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1 TeoperndyHa ocHOBa

1.1 ByaeBu BeKTOpH

Kakro 3naem, enementure Ha {0, 1}™ ca HapejeHnTe N-OPKU OT HyJIX U equaunu. TyK ru Hapudame
“OysIeBU BEKTOPH C JbJIKUHA N WK HAKPATKO “N-BEKTOPH . 3a KPATKOCT U MPEIJIEIHOCT IIIe 3a-
nucBaMe T-BeKTopuTe 6e3 ckobu u 3anerau-paspeaurean; upumepno, 010110, a ne (0,1,0,1,1,0).

[TonzBaMe yro0HaTa KOHBEHIINS UMEHATa Ha BEKTOPUTE J1a Ob/1aT 3alMCBAHY C yebe/ieHn OYKBU
(B mosturpacusiTa ce Kaspa “mosydeper mpudt’, Ha aHrmiicku e boldface), manpumep b. Ako
cMe jleuHupan HIKAKBO UMe Ha M-BEKTODP, Ja KaykKeM b, TO HEroBUTE €JIeMEHTH UMEHYBaMe
CbC CBIIOTO WME, CaMO Ye TsIX M3NUcBaMe ¢ HopMasHo jebenu Oyksu (reqular face), ero Taka:
b =biby---b,, kbuero b; € {0,1}3a 1 <i<n.

Heka x,y € {0,1}. x e Y TCTK

‘= 1, akoy =0
10, akoy=1



3apgaun ¢ pewenus no bynesn Pynkuyun, KH2, ®MU-CVY, 3umen cemectbp Ha 2018-2019 r. © Munko Mapkos

IIpomusonoaootchu eexmopu ca BEKTOPH C e€IHA U ChIa JbJLKHHA, KOUTO Ce pa3IndaBal BbB
BCEKH €JIEMEHT; aKO @ 1 b ca N-BEeKTOPH, Te Ca IIPOTUBOIOJIOKHNA TCTK

Vie{l,2,...,n}:a;=Db;

daxTa, de @ 1 b ca IPOTHBOIOIOKHN, 3allICBaMe HAKPATKO Taka: a = b. Jobpe u3BecTHO e, 1ue
G=a,Takagea=b a=b=D>b.

Hynes sexmop e Bceku BexkTop or emHa wian mnoede Hysm 00---00. Ako ab/oKuHATA HE €
CBINECTBEHA 3a JINCKYPCa, MOXKeE Jia Ka3BaMe UICHYBAHO HYAesuam eekmop. HyneBust BekTop 1e
samucsame ¢ “0”. HamrbHo aHaIornaHo, BbBeXKIaMe eduHuYHUA 6eKmop, Koitto 3anucsame ¢ “17.

1.2 dedwunuiusa una “OyneBa dyHKIUI’

Omnpegenenne 1. Heka n € N. Byaesa dynryusa ¢ n apeymenma e Besika (DYHKIMT OT BUIA
f:{0, 11" — {0, 1}. Byaesa Ppynryus e Besaka OyeBa GyHKIMA ¢ L apryMeHTa, 3a Hakoe N € N,

Hedopmamno, 6yneBa dyHKIus ¢ N apryMeHTa e “pas3jiaBaHe’ Ha HYJIM WX €JIWHUIM Ha T-
BekTopuTe. PopmasiHo, OyieBa GpYHKIINA ¢ L apryMeHTa € MHOXKECTBO OT HapeJ/eH! JIBOWKU

{6 y)Ix € {0, 11y € {0, T}}

TAKOBa Ye BCEKHU T-BEKTOD Ce CpeIa TOYHO BEJIHDbXK KATO I'bPBU €JIEMEHT Ha HapejeHa JIBOHKA.
[ToceaoTO BiIeYe, Ye MONTHOCTTA Ha TOBa MHOXKecTBO e 2™. IIpumepHo, KOHIOHKIHATA € OysieBa
dyukmus ¢ 2 aprymenta, a umenso {(00,0), (01,0), (10,0), (11, 1)}.

MuozkecTBOTO OT BCHYKH OysieBu (pyHKIUU ¢ T aprymenTa e oejexum ¢ “ F™ 7. CbriiacHo
H3ydaBaHOTO B pasena Kombunaropuka, | F"| = 22" . IIpumepno, 6ystesute DyHKIHE ¢ 1 apryMenT
ca 4 Ha Opoii, Te3u ¢ 2 aprymenTa ca 16 Ha Opoii, Te3u ¢ 3 aprymenTta ca 256 Ha Opoii, Te3u ¢ 4
apryMenTa ca 65536 na Opoii, 1 Taka HATATDHK.

BabesiekeTe, Ue N € eCTEeCTBEHO YNC/I0, TaKa ue MoxKe Jjia uMaMe 0 apryMeHnTa, KaTo (pyHKIIHUTE
¢ 0 aprymenta ca 2 Ha 6poii. Hauncruna, O-kparHoTo jgekapToBo npoussejenue e {()}, ciegoBareaHo
JIOMEH'BT € €JIHOCJIEMEHTEeH U MMa TOYHO JjiBe OyseBu pyHKImu ¢ 0 apryMeHTa, KOUTO OTbXKIECT-
BsiBaMe C jiBeTe OyseBu KoHcTanTu O u 1.

MmuoxkectBoTo F OoT BCcHuKH OyseBu (pyHKIUH € m3dpoumo Oe3kpaiino m ce Oejexu ¢ “F7.
OueBuHO

F=yr
neN
1.3 BymaeBure (pyHKIIMN KaTo BEKTOPHU

[To nedpununus, Besika Oy/eBa pyHKITUA € MHOYKECTBO OT HapeeHu JABoiiku. Ero mpumep 3a OyieBa
dyHKIMS ¢ 3 apryMeHnTa:

f = {((0,0,0),0),((0,0,1), 1), ((0,1,0), 1), ((0,1,1),0)
((1,0,0),1), ((1,0,1

—
-
—
—
-
—
—
-
-
—
-
—
-
—
—
-
-
—_
—
-
—

MozkeM j1a onuieM Tas3u PYHKIAA MHOTO ITO-TIPETJIEIHO ¢ Tab/IUIA:
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—= O =IO =IO = O
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Ho mozke nma 3amurrem pyHKIEATA oI TO-KOMIAKTHO. OTTYK HaceTHE IpueMaMe, e N-BeKTOPUTe
BUHAI'U Ca TOJIPEJIEHN OTTOPE HAJO0JIY JIEKCUKOTPpagCKH, TOUYHO KAKTO Ca IOJIPEIEHN 3-BEKTOPUTE
B Ta3u Tabsmia. ToraBa e M3JIUIITHO Ja T'U IHIIeM — 3Haeiiku Opos Ha apryMeHTHTe, Hie 3HAeM Ha
KO#l peji B TabsnIaTa, Kot € N-BeKTOPbT.

AKo He numem BEKTOpUTE, Ta6JII/ILIaTa CTaBa CbC CaMO €IHa KOJIOHA. B namunsa IIpuMep:

H

—_— O ] — O - — O

3a Jia mecTM MSICTO TIPHU MMHCAHETO, 3arncBaMe (DYHKIUATA He KATO KOJIOHA, 8 XOPU30HTAJIHO:

f=01101101

TakoBa 1pejicraBsaae Ha Oy/ieBa (DYHKIM 1€ HapUIaMe KaHoHuwHo. KaHOHUIHOTO IIpeICcTaBsIHe
Ha Oy/eBa GPYHKIMS C L apryMeHTa € BeKTop oT 2™ Ha Opoil Oy/1eBu CTONHOCTH.

BabesexkeTe, Ue Ib/PKUHATA HA BEKTOPa TPAOBa Jla € TOYHA CTEleH Ha JIBOHKaTa, 3a Jia nMaMe
IPaBo Jla KaykeM, de TO3M BEKTOp IpejcTaBidBa OyieBa ¢yHknus. I Taka, ako e majeH Oyies a
BEKTOP C JbJIZKUHA M, TO

e AKO MM e TOYHA CTeIleH Ha JBOMKaTa, TO @ mpeJcraBigBa Oynesara dyukims f (T e eqHa
enuHCTBEHA) ¢ log, m aprymenta, kato 3a Besiko 1 € {0, 1,...,m — 1}, ako b e zanucsr Ha i
B JIBOMYHA MO3UIMOHHA OPOIHA CHCTEMA C JIBJIKIHA TOIHO 10g, T, ¢ €BEHTYATHO MOII'b/IBAHE
¢ nyau orupen, To f(b) = ay;

e aKO M He e TOYHA CTeIleH Ha JIBOIKaTa, TO ( He IPeJICTaB/IABa 3allic Ha OysieBa (DYHKITUSI.

Karo npumep, ako nonadgaJsio 6emre jajen sekropbT @ = 01101101, Begnara BuzKgamMe, 9e JIbJIzKHA-
HaTa My € 8 U TOBa € TOYHa CTElleH Ha JIBOiKaTa, Taka de TOi mpejcTaBisBa OyreBaTa (DYHKIIHs
f ¢ 3 aprymenra, Takasa 1e f(000) = 0, f(001) = 1, f(010) = 1, u Taka HararbK. Bbupekn ue,
cTporo QopmasHo, (DYHKIUITA HE € BEKTOP, a MHOXKECTBO OT HapeJIeHU JIBONKHU, MMaMe IPaBo
JIa sl OT'BIKJIECTBUM C BEKTOPA, 3aI0TO TOM s Olpejesisi HAI'bJIHO IIPU CIIOMEHATUTE UMILIAIIUTHA
JIOTTYCKAHUS.

Karo apyr npumep, BektopbT 010110 He nipescraBisiBa OyiieBa pyHKINS, 3aII0TO JIHIKUHATA
My HE € TOYHA CTEeIleH Ha JBOWKATA.
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1.4 AprymMeHTH M HPOMEHJINBU

IIpomensimBuTe ca mMmeHa Ha aprymeHTuTe KakTo 3HaeM, “nmpomMeHnBa’ € KOJUIECTBO, KO-
€TO MOXKe JIa IpHeMa KaTo CTOHHOCT KOif Jla € eJleMeHT Ha HIKaKBO MHOykecTBO. Hedopmamno,
TOBa € KyTHs, B KOATO MOXKEM JIa CJIOKMM KOI Jla € eJleMeHT Ha MHOyKecTBOTO. Koraro roopum
3a OysieBa (pyHKIWMA f ¢ N apryMenTa, MOKeM Jia nojssame uspasa “f(X)”, Kbaero X e npoMeHJIu-
BaTa Ha (yHKIHATa. [I[poMennBaTa X B3ema cToitHOCTH OT MHOXKecTBOTO {0, 1}". ToBa MHONKEC-
TBO UMa CTPYKTypa — To e /lekaproBo mpoussesienue. ToBa HU JlaBa MpaBo Jia MOJI3BAME U3pas3a
“f(X1,X2y...yXn)", KbJIETO X1, X2, ..., X C& IPOMEHJINBH, B3eMallll CTONHOCTH OT MHOYKECTBOTO
{0,1}. Te ca aBe 10 ABe pa3IMYHU TPOMEHJIUBY, BHIPEKU e B3eMaT CTONHOCTH OT €JIHO U CbIIO
MuoxkecTBO. naue kazamno, B /lekapToBoTo mpoussejieHne

{0,1} x {0, 1} x - -+ x {0, 1}

acolnuupaMe BCeKU MHOXKUTeEJI C OTAe/IHa IIPOMEHJINBa.

Ot Ka3aHOTO Jlocera MoxKe OM M3IJIeXkK1a, 1Ue “TIPOMEH/IMBY Ha OyjeBa (pyHKIMA # “apryMeHTH Ha
oyneBa dyukius ca cuHonnmu. Ho ToBa He e Taka. I[IpoMensmBuTe ca mMeHa Ha apryMeHTUTE.
Karo npumep, Heka mak ja pasriegaMe OYHKIUITA Ha 3 apryMeHTa

f=01101101

Axko msnosizame 3ammca “f(xq1, X2, X3)”, HIe KazBaMe, 4e I'bPBUAT apryMeHT ce Ka3Ba Xi, BTOPUST
ce KasBa X, a TPeTHAT ce KasBa X3. Ho moxkenre jga mamummeM “f(xz,x1,x3)”. Cera mapuyame
I'bPBUS apPTYMEHT Xy, BTOPHS, X1, a TpeTus, X3. KakBu uMeHa Ie Moji3BaMe, HIMa 3HaUeHUe 3a
dbyukusiTa — Te He s mpomenar. Mozxere u “f(x,y, z)”. B obmus ciydait umenara ca JiBe 110 jBe
pasyimann. AKO TOBa He € Taka, UMaMe JaCTeH CJIydail, KOWTo e pasriegamMe HaJloIy.

Pasmsgana Ha mMeHaTe HA apryMeHTH MOXKe Jia ITpoMeHn (pyHKIusita. AKO IIbPBO CMe
neduHIpaIN, Te

£(x1,X2,x3) = 01101101 (1)

U cJIeJ, TOBA B CbIINd KOHTEKCT 1oj3BaMe 3ammca “f(x;, X1, X3)”, Bede roBopuM 3a Apyra pyHKms!
Ha Bugum 3amo. Tabauma 1 e rabiunara Ha (X7, X2, X3).

| x1 | xa | x3 || fFlx1,%2,%3) |
01010 0
0|0 |1 1
o110 1
Ol 1|1 0
11010 1
11011 1
11110 0
11111 1

Tabimna 1: f(xq,x2,X3).

9 9

B uspasa “f(xz,x1,%3)”, umenara “x;” u “x;” ca pasmenenn 1o oruoirenue Ha (1). Tabiumna 2 e
rabimnara Ha f(x2,x71,%3). Ta ce monyuasa or Tabmuma 1 upes pasmsiHa Ha I'bpBaTa U BTOpPATA
KOJIOHA, a He Upe3 IPOCTO IIPEeNMeHyBaHe Ha KOJIOHUTE.

4
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| x5 || fx2,x1,%3) |
0

x
N\
=

—_— | OO —=| —= OO
— — — - O OO OO

0
1
0
1
0
1
0
1

1
1
1
1
0
0
1

Tabmmma 2: f(x2, X7, X3).

fcuo ce Bk 1A, Ue ToBa e jipyra ¢pyHKIusd — Kanoununoto u ornucanue e 01111001, qokaro nawa-
nata ¢ynukius oerre 01101101, 3abenexere, Ue u B gBeTE TAOJIUIMU, BbPXY €JIMH U CbIIA BEKTOD
dyHKIMATA NMa ejiHa 1 cblna croitroct; npumepto, f(000) = 0, f(100) = 1, u Taka HaraTbK. ToBa
€ OYEBH/IHO — CTOHHOCTUTE Ha (DYHKIUATA BbPXY BEKTOPUTE Ca HelHATa CHINMHOCTHA XapaKTEPUC-
TUKA. PasMeHsiiKi IPOMEHJINBATE X1 U X, CIIPSIMO I'bpBOHAaYaJHO jnecdununpanara f(xq,x2,x3) (1),
Hue mpoMeHsMe HapeabaTa ma sekropute!. IlpoMensiiku napenbaTa Ha BEKTOPHUTE, HHE HEpPMy-
TUpaMe eJIleMeHTUTe Ha KojioHaTa f B Tab/uiara, Ipu KOETO MOXKE Ja MOJIYyInM Apyra (DOyHKIHA,
KaKTO B IIPUMEPA.

[Ipouee, croiicTBOTO Ha OyseBa GyHKIUs (a U He caMo OysieBa; TOBa € B CHJIA 3a BesKa DYHKIUS
Ha MHOT'O POMEHJIMBU, KOUTO B3eMaT CTONHOCTU OT €HO M ChINO MHOYKECTBO) JIa HE Ce MPOMEHS
[IpU TIepMyTalys Ha MPOMEHIUBUTE CH, ce Hapuda cumempuynocm (ITogcexnus 1.13).

Yuudukanusa Ha IPOMEHJIUBU. 3a IIPOMEH/IMBU, KAKBUTO paslejgaxMe JIocera, Ka3pame, de
ca He3a6UCUMU, 3AIIIOTO B3€MAT CTOWHOCTHTE CH HE3aBUCHUMO ejHa OT Jpyra. Jla pasriegame Bb3-
MOKHOCTTA HAKOU OT TAX JIa Ca 346UCUMU U TIO-TOYHO CTOMHOCTTA Ha €JIHATA Jla € TOYHO paBHa Ha
cToifHOCTTa Ha Jipyrara. ToBa ce Hapuyia yHu@uKrayus Ha TPOMEHIMBI 1 ce OTOEISI3BA UPe3 eIHaK-
pu nmena’. Heka nak mosssame kato npumep f(xq,%2,x3) = 01101101, [la pasrirename GyHKITATA
f(x1,%1,%x3). Ta ce monyuasa or f(x1,X2,X3) upe3 yHuduUKays Ha IIbPBUTE JABE IPOMEHJIUBU. 3a-
benexkere, ye f(x1,X1,X3) e GyHKIUS Ha JBe MPOMEHJMBU U ¢ TPU apryMenTa. Il taka, npu
yHUDUKAIMS Ha IIPOMEHJINBH, OPOST Ha IPOMEHJIMBUTE HaMaJjlsdBa, HO OPOAT Ha apryMEHTHTE He
HaMaJIsABa.

Jla ocmuciiuMm yHUDUKAIUATA HA ITPOMEHJIUBH C IIOMOIITA Ha TabJIMIHOTO mpejcTaBsHe. Tao-
jauna 3 e Tabsmnara Ha f(Xxq,X1,%x3). Ta ce nosyuasa or Tabiuna 1 upe3 upemaxpane Ha BCHUKN
peJioBe (Te ca deTupu Ha OPOii), B KOUTO BEKTOPUTE UMAT PA3JIMYIHA ['bPBA M BTOPA CTOWHOCT.

tHamcruma, 8 Tabsma 2 BEKTOPHTE He Ca HAPEIEHH JTEKCHKOPahCKI OTIOPe HAJIOTY.
fAko TpsOBa A CMe HeJAHTHYHE, YHH(DUKAINATA € Ha apryMeHTH, HOHe)Ke IIPOMEH/IMBHUTE Ca HUMEHATA, Ha
apryMeHTHTe.
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| x1 [ x1 [ x3 ]| Flxa,x1,%3) |
01010
0101 1 ’ X1 \ X1 \ X3 H f(x1,%1,%3) ‘
e 1 00| 0 0
O+ S 9 001 1
+——o0—90 1 11110 0
+———0—1 1 1111 1
11110 0
111 1]1 1

Tabmmma 3: f(xq, X7, X3).

Beska yandukanns Hama/sasa Ib/KIHATa Ha (DYHKIUATA HaoaoBuHa. B cayuas, f(xq,x1,X2) =
0101 e ¢ mbmkuna 4. B ekcrpemHusi BapuaHT, yHU(DUKAIMS HA BCUIKH ITPOMEHJIMBU BOJH IO
GYHKIINS ¢ Tb/KUHA caMo 2, He3aBUCUMO OT OpOsi Ha apr'yMeHTHUTE; TOBa € HAII'bJIHO OYaKBaHO,
Thil KaTo pu yHUMUKAIUS HA BCUYKU [TPOMEHIUBU OCTABA CAMO €JIHa MPOMEHINBA, KOSITO MMa
TOYHO JIB€ Bb3MOXKHU CTOWHOCTH.

BaciyKaBa Jla ce akIeHTHpa, 9e OpOoAT Ha apryMEHTUTe He HaMmaJsisdBa Npu YHUMUKAIUST Ha
MIPOMEH/IMBHU, TaKa e aKO HadaJHaTa (DYyHKIHUS € ¢ T apryMeHTa, CJjeJl YHU(PUKAIUS Ha MIPO-
MeH/IUBY (DYHKIUATA MMaK € C JIOMEefH N-BeKTOpH, HO Bede He BCUYKM T-BEKTOPHU, & CaAMO Te3W,
KOWTO MMaT €JHU U ChIU CTONHOCTH Ha JajeHu mosuiuu. B mpumepa, nomeidnbT Ha (X7, X1, X3)

e {000,001,110, 111},

VuudukanusaTa Ha TPOMEHIUBI MOXKe Jia Objie omrcana (popMaIHO TaKa.
Onpenenenne 2. Heka f(xq,%2,...,X,) € OysmeBa dyukimsa. Heka 1 <1 < j <n. Heka
X={ac{0,1}"|a; = q;}

Byaesama dynxyusa, koamo ce noayuasa om f(x1,Xz, ..., Xn) upes yrudurayua na x; ux;, e f X

Banucbr “f(X1,X2,...,Xn)”, KOATO 4eCTO [OJI3BaMe, IPEIIo/iara, 4e yHu(pUKaIusg Ha IPOMEHIUBA
HsIMa, TaKa 9e MPOMEH/IMBUTE ca Ha OpOil KOJIKOTO apryMEHTHUTE, & UMEHHO L.

DUKTUBHU U ChIIECTBEeHN nMpoMeHJiuBu. Hedopmaino, mpomennBa e GpUKTUBHA, aKO Heil-
HOTO “IIpPUCHCTBUE HE ce OTpa3siBa Ha (DYHKIIMOHAJTHUTE CTONHOCTH.

Omnpeaenenne 3. Heka f(x1,X2,...,Xn) € OysneBa dyuknus. Heka 1 < 1 < n. [IpomenymBara X;
ce HapuIa PukmueHa, ako

X1y X2y e v ey Xi1y Oy X1y Xig2y o o ey Xn) = T(X1, X2y ooy i1y 1y Xi1y Xit2y e+« y Xn)

3a BCgKa, CTOMHOCT Ha (1 — T)-BeKTopa X1X2 * * * Xi_1Xit1Xit2 - - - Xn. IIpOMeHIMBa, KOATO He ¢ (PUK-
TUBHA, C€ HAPUYIA CBULLCTNEEHA.

Beska dyHKImMs, KoITO nMa GUKTUBHA IPOMEHJINBA, NMa HIKaKBa IIOBTapsSIeMOCT: IPy0bo KasaHo,
IOJIOBUHATA OT (PYHKIIMOHAJIHUTE CTOMHOCTH Ca CBIIUTE KATO CTOWHOCTHTE OT JApyrara ITOJIOBHHA.
Tabmnma 4 mokassa Tpu GYHKIUA ¢, h U W HA TPU TPOMEHJIUBH X1, X; U X3, B TAKHBa 9e X €
dukTUBHA B g, X; € dbuKkTUBHA B h 11 X3 € pUKTUBHA B U. fCHO ce BUKIA, 1Ue
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e X; e QUKTUBHA TCTK II'bpBaTa MOJIOBUHA € PaBHA HA BTOpATA IMOJOBUHA,

® Xy € (bHKTI/IBHa TCTK II'bpBaTa 9Y€TBbLPTHUHaA € paBHa Ha BTOpaTa YeTBbLPTHUHa U TpeTaTa deT-
BbpPpTHHa € paBHa Ha 9Y€TBbPTaTa Y€TBbPTUHaA U

e X3 ¢ GUKTUBHA TCTK I'bpBaTa OCMUHA, TOECT, I'bpBaTa CTOMHOCT, € paBHa Ha BTOpaTa, TperaTa
€ paBHa Ha YeTBbPTaTa, MeTaTa € paBHa Ha IecTaTa U ceaMaTa € paBHa Ha OCMaTa.

B R [ x1 [ x| x3 ][ h] % [ xs [[u]
010/ o0 [[For 00|00 (0 [0 o [[m
oo 11 oo 1 [ (o]0 1 [l
0110 |1 0 1]0 [Fo] (0] 1 ]0 [
o1 ]71]0] o171 011 [
11010 [0 T]0]0 (1700 o]
NENRE( BEENN] | [0 [ 1]

1110 (1 [1]o [
R ERNRN | RERERE

Tabnuna 4: x; e pukTUBHA B g, X; € DUKTUBHA B h 1 X3 € PUKTUBHA B U.

[Ipumepute ot Tabsmia 4 moka3BaT YaCTHU CIyYan, B KOUTO TOYHO €JIHa ITPOMEH/INBA € (DPUKTUBHA.
Mozke obave HAKOJIKO TPOMEHINBH J1a ca (PUKTUBHU. B eKcTpeMaHus ¢ydail BEHIKU TPOMEHINBI
ca (PUKTUBHU; OYEBHU/IHO UMa TOYHO jiBe (DYHKINH, B KOUTO BCUYIKU ITPOMEHJINBY ca (PUKTUBHU, &
umento O u 1.

B 3amada 11 mamupame 6post na OysieBute dyHKimu 6e3 dbukTupHu mpomenansu. HeitHoro
pellienne, KOeTo ce HaMupa C MPUHIUIA Ha BK/IIOYBAHETO W U3K/IIOUBAHETO, MOYKE & XBbPJIN
JIOTTBJIHATETHA CBETJINHA BbPXY ChIMUHATA Ha (DYHKIUUTE C HIKOJKO (PUKTUBHU TTPOMEHJINBH.

Enna sakmounTesna 3aberexkka. Hammanero Ha (pUKTUBHU IPOMEHJIMBU € ChBCEM Pa3JIMYHO
Hello oT yHuduKalusg Ha ITPOMEHIUBHU. Y HUMpUKAIUATA Ha IPOMEH/INBU HaMaJIsiBa Ib/IKIHATA
Ha dyHKIUATa HamojoBuHa. Hamnamero Ha GUKTHBHA IIPOMEHINBU O3HAaYaBa, e MMa HAKAKBa
IIOBTAPAEeMOCT BbB beHKIlI/ISITa7 HO HeliHaTa AbJI2KHHa HE CE IIPOMEHA OT HaJIMIUETO Ha (bI/IKTI/IBHI/I

IIPOMEHJINBH.

1.5 DByneBure pyHknnm Ha eMH 1 JIBa apryMeHTa

n
Kaxkro 3uaem or IMogcexkuust 1.2, | F'| = 22", raxa ue | F'| = 4. Ciesa rabimna ¢ gerupure GyieBu
GYHKIINT ¢ eIMH apryMeHT, HAIMCAHU B 9€THPHU KOJIOHU BJIsICHO OT jBaTa 1-BekTopa, 0 u 1, kouto
ca eJINH TIoJ1 JIPYT BiABO. MIMeTo Ha aprymenTa, TOECT, IPOMEHJIUBATA, € X.

x || 0] id(x) | neg(x) | 1
00 0 1 1
110 1 0 1

Ero pazsicnenus 3a yetupure pyHKIHH.

e 0 ce mapuaa xoncmanma Hy.aa. B ciaydas e KOHCTaHTa HyJIa C €IMH apryMeHT, HO HUe IIe
nmosisBaMe “0” 3a KOHCTaHTa HyJla Ha IMPOU3BOJIEH OPOil apryMeHTH.
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e id(x) e mmenturer X. flcHO e 3aI10 ce Ka3Ba Taka: HEfHUTE CTONHOCTH ChBIAJIAT C TE3H Ha X.
Ha npakTuka decro tasu yHKIUs ce 3anucsa ¢ “X”. BbIpeku de 1o To3u Ha9uH M0/ I3BaMe
eJlHa U Cbilla OyKBa W 3a IMPOMEH/IMBATA, U 3a (PYHKIUATA, IOMHUM, Y€ T€ Ca MPUHITUITHO
pPa3/IMYHN HEIA.

e neg(x) e orpuranue X. flcHO e 3a10 ce Ka3Ba Taka: HEHUTe CTONHOCTHU ChBIAJIAT C Te3U HA

X. Ha npakTuka decto Ta3u (pyHKIHA ce 3alicBa ¢ “X.

e 1 ce mHapwaa koncmanma edunuuya. B ciydas e KOHCTaHTa €IMHUIA C €INH apryMeHT, HO,
C'BINO KATO IIPU KOHCTAHTa HyJIa, HIe IIe mo3BaMe “17 3a KOHCTaHTa €IMHUIA Ha TPOU3BOJIEH
Opoit apryMeHTH.

Cnenpa TabJiniia ¢ HIKOM, HO HE BCUYKHU, OyseBn (GpyHKIUU ¢ JiBa apryMmenTta. Menara na apry-
MEHTHUTe, TOeCT, IPOMEHJIUBUTE, ca X U Y.

x|y ||O0[xAy|id(x) |id(y) [ x@y | xVy|x]ly | negly) |neg(x) | x =y |xjy |1
01010 0 0 0 0 0 1 1 1 1 1 |1
O|1]0 0 0 1 1 1 0 0 1 1 1 |1
1100 0 1 0 1 1 0 1 0 0 1T |1
1110 1 1 1 0 1 0 0 0 1 0 |1

Ero pazdcuenus 3a Te3u pyHKIUU, KOUTO HIMAT aHAJIOT IIPU €UH apryMeHT.

e x /\y e konutouknusd. lomycrumo e jma ce 3ammcsa ¢ ammepcan “x&y” WM MpocTo ¢ KOHKAa-
TeHallns Ha IIPOMEHINBUTE XYy’

e X &Y e cymMa 1o MOJyJ JiBe. ToBa € aHaJora Ha M3KJIOYBAIIOTO WJIM OT CbXKJIATETHATA
Joruka. B Treopusita Ha OyeBute (DyHKIUH, CyMa, IO MOJIYJI JBE UMa MHOTO ITO-TOJISIMA POJIS,
OTKOJIKOTO U3KJ/IIOYBAINOTO MK B ChXKIUTE HATa JoruKa. [loHsKkora ce 3ammcBa ¢ 0OMKHOBEH
IWTIOC “X +Y”, aKO HaMa BB3MOXKHOCT 32 JBYCMUCJIHIIA.

e neg(x) e orpuranue X. fIcHO e 3a10 ce Ka3Ba Taka: HEHUTe CTONHOCTHU ChBIAJIAT C Te3U Ha

W

X. Ha nmpakTuka gecto tasm yHKINA ce 3aIlmcBa ¢ “X
e x Vy e musonkiusg. He nmosisBaiiTe OykBara 1mIoc 3a JIU3IOHKITHA!

e x |y ce Hapuua crpesika Ha [Ibpe (Peirce). Tasu dyukims e mupoko u3sectra karo NOR,
kKoeTo maBa oT ‘negation of or”. Hemocrarbk Ha nmero “NOR” e, 1e To mpejmosrara KOMITO-
3urugd Ha DYHKIWN; equH By, mbpso npasuM OR u mocite ro merupame. /lokaro Gyksara
“|” momuepTaBa, Ue cTaBa JyMa 3a eaHa PyHKIUS.

® X — Y e UMILIMKAIWS. 3ac/IyKaBa Jla ce CIIOMeHe, Ue B ChrK/INTeJTHAT JIOTMKA NUMILINKAIA-
Ta UMa KJI0YOBO 3HaUYEHHUE, 3aII0TO € CBbP3aHa C IIPaBEHETO Ha U3BO/IU, JIOKATO B TEOPUATA
Ha Oy/eBuTe PYHKIUU TsI HIMa HUKAKBO 0COOEHO 3HAYEHUE.

e x|y ce napuua depra Ha [lledep (Sheffer). Tasu dbyuknus e mmpoko nzsecraa karo NAND,
KoeTo uBa oT “negation of and”. Hemocrarbk Ha umero “NAND” e, 1e To mpe/imosara KOMIIO-
sunus Ha QYHKIME; euH BuI, mbpBo npasuM AND u mocse ro nerupame. Jlokato Gyksara
“I” moguepraBa, Ue crapa JiyMa 3a eJiHa (OyHKITHS.

CgoiicTBaTa Ha OyseBuTe QyHKIIMHA HA JIBa apr'yMEHTa OTTOBAPAT TOYHO Ha CBOHCTBATA Ha CHOT-
BETHHUTE JIOTUYECKHU ChIO3U OT ChbrKJIUTe/IHATa JOoruKa. IIpuMepHo, KOHIOHKIUATa € KOMyTaTUBHA U
acoIMaTHBHA U JU3IOHKINATA CbINO. KOHIOHKIIATA TMCTPUOYTHPA CIIPSIMO JU3IOHKINATA 1 00paT-
HoTO. Heranusara Ha HeramusTa Ha X € CbIIOTO KaTO X, HerallndTa Ha JIU3IOHKIINATA € KOHIOHKITUATA
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Ha HeranuuTe, 1 TaKa HaTaTbK. BacnymaBaT Ja ce CIIOMEHAaT HAKOJIKO KJ/JII090BO BazKHU CBOICTBA
Ha CyMaTa II0 MOAYJI JBE€, YMUTO aHaJIO3U B Cbhb2KJUTE/IHaTa JIOTUKa HE CME pa3lJjiexKIAaJIn.

1. x®y =y & x. Cymara o MoJIys1 JiBe € KOMyTaTUTBHA.

2.xP(ydz) =(xdy) @z Cymara 1o MOy JBE € ACOIUATUBHA U UMaMe IPaBo Jia, MUIIeM
x @y @ z. Toa ce 0b600IIaBa 38 IPOM3BOJIEH OPOIT CHLOUpPAaEMU: 3aUCHT X1 B Xy B - - - B Xy €
k
HeJIBYCMHUCJIEH; JIOIlyCTUMO € HaKPAaTKO Ja ce muire @D X;.

3. x @ 0 = x. OueBuIHO BUHATrU € BAPHO, He3aBucuMoO Jajau X € O mim 1.
4. x ® 1 = neg(x). OueBnHO BUHATH € BAPHO, He3aBucHMO gaju X e O wmm 1.
5. x @ x = 0. OueBuHO BUHATU € BsIpHO, He3aBucumo jaym X e O win 1.

6. y®x®x=1y. Cnensa Beguara or 5. u 3.

1.6 Kommno3umus

Hexa f(X1,X2y+ vy Xiy+ vy Xn) T 9(Y1,Y2y-+.,Ym) ca Oyaesu’ ynxmun. Komnosuyuama na g ma
macmomo wa X; 686 f e dynruuima f(X1,X2, ..y Xic1y 9(Y1,Y2y e e« s Ym)y Xis1y Xit2y«« -y Xn ). TOBa
e yHKIWA, KoATO € pasaumvHa (B obmus ciydaii) u ot f, m or g. AKo ce mHTEpecyBame OT
U3YNC/IABAHETO Ha Ta3u (PYHKIMs, aJrOPUThM 3a HEHHOTO M3YUC/ISABAHE MOXKE Ja Ce MOJIydH OT
AJITOPUTME 33 M3YMC/IsABaHeTO Ha f u Ha ¢: ajropuTbMbT 3a f BuKa ajgropurTbma 3a ¢. Hosara
yHKIMI-KOMITO3UTNAsA ce Jedunnpa Taka. 1s e ¢pyHkmus h ¢ 1+ m — 1 aprymenTa u 3a BceKn
(n4+m—1)-BekTop a, h(a) = f(b), kbuero b e N-BeKTOPBT, JedUHUPAH TaKa:

b] =
bz = Qa;
bi1=ai;

biv1 = aitm

bi2 = Aiymi

bn = Qn4m—1

a by nMa cbimara CTORHOCT KaTO g(Qiy Qity -« .y Qitm_1)-

KOI[KO Ca IIpOMECHJIMBUTE Ha beHKHI/IHTa—KOMHOSI/IH‘I/IH? O“IQBI/IILHO MHO2KECTBOTO OT IITPOMCHJINBU-
te Ha dyHKImaTa-Kommosuims e ({X1,...,xn} \ {xi}) U{y1,...,ym}. Ako e msmbianeno ({xi,...,
X} \ 06 Ny, ...y Ymt = 0F, To KOMIOBUIIMATA e dbynKIma Ha N+ M — 1 npomermsy. Hampu-
Mep, ako ca jajenn f(xq, X2, X3, X4, X5) 1 g(Xg, X7, Xs), TO KOMIO3UIWMsITA f(X71, X2, X3, (X6, X7, X3), X5)
e byukmus #Ha 5 + 3 — 1 = 7 npomensmBu. Bb3amoxkuo e obade ({x1,...,xnt \ {x}) N {y1,...,
Ym) 7# 0. B TakbB cirydait 6posT ce nosrydaBa Ipe3 KOMOMHATOPHUS MPUHIMI HA BKJIIOYBAHETO 1
U3KJIIOYBAHETO: OT CyMaTa OT MOIIHOCTHTE BaJWUM MOIIHOCTTA Ha CEYEHUETO U BaJUM OIIe €IHA

"He e meobxomumo Tesu f u g na ca GysieBu byHKIHH, 33 Ja MOXKE Ja TOBOPHM 3a KOMIIO3HUIms. Kommosumus
Ha QYHKIUATA g HA MACTOTO Ha Xi BbB dyHkiusaTa f e Mucianma nopu koraro f u g ca npoussosinu OYHKIUU IPU
YCJIOBHE, e KOJIOMEUHDBT Ha g € ChIUAT Karo i-ug jpomeitn Ha f. Kazano na nporpaMucTku »KaproH, IpH yCJIOBHE,
Ye THITHT HA U3XO0Ja Ha § € ChIIUAT KaTo THUIa Ha i-us BXoJ Ha f.

tC gpyru mymu, ako mpoMmensmBHTe Ha f 663 X, OT €Ha CTpaHa, I IPOMEH/INBHATE Ha, g, OT JIpyra CTpaHa, HIMaT
001U eJIeMEHTH.
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enuHuUIa 3apajan X;. Hanpumep, ako ca gagenn f(xq,X2, X3, X4, X5) 1 g(X1,X2, Xg), TO KOMIOBHUIIAITA
f(x1, %2, X3, g(x1,%2,X8),X5) € byukims wa (5+ 3) —2 —1 =5 npomenusu.

Toa moxke j1a ce 06061 Taka. AKO g1, g2, ..., gn Ca OyjeBu (DyHKIUKA CHOTBETHO HA My, ...,
M, IPOMEHJINBU, a UMEHHO

g1 (ym» A ,y1,m1)
92(92,1) o )yl,mz)

In(Yn,y« - -y Ynymn)

TO KOMITO3UIUATA Ha ¢ HA MICTOTO HA Xqi, HA gy HA MICTOTO HA X2, ..., HA gy HA MICTOTO Ha X
e OysieBaTa PyHKITHS:

f(91(y1,1> <oy Yimy )) 92(92,1> s 392,1112)) KRR gn(yn,h coe )yn,mn))

1.7 O6o00b1eHa KOHIOHKIIUA U 0000IIeHa AN3IOHKITIS

Heka f; e OyneBara dynukims kononkiusg. Heka Xq, X2, X3 1 X4 ca OysieBu npomenusu. Beekn ot
CJICJIHUTE 3alliCHU:

f1(x1,%2) f1(x1,%3) f1(x1,%4) f1(x2,%3) f1(x2,%4) f1(x3,%4)
e gomyctum. OT Japyra cTpaHa, CJICJIHATE 3aIlUCH:
f1(x1,%2,%3) f1(x2,X3,X4) f1(x1, X2, X3, X4)

ca, oT popMaJIHa IJIeJHa TOUKa, HeJIOIIyCTUMMU, TIOHEXKe KOHIOHKIUSTA € (PDYHKINS Ha TOTHO ABA
apryMeHTa, a He Ha TPU WU HOBeYe.

Ha npakTuka obade Hre TOBOPUM 3a KOHIOHKIIMS Ha MHOIO IpomennBu. Kak craBa ToBa? Ako
TpsA0Ba & CMe HAII'bJIHO MPEIU3HN, KOHIOHKIUITA Ha IIOBeYe OT JBE IIPOMEHJINBU He € (DYHKIIN-
ta f1, a Apyra GyHKIWMsI, KOATO ce mojydaBa oT fi Upe3 Mmojaxosina ceprsi OT KoMmmo3uimu. Kato
puMep Ja pasrjegaMe CJIeJIHATe meT pyHKINN:

f1(f1(f1(x1,x2),%3), X4) f1(x1, f1(x2, f1(x3,%4))) (2)
f1(f1(x1,%2), f1(x3,%4))
f1(f1(x1, f1(x2,%3))y X4) f1(x1, f1(f1(x2,%3), X4))

Beska or Te3u et hbyHKIUN € pyHKIIN HA YeTUPUTE TPOMEHJIMBH X1, X2, X3 U X4. JlecHO ce Bk 1a,
4e Te3n GYHKIUE OTroBapaT GHEKTHBHO Ha IIeTTe! HadmHa 3a cKoOyBaHe Ha PeUIaTa OT HPOMEH-
quBure. [Ipodee, Te3u mer byHKIMN ca paBHI—TIO-TIPEIIM3HO Ka3aHO, (2) ChbPKa MeT 3alica Ha
eJTHa U CbITa PYHKIINSI —TI0PaIl acCONUATUBHOCTTA Ha KOHIOHKITUATA. JIeCHO ce BIKIa OCBEH TOBA,
Ye U BCAKa JIpyra JIMHelHa Hapej 0a Ha TPOMEHJIMBUTE, J1a KaXKeM X2X4X1X3 O JIOBEJIa JI0 ChITOTO
— (yHKIUATA HA YeTUPU MTPOMEH/IMBU CH OCTaBa CHINATA; TOBA II'bK € 3apajyl KOMYTATUBHOCTTA
Ha KOHIOHKIIUATA.

TCrpanndna 3a6e1exka: B KOMGHHATOPHKATA, N-ToTO uncso na Catalan, koero 3amucsame kato Cr,, € GposT Ha
BCUYKM HAYWHU JIaJIeHa JinHeliHa Hapeaba Ha N+ 1 eeMeHTa, B3eTH OT HIKAKBO MHOXKECTBO A, 11a Obje cKOOyBaHa
TakKa, Je JaJieHa OnHapHa omepanus Hag A f1a Oble IPUIOKeHa HaJl BbIPOCHATA JInHelHa Hapea0a. B KoHKperTHus
npumep, MHOXKecTBoTo A e {0, 1}, Opoar ma obexTure e 4, OuHapHara omeparus € f1, a auHeliHaTa Hapenba €
X1X2X3X4. Heficturenno, C3 =5, koeTo ToYHO oTroBapst Ha Opost Ha GyHKIMUTE B (2).

10
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U raka, byuknusara or (2) e npumep 3a 06obwena xkononkyus. Tosa e pede, PyHKIHs HA JIBE
WJIN TTOBEYe ITPOMEHJ/IMBH, KOSITO Ce TOJIydaBa OT OOMKHOBEHATA KOHIOHKIIAS IPE3 CePUsi OT KOMIIO-
suruu. O9eBuIHO, 0000IIeHaTa KOHIOHKITIS MMa CTONHOCT €IMHNIA TCTK BCUIKUTE W TPOMEHTUBA
ca eJINHUIA.

Hanbimo anaornyno nedbunupame u obodwerna dudronkuyus: GYHKIUS HA JIBE WA ITOBEYE
[IPOMEHJIMBHU, KOSITO Ce TOJIydaBa OT OOMKHOBEHATA JUIOHKIUS Upe3 Cepusi OT KOMIIO3UIUH; Ts
nMa CTOHHOCT €JIMHUIA TCTK IOHE €/IHa OT IPOMEH/INBUTE W € €IMHUIIA.

1.8 JIpyru npejscraBsHus Ha OyjieBuUTe (PyHKIAN
1.8.1 IlIpesacraBsine ype3 cxeMu OT (PYHKIIMOHATHU €JI€MEHTHU

Ha momycueM, de HU € JIaJIEHO YCTPONCTBO, KOETO T BXOJA M TOYHO €/INH M3X0J1, 3a Hakoe N € N.
Ha BxomoBete ce nogasat OyseBu croitnoctu. /lanena uu e 6ynesa dyuknus f ¢ n aprymenTa. Kas-
BaMe, 4e yCTPOUCTBOTO peaausupa Pynkyuama f, ako 3a BcgKa KOMOMHAIMS-BEKTOD X OT OyJieBu
CTORHOCTH Ha BXOJI0BETE, Ha M3xX0/a “‘u3u3a’ Oynesa croitnoct f(x). CrangapTHO JOIYCKaHe e, de
BXOJ0BETEC Ha YCTpOIU/ICTBOTO Ca UMEHYBaHHU; TOECT BCEKU BXO/ CU UMa UICHTHUYIHOCT. BCHKO TaKOBa
yeTpoiicTBO HapmaaMe gynxyuonaseh eaemenm!. 3a MeInTe Ha TO3H KypC HEE PAa3LIesKIaMe CaMo
ujean3upann (HyHKIMOHATHE €JIeMEeHTH, HO TaKuBa (DYHKIIMOHAJIHU €JIEMEHTH MOXKe Ja ObiaT
peasinsupanu (hU3MIECKU, KOETO € B OCHOBATa Ha IIMPOBATA CXEMOTEXHUKA.

[Ie nzobpasstBame (byHKIMOHATHUATE €JIEMEHTH IIPUMEPHO TaKa:

Enementsr ce pucyBa ¢ HEIIO KATO MOJYKPBI, KATO BXOJOBETe (B Cjlydasl Te ca TpH Ha Opoii u
ca HOMepupanu ¢ 1, 2 u 3) ca OTKbM IpaBaTa 9acT, a U3XO[bT, KOTO BUHATU € TOYHO €JIUH, €
oT 3a00sieHaTa JacT. VimMeTo Ha (pyHKIUATA € HAITMCAHO BbPXY ejieMeHTa. EcrecTBeHo, (hyHKIUATA,
TpsA0Ba Ja € TakaBa, 4e OpodAT Ha apryMeHTHTEe W Ja € TOYHO paBeH Ha Opos Ha BXOJIOBETE Ha
enemMenTa. AKo ce pasbepeM, de BXOJI0BETE ca HOMEPUPAHU OTJIABO HAJISICHO, MOXKEM CITOKOIHO JIa
u3IycKaMe M3IUCBaHETO Ha HOMepaTa MM; B TaKbB CAydail cbhbudaT (DYyHKIMOHAJIEH eJIeMEeHT On
OuJI HAPHUCYBaH TaKa:

Heka otnoso f e ciennara dynkius:
f=01101101

Torasa Bbpxy Bxomuus Bektop 001, f nma croitnoct 1. ToBa n3obpaszsiBame Bbpxy OYHKIIMOHATHAS
eJIeMEHT eTO TaKa:

"Ha amrmiicku TepMuEbT € gate.

11
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OueBnIHO JTOIyCKaMe, de WMa IOCOKa Ha ‘‘/IBUKeHrne Ha mH(poOpMarmsara’, KOSITO € BHHAIU OT
BXOJIOBETE K'bM U3XO0JIA.

Cxemure 0T (DYHKIIMOHAJHI €JIEMEHTH Ca HaJl HIKAKBO MHOYKECTBO OT OyJIeBU IPOMEHIUBH. Y 100~
HO € Jia CU IIPeJICTaBsMe, e IIPOMEH/INBUTE “TekaT 1o “sxuimure’’, KOUTO BJM3aT BbB BXOJOBETE
Ha yHKIMOHAIHUTE ejieMenTu. Hampumep, ako mckame jia n306pa3uM (QyHKIIMOHAJICH €JIEMEHT,
crorBercTBall Ha f(X1, X2, X3), IpaBUM TakaBa Juarpama;

X1 X2 X3

BabesiexkeTe, de CJAETHOTO CBbpP3BaHe Ha BXOJIOBETE Ha (DYHKIIMOHAHUS €JIEeMEHT K'bM TPUTE IIPO-
MEHJIMBU € C'hbIII€ECTBEHO Pa3JIMUYHO OT IPEJUTTHOTO

X1 X2 X3

110 CBINUTE IPUIUHHI, ITOpau KouTo (X1, X2, X3) B 001mus ciaydaii e pasnundana dpyukius ot f(x2, X1, X3)
(mpuromHere cu pasiukara Mexty Tabuumna 1 u Tabauna 2). U raka, cxemure or QyHKIMOHAJ-
HH €JIEMCHTH 9YyJE€CHO OHalvIeJsdABaT KaKBO CTaBa IIpU IIEpMYyTalud Ha IIPOMCHJIMBUTE B 3allCa Ha
dyHKIIIATA.

Cxemure 0T (DYHKIIMOHAJIHU €JIEMEHTH UyJ/IECHO OHAIJIeJsdBaT W IMOHATHETO yHUDUKAIMA Ha
IpoMeHJIMBU. AKO pasriefiamMe Cbliust (DYyHKIMOHAIEH eJIeMEHT, KOHTO IIOJI3BaXMe B IPUMEPUTE
rope, To yHupUKAIMATA Ha X1 ¢ X, (npunomuere cu Tabrmia 3) nsriex/a Taka BbpXy eJIeMeHTa:

X1 X3

t PeasanuTe (byHKIMOHAJIHI €JIEMEHTH €2 €JeKTPOHHH YCTPOHCTBA, 110 UHATO YKUIMH TEKAT TOKOBE W MMa Hall-
PEeKeHMsI, KaTO HAIPEeXKEHUATa Ce MHTEPIPETUPAT KATo HyJn win eqwHuim. Vgeanusupannre OyHKIIMOHAJHNA
€JIEMEHTH, KOUTO Pa3IJiek1aMe TYK, ca aDCTPAKIMKA U IPHU TIX 33 TOKOBE M HAIPEXKEHWs He CTaBa JyMa. Bbpxy
TexHuTe ‘Kuy’ “rekar’ Hyaw u equHunn. [Ipu peaannte GyHKIIMOHAJIHE €TEMEHTH UMAT HIKAKBU 3aKbLCHEHUSI—B
[pUpojaTa HUINO HE Ce CJIydBa MUTHOBEHO—TaKa de IPU BCsKa MPOMsIHA Ha BXOJIOBETE € HeOOXOMMO HSKAKBO
BpeMe, TUIIMYHO OT IOPsbKA HA HAHOCEKYHJIU WJIU [MMKOCEKYHJIU IIPU MOJIEPHUTE BbPXOBU IU(MPOBU €JIEKTPOH-
Hu cxemu. Vjeanusupanure (GYHKIMOHAJIHU €JIEMEHTH, KOUTO PA3IJIeXKIaMe TYK, HIMAT 3aK'bCHEHUsI W IPU TSIX
CUTHAJIATE Ce PA3IPOCTPAHIBAT HEOTPAHUIEHO ObP30.
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dcuo ce BmKTa, |e cien yHUMDUKAIIUATA, TPOMEH/IMBATE ca caMo jiBe. UepHaTa TOYKa € TOYKA Ha
Pa3KJOHEHHME Ha CUTHAJA, IIPU KOETO UJIBAIATA OTTOpPe CTOMHOCT Xi Cce pa3MHOXKaBa U “Bjn3a’ B
JdBaTa BXO/a BJIABO. B TEPMHHOJIOTUATA Ha €JICKTPOTEeXHUKaTa, II'bPBUTE JBa BXO/Jda Ha eJIeMeHTa
ca “Ha KbCo'.

M3noa3Baiikn KacKa Ho cBbp3ann (PYHKIIMOHAIHU €JIeMEHTH MOYKEM MHOTO €JIETaHTHO J1a WUJIIOCT-
pupaMe KOMIIO3UIUATa Ha (DYHKIUS Ha MACTOTO Ha IPOMEH/IMBa BbB hyHknus. Kakro B [Tomcek-
s 1.6, Heka f(X1,X2y .« y Xiy ooy Xn) ¥ g(Y1,Y2y...,Ym) ca OyneBu dbyukimn. CbOTBETHATE UM
PYHKIIMOHAIHI €JIEMEHTH CHU IIPEJCTABAME TaKa:

X1 X2 Xi Xn Yi1y2 Ym

Torasa KOMIIO3UINATa Ha g Ha MACTOTO Ha X BbHB f ce OIIMCBa, B TECpMHHUTE Ha (bYHKHI/IOHaJIHI/ITe
€JIEMEHTH, KaTO CBbP3BaHe Ha U3XO0/Ja Ha €JIEMEHTa Ha g KbM 1-ns BXO/I Ha €JIeMeHTa Ha f:

Y1 y2 Ym
X1 X2 Xn

1-UAT BXOJI IIPObJI2KaBa Jla ChINECTBYBa, HO Bede HEe € UMEHyBaH ¢ “X;’, 3alll0TO IMPOMEH/INBa, X{
BeUe HgMa B CMHUCDHJI, 9e He Ce I0J3Ba. AKTHUBHUTE IIPOMEH/INBH, C JPYTH JIYMH, T€3U, KOUTO Ce
HOJIZBAT, C& X1, ..., Xi—1, Xitl, - -+ Xny Y1, - ., Ym. 1230 Kackaja orT (OYHKIMOHAJHU €JIEMEHTU
peaymsupa GyHKIuATa (X1, X2, 00y X1, (Y1, Y2y + ooy Ym)y Xit 1y Xig2y - oy Xn )

QyuKIuuTe 0000IIEHa KOHIOHKIIMS 1 00O0DINeHa JIU3IOHKIINS, 38 KOUTO cTaHa Jjyma B [loj-
ceknus 1.7, MoxKe Jla ce WIIOCTPUPAT Ype3 KaCKaIHU CBbP3BaHUsS Ha (PYHKIIMOHAJHU €JIEMEHTH
THI KOHIOHKIMSA MJIM JU3I0HKINs. Heka eTo To3m (hyHKIMOHAJIEH €JIEMEHT peasin3upa OyJieBata
GYHKINS KOHIOHKITHAS:

Torasa nerre koMmmosurmu ot (2) MoraT Jia GbJIAT MPEJCTABEHN TAKa:
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X1 X2 X3 X4 X1 X2 X3 Xq X1 X2 X3 X4 X1 X2 X3 X4

Kaxkro ce kaza B Ilojceknus 1.7, mopajau aconuaTuBHOCTTa Ha KOHIOHKITUSTA, II€TTEe KOMIIO3UIIII
oT (2) ca BCBITHOCT HeT HauYnHa ja Obje HammcaHa eHa u cbina yHKiusa. CiieoBaTeHO, eTTe
pPA3/IMIHNA CBbp3BaHUs Ha (DYHKIMOHAJIHNA €JIEMEHTH OT IOC/eHaTa (DUrypa peajn3upar eaHa u
cbira (PYHKIMSA, a UMEHHO 0000IIeHa KOHIOHKITUST HA YeTHPHU ITPOMEHJINBH.

1.8.2 IlpeacraBsiHe 4upe3 XuUnepkyo

[Tonsikora e MHOrO yI00HO J1a MUCJIHM 3a OyjeBuTe (pYHKIMH Ha N IIPOMEHIUBH B TEPMUHUTE Ha
runepryob. N-MepeH XurepkKyo e 00o0IeHne Ha peauIaTa OT PFeOMEeTPUIHNA 0OEKTH TOYKa, OTCEedKa,
KBaJpaT, Ky6 U Taka HaTaTbK:

Toukara e O-MepeH XunepkyO, KOfTO € aToMapeH B CMUCHII, U€ HIMa CTPYKTYpa,

oTcevukaTa € 1-MepeH XHIEepKyD, ChCTOSIN ce OT 2 TOYKH U eIHOMEPHHUsl OOEKT, KOWTO I'M
CBBbP3Ba—MOXKEM J1a KaykKeM, B HAKAKbB CMUCHJI, “KOHTO € OrpajeH oT Tdax

KBaJIpaTbT € 2-MepeH XUIEepKyD, cberodir ce or 4 Touku, 4 oTCcedKu U JABYMEPHUST 00EKT,
orpajies oT TsIX,

KyObT e 3-MepeH xumepky0, ¢berosi ce or 8 Touku, 12 okojHE pbba, 6 KBajgpara U TPH-
MEpHHA 00EKT, OrPaJIEH OT THX,

1 TaKa HaTaTbK.

Ot Ta3u riejgHa TOYKA, T-MEPHUST XUATIEPKYD € OOIUST 1/IeH Ha Ta3u peaura. 1oil e reomeTputden
00€KT B M-MEPHOTO MPOCTPaHCTBO. MoxKe jga MUCIUM 3a XHIEpKyba KaTo 3a 00EKT, ChCTOLII Ce

OT:

2" TOYKM, KOUTO Ca BHPXOBETE MY,

N2 oTceuKn, KOUTO ca OKOJIHUTE My PbOOBe,
n\yn—2

(2)2 KBaJIpaTa, KOUTO Ca OKOJIHUTE MY CTEHU,
n\yn-3

( 3)2 Kyba,

1 TaKa HaTaTbK

(n'i])Z“_(“_” = 2n na 6poii, (n — 1)-mepau obekra,

eIuH N-MepeH 06eKT, orpajed or (n — 1)-mepaure 00EKTH.
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Jlecno ce Bmxka, ue k-MepHUTE KOMIIOHEHTH Ha M-MEPHUsS XUIEPKyO ca (E) 2" ma 6poi.

Mozke 1@ mpeHeOperseM reoMeTpUIHNS aclleKT Ha XUIEepKy0a U Jja MUCJIMM 3a HEero KaTo 3a YhCTO
KOMOMHATOPEH 00EKT I10 CJIe/IHUST HATHH:

e Bopxosere my ca Bekropute or {0, 1}". ToBa ca 0-mepHHTE KOMIOHEHTH Ha T-MEPHUS XU-
epKyo.

e JlBa BekTOpa ca cscedHu TOraBa M CaMO TOTaBa, KOTATO Ce PA3JIMYaBaT B TOYHO €HA MO3U-
musi. Hanpumep, ako n = 3, Bektopure 001 u 011 ce pasnmuaBar B TOYHO €/IHA MO3UIIUS
(BrOopara) u Te 3aJIaBaT €JIMH OKOJIeH pb0 Ha 3-MepHust xunepky6. U Taka, Bceku OKoJieH pb0
ce UJIEHTUQUIIPA C JIBATa BbPXa, KOUTO My IIPUTA JIEXKAT, a T€ ce pa3IndaBaT B TOUHO €/THa
nozutus. C apyru jgymu, 1-MepHUTe KOMIIOHEHTH Ca BCUYKU (HEHADEJIEHN ) JIBOWKH BEKTODH,
KOWUTO Ce PasjindaBaT B TOYHO €JIHa TO3UIIH.

e AHAaJIOrMIHO, BCAKA OKOJIHA CTEHA Ce WIACHTHMUIMPA ¢ YeTUPHUTE BbpxXa, KOUTO W IIPUHAIIe-
xkar. C Jpyru Jymu, 2-MepHUTE KOMIOHEHTH Ca BCHYKHN (HEHAPEJEHN) YeTBOPKU BEKTODH,
TaKWBa Y€ UMa TOYHO JIBe IMO3UIUU, B KOUTO T€3U YeTUPU BEKTOPa Ce Pa3indaBaT.

e AHAJIOrU4HO, 3-MEpHUTE KOMIIOHEHTH Ca BCUYKHU (HEHAPEJIEHM) OCMODPKH BEKTOPH, TAKHBA
Je UMa TOYHO TPU MO3UINH, B KOUTO C€ Pa3/miaBaT.

e |1 Taka HaTraTbK.

e N-MepHATa KOMIIOHEHTa € TOYHO eHa: TOBa € MHOXKEeCTBOTO OT BcwukKu, 2™ Ha Opoii, n-
BEKTODH.

Torasa obmuAT 6poit KOMIIOHEHTH HA N-MEPHHUS XUIIEPKYO e:

A N

k=0 k=0 0<k<n

n nk _ n n—k _ 5 T Jkqn—k _ an
Y (s X (N ()2 X ()
0>—k>-—n n>n—k>0 0<k<n 0<k<n

Karo nmpumep 1a pasriemgame 3-MepHUs XuepkyO, 3amncad HAIIbJIHO MOAPOOHO:

{

{{000}, {001}, {010}, {011}, {100}, {101}, {110}, {111}}, //8 B1pxa

{{000, 100}, {000, 010}, {010, 011},{001, 011}, {000, 100}, {001, 101},

{011, 111},{010, 110}, {100, 101}, {101, 111}, {111,110}, {110,100} } //12 p16a
{{000, 001,011, 010},{000, 100, 101,001},{001, 101,111,011},

{010,110, 100,000}, {010,110, 111,011},{100, 101,111,110}}, //6 cremn
{{000,001,010,011,100,101,110,111}} //1 obem

}

OOUKHOBEHO XWIIEPKYOBT ce pucyBa KaTo rpad: camo BbpxoBeTe u cTpaHuTe. ToBa 0O3HaYaBA,
1e O-mMepHuTEe M 1-MepHHTE KOMIIOHEHTH ce m300pa3siBaT, a OCTaHAJNTe, He. 1aka e MHOIO IO-
nperseano. Ho nue 3naeM, e XunepkyobT KaTo KOMOMHATOPEH OOEKT € CbBKYITHOCT OT OOCKTUTE
or Bemuknu pasmeproctd, or 0 70 N T. ETo Tunmdno m3obpaskenne Ha 3-MepHHS XHIEPKYO:

t Ako roBopuMm 3a e2pag-runepry6, ToraBa MMaMe HPEIBH 0OEKTA, KOHTO € CHBKYIHOCT caMo oT O-MepHuTe
KOMITOHEHTH (BbpxoBere) n 1-MepHHTe KOMIIOHEHTH, KOUTO B TO3M KOHTEKCT Hapudame “pebpa’. m-mepen rpad-
Xuepkyb He e CbINOTO HEIo KaTo N-MepeH XUuepKyd: rpadbr-xunepkyd e moJIMHOXKECTBO Ha Xuepkyba. Xurep-
KyObT ChIbP2KA U KOMIIOHEHTUTE OT Pa3MepHOCTH > 2.
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001 100
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BobpxoBere Ha M-MepHus Xurepkyo ce pasbupar Ha N + 1 caosa. BbpxoBere or enun ciioii ca
TOYHO TE3M BEKTOPH, KOUTO MMAT €IUH ¥ CbIIU Opoii euHuiy. Bposar Ha eIuHuIuTe MOXKe 112 €
0,1, ..., n, 3aroBa u cimoesere ca N+ 1. Koraro ropopum 3a cioit k, 0 < k < n, umame npeaBu
CJI0SI OT BEKTOPUTE, BCEKM OT KOUTO mMa TOYHO kK egumuuim. QueBuiHO cioit K mma (E) BEXKTOPA
B cebe cu. ETo cbinust XunepKy0, KaTo YeTUPUTE CI0sI Ca YKA3aHU C PA3/JIUIHU [[BETOBE:

111

011 110

001 100

000

Bcegxka OyeBa hyHKIUS Ha L IIPOMEHJIMBU MOzKe J1a O'bJie pasriiexKaaHa KaTo acoluupaHe Ha BCEKU
BPbX Ha M-MepHUs XUIepKys (IIOMHUM, de BbPXOBETe My €a TOYHO T-BEKTOPUTE) ¢ ejHa OyseBa
croitroct. Hampumep, dpyuknusra f = 01101101 or MunHamaTa mojacekims ce n3o0pas3siBa BbpPXY
xunepkyba raka:
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011 110

001 100
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CroitHOCTHTE HA (DYHKIINUATA BbPXY BEKTOPUTE CA HAIMCAHU C IEPBEHO.

Ot Ka3aHOTO JIOTYK U3TJIEK/IA, T€ KAHOHUIHOTO MPEeJICTaBsIHE Ha Ja/leHa Oy/ieBa (DyHKIUS U TIPeJI-
CTABSHETO IPe3 XUIEPKYOD ca eIHO U ChINO Helo. BCbITHOCT, pa3/inKa nMa 1 Ts € CaMo B HapeabaTa
Ha BekTOpuTe. 11PN KAHOHMYHOTO HpeJICTaBAHe, BEKTOPUTE Ca HAPEIeHN JeKCHKorpadeku' | a mpu
[PEJICTaBSIHETO ¢ XUIIEPKYD Te ca HapejeHu oT JactudHara Hapenba < C {0, T}" x {0, 1}, nedu-
HUPAHA 110 CJIE/IHUST HAYUH:

Va,be{0,1}":a<xbe (Vie{l,2,...,n}:a; <by) (3)

Tosa e wacTuvHa Hapejda, KOATO He € JIMHEHa, IOHeXKe NMa JIBOMKN BEKTOPU, KOUTO HE Ca CpaB-
auMmu (copsimo Hest), Hanpumep 011 u 100. Tasu wactuuna Hapenba e MOJE3HA 38 OCMUCIISTHETO
Ha Pa3/IMYHU MOHATHS U pelaBaHeTO Ha MHOIO 3aJiadu OT obyiacTTa Ha OyieBuTe pynknun. Ha
TOpHUs TIPUMEP BCBIMHOCT € MoKas3aHa Juarpamara Ha Hasse Ha dactuunara Hapemaba < BbpXY
3-BEKTOpHUTE.

KaxTo Kazaxme Beue, ChCEIHI BEKTOPHU Ca TAKNWBa, KOUTO Ce Pa3/IMdaBaT B TOUYHO €JIHA HO3HUIIA:.
CbCeiCTBOTO Ha BEKTOPU MOZKE JIa OCMUC/IUM I B TEDMUHATE Ha XUIEPKyDa: JBa HErOBU BEKTOPA, Ca
ChCEIHN, aKO ca B cbeeaan caoese. CbeeJICTBO Ha BEKTOPH MOXKE J1a OCMUCIUM U 9Pe3 peJIalusTa
< (Buxk (3)). A umenno, ako @ u b ca N-BeKTOpPH, TO Te ca CbCEHU TOraBa U CAMO TOraBa, KOraTo
a<bwmb < a, kpaero penamnuaTa < ce jJedUHAPA TaKa:

vy e{0,1": (x <y xsxyAx#yA-Iz(z£xNz£yAx<sz=<xy)) (4)

Hanpumep, 0010 < 0011 u 0010 < 1010, vo 0010 £ 1111, Bbupexn ge 0010 < 1111.

Cpaseare na N-meprus xuneprybd 6 i-mama Jumencus € TOHITHEe, KOETO II'bPBO 1€ OHAIJIE/IUM C
npumep. Eto cpsa3Bane Ha 3-MepHUsT XUIIEPKYO BbB BTOpaTa JUMEHCHUS:

t Tekcuxorpadckara mapeaba e uneiiHa.
tOcBen ToBa, 3a 72 TOBOPHM 3a CHCEICTBO HA BEKTOPH, TPSOBA Te /I MMAT €/[HA I CbIINA [b/KIHA. 11pi BeKTOpH
C Pa3JIUYHU IBJKUAHU 338 ChCEIACTBO HE MOXKE JIa CTABA JyMa.
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3a ymo0cTBO, HEKa Jla MHUCJIUM 3a XUIepKyda Karo 3a rpad-xumnepkyd, TOeCT ChbBKYIIHOCT OT
BbpxoBe U pedpa. CpszBaHETO ce ChCTOM B IIpeMaxBaHe Ha i-TaTa MO3UINA Ha BCUYIKUA BEKTOPU-
BbPXOBe, CJIeJ] KOeTO TAXHaTa Ib/KIHHA cTaBa N — 1, U IpeMaxBaHETO HAa TOYHO Te3U pedpa, KOUTO
ca OT BH/JIA:

{xOB, 1B}

K'bJIeTO X e OyJieB BeKTOp ¢ IbjizkuHa 1 — 1, a 3 e OysieB BeKTOp ¢ Ib/KnHa N —1. B nmpumepa c¢be
CpsI3BaHETO Ha 3-MepHHsS XUIIEPKYO BbB BTOpaTa JUMEHCHsd, pedpaTa, KOUTO MaxaMe, ¢a TOYHO

{000,010}, {001,011},{100, 110}, {101,111}

Axko mytetame Ha xurepkyba He KaTo Ha rpad, a Karo Ha “MCTHHCKH XWUIIEPKYD ¢ KOMIIOHEHTH OT
BCUYIKI Bb3MOKHU PA3MEPHOCTH, SICHO €, 9€ CPSI3BAHETO BOJM JI0 M39€3BaHETO Ha T-MepHATa KOM-
[IOHEHTA, KAKTO 1 JI0 HaMaJisiBaHeTO Ha Opost Ha K-MepHUTe KOMIIOHEHTH OT (E) 2" % Ha (n?)Zn_k_],
T'bif KATO PE3Y/ITATHT OT CPsA3BAHETO € IosiBaTa Ha JIBa HOBU XUIIEPKYDa, BCEKH ¢ pa3MepHOCT n—1.

Ot Ka3aHOTO JI0Cera MOXKE Jia He € sICHO 3all[0 HAaCTOsiBaMe Jia ce Ka3Ba, ue Cps3BamMe UMEHHO B
i-raTa pazmepnoct. Hampumep, Ha nociaeanarta ¢purypa or eauH KyO ce MoJIydaBaT JBa KBajpaTa
U 110 HUIO He JIUYU TOYHO B KOs OT TPUTE padMepHOCTH e Omi cpasaH Kyba. OTroBopbT Ha
Ta3u 3abejeKKa €, 9e XUIMEPKyObT HU HMHTEpecyBa B KOHTEKCTa Ha OysieBuUTe (DYHKIIUH, KOTaTO
BbPXOBETE My ca “MapKupaHu ¢ HYJU WIN eJUHUIU — cToiiHOoCcTHTEe Ha OysieBara dyukiusd. [1pu
CPSI3BAHETO aCOIUAIMATa MEXKJIy BbPXOBE M CTOHHOCTH Ha (DYHKIUATA Ce 3ala3Ba, Taka |e B
O0IIHs CIydail Pe3y/ITaTbT OT CPSI3BAHETO B PA3IUYIHU PA3MEPHOCTH € PA3JIUYEH.

1.8.3 IlpencraBsine upe3 popmyiin

Dopmyaa € 9UCTO CUHTAKTUIHO mToHATHEe. Cpe HOITKOICKOTO pa3bupaHe 3a “dhopmyrna’ e “mpoct
aJIropuTbM’, Harmpumep “bopMyiaTa, 3a JHIETO HA KPbI ¢ paiyuc T e S = 7r?”. Tyk Hue Bb3I-
prueMaMe ChBCeM JIpyTo pasbupane 3a “opmyna’. Popmynal e BceKn CTPHHT, KOHCTPYHPAH HaI

tErumonorusTa Ha mymara e cieqnara: Ha jgaruacku “formula” e ymasmresnno or “forma”. He e rpemka ja
kazBaMme “popma’ BMecTo “dopmysta’.
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najeHa a3dyKa ChIVIACHO JaJdeHu IpaBuia. A30yKara BUHATH € KpaiiHa, a MHOKECTBOTO OT (hop-
MYJIATE 110 IIPaBUJIO € Oe3KpaiiHo.

Ero muoro mpoct npumep 3a 6e3KpaiiHO MHOXKECTBO OT (popMyJid HaJ| KpaliHa a30y-
Ka. /lajjann ca KpaeH OpoIl IPOCTH CHXKJEHHS, a (popMyJInTe, rpybo KazaHo, ca HJIH
MIPOCTUTE ChXKJIeHUsI, HJIH ChCTABHUTE ChyKJIEHHUsI, U3MOI3BAINH CHIO3UTE OTPHUITAHIE,
KOHIOHKITUST U JAU3IOHKIHS. T'bif KATO TYK ce HHTepecyBaMe caMo OT CHHTAKCHCA, 3a0pa-
BsIMe 3a cMuCDHJIa HA “—7) “/\” u “\/” m MucsimM 3a TsIX KaTo 3a OyKBH. 3a J1a OIPOCTHM
KOHCTDYHPaHETO Ha (DOPMYJIHTE, Ie H3IMOJI3BaMe CKOOH BHHAI'H, KOTaTo CjaraMe HOBa
OyKBa, OTrOBapsiIa Ha JIOTHIECKH ChIO3.

Heka nipocrure cbxiaernns cap, q u v. Asdykara e & = {p,q,T,(,), 7, /\, V}. Popmy-
JIHTE ca TOYHO CTPHHTOBETE, KOUTO C€ TeHEPUPAT 110 CJEJHUTE IIPABUJIA.

Baza: p e ¢popmyna, q e popmyna u v e popmyira.

NunykruBHa crbnka: Heka & u ¢, ca ¢popmysm. Torasa
1. (¢1 /A d2) e popmyia,
2. (1 V d2) e popmyna
3. —(&d1) e popmyua.

3abesrexkere, Ue Taka Je(PUHUPAHOTO MHOYKECTBO OT (DOPMYJIH € UHIYKTHBHO T€HEePH-
paHo MHOXKecTBO. Pazbupa ce, T0 e 6e3KpaiiHO MHOXKeCTBO.

Ero msiroik0 hopmystu cwrimacHo Tesu npasuiaa: p, (p /A (q /A p)), ~((p V (—(q) A —(r)))).

Eto nsikosko crpunra, KouTo He ca (popMyJIid ChIVIACHO Te3W mpasuia: U, —p, p /\ (,

((pVq)), 0, (q).

QopmysnTe Ha OyaeBuTe PYHKINNA MOXKE J1a ce JepuHIpaT HHIYKTHBHO 110 caeHns HaunH. Puk-
cupame n3b6porMo Oe3KpaiiHO MHOXKECTBO OT OyJIeBU ITPOMEHJIUBU {Xq, X1, . ..}. A3OyKara e:

L ={f,%0,1,..0,9 ()}

C 4gepBeHo ca 3arnmcann OYKBUTE OT €3UKa, KOWTO Ie OIUIIEM, & UMEHHO e3uKa OT (hOPMYJINTE Ha
Oyniesure (PyHKIMY, a ¢ 9ePHO ca OYKBUTE OT METae3MKa, KOMTO U3Mo/I3Bame, 3a Jla OIUIIEeM e31Ka
or dopmynure Ha Oyinesure dyuxunn. Heka T4 = {0,1,...,9}. Heka X C L} e MHOXKECTBOTO OT
CTPHHIOBE HaJl L4, KOUTO Ca BAJIH/IHU 3allUCH Ha YHCIIa B JeCETHYHA IIO3UINOHHA OPOiiHa CHCTEMA.
Heka ( e cranmapTHaTa jgeceTnvHa MO3UIMOHHA OPOIiHA CHCTEMa, TOeCT OMEKITNsITa

LZE%N

KoATO 3HaeM oT yuwiuiie. Heka enum e npousBoiHO m30posgBaHe HA BCUYKU OysieBU (DYHKIINU,
Toect 6buekius enum : F — N. 3a yno06cTBO B3eMaMe Hail-IpOCTOTO U eCTeCTBeHO n3bposiBane Ha
Oynesure pyHKIMN:

e saBcako N € N, ako f € F* u g € F™, 10 enum(f) < enum(g),

e zaBcakon € N, ako f, g € F* u f # g, o enum(f) < enum(g) Torasa u camo ToraBa, KOraTo
KAHOHUYIHOTO IIpejicTaBsiHe Ha f mpemaxoxkja JieKCHKorpadCcku KaHOHUIHOTO IIPeCTaBsIHe
HA g.

tHanpumep 0017 He e BaamieH 3aIC 3apajii [BETE BOIEIIH HyJIIL.
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Heka uzbpoenure ot enum Oysnesu dhyukiun ca fy, f; 1 raka mararbk. [la pasriemame nagaaoro
Ha n3bpostBaneTo. fy e KoHcTaHTa Hy/1a ¢ Hysa aprymenTa, Toect 0. f; e KOHCTaHTa eIMHATIA C HYJIa
aprymenTa, Toect 1. f; e KoHcTtanTa Hysaa ¢ eaHa aprymenTt, Toect 00. f3, f; u f5 ca cboTBeTHO
01,10 u 11. fs e kKoHcTanTa Hysia ¢ aBa aprymenta, Toect 0000. U1 taka HatarbkK. f;; € KOHCTaHTA
eMHUIA ¢ JBa aprymenTa, Toect 1111. f5; e koncranTa nysa ¢ Tpu aprymenTa, Toect 00000000.
W rtaka matarbK. fr77 € KoHCcTaHTa equHuIa ¢ Tpu aprymenTa, Toect 11111111, f)753 e KoHcTanTa
mysa ¢ yetupu aprymenta, Toect 00000000. U Taka HaraTbK. fes813 € KOHCTAHTa €IMHAIIA ¢ Y€THPH
aprymenTa, Toect 1TT1111111111111. fgs814 € KOHCTAHTA Hys1a € TIeT apryMmenTa. M Taka HaTaTbK.

Torasa nedpunupame “popmysia Ha OyneBa HyHKIUA Upe3 ciejiHaTa UHIYKTUBHA jedunnimsd. T'a
dopmasimsupa mouaTueTo “‘gpopmysia Ha OyjieHa YHKIUS U BbBEXK/A IbJI00UNHA Ha (hopMyJia,
KOSTO OeJIeXKUM C V.

Onpenenenne 4 (Popmynu na Oynesure dyHKIUHU, JbjadbounHa Ha (opmysa). Beekn crpunr
b € Xt e gopmysra na 6ysesa gyrnryus ToraBa M CaMo TOraBa, KOraTo B CHJIA € TOYHO €IHO OT
JBere:
= ned
e Baza. ¢ = x«, kbuero x € L. v(p) = 0.

e NMnanykruBua crbnka. ¢ = fa(dq,dz,...,0n) Kbuero &1, ¢a, ..., dn ca dopmynu Ha

oynesn dyuxmmm, o« € £ u enum” (t(o)) mMa Touno n aprymental. IlociaeanoTo e BaxkHO!

Babenexere, e f999999(x1,x2) € CHHTAKTHYHO HEBAJIMJIEH 3AIINC, 3aI10TO OyseBara (QyHK-

ousg HOMEP JEBETCTOTUH JeBeAeTJeCeT U JeBeT XMJIdAW JEBETCTOTUH JeBeTAeCeT U JIeBeT € C
IIeT apryMeHnTa CbIVIaCHO HOMEpalludATa €1ulll.

V() L max {(v(1), v(da)y ...y V(dn)} + 1

Heka @ e muoxkecrBoTo or Benuku popmyru na 0ynesun dyukimn. Pynkiuara v : @ — N, koaTo
TOKY-III0 JilepuHIpaxmMe, ce Hapuda 06.4004UHa. O

Hedopmanno, ako cu npeacraBuMm dopmyrnara, peajn3upana dpe3 Kackajga OT (PYHKIMOHAJIHU
eJIeMeHTH, TO JIbJIOOYnHATa Ha (popMy/IaTa € MAaKCUMAJIHUAT Opoil (DYHKITMOHAIHY €JIEMEHTH, TIPe3
KOUTO TPAOBA JIa IPEMUHE CUTHAJIBT.

Hotyk cMme edbunupasiv, YUCTO CUHTAKTUIHO, (hopmyauTe Ha OysieBute pynkmnuu. He cme kazann
HUITO 33 TEeXHHUS CMUCHJI, WK, HHAYEe Ka3aHo, 3a TaxHata cemanmura. CeMaHTHKATA MOXKEM Ja
nedrHIpaMe, N3MOA3BAKN MHIYKTUBHATA JTe(UHAINS Ha CHHTAKCHCa, KATO aHAJIOT'bT HA CUHTAK-
TUYHATA Ollepaliust “BMbKBaHe HAa CTPUHI Ha MACTOTO Ha MOJACTPUHT (MMa ce TPeJIBUJL BMbKBAHETO
Ha opmysuTe ¢ Ha MecTaTa Ha UMEHATA HA MPOMEHJIMBUTE) € CEMAHTUIHATA “KOMIIO3UIUS HA
dyHKIIMS HA MICTOTO HA IPOMEH/INBA BbB (DYHKIUS .

Onpepnenenne 5 (Cemantuka Ha popmy/ure Ha 6yi1. pyukimn). B konrekcra va Otpeenenue 4:
o CemaHTHKaTa Ha BCAKa HOPMy/Ia ¢ IbJIOOYNHA HysIa XX € OyIeBaTa IPOMEHIINBA X, (q)-

e Heka ¢ e npoussosina dpopmyiia ¢ nojoxkureana abjadountua ¢ = fo(dy,dy, ... ,dn), Kbaero
b1, d2, ..., On ca dopmyin. Torasa cemantukara Ha ¢ e Oysesara byHKIms (o) (g1y g2y -+ -y Gn)s
KbJeTo, 3a 1 < i< n,

— ako V(i) =0, To g; e OyeBaTa MPOMEHJIMBA, KOATO € ceMaHTHKaTa Ha O,

t3abemeskere, we () e uncio, a enum ™' (1(«)) e exna or Bemuku Gyaesn dbyukmy, 3amoro enum ' : N — F.
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— MHAaK @i € KOMIIO3UINATa Ha CeMaHTUKaTa Ha (j HA MICTOTO Ha i-TaTa IIPOMEHJ/IMNBA Ha
fia)-

JlecHo ce Bk 1a, Ue pu u3pejieHnTe rnpasuiia oyaeBata HyHKIUS, KOITO € CeMAaHTUKATA Ha HIKAK-
Ba gopMmyIia, € e;THa eANHCTBEHA, HO OOPATHOTO HE € BAPHO: 3a BCAKa (PyHKIMA nMa 6€e30poii
MHOTO GOopMyJIH, HA KOUTO Td € ceMaHTuka. Ako OyseBara dyukius f e cemanTukara Ha pop-
Mysata ¢ 1e KazBame, de f csomeememea na ¢, wim de ¢ peasusupa f. I taka, ¢ peanusupa
TouHO enHa pyHKIud f, HO 6e30poit MHOTO (hopMyIH CHLOTBETCTBAT Ha (pyHKIHATA f.

Yecto cperiana 3aja4da B KoMmorbpauTe HayKu €: JaJieHn ca JaBe (hOpMyJIH, Jjla ce Peln JajIn
ca ekBUBaJIeHTHHU. ToecT, Jajin ChOTBETHATA MM OyseBa (DYHKIMS € eJHa U Cbina, uin He. Tosa
e JacTeH cydail Ha obImaTa 3ajada: JaJeHU Ca J[Ba CHHTAKTUIHU OOeKTa (HSIKAKBH CTPUHIOBE,
U3rPAJIEHN 110 HIKAKBH MIPABIJIA), Jia Ce ONPEeJIesn A CeMaHTHKaTa VM € eJlHa U Cblla, WIH He,
KaToO ceMaHTHKaTa € HIKaKBa JIo0pe jeduHnpana OyHKIUS.

QopmysinTe, KOUTO IIIe pas3riexkjiamMme Ha IPaKTUKa, 0 IPABUJIO Ca CaMO HaJl OrPAHUIEHO MHOXKEC-
TBO OyJsieBu DYHKIINU, KOETO Hali-uecTo e Kpaitno. Heka F C F e Henpasno; jajm e KpaifHo win He,
HsiMa 3HadeHnne. Popmysume nad F e ToBa moaMHOKecTBO Ha O, IunTO €/1eMeHTH-(POPMYIN pea-
Jmsupat ¢yskiuuTe or F; ¢ apyru gymu, B HHIyKTUBHATA CThlKa HAa Oupesesnenne 4, CTPUHIBT
oT mudpu & e TakbB, 4de f () e egement Ha F.

QOyHKIUUTE, YAATO (POPMYJIH IIIe U3IOJI3BAMe B TO3U Kypc, ca “‘crangapTHuTe’ Oy/aeBU (PYHKITHU
Ha JIB€ IIPOMEHJIMBH: KOHIOHKIMATA, JIUIIOHKINATA, UMILUIHKAIUTA, CyMaTa 0 MOIYJ 2, CTpes-
kaTa Ha Peirce m ueprara nHa Sheffer, a Taka cbIO U oTpuUNAHHETO, KOETO € (DYHKIINS Ha €J/IHA
npoMen/imBa. MMa cMuch/ MHOXKECTBOTO OT (DYHKITMUTE, IUUTO (hOPMYJIN II1e CE TOJI3BAT, 1a ObIie
bsiHO MHOXKeCTBO (BK. Cexrus 1.12).

1.9 ImsronktuBHa Hopmasma @opma u ChrBbpiiena /In3ionkTuBaa Hop-
maJgHa Popma

Omnpenenenune 4 u Onpejiesienre 5 gaBaT MOIIEH MeXaHU3bM 3a U3rparkjaHe Ha (DOPMYJIH, HH-
UTO CMUCHJ (cemaHTHKa) ca OyiaeBu ¢yHkimu. To3m MeXaHH3bM UMa ChINECTBEH HEIOCTATHK:
dopmysinTe, U3rpaJIeHn MO Hero, ca MpakTUdecKun Hederumu. 3apajum ToBa, B [logceknus 1.9 u
[Toncexmus 1.10 e BbBegeM (GopMyJin, KOUTO ce U3TPaK/IaT 10 ChbBCEM pa3/IndHu mpasuia. Te3u
dopmysnt ca JIECHO YeTHMU U ca YHIHBEPCAJIHU B CMUCHJI, Ue BCAKa OysieBa (DYHKIUS ce peaTn3nupa
or uskou ot Te3u Gopmyau (Teopema 1). ITlo ce orHacs 10 cemanTukaTa obade, Te3u GHOpMyIIH
HEe ca HaJ IPOM3BOJIHO MHOXKECTBO OT OyseBH (DYHKIMH, a CaMO HaJl OTPHUIAHUE, KOHIOHKIUS U
JIM3IOHKITUS.

Heka ca dukcupann kpaer 6poit Oy1eBu IPOMEHINBH X1, . .., Xy 3a L > 1. Jlumepaa 1me HApH-
JaMe BCSIKO MMe Ha ITPOMEHJINBA UJIN BCAKO MMe Ha IMIPOMEHJIMBA ¢ YepTa oTrope. Jlurepasure oT
I'bPBUS BUJ] Ce HAPUYIAME NOA0AHCUMEAHU, & OT BTOPU — ompuyamensru. Begnara mogaepraBame,
e JIMTepasinTe ca OyKBH U KATO TAKNBA Ca KAYECTBEHO PA3IUIHU OT CAMUTE ITPOMEHJINBY, [IOHEXKE
OYKBUTE ca MOHATUA OT CUHTAKTUYIHOTO HUBO, & MPOMEHJIMBUTE C& OT IO-BUCOKOTO CEMAHTUYHO
nuBo. ToBa, ye M3M0/I3BaMe €UH M CHIIM 3aIUC “X;” ¥ 38 UMETO Ha MPOMEHJINBA, KOETO € OYK-
Ba, U 3a caMaTa IIPOMEHJINBa, He BOJU JI0 OOBbPKBaHe, 3aIllOTO ONUTHUAT YATATES BUHATU MOXKE
Jla pa3bepe OT KOHTEKCTa JIajIi CTaBa JIyMa 3a CHHTAKTUYHOTO HUBO WJIN 33 CEMAHTHIHOTO HUBO.
[IpuMmepn 3a OIOXKUTETHN JTUTEPAJIN €& X1, X4 U Taka HATaTbK. [[puMepn 3a orpunaresnn aure-
paJyii ca X7, X3 1 Taka Hararbk. OTHOBO: TOBa ca OykBu. Epro, ako mpoMeniuBure ca n Ha OpoIii,
azOykaTa Ha (hopmy/uTe (KOUTO e CTPOUM) ChbpyKa 2N OYKBH caMoO 3apajiy IPOMEH/IUBUTE; a
UMEHHO, L Ha OpOil IMOJIOXKUTE/THY JINTEPAIN U T Ha OPOil OTPUIIATE/THH JIMTEPAJIH.
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Komonxmuena k.aaysa e Besgka HempasHa (opMmy/ia, KOSITO e CbCTOM OT KOHKaTeHalldsl Ha
JINTEPAJIN, TAKHBA Y€ BCAKO MM€ Ha IIPOMEH/INBA Ce IOSBsIBA Hal-MHOTO BeIHDBXK — OMJIO KaTo
MOJIOYKUATEJIEH, OMI0 KAaTO OTpHUIlaTe/IeH JuTepasl. AKO IPOMEHINBUTE Ca X1, ..., Xg, IPUMEDPH 34
KOHIOHKTHBHY KJIAy3W Ca X1X3X4, X1X4, X1X2X3X4X5X6, X3, X2X5 Xg ¥ Taka HaTaTbK. He e 3a1b/KN-
TEJTHO, HO € CHJIHO HPENOPBINTETHO UMEHATa Jla Ce 3allMCBAT OTJISIBO HAJSCHO B HapacTBalll Pejl
Ha, UHJICKCHUTE.

Isama KoHwOHKMUGHA KAGY30 € KOHIOHKTUBHA KJIay3a, KOSITO ChIbp:Ka TOIHO N jmTepasa. C
JIDYTH JlyMU, TOBa € Hellpa3Ha (popMyJia, KOATO ¢ ChCTOU OT KOHKATEHAIUs Ha JIMTEPAJIU, TAKUBA
Je BCSIKO MMe Ha IIPOMEHJIMBA, Ce IIOSIBSIBa TOYHO BEIHDBIK — OWJIO KaTO IOJOXKHUTEIeH, OMI0 KaTO
OTpHIaTe/IeH JuTepal. AKO IPOMEHJIMBUTE Ca X1, . . ., Xg, IPUMEPH 38 IIbJIHA KOHIOHKTHBHU KJIay 31
ca X1X2X3X4X5Xg, X1X2 X3 X4 X5 X¢ U TaKa HaTaTHK. He e 3a,1b/2KuTEIHO, HO € CHJTHO TPEOPbINTETHO
MMeHaTa Jia Ce 3allUCBaT OTJISIBO HAJSICHO B HapacTBAIIl pej Ha WHJIEKCUTE.

Husronkmusna Hopmaana gopma, cvrparerno JTHD, e popmysta, KOSITO ce ChCTOU OT €THA WK
IoBede Pa3INYHy| KOHIOHKTHBHM KJIAy3W, KOHKATEHHpAHH ¢ OykBaTa “\V”. B ropHHS KOHTEKCT,
npuMepu 3a JHD ca x;X3X4, X1X4 V X2X5 X6 V X3 X3 1 Taka HaTaTbK. (B6espuena JusoHkmueHa
Hopmasna popma, cbkpareno Css/[HP e nusioHKTHBHA HOPMaJHa (GopMa, B KOATO ydacTBaT
caMo II'bJIHM KOHIOHKTUBHH KJaysu. B ropauss korrekct, npumep 3a CbB/IH®D e x1X3X3X4X5%6 V

X1 X2 X3 X4 X5 Xg.

CemanTukaTa Ha JguTepajuTe, KOHIOHKTUBHUTE Kiaay3u u JIHD e oueBnpnara:

o CemaHTHKATa HA BCEKH IOJIOKUTEJIEH JUTEepas X; € PyHKIUATa naeHTurer-X;. CeMaHTHKATA
Ha BCEKH OTPHUIIATEJIEH JINTepasI X; € PYHKINATA OTPUIlaHIe-Ha-X;.

o CemanTukaTa Ha BCAKa KOHIOHKTHBHA Kiays3a AjAz--- Ay, KbjeTo Aj ca jmTepaian 3a 1 <
j < k, e xommosurmsaTa feon(fr, f2y ..., fx), Kbaero feo, € 0bOOIIEeHATA KOHIOHKIMS Ha K
IpOMEHJNBH, a fj e cemManTnkara Ha Aj, 3a 1 <j <Kk.

e CemanTtukara na Beaka JTH® ¢V ¢y V -+ V ¢y, KbleTo ¢ e KOHIOHKTHBHA Kjlay3a 32
1 <j <Kk, e fas(f1, T2, ..., i), Kbaero fgs € 0600MEHATA TUIOHKIMS Ha K TPOMEH/INBH, a
fj e cemanTukaTa Ha @5, 38 1 <j < k.

IIpumep 3a CoBIH®. Karo npumvep na pasriename dhopmynara (1 e Cre/IH®P, ako n = 6)

OueBniHO, HeliHaTA ceMaHTHKA e Oy/eBaTa (DyHKIUI—/1a s HapedeM h—Ha IecTTe IPOMEH/INBY X1,
..., Xg, KosiTo uMa croitaoct 1 Bbpxy BekTopute 000000 n 101111 1 uma croitnoct 0 BbpXy BCHUKH
ocraHaJn, 62 Ha Opoit, Bekropu. Cera jia cu IIpecTaBuM, de TpsabBa j1a 3amuiineM h upes opmyiia,
u3rpajeHa cbriacHo uHaykTuBHoTo Onupenesnenue 4. EcrecTtBeno, nma 6e30poit HAUMHE 18 CTOPUM
TOBa, HO HEKa ce ONuTaMe Jia HarmimeM (hopMmysia, KodTo e anajgorndna Ha ¢. Jlecrno ce Bmka, ue
HU TpAOBAT (pOpMY/HN 38 (PYHKIIMUTE OTPUTIAHNE, KOHIOHKITUS U TU3I0HKINA. PyHkinugTa h e paBHa
Ha HAKAKBA KOMIIO3HIMS OT Te3H (DYHKIMN', a NMEHHO Ha JM3IOHKIHS OT HAKAKBH KOHIOHKITHIL.
AHnajlorbT Ha TOBa B CHHTAKTHIHHSA CBAT Ha QopMmyanre e: de dopmysia 3a h mMoxke mga Obie
oJIydeHa, KaTo BbB (opMysia 3a AU3IOHKIMS 3aMECTUM CTPUHIOBETE-UMEHa Ha IPOMEHJIUBHU C
HIKaKBU (hOPMYJIN 38 KOHIOHKIIUN.

tKora /Be KOHIOHKTHBHE K/Iay3u ca pasamdun? AKO HACTOSBAME HH/EKCHTE Ha IIPOMEHINBHTE Ja Ca B HAPACT-
Balll peJT OTJISIBO HAJISICHO, TO JIBE KOHIOHKTHBHY KJIay3U Ca PA3JUIHHU TCTK Ca PA3JIMIHU KATO CTpUHrOBe. be3 ToBa
orpaHuYeHne, MOXKeM Ja JeduHupame “pas3nauduu hopmyan’ U B YaCTHOCT PA3JIUIHU KOHIOHKTHUBHU KJAy3U Upe3
peJialys Ha €KBUBAJIEHTHOCT.

fTasyu KOMIIO3HUIUSA HE € eJIMHCTBeHA 3apai KOMYyTATUBHOCTTA HA [U3IOHKIASATA U KOHIOHKIIATA.,
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Ha mampasum dopmyna 3a h Touno no Oupenesienne 4, KaTo MU3IMO/I3BAME YE€PBEH IBAT 34
oyksure . OyHKIUUTE OTPUILIAHNE, KOHIOHKIINS W AU3IOHKINSA UMaT HOMepa ¢hoTBeTHO 4, 7 1 13
B U30pOSBAHETO enim, TOeCT, ToBa ca choTBeTHO T4, f7 u f13. ETo mpumep 3a dpopmyra, cboTBeTHA
Ha h:

¥ = f13(f7(x1,f7(f4(x2), f7(x3, f7(x4, f7(x5,x6))))),
f7(f4(x1), f7(f4(x2), f7(f4(x3), f7(f4(x4), f7(f4(x5), f4(x6)))))))

OueBniHo ¢ e HeCpaBHUMO II0-JIEKA 38 YeTeHe OT ), MaKap e ca eKBUBAJEHTHU, UMANKY €/THA 1
cbina ceManTuka. Moxke /1a Bb3HUKHE BBIIPOCHT, 3AI0 W300I0 T0/I3BaMe TPOMaBaTa KOHCTPYKITHS
na Omupejesienne 4, cjie; KATO UMa HAYWH J1a Ce 3aIllUCBAT eKBUBAJICHTHU (hOPMYJ/IH, KOUTO Ca MHOTO
mo-jtecHu 3a derene. OTroBOPBT €, Ye KOHCTpyKIuaTa Ha Omupejenerne 4 nMa IiCTO TEOPETUIHO
3HadeHne. Tam uckaxme ja JedpruHIpame MMpernu3Ho u KpaTko “‘hopmysta’ u “DyHKINA, CbOTBETHA
Ha gopmysia’, a He cMe UMaJIU 3a I1eJ oJiydeHuTe (popMy/In jia ca KpaTKU U sicHu. [0BOpeiikn 3a
JITH® uckame apyro — KparbK U MHOT'O SICEH 3aIic Ha hopMyuTe. 3a Ta3u Iejl € MHOT'O 0-Y/IaHO
Jla ce BbBeJIAT JINTEPaJii U KOHIOHKTUBHU KJIay3W W 4Ype3 Tax u Oyksute “V” na ce jmedpuHUpaT

JTH®.

HokazarencTtBoro Ha Teopemara Ha Boole ce ocnoBaBa Ha dakra, ue Begka OyseBa (pyHKIUs C
[IOHE eJIMH apr'yMeHT, KOsITO He € KOHCTaHTa-HyJa, nMma egaa eguacrseHa Coe/IHO.

1.10 KonrouktuBHa Hopmaana Popma m CbBbprnieHa KoHIOHKTHBHA
Hopmanna ®@opma
Heka ca dpukcupanu kpaen 6poit Oy/ieBu NPOMEHIUBU X1, . .., X, 32 1L > 1. J[ugronkmuena xiaysa

e BCsIKa Hellpas3Ha (hopMyJia, KOSITO ce CbCTOHU OT JIUTepaJsin, KOHKaTeHnpaHu ¢ OyksaTa “\V”, Takusa
Je BCAKO MMe Ha IIPOMEHJIMBA Ce IMOSABsIBA HAW-MHOI'O BEIHDBLXK — OMJIO KATO IOJIOXKHUTEIEH, OMJIO

KaTO OTpHUIATEeIeH JuTepat. AKO MPOMEHIUBUATE Ca X1, . . ., Xg, IPAMEPH 38 IU3IOHKTUBHU KJIay31
ca.

X1V X3V Xyg,

X1 Vv X4,

X1 \/Xz\/X3VX4\/X5\/X6,

X3,

Xz\/X_s\/X_g

n Taka HaTaTbK. He e 3aIb/KUTEIHO, HO € CHUJIHO IPENOPBINTETHO UMeHaTa Ja Ce 3alliCBaT
OTJIIBO HA/IFCHO B HAPaCTBAIll PeJi Ha WHJIEKCHUTE.

Isana dusronkmuena Kaay3a € TU3IOHKTUBHA Kjiay3a, KOSATO ChIIbpKa TOYHO N jurepasa. C
JIPYTH JIyMH, TOBa € Hellpa3Ha popMyJia, KOSITO ¢e ChbCTOU OT JIUTEpaJIn, KOHKATeHUpaHu ¢ OyKBaTa
“NV” TakuBa Ue BCSIKO MMe Ha IIPOMEHJIMBA Ce IOSBIBa TOYHO BEJIHDBIK — OMJIO KATO IOJIOXKUTEJIEH,
OMJI0 KATO OTpHUIlATE/IeH JTUTEPa. AKO IMPOMEHIUBUATE Ca X1, . . . , Xg, IPUMEPH 3a IIbJIHA JTU3F0HK-
TUBHU KJIay3W Cca:

X1 Vx2Vx3VxgVxsVxe,
X1 \/)(_2\/7(_3\/7(_4\/7(_5\/7(6

1 Taka Hararbk. He e 3abJIZKUTEJIHO, HO € CUJIHO IIPCIIOPDHIUTE/THO MMEHaTa Hda Ce 3alliCBaT
OTJIABO HaldCHO B HapaCTBalll peJl Ha MHICKCUTE.
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Komonxusna nopmasra gopma, cbkpareno KH®, e dpopmya, KosTo ce ¢bCTOM OT KOHKaTe-
Hallgd Ha €/1Ha WUJIM IIOBeYC Pa3/IMYHN JAUIIOHKTHUBHU KJIay3U, KaTO, aKO JU3IOHKTHUBHUTE KJay3HU
ca TIOBeve OT €JIHa, BCSIKA OT TIX € OrpaJieHa OT 9uT CKOOM; aKo JU3IOHKTUBHATA KJIay3a € CaMo
eJiHa, ckoOu He ce mos3BaT. B ropaust konrekcr, npumepu 3a KH® ca:

XZ\/X_S\/X4)
(1 Vxa VX VXs) (X VX VX3)

U TaKa HaTaTbK.
Cseapwena xononkmuena nopmaara gopma, cbkpareno CbBKH® e koHIOHKTUBHA HOpMAaJIHA
dopma, B KOATO ydacTBAT CaMO II'bJIHU JU3IOHKTUBHU KJIay3u. B TOpHUA KOHTEKCT, IIpUMED 3a

CeBKH® e (x1 VX2 Vx3V x4 Vx5 VX)X VX2 VX3V XV X5V Xg).

Cemantukara Ha KH® e oueBumnaTa:

o CemaHTHKATa HA BCEKH IOJIOKUTEJICH JIUTEpas X; € PyHKIUATa naeHTuTer-X;. CeMaHTUKaTa
Ha BCEKHM OTPHUIIATEJIEH JINTepasl X; € PYHKIUATA OTPUIlaHIe-Ha-X;.

o CemanTukaTa Ha BCAKa JUBIOHKTUBHA Kaaysa A1V Ay V -V Ay, KbJleTo Aj ca JuTepasin 3a
1 <j <k, e komnosunusta fqis(f1, f2, ..., fx), Kbjgero fgs € 0bOOIIEHATA MN3OHKINA Ha K
npoMeH/nBY, a fj e cemanTukaTa Ha Aj, 3a 1 <j < k.

o Cemanrukara Ha Bcaka KH® (§1)(d2) - - (Pi), kbaeTo ¢ e qusroHKTHBHA Kiaysa 3a 1 <
j <k, e feonlfr, 2y ..., i), KbaieTo feon € 0000IEenaTa KOHIOHKIMSA Ha K IpOMeHInBY, a fj e
ceMaHTuKaTa Ha ¢j, 3a 1 <j < k.

1.11 Bamoanua aa JIH® nan KHO®

[Tpu TH® u KH® npomenmBuTe ca WbPBUYHH: IIHPBO € JAJIEHO MHOXKECTBO OT OYJIEBH ITPOMEH-
JINBU ¥ OT HEro, 110 HAKAKBU ITPABUJIA, IIPABUM (POPMYJIH 1 OyJieBUTE (DYHKIMH Ce TOsIBABAT KATO
CceMaHTHUKN Ha Te3u dhopmynn. ToBa e paanKaiHO pasyimdeH Moaxo 1 oT nojaxona B [logceknnsa 1.2,
B KOUTO (DYHKIMUTE Cca II'bPBUYHM, & IPOMEHJIMBUTE Ca HAKAKBU MNMEHYBaHUs Ha apryMeHTHUTE.
[Tpu TH® u KH® ne rosopum 3a yuudukanuu #a npomenansu: ako nskaksa JIH® wm KHO
[0JI3Ba [OBEYE OT BEJHBK JinTepasi (MOJIOKUTE/IeH UM OTPUIATE/ICH) Ha €JlHAa U ChINa TPOMEH-
JINBA, B HAKAKHB CMUCHJI YHU(DUKAIINA UMa, HO TOBa HE CH 3acjyKaBa Jla ce CIIOMEHABA, 3aIloTO
e oueBmtHO. /lokaro npu noaxona B Ilogceknus 1.2 mma cMUCHIT J1a ce TOBOPU EKCILTHITUTHO 33
YHUDUKAIWA, aKO UMa TaKaBa.

Heka e nanena JIH®O wiu KH® ¢ nman nakaksu OyjeBH TPOMEHJIMBHU Xi, ..., Xn. Heka ¢ pe-
anusupa Oynesara dyukiusa f(xy,Xz,...,Xn). Beexkn Bekrop b € {0, 11" npencrasigasa “pasia-
BaHe  Ha KOHKPETHHW CTONHOCTH Ha TpOMeHJMBUTEe. TakoBa pa3jiaBaHe Ha KOHKPETHH CTOIHOC-
TH Ha IPOMEHJIMBUTE Ce Hapuda OyYae6a OUueHKa, WIH 6antoayus (Ha aHTIUACKE decTo e truth
assignment). OueBunno BasoaruTe ca 2™ Ha 6poit. MoxkeM Jla MEUCTNM, Ue BCSKa BAJIOAINS €
dyuxmus t: {x1,...,x.} — {0, 1}, bukcupama croifHocrra Ha BCsiKa OT IPOMEHJIUBUTE.

[Ipu manena Basoarus b u gajgena dopmyna ¢ moxkeMm edukacuo ga uzuucaum jgaan f(b) = 0
wm f(b) = 1.

e [InpBo ga pasriegame smrepasure. Heka oo e urepan BbB ¢ U X; € IpOMeHINBATA Ha X.
Cmotinocmma wa o« nod t e Tazu:

— aKO O € HOJIOXKUTEJIEH JINTEepPaJl, TO CTOMHOCTTa Ha o Hoi t e t{x.; TOECT, Td CbBIAJIA
1
CbC CTOMHOCTTA, KOATO t J1laBa Ha IPOMEHJIUBATA Xi;
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— aKO (& € OTpUILATEJIeH JATepaJs, TO CTOUHOCTTa Ha & 1107 t e t!x., TOECT, T € oOpaTHaTa
1
Ha CTOMHOCTTA, KOATO t JaBa Ha TPOMEHJINBATA X;.

e Cera ma pasriemame Kiaysure. Heka A e kimay3a BbB . CroitHocTTa Ha A 1107 t € Tasm:

— ako ¢ e JJTH®D, To A e KOHIOHKTHBHA KJay3a U CTOWHOCTTa Ha A 1oj t ce ompejiess 1o
[paBUjIaTa Ha KOHIOHKITUSATA: aKO TOHE eJiH JuTepast Ha A mma croiinoct O mosa t, To
A mma croitroct O ot t, B mpoTuBeH ciaydait A uma croiinoct 1 o t;

— ako ¢ e KH®, To A e qu3loHKTUBHA KJjay3a U CTOMHOCTTa Ha A 1oj t ce ompeess 1o
[paBujIaTa Ha JU3IOHKIAATA: aKo [MOHe eJIMH JinTepas Ha A mMma croifHoct 1 mox t, To
A uMma croitHocT 1 moa t, B mpotuBen ciaydait A uma croitnoct O mor t.

e Cera ma pasriemame 1siara ¢. Croitnocrra Ha ¢ mox t e Tasm:

— ako ¢ e JJHD, To, ako moHe enHa KOHIOHKTHUBHA KJIay3a MMa cToiHOoCcT 1 mox t, To ¢
nMma croitaoct 1 mox t, B mpotueen ciaydait ¢ mma croitroct O mmox t;

— ako ¢ e KH®, To, ako moHe ejHa Ju3IOHKTUBHA Kiay3a uMma croitaoct O mox t, To ¢
nma croitaoct 0 mox t, B mpotuBen ciaydait ¢ mma croitnoct 1 mox t.

Babesiexkere, de B OOIIHUS CIIyUail He MOKEM Jia N3IHCIUM eprKacHo camata pyHKIHA (X1, X2y ...y Xn)
B KAHOHUIHO TIpeJICTaBsiHe (KATO BEKTOP OT HYJIU U €IMHUIIN ), 3aI[0TO Pa3MepPbT Ha TOBa MPeJICTa~
BaHe e 2™. Jlopu 3a CKpOMHHI CTOHHOCTH Ha T KATO HAKOJIKOCTOTHUH, 2™ € HAIIBJIHO OTBbJI Bb3MOXK-
HOCTUTE Ha BCeKU (Ppu3nIecku KOMIIOTHP. OTHOBO: TOBa, KOETO MOXKEM Ja M3YUCIUM e(PUKACHO,

e croitHoCTTa Ha f BBHpPXY €/IHa KOHKPETHA BaJIIOAlldd Ha IIPOMEH/IUBUTE.

1.12 IIbasOoTa HA MHOXKECTBa OT OyJyieBu (PYyHKIIUNU

Heka F C F. Hedopmasno, maoxkectBoto F e nsano, ako Beska OyneBa dpynkius f € F Moxke Ja
ObJie peacTaBeHa upe3 ¢pyHkiuuTe ot F. ToBa HancTuHa e HebopMasIHO, 3aII0TO KAKBO O3HAYaBa
“npejcraBstae’?

dopwmasno, Heka [F] o3HavaBa 3arBapsaHeTo Ha F CIIPIMO KOMIIO3UIMSA, KaTO 3aTBapsaHero [F] Moxe

Jla ce epuHUpa 9Ipe3 CJiejiHaTa WHYKTUBHA JIe(DUHUTIIA.

Onpenesienne 6 (BarBapsine Ha MHOXKecTBO OT Oyiesu dyukiun). Heka F C F. Torasa [F] e
Haii-MaJIKOTO 110 BKJ/ouBane MHoxkecTBo [F] C F, Takosa ue

e [F] coabpka Benuku dynkiuu ot F.

e Heka f e dyuknus, kosaro ce cbiabp:ka B [F]. Heka f uma mone enun apryment. Heka uien-
rudunupame Hakou ot npoMenausure Ha f. [Tonyuenara dynkius ce cbiabpxa B [Fl.

e Heka f u g ca mpomssosaun dyuknun ot [F]. Heka f mma n > 1 aprymenrta. Heka i €
{1,...,n}. Toraa KoMmo3uIKATa HA ¢ Ha MICTOTO Ha i-TaTa NMpoMeH/mMBa Ha f Cblo ce
cuabpka B [Fl.

Onpegnesienne 7 (IIbarora Ha MHOXKECTBO OT OysieBu pyHKiun). B korrekcra na Onpepenenue 6,
F e mbano muoxkectso, ako [F] = F. d
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Teopema 1 (reopema na Boole). MuoxkecTBOTO OT TpuTe OysieBr (DYHKIMN KOHIOHKIIUS, JTH3IOH-
KIIUA U OTPUIAHUE € II'bJIHO.

Hoka3zarenacrBo: Heka F ={/\,V,neg}. llle nokaxkem, 1ue Bcsaka f € F uma dopmyia Hax F. Or
TOBa cJejBa BejHara, e [F] = F.

[IspBo ma momycuem, 1e f # 0. Ille mokakem, ve cbmectByBa Coe/IHD ¢, Takasa 1ge f e ceman-
tukara Ha ¢. Heka f uma n aprymenta. ToraBa f, B KAaHOHUYIHOTO CU TIPEJICTaBsIHE, € BEKTOP C
nbkuaa 2™ [lom f He e KoHcTaHTa HyJsa, TO3U BEKTOpP UMa IOHEe ejHa eauHuna. Heka f nma

rouno k emmaunm, Kbaero 1 < k < 2™ Heka by, by, ..., by ca 6yunesure sBekropu or {0, 11",
TaKNBa, 9e

f(by) =1

f(by) =1

f(by) =1
Hexka x1, X2, ..., Xn ca OyJieBH IPOMEHJIMBU, HaJl KOUTO Iie moctpouM ¢. ITocTtpogBame Touno k
I'bJIHY KOHIOHKTUBHE KJIay3U A, Az, ..., Ay 110 ciaegauTe npasuia. Heka by, kpgero 1 <i<kunu
1 <j <n, e j-ugar enement Ha BekTopa bi. 3a Beako i € {1,...,k}uje{l,...,n}k

e ako bi; = 0, To IpOMeH/IMBATa Xj y4acTBa B A; C OTPULATEIHIA CH JIATEPas X;.

e ako byj = 1, To NpoMenIMBaTa Xj y4acTBa B A; C HOJOKUTEIHUA CH JTATEPAI Xi.
Toraa ¢ = A VA V- VAL
[Ile moxkazkem, 1e f e cemanTukara Ha .

e Pasriexame npoussosien a € {0, 11", rakbs ue f(a) = 0. Toect, @ He e HUTO e€aUH OT
BekTOpHUTE b1, by, ..., bi. Muciaum 3a @ Karo 3a Bayoanusa t Ha IPOMEHIMBUATE X1, X2, .. .,
Xn. 3a Begko 1 € {1,...,K} e BapHO, Ue IoHEe eIuH JUTEpas B KJjay3aTa A; UMaT CTOWHOCT
0 mox BasmoanugTa t. Torasa, 1o nmpaBmaTa Ha KOHIOHKIMATA, Kjay3ara A; UMa CTOWHOCT
0 mox Bamoanusita t. Torasa, mo nmpasBmara Ha JAU3IOHKIMATA, Isgaara Qgopmyaa ¢ uma
croitroct O moj BaJoanusTa t.

e Pasriexame npoussoner a € {0, 1}, rakbs ve f(a) = 1. Toecr, a e equH OT BeKTOPUTE
by, by, ..., by. Mucium 3a a kato 3a BaJoanusd t Ha ITPOMEHJIUBHUTE X1, X2, ..., Xn. 38
none eqno i1 € {1,...,k} e BapHo, 4e Bcekn jmrepas B Kijays3ara A; UMaT cToiHOCT 1 101
BajnoanugaTa t. ToraBa, o mpaBuiaTa Ha KOHIOHKIMATA, KJjays3ara A; UMa croifHocT 1 1o
Basnoanugra t. Torasa, 110 npaBuiIaTa Ha JUSIOHKIUATA, HstaaTa (Gopmyaa ¢ uMa CTONHOCT
1 o1, Basmoanugara t.

BakouaBame, e f e cemanTukara Ha .

Ocrasa j1a pasriiegame ciaydad, B Koitto f = 0. CuieinaTa dopmyiia
X1 X7

peam3upa pyHKIusg KoncranTa mysa. Tasu popmyna ve e JITHD cbrmactno dpopmaanute mpasuia,
3all[0TO He € KOHIOHKTHUBHA KJIay3a, ChIbpPKailKu JiBa JIuTepasa Ha eJHa U CbIla IpoMennea. Ho
€ OYEBHU/JIHO, Ye pean3rupa KOHCTaHTa HyJIa 1 Ue € (hopMyJIa HaJl MHOXKECTBOTO OT OyJIeBU PYHKITHI
KOHIOHKIINs U oTpurianue. Ul ToBa e KpasdT Ha JI0Ka3aTeJICTBOTO HA Teopemarta Ha Boole. U

Ero mpumep 3a npunaranero wa koucrpykmuaTta xHa Cb/IH® or Teopemara na Boole. Heka
f(x1,%2,X3) € OTHOBO Ta3u (PYHKIIUSI:
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[ x1 [ x| xa || f(x1,%2,%3) |
01010 0
0|0 |1 1
Ol 110 1
Ol 1|1 0
11010 1
1101 1
11110 0
1111 1

QyukiusaTa uMa cToifnoct 1 BbPXy TOUYHO 1eT BeKTopa. Ha Te3n BeKTOpH chOTBETCTBAT CJIETHUTE
KJIQy3U:

e Ha Bektopa 001 choTBecTBa X7 X3 X3.
e Ha Bekropa 010 cbhorBecTBa X7 X X3.
e Ha Bekropa 100 chorBecTBa X1 X7 X3.
e Ha Bektopa 101 choTBecTBa X1 X7 X3.
e Ha Bekropa 111 cborBecTBa X1 X7 X3.

Koncrpyxkiusita nmocrposisa tazu Co/IHO:
Xix2x3 VXixX3 Vxix2X3 V x1X2x3 V X1 X2 X3

Heka unrarenst ce ybeaun cam(a), de ceMaHTHKaTa Ha Tasu Ghopmysia € TOIHO f.

N enno npenynpexaenne. Koncrpyknusara na cborBerHa dopmyna-CbrB/IH® moxke mga e MHOTO
HeedukacHa. B TOKy-1110 pasriie/lanns IpuMep MOKe Jla OITPOCTUM TaKa:

Xixax3 Vxixaxz Vxixaxz Vxixaxz V oxgxax3 =
VX))V XX VX Vxxx =

X_2X3\/ X_1X2X_3 \V4 X]X_2X_3 V X1X2X3

B ekcrpemasausa nmpumep, korato f = 1, korcrpykimusara reaepupa Coe/IHD ¢ n2™ mmrepasa; a
MMEHHO, BCUYKH II'bJIHM KOHIOHKTUBHU KJIay3W, KOHKaTeHupanu upe3 “\V’. A KoHCTaHTa eIuHUIA
MOXKe J1a ce Torydu oT dopmynaTta X1 V X7.

Bajiauara 3a remepupane Ha GopMmy/ia ¢ MUHUMAJHA JIbJKUHA, ChOTBETHA HA JlajieHa (PYHK-
1usi, B o0IMus caydait e mpakTudeckn HepeninMa. Ho Bbipekn ToBa KoHcTpykimsTa Ha Che/IHD
e MOJIe3HA — Tsl € CPEeJICTBO, KOeTo HU M03BoJIsIBa Ja KoHcTpynpame MexaunsbM (Cbh/IHD), koiito
peanm3upa HIKakBo nosejierne (dynkiusaTa). V3BecTHH ca aJropuTME, Ype3 KOUTO MOYKEM 3Ha-
YUTETHO JTa HaMAJIUM Ib/KUHATa Ha (popMyJiaTa, 3alia3Baiiku ceMaHTHKaTa; BLIPEKN 1€ B 00
caydail € NIPpaKTUIeCKN HEBb3MOXKHO Jia NeHepupaMe eKBUBaJIEHTHA (DOPMYyJia C rapaHTUPAHO MU-
HUMaJTHA JTbJIKIHA, B MHOTO CJIy9al € Bb3MOXKHO Jia ChbKpaTuM (hopMmysiara JIpacTUTHO.

W ormie wvemo. Besika 6yneBa yHKIMs, KOSITO € pa3jandHa OT KoHcTaHTa eaunnia, nMa ChrsKHO®,
KOSITO Ce KOHCTPYHPa IO TPaBUIa, KOUTO Ca JAyaJTHU Ha IpaBuaaTa 3a Koncrpyupane Ha Cus/IHD
or Teopemara Ha Boole. IIpaBuiara ca Te3m: pasriexkjamMe caMoO BEKTOPUTE, BbPXY KOUTO (PyH-
KipgaTa nMma ctoitHocT 0, 3a BCEKH TaKbB BEKTOp bj j100aBsiMe TOUHO eHa II'bJIHA JTU3IOHKTHUBHA
KJIay3a A
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e ako bij = 0, To HpoMeHIMBaTa Xj y4acTBa B A; C HOJOKUTEIHUA CH JTATEPAI Xi.
e ako bi; = 1, To IpoMeHIMBaTa Xj y4acTBa B A; C OTPULATEIHIA CH JIATEPasI X;.

Torasa & = (A1)(A2) -V (Ay).

Karo npumep, reka nak f(xq,Xx2,X3) € Tasu QyHKIMA:

[x1 [ x2 [ x5 [ f(x1,%2,%3) |
0|00 0
0101 1
o] 11]0 1
O 1|1 0
11010 1
1101 1
11110 0
1111 1

Cwreernara CoBKH® e (%1 V x; V x3)(x1 VX2 VX3) (X7 VX2V x3).
Teopema 2. Heka F,G C F. Heka F e nbsmo. Heka Vf € F: f € [G]. Torasa G e nbimo.

JokaszareacrBo: lcka ce ma nmokaxkem, ye [G] = F. Tosa, ue [G] C F e 04eBHIHO, 3aII0TO
Beekn eieMenT Ha [G] e Oymesa dpynkiua. Ocrasa ga nokaxkem, e F C [G].

[Ile mokaxkem, ue Vh € F : h € [G]. Heka h e npoussosna 6ynesa dyuknus. Ilo ycnosue,
F e mbano muoxkecTBO, Taka 4e h € [F]. Tosa osnauaBa, ue h ce mojydaBa Karo KOMIIO3MIIUS
Ha ¢y or F u Moxke Om yHmcpuxamuu Ha npoMenymBu. [lo ycioBue, Besika (byHKIHUS OT
F ce monmydaBa Karo Kommosuis Ha (MYHKIEE OT G U MoOxKe OM yHUPUKAIMKA Ha TPOMEHJIUBU.
Torasa oueBuHO h ce mosyvyaBa Kato Kommosuius Ha (GyHKImn oT G u Moxke 6u yHUbUKAIIAN

g

HA [TPOMEHTHBU.
CaencrBue 1. MuoxkecTBoTo oT OysieBu (pyHKImE {/\, neg} e mbiHo.

HoxkazaresctBo: Ille nznonzsame Teopema 1 n Teopema 2. Ot Teopema 1 3HAEM, Y€ MHOXKECT-
BoTo F = {/\,V, neg} e mbiano. Or Teopema 2 3HaeM, Ue aKO NpeJCTaBUM BCAKa OT (DYHKIMUATE Ha
F upes enemenTure Ha G, umaMme jokazareacTso 3a mwbiaHorara Ha G. Ho FN G = {/\, neg}, Taka
Je eJIMHCTBEHO 3a JUBIOHKIIMATA TPsAOBa Jla MOKaXKeM, de MOXKe Jia ce “mojydn’ OT KOHIOHKIIAS 1
orpurianue. Hancruna,

xVy= // ABOWHO OTpHUIAHEE
xVy= // De Morgan
XAY

Caencrue 2. MuoxkectBoro or Oysaesn pyHKImE { |} e mwbJmo.
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HoxkazareacTBo: Ille uznonzsame Teopema 1 u Ciencrsue 1. Ille uspasum u KOHIOKIUATA, U
oTpuranuero upe3 deprara Ha Sheffer. Hancruna,

Q:x!x_ (5)

x Ay =xly = (x|y)[(x]y) (6)

(5), uspaseno upes byHKIMOHATIEH eJleMeHT THll depra Ha Sheffer, nsrmexa taka:

Komntonkimst Mozke j1a ce mosryan upe3 (pyHKIMOHAIeH ejleMeHT Tull depTa Ha Sheffer u ¢ mo-mpocra
cxeMa

Babesiexkere, de dopmysara (6) He Moxke j1a Objie onpocTeHa (CbKpaTeHa) M0 aHAJIONMYEH HAUNH,
3a110TO POPMYJIUTE HE MPEeJIOCTABAT MEXaHH3IbM 33 “IpeHacdHe upes Kuna’ Ha Bede [OCTPOeHa
dyHKIM, KAKBBTO MEXaHU3bM € HAII'bJTHO eCTecTBeH 3a cxemure. ToBa e utocTparus Ha (akTa,
4e CXeMHUTe MOXKe JIa Ca JIOCTa IMO-KOMIIAKTHH OT ChOTBETHUTE (DOPMYJIH 3apaJii Bb3MOXKHOCTTA 34
[PEHOC IPe3 KUIA Ha HeIo Bede mocTpoeno (reusability). O
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1.13 CwumerpudHoCT HaA OyjeBa PYyHKIIUS

Oynkiums (Moxe J0pu Ja He e OyJsieBa, HO THIIOBETe Ha MPOMEHJINBITE TPsIOBa JIa ca eJJHU U ChIIH)
Ha T IPOMEHJIUBHU, Ja s HapedeM f(X1,X2,...,Xn) C& HapUUa CUMEMPUYHA, KO CTORHOCTTA W Ce
3al1a3Ba IIpU BCIKa MepMyTalind Ha mpoMensuBuTe. C Ipyru JyMH,

(X1, %2y ooy Xn) = T(Xn(1)y Xn(2)y + + + 3 Xx(n))
3a Besika epmyTanmst 7t(1), 7t(2), ..., 7w(n) Ha BekTopa 1,2, ...,n. Hanpumep, ako n = 3, To:
f(x1,%2,x3) = f(x1,%3,%2) = fx2,%1,%3) = flx2, X3, %1) = f(x3,%1,%2) = F(x3, %2, %1)
Ako bk . = 2, 0!
f(x1,%2) = f(x2,%1)

O‘{eBI/I,ILHO KOMYTaTHUBHOCTTa € 9aCTeH Cﬂy‘{aﬁ Ha CUMETPpHUYIHOCTTA.

2 3agaun

Bagaua 1. Hamepere | F™|.

Pemenue: Jlobpe usBectHO e, ue OposT Ha ToTayjHuTe (DYHKIUHU ¢ KpaeH joMeiiH X u KpaeH

X]

konomeitn Y e Y|, TIpunarame tasu dopmyia ¢ |[X| = 2" u |Y| = 2 u noinygasame |F"| = 22 O

Sama4da 2. Heka

S={feF|vw,z {0, 1" : w=2Z = f(w) = f(z)}
Hawmepere [S| (kato dynknus na n, paséupa ce).

Pemenue: C apyrum gymu, Thpcu ce OposT Ha OyseBuTe (OyHKIINNA, KOUTO BbPXY IIPOTUBOIIOIOK-
HI BEKTOPH MMAT IIPOTHBOIOJIOKHI CTORHOCTH! .

Jla TpynmpaMe N-BEKTOPHUTE IO JBOHKE @,b, Takmpa e a = b. Ba Besaka dynxmus f € X
U 3a BCSKA OT TE3U JBOWKM € M3II'bJIHEHO cjieHoTO. CToiiHOCTTa Ha (DYHKIUATA BHPXY €JIMHUS
eJIeMEeHT OT JIBOMKATa ce OIpeJiesiss OT CTONHOCTTA HA (DYHKIUATA BbPXY JPYTHUs €JIeMEeHT OT JIBOii-
kara. MlHade Ka3aHO, CTOHHOCTHTE, KOUTO (DYHKIUATA UMa BBPXY NOAOGUHAMG OT T-BEKTOPUTE,
s1 ONIPEJIETISIT HAIIbJTHO.

Ho n-sektopure ca 2™, Taka 4de MOJOBHHATA OT TAX Ca 122“ = 2" na 6poit. Vimaiiku npeasu
TOBa, BI2K/IaMe, de OposiT Ha BBIPOCHUTE (DYHKIUU € paBeH Ha Opos Ha BCUYUKU OyJieBU (DYHKIINU

Bbpxy N — 1 npomernsmmBu. OTroopsr e |S| = 2 O

3ama4ya 3. Heka
X={fe F'lvyw,z € {0, 11" : w =Z — f(w) = f(z)}
Hamepere |X|.

Pentenme: B rta3u 3aja4a ce Thpcu OpodaT Ha (PYHKIUUTE, KOUTO UMAT €JIHa U CbIa CTONHOCT

n—1
BBPXY IIPOTUBONONOKHE BeKTOpH. OTroBopbT € [X| =22 ¢he HPaKTHIECKH ChINHTE CHhoOpazke-
HUsI KATO B PEIIeHNeTO Ha 3ajatia 2. O

fTakusa dbyHkmum ce HapuwyatT camodeoticmeenu (na anrmmiicku self-dual). Tlpocto deoticmeena dynxmus Ha

f € F™ e equncTeenara g € F™, 3a kosito e usmbianeno Va € {0, 1} : g(a) = f(a). CamozsoiicrBernre dyHKIMN
ca Te3d, KOUTO Ca JBOICTBEHU Ha, cebe CH.
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3amaga 4. Hamepere Opost Ha OyieBure (byHKIUA HA N TPOMEHJIMBU, KOUTO UMAT CTOWHOCT 1
BbpPXY TOYHO K BEKTOPA.

211
Pemenue: OTroBopbT 04eBUIHO € ( k). U

3amaya 5. Jla ce namepu OpodT Ha cCUMETpUYHUTE Oy/IeBU (DYHKITUU HA T IIPOMEHJIUBH.

Pemtenne: CobriacHo onpejieeHneTo Ha cuMerpudHa hpyHKIMsI, cTaBa JyMa 3a 0ysieBu (pyHKINH,
KOMTO 3al1a3BaT CTOWHOCTTA CU IIPU IIPOU3BOJIHO Ppa3MecTBaHe Ha CTOMHOCTHUTE Ha eJIeMEHTHUTE Ha
BXOJIHUSI BEKTOD. BXOIHUAT BEKTOD C€ CHCTOM OT HYJIU W €JIUHUIM, CJIEJOBATEHO Ce UCKA BbPXY
BCUYKHI BXOJHU BEKTOPU C €AMH U C'bIIY Opoii e AMHUIM, CTOHOCTTa Ha (DYHKIUATA /14 € €IHA,
u cbia. C Ipyru JiyMu, UCKa ce BbPXy BCEKM CJIOW Ha XHUIepKyba (QyHKIHUATa Ja MMa eJHa 1
cbita croitnoct. CrioeBere Ha N-MepHUst Xulepkyb ca n + 1, BbpPXy BCEKH OT TAX CTOHHOCTTA €
eJIHa ¥ CbIIa, & CTOMHOCTUTE BLPXY PA3/IUIHU CJI0EBe Ca IIPOU3BOJIHU €jiHa cipsiMo jpyra. Torasa
oTroBOpHT € 2™, O

3amaga 6. Kou ca cumerpuunure OysieBu OyHKINE Ha 2 IIPOMEHTIUBU !

Pemmenune: C apyru jgymu, KO ca KOMyTaTHBHUTE (DYHKIINN, Thil KATO MpH N = 2, CBOWCTBOTO
CUMETPUYHOCT ChBIaJIA ChC CBOHCTBOTO KOoMyTaTuBHOCT. CbriiacHo 3ajada 5, Te3u (PyHKIUNA ca

2241 = 8 ma 6poil. B KAHOHMYHOTO HpEJICTABSAHE, TOBA Ca (DYHKIUHTE
fo = 0000
f; = 0001
fe = 0110
f, =0111
fs = 1000
fo = 1001
fi4 =1110

f15 = 1111
U

Bamaga 7. [la ce onpenenu OposaT Ha OysieBuTe (DYHKIUU Ha T MPOMEHJUBUA 33 M > 2, KOUTO
3aI1a3BaT CTONHOCTTA CHU IPU Pa3MsAHA Ha MIPOMEHIUBUTE X| U X3.

Pemenune: C npyru jaymu, ucka ce
f(X],Xz,Xg, SRR )Xn) = f(XZ)XhX?») (R >Xn)

3a BCUYKH BB3MOXKHU CTOWHOCTH Ha Xi, ..., Xn. PEIIeHNeTo IIe MOJIYyIHM CJIeJ KATO ChoOpasuM
KOJIKO paS.HI/ILIHI/I BXOJHI BeKTOpI/I HMa IIO0 OTHOIICHHEC Ha Ta3M’ 3a/a4da.

JlecHo ce BmKma, e ako X1 = X, = 0 wam X; = X, = 1, pasMecTBaHETO Ha X U X) HAMA
3HavYeHne 1 QPYHKIUATA 3alla3Ba CTONHOCTTa CH 10 OYEBUIHU MPUYWHK [IPU Pa3MeCTBAHETO Ha Xq
u X;. Jla pasdbmem MHOXKECTBOTO OT BCHYKM BXOJHN BEKTOPH Ha 4 PABHOMOIIHM ITOJIMHOXKECTBA
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CBIVTACHO YETHUPUTE BH3MOXKHOCTH 3a TMOIBEKTOPA X1X2:

A=0x0x{0,1}x---x{0,1}
n-z‘;’bTI/I

B=0x1x{0,1} x---x{0,1}
Tl.*z‘;’bTI/I

C=1x0x{0,1}x---x{0,1}
TI*Z\I,T])TI/I

D=1x1x{0,1} x---x{0, 1}
n—%%q‘m

Besiko oT Te3n MHOKecTBa uMa MorHocT 2™ 2. Jla pasruiesame GyseBuTe (DYHKIME HA T IPOMEH-
7uBE Oe3 orpanmdcHus. Beaka Oyaesa (DYHKIMA Ha T HPOMEHINBH 0€3 orpanmdcHmus mya 2™ 2
CTOMHOCTU BBPXY BEKTOpUTE 0T A, BbpXy BeKTOopHuTe OT B, Bbpxy BekTOpHUTE OT C U BBHPXY BEKTO-
pute or D. Benuku Tesu croiiHocTr Ha (DyHKIUATA, Ha 6poit 4 X 22 = 2™ MoxKe Jla ca e IMHUIH
WA HYJIM HE3aBUCHMO €JIHa OT JIPYyTa, OTKbJIETO U OpOAT Ha BCUIKU (DYHKINH € = 27

AKko mmame mpejBUJI OIPAHUYEHUETO OT YCJIOBHETO HA 3a/ladara, BUXKJAME, Ue BbPXY BCEKU
BekTOp oT C, crofiHocTTa Ha (hyHKIHATA TPAOBA Ja ChBIIAA CbC CTOWHOCTTA W BbPXY TOYHO €/INH
BekTOp oT B. OT nipyra cTpana, BbpXy BEKTOpUTE OT A CTOWHOCTHTE Ha (PYHKIIASITA CA TPOM3BOJIHA
— 0e3 3HavYeHNe KAaKBU CTOMHOCTH MMa BBPXY OCTAHAJMTE TPU MHOXKECTBa. AHAJIOIHIHO, BHPXY
BekTOpHUTE OT D croiftHOCTUTE Ha (DYHKIMATA Ca ITPOU3BOJIHU — Oe3 3HaUeHne KaKBU CTOWHOCTH
UMa BbPXY OCTAHAJUTE TPU MHOXKECTBA.

3a j1a moyiyanM Oposi Ha ThpceHuTe (DYHKIUH, JOCTATHIHO € J]a HTHOPUPAMEe €THO OT MHOYKEC-
tBata B n C, ma xaxkem, 1e urnopupame C, n ma pasriexgame camo A, B u D. 3a Bcekn BekTOp
z € AUBUD, croitnocTTa Ha DYHKIUATA € He3aBUCUMa OT CTOWHOCTTA W BbPXY KOH Jia e JIpyr
BekTOop 2’ € A UB UD. Torasa orrosopsr €

Z\AH\B\HDI _ 23><2n72

AKo 3amecTuM N = 2, IIoJiy4daBaMe 23, KOE€TO TOYHO CbBIIaJa C OTTOBOPa Ha Baﬂa‘{a 6. ]

3amaua 8. /la ce namepu 6podT Ha OysaeBuTe (GYHKIUNA HA T IPOMEHJIMBU, KOUTO IIpUEeMaT CTOM-
HocT 1 BbpXY IOHE eJIHa JIBOIKA ITPOTUBOIIOJIOKHI BXOTHU BEKTOPH.

n
Pemtenne: OTroBopbT 09EBUIHO € = 22— |A], KbJeTO A € MHOXKECTBOTO OT OyJsieBUTE (DYHKIIUU
Ha N TPOMEHJINBU, KOUTO He IpUueMaT CTOMHOCT 1 BbpXy HUKOHU JIBa MPOTHUBOIOJJIOXKHE BeKTopa. C
JIPYTH JIyMH, 3a BCEKHU BXOJIEH BEKTOpP @ 1 3a BcdKa yHKIMd f € A e U3IIrbJIHEHO:

(f(a) = 0 A f(@) = 0) (7)
(fla)=0Af(@=1)V (8)
(fla) =1Af(a) =0) 9)

JIBofiknuTe TPOTUBOIIOIOKHIA BEKTOPHU Ha Opoii ca %2“ = 2", 3a Bcaka TakaBa, JBOIKA OKa3axMe,

n—1
Ye BBb3MOXKHOCTUTE ca TOYHO 3 (3a ma Moxke dyHKnusara na obae or A). U taka, |A| = 3.
OtroBopbT TOraBa €

22" 32 (10)
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n—1

n
Tyk MoOze 1a Bb3HIKHE ciennoTo mutane. [Iom 22 —32 ¢ MOIIHOCTTA Ha HEIPA3HO MHOMKECTBO,
TO OYEBU/HO TOBA € IMOJIOXKUTETHO UHCIO0 3a BCAKO M. AKo obate He 3HaAEM KOMOUHATODHUTE
n n—1
CHOBpasKEHNsI, OBEH 0 OTTOBOPA, & IPocTo BuauM 22 — 3% | Moe 11a ce 3alliTaMe, TOBa He
MOZKe JIM JIa € OTPHUIATETHO 3a HAKakBu N. C MOMOIITa HA MaTEMATHICCKUT aHAJIN3 MOYKEM Ja
JIOKazKeM, Je He MOKe JIa € OTPHUIATETHO IIPU HeOrPDAHUYEHO HapacTBaHe Ha T

. 22n . Zzn . (2™ —(log, 3)2™ ") . (2—log, 3)2™!
lim - = lim ———— = lim 2 €2 = lim 2 82 = 00
n—oo 32“* n—oo J(log, 3)2™ n—oo n—o0

nonexe 2 > log, 3.

CreanoTo J10Ka3aTe/ICTBO Ha CHIIOTO TBbLpaeHne e Ha Jloopomup Kpasaues:

n n—1 n—1 n—1 n—1 n—1
22 -3 =22 3 =4 -3 >0

Tazu 3amaua Moxke ja ce peru u ¢ JApyru cboopakenusi. Heka B e mnoamuo:kecrBoTo Ha F™ OT
GyHKIINNTE, KOUTO IPHEMAT CTOWHOCT | BbPXYy IOHE €HA JBOWKA ITPOTHBOIOJIOKHU BEKTOPH.
Hue TbpenM |Bl. Heka By 3a 1 < k < 2™ e nojMHOKecTBOTO OT Te3n (DYHKIINM, KOUTO ITPUEMAT
croiinocT 1 BLpXY TOUHO K JBOWKM HMPOTHBONOJIOXKHU BekTopu. OueBuano B ce pasdousa na By,
..., Byno1, Taka ue

anl

Bl =) [Byl
k=1

Jlecno ce BU2XKIa, €

2n—1 et
Byl = K 3z K

n—1

CbobpaskeHusATa ca CJIeHUTE: 110 (2 5 ) HaYMHA MOXKeM Jia u30epeM oT BeHukn 2™ IBOHKH TIpo-
THBOITOJIO?KHI BEKTOPH TaKMBa, BbPXY KOUTO (PYHKIMATA J1a UMa CTOMHOCT 1, a 3a BCAKa OT ocTa-
najmre 2571 —k 1BOHKE BEKTOPH MMaMe TOUHO 3 Bb3MOKHOCTH (Buk (7)), Taka moTo BYyHKIIATA,
Jla HeMa, cToifHOCT 1 BBPXY JiBaTa ejieMeHTa Ha JiBoiikara. Il Taka, oTToBOPBT €:

2n71 n_1 -
2 (zk )3(2 - (1)

k=1

Or (10) u (11) u3Bexkgame (¢ KOMOHHATOPHU PA3CHKJICHU) ThKIECTBOTO:

2n—]

72" _32"*‘ _ Z 2n-! 3(2“’1—k)

0

Bamgaua 9. 3a koako OyneBun dyHKIuu f Ha N IPOMEHJIMBE € U3IIbJIHEHO CJIeJHOTO: ako f(a)
nMma croitHocT 1, To f mMma croitrocT 1 BbPXY BCEKH BEKTOD, KOWTO MMa ITOHE TOJIKOBA €JIMHUIIN,
KOJIKOTO A7
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Pentenune: C apyru aymn, ako f uma croitHOCT 1 BbpPXYy HSIKaKbB BEKTOP @, TO f mMa cToifHOCT
1 BbpXy BCHYKK BEKTOPH OT CJIOsT HA XUIEPKyOa, KbM KOHTO CJI0¥ HPUHAILIEKN (A, I OCBEH TOBA
f uma crofiroct 1 BbpPXy BCHYKH BEKTOPHW OT BCHYKH CJIEBAINN CjIoeBe. BeaHara ce BUxKja, |e
BCsiKa TakaBa (DYHKINMA UMa €JIHa U CbIa CTOMHOCT BbPXY BCEKHU CJIOW Ha XUIEPKYDa U ce oIpe-
JleJid eTHO3HATHO OT TOBa, K'bJe € ‘TpaHuiara’ MexK/Iy HYJIUTe W eIUHUIATE BbpPXY XUIEPKyOa;.
[To-mmopobHO KazaHo, BLPXY HSIKAKBHU IIOC/IEI0BATE/HE CJI0eBe Ha XUIepKyba (MoxKe U jia HiMa
TaKI/IBa), zarouBaiiku ot cioit 0, pyHKImMATa IMa CTOMHOCT camo O, U oc/Ie BbPXY BCUYKH OCTa-
HaJu cjioeBe (MOXKe U Jia HsMa TakuBa), GyHKIMsITa nMa croiiHocT camo 1. T'bil Karo cioesere ca
n+ 1, To mma TouHO N + 2 TakuBa OYHKINN. Il

Bamgaua 10. 3a koiko OysneBu dyHKIun f Ha T TPOMEHIMBU € U3IILJIHEHO CIeJHOTO: ako f(a)
nMma croitaoct 1, To f uma croitroct 1 BbPXyY BCeKHM BEKTOpP, KONTO MMa TIOBeYe eIMHUIN OT A7

Pentenune: 3amauara e mogobHa Ha 3ajada 9, HO camo J0HsSIKBIe. B 3amada 10:

(YR

e WM MMa HAKAKbB ‘TpaHWYeH cJIoil’ B XuIlepkyba, HeKa Ja e cJioil K, B KOWTO 3a I'bpBU
I'bT Ce MOsIBABA CTOMHOCT Ha (DyHKIHUATA 1, KATO BbPXY BCUYKHU CJIOEBE C ITO-MAJIbK HOMED
dyukmaTa e 3aabmKuTeHo 0, 8 BbPXY BCHYKH CJIOEBE C MO-TOJIIM HOMED (DYHKIHUATA €
38 TbJIZKUTETHO 1,

® ILJIU TaK'bB I'PAHUIEH CJIO HMa, TOECT 30010 HsiMa eJIMHUIN, TOeCT (DYHKIUsITA € KOHCTaHTa-
mymal.

[IbpBo j1a cMeTHEM KOJIKO ca (DYHKIMUTE OT TbPCEHUS BUJ, KOUTO UMAT MOHE eJHA eIuHuIa (c
JPYTHU JIyMH, He ca KOHCTaHTa-Hys1a). ducroro K (HOMepbT Ha MDaHUYHES CJION) MOXKe Jia € Haii-
Masko O u Haii-muOrO N. Thit Karo B cioeBe ¢ HoMepa O, ..., k—1uw k+ 1, ..., n Hemara ca
duKcpanu, €JIMHCTBEHOTO, KOETO Bapupa, € Kak TOYHO ca “‘pas3jiajieHn HYJIUTe U eIUHUINTE B
coit K 1o TakbB HA'UMH, 4e J1a UMa IIOHe e/IHa eINHUIIA.

3naeMm, 4e cJIoif K mMa MOIIHOCT (E) Bewukn mauunm jga “pasmajieM’ HYJIU W eIUHUANNA HA

n
meroure enementi ca 200 ma 6poit. OT TOBa YMCIO BaJ UM €JIMHUIA, 34 Jia OTpa3uM (hakTa,
Ye BbpPXY HOHE €JUH BEKTOp oT cjioil K dyHKnugaTa e ejaunuia (¢ Apyru JyMu, U3BaXKJame OT
pasIIek IaHeTo pa3jgaBaHeTo camo Ha Hysn). U taka, 3a jajeno k, 6posT Ha HaunHUTE (DYHKIUATA

n
Jla UMa TIOHe €JIHa €JIMHUIA BbPXY BEKTOpHTE Ha CJoi K e Z(k) — 1. A oTroBopbr, CbhIJIACHO
IPUHIAIIA Ha Pa30UBAHETO, €:

n

(z(L‘) _ 1) =y (2(?)) -1 (12)

0 k=0

M=

o~
I

KoM (12) gobassime euHuUIA, 3a10TO (DYHKIUATA MOXKE Jia € KOHCTaHTa-HyJIa, U I0JIydaBaMe

g

3amaga 11. /la ce namepu 6posaTr Ha OysieBuTe (PyHKIIUU HA T IIPOMEHJIUBU, KOUTO HAMAT (PUK-
TUBHU ITPOMEH/IUBH.

tBaaromaproctn ma JIo6pomup Kpasrdes 3a mocodsameTo Ha ToBa!
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Pemenue: Heka G™ e mHO)KecTBOTO OT OysieBuTe (DYHKIUU HA T IPOMEHIUBU, KOUTO HMAT
dukTusHa mpomernBa. Heka H™ e MHO>KecTBOTO Ha OyseBuTe (DyHKINKM HA T IPOMEHIUBH, KOUTO
uMar 1oune ejana pukTupHa npoMennsa. Ouesnano |G|+ [HY| = Zzn, C'bIJIACHO KOMOMHATOPHMS
NPUHITUI Ha pa30uBaHeTO, Taka de

G" =27 —[H"

AKo nmpomeHsimBHTE Ca X1, ..., Xn, Heka H™ (11, ..., 1x) o3HAYaBa MHOXKECTBOTO OT OyJjieBUTE (DyH-
KI[IH, B KOUTO IPOMEHJIUBH Xi,, - .., Xi, C& FapaHTUPAHO (GUKTUBHE (MOXKe Ja UMa U JAPYrH PUK-
TUBHH, HO T€3U ChC CUTYpHOCT ca dhukTuBHN), Kbaero K € {1,...,ntu 1 <1 <ip < - < i < n.

Jla pasriiemame 6e3 orpanndeHne Ha OOIIHOCTTa IIPOMEHIUBATa X1. B KOJIKO GyHKIUN Ts1 € (puK-
tuBHa! Mozke mga mMa u Apyru (DUKTUBHHU IIPOMEHJIMBH, MOXKE M Jia HSIMa — IIUTa Ce, 38 KOJIKO
dyHKIIMN € n3IrbaHeHo X1 ja e dukruBHa! OT medunnUsITa HAa GUKTUBHA TPOMEH/INBA MMAaMe
U3UCKBAHETO 32 BCsAKA OT Te3u (PYHKINHU, Jla KaxkeM f, Jla € u3I'bJIHEHO:

(O, X2y X3y v vy Xn) = F(T,X2y X3y 0oy Xnn)

AKo cu ipejicTaBUM BXOJIHUTE BEKTOPH, HapPeIeHN JIEKCUKOIPadCKI OTIope HaJI0My, NCKa e (DyHK-
rusiTa (KOsITO € KOJIOHA ¢ Bico4rHa 2™) Jla e TakaBa, de TopHaTa [OJIOBUHA HA KOJOHATA Jia € TOUHO
KaTo JIOJHATA 0JI0BUHA. K10 nmpumep 3a GYHKIMS HA TPU IPOMEHJIMBU, B KOSITO X1 € (PUKTHBHA:

EEEAES

01010

0101

O 1101
O 1T ] 1|1
117000
11011
111101
T 11111

Bmxkname, de 3a j1a Obje X7 PUKTHUBHA, CTORHOCTTA Ha (PYHKIUATA BLPXY IOJJOBUHATA BEKTOPHU
OIIpe/Iesisl CTOMHOCTTa 1 BbPXY JIpyraTa IOJOBIHA. bpodaT Ha pyHKIUNTE, B KOUTO X € (DUKTUBHA,

e2”" ChIMOTO € B cUJjIa U 3a BCsIKA JIpyTra MPOMEH/INBa, HO 3a JPYTUTEe TPOMEH/IMBU ITOJIOBIHUTE
BEKTODH HE Ca ropHaTa M JOJIHATA; 33 Xz, HAPUMED, KOJOHATA OT CTOMHOCTH BDLPXY II'bpBaTa U
TperaTa YeTBbPTUHU TPAOBA Ja € CbINaTa KaTo KOJOHATA OT CTONHOCTH BHPXY BTOPATA U Y€TBHP-
TaTa YeTBLPTUHM, U TAKa HATATHK.

Besika ipomeninBa Ha (yHKIUATa MOxke Jia e ¢pukrupaa. Ho [H"| He e n x ZZTH, Tbil KaTo
TO3U M3pa3 Opou HaKoU (DYHKIUU 110 HIAKOJIKO IIbTU. 3abesexere, ue uMa (HYHKIUA C TOBEYe OT

esHa (DUKTUBHA TTpoMeHnBa. ETo npumep 3a GpyHKIMA, B KOATO U X1, U X2 ca (PUKTUBHU:

x| x | f]
0

ko
=
N
x

—_—t | - O OO O
—| O = O =IOl —= O
— O = O =IO

—— O O - - O O
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O n x 22TH Ile M3BayKJaMe 10 IIPUHITUIIA Ha, BKJIIOYBAHETO W M3KJIIOYBAHETO: e HaMEePUM KOJIKO
ca (PyHKIMHUTE, B KOUTO JIBE IIPOMEHJIMBU Ca TapaHTUPAHO (PUKTUBHU, B KOJIKO TPH ITPOMEHJINBU
ca rapaHTHpaHO (DUKTUBHH, U TaKa HATATHK, B KOJKO (DYHKIIMA BCUYIKU N ca (DUKTUBHU, U I
IIOCTPOUM HM3pa3 C aJTEPHUPAIN IOJIOYKUTETHA W OTPUIATETHN 3HAIM CHIJIACHO IPUHIIUIIA HA
BKJIIOUBAHETO M M3KJ04YBaHeTo. I Taka:

HY = > [H'(u)l— )Y [HY(ni)+ Y [HY( i )=+ (=1 H (b )]

1<i1<n 1<ii<iz<n 1<ii<iz<iz<n
. n—1 . . n—2
Kakro seue pusaxme, 3 1 o [H(11)] = (T)Zz - Anagiornano, 3 1o o [H (11, 1) = (2)22 ,
.o -3
Z]gﬁ “iy<is<n H" (i1, 12,13)| = (g)ZZH , ¥ Taka HaTaTbK. [locaennoro cnbupaeMo 1mo abCcoIoTHA,
. . - 0
croitoct e [H (i1, ...,1i.) = H*(1,...,n)| = (2)22n "1 x22 =2
N raka, 6pogar na yHKIuuTE C 1MoHe eaHa PUKTUBHA TPOMEH/INBA €:
n n .
.-
=3 ()2
k
k=1
Torapa 6pogaT Ha dyHKIUUTE 663 GUKTUBHU ITIPOMEHINBU €:
n n . n n .
n n— n—
|Gn| — 22 . Z(_])k—1 22 — Z(_])k 22
k k
k=1 k=0
O

3agaua 12. Jlagenu ca Oynesure dynkimn f = 1011 u g = 1001. /la ce namepn KaHOHUYHOTO
npe/icTaBsae Ha GyHKIuaTa h(xz, X4, X3) = f(g(x4,X3), X2).

Pemenne: lmenara Ha TpOMEHIMBUTE ca JaJeHU 110 TO3U HadMH 3a o0bpKBane. C mpocTo
penMeHyBaHe ToJIydaBaMe eKBUBaJeHTeH u3pas3 h(xy, X2, x3) = f(g(x2, x3), x1). KakBuro u nmena
Ha [IPOMEHJIMBH J1a [TOJI3BaMe, CTaBa JlyMa 3a 3 IPOMEHIUBY 1 TabauIaTa Ha ThpceHaTa yHKIMs
TpsibBa 1a uMa 8 peja:

[ x1 [ x2 [ x3 || hixi,x,%3) |

0100 ?
0|01 ?
Ol 110 ?
o111 ?
110]0 ?
1101 ?
11 1T1]0 ?
11111 ?

Toga, ue f u g ca jajienn 6€3 UMeHa Ha IPOMEHJINBATE HIMa HUKaKBO 3Haderne. OuesuiHo f(00) =
1, g(00) = 1, f(01) = 0 u Taka mHararbk. Pysxnusara h e gebunupana karo h(xp,Xxz,x3) =
f(g(x2,x3),x1). BamecTBanme B TabIHIIATA:
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x

3 || flglxay x3),x1) |

|

=
x
N

—_— | | — O OO O
——| O O - - O O
—= O = O =IO = O
R I B N e eV IRV IR

[Ile mpecmsiTaMe OTBBTPE HABBH, Thil KaTo Tas3u (DYHKIMs € KOMIO3UIws Ha ¢(X2,X3) Ha MACTOTO
Ha rbpBaTa nmpoMensuBa Ha f. Ul Taka, ma BuanM KakBu ca croifHocTuTe Ha (X2, X3) B Tabaurara.
Te ca eiHO3ZHAYHO OIPeEICHN, 3AIOTO HA BCEKU PEJl X U X3 CU MMAT HIKAKBU CTOHHOCTHU, a OT
KaHOHWYHATA JedUHUINS Ha g 3HAEM KaKBH ca (PYHKIIMOHAJIHUTE H CTOWNHOCTH BbPXY BCEKU BXO/I.

[ x1 [ xa [ xs | glxa,x3) |

0100 1
0101 0
0| 110 0
o[ 1|1 1
110]0 1
1101 0
1T 1T1]0 0
1111 1

Tyx HUKB/Ie He IIoJI3BaxMe Hail-jliBaTa KOJIOHA, 3alll0TO g He 3aBHcelle oT X1. B cienpaiiara cTbil-
Ka OT PEHICHNEeTO II'bK HeAMa JIa II0JI3BaMe KOJIOHUTE Ha Xp M X3, 3al10TO T 3aBHCH HENOCpeICTBeHO
caMO OT CTOMHOCTHUTE Ha g M OT Xq:

xa [ xa [ xs ]| g0xayxs) | Fg(x2,x3),%1) |

01010 1 1
0101 0 1
0| 110 0 1
o[ 1|1 1 1
110]0 1 1
1101 0 0
111]0 0 0
T{1]1 1 1

3a s1a ce ybenuM, de e Taka, jga cu npurnoMunM Jgedunnnuara f = 1011. Oynkiusara f e Hysta ToraBa
u caMo Torasa, Koraro BxoabT € 01. Ha ropuure yerupu pega x; = 0, a B uspasa f(g(xz,x3),X1),
X1 € BTopaTa IPOMEHJ/IMBA, TaKa 4e Ha FOPHUTE YeTUpu peaa PyHKIUATa € deTupu eaunniu. Ha
JIOJTHUTE YeTHPHU pejia, X1 = 1, Taka 4de (pyHKIMsITa TPOCTO TOBTapsi CTOHOCTUTE HA §(X),X3). [

3amaga 13. Heka f = 1000 u g = 0111. /Ia ce namepu xanonumunarta ¢opma Ha (DYHKIHATA
h(X],Xz,Xg,X4) - f(XhXZ) N Q(Xg,X4).

Pernrenue:
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xa [ xa [ xs | xa || Flxayx2) | glxsyxa) | fxi,%x2) A glxsy xa) |
0O/010]O0 1 0 0
O[O0 01 1 1 1
oOo/lo0|11]0 1 1 1
OO0 1 ]1 1 1 1
Oj(1]0]0 0 0 0
O 1]0]1 0 1 0
o1 ]1]0 0 1 0
ol 1111 0 1 0
1101010 0 0 0
110101 0 1 0
1170110 0 1 0
11011 0 1 0
1111010 0 0 0
111101 0 1 0
1111110 0 1 0
1T 11111 0 1 0
1 Taxa, b= 01110000 0000 0000. 0

Basaya 14. [lajgenu ca 6ynesu dyuxnun f(x,y,z) = 11100111 u g(x,y, w, z) = 0011000110100101.

e Hamwumere Gynesara dyuxus g(f(x,y,x), f(x,y,yY),X,y) B KAHOHUYIEH BH/I.

e Hawmepere neitnata Cus/IHOD.

Pemrenne: 3abenexere, e g e dynknus #Ha 4 aprymenta, Ho g(f(x,y,x), f(x,y,y),x,y) e byn-
KIWsT Ha 2 TIpoMeH By, Hapedern X u Y. Jla s napedem q(x,y). Tbpcu ce KaHOHWYIHMS 3aITUC HA
g KaTo OyJIeB BEKTOP OT YeTHPH OyJIeBU CTONHOCTH.

f(x,y,x) e dbyuknus na ase npomensnsu. la s Hapeuem u(x,y). u(00) = f(000) = 1. u(01) =
f(010) = 1. u(10) =f(101) = 1. u(11) =f(111) = 1.

f(x,y,y) cbio e dysxusa wa jgse npomersmbu. [a s Hapedem v(x,y). v(00) = f(000) = 1.
v(01) =f(011) = 0. v(10) = f(100) =0 v(11) =f(111) = 1.

Omnpeienuxme HarbaHO W u V. T'bpeenata g(f(x,y, x), f(x,y,y), x
q(00) = g(u(00),v(00),0,0) = g(1100) = 0. q(01) = g(u(01),v(01),0,1) = 9(1001) =0.q(10) =
g(u(10),v(10),1,0) = ¢g(1010) = 1. q(11) = g(u(11),v(11),1,1) = g(1111) = 1. Torasa q e
oysieBata dyuxnus 0011. Heitnata Cos/IHD e xy V x y. U

yY) e g(ulx,y), vix,y)yx,y).
01

Bamaua 15. [lagenu ca ciaeanure pyHKIuu ape3 hOpMyJIn:

f(x,y,z) =xy ®xzdyz
gy, z) =(x—=yl@(ly—z)®(z—oy))
h(x,y,z) = (x =2 y)(y = z) = (x = 2)

Ia ce HamepsgaT KAaHOHUIHUTE MPEJICTABAHNS Ha (DYHKIIUUTE.
OTtrosop:

f(x,y,z) = 00010111
g(x,y,z) = 10010101
h(x,y,z) =11111111
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Samaya 16. ExBuBajieHTHE JiX ca CJIeHUTE JiBe (DOPMYJIH:

(x®y) = xVy)lx —=y) = (x@y))
xly

Pemtenne: [la, eksupasentnu ca. [lle pemunm 3ajadara ¢ rabaunanust Metos (Tabiurure He ca
nokasann). [Ibpeara Gopmy/ia € KOHIOHKIUS OT T=((x®y) - xVy)ulllo= (X -y —
(x®y)), xosaro e ogeBuro 1110. A monnara dpopmyna—deprara na Sheffer—e na dyukuusara 1110
110 JIePUHUATIAS. |

3a,z[aqa 17 ,HOKa}KeTe ‘Ip€3 €KBUBaJICHTHN Hpeo6pa3yBaHHﬂ CJIeJHUTE €KBUBAJICHTHOCTH!
e x— (xy—((x—=y)—y)z)=y— (x = z).

ex—(y—z)=x—ovy) — (x—2z).

e X(ydz)=xV(ly—z)z—y)).

PazpernrennTe ekBuBaeHTHI IIpeodOpa3yBaHus ca BCUIKHU CBOCTBa Ha OysieBUTE PYHKIINHM HA JIBE
MIPOMEHJINBY, JTaJleHN B y9eOHWKa, U OCBEH TOBA CBOWCTBOTO Ha MMILIMKAIUATAa X — Y = X V' Y
U CBOHCTBOTO Ha cymara MO MOJYJI JiBe X &Y = XYy V XY, CBOHCTBOTO HA €KBUBAJEHTHOCTTA
X =y = xy V Xy, cBoiictBoro Ha deprara Ha Sheffer xjy = Xy u cBoiicrBoTo Ha cTpeiakara Ha

Peirce x [y =xVy.

Pemienne: U_[e IIOKazKeM CaMO IIoCJ/IeHaTa €KBUBaJICHTHOCT, KOATO €

X(y@z)=xV(y—z)(z—y))

J/

A
Ha pasriename m3paza A = (y — z)(z — y). B cuna e:

(y — z)(z—vy) // ceoiicTBo Ha nMmninkaumsTa
=(gVz)(zVy) // BucTpnbyTNBHOCT Ha KOHIOHKLMSATA HAZ OU3IOHKLMSTA
=yzV yy \/\z?/\/zy

U

Samaua 18. /lokaxkere upe3 eKBUBAJCHTHH IIpeoOpa3yBaHusd, Ue X € (PUKTUBHA ITPOMEHJINBA B
caeHuTe (DYHKITAN:

o f(x1,%2) = (x2 = x1)(x2 | x2).

o g(xi,x2) = (x2 =x1) V (x1]x2).

39



3apgaun ¢ pewenus no bynesn Pynkuyun, KH2, ®MU-CVY, 3umen cemectbp Ha 2018-2019 r. © Munko Mapkos

e h(xi,x2,x3) = ((x1 ®x2) = x3) (X3 = %2).
Penienne:
fx,x2) = (2 = x1) (2 Lx2) = (2 = x1) (2 Vxa) = (%2 = x1)%; =

RVx)g=xx Vg =xVxx=x1Vx)=x

glxnyx2) = (x2 =x1) V (x1]x2) = (xix2 VXixz) V (%2) = xi2 VXixg VX VX, =
X]Xz\/X_](X_z\/1)\/X_2:X1X2\/X_1] \/X_2:X]X2\/X_]\/X_2:

xixa VXix; = // Heka x1x3 =P
pVp=1
h(x1,%2,%x3) = ((x1 Bx2) = x3)(x3 = x2) = (x1 DX Vx3)(X3Vx2) =

X1 ExVx3) (% x2) = (1 B x Vx3)xaxs = (xaxz Vxixg V x3)xXoxs =

(
(
((axz Xx2) Vxa)xaxs = (X7 VX2) (G V X2) V x3)X0xs =

(1 Vx2)(x1 VX2) Vx3)xaxs = ((ax1 VXX V xoxy V xoXz) V x3)Xox3 =
(X2 Vxox:) Vx3)xoxs = (%2 V xoxy V x3)Xox3 =

X1 X__2X3 V XzX]Xng V X3X2X3 = X] X2X3 VOoVxy X2X3 = X] X2X3 V X7 X2X3 =
(X1 V 1)x2x3 = 1%2x3 = X2X3

g

Bamaga 19. /lokaxkere, de BcgKa cuMeTpudHa OyseBa (pyHKINs, pa3IndHa OT KOHCTAaHTa, UMa
CaMO CDBIICCTBCHU IIPOMCHJINBH.

Pentenne: la napeuem tasu dynknusa f. Heka n e 6posrt na neitnure npomenusu. [Ilom f ne
e KoHCcTaHTa, f nMa croitHocT O BBPXY MOHE €INH BEKTOP W CTOMHOCT |1 BbpXY IMOHE €JIMH BEKTOP.
ChritacHo pa3chK/ICHUATA B PENIEHIETO Ha 3ajada b, 3a BCEKHU CJIOH Ha N-MepHus Xutepkyo, f nva
eJlHa U CbIa CTOMHOCT BbPXY BCUYKHU BEKTOPHU OT TO3W cJioil. JlecHo ce BmKia, ye B xunepkyoda
Ma ChCEJHU CJI0eBe (TOECT, eJUHUAT MMa €J[Ha eJIMHWUIA [oBevYe OT Jpyrus), Takupa de f nma
croitrocT O BbPXY €IUHUS OT TSAX U CTOWHOCT | BBHPXY APYTUs OT TX.

Bes orpannuenne na obrHOCTTA, HeKa f mMa croitHocT 0 BBPXY BCHYKH BEKTOPH OT CJIOH K
u cToitHOCT 1 BBPXY BCHYKH BeKTOpHW OT coit k + 1, 3a msakoe k, takopa 1e 0 < k < n — 1.
[Ile mokaxkeM €JIHO TIOMOIIHO TBbPJIEHUE, YUATO BAXKHOCT HaJara Jia ro obocoOMM KaTo JeMma.
Hsno/asBaMe KOHTPAIO3UTHBHOTO TBLpaeHne’ Ha Jlema 1 1 ThpceHuaT pesyaTar cieasa BeJHara.

Jlema 1. Axo f € F™ uma none eHa (PUKTUBHA TPOMEHJINBA, TO 38 BCEKU JIBA C'bCEJTHN
cmosd Ly m Ly, Ha M-MepHUA XHUIEpKyO CBINECTBYBa BEKTOp @ € Ly M chIecTByBa
BekTOp b € Ly 1, Takusa ue f(a) = f(b).

JokazaresacrBo: Heka x; e dukTupna npomensusa. [lo pedururms:

f(X],Xz,...,Xi,],O,XiJr],XiJrz,...,Xn) = f(X],Xz,...,Xifh1,Xi+],Xi+2,...,Xn)

TKonrpanosutusaoro e “AKo chinecTByBar cheeaun caoese Ly u Ly 1 Ha xunepky6a, Takusa ue Va € L Vb €
Lyyq: f(a) # f(b), To f mama bUKTHBHU TPOMEHUBA .
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3a BCUYKU OYJIEBU (L — 1)-BEKTOPH X1y X2y v v vy Xio1y Xit1y Xit2y « « + 9 Xnr-

Jla pasriemame npousBostHo k, TakoBa de 0 < k < n — 1. Jla pasriemame Ipou3BOIeH
oynes (n — 1)-BekTOp

X1y X2y oo oy Xi—1y X1y Xi42y « + « y Xy
Koi#iTo nma TouHo k emmHumu. Torasa M-BeKTOPBHT
A =X1,X2y+ v ey XioTy Oy Xit1y Xit2y « o« s X0

“Ma TOYHO K eJMHUIM, & N-BEKTOPDHT

D = X1, X2y e ooy Xicty Iy X1y Xit2y v oy X
uma touno k + 1 eguammu. Torasa a € Ly, b € Ly u f(a) = f(b). QED
O
CuiesiBaiiaTa 3a/ia4ua 10J13Ba pejianusra <, jedunupana B (3).
Samaua 20. /a pasriegamve usakakpa f € F™, TakaBa de CbIIECTBYBaT K BeKTOpU A4, Ay, ..., Oy

3a HAKaKBO K > 2, TaKuBa 1e

<A a

flar) # flaz) # -+ # fla)
Ia ce mokaxke, 9e GpyHKIMATA nMa TOoHE K — 1 ¢'bIecTBeHN TPOMEHTUBH.

Pemenne: Penamusra < e pedJiekcuBHa, HO OT BTOPOTO OIPaHUYEHUE CJIe/IBa, Y€ BEKTOPUTE
ca JBa 10 JBa pasinanu. [a cu mpunomuuMm u penanusra <, nedbunupana B (4). OueBuaHO, 10
OTHOIICHUE HA <X UMa Bepura

aq -<b1,1 -<"'-<b1,t] -<(12-<b2,1 <---<b2,t2<---<ak4 -<bk,]’1 ‘<""<bk—1,tk,1 =< Qy

TBBLPIUM, e B Ta3U BepHUra UMa MoHe Kk — 1 pasiimanu ¢heeHn JIBOHKH BeKTOPH |, TaKuBa e (yH-
KIIIATa UMa ITPOTUBOIIOJIOKHI CTOMHOCTH BbPXY BEKTOPUTE OT BCsKa JiBOiKa. ToBa TBbLpJeHue e
OYeBUJIHO M HAMA Jla I'0 JIOKasBaMme. BekropuTe OT BCdKa JIBOMKA Ce pa3/IndaBaT B TOYHO €JIHA
MO3UIIN, CJIEJIOBATEHO ca BEKTOPU OT JIBa ChCETHU cJIod Ha xunepkyoda. [Ipmmarame KorTparo-
3UTUBHOTO TBbp/eHue Ha Jlema 1 n Bmkmame, e ¢yukimara numa k — 1 (DUKTUBHE TPOMEHTUBN.

QdakTa, Ue BCAKa JBOIKA JBONKHN 3a/aBa PA3JIMIHN (DUKTUBHU IMPOMEHINBU, TIOPAIH KOETO
3aKJII09YaBaMe, Ue IPOMEHINBUTE He MOXKe Ja ca Mo-MaJiko oT kK — 1, e oueBuieH. O

Bagaua 21. Heka f,g € F} ca takusa, 1e f(a) @ g(a) = 1 3a Touno nederen Opoit BeKTOpH
a €{0,1}". /la ce mokaxKe, de BCAKa MPOMEHJINBA € ChIIECTBEHA 3a MOHEe ejHaTa oT (pyHKnuure f

ug.

Pemtenne: Orpannvenuero “f(a) ® g(a) = 1 3a Touno HedeTeH 6poil BeKTOpH~ € CHIIOTO Ka-
To “f U g ce pazaMYaBaT BHPXY TOYHO HedeTeH OpOil BEKTOPU — TOBa CJieJIBa TPUBUATHO OT
nedunumsaTa Ha QyHKIUATA B.

tIpe TakuBa ABOMKH MOXKe 72 HMAT OO €JIEMEHT, BLIPEKH Ue Ca PA3INTHH KATO JIBOHKH.
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U raka, jBeTe (DYHKIIMN MMAT IIPOTUBOIIOJIOKHI CTORHOCTH BbPXY HMOAMHO)KecTBO Ha {0, 1} ¢
HeveTHa MOITHOCT. /la JjiomycHeM, e C'bIIecTBYBa IIPOMEHJIMBA Xi, KOATO € (PUKTUBHA U 34 JIBETE
dyukiuu. [lo nedpurumms:

f(XhXZ)“-»Xi—hO»XH—])XH-Z)-°°)Xn) = f(X1>X2>°°°)Xi—1)])Xi—&-hxi—&-lwﬂaxn)
Q(XHXZ»--')Xi71)O)Xi+1)Xi+2)---)Xn) = g(xhxl»"')XFb])Xi+1axi+2)---)Xn)
3a BCAKO pasgaBaHe Ha 0 u 1 Ha MPOMEHJIUBUATE X1, X2, - - -, Xi_1, Xitl, Xit2s - - - 5 Xn-

Ja cu mpesicraBuM u JiBeTe (PYHKINN €THOBPEMEHHO BBPXY XUIEPKYDOa — Jia CH MPEeICTaBUM
N-MepHUs XUIEPKyO U 0 BCEKU HETOB BP'bX, CTOMHOCTTA Ha PYHKINATA f B 9epBEHO U CTOWHOCTTA
Ha DYHKIUATA § B CHHBO.

Jla cpexkeM xunepkyba B i-Tata pasmepHocT. [losydaBame jBa xumepkyoOa, BCEKH OT pa3Mep-
HocT N— 1. 3a Mpous3BoJIeH BpbX U OT eiHAs oiydeH (n— 1)-MepeH xunepky0d, ako V € HErOBUSIT
cHOTBeTeH BPBX| B ApyTHs (M — 1)-Mepen xunepky6, scuo e, ge f(u) = f(v) u g(u) = g(v) — Tosa
e 3apa,in PUKTUBHOCTTA HA X; 1O OTHOIIeHUe u Ha f, u Ha g.

CutenoBaresino, 6posT Ha BbPXOBeTe, BLPXy KOUTO f m g mMaT e/jHa M CbIA CTOWHOCT B
enunansi (N — 1)-Mepen xurepkyb e paBeH Ha Oposi HA BbpXOBeTe, BbpXy KouTo f u g umar emgHa
¥ CbIa CTOWHOCT B jipyrus (N — 1)-mepen xunepky6. A oTTyK ciejBa, de 6posiT Ha BbPXOBETE,
BBPXY KOUTO f 1 g MaT pa3imdHa CTOMHOCT B ejnaus (n—1)-Mepen xumepky6 e paBeH Ha Opost
Ha BbPXOBETe, BbpXy KouTo f u g uMar pa3jamvHa CTOWHOCT B jpyrus (n— 1)-mepeH xumepkyo.
Ho 6posiT Ha BbpXOBeTe, BLPXY KouTo f U g ce pasjaumdaBaT B OpUTHHAIHUS (IIPEIH CPSI3BAHETO)
T-MepeH XHUIepKy0, € paBeH Ha cyMaTa OT Oposi Ha BbpXoBeTe, BbPXy f 1 g ce paszimyaBaT BbPXY
enunus mosrydeH (n—1)-mepen xutepky6 u O6posi Ha BbpXoBeTe, BbPXY f 1 g ce pa3imyiaBaT BbpXy
npyrus moayden (n—1)-mepen xunepky6. [1lom jBere chbupaemu ca paBHHU, TAXHATA CyMa € YETHO
qucsio. Toraa 6posaT Ha BbPXOBeTe, BbPXy KOUTO f M ¢ ce pasauyaBaT B OpUTHHAJHUsI (TIpe/n
CPA3BAHETO) M-MEPEeH XUIEPKYD, € yerHa. KoeTo nporuBopevn Ha yCJOBHETO Ha 3a/adara. O

Samaua 22. J/lokaxkere Upe3 eKBUBAJIEHTHU IPeoOpas3yBaHUs, Ue CJIeJIHUTE j1Be (DOPMYJIN HE ca
€KBUBAJIEHTHIH:

U=(x17) - ®z— (®y=2)V&gV2)
V=(x—=y)lx](yz)) Vyz
Pasperennre ekBuBajieHTHN TTpeobpa3yBaHns ca Te3u oT 3ajgada 17.
Pemenue: Ot ejnna crpana:
U=xT7V (RZV ((®y =2))
=XV VXZ V((®(y =2)
=xVyVvVxzV(Xl(y=2z)VxVyVz= //nomexeeor sugaxV - ---XV---
=1

Ot apyra crpana:

V=(xVy)xVyz)Vyz
xVyVixVyz)VyVz
xyVxVyzVyVz
=xgVIXVyzVIzVy
=x(yVv1)Vziyv1)Vy=xVyVz

t“ChorBeTen Bpbx” 03HauaBa, Ue MMa CBIINS €THKET, ToecT (N — 1)-Mepen Gy/eB BEKTOP.
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[Tokazaxme, 1e V e ekBuBasieHTHa Ha X V' Y V z. OT Ta3u npocra (opmysia JecHO ce BUKJIA, e
cemMaHTHKaTa Ha V He e KoHcranta-eguauna. Cienosarenso, U u V He ca eKBUBaJIECHTHH. O

3amaga 23. Hamepere CoB/IH® na OysneBara dyuxnusa f = 01110100.

Pentenue: lmenara Ha IPpOMEHJIUBUTE HE ca YTOYHEHH, TaKa de uMaMe cBOOOJa j1a CU ' u3be-
pem. 36upame x, Yy u z, KaTo ce MOJI3Ba TPaJUIMOHHATa HApe10a X-1penu-Yy u Y-npeu-z. Torasa
Tabsuara Ha QyHKIUATA €:

xlylz]f]
0]0|0|O0
0]0 |11
O|T1T(0]1
O 1T (1]1
110(0]0
11011
111100
11110
Cbe/IHD e:
xyzVxyzVxyzVxyz

Sanaya 24. Hamepere CoB/IH® na ciieinute OysieBu yHKIUNT:
A) (x1 ©x2) = x2%3

B) f=01101100

B) g=0001110110011011

T) xi%a =%

A) (xly)z

E) xy=(y=z)

AKO TIPOMEH/IUBUTE He ca MMEHYBAHU SIBHO, JOIIYCHETE MOJXOAI0 UMEHYBAHE ¢, HAIPUMED, X, Y,
Z WA X1, X2, X3 U TaKa HATATbK.

OTroBopu u pereHus:

A) (x1@x2) = xx3 =X1%%3 VXIxox3 VXixaxs VxixXs VX x2X3

B) f(x,y,z) =xyz V Xxyz V xyz V xyz

B) g(x1,%2,X3,%) =X1X2X3%a VX1 X2 X3 %3 VX1 X2 X3%4 VX1 X2 X3%4 V X1 X2 X3 X8 V X1 X2 X3 X V
X1X2X3Xs V X1 X2X3X5 VX1 X2 X3 X4

) xi; 2% =x%VXs=x1VxVX; =X XX = X1XX3. B To3u ciyuait namepxume Cbi-
JIH® c ekBuBasienTHE ipeodpasyBanusd. [[o-TouHO Ka3aHO, U3BBPITUXME PEJIAIA OT €KBUBA-
JIEHTHH TTpeoOpa3yBaHusl, pe3y/ITaTbT OT KOUTO e n3pas, Koiiro e Cbe/IHD nmo dopmasiuu
NPUYHHU: UMa TOYHO TaKaBa (popMa, KakBaTo TpsioBa ja uma eana Cos/IHO.
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) (xly)z = Xyz. 3a cexkagenue, noaydeHusat n3pa3 He e CbB/IH®, 3amoro Hama KesraHa-
ta ¢opma!l 3a ma e CoIHD ¢ enpa mbiaHa KOHIOHKTHBHA KJIay3a, H3pa3bT TPsOBa Ja e
KOHKATEHAIUs OT JIMTePast, a TO3U U3pa3 He € TaKbB, 3aIll0TO XY HUTO € JINTEPaJI, HUTO €
KOHKATEHAIUS OT JuTepasn. AKO MCKaMe Jla PENIMM [o3a4a9aTa ¢ eKBUBAJICHTHH IIpeodpa-
3yBaHus, TpsiOBa j1a MpobkuM. XYz = (XVY)lz=xz V yz=xz(yvVy) V yz(x VX) =
XYz V XUz V XYz V XYZ=Xyz V XYZ V x[Z

E) xyz V xyz V xyz V X3z

Samaua 25. Konko CbB/IH® mma naja n npomeninsu?

Pemtenune: bBpogar na mbarTe KOHIOHKTUBHU KJay3u € TOYHO 2™, 3aIl0TO BbB BCIKA OT TAX
yYIACTBAT TOYHO T JINTEpasa, a 33 BCEKU OT TAX MUMa TOUHO 2 BH3MOKHOCTU HE3ABUCUMO OT OC-
tanasure. Besika Co/IH® ce onpejiesis eiHOZHAYHO OT TOBA, KOU II'bJIHM KOHIOHKTUBHU KJIay3U
yuactBar. Ho orroBopbT 22" 3a opost Ha Bcuuku CbB/IHD He e TodeH, moHeKe HE MOXKe J1a HIMa
HUTO eJlHa II'bJIHA KOHIOHKTHBHA Kjay3a. C Apyru aymu, npasaara dhopMmysia (IpasHUAT CTPUHT)
e e CoB/IH® no nedunurus. OTroBopsr € 22" 1.

MozkeM i@ 1O TIOJIyYIUM U C JIPYTU Pa3ChKJICHUs: BesdKa OyaeBa (DYHKIUS HA T TPOMEHIMBU
6e3 koHcTanTa-Hys1a nma To9HO egaa Coe/IHD, a xHa pasmuaan Cove/IH® choTBeTCTBAT pa3mann
OyneBu HyHKIUN. U

Banaga 26. Kosko JITH® uma uHa 1 npomermBu?

Pentenmne: Tpgadsa j1a cboOpasuM KOJKO KOHIOHKTUBHU KJIay3U UMa. B KOHIOHKTUBHHUTE KJIay3U
MMa TPU Bb3MOYKHOCTH 3 BCKa IIPOMEHJINBA (& He JiBe, KAKTO Gellie MpH IbJIHUTe KOHIOHK THBHU
KJIQy3H) — IIPOMEHJIMBATA MOKE JIa yIacTBa KaTo IMOJOKUTE/IeH JINTePas, KaTo OTPUIIATE IeH JINTe-
paJI Wil U3001110 J1a He ydyacTBa. 1oBa o3Ha4uaBa 3™ Bb3MOXKHOCTU, HO aKO OPOUM U BbH3MOKHOCTTA
Jla HsIMa, yIacTBAIIU IIPOMEH/INBY H3001110, TOECT Ipa3HaTa MOCIeI0BATETHOCT OT JuTepasn (mpas-
HusaT ctpur). Ho Hue mckame Besika IbJiHA KOHIOHKTHBHA KJjlays3a Jia € HellpasHa, TOeCT Jia nMa
[IOHE €JIMH JINTEePaJsl, TaKa Ue Bb3MOXKHOCTTA Ja HAMa HUTO €JIMH JIMTEPAJ OTHA/a U Bb3MOXKHOC-
tute ca 3" — 1.

Beska oT mb/iHETE KOHIOHKTUBHE KJIay3W MOXKE JIa y4acTBa WX Jia He y9acTBa, HO TpdaOBa j1a
HMa [IOHE eHa TAKABA, TaKa e obIo Bb3MoxKHocTHTe ca 23 1 — 1. O

3amauga 27. Hamepere 6pos na Oyinesure dyukiuu or ', unnro Co/IH® msnbiaagsar yciio-
BHETO:

1. Hama mbiiHa KOHIOHKTHUBHA KJjay3a, B KOATO OpOSAT Ha MOJIOXKUTEJIHUTE JIATEPAIN € PaBeH
Ha Oposi HAa OTPUIATETHUTE JIUTEPAJIN.

2. Besika mmbjiHAa KOHIOHKTUBHA KJlay3a MMa 9eTeH Opoil OTpHUIlaTe/THU JTUTEPAJIN.

3. Besika mbjiHa KOHIOHKTUBHA KJjlay3a MMa, IOHe J[Ba OTPUIATEHHU JIUTepaJia.
Pemrenne:

1. Ako n e neuerno, To Bemukn CosJIH® ca takusa u orrosopsr ¢ 22 — 1. AKo 1 e derHo,
oTroBOpbT € 2P — 1, KbJieTo P € OposT Ha M-BEKTOPUTE C HEpaBeH OPOil HYJIU U €MHUIIA.
OueBnjHo, p = 2™ —(, KbeTo g € OpodT Ha N-BeKTOpUTE ¢ paBeH Opoit nyau u eaunuim. Ho

HI€e 3HAaeM, Je UMa TOIHO (nT/LZ) HAYMHA J1a PA3IIOJI0KIM N/2 Hy/In 1 /2 e TMHUIA B THHEHHA

Hapeda, CJIeJI0BATETHO ( = (n’}z), cieoBaresino p = 2" — (nT;z), CJIEJIOBATETHO OTTOBOPHT

e 22 () g,
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2. Ba BcekHU BXOJICH BEKTOP ChOTBETHATA II'bJHA KOHIOHKTHUBHA KJjay3a ydactBa B Cbe/IHO
TCTK (DYHKIUATA UMa CTOWHOCT | BbpXYy TO3u BXOJieH BekTOp. Vcka ce dyHKIuaTa J1a €
3 TbJIKUTETHO O BbPXY BCUYKU BXOJHU BEKTOPH C HEYeTeH OPOil HYJIM, TOECT CTOWHOCTTA
Ha (DYHKIUATA MOXKe Jla Bapupa caMO BbPXY BEKTOPHTE ¢ dereH Opoil Hysu. OTroBopbr e
22 , 3AIII0TO TOYHO NOJIOBHHATA! BEKTOpH, ToeCT %Z“ = 2™ ca Te3u c ueren Gpoit HyIIH,

n—1
aor 2’ BajUM eIUHHUIA 3aPaJU TOBA, Ye (PyHKINATA KoHCTaHTa-Hysa HaMa CobsIHO.

3. Bbpxy BekTOpUTE C HysIa HYJIU M TOYHO €JIHa HYJIa, QyHKIMATA TPAOBa Ja € 38/ bJIzKUTeTHO 0.
Ocgen TOBa, He MOXKe J1a € KOHCTaHTa-Hy1a. pyru orpanndenns nama. Vma eaun BeKTop ¢
n
HyJla HyJII B L BEKTOpa ¢ TOYHO efqHa Hysia. OtrosopsT e 22 ™1 1.

g

Bamaua 28. Heka n > 2. Jla ce onpegenn abmkunara Ha CbB/IH® (karo 6poii Ha mbiaHUTE
KOHIOHKTHBHU KJIay3W) Ha cJieanTe OyieBn (DyHKINN, IpecTaBeHn Ipe3 hopMyIIn:

1. X19x,PD - P xn
2. 1 VxoV---Vx )X\ Vx V- VX,
3. V1gi<jgnxixi

4 Nicigjen(xi = %)

Pemenune: 3ajauara e chbiara KaTo “KOJIKO €IMHUIN ChIbPXKa KAHOHUYHOTO IIPEJICTaBIHE HA
dyukmmara?’. KaHOHHIHOTO TIpeICTaBsAHe Ha BCAKA OT T€3W JeTUPH (DYHKITHH MMa JIeCHA 3 OIl-
penensae dpopma. Tpabsa ga pazdepeM KakBa € 3aKOHOMEPHOCTTA HA KAHOHUYIHOTO IPEJICTABIHE
Ha Begka oT Tax. CTOpUM Jin TOBA, PEIIEHNeTO CTaBa TPUBUAJHO.

1. OyHKIHUATa € CyMa [0 MOJLYJI JIBe Ha BCUYIKU IpoMeHnBr. OdeBUIHO, Ta3nu cyma e 1 TOIHO
BbPXY T€3U BEKTOPHU, KOUTO UMAT HedeTeH Opoii exunnnm. KakTo Beue Kazaxme B pEIeHHeTO
Ha 3ajada 27, BEKTOpHUTE ¢ HedeTeH Opoil eIMHAIM ¢a TOYHO IIO0JIOBHHATA, TOECT %2“ =21

n—1
Otrrosopsr e Touno 2™, 3abesexkere, ue He e 22 | 3aI0TO BBLPXY BBIPOCHHTE BEKTODPH
croftHocTuTe Ha (DYHKIMATA HE BAPUPAT, a Ca CaMO €IUHUIN.

2. Jlecno ce Buxka, 1e pynkiusara e 0 Bbpxy TouHo a8a BekTopa: 00---0u 11--- 1. OTroBopsT
e 2" —2.

3. OyukImaTa ¥Ma CTOHHOCT 1 TOYHO BBPXY TE3M BEKTOPH, KOMTO MMAT IIOHE JIBE CJIMHUIN B
cebe cu. Bekropure, KOUTO HAMAT MOHE JBE €MHUIM B cebe CH, Ca Te3U C HyJa eJIUHUIN
(camo emun) u ¢ TouHO enHa exuauma (N takusa). OtroBopsr € 2" —n — 1.

4. Mozxke 06U € Io-J1eCHO Ha ce cqao6pa31/1 KaKBa € (bopMaTa Ha KaHOHHUYHOTO IIpE€ACTaBAHE, aKO
U3II0JI3BaM€ PA3JIMYIHO IIPpeJCTaBAHE Ha CbllaTa (byHKHI/IH:

/\ (xi = x5) = /\ (X V x5)

1<i<j<n 1<i<j<n

Kosito u or nBere dpopMmynn ja pasriegamMe, BUzKgaMe, de PYHKIUATA € HyJIa BbpPXYy TOYHO
Te3U BEKTOPH, KOUTO MMAT HOHe egHa 1, KoATo e BiasBo or moue eqna 0. Ciemosaresrno,
dyukuaTa e eguaUA ToUHO Bbpxy Bektopure 00---00, 00---01, 00---11, ..., 0T ---11,
11---11. Te ca Touno n+ 1, u TOBa € OTTOBOPBT. O

fToBa ce M3BexK 1A TPUBHAIIHO, IMAIIKY IIPEIBUIL pesy/rata OT KOMOMHATOPUKATA, Y€ OPOST Ha MOAMHOKECTBATA
C YeTHa MOIIHOCT € paBeH Ha Opost Ha MOAMHOXKECTBATA C HEIETHA MOIIHOCT.
T, B KOUTO nMa Xi = | m x; = 0 ipu 1 < j; TOECT, KOUT TBHOA -1 0.,
¥ Toecr, B konTo mva X; = 1 x5 =0 1 < j; TOECT, KOUTO Ca O a---1---0
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Bamaya 29. Heka f(x1,X2,...,%n) # g(Y1,Y2,.-.,Yn) ca Oyaesu dhyukimn, takusa de CoIHD
Ha f uma ky I'bJIHU KOHIOHKTHBHU KJIay3H, a Ha g, K, ['bJIHU KOHIOHKTUBHY KJay3u. [la ce onpesjesm
JUbJIDKUHATA, B OPOil I'bJIHM KOHIOHKTUBHE KJIay3H, Ha:

h(xhxla---»Xn)yhyZ)-"vUn) :fg
t(xhxz)--->Xn)yhU2)“->Un) =f\/9

Pemenne: Jla pasriemname nbpso fg. 3abesexere, de ToBa € QyHKIMA HE HA M, & HA 2N 1IPO-
MensnBu. HeitHara Tabiuia e mokasaHa CXeMaTUIHO Ha ciiegHaTa Tabsuna. Jla cu npepcraBum,
Ye BBPXY BXOJHHTE BEKTOPHU, BCEKH C JbIKHHA 2N, KOUTO ca obmo 22" Ha Gpoit, e JednHIpaHo
IrpynupaHe B HEIIO KaTo MPaBObI'bJIHUIM C pa3Mepr N X 2™ KouTo Ha TabjmraTa ca MoKa3aHU B
JIgBaTa CTpaHa, OIBETEHU B PO30BO U 3e/eHO. Beeku 3ejieH MpaBObIbJIHIK OTpazk/ia eIHa I'PyIa
OT CTOMHOCTHU Ha Y-IIPOMEHJIMBUTE, KATO IpynuTe ca 2™ 0010 U CbIbPKAHUETO UM € €J[HO U ChIIO:
BCsIKa TPYIIa CbIbPrKa TOUYHO BCUYKH N-BEKTOPH B JIEKCUKOIpadCKu pei. Po3oBuTe IpaBObIbIHN-
I OTPaKJIAT IPYIHU OT CTOMHOCTH Ha X-IIPOMEHIMBUTE, KATO T€3U IPynu mak ca 2™ obIIo un Beska
nMa 2" M-BeKTOpa, HO cera BCsKa TPyIa Cbbprka 2™ KON Ha €IUH W CbIIA T-BEKTOP.

Twit kato dyHKIUATA g 3aBUCH OT Y-CTOWHOCTUTE, & pyHKIudATa f, OT X-cToiiHoCTUTE, B JsIC-
HaTa CTPaHa, KbJIETO ca (PYHKIIMOHAJIHUTE CTONHOCTH, HabJIOaBaMe CICIHUTE 3aKOHOMEPHOCTH.
Kosonara na g ce cberon ot 2™ 10JIKOJIOHN, BCAKa OT KOMTO € KOIUE Ha €JUH U ChbIy pattern,
KoiiTo mMa TouHO k; emuuunu (o yciosue g uma Cb/IH® ¢ Touno k; mbJiHE KOHIOHKTHBHU
KJIay3#). TOYHO KAKBO € ChJIbPXKAHUETO Ha Ta3W MOBTAPSINa Ce KOJOHA 3aBUCH OT KOHKPETHKATA
Ha ¢. B Tabiaunara “g;” e kKparbk 3ammc 3a g(yi), KbJIETO Yi € i-usT BEKTOP OT Y-BEKTOPHUTE, 3a
0<i<2n—1.

Ot gpyra crpana, kojoHata Ha f ce chberom or 2™ MMOJAKOJIOHH, BCSIKA OT KOUTO ChIbp:ka 2™
KOIMS Ha €JIHA W CbINa CTONHOCT, & UMEHHO (PYyHKIIMOHAIHATA CTOHHOCT Ha f BbpXy i-Usd OT X-
BekTopuTe 3a 0 < 1 < 2™ — 1, KosTO € oTOesIsI3aHa, ¢ ﬂ. OuyeBnaHO TOYHO Ky OT TE3M IOJIKOJIOHN
ca oT eaununy. Kou To4HO, 3aBUCH OT KOHKpeTHKaTa Ha f.

U raka, dysknuara h e xkourouknus ot f n ¢g. Kosonara va h He e m3o0paszeHna, HO JIECHO
MOYKE Jla CH  IPEJICTABUM HAIMCAHa Haii-BIIFCHO, ¢ BHCOUYMHA 2°™, CbCTOAIIA OT IOEJIEMEHTHH
KOHIOHKIIMKA OT KojioHnTe Ha g u f. TpuBmasno e ja ce cbobpasm, Ue ako pasdmeM KOJOHATA
Ha h ma 2™ MOJKOJIOHN aHAJOIMYHO Ha paszdmBanugTa Ha KojgoHuTe Ha g u f, rouno 2™ — k; ot
IIOJIKOJIOHHUTE IIe ca CaMO OT HYJIM, 3aIloTO KojoHaTa Ha f mma Touro 2™ — Ky OT IOAKOJIOHU OT
HYJIM, KOUTO B IIOEJIEMEHTHATE KOHIOHKITUN “HyJIMpaT’ CTOWHOCTTA Ha h BLPXY JaieHusd 2N-BeKTOP
HE3aBUCHMO OT CTOMHOCTHUTE Ha g BbPXy Hero. A ocranasute K; na 6poii nmojkosionn Ha f ca camo
OT eJIMHUIN. 3a BCAKA OT TAX, PyHKIUATa h mo/rydaBa TOIHO Ky €IMHUIN 3apaJii IOeIeMEeHTHATA
KOHIOHKITHSI.

O6mmo, h uma Touno ky X ky exuauim.

Cera jna pasriemame dynknugara t. ChoOparkeHuATa ca aHAJOTUIHU U TabJIUIATa € Cbilara, HO
cera THPCUM MOIIHOCTTA HEe Ha cedeHue, a Ha obeauHenue. Kosonara Ha g mma obmo Ky x 2™
eauHUIM, a KosioHaTa Ha f mma o6mo ky x 2" emuammu. Ot k2™ + k2™ = (kg + kp)2™ TpsibBa
Jla, U3BAJIMM, ChIVIACHO IPUHIMIIA HA BKJ/IIOYBAHETO M M3KJIIOYBAHETO, MOIIHOCTTA Ha CEIEHUETO,
KOSITO, KAKTO Bede ycraHoBuxMme, e Kik,. Orrosopsbr e (ki + k3)2™ — ki k;.
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3 buaaromapaocTu

ApropbT Giarogapu muoro Ha Jlodopomup KpamadeB 3a MHOroOpoOiHHUTE KOPEKIMH Ha I'DaMa-
THYECKU U CTUJIMCTUYHH T'PENIKH, KAKTO U 38 KOPEKIMUTE Ha TI'PEIIKU B pPelIeHUsATa Ha JIBE OT
sajaunte. biaromapruoctn Ha CrosiH ToMMIMH 3a OTKpUTaTa I'pENiKa B YCJIOBHETO Ha 3aja-
4ya 13. Biaromaprnoctu na Xpuctusgsa BasmenTunoB ToHeB 3a OTKpUTHTE U KOPUTUPAHU T'PEITKI
B PEIIeHNATa Ha OCeM OT 3aJIadnTe.

ApropbT 61aromapu oraoso Ha Jloopomup Kpasraes 3a MHOrOOpoiiHITE rpaMATUIHI U CTH-
JINCTUYHUA KOPEKIUU TIPU TOBTOPEH HPOYUT.
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