicTuTh 0uH MiHiMaIbHEANR
ejjeMeHT 1 i He micTuTh MakcuMaJapHuxX. CaMa MHOXKMHA Z He MICTATH aHi

YKOJTHOTO MIHIMAJBHOTO eJIeMeHTa, aHl KOJHOI0 MaKCHMAaJIbHOTO.

Hapenenwnit mpukian mokasye, o 3ajJdaHa HiIMHOXKHUHA B MoXKe MICTH-
TH OJWH a00 JeKLIbKAa MaKCUMAJBLHUX Ta OAUH ab0 AeKiJIhbKa MIHIMAJLHUX
eJIEMEeHTIB, MOXKe MICTUTH MaKCUMaJbHI eJJeMeHTH 1 He MICTUTH MIHIMaJbHUX
(abo HaBMaKM), i MOYKe B3arajii He MICTUTH aHi MAKCUMAJILHUX €JIEMEHTIB, aHi

MIHIMAJILHUX.

IMpukaanx 1.6. Jns muoxkuan Harypasbaux unces Ny UBM (R, <)
eJeMeHT 1 MiHIMAJIbHUN, MAKCUMAJIbHUX eJJeMeHTIB HeMag; Vv ayaabHiit YBM
(R, >) nyis muoxkuuu N ejleMedT 1 MakcuMaIbHU, MiHIMAJIBHEX €JIEMEHTIB

HeMae.

Bmpasa 1.2. Josecru, 1o 0yab-sgKa HeIOPOXKHS cKindernHa B C A wmic-
TUTh NPUHAKNMHI OMH MaKCHMAaJbHHI 1 MpHHAUMHI OJUH MiHIMaJIbHHI ejre-

MeHnTH.

11
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1.1.4. Haii0iabIiil 1 HaliMeHIIIl eJIeMeHTH

Hexait (A, <) — posinbna UYBM, B C A, B # .
O3nauenna 1.3. Ejement M € B Ha3supaoTh HAHOLIBIIAM JJIST MHO-

KUHU B, SKIImo
Ve e B: (x < M).
Enement m € B Ha3sumBaOTh HaMEHIIIUM I MHOXKUHU [, SIKIITO
Ve € B: (x = m).

[TouarTa HaibIABLIIIOrO Ta HAWMEHIIIOTO €JIEMEHTa B3a€MOIAYaJIbHI: SKIITO
eJIeMEHT € HafiOuLTbmuM (HajiMeHmnM) s miaMuOKuHE B feskoi YUBM
(A, <), To y Bimnosianiii nyansuiit YUBM (A, =) ueit enement Oyre mist B
HaliMeHIM (HafHOLTBITIM ).

Ha Bigminy Bij MakCuMajbHONO Ta MiHIMAJIBLHOIO €JIeMEHTIB (JuB.
3ayBayKeHHI 1.2), HAWOLIbININIA Ta HAWMEHIIHH ejleMeHTH [/ MHOXKHWHU
B C A mators 6y NOPIBHAHHUMHI 3 KOKHUM eJIeMeHTOM i3 B.

OueBuaHO, MO y JaHIIO31 A MOHATTS <HAROLIbMIAKA> 1 <MaKCHMAaJIb-
HUi> (<HAHMEHIH> | <MiHIMATBHEI>) 30iraloThes it OY/Ib-9KOI HiMHO-
)kuan B C A, ocKinbKE B JIAHIIO31 BCl eJleMeHTH MOIapHO mopiBHsHHI. I1po-
Te, K I0Ka3ye npukjaaj 1.7, jig goiabaux YBM nonsarra <HaiOlabmmiis> i
<MaKCAMAJIbHUN> (<HAHMEHIIHE> | <MiHIMATBHUIT>) PO3PI3HAIOTHC.

Jlema 1.1. Jlas 6ydv-axoi gixcosanoi muoscunu B C A ichye ne biavue
001020 HATOINDUL020 | HE OLAbUE 00H020 HATLMEHULO20 EAEMEHMA.

Josedennsa. Ilpunycrumo, mo MmaHOKIUHA B C A MicTUTh HalbLIbII eJte-
mentu M, € B ta M, € B. Toxi, 3a BU3HaYeHHAM HaiOLIBIIOTO eJeMeHTa,
orpumyemo: My < My ta My <X M. Tenep, BUKOPUCTOBYIOUN aHTUCHMET-
PUIHICTDH BITHONTEHHS TMOPSIKY, OTpUMyeMO piBHICTL My = M.

TBepKeHHST JeMH JJid HaWMEHIIOrO ejeMeHTa MOXKHA OTPUMAaTh 3a

HPUHIMIIOM JyaJIbHOCTI, TOOTO TOBTOPUBIIN JOBEJEHHS JIJIS HAWOLILIITOrO
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1.1. OcHOBHI HOHSTTS

eJIeMeHTa 13 3aMIHOI0 <> Ha <;=> 1 HOHATTHI <HaliOIIbIINii> Ha BiIIOBIIHE

JAyaJbHe <HANMEHIIT>. OJ

3posymino, 1o Haiibinbumii (Hafivenmuit) exement qia B C A ogno-
vqacHo € it B C A makcumaiabauM (MiniMaabauM). OnHAK, K Oy/1e BUIHO
y mpukjajai 1.7, 3BOpOTHE TBeP/KEeHHsI HENPABUJIbHE: MAKCUMATbHUN (MiHi-

MAaJIbHUIT) eJIleMeHT He 000B’I3KOBO € HAROIIBITHM (HatMEeHIITIM ).

Bmpasa 1.3. Hexait muoxkuna B C A mictuth Haibiabmunii exement M.
Hosectu, 1mo B He MICTHTH IHIUX MaKCUMaJIbHUX ejieMeHTiB. CdopmysroBa-

TU BI/INIOBI/THE JTyaJbHe TBEePI KEHHSI.

Ilpukaan 1.7. s HOpiBHSIHHS HOHATH <HANROLILIINI> I <MaKCUMAJIb-
HUit> (<HARMEHIH> | <MiHIMATBHUN>) HeperisHeMO MHOKUHY i3 MPHKJIa-
ay 1.5: A={a,b,c,d e, f,g} (niarpamy Tecce 306pazkeno Ha puc. 1.4).

[Tigmuoxkuna By = {a, b, ¢} micturh HaRbLIbIINI eleMeHT a (BiH YKe MaK-
CHMAJIbHUIT) 1 He MICTUTH HAMEHIIOTo (OHAK € JABa MiHIMAJIBHUAX €JIEMEHTH —

b Ta c).

[Tigmuoxkuna By = {b,d, e} micrurh HaiiGlLibumil eeMent b (BiH 2Ke Mak-

cHUMaJIbHUIT) 1 HafiMeHnil eJeMenT e (BiH Ke MiHIMAJbHUIT).

Y migmuoxkuni Bz = {e, f} Hemae ani HaiibLibIoro, ani HaiiMeHIIOro
eJIEMEHTIB, OJTHAK OOMJIBA €JIeMEeHTH € Ta f OJHOYACHO 1 MiHIMaJIbHI, i Mak-

CAUMAaJIbHI.

Cama muoxkuna A = {a,b,c,d, e, f, g} Mae Haiibiabimmii exement a (Bin

JKe MaKCHMAaJIbHUI) 1 HafiMeHIuil eieMenT ¢ (BiH »Ke MiHIMaJIbHUIL).

Bupasa 1.4. Hexaii ckindenna HenopoxkHg MHO:KHHa B C A micturb
TOYHO OJIMH MaKCHMaJbHUI eneMeHT. /loBecTn, 1110 11eil e1eMeHT € sl MHO-
xkuHu B wHaiibinpmuM. CdopmysaioBaTi BiAIOBIIHE JdyaJibHEe TBEPIKEHHSI.
IlokazaTu, 10 JJisd HeCKiHYeHHOI B I TBepJzKeHHsI MOXKYTb He BHKOHYBa-

THCAH.
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Pozain 1. YacTkoBo BHOPSIKOBaHI MHOXKHHUI

1.2. BepxHi i1 HM>XKHI MexXi.
Cynpemym Ta iHQiMyM

Hexait (A, <) — posinbna UYBM, B C A, B # .
Osnauenns 1.4. Egement M € A Ha3suBalOTh BEPXHLOIO MEXKEIO JIJIsI
MHOXKHMHU B, {KIIO

Ve e B: (x < M).

Esement m € A Ha3uBalOTh HUKHBOIO MEKEIO JIJIsi MHOKUHE B, SKIIo
Ve € B: (z = m).

[TousaTTss BepXHBLOI Ta HUMKHLOI MEXKi B3a€MOAYAJILHI: SKIIO €JIeMEeHT €
BEPXHBOIO (HIDKHBOIO) MexKero s miamuaokuan B neskol YUBM (A, <), To
y Bignosimguiit ayaneaiit YBM (A, =) meit eeMeHT € HUKHBOIO (BEPXHBOIO)
MexKero g B.

Ha Bigminy Big maitbisipimoro (HaitMeHImoro) ejxemMenTa, Bepxus (HUZKH)
Mexka Juid B C A Moxke He nanexkarn miaMuoxkuai B. OueBuano, mo Haii-
OlbInuit (HaliMeHIIwit) eJleMenT jijist B MOYKHA BU3HAYUTH K BEPXHIO (HUXK-
HI0) MexKy B, mo najiexurs B.

ITpukmaan 1.8. Posrusuemo muoxkuny A = {a,b,c,d, e, f, g} i3 upukia-
ay 1.5 (miarpamy Tecce 306pazxkeno Ha puc. 1.4).

[Tligmuoxkuna By = {a, b, c} mae oy BepxHIO MexKy a (BOHA K HAiibLIb-
muii esement st By, ockinbku @ € Bp) i worupu muxkui Mexi — d, e, f, g
(B He MicTUTH HAWMEHIIIOTO eJIeMEeHTa, OCKIJIbKH KOJHA 13 HIZKHIX MeX B
He HAJIeKUTb D).

[Tligmuoxkuna By = {b,d, e} mae Bepxui Mexi a Ta b (HaibGinbuiuii eje-
MeHT — b € By) i HmkHi Mexi € Ta g (HaliMeHIIHi eneMeHT — € € By).

[Tlizmuoxuna Bs = {e, f} mae qorupu BepxHi Mexi — a, b, ¢, d Ta oaHy

HUZKHIO MexXKy ¢ (HAibInbIoro Ta HajiMeHnoro ejeMenTis By He MiCTHTB).
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1.2. BepxHi it amxai Mexi. CynpemyM Ta iHbIiMyM

Cama muoxuna A = {a, b, c,d, e, f, g} Mae omHy BepxHIO MeXKy @ (BOHA 3K
HaOLIBIHIT eeMenT 715 A) 1 HIKHIO MeXKY ¢ (BOHA K HARMEHTITHiT eTeMeHT
st A).

IMpukaamg 1.9. Yacrkoso suopsiikosana Muoxuna (N, <) (ax migvuo-
KUHA camol cebe) He MAE KOJHOI BEPXHBOT MEXKi i MA€ OJIHY HUKHIO MEXKY
1eN.

[Tigmuozkuna napuux qucen {2k: k € N} € N He mae KoaHOT BEpXHBOT

MexKi 1 Mae nBl nuzkui Mexki 1 Ta 2.

O3nauvenns 1.5. ToYHOIO BEPXHBOI MeXKew (CYMpeMyMOM) MHOYKWHU
B C A masuBaioTh eyneMmenT sup B € A, gkwuii € HaliMeHIIHM y MHOXKMHI
BEPXHIX MeK MHOKUHU B. TOUHOI0 HUKHBOIO MeKelo (1H(IMyMOM) MHOKWHH
B C A nasmpatorh enement inf B € A, gakuii € HaiiOLIbIIUIM y MHOXKMHI

HUZKHIX MeK MHOXKHHU B.

[Tepedopmysrtoemo o3HadeHHs 1.5 y BUIVIs L], 3PYYHIIIOMY JJIsi IPAKTHYI-
HOTO BUKOPHUCTAHHS Yy BUIQIKAX, KOJU Tpeba JT0BECTH, IO MMEeBHUN eJIeMeHT
€ CylpeMyMoM abo iHdiMyMOM.

st Toro, mo6 exement M € A 6yB TOYHOIO BEPXHLOIO MEXKEI0 MHOXKIUHI

B C A, neobxigme i gocTaTHE BUKOHAHHS JIBOX YMOB:

o ejevenT M € BepXHBOIO MexKero st [ (1.1)

® JKIIO McA- JoBiIbHA BepxHs Mmexa i B C A, to M < M. (1.2)

st Toro, mob exement m € A OyB TOYHOIO HU?KHBOIO MEXKEI0 MHOXKIHUI

B C A, meobxigne i gocTaTHE BUKOHAHHS JIBOX YMOB:

® eJIEMEHT M € HUXKHBOIO MeKelo i I3

e akmo m € A — noBibHA HUXKHS MexKa 1aa B C A, To m = m.

Od4eBuIHO, MO MOHATTS CYIIpeMyMy Ta iH(pIMYyMYy B3a€MOyaJIbHI, IO A€

MOKJIMUBICTH CIIPOCTUTH JOBEJIeHHsI 0OArarboX TBEPIKEHb.
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Pozain 1. YacTkoBo BHOPSIKOBaHI MHOXKHHUI

PosryisiHeMo TBepzKeHHs, siKe J0TOMAarae BH3HAYATH cymnpemyM (iHdi-
MyM) V BaXK/JUBOMY TPAKTUIHOMY BHIAJIKY.

Jlema 1.2. dxuwo seprua (Husicna) meotca muoscuru B C A nanrescumo
camiti mrooicunt B, ua meorca € mounoro.

Jlosedenna. TBepIzKeHHST TOBEIEMO IS CYIpPeMyMy (TBEpPJXKEHHSI /IS
iH(pIMYyMy OTPUMYEMO 3a MPUHITUTIOM JTYATBHOCTI).

Hexait M € B C A, i M — Bepxua mexa ana B. /na erementa M
nepesipumo ymosn (1.1) ta (1.2).

Ymosa (1.1) BUKOHyeThCsl 3a HpUILyIIeHHsM Jjemu. Hexaii M e A -
JOBiTbHA BepxHA Mexka MHOKMHU B. Ockinbku M € B, orpuMmyemo, IIo
M < M. Orxke, ymoBa (1.2) Takoxk BUKOHYETbCH, i M € cynpemymom jiist

MHOKUHHN B. ]

Baypaxkernns 1.3. Cynpemym (indimym) muoxkunu B C A, gk i goBinbHa

BepxHs (HUKHsI) Mexka B, He 000B’I3KOBO HAJIEXKUTH i AMHOKUHI B.

Bopasa 1.5. /loBecTn eKBiBaJeHTHICTH TBEPZKEHb:

1. EnemenT M — maitbiiabmuil 11 MHOXKUHN B.

2. M =supBiM e B.

3. M — Bepxusa mexka anga B i M € B.

BukopucroByoun npuHIMI JIyaJibHOCTI, ccpopmysiioBaTu it goBecTu Bijl-

[OBI/[HE TBEPJKEHHS JI/Isi HARMEHIIIOro eJieMeHTa, 1HPIMYMY 1 HUKHBOT MexKi.

OckisibKu cynpeMyM — HAMEHIIHi eJIEeMEHT Y MHOXKUHI BepXHiX Mexk (iH-
dbimMym — HARGIIbIINI €/1eMEHT Yy MHOXKUHI HUXKHIX Me2K ), i3 jiemu 1.1 Buru-
Ba€ TBEPJ2KEHHSA NP0 €INHICTH TOTYHUX T'PAHEH.

Jlema 1.3. Jlas 6ydv-axoi muoocunu B C A icnye me biavuie 001020

cynpemymy i ne diavuLe 00H020 THPHLMYMY.
Bnopasa 1.6. /loBectu jemy 1.3 camocTiiiHO.

Ilpukmaan 1.10. Posmisgnemo YBM i3 jgiarpaMoro, 300pakeHOI0 Ha

puc. 1.5.
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1.2. BepxHi it amxai Mexi. CynpemyM Ta iHbIiMyM

Muoxkuna {d, e, f} mae yorupu BepxHi MexKi —
a, b, ¢, d, cepen axkux d — wnaiimenma. Ot-
xke, sup{d, e, f} = d. Kpim Toro, d — Haiibiab-
d it esiement Jis MaoxkuHU {d, e, [}, ocKinbKH
d =sup{d,e, f} € {d,e, f}. Muoxuna {d, e, f}
He Ma€ TOYHOI HU?KHbOI MeXKl, OCKLIbKH B3araJil

He Ma€ HUZKHIX MexK.
Puc. 1.5

ITpuxkaax 1.11. Pozrasgaemo YUBM i3 giarpamoro, 300pazkeHOIO Ha
puc. 1.6.

[TizmHoKuHA {d,e} Mae Tpu BepxHi MexKi —
a, b, ¢, — aje KojHa 3 HUX HE € HAWMEHIIOK
(MHOXKMHA {a,b, c} He Mae HAMEHIIOTO eJieMeH-
ta). OTKe, TOYHOI BepXHBOI Meki (cympeMmymy)
s {d, e} ne icnye.

Ouesuno, o inf{d,e} = f, ockinbku f —
€/IMHA HUXKHS MexKa MHOxKuHu {d,e}. 3a3Hauu-
MO, 110 f He € HaifimeHInuM ejieMeHToM i {d, e}, f
ockibku f ¢ {d, e} (naiimeninoro ejemenTa Jijis

{d, e}, oueBunno, HeMaE). Puc. 1.6

BepxwHi i HUMXKHI MeXKi, 30KpeMa CypeMyMu Ta iHQiMyMu, MalOTh 6araTo
mikaBuX BiactuBocteii [3; 5]. HaBegemo jekiibKa BasKIMBUX TBEP/IKEHb, AKi

Ha/1aJ1i BUKOPUCTAEMO TIiJ] Yac BUBUYEHHS PENTITOK 1 OyIeBUX aareop.
Jlema 1.4. (a < b) < (sup{a,b} =0b) < (inf{a,b} = a).

Jlosedenns. 1. Hexait a,b € A, a < b. Toui b — Bepxua mexa jis {a, b},
3Bijku b = supq{a, b} 3a jemoro 1.2. AHAIOrI4HO, @ — HUKHs Mezka i {a, b}

i, 3a semoro 1.2, a = inf{a, b}.
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Pozain 1. YacTkoBo BHOPSIKOBaHI MHOXKHHUI

2. Hexaii a,b € A, b = sup{a, b}. Toxi b — Bepxus mexa m1a {a, b}, 38i1Kn
a<b.

3. Hexait a,b € A, a = inf{a, b}. Tozai a — mmxusa mexa as {a, b}, 3Bi1Kn
a<b. O

[3 silemu 1.4 BummBae, mo cynpemymu (Tak camo, sik i iHdimymu) ycix
JIBOXEJEeMEHTHUX ITiIMHOKHH MHOXKUHU A OJHO3HAYHO BU3HAYAIOTH BiIHO-
IIeHHs 1epeyBanas Ha MHOKuHI A. To6ro, ko Bijomi 3uavenns sup{a, b}
s Beix a,b € A abo inf{a, b} mus Beix a,b € A, T0 BijoMe TAKOXK BiHO-
meHHs nopsaaky <<> (sup{a,b} abo inf{a,b} moxyTb i He icuyBaTu, aje y
IbOMY BHIIAJKY €JeMEHTH ¢ Ta b OJJHO3HAYHO HEMOPiBHSIHHI).

Teopema 1.1. Hexati By, Bo C A, i nexat ichyroms sup By, sup By ma

sup{sup B, sup Bs}. Todi ichye sup(B1 U Bs), i cnpasdorcyemuvces piehicms
supq{sup By, sup Bz} = sup(B; U By). (1.3)

Hezat icnyromo esemenmu inf By, inf By ma inf{inf By, inf By}. Todi ic-

nye inf(By U Bsy), i cnpagdotcyemuvces pienicmo
inf{inf By, inf By} = inf(B; U By). (1.4)

Jlosedenns. JloBeneMo TBEPIKEHHS TEOpeMu Jyisi cynpemymy (TBep-
JKeHHs! Jijist iHDIMyMy OTPUMYEMO 3a HPUHIMIOM jyajbHOCTi). [loTpiGHOo
nosecru, mo ejgement M = sup{sup Bj, sup Bz} € TOUHOIO BEPXHBOI MEKEI0
s MEOKUHU By U By, Jljist noBejenns nepesipumo ymosu (1.1) ta (1.2).

1. M = sup By, 3Bigku M > x1 s Beix 1 € By. Anagoriuno M = x
I BCIX Tg € Bo. Takum unnom, M = x jaia Beix @ € (By U By), a orxke,
M — Bepxust mexka aiia By U Bs.

9. Hexaii M € A — neska Bepxus mexka Muaoxkuau B1UBsy. Toi, oueBugHo,
M - BEPXHS MexKa JIjisi MHOXKUHU B, a orxke, sup By < M. Anagoriuno, M -

BePXHS MeXKa, JIjisk MHOXKHHI Do, i sup By < M. Otxe, M € BepXHBOIO MEKEIO

Jjis MHOKUHY {sup By, sup B}, 3BijaKn M= M= sup{sup Bi,sup Bo}. O
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1.2. BepxHi it amxai Mexi. CynpemyM Ta iHbIiMyM

Hacainok. Hezat a,b,c € A, i nexad icuyroms sup{a,b}, sup{b,c},
sup{sup{a, b}, c}, sup{a, sup{b, c} }. Todi icnye sup{a, b, c}, i cnpasdorcyemo-

CA PIBHICTND

sup{a, sup{b, c}} = sup{sup{a, b},c} = sup{a,b, c}.

Hezxaii a,b,c € A, i nexatd icuyromo inf{a, b}, inf{b, c}, inf{inf{a, b}, c},

inf{a,inf{b, c}}. Todi icnye inf{a,b,c}, i cnpasdrncyemves pisricmo
inf{a,inf{b, c}} = inf{inf{a, b}, ¢} = inf{a, b, c}.

HaroJsiocumo, 1110 y TBep/zKenHi Teopemu 1.1 BUMara€Tbcst icHyBaHHs TOY-
HUX MeXK y JiBux dacruHax pisaocreil (1.3) ra (1.4); icHyBaHHS CynpeMyMy
(irbiMmymy) y npaBux 4acTUHAX HUX PIBHOCTEH HOCTYJIIOETHCS TBEP/2KEHHSIM
reopemu. llikaso, 1m0 icHyBaHHs cynpemymy y JiBiii yactuni (1.3) He Bu-
IJIMBAE i3 iCHyBaHH# cynpemyMiB y npasiit yactuni (1.3) (anajoriuno s
pisrocti (1.4)).

Mpukaazma 1.12. /s UBM i3 upuksiagy 1.11 (aiarpamy Lecce 300pazke-
HO Ha puc. 1.6) posrasinemo migmuokuan By = {d,e}, By = {b}. Ouenun-
HO, 110 sup By = b, sup(B; U By) = sup{b,d,e} = b, ojnnHak i1 MHOXKUHU
By = {d, e} cynpemymy He ichye.

Teopema 1.2. Hexatt B C A, a € B, i nexat ichye sup B. Todi icnye

inf{a,sup B}, i cnpasdorcyemocs pienicmo
a = inf{a, sup B}.
Hezxat icnye inf B. Todi icnye sup{a,inf B}, i cnpasdocyemoca piswicmo
a = sup{a, inf B}.

Jlosedenns. Jlosejpemo TBepKeHHsI Teopemu Jyist Bupaldy inf{a,sup B}
(TBep/KeHHs 1yt BUpady a = sup{a,inf B} orpumyemMo 3a HpUHIMIOM Jy-

AJIBHOCTI ).
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Pozain 1. YacTkoBo BHOPSIKOBaHI MHOXKHHUI

Enement a € B € Hnxkuab0I0 Mexeo mias {a,sup B}, ockinbku a < a,
a < supB. Tenep pieuicte a = inf{a,sup B} BumimBae i3 TBepizKeH-
He JjieMd 1.2, OCKIIbKU eJIeMEHT a € HUXKHBOI Mexkew 1isa {a,sup B} i
a € {a,sup B}. O
Hacuinok. Hezxat ichye sup{a,b}. Todi icnye inf{a, sup{a,b}}, i cnpas-
OAHCYEMBCA PLBHICTND
a = inf{a,sup{a, b}}.

Hezat icnye inf{a,b}. Todi icnye sup{a,inf{a,b}}, i cnpasdocyemoca
PIBHICTND
a = sup{a,inf{a, b} }.

Baypaskennsi 1.4. B ymoBi Teopemu 1.2 nepenbadaeTbest icHyBaHHs sup B
(inf B); icayBannus inf{a,sup B} (Bignosigno sup{a,inf B}) nocrymoernbes

TBEPAZKECHHAM TCOPECMH.
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Pozmgia 2

PernirTku

2.1. OCHOBHI HOHATTS

[lousaTTs <omepalliss Ha MHOX@KHHI>, <3aMKHEHA, OIepallis HA MHOXKHHI>,
<biHapHa omepallis Ha MHOXKHHI>, <aJIreOpuyHa CTPYKTYpa> BBaXKAaEMO Bi-
aomumu | 1].

Osznavennsa 2.1. Pemitkoio (cTpykrypoio)' mHasmpaioTh asreGpuamy
crpykrypy (L,V,A), 1e L — HemopoxKHsl MHOXKHHA; <V>, <A> — 3aMKHEHI
Oinapui oneparii Ha L, gKi 3aJ0BOJBLHSIOTH TaKi YMOBH:

1)avVb=bVa,aNb=">bAa (KOMyTaTuBHICTBb);

2)aV (bVe)=(aVb) Ve, aN(bAc)=(aAb)Ac (acoriaTuBHicTh);

3)aV(aAb)=a,aA(aVb)=a (abcopbriisg abo MOTTUHAHHSA).

Omnepamii <V>, </A> Ha3UBAIOTh BiAIIOBITHO U3’ IOHKIIIEIO Ta, KOH IOHKIIIEO
(BXKHBAIOTHCS TAKOZXK IHIN HAa3BU: 00 €HAHHS 1 MEPETUH, CyIpeMyM Ta iHpi-
MyM Tormo). HaBemeni yMoBE (KOMYyTATHBHICTH, acOMIaTUBHICTH, abcopOItis)

Ha3UBAIOTh aKCIOMaMH PEIIITKH.

! Tepminn <permriTkas i <CTpyKTypas — OIHAKOBO IOIIMPEHi CHHOHIMM, POTE y IIiit
poOOTI BUKOPUCTOBYBATUMEMO TEPMiH <PEIIiTKA>, OCKIJIbKH TEPMIHOM <CTPYKTypa> Ha-

3UBATUMEMO 3arajbHi aJredpuyHi CTPYKTYPH 3 JIOBIIHHUM HAOOPOM omnepairiii.

21



Pozmiar 2. Penritkn

Bayparkenus 2.1. B ykpaiHOMOBHi#l JliTepaTypi mapajejbHO BXKHUBAOTH
TEPMIHU <peNITKa> 1 <I'PaATKU>.

BayBaskerHs 2.2. OcCKUIbKH omepallil <V> Ta </\> acoIiaTuBHI, AyKKHA Y
Bupaszax (a VvV b) Ve ra (aAb) A c3rigHo 31 CTAHTAPTHUMHI JIOMOBJIEHOCTSIMHE

OyIeMO OTyCKATH:
(avb)Ve=aVbVe (aANb)Ac=aNbAc.

ITpukaanm 2.1. 1. Hexait S — HeIOPOKHS CYKYIIHICTH MHOXKHUH, 3aMKHe-
Ha BIJIHOCHO omepariiii 06’¢THAHHS | TepeTuHy (HAIPUKJIA, KiJIbIe MHOYKUH).
Toui (S,U,N) — pemiTka. 3a3HaqumMo, 1o S He 000B A3KOBO € KiIbIleM MHO-
>KMH, OCKIJIBKH JIOCTATHBOIO YMOBOIO € 3aMKHEHICTh BIJHOCHO O0’€/IHAaHHS 1
nepetuny. Tax, iCHYIOTb CYKYITHOCTI MHOYKHH, 9Ki He YTBOPIOIOTH KiJbIIE MHO-

JKIH, aJie VTBOPIOIOTH PENITKY BUIHOCHO 00’ €IHAHHYI 1 IePEeTUHY:
; Yy Y BLA A1 y

S ={2,{a,b},{a,b,c}};
S = {{a}7 {CL?b}? {CL,C}, {CL, b, C}}

2. Hexait L — HenopoxkHsi CyKYITHICTh BHUCJIOBJIEHb, 3aMKHEHa BiJITHOCHO
onepailiii qu3’1ouKIiT Ta Kou toHkii. Toxi (L, V, A) — peuriTka.

Ockinbku akciomu pemtitku (L, V, A) cchopMyibOBaHi <jiyajibHUME T1aApa-
M, ajaredpuuna crpykrypa (L, A, V) Takox) € penriTKown i3 jiu3’IOHKIEO
<V> i kKOoH'1OHKII€W <A». Pemritky (L, A, V) HazuBaoTh JYasvHol 10 pe-
itk (L, V, A).

Otxke, y pentiTkax BUKOHYETHCS MIPUHIAT JAYAJIbHOCTI: SKIIMO /I PerriT-
ku (L,V,/\) cupaBejiuBe jesike TBepIzKeHHs, C(POPMYJILOBAHE 3 BUKOPHC-
TaHHAM olepalliii <V> Ta </A>, TO CIPaBIKYEThCA 1 AyaabHe TBEPJIKEHHSI,
OTpUMAaHe 13 BUXIJTHOIO 3aMiHOIO <V> Ha <A> Ta <A> Ha <V>. [loBeneHHs
JIYAJIbHOT'O TBEPJXKEHHS OTPUMYEMO TEPEXOJIOM JIO JyaJbHOI PerriTKu, TOO-
TO MOxKe OyTu 1obyjaoBaHe i3 JIOBEJIEHHSI BUXIJIHOTO TBEP/zKEHHS 3aMiHOIO

<V> Ha <A> Ta </A\> Ha <V>.
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2.2. PemriTka sIK 9aCTKOBO BHOPSIKOBaHA MHOXKHAHA,

Teopema 2.1 (BaacrusBicTs imemmnorenTrocri). Hexai (L,V,\) — pe-

wimka, a € L. Todi

aVa=a, ala=a.

Josederns. JloBegeMo TOTOXKHICTL a V a = a; JOBEJIeHHS JyaJbHOI TO-
TOXKHOCT1 OTPUMY€EMO 3a TPUHIUIIOM AyaJIbHOCTI.
JBidi 3acTocoByooun BaacTuBicTh abcopbmii, oTpumyeMo (Ha IpPYromy

KPOIIi yBeIeHO mo3HadeHns b = a V a)

aVa=aV(aAN(aVa))=aV(aN(aVa))=aV(aAb)=a. O
o v

2.2. PernrriTka K 9aCTKOBO BIIOPSJKOBaHA

MHO2KNNHAa

Hexaii (L,V,A\) — pemitka. Beegemo na L GiHapHe BijHOLIEHHS <=<>:
a<b<saVvVh=0.
Bnopasa 2.1. [osectu, mo aVb=0<aAb=a.

3 ypaxyBaHHsIM pe3yJbTary BIpaBu 2.1, OTPUMYEMO €KBiBaJICHTHICTh
axbesavb=bsaNb=a. (2.1)

Jlema 2.1. Bidnowenns <<> € 6I0HOUWEHHAM Y“ACMKOB020 NOPAIKY,
mobmo (L, <) — YBM.

Josedenns. 1loTpibno momsecTw, 1o BigHONIEHHS <=<> pedJiekcuBHe, aH-
THCUMEeTPUYHEe i TPAH3UTHBHE.

1. Pednexkcusnicts. Hexait a € L. Toxi a < a & aV a = a, 1o crupas-
JKYETHCsI 32 i1eMoTeHTHICTIO (Teopema 2.1).

2. Aarucumerpuunicts. Hexait a < b; b < a. doeaemo, 1mo b = a.
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Pozmiar 2. Penritkn

3 ypaxyBaHHSIM eKBiBajeHTHOCTI (2.1), oTpuMy€eMO:

asxbsaNb=a
& a=0b.
b<asaNb=0b
3. Tpamsurupnicts. Hexait a < b; b <X ¢. doeegemo, mo a < c.

3 ypaxyBaHHsSIM aKCIOM PeIITKH OTPUMYEMO:
aNc=(aNb)ANc=aN(bNc)=aAb=a.

OTke, a A\ c = a, 3BIJIKK a < C.
Jlemy nmoBeneHo. ]
ITpukaanm 2.2. Hexait S — cyKynHicTbh MHOXKIH, 3AMKHEHA, 38, OIIEPAIIIMI

<Us ta <N>. Toai orpumyemo pemtitky (S, U, N) 3 BiAHOMIEHHAM IIOPSIKY
ALK B& AUB=B& ANnB=A< ACB.

Otrxe, 3 pemriTkoo MHOKUH (S,U,N) NOB’d3aHe KJIACHYIHE BiIHOIIEHHS
<C> — 0yTH MiIMHOKHUHOIO.

YBeieHe BifHOIIEHHS <=<X> Ha L Oy1emMo Ha3uBaTH 810HOULEHHAM NOPAOKY,
noe’asanum 3 pewimroro (L,V, N).

Baypaxkenns 2.3. OueBujHO, M0 Jjyasbhiil penritni (L, A, V) Bianosigae
BiJJHOIIIEHHS TIOPSIJIKY <=, TOOTO 13 B3a€MO/IyaJIbHUMU PENTiTKaMu MOB’ sI3aH1
B3aeMoayaabal YBM.

BusgBJisie ThCst, 0 BIOPSIJKYBAHHSA <<{>, OB g3aHe 3 penritko (L, V, A),
MOBHICTIO BU3HAYAE onepail <A> i <Vs, robro YBM (L, <) nosHicTio BusHa-
qae pernitky (L, V, A).

Teopema 2.2. Hexad (L,V,\) — pewimka 3 nos’azanum 3 Hew 6i0Ho-
weHHAM nopadky <<>. Todi du3 HKY0 1 KOH OHKUI0 PeuimKy 8U3HAYA-

0Mb CNIBBLIHOUEHHSA

aVb=sup{a,b}; (2.2)
a Ab=inf{a,b}. (2.3)
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2.3. YacTkoBO BIIOpsiIKOBaHA MHOXKHHA SIK PEIITKa

Jlosedenns. Jlosenemo criBsignorenus aV b = sup{a, b}, To6ro enement
M = a Vb e cynpemymom st MEOKUHHA {a, b}. JIjist MbOTO JTOCTATHRO TEpe-
BipuTn Bukonamus ymon (1.1) i (1.2).

.M ANa=(aVb)ANa=a, o610 M > a. Anamoriano M = b, To6ro M
€ BepXHBOIO MezKero s {a,b}.

2. Hexait M € L — nosinbua BepxHsI Mexka st {a, b}, T06TO M = a,

—~

M = b. Toxi orpumyemo:

MVM=(Vb)VM=aV (VM) =aVM=M,

—

To6T0 MV M = J\Aj, 3Bigku M < M.
Cuissignomenns a Ab = inf{a, b} orpuMyemMo 3a NIPUHIUIIOM JIyaJIbHOCTI.
Teopemy nmoBeneno. U]
CriBimmomenns (2.2) i (2.3), aK 1 OYIKyBaJ0Ch, € B3AEMOIYATLHIMA
(nuB. 3ayBazkemus 2.3).
Bopasa 2.2. V3arangpunTtu chissigmnormenns (2.2) i (2.3) ma Bumagox

CKIHYEeHHOI KIJTbKOCT1 apryMeHTIB:

aiVagV---Va, =sup{ay,as, ...,a,}; (2.4)
ai Nag A -+ Aa, =inf{ay, as, ..., a,}. (2.5)

2.3. HacTKOBO BHOpdaaAKOBaHaA MHOXKIHAa

dK PeIriTKa

Y rnasi 2.1 g jpoBinbHOT pemtitku Oysio nodypoBano UYBM 3a eksiBa-
jentHicTio (2.1), i ng UYBM niikoM BusHauae BUXiJHY PEIIiTKy 3a CIiBBijI-
Homenuamu (2.2) it (2.3). Po3riagnemo 3BOPOTHY MpobsieMy: 4u iCHY€E st
nosibHol UBM (L, %) pemtitka (L, V,A), Ky MOXKHA 100Yy/LyBaTH 3a CIIiB-
Binmomennamu (2.2) it (2.3) i gaxka noBHicTIO Bu3HadaruMme 3amany UBM 3a

ekBiBaJeHTHICTIO (2.1)7
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Pozmiar 2. Penritkn

Orxke, nexait (L, <) — nosiapna UYBM. Yu BusHauaroTh OGiHapHI omepa-
mii a A b = inf{a,b} Ta a V b = sup{a,b} pemitky (L,V,A)? ko Tax,
TO 49U 30iTa€ThCs BiIHOIMEHHS MOPAAKY <=7 II€] PENITKA 3 BiIHOITCHHIM
HOPSIKY <=<> Buxignol YBM? OueBumgHO, 10 AJ1s TO3UTUBHOI BiAMOBIII TTO-
TpibHo, mo6 npuHaiivui icaysaan inf{a,b} ta sup{a,b} ama Bcix a,b € L.
Buasngerbesa, mo 1iel yMOBH MIJTKOM JTOCTATHBO.

Teopema 2.3. Hexati das wootcnoi napu a,b € L icuyromo inf{a, b} ma
sup{a, b}, i wexat a Vb = sup{a,b}, a A b = inf{a,b}. Todi anreebpuura
cmpyxmypa (L, V,\) € pewimkoro 3 6i0HOWEHHAM NOPAOKY, Ake 30124€MbCA
3 6l0HOUEHHAM NOPAOKY euxrionoi IBM.

Jlosedenns. Jis anrebpuunoi crpykrypu (L, V, A) nepeBipumo akciomu
PeTTiTKY.

1. KomyTratuBnicts. [lg BracTuBicTh oueBUIHA:
aVb=sup{a,b} =sup{b,a} =bVa; aAb=inf{a,b} =inf{b,a} =bAa.
2. AcomjatuBHicTb. g BacTuBicTh BUILIABAE 13 HAC KA J10 Teopemn 1.1:

(a VD)V c=sup{sup{a, b}, c} = sup{a,sup{b,c}} =aV (bVc);
(a AND) A c = inf{inf{a, b}, c} = inf{a,inf{b,c}} =a A (b A c).

3. Abcopdbmiga. s BracTuBicTh BUILIMBAE i3 HACTIAKA 10 Teopemu 1.2:

(aVb) Aa=inf{sup{a,b},a} =a; (aAb)Va=sup{inf{a,b},a} = a.

Orxke, anrebpuuna crpykrypa (L, V,A) € perritkoo. [TosHadnmo depes

<= 1> BiJIHOIIEHHsT OPSIJIKY, OB’ si3aHe 3 penniTkoio (L, V, A):
a<xrbsavVb=bsaNb=a
(Haramaemo, Mo exBiBaeHTHICTD @ V b = b & a A b = a cupaBIKyeTbCs s

JIOBLJILHOT pentiTKn).
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2.3. YacTkoBO BIIOpsiIKOBaHA MHOXKHHA SIK PEIITKa

BinaomeHnHsa mOpaaky <=<y> 30ira€ThCd 3 BUXIIHUM BiTHOIMEHHIM <=,

OCKLITBKH, 3a JieMoio 1.4,
a<rbsaVb=b<ssup{a, b} =b<sa<xb.

Teopemy pmoBeseno. U]

I3 Teopem 2.2 i 2.3 BumanBag, Mo KOKHY PEIIITKY MOXKHA PO3IJISIATH SIK
YaCTKOBO BIIOPSIAKOBAHY MHOXKHUHY, JIJIsl KOl iCHYIOTb CYIIPeMyM Ta iHdiMyM
yCiX JIBOXeJIeMEeHTHHUX IAMHOXKHUH. 3B’sI30K MixK OllepallissMi PelIiTKH 1 Bij-
HOIIIEHHSM IOP/IKY Ha PEeIIiTI € B3a€MHO OJ[HO3HAUYHUI 1 BCTAHOBJIIOETHCS

ekBiBasentuicTio (2.1) ta cuiBBignomennsavu (2.2) it (2.3).

OT:Ke, OTPUMYEMO aJIbTepHATHBHE BU3HAYUEHHS PEITITKH.

Os3nauenns 2.2 (ajsbrepHaTUBHE BU3HAYEHHs permiTkm). Perrir-
KOIO Ha3UBAIOTh YaCTKOBO BIOPSJIKOBAaHY MHOXKUHY, JIJd SKOI ICHYIOThH CYII-

peMyM Ta iHMIMYM yCiX ABOXEJIEMEHTHUX ITIMHOMKIH.

Hagenene aabTepHATHBHE BU3HAYEHHS PENTITKH YaCTO 3YCTPIYa€ThCA B JIi-
Tepatypi [3; 4; 5]. ¥V 1pOMY BUIOAIKY JU3’FOHKINIO | KOH IOHKIIIO BU3HAYAIOTh
depe3 criBBignomeHns (2.2) ta (2.3), mcas 9oro J0BOAITH KOMYTATHBHICTD,

aCOIIATUBHICTH i a0COPOIII0 9K BIACTUBOCTI PENTITKH.

ITpukman 2.3. YacTKoBO BHOPSIKOBaHA MHOXKWHA, 300parkeHa Ha
puc. 1.4 € pemniTKo0, OCKIJIBKYM ICHYIOTh OOM/IBI TOYHI MeKi JIJI BCiX JBO-
XeJIeMeHTHUX MHOXKUH. Haramaemo, 1Mo au3 10HKIINIO 1 KOH IOHKITIO BU3HAYA-
I0Th depe3 criBBignomenus (2.2) ta (2.3), i mi omeparii, 3a Teopemoio 2.3,
3aJI0BOJIBHSIOTh TPU aKCIOMH PEINTKA (TOOTO aKCIOME PenniTKH MOXKHA He

TIepPeBipsITH).

IIpuknaan 2.4. YacTKoBO BIOPSIIKOBaHI MHOXKHHH, 300parkeHl Ha
puc. 1.5 Ta 1.6, He € penmnTKaMu, OCKLILKI He JJISI KOYKHOI JIBOXEJIEMEHTHOL

migMaOXKIHT X UBM icaytoTh cympeMym Ta iHMIMYM.
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Pozmiar 2. Penritkn

IMpuknazn 2.5. YacrkoBo BHopsiikoBana MHOXKHHA (R, <) € permriTkoro 3
oTepaIisaMu:
a, Ko a = b,

a Vb =sup{a,b} = max{a,b} =
b, skio a < b;

a Ab=inf{a,b} = min{a,b} = b, smo a 2 b,

a, Ko a < b.
IIpuknan 2.6. byap-gxkuit JaHIIOr € PENrTKOI, OCKLIbKN BCl eJieMeH-
TH JIAHIIOTA [MOMAPHO IMOPIBHAHHI, 1 cynpeMyM Ta iH(DIMyM JBOXEJIeMEHTHUX
iIMHOKUH Bu3HaveHi jiemoro 1.4. 3aznaunmo, mo YBM (R, <), posrisnyra

y IPUKAAIL 2.5, € JAHIIOTOM.

IMpukaam 2.7. Posrustnemo UYBM (L, ) HaTypajbHUX JLIbHUKIB (DiK-
cosanoro uucjaa n € N (qus. upukiaasn 1.1). Tosegemo, mo g YBM e permir-

KOIO 3 OTlepallisiMu:
aVb=sup{a,b} = HCK(a,b); aAb=inf{a,b} =HC/(a,b), (2.6)

ne HCK(a, b) i HC/I(a, b) — BianosiaHo HafiMeHIie ciijibHe KpaTHe i HAHO11b-
My COlIbHAN AIIBHUK Yyucesa a,b € L,,.

HaromnocuMmo, 1o TepMian <HaROLIBIIN CHLIBHAN TITIBHUK> Ta <HAMeH-
e CINJIbHE KpaTHe> cPOPMYJIHLOBAHI 3 MOCUIAHHIM Ha TPAJIUIIfiHe 9UCI0BE
BIIOPSIKYBaHHS <<>, mpore UBM L, BnopsiikoBaHa 3a BiIHOIEHHSIM ITOIi-
JIbHOCTI < >,

st akypaTHOTO MOBeJeHHsT CHiBBimHOMEHb (2.6) PO3TJISHEMO DPO3KJIa-

JadHd 9uCJIa 7 Ha HpOCTi MHOXKHHUKH:
— 1,12 'm
n=p;y Py ...-Pm>;

nep; (7 =1,2,...,m)  upocri uncaa; n; (j = 1,2, ..., m) — uiai ueBix'emni

ITOKA3HUKM.
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2.3. YacTkoBO BIIOpsiIKOBaHA MHOXKHHA SIK PEIITKa

Koxnuuii ejiemenT a € En MO2KHa PO3KJIaCTU Ha HpOCTi MHOYKHUKMN:
_ al .ag a
a = Py Py ...pmm,

ae 0 < a; < nj. OCKUJIBKYA PO3K/IAIAHHA THCIA HA TPOCTI MHOKHUKH € €/TH-
HUM, TIOKa3HUKH a; (j = 1,2, ..., m) BusHadeni ognoznaqno. OTKe, KOKHO-
My eJIeMeHTy a € L, B3a€MHO OJHO3HAYHO BIANOBI/Ia€ BEKTOP MOKA3HUKIB ¢,
i=1,2,....m:

a S (ag,ag, .oy Q).

ILna exementiB a, b € L,, TOTIIBHICTE b} a eKBiBaJEeHTHA CIIIBBIIHOIIEHHIO

MIZK BIIMMOBITHUMHA BEKTOPaMHU MOKA3HUKIB:

ajébj
axbebias
j=1,2,...,m.

Bunuimenmo Bignosinni Bekropu nokasuukis piag HCK(a, b) ra HC/I(a, b):

HCK(a, b)
HC(a,b)

= (max{ay, b1}, max{as, by}, ..., max{am,, bn}); (27
= (minf{ay, b1}, min{as, b}, ..., min{a,,, by, }),

e max{z,y}imin{z,y} crangapTHIM YMHOM MO3HAYAIOTH BiIMOBITHO OL/Tb-
e i MenTtte i3 gnces x,y € R 3a cTaHIapTHAM YUCJIOBUM MOPIBHAHHAM < <.

Hexait ¢ € L, — cuiibHe KparHe ejeMeHTiB a Ta b, To6TO € = a; ¢ = b.

Tonl nyg BUIIIOBLIHUX IIOKA3HUKIB MAEMO:

= ¢; > max{a;,b;}, j=1,2,....,m,

QO
VoV

Ay

3pigku Bumuimsae nepenyantus HCK{a, b} < c¢. Takum unnom, HCK(a,b) €
HafiMEHIINM y CeHCl LepejlyBaHHsd <=<> cepeJ, CIILIbLHUX KPaTHUX eJeMeHTIB

a ta b, rooro HCK(a,b) = sup(a,b). Ananoriuno (nepexoasaun 10 JyaabHUX
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Pozmiar 2. Penritkn

criBgigHomens) orpumyemo: HC/I(a,b) = inf(a,b). Otxke, obunpa cmiBBi-
HoteHHst (2.6) 70BeTeHi.

BacTocoBanuii IpUitoM (3aMicTh HATYPAJIBHOIO YUCJIA POIIISIIATH BEKTOD
MOKA3HWUKIB PO3KJIAYy HA IIPOCTI MHOXKHUKH) CYTTEBO JOMOMATAE Y TOCJIJI-
xkenni pemritku (£, HCK, HCIT), ockiJbKu 3B0AUTH 33429y JI0 JOC/III2KEeHHS

nanmora ({1,2, ...,n;}, <).

Bnopasa 2.3. /loBectu JioriuHi HACHIIKU:

= (a1 Va) X ¢ (2.8)

= (a1 V CLQ) < (bl N bg) (210)

Brasibga. [Insa nosepenns tep/zKkens (2.8) i (2.9) Bukopucraru Cuissijl-
HotenHst (2.2) it (2.3), a TaKOK BU3HAYEHHSI CylIpeMyMy it iHdiMyMy SK TOY-
HOT BepXHBOT Ta TOYHOT HUKHBOT MezK. TBepmkents (2.10) MoxKHA OTpUMATH,

BHKOPHCTOBYIOUYH TBepzkenus (2.8) i (2.9).

Brnpasa 2.4. Yzaraabauru tBepizkenns (2.10):

a; %bj
= (a1Va2v~--Vam) < (bl/\bz/\"'/\bn). (211)
1<i<m, 1<j5<n

Hacamkinennb ¢opMy/II0EMO JIBa TTPOCTI TBEPJZKEHHSI, KI BUILIABAIOTH
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2.4. JlucTtpubyTuBHI perriTKu

GesmocepeInbo i3 TBepaKens (2.10):

zV(yANz)x(@xVy A(zVz2); (2.12)
rxz=zV(YyNz)(zVy) Az (2.13)

Buopasa 2.5. Jlosectu TBepazxenms (2.12) i (2.13).

2.4. JIncTpuOyTUBHI PEITiTKNI

Osuauennd 2.3. Pemiirky (L, V, A) HaA3uBaOTH AUCTPUOY TUBHOO, SKIIIO

IS BCIX a, b, ¢ € L BUKOHYIOTHCSI TOTOXKHOCTI

Cuissigaomenns gucrpubyrusaocti (2.14) ta (2.15) yrBOpoO0OTH </1yaib-
HYy 1apy>, a OTKe, /11 BABIEHHS JUCTPUOYTUBHUX PENITOK MOXKHA BUKOPH-
CTOBYBATH MPUHIMII JIyAJIbHOCTI.

BusBagernest, Mo /19 BUSHAYEHHS IUCTPUOYTUBHOT PEIIITKE JOCTATHEO,
11100 CIPaB/I2KyBaJIACS JIUIIE OJHA 13 ABOX TOTOXKHOCTEH AUCTPUOYTUBHOCTI.

Jlema 2.2. Hexat y pewimui (L,V,N\) das eciz a,b,c € L cnpas-
dotcyemuves xowa 6 odna 3 momostcrocmed (2.14) abo (2.15). Todi pewimxa
(L,V,N\) e ducmpubymusror.

Jlosederna. Hexaii y pemritui (L, V, A) BUKOHYE€TbCS TOTOXKHICTD (2.14).

BukopucroByoun ToroxkHICTH (2.14) Ta akcioM# PEeIIiTKH, OTPUMYEMO:
(anNb)V(anc)=((anb)Va)AN((aAb)Ve)=aA((aNb)Vc)=
=aA((aVe)AN(bVe)=(an(aVe)ANbBVe)=aA(bVe).

Orxke, ToTOxkHicTH (2.15) BuUmmMBae i3 Toroxkuocri (2.14). Hacaimok
(2.15) = (2.14) MokHA OTPEMATHU 3a HPHHIMIOM JYaIbHOCTI.

Jlemy noBeeHO. ]
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ITpuknaam 2.8. Hexait S — HemopoXKHSI CyKYIHICTb MHOYKHH, 3aMKHEHA
BIJTHOCHO omepariiii 00’enants i neperuny. Tozi pemritka MuOXKuH (S, U, N)
€ TNCTpUOYTUBHOIO.

IMpukmaang 2.9. Byup-axuit ganmor (L, <) — aucTpubyTUBHA PENIITKA.
JoBeieHHsI € HeCKJIATHUM 3aB/ISIKH HOIapHiil TOPIBHSIHHOCTI €JIEeMEeHTIB JIaH-
IIOTa.

Badikcyemo ememenTu a,b,c € L i He3mocepesHbo MepeBipuMO TOTOXK-
HicThb (2.14) i pisHUX BapiaHTIB B3AEMHOIO JIHITHOTO BIIOPSIKYBAHHS €J1e-
MeHTIB @, b, c. O4eBUIHO, KIIBKICTH TAKUX BapiaHTiB gopiBHioe 3! = 6, onHaK
3aBJISKU CUMETPUIHOCTI BXOJzKeHHs b i ¢ y ToroxHicTh (2.14) moxkemo 6e3
BTpATH 3arajbHOCTI BBaKatu b < ¢. OTKe, OTPUMYEMO TPHU BapiaHTH B3AEM-

HOI'O BIOPSIKYBaHHSA a, b, c:
a<b=<c bxa<kc b=xXc<Ka

[lepesipumo ToToxkHicTh (2.14) mas Bumagky a < b < ¢ (immi aBa BU-
MaIKM MOZKHA TEPeBIpUTH anaaoridao). Bpaxosyroun crissignomtenus (2.2)

i (2.3), orpumyemo:
aV(bNhc)=aVvb=b;, (aVb AN(aVec)=bAc=D.

IMpuknax 2.10. Pemrirka (£, HCK, HC/) (nus. npukiaaz 2.7) ajst KOx-
Horo ¢ikcopanoro n € N € gucrpubyrusHoio. Ile crae odeBHIHHUM, SK-
[0 3HOBY JIJISI KOXKHOTO €JIeMEHTa PemIiTKu L, 3allUCATH BEKTOP HOKA3HHU-
KiB PO3KJIQIaHHY IIHOI0O eJIEMEeHTa Ha IPOCTi MHOKHUKH. 1o/, BpaxoBYIOUH
criBBigHOMeHHsT (2.7), MOCTATHBO MMEPEBIPUTH AUCTPUOYTUBHICTH JAHIIOTA
({1,2, ...,n;}, <) i3 onepanisimu max{z,y} Ta min{z,y}. Axe, sk 6y10 10-
BeJIeHO V MPUKJIadl 2.9, Oyib-saKHil JAHIIOT € JUCTPUOYTHBHOIO PEIIiTKOO.

ITpuknam 2.11. Pemitku /Cq i KCy, miarpamu sxux 3006pazkeHo Ha puc. 2.1

i 2.2, He € AUCTPUOY TUBHUMH.
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2.4. JlucTtpubyTuBHI perriTKu

a a
b b d
C
d
e e
Puc. 2.1. Pemirka K Puc. 2.2. Pemitka Ko

Cupasmi, ais pemriTtku Ky OTpEMYyEMO:

dV (bANc)=dVe=d; (dVbOAN(dVec)=bANa=D.
Anagoriuno, aag permitka KCo:

bV (chNd)=bVe=b (bVc)AN(bVd) =aNa=a.

Busapaserbca, mo pemritku K i Ko v gegkoMy po3yMiHHI BUUEPIYIOTH
MPUKJIAIN HeTUCTPUOYTUBHUX perTiToK. [Insa dhopMymoBaHHS BiTIOBIIHOL Te-
OpeMH HaBeJIeMO JIBa MPOCTI BU3HAUEHHSI.

Osuauvennsa 2.4. Pemritku (L1, Vi, A1) Ta (Lo, Vo, Ag) HA3WBAIOTH i30-

MOphHUME, SIKIMO icHYe Oiekriga (i3omopdizm) f: Ly — Lo, Taka, 1m0

flavib) = f(a)Va f(b);  flaAib)= f(a) A2 f(b), a,b€ Ly

Oszumauenua 2.5. llinvuoxknny Li; C L Ha3suBaOTh IiAPEIIITKOI pe-
witku (L, V, A), saximo L; € penniTkow 3a TuMu K onepamismMu <Vs i </A>,
sIKl BU3Ha4YeHl y penrniTii L.

BayBazkerust 2.4. O4eBUIHO, IO HEIOPOXKHS HiaMHOXKuUHA L1 C L € mij-
penritkoro pentitku (L, V, A) Toi i TLibKU TOl, KOau L1 3aMKHEHA BiJIHOCHO
omepariiit <V>, <A> pemnritkn L.

Teopema 2.4 (kpurepiit muctpubyruBHOCTi). Pewimka € ducmpu-
OymueHo0 Modi i1 MiAbkY Modi, KOAU 60HA HE MICMUMb NIOPEUWIMor, 130-

mopprur peuwimram K1 ma K.
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Pozmiar 2. Penritkn

Teopemy 2.4 Gyzae noseseno y riaasi 2.7 (quB. 3ayBazkenns 2.10).

IIpuknan 2.12. 1. Jlagmior He MoXKe MICTUTHU MiAPENTiTOK, 130MOPQMHUAX
KC1 Tta Ko, ockisbku KCq Ta Ky MicTaTH HenmopiBHAHHI napu eaeMeHTiB. OTiKe,
KOXKHHI JAHIIOr € JUCTpHOYTHBHOIO pemriTkoo. Haramaemo, mo auctpudy-
TUBHICTH JIaHIOra Oy/1a 1oBeJeHa Ge3nocepeinbo (JuB. mpukaan 2.9).

2. PemmiTka i3 giarpamoio Ha puc. 2.3 He € JIUCTPUOYTUBHOIO, OCKLIBKHU

MicTuTh nigpentitky {aq, aq, as, aq, ag}, i3oMopduy Kp (puc. 2.4).

a, a1
a2 a3 as
as
dg dg
Puc. 2.3 Puc. 2.4

3. PemniTka i3 giarpamoro Ha puc. 2.5 He € JUCTPUOYTUBHOIO, OCKIILKH

MictuTh nigpentitky {aq, as,as, aq, ag} (puc. 2.6), izomopduy K.

aq

ae

Puc. 2.5 Puc. 2.6
4. PemriTka i3 jgiarpamoro Ha puc. 2.7 € JUCTPUOYTHBHOIO, OCKIJIbKH HE
MICTHTH HiApeIriTok, i3omopduux K ado K.
3a3HAUMMO, 10 HIJAMHOXKUHA {a1, dg, a3, Ay, A} 38 BHOPSIKYBAHHSIM BU-
XiIHOT pemmiTku (miarpamy 300pazkeHo Ha puc. 2.8) € penriTKow, i30MOpQHOIO

IC1. Opnak pentitka ({aq, as, as, a4, ag}, <) He € WiAPENTITKOW BUXIJIHOI periT-
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2.4. JlucTtpubyTuBHI perriTKu

KU, OCKIJIBKU Gy A\ a3 Ma€ pi3He 3HAUEHHd Y BUXIJTHIN peNTiTIil Ta Y PenriTii
<{a'17 Ao, Gz, a4, CLG}; %>
® V BUXIJTHIN PenTiTIi: as A ag = as;

* Yy peH-HTHI <{a17 Qz, as, a4, a’6}7 —\<> as N\ ag = ag.

a, a4
as as az as
a, as a,
a a
Puc. 2.7 Puc. 2.8

Caim TakoXK 3a3HAUYUTH, IO I IepeBipKH (PakTy, YU € IiJIMHOXKHHA
{ay, as, a3, a4, a6} C L migpentiTkoio, JOCTATHBO EPEBIPUTH 3aMKHEHICTD i€l
T IMHOXKHHY 33 ONEePAIisiMi BUXiTHOT penniTku L (1uB. 3ayBakenus 2.4). Y

IBOMY TPHUKJA/ JOCUTH 3a3HAYATH, 110 Y BUXIIHIN penTiTii
as A\ as = Qs ¢ {ala g, asz, y4, CLG},

110 O3HAYAE HE3AMKHEHICTh {ay, as, as, a4, Gg} BITHOCHO A.

HacaMmkinenp HaBegeMo IIIe OHe BayKJIHBe TBePAKEeHHsI, CIIPaBe/IInBe 11

JUCTPUOYTHUBHUX PEIIiTOK.

Jlema 2.3. Hexati (L,V,\) — ducmpubymuena pewimxa, a,z,y € L.

Todi cnpasdostcyemves A0214HUT HACAL00K

rNVa=yVa
rNa=yNa

Losedennsa. Hexait t Va = yVa;, x ANa = y A a. Toxi, BpaxoBytouan
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Pozmiar 2. Penritkn

JIUCTPUOYTUBHICTH, OTPUMYEMO:

r=xzAN(@xVa)=xzA(yVa)=(xAy)V(rAa)=
=(@Ay)Vyha)=yA(@Va)=yA(yVa) =y

Jlemy moBejeHO. ]

2.5. OOMexKeHi penIiTKn

Osuauennd 2.6. Hexaii (L, V,A) — pemiirka. Pemitky L HazuBaoTh 00-
ME2KEHOI0 3BepXy, sKIIo icHye ejiemMeHT 1; = sup L. Pemritky L HasuBaoTh
o0MezKeHOI0 3Hn3y, gkimo icaye eaemedT 0y = inf L. PemriTky, mo obmezkena

i 3Bepxy, 1 3HU3Y, HA3UBAIOTH OOMEKEHOIO.

OueBHIHO, 10 OOMEXKEHICTH PEIIITKHN O3HAYA€E ICHYBaHHSI HaitOlabImoro 1y,
i Haiimenmoro 07, ejleMeHTIB JJist MHOXKUHU L.

Eaementn 17 € L i 0p € L Ha3uBaoOTh BIANOBIIHO 00uHUYEI0 Ta HYAeM
pemritku L. ZIKIO 1le He BHKJIHMKAE HEIOPO3YMiHb, iHJIEKC L y IIO3HAYeHHSIX

17, Ta 07 9acTO MPOIMYCKAIOTh:
1=1,; 0=0.

O4eBHIHO, IO 3 IEPEXOJOM 0 AyaJbHOI PEllTK: HYJIb i OJMHUISA pPe-
IIITKA MIHSIOTbCS MICHAMU: HYJIb BUXIJIHOI PeIIiTKNA 30ira€ThCsl 3 OJMHUIIECIO

JIyaJbHOI 1 HaBIaKH.

IMTpuknan 2.13. 1. I3 cuisBignomens (2.4) i (2.5) Buniusae, mo Oy 1b-gKa

ckinuenna pemtitka L = {ay, a9, ..., a,} € 06MeKeHOO:

l=ayVayV---Va, =supla,as, ...,a,};

O=a; ANag A--- ANa, =inf{ay,as, ..., a,}.
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2.5. ObmerkeHi pernriTKh

2. Pemritka (N, <) obmexkena juine 3uau3y: ejemenT 1 € N € Hysmem pe-
TITTKA.

3. Pemritka L,, mns 6yab-axoro ¢gikcosanoro n € N oOMerkeHa:

1£n = Nn; Og =1.

n

4. Posrustnemo 9acTkoBo Bropsiikosany Muoxkuny Lo = NU {0} 3 rakum

BIJIHOIIIEHHAM TOPAIKY:

(a < b) & (bia), gakmo a,b € N;
Vae NU{0}: (a x0).

Bukopucrosytouu meros, mo 6ys 3acrocosanuii jo YBM (L,,, i) 3 Hary-
pasibruM 1 (auB. npuksan 2.7), aerko gosecru, 1o YBM (Ly, <) € perirkoro.

OueuHo, perritka (Lo, <) oOMekeHa:

3ayBaskeHHsT 2.5. BukopucraHHs /1 OJUHUIN 1 HYJIST PEITITKA IIO3HAUYEHD
1 Ta 0 Oe3 iHEKCY, dKUil BKa3ye HA KOHKPETHY PENTITKY, MOYKe MPU3BECTH 10
KOHMJIIKTY TO3HAUYeHb. Tak, 4uc/goBi perriTku (30kpeMa, Ly) MIiCTATH eje-
MEeHTH, I 9KuX mo3HadeHus 1 ta 0 € crangapranvu (Tobro, dncia 1 Ta
0), i i eJleMeHTH MOYXKYTh He OYTH BIJITOBITHO OJUHUIEIO 1 HYJIEM DeITiTKH.
bBineme Toro, y pemritni Ly uncao 1 € mHyaem perritku, a dunciao 0 — omgu-
Huteo penniTku. OpHaK y OLIBIIOCTI BUIAJAKIB, 30KpeMa i Jac PO3IJISIy
aOCTPpAKTHUX PENTiTOK, BUKOPUCTaHHA mo3Hadenb 1 Ta 0 3amicth 17 Ta Of
BBaXKa€THCS IIJIKOM BUITPABIaHUM.

Jli1g oOMeKeHuX PeNriTOK CHPaBIXKYeThcd KOPHCHA TOTOXKHICTH, BiaoMa,
MJI HA3BOIO <BAACTUBLCND HEUMPANbHOCTNL>.

Jlema 2.4. Hexawi (L,V,\) — obmesrcena pewimka, a € L. Todi

aVO=a; aNl=a.

37



Pozmiar 2. Penritkn

Josedenna. TBep/IKeHHsa JeMu BUILUIHBA€ i3 ekBiBasgeHTHOCTI (2.1) Ta

O3HaUeHHS HYId fi OMUHUIN PENTTKHA. L]

3a3HAUYMMO, IO TOTOYKHOCTI HEHTPAIBLHOCTI, SIK 1 CJiT OyI0 OUiKyBaTH, €

B3a€MHO AYyaJ/JIbHUMH.

2.6. /lomoBHEHIi peIIiTKu

Y 1iit T1aBi pelriTKI BBaXKa€MO OOMEXKEeHUMU.
O3snauenus 2.7. Exement b € L Ha3UBaIOTH JOMOBHEHHAM 10 €JIEMEHTA
a € L, akiio
aVb=1; aNb=0.

Besmnocepeiabo 3 O3HAUYEHHSI JOIOBHEHHSI BHILIMBAE OYEBUIHUNA (PaAKT:
akIo b € L € gonoBHeHHsIM 110 a € L, To a € L € gounoBHeHHsiM 10 b € L
(eteMeHTH @ i b HA3UBATHMEMO B3a€MOIOIOBHEHUMH ).

Ilpukaan 2.14. 1. YV Oyup-skiit odmexkeniit pemritii enementu 0 ta 1 €
B3a€MOJIONOBHEHUMH, 1 Il €JIeMeHTH 1HIINAX JOIOBHEHL HE MAIOTh.

2. B obmexenomy Janmo3i (L, <) gomoBHeHHS MaroTh Jumie 1 1 0.

3. ¥V pemitni Ky (miarpama Ha puc. 2.1) eneMeHTH @ Ta € € BiamoBii-
HO OJMHHUIIEIO 1 HYJIeM PemITKH. JIerko mepeBipuTu, Mo eJeMeHT ¢ Ma€ JIBa
nomoBHeHHd — b Ta d.

4. Y pemritii Ky (aiarpama Ha puc. 2.2) eleMEHTH @ Ta € € BiJIOBIIHO
OJIMHUIIEIO 1 HyJIeM pelriTKu. JIerko nepeBipuTH, 1o ejeMenTun b, ¢, d € monap-
HO B32€MOJIOTIOBHEHUMH (JIOTIOBHEHHSAMHE JT0 KOXKHOTO 13 TIUX TPbOX €JIEMEHTIB
€ JBa HIMHX).

Ot:Ke, JIONOBHEHHS JIO JIEIKUX €/IeMEHTIB MOXKe B3araJjii He ICHyBaTH, a
JIesIKI eJIeMeHTH MOXKYTb MaTH JIeKiJIbKa JIOIIOBHEHbD.

Bnopasa 2.6. Hexaii etemenTu a i b B3aemogonoBueni ta a < b. Jopecrtn,

mo a=0Tab=1.
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2.6. /lomosHeHi peniiTkn

O3navennga 2.8. PemnriTKy, KOXKHMI eleMeHT IK0I Ma€ xo4a O oJiHe JT0-

IIOBHEHHA, Ha3WBalOTh JOIIOBHEHOIO.

IMpukaax 2.15. 1. Jsoxenementruii ganmor {0,1} (0 < 1) € gonosue-
HOIO PEIIITKOIO.

2. Obmexennii stanmior (L, <) 3 Tppoma abo OGiblle eJleMeHTaAMH HEe €
JIOTIOBHEHOIO PENTITKOIO.

3. Pemritku Ky 1 Ky € 10on0BHEHUMU.

4. Posragnemo pemtitky (L, i) (auB. npukaan 2.7), n = pi*py? - - plm,
e P1, P2, +-., Pm — IPOCTI 4uCHa, N1,MN3, ...,N,;, € N. BukopucroBywodn
METOJ, i3 IpUKAaLy 2.7 JIETKO JIOBECTH, IO eJeMeHT a = pi'py? -« - pim Mae
JOLOBHEHHS TO/Ai 1 Tiibku 1o, Ko ay € {0,ng}t, k= 1,2, ..., m. 3Biucu
BUILIUBAE, 10 penniTka (L, i) € JOIOBHEHOI TO/I i TLIBKH T/, KO ng = 1,
k= 1,2, ..., m, To6TO KOJH YUCIO N = P1P2- - Pm € JOOYTKOM IIOHAPHO

PI3HHX IIPOCTUX YHCE.

Hapememo mie oaun pe3yabTaT, COpaBeIIuBHil JJI TUCTPUOYTUBHHUX 00-

MeyKeHUX PENITOK.
Teopema 2.5. V ducmpubymuetiti obomesceniti pewimui KorHcHutl ene-

MEHM, Ma€e He Oiabue 00H020 JONO0SHEHHA.

Bunpasa 2.7. /loBectn Teopemy 2.5 caMOCTIiiHO.

BrasiBka. Ckopucratuch JjeMon 2.3.

BayBazkennsi 2.6. CdopmyaboBaHa TeopeMa, iHOJI JIOIOMara€ J0BOIUTH
HEeIMCTPUOYTUBHICTL pelrniTok. Tak, MOxKHa 3pOoOMTH BHCHOBOK IIPO HEIUC-
TpubyTUBHICTL pemmnTok Kp i Ko, OCKUIBKH JesKi eJeMEeHTH IUX PeIrTOK

MAalOTh OlJIbIIe OJHOTO JOIOBHEHHSI.

Baypaxennst 2.7. Teopema 2.5 He Ma€ 3BOPOTHOTO HACIIIKY, TOOTO iCHY-
I0Tb HeJIUCTPUOYTUBHI OOMEXKeHi PeIIiTKH, eJIeMeHTH AKX MAIOTh He Oijblie

OJTHOTO JTOTIOBHEHHS. TaKo010, HATPUKJIa/I, € PENTiTKa i3 JlarpaMoro Ha puc. 2.9.
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Pozmiar 2. Penritkn

. a JIerko 3po3ymiTu, 1Mo y 300paxke-
HIiff pemnmnTIi JOMOBHEHHS MalOTh JIH-
e OJIMHUIS PeNniTKA (eJeMeHT a)
Ta HYJIb PENnTKH (eJeMeHT ), AKi €

B3a€MOJOIIOBHCHUMU Ta 1HTITIX JOIIO-

BHEHb HE MAIOTh (JuB. mpukaas 2.14,

n. 1). OgHak 1g penriTka HeJIUCTPH-

. OyTUBHA, OCKIJTBKH MICTUTH TIijIpe-
J witky {b,c,d, e, f}, isomopduy Ks.
Puc. 2.9. HeaucrpubyTnena pentiTka, JleTanbHitre mpo 3B’A30K MIZK JIH-
KOXKEH eJIEMEHT KOl Mae He Oliblie CTpUOYTUBHICTIO Ta HAABHICTIO 0O-
OJTHOTO JIOTIOBHEHHS MOBHEHB JIUB. ¥ poboTi [3].

2.7. MoayasapHi penrnTKn
Osnavenns 2.9. Peuritky (L, V,A) Ha3uBaIOTh MOJLYJISPHOIO, SIKIIO
Ve,zyze€ Lz xz=aV(yAz)=(xVy) Az (2.16)

OudeBuHO, 110 TBepzKenHs (2.16) 36iraeThbes i3 AyaabHUM (3 TOTHICTIO 70
3aCTOCYBAaHHS KOMYTATHBHOCTI Ta mepeiiMeHyBaHHA 3MIHHAX IT1JT KBAHTOpaMI

3araJbHOCTI )
Ve,y,z€Ll:x=z=axN(yVz)=(@Ay) V=2 (2.17)

TBepaKeHHS, eKBiBaJEHTHE CBOEMY JIYaJbHOMY, iHOJI HA3WBAIOTH CAMO-
deoicmum. I3 camomBoicTOCTI 3aKOHY MOLYIpHOCTI (2.16) BUMLIHBAE, IO I
BUBUYEHHS MOJYJIAPHUX PEIIITOK MOYKHA BUKOPHUCTOBYBATHU MPHUHITUI JTyaJb-
HOCTI.

Bnopasa 2.8. [losectn, mo Oyab-sKa IUCTPUOYTUBHA PEIITKA € MOIY-

JISPHOIO.
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2.7. Monaynspui penriTkn

IMpukmaazm 2.16. 1. Pemitka muoxkuH (S, U, N) € TuCTpUOYTUBHOW, a OT-
ke (auB. BIpaBy 2.8) € MOJY/ISPHOIO.

2. Permritka K me € monyaspHoio; perritka Ko HeamcTpuOyTHBHA, aje
MOIYAgpHa. s 3pydHOCTI MOCHIaHb 3HOBY HaBEIEMO IiarpaMH PeNTiToK
K1 i Ky, nemto 3minuBImm mo3uadenus eaeMenTis (puc. 2.10 1 2.11).

Hns permitku ICy (puc. 2.10) orpumyemo:
cxa; cV(bAha)=cVv0=¢c (cVbANa=1ANa=ma,

10 O3HAYAE HEMOIYJIAPHICTD K.

Hns pemitku Ko TOTOXKHICTD (2.16) MOYKHA MepeBIpUTH HE3IOCEPETHBO.
Cropasai, y Ky (puc. 2.11) nepepyBanus & < 2 MOXK/IUBE JIUIIE B OJHOMY i3
TphoxX BunaJKiB: ¢ = 0, z = 1, x = z. OueBUAHO, IO JI9 KOKHOIO 13 IMUX

BUIAJIKIB piBHICTH =V (Y A 2) = (z V y) A 2 CIPpaBIzKYEThCA.

1
a
b
(o4
0
Puc. 2.10. PemriTtka I — Punc. 2.11. PemiTka o —
HAUIPOCTIITa HEMOJLYJIIPHA PEITITKA, HAMIIPOCTIIIA HeIUCTPUOY THBHA

MO/TyJIAPHA, PENTITKA

3. Hexait X — dikcoBannit jiniitauii npocrtip. Po3riisineMo MHOXKUHY 111
npoctopiB Ly npocropy X, yHnopsiiKOBaHy 3a HPUPOJHUM BiIHOIIEHHSIM I10-
panky <C». 3’acyemo, un € YBM (L, C) penrirkoro.

Makcumaabauii (3a BigHONIEHHAM <C>) HiANPOCTIP, SIKUH € i IMHOKY-
HOIO KOXKHOI'O 13 ABOX 3ajaHux mianpocropis A, B € Lx, ¢ neperun AN B.

MiHiMaIBHAM MiAIIPOCTOPOM, AKUI MicTuTh o0mapa miampocropu A i B, €
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Pozmiar 2. Penritkn

cymMa mpocTtopiB A + B; 3ayBakKuMo, 10 MiHIMAJIBHOIO MiIMHOKHHOI, KA
Mmictuth A 1 B, € o6’ennanag A U B, ame A U B He 000B’SI3KOBO € I AIIPO-
cropom X. Orke, mas Oyab-axkux A, B € Lx icHye cynpemyMm Ta iHdiMym

{A, B}, ki BU3HAYAIOTH N3’ IOHKINIO 1 KOH TOHKIIIIO:
AV B=sup{A,B} =A+B; AANB=inf{A, B} =ANB.

Orxe, YBM (Lx, C) MoxkHa posriggaru gk pemnitky (L, +,N). Hepax-
KO JIOBECTHU [3], 110 1131 perriTka MOy IsipHA.

Baznaunmo, mo pemrrTka (Lx, C) He € JUCTPpUOYTUBHOIO, 32 BUHITKOM
BUIAJKIB OJITHOBUMIPHOTO 200 HYJIHOBOI'O X , OCKIJILKHU IPOocTip X 3 1BoMa abo
OLIBbIIe BUMipaMH MICTHTDH IApEntiTKy, i3oMopduy Ko — HyIbOBHIT miampoc-
Tip, MWIOMUHY (ABOBUMIpHUI MiaAIpOCTip) i Tpu pi3Hi npsMi (0THOBUMIpHI
MiITPOCTOPH ) ¥ il TIOTIHHI.

4. Hexait (G, *) — ¢ikcoBana rpyna. MoxHa goBecTu [4], 110 MHOXKWHA
HOpPMAaJIbHUX JIIBLHUKIB Tpynu (G, %) 3a BiaHOIEHHAM <C> € MOJIYJISAPHOIO
PETTITKOIO.

3a3HauMMO, MO MHOXKUHA BCiX migrpyn rpynu (G, *) 3a BiJHOIIEHHIM
<C> € PeliTKoIo, ajie Mg pelriTka He 000B’d3KOBO € MOy IsdpHO0. Tak, pe-
MITKA BCIX MJAIPYH IPYNH MHiJICTAHOBOK S3 MOJYJISIPHA, aJie PEIniTKa BCiX
HiArpyn rpymnu S, HEMOIY/ISIPHA.

PerriTku migrpyn geTaabHO TOCTIIZKEHO, HAIPHUKIA, y poborax [2;1].

2.7.1. Kpurepiii moayagpHocTi

Bussiserncs, mo Ky € B AesSKOMY CEHCI HAWIIPOCTIIIO HEMOIY/ISPHOIO
PEIIITKOIO.

Teopema 2.6 (kpurepiii momynsapuocri). Pewimka (L,V,\) mody-
AAPHA MOJE T MIALKYU MO00JL, KOAU B0HA HE MICMUMDb NIOPEUWIMOK, 130MOPP-

nuz ICq.
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2.7. Monaynspui penriTkn

Josedenna. O4deBUIHO, MO KOJHA MOIY/JIIPHA pelriTKa He MOXKe MICTH-
TH TApermTky, i3oMopduoi K1, ockiapku K HemonyasapHa. Jloseaemo, 1o
KOYKHA HEMOJY/ISIpHA PENTiTKa MICTHTD JIedKy MApermTKy, isomopdny ;.

Hexait penritka L HemomyngpHa, TOOTO g JedKux &, Y, 2 € L MaeMo:
r=z, xV(@YANz)#(xVy) Az,
3BIJIKH, 3 ypaxyBaHHAM TBep/zKeHHs (2.13), OTpUMyeMO CTPOTe mepe/ Iy BaHHSI
zV(yNz)<(xVy) Az (2.18)
Hosememo, 110 mapeniiTKy, i3oMopdHy K1, yTBOPIOIOTH €JIEMEHTH
zVy, 2Ny, tV(yANz), (xVy) Az y. (2.19)
3aluIeMo 0YeBHU/IHI CIIBBIIHOIIEHHS [Iepe/ly BAHHS:
zANy=<xzVyAz)<(xVyAz<zVy, zAygy<szVy.

Yci 3anucaHi nepeayBaHHs € crporumMu. Crpasiii, IPUIIYCTUBIINA PIBHICTD

2Ny =xV (YA z), OTPUMYEMO:

X

N

Y

r=x(yAz) = = zV(yANz)=(xVy) ANz=yAz,

rxz
1o cynepeantsb HepisaocTi (2.18). OtTxke, 2 Ay < x V (y A 2). Ananoriuso
oTpuUMyeEMO crpore nepejybanisg (z V y) A z < x V y. Hapemrri, upumnycru-
BIIA PiBHICTD 2 Ay = y (aHaJgOrivHo y = 2 V y), OTPUMYEMO Mepe/yBaHHS
Yy < 2z (BiamoBimHO * < ¥), 3BiKH TaKOXK JIETKO OTPUMYEMO CYIIE€DEUYHICThH

uepiBaocTi (2.18). OTKe, MAEMO Taki mepejyBaHHS:
ANy <zxV(yNz)<(xVyAz<zxzVy, zAy<y-<zVy.
Jaui 3a3HauuMo, 1110 y He jopiBHIOE eeMentam =V (Y A z) Ta (x Vy) A z.

Hiitcno, npunycrusiu pisaicts y = x 'V (y A z) (anasoriubno y = (2 Vy) A 2),
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OTPUMYEMO TIepeTyBaHHA T < Y (BIAMOBIIHO Yy < 2), IKe CYIEepeunuTh HepiB-
Hocti (2.18). Orke, Bei elemenTn 3 HabOpy (2.19) momapHo pisHi.

Hnsa nosemennst Toro, mo Habip (2.19) yrBopioe migpernriTky permitku L i
0 I MiapentiTKa i3oMopdHa i, T0CTaTHRO OOYNCIUTH MOMAPHI N3’ IOHK-
mii 1 KOH'IOHKII 1uX emeMeHTiB. OCKIIbKM /11 MOPIBHIHHUX €JIEMEeHTIB
T3’ FOHKINS | KOH IOHKITiST BUBHAYAIOTHCSA JeMoto (1.4), moTpibHO 00uncuTu
JHIIe U3’ TOHKINI0 | KOH' OHKII ¥ 3 exeMenTaMu =V (y A z) Ta (z V y) A z.

Kopuctytounch akciomaMu perriTKN, OTPUMYEMO:
yV@eV(yAnz)=xVyV(yAz)=aVy;
yN((zVy)ANz)=yAN(@xVy ANz=yAz.

Bupas y V ((z V y) A z) 064ncamMo, CKOPUCTABIIUCH CITIBBIIHOITEHHIMU

zVy=(yV(EV(yrz))syV(@Vvy Arz)zVy,
3BIJIKH, BPaXOBYIOUHM aHTUCHMETPUIHICTD BIJHOIIEHHS MOPSJIKY, OTPUMYEMO:
yV((xVy ANz)=xVy.

Anasoriuno (AyaabHEMHU MiPKYBAaHHSIMHI) OTPEUMYEMO DiBHICTH

yN(xV(yNz)=yAz.

Ockinbku esementn B (2.19) monapno pismi, 3a jemoro (1.4) serko orpu-
MaTH HEeNOPIBHAHHICTHL ejieMeHTa Y 3 ejementamu x V (y A z) Ta (x V y) A 2.

Taxum YMHOM, BHU3Ha4Y€Ha I ATHEJICMEeHT-

xVy
Ha migMuoxkuaa (2.19) 3aMKHEHA BiIHOCHO
U3’ FOHKINT 1 KOH'IOHKI] BHUXIAHOI PEHIiTKH (xVy)Az
(L,V,\),1BHOPSIKYBAHHS MizK [IUMHE €JIeMEH- 4
tamu (puc. 2.12) 36iraerbcs i3 BIOPSIKYBAH- xV(yAz) A
HaAM permiTku K. 4
Puc. 2.12

Teopemy 10BeeHO.

Bnopasa 2.9. /locaigutu Ha MOAYASPHICTD YCi PEITITKH 13 MPUKIaLy 2.12.
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2.7. Monaynspui penriTkn

2.7.2. JImcTpnOyTUBHI TPiiikn;

Bijomo, 1110 HaBITH Yy HEUCTPUOYTUBHUX PEIITKAX ICHYIOTH Tpifiku eJie-

MEHTIB a, b, ¢, /i1 AKUX CHIPAB/KYIOTHCA 3aKOHU JIUCTPUOYTHBHOCTI:

aV(bAc)=(aVDb)A(aVc); (2.20)
aN(bVe)=(aNb)V(aAc); (2.21)
bV(aNc)=(bVa)A(bVec); (2.22)
bA(aVe)=((bANa)V(bAc); (2.23)
cV(aNnb)=(cVa)A (cVb); (2.24)
cN(aVb)=(cNa)V(cN\Db). (2.25)

BayBazkenHsi 2.8. @opMaabHO JJI €JIeMeHTIB a, b, ¢ MOKHa BUIIMCATH

12 piBHOCTell aucTpuOYTUBHOCTI — 1O 6 IepecTaB/eHb €JIEMEeHTIB a, b, ¢ y

piBnocTax (2.14) i (2.15). Oguax, BpaxoBylOIn KOMYTATHBHICTD /U3 IOHKIT
: : : : N :

Ta KOH'IOHKIIil, MOKHA IOMITUTH CHMETPHUYHICTH piBmocTeit (2.14) i (2.15)

BIJIHOCHO IlepecTaB/ieHb ejieMeHTiB b i c. Takum duHOM, JJIsT KOXKHOI TPiiiKn

a, b, ¢ € ceHC pO3IJIJIaTu IICTh PIBHOCTEH JMUCTPUOYTHBHOCTI, 1 1e OyIyTh
came piBrocti (2.20)(2.25).

IMpukaan 2.17. Hexait (L, V, A) — obmexkena pentitka. Tosi st Tpifiok
1, b, cta0,b, ¢ (b,c € L) cipaBIKyIOThCs BCi miicTh 3akoHiB (2.20)—(2.25).

Ipukaazn 2.18. VY pemirui Ky (puc. 2.11) xkozeH i3 3akonis (2.20)—(2.25)
HE BUKOHYETHCS I TPiHiku a, b, ¢, 0AHAK yCi I1i TTCTh 3aKOHIB BUKOHYIOThCSI
s Tpifikm 1, b, ¢, a TakoXK st Oyab-AKO1 1HMIOT TPiifikn, sika MicTuTh 1 abo
0 (npukmiazn 2.17).

Y foBiIbHEUX penriTKax s pikcoBaHoi Tpifiku a, b, ¢ jaeski i3 3aKOHIB
(2.20)—(2.25) MOXKYTb BUKOHYBATHUCS, & iHIIN — HE BUKOHYBATHCS.

Bunpasa 2.10. [lepesipurn, ski i3 3akonis (2.20)—(2.25) cupaBiKyoTbCs

1t Tpifiku a, b, ¢ y pemirtii Ky (puc. 2.10).
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Pozmiar 2. Penritkn

Y MOIYAApHUX PeNTiTKaX aHaJ i3 TUCTPUOYTUBHOCTI /1 PIKCOBAHOT TPiii-
KM €JeMEHTIB CyTTEBO CIPOILYETHCS.

Teopema 2.7. Hexaii (L,V,\) — modyasapra pewimxa, a,b,c € L — deaxi
dircosani eaemenmu. Todi wicme pienocmetds (2.20)—(2.25) — exsisarermmi
MBEPOHCEHHA (BUKOHYIOMBCA YU HE BUKOHYOMBCA 00HOUACHO).

Jlosedenna. Jlosenemo macainok (2.20) = (2.23).

Hexaii piBuicts (2.20) Bukonyerbest. To/i, 0OOIHCTUBITT KOH IOHKITIIO MizK

esemenToM b i oboma gactunamu (2.20), OTpUMY€EMO:
bA(aV(bAc))=bA(aVb)A(aVc).

Ockinbku b = b/ ¢, 10 JiBOI YaCTHUHUA OTPUMAHOI PIBHOCTI MOXKEMO 3aCTO-
CyBaTH BIACTHBICTH Moy astpHocTi (y dopwmi (2.17)). OgHodacHo cupormtyodn

[IpaBy YacTHUHY 3a abCOPOII€0, OTPUMYEMO PIBHICTD
(bAa)V(bAc)=bA(aV ),

sKa 30iraeTbes i3 piBaicTio (2.23).

AHaJIorivHO, 00YMCJIMBIIN AU3’IOHKINIO MiXK €JI1eMeHTOM a i 0boMa dac-
TuHaMu piBHOCTI (2.23), MOKeMO JoBecTH HacaigoK (2.23) = (2.20). Takum
IHHOM, MA€MO eKBiBasteHTHICTH (2.20) & (2.23).

aJti, KOpUCTYIOUUCh HPUHIMIIOM IYaJbHOCTI, OTPHEMYEMO €KBiBaJI€HT-
HicTh (2.21) & (2.22).

[lepecTaBuBnIN B OTPUMAHUX €KBIBAJIEHTHOCTSX eaeMeHTH b Ta ¢, 0Tpu-
MyeMmo ekBiBasienTHocTi (2.20) < (2.25) Ta (2.21) & (2.24).

Hapemrri, nepectaBusmm a ta ¢ B ekBiBasenTHocTAX (2.20) & (2.23)
ta (2.21) & (2.22), orpumyemo eksBiBasenrnocti (2.24) < (2.23) Ta
(2.25) < (2.22).

TakuM 9uHOM, OTPUMYEMO JIAHITIOZKOK €KBIBAJIEHTHOCTEH
(2.20) & (2.23) & (2.24) & (2.21) & (2.22) & (2.25),

III0 3aBEPIITYE JOBEJIEHHSI TEOPEMMU. L]
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2.7. Monaynspui penriTkn

['oBOpATH, 1O eJIeMeHTH a, b, ¢ YTBOPIOIOTH ducmpubymusHy mpiixy, SK-
IO TIi €JTEMEHTH 3aI0BOJIBHSIIOTH TMCTh piBHOCTEH (2.20)—(2.25).

Baypakenus 2.9. Jlerko nepeBipuTu, mo Oy/ib-sKe TepecTaBJIeHHs eje-
MEHTIB JUCTPUOYTUBHOT TPIfiKK 3aIUTITAE IO TPIfiKy JUCTPUOYTUBHOIO. 3BiJI-
CU BUILIUBAE, 1O AUCTPUOYTUBHY TPIHKY MOXKHA PO3TIAIATH IK MHOKWHY
i3 TPHOX ejleMeHTIB (6e3 YIMOpsIKYBaHHS ).

Bopasa 2.11. JIng MomynapHOl PeNTNTKU JOBECTH JIUCTPUOYTUBHICTD
Tpiiiku {a, b, c} y Bumaaky, axmo a < b.

Ou4eBuIHO, IO PENTiTKA € JUCTPUOYTUBHOIO TOJI 1 TIIBKU TOJTi, KOJTU Oy Th-
sIKa TpiiiKa i1 eJJeMeHTIB € JUCTPUOYTUBHOIO.

Haramaemo (muB. mpuksia 2.18), Mo B HeIUCTPUOYTUBHUX PEITITKAX, 30-
KpeMa B MOJYIIPHUX, JedKi TPIiKN eIeMeHTIB MOXKYTh OyTH JTUCTPUOYTHUB-
HUMT.

[1le pa3 HaroaocuMo, IO BUMOTa MOAYAAPHOCT] y TeopeMi 2.7 € CyTTEBOIO
(Bmpasa 2.10).

JIms jrocmijzKenHs AuCTpUuOyTUBHOCTI BaXKTUBUMU € €TEMEHTH

Buopasa 2.12. Jlosecru nepisaictb m(a, b, ¢) < M (a, b, ¢) pist JoBLIbHEX
a,b,c € L st noBiibHOI (He 060B’sI3KOBO MOy IsipHOT) penritku (L, V, A).

BrasziBka. Bukopucraru cuissignorrenns (2.11).

Teopema 2.8. Hexati (L,V,\) — modysapna pewimxa, a,b,c € L — desxi
pixcosani esemenmu. Todi Heobxidnor @ docmamnvoro ymosor ducmpubdy-
musenocmi mpitxu {a,b, c} e eukonanns pienocmi M(a,b,c) = m(a,b,c).

Jlosedenns. Heobridnicmo. Hexaii Tpifika {a, b, ¢} aqucrpubyrusna. Toui
MoxKeMO 3actocyBaru 0 Bupasy (a V b) A (aV c¢) y cknani M(a,b,c) 3a-
kou (2.20):

M(a,b,c) =(aV (bAc))A(bVc).
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Pozmiar 2. Penritkn

Tenep, ockinmbku (bV ¢) = (b A ¢), MOEKEMO 3aCTOCYBATH JIO OTPUMAHOTO

BUPA3y 3aKOH MOIyIApHOCTI y dopmi (2.17):

(aV(bAe)ANDbVe)=(aN(bVe)V(bAc).
Hapemrti, 3acrocyBasiim 3akoH (2.21), orpumyemo:
M(a,b,c) =(aNn(bVe)V(bAc)=((anb)V(aNc)V(bAc)=m(a,b,c).

HHocmamnicms. Hexait nis eemeHTIB a,b, ¢ € L BUKOHYEThCS PIBHICTH
M(a,b,c) = m(a,b,c). Toxi, obuncuBimm 1u3’ OHKIIO 060X IaCTUH €T PiB-

HOCT1 3 eJIeMeHTOM @, OTPUMYEMO:
aV((avb)A(ave)AN(bVe)=aV(aANb)V(aAc)V(bAc).

Bukopucrosywoun abcop0diiito i IpaBol YacTHHA OTPHMAHOI PiBHOCTI i

MOJLYJISIpHICTH 1t JtiBol wactunu (a < (aV b) A (a V ¢)), orpumyemo:
(avbVve)AN(aVb)A(aVe)=aV (bAc).

Hapernri, BukopucroByioun abcopOIio, OTPUMYEMO OJHE i3 CIiBBiIHO-

eHb JucTpuby TUBHOCTI jijist Tpifiku {a, b, c}:
(avVb)AN(aVe)=aV (bAc).

OT:ke, BpaxoBy4u TeopeMy 2.7, poOMMO BHCHOBOK IIPO JUCTPHOYTHUB-

Hicth Tpiiiku {a, b, c}. Teopemy noBejEHO. O

2.7.3. Kpurepiii 1ucTpundyTUBHOCTI IJid MOIYJASIPHUX

penriTok

Haranaemo, mo Oyib-sika JucTpubyTUBHA PENITKA € MOLY/IAPHOIO (JIUB.
BIpaBy 2.8), ajie iCHYIOTb HeJUCTPUOYTUBHI MOIY/IAPH] PENITKA — OMHUM i3

npukaaaiB € ICs.
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2.7. Monaynspui penriTkn

Busgsnserbea, mo o v aedakoMy ceHci HafimpocTimma HeIucTpuOyTHBHA
MOJIYJIAPHA PENTITKA.

Teopema 2.9 (kpurepiii qucTpuGy TUBHOCTI JJ1s MOAYJISIPHUX pPe-
1mriTok ). Modyasapra pewimeka € ducmpubymusroro modi i miavky modi, Ko-

AU BOHG HE MICTNUMDG NIOPEUIMOK, 130MOPpPHUT peurimui ICo.

Josederrs. O4ueBUITHO, MO YKOTHA TUCTPUOYTUBHA PETTiTKA HE MOYKE Mic-
TUTHU TApenmTKy, i3oMopduoi Ko, ocKiIbKu permiTka Ko He € TUCTPUOY THB-
HOt0. OTZKe, 3aJUIMAETHCSA JIOBECTH, IO JOBLTbHA MOJY/JIdpHA HEJTUCTPHOY-
TUBHA PEITiTKa 000B’I3KOBO MICTUTh MiAPeNmTKy, i3oMopduy Ks.

Hexait (L,V,A\) — MonyasipHa HeJIUCTPUOYTHUBHA peIliTKa, TOOTO I Jie-

IKWUX T, Y, 2 € L MaeMO HEpiBHICTH
eV (yAz)#(@Vy A(zVz),
3BIJIKU 3 ypaxXyBaHHIM TBep/KeHHs (2.12) oTpUMyeMO ¢TpOre TeperyBaHHs
zV(yAz)<(xVy AV z). (2.26)
BBegeMo 1o po3risay eaemMeHTH

e =(yN2)V(zA(YV2));
ey =(@A2)V(yA(zV2));
e.=(@Ay)V(zA(xVy)).

Hosememo, 110 mApentiTKy, i3oMopdHy Ko, YTBOPIOIOTH €JIEMEHTH
M(z,y,z), m(x,y,2), €, €y, € (2.27)

Enementu ey, e,, €, € camogBoicTumu (30iralorbes 31 CBOIME JyaIbHUMH).

Cupabii, Ui €, 3a 3aKOHOM MOJLYJISPHOCTI OTPUMYEMO:

(YA2) s (yVz)=YAz)V(zA(yVz))=

(2.28)
=((yNz)Ve)A(yVz)=(yVz)AxV(yAz)).
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CamonBoicTicTh €, Ta €, OTPUMYEMO MePECTaBIAHHAM eJIeMeHTIB &,
y, z y cuiBBigHomenni (2.28). Bpaxosytwouu, mo emementun M (z,y,z) i
m(x,y, z) B3aEMOIyaJIbHi, MOKEMO Y TOJAJBINAX MIPKYBAHHIX BHKOPUCTO-
BYBATHU MIPUHITAT JYAJIbHOCTI.

s nosenentst, mo egemenTr (2.27) yTBOPIOIOTD MiIPENTITKY, 130MOpQHY
ICo, 00UMCINMO TOMApHi M3’ IOHKINT 1 KOH IOHKINT nuX eaeMeHTiB. [loaremo

i3 obunCIeHns €, V €y:
exVe, =NV (zAYV))V(@A2)V (YA @V 2) =
(ockimorm y Az < yA(zVe2)Taz Az <z A(yVe2))
= @A yV2))VyAy2)=
(ockimbxm A (y V 2) < oV 2)
=(@A(yva) vy A(zVz) =
(ockiTbRT ¥ X Y V 2)
=((xVyY)AN(yVz)A(xVz)=Mx,y,z).

I[lepecraBasioun B oTpuMaHiil piBHOCTI €, V e, = M (z,y, 2) eneMentn z,

Y, 2, OTPUMYEMO:
exVe,=e Ve, =e, Ve, =Mz,y,z2). (2.29)

3a JAyabHICTIO MAEMO:
ex Ney=e, Ne, =e;, Ne, =m(z,y, 2). (2.30)

BpaxoBytoun orpumMani 3 pisaocreii (2.29) ta (2.30) nepepyBants

m(x7 y? Z) < e$ % M(x7 y? Z)?
m(e,y,2) < ey < M(z,y, 2); (2.31)



2.7. Monaynspui penriTkn

i memy 1.4, gKa BU3HaYa€ AW3 IOHKINIO 1 KOH IOHKINIO IMOPIBHAHHUX €JIeMeH-
TiB, MOXKEMO BBaykKaTH OOYMCJIEHHMH BCi MOMapHi AW3 I0HKINI 1 KOH IOHKITIT
elemeHTiB (2.27). OcKiabKYM Bl monmapHi JMu3’IOHKINI 1 KOH'IOHKIIT eeMeH-
TiB (2.27) HameXaTh MHOKHWHI 3 eseMeHTiB (2.27), 1 MHOKHWHA 3aMKHEHA
3a OTepaIlisMi BUXITHOI PEINTKU, a OTKe (JUB. 3ayBaykeHHs 2.4) YTBOPIOE
MiIpenniTKy BUXigHOl permitku (L, V, A).

Hosenemo, 1o ejgementu (2.27) ¢ monapuo pizauvu. [Ipumycrusmm, 1o

€y = €y, OTPUMYEMO:

ex Ve, =e; Ve, =e,,

3BiJKN, BpaxoByo4n piBHicTh (2.29), orpumyemo: e, = e, = M(z,y, 2). Ana-
JIOTIIHO, ODUYHUCIIIOIYN €, A €,, OTPUMYEMO DIBHICTH €, = e, = m(x,y, 2).
Orike, 3 mpuNyIieHns e, = e, BumauBae pisuicrs M (x,y, z) = m(z,y, 2),
dKa, BpaxoByoum teopemy 2.8, cynepednth HepipaocTi (2.26). Takum wmn-
HOM, €, 7# €y, 1, 38 aHAJIONIYHUMHI MIPDKYBaHHSAMU, €, 7 €, Ta €, # €,, TOOTO
TPU €JIEMEHTH €, €y, €, € MOMAPHO PI3HUMH.

[Tpunycrumo, o e, = M(x,y,2). Toni, BpaxoByouu Bupasu (2.30) i

(2.31), orpumaemo:

m(l’,y,z) :ex/\ey:M(x7yaz)/\€y:€y;
m(x,y,z) =ez Ne, :M(l',y,Z)/\eZ:ez.

Orxe, 3 mpunymenus e, = M(z,y, z) BuumBae e, = e, = m(z,y, 2), 10
CyIepednThb JOBeJ/leHilt BHUIle HepiBHOCTI e, # e,. TakuMm 4mHOM, TOBeIEHO
HepiBHICTD €, # M (x,y, 2).

Anasoriuno orpumyemo Hepisaocti e, # M(x,y,2) 1a e, # M(x,y, 2),
TOOTO KOJIEH 3 €JIeMEHTIB €, €,, €, He jopisHIioe enementy M (z,y,z). y-
AJIBHUME MiDKYBaHHAME OTPHMYEMO, IO JKOJEH 3 €JEeMEHTIB €, €,, €, He

nopisaoe m(x,y, 2).
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Otxe, BCi enementn (2.27) cupasmi mo-
MapHO pPi3HI, TOOTO OTPUMaHa, TMiIPENTiT-
ka {M(x,y,2),m(x,y, 2), e, €y, €, } MICTUTD
TOYHO T'9Th €JIEMEHTIB 1, BpDaXOBYIOYH CITiB-

Bimorrenns (2.29), (2.30), (2.31), miarpama

I'ecce miel miapenriTkKu Mae BUTJAI, 300pa-
KeHuit Ha puc. 2.13. Puc. 2.13
Otxke, esemenTn (2.27) yTBOPIOIOTH MiAPENIiTKY, i30MopdHy permiTii KCo.
Teopemy s10Bej1eHO. L]
BayBaxkenns 2.10. Teopema 2.4 (kpurepiit 1ucTpubyTUBHOCTI) € HGe3moce-

peaHiM HacJIIKoM Teopem 2.6 1 2.9.

52



Po3naia 3

byaeni anredpm

3.1. OCcHOBHI HOHSATTS

O3navennga 3.1. byneBoro aaredbporo HA3WBAIOTH AATEOPUIHY CTPYKTY-
Py <A, V, A, ) ,0, 1> i3 BU3HAUEHNMHI HA HETOPOXKHIM MHOXKUHI A 3aMKHEHIMHA
GIHAPHUMH OTepAIiaME <V> Ta </A>, 3aMKHEHOI0 YHADHOIO OIMEPAILEI0 < > i
dbikcoannmu eementamu 0,1 € A (Hysnb-apHuME omepartisvu Ha A), gKi
3aJI0BOJIBHAIOTH YMOBH:

1)avb=0bVa,aANb=>bAa (KOMyTaTHBHICTB);

2) aV(bAc) = (aVb)A(aVe), aA(bVe) = (anb)V(aAc) (mucTpuby THBHICTS );

3) aVvV0=a,aAl=a (HeiTpajgbHiCTh);

4)aVa=1aANa=0 (gom0BHEHICTD).

Binapui oneparii <V>, </A>» Ha3uMBalOTh BIiANOBIIHO ANW3 IOHKIIE Ta
KOH IOHKITI€10 (BKUBAIOTHh TAKOZXK IHIN HA3BU: 00'€IHAHHS i IIEPETHH, CyMa i
J0OYTOK TOIIO); YHAPHY OMEPAIiio < > HA3WBAIOTH JOMOBHEHHSAM. EjemenTn
0 Ta 1 HA3WBaIOTH BiJIIOBIIHO HYJ1eM i oauHuIeio OyseBoi ajaredpu. HapejeHi
yMOBH (KOMYTATHUBHICTH, TUCTPUOYTUBHICTL, HEHTPAIBHICTD, JOMOBHEHICTD)

HA3UBAIOTh akciomamMu OyJieBOl ajaredopu.
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Poszuin 3. Bysesi ajarebpu

IIpuknan 3.1. 1. Haiimpoctimoio OyieBoo aJjredpoi € CTPYKTypa
({0,1},V,A,—,0,1); erementn 1 Ta 0 BBAyKAWOTHCS JIOTIYHUME, TOOTO MO-
3HAYAIOTh BIJAMOBITHO ICTHHHICTH 1 XUOHICTh; JIOTIHI omepariii <Vs>, <A> it
<> (Iu3’1OHKINST, KOH OHKIIIS | 3allepedeHHs ) TOTh 3a 3aKOHAMHU ajrebpu
BUCJIOBJICHD.

2. OnHEM i3 HallBa)K/JIHUBIIIUX IPUKJIAIAIB OyjeBoi ajaredpu € CTPYKTypa
(S,U,n, ¢, 2,U), ne S — goBiabHa ajredpa MHOKHH i3 IPUPOIHUMU OllePaIli-
svu (BiAIOBIIHO 00’€HAHHS, IEPETUH 1 JOIOBHEHHS ), POJIh HYJIsS Ta OJMHUII]

BiZirpaloTh BIJIIIOBIJIHO IIOPOXKHSI MHOXKHMHA & i yHiBepcajbHa MHOKuHA U.

OckinmbKu akciomu Oy/eBoi ajrebpu copMyaboBaHI <JIyaJbHUMHU Tia-
pamms, s OyJIeBUX ajaredOp CHPaBIKYEThCA MPUHITUI JAyaJbHOCTI, aHa-
JIOTIYHUN TPUHIUTY JIYAJTBHOCTI I PENITOK: AKIMo y Oyaesiit aaredbpi
<A,\/,/\, -0, 1> npaB/IuBe JesdKe TBep/IzKeHHs, cHOPMYyJTHOBaHE 3 BUKOPH-
CTAHHAM OHepaliit <Vs, <A», < > Ta eaeMentis 0 i 1, TO CHpaBIKYyeTHCS
JiyaJibHe TBep/zKeHH, OTpUMaHe 13 BUXITHOTO 3aMiHOI0 <V> Ha </A\>, </A> Ha
<V>, 0na 1l ral nma 0.

I3 akciom OyJieBOl ajareOpu MOXKHA BHBECTH OaraTo BarK/IMBUX 3aKOHIB.
Hasenemo segxki 3 HUX.

1. 3akoH yHiBepcaabHux Mexk: aV 1 =1;

aN0=0.

2. Bakon abcopbuii (mormunanus): aV (a Ab) = a;

al(aVb)=a

3. 3aKO0H i1eMIOTeHTHOCTL: a V a = a;

a/\Na=a.

4. 3axon acomiarnBHOCTI (cnonyunnii 3akon): aV (bVe) = (aVb) V¢

5. 3aKOoH €IMHOCTI JONOBHEHHS: CHCTEeMa PIBHSIHb BlJI-
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3.2. Bysesi ajqrebpu i penriTku

HOCHO T Ma€ €IuHUil po3B’sa30K © = @ (1obro gxmo aV e =1T1aa Az =0,
TO T = Q).

6. 3aKOH 1HBOJIOTHBHOCTI (MOABIHHOTO 3amepedenHs): a = a.

7. Baxonn (nmpasma) me Moprama: a Vb = a A b;
aNb=aVb
8. Baxomn ckyeosanus: (a 'V b) A (aVb) = a;
(aAD)V (aAb) =a.

9. 3akonu ITopenpkoro': a A (aVb) =a A b;
aV(@anb)=aVb.

JloBenmemMo O/1MH 13 3aKOHIB YHIBePCAJbHUX MEXK:
aVli=(avVl)Al=(aVI)A(aVva)=aV(lNa)=aVa=1.

JloBejieHHS pYyroro 3aKOHY yHIBepCaJbHUX MeXK MOXKHa NoOyAyBaTu 3a

MPUHITATIOM J1YaJIbHOCTI.

Bnopasa 3.1. /loBectn 3akouu 2-9 caMoCTiitHO.

Braszika. TOTOXKHOCTI 3py9HO JOBOJUTH Yy Tiif camiif TOCJIiIOBHOCTI, B
dKiit BOHU TYT HaBedeHl. KpiM TOro, 3aBasgKu NPUHITATY AYAJIbHOCTI JTIOCUTH

JIOBECTH JINIIEe OJHY TOTOXKHICTH 3 KOXKHOI JIyaJIbHOI MMapu.

3.2. bynesBi aarebpu i penriTku

3.2.1. ByneBa anredopa K penriTka

Teopema 3.1. Hezati <A, VA, 0, 1> — byaesa anzebpa. Todi:
1) anzebpuuna cmpyxmypa (A, V, Ny — pewimka;

2) pewimxa (A,V,\) — obmescena, ducmpubymueha, JonosHeHa.

openpxuit [Inaton Cepriitopua (1846-1907) — pociiichbKuil acTpOHOM i MaTeMaTHK;
AKTUBHO 3aifiMaBCs MpOOIeMaMu MATEMATUIHOI JIOTIKY, 30KPEMa — PO3B I3aHHSAM JIOTTIHUX

PIBHSAHD.
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Poszuin 3. Bysesi ajarebpu

Jlosedernsa. Anrebpudna ctpykrypa (A, V, A) € IucTpubyTUBHOIO PEIiT-
KOO, OCKIJTbKA KOMYTATUBHICTH 1 AUCTPUOYTUBHICTH — aKCiOMHU OyJIeBOI aJ-
reOpu, a acoIaTHBHICTL Ta abcopdIliI0 MOXKHA BHBECTH i3 akKcioM OyaeBol
anrebpu Gesmocepenubo (aUB. Bupasy 3.1).

[3 akcioMu HERTPaJIbHOCTI OTPUMYEMO, IO HYJIb Ta OJUHUIA OyJIeBOl aJi-

redpu € HyJIeM 1 OJIMHUIICIO PELIiTKH:
0<ga)e (0Va=a); (1>a)e (1ANa=a) (a€A), (3.1)

tooro 0 = inf A, 1 = sup A.
[3 akcioMu JOIOBHEHOCT]I BUILINBAE, IO KOXKEH ejJeMeHT a € A mae B

perritii (A, V,A) JIONOBHEHHS G. O

3.2.2. PemriTka sk OyJsieBa anredopa

Hexaii (A,V,A) — pewitka, i Hexail us pemitTka oOMexkeHa, AucTpuby-
THUBHA 1 JOIOBHEHA. 3a BJIACTUBOCTSIMU JOIOBHEHOCTI 1 AMCTPUOYTHBHOCTI
KOKeH ejeMeHT a € A mae eaune gonopHeHHs a. OTKe, MOXKEMO BBECTH Ha,
MHOXKWHI A yHaApHY Olepaliio B3ITTS IOIMOBHEHHS: 4 — Q.

Teopema 3.2. Hexati (A,V,N\) — obmescena, ducmpubymuseha i 0onos-
nena pewimka 3 wysem 0 ma odunuuero 1. Todi aneebpuvna cmpyxmypa

<A, V. A, 0, 1> (@ — donosnenna do a € A) e byaesoro arzebporo.

Josedenns. CrpaBeinBicTh aKCIOM KOMYyTATHBHOCTI 1 AUCTPUOY THBHOC-
T1 BUILJIUBAE 13 O3HAYEHHS JUCTPUOYTUBHOI PEIiTKH, HEHTPAJIbHICTHh BUILIU-
Bae i3 obmezkeHocTi Buxignol pemritku (A, V, A) (nuB. ekpiBasenTHocti (3.1)).

Akcioma J1010BHEHOCTI (PAKTUIHO € BU3HAYEHHSIM JOIOBHEHHS ¢ JI0 €JIeMEHTa,
a € A. ]

I3 Teopem 3.1 i 3.2 BumuBae, 1o Oy/aeBy ajaredpy MOKHA €KBiBaJIEHT-
HUM YUMHOM BHU3HAYUTH K PEIIiTKY, fdKa € 00MEXKEeHOIO, JUCTPUOYTUBHOIO i

JOIMOBHEHOIO.
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3.3. Byusesi ajrebpu Ta iaeMIOTEeHTHI KiJIbIIs

IMpuxkaan 3.2. Pemitka (£, i) mas 6yab-skoro n € N jauctpubyTuBHa
Ta obmexkeHa (uB. mpukaaau 2.7 i 2.10), oHAK JTOMOBHEHOO I PENTTKA €
JIUTIE YV BUMQJIKY 0 = D1P2 " * Pm, A€ P1, P2,y - - ., Dy — MOMAPHO PI3HI MPOCTI
uncsaa (quB. npukiaz 2.15, m. 4). Otxe, pemritka (L, i) € OynaeBoo anret-
POIO TOJII 1 TITBKH TOJI, KOJU 71 € TOOYTKOM TIOTTApHO PI3HUX MPOCTUX UHUCET
(po3KJIa N Ha MPOCTI MHOXKHUKU <BITHHUN BiJI KBAJAPATIB> ).

Posrnganatoan OyieBy aaredpy gk pemriTky, a oT:ke i ak YBM, moxkemo
POBIIUPUTH €KBIBAJIEHTHICTD (2.1), BAKOPHUCTOBYIOUH OTEPAIIIO TOTOBHEHHS.

Buopasa 3.2. Jlosectn exsiBamsentrocti (a,b € A):

axbeaVb=bsaAb=asaANb=0&aVb=1; (3.2)
a<xbsb<a. '

IMpukaaza 3.3. B anre6pi muoxkun (S,U,N, ¢, &, U) ekBiBaJeHTHOCTI

(3.2) HabyBaOTh BULJISLY BiTOMUX CIIiBBiHOIIEHD:

ACB® AUB=B< ANB=A< ANB=0< AUB=1;
ACB& BCA,

e A, BeS.

3.3. bynaesBi ajaredbpmn Ta i1eMIIOTEHTHI KiJIbIld

3.3.1. ByneBa anreopa K iIeMIOTEHTHE KiJbIle

Hexait <A, V,A, .0, 1> — OysieBa airedopa. Ha muoxxuni A BBegemo 6inapHi

oreparii cyMu 1 MHOYKEeHHS:

a®b=(aAb)V (aAb);

(3.3)
a-b=aAb.

Teopema 3.3. (A, @, ) — idemnomenmme kiavue 3 odunuuyero 1 € A.
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Poszuin 3. Bysesi ajarebpu

osedennsa. Hacammepen HAroJocumo, IO OJWHUIEIO 1 HYJIeM KiJbIld
(A, @, ) maroTh OyTu came ejeMenTn 1 Ta 0, AKi € OJUHUIEIO | HyJIeM BUXiTHOT
OyseBOl ayredpu <A, V. A, .0, 1>. Takoxk Haramaemo, IO B iIeMIIOTEeHTHOMY
KUJIBI eJIeMeHT 306irae€Thes 31 CBOIM TMPOTHIERKHUM, TOOTO a = —a (abo, B
eKBIiBAJIEHTHOMY BUTJIsi, a B a = 0).

OueBuHO, MO /1 anredpudaHol crpykrypu (A, @, ) Tpeba moBecTH aK-
cloOMH KLIbIldA, BJACTUBICTH 1J€MIIOTEHTHOCTI [l MHOXKEHHS Ta HeHTpaJib-

HicTb ejieMenTa 1 € A BimnocHo muoxenns (a,b, c € A):

1) (a®b)Bc=a®d (bdc),;

a®b)-c=a-chb-c, c-(adb)=c-adc-b

JloBenenns ToTOXKHOCTEH 1-8 CYTTEBO CHPOCTUTHCH, SKIMO BpaxXyBaTH,
10 i3 KOMYTATHUBHOCTI KOH IOHKIIIT </A\> BUILINBAE KOMYTATUBHICTH MHOKEH-
Ho <> (HAraJaeMo, mo Oy/b-sKe iIEMIIOTEHTHE KiLJIbIe KOMYTaTUBHE, OHAK
Hapasi Iie He JIOBeJeHO, mo ajarebpuuna crpykrypa (A, @,-) € kijbuem).
HaBemeni TOTOXKHOCTI MOYKHA TIEPEBIPUTH, IMIICTABIIIOUN 3aMICTh OIlepaIiif
<@®> 1 <> BiANOBiAHI BUpa3u 3a Bu3HAYeHHAM (3.3) 3 MOJAIBIINUM CIIPOIIEH-

HAM OTPUMAHUX BUPA3iB.

Toroxnocti 2-5, 7 Ta 8 HJOCUTH OYEBHAHI, IKIIO BpaxXyBaTH PiBHOCTI
0=1; 1=0. (3.4)
Baznaunmo, 1o pisaocTi (3.4) He € akciomamu Oy/eBoi aarebpu, OjHAK
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3.3. Byusesi ajrebpu Ta iaeMIOTEeHTHI KiJIbIIs

BOHHM BUILINBAIOTH 13 3aKOHY G,ZLI/IHOCTi JOITIOBHCHHA:

ovli=1 _ 1vO0= _
= 1=0; = 0=1.
OAN1=0 1IN0 =

Hosenemo toroxkuocti 1 (acomiaTusHicTh omneparii <®>) Ta 6 (aucTpu-

Oy THBHICTD <> BIJIHOCHO <@ ).

st J1iBOT 9YacTUHHM TOTOXKHOCTI 1, BUKOPHCTOBYIOUH 3aKOHU OYJI€BOI aJI-

reOpH, 30KpeMa JUCTPUOYTUBHICTD i mpaBujio Je Moprana, oTpuMYyeMO:

(a@b)@e=((anb)V(aAb)@ec=
= (@A D)V (@Ab)) Ac)V (( aAE)v(aAb))Ac) _

(
= ((aAbAc)V(anbrce))V (((aVbd)A(aVb)Ac) =

=(aAbAc)V(anbre)V | ((aha)V(aAb)V(bAa)V (bAb))Ac]| =
T ;2,0_/
=(aANbAC)V(aAbAC)V (((aAb)V (aAb)Ac) =
=(@ANbAC)V(aAbAC)V(aAbAC)V(aAbAc)=

=(aAbAc)V(aAbAC)V(aNbAc)V (aAbAc).

OdeBUIHO, IO OTPUMAHUN BUPA3 CUMETPHUYHUI BIIHOCHO BXOJKEHb @, b
Ta ¢, TOOTO He 3MIHIOETHCS 13 MepecTaBIeHHAM IuX JiTep. BpaxoByioun Ko-
MYTaTHBHICTH omeparii <@> (TOTOXKHICTH 2 € 0YeBUIHOI0), MOKEMO MOIATH
paBy YacTUHY TOTOKHOCTI 1y Bursi (b® c¢) @ a. Bupas (b® ¢) ® a moxkua
orpumaTh i3 Bupasy (a @ b) @ ¢ nepecraBieHHAM (IIUKJIITHEM 3CYBOM) JITEP

a, b Ta c, M0 3aBepIye JO0BeIeHHsT TOTOXKHOCTI 1.

[Mlomo aBOX TOTOXKHOCTEH 6, TO 3 ypaxXyBaHHAM KOMYTATHBHOCTI OIepaIrii

<> JIOCTATHbO JOBECTU OJHY 13 HUX, HAIpUKJAaId mepiry. ag jgiBoi 1 mpaBoi
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Poszuin 3. Bysesi ajarebpu

JaCTHH MEePIIol TOTOKHOCTI 6 OTPUMYEMO:

(a®b)-c=((anb)V(aAb)Ac=(aNbAc)V (aAbAc);

a-cdb-c={(aNc)NDAc)V((anc)N(bAC)) =
=(aNcADBV))V((@aVe)AbAc)=(aAcAb)V (aAbAc),

3aCTOCYBABIIK HA OCTAaHHLOMY Kporli 3akoH [Topemnbkoro. Orxke, meprry (a 3
YPaxyBaHHSIM KOMYTATHBHOCTI <-> 1 JIDYTY) TOTOXKHICTH 6 JIOBE/IEHO.

Teopemy s0oBeieHO. O

3.3.2. InemnioTeHTHE KiJjbIle 9K OyJjieBa ajaredopa

Hexaii (A, @, -) — izemnorentre kibie 3 oquauneto 1 € A. Ha muoxuni A

BBEIEMO omeparii au3 I0HKIIT <V>, KOH IOHKIT </\> i JOMOBHEHHS < >:

aVb=adbda-b
aNb=a-b; (3.5)
a=1¢®a.

Teopema 3.4. <A,\/,/\,_,O, 1> — byaesa aneebpa, de 0,1 € A € nyarem

ma oduruuero kiavuys (A, ®, ).

Jlosedenns. 1loTpibHO J0BECTH YOTHPH JyaJIbHI ITAPW TOTOXKHOCTEH — aK-
ciom OyJieBOl aJirebpu:

l)avb=bVa,aNb=>bAa;

2)aV (bAc)=(aVb A(aVe),aN(bVec)=(aAb)V(aAc);

3) avO=a,aNl=aq;

YYavVa=1aNa=0.

HaBemeni TOTOXKHOCTI MOXKHA MEPEBIPUTH, MIACTABIAIOYN 3aMiCTh Ollepa-
nift <A>, <V> i < > BiANOBIIHI BUpa3K 33 BU3HAYCHHIM (3.5) 3 momabIIIM

CIPOIIEHHSIM OTPUMAHUX BHUPA3iB. 3a3HAYUMO, IO MPUHIUI JIYAJTHHOCTI ¥
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3.3. Byusesi ajrebpu Ta iaeMIOTEeHTHI KiJIbIIs

IIHOMY BHUIAJIKY 3aCTOCOBYBATH HE MOYXKHA, OCKLTBKH TOTOXKHOCTI 1-4 OymeMo
JIOBOJIUTH 13 aKCIOM 1JIEMIIOTEHTHOTO KIJbIldA, 9Ki He € JAyaJbHUMU MMapaMu.
Haramaemo, 1o B i1eMIOTEHTHOMY KiJIBII 00K ABI omeparii <@> Ta <> KO-
MYTATHBHI, 3Bi/IKM BUIINBAIOTH PiBHOCTI 1 (KoMyTaTuBHICTH). Takox mpyxke
JIETKO TePEeBIPpUTH TOTOXKHOCTI 3 (HefiTpasibHicTh) Ta 4 (momoBHeHiCTH). [o-

BEJIEMO TOTOKHOCTI 2 (IUCTPUOYTUBHICTD):

aV(bANc)=aV(b-c)=a®b-cBa-b-c
(aVb)AN(aVe)=(a®dbda-b)-(abcha-c)=
—d*®a-cPa’ - cOb-a®b-cODb-a-c®a® bDa-b-c®a*-b-c=
=a@a-cha-c®a-bBb-cPa-b-cha-bPa-b-cha-b-c=
=adb-cha-b-c;
aN(bVe)=a-(bBcdb-c)=a-bBa-cda-b-c
(anb)V(aANc)=a-b&a-cBa-b-a-c=a-bBa-cha-b-c

OT:ke, TeOpeMYy JI0BEJICHO. ]

3.3.3. B3aemHa obepHeHICTh IIepexoaiB MixK 0yJieBOIO
aJredOpor0 Ta 11eMIIOTeHTHUM KiJIbIleM

Hexaii (A, ®, ) — igeMIoTeHTHE KLIbLE 3 OJUHUIIEIO, <A,\/,/\,_,O, 1> —

OysieBa ajarebpa, 00y 0BaHa 3 iJeMIIOTEHTHOrO Kiabig (A, @, -) 3a ciiBBij-

womenasivu (3.5). Posrisinemo izemmnorenTre Kinbie <A, @,T>, 1100y I0BaHe

i3 Oysesol anredbpu <A, V. A, .0, 1> 3a criBBigHOIIeHHAME (3.3):

a®b=(aAb)V (aNb);
a-b=aANb.
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Poszuin 3. Bysesi ajarebpu

Teopema 3.5. Onepauii <B> ma <> 3012a10MbCA 3 ONEPAULAMU <B> Ma

<> 610n0619H0, MobMo
a®b=a®b; a"b=a-b, VYa,be A.

Hosedennsa. Toroxuicrs a* b = a - b € TpUBIaJIbHOIO, OCKLIbKH O0OMIBI

orepanil 30iraloThbCd 3 KOH IOHKIIEIO </A>. JloBemeMo nepiry TOTOXKHICTD:
11 i a y

adb=(aAb)V(aAb)=(a-(1®b)®(1®a)-b)da-b-a-b=
T

=a®a-bdbPa-b=adb.

Ha npyromy mepexoii BUKOPHCTAHO OYeBHAHY PiBHICTD -2 = £ Az = 0,
x € A O
Hexaii Tenep <A, V. A, 0, 1> — OyJsieBa aurebpa, (A, @, ) — igeMnoreHt-
He KLIblle 3 OJMHUIICIO, I00Y/I0BaHe i3 OyJeBoi aJrebpu <A,\/7 A, 0, 1> 3a
cuisigpomenuamu (3.3). Posriagnemo Gysesy aire6py ( A, V, /A\,f, 0,1), mo-

OymoBany i3 Kiabig (A, @, ) 3a cuisBigHomenusymu (3.5):

aVb=a®bP®a-b;
aAb=a-b;
gzl@w

Teopema 3.6. Onepauyii <V>, <A\> ma < > 36i2a10MbCA 3 ONEPAUIAMU

<V, <A\> ma < > 6i0noeiono, mobmo
aVb=aVb, aAb=aAb; a=a, Va,bec A

Josedenta. Toroxuicts a A b = a A b € TpuBiaJbHOIO, OCKLIbKH OOU/IBI

omepaliii 30iraroTbCsl 3 MHOXKEHHSIM <->. J/loBegeMo piBHICTD J1/1s JIOIIOBHEHbD:

a=1®a=(1Aa)V(Ira) =aVvi=a
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3.3. Byusesi ajrebpu Ta iaeMIOTEeHTHI KiJIbIIs

PiBHicTh A19 An3’IOHKINH OTPUMYEMO aBTOMATHYHO, OCKIJIbKHM TPABUIA

ne Moprana cupaBe uBi 11 OyIb-9KO1 Oy/1eBO1 aJaredpu:

=aVh.

jwall

aVb=aA

Teopemy moBeneHo. (]

3 reopem 3.3-3.6 BuAHO, 110 OyAb-KYy OyJieBY ajredbpy MOKHA PO3IJISIIa-
TH 9K 1JeMIOTEHTHE KIJIbIEe 3 OJMHUICIO 1 OYIb-siKe iIeMIIOTeHTHE KiJblle 3

OJIMHUIICIO MOYKHA PO3IJISJIATH K OyJieBy ajaredopy:
<A7 Vv, /\7_7 07 1> — <A7 D, > )

BIJAIIOBIIHICTh MixK ollepallissMu OyjieBoi aareOpu Ta KiJblfd BU3HAYAETHCS
cruigsignomennamu (3.3) Ta (3.5).

OcCKiIbKH MOHATTs <OyseBa ajaredpas Ta <iIeMIOTEeHTHE KijIblle 3 OIu-
HUIIEIO> — eKBiBaJIEHTHI BU3HAYEHHS OJIHIE] areOpudIHol CTPYKTYPH, i1eMIIO-
TeHTHe KiJIblle 3 OJUHUIECI0 YacTO HA3UBAIOTb 0YAe6UM KIALUEM.

IIpukaan 3.4. IpoxesemenTHy OyJeBy ajrebpy <{0, 1},V,A, 0, 1>
MOZKHa po3risgaryu sk Oyaese Kiabie ({0,1}, @, ) 3 oxununero 1; ejemenTu
0 Ta 1 mO3HAYAIOTH JIOTIYHY ICTHHHICTD Ta XUOHICTH; onepaiiil <V (113’ 0HK-
mig), <A> (kom'lonkmig), < > (3amepedenng) Ta <@> (cyMa 3a Moxy/IeMm 2)
JTIIOTH 3a 3aKOHAMU aJreOpu BUCJIOBJIEHD; MO3HAYEHHS <> €KBIBaJEHTHE I10-
snadennio <A>. Cuissinnomenns (3.3) Ta (3.5) y 1poMy BHIAQIKY HAOYBAIOTH
BUIJISLY BiJIOMHX TOTOXKHOCTEH anredpu BHCIOBIEHB. TaKOXK OYEBHIHO, IO
oyiese kinbie ({0,1}, @, ) isomopdHe KiabIo KiaciB JHMIKIB Z,.

IMpukaamg 3.5. Anrebpy muoxkun (S,U,N, ¢, &, U) MoxkHA PO3T/IAIATH
gk Oy/ese kijbie (Kinbue maoxkun) (S, A, N) 3 opuauneo U. 3a3Haqumo, 1110
1O3HAUYeHHd <> (epepi3 MHOXKKH) BUKOPUCTAHO 1 JIJIst KOH FOHKIIIT y OyJiesiit
astreopi, 1 a1 MuHOKeHHA y OysteBoMmy Kinbii. Cuissiguomenns (3.3) Ta (3.5) y

IILOMY BHUIIQIKy HAOYBaIOTh BULJISLY BiIOMHUX TOTOXKHOCTEH a/iredpu MHOXKIH

63



Poszuin 3. Bysesi ajarebpu

(TpuBiaIBHI S MBOTO BUMAJIKY PIBHOCTI MiXK KOH'IOHKITIEI0 Ta MHOYKEHHSIM

He BUIHCYEMO):
AAB=(ANB°)U(A°N B);
AUB=AABA (AN B);
A°=U N A.

3.4. CkindyeHHl OyJieBi ajredopu

VY 1iit raBi po3TyIgIaeMo cKindenHi Oysaesi aaredpu, To6To OyieBi aaredpu

<A, V, A, 0, 1> i3 CKIHYEHHOI0 MHOXKHHOIO A.

3.4.1. TIoHATTHA 1 BJIACTUBOCTI aTOMIB

Os3nauenns 3.2. Ejemenr a € A Ha3zuBaioTh aTroMoM OyJjieBOI aaredpu
<A, V, A, 0, 1>, SAKIO a Oe3nocepeanbo ciiaye 3a myaeMm 0. MHOXKUHY BCix
aromiB OyJieBol aaredpu A nosnauarumemo depes Aj.

Ilpukman 3.6. 1. Hexait U — ckinyenna yuiBepcajbHa MHOXKuHa. Toii
aaredpa MHOXKUH <2U, u,nN, ¢, J, U> — ckiHueHHa Oy.jeBa ajrebpa, aroMmamMu
akoi € oguoesiementi muoxkunu: (2Y), = {{a}: a € U}.

2. Pemtitka ginbaukis (L,, i) € CKiHYeHHOK OyJIeBOIO ajredporo, sKIIo
N = DP1P2- " Pm, A€ D1, P2, - - -, Dm — NONAPHO Pi3HI HPOCTI Yucaa (JIUB. IPUK-
aax 3.2). OueBuano, mo auciaa p; (k= 1,2, ...,m) i € aromamu 1i€i GyieBol
anredpu: (L), = {p1,D2, - -, Dm}-

3. YV nBoxejieMenTHIN OyJesiit anre6pi <{0, 1}, V, A, 0, 1> €JIMHUM aTO-
MOM € eJIeMeHT 1.

OueBnaHo, Mo Ha jgiarpami l'ecce aromMm BiAIOBIAAIOTH BepIIMHAM, CY-
MiKHUM 3 HyJieM OyJieBOl aJirebpu.

ITpuknam 3.7. Hiarpamu 'ecce 6yepux anrebp A, B, C' 3 ogHuM, 1BOMA

Ta TPHOMa aTOMaMU BiJIOBITHO 300pazkeHo Ha puc. 3.1.
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3.4. Ckingensni 6yjeBi ajirebpu

0 0
Al = {1} Bl = {a,b}

Puc. 3.1

Jlema 3.1. Hexati A — ckinuenna byaesa anszebpa, ¢ € A, ¢ # 0. Todi
icnye a € Ay, makud, wWo a X ¢ (KOHCHOMY HEHYALOBOMY EACMEHMY CKiH-

uenHoi byae6oi arzebpu nepedye xoua 6 00ur amom).

Jlosedenna. Ko ¢ — arom, TBEpIKEHHS JIEMH BUKOHYEThCs (¢ € Aj,
¢ < ¢). Orke, Hexaii ¢ — He aToMm. Tofi, OCKITBKY ¢ He CIiye 3a HyJIeMm
be3mocepeiHbO, Ma€ icHyBaTu ejgemeHT ¢ # 0, ¢ < c. dkmo ¢ — arowm,
TBEPJIZKEHHS JIEMU BUKOHYEThCs. YIKINMO €; — He aTOM, Ma€ iCHYBaTH eJeMeHT
co # 0, co < ¢1 1, 38 TPAH3UTUBHICTIO BiIHOIIEHHS <—<>, ¢y < ¢. Baarasi, k-
mo ¢ < ¢, ¢x # 0, ¢ & Ay, mae icuyBaru cxrq # 0, cgr1 < ¢ < ¢. Ockijibku
OysneBa anrebpa A ckiHUYeHHA, a BCI €JIEMEHTH C > C] > Co- -+ > Ck > Ciil
MOTIAPHO Pi3HI, BKa3aHmit nporec Mae obipsaruca. O1ke, HA JIEAKOMY N-My
KPOIIi OTPUMYEMO: C > C| > Co -+ > Cp, C, € A1, IO TOBOAUTH TBEPIZKEHHS

JIEMMUN. ]

Bayparkennst 3.1. Tlousarrst aroma MOXKHA BBECTH Jijisi JIOBLIbHUX (HE
000B’s13KOBO CKiHYeHHUX) OysieBux aaredp i HaBiTh JJIg JOBIIBHUX DENIiTOK.
OpHak Ha HeCKiHYeHHI Oy/1eBl aaredpu TBEPIKEHHS IIOWHO JTOBEICHOI JIeMH
HE MOIUPIOETHCS; OLIbINE TOr0, MOYKHA, HABECTH TTPUKJIAJ] HECKIHUYEHHOT OyJ1e-
BOI aredbpu, sika He MICTHUTDH »KOJHOIO aroma. JleraspHille Ipo aToMapHICTh

JOBLIBLHEX OyJieBux ajre0p i penritok aus. y poborax [5; 0].
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Hacamxkinens moBememMo JBa MPOCTUX TBEP/ZKEHHS, AKi BUILTUBAIOTH i3

BHU3HaA4YCHHA aTOMa.

Jlema 3.2. Hexati ai,as € Ay, a1 # ag. Todi a; A as = 0.

Jlosedenna. Posrnsimemo ememenT ¢ = aj A ag = inf{a;,as}. I3 BusHa-
yeHHa 1HPIMyMY MaEMO: ¢ < a1, ¢ <X (y. ByIb-aKOMy aToMy a Tepejiye Jule
caM aToM a Ta eseMeHnT 0. EjeMenT ¢ He MoxKe JOpIBHIOBATH OJHOYACHO 060M

aToMaM a1 1 g, OCKIIBKE a1 F# Ag; OTXKe, ¢ = a1 A ag = 0. L]

Jlema 3.3. Hezati ai,as, ...,a, € A1, a; # a; daa i@ # j. Tooi
agVayV---Va,=aDaygD---Day,.

osederna. JloBemeHHsT MPOBEIEMO MATEeMATHUYHOIO IHAYKIIEO 3a 1 > 2.
1. Basa indyruii. Hexait n = 2. Toui, BukopucroBytouu piBuocti (3.5),

OTPUMYEMO:
a1 Vay=a @aydar-ay=a; ®ay® (a1 Aa) =a; @ as.

2. Ipunywenns indykuyii. Hexait TBepiKeHHS JIeMU BUKOHYETHCS JIJIst
n=ng = 2.

3. Kpox indyxuri. Hexait n = ng + 1. Toxi
Ungr1 N(a1VagV-+-Van,) = (Angr1 A1)V (Angr1 Aa2) V-V (Gpyr1Nap,) = 0.

Bigrak, BpaxoBy04n MIpUIyIEHHs iHAYKIHT Ta cuiBBigromenus (3.5), o1-

PHMYEMO:
a1VagV: - -Vap Vanar1 = (aVasVe - Vay, )Bap, 11 = a1Das®- Dy, Dlpgi1-

JleMy moBemeHO. O

BayakerHst 3.2. O4YeBUIHO, IO TBEP/KEHHI JeMU 3.3 CIPaBIKYEThCS

0715 OyAb-IKUX a1, 0z, ..., 4, € A, Takux, mo a; A a; = 0 1714 7 # 7.
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3.4. Ckingensni 6yjeBi ajirebpu

3.4.2. PeaJjizariiss cKiHueHHO1 O0yJsieBO1 ajiredopu

y BUTJIS ajJaredpu MHOXKUIH

Hapejgemo BusHaveHHsI i30MOpP@HOCTI OyjieBUX aJreop.

Oznauenng 3.3. Bynesi anrebpu <A, V. A, 0, 1> i <B, v, /A\,c, 0, i> Ha-
3UBAIOTHCS 130MOpdHUMHE, KO icHye Giekiis (i3omopdizm) f: A — B, ta-
Ka, mo 30epirae am3’I0HKINO, KOH IOHKIIIO Ta JOIOBHEHHsI, TOOTO JJIsI JIOBI-

JBHUX @, 71,09 € A

flarVa) = f(ar) V flaz), flar Aag) = flar) A fa2), f(@) = f(a).

BayBazkenust 3.3. O4eBuHO, 110 s i30MopdHOCTI OyIeBuX aJjredp 10-
CTATHBO, 00 OieKIlig 30epiraja TiALKH AB1 onepalii — JOIMOBHEHHS Ta OJHY i3
TBOX OiHAPHUX omepariil (Au3 TOHKII0 a00 KOH IOHKIIIO), OCKIIBKY /I3’ IOHK-
{0 MOYKHA BUPA3UTH Yepe3 KOH IOHKINI Ta JIONOBHEHHs (200 KOH IOHKIIIIO

Yepe3 i3 IOHKINO Ta JOMOBHEHHS) 3a JOMOMOro0 Ipasu jie MopraHa.

Bnopasa 3.3. [opectn, mo izomopdism f 306epirae Hyab Ta OIUHHUITIO
6ymesoi amre6pu, Tobro £(0) =0, f(1) = 1.

Hosememo, 110 TOBiIbHA CKiHYeHHA OyseBa aiaredpa A isomopdHa geskii
aJirebpi MHOYKHH, a caMe ayure6pi 24! ycix miIMHOKUH MHOXKHHHE aTOMIB Oy-
JeBol aaredopu A.

Hns enementa ¢ € A BBegemo nosnadenns A. = {a € A;: a < ¢}, 10610
A, mo3Havae MHOXKHHY aTOMIB, sIKi Iepeayiorh ejqeMmenty ¢ € A. OdeBumHo,
mo Ag = @. g ¢ = 1 orpuMyeMo MHOXKHHY BCiX aToMmiB Oy/eBol ajarebpu

A, 110 y3TOIKY€EThCS 3 YBEJEHNM B O3HadeHHi 3.2 nosnadenusm A; (c. 64).
Teopema 3.7. Hezxatic € A, c#0. Todi c = \/ a (dogirvruii nenyavo-

a€A.
6ull eaemenm ¢ 3bizaemves 3 us HKYIEN amomis, Akl Tomy nepedyoms).

Jlosedenns. Tlosuaunmo ¢ = \/ a. [lorpiGHO moBecTH piBHICTB ¢ = c.
a€Ac
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Poszuin 3. Bysesi ajarebpu

I3 cmiBBigHOMEenHSA (2.4) Ta Jemu 3.3 BUILIHBAE:

c=supA, = @a.

a€A.

OCKIJIBKY eJIeMeHT ¢ — BepXHdA MexKa, 11 A., i3 BUBHAYeHHS CYyIpEeMyMY
BuiLtBae: ¢ = sup A. < c. Ilpunycrumo, 1o TBep/zKeHHsI TeOpeMU He CIIpaB-
TKY€EThCs, TOOTO ¢ < ¢. Ockizibku (¢ = ¢) < (¢ @ ¢ = 0), i3 npunymeHHs
¢ # c orpumyemo: ¢ @ ¢ # 0. Temep i3 memu 3.1 BUIINBAE iCHYBaHHS aTOMa,
ap, TAKOTO, IO ag < ¢ P c.

Hosegemo, 1110 ag € A.. BpaxoByoun nepeayBaHHs ¢ < € 1 BAKOPHUCTOBY-

1091 BJIACTUBOCTI OyJIeBOl aareOpu K iIeMIOTEHTHOTO KiJIBIIS, OTPUMYEMO:
(cdc)Ne=(¢dc)-c=¢-cdc-c=(CNc)Dc=CDec,

10 JIOBOJUTH IepejayBaHHsl ¢ P ¢ <X c¢. Takum 4uHOM, a9 <X € P ¢ <X ¢, TOOTO
ag € A..

Posruisinemo Bupas ag - (¢ P ¢). Ockinbku ag < €D ¢, OTPUMYEMO PIBHICTD
ap - (¢ ® ¢) = ag. OHAK, BUKOPUCTOBYIOUN BJIACTHBOCTI Oys1eBOI anrebpu siK

1JIEMIIOTEHTHOT'O KLIbIS, OTPUMYEMO:
ag- (B c)=ag-c@ag-c=(agN¢)D (agNc)=ay D ag=0.

Otke, oTpuMaHa cynepedHictb ay = 0 (aToM @ JOPIBHIOE HYJIIO) TOBO-

JINTh XUOHICTb IIPHUIIYIIEHH ¢ < ¢, ToOTO ¢ = c. Teopemy J10BeeHO. L]
Hacainok. fxuwo A., = Ae, (c1,c2 € A), mo c1 = co.
Josederns. 3a 10BEJIEHOIO TEOPEMOIO OTPUMYEMO:

01:\/a:\/a:cg. U]

aEACl aEAC2

Baysazkenust 3.4. Braxatoun, mo \/ a = 0, momuproemo Teopemy 3.7 Ha
acd

Buna I0K ¢ = 0: jJoBLIbHUI esieMeHT ¢ € A 30iraeTbCd 3 Ju3’IOHKIIEI0 aTOMIB,

dK1 TIOMY TepeayioTh.
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3.4. Ckingensni 6yjeBi ajirebpu

Teopema 3.8. Hexatic € A, c = \/ a, de B C A;. Todi B = A, (eae-
acB
MEHM, MOHCHA 300pa3umMu Y 6u2AAdl 0U3 W0HKYIT amomie c0uHO MOACAUBUM

cnocobom).

Josedenna. Jlns noBiabHOTO aToma ag € A; OTpUMYEMO:

cNag= \/a Nag = \/(a/\ao).

a€EB a€EB

BpaxoByioun pe3yabrar JieMu 3.2, JJisd KOH IOHKIIIT aTOMIB @ Ta Gy MaEMO:

0, 9KIIO a # ap;

(a N ag) =
g, AKIIO a = Ao,
3BIJIKH OTPUMYEMO:
0, gkmo ag ¢ B;
c/\aoz\/(a/\ao): 0 ¢ (3.6)
acB ap, AKINO ag € B.

[IpoTe, BpaxoByioun BU3HAYEHHS aTOMA,

0, gakmo ag ¢ Ag;
inf{c,ap} =cANay= 0 ¢ (3.7)
ap, GKIIO ag € A..

Taxum amaOM, 31 cmiBBigHomensb (3.6) i (3.7) a7 M0BiTBHOTO aToMa ag

MaeMO ekBiBasienTHicTh (a9 € A.) < (agp € B), mo Ja0BoAuTH PiBHICTH
A. = B. O

Jlns ckindennoi OysmeBoi aaredpum A 3 MHOKHHOIO aToMiB A; BBemeMo

Bimobpakenna f: A — 241, mo mie 3a mpasmIoM
flc)=A. ceA.

Jlema 3.4. Bsedene sidobpasicenns [ e biexuicro.
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Poszuin 3. Bysesi ajarebpu

osederna. ITH €KTUBHICTD f BCTAHOBJIIOETHCS HACIIIKOM 3 TeopeMu 3.7:

(fler) = fle2)) & (Ae) = Aey) = (c1 = 2).

Hoseaemo ciop’ektupnicts f. Jna nosiabnoi muoxkunn B € 241 (B C Ay)

Bu3HaunMo ¢ = \/ a, 3Biaku 3a Teopemoro 3.8 B = A. = f(c).
a€B

Orxke, BijjoOpaykentus f ogHOYACHO iH €KTUBHE 1 ciop’ekTuBHE. Jlemy mo-

BeJIEHO. L]

I3 1oBeIeHol IeMu OTPUMYEMO HECHOMIBaHUMA HACITOK: CKiHYeHHa OyIeBa
anrebpa A micrurh 2" enementis, ge n = card(A;) — KiabKicTh aromiB B A.
Tak, OyzeBi aaredpu 3 OJTHUM, IBOMA Ta TPhOMa aTOMaM1 MIiCTATH BiITOBITHO

7Ba, YOTUPHU Ta Bicim esemenTis (puc. 3.1).

Teopema 3.9. Hexati <A,\/,/\,_,0,l> — cKiHuenHa bOy.aesa anzebpa 3
muosrcunoro amomie Ai. Todi eidobpasicernns f: A — 24 wo die 3a npasu-
aom f(c) = A. (c € A), e isomopdismom miskc <A, V. A, .0, 1> ma 6YAe6010
an2ebpoto <2A1, u,n, ¢, d, 2A1> MHONCUHU 6CIT NIOMHONCUH MHONHCUHY Aj.

I3omopdiam miore Gyaesumu arzebpamu A ma 29 moscna scmarosumu 6i-
dobpasicermam f: A — 24 f(c) = A, (c€ A).

osederna. 3 ypaxyBaHHAM pe3yabTaTy JjemMn 3.4 Ta 3ayBarkKeHHs 3.3,
JIJISl JOBEJIEHHS TEOPEeMH 3aJIMIIAIOCH IIOKA3aTH, 0 BijgoOparkeHHs [ 30epi-
rae KOHIOHKIIIO i JOIOBHEHHS, TOOTO I JOBUILHUX @, a1, as € A noBecru

PIBHOCTI

Aal/\ag = Aal M Aag; AE = (Aa)c-

JloBeemMo 11i piBHOCTI MOAeIbHEM C1I0cO0OM. [lj1st MOBIIBHOTO & € Ay aas,

BHKOPUCTOBYIOUH PIiBHICTD (2.3), OTPUMYEMO:

r<a reA
( € Agjnay) © (K a1 Nag) = h & "o (r € Ay NAy,),
T < x € Ag,
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3.4. Ckingensni 6yjeBi ajirebpu

TOOTO Agina, C Aoy N Ag,. 3adikcysasmm © € A, N A,,, BAKOPUCTOBYIOYM
piBHiCTB (2.9), oTpUMy€EMO:
r € Aq, T <a

(x € Ay, NA,,) & - = (v S a1 h\az) & (1 € Agypay),
r € A, T < asy

10010 Ay, N Ay, C Aginay- OTKe, piBHICTD Ay pg, = Aa, N Ag, J0OBeJIEHO.

st noseennst piBaocti Az = (A,)° 3adikcyemo noBiabHuit atom © € A
i posrsinemo Bupas x A (a V a):

zA(ava)=(zAa)V(zAa) = 0, axmo x ¢ Ay a & ¢ A
x, aKk1mo r € A, abo x € Ag,

TOOTO, BPAXOBYIOUN OYEBUIHY pPiBHICTH = A (@ V @) = x, OTPUMYEMO, IO
aTOM T Tepeaye MpHHAMHI omHOMY eaeMeHTy a abo a. [Ipumyctupim, mo
mepejiye 060M eJIleMeHTaM a Ta G, 3 YPaxyBaHHIM HacTiaka (2.9), oTpuMyemo
cynepedHicTb: r < a Aa@ = 0. Takum 9uHOM, aTOM X TEeperye TOYHO OTHOMY

3 eJIleMeHTiB a abo @, TOOTO
(x € Az) & (v ¢ Ay) & (x € (A)),
1o joBoAuTH piBaicTh Az = (A,)¢. Teopemy noBejeHo. O

Ilpuknan 3.8. /diarpamu I'ecce 6ymeBol ajaredpu i3 TphOX aTOMIB Ta, BiJl-

MOBITHOT aJTreOpH MIMHOXKHH MHOXKHIHI aTOMIB 300pakeHo Ha puc. 3.2.

Puc. 3.2. Bynesa asrebpa 3 aromamu a, b, ¢ Ta ajgredpa olabc}

MJIMHOXKHH MHOXKHHHA 11 aTOMIB
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Poszuin 3. Bysesi ajarebpu

[3omopdism [ aie Takum aunom: f(0) = &; f(a) = {a}; f(b) = {b};
fle) ={ch; f(u) ={a,b}; f(v) ={a,c}; flw) ={b,c}; f(1) ={a,b,c}.

ITpuknam 3.9. g Oynesol aarebpu L, TIIBHUKIB (DIKCOBAHOTO UHCJIA,
n = pipP2 - Pm, A€ P1, P2, - - ., Pm — TMOMAPHO PI3HI MPOCTI YUCJIA, OTPAMYEMO
MHEOKIHY aToMiB (L), = {p1, P2, - - - Pm}- [30Mopdism f: L, — 2{P1p2epm}

Ma€ BUTJIAN
f(C) - {pk(k: 1727 -"am): Cspk}a

TOOTO KOXKHOMY eleMeHTy ¢ € L, BIINOBigae MHOXKHHA THX aTOMIB D
(k=1,2,...,m), gKi € TIIbHUKAMHA YUCJIA C.

Baysaxkennss 3.5. Teopema 3.9 mpo peasiizaiiio ckinueHHOI OysieBOl aJi-
redpu y BHUIJISI ajireOpu MHOXKUH JIOIIYCKAE y3araJibHeHHs Ha JOBLIbHI, He
000B’I3KOBO CKiHYeHHI OyJieBi ajreOpu: KoxkHa Oy/eBa ajredpa izomopdHa
nesikiit anrebpi MHOKUH (He 060B’A3K0BO anreOpi MuOxKUH BEraamsy 2V, e
U — nesika yHiBepcajibHa MHOKHHA). Haraaemo, 1o Heckinuenua OyjieBa aJi-
redpa MOKe He MICTHTH YKOJJHOT'O aToMa, 1 B IIbOMY BUIAJIKY i30MOpdHa i
asrebpa MHOKWNH He Moxke martn Buriaamy 2V, me U — nesika yHiBepcasbHa,
MHOKWHA. Teopema mpo peaJiizaliiio JOBIJILHOT Oy/1eBOT aaredpu y BULJISI]

asireGpu MHOKUH Bigoma gk Teopema M. Croynal [0].

3.5. /JIn3’TOHKTUBHI i KOH IOHKTUBHI

HOPMAaJIbHiI (hbopMmum

3.5.1. IlongarTa Bupa3ly HaA OyJIeBOIO ajredporo

Hexait <A,\/,/\,_,0,1> — JioBiJIbHA OyJsieBa aJirebpa. /[ljisi mo3HavYeHH

MOBLIBHUX €JIeMEHTIB i3 A BUKOPHCTOBYBATUMEMO MAJI JITepH aHIJICHKOrO

LCroyn Mapmann Tapseit (1903-1989) — aMepuKaHCHKHIT MaTeMaTHK, aBTOpP HU3KH

pobiIT 3 TomoJorii Ta (PYyHKIIIOHAJIHLHOTO aHAJII3Y.
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asndasity 3 imgekcamu abo 6e3 (a, b, ¢1, Tos 1 T. 1.), dKi ¥ MHOMY KOHTEKCTI
Ha3WBATUMEMO 3MIHHUMH.

[ougartsa supasy nad 6y.aesot0 ar2ebporo <A, V, A, 0, 1> (abo mpocTo BU-
pasy) IHTYITHBHO 3po3yMije, i TaKi BUPA3U BKe HEOJHOPA30BO BUKOPUCTOBY-
BaJIH, IIpoTe (popMadiidallis HoTpedye 4iTKUX BU3HAYEHD.

O3unauvenus 3.4. MHOXHUHY BUPa3iB HaJ, <A, VA, 0, 1> BU3HAYAIOTH
TaKUMHU TPbOMa YMOBAMH:

e 3MiHHA i esteMenTn 0 Ta 1 € Bupazamu;

e axmo A 1a B — Bupasu, to (AV B), (AAB), A - Takox Bupasu;

® IHIIMX BHUPA3iB HEMAE.

IMpukaan 3.10. Sanucu (zV7y); (x1A(aVy)); (1Va) e Bupazamu. 3amuc
xV Yy A z, 3riJIHO 3 03HaUYeHHIM 3.4, He € BUPA30OM.

Hanmani sammec r — ¥y BBaxkaTHMeMO CKOPOYEHHAM Aad T V Y, 3aIuc
T <> y — ckopoueHHsim Jyis (r — y) A (y — x), 3anuc x @ y — CKOPOUEH-
HAM JIJId T <> J. 3a3HAYUMO, 110 B aarebpi BucjaoBaeHb (juB. npukiaj 3.1,
1. 1) 03HAYEHHS <—>, <<>> Ta <@> BIIOBIIAI0TH OneparisiM iMIiKari,
eKBIBaJIEHITIT Ta CyMl 3a MOIyaeM 2.

[ITo6 cupocTuTH 3amuc, y BAPa3ax OIYCKATHMEMO 30BHIIIHI JYXKKH, IO
He MICTATh J0JaTKOBOI iH(opMallii, Ipore HeMUHYYe 3’ IBIAI0ThCs, SIKIIO Y
Bupasi € xoua 6 ojHa onepanis <A> abo <Vs. Tak, 3amicTb Bupasy (z V y)
nucaTuMemMo r V y.

g mo3HadeHHd BUPa3iB 0y/1eMO BUKOPUCTOBYBATH aHTIIHCHKY JiTepy £
3 inekcamu abo 6e3. 3a morpedu y JIyzKKax BKa3yBaTHMEMO CIIUCOK 3MIHHUX,
AKI MOXKYTh MICTUTHCH Y TMEBHOMY BHUpa3i (y MOMY BHIAJIKY TOBOPHUTUMEMO
Ipo BUPaA3 HaJ BiAmoBigHUMHE 3MminHUME). Tak, F(z,y,z) MOXKe TMO3HAYATH
Oy/Ib-sIKWil BUPA3 HaJl TPhOMa 3MIHHUME X, Y, 2 (MOXKJIHBO, y 3aIHUCi BHKO-
pUCTOBYIOThCs He Bei Tpu): E(z,y,2) = (x Vy) A z; E(z,y,2) = 2 V7,
E(x,y,z) =Z.

Kowxuwuii Bupas F(xq, ..., x,) Hag O6yaeBowo aarebporo A npupoHo Bu3Ha-
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yae nedake BimoOpaxkennsa i3 A" B A. Tak, y BUnaaxy ajreOpum MHOKUH
<S,U,ﬂ, c,@,U> BUPpa3n El(Al,AQ) = Al U AQ, EQ(Al,AQ) = Al N AQ,
F3(Aq, Ay) = A1 N AS BusHAUaOTh BiNOBIIHO omepariii 00’ IHaHHSA, EePETH-
HY Ta PI3HUII.

Baysakenust 3.6. Jlyig no3HaveHHS €/IeMEHTIB aJjreOpn MHOKUH TPAaIH-
IITHO BUKOPUCTOBYIOTH BEJIUKI JIITEpU aHIJIiIHCHKOTro ajidaniTy.

Boanouac koxkHe BimoOpazkenns i3 A*"™ B A, 3ajaHe JIegKUM BHPA30M
HaJ1 Oy/1eBoio anrebporo A, MoxkHa mogaTh pi3sHUME Bupas3aMu. Tak, BUpa3u
Eiy(z,y) =z Vy; Exy(z,y) =yV (yAx)ra Es(z,y) =2V (T Ay) Bu3HAYAIOTH
ojiHe it Te came BimoOpaxkenus (z,y) — x V y. Bupasu, ski BuU3HAYAIOTH
OJIHAKOBI BiJIOOpaKeHHS, HA3UBATUMEMO €K6L6ANEHTHUMU .

Hacamvkinemns 3a3Hadmmo, 10 y BHMNAJAKY, Kouau OysieBa airebpa A wic-
THTH OiJIbINEe IBOX €IeMEHTIB, He KoxKHe BimoOpaxkenusa f: A" — A MoxkHa

3ajaTn Bupasom Haa A (nus. mpukias 3.22 Ha c. 85).

3.5.2. /In3’10oHKTUBHI HOPMaJIbHI bopMm

O3uauenna 3.5. Bupas Ham 6y1eBoio aaredpoio Ha3MBaIOTh KOH IOHK-

TOM, FIKITIO BiH Ma€ BUTJISJI KOH IOHKITIT 3MiHHUX a0b0 1X JIOMOBHEHD.

IMpukmaang 3.11. Bupasu z A7, (x Ay) AZ, T, y — Kou'loHKTH. Bupas

x V Yy — He KOH IOHKT.

(3

Ockinbru Bupasu (r Ay) Az ta & A (y A 2) BU3HAYAIOTH OflHE i Te came
BigoOpazKeHHsl, JIV?KKH Y 3alliCi KOH I0HKTa OyaeMo onyckatu. Tak, 3aMicThb
(x ANy) ANZ abo = A (y A Z) 3anmcyBatumemo T Ay A Z.

Hazgani ororokHOBATHMEMO KOH'IOHKTH, SIKi BiJIPI3HSIIOTBCS JIAIIE IIO-
CJIIJIOBHICTIO 3allMCcy apryMeHTIiB KoH'itoHKHil. Tak, He OymaeMo pO3pi3HSTH
KOH'IOHKTH T AN Y ANZ, TAZANy 1aZ Ay A x.

3a3Ha4YuMO, 110 KOH IOHKT 13 JaBOoMa abo Oilablile BXO/KEHHSIMH IeIKOL

3MIHHOI MOYKHA 3aMiHUTH €KBIBaJEHTHUM KOH IOHKTOM 0€3 MOBTOPHHUX BXO-
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JKeHb 1€l 3Mminaoi. Hamaui BBarkaTmMeMo, IO KOXKHA 3MiHHA, BXOIUTL Y
KOH IOHKT He OiJbIle OTHOrO pasy.

KimbKicTh 3MIHHUX Yy KOH IOHKTI Ha3UBAIOTH 008H#CUHOI0 KOH 10HKMG. 3a
BU3HAYEHHSIM, BBazKaTuMeMO Bupa3 1 KOH IOHKTOM JIoB2KuHH 0, 11eif KOH FOHKT
Ha3UBaOTh nopostcrim. Kon'tonkr F(xy, ..., x,), aKkuil MicTUTH yci n 3MiH-
HUX, HA3UBATUMEMO KOH 10HKMOM n068Hoi dosotcurt. OdeBHIHO, 110 TOBOPUTHI
IIPO IOBHY YU HEIIOBHY JIOBXKMHY KOH IOHKTa MOKHA, JIMIIE TOi, KOJIM BU3HA-
YeHO, HaJI 9KUMHU 3MIHHUMHU PO3LJILAJIA€TbCd Ieil KOH I0OHKT. Tak, KOH IOHKT
T AY Ma€ MOBHY JOBXKHUHY 9K KOH IOHKT Ha/i 3MIHHUMU T, Y, aJle Ma€ HEIIOBHY

JIOBXKHHY SIK KOH FOHKT HAI X, 1, 2.
Oznavenna 3.6. Bupas nHaj OyseBoro ajirebpoi0 Ha3UBAIOTh U3 IOHK-

TUBHOIO HOpMaIbHOIO dopmoo (JIHD), akmo BiH Mae Burign am3 fOHKINT

CKIHYeHHO] KIJIbKOCTI KOH IOHKTIB.

Hamami y 3amuci JJTH® omyckatuMemo 30BHINTHI JTYyKKH, & TaKOXK OTO-
roxkHIoBaTuMeMo JIH®, gki BiApPIZHSIOTHLCA JHINE TOCTITOBHICTIO 3alld-
cy kon'toukTiB. Otxke, IH® mnabysae Burussny FEi V Ey V --- V Eg, 1e
Eq, Es, ..., B — 1D0BiIbHI KOH'IOHKTHU. BBarkatmmemo, 1o KOH'IOHKTH [,
Es,. .., By nonapuo pizui (JITH® ne MicTuTh 0JJHAKOBUX KOH IOHKTIB).

Ilpuknan 3.12. Taxki Bupasu € IHO:

1) (xAY)V(yAN2z)V(ZTAyYyAZ) (Tpr KOH'IOHKTH JOBAKUHOW 2, 2 i 3
BiJITTOBITHO );

2) T Ay (onuH KOH IOHKT JTOBZKHUHOIO 2);

3) x V7 (1Ba KOH IOHKTH, OOUIBA JTOBKUHOIO 1);

4) 1 (ommH TOPOKHI KOHIOHKT).

3a Bu3HavYeHHAM, BuUpa3 () TAKOXK BBayKalOTh U3 IOHKTHBHOIO HOPMAJIb-
HOIO (pOpPMOIO, IKa HE MICTUTDH KOIHOI'O KOH IOHKTA.

Teopema 3.10. Bydv-axuti supas Had 6y.re6010 an2ebD00 MOAHCHA 300Da-

sumu y euzaadi JH® (das 6ydv-axozo supasy icuye exeisarenmma JHD).
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Josedenns. Haememo KOHKpeTHUiT MeToT 3BejieHHs Bupas3y jg0 JIHD.

1. BukopucroByouu nupasuia jge Moprana F; V Ey = E1 A E5 Ta iHBOJIIO-
rusHicrs B = F 3abesneuyyemo, 11100 orepariii JIOMOBHEHHS 3aCTOCOBY BAJIUCS
JIe 0e31ocepeiHbO 10 3MiHHUX.

2. BukopucroByoun moTpibHY KiJbKICTb pa3iB 3aKOH AUCTPUOYTUBHOCTI
FEiN(EsV E3) = (E1NEy)V(E1AE3) 3abe3nedyemo, 1100 olepalist KOH FOHKIT
He 3aCTOCOBYBAJIACH JIO BUPa3iB, SIKi MICTATDH JI13 IOHKIIIIO.

3. 3acToCcOoBYIOYH 3aKOHHU 1JAeMIIOTEHTHOCTI, HeHTPaJIbHOCTI Ta YHiBep-
caJbHUX MexK 3abe3redyemMo, 100 KOH IOHKTH B OTPUMAHOMY BHpPa3i He Mic-
THJIN IOBTOPHUX BXOJ2KEHDL OAHIET 3MIHHOL

Hapenennit meTon 3a CKIHYEHHY KUIBKICTH KPOKIB 3BOJMTL BHpa3 0

TTH®. 0

IMpukmaam 3.13. 3sejgemo g0 JIHD supaz z A ((x VY) Ax AZ):

sA(xVY) AN AZ)=xzAN(TAY)V(zAZ)) = (xATAY)V(TATAZ) =z NZ;

zV(YNzAZ)=zV YN (TVz2)=xVHYAT)V(yAz).

3o0parkennst Bupa3y y Burisiai JJH® nikoau He OyBae e€aunumM. Tak, Ha-
npukiag, € =z V (x Ay) = (x A7)V (z Ay).
O3navennga 3.7. /Iu3'toHKTUBHY HOpMaJIbHY POPMY HA3UBAIOTH JIOCKO-

nasioto (JIJJIH®D), gaxiio BOHA MICTUTH JiMIIe KOH FOHKTHU [MOBHOI JIOBYKUHH.

Ilpuknan 3.14. Taki JIH® € nockonammu:

1) E(z,y) = (z Ay) V(T Ay);

2) E(x,y,2) =(x Ay AZ)V(TAYA z);

3) E(z) = z.

Haramaemo, 1110 1moBHOTA 9M HEIOBHOTA JIOBXKHHU KOH IOHKTA, a OTXKe i
JIOCKOHAJTICTH 91 HeJocKoHAaicTh JIHD, 3amekaTh BiJ TOTO, HAJI AKUMUI 3MiH-
HEMH PO3IJISIa€ThCd 3adannii Bupas. Tak, /ITH® T nockonana gk Bupas Ha

OJ/THIE€I0 3MIHHOIO X 1 HeJOCKOHAaJa IK BUPA3 HAJ 3MIHHUMU T, Y.

76



3.5. /lu3'toHKTHBHI | KOH IOHKTHBHI HOPMaJIbHI (hopmu

Bupa3 0, gakuii 3a BU3HAYEeHHAM BBaKalOTh A3 IOHKTUBHOIO HOPMAaJILHOIO
dopmoro 6e3 JKOTHOIO KOH IOHKTA, TaKOXK € JTOCKOHAJIOI I3 I0OHKTHUBHOIO
HOPMAaJIbHOIO (POPMOIO, OCKLIBKH HEe MICTHTh »KOJHOIO KOH'IOHKTa HEIOBHOI

JTOBXKUHM.

Teopema 3.11. Bydo-axuti supas Had 0y.4e6010 an2edPO0 MOAHCH 300pa-
sumu y suzasdi J/THD.

Josederns. 3 ypaxyBaHHgM TeopeMu 3.10 MoxKHA BBarKaTH, IO 3a1aHUI
Bupa3 — JJH®. Onumemo KoHKpeTHY npoueaypy 3Begennd JTHD mgo ITHD.
[Ipumnycrumo, 110 y Bupa3 BXOJAUTb KOH IOHKT F HEIOBHOI JOBXKUHHU, SIKHil He
MicTuTh 3MiHHOI . Takuit KOH'IOHKT E 3acTOCyBaHHSIM 3aKOHY CKJICIOBAHHSI
MOZKEMO 3aMIiHUTH Ha U3 IOHKIIO JBOX KOH IOHKTIB Oiibmiol moBxuuu (i3

JOIATKOBOIO 3MIHHOIO X):
E=(ENz)V(EANT).

Take mepeTBOpeHHA BUKOHYBATUMEMO /IS KOXKHOTO KOH IOHKTa HEMOBHOL
JIOBXKHUHH. JIeTKO 3p0o3yMiTH, 10 3a CKIHYeHHY KLIbKICTH KPOKIB YCi KOH TOHK-

1 orpuManol JJH® maTtumyTh MOBHY JOBXKUHY. [

IMpukaaza 3.15. 1. 3eegemo jo JIJIH® supas E(zr,y) = (x Ay) VT.
Jpyruii KOH'TOHKT Ma€ HelOBHY JO0BKUHY (He BUCTaYa€ 3MIiHHOI y). 3acTocy-

BaHHAM 3aKOHY CKJICIOBaAHHSI OTPUMYEMO:
E(r,y) = @Ay VT = (@ Ay V(T Ay)V(TAY).

2. Beegemo g0 JJJIH® supas E(x,y,2) = (x Ay) V Z. HenoBay noBxKumy
MalOTh MEpPIIUil 1 APYruil KOH IOHKTHU: MEPIIHi KOH IOHKT HE MICTUTH 3MiH-
HOI 2, y JpyroMy KOH IOHKTI He BHCTa4a€ JIBOX 3MIiHHUX — = Ta y. CrovyaTky

3BeJIEMO 10 TMOBHOI JOBXKHWHY IEePITNi KOH IOHKT:

(xAy)=(xAyAz)V(eANyAZ).
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Temep 10 KOH'IOHKTA Z J0/IAMO IO Yep3i 3MiHHI X Ta Y:
Z=@AZ)V@ANZ)=(@xANyANZ)V(@AGAZ)V(TAYANZ)V(TAGAZ).

Bukrouaroun MOBTOpeHHs KOH IOHKTA (£ Ay AZ), 0CTATOYHO OTPUMYEMO:
Ex,y,2) =(@x AyAN2)V(@AYyAZ)V(TAGAZ)V(TAYAZ)V(TAGAZ).

3. 3eenemo jo JJH® Bupas E(r,y) = 1. Maemo oauH TOPOXKHIii

KOH IOHKT, JO SIKOI'O IIOTPIOHO JI0IATH JBI 3MiHHI:

Ex,y)=zVZT=(xAy) V(@AY V(ZTAy V(TAT).

3.5.3. KoH’IOHKTUBHI HOpMaJibHI (popmu

Busnadenns am3’lI0HKTA, KOH IOHKTHUBHOI Ta JOCKOHAJIOI KOH IOHKTHUBHOL
HOpMaJIbHUX (DOPM € AyaJbHUMHU JO BA3HAYEHb KOH IOHKTA, JM3 IOHKTHBHOI
Ta JOCKOHAJIO! /I3’ IOHKTUBHOT HOPMaJIbHUX (DOPM BiJIIIOBITHO.

O3uauenna 3.8. Bupas Haj 0y/ieBoIO aaredOpo0 HA3MBAIOTH W3 IOHK-
TOM, FKIIO BiH Ma€ BUIJISI JW3 FOHKIT 3MIHHHX a00 1X JOIIOBHEHb.

IMpukmaan 3.16. Bupasu =V 7y, (x Vy)V Z, T, y — qu3’oakru. Bupas
x Ay — He I3’ IOHKT.

Ockinbku Bupasu (x Vy)V z ta z V (y V z) BU3HAYAOTH OjiHe if Te came
Bij0OpazKeHHs, JIY?KKH Y 3aIuci Ju3 10HKTa OyaeMo onyckarn. Tak, 3amMicThb
(xVy)VZabo xV (yVZ) sBukopucroByBarumemo 3anuc =V y V Z. Kpim ro-
ro, OTOTOXKHIOBATUMEMO U3 IOHKTH, $IKi BiJIPIZHSIOTHCS JIMIIE TOCJIIIOBHIC-
TIO 3aMKCy apryMmeHTiB am3’toHKIlii. Tak, He OyjemMo po3pi3HSTH JU3’ IOHKTH
rNVyVZ xzVzZVyizVyVzr BpaxarnMeMo TakoxK, IO KOXKHa 3MIHHA
BXOJNTh y A3 IOHKT He OLIbIIe OJHOTO Pa3y.

KitbKicTh 3MIHHUX Y W3 FOHKTI HA3WBAIOTH dosotcunoto dus tonkma. Bu-
pa3 0 3a BU3HAYEHHSIM BBAXKAIOTHh U3 IOHKTOM J0BXKuHKA () 1 HA3UBAIOTH NO-
pootcrim. Jluztoukr E(xy, ..., x,), daKkuil MicTUTb yCi . 3MIHHUX, HA3UBATH-

MeMOo du3 toHKkmom noenoi dosscuru. O9eBUIHO, IO TOBOPUTH MPO MOBHY U
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HEMOBHY JOBXKWHY /N3 IOHKTa MOYKHA JIUIITE TO/1, KOJIU BU3HAYEHO, HAJT STKU-
MW 3MIHHUMHU PO3TIATA€ThCA Teit BUpa3: U3’ I0HKT T VY Ma€ MOBHY JTOBXKUHY
HaJ 3MIHHUMH X, Y, aje Ma€ HEMOBHY JIOBXKUHY HAJ L, Y, 2.

O3zumauenua 3.9. Bupas Haj O0y/1eBoI0 aJredpo0 HA3MBAIOTh KOH IOHK-
TUBHOIO HOpMa/IbHOIO (dopmoto (KH®D), sxkmio BiH Mae BUIJIA] KOH FOHKIT
CKIHYEeHHOI KiJIbKOCTi Au3 I0OHKTIB.

Hanmam y zamuci KH® OynemMo omyckaTwm 30BHITIHI JYKKH, & TaKOXK
otoTtoxkaIOBaTUMeMO KH®, 9xi BiApI3HAIOTHCA JUIIE MTOCTITOBHICTIO 3aITH-
cy mu3’touKTiB. TakuMm uynaom, KH® wabdbysae surmany i A Eo A -+ A By, ne
Eq, By, ..., B — noBiabHI 1n3’IoHKTH. BBarkaTuMeMo Hagad, M0 U3 IOHKTH
Ey, Es,..., Ey nonapuo pizui (KH® He MicTuTh 0JHAKOBUX U3 IOHKTIB).

Ilpuxkaan 3.17. Taki supasu € KHO:

) (xVvy) A(yVz)A(TVyVZ) (tpu 1u3’TOHKTH TOBXKUHO©O 2, 2 i 3
BiIITOBITHO );

2) TV y (oauH U3’ IOHKT TOBKUHOIO 2);

3) x A7 (1Ba au3’10HKTH, O0MIBA JOBXKHUHOK 1);

4) 0 (ommH TOPOKHIN TU3 TOHKT).

3a BU3HAYEHHsM, BUpa3 1 TaKoK BBarKaIOTh KOH IOHKTHBHOIO HOPMAJIhb-
HOIO (pOPMOIO, 1[0 HE MICTUTDH KOITHOTO JIU3’IOHKTA.

Teopema 3.12. Bydo-axuti supas Had 6y.1e6010 an2edDO0 MONHCHA 300pa-

sumu y euzasdi KH® (das 6ydv-axozo eupasy icuye exeicarenmmua KHD).

osedernsa. Meron 3penents supasy ;10 KH® 3 TouHicTIO /10 1yaabHOCTI

IIOBTOPIOE MeTOJ, 3BejienHst Bupasy 10 JJH® (auB. moBegenus treopemu 3.10).
]

IMpukaamg 3.18. O6unciuvo KH® supaszy x V ((z AY) Vz V Z):

zV(zAg)VaeVvzZ)=zV(ZVYy)AN(xVZ)) = (xVIZVy)A(zVrVZ) =2V7Z
A (yVaeVzE)=asAyV (@A) =2AyVE)A(yV2).
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3o0paxkenusa Bupasly v Buriasai KH® wikonu He € enuuanm. Tak, Hanpu-
ki, t =2 A (zVy)= (VY Az Vy).

O3navennsa 3.10. Ko TOHKTUBHY HOpMAaJIbHY (DOPMY HAa3UBAIOThH JIOCKO-
rasow (JIKH®), gaximo BoHa MiCTUTB Jiniine 3 FOHKTH TOBHOI IOBKUHU.

IIpuknaan 3.19. Taki KH® e nockonaammu:

1) E(z,y) = (zVy) AT Vy);

2) E(z,y,2) =(xVyVZ)A(TVyV2);

3) E(zx) = .

O4eBHIHO, IO JOCKOHAJICTH Ui HegockoHATicTh KH® 3amexkutsh Big TO-
ro, HaJl AKUMW 3MIHHUMU PO3TIAIaeThed Bupas3. Tak, KH® T mockonama gk
BUpa3 Ha/Jl OJHIEI0 3MIHHOIO T 1 HeIOCKOHAJIA K BUpPA3 HAJ 3MIHHUMHU L, Y.

Bupa3z 1, akwii 3a BU3Ha9eHHAM BBaKalOTh KOH IOHKTHBHOIO HOPMAJTHHOIO
dopMor0 6€3 KOTHOTO W3 I0HKTA, TAKOXK € JOCKOHAJIOK KOH IOHKTUBHOIO
HOPMAJIbHOIO (DOPMOIO, OCKIIbKKA HE MICTUTH KOJHOTO JK3 I0OHKTA HEIIOBHOI
JIOBYKUHI.

Teopema 3.13. Bydo-axuti supas Had 6y.1e6010 ar2ebpor0 MOAHCHA 300pa-
sumu Yy eueandi JIKH®.

Josedenna. 1lponenypa 3egenns KH® no JIKH® ayaswsna npomemypi
spegennst JJTH® po JIJITH®D (nus. nosejennst reopemu 3.11). O

IMTpuknazn 3.20. 1. 3eegemo go JIKH® Bupas E(x,y) = (x V) A T.
Jpyruii 1u3 IOHKT Ma€ HEIOBHY JOBXKUHY (He BUCTAYAE 3MIHHOT ¥). 3aCTOCY-

BaHHAM 3aKOHY CKJIEIOBAHHS OTPUMYEMO:
E(z,y) =(@Vvy)AT=(2Vy) ANETVYy A(TVY).

2. 3eegemo 10 JKH® supas E(x,y,z) = (x Vy) A Z. HenoBay 10BxKUHY
MalOTh HepInuil i APpyruil Ju3’IOHKTHU: HepPIInil 113’ IOHKT He MICTHTh 3MiH-
HOI Z, Y ApyroMy Ju3’I0OHKTI He BUCTA4a€ JABOX 3MIHHUX — X Ta y. Crnodarky

3BE/IEMO JI0 IIOBHOI JIOBXKUHU HEPIIN T3’ FIOHKT:

(xVy)=(xVyVz)A(zVyVZ).
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Tenep 1o au3’10HKTA Z JT0JaMO IO 9ep3i 3MiHHI T Ta y:
Z=(@VZ)N@VZ)=(xVyVZ)A(xVIVZ)A(TVYyVZ)A(TVYVZ).

BukJsiogardu HOBTOpeHHs A3 10HKTa (£ V YV Z), 0CTaTOYHO OTPUMYEMO:
E(x,y,z)=(xVyVvV2)A(@VyVZ)AN(xVIVZ)ANTVYVZ)AN(TVYVZ).

3. 3eememo no JIKH® Bupasz FE(r,y) = 0. Maemo ojuH TOPOXKHIil

3’ IOHKT, 10 STKOTO MOTPiOHO MOMATH ABI 3MiHHI:

Ex,y) =z ANT=(xVy) A(@Vy AT Vy A(ZTVTY).

3.5.4. lockoHaJjii An3’IOHKTUBHI Ta KOH IOHKTUBHI

HOPMAaJIbHI popMu i Tabyinill iCTUHHOCTI

Y u. 3.5.1 3azHauanoch, mo Oyab-gaxkuii Bupas E(zy, ...,z,) Hajg Oy-
JIEBOIO AJIT€OPOIO <A, V, A, 0, 1> MOKHA PO3IVISJIATH K BimoOpazKeHHs
E: A*" — A. Po3risgHeMoO BHIAJOK, KOJIH apryMeHTH IIbOI0 BigoOparKeHHs
HabyBaroTh Jinine 3Hadents 0 abo 1, rooro zy € {0,1}, k= 1,2, ..., n. Jlerko
3pO3yMIiTH, IO y IIOMY BHUIIQJIKY BigoOpazkenHsi I/ Tako:k HaOyBa€ 3Ha4YeH-
g 0 abo 1, Tobro E(xy, ...,z,) € {0,1}. Cupasai, akmo A,B € {0, 1},
0 AV B € {0,1}, AANB € {0,1}, A € {0,1}, i, 3a o3mauenHam 3.4,
E(xy, ...,x,) € {0,1}. Takum uusnom, supas FE(xi, ...,T,) MOXKHA PO3-
DISJIaTH K <3ByzKkeHes Bimobpaxkenns F : {0,1}*" — {0,1}. ®akruuno

3BY?KYBATHMEMO HAIl PO3IJIA] JIO ajredpu BUCIOBICHb (Xx04a (HhopMaIbHO

E(x1, ..., x,) — BUpa3 HaJl JOBLIBHOI OYJIEBOIO aIrebporo <A, V, A, 0, 1>)
Hexaii E(x1, ...,%,) — KOH'IOHKT NOBHOI JOBXKKHU. [3 2" MOK/IMBUX Ha-
oopi (z1,x2, ...,x,) € {0,1}*™ xon’toukr E(xy, ...,z,) HabyBae 3Ha4YeH-

Hg 1 Juire Ha oaHOMY HabOOpPi, KO BCL apryMeHTH 30BHIIIHBOI KOH IOHKIIIT

JIOPIBHIOIOTH 1.
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Tak, kon'tonkt E(x,y) = © Ay HabyBae 3Havenns 1 Ha  Ta6mmms 3.1

rabopi (1,0), Tobro y Bunagxky = = 1,y = 0. 3a anajoriero zly|zAy
J10 aaredbpu BUCJIOBJIEHL OYIeMO TOBOPHTH TPO TAOJIHUITIO ic- 0/0| O
tunnocTi s E(x,y) = ¢ Ay (Tabm. 3.1). 01ty 0
) . 110 1

Koxuomy kou'toHkTy F(T1, ...,T,) TOBHOI JOBXKUHU il o
MOCTABAMO ¥ BimmoBinuicTs Habip (ay, ...,a,) € {0, 1}
takuit, mo F(ay,as, ...,a,) = 1. HaBnaku, s JOBLIBHOrO HabOpy
(a1, ag, ...,a,) € {0,1}*" icaye o i TIIbKE OJUH KOH TOHKT E(21, ..., 2;)

HOBHOI JIOBXKHHHU, SIKMI caMe Ha NhoMy Habopi nHaOysae snHadenns 1. Or-
JKe, OTPUMYEMO B3a€MHO OTHO3HAYHY BiIIMOBITHICTH MizK MHOXKHUHOIO HAaOOPIB
{0, 1}*™ i MHOKHHOIO KOH'TOHKTIB E(Z1, ..., x,) NOBHOI JOBKUHU: KOKHOMY
KOH IOHKTY BiamoBigae Habip i3 eaeMmentiB 0 Ta 1, Ha 9KOMYy Ieil KOH IOHKT
nabyBae 3Hauenns 1. Tak, kon'toukTy E(z,y,2) = £ AT A 2z Bianosigae Habip
(1,0,1), xou’toukry E(x1,29,23,24) = T1 A Ta A x3 A\ Ty Bijamosigae Habip
(0,0,1,0).

BayBarkenns 3.7. Kow'toukr E(xq, ..., x,) 10BKUHA n — | HabyBae 3Ha-
qenns 1 Ha aBox Habopax i3 {0,1}*") ockiabKu 3MiHHA, MO HE MICTHTHCS
B E(x1, ..., x,), Moke HabyBaTH J0BiILHOrO 3HaueHHs 0 abo 1, a 3HAYEHHS
iHmrx 3Minaux dikcosani. Baarai, Kow 0HKT F(21, ..., T,) JOBXKUHE N — k
(0 > k > n — 1) nabysae s3nadenns 1 ma 2F mabopax iz {0,1}*", ockinmpku
iciye 2% mabopis 3Hauenn A1d k 3MIHHEUX, MO He BXOAATL y E(z1, ..., 1,).
Tak, kou’toHKT E(x,Yy,2) = T goxunu 1 = 3 — 2 nabysae 3HaueHHsa 1 Ha
92 — 4 maGopax i3 {0,1}%": (0,0,0), (0,0,1), (0,1,0), (0,1,1).

3azHaunmMo, 1O TpUBiaIbHOMY BUMAaAKy k£ = (0 BijnoBiae MOPOXKHIil
KOH'IOHKT E(x1, ..., x,) = 1 nosxunow 0 = n—n, akuii HabyBae 3HAUEHHS |
Ha BCix 2" Habopax i3 {0, 1}*™.

Hexaii renep E(x1, ...,x,) — geska JIJIH®, mo € au3’ioHKIIEHO M
KOH'IOHKTIB Fi(x1, ..., x,), i = 1,2, ..., m. Ouesunno, mo FE(xy, ..., x,)

HabyBae 3HaueHHs 1 Ha Tux i Tiibku Tux Habopax i3 {0, 1}*", kosu Habysae
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3HaueHHs 1 oauH i3 KOH'IOHKTIB Ej;(x1, ..., %,), i = 1,2, ..., m. Ockiabku
Bci KOH'1IOHKTH y ckaasai JI/JIH® momapro pi3Hi i MAalOTh TOBHY JOBXKUHY, a
OT2Ke HaO0yBalOTh 3Ha4YeHHd | Ha pi3HUX M HabOOpax, OTPUMYEMO M HabO-
pie i3 {0,1}*", na akux E(zy, ...,x,) vHabyBae 3uadenns 1. Tak, JTH®
E(x,y,z) = (x AN z)V (T AYAZ) nabysae 3nadenns 1 Ha wabopax (1,0,1)
ta (0,0,0). Orxe, JIJJ/TH® ana supasy F(xi, ...,T,) OJHO3HAYHO BU3HATAE-
ThCS HOTO <OJMHUYHUMI> HabGopaMu, TOOTO MHOXKIHOW HabopiB i3 {0, 1}*",
Ha AKUX Ieit Bupa3 HaOyBae 3HaueHHS 1.

Haenemo BianoBiaHi ayaabHi MipKyBaHHSA cTocoBHO JIKH®. KoxknoMmy
3’ TOHKTY MOBHOI JIOBXKMHH B3a€MHO OJHO3HAYHO BiAIOBiTae Hadip i3 eje-
MenTiB 0 Ta 1, Ha groMmy 1eil qu3’'tonkT HabyBae 3nadennsd 0. Tak, au3’10HK-
vy E(xr,y,z) = = V7§V z Bianosinae unabip (0,1,0). [dosisbaa JIKH®
E(xy, ..., x,), IO € KOH'IOHKIIEIO M au3’OHKTIB, HabyBae 3HadeHHst 0 Ha
TUX 1 TLIBKK TUX M Habopax i3 {0, 1}*", koau vHabysae 3Hadenns 0 oauH i3 i1
mu3’toukTiB. Tak, IKH® E(x,y,2) = (xVyV2z)A(TVYVZ) nabyBae 3HAUCH-
us 0 va Habopax (0,1,0) ta (1,1,1). Orxke, IKH® ans supasy E(xq, ..., x,)
OJIHO3HAYHO BU3HAYAETHCS HOr0 <HYJILOBUMHU> HabOpamMu, TOOTO MHOXKUHOIO
nabopis i3 {0, 1}*", Ha gKkux el Bupa3 HaOyBae 3HaveHHs 0.

Takum 94mHOM, JOBEIEHO TaKe TBePIKEeHHS:

Teopema 3.14. Koowcen supas nad 6yaes010 an2e6p010 MOAHCHE 300pa3U-
mu y euaasdi JTHD ma JKH®D eduno moscausum cnocobom, 3 mouic-
mio do nepecmasaerns ko rouxmis AAH®P (dusronkmie JTKHD) ma apey-
menmie ycepeduni kor ronkmie y ckaadi JJTHD (apeymenmis dus tonxmis y
cxaadi JIKH®D).

Orxe, gas nodynosu JIJIH® i JIKH® mocrarano 3naTn 3Had9eHHsT BUpPa-
3y E(zy, ...,2,) va wabopax i3 {0,1}*™, 10670 #ioro Tabaum0 iCTUHHOCTI.
3Biacu OTPUMYEMO TaKWil BAXKJINBUI (PAKT.

Hacnaimok. Bidobpasicenns E : A" — A, wo sadaemvea upasom

E(x1, ...,x,) Had b6yaeeoro anzebpoio <A,\/,/\,_,O, 1>, 00HO3HAYHO BUSHA-
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waemoca auavennamu E(ry, ..., x,) na {0,117,

[HakMme KayKydu, SIKIo BigoOpaxkennsa Fp: A" — A ta Fy: A" — A,
3ajiaHi BiAMOBiMHO Bupasamu Ey(xq, ..., x,) Ta FEy(xq, ..., x,) HAT OYJIE€BOIO
aJarebpoIo <A, V. A, 0, 1>, 36iratoThest Ha {0, 1}*" To BoHM 306irarorThCst Ha
BCiit obacTi Bu3HaYeHoCcTI AX™.

Tabauiio icruaHOCTI A1 BUpa3y F : A*" — A wacrto 3a7al0Th y BHU-
T/l BEKTOpa 3HaYeHb — Habopy i3 {0, 1}X2n, SIKHUil gIBJsI€ cODOI0 TpaBMI
CTOBIIEIb TAOJIUII ICTUHHOCTI. Y ITbOMY BHIAJKY BBasKalOTh, IO PSIIKHA Tad-
JIUII ICTHHHOCTI BIOPSITKOBAHI 3a 3pocTanHsiM HAOopiB i3 {0, 1}*™ gk ancen y
nsifikosiit cucremi: (0, ...,0,0), (0,...,0,1), (0,...,1,0), (0, ...,1,1), ...,
(1,...,1,0), (1, ...,1,1).

ITpukman 3.21. Hexait tabnung ictuanocti Bupasy FE(z,y,z) 3amana

BekTOpOM 3Hadens (11100101).

Bunuimemo 1o Tadbaniio icTuH- Tabaunsa 3.2
HOCT1 B IBHOMY BHUTJIAML, BKA3aBIA |y |y | 2 | E(z,y,2) | aus’ionkr/xon’onkt
JITI KOXKHOIO <OJMHUYHOTO> Habo- [ 0|0 |0 1 TAYANZ
py E(z,y,2) (xomm Bupas nabysae | 0|01 1 TAYNAz
. L 0[1]0 1 TAYAZ
3Ha4YeHHs 1) BiOBIiHUIT KOH TOHKT,
0|11 0 TVYVE
a I KOXKHOTO <HYJIBOBOTO> Ha- | | | o[ 0 VYV
oopy (kosm Bupa3 HabyBae 3Ha- |1 || 1 1 ZATA 2
aenns () — Bignosignwuit gus’tonkr |1 |1{0 0 TVYVz
(Tabm. 3.2). 1j1]1 1 TAYNZ

Tenep moxna Bunucatu JIJTH® gk jqu3’10HKIIIO BKa3aHUX KOH IOHKTIB Ta

JKH® gk KoHIOHKIIIIO BKa3aHUX 113 IOHKTIB:

HIHD: (FAGAZ)V (TAGA2)V(TAYAZ)V(TAGAZ)V (x Ay A 2);
JAKH®: (xVyVZ)A(TVyVz)ATVTV z).

Haronocumo, mo y suriagai J/JIH® i JJKH® moxkna 300pasutTu JIHIIIe

Taki BigoOpaxkenns f: A — A, gaxi 3amaHi AesgKuM BHpPa30M HaJ, Oy/I€BOIO
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anredoporo A. OgHaK y BHNAIKY, aKIo A MICTHTH OLIBINE TBOX eJeMEeHTIB
(To6TO MicTUTB X04a 6 onuH etemMeHT OKpiM 0 Ta 1), He KOKHE BiToOparKeHHsI
Ha A moxkHa 3amaru BupasoMm Had A.

ITpukmaan 3.22. PosrigaeMo BunajgoK Oy/ieBoi aaredOpu 3 4oTupmMa eJie-
MenTamu (puc. 3.3).

1 OueBnno, icayoTh Jaume gorupu JIJIHD 3 ox-

Hieto 3minaol0 7z: 0, =, T, x VT = 1, 1 *kojeH
i3 nux BUpa3iB He 3aJa€ TAKOro BiJOOparKeHHs
f:A— A mob f(0) =0, f(1) =1, f(a) = b,
f(b) =a. Tak,a =brab=a, onnak 0 = 1 ra
1=0.

0
Pwuc. 3.3

3.6. MiniMmizanisa an3’IOHKTUBHUX

HOpPMAaJILHUX (popM

3.6.1. OCHOBHI ITOHATTHA

Beranosiieno (AuB. HACTiIOK 70 Teopemu 3.14), 1o BigobpakeHHs Ha Oy-
JIeBiit anreopi A, 3amane Bupa3om HaL A, 04HO3HAYHO (DIKCYETHCS 3HAUEHHSI-
MU IIHOTO BUpa3y Ha Habopax 3 egeMenTis 0 Ta 1. Takum qunoM, s aHaIizy
JH® gk cnocoby 3ajaHHs BijjoOpakeHb JIOCTATHBO OOMEXKUTHUCH BHIIAIKOM
nsoxesiemenTHol Oysaesol anrebpu A = {0,1}. Orxe, TyT BBazkKaTUMeMO Oy-
JIeBy anreopy A mBoxesieMeHTHOIO.

Sk yke 3a3HaYAI0CH, 300parkeHHsI BUpa3y HaJ Oy/IeBO0 ajaredbpoio y BH-
rasii JJH® wikomm He € € amHuM, TOOTO JI/Ist KOYKHOTO BUPA3y 3aBrK /I MOYKHA,
HaBecTu Jekiibka ekBiBajgeHTHUX JIH®. Jng mpakTudaHOTO BUKOPHUCTAHHS
Haituacrime Oiabin npujgatHa Taka JIH®P, sgka € y meBHOMY CeEHCI <IpOCTi-
moio>: JTH® x V y MoxKHA BBazKATH <IPOCTIIIOI: MOPIBHAHO 3 T V (T A Yy).

JlamMo To9HI BU3HAYEHHSI.
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Osnavennsa 3.11. Kow’roukr Fi(r1, ...,%,) HA3UBAIOTh IMILTIKAHTOIO
dbyHukIil, ska 3amana Bupazom E(xy, ..., x,), akmo E(z, ..., x,) Habysae
sHadenHst 1 Ha Becix Habopax i3 {0,1}*", kosu wabyBae 3HaveHHs 1 Bupas
El(:zrl, Ce ,:z:n).

Baysaxkenust 3.8. Kow'toukt E) € imimuikanTow Bupasy E Tozi i Tigibkn
ToJl, KoM iMILIiKanig Fy — F nabyBae 3HavyeHHs 1 Ha BCiX Habopax i3

esemenTiB 0 Ta 1.

dAxmo Bupas F e JH®P, To, oueBnANO, KOXKE€H KOH'IOHKT y CKJaal [ €
iMILTIKAHTOO 1TbOro Bupaly. Tax, jist Bupasy =V (T AYy) KOH IOHKTH T 1 T Ay
€ IMILTIKaHTaMU.

[Tle oquu mpocTuit pakT cHOPMYTIOEMO V BUTTIII BIPABH.

Buopasa 3.4. /g Oyub-skol imiutikantu [y Bupasy F MoxKHaA BKa3aTH

taky JIH® Bupasy F, sgka micTuTh KOH IOHKT [y.
BkaziBka. Kon'toHKT F7 € IMILTIKAHTOIO TakKo:K i i1t Bupasy E V Ej.

Baypakenuss 3.9. 3 ypaxyBaHHIM pe3yJIbTATy BIPaBU 3.4 OTPUMYEMO:
KOH I0OHKT F; € iMILIiKaHToo BUpal3y F Toii i TIbKH TOMAl, Kou [| BXOIUTH

J1o ckiany jesikoi JIH® Bupazy F.

O3zuauennga 3.12. Immaikanty F; Bupasy I/ HazsuBaloTh TPOCTOIO, SKIIO
BUJIAJICHHS OyIb-IKOI 3MIHHOI 3 KOH IOHKTa [, TPUBOAMTHL 0 KOH IOHKTA,

AKWI He € IMILTIKAHTOI0 BUPa3y [ .

[TpupoHo BBaXkaTH, 110 BUAAIEHHS 3MIHHOI i3 KOH IOHKTa, OJMHIYIHOI JIOB-
JKMHU IPUBOJAUTD JI0 IIOPOKHBOI'O KOH I0OHKTa, TOOTO 10 BUpa3y 1. Orxke, iM-
IUTIKAHTA OJMHUYHOI J0BXKUHA (TOOTO 3MiHHA a00 JONOBHEHHS 0 3MIHHOI) €
IIPOCTOIO 3aBXK/IM, OKPIM BHNAJKY, KOJH PO3IJIAIAI0OTHC IMILTIKAHTH BAPAa3Yy,

eKBIBaJIeHTHOroO 1.

IMpukmaan 3.23. Bupas E(r,y) = = V (T A y) pounyckae iMILIIKAHTH T,
y 17 Ay. OueBuHO, IMILIIKAHTH T, Yy LIPOCTI, IMILIIKAHTa T A ) HEIPOCTa, —

MOXKHA BUJAQJHUTHU 3MIHHY X, OTPUMABIIN IMILTIKAHTY .
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O3navennga 3.13. /Iu3’toHKTUBHY HOpMaJIBLHY opMy [ Ha3WBaIOTH TY-
MMTKOBOIO, IKITO BUKOHYIOTHCA JIBI YMOBH:

1) koxkHa iMILTiKaHTa y CKJIaa F mpocra;

2) KOJHY IMIUTIKAHTY y CKJIaJi ' He MOXKHA BUKDECTUTH, 30epirin eKBi-
BaJICHTHICTH Bupazy F.

IMpukaazm 3.24. 1. Bupasu 0, 1, x, T, VY, (z Ay)V(TAY), 2V (TAz) —
TynukoBi JTH®.

2. Ius’tonkTuBHa HOpMaJsbHa GopMma = V (T A Y) He TYNUKOBA, OCKIJIbKH
apyra imimiikanra He npocra: rV (TAY) =z V7.

3. Jluz'toukruBHa HOpMasbHa dopma (x Ay) V (T A 2) V (y A z) wmic-
TUTD JIUIIE IIPOCTI IMILTIKAHTH, OAHAK IMILTIKAHTY Y A\ 2 MOXKHA BHKPECJIHTH:
(xAY)V(TA2)V(yAz) = (xAy)V(TAz). Orxe, Buxinna JTHD we Tynukosa.

Jlerko 3po3yMiTH, IO KOXK€H Bupa3 HaJ Oy/eBo0 ajredpoio JI0IYyCKaE
HpUHANMHI OJIHY TYIHUKOBY (POPMY, OJHAK BHPa3U 3 TPhOMa Ta OlLIblle 3MiH-
HUMHI MOXKYTb MaTu Oibime omniel Tynukooi JH® (Bigmosimni mpuk/iaim
OyayTb HaBegeni y 1. 3.6.2). Bubip konkpernoi tynukosoi JIH® Buznauae-
ThCSI KPUMEPIEM MIHIMAAOHOCNE, TKAH 00MPalOTh 3 OIVISJy Ha KOHKPETHY
npakTuany 3agady. Minimizanisa JTH® nepenbdadae nomyk tynukosux JIHD,
i, 9KIO IX JIeKilbKa — BHOIP ONTHMAaJIbHOI 3a 00paHuM KpuTepieM. IcHYIOTH

pizHOMaHiTHI KpuTepii MiHiMaabHOCTI [7], HaBeAeMO nBa HAWIONIMPEHININX:

e 3aranbHa nopxuHa JJH® (T06TO cyma JOBKWH KOH IOHKTIB);

® KLIbKiCTh KOH'IOHKTIB y ckJai JTH®.

Meroau nomyky Tynukopux JIH® mojaiisioTh Ha aareOpudHi, 3 BUKOPHC-
TaHHSIM aHAJITHYHUX [I€PEeTBOPEHb, 1 FeOMETPUYHI, 3 HAOUHUM 300paKeHHIM
omuHungHuX HaOopiB JIH® Ha mioniuHi. 3a3Ha4UMO, 0 aJreOpUYHi MeTOJIH
MiHiMizamil KOMII I0TePHO-OPI€EHTOBaHI, HATOMICTh T'€OMETPHUYHI MeTOIU OPi-
€HTOBaHI 3/1e0LJILIIOr0 Ha BidyaJibHUIl aHaJ1i3, TOOTO Ha JIIO/IMHY.

Posrnaaysani meroau mirimizanii JIH® moxnaa gyabHEIMEI MipKYyBaHHS-

mu reperectn Ha KH® [8].
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3.6.2. 'eomeTrpuyHi MmeToau miHimMizarii JITH®.

Kaptu Kapno

OauH i3 HaWMOMMWPEHIMNX TeOMEeTPUIHNX METOIIB IOIIYKY TYIUKOBHX
dopmM 3ampononyBaB y 1953 p. amepukancbkuii inxkenep Mopic Kapno. [ei
METOJI OB’ I3aHUH 13 300pazKeHHIM OJIMHUIHUX HaOOPIB BUPA3y HAa, CIIeIialb-
HUX KapTaX, 9Ki y Halll 4ac Ha3uBaloTh kapmamu Kapno'.

Y KJaCUIHOMY BUTJIAAlI MeTOJ] KapT KapHO 3acTOCOBYIOTH /i BUPA3IB,
Y SIKUX He OLIbII HiK 9oTUpu 3MiHHI, TOOTO jyist Bupasis F(xy, ..., x,) 3
n = 2,3,4 (Bigkugaouu Tpusiaibui sunaaku n = 0 ra n = 1).

Hnsg nobynosu kapru Kapuo st Bupasy E(xi,xs, ...,T,) MHOXKHUHY
3MiHHUX {1, ...,Z,} po306uBaOTH Ha JBI HiaMHOKWHU {T1, ...,T;,} Ta
{Zmi1, .., 2y}, KOXKHA 3 AKUX Ma€ MICTHTH OJHYy abo aBi 3Mminui. Kapru
Kapuo mist supasy E(xi,xo, ..., T,) MOXKHA PO3LIAIATH SIK TAOJHMIIO ic-
TUHHOCTI CIIENiaJIbHOTO BUIJIsLY: KOzkHOMY Habopy i3 {0, 1}*™ B3aemuo oj-
HO3HAYHO BiIIOBiTae oaHa KoMipka Tabuuri (aBoBuMipaol kapTu). CToBIIII
uiel Tabauni Hymepyors Habopamu i3 {0, 1}*™, gaki BialoBial0Th 3MIHHIM
{21, ..., 2}, paaku Tabauni nyMepyoTh Hzabopamu i3 {0, 131%™ gxi pin-
OBIAI0TH 3MIHHUM {Tpi1, « -+, Tpt

Tak, skmmo n = 2 (miniMizanis Bupasy E(x,y)), CTOBIII HyMepyIOTh 3Ha-
YeHHAMHU 3MIHHOI 2, PAJAKH — 3HAYCHHIME 3MIHHOI ¢/, OTPUMYIOYH JIBA CTOBIIIIL
i aBa psiku. ko n = 3 (Bupas E(x,y, z)), psjKu MOKHA HYMepyBaTH 3Ha-
YEeHHAMU 3MIHHOI 2, CTOBIII — 3HAYEHHSIMH AP 3MIHHUX (T, Y), OTPUMYIOUYH
JBa PAJKH I YOTHPH CTOBIII; MOXKHA TAKOXK BU/IATH Hapy 3MiHHUX (T,7)
JIJI HyMepallil Ps/iKiB, a 3MIHHY 2 — JIJIs HyMepaliil CTOBIIIIB, OTPUMYIOYHN YO-
TUPU PsiIKK 1 gBa crosiui. Akmo n = 4 (Bupasz F(z,y, z,t)), CTOBIII MOXKHA
HyMepyBaTU 3HAYEHHSIMH Napu 3MIiHHUX (T,%), paaKH — 3HadeHHAMHU (2,1),

OTPUMYIOYU YOTUPH PAJKH 1 YOTUPU CTOBIIIIL.

!'Bapiant merony xapt Kapro simomuit Takox ak giarpamu Beitua.
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Brejemo Texniune puzHadenus: Habopu o, € {0,1}** nazsemo cycioni-
MU, SIKITIO BOHU BIJAPI3HAIOTHCA 3HAUYEHHAMH JIUIIE 33 OJHIEI0 KOOPAMHATOIO.
Tax, mgas n = 2 madopu (0,0) i (0,1) cyciaui, mabopu (0,1) i (1,0) me cy-
cimai. OueBumno, Koxken Habip o € {0, 1}** mae Touno k cycinmix mabopis,
SIK1 MOYKHA OTPUMATH, 3MIHIOIOUN 3HAaUEeHHs OHIET 3 £ KoopAuHAT HAOOPY o.
Tax, st Habopy (1,0) cycinuimu € asa mabopu (0,0) i (1,1).

g podoru 3 Kaproio KapHo morpioHO, 1106 cycimaHIM pgakaM BiImoBi-
mamu cycimui wabopu i3 {0, 1}*™ cycimnim croBnmsm — cyciaai mHabopu i3
{0,1}*=m); xpaiini (Bepxmiil i HUCKHif) pAaKN Ta Kpaifni (mpapwii i miBmii)
CTOBIII BBAYXKAIOTH CyciHIMU. /715 3pyIHOCTI TPOCTaBAITAUMEMO Ha KapTi He
cami HabopH, & BiAMOBIHI KOH TOHKTH. TaK, y BUNAJIKY 3MIHHUX (2, 1) 3aMicTh
nabopy (1,0) BkazyBaTuMeMo KOH'IOHKT 2 A .

SaraJpbHuil BUTJISA KapT KapHo A8 BUMAJKY JBOX, TPhOX 1 YOTHPHOX
3MIHHUX MOJaHO Ha puc. 3.4 (6l KOHIOHKTIB POCTABIEHO BiINOBIIHI 3HA-

YeHHA SMiHHI/IX, Yy HOo4aJbIIUX IIPUKJdadaX HAaBOJUTUMEMO JIMIIIE KOH’IOHKTI/I).

x=1 x=0 x=0 x=1
y=1 y=1 y=0 y=0

XAY [XAy IXAY | xA\y
= zZnt
x=1 x=0 x=0 x=1
x=1 x=0 y=1 _y=1 _y=0_ y=0_ =0 —
x| Xx XAY IXAY | XAy | XAy =1 ZAL
1y z=1 Z f=-0 E/\?
=0y z=0 Z = znt

Puc. 3.4. 3arassanii sursan kapt Kapro g n = 2, 3,4

Koxxnua kKomipka Tab/auii B3a€MHO OAHO3HAYHO BiIIIOBiIae 0HOMY HAOODY
apryMeHTIB 1 3all0BHIOETHCS 3HAUYEHHAM 33JIaHOTO BHPAa3y HA IIHOMY HAOOPI.
3a3Buyaii y KOMipKax IIPOCTABJLIOTH JIMIIe 3Ha4YeHHs 1; KOMipKH, 9Ki Bij-

MOBIJAI0TH HYJILOBUM HabOpaM, 3a/UIMIAI0Th TOPOXKHIMHU.
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IMpuknan 3.25. Hasenemo kaptu Kapuo mis supasis E(x,y) = T V y;
E(z,y,2) =TV (yAz2); E(z,y,2,t) =xV (TAYAZAL) (puc. 3.5).

XAy |XAy [XAY | XAy

ZAt] 1 1

x| x XAY IXAy [xAy |xAy ZAt]| 1 1
yl1]1 zZl1 |1 |1 Afl 1 1] 1
y 1 z 1|1 ZAt| 1 1
TVy TV (yAz) rV(TAYAZAL)

Puc. 3.5. Ilpuknamn kapt Kapro

3’sicyemo, gk po3tamoBani HAa Kapri KapHo ogmamanHi HAOOpW OKpeMUX
KOH IOHKTIB. KOH'IOHKTY IIOBHOI JOBXKUHHU 7 BiAIOBIZA€ OAMH OIMHUIHUIMA
Habip i ojgHa Komipka Ha Kapti. Hexait Tenep kon’toHkT K Mae JIOBXKHHY
n — 1, TodTo He MicTUTH OJHiel 3MiHHOT 2. ToJIi, 38 3aKOHOM CKJICIOBaHHS,
K= (KAz)V(KAT), 10670 K € CKJICIOBAHHAM JIBOX KOH IOHKTIB TIOBHOT
nosxkuau K Ax ta K AT 3a 3MiHHOIO T, 1 1Ba OAMHUYHI HAOOPH IINX KOH IOHK-
TiB € ojuHnYHuMu Habopamu K. Takum 9MHOM, OJMHUYHI HADOPU KOH IOHK-
ta K cycijiHi, OCKIJIbKYH BIJIPI3HSIOTHCS JIMIIIE 3a OJHIEI0 KOOP/JIMHATOIO, SKa,
BignoBigae 3minuiit . OrTke, oguHrYHI HAOOPU KOH'IOHKTA K BiANOBiIa0ThH
cycigHiM KOMipKaMm, TOOTO YTBOPIOIOTH IPAMOKYTHHK i3 JBOX KOMIpOK (Ha-
raaeMo, 10 Kpaiini psjku i KpailHi CTOBIII BBAXKAKOTH CYCiHIME).

ITpuknazn 3.26. Kou’toukr K (,y) = T € CKICIOBAHHIM 33 3MiHHOIO Y
KOH IOHKTIB IMOBHOI JoB2KuHM TAY Ta TAY. Ha kapTti KapHo ojguHudHi Habopu
KOH IOHKTa, T YTBOPIOIOTH NMPSIMOKYTHHUK 13 JBOX KOMIPOK, $IKi BiJIITOBi1al0ThH
koH'toHKTaM T Ay 1ta T A Y (puc. 3.6). Kow'toukr Ks(x,y,2) = = A Z €
CKJICIOBAHHSIM 3a Y JIBOX KOH IOHKTIB IIOBHOT JOBXKUHU T AYNZ Ta LAY N Z.
OjiuHn4Hi HAOOPHU KOH'IOHKTA T YTBOPIOIOTH HA KapTi HPAMOKYTHHUK I3 JIBOX

KOMIpOK, siKi BinoBigaorb kKou'toukTam = Ay AZ ta © A A Z (puc. 3.7).
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- XAy | XAy | XA XAy
b'¢ X XAy 4 4
z
y [ XAY
XY = _
— Z
y
/XNYAZ XAYAZ\
X=(xAy)V(xAy)

XAZ=(XAYAZ)V(xAYy AZ)

Puc. 3.6. Kapra Kapnuo
JI7IsT KOH IOHKTa, Puc. 3.7. Kapra Kapuo mn1a kKoHIOHKTA

Kl(xay):T KQ(.I,Z/,Z):CU/\E

[npykmieo 3a k > 0 Jilerko J0BeCTH, IO OJUHUYHI HAOOPU OyIb-SIKOIO
KOH IOHKTa 3 N — k 3MIHHUME YTBOPIOIOTH HA KapTi KapHo MpaMOKyTHHK i3
2% KOMipOK: JIOBeJIeHHS 3BOIUTBCS JIO MOETAIHOI'O CKJICIOBAHHS KOH IOHKTIB
OLIBINTOI JOBXKHUHK, 110 Ha KapTi KapHO BiamoOBiZA€ CK/IGIOBAHHIO CYCIiIHIX
IPAMOKYTHHUKIB.

ITpukman 3.27. IIpgMOKYyTHUKH, YTBOpEHI OJMHUYHUMHU HabOpamu

KoH'IOHKTIB K1 (2,9, 2,t) =t Ta Ko(x,y, 2,t) = x A 2, 300pazKeHo Ha puC. 3.8.

XAy | XAy ‘xA)_/
\1_|

XAy IXAy IXAY | XAy

ZA\t

X\z

Puc. 3.8. Kapru Kapno mna Ki(x,y, z,t) =t ta Ko(x,y,2,t) = A 2
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Yo1upu omuHIYIHI HAOOPH KOH IOHKTA, 2 PO3TAIIOBaHI Y KOMipKax Ha Imep-
IMOMY I OCTAHHBOMY PAAKAX Ta Y MEPIIOMY i OCTAaHHBOMY CTOBIIISX, TOOTO
YTBOPIOIOTDH 3B’ I3HUI TPAMOKYTHUK.

Hamani ropopurumenmo, 1mo KoMipka kaptu Kapno BlAlOBLIae 3MIHHIA T
Ge3 momoBHEHHsI (BiIOBIIHO 3 JOMOBHEHHSIM ), SIKIIO y BiAmOBimHOMY HabODI
aprymentis z; = 1 (Bignosinno x; = 0). Inmumu caoBamu, Komipka Bifmosi-
nae x; y Tiit camiit dbopmi (6e3 gomosnenns abo 3 JOMOBHEHHSM), V K 11s
3MiHHA BXO/JHMTh Y KOH IOHKT, IIIO0 HyMepPY€ PsII0OK a00 CTOBIIEIb 1€l KOMiPKH.

Jng momyky Ha Kaprti KapHo HpaMOKYyTHHKA OJMHUYHUX HAOOPIB 3a-
JIAHOI'O KOH'IOHKTa K MOKHA BHKOPHCTOBYBATH TaKuil Merojl. KINO JedKa
3MiHHA X BXOJUTb Y KOH IOHKT K 0e3 JI0I0OBHEHHS, KOMiPpKH OJMHUYHUX Ha0O-
piB KOoH 10HKTa K BiAIOBiIaTUMYTh 3MiHHINi * 6€3 j1omoBHEeHHS. ZIKIIO 3MiHHA,
X BXOJAUTb Y K 3 J0IOBHEHHsSIM, KOMIDKHU OJIMHUYHUX HAOOPIB KOH'TOHKTa K
BIJIITOBITATUMYTH 3MIHHINA & 3 JONOBHEHHAM. ZIKIITO 3MiHHA T B3araJji He BXO-
JINTh Y KOHIOHKT K, oauHUYHI Habopu KOH'IOHKTa K OyayTh po3MilleHi B
KOMIPKaX, sIKi BIAIIOBIIAOTH 3MiHHINA T SK 3 JOIOBHEHHSIM, TaK i 0€3 JI0I0B-
HEHHSI — V I[bOMY BHIIAJKY KOH IOHKT K € CKJIeIOBaHHsIM KOH IOHKTIB OlLIbIIO1
JMOB2KHHU 3a 3MIHHOIO .

IMpukaax 3.28. 3H0BY posragneMo Kou'toHkTH Ki(T,y,2,t) = € Ta
Ky(z,y,2z,t) = x Az i3 npuknany 3.27. Jna kon'onkra Ki(x,y, z,t) = t onn-
HUIHI HaOOpW Ha KapTi KapHo MICTUTUMYThCA V THX 1 TITBKH TUX KOMIpKax,
SKi BiITOBIIAIOTH 3MiHHI# ¢ 3 TOTOBHEHHSIM, TOOTO Y TPETHOMY Ta YeTBEPTO-
MY psSaKax; 3a 3MIHHUMH T, 7, Z, 9KI He BXOAATh B KOH IOHKT, BiJIOYBA€THCS
CKJTCIOBAHHHA, i KOH'TOHKT Mae 2° = 8 oqunmunnx nabopis. Onanandni Habopn
KOH'10HKTa Ko (T, Y, 2,1) = T A 2 MICTUTUMYTbCS ¥ YOTUPHOX KYTOBUX KOMIip-
KaxX, 9Ki BIJMOBITaI0Th 3MIHHUM & Ta z 0€3 JOMOBHEHHs (16 MPSIMOKYTHUK,
OCKIJTBKY KpaiHi PSJIKH 1 KpaiiHi CTOBMII € CYCiIHIME); 38 3MIHHUMHY ¥, 2, SKi
He BXOJSATH Y KOH TOHKT, BiJI0yBa€ThCd CKJICIOBAHHSA, i KOH'IOHKT Mae 22 = 4

OJTMHUTHI HAbOPW.
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3.6. Minimizaifist 113 IOHKTHBHUX HOPMAJIbHHX (hbOPM

Bnpasa 3.5. /Ina JIH®, posrmgayTtux y nmpukaaai 3.25, BKaXKiTh Ha

kKapTax KapHo TpIMOKYTHUKY OJUHUIHUX HAOOPIB /71 KOKHOTO KOH IOHKTA.

Ot:ke, OAMHUYHI HAOOPHU JIOBLIBHOI'O KOH'IOHKTa 3 N — k 3MIHHEMHU Ha
kapTi KapHO yTBOpIOIOTH HpAMOKYTHHK i3 2F komipok. Jlerko 3posywmirm,
IO ICHY€ TaKOXK 1 3BOPOTHA BIJAIOBLAHICTh: KOXKEeH NMPIMOKYTHUK Ha KapTi
Kapuo i3 2¥ koMipok Binnosinae ojuHnaanM HAGOpaM JeSKOro KOH IOHKTA 3
n — k 3miganmu. 1eit KoH IOHKT JIeTKO BCTAHOBUTH, BU3SHAYUBIIKA 3MiHHI, SIKi
BXOAATDH JI0 HHOTO: SIKIITO 3MIHHA & BIAIOBLIAE BCIM KOMIpKaM 3aJaHOT0 IPs-
MOKYTHHKA OJJTHAKOBO O€3 JIOIIOBHEHHS, TO £ BXOJAUTUME B IIIyKAHUH KOH IOHKT
0e3 JOIOBHEHHS; SIKINO 3MIHHA T BiJIIIOBIJA€ BCIM KOMIpPKaM 3aJaHOrO IIpsi-
MOKYTHHKA 3 JOIOBHEHHSIM, TO & BXOAMTHME B INYKaHUil KOHIOHKT 3 JIOIO-
BHEHHSIM; SIKIIIO 3MiHHA T BIJIIOBIIA€ JIeIKUM KOMIpPKaM HPSIMOKYTHHKa 0e3
JIOIIOBHEHHS, & AeIKIM KOMipKaM IIPIMOKYTHHKA BiIOBIAA€ 3 JOIMOBHEHHSIM,
3MiHHA X He yBifi/le B IyKaHW KOH'IOHKT (32 & BiIOYBAa€ThCsI CKJICIOBAHHS ).
3okpema, skimo k = 0, Ma€EMO KOH IOHKT HOBHOI J0BxKUHUA N — 0 = n, siKOMY
na kKapti Kapuo Bigmosimae mpaMoxyrnuk i3 2° = 1 komipku, To6TO 0O1HA
KoMipKa. ZIKimo £ = n, MaeMO KOH'IOHKT H0BXKHUHH N — n = 0, gKoMy Ha
KapTi BiJIIOBIIa€ NPAMOKYTHHUK i3 2" KOMIPOK, TOOTO 3aiiMae BCI KOMipKH.

Bnpasa 3.6. 3acTocyiiTe onucanuii MeTosn 10 KapT KapHo, 300pakeHnx
Ha puc. 3.6, 3.7 1 3.8.

Ot:Ke, iCHY€ B3a€MHO OJIHO3HAYHA, BiANOBIAHICTb MiXK KOH IOHKTAMHU JIOB-
KIHOI 1 — k 1 mpgMOKyTHHKaMH Ha Kapri KapHo i3 2F KoMmipok: onnHI4HI
HaOOpH KOH IOHKTA YTBOPIOIOTH Ha KapTi BIAIIOBIIHUN NPAMOKYTHHUK.

I3 o3navenns mpocTol IMILTIKAHTY BUILIUBAE, IO IMILTIKanTa /' 3a1aHOT0
BUpa3y [ € mpocToio ToAdl i TiIBKM TO/Ii, KOJM Ha KapTi KapHo mas Bupasy
E npgaMoKyTHUK OIWHUYHUX HAOOPIB KOH IOHKTa K He BXOAUTL 0 YKOITHOTO
iHITTOrO MPSAMOKYTHHKA i3 2F KOMIpOK, 3aIll0BHEHIX OJMHHISIMI.

Ilpukaan 3.29. /IBa npaMOKYTHUKH, K1 BIAMOBIIAIOTH IPOCTAM 1MILITi-

kantaMm Bupasy E(z,y,z,t) =2V (TAYAZAL), 306pazkeno na puc. 3.9.
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Poszuin 3. Bysesi ajarebpu

JIerko mepekoHaTNCh, O MPAMOKYTHUKHY, K1 BiTTOBITAIOTH IHIITAM 1MTLTi-
KaHTaM BHUpa3y [, MiCTAThCAI B OTHOMY 3 MPAMOKYTHUKIB, SKWUil BiITOBiTa€E
npocTiit iMmnikanTi  abo § A Z A t. Tak, IpAMOKYTHHK IMILTIKAHTH T A ¥

MICTUTBCA ¥ TPAMOKYTHUKY TPOCTO1 IMILTIKAHTH .

XAy XAy |XAY | XAy
zAt| 1) 1]
ZAt) 1 1
znt | 1 1 1N - - -
ZAE ( ]\ YAzZAt
znt] 1) |

=

Puc. 3.9. ITpocti immnikanru Bupasy FE(z,y,z,t) =xV (TAYAZAL)

dAxmo Bupas 3aganuit y suragal AH®P, TodTo € au3 10HKINEI0 KOH IOHK-
TiB, MHOKWHA OJMHUYIHUX HAOOPIB € 00’€THAHHAM TPIMOKYTHUWKIB, KOXKEH
3 AKX BiAMOBia€ ogHOMY KOH TOHKTY. [lomyk tynmukoBux ITH® odveBua-
HO 3BO/IUTHCS JI0 TOKPUTTS OJUHUIHUX HAOOPIB 33J]aHOTO BUPA3y CUCTEMOIO
NPSIMOKYTHUKIB 13 BUKOHAHHIM TaKUX YMOB:
® KOJKeH IPAMOKYTHHK Mae mictutn 2% komipok (k € NU {0});
® JKOJIeH MPAMOKYTHHUK He MOYKHA 30LTBIMATH y MeyKaX OJIMHUIHUX HAOO-
piB Tax, 06 BiH MicTuB 2% Komipok (k € N U {0});
® JKOJIeH TPIMOKYTHUK He MOYKe IJIKOM JyOJTIOBATHUCS THITUMH TTPSIMO-
KyTHHKaMHU (pOTe OKpeMi OJIMHUII MPIMOKYTHUKA MOXKYTh BXOJIUTH B
HIIT TPSIMOKYTHUKH ).
[TpamokyTHUKHM, 9KI 3aJ0BOJBHAIOTH 3a3HadYeHl YMOBU, HA3WBATHMEMO
JIOTTYCTUMUMMU.
IIpukaang 3.30. Bupas E(z,y) =TV (x A y) A0LyCKae OJHY TYIUKOBY

dopmy T V y i3 ABOX HPOCTUX IMILIIKAHT T Ta Y, Bianosiany kapry Kapho
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300paxkeno Ha puc. 3.10. Bupas E(z,y,2) =TV (x Ay A 2) nonyckae oinHy

TynukoBy dhopmy TV (y A z) i3 mpocTux iMmLTikanT T ta y A 2 (puc. 3.11).

y XAY XAy IXAY IXA\y
§| x| x| _ 4 ENIDIE
yNaEp 7 1 |1
u— /1 >
y u YAz X
Puc. 3.10. Tynukosa dopma g Puc. 3.11. Tynmkosa dopma s
E(x,y) =7V (zAy) E(z,y,2) =TV (z Ay Az)

[Iykato4u MOKpUTTS JIJId TYIUKOBOI (pOpMHU, HE CJIiJI aBTOMATHIHO BUKO-
PHCTOBYBATH HANOIIBINI TPIMOKYTHUKH (sIKi BiIMOBIIAIOTH HAKKOPOTIIUM
immtikanram). Ilpukiaaz 3.31 gemoncTpye, mo Taki NPAMOKYTHHKH, K i
Oy/Jib-sIKi 1HIII, MOXKYTb IIOBHICTIO JyOJII0OBATHCS IHIIUMU IIPSIMOKYTHUKAMHU
i He IOTPAIUTHU JO IIYKAHOI'O IOKPUTTH.

Ilpukaan 3.31. Kapry Kapro i1s BUpazy 3 BeKTOPOM 3HavdYeHb
(1101111010000100) 306pazkeno Ha puc. 3.12.

XAy XAy [ XAy |xAy

yazne ZN 'N__] xApat
2 haED) |9

Puc. 3.12. Minimizania JIH® 3 BekropoMm 3naqgens (1101111010000100)

Binnosinma rynukosa dopma (TAGYAL)V (GAZAL)V (YAZAL)V (TAYyATL)

HE MICTUTh HARKOPOTINOI IMILIIKAHTU T A Z, TOOTO NOKpUTTS Ha KapTi KapHo
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He BKJIIOYA€E BiMOBITHOTO HAWOILIBITOTO MPAMOKYTHUKA 13 9OTUPHOX KOMIPOK

(Ha pUCYHKY 00BeIeHU TOHKOI JIHIEHO).

Bupa3zu 3 TproMa Ta Oliblile 3MIHHUMHA MOXKYThb JOIYCKATH JIeKLIbKa TY-
NUKOBHX (bopM. VY IIbOMY BHIAJIKY HOOYIOBY HOKPHUTTS CJIJI MOYUHATHU 3 Ta-
KHX KOMIpPOK, SIKi MOXKHa HaKPHUTH JIMIIE OJHUM JOIMYCTUMHUM MPIMOKYTHH-
KoM. BiamoBiaHi npgMOKYTHUKH BiTIOBIIATUMYTH IPOCTUM IMILTIKaHTaM, K1
YBIfZlyTh B yCi TYIMUKOBI (POPMHI; TaKl IMIIIKAHTH HA3UBAIOTL AJPOGUMU, CY-
KYIHICTh $/IPOBAX IMILTIKAHT HA3UBAIOTH Ju3 1onkmushum aAdpom (abo mpo-
CTO SIZIPOM ) 3aJaHOTO BUpa3y. ZIKINO siIpo HAKPUBAE BCl OMHUYIHI HAOOPH 3a-
JIAHOTO BUPAa3Yy, el BUpa3 JOIMYCKAE JIMIIE OAHY TYMUKOBY (hopmy. AKIO )
3aJIMIITNINCh OAUHUYHI HAOOPH, dKi He MOTPAlWId 0 KOIHOI SIPOBOI 1M-
IUTIKAHTH, TO BIJMOBIJIHI KOMIPKH MOKHA HAKPUTU PISHUMHU JONYCTUMHUMU

IPAMOKYTHUKAMHE 1 BUPa3 JIOIMYCKAE JICKIJIHBKA TYIHKOBHUX (hOpM.

IIpuknan 3.32. /Iu3’roHKTUBHA HOpMaJIbHA (DOPMA 3 BEKTOPOM 3HAUYEHbD
(10111001) momyckae maBi Tymukosi dbopmu: (y A 2) V (T AZ) V(T AZ) Ta
(yNz2)V(TAZ)V(TAy), Binnosinui kaprn Kapuo mogano ma puc. 3.13.
IvmutikanTin y A 2 Ta Y A Z 9ApOBI, OCKLILKI MICTATH KOMIPKH, IO He Iy0-
JIIOIOTHCS YKOJTHUM 1HITUM JOIMYCTHMUAM MPAMOKYTHUKOM. €/IMHY KOMipKY, He
HOKPUTY AAPOM (Bi,ZLHOBi,ZLaG Habopy T Ay /\E)7 MOKHa HAKPUTHU JABOMA JIOIY-
CTUMHAMH TPAMOKYTHUKAMH, K1 BIIMOBIIAIOTH TPOCTUM IMILTIKAHTaM T A Z

Ta T N\ Y.

XAy XAy [xAy |xAy XAY XAy XAy |xAy

7i3 1] 213 1)
1

/7 G0 / A10
yAz XAy yAZ yAz XAz

Puc. 3.13. JIgi tynukosi ¢popmu g JTHD 3 sekropom 3uadens (10111001)

z

N
>|_\
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3.6. Minimizaifist 113 IOHKTHBHUX HOPMAJIbHHX (hbOPM

Bupas Mozke B3araJi He MICTUTH SIPOBUX IMILTIKAHT (MaTH TOPOYKHE SIJI-
po) — Takotw, Hanpukaal, € JTH®, 3agana Bekropom 3uauens (01111110).

3i 30iIbNIEHHAM N MaKCUMaJbHa KiJBKICTh TYNUKOBUX (POPM s BU-
pasy E(zy, ...,x,) mBugko 3pocrae. [ynst n > 2 Bupas 3aBxKu Ma€ OJHY
TYIUKOBY POPMY, BUPaA3 13 TPbOMa 3MIHHUMHU MOXKE JIOINYCKATH JIO O TYIIU-
KOBHUX (popM, I BHpPaA3iB i3 4oTHPMa 3MIHHUMHU MAaKCHMAJIbHA KiJIbKICTh
TynukoBux (popm jocsarae 58. Y pobori [9] HaBeeHO OLIHKU Jijist KiJIbKOCTI
TYIUKOBUX (DOPM JIJIsi BEJTUKUX 7.

JerasipHitnie npo kaptu KapHo MOXKHA TPOYUTATH, HATPUKJIAI, Y POOO-

Tax [8; 9].

3.6.3. Aare6puuni meroam minimizarii JIH®D

Po3sryisiiyBaHuMu aJireOpuaHIME MeTOIaMM MiHIMI3aIlil MOXKHA OTPUMATH
JH®, sika € qu3’I0HKIIEI0 BCiX IIPOCTHX IMILIKAHT 3a1aHOI'0 BUPA3Y.

Bnpasa 3.7. oBectn, mo Au3’10HKINSA BCIX MPOCTUX IMILTIKAHT BUpa-
3y E yrBopioe JTH® 1mboro Bupasy.

BkasiBka. /locTaTHBO JIOBECTH, 110 KOXKEH OJMHUYHUI HaOip Bupasy I €
OJMHUYIHUM HAOOPOM JIesIKOI IPOCTOI IMILTIKAHTH.

I3’ 1I0OHKTUBHY HOPMAaJbHY (opMy, SdKa CKJIATAETHCI 3 YCIX TPOCTUX 1M-
IJTIKAHT, HA3UBAIOTL ckopouenoro. Ckopouena JAH® y 3arajbnoMy BUIAIKY
He € TYIUKOBOIO, aJie Oyab-saKy TynukoBy JH® mMoxkna oTpuMaTh i3 CKOpO-
venol /JIH® BinkumaaHHsIM JeIKUX IMILTIKAHT.

ITpukman 3.33. /g Bupasy 3 He OLIBIT HIXK TBOMAa 3MIHHUMHU CKOPOYEHA
dopwma 3aBxkau Tynukoa. Crnpaii, Bunajgku n = 0 ta n = 1 TpuBiaabHi,
BUMAIOK N = 2, 9K JIETKO TTepPeBipuTH Ha KapTaxXx KapHOo, JT0TMycKae He O1IbITe
JIBOX TPOCTHUX IMILTIKAHT, MO YHEMOYKJIUBIIOE AyOJTIOBAHHA OJHIET MPOCTOI
immtikanTy iHmavu. Tak, ayis Bupasy 3 BekTopoMm 3HadeHb (1101) maemo

JBi mpocTi iMTTikaHT! i ckopodeny /JIH® T V y, aka € TYIUKOBOIO.
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Poszuin 3. Bysesi ajarebpu

IMpuknanx 3.34. Bupas 3 Bekropom 3Hauenb (1101111010000100) i3
npukaaay 3.31 gomyckae m'aTh TPOCTUX IMILTIKAHT; ifloro ckopodena JIH®
EAGANY TAZADV (YAZA)V (TAYyAL V(T AZ) He € Tynuko-
BOIO, OCKLIBKH OCTAHHIO IMILTIKAHTY MOYKHA BiAKHHYTH (i1 0 uHUYIHI HAOOpH
TyOIIOI0THCA OMMHIIHAME HaOOPAMHU THITHX IMILTIKAHT).

Ilob6ynoBa ckopouenoi JIH® iz KH®. Hexait Bupa3 F 3amanunii y
surasaai noBitbHOT KH® (He 000B’s13K0BO J0CKOHAOT). MeTom mossirae y
3acTocyBaHHi 3aKoHY AucTpudyTuBHOCTI a/A(bVe) = (aAb)V (aAc) mortu, moku
e MOYKJIMBO; OTPWMaHI KOH IOHKITI CIPOITYEMO, BUKOPUCTOBYIOUN 3aKOHU
aNa=a,zANT =0,0Na =0,0Va = a; BUKOPUCTOBYEMO 3aKOH MOTJIMHAHHS
aV (a ANb) = a mnoru, moku e MoxkjauBo. Hecknamauo mowectu [9], 1o y
pe3yabTaTi MaeMo oTpuMaTu ckopodeny /TH®.

IMpukman 3.35. 3acrocyemo omucanuii Mmetos 10 KHD (zVY) A (yV 2).

3a 3aKOHOM AUCTPUOYTUBHOCTI OTPUMYEMO:

@V AVz)=@Ay V(eA)VFGAY)V[IAz2).
Bigkugaroun nepeaocTaHHiil KOH IOHKT, sKuii gopiBHioe 0, oTpuMy€eMo:
(VY AN(yVz)=(xAy)V(eAz)V(TA=2).

3aKOH IOIVIMHAHHS 3aCTOCYBaTH HEMOXKJIMBO; 0T2Ke, orpuMaHna JJHD cko-
pouena. JIerko epeKoOHATHCh, 110 g (GOpMa He TYIIHKOBA — KOH IOHKT (T A 2)
MOKHA BHKPECJIUTH, OCKIJIbKHA HOr0 OJMHUYHI HAOOPHU 1yOJII0I0ThCA OJUHIY-
HIUMK HAOOpaMU JIBOX IHIINX KOH IOHKTIB.

IMpuknaz 3.36. 3acrocyemo onucanuii Mmeros 10 KH® (x V) A (yV z).

3a 3aKOHOM JUCTPUOYTUBHOCTI OTPUMYEMO:
(V) AN(xVz)=(xAz)V(eAz)V([GAZ)V (A 2).

Cuporniyodu mepiinii 3a 3aKOHOM 11eMIIOTeHTHOCTI 1 BIJIKUIAI09YU JIPYTUii

i TpeTiit KON IOHKTHU 3a 3aKOHOM IOTJIMHAHHA, OTPUMYEMO CKOPOYEHY POPMY:

(VYA (xVz)=zV(TA 2).
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3.6. Minmimizamisa an3 FTOHKTABHUX HOPMAJIBHIAX (DODM
14 JI

Jlerko mepekonatucs, mo orpuMana JIH® € TynmuKoBOO, OCKIIBKH KOTHY
13 IBOX MPOCTUX IMILTIKAHT HE MOYKHA BUKPECIUTH.

Ilpuknan 3.37. Ilodynyemo ckopodeny /TH® nnag Bupasy 3 BeKTOpOM
suavenb (01111110). Bupas mae jutie iBa HYJIOBIX HAOOPH, 1 MOYKEMO JIETKO
sunucaru Bignosigay KHD: (x Vy Vv 2) A (T V7V Z). 3acT0COBYIOUN 3aKOH

JUCTPUOYTUBHOCTI Ta CIPONIYIOYN OTPUMaHI KOH IOHKIIIT, OTPUMYEMO:

(xVyV2)AE@TVHVE) =
= @A)V @AYV @EAZVYAT)V(YAG V (yAZ)V
V(zAT)V(2AY) V(2 AZ

)

3aKOH MOTJIMHAHHS JIO OTPUMaHNUX KOH IOHKTIB 3aCTOCYBATH HEMOYKJIMBO.
Ot:xe, orpumana IH®D e ckopoueHoo, TOOTO MICTUTH BCi MPOCTI IMILTIKAH-
THU 33J]aHOTO BUPa3y. JIerko mepeKoHATHCh (HATPUKJIAJ, 33 JIOMOMOTOK KapT
Kapwo), 1o 1s ¢popMa He € TYITHKOBOI.

Meroa Ksaiina.! Ileit MeTon nepenbadae, Mo BUpa3 3aaHUil y BUTJIAI
JJH®. CyTh MeTOLy TOJATaE Y 3aCTOCYBaHHI JIBOX TOTOYKHOCTEI:

1) (ANz)V(AANT)=(ANz)V(AAT)V A (HeTOBHE CKJICIOBAHHSA);

2) (AN B)V A= A (normuHanus).

ToToXKHOCTI 3aCTOCOBYIOTH 3J1iBa HAITPABO; CIMOYATKY 3aCTOCOBYIOTH He-
TTOBHE CKJICIOBAHHS JIOTH, MMOKH T¢ MOYKJIUBO, a MOTIM, TTOKU MOYKJIUBO — TO-
TJTUHAHHS.

Bnpasa 3.8. /loecTn, 1mo pesyabTaToM podboTn aaroputmy KgaiiHa €
ckopouena JIHD.

BrasziBka. Byab-gaKy IMILTIKAHTY 3a7aHOTO BWpa3y MOXKHA OTPUMATH 3
KOH TOHKTIB TIOBHOI JIOBXKMHU, 3aCTOCYBaBIIIN CKIHYEHHY KiJIBKICTH pa3iB He-

II0BHE CKJICIOBAHHA.

'Binmaps Ban Opman Ksaitn (1908-2000) — amepukanchbKumit jorik i ¢ginocod, omy6i-

KyBaB HHU3KY PODIT 3 MAaTeMaTWIHO! JIOTIKH.
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3a3HavYMMO, 110 Ha MEePIIOMY eTalll pobOTH aJTOPUTMY BUPA3 yCKJIATHIO-
€THCs, OCKIJTBKI 3 IBJIIIOTHCSI HOBI KOH IOHKTH MEHTIIOI JIOBXKWHU; OJTHAK Ha
JPYroMy eTami Ii KOPOTKI KOH IOHKTH Jal0Th 3MOIY MO30yTHCS KOH IOHKTIB
6LThIOT JToBXkKuHKU. OYeBUIHO, MO KOH IOHKT K, OTpUMaHUil Ha TepIIoMy
eTari HeMMOBHUM CKJICIOBaHHSIM KOH TOHKTIB K1 1 Ko, Ha ApyroMmy erami iX mo-
rauHe. HeBaxKKo 3po3yMiTh, 1O CIPaBIKYETHCS 1 3BOPOTHUIH HACTIIOK: Ha
JIPYTOMY €eTalll MOTJIMHAIOTHCA Tl #f TIIBKW Ti KOH IOHKTHU, TKi BUKOPUCTOBY-
BAJINCS Ha TEPITOMY eTalll /I HeTOBHOTO CKJIeIOBaHHA. ToMYy Ha TEpITOMY
eTari CJi/T yKa3yBaTH, 9Ki caMe KOH IOHKTU BUKOPWCTOBYIOThCS JIJI HEMOB-
HOTO CKJICIOBAHHS, HABITh AKIO OJUH KOH IOHKT MOXKHA OTPUMATH KiJTHKOMAa,
BapiaHTaMM.

ITpuknam 3.38. Bactocyemo meton KBaitHa /111 OTpUMaHHS CKOPOYIEHOT
JH® supazy E(z,y) = (x Ay) V (z AY) V (T AT); HATOIIOCHMO, IO BUPA3,
gk 1 nepeadbadae meron Kpaiina, 3amannii y suragami JJIH®. 3a 3axkonom

CKJICIOBAHHA OTPUMYEMO:

1 2 3 1,2 23
@AY V(@AY VEAY) = @Ay V(eAGV(TAY)V VY,

Jie HOMepH HaJl KOH IOHKTaMHM Y IIPaBiil 4acTUHi PIBHOCTI 1IO3HAYAIOTH HOMEPHU
KOH IOHKTIB BUXIJITHOTO BUPa3y, BAKOPUCTAHI JIJIsi HEIIOBHOTI'O CKJICIOBAHHSI.

J1o HOBUX KOH'IOHKTIB HEINOBHE CKJCIOBAHHS 3aCTOCYBAaTU HEMOXKJIUBO, i
MOYKEMO TePeXOJUTH JO JIPYroro eramy. /st HeMmOBHOIO CKJEIOBAHHSA OyJIu
BUKOPUCTaHI BCI KOH'IOHKTY JIOBXKUHU 2, & OTKe BCl 1[I KOH IOHKTHU TOTJINHA-
I0ThCS TIOPOJIZKEHUMU KOH TOHKTaMu JIoBkuuU 1. [Ticss 3acTocyBaHHs 3aKOHY
IOTJIMHAHHS OCTATOYHO orpumyemo: E(x,y) = x V 7.

OckKiIbKY Ha, TIEPITOMY eTalrl 10 BUPA3y JIUIe A0Jal0ThCst HOBI KOH FOHK-
TH, HEJOILIbHO MePEenucyBaTH KOH IOHKTU BUXIJIHOTO BHPa3y, AKi y OyJib-
SIKOMY BUIIQJIKY 3aJIMIMaioThbes 0e3 3MiH. Kpim Toro, ockijibku 3aKOH He-
IOBHOI'O CKJICIOBAHHSA MOYKHA 3aCTOCOBYBATH JIUIIE /10 KOH IOHKTIB OJTHAKOBOI

JIOBXKUHH, CIOYATKY CJIiI 3aCTOCYBATH IIeif 3aKOH 10 KOH IOHKTIB JIOBXKUHU N
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Buxinaoi JI/IH®, orpuMmytoun KOH IOHKTH JOBXKUHHU 1 — 1; daji 3aKOH He-
MTOBHOTO CKJICIOBAHHS CJIJT 3aCTOCYBATH 70 KOH IOHKTIB JOBXKWHA N — 1, OT-
PUMYIOYN KOH IOHKTH JIOBXKWHU N — 2, 1 T. JI.; IPOTEC Ma€ 3aBEPITUTHUCH 33

CKIHYeHHY KiJbKICTh KPOKIB.
ITpukaan 3.39. 3acTocyemo Meron KBaitHa 1151 oTpUMaHHS CKOPOYeHOT
JAH® Bupazy E(z,y,z2) = (xAy)V(TAz)V(yAZ). 3Begemo Bupas o ATHD

i TpOHYMepyeEMO KOH IOHKTH TIOBHOI JIOBYKWHM:

1 2 3 4 5
Ex,y,2) = (@ ANyAN2)V(@AyAZ)V(TAYyA2)V(EAGA2)V(TAYyAZ).

3aCcTOCOBYIOYHN 3aKOH HEIIOBHOI'O CKJICIOBAHHS 1 MPOJOBXKYIOUN 3araIbHy
HyMepalio, OTPUMYEMO TaKi KOH IOHKTHU JOBXKUHH 2:

6) 2 Ay (12);

)y Az (1,3);
8) y A% (2,5);
0) T A 2 (34);

10) T Ay (3,5).

JlesiKi 3 KOH'IOHKTIB JIOBXKUHH 2 JIOIIYCKAIOTh I10JIaJIbIIe HEIIOBHE CKJIEI0-
BAHHSI:

11) y (6,10);

2) y (7,8).

KOH'IOHKT ¥ OTPUMAHO JIBOMa, CIIOCOOAMU, OJHAK JIJIS II0/IAJIBIIOIO 0T IH-
HAHHA BaXKJIMBO BKa3aTH BCl BaplaHTH CKJICIOBAHHSI.

[TomasbIre HemoBHE CKJICIOBAHHS HEMOXKJINBE, TOMY IIEPEXOIUMO 0 €TAILY
MOTJIMHAHHS. Y HEIOBHOMY CKJICIOBAaHHI He OYJIM 33,/TisIHi JIUIITe KOH IOHKTH ITiT
Homepamu 9 (T A z) 1 11 (y). Orxke, orpumyemo taky ckopoueny TH®D, ska
V IIBOMY BHIAJIKY, OYEBHJIHO, € TynHKoBoW: E(x,y,2) = (T A 2) V y.

Jliig moOyioBu TYHUKOBUX pOpM 3HaiijieHi IpoCcTi IMILJIIKAHTH 3BOJATH B

IMNATKGHMHY MabAULI0, PAIKHA STKOT HyMepyIOTh TPOCTUMU IMILTIKAHTAMU, a
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Poszuin 3. Bysesi ajarebpu

CTOBIIII — KOH IOHKTaMH ITOBHOI JOBXKWHU, dKi BXOIITH 10 ckiaamy I/IHD 3a-
JIAHOTO BUPA3Y. ¥ KOMIPKHW IMILTIKAHTHOI TAOJIUTI BIUCYIOTH CUMBOJT <*>, dK-
IO TPOCTa IMILTIKAHTA, IO BiIMOBITa€ pAIKY KOMIPKH, MOTJINHAE KOH IOHKT
ITOBHOI JIOBXKUHH, sIKWii BianoBinae crosmiio. [TodynoBa Tynukosoi JIH® 3B0-
JIUTHCA 70 3HAXO/KeHHS HeHaJJIUITKOBOI MHOYKUHU TTPOCTUX IMILTIKAHT, dKI
6 y CYKYIHOCTI TOTJIMHAJINA BCi KOH IOHKTHU MOBHOI JIOBYKWHY 33/JAHOTO BUpPa-
3y. HemaqmumkoBicTh MHOKWHN TMPOCTUX IMILTIKAHT O3HAYAE, MO Oy/Ib-9Ka
BJACHa 11 MIMHOKWHA He TOTJIMHAE MPUHANMHI OJNH i3 KOH IOHKTIB MTOBHOI

nosxkuan i3 JIIH® 3amanoro Bupasy.
ITpuknanm 3.40. Bacrocyemo meros Kaiina /it oTpuMaHHs CKOPOYIEHOT
JAH® Bupaszy E(x,y,2) = (xAy)V(TA2)V(zAyAz). Beegenns jpo JIJTHD

1 HEMOBHE CKJIEIOBAHHSA TPOBOJUMO aHAJJIOTTIHO MOTEePeTHIM TPUKIAIAM:

1 2 3 4
E(x,y,2) =(x AyA2)V(@xAyAZ)V(TAYyA2)V(TAGA2);

5) x ANy (1,2);

6) y A = (1,3);

)T Az (3,4).

3aKOH HEMOBHOTO CKJEIOBAHHS JO OTPUMAHUX KOH IOHKTIB 3aCTOCYBaTH
HEMOKJIMBO. Ha jipyromy erarii morjimHAIOThC KOH IOHKTH 1-4, TOOTO ocTa-
TOYHO OTpUMy€eMO Taky ckopoueny JTH®: E(x,y, z) = (zAy)V(TA2)V(yAz).

[To6yayemo immiikanTry Tabauio (Tabm. 3.3).

Tabnmnsa 3.3
TANYNZ|TANYNZ|TANYNZ | TANYNZ
TNAY * *
TNz * *
YNz * *
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3.6. Minmimizamisa an3 FTOHKTABHUX HOPMAJIBHIAX (DODM
14 JI

I3 Tabna. 3.3 BwAHO, MO IMILUTIKAHTH T A Yy Ta T A 2 SJIPOBi, OCKIJIBKH
KOH IOHKT T /Ay /A\Z TOTJINHAETHCS JIUIIIE IMILTIKAHTOIO LAY, KOH IOHKT TAYAZ —
JIATIIE IMTLTIKAHTOI0 T A 2. BTiM, AB1 SpOB1 IMILTIKAHTH TOTJTHHAIOTH YCi 9OTH-
pu KoH 1oHKTH i3 JI/TH® 3amanoro Bupasy. TakuMm 9uHOM, TPOCTA IMILTIKAHTA,
Yy A z TyOJIOEThCA SIIpOM 1 He TIOTPANUTh y YKOJAHY TYMUKOBY dopmy. OTKe,
MaeMo Jist Bupady E omay TymukoBy dbopmy (x Ay) V (T A 2).

3 npuknaaay 3.40 BumHO, 110 /1 3HAXOA:KeHHs Tynukoux IH® 3a mo-
ITIOMOT'0OI0 IMILTIKAHTHOI TaOJINII JOMIJIFHO BU3HAUUTH:

1) anpoBi IMILTIKAHTH, sIKi YBIAIYTH 10 Oy/ib-akoi TynukoBol JTHD:

2) KOH'IOHKTH MOBHOI JIOBXKUHHU, K| MOTJIHHAIOTHCST SITPOM.

OdeBUIHO, 1ITO BU3HAYEHI SIAPOBi IMILTIKAHTU Ta KOH IOHKTHU IOBHOI JIOB-
JKWHU, 9KI TOTJIUHAIOTHCI SAPOM, MOYKHA BUKIIOYUTH i3 MOJAJIBIIOTO PO3-
TJISITy, TOOTO TMOMTYK TYMUKOBUX (POPM 3BOJIUTHCS /IO TOKPUTTS HESIPOBUMMU
IMILTIKAHTAMU THX KOH IOHKTIB IIOBHOI JIOBXKUHH, $IKI HE IHOLJIMHYJIO siIpO.
OTke, TOMIIBHO MOOYIYBATH CNRPOWEHY IMNAIKGHITHY MabAUY0, IKY OTPH-
MYIOTh i3 IMIIJTIKAHTHOT TabIUIl BUKPECTIOBAHHAM TUX PSJIKIB, siKi BiJIIIOBI 12~
I0Th SAPOBUM IMILTIKQHTAM, T THX CTOBIIIIB, sIKi BiIIIOBIAAI0OTH KOH IOHKTAM
ITOBHOI JOBXKHUHH, 10 IMONJIHHAIOTHCA SPOM. 3a3HAYUMO, 110 y npukaai 3.40
CIIPOIIEHA, IMILIIKAHTHA, TAaOJIMIE HE MICTUTH »KOJIHOI'O CTOBIIISA, TOOTO € I10-
POXKHBOIO — €¢nHa TynukKoBa JIH® mMicTuTh juiire gApOBI IMILTIKAHTH.

ITpukaan 3.41. 3acrocyemo meron KpaitHa 10 BUpa3y 3 BEKTOPOM 3Ha-
genp (10111001) i3 npuknagy 3.32. 3senenns po J/IHD i HenosHe ckiero-

BaHHA IIPOBOJIUMO aHAJIOTTIHO HOHepe,ZLHiM IIPUKJIaJdaM:

1 2 3 4 5
E(z,y,z) = (@ Ny A2)V(@AGAZ)V (T AYyA2)V(EAYyNZ)V(TANYAZ);

6) y Az (1,3);
NYNZ (2,5);
8) T Ay (3,4);
9) TAZ (4,5)
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Poszuin 3. Bysesi ajarebpu

[To6yayemo immiikauTHy Tabauimio (Tabds. 3.4).

Tabaumnsa 3.4
TANYNZ | T NYNZ | TANYNZ | TANYNZ | TNANYNZ
YNz * *
YNz * *
TAY * *
z * *

Anapo micturh iMIikanTn Yy A 2 Ta Yy A Z , Kl HOINIMHAIOTH KOH IOHKTH
MOBHOI JOBXKUHU T A Y N2, TAYANZ ta T Ay A z. Takum amHOM, CIIPOIIIE-
Ha IMILTIKAHTHA Ta0/ IS MICTUTh JIBA PSJIKU Ta OJAuH cTOBIYMK (Taba 3.5).

I3 cupoireHol IMILTIKQHTHOT TAOIUI BUAHO, IO

Tabaumnsa 3.5

TAYNZ rynukoBa JIH® wmae mictutm O7HY 13 JBOX He-
— A . sapoBux iMIuikanT. OTKe, OTPUMYEMO [Bi Ty-
LAY
A § nukosi JIH®: (y A 2) V ( A Z) V (T A y) ta
TNAZ

(YA2)V(YAZ)V(TAZ), 110 HATBEPIZKYE PE3YIbTAT,
OTpUMaHuil y mpukaaal 3.32 3a momoMoroio KapT KapHo.

Y CKJIQIHINNAX BUNAJKAX JJIs MONIYKY TYIUKOBUX (DOPM MOXKHA 3aCTO-
CyBaTU METOJI, OB sd3aHuil i3 aaredOpoI0 BUCIOBJIEHDb: KOXKHIN HesApOBiil iM-
IikauTi S mocTaBUMO Y BiANOBiaHICTH BucaoBiaeHHs Ag = <Immiikanra S
BXOAuTh J0 TynukoBol JJH®>. Tenep /s KoKHOr0 KOH'IOHKTa Ky CcKjai
Buxijguol JI/ITH® moxkua nobyyBatu BucjiaoBieadss By = <K noryimHae npu-
HaiiMui ojHa iMmiulikanTa TynukoBol JIH®>, gke, oueBuiHO, € 113 IOHKIIIEO
THX BHUCJIOBIeHb Ag, mis skux S mornmHae KoHroHKT K. Hapemri, y ko-
pekTHO 10Oy a0BaHii Tynukosiit JIH® npocti iMIiikaHTH MalOTh HOTJIMHATH
BCi KOH IOHKTH TIOBHOI JioBkuHU i3 Buxiguoi JJJIH®, To6T0 KOpeKTHICTH Ty-
nukoBoi /JIH® o3nadvae icTuHHICTH KOH'IOHKIIIT BCIX BUC/IOBJIEHb B . Metos,
nepeibadac 38ejieHHs OTpuMaHol (hopMy./in ajiredOpu BucaoseHb 10 JIHD 3a-

CTOCYBaHHSIM 3aKOHIB JUCTPUOYTUBHOCTI Ta, SIKIIO € MOYKJIMBO, ITOTJIMHAH-
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3.6. Minimizaifist 113 IOHKTHBHUX HOPMAJIbHHX (hbOPM

Hda. B orpumvaniit JIH® koxken KoHIOHKT 3aja€ nmeBHY TynmukoBy JIH®: KOXK-
Ha JiTepa y CKJIaJi KOH IOHKTa BIAMOBiTae BXOMKEeHHIO 10 Tynukosol JH®
BIJITTOBITHO1 HESIIPOBOI IMILTIKAHTH.

ITpukgaa 3.42. 3acTocyeMo HaBeIeHUT MeTOJ 10 BHUPA3y 3 BEKTOPOM

suavenb (10111001), gyt gaxoro sAPOBI IMILTIKAHTH 1 CIPOITEHa IMILTIKAHTHA

Tabnauig 3Haiineni y mpukaami 3.41. IloctaBumo Tabaums 3.6
y BIIMOBITHICTH ABOM HEAAPOBUM TPOCTUM IMILTi- TAYNZ
KaHTaM JiTepu A Ta B, g9Ki MO3HAYAIOTh yMOBY | A TAY *
BXO/I?KEHHA BIAMOBIIHOI IMILTIKQHTH 70 TYNUKOBOl | B | T AZ *

JH® (Tabm. 3.6).

Ymosa kopekTHOCTI TynukoBoi JIH® (moruHanHs HEsITPOBUMHU TTPOCTH-
MU IMILTIKAHTaMU KOH TOHKTa T AY AZ, SKUil He TOTJTHHYBCS H,HpOM) Mae€ Tpu-
Blasbauilt Buras;x A + B, ne <+> mosnadae onepaiio Ju3’I0HKINI 3 ajaredpun
BHUCJI0BJIeHb. OT:Ke, MaeMo JBi TynukoBi JIH®, siKi BiIII0BI1aI0Th BXOIKEHHIO
OJIHIET 3 JIBOX HESIIPOBUX IMILTIKAHT. 3 ypaXyBaHHSIM SIAPOBUX IMILIKAHT OT-
pumyemo taki rynukosi JTH®: (yAz)V(GAZ)V(TAy) ta (yAz)V(GAZ)V(TAZ).

ITpukaan 3.43. 3acTocyemo HaBeaeHUH MeTO I 10 ckopoueHol H® s
BUpa3sy i3 BekropoM 3Hadenb (01111110), 3uaiiaeny B npuksai 3.37:

Ex,y,2) = (@A) V(@ AZ)V@AYy)VYAZ)V(@TA2)V(GA=2).

[Tobyayemo immtikauTay tabauigo (rabs. 3.7).

Tabaumsa 3.7

TAGAZ |TAYANZ |[TAYAZ | TATGAZ |2 AGAZ | 2 AYyAZ
Alz Ay
BlxAZ * *
ClTAy * *
D|yAZ * %
ElxzANz * *
Flynz * *
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Poszuin 3. Bysesi ajarebpu

OCKITbKHM KOYKeH KOH IOHKT IMOBHOI JIOBYKWUHU TOTJIMHAETHCS TPUHARMHI
JIBOMa, TIPOCTUMHU IMILTIKQHTaAMHU, AP0 33 JaHOTO BUPa3y MOPOYKHE, IO yHe-
MOYKJIMBJTIOE CITPOTIEHHA IMILTIKAHTHOI Tabauti. /[1a modym1oBn TYyIUKOBUX
JIH® muponymepyemo mpocTi immikanTn jgitepamu A—F| 9xi mo3sHavYaoTh
YMOBY BXOJzKeHHS BiImoBiAHOI iMmIikantu a0 TynukoBoi JITH®. Bumnwmie-
MO y BUTJIAIL (popMysIu aaredbpu BUCIOBIEHh YMOBY KOPEKTHOCTI TYTHKOBOI

JAH® (mpocTi iMITiKaHTH MaiOTh MOTJIMHATH BCi KOH FOHKTH MOBHOI JIOBYKWHU

i3 Buximuoi JJJIH®D):
(E+ F)&(C+ D)&(C + E)&(A+ B)&(A+ F)&(B + D),

e <+> r1a <&> N03HAYAITH onepalil HaJ BUCJIOBJICHHIMH — BiJIIOBIIHO
3’ FOHKILIO Ta KOH IOHKIL0. 3Bejiemo 1o dopmyty 10 JTHD (3uak «<&> s

CKOPOYEHHS 3aIUCY OIyCKATUMEMO):

ADE + BCF + ABCE+ ABCF + ABDE + ACDE + ACDF + ADEF+
+BCDF + BCEF + BDEF + ABCDE + ABCDF + ABCEF+
+ABDEF + ACDEF + BCDEF + ABCDEF.

3acTocyBaBIIN 3aKOH IMOTIMHAHHSA, OTPUMYEMO OCTaTOYHY YMOBY
ADFE + BCF + ABCE + ACDF + BDFEF,

110 O3HAYAE HASIBHICTD II'ATH TYIHKOBUX (POPM:

(@ ATV (YAZ) V(T A 2);

(@ AZ)V (@ AY) V(YA 2);
(zAY)V (zAZ)V (T AY)V(TA2);
@AV (@AY V(YAZ)V([IA2);
(ANZ)V(YAZ)V(TA2)V(TA2).
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3.6. Minimizaifist 113 IOHKTHBHUX HOPMAJIbHHX (hbOPM

Baypaxkenus 3.10. Omucanuii MeToJ MOIIYKY TYIMUKOBUX (POPM MOYKHA
3aCTOCOBYBATH JI0 BUXIJIHOI (HE CIPOIIEHOT) IMILIIKAHTHOT TabJIHIl, OHAK TIe
MOYKe JIETO YCKIQIHUTH OOYNCTeHHS 38 PaXYHOK MOSBH S/ IPOBUX IMILTIKAHT.

Baypaxkenust 3.11. Y xkomi’oTepHiit peasizamnii agroputmy Ksaiiaa o-
I[IJIbHO BUKOPUCTOBYBATHU CIEIIaJbHY HYMepaIiio KOH IOHKTIB. /Iy j10BijIb-
HOrO KOH'1OHKTA (T, ..., T,) KOXKHI 3MiHHIHA T} CTABJATD y BiANOBIAHICTS
OJIVH 13 TPhOX CUMBOJIB: <1>, 9KIIO T} BXOAUTH J0 I 0e3 jonoBHeHHs; <0,
SIKIIIO T) BXOJUTH JI0 I 3 JIONOBHEHHSAM; <—>, SKIIO T} B3araJji He BXOIUTH /10
kon'toukTa F. Tak, kou'toukry FE(x,y, z,t) = x AZ At Bianosigae ko 1—01.
OTrpumaHi Ko po30MBAIOTH HA TPYIIN 38 KIJIbKICTIO BXOIKEHb CUMBOJIA, <1,
IO CYTTEBO IiABUIIYE ePEKTUBHICTD MOITYKY KOH IOHKTIB JIJISI CKJICIOBAHHSI,
OCKIJIbKY JIOCTATHBO TEPEBIPSITH Hapu KOMIB i3 <cycignixs rpyn [8].

Meroa baeiika. Lleit meTon nmepeabadae, 1Mo BUpa3 3aJaHUR Y BATJISI
noBibHOT [TH® (HE 060B’13KOBO TOCKOHAJION), 1 TIOJISITAE ¥ 3aCTOCYBAaHHI JIBOX
TOTOXKHOCTEIA:

1) (AANz)V(BAZ) = (AANz)V(BAT)V(AAB) (y3araabHeHe CKICIOBAHHS ) ;

2) (AN B)V A= A (normuHanus).

ToroxkHOCTI 3aCTOCOBYIOTH 3/1iBa HANIPABO; CIIOYATKY 3aCTOCOBYIOTH y3a-
raJibHeHe CKJICIOBAHHS JOTH, TIOKHU 1€ MOYKJIUBO, a MOTIM, TOKH MOYKJIUBO —
noruHanHs. Moxkua josecru [9], 1110 y pe3y/brari Ma€Mo OTPUMATH CKOPO-
veny /IHO.

Ax 1 B meroni Kgaitha, Ha meprmoMy etani BUpa3 CYTTEBO yCKJIATHIO-
€ThCsI, OCKIJIbKU 3’ SIBJISIOTHCS HOBI KOH IOHKTH, OJIHAK Ha JIPYroMy eTari I
HOBI KOH FOHKTHU JIAI0OTh MOYKJIUBICTH 1MO30YTHUCS 1HINUX KOH IOHKTIB OlJIbINOT
JIOBYKUHU.

Ha BigMiAy BiJi HEOBHOTO CKJICIOBaHHS, y3arajbHeHe CKJICIOBAHHS MOXK-
Ha 3aCTOCOBYBATH JO KOH IOHKTIB pi3HOT jIoBKuHU. KpiMm Toro, KOH'IOHKT K,
orpuMaHuii i3 KoH 10HKTIB K7 i Ky y3arajbHeHHM CKJICIOBaHHSIM, HE 000B’s13-

KoBO morinHae Ky i Ko, 10 yCKJIaAHIOE 3acTOCYBaHHS MeTony bBueiika 1o-
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Poszuin 3. Bysesi ajarebpu

piBHgHO 3 MeTomoM KBaitna. Oanak Mmeron beiika Mae mepeBary: BUXIIHMIMA
BUpa3 MoxkHa He 3BoauTu 10 JIJIHOD.

ITpuknam 3.44. 3actocyemo MeTos1 Baeiika 1ist oTpuMaHHSa CKOPOYIEHOT
JH® supaszy (z Ay)V (T A 2)V (yAZ) i3 npukiaaxy 3.39. ns 3pyanocti

MOCU/JIaHb TPOHYMEPYEMO KOH T0HKTH BuXigHoi /JIH®:

E(x,y,z) = (x/l\y)\/(ff\z)\/(yf\z)

3aCcTOCOBYIOUHN y3arajbHeHe CKJICIOBAHHS 1 IPOJIOBXKYIOUN 3arajbHy Hy-
Mepalliio, OTPUMYEMO TaKi KOH IOHKTH:

9 yAz(12)

5) T Ay (2,3).

OTpuMaHi KOH'IOHKTH He JIOIYCKalOTh y3araJbHEHOI'0 CKJCIOBAHHS MixK
co0010, OJIHAK JOIYCKAIOTh y3araJbHeHe CKJICIOBaHHS 3 KOH IOHKTaMHu 1-3:

6) y (4,3);

7) y (1,5).

[lopagbine y3arajbHeHe CKJICIOBAHHSI HEMOXKJINBE, 1 MOXKHA, IEPEXOIUTH
J10 noryinHaHHsI. O4YeBHIHO, KOH IOHKT ¥ IOIJIMHAE BCI KOH IOHKTHU, OKPIM TA 2,

TOK OCTATOYHO OTPUMYEMO Taky ckopoueny JJH®: F(x,y,z) = (TN z) Vy.
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Po3naia 4

byseBl dpyHKIIII.

P yHKIIIOHAJIbHA IIOBHOTA

4.1. OCHOBHI ITIOHATTS

Y KoMII'IOTepHili MaTeMaTHIll ocoOJUBY POJib BiAIrpalOTh BiloOparKeHHs
f:{0,1}*" — {0,1}, n > 0, axi HasuBaTL 6yaesuMU GYHKYLAMUY (CIO-
BO <OyseBa> inozi omyckarumemo). Egementn 0 Tta 1 MoxKHA BBazKaTu Jio-
rivHUME XHUOHICTIO il iICTUHHICTIO, aJie 1le MOXKYTh OYTH eJleMeHTH JIOBLIbHOI
HPUPOJIN.

Bupuatouu Oysesi pyHKIIII, 3a3BUYail TOBOPATH PO PYHKIIT Ha MHOZKH-
ui {0, 1} Big n aprymentiB (3Minnux), BukopucroBywoun 3amuc f(zy, ..., T,),
e xi, ...,x, € {0,1}. Yucno n, ske HasuBaoTb aphicmio GyHKIT f, 3a
OTPeOH BKa3YIOTh BEPXHIM IHAEKCOM V JAyKKax, TOOTO BUKOPUCTOBYIOTh II0-
snadenns fM).

Bunaok n = 0, 3a BU3Ha4e€HHSIM, BiJI0Bi1a€ PYHKINSAM i3 3HAYEHHIMA Y
muoxkuai {0, 1}, gKi He 3a/1€2KaTh BiJl 2KOJIHOIO apryMeHTa, TOOTO KOHCTAHTaM
0 Ta 1.

Hust n =1 maemo 4 ynapni bdynxuii fO: {0,1} — {0,1} (raba. 4.1).
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

Tabiunst 4.1. Bynesi dyukiiil oguiel 3minHOT

z | 01 | Ilosnauenua Hazsa
é Y| 00 0 Koucranra 0
1( Vo1 x Toroxkua QyHKITsT
2( Y110 x Bamnepeyennsa
351) 11 1 KoncranTa 1

Jast n = 2 maemo 16 Ginaprus Gymesnx dynkmiii £ : {0,1}*2 — {0, 1},

sIKi 1mojano y tabJr. 4.2.

Tabiums 4.2. Bynesi ¢yHkiii ABOX 3MiHHUX

z 8(1)(1)} Ilo3nauenns Hazgsa
1 0000 0 Koncranta 0
1(2) 0001 T Ay Kon’ronknia
2(2) 0010 T —y BarnepeyeHHst Bi1 iMILTIKAIT
§2) 0011 x [Ipoexrrist Ha mepIMit apryMeHT
f) 0100 y—x BanepevenHsi Big 00epHEHO! iMILTiKarii
5(2) 0101 Y [Ipoekiiiss Ha aApyruit aprymenT
é2) 0110 rTDy Cywma 3a momysem 2 (BUKIIOUHE <ab0> )
7(2) 0111 xVy Ju3’toHKITi g
8E2) 1000 xly Crpinka Ilipca (3anepeuennst au3’OHKIIT)
9(2) 1001 Ty ExsiBasneniiisa
1((2)) 1010 Y BamepevueHHs BiJ APyroro apryMeHTa
ff) 1011 y—x O6epnena iMmmikaris
1(5) 1100 T 3amepeveHHs BiJ MEPIIOro apryMeHTa
1(? 1101 T —y Imnikaris
1(2) 1110 x|y [MIrpux [Mleddepa (3anepedenns KOH IOHKILIT)
@ | 1111 1 Konucranta 1
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4.1. OcHOBHI HOHSTTS

Bupasa 4.1. Jlosectn, mo ama n > 0 icaye 22 6ymesux bynKiil ap-
HOCTI N.

Bka3ziBka. BukopuctoByoun KOMOIHATOPHUN NpUHIKI J00YTKY, JIOBECTH
3arajbHuil (pakT: Ui cKiHdeHHuX MHOXKUH A 1 B, 9Ki MicTaTh BIIIOBIIHO
N1 Ta Ny eJIeMEeHTIB, icHye ny™ Bimodpaxkenb i3 A y B.

Bynesi dyukmii moznagarumemo Jitepamu f, g, h 3 ingekcamu abo 6e3
HUX, 3MiHHI — JliTepaMd T, Yy, zZ 3 iHjgekcamu abo 6e3 HuX. MHOXKHMHY BCiX
Oy/eBux YHKINH JOBLIbHOI CKIHUEHHOI apHOCTI II03HAYAITh Yepe3 .

Axmo posragmaTu 1 Ta 0 9K JIOTIYHI ICTHHHICTE 1 XHOHICTH, TO OLIBIIICTD
OimapHuX QyHKI, BusHaYeHUX ¥ Tab1. 4.2 (1u3’oHKIliA, KOH IOHKITS, iMILTi-
Kallist Ta iH.), HAOYBAOTh 3MICTy BIiJIOMHX JIOTIYHUX oOmepariii B aarebpi Bu-
CJIOBJIEHB; YHAPHA Oliepallis JONOBHEHHs, BU3HavYeHa y tadj. 4.1, Bijmosiiae
JorigHOMY 3amepedentto. Orxke (MuB. MpuKIaL 3.4), aJreOpUIHA CTPYKTYpa
<{0, 1}V, A, 0, 1> € Oys1eBoI0 aarebporo 3 BIANOBLIHMM Oy/IeBUM KiIbIEM
({0,1},®, ), e <> MoxKHa posrisigaTn abo K KOH'IOHKI0, abo gk apud-
MerudHe MHO:KeHHs (iHiml onepanii Busnadeni y tabu. 4.1 1 4.2).

Osmauenns 4.1. Dopopars, mo dynxmis f™(ry, ... x5, ..., 2,) Mic-

TuTh (DIKTUBHY 3MIHHY Z;j, 4KIIO icHYe (DYHKIIidA g™V Taka, 1o

f(”)(ajl, ey Ty ey Ty = g(”_l)(:cl, e X1, Ty ey T)

s Beix x € {0,1}, 1 < k < n. Buminny, gxka He € GIKTUBHOW0, HA3WBAIOTH
1ICTOTHOTO.

IMpukaang 4.1. 1. Oysxnis f(z,y) = (z AY) VY = ¥ MicTUTb OJHY
QikTUBHY 3MiHHY X, 3MiHHA ¥ iCTOTHA.

2. Oyukiig f(x) = AT = 0 He MICTUTB KOJHOT ICTOTHOT 3MiHHOT — €IHHA
3MiHHa T € PIKTUBHOIO.

QyHKIIT HA3UBAIOTh €KBiBaJIEHTHUMU, AKIIO OJHY 13 IuX (PYHKIIH MOXKHA

oTpuMaTu 3 IOl mojaBaHHsM Ta (a00) BuyueHHsIM (DIKTUBHUX 3MIHHUX.

111



Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

[makmme KaxKy4n, eKBiBaJeHTHI (PYHKIIT 36iraloThcsd 3 TOUHICTIO 10 (PIKTUB-
HUX aprymenTiB. Hamami, gkimo He BKa3aHO iHITE, eKBiBaJeHTHI (DYHKIII He
PO3PIZHATUMEMO.

ITpuknan 4.2. 1. @yukuia f(x,y, z) = ¥ ekBiBaJeHTHA yHAPHIN DYHKIT
g(x) =T (abo, mo e xk came, g(y) = 7).

2. @yukuist f(r) = x VT = 1 He 3a/1eKUTh BiJl KOJHOTO ICTOTHOTO apry-

MEHTA Ta eKBIBAJICHTHA KOHCTAHTI 1.

Bu3nauumo peKypCHBHO NOHATTA (POPMYJIHM HAJ, HENOPOXKHLOIO MHOZKH-
HOW (Ky1acoMm) OyseBux (pyHkiin K € P,

Osznauenns 4.2. 1. Hexait f™ € K. Toui f(z1,...,7,) — dopmyia
nag K.

2. Hexait f™ € K, E, ..., E, — dopmymu nag K abo 3minni (He 0608’ 513-
koBo pizni). Toni f™ (B, ..., E,) — dopmyaa nag K.

3. Inmux dpopmysa Hag Kiaacom K Hemae.

Tak, nax Habopom K = {—,V} MoxHa, 3-IOMIK 1HITMX, BUnucaTu hop-
Myma x — Yy, x — x, ¢ — (yV z2), z — (yV ). Haromocumo, 1mo mjis
KJIACHIHUX OiHAPHUX (PYHKINH TpaJIUIiiiHO BUKOPUCTOBYIOTH iH(MIKCHY dop-
My sammcy: x V y 3amictb V(z,y); © — y 3amictb —(x,y) i T. 1.

Koxkua dpopmysia vai 3aganum kjiacom K C P npupoHuM 4MHOM 33/1a€
OyJsieBy PYHKIIIIO, CTPOre PEKYPCUBHE BU3HAYEHHS HAJIAHO, HAIIPUKJIAL, Y PO-
Gorax [7; 10; 11]. dxkmo Oysesa dbynkuist f peasizoBana jesaKko0 GHOPMYJIO0
HaJ KjacoM K, To ToBOpsATh, 1m0 f € cynepnosuyicto pyHKIiR i3 Habopy K.
BazBuyaii GyHKINIO MOXKHA peasidyBaTu PisHUME (DOPMYyIaMU HAJL 38 1aHAM
nabopom K C P. Tax, y Bunagky K = {—,0} koucranry 1 moxxHa peaii-

3yBaru, 30kpeMa, (popmysavu z — x, 0 — z ta 0 — (x — x).

O3nauvenng 4.3. 3aMUKaHHIM HEIOPOXKHLOrO Habopy GyHKIH K C Py
Ha3WBaIOTh MHOXKHMHY (DYHKITIH, 9Ki MOXKHa, peaJizyBaTh POpMYJIaMU HaJ Ha-

oopom K. 3amukamus Habopy K mo3Hauaorh depes [K|.
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4.1. OcHOBHI HOHSTTS

IMpukaax 4.3. 1. [{z}] = {z,z}. Haromocumo, mo nax wabopom [{z}]
icHye HecKiHUYeHHa KiIbKICTH GOPMYI T, ;, %, i T. 1., omHaK T hopmym
peaJi3yIoTh JuIe aBi (DYHKIIT — TOTOXKHE BiTOOpazKeHHS i JOTOBHEHHSI.

2. {z,0}] = {z,x,0,1}.

3. [V} = A{z, v1 Vg, 1 Vo Vs, ...}, TobTO 3amukanusg wabopy {V}
MIiCTATh HECKIHUeHHY KITBKICTh (DYHKITIH; TOTOXKHA (DYHKITA & peasi3yeThes
dopmysow x V T.

4. [{V, N, x}] = P», ockinbku Oyab-sKy 6y/eBy (hyHKITII0 MOYKHA 300pa3u-
i y Bursisii JIJTHD (a6o JKH®), To6To peasizysatn ¢hopMyJIoi0 i3 BUKOPHU-
CTaHHSIM JI3’OHKIIIT, KOH OHKIIIT Ta JONOBHEeHHs (nuB. 1. 3.5.4). 3a3HaunMO,
Mo KOHCTaHTU gk cuemianabHi Bunagku JIJIH® i JKH® caig posrmganaTu
okpemMo: 0 =z Ax; 1 =2V

BayBakeHHs 4.1. Y monepe THLOMY TPUKIaII i Jai pyHKINT 38/ 1a€MO SIK 3
BUKOPUCTAHHSIM BIJIIOBIIHOIO (DYHKIIOHATBHOIO CUMBOJTY (<V>, <—> < »),
Tak i vepe3 dpopMyny (<x V y>, <x — y>, <r>). O0uIBa CHOCOOH TLIKOM
KOPEKTHI Ta MOYXKYTh BUKOPUCTOBYBATHUCH 0€3 0OMEKeHb.

Baypaxennust 4.2. dxmo kirac dyukmniit K C P, MicTuTh TOTOXKHY (DYyHK-
uito f(z) = x, 3amukanns [K| MOXKHA BU3HAYUTU TAKUM KPOKOM PEKYPCIl:
SIKILIO g&n), ...,gfﬁ) € [K] ra g(()m) € [K], ro [K] micrurs dbyuxmio h™, sky

BU3HAYAE CIIBBIIHOIIEHHS

(n)

A 2y, ... 1,) = gém)(ggn)(ajl, ey Ty ey G (T e Tg)).

Apnocti dyukmiii g; (1 < k& < m) cuopaBii MOKHA BBayKATH OJTHAKOBHU-
MM, OCKLIbKK (DYHKIII1 BU3HAYAEMO 3 TOUYHICTIO 0 (DIKTUBHHUX apTyMEHTIB,
TOOTO (DYHKIIII MEHITOI apHOCTI MOYKHA JIOMOBHUTHU BiJIOBITHOIO KiJBLKICTIO
QGIKTUBHUX 3MIHHUX.

HapemeMo KijibKa eJleMeHTapHUX BJIACTUBOCTEH omepaTopa (DYyHKIIOHAIb-

HOI'O 3aMHUKaHHA:

e [[K]] = [K], T06TO MOBTOpHE 3aMUKAHHS He JOJAE€ HOBUX (DYHKIIII;
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

o (KN Ky C[Ki]NI[Ky], T06TO 3aMUKAHHS MEPETHHY € MM AMHOKAHOIO
IepeTUHY 3aMUKaHb. 3a3HAUYNMO, IO PIBHOCTI y 3arajbHOMY BUIAIKY
Moxke He 6yt — goctarubo posraguaytn Ky = {x,0}, Ky = {z,1};

o [K1U K3 D [K1] U[K3|, TobT0 3aMuKaiHd 00’€JIHAHHS € HAJIMHOMKM-
HOIO 00’€THAaHH 3aMHKaHb. PIBHOCTI y 3arajbHOMY BHUNAJAKY HEMa€E —

nocraTabo posriaanytu K, = {x}, Ky = {V}.

O3uauenns 4.4. Henopoxkniit kinac pyukniit K C P, Ha3suBaioTh PyHK-

MIOHAJILHO 3aMKHEeHUM abo mpocTo 3aMkHeHuM, akio (K] = K.

[nmumu ciioBamu, Kaac pysakuiin K C P, € 3aMKHEHUM TOJII 1 TIJIBKX TOJI,
KOJIU CYIEePIIO3UIlisiMU PYHKIIIH i3 K He MOXKHA OTPUMATU <HOBUX> (DYHKIIIH,

JdKi He HaJlexkaThb K.

Ilpuknaan 4.4. 1. Kiac P, o4eBuIHO, 3aMKHEHHU, OCKLJIbKH 33 BH3HA-
YEeHHSIM MICTUTh yci O6yseBi dpyHKIIII.

2. Knacu {0}, {0,1}, {z}, {z,z}, {x, 1}, {z,x,0,1} 3amxneni.

3. Knac {z, 7,0} nesamxnenwuit, ockitpku 1 =0 € [{z,7, 0}].

4. Knac dbyukuiit {z1 V -V x,: n > 1} 3amkrennii. Haromocnmo, 1o

1eit kjaac He mictuth koucranT 0 ta 1.

Hamenemo nBa ememeHTapHI pakTH MOA0 BJIACTHBOCTI 3aMKHEHOCTI.

1. Hexait K C P», K # @. Toxi knac [K| 3amkHeHnii.

2. Hexait K,,Ky C P, — 3amkneni knacu i Ky N Ky # &. Toxi knac
K; N Ky 3amMKHenuit.

3a3HaunMO, 1110 00’ € THAHHS 3aMKHEHHUX KJIACIB MOKe He OYTH 3aMKHEHUM

KJIACOM — JocTaTHbho posrignyru Ky = {r,z}; Ky = {0}.

O3znauvennd 4.5. Henopoxwiit kinac dyukiiit K C P, Ha3uBaioTb pyHK-

IIOHAJIBHO IIOBHUM a00 mpocTo NOBHUM, ko K] = P;.

[nmumu ciaoBamu, Kiaac Gy K C P, € HIOBHUM TO/Il i TIBKH TOI,

KOJIU cyneprio3uilisimu dyHKILii i3 K MokHa oTpuMaru Bei OyseBi QyHKIIIT.
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4.2. OcaoBHI (pyHKIIIOHATIFHO 3aMKHEHI KJjacu OyaeBux (DyHKITIH

ITpukman 4.5. 1. Kinac P, oueBUIHO, TOBHMIA.

2. Kiac {V, A, £} noBHUii, OCKIJIBKY, K 3a3HAYAJOCH Y TPUKIaI 4.3, 1. 4,
OyIb-gKy OyJseBy pyHKII0O MoxKHa 3amaru y Buragmi JIJIH® aco JJTKHO,
BUKOPHCTOBYIOUH TeXHIKY, omnucany y m. 3.5.4. Haramaemo, 1o KoHCTaHTH
cain posrasyiatu okpemo: 0 = x Ax; 1 = oV x. Kinacu {V,z} ta {A, z}
TaKOXK MMOBHI, OCKIJILKH, BUKOPUCTOBYIOUH IpaBmJio ae Moprana, 1u3’ IOHKITIIO
MOYKHA BUPA3UTHU Yepe3 KOH FOHKIIIO 1 JOTMOBHEHHS, & KOH IOHKINIO — depe3

T3 IOHKITIO 1 JTOTOBHEHH:

tVy=xzAy, xAy=2xVy.

3. Knac {A, @, 1} € noBuum, oCKiJIbKY AU3 IOHKILIO 1 JOIOBHEHHS MOYKHA
BUPA3UTH depe3 GYHKINT MbOro Habopy 3a IOMOMOIOI0 CIiBBiHOIIEHD (3.5),
sIKi BU3HAYAIOTh Iepexi1 Big OyeBoro Kijabig 10 OyJIeBol aareOpH.

4. Knac {—,T} € n10oBHEM, OCKIIbKU I3 IOHKIIIO MOKHA BUPA3UTU 9epe3
dyHKIIIT IHOro HADOPY 3a JOIOMOIOI0 CIIBBLIHOIIEHHS ' V Yy = T — ¥, a
nosHoTa HaObOPY {V, T} B:Ke BeTaHOBIEHA (1. 2 BOIO MPUKIIALILY ).

5. Knac {—,0} € noBHuM, OCKIJIbKH JIONOBHEHHS MOYKHA BUPA3UTH 4€Pe3
dyHKIIIT IHOro HAOOPY 3a JOIOMOTOI0 CliBBiAHOIIEHHSI T = * — (), a IIOBHOTA,

nabopy {—,T} BKe BcraHoBJeHA (1. 4 HOTO NPUKJIALY ).

4.2. OcHOBHI (PYHKITIOHAJILHO 3aMKHEHI

KJjacu O0yJeBux (pyHKITI

Icnye HeckiHveHHA KiJIbKICTh 3aMKHEHUX KJjaciB OyaeBux ¢yukiiiit. [Tos-
HUP ONMC 3aMKHEHUX KJaciB y P, HaBIB aMepUKaHCHbKUI MareMaTuk Ewijib
Jleon [Toct (1897-1954), Ha iforo yects (byHKIIOHAIBLHO 3aMKHEH] K/j1acu B Py
4acTo Ha3uBaOTH Kiaacamu [locra [10; 11]. Y pobori [1 1] posrisinyTo 1peiu-
KaTHUN OIMKUC 3aMKHEHWX KJiaciB y P, 3 y3arajJbHEHHAM Ha BEKTOPHO3HAYHI

Oy/1eBi PYHKIIIT.
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

Y Teopil HKINOHAJLHOI TTOBHOTH BUPIMIAJILH 0JIb BLUIITPaIOTh I 9Th
p YHKIT p yp JIrp

3aMKHEHUX KJACiB, 9Ki Oy/ae pO3TJISHYTO JIAJIi.

4.2.1. PyukiIii, g9Ki 30epirarorb KOHCTAHTY

OznauenHsa 4.6. ['oBopsarh, mo dyskiig f € P, 30epira€ KOHCTaHTY
0, axmo f(0,0,...,0) = 0. ToBopsiThb, mo dbyukuis f € P» 30epirae KoH-
craury 1, skmo f(1,1,...,1) = 1. Muoxuny dyHkniif, siki 36epiraorhb 0,
03HAYA0Th depe3 Ty; MHOXKUHY (DYHKIH, sKi 30epiraioTh 1, mo3HAYaOThH
gepes 1.

Ilpukmaan 4.6. 1. ®yukuii x; x Vy; r Ay 30epiralorb 00UJIBI KOHCTAHTH,
T0o6TO HaJexkaTh obom kKjaacam 1o it T). Tak, OA 0 = 0; 1 A1 = 1, orxke
rANyelyraxz ANy eT.

2. Oyukmii * — y Ta T < Yy HaJeXkKaTh Kjaacy 17, aje He HajgexkaTh 1.
Tak, 0 = 0=1#0,1—-1=1,otxe x »y ¢ Ty, x —y € 1.

3. Jlerko nepesiputu, mo = @y € Ty, ogaak x y ¢ T7.

4. OueBugno, mo = ¢ Ty ta x ¢ T7.

Jlema 4.1. Kaacu Ty ma T pynrxyioHasvho 3aMKHEH.

Josedenna. OcKiJbKEA 00MIBA KJIACH MICTATH TOTOXKHY (DYHKITITO, MOYKHA,
cKopucTaTuCch 3ayBakeHHaM 4.2. /loBememo 3amkHeHicTh Kaacy 1y. Hexair
g%n), ey gy(ff) e Ty ta gém) € Ty. BpaxoByoun BusHauYeHHS (DOPMYIN HAT
PYHKITIOHAJTHHUM KJIACOM Ta PE3YIbTaT 3ayBayKeHHs 4.2, T0CTaTHbO JOBECTH,

O 70 KJacy 1y HaJeXKNUTh (DYHKITiA

W (1, ) = g (G (@, ), g ).
OckitbKkn g,g,n)(O, 0,...,0) =0, 1 <k < m, nust GyHkii b orpumyemo:
L(0,0, ...,0) = ¢\™(0,0, ...,0) =0,

to6To h(™ € Ty, 1m0 10BOAUTH PYHKIIOHAJIBHY 3aMKHEHICTh KJaacy 1y. AHa-

JIOri9HO MOXKHA JoBecTH 3aMkHeHicTh 17 (i3 3aminoio koncrantu 0 ma 1). [
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4.2. OcaoBHI (pyHKIIIOHATIFHO 3aMKHEHI KJjacu OyaeBux (DyHKITIH

Teopema 4.1 (n1ema mpo (yHKIit0, 0 He 30€pira€ KOHCTAHTY ).

1. Hexau f ¢ Ty, f € T1. Todi 1 € [{f}], mobmo xoncmarnmy 1 moorcra
peanizysamu Gopmyaoto, w0 Micmums auuie Gyruryio f.

2. Hexat f ¢ Th, f € Ty. Todi 0 € [{f}], mobmo xoncmanmy 0 mosrcra
PEANIZYBAMU HOPMYAOI0, ULO MICTHUMD Auwe GYHKUio f.

3. Hexati | ¢ Ty, [ ¢ T1. Todi © € [{f}], mobmo dynruito x moscra

PEANIZYBANU HOPMYA0I0, U0 MICTHUMD Auwe PYHKYio f.

Jlosedenna. 1. Hexait f™ ¢ Ty, f™ € Ti. Posraanemo ¢yHKI0O
g(x) = f(z,z, ...,z) € [{f}]. Ockinbku dyukuis f 36epirac 1 i ue 36epirae

0, oTpuMy€EMO:

g(0) = £(0,0,...,0)=1; g¢g(1)=f(1,1,...,1) =1,

10610 g(x) = 1 maga gosinbhoro x € {0,1}. Orxke, DyHKIg ¢ eKBiBATEHTHA
KOHCTaHTI 1.

2. Hexait f ¢ Ty, f € Ty. Posrgaemo dyukuio g(x) = f(x,z, ..., x).
AHaAJIOriYHO TONEPeHBOMY MYHKTY, OTpUMYy€eMO, 110 ¢(z) = 0 ajist JoBiIbHO-
ro x € {0,1}. Orxke, dpyHKIis ¢ ekBiBageHTHA KOoHCTAHTI 0.

3. Hexait f ¢ Tp, f ¢ T1. 3u0By posristaemo byukiio g(z) = f(z, ..., x).

Ockinbku dyukiis f #e 36epirae 0 i He 30epirae 1, OTpUMYEMO:

To6T0 g(x) = T mag nosiabHoro x € {0, 1}. O

JloBenenng Mae KOHCTPYKTHBHHUU XapaKTep: MH HE IIPOCTO JOBOIAMO
MOXKJIUBICTH OTpUMATH i3 (pyHKINT f KOHCTAHTY ab0 JTOIMOBHEHHSI, & BKA3YEMO

KOHKPETHHI CII0CiO IX OTpuMaHHSI.

IMpukaamg 4.7. 1. Posringnemo f(x,y) = v @ y. OgueBuano, mo f ¢ 11,

f € Ty. Kopucrymounch MeTOIOM, 3aCTOCOBAHUM y JI0BeAeHHI Teopemu 4.1,
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

orpumyemMo Kouctauty 0: g(z) =x @ x = 0.
2. Posroignemo f(x,y) = ¢ — y. OueBngno, mo f ¢ Ty, f € T1. Kopuc-
TYIOUHMCH TUM CAMUM METOJIOM, OTPUMYEMO KoHcTaHTy 1: g(x) =+ — x = 1.
3. Posrnsaemo f(x,y) = | y = v Vy (crpinka [lipca). OgueBumanHo, 1o
f ¢ Ty, f¢ T Kopuctyrounch THM caMUM METOJOM, OTPUMYEMO JOTIOBHEH-

ua: g(x) =x |z = .

4.2.2. MounoToHHi (PyHKITi1

Ha muozkuni {0, 1}, n > 1, 3adikcyeMo <10KOOPAUHATHE> BiJIHOIIEHHS
9acTKOBOIO mopsiziky: Habip a € {0, 1}*™ nepeaye mabopy B € {0, 1}*", akimo
o < By g Beix k=1, ..., n; TyT 1 Hagadi BBaxkaruMeMo, mo 0 < 1. /g
BBEJICHOIO BiJHOIIEHHA HOPSIKY BUKOPHCTOBYBATHMEMO TPAIUIIAHE MO3HA-
wenng o < [B. Tiarpamu Tecce ang muoxun {0,131 = {0,1}, {0,1}*% i

{0,1}*3 BigHOCHO BBEJEHOIO BiJHOIIEHHHd LHOPAIKY 306pazkeHo Ha puc. 4.1.

(0,1}, =) {{0,11%, <) ({0,1}%, <)
Puc. 4.1

Harosiocumo, 1o BBe/ieHe BiIHOIIEHHS MOPSAKY 3a 1 > 2 HesiniiiHe (Ha-

npuka, vabopu (0,1) Ta (1,0) HenopiBHsIHHI).
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4.2. OcaoBHI (pyHKIIIOHATIFHO 3aMKHEHI KJjacu OyaeBux (DyHKITIH

Osnauenns 4.7. Byaesy dynkuio f™ (n > 1) masuBaoTh MOHOTOH-
noto, akmo f™ (o) < f™(B) mna seix a < B (o, B € {0,1177).

®ynkmii aprocti 0 (koncrantu 0 Ta 1) 3a BU3HAYEHHSIM BBAXKAIOTH MO-
HOTOHHUMU. BTiMm dyuKIII0 apHocTi 0 gomaBanHaM (DIKTUBHOTO apryMeHTa,
MOYKHA 3BeCTH JI0 PYHKITT apHOCTI 1, dKa eKBiBaJeHTHA KOHCTAHTI Ta MOHO-

TOHHA 0e31ocepeIHhO 3a O3HAUeHHAM 4.7.

MHuO»kuHY MOHOTOHHUX (DYHKIIIH MOo3Ha4Yal0TH Yepe3 M.

ITpuknan 4.8. OdeBujno, mo =,z Vy,x Ay € M, ocKITHKHU 301TbITEHHS

OYIb-IKOTO apryMeHTa MuX (PYHKIT{ He 3MeHTITye 3HaUeHHs PYHKIIII.

IMpukaang 4.9. Ouesugno, mo r — y ¢ M, ockisibku 0 — 0 = 1 Ta
1 —0=0,axe (0,0) < (1,0).

Y pobori [12] naBemero edbeKTUBHEN KOMII IOTEPHO OPDI€HTOBAHUN AJITO-
PUTM IepeBipKu Oy/ieBol pYHKIIIT Ha MOHOTOHHICTD, SKUH 3BOAUTHCS JI0 II0-
piBHsIHHS 3Ha4eHb dyHKIT juite Ha Takux o, € {0, 1}, axmo a Gesnoce-

pennbo nepemaye .

Jlema 4.2. Kaac M dynruyionarvro samrmerudl.

Zosederna. JloBeaeHHsT 3BOAUTHCA 110 3ayBaskeHHs 4.2 1 IPOBOIUTHCA

aHAJIOTIIHO JOBeAeHHIO jJemn 4.1. ]

Teopema 4.2 (;1ema npo HeMOHOTOHHY byHKIi0). Herat f ¢ M.
Todi x € [{f,0,1}], mobmo dynruito x moosicha pearizysamu Gopmyaoi0, w0

micmums auwe Gynkyito f ma xonemanmu 0 1 1.

Jlosedenna. Hexait f ¢ M. Bazmauumo, mo n > 1, OCKiIbKH KOH-
crautu 0 ta 1 — monoronni ¢yukuii. Ockinbku f ¢ M, icayors Habopu
o, € {0, 1}, Taki, mo o < B, ane f(a) > f(B). Ockinbku Oymnesi yHKIT

HaOyBaroTh Jjniie 3Hadensb 0 Ta 1, orpumyemo: f(a) =1, f(B) = 0.
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

Beesemo y posrusin Gyukmii g (z), k= 1,2, ..., n:

)
0, akmo oy = B, = 0;

gr(z) = < 1, axmo oy = B, =1;

| T, AKIIO o = 0, B, =1

Inmumu croBamu, gi(x) € abo komcranroio ¢ € {0, 1}, akmo a, = f3, = c,
abo TOTOKHOIO (DYHKIIEO T, AKIMO o 7# [, Tooro o = 0, B, = 1. Bunanok
o = 1, B, = 0 nemozknuBuil, OCKIIbKY o < B, jiid Beix k= 1,2, ..., n,

Jlerxo 3posymitn, mo g5 (0) = ax, gx(1) =B, (1 < k < n), ockinbkn

0, akmo oy =0, B, € {0,1};

gr(0) =
1, axmo ay =B, = 1;
0, axmo ay =3, = 0;
gr(1) =
1, akmo B, =1, o, € {0,1}.
Tenep posriagnemo dyukiio g(x) = f(gi1(z), ..., gn(z)). OueBumno,

1o g(0) = F(51(0),02(0), .. ga(0)) = Flo,az, .ov0)) = flo) = 1 12
9(1) = flg1(1), ..., ga(1)) = f(B) = 0. Taxum =unom, g(0) = 1, g(1) = 0,
10610 g(x) = = s Beix x € {0, 1}, mo 3aBepuiye nosenenns. Haromocumo,
o KoxkHa 3 opmya gx(z) (1 < k < n), aki nigcrasuasemo y f(xy, ..., T,),
€ abo 3MiHHOIO ¥, a00 KoHcTaHTO 0, abo KoHcTaHTOIO 1, TOOTO (PYHKIList
g(x) = x cupasai 3agana dopmysow wax {f,0,1}. O

JloBejieHHs Ma€ KOHCTPYKTHBHHI XapaKTep 1 ONKCYE KOHKPEeTHU Crocid
oTpuMaHHs PYHKIHT T i3 J0BLILHOT HEMOHOTOHHOT PyHKIIT Ta KoHcTaHT 01 1.

IMpukmaam 4.10. 1. Hexait f(z1,22) = 1 — x2. Habopamu, mo cupo-
CTOBYIOTH MOHOTOHHICTH 1€l dyuknii, € a = (0,0) Ta B = (1,0). Toxi
y [O3HAYEHHSX J0BeJeHHs Teopemu 4.2 orpumyemo: ¢i(r) = Z, OCKLIbKH

op = 0, B, = 1, robro a; # By; g2(x) = 0, ockimbku oy = B, = 0. Orxe,
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9(x) = gi(z) = g2(z) =2 > 0 ==
2. Hexait f(x1,22) = x1 ® zo. Habopamu, sKi COpOCTOBYIOTH MOHO-
ToHHICTE Tiel ynkmii, €, Hanpukaad, o = (1,0) ta B = (1,1), ockinbkn

0dl=1>=161=0.0rxke, g1(x) =1, g2(z) = x, 3Binku g(z) =1 Hx = x.

4.2.3. CamoasoicTi pyHKIIIT

Osuauenng 4.8. Oyukuictwo, aoicroro no Gyl f: {0,1}*" — {0, 1},

HA3UBAIOTH OyJieBY (DYHKIIIIO

f*(:cl, e ,.CCn) = f(E]_,EQ, e ,xn).

ITpuknan 4.11. 1. O6umcaumo YHKINO, JBOICTY O JIONMOBHEHHS:
@) =z =7

2. O6uncanMo GYHKIIO, ABOICTY 10 TOTOXKHOI GyHKIil: (2)* = T = .
=zAy.
0.

5. Obuucanmo GYHKINIO, IBOICTY 10 €KBiBaJIeHIIi. BukopucroByioun oue-

3. O6uucaumo GYyHKIN0, TBOICTY 10 Au3’t0HKII: (2 VYy)* = 2V

—| <

4. O6uncanmo byHKIT, ABoIcTi 10 KorcTanT: 0F = 0 = 1; 1* =

BUJIHI TOTOXKHOCTI T Dy = x <>y Ta £ = = @ 1, a TAaKOXK acOLIaTUBHICTD i

KOMYyTaTUBHICTH hyHKIT (6iHapHOT omeparlii) «@®>, OTPAMYEMO:

8|

oy =rcy=00y=201)d(ydl)=0dy.

6. OGuncInMo GyUKIo, ABOICTY 10 IMILTKALT: (x — y)*= T — y = TAY.

I3 o3mavenns aBoicTOl PpYHKINT MOXKHA, JIETKO BUBECTH TaKi TBEPIZKCHHSI:

o (/) =1;

e (f* = g = (¢¢ = f). Hanmpukinag, (V* = A) = (A* = V),
(=F=1) = (&* =+).

OxpeMo cOpMYITIOEMO NpuHUUn 0eoicmocmsi, SIKUi TaKOXK JIerKOo BCTa-

HOBHUTH i3 BU3HAUYEHHsI JBOICTOI PYHKIIII: SIKIIO

flxy, .ooyxn) = h(gi(z1, - 2n)y ooy g1y -0, Tn)),
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TO PYHKINIO, JIBOICTY 7O f, BU3HAYAE CITIBBITHOIIEHHS

f(xy, oo xn) =R (g (T, o)y oy g (X1, o X));

onHakoBa apHicTh dyHKIiR g (1 < k& < m) He € 0OMeXKeHHSIM, OCKIIbKH
PYHKIIIT MEHIIIOI apHOCTI MOKHA JIONOBHUTU (PIKTUBHUMU 3MIHHUMH.

BaypazkenHs 4.3. IIlpunnun aBoicTocTi MOXKHA ¢CHOPMYIIOBATH TaK: SIKIIO
dyukiig [ 3amana geskoro dopmynoio F, To GyHKIOIO f* MOXKHaA 3aIaTH
dopmyioo E*, gaka orpuMaHa i3 popmyan F 3amMiHo0 yeix QYHKIN y CKJIa T
E wa BignmoBimHI ABOICTI.

ITpukaang 4.12. 1. @yuknig, apoicra g0 iMmikamii © — y = x V y 6e3-
nocepeinbo obunciena y npukiaamai 4.11: (z — y)* = x Ay. Ognak dopmyry
T Ay MoxkHa Oya0 6 orpumaru i3 dpopMmyan x V Y 3aMiHOI U3’ IOHKINT Ha
nBOICTY (DYHKII0, TOOTO HA KOH IOHKIIIO (IBOiCTa 10 T 30iraeThes i3 ).

2. BUKOPUCTOBYIOYM HPUHIIMI JIBOICTOCTI, 00YUCIUMO (PYHKIIIIO, JIBOICTY
1o byukuii f(x,y, 2) = (xVy)@z. Ockiabku V* = A ta @* = <, oTpuUMy€eMO:
[y z)=((zVy) ®@2) = (xAy) < 2

Osnauenng 4.9. ByneBy dyHKII0O [ HA3WBAIOTHh CAMOIBOICTO0, AKIIO

f* = f. Muoxwuny camomBoicTux (PyHKIII# MO3HAYAIOTH Yepe3 S.

ITpukaazn 4.13. 1. Toroxxkna QpyHKIig T Ta JOIMOBHEHHS T CAMOIBOICTI.

2. JIm3’TOHKIIisI, eKBIBaJIEHITiS Ta IMILIIKAIlsl HecaMoaBoicTi. B3aradai, jer-
KO TEepeBIpUTH, MO cepea MYHKIIN IBOX ICTOTHUX 3MIHHHX HEMa€ »KOIHOI
CaMOJIBOICTOLI.

3. Posragnemo dbyukiito M(z,y,2) = (xVy) A (zV z) A (yV z). Oue-
BuaHO, mo M*(x,y,2) = m(x,y,z2) = (x Ay) V (z A z)V (y A z). Onnak
roroxkuicts M (z,y,z) = m(x,y, z) Jerko BCTAHOBATH GE310CEPEIHBO, CKO-
PUCTABIINUCH 3aKOHOM JIMCTPUOYTUBHOCTI, a0 oTpuMaT i3 Teopemu 2.8, siKa,
BUKOHYETbCA B JIOBLIbHINA MOJYJISIpHiil pelriTii, a orzke i B Oy/ieBiii ajaredopi
<{0, 1}, V,A, 0, 1>. Takum amnom, M(x,y,z) = m(x,y,z) € S.
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Camomsoicricts 6yimesoi dbyukmii ™ merko mepesipumru 3a ii BexTO-
pPOM 3HAYeHb, OCKIIbKH TpOTHIekKHI Habopu (o, ...,o,) € {0,1}*™ Ta
(o1, ..y 0) € {0, 1} posmirieHi cHMETPUIHO BiTHOCHO CEPeTUHU Tab Il
icrunnocTi. Crpasi, 11t 1 = 2 MaeMo po3TallyBaHHs HAOOPIB (3a 3pocTaH-
HaM y aBifikosiit cucremi) (0,0), (0, 1), (1,0), (1,1), i 1Bi mapu TPOTUIEIKHUX
uabopis (0,0)—(1, 1) ra (0,1)—(1,0) po3mirneHi cHMeTPUIHO BiTHOCHO CepeJiu-
HI; V 3araJbHOMY BHUIAJIKY Teil (paKT MOKHA [TOBECTH, HAIPUKJIAI, 1HIYK-
mieto 3a n. Temep oueBHIHO, IO BEKTOP 3HAMEHb camMoaBoicTol dyukmii f™)
Mae Burysiy, (Co, €y, ..., Con-1_1,Con-1_1,C1,Cg) — Ha TPOTHIEKHUX HaBOpax
dyHKITIg HAOYBA€ MPOTUIEKHUX 3HATECHD.

IMpukmamg 4.14. 1. Oyukuis aprocti 3 3 BekTopoM 3Havenb (01110000)
HeCaMO/IBOICTa, OCKIIBKY Ha MpoTHIeRkHuX Habopax (000) ta (111) (meprmra i
OCTaHHSI KOOPJINHATH y BEKTOPi 3Ha4YeHb) (pyHKIist HaOyBae 3HadeHHs (.

2. Cepen dyHKIIiit apHOCTI N icHYE€ 92" CaMOJIBOICTUX, OCKLIbKUA BEKTOD
3HAYEeHb CaMOJBOICTOl (PYHKINI OJHOZHAYHO BU3HAYAETHCS 3HAUECHHSIMHU HAa,
110J10BHHI HAOOPiB, ToOTO Ha 2" 1 Habopax. 3okpema, cepeji OiHApHUX (DYHK-
iii (BpaxoBytoun (GiKTUBHI apryMeHTH) iCHYy€ 22— 4 dyHKIIil, sIKi BU3HA-
garorbesd Bekropamu (0011), (0101), (1010) ra (1100). I3 Taba. 4.2 Gauumo,
mo ne dbyuknil fi(r,y) = x; f5(v,y) = y; fio(z,y) = y; fiz(z,y) = 7; yci
i pyHKIIT MaloTh (PIKTUBHUN aprymMeHT, TOOTO, K 3a3HAYaJIOCh y HPUKJIa-
Ji 4.13, He icHy€ »KOJIHOI caMO/BOICTOT (PYHKIIIT JBOX ICTOTHUX apryMeHTIB.

Jlema 4.3. Kaac S pyHKuioHaAvHO 3aMEHEHUT.

osedernnsa. 3 ypaxyBaHHIM 3ayBarkeHHsS 4.2, TBep/I2KeHHS JIEMU BUILIH-
Ba€ 13 MPUHIIUITY JABOICTOCTI. (]

Teopema 4.3 (;1ema mpo Hecamonsoicty dbyukmio). Hexat f ¢ S.
Todi 0,1 € [{f,z}], mobmo xoncmanmu 0 ma 1 moorcra peanrisysamu ¢op-

MYA0M0, Wo micmums auwe Gyruryil f ma x.

Josederns. Hexait f™ ¢ S. 3a3HaUMMO, 110 I JOBEJIEHHS JOCTATHBO

orpumaru i3 dyukuii f rta r xoua 6 oxny i3 koncrant 0 abo 1, OCKiIb-
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KU JIPDYTY KOHCTAHTY OTPUMYEMO, BAKOPUCTOBYIOUHN JTOTOBHEHHS. 3a3HAYNMO,
o BUMa 0K N = 0 TpuBiaJbHUN, OCKLIBKKA TOI PYHKINSA f € KoHCTaHTOowo ()
abo kouctanToio 1. OT¥xke, BBaxKaTUMEMO, 110 1 > 1.

Ockimpxu f ¢ S, icuye Takmit mabip a € {0,1}*", mo f(a) # f*(a).

BpaxoBytoun Bu3HaUYeHHS ABOICTOI (DYHKITIT, MAEMO:

f(O(l, .. .,O(n) 7é f(&l, Ce ,&n)

OckinbKu Oy/eBa (pyHKINS MOKe HAOYBaTH JIUIIE JBOX 3HAYCHD, & 3aCTO-

CyBaHHA JOIIOBHEHH 3MIHIOE SHa4Y€HHA, OTPUMYEMO:

f(O(l, ...,O(n):f(al, ...,O(n):C,

ne ¢ € {0,1} — ¢ikcosana koucranra. Posrisgnemo yHapHy (YHKIIO

g(x) = flr Doy, rDay, ...,z O a,). OueBujiHo, mo

g<0):f<0(17--'70(n):c; g(l)Zf(&l,...,an)zc,

10610 g(0) = g(1) = ¢. Orxke, g(x) = ¢ ans ycix z € {0,1}. Bazuagumo, 1o
KoykHa 3 GyHKIIH © @ oy (1 < k < n), mo ix migcrasasiemo B f(xq, ..., 2,),
€ abo 3minHO0 T, abo dyHKHi€o T, To6TO dDyHKIid g(T) = ¢ cupaBai 3a1aHa
dopmynoo nan {f, r}. Orxe, orpumano oany 3 koucraur i3 {0, 1}, apyry
KOHCTAHTY OTPUMYEMO (POPMYJIOIO C, 10 3aBEPILYE JTOBEICHHS JICMU. H

HarosocuMo Ha KOHCTPYKTHBHOCTI JIOBEJEHHs, IO HaJa€ KOHKPETHUIA
crioci6 orpuManist KoncranT 0 Ta 1 i3 goBiabHOl ByHKIIT f ¢ S Ta GyHKIT T,

IMpuknan 4.15. Posrusnemo dyukiio f(xy, xe) = x1 V x5, OueBnIHO,
mo f*(x1, ) = 1 Axo. Jdyist cipocTyBaHHS caMOABOICTOCTI f MOYXKHA B3SITH,

Hanpukaaa, Haoip a = (0, 1). Orpumyemo:
g(x)=fz®0,z61) = f(r,z) =x V=1

Orxke, orpumasu Koncraury 1 = f(x,7); koncranry 0 orpumyemo, 3a-

crocysasum jgonopaenns: 0 = 1 = f(x, 7).
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4.2.4. Ilominom 2Keraskina. JIiniitai dyHKIil

Posragnemo dopmyan vag Habopom {®, A, 0,1}. Bigomo (aus. npukia
3.4), mo muoxkuHa {0, 1} yTBOpIOE Kijible 3a J0jaBaHHAM <@> Ta MHOMKEH-
HiAM <A>. Opi€HTYIOUNCH HA TPAJAUIIiiHI MIO3HAYEHHS, IPUIAHATI B TeOpil Ki-
JIeIlb, JIJIsI onepaiii </A> 0yJleMO BUKOPHCTOBYBATH IO3HAUYEHHs <->. Bpaxo-
BYIOUM KOMYTATUBHICTh Ta aCOIIATUBHICTH olepalliii <@> Ta <->, He PO3Pi3-
HATAMEMO (POPMYJIHU, AKi PI3HATHCS JIMIIE IOPSJIKOM apryMeHTIB IUX Olle-
pariiii, i onmyckaTuMeMo JIYKKH y POpMyJIax 3 MOC/IiJJOBHUM 3aCTOCYBAHHIM
ofHi€l i3 mux onepaniit. Tak, He 6yaemo po3pisasaTu dhopmynn = & (y & z) Ta
(x@®2)Dy; - (y-2) Ta (r-2)-y, i 3anucyBaTuMeMO 11i HopMyIH 6e3 Ty ZKOK:
rPBYyPz 1a x-y- 2. KpiM TOro, BBaxKaTuMeMoO IPIOPHTET Olepallil <-»> BAIAM
3a npiopuTer <G>, ONYyCKAIYH JAYKKH 3 000X O0KIiB PpOPMYJIH i3 30BHIITHHOIO
onepaiiieio <->. Tax, 3amictb @ (y - 2) nucarumemo = @y - z. Hapenrri, skio
apryMeHTaMU <-> € 3MiHHI, CHMBOJI <-> 1HOJ/I OIIyCKaTHMEMO, TOOTO 3aMiCTh
@ - T - Y JacTillle THCAaTHMEMO axy.

Ospauenns 4.10. IToginomom 2Keraykina' 3 n 3MIHHUME Ha3MBAIOTD

dbopmyiry

a®ar1xry D agxo D D apxty @ a12T1202 D a13123D - D Ap—1 pTn-1T,D

@a1’2’3x1x2x3 PP an—2,n—1,n-rn—2$n—1$n Pb---P a1,2,m,nx1x2 C e T,

e i, g (0 <k < n)— dikcosani koedimientn 0 ado 1.

g TpuBianabpnoro Bunaaky n = 0 moainom zKerajkina mMae BHTJISI @,
T00TO € Koucranroro 0 abo 1. HaBememo 3araabpnuii Buriian noainoMis 2Ke-
rajkifa JJid BUIaAKIiB n = 1,2, 3, BAKOPUCTOBYIOUH /151 3SMIHHAX TPaanIiAH1

IIO3HAYEHHY T, 1, 2:

1K erankin Isan [Banosuy (1869-1947) — pagaHchbKuil MaTeMaTHK, aBTOP POOIT 3 MaTe-
MaTHAYHOI JIOTIKM Ta OCHOB MAaTEMAaTHUKU; 3AIIPOTIOHYBAB PO3TJIAIATH MATEMATHYIHY JIOTIKY

AK aJredpy JIMINKIB 3a MOJYJIEM 2, Ky Yy HaIll 4ac Ha3uBaloTh anreopoio zKeraskina.
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fO(x) = a® ay;

fO(z,y) = a ® a1z @ azy © a1 20y;

fO(z,y,2) =a® arx ® ayy ® azz ® a7y B a1 372 D as3YZ @ a1237Y2.

BazHaunmo, 1o mostinom 2Kerakina MOKHA PO3IJIAIATH 9K CyMy (3a ore-
paiieio <@>) KOH'IOHKTIB BULJISLY T, %j, - - - Lj, — TAKAil KOH'IOHKT BXOJNTH
JIO MOJIHOMA TOJl 1 TLIBKU TOJML, KOJU Aj, j, . 5, = l; 9KIIO Qj, j,... . = 0,
BIAMOBIIHUN KOH'IOHKT Zj,Xj, - - Tj, [0 HOJIHOMa He BXOAUTb. 3a3HAYUMO,
110 Koeili€HTy @ BiAIIOBiIa€ MOPOXKHIH KOH IOHKT 1.

Ilpukmaan 4.16. Hapejemo 300pazkenHst y BULJsi/ii noJinomis 2KeraJiki-
Ha JJI¢ JIeIKUX IPOCTUX (DYHKININ, SKi JIETKO BCTAHOBUTH 13 TOTOXKHOCTEM 3.5:

r=16&u1;

rNVNy=z>dy>Duay,

rey=r®y=1®rdy;

r—y=zVy=xzAy=10z-1dy)=1dxd xy.

Teopema 4.4. Bydv-axy 6ysesy GyHryito Moscha 300pa3umu Yy 6u2a401

noaimoma 2Keeanking edunum cnocobom (3 mounicmio 0o NepecmasieHiA

apeymenmie onepayit <E> ma <-> ).

Josederns. MoxKiauBicTh 300parkeHHSI BUILIMBAE 13 TOIO, IIO Oy/Ib-sIKY
oyneBy dyukuio moxkHa nogaru y Burisai JJJIHP adbo JKH®P, Bukopucro-
BYIOUM TEXHIKY, onucany y miaposmaiai 3.5.4. Ing nau3’roHKIl 1 J0IOBHEHHS
noinoMu zKerajikina HaBejeni y mpukaaai 4.16, BiaTak 10CTaTHHO <PO3KPH-
TH JY2KKI> 33 3aKOHOM JIUCTPUOYTHUBHOCTI, CHPOCTUTH JOJAHKHU 3 1JeMIIO-
TEeHTHICTIO T - £ = T Ta <3BeCTU HOAIOHI wiIeHw> 3a 3akKoHOM ¥ D x = 0.

JLnst noBejieHHs €IMHOCTI 300parkeHHst PYHKINT y BUTJIsIl oJiHoMa 2Ke-
raJiKiHa JOCTaTHhO MOPIBHATH KILIbKICTh ToJiHOMIB 2Kerajkina 3 n 3MiHHU-
MU 1 KiJIbKICTh OyJieBux (byHKIH pikcoBanoi apHocTi n. I3 KomMb6iHATOPHOTO
NPUHIAITY JOO0YTKY JIerKO BCTAHOBHUTH, IO HAJ 3MIHHUME T1, T2, ..., LTp iC-
Hy€ B TOYHOCTI 2" KOH'IOHKTIB ZjTj, - Zj (0 < k < n), ockinbku g

KOXKHOT 13 n 3MIHHUX I1ij] Yac (pOpMYyBaHHS KOH IOHKTA ICHY€E JIBa BapiaHTU —
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BXOJIUTH a00 HE BXOJIUTH 0 KOH IOHKTA. KoxKeH i3 mux 2" KOHIOHKTIB MO-
yKe BXOJUTH abo He BXOAWTH J0 MOTIHOMA, 3BigKH oTpuMyeMo 22" crmocobis
nobyoBu mosinoMma 7Kerasakina 3 n aMmigauMu. OTzKe, KiJbKICTH MOJIHOMIB
2Kerajikina 3 n 3MiHHEMHE 30iTa€ThCs 13 KLIBKICTIO OyaeBuX (OYHKIIIH apHOC-
Ti n (nuB. BupaBy 4.1). BpaxoBytoun, mo mist KoxKHOI Oys1eBoi GyHKIT f ()
icHye TpuHaiMHAI 0IMH cocid 300parkKeHHd y BUTJISAAI oTiHoMa ZKerankina,
OTPUMYEMO €IUHICTH moJIiHOMa 2Keraakina s KoyKHOI (pyHKIT f (), OT:xe,

TeOpeMY JIOBEJIEHO. (]

Byaysaru nominomu ZKerasnkina gepe3 JTH® abo KH® (30xpema depes
JJIH® abo JIKH®) moxna, ane me mocuth HeedexTuBHO. KMo dyHKIis
3ajaHa POPMYJIOI0, CJiJI IyKATH CIIOCOOM €KBIBaJEHTHHUX II€PETBOPEHb II€l
dopmyin, o6 OTPUMATH CKJIAJI0BI YACTHHU i3 IMPOCTUMU IoJiiHOMamMu 2iKe-
rasikina. Tax, jqu3’FOHKIIIO iHOAI 3PyYHO 3BECTU JI0 KOH FOHKIII 3a 3aKOHOM
Jie MopraHa, OCKLJIbKI KOH FOHKIIisI 1 JIOIIOBHEHHSI MalOTh JIY2Ke IIPOCTi 300pa-
JKeHHs y BUIVIAAI noJiiHOMa zKerajikiHa; eKBIBaJICHIIIIO CJIi He PO3IMUCYBaTH
qepe3 a3 I0HKIN0, KOH IOHKILO 1 JOIOBHEHHS, a 300pa3suTu sIK JOIOBHEHHS
10 <@>, orpuMyioun Bupas tuny 10 AD B, — i mpuiloMu IpoaeMOHCTPOBAHO
y npukaagl 4.16 maag iMILTikaniil Ta eKBiBaJIeHIT.

Ilpuxknan 4.17. 1. Kopucryiounch HaBeIeHUMHA PEKOMEHIAIIAMHI, 3HAM-

nemo nostinom 2Kerankina mis Gyskuii f(z,y,2) =z V (y < 2):
tVye—2)=xANy—z=10z- (ydz)=1dry 2.

2. Jdna dyukuii f(z,y) =z < (z V y) orpumyemo:

T (xVyY) =20 @x@ydry) =1010rPrPydDry =y dry.

Y Hain yac po3pobsieHo ebeKTUBHI YHIBEpCaJIbHI MeTO/IM O0UHUCIEHHS KOe-
dbinientis nosinoma 2Keraakina 3a BEKTOPOM 3HaYeHb BUXiTHOT hyHKILT [12].
Osznauenns 4.11. Bynesy dyukmio ™ masumsaiors MiHIfHOI, SKIIO

i1 moainom zKeraJsikina MicTUTPH Jinime KOH IOHKTH He OLIbINe HiK 3 OIHIEIO
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smiano0: U (21,29, ..., 2n) = a ® 171 D asxs B -+ B apT,. MHOKIUHY
MHITHTX DYHKIH To3HAYA0TH Yepe3 L.

IMpuknan 4.18. 1. @yuknii 0, 1, z, z, x @ y, x <> y JiHIiHI, OCKIIEKA
ix mominomu zKerajkiHa He MICTITH IHIMAX KOH IOHKTIB, OKPIM TMOPOZKHBOTO
KOH TOHKTa 1 Ta KOH IOHKTIB 3 OJHIEI0 3MIHHOIO T Ta Y. 3a3HAUUMO, 1110 PYHK-
mig 0 He MICTHTH >KOIHOIO KOH IOHKTA, a OTXKe 33 BU3HAUYEHHSAM € JIHIHHOIO.

2. @yarmii Ay =2y; cVy=cPyPay; v — y = 1 ® x P xy weminiiiui,
OCKINTBKY 1X TosriHoMu ZKerasikina MicTATh <HETIHIHHTE> KOH IOHKT TY.

Jlema 4.4. Kaac L pynruionasvio 3amrHeHu.

osedenna. 3 ypaxyBaHHSIM 3ayBarkeHHS 4.2, TBepPIKeHHs JIEMU BUILIH-
Ba€ 13 JIHITHOCTI Cyneprno3uTtlii JiHIRHNX QYHKITI. O

Teopema 4.5 (iema npo Heqiniliny dyukiio). Hezat f ¢ L. Tooi
Ay € [{f, x,0}], mobmo kon ronruyito moscha peanisysamu Gopmyoto, uwo
micmumo auwe dynxyii f,  ma 0.

Josedenna. Hexait f ¢ L, n > 2 (Bci gynkuii apmocri 0 Ta 1 miniii-
Hi). CnovaTky goBejeMo, Mo cyneprnosuiieo GyHKii f (") ta xomcramTu 0
(dyHKIig £ HA IBOMY eTalli He TOTPIOHA) MOKHA OTPUMATH JIeAKY HeTiHIfHY
dyuxiio aprocti 2. Ockinbku dyukiia [ Heminiiina, i mosinom zKeraakina
Mag MICTUTU TpWHANMHI OJWH HEeJTIHIHWN KOH IOHKT, TOOTO KOH IOHKT JIOB-
SKIHOIO 2 ab0 Oinbire. Cepen HemiHITHNX KOH' IOHKTIB (DYHKIIT f 3adikcyemo
KOH'IOHKT F HaltMeHTIol JOBKUHU M (0YeBUIHO, 2 < m < N); AKIIO MOJTIHOM
MICTUTh AEKIJIbKa HEeJIHIHNX KOH IOHKTIB O/ITHAKOBOI MIiHIMAJIBHOI JOBXKUHU
m (HAIPUKJIAT, JeKiThKa KOH IOHKTIB JOBXKUHOK m = 2), 3adikcyemMo Oy1b-

dkuil i3 Hux. be3 BTpaTu 3araJbHOCTI MOXKHA BBaXKarTH, 10 3adiKCOBaHU

KOH IOHKT F/ MiCTUTh 3MiHHI X1, Lo, ..., Tm:
fx1, ...,xn) =aBxj, B - Drj, Bri12a- - Ty, P
(- ~ 7 E,—/
niniliHa JacTuHA KOH'IOHKT F (4 1)
B oL 5

immi KOH’TOHKTH JOBXUHH M ab0 OisbIie
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4.2. OcaoBHI (pyHKIIIOHATIFHO 3aMKHEHI KJjacu OyaeBux (DyHKITIH

Poarngnemo GiHapHy (DYHKITIIO

g(:'U?y) :f(n)(§7y7y7 "'7%707 "'70>7

m n—m

orpumany i3 f(z1, ..., T,) HJICTAHOBKOIO T 3aMiCTh 1, Y 3aMICTh Tg, . .., Ty
ta 0 3amicts Tpaiq, ..., T,. 3& TaKOl 3aMiHM JIiHIffHA YACTWHA, IOJIHO-
ma (4.1) saaumuThes JiHiiiHOW0, KOHIOHKT FE(Z1, ..., T,,) Habyle BULIsLY
E(x,y,y, ...,y) = xy, a BCi iHu1l HeIiHIAHI KOHIOHKTU CTAHYTh TOTOXKHUM

HYJIeM, OCKIJIbKM KOYKE€H 3 HUX Ma€ JIOBXKWHY He MeHIIe 3a M 1 € BIAMIH-

wuM Big F(xy, ..., T;), & OTKe MIiCTUTh NpUHANMHI OJHY 3MiHHY 31 CHUCKY
Tty -« - Tp. Lakum guHOM, nojinom 2Keraskina jais g(x,y) Mae BUrIsL;:
9(z,y) = a® a1 @ azy O vy, (4.2)

o610 g(x,y) ¢ L. Basmaunmo, mo 3a mobymosoo g € [{f,0}], TobTo i3
byuknii f™ ta koncranTi 0 orpuMano Ginapuy Hesminiiiny dyuxuio ¢,
Tenmep 11 mOoBedeHHS TEOPEMH JIOCTATHLO Peai3yBaTH KOH IOHKITIIO
r ANy = xy gk cymeprnosumino yHKIi g(x,y) Ta r (koHcranta 0 Ha
MHOMY eTarmi He 3Haao0uTbes). [Tokaykemo, MO iCHYIOTH Taki KOHCTAHTH

YY1, Yo € 10,1}, mo
gz ®Y,yd Y, BY =Y. (4.3)

Bukopucrasuin poskiaz (4.2), orpuMmyemMo:

G(ZBY L, YPY,) DY = (aBary, Basy,BY,Y,BY) P (a1DY,) 2B (as®y,) - yDry.

Jlns 3abe3neuennst pisHocti (4.3) OTPUMYEMO CUCTEMY PiBHSIHb

(

al@YQZO;
<a2@Y1:O;

(@@ a1y, D asy, Dy,Y, Dy =0,
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

AKa Ma€ €IUHNI PO3B’A30K BIIHOCHO Y, Y, Yy

p
Y, = Aa2;

9 Yo = Q1;

\Y =a D ajas.

Teopemy moBemeHO.

3a3HauMMO, 10 11 00y I0BU KOH IOHKIIT OY/I0 BUKOPUCTAHO (DYHKILIIO
h(z) = c® z, sxa 3anexHuo Bij mapamerpa ¢ € {0, 1} 36iraeTbest 3 TOTOKHOIO
dbyukuiero (h(z) = z, akmo ¢ = 0) abo 3 jgonosuenusim (h(z) = 2z, gximo
¢ =1), 10610 h(z) MOXKHA BUKOPUCTOBYBATH JIjIs1 IOOYJIOBU TY SIK CYLEPIO-
sunii dpyukuiit g(z,y) ra . m

3BepHEMO yBary Ha KOHCTPYKTHBHICTH IOBEJIEHHS: OTPUMAHO KOHKPET-
HU cr1ocid 1oOYI0BYM KOH TOHKIIIT i3 JTOBLIbHOT HeIiHIHHOT (DYHKITIT, KOHCTAHTH
0 Ta pyHKUil x.

Ilpukman 4.19. [ToOyyemMo KOH'IOHKIIO © A Y 9K CYNepHo3uliio (pyHk-
it f (1,2, 3, T4) = 1 D T3 B 10374 D Tox3Ty B T1ToT31y, KOHCTAHTH O i
dbyukuii . BukopucroByioun cxemy J0BEIEHHsI JeMU PO HEIiHIAHY (DyHK-
1ifo, crovarky modymayemo i3 f ta koucranTu 0 GiHAPHY HeJiHIHHY (DYHKIIIO
g(z,y). Oyuxnis f 3agana nosginomom 2Kerajkina, sikuil micruth 2 Hei-
HIHHIX KOH IOHKTH 3 TPbOMa 3MIiHHUMHU 1 oawH — 3 yorupma. OTKe, 3a He-
JIUHIAHUA KOH'IOHKT [ MiHIMAJIbHOI JOBXKUHU MOXKEMO BHOpaTu Oyjib-siKuit
i3 JIBOX KOH IOHKTIB JIOBXKUHOIO 3; Bubepemo [/ = x1x374. Y 10BeeHHI Teo-
peMu Jijisi TPOCTOTHU TIO3HAYEHb BBaXKAJIOCh, MO KOH IOHKT [/ 3aj1eKuTh Bij
neprmux m 3viaanx. OgHAK MepeHyMepoBYBaTH 3MiHHI HEe OYaeMO, OCKIJIbKH
HyMepallist 3MIHHUX HE BILIMBAE HA cXeMmy 100y0Bu ¢(T,y) — migcTaBuMO y
f(x1, z9, 23, x4) 3MiHHY T 3amicTh X1, 3MIHHY Y 3aMiCThb T3 Ta T4; 3aMiCTh

3MIHHOI To, K& HEe BXOJHUTH JI0 00paHoro Kou'roukTa F, mijgcrasumo 0:

9(z,y) = f(z,y,0,y) =2 @y Payy®0-yydz-0-yy =Dy  zy.
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4.3. Kpwurepiii ¢pyHKI[IOHAILHOI TOBHOTH

3risHo 3 mosHaveHHAMH po3kaaLy (4.2), orpumyemo: a = 0, a3 = 1,
as = 1. JIns nobynosn Kou'toHKIIT i3 GyHKINT ¢(2,y) 1 © 3a po3kaagom (4.3)

O0YMCIUMO KOHCTAHTH Y, Y; 1 Ys!
Yi,=a=1y,=a1=1; y =a®aay = 1,

3BIJIKM OCTATOYHO OTPHUMYEMO:

tAy=g@xzelydl)ol=gxy) =20ydr- Y.

4.3. Kpurepiii (pyHKITIOHAJTIHPHOI IIOBHOTU

Teopema 4.6. Kaac byresuxr dpynuxuit K € Py € hynkyionasvbHo nosHum

modi i miavku modi, Koau K He € NiOMHONCUHOW HCOOH020 13 N AMU KAGCLE
Ty, Ty, M, S, L:

rK Z To;

K ¢ Ti;

([K]=P) < K ¢ M;

K¢S,

K Z L.

Losederns. Heobxidnicmow. Ilpumycrumo, mo K C Ty. Toxai i3 3amKHe-
nocri kaacy Ty orpumyemo: (K| C [Ty] = Typ. Ane Ty # P, (manpukiagn,
x ¢ Tp), 3Biaku orpumyemo, mo ymosa K ¢ Ty HeoOXigHa 1Jist TOBHOTH KJTa-
cy K. Anajoriuno, kiracu 17, M, S, L 3aMKHeHi, 1 K0/IeH 3 HUX He 30ira€ThCst
3P (x¢Ty;,c g M;x ANy ¢ S; v ANy ¢ L), 3BiaKu OTpUMYEMO HEOOXITHICTD
mist mopaotu K ymoB K ¢ T, K ¢ M; K ¢ S; K ¢ L.

Hocmammnicms. Hexali Bukonytorbes ymosu K ¢ Ty, K ¢ T K ¢ M;
K ¢ S; K ¢ L. 1le oznauae, mo kiaac K vicrurs Gyl fr, & To; fr, ¢ 11;
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

S & M; fs €55 fu & L. Higkpecanmo, mo Gyexii fr, fri, fur, fs, fr ne
000B’I3KOBO TOMApHO pi3Hi. Tak, Kaac K Moxke MICTUTH KOH IOHKIIIIO, IKa,

crpinka Ilipca ¢ | y = £V y He MICTUThCSI B KOTHOMY 13 II'SITH BKA3aHUX
KJaciB, To6To, akmo x | y € K, crpiaky Ilipca MoxKHa B34TH 3a KOXKHY i3

(byHKHifI fToa fT17 fM7 f57 fL-

Tenep g q0oBeIeHHS MOBHOTU K N0CTATHLO peaJizyBaTu T Ay Ta T Cy-

nepnosutisvmu Gy fr, fr, fu, fs, fr € K, ockinbku uabip {z A y,z}
dbyukiionanbuo nosuuii (aue. npukiaaj 4.5). Crouarky oTpuMaemMo KOHCTaH-
tu 011 ra dbyskuito x i3 Gyuxuiii fr,, fr, far, fo (Heainiiina dysknis Ha
IIOMY €Talll He 3HAI00UTHCS), JIJIsl 40I0 PO3TISHEMO OKPEMO JIBA BUIIAIKH.

1. Hexait fr, € Th; fr, € Ty, To6r0o 06uaBi dbyukuii fr, Ta fr, He 36epira-
I0Th OJIHIE] 3 KOHCTAHT i 30epiraloTh iHIILy. ¥ bOMY BHUIIQJIKY, 3UiTHO 3 JIEMOIO
upo dyHKIi0, 1Mo He 30epirae KOHCTAHTY, i3 dyHKI#i f7, Ta fr, orpuMy€eMO

koncranTu 0 Tta 1:

T T
P ey (T S et
fTOETl leeTO

Tenep x MoOXKHA OTpUMATH 34 JIEMOIO PO HEMOHOTOHHY (DyHKILIO:
x € [{fm,0,1}].

2. Hexaii fr, ¢ 11 abo fr, ¢ Ty, Tobro npunaiimui oaHa i3 dyHkIii f1,
abo fr, He 36epirae obuaBi Koncrantu. Toi, 3a JieMoO0 PO (BYHKIIIIO, 1O He

30epirae KOHCTAHTY, MOYKEMO OTPUMATH &, BUKOPUCTOBYIOUH fr, abo fr,:

Ju ¢ To = v € [{fr}] abo fr ¢ Lo = v € [{fn}

fr, ¢ Th fr, ¢ Th

Tenep moxkaa orpuMary KoHcTaHTH 0 Ta 1 3a J1eMO10 IpO HECAMOABOICTY

dynxuio: 0,1 € [{fs, 7}].
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4.3. Kpwurepiii ¢pyHKI[IOHAILHOI TOBHOTH

Otxke, B 000X BUNajKax i3 byHKUH fr,, fr, fm, fs orpumyemo 0, 1
ta x. Temep x A y MOXKHa OTpUMATH 3a JIEMOIO MPO HEJIHIHHY (DYHKIIIO:

ANy € [{fr,x,0}]. Teopemy noseseHo. O

BayBazkenHst 4.4. O4eBuHO, 10 i OYAb-IKOro (DYHKIIOHAIBHO ITOBHO-
ro Habopy K C P; icuye dyHKIioHaAbHO nmoBHMI migHabip K7 C K, sakwuit
MiCTHTh He OLIbIe HiXK II'aTh GyHKIH. Hacupapai 3aB:xK/au MOyKHaA 3HAATH
PYHKIIOHAJIBLHO ITOBHUM IiAHAOIP, IO MICTUTH He OLIBII HiXK YOTUPHU (PYHK-
i1, OCKIJIbKH JIJIsI JIOBEJeHHsI IOBHOTH B OJIHOMY BHIIQJIKY 3HaJI00HJIaCh He-

MOHOTOHHA (DYHKIIiS, & B JIPYTOMY — HECaMOJBOICTA.

Ilpukmaan 4.20. 1. Jdociigumo Ha (DYHKIIOHAJIBHY IIOBHOTY Ha0ip (DyHK-
uiii {—, ®}. st 3pyanocri o6y yeMo Tabaunito HaJIeKHOCTI uxX ByHKIi
no kaacis Ty, Ty, M, S, L (tabm. 4.3),

Tabanms 4.3 Hanexxnictb um HeHaJIeXKHICTH (DYHKINT 10

To h M S L PYHKIIOHAJILHOIO KJACy IMO3HAYEHO BiJIIIOBITHO

- - 4+ - - -

® |+ — - — +

CUMBOJIAMA <—+> Ta <—>. Taki Tabiauil Ha3uBa-

10Th mabauusamu [locma. BugHo, 1110 KOXKEH CTOB-
nerb Tab/mii MiCTUTh NPUHARMHI OJ(uH <—>, TOOTO HAbIp {—, B} He € mij-
MHOX@KHHOIO >KOJHOTO i3 mw'arn kjaacis 1y, 11, M, S, L, a orxxe € pyHKITIO-
HAJILHO TOBHWM.

2. Jlocaigumo wa dyHKioHabHy noBHoTy Habip {—, < }. [lobymryemo
rabaunto [Tocra st Gyukiit mporo wabopy (rab.i. 4.4).

Ta6muns 4.4 Habip {<, @} e nigmuoxunow kuacy T, a or-

To Ty M S L | xe He € PyHKIIOHAJIHbHO HOBHUM. TakK, i3 11bOro Ha-

6opy He moxkHa orpuMmaru KoucranTu 0, GyHKIT ,

)
|
4
|
|
4

i B3araJi o iHol (DYHKIIT, STKa He HAJIEXKUTDH 1.
3. Habip {z | y} € dbyukuionanbuo nosauM, ockinbku crpiaka [lipca ne
Tabmanus 4.5 HAJIEXKUTH KOJHOMY i3 kKuacis Ty, 11, M, S, L

To " M S L| (raba. 4.5). Ananoriuno, nopaum € Habip {z|y},

WW-= === o micTurh jmnre mrpux [Hleddepa.
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Poznin 4. Bynesi ¢gyukiii. @yHKIIIOHAIbHA TIOBHOTA

Y mam 4dac Teopid (PYHKIIOHAJIHLHOI TTOBHOTU y3arajdbHeHa Ha (PYHKITIT
f:{0,1,...;k =1} — {0,1, ...,k — 1} (k-3mauma sorika), MHOKHUHY
TakuX (PYHKINH TO3HATAIOTH Yepe3 Py; KpuTepil PyHKITIOHATHHOI TOBHOTH Y

Py, TOCTIKYIOTHCS, HAPUKJIA, B [7].
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